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Abstract: In some cases, in data 
analysis, missingness happens in the 
observation for different reasons and 
ways. How to deal with these 
observations in the data analysis 
process is very important, especially in 
the high stack decisions, the usual way 
to dealing with missing data issues was 
eliminating missing values. This 
method leads to low quality in data and 
consequently leads to bias in results. 
Today, regarding to the advances in 
various fields of science and powerful 
statistical methods, imputation methods 
are applied is possible in the case of 
incomplete data. In this paper, the 
various types of missing data, 
imputation methods, the assumptions, 
their advantages and disadvantages 
were discussed. In this setting, we shall 
try to provide applied examples using 
statistical software. Especially an 
applied example due to 91th TOLIMO 
test, which was provided by Iranian 
National Organization of Educational 
Testing, has been presented (NOET). 
Comparison of results according to 
MSE using three methods of multiple 
imputation, the EM algorithm and the 
DA algorithm, has showed that the EM 
algorithm had the best performance for 
analyzing this data set. 

5��=
� ��2>?%& :��� �%�3�/ 8�, ������ 8�,
�.��,�&IS&8 8.���O  

Keywords: Missing Data, Imputation 
Methods, Applications Software's 

                                                                                                                                      
∗ ���& D�N���O ��3O ����	 GMN� 4����� �3,�BH ���& ��`:� %�N:���)baghi_y@yahoo.com(  
∗∗  ��3O ����	 GMN� 4����� ����7�& 
∗∗∗ 4&.�+ %�<3�& ��(3�& 
∗∗∗∗  %�J3,�BH ����7�&�73�� �(�� %�<3�& %&���- 



12  �$�@ �A��B #���  

 

#��%�  
�& 8��(:� � ���.�0��N3�.H � �,%& �� �,%�3�/ 8�,1 .�(7:, 0�&��  �., 

0��N3�.H8& '���+ ;7�&�� �� Aa� �E�O �� ���<Q��H 0� %& �M�& 0� ��&�+
 %�3�/�� .MN� %��� ����+ 0O%& '()*+ �& '"�? @��7� A*" 8&.� 8& �,

�� 9�:*� .��;�&.��N� �����2 %& 0� T��N� .��U� %�3�/ 8�,0)���& G��=
	 '()*+ ��� 8�, .A�& 8���� .c� � ;7S.< �& %�67�& �� %�3�/ %&��� 8�,

��&�7�& T��N��� �� %& ;�& �� ��-.�) �,0�4&�N� 8�� ��d� 8�&L/%& �� %�3�/ 8�,
%& ;(<��(��E��& �M�& �0���� �M? 4�� �O �N��� �+eJ3� 0� (�,3�  KL?

;��&�) �N����& 2��ef&4 �2003 �( A(6(O G,�O@��7� 8.(/�� � .MN� ��.��  
%�3�/ %& ��&�N�� 0���M� 8&.� �)OA��? �& 8& � A�& �,�� 0��N3�.H �

�� V�� �& ��&�+%�3� %& i��H5%�� KL? �6  �� �%�� ��:���7 .���� � �&�� 
�%�3� %& i��H  ��� 0N�I/ 0� .S�&k� ��� i��H.�,  led� �&�� �& �)(- �

��� %& i��H ^�Q�& K.f �& ��	� 0N�I/.��  �&�� � KL?%��� .<3,�BH 
 %�� %& i��H�� KL? �)�5 0� �N� &� G�.H 0��NO � �� A6��Q� ���	 �� �� ��NO

led� i��H 8.�&.� ��JNO 0��NQ��H ��� KL? %�<7� m��+ ���Q� 8�, � ��
 �&�� �%�� ��:��� G�.H i��Hled� ��&�� ��� �X� 0� ���� �& �,  8�&�� �

 0O� n(U*+ Z� %& �, �& V���)NH8 ��%�./ �& �J� ���� 8�,i��H%�N,  0�
0��N3�.H� G�.H 0� .<���� �Q��H �,�, ;(��� � '7(�)9� 1987(.  2�U(U*+

;(3(H %& 0O A�& %& 4�3��� %�3�/ 8�, �N�&�+pq+2&.(  '���) 8����	.� 8�,
&��H 8&.� T��&���7� �&���7�& 8�,�r- � �,.7�10( '()*+ .� .� �N7E� 8���	 8�,

i��H) �N��� 07�& �,4&��J�, � �(�11 �2003��� 0N(�� � 8��� 8�,��O .( 8�,
%& 8&.� �����) A�& %�� ��M�& %�3�/ 8�, 4�4���12 �2012 ;�& .73(� ��& s(

                                                                                                                                      
1. Missing data 
2. imputation 
3. biases 
4. Wayman 
5. Not responded 
6. Omitted 
7. Not reach 
8. panel data 
9. Little & Rubin 
10. Inflated standard errors 
11. De Leeuw 
12. Van Buuren 
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���%& 8&.� �,i��H 4�� ���.� t.S .� �N7E� l�E��F � 07��(H 8�, � .A�& �,
G,�BH8��7S� ��)� 8�,�J�IH �A�e� �A�&��� � 4���	 ��, 8 .� �NE�

0��N3�.H0N(�� 8�,�.<� ������MN� &�X7�& � @N� %& �� l5��X�0��NQ��H 8�, 8&
i��H 0O �(7:, 0�&��� �, 007�� 2��"�� 07S./ .c� � 8&.����  

BH ;�& ��G,� ��(��+ 4���	1 %& ����� � ���.� 8&.� .c� � %�3�/ 8�,
 .A�& %�� 07S./4���	 ;�&  ��3O ����	 GMN� 4����� m��+0�4&�N�  �����	

�:()<�& 4��� G�& ur� ;((X+ 8&.� �&���7�& 4�E)f�&� �� &.�& � �?&.f�� 
0O		.73(�  4�(W�U7�4	 �� '(J3+ 8.7O 4�E)f�& &��N,.  

0��NQ��H �8�, 4���	 0� \��.���(��+ 8�, �&�� �� 8 �.��� %�3�/ %& �&
�(7:,4���	 ;�& � .�  .,�&k� ���= �& 0N�I/0O  �� �&�� ��Q��H�  T)f�&
0N�I/ �NX� ��MNH �����& �� 9�Q7�& &�.�NO 0)���& �)"&�.+ ;�&�� &�-� 4	� 

��i��H 7�&L/ ;�&k� && K.f � T)f�A�& 0O  �� � 8�&�� '(� 0�4���.�  4��
�&k�  %& v� A�& i��H �� .c� ��� i��H 0JN�& �� ��&k�  � %�� ��/����� .<�

0���=�� %�� KL? A�& ;�& 0O  ����� w.f � 25�J�& �& �J� ��&�+�&k� .���� 
4���	 ;�& � 0JN�& 0� 0��+ ��i��H �, �6N� %.�� 8&�& %�E7�& 8�,�A:(� �� &L� 4&�+

 &� %�3�/ .��U�0�4&�N� AS./ .c� � %�� KL? %�3�/ %&  .��U� �� &� ���	 �
.O ;�I<��� �E��N�. ;(Nx�,  8�&�� � I(� A�& ;J��%�3�/ %&  '(� 0�

