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.���$���@��������������2���
�����2<�����7 �����#
����A��$�.��
'�
(�
�����, 40 

�2#��&�������+��(��5'�
�������� )�������5�2��������.�&@�����"�!�������2� 
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 �$����� .�)��+ *�,.&, (2547) ����
�������	�.���$���@���������2���
�$

���5��
����������(��5'�
�������������
����)��.� /��
���	���������5��5��2�)�������2�"�!���5

�����������,)���
�����2���
�$���5��
����� �����!
'
���#'@��"�
�(��5'�
�������� ���

�
������;5��5���"����������2���
�$���5��
����� "�������������5�(��5'�
�������� *�,

.���.2��);����'@���(��5'�
�����������A��$�.��
*�,�����������
��� �������$*55����2#��

�$%�������	�*55@�.���"��
 (Cross Section) ����+�*55'�5(��*�,*55'��@�	&6�����

��;5"�����#��A��$�.��
*�,�������� /��
�+��2<�'����������
*55*5�
+�!�@��2)���+�!�����

.���2�����6 #��A����'
���#�5��� ���"����
����)��.� ����������#
�������������2���


����(��5'�
�������� ����(��5'�
������������)�5�2���������$8##�5�����$V25��2����P�,�5��5

"��5�
.�5����
�)����� *��#�����.
���&)�.��.����'���
'�����<6"�
���$�,'5��5��2�)��/��


#
�*������2<������2���
+�2����
7 �5��� �����2���
�����2<�����7 �+�� �(#���������6 �(

'�
*(� �($�,#
���
 �(���6'���5�..� ������'���#,$�,'5��5��2�)��������������2���


�����(��5'�
�������� *�,���#����$*55���������Q�����"�!� #,��*�������
��)���#
����

���������+�5�2����(��5'�
����������2��"�!� ��'���"�
.���.2��);���������5�(��5'�
�����������

A��$�.��
���
��� �5��� A��$�.��
���
����)��
��(��� ���)�5�2����$%��(��5'�
�����������

���'�� /��
'����):���.����);�������#
��$%����
��'�#
����, *�,#
��$%����
���5���:��"�5�(

'
�)��5���"�5�(��5'�
������������4��, ���#����!A��$�.��
��
���
����)���
������$%�

A���
���2�����)�5�2����(��5'�
����������
 

 ��&���6 �&2	Q6�
�6 (2550) ������	��2#�����.�
���$V25��2
�������2+������������	�

'��)��*�,*����
$>�
�����5��2�)���(��5'�
��������*�,(��5��������$*55���#��5�2����(

��5'�
�������� /��
*5�
������	�����$%�'�
$�,��;�)��� .�� ���	�'��)��*�,*����
$>�
���

��5��2�)���(��5'�
�������� *�,A�������	��������
"�
��$*55���#��5�2����(��5'�
�������� 

/��
#��������	���5��2�)�����A����� �5��� $8##��)��������A��
��)���2���5��2�)����#�� A��"�5"�� 

�����)�, *�,'@��(���������
�)��*����
�����$>�
�����5��2�)����� .�� �)�)����
��

���
7�
�)���������.�5.������"��
�����"�!��������2��.���$���@�� '���������	����

#��5�2����(��5'�
����������@�������!
)�������!
5�2����(��5'�
����������)���7#�
)��� 

����������;5"�������������5'@���( �����*� 5
���
���	����
7 �����!
$8:)�*�,��$'��.��

����
���2���� /��
�5��� ����)�5�2����(��5'�
����������$8##�5����$8:)�������
5$�,��&

*�,$8:)���������5����
��"�5"��/��
���$V25��2���"���
�)�� �����
#��5�2����(��5'�
��������

���A���5*����
� �����!
����'��*�,�����������.���$���@����!
����A��"�5"�� �����)�, 

*�, ���5�2������� /��
������	���!
)����! �������$>�
�����5��2�)�����
7*�,��$*55���

�
���2����"�
��
�����)���*)�
����$%�������������
 *����
�����������	�(�
*����
�������2��

$�,'2�<2@������)�5�2���������)���A��$�.��
'��#�+�5�2����(��5'�
����������2��"�!� �����!


.���'�����<6�,)���
$8##�����
7�����A�������������+�5�2����(��5'�
�������� 
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 '���
	6 ���!���2�� ('�5.��#�� http://www.roadsafetythai.org) ����
�������	��2#����

�.�
���$V25��2
�������2+������������	��P)������������"��
��5�(��5'�
�������� *�,#���
�

���
�P�,�5��5�(��5'�
�����������$���@��*�,��.����)��,'���55�25�"�
$�,��� /��
�5��� 

$8:)�'
�)��5A��$�,��5��� .�� #��"���
�)�������,��+5�::��2"�
������"�'�
��
5� 

�+�� �
�)���)�����(�$%�'��)���
.���
� �
��)��
��(��5'�
�$�+��)���2�$�,��+�6���2#����������

���� �����!
���$�,��5�2#����(��5'�
�����������
�+�
5$�,��&������
������ /��


A��$�,��5�������$%�A��$�,��5���@�����������������"��
��5��
����� #�
���*�����.�5.���)�

�(��5'�
����������'@���$%��$���"���
�)�� *�,'��$'��)�������
�����'����):�����
���2����

�)�5�2����(��5'�
����������
 ��)���'��)�� �+�� ������
��'�����5A2�+�5�����5��2�)�����

��2�"�!� /��
��#��A����+����'��
"�
��
�������� �����!
���
�'��.���+�#�����2��"�!� �����#��


����
��"�5�( ����
��.�5.����*�5��( *�,���/���5
���
���
7 ������)��
���2��������


(�����
�������V)����
�)�� /��
���.���.����5A���5*����������5 '���A�������	���������5

'��)�����A��$�.��
����2���+��(��5'�
�������� .�� ��������#�������
.���$���@�� '@���( *�, 

��.����);��������+�5�2����(��5'�
�������� �
��)�5���)������
�+������������2���
��2��"�!� 

/��
)����
������
���2������
 ��#��A��
��)�A��$�.��
��.��������#���2#����(��5'�
��������

���"�!� 

 ������+ #2���2���	6 *�, $�b� �����
5��&<��� (2552) ���	��2�.��,)6���2�������

��2���
"�
����������
������"����5���.��+��
�)�� �����5���"�����*55'�5(��'
���#

"�����#�������2���
�$��
����� #
���� 357 �������
 �5��� ����������2���
����+��(���6

'���5�..�������'�� ���A��$�.��
�������������2��"�!�#,��*��������2���
����5'�
����������


�����(���6'���5�..���2��"�!� /��
*$�A�A����5����+��(��5'�
��������*�,�(#���������6 *�,

�5��� A��$�.��
'�������)�.���'
�.�:��5.���+�#����������2���
�������.�����������

��2���
  ���#����! ����
�"����������;5��5�������$�2�.��,)6*55 Chi-Square ����,��5

���'
�.�: 0.01 �5��� ��� ���� ��!������������ ��+��"�
A��$�.��
 ������	�"�
A��$�.��
 

"���.�������� #
����A���
�
����.�������� #
����A�����5���:��"�5"���(���6 #
����A����

�5���:��"�5"���(#���������6 #
�����(���6��.�������� #
�����(#�������6���6��

.�������� �����5���"�
.�������� *�,���#������"�
.�������� ��.���'�����<6��5��������

��)�,����+���2���
����
�����  
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$�,�����
����5
���2#�����������"��
��5����Q��*�,"��5�
.�5"�
�(��5'�


�������������� *����
���2#��������	���������5.���$���@��"�
���������������2���
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����� ��
��! 

 Elisabeth  A. Reilly, PNP, APRN (1995) ��,)���(�
��5��2�)�������2�"�!���5����������

�,)���
��2���
����
����� #�
����
�������	��2#����������5.���$���@��"�
�(��5'�
�������� 

����
�������	�����Q�����
7���������"��
��5�(��5'�
�������� *�,"���'��)��
����
�)��

����Q���)��"�!� �����$U ..�.1977 National Highway Traffic Safety Administration 

(NHTSA) ����
�)������Q����2����2�"�!� 3 "�� '
�)��5�(��5'�
�����������A�2�"�!�)��
$U ..�.

1977 �)���2��.���'�
"�
�5�,��
)��
 �����!
�+���'������
��������)���5�����,*����� *�,�$%�

�����2��.���$���@���)���;��������2���5��2�)��"�!� ���*55�5�,������
�)����,�,)��
������

�
�)�� *�, $��5$��
�)����(�
�(��.���*";
*�
�������5�����,*������
���*�
 ���(�
���

$��5$��
(�
�!
�����+�!����2
���� /��
#������Q������
�)��"�!��)����! �5��� ��"���'��.�� ��'��

����
������+��
��5�,��
���
��!� ����$%���'�����= /��
�
��)���2����������� �����!
 ����
�)���)�

�2���!
(�
�+�!����2
�������$�,��)���"�
�( #,�
��)�$�,����
���4���42��������
��������

����Q����2��
�)����� ���#����! ��
������
�)���)��(��5'�
�����������.�� ���
���";�"��

�2�@��/��
��"�������
'(2�2�5��� '����(+��������5���#;5����������2���5��2�)��"�!� *������


���5��� �������
������������2���5��2�)������(��2�.��
�*��� ��;�����������#���'����($���";�

"���2�@�� *�,���#���(��� *��#��"��'��$*��� ��
.
������������)��+�����Q����2�����$ 

�����
#��'����(�����5���#;5#����5��2�)�������#��2�"�!����5���.��!
 

 Jingzhen Yang, Corinne Peek-Asa, Gang Cheng, and Erin Heiden, (2008) ���

�
�������	���������5��5��2�)��*�,���5���#;5�����2�"�!�#���(��5'�
�������� ����+�"�����#�� 

The Iowa Crash Data /��
�$%�����6��5���
��"�������5��2�)�� #����!��
�"�������5��2�)��"�
�(

��5'�
��������*�,�����)�,����7�����#'�5����+������'�5*55 Chi-square /��
���"��

'��$��� �(��5'�
���������$%���$*55�����2���
���$���@����� /��
�5��� ����������2�

��5��2�)���������*�
"�
�(��5'�
����������
����������)�,$�,�@�����7 /��
������������2�

��5��2�)��'�
�����(��5'�
��������(�
 3.5 ���� *�,#��'(2�2�5��� ��5��2�)�������2�"�!���5�(��5'�


�������������2�"�!�5���.��!
 �����'(2�2�����2���5��2�)����+��
5���'�
����+��
�+�� *�,��5��2�)��

�����2�"�!���5A��"�5"���(��5'�
�������������������.�� �����,)���
 15-18 $U �������A��"�5"���������

������� �$%�A��)������2���
����2<�����7�$%���
����������.���$���@��������������2���


����(��5'�
�����������A��"�5"����������,)���
 15-18 $U 
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 Tracy E. McMillan (2006) ����
�������	���$*55�����2���
�$��
��������"�����
 

������	��2�<2��"�
��$*55�����2���
�$��
����� *�, ���	�.���'
�.�:"�
$8##�������A�

������2���������2���
"�
����������!
�����2���
���"�����
*�,�"�+�5� �5��� ���

��2���
��������*�,����+��(#��������#
���������
 ��"&,�������� ��$�2��&����+��(

��5'�
���������������2���
����
��������"�!� *�,#������2�.��,)6'��5'���'���2Q�������� 

��$*55�����2���
���"�����
�$%�$8##��������2�<2���������������$*55�����2���
 *������$%�
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�����"�
��$*55�����2���
�$��
�������!
)�� '���$8##�����������

�2�<2���������������$*55�����2���
�$��
��������*�� .���$���@�� ��
�����"�
�,55

"�'�
'�<��&,���A��� *�, ��z�<�����'�
.���!�7 *�,#��'(2�2 �5��� .���'
�.�:"�


�2�<2�����
7 .�� .���$���@�� �,55"�'�
'�<��&, *�, ��z�<��� ��A��������'@��

����$%��"�����
"�
��!������!�7 ����
���;��� #�������'�5���$��5$��
*55#
���
���

��2���
 �5��� '@���"�����
�����'
�.�:����
��)�*55#
���
'�5��&6 �
��)�'��$������ '��$���

�$%��"�����
�$%�$8##��������2�<2��������2���������2���
 *�,�$%�$8##��)���
�����#�
��)�

5�����$>�)���5�
$�,��� �+�� ����&�
.6�)��
�)���'����
���$���@���������2���
�$

��
����� 

14.5 �;,<��������
�%"�
 

 ������2�.��,)6*55'�5(����!� ��
A���2#������+����'���
*55#
���
����������$*55

�����2���
'�
��
����� (Binary Logit Model) /��
����	P���
����$��!  

 *55#
���
��#2� (Logit Model) .�� *55#
���
����
����+��2�.��,)6"�����������*$����

�$%����*$��+2
.�&@�� 2 ��
����� (Binary Response) �+�� ��2��)�����&6 *�, �����2��)��

��&&6 )��� ����� *�, �������� �$%���� /��
.��$�,��&"�
���*$����#��*55#
���
#,�$%�

.��.������#,�$%�"�
�����2��)�����&6 �����.����+��
 0-1 ��!
��!���$�,��&*55#
���
#,�+�

�2<�.������#,�$%�'�
'�� (Maximum Likelihood Estimation: MLE) *���2<��
���
'�
�������'�� 

(Ordinary Least Square: OLS) �����
#��*55#
���
��#2� �����	&,����$%��'����
 

(Nonlinear Model) ��$�����$"�
*55#
���
��#2� .�� 
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 ������         kki XXXBZ ��� ....22110 ����  

 ��!
��! )�����&R6����������*55#
���
����)��,'����
�2#��&��.����
)���)���

'��$�,'2�<2L"�
���*$��)���
�����	P� ��'�5'��$�,'2�<2L������#�����$�,��&���*�����


#������6����
�����'
�.�:)������ ���(�
������.���*����
�"�
*55#
���
#�����.
���&.�� 

McFadden R
2
 )��� pseudo R

2 

14.6 ���	8�%�
��	����������	 

 #������5������'��*�,
���2#�����������"��
 ���(�
����Q��*�,�P)�����������5

�(��5'�
��������*�����!� '����('��$$�,��;�'
�.�:���*���$%�)��"���������'
�.�: ��
��! 

�P)���*�,"��5�
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�������� 

#������5������'�� '��$������ "���
�)�����
7(���
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.���

$���@��"�
A�����'���$%�)��� �����"���
�)�����$�,������*�,���
$�,���5�
.�5�+�

�)������� �+�� ����
�)����$��&6���#
��$%����( ����
�)�����	&,����(�)���'�#
����, )��� 
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 .
���� �(��
����� /��
+����)�A��"�5"�������)�,.������7���5����(.����!�

�$%��(��5'�
�������� ������)�A��"�5"����2��.����,����,��
�����"�5"�����"�!� �$%���� *�,)��

�2#��&�.���*�����
�,)���
�P)���*�,"��5�
.�5"�
$�,������*�,���
$�,��� '��$���

��� �P)���*�,"��5�
.�5"�
���
$�,�����"���
�)��������� �����
#����)����
������$%�

'���������
�)������Q�����
7 �+�� ����
�)���)���������
'
�)��5��;���;� �$%���� ���

�
�)���)���$>�� “stop” ���������"��
����(��������
���)����( �$%���� /��
#��"���
�)��

��������5�(��5'�
������������"��
����! ��##,��'����
��)�����)�5�2����(��5'�
��������$�,'5

.���'
���;#��� �����
#��A��$�.��
���'����������#��.���$���@��  
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�����2���
����+��(��5'�
�������� 
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 ��)��"����! �����5���"��������
7 #��������������
�����2���
����+��(��5'�
�������� 

��+��
�����+��*�,��;� )��� +��
��+��
)���
������!� /��
'����('��$�$%�"�����'(2�2���
7 ���

��
��! 

� �������4������������"�
.�����������A��$�.��
���������+�5�2����(��5'�
�������� 

 ��$��� 15.5 *'�
�������4����"�
A��$�.��
��
�����$�,+��2����6���������+��(��5'�


�������� �5��� A��$�.��
������������
 /��
'�
��������� A��$�.��
'����):�����+�5�2����(��5'�


�������� ���������4������������"�
.�������� 20,001-30,000 5�� ����������A��$�.��
�����

������ 30,001-40,000 5�� *�, 40,001-50,000 5�� �$%������5��
�
�� ��'��'���������� 

.�� 20% ��!
��! �������4������������"�
A��$�.��
��!
)������+��(��5'�
�������� .�� 42,667 5��  
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A��$�.��
 ��.$�,+��2����6���������+��(��5'�
�������� 

� '��)��'
�.�:���A��$�.��
���'2��#�)�5���)�����2���
����+��(��5'�
�������� 

 ��$��� 15.6 *'�
'��)�����A��$�.��
���'2��#�)�5���)�����2���
����+��(��5'�


�������� �5��� '��)�������A��$�.��
�������5�$%������5��� 1 ������'�� .�� A��$�.��
���',���

��2���
����5'�
��������
 /��
�$%�'��)�������A��$�.��
�������5������'������ '���$8##�������A��

�������5�$%������5)���
��
�
�� .�� .���$���@��  
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 ��.$�,+��2����6������+�5�2��� 

� $8##�����A��$�.��
.
���
(�
��������
�+�5�2����(��5'�
�������� 

 ��$��� 15.7 *'�
$8##�����A��$�.��
.
���
(�
��������'2��#�+�5�2����(��5'�
�������� 

�5��� $8##�������A��$�.��
������$%������5��� 1 ������'�� .�� '@���(�$%��$�������Q��  

*�,$8##����
�
�� .�� .��5�2����(��5'�
������������)��,'� 
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� $8:)�����5#������+�5�2����(��5'�
�������� 

 ��$��� 15.8 *'�
 $8:)�����5#�����������+�5�2����(��5'�
�������� �5��� $8:)������

A��$�.��
�������5�$%������5��� 1 ������'�� .�� ��.�.��5�2����(��5'�
��������.���"��
'�
 /��


�$%�"�������A���������5������'���+����� '���$8:)���A���������5�����!
)��*�������$%������5

��
�
�� .�� �(��5'�
��������'@��.���"��
���� '���$8:)�����������7�������! ���*�� �(��5'�


������������5����������;���2��$ �����
#�����
���$��5��������.�����7������ �
��)���������

���
�����+������$��2��� 

 

��$��� 15.8 $8:)�����5#�����������+�5�2����(��5'�
�������� ��.$�,+��2����6 

 4) "��������������"��
�����2���
����2<�����7 

 ��)��"����! �����5���"��������
7 #��������������
�����2���
����+��2<�����7�������+��(

��5'�
�������� ��!
��+��
�����+��*�,��;� /��
'����('��$�$%�"�����'(2�2���
7 �����
��! 

