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���2� ��� 	E ���� ����5��-� 4��B� ����� 
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9� F��'�#� >��	 �/-���/����43.6 30.8

��U 6�� >��	 30.2 35.2

��U -�� >��	 34.3 30.0
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��� �� ��I
;'O� ���'7� !� �#� ��< ��  

 � �
#�"����� B�
� "������#� 0�7� .
�!� ��?"#� ����


!���7� 5#2 ���7� ��"�M# B�.7� ��/��-
#� .���?�#� ��� 5%�� 0���
�#� ����)�#� �� ��",
#� ���"��
 �I�� �" $"�� �
#�� ��'�%#"�'� "����" ����� .

������ 0�� �" ���
 ���/��-
 ���i������#� �� �GO���Zi5%3 ��
'� ��#� �K!�?#� ����)�#� �
#� ��4��
 ��I
;'O� ��
 X� �I�� �" 5#2 (W����Zik . E�� !�"
 ����)�#� ���
� 1���� C���  �/� ������#� ��

 �� E
;'O�  

  # ���3 !3 0���� ����)�#�fi = υi������#� 0�7� ����� B�
� �?�� E�� ��
�� ��#�� �i.
���/
#� ����,
 !� ��?" ������  

� 6��#� ��� �� ���/
# ���
�#� ��F��	9� ������  

 ��%?� �-��#�υi��3 

����)�#�� ���.#�� �I
;'O�  

 �
#�  �/#� ����
 .E�� !�"
 G���� G�	���� 6'%�#� !� ��.7�  /#�  ���fi

= X’iγ + υi�"���#� ����D
�%# `�� ��#� ��7� �Xi�����#� B�
� ���'
 �� G���� >�%
 !@� .�� ��� 5�
 V��.
� :��#� 1����#�MIMIC `%-��# ���
.� ��� �"���
� >�� ����
� ��)� "��multiple 
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,� �V��.
#� ��� �� ����#� �� ���3 �" ��
�� !� aW�Zi����#� 5%3 fi = υi.;'�Zik �'� ��� �

����)�K.!��"#� E%��/�� ;W'O�#� ��)�#� ��� -�
��Z*
ik�� 5#�7� �!�
#���� 6��- !3 :

Z*
ik = αK + βKfi + υik 

 = αK + βKυi + υik 
)>K1(

> �#����#� ��K��
!�"αK� G��-�� GO���� βK;'O�#� ��< ����#� �I�� �?�
� �
#� ��,�"#� 5#2 ���� GO����υi

X#� ��)�#� �O. !�K.!��"#� ��D
�#� -��  
�  ?Z*
ik ;Z'O�#� ��< E%��/�� Zik����?#� ��O�#� �O. !� 

Zik = {1 if Z*
ik > 0, 

 {-1 if Z*
ik ≤ 0. 
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∫∞-∞ (2π) -1/2p-1/2e-1/2p
u2

iPi(υi)dυi
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� �� G���?"Gaussian quadrature >��/
�  ��/#� �� �� V.� ><�� ����3 
]�� !� �%��"
�# ��	 

∫∞-∞ e-ε²P(ε) dε

�,�;�#� !�"
 &�'P(ε) > 0�/%D� 0��� �� �;�#� �'� �%��"
�#� ��?�
 !"�� �� .)*�� ��  
 E�� ;'�
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� :���
#� �/��-  �/
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#� -�/� !� G�/�� 5/
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#� !� ��?"� Press !��.U�)1992�1996(�

!�(�7�� :���
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ε
=

!�"
 &�'p1/2 X# ������#� C��'��� �� υ.c>KVن وTM =ً>ORh �VD�eGاυ2���
2pε²!�� 

dυ
√2p1/2’dε

�� ��3��5%3 ��'� �����D
�#� ���D
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π – 1/2∫ e -ε²P(√2p1/2ε) dε

���?#� F��?
�� >�%-�#� �"�#� �� �� �
#��π – 1/2 . !� �%��"
�#� >��/
� :���
#� �/��-  �/
� ]��	�#� �O.
 �#��	9� 

n
q

Σ wjP(√2p1/2ej)
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� �
#��j5%3 ����� ������
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�ej�%?��
� symmetric ��3
 ��,�#� !�(�M# ���#�� ��'#� �� ��"wj�I� -�
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5	��� ���(�!� ����%Maximum likelihood estimation : �3 5'�� 
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����#� �	 ��'	�� . �I9� ��
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�����G�/'� B�.7� .(a��#�
 ������
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n
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Σ wjPi (θ0,√2p1/2ej)
J=1 
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i = π – ½
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 �!���
#� ��� ��0θF��?
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3� 5%3 �����#� θ���
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�� ���4�#� ���-.#� !�� !��  ��#� ����#�score vector ��/
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∂Li∂L
∂θi

= Σi∂θ 
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∂Pij

∂θ Σjwj
∂Li

Pij Σiwj

=
∂θi


#� 0��32 ��,�#� !� !�"���4�� 5%3 6
��#� ��� !3 ���� 

∂ 1n Pij

∂θ ΣjwjPij ∂Li

ΣiwjPij 
=

∂θi
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�� !7 �#��1n Pij Q ������θ# !�"
 � �
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O��/�# �I����  ���#� �� !�"
���I����3
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 :8�� ������ ��3��#W'O� �;Zik =���
#� `%-�� !� a�
,� ���H� �υik ��
 �#����#�)>K1(C#�.
�#�� �,� -��#� :� 0���#� �� ](�
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�#����#� >�8 !\� !"���)>K1(!��"#� ��)�#� C���
�  �/
 �
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ik �O. !� τk = (1 - β²kp)-1/2 
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� F�-39 Probit��
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τk Z*
ik = τk (αk + βkυi) + τkυik)

!� &�' �E�� >�<��#� �"�#� �� !�"
τkυik �� ���/#� ����-#� �"�#� �� .�-�
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�#� ��< ��D
�#��Zik’ �4����#� ����#�� �-���� υi�� 

