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5 Cooper 
6 Rhodes 
7 MIMO: Multi Inputs-Multi Outputs 
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8 DMU: Decision Making Unit 
9 Benchmarking 
10 Reference Sets 
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 aD��\
 	 KD�?$
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]9.[  
 J��F	� 	 ���")2008 (  �DH    �D�3�� 	 &����D� KD/��U� ��
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 K� ��HDEA   D� 
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 &�     �� �D�3�� 
DVH &����D� �DH �	C
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� a��\
 .  ��?DO� KH &�( &����� 2��i�<
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� Z��3
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1 Sherman 
2 Discriminate Analysis 
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 a��D� &����D�

�"�� &� �xp� &����� �H �� &��	� KO��H 	 ��F�H]11.[  

 K���F ��&����� &H��F��   aDR�� �� �< J��'����H &N/"
 �D'� K�(��z@ ���; &"�U�U\
 ?�" ��!�.    &ND/" &����D�

23    �� J�%3D;� &�D�?@ ���� ��#!"�� &���� J��'����H
 ,�'85 -84    &3�D;�
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D"�

 ���G      �
D���G KDh��� &����D� {�DU
�� �%O &
���%�!�@ 	
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 I<	w@ �� ���#�� &N/" &�����12 &��	� J��'����H  ��
J��'�      &Dc �D< ���� &D!��@ aD��\
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� F� ���3�'� �H �?�

�< ,�' �83  �
85     �D'� KD�(�G ���D� &H�D�F�� ���� .  o��D�"
 ,�' �� K� �/��� �#"��H85 &����� F�� �� J��'����H o�@ �


"� K���� ����.    �D%O &
���%�D!�@ KH K� KV��s� 2�� ,����
      ��
DV
 �&��@�D' J���D��H ��
DV
 a��D� &��< �
"��' I��?(�

 D� ��'� ���� ����N� &��n�� F	� �B
 	 ���/H J�����H �

      ��D< ���D%"  �DH J��D'����H ����
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"��' 2�� �N/" KH J��'����H]12.[  
  J��D#�� 	 �����)1385 (     ��D< J��D'����H &D�( &����D�

 _	� �H J���� &��?@ ���� ��#!"��DEA  ��< ,�' &c83 -
79  �� 2��V

"� ����" .    &����D� KD� 
D<� &� J�!" �< K�(��

�� &�(  J�?�� KH �< J��'����H Q��$�10  {�U
�� aH�� 
;��

��H &� . �� &"�/"� �	��" �w�	 KH 
���
 a���� ��F�� ��(�|

  ���� ��DO	 ��#D!"�� ��< J��'����H .  KDV��s� ���D�   2D�� ��
�lDD�U\
 26  &DD� J��DD�� &�DD�?@ ��DD�� ��#DD!"�� J��DD'����H


��H]13.[  
&O��R a���� KsH�� K���F �� ����F ��U�U\
    &����D� �DH

    &D!��@ aD��\
 o��D�" F� ���3�'� �H �< J��'����H �� &N/"
 �'� K�(��z@ ���; �< ���� )  ,�D^� ���H]14  	15 ([  �D�� �

         o��D�" 2�DH KDsH�� &D'��H KDH ��DH 2�D�	� ���DH l�U\
 2��
 JS &����� J�?�� �H &���� ��< J��'����H ?����� &H���F��

 �� KDD�W�� 	� _	� lDD��c F�3  @ aDD��\
  �DD< ���� &DD!��
&� �F���@.  

  
�� �	
 	 ��
�  

  &D� ���H��� l�U\
 Q�" F� KV��s� �l�U\
 L
< }�\� F�

��H .     &��D�� ��D< J��D'����H &��D�
 &'��H ���� KV��O


��/< 
%!� &��?@ ���� ��#!"�� ���X" �\
 .  KDH KV��s�
   `D��V
 KDV��O a� �H��H K"��" 	 
��H &� ������' ���;

��� &�.  

                                                                                                 
3 Two-Step 
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�%" 2��V
    �D%O &��D�� J��D'����H ��< �
"��' 	 �< ��
&����� I$�'  

      ��D�" 2��D
 ED%� J��D�� KDH J��'����H �< �� ,�V( �B

    ���D� �DX" 
D� K��zG ��U�U\
 q�r� �� J��'����H K����'

�DD'� �
DD� KDD�(�G .  J�DD����� 	 ����DD'�@ ���DD� �J��DD�?@
       aD��� ���DH &��D�
� aDH�� ��D�" ����� IDBH 	 &���������@

/"� �	��" k�/\� &���� J��'����H �� ���%" J���� KH &"�
   a��D� &"�D/"� 8H��� 2�� F� &!BH q�
�
 2�� KH 	 
"�� &�
    ���D� ��D< J��D'����H �� ����'�@ ���� a�'�@ 	 J���?@

"�� &� K�(�G �X" �� �� ���%" a���� J���� KH ?�" KV��s� .  

     �DB
 &��D�� J��D'����H ��D< �
"��D' K���F �� -  ����D/H F	�
 �X" 
� �� �
"��' a���� J���� KH &W��O ,���� 	 &��@�' 2�VO���


"��G &� ���� .   J��D'����H &"�D��� ���'� 2���� �X" �� KH KO�
 �H
&���� 
"��G &�" k�/\� KV��s� �� �< J��"� 	 �< �"
�F� ��
V
 .  

�< ���� ��	S��G _	�  
       ~��
D� 	 ���D'� F� F�D�" ���D� ��D< ���� ��DP�W KV��s� ��
       
D"��G &D� ���B�D'� 
%D!� &�D�?@ ��D�� ��#D!"�� ��O�� .

 ��D� �	��" KH b�H�� �� ���%" a���� KH b�H�� ���Cc�)  a��D�
    	 J���D�%H �J����D'�@ a��D� ��R K� ����'�@ ���� 	 J���?@


"�� &� J����%H Z�� (  VD'�
 	 &"�N��D!@ �"	�V� F�  8H�D�� K
�'� �
� �(���� &"�/"� .   �� ���D%" aD��� KH b�H�� ��< ����

  
D�"�� �� �
"��' a���� 	 &"��'����H ,�V( ��< �B
  d'���
�B
-   F� &DW��O ,�D��� ��
V
 	 &��@�' 2�VO��� �&��n�� F	�

 &"��'����H ����V( _��?G  ���Cc� 	 ���S ?���)  KD���$� ��F
&!<	w@ �"	�V� (��� �"	�V� 	�'� �
�S �'
H J� .  ��D�Cc�

   KD���� F� &��D�� ��< J��'����H &H���F�� ��F����� KH b�H��
   KD���$� �D�F F� K� &���� ��< J��'����H &H���F�� 	 ���X"

�'� �
� q/� 
��H &� J���� �"	�V� ��< .  �D%O 2��i�<
        d���D� �D
 lD��� �R��D� 	 ,
D� ��D< �D�n�� �xp� k�B�"�

��� &���� ��< J��'����H   ���R�D' KD��" KNW��� F� KV��s� �
 ~��
DD� 	 ��DD�S 2�DD��B�� 	 J�DDG�NR �DDX" �DD(���� 	 KDD�(��

�'� �
� K�(�G ��%H &"��'����H ����
� 	 &��?@ .  ��DX�� KH
      &D'��H ��DX�� KDH 	 �� �
"��D' 	 �� ���D%" a���� ��%H ~��
  a�D'�@ F� �3" ��%Y �H �
� ��	S 8�O ��< ���� EU' 	 �\;

 K���F  �� ��NR  J���
� F� 2
 	� 	 &"��'����H ���Cc� 	 ���S
    	 J�D��� 	 �D��
%H K�ND� &�V( 	 lH�'��    J���
D� F� �D3"

�'� K�(�G ���; KNW��� &���� ��< J��'����H.   ��	S ��DG
  &"�D�F AB!� 8sU� Z� �� ���Cc� a��\
 	 K�?$
 	)  ,�D'

1388 �
����R (       KDH KDV��s� 	� 2D�� F� 	 ��D�G &D� ���D;
�s� ���;&VsU� KV�1 
��H &� .  

