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 

 
 

Adaptive Cluster Sampling  
 

118 

(Apative Sampling)













 






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














 

Thompson(1990)



Thompson(1991a,b)

Cormack(1988)Seber(1986,1992)
 




Salehi and Seber(1997b)
Felix Medina and 

Thompson(1999)FelixMedina(2000)
Pontius(1997)Roesch(1993)Smith et al.(1995)


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MunhollandandBrokowski(1993)Borkowski(1999)
Brown and Manly(1998)Salehi and Seber(2002)


Rao-Blackwell

Felix 

Medina(2003)Salehi(1999)



Acharyal.et.al.(2000)Boomer.atel.(2000)Clausen.at.el.(1999)

Danahera and King(1994)Petrucci(1998)


Thompson(1993,1996,2002)Thompson et al.(1992)Thompson and 

Seber(1996)Muttlak and Khan(2002) 

2.18 

1.2.18 




N 
n

Ci
iy C∈

iiy
cC ={y :y c}≥
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
C 




1502
0.52

1



n=10

x



 
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1  
  300     

10x 





2

  





2

1


iAi
i

i
iAi

C ={y : y 1}≥1
C1

1
 

 
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      15  11            4  15  10 x      
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      20  10        x              
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2   
     54    

 
1

1



 

2.2.18 





i
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i


imiia
ii

Cia = 0i
im =1i

n 

i i
i

m + ap =
N

 

i 
 

i i
i

N- m - a N
= 1- /

n n
π

   
   
   

 





i 

i i
i

m + ap =
N

 

i 
n

i i= 1- (1- p )π 
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
ipiπ

ia 





C

1



 




Thompson(2002)iA
iimi

1
iwi

 

i

i j
j Ai

1w = y
m ∈

∑ 

 
n

1 i
i=1

1ˆ = w
n

µ ∑ 
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 
2N

i
1

i=1

N- n (w - )ˆvar( ) =
n (N-1) N

µ
µ ∑ 


 

2N
i

1
i=1

1 (w - )ˆvar( ) =
n N

µµ ∑ 

 
2n

2 i 1
1

i=1

ˆN- n (w - )ˆs ( ) =
n N n-1

µ
µ ∑ 

 

 

2n
2 i 1

1
i=1

ˆ1 (w - )ˆs ( ) =
n n-1

µµ ∑ 

112
n=10


 

 


iw 
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i=1,2,...,101
76w = =10.857
7

2
16w = = 8
2


3

101w = = 10.1
10



4 5 10w = w = ... = w = 0 

1
1ˆ = (10.857+8 +10.1+0+ L0)=2.896

10
µ 

1μ̂ 
n

2 2 2
1 i 1

i=1

2 2 2 2

N- n 300 -10ˆ ˆs ( ) = (w - ) = {(10.857 - 2.896) +
Nn(n-1) 300(10)(10 -1)

+(8 - 2.896) + (10.1- 2.896) + (0 - 2.896) + ... +(0 - 2.896) = 2.149

µ µ∑

 

 

1ˆN = 300(2.896) = 869µ 
 

2 2 2
1ˆN s ( ) = (300) (2.149) = 439.784µ 


y = 193/54 = 3.574

N y = 300(3.574) = 1072
 

3.2.18 




design-based
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
 

n


1μ̂µ
 

N
2 -1 2

i
i=1

= (N-1) (y - )σ µ∑ 

*n
 

2 * *(N- n ) /Nnσ 

1ˆvar(μ ) 1μ̂


*n 

k

K
2 2

i i*
k=1 iÎA

1 1 N- n( - ) < (y - w )
n n Nn(N-1)

σ ∑∑ 

     k 



Thompson(2002) 
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3.18 










 











 











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
Thompson(1991b) 

1.3.18 


Lhh-1,2,…LhN

Nhiuih
hiyhiu


hiu
h iu ′ ′hiuhiuh iu ′ ′


hiuy

C{ : }C y y c= ≥ 
              6    14            
              12  13  17x            
    16  7        18  15  12            
  6  18  12x                         
    7  10                        
                              
                              
                              
      5                4  12x      
      3  2x                      
                              
                        x      
              x                
                      10  15      
                    13  11  8      
      15  11            4  15  10      
  X    8  15  16            8  7      
      20  10          x            
        x                      
                          x    
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3
         

5x 




h hn






 


1

3
5

x


C ={y : y 1}≥
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
 

              6    14            
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    16  7        18  15  12            
  6  18  12x                        
    7  10                        
                              
                              
                              
      5                4  12x      
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  X    8  15  16            8  7      
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4



 


4 

K



C ={y : y 1}≥1
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5
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 hir        hiu
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 
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5 
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hiuhiu
khiahiukhia = 0

