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 ����)� :(!�"#$ %&' "( )�*�+, ��
-�*�,�./( 

�2O lN @�� J(� P4� !�%3O �	 !��2F� J����� hN @�� W(� P4� !�%3O �	 !��� j� J����� hN @�� W%� P4� !�%3O �	 !��� j� J�����
0 0 0.119679267 0.101784363
1 0.301029996 0.113890102 0.101375976
2 0.176091259 0.108821497 0.100972197
3 0.124938737 0.104329559 0.100572931
4 0.096910013 0.100308201 0.100178086
5 0.079181246 0.09668 0.099787574
6 0.06694679 0.093374734 0.099401309
7 0.057991947 0.090351988 0.099019205
8 0.051152522 0.087570052 0.098641183
9 0.045757491 0.084997351 0.098267162

هاتحليل داده
1����:������ ��� �� 1��<��� ��%0 K �� ��
 ����� �� ���� ����� �   !���"#� 0
 2��	 �� �$ ���0��

m���� ^U8���� 
 *���� �� �%&$ '���( +,/�/.�//12� "&�30 @�� ]n[ .��(�"V
�"	 hN @�� J(� P4� �
��	�A��� �;0�� ��#N
Q�I ��2�0 1�"�: �	 3�	
)�%� 12�  �����0 ). ( J(27 ��)+ (@�� 120
. J(27 �� )� (

��(�"V !�;�0
Q�I !�;�0 1�"�: �	 W(� P4� 	�3
@�� 120
 ��%<3	 !%��4 )�%� 12� .
����)0 :($*�*"��12 3

 ��* 45, 

J(� P4� �� �2O ��Y� o2��� o%�%0 
��_� m	("$ o�%p� m3�	 Q�I
0 0 0 0 0 0
1 95 130 96 125 110.1769784
2 85 60 67 57 64.44940081
3 54 47 51 44 45.7275776
4 30 39 37 29 35.46906476
5 32 23 30 24 28.98033605
6 23 18 25 16 24.502525
7 17 17 24 41 21.22505259
8 20 13 18 13 18.72182322
9 10 19 18 17 16.74724155

����)6 ($*�*"� )*7���8�9 )*7�� � :�� 45, /�(� )�$�5 ;
�< =�> �,�./(

W(� P4� �� �2O ��Y� o2��� o%�%0 
��_� m	("$ o�%p� m3�	 Q�I
0 50 45 37 41 43.80261
1 38 35 47 33 41.68378
2 34 48 23 43 39.82867
3 40 30 38 48 38.18462
4 33 43 34 39 36.7128
5 37 25 51 40 35.38488
6 33 33 37 35 34.17515
7 30 38 35 32 33.06883
8 30 27 36 28 32.05064
9 41 42 28 27 31.10903

�"	��:���%�� �� "�#	 Q���� �0 1��<��� "�� 
P�3$ . �E�). (�4
 �	 e%	"0 ������2��� � ��Y� 1�"�: �	 ��2�0
Q�I3�	
 12���%<3	 !%��4 �?8 "	 ��0 !�&�
2:� . �E�)+( K)� ( (), (�� l��"�  �	 !���4
 �	 e%	"0 ���
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* "( !-
��9 ;+ � =�> =�H�I� C��-$ 

 ?@>)0 :($*�*"� 12 3

�$*�*"� 3
*, 3

 � ��* 45, � :�� 45, *"(��5A !( B�("� C��-$ ��
���  .="�*� B�F$*�

3
* ��� G�
* "( !-
��9 ;+ � =�> =�H�I� C��-$
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 نتايج يا نقاط دايره.رضاييي نتايج مربوط به آقايبرا رقم ي سمت راست فراوان رقم اول ويسمت چپ فراوان): 3(شكل 

مشاهده شده و خط پيوسته بر اساس مدل است

 ?@>)J :($*�*"� 12 3

�$*�*"� 3
*, 3

 � ��* 45, � :�� 45, *"(��5A !( B�("� C��-$ �(�"K�.="�*� B�F$  *�


��9 ;+ � =�> =�H�I� C��-$3
* ��� G�
* "( !-

 ?@>)L :($*�*"� 12 3

�$*�*"� 3
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3
* ��� G�
* "( !-
��9 ;+ � =�> =�H�I� C��-$

 !%3$� W�D 'D���0 �� �$ �B�
 �	 �� k%V ����� �	�]� !�;�0 �$ @��). (() � (0 @�� �	
��"	 K2�

P�3$  .

�"	� @��$ �%\30 ��� 2χr0 s�"�� "�� '�%� �	 �� 
P�3$] [:

)n                                   (
[ ]29 . .2

1 .

