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%�  +1(�&)3 (    ����4� � �)=4�$ >�)�4& )* � I'& %��Q �)=�$ >�)�& 5�6) %�=4!Q (  � �47*)4 (
��� ����� ,& �;�6 >�)�& 5�6 3�2��$�& ,8�T2  +���$�& ��� %8<� %7�8(     ���4�� � +�4/��

>��L � %�*T6��� +X�K 6* ,.�.7 �� ]�7 �� 318& ,& 18 �2 c��d Y*12�I� %;	*�� ,6=L *  ,4U 3
@U ,& �B8� �"6$ � ��L >1���6 %� �)=�$ >�)�& 5�6 3���$�& %� � �=(   �� 3e14R YZfI� 16*=	

gĤ� � �)=�$ ,& H&�8� ,8'"& i'OK	 �& ,j&*�" 18U ��B�* H�*=R ,<7=	 �'�� 3*�& .  +^�4��� ��
k�[� %_6=_� 186�� 31'.U 3�2�=[� ,& �=U�� ����� ^��U ,& +^��T!2 �=F  @4I� ^*=8Q *  )*146

�7* >1( ��"8I'� �)=�$ >�)�& 5�6 %&��)�* %	$ Y�-'-[	.  
;�<=  �3>�JEL :C21, C24, I21, J24, J31. 
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1 .;(3�(  

,����7 �n8� )* �)=�$ ,& ,R=	 ,-&�7 3*�*� +3�*�L �'& 3*   �47* ^�: @'6 )*.1   �4�* ��
�Z	 +o=O] ,����7 Y�;#* 3*�& 3��'�& 3�2 3�*�L  5�6 %&��)�* 9��F )* �)=�$ ^�=&

   �4:� � ,4R=	 ��=4� 9'-[	 p8'I'� �� %C. K� ����� � >1( A�B6* ^$ >�)�&    �*�4: �4n6
@"� ,U �7* , ��L ^$ ���	 Y��;Q �2 *)* 16:  

 >�)�& 5�6 %&��)�* ���)� �� 3�;R ���3���$ ��� �& ,���-(q 
^��� � X�K 6* ����� q%�*) 

>��L 318&  ,.�.7 �� ]�7 � �2 �'��<� �& @U�d %;	*�� � �#r� � �2�*��* �� �� �q 
� �#r� ��*=Q ���7 �'#s	q% ����� � 

%�=� A�:�* ,& �)=�$ 3��O :*�'a H��8� @�=-	.  
 �Z4	 p!2 %./* 012       4:� �=4;"& +�=U�4� 3�42�=[� X=���4� �� �42  ��4; Q* � �

 ,����47 >�)�& 5�6 3�2���$�&         +%.��4�� �'48� p4B' 6 �� q�47* >�=4& %4()=�$ 3�*�4L
    14/�-� 3*�4& t4.a* ,U >�=& Y��C � +u. K� Y�-'-[	 �� �)=�$ >�)�& 5�6 3�2���$�&

�7�'7 ,��6�& � 3�*�L      >��4U ��4B�* 3��L)�47�6 � A�4"&* +3T4��    ,4& +�47*   ,46=L   ,4U 3*
�7�'7  ,4��6�& � ^*�*�L      �4'��<� �� H&�48� i'4OK	 3*�4& ^*T4��     ��4�� %4()=�$ 3�42

>1( %7�7* YZfI� 16* . �'4� 31'.U l*r7 ��* +�� �'!2 )* ^$ 3��     � , 4(*� �*�4: �42
 ,U ��*�»w�7* �1-� �)=�$ >�)�& 5�6 %<:*� ^*T'� « A�B6* ,U �7* %j�*�( �'8� ��

,8�T2 �'.[	- %� �'!2* �7�� � ���U �<C8� 1&�� .  
*��* ��^2 �2�=IU ���7 �3 �2�M� ,����7 >�)�& 5�6 %&��)�* 3*�& 3��'�& 3�2  3�*�L

�7* >1( A�B6* %()=�$ .      ���4�� ,4U %.��4U �2�M4� ^=8U�4	 +>18��=6 Y�QZF* 9;F

                                                      
1. �.y .,& : T �=()Schultz, 1961, 1962(& + �f)Becker, 1962, 1993( %�'C6 +)1380 ( 3���6 �)1383.( 
2. �.y . ,4& :   T��4'.�� � c=�=����]�47)Psacharopoulos & Williams, 1973(  �'4�d�=� +)1979(  3=4z� +

)1357( 3��I�* +)1377( 3���6 +)1380 +1383 +a1387 +b1387( �4;R q   %.��4Q)1382(  %[��4/ +)1384( +
%_8� � %6�[;7  %6�' ($)1386 ( D'� � 3���6 �)Naderi & Mace, 2003.( 

3 .�.y .,& : ��8'�)Mincer, 1974( T{'.��L +)Griliches, 1977(  ���4'� � c=�=����]�7 +)Psacharopoulos 
and Layard, 1979( c=�=����]�7 +)Psacharopoulos, 1985, 1994( 3=6��U +)Carnoy, 1997(  � ^�4U +

 ^=���*)Cohn and Addison, 1998(   ^*�4_�� � � .C84(* +)Ashenfelter, et al., 1999(  � c=�=����]�47 +
 c=8��	��)Psacharopoulos & Patrinos, 2004(   ^*�4_�� � ��=4���* +)Ammermueller, et al., 2009 ( �

)Colclough, et al., 2009.( 
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  �47* >14I6 A�B6* 1(�& >��U k=[.� *� �)=�$ >�)�& 5�6 %&��)�* ,& |=&�� u. K�.1  )*

@"� +�z�d p��-� �� +�� ��* ���� ���	 ���4� � �       3�42�=[� )* }4� �42 ,4&Z ;� 3�42
>�*� )* >��C 7* �& +�)=�$ >�)�& 5�6 o=O] �� �=U�� J*�K 7* 3���$ 3�2  N�� 6 )* >1(

%LM�� )* 3�'L���$ 3��O :* 3�2-   �*=6�4] %Q�! R*1381      � %47��& ^*�4�* ��4�$ T4U��
>*� +DE7 %&��)�* �d �"8I'� �=U�� ����� )* }� �2 3*�& t7�8� 3�2%� � �=( .  3*�4&

�2�M� )* >��C 7* �& >�ZQ +@"� ��* A�B6* �'.[	 +^*�_�� %&�B	 3�2  1�1R %&�B	 3�2
%� ,�*�* T'6 ^*��* 3*�& �=( .�7* @�: �� ,��-� t��j� ~=6 +t'	�	 ��* ,& :  +�4�K6 ~=6

%&�44�)�* �44� ,8'44I'� ,44& Z 44;� %447�7* ���44�� ���44� ���44(  >�)�44& 5�446 %44&�B	 3�442
,����7 �*�L�7* %()=�$ 3 .%&��)�* +A�� ~=6       �4	 +�47* ,4��-� �'4!2 �M4�� %&�B	 3�2

>�*� ,U %��R       %4� @2*�4� %6�4f�* ^*�4�* 3*�4& c� 47� �� 3���$ 3�2     �'48� �4	 148U
�'.[	 , ��� � A�B6* %��2 16=( �'�C	 � �'';	 %&�B	 3�2 .  

 ���( ,��-� ��* %.U �� ]�74 �7* �!�: . �!�: ��1�'.[	 +   3�4n6 3�2  3*�4&
   0��4< � };47 ,& >�)�& 5�6 3�2���$�& � ,�*�* %��!R* �=F ,& �)=�$ >�)�& 5�6 %&��)�*

%� �'�C	 � �'.[	 16=( . �!4�: ��   3�422  �3  @4"�   ���4� ���4	  ��� 3�42   %47�8(
  ̂ ��� � X�4K 6* p.\4�� %8<� +>�)�& 5�6 %&��)�*     >��4L p.\4�� �'48{!2 +%4�*)   � 3148&

,.�.7 �� ]�7   ���I	 %;	*��    %4� %&�4�)�* %4&�B	 � 3�4n6 �=F ,& ^$ ��#$ �  16=4( . ��
H!R %7�7* �d�;� +,��-� %6���� �!�: %� ,�*�* %� -� 3�2��"8I'� � 318& 16=(.  

                                                      
1. �2�M� , ;�*  *� >�)�& 5�6 %&��)�* ,& Z ;� ����� )* %]�& 3��'�& 3�2>��U %&�'()�* � %7��& 16* :   +,46=!6 3*�4&

 �6��L)Gronau, 1974(  T4�*� � ��)�2 +)Hausman & Wise, 1977 ( �  �4!f2)Heckman, 1979(   p.\4��
^��� � X�K 6*  T{'.��L q%�*))Griliches, 1977 (   ���4& � l�47��& q�;	�� �'� � 0�d p.\��)Birdsall & 

Behrman, 1984 (�8L*� q�'�*��R p.\��  T6�� �)Wagner & Lorenz, 1988 (  �'C��4L q% ����� H&�	 �� ]�7
 ^=	�1446�L �)Griffin & Ganderton, 1996 (  ^*�44_�� � � .C844(* q�;	�44� �44'� � 0�44d )* %44(�6 ��=44	

)Ashenfelter, et al., 1999 ( ���U q��I 6* ��=	 �[&)Card, 2001 (   p4j&*� ,4& |=&�� %B87��O :* �����
�)=�$ �'& �'�.Q  ^*�_�� � ^=��2 q% ����� �)Harmon, et al., 2000 (    ,4& Z 4;� ���4�� %]�& )* %&�'()�*

  3���46 q>�)�& 5�6 %&��)�*)1380 (   D'4� � 3���46 �)Naderi & Mace, 2003 (  >��4L �'#s4	    �� ]�47 � 3148&
 q%;	*�� ,.�.7 ^*�_�� � �!f2)Heckman, et. al., 2005 ( ����� H&�	 %B87��O :* ����� q��8'� %  �4�T.&

)Belzil, 2007(   3���46 q% ����� H&�	 3�� ]�7 %���=�)a1387 +b1387 (  ̂ ��� � X�4K 6* p.\4��    3*�4& %4�*)
 ^�44�� � �44'� q^*�44�*)Leigh & Ryan, 2008 (���44�)$ u44. K� ^=448� �'#s44	  %44<';F 3�442)Natural 

Experiments( ^*�_�� � ��=���* � +)Ammermueller, et al., 2009 ( s4	     >�)�4& 5�46 %&�4�)�* �� 3��4f'& �'#
>��U 3��U*� *� �)=�$ 16* . 
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2 . &��!C � &%'() *	%��  !" #��$%� &�� 

,& �)=�$ )* ,U �7* ^�: @'6 )* �'& p�T8� ,����7   %4� ��4� >�)�&��� 3�*�L    3*�4& q�=4(
-� ��* 3��U*��=( %&��)�* � ,;7�[� >�)�& 5�6 1��& +,�= .   �� +�)=4�$ ��4O :* Y�'&�* ��

   >14( >��C 47* �)=�$ >�)�& 5�6 %&��)�* 3*�& +3���$ � 3�;R %8<� 0��< � ��'�& ���
�7* .%� >��C 7* ��) pj&*� )* 3�;R ��� �� �=( :  

)1(  
S Ts t

s t
s t t

B ( r) C ( r)
= + =

+ = +∑ ∑
1 0

1 1  

� ,U  H��48� +^$ �)B ( ,48�T2 �   3�42)C ( ,����47    >��� %4F %4()=�$ 3�*�4L   3�42
,����7  3�*�L) %8<�t (>�"& �  3�*��&) %8<�s (%� ,���-� �_�1f� �& 16=( . ��* 3�8;� �&

,8�T2 %.<� �)�* ,U %]�6 +��� �<C8� � �2 %� ^��f� *� �2  18U)  %48<�r( ,4& +     p4�T8�
%� , ]�8( �)=�$ >�)�& 5�6 =(�.1   

 Y=: |�-6 � (*� �!z 3�;R ���)k�[� � Y�;7�[� ��="7 186��   J��4K� ^��U
�)=�$(����1[� + ��*� T'6 %��2 .  % ��4��� t��: �� ��	1!Q ,U �)=�$ H��8� +l�`� 3*�&

%� >1�� ^Za�(  �)=�$ )* �'a 3�_�� ��*=Q )* �#s � +�=()  +��4U �[� +��( ~=6 186��
318!6*=	 � �Z	 ^*T'� 3�2 %	*� (     )* >��C 47* ^�14& +�4�*=Q �4�* �'#s	 }'fC	 � �7*

��� �7* ,.\����� � �fI� ��'�& +3���$ 3�2 .        ,4U ��4U ^�4Q�* 14��& +t4'	�	 �4�* ,4&
@U �fI� �& 3�;R ��� )* �/�d �)=�$ >�)�& 5�6 3�2���$�& ,R*=� % :� 16* .  