 

hiu 
L

khi khi
hi k

k=1 k

m +aE(r ) = n
N∑ 

2.3.18 







 
hiuhiw 

L L
h k

hi khi khi
k=1 k=1h k

n nw = / m
N N

ξ∑ ∑ 

khiξyk
hiukhim

 
hnL

h
1 hi

h=1 i=1h

1 Nˆ = w
N n

µ ∑ ∑ 
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1μ̂ 
2L
h

1 h h h2
h=1 h

1ˆvar( ) = N (N - n )
N n

σ
µ ∑ 

 
hN

2 2
h hi h

i=1h

1= (w - W )
N -1

σ ∑ 

 
hN

h hih
i=1

W = (1/N ) w∑ 

1ˆvar(μ )
2

hσ2
hs 

2L
2 h

1 h h h2
h=1 h

1 sˆs ( ) = N (N - n )
N n

µ ∑ 

 
hn

2 2
h hi h

i=1h

1s = (w - w )
n -1∑ 

 
hn

h hih
i=1

w = (1/n ) w∑ 


1ˆNμ2 2

1ˆN s (μ ) 

1μ̂′
1μ̂
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Birnbaum.and.Sirken(1965)Levy(1977)Sirken(1972)


hiuhiw′y
hiu

 
L L

hi khi khi
k=1 k=1

w = ξ / m′ ∑ ∑ 

hiw′
 

hnL
h

1 hi
h=1 i=1h

1 Nμ̂ = w
N n

′ ′∑ ∑ 

1μ̂′
hiw′hiw 

23 4 5
1N =1402N =160

1n =52n =5


 
 

hiw 
2 2

1 k
11 khi khi

k=1 k=11 k

n n 5 5 5w = ξ / m = (107)/[ (5)+ (3)]=14.033
N N 140 140 160∑ ∑

1 1
12 12 12

1 1

n n 5 5w = (ξ )/ m = (16)/ (2)=8
N N 140 140

 
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21w =76/7=10.85722w =10/3=3.333
1μ̂ 

1μ̂ =(1/300){[140/5(14.033+8+0+0+0)]

+[160/5(10.857+3.33+0+0+0)]}=3.57

 

1μ̂hwh=1, 2 
hn

1 hi
i=1h

1 1w = w = (17.125+8)=4.41
n 5∑ 

2w =2.8382
hsh=1, 2 

2 2 2 2 2
1s =[(14.033-4.41) +(8-4.41) +(0-4.41) +...+(0-4.41) =40.96 

2
2s =22.178

1μ̂ 
2

1 2

1 40.96 22.178ˆs (μ )= [140(140-5) +160(160-5) ]=2.943
300 5 5

 

 
2

1ˆs (μ )= 2.943=1.72 
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 

 

 
Network Sampling 

 

119 











 











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 (Multip licity)











 




Birnbaum and Sirken (1965)


(Multiplicity Estimator)Nathan(1976)
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Sirken(1970,1972a,b)Levy(1977)Sirken and Levy


Czaja.et.al.(1986)





Kalton and Anderson(1986)
Faulkenberry and Garoui(1991)Sudman et al.(1988) 

2.19  

i
iy

iy =1
iy = 0

iy10
i

N
 

N

i
i=1

= yτ ∑ 

imi


M 
= t/Mτ 
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n


 


Birnbaum.and.Sirken(1965)
Thompson(2002)i

 
i

i
mp =
M

 

τ
y

 
i i

m
i s i si i

1 y M yˆ = =
n p n m

τ
∈ ∈
∑ ∑ 

s





iinp 


j
jw

i iy /mj 

j

i
j

i A i

yw =
m∈

∑ 
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jAj


 
n

m j
j=1

Mˆ = w
n

τ ∑ 

jw
jM w


n

j
j=1

1w = w
n ∑

n
mτ̂ 

2
m w

M(M- n)ˆvar( ) =
n

τ σ 
 

M
2 2
w j

j=1

1= (w - )
M-1

σ µ∑ 

m = /Mτ
mˆvar(τ ) 

2 2
m w

M(M- n)ˆs ( ) = s
n

τ 

 
n

2 2
w j

j=1

1s = (w - w)
n-1∑ 

 

m mˆ ˆ= /Mµ τ 
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 
2ˆ ˆvar( ) var( ) /m m Mµ τ= 

 
2 2 2ˆ ˆ( ) ( ) /m ms s Mµ τ= 

 


M=5000
n=100





iy = 1iy = 0

 
100

y


1(y = 0)
2(y =1)

21m = 23(y =1)
4(y =1)

5(y = 0)
32m = 3



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
6(y = 0)


3m =1

7(y =1)
14m =197


y=0 
 

jw
1

1 2 7w = + =
2 3 6


2

2 0 2w = + =
3 1 3




3

1w = = 1
1


97jw = 0
τ 

m
5000 7 2τ̂ = ( + +1+0+L+0)=141.7
100 6 3

 

mτ̂
Ww = 0.028332

ws = 0.02753
mτ̂ 

2
m

5000(500 -100)ˆs ( ) = (0.02753) = 6745.
100

τ 

 
2

mˆs ( ) = 6745 = 82.13τ 
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3.19 





 

