
���� ��� ���		
 ���
�� ����	�� ���� ��	����

�����
 ��� ������� ��� �	�
� ���� 
���!�� ����	� �"#!	�� $��������% 

����� &�'%������� �&������ $��������% 
(����
� )������� ����'���*� $��������% �

"��	'�� +,� -../

��������

��� ��
���	����� '��0��� ���		
 ���
�� ��� ��
����	��
 	
��	��� ��
�������
 !	� ��
����	��
 �	
��%1 �� ���	*��2� ���� �	
���	
�� 0�

 ����	��
	�����

% �	 ����*�� �� ���		
 ���
�� ��� ��
�% �	0 �
�� ����	���� �3���
��� 
��� '��0��� ���		
 ���
�� ��� �	*������ �����������1 �	 ���	��	4
���� ��� !	�0���4
		���* '�����	� 	! �	
���	
��� 0� ������� � �	
���	
�
	�����2���	� �	��
 ��
����* �	
���	
� ���	
���� ��� �	�*������ �������4
���� �	 ���		
 ���
��1 �� ���� !����0	�� �! �	
���	
� ��� ���		
 ���
��
��� ��������
 �
'����
��� �� ��� ��	�
���	� !
����	� !	� �	*������ �������4
����� ��� ������ 	! 
������������ ���
�� �� 
��*�� ���� ���� 	! �����������
���
��1 �� ���� ��� ��������	�� 	! ��� �	��
 !	� ���������� 	��
 ������
�� �	
���� 
���* � 
��5
� ������� !�	� 6��'��1 �� 7�� ���� �	
���	
�
��
����	��
 �#������
��� ��� ���		
 ���� *����� ��� �
'����
��� 0��� � �	4
�8����� 	! �
�������% '��0��� 4.1-9 ��� 4.1:1 �	�������� 0��� ��� 	�����2�4
��	� �	��
� ����������� !
��� ���� �	 ������ 	� �	*������ ������������
'
� 
������������ !
��� 
��� �	 ��*��7���� ����	������� �� 
������*1 ����
����	�	
	*% ��� ���	����� ���
�����	�� !	� ��
����	��
 �������� ��� �	
4
��%1

���!�; (��
������% ��� ���	��
���

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

�� ��
������ ��� �� ��
 ��������	� ��������
 
�� %	��� �" 
�� ����� !���) 	
� +*���
	%�
�	���
���) �� 
�� 
�%���#��
� 
�� ��������
� ����	�
 ������ �����	�� �������� 	� ���
����
� 
�� ��
������ ��� ��� ����	���� 
� ��	�	
 ��##��
� ��� 
� "��
��� ����
��

+



���� �� �����	 
���
� 
������ ���
�������� �

�� ������	
����

�� ��� ��	� �
� ��
���	 ��� ��������	��� ���
��� 	
������� �����	 ��� ���
������� ���
���	 ��	 ��
�����


��	�������� ��������� �� �
�����
 ��� ����
� �����	� �������� �� �	 ��
������� ���� ���	�����	 ���� �


����
�� ���� �� ��� ������������� �� 	�
� ���
���	� ��� ���������� ��	 �����
���� �� �
� ��	���
� 	�����	��

��� 	������ 
��
����� 
��� ��� ����
� �� 	
���� �����	 �� 
�������� �
���������� ��	 ��
�	�� �� �	������

��� ���
������� �����
���� ���
����	 
���� 
�������� �
��������� �	 ���������� �	 � ���
���� �� 	
�������

�����	� ��� 	�
��� 	����� �	 
��
����� 
��� ��� ���
� �� ���	����� 
����
����	��
	 �� 
�������� �
������

���� ������������� �� 	
���� �����	�  �����	��� ��� ������ ���� ���	����� ��	���	�	 ����	����	 ���
� ���

��������	��� ���
��� 
�������� �
��������� ��� 	
���� �����	 ��	 ��
����� ������ ��������� �� ��� �����������

�	 �!�����	 �� ��
 ���	 ��� ������� 
��	���� ��� �����
��� "����	#

	
��� ��
� ��� ������ ��� ��� ������� 
�� ��������� 
�� �� �
� �� ��� ��� ���	 ���������� ����������

�
���
�

	� �������� ���� ��� ������ ��
���� ��� ����������� ���� �����
��� ����� ����
��� �� ������� � �!����

�� ��
�� �
�� �
����� 
 �����
� ��
�� "�� �������� ��� ���� ����������	 $%��	����  ������
�����# &'(

)��� "����	 ����	����� � 	����� �����# *��	�����	 ��+� ���� �

���� ��	���
�	 �� ��� 	
���� ����� ���

���� ����� �
����	 �

��������� ��� ,�	� "���� 	����	�	 ���� ���	����� ��	���	�	 
��� ��������� ��� ���������

	��� ���
��� ��!����+ �����	��� ��� 
�������� �
���������- ��� 	�
��� ���	 ��� 	��� ��� ������� 
�����	

��������� ��� 	
���� 
����
����� �� � ��
��� ����� ���� ��� .����� $�//0( ����� ��� ���� �� ��� ���	��
�

�� ���	����� ��	���	�	� �	������	 ��	�� �� ��� �����
���� ���
���� ������
� 
��� 
������ � 1����
�����
�2

���� ��
��������	 ���� ��� �������� ����
� �� 	
���� �����	 �� ���
���	 
� ���� 
� ���	����� ��	���	�	 ��

	�
� �����	� ���	 ���	�	 �� ��������� "��	���� ���� ��,��	 ��� 
������ ������� �����		�� ����# *�
 ��� 
�

�� �����	���� ��� ��������	��� ���
��� 	
���� �����	 ��� 
�������� �
��������� �� �� ����������� 
����

���	�����	 ��	���� �� ��� �����	��� �� 	�
� �����	3

�� �!����� ���	 "��	���� 
� ,�	� ������ � ���	����� ������������ ����� �� 
�������� �
���������� ���

����� ��
��������	 ��� ��	�
 �		������� ���� ���	�����	 ��	���� ��������� �� ��� �����	��� �� �����	 ��

��� 	
���� ������ *�
����� 
� ��	� ���� �� ��
�������� ��� ������ ���� ���	�����	 ��� �� "���
��#�������

	� ���� ��	���	�	 �

�� ��� ���� �� ��� ������ ���� 	
���� �����	 ��� ��������� ��� ��� ������ ���� ��


����������� ��
���	 ���������� ��� �!���
�� 
��	��������� �� ��� ������
	 ��	 ��������� �����
�����	4	��
�

���	����� ��5�	�����	 �

�� 
��� ��� ��
 ������������ �����
���� ���
���� ���������	 
�� �� ������,��

���� ������� ��� ����
� �� ������
������ �����	 �� 
�������� �
����������

�� ���	 �����
��+� 
� 	��
 ���� ��� ����
� �� 	
���� �����	 ������	 �� $�( 
������ ���� ��� ����
������

�� ��� ��� $�( ��� �!���� �� 	��	������������ ���
��� ���	����� ��� 	
���� �����	 �� ��� �����
���� ���
����

��� 
�������� �
���������� �� ���	����� ��� 	
���� �����	 ��� ��
���
�� 	��	������	� �� ����
������ ��
���	�

�� �����	 �� ��� ��!� ������ ��
���	�	 ���	����� 
�����������	 �� ��� 
������ ������ ��� ��
���	�	 ���� ��

���� ������	��
��
 ������� ����	� ������� ������ �������� �����	 ��	 ����������� ����������� ��  ! ��	 �������� ��	�����
��� ����	����� �� ��������� ���	����	������ ��	 ����� �����"�����#



���� �� �����	 
���
� 
������ ���
�������� 0

��� ��!�� 
�����	 �� ���� ��� ��
���
�� 
���������	� ��� ����
� �� ����
������ ��
���	�	 �� 	
���� �����	

�� 
������ 
�����������	 ������	 �� ��� 	������� �� ��� ���	�����	2 ��������
�	 ��� � 	����� 
��	�������

����� &�����
������ ��
���	�	 �� 	
���� �����	 �� ��� ��!� ������ ���
���� ���	����� ��	���	�	 �� ������ ���


������ ������ �� ��� ��!�� ���	� �������
�	 ���� �� � ��	����� �����
����# �� ���	����� ��� 	
���� �����	

��� $��
���
��( 	��	������	� ������
������ �����	 
��� ���� � ������ ����
� �� 
�������� �
��������� ����

����
������ �����	- �� ���� ��� 
���������	� ��� �������� ���
�	 ������ �� ���	����� ��������
�	�

.� ��	� ���	 �����
���� �	��� ���� ���� 6����� �� �//���//0� ��� ���
������� ����������� �� ���


������ �	 �����
������ 
��� 	����� ��� ��� ������
�� �!��
�	�� ��� 	�	��� �	 ������� ��	�� �� �����
 	
����	

$��		 ���� �7 �� ��� 	
����	 ��� ��������� ���( ��� ��� 
������ ��	 � ��	���� �� ���� ���������� ����	 ���

	
���� �����
�������� 	����	���� ���� ���	����� ����������� �� 
�������2	 ���
����� �	 ������ �� �/// ���

���������� ����	����� � ,!�� 
�	� ����� �� ����� 	
����� ���	� �����	 
��� �����# ����� �

������� ���

���	����� ��	���	�	� ���� �����	����� 89/7 �� ���	����� ����� ���
������� �!���������	 ��� ��� ��
�	� 
�����

��
���	 ��� 8:7 ��� ��� ��� 
����� ��
���� ;������� ��� 	�����
��� �� ��� ����
����� ���� ��	���� ���� ���

�����	 ���
��� ����� �������� ��
������	 $	�� <�	� <��
��� *���������� ��� =��	����� �//0(� 	����	���� ����

�� ��� ���� �� ��� 	����� ��� ,!�� 
�	� �����	 
���� �� ����
������ �� ���	�����	 ��+��� ����� ���
�������

����	����� ��
�	���	 ��� ��� �����

�� �������� 	
����	 
���� ��	� ��
���� 
�	� ���� ����� 	���
�	� ��� ���	� ����������� 	���
�	 
��� ������

���������� ��� �������
������ �� ��� ���� �� ��� 	������ ��		 ���� �97 �� ��� 	
����	 ��
����� ��� 	�
� �����	

��� 
���������� �� ��
����� ����� 
�	 ���������	 ��������� 
��� 	��� 	
����	 ��
������ 0/ ����	 �	 ��
� �	

�����	� ����� ���� 
�	�� ��
 ��	���
�	 
��� ��	�������� �� 	
����	 ������ ��� ���� �� ��� 	������ >�������

�����
��� �� ������ �� 1����2 ���
������ ��� ��	�������������� �������� 
�����������	 �� 	
����	 
��� ������ ��

����� �//8 $����
���� ���	� ���+ ��� ���� �� %���������
��� �		�
������ ���	(� ��+�� �������� ���	 �������

���� ���
������� �!���������	 ��� 
������� 
���� �� ��� ������ ������� 
�	� �����	 �� 	
����	 �� �������

����
� �������� 
����������� �� ��� ����� �� ��� ���	������ ���	� �
� ��
���	 ���	��� �!�
��� ��� �����
��+

��"����� �� ��	� ��� ����� 
��� ���� �������� 
�����������	 ��
���	 ���
������� �����	 �� ��� ��� ���� ���

�
� �������� 	�����	 �� 
�	� ��	���	�����	 �� 	
����	� ��� 	����� ��� ��� ����� �������
������ �� ��� ������

�� �!����� ��� 
����
����	��
	 �� ��� ���
������� ������������ 
� 
����
��� � ���"�� ���� 	�� ��� � ������

	�������� 	����� �� 	
����	 �� ���� ������
�	 �� ��� 
������ $
������� 9?7 �� ��� ����������(� ��� 	�����

��
����	 ���� �� 	
���� �����	 �	 
��� �	 �
� ��	� 	
���	 �� ��� 	��� 	����� �� 	������	 ��� ���� ������

�� 	��������� ���	 ����� 
� ��	� 
����
��� ����������� ��� ���	�����	 ���
��� �� � 	���	����� �� 	
����	

������,�� �	 1������2 �	��� @�' ������� ����	� ���	 ����
	 �	 �� ����
��� ������ ���	����� ��� 	
���� ���

���	 �� �� ����������� 
���� �		��	 �� 	
���� 
���
� ��� ����������� .� ��� ���� ������	��� �� ��� ���
� ��

����
������ ��� ������
������ 
�	� �����	 �� 	
����	 �� ���	����� ���
������� �!���������	 ��� 
��������

�
����������

.� ,�� 	����� 	������ ��� ��� ���	����� ������
� �� 
�������� �
���������� &	��� ��� ���
��� 	
�����

���	����� ����� ��� ��	���	 	����	� ���� ���	����� ���
������� �!���������	 ��� 
�	� �����	 �� 	
����	 ���

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



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

	��	������	� ��� ���	��
��� �� 	��	�������� ���
��� ��� �
� �	 ���� ��� 	����,
���� 
��� �	������	 �������

���� B/�A9 �� �/�99 ��������� �� ��� 	��
�,
����� �	��� �� ���� 
��� ��� �����
����	 �� ��� ����� 
� ����

,�� ������
� ���� ������
������ �����	 ���� � 	����,
��� ��� 	��	������� ����
� �� ��� ���
�� �� 
��������

�
��������� 
���� ��� ���
� �� ����
������ �����	 �	 	���� ��� ��	����,
���� ���	� ��	���	 ���� ��� ���

	��5�
�	 �� ;��������
	 ��� C����	� $�������� ��� �������
� �	 ���� �������
�� ��� ��� ������(� ��� ���

����	� �� ��������� ��	�	��
�,
����� ���	��� ���� ������� ��������	 �� ��� �����		����

��� 	����,
��
� �� ��� ��	���	 ���	 ������ ��� �����
���� ����
� ����������� 
��	������ ����� � �������

�� ��5�
� ��� ���� �������	�	 �� 	�����	 ���� �	� ��� �����
���� ���
���� ������
� 
���� ���	� ������ ��
��	�

��� ���
� �� 	
���� �����	 �� 
�������� �
��������� ������� ��� �����
���� ���
���� �	 ���� �� ��
��	�

���	�����	 	��	������ ����� �
� ��	���
�	 ��� 	�
� �����	� .���� �� ��� 
�	� ��� 	��	�������� ��� ��+� ���

���� �� ��!����+	 �� 
������ ��������	� �� � ���� ������� 	������ �� ��� ��
���� �������� ����� ������� �������

��� ����� �����	� ��� ��	���	 	��
 ���� ��� ����
�����
� �� 	
���� �����	 ��� �������� ���� ��� �����
����

���
���� ���������	� ��� ���	 ��	 ��������� 
��	�"���
�	 ���� ��� �	�������� ��
���"��	 ��� ��� ���
�������

����
�� � �������� ��	
�		��� �� 
��
� 
� ��	����� ���� ������

���	 
��+ �	 ��
 ��� ���������� ��� � ������ �� ���	��	� >��	�� ��� ����������� ������� ���� �!����	

��� 
��+ �� )�
+�� ��� ����	 $8:?D( �� ��� ������������� �� 
�������� �
��������� ��� ���	 ����
	 �	

�� ����
��� ��
�������� ���	����� ��	���	�	 ��� 	
���� �����	 �� � 	����� 
��
������ �����
��+� '�
����

��� ���"�� ���� 
����
��� �� ���
��� 	
����	 ��� ���	�����	 ������	 ��� ����
� �	�������� �� ���	�����

��	���	�	 �� 	
���� �����	- 
���� ���	 �	 
������ �� ��������� �		�� ��� ����
�� ���	 �	 ��� ��� �� ��� ,�	�

�����	 �� ������� �� �	������ �� ���	 ��������	��� �� ��� 
����!� �� ���
������ ������ ��� 
���������� ��

������� �������	 �� ��� 
������ ��� ����� ���� �� 
�������� �
��������� �������	 �� �!
������ ����������� ��

	������� ����
� ���
�	 ��� �����
���� ���
���� ���������	 �� 	
������� �����	- ����� 	� �����	 ��
 ��	����	

�� ��� ���
�		 ������� 
��
� 	
���� �����	 ��� ���
� ���
������� ���
���	� ���	� ��� 
���������� �� ���

����������� ��� ��� ���"�� ���� 
����
��� ����
	 �	 �� ������� � ,�� ��
���
�����
 ���������� ��� ���

��������	��� ���
��� 	
���� �����	 ��� 
�������� �
��������� �� ��� 
����!� �� � ���	����� ������������

������

��� ��������� �� ��� ����� �	 	���
����� �	 �����
	� .� ����E� �����
 ��� ���������� �� '�
���� ��� ��

	�
���� ��� 
� ���	��� ��� ����� ��� 
� ������ ��� ������
�� 	��
�,
����� �� 	�
���� �F� '�
���� F ���	���	

��� ��	���	 ���� ��� ���
��� 	
��������	����� ���� ��� 	�
���� F� ���	���	 ��� ��	���	 �� ����
������ ���

������
������ 
�	� �����	 �� ��� ���
�� �� 
�������� �
���������� '�
���� F�� ��	
�		 ��� ����
� �������
�

�� ��� 
��+ ��� ��		��������	 ��� ������ ��	���
��

�� 
����� �� �������	��

����� ��� ����� 	�����	 �� ��� ���������� ���� 
� ������ ��� ��� ,�	� �!�����	 ��� ��������	��� ���
���

	
������� �����	 ��� 
�������� �
��������� �� ��� 
����!� �� �����
���� ���
����	� ��� 	�
��� ��� ����
�

�� ���	����� 
����
����	��
	 �� ���
������� ���
���	� >������� � ����� ���������� ��	 �!������ ��� ����
�

�� �����
 	��	����	 �� ������� ���
���	� ��	��� �� ��� 
����!� �� ����� 	����� ��� ������� ����	���	� .�

��	
���� ��
� �� ���	� ����E��



���� �� �����	 
���
� 
������ ���
�������� 9

��� ���������� �� ���
������� �����
���� ���
����	 $��� � �����
� 	�� *���	��+� 8::G( �������	 �� �	���

���� ��� ���
� �� 	
���� �����	 �� 
�������� �
���������� ��� ���� �	�������� 
��
��� ���� 	�����	 ����

����� 
��� �	 ��� ���	��
� �� ����	����� �������������� 
��
� 
���� 
���������� �	������	 �� 
��������� 
���

��� �����	��� �� �����	� �� ��	���	� �� ��� ������� �������� ������� ���� 	�
� ������������� 
�����	� 	�����	

���� ����� �� �!����� 1���������!��������	2 $�����	� ��� H��� $8:::(�  �	� ��� <����� $8:::(� &�"�����

$�//0((� 1�����������2 ������
��	 $*���	��+� 8:G8( �� ���� ��
������ ���������� ����������
������ ��	���	

$)����5���  ���� <�E� ��� H����� $�//0(� @��

� $�//�( �������	 � �����
( �� ����� ��� 
��	������ )���
�


� 	��
 ���� ��� ������
� ����
	 ��� ������� E�!������� �� ��� ��������� �� ����	����� �������������4

�����	��
����� 	��
� 	�
� ������������� �	 ������� +��
� �� ���� ������ �� �� �� ��	 �� ���
� �� ���
�� ����	

������� �� � ��� ���

>������� ��� ����������� ������� ���� 
����!�������	 ��	���	 �������� �� ��� ���
������� �����
����

���
���� ���������� �� ��� ���	��
� �� ���	����� ��	���	�	� '��
�,
����� ��� ����
�����
� ���� �	 
������� ��

���	� 	�����	 ����	 �	 ������ ����� ��� 
������ �����	 ��� 	�

�		��� $�� ���( �� ��������� 
�������� �
����������

 ������ ���	 ����������� �	 ��������� ��� ����
�4�� ��� �����	��� �� ��!����+	 ���	 ��� ������� ��	��	
���	�

�	 �� ��
��	� ��!����+	 ��� ��	����,
��� �� ��� �����
���� ���
���� �� �	 �� ��� �� ������� 
�����	�����

��	���	�	 �� ������ ��� ����� �� ��� ���	�����I	
����3� ��� ���	����� ������������ �����
��+ ��+�	 
����

���� ������
������ �����	 ������� ��� +�� �� �����	������� ���	� �������
�	��

�� ��� ����� �� ��� ���	������ 	�����	 ���� �!������ ��� ��������	��� ���
��� ���
������� ���
���	 ���

���	����� 
����
����	��
	 �� ��� 
����!� �� � ���	����� ������������ ����� $@��

� $�//�( ��� J�
��� ���

'+��,�	 $8::G((�� >�
�� 	�����	 ���� �!������ ��� ���� �� ���	����� 
����
����	��
	 �� 
�������� �
������

����- �!
������	 ��
���� )��
� $�//0(�  �	� ��� <����� $8:::( ��� @��

� ��� J�
��� $8::A( 
�� ���+

�� ��� ��������	��� ���
��� �������� ���
����� ��� 
���� ��������� ��� �������� �� ���$8::G( 
�� �!�����

��� ���
� �� ���	����� ��
��� �� ��	� 	
���	� �� ��� +��
����� ��
����� ����� ��� �� 	�����	 ���� �!�����

��� ���� �� ���	�����	 �� ����������� ��� ���+ ���
��� 	
���� �����	 ��� ���
������� ���
���	�

��� ,�����	 �� ���	����� ��	���	�	 �� ��
���� ���� �� �	�����	��� ���
����� �� ��� ���������� ��

������� ��	���	�	 �� �����
 ����	��� �������	� ��� ��	���
� �� ���	 ����� ��	 ����
���� �!������ �����

	����� ��	���	�	 $;�K��� 8::�� L�������� ��� <���� 8::9( ��� ������� ����	���	 $ �! ��� J������� 8::9

��� L�	���
��� ��� .������ 8::A( �� ,�� ���� ��� ���
� �� ���������� 	��	����	 �	 ��������� ����������

������� ��� ���	��
� �� ���	����� ��	���	�	� ��� C���� �����
��+ ��������� ���� ��	 ��	� ���� �	�� ��

�		�		 ��� �!���� �� ���	����� ��	���	�	 �� 	
���� ������� �������	� J�
��� $�//�( ��� ��	���
�� ��	�	 ���

� 1E�������2 ���
� �� ��� %���������	 �� �!������� ��� �������
� �� ���	����� 
�����,
 ����+� ��� 
�������

�� 	
���� ��� ����	
���� ���	� ����� �	� ��
����� � ��� �� ��� ���������� �� ���	����� ��	���	�	 �� 	
����

�����	� ������ ��� �� ���
+� 	������� �		��	 $���� �� ���	 ����
( ��� ������ ��� �� ��� ����������
� �� ���

����� �� ��� $������ 	���	�������+ ��	 � ��	� �������� ������� ��� )������� ,,
�-� ���� �����.� ������ ��� /	���	 ,,, $�� �	
��� ���� ��� �	�"����� �� ��0����
� �� /��(� ������ �� ���	�"� ���� ���	��

��� �� ��
��	 ������� ��������1��#
�2�0�( �*&&&! �	�"���� ������	 �0����� �� ����
 3��	�	����4 �� ��� �����0� �� ���������
 ��� �5��� �� ���	� �� ��
����"�

�����"�����#
�6� ���� �����$ � ����� ��	����� ����	���	� �� ����������� ��� ������# )�	 ��������� ������� 
	�$�� ����� ��	�"�� �� ��	

����� �	� ������	 �� ����� �� )����	 ����7! $�� �������	� ��� ������ �� 	��� �	���� �� ����� $��
�� �� 8��
������ ��� 9�	���
��� /	������ �*&&&! $�� 	����� ����� ���
���� �� $��
�� �� ��������#



���� �� �����	 
���
� 
������ ���
�������� D

�����
���� ���
���� ������
� �� ��� ���������� �������� 	
������� �����	 �� ���
���	� )� ��������� �	������	

�� ��� 	��� �� ���	� ��	���	�	� 
� ���	 	����	� ����	 ��� ������ ��	���
��

�� ��������
�� ���������

$ % 
�� &�������
� '���������

 ��	���� � ���	����� ���� ��
����	 � 	����� 	
���� ������ ���� 
�� ������ �� ����
������ �� ������
�������

��� ����
������ ����� �	 ����� ��
��������� ���� ��� ������� ��!��������� �������� >�� ��� ������
������

������ ���	�����	 �!��
������	 �� ���� � � � $
��� ���	����� ��
�	���	 ��� ����( ��� ����� 	� ���� ����

��� ������ �� ��	���� �� ��5�	���� ����� �
� �!���������	� *�
 �� ���	� �������� ����	 �� �����	 ���
�


�������� �
���������3
 

O
th

er
 G

oo
ds

 (
X

) 

Cognitive Achievement 
(Test Scores) 

Eo Esurprise 

X
o=

X
su

rp
ri

se
 

>����� 8 ����
�	 ���	 
��
������ �!��
�	� �� ��� 
�	� 
���� ���	�����	 ��������
�	 ��� ��,��� ���� 
���

������ �
��������� ��� ����� ����	� >�� 	�����
���� 
� �		��� ���� 
�������� �
��������� �	 ������� ��

	
������� �����	 ������� � 	����������� ������ �����
���� ���
����� �� ���	 �����
��+� ��� ���������� ��
�#

�����
��� ����� 
��� 	�	���� �!��������� �� ��� ����� ����	 �� ���  ��	�"������ ��� 
����� �� 
��������

�
��������� 
��� ��E�
� �������� ��� 
����
����	��
	 �� ��� �����
���� ���
���� ������� �����	 �� �������

����� ������ ��� ���	����� $��� ��	���
�( ���� �� �� ����������  ��	���� ��
 ��� ����
� �� �����	 �� ���

	��� ��������� ���� ��� ����� ����
������ �� ��� ���	����� �� ���� � � �� �� ��� �!���� ���� ���	 
�����

�	 ���
�� �	 1���������2 �� ��� ���	������ ��� ������ 
��	������ 
��� 	���� ��� �� ��� ����� $������	���(

������ �� ���� ��� �����" ��E�
���� ��� ��
� ���� ���	�����	 
��� ��������� ��
�������� ��� ������ �����������

���� ����� ��
�	���	 �� � � �� ;��� ���������� �� 
���� �� ���� ��� 
����� �	 $����������( �!��
��� �� ��	� �

,!�� ������ �� ����	� �� 
��
� 
�	� ��� ������ 
��	������ 
���� 	���� �� �� ������������ ����� $	��
� ��

��� ��	��� ����( �����	������ ��� 
����� �� ��������� ��
��� 	�
������ �� ��� ����
������ �����	� �� ������


�	�� ����� 
��� �� �� �������
� �� ���
������� �����	 �������� �� ��� ���	����� ���
��� � � � ��� �����	

�������
� ����	 ��� ��	�	 �� ��� 	����	��
�� ��	�#  �������� �
��������� 	����� ��	���� �� ������
������

������ ���� ����
������ �����	�



���� �� �����	 
���
� 
������ ���
�������� G

���	 	��
��� 
�	� �����
���� �		���	 ���� ���	����� ��� 	
���� �����	 ��� ����� 	��	��������� �� ���

�����
���� ���
���� ��� 
�������� �
��������� ��� ��������� ����
������ 
�����	 ���� �� ����
� ���
���

�
� 	��	�"���� ���� ������	� �� ��� ������������� �� ��� ����� ����
 
� �������
� �
� ��
 
��������	�

>��	�� 
� ���
 
�������� �
��������� �	 � ������� ���� 
��� ���	����� ��������
�	 ��,��� ���� ��2	 	��
+�

'�
���� 
� ��
�������� ��� �����
���� ���
���� ��� 
�������� �
��������� �	 � 
��	������ �� ��� �������������

)���
 
� 	�� ���� ���	 ���
�	 ��� ������� ����
��� ������� ��� �	���
�	� �� ��� ������� ����� �� ��������

����
������ ��� ������
������ �����	 
��� ���� ����������� ���
�	� ��� ��� �������� 	��� �� ���	� ���
�	 
���

������ �� ��� �!���� �� 	��	������������ ���
��� ���	����� ��� 	
���� �����	��� �� ��� ������

.� 	���� 
��� �
� ������� �		�������	 �� ��������
�	 ��� ��� �����
���� ���
���� ��� 
�������� �
������

����� �� C���� �"������ �	 ������� ���� ��,��	 
��������	 ��������� ��� ���
�� �� ��	� 	
���	4���	 ��������

���� ������	 
��	��� �� ��� ��	
�		��� �� ������� ����	 ��� �������������� ���	����� ������������ ��	
�		���

��� ��	���
�� �� <����� ��� ;��������� $8:?/(� J�
��� ��� '+��,�	 $8::G( ��� >�	��� $8::9(� )�	�� ��

���	 	������� 
� ��	
�		 ��� ����������� ����
� �� ����
������ ��� ������
������ 	
���� �����	 �� ��	��	
���

���
��� >������� 
� 
��	���� ��
 
����� 
��	������	 
�� ���
� ��� ��	���	�

$ ( )����

� ���	����� $
��� � 	����� 
���� ��������� 	
����( ������	 $��	���������	( ������� ���� ��� 
��������

�
��������� �� ��� 
���� �� ��� ��� 
��	������� �� ����� ����	 �� ��� ���	����� ��!�����	 �� ������

�������� ������� ���
���� ����� �������� ���� ���� ��� 	����	 �� ��� 
���� 
��� ��	
���� ���� ��	 �� 	��5�
�

�� �� �������������� ������ 
��	������ $�) ( �������� �		��	 �� ��� 
������ ������ �� �		��	 �� ��� �������	

������� 
������ �!��������� ��� 
������ ��
���� >������� 
�������� �
��������� �	 ���������� �� � �����
����

���
���� �������� 
������ �
��������� $���( �� ��	� �
��������� $�����(� ���	����� ���
������� �����	 $
�(�

	
���� �����	 $��(� ��� ������������ 
���� 
����
����	��
	 $�( ��� ��� ������������ 	
���� 
����
����	��
	 $
(�

.� ����	� ��� �����
��� 	���
���� �� ��������
�	 ��� ��� �����
���� ���
���� ��� 
�������� �
���������#

M��N *��	����� ������� �	 ���������� 	��������� ��
���	��� ��� 
��
��� �� 
�������� �
��������� ��� �����

����	�

M��N��� �����
���� ���
���� ��� 
�������� �
��������� �	 ����� �� ��� � � ������� ��� 
�� �� 
� 
����

� ��� �	 
��
��� �� ��	 ��������	�

&���� M�8N ��� M��N ��� ���	�����	 ������� �	

������	
�� �� � ��

��
���

���� ������� � ������ ���� $8(

���� � �� � ������ � �� � ���� � 
�� $�(

��� � � ������� ��� 
�� �� 
� $0(

*��� � ��� � ��� 
��
��� �� ��
� �� ��	 ��������	� ��� �������������� ������ 
��	������ $�( ���+	 �		�� �����	

���� �� ��� 
��� ������� �		��	 ��� ������� 	������� �� ���
������� �����	 
�� ��
��� �� ��� ��� 
��	�������

�� ����� ����	� ��� ��� ���
� �� ���
������� �����	 �	 ��� ���������� ��� ���
� �� ����� 
��	������� ����	 �	



���� �� �����	 
���
� 
������ ���
�������� ?

�� ��� � �	 ��� ������	� ����� >������� ��� �����
���� ���
���� 
��	������ $0( ��
����	 ��
 �����	 ��� 
��������

�� ���
������� ���
���	� ��� 
� ��	����� ��	
�		��� ��������� ��� ���� �� ��� �����
���� ���
���� ���� �������

�� ���	 ����������� 
����� ���+��	 ��� �����
� 	� ���� ����� ��� �� �����	 �� ����� �!
��� ���� ����

�	 �"��� �� ����- ��� ����	 ���� �� �� ���� ��
+ ��� ����� �	 �� ��"��	� ������� ��� �����
� 
����� ���+��

�		������� �	 ����!�� �� ��� ��	
�		��� �� ��� ����
� �� ��"������ 
��	������	 ����
� ;�������� ���	�����	


���	� ���� ��� �����	 �� �� ��� 
� 	� ���� 	
���� �����	 $��( ��� ������ ��	 
������� �� ��� ���� ���

���	����� ��	 �� ��+� ��	 ��
�	���� �� ���� +��
	 ��� ���������� 	��
��	��
 ���
�		 �� �� ��� ��� ��� �
����

������ �� ����� 
���	� 
� �		��� ���� 	
���� �����	 ��� � 	���
� �� ��
�������� �� ��� ����� � ��� 	�����
���

��� ���� 	���
�� ���	 �		������� �	 �������� ���������� ��� ��������
�� ��	
�		���� ��� �	 ����� ����!�� ��

��� ������
�� ��	�� 
���� 
� ����
 ��� ����	����� ������������ 
����
����	��
	 �� ��� ���	����� ���� ���

��E���
� 	
���� �����	�

;�!��������� �� 8 	��5�
� �� � ��� 0 �������	 � ��
�	��� ���� ������� �� ���� 
����
�������� ��� ������

��� 
�������� �
���������� �� ������ �� ���	 ��
�	��� ����� 
� ��,�� � ���
� ��� 
�������� �
��������� �	

��� 1�	���
�	�2 �� ��
���	��� ��� 	��
+ �� ��� ������ �� ��� ����� ���� ��� �������� $	����
( ���
� �� ��
�

������ ��� ��� ���	������ ��
� 	�
� � ���
� �	 ��,���� ��� ������� �	 ����	������ ���� � 	������� 
��	����

������������ ������� $	�� ��� ��	���
�� <����� ��� ;��������� 8:?/(�

�� ��,�� ���	 ���
�� ���� ���� �� 
�������� �
��������� 
���� �� ������ ��� 	��� �� �� ���� ���+�� ��

��� ���
�� �� ���	�����	 
���� ��� � �� ��� ,�	� ������ �� ��� ��� ����� �� ��� ��!� ������� ���� 
���� ����

	��� �� � �� ����	 $�� �����
������ �	 �� ��� ���� � � �( �� ��� 	�
�������� ���+�� ��� ��
���� ��� 
������

����� ���
��
��� � ���	� ��� 
�	� �� ������� ��� ���� �� ��	��	
���	 ��� ��� ������ �	 � � ���
��

��� ��� ���	 ��,��	

��� �	�� 
�	�� �� ��� 
����!� �� � �����
���� ���
���� ��
����� ���	�����	 1���2 ��	��	
���	 �� ������ � �	

�� ��
���	��� 
�� '��
� 
� ��� ������	��� �� ��� 
�	� �� ���	���� �
��������� �� ��� ������ ���� 
� �		���

���� �� ��� ��!� ������ ���� 
�� ����
� 
��� �� ��	��� ���� ��� ������� 	��
+ �� ��	��	
���	 �� �� � ������	

��
������� ��� �	�� 
�	�� ��������� �� ������ �� �	 ���� $	�� �������! 8 ��� ��� ����������(#

�� �
�

�
����
� ����

���

�� � ���
������
$A(

'������ �� ��� �!���		��� $�� ���
��
��� ( ������� ������ ��� ,�	� ���� ���	���	 ��� 
�	� �� ��+��� ��	���
�	 �� �

��� ����	������� �� ���� ��� �!��� ���� �� 
�������� �
���������� .��� ����������� ������� � �����
����

���
����� ��� ���
� �	 �� ������ 
��	����4 �� ��� �����
���� ���
���� �	 
��
���� ��� ������ ��� ������� �����	

�� 
�������� �
���������� ��� ������� ��� 
�	� �� 1������2 �� �!��� ���� �	 ��E�
��� �� ��� �������� ������

������ ��� ��� �	
�������

 �������
� ��� ���� �� ��� ������� ��
����
� ���
�� �
 �����
����� �

������
� ���� ��� 	�
���

���� ��� ������
 ���
����� ���������
� ��� �
�� ���� �
 ��� ������� ����� 
�� ���
�� ��� ����� ��
����
������ �� ���
� 	�
���

��� �
�� ������� �� ��� ��� �� ���
�
�
 �
 ��� ������ ���� ��� ������
 ���
����� ���������
�� ���
 ��� ��������
 ����
��
 	�����


������ �� � ���� �
��
���
� ����
��
� �
 ��
� �
 ��� 	�
���
 ���� ��������
 ��� ��
���� �
 ��
 ������
�
� ��� ��
���
 ����� 	�

������� ���� ���� ���
 �� ����
�� ���
 
�� ����� ���� ��� 
����� 
���� ����� �� ����
 ������� ���� 	� ��� 
��� �
 ������ ��
��
	�� �
�� ���� ���
� ��� ������ ���� ��
� ����� ��
�����

 �����
 �
���
���  
�� !�
��"��� #$$% ��� � �������� ��
��

��
 ��

����� 
����
 �
��� ��&���
� �

������

 �������
� ��� ���� �� ��� ������� ��
����
'� (���
�� ��� ������� ��
����
 �
�
 � 
���)
�
 �
� �� ��
 ������
�
* +� �

��� ���� ���
�����
 ���� �	��� ��� ����� �� ��������
�� ���������
�� ��� ��
���
 	���� ���
�
�&����� �� �
� �

���
 ���� ���
�����
 ���� �	��� ���  �

��
��
���
' ��� ���� ��������
�� �������
� �������� ���� ���

��� �
 ��
��� �
 ��� 
���)�



���� �� �����	 
���
� 
������ ���
�������� :

�
����� �� ��� ���������� ���� ������ �� ������ �� ��� ������ ���� �� 	��� �� ������ � � � �	 ����
��� ��� ���

	�
��� ���� ���	 ���	���	 ��� ���	��� ����� �� ��
 ��
� �� ���	 ��� ���� 
��� �� ���� �� ��� ��!� ������

�!���		�� �� �������� ����	� ��
� ���	 �	 ��,���� ��� 	������� ,�	������� C���� 
�������� ������� �� ���

������� ���� ���
����� �� ���
������� ���
���	 ���
��� ������ �� � ��� � 
�� �� ������� �	#

����

�
�
����
��

��
����

��
������

�
� � $9(

����������� ���	 �!���		��� $�������� ��
�������� ��� ��� ������( 	����	�	 ���� �� ��� �	���
�	� �� ��	��	
���	

��
���	�	 �� ��� ������ � �������� �� � � �� ����� ��� ������� ���� ���	 
���� ��
���	� ��� �������� �������

�� �� 	� ���� ��� 
��� �� ��
��� ���	 �	 � 	������� C���� �"������ 	������ ���� ����� ��� ������� �����


�������� �
��������� 
��� �� 	������ 	� ���� ��� �������� ��������	 �� ���
������� ���
���	 
��� �� �"��� ��

�!��
������	� ������������� ��	
������ ��� ���
��� >������� ��� 
��
����� �� ��� �����
���� ���
���� 
��� �����

��� 
��������		 �� ���	�����	 �� ���	� ���
����� ��	� 	��
� ��� 
�	� �	 ��
���	��� �� ���	����� �����	� ���	�

����� ���	������ ��	���
����	� ��� ������� ���� 
��� �� 
����
������� �� � ������� ��
���	� �� ���
�������

�
��������� ���� ���� $��� �� �!���
�� ���������� �� ��� C���� �"������ 
��� �������	� 	�� ���� <����� ���

;��������� $8:?/(� >�	��� $8::9((�

�� ���
��� 
��� ��� ������
�� 	��
�,
����� ����	� ��� �����
��� 
��������	 �� ��������
�	 ��� ��� ����

��
���� ���
�����

M���N *��	����� ������� �	 ���������� 	�������� ��� �� ���  LL� �����
M���N ��� � ��� ������� � � ���� 
�� �� 
� 
���� ��� *�		��� �� � ��� �	 �������� 	������,�����

&���� M���N �������� ������� �	 ��,��� �	 ����� � 
��� � ��� 
��K
���� �� �������� ��	+ ����	���� ����� 9


�� �� ��
������ �	#�
���

�����

�
��

�����
��

� � � �� $D(


���� �� �	 �� �!��
������ ������ ��
��������� 
��� ����������� �� �� �� ��+��� ���	 ��� �!���		�� ��� 
����

�� 
� ������#

	


�
����

������

�
�

�

�
	
� � �

�
	
�

���
�����

� �
�

�
	
�� � ���� $G(

��� ��� ���
�� ���� �	 ���������� �� ��� ���� �� �	�� 
�	�	� ��� � ���� 
�������� �!��
�������� 	�����	�	�

$ ( % *������
��� 
�� +�
������
��� ������

� +�� �		�� �	 ��
 ��
���	�	 �� 	
���� ����� �����	 �� ����
� �� ��� ������� ���� �� 
�������� �
����������

'��
� 	
���� ��	���
�	 ��� ��� +��
� 
��� 
�������� ����� ����� ���	�����	 ��+� ��
�	���	 ��������� �����

�
� �����	� ���	 ����
� 
��� ������	 �� 
������ 	�
� ��
���	�	 ��� ����
������� ���	� ��� ��
� ��

�
� � �� �����	

�� ���� � ���� 
��� ����
������ $������
������( �� ���� >��	�� 
��	���� ��
���	�	 ���� ��� ����
������� �� ���	


�	�� ��� ����
� �� ��� ���� �� ���
���	 
��� ������ �� ��	 ����
� �� ��� �	�� 
�	� �� ���
������� �
���������

�� �� 	��
� ����� �	 �� ������ ����
� �� ��� ������ 
��	������ $��� ����������� ��
����� ����
������ �����	 
���



���� �� �����	 
���
� 
������ ���
�������� 8/

���� ���� ��
��������� ���� ��� ������ 
��	������ �� ���� �� �(� �� �����
����� �	��� ��� �����
�� ���
����

������� 
��� A ��� �		����� M���N� 
� ����

���
���

�

� ��
���

��

�

� � � �
���
� � $?(

���	 ������	 ���� �� ���	����� ��� 	
���� �����	 ��� ��
���
�� 	��	������	 $�
���
	 �(� ����
������ ��
���	�	

�� 	
���� �����	 �� � 
��� ��
���	� ��� �������� �	�� 
�	� �� ���	���� �� �� ��	������ �� ��
�� ���
�� �� 
��������

�
���������� 
�����	 ������	� ���
��� � ��� � � �� 
��	�	���� 
��� ��� ������� ���� $9(� �������������� ��

	
���� ��� ���	�����	 �����	 ��� ��
���
�� 
���������	� ��
���	�	 �� 	
���� �����	 �� � 
��� ��
���	� ���

�������� �����
������ �� ���	����� �����	 �� �� ��� ������� ��� ��
���� �� �	�� 
�	�	 ���� �� ������ ���
��

�� 
�������� �
��������� ����� ��� ������� ���� ���
��� � ��� �� ��

�� 
������ ��� ������
	 ���
��� ��� ��� � �������� ���� ���� ����� ��� �
� ���
�	 
� ���� �� ��	������	��

��� ,�	� �	 ��� �� ��� 
����� �� �������� �	�� 
�	�	 
���� ��� 	�
��� �	 �������� �� ��� ���	�����	 ��	���

�� 	����� 
��	������� $9(� ��� 	�
��� ���
� 
��� ��
��	 ������� ��
������	 �� 	���� ���� �� � � � ��

��+� ��������� �� ��� ���������� ���������� 	������� �� �� �� ���	����� ��� 	
���� �����	 ��� 	��	������	�

���	�����	 
��� ��������� ��
������ ���� �������� �	�� 
�	�	 �� � 
��� �� ������ ���� �� � � �� ��� 1�����
��

���
�2 �� ������ ��	��	
���	 
��� ��
���	� �� ��� �������  ��	�"������� �� ������ ��� ������� ���
�� ���� �� 9

���	�����	 
��� 
���	� �� ��
���	� ����� �
� 	������� �� � � �� ���	� ��� ���
�� �� 
�������� �
���������


��� �� ��
�� �������� �� ��� 
�	� 
���� �� ���	����� ��	���	�	 ��� ��		�����

�� ��� 
�	� �� ��
���
�� 
���������	� ��� ���������� ��	���	� �	 �!�
��� ��� ����	���� 	��
� �������� �	��


�	�	 
��� �� ��
�� �� �� ���	�����	 
��� ��������� ����� 	�������� *�
����� �� ���	 
�	� ��� �	���
�	� ��� ���

	�������� ���
�	 ���� �� ����	��� ����
����	 	� ���� ��� ������� ���
�� 
���� 	���� �� ������ �������� �� ���


�	� 
���� �� � ��  �������� ��� �
� 
�	�	 �� 
���������	 ��� 	��	������	� ���	����� 	������� �	 ���	


�������
�
��
�� �������� �� ���������� 	������� 
��� ���	����� ��� 	
���� �����	 ��� 	��	������	� .���

���� ��� 
���������	� ��� 	�������� ��� ��� �	���
�	� ���
�	 ���� �� ����	��� ����
����	� �������� �� ���

	��
���  LL� 
�	� ���� 
� 
��	���� ���� $ ���� ��� �	���
�	� ���
� �	 ������ ���� ��� 	�������� ���
� 	�

���� ��� ����
�
��
����� �� ���	����� �����	 �	 �����������

>�� ��
������
��� ��
���	�	 �� 	
���� �����	�� 	��
� ���	�����	 ��� ������ �� ��	����� ���� ��� ��	��� ��

����� ������� ���� ��� ��� ��
���	� �� ���
������� �
��������� �� ������ � �	 ����� �� ���
���� .��� �	 ���

	��� �� ���	 ���
� 
������� �� � 	������ ��
���	� �� ����
������ �����	3 .��� �����	 ��� ����
������� �	���

G ��� 
����� �� ��� ������� ���
�� ���� �	 ����� ��

!���
��� 	
���

!������������
�

� ��

�
�
! 	
��
!��

�

�
�

�

�

��

�
�
� �



� � � �
� � � $:(

>�� ������
������ ��
���	�	 ��� 
����� �� ��� ���
�� ���� �	 ���� �� 	
���� � ������
� ��� 
��
� �	 	���
���

��	������ ���	� ��� ���
� �� �� ������
������ 
����� �	 ������ ���� ���� �� �� ����
������ 
����� �� ��� 
�	�

�� 	��	������	� ��� �������� 	���	 
����� �� ���+�� 
��� ���� ��� 
���������	 
������ ������� ��	���
����	



���� �� �����	 
���
� 
������ ���
�������� 88

�� ��� ���� �� ��� ������� ���
����� ���	� ��	���	 ��� 	��������� �� ��� ����� ����
 ��� ��� 
�	� �� ���

 LL��

Type Inputs Cross-
Derivative 

Spending at 
t-1 

Spending at 
t 

Effect on 
Growth 

Relative 
Ranking 

A Anticipated  Substitutes Increases Decreases Lower A<{B,C,D} 

B Anticipated  Complements Decreases Increases Higher B>A 

C Unanticipated  Substitutes Unchanged Unchanged Higher C>A ;C=D  

D Unanticipated Complements Unchanged Unchanged Higher D>A; C=D 
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Figure 1: Determination of Remote Locations (Screen Shot of Northern Province) 

 
Note: The figure shows how schools were chosen for the household sample. Every point is a school and lines represent 
the edges of a Thiessen Polygon. On any line,  every point is equidistant between two neighboring schools. Remote 
schools are those where the distance of the closest line to the school is at least 2.5 kilometers. Choosing only among 
those schools that are in the sample imposes further restrictions---these are shaded in yellow. The province shown in 
this figure is the Northern Province.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Figure 2a: Net Enrollment Rates in Africa 
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Source: UNESCO (2002). This graph shows the relationship between net enrollment rates and log GNP per capita in 
selected African countries, with a fitted quadratic. Zambia lies above the fitted line, suggesting that the enrollment in 
Zambia is great4er than what would be predicted through per capita income alone. 
 

Figure 2b: Educational Attainment Curves: Zambia 
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These graphs show educational attainment plots of the percentage of children enrolled against age. For all regions and 
income categories, we find that strong evidence of delayed enrollment with enrollment increasing with age till age 12 
and then tapering off or declining. The graphs also show how educational outcomes have worsened between 1992 and 
1996, with a decline in enrollment at every age group and for all socioeconomic levels.



 Table 1a: Descriptive Statistics: School Enrollment and Staffing 
 

Category 

Variable Urban Rural `Remote’ Schools 

(HH Sample) 

School size (number of pupils) 1439.5 

(600.98) 

553.4 

(408.19) 

399.1 

(224.3) 

Pupil-teacher ratio 42.23 

(24.16) 

63.62 

(55.14) 

66.1 

(40.91) 
Basic Indicators 

Number of pupils per classroom in good 

condition 

103.4 

(58.41) 

96.7 

(46.40) 

101.4 

(59.66) 

Repeating the same grade (%) 4.9 

(4.29) 

9.42 

(6.66) 

9.1 

(5.33) 

Dropouts as ratio of current enrolment (%) 1.67 

(2.57) 

4.49 

(5.05) 

4.6 

(5.28) 

Pass-rate in 1999 Grade VII examination 

(Males) 1 

40.5 

(22.68) 

44.2 

(27.07) 

42.6 

(27.47) 

Outcome 

Indicators 

Pass-rate in 1999 Grade VII examination 

(Females) 1 

38.6 

(24.32) 

40.7 

(30.73) 

38.4 

(30.24) 

Average value of wealth-index of households 

with children in the school2 

0.57 

(0.61) 

-0.56 

(.56) 

-0.73 

(0.43) Pupil 

Characteristics Percentage of children who are orphans 4.7 

(3.6) 

4.79 

(4.13) 

4.9 

(3.5) 

Percentage of schools who received 

anticipated funds at time of survey 

89.4 

(3.7) 

89.3 

(2.9) 

85.7 

(5.9) 

Percentage of schools who received 

unanticipated funds 

23.1 

(5.2) 

24.8 

(4.0) 

14.2 

(5.9) 

Anticipated amount received (log Kwacha per 

pupil) 

7.66 

(0.41) 

8.67 

(0.60) 

8.93 

(0.54) 

Unanticipated amount  (log Kwacha per 

pupil) 

7.22 

(2.31) 

7.93 

(2.58) 

9.84 

(2.77) 

Anticipated amount (Kwacha per pupil) 2372.8 

(1535.4) 

6931.4 

(3969.7) 

8676.1 

(4852.1) 

Cash-Grant 

Characteristics 

Unanticipated amounts (Kwacha per pupil) 17121.2 

(36822.5) 

54559.0 

(14424.7) 

120630.9 

(158621.6) 

Source: ESD Sample. Standard-Deviations in brackets.  
1. Pass-Rates are for the Grade VII examination administered to all students by the Examination Council of 

Zambia. 
2. The wealth index is based on a weighted aggregation of household assets similar to a principal components 

analysis, but with weights optimally derived to minimize classification errors. Details are in “Discretion vs. 
Rules, Appendix 1”. 

3. For anticipated funding, 2.25% of schools received more than the allotted amount, to a maximum of $800.  
4. Unconditional logs for cash-grants are calculated by generating lnX=ln(X+b) if X=0, where b is determined 

optimally . 
 

 



Table 1b: Who Received Discretionary Funds? 

 

Category 

Variable No Discretionary 

Funds Received 

Received 

Discretionary 

Funds 

Significant 

Difference? 

School Asset Index -0.03 

(0.79) 

.09 

(.77) 

NO 

Total Enrollment in School 862 981 NO 

Distance to District Office (% 

within 5 KM) 

48.1% 60.4% NO 
School 

Characteristics 

Distance to Provincial Office (% 

within 5 KM) 

20.7% 18.6% NO 

English Scores in 2001  -0.045 

(.48) 

-0.05 

(.52) 

NO 
Performance in 

2001 

Examinations 
Mathematics Scores in 2001 -0.012 

(0.47) 

-.069 

(0.42) 

NO 

Source: ESD Sample. Standard-Deviations in brackets. This table checks to see whether schools that received 
discretionary funds were `different’ along observable dimensions from those that did not. We find no difference in 
either school characteristics or test-scores in 2001 between schools that received such funds versus those that did not. 
The wealth index is based on a weighted aggregation of household assets similar to a principal components analysis, 
but with weights optimally derived to minimize classification errors. Details are in Appendix I of Das et al. 2003. Test 
Scores are the maximum likelihood estimates of the latent variable as described in Appendix 1 
. 



Figure 3: Household Expenditures and School Funding 
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Source: ESD Sample. The pi-chart shows how educational inputs are funded in schools that received high/low 
anticipated funds. The shares are computed as the average of shares across schools. 

1. Teachers Salary is computed as salary divided by the number of students in the teachers class. This is 
computed for a sample of teachers who were interviewed if they were either currently teaching Grade VI or 
Grade V students, or had taught Grade V students in the previous year. The particular sample was chosen to 
ensure that teacher characteristics could be matched to students who were tested in both years. Salaries will 
therefore be biased if there is selection of teachers into different grade levels. 

2. Household expenditure is based on a one-year recall question of household educational expenditure for every 
child on various items including textbooks, school supplies and uniforms. 

3. Discretionary funds are unanticipated by households. 
 
 



Table 2: Cash-Grants and School Characteristics in High and Low Anticipated Grant 
Villages 
 
Categories Variable Low Grant 

Schools 
High Grant 
Schools 

Significant? 