��8'� ,U %6��) )* �)=�$ >�)�& 5�6 %&��)�* 3���$ ���2 � H&�	 �=] 0��<� % ����
,& ��.�� %(�� Y�=/ ,& +��U %��<� *�  1( , ��L ��U .   �4& %48 ;� ��8'� % ����� H&�	

                                                      
1.  ,& +��� ��*»>�)�& 5�6  %.]*� «)Internal Rate of Return (   +3��4�) %4&�B	 Y�<��j� �� � �7* 0��<� T'6

�7* >1( >��C 7* ^$ )* �)=�$ >�)�& 5�6 %&��)�* 3*�& .%� +^�'� ��* ��    �'4�d�=� ,4& ^*=	)1979 ( 3=4z� � 
)1357 (>��U %&��)�* ��� ��* �& *� ^*��* �� �)=�$ >�)�& ,U ��U >��(* 16* .   �� ��� �4�* ,4U �7* ,R=	 ^���(

l�7  )* �;: 3�21974 )��U %��<� *� �=] % ����� H&�	 ��8'� ,U %6��) %8<� (,& p�T8� �=& ��j� t��a ���. 
2. ��8'� )Jacob Mincer%6� �"� ^*���O :* +   * @'4-� ��4;	 �4f���(    �� *� ,4'��* Y�4<��j�   p42� A�� p4!'61950 

3�Z'�    *� N��4 6 � �*� A�4B6* �=] 3� U� p��7� X=���� ��  l�47 ��1958   ��4U �4I 8� )Mincer, 1958(. 
& 3� %��"6 3=_�* ,,!'6 H&�	 Y�=/  %! ���_�)  ,����47 %48<� %6��6* p����7 %7�7* �TR �� �16�*��& ��   3�*�4L

 %!7� �)=�$ 9��F )*  ��4U �!4z 3�'L��� � �)=�$ � (  l�47 ��1974   ,4�*�*)Mincer, 1974 (   ^*=48Q �4& �
��8'� % ����� 3=_�* )Mincerian Earnings Function (1( 0��<�. � +� I'& Y�['z=	 3*�&.y . ,4& : ^)��

)Rosen, 1992 ( ^*�_�� � �!f2 �)Heckman, et al., 2003, 2008.( 
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%� ^�'& ,U �7* %6��6* p����7 p��n6  18U»�*��* «      ��4K	* 3*�4& � 146�*� %4�Z-Q ��4 ��

,8�T2 � 1�*=� +�)=�$ ,& H&�8� i'OK	 186�� @"� @'!O	 %� ,���-� *� ^$ 3�2  1488U .
 ,&  �� 3� 4I'& ��=��* +18(�& , (*� 3� I'& i��] �<C8� ,U %	�!'!O	 +%-j8� �=F

�(*� 182*=] H&�8� i'OK	 .      �� *� %!47� YZ'4O[	 i��4] �4<C8� +��4� +��*�&�8&
,8�TL �& ,���-�  �_�� 3�2)>��E7 �� ��U �*)�& ,& ���� 186��  3�*�4L(  %4� %&�4�)�* +   � 148U

,8�TL )* }� �2 �� H&�8� i'OK	 2 �4�T8	 ^���R ,U �*� 12*=] ,�*�* %��R �	 *� �   �14(
@'!O	 i��] H��8� �=( ^��f� � �&*�& �2 . i��4] %.<� �)�* +��8'� % ����� H&�	 ��1 

 p8�TL �� @'!O	»�'O[	 � ��U �*)�& ^��f6 «     ,4���-� YZ'4O[	 i��4] %4.<� �)�* �&
%� �=( .  �4n6 ��=� ��� ,f8�* ��� �& +l�� (* � ��U o=O] ��  146*= &n    �*)�4& �� l�47

  �214�$�� i��] %.<� �)�* +18U 1�$�� t�U , 7='� �=F ,& � 1(�& , (*� l�� (* ��U
�=& 12*=] ��) Y�=/ ,& :  

)2(  
n

rt rnYN P V Y e dt ( e )r
− −= = −∫ 0

0 0
0

1 

 �'O[	 p�*�* p8�TL o=O] �� �)%!7� �)=�$(      p4'd�6 )* �4-� ,4f8�* ��4� �4& +
�21�$���7�)* 3 ,����7 �& , �� %� �'![	 ,8�T2 �*�L      )* �4-� �)=4�$ H��48� � �=4(

%� %&��)�* ��) Y�=/ ,& i��] %.<� �)�* +1(�& % ����� p'd�6 �=( :  

)3(  
S n Y r(S n)rt rSSNPV Y e dt (e e )S S rS

+ − +− −= = −∫ 

 +^$ �� ,UNPV +r+0Y +S  �YS      8	 5�46 +H��48� l�4d %4.<� �)�* +t4'	�	 ,&  +�4�T

      p6g�47 % ��4��� �47= � � YZ'4O[	 ^*T4'� +YZ'O[	 ^�1& ,6g�7 % ����� �7= �
iK(/  �4& ���S    �47* �'4O[	 l�47 .        p48'"& p4j-6 +%4�Z-Q ��4 �� p4��n6 c�47* �4&
@'!O	 ,U �7* %��R ��� 3�'LNPVS  =0 NPV 1(�& .�(*� @'2*=] t'	�	 ��* ,& :  

)4(  rSY Y eS = 0    ��    ln(Y ) ln(Y ) rSS = +0 

                                                      
1. Net Present Value 
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 pj&*�4,����7 �'& |�;	�* +    %4� ^�4I6 *� ��4� % ����� � %()=�$ 3�*�L  142� .  �4�*

%!7� �)=�$ 3*�& ��8'� 0��<� H&�	 ^�!2 H:*� �� ,j&*�1     % ��4��� Y��4C	 ,4U �7*
       �4'.[	 � �'4';	 %6�4�6* p����47 p4��n6 ,4& �4f	* �& *� �*��*  %4�     �4'� � t��4z � 148U

,����7 %.]*� >�)�& 5�6 +YZ'O[	 %� �7� ,& *� %()=�$ 3�*�L 12� .  
^�!2  ��8'� ,U ,6=L)1974 ( @'!4O	 �/�8Q )* 3��'�& +�7* >��U 1'Us	 T'6   3�4'L

)�)=�$ 3��O :*�'a H��8� ,.!R )* (%!6 *�       %�=4� A�4:�* �4& 94':� � �4��U �=F ,& ^*=	
��U �B87 !* �& >�ZQ  �)=4�$ ,& t� 8� H��8� +��) ,4&   14�$�� >M4��(   )* %4(�6 �4-� +

,����7       �4[	 *� H��48� �4�* %4C. K� �4�*=Q ,4f.& +��'6 %()=�$ 3�*�L     �*�4: �'#s4	
%�  ��*=Q ��* )* %]�& , ;�* ,U 182�)   �!4z 3�'L��4� +%!47��'a �)=�$ 186��    +��4U

��* TR � >�*=6�] �'[� �� 3�'L��� � �)=�$ �2 (�/�8Q �TR    X=4�[� %6�4�6* p����7
%� 16=( .,6=L ,& *� �=] 3=_�* ��8'� +o=O] ��* ��   %4� ���14	 3*     146*= & ,4U 148U
@'6 % ����� 5�2 %z��� 3=_�* Y�=/ ,& *�-     ,4 f6 �'4!2 � 148U iKI� %B87��O :*

A�6 t;7  ,& H&�	 ��* 3�*�L»��8'� % ����� H&�	 « �47* >1( .     �4�8'� +t4'	�	 �4�* ,4&
 3=_�*4 & *�k�[� � ,����7 ^��U 3�*�L     �!4z 3�'L��4� � �)=4�$ 9��F )* %6��6* 3�2

�7* >��U ,�*�* ��) Y�=/ ,& � >�*� ,<7=	 ��U:  

)5(  Sln(Y ) ln(Y ) rS X X= + + β + β 2
0 1 2 

��: 

)6(  i i i i iy S X X e= β + β + β + β +2
0 1 2 3 

 +^$ �� ,Uyi ���� @ ���_� +% �Si  +%!7� YZ'O[	Xi     �� �#r4� Y��4"� ~*=46* ���7
 % �����)3��U p&�B	 )* %(�6 ( �ei  ��� 3*�& �j] p.!Ri    �4& �)=4�$ >�)�& ^*T'� q�7*

 �'� � t��z )* >��C 7* ,&  %� �7� 1�$.3  

                                                      
1. Schooling Earnings Function 
2. Earnings Profile 

3. @'6 �<-	 ,& ,R=	 �&  t��z �*1-� +�7 % ����� 5�X2 1(�& %C8� 1��& .%6g=F )* T'2�� 3*�&    ,4& � �4d�;� ^1(
��j� +, (=6 ��* %./* 012 ,f8�* k�[�    �4�& 3*�4& %z��� %6�;� +�7* >�)�& 5�6 %&��)�* %7�7* ����� ^��U

% ����� 3=_�* �7* >1I6 ,�*�* �B8�* �� �'OC	 ,& ��8'� .� +,j&*� ��* �� � I'& Y�['z=	 3*�&.y .,& :  �4�8'�
)Mincer, 1974, 1979 ( 3���6 �)1383 :85- 87.( 
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%& ^*�_I2�M� 3��!(1  ��8'� % ����� H&�	 )* >��C 7* �&)  H&�4	6 (    5�46 %&�4�)�* ,4&

$ >�)�&, ]*��� �)=�  16* .%&��)�* %.U pB' 6      *� �)=4�$ ,4R=	 �=4]�� � �4;`� >�)�& +�2
%� 1'�s	  148U . %47��&    �'4& %4-';j	 3�42   c=�=����]�47 %4..!�*2 )1981  �1985(  �

 c=8��	�4� � c=�=����]�73 )2004(   o=4O] �4�* ��   %4/�] �4'!2* + 146�*� .  N��4 6
<��j�Y� �=U��  >�)�& 5�6 ^=�*�'�)R* � %/=O] %Q�4!  ( ,����47     �4& %4()=�$ 3�*�4L

%� ^�I6 ^�"R u. K� 9F�8� � %.'O[	 �=j7 t�d ,U 12�:  
1 . >�)�& 5�6)* �'& �)=�$ ,����7 0��< � >�)�& 5�6 3�*�L 3�2  %()=�$�'a)%8<� 

10 1/��( � I'& 3��$�=7 )* %U�d ,U >1( %&��)�* ,����7   %4()=�$ 3�*�L) 4& ,  >M4�� 
7=	 l�d �� 3�2�=IU 3*�&,< (�7* .  

2 .%� �2�U YZ'O[	 �j7 ��*T�* �& >�)�& 5�6 1&�� .& ,�)=�$ +�_�� Y��;Q   3�42
16�*��=]�& 3�	g�& >�)�& 5�6 )* %�*1 &* .  

3 .,����7 >�)�& 5�6 ,<7=	 l�d �� 3�2�=IU �� %()=�$ 3�*�L   >�)�4& 5�6 )* � I'&
,����7 ,<7=	 3�2�=IU �� %()=�$ 3�*�L �7* , ��� .  

4 .�&   )* %U�4d ,.\4�� ��* ,U �7* ^$ %Q�! R* >�)�& )* � I'& �)=�$ %/=O] >�)
^$ *,8�T2 )* %"R=	 �&�: �K& ,U �7  %()=�$ 3�2*� %� �'�s	 ���� 8U1.4   

       t4.a* �� >�)�4& 5�46 %&�4�)�* 3*�4& 0��4< � ��� ,U �(*� ,R=	 1��& +l�d ��* �&
�2�M�  =����]�47 �'.[	*�� Y�-'-[	 �� >1(��8 7* 3�2 �4'.[	 +c=�    %6='47�L� 3�42

�7* %�=!<� Y�<&�� �:*1d �& %8 ;� .��� ��* ��  ��� ���4�� )* 3��'�& �2   %47�8(
  >�)�4& 5�6 ���$�& ��� %8<� �z�d p<��j� �� �[& ��=�)    �4& ,4���-� �� 3�4;R ���

3���$ ���(p8�T2 +       � X�4K 6* p.\4�� +3��4;R* YZ'4O[	 �'87 �� �*��* 3*�& �/��
^��� � %�*) >��L p.\��      p4�*�* �� q�47* >14I6 0�4F�& %;	*�� ,.�.7 �� ]�7 �� 318&

                                                      
1 .�.y .,& :~�R�* H&�8�  D�=6��) �� >1(3  D�=6��) �� � ^*��* 3*�&4  �5 �2�=IU ���7 3*�& . 