 ���� %& v� 0��N3�.H AEp %�<7� � ��J�&�� 0JN�& �� � KL? '(� 0� �Q��H
i��H ���� %& v� %�<7� m��+ ���Q��  � ;�& �&�� I(�%& 0O  V�� �& %�3�/

 %�� KL?A�&�� � 0� ���O� KL? 8�� 0� 4&�+��	.�  %&���	 .O �&�a&.  
 &�7�& .W�? 0��U� �%& �/�3�/ �:(��J� �,��� � 8�,������ 0W�.6� � �,

�&�O ., m�&.�� ���.� �.� � %��? ;�& � 8.���O 8�,�&IS&0���f  .C7Q� �
��� �& �-.� ^�C- ����� 8�, �S.X�A�& %�� yz� . ��d� Z� �& %�67�& ��

 8.���O���.� 0�  %�3�/ %&0��NQ��H �8�, ;(�J� � �� ��(��+ 4���	  � ���
1393 A�& %�� 07-&.H  ���� �& %�67�& �� %�� �S.X� 8�, 0���	.� i��H8�, 

 %�3�/ 4���	 ;�& �.A�& %�� �&�a&  .��U� A���� ���	.�  �)"& .��U� �� %��
 0:��U�A�& %�� . ��� ;�&0=./&  4�E)f�& 0� ���<Q��H4���	 ;�&�,  Aa �� &�

 ��M�& 8.73(�AO.� ;(� I���+ �M�& Aa � %&.� �,&�- 5�� &� 4�/�NNO 8&�& ��& �
���,���(H  I(� 4����� 8&.�%�NNO�&I/.� ���	 .�� �,&�- 

                                                                                                                                      
1. Test of Language by the Iranian Measurement	Organization-TOLIMO 
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������ 862����  
 8�X7� '�5�� %�3�/ %& �M�& 0� ��&�+ .MN� .�����8�� 8�, 8�&L/

%&�J� 0� %�3�/ 8�,;�&.��N� .A�& 07:�&� ���	 �/�3�/ �:(�  '�5 ;�& A�& ��5
y()S) ��.(/ �&.a .c� �� %�3�/ .��U� '()*+ � 4&��J�, �1 �2002 .('�� �� 

��O �/�3�/ �:(��J� V�� !(Q3+ 4�J�& 4&�N= A:(� ����	. �,�/  4�UU*�
0���=�� �� @��7� '()*+ � 0X��r� 0� �.c� ��� �:(��J� �.�LH t.S ��.���&.H 
=�� 4�(� .C7Q� 2��" 0� 0�&& � 0O �& ��� �/�3�/ �:(��J� V�� ���.����  

1.  e��O �/�3�/ �S�C+2 (MCAR) :A��? ;�& �  .��� 0� %�3�/ .��U�
 07:�&� �,.({7��N7:(� y()S) 4&��J�, � �2002( s�/�3�/ ���7?& .<� 2��E� 0� 

0� %�3� %�,�3� A�:a 0� 0� � %�� %�,�3� A�:a 0��  A��? ;�& � .���E� 07:�&�
.A�& 4�:J� �,��O� ���+ 8&.� �/�3�/ ���7?& 0�4&�N�  G,�BH Z� � ./& ��d�

0N(�� ��&�(������  0� i��H 8&.� �����	�&k� »��	� «0�0r�&�  Z� 9�+.H 0M(7�
D�f  �� ./& � .(<� �(�C+»6 « 2��" ;�& � ��NO V�N7�& 4& i��H �& ��� .,�~
3�/ �S�C+ e��O V�� �& �/�A�& �����	 KL? �r�&.� ;(N= � � 8&�& 8�,

 .��U���� �&� �))- 8���	 \�EN7�& � %�3�/.�NO 
2. �S�C+ �/�3�/3 (MAR) : A��? ;�& � A(XW� 0� %�3�/ .��U�

5&����) A�& 07:�&� %�� %�,�3� 8�,.({7�4 �2009( .0�4&�N�  ��d� �/�3�/ ./&
 .+5�� ;(N� � .73(� ���	� �/�3�/ ed�) �NO .(({+ ^�Q�& ;� 0� 0��+ �� ��	�

(����  �/�3�/ ed�) �NJ� .(({+ ^�- ;� Z� � ��	� �- �&�U� 0� 0��+ �� ��&
 A�& �S�C+ V�� �& �/�3�/ (���� 07�& �S�C+ ���<�& ^�- �N� %��� Z� �

)'z�+5 �2008.( 
3. �S�C+ .(F �/�3�/6 (MNAR)�A��? ;�& � :  0� %�3�/ .��U�

 .A�& 07:�&� %�3�/ 8�,.({7� .��� A(XW�0�4&�N�  ��d�0X��r� .c� � &� 8&
%�&��& K�, 4	 � 0O ��.(<� ./& .(i��H .({7�) A�& &.S& �/��� A(6(O 8.(/

 0��N3�.H '��O 4.O .H �& ����&��-.� ;(��H �� 5�� A(6(O ur� �& 0O 8&.S&

                                                                                                                                      
1. Fleiss et al 
2. Missing completely at random 
3. Missing at random 
4. Marwala 
5. Templ 
6. Missing not at random 
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 �/�3�/ ��NNO 8�&�-F.( S�C+�  �4&��J�, � 8.]&�) A�& %& v�1391 .(
0�4&�N� ��d� �.<��� sA6/ 4&�+  �.� 0O»v�7:/ � �-�N+ « 0� �& ���7?& .7�O

�&k� .�N, i��H ��	� 
4. /�& �<7:� %�3�/ .��U� �- A(,�� 0� 0O �/�3�1 )MDMVI :(

��� 4	 � 0O G,�BH 2&� A)� 0� .��U� 4	 � 0O �/�3�/ &� .��U� 4	 4&�+
0���f %�&��& ���X� �.O 8.(/�� 9�:*� %�3�/���� )y()S 4&��J�, � �2002 s

 �5&����2009(. 0�4&�N�  ���d�&.S&  0O �& ���7?& .7�O .+5�� 8�,��	� ��
.�NNO ��J�	 &� 4����	� 

���.(� 4&��J�, �2 )2005& 4�3� (%&0O �� MCAR �MAR  �NMAR 
l5��X�  0� .MN���	.��� ����� ��� Z� 8&.� �+��67� 8�,��� � ���� 8�,

 5��X� I(� 2��67� ������,��	.�8 � �+��67�& .c� ��� �/�3�/ �:(��J� 8&.� 
�� 0]&�&��� ���+ 8&.� &� ���(�./� T�.W %�&��, 0O ��:(��J� ��N+ .�N, 8�,

�� G,�O ����� �:(��J� ��,MAR A�&���.� @��7� . A�& %& 4�3� �)Ea 8�,
 � �&���7�& 8�r- 0O25  �"� �&��� A*+ ����� 8�,MCAR � �42  �"�

��� �& A*+ ����� 8�,MAR  � �50  �"���� �& A*+ ����� 8�,
NMAR �� G�&IS& ;(Nx�, .��������� ;�.7�� 0O A6/ 4&�+  8&.���	.� %&

%&n(a 8�,.+ %�&��& ;(Nx�, �8.(/  � �E��&�,��	.� � �S�O ;(3(H G�& ;7�&
 �&�,��	.� i��H 8�,.({7� ;(� \�E+�& � G(H �'()*+ V�.� �& 'Ea ;(� �)"&  .A�&

7��0M(� �e+ ���� A��? ;�& � ��cN 0���.� �%�� 8I�� 8&.O ��Q+&  w�r� �+
%&���� G,�O %�3�/ 8�, R�� ���,.({7� ;(Nx�, � 8��	.O  0O �<7:E�,

��5��  i��H 8�,.({7� ���N��� 07�&  ;J�� �? �+ � �X�.O %& ��&.= %���� 8�,
%�3�/E��� � �)Ea 2��ef& �R�� � 8��	��. 