ML
hMh

hnh=1,2,…,L


hjA
jh

iim
ij

h 

hj

i
hj

i A i

yw =
m∈

∑ 

wh 
hn

hjh
j=1h

1w = w
n ∑ 


BirnbaumandSirken(1965) 

L

m h h
h=1

ˆ = M wτ ∑ 
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 

h

L
2h h h

m w
h=1 h

M (M - n )ˆvar( ) =
n

τ σ∑ 


h

2
wσwh

mτ̂
h

2
wσ

wh2
whs 

mτ̂
τh hM w

hw
y







yhjw


BirnbaumandSirken(1965)Thompson(2002) 
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 

 
 
Ranked Set Sampling 

 

120 




McIntyre(1952)









 

McIntyre(1952)






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McIntyre
n

n
n











rnr 

McIntyre 
1966Halls and Dell


Halls and Dell


Takahasi.and.Wakimoto(1968)





Dell and Clutter(1972)



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
Dell 

and Clutter(1972)David and Levine(1972)


Stokes(1977)


Stokes(1980a, b)


Muttlak and McDonald(1990a,b,1992)




––
 





Patil.et.al.(1999)Muttlak and Al-Saleh(2000)

2000
Stoke.and.Sager(1988)Kvam.and.Samanigeo(1994)

Chen(2000a)
Bohn.and.Wolfe(1992,1994)Bohn.(1996,1998)

Omer(1999,2002)
Fei et. Al.(1994)
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Bohj(1997a,b,c,1999a,b)Abu-DayyehandMuttlak(1996)
BohjandAhsanullah(1996)Shen(1994)Stokes(1995)Chen(2000b)
Sinha et al.(1996)

Ni and Sinha(1998)


Muttlak(1995,1996b,1998)Patil et al.(1993)Yu and Lam(1997)
Chen(2001)

Kaur et al.(1997)Chen(2001)


Salazar and Sinha(1997)MuttlakandAl-

Sabah(2003a,b) 

2.20 


15

5



5

5 

1.2.20 

(i:n)jXin
ji=1,2,….nj=1,2,…,r
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
 

( )
n r

rss i:n j
i=1 j=1

1X = X
nr ∑∑ 

rssX 

( ) ( )

n
2

rss i:n2
i=1

1var X =
n r

σ∑ 

1
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x(41)  x(42) x(43) x(44) x(45)
x(51)  x(52) x(53) x(54) x(55)

x
x

x x

x

x
xx x

x
xxx

x x x
x

x

x

x
x

x

 
 

 
 
 
 
 

x(11)  x(12) x(13) x(14) x(15)

1          2         3         4          5

x(21)  x(22) x(23) x(24) x(25)
x(31)  x(32) x(33) x(34) x(35)
x(41)  x(42) x(43) x(44) x(45)
x(51)  x(52) x(53) x(54) x(55)

 

  


 
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 

( ) ( ) ( )( ) 22
i:n i:n i:n= E X - E Xσ  

  

Takahasi and Wakimoto (1968)rssX
 

rss srsvar(X ) var(X )≤ 

srsX
rssvar(X ) 

rss

r n
2 2

(i:n)(i:n) jx 2
j=1 i=1

1s = (X - X )
n r(r-1)

∑∑ 

 
r

(i:n) (i:n)j
j=1

1X  = X ; i = 1,2,…,n
r ∑ 

Johnson et al. (1993) Stokes(1980)
 

r=1rssX 

( )

n
rss i:n

i=1

1X = X
n ∑ 

 

( ) ( )

n
2

rss i:n2
i=1

1var X =
n

σ∑ 
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2.2.20 
[i:n]jXi
nji=1, 2, …,nj=1,2,…r


 

n r
rsse [i:n] j

i=1 j=1

1X = X
nr ∑∑ 

rsseX 

( )
n

2
rsse [i:n]2

i=1

1var X =
n r

σ∑ 

 

( ) 22
[i:n] [i:n] [i:n]= E X - E Xσ    

Dell and Clutter(1972)rssX
 

rsse srsvar(X ) var(X )≤ 


rssevar(X )
 

rsse

r n
2 2

[i:n][i:n] jx 2
j=1 i=1

1s = (X - X )
n r(r-1)

∑∑ 
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 
r

[i:n] [i:n] j
j=1

1X = X ;i =1,2,…,n
r ∑ 


   16 

         


  n=4   
           

         
        

r=8
nr=32

 

 
 1 2 3 4 

1 5.7 5.8 6.1 6.0 
2 5.6 5.8 5.8 6.1 
3 5.6 5.8 6.1 5.9 
4 5.8 6.0 6.1 6.7 
5 5.8 6.0 6.0 6.0 
6 5.8 5.9 6.1 6.0 
7 5.9 5.8 5.9 6.1 
8 5.9 5.9 6.1 6.0 
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 

( )