2. Psacharopoulos 
3. Psacharopoulos & Patrinos 

4.  %R��] ��#$ ,& +>�)�& 5�6 %&��)�* 0��< � Y�;7�[� ��)Externalities (   %6�4�6* p����47 @U*�	 )* %(�6) 486�� 1
�'O[	 �)=�$ �'#s	 >��U >�"& ��*T�* �� �2        �=4R� +^�48U��U p4!2 �T! 47� ��*T4�* �� ^$ �4#* � ^��)�7 3��

,8�T2 �2�U � ^� 7��!'& p�1] ���7 � ^*�� 7�� 3*�& 1�$�� ��B�* ^�f�* � ^� 7��!'& �� ^�f(T�    � A�4R 3�42
%Q�! R* �82�� 1(� �& ,<��R �� ���8R ($ %Q�! R* H��8� �TR ,U   %4� X=4�[� �)=4�     >14I6 ,4R=	 +16=4(

k�[� �& ,U �7* ��U 12*=] �''�	 %&��)�* pB' 6 +%R��] ��#$ ^��U . 
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%� %&�'()�* >�)�& 5�6 3�2���$�& �� %.���� �'8� �'#s	 +t��j� �=( . +�=n8� ��* 3*�&

�'.[	 t��: �� ^*��* �� �)=�$ >�)�& 5�6 1��& *1 &* ��    %4f� q�=4( %&��)�* +0��< � 3�2
��� )* &��)�* 3*�& l=!<� 3�2     �4'.[	 0��4< � l=4��� )* >��C 47* +�)=�$ >�)�& 5�6 %

,8�T2-  >1���) 3�4;R ��� (        %46*��* ^*�_4I2�M� ���47 3=47 )* , 4(�L �� ,4U �47*
�7* >1( >��C 7* .   �'4�d�=� +l�4`� 3*�&)1979 (      �=j47 3*�4& �)=4�$ >�)�4& 5�46

 t'	�	 ,& *� %��Q � ,j7= � +%�*1 &*2/15 +6/17  �6/13 * >�) �'!K	 1/�� �47.1  ��
%� ��j� 31'.U l*r7 ��* �B8�* l�7 �� ��$ ,U �=(       5�46 �� ]�47 � ^*T4'� �4']* 3�42

 w�7* �'�d�=� 3�2���$�& �& t7�8 � >�)�&  
�'.[	 )* A1: �'��* 3*�&        ,4& � 3�4;R ��� �4& >�)�4& 5�46 +94'-[	 ��* %&�B	 3�2

%� ���$�& +0��< � };7 �=( ., ��� &* YZ'O[	 ,U �7* ^$ 1�r� �2  � %��4!82*� +%�*1 
 t'	�	 ,& ,j7= �3/1 +5/24  �1 �=� YZ'O[	 � 1/��   t4'	�	 ,& %7�8(��U � @.E��

5/14  �6/9 16�*� %2�)�& 1/��.2  l�7 �� +t'	�	 ��* ,&1381  %2�)�& ^*T'� ��� I'&
    �=4� YZ'4O[	 � , 4(*� 94.<	 %��!82*� YZ'O[	 ,&     q�47* >�=4& A�� ��� �� @.E4��

T'� +��*�&�8&    �47* Y��4C � �'4�d�=� 3�42���$�& p���-� �� �)=�$ >�)�& ^* .  � A�4:�*
 �4�'6 l�f(* )* %��] 3�;R ��� 3�2���$�& .     t4.a* �)=4�$ H��48� +3�4;R ��� ��

%� , ��L �n6 �� ^Za�( % ����� �'_6�'� l��<�    ,4��� �4�* �& %7�7* �*��* �� ,U �=(
 %C. K� ��*=Q ,f8�* ��K6 q�7* ��*�) ~=6 186��     ^*T4'� +�'4�8R +��4U �4[� +��(

 � �Z	 (... �[	 *� % ����� %� �*�: �'#s	     �)=4�$ )* %4(�6 ����4/ % ����� p!2 � 182�
��'6 .    �)=4�$ ��4#$ ���47 ,& A�� �*��*)      +�4(*1"& � ��Z47 �� �)=4�$ �'#s4	 1486��

3��O :*�'a t.a* ,U %7�'7 � %!.Q p<7=	 +%Q�! R* �'<:=� 16* (  %4� |=4&��   � �=4(

                                                      
1 . c=�=����]�7 )* �-6 ,&)Psacharopoulos, 1981 .( 
2 .>�*� )* >��C 7* �& �)=�$ >�)�& 5�6  ���$ TU�� 3���$ 3�2)%LM�� )* 3�'L���$ N�� 6  %Q�4! R* � 3��O :* 3�2 ( �

& �&,   l=��� 3�'L��U1 �7* >1( %&��)�* � ,;7�[� . >�*� ,4& %7� 7� ,U ��U >��(* 1��& +o=O] ��* ��   3�42
����1[� )* %f� >�*=!2 ^*��* ^=� %��2�=IU �� %8a � �; <� 3���$ �7* >�=& %&�B	 Y�-'-[	 3�2 .   �4�* �4&

%LM�� )* 3�'L���$ N�� 6 +l�d $ TU�� �*=6�] %Q�! R* � 3��O :* 3�2t7�8� %.<� ��*�( �� +���  >�*� ���4	   �42
  %4� @2*�4� �=IU �)=�$ >�)�& 5�6 %&��)�* ,& Z ;� ����� %&��)�* � %7��& 3*�& *�  148U .   �4�* �� +�� �'4!2 )*

�7* >1( >��C 7* �=U�� 3�'L���$ N�� 6 )* 9'-[	 .>�*� ,& %7� 7� �"8	 , ;�*   l�47 3�21381    94-[� 3*�4&
18� �2 �7* >�=& ��1-� ��� t.a* ,U 9'-[	 ��* 0*12* ,& ,R=	 �&    >�*� ^�=;614�$)�� +�47* %47�8(    ,4& �42

,!j� %!.Q 3�2���� 7� � N�� 6 %!6 3* 16). 
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*%&��)�* �� ��#$ ��   %4� ,4 ��L >1���6 >�)�& 5�6 3�2       ��4#$ )* %4IK& �4-� %48<� q16=4(

%� �2�� % ����� t��: �� �)=�$ 16=( !%!6 % ����� A�:�* *��   %�=4;: �&�: ���$�& 186*=	
182� ,�*�* �)=�$ H��8� )* .     ^$ � �47* %47�7* �4�T� 3*�*� 3�4;R ��� +l�d ��* �&

 ��L �n6 �� 3*�& ,f8�*�'<:*� %]�& �     ��*� 3� 4I'& 0�4j<6* �)=4�$ ,4& |=&�� 3�2 .
   ̂ $ �=4�d *�4� � 18 4�'6 �a�( �g=!<� ,7�1� �'87 �� �*��* >)���* +l�`� 3*�&   �� �42

�7�)* 3�21�$�� p'd�6 )* �/�� p8�T2 �& c�� cZU     �=4& 142*=K6 >*�4!2 ,4 �� .  �4�*
 ,& ,.\��  & +^=6�4: tR=� ,& ,U %.'O[	 �=j7 3*�& >M�� >�4"     3*�4& �)=4�$ )* 3148�

��*� �=R� +�7* 3��;R* �*��* .,& 3�;R ��� �&  %� % d*� ��1<	 ^*=	   �� *� %��4U 3�2
  � ,4��� YZ'O[	 3*�& >�)�& 5�6 ��*T�* +^$ ��n 6* ��=� pB' 6 � �*� A�B6* o=O] ��*

�=& 12*=] %�=!Q .��1<	 �'8� A�B6* )* D�    47���7 3*�4& �)=�$ >�)�& 5�6 +%��2 ^�
 l�7 �� �*=6�]1381 , ��� � �7* >1( ,;7�[� ,& �2  %� 1'�s	 *� , f6 ��* %&=]  1488U .

�7�)* �/�� p8�T2 0�d �& %8<�    � %��4!82*� +%�*14 &* YZ'O[	 ^�L16�*� 3*�& , ��
   ��14d ,4& t'	�	 ,& �=j7 ��* 3*�& >�)�& 5�6 +,j7= �3   %4& +14/��   �4��"6)  ^*�*T42

1/�� (! �9/2 *T�* 1/��%� ��  1&��) l�1R1 .(  

F�3G 1 . F�4 �	 �'1A �'"�H ���4!C!4 �!� &%'() *	%��  !"1381  �!<G &�� ��)3K�	( 

Y��C	 1/�� �/�� p8�T2 ^�1& �/�� p8�T2 �& YZ'O[	 �j7 
136 04/3 29/1 %�*1 &* 
^*�*T2! ^*�*T2! 5/24 %��!82*� 
182 92/2 04/1 ,j7= � 

- 5/14 5/14 �=� @.E�� 
- 63/9 63/9  D6��'�)�	g�& �( 

MHN( :#OP$� % �!�O��() Q$��" % *	�R�4 �� S��( ��2	��)!� �	�
�� ��2-   F�T4 �'"�H #7���G1381   UTA!(

�!$ ��().  

     % ��4��� H&�4	 �4& %48 ;� ,U �7* 3���$ +�)=�$ >�)�& 5�6 %&��)�* 3*�& A�� ���
 ��8'�) 3=_�*6 (�7* . ��* )* >��C 7* �&      ^*�4�* p4<��R 3*�4& �)=4�$ >�)�4& 5�6 +���
�'!K	 , ��� � >�)  l�1R �� �22 �7* >1( ,�*�* .^�!2  %4� ,ndZ� ,U ,6=L    5�46 +�=4(

 3=_�* c�7* �& �)=�$ >�)�&1   ��14d �=U�� l�1R9/6       ,4& �;4�6 ,4U �47* 14/��
�'& A�:�* �'_6�'� �'��� �j7 �� %..!�* ��*� �*�: 3�	 .    =4�$ >�)�4& 5�46 ,4 ;�*  3*�4& �)
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       >�)�4& 5�46 %48<� q�47* Y��4C � 3�14: +l�� (* �'<z� ,& ,R=	 �& �*=6�] ^� 7���7

       3=4_�* 3�42���$�& c�47* �4& +�a�4( ^� 47���7 3*�& �)=�$2   ��14d1/7   %&�4�)�*
%� �=( . �����7 3*�& �)=�$ +t'	�	 ��* ,&) ��U ^�1& 1�$�� ^�;d�/ +��f'& �*��* %8<�
 � (... >*�!2 3� !U >�)�&��'6 ��n 6* )* ��� % '<z� �'8� , ;�* ,U ��*�  .  