� �������4������������"�
.�����������A��$�.��
�������2���
����2<�����7 

 ��$��� 15.9 *'�
�������4����"�
A��$�.��
��
�����$�,+��2����6����������2���
����2<�

����7 �5��� A��$�.��
������������4������������"�
.�������� 30,001-40,000 5�� ��#
���� 

28% *�, ��
�
�� A��$�.��
������������4���� 20,001- 30,000 5�� #
���� 23% �����.��
��5

A��$�.��
������������,)���
 10,000-20,000 5�� /��
��#
���� 22% ��!
��!A��$�.��
�����2���


����2<�����7��!
)�� ���������4������������ 31,023 5�� ���@�����'�
��������� A��$�.��
���

�������2���
����2<�����7 ���������4������������"�
.����������
�����A��$�.��
����������2���


����(��5'�
��������  
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��$��� 15.9 �������4����"�
A��$�.��
 ��.$�,+��2����6����������2���
�����2<�����7 

� '��)��'
�.�:���A��$�.��
����+�5�2����(��5'�
�������� 

 ��$��� 15.10 *'�
'��)�����A��$�.��
���'2��#����+�5�2����(��5'�
�������� �5��� 

'��)�������A��$�.��
�������5�$%������5��� 1 ������'�� .�� ���
�����2���
�$��5'�
����������
 

/��
�$%�'��)�������A���������5������'������ *�,$8##�������A��������$%������5��� 1 �����.��
��� .�� 

5�������������
����� '���'��)������7�����A��)�A��$�.��
����+�5�2����(��5'�
�������� ���*�� �(

��5'�
������������5����������;���2��$ ��
������$%���
A����������2���
�$�
�
�� �(��5'�


��������*������2��$ *�, �(��5'�
�����������#����
���������������2�������2��	 

 

��$��� 15.10 '��)�����A��$�.��
 ��.$�,+��2����6����+�5�2��� 
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� ���$��5$��
�����#�
��)�A��$�.��
'��#�+�5�2����(��5'�
�������� 

 ����
��� 15.2 *'�
"��$��5$��
���
7����
��)�A��$�.��
'��#�+�5�2����(��5'�
�������� 

�5��� "��$��5$��
���A��$�.��
���
���������'�� .�� ���$��5$��
'@���(//�!��(�)�� '������

$��5$��
�����
�
�� .�� ��.��5�2����(��5'�
�������� ��.����*�����
����(�
 *�,$��5�'����
�)�

A���5������$��6�/;��6"�
A����5�����.��
�����
�
�� '����$��6�/;��6"�
A���)�.����);�����

����7 .�� A��$�.��
���������
����+��(��5'�
��������*�����#,�����$��5$��
��7�;��� �����
#��

5�������������
�������� #�
�����.���#
��$%����
�+��(��5'�
�������� ���#����!.��$��5$��
�)�

���(��5'�
������������5��;� )��
#���������������2�������2��	*��� �����
#��5�
.��!
���

��������������'�2�5�
�2+� �+�� �������
7 #,��2���������2���
���5�����(��5'�
�������� 

����
��� 15.2 "��$��5$��
�����#�
��)�A��$�.��
 ��.$�,+��2����6'��#�+�5�2��� 

��������� ��	�	���	8
 % %�
/>"��� 

1 $��5$��
'@���(//�!��(�)�� 42 

2 ��.��5�2����(��
����� 40 

3 ������5��.�"�5����
��������
 33 

4 ��.����*�����
����(�
 32 

5 $��5�'����
�)�A���5��� 30 

6 ����7 23 

� $8:)�����5#�������2���
�$��5'�
����������������
 

 ��$��� 15.11 *'�
$8:)�����5�����A��$�.��
���
��2���
�$��5'�
5���)�������

����
 �5���$8:)���A��$�.��
�������5�$%������5��� 1 ������'�� .�� )����#���(��� /��
�$%�

$8:)������A�� �������5��!
)��������'���+�����  *�,$8:)�'
�.�:�������5��
�
�� .�� 

'2!��$���
������2���
 *�, �'��.���+�#���'�
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��$��� 15.11 $8:)�����5#�������2���
�$��5'�
�������� ��.$�,+��2����6��
 

 %"��	8�����
����	�	����
����	�
�%�
�	
�	�
��	�!�����(�+ 

 #�������;5��5���"��������5�!�
��� �5��� ��
�����$�,+��2����6��$�2��&����+��(

��5'�
��������$�,��& 8% "�
����������!
)�� �����$�2��&�����2���
����$*55����7

���#���(��5'�
��������*�,�(���6'���5�..�����
��,#������$ /��
$8##��)��������A��
��)�

A��$�.��
���'2��#���������+��(��5'�
�������� �����
#�����
�����2���
�$��5'�
��������
 

*�,$8##����
�
�� .�� 5�������������
����� /��
��#'��$������ ��
�����$�,+��2����6 /��
�$%�

��
�������'�
������
����)��.� ��������5���)���5����������������������������������
��������

�"��������
�)����� �
��)��(��5'�
�������������.���#
��$%� ����4��,����
�2�
��+��
�����+�� 

/��
A��$�.��
'����(��2���
��'�
��������������2���
�$�
�
����� *����+��
��;����5�
.��!


������2�
��"�
A��$�.��
���*����� �
��)�A��$�.��
������)�����������2���
����+��(��5'�


�����������"�!� ���)���2#��&�Q��,��
����
2�"�
A��$�.��
 /��
'�
������#��

'@��*�����������55�2��&��
����� /��
��������'����):���������� �$%�����������������'@��

.���"��
�����,��5)���
 �
��)���
�����$�,+��2����6 ��A���+��(��5'�
�����������,��5���'����(

�
��)���
��
�����'����(�
���2���������
 

15.1.2 �	
�	�
������
 

 ��
�������5��
�$%���
��������+���������5���:��#����,���
���	�<2����)��$?��
�

���'����!
*���,��5+�!����������5��(�
�,��5+�!�$�,(����	�$U��� 6 ���������������!
'2!� 323 

.� ��$��� 15.12 *'�
��!������!
"�
��
�����/��
����5�(���'���2.� /�� 8 ����$%�/������"�
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/���)���<2� 32 (�'���2.�) *����#��(���)���<2� �
��)���
�������5��
�������#��

(���):�$�,��& 450 ����  

 

��$��� 15.12 �����!
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�������5��
 

 #�����'
���#5�2��&��57��
����� �5��� (��)�����
����� .�� (���'���2.� /�� 

8 /��
�$%���
�"��-�����
�����"�
���������������+��-��;� �$%�(��"�����;� 2 +��
��


#��#� *'�
��
@�� 15.13 �
��)���2�$8:)����#��#��2�"�����)�����
�������!
��+��
�+��*�,

��;� ����4��,�(���6'���5�..������2���
��'�
��������5�2��&)�����
����� �����!
�(���6���

�"������5'�
�����������'������ #,���
��
�"���$��/���'���2.� 8 �����)�������5�(*�,

���#��/����
��2� *�,��+��
������;����A��$�.��
5�
�������
���������55���)������

��
����� �
��)����(���6'���5�..�#��.��5�2��&)�����
������$%�#
������� �
��)���2�

$8:)����#��#��2�"��  
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��$��� 15.13 ��
�"����
����� �$%�/����;� (��"��� 2 +��
��
#��#� 

 '
�)��5�(���'��'�<��&,���A����'����
�������2���
����
��
�������5��
��

��
����$��! 

 �($�,#
���
 ��/���)���<2� 32 (�'���2.�) ������($�,#
���
�2�
A�������/�� 

*��5�2��&���������
�����������'������'����
�($�,#
���
#,�2�
A��� .�� 5�2��&$��/��

�)���<2� 32 (�'���2.�) ������!� /��
���($�,#
���
����2�
A��� ��
��!  

 - '�� 24 $�,+��2����6 3-���'�����6+��'��@��2 

- '�� 26 ���5���-���'�����6+��'��@��2 

- '�� 34 ��
'2�-)���
���
 

 - '�� 39 �)��2������<�����'��6(��
'2�)-���'�����6+��'��@��2 

- '�� 42 �)��2������<�����'��6(��
'2�)-���'�����6+��'��@��2 

- '�� 59  ��
'2�-'���)��
 

 - '�� 107 ���5�
�"�-.������ 

 - '�� 129 ���5�
�"�-'
���
 

 - '�� 178 �
�����	��-���2���6 

- '�� 185 ��
'2�-.��
��� 
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 - '�� 206 �"�$�,����6-�)��2��������	����'��6 

- '�� 503 ��
'2�-'���)��
 

 - '�� 543 �(<����� (.���-*�
),�($��5����� (������) ���5�
�"�-�
������ 

 - '�� 543 �($��5����� (.���-�!
��
2�) ���� ���.3-�
������ 

%"�#>�����
������	�'"�	���		�	����
����	�
�%�
�	
�	�
� 

�������;5��5���"���������7�$��������5����)�5�2�����5'�
�������� ����
����

'��@�	&6 ��#���6���@�&6 ��@'� A��+���A���
��������2#����������� $�,��;�'
�.�:����
��! 

��
�������5��
���(��5'�
���������)�5�2���*������������
 �$%�$�,�@��(�����������

#��/�!����)�� ����+�
5$�,��&"�
��
�������
 /��
������ ��
��
���������+��(��5'�
��������

$�,�@��2�25�'������)�5�2���*���������� *������5$8:)������5
���
���	� /��
��.���+�#���'�


�����(��� ��
��!� ��
��
�����#�
�����5���$��������+��(���������)�5�2��� ���#����2�����"�


����)�5�2����(��5'�
����������#��.������
���"�
A��$�.��
������',�������5-'�
5���

)�����������
 �
��)���
��
������
���2�����(��5'�
�������� ������)�5�2���*���������� ���

$8##�5�� ��
��
��������(��5'�
���������)�5�2�����!
)����� 7 .�� *5�
����$%� 2 $�,�@� 

.�� �(��5'�
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��
��
�������
/��
$�,�@��(��� #
���� 2 .�� *�, �(��5'�
�����������

��
��
�����#��
A��$�,��5���@������"�����)�5�2��� �$%�$�,�@��(����+����� #
���� 5 .�� 

*'�
��
@�� 15.14   
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������	� "�!���5#
����������������+�5�2�����@�.������	���!�7 �(��5'�
��������*���,.��#,

�)�5�2�����!
��+��
�+��*�,+��
��;� ��+��
��;�������2�
��5'�
)�����5 �+�� ���� 14.30 �. 

��5'�
�����������,��5���5�� ���� 15.30 �. ��5'�
���������,��5+�!�����7�����2���������$��2 

*�, ���� 17.00 �. ��5'�
�����������������2��	)��
��2������ *������4����*��� �(��5'�


��������*���,.������������$�,��&  16 – 18 .� ������2�
�)�5�2�����5)���
7 ��5����$%�

#
�����������
��)�*���������� ������������!
)������+�5�2����(��5'�
����������@�.�����

$8##�5�� (@�.�������� 1 $U������	� 2552) $�,��& 144 .� /��
��*������$�2��&�����������

�+�5�2����(��5'�
����������*���,@�.������	�.���"��
.
��� ��
��#���6A���)�'��@�	&6���

�����(�
���	&,����+�5�2����(��5'�
��������"�
��
����� ��
��! 

- ������������+�5�2����(��5'�
�����������'����):��$%������������,��5$�,(����	�  

- ��+��
��;������������+�5�2����(��5'�
�����������������+��
�+�� ��#�����
��#����

�����+�� A��$�.��
��2���
��'�
5���)�����������
������2���
����$��
����
�
��  

- ��+��
�����*��"�
����$?�@�.������	� ��
�����������+�5�2����(��5'�
�����������

������ *����+��
����$?�@�.������	�����,�,)���
*��� #,��$�2��&����+�5�2������"�!�  

����������������5�
.�5�+�*��A��$�,��5��������.�5.����*�����)�5�2����(��5'�


���������)��
���2��$����
������Q����!� ��
��
�����5�
.�5�)�A��$�,��5������������


�
���2�����������
@�����"���
�)��"�
��
����� �����
��
�����.�5.����*��'��������$%�

�(��5'�
��������"�
��
�����.��)���
 �+�� ��*������2�2��������"�
.�"�5�( ��*�����.���

��
��������������5'�
�������� *�,��*�����.���$���@��"�
�������� �$%���� '
�)��5

.���+�#��������
��
��������
#����)�A��$�,��5����(��5'�
��������#��@�������!� #����$%����

����� $�,��&������, 15,000-20,000 5�� /��
��
��
�������5����$%�.���+�#������'�
 �
��)�

��
�����"���������
5$�,��&������)�5�2����(��5'�
�������� *����
��
�����#
��$%����
�)�

�
���2�����)�5�2��� �����
#��(���$%�'��'�2����)�*���������� ������'����
����(��5'�
��������

*���,.���2�
A��� ��
��! 

.����� 1 – �2�
�'����
 ����2���� 

.����� 2 – �2�
�'����
 �'���2����6 

.����� 3 – �2�
�'����
 SCB PARK 

.����� 4 – �2�
�'����
 ���$���.�� 

.����� 5 – �2�
�'����
 �+.+�� 4 



15-17 

.����� 6 – �2�
�'����
 �)���<2� 44 

.����� 7 – �2�
�'����
 ��
�����'����2��� 2 

�����.�5.����*�����
�����������"��
 �����!
.���$���@��"�
��;��������� ��

����,����� ��
��! 

- ��.��A����*������������'���$��5�(��5'�
�����������.��!
 

- �����.�5.���������*��
��� ������ .���$�,���2 "�
����
��"�5�( 

- #���)�����
��"�5�(���.��$�5�����.��!
 �����������"�'�
#������5��'�����

��������5�(��5'�
�������� 

'
�)��5A��$�.��
������
����)�5���)����+�5�2����(��5'�
�������� ��
��
����������

$�,+�'�����<6��������5����)�5�2����(��5'�
�������������$�,+��A��$�.��
$�,#
�$U /��


A��$�.��
���'��#�)�5���)����+�5�2����(��5'�
��������'����(�2����������`b��<�����"�


��
����� �����*#�
�'����
����������� �)���
�������5���*�,�
��$#���'����
�����2��(����$ 

��'���"�
$8:)�����5������)�5�2����(��5'�
������������
)���
 .�� �(��5'�
��������"�


A��$�,��5���#��@�������#��$8:)���5�
.��!
 �+�� �(�'�� �����
#��'@���(�����#������+�


�����$%�����)���$U *�����@�����*��� #������$%��(��5'�
������������������Q��������

������"�'�
��
5�����
�)����� 

 %"�#>����)�"�����������#/>"���	�
%�
�	
�	�
������
 

 �����'
���#"�������������5����+�5�2����(��5'�
��������.��!
��! ���*#�*55'�5(��

*��A��$�.��
����$%�������������
��!
)�� #
���� 96 +�� *�,�����5.�����5��#
������!
'2!� 67 

+�� '����('��$��� ��
��! 

1) "����������2���
����
�����"�
�������� 

 ��$��� 15.15 *'�
"����������2���
����
�����"�
��������������#��*55'�5(�� 

�5���������������
�������2���
����
���������+��(���6'���5�..�������'�� .�� 56 .� #��

��!
)�� 67 .� .2��$%� 84% "�
��������������������
��!
)�� /��
��A��
��)���+��
�����+����

$�2��&�(���6'���5�..��"������/���'���2.� 8 /��
�$%�(����;�"��� 2 +��
��
#��#� /��


�$%����'��)��'
�.�:����
��)���2�$8:)����#��#��2�"�� ��!
��! ���������������2���
����+��(��5'�


�������� ��!
)�� 5 .� /��
.2��$%� 7% "�
������������
��!
)�� *�,���������������2���
����2<�

����7 #
���� 6 .� .2��$%� 9% �);���������$�2��&�����2���
����(���6'���5�..�'�
��#��



15-18 

'��)��#�������2���
����+��,55"�'�
'�<��&, ���'����(�"��(�
5�2��&)�����
�������� 

�
��)�A��$�.��
*�,����������������5.���',����������2���
 

 

��$��� 15.15 �2<������2���
����
�����"�
����������
�������5��
 

2) "����������2���
���5#����
�����"�
�������� 

��$��� 15.16 *'�
"����������2���
���5#����
�����"�
��������������������
 �5���

������������
�������2���
���5#����
���������+��(���6'���5�..�������'�� .�� 41 .� #��

������������
 67 .� �����#
���������2���
����+��(��5'�
�������� *�, �2<�����7��
�
�� 

����
���5 /��
#,�);������� ��+��
��;��������������2���
���5 ��#
�����������������2���
����+�

�(��5'�
�����������"�!� .2��$%� 30% *�,��#
�����������������2���
����(���6'���5�..�

�����
 /��
��#+���*��$8:)����#��#��2�"��)�����
�������+��
��;�������,��5)���
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��$��� 15.16 �2<������2���
���5#����
�����"�
����������
�������5��
 

 ������2�.��,)6"���������$��! *5�
����2�.��,)6�$%�"��������������"��
��5�����2���


����+��(��5'�
�������� *�, "��������������"��
��5�����2���
����+��2<�����7 ��
��!  