  
��� A
 ����	
	 �� 	���� �������� ���  

1. %�3�/ %& KL? ���3 :���.� 07�L/ � ��� ;�& ��-.� ��� ;�.+
 ��& .A�& %�� %�3�/ %& ��4	 �& %�67�&  ���� � %�� 0���� �M? G,�O T���

�� 0O ����	.� �� T��& �,.7�&��H ;()/) �5 �4 �1983(;(Nx�, .  ��� ;�& �

                                                                                                                                      
1. Missingness that depends on the missing value itself 
2. Nirelli et al 
3. Deletion of missing data 
4. Glynn & Laird 
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�� %�3�/ .��U� KL? ���& �� 2��ef& ;7Q�� �� 0� ��&�+ .MN��� � %& 8�,
%& 'O 8&.� ���- 0���� %����(a���N��E� �, ) �;��&�2003(. 

2.  �7���<�&1EM:  �7���<�& ;�& &� .-&�& �0, 1970  �5 � .7:z� �;(���
 �S.X� ��.O& 0X��+ ��� ).7:z� 4&��J�, �2� 1977 .��U� � 0JN�& 0� 0��+ �� .(

 ^�C- � �+��ef& %�� %�,�3� .��U� ���7?&�& ��� %�3�/ ;�& ��7���<�& 
 �,.({7� .��� �& Z� � %�3�/ �&�U� 8�&L<��� 8&.��� %�67�& .({7��NO3  � ���.�

���NO '�7*� �&�U� ;�& ��	 0OA�& �&�U� ;�.+4  ;�I<��� 8.<� �&�U� ���E� ./& �
����  �+ ���� ;�& � 4�(��'�7*� 0��� &�(H 0�&& �&�U� ;�.+�NO ��� 9�Q7�& .EM 

�W��� �(�& 0)?.� Z� A)� 0� I(�O�� yz� � 8.(/:��( 8��� �&.J+ � �7���<�&
) A�& �4&��J�, � .7:z�1977.(  �7���<�& ;�& �&%&� '��O 8�, 0E��*� 8&.

O � y����&� �;(<��(��� %�67�& y����&�NO \�r- 4��	 A� 0� 8&.� 4	 �& yH .�
 \�E+�& 4�(�./� ��,.({7� .��� 0� .({7� .,��� O��:A�� ��(�����5 (ML) 0� ��O

�� 0)?.� ;�& � .�� .A�& �(,&�- 0��X� ��,.({7� &�X+ 0�ML  0� &� 4�N(�f& ;�&
�� ��0��X� ;�& 0O �,n(a �,O � y����&� �;(<��(� ;�.+�� 0]&�& &� y����&�,N.� 

 %�67�& ��25�X� ;�& �&�  %�3�/ .��U���	.� ��%& 0���M� � ���� � �� 8�,
�� '��O 0)?.� ;�& �� yz� .�� �'��O %& 0���M� ;�& �& %�67�&%����  �;(<��(�

 y����&�O � y����&���	.� ��� 0O ����� 2��67� ��O �)Ea .��U� �� A�& ;J
�N���s 0O&.=  0)?.� ;�& �%& 0���M� �& %�67�& �� '��O 8�,��	.� %�� .��&

 4�(�./� 25�X� %���� �& %�67�& ��ML �� 0E��*� � ����l&�M�  .��U���	.� 
�������� �&.J+ ��&.<�, 0� 4�(�� �+ 0)?.� 0� ;�& . .��U� 8�&L<��� �� .����

 �& %�67�& �� %�3�/EM �� �6? �,.({7� ;(� \�E+�&) ��;(��� �OI(N+�� �6 �
1992.( �/�(x(H �& �J� �7���<�& ��� 8�,EM ��� �N���(� 0O A�& 4	 8�N�

8�,.7�&��H �?&I�7  �& ��O &�X+ �� mUS Ra&�� �-.� � .A�& �J�O 8�,.({7�
0UEf 8�,.({7�0)���N= R���+ 8&%�� V�E�& 8&8 �� 0O ����� .�� %& ��&.� ��&�+

                                                                                                                                      
1. Expectation Maximization 
2. Dempster et al 
3. Expectation 
4. Maximization 
5. Maximum likelihood 
6. Robins & Rotnitzky 
7. nuisance parameters 
8. Polynomial distribution saturated 
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%�� �-.� ��M�& T)F& ����& ��� 8.73(� 8�,.({7�8��� R���+ 8&.� �,���+1 
4&��J�, � 4�+��,) A�& 8��.W2 �2007.( 

3. �7���<�& %&��&IS&3 : �7���<�& �N��� I(� ��� ;�&EM 0E��*�8&  8�&.J+
 0O A�&0���f %& 9��N7�8�� &� %�3�/ 8�,�� 8�&L/ 8�,.7�&��H yz� � �NO

���� �� &� 07-�N���8 G(H �S�C+�� �N(��NO 8�&L<��� A:Q� ��� ;�& � .
 ��&�7�&%& 8&.� �,.7�&��H �W.S .��U� D��& .� %�3�/ 8�,�� 07S./ .c� � ��

 ���� 8�,.7�&��H yz�%& �& %��	 A� 0� ;(:H R���+ �& %�67�& ����O 8�,' 
��	.� ���� �N�&.S .E�0(8��� %& � �,.7�&��H�O��� .(M�� Z� %�3�/ 8�,4 

�� �(��+ R���+ � �� %�� A(Ed+ ��M�&.� 0O �NO&.<�,5 ���076�	) �� 1392(.  ;�&
 ������� '"�? .�� '?&.� �&.J+ �� ��&�+ )��&� � .N+6 �1987��� s  �

4&��J�,7 �5201(.  
 ��/I y����&��O y�.+�� � ;(<��(� �&.� �� :����� �&��	.�  %�3�/ .��U� �%��

 %�,�3� ., 8&.�0���f 0(E� 'U7:��� 8��� .���� ;�& 0�NX�0O �  ��� ./&

 %�,�3� 8&.� &� %�3�/ .��U� �� 8�,.({7�i �� �&)(misiY �(, 4�3�  �� 8�,.({7� �

 �� &� %�� %�,�3� .��U�)(obsiY 8&.� &� .��U� ���& 0)?.� ;�&.��N� �)(misiY  R���+ �&

