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 ก����GH�IFกJKL�MN�F�?G%D�$��E��O$$�%GL�"��E>�D
FNก�=��"ก��"�P"  �������Q���RF%M�N��ก               
�MFก�=��"ก��J��� G�S"�����T>�D puC W�IF plC  H�X"H��I�FN�IF�Q�W�����G����T>�Dก�=��"ก��Y"ก�E����
ก�=��"ก����
LFกQ�W"GH�D�=GL�"HG�%� B�Mก�����$=�����M�G�S"�����T>�D���B�L$��N
FNก�=��"ก��H�X"���N����Q�CGL%�ก 
H�I�F�����M�G�S"�����T>�Dก�=��"ก��$�ก���F%M�N
FNJKL�MN�F�B�M�=��%B�L� ก��D�$��E�H���%�H��%��M�JKL�MN�F�
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$Q�"�"JKL�MN�F� �M�G�S"�����T>�Dก�=��"ก�� 
"�G���F%M�N B�=�=G��"�%�Q���R Y"B�M�=ก�E�CGLYSL��!��F"�����@?�  
�Q�ก���Q�]PQ� 10,000 �F� D�$��E��M�����"M�$=H�X"
FN����J�GD��G��=H>���� 1 ���Hก�G
ZP"$��N H���%�H��%�ก���=G��
"�%�Q���R���กQ�W"G ]Z�ND��M���!����D�["�
ZP"YW�M"�PYWL�M�����"M�$=H�X"
FN����J�GD��G��=H>���� 1 ���Hก�G
ZP"$��N 
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The Method for Selecting Multiple Suppliers Using One-sided Specification LimitBs  
Capability Index 

 

Siraprapa  Manomat * 1) and Prapaisri  Sudasna Na Ayudthaya 2) *  
 
 

Abstract 
 

 The potential supplier is an important for manufacturing process. This paper presents a new method 
for selecting multiple suppliers using one-sided specification limitos capability index ( puC  or plC ). This study 

defined 4 parameters such as the number of suppliers, puC  index, sample size and significant level (α).        
A Monte Carlo simulation with 10,000 runs under various situations was conducted for investigating.             

The proposed method provided actual Type I error rate close to the pre-defined significant level (α) for all 
simulated cases.  
Keywords: Selecting multiple suppliers, One-sided specification limitos capability index, Monte Carlo simulation 
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1. �"�$� 
      ก�=��"ก��J����������=���!�>�D"�P" H������PNB�M     
ก � � �� G H �I F ก �� � T� G� � ��� �� �� E > � D $ � ก JKL �M N � F �             
?G%����T>�D
FNJKL�MN�F�F�$D�$��E�$�กG�S"�
����T>�D (Process capability indices:  PCIs)         
]Z�NG�S"�����T>�D
FNก�=��"ก��H�X"H��I�FN�IF�Q�W���
H���%�H��%�����J�"B�����!���S���
FNก�=��"ก��
J���H��%�ก��
LFกQ�W"GH�D�=
FNJ���>�Eu@ D�["�    

ZP"?G% Kane (1986) G�S"�����T>�D���"�%�YSLก�"        
Y"F����Wก���CGLBกM G�S"� pmpkp CCC B�= pmkC     
]Z�NG�S"�HW�M�"�PYSL�Q�W���ก�=��"ก�������
LFกQ�W"GH�D�=
�FNGL�" ก�M���IF����PN
LFกQ�W"GH�D�=GL�"�M�N (Lower 
specification limit: LSL) B�=����PN
LFกQ�W"GH�D�=
GL�"�" (Upper specification limit: USL) �Q�W���     
��Nก�=��"ก�������H�D�=
LFกQ�W"GH�D�=GL�"�" W�IF
GL�"�M�N$=YSLG�S"� puC  W�IF plC   ��!�ก���Q�W���ก��
��GH�IFกJKL�MN�F� ?G%D�$��E�$�กG�S"�����T>�D
ก�=��"ก��"�P" CGL��JKL��$�%W��%��%�Q�ก���Zก\�B�=
D�["�
ZP" HSM" Chou (1994) CGL"Q�H�"F��!�ก����GH�IFก  
JKL�MN�F��FN��% ]Z�N�LFNYSL
"�G���F%M�N�Q�W���ก��
�G�F����H�M�ก�" Pearn B�=�E= (2004) CGL��L�NSM�N
����HSI�F���"�Q�W��� puC  B�= plC   Y"�
 2003 Nairy 
B�= Rao (2003) CGL"Q�H�"F��!�ก���G�F�����H�M�ก�"