Pr(Zik  = zik|υi) = Φ (zikτk . (αk + βkυi)) 
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� ��� �����/#� �����-#� ��"��
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k

II Φ (zikτk . (αk + βkυi)) 
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P (υi) = 
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u2P (υ)dυ
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q

Σ ΣL*i = π -1/2 
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wjPi (θ0’√2p1/2ej) = π -1/2 
j=1 
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'����
����� ������#� ��< 
F��?
��pC#�.
� ��� �����%# )!� �"�
β1 ≡ 1(.#� ����� 0�����# 1�
'� ����3����
����� �`8�� 0���� 

X� V�.#� ����
#� >
"� ���H�Pij�
\�" �%��"#� E
��� �� :

K

II Pij = Pi(0’√2p1/2ej) =
k=1 

Φ (zikτk . (αk + βk√2p1/2ej)) 

E�� 5%3 ����
#� ��� 5#2 ���� �%� �����)θ(Pij ����#� E�� !�"� !���
 ��� �= (α, β, p)’θE#�-� �2K�
#� :��	 5%3 ��
'�����
�����1����%# ������#� ��< .



4CR���� 
���!�scores 
2 !� �"�
 ������#� 0�7�  �Ii�� (Z�'�#�  ��%# ���"#� ����#� �� 

∂ 1n Pij 
∂θ ΣjwjPij

∂Li

ΣiwjPij 
=

∂θ 

!H� �!\��1n Pij �I,� �� ���� V�.#� �#��	9� k���'	�7� �O	 !� ��)�#�� ���.#�k:
K

Σ1n Pij (θ) =
k=1 

1n Φ (zikτk . (αk + βk√2p1/2ej)) 

)>K3(
%# ���#�� �.@� ���H� ��#�
#������
����� α�#����#� !� ��/
�� )>K3(5%3 ���'%# 

Φikj 
∂ 1n Pij zikτk

Φikj 
=

∂αk

)>K4(
!�"� &�'Φikj/
�� G�!�Φikj . !� �"  ��/
  
��Φikj�Φikj �-/� ��3zikτkWkj���� &�'� �Wkj = αk +
βk√2p1/2ej.�#� 5%3 B� ��
�� � ����
#� !� ;'���
����� X#� ��)�%# 0��'�#� k.

%# ���#������
����� β!7 �G���/�
 �?"� G�/
�� E	��� ���H� �τk5%3 ��
�
 βk.X# ���#���k ≥ 2)����	 !�
 !@� ���"��β1 ≡ 1(�	�
�#� !�"
 �

∂ 1n Pij ∂ 1n Pij (Wkjτ²kβkp+√2p1/2ej)
∂αk

=
∂βk

)>K5(
�� X# ���#�� 6
��#� !3 �p��� ��
����� �����)�#� ������ :��	 �.�� !� ���"�
 �� ��H�τkG�8�� �� 

C4�;� !� �,�;�p5%3 ��'� ���H� �

. βk∂ 1n Pij K∂ 1n Pij 

2∂αkΣ=∂p
(Wkjτ²kβk+√2p-1/2ej)

k=1 
>K6( )

1����#� ���/
# ��(O#� ����"�#� ���" A4�
�#� *��  �/
 .



%� �� ��1�K����� 
�	�'#� >� ��' 6�%�
#� a���  ��/#� �D���� �����'�#� !� G���3 ��8�� �����)�#� ���
� 1����%# ���8� ��

�����#� ���'
 �� ����'�#� *�� 0�3�� ��,�"� �����	�# .!� G��� ;'� ��'�#�β1 =1 ��	� !� �?"� �� 
E��
 :��-
 .#� !� �3��	� E� G�	���� ��.
���
����� {βk}.;Z'O�#� ��< ����#� !7�υi0���� ](�
� 

$"3 �O. !� ��M# �;'O�#� ��'�� !� GO��/� !�"� !�? 1���� ����2 !"�� E�H� �#�
#��� ��,� 5%3 �%?��
�
 X#� ����� �" ���O3βk��
 :� ��I# a��
#� !�� �I��	'� .-�8 ��(��β1 =1���
'�� ��� .��2 E�� �2

 ��� -�8 ���
.����
����� X#� βk2��7� ��)�#� !@� a�
,� ���H� �0�'�#� 5#Zi1 -�
�� E�� E�3 C���� 
$�/q�#� ��< ����#�� G����	�2 G�-��
�� .�� ��� E�H� �a��
��� ��� V��.� �� �� ���� !�" ��H� !� �#�'#� *��

E��"� �.U ��)�  ��.
� .

B�.� �-/� �����
C���
  
� � E�� ��� �� ��I
;'O� ��	����D
� ��"��#� =���
#� ��'%-��–���
 X� E����"��"��#� "composite �� υi + υi1 X#� !3 k–��4��?#� ����)�#� ��� ����"#� ����D
�#� 1���� �� .

#� !� �" -�8 ��3�D
������/�/'#� *�I� �/
 ����'� a�,� ���H� �0�'�%# ��"��#� .

��)�#� �4��? 1���� 5#2 �#� ��� �;�� .�� 1����#� ��I# ������#� ��< �����#�α1�α2�β2����#� C#�.
�� �
��p� �����D
�=���
#� ��v1²σ�v2²σ�
 ����# !�"� E�H� �#��� ����
����� .!� !�W��'� a��  
�� 

�0�'�#� C#�.
� ��8��
�� �O.#� ��3 !� ��� �%/�����
���������� 5#2 ������#� ��< .������#� !� �2

 � 0���
�#�'���I��' !"�� ����" &O? B� �� :������ 1����  �/
 �����/
 0�'��#� �#����#� ��� ����%/
#�
 �� ��/
�α1�α2�!�� ����#� C#�.
�#� ���/
 !"���Z*

i1�Z*
i2 ������ 1���� �O. !� �/
� 0���� 

C#�.
#� �4��? .���"#� ��/#�� CZ��� ��< !�"� ��)�#� �4��? 1����#� !H� �B�.� ��8��
�� R�-  
�  # ��� .

