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�G�Z�q�b�g�Z�y���k���i�_�j�\�u�o���b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�b�o���i�j�h�_�d�l�h�\���i�h���k�h�a�^�Z�g�b�x���k�b�k�l�_�f���<�J��

���6�X�W�K�H�U�O�D�Q�G���� ������������ �%�L�R�F�F�D���� ������������ �w�l�b�� �m�k�l�j�h�c�k�l�\�Z�� �k�h�a�^�Z�\�Z�e�b�k�v�� �^�e�y�� �j�_�r�_�g�b�y��

�a�Z�^�Z�q�b���k�h�a�^�Z�g�b�y���^�e�y���q�_�e�h�\�_�d�Z���h�k�h�[�u�o���m�k�e�h�\�b�c���g�Z�o�h�`�^�_�g�b�y���\���p�b�n�j�h�\�h�c���k�j�_�^�_����

�h�l�e�b�q�Z�x�s�b�o�k�y�� �i�h�� �k�\�h�b�f�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f�� �h�l�� �j�_�Z�e�v�g�h�c�� �k�j�_�^�u���� �b���� �i�h�w�l�h�f�m����

�l�j�_�[�m�x�s�_�c���h�l���k�m�[�t�_�d�l�Z���h�k�h�[�u�o���n�h�j�f���Z�^�Z�i�l�Z�p�b�b�����B�g�u�f�b���k�e�h�\�Z�f�b�����l�_�o�g�h�e�h�]�b�y��

�<�J���k�h�a�^�Z�\�Z�e�Z���^�e�y���k�m�[�t�_�d�l�Z���l�Z�d�b�_���m�k�e�h�\�b�y�����\���d�h�l�h�j�u�o���^�_�c�k�l�\�m�x�s�Z�y���k�_�g�k�h�j�g�Z�y��

�k�l�b�f�m�e�y�p�b�y�� �j�Z�a�e�b�q�g�h�c�� �f�h�^�Z�e�v�g�h�k�l�b�� �f�h�]�e�Z�� �b�a�f�_�g�y�l�v�� �q�m�\�k�l�\�_�g�g�m�x�� �l�d�Z�g�v��

�k�h�a�g�Z�g�b�y�� �b���� �[�e�Z�]�h�^�Z�j�y�� �w�l�h�f�m���� �n�h�j�f�b�j�h�\�Z�l�v�� �i�h�y�\�e�_�g�b�_�� �g�h�\�u�o�� �i�k�b�o�b�q�_�k�d�b�o��

�n�_�g�h�f�_�g�h�\���� �l�Z�d�b�o�� �d�Z�d�� �w�n�n�_�d�l�� �i�j�b�k�m�l�k�l�\�b�y���� �b�e�e�x�a�b�y�� �^�\�b�`�_�g�b�y�� �k�h�[�k�l�\�_�g�g�h�]�h��

�l�_�e�Z�� �b�� �^�j�m�]�b�_���� �H�^�g�Z�d�h���� �\�� �o�h�^�_�� �j�Z�a�\�b�l�b�y�� �<�J�� �h�l�� �i�_�j�\�u�o�� �b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�b�o��

�i�j�h�l�h�l�b�i�h�\���d���i�h�e�v�a�h�\�Z�l�_�e�v�k�d�b�f���m�k�l�j�h�c�k�l�\�Z�f�����k�i�_�d�l�j���l�_�f���g�Z�m�q�g�u�o���b�a�u�k�d�Z�g�b�c��
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�b���g�h�\�u�o���d�h�g�d�j�_�l�g�u�o���g�Z�m�q�g�u�o���i�j�h�[�e�_�f�����\�o�h�^�y�s�b�o���\���k�n�_�j�m���d�h�]�g�b�l�b�\�g�u�o���g�Z�m�d����

�k�m�s�_�k�l�\�_�g�g�h�� �j�Z�k�r�b�j�b�e�k�y���� �n�Z�d�l�b�q�_�k�d�b�� �k�n�h�j�f�b�j�h�\�Z�\�� �h�l�^�_�e�v�g�m�x�� �i�j�_�^�f�_�l�g�m�x��

�h�[�e�Z�k�l�v���g�Z�m�q�g�h�]�h���a�g�Z�g�b�y�� 

�>�e�y�� �k�n�_�j�u�� �i�k�b�o�h�e�h�]�b�q�_�k�d�h�c�� �g�Z�m�d�b�� �b�� �i�j�Z�d�l�b�d�b�� �k�� �k�Z�f�h�]�h�� �g�Z�q�Z�e�Z�� �k�\�h�_�]�h��

�i�h�y�\�e�_�g�b�y���l�_�o�g�h�e�h�]�b�b���<�J���h�d�Z�a�Z�e�b�k�v���h�^�g�h�\�j�_�f�_�g�g�h���b���i�j�_�^�f�_�l�h�f�����b���k�j�_�^�k�l�\�h�f��

�g�Z�m�q�g�h�]�h���b�k�k�e�_�^�h�\�Z�g�b�y�����N�Z�d�l�b�q�_�k�d�b�����\���i�k�b�o�h�e�h�]�b�b���[�u�e�Z���k�n�h�j�f�b�j�h�\�Z�g�Z���g�h�\�Z�y��

�h�l�j�Z�k�e�v���± �i�k�b�o�h�e�h�]�b�y�� �\�b�j�l�m�Z�e�v�g�h�c�� �j�_�Z�e�v�g�h�k�l�b�� ���A�b�g�q�_�g�d�h���� �������������=�m�k�_�\ �b�� �^�j������

������������ �F�_�g�v�r�b�d�h�\�Z�� �b�� �^�j������ ������������ �<�_�e�b�q�d�h�\�k�d�b�c�� �b�� �^�j������ �������������� �H�^�g�h�c�� �b�a��

�\�Z�`�g�_�c�r�b�o���i�j�Z�d�l�b�q�_�k�d�b�o�� �a�Z�^�Z�q�� �w�l�h�c�� �h�l�j�Z�k�e�b�� �k�l�Z�e�h�� �\�u�y�\�e�_�g�b�_�� �h�k�h�[�_�g�g�h�k�l�_�c��

�\�a�Z�b�f�h�^�_�c�k�l�\�b�y�� �q�_�e�h�\�_�d�Z�� �k�� �\�b�j�l�m�Z�e�v�g�u�f�b�� �k�j�_�^�Z�f�b�� ���<�K���� �^�e�y�� �w�n�n�_�d�l�b�\�g�h�]�h��

�j�_�r�_�g�b�y�� �i�j�Z�d�l�b�d�h-�i�k�b�o�h�e�h�]�b�q�_�k�d�b�o�� �a�Z�^�Z�q���� �M�k�i�_�r�g�h�_�� �j�_�r�_�g�b�_�� �w�l�h�c�� �a�Z�^�Z�q�b��

�i�h�a�\�h�e�b�e�h�� �j�Z�a�j�Z�[�h�l�Z�l�v�� �b�g�g�h�\�Z�p�b�h�g�g�u�_�� �i�j�h�]�j�Z�f�f�u�� �i�j�b�f�_�g�_�g�b�y�� �k�b�k�l�_�f�� �<�J�� �\��

�r�d�h�e�v�g�h�f�� �h�[�j�Z�a�h�\�Z�g�b�b��(Angel-Urdinola et al., 2011, Villena-Taranilla et al., 

2022), �\�� �h�[�m�q�_�g�b�b�� �k�i�_�p�b�n�b�q�g�u�f�� �i�j�h�n�_�k�k�b�h�g�Z�e�v�g�u�f�� �g�Z�\�u�d�Z�f�� ���%�L�H�O�V�D�� �H�W�� �D�O������

������������ �;�m�a�b�g�Z�� �b�� �^�j������ �������������� �i�j�b�� �i�h�^�]�h�l�h�\�d�_�� �h�i�_�j�Z�l�h�j�h�\�� �k�e�h�`�g�u�o�� �l�_�o�g�b�q�_�k�d�b�o��

�m�k�l�j�h�c�k�l�\���� �\�� �l�h�f�� �q�b�k�e�_�� �[�_�k�i�b�e�h�l�g�u�o�� �e�_�l�Z�l�_�e�v�g�u�o�� �Z�i�i�Z�j�Z�l�h�\�����6�]�y�V�W�D�N��et al., 

2024)�����K�b�k�l�_�f�u���<�J���g�Z�r�e�b���k�\�h�z���w�n�n�_�d�l�b�\�g�h�_���i�j�b�f�_�g�_�g�b�_���\���i�k�b�o�h�l�_�j�Z�i�b�b���i�j�b��

�e�_�q�_�g�b�b�� �l�j�_�\�h�`�g�u�o�� �j�Z�k�k�l�j�h�c�k�l�\ (�6�F�K�U�|�G�H�U��et al������ �������������� �\�� �l�h�f�� �q�b�k�e�_�� �n�h�[�b�c��

(Freitas et al., 2021)�����k�b�g�^�j�h�f�Z���^�_�n�b�p�b�l�Z���\�g�b�f�Z�g�b�y���b���]�b�i�_�j�Z�d�l�b�\�g�h�k�l�b (Corrigan 

et al., 2023)�����Z���l�Z�d�`�_���j�Z�k�k�l�j�h�c�k�l�\���Z�m�l�b�k�l�b�q�_�k�d�h�]�h���k�i�_�d�l�j�Z (De Luca et al., 2021). 

�<�� �i�_�j�b�h�^�� �i�Z�g�^�_�f�b�b�� �d�h�j�h�g�Z�\�b�j�m�k�Z�� �&�2�9�,�'-������ �i�h�e�m�q�b�e�b�� �j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�y��

�k�b�k�l�_�f�u���<�J�����h�l�h�[�j�Z�`�Z�x�s�b�_���q�_�e�h�\�_�d�Z���\���<�K���\���\�b�^�_���Z�g�b�f�b�j�h�\�Z�g�g�u�o���p�b�n�j�h�\�u�o��

�Z�\�Z�l�Z�j�h�\���� �q�l�h�� �i�h�a�\�h�e�y�e�h�� �h�j�]�Z�g�b�a�h�\�Z�l�v�� �i�j�h�p�_�k�k�� �d�h�f�f�m�g�b�d�Z�p�b�b�� �k�� �^�j�m�]�b�f�b��

�i�h�e�v�a�h�\�Z�l�_�e�y�f�b�� �\�� �^�b�k�l�Z�g�p�b�h�g�g�h�f�� �Z�g�b�f�b�j�h�\�Z�g�g�h�f�� �n�h�j�f�Z�l�_��(Hazarika et al., 

2023). 

 �H�^�g�Z�d�h�����k���l�h�q�d�b���a�j�_�g�b�y���j�Z�a�\�b�l�b�y���l�_�h�j�b�c���b���d�h�g�p�_�i�p�b�c���w�n�n�_�d�l�b�\�g�h�k�l�b���<�J��

�b�� �g�_�k�f�h�l�j�y���g�Z���[�h�e�v�r�h�c���g�Z�d�h�i�e�_�g�g�u�c�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�c���f�Z�l�_�j�b�Z�e���h�k�l�Z�_�l�k�y��

�f�Z�e�h�� �b�a�m�q�_�g�g�h�c�� �d�e�x�q�_�\�Z�y�� �i�j�h�[�e�_�f�Z�� �\�u�y�\�e�_�g�b�y�� �d�Z�q�_�k�l�\�_�g�g�h�c�� �k�i�_�p�b�n�b�d�b��

�i�k�b�o�b�q�_�k�d�b�o���i�j�h�p�_�k�k�h�\�����h�i�h�k�j�_�^�k�l�\�m�x�s�b�o���\�a�Z�b�f�h�^�_�c�k�l�\�b�_���k�m�[�t�_�d�l�Z�����Z�d�l�b�\�g�h��

�h�j�]�Z�g�b�a�m�x�s�_�]�h���k�\�h�x���^�_�y�l�_�e�v�g�h�k�l�v���\���<�K�����d�h�l�h�j�Z�y���\���k�\�h�x���h�q�_�j�_�^�v���f�h�`�_�l���[�u�l�v��
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�b�g�l�_�j�Z�d�l�b�\�g�h�c�� �b�e�b�� �i�Z�k�k�b�\�g�h�c�� �i�h�� �h�l�g�h�r�_�g�b�x�� �d�� �i�h�e�v�a�h�\�Z�l�_�e�x���� �<�� �w�l�h�c�� �k�\�y�a�b��

�g�_�h�[�o�h�^�b�f�h�� �h�k�h�[�h�� �h�l�f�_�l�b�l�v�� �g�_�^�h�k�l�Z�l�h�q�g�m�x�� �f�_�l�h�^�h�e�h�]�b�q�_�k�d�m�x��

�i�j�h�j�Z�[�h�l�Z�g�g�h�k�l�v���k�Z�f�h�]�h���i�h�g�y�l�b�y���©�\�b�j�l�m�Z�e�v�g�Z�y���j�_�Z�e�v�g�h�k�l�v�ª���b�����d�Z�d���k�e�_�^�k�l�\�b�_����

�i�h�g�y�l�b�y�� �©�\�a�Z�b�f�h�^�_�c�k�l�\�b�_�� �k�m�[�t�_�d�l�Z�� �k�� �\�b�j�l�m�Z�e�v�g�h�c�� �k�j�_�^�h�c�ª���� �I�h�w�l�h�f�m��

�i�_�j�k�i�_�d�l�b�\�g�u�f�� �^�e�y�� �p�_�e�_�c�� �j�Z�k�k�f�h�l�j�_�g�b�y�� �l�Z�d�h�]�h�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�y�� �y�\�e�y�_�l�k�y��

�i�j�b�f�_�g�_�g�b�_�� �k�b�k�l�_�f�g�h-�^�_�y�l�_�e�v�g�h�k�l�g�h�]�h�� �i�h�^�o�h�^�Z�� ���E�_�h�g�l�v�_�\����1975, �L�Z�e�u�a�b�g�Z����

������������ �A�b�g�q�_�g�d�h���� ������������ �=�m�k�_�\���� �������������� �l�j�_�[�m�x�s�_�]�h�� �m�q�z�l�Z�� �p�_�e�_�g�Z�i�j�Z�\�e�_�g�g�h�c��

�Z�d�l�b�\�g�h�k�l�b�� �k�m�[�t�_�d�l�Z�� �i�j�b�� �i�h�]�j�m�`�_�g�b�b�� �\�� �<�K���� �Z�� �l�Z�d�`�_�� �d�h�f�i�e�_�d�k�g�h�]�h�� �b�a�m�q�_�g�b�y��

�i�j�h�b�k�o�h�^�y�s�b�o���i�j�h�p�_�k�k�h�\���\���k�b�k�l�_�f�_���©�k�m�[�t�_�d�l���± �<�K�ª�����Z���g�_���l�h�e�v�d�h���b�k�k�e�_�^�h�\�Z�g�b�y��

�b�a�h�e�b�j�h�\�Z�g�g�h�]�h���^�_�c�k�l�\�b�y���g�Z�[�h�j�Z���k�_�g�k�h�j�g�u�o���n�Z�d�l�h�j�h�\���g�Z���k�i�_�p�b�n�b�q�g�u�_���h�j�]�Z�g�u��

�q�m�\�k�l�\�� �b�e�b�� �h�l�^�_�e�v�g�u�_�� �w�e�_�f�_�g�l�u�� �d�h�]�g�b�l�b�\�g�h�]�h�� �n�m�g�d�p�b�h�g�b�j�h�\�Z�g�b�y�� �q�_�e�h�\�_�d�Z����

�I�h�^�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�_�f�� �q�_�e�h�\�_�d�Z�� �k�� �<�K�� �f�u�� �i�h�g�b�f�Z�_�f�� �i�j�h�p�_�k�k�� �m�k�l�Z�g�h�\�e�_�g�b�y�� �b��

�i�j�h�l�_�d�Z�g�b�y���k�b�k�l�_�f�g�u�o���h�l�g�h�r�_�g�b�c���f�_�`�^�m���Z�d�l�b�\�g�h���^�_�c�k�l�\�m�x�s�b�f���k�m�[�t�_�d�l�h�f���b��

�<�K���� �d�h�l�h�j�u�c�� �h�[�_�k�i�_�q�b�\�Z�_�l�k�y�� �n�h�j�f�b�j�h�\�Z�g�b�_�f�� �m�� �k�m�[�t�_�d�l�Z�� �k�i�_�p�b�n�b�q�_�k�d�b�o��

�g�_�c�j�h�d�h�]�g�b�l�b�\�g�u�o�� �f�_�o�Z�g�b�a�f�h�\���� �g�Z�i�j�Z�\�e�_�g�g�u�o�� �g�Z�� �Z�^�Z�i�l�Z�p�b�x�� �k�m�[�t�_�d�l�Z�� �d��

�g�Z�o�h�`�^�_�g�b�x���\���m�k�e�h�\�b�y�o���<�J���b���h�[�_�k�i�_�q�_�g�b�_���_�]�h���^�_�y�l�_�e�v�g�h�k�l�b���\���<�J�����M�d�Z�a�Z�g�g�u�_��

�g�_�c�j�h�d�h�]�g�b�l�b�\�g�u�_�� �f�_�o�Z�g�b�a�f�u�� �i�j�_�^�k�l�Z�\�e�y�x�l�� �k�h�[�h�c�� �k�h�\�h�d�m�i�g�h�k�l�v��

�i�j�b�k�i�h�k�h�[�e�_�g�q�_�k�d�b�o�� �b�a�f�_�g�_�g�b�c���� �b�f�_�x�s�b�o�� �i�k�b�o�h�e�h�]�b�q�_�k�d�b�_����

�g�_�c�j�h�n�b�a�b�h�e�h�]�b�q�_�k�d�b�_�� �b�� �i�h�\�_�^�_�g�q�_�k�d�b�_�� �i�j�h�y�\�e�_�g�b�y���� �N�h�j�f�b�j�h�\�Z�g�b�_�� �l�Z�d�b�o��

�f�_�o�Z�g�b�a�f�h�\���i�j�_�^�k�l�Z�\�e�y�_�l���k�h�[�h�c���k�b�k�l�_�f�g�h�_���y�\�e�_�g�b�_�����\�h�a�g�b�d�Z�x�s�_�_���\���j�_�a�m�e�v�l�Z�l�_��

�\�a�Z�b�f�h�^�_�c�k�l�\�b�y�� �k�m�[�t�_�d�l�Z�� �k�� �<�K���� �L�_�f�� �k�Z�f�u�f���� �n�h�j�f�b�j�h�\�Z�g�b�_ �b��

�n�m�g�d�p�b�h�g�b�j�h�\�Z�g�b�_�� �d�Z�q�_�k�l�\�_�g�g�h�� �k�i�_�p�b�n�b�q�_�k�d�b�o�� �g�_�c�j�h�d�h�]�g�b�l�b�\�g�u�o��

�f�_�o�Z�g�b�a�f�h�\�� �h�l�j�Z�`�Z�_�l�� �h�k�h�[�_�g�g�h�k�l�b�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�y�� �q�_�e�h�\�_�d�Z�� �b�� �p�b�n�j�h�\�u�o��

�m�k�l�j�h�c�k�l�\���� �B�k�k�e�_�^�h�\�Z�g�b�y�� �g�_�c�j�h�d�h�]�g�b�l�b�\�g�u�o�� �f�_�o�Z�g�b�a�f�h�\���� �h�[�_�k�i�_�q�b�\�Z�x�s�b�o��

�j�_�Z�e�b�a�Z�p�b�x�� �k�m�[�t�_�d�l�h�f�� �^�_�y�l�_�e�v�g�h�k�l�v�� �\�� �<�K���� �h�[�e�Z�^�Z�x�l�� �\�u�k�h�d�b�f�� �i�h�l�_�g�p�b�Z�e�h�f��

�g�Z�m�q�g�h�c���g�h�\�b�a�g�u���b���i�_�j�k�i�_�d�l�b�\�h�c���i�h�e�m�q�_�g�b�y���j�_�a�m�e�v�l�Z�l�h�\�����b�f�_�x�s�b�o���[�h�e�v�r�m�x��

�i�j�Z�d�l�b�q�_�k�d�m�x���a�g�Z�q�b�f�h�k�l�v�� 

�<�� �g�Z�k�l�h�y�s�b�c�� �f�h�f�_�g�l���� �g�_�k�f�h�l�j�y�� �g�Z�� �g�Z�d�h�i�e�_�g�g�u�c�� �h�i�u�l�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �\��

�h�[�e�Z�k�l�b�� �b�a�m�q�_�g�b�y�� �i�h�]�j�m�`�_�g�b�y�� �q�_�e�h�\�_�d�Z�� �\�� �<�J���� �i�h�a�\�h�e�y�x�s�b�c�� �\�u�^�_�e�b�l�v��

�h�l�^�_�e�v�g�u�_���k�i�_�p�b�n�b�q�g�u�_���n�_�g�h�f�_�g�u���\�a�Z�b�f�h�^�_�c�k�l�\�b�y���k�m�[�t�_�d�l�Z���k���<�K�����h�k�l�Z�x�l�k�y��



6 
 
�Z�d�l�m�Z�e�v�g�u�f�b�� �i�j�h�[�e�_�f�u�� �n�h�j�f�b�j�h�\�Z�g�b�y�� �l�_�h�j�_�l�b�q�_�k�d�b�o�� �i�j�_�^�i�h�e�h�`�_�g�b�c����

�h�[�t�y�k�g�y�x�s�b�o�� �i�j�b�q�b�g�u�� �b�o�� �i�h�y�\�e�_�g�b�y���� �N�m�g�^�Z�f�_�g�l�Z�e�v�g�u�_�� �\�h�i�j�h�k�u��

�\�h�a�g�b�d�g�h�\�_�g�b�y���b���i�j�h�l�_�d�Z�g�b�y���h�l�^�_�e�v�g�u�o���k�i�_�p�b�n�b�q�g�u�o���n�_�g�h�f�_�g�h�\���<�J�����w�n�n�_�d�l��

�i�j�b�k�m�l�k�l�\�b�y�� ��Slater���� �������������� �w�n�n�_�d�l�� �©�j�_�a�b�g�h�\�h�c�� �j�m�d�b�ª�� �\�� �<�J�� ��Ma et al., 2013), 

�b�e�e�x�a�b�y���^�\�b�`�_�g�b�y���k�h�[�k�l�\�_�g�g�h�]�h���l�_�e�Z���\���<�J�����D�h�\�Z�e�z�\���b���^�j���������������� �b���^�j�������l�j�_�[�m�x�l��

�j�Z�a�j�Z�[�h�l�d�b�� �h�[�s�_�c�� �l�_�h�j�_�l�b�q�_�k�d�h�c�� �d�h�g�p�_�i�p�b�b���� �h�[�t�y�k�g�y�x�s�_�c�� �i�j�b�q�b�g�u�� �b�o��

�n�h�j�f�b�j�h�\�Z�g�b�y�� �\�� �i�j�h�p�_�k�k�_�� �i�h�]�j�m�`�_�g�b�y�� �q�_�e�h�\�_�d�Z�� �\�� �<�K�� �k�� �m�q�z�l�h�f�� �b�f�_�x�s�b�o�k�y��

�g�_�c�j�h�n�b�a�b�h�e�h�]�b�q�_�k�d�b�o�� �^�Z�g�g�u�o���� �G�Z�i�j�b�f�_�j���� �k�h�\�j�_�f�_�g�g�u�_�� �b�k�k�e�_�^�h�\�Z�g�b�y��

�i�j�b�q�b�g���\�h�a�g�b�d�g�h�\�_�g�b�y���b�e�e�x�a�b�b���^�\�b�`�_�g�b�y���k�h�[�k�l�\�_�g�g�h�]�h���l�_�e�Z���\���<�K���i�h�a�\�h�e�b�e�b��

�g�Z�d�h�i�b�l�v�� �a�g�Z�q�b�l�_�e�v�g�u�c�� �h�[�t�z�f�� �j�Z�a�j�h�a�g�_�g�g�h�]�h�� �w�f�i�b�j�b�q�_�k�d�h�]�h�� �f�Z�l�_�j�b�Z�e�Z�� �h�[��

�h�l�^�_�e�v�g�u�o���a�h�g�Z�o���]�h�e�h�\�g�h�]�h���f�h�a�]�Z�����h�[�g�Z�j�m�`�_�g�h���[�h�e�_�_���������j�Z�a�e�b�q�g�u�o���m�q�Z�k�l�d�h�\ 

Keshavarz et al., 2015; McAssey et al., 2022))���� �Z�d�l�b�\�b�j�m�x�s�b�o�k�y�� �i�j�b�� �_�z��

�i�_�j�_�`�b�\�Z�g�b�b���� �h�^�g�Z�d�h���� �n�Z�d�l�b�q�_�k�d�b���� �g�_�� �i�h�a�\�h�e�b�e�b�� �k�h�a�^�Z�l�v�� �_�^�b�g�h�c��

�h�[�s�_�i�j�b�g�y�l�h�c���g�_�c�j�h�d�h�]�g�b�l�b�\�g�h�c���f�h�^�_�e�b���^�Z�g�g�h�]�h���n�_�g�h�f�_�g�Z�� 

�B�a�m�q�_�g�b�_�� �g�_�c�j�h�d�h�]�g�b�l�b�\�g�u�o�� �f�_�o�Z�g�b�a�f�h�\�� �h�[�_�k�i�_�q�b�\�Z�x�s�b�o��

�\�a�Z�b�f�h�^�_�c�k�l�\�b�_���k�m�[�t�_�d�l�Z���k���<�K�����b�f�_�_�l���h�k�h�[�h�_���a�g�Z�q�_�g�b�_���^�e�y���]�e�m�[�h�d�h�c���g�Z�m�q�g�h�c��

�i�j�h�j�Z�[�h�l�d�b�� �i�j�h�[�e�_�f�Z�l�b�d�b�� �h�j�]�Z�g�b�a�Z�p�b�b�� �b�� �j�_�Z�e�b�a�Z�p�b�b�� �^�\�b�]�Z�l�_�e�v�g�h�c��

�Z�d�l�b�\�g�h�k�l�b �q�_�e�h�\�_�d�Z�� �\�� �<�J���� �k�h�a�^�Z�x�s�_�c�� �k�i�_�p�b�n�b�q�_�k�d�b�_�� �m�k�e�h�\�b�y�� �\�u�i�h�e�g�_�g�b�y��

�^�\�b�`�_�g�b�c���k�m�[�t�_�d�l�h�f�����K�Z�f�h���i�h���k�_�[�_���i�_�j�_�f�_�s�_�g�b�_���\���<�K�����a�Z�^�Z�\�Z�_�f�h�_���q�Z�s�_���\�k�_�]�h��

�\�g�_�r�g�b�f�b�� �d�h�g�l�j�h�e�e�_�j�Z�f�b�� �b�� �f�Z�g�b�i�m�e�y�l�h�j�Z�f�b���� �i�j�_�^�i�h�e�Z�]�Z�_�l�� �h�]�j�Z�g�b�q�_�g�g�h�_��

�i�j�h�k�l�j�Z�g�k�l�\�h���^�e�y���\�u�i�h�e�g�_�g�b�y���j�_�Z�e�v�g�u�o���^�\�b�`�_�g�b�c���l�_�e�Z���q�_�e�h�\�_�d�Z�����L�_�f���k�Z�f�u�f��

�<�J�� �i�j�_�^�k�l�Z�\�e�y�_�l�� �k�h�[�h�c�� �m�k�e�h�\�b�y���� �\�� �d�h�l�h�j�u�o�� �q�_�e�h�\�_�d�m�� �g�_�h�[�o�h�^�b�f�h�� �k�l�j�h�b�l�v��

�^�\�b�]�Z�l�_�e�v�g�m�x �Z�d�l�b�\�g�h�k�l�v�� �k�h�h�[�j�Z�a�g�h�� �p�_�e�y�f�� �_�z�� �j�_�Z�e�b�a�Z�p�b�b�� �\�� �<�K���� �:�d�l�b�\�g�h�_��

�i�h�k�l�j�h�_�g�b�_�� �^�\�b�`�_�g�b�c�� �\�� �m�k�e�h�\�b�y�o�� �<�J�� �f�h�`�_�l�� �[�u�l�v�� �j�Z�k�k�f�h�l�j�_�g�h�� �k�� �i�h�a�b�p�b�c��

�d�h�g�p�_�i�p�b�b���m�j�h�\�g�_�c���h�j�]�Z�g�b�a�Z�p�b�b���^�\�b�]�Z�l�_�e�v�g�h�c���Z�d�l�b�\�g�h�k�l�b ���;�_�j�g�r�l�_�c�g����������������

�b�� �^�h�e�`�g�h�� �[�u�l�v�� �h�i�j�_�^�_�e�_�g�h�� �\�� �j�Z�f�d�Z�o�� �_�^�b�g�h�c�� �d�h�g�p�_�i�l�m�Z�e�v�g�h�c�� �k�o�_�f�u��

�\�a�Z�b�f�h�^�_�c�k�l�\�b�y�� �k�m�[�t�_�d�l�Z�� �k�� �<�K���� �H�k�h�[�_�g�g�h�� �k�� �m�q�z�l�h�f�� �l�h�]�h���� �q�l�h���� �a�Z�q�Z�k�l�m�x����

�n�b�a�b�q�_�k�d�b�� �g�_�i�h�^�\�b�`�g�u�c�� �g�Z�[�e�x�^�Z�l�_�e�v�� �\�� �k�b�k�l�_�f�_�� �<�J�� �\�h�k�i�j�b�g�b�f�Z�_�l�� �k�\�h�z��

�i�_�j�_�f�_�s�_�g�b�_���\���<�K���a�Z���k�q�z�l���]�e�h�[�Z�e�v�g�h�]�h���i�_�j�_�f�_�s�_�g�b�y���\�b�j�l�m�Z�e�v�g�u�o���h�[�t�_�d�l�h�\����

�q�l�h�� �l�j�_�[�m�_�l�� �n�h�j�f�b�j�h�\�Z�g�b�y�� �g�h�\�u�o�� �i�j�h�p�_�k�k�h�\�� �a�j�b�l�_�e�v�g�h-�f�h�l�h�j�g�u�o��
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�d�h�h�j�^�b�g�Z�p�b�c (Lakshminarayanan et al������ �������������� �>�Z�g�g�u�_�� �h�[�� �h�k�h�[�_�g�g�h�k�l�y�o��

�h�j�]�Z�g�b�a�Z�p�b�b���b���j�_�Z�e�b�a�Z�p�b�b���^�\�b�`�_�g�b�c���l�_�e�Z���\���<�K���f�h�]�m�l���\�u�k�l�m�i�Z�l�v���b�g�^�b�d�Z�l�h�j�h�f��

�^�e�y���n�h�j�f�b�j�h�\�Z�g�b�y���g�_���l�h�e�v�d�h���h�l�^�_�e�v�g�u�o���h�i�_�j�Z�p�b�c�����g�h���b���\���p�_�e�h�f���^�_�y�l�_�e�v�g�h�k�l�b��

�q�_�e�h�\�_�d�Z���� �[�e�Z�]�h�^�Z�j�y�� �\�h�a�f�h�`�g�h�k�l�y�f �f�h�^�_�e�b�j�h�\�Z�g�b�y�� �h�i�j�_�^�_�e�z�g�g�u�o�� �m�k�e�h�\�b�c��

�g�Z�o�h�`�^�_�g�b�y�� �b�� �i�h�\�_�^�_�g�b�y�� �k�m�[�t�_�d�l�Z�� �\�� �<�K���� �q�l�h�� �i�h�a�\�h�e�b�l�� �b�k�i�h�e�v�a�h�\�Z�l�v�� �b�o�� �\��

�^�Z�e�v�g�_�c�r�_�f�� �^�e�y�� �i�h�\�u�r�_�g�b�y�� �w�n�n�_�d�l�b�\�g�h�k�l�b�� �j�_�Z�[�b�e�b�l�Z�p�b�h�g�g�u�o�� �i�j�h�p�_�^�m�j�� �\��

�q�Z�k�l�b���\�h�k�k�l�Z�g�h�\�e�_�g�b�y���^�\�b�]�Z�l�_�e�v�g�h�c���Z�d�l�b�\�g�h�k�l�b�����D�h�l�_�e�v�g�b�d�h�\�Z���b���^�j������������������ 

�H�l�^�_�e�v�g�u�c�� �b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�b�c�� �\�h�i�j�h�k�� �k�\�y�a�Z�g�� �k�� �b�a�m�q�_�g�b�_�f�� �^�\�b�`�_�g�b�c��

�]�e�Z�a�� �i�h�e�v�a�h�\�Z�l�_�e�y�� �\�� �i�j�h�p�_�k�k�_�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�y�� �k�� �<�K���� �:�d�l�m�Z�e�v�g�Z�y�� �a�Z�^�Z�q�Z��

�b�g�l�_�]�j�Z�p�b�b���j�h�e�b���^�\�b�`�_�g�b�c���]�e�Z�a���\���h�[�_�k�i�_�q�_�g�b�_���g�_�c�j�h�d�h�]�g�b�l�b�\�g�u�o���f�_�o�Z�g�b�a�f�h�\��

�\�a�Z�b�f�h�^�_�c�k�l�\�b�y���k�m�[�t�_�d�l�Z���k���<�K���g�Z�p�_�e�_�g�Z���g�Z���j�Z�k�k�f�h�l�j�_�g�b�_���]�e�Z�a�h�^�\�b�]�Z�l�_�e�v�g�h�c��

�Z�d�l�b�\�g�h�k�l�b�� �d�Z�d�� �Z�d�l�b�\�g�h�]�h�� �i�j�b�k�i�h�k�h�[�b�l�_�e�v�g�h�]�h�� �f�_�o�Z�g�b�a�f�Z���� �\�u�j�Z�`�_�g�g�h�]�h�� �\��

�i�h�^�k�l�j�h�c�d�_�� �k�h�k�l�h�y�g�b�y�� �j�Z�[�h�l�u�� �]�e�Z�a�h�^�\�b�]�Z�l�_�e�v�g�h�c�� �k�b�k�l�_�f�u�� ���;�_�e�h�i�h�e�v�k�d�b�c����

2007) �\�� �a�Z�\�b�k�b�f�h�k�l�b�� �h�l�� �m�k�e�h�\�b�c�� �i�j�_�[�u�\�Z�g�b�y�� �\�� �<�J���� �Z�� �g�_�� �g�Z�[�h�j�Z�� �i�Z�k�k�b�\�g�u�o��

�j�_�Z�d�p�b�c�� �g�Z�� �k�h�^�_�j�`�Z�g�b�_�� �<�K���� �<�d�e�x�q�_�g�b�_�� �^�\�b�`�_�g�b�c�� �]�e�Z�a�� �\�� �_�^�b�g�u�c�� �d�h�g�l�_�d�k�l��

�h�j�]�Z�g�b�a�Z�p�b�b���^�_�y�l�_�e�v�g�h�k�l�b���k�m�[�t�_�d�l�Z���\���<�K���i�h�a�\�h�e�b�l���k�h�^�_�j�`�Z�l�_�e�v�g�h���i�h�^�o�h�^�b�l�v��

�d�� �a�Z�^�Z�q�Z�f�� �j�Z�a�j�Z�[�h�l�d�b���Z�d�l�m�Z�e�v�g�u�o���f�_�l�h�^�b�d�� �i�k�b�o�h�e�h�]�b�q�_�k�d�h�c�� �d�h�j�j�_�d�p�b�b���� �L�Z�d����

�g�Z�i�j�b�f�_�j���� �g�h�\�u�_�� �^�Z�g�g�u�_�� �h�[�� �h�k�h�[�_�g�g�h�k�l�y�o�� �^�b�g�Z�f�b�d�b�� �^�\�b�`�_�g�b�c�� �]�e�Z�a�� �\�� �<�K��

�k�m�s�_�k�l�\�_�g�g�h�� �j�Z�k�r�b�j�y�l�� �i�_�j�k�i�_�d�l�b�\�m�� �j�Z�a�j�Z�[�h�l�d�b�� �w�n�n�_�d�l�b�\�g�h�c�� �f�_�l�h�^�b�d�b����

�h�k�g�h�\�Z�g�g�h�c�� �g�Z���i�j�h�p�_�k�k�Z�o���^�_�k�_�g�k�b�[�b�e�b�a�Z�p�b�b���b�� �i�_�j�_�j�Z�[�h�l�d�_���^�\�b�`�_�g�b�y�f�b�� �]�e�Z�a��

�^�e�y�� �d�h�j�j�_�d�p�b�b�� �l�j�_�\�h�`�g�h�]�h�� �j�Z�k�k�l�j�h�c�k�l�\�Z�� �b�� �i�h�k�l�l�j�Z�\�f�Z�l�b�q�_�k�d�h�]�h�� �k�l�j�_�k�k�h�\�h�]�h��

�j�Z�k�k�l�j�h�c�k�l�\�Z��(Azimisefat et al., 2022). 

�H�k�h�[�m�x�� �Z�d�l�m�Z�e�v�g�h�k�l�v�� �b�f�_�_�l�� �a�Z�^�Z�q�Z�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �g�_�c�j�h�d�h�]�g�b�l�b�\�g�u�o��

�f�_�o�Z�g�b�a�f�h�\�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�y�� �k�m�[�t�_�d�l�Z�� �k�� �<�K�� �\�� �k�\�y�a�b�� �k�� �j�Z�a�j�Z�[�h�l�d�h�c�� �b��

�i�h�k�l�j�h�_�g�b�_�f�� �w�n�n�_�d�l�b�\�g�u�o�� �i�j�h�p�_�^�m�j�� �i�k�b�o�h�e�h�]�b�q�_�k�d�h�c�� �b��

�g�_�c�j�h�i�k�b�o�h�e�h�]�b�q�_�k�d�h�c�� �j�_�Z�[�b�e�b�l�Z�p�b�b�����D�h�\�y�a�b�g�Z�� �b�� �^�j������ �������������� �<�� �q�Z�k�l�g�h�k�l�b����

�g�_�h�[�o�h�^�b�f�h�� �h�i�_�j�Z�l�b�\�g�h�_�� �k�h�a�^�Z�g�b�_ �w�n�n�_�d�l�b�\�g�u�o�� �i�j�h�]�j�Z�f�f�� �d�h�j�j�_�d�p�b�b��

�i�h�k�l�l�j�Z�\�f�Z�l�b�q�_�k�d�h�]�h���k�l�j�_�k�k�h�\�h�]�h���j�Z�k�k�l�j�h�c�k�l�\�Z�����\�h�k�k�l�Z�g�h�\�e�_�g�b�y���^�\�b�]�Z�l�_�e�v�g�h�c��

�Z�d�l�b�\�g�h�k�l�b�����j�_�i�Z�j�Z�p�b�b���\�u�k�r�b�o���i�k�b�o�b�q�_�k�d�b�o���n�m�g�d�p�b�c���^�e�y���m�q�Z�k�l�g�b�d�h�\���[�h�_�\�u�o��

�^�_�c�k�l�\�b�c�� �\�� �o�h�^�_�� �K�<�H���� �>�e�y�� �m�k�i�_�r�g�h�]�h�� �h�l�\�_�l�Z�� �g�Z�� �w�l�h�l�� �\�u�a�h�\�� �k�e�_�^�m�_�l�� �[�h�e�_�_��
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�l�s�Z�l�_�e�v�g�h �i�_�j�_�k�f�h�l�j�_�l�v�� �i�h�g�y�l�b�y�� �b�� �i�j�h�p�_�^�m�j�u�� �^�b�Z�]�g�h�k�l�b�d�b�� �g�Z�j�m�r�_�g�b�c��

�d�h�]�g�b�l�b�\�g�u�o�� �b�� �w�f�h�p�b�h�g�Z�e�v�g�u�o�� �k�h�k�l�h�y�g�b�c�� �q�_�e�h�\�_�d�Z���� �j�Z�a�j�Z�[�h�l�Z�g�g�u�_�� �k��

�i�j�b�f�_�g�_�g�b�_�f���<�J�� 

�J�Z�a�j�Z�[�h�l�d�Z�� �d�h�f�i�e�_�d�k�g�h�]�h�� �b�g�l�_�]�j�Z�l�b�\�g�h�]�h�� �i�h�^�o�h�^�Z�� �d�� �i�j�h�[�e�_�f�_��

�\�a�Z�b�f�h�^�_�c�k�l�\�b�y�� �q�_�e�h�\�_�d�Z�� �k�� �<�K�� �d�Z�d�� �Z�d�l�b�\�g�h�� �^�_�c�k�l�\�m�x�s�_�]�h�� �k�m�[�t�_�d�l�Z���� �i�j�b��

�d�h�l�h�j�h�c�� �[�m�^�m�l�� �m�q�l�_�g�u�� �h�k�h�[�_�g�g�h�k�l�b�� �k�_�g�k�h�j�g�h�]�h�� �\�h�a�^�_�c�k�l�\�b�y�� �k�h�� �k�l�h�j�h�g�u�� �<�J����

�i�_�j�p�_�i�l�b�\�g�u�_�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �n�h�j�f�b�j�m�_�f�u�o�� �h�[�j�Z�a�h�\���� �b�g�l�_�j�Z�d�l�b�\�g�u�_�� �b��

�b�f�f�_�j�k�b�\�g�u�_�� �k�\�h�c�k�l�\�Z�� �<�K���� �l�_�o�g�b�q�_�k�d�b�_�� �i�Z�j�Z�f�_�l�j�u�� �<�J-�k�b�k�l�_�f�� �b����

�h�^�g�h�\�j�_�f�_�g�g�h�� �k�� �w�l�b�f���� �k�m�[�t�_�d�l�b�\�g�h-�i�k�b�o�h�e�h�]�b�q�_�k�d�Z�y�� �n�_�g�h�f�_�g�h�e�h�]�b�y��

�i�_�j�_�`�b�\�Z�g�b�y�� �q�_�e�h�\�_�d�h�f�� �i�h�]�j�m�`�_�g�b�y�� �\�� �<�K���� �l�j�_�[�m�_�l�� �h�i�j�_�^�_�e�_�g�b�y�� �b�� �b�a�m�q�_�g�b�y��

�g�_�c�j�h�d�h�]�g�b�l�b�\�g�u�o���f�_�o�Z�g�b�a�f�h�\�����h�i�h�k�j�_�^�k�l�\�m�x�s�b�o���\�a�Z�b�f�h�^�_�c�k�l�\�b�y���k�m�[�t�_�d�l�Z���k��

�<�K�� 

�K�l�_�i�_�g�v�� �j�Z�a�j�Z�[�h�l�Z�g�g�h�k�l�b�� �i�j�h�[�e�_�f�u�� �B�a�f�_�g�_�g�b�y�� �\�� �i�j�h�l�_�d�Z�g�b�b��

�i�k�b�o�b�q�_�k�d�h�c�� �^�_�y�l�_�e�v�g�h�k�l�b�� �q�_�e�h�\�_�d�Z�� �\�h�� �\�j�_�f�y�� �j�Z�[�h�l�u�� �k�� �j�Z�a�e�b�q�g�u�f�b��

�p�b�n�j�h�\�u�f�b�� �m�k�l�j�h�c�k�l�\�Z�f�b�� �k�l�Z�e�b�� �m�k�l�h�c�q�b�\�u�f�� �i�j�_�^�f�_�l�h�f�� �d�h�]�g�b�l�b�\�g�u�o��

�b�k�k�e�_�^�h�\�Z�g�b�c���� �<�f�_�k�l�_�� �k�� �l�_�f���� �l�_�h�j�_�l�b�q�_�k�d�h�_�� �h�k�f�u�k�e�_�g�b�_�� �h�j�]�Z�g�b�a�Z�p�b�b��

�i�h�\�_�^�_�g�b�y�� �q�_�e�h�\�_�d�Z�� �\�� �j�Z�a�e�b�q�g�u�o�� �p�b�n�j�h�\�u�o�� �i�j�h�k�l�j�Z�g�k�l�\�Z�o�� �\�� �j�Z�f�d�Z�o��

�d�h�]�g�b�l�b�\�g�h�c���i�k�b�o�h�e�h�]�b�b���i�j�_�^�k�l�Z�\�e�_�g�h���\���h�k�g�h�\�g�h�f���k �h�i�h�j�h�c���g�Z���d�e�Z�k�k�b�q�_�k�d�b�_��

�d�h�]�g�b�l�b�\�g�u�_���f�h�^�_�e�b���n�h�j�f�b�j�h�\�Z�g�b�y���\���i�_�j�\�m�x���h�q�_�j�_�^�v���i�_�j�p�_�i�l�b�\�g�u�o���h�[�j�Z�a�h�\��

���G�Z�c�k�k�_�j������������, �;�j�m�g�_�j, �������������F�Z�j�j�������������������H�^�g�Z�d�h���<�J���h�[�e�Z�^�Z�_�l���d�Z�q�_�k�l�\�_�g�g�h�c��

�k�i�_�p�b�n�b�d�h�c�� �k�� �l�h�q�d�b�� �a�j�_�g�b�y�� �k�h�a�^�Z�g�b�y�� �m�k�e�h�\�b�c�� �^�e�y�� �j�_�Z�e�b�a�Z�p�b�b�� �^�_�y�l�_�e�v�g�h�k�l�b��

�k�m�[�t�_�d�l�Z�����d�h�l�h�j�Z�y���\�u�j�Z�`�Z�_�l�k�y���d�Z�d���\���^�_�c�k�l�\�m�x�s�b�o���k�_�g�k�h�j�g�u�o���n�Z�d�l�h�j�Z�o�����l�Z�d���b��

�\���l�j�_�[�h�\�Z�g�b�y�o���d���h�j�]�Z�g�b�a�Z�p�b�b���i�j�h�l�_�d�Z�g�b�y���i�h�a�g�Z�\�Z�l�_�e�v�g�h�c���^�_�y�l�_�e�v�g�h�k�l�b���\���<�K����

�I�h�w�l�h�f�m���\���h�[�e�Z�k�l�b���b�k�k�e�_�^�h�\�Z�g�b�c���i�k�b�o�h�e�h�]�b�b���\�b�j�l�m�Z�e�v�g�h�c���j�_�Z�e�v�g�h�k�l�b���f�h�`�g�h��

�h�l�f�_�l�b�l�v�� �k�e�h�`�b�\�r�m�x�k�y�� �l�j�Z�^�b�p�b�x�� �b�a�m�q�_�g�b�y�� �h�l�^�_�e�v�g�u�o�� �n�_�g�h�f�_�g�h�\�� �b�� �b�o��

�i�h�\�_�^�_�g�q�_�k�d�b�o�����Z���l�Z�d�`�_���g�_�c�j�h�n�b�a�b�h�e�h�]�b�q�_�k�d�b�o���i�j�h�y�\�e�_�g�b�c�����[�_�a���m�k�l�Z�g�h�\�e�_�g�b�y��

�d�Z�d�b�o-�e�b�[�h���k�b�k�l�_�f�g�u�o���\�a�Z�b�f�h�k�\�y�a�_�c���f�_�`�^�m���g�b�f�b�����Z���l�Z�d�`�_���\�u�^�_�e�_�g�b�y���q�Z�k�l�g�u�o��

�i�j�h�p�_�k�k�h�\���� �k�\�y�a�Z�g�g�u�o�� �k�� �g�Z�o�h�`�^�_�g�b�_�f�� �q�_�e�h�\�_�d�Z�� �\�� �<�J���± �\�� �i�_�j�\�m�x�� �h�q�_�j�_�^�v��

�b�f�f�_�j�k�b�b�� �b�� �\�h�\�e�_�q�z�g�g�h�k�l�b�� �\�� �<�K���� �L�Z�d���� �\�� �j�Z�[�h�l�Z�o�� �F���� �K�e�w�c�l�_�j�Z�� �i�h�e�m�q�b�e��

�l�_�h�j�_�l�b�q�_�k�d�h�_�� �h�k�f�u�k�e�_�g�b�_�� �l�Z�d�h�c�� �n�_�g�h�f�_�g�� �d�Z�d�� �©�b�e�e�x�a�b�y�� �f�_�k�l�Z�ª����
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�i�j�_�^�k�l�Z�\�e�_�g�g�u�c�� �q�_�j�_�a�� �^�\�m�d�h�f�i�h�g�_�g�l�g�h�_�� �i�_�j�_�`�b�\�Z�g�b�_�� �g�Z�o�h�`�^�_�g�b�y�� �\�� �<�J�� �b��

�h�p�_�g�b�\�Z�g�b�_�� �k�l�_�i�_�g�b�� �j�_�Z�e�b�k�l�b�q�g�h�k�l�b�� �g�Z�o�h�`�^�_�g�b�y�� �\�� �g�_�c (Slater, 2009). 

�B�g�l�_�]�j�Z�p�b�y���g�Z�i�j�Z�\�e�_�g�g�h�]�h���n�h�d�m�k�Z���\�g�b�f�Z�g�b�y���q�_�e�h�\�_�d�Z���g�Z���<�K���b���_�]�h���e�b�q�g�h�k�l�g�u�o��

�h�k�h�[�_�g�g�h�k�l�_�c�����m�k�l�Z�g�h�\�h�d���b���h�`�b�^�Z�g�b�c���g�Z�r�e�Z���k�\�h�z���h�l�j�Z�`�_�g�b�_���\���i�j�_�^�k�l�Z�\�e�_�g�b�b��

�h�[�� �w�n�n�_�d�l�_�� �i�j�b�k�m�l�k�l�\�b�y�� �;���� �M�b�l�f�_�j�Z�� �b�� �F���� �A�b�g�]�_�j�Z���� �d�h�l�h�j�Z�y�� �\�� �i�h�k�e�_�^�m�x�s�_�f��

�l�j�Z�g�k�n�h�j�f�b�j�h�\�Z�e�Z�k�v���\���f�h�^�_�e�v���d�h�]�g�b�l�b�\�g�h�]�h���i�h�]�j�m�`�_�g�b�y (Witmer et al., 1998). 

�B�a�m�q�_�g�b�_�� �\�_�d�p�b�b�� �\�� �j�Z�[�h�l�Z�o�� �]�j�m�i�i�� �;���� �J�b�d�_��(Riecke et al., 2015) �i�j�b�\�_�e�b�� �d��

�j�Z�k�k�f�h�l�j�_�g�b�x�� �g�_�c�j�h�n�b�a�b�h�e�h�]�b�q�_�k�d�b�o�� �b�� �^�Z�`�_�� �w�\�h�e�x�p�b�h�g�g�u�o�� �i�j�_�^�i�h�k�u�e�h�d��

�\�h�a�g�b�d�g�h�\�_�g�b�y�� �^�Z�g�g�h�c�� �b�e�e�x�a�b�b���� �H�l�^�_�e�v�g�u�f�� �g�Z�i�j�Z�\�e�_�g�b�_�f�� �b�k�k�e�_�^�h�\�Z�g�b�c��

�k�l�Z�e�h���b�a�m�q�_�g�b�_���k�h�p�b�Z�e�v�g�u�o���\�a�Z�b�f�h�^�_�c�k�l�\�b�c���\���<�J�����\���l�h�f���q�b�k�e�_���k���\�b�j�l�m�Z�e�v�g�u�f�b��

�Z�\�Z�l�Z�j�Z�f�b���� �g�Z�q�Z�e�h�� �d�h�l�h�j�h�f�m�� �i�h�e�h�`�b�e���>�`�����;�Z�c�e�_�g�k�h�g (Bailenson et al., 2006). 

�<�f�_�k�l�_�� �k�� �l�_�f���� �i�j�_�^�k�l�Z�\�e�_�g�g�u�_�� �\�u�r�_�� �g�Z�i�j�Z�\�e�_�g�b�y�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �\�� �j�Z�f�d�Z�o��

�h�[�s�b�o�� �d�h�]�g�b�l�b�\�g�u�o�� �l�_�h�j�b�c�� �b�e�b�� �d�h�g�p�_�i�p�b�c�� �g�_�� �i�h�e�m�q�b�e�b�� �b�g�l�_�]�j�Z�e�v�g�h�]�h��

�h�[�t�_�^�b�g�_�g�b�y���� �d�h�l�h�j�h�_�� �i�h�a�\�h�e�b�e�h�� �[�u�� �m�q�b�l�u�\�Z�l�v�� �i�k�b�o�h�e�h�]�b�q�_�k�d�b�_����

�i�h�\�_�^�_�g�q�_�k�d�b�_���b���i�k�b�o�h�n�b�a�b�h�e�h�]�b�q�_�k�d�b�_���h�k�h�[�_�g�g�h�k�l�b���b�o���i�j�h�l�_�d�Z�g�b�y�� 

 �P�_�e�v�� �b�k�k�e�_�^�h�\�Z�g�b�y: �\�u�y�\�b�l�v�� �g�_�c�j�h�d�h�]�g�b�l�b�\�g�u�_�� �f�_�o�Z�g�b�a�f�u��

�\�a�Z�b�f�h�^�_�c�k�l�\�b�y���k�m�[�t�_�d�l�Z���k�h���k�j�_�^�h�c���\�b�j�l�m�Z�e�v�g�h�c���j�_�Z�e�v�g�h�k�l�b���� 

�H�[�t�_�d�l�� �k�m�[�t�_�d�l���� �Z�d�l�b�\�g�h�� �h�j�]�Z�g�b�a�m�x�s�b�c�� �^�_�y�l�_�e�v�g�h�k�l�v�� �\�� �k�j�_�^�_��

�\�b�j�l�m�Z�e�v�g�h�c���j�_�Z�e�v�g�h�k�l�b�� 

�I�j�_�^�f�_�l�� �k�i�_�p�b�n�b�q�_�k�d�b�_�� �g�_�c�j�h�d�h�]�g�b�l�b�\�g�u�_�� �f�_�o�Z�g�b�a�f�u����

�h�[�_�k�i�_�q�b�\�Z�x�s�b�_���\�a�Z�b�f�h�^�_�c�k�l�\�b�y���k�m�[�t�_�d�l�Z���k�h���k�j�_�^�h�c���\�b�j�l�m�Z�e�v�g�h�c���j�_�Z�e�v�g�h�k�l�b�� 

�=�b�i�h�l�_�a�u�� 

1. �<�a�Z�b�f�h�^�_�c�k�l�\�b�_�� �k�m�[�t�_�d�l�Z�� �k�h�� �k�j�_�^�h�c�� �<�J�� �i�j�_�^�k�l�Z�\�e�y�_�l�� �k�b�k�l�_�f�g�u�c��

�i�j�h�p�_�k�k���� �d�h�l�h�j�u�c�� �h�[�_�k�i�_�q�b�\�Z�_�l�k�y�� �n�h�j�f�b�j�h�\�Z�g�b�_�f�� �k�i�_�p�b�n�b�q�_�k�d�b�o��

�g�_�c�j�h�d�h�]�g�b�l�b�\�g�u�o���f�_�o�Z�g�b�a�f�h�\�� 

2. �I�j�b���\�a�Z�b�f�h�^�_�c�k�l�\�b�b���q�_�e�h�\�_�d�Z���k���<�J���\�h�a�g�b�d�Z�x�l���k�i�_�p�b�n�b�q�_�k�d�b�_���i�j�h�p�_�k�k�u��

�k�_�g�k�h�j�g�h-�i�_�j�p�_�i�l�b�\�g�h�c���b�g�l�_�]�j�Z�p�b�b�����d�h�l�h�j�u�_���h�l�j�Z�`�Z�x�l�k�y���\���b�a�f�_�g�_�g�b�y�o��

�Z�d�l�b�\�g�h�k�l�b���Z�k�k�h�p�b�Z�l�b�\�g�u�o���a�h�g���]�h�e�h�\�g�h�]�h���f�h�a�]�Z�� 

3. �M�k�l�h�c�q�b�\�h�k�l�v�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�y�� �k�m�[�t�_�d�l�Z�� �k�� �^�b�g�Z�f�b�q�_�k�d�b�� �b�a�f�_�g�y�x�s�_�c�k�y��

�k�j�_�^�h�c���<�J���i�j�h�y�\�e�y�_�l�k�y���\���^�b�g�Z�f�b�d�_���g�b�k�l�Z�]�f�_�g�g�u�o���^�\�b�`�_�g�b�c���]�e�Z�a�� 
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4. �<�a�Z�b�f�h�^�_�c�k�l�\�b�b�� �k�m�[�t�_�d�l�Z�� �k�h�� �k�j�_�^�h�c�� �<�J�� �k�h�i�j�h�\�h�`�^�Z�_�l�k�y��

�k�i�_�p�b�n�b�q�_�k�d�b�f�b�� �^�\�b�`�_�g�b�y�f�b�� �l�_�e�Z���� �g�Z�i�j�Z�\�e�_�g�g�u�f�b�� �g�Z�� �^�h�k�l�b�`�_�g�b�_��

�i�h�k�l�m�j�Z�e�v�g�h�c���m�k�l�h�c�q�b�\�h�k�l�b�� 

5. �I�j�b�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�b�� �k�m�[�t�_�d�l�Z�� �k�h�� �k�j�_�^�h�c�� �<�J�� �i�j�h�b�k�o�h�^�b�l�� �b�a�f�_�g�_�g�b�_��

�^�b�g�Z�f�b�d�b���i�j�h�p�_�k�k�h�\���i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�]�h���f�u�r�e�_�g�b�y�� 

�A�Z�^�Z�q�b�� 

1. �I�j�h�Z�g�Z�e�b�a�b�j�h�\�Z�l�v�� �b�k�l�h�j�b�x�� �j�Z�a�\�b�l�b�y�� �l�_�o�g�h�e�h�]�b�c�� �<�J�� �\�� �d�h�g�l�_�d�k�l�_��

�b�a�m�q�_�g�b�y�� �d�h�]�g�b�l�b�\�g�u�o�� �i�j�h�p�_�k�k�h�\���� �Z�� �l�Z�d�`�_�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�y�� �q�_�e�h�\�_�d�Z�� �k��

�p�b�n�j�h�\�u�f�b���m�k�l�j�h�c�k�l�\�Z�f�b�� 

2. �I�j�h�Z�g�Z�e�b�a�b�j�h�\�Z�l�v�� �Z�d�l�m�Z�e�v�g�u�_�� �l�_�g�^�_�g�p�b�b�� �\�� �n�h�j�f�b�j�h�\�Z�g�b�b��

�b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�b�o�� �a�Z�^�Z�q�� �\�� �h�[�e�Z�k�l�b�� �i�k�b�o�h�e�h�]�b�b�� �b�� �d�h�]�g�b�l�b�\�g�u�o�� �g�Z�m�d�� �k��

�i�j�b�f�_�g�_�g�b�_�f���l�_�o�g�h�e�h�]�b�c���<�J�� 

3. �K�b�k�l�_�f�Z�l�b�a�b�j�h�\�Z�l�v�� �k�m�s�_�k�l�\�m�x�s�b�_�� �n�_�g�h�f�_�g�u�� �b�� �w�n�n�_�d�l�u����

�i�h�y�\�e�y�x�s�b�_�k�y�� �\�� �j�_�a�m�e�v�l�Z�l�_�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�y�� �k�m�[�t�_�d�l�Z�� �k�� �<�K�� �\�� �j�Z�f�d�Z�o��

�_�^�b�g�h�]�h�� �l�_�h�j�_�l�b�d�h-�f�_�l�h�^�h�e�h�]�b�q�_�k�d�h�]�h�� �d�h�g�l�_�d�k�l�Z�� �k�b�k�l�_�f�g�h-

�^�_�y�l�_�e�v�g�h�k�l�g�h�]�h���i�h�^�o�h�^�Z���\���i�k�b�o�h�e�h�]�b�b���� 

4. �I�j�_�^�e�h�`�b�l�v�� �b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�m�x�� �f�_�l�h�^�h�e�h�]�b�x�� �b�a�m�q�_�g�b�y��

�g�_�c�j�h�d�h�]�g�b�l�b�\�g�u�o���f�_�o�Z�g�b�a�f�h�\���\�a�Z�b�f�h�^�_�c�k�l�\�b�y���k�m�[�t�_�d�l�Z���k�h���k�j�_�^�h�c���<�J����

�\�d�e�x�q�Z�x�s�m�x�� �\�� �k�_�[�y�� �\�h�a�f�h�`�g�h�k�l�v�� �b�k�i�h�e�v�a�h�\�Z�g�b�y�� �j�Z�a�e�b�q�g�u�o�� �k�i�h�k�h�[�h�\��

�n�b�d�k�Z�p�b�b���w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o���^�Z�g�g�u�o�� 

5. �<�u�^�_�e�b�l�v�� �b�� �b�a�m�q�b�l�v�� �i�h�\�_�^�_�g�q�_�k�d�b�_�� �i�j�h�y�\�e�_�g�b�y�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�y��

�k�m�[�t�_�d�l�Z�� �k�h�� �k�j�_�^�h�c�� �<�J�� �b�� �h�i�j�_�^�_�e�b�l�v�� �b�a�� �g�b�o�� �g�Z�b�[�h�e�_�_�� �j�_�e�_�\�Z�g�l�g�u�_�� �b��

�b�g�n�h�j�f�Z�l�b�\�g�u�_�� 

6. �H�i�j�_�^�_�e�b�l�v�� �k�i�_�p�b�n�b�d�m�� �b�a�f�_�g�_�g�b�c�� �f�h�a�]�h�\�h�c�� �Z�d�l�b�\�g�h�k�l�b�� �i�j�b��

�\�a�Z�b�f�h�^�_�c�k�l�\�b�b���k�m�[�t�_�d�l�Z���k�h���k�j�_�^�h�c���<�J�� 

7. �B�a�m�q�b�l�v�� �k�i�_�p�b�n�b�q�_�k�d�b�_�� �h�k�h�[�_�g�g�h�k�l�b�� �i�j�h�y�\�e�_�g�b�c�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�]�h��

�f�u�r�e�_�g�b�y���i�j�b���\�a�Z�b�f�h�^�_�c�k�l�\�b�b���k�m�[�t�_�d�l�Z���k���<�K�� 

8. �H�[�h�[�s�b�l�v�� �j�_�a�m�e�v�l�Z�l�u�� �i�j�h�\�_�^�z�g�g�u�o�� �g�Z�f�b�� �l�_�h�j�_�l�b�q�_�k�d�b�o�� �b��

�w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �b�� �h�i�j�_�^�_�e�b�l�v�� �g�Z�e�b�q�b�_�� �k�b�k�l�_�f�g�u�o��

�k�\�h�c�k�l�\���\�a�Z�b�f�h�^�_�c�k�l�\�b�y���k�m�[�t�_�d�l�Z���k�h���k�j�_�^�h�c���<�J�� 
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�L�_�h�j�_�l�b�d�h-�f�_�l�h�^�h�e�h�]�b�q�_�k�d�b�_�� �h�k�g�h�\�u�� �b�k�k�e�_�^�h�\�Z�g�b�y�����I�j�h�\�_�^�z�g�g�h�_��

�b�k�k�e�_�^�h�\�Z�g�b�_���h�i�b�j�Z�_�l�k�y���g�Z���f�_�l�h�^�h�e�h�]�b�q�_�k�d�b�_���h�k�g�h�\�Z�g�b�y���i�h�k�l�g�_�d�e�Z�k�k�b�q�_�k�d�h�]�h��

�i�h�^�o�h�^�Z�� �\�� �d�h�]�g�b�l�b�\�g�h�c�� �g�Z�m�d�_�� �b�� �i�k�b�o�h�e�h�]�b�q�_�k�d�b�o�� �b�k�k�e�_�^�h�\�Z�g�b�y�o�� ���K�l�_�i�b�g����

2006, �A�b�g�q�_�g�d�h�������������������<���^�b�k�k�_�j�l�Z�p�b�h�g�g�h�f���b�k�k�e�_�^�h�\�Z�g�b�b���b�k�i�h�e�v�a�h�\�Z�g�u���l�Z�d�`�_��

�i�j�b�g�p�b�i�u�� �d�h�g�k�l�j�m�d�l�b�\�b�k�l�d�h�]�h�� �i�h�^�o�h�^�Z�� �d�� �b�k�k�e�_�^�h�\�Z�g�b�x�� �a�j�b�l�_�e�v�g�h�]�h��

�\�h�k�i�j�b�y�l�b�y�����G�Z�c�k�k�_�j���� ��������, �;�j�m�g�_�j���� ��������, �=�j�_�]�h�j�b���� �������������� �I�j�b�� �h�i�b�k�Z�g�b�b��

�i�j�h�y�\�e�_�g�b�c�� �g�_�c�j�h�d�h�]�g�b�l�b�\�g�u�o�� �f�_�o�Z�g�b�a�f�h�\�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�y�� �k�m�[�t�_�d�l�Z�� �k�� �<�K��

�b�k�i�h�e�v�a�h�\�Z�g�u�� �i�j�_�^�k�l�Z�\�e�_�g�b�y�� �h�� �g�Z�e�b�q�b�b �h�k�h�[�u�o�� �n�m�g�d�p�b�h�g�Z�e�v�g�u�o�� �k�b�k�l�_�f���� �\��

�q�Z�k�l�g�h�k�l�b�� �©�\�h�k�i�j�b�g�b�f�Z�x�s�b�o�� �n�m�g�d�p�b�h�g�Z�e�v�g�u�o�� �k�b�k�l�_�f�ª���� �h�i�j�_�^�_�e�y�x�s�b�o��

�m�k�i�_�r�g�h�k�l�v���i�j�b�k�i�h�k�h�[�e�_�g�b�y���q�_�e�h�\�_�d�Z���d���j�_�Z�e�b�a�Z�p�b�b���^�_�y�l�_�e�v�g�h�k�l�b���\���m�k�e�h�\�b�y�o��

�<�J�����:�g�h�o�b�g���� ������������ �;�_�j�g�r�l�_�c�g���� ������������ �M�o�l�h�f�k�d�b�c���� ������������ �R�\�u�j�d�h�\���� ������������

�:�e�_�d�k�Z�g�^�j�h�\���� ������������ �K�h�a�^�Z�g�b�_�� �m�k�e�h�\�b�c�� �\�h�a�g�b�d�g�h�\�_�g�b�y�� �j�Z�k�k�h�]�e�Z�k�h�\�Z�g�b�y�� �\��

�i�j�h�p�_�k�k�Z�o�� �k�_�g�k�h�j�g�h-�i�_�j�p�_�i�l�b�\�g�h�c�� �b�g�l�_�]�j�Z�p�b�b�� �\�� �m�k�e�h�\�b�y�o�� �<�J�� �i�j�h�b�a�\�_�^�_�g�h�� �k��

�m�q�z�l�h�f���i�h�e�h�`�_�g�b�c���l�_�h�j�b�b���k�_�g�k�h�j�g�h�]�h���d�h�g�n�e�b�d�l�Z��(Reason�����������������b���d�h�g�p�_�i�p�b�c��

�k�l�Z�[�b�e�v�g�h�k�l�b���\�b�^�b�f�h�]�h���f�b�j�Z�����;�Z�j�Z�[�Z�g�s�b�d�h�\���b���^�j����������������. 

�>�e�y�� �k�h�a�^�Z�g�b�y�� �f�_�l�h�^�b�q�_�k�d�h�]�h�� �b�g�k�l�j�m�f�_�g�l�Z�j�b�y�� �b�k�i�h�e�v�a�h�\�Z�g�u�� �b�^�_�b��

�w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o�� �i�h�^�o�h�^�h�\�� �d�� �b�a�m�q�_�g�b�x�� �\�u�k�r�b�o�� �i�k�b�o�b�q�_�k�d�b�o�� �n�m�g�d�p�b�c�� �\��

�m�k�e�h�\�b�y�o���<�J�����F�_�g�v�r�b�d�h�\�Z���b���^�j��������������, Chernorizov et al., 2015, Keshavarz et al., 

�������������� �f�_�l�h�^�b�d�b���� �j�Z�a�j�Z�[�h�l�Z�g�g�u�_�� �i�j�b�f�_�g�b�l�_�e�v�g�h�� �d�� �b�a�m�q�_�g�b�x��

�]�e�Z�a�h�^�\�b�]�Z�l�_�e�v�g�h�c���Z�d�l�b�\�g�h�k�l�b���q�_�e�h�\�_�d�Z�����b�a�m�q�_�g�b�_���i�Z�j�Z�f�_�l�j�h�\���n�b�d�k�Z�p�b�h�g�g�h�]�h��

�h�i�l�h�d�b�g�_�l�b�q�_�k�d�h�]�h���g�b�k�l�Z�]�f�Z�����=�b�i�i�_�g�j�_�c�l�_�g�j���b���^�j���������������������Z���l�Z�d�`�_���h�l�^�_�e�v�g�h���d��

�b�a�m�q�_�g�b�x���f�h�a�]�h�\�h�c���Z�d�l�b�\�g�h�k�l�b�����i�Z�j�Z�^�b�]�f�Z���©�Q�_�e�h�\�_�d-�g�_�c�j�h�g-�f�h�^�_�e�v ���K�d�h�e�h�\����

2003)). 

�H�p�_�g�d�Z�� �i�h�d�Z�a�Z�l�_�e�_�c�� �d�h�]�g�b�l�b�\�g�h�]�h�� �n�m�g�d�p�b�h�g�b�j�h�\�Z�g�b�y�� �i�j�h�b�a�\�h�^�b�e�Z�k�v��

�i�j�b�� �i�h�f�h�s�b�� �i�k�b�o�h�^�b�Z�]�g�h�k�l�b�q�_�k�d�h�]�h�� �d�h�f�i�e�_�d�k�Z�� �h�p�_�g�d�b�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�o��

�k�i�h�k�h�[�g�h�k�l�_�c���� �h�p�_�g�d�b�� �j�Z�[�h�q�_�c�� �i�Z�f�y�l�b�� �i�j�b�� �i�h�f�h�s�b�� �f�_�l�h�^�b�d�b�� �1-back, 

�a�j�b�l�_�e�v�g�h�]�h���\�g�b�f�Z�g�b�y���\���i�Z�j�Z�^�b�]�f�_���*�R-no-Go. 

�H�p�_�g�d�Z���\�u�j�Z�`�_�g�g�h�k�l�b���w�n�n�_�d�l�Z���i�j�b�k�m�l�k�l�\�b�y���i�j�h�b�a�\�h�^�b�e�Z�k�v���k���i�h�f�h�s�v�x��

�h�i�j�h�k�g�b�d�Z�� �,�7�&-SOPI ���<�_�e�b�q�d�h�\�k�d�b�c���� �������������� �\�u�j�Z�`�_�g�g�h�k�l�v�� �g�_�]�Z�l�b�\�g�u�o��

�k�b�f�i�l�h�f�h�\���i�j�b���i�h�]�j�m�`�_�g�b�b���\���\�b�j�l�m�Z�e�v�g�m�x���j�_�Z�e�v�g�h�k�l�v���k���i�h�f�h�s�v�x���f�_�l�h�^�b�d�b��



12 
 
�©�K�b�f�m�e�y�l�h�j�g�h�_�� �j�Z�k�k�l�j�h�c�k�l�\�h�ª��(Kennedy et al������ �������������� �L�Z�d�`�_�� �i�j�b�f�_�g�y�e�b�k�v��

�f�_�l�h�^�u���i�j�y�f�h�]�h���i�k�b�o�h�n�b�a�b�q�_�k�d�h�]�h���r�d�Z�e�b�j�h�\�Z�g�b�y�� 

�B�k�k�e�_�^�h�\�Z�g�b�_�� �i�j�h�\�_�^�_�g�h�� �g�Z�� �\�u�[�h�j�d�_�� �m�k�e�h�\�g�h�� �a�^�h�j�h�\�u�o�� �\�a�j�h�k�e�u�o��

�^�h�[�j�h�\�h�e�v�p�_�\���\���\�h�a�j�Z�k�l�_������-�������e�_�l�����i�j�_�b�f�m�s�_�k�l�\�_�g�g�h���k�l�m�^�_�g�l�h�\�����Z�k�i�b�j�Z�g�l�h�\����

�i�j�_�i�h�^�Z�\�Z�l�_�e�_�c�� �b�� �g�Z�m�q�g�u�o�� �k�h�l�j�m�^�g�b�d�h�\�� �h�[�j�Z�a�h�\�Z�l�_�e�v�g�u�o�� �h�j�]�Z�g�b�a�Z�p�b�c��

�\�u�k�r�_�]�h�� �h�[�j�Z�a�h�\�Z�g�b�y�� �b�� �g�Z�m�q�g�u�o�� �m�q�j�_�`�^�_�g�b�c�� �]���� �F�h�k�d�\�u���� �<�k�_�]�h�� �\��

�w�d�k�i�_�j�b�f�_�g�l�Z�o���i�j�b�g�y�e�b���m�q�Z�k�l�b�_�����������q�_�e�h�\�_�d�Z�� 

�G�Z�m�q�g�Z�y���g�h�\�b�a�g�Z���i�h�e�m�q�_�g�g�u�o���j�_�a�m�e�v�l�Z�l�h�\ 

 �<�i�_�j�\�u�_�� �g�Z�� �k�b�k�l�_�f�g�h�f�� �m�j�h�\�g�_�� �h�i�j�_�^�_�e�_�g�h�� �b�� �d�h�f�i�e�_�d�k�g�h�� �b�a�m�q�_�g�h��

�\�a�Z�b�f�h�^�_�c�k�l�\�b�_�� �q�_�e�h�\�_�d�Z�� �k�� �<�K�� �d�Z�d�� �p�_�e�h�k�l�g�h�]�h�� �i�j�h�p�_�k�k�Z���� �h�[�_�k�i�_�q�b�\�Z�_�f�h�]�h��

�n�h�j�f�b�j�h�\�Z�g�b�_�f�� �k�i�_�p�b�n�b�q�_�k�d�b�o�� �g�_�c�j�h�d�h�]�g�b�l�b�\�g�u�o�� �f�_�o�Z�g�b�a�f�h�\�� �m�� �Z�d�l�b�\�g�h��

�h�j�]�Z�g�b�a�m�x�s�_�]�h�k�y���k�\�h�x���^�_�y�l�_�e�v�g�h�k�l�v���k�m�[�t�_�d�l�Z�����g�Z�i�j�Z�\�e�_�g�g�u�o���g�Z���^�h�k�l�b�`�_�g�b�_��

�Z�^�Z�i�l�Z�p�b�h�g�g�h�]�h���i�h���h�l�g�h�r�_�g�b�x���d���<�K���j�_�a�m�e�v�l�Z�l�Z�����J�Z�a�j�Z�[�h�l�Z�g�Z���b���w�f�i�b�j�b�q�_�k�d�b��

�h�[�h�k�g�h�\�Z�g�Z�� �h�j�b�]�b�g�Z�e�v�g�Z�y�� �d�h�g�p�_�i�l�m�Z�e�v�g�Z�y�� �k�o�_�f�Z�� �l�Z�d�h�]�h�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�y����

�i�j�_�^�k�l�Z�\�e�y�x�s�Z�y�� �k�h�[�h�c�� �j�Z�a�\�b�l�b�_�� �d�h�g�p�_�i�p�b�c�� �n�m�g�d�p�b�h�g�Z�e�v�g�u�o��

�\�h�k�i�j�b�g�b�f�Z�x�s�b�o���k�b�k�l�_�f���i�j�b�f�_�g�b�l�_�e�v�g�h���d���^�_�y�l�_�e�v�g�h�k�l�b���\���m�k�e�h�\�b�y�o���<�J���� 

�<�u�y�\�e�_�g�u�� �b�� �^�_�l�Z�e�v�g�h�� �b�k�k�e�_�^�h�\�Z�g�u�� �d�Z�q�_�k�l�\�_�g�g�h�� �k�i�_�p�b�n�b�q�_�k�d�b�_��

�g�_�c�j�h�d�h�]�g�b�l�b�\�g�u�_�� �f�_�o�Z�g�b�a�f�u���� �h�i�h�k�j�_�^�m�x�s�b�_�� �Z�^�Z�i�l�Z�p�b�x�� �k�m�[�t�_�d�l�Z�� �d��

�m�k�e�h�\�b�y�f���<�J�����I�h�d�Z�a�Z�g�h�����q�l�h���w�l�b���f�_�o�Z�g�b�a�f�u���b�f�_�x�l���d�h�f�i�e�_�d�k�g�u�_���i�j�h�y�\�e�_�g�b�y�� 

- �g�Z�� �i�k�b�o�h�e�h�]�b�q�_�k�d�h�f�� �m�j�h�\�g�_���²  �\�� �\�b�^�_�� �l�j�Z�g�k�n�h�j�f�Z�p�b�b��

�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�]�h�� �f�u�r�e�_�g�b�y���� �\�u�j�Z�`�Z�x�s�_�c�k�y�� �\�� �b�a�f�_�g�_�g�b�b��

�l�_�f�i�h�j�Z�e�v�g�u�o���o�Z�j�Z�d�l�_�j�b�k�l�b�d���\�u�i�h�e�g�_�g�b�y���a�Z�^�Z�g�b�c���g�Z���i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�_��

�k�i�h�k�h�[�g�h�k�l�b�� 

- �g�Z���g�_�c�j�h�n�b�a�b�h�e�h�]�b�q�_�k�d�h�f���m�j�h�\�g�_���²  �\���\�b�^�_���k�i�_�p�b�n�b�q�_�k�d�b�o���b�a�f�_�g�_�g�b�c��

�w�e�_�d�l�j�h�w�g�p�_�n�Z�e�h�]�j�Z�n�b�q�_�k�d�h�c�� �Z�d�l�b�\�g�h�k�l�b�� ���f�h�^�m�e�y�p�b�y�� �Z�e�v�n�Z- �b�� �[�_�l�Z-

�j�b�l�f�h�\���� �b�� �]�_�f�h�^�b�g�Z�f�b�d�b�� ���Z�d�l�b�\�Z�p�b�y�� �l�_�f�_�g�g�u�o�� �h�[�e�Z�k�l�_�c�� �d�h�j�u������

�h�l�j�Z�`�Z�x�s�b�o�� �i�j�h�p�_�k�k�u�� �k�_�g�k�h�j�g�h-�i�_�j�p�_�i�l�b�\�g�h�c�� �b�g�l�_�]�j�Z�p�b�b�� �^�e�y��

�k�g�b�`�_�g�b�y���a�j�b�l�_�e�v�g�h-�\�_�k�l�b�[�m�e�y�j�g�h�]�h���d�h�g�n�e�b�d�l�Z�� 

- �g�Z�� �i�h�\�_�^�_�g�q�_�k�d�h�f�� �m�j�h�\�g�_���²  �\�� �\�b�^�_�� �g�Z�i�j�Z�\�e�_�g�g�u�o�� �b�a�f�_�g�_�g�b�c��

�]�e�Z�a�h�^�\�b�]�Z�l�_�e�v�g�h�c���Z�d�l�b�\�g�h�k�l�b�����^�b�g�Z�f�b�d�Z���h�i�l�h�d�b�g�_�l�b�q�_�k�d�h�]�h���g�b�k�l�Z�]�f�Z����
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�b�� �k�i�_�p�b�n�b�q�_�k�d�b�o�� �^�\�b�`�_�g�b�c�� �l�_�e�Z�� �^�e�y�� �i�h�^�^�_�j�`�Z�g�b�y�� �i�h�k�l�m�j�Z�e�v�g�h�c��

�m�k�l�h�c�q�b�\�h�k�l�b�� 

�<�i�_�j�\�u�_�� �i�h�^�j�h�[�g�h�� �b�a�m�q�_�g�u�� �b�� �j�Z�k�k�f�h�l�j�_�g�u�� �g�_�c�j�h�d�h�]�g�b�l�b�\�g�u�_��

�f�_�o�Z�g�b�a�f�u���\�a�Z�b�f�h�^�_�c�k�l�\�b�y���k�m�[�t�_�d�l�Z���k�h���k�j�_�^�h�c���<�J�����h�k�g�h�\�Z�g�g�u�_���g�Z���j�_�a�m�e�v�l�Z�l�Z�o��

�d�h�f�i�e�_�d�k�g�h�]�h�� �b�k�k�e�_�^�h�\�Z�g�b�y���� �\�d�e�x�q�Z�x�s�_�]�h�� �\�� �k�_�[�y�� �k�h�i�h�k�l�Z�\�e�_�g�b�_�� �^�Z�g�g�u�o��

�j�_�]�b�k�l�j�Z�p�b�b�� �f�h�a�]�h�\�h�c�� �Z�d�l�b�\�g�h�k�l�b���� �]�e�Z�a�h�^�\�b�]�Z�l�_�e�v�g�h�c�� �Z�d�l�b�\�g�h�k�l�b����

�i�h�k�l�m�j�Z�e�v�g�h�c�� �m�k�l�h�c�q�b�\�h�k�l�b���� �i�Z�j�Z�f�_�l�j�h�\�� �d�h�]�g�b�l�b�\�g�h�]�h�� �n�m�g�d�p�b�h�g�b�j�h�\�Z�g�b�y����

�I�h�e�m�q�_�g�g�u�_�� �j�_�a�m�e�v�l�Z�l�u�� �^�_�f�h�g�k�l�j�b�j�m�x�l�� �n�h�j�f�b�j�h�\�Z�g�b�_�� �m�� �q�_�e�h�\�_�d�Z�� �i�j�b��

�\�a�Z�b�f�h�^�_�c�k�l�\�b�b���k�� �<�K�� �h�k�h�[�h�c�� �k�b�k�l�_�f�u�� �m�i�j�Z�\�e�_�g�b�y�� �i�j�h�p�_�k�k�Z�f�b�� �k�_�g�k�h�j�g�h-

�i�_�j�p�_�i�l�b�\�g�h�c���b�g�l�_�]�j�Z�p�b�b���� 

�I�h�e�m�q�_�g�u�� �g�h�\�u�_�� �n�m�g�^�Z�f�_�g�l�Z�e�v�g�u�_�� �^�Z�g�g�u�_�� �h�� �l�h�f���� �q�l�h�� �k�_�g�k�h�j�g�h-

�i�_�j�p�_�i�l�b�\�g�Z�y�� �b�g�l�_�]�j�Z�p�b�y�� �\�� �<�J�� �y�\�e�y�_�l�k�y�� �Z�d�l�b�\�g�u�f�� �i�j�h�p�_�k�k�h�f���� �g�Z�� �d�h�l�h�j�u�c��

�\�e�b�y�x�l�� �d�Z�d�� �g�b�a�d�h�m�j�h�\�g�_�\�u�_�� �n�Z�d�l�h�j�u�� ���k�_�g�k�h�j�g�u�_�� �k�b�]�g�Z�e�u������ �l�Z�d�� �b��

�\�u�k�h�d�h�m�j�h�\�g�_�\�u�_���n�Z�d�l�h�j�u�����d�h�]�g�b�l�b�\�g�Z�y���g�Z�]�j�m�a�d�Z���b���^�j������ 

�M�k�l�Z�g�h�\�e�_�g�Z�� �\�a�Z�b�f�h�k�\�y�a�v�� �f�_�`�^�m�� �m�k�i�_�r�g�h�k�l�v�x�� �\�u�i�h�e�g�_�g�b�y�� �a�Z�^�Z�q�� �g�Z��

�h�p�_�g�d�m���i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�o���k�i�h�k�h�[�g�h�k�l�_�c���\���d�e�Z�k�k�b�q�_�k�d�h�f���^�\�m�f�_�j�g�h�f���n�h�j�f�Z�l�_��

�b�� �\�� �<�J���� �h�i�h�k�j�_�^�h�\�Z�g�g�Z�y�� �l�_�f�i�h�j�Z�e�v�g�u�f�b�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f�b�� �h�[�j�Z�[�h�l�d�b��

�b�g�n�h�j�f�Z�p�b�b���� �q�l�h�� �\�g�h�k�b�l�� �\�d�e�Z�^�� �\�� �i�h�g�b�f�Z�g�b�_�� �k�i�_�p�b�n�b�d�b�� �j�Z�[�h�l�u��

�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�c���n�m�g�d�p�b�b���\���m�k�e�h�\�b�y�o���<�J�� 

�J�Z�a�j�Z�[�h�l�Z�g�u�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�_�� �i�j�h�p�_�^�m�j�u���� �i�h�a�\�h�e�y�x�s�b�_�� �i�j�h�\�h�^�b�l�v��

�h�^�g�h�\�j�_�f�_�g�g�m�x���j�_�]�b�k�l�j�Z�p�b�x���k�h�\�h�d�m�i�g�h�k�l�b���i�k�b�o�h�e�h�]�b�q�_�k�d�b�o�����i�h�\�_�^�_�g�q�_�k�d�b�o��

�b�� �g�_�c�j�h�n�b�a�b�h�e�h�]�b�q�_�k�d�b�o �i�h�d�Z�a�Z�l�_�e�_�c���� �J�Z�a�j�Z�[�h�l�Z�g�u�� �b�� �\�g�_�^�j�_�g�u�� �g�h�\�u�_��

�f�_�l�h�^�b�q�_�k�d�b�_�� �i�h�^�o�h�^�u�� �b�� �h�j�b�]�b�g�Z�e�v�g�u�c�� �b�g�k�l�j�m�f�_�g�l�Z�j�b�c�� �^�e�y�� �b�a�m�q�_�g�b�y��

�\�a�Z�b�f�h�^�_�c�k�l�\�b�y�� �\�� �k�b�k�l�_�f�_�� �©�q�_�e�h�\�_�d���²  �<�K�ª���� �K�h�a�^�Z�g�� �d�h�f�i�e�_�d�k�� �i�j�h�p�_�^�m�j�� �^�e�y��

�k�b�g�o�j�h�g�g�h�c�� �j�_�]�b�k�l�j�Z�p�b�b�� �b�� �i�h�k�e�_�^�m�x�s�_�c�� �b�g�l�_�]�j�Z�p�b�b�� �^�Z�g�g�u�o�� �W�W�=���� �n�G�B�J�K����

�Z�c�l�j�_�d�b�g�]�Z�����k�l�Z�[�b�e�h�f�_�l�j�b�b�� �b�� �[�_�a�f�Z�j�d�_�j�g�h�]�h�� �\�b�^�_�h�Z�g�Z�e�b�a�Z�� �\�� �j�_�Z�e�v�g�h�f��

�\�j�_�f�_�g�b���i�h�]�j�m�`�_�g�b�y���k�m�[�t�_�d�l�Z���\���<�J�� 

�J�Z�a�j�Z�[�h�l�Z�g�u�� �b�� �Z�i�j�h�[�b�j�h�\�Z�g�u�� �m�g�b�d�Z�e�v�g�u�_�� �\�b�j�l�m�Z�e�v�g�u�_�� �k�j�_�^�u��

���©�H�i�l�h�d�b�g�_�l�b�q�_�k�d�b�c�� �[�Z�j�Z�[�Z�g�ª���� �©�D�b�j�i�b�q�g�Z�y�� �d�h�f�g�Z�l�Z�ª���� �©�F�_�g�l�Z�e�v�g�h�_��
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�\�j�Z�s�_�g�b�_�ª�� �b�� �^�j�������� �i�h�a�\�h�e�b�\�r�b�_�� �f�h�^�_�e�b�j�h�\�Z�l�v�� �d�h�g�l�j�h�e�b�j�m�_�f�u�_�� �m�k�e�h�\�b�y�� �^�e�y��

�b�a�m�q�_�g�b�y���i�j�h�y�\�e�_�g�b�c���d�h�g�d�j�_�l�g�u�o���g�_�c�j�h�d�h�]�g�b�l�b�\�g�u�o���i�j�h�p�_�k�k�h�\�� 

�I�j�_�^�e�h�`�_�g�� �b�� �Z�i�j�h�[�b�j�h�\�Z�g�� �g�h�\�u�c�� �Z�e�]�h�j�b�l�f�� �Z�\�l�h�f�Z�l�b�a�b�j�h�\�Z�g�g�h�]�h��

�Z�g�Z�e�b�a�Z�� �^�b�g�Z�f�b�d�b�� �h�i�l�h�d�b�g�_�l�b�q�_�k�d�h�]�h�� �g�b�k�l�Z�]�f�Z���� �<�i�_�j�\�u�_�� �h�^�g�h�\�j�_�f�_�g�g�h��

�i�j�h�b�a�\�_�^�_�g�Z�� �j�_�]�b�k�l�j�Z�p�b�y�� �^�\�b�`�_�g�b�c�� �]�e�Z�a���� �k�l�Z�[�b�e�h�f�_�l�j�b�b���� �k�l�_�i�_�g�b��

�h�d�k�b�]�_�g�Z�p�b�b���d�j�h�\�b���\���k�h�k�m�^�Z�o���]�h�e�h�\�g�h�]�h���f�h�a�]�Z�� 

�L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �g�Z�m�q�g�Z�y�� �g�h�\�b�a�g�Z�� �j�Z�[�h�l�u�� �a�Z�d�e�x�q�Z�_�l�k�y�� �\�� �i�_�j�_�o�h�^�_�� �h�l��

�b�a�m�q�_�g�b�y���h�l�^�_�e�v�g�u�o���n�_�g�h�f�_�g�h�\���<�J���d���k�b�k�l�_�f�g�h�f�m���h�[�t�y�k�g�_�g�b�x���\�a�Z�b�f�h�^�_�c�k�l�\�b�y��

�q�_�e�h�\�_�d�Z�� �k�� �<�J�� �d�Z�d�� �^�_�y�l�_�e�v�g�h�k�l�b���� �h�[�_�k�i�_�q�_�g�g�h�c�� �d�Z�q�_�k�l�\�_�g�g�h�� �k�i�_�p�b�n�b�q�_�k�d�b�f��

�Z�g�k�Z�f�[�e�_�f�� �g�_�c�j�h�d�h�]�g�b�l�b�\�g�u�o�� �f�_�o�Z�g�b�a�f�h�\���� �b�� �\�� �j�Z�a�j�Z�[�h�l�d�_�� �d�h�f�i�e�_�d�k�g�h�]�h��

�f�_�l�h�^�h�e�h�]�b�q�_�k�d�h�]�h���i�h�^�o�h�^�Z���^�e�y���_�]�h���b�k�k�e�_�^�h�\�Z�g�b�y�� 

�L�_�h�j�_�l�b�q�_�k�d�Z�y���a�g�Z�q�b�f�h�k�l�v �j�_�a�m�e�v�l�Z�l�h�\�� �j�Z�[�h�l�u �j�_�a�m�e�v�l�Z�l�h�\��

�b�k�k�e�_�^�h�\�Z�g�b�y���a�Z�d�e�x�q�Z�_�l�k�y���\���l�h�f�����q�l�h���g�Z���h�k�g�h�\�_���^�Z�g�g�u�o���h���g�_�c�j�h�d�h�]�g�b�l�b�\�g�u�o��

�f�_�o�Z�g�b�a�f�Z�o���� �h�[�_�k�i�_�q�b�\�Z�x�s�b�o�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�y�� �q�_�e�h�\�_�d�Z�� �k�h�� �k�j�_�^�h�c�� �<�J����

�k�n�h�j�f�m�e�b�j�h�\�Z�g�h���l�_�h�j�_�l�b�d�h-�f�_�l�h�^�h�e�h�]�b�q�_�k�d�h�_���i�j�_�^�k�l�Z�\�e�_�g�b�_���h���<�J���d�Z�d���h�k�h�[�h�c��

�d�Z�q�_�k�l�\�_�g�g�h�� �k�i�_�p�b�n�b�q�_�k�d�h�c�� �n�h�j�f�_�� �m�k�e�h�\�b�c�� �j�_�Z�e�b�a�Z�p�b�b�� �^�_�y�l�_�e�v�g�h�k�l�b��

�q�_�e�h�\�_�d�Z���� �G�Z�e�b�q�b�_�� �l�Z�d�b�o�� �k�i�_�p�b�n�b�q�_�k�d�b�o�� �g�_�c�j�h�d�h�]�g�b�l�b�\�g�u�o�� �f�_�o�Z�g�b�a�f�h�\��

�h�l�h�[�j�Z�`�Z�_�l�� �i�j�h�p�_�k�k�u�� �i�j�b�k�i�h�k�h�[�e�_�g�b�y�� �k�m�s�_�k�l�\�m�x�s�b�o�� �n�m�g�d�p�b�h�g�Z�e�v�g�u�o��

�k�b�k�l�_�f�� �b�� �n�h�j�f�b�j�h�\�Z�g�b�_�� �g�h�\�u�o���� �d�h�l�h�j�u�_�� �i�j�h�y�\�e�y�x�l�k�y�� �g�Z�� �i�k�b�o�h�e�h�]�b�q�_�k�d�h�f����

�i�h�\�_�^�_�g�q�_�k�d�h�f�� �b�� �i�k�b�o�h�n�b�a�b�h�e�h�]�b�q�_�k�d�h�f�� �m�j�h�\�g�y�o���� �I�h�e�m�q�_�g�g�u�_�� �j�_�a�m�e�v�l�Z�l�u��
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�\�k�l�j�_�q�_�� �H�[�s�_�k�l�\�Z�� �i�k�b�o�h�n�b�a�b�h�e�h�]�b�q�_�k�d�b�o�� �b�k�k�e�_�^�h�\�Z�g�b�c�� ������-�c���� �]���� �<�_�g�Z����

�:�\�k�l�j�b�y���� ���������� �]������ ����-�c�� ������������ �]�������� ����-�c���� �]���� �<�Z�g�d�m�\�_�j���� �D�Z�g�Z�^�Z���� ���������� �]������ ����-�c���� �]����

�G�h�\�u�c�� �H�j�e�_�Z�g���� �K�R�:���� ���������� �]�������� �<�h�k�v�f�h�c�� �f�_�`�^�m�g�Z�j�h�^�g�h�c�� �d�h�g�n�_�j�_�g�p�b�b�� �i�h��

�d�h�]�g�b�l�b�\�g�h�c�� �g�Z�m�d�_�� ���]���� �K�\�_�l�e�h�]�h�j�k�d���� �J�h�k�k�b�y���� ���������� �]�������� ����-�f�� �?�\�j�h�i�_�c�k�d�h�f��
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�i�k�b�o�h�e�h�]�b�q�_�k�d�h�f���d�h�g�]�j�_�k�k�_�����]�����F�h�k�d�\�Z�����J�h�k�k�b�y���������������]����������-�f���F�_�`�^�m�g�Z�j�h�^�g�h�f��

�n�h�j�m�f�_�� �i�h�� �d�h�]�g�b�l�b�\�g�u�f�� �g�_�c�j�h�g�Z�m�d�Z�f�� �©�&�R�J�Q�L�W�L�Y�H�� �Q�H�X�U�R�V�F�L�H�Q�F�H�ª�� ���]����

�?�d�Z�l�_�j�b�g�[�m�j�]���� �J�h�k�k�b�y���� ���������� �]�������� ����-�f�� �F�_�`�^�m�g�Z�j�h�^�g�h�f�� �i�k�b�o�h�e�h�]�b�q�_�k�d�h�f��

�d�h�g�]�j�_�k�k�_�����]�����I�j�Z�]�Z�����Q�_�o�b�y���������������]������ 

�I�h�� �j�_�a�m�e�v�l�Z�l�Z�f�� �i�j�h�\�_�^�z�g�g�u�o�� �j�Z�[�h�l�� �i�h�e�m�q�_�g�h�� �^�\�Z�� �k�\�b�^�_�l�_�e�v�k�l�\�Z�� �h��

�j�_�]�b�k�l�j�Z�p�b�b���i�j�h�]�j�Z�f�f���^�e�y���W�<�F�����D�h�\�Z�e�z�\���b���^�j�������������������D�h�\�Z�e�z�\���b���^�j��������������. 

�H�k�g�h�\�g�h�_�� �k�h�^�_�j�`�Z�g�b�_�� �^�b�k�k�_�j�l�Z�p�b�h�g�g�h�c�� �j�Z�[�h�l�u�� �h�l�j�Z�`�_�g�h�� �\�� ������

�i�m�[�e�b�d�Z�p�b�b�����h�[�s�b�c���h�[�t�_�f���± �����������i���e�������Z�\�l�h�j�k�d�b�c���\�d�e�Z�^���± �����������i���e���������b�a���g�b�o���������\��

�j�_�p�_�g�a�b�j�m�_�f�u�o�� �g�Z�m�q�g�u�o�� �b�a�^�Z�g�b�y�o���� �b�g�^�_�d�k�b�j�m�_�f�u�o�� �\�� �[�Z�a�_�� �y�^�j�Z�� �J�h�k�k�b�c�k�d�h�]�h��

�b�g�^�_�d�k�Z���g�Z�m�q�g�h�]�h���p�b�l�b�j�h�\�Z�g�b�y���©�H�/�L�E�U�D�U�\���6�F�L�H�Q�F�H���,�Q�G�H�[�ª�����Z���l�Z�d�`�_���\���b�a�^�Z�g�b�y�o���b�a��

�i�_�j�_�q�g�y�� �j�_�d�h�f�_�g�^�h�\�Z�g�g�u�o�� �F�b�g�h�[�j�g�Z�m�d�b�� �J�h�k�k�b�b���� �m�l�\�_�j�`�^�z�g�g�u�o�� �M�q�z�g�u�f��

�k�h�\�_�l�h�f���F�=�M���^�e�y���a�Z�s�b�l�u���\���^�b�k�k�_�j�l�Z�p�b�h�g�g�h�f���k�h�\�_�l�_���F�=�M���i�h���k�i�_�p�b�Z�e�v�g�h�k�l�b��

���������������� �F�_�`�^�b�k�p�b�i�e�b�g�Z�j�g�u�_�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �d�h�]�g�b�l�b�\�g�u�o�� �i�j�h�p�_�k�k�h�\��

���i�k�b�o�h�e�h�]�b�q�_�k�d�b�_���g�Z�m�d�b�������h�[�s�b�c���h�[�t�_�f���± �����������i���e�������Z�\�l�h�j�k�d�b�c���\�d�e�Z�^���± ���������i���e������ 

�I�m�[�e�b�d�Z�p�b�b���i�h���l�_�f�_���^�b�k�k�_�j�l�Z�p�b�b 

�I�m�[�e�b�d�Z�p�b�b���\���j�_�p�_�g�a�b�j�m�_�f�u�o���g�Z�m�q�g�u�o���b�a�^�Z�g�b�y�o�����b�g�^�_�d�k�b�j�m�_�f�u�o���\���[�Z�a�_���y�^�j�Z��
�J�h�k�k�b�c�k�d�h�]�h���b�g�^�_�d�k�Z���g�Z�m�q�g�h�]�h���p�b�l�b�j�h�\�Z�g�b�y���©�H�/�L�E�U�D�U�\���6�F�L�H�Q�F�H���,�Q�G�H�[�ª�����Z���l�Z�d�`�_��
�\���b�a�^�Z�g�b�y�o���b�a���i�_�j�_�q�g�y���j�_�d�h�f�_�g�^�h�\�Z�g�g�u�o���F�b�g�h�[�j�g�Z�m�d�b���J�h�k�k�b�b�����m�l�\�_�j�`�^�z�g�g�u�o��
�M�q�z�g�u�f�� �k�h�\�_�l�h�f�� �F�=�M�� �^�e�y�� �a�Z�s�b�l�u�� �\���^�b�k�k�_�j�l�Z�p�b�h�g�g�h�f�� �k�h�\�_�l�_�� �F�=�M�� �i�h��
�k�i�_�p�b�Z�e�v�g�h�k�l�b�� ���������������� �F�_�`�^�b�k�p�b�i�e�b�g�Z�j�g�u�_�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �d�h�]�g�b�l�b�\�g�u�o��
�i�j�h�p�_�k�k�h�\�����i�k�b�o�h�e�h�]�b�q�_�k�d�b�_���g�Z�m�d�b�������h�[�s�b�c���h�[�t�_�f���± �����������i���e�������Z�\�l�h�j�k�d�b�c���\�d�e�Z�^��
�± ���������i���e���� 
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2. �D�h�\�Z�e�z�\�����:���B�����I�h�^�o�h�^�u���d���b�a�m�q�_�g�b�x���d�h�]�g�b�l�b�\�g�u�o���d�Z�j�l���i�j�h�k�l�j�Z�g�k�l�\�Z�������>���:����
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�D�h�\�Z�e�z�\���� �:���=���� �>�h�e�]�b�o���� �?���:���� �K�f�b�j�g�h�\�Z���� �F���<���� �K�Z�f�m�k�_�\�Z���� �K���<���� �K�l�j�_�e�v�g�b�d�h�\����
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�Q�:�K�L�V���������L�?�H�J�?�L�B�D�H-�F�?�L�H�>�H�E�H�=�B�Q�?�K�D�B�?��

�H�K�G�H�<�:�G�B�Y���B�K�I�H�E�V�A�H�<�:�G�B�Y���L�?�O�G�H�E�H�=�B�C��

�<�B�J�L�M�:�E�V�G�H�C���J�?�:�E�V�G�H�K�L�B 

 

�=�e�Z�\�Z������ �I�j�h�[�e�_�f�Z���h�i�j�_�^�_�e�_�g�b�y �i�h�g�y�l�b�y���©�L�_�o�g�h�e�h�]�b�b���\�b�j�l�m�Z�e�v�g�h�c��

�j�_�Z�e�v�g�h�k�l�b�ª 

  

1.1. �B�k�l�h�j�b�y�� �i�h�y�\�e�_�g�b�y�� �b�� �j�Z�a�\�b�l�b�y�� �l�_�o�g�h�e�h�]�b�c�� �\�b�j�l�m�Z�e�v�g�h�c��

�j�_�Z�e�v�g�h�k�l�b  

�L�_�o�g�h�e�h�]�b�b�� �\�b�j�l�m�Z�e�v�g�h�c�� �j�_�Z�e�v�g�h�k�l�b ���<�J���� �k�_�]�h�^�g�y �k�l�Z�e�b�� �i�j�b�\�u�q�g�u�f��

�k�j�_�^�k�l�\�h�f���\���`�b�a�g�b���k�h�\�j�_�f�_�g�g�h�]�h���q�_�e�h�\�_�d�Z�����H�g�b���Z�d�l�b�\�g�h���b�k�i�h�e�v�a�m�x�l�k�y���\���k�n�_�j�_��

�j�Z�a�\�e�_�q�_�g�b�c���� �h�[�j�Z�a�h�\�Z�g�b�y���� �f�Z�j�d�_�l�b�g�]�_���� �<�f�_�k�l�_�� �k�� �l�_�f���� �k�Z�f�h�� �i�h�g�y�l�b�_��

�©�\�b�j�l�m�Z�e�v�g�Z�y���j�_�Z�e�v�g�h�k�l�v�ª���a�Z�q�Z�k�l�m�x���b�k�i�h�e�v�a�m�_�l�k�y���[�_�a���^�h�e�`�g�h�c���^�_�n�b�g�b�p�b�b�����g�_��

�j�Z�a�]�j�Z�g�b�q�_�g�u���q�z�l�d�b�_���h�l�e�b�q�b�y���h�l���l�_�o�g�h�e�h�]�b�c���^�h�i�h�e�g�_�g�g�h�c���j�_�Z�e�v�g�h�k�l�b�����^�j�m�]�b�o��

�k�j�_�^�k�l�\�� �\�b�a�m�Z�e�b�a�Z�p�b�b���� �Z�� �l�Z�d�`�_�� �\�h�h�[�s�_�� �k�h�^�_�j�`�Z�l�_�e�v�g�h�� �h�l�e�b�q�g�u�o�� �n�h�j�f��

�b�f�b�l�Z�p�b�b�� �l�Z�d�� �g�Z�a�u�\�Z�_�f�h�c�� �^�j�m�]�h�c�� �^�_�c�k�l�\�b�l�_�e�v�g�h�k�l�b���± �d�b�g�_�f�Z�l�h�]�j�Z�n����

�o�m�^�h�`�_�k�l�\�_�g�g�u�_���i�j�h�b�a�\�_�^�_�g�b�y���� 

�I�h�w�l�h�f�m�� �l�j�_�[�m�_�l�k�y�� �\�\�_�k�l�b�� �g�_�i�j�h�l�b�\�h�j�_�q�b�\�h�_�� �h�i�j�_�^�_�e�_�g�b�y�� �^�e�y���<�J, 

�h�[�h�a�g�Z�q�b�l�v���\�h�a�f�h�`�g�u�_���h�k�g�h�\�Z�g�b�y���^�e�y���b�o���d�e�Z�k�k�b�n�b�d�Z�p�b�b�����Z���l�Z�d�`�_���h�i�j�_�^�_�e�b�l�v��

�d�h�g�_�q�g�u�c���i�_�j�_�q�_�g�v���i�h�^�o�h�^�h�\���d���n�h�j�f�b�j�h�\�Z�g�b�x���^�_�n�b�g�b�p�b�b���^�Z�g�g�h�]�h���i�h�g�y�l�b�y�� 

�K�e�h�\�h���©�\�b�j�l�m�Z�e�v�g�u�c�ª �i�j�h�b�a�h�r�e�h���h�l���e�Z�l�b�g�k�d�h�]�h���k�e�h�\�Z���Y�L�U���²  �f�m�`�q�b�g�Z�� 

�J�b�f�e�y�g�_�� �h�[�j�Z�a�h�\�Z�e�b�� �h�l�� �g�_�]�h�� �^�j�m�]�h�_�� �k�e�h�\�h���²  �Y�L�U�W�X���� �h�[�h�a�g�Z�q�Z�x�s�_�_��

�k�h�\�h�d�m�i�g�h�k�l�v�� �d�Z�q�_�k�l�\���� �d�h�l�h�j�u�f�b�� �^�h�e�`�_�g�� �h�[�e�Z�^�Z�l�v�� �g�Z�k�l�h�y�s�b�c�� �f�m�`�q�b�g�Z 

���=�j�b�p�Z�g�h�\���b���^�j����������������. �L�Z�d�h�_���`�_���b�f�y���[�u�e�h���m���[�h�]�b�g�b���<�b�j�l�m�k���b�a���^�j�_�\�g�_�j�b�f�k�d�h�c��

�f�b�n�h�e�h�]�b�b�����B�a���e�Z�l�b�g�k�d�h�]�h���k�e�h�\�h���i�j�h�g�b�d�Z�_�l���\���k�l�Z�j�h�n�j�Z�g�p�m�a�k�d�b�c�����Z���\���;�,�,�,���\�_�d�_��

�²  �b�a���n�j�Z�g�p�m�a�k�d�h�]�h���\���Z�g�]�e�b�c�k�d�b�c���� 

�<���g�Z�m�q�g�h�c���e�b�l�_�j�Z�l�m�j�_�� �l�_�j�f�b�g�� �©�\�b�j�l�m�Z�e�v�g�Z�y�� �j�_�Z�e�v�g�h�k�l�v�ª�� �\�� �l�_�q�_�g�b�_��

�g�_�k�d�h�e�v�d�b�o�� �^�_�k�y�l�b�e�_�l�b�c�� �b�f�_�e�� �g�_�k�d�h�e�v�d�h�� �a�g�Z�q�_�g�b�c���� �K�i�_�p�b�Z�e�b�k�l�u�� �j�Z�a�e�b�q�g�u�o��

�h�l�j�Z�k�e�_�c���\�d�e�Z�^�u�\�Z�e�b���\���w�l�h���i�h�g�y�l�b�_ �k�\�h�c���k�f�u�k�e�����I�h�b�k�d���_�^�b�g�h�]�h���h�[�h�a�g�Z�q�_�g�b�y��
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�l�_�j�f�b�g�Z�� �i�h�j�h�^�b�e�� �\�h�a�g�b�d�g�h�\�_�g�b�_�� �d�h�g�d�m�j�b�j�m�x�s�b�o�� �h�i�j�_�^�_�e�_�g�b�c���� �l�Z�d�b�o�� �d�Z�d��

�k�b�g�l�_�l�b�q�_�k�d�b�_�� �k�j�_�^�u���� �d�b�[�_�j�i�j�h�k�l�j�Z�g�k�l�\�h���� �b�k�d�m�k�k�l�\�_�g�g�Z�y�� �j�_�Z�e�v�g�h�k�l�v����

�l�_�o�g�h�e�h�]�b�y���k�b�f�m�e�y�l�h�j�h�\�����,�V�G�D�O�H�������������������L�Z�d�����g�Z�i�j�b�f�_�j�����\�b�j�l�m�Z�e�v�g�Z�y���j�_�Z�e�v�g�h�k�l�v��

�g�_�k�d�h�e�v�d�h���e�_�l�� �g�Z�a�Z�^�� �j�Z�k�k�f�Z�l�j�b�\�Z�e�Z�k�v���d�Z�d�� �k�b�l�m�Z�p�b�y�����i�h�j�h�`�^�Z�_�f�Z�y�� �\�� �i�j�h�p�_�k�k�_��

�i�h�]�j�m�`�_�g�b�y�� �q�_�e�h�\�_�d�Z�� �\�� �d�h�f�i�v�x�l�_�j�g�m�x�� �k�j�_�^�m�� ���.�H�S�S�H�O�O�� �H�W���� �D�O������ �������������� �>�j�m�]�b�_��

�k�i�_�p�b�Z�e�b�k�l�u�� �k�q�b�l�Z�e�b���� �q�l�h�� �\�b�j�l�m�Z�e�v�g�Z�y�� �j�_�Z�e�v�g�h�k�l�v���± �w�l�h�� �k�h�\�h�d�m�i�g�h�k�l�v��

�l�_�o�g�h�e�h�]�b�q�_�k�d�b�o���b�g�k�l�j�m�f�_�g�l�h�\���g�_�h�[�o�h�^�b�f�u�o���^�e�y���i�h�]�j�m�`�_�g�b�y���\���\�b�j�l�m�Z�e�v�g�u�c��

�f�b�j���� �L�Z�d�`�_�� �[�u�e�b �i�h�i�u�l�d�b�� �h�i�j�_�^�_�e�b�l�v�� �\�b�j�l�m�Z�e�v�g�m�x�� �j�_�Z�e�v�g�h�k�l�v�� �k��

�i�k�b�o�h�e�h�]�b�q�_�k�d�h�c�� �l�h�q�d�b�� �a�j�_�g�b�y���� �<�� �w�l�h�f�� �k�e�m�q�Z�_�� �\�b�j�l�m�Z�e�v�g�Z�y�� �j�_�Z�e�v�g�h�k�l�v��

�j�Z�k�k�f�Z�l�j�b�\�Z�e�Z�k�v�� �g�_�� �d�Z�d�� �l�_�o�g�h�e�h�]�b�y���� �Z�� �d�Z�d�� �k�h�k�l�h�y�g�b�_�� �k�h�a�g�Z�g�b�y�����g�Z�o�h�^�y�k�v�� �\��

�d�h�l�h�j�h�f �i�h�e�v�a�h�\�Z�l�_�e�v�� �\�h�k�i�j�b�g�b�f�Z�_�l�� �\�b�j�l�m�Z�e�v�g�u�c�� �f�b�j���l�Z�d�b�f�� �`�_���� �d�Z�d�� �b��

�j�_�Z�e�v�g�u�c (Hobson et al., 2014). 

�I�h���k�h�k�l�h�y�g�b�x���g�Z���k�_�]�h�^�g�y�r�g�b�c���^�_�g�v���g�Z�b�[�h�e�_�_���j�Z�k�i�j�h�k�l�j�Z�g�z�g�g�u�f���k�l�Z�e�h��

�h�[�s�_�_�� �k�e�_�^�m�x�s�_�_�� �h�i�j�_�^�_�e�_�g�b�_���� �<�b�j�l�m�Z�e�v�g�Z�y�� �j�_�Z�e�v�g�h�k�l�v�� ���e�Z�l���� �Y�L�U�W�X�V���±  

�©�i�h�l�_�g�p�b�Z�e�v�g�u�c�ª, �©�\�h�a�f�h�`�g�u�c�ª���� �e�Z�l���� �U�H�D�O�L�V���± �©�^�_�c�k�l�\�b�l�_�e�v�g�u�c�ª, 

�©�k�m�s�_�k�l�\�m�x�s�b�c�ª) �± �w�l�h�� �l�_�o�g�h�e�h�]�b�y�� �l�j�_�o�f�_�j�g�h�]�h�� �b�g�n�h�j�f�Z�p�b�h�g�g�h�]�h��

�\�a�Z�b�f�h�^�_�c�k�l�\�b�y�� �q�_�e�h�\�_�d�Z�� �b�� �d�h�f�i�v�x�l�_�j�Z���� �d�h�l�h�j�Z�y�� �j�_�Z�e�b�a�m�_�l�k�y�� �k�� �i�h�f�h�s�v�x��

�d�h�f�i�e�_�d�k�g�u�o���f�m�e�v�l�b�f�_�^�b�Z���± �h�i�_�j�Z�p�b�h�g�g�u�o���k�j�_�^�k�l�\���<�J���± �k�h�a�^�Z�_�l���m���q�_�e�h�\�_�d�Z 

�h�s�m�s�_�g�b�_���� �q�l�h�� �h�g�� �d�Z�d�� �[�m�^�l�h�� �g�Z�o�h�^�b�l�k�y�� �\�� �j�_�Z�e�b�k�l�b�q�g�h�c�� �l�j�_�o�f�_�j�g�h�c��

�\�b�j�l�m�Z�e�v�g�h�c�� �k�j�_�^�_�� ���<�K������ �Z�� �g�_�� �g�Z�y�\�m���� �b�� �q�l�h�� �h�g�� �f�h�`�_�l�� �m�k�i�_�r�g�h�� �n�b�a�b�q�_�k�d�b��

�\�a�Z�b�f�h�^�_�c�k�l�\�h�\�Z�l�v���k���l�j�_�o�f�_�j�g�h�c���\�b�j�l�m�Z�e�v�g�h�c���k�j�_�^�h�c�� 

�O�h�l�y�� �\�� �l�Z�d�h�f�� �h�i�j�_�^�_�e�_�g�b�b���� �g�Z�� �i�_�j�\�u�c�� �\�a�]�e�y�^���� �h�k�g�h�\�g�h�_�� �a�g�Z�q�_�g�b�_��

�k�d�h�g�p�_�g�l�j�b�j�h�\�Z�g�h�� �g�Z�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�b�� �q�_�e�h�\�_�d�Z�� �b��

�d�h�f�i�v�x�l�_�j�g�h�k�]�_�g�_�j�b�j�h�\�Z�g�g�h�c�� �k�j�_�^�u���� �g�_�h�l�t�_�f�e�_�f�u�f�� �k�\�h�c�k�l�\�Z�f�� �\�k�_�o�� �k�b�k�l�_�f��

�\�b�j�l�m�Z�e�v�g�h�c���j�_�Z�e�v�g�h�k�l�b���y�\�e�y�_�l�k�y���\�h�a�f�h�`�g�h�k�l�v���k�h�a�^�Z�g�b�y���m�k�e�h�\�b�c���g�Z�[�e�x�^�_�g�b�y 

�l�j�z�o�f�_�j�g�h�]�h�� �f�b�j�Z���� �I�h�w�l�h�f�m�� �b�k�l�h�j�b�q�_�k�d�b�� �k�i�j�Z�\�_�^�e�b�\�h���w�\�h�e�x�p�b�x �j�Z�a�\�b�l�b�y��

�l�_�o�g�h�e�h�]�b�c�� �\�b�j�l�m�Z�e�v�g�h�c�� �j�_�Z�e�v�g�h�k�l�b�� �\�_�k�l�b�� �k�� �i�_�j�\�u�o�� �j�Z�[�h�l���� �\�� �d�h�l�h�j�u�o�� �[�u�e�b��

�a�Z�e�h�`�_�g�u���h�k�g�h�\�u���\�h�k�i�j�b�y�l�b�y���]�e�m�[�b�g�u���\���b�k�d�m�k�k�l�\�_�g�g�u�o���k�j�_�^�Z�o. �K�l�_�j�_�h�k�d�h�i�u��

IXX  �\�_�d�Z���Q�Z�j�e�v�a�Z���M�b�l�k�l�h�g�Z�����������������b���>�w�\�b�^�Z���;�j�x�k�l�_�j�Z�������������������i�h�a�`�_���k�l�Z�\�r�b�_ 

�i�h�i�m�e�y�j�g�u�f�b �\�� �\�b�^�_�� �k�i�_�p�b�Z�e�v�g�u�o�� �m�k�l�j�h�c�k�l�\ View-Master �^�e�y�� �i�j�h�k�f�h�l�j�Z��
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�l�j�z�o�f�_�j�g�u�o�� �b�a�h�[�j�Z�`�_�g�b�c���� �b�k�i�h�e�v�a�h�\�Z�e�b �i�j�_�^�t�y�\�e�_�g�b�_�� �j�Z�a�^�_�e�v�g�u�o��

�b�a�h�[�j�Z�`�_�g�b�c �^�e�y�� �d�Z�`�^�h�]�h�� �]�e�Z�a�Z���� �k�h�a�^�Z�\�Z�y���\�h�k�i�j�b�y�l�b�_ �l�j�_�o�f�_�j�g�h�k�l�b�� ���=�R�Q�H����

2007). �B�f�_�g�g�h�� �g�Z�� �b�o�� �h�k�g�h�\�_�� �i�j�Z�d�l�b�q�_�k�d�m�x�� �p�_�g�g�h�k�l�v���l�Z�d�h�]�h�� �l�j�z�o�f�_�j�g�h�]�h 

�f�h�^�_�e�b�j�h�\�Z�g�b�y�� �j�_�Z�e�v�g�h�k�l�b�� �i�j�h�^�_�f�h�g�k�l�j�b�j�h�\�Z�e���i�_�j�\�u�c�� �©�Z�\�b�Z�k�b�f�m�e�y�l�h�j�ª��

�©�E�b�g�d�� �L�j�_�g�_�j�ª �������������� �W�^�\�Z�j�^�Z�� �E�b�g�d�Z���± �h�^�b�g�� �b�a�� �i�_�j�\�u�o�� �m�k�i�_�r�g�u�o��

�Z�\�b�Z�l�j�_�g�Z�`�z�j�h�\���� �b�k�i�h�e�v�a�h�\�Z�\�r�b�c�� �i�g�_�\�f�Z�l�b�d�m�� �^�e�y�� �b�f�b�l�Z�p�b�b�� �i�h�e�_�l�Z �b��

�i�j�_�^�t�y�\�e�_�g�b�_�� �j�Z�a�^�_�e�v�g�u�o�� �b�a�h�[�j�Z�`�_�g�b�c�� �^�e�y�� �d�Z�`�^�h�]�h�� �]�e�Z�a�Z (Rolfe & Staples, 

1986).  

�H�q�_�\�b�^�g�h���� �q�l�h�� �l�Z�d�b�_�� �k�b�k�l�_�f�u�� �g�_�� �[�u�e�b�� �<�J-�m�k�l�j�h�c�k�l�\�Z�f�b�� �\�� �i�j�y�f�h�f��

�k�f�u�k�e�_�� �k�e�h�\�Z���� �h�^�g�Z�d�h, �\�h-�f�g�h�]�h�f�� �[�e�Z�]�h�^�Z�j�y�� �b�o�� �i�h�y�\�e�_�g�b�x�� �\�� �k�_�j�_�^�b�g�_��

�i�j�h�r�e�h�]�h�� �\�_�d�Z���� �k�b�e�v�g�h�� �h�i�_�j�_�^�b�\�� �k�\�h�z�� �\�j�_�f�y���� �\�h�a�g�b�d�e�Z�� �j�Z�a�\�e�_�d�Z�l�_�e�v�g�Z�y�� �i�h��

�k�\�h�_�f�m�� �g�Z�a�g�Z�q�_�g�b�x�� �k�b�k�l�_�f�Z���� �i�h�q�l�b�� �i�h�e�g�h�k�l�v�x�� �h�l�\�_�q�Z�x�s�Z�y�� �i�h��

�o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f���i�h�g�y�l�b�x���©�M�k�l�j�h�c�k�l�\�h���<�J�ª�����<����������-�����������]�h�^�Z�o���Z�f�_�j�b�d�Z�g�k�d�b�c��

�b�a�h�[�j�_�l�Z�l�_�e�v�� �F�h�j�l�h�g�� �O�_�c�e�b�] �k�h�a�^�Z�e���m�k�l�Z�g�h�\�d�m�� �i�h�^�� �g�Z�a�\�Z�g�b�_�f�� �©�K�_�g�k�h�j�Z�f�Z�ª��

���J�b�k���������� �M�k�l�j�h�c�k�l�\�h�� �i�h�]�j�m�`�Z�e�h�� �i�h�e�v�a�h�\�Z�l�_�e�y�� �\�� �d�h�j�h�l�d�b�_�� �n�b�e�v�f�u�� �q�_�j�_�a 

�f�m�e�v�l�b�k�_�g�k�h�j�g�u�c�� �h�i�u�l���± �k�l�_�j�_�h�a�\�m�d���� �k�l�_�j�_�h�b�a�h�[�j�Z�`�_�g�b�_���� �\�b�[�j�Z�p�b�b�� �d�j�_�k�e�Z����

�^�m�g�h�\�_�g�b�y�� �\�_�l�j�Z�� �b�� �^�Z�`�_���i�j�_�^�t�y�\�e�_�g�b�_�� �a�Z�i�Z�o�h�\. �F�����O�_�c�e�b�]���� �k�h�a�^�Z�\�Z�y�� �k�\�h�x��

�k�b�k�l�_�f�m���� �i�u�l�Z�e�k�y�� �k�n�h�j�f�b�j�h�\�Z�l�v�� �g�_�� �l�h�e�v�d�h�� �g�h�\�u�c�� �\�b�^�� �j�Z�a�\�e�_�d�Z�l�_�e�v�g�u�o��

�m�k�l�j�h�c�k�l�\���� �g�h�� �b�� �p�_�e�h�_�� �h�l�^�_�e�v�g�h�_�� �g�Z�i�j�Z�\�e�_�g�b�_�� �\�� �b�k�d�m�k�k�l�\�_���� �g�Z�a�\�Z�\�� �_�]�h��

"Experience Theater" �± �l�_�Z�l�j �i�_�j�_�`�b�\�Z�g�b�c�� ��Heilig, 1962; Rheingold, 1991). 

�K�l�h�b�l�� �h�l�f�_�l�b�l�v���� �q�l�h�� �k�h�\�j�_�f�_�g�g�u�c���n�h�j�f�Z�l�� �b�f�f�_�j�k�b�\�g�u�o�� �r�h�m�� �b�� �k�i�_�d�l�Z�d�e�_�c����

�i�h�e�m�q�b�\�r�b�o�� �j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�_�� �\�� �i�h�k�e�_�^�g�b�_�� �]�h�^�u���� �y�\�b�e�k�y�� �i�j�h�^�h�e�`�_�g�b�_�f�� �w�l�b�o��

�b�^�_�c�� 
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�J�b�k�m�g�h�d���� - �B�a�h�[�j�Z�`�_�g�b�_���m�k�l�j�h�c�k�l�\�Z���©�K�_�g�k�h�j�Z�f�Z�ª����Heilig, 1962). 

 
�I�j�b�g�y�l�h�� �k�q�b�l�Z�l�v���� �q�l�h�� �d�h�g�p�_�i�l�m�Z�e�v�g�u�c�� �n�m�g�^�Z�f�_�g�l�� �k�h�\�j�_�f�_�g�g�u�o�� �<�J- 

�k�b�k�l�_�f���a�Z�e�h�`�b�e �Z�f�_�j�b�d�Z�g�k�d�b�c���m�q�z�g�u�c���b�g�n�h�j�f�Z�l�b�d �:�c�\�_�g���K�Z�a�_�j�e�_�g�^�����<���k�\�h�_�c 

�k�l�Z�l�v�_�����7�K�H���8�O�W�L�P�D�W�H���'�L�V�S�O�D�\�������������������h�g���h�i�b�k�Z�e���[�m�^�m�s�_�_�����\���d�h�l�h�j�h�f���d�h�f�i�v�x�l�_�j��

�d�h�g�l�j�h�e�b�j�m�_�l���©�k�m�s�_�k�l�\�h�\�Z�g�b�_���f�Z�l�_�j�b�b�ª �\���k�h�a�^�Z�\�Z�_�f�h�f���f�b�j�_�����i�j�_�^�e�Z�]�Z�y���h�d�g�h��

�\�� �\�b�j�l�m�Z�e�v�g�m�x�� �\�k�_�e�_�g�g�m�x�� ���6�X�W�K�H�U�O�D�Q�G���� ����������. �K�i�m�k�l�y������ �]�h�^�Z�� �\�� ���������� �]�����h�g��

�\�h�i�e�h�l�b�e���k�\�h�x���b�^�_�x���\���`�b�a�g�v�����k�h�a�^�Z�\ �l�h�����q�l�h���i�j�b�g�y�l�h���k�q�b�l�Z�l�v���i�_�j�\�u�f �\���f�b�j�_��

�r�e�_�f�h�f�� �<�J���� �i�h�^�d�e�x�q�_�g�g�u�f�� �d�� �d�h�f�i�v�x�l�_�j�m���� �<�_�k�� �m�k�l�j�h�c�k�l�\�Z�� �[�u�e�� �^�h�k�l�Z�l�h�q�g�h��

�[�h�e�v�r�b�f�����i�h�w�l�h�f�m �l�j�_�[�h�\�Z�e���k�i�_�p�b�Z�e�v�g�h�]�h���d�j�_�i�e�_�g�b�y���d���i�h�l�h�e�d�m���e�Z�[�h�j�Z�l�h�j�b�b����

�b�a-�a�Z���q�_�]�h���i�h�e�m�q�b�e���k�\�h�z �g�Z�a�\�Z�g�b�_ ���>�Z�f�h�d�e�h�\���f�_�q�������6�Z�R�U�G���R�I���'�D�P�R�F�O�H�V�������J�b�k����������

�W�l�Z���]�j�h�f�h�a�^�d�Z�y���\���p�_�e�h�f���k�b�k�l�_�f�Z���h�l�k�e�_�`�b�\�Z�e�Z���i�h�e�h�`�_�g�b�_���]�h�e�h�\�u���i�h�e�v�a�h�\�Z�l�_�e�y��

�b���h�l�h�[�j�Z�`�Z�e�Z���g�Z���g�_�[�h�e�v�r�b�o���j�Z�k�i�h�e�h�`�_�g�g�u�o���i�_�j�_�^���]�e�Z�a�Z�f�b���q�_�e�h�\�_�d�Z���w�d�j�Z�g�Z�o��

�i�j�h�k�l�u�_���\�_�d�l�h�j�g�u�_���h�[�t�_�d�l�u�����6�X�W�K�H�U�O�D�Q�G�������������������n�Z�d�l�b�q�_�k�d�b���i�j�_�^�k�l�Z�\�e�y�y���k�h�[�h�c��

�k�d�h�j�_�_���k�b�k�l�_�f�m���^�h�i�h�e�_�g�g�h�c���j�_�Z�e�v�g�h�k�l�b�� 
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�J�b�k�m�g�h�d���� - �H�[�s�b�c���\�b�^���m�k�l�j�h�c�k�l�\�Z���<�J���©�>�Z�f�h�d�e�h�\���f�_�q�ª����Sutherland, 1968) 

 
1970-1980-�_�� �]�h�^�u���k�l�Z�e�b�� �w�i�h�o�h�c���n�h�j�f�b�j�h�\�Z�g�b�y�� �l�_�j�f�b�g�Z���<�J �b�� �Z�d�l�b�\�g�u�o��

�i�h�i�u�l�h�d�� �h�j�]�Z�g�b�a�Z�p�b�b�� �d�h�]�g�b�l�b�\�g�u�o���b�k�k�e�_�^�h�\�Z�g�b�c �\�� �w�l�h�c�� �h�[�e�Z�k�l�b. 

�B�k�k�e�_�^�h�\�Z�l�_�e�v-�b�a�h�[�j�_�l�Z�l�_�e�v���F�Z�c�j�h�g���D�j�x�]�_�j���j�Z�a�j�Z�[�Z�l�u�\�Z�e���i�j�h�_�d�l Videoplace 

�± �k�j�_�^�Z�����\���d�h�l�h�j�h�c �k�b�e�m�w�l�u���i�h�e�v�a�h�\�Z�l�_�e�_�c���\�a�Z�b�f�h�^�_�c�k�l�\�h�\�Z�e�b���k���\�b�j�l�m�Z�e�v�g�u�f�b��

�h�[�t�_�d�l�Z�f�b�� �g�Z�� �w�d�j�Z�g�_���� �n�Z�d�l�b�q�_�k�d�b�� �l�Z�d�`�_�� �a�Z�d�e�Z�^�u�\�Z�y�� �h�k�g�h�\�u�� ���^�h�i�h�e�g�_�g�g�h�c 

�j�_�Z�e�v�g�h�k�l�b����(Krueger, 1983)���� �E�Z�[�h�j�Z�l�h�j�b�y���1�$�6�$�� �$�P�H�V�� �i�h�^�� �j�m�d�h�\�h�^�k�l�\�h�f��

�K�d�h�l�l�Z�� �N�b�r�_�j�Z�� �b�� �F�Z�c�d�e�Z�� �F�Z�d�=�j�b�\�b�� �\�� ��������-�o�� �k�h�k�j�_�^�h�l�h�q�b�e�Z�k�v�� �g�Z��

�i�j�Z�d�l�b�q�_�k�d�h�f�� �i�j�b�f�_�g�_�g�b�b�� �<�J �^�e�y�� �k�b�f�m�e�y�p�b�b�� �d�h�k�f�b�q�_�k�d�b�o�� �h�i�_�j�Z�p�b�c�� �b��

�m�^�Z�e�z�g�g�h�]�h���m�i�j�Z�\�e�_�g�b�y�� �j�h�[�h�l�Z�f�b���� �H�g�b�� �w�d�k�i�_�j�b�f�_�g�l�b�j�h�\�Z�e�b�� �k���g�h�k�b�f�u�f�b��

�r�e�_�f�Z�f�b ���g�Z�i�j�b�f�_�j���� �9�,�9�(�'������ �i�_�j�q�Z�l�d�Z�f�b�� �^�e�y�� �\�\�h�^�Z�� �^�Z�g�g�u�o�� �b�� �k�b�k�l�_�f�Z�f�b��

�l�j�_�d�b�g�]�Z����Fisher et al., 1986; Brooks, 1988).  

�B�f�_�g�g�h�� �\�� �w�l�h�� �\�j�_�f�y���� �\�� �k�_�j�_�^�b�g�_�� ��������-�o�����n�m�l�m�j�h�e�h�]�� �b�� �b�a�h�[�j�_�l�Z�l�_�e�v��

�>�`�Z�j�h�g���E�Z�g�v�_�����\���i�h�k�e�_�^�m�x�s�_�f���h�k�g�h�\�Z�l�_�e�v���d�h�f�i�Z�g�b�b���9�3�/���5�H�V�H�D�U�F�K�����Z�d�l�b�\�g�h��

�i�h�i�m�e�y�j�b�a�b�j�h�\�Z�e�� �k�Z�f�� �l�_�j�f�b�g�� ���<�b�j�l�m�Z�e�v�g�Z�y�� �J�_�Z�e�v�g�h�k�l�v�������B�f�_�g�g�h�� �d�h�f�i�Z�g�b�y��

�9�3�/�� �\�u�i�m�k�l�b�e�Z�� �i�_�j�\�u�_�� �d�h�f�f�_�j�q�_�k�d�b�_�� �i�j�h�^�m�d�l�u�� �9�5�����]�Z�i�l�b�q�_�k�d�b�_�� �i�_�j�q�l�Z�d�b��

DataGlove, �i�_�j�\�u�c���g�h�k�b�f�u�c���r�e�_�f���<�J���(�\�H�3�K�R�Q�H�� �K�l�h�b�l���h�l�f�_�l�b�l�v�����q�l�h���b�f�_�g�g�h��

EyePhone �\�i�_�j�\�u�_�� �i�h�e�m�q�b�e�� �h�i�j�_�^�_�e�_�g�b�_ �©�g�h�k�b�f�u�c�� �g�Z�� �]�h�e�h�\�_�� �^�b�k�i�e�_�c�ª���� �b�e�b��
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head mounted display (HMD), �g�Z�q�Z�\�� �l�_�f�� �k�Z�f�u�f�� �h�[�h�a�g�Z�q�_�g�b�_�� �\�k�_�c�� �e�b�g�_�c�d�b��

�i�j�h�^�m�d�l�h�\�� �<�J�� �\�� �\�b�^�_�� �r�e�_�f�h�\���� �K�l�h�b�f�h�k�l�v�� �l�Z�d�h�c�� �k�b�k�l�_�f�u�� �b�� �k�e�h�`�g�h�k�l�v�� �_�z��

�b�a�]�h�l�h�\�e�_�g�b�y�� �[�u�e�b�� �^�h�k�l�Z�l�h�q�g�h�� �\�u�k�h�d�b�f�b���� �l�_�f�� �g�_�� �f�_�g�_�_���� �b�f�_�g�g�h�� �w�l�h�l�� �r�e�_�f��

�k�q�b�l�Z�x�l���i�j�b�f�_�j�h�f���i�_�j�\�h�]�h �\�u�o�h�^�Z���<�J �\���d�h�f�f�_�j�q�_�k�d�h�_���i�j�h�k�l�j�Z�g�k�l�\�h�����/�D�Q�L�H�U���	��

Biocca, 1992). 

 
�J�b�k�m�g�h�d���� - �R�e�_�f��EyePhone���� �k�h�i�j�y�`�z�g�g�u�c�� �k�� �l�Z�d�l�b�e�v�g�u�f�b�� �i�_�j�q�Z�l�d�Z�f�b��

DataGlow. 

 
1990-�_���]�h�^�u���h�a�g�Z�f�_�g�h�\�Z�e�b�k�v���i�_�j�\�h�c���\�h�e�g�h�c���f�Z�k�k�h�\�h�]�h���d�h�f�f�_�j�q�_�k�d�h�]�h���b��

�i�h�e�v�a�h�\�Z�l�_�e�v�k�d�h�]�h�� �b�g�l�_�j�_�k�Z �b�� �i�h�k�e�_�^�m�x�s�b�f���k�i�Z�^�h�f �i�h�i�m�e�y�j�g�h�k�l�b�� �<�J-

�l�_�o�g�h�e�h�]�b�b���� �G�Z�� �j�u�g�h�d�� �i�u�l�Z�e�b�k�v�� �\�u�c�l�b�� �b�]�j�h�\�u�_�� �m�k�l�j�h�c�k�l�\�Z���� �Z�j�d�Z�^�g�u�_��

�Z�\�l�h�f�Z�l�u���9�L�U�W�X�D�O�L�W�\�����Z�g�h�g�k�b�j�h�\�Z�g�g�Z�y�����g�h���g�_���\�u�i�m�s�_�g�g�Z�y�����6�H�J�D���9�5���b�����g�Z�d�h�g�_�p����

�g�_�m�^�Z�q�g�u�c�� �i�j�h�_�d�l Nintendo Virtual Boy (1995) �± �f�h�g�h�o�j�h�f�g�u�c���� �k�l�Z�l�b�q�g�u�c�� �b��

�\�u�a�u�\�Z�\�r�b�c���^�b�k�d�h�f�n�h�j�l �m���i�h�e�v�a�h�\�Z�l�_�e�_�c �^�b�k�i�e�_�c. �H�^�g�Z�d�h�� �b�f�_�g�g�h���w�l�h���\�j�_�f�y��

�g�Z�j�y�^�m�� �k�� �g�_�m�^�Z�q�Z�f�b�� �<�J�� �g�Z�� �d�h�f�f�_�j�q�_�k�d�h�f�� �j�u�g�d�_�� �o�Z�j�Z�d�l�_�j�b�a�m�_�l�k�y�� �j�h�k�l�h�f��

�b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�h�]�h�� �b�g�l�_�j�_�k�Z�� �d�h�]�g�b�l�b�\�g�u�o�� �m�q�z�g�u�o�� �d�� �<�J�� �k�b�k�l�_�f�Z�f����

�N�m�g�^�Z�f�_�g�l�Z�e�v�g�u�_�� �i�j�h�[�e�_�f�u���� �k�g�b�`�Z�x�s�b�_�� �i�h�e�v�a�h�\�Z�l�_�e�v�k�d�b�c�� �b�g�l�_�j�_�k����

�k�l�Z�g�h�\�y�l�k�y�� �i�j�_�^�f�_�l�h�f�� �g�Z�m�q�g�h�]�h�� �b�k�k�e�_�^�h�\�Z�g�b�y���± �g�_�h�[�o�h�^�b�f�h�� �[�u�e�h�� �k�g�b�`�Z�l�v��

�k�l�h�b�f�h�k�l�v�� �h�[�h�j�m�^�h�\�Z�g�b�y���� �m�e�m�q�r�Z�l�v�� �w�j�]�h�g�h�f�b�q�_�k�d�b�_�� �k�\�h�c�k�l�\�Z���� �i�h�\�u�r�Z�l�v��
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�\�u�q�b�k�e�b�l�_�e�v�g�u�_ �f�h�s�g�h�k�l�b���d�h�f�i�v�x�l�_�j�h�\���^�e�y �]�_�g�_�j�Z�p�b�b �d�Z�q�_�k�l�\�_�g�g�h�c��

�]�j�Z�n�b�d�b �b�a�h�[�j�Z�`�_�g�c �b���k�h�a�^�Z�\�Z�l�v���g�h�\�u�c���b�g�l�_�j�_�k�g�u�c���d�h�g�l�_�g�l. �<���w�l�h���`�_���\�j�_�f�y��

�g�Z���i�_�j�\�u�c���i�e�Z�g���\�u�o�h�^�b�l���i�j�h�[�e�_�f�Z���m�d�Z�q�b�\�Z�g�b�y���i�h�e�v�a�h�\�Z�l�_�e�_�c���\���k�b�k�l�_�f�Z�o���<�J���\��

�j�_�a�m�e�v�l�Z�l�_���i�h�y�\�e�_�g�b�y���m���g�b�o���a�j�b�l�_�e�v�g�h-�\�_�k�l�b�[�m�e�y�j�g�h�]�h���k�_�g�k�h�j�g�h�]�h���d�h�g�n�e�b�d�l�Z��

(Steuer, 1992; Pimentel & Teixeira, 1993).  

�<�h-�f�g�h�]�h�f�� �[�e�Z�]�h�^�Z�j�y�� �b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�h�f�m�� �b�g�l�_�j�_�k�m �j�Z�a�\�b�l�b�_��

�l�_�o�g�h�e�h�]�b�c���<�J �g�_���h�k�l�Z�g�h�\�b�e�h�k�v�����<����������-�_���b �g�Z�q�Z�e�_����������-�o���r�e�h���l�Z�d���g�Z�a�u�\�Z�_�f�h�_��

�\���b�g�^�m�k�l�j�b�b���©�l�b�o�h�_���\�h�a�j�h�`�^�_�g�b�_�ª, �[�e�Z�]�h�^�Z�j�y���i�j�h�]�j�_�k�k�m���\���k�f�_�`�g�u�o���h�[�e�Z�k�l�y�o����

�F�h�s�g�u�_�� �b�� �^�h�k�l�m�i�g�u�_�� �]�j�Z�n�b�q�_�k�d�b�_�� �i�j�h�p�_�k�k�h�j�u���� �f�b�g�b�Z�l�x�j�b�a�Z�p�b�y�� �^�Z�l�q�b�d�h�\��

�^�\�b�`�_�g�b�y�� ���]�b�j�h�k�d�h�i�u���� �Z�d�k�_�e�_�j�h�f�_�l�j�u������ �m�e�m�q�r�_�g�b�_ �d�Z�q�_�k�l�\�Z �^�b�k�i�e�_�_�\�� �b��

�i�h�y�\�e�_�g�b�_�� �[�h�e�_�_�� �l�h�q�g�u�o���b�� �^�h�k�l�m�i�g�u�o���k�b�k�l�_�f�� �l�j�_�d�b�g�]�Z�� ���g�Z�i�j�b�f�_�j����Kinect) 

�k�h�a�^�Z�e�b�� �g�h�\�m�x�� �d�h�f�i�h�g�_�g�l�g�m�x�� �[�Z�a�m���� �K�l�Z�e�b�� �Z�d�l�b�\�g�h�� �j�Z�a�\�b�\�Z�l�v�k�y�� �g�_�� �l�h�e�v�d�h��

�b�]�j�h�\�u�_�����g�h���b���k�h�^�_�j�`�Z�l�_�e�v�g�u�_���k�j�_�^�u���<�J���± �h�[�j�Z�a�h�\�Z�l�_�e�v�g�u�_���k�j�_�^�u, �k�j�_�^�u���^�e�y��

�\�h�_�g�g�u�o�� �k�b�f�m�e�y�l�h�j�h�\, �l�j�_�g�Z�`�z�j�u�� �^�e�y�� �l�j�_�g�b�j�h�\�d�b���o�b�j�m�j�]�h�\����

�i�k�b�o�h�l�_�j�Z�i�_�\�l�b�q�_�k�_�d�b�_���k�j�_�^�u���^�e�y���d�h�j�j�_�d�p�b�b���n�h�[�b�c. 

�H�l�^�_�e�v�g�h�c�� �\�_�o�h�c�� �\�� �b�k�l�h�j�b�b�� �j�Z�a�\�b�l�b�y�� �k�b�k�l�_�f�� �<�J�� �k�e�_�^�m�_�l���k�q�b�l�Z�l�v 

�i�h�y�\�e�_�g�b�_, �\ �i�_�j�\�m�x���h�q�_�j�_�^�v���\���k�n�_�j�_���i�j�h�f�u�r�e�_�g�g�h�]�h���^�b�a�Z�c�g�Z �b���Z�j�o�b�l�_�d�l�m�j�u, 

�i�j�h�^�\�b�g�m�l�u�o�� �k�b�k�l�_�f �l�b�i�Z�� �&�$�9�(�� ��CAVE Automatic Virtual Environment) �± 

�f�g�h�]�h�d�h�f�i�h�g�_�g�l�g�u�o�� �d�h�f�i�e�_�d�k�h�\���� �k�h�k�l�h�y�s�b�o�� �b�a�� �[�h�e�v�r�b�o�� �i�j�h�_�d�p�b�h�g�g�u�o��

�w�d�j�Z�g�h�\���b���k�b�k�l�_�f�u���i�j�h�_�d�l�h�j�h�\. �L�Z�d�b�_���d�h�g�k�l�j�m�d�p�b�b �n�Z�d�l�b�q�_�k�d�b���i�j�_�^�k�l�Z�\�e�y�x�l��

�k�h�[�h�c�� �d�h�f�g�Z�l�u���� �\�� �d�h�l�h�j�u�o�� �i�h�e�v�a�h�\�Z�l�_�e�v�� �k�i�h�k�h�[�_�g�� �k�h�\�_�j�r�Z�l�v�� �j�_�Z�e�v�g�u�_��

�^�\�b�`�_�g�b�y���� �Z�� �k�l�_�j�_�h�w�n�n�_�d�l�� �k�h�a�^�Z�z�l�k�y���k�� �i�j�b�f�_�g�_�g�b�_�f�� �k�i�_�p�b�Z�e�v�g�u�o���a�Z�l�\�h�j�g�u�o��

�h�q�d�h�\���� �:�d�l�b�\�g�u�_�� �k�b�k�l�_�f�u�� �l�j�_�d�b�g�]�Z�� �\�� �l�Z�d�b�o�� �m�k�l�Z�g�h�\�d�Z�o�� �j�_�a�d�h�� �i�j�b�[�e�b�a�b�e�b��

�g�Z�o�h�`�^�_�g�b�_���q�_�e�h�\�_�d�Z���d���j�_�Z�e�v�g�u�f���i�j�b�\�u�q�g�u�f���m�k�e�h�\�b�y�f���g�Z�[�e�x�^�_�g�b�y�� �B�f�_�g�g�h��

�i�h�y�\�e�_�g�b�_��CAVE-�k�b�k�l�_�f���i�j�b�\�_�e�h���b�k�k�e�_�^�h�\�Z�l�_�e�_�c���d���g�_�h�[�o�h�^�b�f�h�k�l�b���\�\�_�^�_�g�b�y��

�l�_�j�f�b�g�Z���©�b�f�f�_�j�k�b�y�ª�� ���i�h�]�j�m�`�_�g�b�_������ �a�Z�b�f�k�l�\�h�\�Z�g�g�h�]�h�� �b�a�� �h�[�e�Z�k�l�b�� �i�h�^�]�h�l�h�\�d�b��

�d�h�k�f�h�g�Z�\�l�h�\���� �B�f�f�_�j�k�b�y���± �w�l�h�� �k�l�_�i�_�g�v�� �j�_�Z�e�b�k�l�b�q�g�h�k�l�b�� �m�k�e�h�\�b�c�� �g�Z�[�e�x�^�_�g�b�y��

�k�l�b�f�m�e�y�p�b�b�����d�h�l�h�j�m�x���k�i�h�k�h�[�g�Z���i�h�j�h�`�^�Z�l�v���<�J-�k�b�k�l�_�f�Z (Bowman et al., 2007). 
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�J�b�k�m�g�h�d���� - �H�[�s�b�c���\�b�^���m�k�l�Z�g�h�\�d�b���\�b�j�l�m�Z�e�v�g�h�c���j�_�Z�e�v�g�h�k�l�b��CAVE 

�Q�Z�k�l�h�� �b�k�k�e�_�^�h�\�Z�l�_�e�b�� �\�b�^�y�l�� �i�j�_�b�f�m�s�_�k�l�\�Z�� �\�b�j�l�m�Z�e�v�g�h�c�� �j�_�Z�e�v�g�h�k�l�b�� �\��

�k�\�h�c�k�l�\�_���b�f�f�_�j�k�b�\�g�h�k�l�b�����j�Z�a�e�b�q�b�_���f�_�`�^�m���b�f�f�_�j�k�b�\�g�h�c���<�J�����i�j�b���g�Z�o�h�`�^�_�g�b�b 

�\���d�h�l�h�j�h�c �\�b�j�l�m�Z�e�v�g�Z�y���k�j�_�^�Z���h�d�j�m�`�Z�_�l���i�h�e�v�a�h�\�Z�l�_�e�y�����d�Z�d���\���k�e�m�q�Z�_���k���+�0�'���b�e�b��

�K�b�k�l�_�f�u�� �&�$�9�(����- �q�m�\�k�l�\�h�� �i�j�b�k�m�l�k�l�\�b�y���\�� �l�j�_�o�f�_�j�g�h�f�� �����'���� �f�b�j�_�� �b��

�\�h�a�f�h�`�g�h�k�l�v�� �f�Z�g�b�i�m�e�b�j�h�\�Z�l�v���� �\�a�Z�b�f�h�^�_�c�k�l�\�h�\�Z�l�v�� �b�e�b�� �d�h�g�k�l�j�m�b�j�h�\�Z�l�v��

�h�[�t�_�d�l�u��, �b�� �g�_�b�f�f�_�j�k�b�\�g�h�c���<�J, �\�� �d�h�l�h�j�h�c�� �i�h�e�v�a�h�\�Z�l�_�e�v�� �g�Z�[�e�x�^�Z�_�l��

�\�b�j�l�m�Z�e�v�g�m�x�� �h�d�j�m�`�Z�x�s�m�x�� �k�j�_�^�m�� �b�a�\�g�_���� �h�[�u�q�g�u�c�� �^�h�k�l�m�i�� �d�� �d�h�l�h�j�h�c��

�h�k�m�s�_�k�l�\�e�y�_�l�k�y���q�_�j�_�a���g�Z�k�l�h�e�v�g�u�c���d�h�f�i�v�x�l�_�j�����2�W�W���	���)�U�H�L�Q�D�������������������D�j�h�f�_���l�h�]�h����

�k�h�\�j�_�f�_�g�g�u�_�� �\�b�j�l�m�Z�e�v�g�u�_�� �f�b�j�u�� �^�Z�x�l�� �\�h�a�f�h�`�g�h�k�l�v�� �g�_�k�d�h�e�v�d�b�f��

�i�h�e�v�a�h�\�Z�l�_�e�y�f���\�a�Z�b�f�h�^�_�c�k�l�\�h�\�Z�l�v���^�j�m�]���k���^�j�m�]�h�f���\���p�b�n�j�h�\�h�c���k�j�_�^�_�����k�h�a�^�Z�x�s�_�c 

�h�k�h�[�u�c �b�g�l�_�j�Z�d�l�b�\�g�u�c���w�n�n�_�d�l�����'�L�F�N�H�\���������������� 

�L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �g�Z�� �h�k�g�h�\�_�� �\�u�^�_�e�_�g�b�y�� �d�j�b�l�_�j�b�y���b�f�f�_�j�k�b�\�g�h�k�l�b�� �[�u�e�Z��

�i�j�_�^�e�h�`�_�g�Z�� �d�e�Z�k�k�b�n�b�d�Z�p�b�y�� �k�b�k�l�_�f�� �<�J�� �i�h�� �^�\�m�f�� �l�b�i�Z�f���� �b�f�f�_�j�k�b�\�g�Z�y��

�\�b�j�l�m�Z�e�v�g�Z�y�� �j�_�Z�e�v�g�h�k�l�v�� �b�� �g�_�b�f�f�_�j�k�b�\�g�Z�y�� �\�b�j�l�m�Z�e�v�g�Z�y�� �j�_�Z�e�v�g�h�k�l�v���� �<�\�b�^�m��

�l�_�o�g�h�e�h�]�b�q�_�k�d�b�o�� �^�h�k�l�b�`�_�g�b�c���g�u�g�_�r�b�_�� �k�b�k�l�_�f�u �<�J�� �f�h�]�m�l �j�Z�[�h�l�Z�l�v�� �g�Z��

�h�l�g�h�k�b�l�_�e�v�g�h�� �^�_�r�_�\�h�c�� �h�k�g�h�\�_���� �l�Z�d�h�c�� �d�Z�d�� �g�Z�k�l�h�e�v�g�u�c�� �i�_�j�k�h�g�Z�e�v�g�u�c��

�d�h�f�i�v�x�l�_�j�����d�h�l�h�j�Z�y���b�a�\�_�k�l�g�Z���d�Z�d���g�Z�k�l�h�e�v�g�Z�y���k�b�k�l�_�f�Z���\�b�j�l�m�Z�e�v�g�h�c���j�_�Z�e�v�g�h�k�l�b��
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(Lee et al������ �������������� �G�_�b�f�f�_�j�k�b�\�g�Z�y�� �\�b�j�l�m�Z�e�v�g�Z�y�� �j�_�Z�e�v�g�h�k�l�v���± �w�l�h���l�_�o�g�h�e�h�]�b�y��

�i�j�_�^�t�y�\�e�_�g�b�y���l�j�_�o�f�_�j�g�h�]�h���b�a�h�[�j�Z�`�_�g�b�y�����k�h�a�^�Z�g�g�h�]�h �\���f�m�e�v�l�b�f�_�^�b�c�g�h�c���k�j�_�^�_��

�g�Z���i�_�j�k�h�g�Z�e�v�g�h�f �d�h�f�i�v�x�l�_�j�_�����d�h�l�h�j�h�_���f�h�`�g�h���i�j�h�k�f�Z�l�j�b�\�Z�l�v���\���b�g�l�_�j�Z�d�l�b�\�g�h�f��

�j�_�`�b�f�_�� �k�� �i�h�f�h�s�v�x�� �d�e�Z�\�b�Z�l�m�j�u���� �f�u�r�b���� �^�`�h�c�k�l�b�d�Z�� �b�e�b�� �k�_�g�k�h�j�g�h�]�h�� �w�d�j�Z�g�Z����

�g�Z�m�r�g�b�d�h�\�����h�q�d�h�\���b���i�_�j�q�Z�l�h�d���^�e�y���i�_�j�_�^�Z�q�b���^�Z�g�g�u�o����Gazit et al. 2006). 

�K�h�\�j�_�f�_�g�g�Z�y�� �j�_�\�h�e�x�p�b�y�� �m�k�l�j�h�c�k�l�\�� �<�J �g�Z�q�Z�e�Z�k�v�� �\�� ���������� �]�h�^�m���� �d�h�]�^�Z 

�f�h�e�h�^�h�c���w�g�l�m�a�b�Z�k�l���I�Z�e�f�_�j���E�Z�d�b���a�Z�i�m�k�l�b�e���g�Z���.�L�F�N�V�W�D�U�W�H�U���i�j�h�l�h�l�b�i���2�F�X�O�X�V���5�L�I�W��

DK1 ���J�b�k.5)���� �?�]�h�� �]�Z�j�g�b�l�m�j�Z�� �i�j�_�^�e�Z�]�Z�e�Z�� �r�b�j�h�d�b�c�� �m�]�h�e�� �h�[�a�h�j�Z���� �d�j�b�l�b�q�_�k�d�b 

�g�b�a�d�m�x�� �a�Z�^�_�j�`�d�m�� ���[�e�Z�]�h�^�Z�j�y�� �k�h�\�j�_�f�_�g�g�u�f�� �^�Z�l�q�b�d�Z�f���� �b�� �h�l�g�h�k�b�l�_�e�v�g�h��

�^�h�k�l�m�i�g�m�x���p�_�g�m���� 

 
�J�b�k�m�g�h�d 5 - �H�[�s�b�c���\�b�^���r�e�_�f�Z���\�b�j�l�m�Z�e�v�g�h�c���j�_�Z�e�v�g�h�k�l�b��Oculus Rift DK1 

�A�g�Z�q�b�l�_�e�v�g�u�c �m�k�i�_�o�� �d�j�Z�m�^�n�Z�g�^�b�g�]�Z �g�Z�� �j�Z�a�[�h�l�d�m��Oculus Rift DK1 �k�l�Z�e��

�k�b�]�g�Z�e�h�f�� �^�e�y�� �l�_�o�g�h�e�h�]�b�q�_�k�d�b�o�� �]�b�]�Z�g�l�h�\ �p�b�n�j�h�\�h�c�� �b�g�^�m�k�l�j�b�b�� �g�Z�i�j�Z�\�b�l�v��

�\�g�b�f�Z�g�b�_���b�f�_�g�g�h���g�Z���k�h�a�^�Z�g�b�_���i�h�e�v�a�h�\�Z�l�_�e�v�k�d�b�o���r�e�_�f�h�\���<�J (Burdea & Coiff et, 

2003; Sherman & Craig, 2018). �<�k�e�_�^�� �a�Z�� �w�l�b�f�� �i�h�k�e�_�^�h�\�Z�e�� �\�u�i�m�k�d�� �d�e�x�q�_�\�u�o��

�i�j�h�^�m�d�l�h�\���� �+�7�&�� �9�L�Y�H�� �������������� �k�� �i�j�_�p�b�a�b�h�g�g�h�c�� �k�b�k�l�_�f�h�c�� �l�j�_�d�b�g�]�Z�� �/�L�J�K�W�K�R�X�V�H������

�6�R�Q�\�� �3�O�D�\�6�W�D�W�L�R�Q�� �9�5�� �������������� �\�u�\�h�^���<�J�� �g�Z�� �f�Z�k�k�h�\�m�x�� �b�]�j�h�\�m�x�� �d�h�g�k�h�e�v������

�L�_�o�g�h�e�h�]�b�b�� �k�l�j�_�f�b�l�_�e�v�g�h�� �j�Z�a�\�b�\�Z�e�b�k�v���� �\�u�k�h�d�h�_�� �j�Z�a�j�_�r�_�g�b�_�� �b�� �q�Z�k�l�h�l�Z��

�h�[�g�h�\�e�_�g�b�y�� �^�b�k�i�e�_�_�\���� �e�b�g�a�u�� �g�h�\�h�]�h�� �i�h�d�h�e�_�g�b�y�� ���S�D�Q�F�D�N�H���� �^�e�y�� �d�h�f�i�Z�d�l�g�h�k�l�b����

�l�h�q�g�u�c�� �\�g�m�l�j�b-�g�Z�j�m�`�g�u�c�� �l�j�_�d�b�g�]�� ���L�Q�V�L�G�H-�R�X�W�� �W�U�D�F�N�L�Q�J���� �[�_�a�� �[�Z�a�h�\�u�o�� �k�l�Z�g�p�b�c����
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�l�j�_�d�b�g�]�� �]�e�Z�a�� �b�� �e�b�p�Z���� �D�h�g�l�_�g�l�� �\�u�r�_�e�� �^�Z�e�_�d�h�� �a�Z�� �j�Z�f�d�b�� �b�]�j���� �k�h�p�b�Z�e�v�g�u�_��

�i�e�Z�l�n�h�j�f�u�� ���+�R�U�L�]�R�Q�� �:�R�U�O�G�V������ �n�b�l�g�_�k-�i�j�b�e�h�`�_�g�b�y���� �d�h�j�i�h�j�Z�l�b�\�g�h�_�� �h�[�m�q�_�g�b�_����

�^�b�a�Z�c�g���� �l�_�j�Z�i�b�y���� �\�b�j�l�m�Z�e�v�g�u�_�� �d�h�g�p�_�j�l�u�� �b�� �\�u�k�l�Z�\�d�b�����L�_�o�g�h�e�h�]�b�b�� �<�J��

�j�Z�a�j�Z�[�h�l�q�b�d�b�� �k�l�Z�e�b�� �j�Z�k�k�f�Z�l�j�b�\�Z�l�v �d�Z�d�� �d�e�x�q�_�\�h�c�� �b�g�l�_�j�n�_�c�k�� �^�e�y�� �[�m�^�m�s�b�o��

�f�_�l�Z�\�k�_�e�_�g�g�u�o���± �b�f�f�_�j�k�b�\�g�u�o�� �p�b�n�j�h�\�u�o�� �f�b�j�h�\��(Cipresso et al., 2018). 

�I�j�_�^�i�h�e�Z�]�Z�_�l�k�y���� �q�l�h�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�� �<�J-�r�e�_�f�Z�� �[�m�^�_�l�� �g�Z�i�j�Z�\�e�_�g�h�� �b�� �g�Z��

�h�[�m�q�_�g�b�_���� �b�� �g�Z�� �i�h�^�^�_�j�`�Z�g�b�y�� �^�_�e�h�\�h�c�� �b�� �e�b�q�g�h�c�� �d�h�f�f�m�g�b�d�Z�p�b�b���� �b�� �g�Z��

�\�a�Z�b�f�h�^�_�c�k�l�\�b�_���k���k�_�j�\�b�k�Z�f�b���m�k�e�m�]�� 

�H�k�h�[�h�x�� �j�h�e�v�� �\�� �b�k�l�h�j�b�b�� �j�Z�a�\�b�l�b�y�� �k�b�k�l�_�f�� �<�J�� �\�u�i�h�e�g�b�e�Z�� �i�Z�g�^�_�f�b�y��

�d�h�j�h�g�Z�\�b�j�m�k�Z��COVID-19. �<�\�_�^�z�g�g�u�_���h�]�j�Z�g�b�q�_�g�b�y���g�Z���i�_�j�_�f�_�s�_�g�b�y���b���j�Z�a�\�b�l�b�_ 

�k�_�j�\�b�k�h�\���p�b�n�j�h�\�h�]�h���h�[�j�Z�a�h�\�Z�g�b�y���b���d�h�f�f�m�g�b�d�Z�p�b�b���i�h�e�h�`�b�l�_�e�v�g�h���i�h�\�e�b�y�e�b���g�Z��

�k�h�^�_�j�`�Z�l�_�e�v�g�h�_�� �j�Z�a�\�b�l�b�y�_�� �g�Z�i�h�e�g�_�g�b�y�� �k�j�_�^�� �\�b�j�l�m�Z�e�v�g�h�c�� �j�_�Z�e�v�g�h�k�l�b����

�I�h�y�\�b�e�h�k�v�� �a�Z�f�_�l�g�h�_�� �d�h�e�b�q�_�k�l�\�h�� �g�h�\�u�o�� �h�[�j�Z�a�h�\�Z�l�_�e�v�g�u�o�� �i�j�b�e�h�`�_�g�b�c���� �\�� �l�h�f��

�q�b�k�e�_���^�e�y�� �a�Z�^�Z�q�� �k�Z�f�h�h�[�j�Z�a�h�\�Z�g�b�y (Yu et al., 2024). �<�l�h�j�u�f�� �l�j�_�g�^�h�f, �k�� �l�h�q�d�b��

�a�j�_�g�b�y�� �d�h�g�l�_�g�l�Z�� �i�j�b�e�h�`�_�g�b�c�� �^�e�y�� �<�J-�m�k�l�j�h�c�k�l�\, �k�l�Z�e�b�� �d�h�f�f�m�g�b�d�Z�p�b�h�g�g�u�_��

�k�_�j�\�b�k�u���� �i�h�a�\�h�e�y�x�s�b�_�� �i�j�h�\�h�^�b�l�v�� �h�g�e�Z�c�g�� �\�k�l�j�_�q�b�� �\�� �\�b�j�l�m�Z�e�v�g�h�f��

�i�j�h�k�l�j�Z�g�k�l�\�_���Z�\�Z�l�Z�j�h�\���k�h�[�_�k�_�^�g�b�d�h�\�����J�b�k.6). 

 
�J�b�k�m�g�h�d 6 - �I�j�b�f�_�j���\�b�j�l�m�Z�e�v�g�h�c���k�j�_�^�u��Horizon Workrooms, �\���d�h�l�h�j�h�c��

�i�j�_�^�k�l�Z�\�e�_�g�h���i�j�h�\�_�^�_�g�b�y���k�h�\�_�s�Z�g�b�y���\���\�b�j�l�m�Z�e�v�g�h�f���i�j�h�k�l�j�Z�g�k�l�\�_���k���m�q�Z�k�l�b�_�f��

�Z�\�Z�l�Z�j�h�\���k�h�[�_�k�_�^�g�b�d�h�\ 
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�I�h�y�\�e�_�g�b�_�� �b�� �j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�_�� �l�Z�d�b�o�� �\�b�j�l�m�Z�e�v�g�u�o�� �k�j�_�^�� �k�n�h�j�f�b�j�h�\�Z�e�h��

�g�h�\�m�x�� �i�j�h�[�e�_�f�g�m�x�� �h�[�e�Z�k�l�v�� �\�� �k�n�_�j�_�� �i�k�b�o�h�e�h�]�b�b �\�b�j�l�m�Z�e�v�g�h�c�� �j�_�Z�e�v�g�h�k�l�b���± 

�b�a�m�q�_�g�b�_�� �l�Z�d�� �g�Z�a�u�\�Z�_�f�h�]�h�� �n�_�g�h�f�_�g�Z�� �k�h-�i�j�b�k�m�l�k�l�\�b�y�� ��co-presence) �± 

�k�m�[�t�_�d�l�b�\�g�h�]�h�� �i�_�j�_�`�b�\�Z�g�b�y�� �i�h�e�v�a�h�\�Z�l�_�e�_�f���� �i�h�]�j�m�`�z�g�g�h�]�h�� �\�� �<�J����

�h�^�g�h�\�j�_�f�_�g�g�h�]�h�� �g�Z�o�h�`�^�_�g�b�y�� �\�� �h�^�g�h�f�� �\�b�j�l�m�Z�e�v�g�h�f�� �i�j�h�k�l�j�Z�g�k�l�\�_�� �k�� �^�j�m�]�b�f�b��

�i�h�e�v�a�h�\�Z�l�_�e�y�f�b���� �i�j�_�^�k�l�Z�\�e�_�g�g�u�f�b�� �b�o���\�b�j�l�m�Z�e�v�g�u�f�b�� �Z�\�Z�l�Z�j�Z�f�b (Yosefdeh et 

al., 2024). �>�Z�g�g�u�c�� �n�_�g�h�f�_�g�� �b�� �j�Z�g�_�_�� �j�Z�k�k�f�Z�l�j�b�\�Z�e�k�y�� �b�k�k�e�_�^�h�\�Z�l�_�e�y�f�b��

�\�b�j�l�m�Z�e�v�g�h�c�� �j�_�Z�e�v�g�h�k�l�b���� �g�h�� �b�f�_�g�g�h�� �r�b�j�h�d�h�_�� �j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�_�� �h�k�h�[�_�g�g�h��

�i�h�e�m�q�b�e���\���i�h�k�l-�i�Z�g�^�_�f�b�c�g�u�c���i�_�j�b�h�^�� 

�B�a�m�q�_�g�b�_�� �i�_�j�_�`�b�\�Z�g�b�y�� �k�h-�i�j�b�k�m�l�k�l�\�b�y�� �b�f�_�_�l�� �[�h�e�v�r�h�_�� �a�g�Z�q�_�g�b�_�� �b�� �^�e�y��

�j�Z�a�\�b�l�b�y�� �<�J-�k�b�k�l�_�f�� �\�� �p�_�e�h�f���� �i�h�k�d�h�e�v�d�m���� �d�j�h�f�_�� �i�j�h�[�e�_�f�Z�l�b�d�b�� �h�j�]�Z�g�b�a�Z�p�b�b��

�k�Z�f�h�]�h���i�h���k�_�[�_���k�h�p�b�Z�e�v�g�h�]�h���\�a�Z�b�f�h�^�_�c�k�l�\�b�y���\���\�b�j�l�m�Z�e�v�g�h�c���k�j�_�^�_�����l�_�k�g�h���k�\�y�a�Z�g��

�b�� �k�� �\�h�i�j�h�k�Z�f�b�� �h�j�]�Z�g�b�a�Z�p�b�b�� �w�n�n�_�d�l�b�\�g�h�]�h�� �h�[�j�Z�a�h�\�Z�l�_�e�v�g�h�]�h�� �i�j�h�p�_�k�k�Z�� �i�j�b��

�h�^�g�h�\�j�_�f�_�g�g�h�f���g�Z�o�h�`�^�_�g�b�b���g�_�k�d�h�e�v�d�b�o���h�[�m�q�Z�x�s�b�o�k�y���\���h�^�g�h�f���\�b�j�l�m�Z�e�v�g�h�f��

�h�[�j�Z�a�h�\�Z�l�_�e�v�g�h�f���i�j�h�k�l�j�Z�g�k�l�\�_ (Van der Meer et al., 2023). �<�Z�`�g�h���h�l�f�_�l�b�l�v�����q�l�h��

�l�Z�d�b�_���b�k�k�e�_�^�h�\�Z�g�b�y���b���i�j�Z�d�l�b�q�_�k�d�h�_���i�j�b�f�_�g�_�g�b�_���<�J���\���h�[�j�Z�a�h�\�Z�g�b�b���\�h���f�g�h�]�h�f��

�k�l�Z�e�h�� �\�h�a�f�h�`�g�h�� �a�Z�� �k�q�z�l�� �w�\�h�e�x�p�b�b�� �<�J-�m�k�l�j�h�c�k�l�\�� �\�� �k�l�h�j�h�g�m�� �d�h�f�i�Z�d�l�g�u�o��

�g�h�k�b�f�u�o���r�e�_�f�h�\�����g�_���l�j�_�[�m�x�s�b�o���i�h�^�d�e�x�q�_�g�b�y���d���i�_�j�k�h�g�Z�e�v�g�h�f�m���d�h�f�i�v�x�l�_�j�m�� 

�K���l�h�q�d�b���a�j�_�g�b�y���h�k�g�h�\�g�u�o���l�j�_�g�^�h�\���j�Z�a�\�b�l�b�y���<�J-�k�b�k�l�_�f, �g�Z���k�_�]�h�^�g�y�r�g�b�c��

�^�_�g�v, �g�Z�j�y�^�m�� �k�h�� �k�l�j�_�f�e�_�g�b�_�f�� �i�j�h�b�a�\�h�^�b�l�_�e�_�c�� �k�^�_�e�Z�l�v�� �m�k�l�j�h�c�k�l�\�Z��

�[�_�k�i�j�h�\�h�^�g�u�f�b���b���Z�\�l�h�g�h�f�g�u�f�b�����f�h�`�g�h���\�u�^�_�e�b�l�v���m�\�_�e�b�q�_�g�b�_���j�_�Z�e�b�k�l�b�q�g�h�k�l�b��

�b���k�h�i�j�y�`�_�g�b�_���k���k�b�k�l�_�f�Z�f�b���j�_�]�b�k�l�j�Z�p�b�b���^�\�b�`�_�g�b�c���]�e�Z�a�� 

�A�Z�^�Z�q�Z �i�h�� �m�\�_�e�b�q�_�g�b�x�� �j�_�Z�e�b�k�l�b�q�g�h�k�l�b�� �\�� �i�_�j�\�m�x�� �h�q�_�j�_�^�v�� �j�_�r�Z�_�l�k�y�� �a�Z��

�k�q�z�l�� �m�\�_�e�b�q�_�g�b�y�� �j�Z�a�j�_�r�_�g�b�y���b�� �d�Z�q�_�k�l�\�Z���i�j�_�^�t�y�\�e�y�_�f�h�]�h�� �\�� �r�e�_�f�_��

�b�a�h�[�j�Z�`�_�g�b�y�� �B�� �_�k�e�b�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �j�Z�a�j�_�r�_�g�b�y�� �k�\�y�a�Z�g�u�� �k�� �l�b�i�h�f��

�b�k�i�h�e�v�a�m�_�f�h�]�h�� �\�� �r�e�_�f�_�� �w�d�j�Z�g�Z���� �l�h�� �d�Z�q�_�k�l�\�h�� �b�a�h�[�j�Z�`�_�g�b�y�� �a�Z�\�b�k�b�l�� �b�� �h�l��

�b�k�i�h�e�v�a�m�_�f�u�o���\���<�J-�m�k�l�j�h�c�k�l�\�_���e�b�g�a�����G�Z�b�[�h�e�_�_���j�Z�k�i�j�h�k�l�j�Z�g�z�g�g�u�f�b���y�\�e�y�x�l�k�y��

�e�b�g�a�u�� �N�j�_�g�_�e�y���± �h�i�l�b�q�_�k�d�b�_�� �^�_�l�Z�e�b���� �b�f�_�x�s�b�_�� �k�l�m�i�_�g�q�Z�l�m�x�� �i�h�\�_�j�o�g�h�k�l�v����

�L�Z�d�b�_�� �e�b�g�a�u�� �k�h�k�l�h�y�l���b�a�� �d�h�g�p�_�g�l�j�b�q�_�k�d�b�o�� �d�h�e�_�p���� �d�Z�`�^�h�_�� �b�a�� �d�h�l�h�j�u�o��

�i�j�_�^�k�l�Z�\�e�y�_�l�� �k�h�[�h�c�� �m�q�Z�k�l�h�d�� �d�h�g�b�q�_�k�d�h�c�� �i�h�\�_�j�o�g�h�k�l�b�� �k�� �d�j�b�\�h�e�b�g�_�c�g�u�f��
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�i�j�h�n�b�e�_�f���b���y�\�e�y�_�l�k�y���w�e�_�f�_�g�l�h�f���i�h�\�_�j�o�g�h�k�l�b���k�i�e�h�r�g�h�c���e�b�g�a�u ���A�Z�d�Z�a�g�h�\���b���^�j������

���������������<���r�e�_�f�Z�o���<�J���o�Z�j�Z�d�l�_�j�b�k�l�b�d�b���e�b�g�a�u���N�j�_�g�_�e�y ���J�b�k. 7) �b�k�i�h�e�v�a�m�x�l�k�y���^�e�y 

�^�h�k�l�b�`�_�g�b�y�� �w�n�n�_�d�l�b�\�g�h�]�h�� �h�l�h�[�j�Z�`�_�g�b�y�� �b�a�h�[�j�Z�`�_�g�b�y�� �g�Z�� �g�_�[�h�e�v�r�h�f��

�j�Z�k�k�l�h�y�g�b�b. �H�^�g�Z�d�h�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�� �l�Z�d�b�o�� �e�b�g�a�� �b�f�_�_�l�� �g�_�^�h�k�l�Z�l�h�l�d�b���� �\��

�q�Z�k�l�g�h�k�l�b, �\���]�Z�j�g�b�l�m�j�_���l�j�_�[�m�_�l�k�y���f�_�k�l�h���^�e�y���b�o���j�Z�a�f�_�s�_�g�b�y���i�h���]�e�m�[�b�g�_�����Z���l�Z�d�`�_��

�g�Z�e�b�q�b�_�� �o�j�h�f�Z�l�b�q�_�k�d�h�c�� �Z�[�_�j�j�Z�p�b�b�� �\�� �\�b�^�_�� �b�k�d�Z�`�_�g�b�y�� �d�j�Z�_�\�� �h�[�t�_�d�l�h�\����

�h�l�h�[�j�Z�`�Z�_�f�u�o�� �g�Z�� �w�d�j�Z�g�_���� �K�� �p�_�e�v�x�� �m�e�m�q�r�_�g�b�y�� �d�Z�q�_�k�l�\�Z�� �b�a�h�[�j�Z�`�_�g�b�y�� �\��

�g�Z�k�l�h�y�s�_�_�� �\�j�_�f�y�� �i�j�h�b�a�\�h�^�b�l�_�e�b�� �Z�d�l�b�\�g�h�� �\�g�_�^�j�y�x�l�� �\�� �<�J-�r�e�_�f�u�� �l�Z�d��

�g�Z�a�u�\�Z�_�f�u�_�� �e�b�g�a�u�� �l�b�i�Z��Pancake ���j�b�k�� 8)���� �d�h�l�h�j�u�_�� �i�j�_�^�k�l�Z�\�e�y�x�l�� �b�a�� �k�_�[�y 

�]�h�j�Z�a�^�h���[�h�e�_�_���d�h�f�i�Z�d�l�g�h�_���j�_�r�_�g�b�_���� 

 
�J�b�k�m�g�h�d���� - �E�b�g�a�u���N�j�_�g�_�e�y���^�e�y���k�b�k�l�_�f�u���<�J���l�b�i�Z���©�r�e�_�f�ª 

 
�<�l�h�j�h�_�� �g�Z�i�j�Z�\�e�_�g�b�_�� �i�h�� �m�e�m�q�r�_�g�b�x�� �d�Z�q�_�k�l�\�Z�� �g�Z�[�e�x�^�Z�_�f�h�]�h��

�b�a�h�[�j�Z�`�_�g�b�y���i�j�_�^�k�l�Z�\�e�_�g�h���b�g�l�_�]�j�Z�p�b�_�c���\���k�b�k�l�_�f�u���<�J���m�k�l�j�h�c�k�l�\���j�_�]�b�k�l�j�Z�p�b�b��

�^�\�b�`�_�g�b�c�� �]�e�Z�a�� �^�e�y�� �h�k�m�s�_�k�l�\�e�_�g�b�y���^�b�g�Z�f�b�q�_�k�d�h�]�h�� �j�_�g�^�_�j�b�g�]�Z���� �K�m�l�v�� �w�l�h�]�h��

�i�h�^�o�h�^�Z�� �\�� �l�h�f���� �q�l�h�� �b�a�h�[�j�Z�`�_�g�b�_�� �g�Z�b�[�h�e�_�_�� �\�u�k�h�d�h�c�� �q�z�l�d�h�k�l�b�� �n�h�j�f�b�j�m�_�l�k�y��

�b�f�_�g�g�h���\���l�h�c���q�Z�k�l�b���w�d�j�Z�g�Z�����\���d�h�l�h�j�m�x���g�Z�i�j�Z�\�e�_�g���\�a�h�j���g�Z�[�e�x�^�Z�l�_�e�y�����l�h�]�^�Z���d�Z�d��

�\���^�j�m�]�b�o���q�Z�k�l�y�o���b�a�h�[�j�Z�`�_�g�b�_���h�d�Z�a�u�\�Z�_�l�k�y���[�h�e�_�_���g�b�a�d�h�]�h���d�Z�q�_�k�l�\�Z�����L�_�f���k�Z�f�u�f��

�i�h�y�\�e�y�_�l�k�y�� �\�h�a�f�h�`�g�h�k�l�v�� �[�h�e�_�_�� �w�n�n�_�d�l�b�\�g�h�� �b�k�i�h�e�v�a�h�\�Z�l�v�� �i�j�h�b�a�\�h�^�b�l�_�e�v�g�m�x��

�f�h�s�g�h�k�l�v���]�j�Z�n�b�q�_�k�d�h�]�h���i�j�h�p�_�k�k�h�j�Z���<�J-�m�k�l�j�h�c�k�l�\�Z (Kim et al., 2024). 
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�J�b�k�m�g�h�d���� - �E�b�g�a�u���l�b�i�Z���©�i�Z�g�d�_�c�d�ª���^�e�y���r�e�_�f�Z���<�J 

 
�L�Z�d�b�f���h�[�j�Z�a�h�f�����b�k�l�h�j�b�y���j�Z�a�\�b�l�b�y���<�J���g�Z���k�_�]�h�^�g�y�r�g�b�c���^�_�g�v���g�Z�k�q�b�l�u�\�Z�_�l��

�m�`�_���[�h�e�_�_�� ������ �e�_�l���� �b�� �\�k�_�� �w�l�b�� �]�h�^�u�� �l�_�o�g�h�e�h�]�b�y�� �j�Z�a�\�b�\�Z�e�Z�k�v�� �g�_�� �l�h�e�v�d�h�� �k�� �l�h�q�d�b��

�a�j�_�g�b�y���m�e�m�q�r�_�g�b�y���w�j�]�h�g�h�f�b�q�_�k�d�b�o���b���\�b�a�m�Z�e�b�p�b�h�g�g�u�o���k�\�h�c�k�l�\���m�k�l�j�h�c�k�l�\�����g�h���b��

�i�h�� �i�m�l�b�� �w�\�h�e�x�p�b�b�� �\�h�a�f�h�`�g�h�]�h�� �^�e�y�� �i�j�_�^�t�y�\�e�_�g�b�y�� �k�h�^�_�j�`�Z�g�b�y�� �\�b�j�l�m�Z�e�v�g�u�o��

�k�j�_�^���� �I�j�b�� �w�l�h�f�� �\�Z�`�g�h�� �h�l�f�_�l�b�l�v���� �q�l�h�� �w�\�h�e�x�p�b�y�� �n�h�j�f�� �b�� �k�i�h�k�h�[�h�\��

�\�a�Z�b�f�h�^�_�c�k�l�\�b�y�� �k�� �\�b�j�l�m�Z�e�v�g�h�c�� �k�j�_�^�h�c���� �Z�� �l�Z�d�`�_�� �i�h�e�m�q�_�g�b�y�� �h�[�j�Z�l�g�h�c�� �k�\�y�a�b��

�i�h�e�v�a�h�\�Z�l�_�e�x, �g�_�� �i�j�_�l�_�j�i�_�e�b�� �a�g�Z�q�b�l�_�e�v�g�u�o�� �b�a�f�_�g�_�g�b�c���� �I�h�y�\�b�\�r�b�_�k�y�� �_�s�z�� �\��

90-�_���]�h�^�u������-�]�h���\�_�d�Z���l�Z�d�l�b�e�v�g�u�_���i�_�j�q�Z�l�d�b ���j�b�k������ �[�u�e�b���^�h�i�h�e�g�_�g�u���g�h�k�b�f�u�f�b��

�d�h�k�l�x�f�Z�f�b�� �k�� �h�[�j�Z�l�g�h�c�� �k�\�y�a�v�x�� �h�^�g�Z�d�h�� �r�b�j�h�d�h�]�h �j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�y�� �\ 

�i�j�b�f�_�g�_�g�b�b�� �i�h�e�v�a�h�\�Z�l�_�e�y�f�b�� �b�e�b�� �\�� �g�Z�m�q�g�u�o�� �b�k�k�e�_�^�h�\�Z�g�b�y�o�� �^�h�� �k�b�o�� �i�h�j�� �g�_��

�i�h�e�m�q�b�e�b���i�h���i�j�b�q�b�g�Z�f���l�_�o�g�b�q�_�k�d�b�o���h�]�j�Z�g�b�q�_�g�b�c���b���g�_�^�h�k�l�Z�l�h�q�g�h���k�l�Z�[�b�e�v�g�h�]�h��

�n�m�g�d�p�b�h�g�b�j�h�\�Z�g�b�y�����I�h�w�l�h�f�m���f�h�`�g�h���h�l�f�_�l�b�l�v�����q�l�h���j�Z�a�\�b�l�b�_���l�_�o�g�h�e�h�]�b�c���<�J���g�Z��

�i�j�h�l�y�`�_�g�b�b�� �k�\�h�_�c�� �b�k�l�h�j�b�b�� �[�u�e�h�� �\�� �[�h�e�v�r�_�c�� �k�l�_�i�_�g�b�� �k�h�k�j�_�^�h�l�h�q�_�g�h�� �g�Z��

�m�e�m�q�r�_�g�b�b���\�b�a�m�Z�e�v�g�u�o���k�\�h�c�k�l�\���\�b�j�l�m�Z�e�v�g�u�o���k�j�_�^�� 
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�J�b�k�m�g�h�d���� - �I�j�b�f�_�j���]�Z�i�l�b�q�_�k�d�h�c���i�_�j�q�Z�l�d�b����HaptX Gloves1) �^�e�y��

�b�k�i�h�e�v�a�h�\�Z�g�b�y���\���<�J 

 
1.2. �<�b�^�u���m�k�l�j�h�c�k�l�\���\�b�j�l�m�Z�e�v�g�h�c���j�_�Z�e�v�g�h�k�l�b 

�K�m�s�_�k�l�\�m�x�s�b�_�� �g�Z�� �k�_�]�h�^�g�y�r�g�b�c�� �^�_�g�v���j�_�r�_�g�b�y�� �^�e�y�� �j�_�Z�e�b�a�Z�p�b�b��

�m�k�l�j�h�c�k�l�\�� �<�J�� �h�l�e�b�q�Z�x�l�k�y�� �f�_�`�^�m�� �k�h�[�h�c�� �i�h�� �\�g�_�r�g�_�f�m�� �\�b�^�m���� �h�k�h�[�_�g�g�h�k�l�y�f��

�b�k�i�h�e�v�a�h�\�Z�g�b�y���b���i�j�_�^�h�k�l�Z�\�e�y�_�f�u�f���\�h�a�f�h�`�g�h�k�l�y�f���i�h���k�_�g�k�h�j�g�h�f�m���\�h�a�^�_�c�k�l�\�b�x��

�g�Z���q�_�e�h�\�_�d�Z�� 

�K�j�_�^�b�� �k�b�k�l�_�f�� �<�J���� �i�j�b�f�_�g�y�_�f�u�o�� �\�� �l�h�f�� �q�b�k�e�_�� �\�� �d�h�]�g�b�l�b�\�g�u�o��

�b�k�k�e�_�^�h�\�Z�g�b�y�o�����f�h�`�g�h���\�u�^�_�e�b�l�v���k�e�_�^�m�x�s�b�_���l�b�i�u���m�k�l�j�h�c�k�l�\�� 

1) �:�\�l�h�g�h�f�g�u�_�� �g�h�k�b�f�u�_�� �<�J-�r �e�_�f�u���± �w�l�h�� �m�k�l�j�h�c�k�l�\�Z���� �i�h�k�l�j�h�_�g�g�u�_�� �i�h��

�i�j�b�g�p�b�i�m�� �©�\�k�z�� �\�� �h�^�g�h�f�ª���± �\�k�l�j�h�_�g�g�u�c�� �i�j�h�p�_�k�k�h�j���� �h�i�_�j�Z�l�b�\�g�Z�y�� �i�Z�f�y�l�v��

���h�[�u�q�g�h�� ��-������ �=�;�������� �o�j�Z�g�b�e�b�s�_�� ���������� �=�;�������� �h�i�_�j�Z�p�b�h�g�g�Z�y�� �k�b�k�l�_�f�Z�� ���q�Z�k�l�h��

Android-�i�h�^�h�[�g�Z�y�������B�f�_�x�l���/�&�'���b�e�b���2�/�(�'���k���\�u�k�h�d�b�f���j�Z�a�j�_�r�_�g�b�_�f�����q�Z�k�l�h��

���������[���������� �g�Z�� �]�e�Z�a�� �b�� �\�u�r�_���� �^�h�� ���.�������� �q�Z�k�l�h�l�h�c�� �h�[�g�h�\�e�_�g�b�y�� ������������������ �=�p����

�E�b�g�a�u�����)�U�Hn�H�O���b�e�b���3�D�Q�F�D�N�H�����^�e�y���m�f�_�g�v�r�_�g�b�y���l�h�e�s�b�g�u�������D���i�j�_�b�f�m�s�_�k�l�\�Z�f��

�l�Z�d�b�o�� �k�b�k�l�_�f�� �k�e�_�^�m�_�l�� �h�l�g�_�k�l�b�����i�h�e�g�Z�y�� �[�_�k�i�j�h�\�h�^�g�h�k�l�v�����i�j�h�k�l�h�l�Z��

�b�k�i�h�e�v�a�h�\�Z�g�b�y���± �g�_�l�� �g�_�h�[�o�h�^�b�f�h�k�l�b�� �\�� �f�h�s�g�h�f�� �I�D�� �b�e�b�� �d�h�g�k�h�e�b����

�i�h�j�l�Z�l�b�\�g�h�k�l�v�����^�h�k�l�m�i�g�h�k�l�v���k���l�h�q�d�b���a�j�_�g�b�y���p�_�g�u�����g�b�a�d�b�_���l�j�_�[�h�\�Z�g�b�y���d��IT-

�d�h�f�i�_�l�_�g�p�b�y�f���i�h�e�v�a�h�\�Z�l�_�e�y�����j�Z�a�\�b�l�Z�y���w�d�h�k�b�k�l�_�f�Z���± �[�h�e�v�r�h�c���\�u�[�h�j���b�]�j���b��
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�i�j�b�e�h�`�_�g�b�c�� �\�� �k�h�[�k�l�\�_�g�g�h�f�� �f�Z�]�Z�a�b�g�_���� �D�� �g�_�^�h�k�l�Z�l�d�Z�f���� �h�]�j�Z�g�b�q�_�g�g�Z�y��

�\�u�q�b�k�e�b�l�_�e�v�g�Z�y�� �f�h�s�g�h�k�l�v�� �\�k�l�j�h�_�g�g�h�]�h�� �i�j�h�p�_�k�k�h�j�Z���� �i�h�w�l�h�f�m�� �f�_�g�v�r�_��

�^�_�l�Z�e�b�a�Z�p�b�b���� �k�e�h�`�g�u�o�� �w�n�n�_�d�l�h�\���� �g�_�\�u�k�h�d�h�_�� �\�j�_�f�y�� �Z�\�l�h�g�h�f�g�h�c�� �j�Z�[�h�l�u��

�h�]�j�Z�g�b�q�_�g�h�� ������-���� �q�Z�k�Z�f�b���� �g�_�\�u�k�h�d�Z�y���l�h�q�g�h�k�l�v�� �l�j�_�d�b�g�]�Z���� �h�k�h�[�_�g�g�h�� �f�h�`�_�l��

�k�g�b�`�Z�l�v�k�y �\���m�k�e�h�\�b�y�o���i�e�h�o�h�c���h�k�\�_�s�_�g�g�h�k�l�b�����i�j�b���[�u�k�l�j�u�o���^�\�b�`�_�g�b�y�o���j�m�d��

�a�Z�� �k�i�b�g�h�c�� �b�e�b�� �i�j�b�� �h�l�k�m�l�k�l�\�b�b�� �\�b�a�m�Z�e�v�g�u�o�� �h�j�b�_�g�l�b�j�h�\�� ���q�b�k�l�u�_�� �k�l�_�g�u������

�L�j�_�d�b�g�]�� �j�m�d�� �i�h�d�Z�� �f�_�g�_�_�� �l�h�q�_�g�����q�_�f�� �d�h�g�l�j�h�e�e�_�j�u���� �\�_�k �m�k�l�j�h�c�k�l�\ 

�k�h�k�j�_�^�h�l�h�q�_�g�� �k�i�_�j�_�^�b���� �q�l�h�� �f�h�`�_�l�� �\�u�a�u�\�Z�l�v�� �^�b�k�d�h�f�n�h�j�l�� �i�j�b�� �^�e�b�l�_�e�v�g�h�f��

�b�k�i�h�e�v�a�h�\�Z�g�b�b�� ���l�j�_�[�m�_�l�� �k�[�Z�e�Z�g�k�b�j�h�\�Z�g�g�u�o�� �j�_�f�g�_�c�� �b�e�b�� �Z�d�k�_�k�k�m�Z�j�h�\�� 

���J�b�k��13). 

 

�J�b�k�m�g�h�d������ - �H�[�s�b�c���\�b�^���Z�\�l�h�g�h�f�g�h�]�h���r�e�_�f�Z���<�J�� 

2) �I�h�^�d�e�x�q�Z�_�f�u�_���d���i�_�j�k�h�g�Z�e�v�g�h�f�m���d�h�f�i�v�x�l�_�j�m���g�h�k�b�f�u�_���r�e�_�f�u���<�J ���j�b�k�������� 

�y�\�e�y�x�l�k�y���k�Z�f�u�f�b���j�Z�k�i�j�h�k�l�j�Z�g�z�g�g�u�f�b���m�k�l�j�h�c�k�l�\�Z�f�b�����b�k�i�h�e�v�a�m�x�s�b�f�b�k�y���\��

�d�h�]�g�b�l�b�\�g�u�o�� �b�k�k�e�_�^�h�\�Z�g�b�y�o���� �<�� �l�Z�d�b�o�� �k�b�k�l�_�f�Z�o���q�Z�k�l�h�� �b�k�i�h�e�v�a�m�x�l�k�y��

�\�u�k�h�d�h�d�Z�q�_�k�l�\�_�g�g�u�_�� �2�/�(�'�� �b�e�b�� �/�&�'�� �k�� �h�q�_�g�v�� �\�u�k�h�d�b�f�� �j�Z�a�j�_�r�_�g�b�_�f�� ���^�h��

���������[���������� �g�Z�� �]�e�Z�a������ �\�u�k�h�d�h�c�� �q�Z�k�l�h�l�h�c�� �h�[�g�h�\�e�_�g�b�y�� ������������������������ �=�p������

�r�b�j�h�d�b�f���p�\�_�l�h�\�u�f���h�o�\�Z�l�h�f���b���g�b�a�d�h�c���i�_�j�k�b�k�l�_�g�l�g�h�k�l�v�x�����^�e�y���m�f�_�g�v�r�_�g�b�y��

�©�k�f�Z�a�u�\�Z�g�b�y�ª�� �b�a�h�[�j�Z�`�_�g�b�y)���� �<�o�h�^�y�s�b�_�� �\�� �b�o�� �k�h�k�l�Z�\�� �d�h�g�l�j�h�e�e�_�j�u�� �h�q�_�g�v��

�l�h�q�g�u�_���� �q�Z�k�l�h�� �k�� �j�Z�k�r�b�j�_�g�g�u�f�b�� �\�h�a�f�h�`�g�h�k�l�y�f�b�� ���g�Z�i�j�b�f�_�j���� �l�j�_�d�b�g�]��

�d�Z�`�^�h�]�h�� �i�Z�e�v�p�Z������ �D�� �i�j�_�b�f�m�s�_�k�l�\�Z�f�� �h�l�g�h�k�y�l�k�y�����f �Z�d�k�b�f�Z�e�v�g�h�_�� �d�Z�q�_�k�l�\�h 

�]�j�Z�n�b�d�b�� �b�� �i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�v���� �q�l�h�� �i�h�a�\�h�e�y�_�l �a�Z�i�m�k�d�Z�l�v�� �k�Z�f�u�_��
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�l�j�_�[�h�\�Z�l�_�e�v�g�u�_�� �b�]�j�u���� �k�b�f�m�e�y�l�h�j�u���� �i�j�h�n�_�k�k�b�h�g�Z�e�v�g�u�_�� �i�j�b�e�h�`�_�g�b�y�� �k��

�\�u�k�h�d�h�c�� �^�_�l�Z�e�b�a�Z�p�b�_�c���� �k�e�h�`�g�u�f�b�� �w�n�n�_�d�l�Z�f�b���� �\�u�k�h�q�Z�c�r�Z�y�� �l�h�q�g�h�k�l�v�� �b��

�k�l�Z�[�b�e�v�g�h�k�l�v�� �l�j�_�d�b�g�]�Z���� �h�k�h�[�_�g�g�h�� �m�� �k�b�k�l�_�f �g�Z�� �[�Z�a�_�� �[�Z�a�h�\�u�o�� �k�l�Z�g�p�b�c���± 

�i�j�Z�d�l�b�q�_�k�d�b�� �g�m�e�_�\�Z�y�� �i�h�l�_�j�y�� �l�j�_�d�b�g�]�Z���� �b�^�_�Z�e�v�g�Z�y���l�h�q�g�h�k�l�v�� �\�� �e�x�[�u�o��

�i�h�e�h�`�_�g�b�y�o���j�m�d�����\�u�k�h�d�b�_���j�Z�a�j�_�r�_�g�b�y�����q�Z�k�l�h�l�u���h�[�g�h�\�e�_�g�b�y�����p�\�_�l�h�i�_�j�_�^�Z�q�Z 

�^�b�k�i�e�_�_�\�����h�k�h�[�_�g�g�h�� �2�/�(�'������ �r�b�j�h�d�b�_�� �i�h�e�y �a�j�_�g�b�y�� ���)�2�9������ �i�h�^�^�_�j�`�d�Z��

�l�j�_�d�b�g�]�Z�� �i�Z�e�v�p�_�\���� �k�b�e�h�\�h�c�� �h�[�j�Z�l�g�h�c�� �k�\�y�a�b���� �l�j�_�d�_�j�h�\�� �^�e�y�� �g�h�]���i�h�y�k�Z����

�i�j �h�n�_�k�k�b�h�g�Z�e�v�g�u�o�� �j�m�e�_�c���^�`�h�c�k�l�b�d�h�\���� �^�e�b�l�_�e�v�g�h�_�� �\�j�_�f�y�� �j�Z�[�h�l�u���� �D��

�g�_�^�h�k�l�Z�l�d�Z�f�� �k�e�_�^�m�_�l�� �h�l�g�_�k�l�b���� �\�u�k�h�d�Z�y�� �k�l�h�b�f�h�k�l�v���� �i�h�k�d�h�e�v�d�m�� �d��

�i�j�b�h�[�j�_�l�_�g�b�x�� �l�j�_�[�m�_�l�k�y���g�_�� �l�h�e�v�d�h�� �^�h�j�h�]�Z�y�� �]�Z�j�g�b�l�m�j�Z���� �g�h�� �b��

�\�u�k�h�d�h�i�j�h�b�a�\�h�^�b�l�_�e�v�g�u�c�� �b�]�j�h�\�h�c�� �I�D���� �k�e�h�`�g�h�k�l�v�� �g�Z�k�l�j�h�c�d�b��

���g�_�h�[�o�h�^�b�f�h�k�l�v�� �m�k�l�Z�g�h�\�d�b�� �[�Z�a�h�\�u�o�� �k�l�Z�g�p�b�c���� �g�Z�k�l�j�h�c�d�b�� �©�b�]�j�h�\�h�]�h�ª��

�i�j�h�k�l�j�Z�g�k�l�\�Z�� �i�h�f�_�s�_�g�b�y���� �b�� �\�u�k�h�d�b�_�� �l�j�_�[�h�\�Z�g�b�y�� �d��IT-�d�h�f�i�_�l�_�g�p�b�y�f��

�i�h�e�v�a�h�\�Z�l�_�e�_�c�����d�Z�[�_�e�v �i�h�^�d�e�x�q�_�g�b�y���d���I�D �h�]�j�Z�g�b�q�b�\�Z�_�l���k�\�h�[�h�^�m���^�\�b�`�_�g�b�y����

�Z�� �[�_�k�i�j�h�\�h�^�g�u�_�� �j�_�r�_�g�b�y�� ���$�L�U�� �/�L�Q�N���� �9�L�Y�H�� �:�L�U�H�O�H�V�V�� �:�L�*�L�J���� �l�j�_�[�m�x�l��

�k�h�\�f�_�k�l�b�f�h�]�h�� �Z�^�Z�i�l�_�j�Z�� �b�� �f�h�]�m�l�� �\�g�h�k�b�l�v�� �a�Z�^�_�j�`�d�m���Z�j�l�_�n�Z�d�l�u�� �k�`�Z�l�b�y����

�k�m�s�_�k�l�\�_�g�g�h�f�� �f�_�g�v�r�Z�y�� �\�� �k�j�Z�\�g�_�g�b�b�� �k�� �Z�\�l�h�g�h�f�g�u�f�b�� �k�b�k�l�_�f�Z�f�b��

�i�h�j�l�Z�l�b�\�g�h�k�l�v�� 

 

�J�b�k�m�g�h�d������ - �H�[�s�b�c���\�b�^���i�h�^�d�e�x�q�Z�_�f�h�]�h���d���i�_�j�k�h�g�Z�e�v�g�h�f�m���d�h�f�i�v�x�l�_�j�m��

�<�J-�r�e�_�f�Z�� 
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3) �F�h�[�b�e�v�g�u�_���j�_�r�_�g�b�y���g�Z���[�Z�a�_���k�f�Z�j�l�n�h�g�h�\�����b�e�b���l�Z�d���g�Z�a�u�\�Z�_�f�u�_���d�Z�j�^�[�h�j�^�u 

���J�b�k������������ �<�� �l�Z�d�b�o�� �m�k�l�j�h�c�k�l�\�Z�o�� �\�� �d�Z�q�_�k�l�\�_�� �^�b�k�i�e�_�y�� �b�k�i�h�e�v�a�m�_�l�k�y���^�b�k�i�e�_�c 

�f�h�[�b�e�v�g�h�]�h�� �m�k�l�j�h�c�k�l�\�Z���� �q�Z�s�_�� �\�k�_�]�h�� �k�f�Z�j�l�n�h�g�Z�����=�Z�j�g�b�l�m�j�Z�� ���i�e�Z�k�l�b�d�h�\�u�c��

�d�h�j�i�m�k�� �k�� �e�b�g�a�Z�f�b���� �k�e�m�`�b�l�� �^�_�j�`�Z�l�_�e�_�f�� �^�e�y�� �k�f�Z�j�l�n�h�g�Z���� �I�j�b�e�h�`�_�g�b�_�� �g�Z��

�k�f�Z�j�l�n�h�g�_���k�h�a�^�Z�_�l�� �<�J-�k�j�_�^�m. �<�� �d�Z�q�_�k�l�\�_�� �l�j�_�d�b�g�]�Z�� �\�� �l�Z�d�b�o�� �k�b�k�l�_�f�Z�o��

�b�k�i�h�e�v�a�m�_�l�k�y�� �l�h�e�v�d�h�� �]�b�j�h�k�d�h�i�� �b�� �Z�d�k�_�e�_�j�h�f�_�l�j�� �k�f�Z�j�l�n�h�g�Z���± �h�l�k�e�_�`�b�\�Z�_�l��

�i�h�\�h�j�h�l�u�� �]�h�e�h�\�u���� �g�h���G�?���i�_�j�_�f�_�s�_�g�b�_�� �\�� �i�j�h�k�l�j�Z�g�k�l�\�_�������'�R�)��- ���� �k�l�_�i�_�g�b��

�k�\�h�[�h�^�u���� �D���i�j�_�b�f�m�s�_�k�l�\�Z�f���l�Z�d�b�o���k�b�k�l�_�f���h�l�g�h�k�b�l�k�y���g�b�a�d�Z�y���p�_�g�Z���b���e�z�]�d�b�c��

�k�i�h�k�h�[���g�Z�k�l�j�h�c�d�b���b���b�k�i�h�e�v�a�h�\�Z�g�b�y�����D���g�_�^�h�k�l�Z�l�d�Z�f���f�h�`�g�h���h�l�g�_�k�l�b�����g�b�a�d�h�_��

�d�Z�q�_�k�l�\�h�� �b�a�h�[�j�Z�`�_�g�b�y���� �h�]�j�Z�g�b�q�_�g�g�h�]�h�� �\�h�a�f�h�`�g�h�k�l�y�f�b�� �i�j�h�p�_�k�k�h�j�Z��

�k�f�Z�j�l�n�h�g�Z���� �i�_�j�_�]�j�_�\�� �[�Z�l�Z�j�_�b�� �k�f�Z�j�l�n�h�g�Z���� �g�_�[�h�e�v�r�h�_�� �d�h�e�b�q�_�k�l�\�h��

�i�j�b�e�h�`�_�g�b�c�� 

 

 

�J�b�k�m�g�h�d������ - �H�[�s�b�c���\�b�^���m�k�l�j�h�c�k�l�\�Z���<�J���^�e�y���k�f�Z�j�l�n�h�g�Z���l�b�i�Z���©�d�Z�j�^�[�h�j�^�ª 

 
4) �I�j�h�n�_�k�k�b�h�g�Z�e�v�g�u�_���k�b�k�l�_�f�u�����l�b�i�Z��CAVE-�k�b�k�l�_�f�u���b�e�b���r�b�j�h�d�h�n�h�j�f�Z�l�g�u�o��

�^�b�k�i�e�_�_�\�� �[�h�e�v�r�h�c�� �^�b�Z�]�h�g�Z�e�b���� �b�g�h�]�^�Z�� �g�Z�a�u�\�Z�x�l�� �\�u�k�h�d�h�b�f�f�_�j�k�b�\�g�u�f�b��

�j�_�r�_�g�b�y�f�b�����H�g�b���b�f�_�x�l���k�\�_�j�o�\�u�k�h�d�h�_���j�Z�a�j�_�r�_�g�b�_�����l�j�_�d�b�g�]���i�h�a�b�p�b�b���\�a�h�j�Z��

�F�� �\�u�k�h�d�h�c���l�h�q�g�h�k�l�v�x���� �\�k�l�j�h�_�g�g�u�_�� �d�Z�f�_�j�u���� �i�j�h�f�u�r�e�_�g�g�u�_�� �^�Z�l�q�b�d�b�� �<��

�l�Z�d�b�o�� �m�k�l�j�h�c�k�l�\�Z�o�� �b�k�i�h�e�v�a�m�x�l�k�y�� �i�j�_�p�b�a�b�h�g�g�u�_�� �\�g�_�r�g�b�_�� �k�b�k�l�_�f�u��

(OptiTrack, Vicon) �l�j�_�d�b�g�]�Z���� �Z�� �]�_�g�_�j�Z�p�b�x�� �b�a�h�[�j�Z�`�_�g�b�c�� �h�[�_�k�i�_�q�b�\�Z�x�l��

�d�e�Z�k�l�_�j�u�� �f�h�s�g�u�o�� �I�D�� �k�� �\�u�k�h�d�h�i�j�h�b�a�\�h�^�b�l�_�e�v�g�u�f�b�� �\�b�^�_�h�d�Z�j�l�Z�f�b���� �D��

�h�k�g�h�\�g�u�f�� �i�j�_�b�f�m�s�_�k�l�\�Z�f�� �l�Z�d�b�o�� �k�b�k�l�_�f�� �k�e�_�^�m�_�l �h�l�g�_�k�l�b�� �\�h�a�f�h�`�g�h�k�l�b��
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�k�h�a�^�Z�g�b�y���i�j�y�f�h�]�h���k�h-�i�j�b�k�m�l�k�l�\�b�y���± �g�_�k�d�h�e�v�d�h���i�h�e�v�a�h�\�Z�l�_�e�_�c���f�h�]�m�l���\�b�^�_�l�v��

�b�� �h�[�k�m�`�^�Z�l�v�� �h�^�b�g�� �\�b�j�l�m�Z�e�v�g�u�c�� �h�[�t�_�d�l���k�j�_�^�m�� �h�^�g�h�\�j�_�f�_�g�g�h���� �b�� �g�Z�e�b�q�b�_��

�k�b�k�l�_�f�� �Z�d�l�b�\�g�h�]�h�� �l�j�_�d�b�g�]�Z���� �b�a�f�_�g�y�x�s�_�]�h�� �b�a�h�[�j�Z�`�_�g�b�_�� �k�h�h�[�j�Z�a�g�h��

�i�h�e�h�`�_�g�b�x�� �l�_�e�Z�� �g�Z�[�e�x�^�Z�l�_�e�y���� �D�� �g�_�^�h�k�l�Z�l�d�Z�f�� �l�Z�d�b�o�� �<�J-�m�k�l�j�h�c�k�l�\��

�h�l�g�h�k�b�l�k�y�� �h�q�_�g�v�� �\�u�k�h�d�Z�y�� �k�l�h�b�f�h�k�l�v���� �k�e�h�`�g�h�k�l�v�� �h�[�k�e�m�`�b�\�Z�g�b�y�� �b��

�h�]�j�Z�g�b�q�_�g�b�y���i�h���\�h�a�f�h�`�g�h�k�l�y�f���[�u�k�l�j�h���a�Z�i�m�k�d�Z���<�J-�i�j�b�e�h�`�_�g�b�c�� 

�K�b�k�l�_�f�Z�l�b�a�Z�p�b�y�� �j�Z�a�e�b�q�b�c�� �k�m�s�_�k�l�\�m�x�s�b�o�� �k�b�k�l�_�f�� �\�b�j�l�m�Z�e�v�g�h�c��

�j�_�Z�e�v�g�h�k�l�b���i�j�_�^�k�l�Z�\�e�_�g�Z���\���l�Z�[�e�b�p�_ 1. 

�L�Z�[�e�b�p�Z���� - �K�j�Z�\�g�b�l�_�e�v�g�Z�y���d�e�Z�k�k�b�n�b�d�Z�p�b�y���k�b�k�l�_�f���\�b�j�l�m�Z�e�v�g�h�c��

�j�_�Z�e�v�g�h�k�l�b 

�<�b�^���k�b�k�l�_�f�u �:�\�l�h�g�h�f�g�u�_��
�g�h�k�b�f�u�_���<�J-
�r�e�_�f�u 

�I�h�^�d�e�x�q�Z�_�f�u�_��
�d�� �I�D�� �g�h�k�b�f�u�_��
�<�J-�r�e�_�f�u 

�F�h�[�b�e�v�g�u�_��
�j�_�r�_�g�b�y���g�Z��
�[�Z�a�_��
�k�f�Z�j�l�n�h�g�h�\ 

CAVE-�k�b�k�l�_�f�u 

�L�j�_�d�b�g�] �<�g�m�l�j�_�g�g�b�c����
�����k�l�_�i�_�g�_�c��
�k�\�h�[�h�^�u 

�<�g�m�l�j�_�g�g�b�c��������
�k�l�_�i�_�g�_�c��
�k�\�h�[�h�^�u 

�<�g�m�l�j�_�g�g�b�c���� 
�����k�l�_�i�_�g�b��
�k�\�h�[�h�^�u 

�<�g�_�r�g�b�c���������k�l�_�i�_�g�_�c��
�k�\�h�[�h�^�u 

�I�j�h�\�h�^�g�h�_��
�i�h�^�d�e�x�q�_�g�b�_ 

�G�_�l �>�Z �G�_�l �>�Z 

�D�Z�q�_�k�l�\�h��
�\�b�^�_�h�b�a�h�[�j�Z�`�_�g�b�y 

�K�j�_�^�g�_�_�� 
�O�h�j�h�r�_�_ 

�H�l�e�b�q�g�h�_�� 
�I�j�_�\�h�k�o�h�^�g�h�_ 

�K�j�_�^�g�_�_ �I�j�_�\�h�k�o�h�^�g�h�_ 

�K�\�h�[�h�^�Z��
�i�_�j�_�^�\�b�`�_�g�b�c��
�i�h�e�v�a�h�\�Z�l�_�e�y 

�<�u�k�h�d�Z�y �K�j�_�^�g�y�y �<�u�k�h�d�Z�y �H�]�j�Z�g�b�q�_�g�Z��
�j�Z�a�f�_�j�Z�f�b���k�b�k�l�_�f�u 

�K�e�h�`�g�h�k�l�v��
�g�Z�k�l�j�h�c�d�b��
�h�[�h�j�m�^�h�\�Z�g�b�y 

�G�b�a�d�Z�y �K�j�_�^�g�y�y �G�b�a�d�Z�y �<�u�k�h�d�Z�y 

�I�h�j�l�Z�l�b�\�g�h�k�l�v �<�u�k�h�d�Z�y �K�j�_�^�g�y�y �<�u�k�h�d�Z�y �H�l�k�m�l�k�l�\�m�_�l 
�I�j�b�f�_�j�u���m�k�l�j�h�c�k�l�\ Pico 4 HTC Vive Pro 2 Samsung  

Gear VR 
CAVE,  
Varjo XR-4 

 

�����������H�l�e�b�q�b�_���l�_�o�g�h�e�h�]�b�c���\�b�j�l�m�Z�e�v�g�h�c���b���^�h�i�h�e�g�_�g�g�h�c���j�_�Z�e�v�g�h�k�l�b�� 

�L�_�o�g�h�e�h�]�b�b�� �^�h�i�h�e�g�_�g�g�h�c�� �j�_�Z�e�v�g�h�k�l�b�� ���>�J���� ���$�X�J�P�H�Q�W�H�G�� �5�H�D�O�L�W�\) �²  �w�l�h��

�l�_�o�g�h�e�h�]�b�y���� �d�h�l�h�j�Z�y���^�h�[�Z�\�e�y�_�l �p�b�n�j�h�\�m�x�� �b�g�n�h�j�f�Z�p�b�x�� ���b�a�h�[�j�Z�`�_�g�b�y���� �l�_�d�k�l����

3D-�f�h�^�_�e�b���� �a�\�m�d�����\�� �Z�d�l�m�Z�e�v�g�h�� �g�Z�[�e�x�^�Z�_�f�u�c�� �q�_�e�h�\�_�d�h�f �f�b�j�� �\���j�_�`�b�f�_��

�j�_�Z�e�v�g�h�]�h���\�j�_�f�_�g�b (Azuma, 1997)�����<���h�l�e�b�q�b�_���h�l���<�J�����i�h�e�g�h�k�l�v�x���i�h�]�j�m�`�Z�x�s�_�c��

�i�h�e�v�a�h�\�Z�l�_�e�y�� �\�� �\�b�j�l�m�Z�e�v�g�u�c�� �f�b�j�����>�J �n�Z�d�l�b�q�_�k�d�b�� �©�h�[�h�]�Z�s�Z�_�l�ª �j�_�Z�e�v�g�h�k�l�v����

�k�h�o�j�Z�g�y�y���k�\�y�a�v �q�_�e�h�\�_�d�Z �k���n�b�a�b�q�_�k�d�b�f���h�d�j�m�`�_�g�b�_�f�� 
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�L�_�j�f�b�g�� �>�J�� �\�i�_�j�\�u�_�� �b�k�i�h�e�v�a�h�\�Z�e�� �L�h�f�� �D�h�^�_�e�e���± �k�h�l�j�m�^�g�b�d���g�Z�m�q�g�h�]�h��

�i�h�^�j�Z�a�^�_�e�_�g�b�y�� �%�R�H�L�Q�J �^�e�y�� �h�i�b�k�Z�g�b�y�� �k�b�k�l�_�f�u�����b�k�i�h�e�v�a�m�y�� �d�h�l�h�j�m�x �j�Z�[�h�l�g�b�d�b��

�g�Z�� �k�d�e�Z�^�_�� �\�b�^�_�e�b�� �q�_�j�_�a�� �i�j�h�a�j�Z�q�g�u�c�� �^�b�k�i�e�_�c�� �k�o�_�f�u�� �i�j�h�d�e�Z�^�d�b�� �i�j�h�\�h�^�h�\��

�i�h�\�_�j�o�� �j�_�Z�e�v�g�u�o�� �^�_�l�Z�e�_�c�� �k�Z�f�h�e�_�l�Z�� �<�� �������� �E�m�b�� �J�h�a�_�g�[�_�j�]�� ���<�<�K�� �K�R�:����

�j�Z�a�j�Z�[�h�l�Z�e�� �k�b�k�l�_�f�m���l�Z�d�� �g�Z�a�u�\�Z�_�f�u�o�� �\�b�j�l�m�Z�e�v�g�u�o�� �i�j�b�k�i�h�k�h�[�e�_�g�b�c���©�9�L�U�W�X�D�O��

�)�L�[�W�X�U�H�V�ª���± �h�^�g�m�� �b�a�� �i�_�j�\�u�o�� �n�m�g�d�p�b�h�g�Z�e�v�g�u�o�� �>�J-�k�b�k�l�_�f ���J�b�k�� 13). Virtual 

�)�L�[�W�X�U�H�V�� �[�u�e�Z�� �g�Z�i�j�Z�\�e�_�g�Z�� �g�Z�� �m�e�m�q�r�_�g�b�_�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�y�� �q�_�e�h�\�_�d�Z�� �b��

�d�h�f�i�v�x�l�_�j�Z�� �i�m�l�_�f�� �b�g�l�_�]�j�Z�p�b�b�� �m�k�l�j�h�c�k�l�\�� �h�[�j�Z�l�g�h�c�� �k�\�y�a�b�� �k�� �k�b�e�h�\�u�f�b��

�w�e�_�f�_�g�l�Z�f�b�� �\�� �k�b�f�m�e�y�l�h�j�u�� �\�b�j�l�m�Z�e�v�g�h�c�� �j�_�Z�e�v�g�h�k�l�b�����=�j�h�f�h�a�^�d�Z�y��

�j�h�[�h�l�b�a�b�j�h�\�Z�g�g�Z�y�� �i�e�Z�l�n�h�j�f�Z�� �g�Z�d�e�Z�^�u�\�Z�e�Z�� �\�b�j�l�m�Z�e�v�g�u�_�� �g�Z�i�j�Z�\�e�y�x�s�b�_��

�����n�b�d�k�l�m�j�u������ �g�Z�� �j�_�Z�e�v�g�u�c�� �\�b�^�� �h�i�_�j�Z�l�h�j�Z�� �^�e�y�� �i�h�\�u�r�_�g�b�y�� �l�h�q�g�h�k�l�b�� �j�m�q�g�u�o��

�h�i�_�j�Z�p�b�c�� 

 
�J�b�k�m�g�h�d��13 - �H�i�_�j�Z�l�h�j���\�h���\�j�_�f�y���b�k�i�h�e�v�a�h�\�Z�g�b�y���k�b�k�l�_�f�u���^�h�i�h�e�g�_�g�g�h�c��

�j�_�Z�e�v�g�h�k�l�b��Virtual Fixtures (Rosenberg, 2011) 

 
�I�h�k�d�h�e�v�d�m�� �g�Z�e�h�`�_�g�b�_�� �b�a�h�[�j�Z�`�_�g�b�y�� �g�Z�� �j�_�Z�e�v�g�u�c�� �\�b�^�_�h�j�y�^�� �l�j�_�[�h�\�Z�e�h��

�i�h�g�b�f�Z�g�b�y���\���d�Z�d�h�c���b�f�_�g�g�h���f�h�f�_�g�l���\�j�_�f�_�g�b���w�l�h���^�h�e�`�g�h���i�j�h�b�k�o�h�^�b�l�v�����l�h���[�u�e�h��

�i�j�b�g�y�l�h���j�_�r�_�g�b�_���b�k�i�h�e�v�a�h�\�Z�l�v���k�i�_�p�b�Z�e�v�g�u�_���f�_�l�d�b�����i�h�^�h�[�g�u�_��QR-�d�h�^�Z�f�����I�j�b��

�g�Z�\�_�^�_�g�b�b�� �d�Z�f�_�j�u�� �g�Z�� �l�Z�d�m�x�� �f�_�l�d�m�� �i�h�y�\�e�y�e�h�k�v�� �^�h�i�h�e�g�b�l�_�e�v�g�h�_�� �d�� �\�b�^�_�h�j�y�^�m��
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�b�a�h�[�j�Z�`�_�g�b�_�����O�b�j�h�l�Z�d�Z���D�Z�l�h�����1�$�,�6�7�����Y�i�h�g�b�y�����k�h�a�^�Z�e���i�_�j�\�m�x���l�Z�d�m�x���k�b�k�l�_�f�m��

ARToolKit �\�������������]�� �± �h�l�d�j�u�l�m�x���[�b�[�e�b�h�l�_�d�m���^�e�y���l�j�_�d�b�g�]�Z���f�Z�j�d�_�j�h�\�����W�l�h���^�Z�e�h��

�h�]�j�h�f�g�u�c�� �l�h�e�q�h�d�� �j�Z�a�\�b�l�b�x�� �^�h�k�l�m�i�g�u�o���>�J-�i�j�b�e�h�`�_�g�b�c�� �g�Z�� �I�D�� �b�� �f�h�[�b�e�v�g�u�o��

�m�k�l�j�h�c�k�l�\�Z�o�� ���i�h�a�`�_ �h�g�Z�� �[�u�e�Z �i�h�j�l�b�j�h�\�Z�g�Z�� �g�Z���f�h�[�b�e�v�g�u�_�� �h�i�_�j�Z�p�b�h�g�g�u�_��

�k�b�k�l�_�f�u��iOS/Android). 

�G�_�d�h�l�h�j�h�_�� �\�j�_�f�y�� �b�a-�a�Z�� �k�e�h�`�g�h�k�l�b�� �b�k�i�h�e�v�a�h�\�Z�g�b�y�� �>�J-�k�b�k�l�_�f�u�� �g�_��

�i�h�e�m�q�Z�e�b�� �k�\�h�_�]�h�� �Z�d�l�b�\�g�h�]�h�� �j�Z�a�\�b�l�b�y���� �h�^�g�Z�d�h�� �\�� ���������� �]���� �d�h�j�i�h�j�Z�p�b�y��Google 

�Z�g�h�g�k�b�j�h�\�Z�e�Z �k�i�_�p�b�Z�e�v�g�h���j�Z�a�j�Z�[�h�l�Z�g�g�u�_���h�q�d�b��Google Glass (Explorer Edition). 

�O�h�l�y�� �i�j�h�_�d�l�� �k�l�h�e�d�g�m�e�k�y�� �k�� �i�j�h�[�e�_�f�Z�f�b�� �i�j�b�\�Z�l�g�h�k�l�b�� �b�� �h�]�j�Z�g�b�q�_�g�g�h�c��

�n�m�g�d�p�b�h�g�Z�e�v�g�h�k�l�v�x���� �h�g�� �\�i�_�j�\�u�_���i�j�h�^�_�f�h�g�k�l�j�b�j�h�\�Z�e�� �\�h�a�f�h�`�g�h�k�l�b�� �k�h�a�^�Z�g�b�y 

�g�h�k�b�f�h�c �k�b�k�l�_�f�u �>�J �r�b�j�h�d�h�c���i�m�[�e�b�d�_���b���\�u�a�\�Z�e���h�]�j�h�f�g�u�c���b�g�l�_�j�_�k�� 

�H�^�g�Z�d�h�����k�h�a�^�Z�g�b�_���k�i�_�p�b�Z�e�v�g�h�]�h���m�k�l�j�h�c�k�\�Z�����k�i�h�k�h�[�g�h�]�h���k�h�\�f�_�s�Z�l�v���\���k�_�[�_��

�w�d�j�Z�g���� �h�l�h�[�j�Z�`�Z�x�s�b�c�� �\�� �j�_�Z�e�v�g�h�f�� �\�j�_�f�_�g�b�� �h�d�j�m�`�Z�x�s�b�c�� �f�b�j���� �b�� �i�j�h�p�_�k�k�h�j����

�i�h�a�\�h�e�y�x�s�b�c�� �©�g�Z�d�e�Z�^�u�\�Z�l�v�ª�� �^�h�i�h�e�g�b�l�_�e�v�g�h�_�� �\�b�j�l�m�Z�e�v�g�h�_�� �b�a�h�[�j�Z�`�_�g�b�_����

�h�d�Z�a�Z�e�h�k�v���k�e�b�r�d�h�f���k�e�h�`�g�u�f���l�_�o�g�q�_�k�d�b���b���^�h�j�h�]�h�k�l�h�y�s�b�f���j�_�r�_�g�b�_�f�����I�h�w�l�h�f�m��

�i�j�h�b�a�\�h�^�b�l�_�e�b�� �i�j�b�r�e�b�� �d�� �b�^�_�y�f�� �b�k�i�h�e�v�a�h�\�Z�l�v�� �\�� �d�Z�q�_�k�l�\�_�� �>�J-�m�k�l�j�h�c�k�l�\ �m�`�_ 

�k�m�s�_�k�l�\�m�x�s�b�_���k�f�Z�j�l�n�h�g�u���b���i�e�Z�g�r�_�l�u�����d�h�l�h�j�u�_���b�f�_�e�b���\�k�l�j�h�_�g�g�u�_���d�Z�f�_�j�u���b��

�w�d�j�Z�g�u���\�u�k�h�d�h�]�h���j�Z�a�j�Z�r�_�g�b�y�����N�Z�d�l�b�q�_�k�d�b�����^�e�y���k�h�a�Z�g�b�y���>�J���g�_�h�[�o�h�^�b�f�h���[�u�e�h��

�l�h�e�v�d�h���j�Z�a�j�Z�[�h�l�Z�l�v�� �k�b�k�l�_�f�m��QR-�d�h�^�h�\���� �i�j�b�� �g�Z�\�_�^�_�g�b�b���g�Z���d�h�l�h�j�u�_�� �i�h�y�\�e�y�e�k�y 

�[�u�� �h�[�t�_�d�l�� �g�Z�� �w�d�j�Z�g�_���� �E�b�[�h�� �a�Z�^�Z�l�v�� �i�j�Z�\�b�e�h���� �i�j�b�� �d�h�l�h�j�h�f�� �i�j�h�b�k�o�h�^�b�e�Z��

�]�_�g�_�j�Z�p�b�y�� �b�a�h�[�j�Z�`�_�g�b�y�� �b�� �_�]�h�� �\�h�a�g�b�d�g�h�\�_�g�b�y�� �\�� �\�b�^�_�h�j�y�^�_���� �d�h�l�h�j�u�c�� �f�h�`�g�h��

�n�b�d�k�b�j�h�\�Z�l�v�� �k�� �i�h�f�h�s�v�x�� �d�Z�f�_�j�u�� �m�k�l�j�h�c�k�l�\�Z���� �L�Z�d�b�f�� �i�j�Z�\�b�e�h�f���� �g�Z�i�j�b�f�_�j����

�f�h�]�e�h�� �[�u�� �[�u�l�v�� �g�Z�o�h�`�^�_�g�b�_�� �i�h�e�v�a�h�\�Z�l�_�e�y�� �\�� �h�i�j�_�^�_�e�z�g�g�h�f���f�_�k�l�_�� �\��

�i�j�h�k�l�j�Z�g�k�l�\�_���� �d�h�l�h�j�h�_�� �h�i�j�_�^�_�e�y�e�h�k�v�� �i�h-�d�h�h�j�^�b�g�Z�l�g�h�� �k�� �i�h�f�h�s�v�x��

�k�i�m�l�g�b�d�h�\�h�]�h�� �l�j�_�d�b�g�]�Z���� �B�f�_�g�g�h�� �l�Z�d�h�_�� �l�_�o�g�h�e�h�]�b�q�_�k�d�h�_�� �j�_�r�_�g�b�_�� �[�u�e�h��

�w�n�n�_�d�l�b�\�g�h�� �i�j�b�f�_�g�_�g�h�� �b�� �\ ���������� �]�� �i�h�y�\�b�e�h�k�v �i�j�b�e�h�`�_�g�b�_�� �^�e�y�� �f�h�[�b�e�v�g�u�o��

�m�k�l�j�h�c�k�l�\���3�R�N�p�P�R�Q�� �*�2���� �d�h�l�h�j�h�_�� �i�h�e�m�q�b�e�h�k �]�e�h�[�Z�e�v�g�h�_ �j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�_��

���J�b�k. 14)���� �B�k�i�h�e�v�a�m�y�� �]�_�h�e�h�d�Z�p�b�x�� �b�� �i�j�h�k�l�h�c�� �>�J-�j�_�`�b�f�� ���g�Z�e�h�`�_�g�b�_ 

�\�b�j�l�m�Z�e�v�g�u�o���h�[�t�_�d�l�h�\�� ���i�h�d�_�f�h�g�h�\) �g�Z���b�a�h�[�j�Z�`�_�g�b�_���� �l�j�Z�g�k�e�b�j�m�_�f�h�_�� �d�Z�f�_�j�h�c 
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�k�f�Z�j�l�n�h�g�Z), �b�]�j�Z �^�h�d�Z�a�Z�e�Z���f�Z�k�k�h�\�m�x���i�j�b�\�e�_�d�Z�l�_�e�v�g�h�k�l�v���>�J �^�e�y���j�Z�a�\�e�_�q�_�g�b�c���b��

�i�j�b�\�_�e�Z���f�b�e�e�b�h�g�u���e�x�^�_�c���d���b�k�i�h�e�v�a�h�\�Z�g�b�x���^�Z�g�g�h�c���l�_�o�g�h�e�h�]�b�b�� 

 

�J�b�k�m�g�h�d 14 - �I�j�b�f�_�j �i�h�y�\�e�_�g�b�_���h�[�t�_�d�l�Z���>�J���\���b�]�j�_���©Pokemon Go�ª 

 
�L�_�o�g�h�e�h�]�b�b�� �>�J�� �b�f�_�x�l�� �\�Z�`�g�h�_�� �h�l�e�b�q�b�_�� �h�l�� �<�J�� �b���� �\�� �l�h�� �`�_�� �\�j�_�f�y����

�h�i�j�_�^�_�e�z�g�g�m�x�� �m�g�b�d�Z�e�v�g�h�k�l�v�� �^�e�y�� �b�k�i�h�e�v�a�h�\�Z�g�b�y�� �\�� �d�h�]�g�b�l�b�\�g�u�o��

�b�k�k�e�_�^�h�\�Z�g�b�y�o���� �F�h�`�g�h�� �k�d�Z�a�Z�l�v���� �q�l�h�� �>�J�� �i�h�a�\�h�e�y�_�l�� �f�Z�g�b�i�m�e�b�j�h�\�Z�l�v��

�\�h�k�i�j�b�y�l�b�_�f���j�_�Z�e�v�g�h�]�h���f�b�j�Z���\���_�k�l�_�k�l�\�_�g�g�h�c���k�j�_�^�_�����q�l�h���g�_�\�h�a�f�h�`�g�h���\���k�l�j�h�]�h��

�d�h�g�l�j�h�e�b�j�m�_�f�u�o�� �e�Z�[�h�j�Z�l�h�j�g�u�o�� �m�k�e�h�\�b�y�o���i�j�b�f�_�g�_�g�b�y���<�J���� �L�Z�d���� �g�Z�i�j�b�f�_�j����

�g�Z�\�b�]�Z�p�b�h�g�g�u�_�� �i�h�^�k�d�Z�a�d�b�� �\�� �>�J�� ���k�l�j�_�e�d�b���� �g�Z�e�h�`�_�g�g�u�_�� �g�Z�� �^�h�j�h�]�m���� �f�h�]�m�l��

�b�k�i�h�e�v�a�h�\�Z�l�v�k�y���^�e�y���b�a�m�q�_�g�b�y���l�h�]�h�����d�Z�d���e�x�^�b���k�l�j�h�y�l���b���n�h�j�f�b�j�m�x�l���d�h�]�g�b�l�b�\�g�u�_��

�d�Z�j�l�u�� �f�_�k�l�g�h�k�l�b���� �B�k�k�e�_�^�h�\�Z�l�_�e�b�� �k�j�Z�\�g�b�\�Z�x�l�� �w�n�n�_�d�l�b�\�g�h�k�l�v�� �a�Z�i�h�f�b�g�Z�g�b�y��

�f�Z�j�r�j�m�l�Z�� �i�j�b�� �b�k�i�h�e�v�a�h�\�Z�g�b�b�� �>�J-�g�Z�\�b�]�Z�p�b�b�� �\�� �k�j�Z�\�g�_�g�b�b�� �k�� �l�j�Z�^�b�p�b�h�g�g�u�f�b��

�d�Z�j�l�Z�f�b���b�e�b���g�Z�\�b�]�Z�l�h�j�Z�f�b�����I�h�d�Z�a�Z�g�h�����q�l�h���i�Z�k�k�b�\�g�h�_���k�e�_�^�h�\�Z�g�b�_���>�J-�m�d�Z�a�Z�g�b�y�f��

�f�h�`�_�l���m�o�m�^�r�Z�l�v���n�h�j�f�b�j�h�\�Z�g�b�_���d�h�]�g�b�l�b�\�g�h�c���d�Z�j�l�u���i�h���k�j�Z�\�g�_�g�b�x���k���Z�d�l�b�\�g�u�f��

�b�k�i�h�e�v�a�h�\�Z�g�b�_�f���d�Z�j�l�u����Gardony et al., 2015; Wen et al., 2019). 

�B�k�k�e�_�^�h�\�Z�g�b�_�� �\�e�b�y�g�b�y�� �>�J-�h�[�t�_�d�l�h�\�� �g�Z�� �\�h�k�i�j�b�y�l�b�_�� �j�Z�k�k�l�h�y�g�b�c�� �b��

�j�Z�a�f�_�j�h�\�� �\�� �j�_�Z�e�v�g�h�f�� �f�b�j�_�� ���g�Z�i�j�b�f�_�j���� �g�Z�e�h�`�_�g�b�_�� �\�b�j�l�m�Z�e�v�g�h�]�h�� �d�m�[�Z�� �g�Z��

�j�_�Z�e�v�g�u�c�� �k�l�h�e���� �i�h�a�\�h�e�y�_�l�� �b�a�m�q�Z�l�v�� �d�h�g�k�l�Z�g�l�g�h�k�l�v�� �\�h�k�i�j�b�y�l�b�y�� �b��

�\�a�Z�b�f�h�^�_�c�k�l�\�b�_�� �\�b�a�m�Z�e�v�g�u�o�� �k�b�]�g�Z�e�h�\�� ��Dey et al., �������������� �B�a�m�q�_�g�b�_�� �l�h�]�h���� �d�Z�d��

�e�x�^�b�� �\�a�Z�b�f�h�^�_�c�k�l�\�m�x�l�� �k�� �\�b�j�l�m�Z�e�v�g�u�f�b�� �h�[�t�_�d�l�Z�f�b���� �©�\�k�l�j�h�_�g�g�u�f�b�ª �\��



43 
 
�j�_�Z�e�v�g�h�k�l�v�� ���g�Z�i�j�b�f�_�j���� �e�h�\�e�y�� �\�b�j�l�m�Z�e�v�g�h�]�h�� �f�y�q�Z��, �i�h�a�\�h�e�y�_�l�� �b�k�k�e�_�^�h�\�Z�l�v��

�i�e�Z�g�b�j�h�\�Z�g�b�_���^�\�b�`�_�g�b�c�����a�j�b�l�_�e�v�g�h-�f�h�l�h�j�g�m�x���b�g�l�_�]�j�Z�p�b�x���b���i�j�_�^�\�h�k�o�b�s�_�g�b�_��

�\���]�b�[�j�b�^�g�h�c���k�j�_�^�_�����B�k�i�h�e�v�a�h�\�Z�g�b�_���>�J-�k�b�k�l�_�f�����i�j�h�_�p�b�j�m�x�s�b�o���h�i�j�_�^�_�e�z�g�g�m�x��

�b�g�n�h�j�f�Z�p�b�x�� ���k�i�b�k�d�b�� �^�_�e���� �i�h�^�k�d�Z�a�d�b���� �\�� �d�h�g�l�_�d�k�l�_�� �j�_�Z�e�v�g�u�o�� �h�[�t�_�d�l�h�\�� ���g�Z��

�o�h�e�h�^�b�e�v�g�b�d�����g�Z���e�_�d�Z�j�k�l�\�Z�����i�h�a�\�h�e�y�_�l���b�k�k�e�_�^�h�\�Z�l�v�����d�Z�d���d�h�g�l�_�d�k�l�g�h-�a�Z�\�b�k�b�f�Z�y��

�i�h�^�Z�q�Z���b�g�n�h�j�f�Z�p�b�b���\�e�b�y�_�l���g�Z���a�Z�i�h�f�b�g�Z�g�b�_���b���\�k�i�h�f�b�g�Z�g�b�_�����h�k�h�[�_�g�g�h���m���e�x�^�_�c��

�k���g�Z�j�m�r�_�g�b�y�f�b���d�h�]�g�b�l�b�\�g�h�c���k�n�_�j�u����Jamieson et al., 2007; Zhu et al���������������������<��

�k�h�p�b�Z�e�v�g�h�c���i�k�b�o�h�e�h�]�b�b���g�Z�e�h�`�_�g�b�_���\�b�j�l�m�Z�e�v�g�u�o���Z�]�_�g�l�h�\�����Z�\�Z�l�Z�j�h�\�����k���j�Z�a�g�h�c��

�f�b�f�b�d�h�c���b�e�b���i�h�\�_�^�_�g�b�_�f���g�Z���j�_�Z�e�v�g�h�_���k�h�p�b�Z�e�v�g�h�_���\�a�Z�b�f�h�^�_�c�k�l�\�b�_���i�h�a�\�h�e�y�_�l��

�b�a�m�q�Z�l�v�� �j�Z�k�i�h�a�g�Z�\�Z�g�b�_�� �w�f�h�p�b�c���� �l�_�h�j�b�x�� �k�h�a�g�Z�g�b�y�� ���i�h�g�b�f�Z�g�b�_�� �g�Z�f�_�j�_�g�b�c��

�^�j�m�]�b�o�������k�h�p�b�Z�e�v�g�h�_���\�g�b�f�Z�g�b�_���\���d�h�g�l�j�h�e�b�j�m�_�f�u�o�����g�h���w�d�h�e�h�]�b�q�_�k�d�b���\�Z�e�b�^�g�u�o��

�m�k�e�h�\�b�y�o (Bailenson et al. 2003; Pan & Hamilton, 2018). 

�H�l�^�_�e�v�g�h�]�h�� �\�g�b�f�Z�g�b�y�� �a�Z�k�e�m�`�b�\�Z�_�l�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�� �>�J�� �\�� �j�Z�[�h�l�Z�o����

�i�h�k�\�y�s�z�g�g�u�o�� �i�j�h�[�e�_�f�Z�l�b�d�_�� �\�h�i�e�h�s�z�g�g�h�]�h�� �i�h�a�g�Z�g�b�y���� �G�Z�i�j�b�f�_�j����

�i�j�_�^�h�k�l�Z�\�e�_�g�b�_�� �m�k�e�h�\�b�c�� �^�e�y�� �f�Z�g�b�i�m�e�b�j�h�\�Z�g�b�y�� �\�h�k�i�j�b�y�l�b�_�f�� �k�h�[�k�l�\�_�g�g�h�]�h��

�l�_�e�Z�� ���g�Z�e�h�`�_�g�b�_�� �\�b�j�l�m�Z�e�v�g�u�o�� �j�m�d�� �j�Z�a�g�h�]�h�� �j�Z�a�f�_�j�Z�� �b�e�b�� �p�\�_�l�Z���� �\�� �>�J�� �\�� �p�_�e�y�o��

�b�a�m�q�_�g�b�y�� �\�e�b�y�g�b�y�� �l�_�e�_�k�g�h�]�h�� �h�i�u�l�Z�� �g�Z�� �d�h�]�g�b�l�b�\�g�u�_�� �i�j�h�p�_�k�k�u�� ���h�p�_�g�d�m��

�h�[�t�_�d�l�h�\�����w�f�h�p�b�b�����i�j�b�g�y�l�b�_���j�_�r�_�g�b�c�� (Kilteny et l., 2012; Tsakiris, 2010). 

�K�e�_�^�m�_�l�� �h�l�f�_�l�b�l�v���� �\�� �p�_�e�h�f���� �q�l�h�� �l�_�o�g�h�e�h�]�b�b�� �>�J�� �g�Z�� �k�_�]�h�^�g�y�r�g�b�c�� �^�_�g�v��

�i�h�e�m�q�b�e�b���f�_�g�v�r�_�_���j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�_���\���b�k�k�e�_�^�h�\�Z�g�b�y�o���\���h�[�e�Z�k�l�b���d�h�]�g�b�l�b�\�g�u�o��

�g�Z�m�d �\�� �k�j�Z�\�g�_�g�b�b�� �k�� �<�J���� �<�� �i�_�j�\�m�x�� �h�q�_�j�_�^�v�� �w�l�h�� �k�\�y�a�Z�g�h�� �k�� �[�h�e�_�_�� �k�e�h�`�g�u�f��

�l�_�o�g�b�q�_�k�d�b�f�� �h�[�_�k�i�_�q�_�g�b�_�f���� �I�j�h�]�j�h�f�f�b�j�h�\�Z�g�b�_�� �h�[�t�_�d�l�h�\���� �^�h�i�h�e�g�y�x�s�b�o��

�j�_�Z�e�v�g�h�k�l�v���� �l�j�_�[�m�_�l�� �[�h�e�_�_�� �k�i�_�p�b�Z�e�b�a�b�j�h�\�Z�g�g�u�o�� �g�Z�\�u�d�h�\�� �i�h�� �k�j�Z�\�g�_�g�b�x�� �k��

�k�h�a�^�Z�g�b�_�f�� �\�b�j�l�m�Z�e�v�g�u�o�� �k�j�_�^�� �^�e�y�� �<�J-�k�b�k�l�_�f���� �D�j�h�f�_�� �l�h�]�h���� �k�Z�f�b�� �i�h�� �k�_�[�_���>�J-

�m�k�l�j�h�c�k�l�\�Z���y�\�e�y�x�l�k�y���[�h�e�_�_���^�h�j�h�]�b�f�b���b���k�e�h�`�g�u�f�b���d�Z�d���\���i�j�b�h�[�j�_�l�_�g�b�b�����l�Z�d���b��

�h�[�k�e�m�`�b�\�Z�g�b�b�����H�l�^�_�e�v�g�Z�y���f�_�l�h�^�h�e�h�]�b�q�_�k�d�Z�y���i�j�h�[�e�_�f�Z���a�Z�d�e�x�q�Z�_�l�k�y���\���l�h�f�����q�l�h��

�i�j�b���b�k�i�h�e�v�a�h�\�Z�g�b�b���Z�d�l�b�\�g�u�o���>�J-�k�b�k�l�_�f�����g�Z�i�j�b�f�_�j���\���\�b�^�_���g�h�k�b�f�u�o���h�q�d�h�\�����^�e�y��

�g�Z�b�[�h�e�v�r�_�c�� �w�n�n�_�d�l�b�\�g�h�k�l�b�� �j�Z�[�h�l�u�� �l�j�_�[�m�_�l�k�y�� �g�_�i�j�_�j�u�\�g�Z�y �j�_�]�b�k�l�j�Z�p�b�y 

�^�\�b�`�_�g�b�c�� �]�e�Z�a�� �k�� �p�_�e�v�x�� �h�i�j�_�^�_�e�_�g�b�y�� �i�h�e�h�`�_�g�b�y�� �a�j�Z�q�d�Z�� �b���� �l�Z�d�b�f�� �h�[�j�Z�a�h�f����

�g�Z�i�j�Z�\�e�_�g�b�y���\�a�h�j�Z���i�h�e�v�a�h�\�Z�l�_�e�y�����H�^�g�h�\�j�_�f�_�g�g�u�c���Z�c�l�j�_�d�b�g�]���k���\�b�a�m�Z�e�b�Z�a�b�p�_�c��
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�\�b�j�l�m�Z�e�v�g�u�o�� �h�[�t�_�d�l�h�\�� �g�Z�� �j�_�Z�e�v�g�h�_�� �b�a�h�[�j�Z�`�_�g�b�_�� �a�Z�l�j�Z�q�b�\�Z�x�l�� �a�g�Z�q�b�l�_�e�v�g�h�_��

�d�h�e�b�q�_�k�l�\�h���\�u�q�b�k�e�b�l�_�e�v�g�u�o���j�_�k�m�j�k�h�\�����i�h�w�l�h�f�m���l�Z�d�b�_���k�b�k�l�_�f�u���^�h���k�b�o���i�h�j���g�_��

�k�l�Z�e�b�� �i�h�e�v�a�h�\�Z�l�_�e�v�k�d�b�f�b���� �Z�� �i�j�_�^�k�l�Z�\�e�y�x�l�� �k�h�[�h�c�� �e�b�r�v�� �q�Z�k�l�g�u�_�� �k�e�m�q�Z�b 

�b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�h�]�h���h�[�h�j�m�^�h�\�Z�g�b�y�� 

�<�k�z���\�u�r�_�i�_�j�_�q�b�k�e�_�g�g�h�_���i�h�a�\�h�e�y�_�l���k�^�_�e�Z�l�v���\�u�\�h�^���h���l�h�f�����q�l�h���k�b�k�l�_�f�u���<�J��

�\�� �w�\�h�e�x�p�b�b�� �k�\�h�_�]�h�� �j�Z�a�\�b�l�b�y�� �^�h�k�l�b�]�e�b�� �k�h�k�l�h�y�g�b�y�� �i�h�e�v�a�h�\�Z�l�_�e�v�k�d�h�]�h��

�m�k�l�j�h�c�k�l�\�Z�����d�h�l�h�j�h�_���k�l�Z�e�h���q�Z�k�l�h���\�k�l�j�_�q�Z�x�s�b�f�k�y���w�e�_�f�_�g�l�h�f  �\���`�b�a�g�b���q�_�e�h�\�_�d�Z����

�J�Z�a�\�b�l�b�_���l�_�o�g�b�q�_�k�d�h�c���k�h�k�l�Z�\�e�y�x�s�_�c���<�J���i�j�b�\�_�e�h���b���d���i�h�y�\�e�_�g�b�x���k�i�_�p�b�Z�e�v�g�u�o��

�d�h�g�k�l�j�m�d�l�h�j�h�\�� �k�j�_�^�� �<�J���� �i�h�a�\�h�e�y�x�s�b�o�� �e�x�^�y�f���� �g�_�� �b�f�_�x�s�b�f  �k�i�_�p�b�Z�e�v�g�u�o��

�g�Z�\�u�d�h�\���b�� �m�f�_�g�b�c���i�j�h�]�j�Z�f�f�b�k�l�h�\���� �k�h�a�^�Z�\�Z�l�v�� �k�h�[�k�l�\�_�g�g�u�_���k�j�_�^�u���� �<�g�_�^�j�_�g�b�_��

�l�Z�d�b�o���d�h�g�k�l�j�m�d�l�h�j�h�\�����g�Z�i�j�b�f�_�j, �i�j�h�b�a�\�h�^�k�l�\�Z���d�h�f�i�Z�g�b�c��Varwin ���J�b�k���������� �b��Vr 

Concept���� �m�k�d�h�j�y�_�l�� �d�h�e�b�q�_�k�l�\�h�� �k�h�a�^�Z�\�Z�_�f�u�o�� �<�J-�i�j�b�e�h�`�_�g�b�c���� �b�f�_�x�s�b�o��

�i�j�b�d�e�Z�^�g�h�c�� �o�Z�j�Z�d�l�_�j���� �H�^�g�h�\�j�_�f�_�g�g�h�� �i�h�j�h�`�^�Z�y�� �g�h�\�u�_�� �b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�b�_��

�\�h�i�j�h�k�u�� �h�� �i�j�b�g�p�b�i�Z�o�� �w�n�n�_�d�l�b�\�g�h�]�h�� �d�h�g�k�l�j�m�b�j�h�\�Z�g�b�y�� �i�h�e�v�a�h�\�Z�l�_�e�v�k�d�b�o���<�J-

�k�j�_�^���^�e�y���h�[�j�Z�a�h�\�Z�g�b�y�����\���l�h�f���q�b�k�e�_���k�Z�f�h�h�[�j�Z�a�h�\�Z�g�b�y�����l�j�_�g�b�j�h�\�d�b���d�h�]�g�b�l�b�\�g�u�o 

�k�i�h�k�h�[�g�h�k�l�_�c�����i�j�h�\�_�^�_�g�b�y���i�k�b�o�h�l�_�j�Z�i�_�\�l�b�q�_�k�d�b�o���k�_�Z�g�k�h�\�� 

 

�J�b�k�m�g�h�d������ - �H�[�s�b�c���\�b�^���d�h�g�k�l�j�m�d�l�h�j�Z���<�K, �i�j�h�b�a�\�h�^�k�l�\�h��Varwin 

�N�h�j�f�b�j�h�\�Z�g�b�_ �g�Z�m�q�g�h-�h�[�h�k�g�h�\�Z�g�g�h�]�h���h�l�\�_�l�Z���g�Z, �i�h���k�m�l�b, �g�h�\�u�_���\�u�a�h�\�u 

�\���h�[�e�Z�k�l�b���b�k�i�h�e�v�a�h�\�Z�g�b�y���<�J���\���i�h�\�k�_�^�g�_�\�g�h�c���`�b�a�g�b���q�_�e�h�\�_�d�Z���^�e�y���d�h�]�g�b�l�b�\�g�h�c��

�g�Z�m�d�b���\���p�_�e�h�f���k�l�Z�g�h�\�b�l�k�y���h�^�g�h�c���b�a���\�_�k�v�f�Z���Z�d�l�m�Z�e�v�g�u�o���a�Z�^�Z�q���\���k�\�y�a�b���k���l�_�f�����q�l�h��

�a�Z�i�j�h�k�u�� �i�j�Z�d�l�b�d�b�� �f�h�]�m�l�� �h�i�_�j�_�`�Z�l�v �]�h�l�h�\�g�h�k�l�v�� �l�_�h�j�_�l�b�q�_�k�d�b�o�� �d�h�g�p�_�i�p�b�c����
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�L�Z�d�b�f���h�[�j�Z�a�h�f�����i�j�h�[�e�_�f�Z���i�h�g�y�l�b�y���©�\�b�j�l�m�Z�e�v�g�Z�y���j�_�Z�e�v�g�h�k�l�v�ª���a�Z�d�e�x�q�Z�_�l�k�y���_�s�z��

�b���\���l�h�f�����q�l�h���\�\�_�^�_�g�b�_���g�_�d�h�_�]�h���h�[�s�_�]�h���h�i�j�_�^�_�e�_�g�b�y���^�Z�g�g�h�]�h���l�_�j�f�b�g�Z���y�\�e�y�_�l�k�y��

�g�_�^�h�k�l�Z�l�h�q�g�u�f�� �i�h�� �i�j�b�q�b�g�_�� �g�_�i�j�_�j�u�\�g�h�]�h�� �b�a�f�_�g�_�g�b�y�� �b�� �^�h�i�h�e�g�_�g�g�b�y�� �k�Z�f�h�]�h��

�_�]�h �k�h�^�_�j�`�Z�g�b�y���� 

�L�j�_�[�m�_�l�k�y�� �i�j�h�]�g�h�k�l�b�q�_�k�d�h�_�� �i�h�g�b�f�Z�g�b�_�� �k�Z�f�b�o�� �i�j�b�g�p�b�i�h�\��

�\�a�Z�b�f�h�^�_�c�k�l�\�b�y�� �k�m�[�t�_�d�l�Z�� �k�� �\�b�j�l�m�Z�e�v�g�h�c�� �k�j�_�^�h�c���� �h�i�b�k�Z�g�b�_�� �\�h�a�f�h�`�g�h�k�l�_�c��

�b�g�l�_�j�Z�d�l�b�\�g�h�k�l�b�� �l�Z�d�h�]�h�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�y�� �k�� �m�q�z�l�h�f�� �Z�d�l�b�\�g�h�k�l�b�� �q�_�e�h�\�_�d�Z���� �_�]�h��

�p�_�e�_�i�h�e�Z�]�Z�g�b�y�� �b�� �j�_�]�m�e�y�p�b�b�� �k�h�[�k�l�\�_�g�g�h�c�� �^�_�y�l�_�e�v�g�h�k�l�b �\�� �\�b�j�l�m�Z�e�v�g�h�c��

�j�_�Z�e�v�g�h�k�l�b���� �D�Z�q�_�k�l�\�_�g�g�h�_�� �k�\�h�_�h�[�j�Z�a�b�_�� �h�k�h�[�_�g�g�h�k�l�_�c�� �g�Z�o�h�`�^�_�g�b�y�� �q�_�e�h�\�_�d�Z���\��

�\�b�j�l�m�Z�e�v�g�h�c���j�_�Z�e�v�g�h�k�l�b�����h�j�]�Z�g�b�a�Z�p�b�y���_�]�h���i�k�b�o�b�q�_�k�d�h�c���^�_�y�l�_�e�v�g�h�k�l�b���i�j�b���w�l�h�f��

�k�l�Z�g�h�\�b�l�k�y���j�_�Z�e�v�g�u�f�b���i�j�_�^�f�_�l�Z�f�b���g�Z�m�q�g�h�]�h���b�k�k�e�_�^�h�\�Z�g�b�y���\���h�[�e�Z�k�l�b���b�f�_�g�g�h��

�d�h�]�g�b�l�b�\�g�h�c���g�Z�m�d�b�� 
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�=�e�Z�\�Z���������I�k�b�o�h�e�h�]�b�y���\�b�j�l�m�Z�e�v�g�h�c���j�_�Z�e�v�g�h�k�l�b 

2.1. �I�j�_�b�f�m�s�_�k�l�\�Z�� �b�� �g�_�^�h�k�l�Z�l�d�b�� �b�k�i�h�e�v�a�h�\�Z�g�b�y�� �l�_�o�g�h�e�h�]�b�c��

�\�b�j�l�m�Z�e�v�g�h�c���j�_�Z�e�v�g�h�k�l�b���\���d�h�]�g�b�l�b�\�g�h-�i�k�b�o�h�e�h�]�b�q�_�k�d�b�o���b�k�k�e�_�^�h�\�Z�g�b�y�o 

 
�G�_�j�Z�a�j�u�\�g�h�_�� �j�Z�a�\�b�l�b�_�� �k�b�k�l�_�f�� �<�J�� �b�� �d�h�]�g�b�l�b�\�g�h-�i�k�b�o�h�e�h�]�b�q�_�k�d�h�c��

�i�j�h�[�e�_�f�Z�l�b�d�b���\�a�Z�b�f�h�^�_�c�k�l�\�b�y���q�_�e�h�\�_�d�Z���k���\�b�j�l�m�Z�e�v�g�u�f�b���k�j�_�^�Z�f�b�����\�h�k�i�j�b�y�l�b�y��

�\�b�j�l�m�Z�e�v�g�u�o�� �h�[�t�_�d�l�h�\�� �e�h�]�b�q�g�h�� �i�j�b�\�_�e�h�� �d�� �l�h�f�m���� �q�l�h, �\�� �h�l�e�b�q�b�_�� �h�l�� �f�g�h�]�b�o��

�^�j�m�]�b�o�� �l�_�o�g�b�q�_�k�d�b�o�� �k�j�_�^�k�l�\���� �<�J�� �k�� �k�Z�f�h�]�h�� �g�Z�q�Z�e�Z�� �k�\�h�_�]�h�� �k�m�s�_�k�l�\�h�\�Z�g�b�y��

�h�d�Z�a�Z�e�Z�k�v���\���n�h�d�m�k�_���\�g�b�f�Z�g�b�y���d�h�]�g�b�l�b�\�g�u�o���i�k�b�o�h�e�h�]�h�\�� 

 �<�f�_�k�l�_ �k�� �l�_�f���� �w�n�n�_�d�l�b�\�g�h�k�l�v�� �b�k�i�h�e�v�a�h�\�Z�g�b�y�� �<�J�� �\�� �d�h�]�g�b�l�b�\�g�h-

�i�k�b�o�h�e�h�]�b�q�_�k�d�b�o���b�k�k�e�_�^�h�\�Z�g�b�y�o���^�h�e�`�g�Z���[�u�e�Z���\���i�_�j�\�m�x���h�q�_�j�_�^�v���h�i�j�_�^�_�e�y�l�v�k�y��

�k�m�s�_�k�l�\�_�g�g�u�f�b�� �h�l�e�b�q�b�y�f�b�� �h�l�� �i�j�b�f�_�g�_�g�b�y�� �^�j�m�]�b�o�� �k�i�h�k�h�[�h�\�� �k�h�a�^�Z�g�b�y��

�w�d�k�i�_�j�b�f�_�g�l�Z�� �b�e�b�� �\�b�a�m�Z�e�b�a�Z�p�b�b�� �i�j�_�^�t�y�\�e�y�_�f�h�c�� �k�l�b�f�m�e�v�g�h�c�� �b�g�n�h�j�f�Z�p�b�b����

�I�h�w�l�h�f�m�� �\�Z�`�g�h�� �m�d�Z�a�Z�l�v�� �g�Z�� �h�k�h�[�_�g�g�h�k�l�b�� �<�J-�k�b�k�l�_�f���� �h�k�h�[�_�g�g�h�� �\�� �d�h�g�l�_�d�k�l�_��

�i�j�_�b�f�m�s�_�k�l�\���b���g�_�^�h�k�l�Z�l�d�h�\���b�o���i�j�b�f�_�g�_�g�b�y�����d�h�l�h�j�u�_���h�i�j�_�^�_�e�y�x�l���k�i�_�p�b�n�b�d�m��

�i�j�b�f�_�g�_�g�b�y���m�k�l�j�h�c�k�l�\���^�Z�g�g�h�]�h���\�b�^�Z���\���b�a�m�q�_�g�b�b���i�k�b�o�b�q�_�k�d�b�o�����b���\���q�Z�k�l�g�h�k�l�b����

�i�h�a�g�Z�\�Z�l�_�e�v�g�u�o���i�j�h�p�_�k�k�h�\�� 

�L�_�o�g�h�e�h�]�b�b���<�J���h�[�e�Z�^�Z�x�l���k�e�_�^�m�x�s�b�f�b���i�j�_�b�f�m�s�_�k�l�\�Z�f�b: 

�•  �<�u�k�h�d�b�c���m�j�h�\�_�g�v���d�h�g�l�j�h�e�y���g�Z�^���i�_�j�_�f�_�g�g�u�f�b���b���w�d�h�e�h�]�b�q�_�k�d�Z�y���\�Z�e�b�^�g�h�k�l�v. 

