
�����  4 

 

��	
	��
������ NB2 ����������	�� 

 
  �������	��
���
	����� NB2 ��� Robust standard error #$%&�'(�')*#��'*+',�
-���'$.&�����/�(01�23%456�0$	��&�'(�'7�4�')*8��#$%&	$%�)/�(4	����)���969(�
:)24 8��')' 2 �
6 
56��	; Fabric fault data 8�	 Hinde and Demètrio (1998) 	�� Quine data 23%456�	�;�)934�' Aitkin et 
al. (1989) 
 
4.1  Fabric fault data 

 

  Fabric fault data &
N'/�(01�8��')'�(�����'*�'7�� 23%47�*�O6�O�44�'�'3%4 �'
	��P3	Q�71�)*8��56��
;07��#$%7�*�8�	O�44�''$. 0�8��')' 32 0�)' ��;��0�)'0$S)�0��) (�';)� : U
�) 
��	�;�4	�' /�(01�6�4	�;�)56�&�'( 6�4����4#$% 4.1 

 
��	����� 4.1  Fabric fault data 

 

Length 

of roll 
Fault 

Length 

of roll 
Fault 

Length 

of roll 
Fault 

Length 

of roll 
Fault 

551 
832 
715 
271 
491 
645 
895 
642 

6 
17 
14 
5 
7 
6 
28 
10 

543 
905 
522 
657 
738 
735 
495 
952 

8 
23 
6 
9 
9 
17 
7 
9 

651 
375 
868 
630 
372 
441 
458 
492 

4 
9 
8 
7 
7 
8 
4 
4 

842 
542 
122 
170 
371 
749 
716 
417 

9 
9 
1 
4 
14 
10 
3 
2 

 

�'&�[.(4��'(�8	�;�)56�);�8��')'�(�����'*�'7����;��0�)'0$	���8	�84
:)24 �7'\�+	��
	��8�����);�4S)�0��)7�� (Length of roll) ���8��')'�(�����'* (Fault) 23%4�'	�`$'$.���/�(01�
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&6*0 ����
�4S)�0��)7��&
N'�(	��*#30a�',��0���* ln(length of roll) 6�4\�+#$% 4.1 (	) ��� (/)
��0���6��  
 
 
 
 
 
 
 
 
 

 
 

2�3��� 4.1 �7'\�+	��	��8�����);�4 Length of roll 	�� Faults 
 

��64���&�b');�S)�0��0+�',����);�4��)�
�#�.4�(40$�')O'�0&
N'&��'OS�4	��&�*�O����&�/�$.
	����4 (Exponential growth curve) ���&0[%(�
�48��')'�(�����'*���&
N'0�����;)'�(		��*#30
a�',��0���* (ln(Faults)) �7'\�+	��	��8�����);�4 ln(Length of roll) 	�� ln(Faults) 6�4\�+ 
#$% 4.2 

 
2�3��� 4.2 �7'\�+	��	��8�����);�4 ln(Length of roll) 	�� ln(Faults) 

  

        (	)        (/) 
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��64���&�b');�S)�0��0+�',����);�4��)�
�#�.4�(40$�')O'�0&
N'&��'��4 (�;�45�	b��0�'
)*#��'*+',�-���'$.8�50;56�P3	Q�	�����	���8	�84
�	�*
��0�`	���8	�84
:)24 ��;8����	��
�8	�84
:)24O6���4 

  &'[%(48�	8��')'�(�����'*23%4�#'6�)� Faults 0$	���8	�84
:)24#$%0$ Link 
function S[( iln( )µ  &0[%( iµ  &
N'S;�&-�$%�/(48��')'�(�����'*8�	7��0�)'#$% i , i 1,2, ,32= K

6�4'�.'��)���969(�
:)24/(48��')'�(�����'* 23%40$ ll = ln(Length of roll) &
N'��)�
�(*��� S[( 
 

i 0 1 iln( ) llµ = β + β                      (4.1) 
 

�����)���969(�
:)24
��0�`/(4 (4.1) S[( 
 

i 0 1 i
ˆ ˆˆln( ) llµ = β + β              (4.2) 

 

S;�
��0�`S)�0S)�8�&
N'�14�
6 0β̂ ��� 1β̂  S;�S��6&S�[%('0���a�' (Standard error) ����9*�*
#$%8��&
N'56���64�'����4#$% 4.2 �9)#$% 1 k 2 
 
