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	�����,��������	 �����
���	 -.��/0	 ���������	 ������	 �	������	������	 �����
���	��	 �	�����,

�������	 �����
���	 -.1�/0	 ��	 �	 ������	 �������������	 ����2��	 ���2���	 ���	 �����	 ���	 ��	

�3������	��4���!	.���	���	�
���	�����	��	���������0	����������	��	���������	�����	�������4�	

��	�������%�����	
��������!	

	

5�������	 ��	.���	 �����	 ��	 ���	 $#6(�	 ��	 ���	7��4������	 �
	 ����
�����	 ���	������	 -7��/	

�����	�	�����	
���	���	8�������	�������	9���������0	 
����2��	��	�	��������	
���	:5�!	

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

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

	

���	
����	�
	.��	��������	���	��4��������	���	�����	
������	���������	��	����������������	

������������	 ����	 ���	 ��	 ���������	 �������	 �������0	 �����	 ���	��4�����!	 ������	 ��	 ���	

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

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

�����	 ��������!	 9����2���	

�����	 �
	 ������	 �3�������������0	 ���	 
����	 ���������������	 ��4����	 ���������	 ��	 ������	

��������	��	���	���%��������!	

	

��������	�	���������	����
�	�

	

8���������������	 ��	 ��	 ����	 �
	 ������������	 ���������	 2���	 ������	 ����������;�����	

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

��������	��	�������	������!	���	����	2�����	����	���������������	��4���	��	���	��������	

�������0	 2����0	 ��	 �
	 +(('0	 ���	 ����	 ���������	 ��	 �����3�������	 $((0(((	 ������	

2����2���!	 �����	 ���	 ����	 ��4����	 ���������������	 ��4����	 ����	 ���	 ��	 �������	 4�����0	

���������	�������	��������!	

	

���	��

�������	���2���	.���	���	����������������	���	������	��	���	2���	���	�����	���	

�����	 ����������������	 ���������	 �������	 ���	 ���4���	 ������	 ��	 �	 ��4���0	 2������	 .���	

�������	 �������	 ���	 �����	 -��	 ���4���	 ������/	 2���	 �	 ��������	 ������!	 ���������	

����������������	���	��	������	��	���	����	�
	���	���4���	������;
��	�3�����0	����������	

���4��;2����	 ���	 ����	 <.��<	 �������	 ����������	 �	 �����2��	 �����	 �
	 �������	 2����	

�����
���	2���	���	�������	���4���	������!	

	

���	�����	���	���������	����	���������������!	8���������������	���	.���	����	��	�����4�	

���	 ����	 ����0	 ����	 ��	 ���������	 �����0	 �������0	��4�����0	 �������	 ��	 �����������0	 ���	

�4��	�������4�	
�������!	.���	���	�������	�3����������	�������	���	��������	������=���!	

	

���
���������	�����

	



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

��������	��	���	�������									������	�������� �����!���										��������	"#$%#&'()**+*&	
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5���	���������	2���	.���	��	��������	.�����>�	�3���������	

	

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

��	�����	��	�������	.���	��	�����	���	��4�����!	1������	��4�	��4������	��������	�������	

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

���	����	���	2������	���	�����	������!	��	1��	+((?	�����������	����	���2��	�	������	

���������	 �	 �������	 ���	2���	 ���	����	 ��	 ���	 ����������	7��4������	1������	 ������	2���	

���������	 ��	�	������	�
	2���	���2�	�������	 @�������	���	����A����!	B����	��������	��	

����	���	�������	4�����	�������!	

	

�����������

	

	
1�����	���������	�	�������	���	2���	�����,��������	�����
�����	

	

���	�������	������������	�������	�
	9��A	���	����������	
����	���2��	����	�������	�����	

�����	��	�������	���	��
�������	�
	�	���
�������	�����	���	2���	������	����4���!	����	2���	

��	���	$#6(�	�����������	����	�������	�����	=������	�����	��	4����������	�������	���	
�����	

�����	�
	����4�����	���	��������	�������	��	���	�������	�����	�����3	�
	����	2���	��2�����	


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

	

�������	����	��4������	����������	��	�����������	��4������	
���	�����	�����3	�������0	

2����	�������	��4�����0	����	����	��	���	$#6(�!	��	���	$#?(�0	��������	C�����������	��	

D����	 E������	 7��4������	 
����	 �	 ������������	 ������������	 ���2���	 ���	 ����������	



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

��������	��	���	�������									������	�������� �����!���										��������	"#$%#&'()**+*&	
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���������	�
	 ������	�����%�����3	�������	 ��	 ������	����=��	�������	���	 ���	���������	

����	�������	��4��	�����	����	-�����	��	�	������	
�������/!	E�	����	
����	����	���������	

������	�
	�������	��	��

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

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

�����������	�������	��	���	�=�������!	

	

�����	���	����	�����	��4��������	��	.���	�����	���	���%$##(�!	��4����	������	��4�	����	

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

���������	 -������	 �
	 �������/	 ���	 ���	 �����	 ��	 �������	 �3������	 ��4����0	 ���������	

��������	 ������	 ���	 ��	 5������	 �������0	 D���	 :�������0	 �������	 F������0	 1�����	

8��������0	���	����2	���2���A!	

	

�����
�������	�����	����		�	�

	

�������	 F������	 ���	 ����������	 �����	 ���	 
����	 �������������	 �����,��������	 �����
���	 ��	

����������	������������%����	����������	����	�������!	

	

	
G���	:��	���	����������>	����������	�
	���	4�����	�����	�	.��	���������	��	���	�������	����������	

�������	-���	��2�	��������	�����H	������	��2�	���������/	

	

��	 $###0	 �����������	 ���	 ��	 G���	 :��	 ��	 7��4������	 �
	 ����
�����0	 .�������	 �������	

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

��������	��	���	��������	-2����	����������	���	�
	���	�����I�	�������	�����/	�
	�����%����	

����!	5����������	��������	$66	�����	�����	��	���	��������	�������	����������	�������	����0	

2����	�������	�������	
���	���	������!	���	����	2���	���2�	�����	�����	��4���0	���	�����	

������	 
������	 2���	 ��������!	 7����	 ������������	 
������0	 ���	 �����������	 �������	 ���	

�������	��	��������	��4���	�
	2���	���	����	��2	���	2���	����	��	�����������	�������A����	

������	 ���	 ��4���	 ��@����!	 �������	 �������	 ��	 ������	 ��4�	 �����	 ����	 �����4��	 ��	

�����������	��	D����	-���	����2/!	

	

1�����	8��������	���	����	�	���������	���������	�
	�����	��������	����������	������	�4��	

�	�������	����	�
	���	�����	��	������	��������	�������	��	���4�	�	.��!	����	������	���������	

���	 ����	 ��	 ������	 ���	 4����������	 ��	 ������	 ��������	 ��	 ������	 ����������0	 2����	 �����	

����	��	��

�����	��	�������	�	.��!	

	


���	 ����������	 �������	 �������	 ��	 ����	 ������	 ���	 $##(�0	 8��������	 ���	 ���	 ����������	

��4������	 .���	 ����	 �������	 �����	 ����4���	 ��	 �2�	 �������	 ���	 ����	 ���	 ��4����	 ��	



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

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

���������	 ������	 ��4������	 ��	 �������	 ����!	 1������	 ��4�	 ��4�����	 ��������	 ���	

��������	���������	���	����	����	������������	������0	������	 ����	 �����	 ����	 ���@����	 
��	

����	����	�
	2���!	

	

.�	+(((0	���	�����	���������	��	��������	�	.��	����	����������	�2�	������	��4������	

2����	 ���	������	��������	�	 @�������	��	�������	 
��	 
���!	���	.��	��������	 ��	����	 ����	

���	�����	����	�������	�	��������	�����	��������	�4��	��������	��������!	.��	���	�������	

�����	���	���	���	���	��4���	���	���	���	�����4�	���	
�������0	�	��%������	����%����	.��!	

	

	
:������	�
	���	.��	��4������	��	1�����	8��������	���	����������	
��	���	��	5�����	�������	

	

�����	 �3���������	 ��	 8��������	 �����	 ������	�������	 ���������	 ��	 �������	 ���	 
�������	

����	���	����������	������	��������	���	��������	��4������	��	�	�����	���!	J���	�����	

������	���
�	���	
����2��	������0	������	�������	���	����������	��	��	������	������	
��	

�����	���������������	����	�2�	�������!	���	�������	2���	�������	��	�����	���	�����	

��@����	��	�	��������	������	��	������������	�	@�������	2����	�������������	��4������	

��	�	�����	���	2���	������!	���	�������	2���	�����	���2�	���	�����	��������	���	�������	

��	 �������	 ��	 ��	 4��2���	 ���	 ��4������!	 ���	 .��	 ����	 4�������	 �����������	 ��	 �������	

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

	

B����	 ����	 ����	 ��4����	 .���	 ���	 ����������	 ����	 ������	 ������	 �������	 �������	 D���	

:�������	
���	.��2�	7��4������0	����2	���2���A	
���	���	7��4������	�
	����������	���	

5������	 �������	 
���	 �������!	 �����	 �����������	 2���	 ����	 ��	 �������	 2������	 .���	

�4��	������	����	��������	�������	
���	
��	
�2��	�������	����	8��������	-$&,)(	�������	

4�����	&(,+((	�������/!	

	

:�������>�	�����	��������	��������	������	�������	��	���	�	.��	��	�����	4�����	�������	��	

�	 ��������	 ������	2���	 ��	2������	 ����������	 �
	 �	 @�������	 -������%����	.��/!	 ���2���A>�	

�����	�������	�	.��	 
��	�����%�����������	��������	 ��	4������	�������	���	����	����������	



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

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

.��	�������	��	�	�������	���!	���	�����	�������	���������	2���	����	������������	����	�	

������	�����	
���	�����
	������	�
	A�������	�����	�	�������	���	����������	��	���	������>�	

�2�	�����	�������!	

	

�������>�	 �����	 ����	 ����������	 �
	 �����4�����	 ����4���	 
���	 ���	 ���������	 ��������	

�����3	 ��	 �����	 .��0	 ���������	 �������	 �������	 2���	 �3����������	 �������	 �����������	

�����4���	�	��2���!	

	

��	��������	 ��	����������	���������	���	�������	����������	�
	 ����	��4������0	.���	 ����	

�������	�����������������	��	����������	����4���	�
	�������	���	�����	��4������!	����	.���	

�����	��	����	��	�������	��������	��	������A��	�����	��	������������	�����������	�������!	

	

1�����	 8��������	 ��	 ��!	 ���2��	 ����	 ����4���	 �
	 �����	 ������	 ���������	 ���	 �������	 ���	

��������!	 ����	 2���	 ����	 ��������	 ��������	 �
	 �����,�������	 �����
����	 ;	 ����������	

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

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

����2��	 �	 ������	 ��	 �������	 ��������	 ���	 ��������	 ��4������	 ��	 �	 �������	 ���0	 ���	

������4	��	��!	������	����	�����	���2����	��������A�	��	������	�	��2	��������������	�
	���	

�������	���������	��	��������	��	���	��������������	�
	���	������>�	�2�	�����!	

	

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

���4����	��
�0	��������0	���	������	������	��	�����	�������!	��	 ��	������4����	��	�4��	������	

����	����	�	������	2���	��	��4������	2�����	���	��3�	�2����	�����!	���	���	�
	����	�	������	

������	�������	�3����	���	�����	�
	�������������	
��������	����	���	��	���4����	�����	�	

.��!	

	

:�4��������	���	��������������	�
	�	.����,��������	�����
���	-.��/	������	��	������3	

���	����	���������!	��	��������	��	����	�������0	:�!	C��2��	������	���	����	��4�������	�	

�������%�������	 ������	 
��	 .��	 ��������0	 ������	 .��+(((!	 .��+(((	 ���	 ����	 ��	

��4��������	�����	+(((	��	�	���@���	���	��	���	.����,��������	�����
���	5K:	�������	��	

���	J���2����	������	�
	���	8�2	G���	�����	:���������	�
	E�����	��	�����0	8�2	G���0	

7�!	

	

	 ��2	 >2�������>	 ��������	 ����	 �����%�����	 ���	 ��������	 ����	 ��	 ����������������	 ��	

�������	 ���	 ����4���	 �
	 �����������	 ��
����	 �������	 �
	 �������	 ��	 4�4�!	 ��	 ���	 �����3�	 �
	 �	

������	 ��������	 ����0	 ������������	 �
	 �����
�����	 �����	 ��	 ���	 �������������	 �����3	

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

	

���	�����	.��	2���0	����2��	2���	)0(((	7�:0	��	��	��������	��	�������A�	�����������	

���	 ����4���4�	 ��������	 ����	 ��	 ���	 
����	 �
	 .����%��������	 �����
����!	 ����	 ����0	 �	

����2���	��������	 ����������	 ��	�����	��	 @����	���	���������	���@����	���	��	�2���	���	

���A�!	���	@���	��������	�
	2����%�������	.��	�3�����	���������	��	���	�2������	����������!	
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��4���4�	 .��	 ��������	 ���	 ��������	 ���������	 �������	 �����	 ���	 ���4�����	 ��2	


������������	��	�������	2���	���������!	 ��4���4�	.���	���	���������	��������	����	���	����	

������	�
	���	�����	������	������������!	�	����	����	��	���	����	������0	��4���4�	��4����	

�������	 ���	 �������	 =������	 �������	 �
	 .��	 ��4����	 ���	 ���	 �����	 ��	 ����%������	 �����%��0	

�������	���	������	��	������	2�����	��	�4��	����	��	���	����	������	��	�	
������	��@���	��	

���	�����!	

	

	
D���	8������0	�	���	2���	��=�����	���������0	�����	�����4��2��	�����	���	4�����	.��	��	�.�>�	���	

�����	���2	

	

��	4�����	�������0	������	�����	��������	��4�	����	����	��	�����	���%����������	-��=�����/	

���������!	B��	�
	���	
����	����������	��	����	��	2���	�	2������	�����	�����
���	��	�������	

�����	2��	���4���	����������	J������	:������!	

	

:������>�	
����	���������	2��	���������	����	<D����<0	�	���	�������	��	���������0	��	$#6?!		

������%�����	 .��	 ����������	 '?	 ����������	 2��	 ���������	 ����	 D����I�	 4�����	 �����3	 ���	

���������	 ��	 ���������	 ����������0	 ���	 ���������	 �
	 ������	 �����!	 ���	 ������	 ��������	

�������	�������	��	�������	 ��	����	�������	 ��	 ���	 �������!	 ���������0	 ���	 �������	����2��	

D����	��	���	������	�
	����	��	�	�������	
����	�
	4�����	��	�	��2	
����%����!	����	����	��=�����	

���	 ��	 ��	 ������	 ��	 ��	 �	 �2�%���	 ����
����0	 ���	 ���������	 �����������	 ���	 
�����	

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

�����	����������!	

	



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

��������	��	���	�������									������	�������� �����!���										��������	"#$%#&'()**+*&	
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:����	����	������������	���	������	�
	�	.����C���	�����
���	

	

��	+((+0	D���	8������0	����	�������	��	���������0	������	���	
����	��	�	������	�
	$'	������	

��������	 ��	 �����4�	 :������I�	 ������	 ����������	 �������0	 �������	 ���	 �
	 ���	 ��������	

����������	����	�
	.���!	���	������	����������	��4���	����	�	����	�������������	�������	

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

������	���	4�����	
����	��	2���	�����������	����	���	������%�����	�

���!	�����������	�
���	���	

�������0	 D���	2��	 ����	 ��	 ���	 ���	 �����
�����	 ��������	 4�����	 ��	 ���4�	 ���2��	 ������	 ���	

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

	

.���	 
�������	 ��	�����	 ����������������	 ���	 ��	 ������	 �������	��4�����	 ��	 ����4������	

2���	���������	��	���4���	��4����	��	������	����0	����	��	�����
����	2���	���������	��	�����	

����!	

	

5����������	��	�����	7��4������	��	������	���	��	������	F������	���	5��	.����	2���	
����	

��	 �������	 �	 �����	 �������	 ��	 �	 �����	 ����	 ��������	 �������	 �
	 ����	 ������	 =������	 ��	

��������	 ��4�����!	 �����	 �������0	 D�����	 5��	 -$#**,+((+/0	 ��

����	 
���	 L������%��	

��������I	�
���	��

�����	�	�����%����	������	��	$##6!	5��I�	�������	2��	���������	��	$##?	
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��	���	��������	����������	��	�������������	������������������	

��������	��	���	�������									������	�������� �����!���										��������	"#$%#&'()**+*&	
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���	��	��4��	����	������	��	�����	2������	2���	���	�������0	�4��������	��������	��	�������	�	

��������	������H	��	����	��	+((+	�
	�	�����	��������!	

	

�����������	1���	8����	������	���	
����	������	��	�������	��	����
�����	����	�����	�	.��	��	

+((&	 ��	 ����	 �
	 ���	 
����	 ����%�����	 �����	 �����	 �
	 �������������	 8��������������I�	

.����C���	 ����%�������!	 ���������	 ��	 8����I�	 �����	 ����������	 �����	 -����	 �
	 ���	 �����	

�����3	
��	���	��4�����/0	���	#'%���������	.����C���	�������	����2��	8����	��	�������	�	

�������	���	��	��������	�����	��4���	���	����	��	2���	��	�	��������	������0	������	���	�M!	

B��	����	�����0	���
�����	D�������	J����2	�����4��	���	���A�	�
	���	�����	9���������	
��	

����4�����	��	��4����	�	.����	��������	�����
���	2���	����������	�������	��	���	���
���	�
	

���	�����0	�������	�
	��������	��	���	�����!	

	

����
����
��	
������	�

	

���������	 ��4���4�	 .��	 ��4����	 ���	 ���������	 ������	 ���	 �����	 ���	 ����	 �������	 ���	 �����	

������	 ����	 2�����	 ���	 ����	 ������!	 ����	 �������	 ������	 ����������	 �������	 ����	 ���%

��4���4�	.���	2����	���	����	������	�
	���	�������	��
�����	���	��
����	�������	���	��4�	�	

��2��	����	�
	
������	����%������	��	���	�����	����	
����%��4���4�	.���!	

	

��������������������	 -���C/	 ��������	 ���	 ����������	 ����4���	 �
	 ���	 �����	 �����	 
���	

�������	���	�����	��	�	�������	2��	��	���%��4���4�	����������������������	-���	����2/0	���	

���	����������	���	��������	��	�	����	�������	���	����	��	������	���4�	���	�����30	�������	

���	����	�����!	���C	������������	2���	
����	�������	��	������	��	+((*	��	����	���������	

���	:�����	1����	
���	J���������	7��4������	��	��	�����!	��	�	�����	�����0	���	�����������	

�������	 �	 �������	 ���	 ��	 ����	 �����	 ��4�����	 �����	 ���	 ���C	 �������!	 ����	 ��������	

���������	����	�������	��	�����0	��=�����	�������	��������0	���	���	��	��	�����	������

	2���	

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

	

-8����	 �����	 ����������	 2���	 ���	 ���������	 ��	 ���	 ��������	 
��	 .��	 �3���������!	 ���	

�������	2��	��

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

��	����	���	����������	������A�	���A���	
���H	���	�����������	������	����	��4������	�
	����!/	

	

�����	5�����4�	 �������	.��	 ��4����	 ���	 �����	 ��	 ���	 �����	�
	 ������!	 �����	2����	 ��4��4�	

����������	�	�����	������	���	�����!	���	�����	2����	��	�������	��	�	������	������	���	���	

������>�	��
��������	��������	��	�	��������	������!	J���	���	������	
����0	���	�����	�����	

�������	���	2�4��������	��	��
�����	2����	������	��������!	����	2����	����2	�����������	��	

�������	 ������	 �������	 ���	 ��=����	 ����	 �������	2���	 ������	 ���	 ������	 ���	 ����	 �
	 ����%

������	�����%��!	

	

����	 ������	 ���	 ��	 ������	 ��������	 ��	 ��������0	 ���	 ��	 ���	 �����	 
���	 2�����	 ���	 �����	

����������	 �����
!	 ��	 ���	 ���	 ����	 �������	 �3�����4���	 �����	 ��������	 ���	 ��	 ���	 �������	

������	�
	���@����!	���������0	���	����	������	��	��=����	���	������	
��	�����	��	�������	���	

���	 �
	 ��������	 ��=������	 ��4���4�	 ����������	 
��	 ������A�����	 ���	 ���������	 �
	 ��	

�������������	
����!	

	



����������	
��	���	��������	����������	��	�������������	������������������	
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���C	 ��	 �	 4���	 ���������	 ������������	 .��	 ��������	 �������	 ��	 ���	 ������	 �������	

����������0	 ������	 ������%��%�����	 �����0	 2����	 
��=�����	 �����0	 ���	 ������	 ��������	

��=���������	����	�����%��������	��C0	���	��	���	����	����	���	��2��	���������	��

������0	

��2��	 ��������	 ����0	 ���	 ��������	 ��������	 ����%����	 ���������	 ����	 �������������	 ������%

������	���������!	����	
������	���
���	���	������	�4������	�
	���	����	��4��	�
	�������	2���	

�������	��������	��=���������	���2�	���������	
��	����	2����	�����������	
��	������	2���	

�����	������������!	

�

�����
��	
������	�

	

�	2���	��	 ��4���4�	�3���������0	 �����	��4�	����	����	�3���������	��	������	�����	���%

��4���4�	������������	������������	��	 �����
����!	�������	��������	��	����	2��	��4�	����	

����	 ��	 ��2��	 ������	 ��������	 ���	 �������	 �������	 ��4�����	 ��	 ��	 �3����������	

4��������!	 �������	 ����	 ���	 ����	 ��	 2���0	 ���%��4���4�	 ��������	 �������	 ����	 ������	

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

2�4��	�������	��	���	�������!	�������	���	2�4��	���	�����	��	��������	��	��	����	��

�����	

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

	

��� �

�

�
5���������	�
	�����2�4��	��������	��	��	��������������������	

	

����������������������	-��C/	��	���	����	�������	���������	���%��4���4�	�����
���0	������	

���	��	���	
���	��������	����������0	����	�
	���0	�����������	���	��2	���%��	����!	.��	��	2���	

��	 ���	 ����������>�	 ��������������	 ��	 �����0	 �������	 �����������	 �������	 ��	 �����	 ��C	 ��	 �	

�����,��������	 �����
���	 ��	 ���	 �3�����4�	 ��������	 ��=�����	 ��
���	 �����	 ���	 2���	 ���	

����������!	9��	�3�����0	 ��	�3���������	���������	 ��	 ���	���%$##(�0	8����	.��������	�
	

���	7��4������	�
	�N������	��	C������	�������	��4�����	���������	������	��	���
%��������	
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��	���	��������	����������	��	�������������	������������������	

��������	��	���	�������									������	�������� �����!���										��������	"#$%#&'()**+*&	
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���	���2	��������	����������	��	�����	��C	��	����	��	�3����	����	�����	�������	�����	��	����	

��	�	������	������	��	�������	�	��������	������!	-.��������	���	�������	�������	����������	��	

���4���	 ���������	 
���	 ��	 �����������	 ����	 ��2	 4������	 2�4�!/	 ���	 �3��������	 ��2	 ���	

��������	 �������	��	��4�	�	��������	������	��	�����������	�����	�����2�4��!	���	�������	

2��	���20	��=������	����	����	��	����	
��	��������	��	2����	$((	����������	2���	���	������0	

2����	��������	�
���	����	����	������!	

	

������	 ��������	 ���������	 ��	 ���	 ����	 �
	 2�4��	��������!	 .��������>�	 �����	 ��������	

2���	D�������	J����2	��	8�2	G���	�����	7��4������	���	
������	��	��4�������	����������	

����	 2����	 ����2	 �����	 ��	 ������	 ���	 �����	 �������	 ����	 
����	 �������	 ��	 �������	 �	 .��0	

���������	��	���	����	�������!	

	

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

�������!	 ��������	 �
	 �)((	 2�4��	 ���	 ���������	 ��4����������	 -��������%
�������/	 2���	

������	���	���������	����	�������A�	���	���	����2	.���	��	������	����������	�
	��������	

2������	 ��������	 ��������	 
����!	 .�	 ��������0	 ���	 ���
�������	 �������	 ���������	 ���4�	

��=����	��������	��	�������	�����2�4��	��	���	���������	�����	����4���	���	��	��������!	

	

��2�����	 9��2���	 ���	 �������	 :������	 ��4������	 ��	 ��C%�����	 �����,��������	

�����
���	 ��	 ���	 $#?(�!	 �����	 <������	 ����������<	 ����	 ���	 �)((	 �����2�4�	 ��������	 ��	

����2	 ���@����0	 ���������	 ���	 ������A��	 ������%��	 ��������	 �������0	 ��	 �����������	

2����0	�������0	���	������	��������	��	�	��������	���	�������	��	�����	�������	�	������	

��������A��	 ���4��	 ��	 ���	 ��������!	 	 ������	 �
	 �������	 ��4����	 ��4�	 ����	 ��4������	

�����	����!	��	+(((0	
��	�3�����0	��������	��	D������	.������	��	���	7��4������	�
	5��������	

���2��	����	4���������	2������	4������	�������	�������	�����	�������	��������	��	�	4������	

2����	 �����	 �����	 �)((	��C	 ��������0	 ���������	 �������	 ������	 ��	 ���	 �

	 ���	 ��������	 �	

����%��	���	��	�	����!	

	

��	 ���	 �����	 #(�	 .����	 ������0	 ��	 7�	 :M��	 ������������	 ���	 
����	 ������	 ���	 ����	

������������	 ���	 ����4�	 ���������	 ������	 �����	�����%���������!	 ���	 ������	 �������	 ���	

��C	���������	������������	���	�������	2���	���������	��	$##*!	���	�������	���������	2��	

����	������������	��	���
���	2���	��������	��	�����	����������!	���	��4���	���������	

�
	
���	�����	�
	�������	2���	����������	�����������	��	������	�����	��	���������	��������!	

���	��4�������	�
	����	����������	����	-$/	��	�����������	����0	-+/	��	����	�����������0	-)/	

�����
�������	�������	������	��A�0	���	-*/	�������������	2���	��C	����������	�������!	���	

����4�	���������	�����	��	��	����������	������	����	�
	��	�����	�
	��������4�	�������	2���	

�����	 ����������	 ���������	������	 ��	 �	�������	2���	���������	 ��	��2��	 ���	 ���������!	����	

��4��	 �
	 �����������	2��	 ��=�����	 ��	 �����4�	 ���	 
���������	 ���
�������	 ��������	 ��	 ���	

���������!	���	���������	2��	 ������	��	��	����������	 ����	�����	���	��	�����	���@����	 ��	


���	����������	 �
	 ��C	 ����4���0	 �������	 -$/	 �����������	 ��C0	 -+/	 �������	 �4���%�������	

����������0	 -)/	 �����	 ����	 ����������0	 ���	 -*/	 �������4�	 �4���%�������	 ����������!	 ���	

���
�������	 �
	 ���	 ���	 ���������	 ��������	 
�4������	 2���	 ����	 �
	 ���	 ��������	 2��	

�����	 ����������	 ��	 �����	 �
	 ����	 �����������0	 ��	 ���	 ��=���������	 -���/0	 ���	 ������	

������%��%�����	 �����!	 ��	 $###0	 �����������	 ��	 ����	 J������	 5����4�	 7��4������	 ���	 ��	

E�����	 �������0	 ����	 '*%���������	 ��C	 ��������	 ��	 ������	 �������	 ����	��4������	 ��	

=�����������	D��	D�����!	�	D�����	������������	��	������	���	��������	��������	����	��	���	



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

��������	��	���	�������									������	�������� �����!���										��������	"#$%#&'()**+*&	
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��2�0	���	����%������	��C	������	2��	��������	�����	��
�2���	��	������
�	��������	��	���	

�����!		�����	�������	2��	������
���	���	����	��	�������	�	�2�����	��4�	�4�����	����4���	

2��	���	��	��0	����2	�4�����	�

!	�	2���	��	��������	D�����	��	�������	�	��������	������	���	

�������	 2���	 ����	 ����	 ��	 ���4�	 ���	 ���4�	 �����������	 ��������	 ��	 ���	 �����0	 ���������	

����	��4�����!	