#� :�	 !�������
����� ��"#�� CZ��� 1����#� ��� !� ��)�#� �?O? 1����# >�'%# �%��/#� ����"#�� just-

identified .�����'� a�� �������D
� �
 ��)�-32  
� ����
����������/
# .1���� !� �?O?  �/
�
 C���
� ����%/
#� ���������
����� X#� αk!� �?O?# �����/
 C#�.
#� �4��? ������%# ��/��-
 �?O? ���
� �

#�����D
�������#� ��3 �"���#� .���#� ���'
  
� �6-��#� $,�� G�����
�� �� ����)� ����� �I# !�"� �
#� 1�
 �?"��4�( �"�� .!� G����	 G��4��? �#�" ���82 ��)� �" C�8�����
����� αk’βk/
%# ����2 ��"@
#� �	� !� �

#� !� 0���	 �3��	� G�8�� `�
� ��)� �" !�����D
�	 ���/
 5%3 �3�
 �
#�� ������#� ��3 �"���#� �:�
���
����� βk>��	 5#2 ��
���� p.

G�/�� ���� �
#� ��8��
��� a�� ����� !� ��%/
#� !"�� E�H� �����)�#� !� ��?"#� �����
 �� ��H� .5%��
 ����"� !�� �,� ����#� C#�.
�#�� a��
��� 5#2 �;�#�� �4�( �"�� 1����#� ���'
  
 ��2 ���?�#� ���



=���
#�υij �υik’ j ≠ k/
� !"�� E�H� �� ���������
#� !� ���'� ���� R��%# ����82 ����D
� ��< �"���#� 
���,�#� .

���-� "7 ����� I���%� ����� 
��,

 �I�@� 1����#� *�� ���/
 �� ��
��	
�"������#� ������#� a�� !��'7� a�� �� .�"�� ��I	�� �/�

 ���' V�. :��-
#� ����3 �I�� !"
  #τk = (1 - β²kp)-1/2 ��

 ��-� C��'�� �	�
�"  �%#� �'�#� 5%3 C
X%# 5%3� 5#2βk�I� ���.#� .V�.�
 !� !"�
�  #� ���	#� >��#� �I� E�H� �;'#� !'#� L�%"��%#

 �3 �"�� E����
 .X#� !� �?"� �� �'�� ��� C��#�βk���. �� �	���� ���� �/� �5%3� 5#2 C��'�O# 
>��/
#� ��%�3 �O. 6�-
 6/'
%#���"#� 5#2optimization  ���D
%# 6%-�#�  	'#� ��%/
� G�
�)�  �/
 �
#�� �

#� �� E� R���#�����
�����C��'��� ��� �?� !3 C�"#�  
� !� �� .��/��-#� *�I� ���7� F�-�2 �O. !��
 G����3 5�
�#���"#� 5#2 >��/
#� ��%��!��'� 5%3 �#� ��� G���� �8�
� �I
��"� ���

 $% .!��8"�

 ����82  ��.
�� 1����#� ���/
� ���� 5%3 �#�� �"�� &'�p���/
� E�� ���� �#� :��	���
����� �" !3 B�.7� 
����p�"��#� �� .�����/
#� �8��  ��/
  
��^α�^β�^p��#OI
�  �/" �"��#� &'�#� ��� !� @��
 �
#�

5�;�#� ��'	�M# ���" ���/
  �;� 5
'.

�%1L�K�� ��< ��� � ��� 
����#� !� !�  <�#� 5%3υi�;W'O� ��< ���3 �� �;W'O�#� ����)�#�  �� !� E
��� ���/
 ���"�� E�H�Zi

�;'O�#� �%
� ���.#�� .$��� 0�3�/# 6��-
 E��" F��	9� B��
� ��Bayes’ Rule .���
%# 5��� 5#2
��-��#� :��
# 

E(υi| Zi)= ∫ υP(υ| Zi) dυ,

)>K7(
��-��#� ���?"#� E�� !�"
 ��#��P(υ| Zi)����#� ���?" �� υ��)�#� ����%# �;�#�� �ZiX#� ������#� 0�M#i.

$��� 0�3�/# G���
� Bayes’ Rule 

P(υ, Zi) P(Zi|υ)Φ(υ)P(υ| Zi) =
P(Zi)

=
P(Zi)

)>K8(
!�"� &�'Φ(υ)�����-#� ���?"#� �,�;� �� #E,#�.
� �,� E-�� ����p.!� ;'�P(Zi)��#�  �I9� �� 

�;'O�#� E�  �/
i����#� ��'	�� �� .



�//'
�#�  �/%# �;�#���Zi= zi�!�"� ���
" !"��#� !�#�-� numerator P(υ| Zi)5%3 E�3 ����
#�  
� ��" �
�#����#� !� !��7� >��	#�)>K8(�#�
#� �"�#�� 

K

II Φ (zikτk . (αk + βkυ)) . Φ(υ), 
K=1 

)>K9(

 �/��denominator �#����#� )>K8(�%��"
� ��)>K9(5%3 υ.