4 8
rss i:n j

i=1 j=1

1X = X = 5.94
4(8) ∑∑ 

rssX(i:n)X
        

 
 1 2 3 4 

(i:n)X 5.763 5.875 6.025 6.10 

8
2

(i:n)(i:n)j
j=1

(X -X )∑ 0.09875 0.05500 0.09499 0.43999 

rss

8 4
2 2

(i:n)(i:n) jx 2
j=1 i=1

1 0.688748s = (X - X ) = = 0.00076869
8964 8(8 -1)

∑∑ 

rssX 

rss rss
2

x xs = s = 0.00076869 = 0.0277 

3.20 








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
 

1.3.20 




n
n

n
(n+1)/2


n/2

(n/2)+1n
rnr 

(i:m)jXi
nji=1,2,….nj=1,2,…r


in/2

ni=1,2,…L=n/2 (n/2)+1 

i=L+1,L+2,…,n
 

( )
n r

mrss i:m j
i=1 j=1

1X = X
nr ∑∑ 
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mrssX 

( ) ( )
n

2
mrss i:m2

i=1

1var X =
n r

σ∑ 

 

( ) ( ) ( )( ) 22
i:m i:m i:m= E X - E Xσ  

  

mrssX
 

mrss rss srsvar(X ) var(X ) var(X )≤ ≤ 
Muttlak(1997) 

23.20 




n

n


n/2


n
 (n-1)/2

(n-1)/2

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nr
nr 

(i:e)jXi
nji=1,2,….,L1=n/2j=1,2,…r


nj1 1i = L +1,L +1,…,n

i
n2i = 1,2,…,L = (n-1) / 2

n
2 2i = L + 2,L + 3,…,nr

nr
 

n r

erss (i:e) j
i=1 j=1

1X = X
n ∑∑ 

erssX 
n

2
erss (i:e)2

i=1

1var(X ) =
n r

σ∑ 

 
2 2
(i:e) (i:e) (i:e)= E [X - E(X )]σ 




Stkose(1980)Samawi et al.(1996)Muttlak and Al-Sabah(2003a)
 
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3.3.20 

X
XY

XY
Xn

nXY
YX

YX
YXY

r
nrX

[i:n]jXi
nji=1,2,…nj=1,2,….r 

(Y,X)X
YStokes(1977) 

x
x y

y
X = + (Y- ) +σµ ρ µ ε

σ
 

Yεε
02 2

xσ (1-ρ )ρXYx y x yμ ,μ ,σ ,σ
XY

X 
n r

rssc [i:n] j
i=1 j=1

1X = X
nr ∑∑ 
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rsscXStokes(1977) 
2 2 n

2 2xrssc y(i:n)2
i=1y

σ ρvar(X ) = [(1-ρ )+ σ ]
nr nσ

∑ 

 
2 2
y(i:n) (i:n) (i:n)σ = E [Y - E(Y )] 

4.20  


Barreto and Barnett(1999)Barnett and Moore 

(1977)Muttlak(1995,1998)Patil et al.(1993)Yu and Lam(1997) 

Yu and Lam 

(1997)
 

Stokes (1977)
 

x
x y

y
X = + (Y- ) +σ

µ ρ µ ε
σ

 

(i:n)jY[i:n]jXi
njY

injX 
i=1,2,…n; j=1,2,…,rx

[i:n], j x (i:n), j y ij
y

ρσX = μ + (Y -μ )+ε ;
σ

 

Yu and Lam (1997)
X 
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XY 
reg rsse rssy

ˆX = X + β(μ -Y ) 
 

n r
rss rsse(i:n) j [i:n] j

i=1 j=1
n r

2
rss(i:n) j

i=1 j=1

(Y - Y )(X - X )
ˆ =

(Y - Y )
β

∑∑

∑∑
 

regX 
2

rssy 2
reg 2

z

σ Zvar(X ) = (1-ρ )[1+E( )]
nr S

 

 

(i:n) y
(i:n)j

y

Y -μ
Z  = 

σ
 

 
n r

rss (i:n) j
i=1 j=1

1Z = Z
nr ∑∑ 

 
n r

2 2
rssz (i:n) j

i=1 j=1

1S = (Z -Z )
nr ∑∑ 

regX
X

XregX
Yu and Lam(1997) 
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5.20 

2σ


Stokes (1980 b)



 

Stokes (1980 b)





 

Abu-Dayyeh and Muttlak (2002)



f(x, θ, λ) = g((x- θ)/λ)/λ


 
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 
 

 

 
Jackknife Resampling Method 

 
 

121 

(Jackknife)Quenouille 

(1949,1956)


 

2.21  

Quenouille (1949)


1956
ghn=gh

1 2 nX , X ,…, Xθ̂
θn-iθ̂

θ(g-1)hi
h 

 
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 

i -i
ˆ ˆθ  = gθ - (g-1)θ ; (i = 1, ..., g)% 

-2n 
g g

i -i
i=1 i=1

1 g-1ˆ ˆθ = θ  = gθ - θ
g g∑ ∑% % 

Tukey (1958) (θ%(jackknife)
 