	

����������	 ������	 ���2����	 ��4�	 ����	 ��������	2����	 ���
�	 ���	 ��������	 �����	 
���	 ���	

����	 ��	 ���	 ��������!	�3���������	��	 ����������	 ��	 ���	9������
��	 �������	 ��	+((*	�����	

������	���2����	���	��	����������	�����4������	2�����	)(	�������	�
	��������!	

	

�3���������	��	�������	1������	���	��	���	��C	����������	�
	������	����4���	����������	

2���	 �����	 ��	 ����2	 ���	 ��������	 ��	 �3�����	 �������4��	 ���������	 �������	 ��	

��������������!	

	

5����2���	�����������	���	���������	 ���	��4��������	�
	.��	 
��	���	��	����������	 ��	

������
��������������	 �	 ������!	 ���	.��	 �����	 ��	7��4������	 �
	 ����3	 ���	 ����	 ��4������	

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

	

���	�����4	�������	���	����	�������	�	����������	4����	����	����������0	���2�	��	���	

����0	�����	:�������	+((#!	���	����	����	���������������	�������!		

	

���	 
����	 .��	 �������	 2���	 $((	 O	 ��������	 -�����	 ��	 ?(	 �����	 ����	 ���	 ?(	 ��
�	 ����	

��4�����	������������/	2��	��������	$##?	��	���������	C����!	���	.��	������	����	+6	

����������	 �4��������	 ���	 ������������	 �����30	 2�������	 ���	 ����������	 2���	 ������	

�������	��������0	����������	���	�������	4�������	���	����	�	������	������������	��������	!	

	

�!� ��"�!#��
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�5	����>	��������������	�
	�����	4�����	�����	
15�	-���	��2�	��������	�����H	������	��2�	

��������������	
���	����	�
	��������	��������/	

	

1���������������������	-1�C/	���	 
���������	��������	���������	 �������	-
15�/	��4�	

����	����	����	�������
����	��	���%��4���4�	.���!	 ��	�	2�����	��������	�3��������0	 
15�	

����2��	�2�	�����	�����	�������	��	����	����	��	����%����	��	��������	�����	������������	

��������	��	�����	�����	
��2	�������	���
�������	������=���!	

	


15�	 ������������	 �
	 ������������	 ���������	 ��	 ����	 ����	 ��4�	 ����	 ����	 ����	 ��	

�������	�����	����	2���	�	��4��	������	�����	���2���	�������	���	��4�����!	

	

1���	 ��������0	 ��������	��4������	 ��	 ���	�4�����	������������������	5�������	-�5/	

�������������	 8�����������	 ������������	 ��	 F����0	 D����	 ����2��	 ���	 ����������	 ��	

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

����������	�����	�����4������	2��	���	��4��	�����	�
	���	@������	8�����	�
	$(	:�������	

+((?0	 J����	 ���	 �����	 �������	 ���	 �������	 ��	 �����	 ���	 2����	 ������	 �
	 $(3$(	 �=�����	

-��3���/0	���������	��	���	�����������	
������	��4��������	�
	���	����������	���	����	��	

��������	��	�����4�	�����	������0	���	�4��	4��2	��	������	������!	

	

��������
�
$�
����"������
�	�

	

D���	:�������	 ���	 
����2	 �����������	 
������	 �������������!	 ���	 �������	�������	 ���	

���������	 ������	 �����	 ���	 .����C���	 �������	 ����	 ���	 ���	 ���	 ���	 ��4��������	 �
	

���������	 .���	 
��	 ������	 ��	 ���	 ��@��	 ����!	 ���	 .����C���	 ��	 �����	 ��	 ���	 7���	 ����	

��4������	��	:���	8������!	

	

������	F������	
������	8�����	�������	��	$#?6	��	��4����	.���	����	2����	����2	���������	

��������	��	�����������	2���	���	�������	2����	���	�������	�3������	��4����!	�	2���	��	��	

��4���4�	 .��0	 ���	 �������	 ����	 �����	 ��	 �������	 ��	 �������	 ������!	 8�����	 �������>	 .����	

������������	 .��	 ��4���	 ����	 �����	 �����	 ����������	 ���������������	 ������	 2���	

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

	

�������	$'	������	��������	2���	�������	�����	J������	:������>�	4�����	.��0	��2	��������	

������	2�����	�	����	�
	:������>�	�����	 ��	+((*!		�������	����������	��	:������0	4���	

.���������	 :�4����0	 ���	 �����	 .����	 7��4������	 ���	 ����������	 ��4��������	 �
	 ���	

�������0	2����	���	���	���	�����4��	9���	���	:���	�������������	�����4��	��	���	7�����	

������	
��	�����	������������!	

	

������0	 ��	 �	 ��	 ��4�������	 ���
������	 ��	 �����	 +((?0	 ������	 �	 �������	 ����	 ��4�	 ��	

��4��������	����	���	����!	���	����	��	�����	��4������	��	������	�	�����,��������	

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

����������!	7����	������	����������0	������������	������	������������	���	�������	�
	���	

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

	

1�������	 ��	�	�������	��4������	���	�����������A��	��	 ���������4�	�����������	 ��	2����	

�������	�������	��	�������	�	����>�	��4�����	������	�	�����	��	��������	����	����3��	���	



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

��������	��	���	�������									������	�������� �����!���										��������	"#$%#&'()**+*&	
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������!	 ���������4�	�����������	 ��	�	�2�����	�������	2����	��@����4�	 ��	 ��	��4����	���	

����	����	��������������	��C	��������	����	�����	���	�������	��	����3	���	
����!	

	

�	 �������	 �������0	 C����	 ������������0	 �!���0	 ���	 ����	 �

�����	 .����	 ��������	

�����
���	 �������	 �����	 $###!	 ���	 �������	 ���4����	 ����	 .��	 ������	 ��	 ��4��������	

����
����	 
��	 ���	 ��������	 ���������	 ��	 �����	 ����0	 ���������	 ���	 �)((	 �������0	 1����	

�������0	���	��%������!	����	�����������A��	�	������	�����	M�����	�4����	����������	.��	

��������	��	+((?	2���	*	�������	�
	�������	�������!	

	

	 �������	 �������0	 �������0	 ���	 �������	 ����	������	 ��	 +((#	2���	 �	2�������	 *%�������	

������	������	������!	:�������	
��	��������	��������	���	������	���4����	�	����
���	
��	

�����������	��4��������!	

	

�����	���	�����	����	��������%��4����	����������%�����������	��	����	����	-������	����	

���������	 ��	��������/	2����	��4�	 ��������	����	��4����	���������	 
��	������%	���	��%

������	

	

��8�����	�������	�������	-����0	+((?/	

�������4	�������	-:�������0	+((#/	

��8�������	 -1������	 ,	 D���0	 +((#H	 7����	1�����	 9����	 �������	 ,	 9���	 +((#0	 1�����	

1���9��3	,	������0	+((#/	

	

+($(	���	2����>�	
����	��������	��C%�����	��������	������	����	��	���	�������	�������P!	��	

2����	2���	?	����4�	��C	����������	���	����	���	�)((	���������	��	����	��	�	��������	����	

�����3!	.������	2������	�	��3�	���	�������	���	����	���	���	������	��	�������	��	�����0	���	���	

��������	 �����	 ���	 2������	 ��3�0	 �����	 ���	 ��	 ����	 ���	 ��3�	 ����	 ��	 �%����	 ��	 ��	 ����	

��������	��	�3������	��4����!	

	

����
�
�
�����������

	

5�������	 ��	 �������	 ����	 ���������	 ��	 ��������%��������	 ���������	 2����	 2����	 ����2	

����%��%����	�������������	�������	��������	�
	������	�������!	���	��������	����	��	������	

���	 �����A�	 ���	 2���%�����
��	 ������	 �������0	 �����	 ��C0	 2����	 �����	 ��
���	 ������	 ��	

4�����A��0	���	��	���	�
	���	��������	���	��������A����!	�	�
	+((#0	���	��������	��	
������	��	

��������	����!	

�

�����������������	�

	

5����������	��4�	�����	��4����	��	�����
���	2���	������	�����	���	������	������	���2����	��	

��������	 �������	 �������!	 �	 2���	 ��	 
���������	 ��������	 ��	 ������	 �����������	 ��4����0	

�3���������	��	��������	������	������	��4�	
������	��	��������	�������%���4���	���2����0	

������������	�����	���������	���	������������	�������	��4����!	5�������	����	������=���	


��	 �����������	 ���	 ���������	 
���	 ����4�����	 �������	 ���2�	��	 �������������	 �����	 ��	

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

	



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

��������	��	���	�������									������	�������� �����!���										��������	"#$%#&'()**+*&	
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J����	
�����	8��������	��4������	��	�������	�����������	D�����	����	���	1������	1����	

	

:�4��������	�
	���	
����	2������	���������	2��	�������	��	�	�������	����	���	��	D�����	

����	���	1������	1����	��	$##6!	���	�������	����	���	����	
��	$'	�������!	

	

��	 +(()0	 �	 ����	 ���	��	��������	.�����	 ��	 ���	7��4������	 �
	 ��������	����
�����	 �������	

2���	��	�	���������	��������	��	
�������	��	��	����
�����	��	����������	�����������!	���	

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

�4������	��4��������	�
	������%�����	����������!	���	�����������	2��	������	�������	��	

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

����!	���	
�������	��	��	������	�3���������	
��	�������	��	����%����	��������	����2����	��	

���	�����!	

	

������	:�1����	��	���	7��4������	�
	9������	����	�	�������	�
	+&0(((	�������	�����	
���	�	

���>�	�����	��	
��	�	9%++	
������	@��	������
�	���������!	
���	����������0	���	��������	�������	

2���	��������	 ��	�	�����	����	���	�������	�����	 ��	���������	 �������4��	 ��	 
���	�	 ��4���	

������	���2���!	���	�����	2���	��������	�4��	�	����	�
	'(	����������	���	����	��	�������	

���	�����	���	��2	
��������	�
	���	���������!	���	�����>�	
����	2��	��	�������������	��2	

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

	

����
������	
"���
��	�

	

�����	���	���	����	�	4�������	������	�����	���	�������	 ������������	�
	.���0	�4��	������	

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

������������	����������0	���	�����	�������������	��	����	��	����
�	�����	����4�����!	

	

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

	

�����������	��
�����	�������	
���	������	2��	��4�	��

������	�������������0	

�����������
��	��������0	

��������	 ��������������	 �
	 .��	 �����	 -�!�!	 ��2	 ��	 ������	 ����	 �����������	 �����	

���������	���	��	����/0	

�����	 �����=������	 �
	 .��	 ����������	 
��	 ���	 =������	 �
	 ��
�	 �
	 ��������	 ���	 �����	


�������0	

������%�

����	 -�!�!	 �����
�������	 �
	 ������������	 ������	 ��������	 ��	 ��������	 ��	

�

���	�����	=������/0	

����������	 ��������������	 ���	 ���	 ��������	 �����������	 -�!�!	 2��	 ��	 �����������	 
��	

���������	�������	2���	�	���������������/0	



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

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

�����������	�
��

�

�

�

�

�

�

�����������	�
��

�

�

�

�

�

�

�����������	�
��

�

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

�������������	������������	���	�����	��������	�3��������0	

��=��������	 �
	 ��������	 ������	 ����	 �����	 2���	 �����������	 
���	 ������	

�3�������������	��	�����������	��	�����	���@����0	

������%�������	���	���4���0	

������%�������0	

���������4�	�����������	���	������	������
�������0	���	

���������������	��	���	�����!	

	

�����	7��4������	������������	���
�����	1������	��������	���	 �3�������	 �������	�����	

.���0	�����
������	���	���	���	���������	<�
	����	���	����	���	�

���	��0	��	����	�4������	����	��	

�	�����4������!<	�������	 ���������	 ��	+((#	 ����	 Q.���	����	�������	 ����������0	���	 �����	

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

�������R!	1����4��0	��	��������	����	���������	��	2���%��������	��	����	2���	���	������	����	

�����	2���	.��	������������!	E��������	���	����������	�������	���	����	�3����������	�
	.��	

�

�����	 ���	 4����	����	 �	 �����	 ����	 ��	 �������	 ��������	 ���	 ���	2��	.��	 ����������	 ������	

��������	�����!	9����������0	��������	���������	���	��	�����������	��	������	���������	

�����	��
�����%�������	����������	2���	������%��	��������!	

	

5����������	 ���	 2���	 �2���	 ����	 �����	 �������	 ����������0	 �������������	 ���������	

����������	 ��	 �����	 ��4�����	 ���	 ���������	 �����	 .��	 �������	 2���	 ��	 �
	 ������	

����������	 
��	 ���	 ��������	 ����������	 �
	 ����	 ����������!	 ����0	 ��������	 ����	 �

���	 ��	

����	������	���	.��	���������	��	������	���������	��	�������	����������	
��	.��	��������0	

��4��������	���	�������������!	

	

�����%	�"����	�

	

5�������	�	������	�
	���������	��4�	������	����	�������	�����	��C	����������	-���	 ��	

���	����0	8�������0	�������	���	����������	
���	���	������	��/	��	������	���3�����4�	.���!	

����	����������	���	����	�����	����	����	���	������	��4����H	����	�
	�����	����	��4�	����	

�3�������	������������	�������
��	����	���	8�������	���	1�����	1���9��3!	

	

����	 +(('	 ����	 ��������	 �	 ������	 �����
���	 ������	 ����2���	 �����	 2�4��	 ��	 �

���	

�������	��	���	������	�����3!	

����	+((6	8�������	��������	���	
����	�

�������	��������	�����	��C	�����	2���	���	

����	8����.��!	 ����	2��	 ����	 ���	 
����	 �����	 �����	 ��C	 ��4���	 ��	 ���	 ���	 ������	

����������!	

����	+((?	B�S	����������	��4������	��4���	
��	���	��	4����	�����	�������	���������	

��	����������������!	

����	+((?	���	9����	9������	��4������	�=����	���3	���������	����	��	2��	����������	

2���	8�������	��	������	�	����0	D������!	

����	+((#	1�����	���������	2���	8�������	��	�������	���	1���
��30	�	����	����	����	

��	��C	��	�����	�	����	�������	��	��������	������!	.�	
��	���	����	�������	��������	

�����	��C	��	����!	

����	+((#	7����	1�����	����������	���������	2���	8�������	��	�������	���	����	J���	

9����	�������0	�	����	��������	��	������	���	��������	�
	����������	���	
����!	



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

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

�����������	�
��

�

�

�

�

�

�

�����������	�
��

�

�

�

�

�

�

�����������	�
��

�

����	+((#	�����4	��������	���	��B�0	�	$*	�������	��C	��4���!	���	��B�	��	���	
����	

����������	.��	��	���	���	������	����������0	2����	���	��	��������	2���	�	������	

��������	
��	�	������	����������!	

	

�&'���"�'
"��!
�"&�

	

1������	 �������	 ��	 ���	 ����	 J����	 J���	 1����	 ���	 ������	 �����������	 �
	 E�������0	

1�������0	 ���	 ���	 ��������	 ���������	 ��	 +($$	 ���������	 ��2	 �����%��������	 �����
���	

��4��������	���	 ��	 ����	 ��	 ������	 �	 ����%��%����	 ����������	 ����	 2����	 ���	 ������	

���������	2���	�����	������	���	�������	�����	�������������	��	�����	��	�����4�	�	��������4�	

�������������	,	�	J����	J���	1���!	

	

�(�����
���
��
���

	

���	��������	�
	.���	���	�����	��������	�
	���	�����	��4�	����	���������	������	��	�������	


������!	���	�����	��������	��	
������	���	����������	
��	�	��4��2	�
	����	����������!	
 



COMPUTER-BASED TESTING IN VOCATIONAL ASSESSMENT AND EVALUATION: 
A PRIMER FOR REHABILITATION PROFESSIONALS 

Nancy J. Adams & Tina Anctil 
University .of Wisc.onsin-Madis.on 

Dept. .ofRehabiIitati.on Psych.ol.ogy and Special Educati.on 

Abstract: Cemputers are essential rehabilitation tools that offer a variety of applications including office 
management software (databases), computerizedpsychelogical testing, computerized vocational guidance, 
cemputerized work sample systems, jeb-matching seftware, and information regarding retrieval .of assistive 
technolegy. "The ability of vocational evaluators to effectively utilize computers to obtain useful 
information (e.g., availability of specific electronic devices, job accemmodation techniques, job-matching) 
for vocational recemmendations ceuld ultimately affect the outcome geals achieved in the rehabilitation 
process" (Chan, Lam, Leahy, Parker, & Weng, 1989, p. 113). Rehabilitation prefessionals need te 
understand the implications .of using computerized adaptive assessments and consider ethical issues such as 
test equivalence and cenfidentiality. The purpese of this paper is te previde an overview .of the advantages 
and disadvantages of cemputerized assessment (including test administratien, response recording/scering, 
and data analysis/test interpretatien) aleng with the ethical censiderations. Additienally, infermatien about 
how assistive technelegy and information technelegy can assist in vocatienal assessment and work 
evaluation is provided aleng with an appendix (A) of helpful internet addresses. 

Vocational evaluaters whe assess individuals with disabilities in .order to facilitate career planning 
and employment must be aware .of the contreversial issues surrounding cemputer use in vocatienal 
assessment and evaluation. Some argue that cemputer assisted technelegy, especially adaptive testing, has 
revolutionized the practice of assessment and is likely to be increasingly popular. Others, however; only see 
it as the transposition .of the traditional paper and pencil test content onte the computer screen and the use of 
a keybeard as a replacement for the pencil (Ittenbach, Esters, & Wainer, 1997). It is crucial for vocational 
evaluators te have a thoreugh understanding of the ethical issues aleng with the advantages and 
disadvantages of computerized assessment. This paper provides an overview .of the advantages and 
disadvantages .of computerized assessment (including test administration, response recording/scoring, and 
data analysis/test interpretation) along with impertant ethical censiderations (equivalence and 
confidentiality). Additionally, infermatien abeut how assistive technolegy and infermation technelogy can 
assist in the vocatienal assessment and evaluation of people with disabilities aleng with an appendix (A) .of 
helpful Internet addresses. 

C.omputerized Vocati.onal Assessment and Evahiati.on 

Test Administrati.on 

Currently, mest develepers .of cemputer~based testing procedures have fecused en adapting 
traditienal tests se that the computer .offers one .or all test cempenents. These cemputerized adaptive tests, 
alse knewn as cemputer assisted technelegy .or cegnitive ability testing, are generally called CATs. 
Computer assessment utilizes Item Response Theery (lRT), which is a family of mathematical medels that 
can be used to describe the characteristics of test items. The mathematical medels allew the estimatien .of an 
individual's trait level based en his .or her respenses te a set .of test items with knewn characteristics. At the 
individual level, IR T describes hew an individual is likely to res pend to a test item as a functien .of his/her 
trait level, thus making inferences from the test performance of individuals .. Finally, IRT provides for an 
estimatien .of the errer .of measurement .of an individual's trait level estimate. Fer purposes eftest 
administratien, IRT test item parameters permit the creatien .of item banks designed fer specific testing 
purpeses frem which a computerized test can draw its items fer a given examined IRT prevides a means by 
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which different sets of items, as administered in a computer-based test,can be scored on a common scale 
(Ittenbach et aI., 1997). The computerized format makes it possible to individualize the tasks to be measured 
by selecting items from the item banks and creating different versions of the same test. This allows for the 
creation of adaptive tests and non-adaptive tests. Both are useful for measurement and classification 
applications. 

Adaptive tests tailor the difficulty of the items to the ability of the examinee being tested. The item 
selection is sequential, meaning each new item is selected on the basis of how the test taker performed on 
the previous item. An estimate of the examinee's skill level is made after each item response and is the basis 
for selection of the next item. This methad gives rough approximati.ons and requires a number.of resp.onses 
bef.ore the precisi.on improves. The adaptive test prevents high-ability individuals fram becoming bored by 
to.o many easy items, and l.ow-ability test takers from bec.oming frustrated by toa many difficult questions. 
With the non-adaptive test, the items are randamly selected from the item bank so that each test taker gets a 
different test f.orm which simplifies test security and repetitive testing. 

The essence .of a CAT is that it allows the test t.o be adapted to each examined .offering efficiency 
and contr.ol.over measurement precision. It is efficient because it obtains the m.ost information about the 
examinee per item administered, resulting in fewer items required ta be c.ompleted. F.or example, the paper 
and pencil test may require the examinee to answer 400 items, while the individually administered CATs 
may .only require the testee t.o answer 200 items. Green (1984) found CATs ta be m.ore precise, all.owing 
estimates to be m.oved up and d.own the scale until a sufficiently accurate ability estimate is found. Often, the 
accurate ability estimate was faund after .only half .of the number .of items was campleted when campared ta 
a canventianal test. The measurement quality has been faund ta be equivalent .or better ta that of a 
canventional test with the same number .of items. Adaptive testing can reduce test length by an average of 
50% with individual test length reductions .of up to 80% without campromising measurement quality (Weiss 
& Vale, 1987). The Educatianal Testing Service publicatian', Camputer-based Testing: From Multiple 
Choice ta Multiple Choices, provides additianal insight an the advantages of computer-adaptive testing 
(Drummond, 1996). 

Computerized adaptive testing is not withaut cantroversy, however. Helms (1997) warns examiners 
and examinees that psychametrics da not have informed models for investigating the pas sible racial, 
cultural, and lor socioeconomic limitations of CATs. Butcher (1987) also discussed other disadvantages of 
CATs. He found that some traditional instruments may not be easily adapted to computer formats and 
actually have different psychometric properties once adapted for computer administration . 

. Response Recording & Scoring 

Scales, norms, and score comparability 

Is there a difference in norms between camputer administered tests and paper and pencil tests? 
Green (1984) concludes that conventianal and computer-presented tests may yield scores that are not 

. directly comparable. He calls for different norms for the two versions, or the creatian of a new scale system 
that will permit statistical transformation allowing the same norms to be used. According to Standards for 
Educational and Psychological Testing (1999): 

A clear rationale and supporting evidence shauld be provided for any claim that scares earned on 
different forms of a test may be used interchangeably. In some cases, direct evidence of score 
equivalence may be provided. In ather cases, evidence may came fram a demanstratian that the 
thearetical assumptians underlying procedures far establishing score camparability have been 
sufficiently satisfied. The specific ratianale and the evidence required wauld depend in part on the 
intended uses far which scare equivalence is claimed. (p. 57) 
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This standard applies to computerized adaptive testing as well as alternate forms of paper and pencil 
administered tests. It also applies to test forms administered in different formats. Some testing 
accommodations may only affect the dependence of test scores on capabilities irrelevant to the construct the 
test is intended to measure. For example, use of a large print edition assures that performance does not 
depend on the ability to perceive standard-size print. In such cases, relatively modest studies or professional 
judgment may be sufficient to support claims of score equivalence. 

Reliability and validity 

Does the computer automation of testing affect the instrument's reliability and validity? Given the 
economic potential of testing software; this question has tended to be investigated after software has been 
developed and marketed and is thus already in use. Although a number of researchers have challenged the 
validity of this software (Adams & Heaton, 1985; Matarazzo, 1986; Moreland, 1985), guidelines for 
studying their validity have frequently been ignored. However, in reviewing the studies on computer based 
testing and conventional testing, Bunderson, Inouye, and Olsen (l989) conclude that the reliabilities of the 
computer and conventional tests are very similar. 

Advantages! Disadvantages of CATs 

It is important for the informed vocational evaluator to also understand the advantages and 
disadvantages of CATs. First, mastery levels can be demonstrated faster allowing the test to be terminated 
once a test taker has reached the criterion level of mastery. This is often helpful in licensure or certification 
competency assessments. Second, CATs provide test items or questions at a level that is consistently 
appropriate and challenging to the test taker. Lastly, CATs allow for increased psychometric precision over a 
broad range of proficiency levels. . 

One must also recognize, however, that there are many potential sources of error when using a 
computer-based testing instrument. Common sources of error are data entry errors, programming bugs, poor 
conceptualization of the system, and the lack of research efforts that go into the development ofthe program 
(Chan et aI, 1989). The substitution. of tests obtained from one particular test (i.e., the General Aptitude Test 
Battery) with another similar test (i.e., the Differential Aptitude Test) may confound the outcome of the . 
computer results . 

. Data Analysis and Test Interpretations 

"Computers have played an integral role in scoring psychological tests virtually since their 
introduction, almost a half-century ago. Initially, computer-based applications involved scoring and data 
processing; however as their general use became more widespread, their potential advantage to the process 
of interpretation came to be recognized" (Butcher, Perry, & Atlis, 2000, p. 6). Automated-assessment 
computer programs are already widely used to interpret test results but there is great variation in the quality 
the computerized-based test interpretations (CBTI). CBTIs, or automated assessment computer programs, 
largely perform a "look up and list out" function. 

Basically, a broad range of interpretations are stored in the computer from various test indexes and 
the computer simply sorts the stored information and retrieves the appropriate report components based on 
the scale score levels of the given test. Therefore, there is little actual decision making conducted by the 
computer. This stored information consists ot a series of "if-than" statements that are written by expert 
Clinicians. For example, if the F scale on the MMPI-2 is 12 points or higher than the K scale, then the 
computer program may generate a notation that the client could be malingering. The appropriateness of 
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computer output largely depends on the reliability of the data input and the integrity of the program itself 
(Chan et ai, 1989). 

Advantages/disadvantages 

Can the computer produce a test interpretation that virtually replaces the complex cognitive process 
of the evaluation professional? Research in computer generated narrative reports for personality assessments 
has generally revealed that the interpretive statements contained in the reports are comparable to clinician 
generated statements. Moreland (1985), however, reviewed validity studies of computer-based 
interpretations and pointed to the fact that the conclusions drawn from the research must be evaluated in 
light of several problems. These problems include (a) small sample sizes; (b) inadequate external criterion 
measures with which to compare the computer-based test interpretation (CE3TI) statements; (c) lack of 
information regarding the report's base rate accuracy; (d) failure to investigate the internal consistency of the 
report's interpretations; and (e) several issues pertaining to the report raters (e.g., lack of familiarity with the 
interpretive system used, lack of expertise in the area of interest, and possible bias secondary to the 
theoretical orientation held by the rater (Butcher, Perry, & Atlis, 2000). Vocational evaluators who use CBTI 
statements must be aware of the possibility of excessive generality of results as well as the high potential for 
misuse of the results because of their increased availability (Butcher, 1987). 

Matarazzo (1986) criticized the interpretations' failure to recognize test takers' uniqueness, the 
tendency for the interpretations to be unsigned (ostensibly leaving no one directly accountable for the 
interpretations' contents), and the inclination to be viewed as an end rather than as means to an end. The 
practitioner must be aware that computer human interactions are confined to written material, and 
consequently that potentially critical nonverbal cues such as speech patterns, vocal tone, and facial 
expressions cannot be accounted for in CBTIs as they currently exist. Therefore, each computer-based 
application needs to be evaluated carefully. There is a need for further more current research onthe accuracy 
of the information contained in the computer-based interpretative reports (Butcher et aI., 2000). 