FN�����=���!�x J�"B��JกJ�" (Inverse coefficient of 
variation: ICV) ?G%YSL�T����G�F��F�G@ (Wald test)   
]Z�N�MF�� Hubele B�=�E= (2005) CGL"Q�����=%�ก�@YSL
HDI� F H��� %�H��%��M�G�S"�����T>�Dก�=��"ก��  
"Fก$�ก"�P Pearn B�=�E= (2009) CGL"Q�H�"F��!�      
BF{�B]{ก (Exact method) ]Z�NH�X"��!�ก���Q�W�����GH�IFก  
JKL�MN�F��FN��% ?G%C�M$Q�H�X"�LFNYSL
"�G���F%M�N���
H�M�ก�"�Q�W���ก���G�F� ]Z�Nก��"Q���!�ก����GH�IFก         
JKL�MN�F��FN��%C�YSLHDI�F��GH�IFกJKL�MN�F���กก�M�   
�FN��%?G%�Q�ก��H���%�H��%����=�KM"�P" "Fก$�ก        
$=H��%H����G�F����=�KMW��%���PNB�L� %�N�Q�YWL�=G��
"�%�Q���R���Hก�G
ZP"�KNก�M����กQ�W"GC�LGL�% 

      N�"��$�%"�PCGLFFกB��
�P"�F" B�=��L�N�K��HDI�FYSL
�Q�W�����GB%กJKL�MN�F����������T>�D
FNก�=��"ก��
��Q � FF กC�  Y WL H W�I F C�L H �D� = �� %��� �� �� �� T>� D
ก�=��"ก����� G� Yก�L H��%Nก�"  ?G%�Zก\�Y"ก�E����
ก�=��"ก��J�����
LFกQ�W"GH�D�=GL�"HG�%� B�=��        
JKL�MN�F���PNB�M�FN��%
ZP"C� 

 

2.  �N�ก�� 
2.1 ก��"��
�� ���"��ก���
��������������  
      ( puC , plC ) 
      �Q�W���ก�=��"ก�������ก��B$กB$NH�X"B���ก��    
]Z�N����E��ก\E=��N��E>�D
FNJ���>�Eu@H�X"B��HG��%� 
(Univariate quality characteristic, X) B�=ก�=��"ก��
��
LFกQ�W"GH�D�=GL�"HG�%� ก�M���IF��H�D�= USL W�IF 
LSL G�S"�����T>�D
FNก�=��"ก�����"�%�YSLCGLBกM 

puC  W�IF plC   ?G% 

puC  = 
σ

µ

3

-USL     ,  plC  = 
σ

−µ
3

LSL           (1) 

H�I�F USL,LSL �IF 
LFกQ�W"GH�D�=GL�"�"B�=GL�"�M�N 

                µ �IF �M�H����%
FNก�=��"ก�� 

                σ �IF �M�"H���%NH�"������"
FNก�=��"ก�� 
      >�%Y�Lก�=��"ก��
L�N�L"    TL�กQ�W"GYWL  U  H�X"
���B����M����B�"GL�% USL - X  $=CGL�M���GW��NB�=

����B�����"
FN U H�X"  E(U) = USL - µ  B�=          

Var(U) = σ2  กQ�W"GYWL�M�"ก���
FN�����=���!�x����
J�"B�� (Inverse coefficient of variation: ICV) 
FN U 
B�"GL�% ICV(U) ]Z�N 

 
σ

µ−
==

USL

)U(Var

)U(E
)U(ICV     

G�N"�P"  puC  = ICV
3

1             (2) 

      Y"�Q�"FNHG�%�ก�" D�$��E�G�S"�����T>�D plC   

?G% plC  = 
σ

−µ

3

LSL   TL�กQ�W"GYWL V H�X"���B����M����

B�"GL�% X - LSL  $=CGL�M���GW��NB�=����B�����"