�>�Z�g�g�h�_�� �i�j�_�b�f�m�s�_�k�l�\�h�� �i�j�b�g�y�l�h�� �k�q�b�l�Z�l�v�� �k�Z�f�u�f�� �a�g�Z�q�b�f�u�f���� �i�h�k�d�h�e�v�d�m��

�l�j�Z�^�b�p�b�h�g�g�u�_�� �w�d�k�i�_�j�b�f�_�g�l�u�� �\�� �h�[�e�Z�k�l�b�� �d�h�]�g�b�\�g�u�o�� �g�Z�m�d�� �i�j�h�b�a�\�h�^�y�l�k�y��

�q�Z�s�_�� �\�k�_�]�h�� �\�� �k�l�h�j�h�]�h���d�h�g�l�j�h�e�b�j�m�_�f�u�o�� �e�Z�[�h�j�Z�l�h�j�g�u�o�� �m�k�e�h�\�b�y�o�� �b��

�g�Z�i�j�Z�\�e�_�g�u�� �g�Z�� �b�a�m�q�_�g�b�_�� �b�a�h�e�b�j�h�\�Z�g�g�h�� �\�u�^�_�e�_�g�g�h�]�h�� �Z�k�i�_�d�l�Z�� �i�h�\�_�^�_�g�b�y��

�b�e�b�� �i�k�b�o�b�q�_�k�d�h�c�� �^�_�y�l�_�e�v�g�h�k�l�b���� �I�j�b�� �w�l�h�f�� �^�h�k�l�b�]�Z�_�l�k�y�� �\�u�k�h�d�b�c�� �m�j�h�\�g�v��

�d�h�g�l�j�h�e�y�� �a�Z�� �i�_�j�_�f�_�g�g�u�f�b���� �g�h�� �k�m�s�_�k�l�\�_�g�g�h�� �k�g�b�`�Z�_�l�k�y�� �w�d�h�e�h�]�b�q�_�k�d�Z�y��

�\�Z�e�b�^�g�h�k�l�v���� �M�k�e�h�\�b�y�� �<�J�� �i�h�a�\�e�y�x�l�� �k�h�o�j�Z�g�y�l�v�� �d�h�g�l�j�h�e�v�� �i�_�j�_�f�_�g�g�u�o, �i�j�b��

�w�l�h�f�� �i�j�_�^�t�y�\�e�y�y�� �^�e�y�� �m�q�Z�k�l�g�b�d�h�\�� �w�d�k�i�_�j�b�f�_�g�l�Z�� �m�k�e�h�\�b�y���� �k�o�h�`�b�_�� �k��

�m�k�e�h�\�b�y�f�b���j�_�Z�e�b�a�Z�p�b�b���j�_�Z�e�v�g�h�]�h���i�h�\�_�^�_�g�b�y���� 
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�D�e�Z�k�k�b�q�_�k�d�b�f�� �i�j�b�f�_�j�h�f���� �^�_�f�h�g�k�l�j�b�j�m�x�s�b�f�� �g�Z�e�b�q�b�_�� �i�h�\�u�r�_�g�g�h�c��

�w�d�h�e�h�]�b�q�_�k�d�h�c�� �\�Z�e�b�^�g�h�k�l�b�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �k�� �i�j�b�f�_�g�_�g�b�_�f�� �<�J���� �y�\�e�y�x�l�k�y��

�b�k�k�e�_�^�h�\�Z�g�b�y���k�l�j�Z�o�Z���\�u�k�h�l�u ���Z�d�j�h�n�h�[�b�b�������<���h�^�g�h�f���b�a���l�Z�d�b�o���b�k�k�e�_�^�h�\�Z�g�b�c��

�m�q�Z�k�l�g�b�d�b���k���^�b�Z�]�g�h�a�h�f�����Z�d�j�h�n�h�[�b�y�����i�j�h�o�h�^�b�e�b���l�_�j�Z�i�b�x���k���i�h�f�h�s�v�x���9�5-

�w�d�k�i�h�a�b�p�b�b���� �H�g�b�� �i�h�f�_�s�Z�e�b�k�v�� �\�� �\�b�j�l�m�Z�e�v�g�u�_�� �k�j�_�^�u���� �b�f�b�l�b�j�m�x�s�b�_��

�g�Z�o�h�`�^�_�g�b�_���g�Z���\�u�k�h�l�_�����g�Z�i�j�b�f�_�j�����k�l�_�d�e�y�g�g�u�c���e�b�n�l�����f�h�k�l���g�Z�^���i�j�h�i�Z�k�l�v�x����

�[�Z�e�d�h�g�� �\�u�k�h�d�h�]�h�� �w�l�Z�`�Z�� (Rothbaum et al., 2000). �<�u�k�h�d�Z�y�� �w�d�h�e�h�]�b�q�_�k�d�Z�y��

�\�Z�e�b�^�g�h�k�l�v�� �i�j�h�y�\�b�e�Z�k�v�� �\�� �l�h�f���� �q�l�h�� �m���m�q�Z�k�l�g�b�d�h�\�� �g�Z�[�e�x�^�Z�e�b�k�v�� �j�_�Z�e�v�g�u�_��

�n�b�a�b�h�e�h�]�b�q�_�k�d�b�_�� �j�_�Z�d�p�b�b���k�l�j�Z�o�Z�����m�q�Z�s�_�g�g�h�_�� �k�_�j�^�p�_�[�b�_�g�b�_�����i�h�l�e�b�\�h�k�l�v��, 

�o�h�l�y���h�g�b �h�k�h�a�g�Z�\�Z�e�b�����q�l�h �g�Z�o�h�^�y�l�k�y �\���[�_�a�h�i�Z�k�g�h�k�l�b�� �D�j�h�f�_���l�h�]�h�����k�g�b�`�_�g�b�_ 

�q�m�\�k�l�\�Z �k�l�j�Z�o�Z���b���i�h�\�_�^�_�g�q�_�k�d�b�_���m�e�m�q�r�_�g�b�y�����^�h�k�l�b�]�g�m�l�u�_���\���<�J�����i�h�e�g�h�k�l�v�x��

�i�_�j�_�g�_�k�e�b�k�v���\���j�_�Z�e�v�g�u�c���f�b�j�����I�h�k�e�_���l�_�j�Z�i�b�b���m�q�Z�k�l�g�b�d�b���f�h�]�e�b���i�h�^�o�h�^�b�l�v���d��

�j�_�Z�e�v�g�u�f���[�Z�e�d�h�g�Z�f�����i�h�e�v�a�h�\�Z�l�v�k�y���k�l�_�d�e�y�g�g�u�f�b���e�b�n�l�Z�f�b���b���l���^�� 

�•  �;�_�a�h�i�Z�k�g�h�k�l�v�� �b�� �w�l�b�q�g�h�k�l�v�� �i�j�h�\�h�^�b�f�u�o�� �w�d�k�i�_�j�b�f�_�g�l�h�\���± �<�J���i�h�a�\�h�e�y�_�l��

�b�a�m�q�Z�l�v���j�_�Z�d�p�b�b���q�_�e�h�\�_�d�Z���g�Z���h�i�Z�k�g�u�_���b�e�b���w�l�b�q�_�k�d�b���k�e�h�`�g�u�_���k�b�l�m�Z�p�b�b����

�g�_���i�h�^�\�_�j�]�Z�y���b�k�i�u�l�m�_�f�u�o���j�_�Z�e�v�g�h�f�m���j�b�k�d�m�� �L�Z�d�����g�Z�i�j�b�f�_�j�����\���h�^�g�h�f���b�a��

�b�k�k�e�_�^�h�\�Z�g�b�c���m�q�Z�k�l�g�b�d�h�\���i�h�f�_�s�Z�e�b���\���\�b�j�l�m�Z�e�v�g�h�_���a�^�Z�g�b�_�����]�^�_���\�g�_�a�Z�i�g�h��

�g�Z�q�b�g�Z�e�k�y�� �i�h�`�Z�j (Gamberini et al������ �������������� �B�k�k�e�_�^�h�\�Z�l�_�e�b���g�Z�[�e�x�^�Z�e�b���a�Z��

�b�o�� �i�h�\�_�^�_�g�b�_�f���� �[�m�^�m�l�� �e�b�� �h�g�b�� �b�k�d�Z�l�v�� �\�u�o�h�^���� �i�h�f�h�]�Z�l�v�� �^�j�m�]�b�f��

�\�b�j�l�m�Z�e�v�g�u�f�� �i�_�j�k�h�g�Z�`�Z�f���� �i�h�^�^�Z�\�Z�l�v�k�y�� �i�Z�g�b�d�_. �M�q�Z�k�l�g�b�d�b���� �\�� �k�\�h�x��

�h�q�_�j�_�^�v�� �^�_�f�h�g�k�l�j�b�j�h�\�Z�e�b�� �j�_�Z�e�b�k�l�b�q�g�u�_�� �f�h�^�_�e�b�� �i�h�\�_�^�_�g�b�y����

�k�h�h�l�\�_�l�k�l�\�m�x�s�b�_�� �l�_�h�j�b�y�f�� �i�h�\�_�^�_�g�b�y�� �\�� �l�h�e�i�_�� �i�j�b�� �i�h�`�Z�j�_�� ���g�Z�i�j�b�f�_�j����

�k�e�_�^�h�\�Z�g�b�_���a�Z���l�h�e�i�h�c�����i�h�f�h�s�v���[�e�b�`�g�_�f�m���� 

�•  �<�h�a�f�h�`�g�h�k�l�v���g�_�i�j�_�j�u�\�g�h�c���l�_�e�_�f�_�l�j�b�b �i�h�\�_�^�_�g�b�y���\���j�_�Z�e�v�g�h�f���\�j�_�f�_�g�b �± 

�k�h�i�j�y�`�z�g�g�u�_�� �k�� �<�J�� �k�b�k�l�_�f�h�c�� �m�k�l�j�h�c�k�l�\�Z�� �k�i�h�k�h�[�g�u�� �j�_�]�b�k�l�j�b�j�h�\�Z�l�v��

�^�\�b�`�_�g�b�y�� �l�_�e�Z���� �]�e�Z�a���� �d�h�f�i�e�_�d�k�� �i�k�b�o�h�n�b�a�b�h�e�h�]�b�q�_�k�d�b�o�� �i�h�d�Z�a�Z�l�_�e�_�c�� �\��

�q�z�l�d�h�f���k�h�i�h�k�l�Z�\�e�_�g�b�b���k���b�a�f�_�g�_�g�b�_�f���k�h�^�_�j�`�Z�g�b�y���\�b�j�l�m�Z�e�v�g�h�c���k�j�_�^�u�����<��

�q�Z�k�l�g�h�k�l�b���� �b�k�k�e�_�^�h�\�Z�g�b�_�� �=���� �I�e�w�g�o�_�j�Z�� �b�� �_�]�h�� �d�h�e�e�_�]�� �[�u�e�h�� �i�h�k�\�y�s�_�g�h��

�a�Z�\�b�k�b�f�h�k�l�b���h�k�g�h�\�g�u�o���Z�k�i�_�d�l�h�\���w�i�b�a�h�^�b�q�_�k�d�h�c���i�Z�f�y�l�b���h�l���\�h�a�j�Z�k�l�Z�����^�e�y��

�q�_�]�h���m�q�_�g�u�_���b�k�i�h�e�v�a�h�\�Z�e�b���<�J �k���i�h�k�l�h�y�g�g�u�f���d�h�g�l�j�h�e�_�f���q�Z�k�l�h�l�u���i�m�e�v�k�Z��
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�b�� �i�Z�j�Z�f�_�l�j�h�\�� �Z�d�l�b�\�g�h�k�l�b�� �]�h�e�h�\�g�h�]�h�� �f�h�a�]�Z (Plancher et al., 2013). 

�I�j�h�\�_�^�_�g�g�u�_�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�_�� �h�i�u�l�u�� �^�h�d�Z�a�Z�e�b�� �\�h�a�f�h�`�g�h�k�l�v��

�b�k�i�h�e�v�a�h�\�Z�g�b�y�� �\�b�j�l�m�Z�e�v�g�h�c�� �k�j�_�^�u�� �d�Z�d�� �k�l�Z�g�^�Z�j�l�g�h�]�h�� �^�b�Z�]�g�h�k�l�b�q�_�k�d�h�]�h��

�b�g�k�l�j�m�f�_�g�l�Z���� �i�j�b�q�_�f�� �\�h�a�j�Z�k�l�� �b�k�i�u�l�m�_�f�u�o�� �g�_�� �b�]�j�Z�_�l�� �g�b�d�Z�d�h�c�� �j�h�e�b����

�F�� �O�Z�c�e�����:�����R�f�_�e�v�l�_�j�����I�����>�`�w�g�k�_�g���a�Z�g�b�f�Z�e�b�k�v���i�j�h�\�_�^�_�g�b�_�f���i�h�^�h�[�g�u�o��

�w�d�k�i�_�j�b�f�_�g�l�h�\�� ���-�D�Q�V�H�Q�� �H�W�� �D�O������ �������������� �W�l�b�� �k�i�_�p�b�Z�e�b�k�l�u�� �i�h�k�\�y�l�b�e�b�� �k�\�h�b��

�j�Z�[�h�l�u�� �b�a�m�q�_�g�b�x�� �i�j�h�p�_�k�k�h�\���� �k�\�y�a�Z�g�g�u�o�� �k�� �j�Z�[�h�l�h�c�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�c��

�i�Z�f�y�l�b�����B�k�i�u�l�m�_�f�u�f�b���\�u�k�l�m�i�b�e�b���e�x�^�b���k�l�Z�j�r�_�]�h���i�h�d�h�e�_�g�b�y��������-�������e�_�l������

�j�_�k�i�h�g�^�_�g�l�u�� �k�j�_�^�g�_�]�h�� �\�h�a�j�Z�k�l�Z�� ������-������ �e�_�l���� �b�� �i�j�_�^�k�l�Z�\�b�l�_�e�b�� �f�h�e�h�^�h�]�h��

�i�h�d�h�e�_�g�b�y�� ������-������ �e�_�l������ �I�_�j�_�^�� �g�b�f�b�� �i�h�k�l�Z�\�b�e�b�� �a�Z�^�Z�q�m�� �\�u�[�j�Z�l�v�k�y�� �b�a��

�\�b�j�l�m�Z�e�v�g�h�]�h���e�Z�[�b�j�b�g�l�Z�����I�h �b�l�h�]�Z�f���w�d�k�i�_�j�b�f�_�g�l�Z���k�l�Z�e�h���y�k�g�h�����q�l�h���\���o�h�^�_��

�h�[�k�e�_�^�h�\�Z�g�b�y�� �e�x�^�_�c�� �j�Z�a�g�u�o�� �\�h�a�j�Z�k�l�g�u�o�� �d�Z�l�_�]�h�j�b�c�� �<�J�� �g�_�b�a�f�_�g�g�h��

�h�l�e�b�q�Z�e�Z�k�v�� �\�u�k�h�d�h�c�� �w�n�n�_�d�l�b�\�g�h�k�l�v�x�� �\�� �\�h�i�j�h�k�_�� �h�[�k�e�_�^�h�\�Z�g�b�y��

�b�k�i�u�l�m�_�f�u�o�� 

�± �\�u�k�h�d�b�c�� �m�j�h�\�_�g�v�� �a�Z�s�b�l�u�� �h�l�� �h�l�\�e�_�d�Z�x�s�b�o�� �j�Z�a�^�j�Z�`�b�l�_�e�_�c���� �W�n�n�_�d�l��

�i�h�]�j�m�`�_�g�b�y���i�j�_�^�_�e�v�g�h���]�e�m�[�h�d���± �[�e�h�d�b�j�m�x�l�k�y���g�_���l�h�e�v�d�h���\�g�_�r�g�b�_���n�Z�d�l�h�j�u�����g�h��

�b���[�h�e�_�\�u�_���h�s�m�s�_�g�b�y�� 

�± �n�m�g�d�p�b�y�� �h�l�k�e�_�`�b�\�Z�g�b�y�� �^�h�i�h�e�g�b�l�_�e�v�g�u�o�� �i�Z�j�Z�f�_�l�j�h�\�� �i�h�\�_�^�_�g�b�y��

�i�Z�p�b�_�g�l�Z�����g�Z�i�j�b�f�_�j�����k�f�_�s�_�g�b�_���b���\�_�d�l�h�j���\�g�b�f�Z�g�b�y�� 

�± �f�Z�d�k�b�f�Z�e�v�g�h�_�� �i�h�]�j�m�`�_�g�b�_�� �\�� �i�j�h�b�k�o�h�^�y�s�_�_���� �\�� �j�Z�a�u�� �i�j�_�\�h�k�o�h�^�y�s�_�_��

�\�h�a�f�h�`�g�h�k�l�b���i�j�b�\�u�q�g�u�o���d�h�f�i�v�x�l�_�j�g�u�o���i�j�h�]�j�Z�f�f�� 

�± �w�n�n�_�d�l���l�j�_�o�f�_�j�g�h�]�h���b�a�h�[�j�Z�`�_�g�b�y�����i�j�_�^�h�k�l�Z�\�e�y�x�s�b�c���g�h�\�u�_���\�Z�j�b�Z�g�l�u��

�f�Z�g�b�i�m�e�b�j�h�\�Z�g�b�y���i�Z�p�b�_�g�l�h�f�� 

�<�b�j�l�m�Z�e�v�g�h�_���i�j�h�k�l�j�Z�g�k�l�\�h���f�h�`�_�l���[�u�l�v���i�j�_�^�k�l�Z�\�e�_�g�h���\���^�\�m�o���b�a�f�_�j�_�g�b�y�o 

�± �\�j�_�f�_�g�g�h�f���b���i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�f�����F�Z�]�h�f�_�^-�W�f�b�g�h�\������������������ 

�<���j�_�a�m�e�v�l�Z�l�_���j�Z�[�h�l�u���F�����D�m�e�v�k�h�g�Z���b���_�]�h���d�h�e�e�_�]���m�^�Z�e�h�k�v���m�k�l�Z�g�h�\�b�l�v�����q�l�h��

�m�� �q�_�e�h�\�_�d�Z���� �\�h�\�e�_�q�_�g�g�h�]�h�� �\�� �<�J���� �n�h�j�f�b�j�m�_�l�k�y�� �g�Z�k�l�h�y�s�Z�y�� �w�f�h�p�b�h�g�Z�e�v�g�Z�y��

�i�j�b�\�y�a�Z�g�g�h�k�l�v�� �d�� �k�\�h�_�f�m�� �\�b�j�l�m�Z�e�v�g�h�f�m�� �i�_�j�k�h�g�Z�`�m���� �<�� �^�Z�g�g�h�f�� �k�e�m�q�Z�_�� �\�Z�`�g�m�x��

�j�h�e�v�� �b�]�j�Z�_�l�� �h�[�s�Z�y�� �i�h�e�_�a�g�h�k�l�v�� �\�b�j�l�m�Z�e�v�g�h�]�h�� �]�_�j�h�y�� �k���l�h�q�d�b�� �a�j�_�g�b�y�� �b�]�j�u���� �_�]�h��

�n�b�a�b�q�_�k�d�Z�y�� �i�j�b�\�e�_�d�Z�l�_�e�v�g�h�k�l�v���� �H�k�g�h�\�h�c�� �i�j�b�\�y�a�Z�g�g�h�k�l�b�� �y�\�e�y�_�l�k�y�� �k�e�h�`�g�Z�y��
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�d�h�f�[�b�g�Z�p�b�y���h�l�e�b�q�b�l�_�e�v�g�u�o���q�_�j�l���e�b�q�g�h�k�l�b���b�]�j�h�d�h�\���b���b�o���f�h�l�b�\�Z�p�b�b���d���m�q�Z�k�l�b�x��

�\���b�]�j�h�\�h�f���i�j�h�p�_�k�k�_�����&�R�X�O�V�R�Q���H�W���D�O������������������ 

�<�� �j�_�a�m�e�v�l�Z�l�_�� �b�k�k�e�_�^�h�\�Z�g�b�c���� �i�j�h�\�_�^�_�g�g�u�o�� �K���� �D�Z�i�e�Z�g�� �G���� �C�_�� �b��

�>�� �<�b�e�v�y�f�k�h�f���� �m�^�Z�e�h�k�v�� �m�k�l�Z�g�h�\�b�l�v���� �q�l�h�� �f�_�`�^�m�� �f�h�l�b�\�Z�p�b�_�c�� �b�� �i�j�h�\�h�^�b�f�u�f��

�b�]�j�h�d�Z�f�b���\�j�_�f�_�g�_�f���\���<�J���k�m�s�_�k�l�\�m�_�l���i�h�e�h�`�b�l�_�e�v�g�Z�y���d�h�j�j�_�e�y�p�b�y�����B�g�^�b�\�b�^���l�_�f��

�[�h�e�v�r�_�_�� �d�h�e�b�q�_�k�l�\�h�� �\�j�_�f�_�g�b�� �g�Z�o�h�^�b�l�k�y�� �\�� �b�]�j�h�\�h�c�� �k�j�_�^�_���� �q�_�f�� �k�b�e�v�g�_�_��

�\�h�a�^�_�c�k�l�\�m�x�l�� �\�g�m�l�j�_�g�g�b�_�� �k�l�b�f�m�e�u���� �B�g�u�f�b�� �k�e�h�\�Z�f�b���� �d�h�]�^�Z�� �m�� �q�_�e�h�\�_�d�Z�� �\��

�j�_�Z�e�v�g�h�f�� �f�b�j�_�� �k�m�s�_�k�l�\�m�x�l�� �i�j�h�[�e�_�f�u�� �k�� �j�_�Z�e�b�a�Z�p�b�_�c�� �a�g�Z�q�b�f�u�o�� �f�h�l�b�\�h�\���� �h�g��

�g�Z�q�b�g�Z�_�l���i�h�b�k�d���\�h�a�f�h�`�g�h�k�l�_�c���d���b�o���h�k�m�s�_�k�l�\�e�_�g�b�x���\���\�b�j�l�m�Z�e�v�g�h�k�l�b�����\�e�b�y�g�b�_��

�d�h�l�h�j�h�c�� �g�_�i�h�k�j�_�^�k�l�\�_�g�g�h�� �k�d�Z�a�u�\�Z�_�l�k�y�� �g�Z�� �i�k�b�o�h�e�h�]�b�q�_�k�d�h�c�� �d�Z�j�l�b�g�_�� �_�]�h��

�e�b�q�g�h�k�l�b�����:�L�O�O�L�D�P�V���H�W��al., 2008). 

�K�e�b�r�d�h�f�� �i�h�]�j�m�`�_�g�g�u�_�� �\�� �\�b�j�l�m�Z�e�v�g�m�x�� �`�b�a�g�v�� �e�x�^�b�� �k�\�b�^�_�l�_�e�v�k�l�\�m�x�l����

�q�l�h�� �b�k�i�u�l�u�\�Z�x�l�� �f�_�g�v�r�_�_�� �q�m�\�k�l�\�h�� �i�j�b�g�Z�^�e�_�`�g�h�k�l�b�� �b�� �f�_�g�v�r�m�x�� �k�h�p�b�Z�e�v�g�m�x��

�i�h�^�^�_�j�`�d�m�����g�Z�o�h�^�y�k�v���a�Z���_�_���i�j�_�^�_�e�Z�f�b�����\���j�_�Z�e�v�g�h�c���`�b�a�g�b�����/�R�Q�J�P�D�Q���H�W���D�O��������������������

�I�h�f�b�f�h�� �i�j�h�[�e�_�f�� �f�_�`�e�b�q�g�h�k�l�g�u�o�� �h�l�g�h�r�_�g�b�c�� �a�Z�� �i�j�_�^�_�e�Z�f�b�� �b�]�j�h�\�h�]�h��

�i�j�h�k�l�j�Z�g�k�l�\�Z�����m���g�_�d�h�l�h�j�u�o���b�]�j�h�d�h�\���h�l�f�_�q�Z�x�l�k�y���k�e�h�`�g�h�k�l�b���\���o�h�^�_���h�[�s�_�g�b�y���k��

�©�d�h�e�e�_�]�Z�f�b�ª�� �i�h�� �b�]�j�h�\�h�f�m�� �i�j�h�p�_�k�k�m���� �I�h�]�j�m�`�_�g�g�u�_�� �\�� �<�J�� �b�]�j�h�d�b��

�o�Z�j�Z�d�l�_�j�b�a�m�x�l�k�y�� �^�_�i�j�_�k�k�b�_�c���� �Z�]�j�_�k�k�b�_�c���� �b�g�l�j�h�\�_�j�k�b�_�c�� �b�� �h�^�b�g�h�q�_�k�l�\�h�f��

(Caplan et al., 2009). 

�L�h�� �h�[�k�l�h�y�l�_�e�v�k�l�\�h���� �q�l�h�� �\�� �\�b�j�l�m�Z�e�v�g�h�f�� �i�j�h�k�l�j�Z�g�k�l�\�_�� �f�h�`�g�h��

�f�h�^�_�e�b�j�h�\�Z�l�v�� �j�_�Z�e�v�g�u�_�� �k�b�l�m�Z�p�b�b���� �a�Z�b�g�l�_�j�_�k�h�\�Z�e�h�� �i�k�b�o�h�e�h�]�h�\���� �d�h�l�h�j�u�_��

�j�_�r�b�e�b�� �b�a�m�q�b�l�v�� �\�h�a�f�h�`�g�h�k�l�b�� �b�k�i�h�e�v�a�h�\�Z�g�b�y�� �\�b�j�l�m�Z�e�v�g�h�c�� �k�j�_�^�u�� �\��

�^�b�Z�]�g�h�k�l�b�q�_�k�d�b�o�� �p�_�e�y�o���� �J�y�^�� �Z�\�l�h�j�h�\���� �k�j�_�^�b�� �d�h�l�h�j�u�o�� �k�l�h�b�l�� �m�i�h�f�y�g�m�l�v��

�K�� �;�w�j�d�_�j�Z���� �>���� �N�j�b�f�w�g�Z�� ���)�U�H�H�P�D�Q���� �������������� �F���� �N�Z�j�g�_�e�e�k-�W�f�[�j�h�^�`�b�h����

�b�k�k�e�_�^�h�\�Z�e�b�� �]�e�m�[�b�g�g�u�_�� �f�_�o�Z�g�b�a�f�u�� �b�� �h�k�h�[�_�g�g�h�k�l�b�� �i�h�y�\�e�_�g�b�y�� �l�_�o�� �b�e�b�� �b�g�u�o��

�k�b�f�i�l�h�f�h�\�����w�f�h�p�b�h�g�Z�e�v�g�u�o���i�j�h�y�\�e�_�g�b�c���b���d�h�]�g�b�p�b�c�����\�h�a�g�b�d�g�h�\�_�g�b�_���d�h�l�h�j�u�o��

�k�h�i�j�h�\�h�`�^�Z�_�l�� �i�k�b�o�b�q�_�k�d�b�_�� �j�Z�k�k�l�j�h�c�k�l�\�Z�� �e�b�q�g�h�k�l�b�� ���j�_�q�v�� �b�^�_�l �h�� �i�Z�j�Z�g�h�c�_����

�r�b�a�h�n�j�_�g�b�b�� �b�� �l���^������ ���)�R�U�Q�H�O�O�V-�$�P�E�U�R�M�R�� �H�W�� �D�O������ �������������� �;�e�Z�]�h�^�Z�j�y�� �^�Z�g�g�u�f��

�b�k�k�e�_�^�h�\�Z�g�b�y�f�� �k�l�Z�e�h�� �\�h�a�f�h�`�g�u�f�� �h�i�j�_�^�_�e�_�g�b�_�� �k�m�s�g�h�k�l�b���� �i�j�b�k�m�s�_�c��

�k�i�h�k�h�[�g�h�k�l�b���d���h�l�^�_�e�_�g�b�x���j�_�Z�e�v�g�h�k�l�b���h�l���f�b�j�Z���n�Z�g�l�Z�a�b�c�����Z���l�Z�d�`�_���i�j�h�y�\�e�_�g�b�y�f��
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�f�u�k�e�_�c�� �h�� �i�j�_�k�e�_�^�h�\�Z�g�b�b���� �d�h�l�h�j�u�f�b�� �h�l�e�b�q�Z�x�l�k�y�� �e�x�^�b�� �k�� �i�k�b�o�h�i�Z�l�h�e�h�]�b�_�c���� �<��

�^�Z�g�g�h�f���g�Z�i�j�Z�\�e�_�g�b�b���<�J���k�l�Z�e�Z���k�_�j�v�_�a�g�u�f���i�h�^�k�i�h�j�v�_�f���d�Z�d���k�j�_�^�k�l�\�h�����k���i�h�f�h�s�v�x��

�d�h�l�h�j�h�]�h���k�l�Z�e�h���\�h�a�f�h�`�g�u�f���[�h�e�_�_���r�b�j�h�d�h�_���b�k�k�e�_�^�h�\�Z�g�b�_���i�j�b�q�b�g�����i�h���d�h�l�h�j�u�f��

�i�j�h�y�\�e�y�x�l�k�y�� �l�_�� �b�e�b�� �b�g�u�_�� �k�b�f�i�l�h�f�u���� �Z�� �l�Z�d�`�_�� �o�Z�j�Z�d�l�_�j�Z�� �^�Z�g�g�h�]�h�� �i�j�h�p�_�k�k�Z����

�[�e�Z�]�h�^�Z�j�y�� �q�_�f�m���� �\�� �k�\�h�x�� �h�q�_�j�_�^�v���� �i�h�y�\�b�e�Z�k�v�� �\�h�a�f�h�`�g�h�k�l�v�� �d�h�j�j�_�d�p�b�b��

�l�_�j�Z�i�_�\�l�b�q�_�k�d�b�o�� �e�b�g�b�c�� �i�h�f�h�s�b�� �i�Z�p�b�_�g�l�Z�f�� �k�� �i�h�^�h�[�g�u�f�b�� �i�j�h�y�\�e�_�g�b�y�f�b��

(Fornells-Ambrojo et al., 2008). 

�;�e�Z�]�h�^�Z�j�y�� �\�h�a�f�h�`�g�h�k�l�b�� �b�k�i�h�e�v�a�h�\�Z�g�b�y�� �\�b�j�l�m�Z�e�v�g�u�o�� �i�_�j�k�h�g�Z�`�_�c��

�h�l�d�j�u�\�Z�_�l�k�y�� �j�y�^�� �b�g�g�h�\�Z�p�b�h�g�g�u�o�� �\�h�a�f�h�`�g�h�k�l�_�c�� �^�e�y�� �l�h�]�h���� �q�l�h�[�u�� �b�a�m�q�b�l�v��

�a�Z�\�b�k�b�f�h�k�l�v�� �i�h�\�_�^�_�g�q�_�k�d�h�]�h�� �j�_�Z�]�b�j�h�\�Z�g�b�y�� �b�� �i�_�j�p�_�i�l�b�\�g�u�o�� �i�j�h�p�_�k�k�h�\�� �h�l��

�h�l�g�h�k�b�l�_�e�v�g�h�]�h���\�h�a�^�_�c�k�l�\�b�y�����h�d�Z�a�u�\�Z�_�f�h�]�h���k�l�_�j�_�h�l�b�i�Z�f�b�����g�Z�p�b�h�g�Z�e�v�g�h�c���b�e�b��

�]�_�g�^�_�j�g�h�c�� �i�j�b�g�Z�^�e�_�`�g�h�k�l�v�x�� �b�� �l���^�������� �D�� �i�j�b�f�_�j�m���� �>�`���� �;�_�g�l�m�� �b�k�k�e�_�^�h�\�Z�e��

�w�l�g�b�q�_�k�d�b�_�� �b�� �d�m�e�v�l�m�j�g�u�_�� �k�l�_�j�_�h�l�b�i�u�� �k�d�\�h�a�v�� �i�j�b�a�f�m�� �\�h�k�i�j�b�y�l�b�y�� �g�_�d�h�l�h�j�u�o��

�\�b�j�l�m�Z�e�v�g�u�o���i�_�j�k�h�g�Z�`�_�c�����%�H�Q�W�H���H�W���D�O������������������ 

�F���� �K�h�g�g�_�[�h�j�g�� �b�� �L���� �<�h�j�^�� �b�a�m�q�Z�e�b�� �l�\�h�j�q�_�k�d�b�_�� �k�i�h�k�h�[�g�h�k�l�b���� �Z�� �l�Z�d�`�_�� �l�h����

�d�Z�d�� �\�� �j�Z�f�d�Z�o�� �l�j�_�o�f�_�j�g�h�]�h�� �\�b�j�l�m�Z�e�v�g�h�]�h�� �i�j�h�k�l�j�Z�g�k�l�\�Z�� �i�j�h�y�\�e�y�_�l�k�y��

�b�g�^�b�\�b�^�m�Z�e�v�g�h�k�l�v���� �M�d�Z�a�Z�g�g�u�_�� �k�i�_�p�b�Z�e�b�k�l�u�� �a�Z�g�b�f�Z�e�b�k�v�� �b�a�m�q�_�g�b�_�f��
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�^�b�Z�]�g�h�k�l�b�d�_�����f�_�e�d�b�_���^�_�l�Z�e�b���^�Z�\�g�h���i�j�b�a�g�Z�g�u���d�j�Z�c�g�_���\�Z�`�g�u�f�b�����I�h�w�l�h�f�m���l�Z�d�b�_��

�\�h�a�f�h�`�g�h�k�l�b���\�b�j�l�m�Z�e�v�g�h�c���j�_�Z�e�v�g�h�k�l�b���\�u�k�l�m�i�Z�x�l���h�k�h�[�_�g�g�h���i�h�e�_�a�g�u�f�b���\���o�h�^�_��

�b�k�k�e�_�^�h�\�Z�g�b�y�� �g�_�\�_�j�[�Z�e�v�g�h�]�h�� �i�h�\�_�^�_�g�b�y���� �Z�� �l�Z�d�`�_�� �k�h�k�l�h�y�g�b�c�� �n�j�m�k�l�j�Z�p�b�b����

�k�l�j�_�k�k�Z�� �b�� �a�Z�l�j�m�^�g�b�l�_�e�v�g�h�]�h�� �\�u�[�h�j�Z���� �I�h�^�h�[�g�u�_�� �k�\�h�c�k�l�\�Z�� �i�j�b�� �k�[�h�j�_�� �^�Z�g�g�u�o��

�^�Z�x�l�� �b�k�k�e�_�^�h�\�Z�l�_�e�y�f�� �\�h�a�f�h�`�g�h�k�l�v�� �b�a�m�q�_�g�b�y�� �r�b�j�h�d�h�]�h�� �k�i�_�d�l�j�Z�� �y�\�e�_�g�b�c��

�k�h�p�b�Z�e�v�g�h-�i�k�b�o�h�e�h�]�b�q�_�k�d�h�]�h���o�Z�j�Z�d�l�_�j�Z�� 

�F�����K�e�w�l�_�j���j�Z�k�k�f�Z�l�j�b�\�Z�_�l���h�i�u�l���i�j�b�k�m�l�k�l�\�b�y���\���\�b�j�l�m�Z�e�v�g�h�c���j�_�Z�e�v�g�h�k�l�b���\��

�d�Z�q�_�k�l�\�_���i�j�Z�\�^�h�i�h�^�h�[�g�h�c���b�e�e�x�a�b�b�����H�g���m�d�Z�a�u�\�Z�_�l���g�Z���k�o�h�`�b�_���k�i�h�k�h�[�u���k�h�a�^�Z�g�b�y��

�i�k�b�o�b�d�h�c���Z�e�v�l�_�j�g�Z�l�b�\�g�u�o���j�_�Z�e�v�g�h�k�l�_�c�����d�m�^�Z���i�h�]�j�m�`�Z�_�l�k�y���b�g�^�b�\�b�^���b���\�_�j�b�l���\��

�b�o�� �k�m�s�_�k�l�\�h�\�Z�g�b�_�� ���6�O�D�W�H�U���� �������������� �<�� �j�Z�a�\�b�l�b�_�� �w�l�h�c�� �f�u�k�e�b���� �>�`���� �I�Z�c�e�w�c����

�K�� �R�f�b�^�l�� �b�� �K���� �J�Z�c�q�b�j�� �^�Z�x�l�� �h�i�j�_�^�_�e�_�g�b�_�� �l�Z�d�h�f�m�� �i�h�g�y�l�b�x�� �d�Z�d��
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�©�i�k�b�o�h�e�h�]�b�q�_�k�d�Z�y�� �b�e�e�x�a�b�y�� �i�j�b�k�m�l�k�l�\�b�y�� �\�� �Z�e�v�l�_�j�g�Z�l�b�\�g�h�c�� �j�_�Z�e�v�g�h�k�l�b�ª����

�i�h�^�j�Z�a�m�f�_�\�Z�y�� �i�h�^�� �w�l�b�f�� �i�h�k�l�h�y�g�g�u�c�� �d�h�]�g�b�l�b�\�g�u�c�� �i�j�h�p�_�k�k�� �\�� �h�l�g�h�r�_�g�b�b��

�\�h�k�i�j�b�g�b�f�Z�_�f�u�o�� �h�[�t�_�d�l�h�\�� �b�� �y�\�e�_�g�b�c���� �i�j�b�� �d�h�l�h�j�h�f�� �j�_�Z�d�p�b�b�� �j�Z�a�m�f�Z��

�i�j�Z�d�l�b�q�_�k�d�b���b�^�_�g�l�b�q�g�u���l�_�f�����d�h�l�h�j�u�_���\�h�a�g�b�d�Z�x�l���\���h�l�\�_�l���g�Z���j�_�Z�e�v�g�h�k�l�v�����3�L�O�O�D�L��

�H�W�� �D�O������ �������������� �B�k�k�e�_�^�h�\�Z�l�_�e�b�� �l�Z�d�`�_�� �i�j�_�^�e�h�`�b�e�b�� �k�\�h�c�� �\�Z�j�b�Z�g�l�� �g�Z�a�\�Z�g�b�y�� �l�Z�d�h�c��

�j�_�Z�e�v�g�h�k�l�b���± �w�g�^�h�]�_�g�g�h���\�u�a�\�Z�g�g�Z�y���j�_�Z�e�v�g�h�k�l�v�����6�H�O�I-Evoked Reality).  

�D�Z�d�� �k�q�b�l�Z�x�l�� �>�`���� �I�Z�c�e�w�c���� �K���� �R�f�b�^�l���� �K���� �J�Z�c�q�b�j���� �i�k�b�o�h�e�h�]�b�q�_�k�d�m�x��

�Z�e�v�l�_�j�g�Z�l�b�\�g�m�x�� �j�_�Z�e�v�g�h�k�l�v�� �f�h�`�g�h�� �i�j�_�j�\�Z�l�v�� �\�� �e�x�[�h�c�� �f�h�f�_�g�l�� �b�� �\�_�j�g�m�l�v��

�b�g�^�b�\�b�^�Z�� �\�� �^�_�c�k�l�\�b�l�_�e�v�g�h�k�l�v���� �I�h�d�Z�� �w�l�h�l�� �f�h�f�_�g�l�� �g�_�� �g�Z�k�l�m�i�b�e���� �b�g�^�b�\�b�^��

�g�Z�o�h�^�b�l�k�y�� �\�� �i�h�e�g�h�f�� �h�s�m�s�_�g�b�b�� �l�h�]�h���� �q�l�h�� �i�j�b�k�m�l�k�l�\�m�_�l�� �\�� �g�_�c�� �g�Z�� �k�Z�f�h�f�� �^�_�e�_����

�q�l�h���i�h�^�l�\�_�j�`�^�Z�x�l���k�h�h�l�\�_�l�k�l�\�m�x�s�b�_���w�f�h�p�b�h�g�Z�e�v�g�u�_���j�_�Z�d�p�b�b�� 

�I�h�� �g�Z�r�_�f�m�� �f�g�_�g�b�x���� �k�Z�f�� �n�Z�d�l�� �g�Z�e�b�q�b�y�� �b�^�_�b�� �i�k�b�o�h�e�h�]�b�q�_�k�d�h�c��

�\�b�j�l�m�Z�e�v�g�h�c�� �j�_�Z�e�v�g�h�k�l�b�� �b �\�h�a�f�h�`�g�h�k�l�v�� �_�_�� �i�j�_�j�\�Z�l�v���� �f�h�`�_�l�� �]�h�\�h�j�b�l�v�� �h��

�k�_�j�v�_�a�g�u�o�� �i�_�j�k�i�_�d�l�b�\�Z�o�� �k�� �l�h�q�d�b�� �a�j�_�g�b�y�� �e�_�q�_�g�b�y�� �i�k�b�o�b�q�_�k�d�b�o�� �g�_�^�m�]�h�\����

�\�u�a�\�Z�g�g�u�o�� �\�� �l�h�f�� �q�b�k�e�_�� �l�j�Z�\�f�Z�f�b�� �b�a-�a�Z�� �m�l�j�Z�l�u�� �[�e�b�a�d�h�]�h�� �q�_�e�h�\�_�d�Z�� �b�� �i�j�h�q����

�:�\�l�h�j�u���i�h�^�g�y�e�b���\�h�i�j�h�k���h�l�g�h�k�b�l�_�e�v�g�h���i�j�b�a�g�Z�g�b�y���f�h�^�_�e�b���j�_�Z�e�v�g�h�k�l�b�����d�h�l�h�j�Z�y��

�h�o�\�Z�l�u�\�Z�_�l���k�\�h�b�f���k�h�k�l�Z�\�h�f���l�j�b���d�h�f�i�h�g�_�g�l�Z�����<���b�o���q�b�k�e�_���]�h�\�h�j�y�l���h�� 

�± �w�d�a�h�]�_�g�g�h�� �\�u�a�\�Z�g�g�h�c�� �j�_�Z�e�v�g�h�k�l�b���± �\�b�j�l�m�Z�e�v�g�h�c�� �j�_�Z�e�v�g�h�k�l�b����

�k�n�h�j�f�b�j�h�\�Z�g�g�h�c�� �b�� �\�h�k�i�j�b�g�b�f�Z�_�f�h�c�� �i�j�b�� �i�h�f�h�s�b�� �l�_�o�g�b�q�_�k�d�b�o�� �k�j�_�^�k�l�\��

���d�h�f�i�v�x�l�_�j���b���l���^������ 

�± �g�Z�k�l�h�y�s�_�c�� ���b�k�l�b�g�g�h�c�� �j�_�Z�e�v�g�h�k�l�b�����± �j�_�Z�e�v�g�h�k�l�b���� �\�� �d�h�l�h�j�h�c�� �b�g�^�b�\�b�^��

�i�j�_�[�u�\�Z�_�l���h�[�t�_�d�l�b�\�g�h�����n�b�a�b�q�_�k�d�b�� 

�± �w�g�^�h�]�_�g�g�h���\�u�a�\�Z�g�g�h�c���j�_�Z�e�v�g�h�k�l�b���± �j�_�Z�e�v�g�h�k�l�b�����k�l�Z�\�r�_�c���j�_�a�m�e�v�l�Z�l�h�f��

�j�Z�[�h�l�u���i�k�b�o�b�q�_�k�d�b�o���i�j�h�p�_�k�k�h�\�����3�L�O�O�D�L���H�W���D�O������������������ 

�L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �f�h�`�g�h�� �a�Z�d�e�x�q�b�l�v���� �q�l�h�� �\�g�_�^�j�_�g�b�_�� �l�_�o�g�h�e�h�]�b�c���<�J �\��

�f�_�l�h�^�h�e�h�]�b�q�_�k�d�b�c�� �Z�j�k�_�g�Z�e�� �d�h�]�g�b�l�b�\�g�h�c�� �i�k�b�o�h�e�h�]�b�b�� �i�j�_�^�k�l�Z�\�e�y�_�l�� �k�h�[�h�c��

�a�g�Z�q�b�l�_�e�v�g�u�c���r�Z�]���\�i�_�j�z�^�����h�l�d�j�u�\�Z�x�s�b�c���g�h�\�u�_���]�h�j�b�a�h�g�l�u���^�e�y���b�k�k�e�_�^�h�\�Z�g�b�y��

�i�k�b�o�b�q�_�k�d�b�o�� �i�j�h�p�_�k�k�h�\���� �K�b�k�l�_�f�Z�l�b�q�_�k�d�b�c�� �Z�g�Z�e�b�a�� �i�j�_�b�f�m�s�_�k�l�\�� �^�Z�g�g�h�]�h��

�i�h�^�o�h�^�Z�� �i�h�a�\�h�e�y�_�l�� �\�u�^�_�e�b�l�v�� �g�_�k�d�h�e�v�d�h�� �n�m�g�^�Z�f�_�g�l�Z�e�v�g�u�o�� �Z�k�i�_�d�l�h�\����

�i�h�^�l�\�_�j�`�^�_�g�g�u�o���f�g�h�]�h�q�b�k�e�_�g�g�u�f�b���w�f�i�b�j�b�q�_�k�d�b�f�b���b�k�k�e�_�^�h�\�Z�g�b�y�f�b��  
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�D�e�x�q�_�\�u�f�� �i�j�_�b�f�m�s�_�k�l�\�h�f���<�J-�l�_�o�g�h�e�h�]�b�c�� �y�\�e�y�_�l�k�y�� �h�[�_�k�i�_�q�_�g�b�_��

�[�Z�e�Z�g�k�Z�� �f�_�`�^�m�� �w�d�h�e�h�]�b�q�_�k�d�h�c�� �\�Z�e�b�^�g�h�k�l�v�x�� �b���m�j�h�j�\�g�_�f���w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�]�h 

�d�h�g�l�j�h�e�y���� �L�j�Z�^�b�p�b�h�g�g�u�_�� �e�Z�[�h�j�Z�l�h�j�g�u�_�� �f�_�l�h�^�u���� �h�[�_�k�i�_�q�b�\�Z�y�� �\�u�k�h�d�b�c��

�m�j�h�\�_�g�v�� �d�h�g�l�j�h�e�y���� �q�Z�k�l�h�� �k�l�j�Z�^�Z�x�l�� �h�l�� �b�k�d�m�k�k�l�\�_�g�g�h�k�l�b�� �m�k�e�h�\�b�c���� �l�h�]�^�Z�� �d�Z�d��

�g�Z�l�m�j�Z�e�b�k�l�b�q�_�k�d�b�_�� �g�Z�[�e�x�^�_�g�b�y���� �k�h�o�j�Z�g�y�y�� �_�k�l�_�k�l�\�_�g�g�h�k�l�v���� �h�]�j�Z�g�b�q�b�\�Z�x�l��

�\�h�a�f�h�`�g�h�k�l�b���k�l�j�h�]�h�]�h���d�h�g�l�j�h�e�y���i�_�j�_�f�_�g�g�u�o�����<�J���i�h�a�\�h�e�y�_�l �i�j�_�h�^�h�e�_�\�Z�l�v �w�l�h�l��

�f�_�l�h�^�h�e�h�]�b�q�_�k�d�b�c�� �i�Z�j�Z�^�h�d�k���� �i�h�a�\�h�e�y�y�� �k�h�a�^�Z�\�Z�l�v�� �k�e�h�`�g�u�_���� �i�j�b�[�e�b�`�_�g�g�u�_�� �d��

�j�_�Z�e�v�g�h�k�l�b�� �k�j�_�^�u�� �k�� �\�h�a�f�h�`�g�h�k�l�v�x�� �l�h�q�g�h�]�h�� �m�i�j�Z�\�e�_�g�b�y�� �i�Z�j�Z�f�_�l�j�Z�f�b��

�k�l�b�f�m�e�y�p�b�b�� ���/�R�R�P�L�V�� �H�W�� �D�O������ �������������� �W�l�h�� �h�k�h�[�_�g�g�h�� �a�g�Z�q�b�f�h�� �^�e�y�� �b�k�k�e�_�^�h�\�Z�g�b�c��

�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�]�h�� �i�h�a�g�Z�g�b�y���� �]�^�_�� �\�h�a�f�h�`�g�h�k�l�v�� �k�h�a�^�Z�g�b�y�� �d�h�g�l�j�h�e�b�j�m�_�f�u�o��

�g�Z�\�b�]�Z�p�b�h�g�g�u�o���k�j�_�^���k���j�_�]�m�e�b�j�m�_�f�h�c���k�e�h�`�g�h�k�l�v�x���b���k�l�j�m�d�l�m�j�h�c���i�j�_�^�h�k�l�Z�\�e�y�_�l��

�[�_�k�i�j�_�p�_�^�_�g�l�g�u�_�� �\�h�a�f�h�`�g�h�k�l�b�� �^�e�y�� �b�a�m�q�_�g�b�y�� �f�_�o�Z�g�b�a�f�h�\�� �n�h�j�f�b�j�h�\�Z�g�b�y��

�d�h�]�g�b�l�b�\�g�u�o���d�Z�j�l�����:�R�O�E�H�U�V���	���+�H�J�D�U�W�\���������������� 

�<�J �h�l�d�j�u�\�Z�_�l�� �g�h�\�u�_�� �i�_�j�k�i�_�d�l�b�\�u�� �^�e�y�� �b�a�m�q�_�g�b�y�� �f�m�e�v�l�b�k�_�g�k�h�j�g�h�c��

�b�g�l�_�]�j�Z�p�b�b���± �n�m�g�^�Z�f�_�g�l�Z�e�v�g�h�]�h�� �Z�k�i�_�d�l�Z�� �d�h�]�g�b�l�b�\�g�h�]�h�� �n�m�g�d�p�b�h�g�b�j�h�\�Z�g�b�y����

�<�h�a�f�h�`�g�h�k�l�v���f�Z�g�b�i�m�e�b�j�h�\�Z�g�b�y���h�l�^�_�e�v�g�u�f�b���k�_�g�k�h�j�g�u�f�b���\�h�a�^�_�c�k�l�\�b�y�f�b���i�j�b��

�k�h�o�j�Z�g�_�g�b�b�� �p�_�e�h�k�l�g�h�k�l�b�� �\�h�k�i�j�b�y�l�b�y�� �i�h�a�\�h�e�y�_�l�� �b�k�k�e�_�^�h�\�Z�l�v�� �f�_�o�Z�g�b�a�f�u��

�j�Z�a�j�_�r�_�g�b�y�� �k�_�g�k�h�j�g�u�o�� �d�h�g�n�e�b�d�l�h�\�� �b�� �i�j�h�p�_�k�k�u�� �k�_�g�k�h�j�g�h�]�h�� �\�a�\�_�r�b�\�Z�g�b�y 

���(�U�Q�V�W�� �	�� �%�•�W�K�R�I�I���� �������������� �W�l�h�� �b�f�_�_�l�� �h�k�h�[�h�_�� �a�g�Z�q�_�g�b�_�� �^�e�y�� �i�h�g�b�f�Z�g�b�y��

�g�_�c�j�h�d�h�]�g�b�l�b�\�g�u�o���h�k�g�h�\���g�Z�j�m�r�_�g�b�c���i�h�k�l�m�j�Z�e�v�g�h�]�h���d�h�g�l�j�h�e�y�� 

�H�l�^�_�e�v�g�h���k�l�h�b�l���h�l�f�_�l�b�l�v�����q�l�h���<�J �i�j�_�^�h�k�l�Z�\�e�y�_�l���g�h�\�u�_���b�g�k�l�j�m�f�_�g�l�u���^�e�y��

�^�b�Z�]�g�h�k�l�b�d�b�� �d�h�]�g�b�l�b�\�g�u�o�� �n�m�g�d�p�b�c���� �<�u�k�h�d�Z�y�� �q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�v��
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�\�d�e�Z�^�u�\�Z�x�l�� �h�]�j�h�f�g�h�_�� �d�h�e�b�q�_�k�l�\�h�� �k�j�_�^�k�l�\���� �g�Z�i�j�Z�\�e�_�g�g�u�o�� �g�Z�� �i�h�\�u�r�_�g�b�_��

�[�_�a�h�i�Z�k�g�h�k�l�b�� �b�k�i�h�e�v�a�h�\�Z�g�b�y�� �m�k�l�j�h�c�k�l�\�� �\�b�j�l�m�Z�e�v�g�h�c�� �j�_�Z�e�v�g�h�k�l�b���� �g�h�� �j�b�k�d��

�[�m�^�_�l���i�j�b�k�m�l�k�l�\�h�\�Z�l�v���\�k�_�]�^�Z�� 

�I�j�b�� �g�Z�o�h�`�^�_�g�b�b�� �\���<�J �Z�d�l�b�\�g�h�� �b�k�i�h�e�v�a�m�_�l�k�y�� �j�Z�[�h�q�Z�y�� �i�Z�f�y�l�v���� �J�Z�[�h�q�Z�y��

�i�Z�f�y�l�v���± �h�^�g�Z���b�a���k�Z�f�u�o���d�h�j�h�l�d�b�o���b���g�Z�b�f�_�g�_�_���k�_�e�_�d�l�b�\�g�u�o���n�h�j�f���i�Z�f�y�l�b�����H�g�Z��

�g�Z�o�h�^�b�l�k�y�� �g�Z�� �k�l�u�d�_�� �\�h�k�i�j�b�y�l�b�y�� �b�� �\�g�b�f�Z�g�b�y���� �^�h�e�]�h�\�j�_�f�_�g�g�h�c�� �i�Z�f�y�l�b����

�d�h�]�g�b�l�b�\�g�h�]�h���d�h�g�l�j�h�e�y���b���i�e�Z�g�b�j�h�\�Z�g�b�y���^�_�c�k�l�\�b�c�� 

�J�Z�[�h�q�Z�y���i�Z�f�y�l�v���k�h�k�l�h�b�l���b�a���g�_�k�d�h�e�v�d�b�o���\�a�Z�b�f�h�^�_�c�k�l�\�m�x�s�b�o���i�h�^�k�b�k�l�_�f���b��

�h�^�g�h�]�h�� �d�h�g�l�j�h�e�b�j�m�x�s�_�]�h�� �j�_�]�m�e�b�j�m�x�s�_�]�h�� �h�j�]�Z�g�Z���� �<�� �j�Z�[�h�q�_�c�� �i�Z�f�y�l�b��

�k�h�^�_�j�`�Z�g�b�_�� �\�h�k�i�j�b�y�l�b�y�� �k�h�o�j�Z�g�y�_�l�k�y�� �\�� �d�j�Z�l�d�h�k�j�h�q�g�h�c�� �i�_�j�k�i�_�d�l�b�\�_���� �q�l�h�[�u��

�\�u�i�h�e�g�y�l�v�� �d�h�g�d�j�_�l�g�u�_�� �d�h�]�g�b�l�b�\�g�u�_�� �b�� �i�h�\�_�^�_�g�q�_�k�d�b�_�� �^�_�c�k�l�\�b�y�� �?�f�d�h�k�l�v��

�j�Z�[�h�q�_�c�� �i�Z�f�y�l�b�� �h�]�j�Z�g�b�q�_�g�Z���� �Z�� �o�j�Z�g�y�s�_�_�k�y�� �\�� �g�_�c�� �^�h�k�l�m�i�g�h�� �l�h�e�v�d�h�� �\�� �l�_�q�_�g�b�_��

�d�h�j�h�l�d�h�]�h�� �i�_�j�b�h�^�Z�� �\�j�_�f�_�g�b���� �i�h�w�l�h�f�m�� �k�b�e�v�g�h�� �g�Z�]�j�m�`�_�g�g�u�_�� �k�l�b�f�m�e�Z�f�b��

�\�b�j�l�m�Z�e�v�g�u�_�� �k�j�_�^�u�� �f�h�]�m�l�� �^�h�k�l�Z�l�h�q�g�h�� �[�u�k�l�j�h�� �m�f�_�g�v�r�Z�l�v�� �h�[�t�_�f�� �j�Z�[�h�q�_�c��

�i�Z�f�y�l�b���� �q�l�h�� �f�h�`�_�l�� �\�u�j�Z�`�Z�l�v�k�y�� �\�� �g�_�d�h�j�j�_�d�l�g�h�f�� �\�u�i�h�e�g�_�g�b�b�� �a�Z�^�Z�g�b�c�� �b�e�b��

�h�r�b�[�d�Z�o�� �\�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b�� �^�_�c�k�l�\�b�c�� �\�� �\�b�j�l�m�Z�e�v�g�h�c�� �k�j�_�^�_���� �d�h�l�h�j�u�_��

�k�h�]�e�Z�k�g�h���h�[�m�q�Z�x�s�_�c���i�j�h�]�j�Z�f�f�_���g�_�h�[�o�h�^�b�f�h���\�u�i�h�e�g�b�l�v�� 

�<�� �m�k�e�h�\�b�y�o�� �b�g�l�_�g�k�b�\�g�h�c�� �p�b�n�j�h�\�b�a�Z�p�b�b�� �\�h�� �\�k�_�o�� �k�n�_�j�Z�o�� �b�� �\�g�_�^�j�_�g�b�y 

�g�h�\�u�o���,�7-�l�_�o�g�h�e�h�]�b�c���i�j�h�\�h�^�y�l�k�y���b�k�k�e�_�^�h�\�Z�g�b�y���\���h�[�e�Z�k�l�b���k�h�a�^�Z�g�b�y���w�n�n�_�d�l�h�\����

�k�i�h�k�h�[�g�u�o�� �\�h�a�^�_�c�k�l�\�h�\�Z�l�v�� �g�Z�� �h�j�]�Z�g�u�� �q�m�\�k�l�\�� �q�_�e�h�\�_�d�Z���� �l�Z�d�� �d�Z�d�� �b�f�_�g�g�h�� �h�g�b��

�y�\�e�y�x�l�k�y�� �l�_�f�� �f�_�o�Z�g�b�a�f�h�f���� �k�� �i�h�f�h�s�v�x�� �d�h�l�h�j�h�]�h�� �q�_�e�h�\�_�d�� �k�h�a�^�Z�_�l�� �k�\�h�b��

�i�j�_�^�k�l�Z�\�e�_�g�b�y���h���f�b�j�_�����I�j�b���Z�^�_�d�\�Z�l�g�h�f���\�h�k�i�j�b�y�l�b�b���q�_�e�h�\�_�d���\�k�_�]�^�Z���\���k�h�k�l�h�y�g�b�b��

�^�Z�l�v�� �h�l�q�_�l�� �\�� �l�h�f���� �d�Z�d�Z�y�� �k�b�l�m�Z�p�b�y�� �j�_�Z�e�v�g�Z�y���� �Z�� �d�Z�d�Z�y�� �y�\�e�y�_�l�k�y�� �j�_�a�m�e�v�l�Z�l�h�f��

�\�h�a�^�_�c�k�l�\�b�y�� �g�Z�� �_�]�h�� �h�j�]�Z�g�u�� �\�h�k�i�j�b�y�l�b�y���� �I�j�b�� �i�Z�l�h�e�h�]�b�q�_�k�d�h�f�� �\�h�k�i�j�b�y�l�b�b��

�q�_�e�h�\�_�d���m�\�_�j�_�g�����q�l�h���f�b�j���b�f�_�g�g�h���l�Z�d�h�\�����d�Z�d�b�f���h�g���_�]�h���\�h�k�i�j�b�g�b�f�Z�_�l���� 
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�q�_�e�h�\�_�d�Z�� �d�h�g�l�_�d�k�l�g�h�� �h�[�m�k�e�h�\�e�_�g�h���� �l�h�� �_�k�l�v�� �k�b�l�m�Z�p�b�y�� �i�j�_�^�h�i�j�_�^�_�e�y�_�l��

�\�h�k�i�j�b�y�l�b�_���w�e�_�f�_�g�l�h�\���k�j�_�^�u�����\���d�h�l�h�j�h�c���g�Z�o�h�^�b�l�k�y���q�_�e�h�\�_�d���b���k�h�a�^�Z�_�l���k�b�k�l�_�f�m��

�h�`�b�^�Z�g�b�c���� �i�j�_�^�i�h�q�l�_�g�b�c�� �b�� �m�k�l�Z�g�h�\�h�d���� �D�Z�`�^�u�c�� �q�_�e�h�\�_�d�� �b�f�_�_�l�� �k�\�h�c��

�m�g�b�d�Z�e�v�g�u�c�� �g�Z�[�h�j�� �m�k�l�Z�g�h�\�h�d���� �f�h�^�_�e�_�c�� �^�e�y�� �\�h�k�i�j�b�y�l�b�y�� �h�d�j�m�`�Z�x�s�_�c��

�j�_�Z�e�v�g�h�k�l�b�����I�j�_�^�r�_�k�l�\�m�x�s�b�c���h�i�u�l�����i�h�e�m�q�_�g�g�u�_���j�Z�g�_�_���a�g�Z�g�b�y���\���a�g�Z�q�b�l�_�e�v�g�h�c��

�f�_�j�_�� �h�i�j�_�^�_�e�y�x�l�� �\�h�k�i�j�b�y�l�b�_�� �j�_�Z�e�v�g�h�k�l�b�� �\�� �l�_�d�m�s�b�c �f�h�f�_�g�l���� �Q�_�e�h�\�_�d��

�\�h�k�i�j�b�g�b�f�Z�_�l�� �f�b�j�� �k�m�[�t�_�d�l�b�\�g�h�� �q�_�j�_�a�� �i�j�b�a�f�m�� �k�\�h�_�]�h�� �h�i�u�l�Z���� �h�`�b�^�Z�g�b�c����

�m�k�l�Z�g�h�\�h�d�����l�h���_�k�l�v���\���f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�f���\�b�^�_���� 

 
2.3. �N�_�g�h�f�_�g�u���i�k�b�o�h�e�h�]�b�b���\�b�j�l�m�Z�e�v�g�h�c���j�_�Z�e�v�g�h�k�l�b 

 
�N�_�g�h�f�_�g�� �w�n�n�_�d�l�Z�� �i�j�b�k�m�l�k�l�\�b�y���± �b�k�i�u�l�u�\�Z�_�f�Z�y�� �e�x�[�u�f�� �b�g�^�b�\�b�^�h�f��

�b�e�e�x�a�b�y�� �g�Z�o�h�`�^�_�g�b�y�� �\�� �h�^�g�h�f�� �f�h�f�_�g�l�_�� �k�� �i�j�_�^�f�_�l�Z�f�b�� �e�b�[�h�� �k�� �k�m�[�t�_�d�l�Z�f�b����

�d�h�l�h�j�u�_���h�l�k�m�l�k�l�\�m�x�l���\���j�_�Z�e�v�g�h�f���f�b�j�_�����B�e�e�x�a�b�y���j�Z�k�k�f�Z�l�j�b�\�Z�_�l�k�y���\���d�Z�q�_�k�l�\�_��

�w�d�\�b�\�Z�e�_�g�l�g�h�]�h�� �l�_�j�f�b�g�Z�� �^�e�y�� �i�j�b�k�m�l�k�l�\�b�y���� �d�h�l�h�j�u�c�� �f�h�`�_�l�� �k�m�[�t�_�d�l�b�\�g�h��

�i�j�_�^�k�l�Z�\�e�y�l�v�� �h�[�s�_�_�� �d�Z�q�_�k�l�\�h�� �\�b�j�l�m�Z�e�v�g�h�]�h�� �h�i�u�l�Z���� �G�Z�i�j�b�f�_�j���� �i�j�b�k�m�l�k�l�\�b�_��

�q�Z�s�_�� �\�k�_�]�h�� �h�i�j�_�^�_�e�y�_�l�k�y�� �d�Z�d�� �h�s�m�s�_�g�b�_�� �©�i�j�_�[�u�\�Z�g�b�y�� �l�Z�f�ª�� �\�� �\�b�j�l�m�Z�e�v�g�h�f��

�f�_�k�l�_�����:�L�W�P�H�U���D�Q�G���6�L�Q�J�H�U���������������� 

�<�� �d�Z�q�_�k�l�\�_�� �d�h�g�k�l�j�m�d�p�b�c�� �b�e�e�x�a�b�b�� �\�u�^�_�e�y�x�l�k�y�� �^�\�Z�� �Z�k�i�_�d�l�Z���� �b�e�e�x�a�b�y��

�f�_�k�l�Z�����3�,�����b�� �b�e�e�x�a�b�y�� �i�j�Z�\�^�h�i�h�^�h�[�b�y�� ���3�V�L�������i�j�_�^�e�h�`�_�g�g�u�o �K�e�w�c�l�_�j�h�f�� ���6�O�D�W�H�U����

���������������H�g���h�i�j�_�^�_�e�y�_�l���3�,���d�Z�d���©�b�e�e�x�a�b�x���g�Z�o�h�`�^�_�g�b�y���\���d�Z�d�h�f-�l�h���f�_�k�l�_�����g�_�k�f�h�l�j�y��

�g�Z���m�\�_�j�_�g�g�h�_���a�g�Z�g�b�_�����q�l�h���\�Z�k���l�Z�f���g�_�l�ª�����Z���3�V�L���d�Z�d���©�b�e�e�x�a�b�x���l�h�]�h�����q�l�h���l�h�����q�l�h����

�i�h-�\�b�^�b�f�h�f�m���� �i�j�h�b�k�o�h�^�b�l���� �^�_�c�k�l�\�b�l�_�e�v�g�h�� �i�j�h�b�k�o�h�^�b�l���� �^�Z�`�_�� �_�k�e�b�� �\�u�� �l�h�q�g�h��

�a�g�Z�_�l�_�����q�l�h���w�l�h���g�_���l�Z�d�ª�����K�h�]�e�Z�k�g�h���w�l�h�f�m���h�i�j�_�^�_�e�_�g�b�x�����3�,���f�h�`�g�h���k�h�i�h�k�l�Z�\�b�l�v���k��

�l�j�Z�^�b�p�b�h�g�g�u�f�� �i�h�g�y�l�b�_�f�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�]�h���i�j�b�k�m�l�k�l�\�b�y���� �\�� �l�h�� �\�j�_�f�y�� �d�Z�d�� �3�V�L��

�m�d�Z�a�u�\�Z�_�l���g�Z���\�_�j�m���\���l�h�����q�l�h���i�j�h�b�k�o�h�^�y�s�b�_���k�h�[�u�l�b�y���y�\�e�y�x�l�k�y���\�_�s�Z�f�b�����d�h�l�h�j�u�_��

�q�_�e�h�\�_�d���g�Z���k�Z�f�h�f���^�_�e�_���i�_�j�_�`�b�\�Z�_�l�����6�N�D�U�E�H�]���H�W���D�O��, 2017). 
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�<�b�a�m�Z�e�v�g�u�_�� �w�n�n�_�d�l�u�� �b�� �b�o�� �k�\�h�c�k�l�\�Z�� �y�\�e�y�x�l�k�y�� �d�e�x�q�_�\�u�f�� �^�e�y�� �m�k�b�e�_�g�b�y��

�h�s�m�s�_�g�b�y���i�j�b�k�m�l�k�l�\�b�y���i�h�e�v�a�h�\�Z�l�_�e�y���\���b�k�d�m�k�k�l�\�_�g�g�h�f���p�b�n�j�h�\�h�f���l�j�z�o�f�_�j�g�h�f��

�i�j�h�k�l�j�Z�g�k�l�\�_�����&�X�P�P�L�Q�J�V���H�W���D�O������������������ 

�<�h�i�e�h�s�_�g�b�_�����h�s�m�s�_�g�b�_���©�g�Z�e�b�q�b�y���l�_�e�Z�ª�����[�u�e�h���i�j�_�^�e�h�`�_�g�h���\���i�k�b�o�h�e�h�]�b�b��

�d�Z�d�� �\�� �h�k�g�h�\�g�h�f�� �k�m�[�t�_�d�l�b�\�g�h�_�� �q�m�\�k�l�\�h�� ���.�L�O�W�H�Q�L�� �H�W�� �D�O������ �������������� �H�k�g�h�\�u�\�Z�y�k�v�� �g�Z��

�h�i�j�_�^�_�e�_�g�b�b�� �\�h�i�e�h�s�_�g�b�y���� �\�e�Z�^�_�g�b�y�� �\�b�j�l�m�Z�e�v�g�u�f�� �l�_�e�h�f���� �q�m�\�k�l�\�h�� �©�\�e�Z�^�_�g�b�y��

�^�Z�g�g�u�f�� �\�b�j�l�m�Z�e�v�g�u�f�� �l�_�e�h�f�� ���q�Z�k�l�v�x�� �b�e�b�� �p�_�e�u�f���ª�� �[�u�e�h�� �j�Z�a�j�Z�[�h�l�Z�g�h�� �b��

�b�k�k�e�_�^�h�\�Z�g�h�� �\�� �o�h�^�_�� �f�g�h�]�h�q�b�k�e�_�g�g�u�o�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �;�Z�g�Z�d�m�� �b���^�j���� ���%�D�Q�D�N�R�X�� �H�W��

�D�O�������������������b���j�Z�k�k�f�Z�l�j�b�\�Z�_�l�k�y���d�Z�d���d�j�b�l�b�q�_�k�d�Z�y���f�_�l�j�b�d�Z���^�e�y���<�J-�i�_�j�_�`�b�\�Z�g�b�c�����k��

�g�_�y�\�g�u�f���k�h�]�e�Z�k�b�_�f���g�Z���k�m�s�_�k�l�\�h�\�Z�g�b�_���d�h�j�j�_�e�y�p�b�b���k���i�j�b�k�m�l�k�l�\�b�_�f�����<�X�D�Q���D�Q�G��

Steed, 2010). 

�I�j�h�[�e�_�f�Z�� �w�n�n�_�d�l�Z�� �i�j�b�k�m�l�k�l�\�b�y�� �\�� �b�k�d�m�k�k�l�\�_�g�g�h�� �k�f�h�^�_�e�b�j�h�\�Z�g�g�h�c��

�j�_�Z�e�v�g�h�k�l�b�� �\�� �g�Z�k�l�h�y�s�_�_�� �\�j�_�f�y�� �b�g�l�_�g�k�b�\�g�h�� �j�Z�a�j�Z�[�Z�l�u�\�Z�_�l�k�y�� �b�� �i�h�^�g�b�f�Z�_�l��

�g�Z�k�m�s�g�u�_���l�_�h�j�_�l�b�d�h-�f�_�l�h�^�h�e�h�]�b�q�_�k�d�b�_���\�h�i�j�h�k�u�����k�\�y�a�Z�g�g�u�_���k���d�h�f�f�m�g�b�d�Z�p�b�_�c��

�\���\�b�j�l�m�Z�e�v�g�h�f���i�j�h�k�l�j�Z�g�k�l�\�_�����^�Z�_�l���f�Z�l�_�j�b�Z�e���^�e�y���g�h�\�h�]�h���\�a�]�e�y�^�Z���g�Z���i�j�h�[�e�_�f�u��

�d�h�]�g�b�l�b�\�g�u�o���n�m�g�d�p�b�c�����$�O�D�L�Q�����������������&�D�P�D�U�J�R���������������� 

�I�h�]�j�m�`�_�g�b�_�� �i�h�e�v�a�h�\�Z�l�_�e�y�� �\�� �k�f�h�^�_�e�b�j�h�\�Z�g�g�u�c�� �\�b�j�l�m�Z�e�v�g�u�c�� �f�b�j��

�^�h�k�l�b�]�Z�_�l�k�y�� �a�Z�� �k�q�_�l�� �d�h�f�i�e�_�d�k�g�h�]�h�� �\�h�a�^�_�c�k�l�\�b�y�� �k�l�b�f�m�e�h�\���� �j�Z�a�e�b�q�Z�x�s�b�o�k�y�� �i�h��

�l�b�i�m���b���k�b�e�_�����W�l�h���f�h�`�_�l���[�u�l�v���b�o���h�^�g�h�\�j�_�f�_�g�g�h�_���k�h�q�_�l�Z�g�b�_���b�e�b���h�i�j�_�^�_�e�_�g�g�Z�y��

�i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�v���� �q�l�h�� �l�j�_�[�m�_�l�� �\�u�k�h�d�h�c�� �d�h�g�p�_�g�l�j�Z�p�b�b�� �\�g�b�f�Z�g�b�y����

�F�Z�d�k�b�f�Z�e�v�g�h�]�h���m�j�h�\�g�y���\�h�\�e�_�q�_�g�g�h�k�l�b���^�h�k�l�b�]�Z�x�l�����d�h�]�^�Z���i�h�e�v�a�h�\�Z�l�_�e�v���Z�d�l�b�\�g�h��

�\�a�Z�b�f�h�^�_�c�k�l�\�m�_�l�� �k�� �h�[�t�_�d�l�Z�f�b�� �b�� �i�_�j�k�h�g�Z�`�Z�f�b�� �\�b�j�l�m�Z�e�v�g�h�]�h�� �i�j�h�k�l�j�Z�g�k�l�\�Z����

�h�k�h�[�_�g�g�h���_�k�e�b���w�l�b���^�_�c�k�l�\�b�y���g�h�k�y�l���b�g�l�_�j�Z�d�l�b�\�g�u�c���o�Z�j�Z�d�l�_�j���b���i�j�_�^�h�k�l�Z�\�e�y�x�l��

�g�_�f�_�^�e�_�g�g�m�x���h�[�j�Z�l�g�m�x���k�\�y�a�v�� 

�L�_�h�j�_�l�b�d�b�� �b�]�j�h�\�h�]�h���^�b�a�Z�c�g�Z�� �j�Z�a�j�Z�[�h�l�Z�e�b�� �g�_�k�d�h�e�v�d�h�� �d�e�Z�k�k�b�n�b�d�Z�p�b�c��

�w�l�h�]�h���n�_�g�h�f�_�g�Z�����G�Z�i�j�b�f�_�j�����j�Z�a�j�Z�[�h�l�q�b�d���b�]�j���W�j�g�_�k�l���M�����:�^�Z�f�k��(Adams, 2014) 

�\�u�^�_�e�y�_�l���l�j�b���d�e�x�q�_�\�u�_���n�h�j�f�u���i�h�]�j�m�`�_�g�b�y�� 

- �L�Z�d�l�b�q�_�k�d�h�_���� �^�h�k�l�b�]�Z�_�l�k�y�� �q�_�j�_�a�� �h�l�j�Z�[�h�l�d�m�� �f�h�l�h�j�g�u�o�� �g�Z�\�u�d�h�\�� �b��

�f�u�r�_�q�g�m�x���i�Z�f�y�l�v���i�j�b���\�u�i�h�e�g�_�g�b�b���i�h�\�l�h�j�y�x�s�b�o�k�y���^�_�c�k�l�\�b�c�� 
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- �K�l�j�Z�l�_�]�b�q�_�k�d�h�_���� �\�h�a�g�b�d�Z�_�l�� �i�j�b�� �j�_�r�_�g�b�b�� �k�e�h�`�g�u�o�� �b�g�l�_�e�e�_�d�l�m�Z�e�v�g�u�o��

�a�Z�^�Z�q���� �l�j�_�[�m�x�s�b�o�� �Z�g�Z�e�b�a�Z�� �b�� �\�u�[�h�j�Z�� �h�i�l�b�f�Z�e�v�g�h�c�� �k�l�j�Z�l�_�]�b�b�� �b�a��

�g�_�k�d�h�e�v�d�b�o���\�Z�j�b�Z�g�l�h�\�� 

- �I�h�\�_�k�l�\�h�\�Z�l�_�e�v�g�h�_�����i�j�h�b�k�o�h�^�b�l�����d�h�]�^�Z���b�]�j�h�d���w�f�h�p�b�h�g�Z�e�v�g�h���\�h�\�e�_�d�Z�_�l�k�y��

�\���k�x�`�_�l�����b�k�i�u�l�u�\�Z�y���q�m�\�k�l�\�Z�����k�o�h�^�g�u�_���k���q�l�_�g�b�_�f���m�\�e�_�d�Z�l�_�e�v�g�h�c���d�g�b�]�b�� 

 
�K�o�h�`�m�x�����g�h���[�h�e�_�_���h�[�s�m�x���f�h�^�_�e�v���i�j�_�^�e�Z�]�Z�x�l���m�q�_�g�u�_���K�l�Z�n�n�Z�g���;�v�h�j�d���b��

�X�k�k�b���O�h�e�h�i�Z�c�g�_�g�����;�v�x�j�d�����O�h�e�h�i�Z�c�g�_�g�������������������H�g�b���j�Z�a�^�_�e�y�x�l���i�h�]�j�m�`�_�g�b�_���g�Z�� 

- �K�_�g�k�h�j�g�h-�f�h�l�h�j�g�h�_�����Z�g�Z�e�h�]���l�Z�d�l�b�q�_�k�d�h�]�h���� 

- �D�h�]�g�b�l�b�\�g�h�_�����Z�g�Z�e�h�]���k�l�j�Z�l�_�]�b�q�_�k�d�h�]�h���� 

- �W�f�h�p�b�h�g�Z�e�v�g�h�_�����Z�g�Z�e�h�]���i�h�\�_�k�l�\�h�\�Z�l�_�e�v�g�h�]�h���� 

�J�Z�a�e�b�q�g�u�_�� �n�Z�d�l�h�j�u�� �\�e�b�y�x�l�� �g�Z�� �\�_�j�h�y�l�g�h�k�l�v�� �l�h�]�h���� �q�l�h�� �i�h�e�v�a�h�\�Z�l�_�e�v��

�i�h�q�m�\�k�l�\�m�_�l�� �i�j�b�k�m�l�k�l�\�b�_�� �\�� �\�b�j�l�m�Z�e�v�g�h�c�� �k�j�_�^�_���� �F�g�h�]�b�_�� �k�q�b�l�Z�x�l���� �q�l�h��

�i�j�b�k�m�l�k�l�\�b�_�� �k�\�y�a�Z�g�h�� �k�h�� �k�l�_�i�_�g�v�x�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�y�� �k�� �h�d�j�m�`�Z�x�s�_�c�� �k�j�_�^�h�c���� �Z��

�l�Z�d�`�_�� �k�� �l�h�q�g�h�k�l�v�x�� �b�� �j�_�Z�e�b�a�f�h�f�� �b�g�n�h�j�f�Z�p�b�b�� �h�� �f�h�^�_�e�b�j�m�_�f�h�f�� �e�Z�g�^�r�Z�n�l�_����

�d�h�l�h�j�Z�y�� �i�_�j�_�^�Z�_�l�k�y�� �k�_�g�k�h�j�g�u�f�� �i�m�l�z�f���� �B�g�^�b�\�b�^�m�Z�e�v�g�u�_�� �j�Z�a�e�b�q�b�y�� �\��

�\�h�k�i�j�b�b�f�q�b�\�h�k�l�b�� �d�� �i�j�b�k�m�l�k�l�\�b�x�� �l�Z�d�`�_�� �b�]�j�Z�x�l�� �[�h�e�v�r�m�x�� �j�h�e�v���� �e�x�^�b���� �m��

�d�h�l�h�j�u�o�� �k�b�e�v�g�_�_�� �\�u�j�Z�`�_�g�u�� �l�Z�d�b�_�� �e�b�q�g�h�k�l�g�u�_�� �q�_�j�l�u���� �d�Z�d�� �h�l�d�j�u�l�h�k�l�v����

�g�_�\�j�h�l�b�a�f�����Z�[�k�h�j�[�p�b�y���b���w�d�k�l�j�Z�\�_�j�k�b�y�����d�Z�d���i�j�Z�\�b�e�h�����k�h�h�[�s�Z�x�l���h���[�h�e�_�_���\�u�k�h�d�b�o��

�m�j�h�\�g�y�o���i�j�b�k�m�l�k�l�\�b�y�� 

�J�y�^�� �Z�\�l�h�j�h�\�� ���+�X�G�V�R�Q�� �H�W�� �D�O������ ������������ �-�D�Q�J�� �H�W�� �D�O������ ������������ �m�l�\�_�j�`�^�Z�x�l���� �q�l�h�� �g�Z��

�q�m�\�k�l�\�h�� �i�j�b�k�m�l�k�l�\�b�y�� �k�b�e�v�g�h�� �\�e�b�y�_�l�� �d�Z�q�_�k�l�\�h���� �i�j�h�j�Z�[�h�l�d�Z�� �^�_�l�Z�e�_�c����

�j�_�Z�e�b�k�l�b�q�g�h�k�l�v�� �l�j�z�o�f�_�j�g�u�o�� �f�h�^�_�e�_�c�� �h�[�t�_�d�l�h�\���� �k�� �d�h�l�h�j�u�f�b�� �k�m�[�t�_�d�l��

�\�a�Z�b�f�h�^�_�c�k�l�\�m�_�l�����Z���l�Z�d�`�_���\�h�a�f�h�`�g�h�k�l�v���k�\�h�[�h�^�g�h�]�h���i�_�j�_�^�\�b�`�_�g�b�y���\���p�b�n�j�h�\�h�f��

�i�j�h�k�l�j�Z�g�k�l�\�_���� �I�j�b�� �w�l�h�f���� �g�Z�b�[�h�e�_�_�� �k�b�e�v�g�h�_�� �i�j�b�k�m�l�k�l�\�b�_�� �^�h�k�l�b�]�Z�_�l�k�y�� �a�Z�� �k�q�_�l��

�b�k�i�h�e�v�a�h�\�Z�g�b�y�� �k�m�[�t�_�d�l�h�f�� �p�b�n�j�h�\�h�]�h�� �Z�\�Z�l�Z�j�Z���� �i�h�\�l�h�j�y�x�s�_�]�h�� �^�_�c�k�l�\�b�_��

�i�h�e�v�a�h�\�Z�l�_�e�y�����6�F�K�Q�D�F�N���H�W���D�O���������������������E�b�q�g�h�k�l�g�u�_���h�k�h�[�_�g�g�h�k�l�b���k�m�[�t�_�d�l�Z, �l�Z�d�b�_��

�d�Z�d���b�g�l�_�g�k�b�\�g�h�k�l�v���b���j�Z�a�g�h�h�[�j�Z�a�b�_���w�f�h�p�b�c���h�l���k�h�^�_�j�`�Z�g�b�y���\�b�j�l�m�Z�e�v�g�h�c���k�j�_�^�u����

�g�Z�e�b�q�b�_���b���q�Z�k�l�h�l�Z���h�i�u�l�Z���i�h�]�j�m�`�_�g�b�y�����b�]�g�h�j�b�j�h�\�Z�g�b�_���h�l�\�e�_�d�Z�x�s�b�o���k�l�b�f�m�e�h�\����

�l�Z�d�`�_�� �b�]�j�Z�x�l�� �a�g�Z�q�b�l�_�e�v�g�m�x�� �j�h�e�v�� �\�� �\�h�a�g�b�d�g�h�\�_�g�b�b�� �w�n�n�_�d�l�Z���i�j�b�k�m�l�k�l�\�b�y��
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���:�L�W�P�H�U�� �H�W�� �D�O������ �������������� �B�g�l�_�j�Z�d�l�b�\�g�h�k�l�v���� �i�h�g�b�f�Z�_�f�Z�y�� �d�Z�d�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�_��

�k�m�[�t�_�d�l�Z�� �b�� �\�b�j�l�m�Z�e�v�g�h�c�� �k�b�k�l�_�f�u���� �]�^�_�� �^�_�c�k�l�\�b�y�� �i�h�e�v�a�h�\�Z�l�_�e�y�� �h�[�m�k�e�h�\�e�_�g�u��

�\�b�j�l�m�Z�e�v�g�h�c���k�j�_�^�h�c���b���g�Z�h�[�h�j�h�l�����h�d�Z�a�u�\�Z�_�l���k�m�s�_�k�l�\�_�g�g�m�x���j�h�e�v���g�Z���h�s�m�s�_�g�b�_��

�i�j�b�k�m�l�k�l�\�b�y�����'�R�P�D�J�N���H�W���D�O����������������. 

�<�� �g�Z�k�l�h�y�s�_�_�� �\�j�_�f�y�� �j�Z�a�j�Z�[�h�l�q�b�d�b �<�K �i�j�h�^�h�e�`�Z�x�l�� �k�h�\�_�j�r�_�g�k�l�\�h�\�Z�l�v��

�f�_�o�Z�g�b�a�f�u�� �l�Z�d�l�b�e�v�g�h�]�h�� �\�h�k�i�j�b�y�l�b�y�� �\���<�J���� �d�h�l�h�j�u�_�� �\�e�b�y�x�l�� �g�Z�� �k�b�e�m�� �w�n�n�_�d�l�Z��

�i�j�b�k�m�l�k�l�\�b�y�����<�b�j�l�m�Z�e�v�g�u�_���i�j�b�d�h�k�g�h�\�_�g�b�y���m�k�b�e�b�\�Z�x�l���h�s�m�s�_�g�b�_���i�j�b�k�m�l�k�l�\�b�y��

�\���\�b�j�l�m�Z�e�v�g�h�c���k�j�_�^�_���a�Z���k�q�_�l���h�s�m�s�_�g�b�c�����\�u�a�\�Z�g�g�u�o���j�Z�a�e�b�q�g�u�f�b���k�l�b�f�m�e�y�p�b�y�f�b��

���f�_�o�Z�g�b�q�_�k�d�b�f�b���� �w�e�_�d�l�j�b�q�_�k�d�b�f�b���� �l�_�i�e�h�\�u�f�b���� �b�� �h�j�m�^�b�y�f�b�� �©�\�b�j�l�m�Z�e�v�g�h�]�h��

�i�j�b�d�h�k�g�h�\�_�g�b�y�ª���d�Z�d���j�m�q�g�h�]�h���k�j�_�^�k�l�\�Z�����i�_�j�_�^�Z�x�s�_�]�h���^�j�m�]�h�f�m���m�k�l�j�h�c�k�l�\�m���k�b�e�m��

�g�Z�`�Z�l�b�y�����g�Z�]�j�_�\�Z�g�b�_�����m�i�j�m�]�h�k�l�v�����+�D�D�Q�V�����,�-�V�V�H�O�V�W�H�L�M�Q���������������� 

�<�Z�`�g�h�� �j�Z�a�e�b�q�Z�l�v�� �w�n�n�_�d�l�� �i�j�b�k�m�l�k�l�\�b�y���k�� �i�h�g�y�l�b�y�f�b�� �©�i�h�]�e�h�s�_�g�b�_�ª�� �b��

�©�i�h�]�j�m�`�_�g�b�_�ª���� �Q�_�e�h�\�_�d�� �f�h�`�_�l�� �[�u�l�v�� �h�q�_�g�v�� �\�g�b�f�Z�l�_�e�_�g�� �d�� �a�Z�^�Z�q�_�� �\���<�J 

���i�h�]�e�h�s�_�g������ �g�_�� �q�m�\�k�l�\�m�y�� �i�j�b�k�m�l�k�l�\�b�y���� �L�Z�d�`�_�� �k�l�_�i�_�g�v���� �\�� �d�h�l�h�j�h�c�� �q�_�e�h�\�_�d��

�h�l�j�_�a�Z�g�� �h�l�� �j�_�Z�e�v�g�h�]�h�� �f�b�j�Z�� �\�b�j�l�m�Z�e�v�g�h�c�� �k�j�_�^�h�c�� ���i�h�]�j�m�`�_�g�b�_������ �f�h�`�_�l�� �g�_��

�h�i�j�_�^�_�e�y�l�v�� �i�j�b�k�m�l�k�l�\�b�_���� �W�n�n�_�d�l�� �i�j�b�k�m�l�k�l�\�b�y�� �i�h�a�\�h�e�y�_�l�� �k�m�[�t�_�d�l�Z�f��

�\�a�Z�b�f�h�^�_�c�k�l�\�h�\�Z�l�v���[�_�a���i�h�f�h�s�b���n�b�a�b�q�_�k�d�b�o���l�_�e�� 

�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�_ �^�Z�g�g�u�_�� �i�h�^�l�\�_�j�`�^�Z�x�l�� �k�m�s�_�k�l�\�h�\�Z�g�b�_��

�i�h�e�h�`�b�l�_�e�v�g�h�c�� �d�h�j�j�_�e�y�p�b�b�� �f�_�`�^�m�� �m�j�h�\�g�_�f�� �k�m�[�t�_�d�l�b�\�g�h�� �i�_�j�_�`�b�\�Z�_�f�h�]�h��

�w�n�n�_�d�l�Z���i�j�b�k�m�l�k�l�\�b�y���b���\�_�j�h�y�l�g�h�k�l�v�x���\�h�a�g�b�d�g�h�\�_�g�b�y�����Z���l�Z�d�`�_���b�g�l�_�g�k�b�\�g�h�k�l�v�x��

�k�b�f�i�l�h�f�h�\�� �d�b�[�_�j�[�h�e�_�a�g�b�� ���d�b�[�_�j�g�_�^�h�f�h�]�Z�g�b�y������ �H�[�t�y�k�g�_�g�b�_�� �w�l�h�c�� �g�Z�� �i�_�j�\�u�c��

�\�a�]�e�y�^�� �i�Z�j�Z�^�h�d�k�Z�e�v�g�h�c�� �\�a�Z�b�f�h�k�\�y�a�b�� �d�j�h�_�l�k�y�� �\�� �j�h�e�b�� �k�_�g�k�h�j�g�h�]�h��

�g�_�k�h�h�l�\�_�l�k�l�\�b�y���� �d�h�l�h�j�h�_�� �y�\�e�y�_�l�k�y�� �p�_�g�l�j�Z�e�v�g�u�f�� �a�\�_�g�h�f�� �\�� �]�_�g�_�a�b�k�_�� �h�[�h�b�o��

�k�h�k�l�h�y�g�b�c���� �K�� �h�^�g�h�c�� �k�l�h�j�h�g�u���� �^�e�y�� �n�h�j�f�b�j�h�\�Z�g�b�y�� �m�k�l�h�c�q�b�\�h�]�h�� �h�s�m�s�_�g�b�y��

�i�j�b�k�m�l�k�l�\�b�y�� �g�_�h�[�o�h�^�b�f�h�� �f�b�g�b�f�Z�e�v�g�h�_�� �j�Z�k�k�h�]�e�Z�k�h�\�Z�g�b�_�� �f�_�`�^�m�� �k�b�]�g�Z�e�Z�f�b����

�i�h�k�l�m�i�Z�x�s�b�f�b�� �h�l�� �j�Z�a�e�b�q�g�u�o�� �k�_�g�k�h�j�g�u�o�� �f�h�^�Z�e�v�g�h�k�l�_�c�� ���\�� �i�_�j�\�m�x�� �h�q�_�j�_�^�v����

�f�_�`�^�m���a�j�b�l�_�e�v�g�h�c���b���\�_�k�l�b�[�m�e�y�j�g�h�c�������q�l�h�[�u���i�_�j�p�_�i�l�b�\�g�Z�y���k�b�k�l�_�f�Z���f�h�a�]�Z���f�h�]�e�Z��

�i�h�^�Z�\�b�l�v���b�g�n�h�j�f�Z�p�b�x���h�l���n�b�a�b�q�_�k�d�h�]�h���h�d�j�m�`�_�g�b�y���b���i�j�b�g�y�l�v���\�b�j�l�m�Z�e�v�g�h�_���d�Z�d��

�^�h�f�b�g�b�j�m�x�s�m�x�� �©�j�_�Z�e�v�g�h�k�l�v�ª���� �K�� �^�j�m�]�h�c�� �k�l�h�j�h�g�u���� �b�f�_�g�g�h�� �w�l�h��

�j�Z�k�k�h�]�e�Z�k�h�\�Z�g�b�_���� �h�k�h�[�_�g�g�h�� �i�j�b�� �^�e�b�l�_�e�v�g�h�c�� �w�d�k�i�h�a�b�p�b�b�� �b�� �\�u�k�h�d�h�c��
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�b�g�l�_�g�k�b�\�g�h�k�l�b�� �k�l�b�f�m�e�h�\���� �b�^�_�g�l�b�n�b�p�b�j�m�_�l�k�y�� �p�_�g�l�j�Z�e�v�g�h�c�� �g�_�j�\�g�h�c�� �k�b�k�l�_�f�h�c��

�d�Z�d�� �h�r�b�[�d�Z���� �Z�g�Z�e�h�]�b�q�g�Z�y�� �k�h�k�l�h�y�g�b�x�� �i�j�b�� �b�g�l�h�d�k�b�d�Z�p�b�b���� �q�l�h�� �a�Z�i�m�k�d�Z�_�l��

�\�_�]�_�l�Z�l�b�\�g�u�_�� �j�_�Z�d�p�b�b���� �o�Z�j�Z�d�l�_�j�g�u�_�� �^�e�y�� �d�b�[�_�j�[�h�e�_�a�g�b�� ���l�h�r�g�h�l�Z����

�]�h�e�h�\�h�d�j�m�`�_�g�b�_�����i�h�l�e�b�\�h�k�l�v����(Stanney et al���������������������L�Z�d�b�f���h�[�j�Z�a�h�f�����n�Z�d�l�h�j�u����

�m�k�b�e�b�\�Z�x�s�b�_�� �i�h�]�j�m�`�_�g�b�_�� ���g�Z�i�j�b�f�_�j���� �r�b�j�h�l�Z�� �i�h�e�y�� �h�[�a�h�j�Z���� �g�b�a�d�Z�y�� �a�Z�^�_�j�`�d�Z����

�n�h�l�h�j�_�Z�e�b�k�l�b�q�g�Z�y���]�j�Z�n�b�d�Z�������h�^�g�h�\�j�_�f�_�g�g�h���i�h�\�u�r�Z�x�l���b���k�_�g�k�h�j�g�m�x���g�Z�]�j�m�a�d�m����

�i�h�l�_�g�p�b�Z�e�v�g�h�� �m�k�m�]�m�[�e�y�y�� �d�b�[�_�j�g�_�^�h�f�h�]�Z�g�b�_���� �W�l�h�l�� �d�h�g�n�e�b�d�l�� �k�h�a�^�Z�_�l��

�n�m�g�^�Z�f�_�g�l�Z�e�v�g�u�c�� �\�u�a�h�\���^�e�y�� �j�Z�a�j�Z�[�h�l�q�b�d�h�\�� �b�f�f�_�j�k�b�\�g�u�o���k�b�k�l�_�f���� �\�u�g�m�`�^�Z�y��

�g�Z�o�h�^�b�l�v�� �d�h�f�i�j�h�f�b�k�k�� �f�_�`�^�m�� �f�Z�d�k�b�f�Z�e�v�g�u�f�� �i�h�]�j�m�`�_�g�b�_�f�� �b���f�b�g�b�f�b�a�Z�p�b�_�c��

�n�b�a�b�h�e�h�]�b�q�_�k�d�h�]�h�� �^�b�k�d�h�f�n�h�j�l�Z�� �i�h�e�v�a�h�\�Z�l�_�e�y�� ��Rebentisch et al., 2021). 

�J�_�a�m�e�v�l�Z�l�u���k�\�b�^�_�l�_�e�v�k�l�\�m�x�l���h���l�h�f�����q�l�h�� 

������ �m�f�_�g�v�r�_�g�b�_�� �k�_�g�k�h�j�g�h�]�h�� �g�_�k�h�h�l�\�_�l�k�l�\�b�y�� �i�h�d�Z�a�u�\�Z�_�l�� �i�h�l�_�g�p�b�Z�e�� �^�e�y��

�k�g�b�`�_�g�b�y���d�b�[�_�j�[�h�e�_�a�g�b���b���m�\�_�e�b�q�_�g�b�y���i�j�b�k�m�l�k�l�\�b�y�� 

������ �d�Z�d�� �i�j�b�k�m�l�k�l�\�b�_���� �l�Z�d�� �b�� �d�b�[�_�j�[�h�e�_�a�g�v, �m�\�_�e�b�q�b�\�Z�x�l�k�y�� �a�Z�� �k�q�_�l��

�^�h�[�Z�\�e�_�g�b�y�� �k�l�_�j�_�h�k�d�h�i�b�b���� �\�u�k�h�d�b�o�� �m�k�e�h�\�b�c�� �h�l�h�[�j�Z�`�_�g�b�y�� �i�h�e�y�� �a�j�_�g�b�y�� �b��

�i�h�\�u�r�_�g�b�y���\�_�j�h�y�l�g�h�k�l�b���l�h�]�h�����q�l�h���^�b�k�i�e�_�c���\�u�a�h�\�_�l���\�_�d�l�Z�p�b�x�� 

������ �n�Z�d�l�h�j�u�� �b�g�l�m�b�l�b�\�g�h�k�l�v�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�y�� �b�� �m�i�j�Z�\�e�_�g�b�_�� �g�Z�\�b�]�Z�p�b�_�c����

�i�j�b�\�h�^�y�l�� �d�� �[�h�e�_�_�� �\�u�k�h�d�h�f�m���m�j�h�\�g�x�� �i�j�b�k�m�l�k�l�\�b�y�� �b�� �d�� �f�_�g�_�_�� �\�u�j�Z�`�_�g�g�u�f��

�k�b�f�i�l�h�f�Z�f���k�b�f�m�e�y�l�h�j�g�h�]�h���j�Z�k�k�l�j�h�c�k�l�\�Z�� 

������ �e�x�^�b�� �k�� �[�h�e�v�r�b�f�� �b�]�j�h�\�u�f�� �h�i�u�l�h�f�� �^�_�f�h�g�k�l�j�b�j�m�x�l�� �[�h�e�_�_�� �g�b�a�d�b�c��

�m�j�h�\�_�g�v���d�b�[�_�j�[�h�e�_�a�g�b���b���[�h�e�_�_���\�u�k�h�d�b�c���m�j�h�\�_�g�v���i�j�b�k�m�l�k�l�\�b�y�����:�\�_�j�[�m�o���������������� 

�J�_�]�m�e�y�j�g�h�_���i�h�]�j�m�`�_�g�b�_���\���\�b�j�l�m�Z�e�v�g�m�x���k�j�_�^�m�����Z�d�l�b�\�g�u�_���^�_�c�k�l�\�b�y���\���g�_�c��

�k���j�Z�a�e�b�q�g�u�f�b���_�z���w�e�_�f�_�g�l�Z�f�b�����g�Z�e�b�q�b�_���[�u�k�l�j�h�c���h�[�j�Z�l�g�h�c���k�\�y�a�b���h�l���\�b�j�l�m�Z�e�v�g�h�c��

�k�b�k�l�_�f�u���g�Z���k�\�h�b���f�Z�g�b�i�m�e�y�p�b�b���b���k�h�[�e�x�^�_�g�b�_���h�i�l�b�f�Z�e�v�g�u�o���i�_�j�_�j�u�\�h�\���h�l���^�\�m�o 

�^�h���i�y�l�b �^�g�_�c���� �q�l�h�[�u�� �\�h�k�k�l�Z�g�h�\�b�l�v�k�y�� �h�l�� �k�_�Z�g�k�Z���� �g�h�� �g�_�� �a�Z�[�u�l�v�� �m�f�_�g�b�y��

�i�_�j�_�`�b�\�Z�l�v�� �g�_�i�j�b�\�u�q�g�u�_ �m�k�e�h�\�b�y���� �y�\�e�y�_�l�k�y�� �l�h�c�� �Z�^�Z�i�l�Z�p�b�_�c���� �k�� �i�h�f�h�s�v�x 

�d�h�l�h�j�h�c�� �k�g�b�`�Z�_�l�k�y�� �j�b�k�d�� �\�h�a�g�b�d�g�h�\�_�g�b�y�� �k�b�f�m�e�y�l�h�j�g�h�]�h�� �j�Z�k�k�l�j�h�c�k�l�\�Z��

���:�\�_�j�[�m�o���������������� 
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�?�s�z���h�^�g�b�f���n�_�g�h�f�_�g�h�f�����d�h�l�h�j�u�c���i�h�e�m�q�b�e���[�h�e�v�r�m�x���i�j�_�^�k�l�Z�\�e�_�g�g�h�k�l�v���\��

�b�k�k�e�_�^�h�\�Z�g�b�y�o�� �\�� �k�\�y�a�b�� �k�� �j�Z�a�\�b�l�b�_�f�� �<�J-�l�_�o�g�h�e�h�]�b�c���� �y�\�e�y�_�l�k�y�� �b�e�e�x�a�b�y��

�^�\�b�`�_�g�b�y���k�h�[�k�l�\�_�g�g�h�]�h���l�_�e�Z�����b�e�b���\�_�d�p�b�y.  

�G�_�k�f�h�l�j�y�� �g�Z���j�Z�a�e�b�q�g�u�_�� �i�h�i�u�l�d�b���^�Z�l�v�� �h�i�j�_�^�_�e�_�g�b�_�� �b�e�e�x�a�b�b���^�\�b�`�_�g�b�y��

�k�h�[�k�l�\�_�g�g�h�]�h�� �l�_�e�Z���� �m�k�l�h�y�\�r�b�f�k�y�� �i�j�b�g�y�l�h�� �k�q�b�l�Z�l�v�� �k�e�_�^�m�x�s�_�_���� �b�e�e�x�a�b�y��

�^�\�b�`�_�g�b�y���k�h�[�k�l�\�_�g�g�h�]�h���l�_�e�Z���± �w�l�h���b�e�e�x�a�b�y���\�h�k�i�j�b�y�l�b�y���^�\�b�`�_�g�b�y���k�\�h�_�]�h���l�_�e�Z��

�q�_�e�h�\�_�d�h�f�����g�Z�o�h�^�y�s�b�f�k�y�� �\�� �g�_�i�h�^�\�b�`�g�h�f�� �i�h�e�h�`�_�g�b�b�� �i�j�b�� �g�Z�[�e�x�^�_�g�b�b��

�^�\�b�`�m�s�_�c�k�y�� �a�j�b�l�_�e�v�g�h�c�� �k�l�b�f�m�e�y�p�b�b���� �a�Z�g�b�f�Z�x�s�_�c�� �a�g�Z�q�b�l�_�e�v�g�m�x�� �q�Z�k�l�v��

�a�j�b�l�_�e�v�g�h�]�h���i�h�e�y����Dichgans & Brandt�������������������G�_�k�f�h�l�j�y���g�Z���l�h�����q�l�h���b�e�e�x�a�h�j�g�h�_��

�h�s�m�s�_�g�b�_�� �^�\�b�`�_�g�b�y�� �k�h�[�k�l�\�_�g�g�h�]�h�� �l�_�e�Z�� �i�j�_�^�k�l�Z�\�e�y�_�l�� �k�h�[�h�c�� �d�h�f�i�e�_�d�k�g�u�c 

�n�_�g�h�f�_�g �\�h�k�i�j�b�y�l�b�y���� �w�l�m�� �b�e�e�x�a�b�x�� �i�j�b�g�y�l�h�� �h�l�g�h�k�b�l�v�� �d�� �d�e�Z�k�k�m�� �b�e�e�x�a�b�c��

�^�\�b�`�_�g�b�y�� ���F�_�g�v�r�b�d�h�\�Z���� �������������� �?�s�z�� �h�^�g�h�c�� �h�l�e�b�q�b�l�_�e�v�g�h�c�� �q�_�j�l�h�c�� �b�e�e�x�a�b�b��

�^�\�b�`�_�g�b�y�� �k�h�[�k�l�\�_�g�g�h�]�h�� �l�_�e�Z�� �y�\�e�y�x�l�k�y�� �k�h�i�m�l�k�l�\�m�x�s�b�_�� �^�b�k�d�h�f�n�h�j�l�g�u�_��

�k�b�f�i�l�h�f�u���\���\�b�^�_���l�h�r�g�h�l�u�����]�h�e�h�\�h�d�j�m�`�_�g�b�y���b���i�h�l�_�j�b���h�j�b�_�g�l�Z�p�b�b (Palmisano 

et al., 2004).  

�G�Z�j�y�^�m�� �k�� �l�_�j�f�b�g�h�f�� �©�b�e�e�x�a�b�y�� �^�\�b�`�_�g�b�y�� �k�h�[�k�l�\�_�g�g�h�]�h�� �l�_�e�Z�ª 

�b�k�i�h�e�v�a�m�_�l�k�y�� �l�_�j�f�b�g�� �©�\�_�d�p�b�y�ª��- �h�l�� �e�Z�l���� �©Vectio�ª���± �i�_�j�_�g�h�k���� �>�h�k�e�h�\�g�h�� �w�l�h��

�h�a�g�Z�q�Z�_�l�����q�l�h���q�_�e�h�\�_�d���b�e�e�x�a�h�j�g�h���©�i�_�j�_�g�h�k�b�l�k�y�ª���\���g�_�d�h�l�h�j�h�f���g�Z�i�j�Z�\�e�_�g�b�b�����<��

�^�Z�e�v�g�_�c�r�_�f���w�l�h�l�� �n�_�g�h�f�_�g���\�� �j�Z�[�h�l�Z�o�� �g�_�f�_�p�d�b�o�� �b�k�k�e�_�^�h�\�Z�l�_�e�_�c�� �i�h�e�m�q�b�e 

�g�Z�a�\�Z�g�b�y���©Vektionen�ª���b���©Vektion�ª�����d�h�l�h�j�u�_���\���Z�g�]�e�h�y�a�u�q�g�h�c���e�b�l�_�j�Z�l�m�j�_���[�u�e�b��

�l�j�Z�g�k�n�h�j�f�b�j�h�\�Z�g�u�� �\�� �l�_�j�f�b�g�� �©Vection�ª���� �d�h�l�h�j�u�c�� �b�k�i�h�e�v�a�m�_�l�k�y�� �g�Z��

�k�_�]�h�^�g�y�r�g�b�c���^�_�g�v���q�Z�s�_���\�k�_�]�h����Palmisano et al., 2015).  

�B�k�l�h�j�b�y���b�k�k�e�_�^�h�\�Z�g�b�c�����i�h�k�\�y�s�z�g�g�u�o���b�e�e�x�a�b�b���^�\�b�`�_�g�b�y���k�h�[�k�l�\�_�g�g�h�]�h��

�l�_�e�Z�����g�Z�k�q�b�l�u�\�Z�_�l���m�`�_���[�h�e�_�_���k�l�Z���e�_�l�����I�_�j�\�u�f���m�q�z�g�u�f�����h�[�j�Z�l�b�\�r�b�f���\�g�b�f�Z�g�b�_��

�g�Z���^�Z�g�g�u�c���n�_�g�h�f�_�g�����k�l�Z�e���Z�\�k�l�j�b�c�k�d�b�c���n�b�a�b�d���W�j�g�k�l���F�Z�o�����<���w�d�k�i�_�j�b�f�_�g�l�Z�o���i�h��

�b�a�m�q�_�g�b�x���m�d�Z�q�b�\�Z�g�b�y�����i�j�h�\�_�^�z�g�g�u�o���k�h�\�f�_�k�l�g�h���k���C�h�a�_�n�h�f���;�j�_�c�_�j�h�f�����W�����F�Z�o��

�h�l�f�_�l�b�e���� �q�l�h�� �g�_�i�h�^�\�b�`�g�h�� �j�Z�k�i�h�e�h�`�_�g�g�u�_�� �b�k�i�u�l�m�_�f�u�_�� �\�h�k�i�j�b�g�b�f�Z�x�l��

�b�e�e�x�a�h�j�g�h�_���^�\�b�`�_�g�b�_���k�h�[�k�l�\�_�g�g�h�]�h���l�_�e�Z���\���i�j�h�p�_�k�k�_���g�Z�[�e�x�^�_�g�b�y���^�\�b�`�m�s�_�c�k�y��

�k�l�b�f�m�e�y�p�b�b�����a�Z�g�b�f�Z�x�s�_�c���a�g�Z�q�b�l�_�e�v�g�m�x���q�Z�k�l�v���a�j�b�l�_�e�v�g�h�]�h���i�h�e�y����Mach, 1875). 

�I�j�b�� �w�l�h�f�� �g�Z�i�j�Z�\�e�_�g�b�_�� �b�e�e�x�a�h�j�g�h�]�h�� �^�\�b�`�_�g�b�y�� �l�_�e�Z�� �i�j�h�l�b�\�h�i�h�e�h�`�g�h��

�g�Z�i�j�Z�\�e�_�g�b�x�� �^�\�b�`�_�g�b�y�� �k�l�b�f�m�e�Z�����W���� �F�Z�o�� �^�Z�e�� �b�� �i�_�j�\�h�_�� �h�i�j�_�^�_�e�_�g�b�_�� �^�Z�g�g�h�c��
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�b�e�e�x�a�b�b���� �g�Z�a�\�Z�\�� �_�z�� �©�`�_�e�_�a�g�h�^�h�j�h�`�g�h�c�� �b�e�e�x�a�b�_�c�ª�� ��train illusion), �h�i�b�k�u�\�Z�y��

�h�s�m�s�_�g�b�y�� �k�b�^�y�s�_�]�h�� �\�� �g�_�i�h�^�\�b�`�g�h�f�� �i�h�_�a�^�_�� �g�Z�[�e�x�^�Z�l�_�e�y���� �d�h�]�^�Z�� �h�g�� �\�b�^�b�l�� �\��

�h�d�g�_���h�l�i�j�Z�\�e�_�g�b�_���k�h�k�_�^�g�_�]�h���k�h�k�l�Z�\�Z�� 

 

 

�J�b�k�m�g�h�d��16 - �K�o�_�f�Z���h�^�g�h�c���b�a���i�_�j�\�u�o���w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o���m�k�l�Z�g�h�\�h�d�����d�h�l�h�j�m�x��
�b�k�i�h�e�v�a�h�\�Z�e�b���F�����N�b�r�_�j���b���:�����D�h�j�g�f�x�e�e�_�j���i�j�b���b�a�m�q�_�g�b�b���b�e�e�x�a�b�b���^�\�b�`�_�g�b�y��

�k�h�[�k�l�\�_�g�g�h�]�h���l�_�e�Z�����Q�_�e�h�\�_�d���i�h�f�_�s�Z�_�l�k�y���\�g�m�l�j�v���i�h�e�h�]�h���p�b�e�b�g�^�j�Z��- 
�h�i�l�h�d�b�g�_�l�b�q�_�k�d�h�]�h���[�Z�j�Z�[�Z�g�Z�����K�l�j�_�e�d�h�c���i�h�d�Z�a�Z�g�h���g�Z�i�j�Z�\�e�_�g�b�_���\�j�Z�s�_�g�b�y��

�p�b�e�b�g�^�j�Z���\�h�d�j�m�]���b�k�i�u�l�m�_�f�h�]�h�����i�h��Schulte-Pelkum, 2013).  
 
�<�i�h�k�e�_�^�k�l�\�b�b�� �\�� �j�Z�[�h�l�Z�o�� �F���� �N�b�r�_�j�Z�� �b�� �:���� �D�h�j�g�f�x�e�e�_�j�Z�� �b�e�e�x�a�b�y��

�^�\�b�`�_�g�b�y���k�h�[�k�l�\�_�g�g�h�]�h���l�_�e�Z���i�h�e�m�q�b�e�Z���g�Z�a�\�Z�g�b�_���b�e�e�x�a�b�b���\�_�d�p�b�b�����W�l�b���Z�\�l�h�j�u����

�b�a�m�q�Z�y�� �o�Z�j�Z�d�l�_�j�g�u�_�� �^�\�b�`�_�g�b�y�� �]�e�Z�a�� �i�j�b�� �n�b�d�k�Z�p�b�b�� �g�_�i�h�^�\�b�`�g�h�]�h�� �h�[�t�_�d�l�Z�� �g�Z��

�^�\�b�`�m�s�_�f�k�y�� �n�h�g�_���± �n�b�d�k�Z�p�b�h�g�g�u�c�� �h�i�l�h�d�b�g�_�l�b�q�_�k�d�b�c�� �g�b�k�l�Z�]�f���± �\�i�_�j�\�u�_��

�h�l�f�_�l�b�e�b�� �\�a�Z�b�f�h�k�\�y�a�v�� �\�h�k�i�j�b�y�l�b�y�� �\�_�d�p�b�b�� �b�� �]�e�Z�a�h�^�\�b�]�Z�l�_�e�v�g�h�c�� �Z�d�l�b�\�g�h�k�l�b��

�q�_�e�h�\�_�d�Z���� �F���� �N�b�r�_�j�� �b�� �:���� �D�h�j�g�f�x�e�e�_�j ���J�b�k�� 16) �\�� �k�\�h�_�c�� �j�Z�[�h�l�_�� �h�l�f�_�l�b�e�b�� 

�©�<�_�k�v�f�Z�� �i�j�b�\�e�_�d�Z�l�_�e�v�g�h�� �[�u�e�h�� �[�u�� �h�i�j�_�^�_�e�b�l�v�� �h�s�m�s�_�g�b�_�� �^�\�b�`�_�g�b�y�� �d�Z�d��

�Z�[�k�h�e�x�l�g�h�� �j�_�Z�e�v�g�h�_�� �q�m�\�k�l�\�h�� �^�\�b�`�_�g�b�y���� �b�]�g�h�j�b�j�m�x�� �l�h�l�� �n�Z�d�l���� �q�l�h�� �w�l�h�� �e�b�r�v��

�b�e�e�x�a�b�y���� �L�Z�d�h�_�� �h�s�m�s�_�g�b�_�� �f�u�� �g�Z�a�u�\�Z�_�f�� �©Vektionen�ª�� �b�� �f�u�� �j�Z�a�e�b�q�Z�_�f��
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�©Cirkular-Vektionen�ª�� ���d�j�m�]�h�\�Z�y�� �\�_�d�p�b�y���� �b�� �©Linear-Vektionen�ª�� ���e�b�g�_�c�g�Z�y��

�\�_�d�p�b�y������Fisher & Kornmueller, 1930, c. 276). 

 �<�� �a�Z�\�b�k�b�f�h�k�l�b�� �h�l�� �g�Z�i�j�Z�\�e�_�g�b�y�� �b�e�e�x�a�h�j�g�h�� �\�h�k�i�j�b�g�b�f�Z�_�f�h�]�h��

�i�_�j�_�f�_�s�_�g�b�y�� �l�_�e�Z�� �i�j�b�g�y�l�h�� �\�u�^�_�e�y�l�v�� �j�Z�a�e�b�q�g�u�_�� �l�b�i�u�� �\�_�d�p�b�b���� �E�b�g�_�c�g�Z�y��

�\�_�d�p�b�y�� �\�h�a�g�b�d�Z�_�l�� �i�j�b�� �g�Z�[�e�x�^�_�g�b�b�� �k�l�b�f�m�e�y�p�b�b���� �^�\�b�`�m�s�_�c�k�y�� �\�i�_�j�z�^-�g�Z�a�Z�^����

�\�\�_�j�o-�\�g�b�a���b�e�b���e�b�g�_�c�g�h���\�e�_�\�h-�\�i�j�Z�\�h���\���g�Z�i�j�Z�\�e�_�g�b�b���h�k�_�c���d�h�h�j�^�b�g�Z�l��x, y �b��z. 

�G�Z�b�[�h�e�_�_�� �j�Z�k�i�j�h�k�l�j�Z�g�z�g�g�u�f�� �f�_�l�h�^�h�f�� �b�g�b�p�b�Z�p�b�b���e�b�g�_�c�g�h�c�� �\�_�d�p�b�b���y�\�e�y�_�l�k�y��

�b�k�i�h�e�v�a�h�\�Z�g�b�_�� �^�\�m�o�� �f�h�g�b�l�h�j�h�\�� �^�e�y�� �i�j�_�^�t�y�\�e�_�g�b�y�� �k�l�b�f�m�e�y�p�b�b����

�j�Z�k�i�h�e�h�`�_�g�g�u�o �h�^�b�g�� �g�Z�i�j�h�l�b�\�� �^�j�m�]�h�]�h���� �=�h�e�h�\�Z�� �b�k�i�u�l�m�_�f�h�]�h�� �i�j�b�� �w�l�h�f 

�i�h�f�_�s�Z�_�l�k�y���f�_�`�^�m���g�b�f�b�����L�Z�d�h�_���k�Z�]�]�b�l�Z�e�v�g�h�_���j�Z�k�i�h�e�h�`�_�g�b�_���]�h�e�h�\�u���i�h�a�\�h�e�y�_�l��

�f�h�g�b�l�h�j�Z�f���i�h�d�j�u�\�Z�l�v���a�g�Z�q�b�l�_�e�v�g�m�x���q�Z�k�l�v���i�_�j�b�n�_�j�b�q�_�k�d�h�c���q�Z�k�l�b���a�j�b�l�_�e�v�g�h�]�h��

�i�h�e�y���b�k�i�u�l�m�_�f�h�]�h����Berthoz et al., 1975; Lepecq et al., 1993). 

�<�h�k�i�j�b�y�l�b�_�� �d�j�m�]�h�\�h�c�� �\�_�d�p�b�b�� �b�g�^�m�p�b�j�m�_�l�k�y�� �e�_�\�h�� �b �i�j�Z�\�h�k�l�h�j�h�g�g�b�f�b��

�\�j�Z�s�_�g�b�y�f�b�� �k�l�b�f�m�e�y�p�b�b�� �\�h�d�j�m�]�� �\�_�j�l�b�d�Z�e�v�g�h�c�� �h�k�b���� �Z�� �l�Z�d�`�_�� �\�j�Z�s�_�g�b�_�f��

�a�j�b�l�_�e�v�g�h�c�� �k�l�b�f�m�e�y�p�b�b�� �\�h�d�j�m�]�� �e�b�g�b�b�� �]�h�j�b�a�h�g�l�Z���b�� �g�Z�d�e�h�g�g�u�o�� �h�k�_�c�� ��Howard, 

�������������� �G�Z�b�[�h�e�_�_�� �b�a�m�q�_�g�g�h�c�� �y�\�e�y�_�l�k�y�� �d�j�m�]�h�\�Z�y�� �\�_�d�p�b�y�� �k�� �i�j�b�f�_�g�_�g�b�_�f��

�\�j�Z�s�_�g�b�y���\�h�d�j�m�]���\�_�j�l�b�d�Z�e�v�g�h�c���h�k�b����Dichgans & Brandt�������������������<���w�l�h�f���k�e�m�q�Z�_��

�l�_�e�h�� �q�_�e�h�\�_�d�Z�� �h�j�b�_�g�l�b�j�h�\�Z�g�h�� �i�Z�j�Z�e�e�_�e�v�g�h�� �h�k�b�� �\�j�Z�s�_�g�b�y�� �k�l�b�f�m�e�y�p�b�b���� �q�l�h��

�i�j�b�\�h�^�b�l�� �d�� �h�l�k�m�l�k�l�\�b�x�� �b�g�l�_�j�n�_�j�_�g�p�b�b�� �k�� �\�h�k�i�j�b�y�l�b�_�f�� �g�Z�i�j�Z�\�e�_�g�b�y��

�]�j�Z�\�b�l�Z�p�b�b���� �<�� �d�e�Z�k�k�b�q�_�k�d�b�o�� �w�d�k�i�_�j�b�f�_�g�l�Z�o�� �i�h�� �b�a�m�q�_�g�b�x�� �d�j�m�]�h�\�h�c�� �\�_�d�p�b�b��

�b�k�i�u�l�m�_�f�u�_�� �i�h�f�_�s�Z�x�l�k�y�� �\�g�m�l�j�v�� �p�b�e�b�g�^�j�Z���� �g�Z�� �i�h�\�_�j�o�g�h�k�l�v�� �d�h�l�h�j�h�]�h��

�g�Z�g�_�k�_�g�u�� �q�_�j�_�^�m�x�s�b�_�k�y�� �\�_�j�l�b�d�Z�e�v�g�u�_�� �q�_�j�g�u�_�� �b�� �[�_�e�u�_�� �i�h�e�h�k�u���� �L�Z�d�h�c��

�p�b�e�b�g�^�j�� �g�h�k�b�l�� �g�Z�a�\�Z�g�b�_�� �h�i�l�h�d�b�g�_�l�b�q�_�k�d�h�]�h�� �[�Z�j�Z�[�Z�g�Z�� �b�� �q�Z�s�_�� �\�k�_�]�h��

�b�k�i�h�e�v�a�m�_�l�k�y�� �\�� �g�_�\�j�h�e�h�]�b�q�_�k�d�b�o�� �b�k�k�e�_�^�h�\�Z�g�b�y�o�� �^�e�y�� �b�g�b�p�b�Z�p�b�b��

�h�i�l�h�d�b�g�_�l�b�q�_�k�d�h�]�h�� �g�b�k�l�Z�]�f�Z�� �b�k�i�h�e�v�a�m�_�f�h�]�h�� �i�j�b�� �h�p�_�g�d�_�� �j�Z�[�h�l�u��

�\�_�k�l�b�[�m�e�y�j�g�h�]�h�� �Z�i�i�Z�j�Z�l�Z���� �I�h�k�e�_�� �g�Z�q�Z�e�Z�� �\�j�Z�s�_�g�b�y�� �[�Z�j�Z�[�Z�g�Z�� �n�b�d�k�b�j�m�_�l�k�y��

�\�j�_�f�y���� �i�h���b�k�l�_�q�_�g�b�x �d�h�l�h�j�h�]�h�� �b�k�i�u�l�m�_�f�u�_�� �h�l�f�_�q�Z�x�l�� �g�Z�q�Z�e�h�� �\�h�k�i�j�b�y�l�b�_��

�\�_�d�p�b�b�����K�g�Z�q�Z�e�Z���b�k�i�u�l�m�_�f�u�_���i�j�Z�\�b�e�v�g�u�f���h�[�j�Z�a�h�f���\�h�k�i�j�b�g�b�f�Z�x�l���[�Z�j�Z�[�Z�g���d�Z�d��

�\�j�Z�s�Z�x�s�b�c�k�y���h�[�t�_�d�l�����Z���k�_�[�y���k�Z�f�b�o���d�Z�d���g�_�i�h�^�\�b�`�g�u�_���h�[�t�_�d�l�u�����H�^�g�Z�d�h���q�_�j�_�a��

�g�_�k�d�h�e�v�d�h�� �k�_�d�m�g�^�� ���\�� �k�j�_�^�g�_�f, �h�l�� ���� �^�h�� ������ �\�� �a�Z�\�b�k�b�f�h�k�l�b�� �h�l�� �i�Z�j�Z�f�_�l�j�h�\��
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�\�j�Z�s�Z�x�s�_�c�k�y�� �k�l�b�f�m�e�y�p�b�b���� �b�k�i�u�l�m�_�f�u�_�� �h�l�f�_�q�Z�x�l�� �g�Z�q�Z�e�h�� �\�h�k�i�j�b�y�l�b�y 

�b�e�e�x�a�h�j�g�h�]�h�� �\�j�Z�s�_�g�b�y�� �k�h�[�k�l�\�_�g�g�h�]�h�� �l�_�e�Z�� ��Wong & Frost���� �������������� �<�j�_�f�y�� �h�l��

�g�Z�q�Z�e�Z�� �i�j�_�^�t�y�\�e�_�g�b�y�� �k�l�b�f�m�e�y�p�b�b�� �^�h�� �f�h�f�_�g�l�Z�� �\�h�a�g�b�d�g�h�\�_�g�b�y�� �b�e�e�x�a�b�b��

�k�q�b�l�Z�_�l�k�y���h�^�g�b�f���b�a���h�k�g�h�\�g�u�o���i�Z�j�Z�f�_�l�j�h�\�����b�k�i�h�e�v�a�m�x�s�b�o�k�y���\���b�k�k�e�_�^�h�\�Z�g�b�y�o��

�b�e�e�x�a�b�b���^�\�b�`�_�g�b�y���k�h�[�k�l�\�_�g�g�h�]�h���l�_�e�Z���� 

 �H�^�g�Z�d�h�� �\�h�k�i�j�b�y�l�b�_�� �g�_�� �l�h�e�v�d�h�� �a�j�b�l�_�e�v�g�u�o�� �k�l�b�f�m�e�h�\�� �f�h�`�_�l�� �i�j�b�\�_�k�l�b�� �d��

�b�g�b�p�b�Z�p�b�b���\�_�d�p�b�b�����L�Z�d, �i�j�b�g�y�l�h���\�u�^�_�e�y�l�v���� 

- �k�e�m�o�h�\�m�x �\�_�d�p�b�x, �\�h�a�g�b�d�Z�x�s�m�x �i�j�b �\�h�k�i�j�b�y�l�b�b �^�\�b�`�m�s�_�]�h�k�y �a�\�m�d�h�\�h�]�h 

�k�l�b�f�m�e�Z (Lackner, 1977; Sakamoto et al., 2004);  

- �]�Z�i�l�h�d�b�g�_�l�b�q�_�k�d�m�x �\�_�d�p�b�x, �\�h�a�g�b�d�Z�x�s�m�x �i�j�b �k�l�b�f�m�e�y�p�b�b �h�[�r�b�j�g�u�o 

�h�[�e�Z�k�l�_�c �d�h�`�b �b�k�i�u�l�m�_�f�h�]�h (Nilsson et al., 2012; Murata et al., 2014); 

- �Z�j�l�j�h�d�b�g�_�l�b�q�_�k�d�m�x�� �\�_�d�p�b�x���� �\�h�a�g�b�d�Z�x�s�m�x�� �i�j�b�� �i�Z�k�k�b�\�g�h�f�� �\�j�Z�s�_�g�b�b��

�j�Z�a�e�b�q�g�u�o���d�h�g�_�q�g�h�k�l�_�c���q�_�e�h�\�_�d�Z����Brandt et al., 1977; Howard et al., 1998); 

- �[�b�h�f�_�o�Z�g�b�q�_�k�d�m�x�� �\�_�d�p�b�x���� �\�h�a�g�b�d�Z�x�s�m�x�� �m�� �k�b�^�y�s�_�]�h�� �b�e�b�� �k�l�h�y�s�_�]�h��

�q�_�e�h�\�_�d�Z���� �d�h�l�h�j�u�c���i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h���\�u�i�h�e�g�y�_�l���r�Z�]�b�� �g�Z���[�_�]�h�\�h�c���^�h�j�h�`�d�_��

(Bles, 1981; Riecke et al., 2011); 

- �\�_�k�l�b�[�m�e�y�j�g�m�x�� �\�_�d�p�b�x���� �\�h�a�g�b�d�Z�x�s�m�x�� �i�j�b�� �]�Z�e�v�\�Z�g�b�q�_�k�d�h�c�� �b�e�b��

�d�Z�e�h�j�b�q�_�k�d�h�c�� �k�l�b�f�m�e�y�p�b�b�� �\�_�k�l�b�[�m�e�y�j�g�h�]�h�� �Z�i�i�Z�j�Z�l�Z�� ��Fasold et al., 2002; 

Cress, 1997). 

�G�_�k�f�h�l�j�y�� �g�Z�� �j�Z�a�e�b�q�g�u�_�� �k�i�h�k�h�[�u���b�g�b�p�b�Z�p�b�b�� �\�_�d�p�b�b�� �b�� �j�Z�a�e�b�q�g�u�_��

�k�_�g�k�h�j�g�u�_���k�b�k�l�_�f�u�����i�j�b�g�b�f�Z�x�s�b�_���m�q�Z�k�l�b�_���\���w�l�h�f���i�j�h�p�_�k�k�_�����h�[�s�b�f���h�k�l�Z�z�l�k�y��

�l�h�l���n�Z�d�l�����q�l�h���^�Z�g�g�u�c���n�_�g�h�f�_�g���y�\�e�y�_�l�k�y���b�e�e�x�a�b�_�c�����\�h�a�g�b�d�Z�x�s�_�c���m���n�b�a�b�q�_�k�d�b��

�g�_�i�h�^�\�b�`�g�h�]�h���q�_�e�h�\�_�d�Z�� 

 �I�_�j�\�Z�y�� �i�h�i�u�l�d�Z�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�]�h�� �b�a�m�q�_�g�b�y�� �\�_�d�p�b�b�� �[�u�e�Z��

�i�j�_�^�i�j�b�g�y�l�Z���>�`�����=�b�[�k�h�g�h�f�����=�b�[�k�h�g�����������������\���j�Z�f�d�Z�o���w�d�h�e�h�]�b�q�_�k�d�h�]�h���i�h�^�o�h�^�Z���d��

�a�j�b�l�_�e�v�g�h�f�m���\�h�k�i�j�b�y�l�b�x�����H�k�g�h�\�g�Z�y���b�^�_�y���w�l�h�]�h���i�h�^�o�h�^�Z���k�\�h�^�b�l�k�y���d���l�h�f�m�����q�l�h��

�\�h�k�i�j�b�y�l�b�_�� �h�i�j�_�^�_�e�y�_�l�k�y�� �m�k�e�h�\�b�y�f�b�� �h�[�b�l�Z�g�b�y�� �b�� �h�k�h�[�_�g�g�h�k�l�y�f�b��

�`�b�a�g�_�^�_�y�l�_�e�v�g�h�k�l�b�� �h�j�]�Z�g�b�a�f�Z���� �L�h�]�^�Z�� �h�[�t�_�d�l�h�f�� �\�h�k�i�j�b�y�l�b�y�� �k�q�b�l�Z�_�l�k�y�� �g�_��

�i�m�k�l�h�_�� �Z�[�k�l�j�Z�d�l�g�h�_�� �]�_�h�f�_�l�j�b�q�_�k�d�h�_�� �i�j�h�k�l�j�Z�g�k�l�\�h���� �Z�� �\�_�k�v�� �h�d�j�m�`�Z�x�s�b�c�� �f�b�j����

�b�e�b���h�d�j�m�`�Z�x�s�Z�y���k�j�_�^�Z�����k�h�k�l�h�y�s�Z�y���b�a���i�h�\�_�j�o�g�h�k�l�_�c���b���\�_�s�_�k�l�\�����<���l�Z�d�h�c���k�j�_�^�_��



71 
 
�k�\�_�l���j�Z�k�i�j�h�k�l�j�Z�g�y�_�l�k�y���g�_���i�j�h�k�l�h���i�h���a�Z�d�h�g�Z�f���n�b�a�b�q�_�k�d�h�c���h�i�l�b�d�b�����>�e�y���h�i�b�k�Z�g�b�y��

�l�Z�d���g�Z�a�u�\�Z�_�f�h�c���w�d�h�e�h�]�b�q�_�k�d�h�c���h�i�l�b�d�b���>�`�����=�b�[�k�h�g �\�\�_�e���i�h�g�y�l�b�_���h�[�t�_�f�e�x�s�_�]�h��

�h�i�l�b�q�_�k�d�h�]�h���i�h�l�h�d�Z�����d�h�l�h�j�u�c���n�h�j�f�b�j�m�_�l�k�y���b�a���k�\�_�l�h�\�u�o���e�m�q�_�c�����k�o�h�^�y�s�b�o�k�y���\��

�l�h�q�d�m���g�Z�[�e�x�^�_�g�b�y���i�h�k�e�_���h�l�j�Z�`�_�g�b�y���h�l���h�d�j�m�`�Z�x�s�b�o���i�h�\�_�j�o�g�h�k�l�_�c�����;�e�Z�]�h�^�Z�j�y��

�h�[�t�_�f�e�x�s�_�f�m�� �g�Z�[�e�x�^�Z�l�_�e�y�� �h�i�l�b�q�_�k�d�h�f�m�� �k�l�j�h�x�� �\�h�k�i�j�b�g�b�f�Z�x�l�k�y��

�w�d�h�e�h�]�b�q�_�k�d�b�_���h�[�t�_�d�l�u�����d�h�l�h�j�u�_���q�l�h-�e�b�[�h���a�g�Z�q�Z�l���^�e�y���g�Z�[�e�x�^�Z�l�_�e�y���± �m�d�j�u�l�b�y����

�s�_�e�b���� �\�u�i�m�d�e�h�k�l�b���� �b�a�h�]�g�m�l�h�k�l�b�� �b�� �l���^���� �<�� �j�_�a�m�e�v�l�Z�l�_�� �h�d�j�m�`�Z�x�s�b�c�� �f�b�j�� �b��

�g�Z�[�e�x�^�Z�l�_�e�v�� �^�h�i�h�e�g�y�x�l�� �^�j�m�]�m�� �^�j�m�]�Z���� �b�� �m�`�_�� �g�_�� �k�l�b�f�m�e�� �i�h�� �k�_�[�_���� �g�h��

�k�h�^�_�j�`�Z�s�Z�y�k�y�� �\�� �w�d�h�e�h�]�b�q�_�k�d�h�f�� �f�b�j�_�� �b�g�n�h�j�f�Z�p�b�y�� �y�\�e�y�_�l�k�y�� �b�k�l�h�q�g�b�d�h�f�� �^�e�y��

�\�h�k�i�j�b�y�l�b�y�� 

 �<�h�k�i�j�b�y�l�b�_�� �i�j�b�� �w�l�h�f�� �h�k�m�s�_�k�l�\�e�y�_�l�k�y�� �g�_�� �i�Z�k�k�b�\�g�u�f���� �Z�� �Z�d�l�b�\�g�u�f��

�g�Z�[�e�x�^�Z�l�_�e�_�f���� �:�d�l�b�\�g�h�k�l�v�� �\�u�j�Z�`�Z�_�l�k�y�� �\�� �k�\�h�[�h�^�_�� �\�u�[�h�j�Z�� �^�e�b�l�_�e�v�g�h�k�l�b��

�g�Z�[�e�x�^�_�g�b�y���� �\�� �h�k�m�s�_�k�l�\�e�_�g�b�b�� �j�Z�a�g�h�h�[�j�Z�a�g�u�o�� �k�h�[�k�l�\�_�g�g�u�o�� �^�\�b�`�_�g�b�c���± 

�]�e�Z�a�Z�f�b���� �g�h�]�Z�f�b���� �]�h�e�h�\�h�c���� �\�� �m�i�j�Z�\�e�_�g�b�b�� �^�\�b�`�m�s�b�f�k�y�� �k�j�_�^�k�l�\�h�f���� �?�k�e�b�� �h�[�j�Z�a��

�h�d�Z�a�u�\�Z�_�l�k�y�� �g�_�y�k�g�u�f���� �l�h�� �k�� �i�h�f�h�s�v�x�� �i�j�b�[�e�b�`�_�g�b�y�� �b�e�b�� �b�a�f�_�g�_�g�b�y�� �j�Z�d�m�j�k�Z��

�g�Z�[�e�x�^�_�g�b�y�� �_�]�h�� �f�h�`�g�h�� �i�j�h�y�k�g�b�l�v���� �I�j�b�� �^�\�b�`�_�g�b�y�o�� �g�Z�[�e�x�^�Z�l�_�e�y�� �w�l�h�l��

�h�i�l�b�q�_�k�d�b�c���i�h�l�h�d���i�j�_�l�_�j�i�_�\�Z�_�l���]�e�h�[�Z�e�v�g�u�_���b�a�f�_�g�_�g�b�y�����d�h�l�h�j�u�_���\�u�j�Z�`�Z�x�l�k�y��

�\�� �l�h�f���� �q�l�h�� �i�j�h�_�d�p�b�b�� �h�d�j�m�`�Z�x�s�b�o�� �h�[�t�_�d�l�h�\�� �k�h�\�f�_�k�l�g�h���� �d�Z�d�� �_�^�b�g�h�_�� �p�_�e�h�_��

�i�_�j�_�f�_�s�Z�x�l�k�y���i�h���k�_�l�q�Z�l�d�_�����B�f�_�g�g�h���w�l�b���k�i�_�p�b�n�b�q�_�k�d�b�_���b�a�f�_�g�_�g�b�y���b���y�\�e�y�x�l�k�y��

�b�g�n�h�j�f�Z�p�b�_�c�� �h�� �^�\�b�`�_�g�b�y�o�� �k�Z�f�h�]�h�� �g�Z�[�e�x�^�Z�l�_�e�y���� �>�e�y�� �l�h�]�h�� �q�l�h�[�u��

�i�j�h�^�_�f�h�g�k�l�j�b�j�h�\�Z�l�v���i�j�Z�\�b�e�v�g�h�k�l�v���w�l�h�]�h���m�l�\�_�j�`�^�_�g�b�y�����>�`�����=�b�[�k�h�g���i�j�_�^�e�h�`�b�e��

�j�Z�k�k�f�h�l�j�_�l�v���Z�l�l�j�Z�d�p�b�h�g���©�e�_�l�Z�x�s�Z�y���d�h�f�g�Z�l�Z�ª�����M�q�Z�k�l�g�b�d���a�Z�o�h�^�b�l���\���d�h�f�g�Z�l�m���b��

�k�Z�^�b�l�k�y�� �g�Z�� �k�l�m�e���� �=�Z�k�b�l�k�y�� �k�\�_�l, �b�� �h�g�� �\�b�^�b�l�� �g�Z�� �k�l�_�g�Z�o�� �d�h�f�g�Z�l�u�� �f�Z�e�_�g�v�d�b�_��

�k�\�_�l�y�s�b�_�k�y�� �l�h�q�d�b���� �A�Z�l�_�f�� �d�h�f�g�Z�l�m�� �g�Z�q�b�g�Z�x�l�� �n�b�a�b�q�_�k�d�b�� �\�j�Z�s�Z�l�v�� �\�h�d�j�m�]��

�g�_�i�h�^�\�b�`�g�h�]�h�� �g�Z�[�e�x�^�Z�l�_�e�y���� �K�h�\�f�_�k�l�g�h�_�� �^�\�b�`�_�g�b�_�� �k�\�_�l�y�s�b�o�k�y�� �l�h�q�_�d��

�b�g�b�p�b�b�j�m�_�l�� �l�Z�d�b�_�� �b�a�f�_�g�_�g�b�y�� �h�i�l�b�q�_�k�d�h�]�h�� �i�h�l�h�d�Z���� �d�h�l�h�j�u�_�� �\�� �_�k�l�_�k�l�\�_�g�g�h�f��

�h�d�j�m�`�_�g�b�b�� �i�j�h�b�k�o�h�^�y�l�� �i�j�b�� �\�j�Z�s�_�g�b�b�� �k�Z�f�h�]�h�� �g�Z�[�e�x�^�Z�l�_�e�y���� �G�Z�[�e�x�^�Z�l�_�e�v����

�d�h�l�h�j�u�c�� �j�_�Z�e�v�g�h�� �h�k�l�Z�\�Z�e�k�y�� �g�_�i�h�^�\�b�`�g�u�f���� �h�l�f�_�q�Z�_�l�� �g�Z�e�b�q�b�_�� �k�l�h�c�d�h�]�h��

�b�e�e�x�a�h�j�g�h�]�h���h�s�m�s�_�g�b�y���^�\�b�`�_�g�b�y���k�h�[�k�l�\�_�g�g�h�]�h���l�_�e�Z���� 
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 �>�e�y���h�[�t�y�k�g�_�g�b�y���i�j�b�q�b�g���\�h�a�g�b�d�g�h�\�_�g�b�y���\�_�d�p�b�b���k���h�i�h�j�h�c���g�Z���i�j�h�l�_�d�Z�g�b�_��

�n�b�a�b�h�e�h�]�b�q�_�k�d�b�o���i�j�h�p�_�k�k�h�\���\���h�j�]�Z�g�b�a�f�_���q�_�e�h�\�_�d�Z���q�Z�k�l�h���b�k�i�h�e�v�a�m�_�l�k�y���l�_�h�j�b�y��

�k�_�g�k�h�j�g�h�]�h�� �d�h�g�n�e�b�d�l�Z���� �d�h�l�h�j�Z�y�� �l�Z�d�`�_�� �k�l�Z�e�Z�� �h�k�g�h�\�g�h�c�� �i�Z�j�Z�^�b�]�f�h�c�� �^�e�y��

�b�a�m�q�_�g�b�y�� �b�e�e�x�a�b�y�� �^�\�b�`�_�g�b�y�� �k�h�[�k�l�\�_�g�g�h�]�h�� �l�_�e�Z�� ��Reason, 1978). �I�j�h�p�_�k�k�u��

�h�i�j�_�^�_�e�_�g�b�y�� �i�h�e�h�`�_�g�b�y�� �b�� �h�j�b�_�g�l�Z�p�b�b�� �l�_�e�Z�� �q�_�e�h�\�_�d�Z�� �\�� �i�j�h�k�l�j�Z�g�k�l�\�_�� �b��

�i�j�h�p�_�k�k�u�� �\�h�k�i�j�b�y�l�b�y�� �^�\�b�`�_�g�b�y�� �h�[�t�_�d�l�h�\�� �h�d�j�m�`�Z�x�s�_�c�� �k�j�_�^�u�� �y�\�e�y�x�l�k�y��

�d�j�Z�c�g�_�� �\�Z�`�g�u�f�b�� �k�� �l�h�q�d�b�� �a�j�_�g�b�y�� �i�j�b�k�i�h�k�h�[�e�_�g�b�y�� �b �Z�^�Z�i�l�Z�p�b�b���� �<�k�_�� �[�_�a��

�b�k�d�e�x�q�_�g�b�y�� �k�_�g�k�h�j�g�u�_�� �k�b�k�l�_�f�u�� �q�_�e�h�\�_�d�Z�� �\�d�e�x�q�_�g�u�� �\�� �j�_�Z�e�b�a�Z�p�b�x�� �w�l�b�o��

�i�j�h�p�_�k�k�h�\�� �\�\�b�^�m�� �b�o�� �[�b�h�e�h�]�b�q�_�k�d�h�c�� �a�g�Z�q�b�f�h�k�l�b���� �G�Z�j�m�r�_�g�b�_�� �i�j�h�p�_�k�k�Z��

�\�h�k�i�j�b�y�l�b�y�� �^�\�b�`�_�g�b�y�� �h�d�j�m�`�Z�x�s�b�o�� �h�[�t�_�d�l�h�\�� �b�e�b�� �g�Z�j�m�r�_�g�b�_�� �i�j�h�p�_�k�k�h�\��

�h�j�b�_�g�l�Z�p�b�b�� �\�� �i�j�h�k�l�j�Z�g�k�l�\�_�� �f�h�]�m�l�� �i�j�b�\�_�k�l�b�� �d���\�h�a�g�b�d�g�h�\�_�g�b�x�� �b�e�e�x�a�h�j�g�h�]�h��

�h�s�m�s�_�g�b�y�� �^�\�b�`�_�g�b�y�� �k�h�[�k�l�\�_�g�g�h�]�h�� �l�_�e�Z�� �\�� �h�^�g�h�f�� �b�a�� �g�Z�i�j�Z�\�e�_�g�b�c���� �>�Z�g�g�u�c��

�n�_�g�h�f�_�g�� �g�_�j�_�^�d�h�� �\�k�l�j�_�q�Z�_�l�k�y�� �i�j�b�� �i�h�j�Z�`�_�g�b�y�o�� �P�G�K���� �i�j�b�z�f�_�� �i�k�b�o�h�Z�d�l�b�\�g�u�o��

�\�_�s�_�k�l�\�� �b�e�b�� �l�h�d�k�b�d�h�e�h�]�b�q�_�k�d�h�f�� �h�l�j�Z�\�e�_�g�b�b�� �h�j�]�Z�g�b�a�f�Z���� �H�^�g�Z�d�h���� �b�e�e�x�a�b�y��

�^�\�b�`�_�g�b�y�� �k�h�[�k�l�\�_�g�g�h�]�h�� �l�_�e�Z �f�h�`�_�l�� �\�h�a�g�b�d�g�m�l�v�� �b�� �[�_�a�� �g�_�i�h�k�j�_�^�k�l�\�_�g�g�h�]�h��

�\�h�a�^�_�c�k�l�\�b�y���\�g�_�r�g�b�o���Z�]�_�g�l�h�\���g�Z���h�j�]�Z�g�b�a�f���q�_�e�h�\�_�d�Z�����I�j�b�q�b�g�h�c���\�h�a�g�b�d�g�h�\�_�g�b�y��

�b�e�e�x�a�b�b�� �\�� �w�l�h�f�� �k�e�m�q�Z�_���� �i�j�_�^�i�h�e�h�`�b�l�_�e�v�g�h���� �k�l�Z�g�_�l�� �g�Z�j�m�r�_�g�b�_�� �i�j�h�p�_�k�k�h�\��

�b�g�l�_�]�j�Z�p�b�b���k�_�g�k�h�j�g�h�c���b�g�n�h�j�f�Z�p�b�b�� 

�L�_�h�j�b�y�� �k�_�g�k�h�j�g�h�]�h�� �d�h�g�n�e�b�d�l�Z�� �[�u�e�Z�� �k�h�a�^�Z�g�Z �\�� �p�_�e�y�o�� �j�Z�k�k�f�h�l�j�_�g�b�y 

�i�j�b�q�b�g���\�h�a�g�b�d�g�h�\�_�g�b�y���d�b�g�_�l�h�a�Z����motion sickness�����©�f�h�j�k�d�h�c���[�h�e�_�a�g�b�ª�����[�h�e�_�a�g�b��

�m�d�Z�q�b�\�Z�g�b�y���� �[�h�e�_�a�g�b�� �i�_�j�_�^�\�b�`�_�g�b�y������ �K�h�]�e�Z�k�g�h�� �^�Z�g�g�h�c�� �l�_�h�j�b�b���� �d�b�g�_�l�h�a��

�\�h�a�g�b�d�Z�_�l���\���j�_�a�m�e�v�l�Z�l�_���j�Z�k�k�h�]�e�Z�k�h�\�Z�g�b�y���f�_�`�^�m���k�b�]�g�Z�e�Z�f�b���k�_�g�k�h�j�g�u�o���k�b�k�l�_�f��

�j�Z�a�e�b�q�g�u�o�� �f�h�^�Z�e�v�g�h�k�l�_�c���� �i�j�b�g�b�f�Z�x�s�b�o�� �m�q�Z�k�l�b�_�� �\�� �n�h�j�f�b�j�h�\�Z�g�b�b��

�i�j�_�k�l�Z�\�e�_�g�b�y���h�[���h�j�b�_�g�l�Z�p�b�b���b���i�h�e�h�`�_�g�b�b���l�_�e�Z���\���i�j�h�k�l�j�Z�g�k�l�\�_�����D���g�b�f���h�l�g�h�k�y�l��

�\�� �i�_�j�\�m�x�� �h�q�_�j�_�^�v�� �\�_�k�l�b�[�m�e�y�j�g�m�x���� �i�j�h�i�j�b�h�p�_�i�l�b�\�g�m�x�� �b�� �a�j�b�l�_�e�v�g�m�x��

�k�_�g�k�h�j�g�u�_���k�b�k�l�_�f�u�����I�j�_�^�i�h�e�Z�]�Z�_�l�k�y�����q�l�h���d�Z�`�^�Z�y���b�a���k�b�k�l�_�f���\�g�h�k�b�l���k�\�h�c���\�d�e�Z�^��

�\���b�g�l�_�]�j�Z�e�v�g�h�_���i�j�_�^�k�l�Z�\�e�_�g�b�_���h�[���h�j�b�_�g�l�Z�p�b�b�����Z���g�Z�j�m�r�_�g�b�y���b�e�b���g�_�Z�^�_�d�\�Z�l�g�u�_��

�k�b�]�g�Z�e�u�� �h�^�g�h�]�h�� �b�a�� �d�Z�g�Z�e�h�\�� �f�h�]�m�l�� �i�j�b�\�_�k�l�b�� �d�� �\�h�a�g�b�d�g�h�\�_�g�b�x�� �d�b�g�_�l�h�a�Z�� �b��

�b�e�e�x�a�b�b�� �^�\�b�`�_�g�b�y�� �k�h�[�k�l�\�_�g�g�h�]�h�� �l�_�e�Z�� ���j�b�k����17������ �K�_�g�k�h�j�g�Z�y�� �b�g�n�h�j�f�Z�p�b�y 

�i�_�j�_�^�Z�z�l�k�y�� �\�� �k�l�\�h�e�� �f�h�a�]�Z���� �q�l�h�[�u�� �a�Z�l�_�f�� �[�u�l�v�� �k�h�i�h�k�l�Z�\�e�_�g�g�h�c�� �k�� �k�b�]�g�Z�e�Z�f�b�� �h�l��
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�f�h�a�`�_�q�d�Z�� �b�� �d�h�j�u�� �]�h�e�h�\�g�h�]�h�� �f�h�a�]�Z���� �I�j�b�� �w�l�h�f�� �f�h�a�`�_�q�h�d�� �h�[�_�k�i�_�q�b�\�Z�_�l��

�b�g�n�h�j�f�Z�p�b�x�� �h�� �\�u�j�Z�[�h�l�Z�g�g�u�o�� �\�� �i�j�h�p�_�k�k�_�� �`�b�a�g�_�^�_�y�l�_�e�v�g�h�k�l�b�� �q�_�e�h�\�_�d�Z��

�i�Z�l�l�_�j�g�Z�o�� �^�\�b�]�Z�l�_�e�v�g�h�c�� �Z�d�l�b�\�g�h�k�l�b���� �Z�� �d�h�j�Z�� �h�l�\�_�q�Z�_�l�� �a�Z�� �d�h�]�g�b�l�b�\�g�m�x��

�k�h�k�l�Z�\�e�y�x�s�m�x�� ���l�_�d�m�s�m�x�� �^�_�y�l�_�e�v�g�h�k�l�v���� �a�g�Z�g�b�_�� �q�_�e�h�\�_�d�Z�� �h�� �_�]�h��

�f�_�k�l�h�i�h�e�h�`�_�g�b�b�� �b�� �l���i�������� �I�h�k�e�_�� �b�g�l�_�]�j�Z�p�b�b�� �\�k�_�c�� �b�g�n�h�j�f�Z�p�b�b�� �i�h�^�Z�x�l�k�y��

�d�h�f�Z�g�^�u���d���f�u�r�p�Z�f���k���p�_�e�v�x���d�h�f�i�_�g�k�Z�p�b�b���h�[�g�Z�j�m�`�_�g�g�u�o���h�l�d�e�h�g�_�g�b�c���l�_�e�Z���h�l��

�a�Z�^�Z�g�g�h�c�� �i�h�a�u���� �<�� �q�Z�k�l�g�h�k�l�b���� �f�h�l�h�j�g�u�c�� �k�b�]�g�Z�e�� �h�l�i�j�Z�\�e�y�_�l�k�y�� �d�� �f�u�r�p�Z�f�� �]�e�Z�a��

�^�e�y�� �j�_�Z�e�b�a�Z�p�b�b�� �\�_�k�l�b�[�m�e�h-�h�d�m�e�y�j�g�h�]�h���j�_�n�e�_�d�k�Z���� �i�h�a�\�h�e�y�x�s�_�]�h�� �m�^�_�j�`�b�\�Z�l�v��

�\�a�]�e�y�^���g�Z���l�h�q�d�_���n�b�d�k�Z�p�b�b���i�j�b���n�b�a�b�q�_�k�d�h�f���i�_�j�_�f�_�s�_�g�b�b���l�_�e�Z���q�_�e�h�\�_�d�Z�� 

 

�J�b�k�m�g�h�d��17 - �H�[�s�Z�y���k�o�_�f�Z���m�k�l�j�h�c�k�l�\�Z���k�b�k�l�_�f�u���h�i�j�_�^�_�e�_�g�b�y���i�h�e�h�`�_�g�b�y���b��

�h�j�b�_�g�l�Z�p�b�b���l�_�e�Z���q�_�e�h�\�_�d�Z���\���i�j�h�k�l�j�Z�g�k�l�\�_�����i�h��Hanes et al., 2006). 

 
�<�i�_�j�\�u�_�� �l�_�h�j�b�y���k�_�g�k�h�j�g�h�]�h�� �d�h�g�n�e�b�d�l�Z�� �[�u�e�Z�� �k�n�h�j�f�m�e�b�j�h�\�Z�g�Z�� �_�s�z�� �\��

�d�h�g�p�_���������\�_�d�Z���>�`�����B�j�\�b�g�h�f����Irwin�������������������;�u�e�h���\�u�k�d�Z�a�Z�g�h���i�j�_�^�i�h�e�h�`�_�g�b�_�����q�l�h��

�i�h�l�_�j�y���h�j�b�_�g�l�Z�p�b�b���\���i�j�h�k�l�j�Z�g�k�l�\�_�����l�h�r�g�h�l�Z���b���]�h�e�h�\�h�d�j�m�`�_�g�b�_���\�h�a�g�b�d�Z�x�l���d�Z�d��

�j�_�a�m�e�v�l�Z�l�� �g�_�k�h�h�l�\�_�l�k�l�\�b�y�� �f�_�`�^�m�� �g�_�i�h�k�j�_�^�k�l�\�_�g�g�u�f�b�� �a�j�b�l�_�e�v�g�u�f�b��

�\�i�_�q�Z�l�e�_�g�b�y�f�b�� �i�j�b�� �i�_�j�_�f�_�s�_�g�b�b�� �b�� �©�a�j�b�l�_�e�v�g�h�c�� �i�j�b�\�u�q�d�h�c�ª�� �\�b�^�_�l�v��

�h�d�j�m�`�Z�x�s�b�c�� �f�b�j�� �g�_�i�h�^�\�b�`�g�u�f���� �<�Z�`�g�h�� �h�l�f�_�l�b�l�v���� �q�l�h�� �>�`���� �B�j�\�b�g�� �\�i�_�j�\�u�_��
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�m�d�Z�a�Z�e�� �g�_�� �l�h�e�v�d�h�� �g�Z�� �j�Z�k�k�h�]�e�Z�k�h�\�Z�g�b�_�� �k�_�g�k�h�j�g�u�o�� �k�b�]�g�Z�e�h�\���� �g�h�� �b�� �g�Z��

�j�Z�k�k�h�]�e�Z�k�h�\�Z�g�b�_���\�h�k�o�h�^�y�s�b�o���b���g�b�k�o�h�^�y�s�b�o���i�h�l�h�d�h�\���b�g�n�h�j�f�Z�p�b�b�����l�_�f���k�Z�f�u�f��

�b�a�g�Z�q�Z�e�v�g�h�� �a�Z�e�h�`�b�\�� �\�� �l�_�h�j�b�x�� �k�_�g�k�h�j�g�h�]�h�� �d�h�g�n�e�b�d�l�Z���g�_�h�[�o�h�^�b�f�h�k�l�v�� �m�q�z�l�Z��

�\�e�b�y�g�b�y���\�u�k�h�d�h�m�j�h�\�g�_�\�u�o���d�h�]�g�b�l�b�\�g�u�o���n�Z�d�l�h�j�h�\�����G�Z���i�j�h�l�y�`�_�g�b�b���g�_�k�d�h�e�v�d�b�o��

�^�_�k�y�l�b�e�_�l�b�c�� �^�h�� �k�_�j�_�^�b�g�u�� ������ �\�_�d�Z�� �[�u�e�h�� �i�j�b�g�y�l�h�� �j�Z�k�k�f�Z�l�j�b�\�Z�l�v�� �k�_�g�k�h�j�g�u�c��

�d�h�g�n�e�b�d�l�� �d�Z�d�� �i�j�h�k�l�m�x�� �k�b�l�m�Z�p�b�x�� �h�[�g�Z�j�m�`�_�g�b�y �g�_�k�h�h�l�\�_�l�k�l�\�b�y�� �f�_�`�^�m��

�k�_�g�k�h�j�g�u�f�b�� �k�b�]�g�Z�e�Z�f�b�� �h�^�b�g�Z�d�h�\�h�c�� �a�g�Z�q�b�f�h�k�l�b���� �<�_�d�p�b�y�� �i�j�b�� �w�l�h�f��

�j�Z�k�k�f�Z�l�j�b�\�Z�e�Z�k�v���d�Z�d���h�^�b�g���b�a���k�b�f�i�l�h�f�h�\���d�b�g�_�l�h�a�Z�����g�Z�j�y�^�m���k���^�b�k�d�h�f�n�h�j�l�g�u�f�b��

�y�\�e�_�g�b�y�f�b�� �\�� �\�b�^�_�� �l�h�r�g�h�l�u���� �]�h�e�h�\�h�d�j�m�`�_�g�b�y���� �[�h�e�b�� �\�� �`�b�\�h�l�_���� �i�h�l�_�j�b��

�h�j�b�_�g�l�Z�p�b�b�� �\�� �i�j�h�k�l�j�Z�g�k�l�\�_���� �l�j�m�^�g�h�k�l�b�� �d�h�g�p�_�g�l�j�Z�p�b�b�� �\�g�b�f�Z�g�b�y�� ��Warwick-

Evans et al������ ���������������G�Z�q�b�g�Z�y�� �k���j�Z�[�h�l�� �B���� �J�b�a�h�g�Z���b�� �B���� �;�j�Z�g�^�l�Z���i�j�_�^�k�l�Z�\�e�_�g�b�_���h��

�k�_�g�k�h�j�g�h�f���d�h�g�n�e�b�d�l�_���b�a�f�_�g�b�e�h�k�v���\���k�l�h�j�h�g�m���i�h�g�b�f�Z�g�b�y���^�Z�g�g�h�]�h���i�j�h�p�_�k�k�Z���d�Z�d��

�k�_�g�k�h�j�g�h�c���i�_�j�_�j�Z�g�`�b�j�h�\�d�b����Reason & Brandt������������������ �L�Z�d�h�c�� �i�h�^�o�h�^���i�h�a�\�h�e�b�e��

�i�h�^�h�c�l�b���d���i�j�h�[�e�_�f�_���\�h�a�g�b�d�g�h�\�_�g�b�y���d�b�g�_�l�h�a�Z���b���\�_�d�p�b�b���k���l�h�q�d�b���a�j�_�g�b�y���h�p�_�g�d�b��

�\�_�k�Z�� �d�Z�`�^�h�]�h�� �k�_�g�k�h�j�g�h�]�h�� �k�b�]�g�Z�e�Z�� �^�e�y�� �^�Z�g�g�h�c�� �d�h�g�d�j�_�l�g�h�c�� �k�b�l�m�Z�p�b�b���� �<��

�j�_�a�m�e�v�l�Z�l�_�� �i�_�j�\�u�o�� �w�d�k�i�_�j�b�f�_�g�l�h�\�� �k�� �i�j�b�f�_�g�_�g�b�_�f�� �^�Z�g�g�h�c�� �f�_�l�h�^�h�e�h�]�b�b�� �[�u�e��

�\�u�^�_�e�_�g�� �k�_�g�k�h�j�g�u�c �d�h�g�n�e�b�d�l�� �i�_�j�\�h�]�h�� �l�b�i�Z���� �o�Z�j�Z�d�l�_�j�b�a�m�x�s�b�c�k�y��

�g�_�k�h�h�l�\�_�l�k�l�\�b�_�f�� �f�_�`�^�m�� �a�j�b�l�_�e�v�g�h�c�� �Z�n�n�_�j�_�g�l�Z�p�b�_�c�� �b�� �]�j�Z�\�b�b�g�_�j�p�b�h�g�g�h�c��

�Z�n�n�_�j�_�g�l�Z�p�b�_�c�����W�l�h�l���l�b�i���d�h�g�n�e�b�d�l�Z���\�h�a�g�b�d�Z�_�l���\���l�j�z�o���k�e�m�q�Z�y�o���± �f�_�g�y�x�l�k�y���h�[�Z��

�l�b�i�Z���k�b�]�g�Z�e�h�\�� ���q�_�e�h�\�_�d�� �i�_�j�_�f�_�s�Z�_�l�k�y�� �\�� �i�j�h�k�l�j�Z�g�k�l�\�_���� �i�j�b�� �w�l�h�f�� �g�Z�� �g�z�f�� �h�^�_�l��

�b�g�\�_�j�l�h�k�d�h�i������ �b�a�f�_�g�y�_�l�k�y�� �a�j�b�l�_�e�v�g�u�c�� �k�b�]�g�Z�e�� ���g�_�i�h�^�\�b�`�g�u�c�� �q�_�e�h�\�_�d��

�g�Z�[�e�x�^�Z�_�l�� �i�_�j�_�f�_�s�_�g�b�_�� �a�j�b�l�_�e�v�g�h�c�� �k�l�b�f�m�e�y�p�b�b�� �[�h�e�v�r�h�]�h�� �h�[�t�z�f�Z������

�b�a�f�_�g�y�_�l�k�y���\�_�k�l�b�[�m�e�y�j�g�u�c���k�b�]�g�Z�e�����q�_�e�h�\�_�d���j�Z�k�d�Z�q�b�\�Z�_�l�k�y���\���d�Z�[�b�g�_���[�_�a���h�d�h�g������

�<�� �d�Z�`�^�h�f�� �b�a�� �i�j�b�\�_�^�_�g�g�u�o�� �k�e�m�q�Z�_�\�� �Z�n�n�_�j�_�g�l�Z�p�b�b�� �k�j�Z�\�g�b�\�Z�x�l�k�y�� �i�h�� �\�_�k�m���� �\��

�i�_�j�\�h�f���h�g�b���j�Z�\�g�u�����\�h���\�l�h�j�h�f���[�h�e�v�r�b�f���\�_�k�h�f���h�[�e�Z�^�Z�_�l���a�j�b�l�_�e�v�g�u�c���k�b�]�g�Z�e�����\��

�l�j�_�l�v�_�f���± �\�_�k�l�b�[�m�e�y�j�g�u�c���� �L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �b�e�e�x�a�b�y�� �^�\�b�`�_�g�b�y�� �k�h�[�k�l�\�_�g�g�h�]�h��

�l�_�e�Z�� �[�u�e�Z�� �h�l�g�_�k�_�g�Z�� �d�� �k�b�f�i�l�h�f�Z�f���� �\�h�a�g�b�d�Z�x�s�b�f�� �\�� �k�b�l�m�Z�p�b�b�� �^�h�f�b�g�b�j�h�\�Z�g�b�y��

�a�j�b�l�_�e�v�g�h�]�h���k�b�]�g�Z�e�Z���g�Z�^���\�_�k�l�b�[�m�e�y�j�g�u�f����Graybiel et al., 1960).  

 �H�i�b�k�Z�g�g�Z�y�� �l�h�q�d�Z�� �a�j�_�g�b�y�� �g�Z�� �k�_�g�k�h�j�g�u�c�� �d�h�g�n�e�b�d�l�� �i�h�a�\�h�e�b�e�Z�� �\��

�^�Z�e�v�g�_�c�r�_�f�� �j�Z�a�j�Z�[�h�l�Z�l�v�� �j�y�^�� �f�h�^�_�e�_�c���� �i�j�_�^�e�Z�]�Z�x�s�b�o�� �h�[�t�y�k�g�_�g�b�_��
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�i�k�b�o�h�n�b�a�b�h�e�h�]�b�q�_�k�d�b�o�� �f�_�o�Z�g�b�a�f�h�\�� �\�_�d�p�b�b���� �L�Z�d�� �:���� �<�_�j�l�o�Z�c�f�h�f�� �[�u�e�Z��

�i�j�_�^�e�h�`�_�g�Z�� �n�m�g�d�p�b�h�g�Z�e�v�g�Z�y�� �f�h�^�_�e�v�� ��Wertheim, �������������� �k�h�]�e�Z�k�g�h�� �d�h�l�h�j�h�c��

�i�j�h�b�k�o�h�^�b�l�� �b�g�l�_�]�j�Z�p�b�y�� �j�_�l�b�g�Z�e�v�g�h�]�h���� �w�d�k�l�j�Z�j�_�l�b�g�Z�e�v�g�h�]�h�� �b�� �\�_�k�l�b�[�m�e�y�j�g�h�]�h��

�k�b�]�g�Z�e�h�\���� �;�e�Z�]�h�^�Z�j�y�� �k�j�Z�\�g�_�g�b�x�� �w�l�b�o�� �k�b�]�g�Z�e�h�\�� �\�u�g�h�k�b�l�k�y�� �j�_�r�_�g�b�_ �h 

�g�Z�[�e�x�^�_�g�b�b�� �^�\�b�`�m�s�_�]�h�k�y�� �h�[�t�_�d�l�Z�� �b�e�b�� �k�h�[�k�l�\�_�g�g�h�f�� �^�\�b�`�_�g�b�b�� �q�_�e�h�\�_�d�Z����

�G�Z�i�j�b�f�_�j���� �_�k�e�b�� �q�_�e�h�\�_�d�� �n�b�a�b�q�_�k�d�b�� �i�_�j�_�f�_�s�Z�_�l�k�y�� �\�� �h�d�j�m�`�Z�x�s�_�c�� �k�j�_�^�_���� �l�h��

�\�_�k�l�b�[�m�e�y�j�g�Z�y�� �b�g�n�h�j�f�Z�p�b�y�� �[�m�^�_�l�� �k�h�]�e�Z�k�h�\�Z�g�Z�� �k�� �k�b�]�g�Z�e�Z�f�b �h�l�� �i�_�j�\�b�q�g�h�c��
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�i�h�k�l�m�i�Z�x�s�Z�y�� �h�l�� �h�l�h�e�b�l�h�\�h�]�h �h�j�]�Z�g�Z�� �\�_�k�l�b�[�m�e�y�j�g�h�]�h�� �Z�i�i�Z�j�Z�l�Z���� �Z�� �\�� �k�e�m�q�Z�_ 

�d�j�m�]�h�\�h�c �\�_�d�p�b�b �± �i�h�e�m�d�j�m�`�g�u�_�� �d�Z�g�Z�e�u���� �<�Z�`�g�u�f�� �j�_�a�m�e�v�l�Z�l�h�f�� �l�Z�d�h�]�h��

�j�Z�a�^�_�e�_�g�b�y�� �y�\�b�e�h�k�v�� �l�h���� �q�l�h���^�\�_�� �f�h�^�_�e�b �h�d�Z�a�Z�e�b�q�v�� �[�h�e�_�_�� �m�k�i�_�r�g�u�f�b�� �\��

�i�j�_�^�k�d�Z�a�u�\�Z�g�b�b�� �j�_�a�m�e�v�l�Z�l�h�\�� �w�d�k�i�_�j�b�f�_�g�l�h�\ �i�h�� �b�a�m�q�_�g�b�x�� �j�Z�a�e�b�q�g�u�o�� �l�b�i�h�\��

�b�e�e�x�a�b�b���^�\�b�`�_�g�b�y���k�h�[�k�l�\�_�g�g�h�]�h���l�_�e�Z. 

 �?�s�z�� �h�^�g�b�f�� �i�j�b�f�_�j�h�f�� �k�h�a�^�Z�g�b�y�� �f�h�^�_�e�b���� �h�[�t�y�k�g�y�x�s�_�c �\�h�a�g�b�d�g�h�\�_�g�b�_��

�k�_�g�k�h�j�g�h�]�h�� �d�h�g�n�e�b�d�l�Z�� �b�� �\�_�d�p�b�b�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �h�i�j�_�^�_�e�z�g�g�u�o�� �i�j�Z�\�b�e��

�b�g�l�_�]�j�Z�p�b�b�� �k�_�g�k�h�j�g�u�o�� �k�b�]�g�Z�e�h�\, �y�\�e�y�_�l�k�y�� �i�j�_�^�e�h�`�_�g�g�Z�y���E���� �A�m�i�Z�g�h�� �k��

�d�h�e�e�_�]�Z�f�b �f�h�^�_�e�v���\�_�k�h�\�u�o���d�h�w�n�n�b�p�b�_�g�l�h�\���k�_�g�k�h�j�g�u�o���k�b�]�g�Z�e�h�\ (Zupan et al., 

���������������>�Z�g�g�Z�y���f�h�^�_�e�v���h�i�b�k�u�\�Z�_�l���i�j�h�p�_�k�k���b�g�l�_�]�j�Z�p�b�b���k�_�g�k�h�j�g�h�c���b�g�n�h�j�f�Z�p�b�b 

�\�� �l�j�b�� �k�l�Z�^�b�b���� �K�g�Z�q�Z�e�Z�� �k�b�]�g�Z�e�u�� �h�l�� �\�k�_�o�� �f�h�^�Z�e�v�g�h�k�l�_�c�� �^�h�i�h�e�g�y�x�l�k�y��

�b�g�n�h�j�f�Z�p�b�_�c�� �h�l�� �^�j�m�]�b�o�� �k�_�g�k�h�j�g�u�o�� �d�Z�g�Z�e�h�\���� �w�l�h�� �i�j�h�p�_�k�k�� �g�Z�a�u�\�Z�_�l�k�y��

�q�Z�k�l�h�l�g�u�f���a�Z�\�_�j�r�_�g�b�_�f�����G�Z�i�j�b�f�_�j�����k�b�]�g�Z�e���h�l���\�_�k�l�b�[�m�e�y�j�g�h�]�h���Z�i�i�Z�j�Z�l�Z���k���_�]�h��

�\�u�k�h�d�b�f�� �i�h�j�h�]�h�\�u�f�� �a�g�Z�q�_�g�b�_�f�� �[�m�^�_�l�� �^�h�i�h�e�g�_�g�� �d�Z�d�b�f-�e�b�[�h�� �k�b�]�g�Z�e�h�f�� �h�l��

�f�h�^�Z�e�v�g�h�k�l�b���k���f�_�g�v�r�b�f���i�h�j�h�]�h�f���\�h�k�i�j�b�y�l�b�y�����g�Z�i�j�b�f�_�j, �a�j�b�l�_�e�v�g�h�c�� �A�Z�l�_�f���g�Z��

�\�l�h�j�h�f�� �w�l�Z�i�_���� �a�g�Z�q�_�g�b�y�� �\�k�_�o�� �k�b�]�g�Z�e�h�\�� �k�l�Z�g�^�Z�j�l�b�a�b�j�m�x�l�k�y�� �h�l�g�h�k�b�l�_�e�v�g�h��

�n�b�a�b�q�_�k�d�h�c���a�g�Z�q�b�f�h�k�l�b���d�Z�`�^�h�]�h���b�a���g�b�o�����G�Z���i�h�k�e�_�^�g�_�f���w�l�Z�i�_���k���i�j�b�f�_�g�_�g�b�_�f 

�f�_�l�h�^�Z���f�Z�d�k�b�f�Z�e�v�g�h�]�h���i�j�Z�\�^�h�i�h�^�h�[�b�y���\�u�q�b�k�e�y�_�l�k�y �d�h�f�[�b�g�Z�p�b�y���k�b�]�g�Z�e�h�\���\�k�_�o��

�k�_�g�k�h�j�g�u�o�� �f�h�^�Z�e�v�g�h�k�l�_�c���� �;�u�e�h�� �i�h�d�Z�a�Z�g�h���� �q�l�h�� �j�y�^�� �i�Z�j�Z�f�_�l�j�h�\���� �\�� �l�h�f�� �q�b�k�e�_��

�a�Z�^�_�j�`�d�Z�� �\�h�a�g�b�d�g�h�\�_�g�b�y�� �\�_�d�p�b�b���� �d�h�e�b�q�_�k�l�\�h�� �b�� �q�Z�k�l�h�l�Z�� �n�b�d�k�Z�p�b�c�� �]�e�Z�a����

�Z�f�i�e�b�l�m�^�u���k�Z�d�d�Z�^���f�h�]�m�l���[�u�l�v���w�n�n�_�d�l�b�\�g�h���i�j�_�^�k�d�Z�a�Z�g�u���i�j�b���i�h�f�h�s�b���^�Z�g�g�h�c��

�f�h�^�_�e�b�� 
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 �K�e�_�^�m�x�s�Z�y�� �f�h�^�_�e�v�� �i�j�_�^�i�h�e�Z�]�Z�_�l���� �q�l�h�� �\�h�k�i�j�b�y�l�b�_�� �k�h�[�k�l�\�_�g�g�h�]�h��

�^�\�b�`�_�g�b�y�� �q�_�e�h�\�_�d�Z���� �h�k�g�h�\�Z�g�g�h�_�� �g�Z�� �b�g�l�_�]�j�Z�p�b�b�� �i�h�e�m�q�Z�_�f�h�c�� �k�_�g�k�h�j�g�h�c��

�b�g�n�h�j�f�Z�p�b�b�����y�\�e�y�_�l�k�y���^�b�g�Z�f�b�q�_�k�d�b�f���i�j�h�p�_�k�k�h�f���h�i�l�b�f�b�a�Z�p�b�b����Reymond et al., 

�������������� �K�h�]�e�Z�k�g�h�� �^�Z�g�g�h�c�� �w�l�h�c�� �]�b�i�h�l�_�a�_���� �j�y�^�� �i�Z�j�Z�f�_�l�j�h�\�� �h�� �^�\�b�`�_�g�b�b�� �\��

�i�j�h�k�l�j�Z�g�k�l�\�_���± �m�]�e�h�\�h�_�� �b�� �e�b�g�_�c�g�h�_�� �m�k�d�h�j�_�g�b�_�� �b�� �k�d�h�j�h�k�l�v���� �]�j�Z�\�b�l�Z�p�b�h�g�g�Z�y��

�k�h�k�l�Z�\�e�y�x�s�Z�y���± �i�h�k�l�h�y�g�g�h���h�p�_�g�b�\�Z�x�l�k�y���g�Z���h�k�g�h�\�Z�g�b�b���i�h�e�m�q�Z�_�f�h�c���k�_�g�k�h�j�g�h�c��

�b�g�n�h�j�f�Z�p�b�b�� �h�l�� �h�j�]�Z�g�h�\�� �q�m�\�k�l�\���� �A�Z�l�_�f�� �j�_�r�_�g�b�_�� �h�� �g�Z�e�b�q�b�b�� �b�e�b�� �h�l�k�m�l�k�l�\�b�b��

�^�\�b�`�_�g�b�y�� �\�u�g�h�k�b�l�k�y�� �g�Z�� �h�k�g�h�\�_�� �k�j�Z�\�g�_�g�b�y�� �i�h�e�m�q�_�g�g�h�c�� �b�g�n�h�j�f�Z�p�b�b�� �k��

�\�g�m�l�j�_�g�g�b�f�b���k�h�^�_�j�`�Z�s�b�f�b�k�y���\���k�b�k�l�_�f�_���a�Z�d�h�g�Z�f�b���^�\�b�`�_�g�b�y�����G�Z�i�j�b�f�_�j�����d�h�]�^�Z��

�b�a���a�j�b�l�_�e�v�g�h�c���b���\�_�k�l�b�[�m�e�y�j�g�h�c���k�b�k�l�_�f���i�h�k�l�m�i�Z�_�l���b�g�n�h�j�f�Z�p�b�y���h���\�j�Z�s�_�g�b�b�����h�g�Z��

�k�j�Z�\�g�b�\�Z�_�l�k�y�� �k�� �\�u�j�Z�[�h�l�Z�g�g�h�c�� �j�Z�g�_�_�� �f�h�^�_�e�v�x���� �b���� �\�� �k�e�m�q�Z�_�� �k�h�h�l�\�_�l�k�l�\�b�y����

�i�j�h�b�k�o�h�^�b�l���l�Z�d���g�Z�a�u�\�Z�_�f�h�_���h�]�j�Z�g�b�q�_�g�b�_���k�h�]�e�Z�k�h�\�Z�g�g�h�k�l�b���k�b�]�g�Z�e�h�\���± �k�b�]�g�Z�e�u��

�h�l�� �j�Z�a�g�u�o�� �k�b�k�l�_�f�� �h�[�t�_�^�b�g�y�x�l�k�y�� �\�� �h�^�b�g�� �g�Z�� �h�k�g�h�\�_�� �\�a�\�_�r�_�g�g�u�o�� �k�j�_�^�g�b�o��

�a�g�Z�q�_�g�b�c�����i�h�e�m�q�_�g�g�u�o���k�b�k�l�_�f�h�c���j�Z�g�_�_�����L�h���_�k�l�v���k���p�_�e�v�x���w�d�h�g�h�f�b�b���w�g�_�j�]�b�b���i�j�b��

�h�[�j�Z�[�h�l�d�_�� �k�b�]�g�Z�e�h�\���� �Z�e�]�h�j�b�l�f�� �h�i�l�b�f�b�a�b�j�m�_�l�k�y�� �i�m�l�z�f�� �b�k�i�h�e�v�a�h�\�Z�g�b�y�� �g�_��

�i�_�j�\�b�q�g�h�� �i�h�e�m�q�_�g�g�h�c�� �k�_�g�k�h�j�g�h�c�� �b�g�n�h�j�f�Z�p�b�b���� �Z�� �m�`�_�� �b�f�_�x�s�b�o�k�y�� �f�h�^�_�e�_�c��

�k�h�q�_�l�Z�g�b�y�� �k�b�]�g�Z�e�h�\���� �L�h�]�^�Z�� �\�h�a�g�b�d�g�h�\�_�g�b�_�� �\�_�d�p�b�b���[�m�^�_�l�� �k�\�y�a�Z�g�h���k�� �l�_�f���� �q�l�h�� �\��

�k�b�l�m�Z�p�b�b�� �k�_�g�k�h�j�g�h�]�h�� �d�h�g�n�e�b�d�l�Z���� �k�b�k�l�_�f�Z�� �h�p�_�g�d�b�� �i�h�e�h�`�_�g�b�y�� �b�� �h�j�b�_�g�l�Z�p�b�b��

�l�_�e�Z���g�_ �[�m�^�_�l���b�f�_�l�v���i�h�^�o�h�^�y�s�b�o���b�a�\�_�k�l�g�u�o���k�h�q�_�l�Z�g�b�c���k�_�g�k�h�j�g�u�o���k�b�]�g�Z�e�h�\�����<��

�j�_�a�m�e�v�l�Z�l�_���h�[�j�Z�[�h�l�d�_���[�m�^�_�l���i�h�^�\�_�j�`�_�g�Z �i�_�j�\�b�q�g�Z�y���a�j�b�l�_�e�v�g�Z�y���b�g�n�h�j�f�Z�p�b�y���h��

�^�\�b�`�_�g�b�b�� �]�e�h�[�Z�e�v�g�h�]�h�� �a�j�b�l�_�e�v�g�h�]�h�� �i�h�e�y���� �g�Z�� �h�k�g�h�\�_�� �d�h�l�h�j�h�c�� �[�m�^�_�l�� �i�j�b�g�y�l�h��

�j�_�r�_�g�b�_�� �h�� �^�\�b�`�_�g�b�b�� �k�Z�f�h�]�h�� �l�_�e�Z�� �q�_�e�h�\�_�d�Z�� �I�j�_�b�f�m�s�_�k�l�\�h�f�� �^�Z�g�g�h�c�� �f�h�^�_�e�b��

�a�Z�d�e�x�q�Z�_�l�k�y���\���l�h�f�����q�l�h���\���g�_�c���b�f�_�_�l���f�_�k�l�h���\�e�b�y�g�b�_���i�Z�f�y�l�b���\���\�b�^�_���b�f�_�x�s�b�o�k�y��

�i�Z�l�l�_�j�g�h�\���k�h�q�_�l�Z�g�b�y���k�_�g�k�h�j�g�u�o���k�b�]�g�Z�e�h�\�� 

 �H�i�b�k�Z�g�g�u�_�� �f�h�^�_�e�b���[�u�e�b�� �k�h�a�^�Z�g�u�� �\�� �i�_�j�\�m�x�� �h�q�_�j�_�^�v�� �^�e�y�� �h�[�t�y�k�g�_�g�b�y��

�f�_�o�Z�g�b�a�f�h�\�� �k�_�g�k�h�j�g�h�]�h�� �d�h�g�n�e�b�d�l�Z���� �B�e�e�x�a�b�y�� �^�\�b�`�_�g�b�y�� �k�h�[�k�l�\�_�g�g�h�]�h�� �l�_�e�Z��

�j�Z�k�k�f�Z�l�j�b�\�Z�_�l�k�y���\���g�b�o���d�Z�d���h�^�b�g���b�a���k�b�f�i�l�h�f�h�\���^�Z�g�g�h�]�h���d�h�g�n�e�b�d�l�Z�����g�_�b�a�[�_�`�g�h��

�\�h�a�g�b�d�Z�x�s�b�c�� �i�j�b�� �g�Z�e�b�q�b�b�� �j�Z�k�k�h�]�e�Z�k�h�\�Z�g�b�y�� �f�_�`�^�m�� �i�h�k�l�m�i�Z�x�s�b�f�b��

�k�_�g�k�h�j�g�u�f�b���k�b�]�g�Z�e�Z�f�b�����<���j�_�a�m�e�v�l�Z�l�_���\���^�Z�g�g�u�o���f�h�^�_�e�y�o���g�_���j�Z�k�k�f�Z�l�j�b�\�Z�x�l�k�y��

�i�j�b�q�b�g�u�� �j�Z�a�e�b�q�g�h�c�� �\�u�j�Z�`�_�g�g�h�k�l�b�� �b�e�e�x�a�b�b�� �i�j�b�� �j�Z�a�e�b�q�g�h�f�� �k�h�^�_�j�`�Z�g�b�b��
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�k�l�b�f�m�e�y�p�b�b���� �\�h�i�j�h�k�u�� �\�e�b�y�g�b�y�� �b�g�^�b�\�b�^�m�Z�e�v�g�u�o�� �j�Z�a�e�b�q�b�c�� �b�k�i�u�l�m�_�f�u�o�� �g�Z��

�b�g�l�_�g�k�b�\�g�h�k�l�v�� �i�_�j�_�`�b�\�Z�g�b�y�� �b�e�e�x�a�b�b�� �b�� �k�d�h�j�h�k�l�b�� �_�z�� �\�h�a�g�b�d�g�h�\�_�g�b�y���� �L�_�f 

�k�Z�f�u�f�� �f�h�^�_�e�v�� �k�_�g�k�h�j�g�h�]�h�� �d�h�g�n�e�b�d�l�Z�� �g�_�� �k�h�^�_�j�`�b�l�� �\�� �k�_�[�_�� �b�k�q�_�j�i�u�\�Z�x�s�_�]�h��

�h�i�b�k�Z�g�b�y�� �i�k�b�o�h�n�b�a�b�h�e�h�]�b�q�_�k�d�b�o�� �f�_�o�Z�g�b�a�f�h�\�� �b�e�e�x�a�b�b�� �^�\�b�`�_�g�b�y��

�k�h�[�k�l�\�_�g�g�h�]�h���l�_�e�Z���� 

�<�� �l�h�� �`�_�� �\�j�_�f�y�� �k�l�h�b�l�� �h�l�f�_�l�b�l�v���� �q�l�h�� �h�i�b�k�Z�g�g�u�_�� �f�h�^�_�e�b���b�f�_�x�l��

�h�[�t�y�k�g�b�l�_�e�v�g�m�x���k�b�e�m���\���h�l�g�h�r�_�g�b�b���i�h�e�m�q�_�g�g�u�o���w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o���^�Z�g�g�u�o����

�h�^�g�Z�d�h�� �h�g�b�� �m�q�b�l�u�\�Z�x�l�� �e�b�r�v�� �i�_�j�p�_�i�l�b�\�g�u�_�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �k�l�b�f�m�e�y�p�b�b����

�d�h�l�h�j�Z�y�� �h�l�e�b�q�Z�_�l�k�y�� �\�� �j�Z�a�g�u�o�� �w�d�k�i�_�j�b�f�_�g�l�Z�o���� �H�^�g�Z�d�h���i�_�j�_�`�b�\�Z�g�b�_ �\�_�d�p�b�b��

�a�Z�\�b�k�b�l�� �\�� �l�h�� �`�_�� �\�j�_�f�y�� �h�l�� �f�g�h�`�_�k�l�\�Z�� �^�j�m�]�b�o�� �n�Z�d�l�h�j�h�\���� �d�h�l�h�j�u�_�� �^�h�k�l�Z�l�h�q�g�h��

�l�j�m�^�g�h�� �i�h�^�^�Z�x�l�k�y�� �d�h�g�l�j�h�e�x���± �i�Z�j�Z�f�_�l�j�u�� �\�g�b�f�Z�g�b�y���� �h�`�b�^�Z�g�b�c�� �q�_�e�h�\�_�d�Z����

�i�j�b�f�_�g�y�_�f�u�o���f�_�l�h�^�h�\�����i�j�b�[�h�j�h�\���b���w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o���a�Z�^�Z�q (Palmisano et al., 

2000; Sasaki et al., 2012). 

 �H�k�g�h�\�g�u�f�� �g�_�^�h�k�l�Z�l�d�h�f�� �h�i�b�k�Z�g�g�u�o�� �f�h�^�_�e�_�c�� �y�\�e�y�_�l�k�y�� �h�l�k�m�l�k�l�\�b�_��

�i�h�^�l�\�_�j�`�^�_�g�b�c�� �b�o�� �j�Z�[�h�l�u�� �g�Z�� �g�_�c�j�h�n�b�a�b�h�e�h�]�b�q�_�k�d�h�f�� �m�j�h�\�g�_���� �<���w�l�h�f��

�h�l�g�h�r�_�g�b�b�� �k�l�h�b�l�� �h�l�f�_�l�b�l�v�� �[�h�e�v�r�m�x�� �i�_�j�k�i�_�d�l�b�\�m�� �i�j�b�f�_�g�_�g�b�y�� �d��

�f�h�^�_�e�b�j�h�\�Z�g�b�x���\�_�d�p�b�b���i�Z�j�Z�^�b�]�f�u���©�Q�_�e�h�\�_�d-�g�_�c�j�h�g-�f�h�^�_�e�v�ª�����i�j�_�^�e�h�`�_�g�g�h�c��

�?���G���� �K�h�d�h�e�h�\�u�f�� �b�� �Q���:���� �B�a�f�Z�c�e�h�\�u�f���� �F�h�`�g�h�� �i�j�_�^�i�h�e�h�`�b�l�v�� �g�Z�e�b�q�b�_��

�k�i�_�p�b�Z�e�v�g�u�o�� �^�_�l�_�d�l�h�j�h�\�� �i�h�e�h�`�_�g�b�y�� �l�_�e�Z�� �\�� �i�j�h�k�l�j�Z�g�k�l�\�_���� �i�h�e�m�q�Z�x�s�b�o��

�b�g�n�h�j�f�Z�p�b�x���h�l���j�_�p�_�i�l�h�j�h�\���j�Z�a�e�b�q�g�u�o���f�h�^�Z�e�v�g�h�k�l�_�c�����K�h�d�h�e�h�\�������������������>�Z�g�g�Z�y��

�]�b�i�h�l�_�a�Z �l�j�_�[�m�_�l�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�]�h�� �i�h�^�l�\�_�j�`�^�_�g�b�y�� �k�� �i�j�b�f�_�g�_�g�b�_�f��

�i�k�b�o�h�n�b�a�b�q�_�k�d�b�o�� �b�� �i�k�b�o�h�n�b�a�b�h�e�h�]�b�q�_�k�d�b�o�� �f�_�l�h�^�h�\���� �h�^�g�Z�d�h�� �i�j�b�g�p�b�i�u��

�h�[�j�Z�[�h�l�d�b�� �b�g�n�h�j�f�Z�p�b�b���� �a�Z�e�h�`�_�g�g�u�_�� �\�� �d�h�g�p�_�i�l�m�Z�e�v�g�h�c�� �j�_�n�e�_�d�l�h�j�g�h�c�� �^�m�]�_����

�k�o�h�`�b���k���i�j�_�^�e�h�`�_�g�g�u�f�b���\�u�r�_���f�h�^�_�e�y�f�b�� 

�>�j�m�]�b�f�� �i�h�^�o�h�^�h�f�� �d�� �h�[�t�y�k�g�_�g�b�x�� �f�_�o�Z�g�b�a�f�h�\�� �\�h�a�g�b�d�g�h�\�_�g�b�y�� �b�e�e�x�a�b�b��

�^�\�b�`�_�g�b�y�� �k�h�[�k�l�\�_�g�g�h�]�h�� �l�_�e�Z�� �y�\�e�y�_�l�k�y�� �i�h�b�k�d�� �i�j�b�q�b�g�� �^�b�k�d�h�f�n�h�j�l�g�u�o��

�k�b�f�i�l�h�f�h�\�����k�h�i�m�l�k�l�\�m�x�s�b�o���\�_�d�p�b�b�����;�u�e���\�u�^�\�b�g�m�l���j�y�^���]�b�i�h�l�_�a �h�l�g�h�k�b�l�_�e�v�g�h��

�i�h�y�\�e�_�g�b�y�� �^�b�k�d�h�f�n�h�j�l�g�h�c�� �k�b�f�i�l�h�f�Z�l�b�d�b���� �I�_�j�\�Z�y�� �]�b�i�h�l�_�a�Z�� �g�h�k�b�l�� �g�Z�a�\�Z�g�b�_��

�w�\�h�e�x�p�b�h�g�g�h�c�����b�e�b���l�h�d�k�b�g�h�\�h�c����Treisman�������������������K�h�]�e�Z�k�g�h���w�l�h�c���]�b�i�h�l�_�a�_�����i�j�b��

�i�h�i�Z�^�Z�g�b�b�� �\�� �h�j�]�Z�g�b�a�f�� �q�_�e�h�\�_�d�Z�� �d�Z�d�h�]�h-�e�b�[�h�� �k�b�e�v�g�h�^�_�c�k�l�\�m�x�s�_�]�h�� �l�h�d�k�b�g�Z��
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�\�h�a�g�b�d�Z�x�l�� �g�Z�j�m�r�_�g�b�y�� �\ �h�i�j�_�^�_�e�_�g�b�b�� �h�j�b�_�g�l�Z�p�b�b �l�_�e�Z�� �\ �i�j�h�k�l�j�Z�g�k�l�\�_���� �q�l�h��

�k�h�i�j�h�\�h�`�^�Z�_�l�k�y�� �]�h�e�h�\�h�d�j�m�`�_�g�b�_�f���� �b�e�e�x�a�h�j�g�u�f�� �\�j�Z�s�_�g�b�_�f�� �h�d�j�m�`�Z�x�s�_�]�h��

�f�b�j�Z���� �Z�� �l�Z�d�`�_�� �l�h�r�g�h�l�h�c���� �i�h�k�d�h�e�v�d�m�� �\�� �h�j�]�Z�g�b�a�f�_�� �^�e�y�� �\�u�\�_�^�_�g�b�y�� �y�^�Z��

�a�Z�i�m�k�d�Z�x�l�k�y���j�\�h�l�g�u�_���f�_�o�Z�g�b�a�f�u�����K�b�f�i�l�h�f�Z�l�b�d�Z���h�l�j�Z�\�e�_�g�b�y���l�h�d�k�b�g�Z�f�b���h�q�_�g�v��

�i�h�o�h�`�Z���g�Z���h�s�m�s�_�g�b�_���i�h�l�_�j�b���h�j�b�_�g�l�Z�p�b�b���\���i�j�h�k�l�j�Z�g�k�l�\�_���\�h���\�j�_�f�y���\�h�k�i�j�b�y�l�b�y��

�\�_�d�p�b�b���� �H�s�m�s�_�g�b�_�� �g�_�\�_�j�g�h�c�� �h�j�b�_�g�l�Z�p�b�b�� �\�� �i�j�h�k�l�j�Z�g�k�l�\�_�� �g�_�� �k�h�]�e�Z�k�m�_�l�k�y�� �k��

�f�g�_�k�l�b�q�_�k�d�h�c���b�g�n�h�j�f�Z�p�b�_�c���h���i�j�Z�\�b�e�v�g�h�f�����b�e�b���^�h�i�m�k�l�b�f�h�f���i�h�e�h�`�_�g�b�b���l�_�e�Z���\��

�^�Z�g�g�u�o�� �m�k�e�h�\�b�y�o���� �<�� �j�_�a�m�e�v�l�Z�l�_�� �g�h�\�Z�y�� �k�b�l�m�Z�p�b�y�� �h�p�_�g�b�\�Z�_�l�k�y�� �d�Z�d��

�©�g�_�\�h�a�f�h�`�g�Z�y�ª�� �b�� �l�j�_�[�m�_�l�� �g�_�f�_�^�e�_�g�g�h�]�h�� �a�Z�s�b�l�g�h�]�h�� �j�_�Z�]�b�j�h�\�Z�g�b�y���� �W�l�h��

�i�h�a�\�h�e�y�_�l���i�j�_�^�i�h�e�h�`�b�l�v�����q�l�h���\���h�k�g�h�\�_���i�h�y�\�e�_�g�b�y���^�b�k�d�h�f�n�h�j�l�g�u�o���k�b�f�i�l�h�f�h�\��

�\�� �l�_�q�_�g�b�_�� �\�h�k�i�j�b�y�l�b�y�� �b�e�e�x�a�b�b�� �^�\�b�`�_�g�b�y�� �k�h�[�k�l�\�_�g�g�h�]�h�� �l�_�e�Z�� �e�_�`�Z�l�� �l�_�� �`�_��

�^�j�_�\�g�b�_�� �f�_�o�Z�g�b�a�f�u�� �\�u�\�_�^�_�g�b�y�� �b�a�� �h�j�]�Z�g�b�a�f�Z�� �l�h�d�k�b�q�g�u�o�� �\�_�s�_�k�l�\���± 

�w�d�k�d�j�_�l�h�j�g�h-�w�\�Z�d�m�Z�l�h�j�g�Z�y���j�_�Z�d�p�b�y�����q�l�h���b���i�j�b���g�Z�k�l�h�y�s�_�f���h�l�j�Z�\�e�_�g�b�b�����>�Z�g�g�Z�y��

�l�_�h�j�b�y�� �d�h�k�\�_�g�g�h�� �i�h�^�l�\�_�j�`�^�Z�_�l�k�y�� �g�Z�[�e�x�^�_�g�b�y�f�b�� �h�� �l�h�f���� �q�l�h�� �e�x�^�b����

�b�k�i�u�l�u�\�Z�x�s�b�_�� �j�Z�k�k�l�j�h�c�k�l�\�Z�� �^�\�b�`�_�g�b�y�� �\�� �j�Z�a�e�b�q�g�h�]�h�� �\�b�^�Z�� �k�b�f�m�e�y�l�h�j�Z�o��

���g�Z�i�j�b�f�_�j���� �Z�\�b�Z�l�j�_�g�Z�`�z�j�Z�o������ �[�h�e�_�_�� �i�h�^�\�_�j�`�_�g�u�� �l�Z�d�`�_�� �^�_�c�k�l�\�b�x�� �l�h�d�k�b�g�h�\, 

�o�b�f�b�h�l�_�j�Z�i�b�b�� �b�� �i�h�k�l-�h�i�_�j�Z�p�b�h�g�Z�e�v�g�u�f�� �j�\�h�l�g�u�f�� �i�h�a�u�\�Z�f�� ��Golding, 2006; 

Money et al������ �������������� �B�e�e�x�a�b�y�� �^�\�b�`�_�g�b�y�� �k�h�[�k�l�\�_�g�g�h�]�h�� �l�_�e�Z�� �\�� �w�l�h�f�� �k�e�m�q�Z�_��

�i�j�_�^�k�l�Z�\�e�y�_�l���k�h�[�h�c���k�e�_�^�k�l�\�b�_���h�[�s�_�c���i�h�l�_�j�b���h�j�b�_�g�l�Z�p�b�b���\���i�j�h�k�l�j�Z�g�k�l�\�_�� 

�K�h�]�e�Z�k�g�h�� �^�j�m�]�h�c �]�b�i�h�l�_�a�_, �i�j�b�q�b�g�h�c�� �\�h�a�g�b�d�g�h�\�_�g�b�y�� �^�b�k�d�h�f�n�h�j�l�g�u�o��

�k�b�f�i�l�h�f�h�\�� �y�\�e�y�_�l�k�y�� �d�Z�j�^�b�h-�\�Z�k�d�m�e�y�j�g�u�c�� �j�_�n�e�_�d�k���� �i�j�h�y�\�e�y�x�s�b�c�k�y�� �\��

�b�a�f�_�g�_�g�b�b�� �Z�j�l�_�j�b�Z�e�v�g�h�]�h�� �^�Z�\�e�_�g�b�y�� �\�� �a�Z�\�b�k�b�f�h�k�l�b�� �h�l�� �^�_�l�_�d�p�b�b�� �m�k�d�h�j�_�g�b�y��

�h�l�h�e�b�l�Z�f�b�� �\�_�k�l�b�[�m�e�y�j�g�h�]�h�� �Z�i�i�Z�j�Z�l�Z ���<�D�W�H�V�� �H�W�� �D�O������������������ �>�Z�g�g�u�c�� �j�_�n�e�_�d�k�� �\��

�g�h�j�f�_���k�e�m�`�b�l���i�h�^�^�_�j�`�Z�g�b�x���]�h�f�_�h�k�l�Z�a�Z���\���m�k�e�h�\�b�y�o���g�Z�d�e�h�g�Z���l�_�e�Z�����h�^�g�Z�d�h�����h�g��

�f�h�`�_�l�� �[�u�l�v�� �\�u�a�\�Z�g�� �a�j�b�l�_�e�v�g�h�c�� �k�b�k�l�_�f�h�c���� �k�b�]�g�Z�e�b�a�b�j�m�x�s�_�c�� �h�[�� �b�a�f�_�g�_�g�b�b��

�i�h�e�h�`�_�g�b�y�� �l�_�e�Z���� �i�j�b�� �h�l�k�m�l�k�l�\�b�b�� �k�b�]�g�Z�e�h�\�� �h�l�� �\�_�k�l�b�[�m�e�y�j�g�h�]�h�� �Z�i�i�Z�j�Z�l�Z���� �<��

�j�_�a�m�e�v�l�Z�l�_���� �]�h�e�h�\�h�d�j�m�`�_�g�b�_�� �b�� �h�k�l�Z�e�v�g�u�_�� �k�b�f�i�l�h�f�u���� �\�� �l�h�f�� �q�b�k�e�_��

�\�h�a�g�b�d�g�h�\�_�g�b�_���b�e�e�x�a�b�b �^�\�b�`�_�g�b�y���k�h�[�k�l�\�_�g�g�h�]�h���l�_�e�Z�����k�l�Z�g�h�\�y�l�k�y���k�e�_�^�k�l�\�b�_�f��

�b�a�f�_�g�_�g�b�y���^�Z�\�e�_�g�b�y���\���k�h�k�m�^�Z�o���d�j�h�\�_�g�h�k�g�h�c���k�b�k�l�_�f�u���� 
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 �K�e�_�^�m�x�s�_�_�� �h�[�t�y�k�g�_�g�b�_�� �\�h�a�g�b�d�g�h�\�_�g�b�y�� �^�b�k�d�h�f�n�h�j�l�g�u�o�� �k�b�f�i�l�h�f�h�\�� �\�h��

�\�j�_�f�y���i�_�j�_�`�b�\�Z�g�b�y �\�_�d�p�b�b�� �k�\�y�a�Z�g�h�� �k�� �^�_�c�k�l�\�b�_�f�� �Z�p�_�l�b�e�o�h�e�b�g�Z (Eisenman, 

���������������I�j�b���n�b�a�b�q�_�k�d�h�f���i�_�j�_�f�_�s�_�g�b�b���l�_�e�Z���q�_�e�h�\�_�d�Z���\���i�j�h�k�l�j�Z�g�k�l�\�_���k�b�]�g�Z�e�u���h�l��

�\�_�k�l�b�[�m�e�y�j�g�h�]�h���Z�i�i�Z�j�Z�l�Z���d�h�i�b�j�m�x�l�k�y���\���f�h�a�`�_�q�h�d���i�h���]�e�m�l�Z�f�Z�l�g�u�f���l�_�j�f�b�g�Z�e�y�f 

(Ito et al., 1982)�����I�j�b�o�h�^���\�h�a�[�m�`�^�_�g�b�y���\�u�k�\�h�[�h�`�^�Z�_�l���\���f�h�a�`�_�q�d�_���Z�p�_�l�b�e�o�h�e�b�g����

�d�h�l�h�j�u�c�� �^�b�n�n�m�g�^�b�j�m�_�l�� �\�� ��-�c�� �`�_�e�m�^�h�q�_�d�� �]�h�e�h�\�g�h�]�h�� �f�h�a�]�Z�����W�l�h�� �i�j�b�\�h�^�b�l�� �d��

�a�Z�i�m�k�d�m���j�\�h�l�g�h�c���j�_�Z�d�p�b�b���j�\�h�l�g�u�f�b�� �p�_�g�l�j�Z�f�b���Z�\�l�h�g�h�f�g�h�c�� �g�_�j�\�g�h�c�� �k�b�k�l�_�f�u����

�\�h�e�h�d�g�Z���d�h�l�h�j�u�o���h�d�Z�g�q�b�\�Z�x�l�k�y���o�h�e�b�g�w�j�]�b�q�_�k�d�b�f�b���k�b�g�Z�i�k�Z�f�b���\���a�Z�^�g�_�c���q�Z�k�l�b��

�f�h�a�]�h�\�h�]�h���k�l�\�h�e�Z�����<�l�h�j�h�c���i�j�b�q�b�g�h�c���\�h�a�g�b�d�g�h�\�_�g�b�y���\�h�a�[�m�`�^�_�g�b�y���\���f�h�a�`�_�q�d�_��

�\���h�l�k�m�l�k�l�\�b�b���n�b�a�b�q�_�k�d�h�]�h���i�_�j�_�f�_�s�_�g�b�y���y�\�e�y�x�l�k�y���k�b�]�g�Z�e�u���h�[�j�Z�l�g�h�c���k�\�y�a�b���h�l��

�^�\�b�`�_�g�b�c�� �]�e�Z�a�g�u�o�� �f�u�r�p���� �a�Z�i�m�k�d�Z�x�s�b�o�� �\�u�[�j�h�k�� �Z�p�_�l�b�e�o�h�e�b�g�Z�� �\�� �h�l�k�m�l�k�l�\�b�b��

�\�_�k�l�b�[�m�e�y�j�g�h�c�� �b�g�n�h�j�f�Z�p�b�b���� �I�j�_�^�i�h�e�Z�]�Z�_�l�k�y���� �q�l�h�� �i�j�b�� �g�Z�[�e�x�^�_�g�b�b��

�^�\�b�`�m�s�_�c�k�y�� �a�j�b�l�_�e�v�g�h�c�� �k�l�b�f�m�e�y�p�b�b�� �[�h�e�v�r�h�]�h�� �h�[�t�z�f�Z�� �\�� �l�_�q�_�g�b�_��

�i�j�h�^�h�e�`�b�l�_�e�v�g�h�]�h�� �\�j�_�f�_�g�b���^�\�b�`�_�g�b�y�� �]�e�Z�a�� �i�j�b�\�h�^�y�l�� �d�� �d�Z�k�d�Z�^�m�� �h�i�b�k�Z�g�g�u�o��

�j�_�Z�d�p�b�c. �<�� �^�h�d�Z�a�Z�l�_�e�v�k�l�\�h�� �Z�p�_�l�b�e�o�h�e�b�g�h�\�h�c�� �]�b�i�h�l�_�a�u �\�� �j�_�a�m�e�v�l�Z�l�_�� �l�_�k�l�h�\��
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�q�_�e�h�\�_�d�� �i�_�j�_�`�b�\�Z�_�l�� �k�h�[�k�l�\�_�g�g�h�_�� �b�e�e�x�a�h�j�g�h�_�� �i�_�j�_�f�_�s�_�g�b�_���� �L�Z�d�b�f�� �h�[�j�Z�a�h�f����

�k�h�]�e�Z�k�g�h���^�Z�g�g�h�c���f�h�^�_�e�b���\�_�d�p�b�y���i�j�_�^�k�l�Z�\�e�y�_�l���h�k�h�[�h�c���k�e�m�q�Z�c���©�g�_�i�j�Z�\�b�e�v�g�h�]�h�ª��

�\�h�k�i�j�b�y�l�b�y�� �i�h�e�h�`�_�g�b�y�� �b�� �h�j�b�_�g�l�Z�p�b�b�� �l�_�e�Z�� �\�� �i�j�h�k�l�j�Z�g�k�l�\�_�����b�e�b�� �©�h�r�b�[�d�m�ª�� �\��

�j�Z�[�h�l�_�� �\�_�k�l�b�[�m�e�y�j�g�h�c�� �n�m�g�d�p�b�b���� �D�h�]�g�b�l�b�\�g�u�_�� �\�e�b�y�g�b�y���� �i�h�� �f�g�_�g�b�x�� �Z�\�l�h�j�Z����

�l�Z�d�`�_���h�d�Z�a�u�\�Z�x�l���\�e�b�y�g�b�_���g�Z���j�Z�[�h�l�m���[�e�h�d�Z���b�g�l�_�]�j�Z�p�b�b�����h�^�g�Z�d�h���h�g�b���g�_���b�f�_�x�l��

�a�g�Z�q�b�l�_�e�v�g�h�]�h���w�n�n�_�d�l�Z���� 
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�J�b�k�m�g�h�d��18 - �F�h�^�_�e�v���\�h�k�i�j�b�y�l�b�y���i�h�e�h�`�_�g�b�y���l�_�e�Z���\���i�j�h�k�l�j�Z�g�k�l�\�_�� 

(�i�h J. Shulte-Pelkum et al., 2007). �L�h�e�s�b�g�Z���k�l�j�_�e�h�d���h�l�j�Z�`�Z�_�l���h�l�g�h�k�b�l�_�e�v�g�u�_��

�\�_�k�Z���k�\�y�a�_�c���f�_�`�^�m���d�h�f�i�h�g�_�g�l�Z�f�b���f�h�^�_�e�b�� 

 �H�k�h�[�_�g�g�h�k�l�v���^�Z�g�g�h�c���f�h�^�_�e�b���a�Z�d�e�x�q�Z�_�l�k�y���\���l�h�f�����q�l�h���h�g�Z���[�u�e�Z���i�h�e�m�q�_�g�Z��

�\���j�_�a�m�e�v�l�Z�l�_���w�d�k�i�_�j�b�f�_�g�l�h�\���Z�\�l�h�j�Z���i�h���b�a�m�q�_�g�b�x���\�e�b�y�g�b�y���j�Z�a�e�b�q�g�u�o���n�Z�d�l�h�j�h�\��

�g�Z�� �\�u�j�Z�`�_�g�g�h�k�l�v�� �\�_�d�p�b�b���± �k�d�h�j�h�k�l�b�� �\�j�Z�s�_�g�b�y�� �k�l�b�f�m�e�y�p�b�b���� �k�h�^�_�j�`�Z�g�b�y��

�k�l�b�f�m�e�Z���� �g�Z�e�b�q�b�_�� �\�u�j�Z�`�_�g�g�h�]�h�� �w�n�n�_�d�l�Z�� �i�j�b�k�m�l�k�l�\�b�y�� ��Riecke et al., 2004; 

Riecke et al., 2006; Riecke et al���������������������H�^�g�Z�d�h���\���^�Z�g�g�u�o���w�d�k�i�_�j�b�f�_�g�l�Z�o���Z�\�l�h�j�h�f��

�[�u�e�h�� �b�k�i�h�e�v�a�h�\�Z�g�h�� �l�h�e�v�d�h�� �e�b�r�v�� �k�m�[�t�_�d�l�b�\�g�h�_ �b�a�f�_�j�_�g�b�_�� �b�g�l�_�g�k�b�\�g�h�k�l�b��

�b�e�e�x�a�b�b�� �i�m�l�z�f�� �i�j�y�f�h�]�h�� �r�d�Z�e�b�j�h�\�Z�g�b�y�� �k�\�h�_�]�h�� �i�_�j�_�`�b�\�Z�g�b�y�� �b�k�i�u�l�m�_�f�u�f�b����

�L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �i�h�e�m�q�_�g�g�Z�y�� �f�h�^�_�e�v�� �g�_�� �b�f�_�_�l�� �i�k�b�o�h�n�b�a�b�h�e�h�]�b�q�_�k�d�h�]�h��

�i�h�^�l�\�_�j�`�^�_�g�b�y���� �l�Z�d�� �d�Z�d�� �g�_�� �[�u�e�� �b�k�i�h�e�v�a�h�\�Z�g�� �d�Z�d�h�c-�e�b�[�h�� �h�[�t�_�d�l�b�\�g�u�c��

�i�h�d�Z�a�Z�l�_�e�v�� �\�u�j�Z�`�_�g�g�h�k�l�b�� �b�e�e�x�a�b�b�� �b�� �k�l�_�i�_�g�b�� �k�_�g�k�h�j�g�h�]�h�� �d�h�g�n�e�b�d�l�Z���� �<��

�j�_�a�m�e�v�l�Z�l�_�� �k�h�]�e�Z�k�g�h�� �f�h�^�_�e�b�� �C���� �R�m�e�v�l�_-�I�_�e�v�d�m�f�Z�� �i�j�b�q�b�g�Z�� �\�h�a�g�b�d�g�h�\�_�g�b�y��

�\�_�d�p�b�b�� �y�\�e�y�_�l�k�y�� �l�Z�d�h�c�� �`�_���� �d�Z�d�� �b�� �\�� �j�Z�g�_�_�� �i�j�_�^�e�h�`�_�g�g�u�o�� �f�h�^�_�e�y�o�� �k�_�g�k�h�j�g�h�]�h��
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�d�h�g�n�e�b�d�l�Z����Reason�������������������\���d�h�l�h�j�u�o���i�h�k�l�m�e�b�j�m�_�l�k�y�����q�l�h���k�Z�f�h���i�h���k�_�[�_���g�Z�e�b�q�b�_��

�j�Z�k�k�h�]�e�Z�k�h�\�Z�g�b�y�� �f�_�`�^�m�� �k�b�]�g�Z�e�Z�f�b�� �j�Z�a�e�b�q�g�u�o�� �f�h�^�Z�e�v�g�h�k�l�_�c�� �i�h�j�h�`�^�Z�_�l��

�©�h�r�b�[�d�m�ª�� �\�� �\�h�k�i�j�b�y�l�b�b�� �i�h�e�h�`�_�g�b�y�� �b�� �h�j�b�_�g�l�Z�p�b�b�� �l�_�e�Z�� �\�� �i�j�h�k�l�j�Z�g�k�l�\�_���� �?�s�z��

�h�^�g�b�f���g�_�^�h�k�l�Z�l�d�h�f���^�Z�g�g�h�c���f�h�^�_�e�b���k�e�_�^�m�_�l���k�q�b�l�Z�l�v���h�l�k�m�l�k�l�\�b�y���\���g�_�c���f�h�^�m�e�y��

�a�Z�i�m�k�d�Z���d�h�f�i�_�g�k�Z�l�h�j�g�u�o���j�_�Z�d�p�b�c���h�j�]�Z�g�b�a�f�Z���± �l�Z�d�b�o���d�Z�d���d�h�j�j�_�d�l�b�j�h�\�d�Z���i�h�a�u����

�\�_�k�l�b�[�m�e�h-�h�d�m�e�y�j�g�u�c�� �j�_�n�e�_�d�k���± �d�h�l�h�j�u�_�� �b�f�_�x�l�� �f�_�k�l�h�� �i�j�b�� �\�h�a�g�b�d�g�h�\�_�g�b�b��

�k�_�g�k�h�j�g�h�]�h���d�h�g�n�e�b�d�l�Z���b���k�h�i�m�l�k�l�\�m�x�l���i�_�j�_�`�b�\�Z�g�b�x �b�e�e�x�a�b�b�� 

 �L�_�f�� �g�_�� �f�_�g�_�_���� �\�Z�`�g�h�c�� �f�_�l�h�^�h�e�h�]�b�q�_�k�d�h�c�� �h�k�h�[�_�g�g�h�k�l�v�x�� �h�i�b�k�Z�g�g�h�c��

�f�h�^�_�e�b �k�e�_�^�m�_�l�� �k�q�b�l�Z�l�v�� �\�\�_�^�_�g�b�_�� �[�e�h�d�Z�� �©�<�h�k�i�j�b�y�l�b�_�� �i�h�e�h�`�_�g�b�y�� �l�_�e�Z�� �\ 

�i�j�h�k�l�j�Z�g�k�l�\�_�ª���� �d�h�l�h�j�u�c�� �b�]�g�h�j�b�j�m�_�l�k�y�� �\�� �d�e�Z�k�k�b�q�_�k�d�b�o�� �f�h�^�_�e�y�o�� �k�_�g�k�h�j�g�h�]�h��

�d�h�g�n�e�b�d�l�Z���� �>�Z�g�g�u�c�� �w�e�_�f�_�g�l�� �i�j�_�^�k�l�Z�\�e�y�_�l�� �k�h�[�h�c�� �k�l�j�m�d�l�m�j�g�u�c�� �d�h�f�i�h�g�_�g�l��

�k�b�k�l�_�f�u�� �i�h�^�^�_�j�`�Z�g�b�y�� �b�� �h�j�b�_�g�l�Z�p�b�b�� �i�h�e�h�`�_�g�b�y�� �l�_�e�Z�� �\�� �h�d�j�m�`�Z�x�s�_�f�� �f�b�j�_���± 

�\�_�k�l�b�[�m�e�y�j�g�h�c�� �n�m�g�d�p�b�b���� �g�Z�o�h�^�y�s�b�c�k�y�� �g�Z�� �[�h�e�_�_�� �\�u�k�h�d�h�f�� �m�j�h�\�g�_���� �q�_�f��

�g�b�`�_�e�_�`�Z�s�b�c���[�e�h�d���b�g�l�_�]�j�Z�p�b�b���k�_�g�k�h�j�g�h�c���b�g�n�h�j�f�Z�p�b�b�����I�_�j�_�`�b�\�Z�g�b�_ �\�_�d�p�b�b��

�y�\�e�y�_�l�k�y�����i�j�_�^�i�h�e�h�`�b�l�_�e�v�g�h�� �\���l�Z�d�h�f���k�e�m�q�Z�_���h�^�g�b�f���b�a���\�h�a�f�h�`�g�u�o���k�h�k�l�h�y�g�b�c��

�j�Z�[�h�l�u���^�Z�g�g�h�c���k�b�k�l�_�f�u�����h�^�g�Z�d�h���f�_�o�Z�g�b�a�f�u���_�z���\�h�a�g�b�d�g�h�\�_�g�b�y���\���a�Z�\�b�k�b�f�h�k�l�b��

�h�l���k�l�_�i�_�g�b���k�_�g�k�h�j�g�h�]�h �d�h�g�n�e�b�d�l�Z���l�j�_�[�m�x�l���[�h�e�_�_���l�s�Z�l�_�e�v�g�h�]�h �b�a�m�q�_�g�b�y�� 

 �<�� �j�_�a�m�e�v�l�Z�l�_���� �g�_�k�f�h�l�j�y�� �g�Z�� �j�Z�a�g�h�h�[�j�Z�a�b�_�� �l�_�h�j�b�c���� �i�j�_�^�e�h�`�_�g�g�u�o�� �^�e�y��

�h�[�t�y�k�g�_�g�b�y���i�j�b�q�b�g���\�h�a�g�b�d�g�h�\�_�g�b�y���b�e�e�x�a�b�b���^�\�b�`�_�g�b�y���k�h�[�k�l�\�_�g�g�h�]�h���l�_�e�Z�����g�b��

�h�^�g�Z���b�a���g�b�o���g�_���i�j�_�^�e�Z�]�Z�_�l���b�k�q�_�j�i�u�\�Z�x�s�_�]�h���h�i�b�k�Z�g�b�y���i�k�b�o�h�n�b�a�b�h�e�h�]�b�q�_�k�d�b�o��

�f�_�o�Z�g�b�a�f�h�\�� �\�h�k�i�j�b�y�l�b�y�� �^�Z�g�g�h�c�� �b�e�e�x�a�b�b���� �;�h�e�v�r�b�g�k�l�\�h�� �h�i�b�k�Z�g�g�u�o�� �f�h�^�_�e�_�c��

�[�u�e�b���k�h�a�^�Z�g�u���\���d�h�g�l�_�d�k�l�_���b�a�m�q�_�g�b�y���d�b�g�_�l�h�a�Z���b�e�b���i�j�h�[�e�_�f���k���h�j�b�_�g�l�Z�p�b�_�c���l�_�e�Z��

�\�� �i�j�h�k�l�j�Z�g�k�l�\�_�� �i�j�b�� �i�j�b�z�f�_�� �j�Z�a�e�b�q�g�h�]�h�� �l�b�i�Z�� �\�_�s�_�k�l�\���� �=�_�g�_�j�Z�e�v�g�h�c�� �f�h�^�_�e�b��

�i�j�b�f�_�g�b�l�_�e�v�g�h���d�� �h�[�t�y�k�g�_�g�b�x�� �i�j�b�q�b�g�� �\�h�a�g�b�d�g�h�\�_�g�b�y�� �b�� �i�j�h�l�_�d�Z�g�b�y �b�e�e�x�a�b�b��

�\�_�d�p�b�b���� �i�h�k�l�j�h�_�g�g�h�c�� �g�Z�� �h�k�g�h�\�_�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o�� �^�Z�g�g�u�o���� �^�h�� �k�b�o�� �i�h�j��

�k�h�a�^�Z�g�h���g�_���[�u�e�h�� 

�G�_�k�f�h�l�j�y�� �g�Z�� �\�b�^�b�f�m�x�� �h�q�_�\�b�^�g�h�k�l�v�� �k�m�`�^�_�g�b�y�� �h�� �l�h�f���� �q�l�h�� �b�e�e�x�a�b�y��

�^�\�b�`�_�g�b�y�� �k�h�[�k�l�\�_�g�g�h�]�h�� �l�_�e�Z�� �y�\�e�y�_�l�k�y�� �j�_�a�m�e�v�l�Z�l�h�f�� �g�_�\�_�j�g�h�c�� �b�g�l�_�j�i�j�_�l�Z�p�b�b��

�i�_�j�p�_�i�l�b�\�g�h�c���k�b�k�l�_�f�h�c���g�Z�e�b�q�g�u�o���k�b�]�g�Z�e�h�\���h���i�h�e�h�`�_�g�b�b���l�_�e�Z���\���i�j�h�k�l�j�Z�g�k�l�\�_����

�b�f�_�_�l���f�_�k�l�h���^�b�k�d�m�k�k�b�y���h���n�m�g�d�p�b�h�g�Z�e�v�g�h�c���g�_�h�[�o�h�^�b�f�h�k�l�b �b�e�e�x�a�b�b���^�\�b�`�_�g�b�y��
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�k�h�[�k�l�\�_�g�g�h�]�h���l�_�e�Z���^�e�y���Z�^�Z�i�l�Z�p�b�b���h�j�]�Z�g�b�a�f�Z�����K�h�]�e�Z�k�g�h���h�^�g�h�c���b�a���l�h�q�_�d �a�j�_�g�b�y��

�\�_�d�p�b�y �^�_�c�k�l�\�b�l�_�e�v�g�h���i�j�_�^�k�l�Z�\�e�y�_�l���k�h�[�h�c���g�_���[�h�e�_�_���q�_�f���w�i�b�n�_�g�h�f�_�g���± �h�r�b�[�d�m��

�\���j�Z�[�h�l�_���k�b�k�l�_�f�u �h�i�j�_�^�_�e�_�g�b�y���i�h�e�h�`�_�g�b�y���b���h�j�b�_�g�l�Z�p�b�b���l�_�e�Z���\���i�j�h�k�l�j�Z�g�k�l�\�_�� 

�L�Z�d�h�c�� �\�a�]�e�y�^�� �g�Z�� �i�h�k�l�Z�\�e�_�g�g�u�c�� �\�h�i�j�h�k �[�_�j�z�l�� �k�\�h�z�� �g�Z�q�Z�e�h�� �b�a�� �i�_�j�\�u�o�� �j�Z�[�h�l�� �k��

�\�j�Z�s�Z�x�s�b�f�b�k�y���d�h�f�g�Z�l�Z�f�b���:�����=�j�_�c�[�b�e�Z����Graybiel et al���������������������I�h���f�g�_�g�b�x���:����

�=�j�_�c�[�b�e�Z�� �\�� �j�_�a�m�e�v�l�Z�l�_�� �g�Z�[�e�x�^�_�g�b�y�� �a�Z�� �^�\�b�`�m�s�_�c�k�y�� �k�l�b�f�m�e�y�p�b�_�c�� �m��

�g�_�i�h�^�\�b�`�g�h�]�h�� �g�Z�[�e�x�^�Z�l�_�e�y�� �\�h�a�g�b�d�Z�_�l�� �b�a�e�b�r�g�y�y�� �Z�d�l�b�\�Z�p�b�y�� �a�j�b�l�_�e�v�g�u�o�� �a�h�g��

�d�h�j�u�� �]�h�e�h�\�g�h�]�h�� �f�h�a�]�Z���± �©�\�u�o�h�^�� �g�_�c�j�h�g�g�h�c�� �Z�d�l�b�\�g�h�k�l�b�� �a�Z�� �i�j�_�^�_�e�u�� �g�h�j�f�u�ª��

���=�j�_�c�[�b�e�� �:������ ������������ �k�l�j���� ������������ �<�� �j�_�a�m�e�v�l�Z�l�_�� �i�j�h�b�k�o�h�^�b�l�� �j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�_��

�Z�d�l�b�\�Z�p�b�b�� �i�h�� �g�_�j�\�g�u�f�� �i�m�l�y�f���� �i�j�b�\�h�^�y�s�_�_�� �d�� �\�h�a�g�b�d�g�h�\�_�g�b�x�� �j�y�^�Z��

�\�_�]�_�l�Z�l�b�\�g�u�o���j�_�Z�d�p�b�c���b���b�e�e�x�a�h�j�g�u�o���h�s�m�s�_�g�b�c���^�\�b�`�_�g�b�y�� �<���d�h�g�_�q�g�h�f���b�l�h�]�_��

�l�Z�d�Z�y���]�b�i�_�j�Z�d�l�b�\�Z�p�b�y���k�h���k�l�h�j�h�g�u���a�j�b�l�_�e�v�g�h�c���k�b�k�l�_�f�u���i�h�j�h�`�^�Z�_�l���k�_�g�k�h�j�g�u�c��

�d�h�g�n�e�b�d�l�� �<���w�l�h�f���k�e�m�q�Z�_�����\�_�d�p�b�y���i�j�b�h�[�j�_�l�Z�_�l���o�Z�j�Z�d�l�_�j���Z�[�k�m�j�^�g�h�]�h���n�_�g�h�f�_�g�Z����

�\�h�a�g�b�d�Z�x�s�_�]�h�� �d�Z�d�� �i�h�[�h�q�g�u�c�� �w�n�n�_�d�l�� �h�l���]�_�g�_�j�Z�e�b�a�Z�p�b�b�� �\�h�a�[�m�`�^�_�g�b�y����

�I�h�^�h�[�g�m�x �l�h�q�d�m�� �a�j�_�g�b�y�� �j�Z�a�^�_�e�y�_�l�� �j�y�^�� �Z�\�l�h�j�h�\���� �L�Z�d���� �g�Z�i�j�b�f�_�j���� �<���� �<�Z�j�j�_�g��

�h�l�f�_�q�Z�_�l�����q�l�h���^�e�y���d�h�j�j�_�d�p�b�b���i�h�e�h�`�_�g�b�y���]�h�e�h�\�u���i�j�b���g�Z�[�e�x�^�_�g�b�b���^�\�b�`�m�s�_�c�k�y��

�k�l�b�f�m�e�y�p�b�b�� �^�h�k�l�Z�l�h�q�g�h�� �������� �f�k���� �\�� �l�h�� �\�j�_�f�y�� �d�Z�d�� �\�_�d�p�b�y�� �\�h�a�g�b�d�Z�_�l�� �f�b�g�b�f�m�f��

�q�_�j�_�a�� ���� �k���� �k�e�_�^�h�\�Z�l�_�e�v�g�h���� �g�_�� �b�f�_�_�l�� �a�g�Z�q�_�g�b�y�� �^�e�y�� �^�Z�e�v�g�_�c�r�_�]�h�� �i�h�\�_�^�_�g�b�y��

(Warren���� �������������� �?�s�z�� �h�^�g�b�f  �i�h�^�l�\�_�j�`�^�_�g�b�_�f�� �]�b�i�h�l�_�a�u�� �h�l�k�m�l�k�l�\�b�y��

�n�m�g�d�p�b�h�g�Z�e�v�g�h�]�h�� �a�g�Z�q�_�g�b�y�� �\�_�d�p�b�b �y�\�e�y�_�l�k�y�� �b�^�_�y���h�� �j�Z�a�^�_�e�_�g�b�b�� �i�h�l�h�d�h�\��

�h�[�j�Z�[�h�l�d�b�� �b�g�n�h�j�f�Z�p�b�b�� �\�� �f�h�a�]�_�� �g�Z�� �i�m�l�v�� �©�q�l�h�"�ª�����\�_�g�l�j�Z�e�v�g�u�c�� �i�m�l�v�����b�� �i�m�l�v��

�©�]�^�_�"�ª ���^�h�j�k�Z�e�v�g�u�c�� �i�m�l�v������ �<�_�g�l�j�Z�e�v�g�u�c�� �i�m�l�v�� �b�f�_�_�l�� �^�_�e�h�� �k�� �h�k�h�a�g�Z�g�g�u�f�b��

�i�j�h�p�_�k�k�Z�f�b���\�h�k�i�j�b�y�l�b�y���h�[�t�_�d�l�h�\�����Z���^�h�j�a�Z�e�v�g�u�c���k���h�[�j�Z�[�h�l�d�h�c���b�g�n�h�j�f�Z�p�b�b���^�e�y��

�i�h�k�e�_�^�m�x�s�_�c�� �j�_�Z�e�b�a�Z�p�b�b�� �^�_�c�k�l�\�b�c�� ��Goodale & Milner���� �������������� �<�� �w�l�h�f�� �k�e�m�q�Z�_��

�\�_�d�p�b�y�����d�Z�d���h�k�h�a�g�Z�\�Z�_�f�u�c���q�_�e�h�\�_�d�h�f���n�_�g�h�f�_�g�����_�k�l�v���e�b�r�v���i�h�[�h�q�g�u�c���j�_�a�m�e�v�l�Z�l��

�d�h�i�b�j�h�\�Z�g�b�y���b�g�n�h�j�f�Z�p�b�b���b�a���^�h�j�a�Z�e�v�g�h�]�h���i�m�l�b���\���\�_�g�l�j�Z�e�v�g�u�c����Norman, 2002). 

�H�^�g�Z�d�h���� �k�l�h�b�l�� �h�l�f�_�l�b�l�v���� �q�l�h�� �w�l�Z�� �d�h�g�p�_�i�p�b�y�� �^�h�� �k�b�o�� �i�h�j�� �g�_�� �b�f�_�_�l��

�w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�]�h���g�_�c�j�h�n�b�a�b�h�e�h�]�b�q�_�k�d�h�]�h���i�h�^�l�\�_�j�`�^�_�g�b�y�� 

�K�h�]�e�Z�k�g�h�� �\�l�h�j�h�c�� �l�h�q�d�_�� �a�j�_�g�b�y, �b�e�e�x�a�b�y�� �^�\�b�`�_�g�b�y�� �k�h�[�k�l�\�_�g�g�h�]�h�� �l�_�e�Z��

�b�f�_�_�l�� �n�m�g�d�p�b�h�g�Z�e�v�g�h�_�� �a�g�Z�q�_�g�b�_�� �^�e�y�� �j�_�Z�e�b�a�Z�p�b�b�� �i�h�\�_�^�_�g�b�y�� �\�� �h�d�j�m�`�Z�x�s�_�c��
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�k�j�_�^�_���� �<�� �l�h�� �\�j�_�f�y�� �d�Z�d�� �g�_�d�h�l�h�j�u�_�� �b�k�k�e�_�^�h�\�Z�l�_�e�b�� �h�l�f�_�q�Z�x�l�� �[�h�e�v�r�m�x��

�^�e�b�l�_�e�v�g�h�k�l�v�� �a�Z�^�_�j�`�d�b�� �i�h�y�\�e�_�g�b�y�� �\�_�d�p�b�b�� �i�j�b�� �g�Z�[�e�x�^�_�g�b�b�� �^�\�b�`�m�s�_�]�h�k�y��

�k�l�b�f�m�e�Z���� �\�� �j�y�^�_�� �w�d�k�i�_�j�b�f�_�g�l�h�\�� �i�h�d�Z�a�Z�g�h���� �q�l�h�� �\�_�d�p�b�y�� �f�h�`�_�l�� �\�h�a�g�b�d�Z�l�v��

�g�_�f�_�^�e�_�g�g�h�����_�k�e�b���g�Z���b�k�i�u�l�m�_�f�h�]�h���^�_�c�k�l�\�m�_�l���k�h�]�e�Z�k�h�\�Z�g�g�Z�y���f�m�e�v�l�b�k�_�g�k�h�j�g�Z�y��

�k�l�b�f�m�e�y�p�b�y�� ��Berger et al., 2010; Ash et al������ �������������� �B�e�b �\�� �k�b�l�m�Z�p�b�b���� �d�h�]�^�Z��

�a�j�b�l�_�e�v�g�u�c���k�l�b�f�m�e���a�Z�g�b�f�Z�_�l���Z�[�k�h�e�x�l�g�h���\�k�z���i�h�e�_���h�[�a�h�j�Z�����g�Z�i�j�b�f�_�j, �\���k�e�m�q�Z�_��

�\�j�Z�s�Z�x�s�_�c�k�y�� �d�h�f�g�Z�l�u�� ��Allison et al������ �������������� �<�� �[�h�e�v�r�b�g�k�l�\�_�� �l�j�Z�^�b�p�b�h�g�g�u�o��

�i�k�b�o�h�n�b�a�b�q�_�k�d�b�o�� �w�d�k�i�_�j�b�f�_�g�l�h�\�� �g�_�i�h�^�\�b�`�g�u�_�� �b�k�i�u�l�m�_�f�u�_�� �g�Z�[�e�x�^�Z�x�l��

�^�\�b�`�_�g�b�_���k�l�b�f�m�e�Z�����d�h�l�h�j�u�c���i�j�_�^�t�y�\�e�y�_�l�k�y���g�Z���d�h�j�h�l�d�h�_���\�j�_�f�y���b���^�\�b�`�_�l�k�y���g�Z��

�g�_�[�h�e�v�r�h�_�� �j�Z�k�k�l�h�y�g�b�_���� �I�h�� �n�Z�d�l�m�� �l�Z�d�Z�y�� �k�l�b�f�m�e�y�p�b�y�� �y�\�e�y�_�l�k�y�� �g�_�^�h�k�l�Z�l�h�q�g�h�c��

�^�e�y���b�g�^�m�p�b�j�h�\�Z�g�b�y���b�e�e�x�a�b�b���^�\�b�`�_�g�b�y���k�h�[�k�l�\�_�g�g�h�]�h���l�_�e�Z���k���\�u�k�h�d�h�c���k�l�_�i�_�g�v�x��

�b�g�l�_�g�k�b�\�g�h�k�l�b���� �:�� �i�h�l�h�f�m�� �\�h�a�g�b�d�Z�x�l�� �k�h�f�g�_�g�b�y�� �h�l�g�h�k�b�l�_�e�v�g�h�� �l�h�]�h����

�^�_�c�k�l�\�b�l�_�e�v�g�h�� �e�b�� �b�k�i�u�l�m�_�f�u�_�� �\�h�k�i�j�b�g�b�f�Z�e�b�� �\�_�d�p�b�x�� �\�� �w�d�k�i�_�j�b�f�_�g�l�Z�o����

�i�h�^�h�[�g�u�o���w�d�k�i�_�j�b�f�_�g�l�m���<���� �<�Z�j�j�_�g�Z���� �\�� �d�h�l�h�j�h�f�� �i�j�_�^�t�y�\�e�y�e�h�k�v���^�\�b�`�_�g�b�_�� ��-7 

�k�\�_�l�y�s�b�o�k�y�� �l�h�q�_�d�� �g�Z�� �q�z�j�g�h�f�� �w�d�j�Z�g�_�� �k�� �^�b�Z�]�h�g�Z�e�v�x�� ������ �^�x�c�f�h�\�� �g�Z�� ���� �k�_�d�m�g�^�u����

�<�h�a�f�h�`�g�h���� �q�l�h �b�k�i�u�l�m�_�f�u�_�� �\�h�k�i�j�b�g�b�f�Z�e�b�� �g�_�� �k�Z�f�m�� �\�_�d�p�b�x���� �Z�� �h�l�\�_�q�Z�e�b�� �g�Z��

�\�h�i�j�h�k�� �h�� �g�Z�e�b�q�b�b�� �h�s�m�s�_�g�b�y�� �\�h�h�[�j�Z�`�Z�_�f�h�]�h�� �^�\�b�`�_�g�b�y�� �k�� �p�_�e�v�x�� �\�u�i�h�e�g�b�l�v��

�a�Z�^�Z�q�m���� �i�h�k�l�Z�\�e�_�g�g�m�x�� �w�d�k�i�_�j�b�f�_�g�l�Z�l�h�j�h�f���� �L�Z�d�h�]�h�� �j�h�^�Z�� �k�h�f�g�_�g�b�y�� �\��

�a�Z�d�e�x�q�_�g�b�y�o�� �h�[�� �h�l�k�m�l�k�l�\�b�b�� �n�m�g�d�p�b�h�g�Z�e�v�g�h�]�h�� �a�g�Z�q�_�g�b�y�� �\�_�d�p�b�b�� �^�e�y�� �^�j�m�]�b�o��

�\�b�^�h�\�� �\�h�k�i�j�b�y�l�b�y�� �i�h�[�m�^�b�e�b�� �j�y�^�� �b�k�k�e�_�^�h�\�Z�l�_�e�_�c�� �k�h�a�^�Z�\�Z�l�v�� �m�k�e�h�\�b�y���� �d�h�l�h�j�u�_��

�^�_�c�k�l�\�b�l�_�e�v�g�h�� �f�h�]�e�b�� �k�i�h�k�h�[�k�l�\�h�\�Z�l�v�� �\�h�k�i�j�b�y�l�b�x�� �b�e�e�x�a�b�b�� �^�\�b�`�_�g�b�y��

�k�h�[�k�l�\�_�g�g�h�]�h���l�_�e�Z�����L�Z�d�����g�Z�i�j�b�f�_�j�����:�����=�j�b�]�h���b���F�����E�Z�i�i�_����Grigo & Lappe, 1998) 

�h�l�f�_�l�b�e�b�����q�l�h���b�k�i�u�l�m�_�f�u�_���k�l�Z�e�b���\���k�j�_�^�g�_�f���g�Z�����������f�k���[�u�k�l�j�_�_���j�_�r�Z�l�v���a�Z�^�Z�q�m��

�i�h���h�[�g�Z�j�m�`�_�g�b�x���p�_�e�_�\�h�]�h���k�l�b�f�m�e�Z �\���h�^�g�h�j�h�^�g�h�f���i�h�e�_���^�\�b�`�m�s�b�o�k�y���h�[�t�_�d�l�h�\����

�_�k�e�b���\�j�_�f�y���^�_�c�k�l�\�b�y���k�l�b�f�m�e�y�p�b�b �b���i�e�h�s�Z�^�v���a�Z�g�b�f�Z�_�f�h�c���b�f���q�Z�k�l�b���a�j�b�l�_�e�v�g�h�]�h��

�i�h�e�y�� �m�\�_�e�b�q�b�\�Z�_�l�k�y�� �\�� �^�\�Z�� �j�Z�a�Z���� �<�� �^�j�m�]�h�f�� �b�k�k�e�_�^�h�\�Z�g�b�b�� �i�j�b�f�_�g�_�g�b�_��

�r�b�j�h�d�h�n�h�j�f�Z�l�g�h�]�h�� �^�b�k�i�e�_�y�� �i�h�a�\�h�e�b�e�h�� �b�k�i�u�l�m�_�f�u�f�� �l�h�q�g�_�_�� �h�p�_�g�b�\�Z�l�v��

�k�d�h�j�h�k�l�v�� �k�\�h�_�]�h�� �i�_�j�_�f�_�s�_�g�b�y�� �\�� �\�b�j�l�m�Z�e�v�g�h�c�� �k�j�_�^�_�� �i�j�b�� �i�h�f�h�s�b��

�f�Z�g�b�i�m�e�y�l�h�j�h�\�� ��Kawashima et al������ �������������� �I�j�b�� �w�l�h�f�� �[�u�e�h�� �h�[�g�Z�j�m�`�_�g�h���� �q�l�h�� �\��

�k�m�[�t�_�d�l�b�\�g�u�o�� �h�l�q�z�l�Z�o�� �b�k�i�u�l�m�_�f�u�_�� �h�l�f�_�q�Z�e�b�� �k�l�h�c�d�h�_�� �h�s�m�s�_�g�b�_�� �^�\�b�`�_�g�b�y��
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�k�h�[�k�l�\�_�g�g�h�]�h�� �l�_�e�Z���� �o�h�l�y�� �h�k�l�Z�\�Z�e�b�k�v�� �g�_�i�h�^�\�b�`�g�u�f�b�� �\�� �l�_�q�_�g�b�_�� �\�k�_�]�h��

�w�d�k�i�_�j�b�f�_�g�l�Z���� �I�h�o�h�`�b�_�� �j�_�a�m�e�v�l�Z�l�u�� �[�u�e�b�� �i�h�e�m�q�_�g�u�� �b�� �\�� �^�j�m�]�h�c�� �j�Z�[�h�l�_�� �k��

�i�j�b�f�_�g�_�g�b�_�f�� �r�b�j�h�d�h�n�h�j�f�Z�l�g�h�]�h�� �^�b�k�i�e�_�y���� �j�_�a�m�e�v�l�Z�l�h�f�� �d�h�l�h�j�h�]�h�� �y�\�b�e�h�k�v��

�m�e�m�q�r�_�g�b�_���\���\�u�i�h�e�g�_�g�b�b���a�Z�^�Z�g�b�y���i�h���i�h�b�k�d�m���i�j�Z�\�b�e�v�g�h�]�h���i�m�l�b���\���e�Z�[�b�j�b�g�l�_���m��

�l�_�o�� �b�k�i�u�l�m�_�f�u�o���� �d�h�l�h�j�u�_�� �\�� �k�Z�f�h�h�l�q�z�l�Z�o�� �h�l�f�_�l�b�e�b�� �\�h�a�g�b�d�g�h�\�_�g�b�_�� �\�_�d�p�b�b��

(Chance et al., 1998). 

�>�e�y�� �l�h�]�h���� �q�l�h�[�u�� �h�[�t�y�k�g�b�l�v�� �g�Z�e�b�q�b�_�� �n�m�g�d�p�b�h�g�Z�e�v�g�h�]�h�� �a�g�Z�q�_�g�b�y�� �m��

�\�_�d�p�b�b���� �[�u�e�b�� �i�j�_�^�e�h�`�_�g�u�� �^�\�_�� �d�h�g�p�_�i�p�b�b���� �K�h�]�e�Z�k�g�h�� �i�_�j�\�h�c�� �b�e�e�x�a�b�y��

�^�\�b�`�_�g�b�y�� �k�h�[�k�l�\�_�g�g�h�]�h�� �l�_�e�Z�� �i�j�_�^�k�l�Z�\�e�y�_�l�� �k�h�[�h�c�� �k�i�h�k�h�[ �m�f�_�g�v�r�_�g�b�y��

�d�h�]�g�b�l�b�\�g�h�c�� �g�Z�]�j�m�a�d�b���� �d�h�l�h�j�Z�y�� �\�h�a�g�b�d�Z�_�l�� �i�h�� �i�j�b�q�b�g�_�� �g�_�k�h�h�l�\�_�l�k�l�\�b�y��

�i�_�j�p�_�i�l�b�\�g�u�o�� �h�`�b�^�Z�g�b�c�� �q�_�e�h�\�_�d�Z�� �b�� �b�g�n�h�j�f�Z�p�b�b���� �i�h�e�m�q�_�g�g�h�c�� �\�� �j�_�a�m�e�v�l�Z�l�_��

�k�_�g�k�h�j�g�h�]�h���d�h�g�n�e�b�d�l�Z����May, 2004; Wang�������������������L�h���_�k�l�v���\�h�k�i�j�b�y�l�b�_���\�_�d�p�b�b���± 

�w�l�h�� �k�\�h�_�h�[�j�Z�a�g�u�c�� �©�k�[�j�h�k�ª���i�_�j�p�_�i�l�b�\�g�h�c�� �k�b�k�l�_�f�u�� �h�[�j�Z�[�h�l�d�b���b�g�n�h�j�f�Z�p�b�b�����<��

�j�_�a�m�e�v�l�Z�l�_�� �l�Z�d�h�]�h�� �©�k�[�j�h�k�Z�ª�� �i�h�e�g�h�k�l�v�x�� �g�Z�j�m�r�Z�_�l�k�y�� �\�h�k�i�j�b�y�l�b�_�� �i�h�e�h�`�_�g�b�y�� �b��

�h�j�b�_�g�l�Z�p�b�b�� �l�_�e�Z�� �\�� �i�j�h�k�l�j�Z�g�k�l�\�_���� �l�Z�d�� �d�Z�d�� �i�_�j�p�_�i�l�b�\�g�u�_�� �h�`�b�^�Z�g�b�y�� �l�Z�d�`�_�� �g�_��

�b�f�_�x�l�� �[�h�e�_�_�� �\�e�b�y�g�b�y���� �>�Z�g�g�Z�y�� �l�h�q�d�Z�� �a�j�_�g�b�y�� �[�u�e�Z�� �i�h�^�l�\�_�j�`�^�_�g�Z�� �\��

�w�d�k�i�_�j�b�f�_�g�l�Z�o�����\���d�h�l�h�j�u�o���\�_�d�p�b�y���\�h�a�g�b�d�Z�e�Z���m���k�b�^�y�s�b�o���\���d�j�_�k�e�_���b�k�i�u�l�m�_�f�u�o��

�i�m�l�z�f�� �k�h�\�_�j�r�_�g�b�y�� �b�f�b�� �l�h�e�d�Z�l�_�e�v�g�u�o�� �^�\�b�`�_�g�b�c�� �g�h�]�Z�f�b�� �i�h�� �i�h�^�\�b�`�g�h�c��

�i�e�Z�l�n�h�j�f�_���� �>�\�b�`�_�g�b�y�� �g�h�]�� �b�f�b�l�b�j�h�\�Z�e�b�� �l�h�e�d�Z�l�_�e�v�g�u�_�� �^�\�b�]�Z�l�_�e�v�g�u�_�� �Z�d�l�u����

�d�h�l�h�j�u�_�� �b�k�i�h�e�v�a�m�_�l�� �q�_�e�h�\�_�d�� �^�e�y�� �h�k�m�s�_�k�l�\�e�_�g�b�y�� �\�j�Z�s�_�g�b�y���� �G�Z���]�e�Z�a�Z��

�b�k�i�u�l�m�_�f�u�o�� �i�j�b�� �w�l�h�f�� �[�u�e�b�� �h�^�_�l�u�� �l�z�f�g�u�_�� �g�_�� �i�j�h�i�m�k�d�Z�x�s�b�_�� �k�\�_�l�� �i�h�\�y�a�d�b����

�q�l�h�[�u�� �b�k�d�e�x�q�b�l�v�� �b�k�i�h�e�v�a�h�\�Z�g�b�y �b�f�b�� �a�j�b�l�_�e�v�g�h�]�h�� �d�Z�g�Z�e�Z���� �H�d�Z�a�Z�e�h�k�v���� �q�l�h��

�m�q�Z�k�l�g�b�d�b�� �w�d�k�i�_�j�b�f�_�g�l�Z �i�h�k�e�_�� �k�h�\�_�j�r�_�g�b�y�� �^�\�b�`�_�g�b�c�� �g�h�]�Z�f�b�� �\�� �l�h�l�� �f�h�f�_�g�l����

�d�h�]�^�Z�� �k�� �g�b�o�� �k�g�b�f�Z�e�b�� �i�h�\�y�a�d�m���� �[�u�e�b�� �d�j�Z�c�g�_�� �m�^�b�\�e�_�g�u�� �l�_�f���� �q�l�h�� �b�o��

�f�_�k�l�h�i�h�e�h�`�_�g�b�_�� �g�_�� �b�a�f�_�g�b�e�h�k�v���� �I�j�b�� �w�l�h�f�� �h�g�b�� �h�l�f�_�q�Z�e�b�� �\�u�k�h�d�m�x��

�b�g�l�_�g�k�b�\�g�h�k�l�v�� �i�_�j�_�`�b�\�Z�_�f�h�c�� �b�e�e�x�a�b�b���� �M�^�b�\�e�_�g�b�_�� �b�k�i�u�l�m�_�f�u�o�� �[�u�e�h��

�i�j�h�b�g�l�_�j�i�j�_�l�b�j�h�\�Z�g�h���Z�\�l�h�j�Z�f�b���l�Z�d�����q�l�h���\���j�_�a�m�e�v�l�Z�l�_���i�_�j�_�`�b�\�Z�g�b�y���b�e�e�x�a�b�b���b�o��

�i�_�j�p�_�i�l�b�\�g�u�_���h�`�b�^�Z�g�b�y���©�h�[�g�m�e�b�e�b�k�v�ª����Riecke, 2011). 