 �f.�)()( obsimisi YY �� �(��+.�NO 
 ��/p �& 0X��� ;(:H y����&��O y�.+�� � ;(<��(� �&.� :;(:H �&�,��	.�8 

0(E� '��O 0����%�� 8��� ;�& yz� .��&�,��	.�8  ��/ � ����I �� %�67�&
 ��,.7�&��H %���� �)Ea Vef& 4��� .������ %�67�& GQ� �,�/	�� ;(3(H Z�.��  

 �S�O %�&��& 0� 0)?.� � ;�&%& 0���M� 8&.� ��7�& '��a @��7� 8&.� ����� 8�,
 0��/�N=.pk� .S��) �N7:,8 �1997����� �& ��O &�X+ T)F& .( ����� � �,

 �;(���) �N7:, T��N� 0��/�N=1996.(  

                                                                                                                                      
1. Joint distribution 
2 . Horton et al 
3. Data augmentation 
4. Markov chains 
5. Convergent 
6. Tanner and Wong 
7. Donneau 
8. Schafer 
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4. 0��/�N= ����� ���1 : 0��/�N= ����� ��� �������  �&�U� Z� �& .73(�
%& 0� %�� ����� %�3�/ 8�, ;(��� &� ��� �1978  �S.X�.O � 4	 �& yH� 

� ;(��� m��+ ��� 8�,1987  �1996 AS�� �.7:/ �&�U� ., ��� ;�& � .
G(H R���+ �& %��	 A� 0� .��U� 0���M� �� %�3�/�� 8�&L<��� %�� �N(� ����

 �;(���)1987.( ��� ;�& 0(E� .� �N7E� 8.J���%& 8���	 '()*+ 8&.� 8��� 8�,
'��O��2  m��+ %�3�/ %& ., 0��/�N= ����� � .A�&1m> 0(E� �&�U� �%�� 8���

�� 8�&L<��� ��+��E� 0� .��m %& �& 0Q:��� &� '��O 8�, �& %�67�& �� 4&�+
���%& �&���7�& 8�, \�EN7�& ��cN� 0� &� ���	 @��7� � '()*+ � 0�IM+ '��O 8�,

) .O T(O.+ 8���	0�4&�N�  �M�& 8&.� ��d��,��	.�8 0)"�S .��U� �� 8&p �& � (
 ;�&�%&� 0)`:� %& 4�� !Q3���.O '? &� %�3�/ 8�, ) �.S��1997.( 0)���& 

8��&I� ���� ;�&  ��� ;��N= 0E��*� 4�J�&�,��	.�8  �& %�67�& �� ��(X� 8�r-
 �;(��� � '7(�) A�& 4�:J� �J(NJ+1987.( 

 �& �-.���� �& Z� ., T��X� � ��&I� %�� .O� 8�,0���f  .C7Q� ���� �
)1( .A�& %�� 0]&�&  

 3��4)1( ��� ����� � ��
���H��4 ���  
����� ��
�� �H��4 ��� I�	�  

1. G,�O  G,�O A)� 0�) 8���	 2��a
%& �M?(�,  

2%�67�& . 4.J� %& ���+ �&�,  
3%& ./& . �,MCAR  ;J�� �N��E�

 A�&�,��	.� T��&.���� �& 

1�/�� .  
2'()*+ ;(� 0:��U� A()��a . 8�,

�)7Q� 

 

�7�.�S KL? 1 

10���� 0O �M�	 �& .,'()*+ � � 8�,
A:(� 4�:J� �)7Q���7� �'()*+ @ &� �,

���..O 0:��U� 4&�+ 

1�� ���+ .&�� � 0�IM+ 8&.� &� ;J
�� 0<� '()*+ �.�&  

2���+ .  ., �� &� ;J�� 2��ef&
 �&.a %�67�& ��� '()*+ � 0�IM+

��.�, 

�76� KL? 2 

18.�LH.(({+ G,�O .  
2 ;(� \�E+�& ;7S./ %���� '(� 0� .

�& �M�& ���� �,.({7� � �E��,��	.�8 
'()*+ 0� \��.� � y����&��O 8�,

1�� .��� ���+ 4&�+ '()*+ 8�,
%&'��O 8�, � &�0..� ��O  

 

;(<��(� ����� 3 

                                                                                                                                      
1. Multiple imputation 
2. incomplete data 
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����� ��
�� �H��4 ��� I�	�  

�� �<7:E�,�� 

1�&���7�& 8�,�r- . A�� 0� '���+ �� 
 �O��	.� 4��  y�.+�� �& %�67�& ��

�� %�� %�,�3� 2��ef& '��X+ �N�&�+
.����  

2 T���� �&���7�& 8�r- .��	.� 
�� �,&.S &� �,.7�&��H) �NO�N(J���  �

;����&� 1 �2007.(  
3-  5��X�0�4&�N� .� ���� �(��+ 8&

%& 8&.� 0(��& .��U� � �%�3�/ 8�,
��� �� 0��/�N= ����� �N��� .<� 8�,

S& %&�� %�67�& �7���<�& ;�& �& ��&I
0� � ��  � ��&�N= %�67�& ����N+

'()*+�&�� 07S.3(H 8�,  0� ��,��	.�8 
 T��& .MN���.�� 

1ef& �& . � ., �) '��O 2��
 A(Xa��%&  8&.� &� (!a�� � '��O

A�� �7���<� 0E��*� %�67�& �����
��.�NO  
2 �& 8.��U� 0���M� �����N� .

A�� �7���<� ;�.+5�� 0O �,.7�&��H
�� �(��+ &� �����.�NO  

3 8�&.a.� �� .t.S�,8 MCAR 
 �MAR %& ���, ��	.�, 8�

�� ��M�& �,.7�&��H �& �E�����, 
 �;(��� � '7(�)1987(.  

4 l5��X� �7���<�& ;�& .0�4&�N� 
��.� 0rU��  ����� ��� 8&.�

�� %�67�& 0��/�N=��. 

 �7���<�&EM 4  

1��� 0� AE:� .73(� 2�E��*� 0� ��(� .
.�& KL? � ����� �N��� ���, 

1.c� � . 3�/ .��U� ;7S./ %�
0�4&�N�  � .7�&��H��	.� �	 �� ��

 �& %�67�&��� 8�,A�������O8 
 �S�O��� .(M�� ���&� � .N+)1987( 

2c� � . A(Xra ��� ;7S./ .
%& � ���� %�3�/ 8�,  

3 .%& 0O ���<N, %�3�/ 8�,
 %�(x(H �/�3�/ 8�<�& 8&�&
 0� AE:� ��� ;�& �& %�67�& �N���

��� .��� � .+&��O �,��M�&LH.+.� 
.A�& 

 �7���<�&%&
��&IS& 

5 

1 .0���.����:�  � AQ�Aa�f��.S  
2 4.O !Q3� ��<N, �r- ��.� 4�J�& .