FN V H�X"  E(V) = µ - LSL  B�= Var(V) = σ2  
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กQ�W"GYWL�M�"ก���
FN�����=���!�x����J�"B��
FN V 
B�"GL�%  ICV(V)  ]Z�N 

σ

−µ
==

LSL

)V(Var

)V(E
)V(ICV     

G�N"�P" plC  = ICV
3

1              (3) 

      ก��H���%�H��%� puC  W�IF plC  $ZNYSLW��กก��
FN
ก���G�F�����H�M�ก�"
FN ICV CGL (Hubele B�=�E=, 
2005) N�"��$�%"�PCGL"Q�B"�������G
L�N�L"����L�N��!�ก��
YW�MHDI�FH���%�H��%�����H�M�ก�"
FNG�S"�����T>�D
ก�=��"ก�� G�N"�P 
      Y"ก�E������JKL�MN�F���PNB�M�FN��%
ZP"C� (k ��%) 

กQ�W"GYWL 
ipuC W�IF 

iplC  B�"G�S"�����T>�D   µi 

B�"�M�H����%   B�= σi B�"�M��M�"H���%NH�"������"

FNก�=��"ก��$�กJKL�MN�F���%��� i  H�I�F i =  1, 2, 3, . . 
. ,k ?G%  

ipuC = 
i

i

3

USL

σ

µ−  B�= 
iplC  = 

i

i

3

LSL

σ

−µ           (4) 

      ]Z�NY"����H�X"$��N
FNก�=��"ก��J��� H�X"C�      
CGL%�ก ���$=�����M�D�����H�F�@���B�L$��N
FNก�=��"ก�� 

(µi,σi)  G�N"�P"$ZN��M����F%M�N$�กก�=��"ก��J���B�= 
"Q��M��T������CGL$�กก�=��"ก��J������Q�ก����=��E
�M�D�����H�F�@ 
      กQ�W"GYWL  Xij  H�X"��E��ก\E=��N��E>�D
FN       
JKL�MN�F���� i  (i=1,2,�,k) ���F%M�N��� j (j=1,2,�,ni , ni  
�IF 
"�G���F%M�N���YSL�Q�W���JKL�MN�F���%��� i) B�=
�����TW��M�H����%B�=����B�����"
FN���F%M�N

�Q�W���JKL�MN�F���%���  i CGL$�ก  
i

n

1j
ij

i n

X

X

i
∑

= =  B�= 

1n

)XX(

S
i

n

1j

2
iij

2
i

i

−

∑ −

=
=  ]Z�N 2

ii S,X  H�X"�����=��E

���C�MHF"HF�%N
FN µi ,σ
2

i  G�N"�P"�����=��E
FN puC  
B�= plC  �IF 

i

i
ipu S3

XUSL
Ĉ

−
=  , 

i

i
ipl S3

LSLX
Ĉ

−
=       (5) 

      F%M�NC�ก{��� Pearn B�= Chen (2002) D��M�      
�����=��E$�ก��ก�����   (5)   H�X"�����=��E���        
HF"HF�%N�Q�W��� puC  B�= plC   ?G%�����=��E���      
C�MHF"HF�%NCGLBกM 

i1ni puĈbpuC
i −=′     ,   i1ni plĈbplC

i −=′         (6) 

H�I�F  [ ]
[ ]2/)2n(

2/)1n(

)1n(

2
b

i

i

i
1ni −Γ

−Γ
×

−
=−   H�X"   

B��H�F�@����BกL (Correction factor) 
      H�I�F��M����F%M�N$�กJKL�MN�F���PN k ��%B�=��W�
�M���=��E
FN 

ipuC W�IF 
iplC  B�L� JKL����Q�ก����GH�IFก

JKL�MN�F�����C��LFNก�������M� ����T>�D
FNก�=��"- 
ก��JKL�MN�F�"�P"B�ก�M�Nก�"F%M�N��"�%�Q���R��N�T���
W�IFC�MB�=������YWL�M���=��E��Q���G ������T>�D
FN
ก�=��"ก��B�ก�M�N$�ก��%FI�"W�IFC�M  ก��FFกB��

�P"�F"B�=�K�����YSL�Q�W���ก���G�F�����H�M�ก�"
FN
G�S"�����T>�Dก�=��"ก�� ����%�=HF�%GG�N"�P 
      1. H��%N�Q�G���M���=��EG�S"�����T>�D puC  W�IF 

plC  (HDI�F�����=G�กY"ก��B�GN�K��ก���Q�"�E 
$ZN
FกQ�W"G PIC B�" puC  W�IF plC  B�= PIĈ B�" 

puĈ W�IF plĈ  B�= PIC′ B�" puC′ W�IF plC′ ) ?G%YWL 

1PIC  H�X"�M���=��E������M���Q������G 
2PIC  H�X"

�M���=��E������M���Q��FN�N�� H��%N�Q�G��C�H�I�F% � 
$"TZN 

kPIC  H�X"�M���=��E������M��KN�����G 
      2. กQ�W"G�������"B�=�Q�"�E�M��T����G�F� 
H0  :  1PIC  =  

2PIC  =  
3PIC =  . . . =  

kPIC    
H1  :  1PIC  B�ก�M�N$�ก PIC ��%FI�"F%M�N"LF% 1 �M�  
      $�กก��กQ�W"G�������"
L�N�L" �����TกQ�W"G
H�กH�F�@ d′ ( d′ ) YWLH�X"J��M�N�=W�M�N 

1PIC  ก�� PIC    
FI�" � CGLG�N"�P  

d′  = 





















−

−

−

k1

31

21

PIPI

PIPI

PIPI

CC

CC

CC

⋮
          (7) 

      TL�G�S"�����T>�Dก�=��"ก��
FNJKL�MN�F���PN k 
��%C�M������B�ก�M�Nก�" �M�J��M�N$=���M�H�X"�K"%@  
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LFกQ�W"GH�D�=B��D�ก�GGL�"HG�%�  
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G�N"�P"$�ก�������"W��ก
L�N�L" �����TH
�%"YWLF%KMY"
�K� d′ CGLG�N"�P 

H0  :  d′  =  0    ก��   H1  :  d′  ≠  0 
      กQ�W"GYWL H H�X"F"�D�"!@
FN d′  H��%�ก�� PIC  H�I�F  

PIC  =  





















k

2

1

PI

PI

PI

C

C

C

⋮
           (8) 

G�N"�P"  

H = 








∂

′∂

PIC
d  =  























−

−

−

1001

0101

0011

⋯

⋮

⋯

        (9) 

    กQ�W"GYWL d̂′  H�X"�M���=��E
FN d′  ]Z�N�Q�"�E$�ก 

d̂′ = 





















′−′

′−′

′−′

k1

31

21

PIPI

PIPI

PIPI

C
~

C
~

C
~

C
~

C
~

C
~

⋮
         (10) 

      H�I�F 
iPIC

~
′ H�X"�����=��E����"M�$=H�X"�KN��GB�=

C�MHF"HF�%N
FN 
iPIC   �Q�"�E$�ก 

iPIC
~
′ =  iPI1n

i

i Ĉb
1n

n
i −−

         (11) 

      H"I�FN$�ก�����=��E���C�MHF"HF�%N
FN 
iPIC  

(
iPIC′ = iPI1n Ĉb

i − ) �Q�"�E�M�H���%NH�"������"��

$�ก�����=��E���C�MHF"HF�%N
FN  σ2
i  ก�M���IF 

1n

)XX(

ˆ
i

n

1j

2
iij

2
i

i

−

∑ −

=σ
=       Y"
E=����T����G�F��F�G@

YSL�����=��E>��="M�$=H�X"�KN��G
FN σ2
i   "��"�IF 

i

n

1j

2
iij

2
i n

)XX(

ˆ

i
∑ −

=σ
=    G�N"�P" 

iPIC
~
′ $ZN�Q�"�E����K��


L�N�L" 
      กQ�W"GYWL V ′  H�X"H����ก]@�B%N (Diagonal matrix) 

FN�M���=��E����B�����"
FN�����=��EG�S"�
����T>�D กQ�W"G?G% 

)12(C
~

2

1

9

1

n

1
,

,C
~

2

1

9

1

n

1
,C

~

2

1

9

1

n

1
diag

2
PI

k

2
PI

2

2
PI

1

k

21












 ′+












 ′+






 ′+=′

…

V

      �Q�"�E�M��T����G�F��F�G@ (W) $�ก 
W  =  d̂′ T[H V ′HT]-1 d̂′           (13) 
      3. "Q��M��T����G�F�C�H���%�H��%�ก���M���ก�� 
      >�%Y�L
LF�ก�NH�IPFN�L"B�=�������"W��ก �T���
�G�F��F�G@ $=�KMH
L��KMก��B$กB$NB��C��@�B���@    