X# �-��#� :��
#� >�'#�υX# �3���#� >��/
#�� ���� �|υ)Φ(υ) dυ∫ υP(Zi���� 

K

n
q

II Σ Φ (zikτk . (αk + βk’√2p1/2ej)). 
k=1 

wj (’√2p1/2ej). 

j=1 

π – 1/2 

)>K10(
�!��/#� !�� ��7� !�"�#� �'� �����
#� ��� ��’√2p1/2ejX#� �'� �υ.�#����%# �����
#� >��/
#� ���"9�

)>K7(�#����#�  /� ���H� �)>K10(X# >��/
#� 5%3P(Zi)��� �� �

K

n
q

II Σ Φ (zikτk . (αk + βk’√2p1/2ej)). 
k=1 

wj

j=1 

π – 1/2 

)>K11(

0��/�#� �����#�  ��.
�� ����'#� *��  

�^kα�^β k�^p k) .����#� �.
�υ�E��(�
 0���#� ��  
� ��#�� �
����	�2 B�.�� ���% G���� .X� V�.#� -����#� :��
%# ��3���#� �����/
#� ��)
 !� (�	��υ # �� �G�,��8 F��� 

��%��"
#� !"
)υP(υ|Zi����	�2 .5#2 ��.8#� ����	�9� ����?#� �'� ���82 !"�� ��%I#� ��%'#� !�� !��υ]��
��"�#� 5#2’√2p1/2ej�I;� ��#� �#����#� �� :�	#� ��O3 ��� G0�����)>K10[(>�' ��� ���?#� ��� R�-  ?
�%��"
�#� .( 

�� %�� I���� M�� %�� ��A�� 98	�� 
�� ��2 �� �" ���8� ;W'O�#� ��< ����#� ���'
� R��#� �O. !� ���7�  ���
 !\� ���"�� ���� ���,%." 6�

6��- !3 �;W'O�#� ��	��.#� ����D
�#� !� �3��	� Xi��� ;W'O� ��< !�"� 5#2 ���89��υi.��?�
 !"���



1����MIMIC ��� )�������“multiple indicator, multiple cause” �� "� ��)�#� >��#� ����
�#
���
�#� (" !�"� &�' ��O. !�fi = X’iγ+ υi�!�"� &�'�fi�� #� !�"
� �!��"#� ����#� ����D
� �"���#� Xi

�;W'O�#� E
���'� ��� �υi!3 �/
� E�� a�
,� ��#�� �;W'O�#� ��< *��'� ��Xi. 

 �5'��#� ��� �� 
!��"#� ��)�#� ���
"Z*

ik�
\�" 

Z*
ik = αK + βKfi + υik 

= αK + βK X’iγ + βKυi + υik 
)>K12(

G�/�� ��%�� ��" 0�'�#� C#�.
 ����'� 6��-
�  �/�� 
τk Z*

ik = τk (αk + βK X’iγ + βkυi) + τkυik)+ τk υik, 

)>K13(
5%3 ��'�# 

K

Σ
1n Φ (zikτk . (αk + βk X’iγ+ βk’√2p1/2ej)) 

k=1 

=1n Pij

)>K14(
��G�/�� E� ���� �� G���?" B�.7� �� E��
 �
# .

����� �� �//'
�#�  ���7� ��"�� 5/�
�αk�βk���D
 O� $�7� �� .����# �B�.7� �����%# ���#�� E�� �2 

∂ 1n Pij K∂ 1n Pij . βk

∂αkΣ=∂γ
. Xi’ 

k=1 
>K15( )

����" ���#� $,� !� ���� ��� X#� XiG�8��� �

∂ 1n Pij K∂ 1n Pij 

∂αkΣ=∂p
(Wkjτ²kβk p + Xi’ γ+ √2p1/2ej)

k=1 
>K16( )

!�"� &�'Wkj = αk +βkXi’ γ+βk √2p1/2ej.!"��� X# C���
#� ���  ��.
� �#�" Wkj �#���#� l�#� �� 
������%#)>K4(�)>K5.(



O�#� ��< ����#� ���/
 !3 ��� 1���� �� *(���
 !"�� ��#� ��?"#� �	�� O� �;'MIMIC���/#� 1����#� !3 .
���/
# C�I� ��#�'#� *�� ���fi = X’iγ+ υiX� G�-���� Zi�Xi. ��.
��  �/��γ^�5#�7� �%'��#� �O. 

X� )��
%# E�#�3 �����#� ��F��	9� 6�-�  ?υi.



��1�K� 
1K:���#� :	��millenniumgoals/org.un.wwwC���7�� ��,#7� !O32 ��' ����%��#� !� ��(�# 

E� �-�
��#� &'�#� A����� ���3�,#� C���7�� �����#� .

2K"��
 ���	
 ��� �� �0�7�  �;�
 l���
 �� G���?@
 G��4���3 �<���#� �.�
#� �-���  �� �'� ��	� A��
Taichung  �3 �� ��	 �
#� 1963��"��#� -�-. ��- 5%3 ����%��#� ��� 5%3 ���� �#�� �

�������
#� �����#� *�� �� ��3��
	��)!������Freedman �
���"�
� Takeshita �1969.(:	��
 !���
�")2001 (&'�#� !� 0�3 ���	� �� �%�#� ��� A4�
�%# :4�� V�.%
 5%3 ]O-O#

�#����	���� .

3K��'�#� ����.#�� �%'�#� �3��
	�� ���#� $�� !�� ��O3 ���� !�"
 ����K!�%�	 6�-�� 
Gilson )2003( �I,�"�/?#� "�I
�)�� ��'�#� ���3�#� ���/�� ���.#� ����	
�� ��,
# .���

#� ���-#� ���3�%# ����%# ��3��
	�� ����7� $��/# �/��- �/?#�  �I,� �����#��, .

4K�#���� ���,# G�/��Fred Arnold)��.� ���
�(�
#�� ������#� !��%�#� �� ����
#� ���	� ���
 �
�� �R��#�� V�.#� �����#� �.� ��-2 ���
 �� G0��3 �
#�� �����"#� ��F��'9��  ��/#� ��  �.



 ��
��#�100K200������ 0�� .���"�#� ����� !���
�� .�# ���
 ��� ��
	logistics R��#� F��	2 
–��3  �� �" �� �O��/�#� !� !��� ����  ��/%# !����'� ��	�# �	�'#�K����	
#� !� G����8 

��#��#� ����"#� ���?"#� ��� ���"#� !"��7� �� ���. ��-�D8�  ���#� �� !�"
 ���8'#� .