F�3G 2 . F�4 �	 �'1A �'"�H ���4!C!4 &%'() *	%��  !"1381 !�>�( #�V�$�	 W��� &�� ��  

=_�*:  1  2  3  4  5�6  >�)�&(%) 

�'� �  t��z ���$� t t��z ���$� t t��z ���$� t t��z ���$� t 
 3=_�*1 

 ��3 
 3=_�*2 

 ��4 
 �)=�$)l�7( 0687/0 1/25 0714/0 9/26     9/6 1/7 

A�!	�6 %�*1 &* YZ'O[	     1925/0 0/5 2562/0 6/6 7/7 3/10 
%�*1 &* YZ'O[	 ̂ ����     3380/0 3/8 4107/0 1/10 8/5 2/6 

A�!	�6 %��!82*� YZ'O[	     3679/0 6/6 4409/0 2/8 0/2 0/2 
%��!82*� YZ'O[	 ̂ ����     4817/0 4/9 5764/0 5/11 6/7 0/9 
A�!	�6 pj7= � YZ'O[	     5255/0 5/7 5969/0 9/8 2/2 0/1 
,j7= � YZ'O[	 ̂ ����     7629/0 1/17 8229/0 8/18 9/11 3/11 

�=� YZ'O[	 @.E��     9013/0 4/12 9596/0 7/13 9/6 8/6 
�	g�& � D6��'� YZ'O[	     2656/1 6/21 3181/1 3/23 2/18 9/17 

 ,&�B	)l�7( 0498/0 17 0580/0 9/18 0480/0 3/16 0562/0 2/18   
,&�B	 H&�� 0006/0 - 3/15 - 0007/0 - 9/15 - 0006/0 - 8/14 - 0007/0 - 2/15 -   

�1;� )* ��Q 32/15 289 2/15 294 4/15 266 23/15 269   
Y*12�I� �*1<	 5182  4601  5182  4601    

�''<	 t��z -
2R 148/0  181/0  151/0  184/0    

 ����$F 300  339  93  105    

�'z=	 :�*� >  l�7 ,& �=IU �U 3���$ 3�21381 %� |=&�� %LM�� )* 3�'L���$ N�� 6 )* ,U �=( 3��O :* 3�2-  �*=6�] %Q�! R*
�7* >1( >��C 7* ^*��* ���$ TU�� .�7* ,6g�7 % ����� @ ���_� p �&*� �'� � .=_�* 3�21  �3  Y*12�I� �U 3*�&)  A�4!	 %8<�

�*=6�] ^� 7���7 ( 3�2=_�* �2  �4     %�=4!<� Y�4<&�� �:*14d ��� �& �a�( ^� 7���7 3*�&)OLS (   �47* >14( ���$�4& . ��
 3�2=_�*3  �4  3)�B� �'� � Y�=/ ,& %.'O[	 �=j7 ,& |=&�� 3�2�'� �)0  �1 (>1( ��*�  16*   p4j&*� )* �)=�$ >�)�& 5�6 �

( ) ( )s s s sr b b T T= − −2 1 2 1
  ,&  ^$ �� ,U >1�$ �7�bs  � %.'O[	 Hj-� �'� � t��zTs �7* l�7 ,& %6��) ����.  

MHN( :S��( ��2	��)!� . 
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+�=U�� >�)�& 5�6 %.U %]�6  %.'O[	 �=j7 A�!	 3*�&%� 14(�&   5�46 +�4'<:*� �� q

�7* Y��C � +%.'O[	 u. K� �=j7 3*�& �)=�$ >�)�& .%7��& 3*�&    +@4"� p4 f6 ��*
 %�      u4. K� �=j47 3*�4& >�)�4& 5�6 3�2���$�& q���L }!U 3)�B� �'� � �� )* ^*=	

 3=_�* �� %.'O[	2 �7* >1( ,�*�* .^�!2 %� ,ndZ� ,U ,6=L   �)=4�$ >�)�& 5�6 +�=(
   3=4_�* N��4 6 3�8;� �& q��'6 ^��f� u. K� �=j7 ��3     3*�4& �)=4�$ >�)�4& 5�46 +

  4 &* YZ'4O[	 ^�L16�*�  ��14d %�*18/5       +%��4!82*� YZ'4O[	 ^�4��� 3*�4& � 14/��
�=� +,j7= �  t'	�	 ,& D6��'� � @.E��6/7 +9/11 +9/6  �2/18  �47* >1( ���$�& .  ,4&

   �)=4�$ 1486�� +�	g�& %.'O[	 �=j7 3*�*� ^Za�( 3*�& �)=�$ >�)�& 5�6 +t'	�	 ��*
�)=�$ �& ,���-� �� %��Q    �47* � 4I'& +,��� � %�=!Q 3�2    ,4 ��� ��*�=4_�* �4& ,4U   3�42

 3��I�*)1377( 3���6 +)1380 +1383 (%[��/ �  %6�"C/*)2009 (��*� 3��L)�7 .  
   �=4� �4& ,4���-� �� ,j7= � YZ'O[	 >�)�& �'<z� +^�'� ��* ��     �=4F ,4& @.E4��

 %7=!.�)9/11  �&�-� ��9/6 1/�� ( �7* � I'&) 3=_�* 3�2���$�&4  �=U�� Y�f6 T'6
%� 1'�s	 *� U188(1 .  

 �& A�!	�6 YZ'O[	 >�)�& 5�6 ^*T'� �'& Y��C	 ,& +�_�� ,R=	 t��R p f6  YZ'4O[	
�'!f	     5�46 +%4()=�$ �=j47 ���7 3*�& +%�*1 &* �)=�$ 3*�& TR ,& q�7* |=&�� >1(

�)=�$ >�)�& ,!	�] YZ'O[	 >�)�& 5�6 )* � !U +A�!	�6 3�2       �4�* ,4 ;�* ,4U �47* ,4 ���
��n 6* )* ��� ,.\��         , 4�6*= 6 ,4U 3�*�4�* i4OK	 � Y��4"� ^*T4'� *�4�) +�4�'6   146*

    %.'4O[	 ���� ,4U �47* 3�*��* )* � !U }( ^�1& +186�7�& A�!	* ,& *� �=] YZ'O[	
>16�7� ^���� ,& *� �=] 16* .  

  �4'.[	 �'48� )* >��C 7* �& 3��'�& ^*�_I2�M�     ,����47 >�)�4& 5�46 +%��42   3�*�4L
>��U %&��)�* *� %()=�$ +16*   �4'.[	 �4';: ��* ,U �(*� ,R=	 1��& ��*     YZf4I� �4& +�42

��� ^��� � X�K 6* ����� 186�� %7�7* %7�8(  ,.�.7 �� ]�7 � %�*) >�*� %;	*��   3�42
,R*=� 3���$ * %4� �*�: �'#s	 �[	 *� >�)�& 5�6 3�2���$�& %�*��U � �:� ,U 16  1482� . ��

�!�: �n6 k�[� )* �=U�� ����� ��<&* +1<& 3�2��� � 3    �'#s4	 DE47 +���I	 %7�8(
^$ %� %&��)�* � %7��& ^*��* �� �)=�$ >�)�& 5�6 %&�B	 3�2���$�& �� �2 �=(.  

                                                      
1 .@'!<	 Y�=/ ,& ��8'� % ����� H&�	  , ���) ̂ �4f� +��U Y�Q�7 +�'�8R ^=� 3�_�� %��2�'� � ���( (  �)*�4&

, ��� ��*�=_�* � >1( &�	 �& 9;j8� �Z��U �2   �=U�4� 3�42=_�* N�� 6 +t��j� ,��F* )* T'2�� 3*�& q�7* ��8'� ,��� H
�7* >1I6 ��*TL �B8�* ��. 
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3 .���	 � X�Y�" ,Z��( #$% 

%Q�! R* %L16) �� �I& -   �47* ,4R*=� X�K 6* �& >�*=!2 �=] 3��O :* .   �'4!2 p4B' 6 ��
X�K 6* >��L +�2 318& 318&�I: � �2   �� %4C. K� 3�42    %4� �f4( H4�*=R  ��4'L .  ^�L146�*�

         � +3�L��4U p4���[	* =4�Q ^*�L��4U +^��=B4I6*� +^�4!.<� +^Za�4( +%��4Q YZ'O[	 ...
,6=!6 >��L )* 3)��& 3�2 ,<��R��) � �2   p4B' 6 �� ,U 18 �2 ,<��R 3�2» X�4K 6* «  �f4(

 , ��L 16* . @'!O	 +%��Q YZ'O[	 ^�L16�*� , ��L  p�*�* +>�_I6*� �� ,U 16*  q1482� �'O[	
>��U X�K 6* +�a�( �*��*   ,4:ZQ ��=4� p��d ,& � 16=( ��U �*)�& ��*� ,U 16*    q146)*��E& ^�4(

>1Q  >��4U X�K 6* *� 3�L��U p���[	* �� ��=�Q ^*�L��U )* 3*   � q146* . ...    +t4'	�	 �4�* ,4&
,]�( +,<��R �/�8Q - >1( ,]�( 16*  ,4<��R��) }� +,]�( �2 �    %4� �'f4I	 *�   ,4U 142� 

,<��R��) ��* �& ���=!Q ^�--[� 16�*� ��U��7 �2 .     %4 :� ,4U �47* �4�* %7�7* � @"� p f6
�*� > %� 3��$��L 9'-[	 A�B6* 3*�& 3���$ 3�2     p46=!6 ���4( ����g=4!<� +16=4(    )* %���4O	

 ,<��R��)),<��R �U )* ,6 (%�  16=() ,46=!6         ���4( *� ,4<��R��) 148� �4� }4� �4-� �42
%� 16=( .(�'!2 )* �7* 3e1R l�f(* ��<� �� ,<��R �U ,& N�� 6 @'!<	 �'.&�: +��.  

  >�*� %48<� �4��d �� �[	 �[& ��=� l�f(* +%!.Q ^= � ��     �4� >14(�=�6�7 3�42
>�*� @'�-	 +>1���& 3�2 >1( 318& 16* .  �4�Q* X�K 6* +%L1���& �� %L1(�=�6�7 %./* sI8�

 �/�8Q ��)��)(� 1��& ,U �7* ^*�'L���$ �� ,<��R  16=4( k�4[� �)*�& �[	 3=_�* � . ��
  ,4& �Zj/* �� ,U �7* ,R=	 ��=� ,<��R��) 3��Q* p'd�6 )* X�K 6* sI8� +�!�: ��*

^��� �'� � Y�=/  *))^��& ,6 *) (%� ,R=	 ^$ ,& �=( .  
�[	 H&�	 ,{6�8�  �=( , ��L �n6 �� ��) Y�=/ ,& �)*�&:  

)7(  y x ui i i′= β +    

 ^$ �� ,Uyi )@ ���_� ( +% �����Xi %LM�� ���(  ^Za�( 3�2)YZ'O[	 ,.!R )* ( �
ui �7�j] p.!R .        *� 3e14R �4[& �� �4B8�* �� +X�4K 6* p.\4�� �4d�;� X=���4� ��

%� ��U �'.[	 � ��j� ^*=	 :1 . � ��U �*)�& ,& ���� 3*�& @'!O	2 .   o=4O] �� @'!4O	
'O[	 ^*T'� � ~=6YZ .  �'#s4	 �[	 ,U �7* @"� %&�K 6* +��U �*)�& ,& ���� 3*�& @'!O	

 3�1< � ��*=Q)��U �'[� � ��( ~=6 +�T! 7� � �=-d �j7 186�� ( ��*� �*�4: .  3*�4&
,8�TL �� �'� � )* �g=/* +��U �*)�& �� �U��I� 3)�7=_�*  3*) ,U }� � �C/»�C/ « 3*�&
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 � ��U �*)�& ,& ^1I6��*�»}� «� 3*�& ��4U �*)�& �� �U��I (  %4� >��C 47*  �=4( .   �4�* �4&

 ��U �*)�& �� �U��I� H&�	 +c�7*) %8<�z (%� *� ��U u��<	 ��) Y�=/ ,& ^*=	 :  

)8(  *z w ei i i′= γ +    

 ^$ �� ,Uwi        � ��4U �*)�4& �� �U��4I� �� �#r4� �4�*=Q �*��4&e ~ N( , )eσ20  �47* .