Instruction in the use and avoidance ofmisuse'ofCBTIs is essential for all professionals who use 
them. Even though computer-based reports have been validated in some settings, this does not guarantee 
their validity and appropriateness for all applications. If a test has not been developed or validated in a 
particular setting, then computer-based applications in that context are not warranted. 

There are four important factors for the vocational evaluation professional to be mindful or when 
assessing computer-assisted test interpretations. First, the credentials of the system author should be 
carefully evaluated. Second, the documentation of the computer-based interpretation system should be 
thorough. Third, one should determine if a scholarly review of the system has been completed. Finally, the 
practitioner must try out the system before administering the test and utilizing the CBTI with clients 
(Moreland, I 992). 

Ethical Issues 

Equivalence 

Given that the basic objective of computer-based tests has been the transfer of paper and pencil tests 
to computers, a logical research question to ask is about the equivalence of procedures, particularly with the 
computer administration of test matters. Some studies have'found no differences between traditional and 
computer-administered versions of tests, (Drummond, 1996). However, the majority of the literature 
indicates that the comparability of computerized and standard administration of various measures appears to 
vary. 
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Botterbusch & Hofer (1985) discussed several factors specific to computerized test administration 
that could be instrumental in yielding noncomparable results (as cited in Drummond, 1996). These' include 
(a) individuals who experience discomfort with computers and consequent awkwardness when dealing with 
them; (b) the type of equipment used and the nature of the test material; and (c) respondents who are willing 
to reveal their true feelings to a computer than to a human being, which may lead to atypical results. This 
last point is particularly relevant when test item content deals with sensitive and personal inforination. 
Research has also shown that computer-administered tests can reveal elevated negative affect scores 
(George, Lankford, & Wilson, 1990) indicating greater anxiety in the test taker with computer-based 
procedures (Hedl, O'Neil, & Hansen, 1973, as cited in Meier, 1994). This may alter the test taker's rate of 
omitting items (Mazzcio & Harvey, 1 X8), as well as increase his or her "faking good" responses (Davis & 
Cowles, 1989, as cited in Meier, 1994). 

Green (1984) states that when a conventional test is transferred to computer presentation, there is no 
assurance that the test performance will be equivalent. He concludes that time limit differences and response 
differences could affect the total test score. Research has indicated that when speed tests are translated from 
pencil-and-paper to a computer mode of presentation, responses come much faster on the computer. Greaud 
& Green (1986) found a large mean difference in favor of the computer (as cited in Drummond, 1996). 
Additional pertinent issues, such as the impact of ergonomic factors on the computer administration process, 
also warrant further consideration. 

Confidentiality 

Confidentiality is the issue most often mentioned in discussions of ethical problems regarding 
computers. Vocational evaluators need to ensure confidential data are restricted to appropriate professionals 
as the widespread availability of microcomputers, computer networks, and communication links betweeri 
microcomputers and large mainframe computers using telephone lines may increase the possibility for 
unauthorized access to confidential information (Sampson & Pyle, I 983, as cited in Chan et aI., 1989). 
Additionally, unwarranted electronic requests for releases of confidential information among rehabilitation 
and human service agencies are increasing with the advent of mainstream information technology. 
Vocational evaluators must be particularly aware of these potential threats to confidentiality and develop 
appropriate procedures to safeguard the security of client files stored on their computer (Chan et aI., 1989). 

Role of Assistive Technology in Computer Access 

The advent of computers has brought the world to many individuals with a variety of physical 
disabilities. The ability of the client being evaluated to physically access and use the computer is 
fundamental to any form of computer-based assessment. Modern technology, such as modems, now allows 
one to connect a personal computer, with adaptive software and hardware, to a internet in nearly any 
environment. Adaptive devices, devices to access computers, augmentative communication aids, and 
environmental controls can all improve a person's ability to complete tasks and function independently, as 
well as impacting vocational evaluation practices. Both the vocational evaluator and the individual served 
could benefit from these technological developments. However, vocational evaluators may need to expand 
their knowledge of specific computer applications in vocational assessment as well as the availability of 
rehabilitation engineer aids. 

In addition to physicals barrier to computer access, the vocational evaluator must also be aware of 
cognitive limitations to computerized testing. Many tests may not be suitable for individuals with cognitive 
limitations and it can be difficult for the examiner to make a determination of test suitability in 'many 
situations. All advantage ofltem Response Theory is that test performance can be evaluated before a test is 
administered, using the test information function. A good instructional sequence will permit examiners to 
practice entering various kinds of responses and will incorporate remedial sequences of screens for 
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examinees that are having problems. Some individuals may experience frustration with the forced response 
format, which' will not permit skipping forward or backward through the questions. However, this 
computerized control also results in a "clean" data file with no missing data or invalid responses. It addition, 
it reduces the advantages of coaching on specific item content which is especially useful when indi"iduals 
have to be retested, such as on minimum-level skills or essential-skills tests. 

Assistive Technology 

Assistive technology (AT) is an empowerment approach that, when appropriately applied, increases 
the life and work choices for a person with a disability (Vocational Evaluation and Work Adjustment 
Association, 1997). Assistive technology, as defined by the Technology-Related Assistance for Individuals 
with Disabilities Act of 1994 (PL 103-218), is anassistive technology device or an assistive technology 
service. The role of assistive technology in assessment and vocational evaluation is summarized as follows: 

The use of assistive technology, also known as rehabilitation technology in the assessment process, 
is often required in order to reach effective outcomes. A fundamental goal of the field of assessment and 
vocational evaluation is to assist individuals with disabilities to reach their maximum potential. For many 
individuals this potential will be severely restricted without the benefit of assistive technology. The use of 
assistive technology within vocational evaluation, assessment, and work adjustment to enhance the 
performance of individuals is essentiill in determining their functional capacities (Vocational Evaluation and 
Work Adjustment Association, 1997, p. 1). 

Furthermore the application of assistive technology is described in four forms, including (a) site 
assessment for general accessibil ity, (b) modification of assessment tools and instruments, ( c) use of 
technologies such as visual aids and computer adaptations, and (d) assessment recommendation which 
addresses' further AT issues. "Assistive technology resources and services should be integral components of 
all comprehensive vocational evaluation programs as well as vocational assessment and work adjustment 
services" (Vocational Evaluation and Work Adjustment Association, 1997, p.l). 

The Role ofInformation Techn.ology 

Information technology via the Internet, such as the O·Net, may also benefit the vocational 
evaluator as it complements the psychometric 'assessment process well. For example, once basic aptitudes, 
abilities, and personality tests are completed, the job needs of the person with a disability must be accurately 
matched with his or her needs and abilities. (See appendix A for a list of occupational resources.) 
"Placement resources and job banks are numerous on the Internet which offers another valuable tool for 
career exploration, placement resources, and the identification of potential employers" (Patterson, 2000, p. 
5) Thus, a decision to rule-out or pursue a particular career path may be made quickly. Patterson goes on to 
note, "As with any assessment, rehabilitation professionals need to use these tools selectively and as a basis 
for career exploration or counseling sessions. Their purpose is to promote self-knowledge, identify potential 
problems (Luciano, 1997), and enhance career counseling, not replace it" (Patterson, 2000, p. 5). 

"A potential exists for incompetent use of computer resources by inadequately trained or 
overworked practitioners" (Sampson, 1986). For example, improper network access by vocational evaluators 
to computer-based test interpretations may be used to inappropriately compensate for a lack of vocational 
evaluator training or time. Vocational evaluators need to consistently monitor the knowledge and skill 
requirements of software on the network against their current competencies and only use software that is 
.congruent with their capabilities. Vocational evaluators may use new software to exp.and their competencies, 
if adequate training and supervised experience opportunities are available (Sampson, Kolodinsky & Greeno, 
1997). 

16 



Conclusion 

"Both the vocational evaluator and the individual served could benefit from tbese technological 
developments, however, vocational evaluators may need to expand their knowledge of specific computer 
applications in vocational assessment as well as the availability of rehabilitation engineer aids" (Chan, Lam, 

. Leahy, Parker, & Wong, 1989, p. 1 10). Through understanding tbe ethical issues along witb tbe 
advantages/disadvantages of using computerized adaptive testing, the rehabilitation professional may utilize 
tbese computer resources in assisting individuals reach successful outcomes. 
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Appendix A 

Assistive technology and rehabilitation engineering resources 
Able Data: wWw.abledata.com 
Rehabilitation Engineering Society of North America: www.resna.org 

Accessibility Issues 
Trace Center: www.trace.wisc.edu/worldlcomputeraccess 

Computer-based Testing Resources 
Educational Testing Service: www.ets.org 
American Psychological Association: www.apa.org 
Buras Institute of Mental Measurement: www.unl.edulburos 

Occupational Information 
The Department of Labor's Occupational Information Network. 

O'Net: www.doleta.gov/programs/onet 
America's Labor Market Information Center 

ALMIS: www. ecuvax.cis.ecu.edu/-Imillmi.htrnl 
America's Job Bank: 

www.ajb.dni.us 
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Abstract

 

With the proliferation of  computers in test delivery today, adaptive testing
has become quite popular, especially when examinees must be classified
into two categories (pass/fail, master/nonmaster). Several well-established
organisations have provided standards and guidelines for the design and
evaluation of  educational and psychological testing. The purpose of  this paper
was not to repeat the guidelines and standards that exist in the literature but
to identify and discuss the main evaluation parameters for a computer-
adaptive test (CAT). A number of  parameters should be taken into account
when evaluating CAT. Key parameters include utility, validity, reliability,
satisfaction, usability, reporting, administration, security, and thoseassociated
with adaptivity, item pool, and psychometric theory. These parameters are
presented and discussed below and form a proposed evaluation model,
Evaluation Model of  Computer-Adaptive Testing.

 

Introduction

 

Testing is directly related to education and training as a way to measure the perfor-
mance levels of  students. Since education was established as an institution, different
methods of  assessment have been used in different contexts, such as class presentations,
essays, projects, practicum, etc. However, the most common tools of  measuring perfor-
mance are the oral test and the paper-and-pencil test. Given that the computer has been
an educational tool in the last few decades and that its use has spread rapidly in all
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levels of  education and training, the use of  computer-based tests (CBTs), as a result, has
increased significantly over the last few years. Still, its use is limited, as there is a
tendency to associate CBT with automated multiple-choice questions and not as a tool
that can enrich students’ learning experiences.

However, there are a number of  perceived benefits in using computers for assessing
performance, which Harvey and Mogey (1999) record as:

• Large numbers can be marked quickly and accurately.
• Students’ response can be monitored.
• Assessment can be offered in an open-access environment.
• Assessments can be stored and reused.
• Immediate feedback can be given.
• Assessment items can be randomly selected to provide a different paper to each

student.

Another benefit of  CBTs would be to bring the assessment environment closer to the
learning environment. Software tools and web-based sources are frequently used to
support the learning process, so it seems reasonable to use similar computer-based
technologies in the assessment process (Baklavas, Economides & Roumeliotis, 1999;
Lilley & Barker, 2002).

The most common type of  a CBTs is the linear, fixed-length computerised assessment
that presents the same number of  questions to each examinee in a specified order, and
the score usually depends on the number of  questions answered correctly. A linear test
consists of  a full range of  easy and difficult test questions that are either randomly
selected from a large pool of  questions or are the same for all examinees. In some cases,
the examinees can select a set of  questions to be answered from a larger set, for example,
10 out of  15 questions.

Evidently, the type of  CBTs described here imitates a paper-and-pencil test that is pre-
sented in a digital format and gives little or no attention to the ability of  each individual
examinee. Consequently, the examinees can be presented with questions that are either
too easy or too difficult. Correctly answering the easy questions (or items) or incorrectly
answering the difficult ones can provide information regarding a classification decision
such as pass/fail, good/very good/excellent. However, it cannot give enough informa-
tion about the level of  performance for each individual. By contrast, in a computer-
adaptive test (CAT), a special case of  computer-based testing, the items that are admin-
istered to the examinees are tailored to the individual examinee’s ability on the con-
struct being measured.

 

CAT: an overview

 

CAT tailors itself  to the ability of  the examinee, as there is a different way on the selection
and presentation of  the items. The items presented are selected taking into account the
examinee’s individual performance during the test, or in other words, how each exam-
inee answered previous items. If  the examinee correctly answers the item presented,
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then a more difficult one is presented next. On the other hand, if  the examinee incor-
rectly answers the item, an easier item is presented next. This way, low-ability examin-
ees will be presented with relatively easy items, while high-ability ones will be presented
with more difficult items. The score will be determined from the level of  the difficulty,
and as a result, while all examinees may answer the same percentage of  questions
correctly, the high-ability ones will get a better score as they answer more difficult items
correctly.

During the assessment, the examinees might feel discouraged if  the items are too diffi-
cult or, on the other hand, might lose interest if  the items are too easy. Because the items
in a CAT are selected in an interactive way, it works like a good quality oral assessment
where the examiner has the opportunity to change the item’s difficulty level constantly
according to the examinee’s performance.

First, the CAT presents an item of  moderate difficulty to assess initially each individual’s
level. During the test, each answer is scored immediately, and if  the examinees answer
correctly, then the test statistically estimates their ability as higher and then presents
an item that matches this higher ability. If  the next item is again answered correctly, it
reestimates the ability as still higher and presents the next item to match the new ability
estimate. The opposite occurs if  the item is answered incorrectly. The computer contin-
uously reevaluates the ability of  the examinee until the accuracy of  the estimate reaches
a statistically acceptable level or when some limit is reached such as when a maximum
number of  test items are presented. The items presented to the examinee are included
in the item pool (or item bank), a collection of  test items with a full range of  proficiency
levels.

There are many advantages recorded in the literature with regard to CAT (Linacre,
2000; Rudner, 1998) such as flexibility of  test management, immediate availability of
scores, increased test security, increased motivation, etc. However, the main advantage
of  CAT over a linear CBTs is efficiency. Because fewer questions are needed to achieve a
statistically acceptable level of  accuracy, significantly less time is needed to administer
a CAT compared with a linear CBTs. CAT can reduce testing time by more than 50%
while maintaining the same level of  reliability.

The calculation of  the score for CAT is mainly based on the principles of  the Item
Response Theory (IRT) (Hambleton, Swamination & Rogers, 1991; Lord, 1980; Wainer,
1990). The central elements of  IRT are mathematical functions that calculate the prob-
ability of  a specific examinee answering a particular item correctly. In IRT, examinees
can be described by a set of  one or more ability scores that are predictive, through
mathematical models, linking actual performance on test items, item statistics, and
examinee abilities (Lilley & Barker, 2002).

 

Brief  history of  CAT

 

The original idea of  adaptive testing belongs to French psychologist Alfred Binet (1859–
1911) who wanted to find a way to measure the ability to think and reason apart from
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education in any particular field. In 1905, he developed a test in which he made
children do tasks such as follow commands, copy patterns, name objects, and put things
in order or arrange them properly. The test began with questions suitable for each child’s
age, continued with questions that advanced up the age scale, and ended when the child
failed frequently. From Binet’s work, the term ‘intelligence quotient’, or ‘IQ’, entered the
vocabulary.

Several methods were based on Binet’s work, such as Lord’s (1980) Flexilevel testing
procedure, Lewis and Sheehan’s (1990) Testlets, etc. In general, the procedures on the
above methods determine the general ability level of  the student within the first few test
questions. Then, based on item-response statistics, the computer or the tutor selects
items that are suitable for the student’s particular level and administers those items to
get a more precise estimate of  the student’s ability level. This strategy eliminates the
need for students to answer numerous questions that are too difficult or too easy for
them.

With the proliferation of  computers in test delivery today, adaptive testing has become
quite popular, especially when examinees must be classified into two categories (pass/
fail, master/nonmaster). Several recognised testing programmes such as Graduate
Record Exam, Graduate Management Admission Test, Scholastic Aptitude Test,
Microsoft’s qualifications, etc have adopted adaptive testing as their current method for
testing (Giouroglou & Economides, 2004).

 

Evaluation parameters

 

Several organisations have provided standards and guidelines for the design and eval-
uation of  educational and psychological testing. The American Council on Education
(ACE) published in 1995 the 

 

Guidelines for Computerized Adaptive Test Development and
Use in Education

 

 (ACE, 1995). In 1999, the 

 

Standards for Educational and Psychological
Testing

 

 was published and adopted by the American Educational Research Association
(AERA), the American Psychological Association (APA), and the National Council on
Measurement in Education (NCME). The 

 

Standards

 

 were published to provide criteria
for the evaluation of  tests, testing practices, and the effects of  test use.

 

Although the evaluation of  the appropriateness of  a test or testing application should depend
heavily on professional judgment, the Standards provide a frame of  reference to assure that
relevant issues are addressed. It is hoped that all professional test publishers will adopt the
Standards and encourage others to do so. (AERA, APA, NCME, 1999).

 

Moreover, in 2000, the Association of  Test Publishers (ATP), in the face of  the rapid
growth of  computer-based testing, published the 

 

Guidelines for Computer-Based Testing

 

(ATP, 2000) with the intention to supplement, extend, and elaborate the 

 

Standards for
Educational and Psychological Testing

 

 as they apply to computer-based and Internet-
based testing and assessment. In 2004, the International Test Commission (ITC) pub-
lished the 

 

International Guidelines on Computer-Based and Internet Delivered Testing

 

 (ITC,
2004) addressed to test developers, publishers, and users.
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The purpose of  this paper was not to repeat the guidelines and standards that exist in
the literature but to identify and discuss the main evaluation parameters for a CAT. In
his article 

 

Questions to Ask When Evaluating Tests

 

, Rudner (1994) made an effort to
report the basic standards applicable to most test evaluation situations. This paper will
extend Rudner’s work, as there are many differences between a CAT and any other type
of  test, with adaptivity as the most important.

A number of  parameters should be taken into account when evaluating CAT. Key
parameters include utility, validity, reliability, satisfaction, usability, reporting, admin-
istration, security, and those associated with adaptivity, item pool, and psychometric
theory. These parameters are presented and discussed below and form a proposed eval-
uation model, Evaluation Model of  Computer-Adaptive Testing, that is illustrated in
Figure 1.

 

Key parameters

 

Utility is an important parameter to consider when evaluating a CAT and is related
mainly to the test purpose. Computerised systems are not always the best option for
testing; for example, when the examinations involve essay writing, then any comput-
erised test is not applicable.

 

Figure 1: Evaluation model of  computer-adaptive testing
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CAT is an important testing instrument in:

• identifying whether the examinee has met the specific objectives of  a course;
• indicating the examinee’s level of  achievement in a skill domain;
• identifying specific areas in which a student needs additional educational

experiences;
• diagnosing the examinee’s skill area strengths and weaknesses; and
• detecting whether candidates have met minimum course requirements as demon-

strated in a mastery test (Dunkel, 1999).

CAT developers need to state clearly the assessment purpose and to ensure that the test
is able to measure the examinee’s true professional level. To achieve this goal, a CAT
must provide examinees with a broad range of  content areas and skill tasks—depending
on the subject matter—to ensure that their proficiency level is measured properly.
Because examinees may be of  high- or low-proficiency levels, the CAT must be designed
in such a way that it provides adequate assessment for the entire range of  ability
represented in the examinee population (Green, Bock, Humphreys, Linn & Reckase,
1984). In other words, the item pool must include items that correspond to the entire
range of  ability, which is not identified only by difficulty level but also from a variety of
designated tasks depending always on the subject matter.

Validity refers to whether a test actually measures what it is supposed to measure. It
relates to the aptness of  the inferences made on the basis of  the test scores. The three
major conceptions of  validity are content validity, criterion validity, and construct valid-
ity (American Psychological Association, 1985).

Content validity involves inspecting the test to see whether the items included are valid
for testing purposes. For example, a valid mathematical test for the notion of  addition
would probably contain addition exercises. If  the test contains more multiplication
exercises than addition ones, then its validity is questionable. Moreover, content validity
is concerned with sample-population representativeness; for example, the knowledge
and skills covered by the test items should be representative of  the larger domain of
knowledge and skills.

Criterion validity refers to how the test compares with another criterion measure that
can be, for example, some other aspects of  achievement such as grade-point average.
This kind of  validity is determined by examining the statistical correlation between the
test and the criterion measure (high positive, 

 

+

 

1.0, to low, 

 

-

 

1.0). For an acceptable
criterion validity, the correlation should be positive and high.

Construct validity is the degree to which a test measures the theoretical construct that
it intends to measure. A variety of  statistical techniques may be used to see it the test
behaves in ways predicted by the given construct. For example, a new test of  computer
programming skills would be expected to correlate highly with other valid tests of
computer skills. Conversely, there would also be the expectation that this new test would
have little correlation with a different type of  test, such as a test of  social intelligence.
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Reliability refers to the precision and consistency of  scores derived from a test instru-
ment. Therefore, if  a test is reliable, the person will achieve the same score on repeated
testing plus or minus acceptable measurement error. Also, reliability is a function of
general, situational, and individual factors that can be used to frame evaluative ques-
tions for the developers of  the test.

General factors influencing reliability include clear and explicit instructions for the
examinees and familiarity of  the examinees with the CAT format before taking it.
Situational factors are related to the testing environment such as noise level. Finally,
individual factors include transient and stable factors such as the physical and psycho-
logical health of  the examinees and the examinees’ experience with similar tests. Con-
sequently, only a test of  high reliability is useful for making decisions about an examinee
(Dunkel, 1999).

There are three types of  reliability: test–retest, internal consistency, and interrater reli-
ability. Test–retest reliability is measured by looking at whether an examinee receives
an equivalent score on the same CAT at two different points in time. In other words, the
examinee takes the test twice, and the scores are correlated to determine whether each
examinee performs about the same in both administrations of  the test.

Internal consistency reliability is measured by looking at the statistical relationship
among items from a single CAT. If  all the items are supposed to measure the same
construct, then there should be a strong correlation among the items. For example, for
a given examinee and item-difficulty level, getting one item correct means that it is likely
that the other related items also will be answered correctly.

Interrater reliability is the degree to which the measuring instrument generates similar
results at the same time with more than one evaluator.

The satisfaction parameter concerns with the examinee’s behaviour towards the CAT
in terms of  its interface and its overall function. With regard to the interface, the
issues associated with the examinee’s satisfaction are the terminology used, the feed-
back given by the system, the help and documentation provided, and screen design
issues.

Screen design is very important, as different screen elements should be used to present
stimulating information that will motivate and assist the users in retaining and
recalling information. The psychological limitations to consider when designing
hypermedia learning systems—CAT can be considered as such—include: (1) memory
load (ie, how many different control icons are reasonable for learners to remember at
any one time?), (2) perception (ie, what colours and fonts provide the best readabil-
ity?), and (3) attention (ie, how can the users’ attention be drawn to information that
is relevant when there is a lot of  different information on the screen?) (Preece, 1993).
A large number of  screen design guidelines produced from several researchers on edu-
cational technology exist in the literature (Clarke, 1992; Cox & Walker, 1993; Mcatter
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& Shaw, 1995; Morris, Owen & Fraser, 1994) that a CAT designer should take into
consideration.

However, the most important is that screens should be designed as clear and as self-
explanatory as possible. The overall satisfaction with the software has to do with this,
as it concerns whether the CAT is simple, clear, easy, and pleasant to use so that the
examinees can focus on answering the items and not on trying to understand how the
system works.

Satisfaction is closely related to the usability of  the system. The usability of  a CAT can
be measured (1) by having a small set of  evaluators examine the interface and by
judging its compliance with recognised usability principles and (2) by observing and
measuring the end-users’ attitudes. It is important for most of  the evaluation to occur
before the administration of  the test (formative evaluation) to judge the strengths and
weaknesses of  the test in its developing stages, for the purpose of  revising, to improve
its effectiveness and appeal. Therefore, the observation and measurement of  the end-
users’ attitudes can form the summative evaluation to determine the value or worth of
the test, usually compared with another form of  test (eg, linear CBT, paper and pencil).

One of  the most important evaluation studies for measuring usability is the heuristic
evaluation suggested by Nielsen (Molich & Nielsen, 1990; Nielsen, 1994). In this study,
these are 10 general principles for user-interface design. They are called ‘heuristics’
because they are more of  the nature of  rules of  thumb than of  specific usability guide-
lines. These are as follows:

• Visibility of  the system status: The system should always keep users informed about
what is going on through appropriate feedback within reasonable time.

• Match between the system and the real world: The system should speak the users’
language with words, phrases, and concepts familiar to the user rather than with
system-oriented terms. Follow real-world conventions, making information appear in
a natural and logical order.

• User control and freedom: Users often choose system functions by mistake and will
need a clearly marked ‘emergency exit’ to leave the unwanted state without having
to go through an extended dialogue. Support undo and redo.

• Consistency and standards: Users should not have to wonder whether different words,
situations, or actions mean the same thing. Follow platform conventions.

• Error prevention: Even better than good error messages is a careful design, which
prevents a problem from occurring in the first place.

• Recognition rather than recall: Make objects, actions, and options visible. The user
should not have to remember information from one part of  the dialogue to another.
Instructions for using the system should be visible or easily retrievable whenever
appropriate.

• Flexibility and efficiency of  use: Accelerators—unseen by the novice user—may often
speed up the interaction for the expert user, such that the system can cater to both
inexperienced and experienced users. Allow users to tailor frequent actions.
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• Aesthetic and minimalist design: Dialogues should not contain information that
is irrelevant or rarely needed. Every extra unit of  information in a dialogue
competes with the relevant units of  information and diminishes their relative
visibility.

• Help users recognise, diagnose, and recover from errors: Error messages should be
expressed in plain language (no codes), precisely indicate the problem, and construc-
tively suggest a solution.

• Help and documentation: Although it is better if  the system can be used without
documentation, it may be necessary to provide help and documentation. Any such
information should be easy to search, focused on the user’s task, list concrete steps
to be carried out, and not be too large.

The above heuristics apply to the design and evaluation of  CATs except maybe for the
‘user control and freedom’ and the ‘flexibility and efficiency of  use’ heuristic. A CAT
allows limited user control and freedom, as each item is scored after it is answered, and
the score determines the next question in the adaptive sequence. It is not possible for
the examinee to review and change the answers and as a result, undoes and redoes are
not allowed. Moreover, a CAT test is flexible and efficient as a testing procedure com-
pared with paper-and-pencil tests, but it is not designed to provide unlimited flexibility
and efficiency for the examinee, as testing is adapted interactively from the programme
to match the ability level of  the examinee by means of  a statistical method. Therefore,
the examinee cannot speed up the interaction, as this is controlled by the system. Also,
despite the fact that the items presented are adapted to the level of  the ability of  the user,
the way in which the information is presented in most CATs is the same for all items
regardless of  their difficulty level. As a result, the interface cannot be adjusted according
to individual user characteristics.

Yet, learners’ motivation is increased when they control the navigation of  a hypermedia
environment. Therefore, a CAT could be designed in a way that will provide more
learner control. For example, the examinee could have the option to choose between
two or more items of  the same difficulty level at any time. This feature, however, requires
a very large item bank, as more than one item is exposed at the same time. Moreover,
when the system adapts to dimensions other than knowledge level, such as cognitive
style, learning style, etc, learner control is essential so that the examinees can select the
appropriate type of  items (eg, text or visual items).