 �<�l�h�j�Z�y�� �d�h�g�p�_�i�p�b�y�� �i�j�_�^�i�h�e�Z�]�Z�_�l���� �q�l�h�� �\�_�d�p�b�y�� �n�Z�k�b�e�b�l�b�j�m�_�l�� �i�j�h�p�_�k�k�u��

�\�h�k�i�j�b�y�l�b�y�� �i�h�e�h�`�_�g�b�y�� �l�_�e�Z�� �\�� �i�j�h�k�l�j�Z�g�k�l�\�_�� ��Rieser���� �������������� �B�^�_�y�� �^�Z�g�g�h�c��
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�d�h�g�p�_�i�p�b�b�� �a�Z�d�e�x�q�Z�_�l�k�y�� �\�� �l�h�f���� �q�l�h�� �b�e�e�x�a�h�j�g�h�_�� �\�h�k�i�j�b�y�l�b�_�� �^�\�b�`�_�g�b�y��

�h�d�Z�a�u�\�Z�_�l�� �l�Z�d�h�_�� �`�_�� �i�h�e�h�`�b�l�_�e�v�g�h�_�� �\�h�a�^�_�c�k�l�\�b�_�� �g�Z�� �i�h�k�l�j�h�_�g�b�_�� �h�[�j�Z�a�h�\��

�\�h�k�i�j�b�y�l�b�y�����d�Z�d���b���j�_�Z�e�v�g�h�_���n�b�a�b�q�_�k�d�h�_���i�_�j�_�f�_�s�_�g�b�_���l�_�e�Z���\���i�j�h�k�l�j�Z�g�k�l�\�_�����i�j�b��

�d�h�l�h�j�h�f���d�h�i�b�b���f�h�l�h�j�g�u�o���d�h�f�Z�g�^���b���i�j�h�i�j�b�h�p�_�i�l�b�\�g�Z�y���b�g�n�h�j�f�Z�p�b�y���m�q�Z�k�l�\�m�x�l��

�\���h�[�_�k�i�_�q�_�g�b�b �i�j�h�p�_�k�k�h�\ �\�h�k�i�j�b�y�l�b�y����Presson et al., 1994; von der Heyde, 2002). 

 �H�[�_�� �w�l�b�� �d�h�g�p�_�i�p�b�b�� �g�_�� �\�k�d�j�u�\�Z�x�l�� �i�k�b�o�h�n�b�a�b�h�e�h�]�b�q�_�k�d�b�o�� �f�_�o�Z�g�b�a�f�h�\����

�d�h�l�h�j�u�_���e�_�`�Z�l���a�Z���\�h�i�j�h�k�h�f���h���g�Z�e�b�q�b�b���m���\�_�d�p�b�b���n�m�g�d�p�b�h�g�Z�e�v�g�h�]�h���a�g�Z�q�_�g�b�y�����D��

�l�h�f�m�� �`�_�� �g�Z�� �k�_�]�h�^�g�y�r�g�b�c�� �^�_�g�v�� �g�_�� �o�\�Z�l�Z�_�l�� �w�f�i�b�j�b�q�_�k�d�b�o�� �j�_�a�m�e�v�l�Z�l�h�\����

�i�h�^�l�\�_�j�`�^�Z�x�s�b�o�� �i�h�e�h�`�_�g�b�y�� �^�Z�g�g�u�o�� �l�h�q�_�d�� �a�j�_�g�b�y���� �L�_�f�� �g�_�� �f�_�g�_�_���� �\�h�i�j�h�k�� �h��

�g�Z�e�b�q�b�b�� �n�m�g�d�p�b�h�g�Z�e�v�g�h�]�h�� �a�g�Z�q�_�g�b�y�� �b�e�e�x�a�b�b�� �^�\�b�`�_�g�b�y�� �k�h�[�k�l�\�_�g�g�h�]�h�� �l�_�e�Z��

�h�k�l�Z�z�l�k�y�� �h�l�d�j�u�l�u�f�� �b�� �Z�d�l�m�Z�e�v�g�u�f���� �=�e�Z�\�g�Z�y�� �f�_�l�h�^�h�e�h�]�b�q�_�k�d�Z�y�� �k�e�h�`�g�h�k�l�v���� �k��

�d�h�l�h�j�h�c�� �f�h�]�m�l�� �k�l�h�e�d�g�m�l�v�k�y�� �b�k�k�e�_�^�h�\�Z�l�_�e�b�� �\�� �^�Z�g�g�h�c�� �h�[�e�Z�k�l�b���� �[�m�^�_�l��

�a�Z�d�e�x�q�Z�l�v�k�y���\���l�h�f�����q�l�h���_�k�e�b���\�_�d�p�b�y���_�k�l�v �^�_�c�k�l�\�b�l�_�e�v�g�h���g�_���j�_�a�m�e�v�l�Z�l���h�r�b�[�d�b��

�b�g�l�_�]�j�Z�p�b�b�� �k�_�g�k�h�j�g�h�c�� �b�g�n�h�j�f�Z�p�b�b���� �Z�� �k�i�_�p�b�Z�e�v�g�h�� �i�j�h�^�m�p�b�j�m�_�f�u�c�� �f�h�a�]�h�f��

�n�_�g�h�f�_�g���� �L�h�]�^�Z �l�_�h�j�b�y�� �k�_�g�k�h�j�g�h�]�h�� �d�h�g�n�e�b�d�l�Z�� �f�h�`�_�l�� �h�d�Z�a�Z�l�v�k�y��

�g�_�k�h�k�l�h�y�l�_�e�v�g�h�c���b���\�k�l�Z�g�_�l���a�Z�^�Z�q�Z���i�h�b�k�d�Z���g�h�\�u�o���n�b�a�b�h�e�h�]�b�q�_�k�d�b�o���h�[�t�y�k�g�_�g�b�c��

�\�h�a�g�b�d�g�h�\�_�g�b�y���\�_�d�p�b�b�� 

�<�� �k�h�\�j�_�f�_�g�g�u�o�� �b�k�k�e�_�^�h�\�Z�g�b�y�o�� �i�j�b�� �b�a�m�q�_�g�b�b�� �b�e�e�x�a�b�b�� �^�\�b�`�_�g�b�y��

�k�h�[�k�l�\�_�g�g�h�]�h�� �l�_�e�Z�� �Z�d�l�b�\�g�h�� �b�k�i�h�e�v�a�m�x�l�k�y�� �d�Z�d�� �i�k�b�o�h�e�h�]�b�q�_�k�d�b�_���� �l�Z�d�� �b��

�i�k�b�o�h�n�b�a�b�h�e�h�]�b�q�_�k�d�b�_�� �f�_�l�h�^�u�� �l�_�k�l�b�j�h�\�Z�g�b�y���� �<�� �d�Z�q�_�k�l�\�_�� �g�Z�b�[�h�e�_�_�� �q�Z�k�l�h��

�i�j�b�f�_�g�y�_�f�u�o�� �i�k�b�o�h�e�h�]�b�q�_�k�d�b�o�� �f�_�l�h�^�h�\�� �f�h�`�g�h�� �h�l�f�_�l�b�l�v�� �h�i�j�h�k�g�b�d�b�� �^�e�y 

�h�p�_�g�d�b�� �\�u�j�Z�`�_�g�g�h�k�l�b�� �\�_�d�p�b�b���� �Z�� �l�Z�d�`�_�� �i�j�y�f�u�_�� �b�� �d�h�k�\�_�g�g�u�_�� �f�_�l�h�^�u��

�r�d�Z�e�b�j�h�\�Z�g�b�y�����d�h�l�h�j�u�_���i�h�a�\�h�e�y�x�l���\�u�y�\�b�l�v���k�l�_�i�_�g�v���^�b�k�d�h�f�n�h�j�l�Z�����h�s�m�s�_�g�b�_��

�i�h�l�_�j�b���h�j�b�_�g�l�Z�p�b�b���\���i�j�h�k�l�j�Z�g�k�l�\�_���b���l���^�����k�j�Z�a�m���i�h�k�e�_���h�d�h�g�q�Z�g�b�y���\�h�a�^�_�c�k�l�\�b�y��

�k�l�b�f�m�e�y�p�b�b���� �H�^�b�g�� �b�a�� �i�_�j�\�u�o�� �h�i�j�h�k�g�b�d�h�\�� �[�u�e�� �j�Z�a�j�Z�[�h�l�Z�g�� �\�� �G�Z�p�b�h�g�Z�e�v�g�h�f��

�:�w�j�h�d�h�k�f�b�q�_�k�d�h�f�� �:�]�_�g�k�l�\�_�� �K�R�:�� ��Kellog et al., 1965) - �©�J�Z�k�k�l�j�h�c�k�l�\�Z��

�^�\�b�`�_�g�b�y�ª�� ��Pensacola motion sickness questionnaire���� �b�e�b��MSQ������ �?�]�h�� �k�h�a�^�Z�g�b�_��

�[�u�e�h���h�[�m�k�e�h�\�e�_�g�h���g�_�h�[�o�h�^�b�f�h�k�l�v�x���h�p�_�g�d�b���k�h�k�l�h�y�g�b�y���[�m�^�m�s�b�o���d�h�k�f�h�g�Z�\�l�h�\��

�i�h�k�e�_�� �l�j�_�g�b�j�h�\�h�d���� �d�h�l�h�j�u�_���i�j�h�\�h�^�b�e�b�k�v�� �\�� �p�_�g�l�j�b�n�m�]�Z�o�� �b�� �[�Z�k�k�_�c�g�Z�o����

�b�f�b�l�b�j�m�x�s�b�o�� �k�h�k�l�h�y�g�b�_�� �g�_�\�_�k�h�f�h�k�l�b���� �I�h�a�`�_�� �g�Z�� �h�k�g�h�\�_��MSQ �J�h�[�_�j�l�h�f��
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�D�_�g�g�_�^�b�� �k�� �d�h�e�e�_�]�Z�f�b�� ��Kennedy, et al������ ������������ �[�u�e�� �j�Z�a�j�Z�[�h�l�Z�g�� �h�i�j�h�k�g�b�d��

�©�K�b�f�m�e�y�l�h�j�g�u�_�� �j�Z�k�k�l�j�h�c�k�l�\�Z�ª�� ��Simulator sickness questionnaire���� �b�e�b��SSQ), 

�d�h�l�h�j�u�c�� �g�Z�� �k�_�]�h�^�g�y�r�g�b�c�� �^�_�g�v�� �j�Z�k�k�f�Z�l�j�b�\�Z�_�l�k�y���� �d�Z�d�� �g�Z�b�[�h�e�_�_�� �\�Z�e�b�^�g�u�c�� �^�e�y��

�h�p�_�g�d�b���k�b�f�m�e�y�l�h�j�g�h�]�h���j�Z�k�k�l�j�h�c�k�l�\�Z���b���\�u�j�Z�`�_�g�g�h�k�l�b���\�_�d�p�b�b�����>�e�y���j�Z�a�j�Z�[�h�l�d�b��

SSQ �[�u�e�� �i�j�h�\�_�^�_�g�� �n�Z�d�l�h�j�g�u�c�� �Z�g�Z�e�b�a�� �^�Z�g�g�u�o�� �h�i�j�h�k�g�b�d�Z��MSQ �g�Z�� �[�h�e�v�r�h�c��

�\�u�[�h�j�d�_�� �m�q�Z�k�l�g�b�d�h�\�� ���[�h�e�_�_�� ���������� �q�_�e�h�\�_�d������ �i�j�h�o�h�^�b�\�r�b�o�� �l�_�k�l�b�j�h�\�Z�g�b�_�� �g�Z��

�h�[�u�q�g�u�o���k�b�f�m�e�y�l�h�j�Z�o���^�e�y���i�b�e�h�l�h�\���]�j�Z�`�^�Z�g�k�d�b�o���Z�\�b�Z�e�b�g�b�c�����I�h���d�Z�`�^�h�f�m���b�a��������

�i�m�g�d�l�h�\�� �h�i�j�h�k�g�b�d�Z�� �m�q�Z�k�l�g�b�d�� �h�l�f�_�q�Z�e�� �h�^�g�m�� �b�a�� ���� �k�l�_�i�_�g�_�c�� �\�u�j�Z�`�_�g�g�h�k�l�b��

�h�[�h�a�g�Z�q�_�g�g�h�]�h�� �h�s�m�s�_�g�b�y���± �©�g�_�� �h�s�m�s�Z�x�ª (none������ �©�g�_�a�g�Z�q�b�l�_�e�v�g�h�� �h�s�m�s�Z�x�ª��

(slight������ �©�m�f�_�j�_�g�g�h�� �h�s�m�s�Z�x�ª�� ��moderate���� �b�� �©�h�s�m�s�Z�x�� �k�b�e�v�g�h�ª�� ��severe������ �<��

�j�_�a�m�e�v�l�Z�l�_���[�u�e�h���\�u�^�_�e�_�g�h���l�j�b���n�Z�d�l�h�j�Z���± �l�h�r�g�h�l�Z�����]�e�Z�a�h�^�\�b�]�Z�l�_�e�v�g�u�_���j�_�Z�d�p�b�b��

�b�� �i�h�l�_�j�y�� �h�j�b�_�g�l�Z�p�b�b�� �\�� �i�j�h�k�l�j�Z�g�k�l�\�_���� �d�h�l�h�j�u�_�� �\�� �h�k�g�h�\�g�h�f�� �b�� �h�i�j�_�^�_�e�y�e�b��

�\�u�j�Z�`�_�g�g�h�k�l�v���k�b�f�m�e�y�l�h�j�g�h�]�h���j�Z�k�k�l�j�h�c�k�l�\�Z�����G�Z���h�k�g�h�\�_���\�u�^�_�e�_�g�g�u�o���n�Z�d�l�h�j�h�\��

�[�u�e�Z���j�Z�a�j�Z�[�h�l�Z�g�Z���i�j�h�p�_�^�m�j�Z���j�Z�k�q�_�l�Z���h�[�s�_�]�h���[�Z�e�e�Z����Total score�������q�_�f���\�u�r�_���_�]�h��

�a�g�Z�q�_�g�b�_���� �l�_�f�� �k�b�e�v�g�_�_�� �g�_�]�Z�l�b�\�g�h�_�� �\�h�a�^�_�c�k�l�\�b�_�� �k�b�f�m�e�y�l�h�j�Z�� �b�� �l�_�f�� �h�l�q�z�l�e�b�\�_�_��

�h�s�m�s�_�g�b�_�� �b�e�e�x�a�b�b�� �^�\�b�`�_�g�b�y�� �k�h�[�k�l�\�_�g�g�h�]�h�� �l�_�e�Z���� �H�[�s�b�c�� �[�Z�e�e�� ��TS) 

�j�Z�k�k�q�b�l�u�\�Z�_�l�k�y���i�h���k�e�_�^�m�x�s�_�c���n�h�j�f�m�e�_�� 

TS= (N x 9,54+O x 7,58+D x 13,92) x 3,74, 

�]�^�_��N �± �a�g�Z�q�_�g�b�_�� �n�Z�d�l�h�j�Z�� �l�h�r�g�h�l�u���� �H���± �a�g�Z�q�_�g�b�_�� �]�e�Z�a�h�^�\�b�]�Z�l�_�e�v�g�h�]�h��

�n�Z�d�l�h�j�Z���b��D �± �a�g�Z�q�_�g�b�_���n�Z�d�l�h�j�Z���^�_�a�h�j�b�_�g�l�Z�p�b�b�����I�j�b�f�_�j���j�Z�k�q�z�l�Z���h�[�s�_�]�h���[�Z�e�e�Z��

�h�i�j�h�k�g�b�d�Z���i�j�b�\�_�^�z�g���\���I�j�b�e�h�`�_�g�b�b���‹���� 

�G�_�k�f�h�l�j�y�� �g�Z�� �k�\�h�x�� �b�k�l�h�j�b�q�_�k�d�m�x�� �a�g�Z�q�b�f�h�k�l�v�� �b�� �r�b�j�h�d�h�_��

�j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�_���� �6�6�4�� �\�� �g�Z�k�l�h�y�s�_�_�� �\�j�_�f�y�� �i�h�^�\�_�j�]�Z�_�l�k�y�� �k�b�k�l�_�f�Z�l�b�q�_�k�d�h�c��

�d�j�b�l�b�d�_�� �\�� �d�h�g�l�_�d�k�l�_�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �\�b�j�l�m�Z�e�v�g�h�c�� �j�_�Z�e�v�g�h�k�l�b���� �q�l�h��

�k�l�b�f�m�e�b�j�h�\�Z�e�h�� �j�Z�a�j�Z�[�h�l�d�m�� �Z�e�v�l�_�j�g�Z�l�b�\�g�u�o�� �i�k�b�o�h�^�b�Z�]�g�h�k�l�b�q�_�k�d�b�o��

�b�g�k�l�j�m�f�_�g�l�h�\�����D�e�x�q�_�\�u�f���h�]�j�Z�g�b�q�_�g�b�_�f���6�6�4���y�\�e�y�_�l�k�y���_�]�h���i�j�h�b�k�o�h�`�^�_�g�b�_�����h�g��

�[�u�e���\�Z�e�b�^�b�a�b�j�h�\�Z�g���^�e�y���b�k�i�h�e�v�a�h�\�Z�g�b�y���\���i�j�h�n�_�k�k�b�h�g�Z�e�v�g�u�o���Z�\�b�Z�k�b�f�m�e�y�l�h�j�Z�o����

�o�Z�j�Z�d�l�_�j�b�a�m�x�s�b�o�k�y�� �\�u�k�h�d�h�c�� �k�l�Z�[�b�e�v�g�h�k�l�v�x�� �\�b�a�m�Z�e�v�g�h�]�h�� �d�h�g�l�_�g�l�Z�� �b��

�i�h�^�]�h�l�h�\�e�_�g�g�u�f�b�� �i�h�e�v�a�h�\�Z�l�_�e�y�f�b���� �H�^�g�Z�d�h�� �\�� �i�h�l�j�_�[�b�l�_�e�v�k�d�h�c���<�J���� �]�^�_��

�^�h�f�b�g�b�j�m�x�l�� �^�b�g�Z�f�b�q�g�u�_�� �b�]�j�u�� �b�� �i�j�b�e�h�`�_�g�b�y���� �_�]�h�� �n�Z�d�l�h�j�g�Z�y�� �k�l�j�m�d�l�m�j�Z����
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�\�d�e�x�q�Z�x�s�Z�y�� �k�m�[�r�d�Z�e�u�� �©�L�h�r�g�h�l�Z�ª���� �©�>�_�a�h�j�b�_�g�l�Z�p�b�y�ª�� �b�� �©�H�d�m�e�h�f�h�l�h�j�g�u�_��

�g�Z�j�m�r�_�g�b�y�ª���� �^�_�f�h�g�k�l�j�b�j�m�_�l�� �g�_�^�h�k�l�Z�l�h�q�g�m�x�� �q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�v�� �b�� �\�Z�e�b�^�g�h�k�l�v����

�G�Z�i�j�b�f�_�j���� �b�k�k�e�_�^�h�\�Z�g�b�_�� �K�l�w�g�g�b�� �b�� �^�j���� ��Stanney et al������ ������������ �i�h�d�Z�a�Z�e�h���� �q�l�h�� �\��

�k�h�\�j�_�f�_�g�g�u�o���<�J-�k�j�_�^�Z�o�� �k�b�f�i�l�h�f�u�� �q�Z�k�l�h�� �i�j�h�y�\�e�y�x�l�k�y�� �d�h�f�i�e�_�d�k�g�h�� �b��

�k�l�j�_�f�b�l�_�e�v�g�h�����Z���l�Z�d�b�_���i�m�g�d�l�u���6�6�4�����d�Z�d���©�i�h�l�e�b�\�h�k�l�v�ª���b�e�b���©�m�k�l�Z�e�h�k�l�v���h�[�s�_�]�h��

�o�Z�j�Z�d�l�_�j�Z�ª���� �f�h�]�m�l�� �k�e�Z�[�h�� �d�h�j�j�_�e�b�j�h�\�Z�l�v�� �k�� �h�k�g�h�\�g�u�f�b�� �n�Z�d�l�h�j�Z�f�b�� �b�� �[�u�l�v��

�k�e�_�^�k�l�\�b�_�f���b�g�u�o���i�j�b�q�b�g�� �g�_���k�\�y�a�Z�g�g�u�o���g�_�i�h�k�j�_�^�k�l�\�_�g�g�h���k���d�b�[�_�j�[�h�e�_�a�g�v�x�� 

�>�j�m�]�b�f�� �k�m�s�_�k�l�\�_�g�g�u�f�� �f�_�l�h�^�h�e�h�]�b�q�_�k�d�b�f�� �g�_�^�h�k�l�Z�l�d�h�f�� �6�6�4�� �y�\�e�y�_�l�k�y��

�_�]�h�� �j�_�l�j�h�k�i�_�d�l�b�\�g�u�c�� �o�Z�j�Z�d�l�_�j���� �A�Z�i�h�e�g�_�g�b�_�� �h�i�j�h�k�g�b�d�Z�� �i�h�k�e�_�� �k�_�Z�g�k�Z���<�J �g�_��

�i�h�a�\�h�e�y�_�l�� �h�l�k�e�_�`�b�\�Z�l�v�� �^�b�g�Z�f�b�d�m�� �k�b�f�i�l�h�f�h�\�� �\�� �j�_�Z�e�v�g�h�f�� �\�j�_�f�_�g�b�� �b��

�i�h�^�\�_�j�`�_�g�h���h�r�b�[�d�Z�f�� �i�Z�f�y�l�b���� �q�l�h�� �a�Z�l�j�m�^�g�y�_�l�� �\�u�y�\�e�_�g�b�_�� �l�h�q�g�u�o���d�h�j�j�_�e�y�p�b�c��

�f�_�`�^�m�� �d�h�g�d�j�_�l�g�u�f�b�� �k�h�[�u�l�b�y�f�b�� �\�� �\�b�j�l�m�Z�e�v�g�h�c�� �k�j�_�^�_�� ���g�Z�i�j�b�f�_�j���� �j�_�a�d�b�f�b��

�d�Z�f�_�j�Z�f�b�� �b�e�b�� �l�_�e�_�i�h�j�l�Z�p�b�y�f�b���� �b�� �f�h�f�_�g�l�Z�e�v�g�u�f�� �m�o�m�^�r�_�g�b�_�f�� �k�h�k�l�h�y�g�b�y��

�i�h�e�v�a�h�\�Z�l�_�e�y���� �W�l�h�� �a�Z�i�Z�a�^�u�\�Z�x�s�_�_�� �b�a�f�_�j�_�g�b�_�� �[�u�e�h�� �m�k�i�_�r�g�h�� �i�j�_�h�^�h�e�_�g�h�� �\��

�l�Z�d�b�o�� �b�g�k�l�j�m�f�_�g�l�Z�o���� �d�Z�d�� �;�u�k�l�j�Z�y�� �r�d�Z�e�Z�� �m�d�Z�q�b�\�Z�g�b�y�� ���)�D�V�W�� �0�R�W�L�R�Q�� �6�L�F�N�Q�H�V�V��

Scale, FMS) (Keshavarz et al������ �������������� �d�h�l�h�j�Z�y�� �i�j�_�^�k�l�Z�\�e�y�_�l�� �k�h�[�h�c��

�h�^�g�h�i�m�g�d�l�h�\�m�x�� �\�_�j�[�Z�e�v�g�m�x�� �j�_�c�l�b�g�]�h�\�m�x�� �r�d�Z�e�m�� �h�l�� ���� �^�h�� �������� �?�z�� �d�e�x�q�_�\�h�_��

�i�j�_�b�f�m�s�_�k�l�\�h���²  �\�h�a�f�h�`�g�h�k�l�v���g�_�\�_�j�[�Z�e�v�g�h�]�h���i�j�_�^�t�y�\�e�_�g�b�y�����g�Z�i�j�b�f�_�j�����i�h�d�Z�a��

�p�b�n�j�u���g�Z���w�d�j�Z�g�_�����b���f�]�g�h�\�_�g�g�h�c���h�p�_�g�d�b���[�_�a���i�j�_�j�u�\�Z�g�b�y���b�f�f�_�j�k�b�\�g�h�]�h���h�i�u�l�Z����

�q�l�h���^�_�e�Z�_�l���)�0�6���b�^�_�Z�e�v�g�u�f���^�e�y���g�_�i�j�_�j�u�\�g�h�]�h���f�h�g�b�l�h�j�b�g�]�Z�� 

�D�j�h�f�_�� �l�h�]�h���� �6�6�4�� �d�j�b�l�b�d�m�x�l�� �a�Z�� �d�h�g�p�_�g�l�j�Z�p�b�x�� �b�k�d�e�x�q�b�l�_�e�v�g�h�� �g�Z��

�g�_�]�Z�l�b�\�g�u�o�� �k�h�f�Z�l�b�q�_�k�d�b�o�� �k�b�f�i�l�h�f�Z�o���� �b�]�g�h�j�b�j�m�y�� �\�e�b�y�g�b�_���d�b�[�_�j�[�h�e�_�a�g�b�� �g�Z��

�d�h�]�g�b�l�b�\�g�u�_���n�m�g�d�p�b�b���b���i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�v�����<���h�l�\�_�l���g�Z���w�l�h���[�u�e���j�Z�a�j�Z�[�h�l�Z�g��

�H�i�j�h�k�g�b�d�� �i�h�k�e�_�^�k�l�\�b�c�� �d�b�[�_�j�[�h�e�_�a�g�b�� ���&�\�E�H�U�V�L�F�N�Q�H�V�V�� �&�R�Q�V�H�T�X�H�Q�F�H�V��

�4�X�H�V�W�L�R�Q�Q�D�L�U�H�����&�6�4�����;�m�r�Z�j�Z���b���^�j�������%�R�X�F�K�D�U�G��et al���������������������d�h�l�h�j�u�c���h�p�_�g�b�\�Z�_�l���g�_��

�l�h�e�v�d�h�� �l�y�`�_�k�l�v�� �k�b�f�i�l�h�f�h�\���� �g�h�� �b�� �b�o�� �i�j�y�f�h�_�� �\�h�a�^�_�c�k�l�\�b�_�� �g�Z�� �k�i�h�k�h�[�g�h�k�l�v��

�i�h�e�v�a�h�\�Z�l�_�e�y�� �w�n�n�_�d�l�b�\�g�h�� �\�a�Z�b�f�h�^�_�c�k�l�\�h�\�Z�l�v�� �k�h�� �k�j�_�^�h�c���� �g�Z�i�j�b�f�_�j���� �g�Z��

�l�h�q�g�h�k�l�v�� �\�u�i�h�e�g�_�g�b�y�� �a�Z�^�Z�q�� �b�e�b�� �m�j�h�\�_�g�v�� �\�h�\�e�_�q�_�g�g�h�k�l�b���� �>�e�y�� �[�h�e�_�_��

�k�i�_�p�b�n�b�q�g�h�]�h�� �i�j�b�f�_�g�_�g�b�y�� �\���<�J �[�u�e�Z�� �i�j�_�^�e�h�`�_�g�Z�� �R�d�Z�e�Z�� �d�b�[�_�j�[�h�e�_�a�g�b�� �\��

�\�b�j�l�m�Z�e�v�g�h�c���j�_�Z�e�v�g�h�k�l�b�����9�L�U�W�X�D�O���5�H�D�O�L�W�\���6�L�F�N�Q�H�V�V���4�X�H�V�W�L�R�Q�Q�D�L�U�H�����9�5�6�4������Kim et 
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al������ �������������� �W�l�Z�� �f�_�l�h�^�b�d�Z���� �y�\�e�y�y�k�v�� �Z�^�Z�i�l�Z�p�b�_�c�� �6�6�4���� �k�h�o�j�Z�g�y�_�l�� �l�h�e�v�d�h�� ����

�k�b�f�i�l�h�f�h�\�� �b�� �d�h�g�^�_�g�k�b�j�m�_�l�� �n�Z�d�l�h�j�g�m�x���k�l�j�m�d�l�m�j�m���^�h�� �^�\�m�o�� �d�e�x�q�_�\�u�o���^�e�y�� �9�5��

�d�h�f�i�h�g�_�g�l�h�\���²  �©�>�_�a�h�j�b�_�g�l�Z�p�b�y�ª�� �b�� �©�H�d�m�e�h�f�h�l�h�j�g�u�c�� �^�b�k�d�h�f�n�h�j�l�ª����

�^�_�f�h�g�k�l�j�b�j�m�y�� �e�m�q�r�m�x�� �i�j�b�f�_�g�b�f�h�k�l�v�� �b�� �g�Z�^�_�`�g�h�k�l�v�� �\�� �b�k�k�e�_�^�h�\�Z�g�b�y�o�� �k��

�b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �r�e�_�f�h�\�� �\�b�j�l�m�Z�e�v�g�h�c�� �j�_�Z�e�v�g�h�k�l�b���� �L�Z�d�b�f�� �h�[�j�Z�a�h�f����

�k�h�\�j�_�f�_�g�g�u�c�� �f�_�l�h�^�h�e�h�]�b�q�_�k�d�b�c�� �Z�j�k�_�g�Z�e�� �k�f�_�s�Z�_�l�k�y�� �\�� �k�l�h�j�h�g�m��

�d�h�f�[�b�g�b�j�h�\�Z�g�g�h�]�h���b�k�i�h�e�v�a�h�\�Z�g�b�y���b�g�k�l�j�m�f�_�g�l�h�\�����[�u�k�l�j�u�o���h�^�g�h�f�_�j�g�u�o���r�d�Z�e��

(FMS, �0�,�6�&���� �^�e�y�� �^�b�g�Z�f�b�q�_�k�d�h�c�� �h�p�_�g�d�b�� �\�� �j�_�Z�e�v�g�h�f�� �\�j�_�f�_�g�b�� �b��

�k�i�_�p�b�Z�e�b�a�b�j�h�\�Z�g�g�u�o�� �h�i�j�h�k�g�b�d�h�\�� ���9�5�6�4���� �&�6�4���� �^�e�y�� �i�h�k�l-�w�d�k�i�h�a�b�p�b�h�g�g�h�]�h��

�Z�g�Z�e�b�a�Z�����h�[�_�k�i�_�q�b�\�Z�y���[�h�e�_�_���d�h�f�i�e�_�d�k�g�u�c���b���l�h�q�g�u�c���^�b�Z�]�g�h�a���d�b�[�_�j�[�h�e�_�a�g�b�� 

 �G�Z�j�y�^�m�� �k�� �h�i�j�h�k�g�b�d�h�f�� �©�K�b�f�m�e�y�l�h�j�g�u�_�� �j�Z�k�k�l�j�h�c�k�l�\�Z�ª�� �i�j�b�g�y�l�h��

�b�k�i�h�e�v�a�h�\�Z�l�v���f�_�l�h�^�u �i�j�y�f�h�]�h�� �r�d�Z�e�b�j�h�\�Z�g�b�y���± �h�p�_�g�d�m �b�g�l�_�g�k�b�\�g�h�k�l�b��

�b�e�e�x�a�b�b���\ �[�Z�e�e�Z�o���h�l�������^�h������ (Wong et al., 1981; Telford et al., 1992; Telford et al., 

1993; Thurrell et al., 2002; Riecke et al., 2012; Tanahashi et al., 2012; Seno et al., 

2013; Riecke et al., 2015; Riecke et al., 2015������ �^�b�g�Z�f�b�q�_�k�d�m�x�� �h�p�_�g�d�m 

�\�u�j�Z�`�_�g�g�h�k�l�b�� �b�e�e�x�a�b�b�� �i�j�b�� �i�h�f�h�s�b�� �k�i�_�p�b�Z�e�v�g�u�o�� �^�`�h�c�k�l�b�d�h�\�� �b��

�f�Z�g�b�i�m�e�y�l�h�j�h�\���� �^�\�b�]�Z�y�� �d�h�l�h�j�u�_�� �\�� �l�_�q�_�g�b�_�� �w�d�k�i�_�j�b�f�_�g�l�Z���� �b�k�i�u�l�m�_�f�u�c��

�h�l�f�_�q�Z�_�l���k�l�_�i�_�g�v���\�u�j�Z�`�_�g�g�h�k�l�b���b�e�e�x�a�b�b (Palmisano et al., 2007; Haibach et al., 

2009; Yamada et al., 2012; Lubeck et al., 2015)���� �H�k�g�h�\�g�h�c�� �`�_���d�h�e�b�q�_�k�l�\�_�g�g�h�c��

�o�Z�j�Z�d�l�_�j�b�k�l�b�d�h�c���� �d�h�l�h�j�m�x�� �b�k�i�h�e�v�a�m�x�l�� �\�� �b�k�k�e�_�^�h�\�Z�g�b�y�o���� �i�h�k�\�y�s�z�g�g�u�o��

�b�e�e�x�a�b�b�� �^�\�b�`�_�g�b�y�� �k�h�[�k�l�\�_�g�g�h�]�h�� �l�_�e�Z���� �y�\�e�y�_�l�k�y�� �\�j�_�f�_�g�g�Z�y�� �a�Z�^�_�j�`�d�Z��

�\�h�a�g�b�d�g�h�\�_�g�b�y���b�e�e�x�a�b�b���h�l���g�Z�q�Z�e�Z���i�j�_�^�t�y�\�e�_�g�b�y �k�l�b�f�m�e�y�p�b�b����Held et al., 1975; 

Ji et al., 2009; Bubka et al.,2010; Seno et al., 2013; Apthorp et al., 2014; Shirai et 

al., 2014; Palmisano et al., 2016). 

�D�j�h�f�_���k�m�[�t�_�d�l�b�\�g�u�o���f�_�l�h�^�h�\���i�j�b���b�a�m�q�_�g�b�b���\�_�d�p�b�b���b�k�i�h�e�v�a�m�x�l�k�y���l�Z�d�`�_��

�b�� �f�_�l�h�^�u�� �h�[�t�_�d�l�b�\�g�h�c�� �j�_�]�b�k�l�j�Z�p�b�b�� �j�Z�a�e�b�q�g�u�o���i�k�b�o�h�n�b�a�b�h�e�h�]�b�q�_�k�d�b�o��

�i�h�d�Z�a�Z�l�_�e�_�c���� �L�_�f�� �g�_�� �f�_�g�_�_���� �k�l�h�b�l�� �h�l�f�_�l�b�l�v���� �q�l�h�� �g�Z�� �^�Z�g�g�u�c�� �f�h�f�_�g�l�� �[�u�e�h��

�i�j�h�\�_�^�_�g�h�� �e�b�r�v�� �g�_�[�h�e�v�r�h�_�� �d�h�e�b�q�_�k�l�\�h�� �w�d�k�i�_�j�b�f�_�g�l�h�\���� �\�� �l�_�q�_�g�b�_�� �d�h�l�h�j�u�o��

�i�j�h�b�a�\�h�^�b�e�Z�k�v�� �j�_�]�b�k�l�j�Z�p�b�y�� �i�h�d�Z�a�Z�l�_�e�_�c�� �\�_�]�_�l�Z�l�b�\�g�h�c�� �g�_�j�\�g�h�c�� �k�b�k�l�_�f�u�� 

�G�Z�b�[�h�e�_�_�� �q�Z�k�l�h�� �^�e�y�� �h�p�_�g�d�b�� �\�_�d�p�b�b�� �b�k�i�h�e�v�a�m�x�l�k�y�� �l�Z�d�b�_�� �i�h�d�Z�a�Z�l�_�e�b�� �d�Z�d��
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�w�e�_�d�l�j�h�f�b�h�]�j�Z�f�f�Z�� �k�� �p�_�e�v�x�� �n�b�d�k�Z�p�b�b�� �i�j�h�[�e�_�f�� �^�\�b�]�Z�l�_�e�v�g�h�c�� �k�n�_�j�u���� �q�Z�k�l�h�l�Z��

�i�m�e�v�k�Z�� �b�� �^�u�o�Z�g�b�y���� �d�h�`�g�h-�]�Z�e�v�\�Z�g�b�q�_�k�d�Z�y�� �j�_�Z�d�p�b�y�� ���D�=�J������ �Z�� �l�Z�d�`�_��

�]�e�Z�a�h�^�\�b�]�Z�l�_�e�v�g�u�_���o�Z�j�Z�d�l�_�j�b�k�l�b�d�b (Tarita-Nistor et al., 2006; Seno et al., 2013, 

Palmisano et al., 2015). �G�b�`�_�� �i�j�b�\�_�^�_�g�u�� �i�j�b�f�_�j�u�� �b�k�k�e�_�^�h�\�Z�g�b�c���� �\�� �d�h�l�h�j�u�o��

�m�^�Z�e�h�k�v�� �i�h�e�m�q�b�l�v�� �a�g�Z�q�b�f�u�_�� �j�_�a�m�e�v�l�Z�l�u�� �i�j�b�� �b�k�i�h�e�v�a�h�\�Z�g�b�b�� �f�_�l�h�^�h�\��

�j�_�]�b�k�l�j�Z�p�b�b�� �i�k�b�o�h�n�b�a�b�h�e�h�]�b�q�_�k�d�b�o�� �i�h�d�Z�a�Z�l�_�e�_�c�� �L�Z�d���� �E���� �<�Z�j�\�b�d-�W�\�Z�g�k�� �k��

�d�h�e�e�_�]�Z�f�b����Warwick-Evans et al�����������������i�j�h�^�_�f�h�g�k�l�j�b�j�h�\�Z�e�b���m�k�l�h�c�q�b�\�m�x���k�\�y�a�v��

�f�_�`�^�m�� �k�g�b�`�_�g�b�_�f�� �d�h�`�g�h�]�h�� �k�h�i�j�h�l�b�\�e�_�g�b�y �b�� �m�\�_�e�b�q�_�g�b�_�f�� �k�m�[�t�_�d�l�b�\�g�h�]�h��

�h�s�m�s�_�g�b�y���i�_�j�_�f�_�s�_�g�b�y���\���i�j�h�k�l�j�Z�g�k�l�\�_���\�h���\�j�_�f�y���g�Z�[�e�x�^�_�g�b�y���a�Z���^�\�b�`�m�s�b�f�k�y��

�k�l�b�f�m�e�h�f���� �H�^�g�Z�d�h���� �Z�\�l�h�j�u �^�Z�g�g�h�]�h�� �b�k�k�e�_�^�h�\�Z�g�b�y �h�l�f�_�q�Z�x�l���� �q�l�h�� �i�h�d�Z�a�Z�l�_�e�b��

�D�=�J�� �f�h�]�m�l�� �h�l�j�Z�`�Z�l�v�� �g�_�� �k�l�h�e�v�d�h�� �\�u�j�Z�`�_�g�g�h�k�l�v�� �b�e�e�x�a�b�b���� �k�d�h�e�v�d�h�� �h�[�s�b�c��

�m�j�h�\�_�g�v�� �i�k�b�o�h�w�f�h�p�b�Z�e�v�g�h�]�h�� �\�h�a�[�m�`�^�_�g�b�y�� ���k�l�j�Z�o���� �i�h�\�u�r�_�g�b�_�� �l�_�f�i�_�j�Z�l�m�j�u����

�g�_�i�j�h�b�a�\�h�e�v�g�u�_���^�\�b�`�_�g�b�y���l�_�e�Z������ 

�<���j�Z�[�h�l�_���>�����O�Z�j�f���b���L�����R�e�_�]�_�e�v����Harm & Schlegel�����������������[�u�e�b���\�u�y�\�e�_�g�u��

�i�h�[�h�q�g�u�_�� �n�Z�d�l�h�j�u���� �\�e�b�y�x�s�b�_ �g�Z�� �i�h�d�Z�a�Z�l�_�e�b�� �k�_�j�^�_�q�g�h-�k�h�k�m�^�b�k�l�h�c�� �k�b�k�l�_�f�u��

�i�j�b�� �h�p�_�g�d�_�� �\�u�j�Z�`�_�g�g�h�k�l�b�� �\�_�d�p�b�b���� �;�u�e�h�� �i�h�d�Z�a�Z�g�h���� �q�l�h�� �q�Z�k�l�h�l�Z�� �k�_�j�^�_�q�g�u�o��

�k�h�d�j�Z�s�_�g�b�c�����Q�K�K�������Z�j�l�_�j�b�Z�e�v�g�h�_���^�Z�\�e�_�g�b�_�����:�>�����b���\�Z�j�b�Z�[�_�e�v�g�h�k�l�v���k�_�j�^�_�q�g�h�]�h��

�j�b�l�f�Z�� �j�Z�a�e�b�q�Z�x�l�k�y�� �\�� �a�Z�\�b�k�b�f�h�k�l�b�� �h�l�� �b�g�^�b�\�b�^�m�Z�e�v�g�u�o�� �h�k�h�[�_�g�g�h�k�l�_�c��

�m�q�Z�k�l�g�b�d�h�\�� �w�d�k�i�_�j�b�f�_�g�l�Z���� �Z�� �l�Z�d�`�_�� �i�Z�j�Z�f�_�l�j�h�\�� �k�l�b�f�m�e�h�\�� ���b�o�� �^�e�b�l�_�e�v�g�h�k�l�b����

�b�g�l�_�g�k�b�\�g�h�k�l�b���� �f�h�^�Z�e�v�g�h�k�l�b���� �L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �j�_�a�m�e�v�l�Z�l�u�� �^�Z�g�g�u�o��

�w�d�k�i�_�j�b�f�_�g�l�h�\�� �^�_�f�h�g�k�l�j�b�j�m�x�l�� �g�Z�e�b�q�b�_�� �f�_�l�h�^�h�e�h�]�b�q�_�k�d�b�o�� �i�j�h�[�e�_�f�� �\��

�b�k�i�h�e�v�a�h�\�Z�g�b�b�� �i�k�b�o�h�n�b�a�b�h�e�h�]�b�q�_�k�d�b�o�� �i�h�d�Z�a�Z�l�_�e�_�c�� �i�h�� �h�l�g�h�r�_�g�b�x�� �d�� �h�p�_�g�d�_ 

�\�u�j�Z�`�_�g�g�h�k�l�b�� �b�e�e�x�a�b�b�� �^�\�b�`�_�g�b�y�� �k�h�[�k�l�\�_�g�g�h�]�h�� �l�_�e�Z���� �B�a�f�_�g�_�g�b�_�� �^�b�g�Z�f�b�d�b��

�\�_�]�_�l�Z�l�b�\�g�u�o�� �i�h�d�Z�a�Z�l�_�e�_�c���� �k�\�y�a�Z�g�g�h�_�� �k�� �b�a�f�_�g�_�g�b�_�f�� �n�m�g�d�p�b�h�g�Z�e�v�g�h�]�h��

�k�h�k�l�h�y�g�b�y���h�j�]�Z�g�b�a�f�Z���i�h���i�j�b�q�b�g�_���\�h�a�g�b�d�g�h�\�_�g�b�_���^�b�k�d�h�f�n�h�j�l�g�u�o���h�s�m�s�_�g�b�c����

�g�_�� �i�h�a�\�h�e�y�_�l�� �^�b�n�n�_�j�_�g�p�b�j�h�\�Z�l�v�� �d�Z�q�_�k�l�\�_�g�g�u�_�� �i�_�j�_�o�h�^�u�� �\ �\�u�j�Z�`�_�g�g�h�k�l�b��

�b�e�e�x�a�b�b�����I�h�w�l�h�f�m���k�e�_�^�m�_�l���i�j�b�a�g�Z�l�v�����q�l�h���g�Z���k�_�]�h�^�g�y�r�g�b�c���^�_�g�v�����g�_���j�Z�a�j�Z�[�h�l�Z�g�h��

�w�n�n�_�d�l�b�\�g�h�c�� �f�_�l�h�^�b�d�b�� �i�j�b�f�_�g�_�g�b�y�� �j�_�]�b�k�l�j�Z�p�b�b�� �i�k�b�o�h�n�b�a�b�h�e�h�]�b�q�_�k�d�b�o��

�i�h�d�Z�a�Z�l�_�e�_�c���^�e�y���h�p�_�g�d�b���b�g�l�_�g�k�b�\�g�h�k�l�b���\�_�d�p�b�b��  
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�K���m�q�z�l�h�f���h�k�h�[�_�g�g�h�k�l�_�c���k�l�j�h�_�g�b�y���l�h�c���q�Z�k�l�b���a�j�b�l�_�e�v�g�h�c���k�b�k�l�_�f�u�����d�h�l�h�j�Z�y��

�h�l�\�_�q�Z�_�l���a�Z���h�[�j�Z�[�h�l�d�m���b�g�n�h�j�f�Z�p�b�b���h���^�\�b�`�_�g�b�b���b���\�a�Z�b�f�g�h�f���j�Z�k�i�h�e�h�`�_�g�b�b���i�h��

�h�l�g�h�r�_�g�b�x�� �d�� �^�j�m�]�b�f�� �h�[�t�_�d�l�h�\�� �h�d�j�m�`�Z�x�s�_�c�� �k�j�_�^�u���� �i�j�b�a�g�Z�g�b�_�� �k�_�g�k�h�j�g�h�]�h��

�n�Z�d�l�h�j�Z�� �r�b�j�b�g�u�� �m�]�e�Z�� �h�[�a�h�j�Z���� �b�e�b�� �^�h�e�b�� �i�_�j�b�n�_�j�b�q�_�k�d�h�c�� �q�Z�k�l�b�� �i�h�e�y�� �a�j�_�g�b�y����

�d�Z�d�� �h�^�g�h�]�h�� �b�a�� �k�Z�f�u�o�� �\�Z�`�g�u�o���� �[�u�e�h���i�h�^�d�j�_�i�e�_�g�h�� �j�y�^�h�f�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �<��

�w�d�k�i�_�j�b�f�_�g�l�Z�o�� �L���� �;�j�Z�g�^�l�Z�� �k�� �d�h�e�e�_�]�Z�f�b�� ��Brandt et al������ ������������ �k�� �i�j�b�f�_�g�_�g�b�_�f��

�h�i�l�h�d�b�g�_�l�b�q�_�k�d�h�]�h�� �[�Z�j�Z�[�Z�g�Z�� �[�u�e�h�� �i�h�d�Z�a�Z�g�h���� �q�l�h�� �a�j�b�l�_�e�v�g�Z�y�� �k�l�b�f�m�e�y�p�b�y����

�a�Z�g�b�f�Z�x�s�Z�y�� �a�g�Z�q�b�l�_�e�v�g�m�x�� �q�Z�k�l�v�� �a�j�b�l�_�e�v�g�h�]�h�� �i�h�e�y���� �b�g�b�p�b�b�j�m�_�l�� �\�h�k�i�j�b�y�l�b�_��

�b�e�e�x�a�b�b�� �[�u�k�l�j�_�_���� �q�_�f�� �k�l�b�f�m�e�u�� �f�_�g�v�r�_�]�h�� �j�Z�a�f�_�j�Z���� �K�h�d�j�Z�s�_�g�b�_�� �\�_�e�b�q�b�g�u��

�r�b�j�b�g�u�� �i�h�e�y�� �a�j�_�g�b�y�� �i�j�b�\�h�^�b�l�� �d�� �m�\�_�e�b�q�_�g�b�x�� �\�j�_�f�_�g�b�� �a�Z�^�_�j�`�d�b��

�\�h�a�g�b�d�g�h�\�_�g�b�y�� �\�_�d�p�b�b�� �b�� �m�f�_�g�v�r�Z�_�l�� �b�g�l�_�g�k�b�\�g�h�k�l�v�� �i�_�j�_�`�b�\�Z�g�b�y�� �b�e�e�x�a�b�b����

�:�\�l�h�j�u���h�l�f�_�q�Z�x�l�����q�l�h���k�l�b�f�m�e�u���k���m�]�e�h�\�u�f���j�Z�a�f�_�j�h�f���\���������m�]�e�h�\�u�o���]�j�Z�^�m�k�h�\���g�Z��

�i�_�j�b�n�_�j�b�b���a�j�b�l�_�e�v�g�h�]�h���i�h�e�y���k�i�h�k�h�[�g�u���b�g�^�m�p�b�j�h�\�Z�l�v���\�h�k�i�j�b�y�l�b�_���\�_�d�p�b�b���k���l�h�c��

�`�_���k�b�e�u�����q�l�h���b���k�l�b�f�m�e�y�p�b�y�����a�Z�g�b�f�Z�x�s�Z�y���\�k�x���h�[�e�Z�k�l�v���a�j�b�l�_�e�v�g�h�]�h���i�h�e�y�����<���l�h��

�\�j�_�f�y���d�Z�d���k�l�b�f�m�e�u���l�Z�d�h�]�h���`�_���j�Z�a�f�_�j�Z���\���p�_�g�l�j�_���a�j�b�l�_�e�v�g�h�]�h���i�h�e�y���b�k�i�u�l�m�_�f�h�]�h��

�g�_�� �i�j�b�\�h�^�y�l�� �d�� �\�h�a�g�b�d�g�h�\�_�g�b�x�� �b�e�e�x�a�b�b�����G�Z�� �h�k�g�h�\�Z�g�b�b�� �i�h�e�m�q�_�g�g�u�o��

�j�_�a�m�e�v�l�Z�l�h�\�� �[�u�e�h�� �\�u�k�d�Z�a�Z�g�h�� �i�j�_�^�i�h�e�h�`�_�g�b�_�� �h�� �l�h�f���� �q�l�h�� �b�g�n�h�j�f�Z�p�b�y�� �k��

�i�_�j�b�n�_�j�b�b�� �a�j�b�l�_�e�v�g�h�]�h�� �i�h�e�y�� �b�f�_�_�l�� �[�h�e�_�_�� �\�Z�`�g�h�_�� �a�g�Z�q�_�g�b�_�� �^�e�y�� �b�g�b�p�b�Z�p�b�b��

�b�e�e�x�a�b�b�����<���k�\�h�x���h�q�_�j�_�^�v���b�g�n�h�j�f�Z�p�b�y���b�a���p�_�g�l�j�Z�e�v�g�h�c���q�Z�k�l�b���a�j�b�l�_�e�v�g�h�]�h���i�h�e�y��

�[�h�e�v�r�_���k�\�y�a�Z�g�Z���k���\�h�k�i�j�b�y�l�b�_�f���^�\�b�`�_�g�b�y���k�Z�f�h�]�h���h�[�t�_�d�l�Z���g�Z�[�e�x�^�_�g�b�y�����I�h�a�^�g�_�_��

�[�u�e�h�� �i�h�d�Z�a�Z�g�h���� �q�l�h�� �m�^�Z�e�z�g�g�u�c�� �\�� �]�e�m�[�b�g�m�� �k�l�b�f�m�e�� �b�g�^�m�p�b�j�m�_�l�� �[�h�e�v�r�m�x��

�\�u�j�Z�`�_�g�g�h�k�l�v���b�e�e�x�a�b�b�����'�H�O�P�R�U�H & �0�D�U�W�L�Q�����������������2�K�P�L���	���+�R�Z�D�U�G�������������������B�^�_�y��

�h���[�h�e�v�r�_�c���b�g�^�m�p�b�j�m�x�s�_�c���k�b�e�_���i�_�j�b�n�_�j�b�q�_�k�d�h�c���k�l�b�f�m�e�y�p�b�b���h�l�f�_�q�Z�e�Z�k�v���b���\��

�k�j�Z�\�g�b�l�_�e�v�g�h�f���h�[�a�h�j�_���:�����F�Z�d�D�h�e�b���b���:�����R�Z�j�d�b�����0�F�&�D�X�O�H�\���	���6�K�D�U�N�H�\������������������

�h�l�f�_�l�b�\�r�b�o�� �w�l�b�� �w�n�n�_�d�l�u�� �g�Z�� �i�j�b�f�_�j�_�� �b�k�i�h�e�v�a�h�\�Z�g�b�y�� �f�_�^�b�p�b�g�k�d�b�o��

�l�j�_�g�Z�`�z�j�h�\���� �<�� �g�b�o�� �h�[�t�_�d�l�u�� �f�Z�g�b�i�m�e�y�p�b�c�� �[�u�e�b�� �j�Z�k�i�h�e�h�`�_�g�u�� �[�e�b�a�d�h�� �^�j�m�]�� �d��

�^�j�m�]�m�� �\�� �p�_�g�l�j�Z�e�v�g�h�c�� �q�Z�k�l�b�� �a�j�b�l�_�e�v�g�h�]�h�� �i�h�e�y���� �q�l�h�� �i�j�b�\�h�^�b�e�h �d�� �g�_�[�h�e�v�r�b�f��

�i�_�j�_�f�_�s�_�g�b�y�f�� �b�� �\�j�Z�s�_�g�b�y�f�� �]�h�e�h�\�u�� �i�h�e�v�a�h�\�Z�l�_�e�y���� �I�j�b�� �w�l�b�o�� �m�k�e�h�\�b�y�o��

�g�Z�[�e�x�^�Z�e�h�k�v�� �g�b�\�_�e�b�j�h�\�Z�g�b�_�� �i�_�j�_�`�b�\�Z�g�b�y�� �b�e�e�x�a�b�b�� �\�_�d�p�b�b���� �G�Z�i�j�h�l�b�\���� �\��

�Z�\�b�Z�l�j�_�g�Z�`�z�j�Z�o�� �\�b�j�l�m�Z�e�v�g�Z�y�� �k�j�_�^�Z�� �[�h�e�_�_�� �g�Z�k�u�s�_�g�Z���� �j�Z�a�g�u�_�� �h�[�t�_�d�l�u��
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�j�Z�k�i�h�e�Z�]�Z�e�b�k�v�� �^�Z�e�_�d�h�� �^�j�m�]�� �h�l�� �^�j�m�]�Z���� �q�l�h�� �m�k�b�e�b�\�Z�e�h �Z�f�i�e�b�l�m�^�m�� �\�j�Z�s�_�g�b�y��

�]�h�e�h�\�u���i�h�e�v�a�h�\�Z�l�_�e�y�����b�����\���k�\�h�x���h�q�_�j�_�^�v�����i�j�b�\�h�^�b�e�h���d���m�k�b�e�_�g�b�x���\�_�d�p�b�b���� 

�<�� �j�Z�a�e�b�q�g�h�]�h�� �j�h�^�Z�� �k�b�k�l�_�f�Z�o�� �\�b�a�m�Z�e�b�a�Z�p�b�b�� �r�b�j�b�g�Z�� �m�]�e�Z�� �h�[�a�h�j�Z��

�h�i�j�_�^�_�e�y�_�l�k�y�� �j�Z�a�f�_�j�Z�f�b�� �b�k�i�h�e�v�a�m�_�f�u�o�� �^�b�k�i�e�_�_�\�� �b�e�b�� �b�o�� �d�h�e�b�q�_�k�l�\�Z�� �b��

�\�a�Z�b�f�g�h�]�h���f�_�k�l�h�j�Z�k�i�h�e�h�`�_�g�b�y�����I�h�w�l�h�f�m���\ �b�k�k�e�_�^�h�\�Z�g�b�b���E�����L�j�m�l�h�c�����7�U�X�W�R�L�X���H�W��

�D�O�������������������k�l�h�y�e�Z���p�_�e�v���\�u�y�k�g�b�l�v�����d�Z�d���k�b�e�v�g�h���\�e�b�y�_�l���i�j�h�_�d�p�b�y���b�a�h�[�j�Z�`�_�g�b�y���g�Z��

�i�h�e�� �b�� �d�Z�d�h�c�� �b�f�_�g�g�h�� �\�b�^�� �_�z�� �^�\�b�`�_�g�b�y�� �h�d�Z�`�_�l�� �g�Z�b�[�h�e�v�r�_�_�� �\�e�b�y�g�b�_�� �g�Z��

�\�h�a�g�b�d�g�h�\�_�g�b�_�� �\�_�d�p�b�b���� �<�� �j�Z�k�i�h�j�y�`�_�g�b�b�� �b�k�k�e�_�^�h�\�Z�l�_�e�_�c�� �[�u�e�Z�� ���'-�m�k�l�Z�g�h�\�d�Z��

�\�b�j�l�m�Z�e�v�g�h�c�� �j�_�Z�e�v�g�h�k�l�b���± �w�d�j�Z�g-�i�h�e�m�k�n�_�j�Z�� �k�� �\�h�a�f�h�`�g�h�k�l�v�x�� �b�k�i�h�e�v�a�h�\�Z�g�b�y��

�a�j�b�l�_�e�v�g�h�c���b���a�\�m�d�h�\�h�c���k�l�b�f�m�e�y�p�b�b�����B�k�i�u�l�m�_�f�u�_���i�h�f�_�s�Z�e�b�k�v���\���\�b�j�l�m�Z�e�v�g�m�x��

�k�j�_�^�m�� �]�h�j�h�^�Z�� �L�x�[�b�g�]�_�g�Z���� �<�� �i�_�j�\�h�c�� �k�_�j�b�b���� �h�p�_�g�b�\�Z�y�� �\�Z�`�g�h�k�l�v�� �\�e�b�y�g�b�c��

�i�j�h�_�d�p�b�b�� �g�Z�� �i�h�e���� �[�u�e�b�� �b�k�i�h�e�v�a�h�\�Z�g�u�� ���� �\�b�^�Z�� �k�l�b�f�m�e�y�p�b�b���� �<�� �i�_�j�\�h�c�� �k�_�j�b�b, 

�b�k�i�u�l�m�_�f�h�]�h�� �\�b�j�l�m�Z�e�v�g�h�� �©�i�_�j�_�f�_�s�Z�e�b�ª�� �\�i�_�j�z�^-�g�Z�a�Z�^�� �i�h�� �m�e�b�p�_�� �]�h�j�h�^�Z���� �<�h��

�\�l�h�j�h�c�� �k�_�j�b�b�� �w�d�k�i�_�j�b�f�_�g�l�Z �b�k�i�u�l�m�_�f�u�c�� �g�Z�o�h�^�b�e�k�y�� �\�� �p�_�g�l�j�_�� �]�h�j�h�^�Z�� �g�Z��

�j�u�g�h�q�g�h�c�� �i�e�h�s�Z�^�b���� �d�h�l�h�j�Z�y�� �\�j�Z�s�Z�e�Z�k�v�� �\�h�d�j�m�]�� �g�_�]�h�� �i�h���q�Z�k�h�\�h�c�� �k�l�j�_�e�_�d�_�� �b��

�i�j�h�l�b�\�� �q�Z�k�h�\�h�c�� �k�l�j�_�e�d�b���� �M�q�Z�k�l�g�b�d�b�� �w�d�k�i�_�j�b�f�_�g�l�Z �h�p�_�g�b�\�Z�e�b�� �\�u�j�Z�`�_�g�g�h�k�l�v��

�b�e�e�x�a�b�b���i�h���r�d�Z�e�_���h�l�������^�h���������� �h�l�f�_�q�Z�y���g�Z�q�Z�e�h���b���d�h�g�_�p���\�h�a�g�b�d�g�h�\�_�g�b�y �\�_�d�p�b�b����

�H�d�Z�a�Z�e�h�k�v���� �q�l�h�� �i�j�h�_�d�p�b�y�� �b�a�h�[�j�Z�`�_�g�b�y�� �g�Z�� �i�h�e�� �b�f�_�_�l�� �a�g�Z�q�_�g�b�_�� �l�h�e�v�d�h�� �^�e�y��

�e�b�g�_�c�g�h�]�h�� �i�_�j�_�f�_�s�_�g�b�y�� �b�� �g�_�� �b�]�j�Z�_�l�� �a�g�Z�q�b�f�h�c�� �j�h�e�b�� �\�� �k�e�m�q�Z�_�� �d�j�m�]�h�\�h�]�h��

�^�\�b�`�_�g�b�y���� 

�<�l�h�j�Z�y�� �k�_�j�b�y�� �w�d�k�i�_�j�b�f�_�g�l�Z�� �[�u�e�Z�� �i�j�_�^�i�j�b�g�y�l�Z�� �k�� �p�_�e�v�x�� �\�u�y�k�g�_�g�b�y��

�\�e�b�y�g�b�y���g�Z���\�h�k�i�j�b�y�l�b�_���b�e�e�x�a�b�b���l�j�Z�_�d�l�h�j�b�b���^�\�b�`�_�g�b�y���h�i�l�b�q�_�k�d�h�]�h���i�h�l�h�d�Z�����<��

�d�Z�q�_�k�l�\�_�� �k�l�b�f�m�e�y�p�b�b�� �b�k�i�h�e�v�a�h�\�Z�e�b�� �������� �[�_�e�u�o�� �l�h�q�_�d�� �g�Z�� �q�z�j�g�h�f�� �n�h�g�_����

�b�f�b�l�b�j�m�x�s�b�o�� �a�\�z�a�^�u���� �K�l�b�f�m�e�y�p�b�y�� �k�h�\�_�j�r�Z�e�Z�� �i�_�j�_�f�_�s�_�g�b�_�� �i�h�� ������

�l�j�Z�_�d�l�h�j�b�y�f���± �\�\�_�j�o���� �\�g�b�a���� �k�i�j�Z�\�Z�� �g�Z�e�_�\�h���� �k�e�_�\�Z�� �g�Z�i�j�Z�\�h���� �\�i�_�j�z�^���� �g�Z�a�Z�^���� �i�h��

�d�j�m�]�m���i�j�h�l�b�\���q�Z�k�h�\�h�c���k�l�j�_�e�d�b�����i�h���d�j�m�]�m���i�h���q�Z�k�h�\�h�c���k�l�j�_�e�d�b�����i�h���^�e�b�g�g�h�c���^�m�]�_��

�\�i�j�Z�\�h�� �b�� �\�e�_�\�h���� �i�h�� �d�h�j�h�l�d�h�c�� �^�m�]�_�� �\�i�j�Z�\�h�� �b�� �\�e�_�\�h���� �;�u�e�h�� �m�k�l�Z�g�h�\�e�_�g�h���� �q�l�h��

�g�Z�b�[�h�e�v�r�_�_�� �\�e�b�y�g�b�_�� �g�Z�� �b�k�i�u�l�m�_�f�u�o�� �h�d�Z�a�Z�e�b�� �d�j�b�\�h�e�b�g�_�c�g�u�_�� �b�� �d�j�m�]�h�\�u�_��

�l�j�Z�_�d�l�h�j�b�b�� �^�\�b�`�_�g�b�y�� �k�l�b�f�m�e�y�p�b�b���� �I�j�b�� �w�l�h�f�� �k�j�_�^�b�� �e�b�g�_�c�g�u�o�� �g�Z�b�[�h�e�v�r�_�_��
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�\�e�b�y�g�b�_�� �h�d�Z�a�Z�e�h�� �^�\�b�`�_�g�b�_�� �\�g�b�a���� �Z�� �d�j�m�]�h�\�u�_�� �l�j�Z�_�d�l�h�j�b�b�� �k�l�Z�e�b�� �[�h�e�_�_��

�w�n�n�_�d�l�b�\�g�u�f�b���\���h�s�m�s�_�g�b�b���b�e�e�x�a�b�b�����q�_�f���d�j�b�\�h�e�b�g�_�c�g�u�_�� 

�<�� �b�k�k�e�_�^�h�\�Z�g�b�b�� �;���� �D�_�r�Z�\�Z�j�p�Z�� �b�� �_�]�h�� �d�h�e�e�_�] �l�Z�d�`�_ �b�a�m�q�Z�e�b�k�v�� �\�h�i�j�h�k�u��

�g�Z�e�b�q�b�y���h�l�k�m�l�k�l�\�b�y���i�_�j�b�n�_�j�b�q�_�k�d�h�]�h���i�h�e�y���a�j�_�g�b�y���^�e�y���n�h�j�f�b�j�h�\�Z�g�b�y���b�e�e�x�a�b�b��

���.�H�V�F�K�D�Y�D�U�]�� �H�W�� �D�O������ �������������� �>�e�y�� �i�j�_�^�t�y�\�e�_�g�b�y�� �k�l�b�f�m�e�y�p�b�b�� �Z�\�l�h�j�u�� �i�j�b�f�_�g�y�e�b��

HMD (Head mounted display�����r�e�_�f���\�b�j�l�m�Z�e�v�g�h�c���j�_�Z�e�v�g�h�k�l�b���^�e�y���h�^�g�h�c���]�j�m�i�i�u��

�b�k�i�u�l�m�_�f�u�o�� �b�� �r�b�j�h�d�h�n�h�j�f�Z�l�g�u�c �^�b�k�i�e�_�c�� �k�� �[�h�e�v�r�h�c�� �^�b�Z�]�h�g�Z�e�v�x���± �^�e�y��

�^�j�m�]�h�c���� �I�j�_�^�i�h�e�Z�]�Z�e�h�k�v���� �q�l�h�� �h�l�k�m�l�k�l�\�b�_�� �h�d�j�m�`�_�g�b�y�� �\�� �i�_�j�b�n�_�j�b�q�_�k�d�h�c�� �q�Z�k�l�b��

�i�h�e�y�� �a�j�_�g�b�y�� ���q�l�h�� �b�f�_�_�l�� �f�_�k�l�h�� �i�j�b�� �b�k�i�h�e�v�a�h�\�Z�g�b�b�� �r�e�_�f�Z�� �\�b�j�l�m�Z�e�v�g�h�c��

�j�_�Z�e�v�g�h�k�l�b�� �i�j�b�\�_�^�_�l�� �d�� �m�k�b�e�_�g�b�x�� �\�u�j�Z�`�_�g�g�h�k�l�b�� �w�n�n�_�d�l�Z�� �\�_�d�p�b�b���� �;�u�e�h��

�m�k�l�Z�g�h�\�e�_�g�h���� �q�l�h�� �\�� �k�e�m�q�Z�_�� �g�Z�[�e�x�^�_�g�b�y�� �k�l�b�f�m�e�y�p�b�b�� �\�� �+�0�'-�r�e�_�f�_��

�^�\�b�]�Z�l�_�e�v�g�Z�y�� �^�_�a�h�j�b�_�g�l�Z�p�b�y���� �d�Z�d���i�h�\�_�^�_�g�q�_�k�d�h�_���i�j�h�y�\�e�_�g�b�_�� �b�e�e�x�a�b�b����

�\�u�j�Z�`�_�g�Z�� �a�g�Z�q�b�l�_�e�v�g�h�� �f�_�g�v�r�_�� �>�e�y�� �h�[�t�y�k�g�_�g�b�y�� �^�Z�g�g�h�]�h�� �n�Z�d�l�Z �[�u�e�b��

�i�j�h�\�_�^�_�g�u�� �^�h�i�h�e�g�b�l�_�e�v�g�u�_�� �w�d�k�i�_�j�b�f�_�g�l�u���� �\�� �h�^�g�h�f�� �b�a�� �d�h�l�h�j�u�o�� �k�l�b�f�m�e�y�p�b�y��

�i�j�_�^�t�y�\�e�y�e�Z�k�v�� �g�Z�� �[�h�e�v�r�h�f�� �w�d�j�Z�g�_�� �q�_�j�_�a�� �k�i�_�p�b�Z�e�v�g�h�_�� �m�k�l�j�h�c�k�l�\�h����

�h�]�j�Z�g�b�q�b�\�Z�x�s�_�_�� �m�]�e�h�\�u�_�� �j�Z�a�f�_�j�u �a�j�b�l�_�e�v�g�h�]�h�� �i�h�e�y���� �Z�� �\�� �^�j�m�]�h�f���± �[�_�a��

�h�]�j�Z�g�b�q�_�g�b�y�� �m�]�e�Z�� �h�[�a�h�j�Z�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �f�_�g�v�r�b�o�� �i�h�� �k�j�Z�\�g�_�g�b�x�� �k��

�j�Z�a�f�_�j�Z�f�b�� �^�b�k�i�e�_�y�� �j�Z�a�f�_�j�h�\�� �k�l�b�f�m�e�y�p�b�b���� �<�� �w�l�h�f�� �k�e�m�q�Z�_���� �\�u�j�Z�`�_�g�g�h�k�l�v��

�b�e�e�x�a�b�b�� �[�u�e�Z�� �[�h�e�_�_�� �g�b�a�d�h�c�� �^�e�y�� �k�e�m�q�Z�y�� �h�]�j�Z�g�b�q�_�g�b�y�� �i�h�e�y�� �a�j�_�g�b�y���� �:�\�l�h�j�u��

�i�h�e�Z�]�Z�x�l���� �q�l�h�� �^�e�y�� �n�h�j�f�b�j�h�\�Z�g�b�y�� �b�e�e�x�a�b�b�� �d�j�Z�c�g�_�� �\�Z�`�g�h�� �g�Z�e�b�q�b�_��

�i�_�j�b�n�_�j�b�q�_�k�d�h�]�h�� �i�h�e�y�� �a�j�_�g�b�y���� �<�� �h�[�u�^�_�g�g�h�c�� �`�b�a�g�b�� �a�j�b�l�_�e�v�g�h�_�� �i�h�e�_�� �g�_��

�h�]�j�Z�g�b�q�_�g�h�� �g�b�d�Z�d�b�f�b�� �j�Z�f�d�Z�f�b���� �<�\�_�^�_�g�b�_�� �w�l�b�o�� �j�Z�f�h�d�� �\�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�m�x��

�k�b�l�m�Z�p�b�x���i�j�b�\�h�^�b�l���d���b�k�i�h�e�v�a�h�\�Z�g�b�x���d�h�]�g�b�l�b�\�g�u�o���f�_�o�Z�g�b�a�f�h�\���i�h�^�^�_�j�`�Z�g�b�y��

�h�j�b�_�g�l�Z�p�b�b�� �\�� �i�j�h�k�l�j�Z�g�k�l�\�_���� �[�e�Z�]�h�^�Z�j�y�� �d�h�l�h�j�u�f�� �\�e�b�y�g�b�_�� �a�j�b�l�_�e�v�g�h�c��

�b�g�n�h�j�f�Z�p�b�b���� �k�\�b�^�_�l�_�e�v�k�l�\�m�x�s�_�c�� �h�� �^�\�b�`�_�g�b�b�� �h�d�j�m�`�Z�x�s�_�c�� �k�j�_�^�u����

�m�f�_�g�v�r�Z�_�l�k�y���� �K�� �^�j�m�]�h�c�� �k�l�h�j�h�g�u���� �\�� �a�j�b�l�_�e�v�g�h�c�� �k�b�k�l�_�f�_�� �l�Z�d�� �`�_�� �\�h�a�g�b�d�Z�_�l��

�d�h�g�n�e�b�d�l���± �^�h�k�l�Z�l�h�q�g�h���[�h�e�v�r�Z�y���q�Z�k�l�v���a�j�b�l�_�e�v�g�h�]�h���i�h�e�y���^�\�b�`�_�l�k�y�����B�a-�a�Z���w�l�h�]�h��

�k�_�g�k�h�j�g�u�c�� �d�h�g�n�e�b�d�l�� �m�k�b�e�b�\�Z�_�l�k�y���� �q�l�h�� �i�j�b�\�h�^�b�l�� �d�� �[�h�e�v�r�_�c�� �k�l�_�i�_�g�b��

�\�u�j�Z�`�_�g�g�h�k�l�b���\�h�k�i�j�b�y�l�b�y���\�_�d�p�b�b���g�Z�[�e�x�^�Z�l�_�e�_�f�� 
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�<�� �k�\�y�a�b�� �k�� �l�Z�d�b�f�b�� �\�u�\�h�^�Z�f�b�� �;���� �D�_�r�Z�\�Z�j�p�Z�� �h�[�j�Z�s�Z�_�l�� �g�Z�� �k�_�[�y�� �\�g�b�f�Z�g�b�_��

�h�^�g�h�� �[�h�e�_�_�� �j�Z�g�g�_�_�� �b�k�k�e�_�^�h�\�Z�g�b�_�� �L�Z�d�� �>�`���� �:�g�^�_�j�k�_�g�� �b�� �F���� �;�j�Z�m�g�r�l�Z�c�g��
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�\�_�j�l�b�d�Z�e�v�g�h�c���i�e�h�k�d�h�k�l�b���\�h�d�j�m�]���g�_�i�h�^�\�b�`�g�h�]�h���g�Z�[�e�x�^�Z�l�_�e�y���k�h���k�d�h�j�h�k�l�v�x��������

�m�]�e���� �]�j�Z�^���k�� �g�_�f�_�^�e�_�g�g�h�� �i�j�b�\�h�^�b�l�� �d�� �h�s�m�s�_�g�b�x�� �\�_�d�p�b�b�� ���+�X�� �H�W�� �D�O���� �������������� �\�� �l�h��

�\�j�_�f�y�� �d�Z�d�� �\�j�Z�s�_�g�b�_�� �Z�g�Z�e�h�]�b�q�g�h�]�h�� �[�Z�j�Z�[�Z�g�Z�� �\�� �]�h�j�b�a�h�g�l�Z�e�v�g�h�c�� �i�e�h�k�d�h�k�l�b�� �k�h��

�k�d�h�j�h�k�l�y�f�b���h�l���������^�h�����������m�]�e�����]�j�Z�^���k���\�u�a�u�\�Z�_�l���\�_�d�p�b�x���e�b�r�v���q�_�j�_�a����-�����k�� 

�A�Z�\�b�k�b�f�h�k�l�b���\�u�j�Z�`�_�g�g�h�k�l�b���b�e�e�x�a�b�b���h�l���k�d�h�j�h�k�l�b���^�\�b�`�_�g�b�y���k�l�b�f�m�e�y�p�b�b��

�[�u�e�b�� �l�Z�d�`�_�� �m�k�l�Z�g�h�\�e�_�g�u�� �\�� �w�d�k�i�_�j�b�f�_�g�l�Z�o�� �i�h�� �b�a�m�q�_�g�b�x �e�b�g�_�c�g�h�c�� �\�_�d�p�b�b�� �<��

�q�Z�k�l�g�h�k�l�b�� �:���� �;�_�j�l�o�h�p�� �h�[�g�Z�j�m�`�b�e�� �e�b�g�_�c�g�m�x�� �a�Z�\�b�k�b�f�h�k�l�v�� �f�_�`�^�m��

�b�g�l�_�g�k�b�\�g�h�k�l�v�x���i�_�j�_�`�b�\�Z�g�b�y���\�_�d�p�b�b���b���k�d�h�j�h�k�l�v�x���^�\�b�`�_�g�b�y���k�l�b�f�m�e�Z����Berthoz 

et al���������������������<���w�l�h�f �`�_���b�k�k�e�_�^�h�\�Z�g�b�b���[�u�e�h���i�h�d�Z�a�Z�g�h�����q�l�h���\�j�_�f�y���\�h�a�g�b�d�g�h�\�_�g�b�y��

�\�_�d�p�b�b���i�j�b���^�\�b�`�_�g�b�b���k�l�b�f�m�e�Z���\�g�b�a���b���\���g�Z�i�j�Z�\�e�_�g�b�b���h�l���b�k�i�u�l�m�_�f�h�]�h���f�_�g�v�r�_����

�q�_�f���\���k�b�l�m�Z�p�b�b���^�\�b�`�_�g�b�y���k�l�b�f�m�e�Z���\�\�_�j�o�����:�g�Z�e�h�]�b�q�g�u�c �j�_�a�m�e�v�l�Z�l���[�u�e���i�h�e�m�q�_�g��

�^�j�m�]�b�f�b�� �b�k�k�e�_�^�h�\�Z�l�_�e�y�f�b�� �i�j�b�� �b�a�m�q�_�g�b�b�� �e�b�g�_�c�g�h�c�� �\�_�d�p�b�b�� �k���i�h�f�h�s�v�x��

�k�l�b�f�m�e�y�p�b�b�����^�\�b�`�m�s�_�c�k�y���e�b�g�_�c�g�h���\�\�_�j�o���b���\�g�b�a����Kano�������������������H�^�g�Z�d�h���^�Z�g�g�Z�y��

�a�Z�d�h�g�h�f�_�j�g�h�k�l�v�� �i�j�h�i�Z�^�Z�_�l�� �\�� �l�h�f�� �k�e�m�q�Z�_���� �_�k�e�b�� �b�k�i�u�l�m�_�f�u�c�� �g�Z�o�h�^�b�l�k�y�� �\��

�i�h�e�h�`�_�g�b�b���e�z�`�Z���g�Z���k�i�b�g�_�����<���w�l�h�f���i�h�e�h�`�_�g�b�b���\�_�d�p�b�y���\���g�Z�i�j�Z�\�e�_�g�b�b���k�l�m�i�g�_�c��

�q�_�e�h�\�_�d�Z���b���\���g�Z�i�j�Z�\�e�_�g�b�b���k�i�b�g�u�����k�l�b�f�m�e�y�p�b�y���^�\�b�`�_�l�k�y���\�^�h�e�v���l�_�e�Z���h�l���k�l�m�i�g�_�c��

�d���]�h�e�h�\�_���b���h�l���k�i�b�g�u���d���`�b�\�h�l�m���k�h�h�l�\�_�l�k�l�\�_�g�g�h�����g�Z�k�l�m�i�Z�_�l �[�u�k�l�j�_�_�����q�_�f���\�_�d�p�b�y��

�\�� �g�Z�i�j�Z�\�e�_�g�b�b�� �d�� �]�h�e�h�\�_�� �b�� �`�b�\�h�l�m�� �>�Z�g�g�u�c�� �j�_�a�m�e�v�l�Z�l�� �i�j�_�^�k�l�Z�\�e�y�_�l�� �[�h�e�v�r�h�c��

�b�g�l�_�j�_�k���� �l�Z�d�� �d�Z�d�� �^�_�f�h�g�k�l�j�b�j�m�_�l���� �q�l�h�� �b�e�e�x�a�b�y�� �^�\�b�`�_�g�b�y�� �k�h�[�k�l�\�_�g�g�h�]�h�� �l�_�e�Z��

�k�\�y�a�Z�g�g�Z�� �g�_�i�h�k�j�_�^�k�l�\�_�g�g�h�� �k�� �k�b�k�l�_�f�h�c�� �h�i�j�_�^�_�e�_�g�b�y�� �b�� �h�j�b�_�g�l�Z�p�b�b�� �l�_�e�Z�� �\��

�i�j�h�k�l�j�Z�g�k�l�\�_���� �I�j�b�� �b�a�f�_�g�_�g�b�b�� �i�h�e�h�`�_�g�b�y�� �l�_�e�Z�� �\�h�a�g�b�d�Z�x�l�� �i�_�j�_�f�_�g�u�� �\��

�b�g�l�_�g�k�b�\�g�h�k�l�b���b���\�j�_�f�_�g�b���\�h�a�g�b�d�g�h�\�_�g�b�y���b�e�e�x�a�b�b�� 

�K�e�_�^�m�x�s�b�c�� �k�_�g�k�h�j�g�u�c�� �n�Z�d�l�h�j���� �\�e�b�y�x�s�b�c�� �g�Z�� �\�u�j�Z�`�_�g�g�h�k�l�v�� �\�_�d�p�b�b����

�[�u�e���j�Z�k�k�f�h�l�j�_�g���\ �b�k�k�e�_�^�h�\�Z�g�b�b���D�����>�b�e�a�Z���b���I�����=�h�\�Z�j�^�Z�����'�L�H�O�V���	���+�R�Z�D�U�W�K��������������. 

�:�\�l�h�j�u�� �b�a�m�q�Z�e�b �\�e�b�y�g�b�_�� �f�_�e�d�b�o�� �\�b�[�j�Z�p�b�c�� �a�j�b�l�_�e�v�g�h�]�h�� �k�l�b�f�m�e�Z�� �g�Z��
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�\�u�j�Z�`�_�g�g�h�k�l�v�� �b�e�e�x�a�b�b���� �K�l�b�f�m�e�y�p�b�y�� �i�j�_�^�k�l�Z�\�e�y�e�Z�� �k�h�[�h�c�� �������� �^�\�b�`�m�s�b�o�k�y��

�[�_�e�u�o�� �d�j�m�]�e�u�o�� �l�h�q�_�d�� �g�Z�� �q�z�j�g�h�f�� �n�h�g�_���� �i�j�_�^�t�y�\�e�y�_�f�u�o�� �k�� �i�h�f�h�s�v�x��

�i�Z�g�h�j�Z�f�g�h�]�h���^�b�k�i�e�_�y�����<���l�j�z�o���m�k�e�h�\�b�y�o���w�d�k�i�_�j�b�f�_�g�l�Z���l�h�q�d�b���i�j�_�^�t�y�\�e�y�e�b�k�v���\��

�^�\�b�`�_�g�b�b�� �i�h�� �j�Z�a�e�b�q�g�u�f�� �g�Z�i�j�Z�\�e�_�g�b�y�f���± �\�b�[�j�b�j�m�x�s�_�_�� �e�b�g�_�c�g�h�_��

�i�_�j�_�f�_�s�_�g�b�_�� �i�h�� �d�j�m�]�m�� �i�h�� �q�Z�k�h�\�h�c�� �k�l�j�_�e�d�_���� �\�b�[�j�b�j�m�x�s�_�_�� �i�_�j�_�f�_�s�_�g�b�_��

�\�i�_�j�z�^-�g�Z�a�Z�^�� �k�� �m�^�Z�e�_�g�b�_�f�� �b�� �i�j�b�[�e�b�`�_�g�b�_�f�� �h�l�� �g�Z�[�e�x�^�Z�l�_�e�y���� �k�i�b�j�Z�e�_�\�b�^�g�h�_��

�\�b�[�j�b�j�m�x�s�_�_���i�_�j�_�f�_�s�_�g�b�_�����<�b�[�j�Z�p�b�y���b�k�i�h�e�v�a�h�\�Z�e�Z�k�v���^�e�y���k�h�a�^�Z�g�b�y���w�n�n�_�d�l�Z��

�k�f�Z�a�u�\�Z�g�b�y���k�_�l�q�Z�l�h�q�g�h�]�h���b�a�h�[�j�Z�`�_�g�b�y�����d�h�l�h�j�h�_�����d�Z�d���i�j�Z�\�b�e�h�����i�j�b�k�m�l�k�l�\�m�_�l���\��

�k�_�l�q�Z�l�h�q�g�h�f�� �h�[�j�Z�a�_�� �i�j�b�� �g�Z�[�e�x�^�_�g�b�b�� �_�k�l�_�k�l�\�_�g�g�u�o�� �k�p�_�g�� �\�� �^�\�b�`�_�g�b�b����

�<�u�y�k�g�b�e�h�k�v�����q�l�h���k�i�b�j�Z�e�_�h�[�j�Z�a�g�h�_���^�\�b�`�_�g�b�_���k�l�b�f�m�e�y�p�b�b���g�_���\�u�a�\�Z�e�h���[�h�e�v�r�_�c��

�\�u�j�Z�`�_�g�g�h�k�l�b�� �b�e�e�x�a�b�b�� �i�h�� �k�j�Z�\�g�_�g�b�x�� �k�� �h�k�l�Z�e�v�g�u�f�b�� �l�b�i�Z�f�b�� �i�_�j�_�f�_�s�_�g�b�y��

�a�j�b�l�_�e�v�g�h�c�� �k�j�_�^�u���� �\�h�i�j�_�d�b�� �h�`�b�^�Z�g�b�y�f�� �Z�\�l�h�j�h�\���� �>�Z�g�g�u�c�� �n�_�g�h�f�_�g��

�b�k�k�e�_�^�h�\�Z�l�_�e�b �h�[�t�y�k�g�y�e�b�� �k�e�_�^�m�x�s�b�f�� �h�[�j�Z�a�h�f���� �k�i�b�j�Z�e�_�\�b�^�g�h�_�� �^�\�b�`�_�g�b�_ 

�a�j�b�l�_�e�v�g�h�]�h�� �h�d�j�m�`�_�g�b�y�� �j�_�^�d�h�� �\�k�l�j�_�q�Z�x�l�k�y�� �\�� �h�[�u�q�g�h�c�� �`�b�a�g�b���� �i�h�w�l�h�f�m�� �i�j�b��

�Z�g�Z�e�b�a�_�� �l�Z�d�h�c�� �k�l�b�f�m�e�y�p�b�b�� �\�d�e�x�q�Z�x�l�k�y�� �d�h�]�g�b�l�b�\�g�u�_�� �f�_�o�Z�g�b�a�f�u����

�b�g�l�_�j�i�j�_�l�b�j�m�x�s�b�_�� �_�_�� �d�Z�d�� �©�h�r�b�[�h�q�g�m�x�ª���� �<�e�b�y�g�b�_�� �w�l�b�o�� �f�_�o�Z�g�b�a�f�h�\�� �b��

�i�j�b�\�h�^�b�l���d���g�b�\�_�e�b�j�h�\�Z�g�b�x���k�l�_�i�_�g�b���k�_�g�k�h�j�g�h�]�h���d�h�g�n�e�b�d�l�Z���� 

�D�Z�d�� �i�h�d�Z�a�Z�e�b�� �w�d�k�i�_�j�b�f�_�g�l�u�� �L���� �K�_�g�h���� �g�Z�� �\�u�j�Z�`�_�g�g�h�k�l�v�� �b�e�e�x�a�b�b��

�^�\�b�`�_�g�b�y���k�h�[�k�l�\�_�g�g�h�]�h���l�_�e�Z���f�h�]�m�l���h�d�Z�a�u�\�Z�l�v���\�e�b�y�g�b�_���b���i�Z�j�Z�f�_�l�j�u���\�a�Z�b�f�g�h�]�h��

�j�Z�k�i�h�e�h�`�_�g�b�y�� �h�[�t�_�d�l�h�\���� �k�h�k�l�Z�\�e�y�x�s�b�o�� �k�l�b�f�m�e�y�p�b�x��(Seno et al., 2011). �<��

�j�Z�[�h�l�_�� �L���� �K�_�g�h�� �b�k�k�e�_�^�h�\�Z�e�h�k�v�� �\�e�b�y�g�b�_�� �\�\�_�^�z�g�g�u�o�� �\�� �^�b�g�Z�f�b�q�_�k�d�m�x��

�h�i�l�b�q�_�k�d�m�x�� �h�[�t�z�f�g�m�x�� �k�l�b�f�m�e�y�p�b�x�� �k�l�Z�l�b�q�g�u�o�� �h�j�l�h�]�h�g�Z�e�v�g�u�o�� �b��

�i�Z�j�Z�e�e�_�e�v�g�u�o�� �^�\�b�`�_�g�b�x�� �k�j�_�^�u�� �d�h�f�i�h�g�_�g�l�h�\���� �K�l�b�f�m�e�y�p�b�y�� �i�j�_�^�k�l�Z�\�e�y�e�Z��

�k�h�[�h�c�� �\�u�i�h�e�g�_�g�g�u�_�� �\�� �Z�o�j�h�f�Z�l�b�q�_�k�d�h�f�� �p�\�_�l�h�\�h�f�� �^�b�Z�i�Z�a�h�g�_�� �i�h�e�h�k�Z�l�u�_�� �b��

�d�e�_�l�q�Z�l�u�_�� �k�p�_�g�u���� �k�� �g�Z�b�[�h�e�v�r�_�c�� �\�u�j�Z�`�_�g�g�h�k�l�v�x�� �e�b�[�h�� �h�j�l�h�]�h�g�Z�e�v�g�u�o���� �e�b�[�h��

�i�Z�j�Z�e�e�_�e�v�g�u�o���i�h�e�h�k�����<�k�_���k�p�_�g�u���[�u�e�b���i�h�^�\�_�j�`�_�g�u���g�_�[�h�e�v�r�h�c���± �h�d�h�e�h����������- 

�k�l�_�i�_�g�b�� �j�Z�a�f�u�l�b�y�� �b�� �i�j�_�^�t�y�\�e�y�e�b�k�v�� �i�j�b�� �i�h�f�h�s�b�� �r�e�_�f�Z�� �\�b�j�l�m�Z�e�v�g�h�c��

�j�_�Z�e�v�g�h�k�l�b���� �;�u�e�h�� �m�k�l�Z�g�h�\�e�_�g�h���� �q�l�h�� �h�j�l�h�]�h�g�Z�e�v�g�u�_�� �d�h�f�i�h�g�_�g�l�u�� �h�d�Z�a�u�\�Z�x�l��

�m�k�b�e�b�\�Z�x�s�_�_���^�_�c�k�l�\�b�_�� �g�Z���i�j�h�y�\�e�_�g�b�_�� �b�e�e�x�a�b�b���k�h�[�k�l�\�_�g�g�h�]�h���^�\�b�`�_�g�b�y�� �l�_�e�Z��

�g�Z�[�e�x�^�Z�l�_�e�y�����l�h�]�^�Z���d�Z�d���i�Z�j�Z�e�e�_�e�v�g�u�_���g�Z�i�j�h�l�b�\���± �h�k�e�Z�[�e�y�x�s�_�_�� 
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�<�� �i�h�^�Z�\�e�y�x�s�_�c�� �q�Z�k�l�b�� �b�k�k�e�_�^�h�\�Z�g�b�c���� �i�h�k�\�y�s�z�g�g�u�o�� �b�a�m�q�_�g�b�x�� �\�_�d�p�b�b����

�[�u�e�Z�� �b�k�i�h�e�v�a�h�\�Z�g�Z�� �a�j�b�l�_�e�v�g�Z�y�� �k�l�b�f�m�e�y�p�b�y���� �<�h�i�j�h�k�m�� �h�� �l�h�f���� �f�h�`�_�l�� �e�b�� �[�u�l�v��

�b�g�^�m�p�b�j�h�\�Z�g�h�� �\�h�k�i�j�b�y�l�b�_�� �b�e�e�x�a�b�b�� �\�� �j�_�a�m�e�v�l�Z�l�_�� �\�h�a�^�_�c�k�l�\�b�y�� �k�l�b�f�m�e�y�p�b�b��

�^�j�m�]�b�o���f�h�^�Z�e�v�g�h�k�l�_�c�����[�u�e�h���m�^�_�e�_�g�h���g�_�^�h�k�l�Z�l�h�q�g�h�_���d�h�e�b�q�_�k�l�\�h���\�g�b�f�Z�g�b�y�����L�_�f��

�g�_���f�_�g�_�_�����k�m�s�_�k�l�\�m�x�l���i�j�b�f�_�j�u���b�k�k�e�_�^�h�\�Z�g�b�c�����\���d�h�l�h�j�u�o���b�e�e�x�a�b�y���\�h�a�g�b�d�Z�e�Z��

�i�j�b�� �b�k�i�h�e�v�a�h�\�Z�g�b�b�� �a�\�m�d�h�\�u�o�� �k�l�b�f�m�e�h�\���� �G�Z�i�j�b�f�_�j���� �>�`���� �E�w�d�g�_�j�� �\�� �k�\�h�z�f��

�w�d�k�i�_�j�b�f�_�g�l�_�� �i�h�d�Z�a�Z�e���� �q�l�h�� �d�j�m�]�h�\�Z�y�� �\�_�d�p�b�y�� �f�h�`�_�l�� �\�h�a�g�b�d�Z�l�v�� �m�� �b�k�i�u�l�m�_�f�h�]�h��

�i�j�b�� �\�h�a�^�_�c�k�l�\�b�b�� �a�\�m�d�h�\���� �k�h�a�^�Z�x�s�b�o�� �h�s�m�s�_�g�b�_�� �k�h�[�k�l�\�_�g�g�h�]�h�� �\�j�Z�s�_�g�b�y��

�q�_�e�h�\�_�d�Z�����/�D�F�N�Q�H�U�������������������B�k�i�u�l�m�_�f�u�c���i�j�b���w�l�h�f���[�u�e���j�Z�k�i�h�e�h�`�_�g���g�_�i�h�^�\�b�`�g�h����

�k�b�^�y���g�Z���k�l�m�e�_�����Z���g�Z���_�]�h���]�e�Z�a�Z���[�u�e�Z���h�^�_�l�Z���g�_���i�j�h�i�m�k�d�Z�x�s�Z�y���k�\�_�l���l�z�f�g�Z�y���i�h�\�y�a�d�Z����

�=�_�g�_�j�Z�p�b�y�� �a�\�m�d�h�\�h�c�� �k�l�b�f�m�e�y�p�b�b�� �i�j�h�b�a�\�h�^�b�e�Z�k�v�� �i�h�k�j�_�^�k�l�\�h�f�� �^�b�g�Z�f�b�d�h�\����

�j�Z�k�i�h�e�h�`�_�g�g�u�o���\�h�d�j�m�]���m�q�Z�k�l�g�b�d�Z���w�d�k�i�_�j�b�f�_�g�l�Z�� 

�J�_�a�m�e�v�l�Z�l�u�� �h�i�b�k�Z�g�g�u�o�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �i�h�a�\�h�e�y�x�l�� �k�^�_�e�Z�l�v�� �\�u�\�h�^�� �h�� �l�h�f����

�q�l�h�� �k�m�s�_�k�l�\�m�_�l�� �p�_�e�u�c�� �j�y�^�� �j�Z�a�e�b�q�g�u�o�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�� �i�j�_�^�t�y�\�e�y�_�f�h�c��

�k�l�b�f�m�e�y�p�b�b���� �d�h�l�h�j�u�_�� �\�e�b�y�x�l�� �g�Z�� �\�u�j�Z�`�_�g�g�h�k�l�v�� �b�e�e�x�a�b�b�� �^�\�b�`�_�g�b�y��

�k�h�[�k�l�\�_�g�g�h�]�h�� �l�_�e�Z���� �W�l�h�l�� �n�Z�d�l�� �]�h�\�h�j�b�l�� �h�� �l�h�f���� �q�l�h�� �b�e�e�x�a�b�y�� �^�\�b�`�_�g�b�y��

�k�h�[�k�l�\�_�g�g�h�]�h�� �l�_�e�Z�� �i�j�_�^�k�l�Z�\�e�y�_�l�� �k�h�[�h�c�� �o�h�l�v�� �b�� �k�m�[�t�_�d�l�b�\�g�u�c�� �n�_�g�h�f�_�g��

�\�h�k�i�j�b�y�l�b�y���� �g�h�� �k�e�h�`�g�u�c�� �i�h�� �k�\�h�_�f�m�� �]�_�g�_�a�m���� �i�h�k�d�h�e�v�d�m�� �_�]�h�� �\�u�j�Z�`�_�g�g�h�k�l�v��

�h�d�Z�a�u�\�Z�_�l�k�y�� �\�� �l�_�k�g�h�c�� �a�Z�\�b�k�b�f�h�k�l�b�� �h�l�� �^�_�c�k�l�\�b�y�� �j�Z�a�e�b�q�g�u�o�� �k�_�g�k�h�j�g�u�o��

�n�Z�d�l�h�j�h�\�����L�_�f���g�_���f�_�g�_�_�����k�l�h�b�l���h�l�f�_�l�b�l�v���g�_�^�h�k�l�Z�l�d�b���^�Z�g�g�u�o���w�d�k�i�_�j�b�f�_�g�l�h�\���± 

�\�� �g�b�o�� �b�k�i�h�e�v�a�h�\�Z�e�b�k�v�� �e�b�r�v�� �f�_�l�h�^�u�� �k�m�[�t�_�d�l�b�\�g�h�c�� �h�p�_�g�d�b�� �\�u�j�Z�`�_�g�g�h�k�l�b��

�b�e�e�x�a�b�b�� �i�m�l�z�f�� �i�j�y�f�h�]�h�� �r�d�Z�e�b�j�h�\�Z�g�b�y���� �D�j�h�f�_�� �l�h�]�h���� �^�Z�g�g�u�_�� �b�k�k�e�_�^�h�\�Z�g�b�y��

�g�h�k�y�l�� �h�i�b�k�Z�l�_�e�v�g�u�c�� �o�Z�j�Z�d�l�_�j�� �i�h �h�l�g�h�r�_�g�b�x�� �d�� �i�j�h�[�e�_�f�_�� �h�i�j�_�^�_�e�_�g�b�y��

�f�_�o�Z�g�b�a�f�h�\�� �\�_�d�p�b�b���� �l�Z�d�� �d�Z�d�� �\�� �g�b�o�� �g�_�� �[�u�e�h�� �i�h�e�m�q�_�g�h�� �g�h�\�u�o�� �j�_�a�m�e�v�l�Z�l�h�\��

�h�l�g�h�k�b�l�_�e�v�g�h���i�j�b�q�b�g���\�h�a�g�b�d�g�h�\�_�g�b�y���b�e�e�x�a�b�b���b���^�b�g�Z�f�b�d�b���_�z���i�j�h�l�_�d�Z�g�b�y�����L�_�f��

�g�_�� �f�_�g�_�_���� �i�h�e�m�q�_�g�g�Z�y�� �b�g�n�h�j�f�Z�p�b�y�� �h�� �^�_�c�k�l�\�b�b�� �k�_�g�k�h�j�g�u�o�� �n�Z�d�l�h�j�h�\�� �g�Z��

�\�u�j�Z�`�_�g�g�h�k�l�v�� �\�_�d�p�b�b�� �y�\�e�y�_�l�k�y�� �\�Z�`�g�h�c�� �^�e�y�� �k�n�_�j�u�� �k�h�a�^�Z�g�b�y�� �k�b�k�l�_�f��

�\�b�a�m�Z�e�b�a�Z�p�b�b���b���l�_�o�g�h�e�h�]�b�c���\�b�j�l�m�Z�e�v�g�h�c���j�_�Z�e�v�g�h�k�l�b�� 

�D�j�h�f�_�� �k�_�g�k�h�j�g�u�o�� �n�Z�d�l�h�j�h�\�� �g�Z�� �\�h�a�g�b�d�g�h�\�_�g�b�_�� �b�e�e�x�a�b�b�� �^�\�b�`�_�g�b�y��

�k�h�[�k�l�\�_�g�g�h�]�h���l�_�e�Z���h�d�Z�a�u�\�Z�x�l���\�e�b�y�g�b�_���b���n�Z�d�l�h�j�u���\�u�k�r�_�]�h���i�h�j�y�^�d�Z�����I�j�b�g�y�l�h��
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�k�q�b�l�Z�l�v���� �q�l�h�� �]�e�Z�\�g�h�c�� �i�j�b�q�b�g�h�c�� �\�h�a�g�b�d�g�h�\�_�g�b�y�� �\�_�d�p�b�b�� �\�h�h�[�s�_�� �y�\�e�y�_�l�k�y��

�m�[�_�`�^�z�g�g�h�k�l�v���q�_�e�h�\�_�d�Z���\���l�h�f�����q�l�h���h�d�j�m�`�Z�x�s�_�_���g�Z�k���i�j�h�k�l�j�Z�g�k�l�\�h���\���]�e�h�[�Z�e�v�g�h�f��

�k�f�u�k�e�_�� �g�_�i�h�^�\�b�`�g�h�� ��Dichgans & Brandt���� �������������� �<�h�a�f�h�`�g�h�� �b�f�_�g�g�h�� �i�h�� �w�l�h�c��

�i�j�b�q�b�g�_���\���j�y�^�_���w�d�k�i�_�j�b�f�_�g�l�h�\���k�l�b�f�m�e�y�p�b�y�����j�Z�k�i�h�e�h�`�_�g�g�Z�y���g�Z���a�Z�^�g�_�f���i�e�Z�g�_����

�h�d�Z�a�u�\�Z�e�Z�� �[�h�e�v�r�_�_�� �\�e�b�y�g�b�_�� �g�Z�� �\�h�a�g�b�d�g�h�\�_�g�b�_�� �\�_�d�p�b�b�� �b�� �b�g�b�p�b�b�j�h�\�Z�e�Z��

�i�_�j�_�`�b�\�Z�g�b�_���b�e�e�x�a�b�b���g�Z�b�[�h�e�v�r�_�c���b�g�l�_�g�k�b�\�g�h�k�l�b�����<���i�h�\�k�_�^�g�_�\�g�h�c���`�b�a�g�b���l�_��

�w�e�_�f�_�g�l�u���� �d�h�l�h�j�u�_�� �k�h�k�l�Z�\�e�y�x�l�� �a�Z�^�g�b�c�� �i�e�Z�g�� �\�� �w�d�k�i�_�j�b�f�_�g�l�Z�o�� �i�h�� �b�a�m�q�_�g�b�x��

�\�_�d�p�b�b�����q�Z�s�_���\�k�_�]�h���g�Z�o�h�^�y�l�k�y���\���g�_�i�h�^�\�b�`�g�h�f���i�h�e�h�`�_�g�b�b�����I�h�w�l�h�f�m���q�_�e�h�\�_�d�m��

�h�d�Z�a�u�\�Z�_�l�k�y�� �i�j�h�s�_�� �i�j�h�b�g�l�_�j�i�j�_�l�b�j�h�\�Z�l�v�� �b�o�� �d�Z�d�� �g�_�i�h�^�\�b�`�g�u�_�� �b�� �\�h�k�i�j�b�g�y�l�v��

�b�e�e�x�a�b�x���^�\�b�`�_�g�b�y���k�h�[�k�l�\�_�g�g�h�]�h���l�_�e�Z����Nakamura & Shimojo�������������������<���h�^�g�h�f��

�b�a�� �w�d�k�i�_�j�b�f�_�g�l�h�\�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �Z�\�b�Z�p�b�h�g�g�h�]�h���k�b�f�m�e�y�l�h�j�Z�� �[�u�e�h��

�h�[�g�Z�j�m�`�_�g�h���� �q�l�h�� �i�b�e�h�l�u���� �h�s�m�l�b�\�r�b�_�� �\�� �i�j�h�p�_�k�k�_�� �w�d�k�i�_�j�b�f�_�g�l�Z�� �e�b�g�_�c�g�m�x��

�\�_�d�p�b�x�����\���k�Z�f�h�h�l�q�z�l�Z�o���m�d�Z�a�Z�e�b���g�Z���l�h�����q�l�h���k�l�b�f�m�e�y�p�b�y���^�_�c�k�l�\�b�l�_�e�v�g�h���m�[�_�`�^�Z�e�Z��

�b�o�� �\�� �l�h���� �q�l�h�� �h�g�b�� �f�h�]�m�l�� �n�b�a�b�q�_�k�d�b�� �i�_�j�_�f�_�s�Z�l�v�k�y�� �\�� �g�Z�i�j�Z�\�e�_�g�b�b�� �\�_�d�p�b�b��

(Andersen & Braunstein�������������������<���a�g�Z�d�h�\�h�f���b�k�k�e�_�^�h�\�Z�g�b�b���>�`�����E�w�d�g�_�j�Z����Lackner, 

�������������\�_�d�p�b�y���[�u�e�Z���b�g�b�p�b�b�j�h�\�Z�g�Z���i�m�l�z�f���\�j�Z�s�_�g�b�y���a�\�m�d�h�\�h�]�h���k�l�b�f�m�e�Z���\�h�d�j�m�]��

�k�b�^�y�s�_�]�h���g�Z���k�l�m�e�_���b�k�i�u�l�m�_�f�h�]�h�����;�u�e���b�k�i�h�e�v�a�h�\�Z�g���k�i�_�p�b�Z�e�v�g�u�c���\�j�Z�s�Z�x�s�b�c�k�y��

�k�l�m�e�� �b�� �m�� �b�k�i�u�l�m�_�f�u�o�� �n�h�j�f�b�j�h�\�Z�e�h�k�v�� �q�z�l�d�h�_�� �m�[�_�`�^�_�g�b�_���� �q�l�h�� �h�g�b��

�^�_�c�k�l�\�b�l�_�e�v�g�h�� �f�h�]�e�b�� �\�j�Z�s�Z�l�v�k�y�� �n�b�a�b�q�_�k�d�b���� �<�Z�`�g�h�� �h�l�f�_�l�b�l�v���� �q�l�h��

�m�[�_�`�^�z�g�g�h�k�l�v�� �b�k�i�u�l�m�_�f�h�]�h�� �\�� �\�h�a�f�h�`�g�h�k�l�b�� �n�b�a�b�q�_�k�d�h�]�h�� �i�_�j�_�f�_�s�_�g�b�y��

�i�h�a�\�h�e�b�e�Z���>�`�����:�g�^�_�j�k�_�g�m���k���d�h�e�e�_�]�Z�f�b���\�u�a�\�Z�l�v���\�_�d�p�b�x���^�Z�`�_���k���b�k�i�h�e�v�a�h�\�Z�g�b�_�f��

�h�]�j�Z�g�b�q�_�g�g�h�]�h���^�h�����������m�]�e�h�\�u�o���]�j�Z�^�m�k�h�\���a�j�b�l�_�e�v�g�h�]�h���i�h�e�y�����Z���>�`���E�w�d�g�_�j�m���e�b�r�v��

�k�� �i�j�b�f�_�g�_�g�b�_�f�� �a�\�m�d�h�\�h�c�� �k�l�b�f�m�e�y�p�b�b���� �<�� �l�Z�d�b�o�� �m�k�e�h�\�b�y�o�� �[�_�^�g�h�c�� �k�_�g�k�h�j�g�h�c��

�k�l�b�f�m�e�y�p�b�b���g�Z���n�Z�d�l���\�h�a�g�b�d�g�h�\�_�g�b�y���\�_�d�p�b�b���i�h-�\�b�^�b�f�h�f�m���h�d�Z�a�u�\�Z�x�l���\�e�b�y�g�b�_��

�i�_�j�p�_�i�l�b�\�g�u�_�� �n�Z�d�l�h�j�u���� �W�l�Z�� �b�^�_�y�� �k�h�]�e�Z�k�m�_�l�k�y�� �k�� �i�j�b�f�_�g�y�_�f�u�f�� �;�Z�c�_�k�h�\�k�d�b�f��

�i�h�^�o�h�^�h�f���d���\�h�k�i�j�b�y�l�b�x�����d�h�l�h�j�u�c���i�h�k�l�m�e�b�j�m�_�l�����q�l�h���b�g�n�h�j�f�Z�p�b�y���h�l���k�_�g�k�h�j�g�u�o��

�k�b�k�l�_�f�� �d�h�f�[�b�g�b�j�m�_�l�k�y�� �k���d�h�]�g�b�l�b�\�g�u�f�b�� �\�e�b�y�g�b�y�f�b���� �i�j�b�q�z�f, �b�f�_�g�g�h��

�i�h�k�e�_�^�g�b�_���b�f�_�x�l���[�h�e�v�r�b�c���\�_�k����Knill  & Richards, 1996). 

�=�b�i�h�l�_�a�Z�� �h�� �\�h�a�^�_�c�k�l�\�b�b���d�h�]�g�b�l�b�\�g�u�o �n�Z�d�l�h�j�h�\�� �[�u�e�Z���i�j�h�\�_�j�_�g�Z�� �\�� �j�y�^�_��

�w�d�k�i�_�j�b�f�_�g�l�h�\�� �k�� �m�q�Z�k�l�b�_�f�� �^�_�l�_�c���� �K�_�f�b�e�_�l�g�b�_�� �^�_�l�b�� �i�_�j�_�`�b�\�Z�x�l �b�e�e�x�a�b�x��



103 
 
�^�\�b�`�_�g�b�y�� �k�h�[�k�l�\�_�g�g�h�]�h�� �l�_�e�Z�� �[�u�k�l�j�_�_�� �\�� �l�h�f�� �k�e�m�q�Z�_���� �_�k�e�b�� �b�f�� �i�j�_�^�\�Z�j�b�l�_�e�v�g�h��

�^�_�f�h�g�k�l�j�b�j�m�x�l���\�h�a�f�h�`�g�h�k�l�v���\�j�Z�s�_�g�b�y���k�l�m�e�Z�����g�Z���d�h�l�h�j�h�f���b�f���i�j�_�^�k�l�h�b�l���k�b�^�_�l�v��

�\�� �l�_�q�_�g�b�_�� �w�d�k�i�_�j�b�f�_�g�l�Z�� ��Lepecq et al������ �������������� �H�^�g�Z�d�h�� �g�Z�� �\�u�[�h�j�d�_�� ����-�e�_�l�g�b�o��

�^�_�l�_�c���^�Z�g�g�u�c���j�_�a�m�e�v�l�Z�l���i�h�^�l�\�_�j�`�^�z�g���g�_���[�u�e���� 

�<�� �^�j�m�]�h�f�� �b�k�k�e�_�^�h�\�Z�g�b�b�� �b�a�m�q�Z�e�Z�k�v�� �k�\�y�a�v�� �\�_�d�p�b�b�� �k�� �i�h�d�Z�a�Z�l�_�e�y�f�b��

�\�g�b�f�Z�g�b�y�� �b�k�i�u�l�m�_�f�u�o���� �D�h�]�^�Z�� �b�k�i�u�l�m�_�f�u�o�� �i�j�h�k�b�e�b�� �k�i�_�p�b�Z�e�v�g�h�� �h�[�j�Z�l�b�l�v��

�\�g�b�f�Z�g�b�_���g�Z���h�^�b�g���b�a���^�\�m�o���h�^�g�h�\�j�_�f�_�g�g�h���i�j�_�^�t�y�\�e�y�_�f�u�o���^�\�b�`�m�s�b�o�k�y���k�\�_�j�o�m��

�\�g�b�a�� �b�� �k�g�b�a�m�� �\�\�_�j�o�� �k�l�b�f�m�e�h�\�� �j�Z�a�e�b�q�g�u�o�� �p�\�_�l�h�\���� �\�_�d�p�b�y�� �\�h�a�g�b�d�Z�e�Z�� �\��

�g�Z�i�j�Z�\�e�_�g�b�b�����i�j�h�l�b�\�h�i�h�e�h�`�g�h�f���^�\�b�`�_�g�b�x���k�l�b�f�m�e�Z�����g�Z���d�h�l�h�j�u�c���\�g�b�f�Z�g�b�_���g�_��
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�f�_�`�^�m�� �a�j�b�l�_�e�v�g�h�c�� �b�� �g�_�� �a�j�b�l�_�e�v�g�h�c�� �b�g�n�h�j�f�Z�p�b�_�c�� �g�Z�� �j�_�r�_�g�b�_�� �d�h�]�g�b�l�b�\�g�u�o��

�a�Z�^�Z�q���� �\�� �q�Z�k�l�g�h�k�l�b�� �g�Z�� �i�j�h�p�_�k�k�u�� �a�Z�i�h�f�b�g�Z�g�b�y�� ���/�D�P�E�U�H�\�D�� �H�W�� �D�O������ �������������� �K��

�i�h�f�h�s�v�x�� �r�e�_�f�Z�� �\�b�j�l�m�Z�e�v�g�h�c�� �j�_�Z�e�v�g�h�k�l�b�� �b�k�i�u�l�m�_�f�u�f���� �g�Z�o�h�^�y�s�b�f�k�y�� �\��

�k�l�h�y�q�_�f�� �\�_�j�l�b�d�Z�e�v�g�h�f�� �i�h�e�h�`�_�g�b�b���� �i�j�_�^�t�y�\�e�y�e�k�y�� �\�b�j�l�m�Z�e�v�g�u�c�� �d�h�j�b�^�h�j����

�D�h�j�b�^�h�j�� �k�f�_�s�Z�e�k�y�� �e�b�g�_�c�g�h�� �\�� �j�Z�a�e�b�q�g�u�o�� �g�Z�i�j�Z�\�e�_�g�b�y�o�� �k�� �i�h�k�l�h�y�g�g�h�c��

�k�d�h�j�h�k�l�v�x���� �Z�� �l�Z�d�`�_�� �i�h�\�h�j�Z�q�b�\�Z�e�k�y�� �\�� �]�h�j�b�a�h�g�l�Z�e�v�g�h�c�� �i�e�h�k�d�h�k�l�b���� �A�Z�^�Z�q�Z��

�b�k�i�u�l�m�_�f�u�o�� �a�Z�d�e�x�q�Z�e�Z�k�v�� �\�� �a�Z�i�h�f�b�g�Z�g�b�b�� �b�� �i�h�k�e�_�^�m�x�s�_�f�� �\�h�k�i�j�h�b�a�\�_�^�_�g�b�b��

�l�j�Z�_�d�l�h�j�b�b�� �^�\�b�`�_�g�b�y���� �<�� �h�l�e�b�q�b�_�� �h�l�� �d�h�g�l�j�h�e�v�g�u�o�� �m�k�e�h�\�b�c���� �\�� �d�h�l�h�j�u�o��
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�b�k�i�u�l�m�_�f�u�_�� �k�Z�f�b�� �d�h�g�l�j�h�e�b�j�h�\�Z�e�b�� �k�\�h�z�� �i�_�j�_�f�_�s�_�g�b�_�� �i�h�� �\�b�j�l�m�Z�e�v�g�h�f�m��

�d�h�j�b�^�h�j�m�����\���w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�c���k�b�l�m�Z�p�b�b���b�k�i�u�l�m�_�f�u�_���b�k�i�u�l�u�\�Z�e�b���l�j�m�^�g�h�k�l�b��

�\�h�k�i�j�h�b�a�\�_�^�_�g�b�y���l�j�Z�_�d�l�h�j�b�b�����^�h�[�Z�\�e�y�y���w�e�_�f�_�g�l�u���i�h�\�h�j�h�l�h�\���b���k�f�_�s�_�g�b�c���\�k�_�]�h��

�h�i�l�b�q�_�k�d�h�]�h�� �i�h�l�h�d�Z�� �\�f�_�k�l�h�� �k�h�[�k�l�\�_�g�g�h�]�h�� �\�b�j�l�m�Z�e�v�g�h�]�h�� �^�\�b�`�_�g�b�y���� �:�\�l�h�j�u��

�i�j�_�^�i�h�e�h�`�b�e�b�� �q�l�h�� �a�j�b�l�_�e�v�g�Z�y�� �k�b�k�l�_�f�Z�� �b�k�i�h�e�v�a�m�_�l�� �^�\�_�� �k�l�j�Z�l�_�]�b�b��

�a�Z�i�h�f�b�g�Z�g�b�y�����h�^�g�Z���b�a���d�h�l�h�j�u�o���h�i�b�j�Z�_�l�k�y �l�h�e�v�d�h���g�Z���k�_�l�q�Z�l�h�q�g�m�x �b�g�n�h�j�f�Z�p�b�x����

�Z�� �^�j�m�]�Z�y�� �m�q�b�l�u�\�Z�_�l�� �\�� �[�h�e�v�r�_�c�� �k�l�_�i�_�g�b�� �k�b�]�g�Z�e�u�� �^�j�m�]�b�o�� �f�h�^�Z�e�v�g�h�k�l�_�c���± 

�i�j�h�i�j�b�h�p�_�i�l�b�\�g�h�c�� �b�� �\�_�k�l�b�[�m�e�y�j�g�h�c�� �k�b�k�l�_�f���� �I�h�w�l�h�f�m�� �\�� �d�h�g�l�j�h�e�v�g�u�o��

�m�k�e�h�\�b�y�o���� �b�k�i�u�l�m�_�f�u�_�� �b�f�_�e�b�� �\�h�a�f�h�`�g�h�k�l�v�� �[�h�e�_�_�� �i�h�^�j�h�[�g�h�]�h�� �h�k�f�Z�l�j�b�\�Z�g�b�y��

�d�h�j�b�^�h�j�Z���i�m�l�z�f���k�h�\�_�j�r�_�g�b�y���i�h�\�h�j�h�l�h�\���]�h�e�h�\�u�����q�l�h���m�f�_�g�v�r�Z�e�h���\�u�j�Z�`�_�g�g�h�k�l�v 

�b�e�e�x�a�b�b�� 

  �I�j�h�^�h�e�`�_�g�b�_�f�� �w�d�k�i�_�j�b�f�_�g�l�h�\�� �i�h�� �b�a�m�q�_�g�b�x�� �\�a�Z�b�f�h�k�\�y�a�b�� �\�_�d�p�b�b�� �k��

�i�j�h�p�_�k�k�Z�f�b���i�Z�f�y�l�b���y�\�e�y�_�l�k�y���j�Z�[�h�l�Z���b�k�k�e�_�^�h�\�Z�l�_�e�y �L�����K�_�g�h�����6�H�Q�R���H�W���D�O����������������. 

�H�g �b�a�m�q�Z�e�� �\�e�b�y�g�b�_�� �\�_�d�p�b�b�� �g�Z�� �w�f�h�p�b�h�g�Z�e�v�g�m�x�� �\�Z�e�_�g�l�g�h�k�l�v�� �h�[�j�Z�a�h�\��

�Z�\�l�h�[�b�h�]�j�Z�n�b�q�_�k�d�h�c�� �w�i�b�a�h�^�b�q�_�k�d�h�c�� �i�Z�f�y�l�b���� �;�u�e�h�� �h�[�g�Z�j�m�`�_�g�h���� �q�l�h�� �i�h�^��

�^�_�c�k�l�\�b�_�f���\�_�d�p�b�b�����\�u�a�\�Z�g�g�h�c���^�\�b�`�m�s�_�c�k�y���\�g�b�a���k�l�b�f�m�e�y�p�b�_�c�����l�h���_�k�l�v���\�_�d�p�b�y��

�\�h�k�i�j�b�g�b�f�Z�e�Z�k�v�� �g�Z�i�j�Z�\�e�_�g�g�h�c���\�\�_�j�o������ �b�k�i�u�l�m�_�f�u�_�� �q�Z�s�_�� �\�k�i�h�f�b�g�Z�x�l��

�i�h�a�b�l�b�\�g�u�_���w�i�b�a�h�^�u���b�a���`�b�a�g�b�����;�u�e�Z���\�u�^�\�b�g�m�l�Z���]�b�i�h�l�_�a�Z�����q�l�h���w�f�h�p�b�h�g�Z�e�v�g�h�_��

�h�d�j�Z�r�b�\�Z�g�b�_�� �k�\�y�a�Z�g�h�� �k�� �g�Z�k�l�j�h�_�g�b�_�f�� �b�k�i�u�l�m�_�f�h�]�h���� �d�h�l�h�j�h�_�� �\�� �k�\�h�x�� �h�q�_�j�_�^�v��

�f�h�^�m�e�b�j�m�_�l�k�y���g�Z�i�j�Z�\�e�_�g�b�_�f���\�_�d�p�b�b�����<���^�h�i�h�e�g�b�l�_�e�v�g�h�c���k�_�j�b�b���w�d�k�i�_�j�b�f�_�g�l�h�\��

�Z�\�l�h�j�� �i�h�d�Z�a�Z�e���� �q�l�h�� �g�Z�i�j�Z�\�e�_�g�g�Z�y�� �\�\�_�j�o�� �\�_�d�p�b�y�� �h�d�Z�a�u�\�Z�_�l�� �k�l�h�c�d�b�c 

�i�h�e�h�`�b�l�_�e�v�g�u�c���w�n�n�_�d�l���g�Z���g�Z�k�l�j�h�_�g�b�_���q�_�e�h�\�_�d�Z�� 

�I�j�h�\�_�^�z�g�g�u�_�� �b�k�k�e�_�^�h�\�Z�g�b�_�� �^�_�f�h�g�k�l�j�b�j�m�x�l�� �k�m�s�_�k�l�\�h�\�Z�g�b�_��

�\�a�Z�b�f�h�\�e�b�y�g�b�c���f�_�`�^�m���d�h�]�g�b�l�\�b�g�u�f�b���n�Z�d�l�h�j�Z�f�b���b���\�h�a�g�b�d�g�h�\�_�g�b�_�f���b�e�e�x�a�b�b��

�^�\�b�`�_�g�b�y�� �k�h�[�k�l�\�_�g�g�h�]�h�� �l�_�e�Z���� �J�Z�a�e�b�q�g�u�_�� �d�h�]�g�b�l�b�\�g�u�_�� �n�Z�d�l�h�j�u��

�h�[�m�k�e�Z�\�e�b�\�Z�x�l�� �b�g�l�_�g�k�b�\�g�h�k�l�v�� �b�e�e�x�a�b�b���� �q�l�h�� �^�h�d�Z�a�u�\�Z�_�l�� �i�j�_�^�k�l�Z�\�e�_�g�b�_�� �h��

�^�Z�g�g�h�f���n�_�g�h�f�_�j�_���d�Z�d���h���d�h�f�i�e�_�d�k�g�h�f���b�e�e�x�a�h�j�g�h�f���i�_�j�_�`�b�\�Z�g�b�b���i�_�j�_�f�_�s�_�g�b�b��

�k�\�h�_�]�h�� �l�_�e�Z�� �\�� �i�j�h�k�l�j�Z�g�k�l�\�_���� �<�� �l�h�� �`�_�� �\�j�_�f�y�� �\�e�b�y�g�b�_�� �d�h�]�g�b�l�b�\�g�u�o�� �n�Z�d�l�h�j�h�\��

�g�Z�d�e�Z�^�u�\�Z�_�l�� �^�h�i�h�e�g�b�l�_�e�v�g�u�_�� �h�]�j�Z�g�b�q�_�g�b�y�� �g�Z�� �f�_�l�h�^�h�e�h�]�b�x�� �i�j�h�\�_�^�_�g�b�y��

�b�k�k�e�_�^�h�\�Z�g�b�c�� �i�h�� �b�a�m�q�_�g�b�x�� �\�_�d�p�b�b�� �b�� �a�Z�l�j�m�^�g�y�_�l�� �k�j�Z�\�g�_�g�b�_�� �j�_�a�m�e�v�l�Z�l�h�\����
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�i�h�e�m�q�_�g�g�u�o�� �\�� �j�Z�a�g�u�o�� �w�d�k�i�_�j�b�f�_�g�l�Z�o�� �k�� �i�j�b�f�_�g�_�g�b�_�f�� �j�Z�a�e�b�q�g�h�]�h�� �l�b�i�Z��

�k�l�b�f�m�e�y�p�b�b���b���b�k�i�h�e�v�a�m�_�f�u�o���w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o���i�j�h�p�_�^�m�j���� 

�D�� �n�Z�d�l�h�j�m�� �©�b�g�^�b�\�b�^�m�Z�e�v�g�u�_�� �j�Z�a�e�b�q�b�y�ª�� �l�j�Z�^�b�p�b�h�g�g�h�� �h�l�g�h�k�y�l�� �\�e�b�y�g�b�_��

�\�h�a�j�Z�k�l�Z���� �e�b�q�g�h�]�h�� �h�i�u�l�Z�� �b�� �i�h�e�Z�� �g�Z�[�e�x�^�Z�l�_�e�_�c�����<�� �h�^�g�h�f�� �b�a�� �b�k�k�e�_�^�h�\�Z�g�b�c����

�g�Z�i�j�Z�\�e�_�g�g�u�o���g�Z���b�a�m�q�_�g�b�_���\�e�b�y�g�b�y���^�Z�g�g�h�]�h���n�Z�d�l�h�j�Z���g�Z���\�u�j�Z�`�_�g�g�h�k�l�v���\�_�d�p�b�b����

�:���� �;�j�m�d�k�� �k�� �d�h�e�e�_�]�Z�f�b�� ���%�U�R�R�N�V�� �H�W�� �D�O������ �������������� �b�k�i�h�e�v�a�m�y�� �k�l�Z�l�b�q�g�u�c�� �k�b�f�m�e�y�l�h�j��

�\�h�`�^�_�g�b�y�� �Z�\�l�h�f�h�[�b�e�y���� �i�h�d�Z�a�Z�e���� �q�l�h�� �m�q�Z�k�l�g�b�d�b�� �i�h�`�b�e�h�]�h�� �\�h�a�j�Z�k�l�Z�� �[�h�e�_�_��

�i�h�^�\�_�j�`�_�g�u �i�h�y�\�e�_�g�b�x�� �^�b�k�d�h�f�n�h�j�l�g�u�o�� �k�b�f�i�l�h�f�h�\�� �b�� �\�_�d�p�b�b���� �q�_�f��

�b�k�i�u�l�m�_�f�u�_�� �\�� �\�h�a�j�Z�k�l�_�� �h�l�� ������ �^�h�� ������ �e�_�l. �H�^�g�b�f�� �b�a�� �h�[�t�y�k�g�_�g�b�c�� �i�h�e�m�q�_�g�g�h�]�h��

�n�Z�d�l�Z�� �f�h�`�g�h�� �k�q�b�l�Z�l�v�� �g�Z�e�b�q�b�_�� �m�� �i�h�`�b�e�u�o�� �b�k�i�u�l�m�_�f�u�o�� �g�Z�j�m�r�_�g�b�c�� �\�� �j�Z�[�h�l�_��

�[�e�h�d�Z���b�g�l�_�]�j�Z�p�b�b���k�_�g�k�h�j�g�h�c���b�g�n�h�j�f�Z�p�b�b���� 

�<���^�j�m�]�h�c���k�_�j�b�b�� �j�Z�[�h�l�� �b�a�m�q�Z�e�Z�k�v�� �j�h�e�v�� �e�b�q�g�h�]�h�� �h�i�u�l�Z�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�y��

�g�Z�[�e�x�^�Z�l�_�e�y���k���\�b�j�l�m�Z�e�v�g�u�f�b���k�j�_�^�Z�f�b���g�Z���\�u�j�Z�`�_�g�g�h�k�l�v���i�_�j�_�`�b�\�Z�g�b�y���\�_�d�p�b�b����

�<���w�d�k�i�_�j�b�f�_�g�l�_�����6�W�D�Q�Q�H�\���H�W���D�O�������������������[�u�e�h���i�h�d�Z�a�Z�g�h�����q�l�h���h�i�u�l���b�k�i�h�e�v�a�h�\�Z�g�b�y��

�k�b�f�m�e�y�l�h�j�h�\�� ���b�]�j�h�\�u�_�� �Z�\�l�h�f�Z�l�u���� �d�h�f�i�v�x�l�_�j�g�u�_�� �b�]�j�u�� �g�Z�� �i�j�h�_�d�p�b�h�g�g�u�o��

�^�b�k�i�e�_�y�o���� �m�f�_�g�v�r�Z�_�l�� �\�_�j�h�y�l�g�h�k�l�v�� �\�h�a�g�b�d�g�h�\�_�g�b�y�� �\�_�d�p�b�b�� �g�Z�� �������� �<�e�b�y�g�b�_��

�h�i�u�l�Z�� �[�u�e�h�� �i�j�h�^�_�f�h�g�k�l�j�b�j�h�\�Z�g�h�� �l�Z�d�`�_�� �\�� �j�Z�[�h�l�Z�o�� �I���� �=�h�\�Z�j�^�Z�� �b�� �K���� �O�h�^�^�_�j�Z��

(Howarth & Hodder, 20���������� �;�u�e�h�� �i�h�d�Z�a�Z�g�h���� �q�l�h�� �h�i�u�l�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�y�� �k��

�\�b�j�l�m�Z�e�v�g�u�f�b�� �k�j�_�^�Z�f�b�� �y�\�e�y�_�l�k�y�� �g�_�f�Z�e�h�\�Z�`�g�u�f�� �n�Z�d�l�h�j�h�f���� �\�e�b�y�x�s�b�f�� �g�Z��

�\�u�j�Z�`�_�g�g�h�k�l�v�� �\�_�d�p�b�b�� �b�� �h�[�s�b�c�� �m�j�h�\�_�g�v�� �^�b�k�d�h�f�n�h�j�l�Z���� �<�� �w�d�k�i�_�j�b�f�_�g�l�_�� ������

�m�q�Z�k�l�g�b�d�h�\�� �\�� �l�_�q�_�g�b�_�� ���� �g�_�^�_�e�v�� �b�]�j�Z�e�b�� �\�� �d�h�f�i�v�x�l�_�j�g�u�c�� �k�b�f�m�e�y�l�h�j��

�Z�\�l�h�f�h�[�b�e�v�g�u�o���]�h�g�h�d�����i�h���������f�b�g���\���^�_�g�v�����<�b�j�l�m�Z�e�v�g�Z�y���k�p�_�g�Z���i�j�_�^�t�y�\�e�y�e�h�k�v���k��

�i�h�f�h�s�v�x�� �r�e�_�f�Z�� �\�b�j�l�m�Z�e�v�g�h�c�� �j�_�Z�e�v�g�h�k�l�b���� �<�� �j�_�a�m�e�v�l�Z�l�_�� �d�� �d�h�g�p�m�� ���� �g�_�^�_�e�b��

�k�b�f�i�l�h�f�u�� �^�b�k�d�h�f�n�h�j�l�Z�� �m�� �\�k�_�o�� �b�k�i�u�l�m�_�f�u�o�� �b�k�q�_�a�e�b���� �I�h�e�m�q�_�g�g�u�_�� �^�Z�g�g�u�_��

�i�h�a�\�h�e�b�e�b�� �k�^�_�e�Z�l�v�� �\�u�\�h�^�� �h�� �l�h�f���� �q�l�h�� �q�b�k�e�h�� �i�j�h�[�� �y�\�e�y�_�l�k�y�� �[�h�e�_�_�� �\�Z�`�g�u�f��

�n�Z�d�l�h�j�h�f�� �^�e�y�� �m�k�i�_�r�g�h�]�h�� �i�j�b�\�u�d�Z�g�b�y�� �d�� �\�b�j�l�m�Z�e�v�g�u�f�� �k�j�_�^�Z�f���� �\�� �h�l�e�b�q�b�_�� �h�l��

�n�Z�d�l�h�j�Z���\�j�_�f�_�g�b���\�a�Z�b�f�h�^�_�c�k�l�\�b�y�� 

 �<�� �j�Z�[�h�l�_�� ���0�X�O�O�H�Q�� �H�W�� �D�O������ ������������ �[�u�e�Z�� �h�[�g�Z�j�m�`�_�g�Z�� �k�\�y�a�v�� �f�_�`�^�m�� �g�Z�\�u�d�h�f��

�\�h�`�^�_�g�b�y�� �Z�\�l�h�f�h�[�b�e�y�� �b�� �\�h�a�g�b�d�g�h�\�_�g�b�_�f�� �b�e�e�x�a�b�b���� �K�j�Z�\�g�b�\�Z�e�b�k�v�� ���� �]�j�m�i�i�u��

�m�q�Z�k�l�g�b�d�h�\�����m�f�_�x�s�b�_���\�h�^�b�l�v���Z�\�l�h�f�h�[�b�e�v���b���l�_�����d�l�h���g�b�d�h�]�^�Z���g�_���k�b�^�_�e���a�Z���j�m�e�z�f��
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�Z�\�l�h�f�h�[�b�e�y�����J�_�a�m�e�v�l�Z�l�u���i�h�d�Z�a�Z�e�b�����q�l�h���i�h�k�e�_�^�g�b�_���j�Z�g�v�r�_���g�Z�q�b�g�Z�e�b���h�s�m�s�Z�l�v��

�^�b�k�d�h�f�n�h�j�l���� �q�_�f�� �h�i�u�l�g�u�_�� �\�h�^�b�l�_�e�b���� �:�\�l�h�j�u�� �h�[�t�y�k�g�y�e�b�� �w�l�h�� �l�_�f���� �q�l�h�� �\��

�m�k�l�Z�g�h�\�d�_�� �\�b�j�l�m�Z�e�v�g�h�c�� �j�_�Z�e�v�g�h�k�l�b�� �\�h�^�b�l�_�e�b�� �h�`�b�^�Z�e�b�� �b�k�i�u�l�Z�l�v�� �l�Z�d�b�_�� �`�_��

�i�_�j�_�`�b�\�Z�g�b�y���� �d�Z�d�� �b�� �a�Z�� �j�m�e�z�f�� �j�_�Z�e�v�g�h�]�h�� �Z�\�l�h�f�h�[�b�e�y���� �W�l�b�� �h�`�b�^�Z�g�b�y�� �b�� �\�g�h�k�y�l��

�k�\�h�c���\�d�e�Z�^���\���k�_�g�k�h�j�g�u�c���d�h�g�n�e�b�d�l�����h�k�e�Z�[�e�y�y���_�]�h���� 

�G�h�\�u�f�� �g�Z�i�j�Z�\�e�_�g�b�_�f�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �y�\�e�y�_�l�k�y�� �b�a�m�q�_�g�b�_�� �]�_�g�^�_�j�g�u�o�� �b��

�j�Z�k�h�\�u�o�� �h�k�h�[�_�g�g�h�k�l�_�c�� �n�h�j�f�b�j�h�\�Z�g�b�y�� �b�e�e�x�a�b�b�� �\�_�d�p�b�b�� ���.�O�R�V�W�H�U�K�D�O�I�H�Q�� �H�W�� �D�O������

���������������<���w�d�k�i�_�j�b�f�_�g�l�_���k���m�q�Z�k�l�b�_�f���������i�j�_�^�k�l�Z�\�b�l�_�e�_�c���D�G�J���b���������Z�f�_�j�b�d�Z�g�p�_�\��

�_�\�j�h�i�_�h�b�^�g�h�c�� �j�Z�k�u�� �g�Z�[�e�x�^�Z�l�_�e�b�� �[�u�e�b�� �h�d�j�m�`�_�g�u�� �d�j�m�]�e�u�f�� �w�d�j�Z�g�h�f���� �g�Z��

�d�h�l�h�j�u�c���i�j�h�_�p�b�j�h�\�Z�e�Z�k�v�� �\�j�Z�s�Z�x�s�Z�y�k�y �a�j�b�l�_�e�v�g�m�x�� �k�l�b�f�m�e�y�p�b�x����

�\�u�a�u�\�Z�x�s�Z�y �b�e�e�x�a�b�x���\�_�d�p�b�b�����;�u�e�h���i�h�d�Z�a�Z�g�h�����q�l�h���i�h�y�\�e�_�g�b�_���b���\�u�j�Z�`�_�g�g�h�k�l�v��

�q�m�\�k�l�\�Z�� �^�b�k�d�h�f�n�h�j�l�Z�� �i�j�b�� �\�h�a�g�b�d�g�h�\�_�g�b�b�� �b�e�e�x�a�b�b�� �m�� �i�j�_�^�k�l�Z�\�b�l�_�e�_�c�� �D�G�J��

�a�g�Z�q�b�l�_�e�v�g�h���g�b�`�_�����q�_�f���m���Z�f�_�j�b�d�Z�g�p�_�\�����Q�l�h���d�Z�k�Z�_�l�k�y���i�h�e�h�\�u�o���j�Z�a�e�b�q�b�c�����l�h���h�g�b��

�h�[�g�Z�j�m�`�_�g�u�� �g�_�� �[�u�e�b�����H�^�g�Z�d�h���[�h�e�_�_�� �j�Z�g�g�b�_�� �j�Z�[�h�l�u�� �i�h�� �b�a�m�q�_�g�b�x�� �]�_�g�^�_�j�g�u�o��

�h�k�h�[�_�g�g�h�k�l�_�c�� �n�h�j�f�b�j�h�\�Z�g�b�y�� �b�e�e�x�a�b�b�� �i�h�d�Z�a�Z�e�b���� �q�l�h�� �`�_�g�s�b�g�u�� �[�h�e�_�_��

�\�h�k�i�j�b�b�f�q�b�\�u�� �d�� �\�_�d�p�b�b���� �q�_�f�� �f�m�`�q�b�g�u�� ���'�R�E�L�H�� �H�W�� �D�O������ ������������ �>�Z�g�g�u�_��

�b�k�k�e�_�^�h�\�Z�g�b�y�� �y�\�e�y�x�l�k�y�� �_�^�b�g�b�q�g�u�f�b�� �i�j�b�f�_�j�Z�f�b�� �b�a�m�q�_�g�b�y�� �j�Z�k�h�\�u�o�� �b��

�]�_�g�^�_�j�g�u�o�� �h�k�h�[�_�g�g�h�k�l�_�c�� �i�_�j�_�`�b�\�Z�g�b�y�� �b�e�e�x�a�b�b�� �^�\�b�`�_�g�b�y�� �k�h�[�k�l�\�_�g�g�h�]�h����

�I�j�b�q�b�g�h�c���w�l�h�f�m���k�e�m�`�b�l���l�h�l���n�Z�d�l�����q�l�h���h�k�g�h�\�g�u�f���h�[�t�y�k�g�b�l�_�e�v�g�u�f���f�_�o�Z�g�b�a�f�h�f��

�\�h�a�g�b�d�g�h�\�_�g�b�y�� �b�e�e�x�a�b�b�� �i�j�b�g�y�l�h�� �k�q�b�l�Z�l�v�� �k�_�g�k�h�j�g�u�c�� �d�h�g�n�e�b�d�l���� �h�k�h�[�_�g�g�h�k�l�b��

�d�h�l�h�j�h�]�h�� �d�Z�d�� �h�[�s�_�]�h�� �n�b�a�b�h�e�h�]�b�q�_�k�d�h�]�h�� �y�\�e�_�g�b�y�� �k�q�b�l�Z�x�l�k�y��

�b�g�l�_�j�g�Z�p�b�h�g�Z�e�v�g�u�f�b���� 

�H�^�g�b�f�� �b�a�� �Z�d�l�m�Z�e�v�g�u�o�� �\�h�i�j�h�k�h�\�� �b�a�m�q�_�g�b�y�� �\�_�d�p�b�b�� �y�\�e�y�_�l�k�y�� �i�j�h�[�e�_�f�Z��

�\�a�Z�b�f�h�\�e�b�y�g�b�c�� �g�Z�� �\�h�a�g�b�d�g�h�\�_�g�b�_�� �b�e�e�x�a�b�b�� �e�b�q�g�h�k�l�g�u�o�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d��

�g�Z�[�e�x�^�Z�l�_�e�y�����G�Z�i�j�b�f�_�j�����\ �b�k�k�e�_�^�h�\�Z�g�b�b���K�����;�m�r�Z�j�Z �b���d�h�e�e�_�]����Bouchard et al., 

������������ �[�u�e�Z�� �h�[�g�Z�j�m�`�_�g�Z�� �m�k�l�h�c�q�b�\�Z�y�� �d�h�j�j�_�e�y�p�b�y�� �f�_�`�^�m�� �\�u�j�Z�`�_�g�g�h�k�l�v�x��

�b�e�e�x�a�b�b���� �b�k�o�h�^�y�� �b�a�� �\�u�k�h�d�b�o�� �[�Z�e�e�h�\�� �h�i�j�h�k�g�b�d�Z�� �©�K�b�f�m�e�y�l�h�j�g�u�_��

�j�Z�k�k�l�j�h�c�k�l�\�Z�ª�����b�� �k�l�_�i�_�g�v�x�� �l�j�_�\�h�`�g�h�k�l�b�� �m�q�Z�k�l�g�b�d�h�\���� �<�� �b�k�k�e�_�^�h�\�Z�g�b�b�� ������

�\�h�_�g�g�h�k�e�m�`�Z�s�b�o�� �i�j�h�r�e�b�� �L�j�b�_�j�k�d�b�c�� �l�_�k�l�� �k�h�p�b�Z�e�v�g�h�]�h�� �k�l�j�_�k�k�Z���± Trier Stress 

Social Test (TSST, Kirschbaum et al������ �������������� �j�_�r�Z�y�� �\�� �\�b�j�l�m�Z�e�v�g�h�c�� �k�j�_�^�_��
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�k�h�p�b�Z�e�v�g�m�x�� �a�Z�^�Z�q�m���� �h�[�e�Z�^�Z�x�s�m�x�� �\�u�k�h�d�h�c�� �k�l�j�_�k�k�h�]�_�g�g�h�k�l�v�x���� �A�Z�l�_�f��

�m�q�Z�k�l�g�b�d�b���a�Z�i�h�e�g�y�e�b���h�i�j�h�k�g�b�d���b���L�_�k�l���k�b�l�m�Z�l�b�\�g�h�c���e�b�q�g�h�k�l�g�h�c���l�j�_�\�h�`�g�h�k�l�b��

(Spielberger, 1983). �L�h�e�v�d�h�� ���� �k�b�f�i�l�h�f�Z�� �b�a�� �h�i�j�h�k�g�b�d�Z�� �©�K�b�f�m�e�y�l�h�j�g�u�_��

�j�Z�k�k�l�j�h�c�k�l�\�Z�ª�����l�h�r�g�h�l�Z�����]�h�e�h�\�h�d�j�m�`�_�g�b�_���i�j�b���a�Z�d�j�u�l�u�o���]�e�Z�a�Z�o�����]�h�e�h�\�g�Z�y���[�h�e�v��

�b���h�l�j�u�`�d�Z�����g�_���[�u�e�b���h�l�f�_�q�_�g�u���m�q�Z�k�l�g�b�d�Z�f�b���i�h�k�e�_���\�u�i�h�e�g�_�g�b�y���l�_�k�l�Z�����:�\�l�h�j�u��

�i�j�_�^�i�h�e�Z�]�Z�x�l���� �q�l�h�� �h�k�l�Z�\�r�b�_�k�y�� ���� �h�l�f�_�q�_�g�g�u�o �k�b�f�i�l�h�f�h�\�� �l�_�k�g�h�� �k�\�y�a�Z�g�u �k�h��

�k�l�j�_�k�k�h�\�h�c�� �k�b�l�m�Z�p�b�_�c���� �Z�� �g�_�� �i�h�y�\�e�y�x�l�k�y�� �Z�\�l�h�f�Z�l�b�q�_�k�d�b�� �\�� �j�_�a�m�e�v�l�Z�l�_��

�i�h�]�j�m�`�_�g�b�y�� �\�� �\�b�j�l�m�Z�e�v�g�m�x�� �k�j�_�^�m�� �L�_�f�� �k�Z�f�u�f�� �\�h�a�g�b�d�g�h�\�_�g�b�_�� �b�e�e�x�a�b�b�� �b��

�^�b�k�d�h�f�n�h�j�l�g�u�o�� �k�b�f�i�l�h�f�h�\�� �y�\�e�y�_�l�k�y�� �k�e�_�^�k�l�\�b�_�f�� �i�h�\�u�r�_�g�b�y��

�i�k�b�o�h�w�f�h�p�b�h�g�Z�e�v�g�h�]�h�� �\�h�a�[�m�`�^�_�g�b�y�� �q�_�e�h�\�_�d�Z���� �I�h�^�h�[�g�u�_�� �j�_�a�m�e�v�l�Z�l�u�� �[�u�e�b��

�i�h�e�m�q�_�g�u�� �b�� �\ �w�d�k�i�_�j�b�f�_�g�l�_�� �:���� �D�_�r�Z�\�Z�j�p�Z�� �b�� �O���� �O�_�c�d�h�� ��Keshavarz & Heiko, 

2014)���� �=�j�h�f�d�h�_���� �k�l�j�_�k�k�h�]�_�g�g�h�_���� �f�m�a�u�d�Z�e�v�g�h�_�� �k�h�i�j�h�\�h�`�^�_�g�b�_�� �\�b�j�l�m�Z�e�v�g�h�c��

�\�_�e�h�k�b�i�_�^�g�h�c�� �i�j�h�]�m�e�d�b�� �a�g�Z�q�b�f�h�� �m�\�_�e�b�q�b�e�h�� �\�u�j�Z�`�_�g�g�h�k�l�v�� �b�e�e�x�a�b�b�� �i�h��

�k�j�Z�\�g�_�g�b�x���k���k�b�l�m�Z�p�b�_�c���i�j�b�y�l�g�h�]�h���f�m�a�u�d�Z�e�v�g�h�]�h���k�h�i�j�h�\�h�`�^�_�g�b�y�� 

�B�k�k�e�_�^�h�\�Z�g�b�y�� �i�h�� �b�a�m�q�_�g�b�x�� �\�e�b�y�g�b�y�� �b�g�^�b�\�b�^�m�Z�e�v�g�u�o�� �j�Z�a�e�b�q�b�c�� �g�Z��

�\�u�j�Z�`�_�g�g�h�k�l�v���b�e�e�x�a�b�b���^�\�b�`�_�g�b�y���k�h�[�k�l�\�_�g�g�h�]�h���l�_�e�Z���g�Z���k�_�]�h�^�g�y�r�g�b�c���^�_�g�v���g�_��

�b�f�_�x�l�� �k�b�k�l�_�f�g�h�]�h�� �o�Z�j�Z�d�l�_�j�Z���� �:�\�l�h�j�u�� �i�h�d�Z�a�u�\�Z�x�l�� �\�e�b�y�g�b�_�� �j�Z�a�j�h�a�g�_�g�g�u�o��

�n�Z�d�l�h�j�h�\�� �b�g�^�b�\�b�^�m�Z�e�v�g�u�o�� �j�Z�a�e�b�q�b�c���� �h�^�g�Z�d�h�� �h�[�s�b�o�� �\�u�\�h�^�h�\�� �h�� �^�_�c�k�l�\�b�b��

�d�e�Z�k�k�h�\���l�Z�d�b�o���i�Z�j�Z�f�_�l�j�h�\���j�Z�a�e�b�q�b�c���^�h���k�b�o���i�h�j���k�^�_�e�Z�g�h���g�_���[�u�e�h�� 

�K�l�h�b�l�� �l�Z�d�`�_�� �h�l�f�_�l�b�l�v���� �q�l�h�� �h�^�g�h�c�� �b�a�� �h�k�g�h�\�g�u�o�� �h�k�h�[�_�g�g�h�k�l�_�c�� �b�a�m�q�_�g�b�y��

�\�_�d�p�b�b�� �\�� �k�b�k�l�_�f�Z�o�� �<�J�� �y�\�e�y�_�l�k�y�� �\�a�Z�b�f�h�a�Z�\�b�k�b�f�h�k�l�v�� �\�_�d�p�b�b�� �b�� �w�n�n�_�d�l�Z��

�i�j�b�k�m�l�k�l�\�b�y�����L�Z�d���\���h�^�g�h�f���b�a���w�d�k�i�_�j�b�f�_�g�l�h�\���g�Z���h�k�g�h�\�_���Z�g�Z�e�b�a�Z���k�m�[�t�_�d�l�b�\�g�u�o��

�h�l�q�z�l�h�\�� �b�k�i�u�l�m�_�f�u�o�� �[�u�e�h�� �m�k�l�Z�g�h�\�e�_�g�h�� ���7�D�Q�D�N�D��& �7�D�N�D�J�L���� �������������� �q�l�h�� �q�_�f��

�[�h�e�v�r�_���m�\�_�e�b�q�b�\�Z�_�l�k�y���m�]�e�h�\�Z�y���k�d�h�j�h�k�l�v���\�j�Z�s�_�g�b�y���k�l�b�f�m�e�Z���b���_�]�h���j�Z�a�f�_�j�����l�_�f��

�[�h�e�_�_���\�u�j�Z�`�_�g�h���\�h�k�i�j�b�y�l�b�_���\�_�d�p�b�b�����I�j�b���w�l�h�f���k�m�[�t�_�d�l�b�\�g�u�_���h�p�_�g�d�b���w�n�n�_�d�l�Z��

�i�j�b�k�m�l�k�l�\�b�y�� �l�Z�d�� �`�_�� �[�u�e�b�� �\�u�r�_���� �M�\�_�e�b�q�_�g�b�_�� �k�l�_�i�_�g�b�� �d�h�g�l�j�h�e�y�� �g�Z�^ 

�\�b�j�l�m�Z�e�v�g�h�c���k�b�l�m�Z�p�b�_�c���i�m�l�z�f���k�Z�f�h�k�l�h�y�l�_�e�v�g�h�]�h���j�_�]�m�e�b�j�h�\�Z�g�b�y���b�k�i�u�l�m�_�f�u�f�b��

�k�d�h�j�h�k�l�b�� �\�j�Z�s�_�g�b�y�� �k�l�b�f�m�e�y�p�b�b���k�g�b�`�Z�e�h�� �d�Z�d�� �w�n�n�_�d�l�� �i�j�b�k�m�l�k�l�\�b�y���� �l�Z�d�� �b��

�h�s�m�s�_�g�b�_���\�_�d�p�b�b�� 
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�<���^�j�m�]�h�f���b�k�k�e�_�^�h�\�Z�g�b�b���k���b�k�i�h�e�v�a�h�\�Z�g�b�_�f���<�J���[�u�e�b���h�[�g�Z�j�m�`�_�g�u���d�j�Z�c�g�_��

�g�_�[�h�e�v�r�b�_���a�g�Z�q�_�g�b�y���\�j�_�f�_�g�b���\�h�a�g�b�d�g�h�\�_�g�b�y���\�_�d�p�b�b���± 1-�����k����Steen & Brokhoff, 

������������ �d�Z�d�� �^�e�y�� �e�b�g�_�c�g�h�c���� �l�Z�d�� �b�� �^�e�y�� �d�j�m�]�h�\�h�c�� �\�_�d�p�b�b�� �H�^�g�h�\�j�_�f�_�g�g�h�� �k�� �w�l�b�f��

�Z�\�l�h�j�u���h�[�g�Z�j�m�`�b�e�b���a�g�Z�q�b�l�_�e�v�g�u�_���i�h�d�Z�a�Z�l�_�e�b���k�l�_�i�_�g�b���\�u�j�Z�`�_�g�g�h�k�l�b���w�n�n�_�d�l�Z��

�i�j�b�k�m�l�k�l�\�b�y�� �<���w�d�k�i�_�j�b�f�_�g�l�_���[�u�e�Z���b�k�i�h�e�v�a�h�\�Z�g�Z���k�b�k�l�_�f�Z���<�J�����i�j�_�^�k�l�Z�\�e�y�x�s�Z�y��

�k�h�[�h�c�� �j�_�Z�e�b�k�l�b�q�g�u�c�� �f�Z�d�_�l�� �d�Z�[�b�g�u�� �k�Z�f�h�e�z�l�Z���� �j�Z�k�i�h�e�h�`�_�g�g�u�c�� �g�Z�� �i�h�^�\�b�`�g�h�c��

�i�e�Z�l�n�h�j�f�_���� �<�� �d�Z�q�_�k�l�\�_�� �w�d�j�Z�g�Z�� �b�k�i�h�e�v�a�h�\�Z�e�k�y�� �i�Z�g�h�j�Z�f�g�u�c�� �i�j�h�_�d�p�b�h�g�g�u�c��

�^�b�k�i�e�_�c���� �G�Z�� �w�d�j�Z�g�_�� �^�_�f�h�g�k�l�j�b�j�h�\�Z�e�b�k�v�� �j�_�Z�e�b�k�l�b�q�g�u�_�� �\�b�j�l�m�Z�e�v�g�u�_�� �k�p�_�g�u��

�e�Z�g�^�r�Z�n�l�h�\�����h�[�u�q�g�h���g�Z�[�e�x�^�Z�_�f�u�o���b�a���d�Z�[�b�g�u���i�b�e�h�l�Z���k�Z�f�h�e�z�l�h�\�����K���i�h�f�h�s�v�x��

�h�i�j�h�k�g�b�d�h�\���[�u�e�h�� �h�[�g�Z�j�m�`�_�g�h���� �q�l�h�� �b�g�l�_�g�k�b�\�g�h�k�l�v�� �w�n�n�_�d�l�Z�� �i�j�b�k�m�l�k�l�\�b�y��

�i�h�e�h�`�b�l�_�e�v�g�h�� �d�h�j�j�_�e�b�j�m�_�l�� �k�� �b�g�l�_�g�k�b�\�g�h�k�l�v�x�� �i�_�j�_�`�b�\�Z�g�b�y�� �b�e�e�x�a�b�b��

�^�\�b�`�_�g�b�y���k�h�[�k�l�\�_�g�g�h�]�h���l�_�e�Z�� 

�;�u�e�b�� �i�j�_�^�i�j�b�g�y�l�u�� �l�Z�d�� �`�_�� �i�h�i�u�l�d�b�� �h�[�t�_�d�l�b�\�g�h�� �b�a�f�_�j�b�l�v�� �w�n�n�_�d�l��

�i�j�b�k�m�l�k�l�\�b�y���i�h�k�j�_�^�k�l�\�h�f �\�u�j�Z�`�_�g�g�h�k�l�b �b�e�e�x�a�b�b���\�_�d�p�b�b�� �L�Z�d�����:�����I�j�h�l�_�j�h���b��

�:�����H�f�b�����3�U�R�W�K�H�U�R�����������������2�K�P�L�����������������i�j�_�^�i�h�e�h�`�b�e�b���k�\�y�a�Z�g�g�h�k�l�v���w�l�b�o���y�\�e�_�g�b�c����

�h�k�g�h�\�u�\�Z�y�k�v�� �g�Z�� �k�e�_�^�m�x�s�_�f�� �j�Z�k�k�m�`�^�_�g�b�b���� �_�k�e�b�� �q�_�e�h�\�_�d�� �b�k�i�u�l�u�\�Z�_�l�� �\�� �<�J��

�h�s�m�s�_�g�b�_�� �k�h�[�k�l�\�_�g�g�h�]�h�� �i�_�j�_�f�_�s�_�g�b�y���� �l�h�� �w�l�h�� �b�� �_�k�l�v�� �i�j�h�y�\�e�_�g�b�_��

�f�Z�d�k�b�f�Z�e�v�g�h�c�� �\�u�j�Z�`�_�g�g�h�k�l�b�� �w�n�n�_�d�l�Z�� �i�j�b�k�m�l�k�l�\�b�y���� �<�� �w�d�k�i�_�j�b�f�_�g�l�_��

�g�Z�[�e�x�^�Z�l�_�e�x�� �g�Z�� �r�b�j�h�d�h�n�h�j�f�Z�l�g�h�f�� �^�b�k�i�e�_�_�� �i�j�_�^�t�y�\�e�y�e�b�� �_�]�h�� �\�b�j�l�m�Z�e�v�g�h�_��

�i�_�j�_�f�_�s�_�g�b�_���g�Z���Z�\�l�h�f�h�[�b�e�_���i�h���]�h�g�h�q�g�h�c���l�j�Z�k�k�_�����:�f�i�e�b�l�m�^�u���h�l�d�e�h�g�_�g�b�c���_�]�h��

�l�_�e�Z�� �b�� �[�Z�e�e�u�� �i�h�� �h�i�j�h�k�g�b�d�m�� �©�K�b�f�m�e�y�l�h�j�g�u�_�� �j�Z�k�k�l�j�h�c�k�l�\�Z�ª�� �i�h�e�h�`�b�l�_�e�v�g�h��

�d�h�j�j�_�e�b�j�h�\�Z�e�b�� �k�� �k�m�[�t�_�d�l�b�\�g�u�f�b �h�p�_�g�d�Z�f�b�� �b�g�l�_�g�k�b�\�g�h�k�l�b �w�n�n�_�d�l�Z��

�i�j�b�k�m�l�k�l�\�b�y�� �L�Z�d�h�c�� �i�h�^�o�h�^���� �l�_�f�� �g�_�� �f�_�g�_�_���� �b�f�_�_�l�� �k�m�s�_�k�l�\�_�g�g�h�_��

�f�_�l�h�^�h�e�h�]�b�q�_�k�d�h�_�� �h�]�j�Z�g�b�q�_�g�b�_���� �?�k�e�b�� �b�e�e�x�a�b�y�� �^�\�b�`�_�g�b�y�� �k�h�[�k�l�\�_�g�g�h�]�h�� �l�_�e�Z����

�b�f�_�x�s�Z�y�� �\�� �k�\�h�_�c�� �i�j�b�j�h�^�_�� �k�_�g�k�h�j�g�u�c�� �d�h�g�n�e�b�d�l���� �h�[�_�k�i�_�q�b�\�Z�_�l�� �\�u�k�h�d�m�x��

�k�l�_�i�_�g�v���w�n�n�_�d�l�Z���i�j�b�k�m�l�k�l�\�b�y�����l�h���w�n�n�_�d�l���i�j�b�k�m�l�k�l�\�b�y���f�h�`�g�h���l�Z�d�`�_���i�j�b�a�g�Z�l�v��

�g�_�]�Z�l�b�\�g�u�f�� �Z�k�i�_�d�l�h�f�� �b�k�i�h�e�v�a�h�\�Z�g�b�y�� �<�J���� �g�Z�j�y�^�m�� �k�� �^�b�k�d�h�f�n�h�j�l�g�u�f�b��

�k�b�f�i�l�h�f�Z�f�b���� 

�<�� �g�Z�k�l�h�y�s�_�_�� �\�j�_�f�y�� �\�g�b�f�Z�g�b�_�� �b�k�k�e�_�^�h�\�Z�l�_�e�_�c�� �i�j�b�\�e�_�d�Z�_�l�� �\�_�d�p�b�y����

�\�h�a�g�b�d�Z�x�s�Z�y�� �m�� �i�h�e�v�a�h�\�Z�l�_�e�_�c�� �r�e�_�f�h�\�� �<�J�� ��Lawson et al., 2015; Moss et al., 
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2011������ �D�Z�q�_�k�l�\�_�g�g�Z�y�� �h�k�h�[�_�g�g�h�k�l�v�� �b�e�e�x�a�b�b���\�� �w�l�h�f�� �k�e�m�q�Z�_�� �a�Z�d�e�x�q�Z�_�l�k�y�� �\�� �l�h�f����

�q�l�h�� �\�� �h�l�e�b�q�b�_�� �h�l�� �d�e�Z�k�k�b�q�_�k�d�b�o�� �w�d�k�i�_�j�b�f�_�g�l�h�\�� �k�� �i�j�b�f�_�g�_�g�b�_�f��

�r�b�j�h�d�h�n�h�j�f�Z�l�g�u�o���w�d�j�Z�g�h�\���b�e�b��CAVE-�k�b�k�l�_�f�����q�_�e�h�\�_�d���g�_���b�f�_�_�l���\�h�a�f�h�`�g�h�k�l�b��

�n�b�a�b�q�_�k�d�h�]�h�� �i�_�j�_�f�_�s�_�g�b�y���� �I�h�w�l�h�f�m�� �g�_�d�h�l�h�j�u�_�� �Z�\�l�h�j�u�� �\�u�^�_�e�y�x�l�� �h�k�h�[�u�c��

�i�h�^�\�b�^���\�_�d�p�b�b�����\�h�a�g�b�d�Z�x�s�_�c���\���r�e�_�f�_���\�b�j�l�m�Z�e�v�g�h�c���j�_�Z�e�v�g�h�k�l�b�����g�Z�a�u�\�Z�_�f�u�c��

�\�_�d�p�b�_�c�����h�i�h�k�j�_�^�k�l�\�h�\�Z�g�g�h�c���^�\�b�`�_�g�b�_�f����Palmisano et al���������������������>�\�b�]�Z�l�_�e�v�g�Z�y��

�Z�d�l�b�\�g�h�k�l�v�� �i�h�e�v�a�h�\�Z�l�_�e�y�� �f�h�`�_�l�� �m�k�b�e�b�\�Z�l�v�� �b�e�b�� �h�k�e�Z�[�e�y�l�v�� �k�_�g�k�h�j�g�u�c��

�d�h�g�n�e�b�d�l�����\���j�_�a�m�e�v�l�Z�l�_���q�_�]�h���\�u�j�Z�`�_�g�g�h�k�l�v���b�e�e�x�a�b�b���f�h�`�_�l���b�a�f�_�g�y�l�v�k�y�����L�Z�d���\��

�w�d�k�i�_�j�b�f�_�g�l�_�� �;���� �J�b�d�_�� �b�� �>�`���� �>�`�h�j�^�Z�g�Z�� �b�k�i�u�l�m�_�f�u�_�� �j�_�r�Z�e�b�� �a�Z�^�Z�q�m��

�k�h�i�j�h�\�h�`�^�_�g�b�y�� �p�_�e�_�\�h�]�h�� �h�[�t�_�d�l�Z�� �g�Z�� �i�h�\�_�j�o�g�h�k�l�b�� �i�h�e�y (Riecke et al., 2015). 

�K�Z�f�b�� �b�k�i�u�l�m�_�f�u�_�� �h�k�l�Z�\�Z�e�b�k�v�� �i�j�b�� �w�l�h�f�� �g�_�i�h�^�\�b�`�g�u�f�b���� �\�b�j�l�m�Z�e�v�g�Z�y�� �k�j�_�^�Z��

�i�j�b�[�e�b�`�Z�e�Z�k�v���d���g�b�f�� �k���i�h�k�l�h�y�g�g�h�c�� �k�d�h�j�h�k�l�v�x���� �b�� �m���g�b�o���b�f�_�e�Z�k�v�� �\�h�a�f�h�`�g�h�k�l�v��

�k�h�\�_�j�r�Z�l�v�� �^�\�b�`�_�g�b�y�� �]�h�e�h�\�h�c�� �k�� �p�_�e�v�x�� �j�Z�k�k�f�Z�l�j�b�\�Z�g�b�y�� �\�b�j�l�m�Z�e�v�g�h�]�h�� �f�b�j�Z�� �b��

�g�Z�o�h�`�^�_�g�b�y�� �\�b�j�l�m�Z�e�v�g�h�]�h�� �h�[�t�_�d�l�Z���� �;�u�e�h�� �h�[�g�Z�j�m�`�_�g�h���� �q�l�h�� �j�_�r�_�g�b�_�� �^�Z�g�g�h�c��

�a�Z�^�Z�q�b���\���r�e�_�f�_���\�b�j�l�m�Z�e�v�g�h�c���j�_�Z�e�v�g�h�k�l�b���i�j�b�\�h�^�b�e�h���d���[�h�e�v�r�_�c���\�u�j�Z�`�_�g�g�h�k�l�b��

�b�e�e�x�a�b�b���� �q�_�f�� �i�j�b�� �\�u�i�h�e�g�_�g�b�b�� �^�Z�g�g�h�]�h�� �a�Z�^�Z�g�b�y�� �g�Z�� �w�d�j�Z�g�_�� �i�j�b�� �n�b�d�k�Z�p�b�b��

�]�h�e�h�\�u���b�k�i�u�l�m�_�f�h�]�h.  

�<���k�b�l�m�Z�p�b�b���b�k�i�h�e�v�a�h�\�Z�g�b�y���r�e�_�f�h�\���<�J���\�u�j�Z�`�_�g�g�h�k�l�v���\�_�d�p�b�b���\���f�_�g�v�r�_�c��

�k�l�_�i�_�g�b���a�Z�\�b�k�b�l���h�l���i�Z�j�Z�f�_�l�j�h�\���a�j�b�l�_�e�v�g�h�]�h���k�l�b�f�m�e�Z�����q�_�f���h�l���\�h�k�i�j�b�g�b�f�Z�_�f�h�]�h��

�f�m�e�v�l�b�k�_�g�k�h�j�g�h�]�h���i�h�l�h�d�Z�����<���w�d�k�i�_�j�b�f�_�g�l�_���>�`�����D�b�f�Z���k���d�h�e�e�_�]�Z�f�b���b�k�i�u�l�m�_�f�u�f��

�i�j�_�^�e�Z�]�Z�e�h�k�v�� �g�Z�[�e�x�^�Z�l�v�� �a�Z�� �e�b�g�_�c�g�u�f�� �i�_�j�_�f�_�s�_�g�b�_�f�� �k�l�b�f�m�e�Z�� �e�b�[�h�� �i�j�b��

�g�_�i�h�^�\�b�`�g�h�f���i�h�e�h�`�_�g�b�b���]�h�e�h�\�u�����e�b�[�h���k�h�\�_�j�r�Z�y���p�b�d�e�u���g�Z�d�e�h�g�h�\���]�h�e�h�\�u����Kim 

et al������ �������������� �<�_�d�p�b�y�� �[�u�e�Z�� �f�Z�d�k�b�f�Z�e�v�g�h�� �\�u�j�Z�`�_�g�Z�� �\�� �l�h�f�� �k�e�m�q�Z�_���� �d�h�]�^�Z��

�b�k�i�u�l�m�_�f�u�_�� �k�h�\�_�j�r�Z�e�b�� �^�\�b�`�_�g�b�y�� �]�h�e�h�\�h�c�� �\�� �k�l�h�j�h�g�m�� �^�\�b�`�_�g�b�y�� �k�l�b�f�m�e�Z��

���d�h�f�i�_�g�k�Z�l�h�j�g�u�_�� �^�\�b�`�_�g�b�y������ �i�h�� �k�j�Z�\�g�_�g�b�x�� �k�� �k�b�l�m�Z�p�b�_�c�� �^�\�b�`�_�g�b�y�� �]�h�e�h�\�u�� �\��

�i�j�h�l�b�\�h�i�h�e�h�`�g�m�x���k�l�h�j�h�g�m�� 

�<���l�h���`�_���\�j�_�f�y���i�h�d�Z�a�Z�g�h�����q�l�h���b�e�e�x�a�b�y���^�\�b�`�_�g�b�y���k�h�[�k�l�\�_�g�g�h�]�h���l�_�e�Z���i�j�b��

�b�k�i�h�e�v�a�h�\�Z�g�b�b�� �r�e�_�f�h�\�� �<�J�� �^�h�k�l�h�\�_�j�g�h�� �k�h�i�j�h�\�h�`�^�Z�_�l�k�y�� �i�h�y�\�e�_�g�b�_�f��

�^�b�k�d�h�f�n�h�j�l�g�u�o���k�b�f�i�l�h�f�h�\���m���b�k�i�u�l�m�_�f�u�o�����I�����=�h�\�Z�j�^���k���d�h�e�e�_�]�Z�f�b �h�[�g�Z�j�m�`�b�e�b��

�[�h�e�v�r�m�x�� �\�u�j�Z�`�_�g�g�h�k�l�v�� �l�Z�d�b�o�� �h�s�m�s�_�g�b�y�� �d�Z�d�� �l�h�r�g�h�l�Z�� �b�� �]�h�e�h�\�h�d�j�m�`�_�g�b�_�� �m��
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�b�k�i�u�l�m�_�f�u�o���� �d�h�l�h�j�u�_�� �\�� �r�e�_�f�_�� �<�J�� �g�Z�[�e�x�^�Z�e�b�� �a�Z�� �^�\�b�`�_�g�b�_�f�� �k�l�b�f�m�e�Z���� �i�h��

�k�j�Z�\�g�_�g�b�x�� �k���b�k�i�u�l�m�_�f�u�f�b���� �d�h�l�h�j�u�f�� �w�l�h�� �^�\�b�`�_�g�b�_�� �i�j�_�^�t�y�\�e�y�e�h�k�v�� �g�Z��

�r�b�j�h�d�h�n�h�j�f�Z�l�g�h�f�� �w�d�j�Z�g�_�� ��Howarth et al., 1997������ �W�d�k�i�_�j�b�f�_�g�l�u�� �?���� �J�_�]�Z�g�Z �k��

�d�h�e�e�_�]�Z�f�b�� �i�h�d�Z�a�Z�e�b���� �q�l�h�� �b�k�i�u�l�m�_�f�u�_�� �\�� �r�e�_�f�Z�o�� �<�J�� �k�h�\�_�j�r�Z�x�l�� �f�_�g�v�r�_��

�^�\�b�`�_�g�b�c���]�h�e�h�\�h�c���i�j�b���j�_�r�_�g�b�b���a�Z�^�Z�q�b���h�k�f�Z�l�j�b�\�Z�g�b�y�����q�_�f���\���h�[�u�q�g�h�c���`�b�a�g�b 

�i�j�b���\�u�i�h�e�g�_�g�b�b���^�Z�g�g�h�]�h���a�Z�^�Z�g�b�y�����I�j�b���w�l�h�f�����q�_�f���f�_�g�v�r�_���^�\�b�`�_�g�b�c���k�h�\�_�j�r�Z�_�l��

�b�k�i�u�l�m�_�f�u�c�����l�_�f���g�_�]�Z�l�b�\�g�_�_���\�u�j�Z�`�_�g�Z���m���g�_�]�h���^�b�k�d�h�f�n�h�j�l�g�Z�y���k�b�f�i�l�h�f�Z�l�b�d�Z��

(Regan et al������ �������������� �L�Z�d�h�c�� �\�u�\�h�^�� �h�l�q�Z�k�l�b�� �i�h�^�l�\�_�j�`�^�Z�_�l�� �l�_�h�j�b�x�� �k�_�g�k�h�j�g�h�]�h��

�d�h�g�n�e�b�d�l�Z�����l�Z�d���d�Z�d���\���k�e�m�q�Z�_���k�h�\�_�j�r�_�g�b�c���^�\�b�`�_�g�b�y���]�h�e�h�\�h�c�����d�h�g�n�e�b�d�l���f�_�`�^�m��

�f�h�^�Z�e�v�g�h�k�l�y�f�b�� �k�g�b�`�Z�_�l�k�y���� �q�l�h�� �b�� �i�j�b�\�h�^�b�l�� �d�� �m�f�_�g�v�r�_�g�b�x�� �\�u�j�Z�`�_�g�g�h�k�l�b��

�k�Z�f�h�c���b�e�e�x�a�b�b�� 

�>�j�m�]�h�_�� �h�[�t�y�k�g�_�g�b�y�� �^�Z�g�g�h�]�h�� �w�n�n�_�d�l�Z�� �k�\�y�a�Z�g�h�� �k�� �h�k�h�[�_�g�g�h�k�l�y�f�b��

�]�e�Z�a�h�^�\�b�]�Z�l�_�e�v�g�h�c���Z�d�l�b�\�g�h�k�l�b���i�j�b�� �b�k�i�h�e�v�a�h�\�Z�g�b�b���r�e�_�f�h�\���� �I�j�b�� �g�h�j�f�Z�e�v�g�u�o��

�^�\�b�`�_�g�b�y�o�� �]�h�e�h�\�u�� �\�� �h�[�u�q�g�h�c�� �`�b�a�g�b�� �i�h�^�� �\�h�a�^�_�c�k�l�\�b�_�f�� �k�_�l�q�Z�l�h�q�g�h�c��

�b�g�n�h�j�f�Z�p�b�b�� �b�� �^�_�l�_�d�p�b�b�� �m�k�d�h�j�_�g�b�c�� �h�l�h�e�b�l�h�\�u�f �h�j�]�Z�g�h�f�� �\�_�k�l�b�[�m�e�y�j�g�h�]�h��

�Z�i�i�Z�j�Z�l�Z �\�h�a�g�b�d�Z�_�l�� �\�_�k�l�b�[�m�e�h-�h�d�m�e�y�j�g�u�c�� �j�_�n�e�_�d�k���± �k�d�Z�q�d�h�h�[�j�Z�a�g�h�_��

�\�h�a�\�j�Z�s�_�g�b�_�� �\�a�]�e�y�^�Z�� �\�� �p�_�g�l�j�� �\�b�^�b�f�h�]�h�� �i�h�e�y���� �H�^�g�Z�d�h�� �\�� �m�k�e�h�\�b�y�o�� �r�e�_�f�Z�� �<�J��

�^�Z�g�g�u�c�� �f�_�o�Z�g�b�a�f�� �h�d�Z�a�u�\�Z�_�l�k�y�� �g�Z�j�m�r�_�g�g�u�f���� �I�j�b�� �g�Z�e�b�q�b�b�� �\�� �r�e�_�f�_�� �<�J��

�\�k�l�j�h�_�g�g�h�]�h�� �Z�d�k�_�e�_�j�h�f�_�l�j�Z�� �^�\�b�`�_�g�b�y�� �]�h�e�h�\�u�� �k�h�i�j�h�\�h�`�^�Z�x�l�k�y�� �i�h�^�k�l�j�h�c�d�h�c��

�b�a�h�[�j�Z�`�_�g�b�y���� �l�_�f�� �k�Z�f�u�f�� �g�_�h�[�o�h�^�b�f�h�k�l�v�� �d�h�f�i�_�g�k�Z�l�h�j�g�u�o�� �^�\�b�`�_�g�b�c�� �]�e�Z�a��

�b�k�q�_�a�Z�_�l���� �L�h�� �_�k�l�v�� �]�h�e�h�\�Z�� �q�_�e�h�\�_�d�Z�� �k�h�\�_�j�r�Z�_�l�� �^�\�b�`�_�g�b�_���� �g�h�� �a�j�b�l�_�e�v�g�h�_ �i�h�e�_��

�i�j�b�� �w�l�h�f�� �h�k�l�Z�z�l�k�y�� �k�l�Z�[�b�e�v�g�u�f���� �I�j�b�� �h�l�k�m�l�k�l�\�b�b�� �Z�d�k�_�e�_�j�h�f�_�l�j�Z�� �\�g�_��

�a�Z�\�b�k�b�f�h�k�l�b�� �h�l�� �^�\�b�`�_�g�b�c�� �]�h�e�h�\�u�� �i�j�_�^�t�y�\�e�y�_�l�k�y�� �i�h�k�l�h�y�g�g�Z�y�� �k�l�b�f�m�e�y�p�b�y���� �g�_��

�f�_�g�y�x�s�Z�y�� �k�\�h�_�]�h�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�]�h�� �j�Z�k�i�h�e�h�`�_�g�b�y���� �q�l�h�� �l�Z�d�� �`�_�� �\�_�^�z�l�� �d��

�h�l�k�m�l�k�l�\�b�x���d�h�f�i�_�g�k�Z�l�h�j�g�u�o���^�\�b�`�_�g�b�c���]�e�Z�a����Ebenholtz, 1992; Ebenholtz et al., 

���������������I�h���f�g�_�g�b�x���R�����W�[�_�g�]�h�e�v�p�Z�����w�l�h���i�j�b�\�h�^�b�l���d���\�h�a�g�b�d�g�h�\�_�g�b�x���g�_�]�Z�l�b�\�g�h�c��

�]�e�Z�a�h�^�\�b�]�Z�l�_�e�v�g�h�c���k�b�f�i�l�h�f�Z�l�b�d�_���± �b�a�e�b�r�g�_�f�m���g�Z�i�j�y�`�_�g�b�x���]�e�Z�a�����l�j�m�^�g�h�k�l�y�f��

�n�h�d�m�k�b�j�h�\�d�b�� �\�a�]�e�y�^�Z���� �j�Z�a�f�u�l�h�k�l�b�� �a�j�_�g�b�y���� �>�Z�g�g�u�c�� �d�e�Z�k�k�� �k�b�f�i�l�h�f�h�\��

�k�l�Z�g�h�\�b�l�k�y�����l�Z�d�b�f���h�[�j�Z�a�h�f�����k�h�i�m�l�k�l�\�m�x�s�b�f���^�b�k�d�h�f�n�h�j�l�g�u�f���k�b�f�i�l�h�f�h�f���^�e�y��

�\�h�a�g�b�d�Z�x�s�_�c���b�e�e�x�a�b�b���^�\�b�`�_�g�b�y���k�h�[�k�l�\�_�g�g�h�]�h���l�_�e�Z�� 



113 
 

�I�h�k�d�h�e�v�d�m�� �\�_�d�p�b�y�� �\�h�k�i�j�b�g�b�f�Z�_�l�k�y�� �q�_�e�h�\�_�d�h�f�� �h�^�g�h�\�j�_�f�_�g�g�h�� �k��

�\�h�a�g�b�d�g�h�\�_�g�b�_�f�� �j�y�^�Z�� �^�b�k�d�h�f�n�h�j�l�g�u�o�� �k�b�f�i�l�h�f�h�\���� �l�h �q�Z�s�_�� �\�k�_�]�h��

�\�h�a�g�b�d�g�h�\�_�g�b�_�� �b�e�e�x�a�b�b�� �j�Z�k�k�f�Z�l�j�b�\�Z�_�l�k�y�� �Z�\�l�h�j�Z�f�b �d�Z�d�� �g�_�]�Z�l�b�\�g�h�_�� �y�\�e�_�g�b�_����

�d�h�l�h�j�h�]�h���k�e�_�^�m�_�l���b�a�[�_�]�Z�l�v�����H�^�g�Z�d�h�����k�m�s�_�k�l�\�m�_�l���b�g�Z�y���l�h�q�d�Z���a�j�_�g�b�y���g�Z���a�g�Z�q�_�g�b�_��

�b�e�e�x�a�b�b���^�\�b�`�_�g�b�_���k�h�[�k�l�\�_�g�g�h�]�h���l�_�e�Z���^�e�y���k�b�k�l�_�f���<�J�����<�b�j�l�m�Z�e�v�g�u�_���k�j�_�^�u���g�_��

�i�h�a�\�h�e�y�x�l�� �q�_�e�h�\�_�d�m�� �j�_�Z�e�b�a�h�\�Z�l�v�� �\�� �i�h�e�g�h�c�� �f�_�j�_�� �^�\�b�]�Z�l�_�e�v�g�m�x�� �Z�d�l�b�\�g�h�k�l�v����

�i�h�^�h�[�g�m�x�� �Z�d�l�b�\�g�h�k�l�b�� �\�� �j�_�Z�e�v�g�h�f�� �f�b�j�_���� �W�l�h�l�� �n�Z�d�l�� �k�g�b�`�Z�_�l�� �k�l�_�i�_�g�v��

�b�f�f�_�j�k�b�\�g�h�k�l�b�� �<�J���� �I�h�^�� �b�f�f�_�j�k�b�\�g�h�k�l�v�x�� �i�h�g�b�f�Z�_�l�k�y�� �k�l�_�i�_�g�v�� �i�h�]�j�m�`�_�g�b�y��

�i�h�e�v�a�h�\�Z�l�_�e�y�� �\�� �\�b�j�l�m�Z�e�v�g�u�c�� �f�b�j���� �\�� �d�h�l�h�j�h�c�� �h�g�� �h�s�m�s�Z�_�l�� �k�_�[�y�� �q�Z�k�l�v�x�� �w�l�h�]�h��

�f�b�j�Z�� ���;�Z�[�_�g�d�h���� �������������� �>�e�y�� �j�_�r�_�g�b�y�� �^�Z�g�g�h�c�� �i�j�h�[�e�_�f�u�� �i�j�h�b�a�\�h�^�b�l�_�e�b�� �<�J��

�m�k�l�j�h�c�k�l�\�� �m�\�_�e�b�q�b�\�Z�x�l�� �j�Z�a�f�_�j�u�� �m�k�l�Z�g�h�\�h�d�� �<�J�� �b�� �^�h�[�Z�\�e�y�x�l�� �\�� �g�b�o�� �k�b�k�l�_�f�u��

�h�l�k�e�_�`�b�\�Z�g�b�y�� �i�h�e�h�`�_�g�b�y�� �i�h�e�v�a�h�\�Z�l�_�e�y���� �L�_�f�� �g�_�� �f�_�g�_�_���� �l�Z�d�b�_��

�m�k�h�\�_�j�r�_�g�k�l�\�h�\�Z�g�b�y���a�g�Z�q�b�l�_�e�v�g�h���m�\�_�e�b�q�b�\�Z�x�l���k�l�h�b�f�h�k�l�v���<�J���k�b�k�l�_�f����Riecke 

et al���������������������G�_�d�h�l�h�j�u�_���Z�\�l�h�j�u���k�q�b�l�Z�x�l�����q�l�h���b�e�e�x�a�b�y���^�\�b�`�_�g�b�y �k�h�[�k�l�\�_�g�g�h�]�h��

�l�_�e�Z�� �y�\�e�y�_�l�k�y�� �j�_�r�_�g�b�_�f�� �^�Z�g�g�h�]�h�� �\�h�i�j�h�k�Z���� �l�Z�d�� �d�Z�d�� �\�h�k�i�j�b�y�l�b�_�� �b�e�e�x�a�h�j�g�h�]�h��

�i�_�j�_�f�_�s�_�g�b�y���k�\�h�_�]�h���l�_�e�Z���a�Z�f�_�g�y�_�l���\�h�k�i�j�b�y�l�b�_���j�_�Z�e�v�g�h�]�h���^�\�b�`�_�g�b�y����Riecke et 

al������ �������������� �L�Z�d�h�c�� �i�h�^�o�h�^�� �i�h�a�\�h�e�y�_�l�� �b�k�i�h�e�v�a�h�\�Z�l�v�� �<�J�� �m�k�l�j�h�c�k�l�\�Z�� �g�_�[�h�e�v�r�h�]�h��

�j�Z�a�f�_�j�Z�����g�h���i�h�^�[�b�j�Z�l�v���i�Z�j�Z�f�_�l�j�u���\�b�j�l�m�Z�e�v�g�u�o���k�j�_�^�����k�i�h�k�h�[�g�u�o���b�g�^�m�p�b�j�h�\�Z�l�v��

�b�e�e�x�a�b�x �b�f�_�g�g�h�� �\�� �l�_�� �f�h�f�_�g�l�u�� �j�Z�[�h�l�u�� �\�b�j�l�m�Z�e�v�g�h�c�� �k�b�f�m�e�y�p�b�b���� �d�h�]�^�Z�� �w�l�h��

�y�\�e�y�_�l�k�y���g�_�h�[�o�h�^�b�f�u�f�� 

�I�h�k�d�h�e�v�d�m���k�b�k�l�_�f�u���<�J���\�k�z���q�Z�s�_���i�j�b�f�_�g�y�x�l�k�y���^�e�y���b�a�m�q�_�g�b�y���\�_�d�p�b�b�����l�h��

�\�h�i�j�h�k�� �h�� �k�h�h�l�g�h�r�_�g�b�b�� �b�e�e�x�a�b�b�� �^�\�b�`�_�g�b�y�� �k�h�[�k�l�\�_�g�g�h�]�h���l�_�e�Z���� �w�n�n�_�d�l�Z��

�i�j�b�k�m�l�k�l�\�b�y�� �b�� �g�_�]�Z�l�b�\�g�u�o�� �k�b�f�i�l�h�f�h�\�� �g�_�b�a�[�_�`�g�h�� �[�m�^�_�l�� �\�h�a�g�b�d�Z�l�v�� �i�j�b��

�i�e�Z�g�b�j�h�\�Z�g�b�b�� �b�� �j�_�Z�e�b�a�Z�p�b�b�� �w�d�k�i�_�j�b�f�_�g�l�h�\���� �I�j�h�[�e�_�f�Z�� �d�h�g�l�j�h�e�y��

�\�a�Z�b�f�h�\�e�b�y�g�b�y�� �^�Z�g�g�u�o�� �n�_�g�h�f�_�g�h�\�� �a�Z�d�e�x�q�Z�_�l�k�y�� �\�� �h�l�k�m�l�k�l�\�b�b�� �g�Z�^�z�`�g�u�o 

�f�_�l�h�^�b�d���h�p�_�g�d�b���k�l�_�i�_�g�b���\�u�j�Z�`�_�g�g�h�k�l�b���d�Z�d���\�_�d�p�b�b���b �m�j�h�\�g�y���^�b�k�d�h�f�n�h�j�l�Z�����l�Z�d��

�b���w�n�n�_�d�l�Z���i�j�b�k�m�l�k�l�\�b�y����Freeman et al., 2000). 

�H�^�g�b�f�� �b�a�� �\�Z�`�g�u�o�� �d�h�]�g�b�l�b�\�g�u�o�� �n�_�g�h�f�_�g�h�\���� �i�h�e�m�q�b�\�r�b�o�� �k�\�h�z��

�i�j�_�^�k�l�Z�\�e�_�g�b�y�� �\�� �b�k�k�e�_�^�h�\�Z�g�b�y�o�� �\�� �h�[�e�Z�k�l�b�� �i�k�b�o�h�e�h�]�b�b�� �<�J���� �k�l�Z�e�Z�� �©�b�e�e�x�a�b�y��

�j�_�a�b�g�h�\�h�c���j�m�d�b�ª�����B�e�e�x�a�b�y���j�_�a�b�g�h�\�h�c���j�m�d�b ���B�J�J�� (Rubber Hand Illusion, RHI), 
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�\�i�_�j�\�u�_�� �k�b�k�l�_�f�Z�l�b�q�_�k�d�b�� �h�i�b�k�Z�g�g�Z�y�� �;�h�l�\�b�g�b�d�h�f�� �b�� �D�h�w�g�h�f (Botvinick et al., 

���������������^�_�f�h�g�k�l�j�b�j�m�_�l���n�m�g�^�Z�f�_�g�l�Z�e�v�g�m�x���\�h�a�f�h�`�g�h�k�l�v �i�e�Z�k�l�b�q�g�u�o���b�a�f�_�g�_�g�b�c��

�\���h�[�e�Z�k�l�b �l�_�e�_�k�g�h�]�h���\�h�k�i�j�b�y�l�b�y�����h�k�g�h�\�Z�g�g�m�x���g�Z���i�j�b�g�p�b�i�Z�o���f�m�e�v�l�b�k�_�g�k�h�j�g�h�c��

�b�g�l�_�]�j�Z�p�b�b�����I�_�j�_�g�h�k���w�l�h�c���d�e�Z�k�k�b�q�_�k�d�h�c���i�Z�j�Z�^�b�]�f�u���\���\�b�j�l�m�Z�e�v�g�m�x���j�_�Z�e�v�g�h�k�l�v��

(�<�J-�B�J�J�����g�_���l�h�e�v�d�h���m�k�i�_�r�g�h���j�_�i�e�b�p�b�j�h�\�Z�e���[�Z�a�h�\�u�c���n�_�g�h�f�_�g�����g�h���b���\�u�k�l�m�i�b�e��

�\�� �j�h�e�b�� �f�h�s�g�h�]�h�� �d�Z�l�Z�e�b�a�Z�l�h�j�Z�� �b�k�k�e�_�^�h�\�Z�g�b�c���� �i�h�a�\�h�e�b�\�� �a�Z�� �k�q�_�l��

�[�_�k�i�j�_�p�_�^�_�g�l�g�h�]�h�� �d�h�g�l�j�h�e�y�� �g�Z�^�� �k�_�g�k�h�j�g�u�f�b�� �k�l�b�f�m�e�Z�f�b�� �b�� �i�Z�j�Z�f�_�l�j�Z�f�b��

�\�b�j�l�m�Z�e�v�g�h�]�h�� �l�_�e�Z, �i�j�h�\�_�j�b�l�v�� �]�j�Z�g�b�p�u���b�� �f�_�o�Z�g�b�a�f�u�� �l�_�e�_�k�g�h�c�� �b�^�_�g�l�b�q�g�h�k�l�b 

�q�_�e�h�\�_�d�Z.  

�F�_�l�h�^�h�e�h�]�b�q�_�k�d�b���<�J-�B�J�J �i�j�_�^�i�h�e�Z�]�Z�_�l���a�Z�f�_�g�m���n�b�a�b�q�_�k�d�h�]�h���j�_�a�b�g�h�\�h�]�h��

�f�Z�d�_�l�Z�� �g�Z�� �\�b�j�l�m�Z�e�v�g�m�x�� �d�h�g�_�q�g�h�k�l�v���� �h�l�h�[�j�Z�`�Z�_�f�m�x�� �\�� �r�e�_�f�_���<�J���� �i�j�b�� �w�l�h�f��

�d�e�x�q�_�\�u�f���m�k�e�h�\�b�_�f���b�g�^�m�d�p�b�b���b�e�e�x�a�b�b�����d�Z�d���b���\���d�e�Z�k�k�b�q�_�k�d�h�f���w�d�k�i�_�j�b�f�_�g�l�_����

�h�k�l�Z�_�l�k�y�� �\�b�k�p�_�j�h-�l�Z�d�l�b�e�v�g�Z�y�� �k�b�g�o�j�h�g�g�h�k�l�v���� �H�^�g�Z�d�h�� �b�f�_�g�g�h�� �\�� �\�b�j�l�m�Z�e�v�g�h�c��

�k�j�_�^�_�� �w�l�h�� �m�k�e�h�\�b�_�� �f�h�`�_�l�� �[�u�l�v�� �f�Z�g�b�i�m�e�b�j�m�_�f�h�� �k�� �\�u�k�h�q�Z�c�r�_�c�� �l�h�q�g�h�k�l�v�x�� �b��

�^�h�i�h�e�g�_�g�h�� �i�Z�j�Z�f�_�l�j�Z�f�b���� �g�_�\�h�a�f�h�`�g�u�f�b�� �\�� �n�b�a�b�q�_�k�d�h�f�� �f�b�j�_���� �l�Z�d�b�f�b�� �d�Z�d��

�i�j�h�]�j�Z�f�f�g�h-�a�Z�^�Z�g�g�u�_���b�a�f�_�g�_�g�b�y���f�h�j�n�h�e�h�]�b�b���d�h�g�_�q�g�h�k�l�b���b�e�b���_�_���n�b�a�b�q�_�k�d�b�o��

�k�\�h�c�k�l�\�� 

�<�h�a�g�b�d�g�h�\�_�g�b�_�� �b�� �m�k�l�h�c�q�b�\�h�k�l�v���<�J-�B�J�J �g�Z�b�[�h�e�_�_�� �m�[�_�^�b�l�_�e�v�g�h��

�h�[�t�y�k�g�y�x�l�k�y�� �\�� �j�Z�f�d�Z�o�� �l�_�h�j�b�c�� �[�Z�c�_�k�h�\�k�d�h�]�h�� �\�u�\�h�^�Z�� �b�� �f�m�e�v�l�b�k�_�g�k�h�j�g�h�c��

�b�g�l�_�]�j�Z�p�b�b���� �k�h�]�e�Z�k�g�h���d�h�l�h�j�u�f�� �f�h�a�]�� �i�h�k�l�h�y�g�g�h���k�l�j�h�b�l�� �b�� �h�[�g�h�\�e�y�_�l�� �g�Z�b�[�h�e�_�_��

�\�_�j�h�y�l�g�m�x�� �f�h�^�_�e�v�� �l�_�e�Z�� �g�Z�� �h�k�g�h�\�_�� �\�a�\�_�r�_�g�g�h�]�h�� �Z�g�Z�e�b�a�Z�� �i�h�k�l�m�i�Z�x�s�b�o��

�k�_�g�k�h�j�g�u�o�� �k�b�]�g�Z�e�h�\���� �D�j�b�l�b�q�_�k�d�b�f�� �n�Z�d�l�h�j�h�f�� �y�\�e�y�_�l�k�y�� �\�b�k�p�_�j�h-�l�Z�d�l�b�e�v�g�Z�y��

�k�b�g�o�j�h�g�g�h�k�l�v���� �L�Z�d���� �\�� �n�m�g�^�Z�f�_�g�l�Z�e�v�g�h�f�� �b�k�k�e�_�^�h�\�Z�g�b�b�� �K�e�_�c�l�_�j�Z�� �b�� �^�j���� �[�u�e�h��

�i�j�h�^�_�f�h�g�k�l�j�b�j�h�\�Z�g�h���� �q�l�h�� �k�b�g�o�j�h�g�g�h�_�� �i�h�]�e�Z�`�b�\�Z�g�b�_�� �j�_�Z�e�v�g�h�c ���h�s�m�s�Z�_�f�h�_����

�g�h�� �g�_�� �\�b�^�b�f�h�_���� �b�� �\�b�j�l�m�Z�e�v�g�h�c�� ���\�b�^�b�f�h�_���� �j�m�d�b�� �i�j�b�\�h�^�b�l�� �d�� �k�b�e�v�g�h�f�m�� �b��

�^�h�k�l�h�\�_�j�g�h�f�m�� �q�m�\�k�l�\�m�� �k�h�[�k�l�\�_�g�g�h�k�l�b�� �m�� �i�h�^�Z�\�e�y�x�s�_�]�h�� �[�h�e�v�r�b�g�k�l�\�Z��

�b�k�i�u�l�m�_�f�u�o�����\���l�h���\�j�_�f�y���d�Z�d���Z�k�b�g�o�j�h�g�g�Z�y���k�l�b�f�m�e�y�p�b�y���k���a�Z�^�_�j�`�d�h�c���\�k�_�]�h���\��������-

�������� �f�k�� �i�j�Z�d�l�b�q�_�k�d�b�� �i�h�e�g�h�k�l�v�x�� �g�b�\�_�e�b�j�m�_�l�� �w�n�n�_�d�l (Slater et al������ �������������� �W�l�h��

�i�h�^�l�\�_�j�`�^�Z�_�l�� �]�b�i�h�l�_�a�m�� �h�� �l�h�f���� �q�l�h�� �f�h�a�]���� �k�l�Z�e�d�b�\�Z�y�k�v�� �k�� �\�u�k�h�d�h��

�d�h�j�j�_�e�b�j�m�x�s�b�f�b�� �\�h�� �\�j�_�f�_�g�b�� �b�� �i�j�h�k�l�j�Z�g�k�l�\�_�� �\�b�a�m�Z�e�v�g�u�f�b�� �b�� �l�Z�d�l�b�e�v�g�u�f�b��
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�k�b�]�g�Z�e�Z�f�b�����i�_�j�_�k�f�Z�l�j�b�\�Z�_�l���k�\�h�x���Z�i�j�b�h�j�g�m�x���f�h�^�_�e�v���l�_�e�Z�����b�g�d�h�j�i�h�j�b�j�m�y���\���g�_�_��

�\�b�j�l�m�Z�e�v�g�u�c���h�[�t�_�d�l���� 

�<�Z�`�g�u�f���h�[�t�_�d�l�b�\�g�u�f���d�h�j�j�_�e�y�l�h�f���b�e�e�x�a�b�b�����b�g�l�_�g�k�b�\�g�h���b�k�i�h�e�v�a�m�_�f�u�f��

�\���<�J-�b�k�k�e�_�^�h�\�Z�g�b�y�o�����y�\�e�y�_�l�k�y���©�i�j�h�i�j�b�h�p�_�i�l�b�\�g�u�c���^�j�_�c�n�ª���²  �[�_�k�k�h�a�g�Z�l�_�e�v�g�h�_��

�k�f�_�s�_�g�b�_���\�h�k�i�j�b�g�b�f�Z�_�f�h�]�h���i�h�e�h�`�_�g�b�y���k�h�[�k�l�\�_�g�g�h�c���k�d�j�u�l�h�c���j�m�d�b���\���k�l�h�j�h�g�m��

�\�b�j�l�m�Z�e�v�g�h�c���� �I�j�h�i�j�b�h�p�_�i�l�b�\�g�u�c�� �^�j�_�c�n�� �i�j�_�^�k�l�Z�\�e�y�_�l�� �k�h�[�h�c�� �m�k�l�h�c�q�b�\�u�c��

�i�h�\�_�^�_�g�q�_�k�d�b�c�� �f�Z�j�d�_�j���� �h�[�t�_�d�l�b�\�g�h�� �n�b�d�k�b�j�m�x�s�b�c�� �b�a�f�_�g�_�g�b�_��

�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�]�h�� �\�h�k�i�j�b�y�l�b�y�� �i�h�e�h�`�_�g�b�y�� �k�h�[�k�l�\�_�g�g�h�]�h�� �l�_�e�Z�� �\�� �d�h�g�l�_�d�k�l�_��

�b�g�^�m�d�p�b�b���B�J�J (Rhode et al., 2011). �<�u�j�Z�`�_�g�g�h�k�l�v���^�Z�g�g�h�]�h �n�_�g�h�f�_�g�Z 

�d�h�e�b�q�_�k�l�\�_�g�g�h�� �h�p�_�g�b�\�Z�_�l�k�y�� �q�_�j�_�a�� �k�f�_�s�_�g�b�_�� �\�h�k�i�j�b�g�b�f�Z�_�f�h�c�� �e�h�d�Z�e�b�a�Z�p�b�b��

�k�d�j�u�l�h�c�� �h�l�� �\�a�]�e�y�^�Z�� �j�_�Z�e�v�g�h�c�� �d�h�g�_�q�g�h�k�l�b�� �\�� �k�l�h�j�h�g�m�� �\�b�j�l�m�Z�e�v�g�h�]�h�� �b�e�b��

�j�_�a�b�g�h�\�h�]�h���Z�g�Z�e�h�]�Z���i�h�k�e�_���i�_�j�b�h�^�Z���k�b�g�o�j�h�g�g�h�c���f�m�e�v�l�b�k�_�g�k�h�j�g�h�c���k�l�b�f�m�e�y�p�b�b����

�I�j�h�p�_�^�m�j�g�h�� �w�l�h�� �j�_�Z�e�b�a�m�_�l�k�y�� �q�_�j�_�a�� �k�j�Z�\�g�b�l�_�e�v�g�u�c�� �Z�g�Z�e�b�a�� �i�h�d�Z�a�Z�l�_�e�_�c��

�i�j�h�i�j�b�h�p�_�i�l�b�\�g�h�c���e�h�d�Z�e�b�a�Z�p�b�b�����i�h�e�m�q�_�g�g�u�o���^�h���b���i�h�k�e�_���w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�]�h��

�\�h�a�^�_�c�k�l�\�b�y���� �]�^�_�� �i�h�e�h�`�b�l�_�e�v�g�u�c�� �^�j�_�c�n���� �k�h�k�l�Z�\�e�y�x�s�b�c�� �\�� �k�j�_�^�g�_�f�� ��-4 

�k�Z�g�l�b�f�_�l�j�Z�� �i�j�b�� �k�b�g�o�j�h�g�g�u�o�� �m�k�e�h�\�b�y�o���� �b�g�l�_�j�i�j�_�l�b�j�m�_�l�k�y�� �d�Z�d�� �j�_�a�m�e�v�l�Z�l��

�m�k�i�_�r�g�h�c���k�_�g�k�h�j�g�h�c���i�_�j�_�d�Z�e�b�[�j�h�\�d�b (Longo et al., 2005). 

 �L�_�h�j�_�l�b�q�_�k�d�h�_�� �h�[�t�y�k�g�_�g�b�_�� �n�_�g�h�f�_�g�Z�� �[�Z�a�b�j�m�_�l�k�y�� �g�Z�� �i�j�b�g�p�b�i�Z�o��

�f�m�e�v�l�b�k�_�g�k�h�j�g�h�c���b�g�l�_�]�j�Z�p�b�b���b���[�Z�c�_�k�h�\�k�d�h�]�h���\�u�\�h�^�Z�����k�h�]�e�Z�k�g�h���d�h�l�h�j�u�f���f�h�a�]����

�k�l�Z�e�d�b�\�Z�y�k�v�� �k�� �d�h�g�n�e�b�d�l�m�x�s�_�c�� �k�_�g�k�h�j�g�h�c�� �b�g�n�h�j�f�Z�p�b�_�c���� �i�_�j�_�k�f�Z�l�j�b�\�Z�_�l��

�i�j�h�i�j�b�h�p�_�i�l�b�\�g�u�_���k�b�]�g�Z�e�u���\���i�h�e�v�a�m���[�h�e�_�_���^�h�k�l�h�\�_�j�g�u�o���\�b�a�m�Z�e�v�g�u�o���^�Z�g�g�u�o����

�n�h�j�f�b�j�m�y�� �h�[�g�h�\�e�_�g�g�m�x�� �Z�i�h�k�l�_�j�b�h�j�g�m�x�� �h�p�_�g�d�m�� �i�h�e�h�`�_�g�b�y�� �d�h�g�_�q�g�h�k�l�b 

(Tsakiris et al., 2005)���� �W�f�i�b�j�b�q�_�k�d�b�� �g�Z�^�_�`�g�h�k�l�v�� �^�j�_�c�n�Z�� �d�Z�d�� �b�g�^�b�d�Z�l�h�j�Z��

�i�h�^�l�\�_�j�`�^�Z�_�l�k�y�� �_�]�h�� �m�k�l�h�c�q�b�\�h�c�� �a�Z�\�b�k�b�f�h�k�l�v�x�� �h�l�� �\�b�k�p�_�j�h-�l�Z�d�l�b�e�v�g�h�c��

�k�b�g�o�j�h�g�g�h�k�l�b���� �i�h�k�d�h�e�v�d�m�� �Z�k�b�g�o�j�h�g�g�Z�y�� �k�l�b�f�m�e�y�p�b�y�� �k�l�Z�l�b�k�l�b�q�_�k�d�b�� �a�g�Z�q�b�f�h��

�g�b�\�_�e�b�j�m�_�l�� �w�n�n�_�d�l���� �I�j�b�� �w�l�h�f�� �d�h�j�j�_�e�y�p�b�y�� �f�_�`�^�m�� �\�_�e�b�q�b�g�h�c�� �^�j�_�c�n�Z�� �b��

�k�m�[�t�_�d�l�b�\�g�u�f�b���i�h�d�Z�a�Z�l�_�e�y�f�b���q�m�\�k�l�\�Z���k�h�[�k�l�\�_�g�g�h�k�l�b�����j�_�]�b�k�l�j�b�j�m�_�f�u�f�b���q�_�j�_�a��

�h�i�j�h�k�g�b�d�b�����g�h�k�b�l���g�_�e�b�g�_�c�g�u�c���b���m�f�_�j�_�g�g�u�c���o�Z�j�Z�d�l�_�j�����q�l�h���k�\�b�^�_�l�_�e�v�k�l�\�m�_�l���h��

�\�h�a�f�h�`�g�h�c�� �^�b�k�k�h�p�b�Z�p�b�b�� �f�_�`�^�m�� �[�_�k�k�h�a�g�Z�l�_�e�v�g�h�c�� �i�j�h�i�j�b�h�p�_�i�l�b�\�g�h�c��

�i�_�j�_�d�Z�e�b�[�j�h�\�d�h�c���b���h�k�h�a�g�Z�g�g�u�f���d�h�]�g�b�l�b�\�g�u�f���i�_�j�_�`�b�\�Z�g�b�_�f���i�j�b�g�Z�^�e�_�`�g�h�k�l�b 
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(Kilteni et al., 2012)���� �D�j�b�l�b�q�_�k�d�b�c�� �Z�g�Z�e�b�a�� �f�_�l�h�^�h�e�h�]�b�b�� �\�u�y�\�e�y�_�l��

�i�h�l�_�g�p�b�Z�e�v�g�u�_�� �h�]�j�Z�g�b�q�_�g�b�y���� �k�\�y�a�Z�g�g�u�_�� �k�� �\�e�b�y�g�b�_�f�� �n�Z�d�l�h�j�h�\�� �f�h�l�h�j�g�h�]�h��

�a�Z�i�h�f�b�g�Z�g�b�y���b���w�n�n�_�d�l�Z���w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o���h�`�b�^�Z�g�b�c�����h�^�g�Z�d�h���Z�\�l�h�f�Z�l�b�a�Z�p�b�y��

�b�a�f�_�j�_�g�b�c�� �\�� �k�j�_�^�Z�o�� �\�b�j�l�m�Z�e�v�g�h�c�� �j�_�Z�e�v�g�h�k�l�b���� �h�[�_�k�i�_�q�b�\�Z�x�s�Z�y�� �\�u�k�h�d�m�x��

�l�h�q�g�h�k�l�v�� �h�l�k�e�_�`�b�\�Z�g�b�y���� �f�b�g�b�f�b�a�b�j�m�_�l�� �^�Z�g�g�u�_�� �Z�j�l�_�n�Z�d�l�u���� �L�Z�d�b�f�� �h�[�j�Z�a�h�f����

�i�j�h�i�j�b�h�p�_�i�l�b�\�g�u�c�� �^�j�_�c�n�� �k�h�o�j�Z�g�y�_�l�� �k�l�Z�l�m�k�� �f�_�l�h�^�h�e�h�]�b�q�_�k�d�b�� �p�_�g�g�h�]�h��

�h�[�t�_�d�l�b�\�g�h�]�h���b�g�^�b�d�Z�l�h�j�Z���i�j�h�p�_�k�k�h�\���l�_�e�_�k�g�h�c���i�e�Z�k�l�b�q�g�h�k�l�b�����j�_�e�_�\�Z�g�l�g�h�]�h���^�e�y��

�b�k�k�e�_�^�h�\�Z�g�b�c�� �k�_�g�k�h�f�h�l�h�j�g�h�c�� �b�g�l�_�]�j�Z�p�b�b�� �b�� �i�h�k�l�j�h�_�g�b�y�� �g�_�c�j�h�d�h�]�g�b�l�b�\�g�u�o��

�f�h�^�_�e�_�c���l�_�e�_�k�g�h�]�h���k�Z�f�h�k�h�a�g�Z�g�b�y�� 

�<�b�j�l�m�Z�e�v�g�Z�y�� �k�j�_�^�Z�� �i�h�a�\�h�e�b�e�Z�� �j�Z�^�b�d�Z�e�v�g�h�� �j�Z�k�r�b�j�b�l�v�� �d�e�Z�k�k�b�q�_�k�d�m�x��

�i�Z�j�Z�^�b�]�f�m�����\�\�_�^�y���d�h�f�i�h�g�_�g�l���f�h�l�h�j�g�h�c���Z�n�n�_�j�_�g�l�Z�p�b�b�����Z�]�_�g�l�g�h�k�l�b�������<���j�Z�[�h�l�_��

�K�Z�g�q�_�k-�<�b�\�_�k�� �b�� �^�j�� (Sanchez-Vives et al., 2010) �[�u�e�h�� �i�h�d�Z�a�Z�g�h���� �q�l�h�� �\�b�k�p�_�j�h-

�f�h�l�h�j�g�Z�y�� �k�b�g�o�j�h�g�g�h�k�l�v���� �d�h�]�^�Z�� �^�\�b�`�_�g�b�y�� �j�_�Z�e�v�g�h�c�� �j�m�d�b�� �i�h�e�v�a�h�\�Z�l�_�e�y�� �\��

�j�_�Z�e�v�g�h�f�� �\�j�_�f�_�g�b�� �h�l�h�[�j�Z�`�Z�x�l�k�y�� �g�Z�� �^�\�b�`�_�g�b�y�� �\�b�j�l�m�Z�e�v�g�h�c�� �j�m�d�b���� �f�h�`�_�l��

�b�g�^�m�p�b�j�h�\�Z�l�v�� �b�e�e�x�a�b�x�� �k�h�[�k�l�\�_�g�g�h�k�l�b�� �^�Z�`�_�� �\�� �h�l�k�m�l�k�l�\�b�_�� �l�Z�d�l�b�e�v�g�h�c��

�k�l�b�f�m�e�y�p�b�b���� �I�j�b�� �w�l�h�f�� �q�m�\�k�l�\�h�� �Z�]�_�g�l�g�h�k�l�b�� ���h�s�m�s�_�g�b�_�� �k�_�[�y�� �b�k�l�h�q�g�b�d�h�f��

�^�_�c�k�l�\�b�y�����b���q�m�\�k�l�\�h���k�h�[�k�l�\�_�g�g�h�k�l�b�����h�s�m�s�_�g�b�_���i�j�b�g�Z�^�e�_�`�g�h�k�l�b���l�_�e�Z�������o�h�l�y���b��

�q�Z�k�l�h���\�h�a�g�b�d�Z�x�l���\�f�_�k�l�_�����y�\�e�y�x�l�k�y���^�b�k�k�h�p�b�b�j�m�_�f�u�f�b���d�h�g�k�l�j�m�d�l�Z�f�b�����W�l�h���[�u�e�h��

�i�j�h�^�_�f�h�g�k�l�j�b�j�h�\�Z�g�h�� �\�� �w�d�k�i�_�j�b�f�_�g�l�Z�o���� �]�^�_�� �\�b�j�l�m�Z�e�v�g�Z�y�� �j�m�d�Z�� �^�\�b�]�Z�e�Z�k�v�� �k��

�g�_�[�h�e�v�r�h�c�� �a�Z�^�_�j�`�d�h�c�� �b�e�b�� �b�k�d�Z�`�_�g�b�_�f�� �h�l�g�h�k�b�l�_�e�v�g�h�� �d�h�f�Z�g�^�u���� �i�h�k�e�Z�g�g�h�c��

�k�h�[�k�l�\�_�g�g�h�c���j�m�d�h�c�����q�m�\�k�l�\�h���Z�]�_�g�l�g�h�k�l�b���i�j�b���w�l�h�f���j�_�a�d�h���k�g�b�`�Z�e�h�k�v�����\���l�h���\�j�_�f�y��

�d�Z�d���q�m�\�k�l�\�h���k�h�[�k�l�\�_�g�g�h�k�l�b�����h�k�g�h�\�Z�g�g�h�_���g�Z���\�b�a�m�Z�e�v�g�h-�l�Z�d�l�b�e�v�g�h�c���d�h�j�j�_�e�y�p�b�b����

�f�h�]�e�h���q�Z�k�l�b�q�g�h���k�h�o�j�Z�g�y�l�v�k�y�� 

�<�h�a�f�h�`�g�h�k�l�v�� �]�b�[�d�b�o�� �b�a�f�_�g�_�g�b�y �<�J-�k�j�_�^�� �i�h�a�\�h�e�b�e�Z�� �i�j�h�\�_�k�l�b�� �j�y�^��

�g�h�\�Z�l�h�j�k�d�b�o�� �b�k�k�e�_�^�h�\�Z�g�b�c���� �i�j�h�\�_�j�y�x�s�b�o�� �i�j�_�^�_�e�u�� �i�e�Z�k�l�b�q�g�h�k�l�b�� �l�_�e�_�k�g�h�c��

�k�o�_�f�u���� �G�Z�i�j�b�f�_�j���� �\�� �b�k�k�e�_�^�h�\�Z�g�b�b�� �D�b�e�l�_�g�b�� �b�� �^�j����(Kilteni et al., 2012) �[�u�e�Z��

�b�g�^�m�p�b�j�h�\�Z�g�Z�� �©�b�e�e�x�a�b�y�� �h�q�_�g�v�� �^�e�b�g�g�h�c�� �j�m�d�b�ª���� �\�b�j�l�m�Z�e�v�g�Z�y�� �j�m�d�Z�� �i�e�Z�\�g�h��

�m�^�e�b�g�y�e�Z�k�v�� �g�Z�� ���� �f�_�l�j�� �\�� �l�_�q�_�g�b�_�� ������ �k�_�d�m�g�^�� �i�j�b�� �k�h�o�j�Z�g�_�g�b�b�� �k�b�g�o�j�h�g�g�h�c��

�l�Z�d�l�b�e�v�g�h�c�� �k�l�b�f�m�e�y�p�b�b���� �J�_�a�m�e�v�l�Z�l�u�� �i�h�d�Z�a�Z�e�b���� �q�l�h�� �b�e�e�x�a�b�y�� �k�h�[�k�l�\�_�g�g�h�k�l�b��

�m�k�i�_�r�g�h�� �i�_�j�_�g�h�k�b�e�Z�k�v�� �g�Z�� �m�^�e�b�g�_�g�g�m�x�� �d�h�g�_�q�g�h�k�l�v���� �h�^�g�Z�d�h�� �h�g�Z�� �j�Z�a�j�m�r�Z�e�Z�k�v��
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�i�j�b�� �j�_�a�d�h�f���� �f�]�g�h�\�_�g�g�h�f�� �m�^�e�b�g�_�g�b�b���� �W�l�h�� �k�\�b�^�_�l�_�e�v�k�l�\�m�_�l�� �h�� �l�h�f���� �q�l�h�� �f�h�a�]��

�k�i�h�k�h�[�_�g���Z�^�Z�i�l�b�j�h�\�Z�l�v���f�h�^�_�e�v���l�_�e�Z���d���i�h�k�l�_�i�_�g�g�u�f���Z�g�h�f�Z�e�b�y�f�����b�g�l�_�]�j�b�j�m�y���b�o��

�\���h�[�g�h�\�e�_�g�g�m�x���[�Z�c�_�k�h�\�k�d�m�x���f�h�^�_�e�v�����g�h���b�f�_�_�l���`�_�k�l�d�b�_���©�d�j�b�l�b�q�_�k�d�b�_���l�h�q�d�b�ª��

�^�e�y �\�g�_�a�Z�i�g�u�o���g�Z�j�m�r�_�g�b�c���[�Z�a�h�\�u�o���[�b�h�f�_�o�Z�g�b�q�_�k�d�b�o���h�]�j�Z�g�b�q�_�g�b�c���� 

�>�j�m�]�h�_���g�Z�i�j�Z�\�e�_�g�b�_���b�k�k�e�_�^�h�\�Z�g�b�c���[�u�e�h���k�h�k�j�_�^�h�l�h�q�_�g�h���g�Z���i�j�_�h�^�h�e�_�g�b�b��

�\�b�a�m�Z�e�v�g�h-�k�_�f�Z�g�l�b�q�_�k�d�b�o�� �[�Z�j�v�_�j�h�\���� �<���h�^�g�h�c�� �b�a�� �j�Z�[�h�l�� ��Ma et al, 2021) �[�u�e�h��

�i�h�d�Z�a�Z�g�h���� �q�l�h�� �[�_�e�u�_�� �b�k�i�u�l�m�_�f�u�_�� �f�h�]�e�b�� �b�k�i�u�l�u�\�Z�l�v���B�J�J �i�h�� �h�l�g�h�r�_�g�b�x�� �d��

�\�b�j�l�m�Z�e�v�g�h�c�� �j�m�d�_�� �k�� �l�_�f�g�u�f�� �p�\�_�l�h�f�� �d�h�`�b�� �i�j�b�� �m�k�e�h�\�b�b�� �k�b�g�o�j�h�g�g�h�c��

�k�l�b�f�m�e�y�p�b�b���� �i�j�b�q�_�f�� �k�b�e�Z�� �b�e�e�x�a�b�b�� �[�u�e�Z�� �k�h�i�h�k�l�Z�\�b�f�Z�� �k�� �m�k�e�h�\�b�_�f�� �k�� �j�m�d�h�c��

�k�\�h�_�]�h�� �p�\�_�l�Z�� �d�h�`�b���� �;�h�e�_�_�� �l�h�]�h���� �b�e�e�x�a�b�y�� �h�d�Z�a�Z�e�Z�k�v�� �\�h�a�f�h�`�g�h�c�� �b�� �^�e�y��

�g�_�q�_�e�h�\�_�q�_�k�d�b�o���d�h�g�_�q�g�h�k�l�_�c�����l�Z�d�b�o���d�Z�d���j�m�d�Z���j�h�[�h�l�Z���b�e�b �d�e�_�r�g�y�����o�h�l�y���_�_���k�b�e�Z��

�k�l�Z�l�b�k�l�b�q�_�k�d�b�� �a�g�Z�q�b�f�h�� �h�k�e�Z�[�_�\�Z�e�Z�� �k�� �m�f�_�g�v�r�_�g�b�_�f�� �k�l�_�i�_�g�b��

�Z�g�l�j�h�i�h�f�h�j�n�g�h�k�l�b���� �q�l�h�� �m�d�Z�a�u�\�Z�_�l�� �g�Z�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�_�� �g�b�a�d�h�m�j�h�\�g�_�\�u�o��

�f�_�o�Z�g�b�a�f�h�\���f�m�e�v�l�b�k�_�g�k�h�j�g�h�c���b�g�l�_�]�j�Z�p�b�b���b���\�u�k�h�d�h�m�j�h�\�g�_�\�u�o���k�_�f�Z�g�l�b�q�_�k�d�b�o��

�j�_�i�j�_�a�_�g�l�Z�p�b�c�� 

�G�_�c�j�h�\�b�a�m�Z�e�b�a�Z�p�b�h�g�g�u�_�� �b�k�k�e�_�^�h�\�Z�g�b�y���� �i�j�h�\�_�^�_�g�g�u�_�� �\�� �]�b�[�j�b�^�g�u�o��

�m�k�l�Z�g�h�\�d�Z�o���� �k�h�\�f�_�s�Z�x�s�b�o�� �\�h�a�f�h�`�g�h�k�l�b�� �b�g�l�_�]�j�Z�p�b�b�� �<�J�� �b�� �W�W�=���� �i�h�a�\�h�e�b�e�b��

�b�^�_�g�l�b�n�b�p�b�j�h�\�Z�l�v�� �d�e�x�q�_�\�u�_�� �g�_�c�j�h�g�g�u�_�� �d�h�j�j�_�e�y�l�u���<�J-�B�J�J���� �:�d�l�b�\�g�h�k�l�v��

�\�_�g�l�j�Z�e�v�g�h�c�� �i�j�_�f�h�l�h�j�g�h�c�� �d�h�j�u�� �^�_�f�h�g�k�l�j�b�j�m�_�l�� �m�k�l�h�c�q�b�\�m�x�� �i�h�e�h�`�b�l�_�e�v�g�m�x��

�d�h�j�j�_�e�y�p�b�x�� �k�� �k�m�[�t�_�d�l�b�\�g�h�c �k�b�e�h�c�� �q�m�\�k�l�\�Z�� �k�h�[�k�l�\�_�g�g�h�k�l�b���� �i�h�^�l�\�_�j�`�^�Z�y�� �_�_��

�j�h�e�v���\���d�Z�q�_�k�l�\�_���f�m�e�v�l�b�k�_�g�k�h�j�g�h�]�h���o�Z�[�Z (Ehrsson et al., 2005)�����<�g�m�l�j�b�l�_�f�_�g�g�Z�y��

�[�h�j�h�a�^�Z���� �m�q�Z�k�l�\�m�x�s�Z�y�� �\�� �d�h�^�b�j�h�\�Z�g�b�b�� �i�_�j�b�i�_�j�k�h�g�Z�e�v�g�h�]�h�� �i�j�h�k�l�j�Z�g�k�l�\�Z����

�i�h�d�Z�a�u�\�Z�_�l�� �i�h�\�u�r�_�g�g�m�x�� �Z�d�l�b�\�g�h�k�l�v�� �\�� �o�h�^�_�� �b�g�l�_�]�j�Z�p�b�b�� �\�b�a�m�Z�e�v�g�u�o�� �b��

�l�Z�d�l�b�e�v�g�u�o�� �k�b�]�g�Z�e�h�\���� �<�Z�`�g�m�x�� �j�h�e�v�� �b�]�j�Z�_�l�� �b�� �h�k�l�j�h�\�d�h�\�Z�y�� �^�h�e�y���� �h�k�h�[�_�g�g�h�� �_�_��

�a�Z�^�g�y�y�� �q�Z�k�l�v���� �k�\�y�a�Z�g�g�Z�y�� �k�� �b�g�l�_�j�h�p�_�i�p�b�_�c�� �b�� �k�m�[�t�_�d�l�b�\�g�u�f�� �h�k�h�a�g�Z�g�b�_�f�� �l�_�e�Z����

�I�h�^�Z�\�e�_�g�b�_�� �Z�d�l�b�\�g�h�k�l�b�� �\�� �l�_�f�_�g�g�h-�\�b�k�h�q�g�h�f�� �k�h�_�^�b�g�_�g�b�b�� �\�h�� �\�j�_�f�y�� �k�b�e�v�g�h�c��

�B�J�J �b�g�l�_�j�i�j�_�l�b�j�m�_�l�k�y�� �d�Z�d�� �g�_�c�j�h�g�g�u�c�� �f�Z�j�d�_�j�� �h�k�e�Z�[�e�_�g�b�y�� �]�j�Z�g�b�p�� �l�_�e�_�k�g�h�]�h��

�©�Y�ª���b���k�g�b�`�_�g�b�y���l�h�q�g�h�k�l�b���k�Z�f�h-�^�j�m�]�h�]�h���j�Z�a�e�b�q�_�g�b�y (Ionta et al., 2014). 
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�I�j�Z�d�l�b�q�_�k�d�b�_�� �i�j�b�e�h�`�_�g�b�y���<�J-�B�J�J �Z�d�l�b�\�g�h�� �j�Z�a�\�b�\�Z�x�l�k�y�� �\�� �h�[�e�Z�k�l�b��

�g�_�c�j�h�j�_�Z�[�b�e�b�l�Z�p�b�b�����B�g�l�_�]�j�Z�p�b�y���B�J�J���b�� �_�_�� �i�j�h�b�a�\�h�^�g�u�o�� �\�� �i�j�h�l�h�d�h�e�u��

�g�_�c�j�h�j�_�Z�[�b�e�b�l�Z�p�b�b�� �i�j�_�^�k�l�Z�\�e�y�_�l�� �k�h�[�h�c���h�^�g�h�� �b�a�� �g�Z�b�[�h�e�_�_�� �i�_�j�k�i�_�d�l�b�\�g�u�o��

�g�Z�i�j�Z�\�e�_�g�b�c�����h�k�g�h�\�Z�g�g�u�o���g�Z���i�j�b�g�p�b�i�Z�o���g�_�c�j�h�i�e�Z�k�l�b�q�g�h�k�l�b �\���P�G�K�� �F�_�o�Z�g�b�a�f��

�l�_�j�Z�i�_�\�l�b�q�_�k�d�h�]�h�� �^�_�c�k�l�\�b�y�� �a�Z�d�e�x�q�Z�_�l�k�y�� �\�� �p�_�e�_�g�Z�i�j�Z�\�e�_�g�g�h�c�� �f�h�^�m�e�y�p�b�b��

�b�k�d�Z�`�_�g�g�h�c���b�e�b���g�Z�j�m�r�_�g�g�h�c���k�o�_�f�u���l�_�e�Z���i�Z�p�b�_�g�l�Z�����q�l�h���i�h�a�\�h�e�y�_�l���m�f�_�g�v�r�Z�l�v��

�[�h�e�_�\�u�_�� �k�b�g�^�j�h�f�u �b�� �\�h�k�k�l�Z�g�Z�\�e�b�\�Z�l�v�� �f�h�l�h�j�g�u�_�� �n�m�g�d�p�b�b�� �q�_�j�_�a�� �b�g�^�m�d�p�b�x��

�d�h�g�l�j�h�e�b�j�m�_�f�u�o���k�_�g�k�h�j�g�u�o���d�h�g�n�e�b�d�l�h�\�����L�Z�d���\ �d�h�g�l�_�d�k�l�_���l�_�j�Z�i�b�b���n�Z�g�l�h�f�g�u�o��

�[�h�e�_�c�� �i�h�k�e�_�� �Z�f�i�m�l�Z�p�b�b�� �d�e�x�q�_�\�u�f�� �f�_�l�h�^�h�f�� �\�u�k�l�m�i�Z�_�l�� �f�h�^�b�n�b�p�b�j�h�\�Z�g�g�Z�y��

�B�J�J-�i�Z�j�Z�^�b�]�f�Z�� �\�� �\�b�j�l�m�Z�e�v�g�h�c�� �j�_�Z�e�v�g�h�k�l�b���� �]�^�_�� �i�Z�p�b�_�g�l���� �k�h�\�_�j�r�Z�y�� �^�\�b�`�_�g�b�y��

�h�k�l�Z�\�r�_�c�k�y�� �q�Z�k�l�v�x�� �d�h�g�_�q�g�h�k�l�b���� �g�Z�[�e�x�^�Z�_�l�� �k�b�g�o�j�h�g�g�u�_�� �^�\�b�`�_�g�b�y��

�\�b�j�l�m�Z�e�v�g�h�c�� �d�h�g�_�q�g�h�k�l�b���� �i�j�h�_�p�b�j�m�_�f�h�c�� �g�Z�� �f�_�k�l�h�� �h�l�k�m�l�k�l�\�m�x�s�_�c���� �<�� �j�Z�f�d�Z�o��

�j�Z�g�^�h�f�b�a�b�j�h�\�Z�g�g�h�]�h�� �d�h�g�l�j�h�e�b�j�m�_�f�h�]�h�� �b�k�k�e�_�^�h�\�Z�g�b�y���� �i�j�h�\�_�^�_�g�g�h�]�h�� �H�j�l�b�k-

�D�Z�l�Z�e�Z�g�h�f�� �b�� �_�]�h�� �d�h�e�e�_�]�Z�f�b (Ortiz-Catalan et al., 2016), �[�u�e�Z�� �j�Z�a�j�Z�[�h�l�Z�g�Z��

�k�b�k�l�_�f�Z�����\���d�h�l�h�j�h�c���j�_�]�b�k�l�j�b�j�h�\�Z�e�b�k�v���f�b�h�]�j�Z�n�b�q�_�k�d�b�_���k�b�]�g�Z�e�u���h�l���d�h�g�_�q�g�h�k�l�b��

�i�Z�p�b�_�g�l�Z�����i�j�_�h�[�j�Z�a�m�_�f�u�_���\���^�\�b�`�_�g�b�y���Z�\�Z�l�Z�j�Z�����I�h�k�e�_���d�m�j�k�Z���l�Z�d�b�o���l�j�_�g�b�j�h�\�h�d��

�m�� �i�Z�p�b�_�g�l�h�\�� �g�Z�[�e�x�^�Z�e�h�k�v�� �k�l�Z�l�b�k�l�b�q�_�k�d�b�� �a�g�Z�q�b�f�h�_�� �k�g�b�`�_�g�b�_�� �b�g�l�_�g�k�b�\�g�h�k�l�b��

�n�Z�g�l�h�f�g�u�o�� �[�h�e�_�c���� �q�l�h�� �h�[�t�y�k�g�y�e�h�k�v�� �j�_�^�m�d�p�b�_�c�� �g�_�k�h�h�l�\�_�l�k�l�\�b�y�� �f�_�`�^�m��

�i�j�h�i�j�b�h�p�_�i�l�b�\�g�u�f�� �h�`�b�^�Z�g�b�_�f�� �^�\�b�`�_�g�b�y�� �b�� �\�b�a�m�Z�e�v�g�h�c�� �h�[�j�Z�l�g�h�c�� �k�\�y�a�v�x���� �Z��

�l�Z�d�`�_�� �g�h�j�f�Z�e�b�a�Z�p�b�_�c�� �Z�d�l�b�\�g�h�k�l�b�� �k�_�g�k�h�f�h�l�h�j�g�h�c�� �d�h�j�u���� �i�h�^�l�\�_�j�`�^�_�g�g�h�c��

�^�Z�g�g�u�f�b���n�F�J�L���� 

�I�j�b�� �j�_�Z�[�b�e�b�l�Z�p�b�b�� �i�h�k�l�b�g�k�m�e�v�l�g�u�o�� �i�Z�p�b�_�g�l�h�\�� �k�� �]�_�f�b�i�Z�j�_�a�h�f��

�b�k�i�h�e�v�a�m�_�l�k�y�� �k�l�j�Z�l�_�]�b�y���� �g�Z�i�j�Z�\�e�_�g�g�Z�y�� �g�Z�� �\�h�k�k�l�Z�g�h�\�e�_�g�b�_�� �q�m�\�k�l�\�Z��

�k�h�[�k�l�\�_�g�g�h�k�l�b�� �b�� �Z�]�_�g�l�g�h�k�l�b�� �g�Z�^�� �i�Z�j�Z�e�b�a�h�\�Z�g�g�h�c�� �d�h�g�_�q�g�h�k�l�v�x���� �<��

�b�k�k�e�_�^�h�\�Z�g�b�b�� �F�Z�l�Z�f�Z�e�Z-�=�h�f�_�k (Matamala-Gomes et al������ ������������ �b�� �k�h�Z�\�l�h�j�h�\��

�i�Z�p�b�_�g�l�Z�f�� �k�� �i�h�k�l�b�g�k�m�e�v�l�g�u�f�� �^�\�b�]�Z�l�_�e�v�g�u�f�� �^�_�n�b�p�b�l�h�f�� �b�g�^�m�p�b�j�h�\�Z�e�b��

�b�e�e�x�a�b�x���i�j�b�g�Z�^�e�_�`�g�h�k�l�b�� �\�b�j�l�m�Z�e�v�g�h�c�� �j�m�d�b���� �h�l�h�[�j�Z�`�Z�_�f�h�c�� �\�� �i�_�j�\�h�f�� �e�b�p�_����

�i�j�b�� �w�l�h�f�� �h�[�_�k�i�_�q�b�\�Z�e�Z�k�v�� �k�b�g�o�j�h�g�g�Z�y�� �l�Z�d�l�b�e�v�g�Z�y�� �k�l�b�f�m�e�y�p�b�y�� �d�Z�d�� �g�Z��

�i�h�j�Z�`�_�g�g�m�x�����l�Z�d���b���g�Z���a�^�h�j�h�\�m�x���j�m�d�m�����J�_�a�m�e�v�l�Z�l�u���i�h�d�Z�a�Z�e�b���g�_���l�h�e�v�d�h���m�k�b�e�_�g�b�_��

�q�m�\�k�l�\�Z�� �k�h�[�k�l�\�_�g�g�h�k�l�b�� �g�Z�^�� �i�Z�j�_�l�b�q�g�h�c�� �d�h�g�_�q�g�h�k�l�v�x���� �g�h�� �b�� �i�h�k�e�_�^�m�x�s�_�_��
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�m�e�m�q�r�_�g�b�_�� �i�h�d�Z�a�Z�l�_�e�_�c�� �f�_�e�d�h�c�� �f�h�l�h�j�b�d�b�� �b�� �\�u�i�h�e�g�_�g�b�y�� �p�_�e�_�g�Z�i�j�Z�\�e�_�g�g�u�o��

�^�_�c�k�l�\�b�c���i�h���k�j�Z�\�g�_�g�b�x���k���d�h�g�l�j�h�e�v�g�h�c���]�j�m�i�i�h�c�����q�l�h���k�\�y�a�u�\�Z�x�l���k���j�_�Z�d�l�b�\�Z�p�b�_�c��

�b�i�k�b�e�_�a�b�h�g�g�u�o���f�h�l�h�j�g�u�o���a�h�g���d�h�j�u���]�h�e�h�\�g�h�]�h���f�h�a�]�Z���� 

�>�e�y�� �i�Z�p�b�_�g�l�h�\�� �k�� �d�h�f�i�e�_�d�k�g�u�f�� �j�_�]�b�h�g�Z�e�v�g�u�f�� �[�h�e�_�\�u�f�� �k�b�g�^�j�h�f�h�f��

���D�J�;�K���� �i�j�b�f�_�g�y�_�l�k�y�� �l�_�o�g�b�d�Z�� �\�b�a�m�Z�e�v�g�h-�l�Z�d�l�b�e�v�g�h�c�� �i�h�^�f�_�g�u���� �b�a�\�_�k�l�g�Z�y�� �d�Z�d��

�©�a�_�j�d�Z�e�v�g�Z�y�� �l�_�j�Z�i�b�y�ª���� �d�h�l�h�j�Z�y�� �d�h�g�p�_�i�l�m�Z�e�v�g�h�� �[�e�b�a�d�Z�� �d���B�J�J���� �<�� �j�Z�[�h�l�_��

�F�Z�d�D�_�c�[�Z�� �b�� �^�j�� (McCabe et al������ ������������ �^�_�f�h�g�k�l�j�b�j�m�_�l�k�y���� �q�l�h�� �k�b�g�o�j�h�g�g�h�_��

�h�l�j�Z�`�_�g�b�_�� �^�\�b�`�_�g�b�c�� �a�^�h�j�h�\�h�c�� �d�h�g�_�q�g�h�k�l�b�� �\�� �a�_�j�d�Z�e�_���� �k�h�a�^�Z�x�s�_�_�� �b�e�e�x�a�b�x��

�^�\�b�`�_�g�b�y�� �b�� �l�Z�d�l�b�e�v�g�h�c�� �k�l�b�f�m�e�y�p�b�b�� �i�h�j�Z�`�_�g�g�h�c�� �j�m�d�b���� �i�j�b�\�h�^�b�l�� �d��

�a�g�Z�q�b�l�_�e�v�g�h�f�m�� �m�f�_�g�v�r�_�g�b�x�� �[�h�e�b�� �b�� �h�l�_�q�g�h�k�l�b���� �Z�� �l�Z�d�`�_�� �m�e�m�q�r�_�g�b�x��

�l�Z�d�l�b�e�v�g�h�]�h�� �j�Z�a�e�b�q�_�g�b�y���� �I�j�_�^�i�h�e�Z�]�Z�_�f�u�c�� �f�_�o�Z�g�b�a�f�� �\�d�e�x�q�Z�_�l�� �\�� �k�_�[�y��

�g�h�j�f�Z�e�b�a�Z�p�b�x�� �g�Z�j�m�r�_�g�g�h�]�h�� �i�j�_�^�k�l�Z�\�e�_�g�b�y�� �h�� �[�h�e�v�g�h�c�� �d�h�g�_�q�g�h�k�l�b�� �\��

�k�h�f�Z�l�h�k�_�g�k�h�j�g�h�c���d�h�j�_���b���i�h�^�Z�\�e�_�g�b�_���i�Z�l�h�e�h�]�b�q�_�k�d�h�c���[�h�e�_�\�h�c���Z�d�l�b�\�g�h�k�l�b���� 

�I�j�b���g�_�c�j�h�i�Z�l�b�q�_�k�d�h�c���[�h�e�b�����k�\�y�a�Z�g�g�h�c���k���i�h�\�j�_�`�^�_�g�b�_�f���i�_�j�b�n�_�j�b�q�_�k�d�b�o��

�g�_�j�\�h�\���� �f�_�l�h�^���b�g�^�m�d�p�b�b�� �B�J�J���b�k�i�h�e�v�a�m�_�l�k�y�� �^�e�y�� �d�h�j�j�_�d�p�b�b�� �b�k�d�Z�`�_�g�g�h�]�h��

�\�h�k�i�j�b�y�l�b�y�� �j�Z�a�f�_�j�Z�� �b�� �n�h�j�f�u�� �i�h�j�Z�`�_�g�g�h�c�� �d�h�g�_�q�g�h�k�l�b���� �<�� �b�k�k�e�_�^�h�\�Z�g�b�b��

�E�v�x�b�k�Z�� �b�� �^�j����(Lewis et al., 2007) �i�Z�p�b�_�g�l�u�� �k�� �g�_�c�j�h�i�Z�l�b�q�_�k�d�h�c�� �[�h�e�v�x���� �m��

�d�h�l�h�j�u�o�� �b�g�^�m�p�b�j�h�\�Z�e�b���B�J�J���� �k�h�h�[�s�Z�e�b�� �h�� �\�j�_�f�_�g�g�h�f���� �g�h�� �k�l�Z�l�b�k�l�b�q�_�k�d�b��

�a�g�Z�q�b�f�h�f���k�g�b�`�_�g�b�b�� �[�h�e�_�\�u�o�� �h�s�m�s�_�g�b�c���� �q�l�h�� �d�h�j�j�_�e�b�j�h�\�Z�e�h�� �k�� �m�\�_�e�b�q�_�g�b�_�f��

�l�Z�d�l�b�e�v�g�h�]�h���i�h�j�h�]�Z���q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�b���g�Z���i�h�j�Z�`�_�g�g�h�c���d�h�g�_�q�g�h�k�l�b�����m�d�Z�a�u�\�Z�y���g�Z��

�f�h�^�m�e�y�p�b�x�� �g�b�k�o�h�^�y�s�b�o�� �[�h�e�_�\�u�o�� �i�m�l�_�c���� �L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �l�_�j�Z�i�_�\�l�b�q�_�k�d�Z�y��

�w�n�n�_�d�l�b�\�g�h�k�l�v�� �b�e�e�x�a�b�b�� �j�_�a�b�g�h�\�h�c�� �j�m�d�b�� �\�� �g�_�c�j�h�j�_�Z�[�b�e�b�l�Z�p�b�b 

�i�h�^�l�\�_�j�`�^�Z�_�l�k�y�� �^�Z�g�g�u�f�b�� �^�h�d�Z�a�Z�l�_�e�v�g�h�c�� �f�_�^�b�p�b�g�u�� �b�� �h�k�g�h�\�u�\�Z�_�l�k�y�� �g�Z��

�n�m�g�^�Z�f�_�g�l�Z�e�v�g�h�c���i�e�Z�k�l�b�q�g�h�k�l�b���p�_�j�_�[�j�Z�e�v�g�u�o���j�_�i�j�_�a�_�g�l�Z�p�b�c���l�_�e�Z�����h�l�d�j�u�\�Z�y��

�i�m�l�v���^�e�y���j�Z�a�j�Z�[�h�l�d�b���g�_�b�g�\�Z�a�b�\�g�u�o���b���\�u�k�h�d�h�k�i�_�p�b�n�b�q�g�u�o���f�_�l�h�^�h�\���d�h�j�j�_�d�p�b�b��

�g�_�\�j�h�e�h�]�b�q�_�k�d�h�]�h���^�_�n�b�p�b�l�Z�� 

�I�_�j�k�i�_�d�l�b�\�g�u�f�� �g�Z�i�j�Z�\�e�_�g�b�_�f�� �y�\�e�y�_�l�k�y�� �l�Z�d�`�_�� �l�_�j�Z�i�b�y�� �l�_�e�_�k�g�u�o��

�^�b�k�f�h�j�n�b�q�_�k�d�b�o�� �j�Z�k�k�l�j�h�c�k�l�\���� �]�^�_�� �\�h�a�f�h�`�g�h�k�l�v�� �©�g�Z�[�e�x�^�Z�l�v�ª�� �b�� �©�h�s�m�s�Z�l�v�ª��

�\�b�j�l�m�Z�e�v�g�h�_���l�_�e�h�����k�h�h�l�\�_�l�k�l�\�m�x�s�_�_���a�^�h�j�h�\�h�f�m���h�[�j�Z�a�m�����h�l�d�j�u�\�Z�_�l���g�h�\�u�_���i�m�l�b��

�^�e�y���i�k�b�o�h�l�_�j�Z�i�_�\�l�b�q�_�k�d�h�]�h���\�f�_�r�Z�l�_�e�v�k�l�\�Z (Haramati et al., 2021). 



120 
 

 

�L�Z�d�b�f���h�[�j�Z�a�h�f�����B�J�J �\���\�b�j�l�m�Z�e�v�g�h�c���j�_�Z�e�v�g�h�k�l�b���l�j�Z�g�k�n�h�j�f�b�j�h�\�Z�e�Z�k�v���b�a��

�j�_�i�e�b�d�Z�l�b�\�g�h�c�� �f�_�l�h�^�b�d�b�� �\�� �f�h�s�g�m�x�� �b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�m�x�� �i�e�Z�l�n�h�j�f�m����

�i�h�a�\�h�e�y�x�s�m�x�� �g�_�� �l�h�e�v�d�h�� �m�]�e�m�[�b�l�v�� �i�h�g�b�f�Z�g�b�_�� �f�_�o�Z�g�b�a�f�h�\�� �l�_�e�_�k�g�h�]�h��

�k�Z�f�h�k�h�a�g�Z�g�b�y���� �g�h�� �b�� �j�Z�a�j�Z�[�Z�l�u�\�Z�l�v�� �b�g�g�h�\�Z�p�b�h�g�g�u�_�� �d�e�b�g�b�q�_�k�d�b�_�� �i�j�Z�d�l�b�d�b����

�h�k�g�h�\�Z�g�g�u�_ �g�Z�� �n�m�g�^�Z�f�_�g�l�Z�e�v�g�u�o�� �i�j�b�g�p�b�i�Z�o�� �i�e�Z�k�l�b�q�g�h�k�l�b�� �q�_�e�h�\�_�q�_�k�d�h�c��

�i�k�b�o�b�d�b�� 

�?�s�z���h�^�g�b�f���i�j�b�f�_�j�h�f���n�_�g�h�f�_�g�Z�����\�h�a�g�b�d�Z�x�s�b�f���i�j�b���b�k�i�h�e�v�a�h�\�Z�g�b�b���<�J���b��

�l�Z�d�`�_�� �k�\�y�a�Z�g�g�u�f�� �k�� �l�_�e�_�k�g�u�f�b�� �h�s�m�s�_�g�b�y�f�b���� �y�\�e�y�_�l�k�y�� �n�_�g�h�f�_�g��

�b�g�^�m�p�b�j�h�\�Z�g�g�u�o�� �Z�g�Z�e�v�]�_�l�b�q�_�k�d�b�o�� �w�n�n�_�d�l�h�\�� �h�l�� �b�k�i�h�e�v�a�h�\�Z�g�b�y�� �<�J���� �;�u�e�i��

�i�j�h�\�_�^�_�g�Z���i�h�k�e�_�^�h�\�Z�l�_�e�v�g�Z�y �w�f�i�b�j�b�q�_�k�d�Z�y �\�Z�e�b�^�Z�p�b�y �Z�g�Z�e�v�]�_�l�b�q�_�k�d�b�o��

�w�n�n�_�d�l�h�\���<�J �i�j�b�� �j�Z�a�e�b�q�g�u�o�� �l�b�i�Z�o�� �[�h�e�_�\�u�o�� �k�b�g�^�j�h�f�h�\���� �]�^�_�� �d�e�x�q�_�\�u�f��

�f�_�o�Z�g�b�a�f�h�f�� �\�u�k�l�m�i�Z�e�h �d�h�g�d�m�j�_�g�l�g�h�_�� �i�h�]�e�h�s�_�g�b�_�� �j�_�k�m�j�k�h�\ �\�g�b�f�Z�g�b�y �b��

�f�h�^�m�e�y�p�b�y���g�b�k�o�h�^�y�s�b�o���d�h�j�d�h�\�u�o���\�e�b�y�g�b�c���g�Z���g�h�p�b�p�_�i�l�b�\�g�m�x���i�_�j�_�^�Z�q�m�����L�_�f��

�k�Z�f�u�f�� �<�J�� �j�Z�k�k�f�Z�l�j�b�\�Z�e�k�y���d�Z�d�� �f�h�s�g�u�c�� �b�g�k�l�j�m�f�_�g�l�� �g�_�c�j�h�f�h�^�m�e�y�p�b�b����

�i�j�_�^�e�Z�]�Z�x�s�b�c�� �m�g�b�d�Z�e�v�g�u�c�� �f�_�o�Z�g�b�a�f�� �m�i�j�Z�\�e�_�g�b�y�� �\�g�b�f�Z�g�b�_�f�� �b�� �l�_�e�_�k�g�u�f��

�k�Z�f�h�\�h�k�i�j�b�y�l�b�_�f���i�Z�p�b�_�g�l�Z (Malloy et al., 2010). 

�L�_�h�j�_�l�b�q�_�k�d�h�c�� �h�k�g�h�\�h�c���<�J-�Z�g�Z�e�]�_�a�b�b�� �k�e�m�`�b�l�� �f�h�^�b�n�b�p�b�j�h�\�Z�g�g�Z�y��

�l�_�h�j�b�y�� ���g�_�c�j�h�f�Z�l�j�b�d�k�Z���� �F�_�e�a�Z�d�Z (Melzack���� �������������� �k�h�]�e�Z�k�g�h�� �d�h�l�h�j�h�c�� �[�h�e�v��

�y�\�e�y�_�l�k�y���i�j�h�^�m�d�l�h�f���^�_�y�l�_�e�v�g�h�k�l�b���j�Z�k�i�j�_�^�_�e�_�g�g�h�c���g�_�c�j�h�k�_�l�b�����b�g�l�_�]�j�b�j�m�x�s�_�c��

�k�_�g�k�h�j�g�u�_���� �Z�n�n�_�d�l�b�\�g�u�_�� �b�� �d�h�]�g�b�l�b�\�g�u�_�� �\�o�h�^�u���� �i�j�b�� �w�l�h�f�� �b�f�f�_�j�k�b�\�g�u�_��

�l�_�o�g�h�e�h�]�b�b�� �i�h�a�\�h�e�y�x�l�� �g�Z�i�j�y�f�m�x�� �\�e�b�y�l�v�� �g�Z�� �i�h�k�e�_�^�g�b�_�� �^�\�Z�� �d�h�f�i�h�g�_�g�l�Z�� �<�J 

�k�h�a�^�Z�_�l���^�e�y���i�h�e�v�a�h�\�Z�l�_�e�y���b�f�f�_�j�k�b�\�g�m�x���f�m�e�v�l�b�k�_�g�k�h�j�g�m�x���k�j�_�^�m�����l�j�_�[�m�x�s�m�x��

�a�g�Z�q�b�l�_�e�v�g�h�c���d�h�]�g�b�l�b�\�g�h�c���h�[�j�Z�[�h�l�d�b �k���p�_�e�v�x���Z�^�Z�i�l�Z�p�b�b���d���g�_�c�����q�l�h���i�j�b�\�h�^�b�l��

�d���k�g�b�`�_�g�b�x���i�j�h�i�m�k�d�g�h�c���k�i�h�k�h�[�g�h�k�l�b �k�_�g�k�h�j�g�h�c���b�g�n�h�j�f�Z�p�b�b �^�e�y���\�h�k�i�j�b�y�l�b�y��

�[�h�e�_�\�u�o���k�l�b�f�m�e�h�\���� �q�l�h���[�u�e�h���i�j�h�^�_�f�h�g�k�l�j�b�j�h�\�Z�g�h���\���j�Z�[�h�l�_ �O�h�n�n�f�Z�g�Z���b���^�j������

�]�^�_�� �i�Z�p�b�_�g�l�u�� �k�� �h�`�h�]�h�\�h�c�� �l�j�Z�\�f�h�c�� �\�h�� �\�j�_�f�y�� �[�h�e�_�a�g�_�g�g�u�o�� �i�_�j�_�\�y�a�h�d��

�i�h�]�j�m�`�Z�e�b�k�v�� �\�� �k�g�_�`�g�u�c�� �f�b�j���<�K���6�Q�R�Z�:�R�U�O�G���� �q�l�h�� �\�u�a�u�\�Z�e�h�� �k�g�b�`�_�g�b�_��

�k�m�[�t�_�d�l�b�\�g�h�c���[�h�e�b���g�Z������-���������i�h���\�b�a�m�Z�e�v�g�h�c���Z�g�Z�e�h�]�h�\�h�c���r�d�Z�e�_���i�h���k�j�Z�\�g�_�g�b�x��

�k�h���k�l�Z�g�^�Z�j�l�g�u�f���h�[�_�a�[�h�e�b�\�Z�g�b�_�f (Hoffman et al., 2000)�����G�_�c�j�h�n�b�a�b�h�e�h�]�b�q�_�k�d�b�_��
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�b�k�k�e�_�^�h�\�Z�g�b�y���� �b�k�i�h�e�v�a�m�x�s�b�_�� �n�m�g�d�p�b�h�g�Z�e�v�g�m�x�� �F�J�L���� �a�Z�n�b�d�k�b�j�h�\�Z�e�b��

�d�h�j�j�_�e�y�l�u���^�Z�g�g�h�]�h���w�n�n�_�d�l�Z���\���\�b�^�_���k�g�b�`�_�g�b�y���Z�d�l�b�\�g�h�k�l�b���\���i�_�j�_�^�g�_�c���i�h�y�k�g�h�c��

�d�h�j�_�����h�k�l�j�h�\�d�h�\�h�c���^�h�e�_���b���i�_�j�\�b�q�g�h�c���k�h�f�Z�l�h�k�_�g�k�h�j�g�h�c���d�h�j�_���²  �d�e�x�q�_�\�u�o���m�a�e�Z�o��

���g�_�c�j�h�f�Z�l�j�b�d�k�Z���[�h�e�b�� (Hoffman et al., 2006). 