 3) "��������������"��
�����2���
����+��(��5'�
�������� 

 ��)��"����! �����5���"��������
7 #��������������
�����2���
����+��(��5'�
�������� 

��+��
�����+��*�,��;� )��� +��
��+��
)���
������!� /��
'����('��$�$%�"�����'(2�2���
7 ���

��
��! 

� �������4������������"�
.�����������A��$�.��
���������+�5�2����(��5'�
�������� 

 ��$��� 15.17 *'�
�������4����"�
A��$�.��
��
�������5��
���������+��(��5'�
�������� 

�5��� A��$�.��
������������
(�
 30% ���������4������������"�
.�������� 50,001-75,000 

5�� ������ 75,001-100,000 5�� ��#
���� 20% *�, ������������� 100,000 5�� ��

#
���� 20% /��
'�
��������� A��$�.��
'����):�����+�5�2����(��5'�
�������� ���������4�������

�����"�
.��������.���"��
'�
 ��!
��! �����
#����
�������5��
�$%���
��������+� ��A��)�

��������������	����������
�������!���'����):� ��Q��,.��5.���.���"��
�� A��$�.��
��������'�


�����#,*5���5.���+�#���������+��(��5'�
����������� *�����.��5�2���#,.���"��
'�
�;��� ��!
��! 

�������4����������"�
A��$�.��
����+��(��5'�
�������� ������5 68,500 5�� 
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��$��� 15.17 �������4����"�
A��$�.��
��
�������5��
����+��(��5'�
�������� 

� '��)��'
�.�:���A��$�.��
���'2��#�)�5���)�����2���
����+��(��5'�
�������� 

 ��$��� 15.18 *'�
'��)�����A��$�.��
���'2��#�)�5���)�����2���
����+��(��5'�


�������� /��
��*55'�5(���)�A��$�.��
����
�
���5.���'
�.�: 3 �
���5 #��'��)����!
)�� 7 

"�� �5��� $8##�������A��������$%������5��� 1 ������'�� ���*�� ���',�����5'�
��������
 /��
�$%�

$8##�������A�������������'������  

 

��$��� 15.18 '��)�����A��$�.��
��
�������5��
�+�5�2����(��5'�
�������� 
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� $8##�����A��$�.��
.
���
(�
��������
�+�5�2����(��5'�
�������� 

 ��$��� 15.19 *'�
$8##�����A��$�.��
.
���
(�
��������'2��#�+�5�2����(��5'�
�������� /��


��*55'�5(���)�A��$�.��
����
�
���5���.���'
�.�: 6 �
���5 �5��� $8##�������A��$�.��


������$%������5��� 1 ������'�� .�� ������"�
.�"�5 '���$8##������7�����A���������5�$%������5 

1 ��
�
�� ���*�� �'����
�������5'�
 '@���(�$%��$�������Q�� .�����
������� *�, 

�����*�"�
.��$�,#
��( 

 

��$��� 15.19 $8##�����A��$�.��
��
�������5��
.
���
(�
 

� $8:)�����5#������+�5�2����(��5'�
�������� 

 ��$���  15.20 *'�
 $8:)�����5#�����������+�5�2����(��5'�
�������� /��
��

*55'�5(���)�A��$�.��
����
�
���5���.���'
�.�: 3 �
���5 #��$8:)���!
)�� 7 "�� �5��� 

$8:)������A��$�.��
������$%������5��� 1 ������'�� .�� '@���(��5'�
������������ /��
��A��

�������5��!
)������$%������5*��������5$8:)���������5�����
��5��2�)�� 
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��$��� 15.20 $8:)�����5#�����������+�5�2����(��5'�
����������
�������5��
 

 4) "��������������"��
�����2���
����2<�����7 

 ��)��"����! �����5���"��������
7 #��������������
�����2���
����+��2<�����7�������+��(

��5'�
�������� ��!
��+��
�����+��*�,��;� /��
'����('��$�$%�"�����'(2�2���
7 �����
��! 

� �������4������������"�
.�����������A��$�.��
�������2���
����2<�����7 

 ��$��� 15.21 *'�
�������4����"�
A��$�.��
��
�������5��
����������2���
����2<�����7 

�5��� A��$�.��
'����):�(�
 34% ���������4������������ 30,001-40,000 5�� *�,A��$�.��


#
���� 23% ���������4������������ 40,001-50,000 5�� ����������4����"�
A��$�.��


��!
)������������2���
����2<�����7 ������5 38,883 5�� �);������� A��$�.��
'����):���������

��2���
����2<�����7 ���������4������������"�
.����������
�����A��$�.��
����������2���
����(

��5'�
�������� ��!
��! ��#�����
��#�������2���
����(��5'�
����������.���+�#���'�
�������

��2���
����2<�����7 �
��)�A��$�.��
�����������'�
 ������'�������2���
����+��(��5'�
��������

�������A��$�.��
�������������
�����  
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��$��� 15.21�������4����"�
A��$�.��
��
�������5��
����������2���
�����2<�����7 

� '��)��'
�.�:���A��$�.��
����+�5�2����(��5'�
�������� 

 ��$��� 15.22 *'�
'��)�����A��$�.��
���'2��#����+�5�2����(��5'�
�������� �����

*55'�5(���)�A��$�.��
����
�
���5���.���'
�.�: 3 �
���5 #���������� 9 "�� �5��� 

'��)�����A��$�.��
�������5�$%������5��� 1 ������'�� .�� ���
����$��5'�
����������������
 

/��
�$%�'��)�������A���������5������'���+����� *�,��'��)����
�
�� .�� 5�������������
����� 

'���'��)������7 .�� �����2���
�����(��5'�
���������
��)����������+������������2���
���

�����2<�����7 *�, A��$�.��
���
�����2���
�$'�
�����
#����
������$%���
A����������2���


�$�
�
�� 

 

��$��� 15.22 '��)�����A��$�.��
��
�������5��
����+�5�2����(��5'�
�������� 
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� ���$��5$��
�����#�
��)�A��$�.��
'��#�+�5�2����(��5'�
�������� 

 ����
��� 15.3  *'�
"��$��5$��
���
7�����#�
��)�A��$�.��
'��#�+�5�2����(��5'�


�������� �5��� "��$��5$��
���A��$�.��
���
���������'�� .�� ���$��5$��
��������5'@���(//�!�

�(�)�� '������$��5$��
�������5��
�
�� .�� ��.��5�2����(��5'�
��������*�,���$��5$��
���

���$��6�/;��6"�
A����5������� ���*�� ��.����*�����
����(�
*�,������5��.�"�5����
��������
 

�$%������5��
�
�� ����
���5 '����$��6�/;��6"�
A���)�.����);���������7 .�� A��$�.��
������

���
����+��(��5'�
��������*�����#,�����$��5$��
��7�;��� �����
#�� 5�������������
�������� 

#�
�����.���#
��$%����
�+��(��5'�
�������� 

����
��� 15.3 "��$��5$��
�����#�
��)�A��$�.��
��
�������5��
'��#�+�5�2��� 

��������� ��	�	���	8
 %%�
/>"��� 

1 $��5$��
'@���(//�!��(�)�� 51 

2 ��.��5�2����(��
����� 45 

3 ������5��.�"�5����
��������
 38 

4 ��.����*�����
����(�
 34 

5 $��5�'����
�)�A���5��� 13 

6 ����7 11 

� $8:)�����5#�������2���
�$��5'�
����������������
 

 ��$��� 15.23 *'�
$8:)�����5�����A��$�.��
���
��2���
�$��5'�
5���)�����������
 

�����*55'�5(���)�A��$�.��
����
�
���5 3 �
���5���.���'
�.�: #������������!
)�� 6 

"�� �5��� $8:)����A��$�.��
������$%������5��� 1 ������'�� .�� )����#���(��� /��
�$%�$8:)����

��A��$�.��
�������5������'�������+����� '���$8:)�����7�������! .�� $8:)����#��#��2�"�� 

*�, A��$�.��
���'����(��2���
�$�
�<��,����7����&�����$%������������5�����2���
�$

��5'�
����������� 
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��$��� 15.23 $8:)�����5#�������2���
�$��5'�
����������
�������5��
��
  

 ��"��
��� �$%�����2�.��,)6"��������5�!�
���"�
��
�������5��
 /��
�$%���
�����

���+� ��!
��! ���*���2�.��,)6�$%� "�����"�
A��$�.��
����������2���
����(��5'�
��������*�,

"�����"�
A��$�.��
����������2���
����2<�����7 ��'�������$ ����
�����2�.��,)6��*����


�������� '
�)��5��
��������+�������(��5'�
���������)�5�2��� 

 %"��	8�����
����	�	����
����	�
�%�
�	
�	�
������
 

 ��
�������5��
 ��#
��������+��(��5'�
�����������*�����
�����+��
�+��*�,��;� /��


�5��� �����2���
����+��(���6'���5�..���+��
��;���$�2��&��
�������+��
�+�� /��
��#�$%�

A��$�.��
����$����������2���
�)�5���)����+��(��5'�
���������������2���
���55���*�� 

�����
#����+��
��;����'����(��2���
����5����������������2��������� /��
*�����#,�����

��2���
����(��5'�
�����������"�!���+��
��;� *��$8:)����#��#��2�"���;��
�$%�$8:)�'
�.�: 

�����'��)����#��(��5�2��&)�����
�����/��
������/����;� �$%�(��"��� 2 +��
��
������!� 

��
��!� ���*��$8:)����#��#�5�2��&)�����
����������(��"�����;� ��#���'����(�
�������

�����$�2��&����+��(���6'���5�..�������!���� ��!
��! ����)�5�2����(��5'�
��������������

����Q�� �
��)��'��.���+�#���'�
 *����
��
��������
�
���2���������
#�� �(��5'�
���������$%�

'��'�2���"�
��
��������+����'����������*��� ��
��!� ��
��
�����#�
���
*5���5.���+�#���

������
���2���� �����#���.���.��������
���2�����)�5�2�����
����
(�����
�������Q�����

�
�)�� *�������
#��A��$�.��
"�
��;���������'����):���Q��,�� #�
�
��)�����)�5�2����(

��5'�
�����������������Q����
��
�� ��#��������5.����2�� *�,���$�,'5.���'
���;#�+����� 
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15.1.3 �	
�	�
��
"#���� (�	��#) 

 ��
�����*���'����$%���
��������+���������5���:��#����,���
���	�<2����)��$?�

�
����'����!
*���,��5+�!�$�,(����	�$U��� 1(�
�,��5+�!�$�,(����	�$U��� 6 �������������

��!
'2!�$�,��& 400 .� ��$��� 15.24 *'�
��!������!
"�
��
�����/��
������/���2@���� 20 (��

�2@������
'2� �����
�������!
����)��
#��(���2@������
'2�$�,��& 1 �2������ 

 

��$��� 15.24 �����!
��
�����*���'��� 

 '@��*��������57��
����� �5��� (����/���2@���� 20 �$%�(��"�����;� '�


+��
#��#� *�,5�2��&��57��
�����'����):��$%������������ �����!
/���2@���� 20 �$%�/��

���.���"��
���*�,�$%�*)��
+��+������.������������� ���#����!��
�$%�/������$��
(��

�2@������
'2�*�,(���������� *�,��5�
������(���2@������
'2���2�$8:)����#��#��2�"����

+��
�������
���� �
��)��(#����/�����'����(�,5�����'��(���):���� #�
�$%�$8:)�*��

A��$�.��
�����2���
����5'�
����������������
  

 '
�)��5�(���'��'�<��&,���A����'����
�������2���
����
��
�����*���'�����

��
����$��! 

 �($�,#
���
 �������2���
����
��
�����*���'��� �($�,#
���
#,�"��(�
�������'��

5�2��&$��/���2@���� 20 ������!� /��
���($�,#
���
����2�
A��� ��
��! 

 - '�� 107 ���5�
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�'����
 �������� – �������� 101 
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 50,001-75,000 5��  *�, ��A��$�.��
������������
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�������4�������������,)���
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��! �������4����A��$�.��
������������
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��5'�
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�4�������������,)���
 40,001-50,000 5�� ��!
��! �������4����A��$�.��
������������
��!
)�����

��2���
����2<�����7 .2��$%��������4������������ ������5 35,963 5�� *�,#
�����(���6'���

5�..��4���� 1.5 .�� 



15-34 

 

��$��� 15.32 �������4����"�
A��$�.��
��
�����*���'�������������2���
�����2<�����7 

� '��)��'
�.�:���A��$�.��
����+�5�2����(��5'�
�������� 

 ��$��� 15.33 *'�
'��)�����A��$�.��
���'2��#����+�5�2����(��5'�
�������� �����

*55'�5(���)�A��$�.��
����
�
���5���.���'
�.�: 3 �
���5 #������������!
)�� 9 "�� 

�5��� '��)�����A��$�.��
�������5�$%������5��� 1 ������'�� .�� ���
����$��5'�
����������
 

*�,'��)�������A��$�.��
�������5������'�� .�� 5�������������
�����  

 

��$��� 15.33 '��)�����A��$�.��
��
�����*���'�������+�5�2����(��5'�
�������� 

� ���$��5$��
�����#�
��)�A��$�.��
'��#�+�5�2����(��5'�
�������� 



15-35 

 ����
��� 15.4 *'�
"��$��5$��
����
��)�A��$�.��
'��#�+�5�2����(��5'�
�������� 

�5��� "�������A���������5������'�� .�� ���'��#�+�5�2��� *�����#,������$�����*$�
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��������
 16 

4 ��.����*�����
����(�
 13 

5 $��5�'����
�)�A���5��� 11 

6 $��5$��
'@���( 10 

� $8:)�����5#�������2���
�$��5'�
����������������
 

 ��$��� 15.34 *'�
$8:)�����5�����A��$�.��
���
��2���
�$��5'�
5���)�����������
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'����):����'��#�+�5�2����(��5'�
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��
����� ��!
��!��A��$�.��
������������
#
���� 112 .� ���������+�5�2����(��5'�
�������� .2�

�$%� 26.7% "�
������������
��!
)�� /��
"��������	&,��
'�
.�����
����2#��&� ���*�� ��+��

"�
A��$�.��
*�,�,��5������"�
A��$�.��
 ����2�.��,)6*�������+��*�,������ �����)�"��

'��$��� ��+��*�,�,��5������	���"�
A��$�.��
�����*������#,������+�5�2����(��5'�


��������������'�� 

� ��+��"�
A��$�.��
 

 ������2#��&���+��"�
A��$�.��
���*��*55'�5(����!
 419 +�� ����$%� ��������

�+��(��5'�
*�,������������+��(��5'�
�������� #����!��
�*55'�5(��"�
A��$�.��
��������

������+��(��5'�
��������#
���� 112 +�� #
�*����������+�����
7"�
A��$�.��
 �����

�2#��&������+������*������������)�5���)����+�5�2����(��5'�
��������������'�� ��
����
��� 

16.3 

����
��� 16.3 #
����A��$�.��
���������+�5�2����(��5'�
�������� #
�*�������+�� 

��!�*%�

/>"���	�
 

��������9
'#� ����������!"�	���	 % %�
/>"�!"�	���	 

��5��+��� 97 25 25.8% 

��5#��
 36 9 25.0% 

���#��
���+� 105 37 35.2% 

<���2#'������ 31 12 38.7% 

.��"�� 71 10 14.1% 

*��5���/���5��� 78 19 24.4% 

	�# 419 112 26.7% 
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 #������
��� 16.3 �5��� A��$�.��
���$�,��5��+��<���2#'������*�,���#��
���+� ��

*���������#,������+�5�2����(��5'�
��������'�
������+������7 ������$��6�/;��6"�
#
����

A���+�5�2��� .�� 38.7% *�, 35.2% ����
���5 ��#�����
#����+��<���2#'������*�,���#��


���+� ���
�"��
����
�����������
�)������
�.��
.���������+������7 '�����+����5��+��� 

��5#��
 *�, ���5���/*��5��� ��$�2��&����+�5�2����(��5'�
���������$%������5��
�
�� ��#

�����
#������
��������
�
������.��
.����������� ���#����! �5��� ��+��.��"����$�2��&

����+�5�2����(��5'�
���������������'�� .�� 14.1% ��#�����
#����+��.��"��.���"��
�2'�, 

��
��!�A��$�.��
#�
��������2���
����5'�
5���)�����������
���  

� �,��5������	�"�
A��$�.��
 

������2#��&��,��5������	�"�
A��$�.��
�����A�������������+�5�2����(��5'�
�������� 

���#
�*���,��5������	�"�
A��$�.��
��������������+�5�2����(��5'�
������������$%��,��5

���
7 ������2#��&�����,��5������	�����*������������)�5���)����+�5�2����(��5'�
��������

������'�� 

����
��� 16.4 *'�
�)��);���� A��$�.��
���'����):����������+�5�2����(��5'�
��������

���,��5������	����,��5$�2::����)���'�
����#,��*������������+�5�2����(��5'�
��������

������'�� .�� 97 .� #�� 112 .� .2��$%� 86.6% "�
������������
��!
)�����������+�5�2����(

��5'�
�������� ��#�����
#��A��$�.��
���,��5������	����'�
"�!���*���������#,��������'�
"�!� 

*�,���
�+������
�
��$�,��5��+��������� #�
��*������������+�5�2����(��5'�
��������

�������A��$�.��
������,��5������	���
�����  

����
��� 16.4 #
����A��$�.��
���������+�5�2����(��5'�
�������� #
�*���,��5������	� 

	������	(L�,� ��������9
'#� ������/>"�!"�	���	 
$�,(����	� 19 2 (1.8%) 

��<�����	� 52 13 (11.6%) 

$�2::����)���'�
���� 348 97 (86.6%) 

��� 419 112 
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16.1.2 �N���
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O���#�/������	��6��	>������	������
)�-�����	
�	�
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 ������2�.��,)6$8##�������A�������)�*����
���'�
�'�2��(��5'�
����������! ���

�2#��&�*���$%�$8##��������#��A��$�.��
����+�5�2�������*�,#��A��$�.��
����������2���
���

�2<�����7 ��
��! 