Reporting refers to the methods used to report test results. Currently, most of  the CATs
return test results accurately, quickly, and by using different methods for the same test
such as scaled scores, subtest results, combined test results, etc. However, a CAT should
provide resources that would help examiners interpret the results and most importantly,
throughout this interpretation, to detect the students’ educational needs. Therefore, for
each examinee and/or for all statistical purposes, a test report should include: (1) the
results of  any particular item; (2) the results of  the items included in a particular unit;
(3) the results of  similar difficulty level items; (4) the wrong answers; and (5) the time
consumed, etc.
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Administration procedures

 

Most systems are case based: they have been developed for a particular cognitive subject.
It is difficult to change the cognitive subject without knowing the system and without
having programming skills. An ideal adaptive test should be independent from the
cognitive subject and should allow teachers to organise tests with few steps through
relatively easy screens. It is therefore important for examiners to have an authoring
system with a simple and easily navigable interface that would help them to add or alter
questions to the question pool. In addition, test authors should be able to edit or delete
assessments, sections, and items.

Furthermore, basic administration procedures would permit the teacher to determine
the entry level (the test-entry procedure), the selection of  the items from the item pool
(item-selection procedure), the stopping rules (test-termination procedure), as well as
the way of  scoring (test-scoring procedure). The test-entry procedure refers to the selec-
tion of  the first item in CAT. To be as accurate as possible, this selection should be based
on knowledge level, learning style, and psychometric theory. All subsequent item selec-
tion is based on student performance (Wise & Kingsbury, 2000).

 

Test security

 

Security is a basic factor that should not be ignored. If  a test is not secure, it loses
reliability and validity regardless of  how well it is designed and developed. Test security
starts during the development of  test questions, continues through the distribution of
the test, and culminates in the administration and scoring of  each test.

Courseware packages now offer the features of  timed quizzes and quizzes where the
instructor only allows the students the opportunity to answer each question once.
Although these features certainly improve test security, they are not perfect. To further
enhance test security, some courseware packages allow tracking via the Internet pro-
tocol address of  the student. However, it has to be mentioned that in cases when the
CAT is administered via the Internet, it is not possible to know for certain the identity
of  the examinee. Some support the view that in traditional paper-and-pencil tests also,
examiners are not sure of  the identity of  the examinees unless they ask for a picture ID,
and not many do so.

Currently, most systems are web based. In this case, a client-server architecture is
essential, and communication between client and server can be achieved basically by
three different ways: (1) Hyper Text Mark-up Language (HTML) forms based on the
client’s side and a Common Gateway Interface (CGI) on the server side; (2) JAVA client
or HTML on the client’s side and JAVA Servlets on the server side; and (3) dynamic
communication by using Active Server Page (ASP) or Hypertext Preprocessor (PHP)
technology.

The CGI-based approach does not offer persistent communication channels between a
server and a client. Matching between a client and a corresponding persistent applica-
tion process would have to be managed by cookies, which cannot be regarded as an
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ideal solution with respect to security. Furthermore, an expert user can obtain the
answers by viewing the code source of  the HTML page. Therefore, it is preferable to use
JAVA/ASP/PHP technology.

 

Adaptivity

 

CAT is closely related to adaptive hypermedia. Adaptive hypermedia is an alternative to
the traditional ‘one-size-fits-all’ approach in the development of  hypermedia systems.
Currently, there are a large number of  hypermedia environments covering a wide range
of  topics. A hypermedia environment is considered to be a flexible instructional envi-
ronment in which all learning needs can be addressed (Ayersman & Minden, 1995).
Many researchers have been working to construct sophisticated hypermedia systems,
which can identify the user’s interests, preferences, and needs and give some appropri-
ate advice to the user throughout the learning process. Adaptive Hypermedia was
introduced as one possible solution. Adaptive Hypermedia Systems (AHS) combine
hypermedia systems with Intelligent Tutoring Systems to adapt web-based educational
material to particular users. AHS build a model of  the goals, preferences, and knowledge
of  each individual user and use this model throughout the interaction with the user to
adapt to the needs of  that user (Brusilovsky, 1996).

Adaptive hypermedia techniques can be useful to solve a number of  problems associated
with the use of  CAT. As discussed, the most important feature in CAT’s function is the
knowledge level of  the examinee on a particular subject. The knowledge of  different
users can vary greatly, and the knowledge of  a particular user can grow quite fast. The
same question can be unclear for a novice and, at the same time, trivial and boring for
an advanced learner. In an adaptive test, questions are selected from a repository that
is based on the learner’s present skill level and that gets updated when the learner
attempts the question. The difficulty level of  the question also gets updated in accor-
dance to the learner’s response. The test continues until some termination criterion is
reached. The test result is based on the level of  difficulty of  the questions correctly
answered by the learner. Summarising and authoring CAT requires additional consid-
erations because of  the adaptive question selection and skill level estimation and of
adaptively updating the question’s difficulty level. This paper attempts to highlight a
number of  parameters that should be taken into account when developing or evaluating
CAT, such as types of  adaptivity, dimensions, consistency, and standards.

Types of  adaptivity
Different authors in different areas have used the term adaptivity. Brusilovsky (2001)
defines an AHS as one that builds a model of  goals, preferences, and knowledge for every
user. It uses this model, by means of  interactions, to adapt to the needs of  the user.
Oppermann, Rashev, and Kinshuk (1997) takes the characteristics of  the user into
account and distinguishes between Adaptable Systems and Adaptive Systems. De Bra
(1999) takes into account user preferences as a variable that decides the adaptation
and classifies the hypermedia environments or websites built according to their capacity
to carry out some type of  personalisation in Adaptable Hypermedia, Adaptive Hyper-
media, and Dynamic Hypermedia.
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After examining the development of  AHS, the authors classify adaptive systems in three
types with regard to adaptivity: (1) an adaptive system; (2) an adaptable system; and
(3) a combination of  the adaptive and adaptable system. Adaptive hypermedia refers to
hypermedia systems that rely on a user model to support the delivery of  user-specific
content. On the other hand, in adaptable systems, users select from a variety of  param-
eters to adapt hypermedia to their needs. A problem with adaptive systems in general
is that they might make wrong adaptations based on guesses that they make about the
user (Kay, 1994). It is therefore of  crucial importance to allow the user to control the
adaptivity and to alter the assumptions made by the system. Furthermore, the combi-
nation of  the adaptive and the adaptable system is suitable in situations where users
cannot customise effectively on their own and as a result, need assistance from the
system. This approach looks the most promising, because it can provide support for
novices, help users to customise from the beginning of  the test and to be selective about
what they customise, and finally help users maintain over time the interfaces that result
from the customisation.

Adaptivity dimensions
AHS make it possible to deliver ‘personalised’ views or versions of  a hypermedia docu-
ment without requiring any kind of  programming by the author(s). Also, although it is
possible to offer users a way to initialise the user model through a questionnaire, an
AHS can do all the adaptation automatically simply by observing the browsing behav-
iour of  the user.

Traditionally, the adaptation decision in adaptive systems was based on taking into
account various user characteristics represented in the user model such as user goals/
tasks, knowledge, background, hyperspace experience, and preferences. That was true
for pre-1996 AHS. Currently, the situation is different. A number of  adaptive web-based
systems are able to adapt to something else other than user characteristics such as
adaptation to the user’s environment.

Adaptation to the user’s environment is a new kind of  adaptation that was brought by
web-based systems. Because users of  the same server-side web application can reside
virtually everywhere and can use different equipment, the adaptation to the user’s
environment has become an important issue. A number of  current AHS suggested some
techniques to adapt to both the user location and the user platform. Simple adaptation
to the platform (hardware, software, network bandwidth) usually involves selecting the
type of  material and media (ie, still picture vs. movie) to present the content. More
advanced technologies can provide considerably different interfaces to the users with
different platforms and can even use platform limitation to the benefits of  user modeling
(Brusilovsky, 2001).

Furthermore, currently adaptive systems can be developed to accommodate various
learner needs and is the ideal way to accommodate a variety of  individual differences
including learning style and cognitive style (Ayersman & Minden, 1995; Triantafillou,
Pomportsis & Georgiadou, 2002). In the ideal educational environment, a tutor with
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instructional experience on a learning domain can identify the students’ individual
differences with regard to cognitive styles and acquired knowledge and thus, can pro-
vide them with a learning material that is individually selected and structured. In order
to simulate, in a sense, an ideal educational environment, an AHS should provide
learners with the ability to use different instructional modes to accommodate their
individual needs and to improve their performance. Therefore, it has to include in its
design both issues of  cognitive style and teaching strategy. Teaching strategy refers to
the instructional material and the instructional strategy.

Currently, only a few systems have been developed with regard to cognitive and learning
styles. Many authors use the terms ‘cognitive’ and ‘learning style’ interchangeably.
However, there is a difference between their uses. Cognitive style deals with the ‘form’
of  cognitive activity (ie, thinking, perceiving, remembering), not its content. Learning
style, on the other hand, is seen as a broader construct, which includes cognitive along
with affective and psychological styles. Systems like Intelligent System for Personalized
Instruction in a Remote Environment (Grigoriadou, Papanikolaou, Kornilakis &
Magoulas, 2001), CS388 (Carver, Howard & Lavelle, 1996), and Incorporating Learn-
ing Strategies in Hypermedia (Bajraktarevic, Hall & Fullick, 2003) provide adaptation
to various learning styles. A good example of  adaptation in an educational system with
regard to cognitive styles is Adaptive Education System based on Cognitive Style (AES-
CS) (Triantafillou, Demetriadis, Pomportsis & Georgiadou, 2004). AEC-CS is based on
the field dependent/field independent cognitive styles. The system uses navigational
support tools (concept map, graphic path, advance organiser) and adaptive presenta-
tion techniques. Users are provided with instructional strategies that suit their cognitive
preferred style with an option to switch it to a nonpreferred version.

Granularity of  adaptivity
Current AHS provide adaptation based on a stereotypical user model with limited levels
of  user differentiation. However, the complexity of  the learner’s profile stresses that a
different approach of  the user model should be considered. AHS must incorporate
multiple dimensions of  the user including expertise, user goals, interests, preferred
learning, and cognitive style. These dimensions may be declared by the user and/or
measured by the adaptive system.

The proper type and number of  dimensions remains an open research issue. Adding
additional dimensions will not always increase the accuracy of  the user model but will
always increase the complexity of  the user model and the requirements to collect addi-
tional user information. There is a balance between the number of  dimensions, model
complexity, and the accuracy of  the model. Techniques for modifying the weights asso-
ciated with different dimensions dynamically to better represent the user are open
research issues.

In addition to using multiple dimensions of  the user, AHS must incorporate multiple
levels in each user-model dimension. Users are not just novice, intermediate, or expert
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users but are ranged in a scale of  many intermediate values. Users are not simply
analytical or global learners but instead are some combination of  both characteristics.
According to Carver, Hill and Pooch (1999), the AHS should not only model multiple
dimensions of  the user, but each dimension should have as much delineation as neces-
sary to truly model the user.

Consistency and standards
Consistency and standards is one of  the heuristic evaluations identified by Nielsen
(1994) discussed in the usability section above. In terms of  adaptivity, consistency and
standards are very important. The adaptive behaviour should not alter the usage of  the
system, allowing learners to use the same interaction approach regardless of  the adap-
tivity features and/or the learning model.

 

Item pool

 

The most important element of  a CAT is the item pool (or item bank), which is a
collection of  test items that includes a full range of  levels of  proficiency from which
varying sets of  items are presented to the examinees. For every item, the item pool
includes the question text, details on the correct answer(s), and the difficulty level. More
detailed item pools also include information on the content area that each item belongs,
instructional grade level, author details and also history of  the item development, use,
and recalibration. ‘Although item pools are critical to the proper functioning of  CATs
no specific procedures have been identified for developing the specifications for a CAT
item pool’ (Reckase, 2003).

Each item in a pool must be assigned a range of  difficulty that will dictate the score
received by the examinee for a correct answer and also provide a cue to move on to the
next question in the sequence or to end the test. There are several factors that affect the
end of  a CAT test, which are called the stopping rules. A test is finished when (Linacre,
2000) (1) the item bank is exhausted; (2) the maximum test length is reached; (3) the
ability measure is estimated with sufficient precision or, in other words, a specified
standard error of  measurement is less than the specified value set by the administrator
of  the test; and (4) the test taker is exhibiting off-test behaviour such as responding too
quickly or too slowly. Moreover, the CAT test cannot stop before (1) a minimum number
of  items have been given;, (2) every test topic area has been covered;, and (3) sufficient
items have been administered to maintain test validity under challenge or review.

The success of  any CAT programme is largely dependent on the quality of  the item pool
that can be conceptualised according to two basic criteria: (1) the total number of  items
in the pool must be sufficient to supply informative items throughout a testing session;
and (2) the items in the pool must have characteristics that provide adequate informa-
tion at the proficiency levels that are of  greatest interest to the test developer. This
criterion mainly means that at all important levels of  proficiency, there are sufficient
numbers of  items whose difficulty parameters provide valuable information. Therefore,
a high-quality item pool will include sufficient numbers of  useful items that allow
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efficient, informative testing at important levels of  proficiency (Wise, 1997). Moreover,
the item pool must be sufficiently large to ensure that test items do not reappear with
a frequency sufficient to allow the examinees to memorise them. The size and depth of
the item pool from which individual items are drawn strongly affect the validity and
utility of  the resulting CAT scores.

With regard to the first criterion, the size of  the item pool depends on the intended
purpose and characteristics of  the tests being constructed. Weiss (1985) argues that
satisfactory implementations of  CAT have been obtained with an item pool of  100 high-
quality, well-distributed items. Moreover, properly constructed item pools with 150–
200 items are preferred. However, in cases when the administrator of  the test wants to
minimise item exposure or when maximum content balance is required or administered
a very high stakes examination, then the item pool should be larger.

Concerning the second criterion, unless the developed items have a distribution of
difficulties that is reasonably matched to the important levels of  proficiency, there will
likely be areas of  proficiency in which the test information provided by the CAT will
accumulate at a too slow rate. In the sense of  the pool analogy, the item pool will be too
‘shallow’ in some proficiency regions. In these regions, the CAT will be less efficient,
resulting in either higher standard errors of  proficiency estimation (for a fixed-length
CAT) or a longer test being required (for a variable-length CAT) to reach a desired level
of  precision. An obvious solution to this problem is for additional pool items to be
developed that provide additional information (depth) where it is most needed. The pool
depth issue becomes more complicated when the pool is subdivided into a number of
content domains, each of  which must be represented to a prespecified degree in the CAT.
Ideally, each content domain should exhibit a distribution of  item difficulties that resem-
bles that of  the entire pool (Wise, 1997).

Moreover, another issue of  major importance is the item exposure control that depends
on the item selection method and on the testing algorithm of  the CAT (see Eggen &
Straetmans, 1996). The exposure control deals with the problem that in a CAT, pool
items may be used either too often (overexposure) or too infrequent (underutilisation).
Overexposure may jeopardise the confidentiality of  items. If  an item is presented too
often, the examinees may become familiar with it and may prepare for it, particularly
in a high-stakes test. This would result in a decrease in the item’s actual difficulty, which
in turn would positively bias proficiency estimation. On the other hand, underutilisa-
tion of  an item is a waste of  time and energy spent on the development of  an item pool.

 

Psychometric theory

 

CAT should be based on a robust underlying psychometric theory. Psychometric theory
is the psychological theory or technique of  mental measurement, which is the base for
understanding general testing theory and methods. A specific type of  psychometric
theory that assigns mathematical equations to individual test-taker proficiencies and
test-item parameters, such as difficulty, and so that predictions can be made about ‘the
probability of  that person getting the item correct’ is called IRT (Wainer, 2000).
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The calculation of  the score for CAT is mainly based on the principles of  the IRT
(Hambleton 

 

et al

 

, 1991; Lord, 1980; Wainer, 1990), yet item response theory is not
applicable to all skills and item types, as it is fairly complex and relies on several fairly
restrictive assumptions (Rudner, 1998, 2002). Decision theory is an alternative theory
for sequential testing, which according to Rudner ‘is very attractive due to its simplicity,
wide acceptance in many fields, lack of  assumptions, robustness and computational
ease’ (Rudner, 2002).

In general, IRT is a statistical framework in which examinees can be described by a set
of  one or more ability scores that are predictive, through mathematical models, linking
actual performance on test items, item statistics, and examinee abilities. IRT begins with
the proposition that an individual’s response to a specific test item or question is deter-
mined by an unobserved mental attribute of  the individual. Each of  these underlying
attributes, most often referred to as latent traits or abilities, is assumed to vary contin-
uously along a single dimension usually denoted 

 

q

 

. Under IRT, both the test items and
the individuals responding to them are arrayed on 

 

q

 

 from lowest to highest. The position
of  person 

 

i

 

 on 

 

q

 

, denoted 

 

q

 

i

 

, is usually referred to as the person’s ability or proficiency.
The position of  item 

 

j

 

 on 
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, usually denoted 
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, is termed as the item’s difficulty. Intu-
itively, we expect the probability of  a correct response to the 

 

j

 

–
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 item to increase mono-
tonically as 

 

q

 

i

 

–b

 

j

 

 increases (see Rudner, 1998).

 

Summary

 

CAT is a useful tool in testing performance and shows promise in becoming one of  the
basic testing procedures especially in large-scale examination for licensing and certifi-
cation purposes. There are numerous potentials and advantages with efficiency as the
most important. However, there are limitations such as (1) CATs are not applicable to
all subjects and skills; (2) hardware limitations may restrict the types of  items; (3) the
test administration procedures are different, and this may cause problems to some
examinees; (4) with each examinee receiving a different set of  questions, there can be
perceived inequities; and (5) the examinees are not usually permitted to review and to
change their answers.

CAT is still a research subject, as several issues need to be addressed such as CAT’s effect
on user performance (Jettmar & Nass, 2002); use of  psychometric theory (Rudner,
1998); different approaches for different subject matters, etc. However, in terms of
CAT’s evaluation, there are a number of  parameters involved. This paper is an attempt
to summarise all these parameters in an evaluation model that test developers and
administrators need to know to implement a valid and reliable CAT.
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Editors’ Note: In the following chapter, the authors describe the many
ways in which online assessment tools revolutionize the field. The uses of
online assessment for psychological testing, clinical diagnosis, and self-
assessment are explored. Advantages and disadvantages, as well as legal 
and ethical issues that are related to assessment online, are discussed.

Benjamin had been unhappy for a while. He experienced trouble sleeping
and had generally felt unhappy and unmotivated. Everything seemed to keep
going wrong for him, and there was nobody he felt he could turn to for help.
He was troubled by what he was experiencing, and wondered if there was
something wrong with him, but it had not occurred to him to seek profes-
sional help. One evening, while surfing the Web, he accidentally came across
a link to a self-help1 site that looked interesting. At the site, he filled in a short
questionnaire called a “Depression Screening Quiz” and was informed that
he might be suffering from clinical depression and should consult a mental
health professional about it.

Sangeeta was desperate. She had no idea what was wrong with her—she
couldn’t get any work done, felt that she was useless, and just spent all night
playing computer games and messing around on the Internet instead of
writing the report she should have finished last week. On impulse, she typed
“am I depressed?” into www.ask.com and followed a sponsored link labeled
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“Are You Depressed? You could have a chemical imbalance. Take the self-
test and see.” This led to a page2 that seemed to be mainly advertising pro-
prietary remedies. She followed a link to a simple self-test, which presented
a list of feelings and instructed her to follow another link if more than a
certain number applied to her. She thought they did, so she followed the link
to a page that told her she would benefit from buying certain dietary sup-
plements. Now, where was her credit card?

Lars was reading one of his favorite online discussion forums when he
came across a message posted by a psychologist halfway across the world,
looking for people to take part in a study on online counseling.This involved
anonymously filling out some online questionnaires before participating 
in a course of email exchanges and filling out the questionnaires again 
afterward to see whether there had been any changes. He thought it sounded
interesting, so he emailed the psychologist to let her know he would like to
take part.

Dr. Jones, an experienced psychologist with a busy caseload, had just met
a new client for a brief initial consultation. As part of her normal assessment
procedure, she liked to administer a comprehensive battery of psychological
tests (personality, ability, and clinical screening measures). However, this was
very time-consuming, so she had adopted a new technique. She gave the client
a Web address and asked him to visit it and complete the questionnaires there
in his own time. The website Dr. Jones referred the client to was maintained
by a test publisher who offered this service to subscribed clinicians. Later that
evening, the client visited the site, at his own convenience. When Dr. Jones
arrived at work the next morning, she found a full psychological assessment
report on the client had been automatically generated and emailed to her. She
used it to plan her next session with the client and to define the issues she
wanted to follow up in her assessment of his situation.

These (fictional) scenarios are based on materials found on the Internet
at the time of writing this chapter, and represent a few of the ways in which
people might come into contact with Internet-based psychological assess-
ment procedures. They illustrate some of the potential uses of such assess-
ments, as well as some of the problems that may be associated with their
use. The purpose of this chapter is to describe the principles and different
techniques of online assessment, the reasons why one might want to do it,
and important issues that anyone involved in online psychological assess-
ment needs to be aware of.

There are numerous contexts in which online assessments may take
place, and several different types of assessment procedures. In their sim-
plest forms, Internet-based psychological assessments may take the shape
of a Web page on which the items of a traditional paper-and-pencil
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questionnaire are represented as a computerized form. Respondents may
view and complete this form using browser software such as Internet
Explorer or Netscape. Having answered all the questions, respondents then
typically click on a button that results in their data being transmitted to a
psychologist, or being automatically scored and some form of feedback
being presented.

Such Internet-based questionnaires may be used for a variety of pur-
poses by a variety of people. A number of different types of questionnaires
are used—in addition to simple tick-the-appropriate-box–style instru-
ments—and some assessment procedures have been used that do not rely
on questionnaires at all. In the sections that follow, we outline some of the
potential uses of online assessments, the types of assessment procedure
available, the advantages conferred by using them, and also disadvantages
and ethical and legal issues that need to be considered.

PURPOSES OF ONLINE ASSESSMENT

Internet-assisted assessment is used for various needs and purposes,
which can be classified into three major categories: psychological evalua-
tion, psychotherapeutic diagnostics, and self-exploration and awareness.

PSYCHOLOGICAL EVALUATION

Psychologists are often asked to evaluate—or assist in the evaluation
procedures of—a person’s various characteristics, usually in relation to clas-
sification or selection processes (Anastasi, 1997). The assessment usually
includes factors relating to personality traits, abilities and special aptitudes,
attitudes and values, and sometimes special dimensions. The Internet has
become a very efficient professional source of assistance to psychologists
who wish to engage in evaluation, because it provides continuously
updated, rich information about assessment procedures (e.g., tests, assess-
ment centers, interview techniques), as well as online devices that might be
used—for free or for a fee—by professionals. Although both information
and tools are available offline, the Internet makes them available in a much
more accessible way, to any interested professional, at any time of need. In
addition, online portals, as well as organizations (e.g., companies, publish-
ers, universities, research institutes) provide ongoing, usually continuously
updated information about assessment devices, so that professionals have
a quick, convenient way to find what might suit their professional needs, a
channel that is much more efficient than traditional resources, such as the
Mental Measurements Yearbook.

Furthermore, the Internet makes it possible to assess people very effi-
ciently through the use of various computerized procedures, unlike the
manual, human-tiring activities used in traditional assessments. Research
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studies consistently have reported that online testing produces very similar
psychological findings when compared with traditional paper-and-pencil
testing (see reviews by Barak & English, 2002; Sampson, 2000; Wall, 2000).
Online psychological evaluation has been found to be successful in a variety
of assessment areas, including various measures of personality (e.g.,
Buchanan, 2001; Cronk & West, 2002; Fouladi et al., 2002; Kelly & Jugovic,
2001; Pettit, 2002), integrity (Jones et al., 2002a), career- and work-related
measures (Gati & Saka, 2001; Gore & Leuwerke, 2000; Oliver & Chartrand,
2000; Oliver & Zack, 1999), online behavior (Riva, Teruzzi, & Anolli, 2003),
behavior checklist (Knapp & Kirk, 2003), abilities (Mooney, 2002), and 
neuropsychological assessment (Schatz & Browndyke, 2002). It should not,
however, be assumed that all psychometric questionnaires will provide valid
assessments on the Web, or that the psychometric properties of online ver-
sions of questionnaires will remain the same as offline versions. Although
most of the research to date has indicated that online questionnaires can
be valid, there are reports of instances where factor structures and mean
scores have been found to differ (see, e.g., Buchanan, 2001; Buchanan, 2002;
Buchanan, 2003; Buchanan et al., 2002a; and other work cited later in this
chapter). The most appropriate interpretation of the body of work that cur-
rently exists may be that online questionnaires can be (and usually are) psy-
chometrically acceptable, but that this must be empirically demonstrated
rather than assumed. One should never just place a test online and expect
that it will be the “same test” as it was in paper-and-pencil format.

PSYCHOTHERAPEUTIC DIAGNOSTICS

Counselors who wish to take advantage of the Internet might find it very
useful to obtain assistance from online procedures when assessment is
desired. Clients may be guided to engage in online testing—provided by
computer stations at a clinic or at a client’s home—at a time of their con-
venience, without the necessity of paper forms, scoring keys, or test admin-
istrators. Clients may take various types of tests—personality inventories,
career-interest questionnaires, or intellectual ability tests—through the 
Web and receive immediate, accurate results. Moreover, the results can be
provided simultaneously to the clients’ counselors, too. Test results may be
linked directly to relevant online information resources, making the results
much more meaningful and applicable for test-takers. Counselors may
benefit from having their clients engage in online assessment procedures in
several ways. First, quite a few counselors may free themselves from the
need to administer tests (themselves or through the help of assistants).
Second, counselors receive the accurate results just as soon as they are
available, directly into their personal computers. Third, automated inter-
pretation, of a single test or of a whole (online) assessment battery, can be
provided in many cases, saving time and obviating subjective biases on the
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counselor’s part. Fourth, all scores (or even item responses) can conve-
niently be saved and archived for any future use.

Online tests may also be used efficiently as mental health-screening
devices to identify psychological problems prior to or as an adjunct to
medical procedures, which require initial and immediate diagnosis (Hill 
et al., 2002). Another example of the practical diagnostic use of online
assessment is the successful use of an online measure intended to assess a
youth’s independent living potential (Bressani & Downs, 2002). A special
case in exploiting the Internet for effective diagnosis has to do with sex-
function problems (Ochs et al., 2002), for which openness and candidness
are necessary, but might be jeopardized in a face-to-face (f2f) interaction
needed for assessment. Also, Internet communication channels can be used
for the delivery of test interpretation. Jones et al. (2002b) showed that inter-
est inventory interpretation can be conducted effectively with test-takers
over text chat accompanied with video.