 �I�j�b�� �o�j�h�g�b�q�_�k�d�b�o�� �[�h�e�_�\�u�o�� �k�b�g�^�j�h�f�Z�o���� �l�Z�d�b�o�� �d�Z�d�� �n�b�[�j�h�f�b�Z�e�]�b�y����

�i�j�b�f�_�g�_�g�b�_���<�J-�l�_�j�Z�i�b�b���� �g�Z�i�j�Z�\�e�_�g�g�h�c�� �g�Z�� �f�h�l�h�j�g�m�x�� �d�h�h�j�^�b�g�Z�p�b�x�� �\��

�\�b�j�l�m�Z�e�v�g�h�f���i�j�h�k�l�j�Z�g�k�l�\�_�����i�j�b�\�h�^�b�e�h���g�_���l�h�e�v�d�h���d���k�g�b�`�_�g�b�x���b�g�l�_�g�k�b�\�g�h�k�l�b��

�[�h�e�b���� �g�h�� �b�� �d�� �m�e�m�q�r�_�g�b�x �n�m�g�d�p�b�h�g�Z�e�v�g�u�o�� �i�h�d�Z�a�Z�l�_�e�_�c���� �q�l�h�� �h�[�t�y�k�g�y�_�l�k�y��

�g�h�j�f�Z�e�b�a�Z�p�b�_�c�� �p�_�g�l�j�Z�e�v�g�h�c�� �k�_�g�k�b�l�b�a�Z�p�b�b�� �q�_�j�_�a�� �f�_�o�Z�g�b�a�f�u�� �^�b�k�l�j�Z�d�p�b�b�� �b��

�i�_�j�_�m�q�b�\�Z�g�b�y�� �[�h�e�_�\�u�o�� �i�Z�l�l�_�j�g�h�\���� �<�� �b�k�k�e�_�^�h�\�Z�g�b�b�� �=�Z�j�g�_�l�l�Z �b�� �^�j�� (Garnett et 

al., 2021) �m�� �i�Z�p�b�_�g�l�h�\�� �k�� �g�_�c�j�h�i�Z�l�b�q�_�k�d�h�c�� �[�h�e�v�x�� �b�k�i�h�e�v�a�h�\�Z�e�Z�k�v�� �l�_�o�g�b�d�Z��

�b�g�d�h�j�i�h�j�Z�p�b�b�� �\�b�j�l�m�Z�e�v�g�h�c�� �d�h�g�_�q�g�h�k�l�b�� �k�� �i�h�k�e�_�^�m�x�s�_�c�� �_�_�� �\�b�a�m�Z�e�b�a�Z�p�b�_�c�� �\��

�[�_�a�[�h�e�_�a�g�_�g�g�h�f�� �k�h�k�l�h�y�g�b�b���� �q�l�h�� �\�u�a�u�\�Z�e�h�� �a�g�Z�q�b�l�_�e�v�g�h�_�� �m�f�_�g�v�r�_�g�b�_��

�]�b�i�_�j�Z�e�]�_�a�b�b�����\�_�j�h�y�l�g�h�����a�Z���k�q�_�l���j�_�f�h�^�_�e�b�j�h�\�Z�g�b�y���b�k�d�Z�`�_�g�g�h�]�h���i�j�_�^�k�l�Z�\�e�_�g�b�y��

�l�_�e�Z���\���k�h�f�Z�l�h�l�h�i�b�q�_�k�d�b�o���d�Z�j�l�Z�o���d�h�j�u���� 

�K�b�k�l�_�f�Z�l�b�q�_�k�d�b�c���h�[�a�h�j���b���f�_�l�Z-�Z�g�Z�e�b�a���B�g�^�h�\�b�g�u���b���^�j������(Indovina et al., 

2018) �\�d�e�x�q�b�\�r�b�c�� �������� �b�k�k�e�_�^�h�\�Z�g�b�c���� �i�h�^�l�\�_�j�^�b�e�� �k�l�Z�l�b�k�l�b�q�_�k�d�b�� �a�g�Z�q�b�f�h�_��

�i�j�_�\�h�k�o�h�^�k�l�\�h���<�J-�Z�g�Z�e�]�_�a�b�b�� �g�Z�^�� �d�h�g�l�j�h�e�v�g�u�f�b�� �m�k�e�h�\�b�y�f�b�� �d�Z�d�� �i�j�b�� �h�k�l�j�h�c�� 

�l�Z�d�� �b�� �i�j�b�� �o�j�h�g�b�q�_�k�d�h�c�� �[�h�e�b���� �k�� �g�Z�b�[�h�e�v�r�b�f���j�Z�f�_�j�h�f�� �w�n�n�_�d�l�Z �\�� �k�e�m�q�Z�y�o��

�k�h�q�_�l�Z�g�b�y���<�J �k���d�h�]�g�b�l�b�\�g�h-�i�h�\�_�^�_�g�q�_�k�d�h�c���l�_�j�Z�i�b�_�c���� 

�H�k�h�[�h�]�h�� �\�g�b�f�Z�g�b�y�� �a�Z�k�e�m�`�b�\�Z�_�l�� �i�j�b�f�_�g�_�g�b�_�� �b�f�f�_�j�k�b�\�g�u�o�� �k�j�_�^�� �\��

�i�_�^�b�Z�l�j�b�q�_�k�d�h�c���i�j�Z�d�l�b�d�_�����]�^�_���i�j�h�l�h�d�h�e�u�����\�d�e�x�q�Z�x�s�b�_���b�g�l�_�j�Z�d�l�b�\�g�u�_���b�]�j�u��

�\�h���\�j�_�f�y �i�j�h�\�_�^�_�g�b�y���\�_�g�_�i�m�g�d�p�b�b���b�e�b���e�x�f�[�Z�e�v�g�h�c���i�m�g�d�p�b�b�����^�_�f�h�g�k�l�j�b�j�m�x�l��

�k�g�b�`�_�g�b�_�� �i�h�\�_�^�_�g�q�_�k�d�b�o�� �f�Z�j�d�_�j�h�\�� �[�h�e�b�� �b�� �l�j�_�\�h�]�b�� �g�Z�� ����-�������� �i�h�� �r�d�Z�e�_��

�)�/�$�&�&���� �q�l�h�� �k�\�y�a�u�\�Z�x�l�� �k�� �k�b�g�_�j�]�b�q�_�k�d�b�f�� �w�n�n�_�d�l�h�f�� �^�b�k�l�j�Z�d�p�b�b�� �b��

�i�h�e�h�`�b�l�_�e�v�g�u�o�� �w�f�h�p�b�c (Gupta et al., 2017)���� �I�_�j�k�i�_�d�l�b�\�g�u�f�� �g�Z�i�j�Z�\�e�_�g�b�_�f 

�y�\�e�y�_�l�k�y���j�Z�a�j�Z�[�h�l�d�Z���Z�^�Z�i�l�b�\�g�u�o���<�J-�k�b�k�l�_�f���k���[�b�h�e�h�]�b�q�_�k�d�h�c���h�[�j�Z�l�g�h�c���k�\�y�a�v�x����

�]�^�_�� �i�Z�j�Z�f�_�l�j�u�� �\�b�j�l�m�Z�e�v�g�h�c�� �k�j�_�^�u�� �^�b�g�Z�f�b�q�_�k�d�b�� �f�_�g�y�x�l�k�y�� �\�� �a�Z�\�b�k�b�f�h�k�l�b�� �h�l��

�n�b�a�b�h�e�h�]�b�q�_�k�d�b�o�� �i�h�d�Z�a�Z�l�_�e�_�c�� �i�Z�p�b�_�g�l�Z�� ���Q�K�K���� �d�h�`�g�h-�]�Z�e�v�\�Z�g�b�q�_�k�d�Z�y��

�j�_�Z�d�p�b�y�������q�l�h���i�h�a�\�h�e�y�_�l���b�g�^�b�\�b�^�m�Z�e�b�a�b�j�h�\�Z�l�v���Z�g�Z�e�v�]�_�l�b�q�_�k�d�b�c���w�n�n�_�d�l�����L�Z�d�b�f��
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�h�[�j�Z�a�h�f���� �g�Z�d�h�i�e�_�g�g�u�_�� �^�Z�g�g�u�_�� �k�\�b�^�_�l�_�e�v�k�l�\�m�x�l�� �h�� �l�h�f���� �q�l�h���<�J �g�_�� �y�\�e�y�_�l�k�y��

�i�j�h�k�l�u�f�� �h�l�\�e�_�d�Z�x�s�b�f�� �f�Z�g�_�\�j�h�f���� �Z�� �i�j�_�^�k�l�Z�\�e�y�_�l�� �k�h�[�h�c�� �k�e�h�`�g�u�c��

�g�_�c�j�h�f�h�^�m�e�y�l�h�j�g�u�c�� �b�g�k�l�j�m�f�_�g�l���� �k�i�h�k�h�[�g�u�c�� �p�_�e�_�g�Z�i�j�Z�\�e�_�g�g�h�� �\�e�b�y�l�v�� �g�Z��

�p�_�j�_�[�j�Z�e�v�g�u�_���h�l�h�[�j�Z�`�_�g�b�y �[�h�e�b���� �h�l�d�j�u�\�Z�y�� �g�h�\�u�_�� �\�h�a�f�h�`�g�h�k�l�b�� �^�e�y��

�g�_�b�g�\�Z�a�b�\�g�h�]�h���h�[�_�a�[�h�e�b�\�Z�g�b�y���\���j�Z�a�e�b�q�g�u�o���d�e�b�g�b�q�_�k�d�b�o���d�h�g�l�_�d�k�l�Z�o��  

�<�Z�`�g�u�f�� �i�h�g�y�l�b�_�f���� �i�h�e�m�q�b�\�r�b�f�� �a�g�Z�q�b�l�_�e�v�g�m�x�� �i�j�_�^�k�l�Z�\�e�_�g�g�h�k�l�v�� �\��

�h�[�e�Z�k�l�b�� �b�a�m�q�_�g�b�y�� �n�_�g�h�f�_�g�h�\�� �i�k�b�o�b�q�_�k�d�h�c�� �^�_�y�l�_�e�v�g�h�k�l�b���� �b�f�_�x�s�b�o��

�d�Z�q�_�k�l�\�_�g�g�m�x�� �k�i�_�p�b�n�b�d�m�� �\�� �<�J���� �y�\�e�y�_�l�k�y�� �i�h�g�y�l�b�_�� �©�d�h�]�g�b�l�b�\�g�h�c�� �d�Z�j�l�u��

�i�j�h�k�l�j�Z�g�k�l�\�Z�ª�����A�Z�o�Z�j�h�\�Z���b���^�j������������������ 

�D�h�g�p�_�i�p�b�y�� �d�h�]�g�b�l�b�\�g�u�o�� �d�Z�j�l �i�j�h�k�l�j�Z�g�k�l�\�Z�� ���D�D�I������ �\�i�_�j�\�u�_��

�i�j�_�^�e�h�`�_�g�g�Z�y���L�h�e�f�_�g�h�f�����7�R�O�P�D�Q�������������������i�j�_�l�_�j�i�_�e�Z���a�g�Z�q�b�l�_�e�v�g�m�x���w�\�h�e�x�p�b�x��

�b�� �\�� �g�Z�k�l�h�y�s�_�_�� �\�j�_�f�y���h�i�j�_�^�_�e�y�_�l�k�y �d�Z�d�� �k�e�h�`�g�u�_�� �f�_�g�l�Z�e�v�g�u�_�� �j�_�i�j�_�a�_�g�l�Z�p�b�b 

�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�]�h�� �h�d�j�m�`�_�g�b�y���� �\�d�e�x�q�Z�x�s�b�_�� �b�g�n�h�j�f�Z�p�b�x�� �h�� �e�h�d�Z�p�b�y�o����

�j�Z�k�k�l�h�y�g�b�y�o���� �g�Z�i�j�Z�\�e�_�g�b�y�o�� �b�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�o�� �h�l�g�h�r�_�g�b�y�o�� �f�_�`�^�m��

�h�[�t�_�d�l�Z�f�b�����B�k�k�e�_�^�h�\�Z�g�b�y�� �\�u�y�\�b�e�b�� �k�m�s�_�k�l�\�h�\�Z�g�b�_�� �k�i�_�p�b�Z�e�b�a�b�j�h�\�Z�g�g�u�o��

�g�_�c�j�h�g�g�u�o�� �k�b�k�l�_�f���� �h�l�\�_�l�k�l�\�_�g�g�u�o�� �a�Z�� �n�h�j�f�b�j�h�\�Z�g�b�_�� �b�� �i�h�^�^�_�j�`�Z�g�b�_��

�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�o�� �j�_�i�j�_�a�_�g�l�Z�p�b�c���� �\�d�e�x�q�Z�y�� �*�3�6-�i�h�^�h�[�g�m�x�� �k�b�k�l�_�f�m�� �f�h�a�]�Z��

(Moser, Moser & Roudi, 2014). �L�Z�d�� �b�k�k�e�_�^�h�\�Z�g�b�y��(O'Keefe & Nadel, 1978) 

�a�Z�e�h�`�b�e�b�� �n�m�g�^�Z�f�_�g�l�� �i�h�g�b�f�Z�g�b�y�� �g�_�c�j�h�[�b�h�e�h�]�b�q�_�k�d�b�o�� �h�k�g�h�\��

�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�c���g�Z�\�b�]�Z�p�b�b�����\�u�y�\�b�\���k�m�s�_�k�l�\�h�\�Z�g�b�_ �l�Z�d���g�Z�a�u�\�Z�_�f�u�o ���d�e�_�l�h�d��

�f�_�k�l�Z���� ���S�O�D�F�H�� �F�H�O�O�V���� �\�� �]�b�i�i�h�d�Z�f�i�_���� �d�h�l�h�j�u�_�� �Z�d�l�b�\�b�j�m�x�l�k�y�� �i�j�b�� �g�Z�o�h�`�^�_�g�b�b��

�`�b�\�h�l�g�h�]�h�� �\�� �h�i�j�_�^�_�e�_�g�g�u�o�� �e�h�d�Z�p�b�y�o�� �h�d�j�m�`�Z�x�s�_�c�� �k�j�_�^�u���� �>�Z�e�v�g�_�c�r�b�_��

�b�k�k�e�_�^�h�\�Z�g�b�y�� �h�[�g�Z�j�m�`�b�e�b�� �^�h�i�h�e�g�b�l�_�e�v�g�u�_�� �l�b�i�u�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h-

�k�_�e�_�d�l�b�\�g�u�o�� �g�_�c�j�h�g�h�\���� �\�d�e�x�q�Z�y�� ���d�e�_�l�d�b�� �k�_�l�d�b���� ���J�U�L�G�� �F�H�O�O�V���� �\�� �w�g�l�h�j�b�g�Z�e�v�g�h�c��

�d�h�j�_�� ���+�D�I�W�L�Q�J�� �H�W�� �D�O������ �������������� ���d�e�_�l�d�b�� �g�Z�i�j�Z�\�e�_�g�b�y�� �]�h�e�h�\�u���� ���K�H�D�G�� �G�L�U�H�F�W�L�R�Q�� �F�H�O�O�V����

���7�D�X�E�H���� ������������ �b�� ���d�e�_�l�d�b�� �]�j�Z�g�b�p�u���� ���E�R�U�G�H�U�� �F�H�O�O�V���� ���6�R�O�V�W�D�G�� �H�W�� �D�O������ ��������������
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125 
 
�I�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�_�� �k�i�h�k�h�[�g�h�k�l�b �y�\�e�y�x�l�k�y�� �a�g�Z�q�b�f�u�f�� �i�j�_�^�b�d�l�h�j�h�f��

�m�k�i�_�r�g�h�k�l�b���g�Z�\�b�]�Z�p�b�b���\���<�J (Hegarty & Waller, 2004).  

�<�h�a�j�Z�k�l�g�u�_�� �j�Z�a�e�b�q�b�y�� �i�j�h�y�\�e�y�x�l�k�y�� �\�� �l�h�f���� �q�l�h�� �i�h�`�b�e�u�_�� �e�x�^�b��

�^�_�f�h�g�k�l�j�b�j�m�x�l���f�_�g�_�_���l�h�q�g�u�_���d�h�]�g�b�l�b�\�g�u�_���d�Z�j�l�u���i�h���k�j�Z�\�g�_�g�b�x���k���f�h�e�h�^�u�f�b��

�e�x�^�v�f�b�����q�l�h�����k�d�h�j�_�_���\�k�_�]�h�����k�\�y�a�Z�g�h �k���\�h�a�j�Z�k�l�g�u�f�b���b�a�f�_�g�_�g�b�y�f�b���\���]�b�i�i�h�d�Z�f�i�_��

�b���k�\�y�a�Z�g�g�u�o���k�l�j�m�d�l�m�j�Z�o�����0�R�I�I�D�W�������������������=�_�g�^�_�j�g�u�_���j�Z�a�e�b�q�b�y���\���g�Z�\�b�]�Z�p�b�h�g�g�u�o��

�k�l�j�Z�l�_�]�b�y�o���l�Z�d�`�_���g�Z�o�h�^�y�l���h�l�j�Z�`�_�g�b�_���\���b�k�k�e�_�^�h�\�Z�g�b�y�o���k���b�k�i�h�e�v�a�h�\�Z�g�b�_�f���<�J - 

�f�m�`�q�b�g�u���q�Z�s�_���b�k�i�h�e�v�a�m�x�l���k�l�j�Z�l�_�]�b�b�����h�k�g�h�\�Z�g�g�u�_���g�Z���\�u�q�b�k�e�_�g�b�b���j�Z�k�k�l�h�y�g�b�c��

�b�� �g�Z�i�j�Z�\�e�_�g�b�c���� �\�� �l�h�� �\�j�_�f�y�� �d�Z�d�� �`�_�g�s�b�g�u�� �i�j�_�^�i�h�q�b�l�Z�x�l�� �k�l�j�Z�l�_�]�b�b����

�h�j�b�_�g�l�b�j�h�\�Z�g�g�u�_���g�Z���\�b�a�m�Z�e�v�g�u�_���h�j�b�_�g�l�b�j�u�����6�D�Q�G�V�W�U�R�P���H�W���D�O�������������������� 

�I�Z�j�Z�f�_�l�j�u�� �b�g�l�_�j�n�_�c�k�Z���<�J-�k�b�k�l�_�f�u���� �\�d�e�x�q�Z�y�� �l�b�i�� �m�i�j�Z�\�e�_�g�b�y�����r�b�j�g�m��

�m�]�e�Z�� �h�[�a�h�j�Z���� �q�Z�k�l�h�l�Z�� �h�[�g�h�\�e�_�g�b�y�� �w�d�j�Z�g�Z �b�� �k�l�_�i�_�g�v�� �b�f�f�_�j�k�b�\�g�h�k�l�b���� �l�Z�d�`�_��

�\�e�b�y�x�l���g�Z���n�h�j�f�b�j�h�\�Z�g�b�_���D�D�I�����B�k�k�e�_�^�h�\�Z�g�b�y���k�j�Z�\�g�b�\�Z�e�b���\�e�b�y�g�b�_ �j�Z�a�e�b�q�g�u�o 

�b�g�l�_�j�n�_�c�k�h�\ �m�i�j�Z�\�e�_�g�b�y��- �h�l�� �i�j�h�k�l�u�o�� �^�`�h�c�k�l�b�d�h�\�� �^�h�� �k�b�k�l�_�f�� �h�l�k�e�_�`�b�\�Z�g�b�y��

�\�k�_�]�h���l�_�e�Z��- �b �i�h�d�Z�a�Z�e�b�����q�l�h���b�g�l�_�j�n�_�c�k�u�����h�[�_�k�i�_�q�b�\�Z�x�s�b�_���[�h�e�_�_���_�k�l�_�k�l�\�_�g�g�u�_��

�k�i�h�k�h�[�u�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�y�� �k�h�� �k�j�_�^�h�c���� �k�i�h�k�h�[�k�l�\�m�x�l�� �n�h�j�f�b�j�h�\�Z�g�b�x�� �[�h�e�_�_��

�l�h�q�g�u�o���d�h�]�g�b�l�b�\�g�u�o���d�Z�j�l�����5�L�H�F�N�H���H�W���D�O�������������������� 

�R�b�j�b�g�Z�� �m�]�e�Z�� �h�[�a�h�j�Z�� �l�Z�d�`�_ �y�\�e�y�_�l�k�y�� �d�j�b�l�b�q�_�k�d�b�� �\�Z�`�g�u�f�� �i�Z�j�Z�f�_�l�j�h�f. 

�;�u�e�h�� �h�[�g�Z�j�m�`�_�g�h�����q�l�h�� �h�]�j�Z�g�b�q�_�g�g�h�_�� �i�h�e�_�� �a�j�_�g�b�y�� �a�Z�l�j�m�^�g�y�_�l�� �n�h�j�f�b�j�h�\�Z�g�b�_��

�]�e�h�[�Z�e�v�g�u�o���i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�o���j�_�i�j�_�a�_�g�l�Z�p�b�c�����.�D�O�O�L�H���H�W���D�O���������������������E�Z�l�_�g�l�g�h�k�l�v��

�k�b�k�l�_�f�u���� �h�i�j�_�^�_�e�y�x�s�Z�y�� �a�Z�^�_�j�`�d�m�� �f�_�`�^�m�� �^�\�b�`�_�g�b�_�f�� �i�h�e�v�a�h�\�Z�l�_�e�y�� �b��

�h�[�g�h�\�e�_�g�b�_�f�� �\�b�a�m�Z�e�v�g�h�c�� �k�p�_�g�u���� �l�Z�d�`�_�� �h�d�Z�a�u�\�Z�_�l�� �a�g�Z�q�b�l�_�e�v�g�h�_�� �\�e�b�y�g�b�_��- 

�\�u�k�h�d�Z�y�� �e�Z�l�_�g�l�g�h�k�l�v�� �f�h�`�_�l�� �\�u�a�u�\�Z�l�v�� �d�b�[�_�j�[�h�e�_�a�g�v�� �b�� �g�Z�j�m�r�Z�l�v�� �i�j�h�p�_�k�k�u��

�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�]�h���h�[�m�q�_�g�b�y�����'�L�=�L�R���	���/�D�F�N�Q�H�U�������������������K�l�_�i�_�g�v���b�f�f�_�j�k�b�\�g�h�k�l�b��

�k�b�k�l�_�f�u�����h�i�j�_�^�_�e�y�_�f�Z�y���l�Z�d�b�f�b���i�Z�j�Z�f�_�l�j�Z�f�b�����d�Z�d���j�Z�a�j�_�r�_�g�b�_���^�b�k�i�e�_�y�����q�Z�k�l�h�l�Z��

�h�[�g�h�\�e�_�g�b�y�� �b�� �g�Z�e�b�q�b�_�� �k�l�_�j�_�h�k�d�h�i�b�q�_�k�d�h�]�h�� �b�a�h�[�j�Z�`�_�g�b�y���� �\�e�b�y�_�l�� �g�Z�� �q�m�\�k�l�\�h��

�i�j�b�k�m�l�k�l�\�b�y���� �d�h�l�h�j�h�_���� �\�� �k�\�h�x�� �h�q�_�j�_�^�v���� �d�h�j�j�_�e�b�j�m�_�l�� �k�� �w�n�n�_�d�l�b�\�g�h�k�l�v�x��

�n�h�j�f�b�j�h�\�Z�g�b�y���d�h�]�g�b�l�b�\�g�u�o���d�Z�j�l�����:�L�W�P�H�U���	���6�L�Q�J�H�U���������������� 

�K�m�s�_�k�l�\�_�g�g�h�c�� �f�_�l�h�^�h�e�h�]�b�q�_�k�d�h�c�� �i�j�h�[�e�_�f�h�c�� �b�k�i�h�e�v�a�h�\�Z�g�b�y�� �<�J�� �\��

�b�a�m�q�_�g�b�b�� �D�D�I �y�\�e�y�_�l�k�y �g�_�h�[�o�h�^�b�f�h�k�l�v �k�l�Z�g�^�Z�j�l�b�a�Z�p�b�b �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o��
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�i�Z�j�Z�^�b�]�f���� �<�� �g�Z�k�l�h�y�s�_�_�� �\�j�_�f�y�� �k�m�s�_�k�l�\�m�_�l�� �a�g�Z�q�b�l�_�e�v�g�h�_�� �j�Z�a�g�h�h�[�j�Z�a�b�_���<�K, 

�a�Z�^�Z�q���b���b�a�f�_�j�y�_�f�u�o���i�Z�j�Z�f�_�l�j�h�\ �\���h�[�e�Z�k�l�b���b�k�k�e�_�^�h�\�Z�g�b�y���D�D�I�����q�l�h���a�Z�l�j�m�^�g�y�_�l��

�k�j�Z�\�g�_�g�b�_�� �j�_�a�m�e�v�l�Z�l�h�\�� �f�_�`�^�m�� �b�k�k�e�_�^�h�\�Z�g�b�y�f�b���� �G�_�h�[�o�h�^�b�f�h�k�l�v�� �j�Z�a�j�Z�[�h�l�d�b��

�k�l�Z�g�^�Z�j�l�b�a�b�j�h�\�Z�g�g�u�o�� �[�Z�l�Z�j�_�c�� �l�_�k�l�h�\�� �^�e�y�� �h�p�_�g�d�b�� �j�Z�a�e�b�q�g�u�o�� �Z�k�i�_�d�l�h�\��

�n�h�j�f�b�j�h�\�Z�g�b�y���D�D�I���k�l�Z�g�h�\�b�l�k�y���\�k�_���[�h�e�_�_���Z�d�l�m�Z�e�v�g�h�c���� 

�H�^�g�b�f�� �b�a�� �d�e�x�q�_�\�u�o�� �g�Z�i�j�Z�\�e�_�g�b�c���j�Z�a�\�b�l�b�y�� �l�_�f�u�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �D�D�I�� �\��

�<�J���y�\�e�y�_�l�k�y�� �b�g�l�_�]�j�Z�p�b�y���<�J-�k�b�k�l�_�f���k�� �f�_�l�h�^�Z�f�b�� �g�_�c�j�h�\�b�a�m�Z�e�b�a�Z�p�b�b�� �b��

�g�_�c�j�h�f�h�^�m�e�y�p�b�b�����J�Z�a�j�Z�[�h�l�d�Z���n�F�J�L-�k�h�\�f�_�k�l�b�f�u�o���<�J-�k�b�k�l�_�f���k���m�e�m�q�r�_�g�g�u�f�b��

�o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f�b�� �i�h�a�\�h�e�y�_�l�� �b�a�m�q�Z�l�v�� �g�_�c�j�h�g�g�u�_���n�h�j�f�b�j�h�\�Z�g�b�y�� �D�D�I����

�D�h�f�[�b�g�b�j�h�\�Z�g�b�_���<�J �k �j�_�]�b�k�l�j�Z�p�b�c �w�e�_�d�l�j�h�w�g�p�_�n�Z�e�h�]�j�Z�n�b�b �b��

�f�Z�]�g�b�l�h�w�g�p�_�n�Z�e�h�]�j�Z�n�b�b �i�j�_�^�h�k�l�Z�\�e�y�_�l���\�h�a�f�h�`�g�h�k�l�b���^�e�y���b�a�m�q�_�g�b�y���^�b�g�Z�f�b�d�b��

�g�_�c�j�h�g�g�u�o�� �i�j�h�p�_�k�k�h�\�� �\�h�� �\�j�_�f�y�� �g�Z�\�b�]�Z�p�b�b���� �I�j�b�f�_�g�_�g�b�_�� �f�_�l�h�^�h�\��

�g�_�c�j�h�f�h�^�m�e�y�p�b�b���� �l�Z�d�b�o�� �d�Z�d�� �l�j�Z�g�k�d�j�Z�g�b�Z�e�v�g�Z�y�� �f�Z�]�g�b�l�g�Z�y�� �k�l�b�f�m�e�y�p�b�y�� �b��

�l�j�Z�g�k�d�j�Z�g�b�Z�e�v�g�Z�y���k�l�b�f�m�e�y�p�b�y���i�h�k�l�h�y�g�g�u�f���l�h�d�h�f�����\���k�h�q�_�l�Z�g�b�b���k���<�J �i�h�a�\�h�e�y�_�l��

�m�k�l�Z�g�Z�\�e�b�\�Z�l�v���i�j�b�q�b�g�g�h-�k�e�_�^�k�l�\�_�g�g�u�_���k�\�y�a�b���f�_�`�^�m���Z�d�l�b�\�g�h�k�l�v�x���d�h�g�d�j�_�l�g�u�o 

�f�h�a�]�h�\�u�o���k�l�j�m�d�l�m�j���b���i�j�h�p�_�k�k�Z�f�b���n�h�j�f�b�j�h�\�Z�g�b�y���D�D�I. 

�L�Z�d�b�f���h�[�j�Z�a�h�f�����k�b�k�l�_�f�Z�l�b�q�_�k�d�h�_���b�k�k�e�_�^�h�\�Z�g�b�_ �l�Z�d�b�o���n�_�g�h�f�_�g�h�\���<�J���d�Z�d 

�w�n�n�_�d�l�� �i�j�b�k�m�l�k�l�\�b�y, �D�D�I�����\�_�d�p�b�y �b���B�J�J �n�h�j�f�b�j�m�_�l�� �f�_�l�h�^�h�e�h�]�b�q�_�k�d�b�c��

�k�i�h�k�h�[���� �i�h�a�\�h�e�y�x�s�b�c�� �j�Z�k�d�j�u�l�v�� �n�m�g�^�Z�f�_�g�l�Z�e�v�g�u�_�� �f�_�o�Z�g�b�a�f�u�� �Z�^�Z�i�l�Z�p�b�b��

�q�_�e�h�\�_�q�_�k�d�h�c���i�h�a�g�Z�\�Z�l�_�e�v�g�h�c���k�b�k�l�_�f�u���d���m�k�e�h�\�b�y�f���b�f�f�_�j�k�b�\�g�u�o���\�b�j�l�m�Z�e�v�g�u�o��

�k�j�_�^�����W�l�b���n�_�g�h�f�_�g�u�����o�h�l�y���b���i�j�h�y�\�e�y�x�l�k�y���g�Z���j�Z�a�e�b�q�g�u�o���m�j�h�\�g�y�o���d�h�]�g�b�l�b�\�g�h�c��

�h�[�j�Z�[�h�l�d�b�����h�[�t�_�^�b�g�_�g�u���h�[�s�_�c���g�_�c�j�h�n�b�a�b�h�e�h�]�b�q�_�k�d�h�c���h�k�g�h�\�h�c���²  �i�j�h�p�_�k�k�h�f��

�f�m�e�v�l�b�k�_�g�k�h�j�g�h�c�� �b�g�l�_�]�j�Z�p�b�b�� �b�� �j�Z�a�j�_�r�_�g�b�y�� �k�_�g�k�h�j�g�u�o�� �d�h�g�n�e�b�d�l�h�\����

�\�h�a�g�b�d�Z�x�s�b�o�� �i�j�b�� �j�Z�k�k�h�]�e�Z�k�h�\�Z�g�b�b�� �b�g�n�h�j�f�Z�p�b�b�� �h�l�� �l�j�Z�^�b�p�b�h�g�g�u�o��

���\�_�k�l�b�[�m�e�y�j�g�u�c�����i�j�h�i�j�b�h�p�_�i�l�b�\�g�u�c�����b���b�k�d�m�k�k�l�\�_�g�g�h���k�h�a�^�Z�g�g�u�o�����\�b�a�m�Z�e�v�g�u�c����

�l�Z�d�l�b�e�v�g�u�c���� �k�_�g�k�h�j�g�u�o�� �d�Z�g�Z�e�h�\���� �<�_�d�p�b�y���� �d�Z�d�� �b�e�e�x�a�h�j�g�h�_�� �h�s�m�s�_�g�b�_��

�k�Z�f�h�^�\�b�`�_�g�b�y���� �\�u�a�\�Z�g�g�h�_�� �h�i�l�b�q�_�k�d�b�f�� �i�h�l�h�d�h�f���� �^�_�f�h�g�k�l�j�b�j�m�_�l�� �[�Z�a�h�\�u�c��

�f�_�o�Z�g�b�a�f���i�_�j�_�\�_�k�Z���a�j�b�l�_�e�v�g�h�c���b�g�n�h�j�f�Z�p�b�b���g�Z�^���\�_�k�l�b�[�m�e�y�j�g�h�c���\���h�i�j�_�^�_�e�_�g�b�b��

�k�l�Z�[�b�e�v�g�h�k�l�b���i�h�e�h�`�_�g�b�y���l�_�e�Z���\���i�j�h�k�l�j�Z�g�k�l�\�_�����q�l�h���y�\�e�y�_�l�k�y���d�e�x�q�_�\�u�f���d�Z�d���^�e�y��

�b�g�^�m�d�p�b�b�� �d�b�[�_�j�[�h�e�_�a�g�b���� �l�Z�d�� �b�� �^�e�y�� �k�h�a�^�Z�g�b�y�� �m�[�_�^�b�l�_�e�v�g�h�]�h�� �h�s�m�s�_�g�b�y��
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�i�_�j�_�f�_�s�_�g�b�y�� �\���<�J���� �W�n�n�_�d�l�� �i�j�b�k�m�l�k�l�\�b�y���� �k�m�[�t�_�d�l�b�\�g�h�_�� �i�_�j�_�`�b�\�Z�g�b�_��

���g�Z�o�h�`�^�_�g�b�y�� �l�Z�f������ �h�l�j�Z�`�Z�_�l�� �m�k�i�_�r�g�h�k�l�v�� �j�Z�a�j�_�r�_�g�b�y�� �w�l�h�]�h�� �d�h�g�n�e�b�d�l�Z�� �g�Z��
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�b���w�d�h�g�h�f�b�q�g�h�f�m���e�_�q�_�g�b�x���r�b�j�h�d�h�]�h���k�i�_�d�l�j�Z���i�k�b�o�h�e�h�]�b�q�_�k�d�b�o���j�Z�k�k�l�j�h�c�k�l�\�� 

�I�j�h�s�_���]�h�\�h�j�y�����\�b�j�l�m�Z�e�v�g�Z�y���l�_�j�Z�i�b�y���± �w�l�h���j�Z�a�\�_�j�l�u�\�Z�g�b�_���b�f�f�_�j�k�b�\�g�u�o��

�\�b�j�l�m�Z�e�v�g�u�o�� �j�_�Z�e�v�g�h�k�l�_�c���� �b�k�i�h�e�v�a�m�_�f�u�o�� �^�e�y�� �i�h�f�h�s�b�� �h�[�m�q�_�g�g�u�f��

�k�i�_�p�b�Z�e�b�k�l�Z�f���\���h�[�e�Z�k�l�b���i�k�b�o�b�q�_�k�d�h�]�h���a�^�h�j�h�\�v�y���\���l�_�j�Z�i�b�b���d�e�b�_�g�l�Z�����q�Z�s�_���\�k�_�]�h��

�i�m�l�_�f�� �\�h�k�k�h�a�^�Z�g�b�y�� �d�h�]�g�b�l�b�\�g�h-�[�b�o�_�\�b�h�j�Z�e�v�g�h�]�h�� �i�h�^�o�h�^�Z�� �d�� �w�d�k�i�h�a�b�p�b�h�g�g�h�c��

�l�_�j�Z�i�b�b�� �\�� �\�b�j�l�m�Z�e�v�g�h�c�� �k�j�_�^�_���� �<�b�j�l�m�Z�e�v�g�Z�y�� �w�d�k�i�h�a�b�p�b�h�g�g�Z�y�� �l�_�j�Z�i�b�y��

�i�j�_�^�i�h�e�Z�]�Z�_�l�� �i�h�]�j�m�`�_�g�b�_�� �i�Z�p�b�_�g�l�h�\�� �h�i�j�_�^�_�e�_�g�g�u�_�� �\�b�j�l�m�Z�e�v�g�u�_�� �k�b�l�m�Z�p�b�b��

�\�h�a�j�Z�k�l�Z�x�s�_�c�� �b�g�l�_�g�k�b�\�g�h�k�l�b�� �b�� �i�j�h�^�h�e�`�b�l�_�e�v�g�h�k�l�b���� �k�l�j�_�f�y�k�v��

�k�i�j�h�\�h�p�b�j�h�\�Z�l�v�� �l�j�_�\�h�]�m���� �Z�� �a�Z�l�_�f�� �\�u�j�\�Z�l�v�� �w�l�m�� �j�_�Z�d�p�b�x�� �l�j�_�\�h�]�b�� �i�m�l�_�f��

�i�h�\�l�h�j�_�g�b�y�����d�Z�d���\���l�b�i�b�q�g�h�c���l�_�j�Z�i�b�b���\�h�a�^�_�c�k�l�\�b�y�����I�j�_�b�f�m�s�_�k�l�\�h���\�b�j�l�m�Z�e�v�g�h�c��

�j�_�Z�e�v�g�h�k�l�b���g�Z�^���[�h�e�_�_���j�Z�k�i�j�h�k�l�j�Z�g�_�g�g�u�f�b���i�h�^�o�h�^�Z�f�b���± �w�l�h���m�j�h�\�_�g�v���d�h�g�l�j�h�e�y����

�d�h�l�h�j�u�c���h�g���f�h�`�_�l���^�Z�l�v���l�_�j�Z�i�_�\�l�m�� 

�L�_�j�Z�i�_�\�l�u�� �f�h�]�m�l�� �l�h�q�g�h�� �\�u�[�j�Z�l�v�� �b�g�l�_�g�k�b�\�g�h�k�l�v�� �b�� �i�j�h�^�h�e�`�b�l�_�e�v�g�h�k�l�v��

�w�l�b�o�� �i�_�j�_�`�b�\�Z�g�b�c���� �i�h�l�h�f�m�� �q�l�h�� �k�b�l�m�Z�p�b�b�� �\�h�a�^�_�c�k�l�\�b�y�� �f�h�^�_�e�b�j�m�x�l�k�y��

�d�h�f�i�v�x�l�_�j�h�f�����1�R�U�W�K���H�W���D�O�������������������1�R�U�W�K���H�W���D�O���������������������G�Z�r�_���\�b�^�_�g�b�_���\�b�j�l�m�Z�e�v�g�h�c��

�j�_�Z�e�v�g�h�k�l�b�� �\�� �[�m�^�m�s�_�f�� �a�Z�d�e�x�q�Z�_�l�k�y�� �\�� �l�h�f���� �q�l�h���� �i�h�k�d�h�e�v�d�m�� �l�_�o�g�h�e�h�]�b�y��

�\�b�j�l�m�Z�e�v�g�h�c�� �j�_�Z�e�v�g�h�k�l�b�� �k�l�Z�g�h�\�b�l�k�y�� �[�h�e�_�_���f�h�s�g�h�c�� �b�� �f�_�g�_�_�� �^�h�j�h�]�h�c����

�l�_�j�Z�i�_�\�l�u�� �[�m�^�m�l�� �b�f�_�l�v�� �]�h�j�Z�a�^�h�� �[�h�e�v�r�b�c�� �d�h�g�l�j�h�e�v�� �\�� �k�\�h�_�c�� �l�_�j�Z�i�_�\�l�b�q�_�k�d�h�c��

�i�j�Z�d�l�b�d�_���� �Z�� �l�Z�d�`�_�� �]�h�j�Z�a�^�h�� �[�h�e�_�_�� �r�b�j�h�d�b�c�� �k�i�_�d�l�j�� �Z�e�v�l�_�j�g�Z�l�b�\�g�u�o�� �f�_�l�h�^�h�\��

�e�_�q�_�g�b�y���� �:�� �d�e�b�_�g�l�u�� ���i�Z�p�b�_�g�l�u���� �[�m�^�m�l�� �^�_�e�b�l�v�k�y�� �w�l�b�f�b�� �^�j�m�]�� �k�� �^�j�m�]�h�f�� �w�l�b�f�b��

�i�j�_�b�f�m�s�_�k�l�\�Z�f�b�� 

�<�� �g�Z�q�Z�e�_�� ���������� �]�h�^�Z�� �[�u�e�h�� �i�j�h�\�_�^�_�g�h�� �i�_�j�\�h�_�� �b�a�\�_�k�l�g�h�_�� �d�h�f�i�e�_�d�k�g�h�_��

�d�h�g�l�j�h�e�v�g�h�_�� �b�k�k�e�_�^�h�\�Z�g�b�_�� �w�n�n�_�d�l�b�\�g�h�k�l�b�� �\�b�j�l�m�Z�e�v�g�h�c�� �w�d�k�i�h�a�b�p�b�h�g�g�h�c��
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�l�_�j�Z�i�b�b���\���e�_�q�_�g�b�b���i�k�b�o�h�e�h�]�b�q�_�k�d�b�o���j�Z�k�k�l�j�h�c�k�l�\�����1�R�U�W�K���H�W���D�O���������������������<���^�Z�g�g�h�f��

�b�k�k�e�_�^�h�\�Z�g�b�b���h�p�_�g�b�\�Z�e�Z�k�v���w�n�n�_�d�l�b�\�g�h�k�l�v���\�b�j�l�m�Z�e�v�g�h�c���j�_�Z�e�v�g�h�k�l�b���\���e�_�q�_�g�b�b��

�Z�]�h�j�Z�n�h�[�b�b�����B�k�k�e�_�^�h�\�Z�g�b�_���i�h�d�Z�a�Z�e�h�����q�l�h���\�b�j�l�m�Z�e�v�g�Z�y���l�_�j�Z�i�b�y���b�f�_�e�Z���f�h�s�g�h�_��

�w�n�n�_�d�l�b�\�g�h�_�� �l�_�j�Z�i�_�\�l�b�q�_�k�d�h�_�� �\�h�a�^�_�c�k�l�\�b�_�� �g�Z�� �d�h�g�d�j�_�l�g�u�_�� �i�k�b�o�h�e�h�]�b�q�_�k�d�b�_��

�j�Z�k�k�l�j�h�c�k�l�\�Z�����<���i�h�k�e�_�^�m�x�s�_�f���d�j�Z�l�d�h���j�_�a�x�f�b�j�m�x�l�k�y���a�g�Z�q�b�f�u�_���w�f�i�b�j�b�q�_�k�d�b�_��

�b�k�k�e�_�^�h�\�Z�g�b�y�� �\�h�a�^�_�c�k�l�\�b�y�� �\�b�j�l�m�Z�e�v�g�h�c�� �l�_�j�Z�i�b�b���� �i�j�h�\�_�^�_�g�g�u�_�� �w�l�b�f�b�� �b��

�^�j�m�]�b�f�b���Z�\�l�h�j�Z�f�b���� 

�I�_�j�\�h�_�� �b�a�\�_�k�l�g�h�_�� �a�g�Z�q�b�l�_�e�v�g�h�_�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�� �\�b�j�l�m�Z�e�v�g�h�c��

�w�d�k�i�h�a�b�p�b�h�g�g�h�c�� �l�_�j�Z�i�b�b�� �[�u�e�h�� �\�� �e�_�q�_�g�b�b�� �n�h�[�b�c���� �<�� �g�Z�q�Z�e�_�� ���������� �]�h�^�Z��

�b�k�k�e�_�^�h�\�Z�l�_�e�b�� �i�j�h�\�_�e�b�� �\�^�h�o�g�h�\�e�y�x�s�b�_�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �\�b�j�l�m�Z�e�v�g�h�c�� �l�_�j�Z�i�b�b����

�i�j�_�^�g�Z�a�g�Z�q�_�g�g�h�c�� �^�e�y�� �[�h�j�v�[�u�� �k�h�� �k�l�j�Z�o�h�f�� �e�_�l�Z�l�v�� ���1�R�U�W�K�� �H�W�� �D�O������ �������������� �K�� �w�l�h�]�h 

�\�j�_�f�_�g�b�� �[�h�e�_�_�� �k�m�s�_�k�l�\�_�g�g�u�_�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �i�h�d�Z�a�Z�e�b�� �i�h�e�h�`�b�l�_�e�v�g�u�_��

�j�_�a�m�e�v�l�Z�l�u�� �\�� �e�_�q�_�g�b�b�� �Z�w�j�h�n�h�[�b�b���� �D�j�h�f�_�� �l�h�]�h���� �\�� �e�b�l�_�j�Z�l�m�j�_�� �i�h�d�Z�a�Z�g�h���� �q�l�h��

�[�h�e�v�r�b�g�k�l�\�h�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �[�u�e�b�� �m�k�i�_�r�g�u�f�b�� �\�� �e�_�q�_�g�b�b�� �k�l�j�Z�o�Z�� �\�u�k�h�l�u��

���Z�d�j�h�n�h�[�b�b������ �k�l�j�Z�o�Z�� �a�Z�f�d�g�m�l�u�o���i�j�h�k�l�j�Z�g�k�l�\�� ���d�e�Z�m�k�l�j�h�n�h�[�b�b������ �k�l�j�Z�o�Z���i�Z�m�d�h�\��

���Z�j�Z�o�g�h�n�h�[�b�b������ �k�l�j�Z�o�Z�� �i�m�[�e�b�q�g�u�o�� �\�u�k�l�m�i�e�_�g�b�c���� �k�l�j�Z�o�Z�� �\�h�`�^�_�g�b�y����

�i�h�k�l�l�j�Z�\�f�Z�l�b�q�_�k�d�h�]�h�� �k�l�j�_�k�k�h�\�h�]�h�� �j�Z�k�k�l�j�h�c�k�l�\�Z�� �b�� �j�Z�a�e�b�q�g�u�o�� �^�j�m�]�b�o�� �n�h�[�b�c����

�I�j�_�b�f�m�s�_�k�l�\�h�� �\�b�j�l�m�Z�e�v�g�h�c�� �j�_�Z�e�v�g�h�k�l�b�� �d�Z�d���\�� �w�l�h�f�� �b�k�k�e�_�^�h�\�Z�g�b�b���� �l�Z�d�� �b�� �\�h��

�f�g�h�]�b�o�� �^�j�m�]�b�o�� �\�� �l�h�f���� �q�l�h�� �\�b�j�l�m�Z�e�v�g�Z�y�� �j�_�Z�e�v�g�h�k�l�v�� �w�n�n�_�d�l�b�\�g�h�� �\�h�a�^�_�c�k�l�\�m�_�l��

�i�j�b���l�_�j�Z�i�b�b���[�h�y�a�g�b���i�m�[�e�b�q�g�u�o���\�u�k�l�m�i�e�_�g�b�c���i�h�k�j�_�^�k�l�\�h�f���^�_�k�_�g�k�b�[�b�e�b�a�Z�p�b�b��

�k�l�j�Z�o�Z���k�p�_�g�u�����L�Z�d�`�_���k�l�h�b�l���h�l�f�_�l�b�l�v�����q�l�h���^�_�k�_�g�k�b�[�b�e�b�a�Z�p�b�y���y�\�e�y�_�l�k�y���h�^�g�b�f���b�a��

�g�Z�b�[�h�e�_�_���m�k�i�_�r�g�u�o�� �f�_�l�h�^�h�\�� �\�� �e�_�q�_�g�b�b�� �n�h�[�b�q�_�k�d�b�o�� �j�Z�k�k�l�j�h�c�k�l�\�� �b�� �i�j�b��

�k�g�b�`�_�g�b�b���l�j�_�\�h�`�g�h�k�l�b���i�m�[�e�b�q�g�u�o���\�u�k�l�m�i�e�_�g�b�c�� 

�J�Z�a�\�b�l�b�_�f�� �b�^�_�c�� �b�k�i�h�e�v�a�h�\�Z�g�b�y�� �w�d�i�h�a�b�p�b�h�g�g�h�� �l�_�j�Z�i�b�b�� �\�� �<�J�� �k�l�Z�e�h��

�b�k�i�h�e�v�a�h�\�Z�g�b�_���i�j�h�l�h�d�h�e�Z���^�_�k�_�g�k�b�[�b�e�b�a�Z�p�b�b���b���i�_�j�_�j�Z�[�h�l�d�b���^�\�b�`�_�g�b�y�f�b���]�e�Z�a��

���>�I�>�=���� �\�� �<�J�� �L�_�j�Z�i�_�\�l�b�q�_�k�d�b�c�� �i�j�h�l�h�d�h�e�� �^�_�a�b�g�k�b�[�b�e�b�a�Z�p�b�b�� �b�� �i�_�j�_�j�Z�[�h�l�d�b��

�^�\�b�`�_�g�b�_�f�� �]�e�Z�a�� ���h�l�� �Z�g�]�e����Eye movevemt desensitization and reprocessing -

�(�0�'�5�������j�Z�a�j�Z�[�h�l�Z�g�g�u�c���N�j�w�g�k�b�g���R�Z�i�b�j�h���\���d�h�g�p�_����������-�o���]�h�^�h�\�����i�j�_�^�k�l�Z�\�e�y�_�l��

�k�h�[�h�c�� �k�l�Z�g�^�Z�j�l�b�a�b�j�h�\�Z�g�g�u�c�� �f�_�l�h�^�� �i�k�b�o�h�l�_�j�Z�i�b�b�� �i�h�k�l�l�j�Z�\�f�Z�l�b�q�_�k�d�h�]�h��

�k�l�j�_�k�k�h�\�h�]�h�� �j�Z�k�k�l�j�h�c�k�l�\�Z�� ���I�L�K�J���� �b�� �^�j�m�]�b�o�� �l�j�Z�\�f�Z�l�b�q�_�k�d�b�o�� �g�Z�j�m�r�_�g�b�c����
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�h�k�g�h�\�Z�g�g�u�c�� �g�Z�� �[�b�e�Z�l�_�j�Z�e�v�g�h�c�� �k�l�b�f�m�e�y�p�b�b�� �k�_�g�k�h�j�g�u�o�� �k�b�k�l�_�f�� �i�j�b��

�p�_�e�_�g�Z�i�j�Z�\�e�_�g�g�h�c�� �Z�d�l�b�\�Z�p�b�b�� �l�j�Z�\�f�Z�l�b�q�_�k�d�b�o�� �\�h�k�i�h�f�b�g�Z�g�b�c�� ��Shapiro et al., 

�������������� �B�g�l�_�]�j�Z�p�b�y�� �\�b�j�l�m�Z�e�v�g�h�c�� �j�_�Z�e�v�g�h�k�l�b�� �\�� �^�Z�g�g�u�c�� �i�j�h�l�h�d�h�e�� �n�h�j�f�b�j�m�_�l��

�g�h�\�m�x�� �i�Z�j�Z�^�b�]�f�m���²  �>�I�>�=-�<�J���� �]�^�_�� �b�f�f�_�j�k�b�\�g�Z�y�� �d�h�f�i�v�x�l�_�j�g�Z�y�� �]�_�g�_�j�Z�p�b�y��

�k�j�_�^�u�� �\�u�i�h�e�g�y�_�l�� �g�_�k�d�h�e�v�d�h�� �n�m�g�^�Z�f�_�g�l�Z�e�v�g�u�o�� �n�m�g�d�p�b�c���� �d�h�g�l�j�h�e�b�j�m�_�f�Z�y��

�Z�d�l�b�\�Z�p�b�y�� �l�j�Z�\�f�Z�l�b�q�_�k�d�h�c�� �k�_�l�b�� �i�Z�f�y�l�b�� �q�_�j�_�a�� �f�m�e�v�l�b�k�_�g�k�h�j�g�u�_�� �k�l�b�f�m�e�u����

�m�k�b�e�_�g�b�_�� �q�m�\�k�l�\�Z�� �i�j�b�k�m�l�k�l�\�b�y�� �b�� �w�f�h�p�b�h�g�Z�e�v�g�h�c�� �\�h�\�e�_�q�_�g�g�h�k�l�b�� �\��

�l�_�j�Z�i�_�\�l�b�q�_�k�d�b�c�� �i�j�h�p�_�k�k���� �l�h�q�g�Z�y�� �^�h�a�b�j�h�\�d�Z�� �b�g�l�_�g�k�b�\�g�h�k�l�b�� �w�d�k�i�h�a�b�p�b�b�� �\��

�j�Z�f�d�Z�o�� �d�h�g�p�_�i�p�b�b�� ���h�d�g�Z�� �l�h�e�_�j�Z�g�l�g�h�k�l�b������ �b�� �k�h�a�^�Z�g�b�_�� �[�_�a�h�i�Z�k�g�h�]�h��

�i�j�h�k�l�j�Z�g�k�l�\�Z���^�e�y���i�h�w�l�Z�i�g�h�c���i�_�j�_�j�Z�[�h�l�d�b���l�j�Z�\�f�Z�l�b�q�_�k�d�h�]�h���f�Z�l�_�j�b�Z�e�Z�� 

�F�_�l�h�^�h�e�h�]�b�q�_�k�d�b���>�I�>�=-�<�J �j�_�Z�e�b�a�m�_�l�k�y�� �q�_�j�_�a�� �k�h�a�^�Z�g�b�_��

�b�g�^�b�\�b�^�m�Z�e�v�g�u�o�� �\�b�j�l�m�Z�e�v�g�u�o�� �k�p�_�g�Z�j�b�_�\���� �j�_�d�h�g�k�l�j�m�b�j�m�x�s�b�o�� �d�h�g�l�_�d�k�l��

�l�j�Z�\�f�Z�l�b�q�_�k�d�h�]�h�� �k�h�[�u�l�b�y���� �G�Z�i�j�b�f�_�j���� �\�� �b�k�k�e�_�^�h�\�Z�g�b�b�� �J�b�p�p�h�� �b�� �_�]�h�� �d�h�e�e�_�]��

(Rizzo et al������ ������������ �^�e�y�� �l�_�j�Z�i�b�b�� �[�h�_�\�h�]�h�� �I�L�K�J�� �m�� �\�_�l�_�j�Z�g�h�\�� �b�k�i�h�e�v�a�h�\�Z�e�Z�k�v��

�i�e�Z�l�n�h�j�f�Z�����9�L�U�W�X�D�O���,�U�D�T���$�I�J�K�D�Q�L�V�W�D�Q�������\�d�e�x�q�Z�x�s�Z�y���l�h�q�g�u�_���j�_�d�h�g�k�l�j�m�d�p�b�b���a�h�g��

�[�h�_�\�u�o���^�_�c�k�l�\�b�c���k���\�h�a�f�h�`�g�h�k�l�v�x���f�h�^�m�e�y�p�b�b���j�Z�a�e�b�q�g�u�o���i�Z�j�Z�f�_�l�j�h�\���k�j�_�^�u���²  

�\�j�_�f�_�g�b�� �k�m�l�h�d���� �i�h�]�h�^�g�u�o�� �m�k�e�h�\�b�c���� �i�e�h�l�g�h�k�l�b�� �]�j�Z�`�^�Z�g�k�d�h�]�h�� �g�Z�k�_�e�_�g�b�y�� �b��

�b�g�l�_�g�k�b�\�g�h�k�l�b�� �[�h�_�\�u�o�� �l�j�b�]�]�_�j�h�\�� ���\�a�j�u�\�u���� �\�u�k�l�j�_�e�u������ �I�j�b�� �w�l�h�f��

�[�b�e�Z�l�_�j�Z�e�v�g�Z�y�� �k�l�b�f�m�e�y�p�b�y�� �h�k�m�s�_�k�l�\�e�y�e�Z�k�v�� �g�_�� �l�h�e�v�d�h�� �q�_�j�_�a�� �d�e�Z�k�k�b�q�_�k�d�b�_��

�k�Z�d�d�Z�^�b�q�_�k�d�b�_�� �^�\�b�`�_�g�b�y�� �]�e�Z�a���� �h�l�k�e�_�`�b�\�Z�_�f�u�_�� �Z�c�l�j�_�d�_�j�h�f���� �g�h�� �b�� �q�_�j�_�a��

�Z�e�v�l�_�j�g�Z�l�b�\�g�u�_�� �f�h�^�Z�e�v�g�h�k�l�b���²  �l�Z�d�l�b�e�v�g�m�x�� ���\�b�[�j�Z�p�b�h�g�g�u�_�� �m�k�l�j�h�c�k�l�\�Z�� �g�Z��

�a�Z�i�y�k�l�v�y�o���� �b�� �Z�m�^�b�Z�e�v�g�m�x�� ���[�b�g�Z�m�j�Z�e�v�g�u�_�� �j�b�l�f�u�� �q�_�j�_�a�� �g�Z�m�r�g�b�d�b���k��

�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�f�� �a�\�m�d�h�f���� �k�l�b�f�m�e�y�p�b�x���� �k�b�g�o�j�h�g�b�a�b�j�h�\�Z�g�g�u�_�� �k�� �\�b�a�m�Z�e�v�g�u�f��

�d�h�g�l�_�g�l�h�f�����L�Z�d�� �\ �j�Z�g�^�h�f�b�a�b�j�h�\�Z�g�g�h�f�� �d�h�g�l�j�h�e�b�j�m�_�f�h�f�� �b�k�k�e�_�^�h�\�Z�g�b�b�� �k��

�m�q�Z�k�l�b�_�f�� �������� �\�_�l�_�j�Z�g�h�\�� �[�h�_�\�u�o�� �^�_�c�k�l�\�b�c���� �k�l�j�Z�^�Z�x�s�b�o�� �I�L�K�J���� �i�j�b�f�_�g�_�g�b�_��

�>�I�>�=-�<�J �i�j�h�^�_�f�h�g�k�l�j�b�j�h�\�Z�e�h�� �k�l�Z�l�b�k�l�b�q�_�k�d�b�� �a�g�Z�q�b�f�h�_�� �i�j�_�\�h�k�o�h�^�k�l�\�h�� �g�Z�^��

�k�l�Z�g�^�Z�j�l�g�h�c�� �l�_�j�Z�i�b�_�c�� �(�0�'�5���� �<�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�c�� �]�j�m�i�i�_�� �g�Z�[�e�x�^�Z�e�h�k�v��

�k�g�b�`�_�g�b�_���k�b�f�i�l�h�f�Z�l�b�d�b���i�h���r�d�Z�e�_���&�$�3�6-�����g�Z�����������i�j�h�l�b�\�����������\���d�h�g�l�j�h�e�v�g�h�c��

�]�j�m�i�i�_�� �i�h�k�e�_�� ������ �k�_�Z�g�k�h�\���� �i�j�b�� �w�l�h�f�� �h�l�f�_�q�Z�e�h�k�v�� �[�h�e�_�_�� �[�u�k�l�j�h�_�� �^�h�k�l�b�`�_�g�b�_��

�k�h�k�l�h�y�g�b�y�� �^�_�k�b�g�k�b�[�b�e�b�a�Z�p�b�b���²  �\�� �k�j�_�^�g�_�f�� �g�Z�� �������� �k�_�Z�g�k�Z�� �j�Z�g�v�r�_���� �q�_�f�� �\��
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�l�j�Z�^�b�p�b�h�g�g�h�f���i�j�h�l�h�d�h�e�_�����H�k�h�[�_�g�g�h���a�g�Z�q�b�f�u�_���j�_�a�m�e�v�l�Z�l�u���[�u�e�b���i�h�e�m�q�_�g�u���^�e�y��

�i�Z�p�b�_�g�l�h�\�� �k�� �j�_�a�b�k�l�_�g�l�g�u�f�b�� �n�h�j�f�Z�f�b�� �I�L�K�J���� �]�^�_�� �k�l�Z�g�^�Z�j�l�g�Z�y�� �l�_�j�Z�i�b�y��

�i�h�d�Z�a�u�\�Z�e�Z���h�]�j�Z�g�b�q�_�g�g�m�x���w�n�n�_�d�l�b�\�g�h�k�l�v�� 

�<���^�j�m�]�h�f���f�Z�k�r�l�Z�[�g�h�f���b�k�k�e�_�^�h�\�Z�g�b�b���;�h�l�_�e�e�u���b���_�_���d�h�e�e�_�]����Botella et al., 

�������������k���m�q�Z�k�l�b�_�f���`�_�j�l�\���k�_�d�k�m�Z�e�v�g�h�]�h���g�Z�k�b�e�b�y�����Q��� �����������i�j�b�f�_�g�y�e�Z�k�v���9�5-�k�j�_�^�Z����

�j�_�d�h�g�k�l�j�m�b�j�m�x�s�Z�y���j�Z�a�e�b�q�g�u�_���k�h�p�b�Z�e�v�g�u�_���k�b�l�m�Z�p�b�b�����I�h�k�e�_���������k�_�Z�g�k�h�\���>�I�>�=-

�<�J �\���w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�c���]�j�m�i�i�_���g�Z�[�e�x�^�Z�e�h�k�v���k�g�b�`�_�g�b�_���i�h�d�Z�a�Z�l�_�e�_�c���i�h���r�d�Z�e�_��

PSS-�,�� �g�Z�� �������� �i�j�h�l�b�\�� �������� �\�� �]�j�m�i�i�_�� �d�h�]�g�b�l�b�\�g�h-�i�h�\�_�^�_�g�q�_�k�d�h�c�� �l�_�j�Z�i�b�b����

�D�Z�l�Z�f�g�_�k�l�b�q�_�k�d�h�_�� �b�k�k�e�_�^�h�\�Z�g�b�_�� �q�_�j�_�a�� ������ �f�_�k�y�p�_�\�� �i�h�d�Z�a�Z�e�h�� �k�h�o�j�Z�g�_�g�b�_��

�l�_�j�Z�i�_�\�l�b�q�_�k�d�h�]�h���w�n�n�_�d�l�Z���m�����������i�Z�p�b�_�g�l�h�\���w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�c���]�j�m�i�i�u�� 

�G�_�c�j�h�[�b�h�e�h�]�b�q�_�k�d�b�_���f�_�o�Z�g�b�a�f�u���w�n�n�_�d�l�b�\�g�h�k�l�b���>�I�>�=-�<�J �b�k�k�e�_�^�m�x�l�k�y��

�\���j�Z�f�d�Z�o���f�h�^�_�e�b���m�k�d�h�j�_�g�g�h�c���b�g�n�h�j�f�Z�p�b�h�g�g�h�c���i�_�j�_�j�Z�[�h�l�d�b�����<���b�k�k�e�_�^�h�\�Z�g�b�b���k��

�b�k�i�h�e�v�a�h�\�Z�g�b�_�f���n�F�J�L���m���������i�Z�p�b�_�g�l�h�\���k���I�L�K�J�����i�j�h�o�h�^�b�\�r�b�o���d�m�j�k���>�I�>�=-�<�J, 

�a�Z�n�b�d�k�b�j�h�\�Z�g�Z�� �g�h�j�f�Z�e�b�a�Z�p�b�y�� �Z�d�l�b�\�g�h�k�l�b�� �g�_�c�j�h�g�g�u�o�� �k�_�l�_�c���� �k�g�b�`�_�g�b�_��

�]�b�i�_�j�Z�d�l�b�\�Z�p�b�b�� �f�b�g�^�Z�e�_�\�b�^�g�h�]�h�� �l�_�e�Z�� �g�Z�� ��������(Marcedonio et al., 2001), 

�m�\�_�e�b�q�_�g�b�_���n�m�g�d�p�b�h�g�Z�e�v�g�h�c���k�\�y�a�b���f�_�`�^�m���\�_�g�l�j�h�f�_�^�b�Z�e�v�g�h�c���i�j�_�n�j�h�g�l�Z�e�v�g�h�c��

�d�h�j�h�c���b���]�b�i�i�h�d�Z�f�i�h�f���g�Z�������������Z���l�Z�d�`�_���\�h�k�k�l�Z�g�h�\�e�_�g�b�_���[�Z�e�Z�g�k�Z���\���k�_�l�b���i�h�d�h�y. 

�W�l�b�� �b�a�f�_�g�_�g�b�y �i�h�e�h�`�b�l�_�e�v�g�h �d�h�j�j�_�e�b�j�h�\�Z�e�b�� �k�� �d�e�b�g�b�q�_�k�d�b�f�� �m�e�m�q�r�_�g�b�_�f����

�b�a�f�_�j�y�_�f�u�f���i�h���r�d�Z�e�_���&�$�3�6-5. 

�B�g�g�h�\�Z�p�b�h�g�g�h�_�� �b�k�k�e�_�^�h�\�Z�g�b�_�� �I�Z�e�e�Z�\�b�q�b�g�b�� �b�� �_�]�h�� �d�h�e�e�_�]�� ��Pallavicini et 

al������ ������������ �k�� �i�j�b�f�_�g�_�g�b�_�f�� �I�1�,�5�6�� ���n�m�g�d�p�b�h�g�Z�e�v�g�Z�y�� �[�e�b�`�g�y�y�� �b�g�n�j�Z�d�j�Z�k�g�Z�y��

�k�i�_�d�l�j�h�k�d�h�i�b�y���� �\�� �j�_�Z�e�v�g�h�f�� �\�j�_�f�_�g�b�� �\�h�� �\�j�_�f�y�� �k�_�Z�g�k�h�\���>�I�>�=-�<�J �\�u�y�\�b�e�h��

�k�i�_�p�b�n�b�q�_�k�d�b�_�� �i�Z�l�l�_�j�g�u�� �h�d�k�b�]�_�g�Z�p�b�b�� �d�j�h�\�b�� �\�� �i�j�_�n�j�h�g�l�Z�e�v�g�h�c�� �d�h�j�_�� 

�k�\�y�a�Z�g�g�u�_�� �k�� �m�k�i�_�r�g�h�c�� �i�_�j�_�j�Z�[�h�l�d�h�c�� �l�j�Z�\�f�Z�l�b�q�_�k�d�b�o�� �\�h�k�i�h�f�b�g�Z�g�b�c���� �M��

�i�Z�p�b�_�g�l�h�\���� �i�h�d�Z�a�Z�\�r�b�o�� �a�g�Z�q�b�l�_�e�v�g�h�_�� �d�e�b�g�b�q�_�k�d�h�_�� �m�e�m�q�r�_�g�b�_���� �g�Z�[�e�x�^�Z�e�Z�k�v��

�o�Z�j�Z�d�l�_�j�g�Z�y�� �^�b�g�Z�f�b�d�Z���²  �i�_�j�\�h�g�Z�q�Z�e�v�g�h�_�� �m�\�_�e�b�q�_�g�b�_�� �Z�d�l�b�\�Z�p�b�b��

�^�h�j�k�h�e�Z�l�_�j�Z�e�v�g�h�c�� �i�j�_�n�j�h�g�l�Z�e�v�g�h�c�� �d�h�j�u�� �k�� �i�h�k�e�_�^�m�x�s�_�c�� �g�h�j�f�Z�e�b�a�Z�p�b�_�c�� �d��

�d�h�g�p�m���k�_�Z�g�k�Z�� 

�K�b�k�l�_�f�Z�l�b�q�_�k�d�b�c�� �h�[�a�h�j��(Pallavicini et al������ ������������ �]�h�^�Z���� �\�d�e�x�q�b�\�r�b�c�� ������

�b�k�k�e�_�^�h�\�Z�g�b�c���i�h���i�j�b�f�_�g�_�g�b�x���>�I�>�=-�<�J �i�j�b���k�i�_�p�b�n�b�q�_�k�d�b�o���n�h�[�b�y�o���b���I�L�K�J����
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�i�h�^�l�\�_�j�^�b�e���g�_���l�h�e�v�d�h���w�n�n�_�d�l�b�\�g�h�k�l�v���f�_�l�h�^�Z���k���\�_�e�b�q�b�g�h�c���w�n�n�_�d�l�Z���&�R�K�H�Q�
�V���G��� ��

������������ �g�h�� �b�� �_�]�h�� �i�j�_�b�f�m�s�_�k�l�\�Z�� �\�� �k�h�[�e�x�^�_�g�b�b�� �l�_�j�Z�i�_�\�l�b�q�_�k�d�h�]�h�� �Z�e�v�y�g�k�Z�� �b��

�k�g�b�`�_�g�b�b�� �d�h�e�b�q�_�k�l�\�Z�� �^�h�k�j�h�q�g�u�o�� �i�j�_�d�j�Z�s�_�g�b�c�� �l�_�j�Z�i�b�b�� ���������� �i�j�h�l�b�\�� �������� �\��

�]�j�m�i�i�Z�o���l�j�Z�^�b�p�b�h�g�g�h�c���w�d�k�i�h�a�b�p�b�h�g�g�h�c���l�_�j�Z�i�b�b���� 

�F�_�l�Z-�Z�g�Z�e�b�a���;�Z�m�k�Z���b���;�m�r�Z�j�Z����Baus et al���������������������h�[�t�_�^�b�g�b�\�r�b�c���^�Z�g�g�u�_��

���������� �i�Z�p�b�_�g�l�h�\���� �\�u�y�\�b�e�� �a�g�Z�q�b�f�h�_ �i�j�_�b�f�m�s�_�k�l�\�h���>�I�>�=-�<�J �i�_�j�_�^��

�k�l�Z�g�^�Z�j�l�g�u�f�b�� �i�j�h�l�h�d�h�e�Z�f�b���>�I�>�= �i�h�� �k�e�_�^�m�x�s�b�f�� �i�Z�j�Z�f�_�l�j�Z�f���� �k�d�h�j�h�k�l�v��

�^�h�k�l�b�`�_�g�b�y���l�_�j�Z�i�_�\�l�b�q�_�k�d�h�]�h���w�n�n�_�d�l�Z�����i�h�e�g�h�l�Z���i�_�j�_�j�Z�[�h�l�d�b���l�j�Z�\�f�Z�l�b�q�_�k�d�h�]�h��

�f�Z�l�_�j�b�Z�e�Z���b���k�l�Z�[�b�e�v�g�h�k�l�v���j�_�a�m�e�v�l�Z�l�h�\���i�j�b���^�h�e�]�h�k�j�h�q�g�h�f���g�Z�[�e�x�^�_�g�b�b�� 

�M�g�b�d�Z�e�v�g�h�_���i�j�b�f�_�g�_�g�b�_���>�I�>�=-�<�J �[�u�e�h���i�j�h�^�_�f�h�g�k�l�j�b�j�h�\�Z�g�h���\���j�Z�[�h�l�_��

�k�� �i�Z�p�b�_�g�l�Z�f�b���� �i�_�j�_�`�b�\�r�b�f�b�� �Z�\�l�h�f�h�[�b�e�v�g�u�_�� �Z�\�Z�j�b�b���� �<�� �b�k�k�e�_�^�h�\�Z�g�b�b��

�F�Z�d�e�_�e�e�Z�g�Z���b���_�]�h���d�h�f�Z�g�^�u�����0�F�/�H�O�O�D�Q et al�������������������b�k�i�h�e�v�a�h�\�Z�e�Z�k�v���<�J-�k�j�_�^�Z���k��

�k�b�k�l�_�f�h�c���i�h�^�\�b�`�g�h�c���i�e�Z�l�n�h�j�f�u���� �k�h�a�^�Z�x�s�_�c�� �l�Z�d�l�b�e�v�g�m�x�� �h�[�j�Z�l�g�m�x�� �k�\�y�a�v����

�k�h�h�l�\�_�l�k�l�\�m�x�s�m�x�� �\�b�j�l�m�Z�e�v�g�h�f�m�� �^�\�b�`�_�g�b�x�� �Z�\�l�h�f�h�[�b�e�y���� �I�h�k�e�_�� ���� �k�_�Z�g�k�h�\�� �m��

�������� �i�Z�p�b�_�g�l�h�\�� ���\�k�_�]�h�� ��4 �q�_�e�h�\�_�d�Z���� �g�Z�[�e�x�^�Z�e�h�k�v�� �i�h�e�g�h�_�� �d�m�i�b�j�h�\�Z�g�b�_��

�k�b�f�i�l�h�f�h�\�� �l�j�Z�g�k�i�h�j�l�g�h�c�� �n�h�[�b�b���� �i�h�^�l�\�_�j�`�^�_�g�g�h�_�� �h�[�t�_�d�l�b�\�g�u�f�b�� �l�_�k�l�Z�f�b�� �\��

�j�_�Z�e�v�g�u�o���m�k�e�h�\�b�y�o���\�h�`�^�_�g�b�y�� 

�H�k�h�[�u�c���b�g�l�_�j�_�k���i�j�_�^�k�l�Z�\�e�y�_�l���i�j�b�f�_�g�_�g�b�_���>�I�>�=-�<�J �i�j�b���j�Z�k�k�l�j�h�c�k�l�\�Z�o����

�k�\�y�a�Z�g�g�u�o���k���g�Z�j�m�r�_�g�b�_�f���h�[�j�Z�a�Z���l�_�e�Z�����<���i�b�e�h�l�g�h�f���b�k�k�e�_�^�h�\�Z�g�b�b���k���m�q�Z�k�l�b�_�f��23 

�i�Z�p�b�_�g�l�h�\�� �k�� �g�_�j�\�g�h�c�� �Z�g�h�j�_�d�k�b�_�c�� �b�k�i�h�e�v�a�h�\�Z�e�Z�k�v�� �l�_�o�g�h�e�h�]�b�y�� �h�l�k�e�_�`�b�\�Z�g�b�y��

�^�\�b�`�_�g�b�c�� �l�_�e�Z�� �k�� �i�h�k�e�_�^�m�x�s�_�c�� �i�j�h�_�d�p�b�_�c�� �k�d�h�j�j�_�d�l�b�j�h�\�Z�g�g�h�]�h�� �h�[�j�Z�a�Z�� �\��

�\�b�j�l�m�Z�e�v�g�h�f�� �i�j�h�k�l�j�Z�g�k�l�\�_���� �I�h�k�e�_�� �d�m�j�k�Z�� �l�_�j�Z�i�b�b�� �h�l�f�_�q�Z�e�h�k�v�� �a�g�Z�q�b�l�_�e�v�g�h�_��

�m�e�m�q�r�_�g�b�_���i�h���r�d�Z�e�_���h�p�_�g�d�b���i�b�s�_�\�h�]�h���i�h�\�_�^�_�g�b�y�����(�'�,-�������b���k�g�b�`�_�g�b�_���l�j�_�\�h�]�b����

�k�\�y�a�Z�g�g�h�c���k���\�h�k�i�j�b�y�l�b�_�f���l�_�e�Z (Difede at al., 2019). 

�<�Z�`�g�u�f�� �l�_�o�g�h�e�h�]�b�q�_�k�d�b�f�� �^�h�k�l�b�`�_�g�b�_�f�� �k�l�Z�e�h�� �k�h�a�^�Z�g�b�_�� �Z�^�Z�i�l�b�\�g�u�o��

�k�b�k�l�_�f���>�I�>�=-�<�J �k���[�b�h�e�h�]�b�q�_�k�d�h�c���h�[�j�Z�l�g�h�c���k�\�y�a�v�x�����<���b�k�k�e�_�^�h�\�Z�g�b�b���:�f�h�j�_�k�Z��

�b�� �_�]�h�� �d�h�f�Z�g�^�u�� ��Amores et al������ ������������ �j�Z�a�j�Z�[�h�l�Z�g�Z�� �k�b�k�l�_�f�Z���� �]�^�_�� �i�Z�j�Z�f�_�l�j�u��

�\�b�j�l�m�Z�e�v�g�h�c�� �k�j�_�^�u�� ���h�k�\�_�s�_�g�g�h�k�l�v���� �d�h�e�b�q�_�k�l�\�h�� �l�j�b�]�]�_�j�g�u�o�� �k�l�b�f�m�e�h�\����

�b�g�l�_�g�k�b�\�g�h�k�l�v�� �[�b�e�Z�l�_�j�Z�e�v�g�h�c�� �k�l�b�f�m�e�y�p�b�b���� �Z�\�l�h�f�Z�l�b�q�_�k�d�b�� �j�_�]�m�e�b�j�m�x�l�k�y �g�Z��

�h�k�g�h�\�_���n�b�a�b�h�e�h�]�b�q�_�k�d�b�o���i�h�d�Z�a�Z�l�_�e�_�c���i�Z�p�b�_�g�l�Z���²  �\�Z�j�b�Z�[�_�e�v�g�h�k�l�b���k�_�j�^�_�q�g�h�]�h��
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�j�_�l�j�Z�\�f�Z�l�b�a�Z�p�b�b���� �k�m�s�_�k�l�\�_�g�g�h�� �i�h�\�u�r�Z�y�� �[�_�a�h�i�Z�k�g�h�k�l�v���b�� �w�n�n�_�d�l�b�\�g�h�k�l�v��

�l�_�j�Z�i�b�b�� 

�L�Z�d�b�f�� �h�[�j�Z�a�h�f�����>�I�>�=-�<�J �i�j�_�^�k�l�Z�\�e�y�_�l�� �k�h�[�h�c�� �d�h�g�\�_�j�]�_�g�p�b�x��

�^�h�d�Z�a�Z�l�_�e�v�g�h�c�� �i�k�b�o�h�l�_�j�Z�i�b�b�� �b�� �b�f�f�_�j�k�b�\�g�u�o�� �l�_�o�g�h�e�h�]�b�c���� �i�j�_�^�e�Z�]�Z�y�� �g�h�\�u�c��

�k�l�Z�g�^�Z�j�l�� �i�_�j�k�h�g�Z�e�b�a�b�j�h�\�Z�g�g�h�]�h�� �e�_�q�_�g�b�y�� �l�j�Z�\�f�Z�l�b�q�_�k�d�b�o�� �j�Z�k�k�l�j�h�c�k�l�\�� �q�_�j�_�a��

�l�h�q�g�u�c�� �d�h�g�l�j�h�e�v�� �i�Z�j�Z�f�_�l�j�h�\�� �l�_�j�Z�i�_�\�l�b�q�_�k�d�h�]�h�� �\�h�a�^�_�c�k�l�\�b�y�� �b�� �h�[�t�_�d�l�b�\�g�u�c��

�f�h�g�b�l�h�j�b�g�]�� �i�k�b�o�h�n�b�a�b�h�e�h�]�b�q�_�k�d�h�]�h�� �k�h�k�l�h�y�g�b�y�� �i�Z�p�b�_�g�l�Z���� �G�Z�d�h�i�e�_�g�g�u�_��

�w�f�i�b�j�b�q�_�k�d�b�_�� �^�Z�g�g�u�_�� �k�\�b�^�_�l�_�e�v�k�l�\�m�x�l�� �h�� �k�m�s�_�k�l�\�_�g�g�u�o�� �i�j�_�b�f�m�s�_�k�l�\�Z�o��

�^�Z�g�g�h�]�h���i�h�^�o�h�^�Z���d�Z�d���\���h�l�g�h�r�_�g�b�b���w�n�n�_�d�l�b�\�g�h�k�l�b�����l�Z�d���b���\���i�e�Z�g�_���[�_�a�h�i�Z�k�g�h�k�l�b��

�b�� �i�_�j�_�g�h�k�b�f�h�k�l�b�� �l�_�j�Z�i�b�b�� �^�e�y�� �i�Z�p�b�_�g�l�h�\�� �k�� �j�Z�a�e�b�q�g�u�f�b�� �n�h�j�f�Z�f�b��

�l�j�Z�\�f�Z�l�b�q�_�k�d�b�o���j�Z�k�k�l�j�h�c�k�l�\�� 

�K�l�b�f�m�e�b�j�m�y�� �p�_�e�_�g�Z�i�j�Z�\�e�_�g�g�m�x�� �^�\�b�]�Z�l�_�e�v�g�m�x�� �Z�d�l�b�\�g�h�k�l�v���� �f�u�� �f�h�`�_�f��

�d�h�f�i�_�g�k�b�j�h�\�Z�l�v�� �^�_�n�b�p�b�l�u�� �b�e�b�� �k�e�Z�[�h�j�Z�a�\�b�l�u�_�� �w�e�_�f�_�g�l�u�� �f�h�l�h�j�b�d�b�� �m��

�i�Z�p�b�_�g�l�h�\�� �k�� �g�Z�j�m�r�_�g�b�y�f�b�� �h�i�h�j�g�h-�^�\�b�]�Z�l�_�e�v�g�u�o�� �n�m�g�d�p�b�c���� �B�f�_�g�g�h�� �w�l�h�l��

�i�j�b�g�p�b�i�� �k�l�Z�e�� �n�m�g�^�Z�f�_�g�l�h�f�� �^�e�y�� �f�g�h�`�_�k�l�\�Z�� �<�J-�i�j�h�]�j�Z�f�f���� �i�j�b�f�_�g�y�_�f�u�o�� �\��

�d�h�j�j�_�d�p�b�b���^�\�b�]�Z�l�_�e�v�g�u�o���j�Z�k�k�l�j�h�c�k�l�\���b���\�h�k�k�l�Z�g�h�\�b�l�_�e�v�g�h�c���l�_�j�Z�i�b�b�����J�Z�a�\�b�l�b�_��

�p�b�n�j�h�\�u�o�� �l�_�o�g�h�e�h�]�b�c�� �h�l�d�j�u�e�h�� �i�m�l�v�� �^�e�y�� �f�h�^�_�j�g�b�a�Z�p�b�b�� �l�j�Z�^�b�p�b�h�g�g�u�o��

�j�_�Z�[�b�e�b�l�Z�p�b�h�g�g�u�o�� �f�_�l�h�^�b�d���� �h�^�g�Z�d�h�� �b�a-�a�Z�� �h�]�j�Z�g�b�q�_�g�g�h�]�h �\�g�_�^�j�_�g�b�y�� �<�J-

�j�_�r�_�g�b�c�� �\�� �d�e�b�g�b�q�_�k�d�m�x�� �i�j�Z�d�l�b�d�m�� �d�e�Z�k�k�b�q�_�k�d�b�_�� �i�h�^�o�h�^�u�� �i�h-�i�j�_�`�g�_�f�m��

�^�h�f�b�g�b�j�m�x�l�� ���A�Z�i�_�k�h�p�d�Z�y���� �������������� �I�Z�j�Z�e�e�_�e�v�g�h�� �g�Z�[�b�j�Z�x�l�� �i�h�i�m�e�y�j�g�h�k�l�v��

�b�g�g�h�\�Z�p�b�h�g�g�u�_�� �f�_�l�h�^�u���� �l�Z�d�b�_�� �d�Z�d�� �j�h�[�h�l�b�a�b�j�h�\�Z�g�g�Z�y�� �l�_�j�Z�i�b�y�� ���k��

�b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �w�d�a�h�k�d�_�e�_�l�h�\�� �b�e�b�� �f�Z�g�b�i�m�e�y�l�h�j�h�\���� �b�� �f�_�o�Z�g�h�l�_�j�Z�i�b�y���� �]�^�_��

�l�j�_�g�Z�`�_�j�u�� �k�� �h�[�j�Z�l�g�h�c�� �k�\�y�a�v�x�� �h�[�_�k�i�_�q�b�\�Z�x�l�� �^�h�a�b�j�h�\�Z�g�g�m�x�� �g�Z�]�j�m�a�d�m���� �W�l�b��

�g�Z�i�j�Z�\�e�_�g�b�y�� �^�h�i�h�e�g�y�x�l���� �Z�� �\�� �g�_�d�h�l�h�j�u�o�� �k�e�m�q�Z�y�o�� �a�Z�f�_�g�y�x�l�� �j�m�q�g�u�_�� �l�_�o�g�b�d�b����

�i�h�\�u�r�Z�y�� �l�h�q�g�h�k�l�v�� �b�� �i�_�j�k�h�g�Z�e�b�a�Z�p�b�x�� �j�_�Z�[�b�e�b�l�Z�p�b�h�g�g�h�]�h�� �i�j�h�p�_�k�k�Z��

���Q�_�j�g�b�d�h�\�Z���� ������������ �:�d�k�_�g�h�\�Z���� �������������� �I�j�_�b�f�m�s�_�k�l�\�Z�� �9�5-�j�_�Z�[�b�e�b�l�Z�p�b�b�� �\��

�i�h�\�u�r�_�g�b�b���\�h�\�e�_�q�_�g�g�h�k�l�b���b���w�n�n�_�d�l�b�\�g�h�k�l�b�� 
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�I�h�\�u�r�_�g�b�_�� �f�h�l�b�\�Z�p�b�b�� �q�_�j�_�a�� �]�_�c�f�b�n�b�d�Z�p�b�x���� �<�b�j�l�m�Z�e�v�g�Z�y�� �j�_�Z�e�v�g�h�k�l�v��

�m�k�b�e�b�\�Z�_�l�� �i�h�\�l�h�j�y�_�f�h�k�l�v�� �m�i�j�Z�`�g�_�g�b�c�� �a�Z�� �k�q�_�l�� �b�]�j�h�\�u�o�� �f�_�o�Z�g�b�d�� ���[�Z�e�e�u����

�m�j�h�\�g�b���� �\�b�a�m�Z�e�v�g�u�_�� �g�Z�]�j�Z�^�u������ �i�j�_�\�j�Z�s�Z�y�� �j�m�l�b�g�g�u�_�� �a�Z�^�Z�q�b�� �\�� �m�\�e�_�d�Z�l�_�e�v�g�u�_��

�d�\�_�k�l�u���� �W�l�h�� �i�h�\�u�r�Z�_�l�� �\�h�\�e�_�q�_�g�g�h�k�l�v�� �i�Z�p�b�_�g�l�h�\�� �b�� �k�g�b�`�Z�_�l�� �j�b�k�d�� �h�l�d�Z�a�Z�� �h�l��

�l�_�j�Z�i�b�b�����0�L�K�H�O�M���������������� 

�I�_�j�k�h�g�Z�e�b�a�Z�p�b�y�� �i�j�h�]�j�Z�f�f���� �=�b�[�d�h�k�l�v�� �<�J�� �i�h�a�\�h�e�y�_�l�� �Z�^�Z�i�l�b�j�h�\�Z�l�v��

�k�e�h�`�g�h�k�l�v���� �^�e�b�l�_�e�v�g�h�k�l�v�� �b�� �l�b�i�� �g�Z�]�j�m�a�h�d�� �i�h�^�� �d�h�g�d�j�_�l�g�u�c�� �^�\�b�]�Z�l�_�e�v�g�u�c��

�^�_�n�b�p�b�l�����:�e�]�h�j�b�l�f�u���i�h�^�k�l�j�Z�b�\�Z�x�l���k�p�_�g�Z�j�b�b���\���j�_�Z�e�v�g�h�f���\�j�_�f�_�g�b�����m�q�b�l�u�\�Z�y��

�i�j�h�]�j�_�k�k���i�Z�p�b�_�g�l�Z�����q�l�h���^�_�e�Z�_�l���j�_�Z�[�b�e�b�l�Z�p�b�x���[�h�e�_�_���p�_�e�_�g�Z�i�j�Z�\�e�_�g�g�h�c�� 

�>�h�k�l�m�i�g�h�k�l�v���b���b�g�l�_�]�j�Z�p�b�y���k���l�j�Z�^�b�p�b�h�g�g�u�f�b���f�_�l�h�^�Z�f�b�����W�d�h�g�h�f�b�q�g�h�k�l�v��

�<�J-�j�_�r�_�g�b�c�� ���h�l�k�m�l�k�l�\�b�_�� �^�h�j�h�]�h�k�l�h�y�s�_�]�h�� �h�[�h�j�m�^�h�\�Z�g�b�y���� �\�h�a�f�h�`�g�h�k�l�v��

�m�^�Z�e�_�g�g�h�]�h�� �b�k�i�h�e�v�a�h�\�Z�g�b�y���� �i�h�a�\�h�e�y�_�l�� �\�g�_�^�j�y�l�v�� �b�o�� �d�Z�d�� �^�h�i�h�e�g�_�g�b�_�� �d��

�d�e�Z�k�k�b�q�_�k�d�h�c�� �j�_�Z�[�b�e�b�l�Z�p�b�b���� �G�Z�i�j�b�f�_�j���� �i�Z�p�b�_�g�l�u�� �f�h�]�m�l�� �\�u�i�h�e�g�y�l�v��

�m�i�j�Z�`�g�_�g�b�y���^�h�f�Z���i�h�^���d�h�g�l�j�h�e�_�f���l�_�e�_�f�_�^�b�p�b�g�k�d�b�o���k�b�k�l�_�f�����k�h�d�j�Z�s�Z�y���q�Z�k�l�h�l�m��

�h�q�g�u�o���\�b�a�b�l�h�\�����3�O�X�P�P�H�U���������������� 

�<�J-�j�_�Z�[�b�e�b�l�Z�p�b�y���i�j�_�^�k�l�Z�\�e�y�_�l���k�h�[�h�c���f�g�h�]�h�h�[�_�s�Z�x�s�b�c���b�g�k�l�j�m�f�_�g�l���^�e�y��

�g�_�f�_�^�b�d�Z�f�_�g�l�h�a�g�h�c�� �l�_�j�Z�i�b�b�� �^�\�b�]�Z�l�_�e�v�g�u�o�� �j�Z�k�k�l�j�h�c�k�l�\���� �\�d�e�x�q�Z�y�� �g�Z�j�m�r�_�g�b�y��

�o�h�^�v�[�u�� �b�� �[�Z�e�Z�g�k�Z���� �m�� �i�Z�p�b�_�g�l�h�\�� �k�� �[�h�e�_�a�g�v�x�� �I�Z�j�d�b�g�k�h�g�Z���� �?�_�� �[�_�a�h�i�Z�k�g�h�k�l�v�� �b��

�Z�^�Z�i�l�b�\�g�h�k�l�v���i�h�a�\�h�e�y�x�l���b�g�l�_�]�j�b�j�h�\�Z�l�v���f�_�l�h�^���d�Z�d���\���k�l�Z�p�b�h�g�Z�j�g�u�_���i�j�h�]�j�Z�f�f�u��

�[�h�e�v�g�b�p�� �b�� �j�_�Z�[�b�e�b�l�Z�p�b�h�g�g�u�o�� �p�_�g�l�j�h�\���� �l�Z�d�� �b�� �\�� �Z�f�[�m�e�Z�l�h�j�g�u�_�� �n�h�j�f�Z�l�u����

�\�d�e�x�q�Z�y���^�h�f�Z�r�g�b�_���l�j�_�g�b�j�h�\�d�b���� 

�D�e�x�q�_�\�u�_���i�j�_�b�f�m�s�_�k�l�\�Z���l�_�o�g�h�e�h�]�b�b�����G�Z�l�Z�e�_�\�b�q������������������ 

������ �K�l�b�f�m�e�y�p�b�y�� �g�_�c�j�h�i�e�Z�k�l�b�q�g�h�k�l�b���� �<�a�Z�b�f�h�^�_�c�k�l�\�b�_�� �k�� �\�b�j�l�m�Z�e�v�g�u�f�b��

�h�[�t�_�d�l�Z�f�b�� �Z�d�l�b�\�b�j�m�_�l�� �k�_�g�k�h�f�h�l�h�j�g�u�_�� �f�_�o�Z�g�b�a�f�u�� �f�h�a�]�Z���� �q�l�h�� �h�k�h�[�_�g�g�h 

�a�g�Z�q�b�f�h�� �i�j�b�� �j�_�a�b�k�l�_�g�l�g�h�k�l�b�� �d�� �n�Z�j�f�Z�d�h�l�_�j�Z�i�b�b�� �m�� �i�Z�p�b�_�g�l�h�\�� �k��

�g�_�c�j�h�^�_�]�_�g�_�j�Z�l�b�\�g�u�f�b���i�Z�l�h�e�h�]�b�y�f�b���� 

������ �M�g�b�\�_�j�k�Z�e�v�g�h�k�l�v�� �b�g�l�_�j�n�_�c�k�Z���� �b�g�l�m�b�l�b�\�g�h�� �i�h�g�y�l�g�u�_�� �<�J-�k�p�_�g�Z�j�b�b��

�f�b�g�b�f�b�a�b�j�m�x�l�� �a�Z�\�b�k�b�f�h�k�l�v�� �h�l�� �j�_�q�_�\�u�o�� �b�e�b�� �d�h�]�g�b�l�b�\�g�u�o�� �g�Z�\�u�d�h�\���� �q�l�h��

�d�j�b�l�b�q�g�h���^�e�y���i�Z�p�b�_�g�l�h�\���k���g�_�\�j�h�e�h�]�b�q�_�k�d�b�f�b���g�Z�j�m�r�_�g�b�y�f�b���� 

�I�_�j�k�i�_�d�l�b�\�u���j�Z�a�\�b�l�b�y�����G�Z�l�Z�e�_�\�b�q������������������ 
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������ �<�g�_�^�j�_�g�b�_�� �f�m�e�v�l�b�k�_�g�k�h�j�g�u�o�� �k�l�b�f�m�e�h�\�� ���l�Z�d�l�b�e�v�g�Z�y�� �h�[�j�Z�l�g�Z�y�� �k�\�y�a�v����

3D-�a�\�m�d�����^�e�y���m�k�b�e�_�g�b�y���i�h�]�j�m�`�_�g�b�y���b���i�h�\�u�r�_�g�b�y���w�n�n�_�d�l�b�\�g�h�k�l�b���l�j�_�g�b�j�h�\�h�d�� 

������ �J�Z�a�j�Z�[�h�l�d�Z�� �^�b�g�Z�f�b�q�g�u�o�� �k�j�_�^���� �Z�^�Z�i�l�b�j�m�x�s�b�o�k�y�� �d�� �^�_�c�k�l�\�b�y�f��

�i�h�e�v�a�h�\�Z�l�_�e�y�� �\�� �j�_�Z�e�v�g�h�f�� �\�j�_�f�_�g�b���� �q�l�h�� �i�h�a�\�h�e�b�l�� �k�h�a�^�Z�\�Z�l�v��

�i�_�j�k�h�g�Z�e�b�a�b�j�h�\�Z�g�g�u�_���j�_�Z�[�b�e�b�l�Z�p�b�h�g�g�u�_���l�j�Z�_�d�l�h�j�b�b�� 

�H�l�_�q�_�k�l�\�_�g�g�u�c���w�d�k�i�_�j�b�f�_�g�l�����D�m�d�r�b�g�Z�����������������i�h���d�h�j�j�_�d�p�b�b���g�Z�j�m�r�_�g�b�c��

�i�j�Z�d�k�b�k�Z���i�h�d�Z�a�Z�e�����q�l�h�����i�h�\�l�h�j�g�h�_���h�[�k�e�_�^�h�\�Z�g�b�_���^�\�b�]�Z�l�_�e�v�g�u�o���n�m�g�d�p�b�c���i�h�k�e�_��

�j�_�Z�[�b�e�b�l�Z�p�b�h�g�g�h�]�h�� �d�m�j�k�Z�� �\�u�y�\�b�e�h�� �a�g�Z�q�b�l�_�e�v�g�u�_�� �m�e�m�q�r�_�g�b�y�� �\�� �h�j�]�Z�g�b�a�Z�p�b�b��

�i�h�k�e�_�^�h�\�Z�l�_�e�v�g�u�o�� �^�\�b�`�_�g�b�c���� �W�l�h�� �i�j�h�y�\�b�e�h�k�v�� �\�� �k�h�d�j�Z�s�_�g�b�b�� �i�_�j�k�_�\�_�j�Z�p�b�c��

���g�Z�\�y�a�q�b�\�u�o�� �i�h�\�l�h�j�h�\���� �i�j�b�� �\�u�i�h�e�g�_�g�b�b�� �]�j�Z�n�b�q�_�k�d�b�o�� �l�_�k�l�h�\���� �m�f�_�g�v�r�_�g�b�b��

�i�j�h�i�m�k�d�h�\�� �w�e�_�f�_�g�l�h�\�� �^�_�c�k�l�\�b�c���� �Z�� �l�Z�d�`�_�� �\�� �m�\�_�e�b�q�_�g�b�b�� �k�d�h�j�h�k�l�b�� �b���l�h�q�g�h�k�l�b��

�\�u�i�h�e�g�_�g�b�y�� �g�_�c�j�h�i�k�b�o�h�e�h�]�b�q�_�k�d�b�o�� �f�h�l�h�j�g�u�o�� �i�j�h�[���� �I�j�b�f�_�g�_�g�b�_�� �k�b�k�l�_�f�u��

�\�b�j�l�m�Z�e�v�g�h�c�� �j�_�Z�e�v�g�h�k�l�b�� �+�7�&�� �9�L�Y�H�� �)�R�F�X�V�� �3�O�X�V�� �(�(�$�� �i�j�h�^�_�f�h�g�k�l�j�b�j�h�\�Z�e�h��

�i�h�e�h�`�b�l�_�e�v�g�u�c�� �w�n�n�_�d�l�� �\�� �h�l�g�h�r�_�g�b�b�� �i�k�b�o�h�e�h�]�b�q�_�k�d�h�c�� �d�h�j�j�_�d�p�b�b��

�g�_�c�j�h�i�Z�l�b�q�_�k�d�h�c�� �b�� �k�f�_�r�Z�g�g�h�c�� �[�h�e�b�� �m�� �i�Z�p�b�_�g�l�h�\�� �k�� �o�j�h�g�b�q�_�k�d�h�c�� �i�Z�l�h�e�h�]�b�_�c��

�h�i�h�j�g�h-�^�\�b�]�Z�l�_�e�v�g�h�]�h���Z�i�i�Z�j�Z�l�Z�� 

 

�J�b�k�m�g�h�d��20 - �R�e�_�f���\�b�j�l�m�Z�e�v�g�h�c���j�_�Z�e�v�g�h�k�l�b��HTC Vive 

 
�L�Z�d�`�_���[�u�e�h���i�h�d�Z�a�Z�g�h�����q�l�h���<�J-�k�b�k�l�_�f�u���i�j�_�^�e�Z�]�Z�x�l���[�h�e�_�_���m�g�b�\�_�j�k�Z�e�v�g�u�c��

�i�h�^�o�h�^�� �\�� �d�h�j�j�_�d�p�b�b�� �g�Z�j�m�r�_�g�b�y�� �j�Z�\�g�h�\�_�k�b�y�� ���D�e�h�q�d�h�\���� ��������������
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�K�i�_�p�b�Z�e�b�a�b�j�h�\�Z�g�g�u�_���i�j�h�]�j�Z�f�f�u���h�[�_�k�i�_�q�b�\�Z�x�l���f�g�h�]�h�m�j�h�\�g�_�\�m�x���l�j�_�g�b�j�h�\�d�m��

�j�Z�\�g�h�\�_�k�b�y�� ���k�l�Z�l�b�q�_�k�d�h�]�h���� �^�b�g�Z�f�b�q�_�k�d�h�]�h���� �j�_�Z�d�l�b�\�g�h�]�h���� �a�Z�� �k�q�_�l�� �b�f�b�l�Z�p�b�b��

�j�_�Z�e�v�g�u�o�� �k�p�_�g�Z�j�b�_�\�� ���o�h�^�v�[�Z�� �i�h�� �g�_�j�h�\�g�h�c�� �i�h�\�_�j�o�g�h�k�l�b���� �i�j�_�h�^�h�e�_�g�b�_��

�i�j�_�i�y�l�k�l�\�b�c������ �B�k�i�h�e�v�a�h�\�Z�g�b�_�� ���'-�Z�\�Z�l�Z�j�Z�� �m�k�b�e�b�\�Z�_�l�� �\�h�\�e�_�q�_�g�g�h�k�l�v���� �i�Z�p�b�_�g�l��

�g�Z�[�e�x�^�Z�_�l���a�Z�� �k�\�h�b�f�b�� �^�_�c�k�l�\�b�y�f�b�� �\�� �\�b�j�l�m�Z�e�v�g�h�c�� �k�j�_�^�_���� �q�l�h�� �k�i�h�k�h�[�k�l�\�m�_�l��

�m�e�m�q�r�_�g�b�x���d�h�h�j�^�b�g�Z�p�b�b���b���i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�]�h���\�h�k�i�j�b�y�l�b�y�����=�b�[�d�b�_���g�Z�k�l�j�h�c�d�b��

�I�H�� �i�h�a�\�h�e�y�x�l�� �Z�^�Z�i�l�b�j�h�\�Z�l�v�� �m�k�e�h�\�b�y�� �l�j�_�g�b�j�h�\�d�b���� �f�_�g�y�l�v�� �e�Z�g�^�r�Z�n�l����

�k�e�h�`�g�h�k�l�v���a�Z�^�Z�q�����Z���l�Z�d�`�_���\�u�[�b�j�Z�l�v���i�_�j�k�i�_�d�l�b�\�m���h�l���i�_�j�\�h�]�h���b�e�b���l�j�_�l�v�_�]�h���e�b�p�Z����

�B�k�k�e�_�^�h�\�Z�g�b�y�� �m�d�Z�a�u�\�Z�x�l���� �q�l�h�� �\�b�^�� �h�l�� �i�_�j�\�h�]�h�� �e�b�p�Z�� �m�k�d�h�j�y�_�l�� �n�h�j�f�b�j�h�\�Z�g�b�_��

�©�b�e�e�x�a�b�b�� �\�h�i�e�h�s�_�g�b�y�ª�� ���h�l�h�`�^�_�k�l�\�e�_�g�b�y�� �k�� �Z�\�Z�l�Z�j�h�f���� �b�� �k�g�b�`�Z�_�l�� �d�h�e�b�q�_�k�l�\�h��

�h�r�b�[�h�d�� �i�j�b�� �h�k�\�h�_�g�b�b�� �^�\�b�]�Z�l�_�e�v�g�u�o�� �g�Z�\�u�d�h�\���� �W�l�h�� �k�\�y�a�Z�g�h�� �k�� �i�j�y�f�u�f��

�\�b�a�m�Z�e�v�g�u�f���k�h�i�h�k�l�Z�\�e�_�g�b�_�f���^�_�c�k�l�\�b�c���l�_�e�Z���k���h�l�d�e�b�d�h�f���\���<�J-�i�j�h�k�l�j�Z�g�k�l�\�_�� 

�H�^�g�h�� �b�a�� �i�h�k�e�_�^�g�b�o�� �^�h�k�l�b�`�_�g�b�c�� �\�� �b�k�k�e�_�^�h�\�Z�g�b�b�� �a�j�b�l�_�e�v�g�h-

�\�_�k�l�b�[�m�e�y�j�g�h�]�h�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�y��- �g�h�\�Z�y�� �b�g�l�_�j�Z�d�l�b�\�g�Z�y�� �d�h�f�i�v�x�l�_�j�g�Z�y�� �k�j�_�^�Z����

�j�Z�a�j�Z�[�h�l�Z�g�g�Z�y�� �^�e�y�� �b�k�i�h�e�v�a�h�\�Z�g�b�y�� �k�� �r�e�_�f�h�f�� �\�b�j�l�m�Z�e�v�g�h�c�� �j�_�Z�e�v�g�h�k�l�b�� ���9�L�L�U�U�H����

�%�X�V�N�L�U�N���� �������������� �<�� �w�l�h�c�� �k�j�_�^�_���� �d�h�]�^�Z�� �m�q�Z�k�l�g�b�d�� �^�\�b�]�Z�_�l�k�y���� �^�Z�l�q�b�d�� �i�h�e�h�`�_�g�b�y��

�]�h�e�h�\�u�� �b�� �h�j�b�_�g�l�Z�p�b�b�� �j�_�]�b�k�l�j�b�j�m�_�l�� �_�]�h�� �^�\�b�`�_�g�b�y���� �Z�� �d�h�f�i�v�x�l�_�j�g�Z�y�� �k�b�k�l�_�f�Z��

�Z�\�l�h�f�Z�l�b�q�_�k�d�b�� �Z�^�Z�i�l�b�j�m�_�l�� �k�p�_�g�m�� �i�h�^�� �g�h�\�u�c�� �m�]�h�e�� �h�[�a�h�j�Z���� �L�Z�d�b�f�� �h�[�j�Z�a�h�f����

�k�d�h�j�h�k�l�v�� �\�b�a�m�Z�e�v�g�h�c�� �k�p�_�g�u�� �h�l�g�h�k�b�l�_�e�v�g�h�� �^�\�b�`�_�g�b�y�� �]�h�e�h�\�u�� �d�h�g�l�j�h�e�b�j�m�_�l�k�y��

�i�j�h�]�j�Z�f�f�g�u�f���h�[�_�k�i�_�q�_�g�b�_�f�� 

�>�e�y�� �w�l�h�]�h�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �^�Z�g�g�u�_�� �k�h�[�b�j�Z�e�b�k�v�� �\�� �j�Z�a�g�u�o�� �f�_�k�l�Z�o�� �k��

�i�j�b�f�_�g�_�g�b�_�f�� �h�^�b�g�Z�d�h�\�h�]�h�� �i�j�h�l�h�d�h�e�Z���� �M�q�Z�k�l�g�b�d�b�� �a�Z�i�h�e�g�y�e�b�� �h�i�j�h�k�g�b�d�b��

�]�h�e�h�\�h�d�j�m�`�_�g�b�y�� �Y�d�h�[�k�h�g�Z�� �b�� �r�d�Z�e�m�� �m�\�_�j�_�g�g�h�k�l�b�� �\�� �i�h�^�^�_�j�`�Z�g�b�b�� �j�Z�\�g�h�\�_�k�b�y��

ABC (Activities-specific Balance Confi�G�H�Q�F�H�� �V�F�D�O�H������ �D�j�h�f�_�� �l�h�]�h���� �b�a�f�_�j�y�e�b�k�v��

�d�h�w�n�n�b�p�b�_�g�l�� �j�_�Z�d�l�b�\�g�h�k�l�b�� �<�J�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �l�_�o�g�h�e�h�]�b�b�� �9�2�5�7�(�4�� �b��

�^�b�g�Z�f�b�q�_�k�d�Z�y���h�k�l�j�h�l�Z���a�j�_�g�b�y�� 

�B�k�i�h�e�v�a�h�\�Z�e�Z�k�v�� �l�_�j�Z�i�b�y�� �k�� �\�b�j�l�m�Z�e�v�g�h�c�� �j�_�Z�e�v�g�h�k�l�v�x�� �\�� �l�_�q�_�g�b�_�� ���� �^�g�_�c����

�\�d�e�x�q�Z�y�� ����-�f�b�g�m�l�g�u�_�� �k�_�k�k�b�b���� �I�_�j�b�h�^�b�q�_�k�d�b�� �b�a�f�_�j�y�e�b�k�v�� �k�b�f�i�l�h�f�u��

�m�q�Z�k�l�g�b�d�h�\���� �q�l�h�[�u�� �b�a�[�_�`�Z�l�v�� ���k�b�f�m�e�y�l�h�j�g�h�]�h�� �j�Z�k�k�l�j�h�c�k�l�\�Z������ �<�� �j�_�a�m�e�v�l�Z�l�_��

�g�Z�[�e�x�^�Z�e�b�k�v�� �a�g�Z�q�b�l�_�e�v�g�u�_�� �m�e�m�q�r�_�g�b�y�� �d�h�w�n�n�b�p�b�_�g�l�Z�� �j�_�Z�d�l�b�\�g�h�k�l�b��

�\�_�k�l�b�[�m�e�h�h�d�m�e�y�j�g�h�]�h���j�_�n�e�_�d�k�Z�� 
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�W�l�h�l���b�g�k�l�j�m�f�_�g�l���h�[�_�s�Z�_�l���[�u�l�v���w�n�n�_�d�l�b�\�g�u�f���\���j�_�Z�[�b�e�b�l�Z�p�b�b���i�Z�p�b�_�g�l�h�\��

�k���`�Z�e�h�[�Z�f�b���g�Z���]�h�e�h�\�h�d�j�m�`�_�g�b�_���b���g�Z�j�m�r�_�g�g�u�c���\�_�k�l�b�[�m�e�h�h�d�m�e�y�j�g�u�c���j�_�n�e�_�d�k����

�Z���l�Z�d�`�_���k���h�l�d�e�h�g�_�g�b�y�f�b���h�l���g�h�j�f�u���\���i�h�d�Z�a�Z�l�_�e�y�o���j�Z�\�g�h�\�_�k�b�y�� 

�<�� �i�j�h�\�_�^�_�g�g�h�f�� �b�k�k�e�_�^�h�\�Z�g�b�b�� �j�Z�k�k�f�Z�l�j�b�\�Z�e�k�y�� �\�e�b�y�g�b�_�� �a�j�b�l�_�e�v�g�h-

�\�_�k�l�b�[�m�e�h-�k�h�f�Z�l�h�k�_�g�k�h�j�g�h�]�h�� �d�h�g�n�e�b�d�l�Z���� �\�h�k�i�j�h�b�a�\�_�^�_�g�g�h�]�h�� �\�� �\�b�j�l�m�Z�e�v�g�h�c��

�j�_�Z�e�v�g�h�k�l�b���� �g�Z�� �h�s�m�s�_�g�b�_���]�h�e�h�\�h�d�j�m�`�_�g�b�y���� �k�l�Z�[�b�e�v�g�h�k�l�v�� �i�h�k�l�m�j�u�� �b��

�a�Z�\�b�k�b�f�h�k�l�v�� �h�l�� �a�j�_�g�b�y�� �^�e�y�� �i�h�^�^�_�j�`�Z�g�b�y�� �j�Z�\�g�h�\�_�k�b�y�� ���1�L�V�K�L�L�N�H�� �H�W�� �D�O������ �������������� �<��
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�j�Z�^�b�d�Z�e�v�g�u�o�� �l�j�Z�g�k�n�h�j�f�Z�p�b�y�o�� �\�b�j�l�m�Z�e�v�g�h�]�h�� �Z�\�Z�l�Z�j�Z���� �W�n�n�_�d�l�� �i�j�b�k�m�l�k�l�\�b�y����

�b�a�f�_�j�y�_�f�u�c�� �q�_�j�_�a�� �d�h�f�i�e�_�d�k�� �n�b�a�b�h�e�h�]�b�q�_�k�d�b�o�� �b�� �i�h�\�_�^�_�g�q�_�k�d�b�o�� �f�Z�j�d�_�j�h�\����

�h�d�Z�a�u�\�Z�_�l�k�y�� �a�g�Z�q�b�f�u�f�� �i�j�_�^�b�d�l�h�j�h�f�� �w�n�n�_�d�l�b�\�g�h�k�l�b�� �l�_�j�Z�i�_�\�l�b�q�_�k�d�b�o��

�b�g�l�_�j�\�_�g�p�b�c���� �N�_�g�h�f�_�g�� �d�b�[�_�j�[�h�e�_�a�g�b���� �b�f�_�x�s�b�c�� �g�_�c�j�h�n�b�a�b�h�e�h�]�b�q�_�k�d�m�x��

�i�j�b�j�h�^�m���� �l�j�_�[�m�_�l�� �j�Z�a�j�Z�[�h�l�d�b�� �k�i�_�p�b�Z�e�b�a�b�j�h�\�Z�g�g�u�o�� �^�b�Z�]�g�h�k�l�b�q�_�k�d�b�o��

�b�g�k�l�j�m�f�_�g�l�h�\�����m�q�b�l�u�\�Z�x�s�b�o���k�i�_�p�b�n�b�d�m���<�J-�\�h�a�^�_�c�k�l�\�b�y�� 

�F�_�l�h�^�h�e�h�]�b�q�_�k�d�Z�y�� �a�j�_�e�h�k�l�v�� �h�[�e�Z�k�l�b�� �i�j�h�y�\�e�y�_�l�k�y�� �\�� �j�Z�a�j�Z�[�h�l�d�_��

�k�l�Z�g�^�Z�j�l�b�a�b�j�h�\�Z�g�g�u�o�� �i�j�h�l�h�d�h�e�h�\�� �b�k�k�e�_�^�h�\�Z�g�b�y���� �\�Z�e�b�^�b�a�b�j�h�\�Z�g�g�u�o�� �r�d�Z�e��

�b�a�f�_�j�_�g�b�y�� �b�� �k�i�_�p�b�Z�e�b�a�b�j�h�\�Z�g�g�h�]�h�� �h�[�h�j�m�^�h�\�Z�g�b�y���� �G�_�c�j�h�d�h�]�g�b�l�b�\�g�u�_��

�b�k�k�e�_�^�h�\�Z�g�b�y�����b�g�l�_�]�j�b�j�m�x�s�b�_���<�J �k���f�_�l�h�^�Z�f�b���g�_�c�j�h�\�b�a�m�Z�e�b�a�Z�p�b�b�����i�h�a�\�h�e�y�x�l��

�m�k�l�Z�g�Z�\�e�b�\�Z�l�v�� �d�h�j�j�_�e�y�l�u�� �b�f�f�_�j�k�b�\�g�u�o�� �i�_�j�_�`�b�\�Z�g�b�c�� �\�� �Z�d�l�b�\�g�h�k�l�b��

�k�i�_�p�b�n�b�q�_�k�d�b�o�� �g�_�c�j�h�g�g�u�o�� �k�_�l�_�c�� ���i�j�_�n�j�h�g�l�Z�e�v�g�Z�y�� �d�h�j�Z���� �h�k�l�j�h�\�d�h�\�Z�y�� �^�h�e�y����

�l�_�f�_�g�g�u�_���h�[�e�Z�k�l�b���� 

�L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �i�k�b�o�h�e�h�]�b�y�� �\�b�j�l�m�Z�e�v�g�h�c�� �j�_�Z�e�v�g�h�k�l�b�� �g�_�� �y�\�e�y�_�l�k�y��

�i�j�h�k�l�u�f�� �i�j�b�e�h�`�_�g�b�_�f�� �l�j�Z�^�b�p�b�h�g�g�h�c�� �i�k�b�o�h�e�h�]�b�b�� �d�� �g�h�\�h�c�� �l�_�o�g�h�e�h�]�b�q�_�k�d�h�c��

�k�j�_�^�_���� �Z�� �i�j�_�^�k�l�Z�\�e�y�_�l�� �k�h�[�h�c�� �d�Z�q�_�k�l�\�_�g�g�h�� �g�h�\�m�x�� �b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�m�x��

�i�Z�j�Z�^�b�]�f�m���� �?�_�� �m�g�b�d�Z�e�v�g�h�k�l�v�� �h�i�j�_�^�_�e�y�_�l�k�y�� �g�_�� �l�h�e�v�d�h�� �k�i�_�p�b�n�b�q�_�k�d�b�f 

�i�j�_�^�f�_�l�h�f���b�a�m�q�_�g�b�y�����g�h���b���h�k�h�[�u�f�b���f�_�l�h�^�Z�f�b���b�k�k�e�_�^�h�\�Z�g�b�y�����d�h�g�p�_�i�l�m�Z�e�v�g�u�f��

�Z�i�i�Z�j�Z�l�h�f�� �b�� �i�j�Z�d�l�b�q�_�k�d�b�f�b�� �i�j�b�e�h�`�_�g�b�y�f�b���� �>�Z�e�v�g�_�c�r�_�_�� �j�Z�a�\�b�l�b�_�� �w�l�h�c��

�h�[�e�Z�k�l�b�� �k�\�y�a�Z�g�h�� �d�Z�d�� �k�� �m�]�e�m�[�e�_�g�b�_�f�� �n�m�g�^�Z�f�_�g�l�Z�e�v�g�u�o�� �b�k�k�e�_�^�h�\�Z�g�b�c��

�f�_�o�Z�g�b�a�f�h�\�� �i�k�b�o�b�d�b�� �\�� �m�k�e�h�\�b�y�o�� �b�f�f�_�j�k�b�b���� �l�Z�d�� �b�� �k�� �j�Z�k�r�b�j�_�g�b�_�f��

�^�h�d�Z�a�Z�l�_�e�v�g�u�o �i�j�Z�d�l�b�d�� �\�� �d�e�b�g�b�q�_�k�d�h�c�� �i�k�b�o�h�e�h�]�b�b���� �i�k�b�o�h�l�_�j�Z�i�b�b�� �b��

�j�_�Z�[�b�e�b�l�Z�p�b�b�� 
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�=�e�Z�\�Z���������I�k�b�o�h�n�b�a�b�h�e�h�]�b�q�_�k�d�b�_���h�k�h�[�_�g�g�h�k�l�b���i�h�]�j�m�`�_�g�b�y���\���\�b�j�l�m�Z�e�v�g�m�x��

�j�_�Z�e�v�g�h�k�l�v�� 

3.1. �A�j�b�l�_�e�v�g�h-�\�_�k�l�b�[�m�e�y�j�g�u�c���k�_�g�k�h�j�g�u�c���d�h�g�n�e�b�d�l���d�Z�d��

�g�_�c�j�h�d�h�]�g�b�l�b�\�g�u�c �f�_�o�Z�g�b�a�f���\�a�Z�b�f�h�^�_�c�k�l�\�b�y���k�m�[�t�_�d�l�Z���k�h���k�j�_�^�h�c��

�\�b�j�l�m�Z�e�v�g�h�c���j�_�Z�e�v�g�h�k�l�b 

 
�L�_�h�j�b�y�� �k�_�g�k�h�j�g�h�]�h�� �d�h�g�n�e�b�d�l�Z��(Reason, 1978) �k�l�j�_�f�b�l�k�y�� �h�i�j�_�^�_�e�b�l�v�� �l�_��

�k�_�g�k�h�j�g�u�_�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b���� �h�[�s�b�_�� �^�e�y�� �j�Z�a�e�b�q�g�u�o�� �h�[�k�l�h�y�l�_�e�v�k�l�\���� �d�h�l�h�j�u�_��

�\�u�a�u�\�Z�x�l���w�n�n�_�d�l���m�d�Z�q�b�\�Z�g�b�y�����b���\�u�y�\�b�l�v���i�j�b�j�h�^�m���i�j�h�\�h�p�b�j�m�x�s�_�]�h���k�l�b�f�m�e�Z����

�H�^�g�b�f���b�a���i�_�j�\�u�o���h�i�b�k�Z�l�_�e�_�c���[�u�e���B�j�\�b�g����Irwin, ���������������d�h�l�h�j�u�c���i�b�k�Z�e�������������i�h-

�\�b�^�b�f�h�f�m���� �k�m�s�_�k�l�\�m�_�l�� �^�b�k�k�h�g�Z�g�k�� �f�_�`�^�m�� �g�_�i�h�k�j�_�^�k�l�\�_�g�g�u�f���� �b�e�b�� �b�k�l�b�g�g�u�f��

�\�b�a�m�Z�e�v�g�u�f���h�s�m�s�_�g�b�_�f���b���h�i�j�_�^�_�e�_�g�g�h�c���\�b�a�m�Z�e�v�g�h�c���i�j�b�\�u�q�d�h�c�����>�«�@���d�h�l�h�j�u�c��

�\�h�k�i�j�b�g�b�f�Z�_�l�k�y�� �k�h�a�g�Z�g�b�_�f�� �d�Z�d�� �f�m�q�b�l�_�e�v�g�h�_�� �q�m�\�k�l�\�h�� �g�_�m�\�_�j�_�g�g�h�k�l�b����

�]�h�e�h�\�h�d�j�m�`�_�g�b�y���b���l�h�r�g�h�l�u�������B�k�l�b�g�g�h�_���a�g�Z�q�_�g�b�_���k�_�g�k�h�j�g�h�]�h���d�h�g�n�e�b�d�l�Z���\���l�h�f����

�q�l�h�� �g�_�k�h�h�l�\�_�l�k�l�\�b�_�� �f�_�`�^�m�� �h�[�u�q�g�h�� �k�h�\�i�Z�^�Z�x�s�b�f�b�� �b�k�l�h�q�g�b�d�Z�f�b��

�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�c�� �b�g�n�h�j�f�Z�p�b�b�� ���l���_���� �Z�d�l�b�\�g�Z�y�� �e�h�d�h�f�h�p�b�y���� �g�_�b�a�[�_�`�g�h��

�i�j�b�\�h�^�b�l�� �d�� �d�h�g�n�e�b�d�l�m�� �f�_�`�^�m�� �l�_�f���� �q�l�h�� �\�� �g�Z�k�l�h�y�s�_�_�� �\�j�_�f�y�� �k�b�]�g�Z�e�b�a�b�j�m�_�l�k�y��

�h�j�]�Z�g�Z�f�b�� �q�m�\�k�l�\�� �i�h�e�h�`�_�g�b�y�� �b�� �^�\�b�`�_�g�b�y���� �b�� �l�_�f���� �q�l�h�� �h�`�b�^�Z�_�l�k�y�� �g�Z�� �h�k�g�h�\�_��

�i�j�_�^�u�^�m�s�_�]�h�� �h�i�u�l�Z���� �D�e�_�j�f�h�g�l�� ��Klermont, ������������ �\�u�^�\�b�g�m�e�� �Z�g�Z�e�h�]�b�q�g�h�_��

�h�[�t�y�k�g�_�g�b�_���� �g�h�� �\�� �^�j�m�]�h�f�� �d�h�g�l�_�d�k�l�_���� �I�h�q�m�\�k�l�\�h�\�Z�\�� �l�h�r�g�h�l�m�� �\�� �d�b�g�h�l�_�Z�l�j�_�� �\��

�j�_�a�m�e�v�l�Z�l�_�� �i�j�h�k�f�h�l�j�Z�� �n�b�e�v�f�Z���� �k�g�y�l�h�]�h�� �k�� �a�Z�^�g�_�c�� �q�Z�k�l�b�� �j�Z�k�d�Z�q�b�\�Z�x�s�_�]�h�k�y��

�i�h�_�a�^�Z���� �h�g�� �m�l�\�_�j�`�^�Z�e���� �q�l�h�� �f�h�j�k�d�Z�y�� �[�h�e�_�a�g�v�� ���������\�u�a�\�Z�g�Z�� �g�_�i�j�b�\�u�q�g�u�f��

�d�h�g�n�e�b�d�l�h�f�� �f�_�`�^�m�� �h�s�m�s�_�g�b�y�f�b���� �h�[�u�q�g�h�� �k�h�q�_�l�Z�x�s�b�f�b�k�y�� �^�j�m�]�b�f�b��

�k�i�h�k�h�[�Z�f�b���� 

�L�_�h�j�b�y�� �k�_�g�k�h�j�g�h�]�h�� �d�h�g�n�e�b�d�l�Z�� �f�h�`�_�l�� �[�u�l�v�� �b�a�e�h�`�_�g�Z�� �\�� �n�h�j�f�_�� �^�\�m�o��

�i�h�k�u�e�h�d�����I�_�j�\�Z�y���a�Z�d�e�x�q�Z�_�l�k�y���\���l�h�f�����q�l�h���\�k�_���k�b�l�m�Z�p�b�b�����d�h�l�h�j�u�_���i�j�h�\�h�p�b�j�m�x�l��

�f�h�j�k�d�m�x�� �[�h�e�_�a�g�v���� �o�Z�j�Z�d�l�_�j�b�a�m�x�l�k�y�� �k�h�k�l�h�y�g�b�_�f�� �k�_�g�k�h�j�g�h�c�� �i�_�j�_�k�l�j�h�c�d�b���� �i�j�b��

�d�h�l�h�j�h�c���k�b�]�g�Z�e�u���^�\�b�`�_�g�b�y�����i�_�j�_�^�Z�\�Z�_�f�u�_���]�e�Z�a�Z�f�b�����\�_�k�l�b�[�m�e�y�j�g�h�c���k�b�k�l�_�f�h�c���b��

�g�_�\�_�k�l�b�[�m�e�y�j�g�u�f�b�� �i�j�h�i�j�b�h�p�_�i�l�h�j�Z�f�b���� �j�Z�k�o�h�^�y�l�k�y�� �^�j�m�]�� �k�� �^�j�m�]�h�f���� �Z����

�k�e�_�^�h�\�Z�l�_�e�v�g�h���� �k�� �l�_�f���� �q�l�h�� �h�`�b�^�Z�_�l�k�y�� �g�Z�� �h�k�g�h�\�_�� �h�i�u�l�Z�� �i�j�_�^�u�^�m�s�_�]�h��
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�\�a�Z�b�f�h�^�_�c�k�l�\�b�y���k���h�d�j�m�`�Z�x�s�_�c���k�j�_�^�h�c�����K�_�g�k�h�j�g�u�c���d�h�g�n�e�b�d�l���\�h�a�g�b�d�Z�_�l���f�_�`�^�m��

�g�Z�k�l�h�y�s�_�c�� �k�_�g�k�h�j�g�h�c�� �b�g�n�h�j�f�Z�p�b�_�c�� �b�� �b�g�n�h�j�f�Z�p�b�_�c���� �k�h�o�j�Z�g�_�g�g�h�c�� �b�a��

�g�_�i�h�k�j�_�^�k�l�\�_�g�g�h�]�h���i�j�h�r�e�h�]�h�����b�e�b���l�_�f�����q�l�h���O�_�e�^����Held, �������������g�Z�a�\�Z�e�����b�k�l�h�j�b�_�c��

�\�a�Z�b�f�h�^�_�c�k�l�\�b�y������ �L�h���� �q�l�h�� �d�h�g�n�e�b�d�l���� �\�h�a�g�b�d�Z�x�s�b�c�� �\�� �j�Z�f�d�Z�o�� �k�m�s�_�k�l�\�m�x�s�_�c��

�f�h�^�_�e�b�� �k�_�g�k�h�j�g�u�o�� �\�o�h�^�h�\���� �k�Z�f�� �i�h�� �k�_�[�_�� �g�_�^�h�k�l�Z�l�h�q�_�g���� �q�l�h�[�u�� �\�u�a�\�Z�l�v��

�m�d�Z�q�b�\�Z�g�b�_�����h�q�_�\�b�^�g�h���b�a���[�h�e�_�_���j�Z�g�g�_�]�h���g�Z�[�e�x�^�_�g�b�y�����>�e�b�l�_�e�v�g�h�_���\�h�a�^�_�c�k�l�\�b�_��

�i�j�h�\�h�p�b�j�m�x�s�_�]�h�� �k�l�b�f�m�e�Z�� �i�j�b�\�h�^�b�l�� �d�� �b�k�q�_�a�g�h�\�_�g�b�x�� �k�b�f�i�l�h�f�h�\���� �^�Z�`�_��

�g�_�k�f�h�l�j�y�� �g�Z�� �l�h���� �q�l�h�� �g�_�k�h�h�l�\�_�l�k�l�\�b�_�� �f�_�`�^�m�� �j�Z�a�e�b�q�g�u�f�b�� �b�k�l�h�q�g�b�d�Z�f�b��

�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�c�� �b�g�n�h�j�f�Z�p�b�b�� �k�h�o�j�Z�g�y�_�l�k�y���� �B�f�_�g�g�h�� �\�j�_�f�_�g�g�h�c�� �b�g�l�_�j�\�Z�e��

�f�_�`�^�m�� �g�Z�k�l�h�y�s�b�f�b�� �b�� �i�j�h�r�e�u�f�b�� �i�Z�l�l�_�j�g�Z�f�b�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�c�� �k�l�b�f�m�e�y�p�b�b��

�h�[�_�k�i�_�q�b�\�Z�_�l���k�\�y�a�v���f�_�`�^�m���k�_�g�k�h�j�g�h�c���i�_�j�_�k�l�j�h�c�d�h�c���b���a�Z�s�b�l�g�h�c���Z�^�Z�i�l�Z�p�b�_�c�� 

�<�l�h�j�Z�y���i�j�_�^�i�h�k�u�e�d�Z���w�l�h�c���l�_�h�j�b�b���a�Z�d�e�x�q�Z�_�l�k�y���\���l�h�f�����q�l�h���g�_�a�Z�\�b�k�b�f�h���h�l��

�l�h�]�h���� �d�Z�d�b�_�� �^�j�m�]�b�_�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�_�� �q�m�\�k�l�\�Z�� �y�\�e�y�x�l�k�y�� �q�Z�k�l�v�x�� �w�l�b�o��
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�k�b�e�u�� �l�y�`�_�k�l�b�� �b�� �a�Z�k�l�Z�\�e�y�_�l�� �h�l�h�e�b�l�u�� �f�_�f�[�j�Z�g�u�� �h�l�d�e�h�g�y�l�v�k�y�� �\�� �l�m�� �b�e�b�� �b�g�m�x��

�k�l�h�j�h�g�m�����I�j�b���w�l�h�f���h�g�b���a�Z�^�_�\�Z�x�l���\�h�e�h�k�d�b���j�_�p�_�i�l�h�j�g�u�o���d�e�_�l�h�d�����\�u�a�u�\�Z�y���i�h�l�h�d��

�g�_�j�\�g�u�o���b�f�i�m�e�v�k�h�\�����i�h�k�l�m�i�Z�x�s�b�o���i�h���\�_�k�l�b�[�m�e�y�j�g�h�f�m���g�_�j�\�m���\���d�h�j�m���]�h�e�h�\�g�h�]�h��

�f�h�a�]�Z�����<���k�b�e�m���w�l�h�]�h���k�q�b�l�Z�_�l�k�y�����q�l�h���j�_�p�_�i�l�h�j�u���i�j�_�^�^�\�_�j�b�y���g�_�k�m�l���b�g�n�h�j�f�Z�p�b�x��

�h���g�Z�i�j�Z�\�e�_�g�b�b���b���\�_�e�b�q�b�g�_���e�b�g�_�c�g�h�]�h���m�k�d�h�j�_�g�b�y���^�\�b�`�_�g�b�y���]�h�e�h�\�u���b�����b�e�b�����l�_�e�Z��

�q�_�e�h�\�_�d�Z�� 

�<�l�h�j�Z�y�� �q�Z�k�l�v�� �\�_�k�l�b�[�m�e�y�j�g�h�]�h�� �Z�i�i�Z�j�Z�l�Z�� �i�j�_�^�k�l�Z�\�e�_�g�Z�� �l�j�_�f�y��

�i�h�e�m�d�j�m�`�g�u�f�b���d�Z�g�Z�e�Z�f�b�����d�h�l�h�j�u�_���b�f�_�x�l���\�b�^���l�h�g�d�b�o�����^�b�Z�f�_�l�j�h�f���h�d�h�e�h�������f�f����

�^�m�]�h�h�[�j�Z�a�g�u�o�� �b�a�h�]�g�m�l�u�o�� �l�j�m�[�h�q�_�d���� �k�h�h�[�s�Z�x�s�b�o�k�y�� �k�� �i�j�_�^�^�\�_�j�b�_�f����

�I�h�e�m�d�j�m�`�g�u�_�� �d�Z�g�Z�e�u�� �j�Z�k�i�h�e�h�`�_�g�u�� �\�� �l�j�_�o�� �\�a�Z�b�f�g�h�� �i�_�j�i�_�g�^�b�d�m�e�y�j�g�u�o��

�i�e�h�k�d�h�k�l�y�o�����D�Z�`�^�u�c���b�a���w�l�b�o���d�Z�g�Z�e�h�\���\�u�o�h�^�b�l���b�a���m�l�j�b�d�m�e�x�k�Z�����w�e�e�b�i�l�b�q�_�k�d�h�]�h��

�f�_�r�h�q�d�Z�����b�����h�i�b�k�Z�\���^�\�_���l�j�_�l�b���^�m�]�b�����\�g�h�\�v���\���g�_�]�h���\�i�Z�^�Z�_�l�����j�Z�k�r�b�j�y�y�k�v���b���h�[�j�Z�a�m�y��

�g�Z�� �f�_�k�l�_�� �\�i�Z�^�_�g�b�y�� �Z�f�i�m�e�m���� �<�g�m�l�j�b�� �Z�f�i�m�e�u�� �_�k�l�v�� �g�_�[�h�e�v�r�h�c�� �\�u�k�l�m�i���²  

�]�j�_�[�_�r�h�d�����d�h�l�h�j�u�c���\�_�g�q�Z�_�l�k�y���d�m�i�h�e�h�f���²  �`�_�e�_�h�[�j�Z�a�g�h�c���k�l�j�m�d�l�m�j�h�c�����b�f�_�x�s�_�c��

�i�j�h�l�y�`�_�g�g�h�k�l�v���^�h���d�j�u�r�b���Z�f�i�m�e�u�����\���g�_�_���a�Z�o�h�^�y�l���\�h�e�h�k�d�b���j�_�p�_�i�l�h�j�g�u�o���d�e�_�l�h�d����

�Q�m�\�k�l�\�b�l�_�e�v�g�u�_�� �d�e�_�l�d�b�� �]�j�_�[�_�r�d�h�\�� �\�� �Z�f�i�m�e�Z�o�� �i�h�e�m�d�j�m�`�g�u�o�� �d�Z�g�Z�e�h�\��

�\�h�a�[�m�`�^�Z�x�l�k�y���i�j�b���^�\�b�`�_�g�b�y�o���w�g�^�h�e�b�f�n�u�����a�Z�i�h�e�g�y�x�s�_�c���d�Z�g�Z�e�u�����M�d�Z�a�Z�g�g�u�_��

�\�h�e�h�k�d�b�� �b�f�_�x�l�� �[�h�e�v�r�m�x�� �^�e�b�g�m���� �b�� �i�j�b�� �i�_�j�_�f�_�s�_�g�b�b�� �w�g�^�h�e�b�f�n�u����

�\�h�a�g�b�d�Z�x�s�_�f���\���j�_�a�m�e�v�l�Z�l�_���b�a�f�_�g�_�g�b�y���i�h�e�h�`�_�g�b�y���l�_�e�Z���\���i�j�h�k�l�j�Z�g�k�l�\�_�����\�g�m�l�j�b��

�d�Z�g�Z�e�h�\�� �i�j�h�b�k�o�h�^�b�l�� �b�o�� �k�f�_�s�_�g�b�_���� �q�l�h�� �h�[�m�k�e�h�\�e�b�\�Z�_�l�� �j�Z�a�^�j�Z�`�_�g�b�_��

�\�_�k�l�b�[�m�e�y�j�g�h�]�h�� �g�_�j�\�Z���� �J�_�p�_�i�l�h�j�u�� �i�h�e�m�d�j�m�`�g�u�o�� �d�Z�g�Z�e�h�\�� �m�q�Z�k�l�\�m�x�l��

�i�j�_�b�f�m�s�_�k�l�\�_�g�g�h�� �\�� �\�h�k�i�j�b�y�l�b�b�� �d�j�m�]�h�\�h�]�h�� �k�h�[�k�l�\�_�g�g�h�]�h�� �^�\�b�`�_�g�b�y����

�<�j�Z�s�Z�l�_�e�v�g�u�_�� �^�\�b�`�_�g�b�y�� �q�_�e�h�\�_�d�Z�� �h�[�m�k�e�h�\�e�b�\�Z�x�l�� �d�h�e�_�[�Z�g�b�y�� �w�g�^�h�e�b�f�n�u�� �\��

�i�h�e�m�d�j�m�`�g�h�f���d�Z�g�Z�e�_�����i�e�h�k�d�h�k�l�v���d�h�l�h�j�h�]�h���k�h�h�l�\�_�l�k�l�\�m�_�l���i�e�h�k�d�h�k�l�b���^�\�b�`�_�g�b�y����

�<�� �j�_�a�m�e�v�l�Z�l�_�� �i�j�h�b�k�o�h�^�b�l�� �j�Z�a�^�j�Z�`�_�g�b�_�� �q�m�\�k�l�\�b�l�_�e�v�g�u�o�� �\�h�e�h�k�d�h�\�u�o�� �g�_�j�\�g�u�o��

�d�e�_�l�h�d�� �\�� �k�h�h�l�\�_�l�k�l�\�m�x�s�_�f�� �i�h�e�m�d�j�m�`�g�h�f�� �d�Z�g�Z�e�_���� �d�h�l�h�j�h�_�� �l�Z�d�`�_��

�j�Z�k�i�j�h�k�l�j�Z�g�y�_�l�k�y�� �i�h�� �i�j�h�\�h�^�y�s�b�f�� �i�m�l�y�f�� �\�_�k�l�b�[�m�e�y�j�g�h�c�� �k�b�k�l�_�f�u�� �\�� �d�h�j�m��

�]�h�e�h�\�g�h�]�h���f�h�a�]�Z�� 
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�<�_�k�l�b�[�m�e�y�j�g�u�c���Z�i�i�Z�j�Z�l���m�e�Z�\�e�b�\�Z�_�l���b���j�_�]�m�e�b�j�m�_�l���^�\�b�`�_�g�b�_���l�_�e�Z���\�h���\�k�_�o��

�g�Z�i�j�Z�\�e�_�g�b�y�o�� �\�� �l�j�_�o�� �i�e�h�k�d�h�k�l�y�o���� �<�� �i�h�e�v�a�m�� �\�d�e�Z�^�Z�� �\�_�k�l�b�[�m�e�y�j�g�h�c�� �k�b�k�l�_�f�u�� �\��

�i�j�h�p�_�k�k���\�h�k�i�j�b�y�l�b�y���k�h�[�k�l�\�_�g�g�h�]�h���^�\�b�`�_�g�b�y���]�h�\�h�j�y�l���f�g�h�]�b�_���n�Z�d�l�u�����G�Z�i�j�b�f�_�j����

�e�x�^�b�� �k�� �g�_�^�h�j�Z�a�\�b�l�u�f�� �b�e�b�� �i�h�j�Z�`�_�g�g�u�f�� �\�� �j�_�a�m�e�v�l�Z�l�_�� �d�Z�d�h�c-�e�b�[�h�� �[�h�e�_�a�g�b��

�\�_�k�l�b�[�m�e�y�j�g�u�f�� �Z�i�i�Z�j�Z�l�h�f�� �f�h�]�m�l�� �h�i�j�_�^�_�e�y�l�v�� �g�Z�q�Z�e�h�� �b�� �d�h�g�_�p�� �l�h�]�h�� �b�e�b�� �b�g�h�]�h��

�^�\�b�`�_�g�b�y���l�h�e�v�d�h���i�h���j�_�a�d�b�f���l�h�e�q�d�Z�f�����<���h�^�g�h�f���b�a���w�d�k�i�_�j�b�f�_�g�l�h�\���Z�g�]�e�b�c�k�d�h�]�h��

�m�q�_�g�h�]�h�� �>�`�_�n�n�j�b�� �M�h�e�r�Z��(Welsch et al., 2010) �[�u�e�h�� �i�h�d�Z�a�Z�g�h���� �q�l�h�� �m�� �]�e�m�o�b�o��

�b�k�i�u�l�m�_�f�u�o�� �k�� �\�_�k�l�b�[�m�e�y�j�g�u�f�b�� �g�Z�j�m�r�_�g�b�y�f�b�� �i�h�j�h�]�� �h�[�g�Z�j�m�`�_�g�b�y��

�g�Z�i�j�Z�\�e�_�g�b�y�� �k�h�[�k�l�\�_�g�g�u�o�� �^�\�b�`�_�g�b�c�� �\�� �g�_�k�d�h�e�v�d�h�� �j�Z�a�� �g�b�`�_�� �i�h�� �k�j�Z�\�g�_�g�b�x�� �k�h��

�a�^�h�j�h�\�u�f�b�� �b�k�i�u�l�m�_�f�u�f�b���� �M�k�l�Z�g�h�\�d�Z���� �b�k�i�h�e�v�a�m�_�f�Z�y�� �\�� �w�d�k�i�_�j�b�f�_�g�l�_����

�i�j�_�^�k�l�Z�\�e�y�e�Z�� �k�h�[�h�c�� �g�h�k�b�e�d�b�� �g�Z�� �k�\�h�[�h�^�g�h�f�� �i�h�^�\�_�k�_���� �b�f�_�x�s�_�f�� �^�\�_�� �k�l�_�i�_�g�b��

�k�\�h�[�h�^�u���� �B�k�i�u�l�m�_�f�u�c���� �i�h�f�_�s�z�g�g�u�c�� �g�Z�� �g�h�k�b�e�d�b���� �^�h�e�`�_�g�� �[�u�e�� �h�i�j�_�^�_�e�b�l�v��

�g�Z�i�j�Z�\�e�_�g�b�_�����\���d�h�l�h�j�h�f���h�k�m�s�_�k�l�\�e�y�e�h�k�v���_�]�h���i�_�j�_�^�\�b�`�_�g�b�_���²  �i�j�h�^�h�e�v�g�h�_���b�e�b��

�i�h�i�_�j�_�q�g�h�_���� �N�b�d�k�b�j�h�\�Z�e�Z�k�v�� �Z�f�i�e�b�l�m�^�Z�� �j�Z�k�d�Z�q�b�\�Z�g�b�c���� �i�j�b�� �d�h�l�h�j�h�c��

�i�j�h�b�k�o�h�^�b�e�Z�� �^�_�l�_�d�p�b�y�� �g�Z�i�j�Z�\�e�_�g�b�y�� �^�\�b�`�_�g�b�y���� �L�Z�d�`�_�� �h�� �\�e�b�y�g�b�b��

�\�_�k�l�b�[�m�e�y�j�g�h�c���k�b�k�l�_�f�u���g�Z���i�j�h�p�_�k�k���\�h�k�i�j�b�y�l�b�y���k�h�[�k�l�\�_�g�g�h�]�h���^�\�b�`�_�g�b�y���f�h�`�_�l��

�k�\�b�^�_�l�_�e�v�k�l�\�h�\�Z�l�v�� �l�Z�d�� �g�Z�a�u�\�Z�_�f�Z�y�� �[�h�e�_�a�g�v�� �^�\�b�`�_�g�b�y�� ���b�g�Z�q�_���²  �d�b�g�_�l�h�a������

�D�b�g�_�l�h�a�� �\�h�a�g�b�d�Z�_�l�� �i�j�b�� �^�_�c�k�l�\�b�b�� �g�Z�� �h�j�]�Z�g�b�a�f�� �[�h�e�_�_�� �b�e�b�� �f�_�g�_�_��

�i�j�h�^�h�e�`�b�l�_�e�v�g�u�o�� �b�� �b�a�f�_�g�y�x�s�b�o�k�y�� �m�k�d�h�j�_�g�b�c���� �H�^�g�h�� �b�a�� �]�e�Z�\�g�u�o���m�k�e�h�\�b�c��

�d�b�g�_�l�h�a�Z���²  �w�l�h���i�Z�k�k�b�\�g�h�_���^�\�b�`�_�g�b�_�� 

�<�_�k�l�b�[�m�e�y�j�g�Z�y�� �k�b�k�l�_�f�Z���± �h�^�g�Z�� �b�a�� �k�Z�f�u�o�� �^�j�_�\�g�b�o�� �k�_�g�k�h�j�g�u�o�� �k�b�k�l�_�f��

�q�_�e�h�\�_�d�Z�� �b�� �`�b�\�h�l�g�u�o���� �h�^�g�Z�d�h���� �g�_�k�f�h�l�j�y�� �g�Z�� �w�l�h���� �i�_�j�\�u�_�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�_��

�j�Z�[�h�l�u���� �k�\�y�a�Z�g�g�u�_�� �k�� �b�a�m�q�_�g�b�_�f�� �n�m�g�d�p�b�b�� �\�_�k�l�b�[�m�e�y�j�g�h�]�h�� �Z�i�i�Z�j�Z�l�Z���� �[�u�e�b��

�h�i�m�[�e�b�d�h�\�Z�g�u�� �e�b�r�v�� �\�� ������ �\�_�d�_���� �I���� �N�e�m�j�Z�g�k�� ��Flourens���� ������������ �i�j�h�\�h�^�b�e��

�w�d�k�i�_�j�b�f�_�g�l�u���� �\�� �d�h�l�h�j�u�o�� �h�g�� �j�Z�a�j�m�r�Z�e�� �\�_�k�l�b�[�m�e�y�j�g�u�c�� �Z�i�i�Z�j�Z�l�� �`�b�\�h�l�g�u�o�� �b��

�g�Z�[�e�x�^�Z�e�� �i�h�\�h�j�h�l�� �l�_�e�Z�� �\�k�_�]�h�� �`�b�\�h�l�g�h�]�h�� �\�� �h�^�g�m�� �k�l�h�j�h�g�m���� �N���� �=�h�e�v�p�� ��Goltz, 

�������������� �d�h�l�h�j�u�c�� �i�j�h�\�h�^�b�e �Z�g�Z�l�h�f�b�q�_�k�d�b�_�� �b�k�k�e�_�^�h�\�Z�g�b�y���� �\�u�^�\�b�g�m�e��

�i�j�_�^�i�h�e�h�`�_�g�b�_���� �q�l�h�� �i�h�e�m�d�j�m�`�g�u�_�� �d�Z�g�Z�e�u���± �k�i�_�p�b�Z�e�v�g�u�_�� �j�_�p�_�i�l�h�j�u����

�q�m�\�k�l�\�b�l�_�e�v�g�u�_���d���i�h�\�h�j�h�l�Z�f���]�h�e�h�\�u�����>�`�����;�j�_�c�_�j����Breuer�������������������W�����F�Z�o����Mach, 

������������ �b�� �:���� �D�j�Z�f�� �;�j�Z�m�g�� ��Crum Brown���� ������������ �i�j�_�^�i�h�e�h�`�b�e�b���� �q�l�h��
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�\�h�k�i�j�b�g�b�f�Z�_�f�u�f�� �i�Z�j�Z�f�_�l�j�h�f�� �\�h�� �\�j�_�f�y�� �\�j�Z�s�_�g�b�y�� �y�\�e�y�_�l�k�y�� �m�k�d�h�j�_�g�b�_���� �b�� �h�g�b��

�j�_�r�b�l�_�e�v�g�h�� �i�h�^�^�_�j�`�Z�e�b�� �]�b�i�h�l�_�a�m�� �h�� �l�h�f���� �q�l�h�� �k�i�_�p�b�Z�e�v�g�u�f�� �h�j�]�Z�g�h�f�� �^�e�y��

�\�h�k�i�j�b�y�l�b�y���m�k�d�h�j�_�g�b�y���y�\�e�y�_�l�k�y���\�_�k�l�b�[�m�e�y�j�g�Z�y���k�b�k�l�_�f�Z�����<�������������]�h�^�m���J�����;�Z�j�Z�g�b��

�m�^�h�k�l�h�b�e�k�y�� �G�h�[�_�e�_�\�k�d�h�c�� �i�j�_�f�b�b�� �i�h�� �n�b�a�b�h�e�h�]�b�b�� �b�� �f�_�^�b�p�b�g�_�� �a�Z�� �b�a�m�q�_�g�b�_��

�\�_�k�l�b�[�m�e�y�j�g�u�o�� �j�Z�k�k�l�j�h�c�k�l�\�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �d�Z�e�h�j�b�q�_�k�d�h�c�� �k�l�b�f�m�e�y�p�b�b��

�\�_�k�l�b�[�m�e�y�j�g�h�]�h���Z�i�i�Z�j�Z�l�Z�����d�h�]�^�Z���\���m�r�g�h�c���d�Z�g�Z�e���i�Z�p�b�_�g�l�Z���\�\�h�^�b�l�k�y���l�_�i�e�Z�y���b�e�b��

�o�h�e�h�^�g�Z�y�� �\�h�^�Z���� �i�h�e�m�d�j�m�`�g�u�_�� �d�Z�g�Z�e�u�� �k�l�b�f�m�e�b�j�m�x�l�k�y���� �b�� �m�� �g�_�]�h�� �\�h�a�g�b�d�Z�x�l��

�k�b�e�v�g�u�_�� �\�_�k�l�b�[�m�e�y�j�g�u�_�� �k�b�f�i�l�h�f�u�� ��Lopez, Blanke���� �������������� �I�Z�p�b�_�g�l�� �\�h�� �\�j�_�f�y��

�d�Z�e�h�j�b�q�_�k�d�h�c�� �k�l�b�f�m�e�y�p�b�b�� �g�Z�o�h�^�b�l�k�y�� �\�� �]�h�j�b�a�h�g�l�Z�e�v�g�h�f�� �i�h�e�h�`�_�g�b�b���� �l�h�� �_�k�l�v��

�]�h�e�h�\�Z���^�h�e�`�g�Z���[�u�l�v���j�Z�k�i�h�e�h�`�_�g�Z���l�Z�d�����q�l�h�[�u���]�h�j�b�a�h�g�l�Z�e�v�g�u�c���d�Z�g�Z�e���g�Z�o�h�^�b�e�k�y��

�\�� �\�_�j�l�b�d�Z�e�v�g�h�c�� �i�e�h�k�d�h�k�l�b�� ���J�b�k���� ��2) (Bell, 2019). �B�g�n�h�j�f�Z�p�b�y���� �i�h�e�m�q�Z�_�f�Z�y 

�\�_�k�l�b�[�m�e�y�j�g�h�c���k�b�k�l�_�f�h�c�����y�\�e�y�_�l�k�y���n�m�g�^�Z�f�_�g�l�Z�e�v�g�h�c�����h�g�Z���i�j�y�f�h���b�e�b���d�h�k�\�_�g�g�h��

�\�h�a�^�_�c�k�l�\�m�_�l�� �g�Z�� �^�j�m�]�b�_�� �k�b�k�l�_�f�u���± �i�_�j�p�_�i�l�b�\�g�m�x���� �]�e�Z�a�h�^�\�b�]�Z�l�_�e�v�g�m�x����

�i�h�k�l�m�j�Z�e�v�g�m�x�����\�_�]�_�l�Z�l�b�\�g�m�x�����Z���l�Z�d�`�_���d�h�]�g�b�l�b�\�g�m�x�� 

 

�J�b�k�m�g�h�d��22 - �D�Z�e�h�j�b�q�_�k�d�Z�y���i�j�h�[�Z����Bell, 2019) 

 

�D�� �h�k�g�h�\�g�u�f�� �k�l�j�m�d�l�m�j�Z�f���� �\�f�_�k�l�_�� �h�[�j�Z�a�m�x�s�b�f�� �\�_�k�l�b�[�m�e�y�j�g�m�x�� �k�b�k�l�_�f�m����

�f�h�`�g�h�� �h�l�g�_�k�l�b�� �i�_�j�b�n�_�j�b�q�_�k�d�b�c�� �h�j�]�Z�g�� ���J�b�k����23������ �k�h�k�l�h�y�s�b�c�� �b�a�� �l�j�_�o 

�i�h�e�m�d�j�m�`�g�u�o�� �d�Z�g�Z�e�h�\�� �b�� �h�l�h�e�b�l�h�\���� �d�h�l�h�j�u�_�� �j�Z�k�i�h�e�h�`�_�g�u�� �\�� �e�_�\�h�c�� �b�� �i�j�Z�\�h�c��

�\�b�k�h�q�g�h�c�� �d�h�k�l�y�o���� �\�_�k�l�b�[�m�e�y�j�g�u�_�� �g�_�j�\�u���� �\�_�k�l�b�[�m�e�y�j�g�u�_�� �y�^�j�Z�����\�_�k�l�b�[�m�e�h-

�f�h�a�`�_�q�d�h�\�m�x�� �h�[�e�Z�k�l�v���� �Z�� �l�Z�d�`�_�� �\�_�k�l�b�[�m�e�y�j�g�m�x�� �d�h�j�m�� ��Bronstein, 2014). 

�G�_�c�j�h�Z�g�Z�l�h�f�b�q�_�k�d�b�_���f�h�^�_�e�b���\�_�k�l�b�[�m�e�y�j�g�h�c���k�b�k�l�_�f�u���\���h�k�g�h�\�g�h�f���k�h�a�^�Z�x�l�k�y���k��

�i�h�f�h�s�v�x�� �j�Z�a�e�b�q�g�u�o�� �f�_�l�h�^�h�\�� �k�l�j�m�d�l�m�j�g�h�c�� �b�� �n�m�g�d�p�b�h�g�Z�e�v�g�h�c��



150 
 
�g�_�c�j�h�\�b�a�m�Z�e�b�a�Z�p�b�b���� �Z�� �l�Z�d�`�_�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �k�l�b�f�m�e�y�p�b�b�� �]�h�e�h�\�g�h�]�h�� �f�h�a�]�Z��

���g�Z�i�j�b�f�_�j�����]�Z�e�v�\�Z�g�b�q�_�k�d�h�c���b�e�b���d�Z�e�h�j�b�q�_�k�d�h�c���k�l�b�f�m�e�y�p�b�c�������D�Z�d���[�u�e�h���k�d�Z�a�Z�g�h����

�\�_�k�l�b�[�m�e�y�j�g�Z�y�� �q�Z�k�l�v�� �\�g�m�l�j�_�g�g�_�]�h�� �m�o�Z�� �k�h�k�l�h�b�l�� �b�a���h�l�h�e�b�l�h�\�u�o���h�j�]�Z�g�h�\�� �b�� �l�j�_�o��

�i�h�e�m�d�j�m�`�g�u�o�� �d�Z�g�Z�e�h�\���� �h�l�h�e�b�l�u�� �q�m�\�k�l�\�b�l�_�e�v�g�u�� �d�� �e�b�g�_�c�g�h�f�m�� �m�k�d�h�j�_�g�b�x���� �Z��

�i�h�e�m�d�j�m�`�g�u�_���d�Z�g�Z�e�u���± �d���d�j�m�]�h�\�h�f�m�����H�l�h�e�b�l�u���± �h�\�Z�e�v�g�u�c���f�_�r�h�q�_�d���b���d�j�m�]�e�u�c��

�f�_�r�h�q�_�d���� �h�j�l�h�]�h�g�Z�e�v�g�h�� �j�Z�k�i�h�e�h�`�_�g�u�� �i�h�� �[�h�d�Z�f�� �]�h�e�h�\�u���� �H�[�Z�� �w�l�b�� �h�j�]�Z�g�Z��

�k�h�^�_�j�`�Z�l�� �k�_�g�k�h�j�g�u�c�� �w�i�b�l�_�e�b�c���± �f�Z�d�m�e�m���� �d�h�l�h�j�Z�y�� �k�h�k�l�h�b�l�� �b�a�� �\�h�e�h�k�d�h�\�u�o��

�j�_�p�_�i�l�h�j�h�\���b���k�\�y�a�Z�g�g�u�o���k���g�b�f�b���\�k�i�h�f�h�]�Z�l�_�e�v�g�u�o���d�e�_�l�h�d�����I�h�\�_�j�o���\�h�e�h�k�d�h�\�u�o��

�d�e�_�l�h�d���g�Z�o�h�^�b�l�k�y���`�_�e�_�h�[�j�Z�a�g�u�c���k�e�h�c�����g�Z�^���d�h�l�h�j�u�f���j�Z�k�i�h�e�h�`�_�g�Z���\�h�e�h�d�g�b�k�l�Z�y��

�k�l�j�m�d�l�m�j�Z���� �h�l�h�e�b�l�h�\�Z�y�� �f�_�f�[�j�Z�g�Z���� �\�� �d�h�l�h�j�m�x�� �\�k�l�j�h�_�g�u�� �d�j�b�k�l�Z�e�e�u�� �d�Z�j�[�h�g�Z�l�Z��

�d�Z�e�v�p�b�y���� �d�h�l�h�j�u�_�� �g�Z�a�u�\�Z�x�l�k�y�� �h�l�h�d�h�g�b�y���� �h�l�k�x�^�Z�� �i�j�h�b�k�o�h�^�b�l�� �g�Z�a�\�Z�g�b�_��

�h�l�h�e�b�l�h�\�� ���h�l�� �]�j�_�q�_�k�d�h�]�h�� �©�m�r�g�u�_�� �d�Z�f�g�b�ª���� ��Purves et al������ �������������� �H�l�h�e�b�l�u��

�q�m�\�k�l�\�b�l�_�e�v�g�u�� �d�� �e�b�g�_�c�g�h�f�m�� �m�k�d�h�j�_�g�b�x�� �b�f�_�g�g�h�� �a�Z�� �k�q�z�l�� �k�f�_�s�_�g�b�y�� �f�_�e�d�b�o��

�q�Z�k�l�b�p�� �d�Z�j�[�h�g�Z�l�Z�� �d�Z�e�v�p�b�y���� �g�Z�o�h�^�y�s�b�o�k�y�� �g�Z�� �\�h�e�h�k�d�h�\�u�o�� �j�_�p�_�i�l�h�j�Z�o�� ��Waller, 

Nadel�������������������I�h�e�m�d�j�m�`�g�u�_���d�Z�g�Z�e�u���\�h�k�i�j�b�g�b�f�Z�x�l���\�j�Z�s�Z�l�_�e�v�g�u�_���d�h�f�i�h�g�_�g�l�u��

�^�\�b�`�_�g�b�y���� �d�h�l�h�j�u�_�� �\�h�a�g�b�d�Z�x�l �e�b�[�h�� �b�a-�a�Z�� �\�j�Z�s�_�g�b�c�� �]�h�e�h�\�u���� �e�b�[�h�� �b�a-�a�Z��

�m�]�e�h�\�u�o�� �m�k�d�h�j�_�g�b�c�� �]�h�e�h�\�u���� �\�u�a�\�Z�g�g�u�o�� �\�g�_�r�g�b�f�b�� �k�b�e�Z�f�b���� �L�j�b�� �i�Z�j�u��

�i�h�e�m�d�j�m�`�g�u�o�� �d�Z�g�Z�e�h�\�� ���i�_�j�_�^�g�b�c���� �a�Z�^�g�b�c�� �b�� �]�h�j�b�a�h�g�l�Z�e�v�g�u�c���� �j�Z�k�i�h�e�h�`�_�g�u��

�k�b�f�f�_�l�j�b�q�g�h�� �b�� �j�Z�[�h�l�Z�x�l�� �k�e�_�^�m�x�s�b�f�� �h�[�j�Z�a�h�f���� �d�Z�`�^�u�c�� �d�Z�g�Z�e�� �q�m�\�k�l�\�b�l�_�e�_�g��

�l�h�e�v�d�h�� �d�� �h�i�j�_�^�_�e�_�g�g�u�f�� �k�l�b�f�m�e�Z�f���� �g�Z�i�j�b�f�_�j���� �i�j�Z�\�u�c�� �]�h�j�b�a�h�g�l�Z�e�v�g�u�c��

�i�h�e�m�d�j�m�`�g�u�c�� �d�Z�g�Z�e�� �k�l�b�f�m�e�b�j�m�_�l�k�y�� �i�j�b�� �i�h�\�h�j�h�l�Z�o�� �]�h�e�h�\�u�� �\�i�j�Z�\�h���� �e�_�\�u�c��

�]�h�j�b�a�h�g�l�Z�e�v�g�u�c�� �i�h�e�m�d�j�m�`�g�u�c�� �d�Z�g�Z�e�� �k�l�b�f�m�e�b�j�m�_�l�k�y�� �i�j�b�� �i�h�\�h�j�h�l�Z�o�� �]�h�e�h�\�u��

�\�e�_�\�h�� ���'�Dy���� �)�L�]�S�D�W�U�L�F�N���� �������������� �L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �i�_�j�b�n�_�j�b�q�_�k�d�Z�y�� �q�Z�k�l�v��

�\�_�k�l�b�[�m�e�y�j�g�h�c�� �k�b�k�l�_�f�u�� �\�d�e�x�q�Z�_�l�� �k�l�j�m�d�l�m�j�u�� �\�g�m�l�j�_�g�g�_�]�h�� �m�o�Z���� �k�h�k�l�h�y�s�_�_�� �b�a��

�g�_�[�h�e�v�r�b�o���e�b�g�_�c�g�u�o���Z�d�k�_�e�_�j�h�f�_�l�j�h�\���b���^�Z�l�q�b�d�h�\���m�]�e�h�\�h�c���k�d�h�j�h�k�l�b�����d�h�l�h�j�u�_��

�g�_�i�j�_�j�u�\�g�h�� �i�_�j�_�^�Z�x�l�� �b�g�n�h�j�f�Z�p�b�x�� �h�� �^�\�b�`�_�g�b�y�o�� �b�� �i�h�e�h�`�_�g�b�b�� �]�h�e�h�\�u�� �\��

�b�g�l�_�]�j�Z�l�b�\�g�u�_���p�_�g�l�j�u���k�l�\�h�e�Z�����f�h�a�`�_�q�d�Z���b���d�h�j�u���]�h�e�h�\�g�h�]�h���f�h�a�]�Z���� 
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�J�b�k�m�g�h�d��23 - �K�l�j�h�_�g�b�_���\�_�k�l�b�[�m�e�y�j�g�h�]�h���Z�i�i�Z�j�Z�l�Z�����J�h�_�g���b���^�j���������������� 

�P�_�g�l�j�Z�e�v�g�Z�y�� �q�Z�k�l�v�� �\�_�k�l�b�[�m�e�y�j�g�h�c�� �k�b�k�l�_�f�u�� �\�d�e�x�q�Z�_�l�� �\�_�k�l�b�[�m�e�y�j�g�u�_��

�y�^�j�Z���� �d�h�l�h�j�u�_�� �b�f�_�x�l�� �h�[�r�b�j�g�u�_�� �k�\�y�a�b�� �k�h�� �k�l�\�h�e�h�f�� �f�h�a�]�Z�� �b�� �f�h�a�`�_�q�d�h�\�u�f�b��

�k�l�j�m�d�l�m�j�Z�f�b�����J�b�k����24) (Herdman, Clendaniel, 2014). �<�_�k�l�b�[�m�e�y�j�g�u�_���y�^�j�Z���l�Z�d�`�_ 

�b�g�g�_�j�\�b�j�m�x�l���f�h�l�h�j�g�u�_���g�_�c�j�h�g�u�����d�h�g�l�j�h�e�b�j�m�x�s�b�_���w�d�k�l�j�Z�h�d�m�e�y�j�g�u�_�����r�_�c�g�u�_��

�b�� �i�h�k�l�m�j�Z�e�v�g�u�_�� �f�u�r�p�u���� �d�h�l�h�j�u�_�� �h�[�_�k�i�_�q�b�\�Z�_�l�� �k�l�Z�[�b�e�b�a�Z�p�b�x�� �\�a�]�e�y�^�Z����

�h�j�b�_�g�l�Z�p�b�x�� �]�h�e�h�\�u�� �b�� �i�h�^�^�_�j�`�Z�g�b�_�� �i�h�a�u�� �\�h�� �\�j�_�f�y�� �^�\�b�`�_�g�b�y�� ��Purves et al., 

2018).  

 

�J�b�k�m�g�h�d��24 - �K�l�\�h�e�h�\�u�_���b���f�h�a�`�_�q�d�h�\�u�_���k�\�y�a�b���\�_�k�l�b�[�m�e�y�j�g�u�o���y�^�_�j����Herdman, 
Clendaniel, 2014) 
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�>�\�b�`�_�g�b�y�� �]�e�Z�a�� �b�� �]�h�e�h�\�u���� �h�[�m�k�e�h�\�e�_�g�g�u�_�� �j�Z�[�h�l�h�c�� �\�_�k�l�b�[�m�e�y�j�g�h�c��

�k�b�k�l�_�f�u�����h�[�u�q�g�h���]�j�m�i�i�b�j�m�x�l�k�y���\���l�j�b���d�Z�l�_�]�h�j�b�b���j�_�n�e�_�d�k�h�\�� 

�x �\�_�k�l�b�[�m�e�h-�k�i�b�g�Z�e�v�g�u�c���j�_�n�e�_�d�k���� �d�h�l�h�j�u�c�� �j�_�]�m�e�b�j�m�_�l�� �f�u�r�_�q�g�u�c�� �l�h�g�m�k��

�d�h�g�_�q�g�h�k�l�_�c���b���l�m�e�h�\�b�s�Z�� 

�x �\�_�k�l�b�[�m�e�h-�r�_�c�g�u�c���j�_�n�e�_�d�k�����m�q�Z�k�l�\�m�x�s�b�c���\���^�\�b�`�_�g�b�b���]�h�e�h�\�u���b���r�_�b�� 

�x �\�_�k�l�b�[�m�e�h-�h�d�m�e�y�j�g�u�c�� �j�_�n�e�_�d�k�� ���<�H�J������ �d�h�l�h�j�u�c�� �k�l�Z�[�b�e�b�a�b�j�m�_�l��

�i�h�e�h�`�_�g�b�_���]�e�Z�a���\�h���\�j�_�f�y���^�\�b�`�_�g�b�c���]�h�e�h�\�u�� 

�>�e�y���h�i�h�k�j�_�^�k�l�\�h�\�Z�g�b�y���<�H�J���\�_�k�l�b�[�m�e�y�j�g�u�_���i�m�l�b���i�j�h�o�h�^�y�l���h�l���e�Z�[�b�j�b�g�l�Z���b��

�\�h�k�v�f�h�]�h�� �g�_�j�\�Z�� �q�_�j�_�a�� �i�h�g�l�h-�f�_�^�m�e�e�y�j�g�u�_�� �\�_�k�l�b�[�m�e�y�j�g�u�_�� �y�^�j�Z�� �k�d�\�h�a�v��

�\�h�k�o�h�^�y�s�b�_���\�h�e�h�d�g�Z���d���]�e�Z�a�h�^�\�b�]�Z�l�_�e�v�g�u�f���y�^�j�Z�f�����b���d�Z�d���l�h�e�v�d�h���h�g�b���^�h�k�l�b�]�Z�x�l��

�g�Z�^�t�y�^�_�j�g�u�_�� �d�h�h�j�^�b�g�Z�p�b�h�g�g�u�_�� �p�_�g�l�j�u�� �]�e�Z�a�� �b�� �]�h�e�h�\�u�� �\�� �k�l�\�h�e�_�� �f�h�a�]�Z�� �b��

�l�Z�e�Z�f�m�k�_���� �h�g�b���� �\�_�j�h�y�l�g�_�_�� �\�k�_�]�h���� �i�j�h�_�p�b�j�m�x�l�k�y�� �g�Z�� �f�m�e�v�l�b�k�_�g�k�h�j�g�u�_�� �h�[�e�Z�k�l�b��
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�j�_�n�e�_�d�k�u�����k�\�y�a�Z�g�u���k���b�g�l�_�]�j�Z�p�b�_�c���k�b�]�g�Z�e�h�\���d�Z�d���h�l���h�l�h�e�b�l�h�\�u�o���h�j�]�Z�g�h�\�����l�Z�d���b��

�i�h�e�m�d�j�m�`�g�u�o���d�Z�g�Z�e�h�\�����?�s�_���h�^�g�b�f���\�Z�`�g�u�f���h�l�e�b�q�b�_�f���<�K�J���h�l���^�j�m�]�b�o���y�\�e�y�_�l�k�y��

�l�h���� �q�l�h�� �^�e�y�� �i�h�e�m�q�_�g�b�y�� �j�_�Z�d�p�b�b�� �\�Z�`�g�Z�� �Z�f�i�e�b�l�m�^�Z�� �^�\�b�`�_�g�b�y�� �]�h�e�h�\�u���� �l���_���� �_�k�e�b��

�\�_�k�l�b�[�m�e�h�k�i�b�g�Z�e�v�g�u�_�� �b�e�b�� �\�_�k�l�b�[�m�e�h�h�d�m�e�y�j�g�u�_�� �j�_�n�e�_�d�k�u�� �a�Z�i�m�k�d�Z�x�l�k�y�� �i�j�b��

�i�h�\�h�j�h�l�Z�o���]�h�e�h�\�u���\�k�_�]�h���g�Z���g�_�k�d�h�e�v�d�h���]�j�Z�^�m�k�h�\�����l�h���<�K�J���a�Z�i�m�k�d�Z�_�l�k�y���l�h�e�v�d�h���i�j�b��

�h�q�_�g�v���[�h�e�v�r�h�c���Z�f�i�e�b�l�m�^�_���� 

�?�s�_�� �[�h�e�v�r�b�c�� �b�g�l�_�j�_�k�� �\�u�a�u�\�Z�_�l�� �k�\�y�a�v�� �\�_�k�l�b�[�m�e�y�j�g�h�c�� �k�b�k�l�_�f�u�� �k�h��

�k�e�h�`�g�u�f�b�� �\�_�]�_�l�Z�l�b�\�g�u�f�b�� �j�_�Z�d�p�b�y�f�b���� �g�Z�i�j�b�f�_�j���� �l�_�f�b���� �d�h�l�h�j�u�_�� �k�\�y�a�Z�g�u�� �k��

�l�j�_�\�h�`�g�u�f�b�� �j�Z�k�k�l�j�h�c�k�l�\�Z�f�b���� �^�Z�e�v�g�_�c�r�b�_�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �i�h�d�Z�a�Z�e�b���� �q�l�h�� �j�h�e�v��

�\�_�k�l�b�[�m�e�y�j�g�h�c�� �k�b�k�l�_�f�u�� �\�� �\�_�]�_�l�Z�l�b�\�g�h�c�� �j�_�]�m�e�y�p�b�b�� �\�u�o�h�^�b�l�� �^�Z�e�_�d�h�� �a�Z�� �j�Z�f�d�b��
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�j�_�n�e�_�d�k�b�\�g�h�]�h�� �d�h�g�l�j�h�e�y�� �Z�j�l�_�j�b�Z�e�v�g�h�]�h�� �^�Z�\�e�_�g�b�y�� ��Balaban, 2002, Balaban, 

Thayer�������������������M���i�Z�p�b�_�g�l�h�\�����d�h�l�h�j�u�_���b�k�i�u�l�u�\�Z�x�l���k�b�f�i�l�h�f�u���]�h�e�h�\�h�d�j�m�`�_�g�b�y����

�q�Z�k�l�h���i�j�h�y�\�e�y�x�l�k�y���k�b�f�i�l�h�f�u���l�j�_�\�h�`�g�u�o���j�Z�k�k�l�j�h�c�k�l�\�����\���h�k�h�[�_�g�g�h�k�l�b�����d�h�l�h�j�u�_��

�\�u�j�Z�[�Z�l�u�\�Z�x�l�k�y�� �\�_�]�_�l�Z�l�b�\�g�h�c�� �g�_�j�\�g�h�c�� �k�b�k�l�_�f�h�c�� ���g�Z�i�j�b�f�_�j���� �i�h�\�u�r�_�g�g�h�_��

�k�_�j�^�p�_�[�b�_�g�b�_�����i�h�\�u�r�_�g�b�_���d�j�h�\�y�g�h�]�h���^�Z�\�e�_�g�b�y�����i�h�l�h�h�l�^�_�e�_�g�b�_���b���l�����^������(Jacob 

et al., 1996; Furman, Jacob ���������������K�\�y�a�v���f�_�`�^�m���\�_�k�l�b�[�m�e�y�j�g�u�f�b���j�Z�k�k�l�j�h�c�k�l�\�Z�f�b��

�b�� �l�j�_�\�h�]�h�c�� �f�h�`�_�l�� �[�u�l�v�� �h�i�h�k�j�_�^�h�\�Z�g�Z�� �q�_�j�_�a�� �k�\�y�a�b�� �f�_�`�^�m�� �\�_�j�o�g�b�f��

�\�_�k�l�b�[�m�e�y�j�g�u�f�� �y�^�j�h�f�� �b�� �i�Z�j�Z�[�j�Z�o�b�Z�e�v�g�u�f�� �y�^�j�h�f���� �d�h�l�h�j�h�_���� �\�� �k�\�h�x�� �h�q�_�j�_�^�v����

�h�[�_�k�i�_�q�b�\�Z�_�l�� �Z�n�n�_�j�_�g�l�Z�p�b�x�� �d�� �e�b�f�[�b�q�_�k�d�h�c�� �k�b�k�l�_�f�_�� ��Balaban, Beryozkin, 

1994; Balaban, Jacob���� �������������� �L�Z�d�`�_�� �[�u�e�Z�� �i�h�d�Z�a�Z�g�Z�� �a�g�Z�q�b�l�_�e�v�g�Z�y�� �k�\�y�a�v�� �f�_�`�^�m��

�f�b�]�j�_�g�v�x���� �l�j�_�\�h�]�h�c�� �b�� �\�_�k�l�b�[�m�e�y�j�g�u�f�b�� �j�Z�k�k�l�j�h�c�k�l�\�Z�f�b���± �w�l�b�� �l�j�b�� �k�b�f�i�l�h�f�Z��

�\�f�_�k�l�_�� �h�[�j�Z�a�m�x�l�� �g�_�^�Z�\�g�h�� �i�j�_�^�e�h�`�_�g�g�h�_�� �j�Z�k�k�l�j�h�c�k�l�\�h���± �]�h�e�h�\�h�d�j�m�`�_�g�b�_����

�\�u�a�\�Z�g�g�h�_�� �f�b�]�j�_�g�v�x�� �b�� �l�j�_�\�h�]�h�c�� ��Furman et al������ �������������� �G�_�j�\�g�u�_�� �i�m�l�b����

�h�i�b�k�Z�g�g�u�_�� �\�u�r�_���� �\�� �l�h�f�� �q�b�k�e�_���k�\�y�a�b���f�_�`�^�m���e�b�f�[�b�q�_�k�d�h�c�� �k�b�k�l�_�f�h�c�� �b�� �y�^�j�Z�f�b��

�l�j�h�c�g�b�q�g�h�]�h�� �g�_�j�\�Z�� �\�� �k�l�\�h�e�_�� �f�h�a�]�Z�� �q�_�j�_�a�� �p�_�g�l�j�Z�e�v�g�h�_�� �k�_�j�h�_�� �l�_�e�h���� �\�_�j�h�y�l�g�h����

�k�\�y�a�Z�g�u�� �k�� �\�h�a�g�b�d�g�h�\�_�g�b�_�f�� �l�j�_�o�� �k�h�k�l�h�y�g�b�c�� �i�Z�j�Z�e�e�_�e�v�g�h�� ��Balaban, Jacob, 

Furman, 2011). 

�L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �\�_�k�l�b�[�m�e�y�j�g�Z�y�� �k�b�k�l�_�f�Z�� �b�f�_�_�l�� �j�_�r�Z�x�s�_�_�� �a�g�Z�q�_�g�b�_�� �d�Z�d��

�^�e�y���g�_�i�j�h�b�a�\�h�e�v�g�u�o�����l�Z�d���b���^�e�y���\�u�k�h�d�h���h�j�]�Z�g�b�a�h�\�Z�g�g�u�o���n�h�j�f���i�h�\�_�^�_�g�b�y�����b�a-�a�Z��

�r�b�j�h�d�h�]�h�� �b�k�i�h�e�v�a�h�\�Z�g�b�y�� �\�_�k�l�b�[�m�e�y�j�g�h�c�� �b�g�n�h�j�f�Z�p�b�b�� �f�h�a�]�h�f�����i�h�w�l�h�f�m��

�i�h�\�j�_�`�^�_�g�b�y�� �\�� �e�x�[�h�c�� �q�Z�k�l�b�� �\�_�k�l�b�[�m�e�y�j�g�h�c�� �k�b�k�l�_�f�u�� �f�h�]�m�l�� �g�_�]�Z�l�b�\�g�h��

�i�h�\�e�b�y�l�v���g�Z���g�h�j�f�Z�e�v�g�m�x���j�Z�[�h�l�m���f�g�h�]�b�o���i�j�h�p�_�k�k�h�\���� 

�I�h�f�b�f�h���\�_�k�l�b�[�m�e�y�j�g�h�c���k�b�k�l�_�f�u���\���\�h�k�i�j�b�y�l�b�b���k�h�[�k�l�\�_�g�g�h�]�h���^�\�b�`�_�g�b�y����

�j�Z�a�m�f�_�_�l�k�y���� �[�h�e�v�r�m�x�� �j�h�e�v�� �b�]�j�Z�_�l�� �a�j�_�g�b�_���� �<�� �w�l�h�f�� �k�e�m�q�Z�_�� �b�g�n�h�j�f�Z�p�b�x����

�i�h�a�\�h�e�y�x�s�m�x�� �\�h�k�i�j�b�g�b�f�Z�l�v�� �k�h�[�k�l�\�_�g�g�h�_�� �i�_�j�_�f�_�s�_�g�b�_�� �\�� �k�j�_�^�_����

�i�j�_�b�f�m�s�_�k�l�\�_�g�g�h�� �g�_�k�_�l�� �h�i�l�b�q�_�k�d�b�c�� �i�h�l�h�d���� �D�h�]�^�Z�� �q�_�e�h�\�_�d�� �h�k�m�s�_�k�l�\�e�y�_�l��

�e�h�d�h�f�h�p�b�x�� �\�� �k�j�_�^�_���� �^�\�b�]�Z�y�k�v�� �i�h�� �i�j�y�f�h�c���� �i�j�h�_�d�p�b�b�� �h�d�j�m�`�Z�x�s�_�]�h�� �f�b�j�Z�� �g�Z��

�k�_�l�q�Z�l�d�_�� �j�Z�^�b�Z�e�v�g�h�� �j�Z�k�o�h�^�y�l�k�y�� �h�l�� �p�_�g�l�j�Z�e�v�g�h�c�� �l�h�q�d�b���� �g�Z�a�u�\�Z�_�f�h�c���n�h�d�m�k�h�f��

�w�d�k�i�Z�g�k�b�b���� �B�g�Z�q�_�� �f�h�`�g�h�� �k�d�Z�a�Z�l�v���� �q�l�h�� �h�i�l�b�q�_�k�d�b�c�� �i�h�l�h�d�� �i�j�_�^�k�l�Z�\�e�y�_�l�� �k�h�[�h�c��

�i�Z�l�l�_�j�g���k�d�h�j�h�k�l�g�u�o���\�_�d�l�h�j�h�\�����b�k�o�h�^�y�s�b�o���b�a���h�^�g�h�c���l�h�q�d�b�� 
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�J�b�k�m�g�h�d��26 - �H�i�l�b�q�_�k�d�b�c���i�h�l�h�d�� 

 
�I�h�� �f�_�j�_�� �i�j�b�[�e�b�`�_�g�b�y���g�Z�[�e�x�^�Z�l�_�e�y���� �k�n�h�d�m�k�b�j�h�\�Z�\�r�_�]�h�� �k�\�h�c�� �\�a�]�e�y�^���g�Z��

�l�h�q�d�_��F���� �d�� �i�h�\�_�j�o�g�h�k�l�b�� �j�Z�k�i�h�e�h�`�_�g�g�h�c�� �g�_�i�h�k�j�_�^�k�l�\�_�g�g�h�� �i�_�j�_�^�� �g�b�f���� �_�f�m��

�g�Z�q�b�g�Z�_�l���d�Z�a�Z�l�v�k�y�����q�l�h���\�k�_���w�e�_�f�_�g�l�u���n�b�]�m�j�u���d�Z�d���[�m�^�l�h���©�l�_�d�m�l�ª���f�b�f�h���g�_�]�h�� 

�H�i�l�b�q�_�k�d�b�c���i�h�l�h�d���k�h�^�_�j�`�b�l���b�g�n�h�j�f�Z�p�b�x���h�[���Z�f�i�e�b�l�m�^�_���b���g�Z�i�j�Z�\�e�_�g�b�b��

�k�h�[�k�l�\�_�g�g�h�]�h�� �^�\�b�`�_�g�b�y���� �L�Z�d���� �n�h�d�m�k�� �w�d�k�i�Z�g�k�b�b�� �f�h�`�_�l�� �k�h�\�i�Z�^�Z�l�v�� �k��

�g�Z�i�j�Z�\�e�_�g�b�_�f �^�\�b�`�_�g�b�y�� �g�Z�[�e�x�^�Z�l�_�e�y���� �g�Z�i�j�b�f�_�j���� �d�h�]�^�Z�� �g�Z�[�e�x�^�Z�l�_�e�v��

�^�\�b�]�Z�_�l�k�y���i�h���i�j�y�f�h�c���e�b�g�b�b�����H�^�g�Z�d�h���`�_���i�Z�j�Z�f�_�l�j�u���h�i�l�b�q�_�k�d�h�]�h���i�h�l�h�d�Z���f�h�]�m�l��

�g�_�k�l�b�� �b�g�n�h�j�f�Z�p�b�x�� �h�� �g�Z�i�j�Z�\�e�_�g�b�b�� �^�\�b�`�_�g�b�y�� �^�Z�`�_�� �l�h�]�^�Z���� �d�h�]�^�Z�� �p�_�g�l�j��

�w�d�k�i�Z�g�k�b�b�� �l�j�m�^�g�h�� �h�i�j�_�^�_�e�y�_�f���� �G�Z�i�j�b�f�_�j���� �d�h�]�^�Z�� �g�Z�[�e�x�^�Z�l�_�e�v�� �k�h�\�_�j�r�Z�_�l��

�d�j�b�\�h�e�b�g�_�c�g�h�_�� �i�_�j�_�f�_�s�_�g�b�_�� ���g�Z�i�j�b�f�_�j���� �i�j�b�� �d�j�m�l�h�f�� �\�b�j�Z�`�_�� �\�h�� �\�j�_�f�y��

�m�i�j�Z�\�e�_�g�b�y�� �Z�\�l�h�f�h�[�b�e�_�f������ �_�]�h�� �i�m�l�v�� �i�j�h�^�m�p�b�j�m�_�l�� �]�b�i�_�j�[�h�e�b�q�_�k�d�h�_�� �i�h�e�_��

�h�i�l�b�q�_�k�d�h�]�h�� �i�h�l�h�d�Z���� �<�� �w�l�h�f�� �k�e�m�q�Z�_�� �m�� �h�i�l�b�q�_�k�d�h�]�h�� �i�h�l�h�d�Z�� �g�_�l�� �n�h�d�m�k�Z���� �g�h��

�^�Z�e�v�g�_�c�r�_�_�� �g�Z�i�j�Z�\�e�_�g�b�_�� �^�\�b�`�_�g�b�y�� �g�Z�[�e�x�^�Z�l�_�e�y�� �\�k�_�� �j�Z�\�g�h�� �f�h�`�g�h��

�i�j�_�^�k�d�Z�a�Z�l�v���� �h�i�b�j�Z�y�k�v�� �g�Z�� �g�Z�i�j�Z�\�e�_�g�b�_�� �k�f�_�s�_�g�b�y�� �j�_�l�b�g�Z�e�v�g�u�o�� �i�j�h�_�d�p�b�c��

�w�e�_�f�_�g�l�h�\���h�d�j�m�`�Z�x�s�_�c���k�j�_�^�u�� 

�<�_�k�l�b�[�m�e�y�j�g�Z�y�� �b�g�n�h�j�f�Z�p�b�y�� �g�Z�� �i�j�h�l�y�`�_�g�b�b�� �^�h�e�]�h�]�h�� �\�j�_�f�_�g�b��

�j�Z�k�k�f�Z�l�j�b�\�Z�e�Z�k�v�� �d�Z�d�� �i�j�_�^�g�Z�a�g�Z�q�_�g�g�Z�y�� �l�h�e�v�d�h�� �^�e�y�� �[�Z�a�h�\�u�o�� �h�j�b�_�g�l�b�j�h�\�h�q�g�u�o��
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�i�h�\�_�^�_�g�b�c�����L�_�f���g�_���f�_�g�_�_�����_�s�_���\����950-�o���]�]�����M�����I�_�g�n�b�e�^�����3�H�Q�I�L�H�O�G�����������������h�^�g�b�f��

�b�a�� �i�_�j�\�u�o�� �i�j�h�^�_�f�h�g�k�l�j�b�j�h�\�Z�e�� �g�Z�� �[�h�^�j�k�l�\�m�x�s�_�f�� �i�Z�p�b�_�g�l�_�� �k�� �w�i�b�e�_�i�k�b�_�c��

�k�m�s�_�k�l�\�h�\�Z�g�b�_�� �\�_�k�l�b�[�m�e�y�j�g�h�c�� �i�j�h�_�d�p�b�b�� �g�Z�� �d�h�j�m�� �]�h�e�h�\�g�h�]�h�� �f�h�a�]�Z���� �q�l�h��

�h�a�g�Z�q�Z�_�l���� �q�l�h�� �\�_�k�l�b�[�m�e�y�j�g�Z�y�� �b�g�n�h�j�f�Z�p�b�y�� �\�u�o�h�^�b�l�� �^�Z�e�_�d�h�� �a�Z�� �i�j�_�^�_�e�u��

�w�e�_�f�_�g�l�Z�j�g�u�o�� �j�_�n�e�_�d�l�h�j�g�u�o�� �p�_�i�_�c���� �h�i�b�k�Z�g�g�u�o�� �\�� �[�h�e�_�_�� �j�Z�g�g�b�o�� �j�Z�[�h�l�Z�o����

�I�h�k�d�h�e�v�d�m�� �\�_�k�l�b�[�m�e�y�j�g�Z�y�� �i�j�h�_�d�p�b�y�� �g�Z�k�l�h�e�v�d�h�� �r�b�j�h�d�h�� �j�Z�k�i�j�h�k�l�j�Z�g�_�g�Z���� �h�g�Z��

�f�h�`�_�l�� �\�e�b�y�l�v�� �g�Z�� �j�Z�a�e�b�q�g�u�_�� �n�m�g�d�p�b�b���� �\�� �l�h�f�� �q�b�k�e�_�� �\�u�k�r�b�_�� �i�k�b�o�b�q�_�k�d�b�_��
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�i�h�l�h�d���� �h�[�u�q�g�h�� �g�Z�a�u�\�Z�_�f�u�c�� �i�h�l�h�d�h�f�� �©�]�^�_�ª���� �m�q�Z�k�l�\�m�_�l�� �\�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�f��

�\�h�k�i�j�b�y�l�b�b�� ���k�d�j�u�l�h�f�� �b�e�b�� �y�\�g�h�f������ �b�� �k�\�y�a�u�\�Z�_�l�k�y�� �k�� �h�[�e�Z�k�l�y�f�b���� �d�h�l�h�j�u�_��

�d�h�g�l�j�h�e�b�j�m�x�l�� �^�\�b�`�_�g�b�y�� �]�e�Z�a�� �b�� �^�\�b�`�_�g�b�y�� �j�m�d���� �>�h�j�k�Z�e�v�g�u�c�� �i�h�l�h�d�� �\�_�^�_�l�� �d��

�l�_�f�_�g�g�h�c���^�h�e�_�����d�h�l�h�j�Z�y���m�q�Z�k�l�\�m�_�l���\���h�[�j�Z�[�h�l�d�_���i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�]�h���i�h�e�h�`�_�g�b�y��

�h�[�t�_�d�l�Z�� �i�h�� �h�l�g�h�r�_�g�b�x�� �d�� �g�Z�[�e�x�^�Z�l�_�e�x���� �<�_�g�l�j�Z�e�v�g�u�c�� �i�h�l�h�d���� �h�[�u�q�g�h��

�g�Z�a�u�\�Z�_�f�u�c�� �i�h�l�h�d�h�f�� �©�q�l�h�ª���� �m�q�Z�k�l�\�m�_�l�� �\�� �j�Z�k�i�h�a�g�Z�\�Z�g�b�b���� �b�^�_�g�l�b�n�b�d�Z�p�b�b�� �b��

�d�Z�l�_�]�h�j�b�a�Z�p�b�b�� �\�b�a�m�Z�e�v�g�u�o�� �k�l�b�f�m�e�h�\���� �<�_�g�l�j�Z�e�v�g�u�c�� �i�h�l�h�d�� �\�_�^�_�l�� �d�� �\�b�k�h�q�g�h�c��

�^�h�e�_���� �d�h�l�h�j�Z�y�� �k�\�y�a�Z�g�Z�� �k�� �h�[�t�_�d�l�g�h�c�� �b�� �\�b�a�m�Z�e�v�g�h�c�� �b�^�_�g�l�b�n�b�d�Z�p�b�_�c�� �b��

�j�Z�k�i�h�a�g�Z�\�Z�g�b�_�f�� 

�B�k�k�e�_�^�h�\�Z�l�_�e�b�� �O�Z�c�^�_�j�� �b�� �^�j����(Heider et al., 1994) �h�[�g�Z�j�m�`�b�e�b���� �q�l�h��

�g�_�c�j�h�g�u���a�h�g���9�������9�����b���9�����f�h�]�m�l���h�[�g�Z�j�m�`�b�\�Z�l�v���k�l�_�j�_�h�k�d�h�i�b�q�_�k�d�b�_���b�e�e�x�a�h�j�g�u�_��

�d�h�g�l�m�j�u�����A�j�b�l�_�e�v�g�u�_���b�e�e�x�a�b�b���y�\�e�y�x�l�k�y���i�h�e�_�a�g�u�f���i�h�^�k�i�h�j�v�_�f���i�j�b���b�a�m�q�_�g�b�b��

�g�_�c�j�h�i�k�b�o�h�e�h�]�b�q�_�k�d�b�o�� �h�k�g�h�\�� �\�h�k�i�j�b�y�l�b�y���� �i�h�l�h�f�m�� �q�l�h�� �h�g�b�� �g�Z�]�e�y�^�g�h��

�^�_�f�h�g�k�l�j�b�j�m�x�l�� �\�j�h�`�^�_�g�g�u�_�� �f�_�o�Z�g�b�a�f�u�� �j�Z�[�h�l�u�� �a�j�b�l�_�e�v�g�h�c�� �k�b�k�l�_�f�u�� �i�j�b��

�b�g�l�_�j�i�j�_�l�Z�p�b�b�� �h�d�j�m�`�Z�x�s�_�]�h�� �f�b�j�Z�� �\�� �_�k�l�_�k�l�\�_�g�g�u�o�� �m�k�e�h�\�b�y�o���� �G�Z�i�j�b�f�_�j���� �\��

�_�k�l�_�k�l�\�_�g�g�u�o�� �m�k�e�h�\�b�y�o�� �h�[�t�_�d�l�u�� �q�Z�k�l�h�� �\�b�^�g�u�� �e�b�r�v�� �q�Z�k�l�b�q�g�h���� �B�e�e�x�a�h�j�g�u�_��



170 
 
�d�h�g�l�m�j�u�� �^�Z�x�l�� �i�j�_�^�k�l�Z�\�e�_�g�b�_�� �h�� �l�h�f���� �d�Z�d�� �a�j�b�l�_�e�v�g�Z�y�� �k�b�k�l�_�f�Z�� �^�h�k�l�j�Z�b�\�Z�_�l��

�i�h�\�_�j�o�g�h�k�l�b���� �d�h�]�^�Z�� �q�Z�k�l�b �d�j�Z�y�� �i�h�\�_�j�o�g�h�k�l�b�� �g�_�� �\�b�^�g�u���� �B�g�l�_�j�i�j�_�l�Z�p�b�y�� �b��

�d�h�^�b�n�b�d�Z�p�b�y�� �i�h�\�_�j�o�g�h�k�l�_�c�� �k�q�b�l�Z�_�l�k�y�� �g�_�h�l�t�_�f�e�_�f�h�c�� �q�Z�k�l�v�x�� �\�b�a�m�Z�e�v�g�h�]�h��

�\�h�k�i�j�b�y�l�b�y���� �n�h�j�f�b�j�m�y�� �i�j�h�f�_�`�m�l�h�q�g�m�x�� �k�l�Z�^�b�x�� �\�b�a�m�Z�e�v�g�h�c�� �h�[�j�Z�[�h�l�d�b����

�e�_�`�Z�s�m�x�� �f�_�`�^�m�� �i�_�j�\�h�g�Z�q�Z�e�v�g�u�f�� �Z�g�Z�e�b�a�h�f�� �\�b�a�m�Z�e�v�g�u�o�� �h�k�h�[�_�g�g�h�k�l�_�c��

�j�Z�k�i�h�a�g�Z�\�Z�_�f�h�]�h���h�[�t�_�d�l�Z���b���k�i�h�k�h�[�g�h�k�l�v�x���j�Z�k�i�h�a�g�Z�\�Z�l�v���k�e�h�`�g�u�_���\�b�a�m�Z�e�v�g�u�_��

�k�l�b�f�m�e�u�� 

�A�j�b�l�_�e�v�g�h�_�� �\�h�k�i�j�b�y�l�b�_�� �i�j�h�b�k�o�h�^�b�l�� �\�� �j�_�a�m�e�v�l�Z�l�_�� �k�h�]�e�Z�k�h�\�Z�g�b�y�� �^�j�m�]�� �k��

�^�j�m�]�h�f���j�Z�a�e�b�q�g�u�o���k�\�_�^�_�g�b�c���h���g�Z�[�e�x�^�Z�_�f�u�o���h�[�t�_�d�l�Z�o�����P�_�e�h�k�l�g�h�_���\�h�k�i�j�b�y�l�b�_��

�h�d�j�m�`�Z�x�s�_�]�h�� �f�b�j�Z�� �y�\�e�y�_�l�k�y�� �j�_�a�m�e�v�l�Z�l�h�f�� �h�[�t�_�^�b�g�_�g�b�y�� �\�k�_�c�� �b�g�n�h�j�f�Z�p�b�b����

�i�h�k�l�m�i�b�\�r�_�c���i�h���i�Z�j�Z�e�e�_�e�v�g�u�f���i�m�l�y�f���a�j�b�l�_�e�v�g�h�c���k�b�k�l�_�f�u�� 

�G�Z�� �g�b�a�r�b�o�� �b�_�j�Z�j�o�b�q�_�k�d�b�o�� �m�j�h�\�g�y�o�� �a�j�b�l�_�e�v�g�h�c�� �k�b�k�l�_�f�u���� �g�Z�q�b�g�Z�y�� �k��

�k�_�l�q�Z�l�d�b�� �]�e�Z�a�Z���� �h�k�m�s�_�k�l�\�e�y�_�l�k�y�� �g�_�a�Z�\�b�k�b�f�Z�y�� �i�_�j�_�j�Z�[�h�l�d�Z�� �b�g�n�h�j�f�Z�p�b�b�� �h��

�n�h�j�f�_���b���]�e�m�[�b�g�_���h�[�t�_�d�l�Z�����h���_�]�h���p�\�_�l�_���b���_�]�h���^�\�b�`�_�g�b�b�����I�Z�j�Z�e�_�e�e�v�g�Z�y���h�[�j�Z�[�h�l�d�Z��

�b�g�n�h�j�f�Z�p�b�b�� �h�[�� �w�l�b�o�� �d�Z�q�_�k�l�\�Z�o�� �a�j�b�l�_�e�v�g�u�o�� �h�[�t�_�d�l�h�\�� �i�j�h�b�k�o�h�^�b�l�� �\��

�k�i�_�p�b�Z�e�b�a�b�j�h�\�Z�g�g�u�o���]�Z�g�]�e�b�h�a�g�u�o���d�e�_�l�d�Z�o���k�_�l�q�Z�l�d�b�����d�h�l�h�j�u�_���i�h�^�j�Z�a�^�_�e�y�x�l�k�y��

�g�Z�� �f�Z�]�g�h�p�_�e�e�x�e�y�j�g�u�_�� ���F-�d�e�_�l�d�b���� �b�� �i�Z�j�\�h�p�_�e�e�x�e�y�j�g�u�_�� ���J-�d�e�_�l�d�b������ �K�j�_�^�b��

�]�Z�g�]�e�b�h�a�g�u�o���d�e�_�l�h�d���d�Z�`�^�h�]�h���l�b�i�Z���b�f�_�x�l�k�y���d�Z�d���R�Q-�g�_�c�j�h�g�u�����l�Z�d���b���R�I�I-�g�_�c�j�h�g�u����

�^�Z�x�s�b�_�� �g�Z�b�[�h�e�_�_�� �k�b�e�v�g�u�c�� �h�l�\�_�l �g�Z�� �j�Z�a�^�j�Z�`�_�g�b�_�� �p�_�g�l�j�Z�� �b�e�b�� �i�_�j�b�n�_�j�b�b��

�j�_�p�_�i�l�b�\�g�h�]�h�� �i�h�e�y���� �K�m�s�_�k�l�\�h�\�Z�g�b�_�� �F- �b�� �J-�l�b�i�h�\�� �]�Z�g�]�e�b�h�a�g�u�o�� �d�e�_�l�h�d��

�i�h�a�\�h�e�y�_�l���j�Z�a�^�_�e�b�l�v���b�g�n�h�j�f�Z�p�b�x���h���j�Z�a�g�u�o���d�Z�q�_�k�l�\�Z�o���g�Z�[�e�x�^�Z�_�f�h�]�h���h�[�t�_�d�l�Z����

�d�h�l�h�j�Z�y�� �i�_�j�_�j�Z�[�Z�l�u�\�Z�_�l�k�y�� �g�_�a�Z�\�b�k�b�f�h�� �\�� �i�Z�j�Z�e�e�_�e�v�g�u�o�� �i�m�l�y�o�� �a�j�b�l�_�e�v�g�h�c��

�k�b�k�l�_�f�u�����h���^�\�b�`�_�g�b�b���h�[�t�_�d�l�h�\���\���a�j�b�l�_�e�v�g�h�f���i�h�e�_�����i�m�l�v���h�l���d�e�_�l�h�d���F-�l�b�i�Z�����b���h��

�l�h�g�d�b�o���^�_�l�Z�e�y�o���h�[�t�_�d�l�Z���b���h���_�]�h���p�\�_�l�_�����i�m�l�b���g�Z�q�b�g�Z�x�l�k�y���h�l���k�h�h�l�\�_�l�k�l�\�m�x�s�b�o��

�j�_�p�_�i�l�b�\�g�u�o���i�h�e�_�c���d�e�_�l�h�d���J-�l�b�i�Z������ 

�<�� �[�h�e�v�r�h�f�� �j�_�p�_�i�l�b�\�g�h�f�� �i�h�e�_�� �h�l�g�h�k�b�l�_�e�v�g�h�� �d�j�m�i�g�u�o�� �F-�d�e�_�l�h�d����

�k�h�k�l�h�y�s�_�f���i�j�_�b�f�m�s�_�k�l�\�_�g�g�h���b�a���i�Z�e�h�q�_�d�����i�j�h�_�p�b�j�m�_�l�k�y���p�_�e�v�g�h�_���b�a�h�[�j�Z�`�_�g�b�_��

�d�j�m�i�g�u�o���h�[�t�_�d�l�h�\�����F-�d�e�_�l�d�b���j�_�]�b�k�l�j�b�j�m�x�l���]�j�m�[�u�_���i�j�b�a�g�Z�d�b���l�Z�d�b�o���h�[�t�_�d�l�h�\��

�b���b�o���^�\�b�`�_�g�b�_���\���a�j�b�l�_�e�v�g�h�f���i�h�e�_�����h�l�\�_�q�Z�y���g�Z���j�Z�a�^�j�Z�`�_�g�b�_���\�k�_�]�h���j�_�p�_�i�l�b�\�g�h�]�h��

�i�h�e�y���g�_�i�j�h�^�h�e�`�b�l�_�e�v�g�h�c���b�f�i�m�e�v�k�g�h�c���Z�d�l�b�\�g�h�k�l�v�x�����F�Z�]�g�h�p�_�e�e�x�e�y�j�g�u�c���i�m�l�v 
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�h�[�_�k�i�_�q�b�\�Z�_�l���j�_�]�b�k�l�j�Z�p�b�x���^�\�b�`�_�g�b�y���h�[�t�_�d�l�h�\�����\�h�k�i�j�b�y�l�b�_���i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�c��

�]�e�m�[�b�g�u�� �b�� �h�i�j�_�^�_�e�_�g�b�_�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�o�� �h�l�g�h�r�_�g�b�c�� �f�_�`�^�m�� �h�[�t�_�d�l�Z�f�b���� �<��

�h�[�t�_�^�b�g�_�g�b�b�� �w�l�h�c�� �b�g�n�h�j�f�Z�p�b�b���� �i�h�f�b�f�h�� �i�_�j�\�b�q�g�h�c�� �a�j�b�l�_�e�v�g�h�c�� �d�h�j�u����

�m�q�Z�k�l�\�m�x�l���j�_�]�b�h�g�u���9�������9�������9�����b�e�b���F�L�����f�_�^�b�h�l�_�f�i�h�j�Z�e�v�g�u�c�������0�6�7�����h�[�e�Z�k�l�v��

�d�h�j�u�����i�j�h�o�h�^�y�s�Z�y���\�^�h�e�v���\�_�j�o�g�_�c���\�b�k�h�q�g�h�c���[�h�j�h�a�^�u�����b���a�Z�^�g�_�l�_�f�_�g�g�h�c���d�h�j�u�� 

�D�e�_�l�d�b�� �J-�l�b�i�Z�� �b�f�_�x�l�� �f�Z�e�u�_�� �j�_�p�_�i�l�b�\�g�u�_�� �i�h�e�y���� �k�h�k�l�h�y�s�b�_��

�i�j�_�b�f�m�s�_�k�l�\�_�g�g�h�� �b�a�� �d�h�e�[�h�q�_�d�� �b�� �i�j�_�^�g�Z�a�g�Z�q�_�g�g�u�_�� �^�e�y�� �\�h�k�i�j�b�y�l�b�y�� �f�_�e�d�b�o��

�^�_�l�Z�e�_�c���n�h�j�f�u���h�[�t�_�d�l�Z���b�e�b���^�e�y���\�h�k�i�j�b�y�l�b�y���p�\�_�l�Z�����I�Z�j�\�h�p�_�e�e�x�e�y�j�g�u�c���i�m�l�v����

�[�_�j�m�s�b�c�� �g�Z�q�Z�e�h�� �h�l�� �R�Q- �b�� �R�I�I-�]�Z�g�]�e�b�h�a�g�u�o�� �d�e�_�l�h�d�� �k�_�l�q�Z�l�d�b�� �b�� �k�e�m�`�Z�s�b�c�� �^�e�y��

�Z�g�Z�e�b�a�Z���b�g�n�h�j�f�Z�p�b�b���h���d�h�g�l�m�j�Z�o���h�[�t�_�d�l�Z���b���e�b�g�_�c�g�h�c���h�j�b�_�g�l�Z�p�b�b���_�]�h���^�_�l�Z�e�_�c����

�i�h�k�e�_�� �i�_�j�_�j�Z�[�h�l�d�b�� �\�� �j�_�]�b�h�g�_�� �9�,�� �i�j�h�^�h�e�`�Z�_�l�k�y�� �\�� �g�Z�i�j�Z�\�e�_�g�b�b�� �g�b�`�g�b�o��

�\�b�k�h�q�g�u�o�� �^�h�e�_�c�� �d�h�j�u�����i�j�b�� �m�q�Z�k�l�b�b�� �d�h�l�h�j�u�o�� �i�j�h�b�k�o�h�^�b�l�� �\�h�k�i�j�b�y�l�b�_�� �n�h�j�f�u��

�g�Z�[�e�x�^�Z�_�f�u�o�� �h�[�t�_�d�l�h�\���� �I�Z�j�Z�e�e�_�e�v�g�u�c�� �i�Z�j�\�h�p�_�e�e�x�e�y�j�g�u�c�� �i�m�l�v�� �g�Z�q�b�g�Z�_�l�k�y��

�h�l�� �d�h�g�p�_�g�l�j�b�q�_�k�d�b�o�� �i�j�h�l�b�\�h�p�\�_�l�g�u�o�� �]�Z�g�]�e�b�h�a�g�u�o�� �d�e�_�l�h�d�� �k�_�l�q�Z�l�d�b�� �b��

�i�j�_�^�g�Z�a�g�Z�q�Z�_�l�k�y�� �^�e�y�� �n�h�j�f�b�j�h�\�Z�g�b�y�� �a�j�b�l�_�e�v�g�h�]�h�� �i�j�_�^�k�l�Z�\�e�_�g�b�y�� �h�� �p�\�_�l�_��

�h�[�t�_�d�l�Z�����G�_�h�[�o�h�^�b�f�Z�y�� �b�g�n�h�j�f�Z�p�b�y�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�� �i�_�j�_�j�Z�[�Z�l�u�\�Z�_�l�k�y�� �\��

�j�_�]�b�h�g�Z�o���9�,���� �9���� �b�� �9������ �]�^�_�� �i�j�h�b�k�o�h�^�b�l�� �h�[�t�_�^�b�g�_�g�b�_�� �a�j�b�l�_�e�v�g�h�]�h�� �\�h�k�i�j�b�y�l�b�y��
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�i�_�j�b�n�_�j�b�q�_�k�d�h�c�� �q�Z�k�l�b�� �k�_�l�q�Z�l�d�b���� �L�Z�d�b�_�� �d�j�m�i�g�u�_�� �]�Z�g�]�e�b�h�a�g�u�_�� �d�e�_�l�d�b��

�k�h�k�l�Z�\�e�y�x�l���g�Z�q�Z�e�h���f�Z�]�g�h�p�_�e�e�x�e�y�j�g�h�]�h���i�m�l�b���i�_�j�_�^�Z�q�b���b�g�n�h�j�f�Z�p�b�b�����d�h�l�h�j�u�c��
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�h�d�Z�g�q�b�\�Z�_�l�k�y�� �\�� �k�e�h�_�� ���&�. �a�h�g�u��V1 �a�j�b�l�_�e�v�g�h�c�� �d�h�j�u�� ��Watson et al., 1982). 

�G�_�c�j�h�g�u�� �^�Z�g�g�h�]�h�� �i�m�l�b�� �\�� �i�_�j�\�m�x�� �h�q�_�j�_�^�v���q�m�\�k�l�\�b�l�_�e�v�g�u�� �d�� �^�\�b�`�m�s�b�f�k�y��

�k�l�b�f�m�e�Z�f���� �i�j�b�q�z�f�� �w�l�h�� �k�\�h�c�k�l�\�h�� �h�g�b�� �k�h�o�j�Z�g�y�x�l�� �b�� �\�� �a�h�g�_��V2���� �q�_�j�_�a�� �d�h�l�h�j�m�x��

�i�j�h�o�h�^�b�l���^�Z�g�g�u�c���i�m�l�v�����g�Z�i�j�Z�\�e�y�y�k�v���\���k�j�_�^�g�_�\�b�k�h�q�g�m�x���Z�k�k�h�p�b�Z�l�b�\�g�m�x���d�h�j�m���± 

�a�h�g�m��MT ���J�b�k�� 27)�����I�h�q�l�b���\�k�_���g�_�c�j�h�g�u���w�l�h�c���a�h�g�u���k�_�e�_�d�l�b�\�g�u���d���g�Z�i�j�Z�\�e�_�g�b�x 

�^�\�b�`�_�g�b�y���� �h�g�b���\�u�[�h�j�h�q�g�h�� �h�l�\�_�q�Z�x�l�� �g�Z�� �h�i�j�_�^�_�e�z�g�g�u�c�� �j�y�^�� �g�Z�i�j�Z�\�e�_�g�b�c��

�^�\�b�`�_�g�b�c���b���g�_���h�l�\�_�q�Z�x�l���g�Z���g�Z�i�j�Z�\�e�_�g�b�y���a�Z���i�j�_�^�_�e�Z�f�b���w�l�h�]�h���j�y�^�Z����Zeki, 1974). 

�I�h�d�Z�a�Z�g�h�����q�l�h���a�h�g�Z��MT �b�]�j�Z�_�l���\�Z�`�g�m�x���j�h�e�v���\���i�j�h�p�_�k�k�_���a�j�b�l�_�e�v�g�h�]�h���k�e�_�`�_�g�b�y����

�L�Z�d�� �\�� �w�d�k�i�_�j�b�f�_�g�l�Z�o�� �k�� �h�[�_�a�v�y�g�Z�f�b�� �[�u�e�h�� �m�k�l�Z�g�h�\�e�_�g�h���� �q�l�h���i�j�b�� �\�\�_�^�_�g�b�b��

�b�[�h�l�_�g�h�\�h�c���d�b�k�e�h�l�u���\���^�Z�g�g�m�x���a�h�g�m�����k�i�h�k�h�[�g�h�k�l�v���h�[�_�a�v�y�g���k�e�_�^�b�l�v���a�Z���h�[�t�_�d�l�h�f��

�a�g�Z�q�b�l�_�e�v�g�h���m�o�m�^�r�Z�e�Z�k�v���± �k�d�h�j�h�k�l�v���k�e�_�`�_�g�b�y���[�u�e�Z���k�b�e�v�g�h���g�b�`�_�����q�_�f���k�d�h�j�h�k�l�v��

�^�\�b�`�_�g�b�y���h�[�t�_�d�l�Z����Dursteler et al., 1987).  

 �H�l�j�h�k�l�d�b���g�_�c�j�h�g�h�\���a�h�g�u��MT �\���h�[�e�Z�k�l�b���l�_�f�_�g�g�h�c���d�h�j�u���n�h�j�f�b�j�m�x�l���l�Z�d��

�g�Z�a�u�\�Z�_�f�u�c�� �^�h�j�k�Z�e�v�g�u�c�� �i�m�l�v�� �h�[�j�Z�[�h�l�d�b�� �b�g�n�h�j�f�Z�p�b�b���� �g�_�h�[�o�h�^�b�f�u�c�� �^�e�y��

�n�h�j�f�b�j�h�\�Z�g�b�y���i�j�_�^�k�l�Z�\�e�_�g�b�c���h���f�_�k�l�h�j�Z�k�i�h�e�h�`�_�g�b�b���h�[�t�_�d�l�h�\���l�Z�d�b�f���h�[�j�Z�a�h�f����

�q�l�h�[�u�� �a�j�b�l�_�e�v�g�Z�y�� �k�b�k�l�_�f�Z�� �f�h�]�e�Z�� �m�i�j�Z�\�e�y�l�v�� �^�Z�e�v�g�_�c�r�b�f�b�� �^�_�c�k�l�\�b�y�f�b�� �i�h��

�h�l�g�h�r�_�g�b�x�� �d�� �w�l�b�f�� �h�[�t�_�d�l�Z�f���� ��Goodale et al������ �������������� �<�� �l�_�f�_�g�g�h�c�� �d�h�j�_��

�^�h�j�k�Z�e�v�g�u�c�� �i�m�l�v�� �h�d�Z�g�q�b�\�Z�_�l�k�y�� �\�� �h�[�e�Z�k�l�b�� �\�_�g�l�j�Z�e�v�g�h�c�� �b�g�l�j�Z�i�Z�j�b�_�l�Z�e�v�g�h�c��

�d�h�j�u�� �b�� �a�Z�^�g�_�c�� �l�_�f�_�g�g�h�c�� �d�h�j�u���± �h�[�e�Z�k�l�_�c���� �Z�d�l�b�\�Z�p�b�y�� �d�h�l�h�j�u�o�� �q�Z�s�_�� �\�k�_�]�h��

�g�Z�[�e�x�^�Z�_�l�k�y���i�j�b���\�h�k�i�j�b�y�l�b�b���\�_�d�p�b�b����Kleinschmidt et al., 2002). 
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�J�b�k�m�g�h�d��27 - �A�h�g�u���p�_�g�l�j�Z�e�v�g�h�c���g�_�j�\�g�h�c���k�b�k�l�_�f�u�����\�h�\�e�_�q�z�g�g�u�_���\���^�h�j�k�Z�e�v�g�u�c 

�b���\�_�g�l�j�Z�e�v�g�u�c���i�m�l�b���h�[�j�Z�[�h�l�d�b���a�j�b�l�_�e�v�g�h�c���b�g�n�h�j�f�Z�p�b�b�� 

���i�h��Undergleider, Mishkin, 1982) 

 

�����������H�k�h�[�_�g�g�h�k�l�b���h�j�]�Z�g�b�a�Z�p�b�b���b���j�_�]�b�k�l�j�Z�p�b�b���^�\�b�]�Z�l�_�e�v�g�h�c���Z�d�l�b�\�g�h�k�l�b���\��

�m�k�e�h�\�b�y�o���g�Z�o�h�`�^�_�g�b�y���\���\�b�j�l�m�Z�e�v�g�h�c���j�_�Z�e�v�g�h�k�l�b�� 

 
�<�� �k�h�\�j�_�f�_�g�g�u�o�� �l�_�o�g�h�e�h�]�b�y�o�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�y�� �q�_�e�h�\�_�d�Z�� �k�� �d�h�f�i�v�x�l�_�j�h�f��

�\�k�_���Z�d�l�b�\�g�_�_���i�j�b�f�_�g�y�x�l�k�y���k�b�k�l�_�f�u���l�j�_�d�b�g�]�Z���^�\�b�`�_�g�b�c�����A�Z���i�h�k�e�_�^�g�b�_���]�h�^�u���b�o��

�\�g�_�^�j�_�g�b�_�� �h�k�h�[�_�g�g�h�� �a�Z�f�_�l�g�h�� �\�� �d�m�e�v�l�m�j�g�u�o�� �i�j�h�k�l�j�Z�g�k�l�\�Z�o���²  �f�m�a�_�b�� �b��

�\�u�k�l�Z�\�h�q�g�u�_���a�Z�e�u���\�k�_���q�Z�s�_���b�k�i�h�e�v�a�m�x�l���b�g�l�_�j�Z�d�l�b�\�g�u�_���b�g�k�l�Z�e�e�y�p�b�b���g�Z���[�Z�a�_��

�[�_�a�f�Z�j�d�_�j�g�u�o�� �l�_�o�g�h�e�h�]�b�c���� �<�� �h�l�e�b�q�b�_�� �h�l�� �f�Z�j�d�_�j�g�u�o�� �Z�g�Z�e�h�]�h�\���� �l�j�_�[�m�x�s�b�o��

�k�i�_�p�b�Z�e�v�g�u�o���^�Z�l�q�b�d�h�\���b�e�b���i�h�^�]�h�l�h�\�d�b���i�h�e�v�a�h�\�Z�l�_�e�y�����l�Z�d�b�_���j�_�r�_�g�b�y���j�Z�[�h�l�Z�x�l��

�©�b�a�� �d�h�j�h�[�d�b�ª���� �h�[�_�k�i�_�q�b�\�Z�y�� �f�h�f�_�g�l�Z�e�v�g�h�_�� �\�h�\�e�_�q�_�g�b�_�� �i�h�k�_�l�b�l�_�e�_�c���� �W�l�h��
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�m�k�l�j�Z�g�y�_�l�� �l�_�o�g�b�q�_�k�d�b�_�� �[�Z�j�v�_�j�u���� �i�h�a�\�h�e�y�y�� �^�Z�`�_�� �g�_�i�h�^�]�h�l�h�\�e�_�g�g�u�f��

�i�h�e�v�a�h�\�Z�l�_�e�y�f�� �b�g�l�m�b�l�b�\�g�h�� �\�a�Z�b�f�h�^�_�c�k�l�\�h�\�Z�l�v�� �k�� �p�b�n�j�h�\�u�f�b�� �w�d�k�i�h�g�Z�l�Z�f�b��

�q�_�j�_�a�� �_�k�l�_�k�l�\�_�g�g�u�_�� �`�_�k�l�u���� �i�_�j�_�f�_�s�_�g�b�y�� �b�e�b�� �i�h�a�u���� �I�h�^�h�[�g�Z�y�� �^�h�k�l�m�i�g�h�k�l�v��

�^�_�e�Z�_�l�� �[�_�a�f�Z�j�d�_�j�g�u�c�� �l�j�_�d�b�g�]�� �d�e�x�q�_�\�u�f�� �b�g�k�l�j�m�f�_�g�l�h�f�� �^�e�y�� �k�h�a�^�Z�g�b�y��

�b�f�f�_�j�k�b�\�g�u�o���i�m�[�e�b�q�g�u�o���i�j�h�_�d�l�h�\�����E�Z�\�j�h�\������������������ 

�F�Z�j�d�_�j�g�u�c�� �f�_�l�h�^�� �l�j�_�[�m�_�l�� �b�k�i�h�e�v�a�h�\�Z�g�b�y�� �n�b�a�b�q�_�k�d�b�o�� �^�Z�l�q�b�d�h�\����

�a�Z�d�j�_�i�e�_�g�g�u�o�� �g�Z�� �l�_�e�_�� ���g�Z�i�j�b�f�_�j���� �k�\�_�l�h�h�l�j�Z�`�Z�x�s�b�o�� �f�_�l�h�d���� �k�_�g�k�h�j�g�u�o��

�d�h�k�l�x�f�h�\���b�e�b���i�_�j�_�g�h�k�g�u�o���m�k�l�j�h�c�k�l�\�������d�h�l�h�j�u�_���i�_�j�_�^�Z�x�l���^�Z�g�g�u�_���h���i�h�e�h�`�_�g�b�b��

�b���i�_�j�_�f�_�s�_�g�b�y�o���i�h�e�v�a�h�\�Z�l�_�e�y�����L�h�e�f�Z�q�_�\���������������� 

 

�J�b�k�m�g�h�d��28 - �D�h�k�l�x�f���^�e�y���f�Z�j�d�_�j�g�h�]�h���Z�g�Z�e�b�a�Z 

 

�;�_�a�f�Z�j�d�_�j�g�u�c�� �i�h�^�o�h�^�� �\�� �k�\�h�x�� �h�q�_�j�_�^�v�� �h�k�g�h�\�Z�g�� �g�Z�� �l�_�o�g�h�e�h�]�b�y�o��

�d�h�f�i�v�x�l�_�j�g�h�]�h���a�j�_�g�b�y���²  �l�Z�d�b�o���d�Z�d���b�g�n�j�Z�d�j�Z�k�g�u�_���d�Z�f�_�j�u�����k�_�g�k�h�j�u���]�e�m�[�b�g�u��

���/�L�'�$�5�����7�R�)�����b�e�b���k�b�k�l�_�f�u���k�l�_�j�_�h�k�d�h�i�b�q�_�k�d�b�o���\�b�^�_�h�d�Z�f�_�j�����H�g�b���Z�g�Z�e�b�a�b�j�m�x�l��

�i�j�h�k�l�j�Z�g�k�l�\�h���b���^�\�b�`�_�g�b�y���\���j�_�Z�e�v�g�h�f���\�j�_�f�_�g�b���[�_�a���g�_�h�[�o�h�^�b�f�h�k�l�b���n�b�a�b�q�_�k�d�h�]�h��

�d�h�g�l�Z�d�l�Z���k���h�[�t�_�d�l�h�f�����L�h�e�f�Z�q�_�\������������������ 
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�J�b�k�m�g�h�d��29 - �K�b�k�l�_�f�Z���[�_�a�f�Z�j�d�_�j�g�h�]�h���\�b�^�_�h�Z�g�Z�e�b�a�Z��Microsoft Kinect 

 
�H�^�g�b�f�� �b�a�� �g�Z�b�[�h�e�_�_�� �b�a�\�_�k�l�g�u�o�� �b�� �^�h�k�l�m�i�g�u�o�� �m�k�l�j�h�c�k�l�\�� �^�e�y��

�[�_�a�f�Z�j�d�_�j�g�h�]�h�� �Z�g�Z�e�b�a�Z�� �^�\�b�`�_�g�b�c�� �y�\�e�y�_�l�k�y�� �k�b�k�l�_�f�Z��Microsoft Kinect. 

�I�_�j�\�h�g�Z�q�Z�e�v�g�h �j�Z�a�j�Z�[�h�l�Z�g�g�Z�y�� �^�e�y�� �b�]�j�h�\�h�c�� �d�h�g�k�h�e�b�� �;�E�R�[���� �.�L�Q�H�F�W�� �[�u�k�l�j�h��

�g�Z�r�e�Z�� �i�j�b�f�_�g�_�g�b�_�� �\�� �g�Z�m�q�g�u�o�� �b�k�k�e�_�^�h�\�Z�g�b�y�o���� �d�e�b�g�b�q�_�k�d�h�c�� �^�b�Z�]�g�h�k�l�b�d�_�� �b��

�j�_�Z�[�b�e�b�l�Z�p�b�b���[�e�Z�]�h�^�Z�j�y���k�\�h�_�c���k�i�h�k�h�[�g�h�k�l�b���j�_�]�b�k�l�j�b�j�h�\�Z�l�v���^�\�b�`�_�g�b�y���l�_�e�Z���\��

�l�j�z�o�f�_�j�g�h�f���i�j�h�k�l�j�Z�g�k�l�\�_�����M�k�l�j�h�c�k�l�\�h���\�d�e�x�q�Z�_�l���5�*�%-�d�Z�f�_�j�m�����b�g�n�j�Z�d�j�Z�k�g�u�c��

�i�j�h�_�d�l�h�j���b���k�_�g�k�h�j���]�e�m�[�b�g�u�����i�h�a�\�h�e�y�x�s�b�_���k���\�u�k�h�d�h�c���l�h�q�g�h�k�l�v�x���h�l�k�e�_�`�b�\�Z�l�v��

�i�h�e�h�`�_�g�b�_�� �d�e�x�q�_�\�u�o�� �k�m�k�l�Z�\�h�\�� �b�� �q�Z�k�l�_�c�� �l�_�e�Z�� �i�h�e�v�a�h�\�Z�l�_�e�y�� �\�� �j�_�Z�e�v�g�h�f��

�\�j�_�f�_�g�b�� 

�K�b�k�l�_�f�Z�� �.�L�Q�H�F�W�� �k�l�j�h�b�l�� �k�d�_�e�_�l�g�m�x�� �f�h�^�_�e�v�� �q�_�e�h�\�_�d�Z���� �h�i�j�_�^�_�e�y�y�� �^�h�� ������

�d�e�x�q�_�\�u�o���l�h�q�_�d���l�_�e�Z�����\�d�e�x�q�Z�y���]�h�e�h�\�m�� �i�e�_�q�b�����l�Z�a�����d�h�e�_�g�b���b���d�h�g�_�q�g�h�k�l�b�����W�l�b��

�^�Z�g�g�u�_�� �f�h�]�m�l�� �b�k�i�h�e�v�a�h�\�Z�l�v�k�y�� �^�e�y�� �h�p�_�g�d�b�� �h�k�Z�g�d�b���� �[�Z�e�Z�g�k�Z���� �i�h�o�h�^�d�b����

�d�h�h�j�^�b�g�Z�p�b�b�� �b�� �^�j�m�]�b�o�� �^�\�b�]�Z�l�_�e�v�g�u�o�� �i�Z�j�Z�f�_�l�j�h�\���� �H�^�g�b�f�� �b�a�� �i�j�_�b�f�m�s�_�k�l�\��

�.�L�Q�H�F�W�� �y�\�e�y�_�l�k�y�� �_�]�h�� �i�j�h�k�l�h�l�Z�� �b�k�i�h�e�v�a�h�\�Z�g�b�y�� �b�� �\�h�a�f�h�`�g�h�k�l�v�� �j�Z�[�h�l�Z�l�v�� �[�_�a��

�\�k�i�h�f�h�]�Z�l�_�e�v�g�h�]�h �h�[�h�j�m�^�h�\�Z�g�b�y���� �q�l�h�� �^�_�e�Z�_�l�� �_�]�h�� �m�^�h�[�g�u�f�� �^�e�y�� �i�j�b�f�_�g�_�g�b�y�� �\��

�^�h�f�Z�r�g�b�o���m�k�e�h�\�b�y�o���b���m�q�j�_�`�^�_�g�b�y�o���[�_�a���k�e�h�`�g�h�c���Z�i�i�Z�j�Z�l�g�h�c���b�g�n�j�Z�k�l�j�m�d�l�m�j�u�� 
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�J�b�k�m�g�h�d��30 - �I�j�b�f�_�j���i�h�k�l�j�h�_�g�b�y���k�d�_�e�_�l�g�u�o���f�h�^�_�e�_�c��Microsoft Kinect 

 
�<�� �h�[�e�Z�k�l�b�� �f�_�^�b�p�b�g�k�d�h�c�� �^�b�Z�]�g�h�k�l�b�d�b�� �.�L�Q�H�F�W�� �i�j�b�f�_�g�y�_�l�k�y�� �^�e�y��

�f�h�g�b�l�h�j�b�g�]�Z�� �\�h�k�k�l�Z�g�h�\�e�_�g�b�y�� �i�h�k�e�_�� �b�g�k�m�e�v�l�h�\���� �h�p�_�g�d�b�� �j�b�k�d�Z�� �i�Z�^�_�g�b�c�� �m��

�i�h�`�b�e�u�o�� �e�x�^�_�c���� �d�h�g�l�j�h�e�y�� �a�Z�� �^�\�b�]�Z�l�_�e�v�g�u�f�� �j�Z�a�\�b�l�b�_�f�� �m�� �^�_�l�_�c���� �Z�� �l�Z�d�`�_�� �\��

�i�j�h�]�j�Z�f�f�Z�o�� �g�_�c�j�h�j�_�Z�[�b�e�b�l�Z�p�b�b�� �i�j�b�� �g�Z�j�m�r�_�g�b�y�o�� �h�i�h�j�g�h-�^�\�b�]�Z�l�_�e�v�g�h�]�h��

�Z�i�i�Z�j�Z�l�Z���� �.�L�Q�H�F�W�� �b�k�i�h�e�v�a�m�_�l�k�y�� �\�� �j�_�Z�[�b�e�b�l�Z�p�b�h�g�g�u�o�� �l�j�_�g�b�j�h�\�d�Z�o�� �k��

�[�b�h�e�h�]�b�q�_�k�d�h�c�� �h�[�j�Z�l�g�h�c�� �k�\�y�a�v�x���� �i�h�a�\�h�e�y�y�� �i�Z�p�b�_�g�l�m�� �\�� �j�_�`�b�f�_�� �j�_�Z�e�v�g�h�]�h��

�\�j�_�f�_�g�b�� �h�l�k�e�_�`�b�\�Z�l�v�� �d�h�j�j�_�d�l�g�h�k�l�v�� �\�u�i�h�e�g�y�_�f�u�o�� �^�\�b�`�_�g�b�c���� �;�e�Z�]�h�^�Z�j�y��

�h�l�d�j�u�l�u�f���$�3�,���b���i�j�h�]�j�Z�f�f�g�h�c���i�h�^�^�_�j�`�d�_�����b�k�k�e�_�^�h�\�Z�l�_�e�b���f�h�]�m�l���Z�^�Z�i�l�b�j�h�\�Z�l�v��

�k�b�k�l�_�f�m�� �i�h�^�� �d�h�g�d�j�_�l�g�u�_�� �a�Z�^�Z�q�b�� �b�� �j�Z�a�j�Z�[�Z�l�u�\�Z�l�v�� �k�h�[�k�l�\�_�g�g�u�_�� �Z�e�]�h�j�b�l�f�u��

�Z�g�Z�e�b�a�Z�� 

�L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �.�L�Q�H�F�W�� �y�\�e�y�_�l�k�y�� �w�n�n�_�d�l�b�\�g�u�f���� �^�h�k�l�m�i�g�u�f�� �b��

�\�Z�e�b�^�b�j�m�_�f�u�f�� �b�g�k�l�j�m�f�_�g�l�h�f�� �^�e�y�� �j�_�]�b�k�l�j�Z�p�b�b�� �^�\�b�]�Z�l�_�e�v�g�h�c�� �Z�d�l�b�\�g�h�k�l�b�� �\��

�\�b�j�l�m�Z�e�v�g�h�c�� �k�j�_�^�_���� �?�]�h�� �b�g�l�_�]�j�Z�p�b�y�� �\�� �9�5-�k�b�k�l�_�f�u�� �i�h�a�\�h�e�y�_�l�� �i�j�h�\�h�^�b�l�v��

�l�h�q�g�m�x�� �b�� �g�_�f�_�^�e�_�g�g�m�x�� �h�p�_�g�d�m�� �i�h�k�l�m�j�Z�e�v�g�u�o�� �b�� �^�\�b�]�Z�l�_�e�v�g�u�o�� �j�_�Z�d�p�b�c����

�h�l�d�j�u�\�Z�y���r�b�j�h�d�b�_���i�_�j�k�i�_�d�l�b�\�u���^�e�y���b�k�i�h�e�v�a�h�\�Z�g�b�y���\���d�e�b�g�b�q�_�k�d�h�c���i�j�Z�d�l�b�d�_����

�g�Z�m�q�g�u�o���b�k�k�e�_�^�h�\�Z�g�b�y�o���b���i�j�h�n�b�e�Z�d�l�b�d�_���g�Z�j�m�r�_�g�b�c���j�Z�\�g�h�\�_�k�b�y�� 
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3.3. �G�_�c�j�h�n�b�a�b�h�e�h�]�b�q�_�k�d�b�_���d�h�j�j�_�e�y�l�u���i�h�]�j�m�`�_�g�b�y���\���\�b�j�l�m�Z�e�v�g�m�x��

�j�_�Z�e�v�g�h�k�l�v 

 
�G�_�k�f�h�l�j�y�� �g�Z�� �a�g�Z�q�b�l�_�e�v�g�h�_ �d�h�e�b�q�_�k�l�\�h�� �i�j�h�\�_�^�z�g�g�u�o�� �b�k�k�e�_�^�h�\�Z�g�b�c����

�i�h�k�\�y�s�z�g�g�u�o���b�a�m�q�_�g�b�x���b�e�e�x�a�b�b���^�\�b�`�_�g�b�y���k�h�[�k�l�\�_�g�g�h�]�h���l�_�e�Z�����\���[�h�e�v�r�b�g�k�l�\�_��

�b�a�� �g�b�o�� �\�� �d�Z�q�_�k�l�\�_�� �i�h�d�Z�a�Z�l�_�e�y�� �\�u�j�Z�`�_�g�g�h�k�l�b�� �b�e�e�x�a�b�b�� �b�k�i�h�e�v�a�m�x�l�k�y��

�k�Z�f�h�h�l�q�z�l�u�� �b�k�i�u�l�m�_�f�u�o���� �k�m�[�t�_�d�l�b�\�g�h�_�� �r�d�Z�e�b�j�h�\�Z�g�b�_�� �b�g�l�_�g�k�b�\�g�h�k�l�b��

�b�e�e�x�a�h�j�g�h�]�h�� �i�_�j�_�f�_�s�_�g�b�y���� �Z�� �l�Z�d�`�_�� �\�j�_�f�_�g�g�u�_�� �f�_�l�d�b�� �g�Z�q�Z�e�Z���h�d�h�g�q�Z�g�b�y��

�\�_�d�p�b�b���� �i�h�e�m�q�Z�_�f�u�_�� �i�m�l�z�f�� �g�Z�`�Z�l�b�y�� �b�k�i�u�l�m�_�f�u�f�b�� �g�Z�� �d�g�h�i�d�b�� �^�`�h�c�k�l�b�d�h�\����

�J�_�a�m�e�v�l�Z�l�u�� �i�h�^�h�[�g�h�]�h�� �j�h�^�Z�� �b�a�f�_�j�_�g�b�c�� �g�_�� �i�h�a�\�h�e�y�x�l�� �^�_�e�Z�l�v�� �\�u�\�h�^�u�� �h��

�f�h�a�]�h�\�u�o���f�_�o�Z�g�b�a�f�Z�o���j�_�Z�e�b�a�Z�p�b�b���\�_�d�p�b�b�� 

�H�i�l�h�d�b�g�_�l�b�q�_�k�d�b�_�� �k�l�b�f�m�e�u���� �b�k�i�h�e�v�a�m�_�f�u�_�� �\ �k�b�k�l�_�f�Z�o�� �\�b�j�l�m�Z�e�v�g�h�c��

�j�_�Z�e�v�g�h�k�l�b��- �w�l�h�� �i�h�^�l�b�i�� �\�h�k�i�j�b�y�l�b�y�� �h�i�l�b�q�_�k�d�h�c�� �^�_�f�h�g�k�l�j�Z�p�b�b���� �d�h�l�h�j�u�c��

�i�j�_�^�k�l�Z�\�e�y�_�l�� �k�h�[�h�c�� �i�h�k�l�h�y�g�g�h�_�� �b�a�f�_�g�_�g�b�_�� �b�a�h�[�j�Z�`�_�g�b�c�� �g�Z�� �k�_�l�q�Z�l�d�_����

�i�j�h�b�k�o�h�^�y�s�_�_�� �\�� �j�_�a�m�e�v�l�Z�l�_�� �^�\�b�`�_�g�b�y�� �a�j�b�l�_�e�v�g�h�c�� �k�j�_�^�u���� �B�k�k�e�_�^�h�\�Z�g�b�y�� �k��

�b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �i�h�a�b�l�j�h�g�g�h-�w�f�b�k�k�b�h�g�g�h�c�� �l�h�f�h�]�j�Z�n�b�b�� ���I�W�L���� �b��

�n�m�g�d�p�b�h�g�Z�e�v�g�h�c�� �f�Z�]�g�b�l�g�h-�j�_�a�h�g�Z�g�k�g�h�c�� �l�h�f�h�]�j�Z�n�b�b�� ���n�F�J�L���� �\�h�� �\�j�_�f�y��

�h�i�l�h�d�b�g�_�l�b�q�_�k�d�b�o�� �k�l�b�f�m�e�h�\���� �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�o�� �k�� �a�Z�^�Z�q�_�c�� �n�b�d�k�Z�p�b�_�c�� �g�Z��

�^�\�b�`�m�s�_�f�k�y�� �h�[�t�_�d�l�_���� �i�h�d�Z�a�u�\�Z�x�l�� �\�a�Z�b�f�g�u�c�� �\�b�a�m�Z�e�v�g�h-�\�_�k�l�b�[�m�e�y�j�g�u�c��

�b�g�]�b�[�b�j�m�x�s�b�c�� �i�Z�l�l�_�j�g�� ���.�O�H�L�Q�V�F�K�P�L�G�W���$���� �H�W�� �D�O������ �������������� �:�d�l�b�\�Z�p�b�y�� �a�j�b�l�_�e�v�g�h�c��

�d�h�j�u�� �k�o�h�^�b�l�k�y�� �k�� �^�_�Z�d�l�b�\�Z�p�b�_�c�� �i�Z�j�b�_�l�h�g�k�m�e�y�j�g�h�c�� �\�_�k�l�b�[�m�e�y�j�g�h�c�� �d�h�j�u���� �W�l�Z��

�f�h�^�_�e�v�� �f�h�`�_�l�� �h�l�j�Z�`�Z�l�v�� �k�_�g�k�h�j�g�h�_�� �i�_�j�_�\�_�r�b�\�Z�g�b�_�� �\�b�a�m�Z�e�v�g�h�c�� �b��

�\�_�k�l�b�[�m�e�y�j�g�h�c�� �Z�n�n�_�j�_�g�l�g�h�c�� �b�g�n�h�j�f�Z�p�b�b���� �\�� �d�h�l�h�j�h�c�� �[�h�e�_�_�� �g�Z�^�_�`�g�u�c�� �b�e�b��

�^�h�f�b�g�b�j�m�x�s�b�c���k�_�g�k�h�j�g�u�c���\�o�h�^���i�j�b�^�Z�_�l�k�y���[�h�e�v�r�b�c���\�_�k�����%�U�D�Q�G�W���7�����H�W���D�O���������������� 

�B�a�m�q�_�g�b�_�� �\�_�d�p�b�b�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �l�_�o�g�h�e�h�]�b�c�� �n�F�J�L�� �i�h�d�Z�a�Z�e�h��

�Z�d�l�b�\�Z�p�b�x�� �f�g�h�]�b�o�� �a�h�g�� �]�h�e�h�\�g�h�]�h�� �f�h�a�]�Z���� �d�h�j�j�_�e�b�j�m�x�s�m�x�� �k�� �k�Z�f�h�h�l�q�z�l�Z�f�b��

�b�k�i�u�l�m�_�f�u�o�� �h�� �k�m�[�t�_�d�l�b�\�g�u�o�� �h�s�m�s�_�g�b�y�o�� �^�\�b�`�_�g�b�y�� �k�h�[�k�l�\�_�g�g�h�]�h�� �l�_�e�Z���� �<��

�i�_�j�\�m�x�� �h�q�_�j�_�^�v���h�l�f�_�q�Z�_�l�k�y�� �Z�d�l�b�\�Z�p�b�y�� �a�j�b�l�_�e�v�g�u�o�� �a�h�g�� �9�����0�7�� �b�� �6�7�6����

�q�m�\�k�l�\�b�l�_�e�v�g�u�o�� �d�� �\�h�k�i�j�b�y�l�b�x�� �^�\�b�`�_�g�b�y���� �I�h�� �^�Z�g�g�u�f�� �g�_�d�h�l�h�j�u�o��

�b�k�k�e�_�^�h�\�Z�g�b�c�����^�Z�g�g�u�_���a�h�g�u���d�h�j�u���g�_�h�[�o�h�^�b�f�u���^�e�y���j�Z�a�e�b�q�_�g�b�y���[�b�h�e�h�]�b�q�_�k�d�b��
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�a�g�Z�q�b�f�u�o���h�l�� �[�b�h�e�h�]�b�q�_�k�d�b���g�_�a�g�Z�q�b�f�u�o���b�a�f�_�g�_�g�b�c�� �h�d�j�m�`�Z�x�s�_�c�� �k�j�_�^�u���� �I�j�b��

�w�l�h�f�� �[�b�h�e�h�]�b�q�_�k�d�Z�y�� �a�g�Z�q�b�f�h�k�l�v�� �h�i�j�_�^�_�e�y�_�l�k�y�� �g�_�h�[�o�h�^�b�f�h�k�l�v�x�� �b�a�f�_�g�_�g�b�y��

�i�h�e�h�`�_�g�b�y���l�_�e�Z���\���i�j�h�k�l�j�Z�g�k�l�\�_�����*�R�R�G�D�O�H���H�W���D�O���������������������L�h���_�k�l�v���Z�d�l�b�\�Z�p�b�y���w�l�b�o��

�h�[�e�Z�k�l�_�c�� �\�h�� �\�j�_�f�y�� �i�_�j�_�`�b�\�Z�g�b�y�� �b�e�e�x�a�b�b�� �h�[�t�y�k�g�y�_�l�k�y�� �g�_�h�[�o�h�^�b�f�h�k�l�v�x��

�Z�^�Z�i�l�Z�p�b�b�� �d�� �b�a�f�_�g�b�\�r�b�f�k�y�� �m�k�e�h�\�b�y�f���� �\�� �d�h�l�h�j�u�o�� �g�Z�o�h�^�b�l�k�y�� �q�_�e�h�\�_�d���� �K�� �w�l�h�c��

�l�h�q�d�b�� �a�j�_�g�b�y���� �g�Z�[�e�x�^�Z�_�f�Z�y�� �Z�d�l�b�\�Z�p�b�y�� �y�\�e�y�_�l�k�y�� �k�e�_�^�k�l�\�b�_�f�� �\�h�k�i�j�b�y�l�b�y��

�b�e�e�x�a�b�b���� �Z�� �g�_�� �_�z�� �i�j�b�q�b�g�h�c�� �b���� �l�Z�d�b�f�� �h�[�j�Z�a�h�f���� �g�_�� �\�k�d�j�u�\�Z�_�l�� �f�_�o�Z�g�b�a�f�h�\��

�\�h�a�g�b�d�g�h�\�_�g�b�y���b���i�j�h�l�_�d�Z�g�b�y���\�_�d�p�b�b�� 

�I�h�^�Z�\�e�_�g�b�_�� �n�b�d�k�Z�p�b�b�� �h�i�l�h�d�b�g�_�l�b�q�_�k�d�h�]�h�� �g�b�k�l�Z�]�f�Z�� �i�j�b�\�h�^�b�l�� �d��

�m�k�b�e�_�g�b�x�� �Z�d�l�b�\�Z�p�b�b�� �\�� �^�h�i�h�e�g�b�l�_�e�v�g�h�f�� �]�e�Z�a�g�h�f�� �i�h�e�_�� �b�� �i�_�j�_�^�g�_�c�� �i�h�y�k�g�h�c��

�b�a�\�b�e�_���� �g�_�b�a�f�_�g�g�h�c�� �Z�d�l�b�\�Z�p�b�b�� �\�� �a�j�b�l�_�e�v�g�h�c�� �d�h�j�_���� �k�g�b�`�_�g�b�x�� �Z�d�l�b�\�Z�p�b�b�� �\��

�[�h�e�v�r�b�g�k�l�\�_�� �]�e�Z�a�g�u�o�� �f�h�l�h�j�g�u�o�� �h�[�e�Z�k�l�_�c�� �b�� �i�h�^�Z�\�e�_�g�g�h�c�� �Z�d�l�b�\�Z�p�b�b�� �\��

�l�Z�e�Z�f�m�k�_�� ���'�L�H�W�H�U�L�F�K���0���� �H�W���D�O������ �������������� �M�q�b�l�u�\�Z�y�� �w�l�b�� �g�Z�[�e�x�^�Z�_�f�u�_���b�a�f�_�g�_�g�b�y�� �\��

�Z�d�l�b�\�Z�p�b�b���f�h�a�]�Z���m���a�^�h�j�h�\�u�o���e�x�^�_�c�� �\�h���\�j�_�f�y���i�h�^�Z�\�e�_�g�b�y�� �n�b�d�k�Z�p�b�b���� �g�Z�e�b�q�b�_��

�b�e�b�� �h�l�k�m�l�k�l�\�b�_�� �f�b�r�_�g�b�� �n�b�d�k�Z�p�b�b�� �\�h�� �\�j�_�f�y�� �\�_�k�l�b�[�m�e�y�j�g�h�c�� �j�_�Z�[�b�e�b�l�Z�p�b�b��

�f�h�`�_�l���b�f�_�l�v���\�Z�`�g�u�_���d�e�b�g�b�q�_�k�d�b�_���a�g�Z�q�_�g�b�y�� 

�L�Z�d�`�_���� �k�l�h�b�l�� �h�l�f�_�l�b�l�v���� �q�l�h�� �\�_�k�l�b�[�m�e�y�j�g�Z�y�� �n�m�g�d�p�b�y�� �a�Z�l�j�Z�]�b�\�Z�_�l��

�i�h�^�d�h�j�d�h�\�u�_�� �b�� �[�Z�a�Z�e�v�g�u�_�� �k�l�j�m�d�l�m�j�u�� �f�h�a�]�Z���� �g�h�� �i�h�y�\�e�y�_�l�k�y�� �\�k�_�� �[�h�e�v�r�_��

�k�\�b�^�_�l�_�e�v�k�l�\�� �j�h�e�b�� �d�h�j�d�h�\�u�o�� �k�l�j�m�d�l�m�j�� �\�� �h�[�j�Z�[�h�l�d�_�� �\�_�k�l�b�[�m�e�y�j�g�h�c��

�b�g�n�h�j�f�Z�p�b�b�����%�U�D�Q�G�W���7�������������������<���q�Z�k�l�g�h�k�l�b�����d�h�j�d�h�\�u�_���i�j�h�_�d�p�b�b���\�_�k�l�b�[�m�e�y�j�g�h�c��

�k�_�l�b�� �\�� �\�b�k�h�q�g�h-�l�_�f�_�g�g�h�c�� �k�� �i�_�j�_�o�h�^�h�f�� �\�� �\�_�j�o�g�x�x�� �\�b�k�h�q�g�m�x�� �b�a�\�b�e�b�g�m���[�u�e�b��

�h�l�f�_�q�_�g�u�� �\�� �\�_�k�l�b�[�m�e�y�j�g�h-�]�e�Z�a�g�h�f�� �d�h�g�l�j�h�e�_�� �d�e�b�g�b�q�_�k�d�b�o�� �b�k�k�e�_�^�h�\�Z�g�b�c��

�k�e�m�q�Z�_�\�� �m�� �e�x�^�_�c�� �k�� �i�h�j�Z�`�_�g�g�h�c�� �\�_�k�l�b�[�m�e�y�j�g�h�c�� �n�m�g�d�p�b�_�c�� �]�h�e�h�\�g�h�]�h�� �f�h�a�]�Z��

(Ventre-�'�R�P�L�Q�H�\�� �-������ �H�W�� �D�O���� �������������� �I�h�y�\�e�_�g�b�_�� �g�h�\�u�o�� �f�_�l�h�^�h�\�� �j�_�]�b�k�l�j�Z�p�b�b��

�f�h�a�]�h�\�h�c���Z�d�l�b�\�g�h�k�l�b�����d�h�l�h�j�u�_���b�f�_�x�l���\�h�a�f�h�`�g�h�k�l�v���k�h�i�j�y�`�_�g�b�y���f�_�`�^�m���k�h�[�h�c����

�i�h�a�\�h�e�y�x�l�� �i�j�h�\�h�^�b�l�v�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �\�� �g�Z�b�[�h�e�_�_�� �\�Z�e�b�^�g�u�o�� �m�k�e�h�\�b�y�o���� �q�_�f��

�j�Z�k�r�b�j�y�x�l�� �^�b�Z�i�Z�a�h�g�� �b�k�k�e�_�^�m�_�f�u�o�� �h�[�e�Z�k�l�_�c�� �g�_�c�j�h�[�b�h�e�h�]�b�b���� �d�h�]�g�b�l�b�\�g�u�o��

�g�_�c�j�h�g�Z�m�d�� �b�� �\�h�a�f�h�`�g�h�k�l�_�c�� �n�h�j�f�b�j�h�\�Z�g�b�y�� �g�h�\�h�]�h�� �f�_�l�h�^�h�e�h�]�b�q�_�k�d�h�]�h��

�f�Z�l�_�j�b�Z�e�Z���^�e�y���k�[�h�j�Z���b���h�[�j�Z�[�h�l�d�b���b�g�n�h�j�f�Z�p�b�b�� 
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�K�h�]�e�Z�k�g�h�� �h�i�b�k�Z�g�g�u�f�� �\�u�r�_�� �f�h�^�_�e�y�f�� �k�_�g�k�h�j�g�h�]�h�� �d�h�g�n�e�b�d�l�Z���� �\�_�d�p�b�y��

�\�h�a�g�b�d�Z�_�l�� �d�Z�d�� �i�h�[�h�q�g�u�c�� �i�j�h�^�m�d�l�� �g�Z�j�m�r�_�g�b�y�� �\�� �i�j�h�p�_�k�k�Z�o�� �b�g�l�_�]�j�Z�p�b�b��

�k�_�g�k�h�j�g�h�c�� �b�g�n�h�j�f�Z�p�b�b���� �g�Z�j�y�^�m�� �k�� �]�h�e�h�\�h�d�j�m�`�_�g�b�_�f�� �b�� �l�h�r�g�h�l�h�c����

�K�m�s�_�k�l�\�_�g�g�u�f�� �g�_�^�h�k�l�Z�l�d�h�f�� �w�l�b�o�� �f�h�^�_�e�_�c�� �k�e�_�^�m�_�l�� �i�j�b�a�g�Z�l�v�� �h�l�k�m�l�k�l�\�b�_��

�i�h�^�l�\�_�j�`�^�_�g�b�c���\���w�d�k�i�_�j�b�f�_�g�l�Z�o���k���j�_�]�b�k�l�j�Z�p�b�_�c���Z�d�l�b�\�g�h�k�l�b���]�h�e�h�\�g�h�]�h���f�h�a�]�Z����

�<���j�_�a�m�e�v�l�Z�l�_�����g�_���k�f�h�l�j�y���g�Z���j�Z�a�g�u�_���k�i�h�k�h�[�u���f�Z�l�_�f�Z�l�b�q�_�k�d�h�]�h���h�i�b�k�Z�g�b�y���i�j�Z�\�b�e��

�b�g�l�_�]�j�Z�p�b�b�� �k�_�g�k�h�j�g�h�c�� �b�g�n�h�j�f�Z�p�b�b���� �f�h�^�_�e�b�� �i�k�b�o�h�n�b�a�b�h�e�h�]�b�q�_�k�d�b�o��

�f�_�o�Z�g�b�a�f�h�\�� �\�h�a�g�b�d�g�h�\�_�g�b�y�� �b�e�e�x�a�b�b�� �k�� �m�d�Z�a�Z�g�b�_�f���k�l�j�m�d�l�m�j�� �]�h�e�h�\�g�h�]�h�� �f�h�a�]�Z����

�\�h�\�e�_�q�z�g�g�u�o�� �\�� �^�Z�g�g�u�c�� �i�j�h�p�_�k�k���� �\�� �j�Z�f�d�Z�o�� �l�_�h�j�b�c�� �k�_�g�k�h�j�g�h�]�h�� �d�h�g�n�e�b�d�l�Z��

�i�j�_�^�e�h�`�_�g�h���^�h���k�b�o���g�_���i�h�j���g�_���[�u�e�h���� 

�L�_�f���g�_���f�_�g�_�_�����\ �i�h�k�e�_�^�g�b�_���^�\�Z���^�_�k�y�l�b�e�_�l�b�y���[�u�e�h���i�j�h�\�_�^�_�g�h���g�_�d�h�l�h�j�h�_ 

�d�h�e�b�q�_�k�l�\�h���w�d�k�i�_�j�b�f�_�g�l�h�\���i�h���b�a�m�q�_�g�b�x���b�e�e�x�a�b�b���^�\�b�`�_�g�b�y���k�h�[�k�l�\�_�g�g�h�]�h���l�_�e�Z��

�k�� �i�j�b�f�_�g�_�g�b�_�f�� �l�_�o�g�h�e�h�]�b�c�� �g�_�c�j�h�\�b�a�m�Z�e�b�a�Z�p�b�b���� �q�l�h�� �i�h�a�\�h�e�b�e�h�� �i�h�e�m�q�b�l�v��

�g�h�\�u�_���^�Z�g�g�u�_���h���f�h�a�]�h�\�u�o���f�_�o�Z�g�b�a�f�Z�o���i�j�h�l�_�d�Z�g�b�y���^�Z�g�g�h�c���b�e�e�x�a�b�b�����B�a�m�q�_�g�b�_��

�\�_�d�p�b�b���k���b�k�i�h�e�v�a�h�\�Z�g�b�_�f���l�_�o�g�h�e�h�]�b�c���n�F�J�L���i�h�d�Z�a�Z�e�h���Z�d�l�b�\�Z�p�b�x���f�g�h�]�b�o���a�h�g��

�]�h�e�h�\�g�h�]�h�� �f�h�a�]�Z���� �d�h�j�j�_�e�b�j�m�x�s�m�x�� �k�� �k�Z�f�h�h�l�q�z�l�Z�f�b�� �b�k�i�u�l�m�_�f�u�o�� �h��

�k�m�[�t�_�d�l�b�\�g�u�o�� �h�s�m�s�_�g�b�y�o�� �^�\�b�`�_�g�b�y�� �k�h�[�k�l�\�_�g�g�h�]�h�� �l�_�e�Z���� �<�� �i�_�j�\�m�x�� �h�q�_�j�_�^�v��

�h�l�f�_�q�Z�_�l�k�y�� �Z�d�l�b�\�Z�p�b�y�� �a�j�b�l�_�e�v�g�u�o�� �a�h�g�� �9�����0�7�� �b�� �6�7�6���� �q�m�\�k�l�\�b�l�_�e�v�g�u�o�� �d��

�\�h�k�i�j�b�y�l�b�x�� �^�\�b�`�_�g�b�y���� �I�h�� �^�Z�g�g�u�f�� �g�_�d�h�l�h�j�u�o�� �b�k�k�e�_�^�h�\�Z�g�b�c���� �^�Z�g�g�u�_�� �a�h�g�u��

�d�h�j�u�� �g�_�h�[�o�h�^�b�f�u�� �^�e�y�� �j�Z�a�e�b�q�_�g�b�y�� �[�b�h�e�h�]�b�q�_�k�d�b�� �a�g�Z�q�b�f�u�o�� �h�l�� �[�b�h�e�h�]�b�q�_�k�d�b��

�g�_�a�g�Z�q�b�f�u�o�� �b�a�f�_�g�_�g�b�c�� �h�d�j�m�`�Z�x�s�_�c�� �k�j�_�^�u���� �I�j�b�� �w�l�h�f�� �[�b�h�e�h�]�b�q�_�k�d�Z�y��

�a�g�Z�q�b�f�h�k�l�v�� �h�i�j�_�^�_�e�y�_�l�k�y�� �g�_�h�[�o�h�^�b�f�h�k�l�v�x�� �b�a�f�_�g�_�g�b�y�� �i�h�e�h�`�_�g�b�y�� �l�_�e�Z�� �\��

�i�j�h�k�l�j�Z�g�k�l�\�_�����*�R�R�G�D�O�H���H�W���D�O������������������ �L�h���_�k�l�v���Z�d�l�b�\�Z�p�b�y���w�l�b�o���h�[�e�Z�k�l�_�c���\�h���\�j�_�f�y��

�i�_�j�_�`�b�\�Z�g�b�y�� �b�e�e�x�a�b�b�� �h�[�t�y�k�g�y�_�l�k�y�� �g�_�h�[�o�h�^�b�f�h�k�l�v�x�� �Z�^�Z�i�l�Z�p�b�b�� �d��

�b�a�f�_�g�b�\�r�b�f�k�y���m�k�e�h�\�b�y�f�����\���d�h�l�h�j�u�o���g�Z�o�h�^�b�l�k�y���q�_�e�h�\�_�d�����K���w�l�h�c���l�h�q�d�b���a�j�_�g�b�y����

�g�Z�[�e�x�^�Z�_�f�Z�y�� �Z�d�l�b�\�Z�p�b�y�� �y�\�e�y�_�l�k�y�� �k�e�_�^�k�l�\�b�_�f�� �\�h�k�i�j�b�y�l�b�y�� �b�e�e�x�a�b�b���� �Z�� �g�_�� �_�z��

�i�j�b�q�b�g�h�c�� �b���� �l�Z�d�b�f�� �h�[�j�Z�a�h�f���� �g�_�� �\�k�d�j�u�\�Z�_�l�� �f�_�o�Z�g�b�a�f�h�\�� �\�h�a�g�b�d�g�h�\�_�g�b�y�� �b��

�i�j�h�l�_�d�Z�g�b�y���\�_�d�p�b�b�� 

 �<���k�Z�f�u�o���j�Z�g�g�b�o���j�Z�[�h�l�Z�o���i�h���b�a�m�q�_�g�b�x���b�e�e�x�a�b�b���^�\�b�`�_�g�b�y���k�h�[�k�l�\�_�g�g�h�]�h��

�l�_�e�Z���f�_�l�h�^�Z�f�b���g�_�c�j�h�\�b�a�m�Z�e�b�a�Z�p�b�b���[�u�e�Z���h�[�g�Z�j�m�`�_�g�Z���b�a�[�b�j�Z�l�_�e�v�g�Z�y���Z�d�l�b�\�Z�p�b�y��
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�h�[�e�Z�k�l�b�� �h�k�l�j�h�\�d�Z�� �\�� �l�_�q�_�g�b�_�� �i�_�j�_�`�b�\�Z�g�b�y�� �\�_�d�p�b�b���� �L�Z�d, �I�j�_�\�b�d�� ��Previc et al., 

2000)�����b�k�i�h�e�v�a�m�y���I�W�L���b���i�j�_�^�t�y�\�e�y�y���i�_�j�_�f�_�s�Z�x�s�b�_�k�y���[�_�e�u�_���l�h�q�d�b�����h�[�g�Z�j�m�`�b�e��

�m�\�_�e�b�q�_�g�b�_�� �Z�d�l�b�\�g�h�k�l�b�� �h�k�l�j�h�\�d�h�\�h�c�� �a�h�g�u���� �k�h�h�l�\�_�l�k�l�\�m�x�s�_�_�� �f�h�f�_�g�l�m��

�k�b�]�g�Z�e�b�a�Z�p�b�b�� �b�k�i�u�l�m�_�f�u�f�b�� �h�� �\�h�a�g�b�d�g�h�\�_�g�b�b�� �b�e�e�x�a�b�b�� �i�m�l�z�f�� �g�Z�`�Z�l�b�y�� �g�Z��

�d�g�h�i�d�m���� �I�h�a�^�g�_�_���^�Z�g�g�u�c���j�_�a�m�e�v�l�Z�l�� �[�u�e���i�h�e�m�q�_�g���\�� �^�j�m�]�h�f�� �b�k�k�e�_�^�h�\�Z�g�b�b���i�j�b��

�k�j�Z�\�g�_�g�b�b���b�f�f�_�j�k�b�\�g�h�k�l�b���^�b�k�i�e�_�_�\���k���j�Z�a�e�b�q�g�h�c���r�b�j�b�g�h�c���m�]�e�Z���h�[�a�h�j�Z����Beer, 

et al., 2002). �H�d�Z�a�Z�e�h�k�v���� �q�l�h�� �i�j�b�� �i�j�_�^�t�y�\�e�_�g�b�b�� �k�l�b�f�m�e�y�p�b�b�� �g�Z��

�r�b�j�h�d�h�n�h�j�f�Z�l�g�h�f���w�d�j�Z�g�_�����b�k�i�u�l�m�_�f�u�_���h�l�f�_�q�Z�e�b���g�Z�e�b�q�b�_���\�_�d�p�b�b�����b�����\���l�h���`�_��

�\�j�_�f�y���� �[�u�e�h�� �a�Z�n�b�d�k�b�j�h�\�Z�g�h�� �i�h�\�u�r�_�g�b�_�� �Z�d�l�b�\�g�h�k�l�b�� �\�� �h�[�e�Z�k�l�b���h�k�l�j�h�\�d�Z�� �\��

�i�j�Z�\�h�f�� �i�h�e�m�r�Z�j�b�b���� �I�h�k�d�h�e�v�d�m�� �h�k�l�j�h�\�d�h�\�Z�y�� �a�h�g�Z�� �k�\�y�a�Z�g�Z�� �k�� �h�[�j�Z�[�h�l�d�h�c��

�\�_�k�l�b�[�m�e�y�j�g�h�c�� �b�g�n�h�j�f�Z�p�b�b, �g�Z�� �h�k�g�h�\�Z�g�b�b�� �i�h�e�m�q�_�g�g�u�o�� �^�Z�g�g�u�o�� �[�u�e�Z��

�\�u�^�\�b�g�m�l�Z�� �]�b�i�h�l�_�a�Z�� �\�_�k�l�b�[�m�e�y�j�g�h�c�� �n�Z�k�b�e�b�l�Z�p�b�b���� �k�h�]�e�Z�k�g�h�� �d�h�l�h�j�h�c��

�k�_�g�k�h�j�g�u�c�� �d�h�g�n�e�b�d�l�� �\�h�a�g�b�d�Z�_�l�� �\�� �j�_�a�m�e�v�l�Z�l�_�� �i�h�\�u�r�_�g�b�y�� �Z�d�l�b�\�Z�p�b�b��

�\�_�k�l�b�[�m�e�y�j�g�u�o�� �a�h�g�� �d�h�j�u�� �i�j�b�� �g�Z�[�e�x�^�_�g�b�b�� �^�\�b�`�m�s�_�]�h�k�y�� �k�l�b�f�m�e�Z�� �[�h�e�v�r�h�]�h��

�j�Z�a�f�_�j�Z��(Cardin et al., 2010). �L�h�� �_�k�l�v�� �\�h�a�g�b�d�Z�_�l�� �g�_�� �m�k�b�e�_�g�b�_�� �Z�d�l�b�\�g�h�k�l�b��

�a�j�b�l�_�e�v�g�h�c�� �k�b�k�l�_�f�u���� �Z�� �i�h�\�u�r�_�g�b�_�� �Z�d�l�b�\�g�h�k�l�b�� �\�_�k�l�b�[�m�e�y�j�g�h�c�� �k�b�k�l�_�f�u�� �d�Z�d��

�h�[�j�Z�l�g�Z�y�� �j�_�Z�d�p�b�y�� �g�Z�� �g�_�k�h�h�l�\�_�l�k�l�\�b�_�� �a�j�b�l�_�e�v�g�u�o�� �b�� �\�_�k�l�b�[�m�e�y�j�g�u�o�� �k�b�]�g�Z�e�h�\����

�K�l�h�b�l�� �h�l�f�_�l�b�l�v���� �q�l�h�� �Z�\�l�h�j�u�� �g�_�� �m�d�Z�a�Z�e�b�� �i�j�b�q�b�g�� �b�� �d�h�g�d�j�_�l�g�u�o�� �f�_�o�Z�g�b�a�f�h�\��

�l�Z�d�h�]�h���i�h�\�u�r�_�g�b�y���Z�d�l�b�\�g�h�k�l�b���k�h���k�l�h�j�h�g�u���\�_�k�l�b�[�m�e�y�j�g�u�o���a�h�g���f�h�a�]�Z�� 

�>�Z�e�v�g�_�c�r�_�_�� �b�a�m�q�_�g�b�_�� �f�h�a�]�h�\�u�o�� �f�_�o�Z�g�b�a�f�h�\�� �\�_�d�p�b�b�� �h�[�g�Z�j�m�`�b�e�h��

�i�j�h�l�b�\�h�i�h�e�h�`�g�u�_�� �j�_�a�m�e�v�l�Z�l�u�����<�� �h�^�g�h�f�� �b�a�� �w�d�k�i�_�j�b�f�_�g�l�h�\���� �i�j�h�\�_�^�_�g�g�h�f�� �:����

�D�e�y�c�g�r�f�b�^�l�h�f�� �b�� �_�]�h�� �d�h�e�e�_�]�Z�f�b�� ���.�O�H�L�Q�V�F�K�P�L�G�W�� �H�W�� �D�O������ ������������ �b�k�i�u�l�m�_�f�u�f����

�g�Z�o�h�^�y�s�b�f�k�y�� �\�� �m�k�l�Z�g�h�\�d�_�� �n�F�J�L���� �i�j�_�^�t�y�\�e�y�e�b�� �\�j�Z�s�Z�x�s�b�c�k�y�� �k�� �i�h�k�l�h�y�g�g�h�c��

�k�d�h�j�h�k�l�v�x�� ������ �m�]�e���� �]�j�Z�^�����k�_�d���� �^�b�k�d���� �i�h�e�g�h�k�l�v�x�� �a�Z�g�b�f�Z�x�s�b�c�� �\�k�z�� �a�j�b�l�_�e�v�g�h�_��

�i�h�e�_���� �G�Z�� �^�b�k�d �[�u�e�b�� �g�Z�g�_�k�_�g�u�� �q�_�j�_�^�m�x�s�b�_�k�y�� �j�Z�^�b�Z�e�v�g�u�_�� �q�z�j�g�u�_�� �b�� �[�_�e�u�_��

�i�h�e�h�k�u���� �G�Z�`�b�f�Z�y�� �g�Z�� �d�g�h�i�d�m���� �b�k�i�u�l�m�_�f�u�_�� �k�b�]�g�Z�e�b�a�b�j�h�\�Z�e�b�� �h���g�Z�q�Z�e�_��

�h�s�m�s�_�g�b�y�� �b�e�e�x�a�b�b�� �^�\�b�`�_�g�b�y�� �k�h�[�k�l�\�_�g�g�h�]�h�� �l�_�e�Z���� �Z�� �l�Z�d�`�_�� �h�� �f�h�f�_�g�l�_�� �_�z��

�h�d�h�g�q�Z�g�b�b�����;�u�e�h���h�[�g�Z�j�m�`�_�g�h�����q�l�h���\���l�_�q�_�g�b�_���w�d�k�i�_�j�b�f�_�g�l�Z���\�_�d�p�b�y���b���h�[�u�q�g�h�_��

�\�h�k�i�j�b�y�l�b�_�� �^�\�b�`�_�g�b�y�� �^�b�k�d�Z�� �q�_�j�_�^�h�\�Z�e�b�k�v���� �D�j�h�f�_�� �l�h�]�h���� �b�f�_�e�h�� �f�_�k�l�h�� �l�Z�d��

�g�Z�a�u�\�Z�_�f�h�_���©�[�b�k�l�Z�[�b�e�v�g�h�_�� �\�h�k�i�j�b�y�l�b�_�ª �± �b�k�i�u�l�m�_�f�u�_�� �h�s�m�s�Z�e�b���\�_�d�p�b�x���� �g�h��
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�i�h�g�b�f�Z�e�b���� �q�l�h�� �h�g�b�� �g�_�i�h�^�\�b�`�g�u���� �I�j�b�� �w�l�h�f�� �w�i�h�o�b�� �\�h�k�i�j�b�y�l�b�y�� �k�l�Z�[�b�e�v�g�h�]�h��

�i�h�e�h�`�_�g�b�y���k�\�h�_�]�h���l�_�e�Z�����\�_�d�p�b�b���b���[�b�k�l�Z�[�b�e�v�g�h�]�h���\�h�k�i�j�b�y�l�b�y���[�u�e�b���k�o�h�`�b���± �\��

�k�j�_�^�g�_�f�� �i�h�� �������± 1���� �k���� �J�_�a�m�e�v�l�Z�l�u�� �j�_�]�b�k�l�j�Z�p�b�b�� �Z�d�l�b�\�g�h�k�l�b�� �]�h�e�h�\�g�h�]�h�� �f�h�a�]�Z��

�i�h�d�Z�a�Z�e�b���� �q�l�h�� �\�h�� �\�j�_�f�y�� �\�h�k�i�j�b�y�l�b�y�� �l�h�e�v�d�h�� �^�\�b�`�_�g�b�y�� �^�b�k�d�Z�� �b�a�[�b�j�Z�l�_�e�v�g�h��

�Z�d�l�b�\�b�j�h�\�Z�e�b�k�v �a�h�g�u�� �a�j�b�l�_�e�v�g�h�c�� �d�h�j�u�� ���9�����± �9������ �b �\�_�k�l�b�[�m�e�y�j�g�Z�y�� �i�Z�j�b�_�l�h-

�b�g�k�m�e�y�j�g�Z�y�� �d�h�j�Z�� ���3�,�9�&������ �<�h�� �\�j�_�f�y�� �h�s�m�s�_�g�b�y�� �\�_�d�p�b�b�� �b�a�[�b�j�Z�l�_�e�v�g�h��

�Z�d�l�b�\�b�j�h�\�Z�e�Z�k�v���l�h�e�v�d�h���h�[�e�Z�k�l�v���m�a�_�e�d�Z���f�h�a�`�_�q�d�Z�����1�&�������H�^�g�Z�d�h���p�_�e�u�c���j�y�^���a�h�g��

�h�d�Z�a�Z�e�b�k�v�� �Z�d�l�b�\�g�u�f�b�� �^�e�y�� �h�[�h�b�o�� �\�b�^�h�\�� �\�h�k�i�j�b�y�l�b�y���± �w�l�h�� �a�h�g�u��

�^�h�j�a�h�f�_�^�b�Z�e�v�g�h�c�� �d�h�j�u�� ���'�0������ �\�_�j�o�g�_�c�� �\�b�k�h�q�g�h�c�� �h�[�e�Z�k�l�b�� ���6�7������ �f�_�^�b�Z�e�v�g�Z�y��

�\�_�j�o�g�y�y�� �\�b�k�h�q�g�Z�y�� �d�h�j�Z�� ���0�6�7������ �G�Z�b�[�h�e�_�_�� �\�Z�`�g�u�c�� �j�_�a�m�e�v�l�Z�l�� �^�Z�g�g�h�]�h��

�b�k�k�e�_�^�h�\�Z�g�b�y�� �a�Z�d�e�x�q�Z�e�k�y�� �\�� �l�h�f���� �q�l�h�� �[�u�e�h�� �h�l�f�_�q�_�g�h�� �k�g�b�`�_�g�b�_�� �m�j�h�\�g�y��

�Z�d�l�b�\�Z�p�b�y���a�j�b�l�_�e�v�g�u�o���a�h�g���d�h�j�u���i�j�b���h�s�m�s�_�g�b�b���\�_�d�p�b�b���^�h���m�j�h�\�g�y���Z�d�l�b�\�Z�p�b�b��

�i�j�b���g�Z�[�e�x�^�_�g�b�b���a�Z���k�l�Z�l�b�q�g�u�f���^�b�k�d�h�f���b���h�l�k�m�l�k�l�\�b�y���Z�d�l�b�\�g�h�k�l�b���h�k�l�j�h�\�d�h�\�h�c��

�h�[�e�Z�k�l�b�� �\�h�� �\�j�_�f�y�� �\�_�d�p�b�b�� �>�Z�g�g�h�_�� �b�k�k�e�_�^�h�\�Z�g�b�_�� �y�\�e�y�_�l�k�y�� �p�_�g�l�j�Z�e�v�g�u�f�� �\��

�h�[�e�Z�k�l�b���b�a�m�q�_�g�b�y���\�_�d�p�b�b���k���i�j�b�f�_�g�_�g�b�_�f���n�F�J�L�����l�Z�d���d�Z�d���\���j�y�^�_���Z�g�Z�e�h�]�b�q�g�u�o��

�j�Z�[�h�l���� �i�h�\�l�h�j�y�x�s�b�o�� �w�d�k�i�_�j�b�f�_�g�l�� �:���� �D�e�y�c�g�r�f�b�^�l�Z�� �k�� �d�h�e�e�_�]�Z�f�b���� �[�u�e�b��

�i�h�e�m�q�_�g�u���k�o�h�^�g�u�_���j�_�a�m�e�v�l�Z�l�u���h�[���Z�d�l�b�\�Z�p�b�b���k�l�j�m�d�l�m�j���f�h�a�]�Z���i�j�b �i�_�j�_�`�b�\�Z�g�b�b��

�b�e�e�x�a�b�b��(Dietrich et al., 2003; Deutshlander et al., 2004; Kovacs et al., 2008). 