( ) ( )
( )
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n i n i
n i

χ
=

−
= ∑

1 Pearson Chi-Square
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 k%V �����0 ��. ( )obsn i��(�"V !�;�0 
 �2O i��
 �� hN @�� P4� ���(� !�%3O �	 � 9� �	 e%	"0 �;0��
0
2��	 . ��3B�:. ( )Then i��(�"V !�;�0 
!%��4 )�%� 12� ����� @�� ��%<3	  .�"	 �]	�� ���:���"	 


�"	 J20 �	 ����� �	�]� !�;�0� hN @�� P4� ��0(�  "�� '�%� �	0 ���%�
�%�:

) ([ ]29
2 . .

0 .

( ) ( )
( )

obs The

i The

n i n i
n i

χ
=

−
= ∑

 . J(27 ��), ( ()n (�"	 12� �?���0 "����0 l��"� �	��� �%7%0 'U�7 �� W�2$":  �����0 )n( ( ) ( ���;5 
12�@��. J(27 ��)  ( ()t (��
 �$ �	 e%	"0 ����� l��"� �	�12� qF�  ���  !���"#�  ���
 u�7 �v
��� �C8�	 ( wm0K2��	12� ���;5@��.

 ����)J :(B�("� C��-$ ,*�F� !( 
2χ*"( � 45, ��* ,*�F� =*"
H !( 12 3

 P-value

J(� P4� �� �2O ��Y� o2��� o%�%0 
��_� m	("$
1 2.090642501 3.566554379 1.824216999 1.994263885
2 6.552847995 0.307173804 0.100940523 0.861040937
3 1.496536138 0.035406616 0.607914074 0.065267493
4 0.843288921 0.351503592 0.066079067 1.17986756
5 0.314639911 1.234092636 0.035876553 0.855881973
6 0.092136683 1.725652006 0.010100239 2.950427821
7 0.8410377 0.8410377 0.362794536 18.42391406
8 0.087263717 1.748721828 0.027830022 1.748721828
9 2.718374148 0.303030242 0.093711179 0.003814768

chi-square 15.03676772 10.1131728 3.129463192 28.08320032
P-value 0.0584 0.2571 0.9259 0.0004

 ����)L :( ,*�F� !( B�("� C��-$
2χ*"( �45, :�� ,*�F� =*"
H !( 12 3

P-value

W(� P4� �� �2O ��Y� o2��� o%�%0 
��_� m	("$
0 0.876834058 0.03273181 1.056455862 0.179318813
1 0.32555147 1.071708984 0.678014949 1.80904881
2 0.852987892 1.676447356 7.110558376 0.252515251
3 0.086307264 1.754318436 0.000892611 2.523050313
4 0.375479249 1.076705212 0.200455748 0.142491901
5 0.07372111 3.04779139 6.890852042 0.601933159
6 0.040409012 0.040409012 0.233496003 0.019908407
7 0.284790953 0.735328793 0.112777714 0.034545902
8 0.131202406 0.79589539 0.486650233 0.511929811
9 3.144787153 3.812822732 0.310715893 0.542740509

chi-square 6.192070565 14.04415911 17.08086943 6.617482877
P-value 0.7205 0.1207 0.0474 0.6768
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 ����)N :( ,*�F� !( B�("� C��-$
2χ*"( �45, ��*  ,*�F� =*"
H !( 12 3

 P-value*"( �*,A ?K �=�> M+* 

J(� P4� �� �2O 12� qF� o��
 �$
1 8.265338542
2 1.72717111
3 0.399181285
4 3.12668512
5 2.219263769
6 0.50067009
7 1.074208068
8 0.277221369
9 2.718374148

chi-square 20.3081135
P-value 0.0092

 ����)O :( ,*�F� !( B�("� C��-$
2χ*"( �45, :��  ,*�F� =*"
H !( 12 3

 P-value*"( �*,A ?K �=�> M+* 

W(� P4� �� �2O 12� qF� o��
 �$
0 1.768980654
1 0.263827655
2 0.252515251
3 0.000892611
4 0.294329863
5 0.601933159
6 0.233496003
7 1.113757918
8 0.131202406
9 0.000382128

chi-square 4.661317649
P-value 0.8627

�"	���"	 
�L��	 J20 �	 12:�&0 �	�]� !�;�0 
 ��2�0P-value��"5 ����� . �"�qI J����� '��?O ���
00 ����� �� 12� W�[�� '�2:�&0 )�%� J2
23$ .��	� �	
12:�&0 �E3�� J����� "Z�� �� ( �%� W�[�� "Z�� 