                                                                                                 
1 Cross-sectional 

�< ���� a��\
 	 K�?$
 _	�  
     	 �D< ���D%" KDH b�DH�� ��< ���� &���
 ��	S��G F� m@
    b�DH�� ��D�Cc� k�DB�"� 	 J��'����H E�/�' ��< �
"��'
 KH &��#B'�@ ��X�� KH ���Cc� 2�� a��\
	 K�?$
 KH ��
��

���G &� l�U\
 �M�p' .    ,
D� F� ���3�D'� �H ,	� K�W�� ��

 ��< ���� &!��@ a��\BCC ��	�	 -    ��
D� �CD;� ��D\�

 
"�� &� K/��U� �#�
�� �H �< J��'����H &N/" &����� o���"
   ��F�D���� �DH ����S _	� F� ���3�'� �H o���" 2�� JS F� m@ 	
 	 
"��G &� &$�' b�N
��  &���� ��< J��'����H &H���F��

� _	� 	� 2�� 2�H ��� ��V� ?���
 �
� �� ?���
  2�D�V
 &H��F�
���G &� .  

   ��D�� ��#D!"�� &���� ��< J��'����H &H���F�� ��F�����
 &"���� ?���� &H���F�� 	 ���X" K���� d'�
 
%!� &��?@
    KD� &H��D�F�� dH��DP 	 ���
"��'� ��< a�V�����'� �\
 	
       ��D< J��D'����H &H��D�F�� &D�� KD��"�H KD���$� ��F ���R


"�� &� 2��V
 
��/< &���� .�H      KDV��s� L
D< KDH KDO�

 J�G�NR �X" �H K� &H���F�� �/�� ZY F� &��< IBH �P�W
 KDDH �����
DD� 
�
�DD'� 	 &"��DD'����H ����
DD� 2�DD��B�� 	
 &� b�H�� �< �
"��' KH �X" ���� ��< ���%" a�
N
 	 &�����
  &D� k�B�"� &N/" &����� o���" �H &$�' b�N
�� �%O 
"��


"��G .H�� ��F����� 	 �< E��S     ��D< IDBH �� �D< JS KDH b�
��� &� ���� ��� �
VH . ��< K"��" J��H ,���" J��FS ���H

 L	��DDG����� ���DD�S J�DD�FS F� &DD'��H ���DD� -L�"���DD'�2 
��� &� ���3�'� . &����� o���" 2�H KsH�� &'��H ���H my'

       ��D< �D/
 &��D�� ��D< J��D'����H &H��D�F�� ��F����� 	

 �H K� &#�/N�< q���P KH b�H��      �D< KD"��" Q�D" KDH KDO�

  
"�D� &� a��� �� �������@�" �� �������@ &#�/N�< q���P

"��G &� ���� ��H��� ����.  

 ,
�BCC ��\� ��	�	  
 ,
�BCC ��\� ��	�	 �
� &sR    &����D� &H�D�F�� ���H

 &'��H �\
 
W�	)�3; ( ���; KHa�� 
��H &�: 

  
 K�JS �� : 

 ��	�	 J�?��k �W�	 ���H ��j ��(i=1 , 2, …. m)     ijx  
                                                                                                 
2 Klomogrov-Smirnov 
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 ��	�	 J�?��r �W�	 ���H ��j ��(r=1 , 2, …. s)       rjy  
 &O	�R KH �
� ���� JF	r ��) &O	�R ����r��(     ru  

 ��	�	 KH �
� ���� JF	i ��) ��	�	 K��?<i��  (        iv  
     ,
D� �DH ,
D� 2D�� �	�3
CCR    �� ��FS �D�n�� ��DO	 ��

 ��C�w 
��H &� . ,
� ��BCC  ��n�� ��C�w �  KH ��F�H

�� AB!� 
"��
 &� 
W�	 �< ���H �� ���U�.  ��G �<w<0 

�'� &!<�� ����U� KH ��F�H Q�" 
��H �w=0  ��F�H Q�" 
��H
  �D'� �DH�x ����U� KH 	   ��DG�<w>0      KDH ��F�DH Q�D" 
D��H

�'� &!��?(� ����U�.  
 ,
� 
�"��<CCR  ��<��n�� J
� �3;��r ��X�� KHru 	

ivJS ���H 
��H &�     �DH ,��DV� &��h�D@ 
W �<�  ��� ���D�  .
 &!��@ ,
�BCC ��\� &O	�R �
� �C;�  a�� ���; KH

�'�:  

),...,2,1(0

),...,2,1(0

),...,2,1(0

1

:

)(

0
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�� �����:  

  ������ ����	 ��� �� ���� ����
 ����	 ��! "����
�!�#$ "�� %�&'��#�( �)*+  

 ���� &!��@ a��\
 ,
� F� ���3�'� �H �� &����� o���" �
�H�
 ��<BCC ��	�	 -      ��D�U� KDH ��F�DH  �D��W 	� ���DH ��\�
�H�x(CRS)  ��n�� 	(VRS) E��� &� 2��V
 .    �DH aD��\
 2D��

   ��D" �DH �D< ���� &!��@ a��\
 &��B
 ��?(� ��" F� ���3�'� 
DEAP 2.1 &�h�� E�
 d'�
 K��     aD��\
 	 KD�?$
 ?D��� ��

     &DW��c ������D'� 
D��?��h�� ��#D!"�� �� ��	 ��%H 	 &�����
���G &� ��$"� ��'� �
� .    J��DH �DH�x 	 &D!<�� �&!��?(�

?�" ���U� KH ��F�H   &D� 2��V
 K�(�G ���; ��< a��\
 ��
���G . 	� 2�� &����� o���" ��'� �H &����
 �� &�( &������"

��� &� 2��V
 _	� .    2�D�V
 lD��c F� ?D�" ���U� &������"
     �DH &����D� �DH �DH�x ���U� KH ��F�H �H &����� E�/U
 a;�W
                                                                                                 
1 Tim Coelli 

   ����DU� 2�D�V
 F� ?�" Q�N�� &������" 	 ��n�� ���U� KH ��F�H
��
�S &� �'
H &O	�R 	 ��	�	 ��N�� 	 ��F . ,
� 2�� ��

K��%H ����U� �G� �%�
 	 �G� �'���� �
"��G E���
 
W�	 Z� 

1* �
   �0=�
is  =�

rs . 
�D��H �����H �X" ���� 
W�	 ���H .
   ��
DU� K� &
��; ��1* �
    ����DU� �D�� 
D��H�

rs  	�
is 

 ����R� ����U� J�?�� KH Q�N�� &������" �
���H �3; `��B�

��H &� ��n�� 	� 2�� KH K�(��.  

 l�U\
 2�� ��17  &� ���� KV��s� ���� &���� J��'����H

"��G.         �� �F�D' K�ND� ?D��
 ��
D� J��DH M�DH ��DX�� KH

A�B!
   &D3��B� ��< ��� &������" 	 &����� �X" F� �< 
W�	
���� ��O	 . b�H�� a���� ��
V
 Q��$� I<�� �< ��� F� &��

      
D��H &D� �D< �
"��D' 	 �D< ���D%" KH .    ��
DV
 _	� 2D�� �DH
 
H�� &� I<�� ��( &sR �?�� K��"�H K�T/� ��< ���	
\�

' E����� KH KO�
 �H 	 
H�� &� ��N%H L
< 8H�
 ��
U� 	 �F�
 ��< 
W�	 ��
V
 K$��" �� 	 K�(�� I<�� JS ��
U� L
< 8H�

  ��D!�H �F�' K��%H ,
� Z��3
 ��
� 	 ��� &� ���� ����

��� &� .   �DB
 aD��� k�D=�;�W �G� ���\�P�
 2�� �H - F	�
 &O	�R Z� J���� KH ,�V( �B
 ��
V
 ���V� �� �� ���/H

� ���%" a���� ��
V
 F� &�� E���#H �X" �� aU�/�  K�D'�� �
��� &� . ,�V( �B
 �� K����' �� ���%" a��� q�
�
 2�� KH

 ��        
D�
O ����DU� 	 E�D�� &D� qD���
 �� �
"��D' a��� �H

 �
"��'
�������	��
���


����
��������������  �DB
 �� �
"��' a��� 2�?#��O �� -
 ���/H F	�)&��n�� (E��� &� .  