%�  ^*=	*zi  *1'��6 �'� � Y�=/ ,& *�)^=8f� (  +^$ �4;`� ����-� 3*�& ,U ���L �n6 ��
1 z= ����-� ���7 3*�& �z = 0 �7* .%� +%.'.[	 %6�;� ��* �&     �U��4I� l�4! d* ^*=4	

 ^$ ��*=Q @"7 � ��U �*)�& �� &��)�* � �'.[	 *���U % .  
      ��4� % ��4��� ,4U �47* �4�* % ����� �� 1�$�� �'.[	 o=O] �� %7�7* � @"� p f6

 �&�: %6��) 1(�& >��U X�K 6* *� ��U �*)�& �� �U��I� 3� ,U �7* >12�I� . +t'	�	 ��* ,&
%� @�B� % :� , �&*� �'� � %� �f( � �=(    5� T4'6 ��4U �*)�& �� �*��* �U��I� ,U ��'L

1(�& >�*� .!2%� Y*12�I� %L1��& t;7 +,.\�� �'   , 47� ^$ % ����� �'<z� *��) q�=(
%� �'.[	 3�*��* )* >1( ��U �*)�& ��*� �Z;: ,U �=(  �*��* ���7 q16*)^$   ��4U �*)�& �� ,U %��2

16�*16 �U��I�(%!6 �'.[	 � 3�'L���$ +    94':� �4';<	 ,4& q16=(  >�*� +�4	    �� 3��4�$ 3�42
%LM�� o=O] ^$ ��U 3�2 18 �'6 c� 7� �� �2 .k�[� 3*�&   %L14��& �'#s	 �� �-6 ^��U

>�*� ��  3���$ 3�2) +���L p��� �& 9&�j�1993 :709 %L14��& p.\�� o=O] �� +(  H&�4	 +
�7* ��) �*�: ,& ^$ %z��� 1'�* � %F�( Y�=/ ,& % ����� :  

)9(  

*E[y y is observed] E[y z ]i i i i
*x E[u z ]i i i

x E[u e z ]i i i i
x ( )u ei i

= >

′= β + >

′ ′= β + > −γ
′= β + ρσ λ α

0

0   

U %��R ,we e′α = −γ σ  �( ) ( )e eiλ = ϕ α Φ α  1(�&ρ     �'4& %_ 4�;!2 ��4!6u  �e  �

uσ  ��'<� 0*�[6* �_6�'&u �=& 12*=] ��) Y�=/ ,& %F�( % ����� H&�	 q�7*:  

)10(  
*y y is observed y z x ( ) vu ei i i i i i i

x ( ) vei i i

′= > = β + ρσ λ α +

′= β + β λ α +λ

0 
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%� *� g�& %F�( % ����� H&�	 +t'	�	 ��* ,&      Y�4<&�� �:*14d ��� }4!U ,4& ^*=	

�'44!K	 ,44& � �) �'44!K	 %�=44!<� �447� ��L)�447 3�442  �44��� .>144���6  p.\44�� � ��44L
    0�4d �;	�4� �4'� � ��4#$ 186�� 3��#$ %B87��O :* � ���$ %6�;� �n8� )* +%&�K 6*�=]  

 H:*� �� ,U ��*� >1(iλ %� �-6 3�C�* ,j&*� ��* �� 18U .,'(�d �'#s	 �'� � 3*) 3�42 (
   �� �U��4I� l�4! d* p'd�6 )* �'#s	 3�_�� � @'- �� �'#s	 %f� �TR �� ���( �- ��

 ��U �*)�&)iλ (�=& 12*=] .)* �7* Y��;Q �U �'#s	 +t'	�	 ��* ,& :  

)11(  
( )

*E [ y z ]i i
/ ( )u e ek k ix i k

∂ >
= β − λ ρ σ σ δ α∂

0
  

  :%��R ,U ( )ei i ii
δ α = λ + α λ2  

@'!O	 �=] )* 3�_�� ~=6 YZ'O[	 �j7 � ~=6 o=O] �� 3�'L -    %48<� q�47* %&�K 6*
 ,& �*��* � �7* @'!O	 �'� � }� �)=�$ �'� �      *� �=4] YZ'4O[	 �j47 � ~=46 ,6�2�L$ �=F

%� X�K 6* 188U .*=Q%� �*�: �'#s	 �[	 *� YZ'O[	 �j7 � ~=6 X�K 6* %C. K� ��  2�   ,4U 148
318!6*=	 +��1�*� YZ'O[	 � �*=7 %j'[� ��*�( +%	*� 3�2 -    � ��4n 6* ��=4� >�)�& +%Q�! R*

 ...@"� ,.!R )* 16�*�L�'#s	 ��*=Q ���	 .    �)=4�$ ~=46 � *̂T4'� �*��* +��*=Q �';: ��* ,& ,R=	 �&
��=�   �=] p:ZQ *�)%8<�*S (^$ DE7 +iKI�   %4� %.!Q *� @'!O	      ,4U �47* >�4_6$ q1488U

%� ���   148U t4�U 1�$�� � �=( ��U �*)�& ��*� �	g�& YZ'O[	 �j7 �& 16*=	 .    +t4'	�	 �4�* ,4&
 , �&*� �'� � %6��))1�1R YZ'O[	 �& t7�8 � % ����� (  X�4K 6* ,U �=& 12*=] >12�I� �&�:

& 1(�& >1( 9-[� T'6 �'O[	 3*�)%8<�0S* >.(1   �=4] ~=46 ��* %z��� �'';	 3*�& -   +%&�4K 6*
%� ���  �)=�$ �'� � ,U �=()S (%� �''<	 ��) pj&*� c�7* �& �=(  :  

)12(  
*s z ei i i′= η +   

*y is observed if si i > 0  

                                                      
1 .    %.'4O[	 y�14� }4� t�U l�! d* ,.!R )* %C. K� �=/ ,& %!.Q ^= � �� %()=�$ @'!O	 H&�	) ,4&    �f4(

}� � �C/ ( ,:ZQ ��=� YZ'O[	 ^*T'� �) �'4O[	 l�7 �& �B87 �&�: (    ,4 ��L ��4U ,4&  �47* >14( .  �4�* ��

 ,:ZQ ��=� YZ'O[	 ^*T'� +,<��j�)*S (,& p�T8� t7�8� yZ�         %6�4�) ,.\4�� �4�* q�47* >14( %4-.	 3�4	
,& p�T8� %� �=.;	 @'!O	 �'� �  3��;R* YZ'O[	 3*�� �'O[	 ^*T'� ,U 1&��)%6=6�: (  *�4�) +�=( , ��L �n6 ��

& �� 3��;R* YZ'O[	 ���=!Q X�K 6* � �),8�T2 �& %8 ;�- >1��� (��*16 �*�: �*��*  . 
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 pj&*� 3�*�_��R �&12 )	YZ'O[ (%� *� %7�7* ��� ��* +% ����� H&�	 ��   �� ^*=4	

     @'!4O	 � % ��4��� H4&*=	 lZ4]* YZ!R ,U ���L �n6     l�4��6 H4�)=	 3*�*� %4()=�$
y� I� 16* ,&   3�=F ,U :  

(u, e) ~ bN( , , , , )u eσ σ ρ2 20 0  

��1;	 %F�( % ����� H&�	 ,& % ����� H&�	 +,B' 6 �� �  %� �=/ ,& ^$ �'_6�'� � �=( Y
�=& 12*=] ��) :  

)13(  
*E[y s ] x E[u z e ] x E[u e z ]i i i i i i i i i i

x ( )u ei i

′ ′ ′ ′> = β + η + > = β + > −η

′= β + ρσ λ α

0 0  

 ,U %��Rz , ( z ) / ( z )e e e ei i i i′ ′ ′α = −η σ λ = ϕ η σ Φ η σ  %4�    p4j&*� 14(�&
 �[	 �=& 12*=] ��) Y�=/ ,& �'!K	:  

)14(  *y s x ( ) vu ei i i i i′> = β + ρσ λ α +0   

�=] ,R� �=U�� %.'.[	 18�*�� -  %&�K 6*%� 0�F�& *�   %6�4�T!2 p.\�� ��* q18U)  �'4&
318!6*=	 )* % ����� � �)=�$ 3�����'#s	 %	*� 3�2 ( ̂ ��� �4�   %4�*))   3�42�'� � )* %4]�&

,& �)=�$ �'n6 %['z=	 p�T8� @'!O	 �'� � (%� %:�& ^�U�!U     � �4'.[	 148�)�'6 ,4U 16��
�7* 3� I'& %7��& .^��� p.\�� ZU ���� )* %]�& �-6 t;7 %�*) �4'.[	 }'7   3�42

 =_�* 3�j] p.!R � %['z=	 3�2�'� � �'& ,j&*� �=;6 �'n6 +3���$)%8<�0 Cov(u,x)= (
%� �7* �	1�1( �)=�$ o=O] �� ,.\�� ��* q�=( !   �� +�)=4�$ >�)�4& %&��)�* 3*�& *��)

�& >��f.'O[	 �*��* �'<z� �!Q �*��*  �'4O[	   >��4f6)    �4 !U YZ'4O[	 �4& �4� (  ,4���-�
%� �=( .��-� ��*%& %	�=/ �� �-� ,� %LM�� ,U �7* l�f(*  3�2)3*1'��6 (  >��4L �� ��*

18(�& ^��f� .     @4"� q��*146 �=4R� %j�*�4( �'48� �g=/* +�'<:*� ��     )* %4]�& ,4f8�* �4	
%LM��  *1'��6 3�2)318!6*=	 186�� �*��* %	*� 3�2 ( @'!O	 � , �&*� �'� �)  �)=4�$ %48<� (

�[	 *�  %� �*�: �'#s	 182� .8� ��%� +% '<z� �'  YZ'O[	 3*�*� �*��* ,U ��U �Q�* ^*=	
%� +� !U YZ'O[	 )* 3�*��=]�& Y�=/ �� % d +� I'&   3�	g�4& % ����� 3*�*� 18 �6*=	

16�	�6*=	 %	*� �=F ,& �*��* ��* *��) q18(�& .   �4& %4 d +� !U YZ'O[	 3*�*� �*��* +DfQ�&
	*� %��6*=	 �.Q ,& +�	g�& YZ'O[	 � (*� 3� !U % ����� 3*�*� +� !U %)   �4& ,4���-� ��

   g�4& YZ'4O[	 ^�L146�*� ���7 ( 146�=& .   @4.: )* +l�4d �42 ��     1486�� %��42�'� � � ]*146*
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318!6*=	  �B87 �&�: %	*� 3�2)    %4(=2 ��4"& �4& +l�4`� 3*�& - IQ (    ��4� �4-6 t;47

»�)=�$ �'� � � lZ]* p.!R lZ- 7* «%� �=( .  
 �;	�4� %!.Q ^= � ��1 �4& +        �f4I� H4�� �4� %6�4�T!2 p.\4�� � ��4L �4n6 �� 3*

^��� 3�*T&* �'� � �� )* >��C 7* +%['z=	 �'� � %�*)2 ,& p�T8� >*�   ��"84I'� %7�7* �d
�2�M� �� � �7* ,& 3���) 3�2  �7* >1( , ��L ��U .   �4� �4& �)=�$ >�)�& %&��)�* 3*�&

�* �� �)=�$ @'!O	 � % ����� H&�	 �� 1��& 3�*T&* �'� ��=( , ��L �n6 �� +�'O[	 p�* .
 ��U ~=6 � �[� � 3��U p&�B	 +%L�*=6�] p8'I'� +�)=�$ ���( % ����� H&�	 3�2�'� �

 >T4'_6* +%L�*=6�] p8'I'� ^=� %��2�'� � ���( �)=�$ @'!O	 H&�	 3�2�'� � �   3�42
318!6*=	 � 3��O :* %	*� 3�2 16* .%� ��� +%L��7 3*�& ��*   * % ��4��� H&�4	 �=(  %.4/

 �'� � }� 3*�*�)�)=�$ %8<� (  �4'� � }� 3*�*� T'6 �)=�$ H&�	 �)   YZ'4O[	 1486��
��!2 �� ��1�*� (�7* �7*� �!7 �� :  

)15(  

y S usi ii
S Z ezi i i

= β +
= γ +

  

 Cov(S, u) ; Cov(Z, u) ; Cov(Z, S)≠ = ≠0 0 0 ,U 3�=F ,& :  

 ���$�& +%./* 012 ,U �7* %8 CLsβ ^��� p.\�� ,& ,R=	 �& ,U �7*    %4(�6 %4�*)
 )*Cov(S, u) ≠0 ,& +      �)*�4& )* %�=4!<� Y�4<&�� �:*14d ��� �& @'- �� �=Fy  3��S 

,/Z] Y�=/ +�!Q �� � ��'6 l=Od �&�: �=( ���$�& 1��& % ����� H&�	 �1( .%8<� :  

)16(  i i i i i i iy S u ( Z e ) u Z vs s z Zi = β + = β γ + + = θ + 
 %&��)�* 3*�& N�� 6 �sβ �'!K	 ,& ,U �=( >��C 7* �7* 0��<� 3�*T&* �'� � ^) :  

)17(  IV z
s s

z

Cov(y,Z) Cov(u,Z)Cov(y,Z) Cov(S,Z)
Cov(Z,Z) Cov(Z,Z) Cov(S,Z) Cov(S,Z)

θβ = = = = β +
γ

 

                                                      
1 .�.y .,& +,6=!6 3*�& : %	�2��)Dougherty, 2002:252 ( N��1��� �)Wooldridge, 2002.( 

2. Instrumental Variable 
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 �'& pj&*� Ye1( ,& +3�*T&* �'� � �� 3�2���$�& �:�Z  �u ��*� %_ �& .9&�j�   �4'.[	

+3�n61  ,{6�8�Cov(Z, u) =0     %4<:*� t��4z �4&*�& ��-':� 3�*T&* �'� � ���$�& �*1-� +1(�&

 �=4& 12*=] .   �4�* +�4'<:*� �� �4�*     %48<� +�4�'6 ,46=LCov(Z, u) ≠ 0   *�4� �IV
s sβ ≠ β  �

�'!K	 & %<:*� �*1-� �& 3���� 3�*T&* �'� � ^)  �=4& 142*=] �j] p.!R }� >�ZQ , .   �4�* �4&

,6=!6 �� +l�d %� �'& )* �j] p.!R +��T& 3�2 t'	�	 ��* ,& � ���IV
s sβ = β2 �7*.  