SELF-EXPLORATION AND SELF-AWARENESS

The Internet is loaded with psychological and pseudopsychological tests
and questionnaires that anyone may take for free or for a fee: intelligence
tests, personality measures, vocational interest inventories, and other psy-
chological scales. People may take such tests for their own self-exploration
and self-awareness, to know themselves better, to obtain answers to personal
questions, to help themselves in making choices,or just for the sake of curios-
ity. People may thus obtain psychologically relevant information on them-
selves in almost any area and, in principle,make good use of this information.
These experiences, which are becoming convenient and normative because
of the Internet, should be considered human advancement, as they foster
career development, personal development and maturity, and decision-
making in various areas. Thus, the tests (online or offline) are usually con-
sidered an inseparable part of psychological self-help (Tucker-Ladd, 2000).
The ease of using the Net, its normativeness, and indeed its excessive use—
related to the “Penta-A Engine”(Barak & Fisher,2002) of availability,acces-
sibility, affordability, acceptability, and aloneness—has brought about a
significant increase in the usage of psychological tests for personal purposes,
thereby supposedly contributing directly to valuable personal growth. This
assertion, however, depends upon tests’ validity as well as the test-takers’
effective assimilation of the meaning and implications of the results. A good
example of the use of online testing for self-awareness was provided by 
Cunningham et al. (2000), who developed a brief Internet-based self-
assessment procedure that provided normative feedback (by gender and age
group) to respondents in regard to their drinking habits. Also in drinking
assessment, Miller et al. (2002) found that Web-based measures of drinking
habits were as reliable and valid as were paper-and-pencil measures.
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TYPES AND METHODS OF ONLINE
PSYCHOLOGICAL TESTING

Like traditional psychological testing, online testing is characterized by
multiple methods. Naturally, objective testing techniques (see Anastasi,
1997), such as multiple-choice tests, are the most commonly published type
on the Internet, because they can mechanically and automatically be scored
without direct human intervention. However, despite this clear preference,
other testing methods, including projective techniques and the open-ended
format, are possible and available on the Net.

The first multiple-choice tests to be published on the Internet were those
that measured intellectual abilities and they became very common, appar-
ently because of the right-or-wrong nature of the test items. Several factors
should be considered, however, when referring to these tests. First, these
tests should be professionally developed, following clear scientific and
ethical guidelines and based on common, empirically based psychometric
considerations. Many online tests, however, may be amateur, developed 
and published—without an established professional basis—by anyone who
knows how to create a Web page. Second, online tests may be highly 
technology-enhanced in a way that takes advantage of advanced computer
applications, including the rich use of pictures and sound; they may be
highly interactive, allow time keeping, and employ complicated scoring
techniques; at the other extreme, such online tests might be very simple,
using only text, and be scored manually.

Another type of assessment that is common on the Net is that of per-
sonality and attitudes. Here, too, using a response format of rating scales
(i.e., Yes/No, numerical, or text-based) makes computer-software automatic
scoring easy and fast. There are also various levels of sophistication and
exploitation of Internet capabilities with these questionnaires. In this case,
too, there are quite a few well-established, professional psychological tests
published and used online, as well as amateur ones. It sometimes takes an
expert to differentiate between professional and amateur tests, hence the
problems for lay people are obvious.

More complicated assessment techniques, such as those that require
human interaction for interpretation and scoring, can also be found on the
Net. For instance, the pictures of the Rorschach inkblot test may be pre-
sented at a certain website, and patients may record or write down their
responses, which will later be handed in to a therapist. It is also possible,
and might be feasible, to conduct such assessments using real-time video
conferencing systems, electronically replicating the interactive situation
that might have occurred in a traditional setting. A still more advanced
method is possible (and yet rarely used): Stories told following exposure to
Thematic Apperception Test (TAT) pictures may simply be typed into a
predesigned form, under each picture; when test-takers finish writing their
stories they submit the form with a click of a mouse. A clinician thus
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receives a patient’s forms through email to enable efficient assessment.
Volcani (2000) reported a sophisticated online projective test, based on
principles close to the TAT, that proved to be a useful measure of person-
ality. A similar procedure can be used with a sentence-completion test.
Drawing software, although widely available, seems unfit for this medium
to be used with drawing tests (e.g., draw a person, draw a family, draw a
tree), because the user’s behavior is not as spontaneous and free as it is in
offline testing. Obviously, these types of tests must be private and secure
because of clear privacy issues, in addition to copyright considerations.
Using a secure, password-protected website seems to meet these conditions
to a large extent.

Just as open-ended questions are included in paper-and-pencil tests and
questionnaires, they may also be included in online tests and questionnaires.
Although their evaluation may be conducted as though they were submit-
ted on paper, digitized materials have the great advantage of the poten-
tiality of being assessed through computer-based procedures (Shermis &
Burstein, 2003). Answers to open-ended questions in questionnaires, as well
as essays, may be quickly, efficiently, and more objectively scored following
preassigned procedures. This method, however, lacks the qualitative com-
ponent of human impression, just as it is still impossible for a computer to
rate the quality of artwork.

NONTESTING ONLINE 
ASSESSMENT PROCEDURES

Although testing online is widespread and appears to be considered to
be the most efficacious Internet-related assessment procedure, it is certainly
not the only procedure available. Efficient, variegated online communica-
tion channels, on the one hand, and the characteristics of the very online
environment, on the other, enable other online assessment procedures.
These procedures add a unique value to the use of the Internet as an aid
in evaluating people and provide a breakthrough in developing distance
appraisal.

The Internet may be exploited to conduct assessment interviews, through
text only, by using the computer’s sound capability (i.e., a conversation
involving the computer’s microphone and speakers), or through video (i.e.,
by using webcams). An Internet-based interview is particularly useful when
interviewee and interviewer are at a great distance from each other, because
travel time and expenses are saved. Telephone interviews for assessment
purposes are possible and actually used, too (e.g., Blackman, 2002; Paulsen
et al., 1988), although limited in validity (Cacciola et al., 1999; Silvester et
al., 2000). Interviewing through the Net has, however, two special advan-
tages: (a) a conversation may easily be saved for further evaluation; (b) the
cost is very low. These special advantages may justify online interviews, at
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least for initial screening or preliminary diagnostics. Emerging video tech-
nologies and recently enhanced communication speed make online inter-
views not only doable but also quite efficient. However, as with online
therapy (Maheu & Gordon, 2000; Manhal-Baugus, 2001; Suler et al., 2001),
special professional training, adherence to special ethical guidelines, and
advanced equipment are necessary to make online assessment interviews
efficient and valid. Diagnostic interviewing through the Internet is an excit-
ing method to gather psychological information on a person. As mentioned
above, although phone interviews have the critical disadvantages of the lack
of eye contact and of observable nonverbal cues, online synchronous video
technology might lessen this shortcoming. Research in applying this method
in actual assessment procedures (Yoshino et al., 2001) has shown that 
high-speed Internet communication technology can produce highly effi-
cient, reliable interviews. Still, an interview based on chat or instant mes-
saging is also possible, particularly in cases in which written script—both
for analyzing its content and for detecting characteristic online behavior—
may be sufficient to evaluate a person (Leung, 2002; Peris et al., 2002). This
verbal-only method might at times even be preferred to the use of video
communication, because the lack of eye contact contributes to growing 
personal exposure (e.g., Duggan & Parrott, 2000).

Another method of exploiting the Net for assessment and evaluation
purposes has to do with evaluating resumes and biographical information.
Because documents can easily be transferred online, it seems obvious that
psychologists receive material this way rather than in the traditional,
printed manner. Indeed, such attempts have proved useful (e.g., Coffee,
Pearce, & Nishimura, 1999). However, other sources of personal informa-
tion can be included in this category: personal websites, which often 
contain a great amount of private details and expressions (Döring, 2002);
weblogs (blogs)—online personal diaries that record even more intimate
experiences; and poems, stories, and artwork published on the Internet.
All these sources of highly significant psychological input may be analyzed
and evaluated by clinicians for the benefit of a client or for improved 
professional appraisal.

In addition, the Internet allows assessment of another aspect of people’s
behavior: observations of interpersonal interactions in both synchronous
and asynchronous environments. Based on the premise that people’s behav-
ior online more accurately reflects their real personality, because of the
online disinhibition effect (Joinson, 1998, 1999, 2001; Suler, 2001), a close
observation of people’s (text-based) behavior in chat rooms and forums, as
well as in instant messaging and email, can provide important psychological
information.Although this information is limited in scope and context, it may
contribute to better understanding one’s interpersonal pattern in a group or
dyadic situations. In the context of personnel selection, simulative environ-
ments can be created online parallel with observing people’s group behav-
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ior in a situational test (e.g., McDaniel & Nguyen, 2001; Weekley & Jones,
1999), to evaluate social interactions in a challenging circumstance. Observ-
ing behaviors on the Internet may lead to special information because of the
unique characteristics of cyberspace that prompt disinhibitions. Thus, online
observations in a chat room or a forum may serve as a significant source of
psychologically relevant information, perhaps even more valid than inter-
personal behaviors in f2f situations. Similarly, group dynamics in online sit-
uations (McKenna & Green, 2002; Sassenberg, 2002; Suler & Phillips, 2000)
can disclose significant information about people’s various personality char-
acteristics that might be important for therapy. A clinician can benefit from
observing patients’ behavior in online environments, either a chat room or
a forum, and in identifying their typical responses. Taking into account the
online disinhibition effect, one can strongly argue that this information con-
tributes significantly to the diagnosis of patients.

One caveat here is the idea that the personae people present online
might be constructed or contrived to some degree. There has been specu-
lation (e.g., Suler, 2000; Turkle, 1995) that the Internet can be used as a lab-
oratory for identity exploration, and that people may construct or express
different selves online. Clearly, this needs to be considered when using the
actions of an online persona as a source of data about the person “behind
the screen.” However, given evidence that people’s online personae are
likely to be influenced by their “real” personalities (for instance, Buchanan
& Smith, 1999, found evidence suggesting that the personality trait of 
self-monitoring was associated with whether or not people chose to use a
“handle” or screen name when posting to Usenet newsgroups), observation
of online behavior is likely to be a useful source of information as long as
one remembers that the context of the behavior may affect its nature.

ADVANTAGES OF ONLINE PROCEDURES FOR
PSYCHOLOGICAL ASSESSMENT

Relative to traditional personal assessment in the context of counseling
and psychotherapy (e.g., paper-and-pencil testing), online assessment offers
quite a few strengths and advanced features that make it attractive. These
advantages—professional and administrative alike—are enabled by the
special characteristics of online communication and by technological devel-
opments. Nevertheless, they are flexible enough to be amalgamated into
traditional counseling (and, naturally, into online counseling). Following is
a discussion of several of the principal advantages of online assessment,
both those pertaining to testing and those that are related to other assess-
ment procedures.

One of the main advantages of using the Net in general, and for testing
in particular, is its elasticity (i.e., flexibility); namely, the absence of con-
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finement related to time and place (Barak & English, 2002; Sampson, 2000;
Sampson et al., 1997). In a traditional testing session, test-takers have to
take a test in a particular place and at a particular time. This strict condi-
tion has now been overcome, because test-takers may take a test at any time
and in any place where a computer is connected to the Internet (e.g.,
equipped, usually, with basic software). Not only, then, can test-taking con-
ditions become more convenient to test-takers, but the test-taker can also
initiate taking a test when he or she feels comfortable with this tiring and
usually anxiety-provoking activity (e.g., Tseng et al., 1997). Thus, positive
personal feelings and sufficient measurement validity are both enhanced.
Practically, clinicians may assign eligible tests to patients, by providing them
only with URLs. Results could be electronically sent to clinicians’ email as
well as to patients’, as required. Obviously, if necessary, tests might be taken
in the clinic, at designated computers, thus saving the clinician or test admin-
istrator time. For example, a client may take an online instrument, such as
the Keirsey Temperament Sorter II, assessing the constructs of the Myers-
Briggs Type Indicator (see Kelly & Jugovic, 2001) for immediate scoring,
results, inferences, and referrals to related information.

Another important advantage of online assessment relates to accuracy
of raw scoring and standardization conversion. Because these two opera-
tions are performed by software, human errors are avoided; hence, the
scores obtained are accurate and better reflect test-takers’ true scores. This
is a clear contribution to the reliability of measurement. For instance, it 
was found that scoring a simple career-related inventory, such as the Self-
Directed Search (SDS; Holland et al., 1994), where just “yes” responses
have to be counted and totaled, is affected by numerous human errors
(Elliott & Byrd, 1985). A computerized version of the SDS was developed
and it eliminated these errors (McKee & Levinson, 1990). However, using
an Internet-based version of the SDS (at http://www.self-directed-
search.com), which liberates the user from obtaining the SDS software, can
also easily avoid such errors and consequent erroneous interpretations
(Barak & Cohen, 2002).

Another advantage of machine-based scoring of online tests is the speed
both of scoring and of obtaining results. With computer-based tests, this
stage usually takes a few seconds, with results fed back to test-takers and/or
to counselors immediately, saving tension and frustration (Mooney, 2002).

A special advantage relates to saving test-takers’ scores, whether for
storage for further clinical use or for any kind of research. The use of digital
technology enables data to be saved in preexisting and preset software (e.g.,
Excel) or merely in test-takers’ personal files. A therapist thus can retrieve
clients’ tests—including item responses, raw scores, or normative data—for
any clinical use quickly and easily. Moreover, statistical analyses can be
done relatively simply and data entry saved.

Still another important advantage of online assessment relates to the test
version being up to date. In using an online test, especially if it is at a website
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provided by the test publisher, we can make sure that the most recent,
updated version of any given test is in use, not an obsolete one. Related to
this, changes in instructions, scoring, and norms are automatically applied
to online tests through the testing software located on a server and do not
have to be distributed, learned, and supervised with individual users (Barak,
1999; Barak & English, 2002). This last consideration is an important matter
that is commonly overlooked when using traditional testing at a given
agency, because the version used is the version at hand.

One last significant advantage refers to assessment methods other than
testing. In online interviewing, through commonly used voice- and picture-
enabled systems, the advantage is not only that interviewee and interviewer
may be at a distance from each other and each at a convenient location;
and it is not only that the interview may easily be saved for later inspection
and appraisal. Another important positive aspect is that the interviewee’s
behavior might better reflect his/her true personality characteristics, as
mentioned earlier, because of reduced inhibitions. This factor may signifi-
cantly contribute to the validity of the psychological assessment.

DISADVANTAGES OF ONLINE ASSESSMENT
RELATIVE TO TRADITIONAL METHODS

It is clear that online assessment procedures have much to offer.
However, there are also drawbacks that must be considered before they are
used. One of the questions that bothers many professionals in regard to
online assessment has to do with the testing condition. That is, should a 
test-taker be allowed to take tests while in solitude (usually at home), in
contrast to the traditional method that requires the presence of a test
administrator (or a psychologist). One set of possible disadvantages, there-
fore, relates to diminished control over the testing situation.

Psychometric tests are designed to be administered under controlled,
standardized conditions. This may well not be the case in Web-based assess-
ments. People might complete assessment instruments under varying con-
ditions: In different locations (e.g., late at night in the peace of their own
home, or in the bustle of a busy Internet café), under different physical (e.g.,
alert, tired or intoxicated, alone or in the presence of others) or psycho-
logical (e.g., relaxed, distressed, bored, mischievous) conditions. One has no
way of knowing whether any of these conditions apply to a particular
instance of assessment. In some applications (e.g., proctored assessments
for educational or occupational purposes), one may be able to instruct
respondents to complete tests under certain conditions, to use computers
situated within a clinic, or to ask them about the conditions under which
they completed the questionnaire. In other applications (e.g., mass screen-
ing, or on self-help sites) this is not realistic. It has been argued (see Reips,
2000) that this variance in assessment context might lead to greater
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ecological validity. However, if assessment results are to be used for any
important purpose, one needs to establish that results have not been
affected by this lack of standardization (or that the effect is a systematic
one that can be considered when test outcomes are interpreted). Although
there is sufficient evidence that online and paper-and-pencil versions of
tests can measure the same constructs to suggest that results will usually be
valid (see Barak & English, 2002), there are also sufficient indications of
(usually small) differences to indicate that this is an issue in need of further
research (Buchanan, 2002).

In nonproctored assessment situations, there is also an issue over the
identity of test-takers. Test-takers, when alone, may cheat, misrepresent
themselves, or even allow others to take a test for them. This is probably
more a concern in high-stakes occupational assessments (e.g., cases of
assessing of candidates for a desired job, study program, and the like), for
which the motivation to cheat is obvious (Bartram, 1997, 1999). In a psy-
chotherapeutic framework, however, this problem becomes redundant, on
the assumption that a patient has a genuine desire to cooperate positively
with the clinician. The common solution is to allow test-takers to complete
tests in a place (and time) of their choosing only if there is no apparent
motivation to cheat. Otherwise, online tests may be taken only in a moni-
tored office, whether individually or in groups, or under circumstances
where identities can be verified. There are ways in which identity can be
established (e.g., social security numbers; credit card details). However, it
is an open question as to whether this will affect some of the phenomena
alleged to operate in online assessments, specifically, increased self-
disclosure due to anonymity (see Buchanan, 2002).

This leads to another set of issues, related to the psychological effects of
different testing situations. There is a growing literature on online psycho-
logical assessment, primarily related to its use in research and occupational
testing. This includes a number of projects conducted with the aim of estab-
lishing whether particular online tests were psychometrically and function-
ally equivalent to offline measures on which they are based. Results from
such studies, and extrapolation of findings from the large body of research
on computer-mediated communication (CMC), have suggested that certain
characteristics of the assessment medium, such as reduced social cues,
deindividuation, or changes in where attention is focused, may influence the
way people respond to online tests.

CMC research (e.g. Kiesler et al., 1984; Walther, 1996) has indicated 
that when people interact via computers, their communication may be 
disinhibited to some extent, and as we have already indicated, this effect
appears to extend to online communication (see Joinson, 1998, 1999, 2001;
Suler, 2001), hence our earlier suggestion that people’s online behavior
might reflect their “real personalities” unfettered by normal social 
constraints.
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Disinhibition effects have traditionally been discussed (and researched)
in terms of “flaming”—hostile communications—but also seem to influence
the degree to which people are willing to disclose personal (and often very
sensitive) information. Simply put, people seem to disclose high levels of
personal information when interacting on the Internet (Joinson, 2002).
There are strong indications that people may reveal more about themselves
to an online questionnaire than in an f2f context, although at the time of
writing we are not aware of any direct empirical test of this suggestion
(Buchanan et al., 2002b).

There is also evidence that people may respond in less socially desirable
ways to online questionnaires: Joinson (1999) randomly assigned college-
student participants to complete (among other instruments) a social desir-
ability questionnaire either via the Internet or in a paper-and-pencil format.
Social desirability scores were lower for the group tested via the Internet.
This finding has been interpreted as evidence that people will be less influ-
enced by social desirability concerns when completing online assessments:
they may feel free to express socially disapproved aspects of their identi-
ties. On the other hand, they may also feel less constrained to provide the
information requested by the assessor (Buchanan et al., 2002b).

Possibly as a function of these phenomena (or perhaps of the idea
advanced by Bargh et al., 2002, that people are more able to express their
“true selves” on the Internet), a number of studies have reported differ-
ences between online and offline respondents, who did not appear to differ
in any way other than the medium used to assess them, in mean scores on
several instruments (e.g., Barak & Cohen, 2002; Davis, 1999; Fouladi et al.,
2002; Joinson, 1999). There are some suggestions that this is the case with
respect to measures related to negative affect (in that people report higher
levels of negative affect when tested online). If correct, this has clear 
implications for clinical assessment. In any case, it is an issue on which 
more research is clearly needed.

One of the implications is that normative data should not be used in
interpreting scores obtained with online clinical inventories. This assertion
is based on the fact that the vast majority of normative data available will
have been gathered offline. Buchanan (2003) has shown that using offline
norms may lead to very serious errors of judgment about the meaning of a
particular score achieved using an online psychological test (e.g., in the case
of one set of data presented, use of offline norms would have led to mis-
classification of 18% of the sample). Clearly, this objection would not apply
to normative data gathered online: in that case, one would be comparing
the score of an individual with data from the appropriate population. The
difficulty here is the heterogeneity of that population: it is possible that one
may be called upon to assess people from different cultures or countries
(or even in other countries). Will appropriate data be available under those
circumstances? In the case of screening instruments (e.g., on self-help sites),
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how does one ensure that the correct norms are used and correct feedback
given to the individual? These issues led Buchanan (2003) to suggest that
online tests should not currently be used in a manner requiring use of 
normative data, and their main utility would be in applications that did 
not require such comparisons to be made (e.g., monitoring change during
therapy, ipsative measures, such as the SDS). This is a situation that is 
likely to change, as online tests become more widely used; normative data
accrues, and the mechanisms that might affect responses become better
understood.

Another potential drawback to online assessment is the current lack of
regulation and quality control. In the case of standard offline assessment
procedures, a number of mechanisms exist to ensure at least a minimum
standard of quality and professionalism. For example, in many countries
publishers of psychometric tests adhere to standards developed by bodies
such as the International Test Commission (International Test Commission,
2001) and require evidence (e.g., a recognized qualification in testing, or
attendance at a course run by the publisher) of competence before they 
will sell a test to an individual. Most people with access to assessment 
procedures and the opportunity to use them will have had appropriate
training, and in most cases will also be members of a professional body 
with a code of ethics and disciplinary procedures for anyone found to have
acted inappropriately.

This will extend in part to online assessment procedures: those involv-
ing commercially published psychometric instruments, or employed by
trained, qualified therapists. However, a large proportion of the assessments
being conducted over the Internet (e.g., via self-help or personality testing
sites) do not meet these criteria, and numerous examples of very bad prac-
tice can be found (e.g., invalid instruments, data stored without informed
consent, misleading information, potentially distressing feedback) (Oliver
& Zack, 1999).

Editors’ Note: It is important for readers to remember that not all sites and
services offering assessment online are the same. Users would be wise to
explore and get more information about the sources they are using, with a
particular focus on understanding the ways in which information is col-
lected, transmitted, stored, and used.

ETHICAL AND LEGAL ISSUES

Codes of ethical conduct for psychologists typically include some state-
ment to the effect that psychologists should only use procedures that are
fit for their purposes. For example, the section of the current American Psy-
chological Association (APA) ethics code dealing with assessment states,
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“Psychologists base the opinions contained in their recommendations,
reports, and diagnostic or evaluative statements, including forensic testi-
mony, on information and techniques sufficient to substantiate their find-
ings” (APA, 2002). This statement was explicitly reconfirmed in regard to
online psychological activities, including online assessment (APA, 1997).
This principle applies both to therapeutic interventions (which should be
evidence-based and empirically supported) and to assessment procedures
(which should actually measure the intended constructs).

Relatively little is yet known about the efficacy of online counseling pro-
cedures (see Laszlo et al., 1999; Maheu & Gordon, 2000; Manhal-Baugus,
2001), although emerging studies (see Ström, Petterson, & Andersson, 2000;
Andersson et al., 2002) and work presented in this volume add significantly
to that knowledge base. Relatively little is also known about online assess-
ment. Despite numerous indications that they can work successfully, factors
that may affect the validity of online tests still require much more investi-
gation. In this sense, there is a great burden of responsibility on people 
conducting online assessments to ensure that their tools are fit for their 
purposes. Unfortunately, many of the “tests” currently available on the Web
are likely to be manifestly unfit for any purpose whatsoever, lacking any
evidence of reliability or validity. These include measures developed by
(well-intentioned) amateurs who are not aware of psychometric issues, and
professionals who are aware of psychometric issues but have not fully con-
sidered the possible effects of using a new testing medium. Given that many
“end users” of online assessments will be unaware of the quality of the test
they are using, this may create problems, especially in the (many) situations
where feedback is given to users (see also Barak, 2003, for discussion of a
parallel situation with career-related assessments where people may make
wrong career decisions on the basis of flawed feedback).

One possible use of Internet-mediated assessments is for self-
exploration and personal development purposes: as already indicated there
are a wide range of instruments available for this purpose, and the popu-
larity of self-testing websites indicates that people are using them. The
primary incentive to take a test under such circumstances is to obtain feed-
back, which the test-taker may then use for various purposes (including
making life decisions).

This makes it very important for people constructing online tests to
ensure that the information is accurate, and that it will not have a negative
effect on test-takers. Accuracy can only be ensured by using assessment
techniques of demonstrable validity and by making comparisons with
appropriate normative data if required (e.g., when informing someone how
their scores on a screening inventory compare to those of other people).
The majority of sites presenting online tests do (appropriately) print a dis-
claimer of some sort, advising people not to place too much reliance on the
test results. However, it is an open question whether such disclaimers have
much impact, given the strength of the well-known “Barnum effect.” The
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Barnum effect is the tendency of people to accept test feedback composed
of high base-rate personality traits as descriptive of themselves, even if the
feedback is fictional (Anastasi, 1997). Research is required to establish
whether people actually do believe feedback from online tests, and to assess
whether inappropriate feedback might have any negative effects on their
lives. It is also possible that test feedback might have immediate negative
effects, irrespective of any action people take based on it. It has been shown
that fairly minor mood manipulations in Internet experiments can influence
people’s emotional states (Goritz et al., 1999). How might people react to
feedback indicating that their level of intelligence was “well below the pop-
ulation average”? Or that they had a pattern of scores which had some neg-
ative implications for their physical or mental health? Or that they had a
high score on some socially undesirable construct (e.g., psychoticism)?
These issues might have an especially large impact on people with prob-
lems or low self-esteem: exactly the kind of people who might be seeking
mental health help or information on the Internet.

This observation also applies to use of online tests by psychologists for
diagnostic purposes and is a reason why there might be reservations about
their unsupervised use. The very taking of a psychological test might itself
create a detrimental situation. This may result from the client experiencing
stress while taking the test, as well as with an unexpected negative evalua-
tion in cases where immediate results are provided to test-takers, which is
a common procedure in many tests published on the Internet. Therefore,
being an unaccompanied test-taker might potentially be painful and even
harmful. A solution to this problem is to use a computer stationed in a clinic
to take Internet-based tests, so that immediate support is available. Another
possible solution to provide support when needed, even if a test-taker is in
solitude, is through the phone or synchronous online communication.
Clearly, such support is easier to provide within established therapeutic
relationships than in cases of mass-screening or self-help sites.

Issues related to the remote provision of mental health services must also
be considered. One of the great advantages of behavioral telehealth is that
services can be provided for people in other locations. This is also an area
of potential difficulty, especially given the “emergent” nature of Internet
law.

In some areas, there are local or national laws relating to telehealth 
provision. However, there is evidence that a high proportion of behavioral
telehealth providers are unaware of (or misunderstand) local legislation
that applies to them (Maheu & Gordon, 2000). Maheu and Gordon also
found that a high proportion of practitioners provided services to clients in
other jurisdictions (in their study, other U.S. states). If one extrapolates this
to the (realistic) scenario of people providing assessments to people in
other countries, it is clear that there may be legal issues one needs to con-
sider. What recourse might a client have in the case of malpractice (e.g.,
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giving misleading or damaging feedback from an online assessment) by a
remote practitioner? What legislation applies regarding the secure trans-
mission and storage of data, and access rights to it?

Security of data transmission and storage must also be considered. Much
has been made of the “hacker threat,” or risk of unauthorized interception
of or access to test data by third parties. The extent to which this is a
problem is open to debate. On the one side, it is certainly possible. For
example, Reips (2002) observes that configuration errors or certain data
transmission techniques result in possibly confidential data being openly
available via the WWW in the case of online psychological experiments,
and that this happens frequently. Given that psychologists constructing such
experiments are likely to be among the more technically proficient and
“Internet savvy” members of the profession, this is a worrying finding. This
may cause a problem for online counseling applications if Maheu and
Gordon’s (2000) prediction that many therapists, who are not computer
experts, will find themselves forced to adopt new technologies is correct.
On the other side, the extent to which there really is a problem may be
exaggerated. Yes, it is possible to intercept data transmitted via computers.
It is also entirely possible—and probably easier for most people—to tap a
telephone, listen outside a therapist’s door, break the lock to a “secure”
filing cabinet, and so on. The risk is therefore probably no greater than in
traditional assessment contexts (Barak & English, 2002). We are not aware
of any incidents where the “hacker threat” has been anything other than a
hypothetical problem, so although it is an issue people should be aware of,
it is possible that its practical importance is low.