GL�%FN��F���= k-1 G�N"�P"����=G��"�%�Q���R α $=���H�!
�������"W��กH�I�F�M� W ����Q�"�ECGL���
�P"�F"��� 2    
���M���กก�M��M� 2

)1k(, −αχ ]Z�NH��G$�ก����NC��@�B���@ 

B�=�����M��M�G�S"�����T>�Dก�=��"ก��
FNJKL�MN�F�
��%B�ก������B�ก�M�N�M�FI�"F%M�N"LF% 1 �M� G�N"�P"     
$=��G�M���=��EG�S"�����T>�Dก�=��"ก��
FN        
JKL�MN�F���%B�กFFก B�L�"Q��M���=��EG�S"�����T>�D

FNJKL�MN�F���%T�GC���H�X"��%B�ก B�L�GQ�H"�"ก��
���
�P"�F"���  2  B�=  3  $"ก�M�$=C�M���H�!�������"
W�IFHW�IFJKL�MN�F�HD�%N��%HG�%� ?G%�����T����

�P"�F"CGLG�N"�P 
������� 1  �Q � " � E �M � � � = � � E G� S "� � � � � T > � D
ก�=��"ก�� $�ก���F%M�N�����M��� 
������� 2  H �� % N �Q � G� � �M � � � = � � E G� S "� � � � � T > � D
ก�=��"ก��$�ก"LF%C���ก ?G%YWL��%B�ก�IFJKL�MN�F������
�M���=��EG�S"�����T>�D�����Q������G 
������� 3  �G�F�����H�M�ก�"
FNG�S"�����T>�D ?G% 

กQ�W"GYWL  d′  = 





















−

−

−

k1

31

21

PIPI

PIPI

PIPI

CC

CC

CC

⋮
  

��PN�������"  H0  :  d′  =  0   

                             H1  :  d′  ≠  0  
��L�NH����ก]@  H (H) 
�Q�"�E�M� d̂′ , V ′   B�=�Q�"�E�M��T����G�F� W 
"Q��M��T����G�F� W C�H���%�H��%�ก���M� 2

)1k(, −αχ  
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������� 4 TL����H�!�������"W��กYWL��GJKL�MN�F���%B�ก 
FFกB�L�กQ�W"GYWLJKL�MN�F���%������M���=��EG�S"�      
����T>�Dก�=��"ก����Q��FN�N��H�X"��%B�กB�" 
B�L�H�����Q�
�P"��� 3 B�= 4 YW�M   
      ก�E����C�M���H�!�������"W��ก B�GN�M�JKL�MN�F���%
���HW�IF������T>�Dก�=��"ก��C�MB�ก�M�Nก�"  E �=G��
"�%�Q���R���กQ�W"G 
���F%M�Nก���Q�"�E 
      ������M�ก�=��"ก������Zก\���H�D�=
LFกQ�W"G
H�D�=GL�"�" (USL) ?G%กQ�W"GYWL���M� USL = 6  B�=
��G�S"�����T>�D���B�L$��NG�N"�P 
JKL�MN�F� A : ก�=��"ก����ก��B$กB$NB���ก��]Z�N��
G�S"�����T>�Dก�=��"ก�� (