  ��F�DH d���� �\
 
���
 ���W 	� �< ���H �� &����� ,�W
 E��� &� KN'�\� ��n�� 	 �H�x ���U� KH]  ,	
DO)1 .[( ��

  	 
D���
 ����� F�� �� J��'����H I� �H�x ���U� KH ��F�H
    ��F�D� ���D� ��D< J��'����H ��
V
 ��n�� ���U� KH ��F�H ��


��H &� . ,	
O ��1  2��D��� &�V��D� J��'����H �   ��
DU�
    �� �D�n�� 	 �DH�x ��D�U� KH ��F�H ���W 	� �< �� �� &�����

���� . �H �H��H q�
�
 KH ����U� 2��)37.7(  	)51.3(  
��H &�
     KDH &ND/" &����D��" ����� &�V��D� J��'����H &
��N� KH ��

 J�?DD��)63.3=37.7 -100 ( 	)48.7=51.3 -100 ( d���DD� ��
CRS  	VRS 
DD��H &DD� . 2DD�� KDD���� 2�DDP �� J��DD'����H

       ���D; �� 	 ���� ���D� &D!��?(� ��D�U� KDH ��F�DH ��VP	
 I��?(� &����� ��H�x �N/" �H �<��n�� ����U� J�/�< I��?(�


H�� &� .    �� �D< J��D'����H ���D' ���H &N/" &����� ����U�
��� &� ���� J�!" ��F �����" .    KDH b�DH�� ����DU� 2��i�<

�H ��< ��	�	 ��F�� 	 &O	�R ��N�� ��F�H ���W �� J��'���

"� �
� 8��	 ����� ���� ,	
O �� ��n�� ���U� KH.  
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����)1 ( ��
	����	�!������ � !"# !� ���� ��	� $	�
�	�� ���%! �&'	*� 
���  
*&�����CRS  :���U� KH �H�x ��F�H �� &�����  *&����� VRS : ��F�H �� &��������U� KH ��n��  
�k.~.� :���U� KH &!<�� ��F�H  �k.�.� :���U� KH &!��?(� ��F�H  

��	�	1 :Z�?@ ��
V
  ��	�	2 :���%H Z�� 	 ���%H ����'�@ ��
V
  

&O	�R1 :�������	��
���

����
��������������  &O	�R2 :&O	�R &��@�' 2�VO���   &O	�R3 :&W��O ,���� ��
V
  

 �� ��,�- ��)#�)��

�(   �� "�,�, ��;�!)��
�(  <( ��;�( =�+

>��?! 
 ������
>��?!  

 ������*VRS  
)�&����! ������( 

 ������CRS*  
)�A� ������( 

%�&'��#�( * ��,�-3  ��,�-2  ��,�-1 "�,�,2 "�,�,1
0 0 0 0 0 k.~.�� 0.793 1.000 0.793 �P� ����)Q( 1  

0 0 0 0 0 k.~.� 0.593 1.000 0.593 Eh��)o�( 2  

0 0 0 0 0 k.~.� 0.798 1.000 0.798 ��w" &���< 3  
162.790 0 120.42 0 0.507 k.�.�� 0.735 0.513 0.377 &�V������� 4  
384.582 0 56.307 0 3.120 k.�.� 0.835 0.966  0.807  2�'��H ��� &�	  5  

0 9960.644 0 0 0 k.~.� 0.999 0.765 0.764 ��N��
 {��N"�� E
�R 6  
0 0 25.964 24.006 0 k.~.� 0.996 0.747 0.744 9 K��
�W �H�
 �� 7  

0 0 0 0 0 _ 1.000 1.000 1.000 ��O �H�
 K���$' 8  
0 0 0 0 0 k.�.� 0.893 1.000 0.893 J����Y K�hM� 2��x 9  
0 0 0 0 0 _ 1.000 1.000 1.000 22L��R 2�%H 10 
0 0 0 0 0 _ 1.000  1.000  1.000  ?G�� &���R ����  11 
0 0 0 0 0 _ 1.000 1.000 1.000 mR�' E��W J��U� 12 

875.724 0 62.314 0 1.716 k.�.� 0.710 0.957 0.680 J����( &���R ���� 13 

1232.542 18685.795 0 0 4.444 k.~.� 0.729 0.884 0.644 J�Y�� �3VO 2H &'�� 14 
0 0 0 0 0 _ 1.000 1.000 1.000 ����� a=3��H� ��=W 15 
0 0 0 0 0 _ 1.000 1.000 1.000 ��H�!�" E��W 16 
0 0 0 0 0  k.~.�  0.958  1.000  0.958  22��H�!�" 2�%H  17 

156.214 1685.085 15.589 1.412 0.576 _ 0.881 0.931 0.823 2�#"��� _ 
  

      B�;�C�&!� ��C( <CD(�� �C'��( ��CEA! <( "��!F ����	
 �(���;�������� G��&+ ,  

�� K��"�H& �F���H�& H� �D< J��'����  ��D��&    �D%O ��D!�
� K��"�H 	 ,���� ����X" D�?�  ��DH� H�  �D< J��D'����  ��D��& 

��?@ _F��S 	 J���� ����
%H ���F	 d'�
&  D�F�� ��X"�H�& 
H��< J��'���� ����& F�    �DH 	��� 	 J�D��� ��D�� �"	�V� �X" �

����<� �< ��#!"��� ��?@ ����& �   DW��c `D��B� lc�D�&  	
� ��O�& ���G .� F� m@� ��� KD�� D�   D'	 KDH mD"�u�	� F��  ZDY K�

�� �/"`��" V
��V
 KH �H�" �
� 2����� 2��%" F�&� H� J��'���
 ��( F� ���3�'� �H"k"  D�&  ��D� .  ���� ��D( 	� �D<�   IDBH 	�

��� ,	� IBH K� 
��/<�  V� ��D'� �DH ��F�� �D<���   	 `D��B�

��� �	� IBHb�H�� ��F�� AR�� KH �<� ��3&    D� a��D� ��& 

"��.  

'��H ��X�� KH& ��" b�N
������� o&�  ��� �DH D� D�F�� ��F��H�& 
�& ��� 2�(�G �X" �� �H �
�H� J��
��W �< IBH ���
 F�&  IBH

�<&� ���� KH b�H�� K�&�  D�( ������ 	& H�  ��D�� J��D'���& 
�"&  D@ �� KV��s� ���� ��DH I . �D' F�� ��   �D��<�� �DH �D#&�  	
�
�DD'� ��	�DD!�DD��B�� 	 
��DD< IDDBH J��DD� }�DD\� 2&�  F�

�<��\�� �F���H�& H K���� ������ KH ��!��� D�& H�  J��D'���
� b�H��& H ���;� 
"�����!� $�' b�N
�� KH& �& 
<� .�� 2

��� `U' K� �<��\��   �D'� �
D� KN'�\� ��
� �< KH b�H�� F�
 ���'� �
�S ��F ,	
O:  
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 ����)2( !�	�
�	��� !���	� 	� +,-�� !���% �	� $	�
�	��� !�	�./�� !�	0��� �	���3�  
;��&!� �I���J �(���;�� ���! %��A$ K�� 

398 "�	�� "�/"�& m"�u�	� `�� ��(/1- `�� 
265 %$
���?@ ��?&(��� �& 	��� 	&� m"�u�	� `�� ��(/1- � 
272 %$
�r ��?���?@�& � 	���& m"�u�	� `�� ��(/1- � 
397 �' Kh������?@ ���
R �& m"�u�	� `�� ��(/1- 	 
600 "�	�� "�/"�& ��?@& k ��(/6- `�� 