��	����� 4.2  S;��9*�*�;�4 l ������� Fabric fault data 
 

linear pred.coeff Overdispersion         Score test  NB2 ��9:�� 

;<;��    0β̂          1β̂            α̂          Dean (1992) Wang-Shu Lu (1997) 

Residual 

deviance 
AIC df 


H9I� 
-4.171      0.997         0                  5.635                  5.643 
(1.135)   (0.176)        - 

64.55 191.85 30 

NB2 
-3.794      0.937      0.115                                                   
(1.419)   (0.222)    (0.055) 
(1.456)+  (0.230)+   (0.048)+ 

 

30.67 

 

181.39 29 

�0��&��
 + S[( Robust standard error 
 

��)���969(�
:)24 
 

i iln( ) 4.171 0.997ll

(1.135) (0.176)

µ = − +     (4.3) 

 

 



 

 

44 

��)���969(�
:)24
��0�`/(4 (4.2) ���S;� Residual deviance &#;�	�� 64.55 ��� df  &#;�	�� 30 
8�&�b');� S;� Residual deviance 0$S;�0�	&
N'�(4&#;�/(4 df  &
N'6��'$#$%�(	);���)���969(�

:)2450;&�0���0	��/�(01� &'[%(48�	&	*6 Overdispersion '(	8�	'$. S;� Adjusted score test /(4 
Dean (1992) ���Wang k Shu Lu (1997) 23%4��64�'����4#$% 4.2 �'�60\� 5 ��� 6 ��0���6�� 
�)0#�.4 Half normal plot with simulated envelope \�+#$% 4.3 (	) 	b&
N'�9*�*#$%�'���'
'/�(��


6�4	�;�) 6�)�&��
'$.&��834#��	��
��0�`S;� Overdispersion O6�	�� fit ��)���969(� NB2 	��
/�(01� +��(0	��S��')`S;� Robust standard error &+[%(&
�$��&#$��	�� Asymptotic standard error 
/(4S;�
��0�`#$%56�8�		���)'	���
6#���/(4	���)'	��)'2.��'*)��' k ��U��' #$%56�	�;�)5

���)�'�##$% 3 O6��9*�*#$%	�;�)934'$. 56���64�'����4#$% 4.2 �9)#$% 3 k 5  �����)���	��969(� 
NB2 #$%56�S[( 
 
 
 
 
 
 
 
 
 
 
 

 
2�3��� 4.3 �7'\�+ Half normal plot with simulated envelope /(4��)���969(�
:)24 ��� NB2 
 
 

i i
ˆln( ) 3.794 0.937ll ; 0.115

           (1.419)    (0.222) (0.055)

µ = − + α =     (4.4) 

 

'(	8�	'$.S;�  Robust standard error 0$S;��	��&S$�4	��S;� Asymptotic standard error ��64);�	��
�8	�84/(48��')'�(�����'*#$%7�*�O6�O�44�''$.0$	���8	�84��� NB2 ��� Half normal plot 
with simulated envelope \�+#$% 4.3 (/) �['��');���)��� (4.4) �(6S��(4	��/�(�00�*������� NB2 

  

     Poisson model 

(	) (/) 
    NB2 model 
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6�4'�.'��)���#$%�
�4���(�1;�'0�����$.	����4 �������(����	��&	*6�(�����'*#$%S)�0��)7�� (#$%�
�4
���&
N'0�����(	��*#30a�',��0���*) #$%P3	Q� S[( 
 

[ ]i i
ˆ exp 3.794 0.937llµ = − +                     (4.5) 

 

���&��'OS�4	��&�*�O����&�/�$.	����4#$%56�8�		���#'S;� Length of roll �'�0	�� (4.5) 56�
�7'\�+	��	��8�� 6�4\�+#$% 4.6 

 
2�3��� 4.4  �7'\�+��64&��'OS�4	��&�*�O����&�/�$.	����4#$%56�8�		���#'S;� ln(Length of roll)  
                   �'�0	�� (4.5) 
 
4.2  Quine data 

 

       Quine data 23%456�	�;�)934�' Aitkin et al. (1989) &
N'/�(01�&	$%�)	��8��')')�'	��
/�6&�$�'/(4'�	&�$�' 23%456�'��/�(01�0�8�		��P3	Q�6��'��4S0P������'
��&#P((�&��&�$�/(4
'�	&�$�'8��')' 146 S' O6���)�
�#$%�)��)00$ 6�4'$.  
  8��')')�'	��/�6&�$�' �#'6�)� Days 