Matching 
Success 

% School going 
Children attending 
surveyed school 

94.6% 98.5% YES 

Outcome 
Variable 

Average Per-Child 
Expenditure 

19,576 10,794 YES 

Average 
Anticipated Grant 

4,648 10,999 YES 
Explanatory 
Variable 

(Anticipated 
Grants= 

K/enrollment) 
Total Enrollment 
in School 

572.15 232.77 YES 

Schools Asset 
Index 

-.75 -.93 YES 

Households Asset 
index 

0.018 -0.054 NO 

% Children with 
mothers in 
household 

72.5 79.8 YES 

% With fathers in 
household 

65.0 72.5 YES 

% whose mothers 
can read 

87.7 90.1 NO 

Observable 
Components of 
Households  

 

% whose fathers 
can read 

72.5 79.8 NO 

% who say Head-
Teacher is good 

0.79 0.84 NO 

% who say that 
Teacher visited 
household 

52.9 74.2 YES Observable 
components of 

schools 
%For whom school 
is within 30 
minutes 

50.6 70.7 YES 

Village 
Enrollment 

% Enrollment in 
Village 

.78 .80 NO 

Note: 1. Private Schools are not included, reducing the sample to 33 schools. 
1. All tests of percentages are probability tests, all tests of continuous variables are t-tests. 
2. Significant differences are at the 1% confidence level. 
3. Schools Asset index is the average value of the asset index for children in the school matched to the 

household. 
This table compares observable characteristics of households and schools for schools that received low and high 
anticipated funds respectively. We find that for a number of characterisitics, there is no diffference between the two 
categories. For variables where differences are significant (% with fathers in households or distance to school) the 
relationship with enrolment is the opposite of what one might expect, suggesting that there is no systematic correlation 
between enrollment at the school level, which determines anticipated funding, and household characteristics. 
 



Figure 4: Test Characteristics English and Math 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Source: Examination Council of Zambia data. These two graphs show the standard error of the estimation for the latent 
ability (knowledge) variable. The line in the middle plots ability against itself, while the lines on the outsides plot the 
95% confidence intervals where the standard errors are calculated from Fisher’s information for maximum likelihood 
estimates. Thus for instance, in both the Mathematics and the English examination, the exam was `too hard’ so that the 
confidence band at lower ability levels is larger than that at higher ability levels. Further, the Mathematics exam is 
more `noisy’ than the English exam with larger confidence bands, especially at the lower levels. 
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 Table 3a: Relationship between Household and School Funding  
 (1) (2) (3) (4) (5) (6) 
 Base 

Regression: 
Tobit 
Specification 

Base 
Regression: 
Tobit with 
Random 
Effects 

Hypothesis 
2: Tobit 
Specification 

Hypothesis 
2: Tobit 
with 
Random 
Effects 

Log 
Specification 
and 
Interaction 
with Assets 

Tobit 
Specification: 
Asset 
Interactions 

Log Received (rule-
based) Funding 

-0.356 
(2.51)* 

-0.338 
(1.73) 

    

Log Anticipated Funding   -0.646 
(4.95)** 

-0.657 
(4.27)** 

-0.964 
(3.75)** 

-0.541 
(2.35)* 

Log Discretionary 
Funding  

-0.140 
(2.31)* 

-0.130 
(1.58) 

-0.072 
(1.34) 

-0.071 
(1.13) 

0.045 
(0.45) 

-0.089 
(1.62) 

Child is Male -0.038 
(0.32) 

-0.039 
(0.33) 

-0.039 
(0.33) 

-0.040 
(0.33) 

-0.022 
(0.28) 

-0.023 
(0.19) 

Age 0.266 
(13.03)** 

0.268 
(13.19)** 

0.267 
(13.18)** 

0.267 
(13.23)** 

0.071 
(4.21)** 

0.271 
(13.29)** 

Household Wealth Index 0.730 
(10.68)** 

0.723 
(10.06)** 

0.731 
(10.80)** 

0.725 
(10.36)** 

  

Medium Wealth 
Household 

    -3.729 
(1.48) 

0.176 
(0.06) 

High Wealth Household     -2.305 
(0.62) 

3.967 
(1.42) 

Medium wealth * 
Anticipated Funding 

    0.495 
(1.78) 

0.081 
(0.25) 

High Wealth * 
Anticipated Funding 

    0.382 
(0.91) 

-0.281 
(0.91) 

Constant 8.817 
(5.98)** 

8.573 
(4.28)** 

11.097 
(8.95)** 

11.187 
(7.69)** 

15.522 
(6.11)** 

9.381 
(4.44)** 

Observations 1407 1407 1407 1407 1197 1407 
Log Likelihood -2809.7 -2805.7 -2800.7 -2799.7 R2=0.18 -2807.8 
 
Notes: The regressions in this table show the effect of anticipated and unanticipated funding on children’s educational 
expenditures (the dependant variable in all regressions). Estimates marked ** are significant at 1%, * denotes 
significance at 5% Anticipated funding is further divided into funding that had been received by the school at the time 
of the survey, and funding that had not yet arrived (but did so later). Estimates from the former are presented in 
columns (1) and (2) and the latter in columns (3) and (4). All regressions use a Tobit specification with censoring at 0, 
the random effects Tobit specifications account for the clustering of errors at the level of the village. Marginal effects 
(conditional on being uncensored) and the probability of censoring are presented in Table 3b below. Further comments 
are (1) For all regressions, K100 is added on to discretionary funding to allow logs. The minimum funding is K900 
conditional on receipt; (2) Province Dummies are included in all regressions; (3) The omitted category in (5) & (6) are 
the low-asset households and (4) The asset index based on optimal maximum likelihood weights. Results are robust to 
alternative indices (for instance an unweighted raw sum). 
 



Table 3b: Marginal Effects and Probability of Censoring 
 (1) (2) (3) (4) 
 Base Regression: Tobit 

Specification 
Base Regression: Tobit 
with Random Effects 

Hypothesis 2: Tobit 
Specification 

Hypothesis 2: Tobit with 
Random Effects 

 Marginal 
Effect at 
Mean 

Prob. 
(Uncensored) 

Marginal 
Effect at 
Mean 

Prob. 
(Uncensored) 

Marginal 
Effect at 
Mean 

Prob. 
(Uncensored) 

Marginal 
Effect at 
Mean 

Prob. 
(Uncensored) 

Log 
Received 
(rule-based) 
Funding 

-0.27* -0.02* -0.26 -0.02     

Log 
Anticipated 
Funding 

    -0.49** -0.039** -0.50** -0.04** 

Log 
Discretionary 
Funding  

-0.10* -0.008* -0.10 -0.008 -0.05 -0.004 -0.05 -0.004 

 
Note: This table shows the marginal effects at mean values of the regressors based on the coefficients from Table 3a 
above. In all cases, tthere is no difference in using either the Tobit or the Tobit random effect specification, either in the 
size or the significance of estimated coefficients. The estimated elasticity increases substantially when we use 
anticipated instead of received funding, confirming that households make their educational expenditure decisions 
before such funding is actually received. Moreover, the probability that educational expenditures are uncensored (i.e. 
that children are enrolled) is lower in schools with higher anticipated funding. This implies that the probability of 
enrollment of any specific child is lower in schools with smaller enrollments, suggesting that any omitted variable bias 
leads to lower spending for enrolled children, reflecting perhaps a quality-quantity trade-off. 



Table 4a: Test of Weak Exogeneity: Household Expenditures  
  
 (1) (2) (3) (4) 
 Base Regression: 

Tobit Specification 
Base Regression: 
Tobit Specification 
with Random Effects 

Tobit Specification: 
Hypothesis 2 

Hypothesis 2: Tobit 
Specification with 
Random Effects 

Log Received (rule-
based) Funding 

-0.871 
(3.96)** 

-0.863 
(3.11)** 

  

Log Anticipated 
Funding 

  -0.987 
(3.71)** 

-0.987 
(3.61)** 

Log Discretionary 
Funding  

-0.154 
(2.54)* 

-0.148 
(1.95) 

-0.076 
(1.41) 

-0.076 
(1.37) 

Residuals from first 
stage  

0.607 
(3.06)** 

0.614 
(2.46)* 

0.446 
(1.47) 

0.443 
(1.42) 

Constant 13.429 
(6.38)** 

13.295 
(5.02)** 

14.205 
(5.80)** 

14.204 
(5.65)** 

Observations 1407 1407 1407 1407 
  
Note: The regressions presented here check for the weak exogeneity of anticipted funds using the approach followed by 
Blundell and Smith (1986). We estimate the determinants of anticipated funding (by proxy, enrrollment) in the first 
stage and re-estimate the specifications discussed in Table 3a with the estimated residuals. We reject weak exogneity of 
the actually received anticipated funding, but cannot reject that anticipated funds are exogenous to children’s 
educational expenditures. The failure to reject in the former case arises from the imposed high enrollment when we use 
received funds in the first stage. All regressions reported here control for the same set of variables as those in Table 3a, 
specifically the gender and age of the child, the wealth of the household and province level dummies. As usual, ** 
denotes significant at 1%, * denotes significance at 5% 
 
 
Table 4b: Marginal Effects and Probability of Censoring 
 (1) (2) (3) (4) 
 Base Regression: Tobit 

Specification 
Base Regression: Tobit 
with Random Effects 

Hypothesis 2: Tobit 
Specification 

Hypothesis 2: Tobit with 
Random Effects 

 Marginal 
Effect at 
Mean 

Prob. 
(Uncensored) 

Marginal 
Effect at 
Mean 

Prob. 
(Uncensored) 

Marginal 
Effect at 
Mean 

Prob. 
(Uncensored) 

Marginal 
Effect at 
Mean 

Prob. 
(Uncensored) 

Log 
Received 
(rule-based) 
Funding 

-0.66** -0.05* -0.66** -0.05*     

Log 
Anticipated 
Funding 

    -0.75** -0.06** -0.75** -0.06** 

Log 
Discretionary 
Funding  

-0.11* -0.01* -0.11* -0.01* -0.05 -0.004 -0.05 -0.004 

 
Note: This table shows the marginal effects at mean values of the regressors based on the coefficients from Table 4a 
above. In all cases, there is no difference in using either the Tobit or the Tobit random effect specification, either in the 
size or the significance of estimated coefficients. The estimated elasticity is higher than that in Table 3b; this is 
consistent with substitutability between school enrollment and expenditures on children.  