�L�Z�d�b�f���h�[�j�Z�a�h�f�����[�u�e�Z���\�u�^�\�b�g�m�l�Z���]�b�i�h�l�_�a�Z���\�_�k�l�b�[�m�e�y�j�g�h�c���b�g�]�b�[�b�p�b�b�����k�h�]�e�Z�k�g�h��

�d�h�l�h�j�h�c�� �k�_�g�k�h�j�g�u�c�� �d�h�g�n�e�b�d�l�� �b�� �\�_�d�p�b�y�� �\�h�a�g�b�d�Z�x�l�� �\�� �j�_�a�m�e�v�l�Z�l�_�� �k�e�Z�[�h�k�l�b��

�\�_�k�l�b�[�m�e�y�j�g�h�]�h�� �k�b�]�g�Z�e�Z�� �i�h�� �h�l�g�h�r�_�g�b�x�� �d�� �k�b�]�g�Z�e�m�� �k�h�� �k�l�h�j�h�g�u�� �a�j�b�l�_�e�v�g�h�c��

�k�b�k�l�_�f�u�� 

 �J�Z�a�e�b�q�b�y�� �\�� �i�h�e�m�q�_�g�g�u�o�� �^�Z�g�g�u�o�� �f�h�]�m�l�� �h�[�t�y�k�g�y�l�v�k�y�� �l�j�_�f�y�� �]�j�m�i�i�Z�f�b��

�n�Z�d�l�h�j�h�\���� �<�h-�i�_�j�\�u�o���� �\�� �b�k�k�e�_�^�h�\�Z�g�b�y�o�� �[�u�e�b�� �b�k�i�h�e�v�a�h�\�Z�g�u�� �j�Z�a�e�b�q�g�u�_�� �l�b�i�u��

�k�l�b�f�m�e�y�p�b�b�����b�g�^�m�p�b�j�m�x�s�b�_���\�h�a�g�b�d�g�h�\�_�g�b�y���j�Z�a�g�u�o���l�b�i�h�\���b�e�e�x�a�b�b�����=�b�i�h�l�_�a�Z��

�\�_�k�l�b�[�m�e�y�j�g�h�c�� �n�Z�k�b�e�b�l�Z�p�b�y�� �[�u�e�Z�� �k�n�h�j�f�m�e�b�j�h�\�Z�g�Z�� �g�Z�� �h�k�g�h�\�Z�g�b�b�� �Z�g�Z�e�b�a�Z��

�j�_�a�m�e�v�l�Z�l�h�\�� �i�h�� �b�a�m�q�_�g�b�x�� �e�b�g�_�c�g�h�c�� �\�_�d�p�b�b���� �\�� �l�h�� �\�j�_�f�y�� �d�Z�d�� �Z�\�l�h�j�u�� �]�b�i�h�l�_�a�u��

�\�_�k�l�b�[�m�e�y�j�g�h�c�� �b�g�]�b�[�b�p�b�b�� �b�a�m�q�Z�e�b�� �d�j�m�]�h�\�m�x�� �\�_�d�p�b�x���� �<�h-�\�l�h�j�u�o���� �[�u�e�b��

�b�k�i�h�e�v�a�h�\�Z�g�u�� �j�Z�a�e�b�q�g�u�_�� �k�i�h�k�h�[�u�� �j�_�]�b�k�l�j�Z�p�b�b�� �\�u�j�Z�`�_�g�g�h�k�l�b�� �b�e�e�x�a�b�b���± �\��

�i�_�j�\�h�f���k�e�m�q�Z�_���Z�\�l�h�j�u���d�h�k�\�_�g�g�h���h�p�_�g�b�\�Z�e�b���\�u�j�Z�`�_�g�g�h�k�l�b���\�_�d�p�b�b���i�h���m�j�h�\�g�x��
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�k�m�[�t�_�d�l�b�\�g�h�]�h�� �^�b�k�d�h�f�n�h�j�l�Z���� �Z�� �\�h�� �\�l�h�j�h�f�� �i�j�b�f�_�g�y�e�Z�k�v�� �k�m�[�t�_�d�l�b�\�g�Z�y�� �h�p�_�g�d�Z��

�b�g�l�_�g�k�b�\�g�h�k�l�b���b�e�e�x�a�b�b�����<-�l�j�_�l�v�b�o�����i�h�\�u�r�_�g�g�Z�y���Z�d�l�b�\�Z�p�b�y���h�[�e�Z�k�l�b���h�k�l�j�h�\�d�Z��

�[�u�e�Z���h�[�g�Z�j�m�`�_�g�Z���k���i�h�f�h�s�v�x���f�_�l�h�^�b�d�b���I�W�L�����Z���k�g�b�`�_�g�b�_���Z�d�l�b�\�Z�p�b�b���w�l�h�c���a�h�g�u��

�\�h�� �\�j�_�f�y�� �\�_�d�p�b�b�� �[�u�e�h�� �i�h�d�Z�a�Z�g�h�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �n�F�J�L���� �<�\�b�^�m�� �w�l�b�o��

�h�]�j�Z�g�b�q�_�g�b�c���� �g�b�� �h�^�g�m���� �g�b�� �\�l�h�j�m�x�� �]�b�i�h�l�_�a�m�� �g�_�e�v�a�y�� �i�j�b�a�g�Z�l�v�� �m�[�_�^�b�l�_�e�v�g�h�c����

�i�h�w�l�h�f�m���n�m�g�d�p�b�h�g�Z�e�v�g�Z�y���j�h�e�v���h�k�l�j�h�\�d�h�\�h�c���\���f�_�o�Z�g�b�a�f�Z�o���j�_�Z�e�b�a�Z�p�b�b���b�e�e�x�a�b�b��

�^�h �k�b�o���i�h�j���h�k�l�Z�z�l�k�y���g�_�h�i�j�_�^�_�e�z�g�g�h�c�� 

�B�k�i�h�e�v�a�h�\�Z�g�b�_�� �f�_�l�h�^�h�\�� �w�e�_�d�l�j�h�w�g�p�_�n�Z�e�h�]�j�Z�n�b�b�� ���W�W�=���� �b��

�f�Z�]�b�l�h�w�g�p�_�n�Z�e�h�]�j�Z�n�b�b�� ���F�W�=���� �i�h�a�\�h�e�b�e�h�� �i�h�e�m�q�b�l�v�� �^�j�m�]�b�_�� �^�Z�g�g�u�_�� �h�[��

�Z�d�l�b�\�g�h�k�l�b�� �]�h�e�h�\�g�h�]�h�� �f�h�a�]�Z�� �i�j�b�� �i�_�j�_�`�b�\�Z�g�b�b�� �b�e�e�x�a�b�b�� �^�\�b�`�_�g�b�y��

�k�h�[�k�l�\�_�g�g�h�]�h�� �l�_�e�Z���� �L�Z�d �i�j�b�� �\�h�a�^�_�c�k�l�\�b�b�� �]�e�h�[�Z�e�v�g�h�]�h�� �^�\�b�`�_�g�b�y�� �a�j�b�l�_�e�v�g�h�c��

�k�l�b�f�m�e�y�p�b�b �K���� �G�Z�d�Z�]�Z�\�h�c�� �k�� �d�h�e�e�_�]�Z�f�b�� ���1�D�N�D�J�D�Z�D�� �H�W�� �D�O������ �������������k��

�b�k�i�h�e�v�a�h�\�Z�g�b�_�f �F�W�=�� �m�^�Z�e�h�k�v�� �h�[�g�Z�j�m�`�b�l�v�� �p�_�e�u�c�� �Z�g�k�Z�f�[�e�v�� �k�\�y�a�Z�g�g�u�o�� �k��

�\�_�d�p�b�_�c�� �h�[�e�Z�k�l�_�c���� �<�� �d�Z�q�_�k�l�\�_�� �k�l�b�f�m�e�h�\�� �b�k�i�h�e�v�a�h�\�Z�e�b�k�v���� �k�l�Z�l�b�q�g�u�c�� �d�\�Z�^�j�Z�l����

�h�[�j�Z�a�h�\�Z�g�g�u�c�� �q�_�j�_�^�m�x�s�b�f�b�k�y�� �q�z�j�g�u�f�b�� �b�� �[�_�e�u�f�b�� �j�Z�f�d�Z�f�b���� �i�h�^�h�[�g�u�c��

�i�_�j�\�h�f�m���d�\�Z�^�j�Z�l���� �g�h���k�� �^�\�b�`�m�s�b�f�b�k�y���j�Z�f�d�Z�f�b���� �b�f�b�l�b�j�m�x�s�b�f�b���^�\�b�`�_�g�b�_���i�h��

�l�h�g�g�_�e�x���� �d�h�g�l�j�h�e�v�g�u�c�� �d�j�m�]���� �h�[�j�Z�a�h�\�Z�g�g�u�c�� �q�_�j�_�^�m�x�s�b�f�b�k�y�� �q�z�j�g�u�f�b�� �b��

�[�_�e�u�f�b�� �d�h�e�v�p�Z�f�b���� �>�e�y�� �m�k�b�e�_�g�b�y�� �\�u�j�Z�`�_�g�g�h�k�l�b�� �b�e�e�x�a�b�b�� �k�h�[�k�l�\�_�g�g�h�]�h��

�^�\�b�`�_�g�b�y�� �\�b�^�_�h�a�Z�i�b�k�v�� �i�j�_�^�t�y�\�e�y�e�Z�k�v�� �g�Z�� �r�b�j�h�d�h�n�h�j�f�Z�l�g�h�f�� �w�d�j�Z�g�_���� �;�u�e�h��

�m�k�l�Z�g�h�\�e�_�g�h�����q�l�h���i�j�b���i�j�_�^�t�y�\�e�_�g�b�b���\�k�_�o���l�j�z�o���k�l�b�f�m�e�h�\���b�f�_�_�l���f�_�k�l�h���Z�d�l�b�\�Z�p�b�y��

�i�h�k�l-�p�_�g�l�j�Z�e�v�g�h�c���b�a�\�b�e�b�g�u�����*�3�����b���g�b�`�g�_-�a�Z�^�g�_�c���\�b�k�h�q�g�h�c���^�h�e�v�d�b�����,�3�7�/�������l�h��

�_�k�l�v�� �l�_�o�� �h�[�e�Z�k�l�_�c���� �d�h�l�h�j�u�_�� �h�l�\�_�q�Z�x�l�� �a�Z���\�h�k�i�j�b�y�l�b�_���^�\�b�`�_�g�b�_�� �l�_�e�Z���� �;�h�e�_�_��

�a�g�Z�q�b�f�u�f�� �j�_�a�m�e�v�l�Z�l�h�f�� �y�\�b�e�Z�k�v�� �Z�d�l�b�\�Z�p�b�y�� �i�h�d�j�u�r�d�b�� ���3�2������ �l�_�f�_�g�g�h�c�� �^�h�e�b��

���3�/������ �i�j�_�p�_�g�l�j�Z�e�v�g�h�c�� �b�a�\�b�e�b�g�u�� ���*�3�&���� �Z�� �l�Z�d�`�_�� �\�_�j�o�g�_�c�� �\�b�k�h�q�g�h�c�� �b�a�\�b�e�b�g�u��

���6�7�*�����l�h�e�v�d�h���\�h���\�j�_�f�y���h�s�m�s�_�g�b�y���\�_�d�p�b�b�����M�q�b�l�u�\�Z�y���[�h�e�v�r�m�x���i�e�h�s�Z�^�v���a�h�g�u��

�Z�d�l�b�\�Z�p�b�b���� �Z�\�l�h�j�u�� �i�j�_�^�i�h�e�Z�]�Z�x�l���� �q�l�h�� �\�� �w�l�b�o�� �h�[�e�Z�k�l�y�o�� �j�_�Z�e�b�a�m�_�l�k�y��

�\�_�k�l�b�[�m�e�y�j�g�Z�y�� �n�m�g�d�p�b�y�� �\�� �p�_�e�h�f���� �d�Z�d�� �b�g�l�_�]�j�Z�l�h�j�� �k�b�]�g�Z�e�h�\�� �h�l�� �j�Z�a�g�u�o�� �\�b�^�h�\��

�f�h�^�Z�e�v�g�h�k�l�_�c�����L�h���_�k�l�v, �k�_�g�k�h�j�g�u�c���d�h�g�n�e�b�d�l���h�i�j�_�^�_�e�y�_�l�k�y���f�h�a�]�h�f���\���j�_�a�m�e�v�l�Z�l�_ 

�i�Z�j�Z�e�e�_�e�v�g�h�c���j�Z�k�i�j�_�^�_�e�z�g�g�h�c���h�[�j�Z�[�h�l�d�b���b�g�n�h�j�f�Z�p�b�b���h���i�h�e�h�`�_�g�b�b���l�_�e�Z���b���_�]�h��

�^�\�b�`�_�g�b�y�o���\���^�Z�g�g�u�c���f�h�f�_�g�l���\�j�_�f�_�g�b�� 
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�<�� �j�y�^�_�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �[�u�e�Z�� �i�j�h�^�_�f�h�g�k�l�j�b�j�h�\�Z�g�Z�� �[�h�e�v�r�Z�y�� �w�n�n�_�d�l�b�\�g�h�k�l�v��

�b�k�i�h�e�v�a�h�\�Z�g�b�y�� �W�W�=�� �^�e�y�� �b�a�m�q�_�g�b�y�� �f�h�a�]�h�\�u�o�� �f�_�o�Z�g�b�a�f�h�\�� �b�e�e�x�a�b�b�� �^�\�b�`�_�g�b�y��

�k�h�[�k�l�\�_�g�g�h�]�h���l�_�e�Z�����<���h�^�g�h�c���b�a���i�_�j�\�u�o���l�Z�d�b�o���j�Z�[�h�l �H�����L�h�d�m�f�Z�j�m���k���d�h�e�e�_�]�Z�f�b��

���7�R�N�X�P�D�U�X�� �H�W�� �D�O������ ������������ �h�[�g�Z�j�m�`�b�e�� �a�g�Z�q�b�l�_�e�v�g�u�_�� �j�Z�a�e�b�q�b�y�� �\�� �l�h�i�h�]�j�Z�n�b�b��

�Z�d�l�b�\�b�j�m�x�s�b�o�k�y���g�Z���m�j�h�\�g�_���Z�e�v�n�Z���j�b�l�f�Z���a�h�g���]�h�e�h�\�g�h�]�h���f�h�a�]�Z���i�j�b���g�Z�[�e�x�^�_�g�b�b��

�k�l�b�f�m�e�y�p�b�b�����b�g�^�m�p�b�j�m�x�s�_�c���\�h�k�i�j�b�y�l�b�_���\�_�d�p�b�b�����i�h���k�j�Z�\�g�_�g�b�x �k�h���k�l�Z�l�b�q�g�u�f��

�a�j�b�l�_�e�v�g�u�f�� �k�l�b�f�m�e�h�f�����H�d�Z�a�Z�e�h�k�v���� �q�l�h�� �\�h�� �\�j�_�f�y�� �i�_�j�_�`�b�\�Z�g�b�y�� �\�_�d�p�b�b����

�i�j�h�b�k�o�h�^�b�e�Z�� �a�g�Z�q�b�l�_�e�v�g�h�_�� �k�g�b�`�_�g�b�_�� �f�h�s�g�h�k�l�b�� �Z�e�v�n�Z-�j�b�l�f�Z�� �\�� �l�_�f�_�g�g�u�o�� �b��

�p�_�g�l�j�Z�e�v�g�u�o�� �h�[�e�Z�k�l�y�o�� �e�_�\�h�]�h�� �i�h�e�m�r�Z�j�b�y���� �I�j�b�� �w�l�h�f�� �\�� �^�Z�g�g�u�o�� �a�h�g�Z�o��

�j�_�]�b�k�l�j�b�j�h�\�Z�e�h�k�v�� �m�\�_�e�b�q�_�g�b�_�� �f�h�s�g�h�k�l�b�� �[�_�l�Z-�j�b�l�f�Z���� �K�m�s�_�k�l�\�_�g�g�u�f��

�h�]�j�Z�g�b�q�_�g�b�_�f���^�Z�g�g�h�]�h���w�d�k�i�_�j�b�f�_�g�l�Z���k�e�_�^�m�_�l���i�j�b�a�g�Z�l�v���l�h�����q�l�h���\���g�z�f���i�j�b�g�y�e�b��

�m�q�Z�k�l�b�_�� �\�k�_�]�h�� ���� �b�k�i�u�l�m�_�f�u�o���� �Z�� �l�Z�d�`�_�� �Z�\�l�h�j�� �g�_�� �b�k�i�h�e�v�a�h�\�Z�e�� �k�i�_�p�b�Z�e�v�g�h�]�h��

�i�j�b�z�f�Z���� �k�� �i�h�f�h�s�v�x�� �d�h�l�h�j�h�]�h�� �b�k�i�u�l�m�_�f�u�c�� �f�h�]�� �[�u�� �h�l�f�_�l�b�l�v�� �f�h�f�_�g�l��

�\�h�a�g�b�d�g�h�\�_�g�b�y�� �b�e�e�x�a�b�b. �L�h�� �_�k�l�v�� �Z�g�Z�e�b�a�m�� �[�u�e�b�� �i�h�^�\�_�j�]�g�m�l�u�� �a�Z�i�b�k�b��

�Z�d�l�b�\�g�h�k�l�b�� �f�h�a�]�Z�� �\�h�� �\�j�_�f�y�� �g�Z�[�e�x�^�_�g�b�y�� �a�Z�� �^�\�b�`�m�s�_�c�k�y�� �\�j�Z�s�Z�x�s�_�c�k�y��

�k�l�b�f�m�e�y�p�b�_�c���� �<�\�b�^�m�� �^�Z�g�g�u�o�� �m�l�h�q�g�_�g�b�c�� �f�h�`�g�h�� �i�j�b�a�g�Z�l�v�� �b�k�k�e�_�^�h�\�Z�g�b�_�� �H����

�L�h�d�m�f�Z�j�m�� �k�d�h�j�_�_�� �f�_�l�h�^�b�q�_�k�d�b�f���� �^�_�f�h�g�k�l�j�b�j�m�x�s�b�f�� �i�h�l�_�g�p�b�Z�e�v�g�m�x��

�w�n�n�_�d�l�b�\�g�h�k�l�v���b�k�i�h�e�v�a�h�\�Z�g�b�y���f�_�l�h�^�Z���W�W�=���^�e�y���b�a�m�q�_�g�b�y���\�_�d�p�b�b�� 

  �I�h�a�^�g�_�_�����\���^�j�m�]�h�f���w�d�k�i�_�j�b�f�_�g�l�_�����D�����L�b�e�h���k���d�h�e�e�_�]�Z�f�b�����7�K�L�O�R���H�W���D�O������������������

�b�a�f�_�j�y�e�� �Z�f�i�e�b�l�m�^�m�� �a�j�b�l�_�e�v�g�u�o�� �\�u�a�\�Z�g�g�u�o�� �i�h�l�_�g�p�b�Z�e�h�\�� �i�j�b�� �\�h�k�i�j�b�y�l�b�b��

�\�j�Z�s�Z�x�s�_�c�k�y�� �k�l�b�f�m�e�y�p�b�b���� �k�h�k�l�h�y�s�_�c�� �b�a�� �q�z�j�g�u�o�� �b�� �[�_�e�u�o�� �j�Z�^�b�Z�e�v�g�u�o��

�k�_�d�l�h�j�h�\�����h�d�j�m�`�z�g�g�u�o���g�_�i�h�^�\�b�`�g�u�f���i�Z�l�l�_�j�g�h�f�����h�d�j�Z�r�_�g�g�u�f���d�Z�d���r�Z�o�f�Z�l�g�h�_��

�i�h�e�_���� �Q�z�j�g�u�_�� �b�� �[�_�e�u�_�� �d�e�_�l�d�b�� �w�l�h�]�h�� �i�h�e�y�� �f�_�g�y�e�b�� �k�\�h�c�� �p�\�_�l�� �g�Z��

�i�j�h�l�b�\�h�i�h�e�h�`�g�u�c���d�Z�`�^�u�_�����������f�k�����;�u�e�h���i�h�d�Z�a�Z�g�h�����q�l�h���Z�f�i�e�b�l�m�^�Z���i�h�l�_�g�p�b�Z�e�Z��

�1������ �[�u�e�Z�� �a�g�Z�q�b�f�h�� �f�_�g�v�r�_�� �\�� �l�_�q�_�g�b�_�� �i�j�h�f�_�`�m�l�d�h�\�� �\�j�_�f�_�g�b���� �h�l�f�_�q�_�g�g�u�o��

�b�k�i�u�l�m�_�f�u�f�b�� �d�Z�d�� �i�j�h�f�_�`�m�l�d�b�� �\�h�k�i�j�b�y�l�b�y�� �\�_�d�p�b�b���� �i�h�� �k�j�Z�\�g�_�g�b�x�� �k�� �^�j�m�]�b�f�b��

�i�j�h�f�_�`�m�l�d�Z�f�b�� �\�j�_�f�_�g�b���� �\�� �l�_�q�_�g�b�_�� �d�h�l�h�j�u�o�� �b�k�i�u�l�m�_�f�u�_�� �\�h�k�i�j�b�g�b�f�Z�e�b��

�\�j�Z�s�_�g�b�_�� �h�[�t�_�d�l�Z���� �B�a�f�_�g�_�g�b�y�� �\�� �Z�f�i�e�b�l�m�^�Z�o�� �\�u�a�\�Z�g�g�u�o�� �i�h�l�_�g�p�b�Z�e�h�\�� �[�u�e�b��

�h�[�g�Z�j�m�`�_�g�u���\���a�Z�l�u�e�h�q�g�h�c���h�[�e�Z�k�l�b�����w�e�_�d�l�j�h�^�u���2�]�����2�������2�����������>�Z�g�g�u�c���j�_�a�m�e�v�l�Z�l��

�k�h�]�e�Z�k�m�_�l�k�y���k���j�_�a�m�e�v�l�Z�l�Z�f�b���:. �D�e�y�c�g�r�f�b�^�l�Z����Kleinschmidt et al., 2000), �l�Z�d�`�_��
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�h�[�g�Z�j�m�`�b�\�r�_�]�h�� �k�g�b�`�_�g�b�_�� �Z�d�l�b�\�Z�p�b�b�� �a�j�b�l�_�e�v�g�u�o�� �h�[�e�Z�k�l�_�c�� �\�h�� �\�j�_�f�y��

�i�_�j�_�`�b�\�Z�g�b�y�� �\�_�d�p�b�b�� �k�� �i�h�f�h�s�v�x�� �n�F�J�L���� �L�h�� �_�k�l�v�� �b�k�k�e�_�^�h�\�Z�g�b�_�� �D���� �L�b�e�h��

�i�h�d�Z�a�Z�e�h���k�g�b�`�_�g�b�_���\�d�e�Z�^�Z���a�j�b�l�_�e�v�g�h�]�h���k�b�]�g�Z�e�Z���\���k�_�g�k�h�j�g�u�c �d�h�g�n�e�b�d�l�����h�^�g�Z�d�h��

�g�_�� �[�u�e�b�� �h�[�g�Z�j�m�`�_�g�u�� �k�i�_�p�b�n�b�q�_�k�d�b�_�� �b�a�f�_�g�_�g�b�y�� �\�� �Z�d�l�b�\�Z�p�b�b�� �k�l�j�m�d�l�m�j����

�k�\�y�a�Z�g�g�u�o���k���h�[�j�Z�[�h�l�d�h�c���\�_�k�l�b�[�m�e�y�j�g�h�c���b�g�n�h�j�f�Z�p�b�b�� 

�B�a�m�q�_�g�b�_���\�_�d�p�b�b���K�����K�e�h�[�h�m�g�h�\�u�f���b���d�h�e�e�_�]�Z�f�b�����6�O�R�E�R�X�Q�R�Y���H�W���D�O���������������� 

�i�j�b���i�h�f�h�s�b���f�_�l�h�^�Z���W�W�= �i�j�b�f�_�q�Z�l�_�e�v�g�h���l�_�f�����q�l�h���Z�\�l�h�j�u���i�j�h�k�b�e�b���b�k�i�u�l�m�_�f�u�o��

�k�h�\�_�j�r�Z�l�v���l�_�e�h�f���^�\�b�`�_�g�b�y���\���l�Z�d�l���^�\�b�`�_�g�b�y�f���\�b�j�l�m�Z�e�v�g�h�c���d�h�f�g�Z�l�u�����L�h���_�k�l�v��

�\�i�_�j�\�u�_�� �[�u�e�� �^�h�[�Z�\�e�_�g�� �^�\�b�]�Z�l�_�e�v�g�u�c�� �d�h�f�i�h�g�_�g�l�����<�� �k�e�m�q�Z�_���� �d�h�]�^�Z�� �d�h�f�g�Z�l�Z��

�g�_�h�`�b�^�Z�g�g�h�� �f�_�g�y�e�Z�� �g�Z�i�j�Z�\�e�_�g�b�_�� �k�\�h�_�]�h�� �d�Z�q�Z�g�b�y���� �b�k�i�u�l�m�_�f�u�_�� �k�m�[�t�_�d�l�b�\�g�h��

�h�l�f�_�q�Z�e�b���[�h�e�v�r�m�x���k�l�_�i�_�g�v���\�u�j�Z�`�_�g�g�h�k�l�b���b�e�e�x�a�b�b�����Z���g�Z���i�h�\�_�j�o�g�h�k�l�b���k�d�Z�e�v�i�Z��

�j�_�]�b�k�l�j�b�j�h�\�Z�e�k�y���\�k�i�e�_�k�d���l�_�l�Z-�Z�d�l�b�\�g�h�k�l�b���\���i�Z�j�b�_�l�h-�l�_�f�i�h�j�Z�e�v�g�u�o���h�[�e�Z�k�l�y�o����

�L�Z�d�b�f���h�[�j�Z�a�h�f���[�u�e�h���h�[�g�Z�j�m�`�_�g�h�����q�l�h, �\�h-�i�_�j�\�u�o, �g�Z�e�b�q�b�_���g�_�k�h�]�e�Z�k�h�\�Z�g�g�h�c���k�h 

�a�j�b�l�_�e�v�g�u�f�� �k�l�b�f�m�e�h�f�� �^�\�b�]�Z�l�_�e�v�g�h�c�� �Z�d�l�b�\�g�h�k�l�b�� �y�\�e�y�_�l�k�y�� �n�Z�d�l�h�j�h�f����

�m�k�b�e�b�\�Z�x�s�b�f���b�g�l�_�g�k�b�\�g�h�k�l�v���b�e�e�x�a�b�b�����Z, �\�h-�\�l�h�j�u�o, �[�u�e�Z���\�i�_�j�\�u�_���h�l�f�_�q�_�g�Z��

�k�\�y�a�v�� �l�_�l�Z-�j�b�l�f�Z�� �k�� �\�_�d�p�b�_�c���� �:�d�l�b�\�g�h�k�l�v�� �\�� �h�[�e�Z�k�l�b�� �l�_�l�Z-�^�b�Z�i�Z�a�h�g�Z��

�j�Z�k�k�f�Z�l�j�b�\�Z�_�l�k�y�� �Z�\�l�h�j�Z�f�b�� �d�Z�d�� �i�h�d�Z�a�Z�l�_�e�v�� �l�h�]�h���� �q�l�h�� �f�h�a�]�� �g�_�� �m�k�i�_�e��

�Z�^�Z�i�l�b�j�h�\�Z�l�v�k�y�� �d�� �b�a�f�_�g�b�\�r�_�c�k�y�� �k�b�l�m�Z�p�b�b���� �b�� �Z�d�l�m�Z�e�b�a�b�j�m�_�l�k�y�� �i�h�b�k�d �g�h�\�u�o��

�j�_�k�m�j�k�h�\�� �^�e�y�� �i�j�Z�\�b�e�v�g�h�]�h�� �h�i�j�_�^�_�e�_�g�b�y�� �i�h�e�h�`�_�g�b�y�� �l�_�e�Z���\�� �i�j�h�k�l�j�Z�g�k�l�\�_���� �L�_�f��

�k�Z�f�u�f�� �j�_�a�m�e�v�l�Z�l�u�� �^�Z�g�g�h�]�h�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �g�_�� �\�k�d�j�u�\�Z�x�l�� �f�_�o�Z�g�b�a�f�h�\��

�j�_�Z�e�b�a�Z�p�b�b���k�_�g�k�h�j�g�h�]�h���d�h�g�n�e�b�d�l�Z�����g�h���^�_�f�h�g�k�l�j�b�j�m�x�l���g�_�c�j�h�n�b�a�b�h�e�h�]�b�q�_�k�d�b�_��

�i�h�k�e�_�^�k�l�\�b�y�� �_�]�h�� �\�h�a�g�b�d�g�h�\�_�g�b�y���� �q�l�h�� �y�\�e�y�_�l�k�y���d�h�k�\�_�g�g�u�f�� �h�[�t�_�d�l�b�\�g�u�f��

�b�g�^�b�d�Z�l�h�j�h�f���\�u�j�Z�`�_�g�g�h�k�l�b���b�e�e�x�a�b�b�� 

�?�s�z���h�^�g�h�c���i�h�i�u�l�d�h�c���g�Z�c�l�b���w�e�_�d�l�j�h�n�b�a�b�h�e�h�]�b�q�_�k�d�b�_���d�h�j�j�_�e�y�l�u���\�_�d�p�b�b��

�k�l�Z�e�h�� �b�k�k�e�_�^�h�\�Z�g�b�_�� �;���� �D�_�r�Z�\�Z�j�p�Z�� ���.�H�V�K�D�Y�D�U�]�� �H�W�� �D�O������ �������������� �<�� �w�d�k�i�_�j�b�f�_�g�l�_����

�i�j�h�\�_�^�z�g�g�h�f�� �Z�\�l�h�j�h�f�� �k�� �d�h�e�e�_�]�Z�f�b���� �a�j�b�l�_�e�v�g�h�_�� �i�h�e�_���� �k�h�k�l�h�y�s�_�_�� �b�a��

�\�_�j�l�b�d�Z�e�v�g�u�o�� �q�z�j�g�h-�[�_�e�u�o�� �i�h�e�h�k���� �[�u�e�h�� �j�Z�a�^�_�e�_�g�h�� �g�Z�� �p�_�g�l�j�Z�e�v�g�m�x���b��

�i�_�j�b�n�_�j�b�q�_�k�d�m�x���q�Z�k�l�b�����<���i�_�j�\�h�c���k�_�j�b�b���w�d�k�i�_�j�b�f�_�g�l�Z �h�[�_���q�Z�k�l�b���^�\�b�]�Z�e�b�k�v���\��

�h�^�g�h�f�� �g�Z�i�j�Z�\�e�_�g�b�b���� �\�h�� �\�l�h�j�h�c �± �\�� �j�Z�a�g�u�o���� �\�� �l�j�_�l�v�_�c �± �i�_�j�b�n�_�j�b�y�� �[�u�e�Z��

�k�l�Z�l�b�q�g�Z�� �i�j�b�� �^�\�b�`�m�s�_�f�k�y�� �p�_�g�l�j�_���� �\�� �q�_�l�\�z�j�l�h�c �g�Z�h�[�h�j�h�l�� �i�_�j�_�f�_�s�Z�e�Z�k�v��
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�i�_�j�b�n�_�j�b�q�_�k�d�Z�y�� �q�Z�k�l�v���� �Z�� �p�_�g�l�j�Z�e�v�g�Z�y�� �h�k�l�Z�\�Z�e�Z�k�v�� �g�_�i�h�^�\�b�`�g�h�c���� �<�u�y�k�g�b�e�h�k�v����

�q�l�h�� �\�� �i�h�k�e�_�^�g�_�f�� �m�k�e�h�\�b�b�� �a�Z�l�u�e�h�q�g�u�c�� �1���� �i�h�l�_�g�p�b�Z�e�� �b�f�_�_�l�� �g�Z�b�[�h�e�v�r�m�x��

�Z�f�i�e�b�l�m�^�m���� �Z�� �b�k�i�u�l�m�_�f�u�_�� �h�l�f�_�q�Z�x�l�� �g�Z�b�[�h�e�v�r�m�x�� �\�u�j�Z�`�_�g�g�h�k�l�v�� �\�_�d�p�b�b����

�:�\�l�h�j�u���h�[�t�y�k�g�y�x�l���l�Z�d�h�c���w�n�n�_�d�l���g�Z�e�b�q�b�_�f �k�_�g�k�h�j�g�h�]�h���d�h�g�n�e�b�d�l�Z���g�Z���m�j�h�\�g�_��

�a�j�b�l�_�e�v�g�h�c�� �k�b�k�l�_�f�u���� �Z�g�Z�e�b�a�b�j�m�x�s�_�c�� �h�^�g�h�\�j�_�f�_�g�g�h�� �[�h�e�v�r�b�_�� �i�h�� �i�e�h�s�Z�^�b��

�i�h�^�\�b�`�g�u�_�� �b�� �g�_�i�h�^�\�b�`�g�u�_�� �k�l�b�f�m�e�u���� �G�_�k�h�f�g�_�g�g�u�f�� �^�h�k�l�h�b�g�k�l�\�h�f�� �w�l�h�]�h��

�b�k�k�e�_�^�h�\�Z�g�b�y�� �y�\�e�y�_�l�k�y�� �l�h���� �q�l�h�� �[�u�e�h�� �b�k�i�h�e�v�a�h�\�Z�g�h�� �k�j�Z�\�g�_�g�b�_�� �j�_�a�m�e�v�l�Z�l�h�\��

�j�_�]�b�k�l�j�Z�p�b�b�� �W�W�=�� �i�j�b�� �g�Z�[�e�x�^�_�g�b�b�� �^�\�b�`�m�s�_�c�k�y�� �k�l�b�f�m�e�y�p�b�b�� �\�� �j�Z�a�g�u�o��

�m�k�e�h�\�b�y�o���� �Z�� �g�_�� �k�j�Z�\�g�_�g�b�_�� �[�b�h�w�e�_�d�l�j�b�q�_�k�d�h�c�� �Z�d�l�b�\�g�h�k�l�b�� �f�h�a�]�Z�� �\�� �k�e�m�q�Z�_��

�^�\�b�`�m�s�_�]�h�k�y�� �b�� �k�l�Z�l�b�q�g�h�]�h�� �k�l�b�f�m�e�Z���� �I�j�h�^�h�e�`�_�g�b�_�f�� �w�l�h�]�h�� �f�_�l�h�^�b�q�_�k�d�h�]�h��

�i�j�b�z�f�Z���i�j�b���b�a�m�q�_�g�b�b���\�_�d�p�b�b���k�l�Z�e�h���b�k�k�e�_�^�h�\�Z�g�b�_���J�����;�Z�j�j�b���k���d�h�e�e�_�]�Z�f�b�����%�D�U�U�\��

et al., 2�������������<���w�d�k�i�_�j�b�f�_�g�l�_ �J�����;�Z�j�j�b �[�u�e�b���b�k�i�h�e�v�a�h�\�Z�g�u���a�j�b�l�_�e�v�g�u�_���k�l�b�f�m�e�u����

�k�h�k�l�h�y�s�b�_���b�a���[�h�e�v�r�h�]�h���d�h�e�b�q�_�k�l�\�Z���[�_�e�u�o���l�h�q�_�d�����^�\�b�`�m�s�b�o�k�y���i�h���g�Z�i�j�Z�\�e�_�g�b�x��

�d���b���h�l���b�k�i�u�l�m�_�f�h�]�h�����G�Z�j�y�^�m���k���g�Z�[�h�j�h�f���l�h�q�_�d �[�u�e�b���b�k�i�h�e�v�a�h�\�Z�g�u���g�Z�j�m�r�_�g�g�u�_��

�a�j�b�l�_�e�v�g�u�_�� �k�l�b�f�m�e�u���� �k�h�a�^�Z�g�g�u�_�� �i�m�l�z�f�� �^�\�b�`�_�g�b�y�� �h�l�^�_�e�v�g�u�o�� �]�j�m�i�i�� �l�h�q�_�d�� �\��

�j�Z�a�g�u�_�� �k�l�h�j�h�g�u���� �;�u�e�Z�� �h�[�g�Z�j�m�`�_�g�Z �^�_�k�b�g�o�j�h�g�b�a�Z�p�b�y�� �g�Z�� �m�j�h�\�g�_�� �[�_�l�Z-�j�b�l�f�Z���\��

�i�h�e�v�a�m���l�_�l�Z-�Z�d�l�b�\�g�h�k�l�b���i�j�b���\�h�k�i�j�b�y�l�b�b���k�l�b�f�m�e�y�p�b�b�����b�g�^�m�p�b�j�m�x�s�_�c���\�_�d�p�b�x����

�>�e�y���g�Z�j�m�r�_�g�g�u�o���a�j�b�l�_�e�v�g�u�o���k�l�b�f�m�e�h�\���l�Z�d�h�c���^�_�k�b�g�o�j�h�g�b�a�Z�p�b�b���h�[�g�Z�j�m�`�_�g�h���g�_��

�[�u�e�h�� �L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �j�_�a�m�e�v�l�Z�l�u�� �J���� �;�Z�j�j�b�� �k�h�]�e�Z�k�m�x�l�k�y�� �k�� �^�Z�g�g�u�f�b�� �K����

�K�e�h�[�h�m�g�h�\�Z�����h�i�b�k�Z�g�g�u�f�b���\�u�r�_�����\���q�Z�k�l�b���j�_�]�b�k�l�j�Z�p�b�b���i�h�\�u�r�_�g�b�y���Z�d�l�b�\�g�h�k�l�b��

�g�Z���m�j�h�\�g�_���l�_�l�Z-�j�b�l�f�Z�� 

�H�k�h�[�m�x�� �p�_�g�g�h�k�l�v�� �i�j�_�^�k�l�Z�\�e�y�x�l�� �j�_�a�m�e�v�l�Z�l�u�� �w�e�_�d�l�j�h�n�b�a�b�h�e�h�]�b�q�_�k�d�h�]�h��

�b�k�k�e�_�^�h�\�Z�g�b�y�� �:���� �R�e�Z�d�Z�� �k�� �d�h�e�e�_�]�Z�f�b�� ���6�F�K�O�D�F�N�� �H�W�� �D�O������ �������������� �K�� �i�h�f�h�s�v�x��

�f�_�l�h�^�b�d�b���\�g�m�l�j�b�d�e�_�l�h�q�g�h�c���j�_�]�b�k�l�j�Z�p�b�b���i�j�h�\�h�^�b�e�h�k�v���b�k�k�e�_�^�h�\�Z�g�b�_���\�_�d�p�b�b���m��

�f�Z�d�Z�d���� �;�u�e�h�� �m�k�l�Z�g�h�\�e�_�g�h���� �q�l�h�� �[�h�e�v�r�m�x�� �j�h�e�v�� �\�� �i�j�h�p�_�k�k�Z�o�� �i�_�j�_�j�Z�[�h�l�d�b��

�b�g�n�h�j�f�Z�p�b�b�� �h�� �i�h�e�h�`�_�g�b�b�� �b�� �^�\�b�`�_�g�b�b�� �l�_�e�Z�� �f�Z�d�Z�d�b�� �b�]�j�Z�_�l�� �\�_�g�l�j�Z�e�v�g�Z�y��

�b�g�l�j�Z�i�Z�j�b�_�l�Z�e�v�g�Z�y���d�h�j�Z���_�_���f�h�a�]�Z�����9�,�3�������>�\�_���\�a�j�h�k�e�u�_���f�Z�d�Z�d�b���i�h�f�_�s�Z�e�b�k�v���g�Z��

�k�i�_�p�b�Z�e�v�g�u�c�� �k�l�m�e���� �i�j�b�d�j�_�i�e�z�g�g�u�c�� �d�� �^�\�m�f�� �i�j�h�^�h�e�v�g�u�f�� �j�_�e�v�k�Z�f�� �^�e�y��

�i�_�j�_�f�_�s�_�g�b�y���� �<�b�a�m�Z�e�v�g�h�_�� �b�a�h�[�j�Z�`�_�g�b�_�� �i�j�h�_�p�b�j�h�\�Z�e�h�k�v�� �g�Z�� �i�e�h�k�d�b�c��

�r�b�j�h�d�h�n�h�j�f�Z�l�g�u�c���w�d�j�Z�g�����K�l�b�f�m�e�y�p�b�y���i�j�_�^�k�l�Z�\�e�y�e�Z���k�h�[�h�c�����������[�_�e�u�o���l�h�q�_�d���g�Z��
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�q�z�j�g�h�f�� �n�h�g�_���� �d�h�l�h�j�u�_�� �f�h�]�e�b�� �^�\�b�]�Z�l�v�k�y�� �i�h�� �g�Z�i�j�Z�\�e�_�g�b�x�� �d�� �f�Z�d�Z�d�_�� �b�e�b�� �`�_, 

�g�Z�h�[�h�j�h�l���� �h�l�� �g�_�z���� �b�g�^�m�p�b�j�m�y�� �e�b�g�_�c�g�m�x�� �\�_�d�p�b�x���� ���� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�_��

�k�b�l�m�Z�p�b�b���\�d�e�x�q�Z�e�b���\���k�_�[�y���i�Z�k�k�b�\�g�h�_���i�_�j�_�f�_�s�_�g�b�_���`�b�\�h�l�g�h�]�h���\�i�_�j�z�^-�g�Z�a�Z�^���\��

�i�h�e�g�h�c���l�_�f�g�h�l�_���[�_�a���a�j�b�l�_�e�v�g�h�c���k�l�b�f�m�e�y�p�b�b�����^�\�b�`�_�g�b�_���a�j�b�l�_�e�v�g�h�]�h���i�h�l�h�d�Z���\��

�^�\�m�o���g�Z�i�j�Z�\�e�_�g�b�y�o���i�j�b���n�b�d�k�b�j�h�\�Z�g�g�h�f���i�h�e�h�`�_�g�b�b���f�Z�d�Z�d�b���\���i�j�h�k�l�j�Z�g�k�l�\�_���b������

�\�Z�j�b�Z�g�l�Z�� �k�h�q�_�l�Z�g�b�y�� �h�^�g�h�\�j�_�f�_�g�g�u�o�� �^�\�b�`�_�g�b�c�� �`�b�\�h�l�g�h�]�h�� �b�� �a�j�b�l�_�e�v�g�h�c��

�k�l�b�f�m�e�y�p�b�b���� �;�u�e�h�� �i�h�d�Z�a�Z�g�h���� �q�l�h�� �������� �d�e�_�l�h�d�� �h�[�e�Z�k�l�b�� �9�,�3�� �]�_�g�_�j�b�j�h�\�Z�e�b 

�k�i�Z�c�d�h�\�m�x�� �Z�d�l�b�\�g�h�k�l�v�� �\�� �h�l�\�_�l�� �g�Z�� �i�Z�k�k�b�\�g�h�_�� �i�_�j�_�f�_�s�_�g�b�_�� �`�b�\�h�l�g�h�]�h�� �\��

�i�j�h�k�l�j�Z�g�k�l�\�_�� �<�k�_�� �d�e�_�l�d�b�� �^�Z�g�g�h�c�� �h�[�e�Z�k�l�b�� �b�f�_�e�b �k�b�g�Z�i�l�b�q�_�k�d�b�_�� �k�\�y�a�b�� �k��

�\�_�k�l�b�[�m�e�y�j�g�u�f�� �Z�i�i�Z�j�Z�l�h�f�� �b�� �a�j�b�l�_�e�v�g�h�c�� �d�h�j�h�c���� �K�j�_�^�b�� �d�e�_�l�h�d���� �b�a�[�b�j�Z�l�_�e�v�g�h��

�j�_�Z�]�b�j�m�x�s�b�o�� �g�Z�� �i�_�j�_�f�_�s�_�g�b�_���� �i�j�b�f�_�j�g�h�� �������� �j�_�Z�]�b�j�h�\�Z�e�b �l�h�e�v�d�h�� �g�Z��

�\�_�k�l�b�[�m�e�y�j�g�u�_�� �k�b�]�g�Z�e�u�� �i�j�b�� �g�Z�k�l�h�y�s�_�f�� �i�_�j�_�f�_�s�_�g�b�b���`�b�\�h�l�g�h�]�h���� �_�s�z�� ��������- 

�l�h�e�v�d�h���g�Z���i�_�j�_�f�_�s�_�g�b�_���a�j�b�l�_�e�v�g�h�c���k�l�b�f�m�e�y�p�b�b�����h�k�l�Z�e�v�g�u�_����������- �g�Z���h�[�Z���\�b�^�Z��

�k�l�b�f�m�e�y�p�b�b�� �\�� �j�_�a�m�e�v�l�Z�l�_�� �q�_�]�h�� �l�_�j�y�e�b �k�\�h�x�� �k�_�e�_�d�l�b�\�g�m�x�� �g�Z�k�l�j�h�c�d�m���� �:�\�l�h�j�u��

�k�^�_�e�Z�e�b���k�e�_�^�m�x�s�b�c�� �\�u�\�h�^�� �\�� �d�Z�`�^�u�c�� �f�h�f�_�g�l�� �\�j�_�f�_�g�b�� �m�d�Z�a�Z�g�g�Z�y�� �a�h�g�Z�� �f�h�a�]�Z��

�h�k�m�s�_�k�l�\�e�y�_�l�� �k�j�Z�\�g�_�g�b�_�� �k�b�]�g�Z�e�h�\���� �i�h�k�l�m�i�Z�x�s�b�o�� �b�a�� �a�j�b�l�_�e�v�g�h�c�� �b��

�\�_�k�l�b�[�m�e�y�j�g�h�c�� �a�h�g�����b�� �g�Z�� �h�k�g�h�\�Z�g�b�b�� �j�_�a�m�e�v�l�Z�l�h�\�� �k�j�Z�\�g�_�g�b�y �n�h�j�f�b�j�m�_�l�k�y��

�h�s�m�s�_�g�b�_���j�Z�\�g�h�\�_�k�b�y�����<���k�e�m�q�Z�_���[�h�e�v�r�_�]�h���^�h�f�b�g�b�j�h�\�Z�g�b�y���h�^�g�b�o���k�b�]�g�Z�e�h�\���g�Z�^��

�^�j�m�]�b�f�b���� �\�h�a�g�b�d�Z�_�l�� �h�s�m�s�_�g�b�_�� �i�h�l�_�j�b�� �h�j�b�_�g�l�Z�p�b�b�� �l�_�e�Z�� �\�� �i�j�h�k�l�j�Z�g�k�l�\�_����

�>�Z�g�g�u�c�� �j�_�a�m�e�v�l�Z�l�� �i�j�_�^�k�l�Z�\�e�y�_�l�� �[�h�e�v�r�h�c�� �b�g�l�_�j�_�k���� �i�h�k�d�h�e�v�d�m�� �\�� �j�y�^�_�� �^�j�m�]�b�o��

�b�k�k�e�_�^�h�\�Z�g�b�c���k���m�q�Z�k�l�b�_���q�_�e�h�\�_�d�Z���[�u�e�Z���h�[�g�Z�j�m�`�_�g�Z���b�a�[�b�j�Z�l�_�e�v�g�Z�y���Z�d�l�b�\�Z�p�b�y��

�a�h�g�u��VIP �i�j�b�� �\�h�a�g�b�d�g�h�\�_�g�b�b���k�b�f�i�l�h�f�h�\�� �e�h�d�h�f�h�p�b�h�g�g�h�c�� �[�h�e�_�a�g�b (Thurell et 

al., 2002, Miles et al., 2010). �D�j�h�f�_���l�h�]�h�����h�[�g�Z�j�m�`�_�g�b�_���\���j�Z�f�d�Z�o���h�^�g�h�c���h�[�e�Z�k�l�b��

�d�e�_�l�h�d�����j�_�Z�]�b�j�m�x�s�b�o���b���g�Z���a�j�b�l�_�e�v�g�u�_�����b���g�Z���\�_�k�l�b�[�m�e�y�j�g�u�_���k�b�]�g�Z�e�u�����i�h�a�\�h�e�y�_�l��

�m�l�h�q�g�b�l�v�� �]�b�i�h�l�_�a�u�� �\�_�k�l�b�[�m�e�y�j�g�h�c�� �b�g�]�b�[�b�p�b�b�� �b�� �n�Z�k�b�e�b�l�Z�p�b�b���� �k�\�y�a�Z�g�g�u�_�� �k��

�Z�d�l�b�\�g�h�k�l�v�x���h�k�l�j�h�\�d�h�\�h�c���h�[�e�Z�k�l�b���i�m�l�z�f���i�j�_�^�i�h�e�h�`�_�g�b�y���g�Z�e�b�q�b�y���\���g�_�c���l�Z�d�`�_��

�d�e�_�l�h�d���� �h�[�e�Z�^�Z�x�s�b�o�� �b�a�[�b�j�Z�l�_�e�v�g�h�c�� �Z�d�l�b�\�Z�p�b�_�c�� �\�� �h�l�\�_�l�� �g�Z�� �a�j�b�l�_�e�v�g�u�c�� �b�e�b��

�\�_�k�l�b�[�m�e�y�j�g�u�c���k�b�]�g�Z�e�� 

�H�[�k�m�`�^�Z�y�� �j�_�a�m�e�v�l�Z�l�u�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �f�h�a�]�h�\�u�o�� �f�_�o�Z�g�b�a�f�h�\ �\�_�d�p�b�b����

�h�l�^�_�e�v�g�h���k�l�h�b�l�� �h�l�f�_�l�b�l�v�� �j�Z�[�h�l�m�����p�_�e�v �d�h�l�h�j�h�c�� �a�Z�d�e�x�q�Z�_�l�k�y�� �\�� �m�k�l�Z�g�h�\�e�_�g�b�b��
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�\�a�Z�b�f�h�k�\�y�a�b �f�_�`�^�m�� �\�_�d�p�b�_�c���� �m�j�h�\�g�_�f�� �\�Z�a�h�i�j�_�k�k�b�g�Z�� �b�� �h�d�k�b�l�h�p�b�g�Z�� �b��

�k�d�e�h�g�g�h�k�l�b���q�_�e�h�\�_�d�Z���b�k�i�u�l�u�\�Z�l�v���l�h�r�g�h�l�m���i�j�b���\�h�k�i�j�b�y�l�b�b���b�e�e�x�a�b�b����Koch et 

al���������������������<���d�Z�q�_�k�l�\�_���k�l�b�f�m�e�y�p�b�b���[�u�e���b�k�i�h�e�v�a�h�\�Z�g���h�i�l�h�d�b�g�_�l�b�q�_�k�d�b�c���[�Z�j�Z�[�Z�g����

�\�j�Z�s�Z�\�r�b�c�k�y�� �\�h�d�j�m�]�� �k�b�^�y�s�_�]�h�� �g�_�i�h�^�\�b�`�g�h�� �b�k�i�u�l�m�_�f�h�]�h���� �I�j�b�� �i�h�f�h�s�b��

�w�e�_�d�l�j�h�^�h�\���� �a�Z�d�j�_�i�e�z�g�g�u�o�� �\�g�b�a�m�� �`�b�\�h�l�Z���� �j�_�]�b�k�l�j�b�j�h�\�Z�e�Z�k�v�� �w�e�_�d�l�j�b�q�_�k�d�Z�y��

�Z�d�l�b�\�g�h�k�l�v�� �`�_�e�m�^�h�q�g�h-�d�b�r�_�q�g�h�]�h�� �l�j�Z�d�l�Z���� �h�l�j�Z�`�Z�x�s�Z�y�� �^�b�g�Z�f�b�d�m��

�i�_�j�b�k�l�Z�e�v�l�b�d�b�� �d�b�r�_�q�g�b�d�Z���� �>�h�� �b�� �i�h�k�e�_�� �\�j�Z�s�_�g�b�y�� �k�l�b�f�m�e�y�p�b�b�� �i�j�h�b�k�o�h�^�b�e��

�a�Z�[�h�j�� �d�j�h�\�b�� �m�� �b�k�i�u�l�m�_�f�u�o�� �^�e�y�� �Z�g�Z�e�b�a�Z���� �<�� �w�d�k�i�_�j�b�f�_�g�l�_�� ���� �b�k�i�u�l�m�_�f�u�o��

�i�h�`�Z�e�h�\�Z�e�b�k�v�� �g�Z�� �i�h�y�\�e�_�g�b�_�� �k�b�f�i�l�h�f�h�\�� �l�h�r�g�h�l�u�� �b�� �g�Z�j�m�r�_�g�b�y�� �\�� �j�Z�[�h�l�_��

�`�_�e�m�^�d�Z���� �q�l�h�� �i�h�^�l�\�_�j�^�b�e�h�k�v�� �^�Z�g�g�u�f�b�� �w�e�_�d�l�j�h�]�Z�k�l�j�h�]�j�Z�n�b�b���� �?�s�z�� ����

�b�k�i�u�l�m�_�f�u�o�� �g�_�� �h�[�g�Z�j�m�`�b�e�b�� �l�Z�d�h�c�� �k�b�f�i�l�h�f�Z�l�b�d�b���� �M�j�h�\�g�b�� �\�Z�a�h�i�j�_�k�k�b�g�Z�� �b��

�h�d�k�b�l�h�p�b�g�Z�� �m�� �h�[�_�b�o�� �]�j�m�i�i�� �[�u�e�b�� �h�^�b�g�Z�d�h�\�u�f�b�� �^�h�� �g�Z�q�Z�e�Z�� �w�d�k�i�_�j�b�f�_�g�l�Z����

�H�^�g�Z�d�h���� �i�h�k�e�_�� �f�b�g�m�l�g�h�]�h�� �\�j�Z�s�_�g�b�y�� �k�l�b�f�m�e�y�p�b�b�� �m�� �]�j�m�i�i�u�� �b�k�i�u�l�m�_�f�u�o����

�h�l�f�_�l�b�\�r�b�o�� �\�h�a�g�b�d�g�h�\�_�g�b�y�� �l�h�r�g�h�l�u���� �m�j�h�\�_�g�v�� �\�Z�a�h�i�j�_�k�k�b�g�Z�� �a�g�Z�q�b�f�h��

�i�h�\�u�k�b�e�k�y���i�h���k�j�Z�\�g�_�g�b�x���k�h���\�l�h�j�h�c���]�j�m�i�i�h�c���b�k�i�u�l�m�_�f�u�o�����J�Z�a�e�b�q�b�c���\���m�j�h�\�g�_��

�h�d�k�b�l�h�p�b�g�Z�� �h�[�g�Z�j�m�`�_�g�h�� �g�_�� �[�u�e�h���� �:�\�l�h�j�u�� �i�j�b�r�e�b�� �d�� �\�u�\�h�^�m���� �q�l�h��

�\�Z�a�h�i�j�_�k�k�b�g�h�\�u�_�� �g�_�c�j�h�g�u�� �f�Z�]�g�h�p�_�e�e�x�e�y�j�g�h�c�� �g�_�c�j�h�]�b�i�h�n�b�a�Z�j�g�h�c�� �k�b�k�l�_�f�u��

�Z�d�l�b�\�b�j�m�x�l�k�y���m���j�y�^�Z���b�k�i�u�l�m�_�f�u�o���b�a-�a�Z���\�h�a�g�b�d�g�h�\�_�g�b�y���l�h�r�g�h�l�u���b���g�Z�j�m�r�_�g�b�c��

�\�� �j�Z�[�h�l�_�� �`�_�e�m�^�d�Z���� �q�l�h�� �\�� �k�\�h�x�� �h�q�_�j�_�^�v�� �i�j�b�\�h�^�b�l�� �d�� �\�h�a�g�b�d�g�h�\�_�g�b�x�� �b�e�e�x�a�b�b�� 

�L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �j�_�a�m�e�v�l�Z�l�u�� �^�Z�g�g�h�]�h�� �w�d�k�i�_�j�b�f�_�g�l�Z�� �q�Z�k�l�b�q�g�h�� �i�h�^�l�\�_�j�`�^�Z�x�l��

�l�h�d�k�b�g�h�\�m�x���]�b�i�h�l�_�a�m���\�h�a�g�b�d�g�h�\�_�g�b�y���\�_�d�p�b�b����Treisman, 1977). 

�G�Z�� �k�_�]�h�^�g�y�r�g�b�c�� �^�_�g�v�� �b�f�_�_�l�k�y�� �^�h�k�l�Z�l�h�q�g�h�_�� �d�h�e�b�q�_�k�l�\�h��

�w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o�� �^�Z�g�g�u�o�� �h�[ �Z�d�l�b�\�g�h�k�l�b �j�Z�a�e�b�q�g�u�o�� �h�[�e�Z�k�l�_�c�� �d�h�j�u��

�]�h�e�h�\�g�h�]�h�� �f�h�a�]�Z�� �\�� �i�j�h�p�_�k�k�_�� �\�h�k�i�j�b�y�l�b�y �\�_�d�p�b�b���� �H�^�g�Z�d�h���� �d�Z�d�� �h�l�f�_�q�Z�x�l��

�g�_�d�h�l�h�j�u�_���b�k�k�e�_�^�h�\�Z�l�_�e�b���b�e�e�x�a�b�b���^�\�b�`�_�g�b�y���k�h�[�k�l�\�_�g�g�h�]�h���l�_�e�Z�����j�_�a�m�e�v�l�Z�l�u����

�i�h�e�m�q�_�g�g�u�_���\���j�Z�a�g�u�o���j�Z�[�h�l�Z�o�����a�Z�q�Z�k�l�m�x���g�_���k�h�]�e�Z�k�m�x�l�k�y���f�_�`�^�m���k�h�[�h�c����Morrone 

et al������ �������������� �H�k�h�[�m�x�� �k�e�h�`�g�h�k�l�v�� �k�j�Z�\�g�_�g�b�y�� �w�f�i�b�j�b�q�_�k�d�b�o�� �j�_�a�m�e�v�l�Z�l�h�\��

�\�u�a�u�\�Z�_�l���l�h�l���n�Z�d�l�����q�l�h���\���j�Z�a�g�u�o���b�k�k�e�_�^�h�\�Z�g�b�y�o���[�u�e�b���i�j�b�f�_�g�_�g�u���j�Z�a�e�b�q�g�u�_��

�l�b�i�u�� �a�j�b�l�_�e�v�g�h�c�� �k�l�b�f�m�e�y�p�b�b���� �L�Z�d���� �\�� �b�k�k�e�_�^�h�\�Z�g�b�y�o�� �k�� �i�j�b�f�_�g�_�g�b�_�f�� �k�j�_�^�k�l�\��

�g�_�c�j�h�\�b�a�m�Z�e�b�a�Z�p�b�b�� �q�Z�s�_�� �\�k�_�]�h�� �b�k�i�h�e�v�a�h�\�Z�e�Z�k�v �k�l�b�f�m�e�y�p�b�y�� �^�e�y��
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�b�g�^�m�p�b�j�h�\�Z�g�b�y���d�j�m�]�h�\�h�c���\�_�d�p�b�b�����\���l�h���\�j�_�f�y���d�Z�d���b�k�k�e�_�^�h�\�Z�l�_�e�b�����b�k�i�h�e�v�a�m�x�s�b�_��

�W�W�=���� �\�� �h�k�g�h�\�g�h�f�� �i�j�b�f�_�g�y�e�b �k�l�b�f�m�e�y�p�b�x�� �^�e�y�� �b�g�b�p�b�Z�p�b�b�� �e�b�g�_�c�g�h�c�� �\�_�d�p�b�b��

(Nishiike et al., 2002, van der Hoorn et al������ �������������� �<�l�h�j�h�c���f�_�l�h�^�b�q�_�k�d�h�c��

�i�j�h�[�e�_�f�h�c�� �b�a�m�q�_�g�b�y �f�h�a�]�h�\�u�o���f�_�o�Z�g�b�a�f�h�\���b�e�e�x�a�b�b���^�\�b�`�_�g�b�y�� �k�h�[�k�l�\�_�g�g�h�]�h��

�l�_�e�Z���y�\�e�y�_�l�k�y���k�j�Z�\�g�_�g�b�_���Z�\�l�h�j�Z�f�b���Z�d�l�b�\�g�h�k�l�b���]�h�e�h�\�g�h�]�h���f�h�a�]�Z���i�j�b���\�h�k�i�j�b�y�l�b�b��

�^�\�b�`�m�s�_�]�h�k�y�� �k�l�b�f�m�e�Z�� �b�� �k�l�Z�l�b�q�g�h�c�� �k�l�b�f�m�e�y�p�b�b���� �L�Z�d�h�c�� �i�h�^�o�h�^�� �h�l�j�Z�`�Z�_�l��

�j�Z�a�e�b�q�b�_�� �\���i�j�h�l�_�d�Z�g�b�b���f�h�a�]�h�\�u�o�� �i�j�h�p�_�k�k�Z�o�� �i�j�b�� �\�h�k�i�j�b�y�l�b�b�� �^�\�b�`�m�s�_�]�h�k�y�� �b��

�k�l�Z�l�b�q�g�h�]�h���h�[�t�_�d�l�Z���\�h�h�[�s�_�����Z���g�_���h�k�h�[�u�_���f�_�o�Z�g�b�a�f�u���\�h�a�g�b�d�g�h�\�_�g�b�y �b�e�e�x�a�b�b����

�L�_�f���[�h�e�_�_�����q�l�h���\���d�Z�q�_�k�l�\�_���i�h�d�Z�a�Z�l�_�e�y �i�h�y�\�e�_�g�b�y���\�_�d�p�b�b���b�k�i�h�e�v�a�m�_�l�k�y���h�[�u�q�g�h��

�k�Z�f�h�h�l�q�z�l���b�k�i�u�l�m�_�f�h�]�h����Previc et al���������������������<���j�_�a�m�e�v�l�Z�l�_�����g�_�k�f�h�l�j�y���g�Z���[�h�e�v�r�h�_��

�d�h�e�b�q�_�k�l�\�h�� �w�d�k�i�_�j�b�f�_�g�l�h�\���� �i�j�h�\�_�^�z�g�g�u�o�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �j�Z�a�e�b�q�g�u�o��

�f�_�l�h�^�h�\ �b�a�m�q�_�g�b�y�� �Z�d�l�b�\�g�h�k�l�b�� �]�h�e�h�\�g�h�]�h�� �f�h�a�]�Z���� �h�^�g�h�a�g�Z�q�g�u�o�� �j�_�a�m�e�v�l�Z�l�h�\�� �h��

�f�h�a�]�h�\�u�o�� �f�_�o�Z�g�b�a�f�Z�o�� �i�j�h�l�_�d�Z�g�b�y�� �b�e�e�x�a�b�b�� �^�\�b�`�_�g�b�y�� �k�h�[�k�l�\�_�g�g�h�]�h�� �l�_�e�Z��

�i�h�e�m�q�_�g�h���g�_���[�u�e�h���� 

�<�� �h�l�g�h�r�_�g�b�b�� �b�e�e�x�a�b�b�� �^�\�b�`�_�g�b�y�� �k�h�[�k�l�\�_�g�g�h�]�h�� �l�_�e�Z�� �i�h�d�Z�a�Z�g�h���� �q�l�h��

�k�m�s�_�k�l�\�m�_�l�� �Z�d�l�b�\�Z�p�b�y �f�g�h�]�b�o�� �a�h�g�� �]�h�e�h�\�g�h�]�h�� �f�h�a�]�Z���� �<�� �i�_�j�\�m�x�� �h�q�_�j�_�^�v��

�h�l�f�_�q�Z�_�l�k�y�� �Z�d�l�b�\�Z�p�b�y�� �h�k�l�j�h�\�d�h�\�h�c�� �h�[�e�Z�k�l�b�� ���3�U�H�Y�L�F�� �H�W�� �D�O������ �������������� �I�h�k�d�h�e�v�d�m��

�h�k�l�j�h�\�d�h�\�Z�y�� �a�h�g�Z���k�\�y�a�Z�g�Z���k���h�[�j�Z�[�h�l�d�h�c���\�_�k�l�b�[�m�e�y�j�g�h�c�� �b�g�n�h�j�f�Z�p�b�b���� �l�h�� �[�u�e�Z��

�\�u�^�\�b�g�m�l�Z�� �]�b�i�h�l�_�a�Z�� �\�_�k�l�b�[�m�e�y�j�g�h�c�� �n�Z�k�b�e�b�l�Z�p�b�b���� �k�h�]�e�Z�k�g�h�� �d�h�l�h�j�h�c��

�k�_�g�k�h�j�g�u�c�� �d�h�g�n�e�b�d�l�� �\�h�a�g�b�d�Z�_�l�� �\�� �j�_�a�m�e�v�l�Z�l�_�� �i�h�\�u�r�_�g�b�y�� �Z�d�l�b�\�Z�p�b�b��

�\�_�k�l�b�[�m�e�y�j�g�u�o�� �a�h�g�� �d�h�j�u�� �i�j�b�� �g�Z�[�e�x�^�_�g�b�b�� �^�\�b�`�m�s�_�]�h�k�y�� �k�l�b�f�m�e�Z�� �[�h�e�v�r�h�]�h��

�j�Z�a�f�_�j�Z�� ���&�D�U�G�L�Q�� �H�W�� �D�O������ �������������� �>�Z�e�v�g�_�c�r�_�_�� �b�a�m�q�_�g�b�_�� �f�h�a�]�h�\�u�o�� �f�_�o�Z�g�b�a�f�h�\��

�\�_�d�p�b�b�� �h�[�g�Z�j�m�`�b�e�h�� �i�j�h�l�b�\�h�i�h�e�h�`�g�u�_�� �j�_�a�m�e�v�l�Z�l�u���� �J�_�a�m�e�v�l�Z�l�u�� �j�_�]�b�k�l�j�Z�p�b�b��

�Z�d�l�b�\�g�h�k�l�b�� �]�h�e�h�\�g�h�]�h�� �f�h�a�]�Z�� �i�h�d�Z�a�Z�e�b���� �q�l�h�� �\�h�� �\�j�_�f�y�� �\�h�k�i�j�b�y�l�b�y�� �^�\�b�`�_�g�b�y��

�a�j�b�l�_�e�v�g�h�]�h���k�l�b�f�m�e�Z���b�a�[�b�j�Z�l�_�e�v�g�h���Z�d�l�b�\�b�j�h�\�Z�e�b�k�v���a�h�g�u���a�j�b�l�_�e�v�g�h�c���d�h�j�u�����9����

�± �9�������b���\�_�k�l�b�[�m�e�y�j�g�Z�y���i�Z�j�b�_�l�h-�b�g�k�m�e�y�j�g�Z�y���d�h�j�Z�����3�,�9�&�������:���\�h���\�j�_�f�y���h�s�m�s�_�g�b�y��

�\�_�d�p�b�b�� �b�a�[�b�j�Z�l�_�e�v�g�h�� �Z�d�l�b�\�b�j�h�\�Z�e�Z�k�v�� �l�h�e�v�d�h�� �h�[�e�Z�k�l�v�� �m�a�_�e�d�Z�� �f�h�a�`�_�q�d�Z�� ���1�&����

���.�O�H�L�Q�V�F�K�P�L�G�W�� �H�W�� �D�O������ �������������� �L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �[�u�e�Z�� �\�u�^�\�b�g�m�l�Z�� �]�b�i�h�l�_�a�Z��

�\�_�k�l�b�[�m�e�y�j�g�h�c�� �b�g�]�b�[�b�p�b�b���� �k�h�]�e�Z�k�g�h�� �d�h�l�h�j�h�c�� �k�_�g�k�h�j�g�u�c�� �d�h�g�n�e�b�d�l�� �b�� �\�_�d�p�b�y��

�\�h�a�g�b�d�Z�x�l�� �\�� �j�_�a�m�e�v�l�Z�l�_�� �k�e�Z�[�h�k�l�b�� �\�_�k�l�b�[�m�e�y�j�g�h�]�h�� �k�b�]�g�Z�e�Z�� �i�h�� �h�l�g�h�r�_�g�b�x�� �d��
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�k�b�]�g�Z�e�m���k�h���k�l�h�j�h�g�u���a�j�b�l�_�e�v�g�h�c���k�b�k�l�_�f�u�����'�L�H�W�U�L�F�K���H�W���D�O�������������������'�H�X�W�V�K�O�D�Q�G�H�U���H�W��

al., 2004; Kovacs et al., 2008). 

�&�� �i�j�b�f�_�g�_�g�b�_�f�� �f�Z�]�g�b�l�h�w�g�p�_�n�Z�e�h�]�j�Z�n�b�b�� �[�u�e�Z�� �m�k�l�Z�g�h�\�e�_�g�Z�� �Z�d�l�b�\�Z�p�b�y��

�i�h�k�l-�p�_�g�l�j�Z�e�v�g�h�c���b�a�\�b�e�b�g�u�����*�3�����b���g�b�`�g�_-�a�Z�^�g�_�c�� �\�b�k�h�q�g�h�c�� �^�h�e�v�d�b�����,�3�7�/�������Z��

�l�Z�d�`�_�� �i�h�d�j�u�r�d�b�� ���3�2���� ���1�D�N�D�J�D�Z�D���� �������������� �K���i�j�b�f�_�g�_�g�b�_�f��

�w�e�_�d�l�j�h�w�g�p�_�n�Z�e�h�]�j�Z�n�b�b�� �[�u�e�h�� �i�h�d�Z�a�Z�g�h���� �q�l�h�� �Z�f�i�e�b�l�m�^�Z�� �i�h�l�_�g�p�b�Z�e�Z�� �1������ �\��

�a�Z�l�u�e�h�q�g�u�o���h�[�e�Z�k�l�y�o���[�u�e�Z���a�g�Z�q�b�f�h���f�_�g�v�r�_���\���l�_�q�_�g�b�_���i�j�h�f�_�`�m�l�d�h�\���\�j�_�f�_�g�b����

�h�l�f�_�q�_�g�g�u�o�� �b�k�i�u�l�m�_�f�u�f�b�� �d�Z�d�� �i�j�h�f�_�`�m�l�d�b�� �\�h�k�i�j�b�y�l�b�y�� �\�_�d�p�b�b�� ���7�K�L�O�R�� �H�W�� �D�O������

���������������L�Z�d�b�f���h�[�j�Z�a�h�f�����g�Z���k�_�]�h�^�g�y�r�g�b�c���^�_�g�v���b�f�_�_�l�k�y���^�h�k�l�Z�l�h�q�g�h�_���d�h�e�b�q�_�k�l�\�h��

�w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o���^�Z�g�g�u�o���h���\�h�\�e�_�q�_�g�b�b���j�Z�a�e�b�q�g�u�o���h�[�e�Z�k�l�_�c���d�h�j�u���]�h�e�h�\�g�h�]�h��

�f�h�a�]�Z���\�� �h�k�m�s�_�k�l�\�e�_�g�b�_�� �\�_�d�p�b�b���� �Z�� �l�Z�d�`�_�� �h�[�g�Z�j�m�`�_�g�u���g�_�d�h�l�h�j�u�_�� �b�a�f�_�g�_�g�b�y�� �\��

�^�b�g�Z�f�b�d�_�� �f�h�a�]�h�\�h�c�� �Z�d�l�b�\�g�h�k�l�b�� �i�j�b�� �i�_�j�_�`�b�\�Z�g�b�b�� �^�Z�g�g�h�c�� �b�e�e�x�a�b�b���� �H�^�g�Z�d�h����

�d�Z�d�� �h�l�f�_�q�Z�x�l�� �f�g�h�]�b�_�� �Z�\�l�h�j�u���� �j�_�a�m�e�v�l�Z�l�u�� �w�l�b�o�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �a�Z�q�Z�k�l�m�x�� �g�_��

�k�h�]�e�Z�k�m�x�l�k�y�� �f�_�`�^�m�� �k�h�[�h�c�� �b�a-�a�Z�� �j�Z�a�e�b�q�b�c�� �\�� �b�k�i�h�e�v�a�m�_�f�h�c�� �k�l�b�f�m�e�y�p�b�b�� �b��

�f�_�l�h�^�h�\���h�p�_�g�d�b���\�u�j�Z�`�_�g�g�h�k�l�b���b�e�e�x�a�b�b�����1�L�V�K�L�L�N�H�����������������0�R�U�U�R�Q�H���H�W���D�O������������������

van der Hoorn, 2010). 

�<�� �b�k�k�e�_�^�h�\�Z�g�b�b�� �>�����@�� �[�u�e�Z�� �\�u�^�\�b�g�m�l�Z�� �]�b�i�h�l�_�a�Z�� �h�� �l�h�f���� �q�l�h�� �\�h�k�i�j�b�y�l�b�_��

�\�_�d�p�b�c�� �\�d�e�x�q�Z�_�l�� �a�j�b�l�_�e�v�g�h-�\�_�k�l�b�[�m�e�y�j�g�h�_�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�_���� �K�e�_�^�h�\�Z�l�_�e�v�g�h����

�k�i�_�p�b�n�b�q�_�k�d�Z�y�� �^�e�y�� �\�_�d�p�b�c�� �Z�d�l�b�\�g�h�k�l�v�� �^�h�e�`�g�Z�� �[�u�l�v�� �e�h�d�Z�e�b�a�h�\�Z�g�Z�� �\�� �\�_�j�o�g�_�c��

�l�_�f�_�g�g�h�c���^�h�e�_�����i�_�j�_�^�g�_�c���i�h�y�k�g�h�c���b�a�\�b�e�b�g�_�����i�j�Z�\�h�c �i�h�k�l�p�_�g�l�j�Z�e�v�g�h�c���h�[�e�Z�k�l�b��

�b�� �q�_�j�\�_�h�[�j�Z�a�g�h�f�� �h�l�j�h�k�l�d�_�� �f�h�a�`�_�q�d�Z���� �I�h�� �j�_�a�m�e�v�l�Z�l�Z�f�� �b�k�k�e�_�^�h�\�Z�g�b�y���� �[�h�e�_�_��

�k�b�e�v�g�Z�y�� �\�_�d�p�b�y�� �g�Z�[�e�x�^�Z�e�Z�k�v�� �\�� �d�h�]�_�j�_�g�l�g�h�f�� �k�h�k�l�h�y�g�b�b���� �i�h�� �k�j�Z�\�g�_�g�b�x�� �k��

�g�_�d�h�]�_�j�_�g�l�g�u�f�� �k�h�k�l�h�y�g�b�_�f���� �d�Z�d�� �m�� �e�_�\�r�_�c���� �l�Z�d�� �b�� �m�� �i�j�Z�\�r�_�c���� �<�� �q�Z�k�l�g�h�k�l�b����

�k�h�h�[�s�Z�e�h�k�v�� �h�� �[�h�e�v�r�_�f�� �d�h�e�b�q�_�k�l�\�_�� �i�h�i�u�l�h�d�� �i�j�b�k�m�l�k�l�\�b�y�� �\�_�d�p�b�b���� �[�h�e�_�_��

�d�h�j�h�l�d�b�o�� �a�Z�^�_�j�`�d�Z�o�� �g�Z�q�Z�e�Z���� �[�h�e�v�r�_�c�� �i�j�h�^�h�e�`�b�l�_�e�v�g�h�k�l�b�� �\�_�d�p�b�b�� �b�� �[�h�e�_�_��

�\�u�k�h�d�b�o�� �i�h�d�Z�a�Z�l�_�e�y�o�� �k�b�e�u�� �\�� �d�h�]�_�j�_�g�l�g�h�f�� �k�h�k�l�h�y�g�b�b���� �<�k�_�� �m�q�Z�k�l�g�b�d�b��

�k�h�h�[�s�b�e�b���� �q�l�h�� �b�k�i�u�l�u�\�Z�e�b�� �\�_�d�p�b�x�� �\�� �d�h�]�_�j�_�g�l�g�h�f�� �k�h�k�l�h�y�g�b�b���� �I�h�k�d�h�e�v�d�m��

�\�_�d�p�b�y�� �j�_�^�d�h�� �i�j�b�k�m�l�k�l�\�h�\�Z�e�Z�� �\�� �g�_�d�h�]�_�j�_�g�l�g�h�f�� �k�h�k�l�h�y�g�b�b�� ���k�j�_�^�g�_�_�� �q�b�k�e�h��

�i�h�i�u�l�h�d���� �������� �^�e�y�� �e�_�\�r�_�c���� ���� �^�e�y�� �i�j�Z�\�r�_�c������ �i�h�d�Z�a�Z�l�_�e�b�� �e�Z�l�_�g�l�g�h�k�l�b�� �g�Z�q�Z�e�Z����

�i�j�h�^�h�e�`�b�l�_�e�v�g�h�k�l�b�� �b�� �k�b�e�u�� �[�u�e�b�� �i�h�e�m�q�_�g�u�� �b�a�� �h�q�_�g�v�� �g�_�[�h�e�v�r�h�]�h�� �q�b�k�e�Z��
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�i�h�i�u�l�h�d���� �K�e�_�^�h�\�Z�l�_�e�v�g�h���� �k�l�Z�l�b�k�l�b�q�_�k�d�b�c�� �Z�g�Z�e�b�a���� �k�j�Z�\�g�b�\�Z�x�s�b�c��

�i�h�\�_�^�_�g�q�_�k�d�b�_�� �i�h�d�Z�a�Z�l�_�e�b�� �\�� �d�h�]�_�j�_�g�l�g�h�f�� �b�� �g�_�d�h�]�_�j�_�g�l�g�h�f�� �k�h�k�l�h�y�g�b�b���� �g�_��

�i�j�h�\�h�^�b�e�k�y�����K�l�Z�l�b�k�l�b�q�_�k�d�b�_���d�h�g�l�j�Z�k�l�u�����k�j�Z�\�g�b�\�Z�x�s�b�_���e�_�\�r�_�c���b���i�j�Z�\�r�_�c�����g�_��

�\�u�y�\�b�e�b�� �k�m�s�_�k�l�\�_�g�g�u�o�� �j�Z�a�e�b�q�b�c�� �g�b�� �\�� �h�^�g�h�f�� �i�h�\�_�^�_�g�q�_�k�d�h�f�� �i�h�d�Z�a�Z�l�_�e�_��

�\�_�d�p�b�b���± �g�b���\���d�h�]�_�j�_�g�l�g�h�f�����g�b���\���g�_�d�h�]�_�j�_�g�l�g�h�f���k�h�k�l�h�y�g�b�b. 

�L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �k�h�\�j�_�f�_�g�g�u�_�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �g�_�c�j�h�n�b�a�b�h�e�h�]�b�q�_�k�d�b�o��

�h�k�g�h�\���i�h�]�j�m�`�_�g�b�y���\���<�J �i�h�a�\�h�e�y�x�l���]�h�\�h�j�b�l�v���h���g�_�h�[�o�h�^�b�f�h�k�l�b���n�h�j�f�b�j�h�\�Z�g�b�b��

�d�h�f�i�e�_�d�k�g�h�c�� �f�h�^�_�e�b���� �b�g�l�_�]�j�b�j�m�x�s�_�c�� �^�Z�g�g�u�_�� �h�� �n�m�g�d�p�b�h�g�b�j�h�\�Z�g�b�b��

�j�Z�k�i�j�_�^�_�e�_�g�g�u�o�� �g�_�c�j�h�g�g�u�o�� �k�_�l�_�c���� �g�_�c�j�h�o�b�f�b�q�_�k�d�b�o�� �i�j�h�p�_�k�k�Z�o�� �b��

�b�g�^�b�\�b�^�m�Z�e�v�g�u�o�� �h�k�h�[�_�g�g�h�k�l�y�o���k�l�j�h�_�g�b�y�� �b�� �n�m�g�d�p�b�h�g�b�j�h�\�Z�g�b�y���P�G�K, 

�k�\�y�a�Z�g�g�u�o���k���w�n�n�_�d�l�b�\�g�h�c���h�j�]�Z�g�b�a�Z�p�b�_�c���^�_�y�l�_�e�v�g�h�k�l�b���q�_�e�h�\�_�d�Z���\���<�J�����:�g�Z�e�b�a��

�g�Z�d�h�i�e�_�g�g�u�o�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o���^�Z�g�g�u�o�� �\�u�y�\�e�y�_�l�� �m�k�l�h�c�q�b�\�m�x�� �d�h�j�j�_�e�y�p�b�x��

�f�_�`�^�m�� �k�m�[�t�_�d�l�b�\�g�u�f�� �i�_�j�_�`�b�\�Z�g�b�_�f�� �i�j�b�k�m�l�k�l�\�b�y�� �b�� �h�[�t�_�d�l�b�\�g�u�f�b��

�i�Z�j�Z�f�_�l�j�Z�f�b���f�h�a�]�h�\�h�c���Z�d�l�b�\�g�h�k�l�b�����j�_�]�b�k�l�j�b�j�m�_�f�u�f�b���f�_�l�h�^�Z�f�b���n�F�J�L�����W�W�=���b��

�n�G�B�J�K. 

�<�f�_�k�l�_���k���l�_�f�����b�f�_�_�b���f�_�k�l�h���n�b�d�k�Z�p�b�y���l�h�]�h���n�Z�d�l�Z�����q�l�h���j�Z�a�e�b�q�g�u�_���m�q�Z�k�l�d�b��

�]�h�e�h�\�g�h�]�h�� �f�h�a�]�Z�� �\�g�h�k�y�l�� �\�d�e�Z�^�� �\�� �h�[�_�k�i�_�q�_�g�b�_�� �j�Z�a�e�b�q�g�u�o�� �n�_�g�h�f�_�g�h�\��

�i�k�b�o�b�q�_�k�d�h�c�� �^�_�y�l�_�e�v�g�h�k�l�b���� �k�\�y�a�Z�g�g�u�o�� �k�� �i�h�]�j�m�`�_�g�b�_�f�� �<�J���� �L�Z�d�� �j�_�a�m�e�v�l�Z�l�u 

�g�_�c�j�h�\�b�a�m�Z�e�b�a�Z�p�b�b�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�� �^�_�f�h�g�k�l�j�b�j�m�x�l�� �\�h�\�e�_�q�_�g�g�h�k�l�v��

�k�i�_�p�b�n�b�q�_�k�d�b�o���g�_�c�j�h�g�g�u�o���Z�g�k�Z�f�[�e�_�c���\ �n�h�j�f�b�j�h�\�Z�g�b�_���w�n�n�_�d�l�Z���i�j�b�k�m�l�k�l�\�b�y����

�I�j�_�n�j�h�g�l�Z�e�v�g�Z�y���d�h�j�Z�����\���h�k�h�[�_�g�g�h�k�l�b���^�h�j�k�h�e�Z�l�_�j�Z�e�v�g�u�_���h�l�^�_�e�u�����Z�d�l�b�\�b�j�m�_�l�k�y��

�i�j�b�� �i�h�^�^�_�j�`�Z�g�b�b�� �\�g�b�f�Z�g�b�y�� �d�� �\�b�j�l�m�Z�e�v�g�h�c�� �k�j�_�^�_�� �b�� �d�h�]�g�b�l�b�\�g�h�f�� �d�h�g�l�j�h�e�_��

�d�h�g�n�e�b�d�l�Z�� �f�_�`�^�m���k�_�g�k�h�j�g�u�f�b�� �f�h�^�Z�e�v�g�h�k�l�y�f�b���� �H�k�l�j�h�\�d�h�\�Z�y�� �^�h�e�y�����b�]�j�Z�x�s�Z�y��

�d�e�x�q�_�\�m�x�� �j�h�e�v�� �\�� �b�g�l�_�j�h�p�_�i�p�b�b�� �b�� �w�f�h�p�b�h�g�Z�e�v�g�h�f�� �h�k�h�a�g�Z�g�b�b���� �i�h�d�Z�a�u�\�Z�_�l��

�i�h�\�u�r�_�g�g�m�x�� �Z�d�l�b�\�g�h�k�l�v���� �d�h�j�j�_�e�b�j�m�x�s�m�x�� �k�� �k�m�[�t�_�d�l�b�\�g�h�c�� �h�p�_�g�d�h�c��

�j�_�Z�e�b�k�l�b�q�g�h�k�l�b���<�J-�h�i�u�l�Z�����H�^�g�h�\�j�_�f�_�g�g�h���g�Z�[�e�x�^�Z�_�l�k�y���f�h�^�m�e�y�p�b�y���Z�d�l�b�\�g�h�k�l�b��

�k�_�l�b���i�Z�k�k�b�\�g�h�]�h���j�_�`�b�f�Z���j�Z�[�h�l�u���f�h�a�]�Z�����i�j�b���m�k�i�_�r�g�h�f���i�h�]�j�m�`�_�g�b�b���i�j�h�b�k�o�h�^�b�l��

�_�_�� �i�h�^�Z�\�e�_�g�b�_���� �q�l�h�� �k�\�b�^�_�l�_�e�v�k�l�\�m�_�l�� �h�� �k�g�b�`�_�g�b�b�� �m�j�h�\�g�y�� �k�Z�f�h�k�h�a�g�Z�g�b�y�� �b��

�i�h�]�e�h�s�_�g�g�h�k�l�b�� �\�g�_�r�g�_�c�� �k�j�_�^�h�c�� �<�b�k�h�q�g�h-�l�_�f�_�g�g�Z�y�� �h�[�e�Z�k�l�v�� �^�_�f�h�g�k�l�j�b�j�m�_�l��

�k�e�h�`�g�m�x�� �^�b�g�Z�f�b�d�m���� �_�_�� �Z�d�l�b�\�Z�p�b�y�� �k�\�y�a�Z�g�Z�� �k�� �h�[�j�Z�[�h�l�d�h�c�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�c��
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�b�g�n�h�j�f�Z�p�b�b�� �b�� �g�Z�\�b�]�Z�p�b�_�c�� �\�� �\�b�j�l�m�Z�e�v�g�h�c�� �k�j�_�^�_���� �l�h�]�^�Z�� �d�Z�d�� �m�]�g�_�l�_�g�b�_�� �f�h�`�_�l��

�d�h�j�j�_�e�b�j�h�\�Z�l�v���k���h�k�e�Z�[�e�_�g�b�_�f���h�k�h�a�g�Z�\�Z�g�b�y���n�b�a�b�q�_�k�d�h�]�h���l�_�e�Z�����H�k�h�[�u�c���b�g�l�_�j�_�k��

�i�j�_�^�k�l�Z�\�e�y�_�l�� �j�h�e�v�� �a�_�j�d�Z�e�v�g�u�o�� �g�_�c�j�h�g�h�\�� �\�� �i�j�_�f�h�l�h�j�g�h�c�� �d�h�j�_�� �b�� �g�b�`�g�_�c��

�l�_�f�_�g�g�h�c�� �^�h�e�_���� �Z�d�l�b�\�Z�p�b�y�� �d�h�l�h�j�u�o�� �h�[�_�k�i�_�q�b�\�Z�_�l�� �w�f�i�Z�l�b�q�_�k�d�b�c�� �h�l�d�e�b�d�� �g�Z��

�\�b�j�l�m�Z�e�v�g�u�o���i�_�j�k�h�g�Z�`�_�c���b �n�h�j�f�b�j�h�\�Z�g�b�_���q�m�\�k�l�\�Z���k�h�i�j�b�q�Z�k�l�g�h�k�l�b�� 

�L�_�f�� �k�Z�f�u�f���� �\�u�y�\�e�_�g�b�_ �g�_�c�j�h�n�b�a�b�h�e�h�]�b�q�_�k�d�b�o���d�h�j�j�_�e�y�l�h�\�� �i�h�]�j�m�`�_�g�b�y��

�q�_�e�h�\�_�d�Z�� �\�� �<�J���b�f�_�_�l�� �n�m�g�^�Z�f�_�g�l�Z�e�v�g�h�_�� �a�g�Z�q�_�g�b�_�� �^�e�y�� �h�i�l�b�f�b�a�Z�p�b�b���<�K, 

�i�_�j�k�h�g�Z�e�b�a�Z�p�b�b�� �l�_�j�Z�i�_�\�l�b�q�_�k�d�b�o�� �b�g�l�_�j�\�_�g�p�b�c �k�� �i�j�b�f�_�g�_�g�_�g�b�_�f�� �<�J �b��

�i�j�h�]�g�h�a�b�j�h�\�Z�g�b�y�� �b�g�^�b�\�b�^�m�Z�e�v�g�h�c�� �\�h�k�i�j�b�b�f�q�b�\�h�k�l�b�� �d�� �b�f�f�_�j�k�b�\�g�u�f��

�l�_�o�g�h�e�h�]�b�y�f���� �>�Z�e�v�g�_�c�r�b�_�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �\�� �w�l�h�f�� �g�Z�i�j�Z�\�e�_�g�b�b�� �[�m�^�m�l��

�k�i�h�k�h�[�k�l�\�h�\�Z�l�v�� �k�h�a�^�Z�g�b�x�� �[�b�h�e�h�]�b�q�_�k�d�b�� �h�[�h�k�g�h�\�Z�g�g�u�o�� �f�h�^�_�e�_�c��

�\�a�Z�b�f�h�^�_�c�k�l�\�b�y�� �q�_�e�h�\�_�d�Z�� �k���<�J �b�� �j�Z�a�j�Z�[�h�l�d�_�� �w�n�n�_�d�l�b�\�g�u�o�� �g�_�c�j�h�l�_�o�g�h�e�h�]�b�c��

�^�e�y���h�[�j�Z�a�h�\�Z�g�b�y�����l�_�j�Z�i�b�b���b���i�j�h�n�_�k�k�b�h�g�Z�e�v�g�h�c���^�_�y�l�_�e�v�g�h�k�l�b�� 
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�Q�Z�k�l�v�� ���� �W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�_ �b�k�k�e�_�^�h�\�Z�g�b�_ �g�_�c�j�h�d�h�]�g�b�l�b�\�g�u�o��

�f�_�o�Z�g�b�a�f�h�\�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�y�� �k�m�[�t�_�d�l�Z�� �k�h�� �k�j�_�^�Z�f�b�� �\�b�j�l�m�Z�e�v�g�h�c��

�j�_�Z�e�v�g�h�k�l�b�� 

 

 2.1. �K�i�_�p�b�n�b�q�_�k�d�b�_�� �b�a�f�_�g�_�g�b�y�� �]�e�Z�a�h�^�\�b�]�Z�l�_�e�v�g�h�c�� �Z�d�l�b�\�g�h�k�l�b�� �d�Z�d��

�n�Z�d�l�h�j�� �i�j�h�p�_�k�k�h�\���k�_�g�k�h�j�g�h-�i�_�j�p�_�i�l�b�\�g�h�c�� �b�g�l�_�]�j�Z�p�b�b�� �\�� �\�b�j�l�m�Z�e�v�g�h�c��

�j�_�Z�e�v�g�h�k�l�b. 

  
�G�Z�� �i�_�j�\�h�f�� �w�l�Z�i�_�� �p�_�e�v�x�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �[�u�e�h�� �b�a�m�q�_�g�b�_�� �b�a�f�_�g�_�g�b�c�� �\��

�i�Z�l�l�_�j�g�Z�o�� �]�e�Z�a�h�^�\�b�]�Z�l�_�e�v�g�h�c�� �Z�d�l�b�\�g�h�k�l�b�� �\�� �m�k�e�h�\�b�y�o�� �a�j�b�l�_�e�v�g�h-

�\�_�k�l�b�[�m�e�y�j�g�h�]�h�� �k�_�g�k�h�j�g�h�]�h�� �d�h�g�n�e�b�d�l�Z�� �\�� �\�b�j�l�m�Z�e�v�g�h�c�� �j�_�Z�e�v�g�h�k�l�b����

�k�\�b�^�_�l�_�e�v�k�l�\�m�x�s�b�o�� �h�[�� �w�n�n�_�d�l�b�\�g�h�f�� �b�e�b�� �g�_�w�n�n�_�d�l�b�\�g�h�f�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�b��

�k�m�[�t�_�d�l�Z���k���<�J-�k�j�_�^�h�c���� 

�B�a�\�_�k�l�g�h���� �q�l�h�� �\�h�� �\�j�_�f�y�� �g�Z�[�e�x�^�_�g�b�y�� �a�Z�� �^�\�b�`�m�s�b�f�k�y�� �k�l�b�f�m�e�h�f�� �]�e�Z�a�Z��

�k�h�\�_�j�r�Z�x�l�� �o�Z�j�Z�d�l�_�j�g�u�_�� �^�\�b�`�_�g�b�y���± �j�_�Z�e�b�a�m�_�l�k�y�� �h�i�l�h�d�b�g�_�l�b�q�_�k�d�b�c�� �g�b�k�l�Z�]�f��

���H�D�G�������H�i�j�_�^�_�e�z�g�g�u�_���i�Z�j�Z�f�_�l�j�u���H�D�G�����Z���b�f�_�g�g�h���k�d�h�j�h�k�l�v���f�_�^�e�_�g�g�h�c���n�Z�a�u���b��

�q�Z�k�l�h�l�Z�� �m�^�Z�j�h�\�� �g�b�k�l�Z�]�f�Z���� �y�\�e�y�x�l�k�y�� �b�g�^�b�d�Z�l�h�j�Z�f�b�� �i�j�h�l�_�d�Z�g�b�y�� �i�j�h�p�_�k�k�h�\��

�i�k�b�o�b�q�_�k�d�h�c���^�_�y�l�_�e�v�g�h�k�l�b�����\���q�Z�k�l�g�h�k�l�b���i�j�h�p�_�k�k�h�\���\�g�b�f�Z�g�b�y�����J�h�f�Z�g�h�\������������������

�P�_�e�v�x�� �^�Z�g�g�h�]�h�� �w�d�k�i�_�j�b�f�_�g�l�Z�� �k�l�Z�e�h�� �b�a�m�q�_�g�b�_�� �^�b�g�Z�f�b�d�b �g�b�k�l�Z�]�f�_�g�g�u�o 

�^�\�b�`�_�g�b�c�� �]�e�Z�a�� �i�j�b�� �g�Z�[�e�x�^�_�g�b�b�� �k�l�b�f�m�e�y�p�b�b���� �b�g�b�p�b�b�j�m�x�s�_�c�� �d�j�m�]�h�\�m�x��

�\�_�d�p�b�x�� 

�A�Z�^�Z�q�b���b�k�k�e�_�^�h�\�Z�g�b�y�� 

1) �J�Z�a�j�Z�[�h�l�d�Z���\�b�j�l�m�Z�e�v�g�h�c���k�j�_�^�u�����\�j�Z�s�Z�x�s�_�c�k�y���\�h�d�j�m�]���b�k�i�u�l�m�_�f�h�]�h���\��

�]�h�j�b�a�h�g�l�Z�e�v�g�h�c���i�e�h�k�d�h�k�l�b���k���j�Z�a�e�b�q�g�u�f�b���m�]�e�h�\�u�f�b���k�d�h�j�h�k�l�y�f�b�� 

2) �H�k�m�s�_�k�l�\�e�_�g�b�_���d�Z�q�_�k�l�\�_�g�g�h�]�h���b���d�h�e�b�q�_�k�l�\�_�g�g�h�]�h���Z�g�Z�e�b�a�Z���^�b�g�Z�f�b�d�b��

�h�i�l�h�d�b�g�_�l�b�q�_�k�d�h�]�h���g�b�k�l�Z�]�f�Z�� 

3) �<�u�^�_�e�_�g�b�_�� �h�k�g�h�\�g�u�o�� �i�Z�j�Z�f�_�l�j�h�\�� �h�i�l�h�d�b�g�_�l�b�q�_�k�d�h�]�h�� �g�b�k�l�Z�]�f�Z����

�k�\�b�^�_�l�_�e�v�k�l�\�m�x�s�b�o�� �h�� �^�b�g�Z�f�b�d�_���j�Z�[�h�l�u�� �\�_�k�l�b�[�m�e�y�j�g�h�c�� �n�m�g�d�p�b�b�� �b 

�b�e�e�x�a�b�b���^�\�b�`�_�g�b�y���k�h�[�k�l�\�_�g�g�h�]�h���l�_�e�Z�� 
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�=�b�i�h�l�_�a�Z 

  �I�j�b�� �g�Z�[�e�x�^�_�g�b�b�� �k�l�b�f�m�e�Z���� �^�\�b�`�m�s�_�]�h�k�y�� �k�� �g�Z�b�[�h�e�v�r�_�c�� �m�]�e�h�\�h�c��

�k�d�h�j�h�k�l�v�x���� �\�u�j�Z�`�_�g�g�h�k�l�v�� �b�e�e�x�a�b�b�� �^�\�b�`�_�g�b�y�� �k�h�[�k�l�\�_�g�g�h�]�h�� �l�_�e�Z���b�� �k�l�_�i�_�g�v��

�k�_�g�k�h�j�g�h�]�h�� �d�h�g�n�e�b�d�l�Z �[�m�^�m�l�� �f�Z�d�k�b�f�Z�e�v�g�u�f�b���� �q�l�h�� �h�l�j�Z�a�b�l�k�y�� �\�� �b�a�f�_�g�_�g�b�b��

�^�b�g�Z�f�b�d�b���f�_�^�e�_�g�g�u�o���n�Z�a���h�i�l�h�d�b�g�_�l�b�q�_�k�d�h�]�h���g�b�k�l�Z�]�f�Z�� 

�F�_�l�h�^�b�d�Z���b�k�k�e�_�^�h�\�Z�g�b�y 

�B�k�i�u�l�m�_�f�u�_�� 

 �<�� �w�d�k�i�_�j�b�f�_�g�l�_�� �i�j�b�g�y�e�b�� �m�q�Z�k�l�b�_�� ������ �b�k�i�u�l�m�_�f�u�o�� �������� �f�m�`�q�b�g�� �b�� ����

�`�_�g�s�b�g�����\���\�h�a�j�Z�k�l�_���h�l���������^�h���������e�_�l�����<�k�_���b�k�i�u�l�m�_�f�u�_���b�f�_�e�b���g�h�j�f�Z�e�v�g�h�_���b�e�b��

�k�d�h�j�j�_�d�l�b�j�h�\�Z�g�g�h�_�� �^�h�� �g�h�j�f�Z�e�v�g�h�]�h�� �a�j�_�g�b�_���� �Z�� �l�Z�d�`�_�� �g�_�� �b�f�_�e�b�� �h�j�]�Z�g�b�q�_�k�d�b�o��

�i�h�j�Z�`�_�g�b�c�� �\�_�k�l�b�[�m�e�y�j�g�h�]�h�� �Z�i�i�Z�j�Z�l�Z�� �b�e�b�� �b�g�u�o�� �g�Z�j�m�r�_�g�b�c�� �\�� �j�Z�[�h�l�_��

�\�_�k�l�b�[�m�e�y�j�g�h�c���n�m�g�d�p�b�b.  

�K�l�b�f�m�e�y�p�b�y 

�<�� �d�Z�q�_�k�l�\�_�� �k�l�b�f�m�e�y�p�b�b�� �[�u�e�� �b�k�i�h�e�v�a�h�\�Z�g�� �\�b�j�l�m�Z�e�v�g�u�c��

�h�i�l�h�d�b�g�_�l�b�q�_�k�d�b�c�� �[�Z�j�Z�[�Z�g�� ���J�b�k�� 31������ �\�j�Z�s�Z�x�s�b�c�k�y�� �i�h�� �q�Z�k�h�\�h�c�� �k�l�j�_�e�d�_�� �b 

�i�j�h�l�b�\���q�Z�k�h�\�h�c���k�l�j�_�e�d�b���k���m�]�e�h�\�u�f�b���k�d�h�j�h�k�l�y�f�b�������������������b���������]�j�Z�^���k�����<�g�m�l�j�_�g�g�y�y��

�i�h�\�_�j�o�g�h�k�l�v���\�b�j�l�m�Z�e�v�g�h�]�h���[�Z�j�Z�[�Z�g�Z���[�u�e�Z���h�d�j�Z�r�_�g�Z���q�_�j�_�^�m�x�s�b�f�b�k�y���q�z�j�g�u�f�b��

�b�� �[�_�e�u�f�b�� �i�h�e�h�k�Z�f�b�� �r�b�j�b�g�h�c�� �\�� ������ �m�]�e�h�\�u�o�� �]�j�Z�^�m�k�h�\�� �d�Z�`�^�Z�y�� �K�h�a�^�Z�g�b�_��

�\�b�j�l�m�Z�e�v�g�h�]�h�� �h�i�l�h�d�b�g�_�l�b�q�_�k�d�h�]�h�� �[�Z�j�Z�[�Z�g�Z�� �[�u�e�h�� �h�[�m�k�e�h�\�e�_�g�h�� �l�_�f���� �q�l�h�� �^�e�y��

�b�a�m�q�_�g�b�y�� �^�b�g�Z�f�b�d�b�� �b�e�e�x�a�b�b�� �^�\�b�`�_�g�b�y�� �k�h�[�k�l�\�_�g�g�h�]�h�� �l�_�e�Z�� �l�j�_�[�h�\�Z�e�Z�k�v��

�\�b�j�l�m�Z�e�v�g�Z�y�� �k�j�_�^�Z���� �b�g�b�p�b�b�j�m�x�s�Z�y�� �k�_�g�k�h�j�g�h�c�� �d�h�g�n�e�b�d�l�� �f�_�g�v�r�_�c�� �k�l�_�i�_�g�b��

�b�g�l�_�g�k�b�\�g�h�k�l�b�����q�_�f���\�b�j�l�m�Z�e�v�g�Z�y���k�p�_�g�Z�����b�k�i�h�e�v�a�m�_�f�Z�y���\���w�d�k�i�_�j�b�f�_�g�l�Z�o���‹�����b��

�‹�������I�h�k�d�h�e�v�d�m���\���^�Z�g�g�u�o���w�d�k�i�_�j�b�f�_�g�l�Z�o���i�j�b���m�\�_�e�b�q�_�g�b�b���r�b�j�b�g�u���m�]�e�Z���h�[�a�h�j�Z��

�^�h�� �������h �b�f�_�e�h�� �f�_�k�l�h�� �g�Z�j�m�r�_�g�b�_�� �j�Z�[�h�l�u�� �H�D�G���� �H�i�l�h�d�b�g�_�l�b�q�_�k�d�b�c�� �[�Z�j�Z�[�Z�g��

�y�\�e�y�_�l�k�y�� �h�[�s�_�i�j�b�g�y�l�h�c�� �k�l�b�f�m�e�y�p�b�_�c�� �^�e�y�� �b�a�m�q�_�g�b�y�� �\�_�d�p�b�b���� �d�h�l�h�j�Z�y�� �[�u�e�Z��

�w�n�n�_�d�l�b�\�g�h�� �b�k�i�h�e�v�a�h�\�Z�g�Z�� �\�h�� �f�g�h�]�b�o�� �w�d�k�i�_�j�b�f�_�g�l�Z�o�� �b�� �g�_�\�j�h�e�h�]�b�q�_�k�d�b�o��

�b�k�k�e�_�^�h�\�Z�g�b�y�o�����J�Z�a�e�b�q�g�u�_���k�d�h�j�h�k�l�b���\�j�Z�s�_�g�b�y���k�l�b�f�m�e�Z���[�u�e�b���b�k�i�h�e�v�a�h�\�Z�g�u���k��

�p�_�e�v�x�� �b�a�f�_�g�_�g�b�y�� �k�l�_�i�_�g�b�� �\�u�j�Z�`�_�g�g�h�k�l�b�� �b�e�e�x�a�b�b�� �b�� �k�l�_�i�_�g�b�� �k�_�g�k�h�j�g�h�]�h��

�d�h�g�n�e�b�d�l�Z���� �l�Z�d�� �d�Z�d�� �\�� �j�y�^�_�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �j�Z�g�_�_�� �[�u�e�h�� �i�h�d�Z�a�Z�g�h���� �q�l�h�� �n�Z�d�l�h�j��

�k�d�h�j�h�k�l�b�� �\�j�Z�s�_�g�b�y�� �k�l�b�f�m�e�Z�� �a�g�Z�q�b�f�h�� �\�e�b�y�_�l�� �g�Z�� �b�g�l�_�g�k�b�\�g�h�k�l�v�� �d�j�m�]�h�\�h�c��

�\�_�d�p�b�b����Riecke et al., 2011). 
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�J�b�k�m�g�h�d 31 - �<�b�j�l�m�Z�e�v�g�u�c���h�i�l�h�d�b�g�_�l�b�q�_�k�d�b�c���[�Z�j�Z�[�Z�g���\���k�b�k�l�_�f�_ 

�\�b�j�l�m�Z�e�v�g�h�c���j�_�Z�e�v�g�h�k�l�b��CAVE-system. 

�I�j�h�p�_�^�m�j�Z���i�j�h�\�_�^�_�g�b�y���w�d�k�i�_�j�b�f�_�g�l�Z 

 �B�k�i�u�l�m�_�f�u�c�� �i�h�f�_�s�Z�e�k�y �\�� �p�_�g�l�j�� �\�b�j�l�m�Z�e�v�g�h�c�� �m�k�l�Z�g�h�\�d�b�� �l�b�i�Z CAVE-

�k�b�k�l�_�f�Z�����B�g�k�l�j�m�d�p�b�y���k�h�k�l�h�y�e�Z���\���l�h�f�����q�l�h�[�u���b�k�i�u�l�m�_�f�u�c���k�l�h�y�e���g�_�i�h�^�\�b�`�g�h���b��

�g�_���k�h�\�_�j�r�Z�e���^�\�b�`�_�g�b�c���]�h�e�h�\�h�c���\���l�_�q�_�g�b�_���i�j�_�^�t�y�\�e�_�g�b�y �k�l�b�f�m�e�y�p�b�b�����I�j�b���w�l�h�f��

�m�� �b�k�i�u�l�m�_�f�h�]�h�� �b�f�_�e�Z�k�v�� �\�h�a�f�h�`�g�h�k�l�v�� �k�\�h�[�h�^�g�h�]�h�� �h�k�f�Z�l�j�b�\�Z�g�b�y�� �a�j�b�l�_�e�v�g�h�c��

�k�p�_�g�u�����L�Z�d�b�f���h�[�j�Z�a�h�f�����\���^�Z�g�g�h�f���w�d�k�i�_�j�b�f�_�g�l�_���g�_���i�j�b�f�_�g�y�e�Z�k�v���n�b�d�k�Z�p�b�h�g�g�Z�y��

�l�h�q�d�Z�� �k�� �p�_�e�v�x�� �k�h�o�j�Z�g�_�g�b�y �H�D�G���� �H�i�l�h�d�b�g�_�l�b�q�_�k�d�b�c�� �\�b�j�l�m�Z�e�v�g�u�c�� �[�Z�j�Z�[�Z�g��

�k�h�\�_�j�r�Z�e�� �\�j�Z�s�_�g�b�y�� �\�h�d�j�m�]�� �b�k�i�u�l�m�_�f�h�]�h�� �^�e�b�l�_�e�v�g�h�k�l�v�x�� ���� �f�b�g�� �d�Z�`�^�h�_�� �\��

�k�e�m�q�Z�c�g�h�f���i�h�j�y�^�d�_���\���j�Z�a�g�u�_���k�l�h�j�h�g�u���k���j�Z�a�e�b�q�g�u�f�b���k�d�h�j�h�k�l�y�f�b�����<�k�_�]�h���[�u�e�h��

�h�k�m�s�_�k�l�\�e�_�g�h�� ������ �\�j�Z�s�_�g�b�c�� �^�e�y�� �d�Z�`�^�h�]�h�� �b�k�i�u�l�m�_�f�h�]�h�� ������ �k�d�h�j�h�k�l�b�� �o�� ����

�g�Z�i�j�Z�\�e�_�g�b�y�� �o�� ���� �i�h�\�l�h�j�_�g�b�y������ �<�h�� �\�j�_�f�y�� �g�Z�[�e�x�^�_�g�b�y�� �\�j�Z�s�_�g�b�y�� �k�l�b�f�m�e�y�p�b�b��

�b�k�i�u�l�m�_�f�u�c���^�h�e�`�_�g���[�u�e���g�Z�`�b�f�Z�l�v���g�Z���d�g�h�i�d�m���n�e�Z�k�l�b�d�Z���d�Z�`�^�u�c���j�Z�a�����d�h�]�^�Z���m��

�g�_�]�h�� �\�h�a�g�b�d�Z�e�Z�� �b�e�e�x�a�b�y�� �^�\�b�`�_�g�b�y�� �k�h�[�k�l�\�_�g�g�h�]�h�� �l�_�e�Z���� �I�h�k�e�_�� �d�Z�`�^�h�]�h��

�\�j�Z�s�_�g�b�y�� �b�k�i�u�l�m�_�f�h�]�h�� �i�j�h�k�b�e�b�� �h�p�_�g�b�l�v �b�g�l�_�g�k�b�\�g�h�k�l�v�� �i�_�j�_�`�b�\�Z�_�f�h�c��

�b�e�e�x�a�b�b�� �\�_�d�p�b�b�� �i�h�� ����-�l�b�� �[�Z�e�v�g�h�c�� �r�d�Z�e�_���� �Z�� �l�Z�d�`�_�� �a�Z�i�h�e�g�b�l�v�� �h�i�j�h�k�g�b�d��

�©�K�b�f�m�e�y�l�h�j�g�u�_�� �j�Z�k�k�l�j�h�c�k�l�\�Z�ª���� �F�_�`�^�m�� �\�j�Z�s�_�g�b�y�f�b�� �\�b�j�l�m�Z�e�v�g�h�]�h�� �[�Z�j�Z�[�Z�g�Z��
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�b�k�i�u�l�m�_�f�h�f�m�� �i�j�_�^�h�k�l�Z�\�e�y�e�k�y 5-�f�b�g�m�l�g�u�c�� �i�j�h�f�_�`�m�l�h�d�� �g�Z�� �h�l�^�u�o���� �A�Z�i�b�k�v��

�^�\�b�`�_�g�b�y�� �]�e�Z�a�� �g�Z�q�b�g�Z�e�Z�k�v�� �^�h�� �l�h�]�h���� �d�Z�d�� �g�Z�q�b�g�Z�e�h�k�v�� �\�j�Z�s�_�g�b�_�� �\�b�j�l�m�Z�e�v�g�h�]�h��

�[�Z�j�Z�[�Z�g�Z���� �K�b�g�o�j�h�g�b�a�Z�p�b�y�� �f�h�f�_�g�l�Z�� �g�Z�q�Z�e�Z�� �^�\�b�`�_�g�b�y�� �k�l�b�f�m�e�Z�� �\�� �a�Z�i�b�k�b��

�^�\�b�`�_�g�b�c���]�e�Z�a���i�j�h�b�a�\�h�^�b�e�Z�k�v���i�h�k�e�_���w�d�k�i�_�j�b�f�_�g�l�Z���\�h���\�j�_�f�y �h�[�j�Z�[�h�l�d�b �^�Z�g�g�u�o 

�i�m�l�z�f�� �k�h�i�h�k�l�Z�\�e�_�g�b�y�� �\�j�_�f�_�g�g�h�c�� �f�_�l�d�b�� �h�l�� �g�Z�`�Z�l�b�y�� �d�e�Z�\�b�r�b�� �a�Z�i�m�k�d�Z��

�w�d�k�i�_�j�b�f�_�g�l�Z�� 

�H�[�h�j�m�^�h�\�Z�g�b�_���b���i�j�h�]�j�Z�f�f�g�h�_���h�[�_�k�i�_�q�_�g�b�_ 

 �>�e�y�� �^�_�f�h�g�k�l�j�Z�p�b�b�� �k�l�b�f�m�e�y�p�b�b�� �[�u�e�Z�� �b�k�i�h�e�v�a�h�\�Z�g�Z�� �m�k�l�Z�g�h�\�d�b��

�\�b�j�l�m�Z�e�v�g�h�c���j�_�Z�e�v�g�h�k�l�b���&�$�9�(-system (CAVE active virtual environment) Barco 

I-�6�S�D�F�H�� �i�j�h�b�a�\�h�^�k�l�\�Z�� �d�h�f�i�Z�g�b�b�� �%�D�U�F�R�� �1���9���� �M�k�l�Z�g�h�\�d�Z�� �k�h�k�l�h�b�l�� �b�a�� �q�_�l�u�j�z�o��

�[�h�e�v�r�b�o�� �i�e�h�k�d�b�o�� �d�\�Z�^�j�Z�l�g�u�o�� �w�d�j�Z�g�h�\���� �k�h�_�^�b�g�_�g�g�u�o�� �\�� �d�m�[�� �[�_�a�� �i�h�l�h�e�d�Z�� �b��

�n�j�h�g�l�Z�e�v�g�h�c���i�e�h�k�d�h�k�l�b. �>�e�b�g�Z���k�l�h�j�h�g���d�Z�`�^�h�]�h�� �w�d�j�Z�g�Z���k�h�k�l�Z�\�e�y�_�l�� �������� �f�_�l�j�Z����

�A�Z�� �d�m�[�h�f�� �j�Z�k�i�h�e�Z�]�Z�x�l�k�y�� �q�_�l�u�j�_�� �i�j�h�_�d�l�h�j�Z�� �%�D�U�F�R�� �5�H�D�O�L�W�\�� �������������j�Z�a�j�_�r�_�g�b�_�f��

���������o���������� �l�h�q�_�d�� �g�Z�� �^�x�c�f���� �d�Z�`�^�u�c�� �b�a�� �d�h�l�h�j�u�o�� �i�j�h�_�p�b�j�m�_�l�� �b�a�h�[�j�Z�`�_�g�b�_�� �g�Z��

�k�h�h�l�\�_�l�k�l�\�m�x�s�b�c�� �w�d�j�Z�g���� �>�e�y�� �k�h�a�^�Z�g�b�y�� �w�n�n�_�d�l�Z�� �h�[�t�_�f�g�h�]�h�� �b�a�h�[�j�Z�`�_�g�b�y��

�b�k�i�h�e�v�a�m�x�l�k�y�� �Z�d�l�b�\�g�u�_�� �a�Z�l�\�h�j�g�u�_�� �h�q�d�b�� �&�U�\�V�W�D�O�(�\�H�V�� ���� �6�W�H�U�H�R�J�U�D�S�K�L�F�V����

�h�^�_�\�Z�_�f�u�_�� �g�Z�� �]�h�e�h�\�m�� �b�k�i�u�l�m�_�f�h�]�h���� �I�j�h�_�d�l�h�j�u �i�h�h�q�_�j�_�^�g�h�� �i�j�h�_�p�b�j�m�x�l��

�d�Z�j�l�b�g�d�b�� �^�e�y�� �e�_�\�h�]�h�� �b�� �i�j�Z�\�h�]�h�� �]�e�Z�a�Z���� �H�q�d�b���� �k�h�h�l�\�_�l�k�l�\�_�g�g�h���� �k�l�Z�g�h�\�y�l�k�y��

�i�j�h�a�j�Z�q�g�u�f�b���l�h�e�v�d�h���^�e�y���l�h�]�h���]�e�Z�a�Z�����^�e�y���d�h�l�h�j�h�]�h���i�j�_�^�g�Z�a�g�Z�q�_�g�h���b�a�h�[�j�Z�`�_�g�b�_����

�G�Z�� �w�d�j�Z�g�u�� �i�j�h�_�p�b�j�m�_�l�k�y�� �^�_�n�h�j�f�b�j�h�\�Z�g�g�h�_�� �l�Z�d�b�f�� �h�[�j�Z�a�h�f�� �b�a�h�[�j�Z�`�_�g�b�_����

�q�l�h�[�u���g�Z�[�e�x�^�Z�l�_�e�v���g�_���a�Z�f�_�q�Z�e���b�k�d�Z�`�_�g�b�y���i�_�j�k�i�_�d�l�b�\�u���b���g�Z�e�b�q�b�y���]�j�Z�g�_�c���d�m�[�Z����

�>�e�y�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�y�� �k�� �h�d�j�m�`�Z�x�s�b�f�b�� �\�b�j�l�m�Z�e�v�g�u�f�b�� �h�[�t�_�d�l�Z�f�b���� �Z�� �l�Z�d�`�_�� �^�e�y��

�i�_�j�_�f�_�s�_�g�b�y�� �\�g�m�l�j�b�� �\�b�j�l�m�Z�e�v�g�h�c�� �a�j�b�l�_�e�v�g�h�c�� �k�p�_�g�u�� �b�k�i�h�e�v�a�h�\�Z�e�k�y�� �n�e�Z�k�l�b�d��

���l�j�_�o�f�_�j�g�Z�y�� �f�u�r�v������ �I�h�e�h�`�_�g�b�_�� �h�q�d�h�\�� �b�� �n�e�Z�k�l�b�d�Z�� �\�g�m�l�j�b�� �&�$�9�(��

�h�l�k�e�_�`�b�\�Z�_�l�k�y�� �k�b�k�l�_�f�h�c�� �l�j�_�d�b�g�]�Z�� �$���5���7���� �*�P�E�+�� �\�� �k�h�k�l�Z�\�_�� ���� �b�g�n�j�Z�d�j�Z�k�g�u�o��

�d�Z�f�_�j�Z�� �$�5�7�� �W�U�D�F�N�� ��\�&�� �,�5�� �i�h�� �k�i�_�p�b�Z�e�v�g�u�f�� �k�\�_�l�h�h�l�j�Z�`�Z�x�s�b�f�� �^�Z�l�q�b�d�Z�f����

�K�b�k�l�_�f�Z�� �j�Z�[�h�l�Z�_�l�� �i�h�^�� �m�i�j�Z�\�e�_�g�b�_�f�� ���� �d�h�f�i�v�x�l�_�j�h�\�� �+�3�� �=���������� ���� �d�h�f�i�v�x�l�_�j�Z����

�j�Z�k�k�q�b�l�u�\�Z�x�s�b�_�� �b�a�h�[�j�Z�`�_�g�b�y�� �^�e�y�� �d�Z�`�^�h�]�h�� �i�j�h�_�d�l�h�j�Z���� �b�� �h�^�b�g�� �f�Z�k�l�_�j-

�d�h�f�i�v�x�l�_�j���^�e�y���b�o���k�b�g�o�j�h�g�b�a�Z�p�b�b���b���h�[�_�k�i�_�q�_�g�b�y���j�Z�[�h�l�u���k�b�k�l�_�f���l�j�_�d�b�g�]�Z�� 
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�J�b�k�m�g�h�d��32 - �I�j�b�f�_�j���b�k�i�h�e�v�a�h�\�Z�g�g�h�c���k�l�b�f�m�e�y�p�b�b���©�<�b�j�l�m�Z�e�v�g�u�c 

�h�i�l�h�d�b�g�_�l�b�q�_�k�d�b�c���[�Z�j�Z�[�Z�g���k���g�Z�e�h�`�_�g�g�h�c���i�j�h�]�j�Z�f�f�g�h���l�j�Z�_�d�l�h�j�b�_�c���^�\�b�`�_�g�b�c��

�]�e�Z�a���b�k�i�u�l�m�_�f�h�]�h�� 

�L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �g�_�a�Z�\�b�k�b�f�u�f�b���i�_�j�_�f�_�g�g�u�f�b�� �\�u�k�l�m�i�b�e�b�� �n�Z�d�l�h�j��

�k�d�h�j�h�k�l�b�� �\�j�Z�s�_�g�b�y�� �b�� �n�Z�d�l�h�j�� �g�Z�i�j�Z�\�e�_�g�b�y�� �\�j�Z�s�_�g�b�y���� �<�� �d�Z�q�_�k�l�\�_�� �a�Z�\�b�k�b�f�u�o��

�i�_�j�_�f�_�g�g�u�o�� �[�u�e�b�� �b�k�i�h�e�v�a�h�\�Z�g�u�� �i�h�d�Z�a�Z�l�_�e�b���� �j�Z�k�k�q�b�l�Z�g�g�u�_�� �k�e�_�^�m�x�s�b�f��

�h�[�j�Z�a�h�f�� 

1) �H�p�_�g�d�Z �b�g�l�_�g�k�b�\�g�h�k�l�b�� �b�e�e�x�a�b�b�� �^�\�b�`�_�g�b�y�� �k�h�[�k�l�\�_�g�g�h�]�h�� �l�_�e�Z����

�b�a�f�_�j�_�g�g�u�_�� �i�h�� ����-�l�b�� �[�Z�e�v�g�h�c �r�d�Z�e�_���� �H�p�_�g�d�b�� �b�g�l�_�g�k�b�\�g�h�k�l�b�� �[�u�e�b��

�m�k�j�_�^�g�_�g�u�� �^�e�y�� �d�Z�`�^�h�]�h�� �b�k�i�u�l�m�_�f�h�]�h�� �^�e�y�� �d�Z�`�^�h�c�� �k�d�h�j�h�k�l�b�� �b��

�g�Z�i�j�Z�\�e�_�g�b�y���\�j�Z�s�_�g�b�y�� 

2) �H�[�s�b�c���[�Z�e�e���h�i�j�h�k�g�b�d�Z���©�K�b�f�m�e�y�l�h�j�g�u�_���j�Z�k�k�l�j�h�c�k�l�\�Z�ª�� 

3) �E�Z�l�_�g�l�g�u�c���i�_�j�b�h�^ �\�h�a�g�b�d�g�h�\�_�g�b�y���b�e�e�x�a�b�b���^�\�b�`�_�g�b�y���k�h�[�k�l�\�_�g�g�h�]�h���l�_�e�Z��

(�E�I�����\���i�_�j�\�u�c���j�Z�a���h�l�g�h�k�b�l�_�e�v�g�h���g�Z�q�Z�e�Z���^�_�c�k�l�\�b�y���k�l�b�f�m�e�y�p�b�b���� 

4) �I�j�h�^�h�e�`�b�l�_�e�v�g�h�k�l�v�� �i�j�h�f�_�`�m�l�d�h�\�� �\�j�_�f�_�g�b���� �\�� �l�_�q�_�g�b�_�� �d�h�l�h�j�u�o��

�^�e�b�l�_�e�v�g�h�k�l�v�� �f�_�^�e�_�g�g�h�c�� �n�Z�a�u�� �g�b�k�l�Z�]�f�Z�� �[�u�e�Z�� �m�\�_�e�b�q�_�g�g�h�c (�>������ �>�e�y��

�h�i�j�_�^�_�e�_�g�b�y���^�Z�g�g�u�o���i�j�h�f�_�`�m�l�d�h�\���[�u�e�Z���b�k�i�h�e�v�a�h�\�Z�g�Z���k�e�_�^�m�x�s�Z�y���k�o�_�f�Z��

�Z�g�Z�e�b�a�Z���� �\�g�Z�q�Z�e�_�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�� �^�e�y�� �d�Z�`�^�h�]�h�� �b�k�i�u�l�m�_�f�h�]�h��

�h�i�j�_�^�_�e�y�e�b�k�v�� �^�e�b�l�_�e�v�g�h�k�l�b�� �\�k�_�o�� �f�_�^�e�_�g�g�u�o�� �n�Z�a�� �g�b�k�l�Z�]�f�Z���� �A�Z�l�_�f��
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�h�i�j�_�^�_�e�y�e�h�k�v�� �k�j�_�^�g�_�_�� �a�g�Z�q�_�g�b�_�� �^�e�b�l�_�e�v�g�h�k�l�_�c�� �^�Z�g�g�u�o�� �n�Z�a���� �<�k�_��

�f�_�^�e�_�g�g�u�_�� �n�Z�a�u���� �^�e�b�l�_�e�v�g�h�k�l�v�� �d�h�l�h�j�u�o�� �i�j�_�\�u�r�Z�e�Z�� �k�j�_�^�g�_�_�� �a�g�Z�q�_�g�b�_��

�[�h�e�_�_�� �q�_�f�� �g�Z�� �h�^�g�h�� �k�l�Z�g�^�Z�j�l�g�h�_�� �h�l�d�e�h�g�_�g�b�_���� �i�j�b�g�b�f�Z�e�b�k�v �d�Z�d��

�h�[�e�Z�^�Z�x�s�b�_�� �m�\�_�e�b�q�_�g�g�h�c�� �^�e�b�l�_�e�v�g�h�k�l�v�x�� ���j�b�k�� 33������ �I�j�h�f�_�`�m�l�d�h�f��

�k�q�b�l�Z�e�k�y���l�h�e�v�d�h���p�b�d�e���g�b�k�l�Z�]�f�Z�����k�h�k�l�h�y�s�b�c���g�_���f�_�g�_�_���q�_�f���b�a����-�o���m�^�Z�j�h�\�� 

�G�Z�i�j�b�f�_�j���� �K�j�_�^�g�y�y�� �^�e�b�l�_�e�v�g�h�k�l�v� �������� �f�k���� �K�l�Z�g�^���� �h�l�d�e�h�g� �������� �f�k���� �?�k�e�b��

�^�e�b�l�_�e�v�g�h�k�l�v���[�h�e�_�_�������������f�k�����l�h���n�Z�a�Z���k�q�b�l�Z�_�l�k�y���m�^�e�b�g�z�g�g�h�c. 

5) �E�Z�l�_�g�l�g�u�c�� �i�_�j�b�h�^�� �g�Z�`�Z�l�b�y�� �g�Z�� �d�g�h�i�d�m�� �h�l�g�h�k�b�l�_�e�v�g�h�� �g�Z�q�Z�e�Z�� �f�h�f�_�g�l�Z��

�m�\�_�e�b�q�_�g�b�y���^�e�b�l�_�e�v�g�h�k�l�b���f�_�^�e�_�g�g�u�o���n�Z�a�����E�I�D�������j�b�k����3).  

6) �D�h�w�n�n�b�p�b�_�g�l�� �m�k�b�e�_�g�b�y�� �]�e�Z�a�h�^�\�b�]�Z�l�_�e�v�g�h�c�� �k�b�k�l�_�f�u�� ���D�m�=�>�K������ �<��

�d�Z�q�_�k�l�\�_�� �^�Z�g�g�h�]�h�� �i�Z�j�Z�f�_�l�j�Z�� �[�u�e�h�� �b�k�i�h�e�v�a�h�\�Z�g�h�� �h�l�g�h�r�_�g�b�_�� �k�j�_�^�g�_�c 

�k�d�h�j�h�k�l�b �f�_�^�e�_�g�g�u�o�� �n�Z�a �H�D�G���i�j�b�� �^�Z�g�g�h�c�� �k�d�h�j�h�k�l�b�� �\�j�Z�s�_�g�b�y�� �d��

�k�d�h�j�h�k�l�b�� �^�\�b�`�_�g�b�y�� �k�l�b�f�m�e�y�p�b�b �H�D�G�� �\�� �l�_�q�_�g�b�_�� �i�j�h�f�_�`�m�l�d�h�\��

�i�_�j�_�`�b�\�Z�g�b�y �\�_�d�p�b�b (Kowler, 1990). �D�m�=�>�K �[�u�e�b�� �m�k�j�_�^�g�_�g�u�� �i�h��

�d�Z�`�^�h�f�m�� �b�k�i�u�l�m�_�f�h�f�m�� �^�e�y�� �\�k�_�o�� �k�d�h�j�h�k�l�_�c�� �\�j�Z�s�_�g�b�y�� �b�� �\�k�_�o��

�g�Z�i�j�Z�\�e�_�g�b�c���� �G�_�h�[�o�h�^�b�f�h�k�l�v�� �b�k�i�h�e�v�a�h�\�Z�g�b�y���^�Z�g�g�h�]�h�� �i�Z�j�Z�f�_�l�j�Z 

�i�j�h�^�b�d�l�h�\�Z�g�Z�� �l�j�_�[�h�\�Z�g�b�_�f�� �d�� �d�h�j�j�_�d�l�g�h�f�m�� �k�j�Z�\�g�_�g�b�x���k�d�h�j�h�k�l�_�c 

�f�_�^�e�_�g�g�u�o�� �n�Z�a�� �H�D�G�� �f�_�`�^�m�� �m�k�e�h�\�b�y�f�b�� �k�� �j�Z�a�e�b�q�g�u�f�b�� �k�d�h�j�h�k�l�y�f�b��

�\�j�Z�s�_�g�b�y�� �k�l�b�f�m�e�Z�� �h�l�� �d�h�l�h�j�u�o�� �a�Z�\�b�k�b�l�� �k�d�h�j�h�k�l�v �f�_�^�e�_�g�g�u�o�� �n�Z�a��

�g�b�k�l�Z�]�f�Z���� 

 

�J�b�k�m�g�h�d 33 - �I�j�b�f�_�j���h�i�j�_�^�_�e�_�g�b�y���a�g�Z�q�_�g�b�c���^�e�b�l�_�e�v�g�h�k�l�b���i�j�h�f�_�`�m�l�d�Z 
�m�\�_�e�b�q�_�g�b�y���f�_�^�e�_�g�g�u�o���n�Z�a���H�D�G�����Z���l�Z�d�`�_���\�j�_�f�_�g�b���h�l���g�Z�q�Z�e�Z���^�Z�g�g�h�]�h��
�i�j�h�f�_�`�m�l�d�Z���^�h���k�b�]�g�Z�e�b�a�Z�p�b�b���b�k�i�u�l�m�_�f�u�f���h���f�h�f�_�g�l�_���\�h�a�g�b�d�g�h�\�_�g�b�y��

�b�e�e�x�a�b�b���^�\�b�`�_�g�b�y���k�h�[�k�l�\�_�g�g�h�]�h���l�_�e�Z 
  



204 
 

�K�� �i�h�f�h�s�v�x�� �^�\�m�o�n�Z�d�l�h�j�g�h�]�h�� �^�b�k�i�_�j�k�b�h�g�g�h�]�h�� �Z�g�Z�e�b�a�Z�� �k�� �i�h�\�l�h�j�g�u�f�b��

�b�a�f�_�j�_�g�b�y�f�b �[�u�e���h�[�g�Z�j�m�`�_�g�h�����i�h���j�_�a�m�e�v�l�Z�l�Z�f���f�g�h�]�h�f�_�j�g�u�o���l�_�k�l�h�\�����a�g�Z�q�b�f�h�_��

�\�e�b�y�g�b�_�� �n�Z�d�l�h�j�Z�� �k�d�h�j�h�k�l�b�� �\�j�Z�s�_�g�b�y�� �k�l�b�f�m�e�Z�� �g�Z�� �a�Z�\�b�k�b�f�u�_�� �i�_�j�_�f�_�g�g�u�_��

(F(8)=143,438, p������������������ �A�g�Z�q�b�f�h�]�h�� �\�e�b�y�g�b�y�� �n�Z�d�l�h�j�Z�� �g�Z�i�j�Z�\�e�_�g�b�_�� �\�j�Z�s�_�g�b�y��

�h�[�g�Z�j�m�`�_�g�h���g�_���[�u�e�h����F(4)=1,470, p� �����������������<�a�Z�b�f�h�^�_�c�k�l�\�b�_���n�Z�d�l�h�j�h�\���l�Z�d�`�_���g�_��

�^�h�k�l�b�]�Z�_�l�� �a�g�Z�q�b�f�h�]�h�� �m�j�h�\�g�y�� ��F(8)=0,160, p=0,992). �;�u�e�h�� �h�[�g�Z�j�m�`�_�g�h��

�m�\�_�e�b�q�_�g�b�_�� �b�g�l�_�g�k�b�\�g�h�k�l�b�� �b�e�e�x�a�b�b�� �b�� �h�[�s�_�]�h�� �[�Z�e�e�Z�� �h�i�j�h�k�g�b�d�Z��

�©�K�b�f�m�e�y�l�h�j�g�u�_�� �j�Z�k�k�l�j�h�c�k�l�\�Z�ª���� �Z�� �l�Z�d�`�_�� �m�f�_�g�v�r�_�g�b�y�� �a�g�Z�q�_�g�b�c�� �E�I���� �E�I�D�� �b��

�D�m�=�>�K���� 

 �J�_�a�m�e�v�l�Z�l�� �l�_�k�l�Z�� �k�n�_�j�b�q�g�h�k�l�b�� �F�h�m�q�e�b�� �g�_���^�h�k�l�b�]�Z�_�l�� �k�l�Z�l�b�k�l�b�q�_�k�d�b��

�a�g�Z�q�b�f�h�]�h�� �m�j�h�\�g�y���� �K�e�_�^�h�\�Z�l�_�e�v�g�h���� �^�b�k�i�_�j�k�b�b���^�e�y�� �m�j�h�\�g�_�c�� �\�g�m�l�j�b�]�j�m�i�i�h�\�u�o��

�n�Z�d�l�h�j�h�\�� �k�m�s�_�k�l�\�_�g�g�h�� �g�_�� �h�l�e�b�q�Z�x�l�k�y���� �b�� �i�j�b�f�_�g�_�g�b�_�� �h�^�g�h�f�_�j�g�h�]�h�� �i�h�^�o�h�^�Z��

�y�\�e�y�_�l�k�y���d�h�j�j�_�d�l�g�u�f ���L�Z�[�e�b�p�Z���‹2). 

�L�Z�[�e�b�p�Z���‹2 - �J�_�a�m�e�v�l�Z�l�u���h�^�g�h�f�_�j�g�u�o���l�_�k�l�h�\���w�n�n�_�d�l�Z���\�g�m�l�j�b�]�j�m�i�i�h�\�h�]�h��

�n�Z�d�l�h�j�Z���©�K�d�h�j�h�k�l�v���\�j�Z�s�_�g�b�y�ª 

�N�Z�d�l�h�j �B�a�f�_�j�_�g�b�_ df F p ��  

�K�d�h�j�h�k�l�v��
�\�j�Z�s�_�g�b�y 

�D�m�=�>�K 2 34,281 <0,001 0,682 

�E�I 2 198,470 <0,001 0,925 

�> 2 133,740 <0,001 0,893 

�E�I�D 2 117,278 <0,001 0,880 

 

 �H�p�_�g�d�b�� �b�g�l�_�g�k�b�\�g�h�k�l�b�� �b�e�e�x�a�b�b�� �^�\�b�`�_�g�b�y�� �k�h�[�k�l�\�_�g�g�h�]�h�� �l�_�e�Z���[�u�e�b��

�m�k�j�_�^�g�_�g�u�� �i�h�� �^�\�m�f�� �g�Z�i�j�Z�\�e�_�g�b�y�f�� �\�j�Z�s�_�g�b�y�� �i�h�� �d�Z�`�^�h�c�� �k�d�h�j�h�k�l�b�� �\�j�Z�s�_�g�b�y����

�l�Z�d�� �d�Z�d�� �\�e�b�y�g�b�_�� �n�Z�d�l�h�j�Z�� �g�Z�i�j�Z�\�e�_�g�b�y�� �\�j�Z�s�_�g�b�y�� �h�d�Z�a�Z�e�h�k�v�� �g�_�� �a�g�Z�q�b�f�u�f����

�:�g�Z�e�b�a�� �k�j�Z�\�g�_�g�b�y�� �h�p�_�g�h�d�� �b�g�l�_�g�k�b�\�g�h�k�l�b�� �\�_�d�p�b�b�� �h�[�g�Z�j�m�`�b�e�� �a�g�Z�q�b�f�u�_��

�j�Z�a�e�b�q�b�y���f�_�`�^�m���h�p�_�g�d�Z�f�b�����i�h�e�m�q�_�g�g�u�f�b���i�j�b���k�d�h�j�h�k�l�b���\�j�Z�s�_�g�b�y���������]�j�Z�^���k���i�h��

�k�j�Z�\�g�_�g�b�x�� �k�� �^�j�m�]�b�f�b�� �m�k�e�h�\�b�y�f�b���� �A�g�Z�q�b�f�u�o�� �j�Z�a�e�b�q�b�c�� �\�� �h�p�_�g�d�Z�o��

�b�g�l�_�g�k�b�\�g�h�k�l�b���\�_�d�p�b�b���f�_�`�^�m���k�d�h�j�h�k�l�y�f�b���\�j�Z�s�_�g�b�y���������b���������]�j�Z�^���k���h�[�g�Z�j�m�`�_�g�h��

�g�_���[�u�e�h�����L�Z�[�e�b�p�Z �‹ 3). 
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�L�Z�[�e�b�p�Z���‹3 - �J�_�a�m�e�v�l�Z�l�u���k�j�Z�\�g�_�g�b�y���k�j�_�^�g�b�o���a�g�Z�q�_�g�b�c���h�p�_�g�h�d���b�g�l�_�g�k�b�\�g�h�k�l�b 

�b�e�e�x�a�b�b���^�\�b�`�_�g�b�y���k�h�[�k�l�\�_�g�g�h�]�h���l�_�e�Z 

�I�Z�j�u���a�g�Z�q�_�g�b�c���n�Z�d�l�h�j�Z���©�K�d�h�j�h�k�l�v���\�j�Z�s�_�g�b�y�ª Z P 

�������]�j�Z�^���k���b���������]�j�Z�^���k 1,792 0,073 

�������]�j�Z�^���k���b���������]�j�Z�^���k 3,325 0,001 

�������]�j�Z�^���k���b���������]�j�Z�^���k 3,634 0,001 

 

 

�J�b�k�m�g�h�d 34 - �K�j�_�^�g�b�_���a�g�Z�q�_�g�b�y���h�p�_�g�h�d���b�g�l�_�g�k�b�\�g�h�k�l�b���b�e�e�x�a�b�b���^�\�b�`�_�g�b�y 

�k�h�[�k�l�\�_�g�g�h�]�h���l�_�e�Z���i�j�b���j�Z�a�e�b�q�g�u�o���k�d�h�j�h�k�l�y�o���\�j�Z�s�_�g�b�y���k�l�b�f�m�e�y�p�b�b 

  
�D�m�=�>�K �i�j�b���k�d�h�j�h�k�l�b���\�j�Z�s�_�g�b�y���������]�j�Z�^���k���a�g�Z�q�b�f�h���h�l�e�b�q�Z�e�b�k�v���h�l���D�m�=�>�K 

�i�j�b���^�j�m�]�b�o���k�d�h�j�h�k�l�y�o���\�j�Z�s�_�g�b�y����p<0,001, t� �������������b��t� �������������i�j�b���k�j�Z�\�g�_�g�b�b���k��������

�b���������]�j�Z�^���k���k�h�h�l�\�_�l�k�l�\�_�g�g�h�������A�g�Z�q�b�f�u�o���h�l�e�b�q�b�c���i�h���^�Z�g�g�h�f�m���i�h�d�Z�a�Z�l�_�e�x���f�_�`�^�m��

�k�d�h�j�h�k�l�y�f�b���������b���������]�j�Z�^���k���h�[�g�Z�j�m�`�_�g�h���g�_���[�u�e�h����t=1,175, p� �����������������I�h�^�j�h�[�g�_�_��

�k�f���� �I�j�b�e�h�`�_�g�b�_�� �‹������ �:�g�Z�e�h�]�b�q�g�u�f�� �h�[�j�Z�a�h�f�� �f�_�`�^�m�� �k�h�[�h�c�� �h�l�e�b�q�Z�x�l�k�y��

�a�g�Z�q�_�g�b�y���> �± �a�g�Z�q�b�f�h�� �g�Z�b�[�h�e�v�r�Z�y�� �^�e�b�l�_�e�v�g�h�k�l�v�� �^�Z�g�g�u�o�� �i�j�h�f�_�`�m�l�d�h�\��

�k�h�h�l�\�_�l�k�l�\�m�_�l���k�d�h�j�h�k�l�b���\�j�Z�s�_�g�b�y���������]�j�Z�^���k����p<0,001, t� ���������������b��t� ���������������i�j�b��

�k�j�Z�\�g�_�g�b�b�� �k�� ������ �b�� ������ �]�j�Z�^���k�� �k�h�h�l�\�_�l�k�l�\�_�g�g�h�� �b��p=0,48, t� ������������ �i�j�b�� �k�j�Z�\�g�_�g�b�b��

�a�g�Z�q�_�g�b�c���^�e�b�l�_�e�v�g�h�k�l�b���i�j�b���k�d�h�j�h�k�l�y�o���������b���������]�j�Z�^���k���f�_�`�^�m���k�h�[�h�c������ 
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�J�b�k�m�g�h�d 35 - �K�j�_�^�g�b�_���a�g�Z�q�_�g�b�y���d�h�w�n�n�b�p�b�_�g�l�Z���m�k�b�e�_�g�b�y���]�e�Z�a�h�^�\�b�]�Z�l�_�e�v�g�h�c 

�k�b�k�l�_�f�u�����D�m�=�>�K������ 

  

 

�J�b�k�m�g�h�d 36 - �K�j�_�^�g�b�_���a�g�Z�q�_�g�b�y���i�j�h�^�h�e�`�b�l�_�e�v�g�h�k�l�b���p�b�d�e�h�\ 

�h�i�l�h�d�b�g�_�l�b�q�_�k�d�h�]�h���g�b�k�l�Z�]�f�Z���k���m�\�_�e�b�q�_�g�g�h�c���^�e�b�l�_�e�v�g�h�k�l�v�x���f�_�^�e�_�g�g�h�c���n�Z�a�u�����>���� 

 �A�g�Z�q�_�g�b�y�� �e�Z�l�_�g�p�b�b�� �\�h�a�g�b�d�g�h�\�_�g�b�y�� �b�e�e�x�a�b�b���^�\�b�`�_�g�b�y�� �k�h�[�k�l�\�_�g�g�h�]�h��

�l�_�e�Z����p=0,001, t=4,048, p<0,001, t=14,585, p<0,001, t� ���������������i�j�b���k�j�Z�\�g�_�g�b�b���k��������
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�b���������]�j�Z�^���k�����������b���������]�j�Z�^���k���b���������b���������]�j�Z�^���k���k�h�h�l�\�_�l�k�l�\�_�g�g�h�����b���a�g�Z�q�_�g�b�y���\�j�_�f�_�g�b��

�g�Z�`�Z�l�b�y�� �g�Z�� �d�g�h�i�d�m�� �h�l�g�h�k�b�l�_�e�v�g�h�� �g�Z�q�Z�e�Z�� �i�j�h�f�_�`�m�l�d�Z�� �m�\�_�e�b�q�_�g�b�y��

�^�e�b�l�_�e�v�g�h�k�l�b���f�_�^�e�_�g�g�u�o���n�Z�a���h�i�l�h�d�b�g�_�l�b�q�_�k�d�h�]�h���g�b�k�l�Z�]�f�Z����p=0,004, t=3,364, 

p<0,001, t=9,350, p<0,001, t� �������������i�j�b���k�j�Z�\�g�_�g�b�b���k���������b���������]�j�Z�^���k�����������b���������]�j�Z�^���k��

�b���������b���������]�j�Z�^���k���k�h�h�l�\�_�l�k�l�\�_�g�g�h�����a�g�Z�q�b�f�h���h�l�e�b�q�Z�x�l�k�y���^�e�y���j�Z�a�e�b�q�g�u�o���k�d�h�j�h�k�l�_�c��

�\�j�Z�s�_�g�b�y�� 

 

�J�b�k�m�g�h�d 37 - �K�j�_�^�g�b�_���a�g�Z�q�_�g�b�y���e�Z�l�_�g�l�g�h�]�h���i�_�j�b�h�^�Z���\�h�a�g�b�d�g�h�\�_�g�b�y���b�e�e�x�a�b�b 

�^�\�b�`�_�g�b�y���k�h�[�k�l�\�_�g�g�h�]�h���l�_�e�Z���h�l�g�h�k�b�l�_�e�v�g�h���g�Z�q�Z�e�Z���w�d�k�i�_�j�b�f�_�g�l�Z�����E�I�����k�� 

 

�J�b�k�m�g�h�d 38 - �K�j�_�^�g�b�_���a�g�Z�q�_�g�b�y���\�j�_�f�_�g�b���g�Z�`�Z�l�b�y���b�k�i�u�l�m�_�f�u�f���g�Z���d�g�h�i�d�m���^�e�y 

�k�b�]�g�Z�e�b�a�Z�p�b�b���h���f�h�f�_�g�l�_���\�h�k�i�j�b�y�l�b�y���b�e�e�x�a�b�b���h�l�g�h�k�b�l�_�e�v�g�h���g�Z�q�Z�e�Z��
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�i�j�h�f�_�`�m�l�d�Z���\�j�_�f�_�g�b�����\���l�_�q�_�g�b�_���d�h�l�h�j�h�]�h���^�e�b�l�_�e�v�g�h�k�l�v���f�_�^�e�_�g�g�u�o���n�Z�a���[�u�e�Z��

�m�\�_�e�b�q�_�g�g�h�c�����E�I�D�����k�� 

  

�J�b�k�m�g�h�d 39 - �K�j�_�^�g�b�_���a�g�Z�q�_�g�b�y���[�Z�e�e�h�\���h�i�j�h�k�g�b�d�Z���©�K�b�f�m�e�y�l�h�j�g�u�_ 

�j�Z�k�k�l�j�h�c�k�l�\�Z�ª 

 �:�g�Z�e�b�a�� �a�g�Z�q�_�g�b�c�� �h�[�s�_�]�h�� �[�Z�e�e�Z���� �i�h�e�m�q�_�g�g�h�]�h�� �i�h�� �h�i�j�h�k�g�b�d�m��

�©�K�b�f�m�e�y�l�h�j�g�u�_���j�Z�k�k�l�j�h�c�k�l�\�Z�ª�� �i�h�a�\�h�e�b�e�� �h�[�g�Z�j�m�`�b�l�v�� �a�g�Z�q�b�f�u�_�� �j�Z�a�e�b�q�b�y��

�f�_�`�^�m�� �h�p�_�g�d�Z�f�b�� �m�j�h�\�g�y�� �^�b�k�d�h�f�n�h�j�l�Z�� �i�j�b�� �k�d�h�j�h�k�l�b�� �\�j�Z�s�_�g�b�y�� �k�l�b�f�m�e�y�p�b�b�� �\��

������ �]�j�Z�^���k�� �b���^�j�m�]�b�f�b�� �k�d�h�j�h�k�l�y�f�b�� ���S� �������������� �W� ����������, p<0,001, t=6,004, p=0,211, 

�W� ������������ �i�j�b�� �k�j�Z�\�g�_�g�b�b�� �k�� ������ �b�� ������ �]�j�Z�^���k���� ������ �b�� ������ �]�j�Z�^���k�� �b�� ������ �b�� ������ �]�j�Z�^���k��

�k�h�h�l�\�_�l�k�l�\�_�g�g�h������ �>�Z�g�g�u�_�� �j�_�a�m�e�v�l�Z�l�u�� �k�\�b�^�_�l�_�e�v�k�l�\�m�x�l�� �h�� �l�h�f���� �q�l�h�� �m�j�h�\�_�g�v��

�k�_�g�k�h�j�g�h�]�h�� �d�h�g�n�e�b�d�l�Z�� �\�� �w�d�k�i�_�j�b�f�_�g�l�_�� �‹���� �[�u�e�� �k�h�i�h�k�l�Z�\�b�f�� �k�� �m�j�h�\�g�_�f��

�^�b�k�d�h�n�h�j�l�Z�� �b�k�i�u�l�m�_�f�u�o�� �\�h�� �\�l�h�j�h�f�� �m�k�e�h�\�b�b�� �w�d�k�i�_�j�b�f�_�g�l�h�\�� �‹���� �b�� �‹������ �W�l�h�l��

�n�Z�d�l�� �h�a�g�Z�q�Z�_�l���� �q�l�h�� �i�j�b�f�_�g�_�g�b�_�� �\�b�j�l�m�Z�e�v�g�h�c�� �k�j�_�^�u�� �\�� �\�b�^�_�� �\�j�Z�s�Z�x�s�_�]�h�k�y��

�h�i�l�h�d�b�g�_�l�b�q�_�k�d�h�]�h�� �[�Z�j�Z�[�Z�g�Z�� �i�h�a�\�h�e�b�e�h�� �k�h�a�^�Z�l�v�� �m�k�e�h�\�b�y�� �^�e�y�� �\�h�a�g�b�d�g�h�\�_�g�b�y��

�g�Z�j�m�r�_�g�b�c�� �\�� �j�Z�[�h�l�_�� �k�b�k�l�_�f�u�� �h�i�j�_�^�_�e�_�g�b�y�� �i�h�e�h�`�_�g�b�y�� �b�� �h�j�b�_�g�l�Z�p�b�b�� �l�_�e�Z�� �\��

�i�j�h�k�l�j�Z�g�k�l�\�_�� �m�k�e�h�\�g�h�� �k�j�_�^�g�_�]�h�� �m�j�h�\�g�y���� �<�� �w�l�h�f�� �k�e�m�q�Z�_���� �\�� �d�Z�q�_�k�l�\�_��

�d�h�f�i�_�g�k�Z�l�h�j�g�h�]�h�� �f�_�o�Z�g�b�a�f�Z�� �_�s�z�� �i�j�h�^�h�e�`�Z�_�l�k�y�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�� �H�D�G���� �b�� �g�_��

�i�j�h�b�k�o�h�^�b�l�� �j�_�Z�e�b�a�Z�p�b�y�� �\�u�k�h�d�h�Z�f�i�e�b�l�m�^�g�u�o�� �b�� �\�u�k�h�d�h�q�Z�k�l�h�l�g�u�o�� �^�\�b�`�_�g�b�c��

�]�e�Z�a���k���p�_�e�v�x���i�j�h�b�a�\�_�^�_�g�b�y���k�_�g�k�h�j�g�h�c���i�_�j�_�g�h�j�f�b�j�h�\�d�b���� 
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 �K���p�_�e�v�x���i�j�h�\�_�j�d�b���i�j�_�^�i�h�e�h�`�_�g�b�y���h���l�h�f�����q�l�h���^�e�b�l�_�e�v�g�h�k�l�v���i�j�h�f�_�`�m�l�d�h�\��

�\�j�_�f�_�g�b���� �\�� �l�_�q�_�g�b�_�� �d�h�l�h�j�u�o�� �f�_�^�e�_�g�g�Z�y�� �n�Z�a�Z�� �H�D�G�� �[�u�e�Z�� �m�\�_�e�b�q�_�g�g�h�c�� ���>������

�k�h�h�l�\�_�l�k�l�\�m�_�l���i�_�j�b�h�^�Z�f���i�_�j�_�`�b�\�Z�g�b�y���\�_�d�p�b�b�����[�u�e�Z���j�Z�k�k�f�h�l�j�_�g�Z���a�Z�\�b�k�b�f�h�k�l�v��

�k�m�[�t�_�d�l�b�\�g�h�c�� �b�g�l�_�g�k�b�\�g�h�k�l�b�� �b�e�e�x�a�b�b�� �h�l�� �E���� �E�I�� �b�� �>���� �<�� �[�h�e�v�r�b�g�k�l�\�_��

�w�d�k�i�_�j�b�f�_�g�l�h�\���i�h���b�a�m�q�_�g�b�x���\�_�d�p�b�b���[�_�a���b�k�i�h�e�v�a�h�\�Z�g�b�y���i�k�b�o�h�n�b�a�b�h�e�h�]�b�q�_�k�d�b�o��

�i�h�d�Z�a�Z�l�_�e�_�c�� �i�j�b�f�_�g�y�x�l�k�y�� �a�Z�\�b�k�b�f�u�_�� �i�_�j�_�f�_�g�g�u�_�� �E���� �E�I�� �b�� �k�m�[�t�_�d�l�b�\�g�h��

�h�p�_�g�b�\�Z�_�f�Z�y���^�e�b�l�_�e�v�g�h�k�l�v���i�_�j�_�`�b�\�Z�g�b�y���b�e�e�x�a�b�b����Gurnsey et al., 1998; Bonato 

et al., 2006; Allison et al., 2014, Ogawa et al., 2015). �B�k�o�h�^�y�� �b�a�� �j�_�a�m�e�v�l�Z�l�h�\��

�w�d�k�i�_�j�b�f�_�g�l�h�\�� �L���� �K�_�g�h�� �k�� �d�h�e�e�_�]�Z�f�b�� �k�h�a�^�Z�e�b�� �f�h�^�_�e�v�� �i�h�l�_�g�p�b�Z�e�v�g�h�]�h��

�\�h�a�g�b�d�g�h�\�_�g�b�y�� �\�_�d�p�b�b���� �d�h�l�h�j�Z�y�� �i�j�_�^�k�d�Z�a�u�\�Z�_�l�� �\�_�j�h�y�l�g�h�k�l�v�� �i�h�y�\�e�_�g�b�y��

�b�e�e�x�a�b�b���i�j�b���b�k�i�h�e�v�a�h�\�Z�g�b�b���j�Z�a�e�b�q�g�u�o���\�b�^�h�\���k�l�b�f�m�e�y�p�b�b����Seno et al., 2017). 

�<�� �h�k�g�h�\�m�� �^�Z�g�g�h�c�� �f�h�^�_�e�b�� �[�u�e�h�� �i�h�e�h�`�_�g�h�� �i�j�_�^�i�h�e�h�`�_�g�b�_�� �h�� �l�h�f���� �q�l�h�� �^�e�y��

�h�i�j�_�^�_�e�_�g�b�y���k�m�[�t�_�d�l�b�\�g�h�c���\�u�j�Z�`�_�g�g�h�k�l�b���b�e�e�x�a�b�b���g�_�h�[�o�h�^�b�f�h���b���^�h�k�l�Z�l�h�q�g�h��

�g�Z�e�b�q�b�_���l�j�z�o���i�Z�j�Z�f�_�l�j�h�\���± �E�����E�I���b���k�m�[�t�_�d�l�b�\�g�h�c���^�e�b�l�_�e�v�g�h�k�l�b���i�_�j�_�`�b�\�Z�g�b�y��

�b�e�e�x�a�b�b���� 

 �L�Z�d���d�Z�d���\���j�_�a�m�e�v�l�Z�l�_���^�b�k�i�_�j�k�b�h�g�g�h�]�h���Z�g�Z�e�b�a�Z���\���g�Z�k�l�h�y�s�_�f���b�k�k�e�_�^�h�\�Z�g�b�b��

�[�u�e�h���i�h�d�Z�a�Z�g�h�����q�l�h���g�_�a�Z�\�b�k�b�f�Z�y���i�_�j�_�f�_�g�g�Z�y���©�k�d�h�j�h�k�l�v���\�j�Z�s�_�g�b�y���k�l�b�f�m�e�y�p�b�b�ª 

�a�g�Z�q�b�f�h���\�e�b�y�_�l���g�Z���a�Z�\�b�k�b�f�u�_���i�_�j�_�f�_�g�g�u�_�����b���b�f�_�x�l���f�_�k�l�h���a�g�Z�q�b�f�u�_���j�Z�a�e�b�q�b�y��

�\�� �k�m�[�t�_�d�l�b�\�g�u�o�� �h�p�_�g�d�Z�o�� �\�u�j�Z�`�_�g�g�h�k�l�b�� �b�e�e�x�a�b�b �b�� �i�_�j�_�`�b�\�Z�_�f�h�]�h��

�^�b�k�d�h�f�n�h�j�l�Z�����l�h���[�u�e�h���i�j�b�g�y�l�h���j�_�r�_�g�b�_���k���i�h�f�h�s�v�x���j�_�]�j�_�k�k�b�h�g�g�h�]�h���Z�g�Z�e�b�a�Z��

�m�k�l�Z�g�h�\�b�l�v�� �a�Z�\�b�k�b�f�h�k�l�v�� �\�u�j�Z�`�_�g�g�h�k�l�b�� �b�e�e�x�a�b�b�� �h�l �i�_�j�_�f�_�g�g�u�o �E���� �E�I�� �b�� �>����

�L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �i�_�j�_�f�_�g�g�Z�y�� �>�� �\�u�k�l�m�i�b�e�Z�� �d�Z�d�� �Z�g�Z�e�h�]�� �k�m�[�t�_�d�l�b�\�g�h�c��

�^�e�b�l�_�e�v�g�h�k�l�b�� �i�_�j�_�`�b�\�Z�g�b�y�� �\�_�d�p�b�b�� �\�� �f�h�^�_�e�b�� �L���� �K�_�g�h�����<�� �j�_�a�m�e�v�l�Z�l�_��

�j�_�]�j�_�k�k�b�h�g�g�h�]�h�� �Z�g�Z�e�b�a�Z���f�_�l�h�^�h�f���i�h�r�Z�]�h�\�h�]�h���b�k�d�e�x�q�_�g�b�y ���I�j�b�e�h�`�_�g�b�_���‹���� 

�[�u�e�Z�� �i�h�e�m�q�_�g�Z�� �f�h�^�_�e�v���� �\�� �d�h�l�h�j�h�c�� �[�u�e�Z�� �b�k�d�e�x�q�_�g�Z�� �i�_�j�_�f�_�g�g�Z�y���D�m�=�>�K��

(R2=0,422, p������������������ �I�h�e�m�q�_�g�g�Z�y�� �f�h�^�_�e�v�� �h�[�t�y�k�g�y�_�l�� �[�h�e�_�_�� �������� �^�b�k�i�_�j�k�b�b��

�i�_�j�_�f�_�g�g�h�c���©�k�m�[�t�_�d�l�b�\�g�Z�y���\�u�j�Z�`�_�g�g�h�k�l�v���b�e�e�x�a�b�b�ª�����K�;�B���� 

�J�_�a�m�e�v�l�b�j�m�x�s�_�_���m�j�Z�\�g�_�g�b�_���j�_�]�j�_�k�k�b�b���b�f�_�_�l���\�b�^�� 

 

�K�;�B� ����������-0,106�E�I+0,169�>+0,188�E�I�D 
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 �I�h�e�m�q�_�g�g�Z�y���f�h�^�_�e�v���k�h�]�e�Z�k�m�_�l�k�y���k���f�h�^�_�e�v�x���L�����K�_�g�h�����q�l�h���^�h�d�Z�a�u�\�Z�_�l���l�h�l��

�n�Z�d�l���� �q�l�h�� �>�� �y�\�e�y�_�l�k�y�� �^�h�k�l�h�\�_�j�g�u�f�� �b�g�^�b�d�Z�l�h�j�h�f�� �^�e�b�l�_�e�v�g�h�k�l�b�� �i�_�j�_�`�b�\�Z�g�b�y��

�b�e�e�x�a�b�b���^�\�b�`�_�g�b�y���k�h�[�k�l�\�_�g�g�h�]�h���l�_�e�Z�� 

 �<�� �^�Z�g�g�h�f�� �b�k�k�e�_�^�h�\�Z�g�b�b�� �k�l�h�y�e�Z�� �p�_�e�v�� �b�a�m�q�b�l�v�� �^�b�g�Z�f�b�d�m���H�D�G���\��

�k�h�i�h�k�l�Z�\�e�_�g�b�b�� �k���^�b�g�Z�f�b�d�h�c���b�e�e�x�a�b�b�� �^�\�b�`�_�g�b�y�� �k�h�[�k�l�\�_�g�g�h�]�h�� �l�_�e�Z�� �b�� �_�z��

�\�u�j�Z�`�_�g�g�h�k�l�v�x���� �W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�Z�y�� �]�b�i�h�l�_�a�Z�� �h�� �l�h�f���� �q�l�h�� �\�j�Z�s�_�g�b�_��

�k�l�b�f�m�e�y�p�b�b�� �k�� �g�Z�b�[�h�e�v�r�_�c�� �m�]�e�h�\�h�c�� �k�d�h�j�h�k�l�v�x�� �i�j�b�\�_�^�z�l�� �d�� �\�h�k�i�j�b�y�l�b�x��

�b�e�e�x�a�b�b �g�Z�b�[�h�e�v�r�_�c�� �b�g�l�_�g�k�b�\�g�h�k�l�b���� �i�h�^�l�\�_�j�^�b�e�Z�k�v�����F�b�d�j�h�k�l�j�m�d�l�m�j�g�u�c��

�Z�g�Z�e�b�a �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h-�\�j�_�f�_�g�g�u�o���l�j�Z�_�d�l�h�j�b�c�� �^�\�b�`�_�g�b�c�� �]�e�Z�a�� �h�[�g�Z�j�m�`�b�e��

�^�b�g�Z�f�b�q�_�k�d�b�_�� �b�a�f�_�g�_�g�b�y�� �\�� �^�e�b�l�_�e�v�g�h�k�l�y�o�� �f�_�^�e�_�g�g�h�c�� �n�Z�a�u��

�h�i�l�h�d�b�g�_�l�b�q�_�k�d�h�]�h�� �g�b�k�l�Z�]�f�Z�� �\�h�� �\�j�_�f�y�� �i�_�j�_�`�b�\�Z�g�b�y �b�e�e�x�a�b�b���� �>�Z�g�g�u�c��

�j�_�a�m�e�v�l�Z�l �w�d�k�i�_�j�b�f�_�g�l�Z�� �k�h�]�e�Z�k�m�_�l�k�y�� �k�� �a�Z�d�h�g�h�f�_�j�g�h�k�l�y�f�b���� �h�[�g�Z�j�m�`�_�g�g�u�f�b��

�^�j�m�]�b�f�b�� �m�q�z�g�u�f�b���� �b�a�m�q�Z�\�r�b�f�b �\�a�Z�b�f�h�k�\�y�a�v�� �i�Z�j�Z�f�_�l�j�h�\�� �g�b�k�l�Z�]�f�Z�� �b��

�\�u�j�Z�`�_�g�g�h�k�l�b�� �b�e�e�x�a�b�b�� �\�_�d�p�b�b���� �<�� �w�d�k�i�_�j�b�f�_�g�l�_�� �I���� �D�b�f�Z�� �b�� �K���� �I�Z�e�v�f�b�a�Z�g�h��

(Palmisano et al�������������������i�h���b�a�m�q�_�g�b�x���e�b�g�_�c�g�h�c���\�_�d�p�b�b���b�k�i�u�l�m�_�f�u�_���\���l�_�q�_�g�b�_��

�������k���g�Z�[�e�x�^�Z�e�b���a�Z���^�\�b�`�_�g�b�_�f���h�[�t�z�f�g�h�c���k�l�b�f�m�e�y�p�b�b���\���m�k�l�Z�g�h�\�d�_���\�b�j�l�m�Z�e�v�g�h�c��

�j�_�Z�e�v�g�h�k�l�b���k���b�g�k�l�j�m�d�p�b�_�c���k�\�h�[�h�^�g�h�]�h���j�Z�k�k�f�Z�l�j�b�\�Z�g�b�y���a�j�b�l�_�e�v�g�h�c���k�p�_�g�u���[�_�a��

�i�j�b�f�_�g�_�g�b�y���n�b�d�k�Z�p�b�h�g�g�h�c���l�h�q�d�b�����;�u�e�h���h�[�g�Z�j�m�`�_�g�h���m�\�_�e�b�q�_�g�b�_���\���a�g�Z�q�_�g�b�y�o��

�b�g�l�_�g�k�b�\�g�h�k�l�b���\�u�j�Z�`�_�g�g�h�k�l�b���\�_�d�p�b�b�����h�p�_�g�b�\�Z�_�f�u�o���i�j�b���i�h�f�h�s�b���^�`�h�c�k�l�b�d�Z����

�B�k�i�u�l�m�_�f�u�_�� �\�h�� �\�j�_�f�y�� �w�d�k�i�_�j�b�f�_�g�l�Z�� �h�l�d�e�h�g�y�e�b�� �d�h�g�l�j�h�e�e�_�j�� �^�`�h�c�k�l�b�d�Z�� �g�Z��
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�j�_�a�m�e�v�l�Z�l�� �Z�\�l�h�j�� �g�_�� �k�h�i�h�k�l�Z�\�e�y�x�l�� �k�� �f�_�o�Z�g�b�a�f�Z�f�b�� �j�Z�[�h�l�u�� �\�_�k�l�b�[�m�e�y�j�g�h�c��

�n�m�g�d�p�b�b�� �b�� �m�j�h�\�g�_�f�� �\�h�a�g�b�d�Z�x�s�_�]�h�� �k�_�g�k�h�j�g�h�]�h�� �d�h�g�n�e�b�d�l�Z���� �<�� �g�Z�k�l�h�y�s�_�f��

�b�k�k�e�_�^�h�\�Z�g�b�b �i�h�^�[�h�j���k�l�b�f�m�e�y�p�b�b���[�u�e���h�k�m�s�_�k�l�\�e�z�g���b�k�o�h�^�y���b�a���a�Z�^�Z�q�b���k�h�a�^�Z�g�b�y��

�g�Z�j�m�r�_�g�b�c���\���j�Z�[�h�l�_���\�_�k�l�b�[�m�e�y�j�g�h�c���n�m�g�d�p�b�b���k�j�_�^�g�_�f���k�l�_�i�_�g�b���b�g�l�_�g�k�b�\�g�h�k�l�b��

�i�m�l�z�f���b�g�b�p�b�Z�p�b�b���k�_�g�k�h�j�g�h�]�h���d�h�g�n�e�b�d�l�Z���k�j�_�^�g�_�c���k�l�_�i�_�g�b���b�g�l�_�g�k�b�\�g�h�k�l�b���� 
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 �H�d�Z�a�Z�e�h�k�v���� �q�l�h, �g�_�k�f�h�l�j�y�� �g�Z�� �l�h���� �q�l�h�� �a�g�Z�q�_�g�b�y�� �>�� �f�Z�d�k�b�f�Z�e�v�g�u�� �^�e�y 

�k�d�h�j�h�k�l�b�� �\�j�Z�s�_�g�b�y�� �k�l�b�f�m�e�Z�� �\�� ������ �]�j�Z�^���k���� �\�j�_�f�y�� �\�h�k�k�l�Z�g�h�\�e�_�g�b�y�� �k�d�h�j�h�k�l�b��

�f�_�^�e�_�g�g�u�o���n�Z�a���H�D�G���i�j�b���\�k�_�o���k�d�h�j�h�k�l�y�o���\�j�Z�s�_�g�b�y���h�d�Z�a�u�\�Z�_�l�k�y���h�^�b�g�Z�d�h�\�u�f���b��

�k�h�k�l�Z�\�e�y�_�l���\���k�j�_�^�g�_�f�����������k�����I�j�b���w�l�h�f���m�\�_�e�b�q�_�g�b�_���a�g�Z�q�_�g�b�c���i�Z�j�Z�f�_�l�j�Z���E�I�D���i�j�b��

�m�\�_�e�b�q�_�g�b�b�� �k�d�h�j�h�k�l�b�� �\�j�Z�s�_�g�b�y�� �k�l�b�f�m�e�Z�� �k�\�b�^�_�l�_�e�v�k�l�\�m�_�l�� �h�� �l�h�f���� �q�l�h��

�a�Z�f�_�^�e�_�g�b�y�� �f�_�^�e�_�g�g�u�o�� �n�Z�a�� �H�D�G�� �j�Z�a�\�b�\�Z�_�l�k�y�� �j�Z�g�v�r�_���� �q�_�f�� �g�Z�q�b�g�Z�_�l��

�j�Z�a�\�b�\�Z�l�v�k�y�� �i�_�j�_�`�b�\�Z�g�b�_�� �b�e�e�x�a�b�b�� �^�\�b�`�_�g�b�y�� �k�h�[�k�l�\�_�g�g�h�]�h�� �l�_�e�Z���� �;�h�e�_�_�� �l�h�]�h����

�h�l�g�h�r�_�g�b�_�� �a�g�Z�q�_�g�b�c�� �E�I�D�� �d�� �>�� �h�d�Z�a�Z�e�b�k�v�� �h�^�b�g�Z�d�h�\�u�f�b�� �^�e�y�� �\�k�_�o�� �m�k�e�h�\�b�c��
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�\�h�a�g�b�d�g�h�\�_�g�b�_�f���\�_�d�p�b�b���� 

 �?�k�e�b�� �i�j�_�^�i�h�e�h�`�b�l�v���� �q�l�h�� �H�D�G�� �i�j�_�^�k�l�Z�\�e�y�_�l�� �k�h�[�h�c�� �f�_�o�Z�g�b�a�f��

�k�l�Z�[�b�e�b�a�Z�p�b�b���b�a�h�[�j�Z�`�_�g�b�y���i�h�e�h�k���\�b�j�l�m�Z�e�v�g�h�]�h���[�Z�j�Z�[�Z�g�Z���g�Z���k�_�l�q�Z�l�d�_���k���p�_�e�v�x��

�k�g�b�`�_�g�b�y���b�g�l�_�g�k�b�\�g�h�k�l�b���k�_�g�k�h�j�g�h�]�h���d�h�g�n�e�b�d�l�Z�����l�h���l�h�]�^�Z���g�Z�j�m�r�_�g�b�_���\���j�Z�[�h�l�_��

�\�_�k�l�b�[�m�e�y�j�g�h�c�� �n�m�g�d�p�b�b�� �b�� �\�h�a�g�b�d�g�h�\�_�g�b�_�� �\�_�d�p�b�b�� �[�m�^�_�l�� �b�f�_�l�v�� �i�j�b�q�b�g�h�c��

�g�Z�j�m�r�_�g�b�_�� �H�D�G���� �\�� �q�Z�k�l�g�h�k�l�b�� �k�g�b�`�_�g�b�_�� �k�d�h�j�h�k�l�b�� �f�_�^�e�_�g�g�u�o�� �n�Z�a����

�J�Z�k�k�f�Z�l�j�b�\�Z�y���j�_�a�m�e�v�l�Z�l�u���^�Z�g�g�h�]�h���w�d�k�i�_�j�b�f�_�g�l�Z���k���l�Z�d�h�c���l�h�q�d�b���a�j�_�g�b�y�����f�h�`�g�h��
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�k�g�b�`�Z�_�l�k�y���� �I�j�b�q�z�f���� �k�g�b�`�_�g�b�_�� �i�j�h�b�k�o�h�^�b�l�� �l�_�f�� �h�l�q�z�l�e�b�\�_�_���� �q�_�f�� �[�h�e�v�r�_�� �k�b�e�Z��
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�\�_�k�l�b�[�m�e�y�j�g�m�x�� �Z�n�n�_�j�_�g�l�Z�p�b�x�� �b�� �f�h�]�m�l�� �i�j�b�g�b�f�Z�l�v�� �m�q�Z�k�l�b�_�� �\�� �m�i�j�Z�\�e�_�g�b�_��

�k�_�g�k�h�j�g�u�f���d�h�g�n�e�b�d�l�h�f�����L�h�]�^�Z�����y�\�e�_�g�b�_���m�]�Z�k�Z�g�b�y���H�D�G���f�h�`�g�h���j�Z�k�k�f�Z�l�j�b�\�Z�l�v��

�d�Z�d���g�Z�j�m�r�_�g�b�_���\���j�_�Z�e�b�a�Z�p�b�b���d�h�f�i�_�g�k�Z�l�h�j�g�h�]�h���]�e�Z�a�h�^�\�b�]�Z�l�_�e�v�g�h�]�h���f�_�o�Z�g�b�a�f�Z��

�i�h�� �h�l�g�h�r�_�g�b�x�� �d�� �k�_�g�k�h�j�g�h�f�m�� �d�h�g�n�e�b�d�l�m���� �<�� �j�_�a�m�e�v�l�Z�l�_���� �i�j�h�b�k�o�h�^�b�e�h��

�g�Z�j�m�r�_�g�b�_�� �\�� �j�Z�[�h�l�_�� �k�b�k�l�_�f�u�� �h�i�j�_�^�_�e�_�g�b�y�� �i�h�e�h�`�_�g�b�y�� �b�� �h�j�b�_�g�l�Z�p�b�b�� �l�_�e�Z�� �\��
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�k�g�b�`�_�g�b�y�� �E�I���k�� �m�\�_�e�b�q�_�g�b�_�f�� �k�d�h�j�h�k�l�b�� �\�j�Z�s�_�g�b�y�� �k�l�b�f�m�e�y�p�b�b�� �[�u�e�h��

�h�[�g�Z�j�m�`�_�g�h�� �b�� �^�j�m�]�b�f�b�� �Z�\�l�h�j�Z�f�b�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �k�l�b�f�m�e�h�\�� �j�Z�a�e�b�q�g�h�]�h��

�k�h�^�_�j�`�Z�g�b�y����Seno et al���������������������<���d�Z�q�_�k�l�\�_���h�[�t�y�k�g�b�l�_�e�v�g�h�]�h���f�_�o�Z�g�b�a�f�Z���^�Z�g�g�h�]�h��

�w�n�n�_�d�l�Z �Z�\�l�h�j�u���\�u�k�d�Z�a�u�\�Z�e�b���i�j�_�^�i�h�e�h�`�_�g�b�_���h�[���m�\�_�e�b�q�_�g�b�b �\�_�k�Z���a�j�b�l�_�e�v�g�h�]�h��

�k�b�]�g�Z�e�Z���\���\�h�a�g�b�d�Z�x�s�_�f���k�_�g�k�h�j�g�h�f���d�h�g�n�e�b�d�l�_����Wertheim���� ���������������M�\�_�e�b�q�_�g�b�_��

�k�d�h�j�h�k�l�b�� �^�\�b�`�_�g�b�y�� �k�l�b�f�m�e�y�p�b�b���i�j�b�\�h�^�b�l�� �d�� �[�h�e�v�r�_�c�� �b�g�l�_�g�k�b�\�g�h�k�l�b��

�a�j�b�l�_�e�v�g�h�]�h�� �k�b�]�g�Z�e�Z���� �q�l�h�� �\�� �k�\�h�x�� �h�q�_�j�_�^�v�� �m�k�b�e�b�\�Z�_�l�� �d�h�g�l�j�Z�^�b�d�p�b�x�� �i�h��

�h�l�g�h�r�_�g�b�x���d���k�b�]�g�Z�e�Z�f���^�j�m�]�b�o���f�h�^�Z�e�v�g�h�k�l�_�c���� 

�L�h�]�^�Z���i�Z�j�Z�f�_�l�j�u���H�D�G�����\���q�Z�k�l�g�h�k�l�b���k�d�h�j�h�k�l�v���f�_�^�e�_�g�g�u�o�����n�Z�a���f�h�]�m�l���[�u�l�v��

�b�k�i�h�e�v�a�h�\�Z�g�u�� �l�Z�d�`�_�� �b�� �\�� �d�Z�q�_�k�l�\�_�� �g�Z�^�z�`�g�u�o�� �b�g�^�b�d�Z�l�h�j�h�\�� �\�h�a�g�b�d�g�h�\�_�g�b�y�� �b��

�\�u�j�Z�`�_�g�g�h�k�l�b�� �b�e�e�x�a�b�b���� �l�Z�d�� �i�j�b�g�b�f�Z�x�l�� �m�q�Z�k�l�b�_�� �\�� �j�_�Z�e�b�a�Z�p�b�b�� �_�z��

�i�k�b�o�h�n�b�a�b�h�e�h�]�b�q�_�k�d�b�o�� �f�_�o�Z�g�b�a�f�h�\���� �I�j�b�q�z�f�� �^�b�g�Z�f�b�d�Z�� �b�a�f�_�g�_�g�b�y�� �w�l�b�o��

�i�Z�j�Z�f�_�l�j�h�\�� �h�l�j�Z�`�Z�_�l�� �^�b�g�Z�f�b�d�m�� �i�_�j�_�`�b�\�Z�g�b�y�� �b�e�e�x�a�b�b�����K�� �l�h�q�d�b�� �a�j�_�g�b�y��
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�b�k�i�h�e�v�a�h�\�Z�g�b�y�� �i�h�d�Z�a�Z�l�_�e�_�c�� �k�d�h�j�h�k�l�b �f�_�^�e�_�g�g�u�o�� �n�Z�a �H�D�G�� �^�e�y�� �h�p�_�g�d�b 

�d�h�]�g�b�l�b�\�g�u�o�� �n�m�g�d�p�b�c���� �\�� �q�Z�k�l�g�h�k�l�b�� �n�m�d�g�p�b�b�� �\�g�b�f�Z�g�b�y�����J�h�f�Z�g�h�\����

�=�b�i�i�_�g�j�_�c�l�_�j���� �������������� �f�h�`�g�h�� �a�Z�d�e�x�q�b�l�v���� �q�l�h�� �\�� �f�h�f�_�g�l�u �b�e�e�x�a�b�b�� �\�g�b�f�Z�g�b�_��

�b�k�i�u�l�m�_�f�h�]�h�� �d�� �^�\�b�`�m�s�_�c�k�y�� �k�l�b�f�m�e�y�p�b�b�� �h�k�e�Z�[�_�\�Z�_�l�� �b�� �i�_�j�_�d�e�x�q�Z�_�l�k�y�� �g�Z��

�\�h�k�i�j�b�y�l�b�_�� �k�h�[�k�l�\�_�g�g�h�]�h�� �b�e�e�x�a�h�j�g�h�]�h�� �i�_�j�_�f�_�s�_�g�b�y���� �>�Z�g�g�u�c�� �i�j�h�p�_�k�k��

�j�Z�a�\�z�j�l�u�\�Z�_�l�k�y���\�h���\�j�_�f�_�g�b�����l�Z�d���d�Z�d���m�]�Z�k�Z�g�b�_���H�D�G �i�j�h�b�k�o�h�^�b�l���i�h�k�l�_�i�_�g�g�h�����q�l�h��

�k�h�i�j�h�\�h�`�^�Z�_�l�k�y�� �j�Z�\�g�h�f�_�j�g�u�f�� �a�Z�f�_�^�e�_�g�b�_�f�� �f�_�^�e�_�g�g�u�o�� �n�Z�a���� �W�l�h�l�� �j�_�a�m�e�v�l�Z�l��

�d�h�k�\�_�g�g�h�� �k�h�]�e�Z�k�m�_�l�k�y�� �k�� �j�_�a�m�e�v�l�Z�l�Z�f�b�� �g�_�c�j�h�n�b�a�b�h�e�h�]�b�q�_�k�d�b�o�� �w�d�k�i�_�j�b�f�_�g�l�h�\��

(Kleinschmidt et al������ �������������� �i�h�d�Z�a�Z�\�r�b�o���� �q�l�h�� �\�h�� �\�j�_�f�y�� �\�_�d�p�b�b�� �i�j�h�b�k�o�h�^�b�l��

�i�_�j�_�j�Z�k�i�j�_�^�_�e�_�g�b�_�� �Z�d�l�b�\�Z�p�b�b�� �f�h�a�]�h�\�h�c�� �Z�d�l�b�\�g�h�k�l�b���� �k�g�b�`�Z�_�l�k�y�� �Z�d�l�b�\�g�h�k�l�v 

�a�j�b�l�_�e�v�g�u�o���h�[�e�Z�k�l�_�c�����h�l�\�_�l�k�l�\�_�g�g�u�o���a�Z���\�h�k�i�j�b�y�l�b�_���^�\�b�`�_�g�b�y���h�[�t�_�d�l�h�\�����a�h�g�u��

V5/MT)�����b���m�\�_�e�b�q�b�\�Z�_�l�k�y���Z�d�l�b�\�g�h�k�l�v���m�a�_�e�d�Z���f�h�a�`�_�q�d�Z. 

�L�h�]�^�Z�� �\�_�d�p�b�x�� �f�h�`�g�h�� �j�Z�k�k�f�Z�l�j�b�\�Z�l�v�� �g�_�� �l�h�e�v�d�h�� �d�Z�d�� �k�e�_�^�k�l�\�b�_�� �g�Z�j�m�r�_�g�b�y�� �\��

�j�Z�[�h�l�_���\�_�k�l�b�[�m�e�y�j�g�h�c���n�m�g�d�p�b�b���\���k�b�l�m�Z�p�b�b���k�_�g�k�h�j�g�h�]�h���d�h�g�n�e�b�d�l�Z�����g�h���d�Z�d���h�^�g�h��

�b�a�� �k�h�k�l�h�y�g�b�c�� �k�b�k�l�_�f�u�� �h�i�j�_�^�_�e�_�g�b�y�� �i�h�e�h�`�_�g�b�y�� �b�� �h�j�b�_�g�l�Z�p�b�b�� �l�_�e�Z�� �\��

�i�j�h�k�l�j�Z�g�k�l�\�_�� 

 �I�j�h�f�_�`�m�l�h�d�� �\�j�_�f�_�g�b���� �\�� �l�_�q�_�g�b�_�� �d�h�l�h�j�h�]�h�� �f�_�^�e�_�g�g�u�_�� �n�Z�a�u�� �H�D�G��

�h�k�l�Z�\�Z�e�b�k�v���m�\�_�e�b�q�_�g�g�u�f�b���i�h�k�e�_���g�Z�`�Z�l�b�y���b�k�i�u�l�m�_�f�u�f���g�Z���d�g�h�i�d�m�����i�j�b���j�Z�a�g�u�o��

�k�d�h�j�h�k�l�y�o�� �\�j�Z�s�_�g�b�y�� �k�l�b�f�m�e�Z�� �h�d�Z�a�u�\�Z�e�k�y�� �f�_�g�v�r�b�f���� �q�_�f�� �^�h�� �g�Z�`�Z�l�b�y���± �\��

�k�j�_�^�g�_�f �h�g�� �k�h�k�l�Z�\�b�e�� �������� �h�l�� �h�[�s�_�]�h�� �\�j�_�f�_�g�b�� �^�e�b�l�_�e�v�g�h�k�l�b�� �i�j�h�f�_�`�m�l�d�Z�� �k��

�m�\�_�e�b�q�_�g�g�u�f�b�� �f�_�^�e�_�g�g�u�f�b�� �n�Z�a�Z�f�b�� �H�D�G���� �I�j�b�� �w�l�h�f�� �\�h�k�i�j�b�y�l�b�y�� �b�e�e�x�a�b�b��

�a�Z�g�b�f�Z�e�h�� �q�Z�k�l�v�� �^�Z�g�g�h�]�h�� �i�j�h�f�_�`�m�l�d�Z���� �L�Z�d�b�f �h�[�j�Z�a�h�f���� �k�j�Z�a�m���i�h�k�e�_�� �\�_�d�p�b�b��

�k�d�h�j�h�k�l�v �f�_�^�e�_�g�g�u�o�� �n�Z�a�� �H�D�G�� �\�h�k�k�l�Z�g�Z�\�e�b�\�Z�e�Z�k�v���� �K�e�_�^�h�\�Z�l�_�e�v�g�h���� �\�_�d�p�b�y 

�i�j�b�\�h�^�b�l�� �d�� �l�h�f�m���� �q�l�h�� �\�g�b�f�Z�g�b�_�� �b�k�i�u�l�m�_�f�u�o�� �\�g�h�\�v�� �i�_�j�_�d�e�x�q�Z�_�l�k�y�� �g�Z��

�^�\�b�`�_�g�b�_�� �k�l�b�f�m�e�y�p�b�b���� �q�l�h�� �n�Z�k�b�e�b�l�b�j�m�_�l�� �H�D�G. �L�h�]�^�Z �k�Z�f�h�� �i�h�� �k�_�[�_��

�\�h�a�g�b�d�g�h�\�_�g�b�_�� �b�e�e�x�a�b�b���f�h�`�g�h���j�Z�k�k�f�Z�l�j�b�\�Z�l�v�� �k �l�h�q�d�b���a�j�_�g�b�y���g�Z�e�b�q�b�y�� �m���g�_�z 

�h�k�h�[�h�]�h �n�m�g�d�p�b�h�g�Z�e�v�g�h�]�h���a�g�Z�q�_�g�b�y �^�e�y���h�j�]�Z�g�b�a�Z�p�b�b���i�h�\�_�^�_�g�b�y�� 

�K�l�h�j�h�g�g�b�d�b���l�h�q�d�b���a�j�_�g�b�y�����k�h�]�e�Z�k�g�h���d�h�l�h�j�h�c���\�_�d�p�b�y���i�j�_�^�k�l�Z�\�e�y�_�l���k�h�[�h�c��

�w�i�b�n�_�g�h�f�_�g�� �[�_�a�� �h�i�j�_�^�_�e�z�g�g�h�]�h�� �n�m�g�d�p�b�h�g�Z�e�v�g�h�]�h�� �a�g�Z�q�_�g�b�y���� �k�q�b�l�Z�x�l���� �q�l�h��

�i�h�e�m�q�_�g�g�u�_���\���w�d�k�i�_�j�b�f�_�g�l�Z�o���f�b�g�b�f�Z�e�v�g�u�_���a�g�Z�q�_�g�b�y���E�I �\�_�e�b�q�b�g�h�c���\���k�j�_�^�g�_�f��
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�������k���k�e�b�r�d�h�f���\�_�e�b�d�b���i�h���k�j�Z�\�g�_�g�b�x���k���\�j�_�f�_�g�g�u�f�b���a�g�Z�q�_�g�b�y�f�b���\��������-���������f�k����

�d�h�l�h�j�u�_���l�j�_�[�m�x�l�k�y���f�h�a�]�m���^�e�y���d�h�j�j�_�d�l�b�j�h�\�d�b���i�h�e�h�`�_�g�b�y���l�_�e�Z���\���i�j�h�k�l�j�Z�g�k�l�\�_��

(Warren�������������������H�^�g�Z�d�h���Z�\�l�h�j�u���^�Z�g�g�u�o���Z�j�]�m�f�_�g�l�h�\���\���k�\�h�b�o���w�d�k�i�_�j�b�f�_�g�l�Z�o���g�_��

�b�k�i�h�e�v�a�h�\�Z�e�b�� �d�Z�d�h�]�h-�e�b�[�h���g�Z�^�z�`�g�h�]�h �b�g�^�b�d�Z�l�h�j�Z�� �^�e�y�� �h�i�j�_�^�_�e�_�g�b�y�� �f�h�f�_�g�l�Z��

�\�h�a�g�b�d�g�h�\�_�g�b�y�� �b�e�e�x�a�b�b���� �h�i�_�j�b�j�m�x�� �e�b�r�v�� �\�h�a�g�b�d�g�h�\�_�g�b�_�f�� �k�m�[�t�_�d�l�b�\�g�h�]�h��

�h�s�m�s�_�g�b�y�� �m�� �b�k�i�u�l�m�_�f�u�o�� �<�� �g�Z�k�l�h�y�s�_�f �b�k�k�e�_�^�h�\�Z�g�b�b�� �i�h�d�Z�a�Z�g�h���� �q�l�h��

�b�a�f�_�g�_�g�b�y�� �\�� �^�e�b�l�_�e�v�g�h�k�l�b�� �f�_�^�e�_�g�g�u�o�� �n�Z�a�� �H�D�G�� �g�Z�q�b�g�Z�x�l�� �i�j�h�b�k�o�h�^�b�l�v��

�]�h�j�Z�a�^�h�� �j�Z�g�v�r�_���� �q�_�f�� �m�� �q�_�e�h�\�_�d�� �i�h�y�\�e�y�_�l�k�y�� �b�e�e�x�a�b�y���� �A�g�Z�q�b�l���� �b�� �g�Z�j�m�r�_�g�b�y�� �\��

�b�g�l�_�]�j�Z�p�b�b�� �k�_�g�k�h�j�g�h�c�� �b�g�n�h�j�f�Z�p�b�b�� �\�h�a�g�b�d�Z�x�l�� �_�s�z�� �^�h�� �k�m�[�t�_�d�l�b�\�g�h�]�h��

�i�_�j�_�`�b�\�Z�g�b�y���\�_�d�p�b�b�����i�j�b�q�z�f�����q�_�f���[�h�e�_�_���^�_�c�k�l�\�_�g�g�Z�y �k�l�b�f�m�e�y�p�b�y�����l�_�f���j�Z�g�v�r�_��

�g�Z�[�e�x�^�Z�_�l�k�y���y�\�e�_�g�b�_�� �m�]�Z�k�Z�g�b�y�� �H�D�G. �>�Z�g�g�h�_�� �g�Z�[�e�x�^�_�g�b�_�� �g�_�� �i�h�a�\�h�e�y�_�l��

�h�^�g�h�a�g�Z�q�g�h�� �m�k�l�Z�g�h�\�b�l�v�� �f�h�f�_�g�l�� �\�h�a�g�b�d�g�h�\�_�g�b�y�� �k�_�g�k�h�j�g�h�]�h�� �d�h�g�n�e�b�d�l�Z�� �b��

�f�h�f�_�g�l���g�Z�q�Z�e�Z���b�k�i�h�e�v�a�h�\�Z�g�b�y�f���f�h�a�]�h�f���d�h�j�j�_�d�p�b�c���^�e�y���i�j�Z�\�b�e�v�g�h�c���h�j�b�_�g�l�Z�p�b�b��

�\�� �i�j�h�k�l�j�Z�g�k�l�\�_���� �L�_�f�� �g�_�� �f�_�g�_�_���� �[�h�e�_�_�� �j�Z�g�g�_�_�� �j�Z�a�\�b�l�b�_�� �g�Z�j�m�r�_�g�b�c�� �j�Z�[�h�l�u��

�\�_�k�l�b�[�m�e�y�j�g�h�c�� �n�m�g�d�p�b�b �f�h�`�_�l�� �k�\�b�^�_�l�_�e�v�k�l�\�h�\�Z�l�v�� �b�� �[�h�e�_�_�� �j�Z�g�g�_�f���� �q�_�f��

�i�h�e�Z�]�Z�e�b���Z�\�l�h�j�u�����j�Z�a�\�b�l�b�b���\�_�d�p�b�b�����Q�l�h���\���k�\�h�x���h�q�_�j�_�^�v���y�\�e�y�_�l�k�y���^�h�k�l�Z�l�h�q�g�u�f��

�Z�j�]�m�f�_�g�l�h�f�� �i�j�h�l�b�\�� �i�j�_�^�k�l�Z�\�e�_�g�b�y�� �b�e�e�x�a�b�b�� �d�Z�d�� �i�h�[�h�q�g�h�]�h �i�j�h�^�m�d�l�Z �j�Z�[�h�l�u��

�f�h�a�]�Z�� �L�_�f�� �[�h�e�_�_�� �q�l�h�� �i�h�k�e�_�� �\�h�a�g�b�d�g�h�\�_�g�b�y �b�e�e�x�a�b�b���� �\�j�_�f�y�� �\�h�k�k�l�Z�g�h�\�e�_�g�b�y��

�H�D�G���[�u�e�h���h�^�b�g�Z�d�h�\�u�f���i�j�b���j�Z�a�e�b�q�g�u�o���k�d�h�j�h�k�l�y�o���\�j�Z�s�_�g�b�y���k�l�b�f�m�e�y�p�b�b��  

 �<�� �j�_�a�m�e�v�l�Z�l�_�� �\�_�k�v�� �i�j�h�p�_�k�k�� �f�h�`�g�h�� �h�i�b�k�Z�l�v�� �k�e�_�^�m�x�s�b�f�� �h�[�j�Z�a�h�f���� �i�j�b��

�f�Z�e�u�o�� �\�_�e�b�q�b�g�Z�o�� �m�]�e�h�\�u�o�� �k�d�h�j�h�k�l�_�c�� �\�j�Z�s�_�g�b�y�� �k�l�b�f�m�e�y�p�b�b�� �^�_�c�k�l�\�b�_ 

�a�j�b�l�_�e�v�g�h�]�h�� �k�l�b�f�m�e�Z�� �[�u�e�h�� �g�_�a�g�Z�q�b�l�_�e�v�g�u�f���� �<�h�a�g�b�d�Z�\�r�b�c�� �k�_�g�k�h�j�g�u�c��

�d�h�g�n�e�b�d�l���\���w�l�h�f���k�e�m�q�Z�_���l�Z�d�`�_���b�f�_�e �g�_�[�h�e�v�r�m�x���b�g�l�_�g�k�b�\�g�h�k�l�v�����l�_�f���g�_���f�_�g�_�_����

�i�j�b���^�e�b�l�_�e�v�g�h�f���g�Z�[�e�x�^�_�g�b�b���a�Z���^�\�b�`�m�s�b�f�k�y���k�l�b�f�m�e�h�f���i�j�h�b�k�o�h�^�b�e�h���m�]�Z�k�Z�g�b�_��

�H�D�G���� �q�l�h�� �\�_�e�h�� �d�� �m�\�_�e�b�q�_�g�b�x�� �b�g�l�_�g�k�b�\�g�h�k�l�b�� �k�_�g�k�h�j�g�h�]�h�� �d�h�g�n�e�b�d�l�Z���� �<��

�j�_�a�m�e�v�l�Z�l�_�� �^�e�b�l�_�e�v�g�h�k�l�v�� �j�Z�[�h�l�Z�� �\�_�k�l�b�[�m�e�y�j�g�h�c�� �n�m�g�d�p�b�b�� �g�Z�j�m�r�Z�e�Z�k�v���� �b��

�q�_�e�h�\�_�d���\�h�k�i�j�b�g�b�f�Z�e �k�h�[�k�l�\�_�g�g�h�_���b�e�e�x�a�h�j�g�h�_���i�_�j�_�f�_�s�_�g�b�_�����i�h�k�e�_���d�h�l�h�j�h�]�h��

�^�_�y�l�_�e�v�g�h�k�l�v�� �g�b�k�l�Z�]�f�h�]�_�g�g�h�]�h�� �p�_�g�l�j�Z�� �k�l�Z�[�b�e�b�a�b�j�h�\�Z�e�Z�k�v���� �I�j�b�� �a�g�Z�q�_�g�b�b��

�k�d�h�j�h�k�l�b�� �\�j�Z�s�_�g�b�y�� �k�l�b�f�m�e�y�p�b�b�� �\�� �������]�j�Z�^���k �\�e�b�y�g�b�_ �a�j�b�l�_�e�v�g�h�]�h�� �k�l�b�f�m�e�Z��

�h�d�Z�a�u�\�Z�e�h�k�v �g�Z�k�l�h�e�v�d�h �k�b�e�v�g�u�f�����q�l�h���m�]�Z�k�Z�g�b�_���H�D�G���i�j�h�b�k�o�h�^�b�e�h���a�g�Z�q�b�l�_�e�v�g�h��
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�j�Z�g�v�r�_�����<���j�_�a�m�e�v�l�Z�l�_���m�\�_�e�b�q�b�\�Z�e�Z�k�v �k�l�_�i�_�g�v���k�_�g�k�h�j�g�h�]�h���d�h�g�n�e�b�d�l�Z�����b���\�_�d�p�b�y��

�i�j�b�� �w�l�h�f�� �i�h�y�\�e�y�e�Z�k�v�� �m�� �b�k�i�u�l�m�_�f�u�o �j�Z�g�v�r�_���� �q�_�f�� �i�j�b�� �^�j�m�]�b�o�� �k�d�h�j�h�k�l�y�o��

�\�j�Z�s�_�g�b�y���b���k���[�h�e�v�r�_�c���k�b�e�h�c���� 

�J�_�a�m�e�v�l�Z�l�u�� �w�l�b�o�� �w�d�k�i�_�j�b�f�_�g�l�h�\���\�i�_�j�\�u�_�� �i�h�a�\�h�e�b�e�b�� �m�k�l�Z�g�h�\�b�l�v�� �^�h�k�l�Z�l�h�q�g�h��

�g�Z�^�z�`�g�u�c�� �b�g�^�b�d�Z�l�h�j�� �^�e�y�� �h�i�j�_�^�_�e�_�g�b�y�� �i�j�h�f�_�`�m�l�d�h�\�� �\�j�_�f�_�g�b���� �\�� �d�h�l�h�j�u�o��

�©�j�Z�a�\�h�j�Z�q�b�\�Z�e�k�y�ª�� �a�j�b�l�_�e�v�g�h-�\�_�k�l�b�[�m�e�y�j�g�u�c�� �k�_�g�k�h�j�g�u�c�� �d�h�g�n�e�b�d�l��

�a�g�Z�q�b�l�_�e�v�g�h�c�� �b�g�l�_�g�k�b�\�g�h�k�l�b���� �q�l�h�� �i�h�a�\�h�e�b�e�h�� �^�Z�e�_�_�� �i�_�j�_�c�l�b�� �d�� �h�p�_�g�d�_��

�b�a�f�_�g�_�g�b�c���\���f�h�a�]�h�\�h�c���Z�d�l�b�\�g�h�k�l�b���b�f�_�g�g�h���\���w�l�b���\�j�_�f�_�g�g�u�_���i�_�j�b�h�^�u�� 

�D�Z�d�� �[�u�e�h�� �i�h�d�Z�a�Z�g�h�� �\�u�r�_���� �b�k�i�h�e�v�a�h�\�Z�g�b�_�� �i�Z�j�Z�f�_�l�j�h�\�� �^�\�b�`�_�g�b�c�� �]�e�Z�a�� �b��

�k�b�k�l�_�f�� �\�b�j�l�m�Z�e�v�g�h�c�� �j�_�Z�e�v�g�h�k�l�b�� �i�h�� �h�l�^�_�e�v�g�h�k�l�b�� �h�[�g�Z�j�m�`�b�e�h�� �k�\�h�x��

�w�n�n�_�d�l�b�\�g�h�k�l�v�� �\�� �a�Z�^�Z�q�Z�o�� �^�b�Z�]�g�h�k�l�b�d�b�� �b�� �j�_�Z�[�b�e�b�l�Z�p�b�b�� �g�Z�j�m�r�_�g�b�c�� �j�Z�[�h�l�u��

�K�I�I���� �H�^�g�Z�d�h���� �h�k�l�Z�z�l�k�y�� �i�j�h�[�e�_�f�Z�� �j�Z�a�j�Z�[�h�l�d�b�� �b�g�l�_�]�j�Z�l�b�\�g�h�c�� �l�_�o�g�h�e�h�]�b�b����

�i�h�a�\�h�e�y�x�s�_�c�� �h�[�t�_�^�b�g�b�l�v�� �Z�g�Z�e�b�a�� �^�Z�g�g�u�o�� �]�e�Z�a�h�^�\�b�]�Z�l�_�e�v�g�h�c�� �Z�d�l�b�\�g�h�k�l�b�� �b��

�i�j�_�^�t�y�\�e�_�g�b�y�� �k�l�b�f�m�e�y�p�b�b���� �i�j�h�\�h�p�b�j�m�x�s�_�c�� �g�Z�j�m�r�_�g�b�y�� �K�I�I���� �\�� �m�k�e�h�\�b�y�o��

�\�b�j�l�m�Z�e�v�g�h�c�� �j�_�Z�e�v�g�h�k�l�b���� �I�j�_�h�^�h�e�_�g�b�_�� �w�l�h�c�� �i�j�h�[�e�_�f�u�� �l�j�_�[�h�\�Z�e�h�� �\�� �j�Z�f�d�Z�o��

�g�Z�k�l�h�y�s�_�]�h���b�k�k�e�_�^�h�\�Z�g�b�y���k�e�_�^�m�x�s�b�o���d�h�g�d�j�_�l�g�u�o���a�Z�^�Z�q�� 

1. �I�h�^�[�h�j�� �k�h�h�l�\�_�l�k�l�\�m�x�s�_�c�� �i�h�e�v�a�h�\�Z�l�_�e�v�k�d�h�c�� �k�b�k�l�_�f�u�� �\�b�j�l�m�Z�e�v�g�h�c��

�j�_�Z�e�v�g�h�k�l�b�� �b�� �<�J-�k�h�\�f�_�k�l�b�f�h�c�� �l�_�o�g�h�e�h�]�b�b�� �j�_�]�b�k�l�j�Z�p�b�b�� �^�\�b�`�_�g�b�c��

�]�e�Z�a�� 

2. �H�i�j�_�^�_�e�_�g�b�_�� �\�_�j�b�n�b�p�b�j�m�x�s�_�]�h�� �i�h�d�Z�a�Z�l�_�e�y�� �f�h�l�h�j�g�h�c�� �Z�d�l�b�\�g�h�k�l�b��

�]�h�e�h�\�u�� �b�� �l�m�e�h�\�b�s�Z���� �i�h�a�\�h�e�y�x�s�_�]�h�� �h�p�_�g�b�l�v�� �\�d�e�Z�^�� �^�\�b�`�_�g�b�c�� �l�_�e�Z�� �\��

�b�a�f�_�g�_�g�b�_���i�h�d�Z�a�Z�l�_�e�_�c���g�b�k�l�Z�]�f�_�g�g�h�c���j�_�Z�d�p�b�b�����Z���l�Z�d�`�_���h�i�j�_�^�_�e�_�g�b�_��

�k�i�h�k�h�[�Z���_�]�h���j�_�]�b�k�l�j�Z�p�b�b�� 

3. �J�Z�a�j�Z�[�h�l�d�Z�� �i�j�h�]�j�Z�f�f�g�h�]�h�� �j�_�r�_�g�b�y�� �^�e�y�� �i�j�h�\�_�^�_�g�b�y�� �h�i�_�j�Z�l�b�\�g�h�]�h�� �b��

�Z�\�l�h�f�Z�l�b�a�b�j�h�\�Z�g�g�h�]�h�� �Z�g�Z�e�b�a�Z�� �i�Z�j�Z�f�_�l�j�h�\�� �]�e�Z�a�h�^�\�b�]�Z�l�_�e�v�g�h�c��

�Z�d�l�b�\�g�h�k�l�b�����\���q�Z�k�l�g�h�k�l�b���i�Z�j�Z�f�_�l�j�h�\���g�b�k�l�Z�]�f�_�g�g�h�c���j�_�Z�d�p�b�b�� 

�>�e�y�� �j�_�r�_�g�b�y�� �i�h�k�l�Z�\�e�_�g�g�u�o�� �a�Z�^�Z�q�� �[�u�e�b�� �\�u�i�h�e�g�_�g�u�� �^�\�Z�� �w�d�k�i�_�j�b�f�_�g�l�Z����

�h�l�e�b�q�Z�x�s�b�_�k�y���i�h���l�b�i�Z�f���b�k�i�h�e�v�a�m�_�f�h�]�h���h�[�h�j�m�^�h�\�Z�g�b�y�����k�i�h�k�h�[�Z�o���j�_�]�b�k�l�j�Z�p�b�b��

�f�h�l�h�j�g�h�]�h�� �d�h�f�i�h�g�_�g�l�Z�� �h�l�� �^�\�b�`�_�g�b�c�� �]�h�e�h�\�u�� �b�� �l�_�e�Z�� �b�� �f�_�l�h�^�Z�f��

�Z�\�l�h�f�Z�l�b�a�b�j�h�\�Z�g�g�h�]�h���Z�g�Z�e�b�a�Z���i�Z�j�Z�f�_�l�j�h�\���g�b�k�l�Z�]�f�_�g�g�h�c���Z�d�l�b�\�g�h�k�l�b�� 
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�H�i�b�k�Z�g�b�_���\�u�[�h�j�d�b 

�<�� �i�_�j�\�h�c�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�c�� �Z�i�i�j�h�[�Z�p�b�b�� �i�j�_�^�e�Z�]�Z�_�f�h�c�� �l�_�o�g�h�e�h�]�b�b��

�i�j�b�g�y�e�b���m�q�Z�k�l�b�_�������q�_�e�h�\�_�d���������`�_�g�s�b�g�u���b�������f�m�`�q�b�g�������k�j�_�^�g�b�c���\�h�a�j�Z�k�l���d�h�l�h�j�u�o��

�k�h�k�l�Z�\�b�e�� ������ �]�h�^�Z���� �D�j�b�l�_�j�b�y�f�b�� �h�l�[�h�j�Z�� �y�\�e�y�e�b�k�v�� �g�h�j�f�Z�e�v�g�h�_�� �b�e�b��

�k�d�h�j�j�_�d�l�b�j�h�\�Z�g�g�h�_���^�h���g�h�j�f�Z�e�v�g�h�]�h���a�j�_�g�b�_�����Z���l�Z�d�`�_���h�l�k�m�l�k�l�\�b�_���h�j�]�Z�g�b�q�_�k�d�b�o��

�i�h�j�Z�`�_�g�b�c�� �]�h�e�h�\�g�h�]�h�� �f�h�a�]�Z���� �\�� �h�k�h�[�_�g�g�h�k�l�b�� �\�_�k�l�b�[�m�e�y�j�g�h�]�h�� �Z�i�i�Z�j�Z�l�Z����

�H�[�h�j�m�^�h�\�Z�g�b�_ 

�>�e�y���i�j�_�^�t�y�\�e�_�g�b�y���k�l�b�f�m�e�y�p�b�b���\���^�Z�g�g�h�c���Z�i�j�h�[�Z�p�b�b���b�k�i�h�e�v�a�h�\�Z�e�k�y���r�e�_�f��

�\�b�j�l�m�Z�e�v�g�h�c�� �j�_�Z�e�v�g�h�k�l�b��HTC Vive���� �j�Z�a�j�Z�[�h�l�Z�g�g�u�c�� �d�h�f�i�Z�g�b�_�c��HTC �b��Valve 

���J�b�k����40).  

 

�J�b�k�m�g�h�d��40 - �R�e�_�f���\�b�j�l�m�Z�e�v�g�h�c���j�_�Z�e�v�g�h�k�l�b��HTC Vive. 

 
�<���r�e�_�f���\�k�l�j�h�_�g�u���^�\�Z���^�b�k�i�e�_�y �'�X�D�O���$�0�2�/�(�'�����d�Z�`�^�u�c���k���^�b�Z�]�h�g�Z�e�v�x������������

�k�� �q�Z�k�l�h�l�h�c�� �h�[�g�h�\�e�_�g�b�c�� ������ �=�p�����J�Z�a�j�_�r�_�g�b�_�� �w�d�j�Z�g�Z�� �k�h�k�l�Z�\�b�e�h�� ���������o����������

�����������o���������� �^�e�y�� �d�Z�`�^�h�]�h�� �]�e�Z�a�Z������ �>�Z�g�g�h�_�� �m�k�l�j�h�c�k�l�\�h�� �b�f�_�_�l�� �m�^�h�[�g�m�x�� �k�b�k�l�_�f�m��

�n�b�d�k�Z�p�b�b���g�Z���]�h�e�h�\�_�� �b�k�i�u�l�m�_�f�h�]�h���� �b�k�d�e�x�q�Z�x�s�m�x���b�a�f�_�g�_�g�b�_�� �_�]�h�� �i�h�e�h�`�_�g�b�y����

�M�]�h�e���h�[�a�h�j�Z���k�h�k�l�Z�\�e�y�_�l�����������]�j�Z�^�m�k�h�\�����>�Z�g�g�h�_���m�k�l�j�h�c�k�l�\�h���b�f�_�e�h���\�h�a�f�h�`�g�h�k�l�v��

�j�_�]�m�e�b�j�h�\�d�b �f�_�`�a�j�Z�q�d�h�\�h�]�h�� �j�Z�k�k�l�h�y�g�b�y�� �b�� �j�Z�k�k�l�h�y�g�b�y�� �^�h�� �e�b�g�a���� �>�e�y��

�w�n�n�_�d�l�b�\�g�h�c���]�_�g�_�j�Z�p�b�b���\�b�a�m�Z�e�v�g�h�]�h���b�a�h�[�j�Z�`�_�g�b�y��HTC Vive �[�u�e���b�k�i�h�e�v�a�h�\�Z�g��

�I�D�� �k�� �\�b�^�_�h�d�Z�j�l�h�c���1�9�,�'�,�$�� �*�H�)�R�U�F�H�� �*�7�;�� ������������ �i�j�h�p�_�k�k�h�j�h�f��Intel Core i7. 

�G�Z�k�l�j�h�c�d�Z�� �d�h�g�n�b�]�m�j�Z�p�b�b�� �j�Z�[�h�l�u�� �r�e�_�f�Z�� �i�j�h�b�a�\�h�^�b�e�Z�k�v�� �k�� �i�h�f�h�s�v�x��

�i�j�h�]�j�Z�f�f�u��Steam VR. 
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�K�b�k�l�_�f�Z���j�_�]�b�k�l�j�Z�p�b�b���^�\�b�`�_�g�b�y���]�e�Z�a 

�>�e�y�� �j�_�]�b�k�l�j�Z�p�b�b�� �^�\�b�`�_�g�b�y�� �]�e�Z�a�� �\�� �k�b�k�l�_�f�_�� �\�b�j�l�m�Z�e�v�g�h�c�� �j�_�Z�e�v�g�h�k�l�b�� �\��

�j�Z�f�d�Z�o�� �g�Z�k�l�h�y�s�_�c�� �Z�i�j�h�[�Z�p�b�b�� �b�k�i�h�e�v�a�h�\�Z�e�Z�k�v�� �k�b�k�l�_�f�Z��Pupil Labs Add-on, 

�k�h�\�f�_�k�l�b�f�Z�y���k���r�e�_�f�h�f��HTC Vive�������J�b�k����41�������K�b�k�l�_�f�Z���i�j�_�^�k�l�Z�\�e�y�_�l���k�h�[�h�c���^�\�_ 

�g�Z�d�e�Z�^�d�b���g�Z���e�b�g�a�h�\�u�_���i�e�h�s�Z�^�d�b�����D�Z�`�^�Z�y���g�Z�d�e�Z�^�d�Z���k�h�^�_�j�`�b�l�������b�g�n�j�Z�d�j�Z�k�g�u�o��

�k�\�_�l�h�^�b�h�^�h�\�� �b�� ���� �d�Z�f�_�j�m�� �k�� �f�_�o�Z�g�b�q�_�k�d�b�� �g�Z�k�l�j�Z�b�\�Z�_�f�u�f�� �n�h�d�m�k�g�u�f��

�j�Z�k�k�l�h�y�g�b�_�f���� �Q�Z�k�l�h�l�Z�� �j�_�]�b�k�l�j�Z�p�b�b�� �^�e�y�� �d�Z�`�^�h�]�h�� �]�e�Z�a�Z�� �k�h�k�l�Z�\�b�e�Z�� ������ �=�p����

�M�i�j�Z�\�e�_�g�b�_�� �i�j�h�p�_�^�m�j�h�c�� �j�_�]�b�k�l�j�Z�p�b�b�� �^�\�b�`�_�g�b�c�� �]�e�Z�a�� �[�u�e�h�� �j�_�Z�e�b�a�h�\�Z�g�h�� �k��

�i�h�f�h�s�v�x�� �i�j�h�]�j�Z�f�f�g�h�]�h�� �f�h�^�m�e�y�� �3�X�S�L�O�� �&�D�S�W�X�U�H���� �h�j�]�Z�g�b�a�h�\�Z�g�g�h�]�h�� �g�Z�� �y�a�u�d�_��

Python�����>�Z�g�g�u�c���f�h�^�m�e�v���3�X�S�L�O���&�D�S�W�X�U�H���i�h�a�\�h�e�y�e���i�h�e�m�q�Z�l�v���\�b�^�_�h���b���Z�m�^�b�h���i�h�l�h�d�b����

�h�[�g�Z�j�m�`�b�\�Z�l�v���a�j�Z�q�h�d�����i�_�j�_�^�Z�\�Z�l�v���^�Z�g�g�u�_���\���j�_�Z�e�v�g�h�f���\�j�_�f�_�g�b���i�h���k�_�l�b�����Z���l�Z�d�`�_��

�a�Z�i�b�k�u�\�Z�l�v���^�Z�g�g�u�_���\���h�l�d�j�u�l�h�f���n�h�j�f�Z�l�_�����>�e�y���i�j�h�k�f�h�l�j�Z���a�Z�i�b�k�_�c�����i�h�e�m�q�_�g�g�u�o��

�3�X�S�L�O�� �&�D�S�W�X�U�H���� �b�� �w�d�k�i�h�j�l�Z�� �k�u�j�u�o�� �^�Z�g�g�u�o���� �b�k�i�h�e�v�a�h�\�Z�e�Z�k�v�� �i�j�h�]�j�Z�f�f�Z�� �3�X�S�L�O��

�3�O�D�\�H�U���� �>�e�y�� �j�_�Z�e�b�a�Z�p�b�b�� �i�j�h�p�_�^�m�j�u�� �k�l�Z�g�^�Z�j�l�g�h�c�� �^�e�y�� �^�Z�g�g�h�]�h�� �h�[�h�j�m�^�h�\�Z�g�b�y��

�i�j�h�p�_�^�m�j�u�� �d�Z�e�b�[�j�h�\�d�b�� �i�h�� ��-�l�b�� �l�h�q�d�Z�f�� �[�u�e�Z�� �b�k�i�h�e�v�a�h�\�Z�g�Z�� �i�j�h�]�j�Z�f�f�Z��Pupil 

Service. 

 

�J�b�k�m�g�h�d��41 - �;�b�g�h�d�m�e�y�j�g�h�_�� �^�h�i�h�e�g�_�g�b�_��Pupil Labs Add-on �^�e�y 

�j�_�]�b�k�l�j�Z�p�b�b���^�\�b�`�_�g�b�y���]�e�Z�a�����k�h�\�f�_�k�l�b�f�h�_���k��HTC Vive 

 
�:�d�k�_�e�_�j�h�f�_�l�j�b�q�_�k�d�Z�y���k�b�k�l�_�f�Z 

�>�e�y�� �h�p�_�g�d�b�� �i�h�e�h�`�_�g�b�y�� �]�h�e�h�\�u�� �\�h�� �\�j�_�f�y�� �g�Z�[�e�x�^�_�g�b�y�� �k�l�b�f�m�e�y�p�b�b�� �\��

�\�b�j�l�m�Z�e�v�g�h�c�� �j�_�Z�e�v�g�h�k�l�b�� �\�� �j�Z�f�d�Z�o�� �^�Z�g�g�h�c�� �Z�i�j�h�[�Z�p�b�b�� �b�k�i�h�e�v�a�h�\�Z�e�Z�k�v��



218 
 
�Z�d�k�_�e�_�j�h�f�_�l�j�b�q�_�k�d�Z�y�� �k�b�k�l�_�f�Z�� �^�e�y�� �d�h�f�i�e�_�d�k�g�h�c�� �h�[�t�_�d�l�b�\�g�h�c�� �h�p�_�g�d�b��

�^�\�b�]�Z�l�_�e�v�g�u�o���n�m�g�d�p�b�c�� �©�L�j�Z�k�l���± �F�ª�� ���J�b�k����4�������� �I�_�j�_�^�Z�q�Z���^�Z�g�g�u�o���i�j�h�b�k�o�h�^�b�l 

�q�_�j�_�a��Wi-fi  �b��Bluetooth.  

 

�J�b�k�m�g�h�d��42 - �:�d�k�_�e�_�j�h�f�_�l�j�b�q�_�k�d�Z�y���k�b�k�l�_�f�Z���©�L�j�Z�k�l���± �F�ª 

 
�J�Z�a�f�_�j���^�Z�l�q�b�d�Z���k�h�k�l�Z�\�e�y�_�l���g�_���[�h�e�_�_�������o�����o�������f�f�����l�h�q�g�h�k�l�v���j�_�]�b�k�l�j�Z�p�b�b��

�m�]�e�h�\�u�o���^�\�b�`�_�g�b�c���^�Z�g�g�h�c���k�b�k�l�_�f�u���± �g�_���o�m�`�_�������]�j�Z�^�������^�b�Z�i�Z�a�h�g���j�_�]�b�k�l�j�Z�p�b�b��

�m�]�e�h�\�u�o�� �k�d�h�j�h�k�l�_�c�� �j�h�l�Z�p�b�h�g�g�u�o���^�\�b�`�_�g�b�c���± �g�_�� �o�m�`�_�� ���������� �]�j�Z�^���k���� �q�Z�k�l�h�l�Z��

�^�b�k�d�j�_�l�b�a�Z�p�b�b���d�Z�g�Z�e�h�\���j�_�]�b�k�l�j�Z�p�b�b���e�h�d�h�f�h�p�b�c���± �g�_���f�_�g�_�_�������������=�p�� 

�K�l�b�f�m�e�y�p�b�y�� 

�<�� �d�Z�q�_�k�l�\�_�� �k�l�b�f�m�e�y�p�b�b�� �[�u�e�� �b�k�i�h�e�v�a�h�\�Z�g�� �\�b�j�l�m�Z�e�v�g�u�c��

�h�i�l�h�d�b�g�_�l�b�q�_�k�d�b�c���[�Z�j�Z�[�Z�g�����J�b�k�� 43�������\�j�Z�s�Z�x�s�b�c�k�y���\���^�\�m�o���g�Z�i�j�Z�\�e�_�g�b�y�o���± �i�h 

�b���i�j�h�l�b�\���q�Z�k�h�\�h�c���k�l�j�_�e�d�b�����k���m�]�e�h�\�u�f�b���k�d�h�j�h�k�l�y�f�b���± �������b���������]�j�Z�^���k�����<�g�m�l�j�_�g�g�y�y��

�i�h�\�_�j�o�g�h�k�l�v�� �[�Z�j�Z�[�Z�g�Z�� �[�u�e�Z�� �h�d�j�Z�r�_�g�Z�� �q�_�j�_�^�m�x�s�b�f�b�k�y�� �q�_�j�g�h-�[�_�e�u�f�b��

�i�h�e�h�k�Z�f�b���� �j�Z�a�f�_�j�h�f�� ������ �m�]�e���� �]�j�Z�^���� �d�Z�`�^�Z�y���� �<�j�Z�s�Z�x�s�b�c�k�y�� �[�Z�j�Z�[�Z�g�� �[�u�e��

�b�k�i�h�e�v�a�h�\�Z�g�� �^�e�y�� �k�h�a�^�Z�g�b�y�� �m�k�e�h�\�b�c�� �k�_�g�k�h�j�g�h�]�h�� �d�h�g�n�e�b�d�l�Z�� �b�� �b�a�m�q�_�g�b�y��

�^�b�g�Z�f�b�d�b���g�b�k�l�Z�]�f�_�g�g�u�o���^�\�b�`�_�g�b�c���\���l�Z�d�b�o���m�k�e�h�\�b�y�o���� 
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�J�b�k�m�g�h�d��43 - �<�b�j�l�m�Z�e�v�g�u�c���h�i�l�h�d�b�g�_�l�b�q�_�k�d�b�c���[�Z�j�Z�[�Z�g���\���r�e�_�f�_ 
�\�b�j�l�m�Z�e�v�g�h�c���j�_�Z�e�v�g�h�k�l�b�� 

 
�I�j�h�p�_�^�m�j�Z���i�j�h�\�_�^�_�g�b�y���w�d�k�i�_�j�b�f�_�g�l�Z 

�D�Z�`�^�Z�y�� �w�d�k�i�h�a�b�p�b�y�� �\�b�j�l�m�Z�e�v�g�h�c�� �k�j�_�^�u�� �i�j�_�^�k�l�Z�\�e�y�e�h�� �k�h�[�h�c��

�i�j�_�^�t�y�\�e�_�g�b�_�� �\�j�Z�s�Z�x�s�_�c�k�y�� �k�� �h�i�j�_�^�_�e�_�g�g�h�c�� �k�d�h�j�h�k�l�v�x�� �b�� �\�� �h�i�j�_�^�_�e�_�g�g�h�f��

�g�Z�i�j�Z�\�e�_�g�b�b�� �k�l�b�f�m�e�y�p�b�b���± �\�b�j�l�m�Z�e�v�g�h�]�h�� �h�i�l�h�d�b�g�_�l�b�q�_�k�d�h�]�h�� �[�Z�j�Z�[�Z�g�Z����

�D�Z�`�^�h�f�m�� �b�k�i�u�l�m�_�f�h�f�m�� �i�j�_�^�t�y�\�e�y�e�h�k�v�� ���� �\�j�Z�s�_�g�b�c���± ���� �g�Z�i�j�Z�\�e�_�g�b�y�� �O�� ����

�k�d�h�j�h�k�l�b�� �O�� ���� �i�h�\�l�h�j�_�g�b�y���� �B�k�i�u�l�m�_�f�h�f�m�� �i�j�_�^�t�y�\�e�y�e�Z�k�v�� �b�g�k�l�j�m�d�p�b�y��

�k�\�h�[�h�^�g�h�]�h�� �h�k�f�Z�l�j�b�\�Z�g�b�y�� �a�j�b�l�_�e�v�g�h�c�� �k�p�_�g�u���� �<�j�_�f�y�� �i�j�_�^�t�y�\�e�_�g�b�y�� �h�^�g�h�c��

�\�b�j�l�m�Z�e�v�g�h�c�� �k�j�_�^�u���± ���� �f�b�g�m�l�Z���� �I�h�k�e�_�� �d�Z�`�^�h�]�h�� �i�j�_�^�t�y�\�e�_�g�b�y�� �b�k�i�u�l�m�_�f�h�f�m��

�g�_�h�[�o�h�^�b�f�h�� �[�u�e�h�� �a�Z�i�h�e�g�b�l�v�� �h�i�j�h�k�g�b�d�� �©�K�b�f�m�e�y�l�h�j�g�h�_�� �j�Z�k�k�l�j�h�c�k�l�\�h�ª�� �b��

�h�p�_�g�b�l�v���\�u�j�Z�`�_�g�g�h�k�l�v���b�e�e�x�a�b�b���^�\�b�`�_�g�b�y���k�h�[�k�l�\�_�g�g�h�]�h���l�_�e�Z���i�h���r�d�Z�e�_���h�l�������^�h��

�������� �H�p�_�g�d�Z�� �\�u�j�Z�`�_�g�g�h�k�l�b�� �^�Z�g�g�h�c�� �b�e�e�x�a�b�b�� �i�j�h�\�h�^�b�e�Z�k�v�� �k�� �p�_�e�v�x�� �n�b�d�k�Z�p�b�b��

�k�l�_�i�_�g�b���b�a�f�_�g�_�g�b�c���\���j�Z�[�h�l�_���K�I�I�����d���d�h�l�h�j�u�f���h�l�g�h�k�b�l�k�y���i�_�j�_�`�b�\�Z�g�b�_���^�Z�g�g�h�c��

�b�e�e�x�a�b�b�����<�h���\�j�_�f�y���i�j�_�^�t�y�\�e�_�g�b�y���k�l�b�f�m�e�y�p�b�b���k���i�h�f�h�s�v�x���\�b�^�_�h�h�d�m�e�h�]�j�Z�n�b�b��

�j�_�]�b�k�l�j�b�j�m�x�l�k�y���^�\�b�`�_�g�b�y���]�e�Z�a�����k���i�h�f�h�s�v�x���^�\�m�o���Z�d�k�_�e�_�j�h�f�_�l�j�h�\���± �^�\�b�`�_�g�b�_��

�]�h�e�h�\�u���b���l�m�e�h�\�b�s�Z���b�k�i�u�l�m�_�f�h�]�h���� 

�J�_�a�m�e�v�l�Z�l�u���w�d�k�i�_�j�b�f�_�g�l�Z 
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�<�� �j�_�a�m�e�v�l�Z�l�_�� �i�j�h�\�_�^�_�g�g�h�c�� �Z�i�j�h�[�Z�p�b�b�� �[�u�e�b�� �i�h�e�m�q�_�g�u�� �^�Z�g�g�u�_�� �h��

�\�u�j�Z�`�_�g�g�h�k�l�b���b�e�e�x�a�b�b���^�\�b�`�_�g�b�y���k�h�[�k�l�\�_�g�g�h�]�h �l�_�e�Z�����J�b�k����44�������\�u�j�Z�`�_�g�g�h�k�l�b 

�k�b�f�m�e�y�l�h�j�g�h�]�h�� �j�Z�k�k�l�j�h�c�k�l�\�Z�� ���J�b�k����45���� �b�� �i�h�d�Z�a�Z�l�_�e�y�o�� �m�]�e�h�\�u�o�� �m�k�d�h�j�_�g�b�c��

�]�h�e�h�\�u���b�k�i�u�l�m�_�f�u�o���i�j�b���g�Z�[�e�x�^�_�g�b�b���k�l�b�f�m�e�y�p�b�b�����J�b�k����46).  

 

�J�b�k�m�g�h�d��44 - �K�j�_�^�g�b�_�� �a�g�Z�q�_�g�b�y�� �\�u�j�Z�`�_�g�g�h�k�l�b�� �b�e�e�x�a�b�b�� �^�\�b�`�_�g�b�y 

�k�h�[�k�l�\�_�g�g�h�]�h���l�_�e�Z 

 

 

�J�b�k�m�g�h�d��45 - �K�j�_�^�g�b�_���a�g�Z�q�_�g�b�y���h�[�s�_�]�h���[�Z�e�e�Z���h�i�j�h�k�g�b�d�Z���©�K�b�f�e�y�l�h�j�g�h�_ 

�j�Z�k�k�l�j�h�c�k�l�\�h�ª 

�;�u�e�b�� �h�[�g�Z�j�m�`�_�g�u�� �a�g�Z�q�b�f�u�_�� �j�Z�a�e�b�q�b�y�� �\�� �m�j�h�\�g�_�� �\�u�j�Z�`�_�g�g�h�k�l�b��

�k�b�f�m�e�y�l�h�j�g�h�]�h�� �j�Z�k�k�l�j�h�c�k�l�\�Z�� �b�� �k�m�[�t�_�d�l�b�\�g�h�c�� �\�u�j�Z�`�_�g�g�h�k�l�b�� �b�e�e�x�a�b�b��
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�^�\�b�`�_�g�b�y���k�h�[�k�l�\�_�g�g�h�]�h���l�_�e�Z���i�j�b���j�Z�a�e�b�q�g�u�o���k�d�h�j�h�k�l�y�o���\�j�Z�s�_�g�b�y���k�l�b�f�m�e�y�p�b�b��

(Z=1,984, p=0,47). 

 

�J�b�k�m�g�h�d��46 - �A�g�Z�q�_�g�b�y���m�]�e�h�\�u�o���m�k�d�h�j�_�g�b�c���Z�d�k�_�e�_�j�h�f�_�l�j�b�q�_�k�d�h�]�h���^�Z�l�q�b�d�b�� 

�m�k�l�Z�g�h�\�e�_�g�g�h�]�h���g�Z���]�h�e�h�\�_���b�k�i�u�l�m�_�f�u�o�����m�k�j�_�^�g�_�g�g�u�_���i�h���\�k�_�f���m�k�e�h�\�b�y�f��

�i�j�_�^�t�y�\�e�_�g�b�y���k�l�b�f�m�e�y�p�b�b 

 
�A�g�Z�q�_�g�b�y�� �m�]�e�h�\�u�o�� �m�k�d�h�j�_�g�b�c�� �]�h�e�h�\�u�� �b�k�i�u�l�m�_�f�u�o�� �i�j�b�� �\�k�_�o�� �m�k�e�h�\�b�y�o��

�i�j�_�^�t�y�\�e�_�g�b�y�� �g�_�� �i�j�_�\�u�r�Z�e�b�� ��������������g���� �Q�l�h�� �]�h�\�h�j�b�l�� �h�[�� �h�l�k�m�l�k�l�\�b�b��

�d�h�f�i�_�g�k�Z�l�h�j�g�u�o�� �i�h�\�h�j�h�l�h�\�� �]�h�e�h�\�u�� �b�k�i�u�l�m�_�f�u�o�� �i�j�b�� �g�Z�[�e�x�^�_�g�b�b��

�\�j�Z�s�Z�x�s�_�]�h�k�y���k�l�b�f�m�e�Z�� 

�J�_�a�m�e�v�l�Z�l�u�� �j�_�]�b�k�l�j�Z�p�b�b�� �^�\�b�`�_�g�b�c�� �]�e�Z�a���� �\�� �q�Z�k�l�g�h�k�l�b�� �g�b�k�l�Z�]�f�_�g�g�Z�y��

�Z�d�l�b�\�g�h�k�l�v�� �g�_�� �[�u�e�b�� �^�h�k�l�m�i�g�u�� �^�e�y�� �h�[�j�Z�[�h�l�d�b�� �\�� �k�\�y�a�b�� �k�� �k�m�s�_�k�l�\�_�g�g�u�f�b��

�g�_�^�h�k�l�Z�l�d�Z�f�b���\�u�[�j�Z�g�g�h�c���d�h�g�n�b�]�m�j�Z�p�b�b���h�[�h�j�m�^�h�\�Z�g�b�y�����=�e�Z�\�g�Z�y���h�[�g�Z�j�m�`�_�g�g�Z�y��

�i�j�h�[�e�_�f�Z�� �a�Z�d�e�x�q�Z�e�Z�k�v�� �\�� �l�h�f���� �q�l�h�� �i�j�h�]�j�Z�f�f�Z�� �d�Z�e�b�[�j�h�\�d�b��Pupil  Service �i�h��

�l�j�_�[�h�\�Z�g�b�y�f�� �i�j�h�b�a�\�h�^�b�l�_�e�y�� �^�h�e�`�g�Z�� �[�u�e�Z�� �[�u�l�v�� �\�k�_�]�^�Z�� �\�d�e�x�q�_�g�Z�� �\�h�� �\�j�_�f�y��

�j�_�]�b�k�l�j�Z�p�b�b���^�\�b�`�_�g�b�c���]�e�Z�a�����<���j�_�a�m�e�v�l�Z�l�_�����_�z���j�Z�[�h�l�Z���i�j�b�\�h�^�b�e�Z���d���i�h�y�\�e�_�g�b�x��

�g�_�k�l�Z�[�b�e�v�g�u�o�� �i�_�j�b�h�^�h�\�� �\�� �n�m�g�d�p�b�h�g�b�j�h�\�Z�g�b�b�� �h�k�g�h�\�g�h�c�� �i�j�h�]�j�Z�f�f�u��

�j�_�]�b�k�l�j�Z�p�b�b�����H�k�g�h�\�g�Z�y���i�j�h�[�e�_�f�Z���a�Z�d�e�x�q�Z�e�Z�k�v���\���b�k�i�h�e�v�a�m�_�f�h�f���i�_�j�k�h�g�Z�e�v�g�h�f��

�d�h�f�i�v�x�l�_�j�_���� �j�Z�k�i�h�e�h�`�_�g�g�h�f�� �\�� �f�_�^�b�p�b�g�k�d�h�f�� �m�q�j�_�`�^�_�g�b�b���� �<�u�y�k�g�b�e�h�k�v���� �q�l�h��

�_�]�h�� �i�Z�j�Z�f�_�l�j�u�� �\�� �p�_�e�h�f�� �k�h�h�l�\�_�l�k�l�\�h�\�Z�e�b�� �j�Z�[�h�l�_�� �k�� �m�k�l�j�h�c�k�l�\�Z�f�b�� �\�b�j�l�m�Z�e�v�g�h�c��

�j�_�Z�e�v�g�h�k�l�b���� �H�^�g�Z�d�h�� �_�]�h�� �i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�b�� �h�d�Z�a�Z�e�h�k�v�� �g�_�^�h�k�l�Z�l�h�q�g�h�� �^�e�y��
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�k�l�Z�[�b�e�v�g�h�c�� �i�Z�j�Z�e�e�_�e�v�g�h�c�� �j�Z�[�h�l�u�� �i�j�h�]�j�Z�f�f�g�h�]�h�� �h�[�_�k�i�_�q�_�g�b�y����

�h�[�k�e�m�`�b�\�Z�x�s�_�]�h�� �Z�c�l�j�_�d�_�j�_���� �H�[�g�Z�j�m�`�b�e�b�k�v�� �l�Z�d�`�_�� �b�� �g�_�^�h�k�l�Z�l�d�b�� �k�Z�f�h�c��

�k�b�k�l�_�f�u�� �j�_�]�b�k�l�j�Z�p�b�b�� �^�\�b�`�_�g�b�c�� �]�e�Z�a���± �i�j�b�� �^�e�b�l�_�e�v�g�h�f�� �b�k�i�h�e�v�a�h�\�Z�g�b�b��

�i�j�h�b�k�o�h�^�b�e�h���i�h�\�u�r�_�g�b�_���l�_�f�i�_�j�Z�l�m�j�u���\�g�m�l�j�b���r�e�_�f�Z���\�b�j�l�m�Z�e�v�g�h�c���j�_�Z�e�v�g�h�k�l�b��

�\�� �j�_�a�m�e�v�l�Z�l�_�� �g�Z�]�j�_�\�Z�� �h�l�� �e�b�p�Z�� �b�k�i�u�l�m�_�f�h�]�h���� �q�l�h�� �i�j�b�\�h�^�b�e�h�� �d�� �m�o�m�^�r�_�g�b�x��

�j�Z�[�h�l�u�� �b�g�n�j�Z�d�j�Z�k�g�h�c�� �d�Z�f�_�j�u���� �D�j�h�f�_�� �l�h�]�h���� �h�d�Z�a�Z�e�h�k�v���� �q�l�h�� �^�Z�g�g�u�c�� �Z�c�l�j�_�d�_�j��

�i�h�^�j�Z�a�m�f�_�\�Z�_�l�� �f�_�o�Z�g�b�q�_�k�d�m�x�� �g�Z�k�l�j�h�c�d�m�� �n�h�d�m�k�g�h�]�h�� �j�Z�k�k�l�h�y�g�b�y�� �d�Z�`�^�h�c��

�d�Z�f�_�j�u���� �i�j�b�q�_�f�� �^�Z�g�g�Z�y�� �g�Z�k�l�j�h�c�d�Z�� �f�h�]�e�Z�� �[�u�l�v�� �i�j�h�b�a�\�_�^�_�g�Z�� �l�h�e�v�d�h�� �i�j�b�� �g�_��

�g�Z�^�_�l�h�f�� �m�k�l�j�h�c�k�l�\�_�� �g�Z�� �]�h�e�h�\�m�� �b�k�i�u�l�m�_�f�h�]�h���� �<�� �b�l�h�]�_�� �i�h�e�m�q�_�g�g�u�_�� �i�Z�l�l�_�j�g�u��

�]�e�Z�a�h�^�\�b�]�Z�l�_�e�v�g�h�c���Z�d�l�b�\�g�h�k�l�b���[�u�e�b���i�j�b�a�g�Z�g�u���g�_�i�j�b�]�h�^�g�u�f�b���^�e�y���^�Z�e�v�g�_�c�r�_�c��

�h�[�j�Z�[�h�l�d�b�����J�b�k����47). 