(��
 �#'6�)� A 0$ 4 ��6�� S[(        
1: final grade in primary schools; 2:  first form in secondary schools 
3: second form in secondary schools; 4: third form in secondary schools 
&+P �#'6�)� S 0$ 2 ��6�� S[( 1: ��� ��� 2: �t*4  
�'���* (Cultural group) �#'6�)� C 0$ 2 ��6�� S[( 1: �'+[.'&0[(4; 2: S'7*)/�) 
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��6��	��&�$�'�1� (Learning rate) �#'6�)� L 0$ 2 ��6�� S[( 1: ���; 2: 
�'	��4
/�(01�6�4	�;�)56�&�'(6�4����4#$% 4.3 
 
��	����� 4.3  Quine data 

 

Days C S A L Days C S A L Days C S A L 

2 1 1 1 1 17 1 2 2 2 10 2 1 4 2 
5 1 1 1 2 14 1 2 3 1 41 2 1 4 2 
6 1 1 2 1 60 1 2 3 1 11 2 2 1 2 
14 1 1 2 2 2 1 2 4 2 1 2 2 2 1 
57 1 1 3 1 14 1 2 4 2 5 2 2 2 1 
17 1 1 3 2 6 2 1 1 1 11 2 2 2 1 
8 1 1 4 2 0 2 1 1 2 6 2 2 2 2 
34 1 1 4 2 12 2 1 1 2 0 2 2 3 1 
5 1 2 1 2 5 2 1 2 1 5 2 2 3 1 
5 1 2 2 1 3 2 1 2 2 14 2 2 3 1 
13 1 2 2 1 36 2 1 3 1 3 2 2 4 2 
53 1 2 2 1 7 2 1 3 2 18 2 2 4 2 
11 1 2 2 2 0 2 1 4 2 5 1 1 1 2 
13 1 2 3 1 30 2 1 4 2 22 1 1 1 2 
48 1 2 3 1 10 2 2 1 2 7 1 1 2 2 
0 2 1 1 2 0 2 2 2 1 53 1 1 3 1 
10 1 2 4 2 5 2 2 2 1 16 1 1 3 2 
40 1 2 4 2 7 2 2 2 1 46 1 1 3 2 
0 2 1 1 2 6 2 2 2 2 28 1 1 4 2 
11 2 1 1 2 28 2 2 2 2 3 1 2 1 1 
5 2 1 2 1 3 2 2 3 1 45 1 2 1 2 
17 2 1 2 1 12 2 2 3 1 9 1 2 2 1 
30 2 1 3 1 3 2 2 4 2 32 1 2 2 1 
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��	����� 4.3 (�M�)   
 

Days C S A L Days C S A L Days C S A L 

5 2 1 3 2 15 2 2 4 2 5 1 2 2 2 
27 2 1 3 2 37 2 2 4 2 8 1 2 3 1 
27 2 1 4 2 14 1 1 1 1 47 1 2 3 1 
25 2 2 1 1 20 1 1 1 2 2 1 2 3 2 
33 2 2 1 2 15 1 1 2 1 5 1 2 4 2 
5 2 2 2 1 32 1 1 3 1 36 1 2 4 2 
7 2 2 2 1 16 1 1 3 2 67 2 1 1 1 
5 2 2 2 2 43 1 1 3 2 7 2 1 1 2 
14 2 2 2 2 23 1 1 4 2 0 2 1 2 1 
2 2 2 3 1 38 1 1 4 2 11 2 1 2 1 
10 2 2 3 1 24 1 2 1 2 22 2 1 3 1 
1 2 2 4 2 6 1 2 2 1 1 2 1 3 2 
9 2 2 4 2 25 1 2 2 1 16 2 1 3 2 
22 2 2 4 2 5 1 2 2 1 14 2 1 4 2 
11 1 1 1 1 19 1 2 2 2 69 2 1 4 2 
13 1 1 1 2 20 1 2 3 1 20 2 2 1 2 
6 1 1 2 1 81 1 2 3 1 5 2 2 2 1 
6 1 1 3 1 3 1 2 4 2 5 2 2 2 1 
14 1 1 3 2 21 1 2 4 2 15 2 2 2 1 
40 1 1 3 2 17 2 1 1 1 7 2 2 2 2 
23 1 1 4 2 2 2 1 1 2 2 2 2 3 1 
36 1 1 4 2 0 2 1 2 1 8 2 2 3 1 
11 1 2 1 2 5 2 1 2 1 1 2 2 3 2 
6 1 2 2 1 4 2 1 2 2 5 2 2 4 2 
23 1 2 2 1 0 2 1 3 2 22 2 2 4 2 
54 1 2 2 1 8 2 1 3 2           
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�'&�[.(4��'(�8	�;�)56�);�8��')')�'/�6&�$�' 0$	���8	�84
:)24#$%0$ Link function S[( ln( )µ
%