ApuC ) H�X"  1.5 

JKL�MN�F� B : ก�=��"ก����ก��B$กB$NB���ก��]Z�N��
G�S"�����T>�Dก�=��"ก�� (

BpuC ) H�X"  1 

JKL�MN�F� C : ก�=��"ก����ก��B$กB$NB���ก��]Z�N��
G�S"�����T>�Dก�=��"ก�� (

CpuC ) H�X"  1.5 

JKL�MN�F� D : ก�=��"ก����ก��B$กB$NB���ก��]Z�N��
G�S"�����T>�Dก�=��"ก�� (

DpuC ) H�X"  1.5 

      ]Z� N�M����B�L$��NHW�M�"�P$=C�M����  TL�JKL����Q�ก��
��GH�IFกJKL�MN�F��Q�ก����M����F%M�N��$�กก�=��"ก��  

FNJKL�MN�F���PN 4 ��% กQ�W"G
"�G���F%M�N�����M���
FN
��PN  4 ��% �IF   100  ]Z�N���M��T���
FNB�M�=��%G�N"�P 

Ax  =  3.12317, AS  =  0.71248, 
ApuĈ = 1.345923 

Bx  =  2.91463, BS  =  0.92773, 
BpuĈ = 1.108573 

Cx  =  3.07837, CS   =  0.66768, 
CpuĈ = 1.458598 

Dx  =  2.93557, DS   =  0.71857, 
DpuĈ = 1.421541 

      "Q����Q�"�E�M� 
ipuC′  $�ก�K�� 

 






 −
==′ −−

i

i
1ni1ni s3

xUSL
bpuĈbpuC

ii
 

ApuC′ =  1.33569  BpuC′ =   1.10015 

CpuC′  = 1.44751 DpuC′  = 1.41074 
      "Q���H��%NB�=กQ�W"G�Q�G��YW�MCGLG�N"�P 

1puC′ = 1.10015 (JKL�MN�F� B),
1puC

~
′ = 1.105693 

2puC′ = 1.33569 (JKL�MN�F� A),
2puC

~
′ = 1.342426 

3puC′  = 1.41074 (JKL�MN�F� D),
3puC

~
′ = 1.417847 

4puC′  =1.44751 (JKL�MN�F� C),
4puC

~
′ = 1.454808 

กQ�W"GYWL  d′  =
















−

−

−

41

31

21

CpuCpu

CpuCpu

CpuCpu

  

��PN�������"    H0  :  d′  =  0  ก��   H1  :  d′  ≠  0  

      กQ�W"G�=G��"�%�Q���R (α)C�L��� 0.05 

      ��L�NH����ก]@  H ?G%   H =   
















−

−

−

1001

0101

0011

 

      �Q�"�E�M� d̂′ , V ′  B�=�Q�"�E�M��T����G�F� W 

d̂′   = 
















−

−

−

454808.1105693.1

417847.1105693.1

342426.1105693.1

=
















−

−

−

349115.0

312154.0

236733.0

 

V ′  =  diag[0.00722,  0.01012, 0.01116, 0.01169] 
W   =  8.695055 
      H��G����N 2

)1k(, −αχ  = 2
)14(,05.0 −χ  = 7.814728 

      �M��T����G�F�  W  ����Q�"�ECGL���M���กก�M��M�
C��@�B���@���H��GCGL$�ก����N $ZN���H�!�������"W��ก
B�=�����M�JKL�MN�F� B ������T>�Dก�=��"ก��B�ก�M�N
$�ก��%FI�"F%M�N"LF%W"Z�N��%   G�N"�P"$ZN��G   

1puC        
(JKL  �MN�F� B) FFก B�L�กQ�W"GYWL 

2puC  
FNJKL�MN�F� 

A H�X" 
1puC  B�" $=CGL�Q�G��YW�M
FN�M���=��E G�N"�P 

1puC′ = 1.33569 (JKL�MN�F� A), 
1puC

~
′ = 1.342426 

2puC′ = 1.41074 (JKL�MN�F� D), 
2puC

~
′ = 1.417847 

3puC′  = 1.44751 (JKL�MN�F� C), 
2puC

~
′ = 1.454808 

กQ�W"G d′ YW�M ?G% d′  =  








−

−

31

21

CpuCpu

CpuCpu   

��PN�������"    H0  :  d′  =  0  ก��   H1  :  d′  ≠  0  

      ��L�NH����ก]@  H  ?G%   H =   








−

−

101

011  

      �Q�"�E�M� d̂′ , V ′  B�=�Q�"�E�M��T����G�F� W 

d̂′   = 








−

−

454808.1342426.1

417847.1342426.1 = 








−

−

112382.0

075421.0  

V ′   =  diag[0.01012, 0.01116, 0.01169] 
W =  0.611677 
      H��G����N 2

)1k(, −αχ  = 2
)13(,05.0 −χ  = 5.99146 
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      �M��T����G�F� W ���M�"LF%ก�M��M�C��@�B���@���H��G
CGL$�ก����N $ZNC�M�����T���H�!�������"W��กCGL 
G�N"�P"����CGL�M� ����=G��"�%�Q���R 0.05 JKL�MN�F� A C 
B�= D ������T>�Dก�=��"ก��C�MB�ก�M�Nก�" 