Miller(1974)


g=nh=1 

Quenouille(1956)
-2O(n ) 

n
2 2

-j
j=1(2)

2 2

n θ-(n-1) θ /n
θ  = 

n -(n-1)

∑% %

% 

-jθ%iθ%(n-1)
j(2)θ%θ̂ 

n
(2) -1 3 2

-i
i=1

n
2

-ij
i<j

1ˆ ˆθ  = (2n-1) [n θ-(2n -2n+1)(n-1)( θ )
n

2 ˆ       + (n-1) (n-2){ θ }]
n(n-1)

∑

∑

%

 

ijθ̂( 2)n −
ij 

(2) -3E(θ =q+ O(n )% 
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Gray and Owen (1971)


1/n 

1 2
2

a aˆE( ) =q + +
n n

θ 

 
* n

(2) 2 2 2
-i -ij

i=1 i<j

1 1 2ˆ ˆ ˆθ = [n θ -2(n-1) ( θ ) + (n-2) { θ }]
2 n n(n-1)∑ ∑% 

θ
n

i
i=1

1θ̂ = x = x
n ∑h=1

n=g 

-i i
ˆ ˆθ = (nθ-x )/(n-1) 

 
n

(.) -i
i=1

1ˆ ˆθ = θ
n ∑ 

 
(.) -i (.) i

ˆ ˆ ˆ ˆθ = θ, θ -θ = (x-x )/(n-1) 
 

(.)
ˆ ˆθ = θ 

(.)

n n
2 2 2
ˆ -i (.) iθ

i=1 i=1

n-1 1ˆ ˆs = (θ -θ )  = (x -x)
n n(n-1)∑ ∑ 

x 
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3.21 


i i(Y , X ), i = 1, 2, ..., n

i xE(X ) = μi yE(Y ) = μy xθ = μ /μ
xμ

yμy x
ˆμ̂ = θμθ̂ = Y / X

n yμ̂
yμY 

Durbin (1959)β
 

i i iY = α + βX + e 
ie

β 
g g

i -i
i=1 i=1

1 g-1ˆ ˆθ = θ  = gθ - θ
g g∑ ∑% % 

g=2-4n
θ̂ = Y / Xie

ie
1/4

θ̂ = Y / X
Rao(1965)Rao and Webster(1966)

gn

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
Brillinger (1966)

 

4.21 

Tukey (1958)g
iθ ;i =1, ..., g%

 

θg(θ-θ)/s %
% 

 
g

2 2
iθ

i=1
(g-1)s  = (θ -θ)∑%

% % 

t(g-1)
θTukey

θg(θ-θ)/s %
%tg 

5.21 





2log (s )-1tanh (r)2srr


2σ

2 2
-ins - (n-1)s
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2log (s )
Govindarajulu(1999) 

6.21 

Efron and Stein (1981)1 nS(X , ..., X )
i(X )


 

Quenouille and Tukey
1 nS(X , ..., X )

S
iX , i = 1, ..., n 

(i) 1 2 i-1 i+1 nS =(X ,X ,...,X ,X ,...,X ) 

SiX
1 nvar[S(X , ..., X )] 

n
2 2

1 n (i)
i=1

n-1s (S(X , ..., X )) = (S -S)
n ∑ 

 
n

(i)
i=1

1S = S
n ∑ 


SnS- (n-1)S
S(i)SEfron and Stein (1981)

Govindaragulu(1999) 
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 
Bootstrap Resampling Method 

 
122  




Eforn (1979)



Eforn and Tibshirani(1993) 

2.22(Bootstrap Method) 

1 2 nX , X , ..., Xf(x)
f(x)θ

1 nθ̂(X , ..., X )
θ1 2 nX , X , ..., X

θ̂ 

θ̂
ˆσ = σ(F, n, θ) = σ(F) 
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σ(F)
F

FF̂
F 

θ̂
ˆσ̂ = σ(F) 

n
xμx

 
1/2

2(μ /n) 
 

2
2μ = E(X-μ)μ = E(X) 

 
1/2

2xˆ ˆσ  = (μ /n) 

 
n

-1 2
2 i

i=1
μ̂ = n (x - x)∑ 

1 nx , ..., xx
1 nX , ..., XX2μ̂

2 2ˆE(μ )<μ2μn(n-1) 


n

-1 2 1/ 2
ix

i=1
ˆSD = σ ={(n-1) (x - x) }∑ 
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σ(F)
SD 

1  F̂F
1/nix 

2  F̂* *
1 nX , ..., X

F̂* * *
1 nˆ ˆθ =θ(X , ..., X ) 

3  2B B
* *

1 B
ˆ ˆθ , ..., θ 


B

* * 2 1/2
j

j=1

ˆ ˆSD = { (θ - θ ) /(B-1)}∑ 

 
B

* *
j

j=1

ˆ ˆθ  = θ /B∑ 

B →∞ 


B

* * 2 1/2
ˆj θ

j=1

ˆ ˆSD = { (θ - θ ) /(B-1)}  = σ∑ 


F

B
Efron (1982)B=100

B2005121000 
1:5

1,2,3,4,5 
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 

x = (1+ 2 + 3 + 4 + 5) /5 = 3 
 

5
2 2

i
i=1

1s = (x - 3) = 2.5
4 ∑ 

X 
1/ 2

x
sσ̂ = = (2.5/5) = 0.707
n

 