3000 "�	�� "�/"�& ��?@& k ��(/6- k 
400 "�	�� "�/"�& ���'�@� k ��(/7 - `�� 
1200 "�	�� "�/"�& ���'�@� k ��(/7 - k 
300 "�	�� "�/"�& ����� 
��
R 	& �' 	�� k ��(/8 - `��  
900 "�	�� "�/"�& ����� 
��
R 	& �' 	�� k ��(/8 - k  
600 %$
�� ��?���& k ��(/13  
800 %$
�r ��?���?@�& k ��(/14  
375 %$
���?@ ��?& 	��� 	 k ��(/15 - `��  
1515  %$
���?@ ��?& 	��� 	  k ��(/15 - k  
140   ��$"� �N/"��?'��F a� KH 2��< J��� �
� ��$"�  k ��(/17 -2  

11162  ��� a� 8�O��<��\� ��F�� Kc�H��  -  
  

����
V
 	 a� ��F��  D�F�� KDH b�H�� �
� a�H�& H�  J��D'���
�<� ����& ��� 
;�� 	�H �< F��F ,	
O �� J��'��� D�  J�D!" �


"� �
� ���� .��� `U'� a� F� �H �H��H23898 ��� `U' 	� ��F�
�<��\�� H�B�"�&          �DH �DH��H 
D"� �
D� �D�� M�DH ,	
DO �� KD�
11162 �'� .��� ~C�� D�F�� ��F��H�& ��� D�  ,�D' ��F�1387 

F L��\"� �
� KH KO�
 �H K� �'�� �D< ,�' KH �N/" ��  aDN� �

�'� J����c� aH�� ����V� .����  ��� �ND/"  KDH b�H�� ��F� D� F�
`U' KH �N/" ������� �N/" 	 a� F���F�� F��H�&  �D<��\� �H� 

��� `U' KH �N/" �
� k�B�"���<��\� F��     KDH �
D� k�DB�"�
?$
 ��X����\
 	 K�a b�N
�� 	  &�V� �
"�� &� ?�M���" &$�'

  K�D'� J��<  �� ��
U� JS J�?�� 2��
 ��?H �H Kc�H�� ����U�
 ���G &� E�/U
),	
O3.(  

  
 

 ����)3 (
	�����	� �!� ,5�! ��� 6,5� ��./�� ��/	��	! �	0���! �	�- �!  	���3�  
 �)*+

�L�!�+M��� 
 "�����! �( �(���;�� ;��&!� �)*+
;��&!� N?' <( �)*+ ��� O�P&+�  ��� M�L�!�+ �)*+   �)*+ ;��&!� �)*+

�� ;��&!� N?' <(  
 ������
�)*+  %�&'��#�(  *  

0.92  83. 0.92  0.80 1.000 �P� ����)Q( 1  

0.93  84. 0.92  0.80 1.000  Eh��)o�( 2  

0.9  81. 0.87  0.76 1.000 ��w" &���< 3  

0.76  69. 0.73  64. 0.513 &�V��� ���� 4  

0.84  76. 0.84  73. 0.966  2�'��H ��� &�	  5  

0.91  82. 0.87  76. 0.765  {��N"�� E
�R��N��
 6  

0.93  84. 0.91  79. 0.747 9 K��
�W �H�
 �� 7  

0.93  84. 0.91  79. 1.000 ��O �H�
 K���$' 8  
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 �)*+
�L�!�+M��� 

 "�����! �( �(���;�� ;��&!� �)*+
;��&!� N?' <( �)*+ ��� O�P&+�  ��� M�L�!�+ �)*+   �)*+ ;��&!� �)*+

�� ;��&!� N?' <(  
 ������
�)*+  %�&'��#�(  *  

0.85  77. 0.83  72. 1.000 J����Y K�hM� 2��x 9  

0.84  76. 0.81  70. 1.000 22L��R 2�%H 10 

0.89  80. 0.88  77. 1.000 ?G�� &���R ����  11 

0.83  75. 0.82  71. 1.000 J��U� mR�' E��W 12 

0.87  78. 0.83  72. 0.957 J����( &���R ���� 13 

0.93  84. 0.91  79. 0.884 J�Y�� �3VO 2H &'�� 14 

0.93  84. 0.93  81. 1.000 ����� a=3��H� ��=W 15 

1.00  90. 1.00  87. 1.000 ��H�!�" E��W 16 

0.93  84. 0.9  78. 1.000 22��H�!�" 2�%H  17 
  

/H���� �< J��FS F�� ������@�n�� Z��<�&� ���� K�� F�
� 8
� ���� J��FS ���� �� 
��/< ,���"& 
�<� .� ���  �
D�H� K�W�� 2

���S J��FS F� ���3�'� �H� L	�G�����-�'��L�"��   J��DH ,���"
F�
 a����<������@  8�   � �� KD� K"��"�  ���D� �D$�&�   �ND/" 	

�����F�� ��F��H�& '��H �
��/<& �& 
"�� . J��FSK_S  ZD
-
� K"��"� �U� �H�F�
 8H�
 K/��$
 8� DV&�    D'��H ���D� KD"��"& 

)�< ���� F� K�(�G�H ( �H�F�
 Z� D@ F� 8�V
 I �D�   
D�"�� �
D� 2
F�
��< 8�  �,���"��R�����2'��@ �����" �&��   Q�D" �R��� ��
F�
�� Z�� K"��" 8& ��"�
 .U� ��
P-value    KD�R�� J��D�� KH

 D� J�!" J��FS&    DP�( KD� 
D<��   F�
 J��DH KH�D!� �3D; K D� 8
F�
 �H ��
<�!���	�3� 8)� ���F�
 �$��,���" 8(   �'� �����H� �

R��]16[. '	 KH ��( J��FS����S ��?(� ��" K�� SPSS 16  ��DH� 
BDD!
�F�
 J��DDH ,�DD��" ADD�n�� 8��DD<��  ,	
DDO3  ���3�DD'�

�& ��� .  
 ?O KHn������� �&� N/"& F�
 F� K� D� @ ,�D��" 8 D�	��  D�"& 


��� �'�n�� ������ �<�� 	�Gw& �<� F�
�
��/< ,���" 8 . �H ���
"  KH KO�
�U\
 F�� $�D' b�N
�� KH l&  DH� ���D� 2&�  ND/"&   �DH

��"��F�� o�H�&  �"& �< J��FS F� J��
&�  ��DH K�� � D�  ��DX�� 2
��DDH� F�
DD��DD< 8� #�DD/N�< J�DD�FS 
DD�"�� ,�DD��"& DDsR&  	

                                                                                                 
1 Kolmogorov-Smirnov 
2 CDF: Cumulative Distribution Function 
3 Uniform 
4 Poisson 
5 Exponential 
6 ��	
��
������������ 

'�G��� ���3�'� J�&      G��D�H KD� ��DY �D(�G ��D%H �
"����� 
�Y��< �/
 2&�  D� K"��" 	� �< J��H ,���" KH b���&  ��D� .
� KH�
�
 2���H q� �H KsH�� `!�� �D< J��FS F� 
�  ������D@�"� 

#�/N�< KH�!� K�& �< K"��" ���� ��� � a�� ,���"&   
D���
���" ���3�'� .�P�#�/N�< q& y'��2��	   	� ,�
D�� 	�
 �
   F�

� K��O�� ���� KH �< _	� 2& 
"	�.   
y'� _	���� ��
U� �2���  �DP� #�D/N�< q&  ������D@�"�  ��

J�!" �& 
<� .�i�<� ��
U� 2sig.  F� ����0.05  P�(�  �3D; K
�=0 �sR �H ��� 5  
;�� � ��&  D� 	 
��&    �D3G J��D
 D� Z

#�/N�< KsH��& H�n�� 	� 2��'� �����H �.  
F� m@   G��D� KDH��� � D�  ��DU� J�D�FS 2��0.179�=   ��
DU� 	

0.492sig.=  )H�  F� ��D!0.05 ( ��DH�  D'��H&  #�D/N�<&  DH� 2
��"����� o&� M���" �N/" 	���� �
� ?��< ��\� ��F��   k�DB�"�

��
� 
��/< .��H��H�� 2& sR KsH�� �3G J��
& �����V�� H� 2
��n�� 	� 2�" �����H ���/) .,	
O 4-`��( 

 2��i�<����U�0.292�=  ��
U� 	0.255sig.=  )  F� ��D!�H
0.05 (     �ND/" 	 &����D� o��D�" 2�DH &#�/N�< &'��H ���H

    �D'
H &H��D�F�� ��D<��\� &���
 a� F����� �
� ?�M���"

��S &�.  K� �3G J��
 &� 2���H��H    ?D�" �D��W 2�� ���� ��

   �D'� �	��D� ��D���� &H��F�� E�/�' 	� 2�H b�N
�� ��O	 .
) ,	
O4 -k(  

                                                                                                 
7 Spearman test 
8 ��Kendall 
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 ����)4-9'� (;�. <	0��� �	���3� ��/	���� ;�. =�>	��� 6,5� � !,5� !���	� ��	�� ?�� ?���@
� !A�5,�� B��C �����  
Nonparametric Correlations 

Correlations

    o���"
&����� 

��<��\� ��F����� �
� ?�M���" �N/"
�
� k�B�"� 

  
  
  

Spearman's rho 

  
&����� o���"  

Correlation 
Coefficient 1.000 0.179 

Sig. (2-tailed) 0 0.492 

N 17 17 

  
���� �
� ?�M���" �N/" ��F�  

��\��
� k�B�"� ��< 

Correlation 
Coefficient 0.179 1.000 

Sig. (2-tailed) 0.492 . 