   �=4] p.\4�� �� �42 � ��L �n6 �� 3*�& +��*�&�8&-  ̂ ��� � %&�4K 6*    ���C 47* +%4�*)
 ��* ,U �7* 3���z >)=d �� ��* 3���$ ^=8� )* ^��T!2    ���4O	 �4�) p4j&*� �� ,.\��

�7* >1( :  

)18(  

* *y y is observed y z x S ( ) vs u ei i i i ii i i
*x S ( ) vs ei i i i

′= > = β +β +ρσ λ α +

′= β +β +β λ α +λ

0
  

*S Z ezi i i= γ +  ,U %��R:  

      l�14R �� �=U�4� p.\4�� �� o=4O] �� %4&�B	 3�2���$�&3    �47* >14( ,4�*�* .
^�!2 %� ^�I6 �)=�$ >�)�& 5�6 ,& |=&�� A�:�* ,U ,6=L �� +182�,6=!6 ���-    � %&�4K 6*
�=]- ^��� �� %&�K 6* �[	 *� >�)�& 5�6 %�*)  %� �*�: �'#s	  1482� . k�4[�    p.\4�� ^��4U

,6=!6-     )* >�)�4& 5�46 �''�	 t;7 %&�K 6*05/7   ,4&23/6     p.\4�� o=4O] �� � 14/��
^���  ,& %�*)94/8 %� 1/�� �=( .��*�  ,& �=U�� p.\�� �� ^��U   ^�4�T!2 �=F)  3=4_�*

4 (   ,4& �)=4�$ >�)�& 5�6 �''�	 tR=� T'676/8   %4� 14/��     3���46 Y�4<��j� �� q�=4(
)a1387  �b1387 (�7* >1( ��*TL �f���* � ^*��* 3*�& %"&�I� �Z��U N�� 6 .   �4�* ,4&

,6=!6 ����� +t'	�	-  ^��� � %&�K 6*    %&�4�)�* ,4& ,4R=	 �& %�*)     l�14R %4&�B	 3�423 +
%� t;7  �:*1d 3�2���$�& ,U 16=(@U ���� %�=!<� Y�<&�� 18(�& 3���$�& .  

                                                      
1 .%LM�� 3*�*� 1��& +t7�8� 3�*T&* �'� � 1(�& %OKI� 3�2 :1 .  � �4'� � � %.4/* 3=_�* 3�j] p.!R �'&  3)�4B

,44j&*� %448<� +144(�;6 3* :Cov(Z, u) =0 q2 .^��� �44'� � � 3)�44B� �44'� � �'44& %448<� +144(�& 3=44: p44j&*� *) :

Cov(Z, X) ≠ 0  �3 .^��� �'� � �� @'- �� 3)�B� �'� �    %.4/* �4'� � �� @'- ���'a ,& � *))y (   , 4(*� �'#s4	
 1(�&)Dougherty, 2002: 254.( 

2. Dougherty (2002: 253). 
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F�3G 3. ��( ��[) #��$%�Z � #��Y�" ,���	 #$% 	 �  !"\]�� �!� &%'() *	%�� � ^4!C!4

�!$ �'"�H  

=_�*  1   )OLS( 2  )1()S.S.( 3   )2()End.( 4   )3()E&S.S.( 

�'� �  t��z ���$� t t��z ���$� t t��z ���$� t t��z ���$� t 
 �)=�$)�7l( 0705/0 6/26 0623/0 4/22 0894/0 7/21 0876/0 0/21 
 ,&�B	)l�7( 0574/0 6/18 0521/0 9/16 0598/0 1/19 0545/0 0/17 

,&�B	 H&�� 0007/0- 3/15 - 0006/0- 6/13 - 0007/0- 9/14 - 0006/0- 7/12 - 
 *16g)Lambda(       6320/0- 3/8 - 

�1;� )* ��Q 23/15 293 5/15 285 1/15 247 3/15 203 
Y*12�I� �*1<	 4553  5683  4551  4551  

>1I6�=�6�7 Y*12�I�   4553      
�''<	 t��z-R2 177/0    169/0  187/0  

 ����$F  327    248  300  
 ����$ %]  ��Wald   712      

�'z=	 :�7* ,6g�7 % ����� @ ���_� p �&*� �'� � .�*� > 3�2  l�7 ,& �=IU 3���$1381 %� |=&��     %4LM�� 3�'L��4�$ N��4 6 )* ,4U �=(   3�42
3��O :* - �7* >1( >��C 7* ̂ *��* ���$ TU�� �*=6�] %Q�! R* . 3�2=_�* �a�( ��!2 3*�*� ̂ � 7���7 �U 3*�&1  �	4 �7* >1( ���$�&.  
 3=_�*1  ,& *� %�=!<� Y�<&�� �:*1d 3�2���$�& %� �7� 12�. 

)1( _�* 3=2 p6=!6 p.\�� � ��L �n6 �� �&-  3*�& %&�K 6*»��U �*)�& �� �U��I� «A�6 )* >��C 7* �& �   �*T4�*Stata    >14( ���$�4&
�7* .�7* >1( , ��L �n6 �� �'�8R � >�*=6�] �*��* �*1<	 +YZ'O[	 )* %<&�	 ��U �*)�& �� �U��I� .  

)2(  3=_�*3 ^��� p.\�� � ��L �n6 �� �&  ^�=&*))] ���=- %&�K 6* ( pj&*� �& t7�8 � � YZ'O[	 �'� � 3*�&16   )* >��C 47* �&
A�6  �*T�*Stata �7* >1( ���$�& .,& ��!2 YZ'O[	 )* +,.\�� ��* H�� 3*�& p�T8� »3�*T&* �'� � «�7* >1( >��C 7* .  

)3(  3=_�*4  X�K 6* ����� �& �! I�)��U �*)�& �� l�� (* (^��� �  %�*)) �)=4�$ @'!O	 (    3�42=_�* A�4a�* %48<�2  �3    �4& t47�8 � �
 pj&*�18 A�6 )* >��C 7* �&  �*T�*Stata �7*.  

4 .*�!O _6`�(  ;6�64 ���H�4 � �3>� #<�!(  

^�!2 �2�M� +1( >��(* ,U ,6=L %& 3�2  ,4& �& >�)�& 5�6 %&��)�* 3*�& 3��!(     H&�4	 3�'L��4U
�7* >1( A�B6* ��8'� % ����� . ��* �& +l�d  ���%&��)�* l=!<� 5�6    �)=4�$ @"47 � >�)�&

 �1< � ��g� ,& % ����� ��*T�* �� 3�'L��� �) ��7r l*, ��L �*�: 1 @"� )* ,U  ̂ $ ���4	   +�42

                                                      
1. >1���6  � ��L �46*=	�  3��4� %)�.y . ,4& : Griliches, 1977 �Fagerlind, 1987(   �)=4�$ �4'C'U +)�.y . ,4& :

Griliches, 1977  �Betts, 1995()*16* +�  2�4_8&%      146�*� l�� 4(* ^$ �� �*�4�* ,4U)�.y . ,4& :Siebert and 
Addison, 1991 qIdson, 1995 qVelenchik, 1997(+  %2��L ��U)�.y .,& :Idson, 1995( �*�- 7* �[� � +

�'�*��R� %)�.y .,& :Bisdsall and Behrman, 1984 qGriffin and Edwards, 1993 qVelenchik, 1997 
 �Naderi & Mace, 2003 (%� ��!( ,& �=U�� ��g� p.!R )* 16�� . +o=O] ��* ����*  >1( ��- 6* ,6=L  �47*

>1���6 ,U ��L,����7 � �)=�$ >�)�& ���$�& �� ��=	 ,& ��*=Q ��* �  ����7 �� 3�*�Lp %� �B8� %6��6* �=(. 
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>1���6 >��L � ��L 318& ,.�.7 �� ]�7 � �2  %;	*��1 �7* �*��* �� �� �& @U�d.    314'.U �4[&

>��L t��: �� �*��* �'<:*� �� ,U �7* , f6 ��* +o=O] ��* �� 2   �4'��<� %4Q�� � %./* 3�
%� 188U .^��)�7 �� �*��* +l�`� 3*�& �U�( � �2     )* �U�4( �4� ^��)�47 �2 � 16�*� �'��<� �2

%LM�� >��L 3*�& �[& �'!2 q�7* �*��=]�& %/�] 3�2   ̂ ��)�47 3148&   �U�4( � �42   �� �42
�K& � �<8/ t��:  ��*� �=4R� %��'�*��R 9F�8� �� � �2 .     *�4�* ,4U �4(*� ,4R=	 14��& �� �

�7* �*�L�'#s	 �*��* �� T'6 ^��)�7 � 16�*�L�'#s	 ^��)�7 . 4B' 6p      �4�* �� ]�47 �4�* %4<';F
����7 3�2�'� � �'& |�;	�* ,U �=& 12*=]p % ����� � %6��6*   �4_�� >�_8& ,& >�_8& }� )*)  �4�

�<8/ ,& �<8/ }� )* �_�� p-j8� ,& ,-j8� }� )* q�_�� ( ^��f�1(�;6.  
 ��* %7�7* �'#s	%6��!2�6  �'4!K	 %�*��U �� +�2 ^)       �2�4� %�=4!<� Y�4<&�� �:*14d 3�42

%� �=( .,&  %&��)�* t.a* �'!K	 ��� ,U �B6$ )* +�_�� Y��;Q      ��� +�)=4�$ >�)�4& 5�46 3�42
>��L %6��!2 ��� �& %8 ;� � %�=!<� Y�<&�� �:*1d    +�47* %4;	*�� ,.�.7 �� ]�7 �=;6 � �2

;F � %�*��U�6 �fI� �& �2���$�&�=& 182*=] ,R*=� 3���$ |�;8 7* �� >�; (* l�! d* �& �� <' . 
Y�'&�* ���� �& �;	�� %!.Q ^= � � & , f6 ��*,  %� �7�  %&��)�* ,& ,U 1�$  %�*��4U�6

�'!K	  ��� 3�2 %�=!<� Y�<&�� �:*1d ,R=	%U16*   %j�*�4( �� @2 ^$ +>1( l��;�
�'!K	 ,U �2%&�B	 3 >�*� �& %8 ;� %��2 16*  ,U    2*�!2 %4;	*�� ,.4�.7 �� ]�47 �4& 148 .