5K����� �� �I;� � E�� ;'�β1����)�#� ������ ��� �� :0�'�#� 5#2 �I���-
  
 �/� .�?�

�
 �	�'#�> 6'%�#� �� ������ ��" �:��-
#� ���%�3 !� ��(� 5#2 �#�" .!� ����"#� ����D
�#� 1���� ���

#�  �	'� ���'
 !"�� � �]��#� �������D
� υ²σ�vk²σ.6��-
�  �/� �����)�#� ������# ���#���
:��-
#� 0�3��β²k σ² υ + σ² υ k = 1�&�'� C#�.
�#� ���� βk υ + υ k�#���� �" �� 0�'�#�.

6K���/
#� �/��- C�� ��� �?"7� !� !�"� �`8
� ��" �I�� 5%3"B��/#� E�� ��'	�7� "��
“quasi-maximum likelihood” �0�7� ��3 �#���
�#� ���O�#� :8
 � ���/
#� ������ !7
�� ���	#� �/-�� �.�� �� ������#������
3� .������#� ����"#�  �;�#� 5%3 ]O-�� !"�� E�� ;'�

)1(�)2(���/� �.�" �#� ���
�  .8 ������  �;� !�����D
� .�?� �I� C%
.
 �
#� ��,�"#� �����#�
 �I���/
  
� �
#� ����)�#�� ���.#� 1����#� ����/
 !3 *�� ��4��?#� ����)�#� 1���� �?�# ���/
#� ����/


��#�# !�� !��� �0��
� 0���Lawley ���"���Maxwell)1962(!��#��� �Bollen)1989(�
1�"�����Jöreskog)2000�2002.(!� ����� ������#� ������#� a��  �;�
#� �%"�� R�-
�

 ���/
 !� ]��#� ��� !� �O"�� �� ���"
#� !� ��/#� $,��  �.

  # B��/#� ��'	�7� �4��'#� �
�����%# 5��7� .

http://www.un.org/millenniumgoals


7K���� !�
�-. !� ���"�#� B�.7� 1����%# ���#�� ��'#� �� ��""0�#��#� ���	
��#� "generated 

regressors �>���
 !� ��O� ���/
#� �����# ����/#� F�-.7� ^θ�^δ ��.
� f^�� 0��/� 
����?#� 0�-.#� .�I# ��� ����
� ����� F�-.�  ��.
��  �/�� �����#� ��4O� 0���� �#�# ���
#� !� 

B�.� .

8K!�� �O/
�� ��� a�
,�{υ, υ1, …,υK}.����D
� 5#2 �;��� X���"#�� ��	��. �I�� 5%3 �I,� .

9K#� R��#� ���" ���8��#� ��#� ���� 5%3 E�� �2�����	���� ��' 0���	 �4�� >�	
 ��'�#�� 
� ��"%�� 6%�

� �8'#� ��	��
'�R��#� !� ��3 �� ���\� 0(��'#�� !"��# .

10K�� 0(��� ����%�
 ����D
�� 1��.%# ��	�
��
9� ��� 0���2 �� C�" !���
 ��
���3  ;�� �� �	��
�'�#�� ����)�#� ������ .

11K��' $�# !"#� ��I
���'�� 0����#� :%#� ��' ������ �!��#�� V�.#� ��� �R��#� �'� ����
 ����D
�#���'�#� .

12K#� R��#� ���#�< !� !�  <�#� 5%3�����	���� !���#��#� ��,-7� !3 ����%�� :�	� ���� ��'�#�� 
!� 0��,
O# ���� &O? `���# !#�� V�.#� 5%37� �'#� ����' �/� �0��.7� $�.#� ����#� �O.

��-#�� ���.#� ������#� ��� 0����
�#� R��#� :��	 .

13K��3 !� !��
 F���<7� ��3 !� ��" �:��#� (��	

 � `� �� �� G���� 0��/,#� ���8'#� ������#� �7� 
:��#� (��	
� � G���� .5%3 ����'�#� a�� !"#� 6-��� &�' !� 5�D#�� �/,#� C���
 a�,��

�"�#� �� ������� �
#� �?� ����(�
 .� �����#� �.� ����	
 !� �� 0�/��#� �����#� !�� !�� �
#� R��#������	����!�"#�  	' &�' !� C%
.
 ��'�#�� .�?"� ��%'
 !@� !�����# !"�� ��� ��

!��'#� �� ����/�
#� *�� �?� :8� !� ��� E�  ��/#� .

14K-4��.%# !"�� &�' ���I#�� ������ �#�' �'�#�� ����<����#� `�#� �� *)O�(� �#���U ���� ��
.�
� ����
 6-���� ���.#� �I�� �
#� ���8'#� ��4����#� ����
	�#� -4��. 5%3 ��-D
#� !� `�#

���I#� !��3��
	�� F��%�#�� !�--.�#� .��
��,
#� !� ����%# E
�)�� ��,�� !� !�3��#� !��� !��
 ����"�#� ���'�#�)���.� ���
� .( 0���� 6�-�� ������ 5%3 6�-�� �� !�" ��2 �� ��� CW��q� ��

G����3 �?"� .



>(���� 

Aber, J. L., Gephart, M. A., Brooks-Gunn, J., and Connell, J. P. (1997). Development in 
context: Implications for studying neighborhood effects. In Brooks-Gunn, J., Duncan, G. 
J., and Aber, J. L., editors, Neighborhood Poverty, volume I: Context and Consequences  
 for Children, pages 44–61. Russell Sage Foundation, New York. 
°
Aberg Yngwe, M., Fritzell, J., Lundberg, O., Diderichsen, F., and Burstr¨om, B. (2003). 
Exploring relative deprivation: Is social comparison a mechanism in the relation between 
income and health? Social Science and Medicine, 57(8):1463–1473. 
 
African Population and Health Research Center (2002). Population and Health Dynamics 
in Nairobi’s Informal Settlements: Report of the Nairobi Cross-Sectional Slums Survey 
(NCSS) 2000. African Population and Health Research Center, Nairobi. 
 
Astone, N., Nathanson, C. A., Schoen, R., and Kim, Y. J. (1999). Family demography, 
social theory, and investment in social capital. Population and Development Review,
25(1):1–31. 
 