� $8##�������A����A��$�.��
����+�5�2����(��5'�
������������ 

��$�,��;���! ����2�.��,)6�$���5����5"�������������5$8##�����
7�����A����������'2��#

������+��(��5'�
�������� ���������
��� 16.5 *'�
$8##�����A��$�.��
.
���
(�
��������
�+�5�2���

�(��5'�
�������� /��
��*55'�5(�� A��$�.��
����+��(��5'�
������������������5���

����
�
���5.���'
�.�:"�
*���,$8##�� #����!�#�
�
����2#��&�.2��$%�.,*��'
�)��5*���,

$8##�� *�,)�.,*�����#�������
����� �����)�$8##�������.���'
�.�:������'�������A�������

���'2��#������+�5�2����(��5'�
�������� 

����
��� 16.5 $8##�����A��$�.��
.
���
(�
��������
�+�5�2����(��5'�
�������� 

����� ( 5=�����R#������8� – 1=�����R�"�
����8� ) 
������ �N���
 �	�!�

����(�+ �����
 �
"#
���� 

������8
�>� 

��
	��	 

�����
	�# 

1 ������"�
.�"�5 63 86 151 88 44 432 
2 ����Q��"�
�( 62 76 144 119 28 429 

3 
�����*�"�
.��$�,#
�

�(  
53 71 182 72 48 426 

4 ��
������� 43 69 136 82 52 382 
4 .�����'�� 54 53 99 116 50 372 
6 �'����
�������5-'�
 40 65 107 48 51 311 

#������
��� 16.5 �5��� '����(*5�
�,��5.���'
�.�:"�
$8##�������A�������

���'2��#������+�5�2����(��5'�
����������� 2 �,��5 .�� �,��5��� 1 ���*�� ������"�
.�"�5 

����Q��"�
�( *�,�����*�"�
.��$�,#
��( /��
��.,*�����������5 432 .,*�� 429 

.,*�� *�, 426 .,*�� ����
���5 *�, $8##�������.���'
�.�:�,��5��� 2 ���*�� .�����
���

���� .�����'�� *�, �'����
�������5-'�
 /��
��.,*�����������5 382 .,*�� 372 .,*�� 

*�, 311 .,*�� ����
���5   

#��A�����2�.��,)6"��
��� �5��� $8##�����A��$�.��
�)�.���'
�.�:�$%������5���7 

���*�� ������"�
.�"�5 ����Q��"�
�( *�,�����*�"�
.��$�,#
��( �$%�$8##�������A����

.���$���@���������2���
"�
����������!
'2!� #�
��#'��$������ A��$�.��
�)�.���'
�.�:��5
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����2<�����7  
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����2<�����7 ����)�
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�
���5.���'
�.�:"�
'��)��������������+��(��5'�
�������� ����2�.��,)6*�����
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����� #����!�#�
���.,*��*���,$8##��"�
�����
����� �����)�'��)�����'
�.�:�����A��)�

A��$�.��
���������+�5�2����(��5'�
�������� *�,�+��$%�*����
�����$��5$��
����)�5�2����)�

���2�
"�!� ������)������5�����5��5������+�5�2����(��5'�
�����������"�!� ��
����
��� 16.6 

*'�
'��)�����A��$�.��
���������+�5�2����(��5'�
��������  

����
��� 16.6 '��)�����A��$�.��
���������+�5�2����(��5'�
�������� 

 

#������
��� 16.6 '����(*5�
�,��5.���'
�.�:"�
'��)�����
7����,��5.,*��

�4�������  3 �,��5 .�� �,��5���)���
 ���*�� 5�������������
�����*�,���
����$��5'�
����������
 

�$%�$8##�������.���'
�.�:�����.��
��� ������5 526 *�, 487 .,*�� ����
���5 �,��5���'�
 

���*�� ��
�������
��5��2�)�� .���(��5'�
��������.���"��
'�
 *�, ������'����
�(��5'�
��������

A��� ������5 188 .,*�� 168 .,*�� *�, 158 .,*�� ����
���5 *�, �,��5'������ ���*�� 

����� ( 7=�����R#������8� – 0=�����R�"�
����8� ) 
��� 
��� 

���'�8 �	�!�
����(�+ 

�����
 
�
"#

���� 
������8

�>� 
��

	��	 

����� 
�S���
 

1 5�������������
����� 151 69 102 130 74 526 
2 ���
����$��5'�
����������
 111 105 88 116 67 487 
3 ��
�������
��5��2�)�� 27 35 35 47 44 188 
4 .���(��5'�
��������.���"��
'�
 61 16 51 19 21 168 
5 ������'����
�(��
�����A��� 33 28 30 34 29 154 
6 �����������.�����
������� 49 11 25 9 8 102 
7 �����������
�����2���
��
 25 10 20 17 22 94 

8 
�(���#����
�����������2�

����� 
23 5 2 8 7 45 
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����+��(��5'�
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'
�)��5'��)�������.���'
�.�:���,��5'������ /��
��A��)�A��$�.��
���������+�5�2����(

��5'�
����������!� �$%�'��)�������������5.���(��5'�
��������.���"��
'�
 ��$�,��;���! ��#�����

�2#��&�$��5��.���+�#���������
���2���� )��� "�
5$�,��&#��)����
��@�.��Q���+�

�
���2���� ������)�A��$�.��
������
*5���5.���+�#���������+�5�2������'�
��2��$ /��
#,�
��$

�2#��&��$%�*�����5��������'��*�,*����
�����*�,)����
����+���������
���2��������$  

���'��$#��'��)�������A��)�A��$�.��
���������+�5�2���(��5'�
��������*��� �5���  

)���������2��.���$���@�������5�2����)������5.��������
�##��A��$�.��
�)����"�!� )��� 

�����$��5��.��5�2����(��5'�
���������;��*���������#,��A��$�.��
#
����)���
 '��#�+�5�2���

�(��5'�
����������2��"�!���� 

� "��$��5$��
�����A��)�A��$�.��
'��#�+�5�2��� 

��$�,��;���!����2#��&�*55'�5(��������#��A��$�.��
����������2���
����2<�����7 ���

#
�*�������
����� /��
A��$�.��
����������5�������
�
���5.���'
�.�:"�
"��$��5$��
�����A�

�)�A��$�.��
'��#�+�5�2����(��5'�
�������� #����!�#�
.2��$%�.,*�����'
�)��5*���,"��"�


�����
����� �����)�"��$��5$��
�����A��)�A��$�.��
'��#�+�5�2�����2��"�!� ��
����
��� 16.7 

*'�
"��$��5$��
�����#��A��)�A��$�.��
'��#�+�5�2�����2��"�!� 
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����
��� 16.7 "��$��5$��
�����#��A��)�A��$�.��
�+�5�2�����2��"�!� 

����� ( 4=�����R#������8� – 0=�����R�"�
����8� ) 
������ %"��	���	8
 �	�!�

����(�+ �����
 �
"#
���� 

������8
�>� 

��
	��	 

�����
�S���
  

1 ��.��5�2��� 20 5 39 35 24 123 
2 $��5$��
'@���( 35 21 11 15 13 95 

3 
�5��.�"�5����


��������
 
37 24 6 13 9 89 

4 ��.����*�����
����(�
 29 16 8 2 3 57 
5 $��5����
����)�5�2��� 26 6 7 5 3 47 

#������
��� 16.7 �5��� �����.��5�2���*�,���$��5$��
'@���(�$%�'��)��'
�.�:

'�
�����5*�������A��)�A��$�.��
�+�5�2����(��5'�
����������2��"�!� �����.,*���4���� ������5 

123 *�, 95 ����
���5 /��
'��.���
��5A�������#������
��� 16.5 *�,����
��� 16.6 /��


A��$�.��
#,�+�$8##��������.���+�#���������+�5�2����(��5'�
��������*�,.���$���@����

�����2���
�����'2��#�������$*55�����2���
 '���$8##������7�����.���'
�.�:��
�
�� ���*�� 

����5��.�"�5����
��������
 ��.����*�����
����(�
 ����
���5 /��
��
.
�$%�����)�.���'
�.�:

��5.���$���@���������2���
�+����� ��
��!� ��$�,��;�"�
"��$��
$��
������)�A��$�.��
���

�������2���
����2<�����7 )����'��#�+�5�2����(��5'�
����������!� ��#'��$�$%�"��$��5$��


)���7 ������.���$���@��*�,.���+�#���������+�5�2��� /��
���
�
��'��*����
�����*�,

)����
��@�.��Q���
���5����$ 

16.2 ��	����	��'+��
�����%�
�N���
���������#�/������	��6��	>������	������
  

��"�!����*���������'���
*55#
���
����������$*55�����2���
��!� �$%�����
�

"�����"�
*���,$8##�����.�������A��������������$*55�����2���
���2�.��,)6��"�!���� �����

�2#��&�.���'��.���
����
'(2�2"�
*���,$8##����������������'2��#�������$*55���

��2���
 

��"�!��������$ #�
��2����z��*55#
���
����������$*55�����2���
 /��
*5�
�$%���&�

���
7���)�����&� ���*���,��&�����)�*55#
���
���*�����
��� /��
���
�
����2�.��,)6)�

*55#
���
����)��,'����'������$ ������+��$%�*55#
���
����������&6��$*55�����2���


�$-���5��
�����"�
A��$�.��
�������� 

 ��������*55#
���
����)��,'�*��� #�
�
�A�������#������2�.��,)6��
'(2�2���5�!�
���

"�
*���,$8##��*�,*55#
���
��� �)��,'����'�����2�.��,)6�����������$ �����'��$A�

.���'
�.�:"�
*���,$8##�������A��������������$*55�����2���
����$  
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A��$�.��
���������+��(��5'�
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��$��� 16.1 �$��6�/;��6A��$�.��
��!
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����������#
����5���)���������� 

��������	���!���*���2�.��,)6��*���,�����A��$�.��
�����#
����5���)���/��
���	�����

����
�������������������� �������*����������������$*55�����2���
"�
A��$�.��
����&����

���5#
����5���)��� #������2�.��,)6 �5��� �������A��$�.��
��5���)���������	�������

��
������������� 1 .� #,��*������������+�5�2����(��5'�
��������������5 35.8%  �����

A��$�.��
��5���)���������	���������
������������� 2 .� #,��*������������+�5�2����(��5'�


�������� ������5 5.7%  *�,�����A��$�.��
�����5���)���������	���������
�����*)�
��������

#
���� 3 .� #,��*������������+��(��5'�
��������������5 0% #�
��#'��$������ �����#
����

5���)�����2��"�!� A��$�.��
��*������������+�5�2����(��5'�
�������������
 

����
��
"��� �����A��$�.��
��#
����5���)��� 1 .� #,��*���������������+��(

��5'�
��������������5 64.2% �����A��$�.��
�����#
����5���)���������	�������
������������� 2 

.� #,��*���������������+��(��5'�
��������������5 94.3%  *�, �����A��$�.��
�����#
����5���
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)���������	�������
�������������#
���� 3 .� #,��*���������������+��(��5'�
��������������5 

100% #�
��#'��$������ �����#
����5���)�����2��"�!� A��$�.��
��*���������#,����+��(��5'�


����������2��"�!��+����� 

� 	�
���
 

����2�.��,)6��������5$8##�������,�,��
#�������������(�
��
�������!� ���'���
*A�@��2

*'�
.���'�����<6�,)���
�,�,��
*�,�$��6�/;��6"�
A��$�.��
 *�,*A�@��2*'�
���

.���'�����<6�,)���
�,�,��
*�,�$��6�/;��6','�"�
A��$�.��
 ���*��A��$�.��
�$%�'�


����� .�� �����A��$�.��
���������+�5�2����(��5'�
�������� *�, �����A��$�.��
�������+�5�2����(

��5'�
�������� ��
��$��� 16.2 *�,��$��� 16.3 

 

��$��� 16.2 ���=.���'�����<6�,)���
�,�,��
*�,�$��6�/;��6A��$�.��
��!
'�
����� 

#����$��� 16.2 ���*'�
.���'�����<6�,)���
�,�,��
�,)���
�����������(�
��
�����*�,

�$��6�/;��6A��$�.��
��!
'�
����� �5��� �����A��$�.��
������������+��(��5'�
��������#,��

�$��6�/;��6'�
���������A���+��(��5'�
��������������5���+��
�,�,��
 *��#,���,�,��
��� 8 

�2������ /��
���$��6�/;��6"�
�����A��$�.��
���������+��(��5'�
��������������������A��$�.��
���

����+��(��5'�
������������
��;����� #�
'��$������A��$�.��
���'����):�����2���+��(��5'�


��������������5���+��
�,�,��
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��$��� 16.3 ���=.���'�����<6�,)���
�,�,��
*�,�$��6�/;��6','�A��$�.��
'�
����� 

#����$��� 16.3 *'�
.���'�����<6�,)���
�,�,��
*�,�$��6�/;��6','�"�
A��$�.��


��!
'�
����� �5��� ��+��
�,�,��
'�!�7 $�,��&�����2� 10 �2������ ��!
�����A��$�.��
����+��(

��5'�
��������*�,�����A��$�.��
�������+��(��5'�
�������� #,���$��6�/;��6','�"�
A��$�.��


��2��"�!�����
�����;� *����+��
�,�,��
������"�!� .�� ��!
*�� 10 �2������"�!��$ #,���$��6�/;��6

��2��"�!�����
��;����� /��
�
��)�'��$������ ������������
����
������;5"���������!� ��!
�����

A��$�.��
���������+��(��5'�
��������*�,�����A��$�.��
������������+��(��5'�
�������� ��������

�����������5�2��&����7��
����� .�� �,�,��
�����2� 10 �2������ ����
���;��� #�����

�2�.��,)6$8##�������,�,��
����
'(2�2�5�!�
���*��� ���'����()�.���'�����<6"�
�,�,��


�����A�������������+�)�������+�5�2����(��5'�
��������*������
�� 

� 	�
)�"�S���
�����6��%�
�	���	6�� 

������2#��&�$8##����������5�������4������!� ����
�����2�.��,)6���5�!�
������'���


���=*'�
.���'�����<6�,)���
�������4������������"�
.��������*�,�$��6�/;��6"�


A��$�.��
 /��
����
�����2#��&���!
�����A��$�.��
����+��(��5'�
��������*�,�����A��$�.��
������

�+��(��5'�
�������� *'�
��
��$��� 16.4 
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��$��� 16.4 ���=*'�
.���'�����<6�,)���
�������4����*�,�$��6�/;��6"�
A��$�.��
 

 #����$��� 16.4 �5��� �$��6�/;��6"�
�����A��$�.��
����+��(��5'�
�����������$��6�/;��6

��2��'�
"�!���������������4������������"�
.����������2��"�!� *�,�����A��$�.��
�������+��(��5'�


�����������$��6�/;��6���
������������4������������"�
.����������2��"�!� #�
'��$������ �����

A��$�.��
����������2��'�
"�!� #,��*�������������2���
����(��5'�
����������2�����"�!� ����


��
"��� )��A��$�.��
���������4�������
 #,��*���������������+�5�2����(��5'�
����������2��

���"�!� 

 ���#����! )���2#��&��������A��$�.��
������������������ �5��� ��+��
�,��5������

�����2� 55,000 5�� A��$�.��
��*���������#,��2���
����2<�����7�������������+��(��5'�


�������� *���������A��$�.��
������������������ 55,000 5�� A��$�.��
��*������#,��2���


����+��(��5'�
�����������������2���
�����2<�����7 #�
'��$������ A��$�.��
������������4�������

�����"�
.����������2��'�
"�!� #,��*������������+�5�2����(��5'�
�����������"�!� /��
'��.���


��5����2�.��,)6����
'(2�2"��
��� 

� ������	�
��+�����8���%�
�	���	6�� 

������2�.��,)6#
�����(���6'���5�..������A��������������$*55�����2���
��!� ���

#
�*��#
����A��$�.��
���#
�����(���6'���5�..�"�
.�������� ��!
�����A��$�.��
���

������+�5�2����(��5'�
��������*�,����+�5�2����(��5'�
�������� /��
"���������
����2�.��,)6 ��

#
������!
)�� 249 +�� ������#�������;5"�����#��A��$�.��
#
���� 3 ��
����� ���*�� 

��
�����*���'��� ��
�����#2�������� *�,��
�������5��
 ��
����
��� 16.8 
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����
��� 16.8 ����
#
�*��#
�����(���6"�
.��������*�,#
����A��$�.��
��!
'�
����� 

 

������	� (���) )#��!"  �!" 