 

�J�b�k�m�g�h�d��47 - �<�b�a�m�Z�e�b�a�Z�p�b�y���©�]�j�y�a�g�u�o�ª �^�Z�g�g�u�o�����i�h�e�m�q�_�g�g�u�o��Pupil Labs 

 
�<�� �o�h�^�_�� �\�l�h�j�h�c���w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�c�� �Z�i�j�h�[�Z�p�b�b�� �[�u�e�Z�� �b�k�i�h�e�v�a�h�\�Z�g�Z�� �b�g�Z�y��

�d�h�g�n�b�]�m�j�Z�p�b�y�� �h�[�h�j�m�^�h�\�Z�g�b�y���� �h�[�e�Z�^�Z�x�s�Z�y�� �i�h�l�_�g�p�b�Z�e�v�g�h�� �[�h�e�_�_�� �\�u�k�h�d�h�c��

�k�l�_�i�_�g�v�x���k�l�Z�[�b�e�v�g�h�k�l�b���n�m�g�d�p�b�h�g�b�j�h�\�Z�g�b�y�� 

�H�i�b�k�Z�g�b�_���\�u�[�h�j�d�b 

�<���w�d�k�i�_�j�b�f�_�g�l�_���i�j�b�g�y�e�b���m�q�Z�k�l�b�_���������q�_�e�h�\�_�d�����k�j�_�^�g�b�c���\�h�a�j�Z�k�l���k�h�k�l�Z�\�b�e��

������ �]�h�^�Z���� �<�k�_�� �b�k�i�u�l�m�_�f�u�_�� �b�f�_�e�b�� �g�h�j�f�Z�e�v�g�h�_�� �b�e�b�� �k�d�h�j�j�_�d�l�b�j�h�\�Z�g�g�h�_�� �^�h��

�g�h�j�f�Z�e�v�g�h�]�h���a�j�_�g�b�_�����Z���l�Z�d�`�_���g�_���b�f�_�e�b���d�Z�d�b�o-�e�b�[�h���g�Z�j�m�r�_�g�b�c���\���\�_�k�l�b�[�m�e�y�j�g�h�c��

�n�m�g�d�p�b�b���� 
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�K�l�b�f�m�e�y�p�b�y 

�<�� �d�Z�q�_�k�l�\�_�� �k�l�b�f�m�e�y�p�b�b�� �\�� �w�d�k�i�_�j�b�f�_�g�l�_�� �b�k�i�h�e�v�a�h�\�Z�e�k�y�� �\�b�j�l�m�Z�e�v�g�u�c��

�h�i�l�h�d�b�g�_�l�b�q�_�k�d�b�c�� �[�Z�j�Z�[�Z�g���� �d�h�l�h�j�u�c�� �i�j�_�^�t�y�\�e�y�e�k�y �\�� �r�e�_�f�_�� �\�b�j�l�m�Z�e�v�g�h�c��

�j�_�Z�e�v�g�h�k�l�b�����>�Z�g�g�Z�y���k�l�b�f�m�e�y�p�b�y���[�u�e�Z���Z�g�Z�e�h�]�b�q�g�h���l�h�c�����d�h�l�h�j�Z�y���b�k�i�h�e�v�a�h�\�Z�e�Z�k�v��

�\�� �o�h�^�_�� �i�_�j�\�h�c�� �Z�i�j�h�[�Z�p�b�b���� �K�m�s�_�k�l�\�_�g�g�h�_�� �h�l�e�b�q�b�_�� �a�Z�d�e�x�q�Z�e�h�k�v�� �\�� �l�h�f���� �q�l�h��

�k�l�b�f�m�e�y�p�b�y���i�j�_�^�t�y�\�e�y�e�Z�k�v���\���\�b�^�_���\�j�Z�s�_�g�b�c���[�Z�j�Z�[�Z�g�Z���\���^�\�m�o���g�Z�i�j�Z�\�e�_�g�b�y�o�����i�h��

�q�Z�k�h�\�h�c�� �k�l�j�_�e�d�_�� �b���i�j�h�l�b�\�� �q�Z�k�h�\�h�c�� �k�l�j�_�e�d�b�� �k�� �l�j�_�f�y�� �j�Z�a�g�u�f�b�� �m�]�e�h�\�u�f�b��

�k�d�h�j�h�k�l�y�f�b��- ���������������b���������]�j�Z�^�m�k�h�\���\���k�_�d�m�g�^�m���� 

�H�[�h�j�m�^�h�\�Z�g�b�_ 

�>�e�y�� �i�j�_�^�t�y�\�e�_�g�b�y�� �k�l�b�f�m�e�h�\�� �[�u�e�� �b�k�i�h�e�v�a�h�\�Z�g�� �r�e�_�f�� �\�b�j�l�m�Z�e�v�g�h�c��

�j�_�Z�e�v�g�h�k�l�b��HTC Vive Pro Eye ���J�b�k����4�������� �i�h�a�\�h�e�y�x�s�b�c�� �j�_�]�b�k�l�j�b�j�h�\�Z�l�v 

�]�e�Z�a�h�^�\�b�]�Z�l�_�e�v�g�m�x���Z�d�l�b�\�g�h�k�l�v�����R�e�_�f���h�k�g�Z�s�Z�e�k�y���^�\�m�f�y���w�d�j�Z�g�Z�f�b���$�0�2�/�(�'���k��

�^�b�Z�]�h�g�Z�e�v�x���������¶�¶���d�Z�`�^�u�c�����k���j�Z�a�j�_�r�_�g�b�_�f���������������[�������������i�b�d�k�_�e�_�c���������������o������������

�g�Z�� �d�Z�`�^�u�c�� �]�e�Z�a������ �q�Z�k�l�h�l�Z�� �h�[�g�h�\�e�_�g�b�y�� �\�� ������ �=�p�� �b�� �m�]�e�h�f�� �h�[�a�h�j�Z�� �������� �]�j�Z�^�m�k�h�\����

�R�e�_�f�� �h�k�g�Z�s�Z�e�k�y�� �^�Z�l�q�b�d�Z�f�b�� �h�l�k�e�_�`�b�\�Z�g�b�y�� �i�_�j�_�f�_�s�_�g�b�c�� �\�� �i�j�h�k�l�j�Z�g�k�l�\�_����

�Z�d�k�_�e�_�j�h�f�_�l�j�h�f���� �]�b�j�h�k�d�h�i�h�f���� �^�Z�l�q�b�d�Z�f�b�� �i�j�b�[�e�b�`�_�g�b�y���� �k�_�g�k�h�j�h�f�� �,�3�'�� �^�e�y��

�g�Z�k�l�j�h�c�d�b�� �f�_�`�a�j�Z�q�d�h�\�h�]�h�� �j�Z�k�k�l�h�y�g�b�y���� �k�b�k�l�_�f�h�c�� �h�l�k�e�_�`�b�\�Z�g�b�y�� �]�e�Z�a����

�I�Z�j�Z�f�_�l�j�u���j�_�]�b�k�l�j�Z�p�b�b���^�\�b�`�_�g�b�c���]�e�Z�a���k�h�k�l�Z�\�b�e�b�����q�Z�k�l�h�l�Z���������=�p�����l�h�q�g�h�k�l�v��- 

�������ƒ�±�������ƒ���� �D�Z�e�b�[�j�h�\�d�Z�� �i�j�h�b�k�o�h�^�b�e�Z�� �i�h�� ��-�l�b�� �l�h�q�d�Z�f�� �i�m�l�_�f�� �b�k�i�h�e�v�a�h�\�Z�g�b�y��

�k�l�Z�g�^�Z�j�l�g�h�c�� �d�Z�e�b�[�j�h�\�h�q�g�h�c�� �i�j�h�p�_�^�m�j�u�� �^�Z�g�g�h�]�h�� �h�[�h�j�m�^�h�\�Z�g�b�y����

�h�l�k�e�_�`�b�\�Z�_�f�h�_���i�h�e�_���a�j�_�g�b�y���k�h�k�l�Z�\�b�e�h���������ƒ���� 
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�J�b�k�m�g�h�d��48 - �B�a�h�[�j�Z�`�_�g�b�_���r�e�_�f�Z���\�b�j�l�m�Z�e�v�g�h�c���j�_�Z�e�v�g�h�k�l�b��HTC Vive Pro Eye. 

 

�I�j�h�p�_�^�m�j�Z���w�d�k�i�_�j�b�f�_�g�l�Z 

�B�k�i�u�l�m�_�f�h�f�m�� �^�Z�\�Z�e�Z�k�v�� �b�g�k�l�j�m�d�p�b�y�� �g�_�i�h�^�\�b�`�g�h�� �k�l�h�y�l�v�� �b�� �k�\�h�[�h�^�g�h��

�h�k�f�Z�l�j�b�\�Z�l�v�� �a�j�b�l�_�e�v�g�m�x�� �k�p�_�g�m���� �K�l�b�f�m�e�y�p�b�y�� �i�j�_�^�t�y�\�e�y�e�Z�k�v�� �b�k�i�u�l�m�_�f�u�f�� �\��

�l�_�q�_�g�b�_�� ���� �f�b�g�m�l�u�� �k�� �j�Z�a�g�u�f�b�� �k�d�h�j�h�k�l�y�f�b�� �b�� �g�Z�i�j�Z�\�e�_�g�b�y�f�b�� �^�\�b�`�_�g�b�y���� �\�k�_�]�h��

�[�u�e�h�� ������ �i�j�_�^�t�y�\�e�_�g�b�c���� ���� �k�d�h�j�h�k�l�b�� �o�� ���� �g�Z�i�j�Z�\�e�_�g�b�y�� �o�� ���� �i�h�\�l�h�j�_�g�b�y����

�N�b�d�k�b�j�h�\�Z�e�k�y�� �f�h�f�_�g�l�� �\�h�a�g�b�d�g�h�\�_�g�b�y�� �b�e�e�x�a�b�b�� �^�\�b�`�_�g�b�y�� �k�h�[�k�l�\�_�g�g�h�]�h�� �l�_�e�Z��

�i�m�l�_�f���g�Z�`�Z�l�b�y���g�Z���d�g�h�i�d�m���f�Z�g�b�i�m�e�y�l�h�j�Z�����Z���l�Z�d�`�_���i�h�k�e�_���d�Z�`�^�h�]�h���i�j�_�^�t�y�\�e�_�g�b�y��

�b�k�i�u�l�m�_�f�u�c�� �a�Z�i�h�e�g�y�e�� �h�i�j�h�k�g�b�d�� �©�K�b�f�m�e�y�l�h�j�g�h�_�� �j�Z�k�k�l�j�h�c�k�l�\�h�ª�� �b�� �h�p�_�g�b�\�Z�e��

�b�g�l�_�g�k�b�\�g�h�k�l�v�� �b�e�e�x�a�b�b�� �i�h�� �r�d�Z�e�_�� �h�l�� ���� �^�h 10. �<�� �d�Z�q�_�k�l�\�_�� �Z�g�Z�e�b�a�b�j�m�_�f�u�o��

�j�_�a�m�e�v�l�Z�l�h�\���[�u�e�b���b�k�i�h�e�v�a�h�\�Z�g�u�����h�l�g�h�k�b�l�_�e�v�g�Z�y���^�e�b�g�Z���f�_�^�e�_�g�g�h�c���n�Z�a�u���H�D�G����

�h�[�s�b�c�� �[�Z�e�e�� �h�i�j�h�k�g�b�d�Z�� �©�K�b�f�m�e�y�l�h�j�g�u�_�� �j�Z�k�k�l�j�h�c�k�l�\�Z�ª���� �k�m�[�t�_�d�l�b�\�g�Z�y��

�\�u�j�Z�`�_�g�g�h�k�l�v���b�e�e�x�a�b�b���^�\�b�`�_�g�b�y���k�h�[�k�l�\�_�g�g�h�]�h���l�_�e�Z�� 

�H�[�j�Z�[�h�l�d�Z���^�Z�g�g�u�o 

�>�e�y�� �i�h�e�m�q�_�g�b�y�� �^�e�b�l�_�e�v�g�h�k�l�b �f�_�^�e�_�g�g�h�c�� �n�Z�a�u�� �H�D�G�� �\�� �f�b�e�e�b�k�_�d�m�g�^�Z�o��

�[�u�e���b�k�i�h�e�v�a�h�\�Z�g���k�e�_�^�m�x�s�b�c���Z�e�]�h�j�b�l�f�����h�[�s�Z�y���k�o�_�f�Z���d�h�l�h�j�h�]�h���b�a�h�[�j�Z�`�_�g�Z���g�Z��

�j�b�k�m�g�d�_�����������<���_�]�h���h�k�g�h�\�_���e�_�`�Z�e���i�j�b�g�p�b�i���h�i�j�_�^�_�e�_�g�b�y���f�Z�d�k�b�f�m�f�h�\���\���f�Z�k�k�b�\�_��

�d�h�h�j�^�b�g�Z�l�� �i�h�a�b�p�b�b�� �\�a�h�j�Z�� �i�h�� �]�h�j�b�a�h�g�l�Z�e�v�g�h�c�� �h�k�b���� �G�Z�o�h�`�^�_�g�b�_�� �f�Z�d�k�b�f�m�f�h�\��

�i�j�h�b�a�\�h�^�b�e�h�k�v���\�� �g�_�k�d�h�e�v�d�h���w�l�Z�i�h�\���� �K�g�Z�q�Z�e�Z���\�u�^�_�e�y�e�k�y���g�_�[�h�e�v�r�h�c�� �n�j�Z�]�f�_�g�l��
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�j�Z�a�f�_�j�h�f�� ������ �b�a�f�_�j�_�g�b�c�� �\�� �g�Z�q�Z�e�_�� �f�Z�k�k�b�\�Z�� �^�Z�g�g�u�o���� �>�e�y�� �w�l�h�]�h�� �n�j�Z�]�f�_�g�l�Z��

�h�i�j�_�^�_�e�y�e�h�k�v�� �k�j�_�^�g�_�_�� �a�g�Z�q�_�g�b�_�� �d�h�h�j�^�b�g�Z�l�u�� �i�h�a�b�p�b�b�� �\�a�h�j�Z���� �?�k�e�b�� �\�� �^�Z�g�g�h�f��

�n�j�Z�]�f�_�g�l�_�� �a�g�Z�q�_�g�b�_�� �d�h�h�j�^�b�g�Z�l�u�� �\�g�Z�q�Z�e�_�� �j�Z�k�l�z�l���� �Z�� �a�Z�l�_�f�� �m�[�u�\�Z�_�l�� �i�h��

�h�l�g�h�r�_�g�b�x�� �d�� �k�j�_�^�g�_�f�m�� �^�e�y�� �^�Z�g�g�h�]�h�� �m�q�Z�k�l�d�Z���� �l�h�� �l�Z�d�h�c�� �n�j�Z�]�f�_�g�l��

�i�j�_�^�\�Z�j�b�l�_�e�v�g�h���h�i�j�_�^�_�e�y�e�k�y���d�Z�d���f�Z�d�k�b�f�m�f�����>�Z�g�g�Z�y���i�j�h�p�_�^�m�j�Z���i�h�\�l�h�j�y�e�Z�k�v���k�h��

�k�e�_�^�m�x�s�b�f�� �n�j�Z�]�f�_�g�l�h�f�� �^�Z�g�g�u�o���� �b�� �l�Z�d�� �^�h�� �d�h�g�p�Z�� �f�Z�k�k�b�\�Z���� �K�e�_�^�m�x�s�b�c�� �w�l�Z�i��

�h�[�j�Z�[�h�l�d�b�� �^�Z�g�g�u�o���± �i�h�b�k�d�� �]�j�Z�g�b�p�� �i�b�d�h�\���� �=�j�Z�g�b�p�_�c�� �i�b�d�Z�� �k�q�b�l�Z�e�Z�k�v�� �l�h�q�d�Z�� �k��

�g�Z�b�f�_�g�v�r�b�f�� �a�g�Z�q�_�g�b�_�f�� �g�Z�� �h�l�j�_�a�d�_�� �f�_�`�^�m�� �^�\�m�f�y�� �f�Z�d�k�b�f�m�f�Z�f�b���� �i�j�h�b�k�o�h�^�b�l��

�\�u�y�\�e�_�g�b�_�� �i�b�d�h�\���� �d�h�l�h�j�u�_�� �g�Z�� �k�Z�f�h�f�� �^�_�e�_�� �y�\�e�y�x�l�k�y�� �q�Z�k�l�v�x�� �[�h�e�_�_�� �d�j�m�i�g�u�o����

�b�l�h�]�h�\�u�o�� �i�b�d�h�\���� �I�j�h�]�j�Z�f�f�Z�� �g�Z�o�h�^�b�e�Z�� �k�e�b�r�d�h�f�� �d�h�j�h�l�d�b�_�� �i�b�d�b���� �h�i�j�_�^�_�e�y�e�Z����

�d�Z�d�h�c�� �b�a�� �d�j�Z�_�\�� �i�b�d�Z�� �\�u�r�_�� ���l�h�� �_�k�l�v�� �g�Z�� �i�h�^�t�_�f�_�� �b�e�b�� �g�Z�� �k�d�e�h�g�_�� �^�j�m�]�h�]�h�� �i�b�d�Z��

�g�Z�o�h�^�b�l�k�y�� �^�Z�g�g�u�c�� �i�b�d������ �b���� �_�k�e�b�� �j�Z�a�g�b�p�Z�� �f�_�`�^�m�� �\�u�k�h�l�Z�f�b�� �d�j�Z�_�\�� �^�h�k�l�Z�l�h�q�g�h��

�k�m�s�_�k�l�\�_�g�g�Z���� �©�k�j�Z�s�b�\�Z�e�Z�ª�� �l�Z�d�h�c�� �i�b�d�� �k�� �b�^�m�s�b�f�� �^�h�� �b�e�b�� �i�h�k�e�_�� �g�_�]�h���� �>�Z�e�_�_��

�Z�g�Z�e�h�]�b�q�g�m�x�� �i�j�h�p�_�^�m�j�m�� �h�[�t�_�^�b�g�_�g�b�y�� �i�j�h�o�h�^�b�e�b�� �i�b�d�b���� �j�Z�k�i�h�e�h�`�_�g�g�u�_��

�k�e�b�r�d�h�f���[�e�b�a�d�h���^�j�m�]���d���^�j�m�]�m�� 

 

�J�b�k�m�g�h�d��49 - �I�j�b�f�_�j �j�Z�a�f�_�q�_�g�g�h�]�h���m�q�Z�k�l�d�Z���i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h-
�\�j�_�f�_�g�g�h�c���l�j�Z�_�d�l�h�j�b�b���^�\�b�`�_�g�b�y���]�e�Z�a�����g�Z���d�h�l�h�j�h�f���[�u�e�b���h�i�j�_�^�_�e�_�g�u��

�i�h�e�h�`�_�g�b�y���e�h�d�Z�e�v�g�u�o���f�Z�d�k�b�f�m�f�h�\�� 
 
�I�h�k�e�_�� �w�l�h�]�h�� �h�l�k�_�b�\�Z�e�b�k�v�� �i�b�d�b���� �d�h�l�h�j�u�_�� �\�d�e�x�q�Z�e�b�� �\�� �k�_�[�y�� �Z�[�k�h�e�x�l�g�h��

�]�h�j�b�a�h�g�l�Z�e�v�g�u�_���h�l�j�_�a�d�b���^�h�k�l�Z�l�h�q�g�h�c���^�e�b�g�u�����l�Z�d�h�c���i�b�d���y�\�e�y�_�l�k�y���Z�l�b�i�b�q�g�u�f���b��
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�_�]�h���g�_�e�v�a�y���m�q�b�l�u�\�Z�l�v���\���h�[�s�_�c���k�l�Z�l�b�k�l�b�d�_�����i�j�_�^�i�h�e�Z�]�Z�_�l�k�y�����q�l�h���l�Z�d�b�_���©�i�e�Z�l�h�ª��- 

�w�l�h�� �j�_�a�m�e�v�l�Z�l�� �k�[�h�y�� �\�� �j�Z�[�h�l�_�� �Z�i�i�Z�j�Z�l�m�j�u������ �I�h�k�e�_�� �l�h�]�h���� �d�Z�d�� �[�u�e�b�� �i�h�e�m�q�_�g�u��

�b�k�d�h�f�u�_�� �i�b�d�b���� �i�j�h�b�k�o�h�^�b�e�Z�� �h�d�h�g�q�Z�l�_�e�v�g�Z�y�� �b�o�� �h�[�j�Z�[�h�l�d�Z���± �i�h�� �d�h�h�j�^�b�g�Z�l�Z�f��

�]�j�Z�g�b�p�� �b�� �\�_�j�r�b�g�� �h�i�j�_�^�_�e�y�e�b�k�v�� �^�e�b�l�_�e�v�g�h�k�l�b�� �n�Z�a���� �i�h�^�k�q�b�l�u�\�Z�e�b�k�v�� �k�j�_�^�g�b�_��

�i�h�d�Z�a�Z�l�_�e�b�� �^�e�y�� �i�b�d�h�\���� �\�� �f�h�f�_�g�l�� �i�h�e�m�q�_�g�b�y�� �d�h�l�h�j�u�o�� �[�u�e�Z�� �g�Z�`�Z�l�Z�� �b�e�b�� �g�_��

�g�Z�`�Z�l�Z�� �d�g�h�i�d�Z�� �f�Z�g�b�i�m�e�y�l�h�j�Z�� �^�e�y�� �k�b�]�g�Z�e�b�a�Z�p�b�b�� �h�� �\�h�a�g�b�d�g�h�\�_�g�b�b�� �b�e�e�x�a�b�b����

�I�h�k�e�_�� �j�Z�k�q�_�l�Z�� �^�e�b�l�_�e�v�g�h�k�l�_�c�� �f�_�^�e�_�g�g�u�o�� �n�Z�a�� �[�u�e�b�� �j�Z�k�k�q�b�l�Z�g�u�� �a�g�Z�q�_�g�b�y�� �b�o��

�k�d�h�j�h�k�l�b�� �b�� �h�l�g�h�k�b�l�_�e�v�g�h�c�� �k�d�h�j�h�k�l�b���± �h�l�g�h�r�_�g�b�_�� �k�d�h�j�h�k�l�b�� �f�_�^�e�_�g�g�h�c�� �n�Z�a�u��

�H�D�G���d���k�d�h�j�h�k�l�b���\�j�Z�s�_�g�b�y���k�l�b�f�m�e�y�p�b�b�����B�l�h�]�h�\�u�_���j�_�a�m�e�v�l�Z�l�u���a�Z�i�b�k�u�\�Z�e�b�k�v���\��

�l�_�d�k�l�h�\�u�c���n�Z�c�e���� 

 

 

�J�b�k�m�g�h�d��50 - �H�[�s�Z�y���k�o�_�f�Z���Z�e�]�h�j�b�l�f�Z���j�Z�k�q�_�l�Z���^�e�b�l�_�e�v�g�h�k�l�b���f�_�^�e�_�g�g�u�o���n�Z�a 

�H�D�G 
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�J�_�a�m�e�v�l�Z�l�u 

�<�� �j�_�a�m�e�v�l�Z�l�_�� �i�j�b�f�_�g�_�g�b�y�� �Z�\�l�h�f�Z�l�b�a�b�j�h�\�Z�g�g�h�c�� �i�j�h�p�_�^�m�j�u�� �Z�g�Z�e�b�a�Z��

�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h-�\�j�_�f�_�g�g�u�o�� �l�j�Z�_�d�l�h�j�b�c�� �^�\�b�`�_�g�b�c�� �]�e�Z�a���� �[�u�e�b�� �j�Z�k�k�q�b�l�Z�g�u��

�k�j�_�^�g�b�_�� �a�g�Z�q�_�g�b�y�� �h�l�g�h�k�b�l�_�e�v�g�u�o�� �k�d�h�j�h�k�l�_�c�� �f�_�^�e�_�g�g�h�c�� �n�Z�a�u�� �H�D�G�� �m�� ������

�b�k�i�u�l�m�_�f�u�o���\���f�h�f�_�g�l���\�h�a�g�b�d�g�h�\�_�g�b�y���b�e�e�x�a�b�b���^�\�b�`�_�g�b�y���k�h�[�k�l�\�_�g�g�h�]�h���l�_�e�Z����

�d�h�]�^�Z�� �g�Z�`�b�f�Z�e�Z�k�v�� �d�g�h�i�d�Z���� �b�� �\�� �i�j�h�f�_�`�m�l�d�Z�o�� �\�j�_�f�_�g�b���� �\�� �d�h�l�h�j�u�o�� �b�e�e�x�a�b�y��

�h�l�k�m�l�k�l�\�h�\�Z�e�Z�� ���l�Z�[�e����4������ �H�l�g�h�k�b�l�_�e�v�g�Z�y�� �k�d�h�j�h�k�l�v�� �i�j�_�^�k�l�Z�\�e�y�e�Z�� �k�h�[�h�c��

�h�l�g�h�r�_�g�b�_���k�d�h�j�h�k�l�b���f�_�^�e�_�g�g�h�c���n�Z�a�u���H�D�G���d���k�d�h�j�h�k�l�b���\�j�Z�s�_�g�b�y���k�l�b�f�m�e�y�p�b�b����

�>�\�m�o�n�Z�d�l�h�j�g�u�c�� �^�b�k�i�_�j�k�b�h�g�g�u�c�� �Z�g�Z�e�b�a�� �k�� �i�h�\�l�h�j�g�u�f�b�� �b�a�f�_�j�_�g�b�y�f�b�� ���n�Z�d�l�h�j��

�k�d�h�j�h�k�l�b���\�j�Z�s�_�g�b�y���b���n�Z�d�l�h�j���g�Z�`�Z�l�b�y���g�Z���d�g�h�i�d�m���^�e�y���k�b�]�g�Z�e�b�a�Z�p�b�b���h���g�Z�e�b�q�b�b��

�b�e�e�x�a�b�b���� �h�[�g�Z�j�m�`�b�e�� �a�g�Z�q�b�f�u�_�� �j�Z�a�e�b�q�b�y�� �f�_�`�^�m�� �a�g�Z�q�_�g�b�y�f�b�� �h�l�g�h�k�b�l�_�e�v�g�u�o��

�k�d�h�j�h�k�l�_�c�� �f�_�^�e�_�g�g�u�o�� �n�Z�a�� �H�D�G�� �\�h�� �\�j�_�f�y�� �i�_�j�_�`�b�\�Z�g�b�b�� �b�e�e�x�a�b�b���� �l�h�� �_�k�l�v�� �\�h��

�\�j�_�f�y�� �g�Z�j�m�r�_�g�b�c�� �\�� �j�Z�[�h�l�_�� �K�I�I���� �i�h�� �k�j�Z�\�g�_�g�b�x�� �k�� �i�j�h�f�_�`�m�l�d�Z�f�b�� �k�l�Z�[�b�e�v�g�h�c��

�j�Z�[�h�l�u���K�I�I�����;�u�e�h���h�[�g�Z�j�m�`�_�g�h���a�g�Z�q�b�f�h�_���\�e�b�y�g�b�_���n�Z�d�l�h�j�Z���k�d�h�j�h�k�l�b���\�j�Z�s�_�g�b�y��

�g�Z�� �a�Z�\�b�k�b�f�u�_�� �i�_�j�_�f�_�g�g�u�_�� ��F=10,596, df=2, p� ���������������� �Z�� �l�Z�d�`�_�� �n�Z�d�l�h�j�Z��

�g�Z�e�b�q�b�y���h�l�k�m�l�k�l�\�b�y�� �b�e�e�x�a�b�b�� ��F=214,444, df=1, p������������������ �I�j�b�� �w�l�h�f��

�\�a�Z�b�f�h�^�_�c�k�l�\�b�_�� �n�Z�d�l�h�j�h�\�� �g�_�� �^�h�k�l�b�]�e�h�� �a�g�Z�q�b�f�h�]�h�� �m�j�h�\�g�y�� ���)� �������������� �G�I� ������

p=0,594). 

�>�Z�g�g�u�_���i�h�d�Z�a�Z�e�b�����q�l�h���h�l�g�h�k�b�l�_�e�v�g�Z�y���k�d�h�j�h�k�l�v���f�_�^�e�_�g�g�h�c���n�Z�a�u���H�D�G���g�Z��

�\�k�_�o���l�j�_�o���k�d�h�j�h�k�l�y�o���\�j�Z�s�_�g�b�y���\���f�h�f�_�g�l���\�_�d�p�b�b���[�u�e�Z���g�b�`�_�����q�_�f���\���k�b�l�m�Z�p�b�y�o����

�d�h�]�^�Z���\�_�d�p�b�y���g�_���\�h�a�g�b�d�Z�e�Z�����L�Z�[�e�b�p�Z 4). 

 
�L�Z�[�e�b�p�Z��4 - �K�j�_�^�g�b�_���a�g�Z�q�_�g�b�y���h�l�g�h�k�b�l�_�e�v�g�u�o���k�d�h�j�h�k�l�_�c���f�_�^�e�_�g�g�h�c���n�Z�a�u��

�H�D�G���\���f�h�f�_�g�l���\�_�d�p�b�b���b���\���h�l�k�m�l�k�l�\�b�_���\�_�d�p�b�b���i�j�b���j�Z�a�g�u�o���k�d�h�j�h�k�l�y�o��

�\�j�Z�s�_�g�b�y�� 
 

�������m�]�e���]�j�Z�^���k �������m�]�e���]�j�Z�^���k �������m�]�e���]�j�Z�^���k 

�G�Z�e�b�q�b�_���\�_�d�p�b�b 0,77 0,75 0,73 

�H�l�k�m�l�k�l�\�b�_��

�\�_�d�p�b�b 

0,88 0,87 0,85 
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 �H�d�Z�a�Z�e�h�k�v���� �q�l�h�� �k�� �j�h�k�l�h�f�� �k�d�h�j�h�k�l�b�� �\�j�Z�s�_�g�b�y�� �k�l�b�f�m�e�y�p�b�b�� �a�g�Z�q�b�f�h��

�m�f�_�g�v�r�Z�_�l�k�y�� �a�g�Z�q�_�g�b�_�� �h�l�g�h�k�b�l�_�e�v�g�h�c�� �k�d�h�j�h�k�l�b�� �f�_�^�e�_�g�g�u�o�� �n�Z�a�� �H�D�G�� �\��

�i�_�j�b�h�^�u���\�j�_�f�_�g�b�����d�h�]�^�Z���d�g�h�i�d�Z���f�Z�g�b�i�m�e�y�l�h�j�Z���[�u�e�Z���g�Z�`�Z�l�Z���b�k�i�u�l�m�_�f�u�f�b�����<��

�l�h�� �`�_�� �\�j�_�f�y���� �g�Z�[�e�x�^�Z�_�l�k�y�� �a�g�Z�q�b�f�h�_�� �m�f�_�g�v�r�_�g�b�_�� �h�l�g�h�k�b�l�_�e�v�g�h�c�� �k�d�h�j�h�k�l�b�� �\��

�h�l�k�m�l�k�l�\�b�b���b�e�e�x�a�b�b���i�j�b���k�d�h�j�h�k�l�b���\�j�Z�s�_�g�b�y���\���������m�]�e���]�j�Z�^���k�� 

 �<�b�a�m�Z�e�b�a�Z�p�b�y�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h-�\�j�_�f�_�g�g�u�o�� �l�j�Z�_�d�l�h�j�b�c�� �^�\�b�`�_�g�b�c�� �]�e�Z�a��

�i�h�a�\�h�e�b�e�Z���l�Z�d�`�_���d�Z�q�_�k�l�\�_�g�g�h���h�p�_�g�b�l�v���w�l�b���j�Z�a�e�b�q�b�y�����J�b�k����51). 

 

�J�b�k�m�g�h�d��51 - �I�j�b�f�_�j���j�Z�a�f�_�q�_�g�g�h�]�h���m�q�Z�k�l�d�Z���i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h-�\�j�_�f�_�g�g�h�c 

�l�j�Z�_�d�l�h�j�b�b���^�\�b�`�_�g�b�y���]�e�Z�a�����g�Z���d�h�l�h�j�h�f���[�u�e�b���h�i�j�_�^�_�e�_�g�u���i�h�e�h�`�_�g�b�y��

�e�h�d�Z�e�v�g�u�o���f�Z�d�k�b�f�m�f�h�\���^�e�y���\�u�^�_�e�_�g�b�y���f�_�^�e�_�g�g�u�o���n�Z�a���H�D�G 

 

 �I�j�h�\�_�j�d�Z���k�l�Z�l�b�k�l�b�q�_�k�d�b�o���j�Z�a�e�b�q�b�c���\���\�u�j�Z�`�_�g�g�h�k�l�b���b�e�e�x�a�b�b���^�\�b�`�_�g�b�y��

�k�h�[�k�l�\�_�g�g�h�]�h�� �l�_�e�Z�� �\�� �a�Z�\�b�k�b�f�h�k�l�b�� �h�l�� �k�d�h�j�h�k�l�b�� �\�j�Z�s�_�g�b�y�� �k�l�b�f�m�e�y�p�b�b�� �k��

�i�j�b�f�_�g�_�g�b�_�f��t-�d�j�b�l�_�j�b�y�� �h�[�g�Z�j�m�`�b�e�Z�� �m�\�_�e�b�q�_�g�b�_�� �k�m�[�t�_�d�l�b�\�g�u�o�� �h�p�_�g�h�d��

�b�e�e�x�a�b�b�� �k�� �j�h�k�l�h�f�� �a�g�Z�q�_�g�b�c�� �k�d�h�j�h�k�l�b�� �\�j�Z�s�_�g�b�y�� �g�Z�� �m�j�h�\�g�_�� �l�_�g�^�_�g�p�b�c��

���k�j�Z�\�g�_�g�b�_���^�e�y���k�d�h�j�h�k�l�_�c���������b���������m�]�e���]�j�Z�^���k��t=2,362, p� ���������������^�e�y���k�d�h�j�h�k�l�_�c��������

�b�� ������t=2,435, p� ���������������� �b�� �a�g�Z�q�b�f�u�_�� �j�Z�a�e�b�q�b�y�� �^�e�y�� �k�d�h�j�h�k�l�_�c�� ������ �b�� ������ ��t=2,771, 

p� �����������������J�b�k���� 
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�J�b�k�m�g�h�d 52 - �K�j�_�^�g�b�_���a�g�Z�q�_�g�b�y���k�m�[�t�_�d�l�b�\�g�u�o���h�p�_�g�h�d���\�u�j�Z�`�_�g�g�h�k�l�b 
�b�e�e�x�a�b�b���^�\�b�`�_�g�b�y���k�h�[�k�l�\�_�g�g�h�]�h���l�_�e�Z���i�h���r�d�Z�e�_���h�l�������^�h���������i�j�b���j�Z�a�e�b�q�g�u�o��

�k�d�h�j�h�k�l�y�o���\�j�Z�s�_�g�b�y�� 
 
�I�j�h�\�_�j�d�Z�� �k�l�Z�l�b�k�l�b�q�_�k�d�b�o�� �j�Z�a�e�b�q�b�c�� �\�� �\�u�j�Z�`�_�g�g�h�k�l�b�� �k�b�f�m�e�y�l�h�j�g�h�]�h��

�j�Z�k�k�l�j�h�c�k�l�\�Z���\���a�Z�\�b�k�b�f�h�k�l�b���h�l���k�d�h�j�h�k�l�b���\�j�Z�s�_�g�b�y���k�l�b�f�m�e�y�p�b�b���k���i�j�b�f�_�g�_�g�b�_�f��

t-�d�j�b�l�_�j�b�y���h�[�g�Z�j�m�`�b�e�Z���m�\�_�e�b�q�_�g�b�_���\�u�j�Z�`�_�g�g�h�k�l�b���^�b�k�d�h�f�n�h�j�l�g�u�o���k�b�f�i�l�h�f�h�\��

�k�� �j�h�k�l�h�f�� �a�g�Z�q�_�g�b�c�� �k�d�h�j�h�k�l�b�� �\�j�Z�s�_�g�b�y�� �g�Z�� �m�j�h�\�g�_�� �l�_�g�^�_�g�p�b�c�� ���k�j�Z�\�g�_�g�b�_�� �^�e�y��

�k�d�h�j�h�k�l�_�c�� ������ �b�� ������ �m�]�e���]�j�Z�^���k��t=2,210, p� ���������������� �G�_�a�g�Z�q�b�f�u�_�� �j�Z�a�e�b�q�b�y�� �[�u�e�b��

�h�[�g�Z�j�m�`�_�g�u���^�e�y���k�d�h�j�h�k�l�_�c���������b��������t=0,339, p� ���������������b���a�g�Z�q�b�f�u�_���j�Z�a�e�b�q�b�y���^�e�y��

�k�d�h�j�h�k�l�_�c���������b����������t=2,454, p� ���������������J�b�k���� 

 

�J�b�k�m�g�h�d 53 - �K�j�_�^�g�b�_���a�g�Z�q�_�g�b�y���h�[�s�_�]�h���[�Z�e�e�Z���h�i�j�h�k�g�b�d�Z���©�K�b�f�m�e�y�l�h�j�g�u�_ 
�j�Z�k�k�l�j�h�c�k�l�\�Z�ª�� 
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�<�� �j�_�a�m�e�v�l�Z�l�_�� �^�Z�g�g�h�]�h�� �w�d�k�i�_�j�b�f�_�g�l�Z�� �m�^�Z�e�h�k�v�� �m�k�l�Z�g�h�\�b�l�v�� �m�\�_�e�b�q�_�g�b�_��

�\�u�j�Z�`�_�g�g�h�k�l�b���^�b�k�d�h�f�n�h�j�l�g�u�o���h�s�m�s�_�g�b�c���b���b�e�e�x�a�b�b���^�\�b�`�_�g�b�y���k�h�[�k�l�\�_�g�g�h�]�h��

�l�_�e�Z�� �d�Z�d�� �d�h�k�\�_�g�g�u�o�� �b�g�^�b�d�Z�l�h�j�h�\�� �h�p�_�g�d�b�� �g�Z�j�m�r�_�g�b�c�� �\�� �j�Z�[�h�l�_�� �K�I�I�� �k�� �j�h�k�l�h�f��

�k�d�h�j�h�k�l�b���\�j�Z�s�_�g�b�y���k�l�b�f�m�e�y�p�b�b�����H�d�Z�a�Z�e�h�k�v�����q�l�h���g�Z�b�[�h�e�v�r�b�_���j�Z�a�e�b�q�b�y���\���w�l�b�o��

�i�_�j�_�f�_�g�g�u�o���\�h�a�g�b�d�Z�x�l���i�j�b���\�h�a�j�Z�k�l�Z�g�b�b���k�d�h�j�h�k�l�b���\�j�Z�s�_�g�b�y���^�h���������m�]�e�����]�j�Z�^���k�� 

�H�[�k�m�`�^�_�g�b�_���j�_�a�m�e�v�l�Z�l�h�\���^�\�m�o���w�d�k�i�_�j�b�f�_�g�l�h�\�� 

 �<�� �o�h�^�_�� �i�j�h�\�_�^�_�g�g�u�o�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �[�u�e�Z�� �i�h�^�l�\�_�j�`�^�_�g�Z���\�u�^�\�b�g�m�l�Z�y��

�l�_�h�j�b�y���± �\�� �f�h�f�_�g�l�� �g�Z�j�m�r�_�g�b�y�� �\�� �j�Z�[�h�l�_�� �K�I�I���� �^�b�Z�]�g�h�k�l�b�j�m�_�f�u�c�� �i�h��

�\�h�a�g�b�d�g�h�\�_�g�b�x���b�e�e�x�a�b�b���^�\�b�`�_�g�b�y���k�h�[�k�l�\�_�g�g�h�]�h���l�_�e�Z�����b�f�_�e�h���f�_�k�l�h���b�a�f�_�g�_�g�b�_��

�\�� �k�d�h�j�h�k�l�b�� �j�_�Z�e�b�a�Z�p�b�y�� �i�j�h�k�e�_�`�b�\�Z�x�s�_�c�� �n�Z�a�u�� �h�i�l�h�d�b�g�_�l�b�q�_�k�d�h�]�h�� �g�b�k�l�Z�]�f�Z����

�L�_�f�� �g�_�� �f�_�g�_�_���� �i�h�e�m�q�_�g�g�u�_�� �j�_�a�m�e�v�l�Z�l�u�� �b�f�_�x�l���l�Z�d�`�_�� �\�Z�`�g�h�_�� �f�_�l�h�^�b�q�_�k�d�h�_��

�a�g�Z�q�_�g�b�_��  

�I�j�_�`�^�_�� �\�k�_�]�h�� �k�l�h�b�l�� �m�d�Z�a�Z�l�v�� �g�Z�� �w�n�n�_�d�l�b�\�g�h�k�l�v�� �b�k�i�h�e�v�a�h�\�Z�g�b�y��

�d�h�g�n�b�]�m�j�Z�p�b�b�� �h�[�h�j�m�^�h�\�Z�g�b�y�� �i�j�b�� �b�k�i�h�e�v�a�h�\�Z�g�b�b�� �k�b�k�l�_�f�� �j�_�]�b�k�l�j�Z�p�b�b��

�^�\�b�`�_�g�b�c�� �]�e�Z�a��Pupil Labs Add On���� �H�d�Z�a�Z�e�Z�k�v���� �q�l�h�� �m�k�l�j�h�c�k�l�\�h�� �i�j�h�]�j�Z�f�f�g�h�]�h��

�h�[�_�k�i�_�q�_�g�b�y�� �^�Z�g�g�h�c�� �k�b�k�l�_�f�u �g�_�� �i�h�a�\�h�e�y�_�l�� �\�_�k�l�b�� �w�n�n�_�d�l�b�\�g�m�x�� �j�_�]�b�k�l�j�Z�p�b�x��

�h�d�h�e�m�f�h�l�h�j�g�h�c���Z�d�l�b�\�g�h�k�l�b���b���i�j�_�^�t�y�\�e�y�l�v���k�l�b�f�m�e�y�p�b�x���\���k�b�k�l�_�f�_���\�b�j�l�m�Z�e�v�g�h�c��

�j�_�Z�e�v�g�h�k�l�b���� �I�j�b�� �w�l�h�f�� �k�� �f�h�f�_�g�l�Z�� �i�h�y�\�e�_�g�b�y�� �g�Z�� �j�u�g�d�_�� �k�b�k�l�_�f��Pupil Labs���� �w�l�Z��

�l�_�o�g�h�e�h�]�b�y�� �^�h�\�h�e�v�g�h�� �q�Z�k�l�h�� �b�� �\�h�� �f�g�h�]�b�o�� �k�e�m�q�Z�y�o�� �m�^�Z�q�g�h�� �b�k�i�h�e�v�a�m�_�l�k�y��

�b�k�k�e�_�^�h�\�Z�l�_�e�y�f�b���\���j�_�r�_�g�b�b���k�\�h�b�o���a�Z�^�Z�q�����G�Z�i�j�b�f�_�j�����\���h�^�g�h�f���b�a���b�k�k�e�_�^�h�\�Z�g�b�c��

�b�g�l�_�]�j�b�j�h�\�Z�g�g�u�c�� �\�� �r�e�_�f�� �\�b�j�l�m�Z�e�v�g�h�c�� �j�_�Z�e�v�g�h�k�l�b��HTC Vive �Z�c�l�j�_�d�_�j��Pupil 

Labs �b�k�i�h�e�v�a�h�\�Z�e�k�y���^�e�y���b�a�m�q�_�g�b�y���i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�c���g�Z�\�b�]�Z�p�b�b���\���\�b�j�l�m�Z�e�v�g�h�c��

�k�j�_�^�_����Clay et al���������������������I�h�d�Z���m�q�Z�k�l�g�b�d�b���k�\�h�[�h�^�g�h���b�a�m�q�Z�e�b���\�b�j�l�m�Z�e�v�g�u�c���]�h�j�h�^����

�w�d�k�i�_�j�b�f�_�g�l�Z�l�h�j�u���b�a�f�_�j�y�e�b���b�o���]�e�Z�a�h�^�\�b�]�Z�l�_�e�v�g�m�x���Z�d�l�b�\�g�h�k�l�v���b���h�l�k�e�_�`�b�\�Z�e�b��

�b�o�� �i�h�a�b�p�b�b���� �\�� �q�Z�k�l�g�h�k�l�b���� �b�o�� �b�g�l�_�j�_�k�h�\�Z�e�h�� �d�Z�d�� �^�h�e�]�h�� �b�k�i�u�l�m�_�f�u�_��

�j�Z�k�k�f�Z�l�j�b�\�Z�x�l���^�h�f�Z�����l�Z�d���d�Z�d���i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�_���a�Z�^�Z�q�b���[�u�e�b���k�\�y�a�Z�g�u���k���w�l�b�f�b��

�h�[�t�_�d�l�Z�f�b�����b���\���^�Z�g�g�h�f���b�k�k�e�_�^�h�\�Z�g�b�b���b�k�i�h�e�v�a�h�\�Z�g�b�_��Pupil Labs �[�u�e�h���Z�^�_�d�\�Z�l�g�h��

�i�h�k�l�Z�\�e�_�g�g�u�f�� �\�� �b�k�k�e�_�^�h�\�Z�g�b�b���a�Z�^�Z�q�Z�f���� �I�j�h�\�_�^�_�g�g�u�c�� �g�Z�f�b�� �w�d�k�i�_�j�b�f�_�g�l�� �‹����

�i�h�d�Z�a�Z�e�� �g�_�^�h�k�l�Z�l�d�b�� �\�u�[�j�Z�g�g�h�c�� �d�h�g�n�b�]�m�j�Z�p�b�b���� �\�d�e�x�q�Z�x�s�_�c�� �b�k�i�h�e�v�a�h�\�Z�g�b�_��

Pupil Labs���� �\�� �q�Z�k�l�g�h�k�l�b���� �b�a-�a�Z�� �g�_�^�h�k�l�m�i�g�h�k�l�b�� �h�[�j�Z�[�h�l�d�b�� �g�b�k�l�Z�]�f�_�g�g�h�c��
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�Z�d�l�b�\�g�h�k�l�b���� �i�j�h�[�e�_�f�Z�f�b�� �k�� �d�Z�e�b�[�j�h�\�d�h�c���� �g�_�k�l�Z�[�b�e�v�g�h�k�l�v�x�� �j�Z�[�h�l�u��

�i�j�h�]�j�Z�f�f�g�h�]�h���h�[�_�k�i�_�q�_�g�b�y�����Z���l�Z�d�`�_���q�j�_�a�f�_�j�g�u�f���g�Z�]�j�_�\�Z�g�b�_�f���<�J-�r�e�_�f�Z���i�j�b��

�^�e�b�l�_�e�v�g�h�f���b�k�i�h�e�v�a�h�\�Z�g�b�b�� 

�G�h�� �]�e�Z�\�g�u�f�� �j�_�a�m�e�v�l�Z�l�h�f�� �i�_�j�\�h�]�h�� �w�d�k�i�_�j�b�f�_�g�l�Z�� �k�l�h�b�l�� �k�q�b�l�Z�l�v�� �^�Z�g�g�u�_����

�i�h�e�m�q�_�g�g�u�_���k���i�h�f�h�s�v�x���Z�d�k�_�e�_�j�h�f�_�l�j�b�q�_�k�d�b�o���^�Z�l�q�b�d�h�\�����k�h�]�e�Z�k�g�h���d�h�l�h�j�u�f���\�h��

�\�j�_�f�y�� �g�Z�[�e�x�^�_�g�b�y�� �\�j�Z�s�Z�x�s�_�c�k�y�� �k�l�b�f�m�e�y�p�b�b�� �\�� �k�b�k�l�_�f�_�� �\�b�j�l�m�Z�e�v�g�h��

�j�_�Z�e�v�g�h�k�l�b�� �b�k�i�u�l�m�_�f�u�_�� �g�_�� �k�h�\�_�j�r�Z�e�� �\�j�Z�s�Z�l�_�e�v�g�u�o�� �^�\�b�`�_�g�b�c�� �]�h�e�h�\�u�� �\��

�k�l�h�j�h�g�m���� �i�j�h�l�b�\�h�i�h�e�h�`�g�m�x�� �k�l�h�j�h�g�m�� �\�b�j�l�m�Z�e�v�g�h�]�h�� �\�j�Z�s�_�g�b�y���� �L�_�f�� �k�Z�f�u�f��

�i�h�y�\�b�e�Z�k�v�� �\�h�a�f�h�`�g�h�k�l�v�� �h�l�\�_�j�]�g�m�l�v�� �]�b�i�h�l�_�a�m�� �h�� �l�h�f���� �q�l�h�� �m�\�_�e�b�q�_�g�b�_��

�^�e�b�l�_�e�v�g�h�k�l�b�� �f�_�^�e�_�g�g�h�c�� �n�Z�a�u�� �H�D�G�� �i�j�h�b�k�o�h�^�b�l�� �i�h�� �i�j�b�q�b�g�_�� �\�h�a�g�b�d�Z�x�s�_�]�h��

�p�_�j�\�b�d�Z�e�v�g�h�]�h���\�_�k�l�b�[�m�e�h-�h�d�m�e�y�j�g�h�]�h���j�_�n�e�_�d�k�Z�����Z���g�_���\���k�e�_�^�k�l�\�b�b���b�g�u�o �i�j�b�q�b�g����

�W�l�h�l�� �j�_�a�m�e�v�l�Z�l�� �i�h�a�\�h�e�y�_�l�� �k�q�b�l�Z�l�v�� �h�[�g�Z�j�m�`�_�g�g�u�_�� �\�h�� �\�l�h�j�h�f�� �w�d�k�i�_�j�b�f�_�g�l�_��

�a�Z�f�_�^�e�_�g�b�y�� �i�j�h�k�e�_�`�b�\�Z�x�s�b�o�� �^�\�b�`�_�g�b�c�� �\�Z�e�b�^�g�u�f�� �^�b�Z�]�g�h�k�l�b�q�_�k�d�b�f��

�i�h�d�Z�a�Z�l�_�e�_�f�� 

 �<�h���\�j�_�f�y���\�l�h�j�h�]�h���w�d�k�i�_�j�b�f�_�g�l�Z���[�u�e�Z���b�k�i�h�e�v�a�h�\�Z�g�Z���b�g�Z�y���d�h�g�n�b�]�m�j�Z�p�b�y��

�h�[�h�j�m�^�h�\�Z�g�b�y���� �d�h�l�h�j�Z�y�� �g�Z�� �i�j�h�l�y�`�_�g�b�b�� �\�k�_�]�h�� �w�d�k�i�_�j�b�f�_�g�l�Z�� �j�Z�[�h�l�Z�e�Z��

�k�l�Z�[�b�e�v�g�h���� �I�h�f�b�f�h�� �w�l�h�]�h���� �^�Z�g�g�Z�y�� �d�h�g�n�b�]�m�j�Z�p�b�y�� �i�h�a�\�h�e�b�e�Z�� �h�[�j�Z�[�h�l�Z�l�v��

�j�_�a�m�e�v�l�Z�l�u�� �^�\�b�`�_�g�b�y�� �]�e�Z�a�� �b�� �k�h�a�^�Z�l�v�� �Z�\�l�h�f�Z�l�b�a�b�j�h�\�Z�g�g�m�x�� �i�j�h�]�j�Z�f�f�g�m�x��

�i�j�h�p�_�^�m�j�m���h�i�j�_�^�_�e�_�g�b�y���^�e�b�l�_�e�v�g�h�k�l�b���n�Z�a���H�D�G�����I�j�h�\�_�^�_�g�g�u�_���w�d�k�i�_�j�b�f�_�g�l�u��
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�b�g�l�_�j�n�_�c�k�h�\�� ���q�_�e�h�\�_�d-�\�b�j�l�m�Z�e�v�g�Z�y�� �k�j�_�^�Z������ �>�Z�e�v�g�_�c�r�_�_�� �j�Z�a�\�b�l�b�_�� �w�l�h�]�h��

�g�Z�i�j�Z�\�e�_�g�b�y�� �i�h�a�\�h�e�b�l�� �i�_�j�_�c�l�b�� �d�� �k�h�a�^�Z�g�b�x�� �b�g�l�_�e�e�_�d�l�m�Z�e�v�g�u�o���<�J-�k�b�k�l�_�f����

�k�i�h�k�h�[�g�u�o�� �\�� �j�_�Z�e�v�g�h�f�� �\�j�_�f�_�g�b�� �Z�^�Z�i�l�b�j�h�\�Z�l�v�k�y�� �d�� �i�k�b�o�h�n�b�a�b�h�e�h�]�b�q�_�k�d�h�f�m��

�k�h�k�l�h�y�g�b�x���i�h�e�v�a�h�\�Z�l�_�e�y���g�Z���h�k�g�h�\�_���h�[�t�_�d�l�b�\�g�u�o���]�e�Z�a�h�^�\�b�]�Z�l�_�e�v�g�u�o���f�Z�j�d�_�j�h�\�� 
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2.2 . �B�k�k�e�_�^�h�\�Z�g�b�_�� �k�i�_�p�b�n�b�q�g�u�o�� �^�\�b�`�_�g�b�c�� �^�e�y�� �i�h�^�^�_�j�`�Z�g�b�y�� �i�h�k�l�m�j�Z�e�v�g�h�c��

�m�k�l�h�c�q�b�\�h�k�l�b�� �\�� �m�k�e�h�\�b�y�o�� �a�j�b�l�_�e�v�g�h-�\�_�k�l�b�[�m�e�y�j�g�h�]�h �k�_�g�k�h�j�g�h�]�h 

�d�h�g�n�e�b�d�l�Z �d�Z�d�� �i�h�\�_�^�_�g�q�_�k�d�h�_�� �i�j�h�y�\�e�_�g�b�_ �g�_�c�j�h�d�h�]�g�b�l�b�\�g�u�o��

�f�_�o�Z�g�b�a�f�h�\�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�y�� �k�m�[�t�_�d�l�Z�� �k�h�� �k�j�_�^�Z�f�b�� �\�b�j�l�m�Z�e�v�g�h�c��

�j�_�Z�e�v�g�h�k�l�b 

 
�I�h�k�d�h�e�v�d�m�� �\�� �j�_�a�m�e�v�l�Z�l�_�� �Z�g�Z�e�b�a�Z�� �]�e�Z�a�h�^�\�b�]�Z�l�_�e�v�g�h�c�� �Z�d�l�b�\�g�h�k�l�b�� �b��

�f�h�a�]�h�\�h�c�� �Z�d�l�b�\�g�h�k�l�b�� �i�j�b�� �i�h�]�j�m�`�_�g�b�b�� �\�� �\�b�j�l�m�Z�e�v�g�m�x�� �j�_�Z�e�v�g�h�k�l�v�� �[�u�e�b��

�m�k�l�Z�g�h�\�e�_�g�u�� �b�a�f�_�g�_�g�b�y���� �o�Z�j�Z�d�l�_�j�g�u�_�� �^�e�y�� �i�h�d�Z�a�Z�l�_�e�_�c�� �j�Z�[�h�l�u�� �k�b�k�l�_�f�u��

�i�h�e�h�`�_�g�b�y�� �b�� �h�j�b�_�g�l�Z�p�b�b�� �l�_�e�Z�� �q�_�e�h�\�_�d�Z�� �\�� �i�j�h�k�l�j�Z�g�k�l�\�_���� �l�h�� �[�u�e�b�� �\�u�i�h�e�g�_�g�u��

�w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�_ �b�k�k�e�_�^�h�\�Z�g�b�y ���k�h�\�f�_�k�l�g�h���k���:�^�y�g���>���B�������L�j�_�]�m�[�h�\�h�c���X���<���� 

�i�h�� �b�a�m�q�_�g�b�x�� �h�k�h�[�_�g�g�h�k�l�_�c�� �i�h�k�l�m�j�Z�e�v�g�h�c�� �m�k�l�h�c�q�b�\�h�k�l�b�� �\�� �<�J�� �k�� �p�_�e�v�x��

�m�k�l�Z�g�h�\�b�l�v���g�Z�e�b�q�b�_���\���g�_�c���k�i�_�p�b�n�b�q�g�u�o���b�a�f�_�g�_�g�b�c���\�h���\�j�_�f�y���i�h�]�j�m�`�_�g�b�y���\���<�J�� 

�K�g�Z�q�Z�e�Z���[�u�e�b���i�j�h�\�_�^�_�g�u���w�d�k�i�_�j�b�f�_�g�l�u�����g�Z�i�j�Z�\�e�_�g�g�u�_���g�Z���m�k�l�Z�g�h�\�e�_�g�b�_��

�g�Z�e�b�q�b�y�� �b�e�b�� �h�l�k�m�l�k�l�\�b�y�� �h�k�m�s�_�k�l�\�e�_�g�b�y�� �b�k�i�u�l�m�_�f�u�o�� �k�i�_�p�b�n�b�q�g�u�o��

�d�h�f�i�_�g�k�Z�l�h�j�g�u�o�� �^�\�b�`�_�g�b�c�� �l�_�e�Z�� �i�j�b�� �g�Z�j�Z�k�l�Z�g�b�b�� �a�j�b�l�_�e�v�g�h-�\�_�k�l�b�[�m�e�y�j�g�h�]�h��

�k�_�g�k�h�j�g�h�]�h�� �d�h�g�n�e�b�d�l�Z���� �=�b�i�h�l�_�a�Z�� �a�Z�d�e�x�q�Z�e�Z�k�v�� �\�� �l�h�f���� �q�l�h�� �i�j�b�� �g�Z�[�e�x�^�_�g�b�b��

�a�j�b�l�_�e�v�g�h�c�� �k�l�b�f�m�e�y�p�b�b�� �\�� �r�e�_�f�_�� �<�J���\�� �i�h�e�h�`�_�g�b�b�� �©�k�b�^�y�ª�� �g�_�h�[�o�h�^�b�f�u�_��

�d�h�f�i�_�g�k�Z�l�h�j�g�u�_�� �^�\�b�`�_�g�b�y�� �i�j�h�y�\�y�l�k�y�� �\�� �\�b�^�_�� �e�b�g�_�c�g�u�o�� �h�l�d�e�h�g�_�g�b�c�� �]�h�e�h�\�u��

�q�_�e�h�\�_�d�Z�� 

�>�e�y���i�j�_�^�t�y�\�e�_�g�b�y���k�l�b�f�m�e�y�p�b�b���\���^�Z�g�g�h�c���Z�i�j�h�[�Z�p�b�b���b�k�i�h�e�v�a�h�\�Z�e�k�y���r�e�_�f��

�\�b�j�l�m�Z�e�v�g�h�c���j�_�Z�e�v�g�h�k�l�b���+�7�&���9�L�Y�H. �>�e�y���j�_�]�b�k�l�j�Z�p�b�b���^�\�b�`�_�g�b�y���]�e�Z�a���\���k�b�k�l�_�f�_��

�\�b�j�l�m�Z�e�v�g�h�c�� �j�_�Z�e�v�g�h�k�l�b�� �\�� �j�Z�f�d�Z�o�� �g�Z�k�l�h�y�s�_�c�� �Z�i�j�h�[�Z�p�b�b�� �b�k�i�h�e�v�a�h�\�Z�e�Z�k�v��

�k�b�k�l�_�f�Z���3�X�S�L�O���/�D�E�V���$�G�G-�R�Q�����k�h�\�f�_�k�l�b�f�Z�y���k���r�e�_�f�h�f���+�7�&���9�L�Y�H�� 
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�J�b�k�m�g�h�d 54 - �;�b�g�h�d�m�e�y�j�g�h�_�� �^�h�i�h�e�g�_�g�b�_�� �3�X�S�L�O�� �/�D�E�V�� �$�G�G-�R�Q�� �^�e�y 

�j�_�]�b�k�l�j�Z�p�b�b���^�\�b�`�_�g�b�y���]�e�Z�a�����k�h�\�f�_�k�l�b�f�h�_���k���+�7�&���9�L�Y�H�� 

 
�>�e�y�� �h�p�_�g�d�b�� �i�h�e�h�`�_�g�b�y�� �]�h�e�h�\�u�� �\�h�� �\�j�_�f�y�� �g�Z�[�e�x�^�_�g�b�y�� �k�l�b�f�m�e�y�p�b�b�� �\��

�\�b�j�l�m�Z�e�v�g�h�c�� �j�_�Z�e�v�g�h�k�l�b�� �\�� �j�Z�f�d�Z�o�� �^�Z�g�g�h�c�� �Z�i�j�h�[�Z�p�b�b�� �b�k�i�h�e�v�a�h�\�Z�e�Z�k�v��

�Z�d�k�_�e�_�j�h�f�_�l�j�b�q�_�k�d�Z�y�� �k�b�k�l�_�f�Z�� �^�e�y�� �d�h�f�i�e�_�d�k�g�h�c�� �h�[�t�_�d�l�b�\�g�h�c�� �h�p�_�g�d�b��

�^�\�b�]�Z�l�_�e�v�g�u�o���n�m�g�d�p�b�c���©�L�j�Z�k�l���± �F�ª (�l�h�q�g�h�k�l�v���j�_�]�b�k�l�j�Z�p�b�b���m�]�e�h�\�u�o���^�\�b�`�_�g�b�c��

�^�Z�g�g�h�c���k�b�k�l�_�f�u �± �g�_���o�m�`�_�������]�j�Z�^�������^�b�Z�i�Z�a�h�g���j�_�]�b�k�l�j�Z�p�b�b���m�]�e�h�\�u�o���k�d�h�j�h�k�l�_�c��

�j�h�l�Z�p�b�h�g�g�u�o���^�\�b�`�_�g�b�c���± �g�_���o�m�`�_�������������]�j�Z�^���k�����q�Z�k�l�h�l�Z���^�b�k�d�j�_�l�b�a�Z�p�b�b���d�Z�g�Z�e�h�\��

�j�_�]�b�k�l�j�Z�p�b�b���e�h�d�h�f�h�p�b�c���± �g�_���f�_�g�_�_�������������=�p). 

�J�_�a�m�e�v�l�Z�l�u���i�h�d�Z�a�Z�e�b�����q�l�h���i�j�b���g�Z�e�b�q�b�b���a�g�Z�q�b�f�u�o���j�Z�a�e�b�q�b�c���\���i�Z�j�Z�f�_�l�j�Z�o��

�\�u�j�Z�`�_�g�g�h�k�l�b �k�_�g�k�h�j�g�h�]�h�� �d�h�g�n�e�b�d�l�Z�� �b�� �D�m�=�>�K�� �k�� �j�h�k�l�h�f�� �k�d�h�j�h�k�l�b�� �\�j�Z�s�_�g�b�y��

�\�b�j�l�m�Z�e�v�g�h�c�� �k�j�_�^�u���� �g�_�� �g�Z�[�e�x�^�Z�x�l�k�y�� �d�Z�d�b�_-�e�b�[�h�� �o�Z�j�Z�d�l�_�j�g�u�_�� �j�Z�a�e�b�q�b�y�� �\��

�^�\�b�`�_�g�b�y�o�� �]�h�e�h�\�u�� �b�k�i�u�l�m�_�f�u�o�����A�g�Z�q�_�g�b�y�� �m�]�e�h�\�u�o�� �m�k�d�h�j�_�g�b�c�� �]�h�e�h�\�u��

�b�k�i�u�l�m�_�f�u�o�� �i�j�b�� �\�k�_�o�� �m�k�e�h�\�b�y�o�� �i�j�_�^�t�y�\�e�_�g�b�y�� �g�_�� �i�j�_�\�u�r�Z�e�b�� ��������������g���� �Q�l�h 

�k�\�b�^�_�l�_�e�v�k�l�\�h�\�Z�e�h�� �h�� �n�Z�d�l�b�q�_�k�d�h�f �h�l�k�m�l�k�l�\�b�b�� �d�h�f�i�_�g�k�Z�l�h�j�g�u�o�� �i�h�\�h�j�h�l�h�\��

�]�h�e�h�\�u�� �b�k�i�u�l�m�_�f�u�o�� �i�j�b�� �g�Z�[�e�x�^�_�g�b�b�� �\�j�Z�s�Z�x�s�_�]�h�k�y�� �k�l�b�f�m�e�Z�� �I�h�e�m�q�_�g�g�u�c��

�j�_�a�m�e�v�l�Z�l�� �i�h�d�Z�a�Z�e�� �g�_�h�[�o�h�^�b�f�h�k�l�v�� �f�h�^�b�n�b�d�Z�p�b�b�� �f�_�l�h�^�b�d�b�� �l�Z�d�h�]�h�� �j�h�^�Z��

�w�d�k�i�_�j�b�f�_�g�l�h�\���\���q�Z�k�l�b���b�a�f�_�g�_�g�b�y���i�h�e�h�`�_�g�b�y���b�k�i�u�l�m�_�f�h�]�h���k���h�^�g�h�c���k�l�h�j�h�g�u�����Z��

�k�� �^�j�m�]�h�c���± �d�h�j�j�_�d�l�b�j�h�\�d�m�� �]�b�i�h�l�_�a�m�� �h�l�� �h�`�b�^�Z�g�b�c�� �b�a�f�_�g�_�g�b�c�� �\�� �e�b�g�_�c�g�u�o��

�m�k�d�h�j�_�g�b�y�o�� �i�j�b�� �i�_�j�_�f�_�s�_�g�b�b�� �]�h�e�h�\�u�� �d�� �i�j�_�^�i�h�e�Z�]�Z�_�f�u�f�� �l�h�g�b�q�_�k�d�b�f��

�d�h�e�_�[�Z�l�_�e�v�g�u�f���^�\�b�`�_�g�b�y�f���\�k�_�]�h���l�_�e�Z���q�_�e�h�\�_�d�Z�� 
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�I�h�w�l�h�f�m�� �[�u�e�Z�� �j�Z�a�j�Z�[�h�l�Z�g�Z�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�Z�y�� �i�j�h�p�_�^�m�j�Z �k��

�b�k�i�h�e�v�a�h�\�Z�g�b�_�f���i�h�d�Z�a�Z�l�_�e�_�c���k�l�Z�[�b�e�h�f�_�l�j�b�b���� 

�P�_�e�v�� �b�k�k�e�_�^�h�\�Z�g�b�y���� �b�a�m�q�_�g�b�_�� �h�k�h�[�_�g�g�h�k�l�_�c�� �\�e�b�y�g�b�y�� �k�_�g�k�h�j�g�h�]�h��

�d�h�g�n�e�b�d�l�Z���� �b�g�^�m�p�b�j�h�\�Z�g�g�h�]�h�� �k�� �i�h�f�h�s�v�x�� �\�b�j�l�m�Z�e�v�g�h�c�� �j�_�Z�e�v�g�h�k�l�b�� ���<�J������ �g�Z��

�i�h�k�l�m�j�Z�e�v�g�m�x���m�k�l�h�c�q�b�\�h�k�l�v�� 

�>�e�y���^�h�k�l�b�`�_�g�b�y���p�_�e�b���b�k�k�e�_�^�h�\�Z�g�b�y���[�u�e�b���\�u�^�_�e�_�g�u���k�e�_�^�m�x�s�b�_���a�Z�^�Z�q�b�� 

1. �H�i�j�_�^�_�e�b�l�v�� �\�h�a�f�h�`�g�h�k�l�v�� �\�a�Z�b�f�h�a�Z�f�_�g�y�_�f�h�k�l�b�� �k�j�_�^�� �^�e�y�� �d�e�b�g�b�q�_�k�d�h�c��

�^�b�Z�]�g�h�k�l�b�d�b�� ���d�b�j�i�b�q�g�Z�y�� �b�� �f�_�[�_�e�b�j�h�\�Z�g�g�Z�y�� �d�h�f�g�Z�l�Z���� �i�m�l�_�f�� �i�h�i�Z�j�g�h�]�h��

�k�j�Z�\�g�_�g�b�y�� �h�^�g�h�l�b�i�g�u�o�� �\�j�Z�s�_�g�b�c�� �k�� �i�j�b�f�_�g�_�g�b�_�f�� �f�_�l�h�^�h�\��

�f�Z�l�_�f�Z�l�b�q�_�k�d�h�c�� �k�l�Z�l�b�k�l�b�d�b�� �^�e�y�� �i�j�h�\�_�j�d�b�� �]�b�i�h�l�_�a�u�� �h�[�� �h�l�k�m�l�k�l�\�b�b��

�a�g�Z�q�b�f�u�o���j�Z�a�e�b�q�b�c�����L�Z�d���d�Z�d���d�b�j�i�b�q�g�Z�y���k�j�_�^�Z���f�h�`�_�l���Z�k�k�h�p�b�b�j�h�\�Z�l�v�k�y���k��

�^�b�k�l�j�_�k�k�h�f�� �m�� �i�Z�p�b�_�g�l�h�\�� �k�� �l�j�Z�\�f�Z�f�b�� �]�h�e�h�\�g�h�]�h�� �f�h�a�]�Z�� �b�� �Z�f�i�m�l�Z�p�b�_�c��

�g�b�`�g�b�o���d�h�g�_�q�g�h�k�l�_�c���� 

2. �<�u�y�\�b�l�v�� �g�Z�b�[�h�e�_�_�� �b�g�n�h�j�f�Z�l�b�\�g�u�c�� �l�b�i�� �\�j�Z�s�_�g�b�y�� �i�h�k�j�_�^�k�l�\�h�f��

�\�g�m�l�j�b�]�j�m�i�i�h�\�h�]�h�� �k�j�Z�\�g�_�g�b�y�� �\�k�_�o�� �l�b�i�h�\�� �\�j�Z�s�_�g�b�c�� �\���d�Z�`�^�h�c�� �d�h�f�g�Z�l�_��

�h�l�^�_�e�v�g�h�� 

3. �H�k�m�s�_�k�l�\�b�l�v�� �\�_�j�b�n�b�d�Z�p�b�x�� �w�n�n�_�d�l�Z�� �\�j�Z�s�Z�l�_�e�v�g�u�o�� �\�h�a�^�_�c�k�l�\�b�c�� �i�m�l�_�f��

�k�h�i�h�k�l�Z�\�e�_�g�b�y�� �\�k�_�o�� �r�_�k�l�b�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o�� �m�k�e�h�\�b�c�� �k�� �[�Z�a�h�\�u�f�b��

�i�h�d�Z�a�Z�l�_�e�y�f�b�� �i�j�h�[�u�� �J�h�f�[�_�j�]�Z�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �f�_�l�h�^�h�\��

�^�b�k�i�_�j�k�b�h�g�g�h�]�h���Z�g�Z�e�b�a�Z�� 
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�²  �i�e�h�s�Z�^�v���k�l�Z�l�h�d�b�g�_�a�b�h�]�j�Z�f�f�u�� 
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�²  �Z�f�i�e�b�l�m�^�Z�� �^�\�b�`�_�g�b�y�� �l�h�q�d�b�� �<�L�L�Q�� ���6�S�L�Q�H�6�K�R�X�O�G�H�U������

�a�Z�j�_�]�b�k�l�j�b�j�h�\�Z�g�g�Z�y���k���i�h�f�h�s�v�x���[�_�a�f�Z�j�d�_�j�g�h�c���k�b�k�l�_�f�u���.�L�Q�H�F�W�� 

�B�a�f�_�j�_�g�b�y�� �i�j�h�\�h�^�b�e�b�k�v�� �\�� �\�h�k�v�f�b�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o�� �m�k�e�h�\�b�y�o����

�\�d�e�x�q�Z�x�s�b�o�� �d�Z�d�� �d�e�Z�k�k�b�q�_�k�d�b�_�� �l�_�k�l�u�� ���i�j�h�[�Z�� �J�h�f�[�_�j�]�Z������ �l�Z�d�� �b�� �\�j�Z�s�_�g�b�y�� �\��

�\�b�j�l�m�Z�e�v�g�h�c�� �j�_�Z�e�v�g�h�k�l�b���� �\�h�k�i�j�h�b�a�\�h�^�b�f�u�_���\�� �^�\�m�o�� �j�Z�a�g�u�o�� �\�b�j�l�m�Z�e�v�g�u�o��

�k�j�_�^�Z�o�� 

1. �I�j�h�[�Z���J�h�f�[�_�j�]�Z���k���h�l�d�j�u�l�u�f�b���]�e�Z�a�Z�f�b�� 

2. �I�j�h�[�Z���J�h�f�[�_�j�]�Z���k���a�Z�d�j�u�l�u�f�b���]�e�Z�a�Z�f�b�� 

3. �<�j�Z�s�_�g�b�_���l�b�i�Z���©�D�Z�j�m�k�_�e�v�ª���\���d�b�j�i�b�q�g�h�c���d�h�f�g�Z�l�_�� 

4. �<�j�Z�s�_�g�b�_���l�b�i�Z���©�I�h�d�Z�q�b�\�Z�g�b�_�ª���\���d�b�j�i�b�q�g�h�c���d�h�f�g�Z�l�_�� 

5. �<�j�Z�s�_�g�b�_���l�b�i�Z���©�D�m�\�u�j�h�d�ª���\���d�b�j�i�b�q�g�h�c���d�h�f�g�Z�l�_�� 

6. �<�j�Z�s�_�g�b�_���l�b�i�Z���©�D�Z�j�m�k�_�e�v�ª���\���d�h�f�g�Z�l�_���k���b�g�l�_�j�v�_�j�h�f�� 

7. �<�j�Z�s�_�g�b�_���l�b�i�Z���©�I�h�d�Z�q�b�\�Z�g�b�_�ª���\���d�h�f�g�Z�l�_���k���b�g�l�_�j�v�_�j�h�f�� 

8. �<�j�Z�s�_�g�b�_���l�b�i�Z���©�D�m�\�u�j�h�d�ª���\���d�h�f�g�Z�l�_���k���b�g�l�_�j�v�_�j�h�f�� 

�>�e�y�� �d�Z�`�^�h�]�h�� �b�a�� �m�k�e�h�\�b�c�� �[�u�e�b�� �j�Z�k�k�q�b�l�Z�g�u�� �l�j�b�� �]�j�m�i�i�u�� �m�k�j�_�^�g�z�g�g�u�o��

�a�g�Z�q�_�g�b�c�� 

�x �k�j�_�^�g�y�y�� �^�e�b�g�Z�� �l�j�Z�_�d�l�h�j�b�b�� �i�_�j�_�f�_�s�_�g�b�y�� �p�_�g�l�j�Z�� �^�Z�\�e�_�g�b�y�� ���\��

�f�b�e�e�b�f�_�l�j�Z�o���� 

�x �i�e�h�s�Z�^�v���h�[�e�Z�k�l�b���k�l�Z�l�h�d�b�g�_�a�b�h�]�j�Z�f�f�u�����\���d�\�Z�^�j�Z�l�g�u�o���f�b�e�e�b�f�_�l�j�Z�o���� 

�x �Z�f�i�e�b�l�m�^�Z���i�_�j�_�f�_�s�_�g�b�y���l�h�q�d�b���<�L�L�Q���i�h���h�k�b���;�����\���f�_�l�j�Z�o���� 

�L�Z�[�e�b�p�Z��5 - �K�j�_�^�g�y�y���^�e�b�g�Z���k�l�Z�l�h�d�b�g�_�a�b�h�]�j�Z�f�f�u���i�h���\�k�_�f���\�b�^�Z�f���m�k�e�h�\�b�c  

�M�k�e�h�\�b�_ �K�j�_�^�g�y�y���^�e�b�g�Z���K�D�=����

�f�f  

�J�h�f�[�_�j�]�����h�l�d�j�u�l�u�_�� 
 

857.3 

�J�h�f�[�_�j�]�����a�Z�d�j�u�l�u�_��  
 

947.2 

�D�b�j�i�b�q��- �D�Z�j�m�k�_�e�v 
 

921.2 

�D�b�j�i�b�q��- �I�h�d�Z�q�b�\�Z�g�b�_ 
 

1439.5 

�D�b�j�i�b�q��- �D�m�\�u�j�h�d  
 

1841.9 

�B�g�l�_�j�v�_�j��- �D�Z�j�m�k�_�e�v  
 

876.3 
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�B�g�l�_�j�v�_�j��- �I�h�d�Z�q�b�\�Z�g�b�_ 
 

1215.5 

�B�g�l�_�j�v�_�j��- �D�m�\�u�j�h�d  
 

1571.6 

 

�L�Z�[�e�b�p�Z��5 �^�_�f�h�g�k�l�j�b�j�m�_�l���a�g�Z�q�_�g�b�y���^�e�b�g�u���k�l�Z�l�h�d�b�g�_�a�b�h�]�j�Z�f�f�u���\�h���\�k�_�o��

�m�k�e�h�\�b�y�o���� �D�Z�d�� �\�b�^�g�h�� �b�a�� �l�Z�[�e�b�p�u���� �f�b�g�b�f�Z�e�v�g�u�_�� �a�g�Z�q�_�g�b�y�� �^�e�b�g�u��

�k�l�Z�l�h�d�b�g�_�a�b�h�]�j�Z�f�f�u���g�Z�[�e�x�^�Z�x�l�k�y���\���i�h�a�_���J�h�f�[�_�j�]�Z���k���h�l�d�j�u�l�u�f�b���]�e�Z�a�Z�f�b�����W�l�h��

�k�h�h�l�\�_�l�k�l�\�m�_�l�� �[�Z�a�h�\�h�f�m�� �m�j�h�\�g�x�� �m�k�l�h�c�q�b�\�h�k�l�b�� �i�j�b�� �k�h�o�j�Z�g�z�g�g�h�c�� �k�_�g�k�h�j�g�h�c 

�b�g�l�_�]�j�Z�p�b�b���� �M�\�_�e�b�q�_�g�b�_�� �^�e�b�g�u�� �k�l�Z�l�h�d�b�g�_�a�b�h�]�j�Z�f�f�u�� �i�j�b�� �a�Z�d�j�u�l�b�b�� �]�e�Z�a��

�]�h�\�h�j�b�l���h���j�h�e�b���a�j�b�l�_�e�v�g�h�c���b�g�n�h�j�f�Z�p�b�b���\���i�h�^�^�_�j�`�Z�g�b�b���j�Z�\�g�h�\�_�k�b�y�����G�Z�b�[�h�e�_�_��

�\�u�j�Z�`�_�g�g�h�_�� �m�\�_�e�b�q�_�g�b�_�� �^�e�b�g�u�� �l�j�Z�_�d�l�h�j�b�b�� �j�_�]�b�k�l�j�b�j�m�_�l�k�y�� �i�j�b�� �\�j�Z�s�_�g�b�b��

�©�D�m�\�u�j�h�d�ª���\���d�b�j�i�b�q�g�h�c���d�h�f�g�Z�l�_�������������������f�f�������q�l�h���m�d�Z�a�u�\�Z�_�l���g�Z���f�Z�d�k�b�f�Z�e�v�g�m�x��

�^�_�k�l�Z�[�b�e�b�a�Z�p�b�x���i�h�k�l�m�j�Z�e�v�g�h�c���k�b�k�l�_�f�u�����<�k�_���l�j�b���l�b�i�Z���\�j�Z�s�_�g�b�c���\���d�b�j�i�b�q�g�h�c��

�d�h�f�g�Z�l�_�� �^�_�f�h�g�k�l�j�b�j�m�x�l�� �[�h�e�_�_�� �\�u�k�h�d�b�_�� �a�g�Z�q�_�g�b�y���� �q�_�f�� �k�h�h�l�\�_�l�k�l�\�m�x�s�b�_��

�m�k�e�h�\�b�y���\���d�h�f�g�Z�l�_���k���b�g�l�_�j�v�_�j�h�f�� 

 

�J�b�k�m�g�h�d 58 - �=�b�k�l�h�]�j�Z�f�f�Z���k�j�_�^�g�_�c���^�e�b�g�u���k�l�Z�l�h�d�b�g�_�a�b�h�]�j�Z�f�f�u���i�h���m�k�e�h�\�b�y�f 

 
�G�Z�� �j�b�k����58 �i�j�_�^�k�l�Z�\�e�_�g�Z�� �]�b�k�l�h�]�j�Z�f�f�Z�� �^�e�b�g�u�� �k�l�Z�l�h�d�b�g�_�a�b�h�]�j�Z�f�f�u�� 

�i�h�a�\�h�e�y�x�s�Z�y���\�b�a�m�Z�e�v�g�h���k�j�Z�\�g�b�l�v���\�k�_���m�k�e�h�\�b�y�� 
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�L�Z�[�e�b�p�Z��6 - �K�j�_�^�g�y�y���i�e�h�s�Z�^�v���k�l�Z�l�h�d�b�g�_�a�b�h�]�j�Z�f�f�u���i�h���\�k�_�f���\�b�^�Z�f���m�k�e�h�\�b�c  

�M�k�e�h�\�b�_ �K�j�_�^�g�y�y���i�e�h�s�Z�^�v���K�D�=����
�f�f 2 

�J�h�f�[�_�j�]�����h�l�d�j�u�l�u�_�� 
 

110.9 

�J�h�f�[�_�j�]�����a�Z�d�j�u�l�u�_��  
 

178.2 

�D�b�j�i�b�q��- �D�Z�j�m�k�_�e�v 
 

319.2 

�D�b�j�i�b�q��- �I�h�d�Z�q�b�\�Z�g�b�_ 
 

335.1 

�D�b�j�i�b�q��- �D�m�\�u�j�h�d  
 

354.1 

�B�g�l�_�j�v�_�j��- �D�Z�j�m�k�_�e�v  
 

269.8 

�B�g�l�_�j�v�_�j��- 

�I�h�d�Z�q�b�\�Z�g�b�_ 
 

283.8 

�B�g�l�_�j�v�_�j��- �D�m�\�u�j�h�d  
 

321.6 

 

�>�b�g�Z�f�b�d�Z�� �i�e�h�s�Z�^�b�� �K�D�=�� �i�h�^�l�\�_�j�`�^�Z�_�l�� �l�_�g�^�_�g�p�b�b���� �a�Z�n�b�d�k�b�j�h�\�Z�g�g�u�_�� �\��

�^�e�b�g�_�����I�j�b���i�_�j�_�o�h�^�_���h�l���i�j�h�k�l�u�o���m�k�e�h�\�b�c�����J�h�f�[�_�j�]�����d���k�_�g�k�h�j�g�h-�g�Z�]�j�m�`�_�g�g�u�f��

���\�j�Z�s�_�g�b�y���� �i�e�h�s�Z�^�v�� �a�h�g�u�� �d�h�e�_�[�Z�g�b�c�� �m�\�_�e�b�q�b�\�Z�_�l�k�y���� �H�^�g�Z�d�h���� �\�� �h�l�e�b�q�b�_�� �h�l��

�^�e�b�g�u���� �i�j�b�j�h�k�l�� �i�e�h�s�Z�^�b�� �f�_�`�^�m�� �©�I�h�d�Z�q�b�\�Z�g�b�_�f�ª�� �b�� �©�D�m�\�u�j�d�h�f�ª�� �\�u�j�Z�`�_�g��

�f�_�g�_�_�� �k�m�s�_�k�l�\�_�g�g�h���� �W�l�h�� �f�h�`�_�l�� �k�\�b�^�_�l�_�e�v�k�l�\�h�\�Z�l�v�� �h�� �a�Z�i�m�k�d�_�� �h�k�h�a�g�Z�g�g�u�o��

�d�h�f�i�_�g�k�Z�l�h�j�g�u�o�� �k�l�j�Z�l�_�]�b�c���� �m�q�Z�k�l�g�b�d�b�� �k�h�\�_�j�r�Z�x�l�� �[�h�e�v�r�_�� �^�\�b�`�_�g�b�c�� ���j�h�k�l��

�^�e�b�g�u������ �g�h�� �k�l�Z�j�Z�x�l�k�y�� �m�^�_�j�`�Z�l�v�k�y�� �\�� �i�j�_�^�_�e�Z�o�� �m�k�l�h�c�q�b�\�h�]�h�� �i�h�e�y�� ���i�e�h�s�Z�^�v��

�j�Z�k�l�z�l���g�_���l�Z�d���k�b�e�v�g�h���� 

�L�Z�d�b�f�� �h�[�j�Z�a�h�f�� �f�h�`�g�h�� �h�l�f�_�l�b�l�v�� �m�\�_�e�b�q�_�g�b�_�� �g�_�� �l�h�e�v�d�h�� �^�e�b�g�u���� �g�h�� �b��

�Z�f�i�e�b�l�m�^�u�� �j�Z�k�d�Z�q�b�\�Z�g�b�y�� �p�_�g�l�j�Z�� �^�Z�\�e�_�g�b�y���� �=�b�k�l�h�]�j�Z�f�f�Z�� �g�Z�� �j�b�k����59 

�b�e�e�x�k�l�j�b�j�m�_�l���w�l�m���^�b�g�Z�f�b�d�m�� 
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�J�b�k�m�g�h�d 59 - �=�b�k�l�h�]�j�Z�f�f�Z���k�j�_�^�g�_�c���i�e�h�s�Z�^�b���k�l�Z�l�h�d�b�g�_�a�b�h�]�j�Z�f�f�u���i�h 
�m�k�e�h�\�b�y�f 

 
�G�Z�� �h�k�g�h�\�Z�g�b�b�� �^�Z�g�g�u�o�� �.�L�Q�H�F�W�� �[�u�e�Z���j�Z�k�k�q�b�l�Z�g�Z�� �Z�f�i�e�b�l�m�^�Z�� �^�\�b�`�_�g�b�y��

�<�L�L�Q����SpineShoulder�������J�_�a�m�e�v�l�Z�l�u���k�\�_�^�_�g�u���\���L�Z�[�e�b�p�m��7. 

�L�Z�[�e�b�p�Z��7 - �K�j�_�^�g�y�y���Z�f�i�e�b�l�m�^�Z���^�\�b�`�_�g�b�y���l�h�q�d�b���<�L�L�Q���i�h���\�k�_�f���\�b�^�Z�f���m�k�e�h�\�b�c  

�M�k�e�h�\�b�_ �:�f�i�e�b�l�m�^�Z���^�\�b�`�_�g�b�y��

�<�L�L�Q�����f 

�J�h�f�[�_�j�]�����h�l�d�j�u�l�u�_�� 
 

0.39 

�J�h�f�[�_�j�]�����a�Z�d�j�u�l�u�_��  
 

0.38 

�D�b�j�i�b�q��- �D�Z�j�m�k�_�e�v 
 

0.24 

�D�b�j�i�b�q��- �I�h�d�Z�q�b�\�Z�g�b�_ 
 

0.38 

�D�b�j�i�b�q��- �D�m�\�u�j�h�d  
 

0.58 

�B�g�l�_�j�v�_�j��- �D�Z�j�m�k�_�e�v  
 

0.31 

�B�g�l�_�j�v�_�j��- 

�I�h�d�Z�q�b�\�Z�g�b�_ 
 

0.45 

�B�g�l�_�j�v�_�j��- �D�m�\�u�j�h�d  
 

0.57 
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�>�Z�g�g�u�_�� �.�L�Q�H�F�W�� �i�h�^�l�\�_�j�`�^�Z�x�l�� �i�h�e�m�q�_�g�g�u�_�� �k�l�Z�[�b�e�h�f�_�l�j�b�q�_�k�d�b�_��

�j�_�a�m�e�v�l�Z�l�u���� �K�j�_�^�g�y�y�� �Z�f�i�e�b�l�m�^�Z���i�_�j�_�f�_�s�_�g�b�y�� �l�h�q�d�b�� �<�L�L�Q�� �h�d�Z�a�Z�e�Z�k�v��

�g�Z�b�f�_�g�v�r�_�c�� �\�� �l�_�k�l�Z�o�� �J�h�f�[�_�j�]�Z�� �b�� �i�j�b�� �\�j�Z�s�_�g�b�b�� �©�D�Z�j�m�k�_�e�v�ª���� �b�� �^�h�k�l�b�]�Z�_�l��

�f�Z�d�k�b�f�m�f�Z���i�j�b���\�j�Z�s�_�g�b�b���©�D�m�\�u�j�h�d�ª�����I�j�b���w�l�h�f���i�h�d�Z�a�Z�l�_�e�b���\���d�b�j�i�b�q�g�h�c���k�j�_�^�_��

�h�k�l�Z�x�l�k�y�� �\�u�r�_���� �q�_�f�� �\�� �b�g�l�_�j�v�_�j�g�h�c���� �q�l�h�� �m�d�Z�a�u�\�Z�_�l�� �g�Z�� �\�Z�`�g�h�k�l�v�� �g�Z�e�b�q�b�y��

�\�b�a�m�Z�e�v�g�u�o���h�j�b�_�g�l�b�j�h�\���\���m�^�_�j�`�Z�g�b�b���[�Z�e�Z�g�k�Z�� 

�K�\�h�^�g�u�_�� �^�Z�g�g�u�_�� �i�h�� �l�j�_�f�� �i�Z�j�Z�f�_�l�j�Z�f�� �i�h�a�\�h�e�y�x�l�� �a�Z�n�b�d�k�b�j�h�\�Z�l�v�� �h�[�s�_�_��

�m�\�_�e�b�q�_�g�b�_�� �^�\�b�]�Z�l�_�e�v�g�h�c�� �Z�d�l�b�\�g�h�k�l�b�� �\�� �h�l�\�_�l�� �g�Z�� �m�k�e�h�`�g�_�g�b�_�� �k�l�b�f�m�e�y�p�b�b���²  

�d�Z�d���k���l�h�q�d�b���a�j�_�g�b�y���l�b�i�Z���^�\�b�`�_�g�b�y�����l�Z�d���b���\�b�a�m�Z�e�v�g�h�]�h���h�d�j�m�`�_�g�b�y�����G�Z�b�[�h�e�v�r�b�_��
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�©�I�h�d�Z�q�b�\�Z�g�b�_�ª�� �b�� �©�D�m�\�u�j�h�d�ª���� �i�j�b�� �k�h�o�j�Z�g�_�g�b�b�� �[�e�b�a�d�h�c�� �i�e�h�s�Z�^�b���� �^�e�b�g�Z��

�l�j�Z�_�d�l�h�j�b�b�� �m�\�_�e�b�q�b�\�Z�_�l�k�y���� �q�l�h�� �f�h�`�_�l�� �h�l�j�Z�`�Z�l�v�� �[�h�e�_�_�� �k�e�h�`�g�m�x�� �b��

�g�Z�i�j�y�`�z�g�g�m�x���d�h�f�i�_�g�k�Z�l�h�j�g�m�x���k�l�j�Z�l�_�]�b�x�� 

�I�h�e�m�q�_�g�g�u�_�� �i�h�d�Z�a�Z�l�_�e�b�� �e�_�]�e�b�� �\�� �h�k�g�h�\�m�� �^�Z�e�v�g�_�c�r�_�]�h�� �k�l�Z�l�b�k�l�b�q�_�k�d�h�]�h��

�Z�g�Z�e�b�a�Z���� �g�Z�i�j�Z�\�e�_�g�g�h�]�h�� �g�Z�� �\�u�y�\�e�_�g�b�_�� �^�h�k�l�h�\�_�j�g�u�o�� �j�Z�a�e�b�q�b�c�� �f�_�`�^�m��

�m�k�e�h�\�b�y�f�b�� �b�� �i�h�^�l�\�_�j�`�^�_�g�b�_�� �]�b�i�h�l�_�a���� �k�n�h�j�f�m�e�b�j�h�\�Z�g�g�u�o�� �g�Z�� �w�l�Z�i�_��

�i�e�Z�g�b�j�h�\�Z�g�b�y���w�d�k�i�_�j�b�f�_�g�l�Z�� 

�J�_�a�m�e�v�l�Z�l�u���b�k�k�e�_�^�h�\�Z�g�b�y 

�G�Z�k�l�h�y�s�b�c�� �j�Z�a�^�_�e�� �\�d�e�x�q�Z�_�l�� �k�l�Z�l�b�k�l�b�q�_�k�d�m�x�� �h�[�j�Z�[�h�l�d�m�� �b��

�b�g�l�_�j�i�j�_�l�Z�p�b�x�� �d�h�e�b�q�_�k�l�\�_�g�g�u�o�� �^�Z�g�g�u�o���� �i�h�e�m�q�_�g�g�u�o�� �\�� �w�d�k�i�_�j�b�f�_�g�l�_����

�H�k�g�h�\�g�h�_�� �\�g�b�f�Z�g�b�_�� �m�^�_�e�y�_�l�k�y�� �k�j�Z�\�g�_�g�b�x�� �\�e�b�y�g�b�y�� �j�Z�a�e�b�q�g�u�o�� �m�k�e�h�\�b�c��

�k�_�g�k�h�j�g�h�c���k�l�b�f�m�e�y�p�b�b���g�Z���m�k�l�h�c�q�b�\�h�k�l�v���b�k�i�u�l�m�_�f�u�o���� 

�P�_�e�v���^�Z�g�g�h�]�h���j�Z�a�^�_�e�Z���²  �h�o�Z�j�Z�d�l�_�j�b�a�h�\�Z�l�v���i�h�e�m�q�_�g�g�u�_���j�Z�a�e�b�q�b�y���f�_�`�^�m��

�m�k�e�h�\�b�y�f�b���� �Z�� �l�Z�d�`�_�� �\�u�y�\�b�l�v�� �a�g�Z�q�b�f�u�_�� �a�Z�d�h�g�h�f�_�j�g�h�k�l�b�� �\�� �b�a�f�_�g�_�g�b�b��

�i�h�k�l�m�j�Z�e�v�g�h�c�� �m�k�l�h�c�q�b�\�h�k�l�b�� �\�� �h�l�\�_�l�� �g�Z�� �j�Z�a�e�b�q�g�u�_�� �l�b�i�u�� �k�_�g�k�h�j�g�h�c��

�k�l�b�f�m�e�y�p�b�b���� �>�e�y�� �j�Z�k�k�q�_�l�h�\�� �b�k�i�h�e�v�a�h�\�Z�g�u�� �^�Z�g�g�u�_�� �h�� �^�e�b�g�_�� �b�� �i�e�h�s�Z�^�b��

�k�l�Z�l�h�d�b�g�_�a�b�h�]�j�Z�f�f�u���� �Z�� �l�Z�d�`�_�� �Z�f�i�e�b�l�m�^�_�� �i�_�j�_�f�_�s�_�g�b�y�� �<�L�L�Q����

�a�Z�j�_�]�b�k�l�j�b�j�h�\�Z�g�g�h�c���k���i�h�f�h�s�v�x���.�L�Q�H�F�W���� 
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�<�Z�`�g�h�� �m�i�h�f�y�g�m�l�v���� �q�l�h�� �\�� �o�h�^�_�� �w�d�k�i�_�j�b�f�_�g�l�Z�� �n�b�d�k�b�j�h�\�Z�e�b�k�v�� �j�Z�a�e�b�q�g�u�_��

�k�l�Z�[�b�e�h�f�_�l�j�b�q�_�k�d�b�_���i�Z�j�Z�f�_�l�j�u�����d�h�l�h�j�u�_���l�Z�d�`�_���f�h�`�g�h���m�\�b�^�_�l�v���\���i�j�b�e�h�`�_�g�b�b����

�H�^�g�Z�d�h�� �b�f�_�g�g�h�� �^�e�b�g�Z�� �b�� �i�e�h�s�Z�^�v�� �k�l�Z�l�h�d�b�g�_�a�b�h�]�j�Z�f�f�u�� �h�d�Z�a�Z�e�b�k�v�� �g�Z�b�[�h�e�_�_��

�q�m�\�k�l�\�b�l�_�e�v�g�u�f�b�� �d�� �f�Z�g�b�i�m�e�y�p�b�y�f�� �k�� �l�b�i�h�f�� �b�� �\�b�a�m�Z�e�v�g�h�c�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�h�c��

�\�j�Z�s�_�g�b�y���� �W�l�b�� �i�Z�j�Z�f�_�l�j�u�� �h�[�e�Z�^�Z�x�l�� �\�u�k�h�d�h�c�� �g�Z�^�z�`�g�h�k�l�v�x���� �\�Z�e�b�^�g�h�k�l�v�x�� �b��

�r�b�j�h�d�h�� �b�k�i�h�e�v�a�m�x�l�k�y�� �\�� �d�e�b�g�b�q�_�k�d�h�c�� �i�j�Z�d�l�b�d�_�� �h�p�_�g�d�b�� �j�Z�\�g�h�\�_�k�b�y���� �q�l�h�� �b��

�h�[�m�k�e�h�\�b�e�h���b�o���i�j�b�h�j�b�l�_�l�g�h�_���b�k�i�h�e�v�a�h�\�Z�g�b�_���\���Z�g�Z�e�b�a�_�� 

�>�e�y�� �g�Z�]�e�y�^�g�h�]�h�� �i�j�_�^�k�l�Z�\�e�_�g�b�y�� �h�[�g�Z�j�m�`�_�g�g�u�o�� �a�Z�d�h�g�h�f�_�j�g�h�k�l�_�c�� �b��

�h�[�e�_�]�q�_�g�b�y���b�g�l�_�j�i�j�_�l�Z�p�b�b���d�h�e�b�q�_�k�l�\�_�g�g�u�o���j�Z�a�e�b�q�b�c���f�_�`�^�m���m�k�e�h�\�b�y�f�b�����g�b�`�_��

�i�j�b�\�_�^�_�g�u�� �]�b�k�l�h�]�j�Z�f�f�u���� �h�l�j�Z�`�Z�x�s�b�_�� �^�b�g�Z�f�b�d�m�� �h�k�g�h�\�g�u�o�� �i�h�d�Z�a�Z�l�_�e�_�c����

�<�b�a�m�Z�e�b�a�Z�p�b�y�� �^�Z�g�g�u�o�� �i�h�a�\�h�e�y�_�l�� �m�[�_�^�b�l�v�k�y�� �\�� �m�k�l�h�c�q�b�\�h�k�l�b�� �\�u�y�\�e�_�g�g�u�o��

�l�j�_�g�^�h�\���� �\�e�b�y�g�b�b�� �l�b�i�Z�� �\�j�Z�s�_�g�b�y���� �j�h�e�b�� �\�b�a�m�Z�e�v�g�h�c�� �k�j�_�^�u���� �Z�� �l�Z�d�`�_�� �\��

�k�h�]�e�Z�k�h�\�Z�g�g�h�k�l�b�� �j�_�a�m�e�v�l�Z�l�h�\���� �i�h�e�m�q�_�g�g�u�o�� �k�� �i�h�f�h�s�v�x�� �j�Z�a�e�b�q�g�u�o�� �f�_�l�h�^�h�\��

�j�_�]�b�k�l�j�Z�p�b�b�� �i�h�k�l�m�j�Z�e�v�g�h�c�� �Z�d�l�b�\�g�h�k�l�b���� �D�Z�`�^�m�x�� �b�a�� �]�b�k�l�h�]�j�Z�f�f�� �^�h�i�h�e�g�y�x�l��

�j�_�a�m�e�v�l�Z�l�u���^�b�k�i�_�j�k�b�h�g�g�h�]�h���Z�g�Z�e�b�a�Z�����i�j�_�^�h�k�l�Z�\�e�y�y���y�k�g�m�x���d�Z�j�l�b�g�m���b�a�f�_�g�_�g�b�c��

�i�h�k�l�m�j�Z�e�v�g�h�c���m�k�l�h�c�q�b�\�h�k�l�b���i�j�b���\�Z�j�v�b�j�h�\�Z�g�b�b���w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o���m�k�e�h�\�b�c�� 

 

�J�b�k�m�g�h�d��60 - �=�b�k�l�h�]�j�Z�f�f�Z���k�j�_�^�g�_�c���^�e�b�g�u���k�l�Z�l�h�d�b�g�_�a�b�h�]�j�Z�f�f�u���i�j�b���j�Z�a�g�u�o 

�l�b�i�Z�o���\�j�Z�s�_�g�b�y 
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�G�Z�� �j�b�k����60 �\�b�^�g�h���� �d�Z�d�� �k�� �m�\�_�e�b�q�_�g�b�_�f�� �k�e�h�`�g�h�k�l�b�� �^�\�b�`�_�g�b�y�� ���h�l 

�©�D�Z�j�m�k�_�e�b�ª�� �d�� �©�I�h�d�Z�q�b�\�Z�g�b�x�ª�� �b�� �a�Z�l�_�f�� �d�� �©�D�m�\�u�j�d�m�ª���� �k�b�k�l�_�f�Z�l�b�q�_�k�d�b��

�\�h�a�j�Z�k�l�Z�_�l�� �^�e�b�g�Z�� �k�l�Z�l�h�d�b�g�_�a�b�h�]�j�Z�f�f�u���� �W�l�h�� �i�h�e�g�h�k�l�v�x�� �i�h�^�l�\�_�j�`�^�Z�_�l�� �b��

�^�Z�e�v�g�_�c�r�b�_���j�_�a�m�e�v�l�Z�l�u���$�1�2�9�$�����l�Z�[�e�b�p�Z�����������l�b�i���\�j�Z�s�_�g�b�y���h�d�Z�a�u�\�Z�_�l���k�b�e�v�g�h�_��

�\�e�b�y�g�b�_�� �g�Z�� �m�k�l�h�c�q�b�\�h�k�l�v���� �b�� �q�_�f�� �\�u�r�_�� �k�_�g�k�h�j�g�Z�y�� �g�Z�]�j�m�a�d�Z���� �l�_�f�� �[�h�e�v�r�_��

�d�h�j�j�_�d�l�b�j�m�x�s�b�o���^�\�b�`�_�g�b�c���k�h�\�_�j�r�Z�_�l���m�q�Z�k�l�g�b�d���� 

�<�b�a�m�Z�e�v�g�u�c�� �j�h�k�l�� �k�l�h�e�[�p�h�\�� �^�_�e�Z�_�l�� �\�u�\�h�^�� �h�q�_�\�b�^�g�u�f���� �\�j�Z�s�_�g�b�_�� �l�b�i�Z��

�©�D�m�\�u�j�h�d�ª �\�u�a�u�\�Z�_�l�� �g�Z�b�[�h�e�v�r�m�x�� �^�_�k�l�Z�[�b�e�b�a�Z�p�b�x�� �l�_�e�Z���� �L�Z�d�b�f�� �h�[�j�Z�a�h�f��

�j�b�k�m�g�h�d��47 �i�h�^�l�\�_�j�`�^�Z�_�l�� �\�e�b�y�g�b�_�� �l�b�i�Z�� �^�\�b�`�_�g�b�y�� �d�Z�d�� �h�k�g�h�\�g�h�]�h�� �n�Z�d�l�h�j�Z��

�g�Z�j�m�r�_�g�b�y���i�h�k�l�m�j�Z�e�v�g�h�c���m�k�l�h�c�q�b�\�h�k�l�b�� 

�L�Z�[�e�b�p�Z��7 - �>�b�k�i�_�j�k�b�h�g�g�u�c���Z�g�Z�e�b�a���i�h�\�l�h�j�g�u�o���b�a�f�_�j�_�g�b�c���^�e�y���^�e�b�g�u��

�k�l�Z�l�h�d�b�g�_�a�b�h�]�j�Z�f�f�u 

�N�Z�d�l�h�j �K�l�_�i�_�g�b���k�\�h�[�h�^�u����df) F p 

�K�j�_�^�Z 1 20,5 0,00014 

�<�j�Z�s�_�g�b�_ 2 30 0,0000000036 

�<�a�Z�b�f�h�^�_�c�k�l�\�b�_�� 2 8,3 0,0008 
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�������������������� �q�l�h�� �m�d�Z�a�u�\�Z�_�l�� �g�Z�� �l�h���� �q�l�h�� �\�b�a�m�Z�e�v�g�h�_�� �h�n�h�j�f�e�_�g�b�_�� �i�j�h�k�l�j�Z�g�k�l�\�Z��

�k�m�s�_�k�l�\�_�g�g�h���\�e�b�y�_�l���g�Z���m�k�l�h�c�q�b�\�h�k�l�v�����\���d�b�j�i�b�q�g�h�c���d�h�f�g�Z�l�_�����e�b�r�z�g�g�h�c���q�z�l�d�b�o��

�h�j�b�_�g�l�b�j�h�\���� �m�q�Z�k�l�g�b�d�b�� �^�_�f�h�g�k�l�j�b�j�h�\�Z�e�b�� �[�h�e�v�r�m�x�� �^�e�b�g�m�� �l�j�Z�_�d�l�h�j�b�b���� �?�s�z��

�[�h�e�_�_�� �\�u�j�Z�`�_�g�g�u�f�� �h�d�Z�a�Z�e�k�y�� �h�k�g�h�\�g�h�c�� �w�n�n�_�d�l�� �l�b�i�Z�� �\�j�Z�s�_�g�b�y�� ���)�� � �� ������������ �S�� ����

���������������������������� �i�h�k�l�m�j�Z�e�v�g�Z�y�� �g�_�k�l�Z�[�b�e�v�g�h�k�l�v�� �a�g�Z�q�b�l�_�e�v�g�h�� �\�h�a�j�Z�k�l�Z�e�Z�� �h�l��

�m�k�e�h�\�b�c���©�D�Z�j�m�k�_�e�v�ª���d���©�I�h�d�Z�q�b�\�Z�g�b�x�ª���b���^�h�k�l�b�]�Z�e�Z���f�Z�d�k�b�f�m�f�Z���i�j�b���\�j�Z�s�_�g�b�b��

�©�D�m�\�u�j�h�d�ª�����<�Z�`�g�h���h�l�f�_�l�b�l�v�����q�l�h���b���\�a�Z�b�f�h�^�_�c�k�l�\�b�_���n�Z�d�l�h�j�h�\���[�u�e�h���a�g�Z�q�b�f�u�f��

���)��� �������������S��� ���������������������q�l�h���h�a�g�Z�q�Z�_�l�����\�e�b�y�g�b�_���h�^�g�h�]�h���b���l�h�]�h���`�_���l�b�i�Z���^�\�b�`�_�g�b�y��

�f�h�`�_�l�� �j�Z�a�e�b�q�Z�l�v�k�y�� �\�� �a�Z�\�b�k�b�f�h�k�l�b�� �h�l�� �\�b�a�m�Z�e�v�g�h�c�� �k�j�_�^�u���� �\�� �d�h�l�h�j�h�c�� �h�g�h��

�i�j�_�^�t�y�\�e�y�_�l�k�y�� 

�I�j�b�� �Z�g�Z�e�b�a�_�� �i�h�d�Z�a�Z�l�_�e�_�c�� �i�j�h�[�u�� �J�h�f�[�_�j�]�Z�� �k�� �h�l�d�j�u�l�u�f�b�� �]�e�Z�a�Z�f�b�� �b��

�\�j�Z�s�_�g�b�y�� �l�b�i�Z�� �©�D�Z�j�m�k�_�e�v�ª�� �[�u�e�h�� �\�u�y�\�e�_�g�h���� �q�l�h�� �g�_�k�f�h�l�j�y�� �g�Z�� �\�g�_�r�g�x�x��
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�k�o�h�`�_�k�l�v���²  �\�� �h�[�h�b�o�� �m�k�e�h�\�b�y�o�� �g�_�l�� �Z�d�l�b�\�g�h�]�h�� �^�\�b�`�_�g�b�y�� �l�_�e�Z���²  �f�_�`�^�m�� �g�b�f�b��

�a�Z�n�b�d�k�b�j�h�\�Z�g�Z�� �k�l�Z�l�b�k�l�b�q�_�k�d�b�� �a�g�Z�q�b�f�Z�y�� �j�Z�a�g�b�p�Z�� ��t = �±2.51; p = 0.0194������ �W�l�h��

�i�h�^�l�\�_�j�`�^�Z�_�l���� �q�l�h�� �^�Z�`�_�� �i�j�h�k�l�h�_�� �\�j�Z�s�_�g�b�_�� �h�d�j�m�`�_�g�b�y�� �i�h�� �l�b�i�m�� �©�D�Z�j�m�k�_�e�v�ª�� �\��

�\�b�a�m�Z�e�v�g�h���[�_�^�g�h�c���k�j�_�^�_���h�d�Z�a�u�\�Z�_�l���g�_�a�g�Z�q�b�l�_�e�v�g�h�_�����g�h���h�s�m�l�b�f�h�_���\�e�b�y�g�b�_���g�Z��

�j�Z�\�g�h�\�_�k�b�_���� �H�^�g�Z�d�h�� �m�j�h�\�_�g�v�� �w�l�h�]�h�� �\�h�a�^�_�c�k�l�\�b�y�� �h�k�l�Z�z�l�k�y�� �g�b�a�d�b�f���� �q�l�h��

�k�h�h�l�\�_�l�k�l�\�m�_�l�� �i�j�_�^�u�^�m�s�b�f�� �b�k�k�e�_�^�h�\�Z�g�b�y�f�� �b�� �i�h�^�q�z�j�d�b�\�Z�_�l�� �k�e�Z�[�u�c�� �w�n�n�_�d�l��

�k�l�b�f�m�e�Z�� 

�I�_�j�_�o�h�^���h�l���©�D�Z�j�m�k�_�e�b�ª���d���©�I�h�d�Z�q�b�\�Z�g�b�x�ª���k�h�i�j�h�\�h�`�^�Z�_�l�k�y���^�h�k�l�h�\�_�j�g�u�f��

�m�\�_�e�b�q�_�g�b�_�f���^�e�b�g�u���K�D�=���d�Z�d���\���d�b�j�i�b�q�g�h�c����p < 0.0001�������l�Z�d���b���\���b�g�l�_�j�v�_�j�g�h�c����p 

= 0.0037���� �k�j�_�^�_���� �W�l�h�� �m�d�Z�a�u�\�Z�_�l�� �g�Z�� �l�h���� �q�l�h�� �i�h�d�Z�q�b�\�Z�g�b�_�� �k�h�a�^�Z�z�l�� �[�h�e�_�_��

�\�u�j�Z�`�_�g�g�u�c�� �k�_�g�k�h�j�g�u�c�� �d�h�g�n�e�b�d�l���� �\�u�a�u�\�Z�y�� �^�_�k�l�Z�[�b�e�b�a�Z�p�b�x�� �b�� �Z�d�l�b�\�Z�p�b�x��

�d�h�f�i�_�g�k�Z�l�h�j�g�u�o���^�\�b�`�_�g�b�c�����d�Z�d���b���i�j�_�^�i�h�e�Z�]�Z�e�h�k�v���\���g�Z�q�Z�e�_���w�d�k�i�_�j�b�f�_�g�l�Z�� 

�I�j�b�� �w�l�h�f�� �g�Z�b�[�h�e�_�_�� �\�u�j�Z�`�_�g�g�u�_�� �j�Z�a�e�b�q�b�y�� �\�u�y�\�e�_�g�u�� �f�_�`�^�m��

�©�I�h�d�Z�q�b�\�Z�g�b�_�f�ª���b���©�D�m�\�u�j�d�h�f�ª���\���h�[�h�b�o���l�b�i�Z�o���\�b�j�l�m�Z�e�v�g�h�c���k�j�_�^�u�����d�b�j�i�b�q�����S��

= 0�������������� �b�g�l�_�j�v�_�j���� �S�� � �� ������������������ �W�l�h�� �]�h�\�h�j�b�l�� �h�� �l�h�f���� �q�l�h�� �\�j�Z�s�_�g�b�_�� �i�h��

�\�_�j�l�b�d�Z�e�v�g�h�c�� �h�k�b�� �\�h�k�i�j�b�g�b�f�Z�_�l�k�y�� �k�b�k�l�_�f�h�c�� �j�Z�\�g�h�\�_�k�b�y�� �d�Z�d�� �g�Z�b�[�h�e�_�_��

�^�_�k�l�Z�[�b�e�b�a�b�j�m�x�s�_�_���� �q�l�h�� �h�i�y�l�v�� �`�_�� �i�h�^�l�\�_�j�`�^�Z�_�l�� �g�Z�j�Z�[�h�l�d�b�� �i�j�_�^�u�^�m�s�_�]�h��

�i�b�e�h�l�g�h�]�h���b�k�k�e�_�^�h�\�Z�g�b�y�� 

�<�Z�`�g�h�� �l�Z�d�`�_�� �k�d�Z�a�Z�l�v���� �q�l�h�� �i�j�b�� �d�Z�`�^�h�f �b�a�� �l�j�z�o�� �l�b�i�h�\�� �\�j�Z�s�_�g�b�y�� �^�e�b�g�Z��

�k�l�Z�l�h�d�b�g�_�a�b�h�]�j�Z�f�f�u�� �[�u�e�Z�� �[�h�e�v�r�_�� �\�� �d�b�j�i�b�q�g�h�c�� �k�j�_�^�_���� �q�_�f�� �\�� �d�h�f�g�Z�l�_�� �k��

�b�g�l�_�j�v�_�j�h�f���� �W�l�h�� �]�h�\�h�j�b�l�� �h�� �k�g�b�`�_�g�b�b�� �i�h�k�l�m�j�Z�e�v�g�h�c�� �m�k�l�h�c�q�b�\�h�k�l�b�� �i�j�b��

�h�l�k�m�l�k�l�\�b�b���\�b�a�m�Z�e�v�g�u�o���h�j�b�_�g�l�b�j�h�\�����q�l�h���i�h�^�l�\�_�j�`�^�Z�_�l���\�Z�`�g�h�k�l�v���h�d�j�m�`�Z�x�s�_�c��

�\�b�a�m�Z�e�v�g�h�c���k�l�j�m�d�l�m�j�u���\���k�l�Z�[�b�e�b�a�Z�p�b�b���l�_�e�Z�� 
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�J�b�k�m�g�h�d 61 - �=�b�k�l�h�]�j�Z�f�f�Z���k�j�_�^�g�_�c���i�e�h�s�Z�^�b���k�l�Z�l�h�d�b�g�_�a�b�h�]�j�Z�f�f�u���\���j�Z�a�g�u�o 
�d�h�f�g�Z�l�Z�o 

 
�I�_�j�_�c�^�_�f�� �d�� �i�h�^�j�h�[�g�h�f�m�� �j�Z�k�k�f�h�l�j�_�g�b�x�� �^�Z�g�g�u�o�� �h�� �i�e�h�s�Z�^�b��

�k�l�Z�l�h�d�b�g�_�a�b�]�j�Z�f�f�u���� �i�h�e�m�q�_�g�g�u�o�� �k�� �i�h�f�h�s�v�x�� �k�l�Z�[�b�e�h�i�e�Z�l�n�h�j�f�u���� �G�Z�� �j�b�k����61 

�h�l�h�[�j�Z�`�_�g�u�� �k�j�_�^�g�b�_�� �a�g�Z�q�_�g�b�y�� �i�e�h�s�Z�^�b�� �i�j�b�� �d�Z�`�^�h�f�� �l�b�i�_�� �\�j�Z�s�_�g�b�y�� �\�� �^�\�m�o��

�\�b�a�m�Z�e�v�g�u�o���k�j�_�^�Z�o���²  �©�D�b�j�i�b�q�ª���b���©�B�g�l�_�j�v�_�j�ª�����<�Z�`�g�h���h�l�f�_�l�b�l�v�����q�l�h���g�_�k�f�h�l�j�y��

�g�Z�� �m�\�_�e�b�q�_�g�b�_�� �i�e�h�s�Z�^�b�� �h�l�� �©�D�Z�j�m�k�_�e�b�ª�� �d�� �©�D�m�\�u�j�d�m�ª���� �j�Z�a�g�b�p�Z�� �f�_�`�^�m��

�d�h�f�g�Z�l�Z�f�b���f�b�g�b�f�Z�e�v�g�Z���b�e�b���h�l�k�m�l�k�l�\�m�_�l�����W�l�h���\���l�h�q�g�h�k�l�b �h�l�j�Z�`�Z�_�l���j�_�a�m�e�v�l�Z�l�u��

�$�1�2�9�$�� �i�h�� �i�e�h�s�Z�^�b�� �k�l�Z�l�h�d�b�g�_�a�b�h�]�j�Z�f�f�u���� �d�h�l�h�j�u�_�� �i�j�_�^�k�l�Z�\�e�_�g�u�� �g�b�`�_���� �b��

�i�h�^�l�\�_�j�`�^�Z�_�l�� �\�u�\�h�^�� �h�� �l�h�f���� �q�l�h�� �l�b�i�� �k�j�_�^�u�� �g�_�� �h�d�Z�a�u�\�Z�_�l�� �a�g�Z�q�b�f�h�]�h�� �\�e�b�y�g�b�y����

�L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �\�� �^�Z�g�g�h�f�� �k�e�m�q�Z�_�� �]�b�k�l�h�]�j�Z�f�f�Z�� �^�_�f�h�g�k�l�j�b�j�m�_�l�� �m�k�l�h�c�q�b�\�h�k�l�v��

�i�e�h�s�Z�^�b�� �d�� �\�b�a�m�Z�e�v�g�h�f�m�� �h�d�j�m�`�_�g�b�x���� �q�l�h�� �k�h�h�l�\�_�l�k�l�\�m�_�l�� �k�l�Z�l�b�k�l�b�q�_�k�d�b�f��

�^�Z�g�g�u�f�� �b�� �m�d�Z�a�u�\�Z�_�l�� �g�Z�� �k�h�o�j�Z�g�_�g�b�_�� �\�g�m�l�j�_�g�g�_�c�� �a�h�g�u�� �d�h�g�l�j�h�e�y�� �^�Z�`�_�� �i�j�b��

�k�_�g�k�h�j�g�h�c���^�_�k�l�Z�[�b�e�b�a�Z�p�b�b�� 

�L�Z�[�e�b�p�Z��8 - �>�b�k�i�_�j�k�b�h�g�g�u�c���Z�g�Z�e�b�a���i�h�\�l�h�j�g�u�o���b�a�f�_�j�_�g�b�c���^�e�y���i�e�h�s�Z�^�b��

�k�l�Z�l�h�d�b�g�_�a�b�h�]�j�Z�f�f�u  

�N�Z�d�l�h�j �K�l�_�i�_�g�b���k�\�h�[�h�^�u����df) F p 

�K�j�_�^�Z 1 0,09 0,765 

�<�j�Z�s�_�g�b�_ 2 17,9 0,0000015 

�<�a�Z�b�f�h�^�_�c�k�l�\�b�_�� 2 0,67 0,5 
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�B�a���l�Z�[�e�b�p�u��8 �\�b�^�g�h�����q�l�h�����\���h�l�e�b�q�b�_���h�l���^�e�b�g�u���k�l�Z�l�h�d�b�g�_�a�b�h�]�j�Z�f�f�u�����i�j�b��

�Z�g�Z�e�b�a�_�� �i�e�h�s�Z�^�b�� �\�e�b�y�g�b�_�� �\�b�a�m�Z�e�v�g�h�c�� �k�j�_�^�u�� �h�d�Z�a�Z�e�h�k�v�� �k�l�Z�l�b�k�l�b�q�_�k�d�b��

�g�_�a�g�Z�q�b�f�u�f�����)��� ���������������S��� �������������������l�h�]�^�Z���d�Z�d���w�n�n�_�d�l���l�b�i�Z���\�j�Z�s�_�g�b�y���k�h�o�j�Z�g�y�e�k�y��

�a�g�Z�q�b�f�u�f�����)��� ���������������S��� ���������������������������H�l�k�m�l�k�l�\�b�_���\�a�Z�b�f�h�^�_�c�k�l�\�b�y���n�Z�d�l�h�j�h�\�����)��� ��

�������������S��� �������������^�h�i�h�e�g�b�l�_�e�v�g�h���i�h�^�l�\�_�j�`�^�Z�_�l�����q�l�h���i�e�h�s�Z�^�v���a�h�g�u���d�h�e�_�[�Z�g�b�c���l�_�e�Z��

�h�i�j�_�^�_�e�y�_�l�k�y�� �b�f�_�g�g�h�� �l�b�i�h�f�� �\�j�Z�s�_�g�b�y���� �g�h�� �i�j�Z�d�l�b�q�_�k�d�b�� �g�_�� �a�Z�\�b�k�b�l�� �h�l��

�\�b�a�m�Z�e�v�g�h�]�h�� �d�h�g�l�_�d�k�l�Z���� �W�l�h�� �f�h�`�_�l�� �k�\�b�^�_�l�_�e�v�k�l�\�h�\�Z�l�v�� �h�� �g�Z�e�b�q�b�b�� �m�k�l�h�c�q�b�\�h�c��

�©�a�h�g�u�� �d�h�g�l�j�h�e�y�ª���� �\�� �i�j�_�^�_�e�Z�o �d�h�l�h�j�h�c�� �m�q�Z�k�l�g�b�d�b�� �i�j�_�^�i�h�q�b�l�Z�x�l�� �m�^�_�j�`�b�\�Z�l�v��

�j�Z�\�g�h�\�_�k�b�_���� �g�_�k�f�h�l�j�y�� �g�Z�� �\�g�_�r�g�b�_�� �m�k�e�h�\�b�y���� �L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �^�e�b�g�Z��

�k�l�Z�l�h�d�b�g�_�a�b�h�]�j�Z�f�f�u�� �h�d�Z�a�u�\�Z�_�l�k�y�� �[�h�e�_�_�� �q�m�\�k�l�\�b�l�_�e�v�g�u�f�� �i�h�d�Z�a�Z�l�_�e�_�f�� �d��

�d�h�g�l�_�d�k�l�m���� �\�� �l�h�� �\�j�_�f�y�� �d�Z�d�� �i�e�h�s�Z�^�v�� �h�l�j�Z�`�Z�_�l�� �k�d�h�j�_�_�� �]�j�Z�g�b�p�u�� �^�h�i�m�k�d�Z�_�f�h�c��

�g�_�k�l�Z�[�b�e�v�g�h�k�l�b��  

�I�j�b�� �k�j�Z�\�g�_�g�b�b�� �i�e�h�s�Z�^�b�� �k�l�Z�l�h�d�b�g�_�a�b�h�]�j�Z�f�f�u�� �i�h�e�m�q�_�g�g�h�c�� �\�� �i�j�h�p�_�k�k�_��

�\�u�i�h�e�g�_�g�b�y�� �i�j�h�[�u�� �J�h�f�[�_�j�]�Z�� �b�� �\�j�Z�s�_�g�b�y�� �i�h�� �l�b�i�m�� �©�D�Z�j�m�k�_�e�v�ª�� �j�Z�a�e�b�q�b�y�� �g�_��

�^�h�k�l�b�]�e�b�� �k�l�Z�l�b�k�l�b�q�_�k�d�h�c�� �a�g�Z�q�b�f�h�k�l�b�� ��p = 0.2936������ �q�l�h�� �i�h�^�q�z�j�d�b�\�Z�_�l���²  

�g�_�k�f�h�l�j�y�� �g�Z�� �m�\�_�e�b�q�_�g�b�_�� �^�e�b�g�u�� �l�j�Z�_�d�l�h�j�b�b���� �a�h�g�Z�� �i�h�k�l�m�j�Z�e�v�g�h�c��

�g�_�k�l�Z�[�b�e�v�g�h�k�l�b�� �i�j�b�� �©�D�Z�j�m�k�_�e�b�ª�� �i�j�Z�d�l�b�q�_�k�d�b�� �g�_�� �j�Z�k�r�b�j�y�_�l�k�y���� �>�Z�e�_�_���� �i�j�b��

�k�j�Z�\�g�_�g�b�b���\�j�Z�s�_�g�b�c���i�h���l�b�i�m���©�D�Z�j�m�k�_�e�v�ª���b���©�I�h�d�Z�q�b�\�Z�g�b�_�ª���j�Z�a�e�b�q�b�y���h�d�Z�a�Z�e�b�k�v��

�a�g�Z�q�b�f�u�� �\�� �h�[�_�b�o�� �k�j�_�^�Z�o�� ���d�b�j�i�b�q���� �S�� � �� ���������������� �b�g�l�_�j�v�_�j���� �S�� � �� ������������������ �q�l�h��

�]�h�\�h�j�b�l���h���j�Z�k�r�b�j�_�g�b�b���a�h�g�u���d�h�e�_�[�Z�g�b�c���l�_�e�Z���i�j�b���[�h�e�_�_���b�g�l�_�g�k�b�\�g�h�f���\�j�Z�s�_�g�b�b�� 

�H�^�g�Z�d�h�����i�j�b���k�j�Z�\�g�_�g�b�b���\�j�Z�s�_�g�b�c���i�h���l�b�i�m���©�I�h�d�Z�q�b�\�Z�g�b�_�ª���k���\�j�Z�s�_�g�b�y�f�b��

�i�h�� �l�b�i�m�� �©�D�m�\�u�j�h�d�ª�� �[�u�e�b�� �h�[�g�Z�j�m�`�_�g�u�� �b�g�l�_�j�_�k�g�u�_�� �j�_�a�m�e�v�l�Z�l�u���� �A�^�_�k�v��

�k�l�Z�l�b�k�l�b�q�_�k�d�b�_���j�Z�a�e�b�q�b�y���h�l�k�m�l�k�l�\�m�x�l����p > 0.3�������W�l�h���f�h�`�_�l���k�\�b�^�_�l�_�e�v�k�l�\�h�\�Z�l�v��

�h�� �l�h�f���� �q�l�h�� �i�j�b�� �^�h�k�l�b�`�_�g�b�b�� �h�i�j�_�^�_�e�z�g�g�h�]�h�� �m�j�h�\�g�y�� �k�e�h�`�g�h�k�l�b�� �k�l�b�f�m�e�y�p�b�b��

�m�q�Z�k�l�g�b�d�b���i�j�b�[�_�]�Z�x�l���d���k�l�j�Z�l�_�]�b�b���©�m�^�_�j�`�Z�g�b�y���\���a�h�g�_�ª�����d�h�f�i�_�g�k�b�j�m�y���^�\�b�`�_�g�b�_��

�a�Z���k�q�z�l���\�u�k�h�d�h�c���q�Z�k�l�h�l�u���f�b�d�j�h�d�h�j�j�_�d�p�b�c�����g�h���g�_���\�u�o�h�^�y���a�Z���j�Z�f�d�b���m�k�l�h�c�q�b�\�h�]�h��

�i�h�e�y�����<���j�_�a�m�e�v�l�Z�l�_���^�e�b�g�Z���l�j�Z�_�d�l�h�j�b�b���j�Z�k�l�z�l�����Z���i�e�h�s�Z�^�v���²  �h�k�l�Z�z�l�k�y���g�Z���i�j�_�`�g�_�f��

�m�j�h�\�g�_�����D�j�h�f�_���l�h�]�h�����w�l�h���k�\�b�^�_�l�_�e�v�k�l�\�m�_�l���h���\�_�j�h�y�l�g�h�k�l�b���g�Z�e�b�q�b�y���i�j�h�b�a�\�h�e�v�g�h�c��

�d�h�f�i�_�g�k�Z�l�h�j�g�h�c�� �k�l�j�Z�l�_�]�b�b���� �k�� �i�h�f�h�s�v�x�� �d�h�l�h�j�h�c�� �b�k�i�u�l�m�_�f�u�_�� �g�_�� �i�j�h�k�l�h��
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Kinect 

 
�L�_�i�_�j�v�� �i�_�j�_�c�^�_�f�� �d�� �^�Z�g�g�u�f���� �i�h�e�m�q�_�g�g�u�f�� �k�� �i�h�f�h�s�v�x�� �k�b�k�l�_�f�u��Kinect. 

�=�b�k�l�h�]�j�Z�f�f�Z���g�Z���j�b�k����62 �i�h�d�Z�a�u�\�Z�_�l�����d�Z�d���b�a�f�_�g�y�_�l�k�y���Z�f�i�e�b�l�m�^�Z���^�\�b�`�_�g�b�y���l�_�e�Z 

���<�L�L�Q���� �\�� �a�Z�\�b�k�b�f�h�k�l�b�� �h�l�� �l�b�i�Z�� �\�j�Z�s�_�g�b�y�� �b�� �k�j�_�^�u���� �A�g�Z�q�_�g�b�y�� �\�h�a�j�Z�k�l�Z�x�l�� �h�l��
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�a�g�Z�q�b�f�u�_���w�n�n�_�d�l�u���l�b�i�Z���\�j�Z�s�_�g�b�y�����k�j�_�^�u���b���b�o���\�a�Z�b�f�h�^�_�c�k�l�\�b�y�� 

�<�� �^�Z�g�g�h�f�� �k�e�m�q�Z�_�� �]�b�k�l�h�]�j�Z�f�f�Z�� �y�j�d�h�� �b�e�e�x�k�l�j�b�j�m�_�l�� �q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�v��

�.�L�Q�H�F�W�� �d�� �b�a�f�_�g�_�g�b�y�f�� �m�k�e�h�\�b�c���� �I�j�b�� �w�l�h�f�� �o�Z�j�Z�d�l�_�j�� �]�j�Z�n�b�d�Z�� �i�h�\�l�h�j�y�_�l��

�l�_�g�^�_�g�p�b�b���� �a�Z�n�b�d�k�b�j�h�\�Z�g�g�u�_�� �g�Z�� �k�l�Z�[�b�e�h�i�e�Z�l�n�h�j�f�_���� �W�l�h�� �i�h�^�l�\�_�j�`�^�Z�_�l���� �q�l�h��

�h�[�Z�� �f�_�l�h�^�Z�� ���.�L�Q�H�F�W�� �b�� �k�l�Z�[�b�e�h�]�j�Z�n�b�y���� �h�l�j�Z�`�Z�x�l�� �h�^�g�b�� �b �l�_�� �`�_�� �i�h�k�l�m�j�Z�e�v�g�u�_��

�a�Z�d�h�g�h�f�_�j�g�h�k�l�b���� �q�l�h�� �^�_�e�Z�_�l�� �b�o�� �\�a�Z�b�f�h�a�Z�f�_�g�y�_�f�u�f�b�� �i�j�b�� �Z�g�Z�e�b�a�_�� �k�_�g�k�h�j�g�h�c��

�^�_�k�l�Z�[�b�e�b�a�Z�p�b�b�� 

�L�Z�[�e�b�p�Z��9 - �>�b�k�i�_�j�k�b�h�g�g�u�c���Z�g�Z�e�b�a���i�h�\�l�h�j�g�u�o���b�a�f�_�j�_�g�b�c���^�e�y���^�Z�g�g�u�o��

�i�_�j�_�f�_�s�_�g�b�y���<�L�L�Q  

�N�Z�d�l�h�j �K�l�_�i�_�g�b���k�\�h�[�h�^�u����df) F p 

�K�j�_�^�Z 1 10,9 0,003 

�<�j�Z�s�_�g�b�_ 2 14,5 0,00001 

�<�a�Z�b�f�h�^�_�c�k�l�\�b�_�� 2 10,6 0,0001 
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�i�e�Z�l�n�h�j�f�_�g�g�u�o���b�a�f�_�j�_�g�b�c�� 
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�J�h�f�[�_�j�]�Z�� �k�� �h�l�d�j�u�l�u�f�b�� �]�e�Z�a�Z�f�b�� ���W�� � ���±������������ �S�� � �� ������������������ �]�^�_�� �`�_�g�s�b�g�u��

�^�_�f�h�g�k�l�j�b�j�h�\�Z�e�b�� �[�h�e�_�_�� �\�u�j�Z�`�_�g�g�u�_�� �i�h�k�l�m�j�Z�e�v�g�u�_�� �d�h�e�_�[�Z�g�b�y���� �W�l�h�� �f�h�`�_�l��

�m�d�Z�a�u�\�Z�l�v�� �g�Z�� �[�h�e�_�_�� �\�u�k�h�d�m�x�� �k�_�g�k�h�j�g�m�x�� �q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�v�� �b�e�b�� �f�_�g�v�r�m�x��

�m�k�l�h�c�q�b�\�h�k�l�v���d���^�Z�`�_���f�b�g�b�f�Z�e�v�g�h�c���g�_�k�l�Z�[�b�e�v�g�h�k�l�b�����H�k�h�[�_�g�g�h���\�u�j�Z�`�_�g�g�u�f�b��

�j�Z�a�e�b�q�b�y�� �h�d�Z�a�Z�e�b�k�v�� �\�� �m�k�e�h�\�b�y�o�� �\�j�Z�s�_�g�b�y�� �©�D�Z�j�m�k�_�e�v�ª�� �b�� �©�D�m�\�u�j�h�d�ª�� �\��

�d�b�j�i�b�q�g�h�c���d�h�f�g�Z�l�_�����W��� ���±�������������S��� �����������������b���W��� ���±�������������S��� �����������������k�h�h�l�\�_�l�k�l�\�_�g�g�h������



255 
 
�<�� �w�l�b�o�� �m�k�e�h�\�b�y�o���� �o�Z�j�Z�d�l�_�j�b�a�m�x�s�b�o�k�y�� �e�b�[�h�� �h�l�k�m�l�k�l�\�b�_�f�� �a�j�b�l�_�e�v�g�u�o��

�h�j�b�_�g�l�b�j�h�\���� �e�b�[�h�� �\�u�k�h�d�h�c�� �k�l�_�i�_�g�v�x�� �k�_�g�k�h�j�g�h�]�h�� �d�h�g�n�e�b�d�l�Z���� �`�_�g�s�b�g�u�� �\��

�k�j�_�^�g�_�f�� �^�_�f�h�g�k�l�j�b�j�h�\�Z�e�b�� �[�h�e�_�_�� �\�u�j�Z�`�_�g�g�u�_�� �d�h�f�i�_�g�k�Z�l�h�j�g�u�_�� �^�\�b�`�_�g�b�y����

�L�Z�d�Z�y�� �d�Z�j�l�b�g�Z�� �f�h�`�_�l�� �h�l�j�Z�`�Z�l�v�� �g�_�� �l�h�e�v�d�h�� �n�b�a�b�h�e�h�]�b�q�_�k�d�b�_�� �j�Z�a�e�b�q�b�y�� �\��

�i�_�j�_�j�Z�[�h�l�d�_�� �\�_�k�l�b�[�m�e�y�j�g�h�c�� �b�g�n�h�j�f�Z�p�b�b���� �g�h�� �b�� �h�k�h�[�_�g�g�h�k�l�b�� �k�l�j�Z�l�_�]�b�c��
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�k�b�k�l�_�f�u���.�L�Q�H�F�W�����W�l�h���m�d�Z�a�u�\�Z�_�l���g�Z���\�u�k�h�d�m�x���w�n�n�_�d�l�b�\�g�h�k�l�v���\�u�[�j�Z�g�g�h�c���f�h�^�_�e�b��

�k�_�g�k�h�j�g�h�]�h���d�h�g�n�e�b�d�l�Z���\���b�g�^�m�d�p�b�b���^�_�k�l�Z�[�b�e�b�a�Z�p�b�b�����J�_�a�m�e�v�l�Z�l�u���\���k�\�h�x���h�q�_�j�_�^�v��

�k�h�]�e�Z�k�m�x�l�k�y�� �k�� �^�Z�g�g�u�f�b�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �W�f�b�e�b�� �D�_�r�g�_�j���� �i�h�d�Z�a�Z�\�r�b�f�b���� �q�l�h��
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�k�e�h�`�g�u�_�� �k�_�g�k�h�j�g�u�_�� �d�h�g�n�e�b�d�l�u���� �h�k�h�[�_�g�g�h�� �k�� �g�Z�j�m�r�_�g�b�_�f�� �]�j�Z�\�b�l�Z�p�b�h�g�g�h�]�h��

�\�h�k�i�j�b�y�l�b�y���� �\�u�a�u�\�Z�x�l�� �a�g�Z�q�b�f�u�_�� �h�l�d�e�h�g�_�g�b�y�� �\�� �i�h�k�l�m�j�Z�e�v�g�h�f�� �d�h�g�l�j�h�e�_��

(Keshner & Kenyon, 2007).  

�B�g�l�_�j�_�k�g�u�f�� �h�d�Z�a�Z�e�h�k�v�� �l�Z�d�`�_�� �j�Z�k�o�h�`�^�_�g�b�_�� �f�_�`�^�m�� �^�e�b�g�h�c�� �b�� �i�e�h�s�Z�^�v�x��

�i�h�k�l�m�j�Z�e�v�g�h�c�� �l�j�Z�_�d�l�h�j�b�b���� �M�\�_�e�b�q�_�g�b�_�� �^�e�b�g�u�� �i�j�b�� �h�l�g�h�k�b�l�_�e�v�g�h�c��

�k�l�Z�[�b�e�v�g�h�k�l�b�� �i�e�h�s�Z�^�b�� �f�h�`�_�l�� �k�\�b�^�_�l�_�e�v�k�l�\�h�\�Z�l�v�� �h�� �a�Z�i�m�k�d�_�� �d�h�f�i�_�g�k�Z�l�h�j�g�u�o��

�f�_�o�Z�g�b�a�f�h�\���� �g�Z�i�j�Z�\�e�_�g�g�u�o�� �g�Z�� �m�^�_�j�`�Z�g�b�_�� �l�_�e�Z�� �\�� �i�j�_�^�_�e�Z�o���i�j�b�\�u�q�g�h�c�� �a�h�g�u��

�j�Z�\�g�h�\�_�k�b�y���i�j�b���m�\�_�e�b�q�_�g�b�b���h�[�t�z�f�Z���f�b�d�j�h�^�\�b�`�_�g�b�c�����W�l�h���i�h�^�l�\�_�j�`�^�Z�_�l�k�y���d�Z�d��

�q�b�k�e�_�g�g�h���� �l�Z�d�� �b�� �\�� �k�m�[�t�_�d�l�b�\�g�u�o�� �h�l�q�z�l�Z�o�� �b�k�i�u�l�m�_�f�u�o���� �q�l�h�� �m�k�b�e�b�\�Z�_�l��

�b�g�l�_�j�i�j�_�l�Z�p�b�h�g�g�m�x���g�Z�^�z�`�g�h�k�l�v���j�_�a�m�e�v�l�Z�l�h�\�����K�o�h�^�g�u�_���\�u�\�h�^�u���[�u�e�b���k�^�_�e�Z�g�u��

�\�� �b�k�k�e�_�^�h�\�Z�g�b�b�� �I�_�l�_�j�d�Z���� �]�^�_�� �i�h�^�q�_�j�d�b�\�Z�e�h�k�v���� �q�l�h�� �Z�^�Z�i�l�b�\�g�u�_�� �b�a�f�_�g�_�g�b�y�� �\��

�k�l�j�Z�l�_�]�b�b�� �i�h�k�l�m�j�Z�e�v�g�h�]�h�� �d�h�g�l�j�h�e�y�� �i�h�a�\�h�e�y�x�l�� �d�h�f�i�_�g�k�b�j�h�\�Z�l�v��

�g�_�k�l�Z�[�b�e�v�g�h�k�l�v�� �[�_�a�� �a�g�Z�q�b�l�_�e�v�g�h�]�h�� �m�\�_�e�b�q�_�g�b�y�� �i�e�h�s�Z�^�b�� �d�h�e�_�[�Z�g�b�c�� ���3�H�W�H�U�N�D����

2002). 

�H�k�h�[�h�]�h�� �\�g�b�f�Z�g�b�y�� �a�Z�k�e�m�`�b�\�Z�x�l�� �j�_�a�m�e�v�l�Z�l�u�� �k�h�i�h�k�l�Z�\�e�_�g�b�y�� �^�Z�g�g�u�o����

�i�h�e�m�q�_�g�g�u�o�� �k�� �i�h�f�h�s�v�x���k�l�Z�[�b�e�h�i�e�Z�l�n�h�j�f�u�� �b�� �k�b�k�l�_�f�u�� �[�_�a�f�Z�j�d�_�j�g�h�]�h��

�\�b�^�_�h�Z�g�Z�e�b�a�Z�� �.�L�Q�H�F�W���� �:�g�Z�e�b�a�� �i�h�d�Z�a�Z�e���� �q�l�h�� �h�[�Z�� �f�_�l�h�^�Z�� �n�b�d�k�b�j�m�x�l�� �k�o�h�`�b�_��

�l�j�_�g�^�u�� �b�a�f�_�g�_�g�b�y�� �i�h�k�l�m�j�Z�e�v�g�h�c�� �m�k�l�h�c�q�b�\�h�k�l�b���� �d�Z�d�� �i�j�b�� �m�\�_�e�b�q�_�g�b�b��

�k�e�h�`�g�h�k�l�b�� �k�_�g�k�h�j�g�h�c�� �k�l�b�f�m�e�y�p�b�b���� �l�Z�d�� �b�� �i�j�b�� �b�a�f�_�g�_�g�b�b�� �\�b�a�m�Z�e�v�g�h�c�� �k�j�_�^�u����

�=�b�k�l�h�]�j�Z�f�f�u�����i�h�k�l�j�h�_�g�g�u�_���g�Z���h�k�g�h�\�Z�g�b�b���k�j�_�^�g�_�c���^�e�b�g�u���k�l�Z�l�h�d�b�g�_�a�b�h�]�j�Z�f�f�u��

�b�� �Z�f�i�e�b�l�m�^�u�� �i�_�j�_�f�_�s�_�g�b�y�� �<�L�L�Q���� �i�j�h�^�_�f�h�g�k�l�j�b�j�h�\�Z�e�b�� �i�j�Z�d�l�b�q�_�k�d�b��

�b�^�_�g�l�b�q�g�u�_���n�h�j�f�u�����Z���^�Z�g�g�u�_���^�b�k�i�_�j�k�b�h�g�g�h�]�h���Z�g�Z�e�b�a�Z���i�h�^�l�\�_�j�^�b�e�b���a�g�Z�q�b�f�u�_��

�w�n�n�_�d�l�u�� �h�^�g�b�o�� �b�� �l�_�o�� �`�_�� �n�Z�d�l�h�j�h�\���� �W�l�h�� �i�h�a�\�h�e�y�_�l�� �k�^�_�e�Z�l�v�� �\�u�\�h�^�� �h�� �\�u�k�h�d�h�c��

�k�l�_�i�_�g�b�� �k�h�]�e�Z�k�h�\�Z�g�g�h�k�l�b�� �f�_�`�^�m�� �w�l�b�f�b�� �f�_�l�h�^�Z�f�b�� �j�_�]�b�k�l�j�Z�p�b�b�� �b���� �d�Z�d��

�k�e�_�^�k�l�\�b�_���� �h�� �\�h�a�f�h�`�g�h�k�l�b�� �b�o�� �\�a�Z�b�f�h�a�Z�f�_�g�y�_�f�h�k�l�b�� �\�� �j�Z�f�d�Z�o�� �d�e�b�g�b�d�h-

�i�k�b�o�h�e�h�]�b�q�_�k�d�h�c�� �^�b�Z�]�g�h�k�l�b�d�b�� �b�� �f�h�g�b�l�h�j�b�g�]�Z�� �^�b�g�Z�f�b�d�b�� �j�_�Z�[�b�e�b�l�Z�p�b�h�g�g�h�]�h��

�i�j�h�p�_�k�k�Z���� 

�I�h�e�m�q�_�g�g�u�_���^�Z�g�g�u�_�� �g�_���i�j�h�l�b�\�h�j�_�q�Z�l���j�_�a�m�e�v�l�Z�l�Z�f�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �D�e�Z�j�d��

�b�� �k�h�Z�\�l�h�j�h�\���� �]�^�_�� �h�p�_�g�b�\�Z�e�Z�k�v�� �i�Z�j�Z�e�e�_�e�v�g�Z�y�� �^�h�k�l�h�\�_�j�g�h�k�l�v�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h-

�\�j�_�f�_�g�g�u�o�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�� �i�h�o�h�^�d�b���� �b�a�f�_�j�_�g�g�u�o�� �k�� �i�h�f�h�s�v�x�� �.�L�Q�H�F�W�� �b��
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�w�l�Z�e�h�g�g�h�c�� �k�b�k�l�_�f�u�� �l�j�z�o�f�_�j�g�h�]�h�� �Z�g�Z�e�b�a�Z�� �^�\�b�`�_�g�b�y�� �����'�0�$������ �;�u�e�h�� �i�h�d�Z�a�Z�g�h����

�q�l�h�� �l�Z�d�b�_�� �i�Z�j�Z�f�_�l�j�u���� �d�Z�d�� �k�d�h�j�h�k�l�v�� �b�� �^�e�b�g�Z�� �r�Z�]�Z���� �^�_�f�h�g�k�l�j�b�j�m�x�l�� �\�u�k�h�d�m�x��

�k�l�_�i�_�g�v�� �k�h�]�e�Z�k�h�\�Z�g�g�h�k�l�b�� �f�_�`�^�m�� �f�_�l�h�^�Z�f�b�� ���U�� �b�� �U�F�� �!�� �������������� �g�_�k�f�h�l�j�y�� �g�Z��

�h�i�j�_�^�_�e�z�g�g�u�_���h�]�j�Z�g�b�q�_�g�b�y���\���l�h�q�g�h�k�l�b���i�j�b���b�a�f�_�j�_�g�b�b���\�j�_�f�_�g�b���r�Z�]�Z����Clark et 

al���������������������W�l�b���j�_�a�m�e�v�l�Z�l�u���i�h�^�l�\�_�j�`�^�Z�x�l���i�_�j�k�i�_�d�l�b�\�g�h�k�l�v���i�j�b�f�_�g�_�g�b�y���.�L�Q�H�F�W��

�d�Z�d�� �m�^�h�[�g�h�]�h���� �g�_�^�h�j�h�]�h�]�h�� �b�� �^�h�k�l�m�i�g�h�]�h�� �b�g�k�l�j�m�f�_�g�l�Z�� �\�� �a�Z�^�Z�q�Z�o�� �h�p�_�g�d�b��

�^�\�b�]�Z�l�_�e�v�g�h�c�� �n�m�g�d�p�b�b���� �h�k�h�[�_�g�g�h�� �i�j�b�� �h�l�k�m�l�k�l�\�b�b�� �k�e�h�`�g�h�]�h�� �e�Z�[�h�j�Z�l�h�j�g�h�]�h��

�h�[�h�j�m�^�h�\�Z�g�b�y�� 

�D�j�h�f�_�� �l�h�]�h���� �j�_�a�m�e�v�l�Z�l�u���� �i�h�e�m�q�_�g�g�u�_�� �\�� �g�Z�r�_�f�� �b�k�k�e�_�^�h�\�Z�g�b�b����

�i�h�^�l�\�_�j�`�^�Z�x�l���j�Z�g�_�_���h�i�m�[�e�b�d�h�\�Z�g�g�u�_���^�Z�g�g�u�_���h���^�h�k�l�h�\�_�j�g�h�k�l�b���b�k�i�h�e�v�a�h�\�Z�g�b�y��

�.�L�Q�H�F�W���^�e�y���h�p�_�g�d�b���i�Z�j�Z�f�_�l�j�h�\���m�k�l�h�c�q�b�\�h�k�l�b�����L�Z�d�����\���j�Z�[�h�l�_���Y�g�]�Z���b���k�h�Z�\�l�h�j�h�\��

���<�D�Q�J�� �H�W�� �D�O������ ������������ �[�u�e�h�� �i�h�d�Z�a�Z�g�h���� �q�l�h�� �.�L�Q�H�F�W�� �f�h�`�_�l�� �w�n�n�_�d�l�b�\�g�h��

�b�k�i�h�e�v�a�h�\�Z�l�v�k�y���^�e�y���b�a�f�_�j�_�g�b�y���i�Z�j�Z�f�_�l�j�h�\���p�_�g�l�j�Z���f�Z�k�k�����&�2�0�����i�j�b���j�Z�a�e�b�q�g�u�o��

�k�l�h�c�d�Z�o�����^�_�f�h�g�k�l�j�b�j�m�y���\�u�k�h�d�m�x���\�h�k�i�j�h�b�a�\�h�^�b�f�h�k�l�v�����,�&�&���!���������������b���\�u�k�h�d�m�x��

�k�l�_�i�_�g�v�� �k�h�\�i�Z�^�_�g�b�y�� �k�� �w�l�Z�e�h�g�g�h�c�� �k�b�k�l�_�f�h�c�� �l�j�z�o�f�_�j�g�h�]�h�� �a�Z�o�\�Z�l�Z�� �^�\�b�`�_�g�b�y��

�2�S�W�R�W�U�D�N�� �&�H�U�W�X�V�� ���U�� �!�� ������������ �S�� ���� ���������������� �:�\�l�h�j�u�� �i�j�b�r�e�b�� �d�� �\�u�\�h�^�m���� �q�l�h�� �i�j�b��

�k�h�h�l�\�_�l�k�l�\�m�x�s�_�c�� �d�Z�e�b�[�j�h�\�d�_�� �.�L�Q�H�F�W�� �k�i�h�k�h�[�_�g�� �g�Z�^�z�`�g�h�� �b�� �^�h�k�l�h�\�_�j�g�h��

�h�p�_�g�b�\�Z�l�v�� �i�h�k�l�m�j�Z�e�v�g�m�x�� �m�k�l�h�c�q�b�\�h�k�l�v���� �W�l�b�� �^�Z�g�g�u�_�� �i�h�^�l�\�_�j�`�^�Z�x�l��

�i�_�j�k�i�_�d�l�b�\�g�h�k�l�v���i�j�b�f�_�g�_�g�b�y���.�L�Q�H�F�W���d�Z�d���^�h�k�l�m�i�g�h�]�h���b���l�h�q�g�h�]�h���b�g�k�l�j�m�f�_�g�l�Z���\��

�a�Z�^�Z�q�Z�o�� �f�h�g�b�l�h�j�b�g�]�Z�� �j�Z�\�g�h�\�_�k�b�y�� �b�� �^�\�b�]�Z�l�_�e�v�g�h�c�� �n�m�g�d�p�b�b���� �h�k�h�[�_�g�g�h�� �\��

�m�k�e�h�\�b�y�o���h�]�j�Z�g�b�q�_�g�g�h�]�h���^�h�k�l�m�i�Z���d���\�u�k�h�d�h�l�_�o�g�h�e�h�]�b�q�g�h�f�m���h�[�h�j�m�^�h�\�Z�g�b�x�� 

�<�� �h�l�e�b�q�b�_�� �h�l�� �m�i�h�f�y�g�m�l�u�o�� �j�Z�[�h�l���� �g�Z�r�_�� �b�k�k�e�_�^�h�\�Z�g�b�_�� �g�_�� �l�h�e�v�d�h��

�i�h�^�l�\�_�j�`�^�Z�_�l���w�n�n�_�d�l�b�\�g�h�k�l�v���.�L�Q�H�F�W���\���m�k�e�h�\�b�y�o���e�Z�[�h�j�Z�l�h�j�g�h�c���^�b�Z�]�g�h�k�l�b�d�b�����g�h��

�b�� �j�Z�k�r�b�j�y�_�l�� �_�]�h�� �i�j�b�f�_�g�_�g�b�_�� �a�Z�� �k�q�z�l�� �\�d�e�x�q�_�g�b�y�� �k�_�g�k�h�j�g�u�o�� �d�h�g�n�e�b�d�l�h�\�� �\��

�\�b�j�l�m�Z�e�v�g�h�c�� �k�j�_�^�_���� �q�l�h�� �^�_�e�Z�_�l�� �\�d�e�Z�^�� �\�� �j�Z�a�\�b�l�b�_�� �9�5-�i�k�b�o�h�e�h�]�b�b�� �b��

�g�_�c�j�h�j�_�Z�[�b�e�b�l�Z�p�b�b�� 

�D�Z�q�_�k�l�\�_�g�g�u�c�� �Z�g�Z�e�b�a���� �\�� �k�\�h�x�� �h�q�_�j�_�^�v���� �i�h�d�Z�a�Z�e���� �q�l�h�� �k�m�[�t�_�d�l�b�\�g�h�_��

�\�h�k�i�j�b�y�l�b�_���� �\�d�e�x�q�Z�y�� �h�s�m�s�_�g�b�_�� �^�_�a�h�j�b�_�g�l�Z�p�b�b���� �]�h�e�h�\�h�d�j�m�`�_�g�b�y�� �b�� �i�h�l�_�j�b��

�d�h�g�l�j�h�e�y�����\���a�g�Z�q�b�l�_�e�v�g�h�c���k�l�_�i�_�g�b���d�h�j�j�_�e�b�j�m�_�l���k���h�[�t�_�d�l�b�\�g�u�f�b���i�h�d�Z�a�Z�l�_�e�y�f�b����

�W�l�h�� �i�h�a�\�h�e�y�_�l�� �m�l�\�_�j�`�^�Z�l�v���� �q�l�h�� �k�m�[�t�_�d�l�b�\�g�u�_�� �`�Z�e�h�[�u�� �f�h�]�m�l�� �k�e�m�`�b�l�v��
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�^�h�i�h�e�g�b�l�_�e�v�g�u�f���h�j�b�_�g�l�b�j�h�f���\���d�e�b�g�b�q�_�k�d�h�c���i�j�Z�d�l�b�d�_�����h�k�h�[�_�g�g�h���\�� �m�k�e�h�\�b�y�o����
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�h�� �]�e�Z�a�Z�o������ �7�L�P�H�V�W�D�P�S�� ���G�H�Y�L�F�H�� �D�Q�G�� �V�\�V�W�H�P���� �*�D�]�H�� �R�U�L�J�L�Q���� �G�Z�i�j�Z�\�e�_�g�b�_�� �\�a�]�e�y�^�Z����

�J�Z�k�i�h�e�h�`�_�g�b�_�� �a�j�Z�q�d�Z���� �J�Z�a�f�_�j�� �a�j�Z�q�d�Z�����K�l�_�i�_�g�v�� �h�l�d�j�u�l�h�k�l�b�� �]�e�Z�a�Z���� �B�g�l�_�j�n�_�c�k����

�+�7�&���6�5�D�Q�L�S�D�O���6�'�.�����K�h�\�f�_�k�l�b�f�h�k�l�v���6�'�.���k���^�\�b�`�d�Z�f�b�����8�Q�L�W�\�����8�Q�U�H�D�O�� 

�K�i�_�p�b�n�b�d�Z�p�b�b�� �d�h�g�l�j�h�e�e�_�j�h�\���� �K�_�g�k�h�j�u���� �k�b�k�l�_�f�Z�� �h�l�k�e�_�`�b�\�Z�g�b�y��

�i�_�j�_�f�_�s�_�g�b�c�� �\�� �i�j�h�k�l�j�Z�g�k�l�\�_�� �6�W�H�D�P�9�5�� ���������� �<�o�h�^���� �f�g�h�]�h�n�m�g�d�p�b�h�g�Z�e�v�g�u�c��

�l�j�_�d�i�Z�^���� �d�g�h�i�d�b���a�Z�o�\�Z�l�Z���� �d�g�h�i�d�b-�l�j�b�]�]�_�j�u�� �k�� �^�\�h�c�g�u�f�� �o�h�^�h�f���� �k�b�k�l�_�f�g�Z�y��

�d�g�h�i�d�Z�����d�g�h�i�d�Z���F�_�g�x�����K�h�_�^�b�g�_�g�b�y�����i�h�j�l���P�L�F�U�R-�8�6�%���^�e�y���a�Z�j�y�^�Z�� 

�L�j�_�[�h�\�Z�g�b�y�� �d�� �i�h�f�_�s�_�g�b�x���� �I�j�b�� �b�k�i�h�e�v�a�h�\�Z�g�b�b�� �k�l�h�y���k�b�^�y���� �g�_�l��

�f�b�g�b�f�Z�e�v�g�u�o�� �l�j�_�[�h�\�Z�g�b�c���� �I�j�b�� �i�_�j�_�f�_�s�_�g�b�b���� �g�_�h�[�o�h�^�b�f�Z�� �i�e�h�s�Z�^�d�Z��

�f�b�g�b�f�m�f�����f���o���������f�����f�Z�d�k�b�f�Z�e�v�g�Z�y���i�e�h�s�Z�^�v�����f���o�����f 
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�J�b�k�m�g�h�d��66 - �K�b�k�l�_�f�Z���\�b�j�l�m�Z�e�v�g�h�c���j�_�Z�e�v�g�h�k�l�b���9�,�9�(���3�U�R���(�\�H 

 
�K�l�Z�[�b�e�h�i�e�Z�l�n�h�j�f�Z���²  �w�l�h���w�e�_�d�l�j�h�g�g�h�_���m�k�l�j�h�c�k�l�\�h���^�e�y���b�a�f�_�j�_�g�b�c���f�Z�k�k�u��

�l�_�e�Z���q�_�e�h�\�_�d�Z���b���d�h�h�j�^�b�g�Z�l���p�_�g�l�j�Z���_�]�h���^�Z�\�e�_�g�b�y���g�Z���h�i�h�j�g�m�x���i�h�\�_�j�o�g�h�k�l�v�����>�e�y��

�j�_�]�b�k�l�j�Z�p�b�b�� �b�a�f�_�g�_�g�b�c���i�k�b�o�h�n�b�a�b�h�e�h�]�b�q�_�k�d�b�o�� �i�Z�j�Z�f�_�l�j�h�\�� �[�u�e�Z�� �\�u�[�j�Z�g�Z��

�k�b�k�l�_�f�Z�� �k�l�Z�[�b�e�h�f�_�l�j�b�b�� �6�7-�������� �;�b�h�f�_�j�Z���� �>�Z�g�g�Z�y�� �f�h�^�_�e�v�� �i�j�_�^�g�Z�a�g�Z�q�_�g�Z�� �^�e�y��

�i�j�h�\�_�^�_�g�b�y���^�b�Z�]�g�h�k�l�b�q�_�k�d�b�o���b���l�j�_�g�b�j�h�\�h�q�g�u�o�����j�_�Z�[�b�e�b�l�Z�p�b�h�g�g�u�o�����i�j�h�p�_�^�m�j��

�\���i�j�Z�d�l�b�q�_�k�d�h�c���f�_�^�b�p�b�g�_�����k�i�h�j�l�_���b���g�Z�m�d�_�� 

�K�l�Z�[�b�e�h�l�j�_�g�Z�`�_�j�� �6�7-�������� �i�h�a�\�h�e�y�_�l�� �i�j�h�\�h�^�b�l�v�� �j�Z�k�q�_�l�u�� �i�h�d�Z�a�Z�l�_�e�_�c����

�^�e�b�g�Z�� �k�l�Z�l�h�d�b�g�_�a�b�h�]�j�Z�f�f�u���� �k�d�h�j�h�k�l�v�� �^�\�b�`�_�g�b�y�� �p�_�g�l�j�Z�� �^�Z�\�e�_�g�b�y���� �i�e�h�s�Z�^�v��

�k�l�Z�l�h�d�b�g�_�a�b�h�]�j�Z�f�f�u���� �k�j�_�^�g�b�_�� �i�h�e�h�`�_�g�b�y�� �p�_�g�l�j�Z�� �^�Z�\�e�_�g�b�y�� �i�h�� �h�k�b�� �H�O�� �b�� �h�k�b��

�H�M���� �^�b�k�i�_�j�k�b�y�� �i�h�e�h�`�_�g�b�c�� �p�_�g�l�j�Z�� �^�Z�\�e�_�g�b�y�� �i�h�� �h�k�y�f���� �k�l�Z�g�^�Z�j�l�g�h�_��

�d�\�Z�^�j�Z�l�b�q�_�k�d�h�_�� �h�l�d�e�h�g�_�g�b�_�� �k�j�_�^�g�_�]�h�� �i�h�e�h�`�_�g�b�y�� �p�_�g�l�j�Z�� �^�Z�\�e�_�g�b�y�� �i�h�� �h�k�y�f����

�Z�f�i�e�b�l�m�^�g�h-�q�Z�k�l�h�l�g�u�_�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b���� �d�h�w�n�n�b�p�b�_�g�l�� �J�h�f�[�_�j�]�Z���� �h�p�_�g�d�Z��

�f�_�o�Z�g�b�q�_�k�d�h�c�� �j�Z�[�h�l�u�� �p�_�g�l�j�Z�� �^�Z�\�e�_�g�b�y���� �h�p�_�g�d�Z�� �j�_�a�m�e�v�l�Z�l�Z�� �\�u�i�h�e�g�_�g�b�y��

�b�g�k�l�j�m�d�p�b�b���\���l�_�k�l�Z�o���k���[�b�h�e�h�]�b�q�_�k�d�h�c���h�[�j�Z�l�g�h�c���k�\�y�a�v�x���i�h���h�i�h�j�g�h�c���j�_�Z�d�p�b�b�� 

�O�Z�j�Z�d�l�_�j�b�k�l�b�d�b�����>�b�Z�i�Z�a�h�g���g�Z�]�j�m�a�h�d���h�l���������^�h�����������d�]�����J�Z�a�f�_�j���i�e�Z�l�n�h�j�f�u��

�������o�������� �f�f���� �F�Z�d�k�b�f�Z�e�v�g�Z�y�� �g�Z�]�j�m�a�d�Z�� �������� �d�]���� �:�[�k�h�e�x�l�g�Z�y�� �i�h�]�j�_�r�g�h�k�l�v��
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�h�i�j�_�^�_�e�_�g�b�y���d�h�h�j�^�b�g�Z�l���g�_���[�h�e�_�_���“�������f�f�����>�b�k�d�j�_�l�g�h�k�l�v���b�g�^�b�d�Z�p�b�b���d�h�h�j�^�b�g�Z�l��

���� �f�f���� �>�b�k�d�j�_�l�g�h�k�l�v�� �b�g�^�b�d�Z�p�b�b�� �f�Z�k�k�u�� �������� �d�]���� �:�[�k�h�e�x�l�g�Z�y���i�h�]�j�_�r�g�h�k�l�v��

�b�a�f�_�j�_�g�b�y���f�Z�k�k�u���“�����������d�]�����Q�Z�k�l�h�l�Z���h�i�j�h�k�Z���^�Z�l�q�b�d�h�\���g�_���f�_�g�_�_���������=�p�����J�Z�[�h�q�b�c��

�l�_�f�i�_�j�Z�l�m�j�g�u�c�� �^�b�Z�i�Z�a�h�g���h�l�� ������ �^�h�� ������ �ƒ�K���� �W�e�_�d�l�j�h�i�b�l�Z�g�b�_�� �h�l�� �m�g�b�\�_�j�k�Z�e�v�g�h�c��

�i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�c�� �r�b�g�u�� �8�6�%�� �h�l�� ���������� �^�h�� ���������� �<���� �I�h�l�j�_�[�e�y�_�f�Z�y�� �f�h�s�g�h�k�l�v�� �g�_��

�[�h�e�_�_���������<�l�����F�Z�l�_�j�b�Z�e���k�l�_�d�e�h�� 

 

�J�b�k�m�g�h�d��67 - �K�l�Z�[�b�e�h�i�e�Z�l�n�h�j�f�Z���;�b�h�f�_�j�Z���6�7-150 

 
�I�j�h�p�_�^�m�j�Z���b�k�k�e�_�^�h�\�Z�g�b�y 

�<���w�d�k�i�_�j�b�f�_�g�l�_���i�j�b�g�y�e�b���m�q�Z�k�l�b�_���������j�_�k�i�h�g�^�_�g�l�h�\�����\�h�a�j�Z�k�l���h�l���������^�h��������

�e�_�l�����k�j�_�^�g�b�c���������������b�a���g�b�o�����������`�_�g�s�b�g�����\�h�a�j�Z�k�l���h�l���������^�h���������e�_�l�����k�j�_�^�g�b�c���������������b��

������ �f�m�`�q�b�g���� �\�h�a�j�Z�k�l�� �h�l�� ������ �^�h�� ������ �e�_�l�����k�j�_�^�g�b�c�� �������������� �<�k�_�� �b�k�i�u�l�m�_�f�u�_�� �[�u�e�b��

�a�^�h�j�h�\�u�����m���\�k�_�o���h�l�k�m�l�k�l�\�h�\�Z�e�b���o�j�h�g�b�q�_�k�d�b�_���a�Z�[�h�e�_�\�Z�g�b�y�� 

�I�j�h�p�_�^�m�j�Z�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �\�d�e�x�q�Z�e�Z�� �\�� �k�_�[�y�� �j�_�]�b�k�l�j�Z�p�b�x��

�k�l�Z�[�b�e�h�f�_�l�j�b�q�_�k�d�b�o�� �^�Z�g�g�u�o�� �k�h�� �k�l�Z�[�b�e�h�i�e�Z�l�n�h�j�f�u�� ���^�e�b�g�Z�� �b�� �i�e�h�s�Z�^�v��

�k�l�Z�l�h�d�b�g�_�a�b�h�]�j�Z�f�f�u�����k�d�h�j�h�k�l�v���i�_�j�_�f�_�s�_�g�b�y���p�_�g�l�j�Z���l�y�`�_�k�l�b���� 

�I�_�j�\�u�f�� �r�Z�]�h�f�� �\�� �w�d�k�i�_�j�b�f�_�g�l�_�� �[�u�e�h�� �i�j�h�\�_�^�_�g�b�_�� �i�j�h�[�u�� �J�h�f�[�_�j�]�Z�� �\��

�a�Z�^�Z�g�g�h�c���k�l�h�c�d�_�����_�\�j�h�i�_�c�k�d�Z�y���m�k�l�Z�g�h�\�d�Z���g�h�]���� 

�>�Z�e�_�_�� �k�_�j�b�y�� �b�a�� ���� �i�j�h�[�� �g�Z�� �k�l�Z�[�b�e�h�i�e�Z�l�n�h�j�f�_�� �\�� �k�\�h�[�h�^�g�h�c�� �k�l�h�c�d�_�� �k��

�b�k�i�h�e�v�a�h�\�Z�g�b�_�f���<�J���k�j�_�^�u���k���\�Z�j�b�Z�l�b�\�g�h�c���d�h�]�g�b�l�b�\�g�h�c���g�Z�]�j�m�a�d�h�c�� 
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�>�e�b�l�_�e�v�g�h�k�l�v���d�Z�`�^�h�c �i�j�h�[�u��- �����f�b�g�m�l�Z�� 

�L�Z�[�e�b�p�Z����1 - �I�_�j�_�q�_�g�v���a�Z�^�Z�g�b�c 

�‹���i�j�h�[�u �L�j�Z�_�d�l�h�j�b�y���^�\�b�`�_�g�b�y���k�l�b�f�m�e�Z �D�h�]�g�b�l�b�\�g�Z�y���g�Z�]�j�m�a�d�Z 

1 �N�b�d�k�Z�p�b�y�� �g�Z�� �p�_�e�_�\�h�f�� �h�[�t�_�d�l�_�� �[�_�a��
�^�\�b�`�_�g�b�y 

�H�l�k�m�l�k�l�\�m�_�l 

2 �K�e�_�`�_�g�b�_�� �a�Z�� �p�_�e�_�\�u�f�� �h�[�t�_�d�l�h�f�� �i�h��
�l�j�Z�_�d�l�h�j�b�b���i�j�Z�\�h-�e�_�\�h 

�N�h�g�h�\�u�c���r�m�f 

3 �K�e�_�`�_�g�b�_�� �a�Z�� �p�_�e�_�\�u�f���h�[�t�_�d�l�h�f�� �i�h��
�l�j�Z�_�d�l�h�j�b�b���³�\�h�k�v�f�_�j�d�Z�´ 

�A�Z�i�h�f�b�g�Z�g�b�_���l�_�d�k�l�Z 

4 �N�b�d�k�Z�p�b�y�� �g�Z�� �p�_�e�_�\�h�f�� �h�[�t�_�d�l�_�� �[�_�a��
�^�\�b�`�_�g�b�y 

�N�h�g�h�\�u�c���r�m�f 

5 �K�e�_�`�_�g�b�_�� �a�Z�� �p�_�e�_�\�u�f�� �h�[�t�_�d�l�h�f�� �i�h��
�l�j�Z�_�d�l�h�j�b�b���i�j�Z�\�h-�e�_�\�h 

�A�Z�i�h�f�b�g�Z�g�b�_���l�_�d�k�l�Z 

6 �K�e�_�`�_�g�b�_�� �a�Z�� �p�_�e�_�\�u�f�� �h�[�t�_�d�l�h�f�� �i�h��
�l�j�Z�_�d�l�h�j�b�b���³�\�h�k�v�f�_�j�d�Z�´ 

�H�l�k�m�l�k�l�\�m�_�l 

7 �N�b�d�k�Z�p�b�y�� �g�Z�� �p�_�e�_�\�h�f�� �h�[�t�_�d�l�_�� �[�_�a��
�^�\�b�`�_�g�b�y 

�A�Z�i�h�f�b�g�Z�g�b�_���l�_�d�k�l�Z 

8 �K�e�_�`�_�g�b�_�� �a�Z�� �p�_�e�_�\�u�f�� �h�[�t�_�d�l�h�f�� �i�h��
�l�j�Z�_�d�l�h�j�b�b���i�j�Z�\�h-�e�_�\�h 

�H�l�k�m�l�k�l�\�m�_�l 

9 �K�e�_�`�_�g�b�_�� �a�Z�� �p�_�e�_�\�u�f�� �h�[�t�_�d�l�h�f�� �i�h��
�l�j�Z�_�d�l�h�j�b�b���³�\�h�k�v�f�_�j�d�Z�´ 

�N�h�g�h�\�u�c���r�m�f 

�J�_�a�m�e�v�l�Z�l�u���w�d�k�i�_�j�b�f�_�g�l�Z 

�<�� �o�h�^�_�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �[�u�e�b�� �i�h�e�m�q�_�g�u�� ������ �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�u�o�� �k�_�j�b�c�� �b�a�� ����

�i�j�h�[�� �^�e�b�l�_�e�v�g�h�k�l�v�x�� �i�h�� ���� �f�b�g�m�l�_�� �k�� �\�Z�j�b�Z�l�b�\�g�h�c�� �d�h�]�g�b�l�b�\�g�h�c�� �g�Z�]�j�m�a�d�h�c�� �g�Z��

�k�l�Z�[�b�e�h�i�e�Z�l�n�h�j�f�_�� �\�� �k�\�h�[�h�^�g�h�c�� �k�l�h�c�d�_�����>�e�y�� �i�j�h�\�_�^�_�g�b�y�� �Z�g�Z�e�b�a�Z�� �]�j�m�i�i�u��

�k�\�y�a�Z�g�g�u�o�� �a�Z�\�b�k�b�f�u�o�� �i�_�j�_�f�_�g�g�u�o���� �i�j�_�^�k�l�Z�\�e�y�x�s�b�o�� �j�Z�a�e�b�q�g�u�_�� �b�a�f�_�j�_�g�b�y��

�h�^�g�h�]�h���Z�l�j�b�[�m�l�Z�����[�u�e���\�u�[�j�Z�g���k�l�Z�l�b�k�l�b�q�_�k�d�b�c���f�_�l�h�^���>�b�k�i�_�j�k�b�h�g�g�u�c���Z�g�Z�e�b�a���k��

�i�h�\�l�h�j�g�u�f�b���b�a�f�_�j�_�g�b�y�f�b�����$�1�2�9�$�����\���i�Z�d�_�l�g�h�f���i�j�_�^�e�h�`�_�g�b�b���6�3�6�6�����6�W�D�W�L�V�W�L�F�D�O��

�3�D�F�N�D�J�H�� �I�R�U�� �W�K�H�� �6�R�F�L�D�O�� �6�F�L�H�Q�F�H�V������ �>�Z�g�g�u�c�� �k�l�Z�l�b�k�l�b�q�_�k�d�b�c�� �i�Z�d�_�l���� �j�Z�a�j�Z�[�h�l�Z�g��

�d�h�f�i�Z�g�b�_�c�� �,�%�0�� �^�e�y�� �Z�g�Z�e�b�a�Z �^�Z�g�g�u�o�� �b�� �k�h�k�l�Z�\�e�_�g�b�y�� �i�j�h�]�g�h�a�h�\�� �g�Z�� �h�k�g�h�\�_��
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�m�k�l�h�c�q�b�\�h�k�l�b�� �i�h�a�u���� �d�Z�d�� �w�l�h�� �i�j�h�b�k�o�h�^�b�e�h���� �d�h�]�^�Z�� �h�[�t�_�d�l�� �i�_�j�_�f�_�s�Z�e�k�y�� �i�h��

�l�j�Z�_�d�l�h�j�b�b�� �\�h�k�v�f�_�j�d�b���� �L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �\�u�i�h�e�g�_�g�b�_�� �k�e�h�`�g�u�o�� �\�b�a�m�Z�e�v�g�u�o��

�a�Z�^�Z�g�b�c�� �k�g�b�`�Z�_�l�� �w�n�n�_�d�l�b�\�g�h�k�l�v�� �\�u�i�h�e�g�_�g�b�y�� �h�k�g�h�\�g�h�c�� �i�h�k�l�m�j�Z�e�v�g�h�c��

�n�m�g�d�p�b�b�����Z���b�f�_�g�g�h���i�h�^�^�_�j�`�Z�g�b�_���j�Z�\�g�h�\�_�k�b�y�� 

�J�Z�g�_�_�� �m�`�_�� �[�u�e�h�� �k�d�Z�a�Z�g�h���� �q�l�h�� �f�_�o�Z�g�b�a�f�u�� �\�e�b�y�g�b�y�� �^�\�b�`�_�g�b�c�� �]�e�Z�a�� �g�Z��

�i�k�b�o�h�n�b�a�b�h�e�h�]�b�q�_�k�d�b�_�� �i�j�h�p�_�k�k�u�� �g�Z�� �^�Z�g�g�u�c�� �f�h�f�_�g�l�� �\�j�_�f�_�g�b�� �g�_�� �^�h�� �d�h�g�p�Z��

�b�a�m�q�_�g�u���� �H�^�g�h�� �b�a�� �i�j�_�^�i�h�e�h�`�_�g�b�c�� �g�Z�k�l�h�y�s�_�]�h�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �k�h�k�l�h�y�e�h�� �\�� �l�h�f����

�q�l�h���j�Z�a�e�b�q�b�y���\���i�h�k�l�m�j�Z�e�v�g�h�c���m�k�l�h�c�q�b�\�h�k�l�b���b�g�^�b�\�b�^�Z���l�_�f���\�u�r�_���i�j�h�y�\�e�y�x�l�k�y����

�q�_�f�� �[�h�e�v�r�_�� �d�h�]�g�b�l�b�\�g�Z�y�� �g�Z�]�j�m�a�d�Z���� �I�j�b�� �\�u�i�h�e�g�_�g�b�b�� �i�j�h�k�l�u�o�� �d�h�]�g�b�l�b�\�g�u�o��

�a�Z�^�Z�q�� �g�Z�i�j�b�f�_�j���� �n�h�g�h�\�u�c�� �r�m�f�� �i�j�h�b�k�o�h�^�b�e�h�� �k�g�b�`�_�g�b�_�� �\�g�b�f�Z�g�b�y�� �d��
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�\�b�a�m�Z�e�v�g�h�f�m���a�Z�^�Z�g�b�x���b���h�k�\�h�[�h�`�^�_�g�b�_���j�_�k�m�j�k�Z���^�e�y���i�h�^�^�_�j�`�Z�g�b�y���k�l�Z�[�b�e�v�g�h�]�h��

�i�h�e�h�`�_�g�b�y�� �l�_�e�Z���� �q�l�h�� �^�h�d�Z�a�u�\�Z�_�l�k�y�� �m�f�_�g�v�r�_�g�b�_�f�� �i�e�h�s�Z�^�b��

�k�l�Z�l�h�d�b�g�_�a�b�h�]�j�Z�f�f�u�� 

�L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �\�� �j�_�a�m�e�v�l�Z�l�_�� �i�j�h�\�_�^�_�g�g�h�]�h�� �w�d�k�i�_�j�b�f�_�g�l�Z�� �[�u�e�h��

�h�[�g�Z�j�m�`�_�g�h���� �q�l�h�� �k�m�s�_�k�l�\�m�x�l�� �j�Z�a�e�b�q�b�y�� �\�� �i�h�d�Z�a�Z�l�_�e�y�o�� �i�h�k�l�m�j�Z�e�v�g�h�c��

�m�k�l�h�c�q�b�\�h�k�l�b���i�j�b���j�_�Z�e�b�a�Z�p�b�b���j�Z�a�e�b�q�g�u�o���i�Z�l�l�_�j�g�h�\���^�\�b�`�_�g�b�c���]�e�Z�a���b���^�Z�g�g�u�_��

�j�Z�a�e�b�q�b�y�� �\�� �i�h�d�Z�a�Z�l�_�e�y�o�� �i�h�k�l�m�j�Z�e�v�g�h�c�� �m�k�l�h�c�q�b�\�h�k�l�b�� �i�j�b�� �j�_�Z�e�b�a�Z�p�b�b��

�j�Z�a�e�b�q�g�u�o�� �i�Z�l�l�_�j�g�h�\�� �^�\�b�`�_�g�b�c�� �]�e�Z�a�� �[�m�^�m�l�� �l�_�f�� �[�h�e�v�r�_���� �q�_�f���\�u�r�_�� �\�g�_�r�g�_��

�b�g�^�m�p�b�j�m�_�f�Z�y���d�h�]�g�b�l�b�\�g�Z�y���g�Z�]�j�m�a�d�Z�� 

�I�j�h�\�_�^�_�g�g�u�c���Z�g�Z�e�b�a���i�Z�j�Z�f�_�l�j�h�\���i�h�k�l�m�j�Z�e�v�g�h�c���m�k�l�h�c�q�b�\�h�k�l�b���\���m�k�e�h�\�b�y�o��

�<�J���i�j�b���^�h�i�h�e�g�b�l�_�e�v�g�h�c���d�h�]�g�b�l�b�\�g�h�c���g�Z�]�j�m�a�d�_ �^�_�f�h�g�k�l�j�b�_�l���\�u�k�h�d�m�x���k�l�_�i�_�g�v��

�k�h�]�e�Z�k�h�\�Z�g�g�h�k�l�b���k���k�h�\�j�_�f�_�g�g�u�f�b���f�_�`�^�m�g�Z�j�h�^�g�u�f�b���b�k�k�e�_�^�h�\�Z�g�b�y�f�b���\���^�Z�g�g�h�c��

�h�[�e�Z�k�l�b���� �I�h�e�m�q�_�g�g�u�_�� �^�Z�g�g�u�_�� �m�[�_�^�b�l�_�e�v�g�h�� �i�h�^�l�\�_�j�`�^�Z�x�l�� �n�m�g�^�Z�f�_�g�l�Z�e�v�g�u�c��

�i�j�b�g�p�b�i�����k�h�]�e�Z�k�g�h���d�h�l�h�j�h�f�m���m�\�_�e�b�q�_�g�b�_���k�j�_�^�g�_�c���k�d�h�j�h�k�l�b���d�h�e�_�[�Z�g�b�c���p�_�g�l�j�Z��

�^�Z�\�e�_�g�b�y�� �b�� �b�g�^�_�d�k�Z�� �w�g�_�j�]�h�a�Z�l�j�Z�l�� �k�l�Z�l�b�k�l�b�q�_�k�d�b�� �a�g�Z�q�b�f�h�� �d�h�j�j�_�e�b�j�m�_�l�� �k�h��

�k�g�b�`�_�g�b�_�f�� �i�h�k�l�m�j�Z�e�v�g�h�c�� �k�l�Z�[�b�e�v�g�h�k�l�b���� �q�l�h�� �i�h�e�g�h�k�l�v�x�� �k�h�h�l�\�_�l�k�l�\�m�_�l��

�[�Z�a�h�\�u�f���i�h�e�h�`�_�g�b�y�f���l�_�h�j�b�b�����k�m�[�k�_�g�k�h�j�g�h�c���g�_�k�l�Z�[�b�e�v�g�h�k�l�b�������j�Z�a�j�Z�[�h�l�Z�g�g�h�c��

(Riccio & Stoffregen, �������������� �H�k�h�[�m�x�� �a�g�Z�q�b�f�h�k�l�v�� �i�j�_�^�k�l�Z�\�e�y�_�l�� �\�u�y�\�e�_�g�g�Z�y��

�a�Z�\�b�k�b�f�h�k�l�v���f�_�`�^�m���o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f�b���l�j�Z�_�d�l�h�j�b�b���^�\�b�`�_�g�b�y���p�_�g�l�j�Z���^�Z�\�e�_�g�b�y��

�b�� �w�n�n�_�d�l�b�\�g�h�k�l�v�x�� �j�Z�[�h�l�u���k�b�k�l�_�f�u�� �k�_�g�k�h�j�g�h-�i�_�j�p�_�i�l�b�\�g�h�c�� �b�g�l�_�]�j�Z�p�b�b: 

�i�j�h�k�l�Z�y�� �i�j�y�f�h�e�b�g�_�c�g�Z�y�� �l�j�Z�_�d�l�h�j�b�y�� �^�_�c�k�l�\�b�l�_�e�v�g�h�� �k�\�b�^�_�l�_�e�v�k�l�\�m�_�l�� �h�[��

�h�i�l�b�f�Z�e�v�g�h�f���n�m�g�d�p�b�h�g�b�j�h�\�Z�g�b�b���k�b�k�l�_�f�u���i�h�k�l�m�j�Z�e�v�g�h�]�h �d�h�g�l�j�h�e�y�����\���l�h���\�j�_�f�y��

�d�Z�d�� �k�e�h�`�g�u�_�� �l�j�Z�_�d�l�h�j�b�b�� �h�[�t�_�d�l�b�\�g�h�� �h�l�j�Z�`�Z�x�l�� �g�Z�j�m�r�_�g�b�y�� �f�_�o�Z�g�b�a�f�h�\��

�i�h�^�^�_�j�`�Z�g�b�y���j�Z�\�g�h�\�_�k�b�y���� 

�K�j�Z�\�g�b�l�_�e�v�g�u�c�� �Z�g�Z�e�b�a�� �k�� �f�_�`�^�m�g�Z�j�h�^�g�u�f�b�� �b�k�k�e�_�^�h�\�Z�g�b�y�f�b���i�h�a�\�h�e�y�_�l��

�i�h�^�l�\�_�j�^�b�l�v�� �l�Z�d�b�_ �k�b�k�l�_�f�g�u�_�� �a�Z�d�h�g�h�f�_�j�g�h�k�l�b���� �F�_�l�Z-�Z�g�Z�e�b�a�� �k�h�\�j�_�f�_�g�g�u�o��

�j�Z�[�h�l��(Keshner & Kenyon, �������������� �^�_�f�h�g�k�l�j�b�j�m�_�l���� �q�l�h�� �\�� �m�k�e�h�\�b�y�o���a�j�b�l�_�e�v�g�h-

�\�_�k�l�b�[�m�e�y�j�g�h�]�h�� �d�h�g�n�e�b�d�l�Z���� �o�Z�j�Z�d�l�_�j�g�h�]�h�� �^�e�y���<�J-�k�j�_�^���� �g�Z�[�e�x�^�Z�_�l�k�y��

�k�l�Z�l�b�k�l�b�q�_�k�d�b���a�g�Z�q�b�f�h�_���m�\�_�e�b�q�_�g�b�_���^�e�b�g�u���k�l�Z�l�h�d�b�g�_�a�b�h�]�j�Z�f�f�u���g�Z������-���������b��

�b�g�^�_�d�k�Z�� �w�g�_�j�]�h�a�Z�l�j�Z�l�� �g�Z�� ����-�������� �i�h�� �k�j�Z�\�g�_�g�b�x�� �k�� �d�h�g�l�j�h�e�v�g�u�f�b�� �m�k�e�h�\�b�y�f�b����
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�W�l�b�� �^�Z�g�g�u�_�� �i�h�e�g�h�k�l�v�x�� �k�h�]�e�Z�k�m�x�l�k�y�� �k�� �i�j�_�^�k�l�Z�\�e�_�g�g�u�f�b�� �j�_�a�m�e�v�l�Z�l�Z�f�b�� �h��

�k�g�b�`�_�g�b�b�� �k�l�Z�[�b�e�v�g�h�k�l�b�� �i�h�a�u�� �b�� �i�h�^�l�\�_�j�`�^�Z�x�l�� �m�g�b�\�_�j�k�Z�e�v�g�h�k�l�v�� �\�u�y�\�e�_�g�g�u�o��

�a�Z�d�h�g�h�f�_�j�g�h�k�l�_�c�� �^�e�y�� �j�Z�a�e�b�q�g�u�o�� �l�b�i�h�\�� �\�b�j�l�m�Z�e�v�g�u�o�� �k�j�_�^���� �;�h�e�_�_�� �l�h�]�h�����_�s�z��

�[�h�e�_�_�� �j�Z�g�g�b�_���j�Z�[�h�l�u���K�e�w�c�l�_�j�Z�� ��Slater et al., ������������ �b�� �i�h�k�e�_�^�m�x�s�b�_��

�b�k�k�e�_�^�h�\�Z�g�b�y�� �b�o�� �g�Z�m�q�g�h�c�� �r�d�h�e�u�� �m�[�_�^�b�l�_�e�v�g�h�� �^�h�d�Z�a�u�\�Z�x�l���� �q�l�h�� �k�e�h�`�g�u�_��

�g�_�e�b�g�_�c�g�u�_�� �l�j�Z�_�d�l�h�j�b�b�� �p�_�g�l�j�Z�� �^�Z�\�e�_�g�b�y�� �y�\�e�y�x�l�k�y�� �h�[�t�_�d�l�b�\�g�u�f�� �f�Z�j�d�_�j�h�f��

�g�Z�j�m�r�_�g�b�c���k�_�g�k�h�f�h�l�h�j�g�h�c���b�g�l�_�]�j�Z�p�b�b�����i�j�b���w�l�h�f���b�f�_�g�g�h���b�g�^�_�d�k���w�g�_�j�]�h�a�Z�l�j�Z�l��

�i�j�h�y�\�e�y�_�l�� �k�_�[�y�� �d�Z�d�� �g�Z�b�[�h�e�_�_�� �q�m�\�k�l�\�b�l�_�e�v�g�u�c�� �i�h�d�Z�a�Z�l�_�e�v���� �q�l�h�� �i�h�e�g�h�k�l�v�x��

�d�h�j�j�_�e�b�j�m�_�l�� �k�� �\�u�\�h�^�h�f�� �h�� �_�]�h�� �b�k�d�e�x�q�b�l�_�e�v�g�h�c�� �b�g�n�h�j�f�Z�l�b�\�g�h�k�l�b�� �\��

�i�j�_�^�k�l�Z�\�e�_�g�g�h�f���b�k�k�e�_�^�h�\�Z�g�b�b���� 

�F�_�l�h�^�h�e�h�]�b�q�_�k�d�h�_���a�g�Z�q�_�g�b�_���i�h�e�m�q�_�g�g�u�o���j�_�a�m�e�v�l�Z�l�h�\���i�h�^�q�_�j�d�b�\�Z�_�l�k�y���b�o��

�k�h�]�e�Z�k�h�\�Z�g�g�h�k�l�v�x�� �k�� �d�j�m�i�g�h�f�Z�k�r�l�Z�[�g�u�f�b�� �b�k�k�e�_�^�h�\�Z�g�b�y�f�b���� �I�j�_�b�f�m�s�_�k�l�\�h��

�b�g�^�_�d�k�Z���w�g�_�j�]�h�a�Z�l�j�Z�l���d�Z�d���b�g�l�_�]�j�Z�e�v�g�h�]�h���i�h�d�Z�a�Z�l�_�e�y���i�h�e�m�q�Z�_�l���^�h�i�h�e�g�b�l�_�e�v�g�h�_��

�i�h�^�l�\�_�j�`�^�_�g�b�_�� �\�� �k�h�\�j�_�f�_�g�g�h�f�� �f�_�l�Z-�Z�g�Z�e�b�a�_��(Carver et al., �������������� �]�^�_��

�^�_�f�h�g�k�l�j�b�j�m�_�l�k�y�� �_�]�h�� �\�u�k�h�d�Z�y �i�h�e�h�`�b�l�_�e�v�g�Z�y �d�h�j�j�_�e�y�p�b�y�� �k�� �k�m�[�t�_�d�l�b�\�g�u�f�b��

�h�p�_�g�d�Z�f�b���i�h�k�l�m�j�Z�e�v�g�h�]�h���^�b�k�d�h�f�n�h�j�l�Z�����U � ���������������\���j�Z�a�e�b�q�g�u�o���l�b�i�Z�o���<�J-�k�j�_�^����

�W�l�h�� �h�[�t�y�k�g�y�_�l�k�y�� �n�m�g�^�Z�f�_�g�l�Z�e�v�g�h�c���h�k�h�[�_�g�g�h�k�l�v�x �^�Z�g�g�h�]�h�� �i�Z�j�Z�f�_�l�j�Z��

�m�q�b�l�u�\�Z�l�v�� �g�_�e�b�g�_�c�g�u�_�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �l�j�Z�_�d�l�h�j�b�b���� �\�d�e�x�q�Z�y�� �j�_�a�d�b�_��

�b�a�f�_�g�_�g�b�y���g�Z�i�j�Z�\�e�_�g�b�y���^�\�b�`�_�g�b�y���p�_�g�l�j�Z���^�Z�\�e�_�g�b�y���b���k�d�h�j�h�k�l�b�����q�l�h���^�_�e�Z�_�l���_�]�h��

�m�g�b�\�_�j�k�Z�e�v�g�u�f�� �b�g�k�l�j�m�f�_�g�l�h�f�� �h�p�_�g�d�b�� �i�h�k�l�m�j�Z�e�v�g�h�c���m�k�l�h�c�q�b�\�h�k�l�b. �;�h�e�_�_��

�l�h�]�h���� �[�u�e�h�� �h�[�g�Z�j�m�`�_�g�h���� �q�l�h�� �m�k�i�_�r�g�Z�y�� �Z�^�Z�i�l�Z�p�b�y�� �d���<�J �k�h�i�j�h�\�h�`�^�Z�_�l�k�y��

�b�a�f�_�g�_�g�b�_�f���k�l�j�Z�l�_�]�b�b���©�\�a�\�_�r�b�\�Z�g�b�y�ª���i�h�k�l�m�i�Z�x�s�b�o���k�_�g�k�h�j�g�u�o���k�b�]�g�Z�e�h�\�����G�Z��

�g�Z�q�Z�e�v�g�u�o�� �w�l�Z�i�Z�o�� �w�d�k�i�h�a�b�p�b�b�� �g�Z�[�e�x�^�Z�_�l�k�y�� �q�j�_�a�f�_�j�g�Z�y�� �a�Z�\�b�k�b�f�h�k�l�v�� �h�l��

�\�b�a�m�Z�e�v�g�u�o�� �k�b�]�g�Z�e�h�\�� ���a�j�b�l�_�e�v�g�Z�y�� �^�h�f�b�g�Z�g�l�g�h�k�l�v������ �q�l�h�� �i�j�h�y�\�e�y�_�l�k�y�� �\��

�m�\�_�e�b�q�_�g�b�b���Z�f�i�e�b�l�m�^�u���i�h�k�l�m�j�Z�e�v�g�u�o���d�h�e�_�[�Z�g�b�c���g�Z������-�����������H�^�g�Z�d�h���i�h�k�e�_����-

���� �k�_�Z�g�k�h�\�� �i�j�h�b�k�o�h�^�b�l�� �i�_�j�_�j�Z�k�i�j�_�^�_�e�_�g�b�_��- �i�h�e�v�a�h�\�Z�l�_�e�b�� �g�Z�q�b�g�Z�x�l��

�w�n�n�_�d�l�b�\�g�_�_�� �b�g�l�_�]�j�b�j�h�\�Z�l�v�� �i�j�h�i�j�b�h�p�_�i�l�b�\�g�u�_�� �b�� �l�Z�d�l�b�e�v�g�u�_�� �k�b�]�g�Z�e�u���� �q�l�h��

�i�h�^�l�\�_�j�`�^�Z�_�l�k�y���k�g�b�`�_�g�b�_�f���b�g�^�_�d�k�Z���w�g�_�j�]�h�a�Z�l�j�Z�l���g�Z������-���������b���g�h�j�f�Z�e�b�a�Z�p�b�_�c��

�i�Z�j�Z�f�_�l�j�h�\���k�l�Z�[�b�e�h�f�_�l�j�b�b�� 
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�H�k�h�[�h�]�h���\�g�b�f�Z�g�b�y���a�Z�k�e�m�`�b�\�Z�_�l���k�j�Z�\�g�b�l�_�e�v�g�u�c���Z�g�Z�e�b�a���^�b�Z�]�g�h�k�l�b�q�_�k�d�h�c��

�p�_�g�g�h�k�l�b���j�Z�a�e�b�q�g�u�o���i�Z�j�Z�f�_�l�j�h�\�����?�k�e�b���^�e�b�g�Z���k�l�Z�l�h�d�b�g�_�a�b�h�]�j�Z�f�f�u���b���k�j�_�^�g�y�y��

�k�d�h�j�h�k�l�v���i�j�_�^�h�k�l�Z�\�e�y�x�l���\�Z�`�g�m�x�����g�h���h�]�j�Z�g�b�q�_�g�g�m�x���b�g�n�h�j�f�Z�p�b�x���h���^�b�g�Z�f�b�d�_��

�i�h�k�l�m�j�Z�e�v�g�u�o�� �d�h�e�_�[�Z�g�b�c���� �l�h�� �b�g�^�_�d�k�� �w�g�_�j�]�h�a�Z�l�j�Z�l�� �b�g�l�_�]�j�b�j�m�_�l��

�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h-�\�j�_�f�_�g�g�u�_�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �^�\�b�`�_�g�b�y���� �h�[�_�k�i�_�q�b�\�Z�y��

�d�h�f�i�e�_�d�k�g�m�x�� �h�p�_�g�d�m�� �w�n�n�_�d�l�b�\�g�h�k�l�b�� �j�Z�[�h�l�u�� �k�b�k�l�_�f�u�� �i�h�k�l�m�j�Z�e�v�g�h�]�h��

�d�h�g�l�j�h�e�y���� �W�l�h�l�� �\�u�\�h�^�� �g�Z�o�h�^�b�l�� �i�h�^�l�\�_�j�`�^�_�g�b�_�� �\�� �j�Z�[�h�l�Z�o�� �3�H�W�H�U�N�D�� ���������������� �]�^�_��

�i�h�d�Z�a�Z�g�h���� �q�l�h�� �b�f�_�g�g�h�� �g�_�e�b�g�_�c�g�u�_�� �i�Z�j�Z�f�_�l�j�u�� �g�Z�b�[�h�e�_�_�� �l�h�q�g�h�� �h�l�j�Z�`�Z�x�l��

�Z�^�Z�i�l�Z�p�b�h�g�g�u�_���\�h�a�f�h�`�g�h�k�l�b���k�_�g�k�h�f�h�l�h�j�g�h�c���k�b�k�l�_�f�u���\���m�k�e�h�\�b�y�o���k�_�g�k�h�j�g�h�]�h��

�d�h�g�n�e�b�d�l�Z�����L�h�� �_�k�l�v���� �[�u�e�h �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�� �^�h�d�Z�a�Z�g�h���� �q�l�h�� �b�a�f�_�g�_�g�b�y��

�i�h�k�l�m�j�Z�e�v�g�h�]�h�� �d�h�g�l�j�h�e�y�� �\���<�J �k�e�_�^�m�x�l�� �i�j�b�g�p�b�i�Z�f�� �^�\�b�]�Z�l�_�e�v�g�h�]�h�� �h�[�m�q�_�g�b�y����

�:�g�Z�e�b�a�� �^�b�g�Z�f�b�d�b�� �������� �b�k�i�u�l�m�_�f�u�o�� �\�u�y�\�b�e�� �o�Z�j�Z�d�l�_�j�g�m�x�� �d�j�b�\�m�x�� �g�Z�m�q�_�g�b�y����

�i�_�j�\�h�g�Z�q�Z�e�v�g�h�_�� �m�o�m�^�r�_�g�b�_�� �i�h�d�Z�a�Z�l�_�e�_�c�� �k�� �i�h�k�e�_�^�m�x�s�b�f�� �i�j�h�]�j�_�k�k�b�\�g�u�f��

�m�e�m�q�r�_�g�b�_�f�����k�h�h�l�\�_�l�k�l�\�m�x�s�b�f���w�d�k�i�h�g�_�g�p�b�Z�e�v�g�h�c���n�m�g�d�p�b�b�����5�ð��� �����������������W�l�h�l��

�i�Z�l�l�_�j�g�� �h�l�j�Z�`�Z�_�l�� �n�h�j�f�b�j�h�\�Z�g�b�_�� �\�g�m�l�j�_�g�g�_�c�� �f�h�^�_�e�b�� �k�_�g�k�h�f�h�l�h�j�g�h�]�h��

�\�a�Z�b�f�h�^�_�c�k�l�\�b�y�� �k�h���<�J. �L�Z�d�Z�y�� �f�h�^�_�e�v�� �i�h�a�\�h�e�y�_�l�� �Z�^�Z�i�l�b�\�g�h�� �m�i�j�Z�\�e�y�l�v��

�^�\�b�`�_�g�b�y�f�b�� �l�_�e�Z���� �h�[�_�k�i�_�k�q�b�\�Z�x�s�b�f�b�� �i�h�k�l�m�j�Z�e�v�g�m�x�� �m�k�l�h�c�q�b�\�h�k�l�v�� �i�j�b��

�\�a�Z�b�f�h�^�_�c�k�l�\�b�b���k���<�K�� 

�G�Z���h�k�g�h�\�_���i�h�e�m�q�_�g�g�u�o���^�Z�g�g�u�o���f�h�]�m�l���k�h�a�^�Z�\�Z�l�v�k�y���^�b�Z�]�g�h�k�l�b�q�_�k�d�b�_���<�J-

�k�b�k�l�_�f�u�� �^�e�y�� �h�[�t�_�d�l�b�\�g�h�c�� �h�p�_�g�d�b�� �w�n�n�_�d�l�b�\�g�h�k�l�b�� �\�_�k�l�b�[�m�e�y�j�g�h�c��

�j�_�Z�[�b�e�b�l�Z�p�b�b���� �]�^�_�� �^�b�g�Z�f�b�q�_�k�d�h�_�� �h�l�k�e�_�`�b�\�Z�g�b�_�� �b�a�f�_�g�_�g�b�c�� �b�g�^�_�d�k�Z��

�w�g�_�j�]�h�a�Z�l�j�Z�l�� �i�h�a�\�h�e�b�l�� �b�g�^�b�\�b�^�m�Z�e�b�a�b�j�h�\�Z�l�v�� �i�j�h�p�_�k�k�� �\�h�k�k�l�Z�g�h�\�e�_�g�b�y����

�I�h�l�_�g�p�b�Z�e�� �l�Z�d�h�]�h�� �h�[�m�q�_�g�b�y�� �m�`�_�� �[�u�e�� �q�Z�k�l�b�q�g�h�� �i�j�h�^�_�f�h�g�k�l�j�b�j�h�\�Z�g����

�J�_�Z�[�b�e�b�l�Z�p�b�h�g�g�u�_���b�k�k�e�_�^�h�\�Z�g�b�y���k�\�b�^�_�l�_�e�v�k�l�\�m�x�l���h���i�_�j�_�g�h�k�_���i�j�b�h�[�j�_�l�_�g�g�u�o��

�\�� �9�5�� �g�Z�\�u�d�h�\�� �i�h�k�l�m�j�Z�e�v�g�h�]�h�� �d�h�g�l�j�h�e�y�� �\�� �j�_�Z�e�v�g�u�_�� �m�k�e�h�\�b�y���� �F�_�l�Z-�Z�g�Z�e�b�a�� ������

�b�k�k�e�_�^�h�\�Z�g�b�c�����0�H�O�G�U�X�P���H�W���D�O�������������������i�h�d�Z�a�Z�e�����q�l�h���i�Z�p�b�_�g�l�u���k���\�_�k�l�b�[�m�e�y�j�g�u�f�b��

�g�Z�j�m�r�_�g�b�y�f�b���� �i�j�h�r�_�^�r�b�_�� �9�5-�j�_�Z�[�b�e�b�l�Z�p�b�x���� �^�_�f�h�g�k�l�j�b�j�m�x�l�� �m�k�l�h�c�q�b�\�h�_��

�m�e�m�q�r�_�g�b�_���i�h�d�Z�a�Z�l�_�e�_�c���k�l�Z�[�b�e�h�f�_�l�j�b�b���g�_���l�h�e�v�d�h���\���\�b�j�l�m�Z�e�v�g�h�c�����G��� ���������������g�h���b��

�\�� �n�b�a�b�q�_�k�d�h�c�� �k�j�_�^�_�� ���G�� � �� ������������ �q�l�h�� �i�h�^�l�\�_�j�`�^�Z�_�l�� �n�h�j�f�b�j�h�\�Z�g�b�_��

�]�_�g�_�j�Z�e�b�a�h�\�Z�g�g�u�o���Z�^�Z�i�l�Z�p�b�h�g�g�u�o���f�_�o�Z�g�b�a�f�h�\�� 
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�H�^�g�Z�d�h���� �a�g�Z�q�b�f�h�k�l�v�� �^�Z�g�g�h�c�� �a�Z�^�Z�q�b���� �h�k�h�[�_�g�g�h�� �\�� �d�h�g�l�_�d�k�l�_�� �j�Z�a�j�Z�[�h�l�d�b��

�w�n�n�_�d�l�b�\�g�u�o�� �i�j�h�p�_�^�m�j�� �j�_�Z�[�b�e�b�l�Z�p�b�b�� �^�e�y�� �m�q�Z�k�l�g�b�d�h�\�� �b�� �\�_�l�_�j�Z�g�h�\�� �K�<�H���� �g�_��

�k�g�b�`�Z�_�l�k�y�� �\�� �g�Z�k�l�h�y�s�b�c�� �f�h�f�_�g�l�� �\�j�_�f�_�g�b���� �I�h�w�l�h�f�m�� �i�h�e�m�q�_�g�g�u�_�� �\��

�\�u�r�_�h�i�b�k�Z�g�g�u�o�� �g�Z�f�b�� �w�d�k�i�_�j�b�f�_�g�l�Z�o�� �j�_�a�m�e�v�l�Z�l�u�� �e�_�]�e�b�� �\�� �h�k�g�h�\�m��

�j�Z�a�j�Z�[�Z�l�u�\�Z�_�k�u�o �l�_�o�g�h�e�h�]�b�c�� �d�h�f�i�e�_�d�k�g�h�c�� �i�k�b�o�h�e�h�]�b�q�_�k�d�h�c�� �j�_�Z�[�b�e�b�l�Z�p�b�b����

�n�h�j�f�b�j�m�_�f�u�o�� �\�� �j�Z�f�d�Z�o���D�j�m�i�g�h�]�h �g�Z�m�q�g�u�c�� �i�j�h�_�d�l�Z �i�h�� �i�j�b�h�j�b�l�_�l�g�h�f�m��

�g�Z�i�j�Z�\�e�_�g�b�x�� �g�Z�m�q�g�h-�l�_�o�g�h�e�h�]�b�q�_�k�d�h�]�h�� �j�Z�a�\�b�l�b�y�� �J�h�k�k�b�c�k�d�h�c�� �N�_�^�_�j�Z�p�b�b�� �\��

�k�h�h�l�\�_�l�k�l�\�b�b�� �k�� �I�h�k�l�Z�g�h�\�e�_�g�b�_�f�� �I�j�Z�\�b�l�_�e�v�k�l�\�Z�� �J�N�� �h�l�� ������ �^�_�d�Z�[�j�y�� ���������� �]���� �1��

1902 �g�Z�� �l�_�f�m���©�J�Z�a�j�Z�[�h�l�d�Z�� �g�Z�m�q�g�u�o�� �h�k�g�h�\�� �w�n�n�_�d�l�b�\�g�u�o�� �l�_�o�g�h�e�h�]�b�c�� �k��

�\�d�e�x�q�_�g�b�_�f���b�g�g�h�\�Z�p�b�h�g�g�u�o���f�h�^�m�e�_�c���d�h�f�i�e�_�d�k�g�h�c���f�_�^�b�d�h-�i�k�b�o�h�e�h�]�b�q�_�k�d�h�c��

�b�� �f�_�`�^�b�k�p�b�i�e�b�g�Z�j�g�h�c�� �j�_�Z�[�b�e�b�l�Z�p�b�b���� �Z�[�b�e�b�l�Z�p�b�b���� �j�_�k�h�p�b�Z�e�b�a�Z�p�b�b�� �b��

�j�_�Z�^�Z�i�l�Z�p�b�b�� �\�_�l�_�j�Z�g�h�\�� �b�� �m�q�Z�k�l�g�b�d�h�\�� �[�h�_�\�u�o�� �^�_�c�k�l�\�b�c���� �q�e�_�g�h�\�� �b�o �k�_�f�_�c�� �b��

�^�j�m�]�b�o���a�Z�l�j�h�g�m�l�u�o���d�Z�l�_�]�h�j�b�c���g�Z�k�_�e�_�g�b�y�ª�����j�_�Z�e�b�a�m�_�f�h�]�h���g�Z���[�Z�a�_���N�_�^�_�j�Z�e�v�g�h�]�h��

�g�Z�m�q�g�h�]�h�� �p�_�g�l�j�Z�� �i�k�b�o�h�e�h�]�b�q�_�k�d�b�o�� �b�� �f�_�`�^�b�k�p�b�i�e�b�g�Z�j�g�u�o�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �i�h�^��

�g�_�i�h�k�j�_�^�k�l�\�_�g�g�u�f���j�m�d�h�\�h�^�k�l�\�h�f���X���I�����A�b�g�q�_�g�d�h�� 

�D�j�h�f�_�� �l�h�]�h���� �h�l�d�j�u�\�Z�x�l�k�y�� �\�h�a�f�h�`�g�h�k�l�b�� �^�e�y�� �j�Z�a�j�Z�[�h�l�d�b�� �Z�^�Z�i�l�b�\�g�u�o��

�Z�e�]�h�j�b�l�f�h�\���� �j�_�]�m�e�b�j�m�x�s�b�o�� �b�g�l�_�g�k�b�\�g�h�k�l�v�� �\�b�a�m�Z�e�v�g�h�c�� �k�l�b�f�m�e�y�p�b�b�� �\��

�j�_�Z�e�v�g�h�f�� �\�j�_�f�_�g�b�� �g�Z�� �h�k�g�h�\�_�� �h�[�t�_�d�l�b�\�g�u�o�� �i�h�d�Z�a�Z�l�_�e�_�c�� �i�h�k�l�m�j�Z�e�v�g�h�c��

�m�k�l�h�c�q�b�\�h�k�l�b���� �H�k�h�[�u�c�� �i�h�l�_�g�p�b�Z�e�� �i�j�_�^�k�l�Z�\�e�y�x�l�� �i�_�j�k�i�_�d�l�b�\�u�� �k�h�a�^�Z�g�b�y��

�i�j�h�l�h�d�h�e�h�\�� �g�_�c�j�h�j�_�Z�[�b�e�b�l�Z�p�b�b�� �k�� �[�b�h�e�h�]�b�q�_�k�d�h�c�� �h�[�j�Z�l�g�h�c�� �k�\�y�a�v�x���i�h��

�i�Z�j�Z�f�_�l�j�Z�f���k�l�Z�[�b�e�h�f�_�l�j�b�b�����q�l�h���f�h�`�_�l���a�g�Z�q�b�l�_�e�v�g�h���i�h�\�u�k�b�l�v���w�n�n�_�d�l�b�\�g�h�k�l�v��

�\�h�k�k�l�Z�g�h�\�b�l�_�e�v�g�u�o�� �i�j�h�p�_�^�m�j�� �^�e�y�� �i�Z�p�b�_�g�l�h�\�� �k�� �g�_�\�j�h�e�h�]�b�q�_�k�d�b�f�b��

�g�Z�j�m�r�_�g�b�y�f�b���� �L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �i�j�_�^�k�l�Z�\�e�_�g�g�u�_�� �j�_�a�m�e�v�l�Z�l�u�� �\�g�h�k�y�l��

�a�g�Z�q�b�l�_�e�v�g�u�c���\�d�e�Z�^���\���i�h�g�b�f�Z�g�b�_���q�_�j�_�a �f�_�o�Z�g�b�a�f�u �i�h�k�l�m�j�Z�e�v�g�h�]�h���d�h�g�l�j�h�e�y���\��

�m�k�e�h�\�b�y�o���<�J�� �n�m�g�d�p�b�h�g�b�j�h�\�Z�g�b�y�� �g�_�c�j�h�d�h�]�g�b�l�b�\�g�u�o�� �f�_�o�Z�g�b�a�f�h�\����

�h�[�_�k�i�_�q�b�\�Z�x�s�b�o�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�_�� �k�m�[�t�_�d�l�Z�� �k�� �<�K�� �i�h�k�j�_�^�k�l�f�h�f��

�^�h�i�h�e�g�b�l�_�e�v�g�h�c���i�_�j�_�g�k�l�j�h�c�d�b���^�\�b�]�Z�l�_�e�v�g�h�c���Z�d�l�b�\�g�h�k�l�b���� 
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2.3. �B�a�m�q�_�g�b�_�� �k�i�_�p�b�n�b�q�_�k�d�b�o�� �b�a�f�_�g�_�g�b�c�� �f�h�a�]�h�\�h�c�� �Z�d�l�b�\�g�h�k�l�b�� �d�Z�d��
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�i�b�e�h�l�g�h�c�� �n�Z�a�_�� �w�d�k�i�_�j�b�f�_�g�l�Z�� �[�u�e�h�� �m�k�l�Z�g�h�\�e�_�g�h�� �\�h�a�g�b�d�g�h�\�_�g�b�_�� �k�b�e�v�g�h��

�\�u�j�Z�`�_�g�g�u�o���^�b�k�d�h�f�n�h�j�l�g�u�o���k�b�f�i�l�h�f�h�\���i�j�b���m�^�_�j�`�Z�g�b�b���\�a�h�j�Z���g�_�i�h�^�\�b�`�g�u�f����

�<�h���\�j�_�f���\�k�_�o���k�_�j�b�c���b�k�i�u�l�m�_�f�u�_���g�Z�o�h�^�b�e�b�k�v���\���i�h�a�b�p�b�b���k�b�^�y�����I�h�k�e�_���d�Z�`�^�h�]�h��

�i�j�_�^�t�y�\�e�_�g�b�y�� �b�k�i�u�l�m�_�f�h�]�h�� �i�j�h�k�b�e�b�� �h�p�_�g�b�l�v�� �i�h�� �r�d�Z�e�_�� �h�l�� ���� �^�h�� ������

�\�u�j�Z�`�_�g�g�h�k�l�v�� �b�e�e�x�a�b�b�� �^�\�b�`�_�g�b�y�� �k�h�[�k�l�\�_�g�g�h�]�h�� �l�_�e�Z�� �b�� �^�Z�l�v�� �k�Z�f�h�h�l�q�_�l�� �h��

�\�h�a�g�b�d�Z�x�s�b�o�� �^�b�k�d�h�f�n�h�j�l�g�u�o�� �h�s�m�s�_�g�b�y�o���� �D�j�h�f�_�� �l�h�]�h���� �i�h�k�e�_�� �d�Z�`�^�h�]�h��

�\�j�Z�s�_�g�b�y�� �b�k�i�u�l�m�_�f�u�_�� �a�Z�i�h�e�g�y�e�b�� �h�i�j�h�k�g�b�d�� �©�K�b�f�m�e�y�l�h�j�g�h�_�� �j�Z�k�k�l�j�h�c�k�l�\�h�ª��

(Kennedy et al�������������������^�e�y���h�i�j�_�^�_�e�_�g�b�y���m�j�h�\�g�y���\�h�a�g�b�d�Z�x�s�_�]�h���^�b�k�d�h�f�n�h�j�l�Z�� 

�K�l�b�f�m�e�y�p�b�y���i�j�_�^�t�y�\�e�y�e�Z�k�v���k���i�h�f�h�s�v�x���r�e�_�f�Z���\�b�j�l�m�Z�e�v�g�h�c���j�_�Z�e�v�g�h�k�l�b��

HTC Vive �k���j�Z�a�j�_�r�_�g�b�_�f���^�b�k�i�e�_�_�\���^�e�y���d�Z�`�^�h�]�h���]�e�Z�a�Z�����������o�������������m�]�h�e���h�[�a�h�j�Z��

���������]�j�Z�^�����J�_�]�b�k�l�j�Z�p�b�y���f�h�a�]�h�\�h�c���Z�d�l�b�\�g�h�k�l�b���\�_�e�Z�k�v���k���i�h�f�h�s�v�x���w�g�p�_�n�Z�e�h�]�j�Z�n�Z��

�©�F�b�p�Z�j-�W�W�=-10/70-�������ª�����H�H�H���©�F�b�p�Z�j�ª�����J�h�k�k�b�y�����h�l���������w�e�_�d�l�j�h�^�h�\����Ag/AgCl), 

�j�Z�k�i�h�e�h�`�_�g�g�u�o�� �i�h�� �f�_�`�^�m�g�Z�j�h�^�g�h�c�� �k�b�k�l�_�f�_�� ����-�������� �h�l�g�h�k�b�l�_�e�v�g�h��

�h�[�t�_�^�b�g�_�g�g�h�]�h�� �m�r�g�h�]�h�� �w�e�_�d�l�j�h�^�Z���� �N�b�e�v�l�j�Z�p�b�y�� �[�b�h�i�h�l�_�g�p�b�Z�e�h�\��

�h�k�m�s�_�k�l�\�e�y�e�Z�k�v�� �\�� �^�b�Z�i�Z�a�h�g�_�� ������-������ �=�p���� �l�Z�d�`�_�� �i�j�b�f�_�g�y�e�k�y�� �j�_�`�_�d�l�h�j�g�u�c��

�n�b�e�v�l�j���^�e�y���q�Z�k�l�h�l�u���������=�p�����J�_�]�b�k�l�j�Z�p�b�y���i�j�h�b�a�\�h�^�b�e�Z�k�v���k���q�Z�k�l�h�l�h�c�����������=�p���� 

�L�Z�d�b�f���h�[�j�Z�a�h�f�����Z�g�Z�e�b�a���\�e�b�y�g�b�_���n�Z�d�l�h�j�h�\���©�K�d�h�j�h�k�l�v���\�j�Z�s�_�g�b�y�����K�<���ª���b��

�©�G�Z�e�b�q�b�_�� �n�b�d�k�Z�p�b�b�� �\�a�]�e�y�^�Z�� ���N�<���ª�� �i�j�h�b�a�\�h�^�b�e�k�y�� �i�h�� �l�j�_�f�� �l�b�i�Z�f�� �a�Z�\�b�k�b�f�u�o��

�i�_�j�_�f�_�g�g�u�o���± �h�p�_�g�d�b�� �b�g�l�_�g�k�b�\�g�h�k�l�b�� �b�e�e�x�a�b�b���� �j�_�a�m�e�v�l�Z�l�u�� �h�i�j�h�k�g�b�d�Z��

�©�K�b�f�m�e�y�l�h�j�g�h�_���j�Z�k�k�l�j�h�c�k�l�\�h�ª�����^�Z�g�g�u�_���W�W�=���� 

�:�g�Z�e�b�a�� �b�a�f�_�g�_�g�b�c�� �\�� �[�b�h�w�e�_�d�l�j�b�q�_�k�d�h�c�� �Z�d�l�b�\�g�h�k�l�b�� �]�h�e�h�\�g�h�]�h�� �f�h�a�]�Z��

�i�j�h�b�k�o�h�^�b�e�� �i�h�� �^�\�m�f�� �]�j�m�i�i�Z�f�� �w�e�_�d�l�j�h�^�h�\�� �\�� �k�h�h�l�\�_�l�k�l�\�b�b�� �k�� �]�b�i�h�l�_�a�h�c��

�b�k�k�e�_�^�h�\�Z�g�b�y���� 

�x �l�_�f�_�g�g�u�f�����3�������3�]�����3�������� 
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�x �a�Z�l�u�e�h�q�g�u�f�����H�������H�������� 

�>�Z�g�g�u�_�� �]�j�m�i�i�u�� �w�e�_�d�l�j�h�^�h�\�� �[�u�e�b�� �\�u�[�j�Z�g�u�� �\�� �k�\�y�a�b�� �k�� �l�_�f���� �q�l�h�� �j�Z�g�_�_��

�i�j�h�\�_�^�_�g�g�u�_�� �g�_�c�j�h�\�b�a�m�e�y�p�b�h�g�g�u�_�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �i�h�d�Z�a�Z�e�b���� �q�l�h�� �g�Z�[�e�x�^�_�g�b�y��

�h�i�l�h�d�b�g�_�l�b�q�_�k�d�h�c���k�l�b�f�m�e�y�p�b�b�����b�g�^�m�p�b�j�m�x�s�_�c���i�h�y�\�e�_�g�b�b���\�_�d�p�b�b�����g�_���l�h�e�v�d�h��

�i�h�\�u�r�Z�_�l���Z�d�l�b�\�Z�p�b�x���a�j�b�l�_�e�v�g�h�c���d�h�j�u�����g�h���b���^�_�Z�d�l�b�\�b�j�m�_�l���l�_�f�_�g�g�u�_���h�l�^�_�e�u���b 

�l�_�f�_�g�g�h-�h�k�l�j�h�\�d�m�x�� �a�h�g�m���� �b�f�_�x�s�b�_�� �h�l�g�h�r�_�g�b�_�� �d�� �h�[�j�Z�[�h�l�d�_�� �\�_�k�l�b�[�m�e�y�j�g�h�c��

�b�g�n�h�j�f�Z�p�b�b�� ��Dietrich et al������ �������������� �>�e�y�� �Z�g�Z�e�b�a�Z�� �^�Z�g�g�u�o�� �W�W�=�� �i�h�� �d�Z�`�^�h�c��

�w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�c�� �k�_�j�b�b�� �k�� �i�h�f�h�s�v�x�� �[�u�k�l�j�h�]�h�� �N�m�j�v�_-�i�j�_�h�[�j�Z�a�h�\�Z�g�b�y�� �[�u�e��

�i�h�k�l�j�h�_�g�� �k�i�_�d�l�j�� �f�h�s�g�h�k�l�b�� �\�� �a�Z�\�b�k�b�f�h�k�l�b�� �h�l�� �q�Z�k�l�h�l�u�� �A�Z�l�_�f�� �k�i�_�d�l�j�u��

�m�k�j�_�^�g�y�e�b�k�v�� �f�_�`�^�m�� �b�k�i�u�l�m�_�f�u�f�b���� �b�� �\�� �j�_�a�m�e�v�l�Z�l�_�� �^�e�y�� �d�Z�`�^�h�c�� �k�_�j�b�b�� �[�u�e��

�i�h�e�m�q�_�g���k�\�h�c���k�i�_�d�l�j�� 

�K���i�j�b�f�_�g�_�g�b�_�f���^�\�m�n�Z�d�l�h�j�g�h�]�h���^�b�k�i�_�j�k�b�h�g�g�h�]�h�� �Z�g�Z�e�b�a�Z���k���i�h�\�l�h�j�g�u�f�b��

�b�a�f�_�j�_�g�b�y�f�b���[�u�e�h���h�[�g�Z�j�m�`�_�g�h���a�g�Z�q�b�f�h�_���\�e�b�y�g�b�_���n�Z�d�l�h�j�Z���©�K�<�ª���g�Z���a�Z�\�b�k�b�f�u�_��

�i�_�j�_�f�_�g�g�u�_�� �©�B�g�l�_�g�k�b�\�g�h�k�l�v�� �b�e�e�x�a�b�b�ª�� ���)� ��������������df� ������ �S� �������������� ���J�b�k��72), 

�©�H�[�s�b�c���[�Z�e�e���h�i�j�h�k�g�b�d�Z����F=8,904, df� �������S� ���������������J�b�k��73�����b���©�F�h�s�g�h�k�l�v���Z�e�v�n�Z-

�j�b�l�f�Z���i�h���h�l�\�_�^�_�g�b�x���3�]�ª�����)� ��������������df� �������S� �����������������J�b�k��74).  

 

�J�b�k�m�g�h�d��72- �K�j�_�^�g�b�_���a�g�Z�q�_�g�b�y���h�p�_�g�h�d���b�g�l�_�g�k�b�\�g�h�k�l�b���b�e�e�x�a�b�b 

�^�\�b�`�_�g�b�y���k�h�[�k�l�\�_�g�g�h�]�h���l�_�e�Z���i�j�b���j�Z�a�e�b�q�g�u�o���k�d�h�j�h�k�l�y�o���\�j�Z�s�_�g�b�y���k�l�b�f�m�e�Z 
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�J�b�k�m�g�h�d��73 - �K�j�_�^�g�b�_���g�Z�q�_�g�b�y���h�[�s�_�]�h���[�Z�e�e�Z���h�i�j�h�k�g�b�d�Z���©�K�b�f�m�e�y�l�h�j�g�h�_��
�j�Z�k�k�l�j�h�c�k�l�\�h�ª���i�j�b���j�Z�a�e�b�q�g�u�o���k�d�h�j�h�k�l�y�o���\�j�Z�s�_�g�b�y���k�l�b�f�m�e�Z. 

�<�e�b�y�g�b�_���^�Z�g�g�h�]�h���n�Z�d�l�h�j�Z���g�Z���f�h�s�g�h�k�l�v���Z�e�v�n�Z- �b���[�_�l�Z-�j�b�l�f�h�\���i�h���^�j�m�]�b�f��
�h�l�\�_�^�_�g�b�y�f�� �w�e�_�d�l�j�h�w�g�p�_�n�Z�e�h�]�j�Z�f�f�u�� �\�u�y�\�e�_�g�h�� �g�_�� �[�u�e�h���� �L�Z�d�`�_�� �g�_�� �[�u�e�h��
�h�[�g�Z�j�m�`�_�g�h�� �a�g�Z�q�b�f�h�]�h�� �\�e�b�y�g�b�y�� �n�Z�d�l�h�j�Z�� �N�<�� ���)� ��������������df� ������ �S� �������������� �b��
�\�a�Z�b�f�h�^�_�c�k�l�\�b�y���n�Z�d�l�h�j�h�\���N�<���b���K�<�����)� ��������������df=2, p=0,153) ���J�b�k��74).  

 

�J�b�k�m�g�h�d��74 - �K�j�_�^�g�b�_���a�g�Z�q�_�g�b�y���k�i�_�d�l�j�Z�e�v�g�h�c���f�h�s�g�h�k�l�b���i�j�b���j�Z�a�e�b�q�g�u�o 
�k�d�h�j�h�k�l�y�o���\�j�Z�s�_�g�b�y 
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�;�u�e�h�� �h�[�g�Z�j�m�`�_�g�h���� �q�l�h�� �m�\�_�e�b�q�_�g�b�_�� �k�d�h�j�h�k�l�b�� �\�j�Z�s�_�g�b�y�� �\�b�j�l�m�Z�e�v�g�h�]�h��

�h�i�l�h�d�b�g�_�l�b�q�_�k�d�h�]�h�� �[�Z�j�Z�[�Z�g�Z�� �i�j�b�� �\�k�_�o�� �m�k�e�h�\�b�y�o�� �g�Z�[�e�x�^�_�g�b�y�� �k�l�b�f�m�e�y�p�b�b��

�i�j�b�\�h�^�b�e�h���d���m�\�_�e�b�q�_�g�b�x���\�u�j�Z�`�_�g�g�h�k�l�b���b�e�e�x�a�b�b�����H�i�j�h�k�g�b�d���©�K�b�f�m�e�y�l�h�j�g�u�_��

�j�Z�k�k�l�j�h�c�k�l�\�Z�ª���i�h�d�Z�a�Z�e�����q�l�h���a�g�Z�q�_�g�b�_���h�[�s�_�]�h���[�Z�e�e�Z���\���k�j�_�^�g�_�f���l�Z�d�`�_���k�l�Z�g�h�\�b�l�k�y��

�\�u�r�_�� �i�j�b�� �m�\�_�e�b�q�_�g�b�b�� �k�d�h�j�h�k�l�b�� �\�j�Z�s�_�g�b�y���� �>�_�l�Z�e�v�g�u�c�� �Z�g�Z�e�b�a�� �a�g�Z�q�_�g�b�c��

�\�u�j�Z�`�_�g�g�h�k�l�b�� �\�_�d�p�b�b�� �i�h�a�\�h�e�b�e�� �\�u�^�_�e�b�l�v�� �^�\�_�� �]�j�m�i�i�u�� �b�k�i�u�l�m�_�f�u�o���± �i�_�j�\�Z�y��

�]�j�m�i�i�Z�� ������ �q�_�e�h�\�_�d���� �b�f�_�e�b�� �a�g�Z�q�_�g�b�y�� �b�g�l�_�g�k�b�\�g�h�k�l�b�� �b�e�e�x�a�b�b�� �i�j�b�� �\�k�_�o��

�k�d�h�j�h�k�l�y�o�� �\�j�Z�s�_�g�b�y�� �\�u�r�_�� ���� �[�Z�e�e�h�\�� �b�a�� �������� �\�l�h�j�Z�y�� �]�j�m�i�i�Z�� ������ �q�_�e�h�\�_�d���� �i�j�b��

�g�_�d�h�l�h�j�u�o�� �m�k�e�h�\�b�y�o�� �i�j�_�^�t�y�\�e�_�g�b�y�� �k�l�b�f�m�e�y�p�b�b�� �m�d�Z�a�u�\�Z�e�b�� �b�g�l�_�g�k�b�\�g�h�k�l�v��

�b�e�e�x�a�b�b���f�_�g�_�_�������[�Z�e�e�h�\���b�a�������� 

 �H�p�_�g�d�Z���j�_�a�m�e�v�l�Z�l�h�\���\�e�b�y�g�b�y���n�Z�d�l�h�j�Z���©�K�<�ª���b���©�N�<�ª���k���m�q�_�l�h�f���j�Z�a�^�_�e�_�g�b�y��

�b�k�i�u�l�m�_�f�u�o�� �g�Z�� �^�\�_�� �]�j�m�i�i�u�� �i�h�a�\�h�e�b�e�Z�� �m�k�l�Z�g�h�\�b�l�v�� �a�g�Z�q�b�f�h�_�� �\�h�a�^�_�c�k�l�\�b�_��

�n�Z�d�l�h�j�Z�� �N�<�� �g�Z�� �i�_�j�_�f�_�g�g�m�x�� �©�F�h�s�g�h�k�l�v�� �[�_�l�Z-�j�b�l�f�Z�� �i�h�� �h�l�\�_�^�_�g�b�x��O���ª��

���)� ���������������G�I� �������S� �����������������;�u�e�h���m�k�l�Z�g�h�\�e�_�g�h���q�l�h���\���k�_�j�b�y�o���k���n�b�d�k�Z�p�b�c���\�a�]�e�y�^�Z���m��

�b�k�i�u�l�m�_�f�u�o�� �b�a�� �]�j�m�i�i�u�� �k�� �\�u�k�h�d�b�f�b�� �i�h�d�Z�a�Z�l�_�e�y�f�b�� �\�u�j�Z�`�_�g�g�h�k�l�b�� �b�e�e�x�a�b�b��

�f�h�s�g�h�k�l�v�� �[�_�l�Z-�j�b�l�f�Z�� �\�u�r�_�� ���J�b�k��75������ �q�_�f�� �m�� �b�k�i�u�l�m�_�f�u�o�� �\�� �]�j�m�i�i�_�� �k�� �g�b�a�d�b�f�b��

�h�p�_�g�d�Z�f�b�� �b�g�l�_�g�k�b�\�g�h�k�l�b�� �b�e�e�x�a�b�b�� ���J�b�k��76������ �I�j�b�� �w�l�h�f�� �j�Z�a�e�b�q�b�c�� �f�_�`�^�m 

�]�j�m�i�i�Z�f�b���\���k�_�j�b�y�o���[�_�a���n�b�d�k�Z�p�b�b���\�a�]�e�y�^�Z���h�[�g�Z�j�m�`�_�g�h���g�_���[�u�e�h�� 
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 �I�h�e�m�q�_�g�g�u�_�� �j�_�a�m�e�v�l�Z�l�u�� �i�h�^�l�\�_�j�`�^�Z�x�l�� �\�u�^�\�b�g�m�l�m�x��

�w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�m�x���]�b�i�h�l�_�a�m���h���l�h�f�����q�l�h���b�a�f�_�g�_�g�b�y���\���\�u�j�Z�`�_�g�g�h�k�l�b���b�e�e�x�a�b�b��

�^�\�b�`�_�g�b�y�� �k�h�[�k�l�\�_�g�g�h�]�h�� �l�_�e�Z�� �b�f�_�x�l�� �h�l�j�Z�`�_�g�b�y�� �\�� �b�a�f�_�g�_�g�b�b�� �j�b�l�f�h�\��

�w�e�_�d�l�j�h�w�g�p�_�n�Z�e�h�]�j�Z�f�f�u���� �D�j�h�f�_�� �l�h�]�h���� �h�[�g�Z�j�m�`�_�g�g�h�_�� �m�\�_�e�b�q�_�g�b�_��

�\�u�j�Z�`�_�g�g�h�k�l�b�� �b�e�e�x�a�b�b�� �b�� �^�b�k�d�h�f�n�h�j�l�g�u�o�� �h�s�m�s�_�g�b�y�o�� �k�� �j�h�k�l�h�f�� �k�d�h�j�h�k�l�b��

�\�j�Z�s�_�g�b�y���g�Z�o�h�^�y�l�k�y���\���k�h�h�l�\�_�l�k�l�\�b�b���k���j�_�a�m�e�v�l�Z�l�Z�f�b���k�o�h�`�b�o���b�k�k�e�_�^�h�\�Z�g�b�c���i�h��

�b�a�m�q�_�g�b�x�� �d�j�m�]�h�\�h�c�� �\�_�d�p�b�b�� ���F�_�g�v�r�b�d�h�\�Z�� �b�� �^�j������ ������������Palmisano et al., 2015). 

�Q�l�h�� �i�h�^�l�\�_�j�`�^�Z�_�l�� �\�Z�e�b�^�g�h�k�l�v�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�c�� �i�j�h�p�_�^�m�j�u�� �\�� �h�l�g�h�r�_�g�b�b��

�b�g�b�p�b�Z�p�b�b���b�e�e�x�a�b�b���j�Z�a�e�b�q�g�h�c���k�l�_�i�_�g�b���b�g�l�_�g�k�b�\�g�h�k�l�b�����H�^�g�Z�d�h�����h�[�j�Z�s�Z�_�l���g�Z��

�k�_�[�y�� �\�g�b�f�Z�g�b�_�� �l�h�l�� �n�Z�d�l���� �q�l�h�� �\�� �k�j�_�^�g�_�f�� �n�Z�d�l�h�j�� �N�<�� �g�_�� �h�d�Z�a�Z�e�� �a�g�Z�q�b�f�h�]�h��

�\�e�b�y�g�b�y�� �g�Z�� �a�Z�\�b�k�b�f�u�_�� �i�_�j�_�f�_�g�g�u�_���� �L�h�� �_�k�l�v�� �i�j�_�^�t�y�\�e�_�g�b�y�� �k�l�b�f�m�e�y�p�b�b�� �i�j�b��

�b�g�k�l�j�m�d�p�b�b�� �n�b�d�k�b�j�h�\�Z�l�v�� �\�a�]�e�y�^�� �\�� �p�_�g�l�j�_�� �a�j�b�l�_�e�v�g�h�]�h�� �i�h�e�y�� �g�_�� �h�d�Z�a�Z�e�b��

�i�j�h�\�h�d�Z�l�b�\�g�h�]�h���w�n�n�_�d�l�Z���i�h���h�l�g�h�r�_�g�b�x���d���\�_�d�p�b�b�����d�Z�d���l�h�]�h���l�j�_�[�m�x�l���i�h�e�h�`�_�g�b�y��

�]�e�Z�a�h�^�\�b�]�Z�l�_�e�v�g�h�c���l�_�h�j�b�b���h���\�h�a�g�b�d�g�h�\�_�g�b�b���b�e�e�x�a�b�b���^�\�b�`�_�g�b�y���k�h�[�k�l�\�_�g�g�h�]�h��

�l�_�e�Z�� �R���� �W�[�_�g�]�h�e�v�p�Z���� �<�� �d�Z�q�_�k�l�\�_�� �h�[�t�y�k�g�_�g�b�y�� �^�Z�g�g�h�]�h�� �w�n�n�_�d�l�Z�� �f�h�`�g�h��

�\�u�^�\�b�g�m�l�v�� �^�\�Z�� �i�j�_�^�i�h�e�h�`�_�g�b�y���� �<�h-�i�_�j�\�u�o���� �k�l�b�f�m�e�y�p�b�y�� �\�� �g�Z�k�l�h�y�s�_�f��

�w�d�k�i�_�j�b�f�_�g�l�_�� �i�j�_�^�t�y�\�e�y�e�Z�k�v�� �\�� �r�e�_�f�_�� �\�b�j�l�m�Z�e�v�g�h�c�� �j�_�Z�e�v�g�h�k�l�b���� �Z�� �g�_�� �g�Z��

�r�b�j�h�d�h�n�h�j�f�Z�l�g�h�f�� �w�d�j�Z�g�_���� �d�Z�d�� �w�l�h�� �q�Z�s�_�� �\�k�_�]�h�� �^�_�e�Z�e�h�k�v�� �\�� �w�d�k�i�_�j�b�f�_�g�l�Z�o����

�i�h�k�\�y�s�_�g�g�u�o�� �b�a�m�q�_�g�b�x�� �]�e�Z�a�h�^�\�b�]�Z�l�_�e�v�g�h�c�� �l�_�h�j�b�b���� �<�� �r�e�_�f�_�� �\�b�j�l�m�Z�e�v�g�h�c��

�j�_�Z�e�v�g�h�k�l�b�� �\�� �k�b�e�m���g�_�[�h�e�v�r�h�]�h���n�b�a�b�q�_�k�d�h�]�h���j�Z�k�k�l�h�y�g�b�y���h�l�� �]�e�Z�a���g�Z�[�e�x�^�Z�l�_�e�y��

�^�h�� �w�d�j�Z�g�Z�� �r�e�_�f�Z�� �i�h�e�v�a�h�\�Z�l�_�e�v�� �g�_�� �k�h�\�_�j�r�Z�_�l�� �\�u�k�h�d�h�Z�f�i�e�b�l�m�^�g�u�o��

�i�j�h�k�e�_�`�b�\�Z�x�s�b�o�� �^�\�b�`�_�g�b�c�� �]�e�Z�a�� �\�� �k�j�Z�\�g�_�g�b�b�� �k�� �k�b�l�m�Z�p�b�_�c�� �g�Z�[�e�x�^�_�g�b�y��

�k�l�b�f�m�e�Z���g�Z �[�h�e�v�r�h�f���w�d�j�Z�g�_�����L�_�f���k�Z�f�u�f���k�b�l�m�Z�p�b�b���m�k�l�h�c�q�b�\�h�c���n�b�d�k�Z�p�b�b���\�a�h�j�Z��

�\�� �k�_�j�_�^�b�g�_�� �a�j�b�l�_�e�v�g�h�]�h�� �i�h�e�y�� �b�� �k�\�h�[�h�^�g�h�]�h�� �h�k�f�h�l�j�Z�� �k�p�_�g�u�� �j�Z�a�e�b�q�Z�x�l�k�y��

�g�_�a�g�Z�q�b�l�_�e�v�g�h�����<�h-�\�l�h�j�u�o�����i�j�_�^�i�j�b�g�y�l�h�_���j�Z�a�^�_�e�_�g�b�_���\�u�[�h�j�d�b���g�Z���^�\�_���]�j�m�i�i�u��

�i�h�d�Z�a�u�\�Z�_�l���� �q�l�h�� �l�h�e�v�d�h�� �q�Z�k�l�v�� �b�k�i�u�l�m�_�f�u�o�� �^�_�c�k�l�\�b�l�_�e�v�g�h�� �b�k�i�u�l�u�\�Z�e�b��

�b�e�e�x�a�b�x�� �\�u�k�h�d�h�c�� �k�l�_�i�_�g�b�� �b�g�l�_�g�k�b�\�g�h�k�l�b���� �L�h�]�^�Z�� �d�Z�d�� �^�j�m�]�Z�y�� �]�j�m�i�i�Z��

�i�_�j�_�`�b�\�Z�e�Z�� �\�_�d�p�b�x�� �g�_�[�h�e�v�r�h�c�� �\�u�j�Z�`�_�g�g�h�k�l�b�� �\�� �p�_�e�h�f�� �\�h�� �\�k�_�o�� �m�k�e�h�\�b�y�o��

�g�Z�[�e�x�^�_�g�b�y���� �W�l�h�l�� �n�Z�d�l�� �k�\�b�^�_�l�_�e�v�k�l�\�m�_�l�� �\�� �i�h�e�v�a�m�� �l�h�]�h���� �q�l�h�� �^�e�y�� �j�y�^�Z��

�b�k�i�u�l�m�_�f�u�o���h�[�Z���m�j�h�\�g�y���n�Z�d�l�h�j�Z���N�<���h�d�Z�a�Z�e�b�k�v���g�_���h�l�e�b�q�Z�x�s�b�f�b�k�y���i�h���i�j�b�q�b�g�_��
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�g�Z�e�b�q�b�y�� �\�u�j�Z�[�h�l�Z�g�g�u�o�� �f�_�o�Z�g�b�a�f�h�\�� �Z�^�Z�i�l�Z�p�b�b�� �d�� �g�Z�[�e�x�^�_�g�b�x�� �i�h�^�h�[�g�u�o��

�k�l�b�f�m�e�h�\���� 

 �G�Z�b�[�h�e�v�r�b�c�� �b�g�l�_�j�_�k�� �i�j�_�^�k�l�Z�\�e�y�x�l�� �j�Z�a�e�b�q�b�y���� �h�[�g�Z�j�m�`�_�g�g�u�_�� �\��

�[�b�h�w�e�_�d�l�j�b�q�_�k�d�h�c�� �Z�d�l�b�\�g�h�k�l�b�� �]�h�e�h�\�g�h�]�h�� �f�h�a�]�Z���� �;�u�e�h�� �h�[�g�Z�j�m�`�_�g�h�� �k�g�b�`�_�g�b�_��

�f�h�s�g�h�k�l�b�� �Z�e�v�n�Z-�j�b�l�f�Z�� �\�� �l�_�f�_�g�g�h�c�� �h�[�e�Z�k�l�b�� �k�� �j�h�k�l�h�f�� �k�d�h�j�h�k�l�b�� �\�j�Z�s�_�g�b�y���� �K��

�m�q�_�l�h�f�� �a�g�Z�q�b�f�h�]�h�� �m�\�_�e�b�q�_�g�b�y�� �\�u�j�Z�`�_�g�g�h�k�l�b�� �b�e�e�x�a�b�b�� �i�j�b�� �w�l�h�f���� �f�h�`�g�h��

�]�h�\�h�j�b�l�v�� �h�� �k�g�b�`�_�g�b�b�� �f�h�s�g�h�k�l�b�� �Z�d�l�b�\�g�h�k�l�b�� �\�� �Z�e�v�n�Z-�^�b�Z�i�Z�a�h�g�_�� �i�j�b��

�i�_�j�_�`�b�\�Z�g�b�b�� �\�_�d�p�b�b���� �I�h�^�h�[�g�h�_�� �k�g�b�`�_�g�b�_�� �f�h�`�_�l�� �[�u�l�v�� �b�g�l�_�j�i�j�_�l�b�j�h�\�Z�g�Z�� �k��

�l�h�q�d�b�� �a�j�_�g�b�y�� �b�a�f�_�g�_�g�b�y�� �a�j�b�l�_�e�v�g�h-�\�_�k�l�b�[�m�e�y�j�g�u�o�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�c�� �i�j�b��

�\�h�a�g�b�d�g�h�\�_�g�b�b�� �b�e�e�x�a�b�b���� �B�e�e�x�a�b�y�� �^�\�b�`�_�g�b�y�� �k�h�[�k�l�\�_�g�g�h�]�h�� �l�_�e�Z�� �\�h�a�g�b�d�Z�_�l�� �\��

�l�h�l���f�h�f�_�g�l�����d�h�]�^�Z���g�Z�[�e�x�^�Z�l�_�e�v���k�d�e�h�g�_�g���b�g�l�_�j�i�j�_�l�b�j�h�\�Z�l�v���a�j�b�l�_�e�v�g�u�c���k�l�b�f�m�e��

�d�Z�d���g�_�i�h�^�\�b�`�g�u�c�����Z���k�\�h�_���l�_�e�h�����g�Z�i�j�h�l�b�\�����g�Z�o�h�^�y�s�b�f�k�y���\���^�\�b�`�_�g�b�b�����>�e�y���w�l�h�]�h����

�g�_�h�[�o�h�^�b�f�h�� �k�g�b�`�_�g�b�_�� �\�_�k�Z���\�_�k�l�b�[�m�e�y�j�g�h�]�h�� �k�b�]�g�Z�e�Z���\�� �f�_�o�Z�g�b�a�f�_���k�_�g�k�h�j�g�h�]�h��

�d�h�g�n�e�b�d�l�Z���� �M�f�_�g�v�r�_�g�b�_�� �Z�d�l�b�\�Z�p�b�b�� �l�_�f�_�g�g�h�c�� �h�[�e�Z�k�l�b�� �b�e�e�x�k�l�j�b�j�m�_�l�� �l�Z�d�h�_��

�i�h�^�Z�\�e�_�g�b�_�� �h�[�j�Z�[�h�l�d�b�� �i�h�k�l�m�i�Z�x�s�_�c�� �\�_�k�l�b�[�m�e�y�j�g�h�c�� �b�g�n�h�j�f�Z�p�b�b���� �K�o�h�`�b�c��

�j�_�a�m�e�v�l�Z�l���[�u�e���i�h�e�m�q�_�g���\���w�d�k�i�_�j�b�f�_�g�l�_���K�����O�Z�j�d�\�b�e�Z���k���d�h�e�e�_�]�Z�f�b����Harquel et al., 

�������������� �h�[�g�Z�j�m�`�b�\�r�b�o�� �^�_�k�b�g�o�j�h�g�b�a�Z�p�b�x�� �Z�e�v�n�Z-�j�b�l�f�Z�� �\�� �l�_�f�_�g�g�h�f�� �h�l�^�_�e�_�� �\��

�f�h�f�_�g�l���� �i�j�_�^�r�_�k�l�\�m�x�s�b�c�� �g�Z�`�Z�l�b�x�� �b�k�i�u�l�m�_�f�u�f�� �d�g�h�i�d�b�� �f�Z�g�b�i�m�e�y�l�h�j�Z�� �^�e�y��

�k�b�]�g�Z�e�b�a�Z�p�b�b���h���\�h�a�g�b�d�g�h�\�_�g�b�b���b�e�e�x�a�b�b�����H�^�g�Z�d�h�����Z�\�l�h�j�u���h�l�f�_�l�b�e�b�����q�l�h���l�Z�d�h�_��

�k�g�b�`�_�g�b�_���Z�e�v�n�Z-�Z�d�l�b�\�g�h�k�l�b���b�f�_�e�h���f�_�k�l�h���l�h�e�v�d�h���i�j�b���\�_�j�l�b�d�Z�e�v�g�h�f���i�h�e�h�`�_�g�b�b��
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�[�h�e�_�_�� �k�e�h�`�g�h�c�� �\�� �k�\�y�a�b�� �k�� �j�Z�a�\�b�\�Z�x�s�_�c�k�y�� �b�e�e�x�a�b�_�c���� �<�� �j�y�^�_�� �w�d�k�i�_�j�b�f�_�g�l�h�\��
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�D�h�f�g�Z�l�Z���\�b�j�l�m�Z�e�v�g�h�c���j�_�Z�e�v�g�h�k�l�b (CAVE) �²  �i�h�e�g�h�p�_�g�g�u�c�����o-�w�d�j�Z�g�g�u�c��
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�j�_�Z�e�v�g�h�k�l�v�� 
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�J�b�k�m�g�h�d��77 - �D�h�f�g�Z�l�Z���\�b�j�l�m�Z�e�v�g�h�c���j�_�Z�e�v�g�h�k�l�b 
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�>�e�y�� �j�_�]�b�k�l�j�Z�p�b�b�� �i�k�b�o�h�n�b�a�b�h�e�h�]�b�q�_�k�d�b�o�� �i�h�d�Z�a�Z�l�_�e�_�c�� �b�k�i�h�e�v�a�h�\�Z�e�Z�k�v��

�g�_�c�j�h�]�Z�j�g�b�l�m�j�Z�� �g�Z���k�m�o�b�o���w�e�_�d�l�j�h�^�Z�o���%�U�D�L�Q�%�L�W���������� �^�e�y�� �k�g�y�l�b�y�� �i�h�d�Z�a�Z�g�b�c�� �W�W�=��

�i�h���q�_�l�u�j�z�f���d�Z�g�Z�e�Z�f�����7�������7�������2�������2������ 
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�J�b�k�m�g�h�d��78 - �K�b�k�l�_�f�Z���j�_�]�b�k�l�j�Z�p�b�b���W�W�= 

 
�:�g�Z�e�b�a�� �j�_�a�m�e�v�l�Z�l�h�\�� �i�j�h�\�h�^�b�e�k�y�� �d�Z�d�� �k�j�Z�\�g�_�g�b�_�� �i�h�d�Z�a�Z�l�_�e�_�c�� �\�� �Z�e�v�n�Z�� �b��

�[�_�l�Z���q�Z�k�l�h�l�g�h�f���^�b�Z�i�Z�a�h�g�_���\���n�h�g�h�\�h�f���k�h�k�l�h�y�g�b�b���^�h���\�b�a�m�Z�e�v�g�h�c���k�b�f�m�e�y�p�b�b���b���\�h��

�\�j�_�f�y���g�_�z�� 

�I�j�h�p�_�^�m�j�Z 

�<�� �w�d�k�i�_�j�b�f�_�g�l�_�� �i�j�b�g�y�e�b���m�q�Z�k�l�b�_�� ������ �j�_�k�i�h�g�^�_�g�l�h�\�� �������� �f�m�`�q�b�g�� �b�� ������

�`�_�g�s�b�g�������i�h���������q�_�e�h�\�_�d���\�������\�h�a�j�Z�k�l�g�u�o���]�j�m�i�i�Z�o�����^�h���������e�_�l�����f�Z�j�d�_�j�����������h�l���������^�h��

�������e�_�l�����f�Z�j�d�_�j�����������h�l���������^�h���������e�_�l�����f�Z�j�d�_�j�����������<�k�_���b�k�i�u�l�m�_�f�u�_���[�u�e�b���a�^�h�j�h�\�u����

�m���\�k�_�o���h�l�k�m�l�k�l�\�h�\�Z�e�b���o�j�h�g�b�q�_�k�d�b�_���a�Z�[�h�e�_�\�Z�g�b�y�� 

�I�j�h�p�_�^�m�j�Z���b�k�k�e�_�^�h�\�Z�g�b�y���\�d�e�x�q�Z�e�Z���\���k�_�[�y���^�\�Z���f�_�l�h�^�Z���k�[�h�j�Z���b�g�n�h�j�f�Z�p�b�b���� 

1. �:�g�d�_�l�b�j�h�\�Z�g�b�_���m�q�Z�k�l�g�b�d�h�\���w�d�k�i�_�j�b�f�_�g�l�Z�� 

2. �J�_�]�b�k�l�j�Z�p�b�y���W�W�=���m���m�q�Z�k�l�g�b�d�h�\���w�d�k�i�_�j�b�f�_�g�l�Z�� 

�I�_�j�\�u�f���r�Z�]�h�f���\���w�d�k�i�_�j�b�f�_�g�l�_���[�u�e�h���h�i�j�_�^�_�e�_�g�b�_���k�m�[�t�_�d�l�b�\�g�h�c���h�p�_�g�d�b��

�k�\�h�_�]�h���k�h�k�l�h�y�g�b�y���b�k�i�u�l�m�_�f�u�f���i�j�b���i�h�f�h�s�b���h�i�j�h�k�g�b�d�Z�����W�d�k�i�_�j�b�f�_�g�l���k�h�k�l�h�y�e��

�b�a���k�_�f�b���i�h�k�e�_�^�h�\�Z�l�_�e�v�g�u�o���i�j�h�[�����h�^�g�h�c���l�_�k�l�h�\�h�c���b���r�_�k�l�b���j�Z�[�h�q�b�o�����\���d�h�l�h�j�u�o��

�f�_�g�y�e�b�k�v���k�d�h�j�h�k�l�v�������������������b���������]�j�Z�^�m�k�h�\���\���k�_�d�m�g�^�m�����b���g�Z�i�j�Z�\�e�_�g�b�_���\�j�Z�s�_�g�b�y��

�\�b�j�l�m�Z�e�v�g�h�]�h�� �h�i�l�h�d�b�g�_�l�b�q�_�k�d�h�]�h�� �[�Z�j�Z�[�Z�g�Z�� ���\�i�j�Z�\�h�� �b�� �\�e�_�\�h������ �<�j�_�f�y�� �d�Z�`�^�h�c��

�i�j�h�[�u�� �k�h�k�l�Z�\�e�y�e�h�� ���� �f�b�g�m�l�m���� �I�h�k�e�_�� �d�Z�`�^�h�c�� �i�j�h�[�u�� �m�q�Z�k�l�g�b�d�� �w�d�k�i�_�j�b�f�_�g�l�Z��

�^�h�e�`�_�g�� �[�u�e�� �a�Z�i�h�e�g�b�l�v�� �h�i�j�h�k�g�b�d�� �i�h�� �f�_�l�h�^�h�e�h�]�b�b�� �6�L�P�X�O�D�W�R�U�� �6�L�F�N�Q�H�V�V��

�4�X�H�V�W�L�R�Q�Q�D�L�U�H�� ���^�Z�e�_�_���± SSQ������ �\�� �d�h�l�h�j�h�c�� �h�g�� �h�p�_�g�b�\�Z�e�� �k�\�h�b�� �k�m�[�t�_�d�l�b�\�g�u�_��

�n�b�a�b�h�e�h�]�b�q�_�k�d�b�_���h�s�m�s�_�g�b�y���i�h���r�d�Z�e�_���h�l���������g�_���h�s�m�s�Z�x�����^�h���������h�s�m�s�Z�x �k�b�e�v�g�h����
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���h�i�j�h�k�g�b�d��SSQ �\�� �I�j�b�e�h�`�_�g�b�b�� �‹�������� �A�Z�^�Z�q�_�c�� �b�k�i�u�l�m�_�f�h�]�h���� �\�h�� �\�j�_�f�y��

�g�Z�o�h�`�^�_�g�b�y���\�g�m�l�j�b���k�j�_�^�u���k�b�f�m�e�y�p�b�b�����[�u�e�h���k�h�o�j�Z�g�y�l�v���g�_�i�h�^�\�b�`�g�h�k�l�v�� 

�I�h�� �d�Z�`�^�h�f�m�� �m�q�Z�k�l�g�b�d�m�� �w�d�k�i�_�j�b�f�_�g�l�Z�� �[�u�e�b�� �i�h�e�m�q�_�g�u�� ���� �i�j�h�[�� �b�� �h�^�b�g��

�h�i�j�h�k�g�b�d���� �a�Z�i�h�e�g�_�g�g�u�c�� �i�h�� ���� �i�j�h�[�Z�f���� �J�_�a�m�e�v�l�Z�l�u�� �h�i�j�h�k�Z�� �m�q�Z�k�l�g�b�d�h�\��

�w�d�k�i�_�j�b�f�_�g�l�Z���[�u�e�b���\�g�_�k�_�g�u���b���h�[�j�Z�[�h�l�Z�g�u���\���l�Z�[�e�b�p�_��Excel. 