B=10 (1,2,3,4,5)


 
(1, 2, 2, 3, 5)(3, 4, 5, 5, 2)(1, 3, 4,1, 2)(5, 3,1, 4, 2)(5, 4, 4, 2, 5)

(3, 3, 4,1, 5)(4,1, 2, 2, 5)(4, 4, 2, 4, 2)(2, 5, 3, 2, 4)(5, 4,1, 5, 5) 
 

*
1θ̂ = 2.6*

2θ̂ = 3.8*
3θ̂ = 2.2*

4θ̂ = 3*
5θ̂ = 4*

6θ̂ = 3.2*
7θ̂ = 2.8

*
8θ̂ = 3.2*

9θ̂ = 3.2*
10θ̂ = 4*θ̂ = 3.2 

 
10

* * 2
j

j=1

ˆ ˆ(θ - θ ) = 3.2∑ 

 
 2SD= (3.2/9) = 0.596 
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SD = 0.596
xσ̂ = 0.707

B=10 

3.22 

1 nX = (X , ..., X )R( X,F)X
R

FE (R)FP (R<a)a
 

** ˆR = R( X , F) 

*θ̂R
FE (R) 

B
* -1 *

* j
j=1

E (R ) =B R∑ 

FP (R<a) 
* *

* jP (R < a) = {#(R < a)}/B 

422 

ˆθ(F)θ(F) 

ˆθ(F) -θ(F) 
 

* *ˆ ˆˆ ˆ ˆR( X,F) = θ(F) = θ(F )-θ(F) = θ -θ 
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* *ˆ ˆθ = θ(F )*F̂(empirical)
*X*F̂

*M /nix*Mix
 

 


B

-1 * *
j* *

j=1

ˆ ˆ ˆ ˆBias = E (R ) = B θ -θ = θ -θ∑ 

*θ̂ =3.2θ̂=3.0 
 *ˆ ˆBias = θ -θ = 3.2-3 = 0.2 

Eforn (1982, 1992)Govindarajulu(1999) 

5.22  


iX

F
 

 

i i iY = g (β)+ ε ; i =1,...,n. 

iyiY (i =1, ..., n)ig (.)
icpx1β

iεF
F iE (ε ) = 0iε
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1 nY = (Y , ..., Y )′1 ny = (y , ..., y )′β
D( y, η)y 

1 nη(β) = (g (β), ..., g (β))′ 
 

β
β̂: min D( y,η(β)) 

D 
n

2
i i

i=1
D( y, η) = (y -η )∑ 

i iη = g (β) 


i ig (β) = exp(c β)F

n

i i
i=1

D(y, η) = y -η∑

 
1  F̂1/niε̂

 

i i i
ˆε̂  = y -g (β) 

2  F̂* *
1 nε , ..., ε

 
* *
i ii

ˆY  = g (β)+ ε ; i = 1,...,n. 
*

iεF̂ 
**

β
β̂ : min D(Y , η(β)) 
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3  BB
* *

1 B
ˆ ˆβ , ..., β 

β̂
 


B

* * * *
j j

j=1

1 ˆ ˆ ˆ ˆCov = (β -β )(β -β )
B-1

′∑ 

2Yc
 

i i iY  = βc + ε , i = 1, ..., n 
iE(ε ) = 02

ivar(ε ) = σ 
(20, 0.8), (25, 1.1), (30, 1.2), (35, 1.3), (40, 1.5) 

β̂β 
5 5

2
i i i

i=1 i=1
β̂ = c y / c =185/ 4750 = 0.039∑ ∑ 

i i
ˆŷ  = βc 

i i i i i
ˆˆ ˆε  = y - y  = y - βc 

 
1 2 3 4 5ˆ ˆ ˆ ˆ ˆε = 0.8-0.78 = 0.02, ε = 1.1- 0.975 = 0.125, ε = 0.03, ε = -0.065, ε = -0.06

β̂ 
2

2
i

σ̂ˆvar(β) = 
c∑

 

 
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 
5

i
2 i=1

ε̂
0.02475σ̂  =  =  = 0.0062

5-1 4

∑
 

β̂ 
2

2
i

σ̂ 0.0062ˆvar(β) =  =  = 0.0008575
7.23c∑

 

β̂
B=105

15
(1,2,2,3,5)

(3,4,5,5,2)
*

1 1ˆε = ε = 0.02*
2 2ˆε = ε = 1.1*

3 2ˆε = ε = 1.1*
4 3ˆε = ε = 0.03

*
5 5ˆε = ε = -0.06*

iε , i = 1, ..., 5
*

iY 
* *
i i i

ˆY = βc + ε ; i = 1,...,n. 
*

1Y*
1ε 

* *
1 1 1Y = 0.039c + ε = 0.039(20)+0.02 = 0.8 

*
1 1(Y , c ) = (0.8, 20)