0 
0  

(0%) 

9  

(100%) 

1 
103 

(61.3%) 

65  

(38.7%) 

2 
60  

(95.2%) 

3  

(4.8%) 

3 
9  

(100%) 

0  

(0%) 

 #������
��� 16.8 �5��� A��$�.��
������������+��(��5'�
�����������$��6�/;��6��2��"�!�

�������#
�����(���6'���5�..���2�����"�!� ��"&,��� A��$�.��
���������+��(��5'�
����������

�$��6�/;��6���
����
��������
�������#
�����(���6'���5�..�"�
.����������2�����"�!� /��
��#

'��$������ �����A��$�.��
��#
�����(���6'���5�..�"�
.����������2�����"�!�#,��*���������

������+�5�2����(��5'�
����������2�����"�!����� 

 #��$8##��"��
�����!
)�� ���*�� #
����5���)���������	���������
������������� 

�,�,��
�,)���
�����������(�
��
����� �������4������������"�
.�������� *�, #
�����(���6

"�
.�������� '����('��$.���'�����<6������#������2�.��,)6��
'(2�2���5�!�
��������
��! 

� #
����5���)��� – �����A��$�.��
��#
����5���)���������	�������
�������������

��2��"�!� #,��*���������������+�5�2����(��5'�
�������� 

� �,�,��
 – ���'����(�2�.��,)6.���'�����<6�,)���
����������$*55�����2���
*�,

�,�,��
��� *���5���������5���+��
�,�,��
 A��$�.��
��*���������#,���������+�

5�2����(��5'�
�������� ���#�����= �5��� ������������
'����):������������������

������
����� 

� �������4������������"�
.�������� – �����A��$�.��
���������4��������������2��"�!� #,��

*������������+�5�2����(��5'�
����������2��"�!�  

� #
�����(���6'���5�..� – �����A��$�.��
��#
�����(���6'���5�..���2��"�!� #,��

*������������+�5�2����(��5'�
�����������
 

)��
#���2�.��,)6��
'(2�2���5�!�
���"�
*���,$8##��*��� #�
�
�$8##�����
7�)�����!�$

�2�.��,)6'���
*55#
���
����������$*55�����2���
����$  
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16.3 ��	*�T����������
��	��6��	>������	������
 

���'���
*55#
���
��
�������$*55�����2���
��!��#��$�,'
.6�����)�.���'�����<6

�,)���
*���,$8##�����+2
$�2��&�����A��������������$*55�����2���
 /��
������2�.��,)6��! 

����+�*55#
���
��#2�'�
��
����� (Binary Logit Model) �����)�.���'�����<6"�
$8##�����
7

�����A����������'2��#"�
A��$�.��
�������2���
����+��(��5'�
�������� )��� �������2���


����2<�����7 /��
�����z��*55#
���
��! ����+��$�*��� STATA /��
���
�2
��	P� Maximum 

Likelihood �$%�)���������2�.��,)6 ����2#��&�����,��5���'
�.�: 90% )��� ����,��5.���

�+�������������5 0.1 

 *55#
���
��#2�'�
��
����� ����$*55'���������$ ��
��! 

 

                 VEHINCDISSTUV iiiiii 
�
�
�
�� 43210 �����        ('������� 16-1) 

���$8##�����
7�����A��������������$*55�����2���
/��
�$%����*$��2'�,��

*55#
���
��! ���*��  

iV    =  Utility function "�
������'2��#�������$*55�����2���
"�
A��$�.��


��
����� i 

         ���.�� utility function ���.
���&���#��'���� *'�
(�
��$*55�����2���
 ��
��! 

 - .�� utility function �$%�.��5�� )���(�
 �������2���
����+��(��5'�
�������� 

 - .�� utility function �$%�.���5 )���(�
 �������2���
����2<�����7 

i0�  = .��.
���"�
*55#
���
��
�����  

STU = #
����5���)���������	�������
����� i (.�) 

DIS  = �,�,��
�,)���
�����������*�,��
����� i (�2������) 

INC  = �������4������������"�
.��������"�
����������
����� i ()����5��) 

VEH  = #
�����(���6'���5�..�"�
.��������"�
����������
����� i (.��) 

 �����'���
*55#
���
����������$*55�����2���
��!� ���*5�
����$%�*55#
���


)�����$*55 ��!
���'���
*55#
���
'
�)��5*���,��
����� ���'���
*55#
���
*5�
���

$�,�@���
����� .�� ��
��������+� *�,��
�����'�
������
����)��.� ���'���
*55#
���


����&���������;5"�����#
�����(���6'���5�..� ���'���
*55#
���
*5�
����$��6�/;��6

A���+�5�2���  
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���5�!�
�����! ���*��"�����������#��A��$�.��
*���,��
����� *�,�
���'���
*55#
���


'
�)��5*���,��
����� �������$8##�������A��������������$*55�����2���
���*�����
�����

�5�!�
��� /��
���A�"�
*55#
���
��
����
��� 16.9 

����
��� 16.9 .��'��$�,'2�<2L"�
*���,$8##����*55#
���
�����2���
*���,��
����� 

�N���
 
���

��#�	����U�V 
�	�!�
����(�+ 

�����
 
�
"#

���� 
������8

�>� 
��	��	 

�0 -0.621 -2.805 4.436 -7.657 -2.918 
.��.
��� 

p-value -0.657 -0.079 -0.036 0.000 -0.21 

#
����5���)��� �1 -2.005 -1.667 -3.14 -2.521 -1.727 

������	����� p-value -0.059 -0.075 -0.001 -0.022 -0.169 

�2 0.008 0.033 -0.063 -0.010 0.041 
�,�,��
 

p-value -0.809 -0.626 -0.397 -0.939 -0.638 

�3 0.325 0.762 1.093 0.749 0.800 �������4����"�


.�������� ()����5��) p-value -0.034 -0.001 0.000 -0.002 -0.039 

#
�����(���6 �4 -4.736 -2.09 

'���5�..� p-value 

"��������

����
�� 

"��������

����
�� -0.007 -0.027 

"��������

����
�� 

#������
��� 16.9 )���2#��&�����,��5.����+������� 90% )�������,��5���'
�.�:������5 

0.1 *��� .�� p-value ��������5�������
'(2�2 ��.�������,)���
 -1 (�
 1 ��
��!� .�� p-value "�


$8##����������5#
����5���)���������	�������
�������������'
�)��5��
�������������!� ��.��

��2��������#,�����5�������
'(2�2����,��5.����+������� 90% ���(�
.�� p-value "�
$8##����

�����,�,��
'
�)��5�����
����� /��
��.����2��������#,�����5�������
'(2�2�+����� ��
��!� #�


'���
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���
"�!��)�� �������
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��������'
�.�:��
'(2�2 ���*�� $8##����������5

#
����5���)���������	�����"�
*55#
���
'
�)��5��
����������� *�,$8##�������,�,��
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����
��� 16.10 .��'��$�,'2�<2L"�
*���,$8##����*55#
���
�����2���
���$��5*��*��� 

�N���
 
���

��#�	����U�V 
�	�!�
����(�+ 

�����
 
�
"#

���� 
������8

�>� 
��	��	 

�0 -0.530 -2.497 3.945 7.604 -4.872 
.��.
��� 

p-value 0.693 0.087 0.049 0.000 0.003 

#
����5���)��� �1 -2.017 -1.708 -3.179 -2.514 - 

������	����� p-value 0.057 0.068 0.000 0.022 - 

�3 0.325 0.754 0.111 -0.751 0.803 �������4����"�


.�������� ()����5��) p-value 0.034 0.001 0.000 0.002 0.016 

#
�����(���6 �4 -4.656 -2.095 

'���5�..� p-value 

"��������

����
�� 

"��������

����
�� 0.007 0.026 

"��������

����
�� 

Pseudo R2 0.1358 0.3442 0.5572 0.3299 0.2659 

% correct 85.29 80.6 75.35 82.02 83.05 
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- *55#
���
"�
��
�����*���'�����.�� p-value "�
*���,$8##�������.�������.��
 0 ���

*'�
(�
$8##����!�7�����'
�.�:��
'(2�2����+���(��������  

- *55#
���
"�
��
�����*���'�����.�� pseudo R
2
 '�
����*55#
���
"�
��
�����

����7 /��
)���(�
*55#
���
��!�7 ��.�������+���(������������*55#
���
����7�+�����  

- *55#
���
"�
��
�����*���'����� .�� %correct �������,��5���.���"��
'�
 *��#,��
�

������
���������7�;��� .�� 75.35% *�,�$%�.�����'����(�����5�������
'(2�2 ��
��!� #�
�����

*55#
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)656.4()111.0()179.3(945.3 VEHINCSTUVi 
�
�
��       ('������� 16-2) 

���'����(�2#��&�.��'��$�,'2�<2L"�
'������� 1-2 ����
�,����� �����
��! 

 - #
����5���)���������	���������
������������� �5��� )��A��$�.��
���������4����

��������"�
.��������*�,#
�����(���6'���5�..�"�
.���������������*��� #
����5���)���

������
��� 1 .� ��A��)�.�� utility function ���
���������5 3.179 ����.����
)����5)���

'��$�,'2�<2L*'�
(�
 )��A��$�.��
��#
����5���)�����2�����"�!� .�� utility function #,��
��
 

����.�� ��*�������������2���
����2<�����7���"�!� 

 - �,��5�������4������������"�
.�������� �5��� )��A��$�.��
��#
����5���)������

���	�����
�������������*�,#
�����(���6'���5�..�"�
.���������������*��� �,��5���������

���
��� 10,000 5�� ��A��)�.�� utility function ���
���������5 0.111 ����.����
)���5��)���
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'��$�,'2�<2L*'�
(�
 )��A��$�.��
���������4������������"�
.����������2��"�!� .�� utility 

function #,��2��"�!� ����.�� ��*�������������2���
����(��5'�
�����������"�!� 

 - #
�����(���6'���5�..�"�
.�������� �5��� )��A��$�.��
��#
����5���)������

���	�����
�������������*�,�������4������������"�
.���������������*��� #
�����(���6'���

5�..�"�
.��������������
��� 1 .�� ��A��)�.�� utility function ���
���������5 4.656 ���

�.����
)����5)���'��$�,'2�<2L*'�
(�
 )��A��$�.��
��#
�����(���6'���5�..�"�


.����������2��"�!� .�� utility function #,��
��
 ����.�� ��*�������������2���
����2<�����7���"�!� 

 )���2#��&��$���5����5����,����� ���������5.���'�����<6"�
$8##��*���,��� 

�5���  

������$���5����5�,)���
 #
����5���)���������	�����
�����*)�
��������*�,�,��5

��������������"�
.����������!� )��A��$�.��
��#
�����(���6'���5�..��������*��� #
����

5���)���������
��� 1 .� #,����5������5�,��5��������������"�
.��������������
��� 28,640 

5�� 

������$���5����5�,)���
 #
����5���)���������	�����
�����*)�
��������*�,#
����

�(���6'���5�..�"�
.����������!� )��A��$�.��
���,��5��������������"�
.���������������

*��� #
����5���)���������
��� 1 .� #,����5������5#
�����(���6'���5�..�������
��� .2�

�$%� 0.7 .��  

������$���5����5�,)���
 �,��5��������������"�
.��������*�,#
�����(���6'���

5�..�"�
.����������!� )��A��$�.��
��#
����5���)���������	���������
�����*)�
��������

�������*��� #
�����(���6'���5�..�"�
.��������������
��� 1 .�� #,����5�����,��5���������

�����"�
.��������������
��� 41,946 5�� 

 )��
#���������2�.��,)6'���
*55#
���
*�������
�����*��� #����!�#�
�2�.��,)6'���


*55#
���
����$ ����+�'���2Q�����
7 �����)�*55#
���
����)��,'����'�� ��
����
��� 16.11 

������*5�
���'���
*55#
���
����������$*55�����2���
����$%���&����
7 ��
����$��! 

*55��� 1  

'���
"�!�#��'���2Q����� $�,�@���
�������A��������������$*55�����2���
 ���

���'���
*55#
���
��!*���$%�  

            - S1 .�� ��.$�,+��2����6 ('�
������
����)��.�) 

         - S2 .�� ��.��5��
 ��.*���'��� ��.#2�������� *�, ��.������ (���+�) 
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*55��� 2  

- '���
"�!������)�$8##�����*�����
��������A��������������$*55�����2���
 /��
�2#��&�#��

�$��6�/;��6A���+����*�����
��� ������'���
*55#
���
*���$%� 

  - S3 ���*�� ��.$�,+��2����6 *�, ��.������ /��
���$��6�/;��6����+�5�2����(��5'�


��������.���"��
��
� 

  - S4 ���*�� ��.��5��
 ��.*���'��� *�, ��.#2�������� /��
���$��6�/;��6����+�5�2����(

��5'�
��������.���"��
'�
 

*55��� 3  

- ���'���
*55#
���
"�
�����
����������� (5��
�����)  

 - S5 ���*�� ��.$�,+��2����6 ��.��5��
 ��.*���'��� ��.#2�������� *�, ��.������ 

*55��� 4  

- '���
"�!������)�.���'�����<6"�
$8##������#
�����(���6�����A��������������$*55���

��2���
 ������'���
*55#
���
��! ����
�"�����#
�����(���6 (.��) ���+�'���
*55#
���
  

 - S6 ���*�� ��.*���'��� ��.#2�������� *�, ��.������  

*55��� 5  

- '���
"�!������)�.���'�����<6"�
$8##������#
�����(���6�����A��������������$*55���

��2���
 ������'���
*55#
���
��! ����+�"�����#
�����(���6$�,�@����*$�)��� (dummy 

index) ���+�'���
*55#
���
 

 - S7 ���*�� ��.*���'��� ��.#2�������� *�, ��.������  
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 #������
��� 16.11 �5��� ��5�
$8##�������.�� p-value '�
��2�������������5�������
'(2�2

����,��5.����+������� 90% )�������,��5���'
�.�: 0.1 #�
����
�����2�.��,)6*55#
���
"�!��)�� 

�������
�$8##�������������'
�.�:��
'(2�2��
��������2#��&� ���*��  

 - �,�,��
 '
�)��5*55#
���
 S1, S2, S3, S5, S6 *�, S7  

 - �������4������������"�
.��������'
�)��5*55#
���
 S6 *�, S7 ���A���
����
��� 16.12  

 

 

 

 

 

 

 

 

������ 1 ������ 2 ������ 3 ������ 4 ������ 5 
�N���
 ���

��#�	����U�V S1 S2 S3 S4 S5 S6 S7 

�0 
-

0.621 
0.926 

-

1.137 
1.319 0.588 4.900 4.047 

.��.
��� 

p-value 0.657 0.119 0.29 0.042 0.279 0.000 0.001 

#
����5���)��� �1 
-

2.005 

-

2.272 

-

1.993 
-2.27 -2.237 -2.448 -2.356 

������	����� p-value 0.059 0.000 0.009 0.000 0.000 0.000 0.000 

�2 0.008 
-

0.006 
0.011 

-

0.017 
-0.011 -0.012 -0.004 

�,�,��
 

p-value 0.809 0.818 0.708 0.059 0.591 0.743 0.892 

�������4����"�
 �3 0.325 0.219 0.481 0.162 0.262 0.132 0.111 

.�������� ()����

5��) 
p-value 0.034 0.001 0.000 0.015 0.000 0.129 0.149 

#
�����(���6 �4 - - - - - -2.9 -2.615 

'���5�..� p-value - - - - - 0 0.014 
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����
��� 16.12 .��'��$�,'2�<2L"�
$8##�����'���
"�!�����+�'���2Q�����
7 /��
$��5*��*��� 

 

������ 1 ������ 2 ������ 3 ������ 4 ������ 5 
�N���
 

���
��#�	����U�V S1 S2 S3 S4 S5 S6 S7 

�0 -0.53 0.892 -1.045 1.319 0.506 5.414 1.839 
.��.
��� 

p-value 0.693 -0.237 0.317 0.042 0.332 0.000 0.002 

#
����5���)��� �1 -2.017 -2.273 -1.996 -2.27 -2.232 -2.476 -2.324 

������	����� p-value 0.057 0.000 0.009 0.000 0.000 0.000 0.000 

�2 - - - -0.17 - - - 
�,�,��
 

p-value - - - 0.059 - - - 

�������4����"�
 �3 0.325 0.217 0.483 0.162 0.261 - - 

.�������� ()����5��) p-value 0.034 0.001 0.000 0.015 0.000 - - 

#
�����(���6 �4 - - - - - -2.87 - 

'���5�..� p-value - - - - - 0.000 - 

Pseudo R2 0.1358 0.1416 0.1962 0.1266 0.1487 0.2965 0.1124 

% correct 71.11 85.29 80.25 69.26 75.12 72.69 72.69 
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 �5��� '��$�,'2�<2L"�
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���"�
��!
'�
*55#
���
���.�����
��� .�� ��&� S1 .�� 

��
�����$�,+��2����6/��
�$%���
�������'�
������
����)��.� ��.��'��$�,'2�<2L"�
.��.
���

�$%��5 *�,��&� S2 .�� *55#
���
"�
��
�������5��
 ��
�����*���'��� ��
�����#2�����

��� *�,��
����������� ��.��'��$�,'2�<2L"�
.��.
����$%�5�� #�
��#'��$������ )������2#��&�

$8##������������7*��� $�,�@�"�
��
�������A��������������$*55�����2���
 ���A��$�.��


"�
��
��������+� ��*������#,������+�5�2����(��5'�
�����������������
�������'�
���

���
����)��.� 

 *55��� 2 /��
'���
"�!��������$8##�����*�����
��������A��������������$*55�����2���
 ���

*5�
���'���
*55#
���
����$%� ��
�����������$��6�/;��6����+�5�2����(��5'�
��������.���"��


��
� ���*�� ��
�����$�,+��2����6 *�, ��
����������� (S3) *�, ��
�����������$��6�/;��6����+�

5�2����(��5'�
��������.���"��
'�
 ���*�� ��
�������5��
 ��
�����*���'��� *�,��
�����

#2�������� (S4) /��
#��A�����2�.��,)6������ ������"�
.��.
��� �5��� *55#
���
 S3 ��.��
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'��$�,'2�<2L�$%��5 *�,*55#
���
 S4 ��.��'��$�,'2�<2L�$%�5�� )���(�
 )������2#��&�

$8##������7*��� �$��6�/;��6����+�5�2����(��5'�
����������A���������$*55�����2���
�+����� 

 *55#
���
  S5 �$%�*55#
���
���'���
"�!�'
�)��5����2#��&�����2�.��,)6�����
�����

������ �����)�*55#
���
���'����(�����&6����������$*55�����2���
"�
��
�������!
 5 

*)�
��� /��
���A�����2�.��,)6���'����(�����5�������
'(2�2����,��5���'
�.�: 90%  

 *55#
���
 S6 *�, S7 �$%�*55#
���
���'���
"�!�'
�)��5����2#��&�����2�.��,)6��!