N 17 17 

  
����)4-< ( B��C �����!�	�./�� �	���3� !�	�- D� ��/	���� ;�. =�>	��� 6,5� � !,5� !���	� ��	�� ?�� ?���@
� !A�5,��  

Correlations

   &����� o���" a� ��F����� 

  
  
  

Spearman's rho 

  
&����� o���" 

Correlation Coefficient 1.000 0.292 

Sig. (2-tailed) . 0.255 

N 17 17 

 �N/" �
� ?�M���"
a� ��F����� 

Correlation Coefficient 0.292 1.000 

Sig. (2-tailed) 0.255 . 
N 17 17 

 
 ��� 	���� �����  

�
� 2��V
 &����� Q��"� 
    �D< ���DH ��D�U� 	 &����
� �&�( &����� KV��s� 2�� ��
   
%D!� &�D�?@ ���� ��#!"�� &���� ��< J��'����H F� Z�


DD� ��DD�G �F�
DD"� . &DD�( &����DD� 2�#"�DD�� ����DDU�0.823 �
 &����
� &����� 2�#"���0.931    ��D�U� &����D� 2�#"��� 	

0.881       �
D�S �D'
H KDV��s� �D\
 J��D'����H �
3< ���H
�'� . ��   	 �D< ���D%" ���H &V��	 ��< ���� KN'�\� ���;

       KD$��" �� 	 &D���B
 &����D� KND'�\� J�D��� �D< �
"��'
  ��D� &D� E<��( �< ���%" A��B
 K��%H q���
 .   &D'��H �DH

 K� ��� &� �
<�!� o���"36  &��D�� ��< J��'����H 
;��
 	 
��/< &�( ����� J����R KH b�H�� �V�; ��64  
D;��

G E���
 ��< 
W�	    ���D' �DH KD/��U� �� KV��s� ���� �
"��

��/< &����
� ����� ��R J�3����< .  

  

&N/" &����� o���"  
   �D< ���� &D!��@ a��\
 �� �
� ��Nx� � K�=� Z� ��'� �H
  ��
DU� 2���!�H 	 2����� J��'����H Z� �
"��' 	 ���%" Ki"��Y

 ���D� J��'����H JS 
��H K���� �< J��'����H &���
 2�H �� �� �
 &N/"BCC 
��H &� .    ,	
DO KDH Q�DO� �H 	 a;� 2���H��H)1 ( 	

     KD���� aD��� ��� �
"��D' 	 �� ���D%" ��< ���� KH b�H�� ����U�
 &�( &����� �P� ���� J��'����H(CRS)  �H �H��H0.793  �� ��� ����

  &����D� ��n�� ���U� KH ��F�H d����100 %    KD� �D'� 2D�� ����
!�H JS ��< �
"��' &���
  J��D'����H ���' 2�H �� �� ��
U� 2���

���� &���� ��< . J��'����H &����
� J
� ���� q�
�
 2��< KH
     �ND/" &D�V� ,	� �
"��D' ��^��
DW ��
U� ��� KH ��w" &���<

�DDB
 - ���DD' �DDH KDD/��U� �� ,�DDV( �DDB
 ��
DDV
 KDDH ���DD/H F	�
�'� �< J��'����H .       &����
D� J
D� ���D� aD��� ��D#�� ��D' F�

�'����H      qD�
�
 KDH  E�D�W J�D�U� 	 ?DG�� &���R ���� ��< J�
    ��
DV
 	 ZD�?@ ��
DV
 ��< ���%" KH b�H�� ����U� J��H E�����
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�'� ����'�@ ���� a�'�@ .   &D�( &����D� o���" 2�H �� K/��U� �H
    &����D� �DH �DH��H 	� 2�� �N/" K� K��" 2�� KH KO�
 	 &����
� �H

     D'����H KD� ��D� &D� KDXWC� ��'� ���U�   �� KD� &��D< J��
 	 �< ���%" L��� F� ���!�H E%' 	 
��� &� ����V( M�H ���U�
    
�%D� 	 Eh�D� ��DP� ���� J��'����H 
�"�� 
"��� �� �< �
"��' Kh���
      ED� �DH 	 
D��� &D�" �D���V( ��R K��%H ���U� �� ��w" &���<
    
D"�NH M�DH �� ��DR &D�( &����� 
�"��
 &� ����V( ���U� J��� .

 KH �FM      &ND/" ��D�U� &����D� �DH Eh�D� J��'����H K� �'� ���
0.593 )40���U� &������" 
;��(    �D�� KDH �� &������" 2���!�H

 
D�� &� KH�$
 ��R ��?H ���U� .    J��D'����H 
�
D� &����D��"
 &�V���)69 	 �H�x ���U� KH ��F�H ���W �� 
;��49  �� 
D;��

��n�� ���U� KH ��F�H ���W (   KD� �D'� 	� 2�� F�    2D�� KD���� �DH
      ��
DV
 �DX" F� 	 ���D%Y ��� �� ZD�?@ ��
DV
 �X" F� J��'����H
      �DX" F� �D�� 
D��H &D� �D< J��'����H 2�H �� E%" ��� �� ���'�@

&O	�R ��
U�
�������	��
���


����
���������������    ���D� �D< J��'����H �RS KN
� ��
  &ND'��� ��VP	 ?�" �#�� �
"��' 	� ���� �� 2�� �H �	C�	 ����

 ���
D" �< J��'����H ���' �H K/��U� �� �� .    ���
DR J��F�D' 2D��
 J��?�< I<�� �H &"���� 	 &���
%H49  ��R ��< ���%" �
;��


H�� �'� &����
� &N/" &����� F�� KH �'����� .  ,	
DO F�)1 (
         ���DO �DH�
 K���$D' J��D'����H ID� KD� ��D� &D� �
<�!�

22        �mR�D' E�D�W J�D�U� �?DG�� &D���R ��D�� �L��DR 2�%H

      ED< 	 &D�( ����D� E<��H�D!�" E�D�W 	 ����� a=3��H� ��=W
   b�DU" J��D�� KH �< JS &���
 K$��" �� 	 
��/< &����
� �����


��� &� ����V( 
���
 ���U� K��%H .   �DH ��D� KDO�
 
��H    KD����
       KD��
�W �DH�
 �� ED%" 	 ��DN��
 {�D�N"M� E
�DR ��< J��'����H

 KH Z��?" ���U� &����� �����100     �D�� KDH �D�� 
��D/< 
;��
   �� &DO	�R F� &�H�Dx ��
U� 
���
 �� �< ���%" 
W F� I�H L���


DD"��G &DD�" ���DD� 
DD���
 ��DD�U� KDD��%H KDDsU" . 2DD�� 2DD�� �H�DD�H
    �D' �� �D��n
 J	
DH �D< J��'����H    ��D< 
D����( �� &�D/��H �?�


�<
H ���; �� &
�WC;� ��R &
��
R .     ��D" KD���� KDH KDO�
 �H
    a�D� ��D�U� &����D� ���H 
W�	 F� ���� ��
U� �< ��F� KH ��?(�

KVs� 8H�
 ���U� KH ��F�H -     &D� �DX" �� &D!<�� �� 
D���
 KVs�
    F� ���DR �� �� KD" 	 {�D�N"M� E
�R ��< J��'����H 
��H ��� 
"��G
       �DH �D< JS ��D�U� &����D� KD� ��DY ���" ��( �
�H K�'� 2��

 �H��H &U��� q��U
100 %
��H &�.  
�;� L
< KH KO�
 �H �Q��$� ��& ��U\
 2 D� �D'��� �� l&� 

H��< J��'���� �����"� N/"&H I� ��  DH F� J��D'����  �
D3< 2
H�'��H ���� J��'���& �����"� 
�����&  
��D/< . ��D'�& � D� 2
H�	 �< J��'��� n
��@ ����%�!� �F ���   �DH �D< ���%" I<�� K�

n�� ��'���< �� �?(� 	 ,
��@ I���%�!�   KD� ,	� �
"��' ��
��U� ��'� �H�O	�R ��N�� �& )  �D< IDBH �� �
� KN'�\�� 

K��zG ( ,	
O ��)5( 
"� �
� Kh��� .  