���  
3 �(��+ .�,��	.�8 T��& � '7(�) �&

 �;(���1987( 

1. n(a 8.�LH.(({+����� �� .+ 8�,
 %�3�/ �&�U� ., 8&.� 0��/�N=

0���� �& ���� 8.�LH.(({+) � 8.(/
�� .c� � &� �����.(.(/  

2 �&���7�& 8�r- .��	.�  �,.7�&��H
 �a�� T��&�� ��� ;�& �& %�67�& ��

 �����
0��/�N= 

6  

                                                                                                                                      
1. salkind & Rasmussen 
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����� ��
�� �H��4 ��� I�	�  

�� �;(���) ����1987(  
3 � �S�C+ 4�(�./� �& %�67�& .

�� ��� ;�& �O �& ��&�+��	.� 8
��	.�.�NO 8.(<3(H �, 

  

�.� 0�&& � � %�67�& ��� 8�,�&IS&0�  ��� �7���<�&EM �%& �7���<�& � ��&IS&
%& �� ��-.� � 0��/�N= ������� %& w.� %�3�/ 8�,.���� 

������
��
�  8:���J$
 A
 �	�K:L
 �
�� �	����?EM�	
	 8:���J$
 � � ��
��

#����M< �H��4 �	
	 �� 	���� �	����� ��� 

 8:���J$
 (I$
EM:  8&.� �7���<�& ;�&��	.� ML %& 8�, %�67�& �� %�3�/
� ;��N= � ��7-�� 4��� y����&�O y�.+�� �&%�(H ;(��& .A�& D.7� � 0���.

%�(H m��+ 8��M+ 8���BMDP )�.��&IS&  8���	BMDP �1992�� .37N� (  �
 %�3�/ %& 8�N� � .W�? ��? �SPSS  ;(Nx�, ��� ;�& .A�& %�� %���MN/

 �EMCOV .S�, � ��,&./)1 �1991 �(SAS 4��)2 �2000 �(PLUS-S 2.�(�)3 
 �4&��J�, �2001 �(LISREL ;���� � ��J����)4 �2001(  �Mplus  ;���)

;��� �5 �1998 D.7� '��a (A�& .ML ��� 8&.� ;(Nx�, y�.+�� �� ���.� 8�,
��� .A�& D.7� � 07S�� ��7-�� y����&�O�� �*r��N= �r- 8�, �� �N�&�+

HLM Z�.�)6  �4&��J�, �1996 �(MLwin ��� %��.H)�*r��N= 8�,7 �
1996 ��� �(PROC MIXED  �SAS  �4&��J�, � '7(�)1996 �(Stata 

)Stata �2001 R��+ � (lme  �PLUS-S ��67��:N�&)8 �2001 .���� %& ��&.� (
%& 8&.� A�& ;J�� ��N�& �& �&�O ., 8�,%�&��&8.(/  .���� %�67�& I(� �.J� �

��� ;�& ��&�� �-.� �,l�S." ��� .O� %�3�/ .��U� 4�7� �3,�BH 0N(3(H �
 0J)� ������ %& 0���M� �r�&.� 8�,»��X7��� «�� �("�+ &� 4	 � 0O ��NNO

%&%�&��& �?&� 4��� Z� � �, � ����� ��X+ ��� A��? ���� � A�& %�3� 8.(/

                                                                                                                                      
1. Graham & Hofer 
2. Yuan 
3. Schimert 
4. Jöreskog & Sörbom 
5. Muthén & Muthén 
6. Bryk 
7. Multilevel Models Project 
8 .Insightful 
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%�&��&%& 8.(/ ���� �MN�& � .�& ��� �,Oq+(� ��  v� ����� ��X+ ��� ./& 0O
 w.f A(,�� '(� 0� 0� ��& �,3,�BH�� '(� 0� 0J)� � 'd�) %�3� �.7NO �Q��H

0���� AS&0���.� ;�& 0�, �(8.(/ .� &� t.S �,MAR ��L/ .���&��	.� 8�,ML 
��� 8&.�%& �� 8��7-�� 25�X� 8�, � '��O�� 8�,MX '(�)1  �4&��J�, �

1999 �(AMOS Z��� � 'O���	)2 �1999 �(LISREL  �Mplus  �&�O ., 0O
 t.SMAR �� .c� � &�0���.� ;�& .A�& D.7� '��a ���.(/ �&���7�& 8�r- �,

�� �,&.S %�� %�,�3� �� ��c7�& ��� 2��ef& D��& .� &� 9�Q7�& Z� ./& .�NNO
 9�Q7�& ��c7�& ��� .��U� 8�� 0� &� %�� %�,�3� .��U� ���� .���O ��� ��N3(H

 A*+ mUS 8.-	 0���.� &.�� ��NOMCAR .A�& T��N�  
:O�� 8&.� .<� �/�(x(HA�� ��(������  �&���7�& 8�r- 0E��*� �� mE+.�

��	.�:O�� 8&.�& .A��,A�� ��( 0Q:� � �& �/�(x(H ;�& 0� %���& 0O �����
7 LogXact�  %�3�/ .��U� '()*+ GQ�S-plus  �SPSS  A�& D.7� '��a

�)'�z(, 43� 2004.(  
�.��&IS& Amelia II .�O���,)4  �4&��J�, �2006��/ (�� ��M�& &� ����� 8�,
� �, �&  �7���<�&EM D��& .� 0������� %�67�& 8.(/��NO ��N(O) 4&��J�, �5 �
2001 ( �& ��5�� '�� A�.� � Aa 0O�/B�� '��� � ����� 8&.� ���,

�XrU� �MN�.c�6%& ������ 8.� 8�,7 %& ��XrU�/����� 8.� 8�,8  ;�& .A�&
 07:��.��&IS&8  4& �&.a 4�J�& �A�& D.7� � ��(� ��� 2��ef& 0O �����

 .��U�;(3(H  8&.� &�0��-%& y�.+�� � 8.S %�3�/ 8�,�� �,&.S �, ., .�NO
'()*+ �& �&�O�� �E(O.+ � 0��/&�� 2��" 0� �, A*+ �N�&�+R  �& %�67�& ���.��&IS& 

Zelig ���&)9  �4&��J�, �2006) 0��/&�� 8���	 07:� Z� �� �(0�4&�N�  ��d�SAS  ��
Stata) �N(O � .�O���, 0��U� .���� ��M�& (2006( u(W�+ � &� 8.73(� 8�,

�� 0]&�& 07:� ;�& ^�C-.�,  

                                                                                                                                      
1. Neale 
2. Arbuckle & Wothke 
3. von Hippel 
4. Honaker 
5. King et al 
6. Sectional surveys 
7. Time series data 
8. Time series data / cross 
9. Imai 
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;�& .� %�e��  07:� Z��.��&IS&8  TC� 0O A�& D.7� � �)(�J+Amelia 
II  �7:(� � ��(U7:� 8&.�& �7? �� � �3�& ., 0� ��(� 4��� &�R  %���& .���O 0�
�� ��� %& u(�.+ .(:� ;�& ./& ��,Amelia �� 0���M� ��&�+ 8&.� &� %&

 �4&��J�, � 4�+��,) �, ���.- �8.<� 07:� � T(O.+ � '()*+2007.(  
 (9�	
	 8:���J$
 :��
��
 0Q:�7 S-Plus %& 0� \��.� GQ� &� %�3�/ 8�,

 0OS-Plus  ��� ���E(73H 8&.�D��& .� ���%& 8�, �& %�67�& �� %�3�/ 8�,
���) .S�� 8�,1997 �7���<�& �& %�67�& �� &� A�& %& 0X��+ (EM .7:z��)  �

4&��J�,1 �1977%& �7���<�& � ( ��&IS&(DA) �N+) �4&��J�, � .1987�� 4�3� (
 �7���<�& .�,DA ������� �(��+ 8&.� ��&�+ %�67�& 0��/�N= 8�,�� GQ� .