��2�02χ !
 �B�
 �� "�5�;	 �$1��(
 @�� �	 KP����"5 K ��0 @�� �	
2:�. ��2�0 @���� �� P-value
�2O� ���: "Z�� Q��0�
 9� �� �E3�� J������� P��(
 @�� �	 �� �0 @�� �	
2:�] [ .�%��4 x��� "	
 �$ 

�&Z�� "� !%��4 S��U]��
r0 12�0�� 
�%� ��2�0 "5� 2 2χ ν ν≈ ±2��	 K )�%� J20 '�%� !
 ��
0 2���� '�2:�&0
���	 �	 ( �%�
��5��� J20 �	 '�2:�&0 "Z�� �@��� 23:�%F. �[3�� �� ν '�7�� ��2�� 

���
�y0 
 2��	 �$�"	� �	 "	�"	 J(� P4� /�"	 ( � �	 "	�"	 W(� P4� d@��  .�[�
 �� !%��4 ���0 @�� �	 
2�
 �$ 

�"	����
 '�7�� ��2�� �3�� G�;	 
1ν �K@��$ �	 e%	"0 u��%� u	�� 2χu	�� �	 �%5 u��%� 
 z�"��� �	 

 ����02ν0 ��2?� 
�%�.V"8 �� 
���L	 �� �0 !��	 ��3N ���%0 �� 
�$ �%� ��2�0 "5�P-value "�EN%$
 ��./{ �� "�5�;	 ( d/{	 "����0 �	 �7%� �	 12� ����� J20 �%� ���;5 �12:�&0 �� 120
 @�� J%?4 ��%0 K
��
2��	 .��?��0 !�&� "8�F 
 �$ P�3$P-value �2O �	 9��;� .3�� 
k%V �	�]� 1�����K �� ��� �$ 

�&0:�4�( '�2
1��� �	 "�&�	 ����0 "�?�� 
�%� .��2�0P-value�?���0 "�� �]	�� )�%� 0 
�%�:

1 Rule of thumb 
2Degrees of freedom
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)t (( ) 2

2

( 2) / 22 2 / 2 2
/ 2

1
( ; )

2 ( / 2)
tP t e dt

ν

ν χ
χ ν

ν

−+∞ −> =
Γ

∫

 �����0 ��)t ( @��$ν���
 �7�� ��2�� 123���� �0 
2��	] (t[.m0 "�#	 s��%� o�"	 �E� �� !�%�)  (
@V"5 1"#	 .1��� !�&� �E� ��� �� ��2�0 �� �%\30 �$ 12�P-value u��%� u	�� m3�30 "�� w]� ;7 o;�N 

��2χm	 �� 12:�&0 �� 120
 @�� �	 @��#�m��2��	 .w_�(	 �$ @�� o�"2χ��2�0 )�%�0 ��2�0 �� �(� 
P-value  �2O m3�� ��%F �3�#	 ��2�0 �� n ./m0 �(��%� . J(27 ��)/ ( ��2�0P-value�"	 � ��2�� 

���
 '�7���/ ( d�"	 � sC�A0 "����0 2χ12� ���;5 @��."�� �E3�� �	 �7%� �	   l�2 2χ ν ν≈ ±
 o���
 '�7�� ��2�� o�"	/ ( dm�� ��4� �����0 m3�� mC�� �]	�� �� ���"	�3	 2��	)t (m0 1"#	P�"�5K���"	�3	 

�"	 ��\��� ��%0 ��2�0�2χ o�"	/ ( d �E3�� o�"	 o���
 �7�� P-value  ��2�0 n/{ 23$ ����F� �� � l��"
 �	 "	�"	�,,/t ( �,�//0 
2��	���� z�"��� m�$ 12� ��� m�&Z��"� !%��4 �	 @?L� S��_�( �$ .

?@>)N :( !P��Q� ;
�< !K 3
* R,*�F� ���Q� =�,�+ !��
 !���$)O ( =��A 3
�( ,*�F� R*"(
2χ �S*�H�I� ,� 

=�*�T���>.

 �E� ��)t (m0 12:�&0 ��2�0 �N": �$ �%�2χ m3�� !
 )�%�0 ��2�0 �	 12:�&0 �� 120
 @�� �	 
2

meanχ ��2�0 '�%� !
 �� 2��	 "�E��;� P-valuem0 "�E��;� P�� �2O �	  ��2�� o�"	 k�<�� ��� ( 2��	
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1 Lindley’s paradox
2 Likelihood analysis
3 Prior  probability 
4 Bayesian analysis
5 Frequentist
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