*
3 3(Y , c ) 

* *
3 3 3Y =0.039c + = 0.039(20) +1.1 = 1.295ε 

o b e i k a n d l . c o m
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
*
3 3(Y , c ) = (1.295, 30) 

(0.8, 20), (1.1, 25), (1.295, 30), (1.395, 35), (1.56, 40) 
*β

*β̂ =0.0408 
*β̂ 

   *β̂ 
1  (0.8, 20), (1.1, 25), (1.295, 30), (1.395, 35), (1.56, 40) 0.0408 
2  (0.81, 20), (0.91, 25), (1.1, 30), (1.305, 35), (1.685, 40) 0.0390 
3  (0.8, 20), (1.005, 25), (1.105, 30), (1.385, 35), (1.685, 40) 0.0400 
4  (0.72, 20), (0.978, 25), (1.19, 30), (1.365, 35), (1.685, 40) 0.0399 
5  (0.72, 20), (0.91, 25), (1.105, 30), (1..49, 35), (1.56, 40) 0.0389 
6  (0.81, 20), (1.005, 25), (1.105, 30), (1.385, 35), (1.56, 40) 0.0390 
7  (0.715, 20), (0.995, 25), (1.295, 30), (1.49, 35), (1.56, 40) 0.0405 
8  (0.715, 20), (0.91, 25), (1.295, 30), (1.365, 35), (1.685, 40) 0.0409 
9  (0.905, 20), (0.915, 25), (1.17, 30), (1.49, 35), (1.495, 40) 0.0396 
10  (0.72, 20), (0.911, 25), (1.19, 30), (1.305, 35), (1.56, 40) 0.0381 

*β̂ = 0.03967β̂ 
B

* * 2
j

j=1

1 1ˆ ˆ(β - β )  = (0.01574469-0.01573709) = 0.00000084
B-1 9∑ 


 
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6.22 

95%θ
 

θ̂ ± 2 SD 



1
* *

B
ˆ ˆθ , ..., θ(1-α) 

1 2

* *
k k(θ ,θ ) 

 
1k =[nα/2]2k =[n(1-α/2] 

80%
β(0.0381, 0.0408) 
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 

 

 
Nonresponse Errors   

 

123 


         

 
1 




 
2 





 

3 



 
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4 




 

5 


 
6 

 

2.23 

        
1NI
1 1W = N /N2 2W = N /N1 2N = N + N

2Wn
I1y

 

 

      II     
2Y 

   2Y      
       2P    

1 1 1 2 1 21 2 21E( y ) - Y = Y - Y = Y - (W Y - W Y ) = W (Y - Y )
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2P
Pn1n
n1n95%

1P 

1 1 1 1p ± 2 p (1-p )/n 

       1P
P

2P = 0LP̂2P =1
UP̂95%P 

L 1 1 1 1 1 2

u 1 1 1 1 1 2

P̂ = W [p - 2 p (1- p ) /n ] + 0(W )

P̂ = W [p + 2 p (1- p ) /n ] +1(W )

 

  2WCochran (1977)
PLP̂

    1W =12P = 0   
UP̂     
1W = 12P = 11W = 11n = n 

n=5001n = 4001p = 15%75
20%95%P 

 
LP̂ = 0.15 - 2 0.15(0.85) /500 = 0.15 - 0.032 =11.8% 

UP̂ = 0.35 - 2 0.35(0.65) /500 = 0.35 - 0.043 = 39.3% 

o b e i k a n d l . c o m
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3.23 

 
1 





 

2 





 
3 


 

4 



 

          




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 
        




  
          

Kish and Hess (1958)Woolesy (1956) 

   

           

           

        

Kish (1949)
 

4.23 







Hilgard and Payne (1944)
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P.S.R.S. Rao(1983)3265
 

   

 1 2 2>   
 63.5 22.2 14.3 0 10.0 


 

17.2 9.5 6.2 0 13.9 

          


            
 

          



          

      Govindarajulu (1999)
Birnbaum and Sirken (1950) 

5.23 


    Sukhatme et al. (1984)  iy

iiU
    n   N 
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ijx j iUi=1,…,h
j=1,…,m 

 

ij i j ijx  = y + α + ε 

 
jαj 

ijεji 
 

ijE(ε i, j) = 0 

 
2 2
ij eE(ε ) = S 

ijεij 
 ijn10 

m

i. ij
j=1

n = n∑iU 
h

. j ij
i=1

n = n∑j 
h

ij ij. j
i=1. j

1x = n x
n ∑j

.jn 
h m

ij ij..
i j

1x = n x
n ∑∑nh

 
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 
h h h

ij i ij j ij ij i ij j ij ij
i=1 i i. j .j . j

1 1 1x. j = (n y +n α +n ε ) = y n + α + n ε
n n n∑ ∑ ∑ 

 
h m h m

i i. j . j ij ij..
i=1 j=1 i j

1 1x  = y n + α n + ε n
n n∑ ∑ ∑∑ 

 
1 mM 
2 h 
3 . jn = n/m = n 
4 i.n = n/h = p. 