 

2.2  ก��"��
�� ��'����$�'�� ������%R� ��    
�������
� �N�ก��"�#��
���ST� 
      ก���G�F�����B�M"%Q�B�=��H���=W@���������T

FN��!�ก�������L�N
ZP""�P �Q�?G%ก��$Q��FN
LF�K�GL�%��!�
�F"�����@?� กQ�W"GYWL
LF�K���ก��B$กB$NB���ก��   
]Z�NYSLB�"��E��ก\E=��N��E>�D
FNJ���>�Eu@$�ก
ก�=��"ก��
FNJKL�MN�F�  ?G%กQ�W"GYWL��JKL�MN�F�        
2 ��% 3 ��% 4 ��% B�= 5 ��% B�=กQ�W"GG�S"�
����T>�Dก�=��"ก������Zก\����M���PNB�M 1, 1.33, 1.5, 
1.66 B�= 2 ����=G����E>�Dก�=��"ก��
FN Pearn 
B�=�E= (2009) ����=G��"�%�Q���R 0.01, 0.025 B�= 
0.05 ?G%�G�FN�Q�]PQ�$Q�"�" 1,000, 5,000, 10,000 
B�= 100,000 ���PN  D��M� �M�H����H�T�%���� 10,000 ���PN   
$ZN�Q�Y"B�M�=ก�E�  10,000 ���PN B�L�"Q���W��M�����
"M�$=H�X"
FN����J�GD��G��=H>���� 1 ���Hก�G
ZP"$��N 
(The actual Type I error)  HDI�FH���%�H��%�ก���=G��

"�%�Q ���R (α)   ��� กQ �W"G  ก��$Q ��FN
LF�K�B�=
��=���J� �Q�?G%ก��H
�%"S�G�Q����NY"?��Bก�� R 
 

3. ��ก�� ���� 
      $�กก����$�%D��M� ��!����D�["�
ZP"��"�PYWL�M�����
"M�$=H�X"���$=Hก�G����J�GD��G��=H>���� 1 ���Hก�G
ZP"$��N
Yก�LH��%Nก���=G��"�%�Q���R���กQ�W"G ��PNY"ก�E������        
JKL�MN�F� 2 ��% 3 ��% 4 ��% B�= 5 ��% Y"��ก � 
"�G
���F%M�N B�=��ก � �=G��
FNG�S"�����T>�Dก�=��"ก�� 
]Z�NJ�H�X"C�Y"�����NHG�%�ก�" JKL��$�%
FB�GNJ�H�D�=
ก�E������JKL�MN�F��FN��% H"I�FN$�ก�LFNก��B�GNก��
H���%�H��%�ก����!�
FN Chou (1994)  J�ก����$�%B�GN  
G�N����N��� 1 TZN 3 
      D�$��E�����N��� 1 TZN 3 D��M� ��!����D�["�
ZP"YW�M"�P
TL�"Q�C�H���%�H��%�ก����!�
FN Chou $=YWL�M����� 

"M�$=H�X"
FN����J�GD��G��=H>���� 1 ���Hก�G
ZP"$��N 
G�ก�M���!�
FN Chou Y"ก�E����
"�G���F%M�N��Q� H�I�F
"�G
���F%M�NYWRM
ZP"��!����D�["�
ZP"YW�Mก����!�
FN Chou YWL
�M����Yก�LH��%Nก�" 
 

4. ��WX��ก�� ���� 
      $�กก����$�%D��M� ��!����D�["�
ZP"��YW�M"�P�����T
"Q�C�YSLHDI�FH���%�H��%�G�S"�����T>�Dก�=��"ก��
FN
JKL�MN�F� ก�E������
LFกQ�W"GH�D�=GL�"HG�%�CGL ?G%���C�M��

LF$Q�ก�GH�I�FNก��YSL
"�G���F%M�NY"ก���G�F����H�M�ก�"