Figure 5: School Funding and Learning Gains 
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Notes: This figure shows the relationship between anticipated/unanticipated funds and gains in cognitive achivement. 
For both graphs, the histogram of funding is plotted on the left axis and the relationship between cognitive gains and 
funding is plotted on the right axis. In the case of unanticipated funds, a large number of schools receive 0 funds and 
conditional on receipt, there is very high variance in the amount received. For anticipated funds, the distribution mirrors 
the distribution of enrollment and is evenly distributed on the sample range. The relationship between cognitive gains 
and unanticipated funding is positive and significant for both Mathematics and English and not significantly different 
from zero for anticipated funding. 



Table 5: Funding and Test Scores  

 (1) (2) (3) (4) (5) (6) (7) (8) 
 Basic 

Regression: 
English 
 

Basic 
Regression: 
math 

Full 
Control 
Set: 
English 

Full 
Control 
Set: 
Math 

Dummy on 
Discretionary: 
English 

Dummy on 
Discretionary: 
Math 

Full 
Control 
Set: 
Expected 
Rule: 
English 

Full 
Control 
Set, 
Expected 
Rule: Math 

Log of 
Unanticipated 
Grants/ 
Dummy  

0.076 
(2.54)* 

0.027 
(1.22) 

0.072 
(2.42)* 

0.028 
(1.42) 

0.125 
(2.28)* 
(coefficient 
for dummy on 
discretionary) 

0.095 
(2.07)* 
(coefficient 
for dummy on 
discretionary) 

0.055 
(1.92) 

0.032 
(1.37) 

Square of log 
Unanticipated 
Grants 

-0.006 
(2.35)* 

-0.001 
(0.67) 

-0.005 
(2.06)* 

-0.001 
(0.65) 

  -0.004 
(1.56) 

-0.002 
(0.86) 

Log of 
anticipated 
Grants/ 
Dummy 
(received) 

-0.025 
(1.27) 

0.007 
(0.57) 

-0.007 
(0.43) 

0.023 
(1.54) 

0.012 
(0.21) 
(coefficient 
for dummy on 
rule-funds) 

0.083 
(1.20) 
(coefficient 
for dummy on 
rule-funds) 

  

Log 
anticipated 
funds 

      -0.102 
(2.35)* 

0.033 
(0.76) 

Observations 177 177 176 176 176 176 176 176 
R-squared 0.05 0.02 0.15 0.04 0.13 0.03 0.17 0.03 
Absolute value of t statistics in parentheses       
* significant at 5%; ** significant at 1%       
Notes: This table shows OLS estimation results for the relationship between unanticipated/anticipated funding and 
gains in cognitive achievement for English and Mathematics. Columns (1) and (2) report coefficients without any 
further controls, Columns (3) and (4) include whether the school is rural, whether the head-teacher changed in the 
previous year, whether the PTA changed in the previous year, differences in PTA fees between 2002 and 2001 and a 
dummy for private schools. Columns (5) and (6) report results from using a dummy for whether the school received 
unanticipated funds or not with the same set of controls. Columns (7) and (8) present estimation results when we use 
the legislated anticipated funds rather than the anticipated funds received at the time of the survey. For the sample, 3 
schools with unlikely changes (>2 or <-2 standard deviations) are dropped from sample and the optimal b=3.73 is 
added on to unanticipated funds to compute the log. All regressions are clustered at the district level. The results from 
the Wald test for equality of marginal impacts for anticipated and unanticipated funds at different points of the sample 
range are presented in the text. The results show that we can reject the null hypothesis for English at the 5% level for 
the sample mean, median, 25th and 75th percentile. We cannot reject the null at these values of the sample for 
Mathematics.  

  



 
Table 6: Predicting Discretionary Funds (First Stage) 
 (1) (2) (3) 
 First Stage Hurdle: log 

unanticipated grants 
(conditional on 
receipt) 

First Stage Hurdle: log 
unanticipated grants 
squared (conditional 
on receipt) 

Probit for Probability 
of Receipt 

Grade VII Male Pass Rate: 
(Lag 2 years) 

-0.021 
(1.19) 

-0.353 
(1.19) 

0.017 
(2.56)* 

Grade VII Female Pass Rate: 
(Lag 2 years) 

0.000 
(0.02) 

-0.021 
(0.07) 

-0.014 
(2.19)* 

Mean School Asset Index 
(Lagged 1 year) 

0.138 
(0.23) 

2.582 
(0.25) 

0.358 
(1.76) 

Is this school eligible for 
external funds? 

-1.606 
(1.90) 

-27.529 
(1.90) 

0.885 
(3.37)** 

Log of District receipts from 
external sources 

1.051 
(2.22)* 

16.584 
(2.05)* 

0.327 
(1.93) 

Log of Province receipts 
from external sources 

0.183 
(0.40) 

3.463 
(0.44) 

0.095 
(0.56) 

Dummy for politically active 
district 

4.581 
(2.56)* 

89.795 
(2.93)** 

-0.189 
(0.32) 

Dummy for politically active 
district (2) 

1.918 
(1.24) 

43.072 
(1.62) 

0.943 
(1.20) 

Constant 0.901 
(0.21) 

-43.145 
(0.60) 

-4.455 
(2.82)** 

Observations 38 38 165 
R-squared 0.50 

 
0.52 0.16 (Pseudo R-

squared) 
Absolute value of t statistics in parentheses  
* significant at 5%; ** significant at 1%  
Notes: This regression shows the first stage of the IV strategy using a hurdle model. Columns (1) and (2) show the 
estimation results conditional on receipts for unanticipated funding and unanticipated funding squared, while Column 
(3) estimates the probability of receiving such funding. The log of district receipts from external sources was computed 
through a questionnaire administered to district authorities and that for provincial receipts through surveys administered 
at the province level. The two dummies for politically active districts is based on interviews and newspaper articles in 
the run-up to the election. The predicted value for the second stage is then calculated as E(y)=E(y|receipt) x 
Prob(receipt). 



Table 7: Learning and Funding (IV Results) 
 (1) (2) (3) (4) (5) (6) 
 Hurdle IV: 

English 
Hurdle 
IV: Math 

Hurdle IV: 
Expected 
Rule Funds 
(English) 

Hurdle IV: 
Expected 
Rule Funds 
(Math) 

Comparison: 
(OLS, 
English) 

Comparison 
(OLS, 
Math) 

Hurdle 
instrumented log 
unanticipated 
grants 

0.158 
(2.71)* 

0.090 
(2.50)* 

0.128 
(2.38)* 

0.101 
(2.91)** 

0.082 
(2.67)* 

0.039 
(1.97) 

Hurdle 
Instrumented log 
unanticipated 
grants squared 

-0.015 
(2.27)* 

-0.008 
(2.45)* 

-0.013 
(2.28)* 

-0.009 
(2.81)** 

-0.006 
(2.30)* 

-0.002 
(1.03) 

Log of 
anticipated grants 

-0.024 
(1.12) 

0.008 
(0.42) 

-0.110 
(2.43)* 

0.038 
(0.82) 

-0.012 
(0.60) 

0.024 
(1.24) 

Observations 164 164 164 164   
R-squared 0.16 0.03 0.18 0.04   
Notes: This table shows second stage IV estimates for the relationship between unanticipated/anticipated funding and 
gains in cognitive achievement for English and Mathematics. Columns (1) and (2) report coefficients include controls 
for whether the school is rural, whether the head-teacher changed in the previous year, whether the PTA changed in the 
previous year, differences in PTA fees between 2002 and 2001 and a dummy for private schools. Columns (3) and (4) 
report results using legislated anticipated funds rather than the anticipated funds received at the time of the survey. 
Columns (5) and (6) report results for comparison with OLS results from the same sample. For the sample, 3 schools 
with unlikely changes (>2 or <-2 standard deviations) are dropped from sample and an additional 13 schools are 
dropped due to lack of data at the district level. All regressions are clustered at the district level. The results from the 
Wald test for equality of marginal impacts for anticipated and unanticipated funds at different points of the sample 
range are presented in the text. The results show that we can reject the null hypothesis for English at the 1% level for 
the sample mean, median, and 25th percentile and at the 5% level for the 75th and 90th percentile. For Mathematics we 
can reject the null at the 5% level for the 25th percentile and the 10% level for the sample mean and median. We cannot 
reject the null for the 75th and 90th percentiles.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