  
 ����)5 (
	���F ��
	G"H� � 
�I��% 
�,G� 6G� J�	"� K�	��	� $	�
�	�� ��	�	�� ,5�!  

�P	 %�M�!- "�&*( ;,�  
���� �P	 <(  ��&'�
 ����	 R�M
 ����	 

%�&'��#�(  
�E+ ���! 

 �S��
T��M��

 U�J ;� V

 ��W�	 ��)#�

��,�- 
���� 

 �S��
 T���
����+ 

"���A��
 T���
 ���� �A'�


"��&'�
 

<A��() U�J �(
�&����! �������+  ,
�)���	 �������+( 

����
 �S��
 T���
����+  

 T���
 "���A��


R�M
 ",��+

<A��() U�J �(
, �&����! �������+

�)���	 �������+(
����  %�&'��#�(

�!�#$ 

102% 238.22 117.8 49.7% 34 50 84 49.7% 14 13 27 �&���� �&��

30% 239.207 182.9 4.4% 2 54 56 25%  4 12 16  �X$ �W,
�Y'��( 

0% 228.9 228.9 24% 17 54 71 25% 4 12 16  Z��)+L� [	�-
��)��	 

12% 243.964 218 43% 58 76 134 26% 7 20 27 "� [�+  
�(�	<����J 

38% 226.814 164.5 5% 2 43 45 12% 2 14 16  �A�#- K�!�
%�#��� 

0%  266.4  266.4 5%  7  122  129 32%  7  15  22 �'�!�( �\��
%�]�^  
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      ��DX" &H��D�F�� o��D�" �DH &����
D� &����� o���" 2�H KsH��
&���� ��< J��'����H &H��F��  

��U� KH KO�
 �H�#�/N�< J��FS ����S �& y'�� ��O	 2��� Z
sR KsH��& H�V� 	� 2� ������ ����V& ����&�  ND/"& ��� 	 D� F�

F���H�& F	 a�V�����'� ��'� �H� �� Q�N�� K"�B
�&  ��D� .� D� 2
sR KsH�� ��O	 �
�& ��H E<� ���� �D<��\� ��F��  D;�R&  F�

'��F�� E�/�H�& )n���M���" �N/" ����� �
� ?��F�� ��F��H�& 
�<��\� ��'� �H� �
� k�B�"� (M���" �N/" ���W �� E< 	� ?

��� �
�� ��D�
 ��F�&  �D<��\��  D�F���H�&   �c� �DH�  J�D�95 %
 �D'� �����H.  
DH�
�
 2 D�  D�F�� ��DX" �q�H�& H�  �D< J��D'���� 

����& H �< KO�� 	 _F�� EX�� ��c KH K��  �F�
D"� �� J��'���
G��� �& �"  
��& �@ 
"��
���N� 	 K&� ��H� @�H I��& ����&� 
H�H 	 
��H J��'����"��'���&   �DX" F� �'� 2��� ��%H KO�� �H

�O K(�;&� VP 8H��� F� ���3�'� ����� a�� �
 `
.   
 ��< ��n�� ��xT
 �� KsH�� &'��H K���F �� ��
V�� ��U�U\


 �'� K�(��z@ ���; �< J��'����H &N/" &����� �H &O��R]9 �
11 �14� 15[       KDH KD� &%H�D!� lD�U\
 KD���� KDH KO�
 �H ��� �

    &H��D�F�� E�D/�' ZD� F� a;�W &H���F�� F����� KsH�� &'��H
� 
��H K�R���@ &����� o���" �H &�'�  ��D$"� 2�!�@ ��U�U\
 �

    K�D�zG ��DU�U\
 �DH �� I<	w@ 2�� o���" K/��U� �'� K�(�#"

���" &� �	
\� .  

� ���'��H F� m@ KV��s� 2& U\
�@ ��U�!��� 	 2� �X" �(�
  � ���D%" aD���� k�B�"� �H �J�G�NR�  � �
"��D' 	�  �	S��DG 	� 

�< �����  ,�'1388� KH b�H���?$
 	 a���� 2��\
 	 K�� a�2 
n����\
 F� ���3�'� �H �<��!��@ a& ��" �< ��������� o&� N/"& 

���� a���&� �(& ���� 	&� 
�����& �" �� 	����� K$&� U�� ��
H��< J��'���� ����& ��?@ ���� ��#!"��&    ABD!� 
%D!�

��G�
 .��" �� ��� �H�/3
 	 �
�S �'
H o�n�� �� �D<��   �,
D�
�& H J��
�  �D< J��D'����  F� �� ���D��" H�  �D< J��D'����   ���D�

B!
 KV��s��� 	 ��� A� ��DH �< ���%" �� I<�� J�?�  D'�� J

���� �s' KH&�    F�D$� 
DW�	 KH�D!��  V
 �� 8DO�� �D� ��D�" 2 .

�i�<� ��DU� �,
� Q�" KH KO�
 �H 2�    ��DN�� 	 L�D�� ��F�D� �
��
�O	�R 
& "���H ?� H �<��'� �
� KN'�\� J��'��� .  mD@

V
 F�����" 2� ���D� o&�  ND/"& DH ��� 2 D� ��DU� 2�   K�D'� 	� �DH �
   M�D��" �ND/" KDH b�H�� ���Cc�� ��� �
D� ? D� D�F�� ��F��H�& 

�<��\�� ���� KH b�H�� �
� k�B�"�&�   J�DG�NR �X" ��'� �H
 M�D��" �N/" 	� ��� �
D� ? D� D�F�� ��F��H�&  ��D�
&  �D<��\�� 
F�� a�V�����'��H�&  DH b�DN
�� I$�' KH ��
�� ��' 	� 2�  E�D/

F�� �	�3���H�& � �
 
� �������   KD� �D��� 2"   D�F�� ��DX"�H�& 
H��< J��'���� ����& �&   ��?DH� J�D�?�< 
"��
�  ��DH�  D@� I
H��&  ���D�&�  ND/"& H�  �D< J��D'����  ��D��&    ��D�� ��#D!"��

��?@& 
��H 
%!�"   G ���D� J�D�FS ���� D��� . V
 F� mD@ �D� 2

F�
DD���DD�S 8� �DD�"����DD� o&� ��� 	DD�DD�F�� ��F��H�& J�DD�FS �
#�/N�<& y'��H 2���  zD@ ���D; K"��" 	� 2�   ��DN" KDH 	 �(�

c�N
��& sR& H �����V��� 2�' 	� 2�F�� E�/�H�&   D@ ��D����& 
��H�E .��H��H�    H ��D���� I$�D' ��DX�� KDH 2�  �D< J��D'���� 

����& 	� �H���
 ������ �����H �
��/&  F��' Z�  �	�D3�� E�/
�(�G ��%H.  