'����
���������������;5"�������������5#
�����(���6"�
.����������� ���*�����
���������

�
�)�����*$����#,�+��2�.��,)6 /��
 S6 �+�#
�����(���6'���5�..���'���
*55#
���
 *�, S7 

�$%�����
�"����������)���������(���6���)��2�.��,)6 *�������*��#
�����(���6�$%����*$�

)��� �
��)�A����������'����(�����5�������
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.���������������*��� #
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����2<�����7���"�!� 

- �,��5�������4������������"�
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Abstract:  

 This research is to study the format and effectiveness of carpool campaigns in Thailand and other countries, then develop an actual 

carpool campaign experiment at the Community Development Department and the Office of the Consumer Protection Board. These two 

organizations consisting of 600 officials recently relocated from their old offices to the Government Complex Commemorating His Majesty the 

King’s 80th Birthday Anniversary, 5th December, B.E. 2550 (2007). Therefore, some officials have faced communing problems. In the experiment, 

300 survey questionnaires were returned from these government officers and 30 people were set to collaborate sharing cars to their workplace. Two 

months later, the depth interviews were conducted to evaluate the program outcome.  It was found that most participants view that the program can 

save their travel costs and creates departmental interpersonal relationships in the organization. However, to be successful, each rider must be 

punctual and willing to forgo their privacy. Although fully support the program, the departmental coordinators’ viewed that the number of carpool 

participants are still inadequate and might not make significant benefits. Finally, the research provides a guideline to create a successful and 

sustainable carpool campaign. 
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ABSTRACT: 

This article presents the study and analysis of buspool management service in several organizations in Thailand. Buspool is the 

service organized by large agencies for their employees to facilitate commuting between the workplace and their living places. The 

research is done through observations and interviews of key personnel as well as buspool users from ten large organizations, 

consisting of state-enterprise as well as independent organizations. The data from the observations and interviews reveal each 

buspool management shares some common and different characteristics, which can be categorized based upon several areas such as t 

the initiations, organization policy, contracts and selections of buspool service company, steps and methodologies in providing 

buspool services, types of buspool vehicles, obstacles, and user perspectives. The data show that most buspool management among 

organizations is similar since most of the organizations are state-enterprise, which must rely on government policy and labor union. 

The differences among their quality of service are due to organization size and their profitability. 

KEYWORDS: Buspool, Ridesharing, Travel Demand Management, Transportation Policy 
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ABSTRACT 

This paper presents the situation and obstacles of ridesharing in Bangkok with the proposed strategies to make 
these programs successful. In this paper, ridesharing in Bangkok for daily commuting were separated into three 
main pooling groups, i.e., 1) carpool, the shared use of a personal car by the driver and one or more passengers 
to commute together, 2) buspool/vanpool, the shared use of a bus or a van by a large group of working 
community in an organization, and 3) school bus, a share use of an organized bus or a van for students in a 
particular school. The data for each pool group were collected through several methodologies such as surveys, 
in-depth interviews, experiments, questionnaires, etc. from pooling participants, organizers, policy makers, 
government officials, and other relevant stakeholders. These data suggest that some policies would be developed 
to encourage more actual ridesharing programs. Lastly, the paper summarizes strategic plans to encourage 
sustainable ridesharing programs for each type of ridesharing programs in Bangkok. 
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INTRODUCTION  

This paper reviews the situation of ridesharing programs in Bangkok, investigates their obstacles in 
implementation, and proposed the strategies to make these programs successful. Ridesharing is defined as the 
shared use of a vehicle by the driver and one or more passengers, usually for daily commuting. Ridesharing 
programs are done through encouraging commuters who simultaneously have the same trip origin-and-
destination pairs, or share the same trip paths, to form a group and share the same vehicle for commuting. Today, 
ridesharing is considered to be one of popular programs to promote sustainable transportation in most urban 
areas around the world. Ridesharing programs would reduce travel costs and the need to build parking spaces, 
alleviate traffic congestion during peak hours, and save inefficient energy usage and reduce greenhouse gas 
emissions. However, the government needs to support the programs along with the recognition from the 
business organizations and local community. 

Although there have been several ongoing ridesharing programs in Bangkok and some attempts to promote them, 
no research papers have reviewed current situations in a comprehensive manner. This study herein is thus 
putting the whole pictures together with some policy recommendations. In Bangkok, common ridesharing 
programs can be classified by their distinct characteristics into three categories, i.e., 1) carpool, the informal 
shared use of a personal car by the driver and one or more passengers to commute together, 2) buspool or 
vanpool, the formal shared use of a bus or a van by a large group of working community in an organization, and 
3) school bus, a share use of an organized bus or a van for students in a particular school. Since the forms and 
travel behaviors of these three categories are different by its nature and regulation, the following discussions are 
separated into three main sections.  

The remainder of the paper is organized as follows. Sections 2 to 4 describe the situations and obstacles of 
carpool, buspool or vanpool, and school bus in Bangkok, respectively. In each section, the reviews of current 
situations, research and analysis of data, and recommendations, are presented accordingly. Then, the fifth and 
final section contains concluding remarks as well as areas of further research. 



CARPOOL 

Review of Situations 

Before 1990s, carpool has been little known by Bangkok residents and there was no evidence of formal 
promotions by government agents or large organizations in Thailand. However, the ads appeared shortly after 
the 1997 Asian Financial crisis started in Thailand with the financial collapse of the Thai baht caused by the 
decision of the Thai government to float the baht and reduction of government budget. During that period in 
1997, the National Energy Policy Office (NEPO), Ministry of Energy, Thailand, issued a carpool campaign 
under the slogan “Carpool is a new Thai culture. Go the same way; use the same car to save energy” (National 
Energy Policy Office, 1999).  This campaign was widely recognized and well-praised by several government 
agencies, private companies, and local community. The National Energy Policy Office reported that the 
percentage of Thai residents who understood the meaning of “carpool” had increased from 2% in 1997 to 12% 
in 1998.  

With advertising popularity, many commuters were initially interested and joined the carpool activity. In 1998, 
NEPO initiated a 5-month carpool trial program in seven organizations with 4,070 employees. The initial survey 
results show that 414 employees, or about 10% of total employees, participated in the program. Then, the NEPO 
expanded the program to eight more organizations with 4,845 employees and found that 12% of them joined the 
program as well. Nevertheless, later in 2000, Thai economy has rebounded and NEPO had de-emphasized the 
campaigns and eventually stopped all ads. The campaign was returned in 2008-2009, when the gas prices were 
at peak. However, the later campaign did not implement on any specific organization. Therefore, there was no 
evidence of increase in carpool activities in Bangkok. In addition, the organizations that previously joined the 
carpool program in 1998-1999 had discontinued the program for several years ago. 

During 2000-2010, carpool programs were initiated among some small organizations with limited success. For 
example, in 2003, Bodin Decha School, one of the biggest high schools in Bangkok with about 4,284 students 
and 279 school personnel, tried to campaign the carpool program among students and their parents by asking 
parents who have a car and pick up their children to school to pick up other students along the way to school. 
This school is large but located inside a small road, with approximately 1 kilometer from the main road with 
extensive public transportation. Therefore, this program will actually help students who come to school by 
public transportation on the main road to catch other student parents’ cars to get to school for free. However, 
this kind of carpooling did not reduce vehicle trips to school. In addition, it created traffic congestion on the exit 
of the small road and the travel expense was not shared among riders. Therefore, this school’s carpool program 
might not actually be a carpool program and few years later, the program was finally discontinued. 

Without government and big organization support, people in Bangkok are less likely to match the trips among 
themselves and participate in carpool program. However, Friend in Car (http://www.Friendsincar.com), a 
private-owned website, was created in 2007 for ride matching among Bangkok residents. This website facilitates 
carpool participants who are interested to match their trips. The website allows registration and trip data 
exchanges among web users without any service fee. To ease in ride matching, the website has subtopics for 
each Bangkok zone. If a user wants to offer or join a ride to a particular place, the person will create a title in the 
respective subtopic and others who are interested will post comments and exchange their information for trip 
appointment. From the observations in 2008-2009, the website had 2,000-5,000 viewers per month with 100-
200 titles created to find a ride. However, less than ten titles had responders and no evidences that this website 
brought any real carpool activities at all. Lastly, in early 2010, the website was terminated.  

Carpool Experiment at the Bangkok Government Complex  

To understand how Bangkok residents thought about carpool campaigns and how to create a successful and 
sustainable carpool campaigns. In 2008, the research team did a carpool experiment at the new Bangkok 
Government Complex (the Complex) by creating a carpool program for two government organizations inside. 
The Complex is located in suburb Bangkok area at the size of 0.6 sq.km. The construction of the Complex was 
started since late 2005 and not yet fully completed in 2010. However, some government departments have 
relocated to the Complex since August 2008. Since most government officials who relocated to the Complex 
have been living near their old offices in central Bangkok, it is difficult for them to use public transportation to 
the Complex since it could take more than 90 -120 minutes during the peak hours with multiple connections. 
Also, the area has insufficient and unreliable public transportation to serve commuters. Therefore, this site is an 
ideal location to implement a carpool campaign when the officials were recently relocated.  



On October 2008, the Community Development Department and the Office of the Consumer Protection Board 
are two organizations who experienced the program. These two offices have approximately 600 personnel 
combined. Initially, the research team contacted the representatives from these two government offices and 
asked their permission to experiment the carpool program. Then, the research team distributed the ads with 
carpool plan to all officers and asked whether they are interested to join the program. If they are interested, the 
research team will group the participants based on their travel paths.  

First, 292 out of 600 carpool questionnaires were returned from these government officers. It was shown that 
only 130 officers (22% of total officers) commute to the Complex by car. Most of the rest took public 
transportation such as bus, taxi, ferry, etc. The average travel time from their home to the Complex is more than 
60 minutes since most of them have their family in the central Bangkok and have no plan to relocate to the 
Complex area. The survey also asked them regarding the interest to join the carpool program and about 213 
persons (or 70% of them) were interested. The remainder was not interested since they live close to the Complex 
and might be more flexible to use public transportation.  

Regarding the 213 officers who were interested in joining the program, only 24 officers owned a car and were 
willing to drive their car and pick up others. Since the demand to be carpool passengers outweighed the number 
of carpool drivers. Therefore, each driver was asked for his/her driving route to work. Each route was matched 
with carpool passengers who live along the way from the same department if available. With this process, only 
30 people were set into 12 groups for this carpool experiment.   

To evaluate the program’s sustainability, two months later, the depth interviews were conducted for all of the 
participants. It was found that only nine of them are still sharing their cars. The interview results show that most 
participants view that the program can save their travel costs and create departmental interpersonal relationships. 
However, the sustainability of the program is based purely on the mutual benefits of both driver and carpool 
passengers. If they reach an agreement regarding how to share the travel costs, how long to wait at the meeting 
points, and how to behave well inside a car, etc, they would likely use carpool for a long period. Unfortunately, 
some officials are unpunctual because of their different work duty and/or family matters. With few participants, 
the department leaders still feel that the program might not really benefit the organizations; therefore, they could 
not officially support the program by rewarding the carpool participants or allocating some carpool parking 
spaces.

Summary and Recommendation 

In summary, although carpool has been introduced in Bangkok for more than a decade, the concept is very new 
to most Thai people. Most of them might not well understand that they might need to forgo some privacy to join 
the program. In addition, the carpool campaigns issued by government or other organizations are very few and 
sporadic. The campaigns seem to follow economic or energy crises. Therefore, the actual carpool activities in 
Bangkok only happen naturally due to personal relationship rather than organized carpool campaign. 

To increase carpool participants, several policies would be implemented. The leaders of large organizations 
would support carpool programs officially and financially. They might reward the participants by reserved or 
free parking spaces. In addition, it is proposed that each organization should set a permanent carpool coordinator 
for ride matching. The coordinator would register all carpool participants for references, mediate the share of 
travel costs, and settle the problems among participants. The government might induce more carpool 
participants through designating an HOV lane on freeways during peak hours or reducing expressway toll 
charges for an HOV. Most importantly, the carpool campaigns should be permanent regardless the state of 
economy or energy prices.  

BUSPOOL/VANPOOL

Review of Situations 

Bangkok is one of the world’s most crowded cities with insufficient public transportation system. The current 
reliable mass transit system is limited and does not cover an area outside the central business district. The only 
extensive public transportation mode in Bangkok is the public bus. However, the current bus system is very 
slow and inefficient since buses must stop at every stop sign and passengers might need to transit several times 
to reach their destinations. This brought the idea of buspool (or vanpool) for large business organizations. 
Buspool is a service organized by large agencies for their employees to facilitate commuting between the 



workplace and their living places. This service is a great way to save time and hassle as it ensures a timely 
arrival of employees resulting in better productivity. 

According to Rudjanakanoknad, et al. (2009), buspool system has been developed in Thailand for more than 30 
years although there has been no Thai law forcing the organizations to provide transportation services for their 
employees. The organizations with buspool services in Bangkok are usually located in suburb Bangkok. These 
organizations were mostly state-enterprise organizations or big public companies originally located in the 
central Bangkok and then moved to suburb due to expansion. Therefore, the employees (or their unions) at these 
organizations forced their managers to provide buspool services for them. However, each organization has 
developed their own system resulting in different service characteristics. 

Survey of Buspool Operations 

To understand the characteristics of buspool services in Thailand’s large organizations, the research team 
selected ten organizations with buspool services for in-depth study. The research was done through observations 
and interviews of key personnel as well as buspool users in the government office, state-enterprise, as well as 
independent organizations during late 2008. Table 1 below shows the list of ten surveyed organizations with 
buspool and/or vanpool services for their employees 

Table 1 List of surveyed organizations with buspool and vanpool 
No. Organization Type # Employees @ hq # Buses # Vans 
1 Water Supply Authority State Enterprise 2,000 6 -
2 CAT Telecom State Enterprise 2,900 16 2
3 National Housing Authority State Enterprise 2,500 4 -
4 Thailand Tobacco Monopoly State Enterprise 7,000 24 -
5 PTT, Co., Ltd. Public Company 3,000 12 3
6 TOT Public Company State Enterprise 7,000 22 -
7 NSTDA Independent 

Agency 
2,000 15 -

8 Directorate of Transportation, RTAF Government 9,500 20 -
9 Metropolitan Electricity Authority State Enterprise 8,800 26 36 

10 Port Authority of Thailand State Enterprise 2,500 16 16

The survey shows that each organization has different buspool management. Before the organization set the 
number of buses, the organization did their internal surveys to estimate the demand of passengers, routes, and 
destination locations. Besides the demand side, each organization estimated its own budget to calculate the 
number of vehicles it would need. Then, it would either hire bus/van operators through e-auctions or buy its 
vehicles. However, most organizations decided to hire the operators for a few years since the operators are more 
proficient in training drivers and managing vehicle fleet resulting in better cost saving and quality control for the 
organizations. 

The number of buses and vans in Table 1 are varied among each organization. To compare among organizations, 
the ratios of the number of total employees to the number of employees using the service are used. These 
numbers were ranged between 3 and 9. Unsurprisingly, the organizations with high profitability had lower ratios, 
meaning that they tried to serve more employees with more vehicles and routes. The interviews show that 
buspool services of most organizations in Table 1 are not free. The employees are currently paying 
approximately 25-30% of actual costs and the organizations subsidize the rest. This would ensure that most 
vehicles were operated at almost-full capacity. 

Regarding the service, buspool passengers from some organizations reported that drivers do not behave well and 
the vehicles’ conditions are generally old. This problem is lesser for some organizations with clearly prescribed 
contract and regular monitoring by the organization’s coordinator. Even with poor service, most buses and vans 
in all organizations are nearly full on every working day. This implies that the service is highly popular and can 
serve the demand well. 

For the organizations’ coordinators, they report that buspool/vanpool costs high budget since the vehicles used 
for this service could not be used for other purposes during the day. Some organizations are interested in having 
more vans instead of buses since vans are more flexible to use for work during the day and better serve 
dispersed demand. However, most buspool management among organizations is similar since the organizations 



are mostly state-enterprise, which must rely on government policy and labor union. The differences among their 
quality of service are due to organization size and their profitability. 

Summary and Recommendation 

In summary, Bangkok’s buspool services are mainly found in state-enterprise organizations or large public 
companies located in suburb Bangkok. Buspool management for each organization could be different depending 
on the organizations’ size and profitability. However, the buspool initiation among the organizations is mostly 
due to the request from labor union negotiation. There is no government policy or law regarding buspool 
services for large organizations in Thailand.  

From the survey and observations of buspool operations, it is recommended that a new law or some financial 
subsidization from the government may be needed for large organizations in an area with insufficient public 
transportation to encourage them to provide some transportation services for their employees. The buspool 
initiation could be done by surveying the employees regarding the demand and routes and later hire operators. 
For the service fare, it is unnecessary that the organization needs to subsidize the whole cost since it may be 
unfair for some employees who could not use the service.  