SUMMARY

The current chapter attempts to cover the wide spectrum of issues relat-
ing to Internet-based psychological assessment. No doubt, the Internet has
provided psychology with a revolutionary vehicle through which methods
of assessment of people—for therapeutic purposes, for appraising a
person’s suitability for a study program or a job, and for self-exploration—
are changing. Thanks to the typical characteristics of the Net—availability,
affordability, accessibility, acceptability, and aloneness—its exploitation as
a tool that enables efficient testing and assessment is inviting. Perhaps the
Internet’s central advantages for assessment are its flexibility in terms of
time and place, provision of quick and accurate scoring, availability of
textual information and Web links pertaining to the nature of the assess-
ment results, central control of updating test versions, and Internet-based
nontesting assessment methods. Furthermore, because of the special com-
munication characteristics of people who use the Internet, such as
anonymity, invisibility, asynchronicity, and lack of eye contact, human inhi-
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bitions diminish; more candid responses may be anticipated as a result,
thus elevating the validity of the assessment.

Although online assessment is useful and valuable, there are several pre-
cautions that have to be taken as well. Perhaps the most problematic issue
is that many amateur tests are published on the Net, and naive surfers
cannot differentiate between a professional, validated assessment website
and a nonprofessional one. There is some evidence to suggest, as was
pointed out, that the measurement of specific dimensions online might pos-
sibly be erroneous, and perhaps assessments of some people, or people in
certain circumstances, might be biased. We made a special point of the issue
of providing assessment feedback online, and of the potential harm this
could cause if done badly.

Online assessment is a young area. Many issues and questions are being
raised and only a few answers based on empirical research can be given to
date. Until knowledge based on much practice and massive research is accu-
mulated, we should be cautious in routinely applying online assessment.
Intensive investigations are needed to provide reliable answers to questions
regarding basic issues, such as questions related to converting traditional
tests to online versions, providing feedback to test-takers online, perform-
ing chat-based interviews, using synchronous and asynchronous environ-
ments as a means of behavioral assessment, and more. In addition, we
encourage raising public awareness and understanding of online tests so
people will know what to expect and what not to expect, thus obviating
potentially harmful situations. We also call for the training of professionals
in Internet-related assessment, to provide them with new and advanced
tools, on the one hand, and to make them aware of their shortcomings and
limitations, on the other.

KEY TERMS

Deindividuation: A psychological process characterized by reduced 
self-evaluation and decreased inhibitions in crowd situations.

Disinhibition: Abolition or reduction of psychological mechanisms that
govern spontaneous behavior.

Ecological validity: The degree to which findings obtained from research
in controlled situations might be generalized and found relevant under
other circumstances and more natural environments.

Factor structure: The basic main dimensions or psychological constructs
underlying responses to a given test.

Myers-Briggs Type Indicator (MBTI): A well-known, widely used 
personality assessment test based on Jung’s typology of personality.

Normative data: Statistical parameters of a comparison group by which
an individual person’s test results are analyzed.
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Qualitative: Based on subjective analysis and impression rather than
objective, measured assessment.

Projective test: A psychological test in which people are asked to respond
to ambiguous stimuli (e.g., pictures, unfinished sentences). Responses are
interpreted as expressing the desires and needs of the individual.

Psychological assessment: A set of various procedures, including verbal
and nonverbal intelligence measures, written and performance tests, inter-
views, appraisal of group behavior, and more, used to evaluate a person’s
personality and various traits.

Psychometric properties: Quality of measurement of a psychological
test, assessed by several factors, such as reliability and validity.

Reliability: The degree to which a test consistently measures a trait or
construct.

Rorschach inkblot test: A projective test in which symmetric ink stains
are presented to people who are asked to describe what they see in them.

Social desirability: A general trend of people to do and say things so
others value and like them.

Thematic Apperception Test (TAT): A projective test that is based on
creating personal stories stimulated by given standard pictures.

Validity: The degree to which a test measures the concept it is supposed
to measure.

STUDY QUESTIONS

1. What are the main advantages of online psychological testing over
traditional testing?

2. What are the main disadvantages of online psychological testing com-
pared with traditional testing?

3. What practical and ethical problems may be encountered when using
online psychological assessment?

4. Other than simple testing, what additional techniques are available
on the Internet for the purpose of psychological assessment? What are their
pros and cons?
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Applications of Computer-based
Neuropsychological Assessment

Objectives: To present current applications of computer-based neuropsychological assessment, includ-
ing the assessment of sports-related concussion, symptom validity testing, and the remote administration
of tests through the Internet. Problem areas: If computer-based assessment benefits are to become pop-
ularized, a few issues will need to be addressed: the development of psychometric data based on com-
parisons with long-standing empirically sound test measures; additional validation of measures by parties
not involved in their commercial development; increased focus on ecological validity; exploration of the
usefulness of remote data storage and automated posting to databases; and improved documentation of
specific computer hardware and software used in experimental methods. Conclusions: Beyond ease
of administration and data collection, computer-based assessment offers benefits over paper-and-pencil
measures in the form of millisecond timing accuracy, reliable and randomized presentation of stimuli over
multiple trials and repeat administrations, and unobtrusive measurement of cognitive skills and response
times during all aspects of the assessment process. Key words: assessment, computer, concussion, eval-
uation, Internet, neuropsychology, symptom validity
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ACADEMICIANS AND researchers have
long been interested in artificial intel-

ligence, computer assisted and automated
interviewing, and computerized assessment,
dating back to the early 1950s. The resul-
tant issues of reliability and validity,1 advan-
tages and disadvantages,2 client reactions,3

storage and confidentiality of records,4 and
ethics5 have been widely studied and well
documented. Since the introduction of the
personal computer in the early 1980s, the per-
centage of US households with a computer
has risen dramatically, from only 8.2% in 1984
to 42% in 1998 and 52% in 2000.6

Despite this increase in home computer
use, psychologists have been relatively slow
to embrace applied computer technologies
in their work. Although 90% of psycholo-
gists surveyed listed telephone-based consul-
tative services as “common behavior,” there
were no computer-related technologies that
emerged as integral to psychological contact
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or service.4 Ironically, as managed care op-
erations continue to stress relatively rigid re-
imbursement schedules for clinical contact
time, the automation and standardization of
traditional face-to-face mental health services
may prove to be a partial solution. Practical
uses of computer technology have been rec-
ognized as contributing to more cost-effective
clinical practices,7 and mental health profes-
sionals are beginning to adopt computers as
a means of addressing the cost-efficiency de-
mands generated by managed care.8 Research
has shown that psychologists do use comput-
ers in their practice, but only a fraction re-
ported using a computer for anything beyond
routine word processing.9 Additional surveys
have revealed the use of computers in clin-
ical neuropsychology practices for the pur-
poses of test administration and scoring, re-
search activities, billing, and record keeping,
although not at a level commensurate with
technological integration in other professions
and fields.10 This review will focus on current
trends in the application and use of computer-
based neuropsychological assessment.

HISTORICAL PERSPECTIVE ON
COMPUTER-BASED ASSESSMENT

Many traditional paper-and-pencil neuro-
psychological tests have been computerized;
the Peabody Picture Vocabulary Test11 and
the Raven’s Coloured Progressive Matrices12

are two salient examples. Perhaps the most
widely used measure to be computerized was
the Wechsler Adult Intelligence Scale (WAIS).
Currently, and for the past few decades, the
WAIS has been the most widely used psy-
chological and neuropsychological test in its
various evolutionary forms (WAIS-R, WAIS-
III).13–15 The original version of the WAIS was
automated in 196916 using what would be
best described today as a primitive and crude
means of stimulus presentation and response
recording. However, this early form of auto-
mated assessment yielded excellent test-retest

reliability, concurrent validity with face-to-
face administration,16,17 and lower administra-
tion costs.18 The WAIS was automated again
in 1980,19 and the paper-and-pencil versions
were revised in 1980 and 1999. Despite nu-
merous attempts at automation, in its current
form, the WAIS-III remains essentially a pencil-
and-paper test. Yet, the usefulness of comput-
erized scoring for the measure has never been
more popular and assists the clinician by re-
ducing paperwork time.

The Halstead-Reitan Neuropsychological
Test Battery20 was originally developed to pre-
dict the presence and localization of brain
damage. Although considerable efforts have
focused on computerizing the interpretation
of Category Test results,21 however, the re-
sults of these efforts have neither adequately
nor universally demonstrated the superior-
ity of actuarial decision making over clinical
judgment.22 The Category Test is the lone
subtest of the Halstead Reitan Battery to re-
ceive considerable research attention with re-
spect to computerization. The Category Test
was first computerized in 1975,23 providing
changing stimuli and response recording, in-
cluding response latency measurement. Al-
though this computerized version was not
found to be a valid substitute for the standard
Category Test, another computerized version
of the Test surfaced in the late 1980s.24 Ad-
vanced microcomputer technology allowed
for full automation of the Category Test
with the exception of verbal instructions and
prompts necessary for task completion. This
computerized version of the Category Test
demonstrated an acceptable level of equiva-
lence with the original version of the Cate-
gory Test.25 Two additional computerized Cat-
egory Test versions have been developed,26,27

both of which were found to be essentially
equivalent to the original.28 The Wisconsin
Card Sorting Test29 has also been identified
as one of the most widely used neuropsycho-
logical tests,30 and there are numerous com-
mercial computerized versions of the WCST31
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currently in use.32 Despite the fact that most,
if not all, computerized versions of the WCST
have not demonstrated psychometric equiva-
lence with the standard manual versions,33,34

the literature shows extensive use of the com-
puterized version.35

Numerous traditional neuropsychological
measures, beyond those presented here, have
been translated into a computerized format.
However, the main focus of this article is
on practical applications of computer-based
assessment for clinicians and rehabilitation
specialists; as such, we have presented only
a small portion of the neuropsychological
measures that have been automated or com-
puterized. For more comprehensive histor-
ical perspectives of computer-based testing
and computerized neuropsychological assess-
ment batteries, refer to reviews by Bartram
and Bayliss18 or Kane and Kay.36

BENEFITS OF COMPUTER-BASED
ASSESSMENT

To address the limitations and benefits of
computerized assessment, the American Psy-
chological Association (APA) in 1987 estab-
lished Guidelines for Computer-based Tests

Table 1. Potential benefits of computer-based clinical service delivery

• Computer software can capture and engage the interest of the client.
• Properly constructed and presented software programs can help minimize a client’s frustration

and loss of dignity when working on tasks once accomplished with ease.
• The context of learning to use the computer can provide the client with an experience of mastery

and a sense of control.
• Automated data collection and storage can free the clinician to focus more on treatment.
• The computer can measure multiple dimensions of performance (latency, strength, and locus of

response) at levels not possible for the human observer (e.g., milliseconds, grams, and millimeters).
• The computer is efficient at performing tasks that would otherwise require extensive setup and/or

preparation time (e.g., rapid change of font size for reading tasks, rapid modification of graphic
materials).

Adapted from American Psychological Association. Guidelines for Computer-based Tests and Interpretations.
Washington, DC: American Psychological Association, 1986.

and Interpretations.37 The APA recognized a
number of potential benefits that can be de-
rived from the proper use of a computer in
the delivery of clinical services (Table 1).

In general, researchers have been able to
demonstrate psychometric equivalence be-
tween traditional and computerized versions
of tests.16,38 Computer-based assessment has
inherent features that are absent in tradi-
tional forms, such as timing of response
latencies, automated analysis of response pat-
terns, transfer of results to a database for fur-
ther analysis, or the ease with which nor-
mative data can be collected or compared
with existing normative databases.2 In ad-
dition, computer-based assessment measures
are better able to provide precise control over
the presentation of test stimuli, thereby po-
tentially increasing test reliability. In a com-
puterized test, the software controls visual
and auditory stimulus characteristics, and
other features such as color, animation, and
sound can be easily incorporated into all as-
pects of the assessment process, including
the instructions.2 As such, programs can adap-
tively control the order, number, presentation
rate, and complexity of items, as well as other
aspects of auditory and visual stimuli, many of
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which cannot be achieved with conventional
testing.39,40

From a financial perspective, computer-
based assessment can reduce disposable
materials, saving costs in supplies and stor-
age. Researchers have demonstrated that
computer-based cognitive tests offered a 60%
savings in time over traditional administration
with an adult psychiatric population.3 And, if
handled properly and judiciously, computer-
ized storage mediums afford increased secu-
rity of test data and patient records.41 For the
practitioner, the option to use an established,
reliable, and valid measure with standardized
instructions and means of presentation may
be desirable or advantageous, especially
when working with a specific patient popula-
tion or suspected diagnosis for which the test
was developed. As well, practical applications
include portability of standardized measures
to on-site assessments at a client’s location.

OBSTACLES AND LIMITATIONS

Among the central criticisms of computer-
based assessment noted by the APA37 were
some test developers’ failure to meet estab-
lished testing standards. Others have pointed
to poorly designed human–computer in-
terfaces and a reduction in the amount of
face-to-face interaction between the clinician
and examinee.42 Furthermore, it has been
suggested that the mode of administration is
so dramatically different an experience for the
examinee that computer-based assessment
and traditional administration can never be
equivalent.43 To this end, factors extraneous
to the paper-and-pencil assessment are intro-
duced during computer-based assessment,
and these factors must be identified and
evaluated with respect to their potentially
disruptive effects.44 Obstacles to the use
of computer-based assessment have also
been attributed to the test user or clinician.
Although most clinicians have become quite

familiar with word processing and financial
software packages, there are many who have
at least a mild degree of computer phobia,
which taints their perception of the useful-
ness of computer-based assessment.45 These
personal fears may fuel the misperception
that most patients are largely reticent to
interact with computers, a perception that
does not seem to be substantiated by the
literature.36,39,46 In addition, computer-based
assessment techniques may not address the
dynamic needs of clients with “challenging”
behavioral disorders or symptoms. Such
neurobehavioral presentations may require
the clinician to alter the order, schedule, or
pace of the assessment, and such alterations
may not be possible with computer-based
techniques.

Some practical and technical limitations
of computer-based assessment have been
voiced as contributing factors to the gen-
eral reticence within clinical neuropsychol-
ogy to adopt computerization on a large
scale.10,36 An example of one of the more
serious technical deficiencies has been the
use of testing software with inaccurate timing
procedures.47 Essentially, synchronization be-
tween the computer’s processor and the mon-
itor occurs with some amount of delay, or er-
ror, in timing. Although it was initially difficult
to standardize or control this delay with a de-
gree of consistency, researchers have since
developed software solutions that provide
near-millisecond accuracy.48 Free software
programs, such as PsyScope,49 and commer-
cial software programs, such as PowerLab50

(Macintosh platform only) and MediaLab51

(Windows platform only), are readily avail-
able. These programs provide the ability
to develop customized computer-based ex-
perimental protocols, incorporating multi-
modal visual, auditory, and multimedia stim-
uli. For the clinician wishing to obtain a
gross measure of reaction time or response
onset latency, millisecond accuracy may not
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be the most important requirement when
considering computer-based assessment mea-
sures. However, there have been recent
trends toward collaborative research efforts
between cognitive neuroscientists, neuropsy-
chologists, and radiological medicine, espe-
cially in the study and use of functional mag-
netic resonance imaging (fMRI) to observe
brain–behavior relationships. Computers are
often used to coordinate the “chain of events”
in which stimuli are presented for fMRI data
acquisition, and this coordination requires
synchronization within very specific time in-
tervals. In such cases,52,53 accurate timing to
the millisecond is not only crucial, but uncon-
trolled error margins between stimulus on-
set and actual stimulus display may result in
“noise” rather than useful data.

Methodologically, computerized assess-
ment techniques are not without their flaws.
The automated nature of many computerized
measures does not allow the examiner to
interrupt or stop the assessment, and this
rigidity may ultimately decrease the exam-
iner’s ability to “test the limits” or be more
flexible with their evaluation. By nature,
computerized measures present stimuli
either through visual or auditory modalities.
This existing paradigm does not allow for the
collection of spontaneous verbal responses,
thus eliminating the ability to test verbal
functioning with the use of computerized
measures. In addition, computerized mea-
sures generally collect responses through
either mouse clicks or keyboard responses,
which may be severely limiting to individuals
with physical or motor control deficits. As
well, whereas computerization of measures
may translate to increased portability, bedside
evaluations with even a laptop computer
may be awkward or challenging. To com-
pensate for these limitations, developers of
computerized tests should to be aware of the
unique and individual differences inherent in
different target populations and incorporate

timing controls and alternate stimulus deliv-
ery modes that can be customized by the
examiner and incorporate voice recognition
for verbal responses.

CURRENT TRENDS IN COMPUTER-BASED
NEUROPSYCHOLOGICAL ASSESSMENT

Sports-related concussion

An important emergent property of com-
puterized assessment may be its portability to
multiple sites and the ability to assess mul-
tiple individuals simultaneously with highly
sensitive measures. One area that seems to
have embraced this technology is the assess-
ment of sports-related concussion, which has
received considerable attention over the past
two decades. Neuropsychologists and athletic
trainers have traditionally provided sideline
screening measures and more comprehensive
baseline and postconcussion evaluations to
athletes using a variety of qualitative and quan-
titative measures.

Traditionally, athletes have been assessed
face-to-face with comprehensive neuropsy-
chological test batteries, which have been
used to understand and document the
effects of cerebral concussion in profes-
sional football54 and professional ice hockey
players,55 as well as in college,56–58 high
school,59 and grade school athletes.60 These
traditional neuropsychological assessments
identified single mild head injuries in healthy
college-aged athletes as causing a decrease in
neurocognitive performance, with a relatively
rapid recovery curve ranging from 5 to 10
days56 up to 1 month after concussion.61

Cerebral concussion in individuals with a
history of previous concussion59 or learning
disability62 were found to have more endur-
ing cognitive effects. In all of the studies
noted previously, cerebral concussions were
observed to have at least subtle effects on
attention and concentration. To this end,
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computer programs with accurate timing
may be best suited to identify deficits and
track recovery progress, especially when
postconcussive symptoms include delayed
onset of responses and increased decision-
making times (i.e., reduced information
processing speed).

Baseline assessment of athletes has been
recognized as a paramount requirement in the
evaluation of athletes before sustaining a con-
cussion. Evaluation of an entire team or “sea-
son”(such as all teams reporting for physicals
before the fall semester) with traditional mea-
sures might take several days or weeks, de-
pending on the number of staff available. With
computer-based assessment, large groups of
individuals can be assessed in a brief period
of time with decreased burden on time, la-
bor, and finances. To this end, isolated studies
have focused on replicating hallmark studies56

using computer-based versions of their test
protocol.63 However, the thrust of the recent
research in this area has been on the de-
velopment and validation of comprehensive
neuropsychological test batteries for the as-
sessment and tracking of cognitive deficits re-
lated to sports-related concussion. Three ma-
jor batteries have emerged from these efforts:
CogSport, HeadMinders, and Impact.

CogSport64 is a stand-alone software prod-
uct that measures reaction time, simple and
complex attention, working memory, short-
term memory and new learning, incidental
memory, adaptive problem solving, continu-
ous performance, and spatial abilities. It is de-
signed to evaluate changes in cognitive func-
tion. The battery has recently been validated
on approximately 300 professional Australian
football players and hundreds of healthy con-
trols across a wide range of ages,65 showing
good test-retest coefficients and external val-
idation with the Trail Making and Digit Sym-
bol Substitution Tests.66 CogSport is available
for both Windows and Macintosh operating
systems, administration takes approximately
15 to 20 minutes, and results are submitted

to CogState for scoring and analysis. Alterna-
tively, CogState Ltd. offers user services in
the form of customized reports, custom re-
sults ready for import into popular statistical
packages (Excel, SPSS, SAS), assistance in in-
terpretation of results for publication or pre-
sentation, storage and retrieval of data and re-
sults, and mirroring of stored data for data
protection.

HeadMinder Inc. offers online neurocogni-
tive and neurobehavioral assessment tools in
the form of the Concussion Resolution Index
(CRI) and Sideline Assistant (SA).67 The CRI
subtests are administered on-line by means
of Java “applets” through an Internet browser
and are thus computer platform indepen-
dent. The CRI subtests measure reaction time
and speed decision making and show strong
concurrent validation with the Symbol Digit
Modalities Test, WAIS-III Digit Symbol and
Symbol Search, Grooved Pegboard, and Trail
Making Tests.68 Test measures are scored on-
line, and results are accessible only to the test
administrator who is responsible for interpret-
ing and discussing test results with that ath-
lete. The CRI has been found to be sensitive in
identifying postconcussive symptoms, while
remaining resistant to retest effects.68,69 The
Sideline Assistant is a personal digital assistant
(PDA)–based software application containing
a roster of all athletes and pertinent medical
and contact information, as well as an elec-
tronic version of the Standardized Assessment
of Concussion.70

ImPACT (Immediate Post Concussion As-
sessment & Cognitive Testing) test system71

is a microcomputer-based neuropsychologi-
cal test battery that measures attention, mem-
ory, processing speed, and reaction time to
1/100th of a second. The Windows-based pro-
gram also consists of a self-report symptom
questionnaire and a concussion history form.
ImPACT is currently used by professional foot-
ball, hockey, and basketball teams, as well as
numerous colleges and high schools. Initial
psychometric research on the ImPACT System
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reveals strong reliability data72 and validation
research are in progress.

Symptom validity testing

Neuropsychologists and other rehabilita-
tion specialists may be asked to judge the
veracity or extent of a client’s symptoms or
even to identify individuals who may be ex-
aggerating or faking symptoms of neurocog-
nitive impairment. In the process of mak-
ing these judgments, the clinician attempts
to document, with the assistance of ob-
jective assessment procedures, evidence of
true neurobehavioral and/or neuropsycho-
logical dysfunction.73 Computer-based assess-
ment provides the ability to objectively and
unobtrusively record response reaction times,
because many individuals attempting to fake
or exaggerate cognitive impairment fail to re-
alize these measurement variables are being
recorded. These individuals may even know
to perform at a certain level to avoid suspicion
of symptom exaggeration. However, even if
they are aware that reaction times are be-
ing recorded, it is difficult for these individ-
uals to calculate or manipulate response reac-
tion time with any degree of sophistication.74

In fact, individuals attempting to fake or ex-
aggerate deficits have been found to per-
form worse than individuals with actual brain
injuries.

Numerous computer-based measures have
been developed, many of which have been
used as for the purpose of identifying indi-
viduals who may be faking or exaggerating
cognitive deficits. Symptom Validity Testing
(SVT) is a term that was first described by
Pankratz75 and refers to the use of forced-
choice measures designed to detect feigned
test performance. Often, such performance
is so poor that it is below the level of prob-
ability, even for impaired populations.76 His-
cock and Hiscock77 refined this technique,
and their work served as a foundation for
many of the SVT procedures that are currently
in use today. Because comprehensive reviews

of SVT are available in the literature,76,78 the
following measures have been selected to
demonstrate the usefulness and application
of SVT.

The Victoria Symptom Validity Test
(VSVT),79 Computerized Forced-Choice Test
(CFCT),74 Computerized Assessment of
Response Bias (CARB),80 and Word Memory
Test (WMT)81 are commonly used comput-
erized forced-choice SVTs. The VSVT is a
Windows-based computerized task that has
been used to classify malingerers of memory
deficits, questionable malingerers, or valid
test-takers with a high degree of sensitivity,82

and cut-off scores have been developed for
this purpose.83 Computerized assessments
using the VSVT yielded unique intraindividual
variability data that helped differentiate
among those feigning symptoms related to
head trauma and those performing their best,
and the response inconsistency across testing
sessions is believed to be a clinically useful
measure for the detection of malingering.84

The CFCT is a Macintosh-based computerized
task that has been shown to be psychome-
trically comparable with the Hiscock and
Hiscock77 pencil-and-paper–based measure.
A shortened form of the CFCT is available,
which yields significant differences between
groups of individuals feigning malingering
and performing their best, while maintain-
ing high levels of response consistency; in
addition, response reaction times for indi-
viduals feigning malingering are significantly
higher.74 The CARB is a self-administered
test designed according to the Hiscock and
Hiscock paradigm and has demonstrated
usefulness for detecting incomplete effort,
symptom exaggeration, response bias, and
feigning and malingering of cognitive deficits,
especially when used in combination with
other neuropsychological test measures.85

The WMT can be given orally or by computer
and has an inherent gradient of difficulty,
which makes feigning impairment difficult.
The WMT has been shown to discriminate
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between levels of brain injury severity86

and is used along with the CARB to identify
individuals feigning impairment.87

Noticeably absent are computerized
versions of the traditionally used tests of
malingering, such as Rey’s 15-item and Dot-
counting tests. Recent research88 focused
on computerizing these measures using
PowerLab,50 along with developing a novel
task, the “Phrases” task in which participants
are required to fill in the blank of a common
phrase (i.e., birthday to you), then
choose the correct word, and subsequently
the correct picture, from the three choices
provided. In this study, all computerized
tests discriminated between groups of indi-
viduals feigning cognitive deficits and those
performing their best. Moreover, response
reaction times for individuals feigning cog-
nitive deficits were significantly slower for
those tasks in which the incorrect responses
were obvious (Dot-counting test-grouped),
and significantly faster when the correct
response was not readily available (Figure 1).
Simply put, individuals feigning cognitive

Fig 1. Reaction time by response requirement effects.

deficits take significantly longer to respond
to obvious and simple items, because they
must not only generate the correct answer
but also identify and generate a suitable alter-
native. In those cases in which the correct
answer is not obvious, individuals feigning
cognitive deficits simply opt for a suitable ans-
wer, seemingly unaware of their response
times. In addition, all participants showed a
learning curve for response times to identical
instruction screens presented on four occa-
sions, and such learning ability was clearly
out of register with the magnitude of cogni-
tive symptoms portrayed by those individuals
feigning cognitive deficits (Figure 2). These re-
sults support the notion that computer-based
tests can unobtrusively obtain qualitative
and quantitative data not available through
paper-based measures.

Remote neuropsychological assessment

The recent growth of the telecommuni-
cation industry and Internet-based technolo-
gies offers opportunities for computer-based
neuropsychological assessment to expand
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Fig 2. Reaction times for instruction screens.

beyond traditional clinic or laboratory bor-
ders. The term, “remote neuropsychological
assessment (RNA),” has been proposed to
denote the general use of telecommunica-
tion and Internet-based technologies in neuro-
psychological assessment and practice.27

Researchers have reported the develop-
ment and use of remote cognitive assess-
ment measures89–95; however, practically all
of these studies have been limited to the use
of conventional telephony or televideo tech-
nologies. It should be noted, however, that
as telecommunication systems expand their
bandwidth capacity, thereby increasing the
speed and amount of information that can
be carried simultaneously by data trans-
mission lines, telephony and televideo may
eventually become standard Internet-based

technologies.96 For the purpose of this re-
view, discussion will be limited to those ef-
forts that have used computerized, Internet-
based technology to assess neurocognitive
function. More comprehensive reviews of
conventional telephony assessment,97 con-
ventional televideo assessment,98 and Inter-
net use by clinicians99 are available in the lit-
erature.

Save for a few notable exceptions,27,68,69,100

Internet-based computer technology has been
largely underused for the remote administra-
tion of neuropsychological measures and as-
sessment. Early research efforts101,102 were
helpful in establishing the viability of Inter-
net technology for use by neuropsychology.
These studies, although limited to the admin-
istration and collection of questionnaire data
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by way of the Internet, reported the effec-
tive use of this technology for the collection
of data related to mild traumatic brain injury
and postconcussion symptom complaints. Re-
cent efforts by Browndyke27 and Erlanger
and colleagues68,69 have moved remote as-
sessment in neuropsychology beyond sim-
ple Web-based questionnaire collection. The
logical progression, exemplified by these
more recent studies, involves task perfor-
mance on assessment measures specifically
developed for RNA, as well as the transla-
tion of traditional paper-and-pencil measures
to remote format. To be certain, the science
and clinical application of RNA is still in its
infancy.