 %Q14� %[j718� �'.[	 1�1R ��� ^*�*1��F       � %4;	*�� ,.4�.7 �� ]�47 �� ,4U 146*
^��!2�6+ �'!K	 >186)  3�2%�=!<� Y�<&�� �:*1d �6��U1�$162 %� �=] ��* ,U   ,4& 16*=	

�=( �B8� 3���$ |�;8 7* �� >�; (*.  
, ��� 1�r� %&�B	 3�2   3�&*�&�6 ,U �7* ^$,.\�� +�)=�$ >�)�& �� 3*  q�47* %7�7*3   �4�*

�'!K	 31�$��U�6 >*�!2 ,.\�� ^) %� �2 ,��6�& 16*=	 3T��     �'48{!2 +%6�4�6* H&�48� p<7=	 3�2
,����7 )* t7�8� ���C 7*  142� �*�: �'#s	 �[	 Y1( ,& *� %6��6* 3�2 . ��� k�4[� )*   +%47�8(

%� ,6=_� ,U �7* ��* 31'.U p f6  3�&*�&�6 *̂=	  ��4U 3)�47=_�* *� �)=�$ >�)�& �� .  ,4&   �=4F
%� *� ��� �� +%.U      ,4& o=4O] �4�* �� *̂=4	   �4��L ��4U :   3�42�'� � )* >��C 47* +l�* ���

                                                      
1. Hierarchical Structure or Organization 

2.  +� I'& �'z=	 3*�&�.y .,& :Goldstein (1995)  3���6 �)1381 .(  
3. � +,6=!6 3*�&.y .,& : }(=82)Hanushek, 1973( �*� +)Rauch, 1993(  ^�4U � ��=U +)Cooper & Cohn, 

1997(  �'!4(* � ���&�L +)Gabriel & Schmitz, 2004(  +)Ingram & Neumann, 2006(   %4.�� � %4&�U +
)Kirby & Riley, 2008(}� � 3�'�6��*� +  ^=6)Warunsiri & Mcnown, 2010.(  
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 3)�B�)}� � �C/ (  >��4L }� ,& |=&�� Y*12�I� 3*�& ,U �7*)     �4� ,4-j8� +^��)�47 1486��
�'��<�(  %4� ��4' ]* *� �C/ �1Q Y*12�I� ���7 3*�& � }� �1Q +  148U .    ��!4( +Y�=4/ �4�* ��

>��L �*1<	 ,& 3)�B� 3�2�'� �  }� 3�"8� �2)m=N-1(  �4[	 3=4_�* 3�2�'� � ,& +    �'4!K	
1( 12*=] >��T�* . ,{6�8� +l�`� 3*�&K �(*� @'2*=] +1(�& , (*� �=R� >��L :  

)١٩(  
m

y S X X Z ei i i i k ik ik
= β + β + β + β + α +∑

=
2

0 1 2 3
1

  

 ����-�α >��L �'& �)=�$ >�)�& �� 3�&*�&�6 +H:*� �� %� ,�*�* *� u. K� 3�2  1482� .
      ��� +��4�) 3�42�'� � Y�=4/ �� 3)�4B� �4'� � )* >��C 7* ,U �(*� ,R=	 1��& , ;�*

��'6 31�$��U .t7�8� ��� A�n6 �=F ,& ,U �	      %4� t�*�4z 3�&*�&�46 ,4& 148�   +�)*��4�
�7* %[j718� 3)�7=_�* .�* �� �n6 ��=� t�*�z +��� �),����7 %()=�$ 3�*�L ( ,&

%� , ��L �n6 �� �'� � Y�=/   ̂ $ }4!U ,4& � 16=(  �42    k�4[� 3)�47=_�* �� 3�&*�&�46 +
%� �=( .%8<� q�=( , ��L �n6 �� ��8'� p��� 3=_�* ,{6�8�:  

)20(  y S X X eij j ij ij ij ij= β + β + β + β +2
0 2 31  

     �47* >14( �=4n8� ^�4�!2�6 � �4'� � Y�=/ ,& =_�* ��* �� �)=�$ �'� � t��z .
>��L ����� +%6��!2�6 � �''�	 ��* 3�8;�  3148&     �4'.[	 �� ^$ ��4#$ � Y*12�4I�   3�42

�7* %&�B	 .>��L ,& Y*12�I� +�_�� Y��;Q ,& 318& %� @'�-	 u. K� 3�2 16=(   ��* �&
L 3*�& �)=�$ >�)�& 5�6 ,U lg1 7*>��  u. K� 3�2Y��C � �7* .  ,47 ,& +3�&*�&�6 ��*

�7* �=O	 �&�: Y�=/ :   )* %4(�6 3�&*�&�46 +%���O	 �Z��U Y�:�C	* )* %(�6 3�&*�&�6 %8<�
>1�1� � ��g�   %���4O	 ��*=Q t'U�	 )* %(�6 3�&*�&�6 � %���O	�'a � iKI� �Z��U �2

�7* %���O	�'a � .%���O	 ���d 3*�& Y��C	 ^�=& ] �2�(*� @'2*= :  

)21(  uj jβ = β +101 

^�!2 %� ,ndZ� ,U ,6=L  ���Q +�=(uj     �47* �)=4�$ >�)�4& 5�6 �� Y*�''�	 �_6�'&
�7* >1( , ��L �n6 �� %���O	 ��*=Q )* %(�6 �Z��U Y*�''�	 ��* ,U .  

�(*� @'2*=] %���O	�'a �Z��U ���d 3*�& :  

)22(  Zj jβ = β + α10 11 
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 +^$ �� ,UZj     ,4& *� >�)�4& 5�46 Y*�''�	 ,U �7* %���O	�'a ���Q   A�4n6 �=4F   148�

%� �'';	 18U.  
3�&*�&�6 +%<:*� 3�'6� �� �(*� ,R=	 1��&    %���4O	 �Z��4U ,46 �2      %.�*=4Q )* %4(�6 ,46 � 146*

3�&*�&�6 )* %IK& qiKI� 	 �2 A�4n6 �_�� %IK& � %���O     146�*� �'4';	 �4'.&�: � 148� .  ~*=46*
     ��=4� i4OK	 � Y��4"� �j47 � ��U 18�*�� %L1'{'� k�[� )* %6��)�7 3�2�� ]�7 � �a�I�

       p4&�B	 94��F )* Y��4"� t4�U 148�*�� %��2�� ]�47 �'8� q18 �2 ~=8 � )�'6    T4'6 *� 3��4U
%� Y��C � 188U .�L t��: �� �*��* +��* �& >�ZQ>� ^��)�7 � �2       3�4�� }4� �� � �_�14f� �4& �42

%� �'��<� ,& %.��<	       *̂��4f!2 �'4& i4OK	 � �46*� ��4I 6* �� ^$ �'#s	 � ���<	 ~=6 q16)*���
)T���7 ��#$ %8<� (>��L �� ^��)�7 � �2 ��'6 ^��f� +Y��C � 3�2 .    � �j47 +���4�� �4';: ��*

2�6 � Y��C � *� �*��* iOK	 � Y��"� +�6*� �� ]�7%� ^��!   �j47 �� +�=] p&=6 ,& ,U 188U
>�"&    %4� �4R ,4& %	��C � ��#$ �*��* % ����� � 3��  146�*�L .      �4';: �4�* )* %4IK& +}4( ^�14&

 146�*� 3)�7=_�* � �B87 �'.&�: +Y��C	 3�2sI8� .    %���4O	 �4_�� %4IK& �4�* *    ^�4f�* �4� 146
�B87 � ^$ 3)�7=_�*   ��*146 �=4R� �2 .    4: � l=4-<� �'<4z� +�� �4�* )*   �4��d +�4'<:*� ���

�(*� @'2*=] Y�=/ ��* �� ,U �7* %;'U�	 :  

)23(  Z uj j jβ = β + α +10 11 1 

 pj&*� 3�*�_��R �&23  pj&*� %8<� ��8'� p��� H&�	 ��20@'!<	 Y�=/ +    H&�4	 p4 ���
,& ��8'�   �7� %� 1�$ .%8<�:  

)24(  y S X X Z S (e u S )ij ij ij ij j ij ij j ij= β + β + β + β + α + +2
0 10 12 3 1 

        ^�4�f� T4'6 u4. K� �a�4I� �� ,4��� % ��4��� +>�)�4& 5�6 �� Y��C	 � 3�&*�&�6 �& >�ZQ
 u. K� �a�I� �� ,'��* % ����� %8<� q��'6)% ����� H&�	 �1;� )* ��Q �� (  �47* Y��4C � .

%� T'6 �1;� )* ��Q �� 3�&*�&�6 I� �Z��U ��*=Q �� 0��O	 )* %(�6 16*=	1(�& iK .%8<� :  

)25(  Z uj j jβ = β + α +00 00 0 

@'!<	 % ����� H&�	 +Y�=/ ��* �� �=& 12*=] ��) Y�=/ ,& ��8'� p ��� :  

)26(  
y S X X Z Z S (e u u S )ij ij ij ij j j ij ij j j ij= β + β + β + β + α + α + + +2

00 10 0 12 3 0 1  

y S X X Z Z S wij ij ij ij j j ij ij= β + β + β + β + α + α +2
00 10 0 12 3 
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 ,U %��Rw e u u Sij ij j j ij= + +0 1         �4�*=Q )* %4;'U�	 ,4U �47* =4_�* 3�4j] p4.!R

   ����4-� 3*�4& �j] p.!R D6���*� +�'�� �'!2 ,& � �7* %['z=	 3�2�'� � � %���O	
    ��� }'47ZU ���4� )* %4f� +^$ pB' 6 �� ,U �=& 12*=K6 ^��f� Y*12�I� u. K�

    Y���4z %48<� +%�=4!<� Y�4<&�� �:*1d    D6�4��*� � 4(*�   %6�4�!2)iσ = σ2 2 (  �4-6
%�  �=4( .         ,4�*�* *��4U %��42���$�& +%�=4!<� Y�4<&�� �:*14d ��� +%j�*�4( �'48� ��

%!6    ��*� �=4R� 3��4�$ |�;8 47* �� >�; (* l�! d* *�� � 12� .     ,4{6�8� +�4�* �4& >�Z4Q
3�&*�&�446 )* %44IK&   +144(�& �'44z=	 � �'44';	 �44&�: 3144�1R 3�442�'� � }44!U ,44& �442

>1���6 *�&�6 � ��L3�& ��=	 � 9':��'a 3�2���$�& ,& +^$ ��*=Q � �2  �*�)  0�4d p'd�6 )*
�#r� 3�2�'� � (1( 12*=] �B8� T'6 .  

& �'';	 3*�p.\�� »@U  D6�4��*� 3���$�&  �42« �  %&�4�)�*   ^$ �4#*�  +,'4z�� ^=4�)$ � 
 %�=!Q 3=_�* *� ��)%� �� ^*=	 �L �n6�� :  

Y 'X w= β +  )27( 

�R�%  ,UY �*��& (n )×1  +, �&*� �'� �X  D��	��(n k)×  +%['z=	 3�2�'� �β   �*��4&
�[	 t�*�z   � �'!K	w �*��& (n )×1 %LM�� �& �216�!�� E(w) =0  �47* .   �� ]�47 ,4{6�8�

���$�& +�=( , ��L >1���6 %;	*�� ,.�.7 188U�  Y�<&�� �:*1dβ & ,Y�=/ �=& 12*=] ��) :  

ˆ (X X) X Y−′ ′β = 1 )28( 

3�*�_��R �&  �*1-�Y  �� pj&*�28 �(*� @'2*=] :  
ˆ (X X) X w−′ ′β = β + 1  �  ˆE( )β = β  

 D6���*� �7�� �'!K	β  9��F )*ˆ (X X) X w−′ ′β − β = 1 &,  %� �7� 1�$ .%8<�:  

ˆ ˆ ˆVar( ) E[( )( ) ]′β = β −β β −β 
(X X) X X(X X)− −′ ′ ′= σ Ω1 2 1 

E(ww )′ = σ Ω2  �R�% ,U :  

)29( 

+D6���*� %�=!<� Y�<&�� �:*1d �'!K	 ˆVar( )β& + ,j&*� Y�=/p  ��)�=& 12*=] :  

ˆVar( ) (X X)−′β = σ2 1 )30( 

 D6���*� 3�2���$�& %6��) �"8	β  ��29  �30 U �=& 182*=] ^��!2 � ,&�I�,:  
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E(ww ) I′ = σ Ω = σ2 2 )31( 

>�*� % :� ,.�.7 �� ]�7 �2   %;	*��+16�*�   |�4(31      |�;8 47* �42 � �4�'6 �*�4:�&
�& %8 ;� 3���$ ˆ (X X)−′σ2 1 �g�! d* 0�[8�  �=4& 12*=] >188U.    �47* A)g +�� �'4!2 )*

�� *� ^$ ��*=Q � 3�&*�&�6  ,4& �& @"� ��* ,U ��U k=[.� �)=�$ >�)�& %&��)�*    3�'L��4U
�7* �f!� %&=] ,& %[j718� 3)�7=_�* ���.1   

��j� ����� � �2�Q�* %&��)�* 3*�&   �4'.[	 ^*�*14��F p'd�6 )* >1(    +%[j4718� 3�42
@'!<	 �f(   �'4!K	 %[j4718� ��� �& ��8'� % ����� H&�	 p ���     l�14R �� N��4 6 �4 

>1( ,�*�* �7* . 3�2=_�*1  �2 ,& p�T8�      }4� ��4f��� �4& +,4���-� 3�48;�   ��� � %[j47
�7* >1( �)*�& %�=!<� Y�<&�� �:*1d .^�!2 %� ,ndZ� ,U ,6=L     3*�4& �)=4�$ +�=4(

�7* �;`� >�)�& 3*�*� �a�( �*=6�] ^� 7���7 .   %.'4O[	 �=j47 3*�& >�)�& ^*T'� +, ;�*
, ��� c�7* �& q��'6 ^��f� u. K�  3�2 3=_�*2      YZ'4O[	 3*�4& �)=4�$ >�)�4& 5�46 +