 
h h

i ij j ij ij
i=1 i

1 1x. j = y n + α + n ε
n n∑ ∑ 

 
h m h m

i j ij ij..
i=1 j=1 i j

1 1 1x  = y + α + ε n
h m n∑ ∑ ∑∑ 

 
N M

i j
i=1 i

1 1E( x. j) = y + α  = μ+ α
N M∑ ∑ 

 
..E( x ) = μ+ α 

x. j 
2

2 2 ε
y α. j

1 1 1 Svar( x ) = ( - )S + (1- )S +
N Mn n

 

 
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MN 
2 2 2
y. j

1var( x ) ( )(S +S ) + S
n ε α 

..x 
22 2 2
y2 2 ε α ε

y α..

S1 1 1 1 S S Svar( x ) = ( - )S + ( - )S + + +
h N m M n h m n

 

 

N
2 2
y i

i=1

1S = (y - m)
N-1 ∑

M
2 2
α j

j=1

1S  = (α - α)
M-1 ∑ 

α
α 

 
M 

2 2 2 2
x y α εS  = S + S + S 

..x 
2

2 2x
α ε..

S 1 1 1 1var( x ) = + ( - )S +( - )S
h m h n h

 

..x


 
 

2
x

..
Svar( x ) =
h

 

m= h= njαjh= n
Sukhatme et al. (1984) 
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6.23 

     β  iy
         y

β
       2

i(y - y)  
      

 

        
 

lry = y + b( X - x) 
iyixyβxβ

b
( )X x−lryyβ

lry 

 

R
yy = X
x

 

yβE(X x) 1≈
ix
 

2
i i2

R

ˆ(y - Rx )(N- n)s ( y ) =
Nn n-1

∑ 
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 
2

RE( y - Y) 


 

7.23 







Aπ
AWarner (1965)Aπ


 





P1-P


 

 
AP 
A1-P 
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   n  m   
A 

ˆ = m/nφ 
 

A A A= Pπ +(1-P)(1-π ) = (2P-1)π +1-Pφ 
P 

A

ˆ - (1-P)π̂ = ; P 1/2
2P-1

φ
≠ 

 
Aπ̂

(MLE)AπA AˆE(π ) = πφ̂φ
ˆ( )E φ φ=Aπ̂ 

A 2

(1- )ˆvar(π ) =
n(2P-1)
φ φ 

φAπ̂ 

A A
A 2

π (1-π ) P(1-P)ˆvar(π ) = +
n n(2P-1)

 

    Aπ̂     
         

 A      
P 



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n=500N=2500
85%

15%
300
95%

 
 

m 300ˆ = = = 0.6
n 500

φ 

 

A
- (1-P) 0.6-(1-0.85)π̂ = = = 0.643
2P-1 2(0.85)-1

φ 

A A
A 2 2

π (1-π ) P(1-P) 0.64(1-0.64) 0.85(1-0.85)ˆvar(π ) = +  = +
n n(2P-1) 500 500(2(0.85)-1)

= 0.0004591+ 0.0005204 = 0.0009795

 

95%  
0.643 ± 2 (0.0313) = 0.643 ± 0.0626 

Warner (1965)Cochran (1977)
Govindaraj ulu (1999) 

8.23 




o b e i k a n d l . c o m



 

 

428 
 

n1n
1n < n


1n2 1n = n-n


2n


 

r
2n2r = n /kk >1 

1y2yr
 

*

1 21 2
1y = (n y + n y )
n

 

         
Scheaffer, Mendenhall and ott (1996)  
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 
 

 
 

Other Sampling Methods  
 

124  

           


          
 

 

2.24  


          

 
       
       

          


 (Random Sampling with Replacement)  
           
 

o b e i k a n d l . c o m
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  
        

Cochran (1977)(1995) 

3.24  

          
 

           



   Cochran (1977)  
(1995)Raj (1972) 

4.24  





 


           

Warneer (1965)
        

  AB  
 AB       A B
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 p         
p 

         
 θA (1- θ)

B  n
          


           


pScheaffer, Mendenhall and ott (1996)
 

5.24 

         


          


           


  
          

          
         

Singh 

and Chaudhary (1986) 
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6.24  


 (Cluster Sampling with Stratification)

          
k

          
 

iiN
iM    in 

im
 

iyi 
i i

i k

i i
i=1

N MW =
N M∑

 

Singh and Chaudhary (1986) 

7.24 

        
      (Quota Sampling)  

       


 60%
60%  
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      
 

         


        
          

60%40%
 


    

     
           

         
        

           
        

 


    Cochran (1977)  
(1995)Barnett (1991)Raj (1968) 
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1 –1995
 
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