SCHOOL BUS 

Review of Situations 

School bus is one of the ridesharing modes for commuting to schools by children. School bus, if successfully 
implemented, would reduce peak-hour automobile travels by parents and alleviate congested public 
transportation system while increasing student’s travel safety. According to Road Safety Center (2008), 
although school bus system has been introduced in Bangkok, Thailand for more than 30 years, the popularity 
among Thai students and their parents is limited and the school bus’ supportive programs by several agencies 
are considered to be unsuccessful. The Department of Land Transport (Not specified Year) had determined the 
preliminary problems of school bus’ low usage in Thailand. Examples of some of these problems are: expensive 
school charges due to high standard of legal operating vehicles, risk awareness from students’ parents towards 
school bus drivers and vehicles used, and students’ inconvenience in waiting for school bus schedule either at 
their home or at school. With these obstacles, from time to time, the Department of Land Transport, the Ministry 
of Education, and Bangkok Metropolitan Authority issue campaigns to reward schools with good school bus 
service.

In Thailand, school bus can be grouped into two categories based on their vehicle type, i.e., a minibus or a van. 
Each type is enforced by different Thai law (Land Transport Act of 1979 and Vehicle Act of 1979) based on its 
size; however, there is no regulation to enforce that every school must provide school bus to facilitate students. 
Currently, a van is more popular to be used as a school bus than a minibus since it is smaller and easier to 
maneuver in Bangkok congested traffic. Also, most residential areas in Bangkok are located on long and narrow 
streets with substandard turning radii where a minibus is inaccessible. Most importantly, the cost of using a 
school bus van per student is lesser. Both laws have slightly different requirements as shown in Table 2 below.  

Table 2 Summary of School Bus Legal Requirements in Thailand 
Characteristic Land Transport Act of 1979 Vehicle Act of 1979. 

Seating 12 people or more 8-11 people 
Exterior Color Yellow background with black strips Not specified 

Label “school bus” “school bus” 
Sign Dimension 35
85 cm. 25
60 cm. 

Text Height 25 cm. 15 cm. 
Extinguisher Extinguisher 

Break glass hammer Break glass hammer Tools
Iron crow bar 

Numerous research publications in Thailand are concerned about school bus; however, most researches focus on 
the safety aspects only. The examples are Karuhadech, et al. (2004) and Kanitpong (2007), etc. There exist 
some studies which focus on the parents’ decision regarding school bus. For example, Manomaipibul (2003) 
investigates the factors of school trips that could result in students’ traffic accidents. It reveals that students’ 
mode of travels, travel times, and grade significantly relate to student safety. However, students who use school 



buses generally experience fewer accidents than other travel modes even with substandard school bus vehicles. 
It claims that if school buses are improved, 40 percent of students’ parents would likely opt for the service.  In 
another study, Chintapitak (2009) analyzes the travel behaviors of students in Chiang-Mai Municipal Area 
(Northern Thailand). Their study covers school trips surveys from 357 high school students. The survey was 
analyzed by Chi-Square method at the level of significance of 0.01. It reports the main student characteristics 
that result in their mode selection. Among them are student gender and age, parents’ occupations and education, 
household size, income and expenditure,  location,  number of workers, licensed drivers, and auto-ownership 
relates choice decision. This study does not explicitly describe what causes parents to choose school bus service. 
Also, the study area is in Chiang-Mai, where the traffic as well as the sociocultural condition are different from 
Bangkok, Thailand’s Capital and one of the world’s most congested cities.    

Survey of Elementary Schools in Bangkok 

To understand the problems of managing school buses in Bangkok and what influences parents to allow their 
children to use school bus for commuting from/to their schools, the research team conducted interviews of key 
managing teachers and distributed survey questionnaires to Grade-4 (Age 10-11) students’ parents (or guardians) 
at selected schools in Chatuchak District, one of the business districts of Bangkok. Chatuchak has several 
schools, as well as, large companies, shopping and commercial areas. It is one of the most congested areas in 
Bangkok. The area enjoys a variety of public transportation options such as buses, vans, taxis, and two main 
heavy rail transits. 

Many elementary (Grade 1-6) schools in Chatuchak District operate school bus services. The schools either own 
buses themselves or hire contractors to operate under the school’s supervision. The schools that allowed the 
research team to collect complete data during late 2009 are Prachaniwet School, Tubtong School, Yaemsaard 
School, Chindanukul School, and Darathorn School. These schools own and operate school buses themselves. 
Only Prachaniwet School is a public school while the rest are private. 

Regarding profitability of school bus operations, all schools reported that school bus operations are unprofitable 
or nearly break-even. The school bus fares charged to student parents are usually calculated by a fixed cost plus 
a variable cost (based on distance from school to students’ pick-up/drop-off locations). Generally, the collected 
fares can cover barely daily operating costs (labor and fuel costs). The maximum chargeable fares are regulated 
by the authority; however, schools have to purchase vehicles by their capitals. (Prachaniwet, the only public 
school in this study, receives government support on school buses purchases.) Being unprofitable, schools 
continue operating the service as part of the student support program to campaign rideshares and reduce traffic 
congestion at their gates. Due to government control on fares, the effects from school bus charge in each school 
can not be distinguished. 

Table 3 shows the number of students using school bus and total students in each school. It shows that 
Yaemsaard, Tubtong, and Chindanukul have high school bus usage levels of 45.0%, 44.5% and 40.0%, 
respectively. This is followed by Darathorn (22.1%). Prachaniwet has the lowest usage level of 7.7%. The 
average of school bus use is 20.1% of all students. 

Table 3  School Bus Profile and Questionnaires 

School School
bus type 

No. of 
buses

# students using 
school bus 

Total 
students 

% School 
bus usage 

#Questionnaires 
(Returned/Distributed) 

Prachaniwet Minibus 6 132 1,718 7.7% 103/160 
Tubtong Van 7 144 323 44.5% 67/99 
Yaemsaard Van 11 180 400 45.0% 101/150 
Chindanukul Van 5 68 170 40.0% 89/130 
Darathorn Van 1 19 86 22.1% 59/80 

These schools authorized the research team to distribute questionnaires to their students’ parents. 619 
questionnaires were distributed and 419 of them were returned (represented 68% of the total population) as 
shown in Table 2. The students of interest in this study are fourth grade students (Grade 4) only. They are 
approximately at the ages of 10. At this young age in Bangkok, they cannot take public transportation by 
themselves. They generally walk (in case that their houses are in close proximity to school), are picked-
up/dropped-off by their parents through private autos/taxis, or use school bus. Note that bikes are not popular 
among children in urban Bangkok area due to safety concerns since inner Bangkok has no sufficiently safe bike 
paths for daily commuting. 



The questions in the survey include three main categories: general household data, student’s travel mode to and 
from school, and factors affecting their decision whether to opt school bus service for their children. The 
analysis of the data based on these questionnaires is shown here. 

Parents’ Profile 

The parents’ profile, their occupations and highest level of education, showed a noticeable effect in the decision 
to allow their child to use school bus or not. The data show that parents who are business owners and employees 
use school bus the most (38% and 35%, respectively). This might be due to the punctuality and strictness of 
their working hours. Also, this group has the highest income among all to pay for service charge. This is 
followed by independent workers and government officers (26% and 25%, respectively). These two occupations 
have less strictness of their working hours. Independent retailers use school bus less (14%) since the opening 
hours of most retailers are late in the afternoon. In addition, the data point that parents with Bachelor’s degree or 
higher generally use school bus (significantly higher than average). These parents commonly have busy working 
schedule, have more income to pay for the service, or are confident in the school service.  

Comments from Parents 

To understand how parents decide whether to choose school bus, the questionnaires are separated into two 
groups of parents: the ones who use school bus and the ones who do not.  

The parents using school bus were asked to rank the top-three characteristics of school bus operations that affect 
their decision. The results show that top school bus characteristics that affect parents’ decision in most school 
are driver’s skill and manner, and closely followed by the vehicle standard. These two characteristics reflect 
parents’ strong attitudes towards their child safety. Teacher’s close monitoring is also important. However, 
teachers have limited control over safe school bus operations as drivers and vehicles. Punctuality, fare pricing, 
and drop-off/pick-up location seem to matter the least. 

The parents who drop-off/pick-up students themselves were asked to answer why they are not currently using 
the school bus. The data reveal that the reasons can be grouped into three categories by their importance. First, 
students living close to their schools are less likely to use school bus and parents might feel convenient to pick-
up/drop-off students themselves. Next, Thai parents (as well as most Asian countries) feel responsible, attentive, 
and protective to their children. Lesser important reasons are fear of traffic accidents, high school bus fares, and 
no school bus route offered. The data also showed that child’s unpunctuality, child’s preference, and 
inconvenient school bus schedule are unimportant to their decision since children have enough free time to wait 
for possibly inconvenient school bus schedule. 

Following from the above questions, the parents were also asked what the school should improve in the school 
bus service such that they are likely to choose the service for their students. The results show that parents are 
more likely to choose school bus if the school bus fare is cheaper and/or school bus condition is better. The 
exception is Yaemsaard School, which its vans are in very good condition. Safer driver is a bit less concerned. 
This reflects their school bus drivers are already well-trained and do not require close or strict control by 
teachers. Schedule adjustment seems to receive the least attention.

Summary and Recommendation 

Although school bus system has been found in Bangkok for several decades, it has little attention for most 
parents due to poor vehicle condition, expensive fare, short school trip distance and Thai-cultural parental care. 
Currently, there is no law forcing schools to provide school bus system for their students in Thailand; however, 
two laws provide school bus specifications and safety guidelines. The cost of operating school bus is expensive 
due to strict regulation and the maximum school bus fare is mandated by the authority such that most school bus 
operations are unprofitable or nearly break-even. Even so, most schools continue operating the service as part of 
the student support program to campaign rideshares and reduce traffic congestion at their school gates. With 
insufficient funding, school bus quality is mediocre and the parents then choose to pick up children by 
themselves.  

To increase school bus ridership, it is important that the government would take a serious look to support school 
bus system. The current government campaigns regarding school bus are inefficient and temporary. The 
government would provide a long-term fund for school or partially subsidize schools to purchase or hire school 



buses for their students. This would assist schools in offering lower school bus charges and/or improving their 
school bus condition to finally increase the school bus ridership. 

CONCLUDING REMARKS 

In conclusion, data from these three aforementioned groups describe the existing ridesharing situations and 
obstacles in Bangkok. They suggest that policy changes and additional supports are needed from government, 
business organizations, and local community to encourage more actual ridesharing programs. Most importantly, 
the government would spend a larger amount of budgets to educate Bangkok commuters and seriously support 
ridesharing programs. The support (especially for carpool campaign) would be permanent independent of 
economic or energy crises since ridesharing programs will take time to change Bangkok commuters’ travel 
behaviour. In addition, the government would seek a way to force or subsidize large organizations or to provide 
transportation services for their employers or their students, e.g., provide some loan, issue tax incentives, for 
schools and large organizations schools in an urban area. In fact, the costs associated with ridesharing programs 
would create much greater traffic congestion relief benefit than the costs of building urban transportation 
infrastructure. 

This research paper is a starting point to explore Bangkok ridesharing situations. Future research is needed in 
several aspects to make the study regarding ridesharing in Bangkok more complete. For carpool, the official 
programs with organization support might be implemented to see if this will bring sustainable participants. Also, 
the research would investigate into all benefits and costs of carpool campaigns and buspool services. Such 
benefits would not only include travel time and cost savings to participants, but also the organization’ benefits 
due to increase in employees’ working efficiency as well as other social and environmental benefits. This might 
result in concrete evidence whether the government and organizations would subsidize the program permanently. 
For school bus, more data are needed from more schools in other Bangkok areas, such as Central Business 
District (CBD), suburb Bangkok, etc. In addition, this research included only elementary schools’ teachers and 
parents with children at the age of 10-11. Other children with different ages could possibly yield different 
parents’ decision criteria. Lastly, school bus regulations and management at each school should thoroughly be 
studied to determine school bus improvement alternatives as well as their benefits and costs to both providers 
and users. 
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Abstract: This research unveils the factors influencing parental decisions regarding their 
child’s use of school bus in Bangkok. Five schools with school buses in Chatuchak District, 
inner Bangkok, were studied. This includes interviews of key managing teachers and 
questionaire distribution to all Grade-4 students’ parents. 419 of 619 questionaires were 
returned and analyzed using descriptive statistics as well as logit choice model equations. The 
results reveal parents’ charateristics that are likely to use school bus than others such as have 
business owners or business employees occupations, have high-level of education, have more 
than one childs in a particular school, and have high income. Main reasons of why parents are 
not using the service are due to short school trip distance and Thai culture of parental care. 
However, schools could pursuade these parents through lower school bus charges and 
improvement of bus condition.  

Key Words: School Bus, Choice Model, Travel Behavior, Rideshare, Urban Transportation 

1. INTRODUCTION 

School bus is one of ridesharing modes for commuting to schools by children. School bus, if 
successfully implemented, would reduce peak-hour automobile travels by parents and 
alleviate congested public transportation system while increase student’s travel safety. 
According to Road Safety Center (2008), although school bus system has been introduced in 
Thailand for more than 20 years, the popularity among Thai students and their parents is 
limited and the school bus’ supportive programs by several agencies are considered to be 
unsuccessful. The Department of Land Transport (Not specified Year) had determined the 
preliminary problems of school bus’ low usage in Thailand. The examples of problems are: 1) 
expensive school charges due to high standard of legal operating vehicles, 2) risk awareness 
from students’ parents towards school bus drivers and vehicles used, and 3) students’ 
inconvenience in waiting for school bus schedule either at their home or at school, etc. 
However, these lists are mostly descriptive and none of previous studies have conducted 
research to understand these factors thoroughly. 

This research’s main objective is to understand what influences parents to allow their children 
use school bus for commuting from/to their school. To these ends, the researchers have 
conducted interviews of key managing teachers and distributed survey questionnaires to 
Grade-4 students’ parents (or guardians) at five selected schools in Chatuchak District, one of 
the business districts in Bangkok. The survey data were collected and then analyzed by 
descriptive statistics and logit choice model equations to quantitatively extract other main 
decision factors regarding the issues. 



The remainder of the paper is organized as follows. Section 2 summarizes related background 
research. The schools selected for this study and questionnaires are described in Section 3. 
Section 4 presents the factors affecting school bus mode choice through descriptive statistics. 
Section 5 utilizes logit choice model equations in analysis of different factors. Then, the sixth 
and final section contains concluding remarks as well as areas of further research. 

2. BACKGROUND 

This Section will begin with the discussion of school bus in foreign countries, and followed 
by Thailand case. In each subsection, the overview of school bus operations is presented to 
summarize the existing situations, followed by researches relevant to school bus selection. 

School Bus around the World 
Regulations regarding school bus in many countries are pretty much concerned with safety 
standards. In the U.S, the National Highway Traffic Safety Administration, Department of 
Transportation, issues the Federal Motor Vehicle Safety Standards that regulate school bus 
standards with 37 specifications and separate school bus into 7 categories. In each category, 
the maximum allowable load and number of students are specified such that the safety of 
school bus riders is similar to aircraft passengers (STN Media, 2009). 

The factors that affect parents’ decision in selecting mode choice for their students’ school trip 
in each country are different since school buses are varied by their local standards, regulation, 
urban pattern, as well as sociocultural situations. Jansen (2008) reports that a distance from 
student home to school is significantly related to whether Danish students choose to walk, 
bike, or use school bus to school. It also points that road design and motorized traffic volumes 
do influence children mode choice to a limited extent. McMillan (2007) studies the school 
trip data in California, U.S. and concludes that urban form is important but not the only factor 
that affects school travel mode choice. Other factors like perceptions of neighborhood safety 
and traffic safety, household transportation options, and social/cultural norms may be equally 
important. Yeung, et al. (2008) also describes that the factor influence parental decisions 
regarding their child’s use of active transport to school in Brisbane, Australia are child age, 
safe walking path, adult supervision, commuting distance, and child’s fitness level. However, 
although focusing on school trip mode choice, they do not capture the factors influencing 
parents/guardians’ decision regarding their child’s use of school bus.  

School Bus in Thailand 
In Thailand, school bus can be grouped into two categories based on their vehicle type, i.e., a 
minibus or a van. Each type is enforced by different Thai law (Land Transport Act of 1979 
and Vehicle Act of 1979) based on its size. Currently, a van is more popular to be used as a 
school bus than a minibus since it is smaller and easier to maneuver in Bangkok congested 
traffic. Also, most residential areas in Bangkok are located on long and narrow streets with 
substandard turning radii where a minibus is inaccessible. Most importantly, the cost of using 
a school bus van per student is lesser. Both laws have slightly different requirements as shown 
in Table 1 below. 



Table 1 Summary of School Bus Legal Requirements in Thailand 
Characteristic Land Transport Act of 1979 Vehicle Act of 1979. 

Seating 12 people or more 8-11 people 

Exterior Color Yellow background with black strips Not specified 

Label “school bus” “school bus” 
Sign Dimension 35
85 cm. 25
60 cm. 

Text Height 25 cm. 15 cm. 

Extinguisher Extinguisher 

Break glass hammer Break glass hammer Tools 

Iron crow bar  

Numerous research publications in Thailand are concerned about school bus. However, most 
researches are focused on safety aspects only. Examples of these are: Karuhadech, P., et al.
(2004) studying the safety of school bus travel in Bangkok, and, Kanitpong (2007) studying 
the causes of traffic accidents relating school bus operation and recommending strategies to 
prevent them. These studies investigate school bus vehicles and analyze accidents associated 
with school bus travel. They do not pinpoint the reasons of why parents choose or not choose 
school bus service. Studies that relate to parents’ decision regarding school bus are as 
follows: 

Manomaipibul (2003) investigates factors of school trips that could result in students’ traffic 
accidents. It reveals that students’ mode of travels, travel times, and grade significantly relate 
to student safety. However, students who use school buses generally experience fewer 
accidents than other travel modes even with substandard school bus vehicles. It claims that if 
school bus was improved, 40 percent of students’ parents would likely opt for the service.   