%& 0� \��.�&� ���E(73H Z� %�3�/ 8�, %& 8&.�%.({7��N= ���.� 8�,2 (imp 
Gauss)%& �0UEf 8�,8&3 (impLoglin) ��� ��f.� ����/ 8�,4 

(impcgm) ����� 8&.��� �,&.S 07��(H � 07::/ 8�,.({7� � ., '��� ���,.�NO 
(N  :#����M< �H��4�E��� 0���.� S+MissingData  ��.��&IS& S-PLUS 

 8��� ��(:� &�X+�& ���%& '()*+ 8�,%�3�/ 8�,  .S�� � %�� %& w.�
)1997( 0���M� 0���.� ;�& .A�& %.O 0]&�& &� R�&�+ �& 8& %.({7��N= ��&.� 8&.� &�

����/5�r- �7���<� �6 ��� ��XW�� ����� 8�,7  �7���<�& �& %�67�& ��EM  �
�7���<�& ��&IS& %& 8�,(DA) �7���<�& .�& ��(7-& � 8�,DA  &� 0��/�N= �����

�� &.�& I(� ;�& � .�NNO�.��&IS&  0f��.� 0���M�D��& .�  %�� 07-�� .S�� �O
& �A�&�7���<�& �&�� �-.� � �� .A�& %.O %�67�& I(� &� �+��67� 8�,0�4&�N� 

 �7���<�& ��d�EM �J:��= 0�IM+ Z� �����/ ��� ��&.� 8&.�8  &� y����&�O �&
;7S�� 8�� 0�9  R��+ �imp.norm)( �� %�67�& �.S���NO  �.S��)1997.(  

07:� �& �-.� 8�,�.��&IS&8 � S-PLUS �& �N+��E�NORM  0��/�N= �����)
%& %.({7��N= 07��(H 8�,�� �( ���.� ��� Z�CAT %& 0��/�N= �����) 8�,
0UEf 8&�� ���(�r- �7���<� 8�, �MIX %& 0��/�N= �����) 8�,0UEf � 07��(H

                                                                                                                                      
1. Dempster et al 
2. Multivariate normal 
3. Categorical data 
4. Conditional Gaussian models 
5. multivariate Gaussian 
6. log-linear 
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8&  07Q(�	�� �XW�� ����� ���1 ( �PAN %& 0��/�N= �����)%& �� �)NH 8�, -
 8�,0��- 8&�� %.({7��N= �r- 07Q(�	 2&.p& ���2 ( 0O0�4&�N�  � R�&�+ PLUS 

S-  D.7� '��a�N7:,.73(� u(W�+ 8&.� . �.� ;�& ^�C- ��,�&IS&  .S�� 0�
b1997  ��CS �5 �7 �8  �9  .S��a1997 �� 0X�&.�.  

 � 0��/�N= ����� ��� '()*+ � 0�IM+SAS/STAT �� ��M�& 0)?.� 0� �
 m��+ ����� �&�7�& .��PROC MI �� ��M�&��� �yz� ��� %& �� '��O 8�,

 ��� ., �& %�67�&SAS %& '()*+ 8&.��� �&.a %�67�& ��� '��O 8�, .(/
)0�4&�N�  ���d�PHREG, GENMOD, PROC GLM  ��LOGISTIC s(

 ��7� m��+‘BY’  �&.J+ '��O %& 0���M� ., 8&.� '()*+��� �� �A���� � .�
 %�67�& �&PROC MIANALYZE �� T(O.+ .���� 0�0S�W& TC� �(, 8&.� 8&

PROC MI/PROC MIANALYZE  �& �3Q� &.�� �A:(� ��(��.��&IS& 
SAS/STAT  �4&��J�, � 4�+��,) A�&2007.( 

  �SPSS �& �7�:a  25�X� m��+ &� 0��/�N= ����� �%�3�/ .��U� 8�N�
8.(M��3 �� ���E(73H '()*+ � ����� .�NO%& �)"& �,�� � ��&�+E��a�  � Z(+���+&

�N:H.���O  ��� ;�& � �� ��M�&0���-�  ;�& �)()*+ 8�,.���O .<� ���.��&IS& 
%& '()*+ 8&.�A�& %�� ��F& � 0=��zJ� �'��O 8�,  �.S��)1997.( 

  
���  

 @��7� .W�? G,�BH �;(�J� � ��  �� ��7-�� GQ� � ��(��+ 4���	50 �&k� 
I/���=�0N&8  ���.���AO.� 'O &�X+ . 4�/�NNO2028  �&�X+ ;�& �& 0O ���� .6�

1289 AO.�%�NNO  ����+ 0��&k��,  �& %�67�& �� .���� %& i��H�.��&IS& R  8&.�
 ., � &.S& ;�&50  ;(� .({7�7  �+10  .��U� yz� .�� �(��+ %�3�/ .��U� �"�
%& � %�3�/ �7���<�& ���&IS& %& �7���<�& ��� 0� �� '��O�� 8�,EM  ����� �

 0��/�N=��	.� � ����  'O %.��AO.�4�/�NNO D��& .� %&���� 8�,�  0E��*�
.�� %& ;7�& A� � �� ��(X� �0(��& '��O 8�,MSE  0E��*� ��� 0� ., 8&.�

 0�&& � .�� 07-&.H ��S ��� 0� 0:��U� 0� 4	 �& %�67�& �� �0�.c� �0 07S./ ��O
 �&�U� � %��MSE  0]&�& ��OL� ��� 0� 8&.�%�� .A�& 

  

                                                                                                                                      
1. Multiple imputation of mixed continuous and categorical data 
2. Multivariate linear mixed effects 
3. Chained equations 
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#:�����  
%& �7���<�& � ��&IS&�.��&IS& R S./ ��M�& t.S ��cN� ;�& 8&.� .A%& �(NO

%& %�&��& �� �, n9�Q7�& �� 8�,2 p> 9�Q7�& �& ��cN� �MN�& � .����%� &�X+ �, �,
0)���N= ��� � .A�& 8&0�4&�N� (��+ 4���	 � ��d�� 0N�I/ ���= ;(� �& 4�E)f�& �

���E(+.+ A(��.H ��� �& 2��67� ���� ;�& .�NNO 9�Q7�& &� �J� �N�&�+1  .A�&� 
���N= ���0) 4��NH 8�,.({7� 8&.� %.({7� �N= ���.� R���+ Z� �A(��.H 8&

0�2��" ),...,( ,, 11 −= piii www �� t.S0O �� 
  

niNeeXw iiii ,...,),,(~, 1=+= ∑oβ  
  

 0OiX  y�.+�� Z�kp ×− )( 1 A�&� k  A�& (�N((E+) �J�O 8�,.({7� &�X+
�  mUS �MN�& �0)���&  �& t.���E� �� %�67�& .�(NOie  �&.� Z�kp ×− )( 1 �

∑  AEd� 03(�, y�.+�� Z�)()( 11 −×− pp �����N� ��� 0JN�& 8&.� .A�&

�����N�.�LH2 8.ra .CN� ;(7:Q� �����∑ 0�2��" 111 =σ�� �(U� .��
 i��H .({7�iy  .S 9�Q7�&i0N�I/ � �& � A�& �,T:?.� �� ��� 4��NH .({7� ;�&

����� 
  





>=
<

=
o

oo

iji

i

ii wwifj

wif
wy

)max(

)max(
)(

  
 8&�& 0�nipj ,...,,,..., 111 =−= 0O �iy  07�� �� .~�N7� .6" �� 8��:�
.A�& R�.�  

0)���N= A(��.H ��� 8&.� ;(3(H R���+ 8&0�2��" 
  

[ ] 2
1

121
)(

/)(
)()(),,(~

−−
−+−− ∑∑∑ ∝

p
p

StracepAN
ν

ν
β o

  
  

                                                                                                                                      
1. Ordered probit model 
2. Identify possible 
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 0OA  ;(3(H Aa y�.+��β�ν ;(3(H 8&�	 0��∑ y�.+�� � A�&
)1()1( −×− pp  AEd� 03(�,S8&.� ;(3(H D�(U� �∑ �� t.S .A�& �(NO

 8.ra .CN� ;(7:Q� 0OS  0� �� ��� �MN�& � 0O �(NO 0��+ .A�& Z� �� .�&.�
2��"   

niNeeW iii ,...,),,(~, 1=+= ∑oo
β

  
  

 4	 � 0O),(~ 1−kN o
o

β  �k  ;(3(H Aa �&�U�β ed�001/0  07S./ .c� �
 D��& ;�& .� � ��%& 0���M� '"�? '��O 8�,�� �&�U� .MSE  ��� ;�& �

 �� .�&.�87/80 .��	 A� 0�  
 �7���<�&EM  �& %�67�& �� I(��.��&IS& R  .({7� ., ��cN� ;�& 8&.� .�� ��M�&

0)���N= � 8&Amelia 0)���N= .({7� Z� 8&.� .�� ��.X+ �� 8&p  �07��
Amelia �1-p 0)��� .({7�� ��.X+ 8&� ;�& .�NO1-p  ���� .({7�0�4&�N� 

�� 07S./ .c� � %.({7��N= ����� ��� � 8.<� 8�,.({7� 2��" 0� � ����
�� ����� 07��(H����� ;�& .���� 07��(H 8�,0���f ���7?& 4�� T��N� ., 8�,p 

D�(U� ;J�� 07���� 8�N�07�� ;�& �& �J� yz� ����� 0O �� �,&�- P&.Q7�& �,
.� 0)���N= .({7� 8�NE� 8&p 07�� Z� �& .c� ��� 07�� �NX� .A�& %�� 07-�� 8&

0)���N= R���+�� P&.Q7�& 8&P&.Q7�& ���+ ;�&.��N� ���0)���N= �, .�N7:, 8&
 4�=Amelia 0)���N= .({7� Z� 8&p 07�� &� 8&0�4&�N� 1-p �� .c� � .({7�
.(/. ���� .({7� ./& 0O A�& 0��+0)���N= 8�, &�X+ ��� %�67�& 8��� 8&

 �&�U� �MN�& � .�� �N,&�- ��� A�.� 0� �,.7�&��HMSE  �� .�&.� ��� ;�& �
47/31 .��	 A� 0�  

0)���N= Z(7:M� 4�(�./� ����� ��� �& %�67�& �� 0��/�N= ����� ��� 8&

 ��.��&IS& Stata  �(NO t.S .�� ��M�&),...,( 1 ′= nxxx '��� �k  %�� 07��
 �(NO t.S �0)`:� A()O 4& A� �& 4���)1=k  ��� �& � (���� R�.� 07��

0)���N= Z(7:M�:�NO 8�.(H .�� 8& 
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o
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0)���N=�� A� 0� 8& �& �J� :��	k  07��0���f  %�3�/ 07�� 0� �S�C+mi  ��
���7?& �& %�67�&) 0r�&� �& %�� 0E��*� �X�M+ 8�,1�� !(CQ+ ( �� ����
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 �'��O %& 0���M� 0�0�4&�N� MSE  0O �� 07S./ .c� � 0��/�N= ����� ���
 �� .�&.� �&�U� ;�&84/68 ��	 A� 0�.  

 4&I(�MSE  ���S ��� 0� �& %��	 A� 0�0�4&�N�  T��N� ��� 9�Q7�& ��(X�
 %�67�& .W�? G,�BH � ����� 8&.��� .4��,��f 0O �� 0c?e� �&�U� ;�& ��

 �7���<�& 8&.�EM  ����� 8&.� ��S ��� &L� � %�� .7�O .<� ��� � 0� AE:�
%& � %�3�/ .��U�T��N� .W�? G,�BH 8�,.A�& .+ 4��,��f  ;�& �& G(H 0O

 � '��O %& A(Xa�� � ., �) '��O 2��ef& �& ���S ��� �& %�67�& �� �� 4�(�
8&.� (!a�� A�� �7���<� 0E��*��� %�67�& ����� � ���,��	.�8  �& �E��&��

�� 0]&�& &� �,.7�&��H.�,  �7���<�& ��� ;(Nx�,EM 0���N+  �/�3�/ A��? �
 4�3� �- �& ���- .J)�� I(� .�&.��� 25��7?& �� �/�3�/ A��? � 0O �S�C+

�� �4&��J�, � 8�6" 8��3S&) �,1394.( 
  

 � OP�#;2:���2�  
R�� 0O �M�	 �&%& 8��	G,�BH � '��O 8�, �)�� 8�, 4&�N= �A:(� ���U�

G,�BH ���+ � T)F& %�3�/ .��U�0N(�� 2�U(U*+ � �J�IH �8��7S� ��)� 8�, ����
�& ����� )J3� �� %& ;�& '()*+ � 0�IM+ � ����&� �,0�� �������� .��U� .