 &0[%( 

µ
%

 &
N'&)	&�(��S;�&-�$%�/(4 Days #$%0$��)�
�(*���S[( A
%
, S
%
, C
%
 ��� L

%
 ��)���969(�
:)24

/(4 Days #$%���S�t +��(0S;��9*�* ��64�'����4#$% 4.4 6�4'$. 
 
��	����� 4.4  Residual deviance, df, AIC ���S;� Score Test /(4��)���969(�
:)24 

 

Score Test Model 
ln( )µ

%

 
Residual 

deviance 
df AIC 

Dean(1992) Wang-Shu Lu(1997) 

C*S*A*L
% %% %

 1166.3 118 1810.8 65.409 65.680 

C*S*A
%% %
 1434.1 130 2054.6 80.640 80.614 

C*S*L
%% %
 1746.1 138 2350.6 103.070 103.061 

C*A*L
% %%

 1455.0 132 2071.4 80.565 80.671 

S*A*L
% %%

 1631.5 132 2248.0 94.659 94.811 

C+S+A+L
% %% %

 1674.9 139 2277.4 95.249 95.210 

(C+S)*A+C*S*L
% %% % % %

 1301.0 129 1923.5 71.769 71.666 
 

 

8�	����4#$% 4.4 8�&�b');� Full interaction model (C*S*A*L ) 0$S;� AIC '�(�#$%�
6 &#;�	�� 1810.8 
6�4'�.' Full interaction model ';�&
N'��)���#$%&�0���0#$%�
6 ��; Full interaction model 0$S;� 
residual deviance &#;�	�� 1166.3  0$S;�0�		);� df  /(40�'&	[(� 10 &#;� ($	#�.4S;� Score test /(4 
Dean(1992) ��� Wang k Shu Lu(1997)  0$S;�0�		);� 0.05Z = 1.65 	b��64���&�b');� ��)���
969(�
:)2450;�(6S��(4	��/�(01�&'[%(48�	&	*6 Overdispersion '(	8�	'$. Half normal plot with 
simulated envelope /(4��)���969(�
:)24 �1
#$% 4.5 (	) ��64);�/�(01�8��')')�'/�6&�$�'&
N' 
Overdispersed Poisson counts 6�)�&��
'$.&��834#��	��
��0�`S;� Overdispersion O6�	�� fit ��)
���969(� NB2  O6�+*8��`���)���#$%&
N'5
56�#�.4�06 �����

���������)���#$%���S�tO6�
+*8��`�8�	S;� AIC  6�4��64�'����4#$% 4.5  
  &0[%( fit ��)��� NB2 +�);���)���#$%&�0���0	��/�(01�0�	#$%�
6S[(         

DAYSln( )µ
%

 =  (C+S)*A+C*S*L O6�0$S;� Residual deviance &#;�	�� 167.91 ��� df #$%0$S;�&#;�	�� 

128 23%4&
N'��)���#$%0$S;� AIC �%���
6 &#;�	�� 1092.4 O6���)���6�4	�;�)&/$�'���(�1;�'�1
U:4	���'
/(4��)�
�(*���56� 6�4�0	�� (4.5) 
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2�3��� 4.5 �7'\�+ Half normal plot with simulated envelope /(4��)���969(�
:)24 ��� NB2 
     
   ��	����� 4.5  S;��9*�*�;�4 l /(4��)���969(� NB2 ������� Quine data 
 

Model 
ln( )µ

%

 
Residual deviance df AIC 

C*S*A*L
% %% %

 167.27 117 1095.1 

C*S*A
%% %
 167.76 129 1103.4 

C*S*L
%% %
 167.84 137 1112.9 

C*A*L
% %%

 167.87 131 1102.7 

S*A*L
% %%

 167.21 131 1114.6 

C+S+A+L
% %% %

 167.93 138 1107.4 

(C+S)*A+C*S*L
% %% % % %

 167.91 128 1092.4 
 
 
 

(	) (/) 
Poisson model NB2 model 
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0 1 2 2 2 3 2 4 3 5 4 6 2 7 2 2 8 2 3