  
�
��S ��U�U\
 ���H &
���%�!�@:  

1 .��& �
 E%� F����" ��N%H �� ����
�� 2�U\
 o� �?D(� �l� I
�< 
W�	 ��
V
� ��
�G E� �
"�)H��< J��'���� ����& ( �\


'��H& H ��X�� KH��3
 ��
� J
� ��!�� ,
� Z&  
D��H .  �DH
U\
 ��$"�� ��DH KH�!� l�  H ��
DV
� ��D!� H F��  �D< J��D'���� 

����&  ��DH�   ��D�
 ,�D^�& H�   ��D�� �D< J��D'���&  D��	�&  	
;��R& �P� J�'��R����� �& H��O 	& �&    �D�" KDH J��D
� o

����
 l� '���	S 8�O K� 
�Y �< )
� ��" ���Cc� 2�  
D��F�
#�<��<& �<�  �D
 ����/G�  D�&  
D��H . D�i�<�  ���D; �� 2

���  �	S��DG F�D$� �(��     ��DG� KD"�B
��F	 �sD' �� �D< ����� 2
��H KV��s�� ���
& H��< J��'���� ����&  KH ��� ��$"� ��!�

��"�%O�
 aH�� o& �& 
��$"� .H �H J��FS ���� KV��O�  J��D'���
�<� H��< �
"��' 	 �< ���%" ��
V
 k�B�"� �H �H��H ��!� H�  ���D!

��FS KO��� ?$
 J
� �
 8��O 	 ,
� �
M�H D��\
 	 K D� D� a& 

��H. 
2 .S ��V��s� ���� �
�&    G ��D%H �DH J��D
 D���  �D< ���� F�� 

 ���%"��  � �
"��D' 	�    
D�Y KDH b�DH���  ���D�� ,�D' 2&   �DH 	
�� E��� AR�� F� ���3�'��� n
 �D/ D�� �	 ��D%H ����  ��DH ��� 

���
& H���H 	 �< J��'���� ���" KN'�\� Kc�H�� �V�; a�  . 
3 .������ I<	w@ 2&� N/"& H��< J��'���� ����&  ��#!"��

��?@ ����& G �F�
"� �� 
%!���� �& 
�� .   ��D'� �DH Ki"��Y
���� Q�"�H ���< J��'���� ����&  	�  D!BH ��D'� �H �&   KD�

H�
DD� �DD\
 J��DD'��������V( JS �DD�DD� �& ���DD� 
DD��&�  ��
$�/H�� �E& xT
 KH J��
����� ������ �H �&� H�@ J��'���& ��H .

� Q��"������ �#�H a��� ���< J��'���� ;��R& H 	� J��'���
�<� < J�G�� KH b�H���&� " �I
�� a����	��  ��DX�"�&H ��  KD�
�T
�����O� 2& �< ��%" 	� R���� K& 
"��.  

4 .   �D< �
"��D' 	 �< ���%" KH b�H�� ���Cc� ��O	 ���; ��
��H� �< IBH Z
 Z
� H `��B��"��'���&  �D< IBH 
�"��� 

	 �N������R�� ��w& 	 k���� �q�� IBH � ... dH�	� �R��� �H 	
��( 	��< 
�� �� 2�T
 	 �< IBH� ��D!� 	 J�G
��� 2� J	�� J�

H�"��'���& �& 
O _	� F� J��
��\
 
� D!��@ a&  �D< ����� 
� K�NDD��� ��DDH� �\
DD����DD� a&�  aDD� 	 �DD< IDDBH ZDD
 ZDD


                                                                                                 
1 NDEA: Network DEA 
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H���� ���3�'� J��'��� .� K�N� _	�� �	��  � KD��U� �� ��DH 2� 
G �F�
"� ��X�� KH��� ����&� �<���R�'� @�i��� d'�
 �
�� m

J��/�' 	)2004 (
� Kh��� . 
5 . ���� ���O� ���'�� ��88  KV'�
 ���%Y K��"�H J�"��

 J��DD�� &�CDD'� ���DD%�O &DD#�<�( 	 &��DD��O� ����DD����
 &�C'� ����� m�$� F� &rCH�)  ��D��%�83 (  ��
DV
 �18 

    �TD�< ���D; KDH ����� J���VH  ��!� �s' �� J��'����H
  
DD"
���G k�DDB�"� &��DD��� .   ��DD\" aDD�V�� ���DD'� �����

 ,�' �	� K<�� K' ��
�H� �� &����� ���<  ��< J��'����H
85   2D�� KH &��?@ _F��S 	 J���� ���
%H ���F	 d'�


  v��D'� ?���� 2�� �JS qO�� KH 	 
���G �CH� �< J��'����H
 ���< a��!
 KH `���	 ���� K�	� ���n
 ��R ����� ��\" ��

  G aDD�V�� ���DD'� ��DD3� ���DD' 	 ��DD�#�@ 	 {�DD��� 
DD"
���
)     ��D�� ��#D!"�� KDH K�D/H�	  ��w" &���< 
�%� J��'����H

 2DD�� F� &DD�� 
%DD!� &�DD�?@18 
DD��H &DD� J��DD'����H .(
    F� K�D'� 2D�� &����D� K/��U� �H 
�"��
 &� �
��S ��U�U\

 ����� ?����� ���; KH K� ��< J��'����H �H �< J��'����H

     D'����H &����D� �DH &����
D� ���R�D' ��xT
 �
"�� &� J��

��� &'��H �� &����. 

6 . �� J���� ��3�� a��� 
�"��
 &� �
��S �� J��#!<	w@
     �� �
"��D' J��D�� KDH ��	 ��D%H KH b�H�� a���� ���� ��

  
D����" ��DX�� a��\
 	 K�?$
 .     KDH b�DH�� ��D< AR�D�
   AR�D� �J����D!� ���P� a��� 
�"��
 &� J���� ��3��

 	 &"��'����H ��< �"�3� ,���� ��<.. .
���H . 
l�U\
 ��< ���	
\�:  

1 .    
DW�	 ��<
D����( J��DH 2#�< b�� ����� a��� KH
    ���DX" �D\
 ��D< J��'����H K���� ��
"��G E���
 ��<
 J�� &����� KV��s� 2�� �� K� 
%!� &��?@ ���� ��#!"��
��� &� �	
\� &���� ��< J��'����H KH �
���G K/��U� .

 �� �
"��DD' 	 �� ���DD%" ��DD�Cc� ��DDO	 Er�DD��� 2���H�DD�H
 J��'����H &��B
 ��( 	 &��B
 ��<�  2�(�G �X" �� �

     KDO��� ���	
D\� �DH &����D� a��\
 �� �< J��'����H 2��
&� ���.  
  
  
  
  
  

                                                                                                 
�   ����' 2H� J��'����H �
��� J��'����H a��� �< J��'����H F� K�'� 2��

 E
�R E!Y &��B
 	 2��N�� �� �k����� ���
�� ���� ���� ��F�$W
��� &� �
��� &� ����V( 
%!� �� v����
 K� {��N"M�.  

2 .�3
 ��
��� K��"�H ,
� Z�?� �� DP�& �\
 D� D!��@ a& 
H ��
V
 �N/" �H �< ����� 	 �< ���%" ��
V
 Q��$� KH �< J��'���
U�/� KsH�� �< �
"��'����� E .��
 �%O KH�H ?�!H ������� 2&� 

H��< J��'���� ����&  ��
DV
 2�(�G �X" �� J�����   ���D%" F�
�<&� �����@ J������ ��
V
 
�"������&���� J������ ��  KDO��H �

����
�&  	 ...�< �
"��' 	&� �F ��
V
 
�"���  �D< J�D�� Nc� DV& �
   	 ��?D< �� �
D� ��( ��
V
 ���V� ... ��	� F� KD� D� �D��� �� 

" �
"� ���H �����R�H��/ . 
3 . ��V( _��?DDG �
DD� �DD�� KDDHDD�H ��"��DD'���&  qDD"�O F�

H��< J��'���� ;��R IBH&  �D�?@ ���� ��#!"�� KH&   �D%�

��� KH b�H�� ���Cc� 	 �< ����� D�F�� F��H�&  �R� �� �D< JS D� ��


��Cc� 	 ���H& ��V( F� D�H �� "��D'���&   G �F�
D"� �D%O D���  	
�U������ K/&� < JS���< �H ����	� IBH �� ��R J�& �R� ��� ��

"��/ . 
4 .��� ��( �H KV��s� 2�  D/�O KD���" � D�	��    �	�D3
 ���D�

�\
 ~�
���&  ��� �nD� K�'� Z&    ��D� KUH�D' �ABD!�� �
��VP	 �_���@ 	 ��UW J�?���
B�'� �& ����� 	& � F��N� 2�  a

xT
�%O�
 aH�� �& ���� �H&� "�	�� "�/"�&    D� ���D; �
D"��
"& 
z@���.  