%�3�/�  G,�O &� 2��ef& �M?���,  0X��� � 0���� n��r+ ��� T��� �
��.�� �� �/�3�/ ;�& 4&I(� � %�� �&L/.p& 2��67� 2��" 0� @��7� � ��&�+

0M(7� 0� .MN� %�E7�& 8.(/��  4&I(� 4	 RE+ 0� ���� G�&IS& %�3�/ .��U� 0=., �
 �E��&��	.��� G�&IS& I(� �,7�& �S.f �& .������� �& %�6 8�,��	.�  �,.7�&��H

%& �N���(� '��O 8�,A�&%& �� ��-.� ��<N, � &L� ��'��O�� 8�,  �& %�67�&
��� 8��.W ����� T��N� 8�,���� �^�C- ;�& � . 8&.� ����& V�W��

 �A�& ����� ��� T��N� 2�CQ3� .<)()*+ Z�0O&.=  ;�& 4�� !Q3���
�� �,.7�&��H ��&�+ ��� Z� ^�C- ;�& � T)F& .���� �E��& 8&.� %�U��� �)(�

%.({7��N= ���.�� �� %�67�&�� K�rX�& �+�E��*� .c� �& &.�� �&.� mUS) A�& .�LH
y����&� y�.+�� � ;(<��(� - 0� ��(� y����&��O��	.�  �7? ��� ;�& .(���& 4��

� �N��E� ����/ R���+ 8&�& �,.({7� �-.� 0O ������ %�67�& ��&�+s��  ;�& 0=./&
'()*+ 0)`:��� ��N��� %�� ./ %�� ����� .��U� ./& � %.O %�(x(H &� �, 0� ��&�+

 �E��& .MN�4�+��,) ��  �4&��J�, �20034�:(�	 s1 �2005s ����. 4&��J�, �2 �
                                                                                                                                      
1. Allison 
2. Bernaards et al 
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2007 ']�:� ;�& .(0��%B� 0UEf 0O ����� 07��(H 8�,.({7� � 0��/�N= 8�N� .��U�
�� 0��+ '��a .73(� ���& %�3�/ R���+ &.�� ������+  � .�� %�(x(H A�& ;J��

'()*+ � 0�IM+ 0O �(��� 07�& 0��+ A�����NF ��� Z� ���E� �, 0O &� ���� �& .+
 ����� 8&.�A�& 07S� ��O 0� �;(��� � '7(�) �N, �&.a %�67�& ��� �2002.(  

�J���7��,1 )1968 � (Z(�eO ��� 0� K�.X�) �7�.�S KL? .J)�� (
 �r- 4�(�./� 0N(�� � �76� KL? &�D��& .�  �M? �� '��O 0���� A3,

1000=n 0(E� 8���.O %& �& �7�:a 0O0���� ;�& 8�, %�3�/ .��U� 8&�& �,
G(H 8�,.({7� R���+ ��,.({7� 'O &�X+ 0� 0��+ �� 0���� A3, ;�& .����;(� �

y����&� y�.+��-y����&��O  �& ��r- 2&��E� 2&.(({+ �� mE+.� 07:�&� 8�,.({7� �
 ;(� 0:��U� �� �J���7��, .���� 2��67� .<��J���	.�  0� ���(�./� 8�,.7�&��H

 ���.� ��� � �& %��	 A�D��& .� 0���� �� 07S�� G,�O 8�,��	.�  8�,.7�&��H
0���� m�&.� ���+ A*+ �7�.�S KL? 0O & 4�3� �'��O 8�,0�I�  AE:� 0O �����
%& �& G(�) ���� ��� �)(- %�3�/ 8�,0,9%& 0O ����� �� ( ���<�& � �,0�2�� 

.A�& �,&�- &� .J)�� ;�.7�� ��N��� %�3�/ �S�C+ .(F  
%& AE:� � 0���� %�&��& .p& ��O ;((X+ ^�C- � ;(Nx�,  .J)�� .� %�3�/

 0N(�� ;�& � 0O A�& 07S.�LH 2��" �O��& 2�X��r� %�3�/ .��U� ����� ���
) �J���7��,1968(<��(� ����� 0O A�& %.O %���& (�� �r- 4�(�./� � ; ��&�+

 ���	.�  �,.7�&��H0���f  �7? A�& 4	 �E��& ;�& �)"& '(� .�NO �M�& �E��& 8��
�� �)O ;(<��(� ./& �� ;(<��(� �&���7�& 8�r- ��NJ� .(({+ ;(<��(� ����� ��&�+

0���f %& AE:� 0� 07:� ����+ '��a %�3�/ 8�,Z=�O.+  .({7� 8&.� .��Y  ��
n  0O �%�,�3�k  ;(<��(� �� %�3�/ %&n-k %�� ;�I<��� %�3�/ .(F %�,�3� ���&

��LM� �� ;(<��(� �&���7�& 8�r-� 2��" 0� ��&�+:�� %& 4�3� .� 

  
%& AE:� ;(� 0r�&� ��� ��&��O � %�3�/ 8�,��	.� %& 0O %�3�/ 8�,

) ;(��� m��+1987��(:� ��� 0]&�& ( A�& ���.  ;�& &.��0)`:� �� 4�3� 0O �,
 8&.�n %& AE:� G�&IS& ���I��� %�3�/ 8�, 'O &�X+ � G�&IS& �� ��&�+
����� ;�& '"& ;�&.��N� .�� 4&.E� 0��/�N= 8�,0)`:�  .c� � %�/�� 0� �<7:�

                                                                                                                                      
1. Haitovsky 
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%�(x(H ��Ea � 0O �NO ;((X+ 0O �& .<3,�BH �- .+ 4�� �+�E��*� �����	.� 
%&%�3�/ 8�,�  .�& ��(� ��&��O 4&I(� 0= 0�Ra&�� 0� 0��/�N= ����� ��� �

��� '(�*+ &� �7���*� �(, �- 8�-�NO.  
) 4&��J�, � ��,&./1996%& (0(E� 8�,��� ������& 8&.� &� %�� 8��� 8�,

%& ���.� �.6� �S�C+ ����� �;(<��(� ����� ��76� KL? '��� %�3�/ 8�,
0��/�N= ����� :O�� 2&.(({+ 0��/�N= ����� �A�� ��( 0N(�� � &� �����

 .��& �&.a %�67�& ��� �8��7S� 2�U(U*+07S�� 0O & 4�3� ���	 8�,��  0(W.S
MCAR��� �O�� 8�,:A�� ��( �76� KL? �& .7�� 0��/�N= ����� � �����

 0O0�0��� �� '�� �A�& ;(<��(� ����� �& .+.� �- ���? ;�& �� .�NO0��Nd7�&8  ���
O��:A�� ��( ��������	.� ��� ���+ � �,.7�&��H t.S 8�&.a.� �� �,MCAR �

 �M? 0� 0���� Z� �� �- 0X��r� � ���	 .�N7:, T��&1945 %& �"� � 8�,
 %�3�/5,7%  �11,6%& 4�3� �%& AE:� G�&IS& 0O �� �E��& %�3�/ 8�,

��I�.+8  ���	.� �� �M�&) ;��&� �0��3� 0X��r� Z� � .�NO2003 �(19373 
 ��� &� �)� 4��&�- 4���	 ������& Z� �& ��� l&��? 0O & �&.a %�67�&15% %&

 ����� ��7�.�S KL? .J)�� 0:��U� 8&.� .({7� ���= � %�3�/ %& 8&�& �,
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