9 2 4 10 2 2 11 2 3 12 2 4 13 2 2 14 2 2

15 2 2 16 2 2 2

ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆˆln(µ) = β + β C  + β S  + β A  + β A + β A  + β L + β C :A  + β C :A  

ˆ ˆ ˆ ˆ ˆ ˆ+ β C :A + β S :A + β S :A  + β S :A  + β C :S  + β C :L

ˆ ˆ+ β S :L  + β C :S :L

% % % % % %% % % %%

% % % % %% % % % % % %

% %% % %

      (4.5) 

 
&0[%( 2 3A ,A , 4A , 2 2C , L  ��� 2S &
N'��)�
�6�00$% #$%  
 

2

1: first form in secondary schools
A

0: others


= 


 

3

1: second form in secondary schools
A

0: others


= 


 

4

1: third form in secondary schools
A

0: others


= 


 

 

2

1:
C

0:


= 


                   2

1:
L

0:


= 


                         2

1:
S

0:


= 


 

 
��)��� (4.5) 0$��)�
�(*���'�(�	);���)���969(�
:)24 23%4�'���'
'/�(&#b88�*4#$%);� 9��&��50;
'�� Overdispersion 0�+*8��`��'	��)*&S�����/�(01� #�����	��'����)�
�(*���&/����[(((	8�	
��)���0$S;�0�	&	*'5
 (�8#�����&�[(	��)���#$%0$S)�02��2�('0�	&	*'5
 S;�
��0�`
+���0*&�(��/(4��)���969(� NB2 (4.5) +��(0S;�
��0�` Asymptotic standard error ��� 
Robust standard error 56���64�'����4#$% 4.6 ��)���'$.���S;� Residual deviance &#;�	�� 167.91 
23%40$S;��	��&S$�4	�� Residual df 23%40$S;�&#;�	�� 128 '(	8�	'$.S;� Robust standard error 0$S;�
�	��&S$�4	��S;� Asymptotic standard error ��64);� NB2 &
N'��)���������� Quine Data  ��� 
Half normal plot with simulated envelope \�+#$% 4.5 (/) �'���'
');� ��)��� (4.5) &�0���0
	��/�(01�    

 

 

 

 

 

 

�'7*)/�) 
�'+[.'&0[(4 ��� 

�t*4 
&�$�'�1���� 
&�$�'�1�
�'	��4 
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��	����� 4.6  S;��9*�*�;�4 l ��)���969(� NB2 ������� Quine data 
 

 

    Linear pred. coeff                 ��9:�� 

;<;��     0β̂         1β̂          2β̂         3β̂          4β̂         5β̂          6β̂          7β̂          8β̂         9β̂                             

NB2 
 2.435     0.603     0.962   -0.373     1.126     1.136    -0.104    -0.548    -0.886    0.119               
(0.343)   (0.449)  (0.470)  (0.403)  (0.342)  (0.380)   (0.335)  (0.432)  (0.426)  (0.439)            
(0.288)+ (0.448)+ (0.519)+ (0.318)+ (0.292)+ (0.372)+ (0.240)+ (0.428)+ (0.444)+(0.452)+          

                        Linear pred. coeff                              Overdispersion            ��9:�� 

;<;��    10β̂         11β̂         12β̂         13β̂         14β̂         15β̂         16β̂        α̂            
AIC df 

NB2 
 0.089    -1.113    -1.459    -1.301    -1.027   -0.308    1.666     0.592 
(0.454)  (0.450)   (0.442)  (0.445)   (0.455)  (0.464)  (0.583)  (0.080)                 
(0.439)+ (0.505)+ (0.443)+ (0.380)+ (0.385)+ (0.462)+ (0.524)+ (0.082)+      

1092.4 128 

�0��&��
 + S[( Robust standard error 
 

�'	��#��'��S;�&-�$%�/(48��')')�'/�6&�$�' &��56���)���#$%�
�4���(�1;�'0�����$.	����4 S[( 
 

[

]

DAYSµ = exp 2.435 + 0.603C2 + 0.962S2 0.373A2 + 1.125A3 + 1.136A4 

0.104L2 0.548C2:A2 0.886C2:A3 + 0.119C2:A4 + 0.089S2:A2 

 1.113S2:A3 1.459S2:A4 1.301C2:S2 1.027C2:L2

0.308S2:L2 + 1.666C2:S2:L2

−

− − −

− − − −

−

   (4.6) 

 
  
 