Regardless of the speed of RNA develop-
ment, the need for empirical, procedural, eth-
ical, and professional practice guidelines for
RNA is quite clear. To date, most serious RNA
development efforts have been conducted in
relative isolation with varying standards for
data transmission, platform dependence, nor-
mative comparison, and clinical application.
In addition, there have been more conspicu-
ous and relaxed efforts in Internet-based cog-
nitive assessment, most of which traverse the
fine line of ethical and professional propriety.
For example, currently there are efforts un-
derway by various companies to mass mar-
ket computerized cognitive assessment, and
in some cases, going so far as to develop and
use repeatable Internet-based cognitive mea-
sures as “brain improvement” programs.103

Although these companies state that their pro-
grams are not to replace or exclude neuropsy-
chological assessment by a licensed profes-
sional, this caveat is often lost on the public
and generates the impression that cognitive
assessment is a game. Some additional con-
cerns central to the viability and professional
acceptance of RNA revolve around issues of
data security,104 the impact of affective vari-
ables on test performance,100,105 generational
effects and apparatus familiarity,106,107 and

human-computer factors affecting task design
and development.108 These factors, combined
with the need for neuropsychology to main-
tain a professional and guiding presence, ar-
gue for the formation of practice directorates
similar to previous efforts undertaken to ad-
dress issues related to computer-based neu-
ropsychological assessment measures109 or re-
habilitation software.110

RNA holds considerable promise for reach-
ing individuals who would otherwise not seek
a laboratory-based neuropsychological evalu-
ation, may be homebound, or live in inacces-
sible regions of the world. The potential ben-
efits of RNA have already been demonstrated
in the adaptation of long-standing paper-and-
pencil neuropsychological assessment mea-
sures for remote use27; in the repeat cogni-
tive screening of certain patient populations
(see Erlanger et al, in this issue); and in sports-
related cognitive evaluation and return-to-
play decision making.69 However, before the
widespread implementation of RNA, broader
measures of cognitive functioning will need
to be developed. To this end, significantly
more patient samples and comparison groups
will have to be examined, normative data will
need to be generated (specific to RNA mea-
sures), and most importantly, guidelines must
be developed to ensure ethical and profes-
sional compliance. Establishing a more solid
empirical basis for RNA will be vital to the
longevity and effectiveness of distance tech-
nology in clinical neuropsychological prac-
tice and will guarantee the attention of those
in search of a more efficacious means for
neuropsychological assessment while keep-
ing scientific rigor to a maximum.

SUMMARY AND FUTURE DIRECTIONS

Computer-based neuropsychological
assessment has evolved from several
psychology-related disciplines, the most
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notable of which have been human factors,
cognitive psychology, and practitioners of
clinical psychology and neuropsychology.
Traditional neuropsychological tests and
measures have been replicated with general
equivalence to their paper-and-pencil prede-
cessors.16,38 Unique, goal-specific test batter-
ies have been developed for the purposes
of synchronizing stimuli with functional
imaging technologies,52,53 for more precise
and expedient assessment of sports-related
concussion,64,67,71 and for increased sophisti-
cation of symptom validity testing.74,79,83,85

Recent trends and national statistics sug-
gest that computer and Internet technologies
have moved from “emergent” status to “cur-
rent” acceptance. Despite major technologi-
cal advances, such as fMRI, terra-byte storage
capacities, and ever-climbing microprocessor
speed, nearly all aspects of clinical service de-
livery remain paper-based. Regardless of the
self-reported reticence of professionals with
respect to computer technology, clinicians
base their practices on traditional models of
diagnosing impairment and making sugges-
tions to maximize functional strengths and
compensate for weaknesses. Within this con-
text, the use of computer technology often
amounts to nothing more than report writ-
ing (word processing), communication with
peers (e-mail), and/or comparative research
(Internet-based literature searches).

Currently, there is a general lack of method-
ological detail in the literature with respect
to computer-based assessment measures and
interventions. Although it was once com-
monplace to find detailed apparatus descrip-
tions, such as product numbers or specific
impedance ratios, modern methodological de-
scriptions are apt to be limited to naming
the software product in combination with a
publication reference, with no specific men-
tion of the computer, operating system, or
other technological data. This lack of detail, al-
though seemingly innocuous, hampers future

research and replication studies necessary for
the firm confidence that must be generated
if computer-based assessment is to become
widely accepted.

Computerization of paper-and-pencil mea-
sures often results in replication for spe-
cific purposes, such as ease of administration,
group administration, data collection, or re-
search. In this vein, computerized versions
of the WAIS were strictly used in research,
and versions of the Category Test, Wiscon-
sin Card Sorting Test, and Stroop Test have
not achieved widespread used by clinicians.10

Despite the considerable experimental con-
trol offered by computerization, traditional
measures, such as the Finger Tapping test,
continue to rely on human visualization of a
stopwatch and termination of trials by voice
command and, thus, will always be adminis-
tered with inherent timing error. Computeri-
zation of this measure would ensure standard-
ization of administration and scoring.

Current applications of computer-based
neuropsychological assessment, such as as-
sessment of sports-related concussion and
symptom validity testing, do take advantage
of the emergent properties offered by tech-
nology. Automatic randomization of trials and
millisecond-accurate timing allow for reli-
able and repeat administration. Computer-
based assessment also offers unobtrusive mea-
surement of response times, especially to
seemingly nonexperimental stimuli, not possi-
ble with paper-based measures. Remote neu-
ropsychological assessment offers similar ad-
vantages, while providing a unique alternative
to traditional face-to-face administration.

One obstacle to the development and im-
plementation of applied technological “end
products” within neuropsychology and re-
habilitation may be the lack of commercial
technologies or applications for the de-
velopment of practical measures or inter-
ventions. Instead, researchers and clinicians
have more often relied on self-developed or



Aspen Pub./JHTR AS132-03 September 4, 2002 17:48 Char Count= 0

406 JOURNAL OF HEAD TRAUMA REHABILITATION/OCTOBER 2002

relatively esoteric products, idiosyncratic to
a specific computer platform or institu-
tion. Although computerized assessment has
demonstrated usefulness beyond mere ease of
administration, the issue of ecological valid-
ity of computer-based measures is less em-
phasized. Few neuropsychological measures
offer the diagnostic ecological validity of ac-
companying a client on a trip to the super-
market, navigating the community, or per-
forming profession-specific tasks. However,
few clinicians or facilities have the time
and resources to fund or develop such in-
terventions or assessment. A recent exam-
ple of computerization aiding the develop-
ment of ecologically valid methods is the
Schultheis’ Neurocognitive Driving Test.111

With the emergence of three-dimensional vir-
tual reality technology, the assessment of driv-
ing ability112 is a clear example of an emer-
gent technology (see Schultheis’ article in this
issue.)

Computer-based assessment will surely
benefit from a documented standard be-
yond those recommendations offered by the
APA.37,109 Although the ethical issues raised
by data “sharing” over the Internet remain
to be worked out, tests that output results
directly to databases for self-standardization,
comparative research, and/or clinical com-
parison are fast approaching. However, de-
velopment, implementation, promotion, and
standardization of technological interventions
and measures is simply too large for any one
clinical practice or service-oriented depart-
ment. In the absence of such standardiza-
tion, national organizations and professional
societies may need to take responsibility for
technological applications within their disci-
pline. As a model, the National Academy of
Neuropsychology has been at the forefront
of implementing technology to benefit its
membership and community. However, pro-
visions of Internet-based continuing educa-
tion courses and dissemination/gathering of

practice-related information by means of a
Web site are only first steps toward the profes-
sion embracing emerging technologies. On-
going surveys, further refinement and stan-
dardization of computer-based testing and
measurement issues, and continuing public
and professional education will be needed to
support such developments.

Future research on computer-based assess-
ment would benefit from the following:

1. Researchers and clinicians should in-
clude specific documentation of com-
puter hardware and software used in
the development and administration of
computer-based measures.

2. Psychometric data from computer-based
measures should be established in com-
parison to long-standing and psychome-
trically sound test measures.

3. Developers of computerized tests
should compensate for the unique and
individual differences inherent in differ-
ent target populations by incorporating
timing controls and alternate stimulus
delivery modes that can be customized
by the examiner and by incorporating
voice recognition for verbal responses.

4. Research is needed to fully establish
the psychometric properties of new
computer-based measures. Such re-
search, especially by additional parties
beyond those involved in their com-
mercial development, would serve to
promote the usefulness and ecological
validity of these measures.

5. Efforts should focus not only on the de-
velopment of computer-based measures
but also on the development of “measure
development” software (or the equiva-
lent of a word processor for developing
experiments).

6. Remote assessment by way of the Inter-
net should be further explored, as well
as remote forms of automated data stor-
age and collaborative data sharing.
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Abstract. Virtual environments (VEs), offering a new human-computer interaction
paradigm, have attracted much attention in clinical psychology, especially in the
treatment of phobias. However, a possible new application of VR in psychology is
as assessment tool: VEs can be considered as an highly sophisticated form of
adaptive testing. This chapter describes the context of current psychological
assessment and underlines possible advantages of a VR based assessment tool.
The chapter also details the characteristics of BIVRS, Body Image Virtual Reality
Scale, an assessment tool designed to assess cognitive and affective components of
body image. It consists of a non-immersive 3D graphical interface through which
the patient is able to choose between 9 figures of different size which vary in size
from underweight to overweight. The software was developed in two architectures,
the first (A) running on a single user desktop computer equipped with a standard
virtual reality development software and the second (B) splitted into a server (B1)
accessible via Internet and actually running the same virtual ambient as in (A) and
a VRML client (B2) so that anyone can access the application.

1. Introduction

Virtual environments (VEs) offer a new human-computer interaction paradigm in which
users are no longer simply external observers of images on a computer screen, but are active
participants within a computer-generated three-dimensional virtual world. Virtual reality
can add, delete, or emphasise details to better help clinicians perform basic functions. These
unique features can provide the patient with specialised, safer treatment techniques for
problems that previously were expensive or impossible to treat in traditional training and
therapy. For these reasons VEs have recently attracted much attention in clinical
psychology. One of the main advantages of a virtual environment is that it can be used in a
medical facility, thus avoiding the need to venture into public situations. Infact, in many
applications VEs are used in order to simulate the real world and to assure the researcher
full control of all the parameters implied. Many stimuli for exposure are difficult to arrange
or control, and when exposure is conducted outside of the therapistÕs office, it becomes
more expensive in terms of time and money. The ability to conduct exposures of virtual
aeroplanes for flying phobics or virtual highways for driving phobics, for example, without
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leaving the therapistÕs office, would make better treatment available to more sufferers at a
lower cost.

However a promising new use of VEs is in psychological assessment. This chapter will
describe the context of current psychological assessment and underline the possible
advantages of VR based assessment tools. In the chapter will be also outlined the
characteristics of BIVRS, Body Image Virtual Reality Scale, an assessment tool designed to
assess cognitive and affective components of body image.

2. VR as assessment tool in psychology

2.1 Assessment in modern psychology
Assessment in the modern era, particularly by clinical, counselling and research

psychologists, rests heavily on tools whose origins extend back a half-century or more [1].
For instance, the series of Wechsler scales, the MMPI, and the TAT had their beginnings in
the late 1930s. Compared with these venerable instruments, widely accepted behavioral
assessment is a relatively new development.

So, the practice of psychological assessment, along with a number of the
conceptualisations on which it rests, now differs dramatically from the situation that
prevailed when the tenets of the measurement tradition provided the basis for the use of
psychological diagnostic instruments.

As Tallent [1] underlines, "Today's psychological assessors are concerned with new and
still developing concepts of therapy, with psycho-pharmacology, and with the Diagnostic
and  Statistical Manuals and their implications for treatment". In this sense, the practice of
psychological assessment, must be flexible and open-ended attentive to the opportunities
offered by unanticipated or developing situations. The watchword is adaptationÑto
whatever the situation might be in the ongoing give and take of the assessment process [2].

A key issue in this situation is the distinction between psychological assessment and
psychological testing. Commonly, but erroneously [3], the expressions psychological
assessment and psychological testing are used synonymously or interchangeably. Sloves,
Docherty, and Schneider [4] make the following distinction between assessment and testing:

Psychological testing is defined as a set of skills, tactics, and strategies subsumed under the
heading of psychological methods. In this view, methods represent the technical skills used as
a means of carrying out a psychological assessment. Psychological assessment is systems and
problem oriented, dynamic, and conceptual; whereas psychological testing is methods and
measurement oriented, descriptive and technical (Italics added).

The authors then point out the consequence of not attending to this distinction, and
suggest a remedy:

The failure by many practitioners and trainers in professional psychology to distinguish
between assessment and testing has led to a tendency for the profession to focus its attention
on the mechanistic and technical aspects of test administration and to ignore or slight the
conceptual basis of the assessment process.

Bardon and Bennett [5] have proposed as a solution to this problem that practice and
training, not just in assessment but in all areas of psychological services, shift away from
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its current emphasis on knowledge and technical expertise and toward a conceptual
approach to professional psychology that trains psychologists to think like psychologists
[6].

2.2 Computers and psychological assessment
According to this new paradigm the use of computers and in particular of virtual

environments, can offer new powerful tools to psychologists. However, the use of
computers in psychological testing it isn't a novelty: it was initiated well over a quarter
century ago [7]. Technically, computer testing has its origin in physicalism and
psychometrics, and the computer applied to psychological testing may be considered a
psychometric machine. [8].The basic thesis is that test scores may be empirically linked to
contest behaviors of test takers through the use of algorithms (a partly Greek term honoring
the ninth century Arab mathematician al-Khuwarizmi), which are mechanical rules for
making decisions. For example, on the basis of empirical correlates, when MMPI Scale 6 is
above a T-score of 75, we may expect that the test taker will show disturbed thinking, have
delusions of persecution and/or grandeur, ideas of reference, feel mistreated, picked on, be
angry and resentful, harbor grudges, and rely heavily on projection as a defense mechanism
[1]. On the basis of such established relations between scores and symptom pictures,
characteristics that are commonly found with particular score elevations and patterns may
be fashioned into statements, stored in a statement library, and called back whenever a test
taker registers the scores that have been shown to empirically relate to these statements.

However, in practice, the statements that eventually issue from the computer are not
derived entirely by blind adherence to this scheme. The algorithms additionally incorporate
the experience of their author, and are not free of theoretical bias, clinical flavoring,
intuition, and personally held interpretation. So, early beliefs that the computer would
eliminate the need for skilled diagnostic clinicians has not materialized. Errors,
inconsistencies, and misleading statements are always a possibility. When computer-derived
information is to be employed by a person who does not have sufficient psychological
background to use the material responsibly, it falls upon a psychologist to interpret to that
person the computer interpretation: there must be a clinician between the computer and the
client [9].

2.3 Advantages of VR based assessment tools
The main problem of current computer based assessment is the transformation of the

process of psychological assessment into psychological testing. As Tallent [1] points out,
"the reaching of conclusions through the use of psychometrics often is mislabeled as
assessment, as, for example in computer assessment... [Computer tests] do not provide
automatic answers to real problem...What test results mean in any given case is a human
judgment".

However, the rate of growth of computer testing is remarkable [10]. Computer programs
are available for administering, scoring, profiling, interpretation, and report writing for old
tests, and for new instruments designed specifically for computer analysis. Creative
variations have appeared. In adaptive testing [11], for example, items presented to the test
taker are contingent on his or her earlier responses, similar to Binet testing, where tests at a
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given age-level are administered only if at least one subtest has been passed at the
immediately lower year-level.

Virtual reality can be considered as an highly sophisticated form of adaptive testing.
Infact, the key characteristic of VR is the high level of control of the interaction with the
tool without the constrains usually found in computer systems. VR is highly flexible and
programmable. It enables one to present a wide variety of controlled stimuli and to measure
and monitor a wide variety of responses made by the user. Both the synthetic environment
itself and the manner in which this environment is modified by the user's responses can be
tailored to the needs of each client and/or therapeutic application [12]. Moreover, VR is
highly immersive and can cause the participant to feel "present" in the virtual rather than the
real environment. It is also possible for the psychologist to accompany the user into the
synthesised world.

More in detail, there are three important aspects of virtual reality systems that can offer
new possibilities to psychological assessment:

· How They Are Controlled:    Present alternate computer access systems accept only
one or at most two modes of input at a time. The computer can be controlled by single
modes such as pressing keys on a keyboard, pointing to an on-screen keyboard with a head
pointer, or hitting a switch when the computer presents the desired choice, but present
computers do not recognize facial expressions, idiosyncratic gestures, or monitor actions
from several body parts at a time. Most computer interfaces accept only precise, discrete
input. Thus many communicative acts are ignored and the subtleness and richness of the
human communicative gesture are lost. This results in slow, energy-intensive computer
interfaces. Virtual reality systems open the input channel: the potential is there to monitor
movements or actions from any body part or many body parts at the same time. All
properties of the movement can be captured, not just contact of a body part with an effector.
In the virtual environment these actions or signals can be processed in a number of ways.
They can be translated into other actions that have more effect on the world being
controlled, for example, virtual objects could be pushed by blowing, pulled by sipping, and
grasped by jaw closure.
¥ Feedback: Because VR systems display feedback in multiple modes, feedback and
prompts can be translated into alternate senses for users with sensory impairments. The
environment could be reduced in size to get the larger or overall perspective (without the
"looking through a straw effect" usually experienced when using screen readers or tactile
displays). Sounds could be translated into vibrations or into a register that is easier to pick
up. Environmental noises can be selectively filtered out. For the individual multimodal
feedback ensures that the visual channel is not overloaded. Vision is the primary feedback
channel of present-day computers; frequently the message is further distorted and alienated
by representation through text. It is very difficult to represent force, resistance, density,
temperature, pitch, etc., through vision alone. Virtual reality presents information in
alternate ways and in more than one way.
¥ What Is Controlled::::    The final advantage is what is controlled. Until the last decade
computers were used to control numbers and text by entering numbers and text using a
keyboard. Recent direct manipulation interfaces have allowed the manipulation of iconic
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representations of text files or two dimensional graphic representations of objects through
pointing devices such as mice. The objective of direct manipulation environments was to
provide an interface that more directly mimics the manipulation of objects in the real world.
The latest step in that trend, virtual reality systems, allows the manipulation of multisensory
representations of entire environments by natural actions and gestures.

In the next paragraph of this chapter will be presented the Body Image Virtual Reality
Scale - BIVRS, an assessment tool designed to assess cognitive and affective components of
body image. BIVRS, that tries to exploit some of the advantages of VR, is a clear
improvement over current drawing-based body image scales; even with some limits, mainly
due to current technology, can be considered as the first step towards a new approach to
computer testing more oriented to psychological assessment.

3. BIVRS - a VR based assessment tool

3.1 Assessment of body image
The construction of measurement procedures for the assessment of body image has

proliferated in the recent years [13]. Generally, researchers and clinicians have focused on
two aspects of body image: a perceptual component, commonly referred to as "size
perception accuracy", and a subjective component which entails aspects such as body
size/weight and physical appearance [14].

There are two broad categories of procedures used for the assessment of size perception
accuracy [13]: body-site and whole-image procedures.

Body-site estimation procedures require that subjects match the width of the distance
between two points to their own estimation of the width of a specific body site. For
instance, Slade and Russell [15] constructed the movable calliper technique (MCT), which
consisted of a horizontal bar with two lights mounted onto a track. The subject could adjust
the width between the two lights to match her/his estimate of the width of a given body site.
The comparison of estimations with actual body widths, measured with body callipers, was
used to derive a percentage of over- or under-estimation. For these and other size estimation
procedures, an assessment of the subject's actual width (measured with body callipers) is
compared with the subject's estimate, and a ratio of over- or under-estimation of size is
computed. Generally, the great majority of subjects overestimate all body sites; however,
some data suggests that the waist is overestimated to the greatest degree [16]. Because the
estimates of the sites are highly correlated, some researchers sum across sites, giving a
generic index of overestimation. It may be advisable, given the experimental or clinical
purpose of the assessment, however, to evaluate each estimation site individually.

The whole-image adjustment methods constitute a second major category of size
estimation procedures. With these procedures, the individual is confronted with a real-life
image, presented via videotape, photographic image, or mirror feedback. The experiment is
able to modify the representation to make it objectively smaller or larger than reality. The
measure of perceptual inaccuracy is the degree of discrepancy between the actual real-life
image and the one selected by the subject. The schematic figures or silhouettes of different
body sizes are the most widely used measure for the assessment of subjective components
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of body image disturbance [17, 18, 13]. With this methodology, subjects are asked to
choose the figures that they think reflect their current and their ideal body sizes. The
discrepancy between these two measures is taken as an indication of level of dissatisfaction.
A recent technical improvement of the figural/schematic rating procedure involves the
presentation of body schemas on a computer screen [19].

With this method, subjects can adjust the sizes of nine body sites to arrive at the exact
image representation that they believe fits their own dimensions. Again, a measure of
generic satisfaction with the body can be obtained by asking subjects to create an ideal to
compare with their selection of their own current image. A computer based test was also
presented by Schlundt & Bell [20]. They have developed a microcomputer program for
assessing cognitive and affective components of body image called the Body Image Testing
Systems (BITS). The program, that is written in Turbo Pascal language for IBM PC,
generates frontal view and side view silhouettes of a human body. Subjects can make the
body silhouette image grow smaller or larger for nine independent body regions via the
computer control system.

3.2 The Virtual Reality Modeling Language
The Virtual Reality Modeling Language (VRML) is a "language for describing multi-

participant interactive simulationsÑvirtual worlds networked via the global Internet and
hyper linked with the World Wide Web" [21]. All aspects of virtual world display,
interaction, and internetworking can be specified using VRML.

The first version of VRML (1.0) allowed for the creation of virtual worlds with limited
interactive behavior. These worlds can contain objects that have hyper links to other
worlds, HTML documents, or other valid Multimedia Internet Mail Extentions (MIME)
types. The second version of VRML (2.0), available now, allow the user for richer
behaviors, including animations, motion physics, and real-time multi-user interaction.

The first step in viewing a VRML document is retrieving the document itself. The
document request comes from a Web browserÑeither a VRML browser or an HTML
browser. Users send their request to the Web browser, and the Web browser sends the
request on to its intended recipient. The Web server that receives the request for a VRML
document attempts to fulfill the request with a reply. This reply goes back to the VRML
browser [21]. Once the document has been received by the VRML browser, it's read and
understood by it creating visible representations of the objects described in the document.
Each VRML scene has a "point of view", which is called a camera: you see the scene
through the eye of the camera. It's also possible to predefine view points. All browsers
feature some interface for navigation, so that you can move the scene's camera throughout
the world. A VRML world can be distributedÑthat is, it can be spread across the Web in
many different places. In the same way that an Internet Web page can be composed of text
from one place and images from another, a VRML world can specify that some of its scene
comes from this place, while other objects come from that place.

This means that VRML files often load in stages; first the basic scene description is
loaded, and thenÑif this refers to nested (scene within a scene) descriptionsÑthe browser
loads these after the basic scene has been loaded. Computer speeds aren't ever quite as fast
as we would like, and neither are modems quite as capable as the demands we make upon
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them. For this reason, there is almost always some delay involved in loading a VRML
worldÑit rarely appears immediately, or all at once.

VRML has the ability to show you where objects will appear before they've been
downloaded. Before the object appears, it's shown as an empty box of the correct dimension
(called a bounding box), which is replaced by the actual object when it has read in. Called
lazy loading, it allows the VRML browser to take its timeÑwhen it has no other choice,
that isÑloading the scene from several different places while still giving you an accurate
indication of what the scene will look like when it's fully loaded [21].

3.3 The research project
The above considerations have led to the design of the following research protocol.

Objectives
The main aim of this research is the development of a virtual reality based body image

assessment technique: BIVRS - Body Image Virtual Reality Scale. BIVRS is a software
consistent of a non-immersive 3D graphical interface through which the patient is able to
choose between 9 figures of different size which vary from underweight to overweight.
Subjects are asked to choose the figures that they think reflect their current and their ideal
body sizes. The discrepancy between these two measures is an indication of  their level of
dissatisfaction.

The software was developed in both of two architectures, the first (A) running on a single
user desktop computer equipped with a virtual reality development software, such as
VREAM or Superscape, and the second (B) splitted into a server (B1) accessible via
Internet and actually running the same virtual environment as in (A) and a VRML client
(B2) chosen between the ones available for free in many Internet sites, so that anyone can
access the application.

The reasons why we propose a Body Image Virtual Reality Scale are various.

1. Even though it is by now possible to choose between a wide range of different tests for
the assessment of body image, we are still far from a culture free form, since every
research is usually carried out in just one or two institutions, and in perfect isolation
from the rest of the world. BIVRS, being designed to both run on any local desktop
computer and on the Internet in VRML format, would soon provide a powerful tool to
quickly standardize its results, e.g.. by an immediate feedback given on-line right after
the assessment session. This way, we could rapidly raise an international multi-cultural
database, susceptible of further data splitting, when needed.

2. Virtual reality can add the third dimension to the body size silhouettes presented in the
test, so improving its effectiveness. Using 3D it is easier for the subject to perceive the
differences between the silhouettes, especially for specific body areas (breasts, stomach,
hips and thighs).

3. The extremely low cost of the system, where related to the costs of either a traditional
assessment or a computer assisted assessment developed to run on machines other than
small personal computers.
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Population
Initially BIVRS will be submitted to a sample of Italian normal (200 subjects) and

clinical subjects (30 obese, 30 bulimic and 30 anorectic subjects). Other subjects, from
different countries will be then added to the original sample. The subject submitted to
BIVRS will be also submitted to other body image self-report scales in order to investigate
the correlation between them.

System design and implementation
BIVRS was developed using a Pentium based PC (166mhz, 32 mega RAM, graphic

engine: Matrox Millenium 4Mb WRam) and a Power PC based Macintosh (PPC 604,
160mhz, 32 mega RAM).

The development system
We developed the two sets of seven silhouettes using the Fractal Design Poser software

for Macintosh. Poser is a 3D modeling software through which it is possible to easily build
virtual objects, and particularly objects representing human bodies. Its purpose is then to
provide, given some basic data about the dimensions of specific body sites, a ready-to-use
object to be included in any virtual environment. The two sets of figures,  were first
developed in wire framed mode to obtain precisely graduated increments between adjacent
sizes. Using this mode it was possible to create seven female and seven male  schematic
figures that range from underweight to overweight. Both the female and the male sets were
then rendered and pre-tested. The final sets, composed by more than 10,000 polygons, were
then exported as .DXF files and converted in the VRML standard using the
WCTV2POV.EXE program. This program is a freeware file converter, developed by Keith
Rule for the Windows environment, that converts 3D DXF models in VRML 1.0 files. The
final VRML files were then tested using Netscape 3.1 for Windows 95.

Motion input system
We have considered two different input systems, based on the specific module running,

the single user station application (A) or the VRML client-server application (B).

Single user station module
The data glove-type motion input device is very common in virtual environments for its

ability of sensing many degrees of freedom simultaneously. However, the problem with
such devices is that the operator is also frequently confused for the difficulty in correctly
using it, especially when there is a time delay contained in the feed-back loop.