�>�Z�g�g�u�_���w�d�k�i�_�j�b�f�_�g�l�Z 

�<�� �o�h�^�_�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �[�u�e�b�� �i�h�e�m�q�_�g�u�� �a�Z�i�h�e�g�_�g�g�u�_�� �h�i�j�h�k�g�b�d�b. �K��

�i�h�f�h�s�v�x�� �g�_�c�j�h�]�Z�j�g�b�l�m�j�u�� �g�Z�� �k�m�o�b�o�� �w�e�_�d�l�j�h�^�Z�o�� �%�U�D�L�Q�%�L�W�� �������� �n�b�d�k�b�j�h�\�Z�e�b�k�v��

�k�e�_�^�m�x�s�b�_���^�Z�g�g�u�_���W�W�=�� 

�x �K�j�_�^�g�y�y���Z�f�i�e�b�l�m�^�Z���j�b�l�f�Z ���K�:�J�� 

�x �F�_�`�i�h�e�m�r�Z�j�g�Z�y���Z�k�b�f�f�_�l�j�b�y�����F�I�:�� 

�x �B�g�^�_�d�k���b���q�Z�k�l�h�l�Z���f�b�d�j�h�\�h�e�g�h�\�h�c���Z�[�e�y�p�b�b�����F�<�:�� 

�x �B�g�^�_�d�k���b���q�Z�k�l�h�l�Z���Z�e�v�n�Z-�j�b�l�f�Z 

�I�j�b���h�[�j�Z�[�h�l�d�_���i�h�e�m�q�_�g�g�u�o���^�Z�g�g�u�o���n�h�d�m�k���b�k�k�e�_�^�h�\�Z�g�b�y���[�u�e���g�Z�i�j�Z�\�e�_�g��

�g�Z���Z�g�Z�e�b�a���k�j�_�^�g�_�c���Z�f�i�e�b�l�m�^�u���j�b�l�f�Z���\���.���b�������^�b�Z�i�Z�a�h�g�Z�o���p�_�g�l�j�Z�e�v�g�u�o���b���a�Z�^�g�b�o��

�h�l�^�_�e�h�\�� �]�h�e�h�\�g�h�]�h�� �f�h�a�]�Z�� �i�h�� �l�j�z�f�� �k�d�h�j�h�k�l�y�f�� �b�� �^�\�m�f�� �g�Z�i�j�Z�\�e�_�g�b�y�f�� �\�� �l�j�z�o��

�\�h�a�j�Z�k�l�g�u�o���]�j�m�i�i�Z�o���� 

�L�Z�[�e�b�p�Z��23 - �K�:�J���H�[�s�b�_���i�h�d�Z�a�Z�l�_�e�b 

�K�d�h�j�h�k�l�v��

�\�j�Z�s�_�g�b�y 

�����P�H��

�. 

�����P�H��

�� 

�����A�H��

�. 

�����A�H��

�� 

�����P�H��

�. 

�����P�H��

�� 

�����A�H��

�. 

�����A�H��

�� 

�����P�H��

�. 

�����P�H��

�� 

�����A�H��

�. 

�����A�H��

�� 

30 23,83 15,88 21,54 17,54 22,96 17,04 23,14 20,96 26,17 17,08 24,58 18,67 

�e�_�\�h 28,42 18,08 23,00 17,92 24,21 17,36 23,79 21,36 27,33 17,67 24,83 19,00 

�i�j�Z�\�h 19,25 13,67 20,08 17,17 21,71 16,71 22,50 20,57 25,00 16,50 24,33 18,33 

45 22,63 15,71 22,04 17,83 21,21 15,36 20,54 18,43 18,42 14,08 18,83 16,50 

�e�_�\�h 19,92 14,67 18,92 16,33 20,86 15,00 20,43 18,43 16,83 14,17 17,83 16,67 

�i�j�Z�\�h 25,33 16,75 25,17 19,33 21,57 15,71 20,64 18,43 20,00 14,00 19,83 16,33 

60 19,42 14,33 18,54 16,79 18,86 14,04 19,00 17,64 17,75 13,67 16,75 15,42 

�e�_�\�h 20,50 15,00 18,50 16,92 18,71 13,93 19,00 17,79 20,33 15,33 18,83 17,00 

�i�j�Z�\�h 18,33 13,67 18,58 16,67 19,00 14,14 19,00 17,50 15,17 12,00 14,67 13,83 

 

�I�_�j�\�b�q�g�u�c�� �Z�g�Z�e�b�a�� �i�h�e�m�q�_�g�g�u�o�� �^�Z�g�g�u�o�� �k�l�j�h�b�e�k�y�� �g�Z�� �h�i�b�k�Z�g�b�b��

�m�k�j�_�^�g�_�g�g�u�o���i�h�d�Z�a�Z�l�_�e�_�c���f�h�a�]�h�\�h�c���Z�d�l�b�\�g�h�k�l�b���p�_�g�l�j�Z�e�v�g�u�o���b���a�Z�^�g�b�o���h�l�^�_�e�h�\��
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�]�h�e�h�\�g�h�]�h�� �f�h�a�]�Z�� �\�� �l�j�z�o�� �\�h�a�j�Z�k�l�g�u�o�� �]�j�m�i�i�Z�o���� �K�j�_�^�g�b�_�� �a�g�Z�q�_�g�b�y�� �w�l�b�o��

�i�h�d�Z�a�Z�l�_�e�_�c���i�h���d�Z�`�^�h�c���\�h�a�j�Z�k�l�g�h�c���]�j�m�i�i�_���i�j�b�\�_�^�_�g�u���\���l�Z�[�e�b�p�Z�o���g�b�`�_.  

 

�L�Z�[�e�b�p�Z��24 - �K�:�J���k�j�_�^�g�_�_ 

�K�j�_�^�g�y�y���Z�f�i�e�b�l�m�^�Z���j�b�l�f�Z�����k�j�_�^�g�_�_�� 
  

 
�P�_�g�l�j�Z�e�v�g�u�_���h�l�^�_�e�u�����f�d�<�� �A�Z�^�g�b�_���h�l�^�_�e�u�����f�d�<�� 

�G�Z�a�\�Z�g�b�y��

�k�l�j�h�d 

�K�j�_�^�g�_�_���i�h��

�i�h�e�x���P�H���. 

�K�j�_�^�g�_�_���i�h��

�i�h�e�x���P�H���� 

�K�j�_�^�g�_�_���i�h��

�i�h�e�x���A�H���. 

�K�j�_�^�g�_�_���i�h��

�i�h�e�x���A�H���� 

1 21,96 15,31 20,71 17,39 

2 22,06 16,04 21,82 19,69 

3 17,99 13,58 17,46 15,43 

�H�[�s�b�c��

�b�l�h�] 20,67 14,98 20,00 17,50 

 

�J�_�a�m�e�v�l�Z�l�u���w�d�k�i�_�j�b�f�_�g�l�Z 

�K�j�Z�\�g�b�\�Z�y�� �k�j�_�^�g�b�_�� �a�g�Z�q�_�g�b�y�� �.�� �j�b�l�f�Z�� �\�� �p�_�g�l�j�Z�e�v�g�u�o�� �b�� �a�Z�^�g�b�o�� �h�l�^�_�e�Z�o��

�]�h�e�h�\�g�h�]�h���f�h�a�]�Z���\���l�j�z�o���\�h�a�j�Z�k�l�g�u�o���]�j�m�i�i�Z�o�����L�Z�[�e�b�p�Z��24�������k�l�h�b�l���h�l�f�_�l�b�l�v�����q�l�h��

�i�h�d�Z�a�Z�l�_�e�b���b�f�_�x�l���a�g�Z�q�b�l�_�e�v�g�u�_���j�Z�a�e�b�q�b�y���f�_�`�^�m���\�l�h�j�h�c���\�h�a�j�Z�k�l�g�h�c���]�j�m�i�i�h�c��

�b���i�_�j�\�h�c���\�h�a�j�Z�k�l�g�h�c���]�j�m�i�i�h�c���b�k�i�u�l�m�_�f�u�o���� 

�K�j�Z�\�g�b�\�Z�y�� �k�j�_�^�g�b�_�� �a�g�Z�q�_�g�b�y���� �j�b�l�f�Z�� �\�� �p�_�g�l�j�Z�e�v�g�u�o�� �b�� �a�Z�^�g�b�o�� �h�l�^�_�e�Z�o��

�]�h�e�h�\�g�h�]�h�� �f�h�a�]�Z�� �\�� �l�j�z�o�� �\�h�a�j�Z�k�l�g�u�o�� �]�j�m�i�i�Z�o�� ���L�Z�[�e�b�p�Z��24), �k�b�l�m�Z�p�b�y��

�i�h�\�l�h�j�y�_�l�k�y���� �G�Z�b�[�h�e�v�r�Z�y�� �\�h�a�[�m�^�b�f�h�k�l�v�� �g�Z�� �i�j�_�^�t�y�\�e�y�_�f�u�c�� �k�l�b�f�m�e��

�g�Z�[�e�x�^�Z�_�l�k�y���m���\�l�h�j�h�c���\�h�a�j�Z�k�l�g�h�c���]�j�m�i�i�u���b�k�i�u�l�m�_�f�u�o�� 

�K�j�Z�\�g�b�\�Z�y�� �i�h�d�Z�a�Z�l�_�e�b�� �f�h�a�]�h�\�h�c�� �Z�d�l�b�\�g�h�k�l�b�� �f�_�`�^�m�� �\�h�a�j�Z�k�l�g�u�f�b��

�]�j�m�i�i�Z�f�b�� �\�� �p�_�g�l�j�Z�e�v�g�u�o�� �b�� �a�Z�^�g�b�o�� �h�l�^�_�e�Z�o�� �]�h�e�h�\�g�h�]�h�� �f�h�a�]�Z�� �i�j�b�� �j�Z�a�g�u�o��

�k�d�h�j�h�k�l�y�o�� ���L�Z�[�e�b�p�Z�� �������� �h�[�g�Z�j�m�`�b�\�Z�_�l�k�y�� �g�Z�b�[�h�e�v�r�_�_�� �a�g�Z�q�_�g�b�_�� �.-�j�b�l�f�Z�� �\��

�p�_�g�l�j�Z�e�v�g�u�o���h�[�e�Z�k�l�y�o���m�������]�j�m�i�i�u���j�_�k�i�h�g�^�_�g�l�h�\���i�j�b���\�j�Z�s�_�g�b�b���g�Z���k�d�h�j�h�k�l�b���i�h�^��

�m�]�e�h�f�� �\�� �����ž���� �G�h���w�l�h�l�� �i�h�d�Z�a�Z�l�_�e�v���g�_�e�v�a�y�� �g�Z�a�\�Z�l�v�� �l�_�g�^�_�g�p�b�_�c���� �i�h�� �l�h�c�� �i�j�b�q�b�g�_����

�q�l�h�� �\�� �i�h�k�e�_�^�m�x�s�b�o�� �i�j�h�[�Z�o�� ���� �]�j�m�i�i�Z�� �j�_�k�i�h�g�^�_�g�l�h�\���i�h�d�Z�a�Z�e�Z�� �g�Z�b�e�m�q�r�b�c��

�j�_�a�m�e�v�l�Z�l�� �i�j�b�� �k�j�Z�\�g�_�g�b�b�� �k�� ���� �b�� ���� �\�h�a�j�Z�k�l�g�u�f�b�� �]�j�m�i�i�Z�f�b���� �K�l�_�i�_�g�v��
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�\�u�j�Z�`�_�g�g�h�k�l�b�� �k�_�g�k�h�j�g�h�]�h�� �d�h�g�n�e�b�d�l�Z�� �m�\�_�e�b�q�b�\�Z�e�Z�k�v�� �i�j�b�� �b�a�f�_�g�_�g�b�b��

�g�Z�i�j�Z�\�e�_�g�b�y���\�j�Z�s�_�g�b�y�����L�Z�d�����i�j�b���\�j�Z�s�_�g�b�b���\�e�_�\�h���k�j�_�^�g�b�_���i�h�d�Z�a�Z�l�_�e�b���\�������b������

�\�h�a�j�Z�k�l�g�u�o�� �]�j�m�i�i�Z�o�� �a�g�Z�q�b�l�_�e�v�g�h�� �i�j�_�\�u�r�Z�e�b �Z�g�Z�e�h�]�b�q�g�u�_�� �i�h�d�Z�a�Z�l�_�e�b�� �i�j�b��

�\�j�Z�s�_�g�b�b���\�i�j�Z�\�h���� 

�I�j�b�� �\�j�Z�s�_�g�b�b�� �i�h�^�� �m�]�e�h�f�� �\�� �����ž�� �g�Z�b�[�h�e�v�r�Z�y�� �\�u�j�Z�`�_�g�g�h�k�l�v�� �k�_�g�k�h�j�g�h�]�h��

�d�h�g�n�e�b�d�l�Z�� �[�u�e�Z�� �a�Z�n�b�d�k�b�j�h�\�Z�g�Z�� �\�� �g�Z�i�j�Z�\�e�_�g�b�b�� �\�i�j�Z�\�h�� �m�� ���� �b�� ���� �\�h�a�j�Z�k�l�g�u�o��

�]�j�m�i�i�Z�o�� 

�I�j�b�� �\�j�Z�s�_�g�b�b�� �i�h�^�� �m�]�e�h�f�� �\�� �����ž�� �a�Z�n�b�d�k�b�j�h�\�Z�g�h�� �g�_�[�h�e�v�r�h�_�� �j�Z�a�e�b�q�b�_�� �\��

�i�h�d�Z�a�Z�l�_�e�y�o�������\�h�a�j�Z�k�l�g�h�c���]�j�m�i�i�u���b�������\�h�a�j�Z�k�l�g�h�c���]�j�m�i�i�u�� 

 �I�h�k�e�_�^�m�x�s�b�c�� �Z�g�Z�e�b�a�� �^�Z�g�g�u�o�� �i�j�h�\�h�^�b�e�k�y�� �i�h�� �j�_�a�m�e�v�l�Z�l�Z�f�� �h�i�j�h�k�g�b�d�Z��

�6�6�4���� �d�h�l�h�j�u�_�� �a�Z�i�h�e�g�y�e�b�� �j�_�k�i�h�g�^�_�g�l�u�� �i�h�k�e�_�� �d�Z�`�^�h�c�� �i�j�h�[�u���� �l�_�f�� �k�Z�f�u�f��

�n�b�d�k�b�j�m�y���k�\�h�x���k�m�[�t�_�d�l�b�\�g�m�x���h�p�_�g�d�m���i�k�b�o�h�n�b�a�b�h�e�h�]�b�q�_�k�d�h�]�h���k�h�k�l�h�y�g�b�y�� 

�I�j�b�� �h�[�j�Z�[�h�l�d�_�� �^�Z�g�g�u�o�� �h�i�j�h�k�g�b�d�Z�� �6�6�4�� �[�u�e�b�� �i�h�e�m�q�_�g�u�� �^�Z�g�g�u�_�� �i�h�� ������

�k�b�f�i�l�h�f�Z�f�� ���k�f���� �I�j�b�e�h�`�_�g�b�_�� �������� �k�\�y�a�Z�g�g�u�o�� �k�� �k�b�f�m�e�y�l�h�j�g�u�f�� �j�Z�k�k�l�j�h�c�k�l�\�h�f����

�I�h���d�Z�`�^�h�f�m���b�a���k�b�f�i�l�h�f�h�\���b�k�i�u�l�m�_�f�u�_���^�Z�\�Z�e�b���h�l�\�_�l���h���k�l�_�i�_�g�b���\�u�j�Z�`�_�g�g�h�k�l�b��

�^�b�k�d�h�f�n�h�j�l�Z�����I�h�e�m�q�_�g�g�u�_���^�Z�g�g�u�_���[�u�e�b���j�Z�a�[�b�l�u���g�Z���l�j�b���]�j�m�i�i�u�� 

�N�Z�d�l�h�j�� �l�h�r�g�h�l�u�� ���1�D�X�V�H�D�����± �q�m�\�k�l�\�h�� �^�b�k�d�h�f�n�h�j�l�Z���� �i�h�\�u�r�_�g�b�_��

�k�e�x�g�h�h�l�^�_�e�_�g�b�y���� �i�h�l�e�b�\�h�k�l�v���� �l�h�r�g�h�l�Z���� �k�e�h�`�g�h�k�l�v�� �d�h�g�p�_�g�l�j�Z�p�b�b���� �[�h�e�v�� �\��

�`�b�\�h�l�_�����h�l�j�u�`�d�Z�� 

�N�Z�d�l�h�j�� �]�e�Z�a�h�^�\�b�]�Z�l�_�e�v�g�h�c�� �Z�d�l�b�\�g�h�k�l�b�� ���2�F�X�O�R�P�R�W�R�U�����± �q�m�\�k�l�\�h��

�^�b�k�d�h�f�n�h�j�l�Z���� �m�l�h�f�e�_�g�b�_���� �]�h�e�h�\�g�Z�y�� �[�h�e�v���� �g�Z�i�j�y�`�_�g�b�_�� �]�e�Z�a���� �k�e�h�`�g�h�k�l�v��

�n�h�d�m�k�b�j�h�\�d�b�����k�e�h�`�g�h�k�l�v���d�h�g�p�_�g�l�j�Z�p�b�b�����a�j�_�g�b�_���j�Z�k�i�e�u�\�Z�_�l�k�y�� 

�N�Z�d�l�h�j�� �^�_�a�h�j�b�_�g�l�Z�p�b�b�� ���'�L�V�R�U�L�H�Q�W�D�W�L�R�Q�����± �k�e�h�`�g�h�k�l�v�� �n�h�d�m�k�b�j�h�\�d�b����

�l�h�r�g�h�l�Z���� �©�l�y�`�z�e�Z�y�� �]�h�e�h�\�Z�ª���� �a�j�_�g�b�_�� �j�Z�k�i�e�u�\�Z�_�l�k�y���� �]�h�e�h�\�h�d�j�m�`�_�g�b�_�� �i�j�b��

�h�l�d�j�u�l�u�o���]�e�Z�a�Z�o�����]�h�e�h�\�h�d�j�m�`�_�g�b�_���i�j�b���a�Z�d�j�u�l�u�o���]�e�Z�a�Z�o�����h�s�m�s�_�g�b�_ �\�j�Z�s�_�g�b�y��

�h�d�j�m�`�Z�x�s�_�]�h���f�b�j�Z���� 

�I�h�� �i�_�j�_�q�b�k�e�_�g�g�u�f�� �n�Z�d�l�h�j�Z�f�� ���l�h�r�g�h�l�Z���� �^�_�a�h�j�b�_�g�l�Z�p�b�y����

�]�e�Z�a�h�^�\�b�]�Z�l�_�e�v�g�Z�y�� �Z�d�l�b�\�g�h�k�l�v���� �[�u�e�� �i�j�h�b�a�\�_�^�z�g�� �i�h�^�k�q�z�l�� �j�_�a�m�e�v�l�Z�l�h�\��

�h�i�j�h�k�g�b�d�Z�� �i�m�l�z�f�� �\�u�q�b�k�e�_�g�b�y�� �h�[�s�_�c�� �h�p�_�g�d�b�� �\�u�j�Z�`�_�g�g�h�k�l�b�� �k�b�f�m�e�y�l�h�j�g�h�]�h��

�j�Z�k�k�l�j�h�c�k�l�\�Z�����L�Z�[�e�b�p�Z��������. 
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�L�Z�[�e�b�p�Z������ - �J�_�a�m�e�v�l�Z�l�u���h�[�j�Z�[�h�l�d�b���h�i�j�h�k�g�b�d�Z��SSQ 

�<�h�a�j�Z�k�l�g�Z�y��

�]�j�m�i�i�Z 
�I�j�b�a�g�Z�d 

30 

�\�e�_�\�h 

30 

�\�i�j�Z�\�h 

45 

�\�e�_�\�h 

45 

�\�i�j�Z�\�h 

60 

�\�e�_�\�h 

60 

�\�i�j�Z�\�h 

1 Nausea 16 16 27 24 35 34 

1 Oculomotor 35 26 59 52 68 66 

1 Desorientation 24 17 47 41 54 54 

2 Nausea 20 22 20 23 26 32 

2 Oculomotor 44 48 39 50 58 51 

2 Desorientation 23 26 32 23 41 43 

3 Nausea 3 3 7 4 12 9 

3 Oculomotor 12 13 15 11 17 18 

3 Desorientation 14 13 22 16 23 20 

 
�<�u�k�h�d�b�_�� �a�g�Z�q�_�g�b�y�� �\�� �d�Z�`�^�h�c�� �y�q�_�c�d�_�� �m�d�Z�a�u�\�Z�x�l�� �g�Z���k�b�e�v�g�u�_���i�j�h�y�\�e�_�g�b�y��

�^�b�k�d�h�f�n�h�j�l�Z�����k�f�����L�Z�[�e�b�p�m�����������G�Z�b�\�u�k�r�b�_���a�g�Z�q�_�g�b�y���i�h���d�Z�`�^�h�f�m���b�a���n�Z�d�l�h�j�h�\���\��

�d�Z�`�^�h�c���\�h�a�j�Z�k�l�g�h�c���]�j�m�i�i�_�����\�g�_���a�Z�\�b�k�b�f�h�k�l�b���h�l���k�d�h�j�h�k�l�b���\�j�Z�s�_�g�b�y�� 

Nausea 

�����\�h�a�j�Z�k�l�g�Z�y���]�j�m�i�i�Z���± �������[�Z�e�e�h�\ 

�����\�h�a�j�Z�k�l�g�Z�y���]�j�m�i�i�Z���± �������[�Z�e�e�Z 

�����\�h�a�j�Z�k�l�g�Z�y���]�j�m�i�i�Z���± �������[�Z�e�e�h�\ 

Oculomotor 

�����\�h�a�j�Z�k�l�g�Z�y���]�j�m�i�i�Z���± �������[�Z�e�e�h�\ 

�����\�h�a�j�Z�k�l�g�Z�y���]�j�m�i�i�Z���± �������[�Z�e�e�h�\ 

�����\�h�a�j�Z�k�l�g�Z�y���]�j�m�i�i�Z���± �������[�Z�e�e�h�\ 

Desorientation 

�����\�h�a�j�Z�k�l�g�Z�y���]�j�m�i�i�Z���± �������[�Z�e�e�Z 

�����\�h�a�j�Z�k�l�g�Z�y���]�j�m�i�i�Z���± �������[�Z�e�e�Z 

�����\�h�a�j�Z�k�l�g�Z�y���]�j�m�i�i�Z���± �������[�Z�e�e�Z 
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�I�h�� �\�k�_�f�� �n�Z�d�l�h�j�Z�f�� �\�u�j�Z�`�_�g�g�h�k�l�b�� �k�b�f�m�e�y�l�h�j�g�h�]�h�� �j�Z�k�k�l�j�h�c�k�l�\�Z��

�g�Z�b�[�h�e�v�r�_�_���a�g�Z�q�_�g�b�_���g�Z�[�e�x�^�Z�_�l�k�y���\���i�_�j�\�h�c �\�h�a�j�Z�k�l�g�h�c���]�j�m�i�i�_�����g�Z�b�f�_�g�v�r�_�_��

�a�g�Z�q�_�g�b�_�� �g�Z�[�e�x�^�Z�_�l�k�y�� �\�� �l�j�_�l�v�_�c�� �\�h�a�j�Z�k�l�g�h�c�� �]�j�m�i�i�_���� �I�h�d�Z�a�Z�l�_�e�b�� �\�l�h�j�h�c��

�\�h�a�j�Z�k�l�g�h�c�� �]�j�m�i�i�u�� �g�_�a�g�Z�q�b�l�_�e�v�g�h�� �f�_�g�v�r�_�� �b�� �i�j�b�[�e�b�`�_�g�u�� �d�� �i�h�d�Z�a�Z�l�_�e�y�f��

�i�_�j�\�h�c���\�h�a�j�Z�k�l�g�h�c���]�j�m�i�i�u�� 

�I�j�b�� �k�j�Z�\�g�_�g�b�b�� �b�l�h�]�h�\�u�o�� �i�h�d�Z�a�Z�l�_�e�_�c�� �^�e�y�� �h�^�b�g�Z�d�h�\�u�o�� �k�d�h�j�h�k�l�_�c��

�\�j�Z�s�_�g�b�y�� �\�h�� �\�k�_�o�� �\�h�a�j�Z�k�l�g�u�o�� �]�j�m�i�i�Z�o�� �g�Z�b�[�h�e�v�r�b�_�� �i�j�h�y�\�e�_�g�b�y�� �k�b�f�i�l�h�f�h�\��

�k�_�g�k�h�j�g�h�]�h�� �d�h�g�n�e�b�d�l�Z�� �g�Z�[�e�x�^�Z�x�l�k�y�� �i�j�b�� �\�j�Z�s�_�g�b�b�� �\�e�_�\�h���� �G�Z�b�[�h�e�_�_��

�\�u�j�Z�`�_�g�g�h�� �w�l�Z�� �j�Z�a�g�b�p�Z�� �i�j�h�y�\�e�y�_�l�k�y�� �\�� �\�h�a�j�Z�k�l�g�h�c�� �]�j�m�i�i�_�� ������ �g�Z�b�f�_�g�_�_��

�\�u�j�Z�`�_�g�g�h���± �\���\�h�a�j�Z�k�l�g�h�c���]�j�m�i�i�_������ 

�>�e�y�� �[�h�e�_�_�� �^�_�l�Z�e�v�g�h�]�h�� �Z�g�Z�e�b�a�Z�� �i�h�e�m�q�_�g�g�u�o�� �^�Z�g�g�u�o�� �[�u�e�b�� �\�\�_�^�_�g�u��

�^�h�i�h�e�g�b�l�_�e�v�g�u�_���i�Z�j�Z�f�_�l�j�u�����i�h�e���b���h�l�g�h�r�_�g�b�_���d���k�i�h�j�l�m�� 

�<�� �]�j�m�i�i�_�� �b�k�i�u�l�m�_�f�u�o���� �g�_�� �b�f�_�x�s�b�o�� �h�l�g�h�r�_�g�b�y�� �d�� �k�i�h�j�l�m���� �k�b�f�i�l�h�f�u��

�l�h�r�g�h�l�u�� ��Nausea���� �i�j�b�� �w�d�k�i�_�j�b�f�_�g�l�_�� �[�h�e�_�_�� �\�u�j�Z�`�_�g�u�� �m�� �`�_�g�s�b�g���� �q�_�f�� �m��

�f�m�`�q�b�g�����I�j�b���w�l�h�f���f�_�^�b�Z�g�g�h�_���a�g�Z�q�_�g�b�_���m���f�m�`�q�b�g���g�_���k�b�e�v�g�h���\�Z�j�v�b�j�m�_�l�k�y���i�j�b��

�b�a�f�_�g�_�g�b�b�� �m�k�e�h�\�b�c�� �w�d�k�i�_�j�b�f�_�g�l�Z�� ���k�d�h�j�h�k�l�v�� �\�j�Z�s�_�g�b�y���� �g�Z�i�j�Z�\�e�_�g�b�_��

�\�j�Z�s�_�g�b�y�������M���`�_�g�s�b�g���g�Z�[�e�x�^�Z�_�l�k�y���m�k�b�e�_�g�b�_���k�b�f�m�e�y�l�h�j�g�h�]�h���j�Z�k�k�l�j�h�c�k�l�\�Z���i�j�b��

�m�\�_�e�b�q�_�g�b�b�� �k�d�h�j�h�k�l�b�� �\�j�Z�s�_�g�b�y���� �i�j�b�� �w�l�h�f�� �[�h�e�_�_�� �k�b�e�v�g�u�c�� �w�n�n�_�d�l�� �\�h�a�g�b�d�Z�_�l��

�i�j�b���\�j�Z�s�_�g�b�b���\�e�_�\�h���i�j�b���\�k�_�o���k�d�h�j�h�k�l�y�o���� 

�<�� �]�j�m�i�i�_�� �b�k�i�u�l�m�_�f�u�o���� �b�f�_�x�s�b�o�� �h�l�g�h�r�_�g�b�_�� �d�� �k�i�h�j�l�m���� �k�b�f�i�l�h�f�u��

�l�h�r�g�h�l�u�� ��Nausea���� �i�j�b�� �w�d�k�i�_�j�b�f�_�g�l�_�� �[�h�e�_�_�� �\�u�j�Z�`�_�g�u�� �m�� �f�m�`�q�b�g���� �q�_�f�� �m��

�`�_�g�s�b�g���� �M�� �`�_�g�s�b�g�� �g�Z�b�[�h�e�_�_�� �k�b�e�v�g�h�_�� �i�j�h�y�\�e�_�g�b�_�� �k�b�f�m�e�y�l�h�j�g�h�]�h��

�j�Z�k�k�l�j�h�c�k�l�\�Z�� �g�Z�[�e�x�^�Z�_�l�k�y�� �i�j�b�� �\�j�Z�s�_�g�b�b�� ������ �\�i�j�Z�\�h���� �m�� �f�m�`�q�b�g�� �g�Z�b�[�h�e�_�_��

�k�b�e�v�g�h�_���i�j�h�y�\�e�_�g�b�_���k�b�f�m�e�y�l�h�j�g�h�]�h���j�Z�k�k�l�j�h�c�k�l�\�Z���g�Z�[�e�x�^�Z�_�l�k�y���i�j�b���\�j�Z�s�_�g�b�b��

�������\�e�_�\�h�� 

�<�� �]�j�m�i�i�_�� �b�k�i�u�l�m�_�f�u�o���� �g�_�� �b�f�_�x�s�b�o�� �h�l�g�h�r�_�g�b�y�� �d�� �k�i�h�j�l�m���� �k�b�f�i�l�h�f�u��

�]�e�Z�a�h�^�\�b�]�Z�l�_�e�v�g�h�c�� �Z�d�l�b�\�g�h�k�l�b�� ��Oculomotor���� �i�j�b�� �w�d�k�i�_�j�b�f�_�g�l�_�� �[�h�e�_�_��

�\�u�j�Z�`�_�g�u���m���`�_�g�s�b�g�����q�_�f���m���f�m�`�q�b�g�����I�j�b���w�l�h�f���f�_�^�b�Z�g�g�h�_���a�g�Z�q�_�g�b�_���m���f�m�`�q�b�g��

�g�_�� �k�b�e�v�g�h�� �\�Z�j�v�b�j�m�_�l�k�y�� �i�j�b�� �b�a�f�_�g�_�g�b�b�� �m�k�e�h�\�b�c�� �w�d�k�i�_�j�b�f�_�g�l�Z�� ���k�d�h�j�h�k�l�v��

�\�j�Z�s�_�g�b�y���� �g�Z�i�j�Z�\�e�_�g�b�_�� �\�j�Z�s�_�g�b�y������ �M�� �`�_�g�s�b�g�� �g�Z�[�e�x�^�Z�_�l�k�y�� �m�k�b�e�_�g�b�_��

�k�b�f�m�e�y�l�h�j�g�h�]�h�� �j�Z�k�k�l�j�h�c�k�l�\�Z�� �i�j�b�� �m�\�_�e�b�q�_�g�b�b�� �k�d�h�j�h�k�l�b�� �\�j�Z�s�_�g�b�y���� �i�j�b�� �w�l�h�f��
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�i�j�h�y�\�e�_�g�b�_�� �k�b�f�m�e�y�l�h�j�g�h�]�h�� �j�Z�k�k�l�j�h�c�k�l�\�Z�� �g�Z�[�e�x�^�Z�_�l�k�y�� �i�j�b�� �\�j�Z�s�_�g�b�b�� �\�e�_�\�h��

�i�j�b���\�k�_�o���k�d�h�j�h�k�l�y�o�� 

�<�� �]�j�m�i�i�_�� �b�k�i�u�l�m�_�f�u�o���� �b�f�_�x�s�b�o�� �h�l�g�h�r�_�g�b�y�� �d�� �k�i�h�j�l�m���� �k�b�f�i�l�h�f�u��

�]�e�Z�a�h�^�\�b�]�Z�l�_�e�v�g�h�c�� �Z�d�l�b�\�g�h�k�l�b�� ��Oculomotor���� �i�j�b�� �w�d�k�i�_�j�b�f�_�g�l�_�� �[�h�e�_�_��

�\�u�j�Z�`�_�g�u�� �m�� �f�m�`�q�b�g���� �q�_�f�� �m�� �`�_�g�s�b�g���� �I�j�b�� �m�\�_�e�b�q�_�g�b�b�� �k�d�h�j�h�k�l�b�� �\�j�Z�s�_�g�b�y��

�i�j�h�y�\�e�_�g�b�_���k�b�f�m�e�y�l�h�j�g�h�]�h���j�Z�k�k�l�j�h�c�k�l�\�Z���m�k�b�e�b�\�Z�_�l�k�y�����M���`�_�g�s�b�g���i�j�h�y�\�e�_�g�b�_��

�k�b�f�m�e�y�l�h�j�g�h�_�� �j�Z�k�k�l�j�h�c�k�l�\�h�� �i�j�h�y�\�e�y�_�l�k�y�� �k�b�e�v�g�_�_�� �i�j�b�� �\�j�Z�s�_�g�b�b�� �\�e�_�\�h���� �m��

�f�m�`�q�b�g�� �k�b�f�m�e�y�l�h�j�g�h�_�� �j�Z�k�k�l�j�h�c�k�l�\�h�� �i�j�h�y�\�e�y�_�l�k�y�� �k�b�e�v�g�_�_�� �i�j�b�� �\�j�Z�s�_�g�b�b��

�\�i�j�Z�\�h�� 

�<���]�j�m�i�i�_���b�k�i�u�l�m�_�f�u�o�����g�_���b�f�_�x�s�b�o���h�l�g�h�r�_�g�b�y���d���k�i�h�j�l�m�� �^�_�a�h�j�b�_�g�l�Z�p�b�y��

(Desorientation���� �i�j�b�� �w�d�k�i�_�j�b�f�_�g�l�_�� �i�j�h�y�\�e�y�_�l�k�y�� �k�b�e�v�g�_�_�� �m�� �`�_�g�s�b�g���� �q�_�f�� �m��

�f�m�`�q�b�g���� �I�j�b�� �m�\�_�e�b�q�_�g�b�b�� �k�d�h�j�h�k�l�b�� �\�j�Z�s�_�g�b�y�� �k�b�f�m�e�y�l�h�j�g�h�_�� �j�Z�k�k�l�j�h�c�k�l�\�h�� �m��

�`�_�g�s�b�g�� �m�k�b�e�b�\�Z�_�l�k�y���� �m�� �f�m�`�q�b�g�� �i�j�h�y�\�e�y�_�l�k�y�� �g�Z�� �h�^�b�g�Z�d�h�\�h�f�� �m�j�h�\�g�_���� �I�j�b��

�\�j�Z�s�_�g�b�b���\�e�_�\�h���w�n�n�_�d�l���i�j�h�y�\�e�y�_�l�k�y���k�b�e�v�g�_�_�����q�_�f���i�j�b���\�j�Z�s�_�g�b�b���\�i�j�Z�\�h�� 

�<�� �]�j�m�i�i�_�� �b�k�i�u�l�m�_�f�u�o���� �b�f�_�x�s�b�o�� �h�l�g�h�r�_�g�b�y�� �d�� �k�i�h�j�l�m���� �^�_�a�h�j�b�_�g�l�Z�p�b�y��

(Desorientation���� �i�j�b�� �w�d�k�i�_�j�b�f�_�g�l�_�� �i�j�h�y�\�e�y�_�l�k�y�� �k�b�e�v�g�_�_�� �m�� �f�m�`�q�b�g���� �q�_�f�� �m��

�`�_�g�s�b�g�����I�j�b���m�\�_�e�b�q�_�g�b�b���k�d�h�j�h�k�l�b���\�j�Z�s�_�g�b�y���w�n�n�_�d�l���m�k�b�e�b�\�Z�_�l�k�y���b���m���f�m�`�q�b�g����

�b�� �m�� �`�_�g�s�b�g���� �I�j�b�� �\�j�Z�s�_�g�b�b�� �\�e�_�\�h�� �w�n�n�_�d�l�� �i�j�h�y�\�e�y�_�l�k�y�� �k�b�e�v�g�_�_���� �q�_�f�� �i�j�b��

�\�j�Z�s�_�g�b�b���\�i�j�Z�\�h�� 

�<�� �[�h�e�v�r�b�g�k�l�\�_�� �k�e�m�q�Z�_�\�� �h�i�b�k�Z�g�g�u�_�� �\�u�r�_�� �i�j�h�y�\�e�_�g�b�y�� �a�j�b�l�_�e�v�g�h-

�\�_�k�l�b�[�m�e�y�j�g�h�]�h�� �k�_�g�k�h�j�g�h�]�h�� �d�h�g�n�e�b�d�l�Z�� ���l�h�r�g�h�l�Z���� �]�e�Z�a�h�^�\�b�]�Z�l�_�e�v�g�Z�y��

�Z�d�l�b�\�g�h�k�l�v�����^�_�a�h�j�b�_�g�l�Z�p�b�y�����h�l�f�_�q�Z�x�l�k�y���\�������\�h�a�j�Z�k�l�g�h�c���]�j�m�i�i�_���i�h���h�l�g�h�r�_�g�b�x��

�d�h�� ���� �b�� ���� �\�h�a�j�Z�k�l�g�u�f�� �]�j�m�i�i�Z�f���� �I�j�b�� �w�l�h�f�� �j�Z�a�g�b�p�Z�� �\�� �i�h�d�Z�a�Z�l�_�e�y�o�� �f�_�`�^�m�� ���� �b�� ����

�\�h�a�j�Z�k�l�g�u�f�b�� �]�j�m�i�i�Z�f�b�� �[�h�e�_�_�� �a�g�Z�q�b�l�_�e�v�g�Z���� �q�_�f�� �f�_�`�^�m�� ���� �b�� ���� �\�h�a�j�Z�k�l�g�u�f�b��

�]�j�m�i�i�Z�f�b���� 

�G�Z�� �k�e�_�^�m�x�s�_�f�� �w�l�Z�i�_�� �Z�g�Z�e�b�a�Z�� �i�h�e�m�q�_�g�g�u�_�� �\�h�� �\�j�_�f�y�� �w�d�k�i�_�j�b�f�_�g�l�h�\��

�^�Z�g�g�u�_�� �W�W�=�� �[�u�e�b�� �h�[�j�Z�[�h�l�Z�g�u�� �f�_�l�h�^�h�f�� �k�l�Z�l�b�k�l�b�q�_�k�d�h�]�h�� �Z�g�Z�e�b�a�Z�� �K�l�v�x�^�_�g�l�Z��

(t-�d�j�b�l�_�j�b�c���� �^�e�y�� �\�u�y�\�e�_�g�b�y�� �a�g�Z�q�b�f�h�k�l�b�� �j�Z�a�e�b�q�b�y�� �f�_�`�^�m�� �\�h�a�j�Z�k�l�g�u�f�b��

�]�j�m�i�i�Z�f�b. 

�;�u�e�h���h�[�g�Z�j�m�`�_�g�h�����q�l�h���j�Z�a�e�b�q�b�y���\���f�h�a�]�h�\�h�c���Z�d�l�b�\�g�h�k�l�b���\���p�_�g�l�j�Z�e�v�g�u�o���b��

�a�Z�^�g�b�o�� �h�l�^�_�e�Z�o�� �]�h�e�h�\�g�h�]�h�� �f�h�a�]�Z�� �\�� �.�� �b�� ���� �^�b�Z�i�Z�a�h�g�_�� �f�_�`�^�m�� �\�h�a�j�Z�k�l�g�u�f�b��
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�]�j�m�i�i�Z�f�b�� ���� �b�� ���� �k�m�s�_�k�l�\�_�g�g�u���� �l�Z�d�� �d�Z�d�� �i�j�b�� �m�j�h�\�g�_�� �a�g�Z�q�b�f�h�k�l�b��p=0,05 

�i�h�e�m�q�_�g�g�u�_���a�g�Z�q�_�g�b�y���f�_�g�v�r�_���d�j�b�l�b�q�_�k�d�h�]�h�����L�Z�d�b�f���h�[�j�Z�a�h�f�����k���\�_�j�h�y�l�g�h�k�l�v�x��

�������������f�u���]�h�l�h�\�u���i�j�b�g�y�l�v���g�Z�r�m���]�b�i�h�l�_�a�m���h���j�Z�a�e�b�q�b�y�o���\���f�h�a�]�h�\�h�c���Z�d�l�b�\�g�h�k�l�b��

�m���j�Z�a�g�u�o���\�h�a�j�Z�k�l�g�u�o���]�j�m�i�i���� 

 

�J�b�k�m�g�h�d��79 - t-tes�W���j�_�a�m�e�v�l�Z�l�u���P�H���.���������b�������\�h�a�j�Z�k�l�g�u�_���]�j�m�i�i�u�� 

 

�J�b�k�m�g�h�d��80 - t-t�H�V�W���j�_�a�m�e�v�l�Z�l�u���P�H�������������b�������\�h�a�j�Z�k�l�g�u�_���]�j�m�i�i�u�� 
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�J�b�k�m�g�h�d��81 - t-t�H�V�W���j�_�a�m�e�v�l�Z�l�u���A�H���.���������b�������\�h�a�j�Z�k�l�g�u�_���]�j�m�i�i�u��  

 

�J�b�k�m�g�h�d��82 - t-t�H�V�W���j�_�a�m�e�v�l�Z�l�u���A�H�������������b�������\�h�a�j�Z�k�l�g�u�_���]�j�m�i�i�u��  

 
���� �b�� ���� �\�h�a�j�Z�k�l�g�u�_���]�j�m�i�i�u�� �k�� �[�h�e�v�r�_�c�� �\�_�j�h�y�l�g�h�k�l�v�x�� �k�l�Z�l�b�k�l�b�q�_�k�d�b��

�j�Z�a�g�h�j�h�^�g�u�����q�l�h���i�h�^�l�\�_�j�`�^�Z�_�l�k�y���j�_�a�m�e�v�l�Z�l�Z�f�b���Z�g�d�_�l�b�j�h�\�Z�g�b�y���b���i�h�d�Z�a�Z�l�_�e�y�f�b��

�W�W�=�� 

�>�Z�e�_�_�� �[�u�e�b�� �i�j�h�Z�g�Z�e�b�a�b�j�h�\�Z�g�u�� �^�Z�g�g�u�_�� �W�W�=�� �^�e�y�� �^�\�m�o�� �\�Z�j�b�Z�g�l�h�\��

�g�Z�i�j�Z�\�e�_�g�b�y���\�j�Z�s�_�g�b�y�����I�j�b�e�h�`�_�g�b�_�����������I�j�b���\�j�Z�s�_�g�b�b���\�e�_�\�h���b���\�i�j�Z�\�h���[�u�e�b��

�a�Z�n�b�d�k�b�j�h�\�Z�g�u���j�Z�a�e�b�q�b�y���\���a�Z�^�g�b�o���h�l�^�_�e�Z�o���]�h�e�h�\�g�h�]�h���f�h�a�]�Z���\��-�^�b�Z�i�Z�a�h�g�_���m������

�b�������\�h�a�j�Z�k�l�g�h�c���]�j�m�i�i�u�� 
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�J�b�k�m�g�h�d��83 - t-t�H�V�W���j�_�a�m�e�v�l�Z�l�u���A�H�������e�_�\�h���������b�������\�h�a�j�Z�k�l�g�u�_���]�j�m�i�i�u��  

 

 

�J�b�k�m�g�h�d��84 - t-t�H�V�W���j�_�a�m�e�v�l�Z�l�u���A�H�������i�j�Z�\�h �������b�������\�h�a�j�Z�k�l�g�u�_���]�j�m�i�i�u��  

 
�K�l�Z�l�b�k�l�b�q�_�k�d�b���a�g�Z�q�b�f�u�o �j�Z�a�e�b�q�b�c���f�_�`�^�m�������b�������\�h�a�j�Z�k�l�g�h�c���]�j�m�i�i�h�c���i�j�b��

�\�j�Z�s�_�g�b�b�� �\�e�_�\�h�� �\�� �p�_�g�l�j�Z�e�v�g�u�o�� �h�l�^�_�e�Z�o�� �]�h�e�h�\�g�h�]�h�� �f�h�a�]�Z�� �g�_�l���� �q�l�h��

�i�h�^�l�\�_�j�`�^�Z�_�l�k�y���]�j�Z�n�b�d�h�f���b���^�Z�g�g�u�f�b�� 
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���B�/�B�P�H������- ���B�/�B�P�H���� 

 

�J�b�k�m�g�h�d��85 - t-t�H�V�W���j�_�a�m�e�v�l�Z�l�u���P�H�������e�_�\�h���������b�������\�h�a�j�Z�k�l�g�u�_���]�j�m�i�i�u�� 

 
�I�j�b�� �w�l�h�f�� �\�� �a�Z�^�g�b�o���h�l�^�_�e�Z�o�� �]�h�e�h�\�g�h�]�h�� �f�h�a�]�Z�� �\�� ���� �^�b�Z�i�Z�a�h�g�_�� �h�l�f�_�q�Z�_�l�k�y��

�k�l�Z�l�b�k�l�b�q�_�k�d�b�� �a�g�Z�q�b�f�h�_�� �j�Z�a�g�h�g�Z�i�j�Z�\�e�_�g�g�h�_�� �j�Z�a�e�b�q�b�_�� �f�_�`�^�m�� ���� �b�� ����

�\�h�a�j�Z�k�l�g�u�f�b���]�j�m�i�i�Z�f�b�� 

���B�/�B�A�H������- ���B�/�B�A�H���� 

 

 

�J�b�k�m�g�h�d��86 - t-t�H�V�W���j�_�a�m�e�v�l�Z�l�u���A�H�������e�_�\�h���������b�������\�h�a�j�Z�k�l�g�u�_���]�j�m�i�i�u�� 

 
�B�g�l�_�j�i�j�_�l�Z�p�b�y���j�_�a�m�e�v�l�Z�l�h�\ 

�P�_�e�v�x���b�k�k�e�_�^�h�\�Z�g�b�y���[�u�e�h���b�a�m�q�_�g�b�_���\�h�a�j�Z�k�l�g�u�o���j�Z�a�e�b�q�b�c���\���b�a�f�_�g�_�g�b�y�o��

�[�b�h�w�e�_�d�l�j�b�q�_�k�d�h�c�� �Z�d�l�b�\�g�h�k�l�b�� �i�j�b�� �a�j�b�l�_�e�v�g�h-�\�_�k�l�b�[�m�e�y�j�g�h�f�� �k�_�g�k�h�j�g�h�f��
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�d�h�g�n�e�b�d�l�_�� �\�� �\�b�j�l�m�Z�e�v�g�h�c�� �j�_�Z�e�v�g�h�k�l�b���� �>�e�y�� �w�l�h�]�h�� �[�u�e�Z�� �b�k�i�h�e�v�a�h�\�Z�g�Z��

�\�b�a�m�Z�e�v�g�Z�y�� �k�l�b�f�m�e�y�p�b�y�� �\�� �\�b�^�_�� �\�b�j�l�m�Z�e�v�g�h�]�h�� �h�i�l�h�d�b�g�_�l�b�q�_�k�d�h�]�h���[�Z�j�Z�[�Z�g�Z��

�\�u�k�h�l�h�c�����������f�������\�g�m�l�j�_�g�g�y�y���i�h�\�_�j�o�g�h�k�l�v���d�h�l�h�j�h�]�h���h�d�j�Z�r�_�g�Z���q�_�j�_�^�m�x�s�b�f�b�k�y��

�q�_�j�g�h-�[�_�e�u�f�b�� �\�_�j�l�b�d�Z�e�v�g�u�f�b�� �i�h�e�h�k�Z�f�b���� �<�u�[�h�j�� �^�Z�g�g�h�]�h�� �l�b�i�Z�� �k�l�b�f�m�e�y�p�b�b��

�h�[�m�k�e�h�\�e�_�g�� �l�_�f���� �q�l�h�� �\�h�k�i�j�b�y�l�b�_�� �^�\�b�`�m�s�b�o�k�y�� �q�_�j�g�h-�[�_�e�u�o�� �i�h�e�h�k�� �k��

�g�Z�b�[�h�e�v�r�_�c�� �\�_�j�h�y�l�g�h�k�l�v�x�� �k�i�j�h�\�h�p�b�j�m�_�l�� �j�Z�a�^�j�Z�`�_�g�b�_�� �\�_�k�l�b�[�m�e�y�j�g�h�]�h��

�Z�i�i�Z�j�Z�l�Z�� �b�� �a�j�b�l�_�e�v�g�h�]�h�� �Z�g�Z�e�b�a�Z�l�h�j�Z���� �A�Z�^�Z�q�Z�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �a�Z�j�_�]�b�k�l�j�b�j�h�\�Z�l�v��

�f�h�a�]�h�\�m�x���Z�d�l�b�\�g�h�k�l�v���m���l�j�z�o���\�h�a�j�Z�k�l�g�u�o���]�j�m�i�i���g�Z���n�h�g�_���[�u�k�l�j�h�]�h���k�f�_�s�_�g�b�y���\��

�i�j�h�k�l�j�Z�g�k�l�\�_���q�_�j�_�^�m�x�s�b�o�k�y���i�h�e�h�k�� 

�<�h�� �\�k�_�o�� �l�j�z�o�� �\�h�a�j�Z�k�l�g�u�o�� �]�j�m�i�i�Z�o�� �[�u�e�Z�� �a�Z�n�b�d�k�b�j�h�\�Z�g�Z�� �Z�d�l�b�\�Z�p�b�y��

�\�_�k�l�b�[�m�e�y�j�g�u�o�� �b�� �a�j�b�l�_�e�v�g�u�o�� �j�_�p�_�i�l�h�j�h�\���� �q�l�h�� �h�a�g�Z�q�Z�_�l���� �q�l�h�� �i�j�h�b�a�h�r�e�h��
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�q�_�j�_�a�� �i�j�b�a�f�m�� �g�Z�j�Z�k�l�Z�g�b�y�� �k�e�m�q�Z�c�g�h�c�� �g�_�c�j�h�g�g�h�c�� �Z�d�l�b�\�g�h�k�l�b���� �K�h�]�e�Z�k�g�h�� �w�l�h�c��

�f�h�^�_�e�b���� �i�j�_�^�e�h�`�_�g�g�h�c�� �\�� �j�Z�[�h�l�Z�o�� �:�H�O�I�R�U�G�� �������������� �b�� �j�Z�a�\�b�l�h�c�� �\�� �k�h�\�j�_�f�_�g�g�u�o��

�b�k�k�e�_�^�h�\�Z�g�b�y�o�� ���/�L�� �H�W�� �D�O������ �������������� �k�� �\�h�a�j�Z�k�l�h�f�� �i�j�h�b�k�o�h�^�b�l�� �k�b�k�l�_�f�Z�l�b�q�_�k�d�h�_��

�m�\�_�e�b�q�_�g�b�_�� �n�h�g�h�\�h�c�� �g�_�c�j�h�g�g�h�c�� �Z�d�l�b�\�g�h�k�l�b���� �q�l�h�� �i�j�b�\�h�^�b�l�� �d�� �m�o�m�^�r�_�g�b�x��

�k�h�h�l�g�h�r�_�g�b�y�� �k�b�]�g�Z�e���r�m�f�� �\�� �g�_�c�j�h�g�g�u�o�� �k�_�l�y�o���� �G�Z�� �d�e�_�l�h�q�g�h�f�� �m�j�h�\�g�_��

�g�_�c�j�h�g�g�u�c�� �r�m�f�� �i�j�h�y�\�e�y�_�l�k�y�� �q�_�j�_�a�� �g�_�k�d�h�e�v�d�h�� �\�a�Z�b�f�h�k�\�y�a�Z�g�g�u�o�� �f�_�o�Z�g�b�a�f�h�\����

�\�d�e�x�q�Z�y�� �k�l�h�o�Z�k�l�b�q�g�h�k�l�v�� �k�b�g�Z�i�l�b�q�_�k�d�h�c�� �i�_�j�_�^�Z�q�b���� �i�j�b�� �d�h�l�h�j�h�c�� �k�� �\�h�a�j�Z�k�l�h�f��

�m�\�_�e�b�q�b�\�Z�_�l�k�y�� �\�Z�j�b�Z�[�_�e�v�g�h�k�l�v�� �\�u�k�\�h�[�h�`�^�_�g�b�y�� �g�_�c�j�h�f�_�^�b�Z�l�h�j�h�\���� �q�l�h��

�i�h�^�l�\�_�j�`�^�_�g�h�� �\�� �b�k�k�e�_�^�h�\�Z�g�b�y�o�� �<�D�Q�J�� �H�W�� �D�O���� �������������� �g�Z�� �i�j�b�f�Z�l�Z�o���� �i�h�d�Z�a�Z�\�r�b�o��

�m�\�_�e�b�q�_�g�b�_�� �d�h�w�n�n�b�p�b�_�g�l�Z�� �\�Z�j�b�Z�p�b�b�� �i�h�k�l�k�b�g�Z�i�l�b�q�_�k�d�b�o�� �i�h�l�_�g�p�b�Z�e�h�\�� �g�Z�� ����-

���������m���i�h�`�b�e�u�o���h�k�h�[�_�c�����>�h�i�h�e�g�b�l�_�e�v�g�u�f�b���n�Z�d�l�h�j�Z�f�b���\�u�k�l�m�i�Z�x�l���b�a�f�_�g�_�g�b�y��

�i�e�h�l�g�h�k�l�b���j�_�p�_�i�l�h�j�h�\�����\���q�Z�k�l�g�h�k�l�b�����\�h�a�j�Z�k�l�g�h�_���k�g�b�`�_�g�b�_���i�e�h�l�g�h�k�l�b���1�0�'�$-

�j�_�p�_�i�l�h�j�h�\���\���i�j�_�n�j�h�g�l�Z�e�v�g�h�c���d�h�j�_�����5�H�H�Y�H�V���H�W���D�O���������������������Z���l�Z�d�`�_���^�b�k�n�m�g�d�p�b�y��

�b�h�g�g�u�o�� �d�Z�g�Z�e�h�\���� �\�u�j�Z�`�Z�x�s�Z�y�k�y�� �\�� �g�Z�d�h�i�e�_�g�b�b�� �g�Z�j�m�r�_�g�b�c�� �j�Z�[�h�l�u�� �g�Z�l�j�b�c-

�d�Z�e�b�_�\�u�o���g�Z�k�h�k�h�\�����7�R�J�Q�R�O�L���	���.�H�O�V�R���������������� 
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�<�� �d�h�g�l�_�d�k�l�_�� �a�j�b�l�_�e�v�g�h-�\�_�k�l�b�[�m�e�y�j�g�h�]�h�� �d�h�g�n�e�b�d�l�Z�� �g�_�c�j�h�g�g�u�c�� �r�m�f��

�i�j�h�y�\�e�y�_�l�k�y�� �k�i�_�p�b�n�b�q�_�k�d�b�f�� �h�[�j�Z�a�h�f�� �q�_�j�_�a�� �m�\�_�e�b�q�_�g�b�_�� �e�Z�l�_�g�l�g�h�k�l�b�� �3��������

�d�h�f�i�h�g�_�g�l�Z���\�u�a�\�Z�g�g�u�o�� �i�h�l�_�g�b�p�b�Z�e�h�\ �g�Z�� ����-������ �f�k�� ���&�X�U�U�D�Q�� �H�W�� �D�O������ ������������ 

�k�g�b�`�_�g�b�_�� �Z�f�i�e�b�l�m�^�u�� �1�������� �d�h�f�i�h�g�_�g�l�Z���� �h�l�\�_�l�k�l�\�_�g�g�h�]�h�� �a�Z�� �h�[�j�Z�[�h�l�d�m��

�a�j�b�l�_�e�v�g�u�o���i�Z�l�l�_�j�g�h�\�� ���%�H�Q�Q�H�W�W�� �H�W�� �D�O������ �������������� �b�� �g�Z�j�m�r�_�g�b�_�� �k�b�g�o�j�h�g�b�a�Z�p�b�b��

�]�Z�f�f�Z-�h�k�p�b�e�e�y�p�b�c�� �\�� �a�j�b�l�_�e�v�g�h�c�� �d�h�j�_�� ���3�D�V�W�R�U�� �H�W�� �D�O������ �������������� �K�h�� �k�l�h�j�h�g�u��

�\�_�k�l�b�[�m�e�y�j�g�h�c�� �k�b�k�l�_�f�u�� �g�Z�[�e�x�^�Z�_�l�k�y�� �m�o�m�^�r�_�g�b�_�� �l�h�q�g�h�k�l�b�� �b�g�l�_�]�j�Z�p�b�b��

�k�b�]�g�Z�e�h�\���h�l���i�h�e�m�d�j�m�`�g�u�o���d�Z�g�Z�e�h�\�����6�H�U�U�D�G�R�U���H�W���D�O���������������������a�Z�^�_�j�`�d�Z���\�_�k�l�b�[�m�e�h-

�h�d�m�e�y�j�g�h�]�h�� �j�_�n�e�_�d�k�Z�� �g�Z�� ��-������ �f�k�� ���.�L�P�� �H�W�� �D�O������ ������������ �b�� �k�g�b�`�_�g�b�_�� �l�h�q�g�h�k�l�b��

�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�c�� �h�j�b�_�g�l�Z�p�b�b�� �g�Z�� ����-�������� ���+�D�U�X�Q�� �H�W�� �D�O������ �������������� �K�h�\�j�_�f�_�g�g�u�_��

�f�_�l�h�^�u�� �d�h�e�b�q�_�k�l�\�_�g�g�h�c�� �h�p�_�g�d�b�� �g�_�c�j�h�g�g�h�]�h�� �r�m�f�Z�� �\�d�e�x�q�Z�x�l�� �Z�g�Z�e�b�a��

�\�Z�j�b�Z�[�_�e�v�g�h�k�l�b�� �W�W�=���� �^�_�f�h�g�k�l�j�b�j�m�x�s�b�c�� �m�\�_�e�b�q�_�g�b�_�� �n�h�g�h�\�h�c�� �Z�d�l�b�\�g�h�k�l�b�� �\��

�^�b�Z�i�Z�a�h�g�_����-�����=�p���g�Z�����������m���e�b�p���k�l�Z�j�r�_���������e�_�l�����9�D�G�H�Q���H�W���D�O���������������������n�j�Z�d�l�Z�e�v�g�u�c��

�Z�g�Z�e�b�a�� �I�0�5�,���� �i�h�d�Z�a�u�\�Z�x�s�b�c�� �k�g�b�`�_�g�b�_�� �i�h�d�Z�a�Z�l�_�e�y�� �O�z�j�k�l�Z�� �k�� ���������� �^�h�� ����������

(Garre�W�W�� �H�W�� �D�O������ �������������� �b�� �f�_�l�h�^�u�� �l�j�Z�g�k�d�j�Z�g�b�Z�e�v�g�h�c�� �f�Z�]�g�b�l�g�h�c�� �k�l�b�f�m�e�y�p�b�b����

�\�u�y�\�e�y�x�s�b�_�� �m�\�_�e�b�q�_�g�b�_�� �\�Z�j�b�Z�[�_�e�v�g�h�k�l�b�� �f�h�l�h�j�g�u�o�� �\�u�a�\�Z�g�g�u�o�� �i�h�l�_�g�p�b�Z�e�h�\��

�g�Z�����������\���\�h�a�j�Z�k�l�g�h�c���]�j�m�i�i�_������-�������e�_�l�����2�O�L�Y�L�H�U�R���H�W���D�O������������������ 

�F�_�l�Z-�Z�g�Z�e�b�a���������b�k�k�e�_�^�h�\�Z�g�b�c�����'�D�Y�L�V���H�W���D�O�������������������i�h�d�Z�a�u�\�Z�_�l���g�_�e�b�g�_�c�g�u�c��

�o�Z�j�Z�d�l�_�j���g�Z�j�Z�k�l�Z�g�b�y���g�_�c�j�h�g�g�h�]�h���r�m�f�Z���k���f�b�g�b�f�Z�e�v�g�u�f���m�j�h�\�g�_�f���\���\�h�a�j�Z�k�l�_������-

�������e�_�l�����b�g�^�_�d�k����������-���������������m�f�_�j�_�g�g�u�f���m�\�_�e�b�q�_�g�b�_�f���d������-�������]�h�^�Z�f�����b�g�^�_�d�k����������-

�������������� �a�g�Z�q�b�l�_�e�v�g�u�f�� �g�Z�j�Z�k�l�Z�g�b�_�f�� �d�� ����-������ �]�h�^�Z�f�� ���b�g�^�_�d�k�� ��������-������������ �b��

�^�h�k�l�b�`�_�g�b�_�f�� �d�j�b�l�b�q�_�k�d�h�]�h�� �m�j�h�\�g�y�� �i�h�k�e�_�� ������ �e�_�l�� ���b�g�^�_�d�k�� ��������-�������������� �G�_�j�\�g�Z�y��

�k�b�k�l�_�f�Z���j�Z�a�\�b�\�Z�_�l���d�h�f�i�_�g�k�Z�l�h�j�g�u�_���f�_�o�Z�g�b�a�f�u���i�j�h�l�b�\�h�^�_�c�k�l�\�b�y���g�_�c�j�h�g�g�h�f�m��

�r�m�f�m�����\�d�e�x�q�Z�y���m�k�b�e�_�g�b�_���W�R�S-�G�R�Z�Q���d�h�g�l�j�h�e�y���k���m�\�_�e�b�q�_�g�b�_�f���n�m�g�d�p�b�h�g�Z�e�v�g�h�c��

�k�\�y�a�g�h�k�l�b���f�_�`�^�m���i�j�_�n�j�h�g�l�Z�e�v�g�h�c���d�h�j�h�c���b���k�_�g�k�h�j�g�u�f�b���h�[�e�Z�k�l�y�f�b���g�Z������-40% 

(Sp�U�H�Q�J�� �H�W�� �D�O������ �������������� �g�_�c�j�h�o�b�f�b�q�_�k�d�m�x�� �d�h�f�i�_�g�k�Z�p�b�x�� �q�_�j�_�a�� �\�h�a�j�Z�k�l�g�h�_��

�m�\�_�e�b�q�_�g�b�_�� �i�e�h�l�g�h�k�l�b�� �g�h�j�Z�^�j�_�g�Z�e�b�g�h�\�u�o�� �j�_�p�_�i�l�h�j�h�\�� ���0�D�W�K�H�U�� �H�W�� �D�O������ ������������ �b��

�k�l�j�Z�l�_�]�b�q�_�k�d�m�x�� �h�i�l�b�f�b�a�Z�p�b�x�� �k�� �i�_�j�_�j�Z�k�i�j�_�^�_�e�_�g�b�_�f�� �j�_�k�m�j�k�h�\�� �\�g�b�f�Z�g�b�y��

(Cappell et al., 2024).  
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�G�Z�b�[�h�e�_�_�� �a�g�Z�q�b�f�u�f�� �j�_�a�m�e�v�l�Z�l�h�f�� �y�\�e�y�_�l�k�y�� �^�_�f�h�g�k�l�j�Z�p�b�y�� �w�n�n�_�d�l�b�\�g�h�c��

�Z�^�Z�i�l�Z�p�b�b�� �d�� �A�<�K�D�� �m�� �l�j�_�l�v�_�c�� �\�h�a�j�Z�k�l�g�h�c�� �]�j�m�i�i�u���� �W�l�h�l�� �n�_�g�h�f�_�g�� �f�h�`�_�l�� �[�u�l�v��

�b�g�l�_�j�i�j�_�l�b�j�h�\�Z�g�� �q�_�j�_�a�� �l�_�j�f�b�g�u�� �l�_�h�j�b�b�� ���i�_�j�p�_�i�l�b�\�g�h�]�h�� �h�[�m�q�_�g�b�y���� �>�`����

�=�b�[�k�h�g�Z�� ���������������� �G�Z�d�h�i�e�_�g�g�u�c�� �`�b�a�g�_�g�g�u�c�� �h�i�u�l���� �\�d�e�x�q�Z�x�s�b�c�� �f�g�h�]�h�d�j�Z�l�g�h�_��

�k�l�h�e�d�g�h�\�_�g�b�_�� �k �k�_�g�k�h�j�g�u�f�b�� �d�h�g�n�e�b�d�l�Z�f�b�� ���\�h�`�^�_�g�b�_�� �Z�\�l�h�f�h�[�b�e�y���� �m�o�h�^�� �a�Z��

�^�_�l�v�f�b������ �n�h�j�f�b�j�m�_�l�� �m�k�l�h�c�q�b�\�u�_�� �g�_�c�j�h�g�g�u�_�� �k�_�l�b���� �k�i�h�k�h�[�g�u�_�� �d�� �[�u�k�l�j�h�c��

�j�_�d�Z�e�b�[�j�h�\�d�_�� �k�_�g�k�h�j�g�u�o�� �k�b�]�g�Z�e�h�\�� �G�Z�i�j�b�f�_�j���� �g�_�c�j�h�\�b�a�m�Z�e�b�a�Z�p�b�h�g�g�u�_��

�b�k�k�e�_�^�h�\�Z�g�b�y���k���i�j�b�f�_�g�_�g�b�_�f���n�F�J�L���^�_�f�h�g�k�l�j�b�j�m�x�l�����q�l�h���m���h�i�u�l�g�u�o���\�h�^�b�l�_�e�_�c��

�g�Z�[�e�x�^�Z�_�l�k�y���i�h�\�u�r�_�g�g�Z�y���Z�d�l�b�\�Z�p�b�y���^�h�j�k�h�e�Z�l�_�j�Z�e�v�g�h�c���i�j�_�n�j�h�g�l�Z�e�v�g�h�c���d�h�j�u��

���G�O�3�)�&�����i�j�b���j�_�r�_�g�b�b���a�Z�^�Z�q���k�_�g�k�h�f�h�l�h�j�g�h�c���b�g�l�_�]�j�Z�p�b�b�����%�H�U�Q�D�U�G�L���H�W���D�O��������������������

�W�l�Z�� �h�[�e�Z�k�l�v�� �b�]�j�Z�_�l�� �d�e�x�q�_�\�m�x�� �j�h�e�v�� �\�� �j�_�Z�e�b�a�Z�p�b�b�� �W�R�S-�G�R�Z�Q�� �l�h�j�f�h�`�_�g�b�y��

�d�h�g�n�e�b�d�l�m�x�s�b�o�� �k�_�g�k�h�j�g�u�o�� �\�o�h�^�h�\�� �L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �h�[�g�Z�j�m�`�_�g�g�u�_��

�j�_�a�m�e�v�l�Z�l�u�� �f�h�]�m�l�� �[�u�l�v�� �i�j�h�b�g�l�_�i�j�_�l�b�j�h�\�Z�g�u�� �]�e�h�[�Z�e�v�g�h�� �\�� �d�h�g�l�_�d�k�l�_ �f�h�^�_�e�b��

���f�m�e�v�l�b�k�_�g�k�h�j�g�h�c�� �b�g�l�_�]�j�Z�p�b�b���� �(�U�Q�V�W�� �D�Q�G�� �%�•�W�K�R�I�I�� ���������������� �k�h�]�e�Z�k�g�h�� �d�h�l�h�j�h�c 

�g�_�j�\�g�Z�y�� �k�b�k�l�_�f�Z�� �b�k�i�h�e�v�a�m�_�l�� �[�Z�c�_�k�h�\�k�d�b�_�� �i�j�b�g�p�b�i�u�� �^�e�y�� �\�a�\�_�r�b�\�Z�g�b�y��

�j�Z�a�e�b�q�g�u�o�� �k�_�g�k�h�j�g�u�o�� �f�h�^�Z�e�v�g�h�k�l�_�c�����<�� �m�k�e�h�\�b�y�o�� �A�<�K�D�� �i�j�h�b�k�o�h�^�b�l��

�g�Z�j�m�r�_�g�b�_�� �w�l�h�]�h�� �i�j�h�p�_�k�k�Z���� �l�j�_�[�m�x�s�_�_�� �Z�d�l�b�\�Z�p�b�b���d�h�f�i�_�g�k�Z�g�l�h�j�g�u�o 

�f�_�o�Z�g�b�a�f�h�\���\�� �\�b�^�_���l�h�j�f�h�`�_�g�b�y�� �<�� �j�_�a�m�e�v�l�Z�l�_�� �m �i�_�j�\�h�c�� �\�h�a�j�Z�k�l�g�h�c�� �]�j�m�i�i�u��

�g�Z�[�e�x�^�Z�_�l�k�y�� ���i�_�j�_�]�j�m�a�d�Z���� �k�_�g�k�h�j�g�u�o�� �k�b�k�l�_�f�� �b�a-�a�Z�� �g�_�^�h�k�l�Z�l�h�q�g�h��

�k�n�h�j�f�b�j�h�\�Z�g�g�u�o���l�Z�d�b�o�� �l�h�j�f�j�a�g�u�o���i�m�l�_�c. �Q�l�h�� �i�h�^�l�\�_�j�`�^�Z�_�l�k�y�� �j�y�^�h�f��

�w�e�_�d�l�j�h�n�b�a�b�h�e�h�]�b�q�_�k�d�b�o �b�k�k�e�_�^�h�\�Z�g�b�c���� �i�h�d�Z�a�Z�\�r�b�o���� �g�Z�i�j�b�f�_�j�����q�l�h�� �m��

�f�h�e�h�^�u�o�� �\�a�j�h�k�e�u�o�� �i�j�b�� �A�<�K�D�� �i�j�h�b�k�o�h�^�b�l�� �a�g�Z�q�b�l�_�e�v�g�h�_�� �m�\�_�e�b�q�_�g�b�_��

�Z�f�i�e�b�l�m�^�u�� �1���� �d�h�f�i�h�g�_�g�l�Z���\�u�a�\�Z�g�g�h�]�h�� �i�h�l�_�g�p�b�Z�e�Z �\�� �a�j�b�l�_�e�v�g�h�c�� �d�h�j�_���� �q�l�h��

�k�\�b�^�_�l�_�e�v�k�l�\�m�_�l���h���g�_�^�h�k�l�Z�l�h�q�g�h�f���l�h�j�f�h�a�g�h�f���d�h�g�l�j�h�e�_�����3�R�X�U�W�R�L�V���H�W���D�O������������������ 

�<�� �q�_�l�\�z�j�l�h�f�� �p�b�d�e�_�� �w�d�k�i�_�j�b�f�_�g�l�h�\���� �g�Z�i�j�Z�\�e�_�g�g�u�o�� �g�Z�� �m�l�h�q�g�_�g�b�_��
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�a�j�_�g�b�y�� �f�h�^�_�e�b�j�h�\�Z�g�b�y�� �m�k�e�h�\�b�c�� �a�j�b�l�_�e�v�g�h-�\�_�k�l�b�[�m�e�y�j�g�h�]�h�� �k�_�g�k�h�j�g�h�]�h��

�d�h�g�n�e�b�d�l�Z�� �\�b�j�l�m�Z�e�v�g�Z�y�� �k�j�_�^�Z�� �©�h�i�l�h�d�b�g�_�l�b�q�_�k�d�b�c�� �[�Z�j�Z�[�Z�g�ª�����K�l�b�f�m�e�y�p�b�y��

�i�j�_�^�t�y�\�e�y�e�Z�k�v���k���i�h�f�h�s�v�x���r�e�_�f�Z���\�b�j�l�m�Z�e�v�g�h�c���j�_�Z�e�v�g�h�k�l�b���+�7�&���9�L�Y�H���3�U�R���(�\�H 

�k�h�� �\�k�l�j�h�_�g�g�h�c�� �k�b�k�l�_�f�h�c�� �j�_�]�b�k�l�j�Z�p�b�b�� �^�\�b�`�_�g�b�c�� �]�e�Z�a�� �k�� �q�Z�k�l�h�l�h�c�� �������� �=�p����
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�J�_�]�b�k�l�j�Z�p�b�y���W�W�=���h�k�m�s�_�k�l�\�e�y�e�Z�k�v���k���i�h�f�h�s�v�x���m�k�l�j�h�c�k�l�\�Z���©�F�b�p�Z�j-�W�W�=-10/70-

�������ª�� �k�� �q�Z�k�l�h�l�h�c�� �������� �=�p. �K�b�g�o�j�h�g�b�a�Z�p�b�y�� �j�_�]�b�k�l�j�Z�p�b�b�� �W�W�=���� �^�\�b�`�_�g�b�c�� �]�e�Z�a�� �b��

�i�j�_�^�t�y�\�e�_�g�b�y���k�l�b�f�m�e�y�p�b�b���i�j�h�b�a�\�h�^�b�e�Z�k�v���k���i�h�f�h�s�v�x���i�j�h�]�j�Z�f�f�g�h�c���h�l�i�j�Z�\�d�b��

�f�_�l�d�b�� �h�� �g�Z�q�Z�e�_�� �^�\�b�`�_�g�b�y�� �h�i�l�h�d�b�g�_�l�b�q�_�k�d�h�]�h�� �[�Z�j�Z�[�Z�g�Z�� �g�Z�� �Z�c�l�j�_�d�_�j�� �b��

�w�g�p�_�n�Z�e�h�]�j�Z�n�����k���i�h�f�h�s�v�x���/�3�7-�i�h�j�l�Z���� 

�:�g�Z�e�b�a�� �i�h�e�m�q�_�g�g�u�o�� �j�_�a�m�e�v�l�Z�l�h�\�� �i�j�h�b�a�\�h�^�b�e�k�y�� �\�� �g�_�k�d�h�e�v�d�h�� �w�l�Z�i�h�\���� �G�Z��
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�b�e�e�x�a�b�b���� �<�� �w�l�b�o�� �i�_�j�b�h�^�Z�o�� �h�i�j�_�^�_�e�y�e�h�k�v�� �g�Z�q�Z�e�h�� �f�_�^�e�_�g�g�u�o�� �n�Z�a�� �H�D�G���� �\��

�h�l�g�h�r�_�g�b�b���d�h�l�h�j�u�o���^�Z�e�_�_���i�j�h�b�a�\�h�^�b�e�h�k�v���k�_�]�f�_�g�l�b�j�h�\�Z�g�b�_���W�W�=���^�e�y���Z�g�Z�e�b�a�Z����

�D�Z�`�^�u�c���k�_�]�f�_�g�l���k�h�k�l�h�y�e���b�a�����������f�k���^�h���g�Z�q�Z�e�Z���f�_�^�e�_�g�g�h�c���n�Z�a�u���b�����������f�k���i�h�k�e�_��

�g�_�z�����<���k�j�_�^�g�_�f���b�k�i�u�l�m�_�f�u�_���g�Z�`�b�f�Z�e�b���g�Z���d�g�h�i�d�m�������j�Z�a�Z���a�Z���h�^�g�h���i�j�_�^�t�y�\�e�_�g�b�y��

�k�l�b�f�m�e�y�p�b�b���� �i�h�w�l�h�f�m�� �\�k�_�]�h�� �[�u�e�h�� �i�j�h�Z�g�Z�e�b�a�b�j�h�\�Z�g�h�� �k�m�f�f�Z�j�g�h�� �i�h�� �\�k�_�f��

�b�k�i�u�l�m�_�f�u�f�����������k�_�]�f�_�g�l�Z���W�W�=��  

�;�u�e�h���h�[�g�Z�j�m�`�_�g�h�����q�l�h���f�h�s�g�h�k�l�v���j�b�l�f�Z���\���Z�e�v�n�Z-�^�b�Z�i�Z�a�h�g�_���m�f�_�g�v�r�Z�e�Z�k�v��

�h�l�g�h�k�b�l�_�e�v�g�h�� �[�Z�a�h�\�h�]�h�� �m�j�h�\�g�y�� �g�Z�^�� �^�\�m�k�l�h�j�h�g�g�b�f�b�� �p�_�g�l�j�h�i�Z�j�b�_�l�Z�e�v�g�u�f�b��

�h�[�e�Z�k�l�y�f�b���i�h�k�e�_���i�_�j�\�u�o�����������f�k���i�h�k�e�_���g�Z�`�Z�l�b�y���g�Z���d�g�h�i�d�m�����>�Z�e�_�_�����g�Z�[�e�x�^�Z�e�h�k�v��

�k�b�e�v�g�h�_�� �k�g�b�`�_�g�b�_�� �m�j�h�\�g�y�� �f�h�s�g�h�k�l�b�� �j�b�l�f�Z�� �\�� �[�_�l�Z-�^�b�Z�i�Z�a�h�g�_�� �\�� �f�h�f�_�g�l�� �^�h��

�g�Z�`�Z�l�b�y���g�Z���d�g�h�i�d�m�����L�h�q�g�_�_�����f�h�s�g�h�k�l�v���m�f�_�g�v�r�b�e�Z�k�v���a�Z�����������f�k���i�j�b���k�d�h�j�h�k�l�b���\��

�������m�]�e�����]�j�Z�^���k�������������f�k���i�j�b���k�d�h�j�h�k�l�b���\���������m�]�e�����]�j�Z�^���k�������������f�k���i�j�b���k�d�h�j�h�k�l�b���\��������

�m�]�e���� �]�j�Z�^���k���� �W�l�h�� �k�g�b�`�_�g�b�_�� �[�u�e�h�� �k�h�k�j�_�^�h�l�h�q�_�g�h�� �i�h�� �e�_�\�h�f�m�� �d�j�Z�x���� �Z�� �i�j�Z�\�u�_��

�p�_�g�l�j�Z�e�v�g�h-�l�_�f�_�g�g�u�_�� �w�e�_�d�l�j�h�^�u�� �g�_�� �a�g�Z�q�b�f�h�� �j�Z�a�e�b�q�Z�e�b�k�v�� �f�_�`�^�m�� �k�h�[�h�c�� �i�j�b��

�\�k�_�o���l�j�z�o���m�k�e�h�\�b�y�o�� 

�K�h�\�h�d�m�i�g�h�k�l�v���i�j�h�\�_�^�z�g�g�u�o���w�f�i�b�j�b�q�_�k�d�b�o���j�Z�[�h�l���i�h�a�\�h�e�b�e�Z���m�k�l�Z�g�h�\�b�l�v��

�o�Z�j�Z�d�l�_�j�g�u�_�� �^�b�g�Z�f�b�q�_�k�d�b�_�� �b�a�f�_�g�_�g�b�y�� �\�� �[�b�h�w�e�_�d�l�j�b�q�_�k�d�h�c�� �Z�d�l�b�\�g�h�k�l�b�� �i�j�b��

�m�\�_�e�b�q�_�g�b�b���b�g�l�_�g�k�b�\�g�h�k�l�b���a�j�b�l�_�e�v�g�h-�\�_�k�l�b�[�m�e�y�j�g�h�]�h���k�_�g�k�h�j�g�h�]�h���d�h�g�n�e�b�d�l�Z��

�\�h�� �\�j�_�f�y�� �g�Z�o�h�`�^�_�g�b�y�� �\�� �m�k�e�h�\�b�y�o�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�y�� �k�h�� �k�j�_�^�h�c�� �\�b�j�l�m�Z�e�v�g�h�c��

�j�_�Z�e�v�g�h�k�l�b�����F�h�^�m�e�y�p�b�b�� �Z�e�v�n�Z-�j�b�l�f�Z���i�j�b�� �w�l�h�f �j�Z�k�k�f�Z�l�j�b�\�Z�e�b�k�v�� �k�� �l�h�q�d�b��
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�a�j�_�g�b�y�� �b�o�� �\�a�Z�b�f�h�k�\�y�a�_�c�� �k�� �i�j�h�p�_�k�k�Z�f�b�� �\�a�Z�b�f�g�h�]�h�� �l�h�j�f�h�`�_�g�b�y�� �f�_�`�^�m��

�a�j�b�l�_�e�v�g�h�c�� �b�� �\�_�k�l�b�[�m�e�y�j�g�h�c�� �k�b�k�l�_�f�Z�f�b���� �q�l�h���� �\�� �k�\�h�x�� �h�q�_�j�_�^�v���� �i�j�_�^�i�h�e�Z�]�Z�_�l��

�g�Z�e�b�q�b�_���k�i�_�p�b�n�b�q�g�h�]�h���f�_�o�Z�g�b�a�f�Z���i�j�b�k�i�h�k�h�[�e�_�g�b�y���d���g�Z�o�h�`�^�_�g�b�x���\���m�k�e�h�\�b�y�o��

�\�b�j�l�m�Z�e�v�g�h�c���k�j�_�^�u�����i�j�b���d�h�l�h�j�u�o���i�j�_�^�t�y�\�e�y�x�l�k�y���^�h�i�h�e�g�b�l�_�e�v�g�u�_���l�j�_�[�h�\�Z�g�b�y��

�d�� �j�Z�[�h�l�_�� �k�b�k�l�_�f�u�� �h�i�j�_�^�_�e�_�g�b�y�� �i�h�e�h�`�_�g�b�y�� �b�� �h�j�b�_�g�l�Z�p�b�b�� �l�_�e�Z�� �q�_�e�h�\�_�d�Z�� �\��

�i�j�h�k�l�j�Z�g�k�l�\�_�� 

�P�_�e�v�� �b�k�k�e�_�^�h�\�Z�g�b�y��- �\�u�y�\�e�_�g�b�_�� �b�a�f�_�g�_�g�b�c�� �\�� �f�h�a�]�h�\�h�c�� �Z�d�l�b�\�g�h�k�l�b�� �b��
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�i�j�h�\�h�^�b�f�h�]�h���w�d�k�i�_�j�b�f�_�g�l�Z���k���\�u�j�Z�`�_�g�g�u�f���i�h�k�l�m�j�Z�e�v�g�u�f���h�l�d�e�h�g�_�g�b�_�f���� 
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�J�b�k�m�g�h�d 89 - �J�_�`�b�f���h�l�h�[�j�Z�`�_�g�b�y���k�l�Z�l�h�d�b�g�_�a�b�h�]�j�Z�f�f�u 

 
�G�Z�� �h�k�g�h�\�g�m�x�� �q�Z�k�l�v�� �w�d�k�i�_�j�b�f�_�g�l�Z�� �m�q�Z�k�l�g�b�d�� �h�k�l�Z�z�l�k�y�� �g�Z��

�k�l�Z�[�b�e�h�i�e�Z�l�n�h�j�f�_���� �i�j�b�� �w�l�h�f�� �m�k�l�Z�g�Z�\�e�b�\�Z�_�l�k�y�� �r�e�_�f�� �<�J�� �k�� �^�_�f�h�g�k�l�j�Z�p�b�_�c��

�h�i�l�h�d�b�g�_�l�b�q�_�k�d�h�]�h�� �[�Z�j�Z�[�Z�g�Z�� �b�� �j�Z�a�f�_�s�Z�x�l�k�y�� �g�Z�� �]�h�e�h�\�_�� �h�i�l�h�^�u�� �n�G�B�J�K�� �k��

�j�_�]�b�k�l�j�Z�p�b�_�c���g�_�c�j�h�g�g�h�c���Z�d�l�b�\�g�h�k�l�b���� 

�B�k�k�e�_�^�h�\�Z�g�b�_�� �i�j�h�\�h�^�b�l�k�y�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �^�\�m�o�k�_�j�b�c�g�h�]�h��

�w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�]�h�� �^�b�a�Z�c�g�Z���� �\�d�e�x�q�Z�x�s�_�]�h�� �k�_�j�b�x�� �k�h�� �k�\�h�[�h�^�g�u�f��

�]�e�Z�a�h�^�\�b�]�Z�l�_�e�v�g�u�f�� �i�h�\�_�^�_�g�b�_�f�� �b�� �k�_�j�b�x�� �k�� �i�j�h�b�a�\�h�e�v�g�h�c�� �n�b�d�k�Z�p�b�_�c�� �\�a�h�j�Z�� �\��

�p�_�g�l�j�Z�e�v�g�h�c�� �h�[�e�Z�k�l�b�� �\�b�j�l�m�Z�e�v�g�h�c�� �k�j�_�^�u���� �H�i�l�h�d�b�g�_�l�b�q�_�k�d�h�_�� �\�h�a�^�_�c�k�l�\�b�_��

�h�k�m�s�_�k�l�\�e�y�e�h�k�v�� �\�� �^�\�m�o�� �m�k�e�h�\�b�y�o�� �b�a�f�_�g�_�g�b�y�� �k�d�h�j�h�k�l�b�� �\�j�Z�s�_�g�b�y�� �������� �b�� ������

�m�]�e���]�j�Z�^���k�����b���g�Z�i�j�Z�\�e�_�g�b�y���\�j�Z�s�_�g�b�y�����i�j�Z�\�h�_���b���e�_�\�h�_�������H�k�m�s�_�k�l�\�e�y�e�h�k�v�������p�b�d�e�Z��

�i�h�\�l�h�j�_�g�b�y���d�Z�`�^�h�c���k�_�j�b�b�����I�j�h�^�h�e�`�b�l�_�e�v�g�h�k�l�v���\�j�Z�s�_�g�b�y���p�b�e�b�g�^�j�Z���\���d�Z�`�^�h�f��

�p�b�d�e�_���k�h�k�l�Z�\�e�y�e�Z�������f�b�g�����D�Z�`�^�u�c���m�q�Z�k�l�g�b�d���k�l�h�y�e���g�Z���i�e�Z�l�n�h�j�f�_���k�l�Z�[�b�e�h�f�_�l�j�b�b��

�\�� �\�_�j�l�b�d�Z�e�v�g�h�c���� �g�h�� �j�Z�k�k�e�Z�[�e�_�g�g�h�c�� �i�h�a�_�� �k�� �j�m�d�Z�f�b�� �\�^�h�e�v�� �l�_�e�Z���� �i�j�b�� �h�k�g�h�\�g�h�f��

�w�l�Z�i�_�� �w�d�k�i�_�j�b�f�_�g�l�Z�� �h�k�m�s�_�k�l�\�e�y�e�Z�k�v�� �k�\�h�[�h�^�g�Z�y�� �j�_�]�b�k�l�j�Z�p�b�y��
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�k�l�Z�l�h�d�b�g�_�a�b�h�]�j�Z�f�f�u�� �^�e�y�� �b�a�f�_�j�_�g�b�y���i�h�k�l�m�j�Z�e�v�g�h�]�h�� �d�h�g�l�j�h�e�y�����A�Z�^�Z�q�Z��

�m�q�Z�k�l�g�b�d�h�\���a�Z�d�e�x�q�Z�e�Z�k�v���\���i�j�h�k�e�_�`�b�\�Z�x�s�b�f���]�e�Z�a�h�^�\�b�]�Z�l�_�e�v�g�h�f���i�h�\�_�^�_�g�b�b���b��

�n�b�d�k�Z�p�b�b�� �\�a�h�j�Z�� �\�� �p�_�g�l�j�Z�e�v�g�h�c�� �h�[�e�Z�k�l�b�� �\�b�j�l�m�Z�e�v�g�h�c�� �j�_�Z�e�v�g�h�k�l�b�� �g�Z�� �d�Z�`�^�h�_��

�m�k�e�h�\�b�_���i�j�_�^�t�y�\�e�_�g�b�y�����Z���l�Z�d�`�_�����i�j�_�^�h�k�l�Z�\�e�_�g�b�_���h�l�\�_�l�Z���g�Z�`�Z�l�b�_�f���d�e�Z�\�b�r�b���g�Z��

�d�h�f�i�v�x�l�_�j�g�h�c�� �d�e�Z�\�b�Z�l�m�j�_�� �i�j�b�� �\�h�a�g�b�d�g�h�\�_�g�b�b�� �h�s�m�s�_�g�b�c�� �b�a�f�_�g�_�g�b�y��

�i�h�e�h�`�_�g�b�y���l�_�e�Z���\���m�k�e�h�\�b�y�o���\�b�j�l�m�Z�e�v�g�h�c���j�_�Z�e�v�g�h�k�l�b�����F�_�`�^�m���k�_�j�b�y�f�b���m�k�e�h�\�b�c��

�b�k�i�u�l�m�_�f�u�f���i�j�_�^�e�Z�]�Z�e�k�y���h�l�^�u�o���\���l�_�q�_�g�b�_�������f�b�g�m�l�� 

�K�l�b�f�m�e�y�p�b�y�� �i�j�_�^�k�l�Z�\�e�y�e�Z�� �k�h�[�h�c�� �\�b�j�l�m�Z�e�v�g�u�c�� �h�i�l�h�d�b�g�_�l�b�q�_�k�d�b�c�� �[�Z�j�Z�[�Z�g����

�\�g�m�l�j�_�g�g�y�y�� �i�h�\�_�j�o�g�h�k�l�v�� �d�h�l�h�j�h�]�h�� �[�u�e�Z�� �h�d�j�Z�r�_�g�Z�� �\�� �q�_�j�_�^�m�x�s�b�_�k�y�� �q�_�j�g�u�_���b��

�[�_�e�u�_���i�h�e�h�k�u���r�b�j�b�g�h�c���������m�]�e�����]�j�Z�^�m�k�h�\���d�Z�`�^�Z�y���� 

 

�J�b�k�m�g�h�d 90 - �K�o�_�f�Z�l�b�q�_�k�d�Z�y���b�e�e�x�k�l�j�Z�p�b�y���i�h�e�h�`�_�g�b�y���m�q�Z�k�l�g�b�d�Z�����i�h�e�y 

�a�j�_�g�b�y���b���h�i�l�h�d�b�g�_�l�b�q�_�k�d�h�]�h���k�l�b�f�m�e�Z�����b�k�i�h�e�v�a�m�_�f�h�]�h���\���w�d�k�i�_�j�b�f�_�g�l�_ 

 
�;�Z�j�Z�[�Z�g�� �k�h�\�_�j�r�Z�e�� �\�j�Z�s�_�g�b�y�� �\�� �]�h�j�b�a�h�g�l�Z�e�v�g�h�c�� �i�e�h�k�d�h�k�l�b�� �\�h�d�j�m�]��

�\�_�j�l�b�d�Z�e�v�g�h�c���h�k�b���\���^�\�m�o���g�Z�i�j�Z�\�e�_�g�b�y�o��- �i�h���q�Z�k�h�\�h�c���k�l�j�_�e�d�_���b���i�j�h�l�b�\���q�Z�k�h�\�h�c��

�k�l�j�_�e�d�b���� �k�� �^�\�m�f�y�� �j�Z�a�e�b�q�g�u�f�b�� �m�]�e�h�\�u�f�b�� �k�d�h�j�h�k�l�y�f�b���± ������ �b�� ������ �m�]�e�h�\�u�o��

�]�j�Z�^�m�k�h�\�� �\�� �k�_�d�m�g�^�m���� �M�q�Z�k�l�g�b�d�Z�f�� �w�d�k�i�_�j�b�f�_�g�l�Z�� �i�j�_�^�h�k�l�Z�\�e�y�e�b�k�v�� �^�\�_��

�b�g�k�l�j�m�d�p�b�b���� �n�b�d�k�b�j�h�\�Z�l�v�� �\�a�]�e�y�^�� �\�� �p�_�g�l�j�_�� �k�p�_�g�u���� �Z�� �l�Z�d�`�_�� �k�h�\�_�j�r�Z�l�v��

�i�j�h�k�e�_�`�b�\�Z�x�s�b�_���^�\�b�`�_�g�b�y���]�e�Z�a���\�k�e�_�^���a�Z���^�\�b�`�_�g�b�_�f���i�h�e�h�k���[�Z�j�Z�[�Z�g�Z�����D�Z�`�^�h�_��

�\�j�Z�s�_�g�b�_�� �[�Z�j�Z�[�Z�g�Z�� �h�k�m�s�_�k�l�\�e�y�e�h�k�v�� �\�� �l�_�q�_�g�b�_�� ���� �f�b�g�m�l�u�� �k�� �j�Z�a�e�b�q�g�u�f�b��
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�k�d�h�j�h�k�l�y�f�b���b���g�Z�i�j�Z�\�e�_�g�b�y�f�b���^�\�b�`�_�g�b�c�����<�k�_�]�h���^�e�y���d�Z�`�^�h�]�h���b�k�i�u�l�m�_�f�h�]�h���[�u�e�h��

�i�j�h�b�a�\�_�^�_�g�h�� ���� �\�j�Z�s�_�g�b�c�� �h�i�l�h�d�b�g�_�l�b�q�_�k�d�h�]�h�� �[�Z�j�Z�[�Z�g�Z���� ���� �k�d�h�j�h�k�l�b���� ����

�g�Z�i�j�Z�\�e�_�g�b�y���� ���� �m�k�e�h�\�b�y���� �����i�h�\�l�h�j�_�g�b�y�� �>�h�i�h�e�g�b�l�_�e�v�g�h���b�k�i�u�l�m�_�f�u�o���i�j�h�k�b�e�b��

�n�b�d�k�b�j�h�\�Z�l�v�� �f�h�f�_�g�l�� �\�h�a�g�b�d�g�h�\�_�g�b�y�� �b�e�e�x�a�b�b�� �^�\�b�`�_�g�b�y�� �l�_�e�Z�� �b�� �i�h�y�\�e�_�g�b�_��

�^�b�k�d�h�f�n�h�j�l�g�u�o�� �k�b�f�i�l�h�f�h�\�� �\�� �\�b�^�_�� �]�h�e�h�\�h�d�j�m�`�_�g�b�y�� �i�m�l�z�f�� �g�Z�`�Z�l�b�y�� �d�g�h�i�d�b��

�d�h�g�l�j�h�e�e�_�j�Z�����<�u�[�h�j�� �^�Z�g�g�h�]�h�� �l�b�i�Z�� �k�l�b�f�m�e�y�p�b�b�� �h�[�m�k�e�h�\�e�_�g�� �j�y�^�h�f��

�b�k�k�e�_�^�h�\�Z�g�b�c���� �j�_�a�m�e�v�l�Z�l�u�� �d�h�l�h�j�u�o�� �i�h�d�Z�a�Z�e�b���� �q�l�h�� �\�h�k�i�j�b�y�l�b�_�� �^�\�b�`�m�s�b�o�k�y��

�q�_�j�g�h-�[�_�e�u�o�� �i�h�e�h�k�� �k�i�h�k�h�[�g�h�� �k�i�j�h�\�h�p�b�j�h�\�Z�l�v�� �\�h�a�g�b�d�g�h�\�_�g�b�_�� �k�b�f�m�e�y�l�h�j�g�h�]�h��

�j�Z�k�k�l�j�h�c�k�l�\�Z�����%�H�K�U�D�Q�J���.�H�V�K�D�Y�D�U�]�����+�H�L�N�R���+�H�F�K�W�����%�H�Q���'�����/�D�Z�V�R�Q�������������������9�L�V�X�D�O�O�\��

induced motion sickness: Characteristics, causes, and countermeasures)  

�:�d�l�b�\�g�h�k�l�v�� �]�h�e�h�\�g�h�]�h�� �f�h�a�]�Z�� �j�_�]�b�k�l�j�b�j�h�\�Z�e�Z�k�v�� �i�h�j�l�Z�l�b�\�g�u�f��

�b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�b�f�� �d�h�f�i�e�_�d�k�h�f�� ������-�d�Z�g�Z�e�v�g�h�c�� �n�m�g�d�p�b�h�g�Z�e�v�g�h�c��

�b�g�n�j�Z�d�j�Z�k�g�h�c���k�i�_�d�l�j�h�k�d�h�i�b�b���$�U�W�L�Q�L�V���%�U�L�W�H���� 

 

�J�b�k�m�g�h�d 91 - �G�h�k�b�f�h�_���m�k�l�j�h�c�k�l�\�h������-ch fNIRS Artinis Brite 

�K�o�_�f�Z���j�Z�k�i�h�e�h�`�_�g�b�y���h�i�l�h�^�h�\���k�h�h�l�\�_�l�k�l�\�h�\�Z�e�Z���f�_�`�^�m�g�Z�j�h�^�g�h�c���k�b�k�l�_�f�_��

10-�����������b�a�f�_�j�_�g�b�y���h�k�m�s�_�k�l�\�e�y�e�b�k�v���\���l�_�f�_�g�g�h�c���h�[�e�Z�k�l�b���]�h�e�h�\�g�h�]�h���f�h�a�]�Z�� 
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�J�b�k�m�g�h�d 92 - �K�o�_�f�Z���j�Z�k�i�h�e�h�`�_�g�b�y���h�i�l�h�^�h�\��fNIRS �i�h���f�_�`�^�m�g�Z�j�h�^�g�h�c���k�b�k�l�_�f�_ 

10-20% 

 
�J�b�k�m�g�h�d 93 - �F�h�^�_�e�v���j�Z�k�i�h�e�h�`�_�g�b�y���h�i�l�h�^�h�\�����h�[�j�Z�a�m�x�s�b�o���d�Z�g�Z�e�u 

 

�K�l�b�f�m�e�y�p�b�y���i�j�_�^�t�y�\�e�y�e�Z�k�v���\���k�b�k�l�_�f�_���\�b�j�l�m�Z�e�v�g�h�c���j�_�Z�e�v�g�h�k�l�b��- �r�e�_�f�_��

�+�7�&���9�L�Y�H���3�U�R���(�\�H���k���j�Z�a�j�_�r�_�g�b�_�f�������������o�������������������������o�������������^�e�y���d�Z�`�^�h�]�h���]�e�Z�a�Z����

�b���m�]�e�h�f���h�[�a�h�j�Z��������o 
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�J�b�k�m�g�h�d 94 - �R�e�_�f �<�J HTC Vive Pro Eye 

 
�H�[�j�Z�[�h�l�d�Z�� �j�_�a�m�e�v�l�Z�l�h�\�� �i�j�h�b�a�\�h�^�b�e�Z�k�v�� �k�� �i�h�f�h�s�v�x���^�\�m�n�Z�d�l�h�j�g�h�]�h��

�^�b�k�i�_�j�k�b�h�g�g�h�]�h�� �Z�g�Z�e�b�a�Z�� �k�� �i�h�\�l�h�j�g�u�f�b�� �b�a�f�_�j�_�g�b�y�f�b���� �<�� �d�Z�q�_�k�l�\�_�� �i�_�j�\�h�]�h��

�n�Z�d�l�h�j�Z���\�u�k�l�m�i�b�e���n�Z�d�l�h�j���©�K�d�h�j�h�k�l�v�ª�����b�f�_�x�s�b�c�������m�j�h�\�g�y���± �������b���������m�]�e�����]�j�Z�^���k��

�k�h�h�l�\�_�l�k�l�\�_�g�g�h�����<���d�Z�q�_�k�l�\�_���\�l�h�j�h�]�h���± �n�Z�d�l�h�j���©�>�b�g�Z�f�b�d�Z���^�\�b�`�_�g�b�y���\�a�h�j�Z�ª��������

�m�j�h�\�g�y���d�h�l�h�j�h�]�h���k�h�h�l�\�_�l�k�l�\�h�\�Z�e�b���m�k�e�h�\�b�y�f���n�b�d�k�Z�p�b�b���\�a�h�j�Z���b�e�b���\�u�i�h�e�g�_�g�b�y��

�i�j�h�k�e�_�`�b�\�Z�x�s�b�o���^�\�b�`�_�g�b�c�� 

�G�Z���h�k�g�h�\�_���i�j�h�\�_�^�z�g�g�h�]�h���Z�g�Z�e�b�a�Z���[�u�e�b���i�h�e�m�q�_�g�u���k�e�_�^�m�x�s�b�_���j�_�a�m�e�v�l�Z�l�u�� 

�<�u�y�\�e�_�g�u�� �j�Z�a�e�b�q�b�y�� �\�� �i�h�d�Z�a�Z�l�_�e�y�o�� �d�Z�q�_�k�l�\�Z�� �n�m�g�d�p�b�b�� �j�Z�\�g�h�\�_�k�b�y�� �\��

�a�Z�\�b�k�b�f�h�k�l�b�� �h�l�� �m�k�e�h�\�b�c�� �\�e�b�y�g�b�y�� �n�Z�d�l�h�j�Z�� �©�K�d�h�j�h�k�l�v�ª�� ��f=8,984b; df=1; 

p� ������������������ �<�� �d�Z�q�_�k�l�\�_�� �k�l�Z�[�b�e�h�f�_�l�j�b�q�_�k�d�h�]�h�� �i�h�d�Z�a�Z�l�_�e�y�� �n�m�g�d�p�b�b�� �j�Z�\�g�h�\�_�k�b�y��

�[�u�e�� �b�k�i�h�e�v�a�h�\�Z�g�� �i�Z�j�Z�f�_�l�j�� �D�N�J���± �i�h�d�Z�a�Z�l�_�e�v�� �d�Z�q�_�k�l�\�Z�� �n�m�g�d�p�b�b�� �j�Z�\�g�h�\�_�k�b�y��

�D�N�J���h�p�_�g�b�\�Z�_�l�����g�Z�k�d�h�e�v�d�h���f�b�g�b�f�Z�e�v�g�Z���k�d�h�j�h�k�l�v���p�_�g�l�j�Z���^�Z�\�e�_�g�b�y���g�Z���i�e�h�s�Z�^�b��

�h�i�h�j�u���� �L�h�� �_�k�l�v���� �^�e�y�� �k�h�o�j�Z�g�_�g�b�y�� �k�l�Z�[�b�e�v�g�h�]�h�� �\�_�j�l�b�d�Z�e�v�g�h�]�h�� �i�h�e�h�`�_�g�b�_�� �l�_�e�Z��

�l�j�_�[�m�_�l�k�y�� �l�h�q�g�h�_�� �m�i�j�Z�\�e�_�g�b�_�� �g�_�c�j�h�f�u�r�_�q�g�h�c�� �k�b�k�l�_�f�h�c�� �b�� �i�h�^�^�_�j�`�Z�g�b�y��

�f�b�g�b�f�Z�e�v�g�h�]�h���d�h�e�_�[�Z�g�b�y���p�_�g�l�j�Z���^�Z�\�e�_�g�b�y���g�Z���i�e�h�s�Z�^�b���h�i�h�j�u����(R.F. Zernicke, 

R.J. Gregor, and B.J. Cratty, 1977). �D�h�e�_�[�Z�g�b�y�� �p�_�g�l�j�Z�� �^�Z�\�e�_�g�b�y�� �k�\�y�a�Z�g�u�� �k��

�b�a�f�_�g�_�g�b�_�f�� �l�h�g�m�k�Z�� �f�u�r�p�� �l�_�e�Z�� �b�� �d�h�g�_�q�g�h�k�l�_�c���� �Z�� �l�Z�d�`�_�� �k�� �b�a�f�_�g�_�g�b�_�f��

�i�h�e�h�`�_�g�b�y�� �p�_�g�l�j�Z�� �l�y�`�_�k�l�b���� �B�f�_�g�g�h�� �i�h�d�Z�a�Z�l�_�e�v�� �³�d�Z�q�_�k�l�\�h�� �n�m�g�d�p�b�b��

�j�Z�\�g�h�\�_�k�b�y�´�� ���D�N�J���� �b�k�i�h�e�v�a�m�_�l�k�y���� �d�Z�d�� �[�h�e�_�_�� �^�h�k�l�h�\�_�j�g�h�� �h�l�h�[�j�Z�`�Z�x�s�b�c��



328 
 
�k�l�_�i�_�g�b�� �k�l�Z�l�h�d�b�g�_�l�b�q�_�k�d�h�c�� �m�k�l�h�c�q�b�\�h�k�l�b�� �i�h�a�u�� �q�_�e�h�\�_�d�Z���� �\�� �k�j�Z�\�g�_�g�b�b�� �k��

�h�[�s�_�i�j�b�g�y�l�u�f�b�� �k�l�Z�[�b�e�h�]�j�Z�n�b�q�_�k�d�b�f�b�� �i�h�d�Z�a�Z�l�_�e�y�f�b���� �Q�_�f�� �[�h�e�v�r�_�� �a�g�Z�q�_�g�b�_��

�D�N�J���� �l�_�f�� �\�u�r�_�� �d�Z�q�_�k�l�\�h�� �n�m�g�d�p�b�b�� �j�Z�\�g�h�\�_�k�b�y�� �\�� �i�j�h�p�_�k�k�_�� �i�h�^�^�_�j�`�Z�g�b�y��

�q�_�e�h�\�_�d�h�f�� �\�_�j�l�b�d�Z�e�v�g�h�c�� �i�h�a�u���� �<�� �k�\�y�a�b�� �k�� �w�l�b�f�� �i�h�d�Z�a�Z�l�_�e�v�� �D�N�J�� �i�h�a�\�h�e�y�_�l��

�\�u�y�\�b�l�v�� �b�a�f�_�g�_�g�b�y�� �j�Z�\�g�h�\�_�k�b�y�� �\�� �m�k�e�h�\�b�y�o�� �h�i�l�h�d�b�g�_�l�b�q�_�k�d�h�]�h�� �\�h�a�^�_�c�k�l�\�b�y��

�k�j�_�^�u���<�J�� 

 

�J�b�k�m�g�h�d 95 - �K�j�_�^�g�_�_���a�g�Z�q�_�g�b�_���i�h�d�Z�a�Z�l�_�e�_�c���d�Z�q�_�k�l�\�Z���n�m�g�d�p�b�b���j�Z�\�g�h�\�_�k�b�y 

 
�I�h�e�m�q�_�g�u�� �a�g�Z�q�b�f�u�_�� �j�Z�a�e�b�q�b�y�� �m�j�h�\�g�y�� �h�d�k�b�]�_�g�Z�p�b�b�� �\�� �d�Z�g�Z�e�_��Rx8-Tx10 

�i�h�� �n�Z�d�l�h�j�Z�f�� �©�K�d�h�j�h�k�l�v�� �\�j�Z�s�_�g�b�y�ª�� ��f=5,433b; df=1; p� ������������������ �©�>�b�g�Z�f�b�d�Z��

�^�\�b�`�_�g�b�y���\�a�h�j�Z�ª����f=5,433b; df=1; p� �������������������©�K�d�h�j�h�k�l�v���\�j�Z�s�_�g�b�y�������>�b�g�Z�f�b�d�Z��

�^�\�b�`�_�g�b�y���\�a�h�j�Z�ª����f=6,115b; df=1; p=<0,021). 
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�J�b�k�m�g�h�d 96 - �K�j�_�^�g�b�_���a�g�Z�q�_�g�b�y���m�j�h�\�g�y���h�d�k�b�]�_�g�Z�p�b�b���i�h���n�Z�d�l�h�j�Z�f���©�K�d�h�j�h�k�l�v 

�\�j�Z�s�_�g�b�y�ª�����©�>�b�g�Z�f�b�d�Z���^�\�b�`�_�g�b�y���\�a�h�j�Z�ª�����©�K�d�h�j�h�k�l�v���\�j�Z�s�_�g�b�y�������>�b�g�Z�f�b�d�Z��

�^�\�b�`�_�g�b�y���\�a�h�j�Z�ª�� 

 

 

�J�b�k�m�g�h�d 97 - �K�o�_�f�Z���j�Z�k�i�h�e�h�`�_�g�b�_���d�Z�g�Z�e�Z��Rx8-Tx10  
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�I�h�e�m�q�_�g�u���a�g�Z�q�b�f�u�_���j�Z�a�e�b�q�b�y���m�j�h�\�g�y���h�d�k�b�]�_�g�Z�p�b�b���\���d�Z�g�Z�e�_��Rx5-Tx7 �i�h��

�n�Z�d�l�h�j�Z�f���©�>�b�g�Z�f�b�d�Z���^�\�b�`�_�g�b�y���\�a�h�j�Z�ª����f=4,847b; df=1; p� �������������������©�K�d�h�j�h�k�l�v��

�\�j�Z�s�_�g�b�y�������>�b�g�Z�f�b�d�Z���^�\�b�`�_�g�b�y���\�a�h�j�Z�ª����f=5,327b; df=1; p=<0,030). 

 

 
�J�b�k�m�g�h�d 98 - �K�j�_�^�g�b�_���a�g�Z�q�_�g�b�y���m�j�h�\�g�y���h�d�k�b�]�_�g�Z�p�b�b���i�h���n�Z�d�l�h�j�Z�f���©�>�b�g�Z�f�b�d�Z 

�^�\�b�`�_�g�b�y���\�a�h�j�Z�ª�����©�K�d�h�j�h�k�l�v���\�j�Z�s�_�g�b�y�������>�b�g�Z�f�b�d�Z���^�\�b�`�_�g�b�y���\�a�h�j�Z�ª 

 

 

�J�b�k�m�g�h�d 99 - �K�o�_�f�Z���j�Z�k�i�h�e�h�`�_�g�b�_���d�Z�g�Z�e�Z��Rx5-Tx7 
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�I�h�e�m�q�_�g�u���a�g�Z�q�b�f�u�_���j�Z�a�e�b�q�b�y���m�j�h�\�g�y���h�d�k�b�]�_�g�Z�p�b�b���\���d�Z�g�Z�e�_��Rx3-Tx5 �i�h��

�n�Z�d�l�h�j�Z�f���©�K�d�h�j�h�k�l�v���\�j�Z�s�_�g�b�y�������>�b�g�Z�f�b�d�Z���^�\�b�`�_�g�b�y���\�a�h�j�Z�ª����f=14,899b; df=1; 

p=<0,001). 

 

 

�J�b�k�m�g�h�d 100 - �K�j�_�^�g�b�_���a�g�Z�q�_�g�b�y���m�j�h�\�g�y���h�d�k�b�]�_�g�Z�p�b�b���i�h���n�Z�d�l�h�j�Z�f���©�K�d�h�j�h�k�l�v 

�\�j�Z�s�_�g�b�y�������>�b�g�Z�f�b�d�Z���^�\�b�`�_�g�b�y���\�a�h�j�Z�ª�� 

 

�J�b�k�m�g�h�d 101 - �K�o�_�f�Z���j�Z�k�i�h�e�h�`�_�g�b�_���d�Z�g�Z�e�Z��Rx3-Tx5 

 
1. �<���k�e�_�^�m�x�s�b�o���d�Z�g�Z�e�Z�o���[�u�e�b���i�h�e�m�q�_�g�u���a�g�Z�q�b�f�u�_���j�_�a�m�e�v�l�Z�l�u���g�Z���m�j�h�\�g�_��

�l�_�g�^�_�g�p�b�b�����m�d�Z�a�Z�g�g�u�_���\���l�Z�[�e�b�p�_���‹���������5�[��-Tx8, Rx7-Tx7, Rx7-Tx5, Rx4-

Tx8, Rx4-Tx5, Rx4-Tx4, Rx3-Tx2.  
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�L�Z�[�e�b�p�Z���‹�����������J�_�a�m�e�v�l�Z�l�u���^�b�k�i�_�j�k�b�h�g�g�h�]�h���Z�g�Z�e�b�a�Z���i�h�\�l�h�j�g�u�o���b�a�f�_�j�_�g�b�c��

�©�K�d�h�j�h�k�l�v���\�j�Z�s�_�g�b�y�ª�����©�>�b�g�Z�f�b�d�Z���^�\�b�`�_�g�b�y���\�a�h�j�Z�ª�����©�K�d�h�j�h�k�l�v���\�j�Z�s�_�g�b�y��

�����>�b�g�Z�f�b�d�Z���^�\�b�`�_�g�b�y���\�a�h�j�Z�ª�� 

�N�:�D�L�H�J��

O2Hb 
�B�A�F�?�J�?�G�B�? df F p 

Rx8-Tx10 

�K�d�h�j�h�k�l�v���\�j�Z�s�_�g�b�y 1 5,433b <0,028 

�>�b�g�Z�f�b�d�Z���^�\�b�`�_�g�b�y���\�a�h�j�Z 1 5,697b <0,025 

�K�d�h�j�h�k�l�v���\�j�Z�s�_�g�b�y������

�>�b�g�Z�f�b�d�Z���^�\�b�`�_�g�b�y���\�a�h�j�Z 
1 6,115b <0,021 

Rx7-Tx8 �K�d�h�j�h�k�l�v���\�j�Z�s�_�g�b�y 1 4,874b <0,037 

Rx7-Tx7 
�K�d�h�j�h�k�l�v���\�j�Z�s�_�g�b�y 1 3,658b <0,067 

�>�b�g�Z�f�b�d�Z���^�\�b�`�_�g�b�y���\�a�h�j�Z 1 5,446b <0,028 

Rx7-Tx5 �>�b�g�Z�f�b�d�Z���^�\�b�`�_�g�b�y���\�a�h�j�Z 1 4,320b <0,048 

Rx5-Tx7 

�>�b�g�Z�f�b�d�Z���^�\�b�`�_�g�b�y���\�a�h�j�Z 1 4,847b <0,037 

�K�d�h�j�h�k�l�v���\�j�Z�s�_�g�b�y������

�>�b�g�Z�f�b�d�Z���^�\�b�`�_�g�b�y���\�a�h�j�Z 
1 5,327b <0,030 

Rx4-Tx8 �K�d�h�j�h�k�l�v���\�j�Z�s�_�g�b�y 1 6,310b <0,019 

Rx4-Tx5 �K�d�h�j�h�k�l�v���\�j�Z�s�_�g�b�y 1 5,648b <0,025 

Rx4-Tx4 

�>�b�g�Z�f�b�d�Z���^�\�b�`�_�g�b�y���\�a�h�j�Z 1 4,280b <0,049 

�K�d�h�j�h�k�l�v���\�j�Z�s�_�g�b�y������

�>�b�g�Z�f�b�d�Z���^�\�b�`�_�g�b�y���\�a�h�j�Z 
1 3,289b <0,082 

Rx3-Tx5 
�K�d�h�j�h�k�l�v���\�j�Z�s�_�g�b�y���� 

�>�b�g�Z�f�b�d�Z���^�\�b�`�_�g�b�y���\�a�h�j�Z 
1 14,899b <0,001 

Rx3-Tx2 
�K�d�h�j�h�k�l�v���\�j�Z�s�_�g�b�y������

�>�b�g�Z�f�b�d�Z���^�\�b�`�_�g�b�y���\�a�h�j�Z 
1 3,792b <0,063 
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�<�� �o�h�^�_�� �i�j�h�\�_�^�_�g�b�y�� �Z�g�Z�e�b�a�Z�� �d�Z�q�_�k�l�\�Z�� �n�m�g�d�p�b�b�� �j�Z�\�g�h�\�_�k�b�y�� �[�u�e�b��

�\�u�y�\�e�_�g�u���a�g�Z�q�b�f�u�_���j�Z�a�e�b�q�b�y���\���k�l�Z�[�b�e�h�f�_�l�j�b�q�_�k�d�b�o���i�h�d�Z�a�Z�l�_�e�y�o���Z�d�l�b�\�g�h�k�l�b��

�i�j�b�� �g�Z�[�e�x�^�_�g�b�b�� �^�\�b�`�m�s�_�c�k�y�� �\�b�j�l�m�Z�e�v�g�h�c�� �k�j�_�^�u�� �\�� �j�Z�a�e�b�q�g�u�o�� �m�k�e�h�\�b�y�o��

�j�_�Z�e�b�a�Z�p�b�b�� �]�e�Z�a�h�^�\�b�]�Z�l�_�e�v�g�h�c�� �Z�d�l�b�\�g�h�k�l�b���� �q�l�h�� �i�h�^�l�\�_�j�`�^�Z�_�l�� �\�u�^�\�b�g�m�l�m�x�� ����

�]�b�i�h�l�_�a�m���� 

�L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �\�� �m�k�e�h�\�b�y�o�� �n�b�d�k�Z�p�b�b�� �\�a�h�j�Z�� �i�j�b�� �\�j�Z�s�_�g�b�b��

�h�i�l�h�d�b�g�_�l�b�q�_�k�d�h�]�h�� �[�Z�j�Z�g�Z�� �k�h�� �k�d�h�j�h�k�l�v�x�� ������ �m�]���� �]�j�Z�^���k�_�d���� �g�Z�[�e�x�^�Z�_�l�k�y��

�i�h�\�u�r�_�g�g�Z�y���k�l�_�i�_�g�v���m�k�l�h�c�q�b�\�h�k�l�b���i�h�e�h�`�_�g�b�y���l�_�e�Z���q�_�e�h�\�_�d�Z�����>�Z�g�g�Z�y���k�d�h�j�h�k�l�v��

�y�\�e�y�_�l�k�y���Z�^�Z�i�l�b�\�g�h�c���b���d�h�f�n�h�j�l�g�h�c���^�e�y���\�d�e�x�q�_�g�b�y���j�_�n�e�_�d�l�h�j�g�u�o���f�_�o�Z�g�b�a�f�h�\����

�h�l�\�_�l�k�l�\�_�g�g�u�o�� �a�Z�� �i�h�^�^�_�j�`�Z�g�b�_�� �j�Z�\�g�h�\�_�k�b�y�� �b�� �k�l�Z�[�b�e�v�g�h�k�l�b�� �\�� �m�k�e�h�\�b�y�o��

�b�a�f�_�g�y�x�s�_�]�h�k�y�� �\�_�k�l�b�[�m�e�y�j�g�h�]�h�� �\�o�h�^�Z���� �<�b�a�m�Z�e�v�g�u�c�� �d�h�g�l�j�h�e�v�� �i�j�b��

�n�b�d�k�b�j�h�\�Z�g�g�h�f���\�a�]�e�y�^�_���g�Z���l�h�q�d�m���\�j�Z�s�Z�x�s�_�]�h�k�y���h�[�t�_�d�l�Z�����[�Z�j�Z�[�Z�g�Z�����i�h�a�\�h�e�y�_�l��

�k�b�k�l�_�f�_�� �i�h�^�^�_�j�`�Z�g�b�y�� �j�Z�\�g�h�\�_�k�b�y�� �h�[�_�k�i�_�q�b�l�v�� �[�h�e�_�_�� �l�h�q�g�m�x�� �b�g�n�h�j�f�Z�p�b�x�� �h��

�^�\�b�`�_�g�b�b���b���i�h�e�h�`�_�g�b�b���l�_�e�Z���q�_�e�h�\�_�d�Z���\���i�j�h�k�l�j�Z�g�k�l�\�_�����D�h�]�^�Z���\�g�_�r�g�b�c���h�[�t�_�d�l��

���[�Z�j�Z�[�Z�g���� �\�j�Z�s�Z�_�l�k�y���� �\�_�k�l�b�[�m�e�y�j�g�Z�y�� �k�b�k�l�_�f�Z�� �b�� �a�j�b�l�_�e�v�g�u�_�� �j�_�p�_�i�l�h�j�u��

�i�_�j�_�^�Z�x�l�� �j�Z�a�g�h�g�Z�i�j�Z�\�e�_�g�g�u�_�� �k�b�]�g�Z�e�u�� �\�� �]�h�e�h�\�g�h�c�� �f�h�a�]���� �q�l�h�� �Z�d�l�b�\�b�j�m�_�l��

�j�_�n�e�_�d�l�h�j�g�u�_�� �f�_�o�Z�g�b�a�f�u�� �d�h�j�j�_�d�p�b�b�� �i�h�e�h�`�_�g�b�y�� �l�_�e�Z�� ���'�H�Q�Q�L�V�R�Q�� �0���� �6������

�'�¶�=�P�X�U�D�� �0������ �������������� �K�b�k�l�_�f�Z�� �\�_�k�l�b�[�m�e�y�j�g�h�c�� �d�h�j�j�_�d�p�b�b�� �\�� �k�h�q�_�l�Z�g�b�b�� �k��

�\�b�a�m�Z�e�v�g�u�f�� �d�h�g�l�j�h�e�_�f�� �i�h�a�\�h�e�y�_�l�� �w�n�n�_�d�l�b�\�g�h�� �d�h�f�i�_�g�k�b�j�h�\�Z�l�v�� �b�a�f�_�g�_�g�b�y��
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334 
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�g�Z�o�h�^�b�l���k�\�h�b���Z�g�Z�e�h�]�b�b���\���^�j�m�]�b�o���j�Z�[�h�l�Z�o�����\���d�h�l�h�j�u�o���i�j�b�f�_�g�y�e�b�k�v���l�_�o�g�h�e�h�]�b�b��
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�m�k�e�h�\�b�y�o���n�b�d�k�Z�p�b�b���i�j�b���\�j�Z�s�_�g�b�b���h�i�l�h�d�b�g�_�l�b�q�_�k�d�h�]�h���[�Z�j�Z�g�Z���k�h���k�d�h�j�h�k�l�v�x��������

�m�]�����]�j�Z�^���k�_�d�����E�h�d�Z�e�b�a�Z�p�b�y���^�Z�g�g�h�]�h���d�Z�g�Z�e�Z���j�Z�a�f�_�s�Z�_�l�k�y���\���e�_�\�h�c���q�Z�k�l�b���l�_�f�_�g�g�h�c��

�h�[�e�Z�k�l�b���b���^�_�f�h�g�k�l�j�b�j�m�_�l���j�_�a�m�e�v�l�Z�l���Z�^�Z�i�l�Z�p�b�b���a�j�b�l�_�e�v�g�h�c���k�b�k�l�_�f�u�����W�l�Z���a�h�g�Z��

�k�h�h�l�\�_�l�k�l�\�m�_�l�� �h�[�e�Z�k�l�b�� �b�g�l�j�Z�i�Z�j�b�_�l�Z�e�v�g�h�c�� �[�h�j�h�a�^�u�� ���,�3�6������ �d�h�l�h�j�Z�y���� �k�h�]�e�Z�k�g�h��

�j�y�^�m �b�k�k�e�_�^�h�\�Z�g�b�����*�U�H�I�N�H�V���	 �)�L�Q�N�������������������b�]�j�Z�_�l���d�e�x�q�_�\�m�x���j�h�e�v���\ �h�[�_�k�i�_�q�_�g�b�b��

�a�j�b�l�_�e�v�g�h-�f�h�l�h�j�g�h�c�� �d�h�h�j�^�b�g�Z�p�b�b���± �b�g�l�_�]�j�Z�p�b�b�� �a�j�b�l�_�e�v�g�h�c�� �b�g�n�h�j�f�Z�p�b�b�� �k��

�f�h�l�h�j�g�u�f�b���d�h�f�Z�g�^�Z�f�b�����i�j�h�p�_�k�k�Z�o���m�i�j�Z�\�e�_�g�b�b���k�Z�d�d�Z�^�b�q�_�k�d�b�f�b���^�\�b�`�_�g�b�y�f�b, 

�Z���b�f�_�g�g�h���l�h�q�g�h�f���d�h�g�l�j�h�e�_���\�u�i�h�e�g�_�g�b�y���k�Z�d�d�Z�^�����i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�f���\�g�b�f�Z�g�b�b��- 
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�j�Z�k�i�j�_�^�_�e�_�g�b�b�� �j�_�k�m�j�k�h�\ �\�g�b�f�Z�g�b�y�� �i�j�b�� �h�[�j�Z�[�h�l�d�_�� �i�h�e�m�q�Z�_�f�� �a�j�b�l�_�e�v�g�h�c��

�b�g�n�h�j�f�Z�p�b�b���h���i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�o���h�l�g�h�r�_�g�b�b���h�[�t�_�d�l�h�\�� 

�L�Z�d�� �d�Z�d�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�_�� �a�j�b�l�_�e�v�g�h�c�� �b�� �\�_�k�l�b�[�m�e�y�j�g�h�c�� �k�b�k�l�_�f�u��

�h�l�j�Z�`�Z�_�l�k�y�� �\�� �j�Z�[�h�l�_���\�_�k�l�b�[�m�e�h�h�d�m�e�y�j�g�h�]�h�� �j�_�n�e�_�d�k�Z�� ���<�H�J������ �>�\�b�`�_�g�b�_�� �]�e�Z�a��

�f�h�`�_�l�� �[�u�l�v �\�u�a�\�Z�g�h�� �l�h�e�v�d�h�� �k�l�b�f�m�e�y�p�b�_�c�� �\�_�k�l�b�[�m�e�y�j�g�h�c�� �k�b�k�l�_�f�u���� �Z�� �<�H�J��

�k�l�Z�[�b�e�b�a�b�j�m�_�l�� �b�a�h�[�j�Z�`�_�g�b�_�� �\�� �i�h�e�_�� �a�j�_�g�b�y���� �<�H�J���²  �w�l�h�� �l�h�q�g�u�c�� �b�� �[�u�k�l�j�u�c��

�i�j�h�p�_�k�k���� �d�h�l�h�j�u�c�� �b�f�_�_�l�� �j�_�r�Z�x�s�_�_���a�g�Z�q�_�g�b�_���^�e�y�� �i�h�^�^�_�j�`�Z�g�b�y�� �k�l�Z�[�b�e�v�g�h�k�l�b��

�\�a�]�e�y�^�Z�� �\�h�� �\�j�_�f�y�� �^�\�b�`�_�g�b�y�� �b�� �g�_�� �a�Z�\�b�k�b�l�� �h�l�� �a�j�b�l�_�e�v�g�h�]�h�� �k�b�]�g�Z�e�Z (Crane and 

Demer, 1997). �M�g�b�d�Z�e�v�g�h�k�l�v���i�h�e�m�q�_�g�g�u�o���j�_�a�m�e�v�l�Z�l�h�\���a�Z�d�e�x�q�Z�_�l�k�y���\���l�h�f�����q�l�h��

�h�^�g�Z�� �b�� �l�Z�� �`�_�� �l�_�f�_�g�g�Z�y�� �h�[�e�Z�k�l�v�� �^�_�f�h�g�k�l�j�b�j�m�_�l�� �i�h�\�u�r�_�g�g�m�x�� �Z�d�l�b�\�Z�p�b�x�� �i�j�b��

�^�\�m�o���j�Z�a�e�b�q�g�u�o���l�b�i�Z�o���a�Z�^�Z�q�� 

�I�j�b���k�d�h�j�h�k�l�b�������ƒ���k �\�h���\�j�_�f�y���\�u�i�h�e�g�_�g�b�y���b�g�k�l�j�m�d�p�b�b �i�j�h�k�e�_�`�b�\�Z�g�b�y �± 

�Z�d�l�b�\�Z�p�b�y �^�Z�g�g�h�c���h�[�e�Z�k�l�b �h�l�j�Z�`�Z�_�l���i�j�h�p�_�k�k�u���l�h�q�g�h�]�h���m�i�j�Z�\�e�_�g�b�y���i�e�Z�\�g�u�f�b��

�k�e�_�^�y�s�b�f�b�� �^�\�b�`�_�g�b�y�f�b�� �]�e�Z�a���� �l�j�_�[�m�x�s�b�f�b�� �d�h�h�j�^�b�g�Z�p�b�b�� �f�_�`�^�m�� �a�j�b�l�_�e�v�g�h�c��

�b�g�n�h�j�f�Z�p�b�_�c�� �b���n�h�j�f�b�j�h�\�Z�g�b�_�f���f�h�l�h�j�g�u�o�� �]�e�Z�a�h�^�\�b�]�Z�l�_�e�v�g�u�o�� �d�h�f�Z�g�^��

(Krauzlis, 2004). 

�I�j�b�� �k�d�h�j�h�k�l�b�� �����ƒ���k�� �\�h�� �\�j�_�f�y�� �\�u�i�h�e�g�_�g�b�y�� �b�g�k�l�j�m�d�p�b�b���b�d�k�Z�p�b�b �\�a�h�j�Z���± 

�Z�d�l�b�\�Z�p�b�y �^�Z�g�g�h�c�� �h�[�e�Z�k�l�b �k�\�b�^�_�l�_�e�v�k�l�\�m�_�l�� �h�� �a�g�Z�q�b�l�_�e�v�g�u�o�� �m�k�b�e�b�y�o�� �i�h��

�i�h�^�Z�\�e�_�g�b�x�� �\�_�k�l�b�[�m�e�h-�h�d�m�e�y�j�g�h�]�h�� �j�_�n�e�_�d�k�Z�� �b�� �i�h�^�^�_�j�`�Z�g�b�x�� �k�l�Z�[�b�e�v�g�h�c��

�n�b�d�k�Z�p�b�b���\�h�i�j�_�d�b���f�h�s�g�h�c���h�i�l�h�d�b�g�_�l�b�q�_�k�d�h�c���k�l�b�f�m�e�y�p�b�b�����/�H�L�J�K���	���=�H�H���������������� 

�L�Z�d�b�f���h�[�j�Z�a�h�f�����Z�d�l�b�\�Z�p�b�y���e�_�\�h�c �l�_�f�_�g�g�h�c���h�[�e�Z�k�l�b���\���d�Z�g�Z�e�_���5�[��-�7�[�����h�l�j�Z�`�Z�_�l��

�m�g�b�\�_�j�k�Z�e�v�g�u�c�� �f�_�o�Z�g�b�a�f�� �Z�^�Z�i�l�Z�p�b�h�g�g�h�c�� �i�_�j�_�k�l�j�h�c�d�b �a�j�b�l�_�e�v�g�h�c��

�\�h�k�i�j�b�g�b�f�Z�x�s�_�c�� �n�m�g�d�p�b�h�g�Z�e�v�g�h�c�� �k�b�k�l�_�f�u���� �h�[�_�k�i�_�q�b�\�Z�x�s�_�c�� �w�n�n�_�d�l�b�\�g�h�_��

�\�a�Z�b�f�h�^�_�c�k�l�\�b�_�� �a�j�b�l�_�e�v�g�h�c�� �b�� �\�_�k�l�b�[�m�e�y�j�g�h�c�� �k�b�k�l�_�f�� �\�� �j�Z�a�e�b�q�g�u�o�� �m�k�e�h�\�b�y�o��

�a�j�b�l�_�e�v�g�h�c���k�l�b�f�m�e�y�p�b�b�����W�l�b���^�Z�g�g�u�_���i�h�^�q�_�j�d�b�\�Z�x�l���d�e�x�q�_�\�m�x���j�h�e�v���l�_�f�_�g�g�h�c��

�d�h�j�u�� �d�Z�d�� ���Z�^�Z�i�l�b�\�g�h�]�h�� �i�j�h�p�_�k�k�h�j�Z������ �h�[�_�k�i�_�q�b�\�Z�x�s�_�]�h���\�h�a�f�h�`�g�h�k�l�v��

�i�_�j�_�k�g�Z�k�l�j�h�c�d�b���i�j�h�p�_�k�k�h�\���k�_�g�k�h�j�g�h-�i�_�j�p�_�i�l�b�\�g�h�c �b�g�l�_�]�j�Z�p�b�b�� 

�I�h�e�m�q�_�g�g�u�_�� �j�_�a�m�e�v�l�Z�l�u�� �k�h�i�h�k�l�Z�\�b�f�u�� �k�� �j�Z�g�_�_�� �i�j�h�\�_�^�_�g�g�u�f�b��

�b�k�k�e�_�^�h�\�Z�g�b�y�f�b���� �]�^�_�� �[�u�e�h���i�j�h�^�_�f�h�g�k�l�j�b�j�h�\�Z�g�h�� �k�m�s�_�k�l�\�h�\�Z�g�b�_�� �\�a�Z�b�f�g�h�]�h��

�l�h�j�f�h�`�_�g�b�y�� �f�_�`�^�m�� �a�j�b�l�_�e�v�g�h�c�� �b�� �\�_�k�l�b�[�m�e�y�j�g�h�c�� �k�b�k�l�_�f�Z�f�b�� �g�Z�� �p�_�e�_�\�u�o��
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�m�q�Z�k�l�d�Z�o���f�h�a�]�Z���i�j�Z�\�h�]�h���i�h�e�m�r�Z�j�b�y���^�e�y���b�a�f�_�j�_�g�b�y���k�b�]�g�Z�e�Z�����j�_�Z�]�b�j�m�x�s�_�]�h���g�Z��

�n�b�a�b�q�_�k�d�h�_���^�\�b�`�_�g�b�_�����%�U�D�Q�G�W���D�Q�G���'�L�H�W�H�U�L�F�K�����������������'�H���:�D�H�O�H���H�W���D�O���������������������I�j�b 

�w�l�h�f�����i�h���k�j�Z�\�g�_�g�b�x���k���h�[�s�b�f���m�\�_�e�b�q�_�g�b�_�f���d�h�g�p�_�g�l�j�Z�p�b�b���+�E�2�����d�Z�g�Z�e��Rx3-Tx5 

�i�j�h�^�_�f�h�g�k�l�j�b�j�h�\�Z�e�� �k�g�b�`�_�g�b�_�� �m�j�h�\�g�y�� �+�E�2�� �\�� �k�h�k�l�h�y�g�b�b�� �n�b�d�k�Z�p�b�b�� �\�a�h�j�Z����

�K�b�g�o�j�h�g�b�a�b�j�h�\�Z�g�g�h�_�� �y�\�e�_�g�b�_�� �f�h�`�_�l�� �[�u�l�v�� �k�\�y�a�Z�g�h�� �k�� �n�m�g�d�p�b�h�g�Z�e�v�g�u�f��

�l�h�j�f�h�a�g�u�f�� �f�_�o�Z�g�b�a�f�h�f�� �f�h�a�]�Z���� �D�Z�g�Z�e�u��Rx8-Tx������ �b��Rx5-Tx7 �f�h�]�m�l�� �[�u�l�v��

�g�Z�b�[�h�e�_�_�� �j�_�i�j�_�a�_�g�l�Z�l�b�\�g�u�f�b�� �^�e�y�� �b�g�l�j�Z�l�_�f�_�g�g�h�c�� �h�[�e�Z�k�l�b���� �?�k�e�b�� �i�j�b�g�y�l�v�� �\�h��

�\�g�b�f�Z�g�b�_���\�u�\�h�^���i�h���k�b�k�l�_�f�_������-���������l�h���h�[�e�Z�k�l�v���Z�d�l�b�\�Z�p�b�b���f�h�a�]�Z�����h�[�g�Z�j�m�`�_�g�g�Z�y��

�\�� �g�Z�r�_�f�� �b�k�k�e�_�^�h�\�Z�g�b�b���� �g�Z�o�h�^�b�l�k�y�� �\�� �\�u�k�h�d�h�c�� �k�l�_�i�_�g�b�� �k�h�]�e�Z�k�h�\�Z�g�g�h�k�l�b�� �k��

�i�j�_�^�u�^�m�s�b�f�b�� �b�k�k�e�_�^�h�\�Z�g�b�y�f�b�� �i�h�� �d�Z�j�l�b�j�h�\�Z�g�b�x�� �\�_�k�l�b�[�m�e�y�j�g�h�]�h�� �f�h�a�]�Z��

(Bottini et al., 2001; Suzuki et al., 2001; Fasold et al., 2002; Stephan et al., 2009), 

�d�Z�d�� �Z�d�l�b�\�b�j�m�x�l�k�y�� �h�[�e�Z�k�l�b�� �d�h�j�u�� �]�h�e�h�\�g�h�]�h�� �f�h�a�]�Z�� �i�j�b�� �j�Z�a�e�b�q�g�u�o�� �m�k�e�h�\�b�y�o��

�^�\�b�`�_�g�b�y�����L�Z�d�b�f���h�[�j�Z�a�h�f���[�u�e�Z���i�h�^�l�\�_�j�`�^�_�g�u���]�b�i�h�l�_�a�u���‹�������b���‹���� 

�J�Z�a�e�b�q�b�y�� �\�� �b�a�f�_�g�_�g�b�b�� �f�h�a�]�h�\�h�c�� �Z�d�l�b�\�g�h�k�l�b�� �i�j�b�� �g�Z�[�e�x�^�_�g�b�b��

�^�\�b�`�m�s�_�c�k�y�� �\�b�j�l�m�Z�e�v�g�h�c�� �k�j�_�^�u�� �\�� �a�Z�\�b�k�b�f�h�k�l�b�� �h�l�� �j�Z�a�e�b�q�g�u�o�� �m�k�e�h�\�b�c��

�j�_�Z�e�b�a�Z�p�b�b�� �]�e�Z�a�h�^�\�b�]�Z�l�_�e�v�g�h�c�� �Z�d�l�b�\�g�h�k�l�b�� �f�h�]�m�l�� �[�u�l�v�� �h�[�m�k�e�h�\�e�_�g�u��

�\�Z�j�b�Z�[�_�e�v�g�h�k�l�v�x�� �\�d�e�x�q�_�g�b�y�� �j�Z�a�e�b�q�g�u�o�� �k�_�g�k�h�j�g�u�o�� �k�b�k�l�_�f���� �j�_�n�e�_�d�l�h�j�g�u�o��

�f�_�o�Z�g�b�a�f�h�\�� �b �g�_�c�j�h�g�g�u�o�� �i�m�l�_�c���� �h�l�\�_�l�k�l�\�_�g�g�u�o�� �a�Z�� �h�[�j�Z�[�h�l�d�m�� �\�b�a�m�Z�e�v�g�h�c��

�b�g�n�h�j�f�Z�p�b�b���b���i�h�^�^�_�j�`�Z�g�b�_���j�Z�\�g�h�\�_�k�b�y���\���j�Z�a�e�b�q�g�u�o���m�k�e�h�\�b�y�o���\�b�j�l�m�Z�e�v�g�h�]�h��

�\�h�k�i�j�b�y�l�b�y�����L�h�l���n�Z�d�l�����q�l�h���[�u�e�b���h�[�g�Z�j�m�`�_�g�u���j�Z�a�e�b�q�b�y���\���Z�d�l�b�\�Z�p�b�b���\���l�_�f�_�g�g�h�c��

�h�[�e�Z�k�l�b���\���a�Z�\�b�k�b�f�h�k�l�b���h�l���m�k�e�h�\�b�c���\�u�i�h�e�g�_�g�b�y���^�\�b�`�_�g�b�c���]�e�Z�a���]�h�\�h�j�b�l���h���[�h�e�_�_��

�k�e�h�`�g�u�o�� �f�_�o�Z�g�b�a�f�Z�o�� �j�Z�[�h�l�u�� �©�i�_�j�_�d�e�x�q�_�g�b�y�ª���� �a�Z�^�_�c�k�l�\�m�x�s�b�o�� �\�� �l�h�f�� �q�b�k�e�_��

�k�b�k�l�_�f�m���m�i�j�Z�\�e�_�g�b�y���]�e�Z�a�h�^�\�b�]�Z�l�_�e�v�g�h�c���Z�d�l�b�\�g�h�k�l�b���� 

�L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �^�Z�g�g�h�_�� �b�k�k�e�_�^�h�\�Z�g�b�_�� �k�� �i�j�b�f�_�g�_�g�b�_�f�� �n�G�B�J�K����

�i�j�h�^�_�f�h�g�k�l�j�b�j�h�\�Z�e�h�� �g�Z�e�b�q�b�_�� �\�u�j�Z�`�_�g�g�h�c�� �j�_�Z�d�p�b�b�� �i�h�\�u�r�_�g�b�y�� �g�Z�k�u�s�_�g�b�y��

�d�j�h�\�b�� �d�b�k�e�h�j�h�^�h�f�� �\�� �l�_�f�_�g�g�u�o�� �h�[�e�Z�k�l�y�o�� �d�h�j�u�� �i�j�b�� �j�Z�a�e�b�q�g�u�o�� �i�Z�l�l�_�j�g�Z�o��

�^�\�b�`�_�g�b�c�� �]�e�Z�a�� �\�� �m�k�e�h�\�b�y�o���� �i�j�h�\�h�p�b�j�m�x�s�b�o�� �\�h�a�g�b�d�g�h�\�_�g�b�_�� �g�Z�j�m�r�_�g�b�c�� �\��

�i�j�h�p�_�k�k�Z�o���k�_�g�k�h�j�g�h-�i�_�j�p�_�i�l�b�\�g�h�c���b�g�l�_�]�j�Z�p�b�b���\���<�J.  
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�����������H�k�h�[�_�g�g�h�k�l�b���\�u�j�Z�`�_�g�g�h�k�l�b���i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�o���k�i�h�k�h�[�g�h�k�l�_�c���\���\�b�j�l�m�Z�e�v�g�h�c��

�j�_�Z�e�v�g�h�k�l�b���d�Z�d���w�e�_�f�_�g�l���i�j�h�y�\�e�_�g�b�y���g�_�c�j�h�d�h�]�g�b�l�b�\�g�u�o���f�_�o�Z�g�b�a�f�h�\�� 

�\�a�Z�b�f�h�^�_�c�k�l�\�b�y���k�m�[�t�_�d�l�Z���k�h���k�j�_�^�h�c���\�b�j�l�m�Z�e�v�g�h�c���j�_�Z�e�v�g�h�k�l�b�«�«�«�«�«�«�«�����« ........3 

�����������D�h�g�p�_�i�l�m�Z�e�v�g�Z�y���k�o�_�f�Z���g�_�c�j�h�d�h�]�g�b�l�b�\�g�u�o���f�_�o�Z�g�b�a�f�h�\���\�a�Z�b�f�h�^�_�c�k�l�\�b�y 

�q�_�e�h�\�_�d�Z���k���\�b�j�l�m�Z�e�v�g�h�c���k�j�_�^�h�c�«�«�«�«�«�«�«�« �«�«�«�«�« .�«�«�«�« �«�«�� �«�«�������������� 

�A�Z�d�e�x�q�_�g�b�_�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«����  

�<�u�\�h�^�u�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�« ..�«�«�« �«�«�� �«�«�«�«����  

�K�i�b�k�h�d���e�b�l�_�j�Z�l�m�j�u�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«..�«�«�« �«�«�� �«�«�«�«����  

�I�j�b�e�h�`�_�g�b�y�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�«�« �«���«�« �«�«�« �«�«�«��������  
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2.4. �H�k�h�[�_�g�g�h�k�l�b�� �\�u�j�Z�`�_�g�g�h�k�l�b�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�o�� �k�i�h�k�h�[�g�h�k�l�_�c�� �\��

�\�b�j�l�m�Z�e�v�g�h�c�� �j�_�Z�e�v�g�h�k�l�b�� �d�Z�d�� �w�e�_�f�_�g�l�� �i�j�h�y�\�e�_�g�b�y�� �g�_�c�j�h�d�h�]�g�b�l�b�\�g�u�o��

�f�_�o�Z�g�b�a�f�h�\���\�a�Z�b�f�h�^�_�c�k�l�\�b�y���k�m�[�t�_�d�l�Z���k�h���k�j�_�^�h�c���\�b�j�l�m�Z�e�v�g�h�c���j�_�Z�e�v�g�h�k�l�b.  

  
�H�k�g�h�\�g�h�c�� �p�_�e�v�x�� �j�_�Z�e�b�a�Z�p�b�b���w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o�� �j�Z�[�h�l �\�� �^�Z�g�g�h�f�� �[�e�h�d�_��

�k�l�Z�e�h���b�a�m�q�_�g�b�_���k�\�y�a�b���f�_�`�^�m���m�j�h�\�g�_�f���j�Z�a�\�b�l�b�y���l�Z�d�h�]�h���i�h�d�Z�a�Z�l�_�e�y���d�h�]�g�b�l�b�\�g�h�c��

�k�n�_�j�u�� �q�_�e�h�\�_�d�Z�� �d�Z�d�� �©�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�_�� �k�i�h�k�h�[�g�h�k�l�b�ª �b �m�k�i�_�r�g�h�k�l�v�x�� �_�]�h��

�\�a�Z�b�f�h�^�_�c�k�l�\�b�y�� �k�h�� �k�j�_�^�Z�f�b�� �\�b�j�l�m�Z�e�v�g�h�c�� �j�_�Z�e�v�g�h�k�l�b���� �k�� �p�_�e�v�x�� �\�u�y�\�e�_�g�b�y��

�i�k�b�o�h�e�h�]�b�q�_�k�d�b�o���i�j�h�y�\�e�_�g�b�c���g�_�c�j�h�d�h�]�g�b�l�b�\�g�u�o���f�_�o�Z�g�b�a�f�h�\���\�a�Z�b�f�h�^�_�c�k�l�\�b�y��

�q�_�e�h�\�_�d�Z���k���<�K.  

�>�e�y�� �^�h�k�l�b�`�_�g�b�y�� �i�h�k�l�Z�\�e�_�g�g�h�c�� �p�_�e�b�� �[�u�e�Z�� �j�Z�a�j�Z�[�h�l�Z�g�Z�� �m�g�b�d�Z�e�v�g�Z�y��

�d�h�f�i�e�_�d�k�g�Z�y�� �k�b�k�l�_�f�Z���w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o �b�k�k�e�_�^�h�\�Z�g�b�c���� �d�Z�`�^�h�_�� �b�a�� �d�h�l�h�j�u�o��

�[�u�e�h�� �i�h�k�\�y�s�_�g�h�� �^�_�l�Z�e�v�g�h�f�m�� �Z�g�Z�e�b�a�m�� �m�k�i�_�r�g�h�k�l�b�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�y�� �e�x�^�_�c�� �k��

�j�Z�a�g�u�f�� �m�j�h�\�g�_�f�� �j�Z�a�\�b�l�b�y�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�o�� �k�i�h�k�h�[�g�h�k�l�_�c�� �k�h�� �k�j�_�^�Z�f�b��

�\�b�j�l�m�Z�e�v�g�h�c�� �j�_�Z�e�v�g�h�k�l�b�� �g�Z�� �i�j�b�f�_�j�_�� �j�Z�a�j�Z�[�h�l�Z�g�g�u�o�� �f�h�^�_�e�_�c�� �b�� �k��

�b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �i�h�^�h�[�j�Z�g�g�u�o�� �b�g�^�b�d�Z�l�h�j�h�\���� �I�_�j�\�h�g�Z�q�Z�e�v�g�u�f�� �w�l�Z�i�h�\��

�j�_�Z�e�b�a�Z�p�b�b�� �w�f�i�b�j�b�q�_�k�d�b�o�� �i�j�h�p�_�^�m�j�� �k�l�Z�e�Z�� �h�j�]�Z�g�b�a�Z�p�b�y�� �d�h�g�l�j�h�e�b�j�m�_�f�h�]�h��

�k�[�h�j�Z���^�Z�g�g�u�o���h���i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�o���k�i�h�k�h�[�g�h�k�l�y�o���j�_�k�i�h�g�^�_�g�l�h�\���k���i�j�b�f�_�g�_�g�b�_�f��

�k�l�Z�g�^�Z�j�l�g�u�o���i�k�b�o�h�f�_�l�j�b�q�_�k�d�b�o���i�j�h�p�_�^�m�j���� 

�K�h�a�^�Z�g�b�_�� �h�[�j�Z�a�h�\�� �b�� �h�i�_�j�b�j�h�\�Z�g�b�_�� �b�f�b�� �i�j�_�^�k�l�Z�\�e�y�x�l�� �^�\�Z�� �l�_�k�g�h��

�\�a�Z�b�f�h�k�\�y�a�Z�g�g�u�o���i�j�h�p�_�k�k�Z�����H�k�g�h�\�h�c���d�Z�`�^�h�]�h���b�a���g�b�o���\�u�k�l�m�i�Z�_�l���^�_�y�l�_�e�v�g�h�k�l�v��

�i�j�_�^�k�l�Z�\�e�b�\�Z�g�b�y���� �I�j�b�� �w�l�h�f���� �k�l�j�m�d�l�m�j�Z�� �i�h�k�e�_�^�g�_�c���� �Z�� �l�Z�d�`�_�� �m�k�e�h�\�b�y�� �_�_��

�j�_�Z�e�b�a�Z�p�b�b���\���d�Z�`�^�h�f���k�e�m�q�Z�_���b�f�_�_�l���k�h�[�k�l�\�_�g�g�u�_���h�k�h�[�_�g�g�h�k�l�b�����?�k�e�b���]�h�\�h�j�b�l�v���h��

�k�h�a�^�Z�g�b�b�� �h�[�j�Z�a�h�\���� �l�h�� �l�Z�d�Z�y�� �^�_�y�l�_�e�v�g�h�k�l�v�� �b�f�_�_�l�� �k�\�h�_�c�� �p�_�e�v�x�� �n�h�j�f�b�j�h�\�Z�g�b�_��

�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�]�h���h�[�j�Z�a�Z�����<�h���\�l�h�j�h�f���k�e�m�q�Z�_���i�h�^�j�Z�a�m�f�_�\�Z�_�l�k�y���h�[�j�Z�[�h�l�d�Z���m�`�_��

�k�m�s�_�k�l�\�m�x�s�b�o���h�[�j�Z�a�h�\�����\�b�^�h�b�a�f�_�g�_�g�b�_�����i�j�_�h�[�j�Z�a�h�\�Z�g�b�_�����k�h�]�e�Z�k�g�h���m�k�e�h�\�b�y�f��

�i�h�k�l�Z�\�e�_�g�g�h�c�� �a�Z�^�Z�q�b���� �I�j�b�� �h�i�h�j�_�� �g�Z�� �]�j�Z�n�b�q�_�k�d�m�x�� �g�Z�]�e�y�^�g�h�k�l�v�� �m�k�e�h�\�b�y��

�^�_�y�l�_�e�v�g�h�k�l�b�� �i�j�_�^�k�l�Z�\�e�b�\�Z�g�b�y�� �j�Z�a�e�b�q�g�u���� �<�f�_�k�l�_�� �k�� �l�_�f���� �w�l�h�� �g�_�� �h�a�g�Z�q�Z�_�l���� �q�l�h��

�k�h�a�^�Z�g�b�_�� �h�[�j�Z�a�Z�� �y�\�e�y�_�l�k�y�� �e�b�r�v�� �j�_�i�j�h�^�m�d�l�b�\�g�h�c���� �\�h�k�i�j�h�b�a�\�h�^�y�s�_�c��

�^�_�y�l�_�e�v�g�h�k�l�v�x���� �l�h�]�^�Z�� �d�Z�d�� �h�i�_�j�b�j�h�\�Z�g�b�_���� �d�h�l�h�j�h�_�� �i�j�h�l�_�d�Z�_�l�� �\�� �m�k�e�h�\�b�y�o��

�h�l�\�e�_�q�_�g�b�y���h�l���b�k�o�h�^�g�h�c���g�Z�]�e�y�^�g�h�k�l�b���± �i�j�h�p�_�k�k���\�k�_�]�^�Z���i�j�h�^�m�d�l�b�\�g�u�c�����<���h�[�h�b�o��
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�k�e�m�q�Z�y�o���i�j�_�^�k�l�Z�\�e�b�\�Z�g�b�_���h�l�e�b�q�Z�_�l�k�y���i�j�_�h�[�j�Z�a�m�x�s�b�f���o�Z�j�Z�d�l�_�j�h�f�����h�^�g�Z�d�h���h�g�h��

�h�k�m�s�_�k�l�\�e�y�_�l�k�y�� �g�Z�� �j�Z�a�e�b�q�g�h�f�� �f�Z�l�_�j�b�Z�e�_�� �\�� �j�Z�a�e�b�q�g�u�o�� �m�k�e�h�\�b�y�o�� ���Q�m�i�j�b�d�h�\�Z����

1997). �K�l�j�m�d�l�m�j�Z�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�o�� �k�i�h�k�h�[�g�h�k�l�_�c���� �Z�� �l�Z�d�`�_�� �]�_�g�_�l�b�q�_�k�d�b�_�� �b��

�k�j�_�^�h�\�u�_�� �i�j�_�^�i�h�k�u�e�d�b�� �b�o���j�Z�a�\�b�l�b�y�� �g�Z�� �k�_�]�h�^�g�y�r�g�b�c�� �^�_�g�v�� �y�\�e�y�x�l�k�y�� �g�_��

�b�a�m�q�_�g�g�u�f�b�� �\�� �i�h�e�g�h�c�� �f�_�j�_���� �K�m�s�_�k�l�\�m�_�l�� �i�j�_�^�i�h�e�h�`�_�g�b�_���� �q�l�h�� �k�b�k�l�_�f�Z��

�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�o�� �k�i�h�k�h�[�g�h�k�l�_�c�� �\�d�e�x�q�Z�_�l�� �\�� �k�_�[�y�� �g�_�k�d�h�e�v�d�h�� �k�h�k�l�Z�\�e�y�x�s�b�o����

�j�Z�a�\�b�l�b�_�� �b�� �^�_�c�k�l�\�b�_�� �d�h�l�h�j�u�o�� �i�j�h�b�k�o�h�^�b�l�� �\�� �d�h�f�i�e�_�d�k�_�� �k�� �^�j�m�]�b�f�b���� �L�Z�d�b�f�b��

�d�h�f�i�h�g�_�g�l�Z�f�b �g�Z�a�u�\�Z�x�l�� �©�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�m�x�� �\�b�a�m�Z�e�b�a�Z�p�b�x�ª���� �©�f�u�k�e�_�g�g�h�_��

�\�j�Z�s�_�g�b�_�ª�����©�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�_���h�l�g�h�r�_�g�b�y�ª���b���i�j�h�q�_�_�����$�Q�Q�H�W�W������������, Jansen et 

al., 2009, Mohler, 2008). �I�j�b�� �w�l�h�f���� �f�g�h�]�b�_���b�k�k�e�_�^�h�\�Z�g�b�y, �b�f�_�x�s�b�_�� �\�� �k�\�h�z�f��

�n�h�j�d�m�k�_�� �i�j�h�[�e�_�f�Z�b�d�m �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�o �k�i�h�k�h�[�g�h�k�l�b���� �[�u�e�b���k�h�k�j�_�^�h�l�h�q�_�g�u��

�g�Z�� �l�Z�d�� �g�Z�a�u�\�Z�_�f�h�c �©�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�c�� �\�b�a�m�Z�e�b�a�Z�p�b�b�ª���� �d�h�l�h�j�Z�y�� �i�j�_�^�k�l�Z�\�e�y�_�l��

�k�h�[�h�c�� �i�j�h�p�_�k�k�u�� �\�h�k�i�j�b�y�l�b�y���� �d�h�^�b�j�h�\�Z�g�b�y�� �b�� �m�f�k�l�\�_�g�g�h�]�h�� �f�Z�g�b�i�m�e�b�j�h�\�Z�g�b�y��

�l�j�_�o�f�_�j�g�u�f�b�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�f�b�� �n�h�j�f�Z�f�b�� ���8�W�W�D�O�� �	�� �&�R�K�H�Q���� �������������� �\�d�e�x�q�Z�y��

�b�k�k�e�_�^�h�\�Z�g�b�y���\���j�Z�[�h�l�_���k���\�b�j�l�m�Z�e�v�g�h�c���j�_�Z�e�v�g�h�k�l�v�x�����(�\�X�S���<�X�U�W���������������� 

�D�� �d�h�f�i�h�g�_�g�l�Z�f�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�o�� �k�i�h�k�h�[�g�h�k�l�_�c�� �h�l�g�h�k�y�l�k�y���� �f�Z�g�b�i�m�e�y�p�b�b�� �k��

�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�c�� �b�g�n�h�j�f�Z�p�b�_�c���� �h�p�_�g�d�Z�� �^�e�b�g�g�u���� �h�[�g�Z�j�m�`�_�g�b�_�� �^�\�b�`�_�g�b�y����

�f�u�k�e�_�g�g�h�_���\�j�Z�s�_�g�b�_���i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�o���n�h�j�f�����\�h�k�i�j�b�y�l�b�_���h�l�g�h�r�_�g�b�c���f�_�`�^�m��

�h�[�t�_�d�l�Z�f�b�����h�[�t�_�^�b�g�_�g�b�_���q�Z�k�l�_�c���\���_�^�b�g�h�_���p�_�e�h�_���b���b�g�u�_���k�i�h�k�h�[�g�h�k�l�b�����k�\�y�a�Z�g�g�u�_��

�k���i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�f�b���h�l�g�h�r�_�g�b�y�f�b���f�_�`�^�m���h�[�t�_�d�l�Z�f�b���� 

�:�\�l�h�j�u���i�h-�j�Z�a�g�h�f�m���h�i�j�_�^�_�e�y�x�l���i�j�h�k�l�j�Z�g�k�l�\�_�g�g�m�x���k�i�h�k�h�[�g�h�k�l�v�����g�h���\�k�_��

�h�g�b�� �k�o�h�^�y�l�k�y�� �\�h�� �f�g�_�g�b�b���� �q�l�h�� �w�l�h�� �d�h�f�i�e�_�d�k�g�Z�y�� �k�i�h�k�h�[�g�h�k�l�v���� �k�h�_�^�b�g�y�x�s�Z�y��

�\�h�k�i�j�b�g�b�f�Z�_�f�h�_���b���d�h�g�k�l�j�m�d�l�b�\�g�h�_�����=�Z�j�^�g�_�j���j�Z�a�e�b�q�Z�_�l���k�_�f�v���j�Z�a�e�b�q�g�u�o���l�b�i�h�\��

�b�g�l�_�e�e�_�d�l�Z���� �e�b�g�]�\�b�k�l�b�q�_�k�d�b�c���� �e�h�]�b�d�h-�f�Z�l�_�f�Z�l�b�q�_�k�d�b�c���� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�c����

�f�m�a�u�d�Z�e�v�g�u�c���� �n�b�a�b�d�h-�d�b�g�_�k�l�_�l�b�q�_�k�d�b�c���� �f�_�`�e�b�q�g�h�k�l�g�u�c�� �b��

�\�g�m�l�j�b�e�b�q�g�h�k�l�g�u�c���� �K�h�]�e�Z�k�g�h�� �=�Z�j�^�g�_�j�m�� �©�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�c�� �b�g�l�_�e�e�_�d�l���± �w�l�h��

�k�i�h�k�h�[�g�h�k�l�v�� �n�h�j�f�b�j�h�\�Z�l�v�� �f�_�g�l�Z�e�v�g�m�x�� �f�h�^�_�e�v�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�]�h�� �f�b�j�Z�� �b��

�f�Z�g�_�\�j�b�j�h�\�Z�l�v�����b���j�Z�[�h�l�Z�l�v���k���w�l�h�c���f�h�^�_�e�v�x�ª�����I�j�h�k�l�j�Z�g�k�l�\�_�g�g�Z�y���\�b�a�m�Z�e�b�a�Z�p�b�y��

�f�h�`�_�l���[�u�l�v���h�i�j�_�^�_�e�_�g�Z���d�Z�d���k�i�h�k�h�[�g�h�k�l�v���i�j�_�^�k�l�Z�\�e�y�l�v���\�b�a�m�Z�e�b�a�Z�p�b�x���h�[�t�_�d�l�Z��



5 
 

�k���j�Z�a�g�u�o���l�h�q�_�d���a�j�_�g�b�y�����_�]�h���\�j�Z�s�_�g�b�_���b���k�f�_�r�b�\�Z�g�b�_���b�e�b���h�[�t�_�^�b�g�_�g�b�_���q�Z�k�l�_�c��

�^�Z�g�g�h�]�h���h�[�t�_�d�l�Z�� 

�E�b�g�g�� �b�� �I�_�l�_�j�k�_�g�� �j�Z�a�^�_�e�y�x�l�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�_�� �k�i�h�k�h�[�g�h�k�l�b�� �g�Z�� �l�j�b��

�d�Z�l�_�]�h�j�b�b���� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�_�� �\�h�k�i�j�b�y�l�b�_���� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�_�� ���f�u�k�e�_�g�g�h�_����

�\�j�Z�s�_�g�b�_���b���i�j�h�k�l�j�Z�g�k�l�\�_�g�g�Z�y���\�b�a�m�Z�e�b�a�Z�p�b�y�����I�h���b�o���f�g�_�g�b�x�����i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�_��

�\�h�k�i�j�b�y�l�b�_ �± �w�l�h�� �k�\�h�_�]�h�� �j�h�^�Z�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�Z�y�� �k�i�h�k�h�[�g�h�k�l�v���� �l�j�_�[�m�x�s�Z�y�� �h�l��

�k�m�[�t�_�d�l�Z�� �h�i�j�_�^�_�e�_�g�b�y�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�o�� �h�l�g�h�r�_�g�b�c�� �h�l�g�h�k�b�l�_�e�v�g�h��

�h�j�b�_�g�l�Z�p�b�b�� �k�h�[�k�l�\�_�g�g�h�]�h�� �l�_�e�Z���� �g�_�k�f�h�l�j�y�� �g�Z�� �h�l�\�e�_�d�Z�x�s�m�x�� �b�g�n�h�j�f�Z�p�b�x����

�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�_�� ���f�u�k�e�_�g�g�h�_���� �\�j�Z�s�_�g�b�_���²  �w�l�h�� �l�Z�d�Z�y�� �k�i�h�k�h�[�g�h�k�l�v���� �d�h�l�h�j�Z�y��

�l�j�_�[�m�_�l�� �h�l�� �k�m�[�t�_�d�l�Z�� �[�u�k�l�j�h�]�h�� �b�� �l�h�q�g�h�]�h�� �\�j�Z�s�_�g�b�y�� �^�\�m�o�f�_�j�g�h�c�� �b�e�b��

�l�j�_�o�f�_�j�g�h�c�� �n�b�]�m�j�u���� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�Z�y�� �\�b�a�m�Z�e�b�a�Z�p�b�y���²  �w�l�h�� �k�\�h�_�]�h�� �j�h�^�Z��

�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�Z�y�� �k�i�h�k�h�[�g�h�k�l�v���� �l�j�_�[�m�x�s�Z�y�� �h�l�� �k�m�[�t�_�d�l�Z�� �^�_�f�h�g�k�l�j�Z�p�b�b��

�k�i�h�k�h�[�g�h�k�l�b���� �\�d�e�x�q�Z�x�s�_�c�� �k�e�h�`�g�u�_�� �f�g�h�]�h�k�l�m�i�_�g�q�Z�l�u�_�� �f�Z�g�b�i�m�e�y�p�b�b�� �k��

�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h���i�j�_�^�k�l�Z�\�e�_�g�g�h�c���b�g�n�h�j�f�Z�p�b�_�c�����B�g�l�_�j�_�k�g�h�����q�l�h���k�i�h�k�h�[�g�h�k�l�b��

�d�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�c�� �\�b�a�m�Z�e�b�a�Z�p�b�b�� �i�h�e�h�`�b�l�_�e�v�g�h�� �k�\�y�a�Z�g�u�� �k�� �\�u�i�h�e�g�_�g�b�_�f��

�g�Z�m�q�g�u�o�����l�_�o�g�h�e�h�]�b�q�_�k�d�b�o�����b�g�`�_�g�_�j�g�u�o���b���f�Z�l�_�f�Z�l�b�q�_�k�d�b�o���a�Z�^�Z�q���� 

�K�i�h�k�h�[�g�h�k�l�v���d���i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�c���\�b�a�m�Z�e�b�a�Z�p�b�b���_�k�l�v���i�j�_�^�b�d�l�h�j���m�k�i�_�o�Z���\��

�l�_�o�g�b�q�_�k�d�h�f�� �h�[�j�Z�a�h�\�Z�g�b�b���� �j�Z�a�\�b�l�b�_�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�o�� �k�i�h�k�h�[�g�h�k�l�_�c�� �h�q�_�g�v��

�\�Z�`�g�h�� �\�� �b�g�`�_�g�_�j�g�h�c�� �i�h�^�]�h�l�h�\�d�_���� �h�k�h�[�_�g�g�h�� �^�e�y�� �Z�j�o�b�l�_�d�l�h�j�h�\����

�I�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�_�� �f�u�r�e�_�g�b�_�� �h�l�g�h�k�b�l�k�y�� �d�� �m�f�_�g�b�x�� �i�j�_�^�k�l�Z�\�e�y�l�v����

�i�j�_�h�[�j�Z�a�h�\�u�\�Z�l�v���� �]�_�g�_�j�b�j�h�\�Z�l�v�� �b�� �\�k�i�h�f�b�g�Z�l�v�� �k�b�f�\�h�e�b�q�_�k�d�m�x�� �g�_�y�a�u�d�h�\�m�x��

�b�g�n�h�j�f�Z�p�b�x���� 

�K�m�s�_�k�l�\�m�x�l�� �j�Z�a�e�b�q�g�u�_�� �n�Z�d�l�h�j�u���� �\�e�b�y�x�s�b�_�� �g�Z�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�_��

�k�i�h�k�h�[�g�h�k�l�b���� �h�^�g�b�f�� �b�a�� �n�Z�d�l�h�j�h�\���� �y�\�e�y�_�l�k�y�� �i�h�e�� �i�h�e�v�a�h�\�Z�l�_�e�y��- �m�� �f�Z�e�v�q�b�d�h�\��

�[�h�e�_�_�� �\�u�k�h�d�b�_�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�_�� �k�i�h�k�h�[�g�h�k�l�b���� �q�_�f�� �m�� �^�_�\�h�q�_�d���� �<�� �a�Z�^�Z�q�Z�o�� �g�Z��

�f�u�k�e�_�g�g�h�_�� �\�j�Z�s�_�g�b�_�� �f�m�`�q�b�g�u�� �b�f�_�x�l�� �a�g�Z�q�b�l�_�e�v�g�h�_�� �i�j�_�b�f�m�s�_�k�l�\�h�� �\�� �e�x�[�h�f��

�\�h�a�j�Z�k�l�_�� ���E�b�g�g�� �b�� �I�_�l�_�j�k�_�g���� ������������ �I�b�l�q�� �b�� �Y�g�k�_�g���� ������������ �<�h�c�_�j�� �b�� �^�j������ ��������������

�N�Z�d�l�h�j�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�c�� �\�b�a�m�Z�e�b�a�Z�p�b�b�� �l�Z�d�`�_�� �i�h�d�Z�a�u�\�Z�_�l�� �f�m�`�k�d�h�_��

�i�j�_�b�f�m�s�_�k�l�\�h�� 
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�F�h�`�g�h�� �\�u�^�_�e�b�l�v�� �^�\�Z�� �i�h�^�o�h�^�Z�� �d�� �i�h�g�b�f�Z�g�b�x�� �l�h�]�h���� �q�l�h�� �k�� �l�h�q�d�b�� �a�j�_�g�b�y 

�d�h�]�g�b�l�b�\�g�h�]�h�� �n�m�g�d�p�b�h�g�b�j�h�\�Z�g�b�y�� �i�j�_�^�k�l�Z�\�e�y�x�l�� �k�h�[�h�c�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�_��

�k�i�h�k�h�[�g�h�k�l�b ���I�K��. �I�_�j�\�u�c �± �w�l�h �h�i�j�_�^�_�e�b�l�v���I�K���q�_�j�_�a �]�b�[�d�b�c���\�u�[�h�j���k�l�j�Z�l�_�]�b�b��

�f�_�`�^�m���f�_�g�l�Z�e�v�g�u�f�b���h�[�j�Z�a�Z�f�b�����b�e�b�����\���h�[�s�_�f�����f�_�g�l�Z�e�v�g�u�f���f�h�^�_�e�b�j�h�\�Z�g�b�_�f�����b��

�[�h�e�_�_���Z�g�Z�e�b�l�b�q�_�k�d�b�f�b���n�h�j�f�Z�f�b���f�u�r�e�_�g�b�y�����L�Z�d�h�_ �f�_�g�l�Z�e�v�g�h�_���f�h�^�_�e�b�j�h�\�Z�g�b�_��

�y�\�e�y�_�l�k�y���\�Z�`�g�h�c���k�l�j�Z�l�_�]�b�_�c���\���i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�f���f�u�r�e�_�g�b�b, �h�g�h���^�h�i�h�e�g�y�_�l�k�y��

�[�h�e�_�_�� �Z�g�Z�e�b�l�b�q�_�k�d�b�f�b�� �k�l�j�Z�l�_�]�b�y�f�b���� �l�Z�d�b�f�b�� �d�Z�d�� �^�_�d�h�f�i�h�a�b�p�b�y�� �a�Z�^�Z�q�� �b��

�h�[�h�k�g�h�\�Z�g�b�_�� �g�Z�� �h�k�g�h�\�_�� �a�Z�^�Z�g�g�u�o�� �i�j�Z�\�b�e���� �<�l�h�j�u�f���i�h�^�o�h�^�h�f �y�\�e�y�_�l�k�y 

�h�i�j�_�^�_�e�_�g�b�_�� �q�_�j�_�a�� �i�h�g�y�l�b�_ �f�_�l�Z-�j�_�i�j�_�a�_�g�l�Z�l�b�\�g�h�c �d�h�f�i�_�l�_�g�l�g�h�k�l�b���� �d�h�l�h�j�Z�y��

�\�d�e�x�q�Z�_�l���\���k�_�[�y���k�i�h�k�h�[�g�h�k�l�v���\�u�[�b�j�Z�l�v���h�i�l�b�f�Z�e�v�g�h�_���\�g�_�r�g�_�_���i�j�_�^�k�l�Z�\�e�_�g�b�_��

�^�e�y�� �a�Z�^�Z�q�b�� �b�� �i�j�h�^�m�d�l�b�\�g�h�� �b�k�i�h�e�v�a�h�\�Z�l�v�� �g�h�\�u�_�� �\�g�_�r�g�b�_�� �i�j�_�^�k�l�Z�\�e�_�g�b�y����

�B�k�k�e�_�^�h�\�Z�g�b�_���w�l�h�]�h���Z�k�i�_�d�l�Z���I�K���\�u�y�\�e�y�_�l���[�h�e�v�r�b�_���b�g�^�b�\�b�^�m�Z�e�v�g�u�_���j�Z�a�e�b�q�b�y��

�\�� �k�i�h�k�h�[�g�h�k�l�b�� �Z�^�Z�i�l�b�\�g�h�� �\�u�[�b�j�Z�l�v�� �b�� �b�k�i�h�e�v�a�h�\�Z�l�v�� �\�g�_�r�g�b�_�� �\�b�a�m�Z�e�v�g�h-

�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�_���i�j�_�^�k�l�Z�\�e�_�g�b�y���^�e�y���a�Z�^�Z�q�b�����L�Z�d�h�c���i�h�^�o�h�^ �i�j�_�^�i�h�e�Z�]�Z�_�l�����q�l�h��

�f�u���^�h�e�`�g�u���^�m�f�Z�l�v���h�[���b�g�l�_�j�Z�d�l�b�\�g�u�o���\�g�_�r�g�b�o���\�b�a�m�Z�e�b�a�Z�p�b�y�o���g�_���l�h�e�v�d�h���d�Z�d���h��

�k�i�h�k�h�[�Z�o�� �j�Z�k�r�b�j�_�g�b�y�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�]�h�� �b�g�l�_�e�e�_�d�l�Z���� �g�h�� �b�� �j�Z�k�k�f�Z�l�j�b�\�Z�l�v��

�l�b�i�u���b�g�l�_�e�e�_�d�l�Z�����d�h�l�h�j�u�_���l�j�_�[�m�x�l�k�y���^�e�y���b�o���b�k�i�h�e�v�a�h�\�Z�g�b�y�����+�H�J�D�U�W�\���������������� 

�<�� �h�k�g�h�\�_�� �b�^�_�b���b�k�i�h�e�v�a�h�\�Z�g�b�y �<�J �^�e�y�� �b�a�m�q�_�g�b�y�� �I�K�� �e�_�`�Z�l 

�n�m�g�^�Z�f�_�g�l�Z�e�v�g�u�_ �l�_�h�j�_�l�b�q�_�k�d�b�_ �i�Z�j�Z�^�b�]�f�u. �I�j�_�`�^�_���\�k�_�]�h�����d���g�b�f���h�l�g�h�k�b�l�k�y��

�l�_�h�j�b�b���\�h�i�e�h�s�_�g�g�h�]�h���i�h�a�g�Z�g�b�y��(Varela et al., 1991), �i�h�e�m�q�b�\�r�Z�y���k�\�h�z �j�Z�a�\�b�l�b�_ 

�\���b�k�k�e�_�^�h�\�Z�g�b�y�o���R�Z�i�b�j�h (Shapiro et al., 2011). �K�h�]�e�Z�k�g�h���i�h�e�h�`�_�g�b�y�f���^�Z�g�g�h�c��

�l�_�h�j�b�b�� �d�h�]�g�b�l�b�\�g�u�_�� �i�j�h�p�_�k�k�u�� �g�_�j�Z�a�j�u�\�g�h�� �k�\�y�a�Z�g�u�� �k�� �l�_�e�_�k�g�u�f�� �h�i�u�l�h�f�� �b��

�g�_�i�h�k�j�_�^�k�l�\�_�g�g�u�f���k�_�g�k�h�j�g�u�f���\�h�a�^�_�c�k�l�\�b�_�f���k�h���k�l�h�j�h�g�u���h�d�j�m�`�Z�x�s�_�c���k�j�_�^�u. 

�<�J���\���w�l�h�f���h�l�g�h�r�_�g�b�b �i�j�_�^�h�k�l�Z�\�e�y�_�l���m�g�b�d�Z�e�v�g�m�x���\�h�a�f�h�`�g�h�k�l�v���b�a�m�q�Z�l�v���I�K �\��

�d�h�g�l�_�d�k�l�_���Z�d�l�b�\�g�h�]�h���\�a�Z�b�f�h�^�_�c�k�l�\�b�y���k���h�d�j�m�`�Z�x�s�_�c���k�j�_�^�h�c�����q�l�h���k�h�h�l�\�_�l�k�l�\�m�_�l��

�i�j�b�g�p�b�i�Z�f���k�b�l�m�Z�l�b�\�g�h�]�h���i�h�a�g�Z�g�b�y�����k�h�]�e�Z�k�g�h���d�h�l�h�j�u�f���d�h�]�g�b�l�b�\�g�u�_���i�j�h�p�_�k�k�u��

�g�_���f�h�]�m�l���[�u�l�v���Z�^�_�d�\�Z�l�g�h���i�h�g�y�l�u���\�g�_���b�o���_�k�l�_�k�l�\�_�g�g�h�]�h���d�h�g�l�_�d�k�l�Z�����5�R�E�E�L�Q�V���	��

Aydede, 2009). 

�G�Z�� �h�k�g�h�\�_�� �i�j�h�\�_�^�_�g�g�h�]�h�� �l�_�h�j�_�l�b�q�_�k�d�h�]�h�� �Z�g�Z�e�b�a�Z�� �^�Z�g�g�h�c�� �i�j�h�[�e�_�f�g�h�c��

�h�[�e�Z�k�l�b�� �\�� �d�Z�q�_�k�l�\�_�� �h�l�h�[�j�Z�g�g�u�o�� �f�_�l�h�^�b�d �^�e�y�� �h�p�_�g�d�b�� �\�u�j�Z�`�_�g�g�h�k�l�b�� �I�K�� �\�� �<�J 
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�[�u�e�Z�� �\�u�[�j�Z�g�Z�� �[�Z�l�Z�j�_�y���� �i�h�a�\�h�e�y�x�s�Z�y�� �h�p�_�g�b�l�v�� �g�Z�b�[�h�e�_�_�� �i�h�e�g�h�� �\�k�_�� �k�l�h�j�h�g�u��

�j�Z�a�\�b�l�b�y���i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�o���k�i�h�k�h�[�g�h�k�l�_�c�����5�L�P�I�H�O�G���H�W���D�O�������������������\���k�e�_�^�m�x�s�_�f��

�k�h�k�l�Z�\�_�� 

�©�A�Z�i�h�e�g�_�g�b�_�� �i�Z�l�l�_�j�g�Z�ª��- �b�k�i�u�l�m�_�f�u�f�� �g�_�h�[�o�h�^�b�f�h�� �j�Z�k�i�h�e�h�`�b�l�v�� �q�Z�k�l�b��

�h�[�t�_�d�l�Z���l�Z�d�����q�l�h�[�u���i�h�e�m�q�b�e�h�k�v���p�_�e�h�_���h�[�t�_�^�b�g�_�g�b�_�� 

�©�L�_�o�g�b�q�_�k�d�b�_�� �j�Z�k�k�m�`�^�_�g�b�y�ª��- �b�k�i�u�l�m�_�f�u�f�� �g�_�h�[�o�h�^�b�f�h�� �^�Z�\�Z�l�v�� �h�l�\�_�l�u��

�g�Z���\�h�i�j�h�k�u���h���n�b�a�b�q�_�k�d�h�c���i�j�b�j�h�^�_���h�d�j�m�`�Z�x�s�_�]�h���f�b�j�Z�� 

�©�J�Z�a�j�_�a�Z�g�b�_�� �[�m�f�Z�]�b�ª��- �b�k�i�u�l�m�_�f�u�f�� �g�_�h�[�o�h�^�b�f�h�� �m�d�Z�a�Z�l�v�� �g�Z�� �f�_�k�l�Z��

�b�a�h�[�j�Z�`�_�g�b�y�����b�a���d�h�l�h�j�u�o���[�m�^�m�l���m�^�Z�e�_�g�u���q�Z�k�l�b���l�Z�d�����q�l�h���i�h�y�\�y�l�k�y���i�m�k�l�u�_���f�_�k�l�Z�� 

�©�F�u�k�e�_�g�g�h�_�� �\�j�Z�s�_�g�b�_�ª��- �b�k�i�u�l�m�_�f�u�f�� �g�_�h�[�o�h�^�b�f�h�� �i�j�_�^�k�l�Z�\�b�l�v��

�\�j�Z�s�_�g�b�y���j�Z�a�e�b�q�g�u�o���i�j�_�^�t�y�\�e�y�_�f�u�o���h�[�t�_�d�l�h�\���b���\�u�[�j�Z�l�v���h�^�g�h���b�a���g�_�k�d�h�e�v�d�b�o��

�i�j�Z�\�b�e�v�g�u�o���i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�o���i�h�e�h�`�_�g�b�c���h�[�t�_�d�l�Z���i�h�k�e�_���\�j�Z�s�_�g�b�y�� 

 �<���o�h�^�_���w�f�i�b�j�b�q�_�k�d�b�o���j�Z�[�h�l���^�h�i�h�e�g�b�l�_�e�v�g�h���d���m�`�_���k�m�s�_�k�l�\�m�x�s�_�c���k�j�_�^�_��

�\�b�j�l�m�Z�e�v�g�h�c�� �j�_�Z�e�v�g�h�k�l�b�� �©�H�i�l�h�d�b�g�_�l�b�q�_�k�d�b�c�� �[�Z�j�Z�[�Z�g�ª�� �[�u�e�b�� �j�Z�a�j�Z�[�h�l�Z�g�u�� �b��

�k�h�a�^�Z�g�u �©�=�h�j�h�^�k�d�Z�y���i�e�h�s�Z�^�v�ª �± �\�b�j�l�m�Z�e�v�g�h�_���i�j�h�k�l�j�Z�g�k�l�\�h�����b�e�e�x�k�l�j�b�j�m�x�s�_�_��

�g�Z�o�h�`�^�_�g�b�_�� �i�h�e�v�a�h�\�Z�l�_�e�y�� �\�� �p�_�g�l�j�_�� �i�e�h�s�Z�^�b���� �h�d�j�m�`�_�g�g�h�c�� �i�h�k�l�j�h�c�d�Z�f�b��

�\�u�k�h�l�h�c�� �g�_�� �[�h�e�_�_�� ��-�o�� �w�l�Z�`�_�c���� �©�E�Z�[�b�j�b�g�l�u�ª��- �\�k�_�]�h�� �[�u�e�h�� �b�a�]�h�l�h�\�e�_�g�h�� ����

�\�Z�j�b�Z�g�l�Z�� �l�Z�d�b�o�� �e�Z�[�b�j�b�g�l�h�\���� �d�h�l�h�j�u�_�� �j�Z�a�e�b�q�Z�e�b�k�v�� �f�_�`�^�m�� �k�h�[�h�c���d�h�e�b�q�_�k�l�\�h�f��

�i�h�\�h�j�h�l�h�\���± �������� ������ �b�� ������ �i�h�\�h�j�h�l�h�\���� �©�<�b�j�l�m�Z�e�v�g�u�c�� �d�m�[�ª��- �\�b�j�l�m�Z�e�v�g�h�_��

�i�j�h�k�l�j�Z�g�k�l�\�h���d�\�Z�^�j�Z�l�g�h�c���n�h�j�f�u���k���^�e�b�g�h�c���k�l�h�j�h�g�u���\���������f�����\���p�_�g�l�j�_���d�h�l�h�j�h�]�h��

�j�Z�k�i�h�e�Z�]�Z�e�k�y���\�b�j�l�m�Z�e�v�g�u�c���d�m�[���k���^�e�b�g�h�c���k�l�h�j�h�g�u���\�����������f�����K�l�_�g�u���b���i�h�e���[�u�e�b��

�h�d�j�Z�r�_�g�u�� �\�� �l�h�g�Z�� �l�_�f�g�u�o�� �h�l�l�_�g�d�h�\�� �g�_�� �i�j�b�\�e�_�d�Z�x�s�b�o�� �^�h�i�h�e�g�b�l�_�e�v�g�h�_��

�\�g�b�f�Z�g�b�_�����I�j�b���\�d�e�x�q�_�g�b�b���k�j�_�^�u���\�b�j�l�m�Z�e�v�g�h�c���j�_�Z�e�v�g�h�k�l�b���b�k�i�u�l�m�_�f�h�f�m���g�Z��������

�k�� �^�_�f�h�g�k�l�j�b�j�h�\�Z�e�b�� �i�h�e�h�`�_�g�b�_�� �d�m�[�Z�� �\�� �h�^�g�h�c�� �b�a�� �q�Z�k�l�_�c�� �\�b�j�l�m�Z�e�v�g�h�]�h��

�i�j�h�k�l�j�Z�g�k�l�\�Z���± �\�� �h�^�g�h�f�� �b�a�� �m�]�e�h�\���� �D�m�[�� �f�h�]�� �[�u�l�v�� �j�Z�k�i�h�e�h�`�_�g�� �\�� �h�^�g�h�c�� �b�a��

�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�o���i�h�a�b�p�b�c���± �g�Z���h�^�g�h�c���b�a���]�j�Z�g�_�c�����i�Z�j�Z�e�e�_�e�v�g�h�c���i�h�\�_�j�o�g�h�k�l�b��

�i�h�e�Z�����g�Z���h�^�g�h�f���b�a���j�_�[�_�j�����i�Z�j�Z�e�e�_�e�v�g�h�f���i�h�\�_�j�o�g�h�k�l�b���i�h�e�Z�����g�Z���\�_�j�r�b�g�_���h�^�g�h�]�h��

�b�a�� �m�]�e�h�\�� �>�Z�e�_�_�� �[�u�e�Z�� �j�Z�a�j�Z�[�h�l�Z�g�� �b�� �j�_�Z�e�b�a�h�\�Z�g�� �i�y�l�u�c�� �\�Z�j�b�Z�g�l�� �k�j�_�^�u��

�\�b�j�l�m�Z�e�v�g�h�c�� �j�_�Z�e�v�g�h�k�l�b���� �b�k�i�u�l�m�_�f�u�f�� �\�� �r�e�_�f�_�� �\�b�j�l�m�Z�e�v�g�h�c�� �j�_�Z�e�v�g�h�k�l�b��

�i�j�_�^�e�Z�]�Z�e�h�k�v�� �\�u�i�h�e�g�y�l�v�� �k�_�j�b�x�� �a�Z�^�Z�g�b�c�� �g�Z�� �f�_�g�l�Z�e�v�g�h�_�� �\�j�Z�s�_�g�b�_�� �r�_�k�l�b��
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�h�[�t�_�f�g�u�o���n�b�]�m�j�����h�[�t�_�^�b�g�_�g�g�u�o���\���]�j�m�i�i�m�����K�j�_�^�Z���i�j�_�^�k�l�Z�\�e�y�e�Z���k�h�[�h�c���d�h�f�g�Z�l�m��

�k�� �g�_�c�l�j�Z�e�v�g�u�f�� �h�d�j�m�`�_�g�b�_�f���� �B�k�i�u�l�m�_�f�u�c�� �h�^�_�\�Z�e�� �r�e�_�f�� �\�b�j�l�m�Z�e�v�g�h�c��

�j�_�Z�e�v�g�h�k�l�b�� �b�� �i�_�j�_�^�� �k�h�[�h�c�� �\�b�^�_�e�� ���� �l�m�f�[���� �g�Z�� �d�Z�`�^�h�c�� �b�a�� �d�h�l�h�j�u�o�� �[�u�e�b��

�j�Z�k�i�h�e�h�`�_�g�u�� �\�� �j�Z�a�g�h�f�� �i�h�j�y�^�d�_�� ���� �j�Z�a�g�h�p�\�_�l�g�u�o�� �h�[�t�_�f�g�u�o�� �]�_�h�f�_�l�j�b�q�_�k�d�b�o��

�n�b�]�m�j�����H�^�g�Z���l�m�f�[�Z���j�Z�k�i�h�e�Z�]�Z�e�Z�k�v���\�i�_�j�_�^�b���b���q�_�l�u�j�_���\���j�y�^���i�h�a�Z�^�b���g�_�_�����I�_�j�\�Z�y��

�l�m�f�[�Z���± �w�l�h���k�l�b�f�m�e-�w�l�Z�e�h�g�����d�h�l�h�j�u�c���g�m�`�g�h���i�h�\�_�j�g�m�l�v���g�Z���a�Z�^�Z�g�g�h�_���d�h�e�b�q�_�k�l�\�h��

�]�j�Z�^�m�k�h�\���± �����������������\�e�_�\�h���b�e�b���������\�i�j�Z�\�h�� 

�K�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �j�Z�a�j�Z�[�h�l�Z�g�g�u�o�� �\�j�Z�s�Z�x�s�b�o�k�y�� �k�j�_�^�� �\�b�j�l�m�Z�e�v�g�h�c��

�j�_�Z�e�v�g�h�k�l�b�� �[�u�e�� �i�j�h�\�_�^�z�g�� �p�b�d�e�� �w�d�k�i�_�j�b�f�_�g�l�h�\�� �i�h�� �b�a�m�q�_�g�b�x�� �\�u�j�Z�`�_�g�g�h�k�l�b��

�k�b�f�m�e�y�l�h�j�g�h�]�h�� �j�Z�k�k�l�j�h�c�k�l�\�Z�� �b�� �b�e�e�x�a�b�b�� �^�\�b�`�_�g�b�y�� �k�h�[�k�l�\�_�g�g�h�]�h�� �l�_�e�Z�� �k��

�b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �j�Z�a�j�Z�[�h�l�Z�g�g�u�o�� �k�j�_�^�� �\�b�j�l�m�Z�e�v�g�h�c�� �j�_�Z�e�v�g�h�k�l�b�� �i�j�b�� �m�q�Z�k�l�b�b��

�b�k�i�u�l�m�_�f�u�o���b�a���h�[�k�e�_�^�h�\�Z�g�g�h�c���\�u�[�h�j�d�b���k���\�u�k�h�d�b�f�b���b���g�b�a�d�b�f�b���i�h�d�Z�a�Z�l�_�e�y�f�b��

�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�o�� �k�i�h�k�h�[�g�h�k�l�_�c�� �K�j�_�^�u�� �\�b�j�l�m�Z�e�v�g�h�c�� �j�_�Z�e�v�g�h�k�l�b��

�i�j�_�^�t�y�\�e�y�e�b�k�v�� �k�� �i�h�f�h�s�v�x�� �k�b�k�l�_�f�u�� �+�7�&�� �9�,�9�(�� �3�U�R�� �(�\�H���� �i�h�a�\�h�e�y�x�s�_�c��

�h�k�m�s�_�k�l�\�e�y�l�v���j�_�]�b�k�l�j�Z�p�b�x���^�\�b�`�_�g�b�c���]�e�Z�a���\�h���\�j�_�f�y���g�Z�[�e�x�^�_�g�b�y���\�b�j�l�m�Z�e�v�g�h�c��

�k�p�_�g�u�� 

�<�g�Z�q�Z�e�_�� �k�� �m�q�Z�k�l�b�_�f�� ������ �b�k�i�u�l�m�_�f�u�o�� �[�u�e�� �i�j�h�\�_�^�z�g�� �i�j�_�^�\�Z�j�b�l�_�e�v�g�u�c��

�w�d�k�i�_�j�b�f�_�g�l�����H�k�g�h�\�g�u�f�� �j�_�a�m�e�v�l�Z�l�h�f���� �y�\�e�y�_�l�k�y�� �l�h���� �q�l�h�� �[�u�e�h�� �h�[�g�Z�j�m�`�_�g�h��

�h�l�k�m�l�k�l�\�b�_�� �a�g�Z�q�b�f�u�o�� �j�Z�a�e�b�q�b�c�� �f�_�`�^�m�� �]�j�m�i�i�Z�f�b�� �k�� �\�u�k�h�d�h�c�� �b�� �g�b�a�d�h�c��

�\�u�j�Z�`�_�g�g�h�k�l�v�x�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�o�� �k�i�h�k�h�[�g�h�k�l�_�c�� �i�h�� �i�Z�j�Z�f�_�l�j�Z�f��

�b�g�l�_�g�k�b�\�g�h�k�l�b�� �b�e�e�x�a�b�b�� �^�\�b�`�_�g�b�y�� �k�h�[�k�l�\�_�g�g�h�]�h�� �l�_�e�Z�� �b�� �k�b�f�i�l�h�f�h�\��

�k�b�f�m�e�y�l�h�j�g�h�]�h�� �j�Z�k�k�l�j�h�c�k�l�\�Z. �I�j�b�� �w�l�h�f���� �[�u�e�h�� �m�k�l�Z�g�h�\�e�_�g�h���� �q�l�h�� �]�j�m�i�i�Z�� �k��

�\�u�k�h�d�b�f�� �m�j�h�\�g�_�f�� �j�Z�a�\�b�l�b�y�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�o�� �k�i�h�k�h�[�g�h�k�l�_�c�� �i�j�b�� �k�d�h�j�h�k�l�b��

�\�j�Z�s�_�g�b�y�� �\�b�j�l�m�Z�e�v�g�h�c�� �k�j�_�^�u�� �\�� ������ �m�]�e���� �]�j�Z�^���k�� �h�[�e�Z�^�Z�e�Z�� �f�_�g�v�r�_�c��

�^�e�b�l�_�e�v�g�h�k�l�v�x���f�_�^�e�_�g�g�u�o���n�Z�a���g�b�k�l�Z�]�f�Z�����\���k�j�Z�\�g�_�g�b�b���k���b�k�i�u�l�m�_�f�u�f�b���^�j�m�]�h�c��

�]�j�m�i�i�u�����I�j�b�q�z�f���[�u�e�b���h�[�g�Z�j�m�`�_�g�u���l�Z�d�`�_���a�g�Z�q�b�f�u�_���j�Z�a�e�b�q�b�y���f�_�`�^�m���]�j�m�i�i�Z�f�b��

�^�e�y�� �^�Z�g�g�h�c�� �k�d�h�j�h�k�l�b�� �\�j�Z�s�_�g�b�y�� �\�� �a�Z�\�b�k�b�f�h�k�l�b�� �h�l�� �l�b�i�Z�� �\�b�j�l�m�Z�e�v�g�h�c�� �k�j�_�^�u����

�H�d�Z�a�Z�e�h�k�v���� �q�l�h�� �i�j�b�� �g�Z�[�e�x�^�_�g�b�b�� �\�j�Z�s�_�g�b�y�� �]�h�j�h�^�k�d�h�c�� �i�e�h�s�Z�^�b�� �a�Z�^�_�j�`�d�Z��

�^�e�b�l�_�e�v�g�h�k�l�b�� �f�_�^�e�_�g�g�u�o�� �n�Z�a�� �g�b�k�l�Z�]�f�Z�� �m�� �]�j�m�i�i�u�� �k�� �g�b�a�d�b�f�� �m�j�h�\�g�_�f��

�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�o�� �k�i�h�k�h�[�g�h�k�l�_�c�� �\�u�j�Z�`�_�g�Z�� �_�s�z�� �[�h�e�v�r�_���� �>�Z�g�g�u�c�� �j�_�a�m�e�v�l�Z�l��
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�i�j�_�^�k�l�Z�\�e�y�_�l�k�y�� �d�j�Z�c�g�_�� �\�Z�`�g�u�f���� �i�h�k�d�h�e�v�d�m�� �h�g�� �^�_�f�h�g�k�l�j�b�j�m�_�l�� �y�\�g�h�_�� �g�Z�e�b�q�b�_��

�k�\�y�a�b���f�_�`�^�m�� �j�_�a�m�e�v�l�Z�l�h�f�� �l�_�k�l�h�\�h�c�� �h�p�_�g�d�b�� �m�j�h�\�g�y�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�o��

�k�i�h�k�h�[�g�h�k�l�_�c�� �b�� �h�[�t�_�d�l�b�\�g�u�f�� �i�h�\�_�^�_�g�q�_�k�d�b�f�� �i�h�d�Z�a�Z�l�_�e�_�f�� �m�k�i�_�r�g�h�k�l�b��

�g�Z�o�h�`�^�_�g�b�y�� �\�� �\�b�j�l�m�Z�e�v�g�h�c�� �k�j�_�^�_�� �\�� �\�b�^�_�� �i�Z�j�Z�f�_�l�j�h�\�� �]�e�Z�a�h�^�\�b�]�Z�l�_�e�v�g�h�c��

�Z�d�l�b�\�g�h�k�l�b���� �L�h�l�� �n�Z�d�l���� �q�l�h�� �j�Z�a�e�b�q�b�y�� �h�[�g�Z�j�m�`�_�g�u�� �e�b�r�v�� �i�j�b�� �g�Z�b�[�h�e�v�r�_�c��

�k�d�h�j�h�k�l�b�� �\�j�Z�s�_�g�b�y�� �k�l�b�f�m�e�Z�� �b�� �a�Z�\�b�k�y�l�� �h�l�� �l�b�i�Z�� �g�Z�[�e�x�^�Z�_�f�h�c�� �\�b�j�l�m�Z�e�v�g�h�c��

�k�j�_�^�u, �k�\�b�^�_�l�_�e�v�k�l�\�m�_�l�� �h�� �l�h�f���� �q�l�h�� �i�j�_�^�i�h�e�Z�]�Z�_�f�u�_�� �h�[�s�b�_�� �f�_�o�Z�g�b�a�f�u��

�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�c�� �n�m�g�d�p�b�b�� �q�_�e�h�\�_�d�Z�� �f�h�]�m�l�� �h�[�_�k�i�_�q�b�\�Z�l�v�� �b�� �m�k�i�_�r�g�h�k�l�v��

�\�u�i�h�e�g�_�g�b�y�� �l�_�k�l�h�\�u�o�� �a�Z�^�Z�g�b�c�� �g�Z�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�_�� �k�i�h�k�h�[�g�h�k�l�b���� �b��

�m�k�i�_�r�g�h�k�l�v���i�h�^�^�_�j�`�Z�g�b�y���m�k�l�h�c�q�b�\�h�k�l�b���h�i�j�_�^�_�e�_�g�b�y���i�h�e�h�`�_�g�b�y���b���h�j�b�_�g�l�Z�p�b�b��

�l�_�e�Z���q�_�e�h�\�_�d�Z���\���i�j�h�k�l�j�Z�g�k�l�\�_���\���m�k�e�h�\�b�y�o���b�g�l�_�g�k�b�\�g�h�]�h���\�h�a�^�_�c�k�l�\�b�y���g�Z���j�Z�[�h�l�m��

�w�l�h�c���k�b�k�l�_�f�u�� 

�<�� �j�_�a�m�e�v�l�Z�l�_�� �i�j�h�\�_�^�_�g�b�y�� �w�d�k�i�_�j�b�f�_�g�l�Z�� �i�h�� �b�k�i�h�e�v�a�h�\�Z�g�b�x��

�]�e�Z�a�h�^�\�b�]�Z�l�_�e�v�g�u�o���i�Z�j�Z�f�_�l�j�h�\���\���d�Z�q�_�k�l�\�_���i�h�d�Z�a�Z�l�_�e�y���m�k�i�_�r�g�h�k�l�b���\�u�i�h�e�g�_�g�b�y��

�^�_�y�l�_�e�v�g�h�k�l�b�� �\�� �\�b�j�l�m�Z�e�v�g�h�c�� �k�j�_�^�_�� �[�u�e�Z�� �i�j�h�\�_�j�_�g�Z�� �]�b�i�h�l�_�a�Z�� �h�� �l�h�f���� �q�l�h��

�b�k�i�u�l�m�_�f�u�_�� �k�� �[�h�e�_�_�� �\�u�k�h�d�b�f�� �m�j�h�\�g�_�f�� �j�Z�a�\�b�l�b�y�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�o��

�k�i�h�k�h�[�g�h�k�l�_�c�� �[�m�^�m�l�� �[�h�e�_�_�� �w�n�n�_�d�l�b�\�g�u�� �\�� �j�_�r�_�g�b�b�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�c��

�l�j�_�o�f�_�j�g�h�c�� �a�Z�^�Z�q�b�� �\�� �\�b�j�l�m�Z�e�v�g�h�c�� �j�_�Z�e�v�g�h�k�l�b���� �q�l�h�� �g�Z�c�^�_�l�� �h�l�j�Z�`�_�g�b�_�� �\��

�i�Z�j�Z�f�_�l�j�Z�o���^�\�b�`�_�g�b�c���]�e�Z�a���b���h�k�h�[�_�g�g�h�k�l�y�o���i�j�h�l�_�d�Z�g�b�y���f�h�a�]�h�\�h�c���Z�d�l�b�\�g�h�k�l�b����

�>�e�y�� �i�j�h�\�_�j�d�b�� �w�l�h�c�� �]�b�i�h�l�_�a�u�� �^�e�y�� �d�Z�`�^�h�]�h�� �b�k�i�u�l�m�_�f�h�]�h�� �[�u�e�b�� �j�Z�k�k�q�b�l�Z�g�u��

�k�j�_�^�g�b�_�� �a�g�Z�q�_�g�b�y�� �l�h�q�g�h�k�l�b�� �\�u�i�h�e�g�_�g�b�y�� �a�Z�^�Z�q�b�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�]�h��

�j�Z�a�f�_�s�_�g�b�y�� �d�m�[�Z�� �\�j�_�f�_�g�b�� �\�u�i�h�e�g�_�g�b�y�� �a�Z�^�Z�q�b���� �h�l�g�h�r�_�g�b�y�� �j�_�Z�e�v�g�h�c��

�l�j�Z�_�d�l�h�j�b�b�� �\�a�h�j�Z�� �d�� �b�^�_�Z�e�v�g�h�c�� �b�� �f�h�s�g�h�k�l�b�� �[�_�l�Z-�j�b�l�f�Z���� �J�_�a�m�e�v�l�Z�l�u�� �^�Z�g�g�h�]�h��

�w�d�k�i�_�j�b�f�_�g�l�Z�� �h�[�g�Z�j�m�`�b�e�b�� �a�g�Z�q�b�f�m�x�� �d�h�j�j�_�e�y�p�b�x�� ���U� �������������� �S���������������� �f�_�`�^�m��

�k�j�_�^�g�_�c�� �f�h�s�g�h�k�l�v�x�� �[�_�l�Z-�j�b�l�f�Z�� �b�� �m�j�h�\�g�_�f�� �j�Z�a�\�b�l�b�y�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�o��

�k�i�h�k�h�[�g�h�k�l�_�c���b�k�i�u�l�m�_�f�u�o�����q�l�h���f�h�`�_�l���k�\�b�^�_�l�_�e�v�k�l�\�h�\�Z�l�v���h���[�h�e�v�r�b�o���a�Z�l�j�Z�l�Z�o��

�b�k�i�u�l�m�_�f�u�f�b�� �k�� �\�u�k�h�d�b�f�� �m�j�h�\�g�_�f�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�o�� �k�i�h�k�h�[�g�h�k�l�_�c��

�m�f�k�l�\�_�g�g�u�o���j�_�k�m�j�k�h�\���^�e�y���j�_�r�_�g�b�y���i�h�k�l�Z�\�e�_�g�g�h�c���a�Z�^�Z�q�b�� 

�A�Z�^�Z�q�Z�� �^�Z�g�g�h�]�h�� �b�k�k�e�_�^�h�\�Z�g�b�y���� �i�j�h�\�_�^�z�g�g�h�]�h�� �k�h�\�f�_�k�l�g�h�� �k�� �F�Z�e�u�r�_�\�h�c��

�B���G���� �a�Z�d�e�x�q�Z�_�l�k�y�� �\�� �l�h�f���� �q�l�h�[�u�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�� �m�k�l�Z�g�h�\�b�l�v�� �\�_�j�g�h�� �e�b�� �w�l�h��
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�i�j�_�^�i�h�e�h�`�_�g�b�_���� �p�_�e�_�k�h�h�[�j�Z�a�g�h�� �e�b�� �b�� �g�Z�k�d�h�e�v�d�h�� �w�n�n�_�d�l�b�\�g�h�� �b�k�i�h�e�v�a�h�\�Z�g�b�_��

�\�b�j�l�m�Z�e�v�g�h�c�� �j�_�Z�e�v�g�h�k�l�b�� �^�e�y�� �l�_�k�l�b�j�h�\�Z�g�b�y�� �m�j�h�\�g�y�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�o��

�k�i�h�k�h�[�g�h�k�l�_�c�� �q�_�e�h�\�_�d�Z���� �g�Z�k�d�h�e�v�d�h�� �^�_�c�k�l�\�_�g�g�h�� �i�j�b�f�_�g�_�g�b�_�� �\�b�j�l�m�Z�e�v�g�h�c��

�j�_�Z�e�v�g�h�k�l�b�� �^�e�y�� �j�Z�a�\�b�l�b�y�� �l�Z�d�b�o�� �k�i�h�k�h�[�g�h�k�l�_�c�� �m�� �q�_�e�h�\�_�d�Z�� �i�h�� �k�j�Z�\�g�_�g�b�x�� �k��

�b�k�i�h�e�v�a�h�\�Z�g�b�_�f���^�e�y���Z�g�Z�e�h�]�b�q�g�u�o���p�_�e�_�c���^�\�m�o�f�_�j�g�u�o���i�e�Z�l�n�h�j�f�� 

�B�k�k�e�_�^�h�\�Z�g�b�_���i�j�h�o�h�^�b�e�h���\���^�\�Z���w�l�Z�i�Z�� 

�G�Z���i�_�j�\�h�f�� �w�l�Z�i�_�� �m�q�Z�k�l�\�h�\�Z�e�b�������� �b�k�i�u�l�m�_�f�u�o�����k�j�_�^�g�b�c�� �\�h�a�j�Z�k�l�������� �]�h�^����

������ �f�m�`�q�b�g���� ������ �`�_�g�s�b�g������ �k�l�m�^�_�g�l�u�� �n�Z�d�m�e�v�l�_�l�Z�� �i�k�b�o�h�e�h�]�b�b�� �F�=�M�� �b�� �k�l�m�^�_�g�l�u��

�G�L�M���F�B�K�B�K�����<�k�_���b�k�i�u�l�m�_�f�u�_���b�f�_�e�b���g�h�j�f�Z�e�v�g�h�_���b�e�b���k�d�h�j�j�_�d�l�b�j�h�\�Z�g�g�h�_���^�h��

�g�h�j�f�Z�e�v�g�h�]�h���a�j�_�g�b�_���b���[�u�e�b���i�j�Z�\�r�Z�f�b�����B�k�i�u�l�m�_�f�u�_���[�u�e�b���i�j�h�b�g�n�h�j�f�b�j�h�\�Z�g�u��

�h�[���m�k�e�h�\�b�y�o���w�d�k�i�_�j�b�f�_�g�l�Z�� 

�>�e�y�� �i�j�h�\�_�^�_�g�b�y�� �w�d�k�i�_�j�b�f�_�g�l�Z�� �\�� �l�j�_�o�f�_�j�g�h�c�� �k�j�_�^�_�� �p�_�e�_�g�Z�i�j�Z�\�e�_�g�g�h��

�[�u�e�Z�� �k�h�a�^�Z�g�Z�� �\�b�j�l�m�Z�e�v�g�Z�y�� �k�j�_�^�Z���� �\�� �d�h�l�h�j�h�c�� �b�k�i�u�l�m�_�f�u�f���\�� �m�k�e�h�\�b�y�o���<�J��

�i�j�_�^�e�Z�]�Z�e�h�k�v�� �\�u�i�h�e�g�y�l�v�� �k�_�j�b�x�� �a�Z�^�Z�g�b�c�� �g�Z�� �f�_�g�l�Z�e�v�g�h�_�� �\�j�Z�s�_�g�b�_�� �r�_�k�l�b��

�h�[�t�_�f�g�u�o���n�b�]�m�j�����h�[�t�_�^�b�g�_�g�g�u�o���\���]�j�m�i�i�m�����O�Z�j�Z�d�l�_�j�b�k�l�b�d�b���h�[�h�j�m�^�h�\�Z�g�b�y���<�J����

�j�Z�a�j�_�r�_�g�b�_���w�d�j�Z�g�h�\�����������[�������������q�Z�k�l�h�l�Z���h�[�g�h�\�e�_�g�b�y���������=�p�����r�b�j�b�g�Z���m�]�e�Z���h�[�a�h�j�Z��

���������]�j�Z�^�m�k�h�\�����\�_�k�����������]���� 

�K�j�_�^�Z�� �i�j�_�^�k�l�Z�\�e�y�e�Z�� �k�h�[�h�c�� �d�h�f�g�Z�l�m�� �k�� �g�_�c�l�j�Z�e�v�g�u�f�� �h�d�j�m�`�_�g�b�_�f�� 

�B�k�i�u�l�m�_�f�u�c�� �h�^�_�\�Z�e�� �h�q�d�b�� �<�J�� �b�� �i�_�j�_�^�� �k�h�[�h�c�� �\�b�^�_�e�� ���� �l�m�f�[���� �g�Z�� �d�Z�`�^�h�c�� �b�a��

�d�h�l�h�j�u�o�� �j�Z�k�i�h�e�h�`�_�g�u�� �\�� �j�Z�a�g�h�f�� �i�h�j�y�^�d�_�� �i�h�� ���� �j�Z�a�g�h�p�\�_�l�g�u�o�� �h�[�t�_�f�g�u�o��

�]�_�h�f�_�l�j�b�q�_�k�d�b�o���n�b�]�m�j�����H�^�g�Z���l�m�f�[�Z���\�i�_�j�_�^�b���b���q�_�l�u�j�_���\���j�y�^���i�h�a�Z�^�b���g�_�_�����I�_�j�\�Z�y��

�l�m�f�[�Z���± �w�l�h�� �k�l�b�f�m�e���� �d�h�l�h�j�u�c�� �g�m�`�g�h�� �i�h�\�_�j�g�m�l�v�� �g�Z�� �a�Z�^�Z�g�g�h�_�� �d�h�e�b�q�_�k�l�\�h��

�]�j�Z�^�m�k�h�\���± �����������������\�e�_�\�h���b�e�b���������\�i�j�Z�\�h�����P�b�n�j�Z���b���k�l�j�_�e�d�Z���j�Z�k�i�h�e�h�`�_�g�u���k�\�_�j�o�m����

�I�h�\�_�j�g�m�\���\���m�f�_���h�[�t�_�d�l�u���g�Z���i�_�j�_�^�g�_�c���l�m�f�[�_�����g�m�`�g�h���m�d�Z�a�Z�l�v���n�e�Z�c�k�l�b�d�h�f���g�Z���l�m��

�l�m�f�[�m���� �h�[�t�_�d�l�u�� �g�Z�� �d�h�l�h�j�h�c�� �k�h�h�l�\�_�l�k�l�\�m�x�l�� �a�Z�^�Z�g�g�h�f�m�� �i�h�\�h�j�h�l�m���� �?�k�e�b��

�i�j�Z�\�b�e�v�g�h�����l�h���l�m�f�[�Z���h�d�j�Z�k�b�l�k�y���\���a�_�e�_�g�u�c���p�\�_�l�����Z���_�k�e�b���g�_�\�_�j�g�h�����l�h���\���d�j�Z�k�g�u�c�� 

  �>�e�y�� �i�j�h�\�_�^�_�g�b�y�� �w�d�k�i�_�j�b�f�_�g�l�Z�� �\�� �^�\�m�f�_�j�g�h�c�� �k�j�_�^�_�� �b�k�i�h�e�v�a�h�\�Z�e�Z�k�v��

�h�g�e�Z�c�g-�[�Z�l�Z�j�_�y���©�.�L�Q�J�¶�V���&�K�D�O�O�H�Q�J�H�ª�����k�h�k�l�h�y�s�Z�y���b�a���������k�m�[�l�_�k�l�h�\�����h�[�t�_�^�b�g�_�g�g�u�o��

�\�� ���� �k�f�u�k�e�h�\�u�o�� �[�e�h�d�Z���� �h�p�_�g�b�\�Z�x�s�Z�y�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�_�� �k�i�h�k�h�[�g�h�k�l�b���� �L�_�k�l��

�i�j�h�\�h�^�b�e�k�y���g�Z���p�b�n�j�h�\�h�c���h�g�e�Z�c�g���i�e�Z�l�n�h�j�f�_���'�L�J�L�W�D�O�3�V�\�7�R�R�O�V:  
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1. �B�k�i�u�l�m�_�f�u�_ �a�Z�i�h�e�g�y�x�l�� �w�e�_�d�l�j�h�g�g�m�x�� �Z�g�d�_�l�m���h�g�e�Z�c�g-�[�Z�l�Z�j�_�b�� �.�L�Q�J�¶�V��

Challenge. 

2. �B�k�i�u�l�m�_�f�u�_���\ �<�J���\�u�i�h�e�g�y�x�l���k�_�j�b�x���a�Z�^�Z�g�b�c���g�Z���f�_�g�l�Z�e�v�g�h�_���\�j�Z�s�_�g�b�_��

�r�_�k�l�b�� �h�[�t�_�f�g�u�o�� �n�b�]�m�j���� �h�[�t�_�^�b�g�_�g�g�u�o�� �\�� �]�j�m�i�i�m�����K�e�m�q�Z�c�g�h�� �i�j�_�^�t�y�\�e�y�e�b�k�v 

�a�Z�^�Z�g�b�y���g�Z���\�j�Z�s�_�g�b�_���g�Z�����������b�e�b���������]�j�Z�^�m�k�h�\�����D�h�e�b�q�_�k�l�\�h���i�j�h�[���\�Z�j�v�b�j�m�_�l�k�y���h�l��

�������^�h�����������<�j�_�f�y���g�Z���i�j�b�g�y�l�b�_���j�_�r�_�g�b�y���g�_���h�]�j�Z�g�b�q�b�\�Z�_�l�k�y���� 

3. �B�k�i�u�l�m�_�f�u�_�� �\�u�i�h�e�g�y�x�l�� �k�_�j�b�x�� �a�Z�^�Z�g�b�c�� �h�g�e�Z�c�g-�[�Z�l�Z�j�_�b�� �©�.�L�Q�J�¶�V��

Challen�J�H�ª�� 

�± �©�A�Z�i�h�e�g�_�g�b�_�� �i�Z�l�l�_�j�g�Z�ª���± �b�k�i�u�l�m�_�f�u�f�� �g�_�h�[�o�h�^�b�f�h�� �j�Z�k�i�h�e�h�`�b�l�v�� �q�Z�k�l�b��

�h�[�t�_�d�l�Z���l�Z�d�����q�l�h�[�u���i�h�e�m�q�b�e�h�k�v���p�_�e�h�_���h�[�t�_�^�b�g�_�g�b�_�����<���k�_�j�b�b���������a�Z�^�Z�g�b�c�����G�Z��

�\�u�i�h�e�g�_�g�b�_���d�Z�`�^�h�]�h���a�Z�^�Z�g�b�y���^�Z�_�l�k�y���������k�_�d�m�g�^�� 

�± �©�L�_�o�g�b�q�_�k�d�b�_�� �j�Z�k�k�m�`�^�_�g�b�y�ª���± �b�k�i�u�l�m�_�f�u�f�� �g�_�h�[�o�h�^�b�f�h�� �^�Z�\�Z�l�v�� �h�l�\�_�l�u�� �g�Z 

�\�h�i�j�h�k�u���h���n�b�a�b�q�_�k�d�h�c���i�j�b�j�h�^�_���h�d�j�m�`�Z�x�s�_�]�h���f�b�j�Z�����<���k�_�j�b�b���������a�Z�^�Z�g�b�c�����G�Z��

�\�u�i�h�e�g�_�g�b�_���d�Z�`�^�h�]�h���a�Z�^�Z�g�b�y���^�Z�_�l�k�y���������k�_�d�m�g�^�� 

�± �©�J�Z�a�j�_�a�Z�g�b�_�� �[�m�f�Z�]�b�ª���± �b�k�i�u�l�m�_�f�u�f�� �g�_�h�[�o�h�^�b�f�h�� �m�d�Z�a�Z�l�v�� �g�Z�� �f�_�k�l�Z��

�b�a�h�[�j�Z�`�_�g�b�y���� �b�a�� �d�h�l�h�j�u�o�� �[�m�^�m�l�� �m�^�Z�e�_�g�u�� �q�Z�k�l�b�� �l�Z�d���� �q�l�h�� �i�h�y�\�y�l�k�y�� �i�m�k�l�u�_��

�f�_�k�l�Z���� �< �k�_�j�b�b�� ������ �a�Z�^�Z�g�b�c���� �G�Z�� �\�u�i�h�e�g�_�g�b�_�� �d�Z�`�^�h�]�h�� �a�Z�^�Z�g�b�y�� �^�Z�_�l�k�y�� ������

�k�_�d�m�g�^�� 

�± �©�F�u�k�e�_�g�g�h�_�� �\�j�Z�s�_�g�b�_�ª���± �b�k�i�u�l�m�_�f�u�f�� �g�_�h�[�o�h�^�b�f�h�� �i�j�_�^�k�l�Z�\�b�l�v�� �\�j�Z�s�_�g�b�y��

�j�Z�a�e�b�q�g�u�o�� �i�j�_�^�t�y�\�e�y�_�f�u�o�� �h�[�t�_�d�l�h�\�� �b�� �\�u�[�j�Z�l�v�� �h�^�g�h�� �b�a�� �g�_�k�d�h�e�v�d�b�o��

�i�j�Z�\�b�e�v�g�u�o�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�o�� �i�h�e�h�`�_�g�b�c�� �h�[�t�_�d�l�Z�� �i�h�k�e�_�� �\�j�Z�s�_�g�b�y���� �<��

�k�_�j�b�b���������a�Z�^�Z�g�b�c�����G�Z���\�u�i�h�e�g�_�g�b�_���d�Z�`�^�h�]�h���a�Z�^�Z�g�b�y���^�Z�_�l�k�y���������k�_�d�m�g�^�� 

4. �B�k�i�u�l�m�_�f�h�f�m�� �i�j�_�^�t�y�\�e�y�e�k�y�� �l�_�k�l�� �h�i�j�_�^�_�e�_�g�b�y�� �k�Z�f�h�w�n�n�_�d�l�b�\�g�h�k�l�b��

�F�Z�^�^�m�d�k�Z���b���R�_�_�j�Z�����i�_�j�_�\�h�^���b���f�h�^�b�n�b�d�Z�p�b�y���E�����;�h�y�j�b�g�p�_�\�h�c���i�h�^���j�m�d�h�\�h�^�k�l�\�h�f��

�J�����E�����D�j�b�q�_�\�k�d�h�]�h���� 

�± �M�j�h�\�_�g�v�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�o�� �k�i�h�k�h�[�g�h�k�l�_�c�� �\�� �^�\�m�f�_�j�g�h�c�� �k�j�_�^�_ �b�a�f�_�j�y�_�l�k�y��

�q�_�j�_�a���i�h�^�k�q�_�l���h�[�s�_�]�h���d�h�e�b�q�_�k�l�\�Z���i�j�Z�\�b�e�v�g�u�o���b���g�_�i�j�Z�\�b�e�v�g�u�o���h�l�\�_�l�h�\���\���p�_�e�h�f��

�b�� �i�h�� �d�Z�`�^�h�f�m�� �k�f�u�k�e�h�\�h�f�m�� �[�e�h�d�m�� �l�_�k�l�h�\�� �b�� �a�Z�f�_�j�u�� �\�j�_�f�_�g�b���� �a�Z�l�j�Z�q�_�g�g�h�]�h�� �g�Z��

�j�_�r�_�g�b�_�� �a�Z�^�Z�g�b�c�� �k�h�h�l�\�_�l�k�l�\�_�g�g�h���� �I�j�b�� �w�l�h�f�� �m�q�b�l�u�\�Z�e�h�k�v���\�j�_�f�y���� �a�Z�l�j�Z�q�_�g�g�h�_��
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�j�_�k�i�h�g�^�_�g�l�h�f�� �d�Z�d�� �g�Z�� �h�l�\�_�l�� �\�� �p�_�e�h�f���� �l�Z�d�� �b�� �g�Z�� �i�j�Z�\�b�e�v�g�u�c�� �b�� �g�_�i�j�Z�\�b�e�v�g�u�c��

�h�l�\�_�l�� 

�± �W�n�n�_�d�l�b�\�g�h�k�l�v�� �j�_�r�_�g�b�y�� �a�Z�^�Z�q�b�� �\�� �l�j�_�o�f�_�j�g�h�c�� �k�j�_�^�_ �b�a�f�_�j�y�_�l�k�y�� �q�_�j�_�a��

�i�h�^�k�q�_�l���h�[�s�_�]�h���d�h�e�b�q�_�k�l�\�Z���i�j�Z�\�b�e�v�g�u�o���b���g�_�i�j�Z�\�b�e�v�g�u�o���h�l�\�_�l�h�\���g�Z���\�k�_���a�Z�^�Z�q�b��

�\�� �p�_�e�h�f���� �g�Z�� �a�Z�^�Z�q�b�� �i�h�� �\�j�Z�s�_�g�b�x�� �g�Z�� ������ �b�� �������� �]�j�Z�^�m�k�h�\�� �b�� �a�Z�f�_�j�u�� �\�j�_�f�_�g�b����

�a�Z�l�j�Z�q�_�g�g�h�]�h�� �g�Z�� �j�_�r�_�g�b�_�� �a�Z�^�Z�g�b�c�� �k�h�h�l�\�_�l�k�l�\�_�g�g�h���� �I�j�b�� �w�l�h�f�� �m�q�b�l�u�\�Z�e�h�k�v��

�\�j�_�f�y�����a�Z�l�j�Z�q�_�g�g�h�_���j�_�k�i�h�g�^�_�g�l�h�f���d�Z�d���g�Z���h�l�\�_�l���\���p�_�e�h�f�����l�Z�d���b���g�Z���i�j�Z�\�b�e�v�g�u�c���b��

�g�_�i�j�Z�\�b�e�v�g�u�c���h�l�\�_�l���\���p�_�e�h�f���b���g�Z���a�Z�^�Z�q�b���i�h���\�j�Z�s�_�g�b�x���g�Z���������b�����������]�j�Z�^�m�k�h�\�� 

�G�Z���\�l�h�j�h�f���w�l�Z�i�_���m�q�Z�k�l�\�h�\�Z�e�b���������b�k�i�u�l�m�_�f�u�o�����k�j�_�^�g�b�c���\�h�a�j�Z�k�l���������]�h�^��������

�f�m�`�q�b�g�����������`�_�g�s�b�g�������k�l�m�^�_�g�l�u �n�Z�d�m�e�v�l�_�l�Z���i�k�b�o�h�e�h�]�b�b���F�=�M�����<�k�_���b�k�i�u�l�m�_�f�u�_��

�b�f�_�e�b�� �g�h�j�f�Z�e�v�g�h�_�� �b�e�b�� �k�d�h�j�j�_�d�l�b�j�h�\�Z�g�g�h�_�� �^�h�� �g�h�j�f�Z�e�v�g�h�]�h�� �a�j�_�g�b�_�� �b�� �[�u�e�b��

�i�j�Z�\�r�Z�f�b�����B�k�i�u�l�m�_�f�u�_���[�u�e�b���i�j�h�b�g�n�h�j�f�b�j�h�\�Z�g�u���h�[���m�k�e�h�\�b�y�o���w�d�k�i�_�j�b�f�_�g�l�Z�� 

�I�j�h�p�_�^�m�j�Z���i�j�h�\�_�^�_�g�b�y�� �w�d�k�i�_�j�b�f�_�g�l�Z���[�u�e�Z���Z�g�Z�e�h�]�b�q�g�Z���i�j�_�^�u�^�m�s�_�f�m���k��

�l�h�c�� �e�b�r�v���j�Z�a�g�b�p�_�c���� �q�l�h�� �i�j�b�� �\�u�i�h�e�_�g�b�b�� �a�Z�^�Z�g�b�y�� �g�Z�� �I�K�� �\�� �<�J�� �[�u�e�h�� �\�\�_�^�_�g�h��

�h�]�j�Z�g�b�q�_�g�b�_�� �g�Z�� �\�j�_�k�y�� �\�u�i�h�e�_�g�b�y�� �a�Z�^�Z�g�b�y���� �L�Z�d�m�`�_�� �^�h�i�h�e�g�b�l�_�e�v�g�h��

�b�k�i�u�l�m�_�f�h�f�m���i�j�_�^�t�y�\�e�y�e�k�y���l�_�k�l���h�i�j�_�^�_�e�_�g�b�y���k�Z�f�h�w�n�n�_�d�l�b�\�g�h�k�l�b���F�Z�^�^�m�d�k�Z���b��

�R�_�_�j�Z�����i�_�j�_�\�h�^���b���f�h�^�b�n�b�d�Z�p�b�y���E�����;�h�y�j�b�g�p�_�\�h�c). 

�M�j�h�\�_�g�v���I�K �\�� �^�\�m�f�_�j�g�h�c�� �k�j�_�^�_ �b�a�f�_�j�y�e�k�y �q�_�j�_�a�� �i�h�^�k�q�_�l�� �h�[�s�_�]�h��

�d�h�e�b�q�_�k�l�\�Z�� �i�j�Z�\�b�e�v�g�u�o�� �b�� �g�_�i�j�Z�\�b�e�v�g�u�o�� �h�l�\�_�l�h�\�� �\�� �p�_�e�h�f�� �b�� �i�h�� �d�Z�`�^�h�f�m��

�k�f�u�k�e�h�\�h�f�m���[�e�h�d�m���l�_�k�l�h�\���b���a�Z�f�_�j�u���\�j�_�f�_�g�b�����a�Z�l�j�Z�q�_�g�g�h�]�h���g�Z���j�_�r�_�g�b�_���a�Z�^�Z�g�b�c��

�k�h�h�l�\�_�l�k�l�\�_�g�g�h�����I�j�b���w�l�h�f���m�q�b�l�u�\�Z�e�h�k�v���\�j�_�f�y�����a�Z�l�j�Z�q�_�g�g�h�_���j�_�k�i�h�g�^�_�g�l�h�f���d�Z�d��

�g�Z���h�l�\�_�l���\���p�_�e�h�f�����l�Z�d���b���g�Z���i�j�Z�\�b�e�v�g�u�c���b���g�_�i�j�Z�\�b�e�v�g�u�c���h�l�\�_�l�� 

�W�n�n�_�d�l�b�\�g�h�k�l�v�� �j�_�r�_�g�b�y�� �a�Z�^�Z�q�b�� �\�� �l�j�_�o�f�_�j�g�h�c�� �k�j�_�^�_ �b�a�f�_�j�y�e�Z�k�v �q�_�j�_�a��

�i�h�^�k�q�_�l���h�[�s�_�]�h���d�h�e�b�q�_�k�l�\�Z���i�j�Z�\�b�e�v�g�u�o���b���g�_�i�j�Z�\�b�e�v�g�u�o���h�l�\�_�l�h�\���g�Z���\�k�_���a�Z�^�Z�q�b��

�\�� �p�_�e�h�f���� �g�Z�� �a�Z�^�Z�q�b�� �i�h�� �\�j�Z�s�_�g�b�x�� �g�Z�� ������ �b�� �������� �]�j�Z�^�m�k�h�\�� �b�� �a�Z�f�_�j�u�� �\�j�_�f�_�g�b����

�a�Z�l�j�Z�q�_�g�g�h�]�h�� �g�Z�� �j�_�r�_�g�b�_�� �a�Z�^�Z�g�b�c�� �k�h�h�l�\�_�l�k�l�\�_�g�g�h���� �I�j�b�� �w�l�h�f�� �m�q�b�l�u�\�Z�e�h�k�v��

�\�j�_�f�y�����a�Z�l�j�Z�q�_�g�g�h�_���j�_�k�i�h�g�^�_�g�l�h�f���d�Z�d���g�Z���h�l�\�_�l���\���p�_�e�h�f�����l�Z�d���b���g�Z���i�j�Z�\�b�e�v�g�u�c���b��

�g�_�i�j�Z�\�b�e�v�g�u�c���h�l�\�_�l���\���p�_�e�h�f���b���g�Z���a�Z�^�Z�q�b���i�h���\�j�Z�s�_�g�b�x���g�Z���������b�����������]�j�Z�^�m�k�h�\�� 

�W�n�n�_�d�l�� �g�Z�m�q�_�g�b�y���d�h�g�l�j�h�e�b�j�h�\�Z�e�b �q�_�j�_�a�� �i�h�^�k�q�_�l�� �h�[�s�_�]�h�� �d�h�e�b�q�_�k�l�\�Z��

�i�j�Z�\�b�e�v�g�u�o�� �b�� �g�_�i�j�Z�\�b�e�v�g�u�o�� �h�l�\�_�l�h�\�� �i�h�� �a�Z�^�Z�g�b�y�f�� �\�� �g�Z�q�Z�e�v�g�u�o�� �b�� �d�h�g�_�q�g�u�o��
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�^�_�k�y�l�b�� �i�j�h�[�Z�o�� �b�a�� �k�h�j�h�d�Z�� �b�� �a�Z�f�_�j�u�� �\�j�_�f�_�g�b���� �a�Z�l�j�Z�q�_�g�g�h�]�h�� �g�Z�� �j�_�r�_�g�b�_�� �w�l�b�o��

�a�Z�^�Z�g�b�c�� �k�h�h�l�\�_�l�k�l�\�_�g�g�h���� �I�j�b�� �w�l�h�f�� �m�q�b�l�u�\�Z�e�h�k�v�� �\�j�_�f�y���� �a�Z�l�j�Z�q�_�g�g�h�_��

�j�_�k�i�h�g�^�_�g�l�h�f���d�Z�d���g�Z���h�l�\�_�l���\���p�_�e�h�f�����l�Z�d���b���g�Z���i�j�Z�\�b�e�v�g�u�c���b���g�_�i�j�Z�\�b�e�v�g�u�c���h�l�\�_�l��

�\���p�_�e�h�f���b���g�Z���a�Z�^�Z�q�b���i�h���\�j�Z�s�_�g�b�x���g�Z���������b�����������]�j�Z�^�m�k�h�\�� 

�G�Z�� �i�_�j�\�h�f�� �w�l�Z�i�_�� �b�k�k�e�_�^�h�\�Z�g�b�y���� �^�e�y�� �i�j�h�\�_�j�d�b�� �]�b�i�h�l�_�a�u�� �h�� �l�h�f���� �q�l�h��

�m�k�i�_�r�g�h�k�l�v���j�_�r�_�g�b�y���a�Z�^�Z�q���\���k�j�_�^�_���\�b�j�l�m�Z�e�v�g�h�c���j�_�Z�e�v�g�h�k�l�b�����<�J�����f�h�`�_�l���[�u�l�v��

�k�\�y�a�Z�g�Z���k���j�_�r�_�g�b�_�f���Z�g�Z�e�h�]�b�q�g�u�o���a�Z�^�Z�q���\���^�\�m�f�_�j�g�h�c���k�j�_�^�_�������>�����[�u�e���i�j�h�\�_�^�_�g��

�d�h�j�j�_�e�y�p�b�h�g�g�u�c���Z�g�Z�e�b�a���K�i�b�j�f�_�g�Z�����<���j�h�e�b���i�_�j�_�f�_�g�g�u�o���\���^�Z�g�g�u�c���Z�g�Z�e�b�a���[�u�e�b��

�\�d�e�x�q�_�g�u�� �d�h�g�d�j�_�l�g�u�_�� �n�Z�d�l�h�j�u�� �j�_�r�_�g�b�y�� �a�Z�^�Z�g�b�c�� ���d�h�e�b�q�_�k�l�\�h��

�i�j�Z�\�b�e�v�g�u�o\�g�_�i�j�Z�\�b�e�v�g�u�o�� �h�l�\�_�l�h�\������ �>�e�y�� �i�_�j�\�h�c�� �]�j�m�i�i�u�� �j�_�k�i�h�g�^�_�g�l�h�\����

�d�h�l�h�j�u�_���i�j�h�o�h�^�b�e�b���^�Z�g�g�h�_���b�k�k�e�_�^�h�\�Z�g�b�_���h�k�_�g�v�x���b���g�_���b�f�_�e�b���h�]�j�Z�g�b�q�_�g�b�y���i�h��

�\�j�_�f�_�g�b���g�Z���\�u�i�h�e�g�_�g�b�y���a�Z�^�Z�g�b�y�����[�u�e�b���i�h�e�m�q�_�g�u���j�_�a�m�e�v�l�Z�l�u�����i�j�_�^�k�l�Z�\�e�_�g�g�u�_��

�\���l�Z�[�e�b�p�_����7. 

�L�Z�[�e�b�p�Z����7 - �D�h�j�j�_�e�y�p�b�h�g�g�u�c���Z�g�Z�e�b�a���K�i�b�j�f�_�g�Z���f�_�`�^�m���k�j�_�^�g�b�f�b���[�Z�e�e�Z�f�b �i�h��

�h�l�\�_�l�Z�f���\�����>���b�����>���k�j�_�^�Z�o 

�R�d�Z�e�u��
���k�j�_�^�g�_�_��
�d�h�e�b�q�_�k�l�\�h��
�h�l�\�_�l�h�\�� 

�H�[�s�b�c��
�[�Z�e�e��
�i�h�����> 

�F�u�k�e�_�g�g�h�_��
�\�j�Z�s�_�g�b�_ 

�J�Z�a�j�_�a�Z�g�b�_��
�[�m�f�Z�]�b 

�A�Z�i�h�e�g�_�g�b�_��
�i�Z�l�l�_�j�g�Z 

�L�_�o�g�b�q�_�k�d�b�_��
�j�Z�k�k�m�`�^�_�g�b�y 

�H�r�b�[�d�b�� �\��
���> 

-0,128 -0,184 -0,187 -0,015 -0,271 

�<�_�j�g�u�_�� �\��
���> 

0,128 0,184 0,187 0,015 0,271 

�<�_�j�g�u�_��
�g�Z���������\�����> 

-0,316 -0,123 -0,251 -0,162 -0,141 

�H�r�b�[�d�b���g�Z��
�������\�����> 

0,188 -0,048 0,127 0,075 0,112 

�R�d�Z�e�u��
���k�j�_�^�g�_�_��
�d�h�e�b�q�_�k�l�\�h��
�h�l�\�_�l�h�\�� 

�H�[�s�b�c��
�[�Z�e�e��
�i�h�����> 

�F�u�k�e�_�g�g�h�_��
�\�j�Z�s�_�g�b�_ 

�J�Z�a�j�_�a�Z�g�b�_��

�[�m�f�Z�]�b 

�A�Z�i�h�e�g�_�g�b�_��

�i�Z�l�l�_�j�g�Z 

�L�_�o�g�b�q�_�k�d�b�_��

�j�Z�k�k�m�`�^�_�g�b�y 

�<�_�j�g�u�_�� �g�Z��
�������\�����> 

0,288 0,295 0,251 0,110 0,376 

�H�r�b�[�d�b���g�Z��
�������\�����> 

-0,117 -0,222 -0,092 0,077 -0,306 
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�J�b�k�m�g�h�d��102 - �D�h�e�b�q�_�k�l�\�h���\�_�j�g�u�o���h�l�\�_�l�h�\���m���j�_�k�i�h�g�^�_�g�l�h�\���b�a �i�_�j�\�h�c �]�j�m�i�i�u. 

 
�>�Z�e�_�_�� �[�u�e�� �i�j�h�\�_�^�_�g�� �d�h�j�j�_�e�y�p�b�h�g�g�u�c�� �Z�g�Z�e�b�a�� �^�e�y�� �]�j�m�i�i�u�� �m�q�Z�k�l�g�b�d�h�\����

�d�h�l�h�j�u�_�� �i�j�h�o�h�^�b�e�b�� �b�k�k�e�_�^�h�\�Z�g�b�y���g�Z�� �i�_�j�\�h�f�� �w�l�Z�i�_���� �>�e�y�� �g�b�o�� �[�u�e�h��

�k�l�Z�g�^�Z�j�l�b�a�b�j�h�\�Z�g�h���d�h�e�b�q�_�k�l�\�h���i�j�h�[�����^�h�������������b���h�g�b���i�h�e�m�q�b�e�b���h�]�j�Z�g�b�q�_�g�b�_���\�h��

�\�j�_�f�_�g�b���g�Z���i�h�b�k�d���h�l�\�_�l�Z���� 

 

 

�J�b�k�m�g�h�d��103 - �D�h�e�b�q�_�k�l�\�h���\�_�j�g�u�o���h�l�\�_�l�h�\���m���j�_�k�i�h�g�^�_�g�l�h�\���b�a���]�j�m�i�i�u���©�\�_�k�g�Z�ª 
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�L�Z�[�e�b�p�Z��28. �D�h�j�j�_�e�y�p�b�h�g�g�u�c���Z�g�Z�e�b�a���K�i�b�j�f�_�g�Z���b�a�m�q�_�g�b�y���\�a�Z�b�f�h�k�\�y�a�b 

�f�_�`�^�m���k�j�_�^�g�b�f�b���[�Z�e�e�Z�f�b���i�h���h�l�\�_�l�Z�f���\���k�j�_�^�Z�o�����>���b�����> 

�R�d�Z�e�u��
���k�j�_�^�g�_�_��
�d�h�e�b�q�_�k�l�\�h��
�h�l�\�_�l�h�\�� 

 
�H�[�s�b�c��
�[�Z�e�e 
�i�h�����> 

�F�u�k�e�_�g
�g�h�_��
�\�j�Z�s�_�g�b
�_ 

�J�Z�a�j�_�a�Z�g
�b�_��
�[�m�f�Z�]�b 

�A�Z�i�h�e�g�_
�g�b�_��
�i�Z�l�l�_�j�g�Z 

�L�_�o�g�b�q�_�k
�d�b�_��
�j�Z�k�k�m�`�^�_
�g�b�y 

�H�r�b�[�d�b���\�����> R 0,007 0,043 0,002 0,101 -0,120 

�<�_�j�g�u�_���\�����> R 0,166 0,053 0,113 -0,011 0,322 

�<�_�j�g�u�_�� �g�Z��������

�\�����> 
R 0,274 0,188 0,319 0,130 0,106 

�H�r�b�[�d�b�� �g�Z��

���������\�����>�
 
R -0,234 -0,069 -0,214 -0,261 -0,159 

�<�_�j�g�u�_���g�Z���������\��

���> 
R 0,120 -0,047 0,049 -0,005 0,396* 

  
�A�g�Z

�q�� 
0,585 0,831 0,824 0,982 0,061 

�H�r�b�[�d�b�� �g�Z�� ������

�\�����> 
R 0,074 0,049 0,076 0,188 -0,031 

�I�j�b�f�_�q�Z�g�b�_����R �± �D�h�w�n�n�b�p�b�_�g�l���d�h�j�j�_�e�y�p�b�b�����
��- P<0,05 

 

 

�J�b�k�m�g�h�d��104 - �J�_�a�m�e�v�l�Z�l�u���i�h���l�_�k�l�Z�f�����>���\�l�h�j�h�c���]�j�m�i�i�u.  
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�G�h���� �l�Z�d�� �d�Z�d�� �g�Z�i�j�y�f�m�x�� �g�Z�f�� �g�_�� �m�^�Z�e�h�k�v�� �m�k�l�Z�g�h�\�b�l�v�� �k�\�y�a�b�� �f�_�`�^�m��

�\�u�i�h�e�g�_�g�b�_�f�� �a�Z�^�Z�q�� �b�� �h�k�l�Z�e�v�g�u�f�b�� �[�e�h�d�Z�f�b�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�]�h���f�u�r�e�_�g�b�y����

�[�u�e�h�� �i�j�b�g�y�l�h�� �j�_�r�_�g�b�_�� �b�a�m�q�b�l�v�� �g�_�� �i�j�h�k�l�h�� �d�h�e�b�q�_�k�l�\�h�� �\�_�j�g�u�o�� �h�l�\�_�l�h�\���� �g�h��

�\�j�_�f�_�g�g�u�_�����l�_�f�i�h�j�Z�e�v�g�u�_�����k�i�h�k�h�[�u���\�a�Z�b�f�h�^�_�c�k�l�\�b�y���k���a�Z�^�Z�q�Z�f�b���b���k�i�h�k�h�[�Z�f�b��

�i�h�b�k�d�Z���h�l�\�_�l�h�\���d�Z�d���\�����>�����l�Z�d���b���\�����>���a�Z�^�Z�g�b�y�o�����:���b�f�_�g�g�h�����h�l�\�_�l�b�l�v���g�Z���\�h�i�j�h�k���± 

�d�Z�d���\�j�_�f�y���\�u�i�h�e�g�_�g�b�y���a�Z�^�Z�g�b�y�� �g�Z�o�h�`�^�_�g�b�y���\�_�j�g�h�]�h���b���g�_�\�_�j�g�h�]�h���h�l�\�_�l�Z���\�����>��

�l�_�k�l�Z�o���k�\�y�a�Z�g�h���k���j�_�a�m�e�v�l�Z�l�Z�f�b���\�u�i�h�e�g�_�g�b�y���a�Z�^�Z�g�b�c���\���<�J�� 

�L�Z�[�e�b�p�Z��29 - �D�h�j�j�_�e�y�p�b�h�g�g�u�c���Z�g�Z�e�b�a���\�j�_�f�_�g�g�u�o���o�Z�j�Z�d�l�_�j�b�k�l�b�d���\�u�i�h�e�g�_�g�b�y��

�a�Z�^�Z�g�b�c �\���k�j�_�^�Z�o�����>���b�����>���^�e�y���i�_�j�\�h�c���]�j�m�i�i�u 

 

�A�Z�l�j�Z�q�_�g�g�h�_��
�\�j�_�f�y���\��
�k�e�m�q�Z�_��
�i�j�Z�\�b�e�v�g�h�]�h��
�h�l�\�_�l�Z���\�����> 

�K�j�_�^�g�_�_��
�a�Z�l�j�Z�q�_�g�g�h�_��
�\�j�_�f�y���g�Z��
�i�j�Z�\�b�e�v�g�u�c��
�h�l�\�_�l����
�©�F�u�k�e�_�g�g�h�_��
�\�j�Z�s�_�g�b�_�ª 

�K�j�_�^�g�_�_��
�a�Z�l�j�Z�q�_�g�g�h�_��
�\�j�_�f�y���g�Z��
�i�j�Z�\�b�e�v�g�u�c��
�h�l�\�_�l����
�©�A�Z�i�h�e�g�_�g�b�_��
�i�Z�l�l�_�j�g�Z�ª 

�K�j�_�^�g�_�_��
�a�Z�l�j�Z�q�_�g�g�h�_��
�\�j�_�f�y���g�Z��
�g�_�i�j�Z�\�b�e�v�g�u�c��
�h�l�\�_�l����
�©�F�u�k�e�_�g�g�h�_��
�\�j�Z�s�_�g�b�_�ª 

�K�j�_�^�g�_�_���q�b�k�e�h��
�h�r�b�[�h�d���g�Z����������
�]�j�Z�^�����\�����> 

-,561* -0,485 -,719**  -0,388 

�<�_�j�g�u�_���g�Z��������
�]�j�Z�^�����\�����> 

,565* ,670**  0,352 0,356 

�K�j�_�^�g�_�_���\�j�_�f�y���g�Z��
�h�l�\�_�l���\�����> 

0,489 0,488 0,361 ,625* 

�K�j�_�^�g�_�_���\�j�_�f�y���g�Z��
�i�j�Z�\�b�e�v�g�u�c���h�l�\�_�l��
�\�����> 

0,030 0,252 -0,272 ,642**  

�K�j�_�^�g�_�_���\�j�_�f�y���g�Z��
�g�_�i�j�Z�\�b�e�v�g�u�c��
�h�l�\�_�l���\�����> 

0,482 0,367 ,565* 0,464 

�K�j�_�^�g�_�_���\�j�_�f�y���g�Z��
�h�l�\�_�l���i�h�����������\�����> 

0,275 0,440 0,052 ,518* 

�K�j�_�^�g�_�_���\�j�_�f�y���g�Z��
�g�_�i�j�Z�\�b�e�v�g�u�c��
�h�l�\�_�l���i�h�����������\�����> 

,535* ,599* 0,332 0,440 

�I�j�b�f�_�q�Z�g�b�_���
��- p<0,05 ; ** p<0,01 
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�J�b�k�m�g�h�d��105 - �<�j�_�f�_�g�g�u�_���o�Z�j�Z�d�l�_�j�b�k�l�b�d�b���\�u�i�h�e�g�_�g�b�y�����>  

�a�Z�^�Z�g�b�c���\���i�_�j�\�h�c���]�j�m�i�i�_ 

 
�L�Z�d�`�_�� �[�u�e�� �i�j�h�\�_�^�_�g�� �d�h�j�j�_�e�y�p�b�h�g�g�u�c�� �Z�g�Z�e�b�a�� �i�h�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f��

�^�b�g�Z�f�b�q�g�h�k�l�b�� �j�_�r�_�g�b�y�� �a�Z�^�Z�g�b�c�� �\�� �k�j�_�^�Z�o�� ���>�� �b�� ���>�� �\�� �]�j�m�i�i�_���j�_�k�i�h�g�^�_�g�l�h�\����

�d�h�l�h�j�u�_���i�j�h�o�h�^�b�e�b���m�q�Z�k�l�b�_���\�_�k�g�h�c�����<�Z�`�g�u�f���y�\�e�y�_�l�k�y���l�h�����q�l�h���^�e�y���w�l�h�c���]�j�m�i�i�u��

�[�u�e�b���\�g�_�k�_�g�u���\�j�_�f�_�g�g�u�_���h�]�j�Z�g�b�q�_�g�b�y�����\���l�_�q�_�g�b�_���d�h�l�h�j�u�o���h�g�b���^�h�e�`�g�u���[�u�e�b��

�j�_�r�Z�l�v�� �i�h�k�l�Z�\�e�_�g�g�u�_�� �a�Z�^�Z�q�b���� �L�_�f�� �k�Z�f�u�f���� �[�u�e�b�� �i�h�e�m�q�_�g�u�� �j�_�a�m�e�v�l�Z�l�u����

�i�j�_�^�k�l�Z�\�e�_�g�g�u�_���\���l�Z�[�e�b�p�_��30. 

�L�Z�[�e�b�p�Z��30 - �D�h�j�j�_�e�y�p�b�h�g�g�u�c���Z�g�Z�e�b�a���\�j�_�f�_�g�g�u�o���o�Z�j�Z�d�l�_�j�b�k�l�b�d���\�u�i�h�e�g�_�g�b�y��

�a�Z�^�Z�g�b�c �\���k�j�_�^�Z�o�����>���b�����>���j�_�a�m�e�v�l�Z�l�h�\���^�e�y���\�l�h�j�h�c���]�j�m�i�i�u 

�R�d�Z�e�u �K�j�_�^�g�_�_�� �\�j�_�f�y�� �g�Z�� �\�_�j�g�u�c�� �h�l�\�_�l�� �i�h��
�f�u�k�e�_�g�g�h�f�m���\�j�Z�s�_�g�b�x 

�K�j�_�^�g�_�_�� �d�h�e�b�q�_�k�l�\�h�� �h�r�b�[�h�d��
�\�����> -0,466* 

�D�h�e�b�q�_�k�l�\�h���h�r�b�[�h�d���\���a�Z�^�Z�q�Z�o��
�g�Z�����������]�j�Z�^�����\�����> -0,494* 

�K�j�_�^�g�_�_�� �\�j�_�f�y�� �g�Z�� �h�l�\�_�l�� �\��
�a�Z�^�Z�q�Z�o���g�Z���������]�j�Z�^�����\�����> 0,419* 

�I�j�b�f�_�q�Z�g�b�_���
��- P<0,05; ** P<0,01 
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�G�Z�� �k�e�_�^�m�x�s�_�f�� �w�l�Z�i�_�� �^�e�y�� �l�h�]�h���� �q�l�h�[�u�� �i�j�h�\�_�j�b�l�v�� �]�b�i�h�l�_�a�m�� �h�� �l�h�f���� �q�l�h��

�b�f�_�g�g�h�� �l�_�f�i�h�j�Z�e�v�g�u�_�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�o�� �k�i�h�k�h�[�g�h�k�l�_�c��

�\�e�b�y�x�l���g�Z���\�j�_�f�y���\�u�i�h�e�g�_�g�b�y���\���k�j�_�^�Z�o�����>���b�����>�����[�u�e���i�j�h�\�_�^�_�g���f�g�h�`�_�k�l�\�_�g�g�u�c��

�j�_�]�j�_�k�k�b�h�g�g�u�c�� �Z�g�Z�e�b�a���� �]�^�_�� �i�j�_�^�b�d�l�h�j�Z�f�b�� �\�� �i�_�j�\�h�f�� �k�e�m�q�Z�_�� �y�\�e�y�e�b�k�v��

�l�_�f�i�h�j�Z�e�v�g�u�_�� �h�k�h�[�_�g�g�h�k�l�b�� �\�u�i�h�e�g�_�g�b�y�� �a�Z�^�Z�g�b�c�� �\�� �k�j�_�^�_�� ���>���� �Z�� �a�Z�\�b�k�b�f�h�c��

�i�_�j�_�f�_�g�g�h�c���± �h�[�s�b�c���[�Z�e�e���m�k�i�_�r�g�h�k�l�b���\�u�i�h�e�g�_�g�b�c���a�Z�^�Z�g�b�c���\�����>�����<�h �\�l�h�j�h�f��

�k�e�m�q�Z�_�� �`�_���� �g�Z�h�[�h�j�h�l���� �i�j�_�^�b�d�l�h�j�u���± �l�_�f�i�h�j�Z�e�v�g�u�_�� �h�k�h�[�_�g�g�h�k�l�b�� �\�u�i�h�e�g�_�g�b�y��

�a�Z�^�Z�g�b�c�� �\�� �k�j�_�^�_�� ���>���� �Z�� �a�Z�\�b�k�b�f�Z�y�� �i�_�j�_�f�_�g�g�Z�y���± �k�j�_�^�g�_�_�� �d�h�e�b�q�_�k�l�\�h�� �\�_�j�g�u�o��

�h�l�\�_�l�h�\�� �\�� �k�j�_�^�_�� ���>���� �L�_�f�� �k�Z�f�u�f���� �i�j�h�\�_�j�y�e�Z�k�v�� �g�_�� �l�h�e�v�d�h�� �]�b�i�h�l�_�a�Z�� �h�� �l�h�f���� �q�l�h��

�\�j�_�f�y�� �\�u�i�h�e�g�_�g�b�y���± �\�Z�`�g�u�c�� �n�_�g�h�f�_�g�� �d�h�l�h�j�u�c�� �h�d�Z�a�u�\�Z�_�l�� �\�e�b�y�g�b�_�� �g�Z��

�m�k�i�_�r�g�h�k�l�v���\�u�i�h�e�g�_�g�b�y���a�Z�^�Z�g�b�y�����g�h���b���l�h�����q�l�h���l�_�f�i�h�j�Z�e�v�g�u�_���o�Z�j�Z�d�l�_�j�b�k�l�b�d�b��

�i�j�b�� �i�j�b�f�_�g�_�g�b�b�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�o�� �k�i�h�k�h�[�g�h�k�l�_�c�� �y�\�e�y�x�l�k�y�� �h�[�s�b�f�b�� �d�Z�d�� �^�e�y��

�\�b�j�l�m�Z�e�v�g�h�c���j�_�Z�e�v�g�h�k�l�b�����l�Z�d���b���^�e�y���a�Z�^�Z�q���\���^�\�m�o�f�_�j�g�h�f���n�h�j�f�Z�l�_�� 

�<���i�_�j�\�h�c���f�h�^�_�e�b���a�Z�\�b�k�b�f�h�c���i�_�j�_�f�_�g�g�h�c���[�u�e���h�[�s�b�c���[�Z�e�e���i�h�����>�����K�Z�f���Z�g�Z�e�b�a��

�[�u�e�� �i�j�h�\�_�^�_�g�� �f�_�l�h�^�h�f�� �i�h�r�Z�]�h�\�h�]�h�� �\�d�e�x�q�_�g�b�y�� �b�a-�a�Z�� �[�h�e�v�r�h�]�h�� �d�h�e�b�q�_�k�l�\�Z��

�l�_�k�g�h�� �d�h�j�j�_�e�b�j�m�x�s�b�o�� �f�_�`�^�m�� �k�h�[�h�c�� �i�j�_�^�b�d�l�h�j�h�\���� �b�� �[�u�e�b�� �i�h�e�m�q�_�g�u��

�j�_�a�m�e�v�l�Z�l�u���m�j�Z�\�g�_�g�b�y���f�g�h�`�_�k�l�\�_�g�g�h�c���j�_�]�j�_�k�k�b�b�����i�j�_�^�k�l�Z�\�e�_�g�u���\���l�Z�[�e�b�p�_��31. 

�L�Z�[�e�b�p�Z 31 - �F�g�h�`�_�k�l�\�_�g�g�u�c���j�_�]�j�_�k�k�b�h�g�g�u�c���Z�g�Z�e�b�a���\�e�b�y�g�b�y���\�j�_�f�_�g�g�u�o��

�o�Z�j�Z�d�l�_�j�b�k�l�b�d���\�u�i�h�e�g�_�g�b�y���a�Z�^�Z�g�b�c���\���l�j�_�o�f�_�j�g�h�c���k�j�_�^�_���g�Z���m�k�i�_�r�g�h�k�l�v��

�\�u�i�h�e�g�_�g�b�y���a�Z�^�Z�g�b�c���\�����> 

�F�h�^�_�e�v R R-�d�\�Z�^�j�Z�l �K�d�h�j�j�_�d�l�b�j�h�\�Z�g�g�u�c��
R-�d�\�Z�^�j�Z�l 

�K�l�Z�g�^�Z�j�l�g�Z�y��
�h�r�b�[�d�Z���h�p�_�g�d�b 

1 0,532a 0,283 0,228 8,67083 

 
�A�g�Z�q�b�f�h�k�l�v���i�h�e�m�q�_�g�g�h�c���f�h�^�_�e�b���k�h�k�l�Z�\�b�e�Z 0,041.  