  
����
�� 	 ����:  

    2�
D�� m�D� ���� ���S �xp� ��< &����<�� F� J�G
�/��"
       	 ����� ��D�� �
�D!"�� &D��� �D-�< �D=� 	 ���D!"�� &�|�"
       I<	wD@ 2D�� ��D$"� &Dc �� 
%D!� &D'	��( ��#!"�� ������


����" &� ��!
 	 &"���
� .     �D��� ��D�S ��D�WF F� 2�D�i�<
 &�'�
 �P���� �	�G ���!"��  �
�D!"�� &���� &W��O &�F��S


%!� &��?@ ���� ��#!"�� &��?@  K��	� aW��� ��N!�@ �� K�
    E���?#D'�y' 
D"� K�D��� �� &"���D� IU" l�U\
 2�� ��$"� . ��

      &D#�H aD�� �%Y�D�� ��D�S ��D<����<� 	 �����< F� ?�" J���@
   
%D!� &��?@ ���� ��#!"�� �< �����H F� ���#!�@ �������

�� ��
N� 	 &�	�/� &"�\J	�V� ����
� KV'�
 J��F�'  8H�D��	 
&"�/"� ��#!"�� ����  &�D�?@  
%D!�    I<	wD@ aDW��� &Dc ��

E����" &� &"���
� .  
  

Published By Tehran University Of Medical Sciences:     www.TUMS.ac.ir



D
ow

nl
oa

de
d 

fr
om

 h
ttp

://
jo

ur
na

ls
.tu

m
s.

ac
.ir

/ 
on

 M
on

da
y,

 D
ec

em
be

r 
31

, 2
01

2

�������
     	
�� 	
���� � 	������� ������ ��� ����� 	����  ��� ���������	���!  ����"�� � 	#�� $
� �%���!..   43

 
References 
1. Sajadi H.S., Karami M., Torkzad L., Karimi S., 

Bidram R. Efficiency Estimation in General 
Hospitals of Isfahan University of Medical Sciences 
during 2005-2006 by Data Envelopment Analysis, 
Health Management 2009; 12 (36) :39-46. [Persian] 

2. Sullivan, A., Sheffrin, S.M. Economics: Principles 
in action, Upper Saddle River, New Jersey; 2003. 

3. Ray S.C., Mukherjee K. Comparing parametric and 
nonparametric measures of efficiency: A 
reexamination of the Christensen–Greene data, 
Journal of Quantitative Economics 1995; 11(1): 
155–168. 

4. Lin T.T., Lee C., Chiu T. Application of DEA in 
analyzing a bank’s operating performance, Expert 
Systems with Applications 2008, 5(36): 8883-8891. 

5. Jahanshahloo G.R., Hosseinzadeh Lot� F., 
Rostamy Malkhalifeh M., Ahadzadeh Namin M. A 
generalized model for data envelopment analysis 
with interval data, Applied Mathematical Modelling 
2009; 7(33): 3237-3244. 

6. Clement J.P., Valdmanis V.G., Bazzoli G. J.,   
Zhao M., Chukmaitov A. Is more better? An 
analysis of hospital outcomes and efficiency with a 
DEA model of output congestion, Health Care 
Management Science 2008; 11: 67 –77. 

7. Sherman H.D. Hospital efficiency measurement 
and evaluation, Medical Care 1984; 22(10): 922 – 
939 

8. Hollingsworth B. Non-Parametric and Parametric 
Applications Measuring Efficiency in Health Care, 
Health Care Management Science 2003; 6: 203 – 
218. 

9. Caballer-Tarazona M., Vivas-Consuelo D., 
Barrachina-Martinez I. A model to measure the 
efficiency of hospital performance, Mathematical 
and Computer Modelling 2010; 52: 1095 – 1102. 

10. Nayar P., Ozcan Y. Data Envelopment Analysis 
Comparison of Hospital Efficiency and Quality, 
Journal of Medical Systems 2008; 32: 193 – 199. 

11. Puig-Junoy J. Partitioning input cost efficiency 
into its allocative and technical components: an 
empirical DEA application to hospitals, Socio-
Economic Planning Sciences 2000; 34: 199 – 218. 

12. Alimohammadi Ardakani M., Mirghafoori S.H., 
Mirfakhradini S.H., Damaki A., Momeni H. 
Evaluation of the Relative Efficiency of 
Government Hospitals in Yazd Using DEA Model 
(Data Envelopment Analysis), JSSU 2009; 17 (2) 
:200-208. [Persian] 

13. Ghaderi H., Goudarzi G.R. Measuring Technical 
Efficiency of IUMS Hospitals Using Data 
Envelopement Analysis (DEA): 1383-1379, Health 
Management 2007; 9 (26):31-38. [Persian] 

14. Kazley A.S., Ozcan Y.A. Electronic medical 
record use and efficiency: A DEA and windows 
analysis of hospitals, Socio-Economic Planning 
Sciences 2009; 43: 209 – 216. 

15. Aletras V., Kontodimopoulos N., Zagouldoudis 
A., Niakas D. The short-term effect on technical 
and scale efficiency of establishing regional health 
systems and general management in Greek NHS 
hospitals, Health Policy 2005; 83(2-3): 236-245. 

16. Norusis M., Editor. SPSS 13.0 Guide to Data 
Analysis, Prentice Hall, New Jersey; 2005. 

  
  

Published By Tehran University Of Medical Sciences:     www.TUMS.ac.ir



D
ow

nl
oa

de
d 

fr
om

 h
ttp

://
jo

ur
na

ls
.tu

m
s.

ac
.ir

/ 
on

 M
on

da
y,

 D
ec

em
be

r 
31

, 2
01

2

�������
      	��� ��3�����
� ��+��������� ���� 1��&� 	��! ��4��  &��
 5�� 1���� 67�2  6 ������99113$���� 1���� 641. .  44

  
 

Relationship between official performance measurement scores 
and Relative efficiency in general hospitals 

(Case of Mashhad University of Medical Sciences) 
 

Ilbeigi Alireza1*, Kazemi Mostafa2, Peivandi Mohammad Taghi3 
  

Submitted: 26.6.2011                            Accepted: 9.11.2011 
  
  

Abstract: 
  

Background: The aim of this research was to measure and compare relative efficiency of general 
hospitals under supervision of Mashhad University of Medical Sciences (MUMS). The study also seek 
to investigate the likely relationship between the official evaluating scores reported by MUMS with 
findings of this study. 

Materials & Methods: Data Envelopment Analysis (DEA) is utilized to determine relative 
efficiency of individual decision making units (DMUs).  From state-run general hospitals in this study, 
17 were selected based on the criteria suggested by the model. To distinguish efficient hospitals from 
inefficient ones, revised input-based BCC model was used incorporating ‘number of physicians’ and 
‘number of nurses’ as inputs. Outputs were set as ‘the rate of inpatient days to staffed beds’, ‘outpatient 
visits’ and ‘number of surgeries’ reported both at emergency and wards.  

Results: The findings based on both CRS and VRS simulations indicate that the mean of technical 
efficiency was 0.823, mean managerial efficiency was 0.931 and subsequently mean scale efficiency 
was 0.881. It was further noticed that, there was no significant relationship between the performance 
appraisal outcomes from DEA model, and scores allocated to each hospital through official evaluation 
system.  

Conclusion: Current official appraisal system based on pre-defined checklists may not be a reliable 
mean for evaluating and ranking efficiency of general hospitals.  

Keywords: Data Envelopment Analysis (DEA), General hospitals, Official evaluating system, 
Relative efficiency. 
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