To provide a easy way of motion in BIVRS we used an infrared two-button joystick-type
input device: pressing the upper button the operator moves forward, pressing the lower
button the operator moves backwards. The direction of the movement is given by the
rotation of operator's head.

VRML module
As for the VRML module, there is no other choice available than using the habitual

keyboard as an input device. The importance to spread in any available way the assessment
system all over the net to quickly and neatly standardize the results has already been
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discussed. We believe that as Internet clients grow more and more sophisticated, together
with technology becoming more easily available, it should be possible, in a couple of years,
to support better input devices on the VRML version too, thus making it not anymore
necessary to keep two separated modules.

3.4 Conclusions
The importance of a virtual reality based body image scale relies on the possibility to

rapidly test in better and different ways one's perceived body image. It also gives a chance
to easily raise a trans-cultural database on body image data.

We have discussed the importance of virtual reality for the possibility of adding the third
dimension to the body size silhouettes presented in the test: using 3D can improve the
effectiveness of the test because it is easier for the subject to perceive the differences
between the silhouettes, especially for specific body areas (breasts, stomach, hips and
thighs). We have also noted that such system should become very important for the
standardization of body image assessment data, because of the extremely high diffusion of
the Internet in several different countries.

We have also set up a stand alone version, which could run on any low cost personal
computer. In this system it is possible to provide a better input device, based on an infrared
joystick and on a low cost head mounted display. We plan to export this solution to the
VRML version too, as soon as such input devices will be supported on the net.
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Abstract 

Computer applications in the field of psychological test administration have significant 
ethical implications for clinicians, client/responders, and computerized test construction and 
administration. Lack of awareness of computer-related issues may undermine clinicians' 
ability to ethically perform computerized psychological assessments. Graduate training in 
computerized testing is limited, and clinicians should be exposed to ethical concerns, potential 
judgment errors, and possible pitfalls in evaluating computer-generated reports. Recommen
dations for clinical research and practice are offered. Computerization clearly presents a series 
of dilemmas for psychologists conducting clinical assessments that wil l continue well into the 
future. Increased awareness of relevant issues wil l enhance the chances that ethical dilemmas 
will be successfully navigated. 
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Mirroring the infusion of technology in nearly every facet of personal and pro
fessional life in contemporary society is the increasing presence of computers in 
clinical practice. Advancements in computer technology and the continued integra
tion of this technology into clinical practice are changing the way clinicians conduct 
psychological assessments. For example, computers are being used for test adminis
tration, item scoring, transformation of scores, test interpretation, and data storage, 
as well as for rendering clinical judgments and report writing (Butcher, 2003; Garb, 
2000a; Maddux & Johnson, 1998; Snyder, 2000; Wilkins & MacKenzie, 1989). 

There is no doubt that computers have changed and wil l continue to change the 
way clinicians develop, administer, and use psychological assessment (Garb. 2000a, 
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2000b). With this certainty comes the concomitant need to examine the implications 
of this change, particularly the ethical issues involved in the use of computers in 
assessment. The ethical standards promulgated by the profession of psychology 
address ethical issues relating to assessment in general. Table 1 presents an overview 
of principles specifically relating to computerized assessment as presented in the 
Standards for Educational and Psychological Testing (1999; joint Standards authored 
by the American Educational Research Association, American Psychological Asso
ciation, and the National Council on Measurement in Education; hereafter referred 
to as the AERA Standards), the American Psychological Association's (APA) Ethi
cal Principles of Psychologists and Code of Conduct (2002), and the Association of 
State and Provincial Psychology Board's ASPPB Code of Conduct (2001). However, 
these standards vary in the degree of specificity with which they address issues 
relating to computerized assessment. Thus, the purpose of this paper is to provide an 
overview of key ethical domains involved in computerized assessment. The domains 
reviewed relate specifically to competence, utilization of computerized test inter
pretation packages, accommodating the responder, equivalency between traditional 
and computerized assessment procedures, and confidentiality. Recommendations 

Table 1 
Ethical standards and computerized psychological assessment 

Ethical domain Core issues 

Competence (AERA 12.1, APA Principle A, 
2.01,2.03, 2.04, 9.02, 9.06, 9.09; 
ASPPB A . l . A.2, A.4) 
Computer-generated Interpretive Reports 
(AERA 5.11, 11.21, 12.15; A P A 9.02, 9.06, 
9.09; ASPPB H.3) 
Accommodating Responders (AERA 5.11, 
8.2,8.3, 11.21, 12.15; APA 3.10, 9.02, 9.06; 
ASPPB C . l , H.3) 

Using Scores Across Modalities-Equivalence 
( A E R A 6.11, 6.12, 13.18; A P A 9.02. 9.05, 
9.06, 9.09; ASPPB H.5) 

Confidentiality (AERA 
6.02; ASPPB E.6) 

;.6, 12.11; APA 4.01, 

Clinicians should practice within their area of 
competence. They should be aware of the issues 
of incorporating technology into clinical practice. 
Clinicians are responsible for the applicability of 
computer-generated reports. 

Clinicians should take into account the needs of 
the client. Responders should also be provided with 
information about the pros and cons of computerized 
assessment measures. 
Documentation should be provided as to the 
inter-changeability of scores across modalities. 
Publishers of computer-interpretive software should 
summarize the support for the results. Furthermore, 
documentation of the methods for scoring and/or 
classifying should be provided (including variance 
not related to the construct of interest, such as might 
be the case with a responder's familiarity with 
computers). Clinicians should solicit this information 
from testing companies if it is not readily available. 
Clinicians should ensure the privacy of the responder. 

A E R A = Joint Standards for Educational and Psychological Testing of the American Educational Research 
Association, American Psychological Association, and the National Council on Measurement in Educa
tion (1999); APA = American Psychological Association's Ethical Principles of Psychologists and Code of 
Conduct (2002): ASPPB = Association of State and Provincial Psychology Board's ASPPB Code of 
Conduct (2001). 



S.E. Schulenberg, B.A. Yutrzenkaj Computers in Human Behavior 20 (2004) 477-490 479 

for research and clinical practice are offered following a discussion of these ethical 
domains. 

1. Competence 

An underlying assumption of professional practice is that practitioners practice 
within the boundaries of their particular areas of competence. As this relates to 
psychological assessment, clinicians are expected to be knowledgeable about and 
skilled with the administration and interpretation of the assessment techniques, tools, 
and measures they utilize (APA, 2002). Assessment competence, thus, includes famil
iarity with the research support and psychometric strengths and limitations of the 
assessment tools and procedures, accurate interpretation and presentation of assess
ment results, protecting the integrity of the assessment process through scientifically 
based test construction, limiting assessment to those with appropriate qualification, 
and protecting client confidentiality. Expectations of competence would logically 
extend to all practitioners involved in traditional as well as computerized assessment 
techniques, tools, and procedures. However, it is important to highlight that practi
tioners who are unfamiliar with the literature relating to the use of computer tech
nology in clinical practice, who are uninformed about the psychometrics or 
appropriate methods of administering, scoring, or interpreting computerized tests, 
or who have limited knowledge about the general operation of the computer or 
limited computer skills, may be practicing outside their area of competence. 

2. Computer-generated interpretive reports 

The potential for clinicians to misuse computer test interpretations has been well 
documented (e.g. Maddux & Johnson. 1998; Matarazzo, 1986). Maddux and John
son noted that it is currently inappropriate to use the majority of interpretation 
software because these programs "encourage the use of assessment instruments by 
personnel who are not fully competent in their use, and they apply a simplistic 
paradigm (IF-THEN) to the solution of complex human assessment problems." 
(p. 99) This potential simplification of the interpretation process opens the doors for 
unqualified practitioners to administer psychological tests and rely on the compu
terized interpretation to form their diagnostic impressions. This, in turn, may result 
in clinicians facing the possibility of litigation because of this misuse of the assess
ment process (e.g. Butcher. 1987; Butcher, Perry, & Atlis, 2000; Matarazzo, 1983, 
1986). 

Adding to the risk of misuse of computer test interpretations is the fact that the 
validity for many computerized test interpretation packages has not been definitively 
established, and some may be biased (Garb, 2000a). Garb noted that some inter
pretive packages may produce reports that are more accurate for certain racial/eth
nic groups. Overall, validity studies on test interpretation software are relatively 
rare, and are totally nonexistent for most programs (Snyder. 2000). Similarly, 
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Butcher (2003) noted that some computer-based personality interpretive programs 
are published commercially with limited determined validity. 

Essentially, it falls to the clinician to ensure that the computerized interpretation is 
an accurate reflection of the respondent being assessed, and not just a series of 
interpretations put forth in a software package by a testing company (Butcher, 
2003). Snyder (2000) notes that use of computerized interpretive reports is risky, and 
that clinicians may be liable if they include a computer-generated interpretation in a 
report without adequately evaluating its relevance. Clinicians should not depend on 
these interpretations unless they have the knowledge to determine their quality and 
their applicability to the responder (e.g. empirical support, limitations). Dis
crepancies between a computerized report and client characteristics need to be 
accounted for by the clinician (Butcher, 2003). Finally, computerized interpretive 
reports should be used as an adjunct to the clinical assessment (Butcher, 2003), and 
computers should only be used to assist in making final clinical decisions if they have 
been demonstrated to be more valid than clinicians'judgments (Garb, 2000a). 

3. Accommodating the client/responder 

In addition to being aware of issues relating to computerized test interpretation, 
clinicians also need to be aware of the array of potentially confounding responder 
variables that may differentially influence the process and outcome of a computer
ized testing session. Responders bring various predilections with them into compu
terized testing sessions and can have a variety of experiences during a testing session 
that can negatively influence reliability and validity. Two specific areas that can 
affect the administration of a computerized test are a responder's attitudes toward 
computers and their feelings of aversion toward computers. 

3.1. Attitudes towards computers 

A responder's attitudes toward technology may play a crucial role during com
puterized psychological test administrations. Several authors have reported that 
individuals completing computerized interviews or evaluations tend to be accepting 
of these procedures and in some cases may be more willing to provide sensitive, 
personal information to the computer (Dignon, 1996: Locke & Gilbert, 1995; Lucas, 
Mul l in , Luna, & Mclnroy. 1977; Maddux & Johnson. 1998; Nurius, 1990; Olson, 
2001; Petrie & Abell. 1994). Thus, on some occasions computers may lead to greater 
openness on the part of the responder. However, support for the computer's ability 
to solicit sensitive information or a greater degree of acceptability is not uniform 
(Erdman & Foster, 1986; Erdman. Greist, Gustafson. Taves, & Klein, 1987; Locke 
& Gilbert, 1995; Skinner & Allen, 1983). Spinhoven, Labbe, and Rombouts (1993) 
found that patients with less computer familiarity and negative computer attitudes 
did not derive as much satisfaction and were not as relaxed as those with more 
positive attitudes and greater computer familiarity. Clearly, attitudes toward 
technology have significant potential to influence interactions with computers. 
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3.2. Computer aversion/anxiety 

Computer aversion, sometimes referred to as computer anxiety, may hinder a 
person's performance during a computerized test administration (Gardner, Dis-
cenza, & Dukes, 1993: George. Lankford, & Wilson, 1992; Hofer, 1985; Peterson, 
Johannsson. & Carlsson, 1996; Schulenberg & Yutrzenka, 1999. 2001). For instance, 
Schulenberg and Yutrzenka (1999) indicated that those who experience discomfort 
when using computers may have higher scores on computerized measures of nega
tive affect than those without such discomfort. A user's discomfort with the tech
nology could be a differentiating factor when taking a test on a computer as opposed 
to more traditional methods (Butcher. 2003). 

The association between test anxiety and computer anxiety may also be a relevant 
issue, and one of continuing interest (e.g. Powers, 2001; Shermis & Lombard, 1998; 
Shermis, Mzumara, & Bublitz, 2001). Despite these recent papers, the issue remains 
as to whether computer anxiety is distinct from test anxiety, or whether it is part of 
it. This is an important concern as the relationship between the two forms of anxiety 
may significantly influence a computerized assessment. If a person experiences test 
anxiety but is generally comfortable and familiar with computers, would taking a 
test on a computer lessen test anxiety and enhance performance? How much 
measurement error would be introduced by the computer if someone who is anxious 
about testing and uncomfortable using computers is administered a computer 
administered examination as opposed to a paper and pencil instrument? Ultimately, 
clinicians who do not make adequate accommodations for persons who experience 
computer aversion risk inaccuracies in their interpretation of the test results. 

4. Equivalence of scores across modalities 

Computerized testing improves the reliability, standardization, and objectivity of 
test administration by administering items the same way each time (Butcher, 1987; 
Dignon, 1996; Kobak, Greist, Jefferson, & Katzelnick, 1996; Maddux & Johnson, 
1998; Sturges, 1998). Computers also decrease scoring errors and increase processing 
capabilities such as being able to arithmetically or statistically transform scores 
(Butcher, Keller, & Bacon, 1985; Dignon, 1996; Kobak, Reynolds, & Greist, 1993; 
Maddux & Johnson, 1998; Sturges, 1998). Computerized testing also allows clin
icians to collect other types of data, such as recordings of elapsed time between the 
presentation of an item and a response (referred to as response latency). However, 
despite the positive contribution of computerized assessment to clinical practice, 
there continue to be a number of issues related to the construction and administra
tion of computerized tests that must be considered. For instance, there are currently 
no well-established theoretical foundations that clinicians may follow to generate 
psychological tests based on new technology, such as an interactive video assessment 
(Olson-Buchanan & Drasgow, 1999). The alternative to generating new measures 
specifically for computers is to adapt conventional measures into computerized for
mats. While this is becoming a routine part of clinical research and practice, test 
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construction issues such as equivalence must be considered (Schulenberg & 
Yutrzenka, 1999). That is, computerized tests must be empirically validated to 
determine their level of equivalence to their traditional counterparts, indicating that 
they produce basically the same results (e.g. Butcher, 1987, 2003; Butcher et al.. 
2000; Maddux & Johnson. 1998). 

Many studies have examined the equivalence between traditional and computer
ized forms of the same instrument. These studies often support that conventional 
and computerized instruments are essentially equivalent. Maddux and Johnson 
(1998) noted "that when careful comparisons are made between paper-and-pencil 
and computer versions of certain types of tests, their equivalency is remarkably 
close." (p. 95). Support for the equivalence of instruments across modalities is not 
uniformly reported, however, and may be dependent on the domain of the test (e.g. 
personality test, neuropsychological test, interview). Butcher et al. (2000), reiterated 
in Butcher (2003), noted that the "comparability of computerized and standard 
administration of various measures appears to vary, with the most promising results 
in the area of personality assessment." (p. 9) Snyder (2000) reported that the 
equivalence literature in the area of personality assessment is "mixed" (p. 53), with 
the established equivalence outside the area of personality assessment being "weak 
or nonexistent" (p. 53). Thus, the equivalence data may not be as clear-cut as it may 
at first seem. 

The issue of equivalence across paper-and-pencil and computer modes of admin
istration becomes more complex when one considers measures of negative affect, 
primarily because there is evidence to suggest that factors such as computer aversion 
may act to artificially inflate scores during computerized assessments of negative 
affect (Schulenberg & Yutrzenka, 1999). A responder's "discomfort with computers 
and consequent awkwardness when dealing with them" could be a major factor in 
the lack of equivalence of results across paper-and-pencil and computer modalities 
(Butcher et al., 2000, p. 7). 

Clinicians should consider the empirical basis for equivalence when using a dif
ferent form of a particular instrument. For instance, does the computer version of a 
particular test demonstrate construct equivalence? Construct equivalence is impor
tant because computerization may alter a psychological test to the point that it may 
not be measuring the same construct as its traditional counterpart. Others have 
noted the need to examine construct validity (e.g. King & Miles, 1995; Neuman & 
Baydoun, 1998; Turban, Sanders, Francis, & Osburn. 1989). 

5. Confidentiality 

Finally, with increased use of computer technology in clinical practice, clinicians 
may unknowingly violate ethical standards relating to confidentiality, as would be 
the case if access to computer test results were not protected (Maddux & Johnson, 
1998; McMinn, Buchanan, Ellens, & Ryan, 1999). Security of computer-generated 
materials is a responsibility of users of computer-based reports (Butcher, 2003). 
Storing confidential client information on the hard drive or on a network may 
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compromise confidentiality in certain situations, as may be the case when the 
computer requires service from a technician. 

6. Recommendations for practice 

According to AERA Standard 5.5. the clinician needs to ensure that responders 
are knowledgeable of the computer equipment and the response format, and that 
they are able to make adequate responses using the necessary equipment. Clinicians 
may be tempted to leave responders alone with the computer for extended periods of 
time, which may detract from the reliability and validity of the testing session as well 
as limit valuable observational data regarding the respondent's approach to test-
taking and comfort level. Given the potential for computer aversion and attitudes 
toward computers to influence a responder's performance on a computerized 
measure, it is recommended that clinicians systematically assess for each construct 
as a routine part of their clinical interview. Careful probing and behavioral obser
vations appear to be solid ways for clinicians to assess responders' level of comfort 
with computer technology. 

There are several additional recommendations that may assist clinicians who use 
computer assessment in their practice. These include allowing responders the 
opportunity to decline a computerized test administration, ensuring the con
fidentiality of computerized assessment materials, becoming critical consumers of 
computer-based interpretive programs, knowing the psychometrics of the compu
terized assessment measure, and monitoring the qualifications of computerized 
assessment users. 

6.1. Give responders the opportunity to decline (Dignon, 1996) 

The choice whether a computer is introduced into a psychological assessment 
should be at the responder's discretion. Furthermore, commensurate with AERA 
Standard 8.2, responders should be informed of the pros and cons of taking a test in 
a computerized format, as opposed to a paper-and-pencil format. For instance, how 
easy is it for responders to change their answers in a computer-administered format? 
Also, despite the fact that there is a proliferation of studies available in the literature 
relating to computerized measures, clinicians need to be aware that more research 
tends to be available on paper-and-pencil measures. This may be of particular con
cern when assessing persons from populations less equally represented in an instru
ment's norm sample. 

6.2. Ensure confidentiality 

Computers containing confidential clinical information (such as test results, pro
gress notes, reports, etc.) should be stored in a secure area whenever possible. Whe
ther or not computers are stored in a secure area, access to clinical files should be 
restricted to individuals with an appropriate access code. Using numbers for clients 
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instead of their names can minimize the presence of identifying information in the 
system. Given that there may be variations from operating system to operating sys
tem, clinicians should also pursue expert advice as to the pros and cons of certain 
storage techniques. For instance, clinical files may be compromised if they are stored 
on the hard drive of a computer or on a network. In the case that a computer 
requires service, it may be useful to have a standing relationship with a specific 
company or person. A confidentiality agreement between the clinician's organiz
ation and the agency/technician would aid in protecting the privacy of responders 
should a technician come into contact with identifying data during the course of 
service. Using these strategies, it is more likely that the confidentiality of clinical 
records will be maintained. 

6.3. Become critical consumers of computer-based interpretive programs (Snyder, 
2000) 

Clinicians need to be aware whether the interpretation software is based on a valid 
test, if the authors of the interpretive software have established expertise, if relia
bility and validity studies of the software are available, if a user's guide is available, 
if the software is flexible enough to be revised and updated with new empirical 
information, if moderating effects need to be taken into account during interpreta
tion, if information is provided as to the basis of the interpretive report (actuarial or 
theoretical?), and if additional information (e.g. statistical information, probability 
estimates that indicate the degree that a respondent's profile is consistent with pro
totypical patterns) is provided (Butcher, 1995, 2003; Moreland, 1985; Roid, 1985, as 
cited in Snyder, p. 56). If these kinds of information are not readily available, then 
clinicians should raise these concerns with the producer of the software. 

Clinicians should base their test interpretation and impressions on their clinical 
acumen, as well as reliable and valid testing results, not solely on interpretations 
generated by computer software that are accepted at face value without critical 
examination. Simply because results come from a computer does not ensure the 
data's validity (Butcher, 2003). It is important for clinicians to interpret the test 
based on standard scores prior to reviewing the computerized interpretive report. In 
this fashion, clinicians may solidify their impressions based on their training, and they 
would be better able to judge the interpretive statements to determine the ones that 
accurately reflect a responder. Some clinicians faced with a complicated diagnostic 
picture may be tempted to rely on the computerized interpretive report too heavily, 
detracting from the overall quality of the assessment. Moreover, many of these 
interpretive reports come with diagnoses that may " f i t " the pattern of response. It is 
not known how seeing these diagnoses early on during an assessment can influence 
the interpretive process. 

For a thorough examination of common errors in using computerized assessment 
packages (e.g. not attending to norms, not attending to base rate information), and 
recommendations as to how to improve clinical decision-making (e.g. increasing 
one's awareness of research), readers are referred to Garb (1998). With regard to 
improving the education of clinicians in this area, Butcher et al. (2000), Butcher 
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(2003), and Snyder (2000) recommend that clinicians receive specialized training in 
interpreting computer test packages. It is concerning that, in a survey of APA-
accredited clinical and counseling graduate training programs, Olson (2001) found 
that the graduate training in computerized testing was limited. It may be helpful for 
clinicians to initially be exposed to ethical concerns, potential judgment errors, and 
possible pitfalls in evaluating computer-generated reports through their assessment 
training during graduate school. 

6.4. Know the psychometrics of the computerized measure 

Clinicians must evaluate whether separate norms have been established for the 
computer version of an assessment measure they want to administer. If separate 
norms have not been developed, then several questions are raised. For example, 
what studies have been performed to determine equivalence? To what degree has 
equivalence been established? Clinicians who are unable to answer these questions 
risk violating ethical standards. A safe method is to initially treat a computer version 
of a paper-and-pencil test as if it were an entirely different measure, and not an 
alternate form of a questionnaire that has been empirically validated. In this vein, 
given that there are confounds to equivalence, clinicians should not simply extra
polate paper-and-pencil norms to assist in computer-based interpretation. More
over, clinicians should not assume that research on a paper-and-pencil form of an 
instrument is applicable to an instrument's computerized version. Nonetheless, 
clinicians often use research data from paper-and-pencil administered tests in such a 
fashion (Garb. 2000b). which is an unfortunate practice. 

6.5. Monitor user qualifications 

With regard to the possibility that unqualified persons may purchase or adminis
ter psychological tests, testing companies must be careful to scrutinize the creden
tials of the purchasers of their products. Furthermore, clinicians who utilize 
computerized psychological tests in their work must assume responsibility for their 
administration. This includes supervising staff who administer computerized tests to 
ensure they are adequately trained to respond to concerns that may arise during an 
assessment. Furthermore, though not explicitly stated in professional standards, 
competent practice should include not only appropriate credentials and familiarity 
with the psychometrics of the computerized tests or computerized interpretations, as 
mentioned above, but should also include a basic familiarity and experience with 
computers. We should expect no less of ourselves than what we expect of our clients 
regarding comfort and familiarity with computers. 

7. Recommendations for research 

As computerized assessment becomes more prevalent in clinical practice, there is a 
parallel need for continued research into its limitations and benefits. Examples of 
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possible areas for further research include improving the quality of assessment soft
ware, examining the accuracy of mechanical versus clinical models of decision
making, and continuing to examine effects of responder characteristics on compu
terized assessment outcome. 

7.1. Improve the quality of assessment software 

If clinicians and responders are to benefit from the use of computers in clinical 
practice, then improvements must continue to be made in the quality of the soft
ware, how this software is evaluated, and their degree of accuracy (e.g. Butcher et 
al., 2000; Garb, 2000a). Although it is beyond the scope of this article to thoroughly 
address this issue, Garb provides useful recommendations (specific to improving 
statistical prediction) for creating and appraising computer programs. In a more 
general sense, systematic research needs to be conducted to determine to what 
degree the interpretive software is reliable and valid, as well as whether the software 
is biased with certain populations or under certain conditions. 

Although there have been surveys conducted in the area of ethics and computer-
based assessment (e.g. McMinn, Buchanan, Ellens, & Ryan, 1999; McMinn, Ellens, 
& Soref, 1999), more needs to be done. There may be a distinct difference between 
what people know they should do and what they actually do in clinical practice. Also, 
more research needs to be done to adequately understand how viewing diagnoses 
from computerized interpretive reports can influence clinical decision-making. Likely, 
clinicians with extensive experience and/or those working with a textbook diagnostic 
picture are not adversely influenced by computerized interpretive report diagnoses. 
Less experienced clinicians and/or those facing a complex diagnostic picture may 
place more emphasis on diagnoses yielded by a computer-based test interpretation. 

7.2. Examine the accuracy of mechanical versus clinical models of decision-making 

Mechanical models of decision-making appear to be an extension of the statistical 
versus clinical prediction debate that was initially introduced by Meehl (1954). This 
debate continues today. In a recent meta-analytic review, Grove, Zald, Lebow, 
Snitz, and Nelson (2000) found that, on average, mechanical prediction was more 
accurate than clinical prediction (by about 10%). "Although research generally 
indicates that mechanical- or computer-based models for decision making outper
form clinical decisions based on the same data, the superiority of mechanical meth
ods is neither universal nor consistently large" (Snyder, 2000, p. 57). Snyder astutely 
observes that researchers should focus on ways to adaptively integrate both pre
dictive approaches, rather than focusing on which is better (mechanical or clinical). 

7.3. Continue to examine effects of responder characteristics on computerized 
assessment outcome 

Many scales have been designed to assess computer-related constructs such as 
aversion and attitudes (see LaLomia & Sidowski. 1991, 1993, for an initial review, 
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although scales have been further researched and new ones developed since these 
papers were published). Once more research has been conducted to further define and 
expand their psychometric properties with additional populations of individuals, 
these scales may eventually enhance the efficacy of the testing process. Currently, 
discussion and observation may be most helpful with regard to evaluating a client's 
attitudes toward computers or their comfort level during a computerized assessment. 

Although there is growing discussion in the literature with regard to how compu
ter aversion and attitudes toward computers can influence a computerized psycho
logical assessment, there is much that remains unknown. For instance, if it is indeed 
the case that a high degree of computer aversion can artificially inflate scores on a 
computerized measure of negative affect, then it is possible that those who enjoy 
working on computers may have artificially decreased scores on computerized mea
sures of negative affect. Moreover, how would constructs such as computer aversion 
influence scores on measures of personality, measures of career interest, neuro
psychological measures, and/or educational measures? Additionally, if constructs 
such as computer attitudes can influence achievement, as researchers such as 
Marcoulides (1988, 1991) indicated, are there certain kinds of achievement (math
ematical, reading) that are influenced, and to what degree? Further research is 
needed to investigate these issues. Unti l these questions are answered empirically, 
clinicians should be aware that variables related to the human-computer interface 
may artificially influence results. 

7.4. Examine the impact of culture on computerized testing 

There are articles available on computer-related constructs in different cultures 
(e.g. Weil & Rosen, 1995), but more papers are needed to better understand how 
constructs such as computer aversion and attitudes towards computers may influ
ence the administration and interpretation of computerized tests from a cross-
cultural standpoint. It is possible that response patterns from populations relatively 
unfamiliar with traditional "bubble" forms (e.g. immigrants, the elderly) may be 
more reliable and valid if gathered through a computer format. 1 

8. Concluding remarks 

Computerized psychological testing is a promising area for the clinician and the 
researcher, but it is also one that continues to present a number of ethical chal
lenges. The focus of this paper was to increase clinicians' awareness of ethical 
issues that they might face as they incorporate technology into their practice. It is 
hoped that the recommendations outlined above will encourage clinicians to ser
iously consider the strengths and limitations of computerized assessment on the 
quality of their clinical work and to encourage additional research in this important 
practice domain. 

The authors would like to thank an anonymous reviewer for this observation. 
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