Behrman, J., Kohler, H.-P., and Watkins, S. (2001). Social networks, family planning, 
and worrying about AIDS. Paper presented at the 2001 Annual Meetings of the 
Population Association of America, Washington, DC, 29–31 March. 
 
Bollen, K. (1989). Structural Equations with Latent Variables. John Wiley & Sons, New 
York. 
Caldeira, T. P. R. (1999). Fortified enclaves: The new urban segregation. In Holston, J., 
editor, 
Cities and Citizenship, pages 114–138. Duke University Press, Durham and London. 
 
Caldeira, T. P. R. (2000). City of Walls: Crime, Segregation, and Citizenship in S˜ao 
Paulo. University of California Press, Berkeley, CA. 
 
Casterline, J. B., editor (2001). Diffusion Processes and Fertility Transition: Selected 
Perspectives. National Academies Press, Washington, DC. 
 
Casterline, J. B.,Montgomery, M. R., Agyeman, D. K., Aglobitse, P., and Kiros, G.-E. 
(2001). Social networks and contraceptive dynamics in southern Ghana. Paper presented 
at the 2001 Annual Meetings of the Population Association of America, Washington, DC, 
29–31 March. 
 
Casterline, J. B. and Sinding, S. W. (2000). Unmet need for family planning in 
developing countries and implications for population policy. Population and 
Development Review, 26(4):691–723. 
 



Coleman, J. S. (1988). Social capital in the creation of human capital. American Journal 
of Sociology, 94(supplement):S95–S120. 
 
Coulton, C., Korbin, J., Chan, T., and Su, M. (1997). Mapping residents’ perceptions of 
neighborhood boundaries: A methodological note. Working Paper, Center on Urban 
Poverty and Social Change. Case Western Reserve University, Cleveland, OH. 
 
Drukker, M., Kaplan, C., Feron, F., and van Os, J. (2003). Children’s health-related 
quality of life, neighbourhood socio-economic deprivation and social capital. A 
contextual analysis. Social Science and Medicine, 57(5):825–841. 
 
Ferguson, B. D., Tandon, A., Gakidou, E., and Murray, C. J. L. (2003). Estimating 
permanent income using indicator variables. Global Programme on Evidence for Health 
Policy Discussion Paper no. 42. World Health Organization, Geneva. 
 
Filmer, D. and Pritchett, L. (1999). The effect of household wealth on educational 
attainment: Evidence from 35 countries. Population and Development Review, 25(1):85–
120. 
 
Filmer, D. and Pritchett, L. (2001). Estimating wealth effects without expenditure data— 
or tears: An application to educational enrollments in states of India. Demography,
38(1):115–132. 
 
Freedman, R. and Takeshita, J. Y. (1969). Family Planning in Taiwan: An Experiment in 
Social Change. Princeton University Press, Princeton, NJ. 
 
Furstenberg, F. F. (1993). How families manage risk and opportunity in dangerous 
neighborhoods. InWilson,W. J., editor, Sociology and the Public Agenda, pages 231–258. 
Sage Publications, Newbury Park, CA. 
 
Furstenberg, F. F. and Hughes, M. E. (1997). The influence of neighborhoods on 
children’s development: A theoretical perspective and a research agenda. In Brooks-
Gunn, J.,Duncan, G. J., and Aber, J. L., editors, Neighborhood Poverty, volume II: Policy 
Implications in Studying Neighborhoods, pages 23–47. Russell Sage Foundation, New 
York. 
 
Gilson, L. (2003). Trust and the development of health care as a social institution. Social 
Science and Medicine, 56(7):1453–1468. 
 
Ginther, D., Haveman, R., and Wolfe, B. (2000). Neighborhood attributes as 
determinants of children’s outcomes: How robust are the relationships? Journal of 
Human Resources, 35(4):603–633. 
 
Harpham, T. and Tanner, M., editors (1995). Urban Health in Developing Countries: 
Progress and Prospects. St. Martin’s Press, New York. 
 



Heckman, J. J. (1981). Statistical models for discrete panel data. InManski, C. F. 
andMcFadden, D., editors, Structural Analysis of Discrete Data with Econometric 
Applications, pages 114–178. MIT Press, Cambridge, MA. 
Herr, H. and Karl, G. (2002). Estimating global slum dwellers: Monitoring the 
Millennium Development Goal 7, Target 11. Monitoring Systems Branch, Global Urban 
Observatory. UN-HABITAT, Nairobi. 
 
Herr, H. and Mboup, G. (2003). Slum dweller estimation methodology. Unpublished 
paper (in progress). UN-HABITAT, Nairobi. 
 
J¨oreskog, K. G. (2000). Latent variable scores and their uses. Unpublished paper, 
available at http://www.ssicentral.com/lisrel.column6.pdf.

J¨oreskog, K. G. (2002). Structural equation modeling with ordinal variables using 
LISREL. Unpublished paper, available at http://www.ssicentral.com/lisrel/corner.htm.

Kaufman, C. E., Clark, S., Manzini, N., and May, J. (2002). How community structures 
of time and opportunity shape adolescent sexual behavior in South Africa. Policy 
Research Division Working Paper no. 159. Population Council, New York. 
 
Kravdal, Ø. (2003). Community mortality in India: Individual and community effects of 
women’s education and autonomy. East-West Center Working Papers, Population Series, 
no. 112. East-West Center, Honolulu, HI. 
 
Lawley, D. N. and Maxwell, A. E. (1962). Factor analysis as a statistical method. 
Statistician, 12(3):209–229. 
 
Massey, D. S. (1990). American apartheid: Segregation and the making of the underclass. 
American Journal of Sociology, 96(2):329–357. 
 
Massey, D. S. (1996). The age of extremes: Concentrated affluence and poverty in the 
twenty-first century. Demography, 33(4):395–412. 
 
McCulloch, A. (2003). An examination of social capital and social disorganisation in 
neighbourhoods in the British household panel study. Social Science and Medicine,
56(7):1425–1438. 
 