Jintapitak and Thiengburanathum (2009) analyze the travel behaviors of students in Chiang-
Mai Municipal Area (Northern Thailand). It covers school trips surveys from 357 high school 
students. The survey was analyzed by Chi-Square method at the level of significance of 0.01. 
It reports student characteristics resulting in their mode choices. Among them are student’ 
gender and’ age, parents’ occupations and education, household size, income and 
expenditure, and location, and number of workers, licensed drivers, and auto-ownership 
relates choice decision. This study although focuses on choice decision; it does not explicitly 
describe what causes parents choose school bus service. Also, the study area is in Chiang-
Mai, where the traffic as well as sociocultural condition is different from Bangkok, 
Thailand’s Capital and one of the most congested cities in the world.    

3. DATA COLLECTION AND GENERAL SCHOOL BUS PROFILE 

In this study, Chatuchak District, one of major business districts in Bangkok, is selected. 
Chatuchak has several schools, as well as, large companies, shopping and commercial areas. 
It is one of the most congested areas in Bangkok. However, there are plenty of public 
transportation options, i.e., buses, vans, taxis, and two main heavy rail transits. 

Many elementary (Grade 1-6) schools in Chatuchak District have operated school bus 
services. These schools either own buses themselves or hire contractors to operate under 



school’s supervision. Five of them allowed the researchers to collect complete data. They are 
1) Prachaniwet School, 2) Tubtong School, 3) Yaemsaard School, 4) Chindanukul School, and 
5) Darathorn School. These schools own and operate school bus themselves. Only 
Prachaniwet School is a public school while the rest are private. 

During September-November 2009, these school executives as well as school-bus related 
teachers were interviewed regarding characteristics of their school profile, e.g., number of 
students, teaching grades, and school bus management, e.g., bus occupancies, fare pricing, 
routing, profitability, etc.  

Regarding profitability of school bus operations, all schools report that school bus operations 
are unprofitable or nearly break-even. The school bus fares charged to student parents are 
usually calculated by a fixed cost plus a variable cost (based on distance from school to 
students’ pick-up/drop-off locations). Generally, the collected fares can cover barely daily 
operating costs (labor and fuel costs). The maximum chargeable fares are regulated by the 
authority; however, schools have to purchase vehicles by their capitals. (Prachaniwet, the only 
public school in this study, received government support on school bus purchase.) Even with 
losses, schools still continue operating the service as a student support program to campaign 
rideshares and reduce traffic congestion at their gates. Due to government control on fare, the 
effects from school bus charge in each school can not be distinguished. 

Table 2 shows the number of students using school bus and total students in each school. It 
shows that Yaemsaard, Tubtong, and Chindanukul have high school bus usage levels of 
45.0%, 44.5% and 40.0%, respectively. This is followed by Darathorn (22.1%). Prachaniwet 
has the lowest usage level of 7.7%. The average of school bus use is 20.1% of all students. 

Table 2 School Bus Profile and Questionnaires 
No. of questionnaires 

School School 
bus type 

No. of 
buses

# students 
using school 

bus

Total 
students 

% School 
bus usage Distributed Returned 

Prachaniwet Minibus 6 132 1718 7.7% 160 103 
Tubtong Van 7 144 323 44.5% 99 67 
Yaemsaard Van 11 180 400 45.0% 150 101 
Chindanukul Van 5 68 170 40.0% 130 89 
Darathorn Van 1 19 86 22.1% 80 59 

Besides teacher interviews, these schools authorized the researcher to distribute 
questionnaires to their students’ parents. 619 questionnaires were distributed and 419 of them 
were returned (represented 68% of total population) as shown in Table 2.  

The students focused in this study are Fourth Grade students (Grade 4) only. They are 
approximately at the ages of 10. At this young age in Bangkok, they cannot take public 
transportation by themselves. They generally walk (in case that their houses are in close 
proximity to school), are picked-up/dropped-off by their parents through private autos/taxis, 
or use school bus. Note that bikes are not popular among children in urban Bangkok area due 
to safety concerns since inner Bangkok has no sufficiently safe bike paths for daily 
commuting. 



Questions in the survey can be grouped into three main categories, i.e., 1) general household 
data, 2) student’s travel mode to and from school, 3) factors affecting their decision whether 
to opt school bus service for their children. The analysis of data based on these questionnaires 
is shown in Section 4 and 5.

4. DESCRIPTIVE STATISTICAL ANALYSIS 

This section summarizes descriptive statistical analysis from the interviews and 
questionnaires in each aspect as followed: 

Level of Satisfaction 
Two important features that are key performance indices reflecting how successful the school 
bus are percentage of students who use school bus to total students (already shown in Table 1) 
and parents’ satisfaction towards school bus service. In the survey, parents who use school 
bus graded their satisfaction towards the service. They gave the score from 5 (Most Satisfied) 
to 1 (Least Satisfied). Then, their scores in each school are averaged and shown in the right 
column of Table 3. From the table, these satisfaction scores correspond with researchers’ field 
observations, i.e., very good-condition vans for Yaemsaard, good-condition vans for Tubtong 
and Chindanukul, school buses, a medium-condition van for Darathorn, and poor-condition 
minibuses for Prachaniwet. Unsurprisingly, bus conditions and satisfaction scores correlate 
pretty well with usage percentages, i.e., a school with better-condition vehicle and higher 
level of satisfaction typically has higher school bus usage percentage.

Table 3 School Bus Usage and Satisfaction 

School Percentage of students 
using school bus  

School bus 
satisfaction score 

Mean (S.D.) 

Satisfaction 
rank

Prachaniwet 7.7% 3.07 (0.70) 5 
Tubtong 44.5% 3.60 (1.14) 3 
Yaemsaard 45.0% 4.03 (0.74) 1 
Chindanukul 40.0% 3.80 (0.71) 2 
Darathorn 22.1% 3.15 (0.69) 4 

Parents’ Profile      
The parents’ profile, their occupations and highest level of education, affect the decisions to 
allow their child to use school bus.

Table 4 shows the percentages of parents that choose school bus for their child at each school, 
separated by their occupations. By average, 26.7% of parents who returned questionnaires use 
school bus service. However, the data point out the percentage differences among each 
occupation.



Table 4 Student parents’ occupation 
Parent’s occupation No. of 

surveys
No. of parents choosing 
school bus from surveys 

Percentage of parents 
choosing school bus 

Government officer 97 25 25.8% 
Independent worker 36 9 25.0% 
Business employee 105 37 35.2% 
Business owner 31 12 38.7% 
Independent retailer 71 10 14.1% 
Housewife 78 19 24.4% 

Total 419 112 26.7% 

From Table 4, parents who are business owners and employees use school bus the most. This 
might be due to the punctuality and strictness of their working hours. Also, this group has the 
highest income among all to pay for service charge. This is followed by independent workers 
and government officers, with less strictness of their working hours. On the other hands, 
independent retailers use school bus less since the opening hours of most retailers are late in 
the morning 

Table 5 displays the percentages of parents that choose school bus, separated by their highest 
level of education. It was found that parents with Bachelor’s degree or higher generally use 
school bus (higher than average). These parents commonly have busy working schedule, have 
more income to pay for the service, or are confident in school service.  

Table 5 Student parents’ highest level of education 
Parents’ level of education No. of 

surveys
No. of parents 

choose school bus 
Percentage of parents 

using school bus 
Elementary school 19 2 10.5% 
High school  52 13 25.0% 
Bachelor’s degree or higher 348 97 27.9% 

Total 419 112 26.7% 

Comments from Parents who Choose School Bus      
To understand how parents decide whether to choose school bus, the questionnaires are 
separated into two groups of parents, i.e., use school bus, or not use. The parents using school 
bus were asked to rank the top-three characteristics of school bus operations that affect their 
decision. Then, these characteristics were scored and ranked from 5-Most Important to 0-
Least Important for each school, with the average for each characteristic as shown in Table 6 
below. 



Table 6 Important school bus characteristics from parents’ perspective 
Score (5-Most important to 0- Least important) 

Rank School bus 
characteristics Prachaniwe

t Tubtong Yaemsaard Chindanuku
l Darathorn 

Average
score

1 Driver’s safety skill 5 5 4 3 4 4.2
2 Standard vehicle 4 2 3 5 5 3.8
3 Teacher’s monitoring  2 4 5 1 3 3.0
4 Punctuality 1 1 2 2 2 1.6
4 School bus fare 3 0 0 4 1 1.6
6 Drop-off location 0 3 1 0 0 0.8

Table 6 shows that top school bus characteristics that affect parents’ decision in most school 
are driver’s skill and manner, and closely followed by vehicle standard. These two 
characteristics reflect parents’ strong attitudes towards their child safety. Teacher’s close 
monitoring is also important. However, teachers have limited control over safe school bus 
operations as drivers and vehicles. In addition, punctuality, fare pricing, and drop-off/pick-up 
location are less important. 

Comments from Parents who Drop-off/Pick-up Students themselves      
The parents who drop-off/pick-up students themselves were asked to answer why they are not 
currently using school bus. They ranked the top-three reasons of pick-up/drop-off students 
themselves. Then, these reasons were scored and ranked from 7-Most Important to 0-Least 
Important for each school, with the average for each characteristic as shown in Table 7 below. 

Table 7 Why parents choose to pick up/drop off students by themselves 
Score (7-Most important to 0- Least important) 

Rank Reasons
Prachaniwet Tubtong Yaemsaard Chindanukul Darathorn 

Average
score

1 Short travel distance 7 6 7 7 6 6.6
2 Take care of students 6 7 6 6 7 6.4

3 Fear of traffic 
accidents 2 5 4 5 5 4.2

4 High school bus fare 3 4 3 4 4 3.6
4 No route offered 5 3 5 3 2 3.6

6 Student's 
unpunctuality 4 2 2 1 1 2.0

7 Student preference 1 1 1 2 3 1.6
8 Inconvenient schedule 0 0 0 0 0 0.0

Table 7 reveals that pick-up/drop-off reasons can be grouped into three categories by their 
importance. First, students living close to their schools are less likely to use school bus and 
parents might feel convenient pick-up/drop-off students themselves. Next, Thai parents (as 
well as most Asian countries) feel responsible, attentive, and protective to their child. Lesser 
important reasons are fear of traffic accidents, high school bus fares, and no school bus route 
offered. The data also show that child’s unpunctuality, child’s preference, and inconvenient 
school bus schedule are unimportant to their decision since children have plenty of free time 
and can wait for possibly inconvenient school bus schedule. 



Follow up from the above questions, the parents were also asked what the school should 
improve in the school bus service such that they are likely to choose the service for their 
students. They ranked the top-three service improvements. Then, these improvements were 
scored and ranked from 4-Most Important to 0-Least Important for each school, with the 
average for each characteristic as shown in Table 8 below. 
 

Table 8 What schools should improve to increase school bus riders 
Score (4-Most important to 0- Least important) 

Rank 
Improvement to 

increase school bus 
riders Prachaniwet Tubtong Yaemsaard Chindanukul Darathorn 

Average
score

1 Cheaper school bus fare 3 3 4 4 4 3.6
2 Better vehicle condition 4 4 0 3 3 2.8
3 Safer driver 2 2 3 2 2 2.2
4 Stricter teacher control 1 1 2 1 0 1.0
5 Schedule adjustment 0 0 1 0 1 0.4

Table 8 illustrates that parents are most likely to choose school bus if school bus fare is 
cheaper and/or school bus condition is better. The exception is Yaemsaard School, which its 
vans are in very good condition. Safer driver is a bit less concerned. This reflects their school 
bus drivers are already well-trained and do not require close or strict control by teacher. 
Finally, schedule adjustment would be done at last to increase school bus ridership.    

5. CHOICE MODEL ANALYSIS 

To understand the effects of each factor quantitatively, a simple choice model of whether 
parents choose school bus service or not. The analysis was done through the assumption of 
standard two-choice logit model and STATA software package with maximum likelihood 
algorithm was used. The independent variables include number of students parents have in the 
particular school (STU), one-way distance from student house to school (DIS), monthly 
household income (INC), and number of vehicles in the household (VEH). The analysis was 
separately done for each school since each school has varied quality of school bus services, 
distinct school location, as well as a unique mix of parents’ profiles. These different features 
for each school are captured by the constant in the model. The logit choice model equation for 
each school i is shown in Eq.1: 

VEHINCDISSTUV iiiiii 
�
�
�
�� 43210 �����   (Eq. 1) 

where, iV   = mean utility function of parents’ school bus decision from school i
�0i = model constant for school i
STU = number of students in the school from the same family 
DIS = one-way school trip distance (km)
INC = monthly household income (in 10,000 Baht) 

 VEH = number of vehicles in the household 



Table 9 shows the coefficients of independent variables in the model. The model was created 
such that a positive utility value ( iii VU ��� ) represents a choice of using school bus 
service; therefore, positive coefficients for independent variables mean that variables have 
positive effect on choosing school bus. The descriptions of coefficient analysis are described 
next.

Table 9 Coefficients in school bus mode choice model for each school 
Factor Coefficient Prachaniwet Tubtong Yaemsaard Chindanukul Darathorn 

�0 -0.621 -2.805 4.436 -7.657 -2.918 
Constant 

p-value (0.657) (0.079) (0.036) (0.000) (0.210) 
�1 -2.005 -1.667 -3.140 -2.521 -1.727 No. of students from 

the same household p-value (0.059) (0.075) (0.001) (0.022) (0.169) 
�2 0.008 0.033 -0.063 -0.010 0.041 One-way school trip 

distance (km) p-value (0.809) (0.626) (0.397) (0.939) (0.638) 
�3 0.325 0.762 1.093 0.749 0.800 Household monthly 

Income (in 104 Baht) p-value (0.034) (0.001) (0.000) (0.002) (0.039) 
�4 -4.736 -2.09 No. of vehicles in the 

household p-value 
Too few 
data set 

Too few 
data set (0.007) (0.027) 

Too few 
data set 

Pseudo R2 0.136 0.347 0.563 0.331 0.331 

Constant
Constant values compare the likelihood of using school bus in each school if all independent 
variables are similar. However, a lower constant value does not mean poorer school bus 
service. A unique school location could also result in a lesser school bus usage. In addition, 
parents’ profiles and their popularity towards school bus use for each school is different. 

No. of students in school from the same household
From Table 9, all schools have negative �1-values. It means that if parents have more than one 
children studying in the same particular school, they are likely to pick-up/drop-off students by 
themselves. This is due to cost of using school bus for more than one child is linearly 
multiplied. In contrast, parents who pick-up/drop-off several children at the same school by 
their own cars generally costs the same as parents with only one child.  

Distance of school trip 
From table 9, all coefficient values are very minimal (not over 0.05 per km) with very high p-
values. This concludes that school trip distance does not significantly affect choosing school 
bus service. This could be explained by too short distance might support parents to drop-
off/pick-up their child(s) themselves; while too long distance might mean inconvenient school 
bus schedule or drop-off/pick-up locations are too far from their homes. 

Household Income 
From Table 9, all schools have negative �3-values. It means that if parents have more 
household income, they are likely to use school bus services because they can afford such 
expensive school bus charges resulting from high legal standards of school bus vehicles. This 
corresponds to the elasticity theory of demand, which states that a positive income elasticity 
of demand is associated with normal goods. It also infers that children who use school bus in 
Bangkok are mostly come from a high-income family. 



No. of vehicles in the household
From the analysis, effects of the number of vehicles in the household on school bus choice 
can not be concluded for Prachaniwet, Tubtong and Darathorn due to few available data, 
while Yaemsaard and Chindanukul have negative �4-values with near-zero p-values. It means 
that if parents have more vehicles in the household, they are likely to pick-up/drop-off 
students by themselves. 

Pseudo R2

Pseudo R2 is often used as a goodness-of-fit measure that shows reliability of the model with 
higher values indicating better model fit. From Table 9, all schools except Prachaniwet have 
high (>0.3) pseudo R2 values. It means that the model fits well with all four private schools, 
while Prachaniwet, the only public school in the list, might have external factors that are not 
captured by the model.  

6. CONCLUDING REMARKS 

Descriptive statistically analysis as well as a logit choice model analysis yield factors 
influencing parents’ decision in using school bus service in Bangkok. The data show that 
parents who work as business owners or employees are more likely to use school bus than 
other occupations. This is similar to parents with Bachelor’s degree or higher level of 
education. In addition, the main reasons of why parents are not using the services are due to 
short school trip distance and Thai-cultural parental care. However, if schools would like to 
increase more school bus ridership, they could do that through offering lower school bus 
charges and/or improvement of school bus condition. Furthermore, the analysis shows that the 
number of students that parents have in the same school and parents’ household income are 
correlated with parents’ decision. From a logit choice model analysis, it concludes that parents 
who have more than one child in the same school, have less household incomes, and own 
more cars are likely to pick-up/drop-off students by themselves. However, the effects of each 
factor could be different in degrees depending on school type, and school bus characteristics. 

This research is a starting point to explore parents’ decisions in choosing school bus service 
for their child. Future research is needed by collecting data from more schools in other 
Bangkok areas, such as Central Business District (CBD), suburb Bangkok, etc. Moreover, this 
research is done through G-4 students’ parents only. Parents with children at different ages 
could possibly yield different decision criteria. Lastly, school bus regulations and 
management at each school should thoroughly be studied to determine school bus 
improvement alternatives as well as their benefits and costs to both providers and users. 
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