�[	 ^Za�( YZ'O[	 >�)�& �'_6�'� )* � I'& %��Q  �7* ,<��j� .     �M4�� �4[& �4& >�Z4Q
, ��� +�)=�$ >�)�&  3=_�* 3�22 %� ^�I6 l�7 �7= � TR ,& ,U 182� �2   +3��4U p&�B	 3

,& *� ^Za�( % ����� �� 3�&*�&�6 +=_�* 3�2�'� � ���7  <� �=F%8 %� �'z=	 3�*� 182� .  
>��L p.\�� � ��L �n6 �� �& ,.�.7 �� ]�7 � 318&   3)�7=_�* ��� }!U ,& %;	*��

%� �''�	 %&��)�* pB' 6 +%[j718� 1&�� . 3=_�* ,{6�8�3  ^$ �� ,U �=( , ��L �n6 ��
 ,.�.7 �� ]�7 >��L � %;	*��    |�;8 47* +�47* >1( k�[� �1;� )* ��Q 3*�& �-� 318&

�$ 3=_�* �'<z� )* Y��C � 3��2 �7* . 3=_�* �� +�_�� Y��;Q ,&3    �47= � �4& >�ZQ
     3��4�$ k�4[� )* T4'6 ^Za�4( YZ'O[	 �7= � � ��U Y�Q�7 +3��U p&�B	 �42�'� �3 

%8<� 18 �'6 �*�L�'#s	 � �*� .,.�.7 �� ]�7 ,{6�8� +��'7 �'!2 ,&     t��4z �� %4;	*��
 ,<��j� ��* %./* �'� �)=�$ %8<��) ( ^$ �& %8 ;� N�� 6 � 3���$ |�;8 7* +�=( k�[�

%� �''�	 1&�� ., ��� ,& ,R=	 �& +��*�&�8&      3)�47=_�* ��� ^*�*14��F 3�4Q�* +%4&�B	 3�2
  >14���6 Y�=4/ �� 3���$ |�;8 7* �� >�; (* %8<� %[j718�    ,.4�.7 �� ]�47 � ��4L  

%� 1'�s	 +t'	�	 ��* ,& � �7* �7�� +%;	*��  N�� 6 ,U �=( ,4 ��� �& %8 ;�  ��� 3�42  

                                                      
1.  Y�['z=	 3*�&� I'&   �4'.&�: � %[j4718� 3)�7=_�* ��� o=O] ��  3�42 ^$   �4& ,4j&*� ��    Y��4C	 �4'.[	

>�"& � % ����� �� ]�7  %6�4�6* ,����7 ,��n6 X=���� �� ��U 3��'6 3��+ �.y . ,4& :  3���46)1380  �1381( � 
 D'� � 3���6)Naderi & Mace, 2003 .(  
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 }'7ZU �)*�& � 3)�7=_�*)%�=!<� Y�<&�� �:*1d %8<� (18 �'6 ��! Q* �&�:. 1  

, ��� ,& ,R=	 �&  3=_�* 3�25 ���U �� ]�7 ,U %� +16�*� 3�	   %47�7* pB' 6 �� ^*=	
��U ^�'& *� :�'��<� 3��O :* �K& ,& , �& ^Za�( % ����� +,f8�* ��K6  ^��f� +^�(

�'6� .%LM�� � 0��O	 %8<� ���Q , 7� �� )* %(�6 %6��!2�6 ��*    p4-j8� ^=4� %��2
 YZ'O[	 �j7 � �'��<� ~=6 +�'�8R +%��'�*��R),& %��Q �)=�$ >M�� ( ^Za�( q�7*

16�*� 3� I'& % ����� %2�_I6*� YZ'O[	 ^�L16�*� � ^*��� +3�"( 9F�8� .  
|=&�� �)=�$ >�)�& 5�6 �'<z� ,& A�� pB' 6   ^*T4'� ��* +�;`� �)=�$ >�)�& 5�6 q�7*

��'6 ^��f� u. K� ^Za�( �'& �� ^$ .   �4�*=Q , 47� �� )* %(�6 T'6 >�)�& 5�6 ^�=&�'� �
 %4� ��*T�* YZ'O[	 �j7 �& �)=�$ >�)�& 5�6 q�7* �*�L�'#s	 ��*=Q � 0��O	 %8<�  14&�� .

, ��� c�7* �& +�'8{!2  3=_�* 3�25�7 �� �)=�$ >�)�& 5�6 + l1381   )* � 4I'& ^�6) 3*�&
�7* >�=& ^*��� .%� �n6 ,&       �42 +146�*��=]�& 3�	g�4& >�)�4& )* 3�"4( 9F�8� ^Za�( 17�

%8<� 18�  t��z 3�*�»,-j8�×�)=�$ « �4�'6 %�=;: �&�: e1d �� .    �� ,4R=	 t4��R p4 f6
 t��z �'<z� +�B8�*»3��U p&�B	×�)=�$ «     %48<� 3��4�$ k�4[� )* ,4U �47*  3*�*� � �*�

�7* %C8� ��ZQ .%� *� |�;8 7* ��* o=O] ��* ��   )* ,4&�B	 �& ^Za�( ,U ��U ^�'& ^*=	
t7�8� >��C 7* �=] %!7� YZ'O[	 � �)=�$  ,&  %!6 �!Q 16��$.   

%� ,ndZ� +t'	�	 ��* ,&          �'4& �)=4�$ >�)�4& 5�46 � % ��4��� �47= � ,4U �=4(
>��L  Y��4C	 )* %IK& q��'6 ^��f� %.�( u. K� 3�2  42 %6�4�!2�6 � �    �47= � �� �42

 % �����)�1;� )* ��Q %8<�(  p4-j8� ^=� %��2�'� � }!U ,& � }'	�! �'7 �=F ,& +
 �'�8R � %��'�*��R)j1 Z �j2Z ( Y��4C	 )* %IK& �        }4!U ,4& +�)=4�$ >�)�4& 5�46 ��

 3��U p&�B	 3�2�'� �)j3Z(  %��4'�*��R p-j8� +)j4Z (  �'4�8R �)j5Z (   � �'4';	 �4&�:
* �'z=	�7.2      3�48;� �4& �)=4�$ �4'� � � �1;� )* ��Q t��z Y*�''�	 +c�7* ��* �&
 3=_�*5  l�1R4 %� 3)�7=_�* ��) Y�=/ ,& �=( :  

                                                      
1 .�2�M�  �' 71.L 186�� 3�_�� %&�B	 3�2)1995( +  3���46)1380  �1381( + �   D'4� � 3���46)Naderi & 

Mace, 2003 (>16�7� Y�;#* ,& T'6 *� %7�7* pB' 6 ��* 16*. 
2. >�*� 3�8a ,& , �& %� +3���$ 3�2 ��*=Q )* ^*=	 �1< �  3�_���6*=	 �� Y��C	 186���%    �4'C'U +�*�4�* %	*� 3�2

�)=�$  +����1� +>�_8& ~=6 � >)*16* +�a�I� �'2�� +�2 � �'��<� ^�f� %j'[� ��*�(... �&*�&�6 �'';	 3*�&3   �42
��U >��C 7* .>�*� �'8� ,& %7� 7� ,U ��U ^�Q�* 1��& +l�d ��* �&    %4f� ^*�4�* 186�� %��2�=IU �� 3���$ 3�2
����1[� )* �7* %&�B	 Y�-'-[	 %./* 3�2. 
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)32(  ˆ / / Z / Zj j jβ = + −15 56 0 1087 0 80510 1 2 

)33(  j j j j
ˆ / / Z / Z / Zβ = − + +1 3 4 50 0527 0 0005 0 0075 0 0375 

F�3G 4 . ��2	��)!� F�4 �	 �!$ ��A �%�� �	 &%'() *	%��1381  #�a43>/ &�� ��  

':.: 1   )OLS( 2   )OLS( 3    )1( )MLM( 4   )(MLM 5   )(MLM 

!�b�(  c$!d  *��()t c$!d  *��()t c$!d  *��()t c$!d  *��()t c$!d  *��()t 

�*1;� )* ��Q 23/15 8/293 25/15 7/111 55/15 7/59 69/15 3/69 56/15 2/66 

 �)=�$)l�7( 0714/0 92/26 0489/0 23/13 0477/0 94/12 0453/0 54/8 0527/0 07/6 

,&�B	  3��U)l�7( 0580/0 96/18 0532/0 52/17 0528/0 40/17 0529/0 49/17 0592/0 07/14 

,&�B	 H&�� 3��U 0007/0 - 9/15 - 0007/0 - 7/14 - 0007/0 - 61/14 - 0007/0 - 7/14 - 0007/0 - 4/13 - 

 ,-j8�)3�"(=1(   1605/0 86/5 1440/0 08/5 1490/0 29/5 1087/0 50/2 
 �'�8R)^)=1(   7231/0 - 1/10 - 7196/0 - 01/10 - 7083/0 - 81/9 - 8051/0 - 65/9 - 
 Y�Q�7��U   0125/0 39/2 0085/0 62/1 0086/0 65/1 0083/0 60/1 

 %��Q �)=�$=)1(   1713/0 34/3 2192/0 19/4 2403/0 34/4 2223/0 94/3 

�7= � YZ'O[	)l�7(    0125/0 84/1 0026/0 21/0 0047/0 - 47/0 - 0053/0 - 53/0 - 

�7= � ,&�B	 3��U)l�7(   0028/0 - 83/0 - 0087/0 - 15/1 - 0115/0 - 78/1 - 0096/0 - 50/1 - 

,&�B	  3��U* �)=�$         0005/0 - 22/2 - 

 ,-j8�* �)=�$         0075/0 27/1 

 �'�8R* �)=�$         0375/0 36/2 

#V	�
� ^���: )2(           

 �j71 :σ e0
2 6323/0   6062/0   5969/0   5925/0   591/0   

 �j72 :σ u0
2     0147/0  0495/0  0501/0  

σ us0       0038/0 -  0039/0 -   

σ us
2       0003/0  0003/0  

-2*log(lh) 10948   10754   10721   10697   10685   
�'z=	 : Y*12�I� �*1<	4552 �7* . l�7 �� �*=6�] �7���7 ^Za�( 3*�& % ����� @ ���_� +, �&*� �'� �1381 >��L �  318&

>��L t�d�& +%[j718� 3)�7=_�* 3*�& Y*12�I�  3�2 �7* >1( A�B6* �'��<� �1!Q .  
)1( =_�* 3�21  �2 }� %[j7 16*  %�=!<� Y�<&�� �:*1d ��� �& �)OLS ( 3�2=_�* �3  �	5 %[j7�� 16* )    �4K& � �*�4�* ���4(

>��L %8<� 3��O :* >��L �� �K& �� �*��* 318& �'��<� �1!Q 3�2 (@'!<	 Y�<&�� �:1d ��� �& ,U >1( >�) �'!K	 , ��� 16* .  
)2( ���( +%[j718� 3�2=_�* %���O	 �!�:    �14;� )* ��4Q 3�j] p.!R �'& D6���*=U � A�� � l�* �=j7 3�j] YZ!R D6���*�

�7* %['z=	 �'� � t��z � . 3=_�* o=O] ��5      p4.!R � A�� � l�* �j47 �� �42 3*�4& �14;� )* ��Q Y*�''�	 )* %(�6 �j] p.!R +
 A�� �j7 3*�& �-� +�)=�$ �'� � t��z Y*�''�	 )* %(�6 �j])>��L %8<� 1!Q 3�2�'��<� � (�7* >1( , ��L �n6 �� .  

MHN( :S��( ��2	��)!� � ��<4��(  
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, ��� � � %&�B	 3�2  3���46 Y�<��j� �� %"&�I)1380 +1383  �1390 (  � 3���46 �

 D'�)2003 (,.�.7 �� ]�7 �'#s	 o=O] ��  >�*� %;	*��    >�)�4& 5�46 3�2���$�& �� �2
�7* >1( ��*TL T'6 ^*��* �� �)=�$.  

   ��� +%47�7* �4'�� �� ,& %[j718� 3)�7=_�* ��� ,U ��U �Q�* 1��& +��*�&�8&
t7�8� %&��)�* 3*�& 3�	 �7* �)=�$ >�)�& 5�6 :1 .�'.[	   3�4j] �& %[j718� 3�2
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