McDade, T. W. and Adair, L. S. (2001). Defining the ‘urban’ in urbanization and health: 
A factor analysis approach. Social Science and Medicine, 53(1):55–70. 
 
Montgomery, M. R., Gragnolati, M., Burke, K. A., and Paredes, E. (2000). Measuring 
living standards with proxy variables. Demography, 37(2):155–174. 
 
Montgomery, M. R., Lloyd, C., Hewett, P. C., and Heuveline, P. (1997). The 
consequences of imperfect fertility control for children’s survival, health, and schooling. 

http://www.ssicentral.com/lisrel/corner.htm
http://www.ssicentral.com/lisrel.column6.pdf


Demographic and Health Surveys Analytical Reports no. 7. Macro International, Inc., 
Calverton, MD. 
 
Panel on Urban Population Dynamics (2003). Cities Transformed: Demographic Change 
and Its Implications in the Developing World. National Academies Press, Washington, 
DC. Montgomery, M. R., Stren, R., Cohen, B., and Reed, H., editors. 
 
Pebley, A. R., Goldman, N., and Rodr´ýguez, G. (1996). Prenatal and delivery care and 
childhood immunization in Guatemala: Do family and community matter? Demography,
33(2):231–247. 
 
Pebley, A. R. and Sastry, N. (2003). Concentrated poverty vs. concentrated affluence: 
Effects on neighborhood social environments and children’s outcomes. Paper presented 
at the 2003 Annual Meetings of the Population Association of America, Minneapolis, 
MN, 1–3 May. 
 
Press, W. H., Teukolsky, S. A., Vetterling, W. T., and Flannery, B. P. (1992). Numerical 
Recipes in FORTRAN: The Art of Scientific Computing. Cambridge University Press, 
New York. 
 
Press, W. H., Teukolsky, S. A., Vetterling, W. T., and Flannery, B. P. (1996). Numerical 
Recipes in Fortran 90: The Art of Parallel Scientific Computing, volume 2. Cambridge 
University Press, New York. 
 
Sahn, D. E. and Stifel, D. C. (2000). Poverty comparisons over time and across countries 
in Africa. World Development, 28(12):2123–2155. 
 
Sampson, R. J., Morenoff, J. D., and Gannon-Rowley, T. (2002). Assessing 
‘neighborhood effects’: Social processes and new directions in research. Annual Review 
of Sociology, 28:443–478. 
 
Sastry, N. (1996). Community characteristics, individual and household attributes, and 
child survival in Brazil. Demography, 33(2):211–229. 
 
Sastry, N., Pebley, A., and Zonta, M. (2002). Neighborhood definitions and the spatial 
dimension of daily life in Los Angeles. Paper presented at the 2002 Annual Meetings of 
the Population Association of America, Atlanta, GA, 9–11 May. 
 
Szwarcwald, C. L., de Andrade, C. L. T., and Bastos, F. I. (2002). Income inequality, 
residential poverty clustering and infant mortality: A study in Rio de Janeiro, Brazil. 
Social Science and Medicine, 55(12):2083–2092. 
 
Tandon, A., Gakidou, E., Murray, C. J. L., and Ferguson, B. (2002). Cross-population 
comparability and PPPs: Using micro-data on indicators of consumer durables. Evidence 
and Information for Policy Cluster draft paper. World Health Organization, Geneva. 
 



Timæus, I.M. and Lush, L. (1995). Intra-urban differentials in child health. Health 
Transition Review, 5(2):163–190. 
 
United Nations (2000). World Urbanization Prospects: The 1999 Revision: Data Tables 
and Highlights. United Nations, Department of Economic and Social Affairs, Population 
Division, New York. 
 
Van den Eeden, P. and H¨uttner, H. J. M. (1982). Multi-level research. Current 
Sociology, 30(3):1–182. 
 
Wellman, B. and Leighton, B. (1979). Networks, neighborhoods, and communities: 
Approaches to the study of the community question. Urban Affairs Quarterly, 14(3):363– 
390. 
 
Wen, M., Browning, C. R., and Cagney, K. A. (2003). Poverty, affluence, and income 
inequality: Neighborhood economic structure and its implications for health. Social 
Science and Medicine, 57(5):843–860. 
 
Westoff, C. F. and Bankole, A. (1995). Unmet Need 1990–1994. Demographic and 
Health Surveys Comparative Studies. Macro International, Inc., Calverton, MD. 
 
Westoff, C. F. and Pebley, A. R. (1981). Alternative measures of unmet need for family 
planning in developing countries. International Family Planning Perspectives, 7(4):126–
136. 
 
White, M. J. (2001). Residential concentration/segregation, demographic effects of. In 
Smelser, N. J. and Baltes, P. B., editors, International Encyclopedia of the Social 
andBehavioral Sciences, volume 19, pages 13250–13254. Elsevier Science, Oxford. 
 
Wilkinson, R. G. (1996). Unhealthy Societies: The Afflictions of Inequality. Routledge, 
London. 
 
Wilson, W. J. (1987). The Truly Disadvantaged: The Inner City, the Underclass and 
Public Policy. University of Chicago Press, Chicago, IL. 



�� ���� ��� &��	E 
��������� �	��  

 �3 !� ��3 ����� &O? 5#2 ��� ��� 0�'�� �.� ����

1989  �3 5
'� 2003 -��� �#�� �!�	�#�� 
�3��-� 0��� �� ������
 .

 �3 l� !� F��
��20043��-� 0��� �� 0���
� ���#� ����� !�"
 !# ��.!� G���  
�� �#� �I��(�

G�����
"#2 .��#� ��-.2  
��
���
"� ��� ����
"#9� ����#� 6��- !3 !�"� !����#��  I,���
  
�� ����� �"

����%#  I%��� ��#� �3�,#� .

� ���.#� �����
"#9� ��-.9� ��4�� �� ���
�O# /�
,%# ����� l� 5%3 ���'%# �� �����#� &�'� !� 0
 �31989  �3 5
'� 20035#2 ��%- ���2 5	�� �

prdwp@popcouncil.org.