FNJKL�MN�F� B�=�����T"Q�C�YSLH���%�H��%�Y"ก�E������
JKL�MN�F���PNB�M�FN��%
ZP"C� ]Z�N$=SM�%YWLJKL�������N�" 
D�$��E�H���%�H��%�����T>�Dก�=��"ก��
FN          
JKL�MN�F�CGL�=G�ก
ZP" 
 

�
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Y����"�# 1 ./01�2034567��89./01:;<=>0<6?45@���� 1 ���5ก;<�B��3?;9 C ?4<�D��EFG0.�H 0.01 
1 1.33 1.5 1.667 2 

αααα=0.01 
Chou New Chou New Chou New Chou New Chou New 

 n =   30 0.0118 0.0096 0.0119 0.0094 0.0110 0.0091 0.0119 0.0099 0.0123 0.0100 
 n =   50 0.0112 0.0099 0.0113 0.0097 0.0110 0.0097 0.0111 0.0099 0.0113 0.0099 
 n =   100  0.0105 0.0100 0.0102 0.0096 0.0107 0.0100 0.0099 0.0092 0.0099 0.0093 
 n =   150 0.0106 0.0101 0.0112 0.0108 0.0105 0.0100 0.0099 0.0095 0.0103 0.0099 
 n =   200  0.0105 0.0102 0.0100 0.0097 0.0101 0.0098 0.0106 0.0103 0.0103 0.0099 
 n =   250   0.0106 0.0104 0.0104 0.0102 0.0101 0.0098 0.0101 0.0098 0.0104 0.0101 
 n =   300   0.0101 0.0099 0.0097 0.0095 0.0102 0.0101 0.0102 0.0101 0.0101 0.0098 

  
Y����"�# 2 ./01�2034567��89./01:;<=>0<6?45@���� 1 ���5ก;<�B��3?;9 C ?4<�D��EFG0.�H 0.025 

1 1.33 1.5 1.667 2 
αααα=0.025 

Chou New Chou New Chou New Chou New Chou New 

 n =   30 0.0296 0.0262 0.0285 0.0250 0.0287 0.0255 0.0287 0.0255 0.0282 0.0251 
 n =   50 0.0274 0.0256 0.0270 0.0251 0.0265 0.0247 0.0269 0.0250 0.0281 0.0260 
 n =   100  0.0256 0.0247 0.0265 0.0255 0.0261 0.0251 0.0256 0.0248 0.0272 0.0262 
 n =   150 0.0260 0.0254 0.0250 0.0245 0.0253 0.0248 0.0253 0.0248 0.0256 0.0248 
 n =   200  0.0254 0.0249 0.0253 0.0248 0.0257 0.0252 0.0259 0.0254 0.0254 0.0249 
 n =   250   0.0251 0.0247 0.0254 0.0249 0.0256 0.0253 0.0251 0.0247 0.0255 0.0252 
 n =   300   0.0247 0.0244 0.0251 0.0248 0.0255 0.0253 0.0255 0.0252 0.0256 0.0254 

 
Y����"�# 3 ./01�2034567��89./01:;<=>0<6?45@���� 1 ���5ก;<�B��3?;9 C ?4<�D��EFG0.�H 0.05 

1 1.33 1.5 1.667 2 
αααα=0.05 

Chou New Chou New Chou New Chou New Chou New 

 n =   30 0.0552 0.0509 0.0551 0.0509 0.0558 0.0520 0.0550 0.0512 0.0561 0.0520 
 n =   50 0.0539 0.0515 0.0521 0.0497 0.0540 0.0516 0.0533 0.0507 0.0542 0.0517 
 n =   100  0.0523 0.0511 0.0515 0.0503 0.0516 0.0506 0.0500 0.0487 0.0509 0.0495 
 n =   150 0.0522 0.0512 0.0505 0.0498 0.0522 0.0515 0.0506 0.0500 0.0518 0.0511 
 n =   200  0.0521 0.0513 0.0501 0.0496 0.0507 0.0502 0.0518 0.0511 0.0503 0.0497 
 n =   250   0.0511 0.0505 0.0508 0.0502 0.0488 0.0483 0.0500 0.0495 0.0508 0.0503 
 n =   300   0.0498 0.0494 0.0506 0.0500 0.0504 0.0500 0.0516 0.0512 0.0504 0.0500 

 