��,%� �4�� 5%3 ���'
%# �'�
�#� �?��' �/�� ���37 ������2 ����

PDF����
"#9� !����#� 5%3 
www.popcouncil.org/publications/wp/prd/rdwplist.html

180 Frank K. Nyonator, J. Koku woonor-
Williams, James F. Phillips, Tanya C. 
Jones, and Robert A. Miller, “The Ghana 
Community-based Health Planning and 
Services Initiative: Fostering evidence-
based organizational change and 
development in a resourceconstrained 
setting.” 
 
179 John Bongaarts and Griffith Feeney, 
“Estimating mean lifetime.” 
 
178 Elizabeth F. Jackson, Patricia 
Akweongo, Evelyn Sakeah, Abraham 
Hodgson, Rofina Asuru, and James F. 
Phillips, “Women’s denial of having 
experienced female genital cutting in 
northern Ghana: Explanatory factors and 
consequences for analysis of survey 
data.” 

177 John Bongaarts, “Completing the 
fertility transition in the developing 
world: The role of  educational 
differences and fertility preferences.” 

168 Paul C. Hewett, Annabel S. Erulkar, 
and Barbara S. Mensch, “The feasibility 

 2004 
184 Mark R. Montgomery and Paul 
C. Hewett. “Urban poverty and health 
in developing countries: Household 
and neighborhood effects.” 
 

2003 
183 Agnes R. Quisumbing and Kelly 
Hallman. “Marriage in transition: 
Evidence on age, education, and 
assets from six developing countries.” 
 
182 Paul C. Hewett, Barbara S. 
Mensch, and Annabel S. Erulkar, 
“Consistency in the reporting of 
sexual behavior among adolescent 
girls in Kenya: A comparison of 
interviewing methods.” 
 
181 Zachary Zimmer, Linda G. 
Martin, and Hui-Sheng Lin, 
“Determinants of old-age mortality in 
Taiwan.”  
 
176 Cynthia B. Lloyd and Paul C. 

http://www.popcouncil.org/publications/wp/prd/rdwplist.html
mailto:prdwp@popcouncil.org


of computerassisted survey interviewing 
in Africa: Experience from two rural 
districts in Kenya.” 

2002 
 

167* Dominic K. Agyeman and John B. 
Casterline, “Social organization and 
reproductive behavior in southern 
Ghana.” 
 

166* Carol E. Kaufman and Stavros 
E.Stavrou, “ ‘Bus fare, please’: The 
economics of sex and gifts among 
adolescents in urban South Africa.” 

165 Kelly Hallman, Agnes 
R.Quisumbing, Marie Ruel, and 
Bénédicte de la Brière, “Childcare, 
mothers’ work, and earnings: Findings 
from the urban slums of Guatemala 
City.” 

164 Cynthia B. Lloyd, Cem Mete, and 
Zeba A. Sathar, “The effect of gender 
differences in primary school access, 
type, and quality on the decision to enroll 
in rural Pakistan.” 

163 Barbara S. Mensch, Wesley H.Clark, 
and Dang Nguyen Anh, “Premarital sex 
in Vietnam: Is the current concern with 
adolescent reproductive health 
warranted?” 

162 Naomi Rutenberg, Carol E.Kaufman, 
Kate Macintyre, Lisanne Brown, and Ali 
Karim, “Pregnant or positive: Adolescent 
childbearing and HIV risk in 
South Africa.” 

158 Geoffrey McNicoll, “Demographic 
factors in East Asian regional 
integration.” 

Hewett, “Primary schooling in sub-
Saharan Africa: Recent trends and 
current challenges.” 
 
175 James F. Phillips, Tanya C.Jones, 
Frank K. Nyonator, and Shruti 
Ravikumar, “Evidence-based 
development of health and family 
planning programs in Bangladesh and 
Ghana.” Africa: Experience from two 
rural districts in Kenya.” 
 
174 Geoffrey McNicoll, “Population 
and development: An introductory 
view.” 
 
173 Paul Demeny, “Population 
policy: A concise summary.” 
 
172 Zachary Zimmer, Napaporn  
Chayovan, Hui-Sheng Lin, and 
Josefina Natividad, “How indicators 
of socioeconomic status relate to 
physical functioning of older adults in 
three Asian societies.” 
 
171 Sajeda Amin and Nagah H. Al- 
Bassusi, “Wage work and marriage: 
Perspectives of Egyptian working 
women.” 
 
170 Ravai Marindo, Steve Pearson, 
and John B. Casterline, “Condom use 
and abstinence among unmarried 
young people in Zimbabwe: Which 
strategy, whose agenda?” 
 
169 Zachary Zimmer and Julia 
Dayton, “The living arrangements of 
older adults in sub-Saharan Africa in 
a time of HIV/AIDS.” 
 
161 John Bongaarts, “The end of the 
fertility transition in the developing 
world.” 
 



157 Zachary Zimmer and Sovan Kiry 
Kim, “Living arrangements and socio-
demographic conditions of older adults in 
Cambodia.” 
156 John Bongaarts and Griffith  Feeney, 
“How long do we live?” 
 
155 Zachary Zimmer, Linda G. Martin, 
and Ming-Cheng Chang, “Changes in 
functional limitations and survival among 
the elderly in Taiwan: 1993, 1996, and 
1999.” 

160* Julia Dayton and Martha 
Ainsworth, “The elderly and AIDS: 
Coping strategies and health 
consequences in rural Tanzania.” 
159 Carol E. Kaufman, Shelley Clark, 
Ntsiki Manzini, and Julian May, 
“How community structures of time 
and opportunity shape adolescent 
sexual behavior in South Africa.” 
 


	Population Council
	Knowledge Commons
	2004

	Urban poverty and health in developing countries: Household and neighborhood effects [Arabic]
	Mark R. Montgomery
	Paul C. Hewett
	Recommended Citation


	ورقات