�<�h���\�l�h�j�h�c���f�h�^�_�e�b���[�u�e�b���i�h�e�m�q�_�g�u���j�_�a�m�e�v�l�Z�l�u���m�j�Z�\�g�_�g�b�y���f�g�h�`�_�k�l�\�_�g�g�h�c��

�j�_�]�j�_�k�k�b�b�����i�j�_�^�k�l�Z�\�e�_�g�g�u�_���\���l�Z�[�e�b�p�_��32. 

�L�Z�[�e�b�p�Z��32 - �F�g�h�`�_�k�l�\�_�g�g�u�c���j�_�]�j�_�k�k�b�h�g�g�u�c���Z�g�Z�e�b�a���\�e�b�y�g�b�y��

�\�j�_�f�_�g�g�u�o���o�Z�j�Z�d�l�_�j�b�k�l�b�d���\�u�i�h�e�g�_�g�b�y���a�Z�^�Z�g�b�c���\�����> �g�Z���m�k�i�_�r�g�h�k�l�v��

�\�u�i�h�e�g�_�g�b�y���a�Z�^�Z�g�b�c���\�����> 

�F�h�^�_�e�v R R-
�d�\�Z�^�j�Z�l 

�K�d�h�j�j�_�d�l�b�j�h�\�Z�g�g�u�c�� �5-
�d�\�Z�^�j�Z�l 

�K�l�Z�g�^�Z�j�l�g�Z�y��
�h�r�b�[�d�Z���h�p�_�g�d�b 

2 0,884c 0,781 0,722 2,58121 

 (F=13,090, p=0,001) 
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�I�h�f�b�f�h�� �h�k�g�h�\�g�h�c�� �]�b�i�h�l�_�a�u�� �h�� �\�a�Z�b�f�h�k�\�y�a�b�� �m�k�i�_�r�g�h�k�l�b�� �\�u�i�h�e�g�_�g�b�y��

�^�_�y�l�_�e�v�g�h�k�l�b���\���l�j�_�o�f�_�j�g�h�c���b���^�\�m�o�f�_�j�g�h�c���k�j�_�^�Z�o���l�Z�d�`�_���i�j�h�\�_�j�y�e�Z�k�v���]�b�i�h�l�_�a�Z��

�h���\�h�a�f�h�`�g�h�k�l�b���b���m�k�i�_�r�g�h�k�l�b���g�Z�m�q�_�g�b�y���i�j�b���\�u�i�h�e�g�_�g�b�b���a�Z�^�Z�g�b�c�����l�j�_�[�m�x�s�b�o��

�b�k�i�h�e�v�a�h�\�Z�g�b�y�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�]�h�� �f�u�r�e�_�g�b�y���� �B�a�m�q�Z�e�h�k�v�� �\�j�_�f�y�� �g�Z�� �i�j�b�g�y�l�b�_��

�\�_�j�g�h�]�h���j�_�r�_�g�b�y���\���k�Z�f�h�f���g�Z�q�Z�e�_���b���\���d�h�g�p�_���i�j�h�[�����\�j�_�f�y���g�Z���i�j�b�g�y�l�b�_���g�_�\�_�j�g�h�]�h��

�j�_�r�_�g�b�y�� �\�� �g�Z�q�Z�e�_�� �b�� �\�� �d�h�g�p�_�� �i�j�h�[���� �Z�� �l�Z�d�`�_�� �d�h�e�b�q�_�k�l�\�h�� �h�r�b�[�h�d���� �d�h�l�h�j�u�_��

�^�h�i�m�k�d�Z�e�� �j�_�k�i�h�g�^�_�g�l�� �\�� �g�Z�q�Z�e�_�� �b�� �\�� �d�h�g�p�_���� �>�Z�g�g�u�_�� �i�j�h�[�� �[�u�e�b�� �k�h�i�h�k�l�Z�\�e�_�g�u��

�f�_�`�^�m���k�h�[�h�c���k���i�h�f�h�s�v�x���d�j�b�l�_�j�b�y���a�g�Z�d�h�\�u�o���j�Z�g�]�h�\���<�b�e�d�h�d�k�h�g�Z. 

�;�u�e�b�� �h�[�g�Z�j�m�`�_�g�u�� �a�g�Z�q�b�f�u�_�� �j�Z�a�e�b�q�b�y�� �i�j�b�� �k�j�Z�\�g�_�g�b�b�� �\�j�_�f�_�g�b �g�Z��

�i�j�b�g�y�l�b�_�� �\�_�j�g�h�]�h�� �j�_�r�_�g�b�y�� �\�� �i�h�k�e�_�^�g�b�o�� ������ �i�j�h�[�Z�o���± �\�j�_�f�_�g�b �g�Z�� �i�j�b�g�y�l�b�_��

�\�_�j�g�h�]�h���j�_�r�_�g�b�y���\���i�_�j�\�u�o���������i�j�h�[�Z�o (Z=-1,960, p=0,05); �\�j�_�f�_�g�b �g�Z���i�j�b�g�y�l�b�_��

�g�_�\�_�j�g�h�]�h���j�_�r�_�g�b�y���\���i�h�k�e�_�^�g�b�o���������i�j�h�[�Z�o���± �\�j�_�f�_�g�b �g�Z���i�j�b�g�y�l�b�_���g�_�\�_�j�g�h�]�h��

�j�_�r�_�g�b�y�� �\�� �i�_�j�\�u�o�� ������ �i�j�h�[�Z�o (Z=-3,011, p=0,0���������� �d�h�e�b�q�_�k�l�\�Z �h�r�b�[�h�d�� �\��

�i�h�k�e�_�^�g�b�o�� ������ �i�j�h�[�Z�o���± �d�h�e�b�q�_�k�l�\�Z �h�r�b�[�h�d�� �\�� �i�_�j�\�u�o�� ������ �i�j�h�[�Z�o (Z=-2,914, 

p=0,004). 

 

�J�b�k�m�g�h�d��106 - �K�j�Z�\�g�_�g�b�_�� �a�g�Z�q�b�f�u�o�� �j�Z�a�e�b�q�b�c�� �\�� �d�h�e�b�q�_�k�l�\�_�� �h�r�b�[�h�d  

�\���g�Z�q�Z�e�_���b���\���d�h�g�p�_���i�j�h�[ 

�I�h���\�j�_�f�_�g�g�u�f���o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f���[�u�e�b���i�h�e�m�q�_�g�u���k�e�_�^�m�x�s�b�_���^�Z�g�g�u�_�� 
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�J�b�k�m�g�h�d��107 - �K�j�Z�\�g�_�g�b�_���a�g�Z�q�b�f�u�o���j�Z�a�e�b�q�b�c���\���k�d�h�j�h�k�l�b���i�j�b�g�y�l�b�y���\�_�j�g�h�]�h���b 

�g�_�\�_�j�g�h�]�h���j�_�r�_�g�b�y���\���g�Z�q�Z�e�_���b���\���d�h�g�p�_���i�j�h�[  

�B�k�o�h�^�y���b�a���j�_�a�m�e�v�l�Z�l�h�\���i�j�h�\�_�^�_�g�g�h�]�h���Z�g�Z�e�b�a�Z���i�_�j�\�h�c���]�j�m�i�i�u�����a�g�Z�q�b�f�u�o��

�\�a�Z�b�f�h�k�\�y�a�_�c�� �f�_�`�^�m�� �d�h�e�b�q�_�k�l�\�h�f�� �\�_�j�g�u�o�� �b�� �g�_�\�_�j�g�u�o�� �h�l�\�_�l�h�\�� �\�� �k�j�_�^�_ ���>�� �b��

�d�h�e�b�q�_�k�l�\�h�f���\�_�j�g�u�o���h�l�\�_�l�h�\���\���j�_�r�_�g�b�b���Z�g�Z�e�h�]�b�q�g�u�o���a�Z�^�Z�q���\���k�j�_�^�_�����>���g�_�l�����W�l�h��

�f�h�`�_�l���]�h�\�h�j�b�l�v���h���l�h�f�����q�l�h���g�Z�o�h�`�^�_�g�b�_���\�_�j�g�h�]�h���h�l�\�_�l�Z���\���Z�g�Z�e�h�]�b�q�g�u�o���a�Z�^�Z�q�Z�o��

�\�� �j�Z�a�g�u�o�� �k�j�_�^�Z�o�� �g�_�� �k�\�y�a�Z�g�h�� �^�j�m�]�� �k�� �^�j�m�]�h�f���� �<�h�a�f�h�`�g�h���� �\�h�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�b�� �\��

�k�j�_�^�Z�o�����>���b�����>���a�Z�^�_�c�k�l�\�m�x�l�k�y���j�Z�a�g�u�_���[�e�h�d�b���j�_�r�_�g�b�y���a�Z�^�Z�q�����l���d�����g�Z�[�e�x�^�Z�x�l�k�y��

�d�Z�d�� �h�l�j�b�p�Z�l�_�e�v�g�u�_���� �l�Z�d�� �b�� �i�h�e�h�`�b�l�_�e�v�g�u�_�� �d�h�j�j�_�e�y�p�b�b���� �o�h�l�y�� �b�� �g�_�� �b�f�_�x�s�b�_��

�a�g�Z�q�b�f�h�k�l�b���� �q�l�h�� �]�h�\�h�j�b�l�� �h�[�� �h�l�k�m�l�k�l�\�b�b�� �l�_�g�^�_�g�p�b�b�� �d�� �e�b�g�_�c�g�h�c�� �k�\�y�a�b�� �f�_�`�^�m��

�w�l�b�f�b���^�\�m�f�y���n�_�g�h�f�_�g�Z�f�b�� 

�B�a�� �j�_�a�m�e�v�l�Z�l�h�\�� �k�l�Z�l�b�k�l�b�q�_�k�d�h�]�h�� �Z�g�Z�e�b�a�Z�� �\�l�h�j�h�c�� �]�j�m�i�i�u �f�h�`�g�h��

�h�l�f�_�l�b�l�v���� �q�l�h�� �_�k�l�v�� �h�^�g�Z�� �i�h�e�h�`�b�l�_�e�v�g�Z�y�� �k�\�y�a�v�� �f�_�`�^�m�� �d�h�e�b�q�_�k�l�\�h�f�� �\�_�j�g�u�o��

�h�l�\�_�l�h�\�� �i�j�b�� �\�j�Z�s�_�g�b�b�� �]�_�h�f�_�l�j�b�q�_�k�d�h�c�� �n�b�]�m�j�u�� �g�Z�� ������ �]�j�Z�^�m�k�h�\�� �\�� �k�j�_�^�_�� ���>�� �b��

�j�_�a�m�e�v�l�Z�l�Z�f�b�� �r�d�Z�e�u�� �©�f�_�o�Z�g�b�q�_�k�d�h�_�� �j�Z�k�k�m�`�^�_�g�b�y�� ���>�� �h�[�t�_�d�l�h�\�ª�� ��r � �� ������ ������ �g�Z��

�m�j�h�\�g�_�� �a�g�Z�q�b�f�h�k�l�b��p� �������������� �W�l�h�� �]�h�\�h�j�b�l�� �h�� �l�_�g�^�_�g�p�b�b�� �d�� �g�Z�e�b�q�b�x��

�i�h�e�h�`�b�l�_�e�v�g�h�c�� �k�\�y�a�b�� �f�_�`�^�m�� �d�h�e�b�q�_�k�l�\�h�f�� �\�_�j�g�u�o�� �h�l�\�_�l�h�\�� �\�� �a�Z�^�Z�g�b�b�� �g�Z�� ������

�]�j�Z�^�m�k�h�\���b���j�_�r�_�g�b�b���a�Z�^�Z�q���g�Z���©�f�_�o�Z�g�b�q�_�k�d�h�_���j�Z�k�k�m�`�^�_�g�b�_�ª�����?�k�e�b���h�[�j�Z�l�b�l�k�y���d��

�j�_�a�m�e�v�l�Z�l�Z�f���� �f�h�`�g�h�� �h�l�f�_�l�b�l�v���� �q�l�h�� �l�Z�f�� �l�Z�d�`�_�� �_�k�l�v�� �k�\�y�a�v��r � �� ���������� �f�_�`�^�m��
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�j�_�a�m�e�v�l�Z�l�Z�f�b���i�h���d�h�e�b�q�_�k�l�\�m���\�_�j�g�u�o���h�l�\�_�l�h�\���g�Z���a�Z�^�Z�q�b���g�Z���������]�j�Z�^�m�k�h�\���\���k�j�_�^�_��

���>�� �b�� �j�_�r�_�g�b�_�f�� �f�_�o�Z�g�b�q�_�k�d�b�o�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�o�� �a�Z�^�Z�q�� �k�j�_�^�u�� ���>�� �\�� �m�f�_����

�<�h�a�f�h�`�g�h���� �\�� �i�_�j�\�h�f�� �Z�g�Z�e�b�a�_�� �k�\�y�a�v�� �g�_�� �h�d�Z�a�Z�e�Z�k�v�� �a�g�Z�q�b�f�h�c�� �e�b�r�v�� �b�a-�a�Z��

�g�_�[�h�e�v�r�h�]�h���d�h�e�b�q�_�k�l�\�Z���j�_�k�i�h�g�^�_�g�l�h�\�����i�h�w�l�h�f�m�����k�h�i�h�k�l�Z�\�e�y�y���j�_�a�m�e�v�l�Z�l�u���w�l�b�o��

�l�Z�[�e�b�p�����f�h�`�g�h���k�d�Z�a�Z�l�v�����q�l�h���k�\�y�a�v���f�_�`�^�m���w�l�b�f�b���^�\�m�f�y���i�Z�j�Z�f�_�l�j�Z�f�b���i�h�k�l�h�y�g�g�Z�y��

�b���g�Z�[�e�x�^�Z�_�l�k�y���\���j�Z�a�g�u�o���m�k�e�h�\�b�y�o���b���\�u�[�h�j�d�Z�o���� 

�L�Z�d�� �b�e�b�� �b�g�Z�q�_���� �b�f�_�g�g�h�� �w�l�Z�� �r�d�Z�e�Z�� �b�a�� �\�k�_�o�� �a�Z�^�Z�g�b�c�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�]�h��

�[�e�h�d�Z�� ���>�� �k�\�y�a�Z�g�Z�� �k�� �\�j�Z�s�_�g�b�_�f�� �n�b�]�m�j�� �b�� �b�o���f�u�k�e�_�g�g�u�f�� �i�j�_�^�k�l�Z�\�e�_�g�b�_�f���� �W�l�h��

�f�h�`�_�l�� �]�h�\�h�j�b�l�v�� �h�� �l�h�f���� �q�l�h�� �\�j�Z�s�_�g�b�_�� �h�[�t�_�d�l�h�\�� �\�� �k�j�_�^�_�� ���>���\�� �j�Z�a�g�u�_�� �k�l�h�j�h�g�u��

�a�Z�^�_�c�k�l�\�m�_�l���l�Z�d�b�_���`�_���f�_�o�Z�g�b�a�f�u�����d�Z�d���b���l�_�o�g�b�q�_�k�d�h�_���j�Z�k�k�m�`�^�_�g�b�_���h���n�b�]�m�j�_���i�j�b��

�\�u�i�h�e�g�_�g�b�b���a�Z�^�Z�g�b�c���\���k�j�_�^�_�����>�����K�d�h�j�_�_���\�k�_�]�h�����i�_�j�_�^���\�u�i�h�e�g�_�g�b�_�f���a�Z�^�Z�g�b�y���\��

�e�x�[�h�c�� �b�a�� �w�l�b�o�� �k�j�_�^���� �q�_�e�h�\�_�d�� �k�g�Z�q�Z�e�Z�� �f�u�k�e�_�g�g�h�� �\�b�a�m�Z�e�b�a�b�j�m�_�l�� �w�l�h�� �^�_�c�k�l�\�b�_����

�i�j�_�^�k�l�Z�\�e�y�_�l�� �_�]�h���� �Z�� �e�b�r�v�� �a�Z�l�_�f�� �\�u�i�h�e�g�y�_�l���� �l�Z�d�� �d�Z�d�� �h�k�g�h�\�g�h�_�� �b�� �i�_�j�\�b�q�g�h�_��

�^�_�c�k�l�\�b�_���y�\�e�y�_�l�k�y���h�^�b�g�Z�d�h�\�u�f���^�e�y���\�u�i�h�e�g�_�g�b�y���w�l�b�o���a�Z�^�Z�g�b�c���� 

�;�u�e�Z���h�[�g�Z�j�m�`�_�g�Z���a�g�Z�q�b�f�Z�y���\�a�Z�b�f�h�k�\�y�a�v�����m�d�Z�a�u�\�Z�x�s�Z�y���g�Z���n�Z�d�l���l�h�]�h�����q�l�h���q�_�f��

�i�j�h�s�_���q�_�e�h�\�_�d�m���\�u�i�h�e�g�y�l�v���f�u�k�e�_�g�g�h�_���\�j�Z�s�_�g�b�_���n�b�]�m�j�u���\���\�h�h�[�j�Z�`�_�g�b�b�����l�_�f��

�e�m�q�r�_���h�g���a�Z�l�_�f���i�_�j�_�g�h�k�b�l���w�l�h���f�u�k�e�_�g�g�h�_���\�j�Z�s�_�g�b�_���g�Z���\�u�i�h�e�g�_�g�b�_���a�Z�^�Z�g�b�y���± 

�d�Z�d���\���k�j�_�^�_�����>�����l�Z�d���b���\���k�j�_�^�_�����>�� 

�<�h���\�j�_�f�_�g�g�u�o���o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�o���j�_�r�_�g�b�c�� �a�Z�^�Z�q�� �\�� �k�j�_�^�Z�o�����>�� �b�� ���>�� �[�u�e�h��

�\�u�^�_�e�_�g�h�� �^�h�k�l�Z�l�h�q�g�h�� �f�g�h�]�h �a�g�Z�q�b�f�u�o�� �\�a�Z�b�f�h�k�\�y�a�_�c���� �q�l�h�� �f�h�`�_�l�� �]�h�\�h�j�b�l�v�� �h��

�_�^�b�g�h�c���l�_�f�i�h�j�Z�e�v�g�h�c���k�l�j�m�d�l�m�j�_���j�_�r�_�g�b�y���w�l�b�o���a�Z�^�Z�g�b�c�� 

�D�h�e�b�q�_�k�l�\�h���h�r�b�[�h�d�����^�h�i�m�k�d�Z�_�f�u�o���j�_�k�i�h�g�^�_�g�l�Z�f�b���i�j�b���j�_�r�_�g�b�b���a�Z�^�Z�q���\��

�k�j�_�^�_�� ���>�� �g�Z�� �\�j�Z�s�_�g�b�_�� �n�b�]�m�j�u�� �g�Z�� �������� �]�j�Z�^�m�k�h�\���� �a�g�Z�q�b�f�h�� �h�l�j�b�p�Z�l�_�e�v�g�h��

�d�h�j�j�_�e�b�j�m�_�l�� �k�h�� �\�j�_�f�_�g�_�f���� �a�Z�l�j�Z�q�_�g�g�u�f�� �g�Z�� �i�h�b�k�d�� �i�j�Z�\�b�e�v�g�u�o�� �h�l�\�_�l�h�\�� �\��

�a�Z�^�Z�g�b�y�o���k�j�_�^�u�����>���b���\�j�_�f�_�g�_�f�����a�Z�l�j�Z�q�_�g�g�u�f���g�Z���j�_�r�_�g�b�_���a�Z�^�Z�g�b�c�����g�Z���m�j�h�\�g�_��-

0,56 P������������ �b��-0,71 P�������������� �k�h�h�l�\�_�l�k�l�\�_�g�g�h���� �W�l�h�� �]�h�\�h�j�b�l�� �h�� �l�h�f���� �q�l�h�� �_�k�e�b��

�m�q�Z�k�l�g�b�d���b�k�k�e�_�^�h�\�Z�g�b�y���\���p�_�e�h�f���f�_�^�e�_�g�g�_�_���j�_�r�Z�_�l���a�Z�^�Z�g�b�y���\���k�j�_�^�_�����>�����l�h���_�k�l�v��

�l�j�Z�l�b�l���f�g�h�]�h���\�j�_�f�_�g�b�������l�h���h�g���k�h�\�_�j�r�Z�_�l���f�_�g�v�r�_���h�r�b�[�h�d���i�j�b���j�_�r�_�g�b�b���a�Z�^�Z�g�b�c��

�g�Z���\�j�Z�s�_�g�b�_���i�j�_�^�f�_�l�Z���g�Z�����������]�j�Z�^�m�k�h�\���\���<�J-�k�b�k�l�_�f�_�����>�Z�g�g�Z�y���k�\�y�a�v���f�h�`�_�l���[�u�l�v��

�b�g�l�_�j�i�j�_�l�b�j�h�\�Z�g�Z�� �k�e�_�^�m�x�s�b�f�� �h�[�j�Z�a�h�f���� �M�q�Z�k�l�g�b�d�Z�f�� �l�j�_�[�m�_�l�k�y�� �[�h�e�v�r�_��
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�\�j�_�f�_�g�b���g�Z���h�[�j�Z�s�_�g�b�_���d���\�g�m�l�j�_�g�g�_�f�m���i�j�_�^�k�l�Z�\�e�_�g�b�x���n�b�]�m�j�u�����_�_���\�j�Z�s�_�g�b�x���\��

�k�h�[�k�l�\�_�g�g�h�f�� �i�j�_�^�k�l�Z�\�e�_�g�b�b���� �b���� �_�k�e�b�� �w�l�h�l�� �[�e�h�d�� �^�_�c�k�l�\�b�c�� �i�j�b�k�m�l�k�l�\�m�_�l�� �i�_�j�_�^��

�l�_�f�����d�Z�d���q�_�e�h�\�_�d���h�l�f�_�l�b�l���h�l�\�_�l�����w�l�h���a�Z�f�_�^�e�y�_�l���\�u�i�h�e�g�_�g�b�_���a�Z�^�Z�g�b�y�����g�h���^�_�e�Z�_�l��

�_�]�h���[�h�e�_�_���l�h�q�g�u�f���b���m�d�Z�a�u�\�Z�_�l���g�Z���k�d�e�h�g�g�h�k�l�v�����\���p�_�e�h�f�����i�j�b���j�_�r�_�g�b�b���i�h�^�h�[�g�u�o��

�a�Z�^�Z�q���\���k�j�_�^�Z�o�����>���b�����>�����k�g�Z�q�Z�e�Z���i�h�e�v�a�h�\�Z�l�v�k�y���f�u�k�e�_�g�g�u�f���i�j�_�^�k�l�Z�\�e�_�g�b�_�f���b��

�\�j�Z�s�_�g�b�_�f���n�b�]�m�j�� 

�W�l�b�� �`�_�� �j�_�a�m�e�v�l�Z�l�u���i�j�h�y�\�e�y�x�l�k�y �\�� �a�g�Z�q�b�f�u�o�� �i�h�e�h�`�b�l�_�e�v�g�u�o��

�\�a�Z�b�f�h�k�\�y�a�y�o�� �d�h�e�b�q�_�k�l�\�Z�� �\�_�j�g�u�o�� �h�l�\�_�l�h�\�� �i�j�b�� �j�_�r�_�g�b�b�� �a�Z�^�Z�q�� �g�Z�� �\�j�Z�s�_�g�b�_��

�n�b�]�m�j�u���\���k�j�_�^�_�����>���g�Z���������]�j�Z�^�m�k�h�\���k���m�k�j�_�^�g�_�g�g�u�f �\�j�_�f�_�g�_�f���j�_�r�_�g�b�y���a�Z�^�Z�q���\��

�k�j�_�^�_�����>���b���\�j�_�f�_�g�_�f���g�Z���i�j�Z�\�b�e�v�g�u�c���h�l�\�_�l���\���f�u�k�e�_�g�g�h�f���\�j�Z�s�_�g�b�b���n�b�]�m�j�u����r 

= 0,56; P ���������������b��r = 0,67; P < �������������k�h�h�l�\�_�l�k�l�\�_�g�g�h�������L�Z�d�����q�_�f���[�h�e�v�r�_���k�j�_�^�g�_�_��

�\�j�_�f�y���g�Z���j�_�r�_�g�b�_���a�Z�^�Z�q���\�����>���b���\�j�_�f�y�����d�h�l�h�j�h�_���l�j�Z�l�b�l���q�_�e�h�\�_�d���g�Z���f�u�k�e�_�g�g�h�_��

�\�j�Z�s�_�g�b�_���n�b�]�m�j�u�����l�_�f���[�h�e�v�r�_���i�j�Z�\�b�e�v�g�u�o���h�l�\�_�l�h�\���h�g���k�f�h�`�_�l���^�Z�l�v���\���j�_�r�_�g�b�b��

�a�Z�^�Z�q���g�Z���\�j�Z�s�_�g�b�_���n�b�]�m�j�u���\���k�j�_�^�_���<�J�����q�l�h���f�h�`�_�l���[�u�l�v���k�\�y�a�Z�g�h���k�h���k�d�e�h�g�g�h�k�l�v�x��

�k�g�Z�q�Z�e�Z���\�b�a�m�Z�e�b�a�b�j�h�\�Z�l�v���^�_�c�k�l�\�b�_���\���]�h�e�h�\�_�����Z���e�b�r�v���a�Z�l�_�f���j�_�Z�e�b�a�h�\�u�\�Z�l�v���_�]�h��

�i�j�b���\�u�i�h�e�g�_�g�b�b���a�Z�^�Z�g�b�c�� 

�K�j�_�^�g�_�_�� �\�j�_�f�y�� �g�Z���g�_�\�_�j�g�u�c�� �h�l�\�_�l�� �\�� �<�J�� �a�g�Z�q�b�f�h�� �k�\�y�a�Z�g�h�� �k�h�� �k�j�_�^�g�b�f��

�\�j�_�f�_�g�_�f�� �g�Z�� �\�_�j�g�u�c�� �h�l�\�_�l�� �\�� �j�_�r�_�g�b�b�� �a�Z�^�Z�g�b�c�� �\�� �k�j�_�^�_�� ���>�� �g�Z�� �a�Z�i�h�e�g�_�g�b�_��

�i�Z�l�l�_�j�g�Z��r � �� ���������� �i�j�b��p < ������������ �>�Z�g�g�Z�y�� �\�a�Z�b�f�h�k�\�y�a�v�� �i�h�^�l�\�_�j�`�^�Z�_�l�� �g�Z�r�b��

�i�j�_�^�i�h�e�h�`�_�g�b�y���h���l�h�f�����q�l�h���i�j�b���j�_�r�_�g�b�b���a�Z�^�Z�g�b�c���g�_�d�h�l�h�j�Z�y���]�j�m�i�i�Z���m�q�Z�k�l�g�b�d�h�\ 

�i�j�_�^�i�h�q�b�l�Z�_�l�� �\�b�a�m�Z�e�b�a�b�j�h�\�Z�l�v�� �n�b�]�m�j�m�� �k�g�Z�q�Z�e�Z�� �\�� �k�\�h�_�f�� �i�j�_�^�k�l�Z�\�e�_�g�b�b���� �b��

�b�g�h�]�^�Z���w�l�h���i�h�a�\�h�e�y�_�l���b�f���j�_�r�Z�l�v���a�Z�^�Z�g�b�y���w�n�n�_�d�l�b�\�g�_�_�����g�h���g�_���\�k�_�]�^�Z�������I�j�b���w�l�h�f��

�m�\�_�e�b�q�_�g�b�_���\�j�_�f�_�g�b�����a�Z�l�j�Z�q�_�g�g�h�]�h���g�Z���\�b�a�m�Z�e�b�a�Z�p�b�x���± �d�h�g�k�l�Z�g�l�g�u�c���n�_�g�h�f�_�g����

�d�h�l�h�j�u�c���f�u���f�h�`�_�f���g�Z�[�e�x�^�Z�l�v���i�h���h�i�b�k�Z�g�g�u�f���\�a�Z�b�f�h�k�\�y�a�y�f�� 

�L�h�q�g�h���l�Z�d���`�_���k�j�_�^�g�_�_���\�j�_�f�y���g�Z���g�_�\�_�j�g�u�c���h�l�\�_�l���i�j�b���j�_�r�_�g�b�b���a�Z�^�Z�g�b�c���\��

�k�j�_�^�_�� ���>�� �g�Z�� �\�j�Z�s�_�g�b�_�� �n�b�]�m�j�u�� �g�Z�� �������� �]�j�Z�^�m�k�h�\�� �a�g�Z�q�b�f�h�� �k�\�y�a�Z�g�h�� �k�h�� �k�j�_�^�g�b�f��

�\�j�_�f�_�g�_�f�� �g�Z�� �i�j�Z�\�b�e�v�g�u�c�� �h�l�\�_�l�� �\�� ���>�� �[�e�h�d�_�� �b�� �k�h�� �k�j�_�^�g�b�f�� �\�j�_�f�_�g�_�f�� �g�Z��

�i�j�Z�\�b�e�v�g�h�_���j�_�r�_�g�b�_���a�Z�^�Z�g�b�c���k���f�u�k�e�_�g�g�u�f���\�j�Z�s�_�g�b�_�f���n�b�]�m�j��r � �������������b��r = 0,59 

�i�j�b��p < ������������ �k�h�h�l�\�_�l�k�l�\�_�g�g�h���� �>�Z�g�g�u�_�� �k�\�y�a�b���k�\�b�^�_�l�_�e�v�k�l�\�m�x�l �h�� �l�h�f���� �q�l�h�� �q�_�f��

�^�h�e�v�r�_�� �\�j�_�f�_�g�b���l�j�Z�l�b�l�� �q�_�e�h�\�_�d���g�Z���i�h�b�k�d�� �h�l�\�_�l�Z���\�����>�� ���Z�� �a�g�Z�q�b�l���� �q�_�f���^�h�e�v�r�_��
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�f�u�k�e�_�g�g�h���i�j�_�^�k�l�Z�\�e�y�_�l���n�b�]�m�j�m�������l�_�f���[�u�k�l�j�_�_���h�g���b�s�_�l���\�_�j�g�u�c���h�l�\�_�l���\���j�_�r�_�g�b�b��

�a�Z�^�Z�g�b�c���\���k�j�_�^�_�����>�����d�h�l�h�j�u�_���g�_���l�j�_�[�m�x�l���w�l�h�]�h���^�_�c�k�l�\�b�y�� 

�I�h�k�e�_�^�g�b�c���[�e�h�d���a�g�Z�q�b�f�u�o���\�a�Z�b�f�h�k�\�y�a�_�c���\�u�^�_�e�y�_�l�k�y���i�h���r�d�Z�e�_���©�k�j�_�^�g�_�_��

�\�j�_�f�y�� �g�Z�� �g�_�\�_�j�g�u�c�� �h�l�\�_�l�� �\�� �a�Z�^�Z�g�b�y�o�� �f�u�k�e�_�g�g�h�]�h�� �\�j�Z�s�_�g�b�y�� �\�� �k�j�_�^�_�� ���>�ª�� �b��

�i�h�e�h�`�b�l�_�e�v�g�u�f���k�\�y�a�y�f���w�l�h�c���r�d�Z�e�u���k�h���k�j�_�^�g�b�f���\�j�_�f�_�g�_�f���g�Z���h�l�\�_�l���\�����>��r = 0,62 

P < �������������k�j�_�^�g�b�f���\�j�_�f�_�g�_�f���g�Z���\�_�j�g�u�c���h�l�\�_�l���\���<�J��r = 0,64 p < �����������b���k�j�_�^�g�b�f��

�\�j�_�f�_�g�_�f���g�Z���j�_�r�_�g�b�_���a�Z�^�Z�q���\���<�J���g�Z���\�j�Z�s�_�g�b�_���n�b�]�m�j�u���g�Z�����������]�j�Z�^�m�k�h�\��r = 0,51 

p���������������W�l�h�l���[�e�h�d���i�h�e�h�`�b�l�_�e�v�g�u�o���\�a�Z�b�f�h�k�\�y�a�_�c���i�h�a�\�h�e�y�_�l���g�Z�f���h�l�f�_�l�b�l�v�����q�l�h��

�l�_�� �e�x�^�b���� �d�h�l�h�j�u�_���^�h�e�]�h�� �j�Z�a�f�u�r�e�y�x�l�� �i�_�j�_�^�� �j�_�r�_�g�b�_�f�� �a�Z�^�Z�q�� �g�Z�� �f�u�k�e�_�g�g�h�_��

�\�j�Z�s�_�g�b�_�� �n�b�]�m�j�� �\�� �k�j�_�^�_�� ���>���� �k�d�e�h�g�g�u�� �b�� �d�� �l�h�f�m���� �q�l�h�[�u�� �a�Z�^�_�j�`�b�\�Z�l�v�k�y�� �i�_�j�_�^��

�h�l�\�_�l�h�f���g�Z���a�Z�^�Z�g�b�y���\���k�j�_�^�_�����>�����q�l�h���q�Z�s�_���\�k�_�]�h���i�h�a�\�h�e�y�_�l���b�f���^�Z�l�v���\�_�j�g�u�c���h�l�\�_�l��

�b���m�k�i�_�r�g�h���j�_�r�b�l�v���a�Z�^�Z�g�b�_�����G�h���^�_�e�Z�x�l���h�g�b���w�l�h���^�h�e�v�r�_���b�a-�a�Z���l�h�]�h�����q�l�h���k�g�Z�q�Z�e�Z��

�\�b�a�m�Z�e�b�a�b�j�m�x�l���n�b�]�m�j�m���b���_�_���k�\�h�c�k�l�\�Z���\���k�\�h�_�f���i�j�_�^�k�l�Z�\�e�_�g�b�b�� 

�<���p�_�e�h�f�����f�h�`�g�h���k�^�_�e�Z�l�v���\�u�\�h�^���h���l�h�f�����q�l�h���j�_�r�_�g�b�_���a�Z�^�Z�g�b�c���\���k�j�_�^�Z�o�����>��

�b�� ���>�� �i�j�h�b�k�o�h�^�b�l�� �k�� �j�Z�a�g�h�c�� �w�n�n�_�d�l�b�\�g�h�k�l�v�x���� �L�h�� �_�k�l�v�� �j�_�k�i�h�g�^�_�g�l�u���� �d�h�l�h�j�u�_��

�k�d�e�h�g�g�u�� �m�k�i�_�r�g�h�� �j�_�r�Z�l�v�� �a�Z�^�Z�g�b�y�� �\�� �k�j�_�^�_�� ���>�� �g�_�� �h�[�y�a�Z�l�_�e�v�g�h�� �^�_�e�Z�x�l�� �w�l�h�� �k��

�l�Z�d�b�f���`�_���m�k�i�_�o�h�f���b���\���k�j�_�^�_�����>�� 

�J�_�r�_�g�b�_�� �w�l�b�o�� �a�Z�^�Z�g�b�c�� �i�j�h�l�_�d�Z�_�l�� �q�Z�s�_�� �\�k�_�]�h�� �k�� �h�^�b�g�Z�d�h�\�h�c��

�l�_�f�i�h�j�Z�e�v�g�h�k�l�v�x���\���j�Z�a�g�u�o���k�j�_�^�Z�o�����W�l�h���]�h�\�h�j�b�l���g�Z�f���h���l�h�f�����q�l�h���_�k�e�b���j�_�k�i�h�g�^�_�g�l��

�k�d�e�h�g�_�g�� �^�h�e�]�h�� �b�k�d�Z�l�v�� �h�l�\�_�l���� �\�b�a�m�Z�e�b�a�b�j�h�\�Z�l�v�� �n�b�]�m�j�m�� �\�� �k�\�h�_�f�� �k�h�[�k�l�\�_�g�g�h�f��

�i�j�_�^�k�l�Z�\�e�_�g�b�b���b���h�i�_�j�b�j�h�\�Z�l�v���k���g�_�c���b�f�_�g�g�h���l�Z�d�b�f���h�[�j�Z�a�h�f�����l�h���h�g���[�m�^�_�l���^�_�e�Z�l�v��

�w�l�h�� �d�Z�d�� �\�� ���>���� �l�Z�d�� �b�� �\�� ���>�� �a�Z�^�Z�g�b�y�o���� �q�l�h�� �i�j�h�y�\�e�y�_�l�k�y�� �\�� �[�h�e�_�_�� �^�e�b�l�_�e�v�g�h�f�� �b�e�b��

�d�h�j�h�l�d�h�f�� �\�j�_�f�_�g�b���i�_�j�_�^�� �l�_�f, �d�Z�d���h�l�f�_�l�b�l�v�� �g�_�h�[�o�h�^�b�f�u�c���\�Z�j�b�Z�g�l���� �:�� �a�g�Z�q�b�l����

�k�l�b�e�v���^�_�y�l�_�e�v�g�h�k�l�b���\���w�l�b�o���^�\�m�o���k�j�_�^�Z�o���m���g�b�o���k�h�o�j�Z�g�y�_�l�k�y�� 

�D�Z�d���f�u���f�h�`�_�f���\�b�^�_�l�v���b�a���d�h�j�j�_�e�y�p�b�h�g�g�h�]�h���Z�g�Z�e�b�a�Z���i�h���o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f��

�^�b�g�Z�f�b�q�g�h�k�l�b�� �j�_�r�_�g�b�y�� �a�Z�^�Z�g�b�c�� �\�� �k�j�_�^�Z�o�� ���>�� �b�� ���>�� �\�� �]�j�m�i�i�_�� �j�_�k�i�h�g�^�_�g�l�h�\����

�d�h�l�h�j�u�_�� �i�j�h�o�h�^�b�e�b�� �m�q�Z�k�l�b�_���\�l�h�j�u�f�b���� �a�g�Z�q�b�f�u�o�� �\�a�Z�b�f�h�k�\�y�a�_�c�� �g�Z�f�g�h�]�h��

�f�_�g�v�r�_���� �W�l�h�� �f�h�`�_�l�� �[�u�l�v�� �h�[�t�y�k�g�_�g�h�� �l�_�f���� �q�l�h�� �\�� �^�Z�g�g�h�f�� �b�k�k�e�_�^�h�\�Z�g�b�b�� �[�u�e�h��

�\�\�_�^�_�g�h�� �\�j�_�f�_�g�g�h�_�� �h�]�j�Z�g�b�q�_�g�b�_���� �b�� �i�h�w�l�h�f�m�� �j�_�k�i�h�g�^�_�g�l�u�� �\�� �f�_�g�v�r�_�c�� �f�_�j�_��



24 
 

�b�f�_�e�b�� �\�h�a�f�h�`�g�h�k�l�v�� �i�j�h�y�\�b�l�v�� �k�\�h�c�� �b�g�^�b�\�b�^�m�Z�e�v�g�u�c�� �k�l�b�e�v�� �^�_�y�l�_�e�v�g�h�k�l�b�� �i�j�b��

�j�_�r�_�g�b�b���a�Z�^�Z�g�b�c���\���k�j�_�^�Z�o�����>���b�����>�� 

�<�Z�`�g�u�f�� �y�\�e�y�_�l�k�y�� �l�h���� �q�l�h�� �^�e�y���\�l�h�j�h�c���]�j�m�i�i�u�� �j�_�k�i�h�g�^�_�g�l�h�\���� �[�u�e�b��

�\�g�_�k�_�g�u���\�j�_�f�_�g�g�u�_���h�]�j�Z�g�b�q�_�g�b�y�����\���l�_�q�_�g�b�_���d�h�l�h�j�u�o���h�g�b���^�h�e�`�g�u���[�u�e�b���j�_�r�Z�l�v��

�i�h�k�l�Z�\�e�_�g�g�u�_���a�Z�^�Z�q�b���� 

�H�^�g�Z�d�h���� �k�e�_�^�m�_�l �h�l�f�_�l�b�l�v�� �g�Z�e�b�q�b�_�� �a�g�Z�q�b�f�u�o�� �h�l�j�b�p�Z�l�_�e�v�g�u�o��

�\�a�Z�b�f�h�k�\�y�a�_�c���f�_�`�^�m���r�d�Z�e�h�c���a�Z�^�Z�g�b�c���\���k�j�_�^�_�����>�����g�Z�i�j�Z�\�e�_�g�g�u�o���g�Z���f�u�k�e�_�g�g�h�_��

�\�j�Z�s�_�g�b�_���n�b�]�m�j�u�� �d�h�e�b�q�_�k�l�\�h�f���h�r�b�[�h�d���\���a�Z�^�Z�g�b�y�o���\���k�j�_�^�_�����>���g�Z�����������]�j�Z�^�m�k�h�\��

r = -�����������i�j�b��p < �����������b���r�d�Z�e�h�c���k�j�_�^�g�_�]�h���d�h�e�b�q�_�k�l�\�Z���h�r�b�[�h�d���\���a�Z�^�Z�g�b�y�o���\���k�j�_�^�_��

���>���g�Z�����������]�j�Z�^�m�k�h�\��r = -�����������i�j�b��p < �������������W�l�h���f�h�`�_�l���]�h�\�h�j�b�l�v���g�Z�f���h���l�h�f�����q�l�h��

�j�_�k�i�h�g�^�_�g�l�u���� �k�d�e�h�g�g�u�_�� �^�h�e�v�r�_�� �j�_�r�Z�l�v�� �a�Z�^�Z�g�b�_ �g�Z�� �f�u�k�e�_�g�g�h�_�� �\�j�Z�s�_�g�b�_��

�h�[�t�_�d�l�Z���� �Z�� �a�g�Z�q�b�l���� �i�j�h�^�_�e�u�\�Z�x�s�b�_�� �w�l�m�� �i�j�h�p�_�^�m�j�m�� �\�� �k�\�h�z�f�� �i�j�_�^�k�l�Z�\�e�_�g�b�b���� �\��

�f�_�g�v�r�_�c���\�_�j�h�y�l�g�h�k�l�b���k�d�e�h�g�g�u���^�Z�\�Z�l�v���g�_�\�_�j�g�u�_���h�l�\�_�l�u���i�j�b���j�_�r�_�g�b�b���a�Z�^�Z�g�b�c��

�\���k�j�_�^�_�����>�����G�Z�i�j�y�f�m�x���i�h�d�Z�a�Z�l�_�e�b���w�l�b�o���^�\�m�o���a�Z�^�Z�g�b�c���g�_���k�\�y�a�Z�g�u�����g�h���f�u���\�b�^�b�f����

�q�l�h�� �l�_�� �j�_�k�i�h�g�^�_�g�l�u���� �d�h�l�h�j�u�_�� �^�_�e�Z�x�l�� �a�Z�^�Z�g�b�y�� �g�Z�� �f�u�k�e�_�g�g�h�_�� �\�j�Z�s�_�g�b�_��

�f�_�^�e�_�g�g�_�_���� �d�h�l�h�j�u�_�� �k�g�Z�q�Z�e�Z�� �i�j�_�^�k�l�Z�\�e�y�x�l�� �\�k�x�� �k�b�l�m�Z�p�b�x�� �\�� �]�h�e�h�\�_���� �Z�� �e�b�r�v��

�i�h�l�h�f���\�u�^�Z�x�l���\�_�j�g�h�_���j�_�r�_�g�b�_�����l�h�q�g�h���l�Z�d�`�_���^�_�c�k�l�\�m�x�l���b���i�j�b���\�a�Z�b�f�h�^�_�c�k�l�\�b�b��

�k�� �n�b�]�m�j�Z�f�b�� �\�� �k�j�_�^�_�� ���>���� �q�l�h�� �i�h�^�l�\�_�j�`�^�Z�_�l�k�y�� �i�h�e�h�`�b�l�_�e�v�g�h�c�� �\�a�Z�b�f�h�k�\�y�a�v�x��

�f�_�`�^�m���k�j�_�^�g�b�f���\�j�_�f�_�g�_�f���g�Z���\�_�j�g�u�c���h�l�\�_�l���i�h���r�d�Z�e�_���f�u�k�e�_�g�g�h�]�h���\�j�Z�s�_�g�b�y���b��

�k�j�_�^�g�b�f���\�j�_�f�_�g�_�f���g�Z���h�l�\�_�l���\���j�_�r�_�g�b�b�����>���a�Z�^�Z�g�b�c���g�Z���\�j�Z�s�_�g�b�_���g�Z���������]�j�Z�^�m�k�h�\��

r � �������������i�j�b��p < 0,05. 

�L�_�f�� �k�Z�f�u�f���� �g�Z�� �h�k�g�h�\�_�� �i�j�h�\�_�^�_�g�g�u�o�� �d�h�j�j�_�e�y�p�b�h�g�g�u�o�� �Z�g�Z�e�b�a�h�\���� �f�u��

�f�h�`�_�f���k�^�_�e�Z�l�v���k�e�_�^�m�x�s�b�_ �\�u�\�h�^�u���� 

�M�k�i�_�r�g�h�k�l�v�� �\�u�i�h�e�g�_�g�b�y�� �a�Z�^�Z�g�b�c���� �l�j�_�[�m�x�s�b�o�� �i�j�b�f�_�g�_�g�b�y��

�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�o�� �k�i�h�k�h�[�g�h�k�l�_�c�� �\�� �\�b�j�l�m�Z�e�v�g�h�c�� �j�_�Z�e�v�g�h�k�l�b�� �b�� �m�k�i�_�r�g�h�k�l�v��

�\�u�i�h�e�g�_�g�b�y���Z�g�Z�e�h�]�b�q�g�u�o���a�Z�^�Z�q���\���^�\�m�o�f�_�j�g�h�f���n�h�j�f�Z�l�_���k�\�y�a�Z�g�u���g�_���g�Z�i�j�y�f�m�x����

�Z�� �e�b�r�v�� �q�_�j�_�a�� �m�k�i�_�r�g�h�k�l�v�� �f�u�k�e�_�g�g�h�]�h�� �\�j�Z�s�_�g�b�y�� �n�b�]�m�j�u���� �q�l�h �h�l�j�Z�`�Z�_�l�k�y�� �\�h��

�\�a�Z�b�f�h�k�\�y�a�b���f�_�`�^�m���d�h�e�b�q�_�k�l�\�h�f���\�_�j�g�u�o���h�l�\�_�l�h�\���g�Z���a�Z�^�Z�g�b�_���\�j�Z�s�_�g�b�y���\���k�j�_�^�_��

���>���b���\�j�Z�s�_�g�b�y���n�b�]�m�j���\���k�j�_�^�_�����>���g�Z���������]�j�Z�^�m�k�h�\���\���h�[�_�b�o���]�j�m�i�i�Z�o�� 
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�L�Z�d�`�_���h�[�s�b�f���\���i�j�b�f�_�g�_�g�b�b���i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�o���k�i�h�k�h�[�g�h�k�l�_�c���\�����>���b�����>��

�k�j�_�^�Z�o�� �y�\�e�y�x�l�k�y�� �l�_�f�i�h�j�Z�e�v�g�u�_�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �w�l�b�o�� �k�i�h�k�h�[�g�h�k�l�_�c�� �m��

�j�_�k�i�h�g�^�_�g�l�h�\���� �B�o�� �k�d�e�h�g�g�h�k�l�v�� �e�b�[�h�� �k�j�Z�a�m�� �i�u�l�Z�l�v�k�y�� �^�Z�l�v�� �\�_�j�g�u�c�� �h�l�\�_�l���� �e�b�[�h��

�^�Z�l�v�� �h�l�\�_�l�� �f�_�^�e�_�g�g�_�_���� �q�l�h���� �\�_�j�h�y�l�g�h���� �k�\�y�a�Z�g�h�� �k�� �\�u�i�h�e�g�_�g�b�_�f�� �^�_�c�k�l�\�b�y�� �\��
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�j�_�r�_�g�b�y���g�Z�f�g�h�]�h���[�u�k�l�j�_�_�����<�h�a�f�h�`�g�h�����w�l�h���k�\�y�a�Z�g�h���k���l�_�f�����q�l�h���h�g�b���k�l�Z�e�b���e�m�q�r�_��

�h�j�b�_�g�l�b�j�h�\�Z�l�v�k�y�� �\�� �i�j�h�k�l�j�Z�g�k�l�\�_�� �b�� �b�k�i�h�e�v�a�h�\�Z�l�v�� �f�_�g�v�r�_�� �f�u�k�e�b�l�_�e�v�g�u�o��

�h�i�_�j�Z�p�b�c�����g�Z�i�j�Z�\�e�_�g�g�u�o���g�Z���i�j�_�^�k�l�Z�\�e�_�g�b�_���n�b�]�m�j�u���b���i�h�w�l�h�f�m���\�j�_�f�y���i�j�b�g�y�l�b�y��

�g�_�\�_�j�g�h�]�h���j�_�r�_�g�b�y���k�g�b�a�b�e�h�k�v���l�Z�d���k�b�e�v�g�h�� 

�J�_�a�m�e�v�l�Z�l�u�� �i�j�h�\�_�^�z�g�g�u�o�� �w�f�i�b�j�b�q�_�k�d�b�o�� �b�k�k�e�_�^�h�\�Z�g�b�c��

�i�j�h�^�_�f�h�g�k�l�j�b�j�h�\�Z�e�b�� �g�Z�e�b�q�b�_�� �k�\�y�a�b�� �f�_�`�^�m�� �m�j�h�\�g�_�f�� �j�Z�a�\�b�l�b�y��

�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�o���k�i�h�k�h�[�g�h�k�l�_�c���b�k�i�u�l�m�_�f�u�o���b���m�k�i�_�r�g�h�k�l�v�x���\�a�Z�b�f�h�^�_�c�k�l�\�b�y��

�k���\�b�j�l�m�Z�e�v�g�h�c���j�_�Z�e�v�g�h�k�l�v�x�����L�h�l���n�Z�d�l�����q�l�h���b�k�i�h�e�v�a�m�_�f�u�_���w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�_��

�i�j�h�p�_�^�m�j�u���[�u�e�b���g�Z�i�j�Z�\�e�_�g�u���g�Z���i�j�h�\�_�j�d�m���d�Z�q�_�k�l�\�_�g�g�h���j�Z�a�e�b�q�g�u�o���n�_�g�h�f�_�g�h�\����

�i�h�a�\�h�e�y�x�s�b�o���k�m�^�b�l�v���h�[���m�k�i�_�r�g�h�k�l�b���j�_�Z�e�b�a�Z�p�b�b���^�_�y�l�_�e�v�g�h�k�l�b���\���\�b�j�l�m�Z�e�v�g�h�c��

�j�_�Z�e�v�g�h�k�l�b���± �m�k�l�h�c�q�b�\�h�k�l�b�� �d�� �k�b�f�m�e�y�l�h�j�g�h�f�m�� �j�Z�k�k�l�j�h�c�k�l�\�m���� �\�u�j�Z�`�_�g�g�h�k�l�b��

�w�n�n�_�d�l�Z�� �i�j�b�k�m�l�k�l�\�b�y���� �w�n�n�_�d�l�b�\�g�h�k�l�b�� �j�_�r�_�g�b�y�� �d�h�]�g�b�l�b�\�g�u�o�� �a�Z�^�Z�q����

�w�n�n�_�d�l�b�\�g�h�k�l�b�� �j�_�r�_�g�b�y�� �d�h�f�f�m�g�b�d�Z�l�b�\�g�u�o�� �a�Z�^�Z�q���± �i�j�_�^�h�k�l�Z�\�e�y�_�l��

�\�h�a�f�h�`�g�h�k�l�v�� �j�Z�k�k�f�Z�l�j�b�\�Z�l�v�� �m�j�h�\�_�g�v�� �j�Z�a�\�b�l�b�y�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�o��

�k�i�h�k�h�[�g�h�k�l�_�c�� �b�f�_�g�g�h�� �d�Z�d�� �h�^�b�g�� �b�a�� �i�j�_�^�b�d�l�h�j�h�\�� �m�k�i�_�r�g�h�c�� �j�_�Z�e�b�a�Z�p�b�b��

�j�Z�a�e�b�q�g�u�o���^�_�c�k�l�\�b�c���\���m�k�e�h�\�b�y�o���\�b�j�l�m�Z�e�v�g�h�c���j�_�Z�e�v�g�h�k�l�b�� 

�I�j�h�\�_�^�_�g�g�h�_���b�k�k�e�_�^�h�\�Z�g�b�_���^�_�f�h�g�k�l�j�b�j�m�_�l���g�Z�e�b�q�b�_���k�e�h�`�g�h�]�h �o�Z�j�Z�d�l�_�j�Z 

�\�a�Z�b�f�h�k�\�y�a�b�� �f�_�`�^�m���\�u�j�Z�`�_�g�g�h�k�l�v�x�� �I�K �\�� �^�\�m�f�_�j�g�u�o�� �b�� �l�j�_�o�f�_�j�g�u�o�� �k�j�_�^�Z�o����

�I�h�e�m�q�_�g�g�u�_�� �^�Z�g�g�u�_�� �k�\�b�^�_�l�_�e�v�k�l�\�m�x�l���� �q�l�h�� �m�k�i�_�r�g�h�k�l�v�� �\�u�i�h�e�g�_�g�b�y��

�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�o�� �a�Z�^�Z�q�� �\���<�J �b�� ���'-�n�h�j�f�Z�l�_�� �k�\�y�a�Z�g�Z�� �g�_�� �g�Z�i�j�y�f�m�x���� �Z��

�h�i�h�k�j�_�^�h�\�Z�g�Z�� �q�_�j�_�a�� �f�_�o�Z�g�b�a�f�u�� �f�u�k�e�_�g�g�h�]�h�� �\�j�Z�s�_�g�b�y �k�� �h�^�g�h�c�� �k�l�h�j�h�g�u�� �b��

�l�_�f�i�h�j�Z�e�v�g�u�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d���d�h�]�g�b�l�b�\�g�h�c���h�[�j�Z�[�h�l�d�b�����k���^�j�m�]�h�����J�_�]�j�_�k�k�b�h�g�g�u�c��

�Z�g�Z�e�b�a�� �\�u�y�\�b�e���� �q�l�h�� �\�j�_�f�_�g�g�u�_�� �i�Z�j�Z�f�_�l�j�u�� �\�u�i�h�e�g�_�g�b�y�� �a�Z�^�Z�q�� �y�\�e�y�x�l�k�y��

�a�g�Z�q�b�f�u�f�� �i�j�_�^�b�d�l�h�j�h�f�� �m�k�i�_�r�g�h�k�l�b�� �\�� �h�[�_�b�o�� �k�j�_�^�Z�o���� �i�j�b�� �w�l�h�f�� �g�Z�i�j�Z�\�e�_�g�b�_��

�\�e�b�y�g�b�y�� �\�Z�j�v�b�j�m�_�l�� �\�� �a�Z�\�b�k�b�f�h�k�l�b�� �h�l�� �l�b�i�Z�� �a�Z�^�Z�q�� �K�h�i�h�k�l�Z�\�b�f�u�_ �j�_�a�m�e�v�l�Z�l�u��

�[�u�e�b�� �i�h�e�m�q�_�g�u�� �\ �^�j�m�]�b�o �b�k�k�e�_�^�h�\�Z�g�b�b��(Hegarty & Waller, 2005), �\�� �d�h�l�h�j�u�o��
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�[�u�e�h�� �i�h�d�Z�a�Z�g�h�����q�l�h�� �b�g�^�b�\�b�^�m�Z�e�v�g�u�_�� �j�Z�a�e�b�q�b�y�� �\�� �k�d�h�j�h�k�l�b�� �f�u�k�e�_�g�g�h�]�h��

�\�j�Z�s�_�g�b�y�� �y�\�e�y�x�l�k�y�� �d�e�x�q�_�\�u�f�� �n�Z�d�l�h�j�h�f���� �h�i�j�_�^�_�e�y�x�s�b�f�� �m�k�i�_�r�g�h�k�l�v�� �d�Z�d�� �\��

�d�e�Z�k�k�b�q�_�k�d�b�o�� �l�_�k�l�Z�o�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�o�� �k�i�h�k�h�[�g�h�k�l�_�c���� �l�Z�d�� �b�� �\�� �a�Z�^�Z�q�Z�o��

�g�Z�\�b�]�Z�p�b�b�� �\�� �\�b�j�l�m�Z�e�v�g�u�o�� �k�j�_�^�Z�o���� �:�\�l�h�j�u�� �l�Z�d�`�_�� �h�l�f�_�q�Z�x�l���� �q�l�h�� �k�d�h�j�h�k�l�v��

�h�[�j�Z�[�h�l�d�b�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�c�� �b�g�n�h�j�f�Z�p�b�b�� �k�h�k�l�Z�\�e�y�_�l�� �h�k�g�h�\�m�� �d�j�h�k�k-

�f�h�^�Z�e�v�g�u�o�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�o�� �k�i�h�k�h�[�g�h�k�l�_�c�� �<�� �^�j�m�]�h�c�� �j�Z�[�h�l�_�� ��Uttal et al., 

2013) �[�u�e�h���i�h�d�Z�a�Z�g�h�����q�l�h���l�j�_�g�b�j�h�\�d�Z���i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�o���k�i�h�k�h�[�g�h�k�l�_�c���\���h�^�g�h�c��

�f�h�^�Z�e�v�g�h�k�l�b�� �f�h�`�_�l�� �i�_�j�_�g�h�k�b�l�v�k�y�� �g�Z�� �^�j�m�]�b�_���� �i�j�b�q�_�f�� �f�_�o�Z�g�b�a�f�h�f�� �l�Z�d�h�]�h��

�i�_�j�_�g�h�k�Z�� �\�u�k�l�m�i�Z�_�l�� �m�e�m�q�r�_�g�b�_�� �w�n�n�_�d�l�b�\�g�h�k�l�b�� �[�Z�a�h�\�u�o�� �d�h�]�g�b�l�b�\�g�u�o��

�i�j�h�p�_�k�k�h�\���� �\�d�e�x�q�Z�y�� �k�d�h�j�h�k�l�v�� �f�u�k�e�_�g�g�h�]�h�� �\�j�Z�s�_�g�b�y���� �W�l�h�� �k�h�]�e�Z�k�m�_�l�k�y�� �k��

�g�Z�r�b�f�b���^�Z�g�g�u�f�b���h���k�o�h�^�k�l�\�_���l�_�f�i�h�j�Z�e�v�g�u�o���o�Z�j�Z�d�l�_�j�b�k�l�b�d���\�����'���b�����'���k�j�_�^�Z�o�� 

�G�Z�[�e�x�^�Z�_�f�h�_�� �k�g�b�`�_�g�b�_�� �\�j�_�f�_�g�b�� �i�j�b�g�y�l�b�y�� �j�_�r�_�g�b�c�� �i�j�b�� �m�\�_�e�b�q�_�g�b�b��

�d�h�e�b�q�_�k�l�\�Z�� �h�r�b�[�h�d�� �\�� �i�j�h�p�_�k�k�_���\�u�i�h�e�g�_�g�b�y�� �a�Z�^�Z�g�b�c�� �g�Z�� �h�p�_�g�d�m�� �I�K�� �\�� �<�J 

�g�Z�o�h�^�b�l�� �i�Z�j�Z�e�e�_�e�b���k�� �d�e�Z�k�k�b�q�_�k�d�b�f�b�� �j�_�a�m�e�v�l�Z�l�Z�f�b (�:�R�K�O�V�F�K�O�l�J�H�U�� �	��

�:�R�K�O�V�F�K�O�l�J�H�U, 1998), �d�h�l�h�j�u�_���i�j�h�^�_�f�h�k�l�j�b�j�h�\�Z�e�b�����q�l�h���k���i�j�b�h�[�j�_�l�_�g�b�_�f���h�i�u�l�Z��

�b�k�i�u�l�m�_�f�u�_�� �i�_�j�_�o�h�^�y�l�� �h�l�� �Z�g�Z�e�b�l�b�q�_�k�d�b�o�� �k�l�j�Z�l�_�]�b�c�� �d�� �[�h�e�_�_��

�Z�\�l�h�f�Z�l�b�a�b�j�h�\�Z�g�g�u�f���� �q�l�h�� �f�h�`�_�l���� �\�� �k�\�h�x�� �h�q�_�j�_�^�v�� �k�h�i�j�h�\�h�`�^�Z�l�v�k�y��

�m�\�_�e�b�q�_�g�b�_�f���k�d�h�j�h�k�l�b���i�j�b�g�y�l�b�y���h�r�b�[�h�q�g�u�o���j�_�r�_�g�b�c�����:�\�l�h�j�u���h�[�t�y�k�g�y�x�l���w�l�h��

�n�h�j�f�b�j�h�\�Z�g�b�_�f�����f�h�l�h�j�g�u�o���w�\�j�b�k�l�b�d�������d�h�l�h�j�u�_���o�h�l�y���b���m�k�d�h�j�y�x�l���h�[�j�Z�[�h�l�d�m�����g�h��

�f�h�]�m�l�� �i�j�b�\�h�^�b�l�v�� �d�� �k�b�k�l�_�f�Z�l�b�q�_�k�d�b�f�� �h�r�b�[�d�Z�f�� �D�j�h�f�_�� �l�h�]�h���� �j�_�a�m�e�v�l�Z�l�u����

�d�Z�k�Z�x�s�b�_�k�y���\�e�b�y�g�b�y���\�j�_�f�_�g�b���\�u�i�h�e�g�_�g�b�y���g�Z���m�k�i�_�r�g�h�k�l�v���\���j�Z�a�e�b�q�g�u�o���l�b�i�Z�o��

�a�Z�^�Z�q���� �k�h�]�e�Z�k�m�x�l�k�y�� �k�� �d�h�g�p�_�i�p�b�_�c�� �f�_�l�Z�d�h�]�g�b�l�b�\�g�h�]�h�� �f�h�g�b�l�h�j�b�g�]�Z�� �\��

�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�f�� �f�u�r�e�_�g�b�b (Hegarty & Stein, �������������� �K�h�]�e�Z�k�g�h�� �b�o��

�b�k�k�e�_�^�h�\�Z�g�b�y�f���� �k�i�h�k�h�[�g�h�k�l�v�� �Z�^�_�d�\�Z�l�g�h�� �h�p�_�g�b�\�Z�l�v�� �k�e�h�`�g�h�k�l�v�� �a�Z�^�Z�q�b�� �b��

�k�h�h�l�\�_�l�k�l�\�m�x�s�b�f�� �h�[�j�Z�a�h�f�� �j�Z�k�i�j�_�^�_�e�y�l�v�� �\�j�_�f�y�� �_�_�� �j�_�r�_�g�b�y�� �y�\�e�y�_�l�k�y��

�d�j�b�l�b�q�_�k�d�b���\�Z�`�g�u�f���d�h�f�i�h�g�_�g�l�h�f���i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�o���k�i�h�k�h�[�g�h�k�l�_�c�� 

�L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �i�h�e�m�q�_�g�g�u�_�� �j�_�a�m�e�v�l�Z�l�u�� �\�g�h�k�y�l�� �\�d�e�Z�^�� �\�� �i�h�g�b�f�Z�g�b�_��

�m�g�b�\�_�j�k�Z�e�v�g�u�o�� �f�_�o�Z�g�b�a�f�h�\�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�]�h�� �i�h�a�g�Z�g�b�y���� �^�_�f�h�g�k�l�j�b�j�m�y��

�d�e�x�q�_�\�m�x�� �j�h�e�v�� �l�_�f�i�h�j�Z�e�v�g�u�o�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�� �b�� �i�j�h�p�_�k�k�h�\�� �f�u�k�e�_�g�g�h�]�h��

�\�j�Z�s�_�g�b�y�� �d�Z�d�� �k�\�y�a�m�x�s�_�]�h�� �a�\�_�g�Z�� �f�_�`�^�m�� �j�Z�a�e�b�q�g�u�f�b�� �i�j�h�y�\�e�_�g�b�y�f�b��

�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�o�� �k�i�h�k�h�[�g�h�k�l�_�c���� �W�l�b�� �^�Z�g�g�u�_�� �i�h�^�q�_�j�d�b�\�Z�x�l�� �g�_�h�[�o�h�^�b�f�h�k�l�v��
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�m�q�_�l�Z�� �\�j�_�f�_�g�g�u�o�� �i�Z�j�Z�f�_�l�j�h�\�� �i�j�b�� �h�p�_�g�d�_�� �b�� �j�Z�a�\�b�l�b�b�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�]�h��

�f�u�r�e�_�g�b�y. 

�<�Z�`�g�h���� �q�l�h�� �i�h�e�m�q�_�g�g�u�_�� �j�_�a�m�e�v�l�Z�l�u�� �i�j�h�^�_�f�h�g�k�l�j�b�j�h�\�Z�e�b��

�l�j�Z�g�k�n�h�j�f�Z�p�b�x�� �i�j�h�p�_�k�k�h�\�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�]�h�� �f�u�r�e�_�g�b�y�� �i�j�b�� �\�u�i�h�e�_�g�b�b��

�a�Z�^�Z�q�b�� �\�� �m�k�e�h�\�b�y�o�� �<�J���� �G�h�� �l�Z�d�Z�y�� �l�j�Z�g�k�n�h�j�f�Z�p�b�y�� �\�_�^�z�l�� �g�_�� �d�� �g�Z�j�m�r�_�g�b�y�f�� �\��

�\�u�i�h�e�_�g�b�b���a�Z�^�Z�g�b�c�����Z���d���d�h�j�j�_�d�l�b�j�h�\�d�_���b�o���\�u�i�h�e�g�_�g�b�y���a�Z���k�q�z�l���g�_�h�[�o�h�^�b�f�h�k�l�b��

�[�h�e�_�_�� �^�e�b�l�_�e�v�g�h�c�� �h�[�j�Z�[�h�l�d�b�� �b�g�n�h�j�f�Z�p�b�b���� �L�_�f�� �k�Z�f�u�f�� �g�Z�[�x�^�Z�_�l�k�y��

�i�k�b�o�h�e�h�]�b�q�_�k�d�h�_�� �i�j�h�y�\�e�_�g�b�_�� �g�_�c�j�h�d�h�]�g�b�l�b�\�g�h�]�h�� �f�_�o�Z�g�b�a�f�Z���� �i�j�b�a�\�Z�g�g�h�]�h�� �\��

�p�_�e�h�f���h�[�_�k�i�_�q�b�l�v���\�u�i�h�e�g�_�g�b�y���a�Z�^�Z�q�b���\���g�h�\�u�o���m�k�e�h�\�b�y�o���g�Z�o�h�`�^�_�g�b�y���k�m�[�t�_�d�l�Z�� 

2.5. �D�h�g�p�_�i�l�m�Z�e�v�g�Z�y�� �k�o�_�f�Z�� �g�_�c�j�h�d�h�]�g�b�l�b�\�g�u�o�� �f�_�o�Z�g�b�a�f�h�\��

�\�a�Z�b�f�h�^�_�c�k�l�\�b�y���q�_�e�h�\�_�d�Z���k���\�b�j�l�m�Z�e�v�g�h�c���k�j�_�^�h�c 

 �G�Z�� �h�k�g�h�\�_�� �j�_�a�m�e�v�l�Z�l�h�\�� �i�j�h�\�_�^�z�g�g�u�o�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �[�u�e�Z�� �k�n�h�f�b�j�h�\�Z�g�Z��

�d�h�g�p�_�i�l�m�Z�e�v�g�Z�y�� �k�o�_�f�Z�� �g�_�c�j�h�d�h�]�g�b�l�b�\�g�u�o�� �f�_�o�Z�g�b�a�f�h�\�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�y��

�q�_�e�h�\�_�d�Z���k�� �\�b�j�l�m�Z�e�v�g�h�c�� �k�j�_�^�h�c���� �i�j�_�^�k�l�Z�\�e�y�x�s�Z�y�� �k�h�[�h�c���f�g�h�]�h�d�h�f�i�h�g�_�g�l�g�u�c��

�d�h�f�i�e�_�d�k���� �i�j�_�^�k�l�Z�\�e�y�x�s�b�c�� �k�h�[�h�c�� �j�Z�a�\�b�l�b�_�� �b�^�_�c�� �:���G���� �E�_�h�g�l�v�_�\�Z�� �h��

�n�m�g�d�p�b�h�g�Z�e�v�g�h�c�� �\�h�k�i�j�b�g�b�f�Z�x�s�_�c�� �k�b�k�l�_�f�_���� �i�j�b�f�_�g�b�l�_�e�v�g�h�� �d�� �h�j�]�Z�g�b�a�Z�p�b�b��

�^�_�y�l�_�e�v�g�h�k�l�b���\���m�k�e�h�\�b�y�o���<�J. 

 

�J�b�k�m�g�h�d��108 - �D�h�g�p�_�i�l�m�Z�e�v�g�Z�y�� �k�o�_�f�Z�� �g�_�c�j�h�d�h�]�g�b�l�b�\�g�u�o�� �f�_�o�Z�g�b�a�f�h�\ 
�\�a�Z�b�f�h�^�_�c�k�l�\�b�y���q�_�e�h�\�_�d�Z���k���\�b�j�l�m�Z�e�v�g�h�c���k�j�_�^�h�c 

�<���k�h�k�l�Z�\���\�o�h�^�b�l���f�h�^�m�e�v���i�_�j�\�b�q�g�h�c���k�_�g�k�h�j�g�h-�i�_�j�p�_�i�l�b�\�g�h�c���b�g�l�_�]�j�Z�p�b�b����

�i�j�_�^�k�l�Z�\�e�y�x�s�b�c�� �k�h�[�h�c�� �h�i�b�k�Z�g�g�u�c�� �j�Z�g�_�_�� �n�m�g�d�p�b�h�g�Z�e�v�g�u�c�� �[�e�h�d�� �b�g�l�_�]�j�Z�p�b�b��
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�b�g�n�h�j�f�Z�p�b�b���� �H�k�g�h�\�g�Z�y�� �a�Z�^�Z�q�Z�� �^�Z�g�g�h�]�h�� �f�h�^�m�e�y�� �a�Z�d�e�x�q�Z�_�l�k�y�� �\�� �h�i�j�_�^�_�e�_�g�b�b��

�i�h�j�h�]�h�\�� �g�Z�k�l�m�i�e�_�g�b�y�� �k�_�g�k�h�j�g�h�]�h�� �d�h�g�n�e�b�d�l�Z�� �k�� �p�_�e�v�x�� �i�j�b�g�y�l�b�y�� �j�_�r�_�g�b�y�� �h��

�g�_�h�[�o�h�^�b�f�h�k�l�b�� �^�Z�e�v�g�_�c�r�_�c�� �h�[�j�Z�[�h�l�d�b�� �b�g�n�h�j�f�Z�p�b�b���� �J�Z�[�h�l�Z�� �h�k�l�Z�e�v�g�u�o��

�n�m�g�d�p�b�h�g�Z�e�v�g�u�o���[�e�h�d�h�\���f�h�^�m�e�b�j�m�_�l�k�y���k�h���k�l�h�j�h�g�u���[�e�h�d�Z���Z�d�l�b�\�g�h�c���g�Z�k�l�j�h�c�d�b����

�d�h�l�h�j�u�c�� �a�Z�^�Z�z�l�� �i�Z�j�Z�f�_�l�j�u�� �Z�d�l�b�\�g�h�c�� �h�j�]�Z�g�b�a�Z�p�b�b�� �^�_�y�l�_�e�v�g�h�k�l�b�� �\��

�k�e�h�`�b�\�r�b�o�k�y�� �m�k�e�h�\�b�y�o�� �g�Z�o�h�`�^�_�g�b�y�� �q�_�e�h�\�_�d�Z���� �F�h�^�m�e�v�� �\�l�h�j�b�q�g�h�c�� �k�_�g�k�h�j�g�h-

�i�_�j�p�_�i�l�b�\�g�h�c�� �b�g�l�_�]�j�Z�p�b�b�� �h�k�m�s�_�k�l�\�e�y�_�l�� �m�q�z�l�� �g�Z�i�j�Z�\�e�_�g�g�u�o�� �f�h�^�m�e�_�f��

�Z�d�l�b�\�g�h�c�� �g�Z�k�l�j�h�c�d�b�� �b�a�f�_�g�_�g�b�c�� �^�\�b�]�Z�l�_�e�v�g�h�c�� �Z�d�l�b�\�g�h�k�l�b�� �b�� �k�i�h�k�h�[�h�\��

�\�u�k�h�d�h�m�j�h�\�g�_�\�h�c�� �h�[�j�Z�[�h�l�d�b�� �i�h�k�l�m�i�Z�x�s�_�c�� �b�g�n�h�j�f�Z�p�b�b���� �h�k�m�s�_�k�l�\�e�y�y�� �l�_�f��

�k�Z�f�u�f���m�i�j�Z�\�e�_�g�b�_���d�h�g�_�q�g�u�f���k�h�k�l�h�y�g�b�_�f���\�h�k�i�j�b�g�b�f�Z�x�s�_�c���k�b�k�l�_�f�u���\���p�_�e�h�f����

�L�Z�d�h�_�� �h�[�h�[�s�_�g�b�_�� �k�l�Z�e�h�� �\�h�a�f�h�`�g�u�f�� �[�e�Z�]�h�^�Z�j�y�� �j�Z�k�k�f�h�l�j�_�g�b�x�� �n�h�j�f�b�j�h�\�Z�g�b�y��

�k�i�_�p�b�n�b�q�_�k�d�b�o�� �g�_�c�j�h�d�h�]�g�b�l�b�\�g�u�o�� �f�_�o�Z�g�b�a�f�h�\�� �k�� �i�h�a�b�p�b�c�� �k�b�k�l�_�f�g�h�]�h��

�\�a�Z�b�f�h�^�_�c�k�l�\�b�y���q�_�e�h�\�_�d�Z���b���<�K. 

�L�Z�d�Z�y�� �d�h�g�p�_�l�m�e�v�g�Z�y�� �k�o�_�f�Z���i�h�� �i�j�b�g�p�b�i�m�� �k�\�h�_�c�� �j�Z�[�h�l�u�� �k�h�]�e�Z�k�m�_�l�k�y�� �k��

�d�h�g�p�_�i�p�b�c �k�\�h�[�h�^�g�h�c�� �w�g�_�j�]�b�b �D�Z�j�e�Z �N�j�b�k�l�h�g�Z���� �d�h�l�h�j�u�c�� �i�h�k�l�m�e�b�j�m�_�l���� �q�l�h��

�`�b�\�u�_�� �k�b�k�l�_�f�u�� �k�l�j�_�f�y�l�k�y�� �f�b�g�b�f�b�a�b�j�h�\�Z�l�v���k�_�g�k�h�j�g�m�x�� �g�_�h�i�j�_�^�_�e�z�g�g�h�k�l�v��

�i�m�l�_�f���n�h�j�f�b�j�h�\�Z�g�b�y���l�h�q�g�u�o���i�j�_�^�k�d�Z�a�Z�g�b�c���h���k�_�g�k�h�j�g�u�o���^�Z�g�g�u�o�����<���d�h�g�l�_�d�k�l�_��

�<�J �w�l�h�� �i�j�h�y�\�e�y�_�l�k�y�� �d�Z�d�� �g�_�i�j�_�j�u�\�g�u�c�� �i�j�h�p�_�k�k�� �]�_�g�_�j�Z�p�b�b�� �b�� �m�l�h�q�g�_�g�b�y��

�\�g�m�l�j�_�g�g�b�o�� �f�h�^�_�e�_�c���h�j�]�Z�g�b�a�Z�p�b�b�� �i�h�\�_�^�_�g�b�y�� �\�� �<�K���� �K�h�]�e�Z�k�g�h�� �f�h�^�_�e�b����

�h�[�j�Z�[�h�l�d�Z�� �b�g�n�h�j�f�Z�p�b�b�� �\���<�J �i�j�h�b�k�o�h�^�b�l�� �\�� �j�Z�f�d�Z�o�� �b�_�j�Z�j�o�b�q�_�k�d�h�c�� �k�b�k�l�_�f�u��

�i�j�_�^�k�d�Z�a�Z�l�_�e�v�g�h�]�h�� �d�h�^�b�j�h�\�Z�g�b�y�����\�� �d�h�l�h�j�h�c �g�b�a�d�h�m�j�h�\�g�_�\�u�_�� �k�_�g�k�h�j�g�u�_��

�i�j�_�^�k�d�Z�a�Z�g�b�y�� �h�[�j�Z�[�Z�l�u�\�Z�x�l�� �[�Z�a�h�\�u�_�� �i�Z�j�Z�f�_�l�j�u�� �\�b�a�m�Z�e�v�g�h�c�� �k�l�b�f�m�e�y�p�b�b��

���h�i�l�b�q�_�k�d�b�c�� �i�h�l�h�d���� �d�h�g�l�j�Z�k�l���� �^�\�b�`�_�g�b�_������ �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�_�� �i�j�_�^�k�d�Z�a�Z�g�b�y��

�b�g�l�_�]�j�b�j�m�x�l���b�g�n�h�j�f�Z�p�b�x���h���i�h�e�h�`�_�g�b�b���l�_�e�Z���b���_�]�h���h�j�b�_�g�l�Z�p�b�b���\���i�j�h�k�l�j�Z�g�k�l�\�_����

�Z�� �k�_�f�Z�g�l�b�q�_�k�d�b�_�� �i�j�_�^�k�d�Z�a�Z�g�b�y�� �n�h�j�f�b�j�m�x�l�� �k�f�u�k�e�h�\�h�c�� �d�h�g�l�_�d�k�l��

�\�a�Z�b�f�h�^�_�c�k�l�\�b�y�� �k�� �\�b�j�l�m�Z�e�v�g�h�c�� �k�j�_�^�h�c���� �>�\�b�`�_�g�b�y�� �]�e�Z�a�� �\�u�k�l�m�i�Z�x�l�� �\�� �j�h�e�b��

�Z�d�l�b�\�g�h�]�h�� �\�u�\�h�^�Z���� �g�Z�i�j�Z�\�e�_�g�g�h�]�h�� �g�Z�� �f�b�g�b�f�b�a�Z�p�b�x�� �g�_�h�i�j�_�^�_�e�_�g�g�h�k�l�b. 

�B�a�\�_�k�l�g�h���� �q�l�h �k�Z�d�d�Z�^�b�q�_�k�d�b�_�� �^�\�b�`�_�g�b�y�� �n�m�g�d�p�b�h�g�b�j�m�x�l�� �d�Z�d�� �f�_�o�Z�g�b�a�f��

�i�j�h�\�_�j�d�b�� �]�b�i�h�l�_�a�� ���+�D�I�H�G�� �H�W�� �D�O������ �������������� �i�e�Z�\�g�h�_�� �i�j�h�k�e�_�`�b�\�Z�g�b�_�� �i�h�^�l�\�_�j�`�^�Z�_�l��

�l�h�q�g�h�k�l�v�� �i�j�_�^�k�d�Z�a�Z�g�b�c���� �Z�� �n�b�d�k�Z�p�b�b�� �i�j�_�^�k�l�Z�\�e�y�x�l�� �i�_�j�b�h�^�u�� �b�g�l�_�g�k�b�\�g�h�]�h��
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�h�[�g�h�\�e�_�g�b�y���\�g�m�l�j�_�g�g�b�o���f�h�^�_�e�_�c�����<���w�l�h�f���h�l�g�h�r�_�g�b�b���i�h�e�m�q�_�g�g�u�_���b�a�f�_�g�_�g�y�b���\��

�^�b�g�Z�f�b�d�_�� �g�b�k�l�Z�]�f�_�g�g�u�o�� �^�\�b�`�_�g�b�c�� �k�h�h�l�g�h�k�y�l�k�y�� �k�� �l�Z�d�b�f�� �i�h�^�o�h�^�h�f����

�I�h�k�l�m�j�Z�e�v�g�Z�y�� �m�k�l�h�c�q�b�\�h�k�l�v �h�l�j�Z�`�Z�_�l�� �i�j�h�p�_�k�k�� �[�Z�c�_�k�h�\�k�d�h�c�� �b�g�l�_�]�j�Z�p�b�b��

�f�m�e�v�l�b�k�_�g�k�h�j�g�u�o�� �k�b�]�g�Z�e�h�\���� �\�d�e�x�q�Z�y�� �\�_�k�l�b�[�m�e�h-�h�d�m�e�y�j�g�m�x�� �d�Z�e�b�[�j�h�\�d�m�� �\��

�m�k�e�h�\�b�y�o�� �k�_�g�k�h�j�g�h�]�h�� �d�h�g�n�e�b�d�l�Z�� ���.�H�V�K�Q�H�U�� �	�� �.�H�Q�\�R�Q���� ������������ �b�� �^�b�g�Z�f�b�q�_�k�d�h�_��

�\�a�\�_�r�b�\�Z�g�b�_�� �\�b�a�m�Z�e�v�g�u�o���� �\�_�k�l�b�[�m�e�y�j�g�u�o�� �b�� �i�j�h�i�j�b�h�p�_�i�l�b�\�g�u�o�� �k�b�]�g�Z�e�h�\�����<��

�k�\�h�x�� �h�q�_�j�_�^�v���� �b�a�f�_�g�_�g�b�_�� �Z�d�l�b�\�g�h�k�l�b �]�h�e�h�\�g�h�]�h�� �f�h�a�]�Z�� �\�� �^�Z�g�g�h�c�� �f�h�^�_�e�b��

�j�Z�k�k�f�Z�l�j�b�\�Z�_�l�k�y�� �q�_�j�_�a�� �i�j�b�a�f�m�� �b�_�j�Z�j�o�b�q�_�k�d�h�c�� �h�j�]�Z�g�b�a�Z�p�b�b���k�b�k�l�_�f�u��

�i�j�_�^�k�d�Z�a�Z�g�b�y�� �h�r�b�[�h�d���� �i�_�j�\�b�q�g�u�_�� �k�_�g�k�h�j�g�u�_�� �a�h�g�u�� ���9������ �$������ �h�[�j�Z�[�Z�l�u�\�Z�x�l��

�h�r�b�[�d�b�� �i�j�_�^�k�d�Z�a�Z�g�b�y�� �g�b�a�d�h�]�h�� �m�j�h�\�g�y���� �\�_�g�l�j�Z�e�v�g�u�c�� �i�h�l�h�d�� �m�q�Z�k�l�\�m�_�l�� �\��

�i�_�j�p�_�i�l�b�\�g�h�c�� �d�Z�l�_�]�h�j�b�a�Z�p�b�b�� �b�� �j�Z�k�i�h�a�g�Z�\�Z�g�b�b�� �h�[�t�_�d�l�h�\���� �^�h�j�k�Z�e�v�g�u�c�� �i�h�l�h�d��

�h�[�_�k�i�_�q�b�\�Z�_�l���i�j�h�k�l�j�Z�g�k�l�\�_�g�g�m�x���g�Z�\�b�]�Z�p�b�x���b���\�a�Z�b�f�h�^�_�c�k�l�\�b�_���k���h�[�t�_�d�l�Z�f�b�����Z��

�i�j�_�n�j�h�g�l�Z�e�v�g�Z�y�� �d�h�j�Z�� �h�k�m�s�_�k�l�\�e�y�_�l�� �d�h�]�g�b�l�b�\�g�u�c�� �d�h�g�l�j�h�e�v�� �b�� �j�Z�a�j�_�r�_�g�b�_��

�g�_�h�i�j�_�^�_�e�_�g�g�h�k�l�b���� �H�k�h�[�m�x�� �j�h�e�v�� �b�]�j�Z�_�l�� �h�k�l�j�h�\�d�h�\�Z�y �^�h�e�y���� �d�h�l�h�j�Z�y��

�b�g�l�_�]�j�b�j�m�_�l���b�g�l�_�j�h�p�_�i�l�b�\�g�u�_���k�b�]�g�Z�e�u���b���m�q�Z�k�l�\�m�_�l���\���n�h�j�f�b�j�h�\�Z�g�b�b���q�m�\�k�l�\�Z��

�i�j�b�k�m�l�k�l�\�b�y���� �G�_�c�j�h�f�h�^�m�e�y�l�h�j�g�u�_�� �k�b�k�l�_�f�u�� �l�Z�d�`�_�� �\�g�h�k�y�l�� �k�m�s�_�k�l�\�_�g�g�u�c��

�\�d�e�Z�^���� �^�h�n�Z�f�b�g�_�j�]�b�q�_�k�d�Z�y�� �k�b�k�l�_�f�Z�� �d�h�^�b�j�m�_�l�� �h�r�b�[�d�b�� �i�j�_�^�k�d�Z�a�Z�g�b�y��

�\�h�a�g�Z�]�j�Z�`�^�_�g�b�y���\���\�b�j�l�m�Z�e�v�g�u�o���k�j�_�^�Z�o�����g�h�j�Z�^�j�_�g�Z�e�b�g�h�\�Z�y���k�b�k�l�_�f�Z���j�_�]�m�e�b�j�m�_�l��

�[�^�b�l�_�e�v�g�h�k�l�v�� �b�� �\�g�b�f�Z�g�b�_�� �i�j�b�� �g�_�h�`�b�^�Z�g�g�u�o�� �k�h�[�u�l�b�y�o���� �Z�� �Z�p�_�l�b�e�o�h�e�b�g�h�\�Z�y��

�k�b�k�l�_�f�Z�� �f�h�^�m�e�b�j�m�_�l�� �i�e�Z�k�l�b�q�g�h�k�l�v�� �b�� �h�[�m�q�_�g�b�_���� �<�� �i�j�h�p�_�k�k�_�� �Z�^�Z�i�l�Z�p�b�b�� �d���<�J��

�g�Z�[�e�x�^�Z�_�l�k�y�� �^�b�g�Z�f�b�q�_�k�d�Z�y�� �j�_�d�Z�e�b�[�j�h�\�d�Z�� �\�_�k�h�\ �k�_�g�k�h�j�g�u�o�� �\�o�h�^�h�\, �\�� �o�h�^�_��

�d�h�l�h�j�h�c �i�j�h�b�k�o�h�^�b�l���i�h�k�l�_�i�_�g�g�h�_�� �m�f�_�g�v�r�_�g�b�_���a�g�Z�q�b�f�h�k�l�b�� �\�e�b�y�g�b�y 

�\�b�a�m�Z�e�v�g�u�o �k�b�]�g�Z�e�h�\ �b�� �j�h�k�l�� �k�l�_�i�_�g�b�� �a�g�Z�q�b�f�h�k�l�b�� �\�_�k�l�b�[�m�e�y�j�g�u�o����

�i�j�h�i�j�b�h�p�_�i�l�b�\�g�u�o �b�� �l�Z�d�l�b�e�v�g�u�o �k�b�]�g�Z�e�h�\���� �W�l�h�� �k�h�i�j�h�\�h�`�^�Z�_�l�k�y��

�h�i�l�b�f�b�a�Z�p�b�_�c�� �\�g�m�l�j�_�g�g�b�o�� �f�h�^�_�e�_�c ���k�o�_�f�����q�_�j�_�a�� �f�_�o�Z�g�b�a�f�u�� �[�Z�c�_�k�h�\�k�d�h�]�h��

�h�[�g�h�\�e�_�g�b�y�� �m�[�_�`�^�_�g�b�c�� �b�� �n�h�j�f�b�j�h�\�Z�g�b�y�� �d�h�f�i�_�g�k�Z�l�h�j�g�u�o�� �k�l�j�Z�l�_�]�b�c�� �^�e�y��

�f�b�g�b�f�b�a�Z�p�b�b���k�_�g�k�h�j�g�h�]�h���d�h�g�n�e�b�d�l�Z���� 

 

 

 



32 
 

�A�Z�d�e�x�q�_�g�b�_ 

�I�_�j�k�i�_�d�l�b�\�u���j�Z�a�\�b�l�b�y���i�j�_�^�e�Z�]�Z�_�f�h�c�� �d�h�g�p�_�i�l�m�Z�e�v�g�h�c�� �k�o�_�f�u �k�\�y�a�Z�g�u���k��

�b�g�l�_�]�j�Z�p�b�_�c�� �f�g�h�]�h�f�h�^�Z�e�v�g�u�o�� �^�Z�g�g�u�o�� �\�� �_�^�b�g�m�x�� �l�_�h�j�_�l�b�q�_�k�d�m�x���j�Z�f�d�m��

�g�_�c�j�h�d�h�]�g�b�l�b�\�g�u�o�� �i�j�h�p�_�k�k�h�\���� �j�Z�a�j�Z�[�h�l�d�h�c�� �d�h�e�b�q�_�k�l�\�_�g�g�u�o�� �i�h�d�Z�a�Z�l�_�e�_�c��

�w�n�n�_�d�l�b�\�g�h�k�l�b���i�j�_�^�k�d�Z�a�Z�l�_�e�v�g�h�]�h���d�h�^�b�j�h�\�Z�g�b�y���\���<�J�����b���k�h�a�^�Z�g�b�_�f���a�Z�f�d�g�m�l�u�o��

�k�b�k�l�_�f�� �g�_�c�j�h�h�[�j�Z�l�g�h�c�� �k�\�y�a�b�� �^�e�y�� �d�h�j�j�_�d�p�b�b�� �g�Z�j�m�r�_�g�b�c���i�j�h�p�_�k�k�h�� �k�_�g�k�h�j�g�h-

�i�_�j�p�_�i�l�b�\�g�h�c �b�g�l�_�]�j�Z�p�b�b���� �W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�_�� �i�h�^�l�\�_�j�`�^�_�g�b�y�� �f�h�^�_�e�b��

�^�_�f�h�g�k�l�j�b�j�m�x�l���� �q�l�h�� �l�h�q�g�h�k�l�v�� �i�j�_�^�k�d�Z�a�Z�g�b�c�� �\���<�J �d�h�j�j�_�e�b�j�m�_�l�� �k��

�w�n�n�_�d�l�b�\�g�h�k�l�v�x�� �g�Z�\�b�]�Z�p�b�b�� �b�� �m�k�l�h�c�q�b�\�h�k�l�v�x�� �d�� �d�b�[�_�j�[�h�e�_�a�g�b����

�b�g�^�b�\�b�^�m�Z�e�v�g�u�_�� �j�Z�a�e�b�q�b�y�� �\�� �i�Z�l�l�_�j�g�Z�o�� �^�\�b�`�_�g�b�c�� �]�e�Z�a�� �h�l�j�Z�`�Z�x�l�� �j�Z�a�e�b�q�g�u�_��

�k�l�j�Z�l�_�]�b�b�� �Z�d�l�b�\�g�h�]�h�� �\�u�\�h�^�Z���� �Z�� �i�Z�j�Z�f�_�l�j�u�� �i�h�k�l�m�j�Z�e�v�g�h�]�h�� �d�h�g�l�j�h�e�y�� �k�e�m�`�Z�l��

�b�g�^�b�d�Z�l�h�j�Z�f�b���m�k�i�_�r�g�h�k�l�b���f�h�l�h�j�g�h�c���Z�^�Z�i�l�Z�p�b�b���� 

�I�j�h�\�_�^�_�g�g�Z�y�� �\�� �j�Z�f�d�Z�o�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �j�Z�[�h�l�Z�� �i�h�a�\�h�e�y�_�l�� �k�^�_�e�Z�l�v��

�a�Z�d�e�x�q�_�g�b�_�� �h�� �l�h�f���� �q�l�h�� �^�h�k�l�b�]�g�m�l�Z�� �p�_�e�v�� �b�k�k�e�_�^�h�\�Z�g�b�y���� �j�_�Z�e�b�a�h�\�Z�g�u�� �\�k�_��

�i�h�k�l�Z�\�e�_�g�g�u�_���a�Z�^�Z�q�b�� 

�I�h�d�Z�a�Z�g�h���� �q�l�h�� �k�j�_�^�Z�� �\�b�j�l�m�Z�e�v�g�h�c�� �j�_�Z�e�v�g�h�k�l�b�� �i�j�_�^�k�l�Z�\�e�y�_�l�� �k�h�[�h�c�� �g�_��

�i�j�h�k�l�h�� �l�_�o�g�b�q�_�k�d�b�c�� �b�g�l�_�j�n�_�c�k���� �Z�� �h�k�h�[�m�x�� �n�h�j�f�m�� �m�k�e�h�\�b�c�� �^�e�y�� �j�_�Z�e�b�a�Z�p�b�b��

�^�_�y�l�_�e�v�g�h�k�l�b���k�m�[�t�_�d�l�Z�����a�Z�^�Z�g�g�m�x���k�h�\�h�d�m�i�g�h�k�l�v�x���k�_�g�k�h�j�g�u�o���\�h�a�^�_�c�k�l�\�b�c�����W�l�h��

�l�j�_�[�m�_�l�� �h�l�� �q�_�e�h�\�_�d�Z�� �Z�^�Z�i�l�Z�p�b�h�g�g�h�]�h�� �i�j�b�k�i�h�k�h�[�e�_�g�b�y�� �k�m�s�_�k�l�\�m�x�s�b�o�� �b��

�n�h�j�f�b�j�h�\�Z�g�b�y���g�h�\�u�o���k�i�_�p�b�n�b�q�_�k�d�b�o���g�_�c�j�h�d�h�]�g�b�l�b�\�g�u�o���f�_�o�Z�g�b�a�f�h�\�� 

�<�a�Z�b�f�h�^�_�c�k�l�\�b�_�� �q�_�e�h�\�_�d�Z�� �k�� �<�J�� �y�\�e�y�_�l�k�y�� �^�b�g�Z�f�b�q�_�k�d�b�f�� �k�b�k�l�_�f�g�u�f��

�i�j�h�p�_�k�k�h�f�����H�g�h���h�[�_�k�i�_�q�b�\�Z�_�l�k�y���g�_���b�a�h�e�b�j�h�\�Z�g�g�u�f�b���j�_�Z�d�p�b�y�f�b�����Z���d�h�f�i�e�_�d�k�h�f��

�\�a�Z�b�f�h�k�\�y�a�Z�g�g�u�o���f�_�o�Z�g�b�a�f�h�\�����b�f�_�x�s�b�o���_�^�b�g�m�x���p�_�e�v���± �Z�^�Z�i�l�Z�p�b�x���k�m�[�t�_�d�l�Z���d��

�^�_�y�l�_�e�v�g�h�k�l�b�� �\�� �p�b�n�j�h�\�h�c�� �k�j�_�^�_���� �W�l�b�� �f�_�o�Z�g�b�a�f�u�� �i�j�h�y�\�e�y�x�l�k�y�� �g�Z�� �l�j�_�o��

�\�a�Z�b�f�h�k�\�y�a�Z�g�g�u�o�� �m�j�h�\�g�y�o���� �g�_�c�j�h�n�b�a�b�h�e�h�]�b�q�_�k�d�h�f���� �i�h�\�_�^�_�g�q�_�k�d�h�f�� �b��

�i�k�b�o�h�e�h�]�b�q�_�k�d�h�f�� 

�G�Z�� �g�_�c�j�h�n�b�a�b�h�e�h�]�b�q�_�k�d�h�f�� �m�j�h�\�g�_�� �p�_�g�l�j�Z�e�v�g�m�x�� �j�h�e�v�� �b�]�j�Z�_�l�� �f�_�o�Z�g�b�a�f��

�k�_�g�k�h�j�g�h-�i�_�j�p�_�i�l�b�\�g�h�c���b�g�l�_�]�j�Z�p�b�b�� �g�Z�i�j�Z�\�e�_�g�g�u�c���g�Z���j�Z�a�j�_�r�_�g�b�_���a�j�b�l�_�e�v�g�h-

�\�_�k�l�b�[�m�e�y�j�g�h�]�h�� �d�h�g�n�e�b�d�l�Z���� �W�l�h�� �i�h�^�l�\�_�j�`�^�Z�_�l�k�y�� �k�i�_�p�b�n�b�q�_�k�d�b�f�b��

�b�a�f�_�g�_�g�b�y�f�b�� �\�� �f�h�a�]�h�\�h�c�� �Z�d�l�b�\�g�h�k�l�b�� ���f�h�^�m�e�y�p�b�y�� �Z�e�v�n�Z- �b�� �[�_�l�Z-�j�b�l�f�h�\�� �\��

�a�Z�l�u�e�h�q�g�u�o���b���l�_�f�_�g�g�u�o���h�[�e�Z�k�l�y�o�����b�a�f�_�g�_�g�b�y���]�_�f�h�^�b�g�Z�f�b�d�b���\���l�_�f�_�g�g�h�c���d�h�j�_������

�d�h�l�h�j�u�_���h�l�j�Z�`�Z�x�l���i�j�h�p�_�k�k�u���l�h�j�f�h�`�_�g�b�y���b���Z�d�l�b�\�Z�p�b�b���a�h�g�����h�l�\�_�l�k�l�\�_�g�g�u�o���a�Z��

�h�[�j�Z�[�h�l�d�m���f�m�e�v�l�b�k�_�g�k�h�j�g�h�c���b�g�n�h�j�f�Z�p�b�b�� 



33 
 

�G�Z�� �i�h�\�_�^�_�g�q�_�k�d�h�f�� �m�j�h�\�g�_�� �\�� �q�Z�k�l�b�� �]�e�Z�a�h�^�\�b�]�Z�l�_�e�v�g�h�c�� �Z�d�l�b�\�g�h�k�l�b��

�Z�^�Z�i�l�Z�p�b�y�� �i�j�h�y�\�e�y�_�l�k�y�� �\�� �b�a�f�_�g�_�g�b�b�� �^�b�g�Z�f�b�d�b�� �h�i�l�h�d�b�g�_�l�b�q�_�k�d�h�]�h�� �g�b�k�l�Z�]�f�Z����

�K�g�b�`�_�g�b�_�� �d�h�w�n�n�b�p�b�_�g�l�Z�� �m�k�b�e�_�g�b�y�� �]�e�Z�a�h�^�\�b�]�Z�l�_�e�v�g�h�c�� �k�b�k�l�_�f�u�� �i�j�b�� �\�u�k�h�d�b�o��

�k�d�h�j�h�k�l�y�o�� �^�\�b�`�_�g�b�y�� �k�j�_�^�u�� �k�e�m�`�b�l�� �g�Z�^�_�`�g�u�f�� �b�g�^�b�d�Z�l�h�j�h�f�� �b�g�l�_�g�k�b�\�g�h�]�h��

�k�_�g�k�h�j�g�h�]�h���d�h�g�n�e�b�d�l�Z���b���j�Z�[�h�l�u���d�h�f�i�_�g�k�Z�l�h�j�g�u�o���f�_�o�Z�g�b�a�f�h�\�� 

�<���q�Z�k�l�b���^�\�b�]�Z�l�_�e�v�g�h�c���Z�d�l�b�\�g�h�k�l�b���h�[�g�Z�j�m�`�_�g�u���k�i�_�p�b�n�b�q�g�u�_���^�\�b�`�_�g�b�y��

�l�_�e�Z�����g�Z�i�j�Z�\�e�_�g�g�u�_���g�Z���i�h�^�^�_�j�`�Z�g�b�_���i�h�k�l�m�j�Z�e�v�g�h�c���m�k�l�h�c�q�b�\�h�k�l�b���� 

�G�Z�� �i�k�b�o�h�e�h�]�b�q�_�k�d�h�f�� �m�j�h�\�g�_�� �\�u�^�_�e�_�g�Z�� �l�j�Z�g�k�n�h�j�f�Z�p�b�y��

�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�]�h�� �f�u�r�e�_�g�b�y���� �q�l�h�� �i�j�h�y�\�e�y�_�l�k�y�� �\�� �b�a�f�_�g�_�g�b�b�� �l�_�f�i�h�j�Z�e�v�g�u�o��

�o�Z�j�Z�d�l�_�j�b�k�l�b�d�� �\�u�i�h�e�g�_�g�b�y�� �a�Z�^�Z�g�b�c�� �g�Z�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�_�� �k�i�h�k�h�[�g�h�k�l�b����

�M�k�i�_�r�g�h�k�l�v�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�y�� �k�� �<�J�� �d�h�j�j�_�e�b�j�m�_�l �k�h�� �k�d�h�j�h�k�l�v�x�� �b��

�w�n�n�_�d�l�b�\�g�h�k�l�v�x���h�[�j�Z�[�h�l�d�b���i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�c���b�g�n�h�j�f�Z�p�b�b�� 

�<�� �j�_�a�m�e�v�l�Z�l�_�� �j�Z�a�j�Z�[�h�l�Z�g�Z�� �d�h�g�p�_�i�l�m�Z�e�v�g�Z�y�� �k�o�_�f�Z�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�y����

�h�k�g�h�\�Z�g�g�Z�y�� �g�Z�� �b�^�_�y�o�� �h�� �n�m�g�d�p�b�h�g�Z�e�v�g�h�c�� �\�h�k�i�j�b�g�b�f�Z�x�s�_�c�� �k�b�k�l�_�f�_���� �d�h�l�h�j�Z�y��

�h�i�b�k�u�\�Z�_�l�� �i�j�h�p�_�k�k�� �n�m�g�d�p�b�h�g�b�j�h�\�Z�g�b�y�� �k�h�\�h�d�m�i�g�h�k�l�b�� �g�_�c�j�h�d�h�]�g�b�l�b�\�g�u�o��

�f�_�o�Z�g�b�a�f�h�\���d�Z�d���j�Z�[�h�l�m���f�g�h�]�h�d�h�f�i�h�g�_�g�l�g�h�]�h���d�h�f�i�e�_�d�k�Z���� 

�I�h�e�m�q�_�g�g�u�_�� �j�_�a�m�e�v�l�Z�l�u�� �i�h�a�\�h�e�y�x�l�� �n�h�j�f�b�j�h�\�Z�l�v�� �g�h�\�u�_�� �i�h�^�o�h�^�u�� �d��

�h�p�_�g�d�_�� �w�n�n�_�d�l�b�\�g�h�k�l�b�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�y�� �k�m�[�t�_�d�l�Z�� �k�� �<�K�� �k�� �m�q�z�l�h�f�� �j�Z�[�h�l�u��

�k�i�_�p�b�n�b�q�_�k�d�b�o�� �g�_�c�j�h�d�h�]�g�b�l�b�\�g�u�o�� �f�_�o�Z�g�b�a�f�h�\���� �h�[�_�k�i�_�q�b�\�Z�x�s�b�o�� �l�Z�d�h�_��

�\�a�Z�b�f�h�^�_�c�k�l�\�b�_���� �Q�l�h���� �\�� �k�\�h�x�� �h�q�_�j�_�^�v���� �b�f�_�_�l�� �a�g�Z�q�b�l�_�e�v�g�u�_�� �i�_�j�k�i�_�d�l�b�\�u�� �^�e�y��

�j�Z�a�j�Z�[�h�l�d�b�� �h�[�t�_�d�l�b�\�g�u�o�� �d�j�b�l�_�j�b�_�\�� �j�_�a�m�e�v�l�Z�l�b�\�g�h�k�l�b�� �k�j�_�^�� �<�J�� �^�e�y�� �a�Z�^�Z�q��

�g�_�c�j�h�j�_�Z�[�b�e�b�l�Z�p�b�b���b���i�k�b�o�h�l�_�j�Z�i�b�b�� 

�L�Z�d�`�_�� �i�h�y�\�e�y�_�l�k�y�� �\�h�a�f�h�`�g�h�k�l�v�� �i�j�h�_�d�l�b�j�h�\�Z�g�b�y�� �k�h�\�j�_�f�_�g�g�u�o��

�Z�^�Z�i�l�b�\�g�u�o�� �\�b�j�l�m�Z�e�v�g�u�o�� �k�j�_�^�����d�h�l�h�j�u�_�� �\�� �j�_�`�b�f�_�� �j�_�Z�e�v�g�h�]�h�� �\�j�_�f�_�g�b�� ���g�Z��

�h�k�g�h�\�_���j�_�]�b�k�l�j�Z�p�b�b���[�b�h�w�e�_�d�l�j�b�q�_�k�d�h�c���Z�d�l�b�\�g�h�k�l�b���]�h�e�h�\�g�h�]�h���f�h�a�]�Z�����^�Z�g�g�u�o���h��

�^�\�b�`�_�g�b�y�o�� �]�e�Z�a���� �i�h�d�Z�a�Z�l�_�e�y�o�� �i�h�k�l�m�j�Z�e�v�g�h�c�� �m�k�l�h�c�q�b�\�h�k�l�b���� �k�i�h�k�h�[�g�u��

�i�h�^�k�l�j�Z�b�\�Z�l�v�� �i�Z�j�Z�f�_�l�j�u�� �i�j�_�^�t�y�\�e�_�g�b�y�� �k�l�b�f�m�e�y�p�b�b�� �^�e�y�� �f�b�g�b�f�b�a�Z�p�b�b��

�\�u�j�Z�`�_�g�g�h�k�l�b�� �k�_�g�k�h�j�g�h�]�h�� �d�h�g�n�e�b�d�l�Z���� �k�b�f�m�e�y�l�h�j�g�h�]�h�� �j�Z�k�k�l�j�h�c�k�l�\�Z�� �b��

�n�h�j�f�b�j�m�_�f�h�]�h���i�h�e�v�a�h�\�Z�l�_�e�v�k�d�h�]�h���h�i�u�l�Z�� 

�L�_�f���k�Z�f�u�f�����\���j�_�a�m�e�v�l�Z�l�_���\�u�y�\�e�_�g�b�y���k�i�_�p�b�n�b�q�_�k�d�b�o���g�_�c�j�h�d�h�]�g�b�l�b�\�g�u�o��

�f�_�o�Z�g�b�a�f�h�\�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�y�� �k�m�[�t�_�d�l�Z�� �k�� �<�K�� �i�h�y�\�e�y�_�l�k�y�� �\�h�a�f�h�`�g�h�k�l�v��

�k�h�\�_�j�r�b�l�v���f�_�l�h�^�h�e�h�]�b�q�_�k�d�b�c���i�_�j�_�o�h�^���d���j�_�r�_�g�b�x���a�Z�^�Z�q���Z�d�l�b�\�g�h�]�h���m�i�j�Z�\�e�_�g�b�y��

�n�m�g�d�p�b�h�g�b�j�h�\�Z�g�b�_�f�� �l�Z�d�b�o�� �f�_�o�Z�g�b�a�f�h�\���� �q�l�h�� �h�l�d�j�u�\�Z�_�l�� �^�h�i�h�e�g�b�l�_�e�v�g�u�_��

�i�_�j�k�i�_�d�l�b�\�u�� �^�e�y�� �w�n�n�_�d�l�b�\�g�h�]�h�� �i�j�b�f�_�g�_�g�b�y�� �<�J�� �\�� �j�Z�a�e�b�q�g�u�o�� �k�n�_�j�Z�o��

�`�b�a�g�_�^�_�y�l�_�e�v�g�h�k�l�b���q�_�e�h�\�_�d�Z�� 



34 
 

�<�u�\�h�^�u�� 

1. �J�_�a�m�e�v�l�Z�l�u�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �b�k�l�h�j�b�b�� �j�Z�a�\�b�l�b�y�� �l�_�o�g�h�e�h�]�b�c�� �<�J��

�i�h�a�\�h�e�y�x�l�� �j�Z�k�k�f�Z�l�j�b�\�Z�l�v�� �<�J-�m�k�l�j�h�c�k�l�\�h�� �k�� �f�_�l�h�^�h�e�h�]�b�q�_�k�d�h�c�� �l�h�q�d�b�� �a�j�_�g�b�y��

�h�^�g�h�\�j�_�f�_�g�g�h���d�Z�d���w�n�n�_�d�l�b�\�g�h�_���k�j�_�^�k�l�\�h���h�j�]�Z�g�b�a�Z�p�b�b���b�k�k�e�_�^�h�\�Z�g�b�y���\���h�[�e�Z�k�l�b��

�b�a�m�q�_�g�b�y�� �d�h�]�g�b�l�b�\�g�u�o�� �i�j�h�p�_�k�k�h�\�� �b�� �d�Z�d�� �d�h�f�i�h�g�_�g�l�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�y�� �k�b�k�l�_�f�u��

�©�q�_�e�h�\�_�d-�p�b�n�j�h�\�Z�y�� �k�j�_�^�Z�ª���� �h�[�e�Z�^�Z�x�s�b�c�� �\�h�a�f�h�`�g�h�k�l�v�x �n�h�j�f�b�j�h�\�Z�g�b�y��

�k�i�_�p�b�n�b�q�_�k�d�b�o���n�_�g�h�f�_�g�h�\���i�k�b�o�b�q�_�k�d�h�c���^�_�y�l�_�e�v�g�h�k�l�b���q�_�e�h�\�_�d�Z���� 

2. �K�m�s�_�k�l�\�m�x�s�b�_�� �n�_�g�h�f�_�g�u�� �i�h�]�j�m�`�_�g�b�y�� �\�� �k�j�_�^�m�� �<�J���� �l�Z�d�b�_�� �d�Z�d��

�w�n�n�_�d�l�� �i�j�b�k�m�l�k�l�\�b�y�� �b�� �b�e�e�x�a�b�y�� �^�\�b�`�_�g�b�y�� �k�h�[�k�l�\�_�g�g�h�]�h�� �l�_�e�Z���� �i�j�_�^�k�l�Z�\�e�y�x�l��

�k�h�[�h�c���k�b�k�l�_�f�g�u�c���j�_�a�m�e�v�l�Z�l���\�a�Z�b�f�h�^�_�c�k�l�\�b�y���Z�d�l�b�\�g�h���^�_�c�k�l�\�m�x�s�_�]�h���k�m�[�t�_�d�l�Z��

�k�h���k�j�_�^�h�c���<�J�����d�h�l�h�j�u�_���h�[�_�k�i�_�q�b�\�Z�x�l�k�y���k�i�_�p�b�n�b�q�_�k�d�b�f�b���g�_�c�j�h�d�h�]�g�b�l�b�\�g�u�f�b��

�f�_�o�Z�g�b�a�f�Z�f�b�� 

3. �<�� �d�Z�q�_�k�l�\�_�� �i�h�\�_�^�_�g�q�_�k�d�b�o�� �i�j�h�y�\�e�_�g�b�c�� �g�_�c�j�h�d�h�]�g�b�l�b�\�g�u�o��

�f�_�o�Z�g�b�a�f�h�\���\�a�Z�b�f�h�^�_�c�k�l�\�b�y���k�m�[�t�_�d�l�Z���k�h���k�j�_�^�h�c���<�J���h�i�j�_�^�_�e�_�g�u���h�k�h�[�_�g�g�h�k�l�b��

�^�\�b�`�_�g�b�c�� �]�e�Z�a���� �Z�� �b�f�_�g�g�h���b�a�f�_�g�_�g�b�_�� �^�b�g�Z�f�b�d�b�� �g�b�k�l�Z�]�f�_�g�g�h�c�� �Z�d�l�b�\�g�h�k�l�b�� �\��

�a�Z�\�b�k�b�f�h�k�l�b���h�l���m�k�i�_�r�g�h�k�l�b���i�j�h�p�_�k�k�Z���k�_�g�k�h�j�g�h-�i�_�j�p�_�i�l�b�\�g�h�c���b�g�l�_�]�j�Z�p�b�b�� 

4. �<�� �d�Z�q�_�k�l�\�_�� �i�h�\�_�^�_�g�q�_�k�d�b�o�� �i�j�h�y�\�e�_�g�b�c�� �g�_�c�j�h�d�h�]�g�b�l�b�\�g�u�o��

�f�_�o�Z�g�b�a�f�h�\���\�a�Z�b�f�h�^�_�c�k�l�\�b�y���k�m�[�t�_�d�l�Z���k�h���k�j�_�^�h�c���<�J���h�i�j�_�^�_�e�_�g�u���g�Z�i�j�Z�\�e�_�g�g�u�_��

�b�a�f�_�g�_�g�b�y�� �^�\�b�]�Z�l�_�e�v�g�h�c�� �Z�d�l�b�\�g�h�k�l�b���� �k�i�h�k�h�[�k�l�\�m�x�s�b�_�� �i�h�^�^�_�j�`�Z�g�b�x��

�i�h�k�l�m�j�Z�e�v�g�h�c���m�k�l�h�c�q�b�\�h�k�l�b�� 

5. �K�h�o�j�Z�g�_�g�b�_���i�h�k�l�m�j�Z�e�v�g�h�c���m�k�l�h�c�q�b�\�h�k�l�b���q�_�e�h�\�_�d�Z���\���<�J���\���m�k�e�h�\�b�y�o��

�i�h�\�u�r�_�g�g�h�c�� �d�h�]�g�b�l�b�\�g�h�c�� �g�Z�]�j�m�a�d�b�� �h�[�_�k�i�_�q�b�\�Z�_�l�k�y�� �j�_�Z�e�b�a�Z�p�b�_�c��

�p�_�e�_�g�Z�i�j�Z�\�e�_�g�g�u�o�� �^�\�b�]�Z�l�_�e�v�g�u�o�� �Z�d�l�h�\���� �d�h�f�i�_�g�k�b�j�m�x�s�b�o�� �m�\�_�e�b�q�_�g�b�_�� �\�_�k�Z��

�\�u�k�h�d�h�m�j�h�\�g�_�\�u�o�� �\�e�b�y�g�b�c�� �\�� �i�j�h�p�_�k�k�_�� �k�_�g�k�h�j�g�h-�i�_�j�p�_�i�l�b�\�g�h�c�� �b�g�l�_�]�j�Z�p�b�b����

�q�l�h�� �y�\�e�y�_�l�k�y�� �h�l�j�Z�`�_�g�b�_�f�� �i�h�\�_�^�_�g�q�_�k�d�b�o�� �i�j�h�y�\�e�_�g�b�c�� �g�_�c�j�h�d�h�]�g�b�l�b�\�g�u�o��

�f�_�o�Z�g�b�a�f�h�\���\�a�Z�b�f�h�^�_�c�k�l�\�b�y���k�m�[�t�_�d�l�Z���k�h���k�j�_�^�h�c���<�J�� 

6. �<���d�Z�q�_�k�l�\�_���g�_�c�j�h�n�b�a�b�h�e�h�]�b�q�_�k�d�b�o���i�j�h�y�\�e�_�g�b�c���g�_�c�j�h�d�h�]�g�b�l�b�\�g�u�o��

�f�_�o�Z�g�b�a�f�h�\�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�y�� �k�m�[�t�_�d�l�Z�� �k�h�� �k�j�_�^�h�c�� �<�J�� �\�u�y�\�e�_�g�u�� �b��

�w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h���b�a�m�q�_�g�u���k�i�_�p�b�n�b�q�g�u�_���b�a�f�_�g�_�g�b�y�����k�\�y�a�Z�g�g�u�_���k���i�j�h�p�_�k�k�Z�f�b��



35 
 

�l�h�j�f�h�`�_�g�b�y�� �b�� �Z�d�l�b�\�Z�p�b�b�� �a�h�g�� �]�h�e�h�\�g�h�]�h�� �f�h�a�]�Z���� �h�l�\�_�q�Z�x�s�b�o�� �a�Z�� �h�[�j�Z�[�h�l�d�m��

�a�j�b�l�_�e�v�g�h�c�� �b�g�n�h�j�f�Z�p�b�b�� �b�� �b�g�l�_�]�j�Z�p�b�x�� �i�h�k�l�m�i�Z�x�s�b�o�� �k�_�g�k�h�j�g�u�o �k�b�]�g�Z�e�h�\����

�g�Z�i�j�Z�\�e�_�g�g�u�_���g�Z���k�l�Z�[�b�e�b�a�Z�p�b�x���i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�]�h���\�h�k�i�j�b�y�l�b�y���� 

7. �<�� �d�Z�q�_�k�l�\�_�� �i�k�b�o�h�e�h�]�b�q�_�k�d�b�o�� �i�j�h�y�\�e�_�g�b�c�� �g�_�c�j�h�d�h�]�g�b�l�b�\�g�u�o��

�f�_�o�Z�g�b�a�f�h�\���\�a�Z�b�f�h�^�_�c�k�l�\�b�y���k�m�[�t�_�d�l�Z���k�h���k�j�_�^�h�c���<�J���h�i�j�_�^�_�e�_�g�u���l�_�f�i�h�j�Z�e�v�g�u�_��

�b�a�f�_�g�_�g�b�y���\���\�u�i�h�e�g�_�g�b�b���a�Z�^�Z�g�b�c���g�Z���h�p�_�g�d�m���i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�o���k�i�h�k�h�[�g�h�k�l�_�c��

�q�_�e�h�\�_�d�Z�� �i�j�b�� �i�h�]�j�m�`�_�g�b�b�� �\�� �\�b�j�l�m�Z�e�v�g�m�x�� �k�j�_�^�m���� �k�\�b�^�_�l�_�e�v�k�l�\�m�x�s�b�_�� �h��

�l�j�Z�g�k�n�h�j�f�Z�p�b�b�� �i�j�h�p�_�k�k�h�\�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�]�h�� �f�u�r�e�_�g�b�y�� �\�h�k�i�j�b�g�b�f�Z�x�s�_�]�h��

�k�m�[�t�_�d�l�Z�� 

8. �K�i�_�p�b�n�b�q�_�k�d�b�_�� �g�_�c�j�h�d�h�]�g�b�l�b�\�g�u�_�� �f�_�o�Z�g�b�a�f�u�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�y��

�k�m�[�t�_�d�l�Z���k�h���k�j�_�^�h�c���\�b�j�l�m�Z�e�v�g�h�c���j�_�Z�e�v�g�h�k�l�b���n�h�j�f�b�j�m�x�l�k�y���d�Z�d���Z�^�Z�i�l�Z�p�b�h�g�g�Z�y��

�Z�d�l�b�\�g�Z�y�� �g�Z�k�l�j�h�c�d�Z�� �\�h�k�i�j�b�g�b�f�Z�x�s�_�c�� �n�m�g�d�p�b�h�g�Z�e�v�g�h�c�� �k�b�k�l�_�f�u�� �\�� �h�l�\�_�l�� �g�Z��

�g�_�h�[�o�h�^�b�f�h�k�l�v�� �h�j�]�Z�g�b�a�Z�p�b�b�� �^�_�y�l�_�e�v�g�h�k�l�b�� �\�� �m�k�e�h�\�b�y�o�� �\�b�j�l�m�Z�e�v�g�h�c��

�j�_�Z�e�v�g�h�k�l�b�� 

 

 

 

 

 

 

 

 

 

 

 

 

 



36 
 

�K�i�b�k�h�d���e�b�l�_�j�Z�l�m�j�u�� 

1. �:�[�h�\�y�g���� �L���� �@���� �F�_�l�h�^�b�d�Z�� �i�j�_�^�k�h�j�_�\�g�h�\�Z�l�_�e�v�g�h�c���i�h�^�]�h�l�h�\�d�b�� �\�� �m�r�m�� �g�Z��

�h�k�g�h�\�_�� �b�k�i�h�e�v�a�h�\�Z�g�b�y�� �^�h�a�b�j�h�\�Z�g�g�u�o�� �n�b�a�b�q�_�k�d�b�o�� �b�� �]�b�i�h�d�k�b�q�_�k�d�b�o��

�g�Z�]�j�m�a�h�d�����Z�\�l�h�j�_�n�����^�b�k�����d�Z�g�^�����i�_�^�����g�Z�m�d���������������������������:�[�h�\�y�g���L���@�����± �K��-�I�_�l�_�j�[����

�]�h�k�����Z�d�Z�^�����n�b�a�����d�m�e�v�l�m�j�u���b�f�����I�����N�����E�_�k�]�Z�n�l�Z�����± 2000. �± �������k�� 

2. �:�[�k�Z�e�y�f�h�\�Z���� �B���<���� �&�b�g�o�j�h�g�g�h�_�� �n�b�]�m�j�g�h�_���d�Z�l�Z�g�b�_�� �g�Z�� �d�h�g�v�d�Z�o�� ���l�h�q�g�u�_��

�e�b�g�b�b���� ���:�[�k�Z�e�y�f�h�\�Z�� �B���<������ �;�_�e�y�_�\�Z�� �:���X������ �@�]�m�g�� �?���<���²  �F������ �=�P�H�E�B�N�D����

1992. �± �������k�� 

3. �:�d�k�_�g�h�\�Z���?�����B�������=�h�j�[�Z�l�h�\���K�����X���� �L�_�o�g�h�e�h�]�b�b���\�b�j�l�m�Z�e�v�g�h�c���b���^�h�i�h�e�g�_�g�g�h�c��

�j�_�Z�e�v�g�h�k�l�b�� �\�� �a�^�j�Z�\�h�h�o�j�Z�g�_�g�b�b�� �����F�h�k�d�h�\�k�d�Z�y�� �f�_�^�b�p�b�g�Z�� �M�q�j�_�^�b�l�_�e�b����

�=�h�k�m�^�Z�j�k�l�\�_�g�g�h�_�� �[�x�^�`�_�l�g�h�_�� �m�q�j�_�`�^�_�g�b�_�� �]�h�j�h�^�Z�� �F�h�k�d�\�u���� �G�Z�m�q�g�h-

�b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�b�c�� �b�g�k�l�b�l�m�l�� �h�j�]�Z�g�b�a�Z�p�b�b�� �a�^�j�Z�\�h�h�o�j�Z�g�_�g�b�y�� �b��

�f�_�^�b�p�b�g�k�d�h�]�h�� �f�_�g�_�^�`�f�_�g�l�Z�� �>�_�i�Z�j�l�Z�f�_�g�l�Z�� �a�^�j�Z�\�h�h�o�j�Z�g�_�g�b�y�� �]�h�j�h�^�Z��

�F�h�k�d�\�u�������± 2021. �± �‹�����������± �K��������-87. 

4. �:�e�_�d�k�Z�g�^�j�h�\ �<���<������ �K���K���� �E�_�f�Z�d���� �D���<���� �L�b�o�h�g�h�\�Z���� �:���B���� �D�h�\�Z�e�z�\��

�;�b�h�f�_�o�Z�l�j�h�g�b�d�Z���± �d�h�k�f�b�q�_�k�d�b�_�� �b�k�k�e�_�^�h�\�Z�g�b�y�� ������ �I�b�e�h�l�b�j�m�_�f�u�_�� �i�h�e�_�l�u�� �\��

�d�h�k�f�h�k�����± 2023. �± �L�����������± �‹�����������± �K���������±94. 

5. �:�g�Z�g�v�_�\�� �;���=���� �H�� �i�j�h�[�e�_�f�Z�o�� �k�h�\�j�_�f�_�g�g�h�]�h�� �q�_�e�h�\�_�d�h�a�g�Z�g�b�y�����± �F������ �G�Z�m�d�Z����

1977. �± 379 c. 

6. �:�g�Z�g�v�_�\���;���=�����I�k�b�o�h�e�h�]�b�y���b���i�j�h�[�e�_�f�u���k�h�\�j�_�f�_�g�g�h�]�h���q�_�e�h�\�_�d�h�a�g�Z�g�b�y�����± �F��, 

1996. 

7. �:�g�^�j�_�_�\ �: ., Mindova S. Advancements in vestibular physiotherapy: a 

comprehensive review // Journal of IMAB - Annual Proceeding (Scientific 

Papers). 2024. Vol. 30. Pp. 5829-5833. DOI: 10.5272/jimab.2024304.5829. 

8. �:�g�h�o�b�g, �I .�D. �H�q�_�j�d�b �i�h �n�b�a�b�h�e�h�]�b�b �n�m�g�d�p�b�h�g�Z�e�v�g�u�o �k�b�k�l�_�f / 

�I .�D.�:�g�h�o�b�g. - �F�������A�g�Z�g�b�_���������������± ���������k�� 

9. �:�g�l�h�o�b�g�� �?���X������ �=�j�b�]�h�j�v�_�\�� �G���J������ �Q�_�j�[�b�d�h�\�Z�� �=���?������ �=�Z�k�Z�g�h�\�Z�� �K���G����

�B�g�g�h�\�Z�p�b�h�g�g�u�_�� �f�_�l�h�^�u�� �h�[�m�q�_�g�b�y�� �k�l�m�^�_�g�l�h�\�� �\�� �i�j�h�p�_�k�k�_�� �i�j�_�i�h�^�Z�\�Z�g�b�y��

�g�h�j�f�Z�e�v�g�h�c���b���d�e�b�g�b�q�_�k�d�h�c���n�b�a�b�h�e�h�]�b�b���������:�f�m�j�k�d�b�c���f�_�^�b�p�b�g�k�d�b�c���`�m�j�g�Z�e����

�����������������������������K������-101. DOI: 10.24411/2311-5068-2020-00031. 



37 
 

10. �:�j�[�_�d�h�\�Z���H���:�������=�m�k�_�\���:���G�����<�e�b�y�g�b�_���m�k�l�Z�g�h�\�h�d���j�Z�a�g�h�]�h���m�j�h�\�g�y���g�Z���k�d�h�j�h�k�l�v��

�a�j�b�l�_�e�v�g�h�]�h���i�h�b�k�d�Z�������H���:�����:�j�[�_�d�h�\�Z�����:���G�����=�m�k�_�\���������<�h�i�j�h�k�u���i�k�b�o�h�e�h�]�b�b����- 

2015 - �‹������- �K�����������±158. 

11. �:�j�g�o�_�c�f�� �J���� �B�k�d�m�k�k�l�\�h�� �b�� �\�b�a�m�Z�e�v�g�h�_�� �\�h�k�i�j�b�y�l�b�_�� ���� �&�h�d�j���� �i�_�j���� �k�� �Z�g�]�e���� �<���G����

�K�Z�f�h�o�b�g�Z�����h�[�s�����j�_�^�����b���\�k�l�����k�l�����<���I�����R�_�k�l�Z�d�h�\�Z�����± �F�������I�j�h�]�j�_�k�k�����������������± 392 

c. 

12. �;�Z�[�_�g�d�h�����<���K�����<�b�j�l�m�Z�e�v�g�Z�y���j�_�Z�e�v�g�h�k�l�v�����L�h�e�d�h�\�u�c���k�e�h�\�Z�j�v���l�_�j�f�b�g�h�\�������<���K����

�;�Z�[�_�g�d�h�����K�I�[�������=�M�:�I�����± 2006 �± �������k�� 

13. �;�Z�j�Z�[�Z�g�s�b�d�h�\���<���:�������;�_�e�h�i�h�e�v�k�d�b�c���<���B�����K�l�Z�[�b�e�v�g�h�k�l�v���\�b�^�b�f�h�]�h���f�b�j�Z�����F������

�B�a�^-�\�h���©�B�g�k�l�b�l�m�l���i�k�b�o�h�e�h�]�b�b���J�:�G�ª�������������� 

14. �;�Z�j�Z�[�Z�g�s�b�d�h�\�� �<���:������ �@�_�]�Z�e�e�h�� �:���<���� �:�c�l�j�_�d�b�g�]���� �F�_�l�h�^�u�� �j�_�]�b�k�l�j�Z�p�b�b��

�^�\�b�`�_�g�b�c���]�e�Z�a���\���i�k�b�o�h�e�h�]�b�q�_�k�d�b�o���b�k�k�e�_�^�h�\�Z�g�b�y�o���b���i�j�Z�d�l�b�d�_�����± �F�������D�h�]�b�l�h-

�P�_�g�l�j�����������������± ���������k�� 

15. �;�Z�j�Z�[�Z�g�s�b�d�h�\���� �<���:�������K�l�Z�[�b�e�v�g�h�k�l�v�� �\�b�^�b�f�h�]�h�� �f�b�j�Z�� ���� �<���:���� �;�Z�j�Z�[�Z�g�s�b�d�h�\����

�<���B�����;�_�e�h�i�h�e�v�k�d�b�c���± �F�������B�a�^-�\�h���©�B�g�k�l�b�l�m�l���i�k�b�o�h�e�h�]�b�b���J�:�G�ª���������������± 300 

�k�� 

16. �;�Z�l�Z�e�h�\�Z�� �L���:������ �=�j�b�]�h�j�v�_�\�� �G���J������ �Q�_�j�[�b�d�h�\�Z�� �=���?������ �=�Z�k�Z�g�h�\�Z�� �K���G����

�B�g�g�h�\�Z�p�b�h�g�g�u�_�� �f�_�l�h�^�u�� �h�[�m�q�_�g�b�y�� �k�l�m�^�_�g�l�h�\�� �\�� �i�j�h�p�_�k�k�_�� �i�j�_�i�h�^�Z�\�Z�g�b�y��

�g�h�j�f�Z�e�v�g�h�c���b���d�e�b�g�b�q�_�k�d�h�c���n�b�a�b�h�e�h�]�b�b���������:�f�m�j�k�d�b�c���f�_�^�b�p�b�g�k�d�b�c���`�m�j�g�Z�e����

�����������������������������K������-101. DOI: 10.24411/2311-5068-2020-00031. 

17. �;�_�e�h�i�h�e�v�k�d�b�c���<���B�����<�a�h�j���q�_�e�h�\�_�d�Z�����F�_�o�Z�g�b�a�f�u���f�h�^�_�e�b�����n�m�g�d�p�b�b�����F�������B�a�^-

�\�h���©�B�g�k�l�b�l�m�l���i�k�b�o�h�e�h�]�b�b���J�:�G�ª�������������������������k 

18. �;�_�j�g�r�l�_�c�g�� �G���� �:���� �H�� �i�h�k�l�j�h�_�g�b�b���^�\�b�`�_�g�b�c�� �����E�_�q�_�[�g�Z�y�� �n�b�a�d�m�e�v�l�m�j�Z�� �b��

�k�i�h�j�l�b�\�g�Z�y���f�_�^�b�p�b�g�Z�����± 2010. �± �‹�����������± �K������-12. 

19. �;�_�j�g�r�l�_�c�g�����G���:�����H���i�h�k�l�j�h�_�g�b�b���^�\�b�`�_�g�b�c�������G���:�����;�_�j�g�r�l�_�c�g���± �F�������D�g�b�]�Z���i�h��

�L�j�_�[�h�\�Z�g�b�x�����������������± ���������k�� 

20. �;�_�j�g�r�l�_�c�g�����G���:�����K�h�\�j�_�f�_�g�g�u�_���b�k�d�Z�g�b�y���\���n�b�a�b�h�e�h�]�b�b���g�_�j�\�g�h�]�h���i�j�h�p�_�k�k�Z������

�i�h�^���j�_�^�����N�_�c�]�_�g�[�_�j�]�Z�����B���?�����K�b�j�h�l�d�b�g�h�c�����F�������K�f�u�k�e���± 2003 �± ���������k�� 

21. �;�_�j�g�r�l�_�c�g�� �G���� �:���� �N�b�a�b�h�e�h�]�b�y�� �^�\�b�`�_�g�b�c�� �b�� �Z�d�l�b�\�g�h�k�l�v�� ���� �i�h�^�� �j�_�^���� �H���� �=����

�=�Z�a�_�g�d�h�����:�G���K�K�K�J�����F�������G�Z�m�d�Z�������������������������k��. 



38 
 

22. �;�b�e�e�k�\�h�j�l �F., �>�x�g�k�_�j �: . Augmented Reality in the Classroom // Computer. 

2012. Vol.45. Pp. 56-63. DOI: 10.1109/MC.2012.111. 

23. �;�b�g�]���J�������F�h�a�]���b���]�e�Z�a�����H�k�g�h�\�u���h�n�l�Z�e�v�f�h�g�_�\�j�h�e�h�]�b�b�������J�����;�b�g�]�����J�����;�j�x�d�g�_�j����

�E�_�g�b�g�]�j�Z�^�����± 1959 �± ���������k�� 

24. �;�b�k�\�Z�k �G., �F�m�o�_�j�^�`�b �: ., �;�o�Z�l�l�Z�q�Z�j�v�y �K���� �³�$�U�H�� �\�R�X�� �I�H�H�O�L�Q�J�� �V�L�F�N�"�´���± A 

systematic literature review of cybersickness in virtual reality // ACM Comput. 

Surv. 2024. Volume 56, Issue 11, Article 284. Pp. 1-38. DOI: 10.1145/3670008. 

25. �;�h�c�d�h�� �?���B���� �<�e�b�y�g�b�_�� �o�j�h�g�b�q�_�k�d�h�c�� �[�h�e�_�a�g�b�� �g�Z�� �i�k�b�o�b�d�m���� �i�k�b�o�h�e�h�]�b�q�_�k�d�h�_��

�b�k�k�e�_�^�h�\�Z�g�b�_�����F�������B�a�^-�\�h���F�h�k�d�����m�g-�l�Z�������������� 

26. �;�j�h�g�r�l�_�c�g �: .�F. Multisensory integration in balance control // Handbook of 

Clinical Neurology. 2016. 137:57-66. DOI: 10.1016/B978-0-444-63437-

5.00004-2. 

27. �;�j�m�g�_�j���>�`�����I�k�b�o�h�e�h�]�b�y���i�h�a�g�Z�g�b�y�����± �F�������I�j�h�]�j�_�k�k�������������� 

28. �;�j�m�g�_�j���� �>�`���� �I�k�b�o�h�e�h�]�b�y�� �i�h�a�g�Z�g�b�y���� �A�Z�� �i�j�_�^�_�e�Z�f�b�� �g�_�i�h�k�j�_�^�k�l�\�_�g�g�h�c��

�b�g�n�h�j�f�Z�p�b�b���������>�`�����;�j�m�g�_�j�����± �F�������I�j�h�]�j�_�k�k�����������������± ���������k�� 

29. �;�m�a�b�g�Z�����L�����K�������D�h�l�_�e�v�g�b�d�h�\�Z�����:�����<�������R�Z�e�b�g�Z�����H�����K�������>�_�g�b�k�h�\�����:�����:�������D�h�e�h�k�h�\����

�X���� �:������ �=�h�j�[�m�g�h�\�Z���� �X���� �<������ �������� �	�� �F�m�j�k�Z�e�h�\���� �B���� �>���� ���������������� �I�k�b�o�h�e�h�]�b�q�_�k�d�b�_��

�i�j�h�[�e�_�f�u���j�Z�a�j�Z�[�h�l�d�b���b���\�g�_�^�j�_�g�b�y���9�5-�l�_�o�g�h�e�h�]�b�c���\���k�b�k�l�_�f�_���f�_�^�b�p�b�g�k�d�h�]�h��

�h�[�j�Z�a�h�\�Z�g�b�y�����G�Z�p�b�h�g�Z�e�v�g�u�c���i�k�b�o�h�e�h�]�b�q�_�k�d�b�c���`�m�j�g�Z�e����������������������������-59. 

30. �;�m�c�e�h�\�Z�� �L���<������ �A�\�_�j�_�\�� �X���I������ �B�h�k�v�d�h�� �G���<���� �I�h�k�l�m�j�Z�e�v�g�u�c�� �d�h�g�l�j�h�e�v����

�l�_�h�j�_�l�b�q�_�k�d�b�_���h�k�g�h�\�u���� �g�Z�j�m�r�_�g�b�y�����h�p�_�g�d�Z���� �G�b�`�g�b�c�� �G�h�\�]�h�j�h�^���� �P�\�_�l�F�b�j����

���������������������k 

31. �;�m�r�f�Z�g �L.�>� .̀ Balancing Flexibility and Interference in Working Memory // 

Annu Rev Vis Sci. 2021. Sep 15;7:367-388. DOI: 10.1146/annurev-vision-

100419-104831. 

32. �;�m�y�d�Z�k�����L���F�����A�j�b�l�_�e�v�g�u�_���b���^�\�b�]�Z�l�_�e�v�g�u�_���Z�k�i�_�d�l�u���j�Z�[�h�l�u���]�e�Z�a�Z���\���a�Z�^�Z�q�Z�o��

�j�m�q�g�h�]�h���k�e�_�`�_�g�b�y���������L���F�����;�m�y�d�Z�k���������B�k�k�e�_�^�h�\�Z�g�b�_���a�j�b�l�_�e�v�g�h�c���^�_�y�l�_�e�v�g�h�k�l�b��

�q�_�e�h�\�_�d�Z�����I�h�^�����j�_�^�����X���;�����=�b�i�i�_�g�j�_�c�l�_�j�����B�a�^-�\�h���F�=�M����- 1973, - �K�������������± 143. 

33. �;�v�h�j�d�����K�����I�Z�l�l�_�j�g�u���b�]�j�h�\�h�]�h���^�b�a�Z�c�g�Z�������K�����;�v�h�j�d�����X�����O�h�e�h�i�Z�c�g�_�g�������>�i�_�j�����k��

�Z�g�]�e�����:�����:�����D�m�[�b�d�h�\�Z�@�����²  �F�h�k�d�\�Z�������<�b�e�v�y�f�k�����������������²  ���������k�� 



39 
 

34. �<�_�e�b�q�d�h�\�k�d�b�c���� �;���� �;������ �=�m�k�_�\���� �:���� �G������ �<�b�g�h�]�j�Z�^�h�\�Z���� �<���� �N������ �:�j�[�_�d�h�\�Z���� �H���� �:����

���������������� �D�h�]�g�b�l�b�\�g�u�c�� �d�h�g�l�j�h�e�v�� �b�� �q�m�\�k�l�\�h�� �i�j�b�k�m�l�k�l�\�b�y�� �\�� �\�b�j�l�m�Z�e�v�g�u�o��

�k�j�_�^�Z�o�����W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�Z�y���i�k�b�o�h�e�h�]�b�y������������������-20. 

35. �<�_�j�Z�d�k�Z�� �:���� �G������ �<�_�j�Z�d�k�Z�� �G���� �?���� �<�a�Z�b�f�h�k�\�y�a�v�� �f�_�l�Z�i�h�a�g�Z�g�b�y�� �b�� �j�_�]�m�e�y�l�h�j�g�u�o��

�n�m�g�d�p�b�c�� �\�� �^�_�l�k�l�\�_�����d�m�e�v�l�m�j�g�h-�b�k�l�h�j�b�q�_�k�d�b�c�� �d�h�g�l�_�d�k�l�� �����<�_�k�l�g�b�d��

�F�h�k�d�h�\�k�d�h�]�h���m�g�b�\�_�j�k�b�l�_�l�Z�����K�_�j�b�y�����������I�k�b�o�h�e�h�]�b�y�����± 2021. �± �‹�����������± �K��������-

113. 

36. �<�b�j�j�_ �W., �;�m�k�b�d �>� .̀ Utilization of Virtual Reality Technology in the 

Rehabilitation of Balance Disorder Patients // Micromedical Technologies; 

Vestibular Update, Micromedical Technologies, USA �± 2000 �± issue 24 �± P.2-4 

37. �<�h�c�k�d�m�g�k�d�b�c�� �:���?������ �K�f�u�k�e�h�\�Z�� �H���<���� �I�k�b�o�h�e�h�]�b�y�� �i�j�b�f�_�g�_�g�b�y�� �k�b�k�l�_�f��

�\�b�j�l�m�Z�e�v�g�h�c�� �j�_�Z�e�v�g�h�k�l�b�� ������ �B�g�l�_�j�g�_�l�� �b�� �k�h�\�j�_�f�_�g�g�h�_�� �h�[�s�_�k�l�\�h���� �L�j�m�^�u�� �,�;��

�<�k�_�j�h�k�k�b�c�k�d�h�c���h�[�t�_�^�b�g�_�g�g�h�c���d�h�g�n�_�j�_�g�p�b�b�����± �K��-�I�_�l�_�j�[�m�j�]�������������� 

38. �<�h�k�d�h�\�k�d�Z�y�����E�����<�����I�k�b�o�h�e�h�]�b�y���h�s�m�s�_�g�b�c���b���\�h�k�i�j�b�y�l�b�y�������m�q�_�[�g�h�_���i�h�k�h�[�b�_��

�^�e�y�� �\�m�a�h�\�� ���� �E���� �<���� �<�h�k�d�h�\�k�d�Z�y�����²  �F�h�k�d�\�Z�� ���� �B�a�^�Z�l�_�e�v�k�l�\�h�� �X�j�Z�c�l���� �������������²  

�������� �k�����²  ���<�u�k�r�_�_�� �h�[�j�Z�a�h�\�Z�g�b�_�������²  ISBN 978-5-534-15156-5. �²  �L�_�d�k�l�� ����

�w�e�_�d�l�j�h�g�g�u�c�� ������ �H�[�j�Z�a�h�\�Z�l�_�e�v�g�Z�y�� �i�e�Z�l�n�h�j�f�Z�� �X�j�Z�c�l�� �>�k�Z�c�l�@�����²  

URL: https://urait.ru/bcode/513102 ���^�Z�l�Z���h�[�j�Z�s�_�g�b�y���������������������������� 

39. �<�u�]�h�l�k�d�b�c���E���K�����J�Z�a�\�b�l�b�_���\�u�k�r�b�o���i�k�b�o�b�q�_�k�d�b�o���n�m�g�d�p�b�c�����F�������B�a�^-�\�h���:�I�G��

�J�K�N�K�J���± 1960 �± ���������k�� 

40. �=�Z�`�_�� �I���F������ �<�_�[�_�j�� �;�� �I�h�k�l�m�j�h�e�h�]�b�y���� �J�_�]�m�e�y�p�b�y�� �b�� �g�Z�j�m�r�_�g�b�y�� �j�Z�\�g�h�\�_�k�b�y��

�l�_�e�Z���q�_�e�h�\�_�d�Z�����K�Z�g�d�l-�I�_�l�_�j�[�m�j�]�����B�a�^�Z�l�_�e�v�k�d�b�c���^�h�f���K�I�[�F�:�I�H������������������������

c. 

41.  �=�Z�k�b�f�h�\���:���N�������D���?�����F�Z�k�e�h�\�Z�����:���B�����D�h�\�Z�e�z�\���� �W�f�h�p�b�h�g�Z�e�v�g�u�c���b�g�l�_�e�e�_�d�l���b��

�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�_�� �k�i�h�k�h�[�g�h�k�l�b�� �d�Z�d�� �i�j�_�^�b�d�l�h�j�u�� �m�k�i�_�r�g�h�k�l�b��

�\�a�Z�b�f�h�^�_�c�k�l�\�b�y���k���p�b�n�j�h�\�u�f�b���Z�\�Z�l�Z�j�Z�f�b���\���k�j�_�^�_���\�b�j�l�m�Z�e�v�g�h�c���j�_�Z�e�v�g�h�k�l�b��

�������L�_�h�j�_�l�b�q�_�k�d�Z�y���b���w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�Z�y���i�k�b�o�h�e�h�]�b�y�����± 2022. �± �L�������������± �‹������ 

42. �=�_�e�v�f�]�h�e�v�p�����=�����H���a�j�_�g�b�b�������=�����=�_�e�v�f�h�]�h�e�v�p�����������G�Z�m�q�g�h�_���h�[�h�a�j�_�g�b�_����- 1896 - 

�‹����  

43. �=�b�[�k�h�g���>�`�������������������W�d�h�e�h�]�b�q�_�k�d�b�c���i�h�^�o�h�^���d���a�j�b�l�_�e�v�g�h�f�m���\�h�k�i�j�b�y�l�b�x�� 

https://urait.ru/bcode/513102


40 
 

44. �=�b�[�k�h�g �>�`.�>� .̀ The Ecological Approach to Visual Perception // Psychology 

Press. Classic Edition (1st ed.). 2014. DOI: 10.4324/9781315740218. 346 p. 

45. �=�b�[�k�h�g���� �>�`���� �W�d�h�e�h�]�b�q�_�k�d�b�c�� �i�h�^�o�h�^�� �d�� �a�j�b�l�_�e�v�g�h�f�m�� �\�h�k�i�j�b�y�l�b�x�� ���� �>�`����

�=�b�[�k�h�g�����F�������B�a�^�����I�j�h�]�j�_�k�k����- 1988 �± ���������k�� 

46. �=�b�i�i�_�g�j�_�c�l�_�j�� �X���;���� �H�� �f�_�k�l�_�� �^�\�b�`�_�g�b�c�� �]�e�Z�a�� �\�� �g�_�a�j�b�l�_�e�v�g�u�o�� �\�b�^�Z�o��

�^�_�y�l�_�e�v�g�h�k�l�b�� �b�� �b�o�� �b�k�k�e�_�^�h�\�Z�g�b�b�� ������ �F�h�l�h�j�g�u�_�� �d�h�f�i�h�g�_�g�l�u�� �a�j�_�g�b�y���� �F������

�G�Z�m�d�Z�����������������K�����������±221. 

47. �=�b�i�i�_�g�j�_�c�l�_�j���� �X���;���� �>�\�b�`�_�g�b�y�� �]�e�Z�a�� �\�� �^�_�y�l�_�e�v�g�h�k�l�b�� �q�_�e�h�\�_�d�Z�� �b�� �\�� �_�z��

�b�k�k�e�_�^�h�\�Z�g�b�b���� ������ �B�k�k�e�_�^�h�\�Z�g�b�_�� �a�j�b�l�_�e�v�g�h�c�� �^�_�y�l�_�e�v�g�h�k�l�b�� �q�_�e�h�\�_�d�Z���� �I�h�^����

�j�_�^�����X���;�����=�b�i�i�_�g�j�_�c�l�_�j����- �F�������B�a�^-�\�h���F�=�M���������������± �K���������± 26. 

48. �=�b�i�i�_�g�j�_�c�l�_�j�����X���;�����>�\�b�`�_�g�b�y���q�_�e�h�\�_�q�_�k�d�h�]�h���]�e�Z�a�Z�������X���;�����=�b�i�i�_�j�_�c�l�_�j���± 

�F�������B�a�^-�\�h���F�h�k�d�����M�g-�l�Z���������������± ���������k�� 

49. �=�b�i�i�_�g�j�_�c�l�_�j���� �X���;������ �J�h�f�Z�g�h�\�� �<���Y���� �G�h�\�u�c�� �f�_�l�h�^�� �h�[�t�_�d�l�b�\�g�h�]�h��

�b�k�k�e�_�^�h�\�Z�g�b�y�� �\�g�m�l�j�_�g�g�b�o�� �n�h�j�f�� �a�j�b�l�_�e�v�g�h�c�� �Z�d�l�b�\�g�h�k�l�b�� ���� �<�h�i�j�h�k�u��

�i�k�b�o�h�e�h�]�b�b���± 1970 �± �‹������- �k�����������± 52. 

50. �=�h�e�h�e�h�[�h�\�����F�����X�������L�Z�j�Z�d�Z�g�h�\�����;�����B�������<�h�j�h�[�v�_�\�����<�����:�� �I�j�h�[�e�_�f�g�u�_���\�h�i�j�h�k�u��

�\�� �f�_�l�h�^�b�d�_�� �g�Z�q�Z�e�v�g�h�c�� �n�b�a�b�q�_�k�d�h�c�� �i�h�^�]�h�l�h�\�d�b�� �x�g�u�o�� �m�r�m�b�k�l�h�\�� ��-���� �e�_�l�� ������

�M�q�_�g�u�_���a�Z�i�b�k�d�b���m�g�b�\�_�j�k�b�l�_�l�Z���b�f�����I�N���E�_�k�]�Z�n�l�Z�����± 2007. �± �‹���������± �K���������± 22. 

51. �=�h�j�]�b�e�Z�^�a�_���� �=���B������ �;�j�y�g�h�\���� �B���B������ �X�]�Z�g�h�\���� �?���F������ �D�h�k�f�b�q�_�k�d�Z�y�� �[�h�e�_�a�g�v�� ������

�N�b�a�b�h�e�h�]�b�q�_�k�d�b�_���i�j�h�[�e�_�f�u���g�_�\�_�k�h�f�h�k�l�b�����F�������F�_�^�b�p�b�g�Z���± 1990 �± �k�������������± 

215. 

52. �=�j�Z�g�b�l�����J�����H�k�g�h�\�u���j�_�]�m�e�y�p�b�b���^�\�b�`�_�g�b�c�����± �J�����=�j�Z�g�b�l���± �F�������F�b�j���������������± 368 

�k�� 

53. �=�j�b�[�Z�g�h�\�� �:���� �<������ �R�_�j�k�l�_�g�g�b�d�h�\�Z�� �:���� �D���� �N�b�a�b�h�e�h�]�b�q�_�k�d�b�_�� �f�_�o�Z�g�b�a�f�u��

�j�_�]�m�e�y�p�b�b�� �i�h�k�l�m�j�Z�e�v�g�h�]�h�� �[�Z�e�Z�g�k�Z�� �q�_�e�h�\�_�d�Z�� ���h�[�a�h�j���� �����@�m�j�g�Z�e�� �f�_�^�b�d�h-

�[�b�h�e�h�]�b�q�_�k�d�b�o���b�k�k�e�_�^�h�\�Z�g�b�c�����± 2013. �± �‹�����������± �K��������-29. 

54. �=�j�b�p�Z�g�h�\�� �:���� �:������ �=�Z�e�d�b�g���>���� �<������ �D�Z�j�i�_�g�d�h���B���� �>���� �<�b�j�l�m�Z�e�v�g�Z�y�� �j�_�Z�e�v�g�h�k�l�v��������

�G�h�\�_�c�r�b�c���n�b�e�h�k�h�n�k�d�b�c���k�e�h�\�Z�j�v�������K�h�k�l�����b���]�e�����g�Z�m�q�����j�_�^�����:�����:�����=�j�b�p�Z�g�h�\�����²  

3-�_���b�a�^�������b�k�i�j�Z�\�e�����²  �F�g�������D�g�b�`�g�u�c���>�h�f�������������� 



41 
 

55. �=�j�b�r�b�g�Z���� �F���<������ �I�h�^�]�h�l�h�\�d�Z�� �n�b�]�m�j�b�k�l�h�\���� �H�k�g�h�\�u�� �m�i�j�Z�\�e�_�g�b�y���± �F������ �N�b�K����

1986. �± ���������k�� 

56. �=�m�k�_�\���:���G�������Q�_�j�g�h�j�b�a�h�\���:���F�����I�k�b�o�h�n�b�a�b�h�e�h�]�b�y�����m�q�_�[�g�b�d���^�e�y���\�m�a�h�\�����± �F������

�X�j�Z�c�l�������������� 

57. �=�m�k�_�\�� �:���� �G���� �H�l�� �i�k�b�o�h�n�b�a�b�d�b�� �©�q�b�k�l�u�o�ª�� �h�s�m�s�_�g�b�c�� �d�� �i�k�b�o�h�n�b�a�b�d�_��

�k�_�g�k�h�j�g�u�o�� �a�Z�^�Z�q���� �k�b�k�l�_�f�g�h-�^�_�y�l�_�e�v�g�h�k�l�g�u�c�� �i�h�^�o�h�^�� �\���i�k�b�o�h�n�b�a�b�d�_���� ������

�<�h�i�j�h�k�u���i�k�b�o�h�e�h�]�b�b�����������������L�h�f���������‹�������K��������-155. 

58. �>�_�c�d�_�j�k �J.�F. Three-dimensional virtual worlds and distance learning: Two case 

studies of Active Worlds as a medium for distance education // British Journal 

of Educational Technology, 36, 439�±451. 

59. �>�`�_�c�f�k���M�����I�k�b�o�h�e�h�]�b�y�����± �F�������I�_�^�Z�]�h�]�b�d�Z�������������� 

60. �?�]�h�j�h�\�� �K���X������ �:���B���� �D�h�\�Z�e�_�\���� �X���:���� �J�h�]�h�e�_�\�Z�� �K�j�Z�\�g�_�g�b�_�� �w�n�n�_�d�l�b�\�g�h�k�l�b��

�i�j�b�f�_�g�_�g�b�y�� �l�_�o�g�h�e�h�]�b�c�� �\�b�j�l�m�Z�e�v�g�h�c�� �j�_�Z�e�v�g�h�k�l�b�� �k�� �l�j�Z�^�b�p�b�h�g�g�u�f�b��

�h�[�j�Z�a�h�\�Z�l�_�e�v�g�u�f�b���k�j�_�^�k�l�\�Z�f�b���<�_�k�l�g�b�d���F�h�k�d�h�\�k�d�h�]�h���m�g�b�\�_�j�k�b�l�_�l�Z�����K�_�j�b�y��

���������I�k�b�o�h�e�h�]�b�y�����± 2019. �± �‹���������± �K���������±58 

61. �?�g�^�j�h�i�h�\�����H�����<�����K�h�\�j�_�f�_�g�g�u�_���i�j�h�[�e�_�f�u���g�Z�k�e�_�^�k�l�\�_�g�g�h�k�l�b���b���^�\�b�]�Z�l�_�e�v�g�u�_��

�\�h�a�f�h�`�g�h�k�l�b���q�_�e�h�\�_�d�Z���������K�b�[�b�j�k�d�b�c���i�_�^�Z�]�h�]�b�q�_�k�d�b�c���`�m�j�g�Z�e�����± 2007. �± �‹����

1. �± �k�����������± 235. 

62. �A�Z�d�Z�a�g�h�\���G�������K�����B�����D�b�j�x�r�b�g�����<�����B�����D�m�a�b�q�_�\�����=�e�Z�\�Z���9�����>�_�l�Z�e�b���h�i�l�b�q�_�k�d�b�o��

�k�b�k�l�_�f�� ������ �L�_�h�j�b�y�� �h�i�l�b�q�_�k�d�b�o�� �k�b�k�l�_�f�� ���� �L���� �<���� �:�[�b�\�h�\�Z�����²  �F������

�©�F�Z�r�b�g�h�k�l�j�h�_�g�b�_�ª�����������������²  �K���������² 91. �²  ���������k�� 

63. �A�Z�o�Z�j�h�\�Z���� �=���Y���� �F�_�g�v�r�b�d�h�\�Z���� �:���B���� �D�h�\�Z�e�z�\���I�h�^�o�h�^�u�� �d�� �b�a�m�q�_�g�b�x��

�d�h�]�g�b�l�b�\�g�u�o�� �d�Z�j�l�� �i�j�h�k�l�j�Z�g�k�l�\�Z���� �K�h�\�j�_�f�_�g�g�Z�y�� �g�Z�m�d�Z���� �Z�d�l�m�Z�e�v�g�u�_��

�i�j�h�[�e�_�f�u���l�_�h�j�b�b���b���i�j�Z�d�l�b�d�b�� �K�_�j�b�y���©�I�h�a�g�Z�g�b�_�ª�����± 2024. - �‹�������± �K������-33. 

64. �A�b�g�q�_�g�d�h�� �<���� �I���� �H�[�j�Z�a�� �b�� �^�_�y�l�_�e�v�g�h�k�l�v�����²  �F������ �B�a�^�Z�l�_�e�v�k�l�\�h�� �©�B�g�k�l�b�l�m�l��

�i�j�Z�d�l�b�q�_�k�d�h�c���i�k�b�o�h�e�h�]�b�b�ª�����<�h�j�h�g�_�`�����G�I�H���©�F�H�>�W�D�ª�����������������²  ���������k�� 

65. �A�b�g�q�_�g�d�h�� �X���I������ �F�_�g�v�r�b�d�h�\�Z�� �=���Y������ �;�Z�y�d�h�\�k�d�b�c�� �X���F������ �Q�_�j�g�h�j�b�a�h�\�� �:���F������

�<�h�c�k�d�m�g�k�d�b�c���:���?�����L�_�o�g�h�e�h�]�b�b���\�b�j�l�m�Z�e�v�g�h�c���j�_�Z�e�v�g�h�k�l�b�����f�_�l�h�^�h�e�h�]�b�q�_�k�d�b�_��

�Z�k�i�_�d�l�u���� �^�h�k�l�b�`�_�g�b�y�� �b�� �i�_�j�k�i�_�d�l�b�\�u�� ������ �G�Z�p�b�h�g�Z�e�v�g�u�c�� �i�k�b�o�h�e�h�]�b�q�_�k�d�b�c��

�`�m�j�g�Z�e�����± 2010. �± �‹���������± �K���������±71. 



42 
 

66. �A�b�g�q�_�g�d�h�� �X���� �I���� �F�_�l�h�^�h�e�h�]�b�q�_�k�d�b�_�� �i�j�h�[�e�_�f�u�� �n�m�g�^�Z�f�_�g�l�Z�e�v�g�u�o�� �b��

�i�j�b�d�e�Z�^�g�u�o�� �i�k�b�o�h�e�h�]�b�q�_�k�d�b�o�� �b�k�k�e�_�^�h�\�Z�g�b�c�� ������ �G�Z�p�b�h�g�Z�e�v�g�u�c��

�i�k�b�o�h�e�h�]�b�q�_�k�d�b�c���`�m�j�g�Z�e�����������������L�h�f���������‹�������K������-49. 

67. �A�b�g�q�_�g�d�h�����X���I�������F�_�g�v�r�b�d�h�\�Z�����=���Y�������;�Z�y�d�h�\�k�d�b�c�����X���F�������Q�_�j�g�h�j�b�a�h�\�����:���F������

�<�h�c�k�d�m�g�k�d�b�c���� �:���?���� �L�_�o�g�h�e�h�]�b�b�� �\�b�j�l�m�Z�e�v�g�h�c�� �j�_�Z�e�v�g�h�k�l�b����

�f�_�l�h�^�h�e�h�]�b�q�_�k�d�b�_�� �Z�k�i�_�d�l�u���� �^�h�k�l�b�`�_�g�b�y�� �b�� �i�_�j�k�i�_�d�l�b�\�u�� ������ �G�Z�p�b�h�g�Z�e�v�g�u�c��

�i�k�b�o�h�e�h�]�b�q�_�k�d�b�c���`�m�j�g�Z�e���± 2010 �± �‹�����������± �K��������-72. 

68. �A�b�g�q�_�g�d�h�����<���I�������<�_�j�]�b�e�_�k�����G���X�����N�h�j�f�b�j�h�\�Z�g�b�_���a�j�b�l�_�e�v�g�h�]�h���h�[�j�Z�a�Z�����± �F������

�B�a�^-�\�h���F�=�M���������������± ���������k�� 

69. �A�b�g�q�_�g�d�h�����X�����I���������������������I�k�b�o�h�e�h�]�b�y���\�b�j�l�m�Z�e�v�g�h�c���j�_�Z�e�v�g�h�k�l�b�� 

70. �A�b�g�q�_�g�d�h���� �X���� �I������ �I�_�j�\�b�q�d�h���� �?���� �B���� �W�\�j�b�k�l�b�q�_�k�d�Z�y�� �p�_�g�g�h�k�l�v 

�i�h�k�l�g�_�d�e�Z�k�k�b�q�_�k�d�b�o�� �f�h�^�_�e�_�c�� �\�� �i�k�b�o�h�k�h�f�Z�l�b�d�_�� ���g�Z�� �i�j�b�f�_�j�_�� �k�b�g�^�j�h�f�g�h�]�h��

�i�h�^�o�h�^�Z���E���K�����<�u�]�h�l�k�d�h�]�h���± �:���J�����E�m�j�b�b�����������<�h�i�j�h�k�u���i�k�b�o�h�e�h�]�b�b�����²  2014. 

�²  �‹���������²  �K���������±28. 

71. �G�Z�m�q�g�u�_�� �h�k�g�h�\�u�� �d�h�f�i�e�_�d�k�g�h�c�� �i�k�b�o�h�e�h�]�b�q�_�k�d�h�c�� �j�_�Z�[�b�e�b�l�Z�p�b�b����

�Z�[�b�e�b�l�Z�p�b�b�����j�_�k�h�p�b�Z�e�b�a�Z�p�b�b���b���j�_�Z�^�Z�i�l�Z�p�b�b���\�_�l�_�j�Z�g�h�\���[�h�_�\�u�o���^�_�c�k�l�\�b�c���b��

�q�e�_�g�h�\���b�o���k�_�f�_�c�������f�h�g�h�]�j�Z�n�b�y�����Q�������������F���<�����:�e�_�d�k�_�_�\�Z�����H���<�����:�e�f�Z�a�h�\�Z�����L���L����

�;�Z�l�u�r�_�\�Z�����:���F�����;�m�d�b�g�b�q�����F���?�����;�m�r�f�Z�g�h�\�Z�����G���:�����<�Z�j�Z�d�h�����K���:�����<�Z�k�b�e�v�_�\�Z����

�?���<�����<�Z�k�x�j�Z�����H���<�����<�Z�o�Z�g�p�_�\�Z�����:���G�����<�_�j�Z�d�k�Z�����F���G�����=�Z�\�j�b�e�h�\�Z�����:���:�����=�Z�k�Z�g�h�\����

�F���:���� �>�_�f�b�g�Z���� �:���=���� �>�h�e�]�b�o���� �:���X���� �?�\�^�h�d�b�f�h�\���� �X���I���� �A�b�g�q�_�g�d�h���� �:���B����

�D�h�\�Z�e�_�\�����F���K�����D�h�\�y�a�b�g�Z�����>���K�����D�h�j�g�b�_�g�d�h�����:���K�����D�j�m�k�d�h�i�����K���<. �E�_�h�g�h�\�������?���=����

�F�Z�d�k�b�f�_�g�d�h���� �:���:���� �F�Z�l�_�j�m�o�b�g�Z���� �K���<���� �F�h�e�q�Z�g�h�\���� �F���:���� �H�^�b�g�p�h�\���� �:���D����

�I�Z�s�_�g�d�h���� �<���:���� �I�e�h�l�g�b�d�h�\�Z���� �B���K���� �I�h�e�b�d�Z�g�h�\�Z���� �<���:���� �I�j�h�i�m�k�l�b�g�Z���� �X���:����

�J�h�]�h�e�_�\�Z���� �G���:���� �J�m�^�g�h�\�Z���� �D���F���� �J�u�k�_�\�Z���� �F���F���� �J�u�k�_�\�Z���� �L���W���� �K�b�a�b�d�h�\�Z���� �:���:����

�K�d�\�h�j�p�h�\���� �X���<���� �K�h�e�h�\�v�_�\�Z���� �=���D���� �K�l�_�i�Z�g�h�\���� �K���<���� �K�l�j�_�e�v�g�b�d�h�\���� �B���<����

�K�m�e�l�Z�g�h�\�Z���� �F���>���� �L�_�i�e�b�g�k�d�Z�y���� �>���>���� �L�_�j�_�g�l�b�c���� �K���<���� �L�b�o�h�g�h�\���� �F���B����

�L�u�q�b�g�b�g�Z�����E���:�����R�Z�c�]�_�j�h�\�Z�����:���:�����Y�d�m�r�b�g�Z�������I�h�^���h�[�s�����j�_�^�����Z�d�Z�^�����J�:�H�����^-�j�Z��

�i�k�b�o���� �g�Z�m�d�� �X���I���� �A�b�g�q�_�g�d�h�����± �F�h�k�d�\�Z���� �B�a�^�Z�l�_�e�v�k�l�\�h�� �F�h�k�d�h�\�k�d�h�]�h��

�m�g�b�\�_�j�k�b�l�_�l�Z�����������������± ���������k�� 



43 
 

72. �B�\�Z�g�h�\�Z���=���?�������K�d�\�h�j�p�h�\���>���<�������D�e�b�f�h�\���E���<�����H�p�_�g�d�Z���i�h�k�l�m�j�Z�e�v�g�h�c���n�m�g�d�p�b�b��

�\���d�e�b�g�b�q�_�k�d�h�c���i�j�Z�d�l�b�d�_���������<�_�k�l�g�b�d���\�h�k�k�l�Z�g�h�\�b�l�_�e�v�g�h�c���f�_�^�b�p�b�g�u�����������������‹��

�������K��������-25. EDN: SPLBTF 

73. �B�\�Z�g�v�d�h���:�����N�������B�\�Z�g�v�d�h���F�����:�������J�h�f�Z�g�q�m�d���?�����?�����<�b�j�l�m�Z�e�v�g�Z�y���j�_�Z�e�v�g�h�k�l�v���\��

�h�[�j�Z�a�h�\�Z�g�b�b�������G�Z�m�q�g�h�_���h�[�h�a�j�_�g�b�_�����I�_�^�Z�]�h�]�b�q�_�k�d�b�_���g�Z�m�d�b�����± 2019. �± �‹������-1. 

74. �B�r�_�d�h�\���� �:���� �G������ �F�h�k�y�]�b�g���� �B���� �=���� �I�h�d�Z�a�Z�l�_�e�b�� �k�l�Z�[�b�e�h�f�_�l�j�b�b�� �\�� �^�b�g�Z�f�b�d�_��

�Z�j�d�l�b�q�_�k�d�h�]�h�� �j�_�c�k�Z�� ������ �F�b�j�� �g�Z�m�d�b���� �d�m�e�v�l�m�j�u���� �h�[�j�Z�a�h�\�Z�g�b�y�����± 2013. �± �‹���� ����

(41) �± �K�����������± 358. 

75. �D�Z�i�e�m�g�h�\�b�q�� �B���Y���� �J�Z�a�\�b�l�b�_�� �k�l�j�m�d�l�m�j�u�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�]�h���f�u�r�e�_�g�b�y�� ������

�<�h�i�j�h�k�u���i�k�b�o�h�e�h�]�b�b�����± 1986. �± �‹���������± C. 56�±66. 

76. �D�b�k�e�y�d�h�\���� �<���:������ �G�_�\�_�j�h�\���� �<���I���� �J�_�Z�d�p�b�y�� �]�e�Z�a�h�^�\�b�]�Z�l�_�e�v�g�h�c�� �k�b�k�l�_�f�u�� �g�Z��

�^�\�b�`�_�g�b�_�� �h�[�t�_�d�l�h�\�� �\�� �i�h�e�_�� �a�j�_�g�b�y���� �H�i�l�h�d�b�g�_�l�b�q�_�k�d�b�c�� �g�b�k�l�Z�]�f�����± �F������

�©�G�Z�m�d�Z�ª���������������± �������k�� 

77. �D�e�h�q�d�h�\�� �:���� �K���� �D�h�j�j�_�d�p�b�y�� �k�l�Z�l�b�q�_�k�d�h�]�h�� �b�� �^�b�g�Z�f�b�q�_�k�d�h�]�h�� �j�Z�\�g�h�\�_�k�b�y�� �k��

�b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �k�b�k�l�_�f�u�� �\�b�j�l�m�Z�e�v�g�h�c�� �j�_�Z�e�v�g�h�k�l�b�� �m�� �i�Z�p�b�_�g�l�h�\�� �k��

�p�_�j�_�[�j�h�\�Z�k�d�m�e�y�j�g�u�f�b���a�Z�[�h�e�_�\�Z�g�b�y�f�b���������G�_�j�\�g�u�_���[�h�e�_�a�g�b�����± 2018. �± �‹����������

�± �K��������-32. 

78. �D�h�\�Z�e�z�\�� �:���B������ �G�_�n�_�e�v�^�� �?���?���� �L�_�o�g�h�e�h�]�b�b�� �\�b�j�l�m�Z�e�v�g�h�c�� �j�_�Z�e�v�g�h�k�l�b�� �\��

�f�h�^�_�e�b�j�h�\�Z�g�b�b���b���m�i�j�Z�\�e�_�g�b�b���k�l�j�_�k�k�h�\�h�c���j�_�Z�d�p�b�_�c���q�_�e�h�\�_�d�Z���������K�b�[�b�j�k�d�b�c��

�i�k�b�o�h�e�h�]�b�q�_�k�d�b�c���`�m�j�g�Z�e�����± 2024. �± �‹�����������± �K�����������±180. 

79. �D�h�\�Z�e�z�\�� �:���B������ �J�h�]�Z�q�_�\�� �:���H������ �D�e�b�f�h�\�Z�� �H���:������ �=�Z�k�b�f�h�\�� �:���N����

�W�e�_�d�l�j�h�n�b�a�b�h�e�h�]�b�q�_�k�d�b�_�� �i�h�d�Z�a�Z�l�_�e�b�� �\�h�k�i�j�b�y�l�b�y�� �b�e�e�x�a�b�b�� �^�\�b�`�_�g�b�y��

�k�h�[�k�l�\�_�g�g�h�]�h�� �l�_�e�Z�� �\�� �m�k�e�h�\�b�y�o�� �\�b�j�l�m�Z�e�v�g�h�c�� �j�_�Z�e�v�g�h�k�l�b�� ������ �<�_�k�l�g�b�d��

�F�h�k�d�h�\�k�d�h�]�h���m�g�b�\�_�j�k�b�l�_�l�Z�����K�_�j�b�y�����������I�k�b�o�h�e�h�]�b�y�����²  2020. �²  �L�������������‹��������

�²  �K���������±44. 

80. �D�h�\�Z�e�z�\�� �:���B������ �F�_�g�v�r�b�d�h�\�Z�� �=���Y���� �J�h�e�v�� �g�b�k�l�Z�]�f�_�g�g�u�o�� �^�\�b�`�_�g�b�c�� �]�e�Z�a�� �\��

�n�h�j�f�b�j�h�\�Z�g�b�b�� �b�e�e�x�a�b�b�� �^�\�b�`�_�g�b�y�� �k�h�[�k�l�\�_�g�g�h�]�h�� �l�_�e�Z�� ������ �<�_�k�l�g�b�d��

�F�h�k�d�h�\�k�d�h�]�h���m�g�b�\�_�j�k�b�l�_�l�Z�����K�_�j�b�y�����������I�k�b�o�h�e�h�]�b�y�����± 2018. �± �‹���������± �K�����������±

148. 



44 
 

81. �D�h�\�Z�e�z�\�� �:���B������ �F�_�g�v�r�b�d�h�\�Z�� �=���Y������ �<�_�d�p�b�y�� �\�� �\�b�j�l�m�Z�e�v�g�u�o�� �k�j�_�^�Z�o����

�i�k�b�o�h�e�h�]�b�q�_�k�d�b�_�� �b�� �i�k�b�o�h�n�b�a�b�h�e�h�]�b�q�_�k�d�b�_�� �f�_�o�Z�g�b�a�f�u�� �n�h�j�f�b�j�h�\�Z�g�b�y�� ������

�G�Z�p�b�h�g�Z�e�v�g�u�c���i�k�b�o�h�e�h�]�b�q�_�k�d�b�c���`�m�j�g�Z�e�����± 2015. �± �L�����������± �‹���������± �K���������±104. 

82. �D�h�\�Z�e�z�\���:���B���� �K�l�Z�j�h�k�l�b�g�Z���X���:�����L�_�o�g�h�e�h�]�b�b���\�b�j�l�m�Z�e�v�g�h�c���j�_�Z�e�v�g�h�k�l�b���d�Z�d��

�k�j�_�^�k�l�\�h�� �j�Z�a�\�b�l�b�y�� �k�h�\�j�_�f�_�g�g�h�]�h�� �j�_�[�_�g�d�Z�� ������ �G�Z�p�b�h�g�Z�e�v�g�u�c��

�i�k�b�o�h�e�h�]�b�q�_�k�d�b�c���`�m�j�g�Z�e�����± 2020. �± �L�������������± �‹���������± �K���������±30. 

83. �D�h�\�Z�e�z�\�� �:���� �B���� �b�� �^�j���� �������������� �B�e�e�x�a�b�y�� �^�\�b�`�_�g�b�y�� �k�h�[�k�l�\�_�g�g�h�]�h�� �l�_�e�Z�� �\��

�m�k�e�h�\�b�y�o���\�b�j�l�m�Z�e�v�g�h�c���j�_�Z�e�v�g�h�k�l�b�� 

84. �D�h�\�Z�e�z�\�� �:���B������ �D�e�b�f�h�\�Z�� �H���:���� �>�b�Z�]�g�h�k�l�b�d�Z�� �m�k�l�h�c�q�b�\�h�k�l�b�� �\�_�k�l�b�[�m�e�y�j�g�h�c��

�n�m�g�d�p�b�b���k�i�h�j�l�k�f�_�g�h�\���k���i�j�b�f�_�g�_�g�b�_�f���l�_�o�g�h�e�h�]�b�b���\�b�j�l�m�Z�e�v�g�h�c���j�_�Z�e�v�g�h�k�l�b��

�������K�i�h�j�l�b�\�g�u�c���i�k�b�o�h�e�h�]�����± 2017 �± �L�������������± �‹���������± �K�������±8. 

85. �D�h�\�Z�e�z�\���� �:���B���� �F�b�d�j�h�k�l�j�m�d�l�m�j�g�u�c�� �Z�g�Z�e�b�a�� �^�\�b�`�_�g�b�c�� �]�e�Z�a�� �d�Z�d�� �f�_�l�h�^��

�b�a�m�q�_�g�b�y�� �^�b�g�Z�f�b�d�b�� �i�j�h�l�_�d�Z�g�b�y�� �b�e�e�x�a�b�b�� �^�\�b�`�_�g�b�y�� �k�h�[�k�l�\�_�g�g�h�]�h�� �l�_�e�Z�� ����

�:���B���� �D�h�\�Z�e�z�\�� ������ �N�m�g�^�Z�f�_�g�l�Z�e�v�g�u�_�� �b�� �i�j�b�d�e�Z�^�g�u�_�� �b�k�k�e�_�^�h�\�Z�g�b�y��

�k�h�\�j�_�f�_�g�g�h�c���i�k�b�o�h�e�h�]�b�b�����j�_�a�m�e�v�l�Z�l�u���b���i�_�j�k�i�_�d�l�b�\�u���j�Z�a�\�b�l�b�y�������H�l�\�����j�_�^����

�:���E�����@�m�j�Z�\�e�z�\�����<���:�����D�h�e�v�p�h�\�Z�����± �F�������B�a�^-�\�h���©�B�g�k�l�b�l�m�l���i�k�b�o�h�e�h�]�b�b���J�:�G�ª����

2017. 

86. �D�h�\�Z�e�z�\�� �:���B������ �I�k�b�o�h�n�b�a�b�h�e�h�]�b�q�_�k�d�b�_�� �f�_�o�Z�g�b�a�f�u�� �b�e�e�x�a�b�b�� �^�\�b�`�_�g�b�y��

�k�h�[�k�l�\�_�g�g�h�]�h���l�_�e�Z�����^�b�k�����d�Z�g�^�����i�k�b�o�h�e�����g�Z�m�d�����F�h�k�d�\�Z������������ 

87. �D�h�\�Z�e�z�\���:���B�������F�_�g�v�r�b�d�h�\�Z���=���Y�������J�Z�a�j�Z�[�h�l�d�Z���f�_�l�h�^�b�d�b���h�p�_�g�d�b���m�k�i�_�r�g�h�k�l�b��

�\�u�i�h�e�g�_�g�b�y�� �^�\�b�]�Z�l�_�e�v�g�u�o�� �b�� �d�h�]�g�b�l�b�\�g�u�o�� �a�Z�^�Z�q�� �\���m�k�e�h�\�b�y�o�� �g�Z�j�m�r�_�g�g�h�c��

�\�_�k�l�b�[�m�e�y�j�g�h�c�� �n�m�g�d�p�b�b�� �k�� �i�j�b�f�_�g�_�g�b�_�f�� �l�_�o�g�h�e�h�]�b�b�� �\�b�j�l�m�Z�e�v�g�h�c��

�j�_�Z�e�v�g�h�k�l�b�� �W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�c�� �f�_�l�h�^�� �\�� �k�l�j�m�d�l�m�j�_�� �i�k�b�o�h�e�h�]�b�q�_�k�d�h�]�h��

�a�g�Z�g�b�y�������H�l�\�����j�_�^�����<���:�����;�Z�j�Z�[�Z�g�s�b�d�h�\�����± �F�������B�a�^-�\�h���©�B�g�k�l�b�l�m�l���i�k�b�o�h�e�h�]�b�b��

�J�:�G�ª�����������������± �K�����������±744. 

88. �D�h�\�Z�e�z�\�� �:���� �B���� �K�\�b�^�_�l�_�e�v�k�l�\�h�� �h�� �j�_�]�b�k�l�j�Z�p�b�b�� �i�j�h�]�j�Z�f�f�u�� �^�e�y�� �W�<�F�� �5�8��

������������������������ �7�U�D�F�H�V�� �P�H�P�R�U�\�� �H�\�H�V�� ���� �:���B���� �D�h�\�Z�e�z�\���� �B���:���� �D�j�m�l�k�d�b�o���� �<���G����

�K�l�h�c�d�Z���� �G�h�f�_�j�� �a�Z�y�\�d�b�� ������������������������ �a�Z�j�_�]�b�k�l�j�b�j�h�\�Z�g�h�� ������������������������

�h�i�m�[�e�b�d�h�\�Z�g�h������������������������ 



45 
 

89. �D�h�\�Z�e�z�\�� �:���� �B���� �K�\�b�^�_�l�_�e�v�k�l�\�h�� �h�� �j�_�]�b�k�l�j�Z�p�b�b�� �i�j�h�]�j�Z�f�f�u�� �^�e�y�� �W�<�F�� �5�8��

������������������������ �5�R�R�P�U�R�W�D�W�L�R�Q�� ���� �:���B�� �D�h�\�Z�e�z�\���� �?���?���� �L�m�j�]�_�g�_�\�Z���� �G���B���� �;�m�e�Z�_�\�Z����

�>���B���� �:�^�y�g���� �G�h�f�_�j�� �a�Z�y�\�d�b�� ������������������������ �a�Z�j�_�]�b�k�l�j�b�j�h�\�Z�g�h�� ������������������������

�h�i�m�[�e�b�d�h�\�Z�g�h���������������������� 

90. �D�h�\�y�a�b�g�Z�����F�����K�������J�Z�k�k�d�Z�a�h�\�Z�����?�����B�������F�_�g�v�r�b�d�h�\�Z�����=�����Y�������D�h�\�Z�e�z�\�����:�����B�������	��

�<�Z�j�Z�d�h���� �G���� �:���� ���������������� �B�g�g�h�\�Z�p�b�h�g�g�u�_�� �b�g�k�l�j�m�f�_�g�l�Z�e�v�g�u�_�� �l�_�o�g�h�e�h�]�b�b�� �\��

�k�b�k�l�_�f�_���d�e�b�g�b�d�h-�i�k�b�o�h�e�h�]�b�q�_�k�d�h�c���^�b�Z�]�g�h�k�l�b�d�b���b���j�_�Z�[�b�e�b�l�Z�p�b�b�����<�_�k�l�g�b�d��

�J�h�k�k�b�c�k�d�h�]�h���n�h�g�^�Z���n�m�g�^�Z�f�_�g�l�Z�e�v�g�u�o���b�k�k�e�_�^�h�\�Z�g�b�c������������������-30. 

91. �D�h�l�_�e�v�g�b�d�h�\���G�����<�������<�Z�g�x�o�b�g���D�����=�����I�j�h�_�d�l���©�K�l�Z�[�b�e�h�i�e�Z�l�n�h�j�f�Z�ª���������W�d�k�i�_�j�l��

�]�h�^�Z������20. �± 2020. �± �K��������-27. 

92. �D�h�l�_�e�v�g�b�d�h�\�Z�����:�����<�������D�m�d�r�b�g�Z�����:�����:�������I�h�]�h�g�q�_�g�d�h�\�Z�����B�����<�������L�m�j�h�\�Z�����?�����:������

�	���E�y�f�b�g�Z�����G�����I���������������������K�j�_�^�k�l�\�Z���\�b�j�l�m�Z�e�v�g�h�c���j�_�Z�e�v�g�h�k�l�b���\���d�h�f�i�e�_�d�k�g�h�c��

�i�k�b�o�h�d�h�j�j�_�d�p�b�b�� �d�b�g�_�a�b�h�n�h�[�b�b�� �m�� �i�Z�p�b�_�g�l�h�\�� �k�� �^�_�]�_�g�_�j�Z�l�b�\�g�h-

�^�b�k�l�j�h�n�b�q�_�k�d�b�f�b�f�� �a�Z�[�h�e�_�\�Z�g�b�y�f�b�� �d�j�m�i�g�u�o�� �k�m�k�l�Z�\�h�\�� �b�� �i�h�a�\�h�g�h�q�g�b�d�Z����

�<�h�i�j�h�k�u�� �d�m�j�h�j�l�h�e�h�]�b�b���� �n�b�a�b�h�l�_�j�Z�i�b�b���b�� �e�_�q�_�[�g�h�c�� �n�b�a�b�q�_�k�d�h�c�� �d�m�e�v�l�m�j�u����

98(3-2), 101-102. 

93. �D�j�b�q�_�\�k�d�b�c�� �J���Ø�E���� �K�Z�f�h�w�n�n�_�d�l�b�\�g�h�k�l�v�� �b�� �Z�d�f�_�h�e�h�]�b�q�_�k�d�b�c�� �i�h�^�o�h�^�� �d��

�b�k�k�e�_�^�h�\�Z�g�b�x���e�b�q�g�h�k�l�b���������:�d�f�_�h�e�h�]�b�y�����± 2001. �± �‹���������± �K���������±52. 

94. �D�m�a�g�_�p�h�\�� �<���� �:������ �J�m�k�k�m�� �X���� �=������ �D�m�i�j�b�y�g�h�\�k�d�b�c�� �<���� �I���� �H�[�� �b�k�i�h�e�v�a�h�\�Z�g�b�b��

�\�b�j�l�m�Z�e�v�g�h�c�� �b�� �^�h�i�h�e�g�_�g�g�h�c�� �j�_�Z�e�v�g�h�k�l�b�� �����,�Q�W�H�U�Q�D�W�L�R�Q�D�O�� �-�R�X�U�Q�D�O�� �R�I�� �2�S�H�Q��

Information Technologies. �± 2019. �± �L�����������± �‹�����������± �K��������-84. 

95. �D�m�d�r�b�g�Z���:�����:�����b���^�j�����K�j�Z�\�g�b�l�_�e�v�g�h�_���d�h�]�h�j�l�g�h�_���b�k�k�e�_�^�h�\�Z�g�b�_���i�j�b�f�_�g�_�g�b�y��

�b�f�f�_�j�k�b�\�g�u�o���l�_�o�g�h�e�h�]�b�c�� �\�� �d�h�f�i�e�_�d�k�g�h�c�� �i�k�b�o�h�e�h�]�b�q�_�k�d�h�c�� �j�_�Z�[�b�e�b�l�Z�p�b�b��

�i�Z�p�b�_�g�l�h�\�� �k�� �g�Z�j�m�r�_�g�b�y�f�b�� �^�\�b�]�Z�l�_�e�v�g�u�o�� �n�m�g�d�p�b�c�� �����<�_�k�l�g�b�d�� �J�h�k�k�b�c�k�d�h�c��

�Z�d�Z�^�_�f�b�b���f�_�^�b�p�b�g�k�d�b�o���g�Z�m�d�����± 2021. �± �L�������������± �‹�����6�������± �K����������-553. 

96. �D�m�l�b�g�Z�����:�����<�����B�k�k�e�_�^�h�\�Z�g�b�_���\�_�k�l�b�[�m�e�y�j�g�h�]�h���b���g�_�\�j�h�e�h�]�b�q�_�k�d�h�]�h���k�l�Z�l�m�k�Z���\��

�Z�f�[�m�e�Z�l�h�j�g�u�o�� �m�k�e�h�\�b�y�o�� ������Russian Otorhinolaryngology���� �F�_�^�b�p�b�g�k�d�b�c��

�g�Z�m�q�g�h-�i�j�Z�d�l�b�q�_�k�d�b�c���`�m�j�g�Z�e�����± 2012. �± �‹���� �± �K�������������± 124. 



46 
 

97. �E�Z�\�j�h�\�� �:���� �<���� �b�� �^�j���� �J�Z�a�j�Z�[�h�l�d�Z�� �b�g�l�_�j�Z�d�l�b�\�g�u�o�� �k�b�k�l�_�f�� �k���[�_�a�f�Z�j�d�_�j�g�u�f��

�a�Z�o�\�Z�l�h�f�� �^�\�b�`�_�g�b�c�� �����:�e�v�f�Z�g�Z�o�� �g�Z�m�q�g�u�o�� �j�Z�[�h�l�� �f�h�e�h�^�u�o�� �m�q�_�g�u�o��

�M�g�b�\�_�j�k�b�l�_�l�Z���B�L�F�H�����± 2016. �± �K��������-99. 

98. �E�Z�o�f�Z�g���� �F���:���� �A�g�Z�q�_�g�b�_�� �a�j�b�l�_�e�v�g�h�]�h�� �g�b�k�l�Z�]�f�Z�� �\�� �k�l�Z�l�h�d�b�g�_�l�b�q�_�k�d�h�c��

�n�m�g�d�p�b�b���������<�h�i�j�h�k�u���n�b�a�b�h�e�h�]�b�b���b���i�Z�l�h�e�h�]�b�b���\�_�j�o�g�b�o���^�u�o�Z�l�_�e�v�g�u�o���i�m�l�_�c��

�b���m�o�Z�������L�j�m�^�u �E�_�g�b�g�]�j�Z�^�k�d�h�]�h���f�_�^�����b�g�k�l�b�l�m�l�Z�����± �E�����������������± ���������k�� 

99. �E�_�\�Z�r�h�\���� �F���� �F���� �<�_�k�l�b�[�m�e�y�j�g�u�c�� �g�b�k�l�Z�]�f���� �K�\�y�a�v�� �[�u�k�l�j�h�]�h�� �d�h�f�i�h�g�_�g�l�Z��

�g�b�k�l�Z�]�f�Z�� �k�� �\�_�k�l�b�[�m�e�y�j�g�u�f�� �Z�i�i�Z�j�Z�l�h�f���� �:�\�l�h�j�_�n�_�j�Z�l�� �^�b�k���� �g�Z�� �k�h�b�k�d�Z�g�b�_��

�m�q�_�g�h�c���k�l�_�i�_�g�b���d�Z�g�^�b�^�Z�l�Z���f�_�^�b�p�b�g�k�d�b�o���g�Z�m�d�������B�g-�l���n�b�a�b�h�e�h�]�b�b���b�f�����B�����I����

�I�Z�\�e�h�\�Z���:�G���K�K�K�J����- �E�_�g�b�g�]�j�Z�^����������������- �������k�� 

100. �E�_�\�Z�r�h�\���� �F���F���� �G�b�k�l�Z�]�f�h�f�_�l�j�b�y�� �\�� �h�p�_�g�d�_�� �k�h�k�l�h�y�g�b�y�� �\�_�k�l�b�[�m�e�y�j�g�h�c��

�n�m�g�d�p�b�b���������I�j�h�[�e�_�f�u���d�h�k�f�b�q�����[�b�h�e�h�]�b�b�����± �E�������B�a�^-�\�h���:�G���K�K�K�J���������������± �L����

50. �± ���������k�� 

101. �E�_�h�g�l�v�_�\���:���G�����>�_�y�l�_�e�v�g�h�k�l�v�����K�h�a�g�Z�g�b�_�����E�b�q�g�h�k�l�v�����± �F���������������� 

102. �E�b�k�h�\�h�e�����<���<�������=�b�a�Z�l�m�e�b�g�Z�����:���K�������M�k�l�h�c�q�b�\�h�k�l�v���d���m�d�Z�q�b�\�Z�g�b�x���b���f�_�l�h�^�u���_�_��

�l�j�_�g�b�j�h�\�d�b�� ������ �<�_�k�l�g�b�d�� �X�`�g�h-�M�j�Z�e�v�k�d�h�]�h�� �]�h�k�m�^�Z�j�k�l�\�_�g�g�h�]�h��

�m�g�b�\�_�j�k�b�l�_�l�Z���� �K�_�j�b�y���� �H�[�j�Z�a�h�\�Z�g�b�_���� �a�^�j�Z�\�h�h�o�j�Z�g�_�g�b�_���� �n�b�a�b�q�_�k�d�Z�y��

�d�m�e�v�l�m�j�Z���������������± �‹�������± �K�������������± 191. 

103. �E�m�j�b�y�� �:���� �J���� �H�k�g�h�\�u�� �g�_�c�j�h�i�k�b�o�h�e�h�]�b�b���� �m�q�_�[���� �i�h�k�h�[�b�_�� �^�e�y�� �k�l�m�^���� �\�u�k�r����

�m�q�_�[�����a�Z�\�_�^�_�g�b�c�������F�������B�a�^�Z�l�_�e�v�k�d�b�c���p�_�g�l�j���©�:�d�Z�^�_�f�b�y�����± 2003. �± �L�������� 

104. �E�m�j�b�y�� �:���J���� �<�u�k�r�b�_�� �d�h�j�d�h�\�u�_�� �n�m�g�d�p�b�b�� �q�_�e�h�\�_�d�Z�� �b�� �b�o�� �g�Z�j�m�r�_�g�b�y�� �i�j�b��

�e�h�d�Z�e�v�g�u�o���i�h�j�Z�`�_�g�b�y�o���f�h�a�]�Z�����F�������B�a�^-�\�h���F�=�M���± 1962 �± ���������k�� 

105. �E�m�j�b�y�� �:���J���� �D�� �\�h�i�j�h�k�m�� �h�� �f�_�o�Z�g�b�a�f�Z�o�� �^�\�b�`�_�g�b�y�� �]�e�Z�a�� �\�� �i�j�h�p�_�k�k�_��

�a�j�b�l�_�e�v�g�h�]�h�� �\�h�k�i�j�b�y�l�b�y�� �b�� �b�o�� �i�Z�l�Z�e�h�]�b�b�� ���� �:���J���� �E�m�j�b�y���� �?���G���� �I�j�Z�\�^�b�g�Z-

�<�b�g�Z�j�k�d�Z�y�����:���E�����Y�j�[�m�k���������<�h�i�j�h�k�u���i�k�b�o�h�e�h�]�b�b�����k�_�^�v�f�h�c���]�h�^���b�a�^�Z�g�b�y�������J�_�^����

�;���F�����L�_�i�e�h�\�����F���<�����K�h�d�h�e�h�\�����± 1961. �± �‹�����k�_�g�l�y�[�j�v-�h�d�l�y�[�j�v���������������± �K����������-

173. 

106. �E�m�m�d�����:�������;�Z�j�Z�[�Z�g�s�b�d�h�\�����<�������;�_�e�h�i�h�e�v�k�d�b�c�����<�����>�\�b�`�_�g�b�y���]�e�Z�a���b���i�j�h�[�e�_�f�Z��

�k�l�Z�[�b�e�v�g�h�k�l�b�� �\�h�k�i�j�b�g�b�f�Z�_�f�h�]�h�� �f�b�j�Z�� ������ �M�q�z�g�u�_�� �a�Z�i�b�k�d�b�� �L�Z�j�l�m�k�d�h�]�h�� �m�g-

�l�Z�����������������± �‹�������� �± �K�����������± 167. 



47 
 

107. �F�Z�]�h�f�_�^-�W�f�b�g�h�\���F���R�����L�j�Z�g�k�n�h�j�f�Z�p�b�y���e�b�q�g�h�k�l�b�����± �F���������������� 

108. �F�Z�j�j���>�����A�j�_�g�b�_�����B�g�n�h�j�f�Z�p�b�h�g�g�u�c���i�h�^�o�h�^���d���b�a�m�q�_�g�b�x���i�j�_�^�k�l�Z�\�e�_�g�b�y���b��

�h�[�j�Z�[�h�l�d�b���a�j�b�l�����h�[�j�Z�a�h�\�������F�h�k�d�\�Z�����J�Z�^�b�h���b���k�\�y�a�v�������������������������k�� 

109. �F�Z�l�q�_�g�d�h�� ���I�_�j�f�b�g�h�\�Z���� �?���:���� �K�l�j�Z�l�_�]�b�b�� �i�h�\�u�r�_�g�b�y��

�d�h�g�d�m�j�_�g�l�h�k�i�h�k�h�[�g�h�k�l�b�� �j�h�k�k�b�c�k�d�b�o�� �i�j�h�b�a�\�h�^�b�l�_�e�_�c�� �g�Z�g�h�i�j�h�^�m�d�p�b�b���� �g�Z��

�i�j�b�f�_�j�_�� �k�_�d�l�h�j�Z�� ���f�_�^�b�p�b�g�Z���b�� �[�b�h�l�_�o�g�h�e�h�]�b�b���� ������ �^�b�k�k�_�j�l�Z�p�b�y�� �d�Z�g�^�b�^�Z�l�Z��

�w�d�h�g�h�f�b�q�_�k�d�b�o���g�Z�m�d�������������������������²  �F�h�k�d�\�Z�����������������²  ���������k�� 

110. �F�Z�o�����W�����:�g�Z�e�b�a���h�s�m�s�_�g�b�c���b���h�l�g�h�r�_�g�b�_���n�b�a�b�q�_�k�d�h�]�h���d���i�k�b�o�b�q�_�k�d�h�f�m�����F������

�B�a�^�Z�l�_�e�v�k�d�b�c���^�h�f���©�L�_�j�j�b�l�h�j�b�y���[�m�^�m�s�_�]�h�ª���������������± ���������k�� 

111.  �<���E�����F�Z�r�d�h�\�����?���?�����G�_�n�_�e�v�^�����:���B�����D�h�\�Z�e�z�\�����:���=�����>�h�e�]�b�o�����?���:�����K�f�b�j�g�h�\�Z����

�F���<���� �K�Z�f�m�k�_�\�Z�� �K���<���� �K�l�j�_�e�v�g�b�d�h�\���� �>���:���� �J�h�]�Z�q�_�\�Z���� �H���<���� �<�Z�o�Z�g�p�_�\�Z��

�H�k�h�[�_�g�g�h�k�l�b�� �i�j�h�y�\�e�_�g�b�c�� �\�u�k�r�b�o�� �i�k�b�o�b�q�_�k�d�b�o�� �n�m�g�d�p�b�c�� �m�� �Z�d�l�z�j�h�\�� �\��

�\�b�j�l�m�Z�e�v�g�h�c�� �j�_�Z�e�v�g�h�k�l�b�� ������ �G�Z�p�b�h�g�Z�e�v�g�u�c�� �i�k�b�o�h�e�h�]�b�q�_�k�d�b�c�� �`�m�j�g�Z�e�����± 

2023. �± �L�������������± �‹���������± �K�����������± 52. 

112. �F�_�g�v�r�b�d�h�\�Z�� �=���Y������ �D�h�\�Z�e�z�\�� �:���B���� �<�_�d�p�b�y�� �\�� �\�b�j�l�m�Z�e�v�g�u�o�� �k�j�_�^�Z�o����

�i�k�b�o�h�e�h�]�b�q�_�k�d�b�_�� �b�� �i�k�b�o�h�n�b�a�b�h�e�h�]�b�q�_�k�d�b�_�� �f�_�o�Z�g�b�a�f�u�� �n�h�j�f�b�j�h�\�Z�g�b�y�� ������

�G�Z�p�b�h�g�Z�e�v�g�u�c���i�k�b�o�h�e�h�]�b�q�_�k�d�b�c���`�m�j�g�Z�e���������������‹�������L�����������K��������-104 . 

113. �F�_�g�v�r�b�d�h�\�Z���� �=���� �Y������ �A�b�g�q�_�g�d�h���� �X���� �I������ �D�h�\�Z�e�_�\���� �:���� �B������ �R�Z�c�]�_�j�h�\�Z���� �E���� �:����

���������������� �G�h�\�u�_�� �b�g�n�h�j�f�Z�p�b�h�g�g�u�_�� �l�_�o�g�h�e�h�]�b�b�� �\�� �k�h�p�b�Z�e�v�g�u�o��

�b�k�k�e�_�^�h�\�Z�g�b�y�o���� �i�h�k�l�g�_�d�e�Z�k�k�b�q�_�k�d�Z�y�� �i�Z�j�Z�^�b�]�f�Z���� �G�Z�p�b�h�g�Z�e�v�g�u�c��

�i�k�b�o�h�e�h�]�b�q�_�k�d�b�c���`�m�j�g�Z�e����������������������������-34. 

114. �F�_�g�v�r�b�d�h�\�Z���� �=���Y���� �I�k�b�o�h�e�h�]�b�q�_�k�d�b�_�� �f�_�o�Z�g�b�a�f�u�� �\�h�k�i�j�b�y�l�b�y�� �a�j�b�l�_�e�v�g�u�o��

�b�e�e�x�a�b�c�����F�h�g�h�]�j�Z�n�b�y�����± �F�������F�:�D�K���I�j�_�k�k���������������± ���������k�� 

115. �F�_�g�v�r�b�d�h�\�Z���� �=���Y������ �D�h�\�Z�e�_�\���� �:���B���� �J�h�e�v�� �g�b�k�l�Z�]�f�_�g�g�u�o�� �^�\�b�`�_�g�b�c�� �]�e�Z�a�� �\��

�n�h�j�f�b�j�h�\�Z�g�b�b�� �b�e�e�x�a�b�b�� �^�\�b�`�_�g�b�y�� �k�h�[�k�l�\�_�g�g�h�]�h�� �l�_�e�Z���� ������ �<�_�k�l�g�b�d��

�F�h�k�d�h�\�k�d�h�]�h���m�g�b�\�_�j�k�b�l�_�l�Z�����K�_�j�b�y�����������I�k�b�o�h�e�h�]�b�y�����������������‹�������K�������������± 148. 

116. �F�_�g�v�r�b�d�h�\�Z�� �=���Y������ �X���I���� �A�b�g�q�_�g�d�h���� �:���F���� �Q�_�j�g�h�j�b�a�h�\���� �H���:����

�L�b�o�h�f�Z�g�^�j�b�p�d�Z�y���� �E���:���� �R�Z�c�]�_�j�h�\�Z���� �K���:���� �B�k�Z�c�q�_�\���� �:���B���� �D�h�\�Z�e�z�\���� �H���:����

�K�Z�\�_�e�v�_�\�Z���� �G���H���� �D�j�Z�k�b�e�v�s�b�d�h�\�Z���� �L���<���� �I�h�i�h�\�Z�� �=���Y���� �F�_�g�v�r�b�d�h�\�Z���� �X���I����

�A�b�g�q�_�g�d�h�����:���F�����Q�_�j�g�h�j�b�a�h�\�����H���:�����L�b�o�h�f�Z�g�^�j�b�p�d�Z�y�����E���:�����R�Z�c�]�_�j�h�\�Z�����K���:����



48 
 

�B�k�Z�c�q�_�\���� �:���B���� �D�h�\�Z�e�z�\���� �H���:���� �K�Z�\�_�e�v�_�\�Z���� �G���H���� �D�j�Z�k�b�e�v�s�b�d�h�\�Z���� �L���<����

�I�h�i�h�\�Z�� �J�h�k�k�b�c�k�d�Z�y�� �b�^�_�g�l�b�q�g�h�k�l�v���� �I�k�b�o�h�e�h�]�b�q�_�k�d�h�_�� �[�e�Z�]�h�i�h�e�m�q�b�_����

�K�h�p�b�Z�e�v�g�Z�y�� �k�l�Z�[�b�e�v�g�h�k�l�v���� �G�Z�m�q�g�Z�y�� �f�h�g�h�]�j�Z�n�b�y�����± �F������ �B�a�^�Z�l�_�e�v�k�l�\�h��

�F�h�k�d�h�\�k�d�h�]�h���m�g�b�\�_�j�k�b�l�_�l�Z�����������������± �K�����������± 303. 

117. �F�_�g�v�r�b�d�h�\�Z�� �=���Y������ �D�h�\�Z�e�z�\�� �:���B������ �H���:���� �D�e�b�f�h�\�Z���� �<���<���� �;�Z�j�Z�[�Z�g�s�b�d�h�\�Z��

�K�h�^�_�j�`�Z�g�b�_�� �i�j�h�n�_�k�k�b�h�g�Z�e�v�g�h�c�� �^�_�y�l�_�e�v�g�h�k�l�b�� �d�Z�d���n�Z�d�l�h�j�� �m�k�i�_�r�g�h�k�l�b��

�i�j�b�f�_�g�_�g�b�y�� �l�_�o�g�h�e�h�]�b�c�� �\�b�j�l�m�Z�e�v�g�h�c�� �j�_�Z�e�v�g�h�k�l�b�� ������ �W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�Z�y��

�i�k�b�o�h�e�h�]�b�y�����± 2015. �± �‹���������± �K���������±59. 

118. �F�b�e�x�d�h�\���:�����B�������>�_�f�b�^�h�\�Z���L�����?�����K�h�\�j�_�f�_�g�g�u�_���k�h�p�b�Z�e�v�g�h-�b�g�g�h�\�Z�p�b�h�g�g�u�_��

�l�_�o�g�h�e�h�]�b�b�� �\�� �j�Z�[�h�l�_�� �k�� �i�h�`�b�e�u�f�b�� �b�� �b�g�\�Z�e�b�^�Z�f�b�� �\�� �J�h�k�k�b�b���b�� �a�Z�� �j�m�[�_�`�h�f��

/���K�d�b�n�����<�h�i�j�h�k�u���k�l�m�^�_�g�q�_�k�d�h�c���g�Z�m�d�b�����± 2021. �± �‹�����������������������± �K����������-244. 

119. �F�b�l�v�d�b�g���� �:���:������ �D�h�a�e�h�\�Z���� �?���<������ �K�_�j�]�b�_�g�d�h���� �?���:������ �Y�f�s�b�d�h�\���� �:���B����

�G�_�d�h�l�h�j�u�_�� �\�h�i�j�h�k�u�� �j�Z�g�g�_�]�h�� �h�g�l�h�]�_�g�_�a�Z�� �a�j�b�l�_�e�v�g�u�o�� �k�_�g�k�h�f�h�l�h�j�g�u�o��

�n�m�g�d�p�b�c���������<���d�g�������>�\�b�`�_�g�b�_���]�e�Z�a���b���a�j�b�l�_�e�v�g�h�_���\�h�k�i�j�b�y�l�b�_���± �F���������G�Z�m�d�Z������

1978 �± �K������-70. 

120. �F�b�l�v�d�b�g���� �:���:������ �K�_�j�]�b�_�g�d�h���� �?���:������ �Y�f�s�b�d�h�\���� �:���G���� �>�b�g�Z�f�b�d�Z�� �j�Z�a�\�b�l�b�y��

�]�e�Z�a�h�^�\�b�]�Z�l�_�e�v�g�h�c�� �Z�d�l�b�\�g�h�k�l�b�� �m�� �f�e�Z�^�_�g�p�_�\���� ������ �<�� �d�g������ �I�j�h�[�e�_�f�u��

�]�_�g�_�l�b�q�_�k�d�h�c���i�k�b�o�h�n�b�a�b�h�e�h�]�b�b���q�_�e�h�\�_�d�Z���± �I���������G�Z�m�d�Z�����������������± �k����������-181. 

121. �F�b�r�b�g���� �:���G���� �;�b�h�f�_�o�Z�g�b�d�Z�� �^�\�b�`�_�g�b�c�� �n�b�]�m�j�b�k�l�Z�����²  �F���� �N�b�a�d�m�e�v�l�m�j�Z�� �b��

�k�i�h�j�l�����������������²  ���������k�� 

122. �F�b�r�b�g�����:���G�������I�j�u�`�d�b���\���n�b�]�m�j�g�h�f���d�Z�l�Z�g�b�b���± �F�������©�N�b�a�d�m�e�v�l�m�j�Z���b���k�i�h�j�l�ª����

1976. �± 104 c. 

123. �F�b�r�b�g�����:���G�������N�b�]�m�j�g�h�_���d�Z�l�Z�g�b�_���g�Z���d�h�g�v�d�Z�o�����m�q�_�[�����^�e�y���b�g-�l�h�\���n�b�a�����D�m�e�v�l����

�± �F�������N�b�a�d�m�e�v�l�m�j�Z���b���k�i�h�j�l���������������± ���������k�� 

124. �G�Z�a�Z�j�_�g�d�h���� �:���� �K������ �Q�b�g�d�b�g���� �:���� �K���� �<�_�]�_�l�Z�l�b�\�g�u�_�� �b�� �k�h�f�Z�l�b�q�_�k�d�b�_�� �j�_�Z�d�p�b�b��

�k�i�h�j�l�k�f�_�g�h�\�� �b�]�j�h�\�u�o�� �\�b�^�h�\�� �k�i�h�j�l�Z�� �g�Z�� �\�_�k�l�b�[�m�e�y�j�g�h�_�� �j�Z�a�^�j�Z�`�_�g�b�_�� ������

�I�_�^�Z�]�h�]�b�d�h-�i�k�b�o�h�e�h�]�b�q�_�k�d�b�_�� �b�� �f�_�^�b�d�h-�[�b�h�e�h�]�b�q�_�k�d�b�_�� �i�j�h�[�e�_�f�u��

�n�b�a�b�q�_�k�d�h�c���d�m�e�v�l�m�j�u���b���k�i�h�j�l�Z�����± 2009. �± �‹�������������������± �k�������± 10.  



49 
 

125. �G�Z�a�Z�j�h�\�� �:���B������ �F�_�s�_�j�y�d�h�\�� �;���=���� �>�\�b�`�_�g�b�y�� �]�e�Z�a�� �\�� �i�j�h�p�_�k�k�_�� �q�l�_�g�b�y�� ������

�I�k�b�o�h�e�h�]�b�q�_�k�d�b�c�� �`�m�j�g�Z�e�� �F�_�`�^�m�g�Z�j�h�^�g�h�]�h�� �m�g�b�\�_�j�k�b�l�_�l�Z�� �i�j�b�j�h�^�u����

�h�[�s�_�k�l�\�Z���b���q�_�e�h�\�_�d�Z���©�>�m�[�g�Z�ª�����������������‹������ http://www.psyanima.ru/ 

126. �G�Z�c�k�k�_�j���� �M���� �I�h�a�g�Z�g�b�_�� �b�� �j�_�Z�e�v�g�h�k�l�v���� �k�f�u�k�e�� �b�� �i�j�b�g�p�b�i�u�� �d�h�]�g�b�l�b�\�g�h�c��

�i�k�b�o�h�e�h�]�b�b�����± �F�������I�j�h�]�j�_�k�k�����������������± ���������k�� 

127. �G�Z�l�Z�e�_�\�b�q�� �K���� �I���� �b�� �^�j���� �I�j�b�f�_�g�_�g�b�_�� �\�b�j�l�m�Z�e�v�g�h�c�� �j�_�Z�e�v�g�h�k�l�b�� �\�� �e�_�q�_�g�b�b��

�g�Z�j�m�r�_�g�b�c�� �o�h�^�v�[�u�� �m�� �i�Z�p�b�_�g�l�h�\�� �k�� �[�h�e�_�a�g�v�x�� �I�Z�j�d�b�g�k�h�g�Z�� �����K�Z�j�Z�l�h�\�k�d�b�c��

�g�Z�m�q�g�h-�f�_�^�b�p�b�g�k�d�b�c���`�m�j�g�Z�e�����± 2021. �± �L�������������± �‹�����������± �K����������-136. 

128. �G�_�\�_�j�h�\�����<�����I�����H�i�l�h�d�b�g�_�l�b�q�_�k�d�b�c���g�b�k�l�Z�]�f�����Z�\�l�h�j�_�n�����^�b�k�k�����d�Z�g�^�����f�_�^�����g�Z�m�d����

�²  �E�������������������²  �������k�� 

129. �G�b�d�h�e�Z�_�\�Z�� �<���<���� �<�e�b�y�g�b�_�� �o�j�h�g�b�q�_�k�d�h�c�� �[�h�e�_�a�g�b�� �g�Z�� �i�k�b�o�b�d�m����

�i�k�b�o�h�e�h�]�b�q�_�k�d�h�_���b�k�k�e�_�^�h�\�Z�g�b�_�����F�������B�a�^-�\�h���F�h�k�d�����m�g-�l�Z�������������� 

130. �H�\�k�y�g�g�b�d�h�\�Z�� �L���� �X���� �b�� �^�j���� �B�k�i�h�e�v�a�h�\�Z�g�b�_�� �Z�i�i�Z�j�Z�l�g�u�o�� �f�_�l�h�^�h�\�� �i�j�b��

�d�h�j�j�_�d�p�b�b���i�h�k�l�m�j�Z�e�v�g�u�o���g�Z�j�m�r�_�g�b�c���m���^�_�l�_�c���k���J�:�K�������J�_�p�_�g�a�_�g�l�u�����K�y�a�b�g�Z��

�G�Z�l�Z�e�v�y���X�j�v�_�\�g�Z�����^�b�j�_�d�l�h�j���=�:�M���:�H���©�G�Z�m�q�g�h�����± 2024. 

131. �I�Z�e�v�q�m�g���� �<���� �L������ �D�m�g�_�e�v�k�d�Z�y���� �G���� �E������ �=�h�j�[�m�r�_�\�Z���� �B���� �:������ �F�Z�e�v�q�_�g�d�h���� �H���� �<������

�>�h�j�h�g�b�g�Z���� �H���� �F������ �J�h�l�_�j�f�_�e�v���� �?���� �<���� �K�h�\�j�_�f�_�g�g�u�_�� �F�_�l�h�^�u�� �^�b�Z�]�g�h�k�l�b�d�b��

�\�_�k�l�b�[�m�e�y�j�g�u�o���j�Z�k�k�l�j�h�c�k�l�\�����E�_�q�_�[�g�h�_���^�_�e�h���± 2006 �± (1) �± 53-�������k�� 

132. �I�Z�g�b�g���� �G���:���� �N�b�]�m�j�g�h�_�� �d�Z�l�Z�g�v�_�� �g�Z�� �d�h�g�v�d�Z�o���� ��-�_�� �b�a�^�Z�g�b�_�����²  �F������

�N�b�a�d�m�e�v�l�m�j�Z���b���k�i�h�j�l���������������± ���������k�� 

133. �I�Z�j�n�_�g�h�\���� �<���� �:������ �:�[�^�m�e�b�g�Z���� �H���� �<������ �A�Z�f�_�j�]�j�Z�^���� �F���� �<���� �>�b�n�n�_�j�_�g�p�b�Z�e�v�g�Z�y��

�^�b�Z�]�g�h�k�l�b�d�Z�� �b�� �e�_�q�_�g�b�_�� �\�_�k�l�b�[�m�e�y�j�g�h�]�h�� �]�h�e�h�\�h�d�j�m�`�_�g�b�y�� ������ �G�_�\�j�h�e�h�]�b�y����

�g�_�c�j�h�i�k�b�o�b�Z�l�j�b�y�����i�k�b�o�h�k�h�f�Z�l�b�d�Z�����± 2010. �± �‹�������� 

134. �I�_�k�_�g�d�h�� �X���:������ �I�j�b�g�p�b�i�u�� �b�� �f�_�l�h�^�u�� �d�h�e�b�q�_�k�l�\�_�g�g�h�]�h�� �Z�g�Z�e�b�a�Z�� �\��

�n�Z�m�g�b�k�l�b�q�_�k�d�b�o���b�k�k�e�_�^�h�\�Z�g�b�y�o�����± �F�������G�Z�m�d�Z���������������± ���������k�� 

135. �I�h�i�_�e�y�g�k�d�b�c���� �Y���� �X���� �=�e�Z�a�h�^�\�b�`�_�g�b�y�� �b�� �\�a�h�j�� ���i�Z�j�Z�e�b�q���� �Z�d�b�g�_�a����

�g�Z�k�b�e�v�k�l�\�_�g�g�h�k�l�v�������²  �F�������F�?�>�i�j�_�k�k-�b�g�n�h�j�f�����������������²  �������k�� 

136. �I�j�Z�\�^�h�\���F���<�������:�d�b�g�n�_�_�\���B���<�������I�j�Z�\�^�h�\���>���F�������O�j�h�f�p�h�\���G���?�������L�b�o�h�f�b�j�h�\��

�X���<���� �:�g�Z�e�b�a�� �i�j�h�[�e�_�f�u�� �l�_�o�g�b�q�_�k�d�h�c�� �i�h�^�]�h�l�h�\�d�b�� �x�g�u�o�� �\�j�Z�l�Z�j�_�c�� �\��

�n�m�l�[�h�e�_�� �\�� �Z�k�i�_�d�l�_�� �j�Z�a�\�b�l�b�y �n�m�g�d�p�b�c�� �Z�g�Z�e�b�a�Z�l�h�j�h�\�� �a�j�b�l�_�e�v�g�h�c�� �b��

http://www.psyanima.ru/


50 
 

�\�_�k�l�b�[�m�e�y�j�g�h�c�� �k�_�g�k�h�j�g�u�o�� �k�b�k�l�_�f�� ������ �I�_�^�Z�]�h�]�b�d�h-�i�k�b�o�h�e�h�]�b�q�_�k�d�b�_�� �b��

�f�_�^�b�d�h-�[�b�h�e�h�]�b�q�_�k�d�b�_���i�j�h�[�e�_�f�u���n�b�a�b�q�_�k�d�h�c���d�m�e�v�l�m�j�u���b���k�i�h�j�l�Z�����± 2013 

�± �‹�������������± �K�����������± 154.  

137. �J�Z�a�m�f�h�\�k�d�b�c�����F�����B�������R�h�j�h�o�h�\�����E�����>�������D�Z�p�m�d�����E�����B�����K�e�m�q�Z�c���i�j�h�b�a�\�h�e�v�g�h�]�h��

�g�b�k�l�Z�]�f�Z�� �\�� �i�j�Z�d�l�b�d�_�� �\�j�Z�q�_�[�g�h-�l�j�m�^�h�\�h�c�� �w�d�k�i�_�j�l�b�a�u�� ������ �<�_�k�l�g����

�h�n�l�Z�e�v�f�h�e�h�]�b�b�����²  1989. �²  �L���������������‹���������²  �K���������±77. 

138. �J�h�_�g���C���<�������C�h�d�h�q�b���Q�����E�x�l�v�_�g���>�j�_�d�h�e�e���W�����;�h�e�v�r�h�c���Z�l�e�Z�k���i�h���Z�g�Z�l�h�f�b�b���± 

�F�������<�g�_�r�k�b�]�f�Z�����������������± ���������k�� 

139. �J�h�f�Z�g�h�\���� �<���Y���� �B�k�k�e�_�^�h�\�Z�g�b�_�� �k�\�h�c�k�l�\�� �a�j�b�l�_�e�v�g�h�]�h�� �i�_�j�p�_�i�l�b�\�g�h�]�h��

�i�j�h�p�_�k�k�Z�� �f�_�l�h�^�h�f�� �N�H�D�G���� ������ �B�k�k�e�_�^�h�\�Z�g�b�y�� �a�j�b�l�_�e�v�g�h�c�� �^�_�y�l�_�e�v�g�h�k�l�b��

�q�_�e�h�\�_�d�Z���± �F�������F�=�M���������������± 42 �± 69. 

140. �J�h�f�Z�g�h�\���� �<���Y������ �N�b�d�k�Z�p�b�h�g�g�u�c�� �h�i�l�h�d�b�g�_�l�b�q�_�k�d�b�c�� �g�b�k�l�Z�]�f�� �d�Z�d�� �f�_�l�h�^��

�b�k�k�e�_�^�h�\�Z�g�b�y�� �a�j�b�l�_�e�v�g�h�]�h�� �\�g�b�f�Z�g�b�y���� �:�\�l�h�j�_�n�_�j�Z�l�� �^�b�k�k�_�j�l�Z�p�b�b�� �g�Z��

�k�h�b�k�d�Z�g�b�_���m�q�_�g�h�c���k�l�_�i�_�g�b���d�Z�g�^�b�^�Z�l�Z���i�k�b�o�h�e�����g�Z�m�d���± 1971.  

141. �J�h�k�k�b�c�k�d�b�c�� �d�g�b�`�g�u�c�� �k�h�x�a�� �©�<�k�_�j�h�k�k�b�c�k�d�b�c�� �d�g�b�`�g�u�c�� �j�_�c�l�b�g�]���� �B�l�h�]�b��

���������ª https://bookunion.ru/news/vserossiyskiy_knizhnyy_reyting_2024/ ���^�Z�l

�Z���h�[�j�Z�s�_�g�b�y�������������������������� 

142. �K�Z�n�h�g�h�\�Z�� �X���:������ �?�f�_�e�v�y�g�h�\�� �<���>���� �:�g�Z�e�b�a�� �k�l�Z�[�b�e�h�f�_�l�j�b�q�_�k�d�b�o��

�i�h�d�Z�a�Z�l�_�e�_�c�� �m�� �e�x�^�_�c�� �k�l�Z�j�r�_�� ������ �e�_�l�� ���� �<�_�k�l�g�b�d�� �K�_�\�_�j�h-�A�Z�i�Z�^�g�h�]�h��

�]�h�k�m�^�Z�j�k�l�\�_�g�g�h�]�h���f�_�^�b�p�b�g�k�d�h�]�h���m�g�b�\�_�j�k�b�l�_�l�Z�����������������L�����������‹���������K��������-95. 

143. �K�_�e�b�\�Z�g�h�\���<�����<�������K�_�e�b�\�Z�g�h�\�Z���E�����G�����<�b�j�l�m�Z�e�v�g�Z�y���j�_�Z�e�v�g�h�k�l�v���d�Z�d���f�_�l�h�^���b��

�k�j�_�^�k�l�\�h���h�[�m�q�_�g�b�y�������H�[�j�Z�a�h�\�Z�l�_�e�v�g�u�_���l�_�o�g�h�e�h�]�b�b���b���h�[�s�_�k�l�\�h�����± 2014. �± 

�L�������������± �‹�����������± �K������78-391. 

144. �K�d�e�x�l�����B�����:�������E�b�o�Z�q�_�\�����K�����:�������>�m�d�h�j�����>�����F�����K�h�\�j�_�f�_�g�g�u�_���i�j�_�^�k�l�Z�\�e�_�g�b�y���h��

�d�e�b�g�b�q�_�k�d�h�f�� �a�g�Z�q�_�g�b�b���h�i�l�h�d�b�g�_�l�b�q�_�k�d�h�]�h�� �g�b�k�l�Z�]�f�Z�������� �G�_�\�j�h�e�����`�m�j�g�����²  

2001. �²  �L�����������‹���������²  �K�������±45. 

145. �K�f�b�l���� �D���� �;�b�h�e�h�]�b�y�� �k�_�g�k�h�j�g�u�o�� �k�b�k�l�_�f���� �F������ �;�b�g�h�f���� �E�Z�[�h�j�Z�l�h�j�b�y�� �a�g�Z�g�b�c����

2009 �± ���������k�� 

146. �K�h�d�h�e�h�\���?���G�����<�h�k�i�j�b�y�l�b�_���b���m�F�e�h�\�g�u�c���j�_�n�e�_�d�k�����± �I�k�b�o�h�e�h�]�b�y�������������� 

https://bookunion.ru/news/vserossiyskiy_knizhnyy_reyting_2024/


51 
 

147. �K�h�d�h�e�h�\�� �?���G���� �G�_�c�j�h�g�g�u�_�� �f�_�o�Z�g�b�a�f�u�� �k�Z�d�d�Z�^�b�q�_�k�d�b�o�� �^�\�b�`�_�g�b�c�� �]�e�Z�a���� ������

�©�<�h�i�j�h�k�u���i�k�b�o�h�e�h�]�b�b�ª�����������������‹�������k�������� 

148. �K�h�d�h�e�h�\�����?���G�����H�q�_�j�d�b���i�h���i�k�b�o�h�n�b�a�b�h�e�h�]�b�b���k�h�a�g�Z�g�b�y�����± �F�������F�=�M�����������������± 

���������k�� 

149. �K�l�_�i�b�g�� �<���K�� �N�b�e�h�k�h�n�b�y �b�� �f�_�l�h�^�h�e�h�]�b�y �g�Z�m�d�b. �± �F������

�:�d�Z�^�_�f�b�q�_�k�d�b�c �I�j�h�_�d�l�����:�e�v�f�Z���F�Z�l�_�j�� 2015. �± ���������k�� 

150. �K�l�h�e�_�l�g�_�\�� �<���K���� �H�i�_�j�b�j�h�\�Z�g�b�_�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�f�b�� �h�[�j�Z�a�Z�f�b�� �i�j�b��

�j�_�r�_�g�b�b���a�Z�^�Z�q���������G�h�\�u�_���b�k�k�e�_�^�h�\�Z�g�b�y���\���i�k�b�o�h�e�h�]�b�b�����± 1979. �± �‹����  

151. �K�m�\�h�j�h�\�� �D���� �:���� �K�b�k�l�_�f�u�� �\�b�j�l�m�Z�e�v�g�h�c�� �j�_�Z�e�v�g�h�k�l�b���b�� �b�o�� �i�j�b�f�_�g�_�g�b�_�� �����7-

Comm-�L�_�e�_�d�h�f�f�m�g�b�d�Z�p�b�b���b���L�j�Z�g�k�i�h�j�l�����± 2013. �± �‹�����������± �K����������-143. 

152. �L�Z�e�u�a�b�g�Z�� �G���� �N���� �K�m�s�g�h�k�l�v�� �^�_�y�l�_�e�v�g�h�k�l�g�h�]�h�� �i�h�^�o�h�^�Z�� �\�� �i�k�b�o�h�e�h�]�b�b�� ������

�F�_�l�h�^�h�e�h�]�b�y���b���b�k�l�h�j�b�y���i�k�b�o�h�e�h�]�b�b�����������������L�h�f���������‹�������K��������-162. 

153. �L�h�e�f�Z�q�_�\�� �B���� �<������ �F�b�e�]�Z�^�Z�_�\�� �:���� �F������ �I�j�h�g�v�d�b�g�Z�� �?�� �F����

�F�g�h�]�h�n�m�g�d�p�b�h�g�Z�e�v�g�Z�y�� �k�b�k�l�_�f�Z�� �h�p�_�g�d�b�� �d�Z�q�_�k�l�\�Z�� �^�\�b�`�_�g�b�y��

�����G�_�j�Z�a�j�m�r�Z�x�s�b�c���d�h�g�l�j�h�e�v�����w�e�_�d�l�j�h�g�g�h�_���i�j�b�[�h�j�h�k�l�j�h�_�g�b�_�����l�_�o�g�h�e�h�]�b�b����

�[�_�a�h�i�Z�k�g�h�k�l�v���� �k�[�h�j�g�b�d�� �l�j�m�^�h�\�� �9�� �<�k�_�j�h�k�k�b�c�k�d�h�c�� �g�Z�m�q�g�h-�i�j�Z�d�l�b�q�_�k�d�h�c��

�d�h�g�n�_�j�_�g�p�b�b���k�l�m�^�_�g�l�h�\�����Z�k�i�b�j�Z�g�l�h�\���b���f�h�e�h�^�u�o���m�q�z�g�u�o�����L�h�f�k�d��������-�������f�Z�y��

�����������]�����L���������² �L�h�f�k�d�����������������± �B�a�^-�\�h���L�I�M�������������� 

154. �M�\�Z�j�h�\���:�����X�����L�_�o�g�h�e�h�]�b�b���\�b�j�l�m�Z�e�v�g�h�c���j�_�Z�e�v�g�h�k�l�b���\���h�[�j�Z�a�h�\�Z�g�b�b�������G�Z�m�d�Z��

�b���r�d�h�e�Z�����± 2018. �± �‹�����������± �K����������-117. 

155. �M�k�Z�q�z�\���� �<���B���� �N�b�a�b�h�e�h�]�b�q�_�k�d�Z�y�� �d�h�g�p�_�i�p�b�y�� �j�_�Z�e�b�a�Z�p�b�b�� �\�j�Z�s�Z�l�_�e�v�g�h�]�h��

�g�b�k�l�Z�]�f�Z���b���_�]�h���^�b�Z�]�g�h�k�l�b�q�_�k�d�h�_���a�g�Z�q�_�g�b�_�����>�b�k�k�����^�h�d�l�����f�_�^�����g�Z�m�d�����± �K�I�[������

1993. �± ���������k�� 

156. �N�h�g�Z�j�_�\���� �$���0���� �J�Z�a�\�b�l�b�_�� �h�j�b�_�g�l�b�j�h�\�h�q�g�u�o�� �j�_�Z�o�s�b�c�� �m�� �^�_�l�_�c���± �F������

���I�_�^�Z�]�h�]�b�d�Z�����������������± �������k�� 

157. �O�h�e�h�^�g�Z�y�� �F���:���� �I�k�b�o�h�e�h�]�b�y�� �b�g�l�_�e�e�_�d�l�Z���� �I�Z�j�Z�^�h�d�k�u�� �b�k�k�e�_�^�h�\�Z�g�b�y�����± 

�K�I�[�������I�b�l�_�j�����������������± ���������k�� 

158. �O�h�f�k�d�Z�y�� �?���� �>���� �G�_�c�j�h�i�k�b�o�h�e�h�]�b�y���� ��-�_�� �b�a�^�Z�g�b�_�����²  �K�I�[������ �I�b�l�_�j���� �������������²  

���������k�����b�e�� 

159. �O�v�x�[�_�e�����>�����=�e�Z�a�����f�h�a�]�����a�j�_�g�b�_�����± �F�������f�b�j�����������������± ���������k�� 



52 
 

160. �Q�Z�c�d�h�\�k�d�Z�y���� �?���:������ �N�b�]�m�j�g�h�_�� �d�Z�l�Z�g�b�_�� �������F������ �N�b�a�d�m�e�v�l�m�j�Z�� �b�� �k�i�h�j�l���� �����������± 

���������k�� 

161. �Q�_�j�g�b�d�h�\�Z�� �E���:������ �I�b�j�Z�^�h�\�� �F���:������ �K�m�i�h�g�_�\�Z�� �G���:�����b�� �^�j����

�<�u�k�h�d�h�l�_�o�g�h�e�h�]�b�q�g�u�_�� �f�_�l�h�^�u�� �g�_�c�j�h�j�_�Z�[�b�e�b�l�Z�p�b�b�� �i�j�b�� �a�Z�[�h�e�_�\�Z�g�b�y�o��

�g�_�j�\�g�h�c�� �k�b�k�l�_�f�u�� �������G�_�\�j�h�e�h�]�b�y�� �;�;�,�� �\�_�d�Z���� �^�b�Z�]�g�h�k�l�b�q�_�k�d�b�_���� �e�_�q�_�[�g�u�_�� �b��

�b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�b�_���l�_�o�g�h�e�h�]�b�b���J�m�d�h�\�h�^�k�l�\�h���^�e�y���\�j�Z�q�_�c�����������I�h�^���j�_�^�����F���:����

�I�b�j�Z�^�h�\�Z�����K���G�����B�e�e�Z�j�b�h�r�d�b�g�Z�����F���F�����L�Z�g�Z�r�y�g����- �F���������������������K����������-331. 

162. �Q�m�i�j�b�d�h�\�Z�� �G���B���� �I�k�b�o�h�e�h�]�b�y�� �m�f�k�l�\�_�g�g�h�]�h�� �j�Z�a�\�b�l�b�y���� �I�j�b�g�p�b�i��

�^�b�n�n�_�j�_�g�p�b�Z�p�b�b�����± �F�������:�H���©�K�L�H�E�?�L�B�?�ª�����������������± ���������k�� 

163. �R�Z�e�y�i�b�g�� �:���:������ �>�Z�g�b�g�Z�� �F���F���� �B�k�k�e�_�^�h�\�Z�g�b�y�� �w�n�n�_�d�l�Z�� �i�j�b�k�m�l�k�l�\�b�y�� �\��

�\�b�j�l�m�Z�e�v�g�h�c�� �j�_�Z�e�v�g�h�k�l�b���� �k�h�\�j�_�f�_�g�g�h�_�� �k�h�k�l�h�y�g�b�_�� �b�� �i�_�j�k�i�_�d�l�b�\�u�� ������

�I�k�b�o�h�e�h�]�b�q�_�k�d�b�_�� �b�k�k�e�_�^�h�\�Z�g�b�y���� ������������ �L���� �������� �1�R���� �������� �&���� ������ �'�2�,����

10.54359/ps.v13i71.191. 

164. �R�Z�j�^�Z�d�h�\�� �F���G���� �F�u�r�e�_�g�b�_�� �r�d�h�e�v�g�b�d�Z�� �f�_�k�l�h�� �b�a�^�Z�g�b�y�����± �F������ �M�q�i�_�^�]�b�a����

1963. �± 254 c. 

165. �R�_�i�_�j�^�����=�����G�_�c�j�h�[�b�h�e�h�]�b�y�����\�������l�����± �F�������F�b�j���± 1987 �± �L�������± �K��������-392. 

166. �R�_�j�j�b�g�]�g�l�h�g���� �Q���� �B�g�l�_�]�j�Z�l�b�\�g�Z�y�� �^�_�y�l�_�e�v�g�h�k�l�v�� �g�_�j�\�g�h�c�� �k�b�k�l�_�f�u���� �E������

�G�Z�m�d�Z���������������± �K���������± 36. 

167. �Y�d�b�f�Z�g�k�d�Z�y���B���K�����J�Z�a�\�b�l�b�_���i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�]�h���f�u�r�e�_�g�b�y���r�d�h�e�v�g�b�d�h�\�����± 

�F�������I�_�^�Z�]�h�]�b�d�Z�����������������± 240 c. 

168. �Y�j�[�m�k���:���E�����J�h�e�v���^�\�b�`�_�g�b�c���]�e�Z�a���\���i�j�h�p�_�k�k�_���a�j�_�g�b�y�����F�������G�Z�m�d�Z�������������������������k�� 

169. �Y�j�[�m�k�����:���E�����J�h�e�v���^�\�b�`�_�g�b�c���]�e�Z�a���\���i�j�h�p�_�k�k�_���a�j�_�g�b�y�����F�������©�G�Z�m�d�Z�ª���������������± 

���������k���� 

170. �$�F�H�W���1�������*�•�]�H�O���1���$�������*�•�Q�H�Q�G�L���=�����(�I�I�H�F�W�V���R�I���&�H�U�Y�L�F�D�O���0�R�E�L�O�L�]�D�W�L�R�Q���R�Q���%�D�O�D�Q�F�H��

and Proprioception in Patients With Nonspecific Neck Pain // Journal of 

Manipulative and Physiological Therapeutics. 2024. Volume 47, Issues 5�±9. 

Pp. 175-186. ISSN 0161-4754. DOI: 10.1016/j.jmpt.2024.09.011. 

171. �$�O�D�K�P�D�U�L�����.�K�D�O�L�G���$�����H�W���D�O�����³�&�R�P�S�D�U�L�V�R�Q���R�I���9�L�U�W�X�D�O���5�H�D�O�L�W�\���%�D�V�H�G���7�K�H�U�D�S�\���:�L�W�K��

Customized Vestibular Physical Therapy for the Treatment of Vestibular 



53 
 

Di�V�R�U�G�H�U�V���´�� �,�(�(�(�� �7�U�D�Q�V�D�F�W�L�R�Q�V�� �R�Q�� �1�H�X�U�D�O�� �6�\�V�W�H�P�V�� �D�Q�G�� �5�H�K�D�E�L�O�L�W�D�W�L�R�Q��

Engineering 22 (2014): 389-399. 

172. Allison, R. S., Ash, A., Palmisano, S. Binocular contributions to linear vertical 

vection // Journal of Vision �± 2014 �± Vol.14 �± P.1�±23. 

173. Allison, R. S., Howard, I. P., Zacher, J. E., Effect of field size, head motion, 

and rotational velocity on roll vection and illusory self-tilt in a tumbling room 

// Perception �± 1999 �± Vol.28 �± P.299�±306. 

174. Allison, R. S., Zacher, J. E., Kirollos, R., Guterman, P. S., Palmisano, S. 

Perception of smooth and perturbed vection in short-duration microgravity // 

Experimental Brain Research �± 2012 �± Vol. 223 �± P. 479�±487. 

175. Al -Yahya E., Dawes H., Smith L., Dennis A., Howells K., Cockburn J. 

Cognitive motor interference while walking: a systematic review and meta-

�D�Q�D�O�\�V�L�V�������� �1�H�X�U�R�V�F�L�H�Q�F�H�� �	�� �%�L�R�E�H�K�D�Y�L�R�U�D�O�� �5�H�Y�L�H�Z�V���� ������������ �9�R�O���� �������� �‹�� ������ �3�S����

715�±728. DOI: 10.1016/j.neubiorev.2010.08.008. 

176. Andersen, G. J., Braunstein, M. L. Induced self-motion in central vision // 

Journal of Experimental Psychology: Human Perception and Performance. �± 

1985. �± Vol. 11. �± �‹�����������± �K�������������± 128. 

177. Angelaki D.E., Hess B.J.M. Control of eye orientation: where does the brain's 

role end and the muscle's begin? // European Journal of Neuroscience. 2004. 

19: 1-10. DOI: 10.1111/j.1460-9568.2004.03068.x. 

178. Apthorp, D., Nagle, F., Palmisano, S., Chaos in balance: Non-linear measures 

of postural control predict individual variations in visual illusions of motion // 

PLoS One �± 2014 �± Vol. 9, e113897 �± P. 1�±22. 

179. Apthorp, D., Palmisano, S., The role of perceived speed in vection: Does 

perceived speed modulate the jitter and oscillation advantages? // PLoS One �± 

2014 �± Vol.9, e92260 �± P.1�±14. 

180. Arin I.A., Meyliana, Prabowo H., Hidayanto A.N. Potentials and Challenges in 

Combining the Internet of Things and Augmented Reality: a Systematic 

Literature Review // 1st International Conference on Smart Technology, 



54 
 

Applied Informatics, and Engineering (APICS). 2022. Pp. 36-41. DOI: 

10.1109/APICS56469.2022.9918817. 

181. Arnoldussen, D. M., Goossens, J., Van Den Berg, A. Differential responses in 

dorsal visual cortex to motion and disparity depth cues. Front. Hum. Neurosci. 

7:815 �± 2013. 

182. Ash, A., Palmisano, S., Apthorp, D., Allison, R. S., Vection in depth during 

treadmill walking // Perception �± 2013 �± Vol.42 �± P. 562�±576. 

183. Ash, A., Palmisano, S., Govan, D. G., Kim, J. Display lag and gain effects on 

vection experienced by active observers // Aviation, Space, and Environmental 

Medicine �± 2011 �± Vol.82 �± P. 763�±769. 

184. Ash, A., Palmisano, S., Kim, J. Vection in depth during consistent and 

inconsistent multisensory stimulation // Perception �± 2011 �± Vol. 40 �± P.155-

174. 

185. Ash, A., Palmisano, S., Vection during conflicting multisensory information 

about the axis, magnitude and direction of self-motion // Perception �± Vol. 41 

�± P. 253�±267. 

186. �$�X�E�H�U�W�����+�����'�L�H���%�H�Z�H�J�X�Q�J�V�H�P�S�I�L�Q�G�X�Q�J���������3�I�O�•�J�H�U�V���$�U�F�K�L�Y���± Vol. 39 �± 1886 �± 

P.347�±370. 

187. �$�X�W�K�L�p�����&�������0�H�V�W�U�H�����'����Optokinetic nystagmus is elicited by curvilinear optic 

flow during high speed curve driving //  

Vision Research �± Vol. 51 �± Issue 16 �± 2011 �± P. 1791-1800. 

188. Azimisefat, P., de Jongh, A., Rajabi, S., Kanske, P., & Jamshidi, F. (2022). 

Efficacy of virtual reality exposure therapy and eye movement desensitization 

and reprocessing therapy on symptoms of acrophobia and anxiety sensitivity in 

adolescent girls: A randomized controlled trial. Frontiers in Psychology, 13, 

919148. 

189. Azuma R.T. A Survey of Augmented Reality // Presence: Teleoperators and 

Virtual Environments. 1997. Volume 6, Issue 4. Pp. 355-385. DOI: 

10.1162/pres.1997.6.4.355. 



55 
 

190. Azuma R.T. A Survey of Augmented Reality // Presence: Teleoperators and 

Virtual Environments. 1997. Volume 6, Issue 4. Pp. 355-385. DOI: 

10.1162/pres.1997.6.4.355. 

191. Bailenson J., Yee N., Blascovich J., Beall A., Lundblad N., Jin M., The Use of 

Immersive Virtual Reality in the Learning Sciences: Digital Transformations 

of Teachers, Students, and Social Context // Journal of the Learning Sciences. 

2008. Vol.17. Pp.102-141. DOI: 10.1080/10508400701793141. 

192. Bailenson J., Yee N., Blascovich J., Beall A., Lundblad N., Jin M., The Use of 

Immersive Virtual Reality in the Learning Sciences: Digital Transformations 

of Teachers, Students, and Social Context // Journal of the Learning Sciences. 

2008. Vol.17. Pp.102-141. DOI: 10.1080/10508400701793141. 

193. Bailenson J.N., Blascovich J., Beall A.C., Loomis J.M. Interpersonal Distance 

in Immersive Virtual Environments // Personality and Social Psychology 

Bulletin. 2003. 29(7), Pp. 819-833.DOI: 10.1177/0146167203029007002. 

194. Bailenson J.N., Blascovich J., Beall A.C., Loomis J.M. Interpersonal Distance 

in Immersive Virtual Environments // Personality and Social Psychology 

Bulletin. 2003. 29(7), Pp. 819-833.DOI: 10.1177/0146167203029007002. 

195. Bailey, L., Denis, J.H, Goldsmith, G., Hall, P.L., Sherwood, J.D. A wellbore 

simulator formud-shale interaction studies // Journal of Petroleum Science and 

Engineering �± Vol.11 �± Issue 3 �± 2012 �± P. 195-211. 

196. �%�i�U�i�Q�\���� �5���� �h�E�H�U�� �H�L�Q�L�J�H�� �$�X�J�H�Q-und Halsmuskelreflexe bei Neugeborenen // 

Acta Oto-Laryngologica. �± 1918. �± Vol. 1. �± �‹�����������± �K��������-102. 

197. Barrett, J. Side effects of Virtual Environments: a Review of the Literature // 

Defence Science and Technology Organisation �± Canberra (Australia) �± 2004. 

198. Barry, R.J., Palmisano, S., Schira, M.M., De Blasio, F.M., Karamacoska, D., 

MacDonald, B. EEG markers of visually experienced self-motion (vection) // 

Front. Hum. Neurosci. Conference Abstract: Australasian Society for 

Psychophysiology, Inc. �± Vol.10. �± 2014.  



56 
 

199. �%�H�F�N�H�U���� �:������ �5�D�D�E���� �6������ �	�� �-�•�U�J�H�Q�V���� �5���� �&�L�U�F�X�O�D�U�� �Y�H�F�W�L�R�Q�� �G�X�U�L�Q�J�� �Y�R�O�X�Q�W�D�U�\��

suppression of optokinetic reflex. // Experimental Brain Research �± 144(4) �± 

2002 �± P. 554�±557. 

200. Beer, J., Blakemore, C., Previc, F.H., Liotti, M. Areas of the human brain 

activated by ambient visual motion, indicating three kinds of self-motion // Exp 

Brain Research �± Vol. 143 �± 2002 �± P. 78-88. 

201. Belopolsky, V.I. Frame and metrics for the reference signal // Behav. and Brain 

Science �± 1994 �± Vol.17 �± P.313 �± 314.  

202. Berg K.O., Maki B., Williams J.I., Wood-Dauphinee S.L. Measuring balance 

in the elderly: validation of an instrument // Can J Public Health. 1992. Jul-

Aug; 83 Suppl 2: S7-11. PMID: 1468055. 

203. �%�H�U�W�K�R�]���� �$������ �$�Q�G�H�U�V�R�Q���� �-������ �$�O�O�X�P���� �-������ �&�R�K�H�Q���� �<������ �.�H�O�O�H�U���� �(������ �5�R�E�L�Q�V�R�Q���� �'������

Schaefer, K.-P. Role of the vestibular and reticular nuclei in the control of gaze. 

A: Vestibular nuclei (Workshop synthesis) // Control of gaze by brain stem 

neurons. Baker R. and Berthoz A. eds., Amsterdam - N.Y., Elsevier Biomed. 

Press �± 1977 �± P. 279-290. 

204. Berthoz, A., Pavard, B., Young, L. R. Perception of linear horizontal self-

motion induced by peripheral vision (linear vection) - basic characteristics and 

visual-vestibular interactions // Experimental Brain Research, Vol. 23(5) �± 

1985 �± P. 471�±489. 

205. Berti, S., Haycock, B., Adler, J., Keshavarz, B. Early cortical processing of 

vection-inducing visual stimulation as measured by event-related brain 

potentials (ERP). // Displays, 2019 Vol. 58. P. 56-65. 

206. Billinghurst M., Duenser A. Augmented Reality in the Classroom // Computer. 

2012. Vol.45. Pp. 56-63. DOI: 10.1109/MC.2012.111. 

207. Biocca, F. Will simulation sickness slow down the diffusion of Virtual 

Environment technology // Presence: Teleoperators Virtual Environ �± Vol. (3) 

�± 1992 �± P. 334�±343. 

208. �%�L�V�Z�D�V�� �1������ �0�X�N�K�H�U�M�H�H�� �$������ �%�K�D�W�W�D�F�K�D�U�\�D�� �6���� �³�$�U�H�� �\�R�X�� �I�H�H�O�L�Q�J�� �V�L�F�N�"�´���± A 

systematic literature review of cybersickness in virtual reality // ACM Comput. 



57 
 

Surv. 2024. Volume 56, Issue 11, Article 284. Pp. 1-38. DOI: 

10.1145/3670008. 

209. Bles, W. Stepping around circular vection and coriolis effects. // In J. Longand, 

& A. Baddeley (Eds.), Attention and performance IX �± 1981 �± P. 47�±61.  

210. Bohannon R.W., Glenney S.S. Minimal clinically important difference for 

change in comfortable gait speed of adults with pathology: a systematic review 

// J Eval Clin Pract. 2014. Aug;20(4):295-300. DOI: 10.1111/jep.12158. 

211. Bonato, F., Bubka, A. Chromaticity, spatial complexity, and self-motion 

perception // Perception �± 2006 �± Vol. 35 �± P.53�±64. 

212. Bonato, F., Bubka, A., Palmisano, S., Phillip, D., Moreno, G., Vection change 

exacerbates simulator sickness in virtual environments // Presence: 

Teleoperators and Virtual Environments �± 2008 �± Vol. 17 �± P.283�±292. 

213. Bouchard, S., Robillard, G., Renaud, P., Bernier, F. Exploring new dimensions 

in the assessment of virtual reality induced side effects. // Journal Comput. Inf. 

Technol �± Vol.1 (3) �± 2011 �± P. 20�±32. 

214. Brandt, T., Bartenstein, P., Janek, A., and Dieterich, M. Reciprocal inhibitory 

visual-vestibular interaction. Visual motion stimulation deactivates the parieto-

insular vestibular cortex // Brain �± Vol. 121(9) �± 1998 �± P.1749�±1758. 

215. Brandt, T., Dichgans, J., Buchele, W. Motion habituation: Inverted self-motion 

perception and optokinetic after-nystagmus // Experimental Brain Research �± 

1974 �± Vol.21 �± P.337�±352. 

216. Brandt, T., Dichgans, J., Koenig, E. Differential effects of central versus 

peripheral vision on egocentric and exocentric motion perception // 

Experimental Brain Research �± �‹������ �± 1973 �± P.476�±491. 

217. Brandt, T., Wist, E. R., Dichgans, J. Foreground and background in dynamic 

spatial orientation // Perception & Psychophysics �± 1975 �± Vol. 17 �± P.497�±

503 

218. Bridgeman, B., Van der Heijden, A.H.C., Velichkovsky, B.M. A theory of 

visual stability across saccadic eye movements // Behav. and Brain Science �± 

1994 �± Vol.17. �± P. 247 �± 292. 



58 
 

219. Brien M., Sveistrup H. An intensive virtual reality program improves 

functional balance and mobility of adolescents with cerebral palsy // Pediatr 

Phys Ther. 2011. Fall;23(3):258-66. DOI: 10.1097/PEP.0b013e318227ca0f. 

PMID: 21829120. 

220. Brindley, G.S., Merton P.A. The absence of positional sense in the human eye 

// Journal of Physiology �± 1960 �± Vol.153 �± P.127 �± 130. 

221. Brodal P. The central nervous system: Structure and function (4th ed.) // Oxford 

University Press. 2010. 515 p. 

222. Bronstein A.M. Multisensory integration in balance control // Handbook of 

Clinical Neurology. 2016. 137:57-66. DOI: 10.1016/B978-0-444-63437-

5.00004-2. 

223. Brooks, J.O., Goodenough, R.R., Crisler, M.C., Klein, N.D., Alley, R.L., Koon, 

B.L., Logan Jr., W.C., Ogle, J.H., Tyrrell, R.A., Wills, R.F. Simulator sickness 

during driving simulation studies. // Accid. Anal. Prev. �± Vol. 42 �± 2010 �± P. 

788�±796. 

224. Bubka, A., Bonato, F. Natural visual-field features enhance vection. // 

Perception �± 2010 �± Vol.39 �± P.627�±635. 

225. Bubka, A., Bonato, F., Palmisano, S., Expanding and contracting optic-flow 

patterns and vection // Perception �± 2008 �± Vol. 37 �± P. 704�±711. 

226. Buschman T.J. Balancing Flexibility and Interference in Working Memory // 

Annu Rev Vis Sci. 2021. Sep 15;7:367-388. DOI: 10.1146/annurev-vision-

100419-104831. 

227. Butler, K. M., Zacks, R. T., Henderson, J. M. Suppression of reflexive saccades 

in younger and older adults: Age comparisons on an antisaccade task. // 

Memory & Cognition �± Vol.27 �± 1999 �± P.584 �±591. 

228. Cardin, V., Smith, A. T. Sensitivity of human visual and vestibular cortical 

regions to egomotion-compatible visual stimulation // Cerebral Cortex (New 

York, N.Y.) �± 1991 �± Vol. 20(8). �± P. 64�±73. 



59 
 

229. Cardin, V., Smith, A. T. Sensitivity of human visual cortical area V6 to 

stereoscopic depth gradients associated with self-motion. // J. Neurophysiol. 

Vol. 106 �± 2011 �± P.1240�±1249. 

230. Carmigniani J., Furht B., Anisetti M., Cernaianu S., Damiani E. Augmented 

reality technologies, systems and applications // Multimed Tools Appl. 2011. 

Vol. 51. Pp. 341�±377. DOI: 10.1007/s11042-010-0660-6. 

231. Carpenter M.G., Adkin A.L. Fear and Anxiety in Older Adults and Its Impact 

on Postural Control // Locomotion and Posture in Older Adults. Springer, 

Cham. 2024. DOI: 10.1007/978-3-031-74123-4_17. 

232. Carpenter-Smith, T. R., Futamura, R. G., Parker, D. E. Inertial acceleration as 

a measure of linear vection: An alternative to magnitude estimation // 

Perception & Psychophysics �± 1995 �± Vol.57 �± P.35�±42. 

233. Carriot, J., Jamali, M., Chacron, M. J., Cullen, K. E. The statistics of the 

�Y�H�V�W�L�E�X�O�D�U���L�Q�S�X�W���H�[�S�H�U�L�H�Q�F�H�G���G�X�U�L�Q�J���Q�D�W�X�U�D�O���V�H�O�I�(�P�R�W�L�R�Q���G�L�I�I�H�U���E�H�W�Z�H�H�Q���U�R�G�H�Q�W�V��

and primates // The Journal of physiology �± Vol.595(8) �± 2011 �± P.2751-2766. 

234. Chance, S. S., Gaunet, F., Beall, A. C., Loomis, J. M., Locomotion mode affects 

the updating of objects encountered during travel: the contribution of vestibular 

and proprioceptive inputs to path integration // Presence Teleoperators Virtual 

Environ �± Vol. 7 �± 1998 �± P.168�±178. 

235. Chang E., Kim H-T., Yoo B. Virtual Reality Sickness: A Review of Causes and 

Measurements // International Journal of Human-Computer Interaction. 2020. 

Vol. 36. Pp.1-25. DOI: 10.1080/10447318.2020.1778351. 

236. Chen J., Kwok A.P.K., Li Y. Postural control and cognitive flexibility in skilled 

athletes: Insights from dual-task performance and event-related potentials // 

Brain Res Bull. 2024. 15;212:110957. DOI: 

10.1016/j.brainresbull.2024.110957. 

237. Chen Y., Wu Z. A review on ergonomics evaluations of virtual reality // Work. 

2022. Vol. 74. Pp. 1-11. DOI: 10.3233/WOR-205232. 

238. Chernorizov, A., Asmolov, A., Zinchenko, Y., Schechter, E. From 

physiological psychology to psychological physiology: Postnonclassical 



60 
 

approach to ethnocultural phenomena // Psychology in Russia: State of the Art. 

�²  2015. �²  Vol. 8, no. 4. �²  P. 4�±22. 

239. Cipresso P., Giglioli I.A.C., Raya M.A., Riva G. The Past, Present, and Future 

of Virtual and Augmented Reality Research: A Network and Cluster Analysis 

of the Literature // Front. Psychol. 2018. 9:2086. DOI: 

10.3389/fpsyg.2018.02086. 

240. Cooper, S., Daniel, P., Whitteridge, D. Muscle-spindles and other sensory 

endings in the extrinsic eye muscles; the physiology and anatomy of these 

receptors and their connections v/ith the brain-stem // Brain. �± 1955. �± Vol. 78. 

�± P. 564-583. 

241. Cullen K.E. Sensory signals during active versus passive movement // Current 

Opinion in Neurobiology. 2004. Volume 14, Issue 6. Pp. 698-706. ISSN 0959-

4388. DOI: 10.1016/j.conb.2004.10.002. 

242. Cutting, J. Perception with an eye for motion. Cambridge, MA: MIT Press �± 

1986 �± 133 p. 

243. Cuturi, L. F., MacNeilage, P. R. Optic flow induces nonvisual self-motion 

aftereffects // Current Biology �± 2014 �± Vol. 24 �± P. 2817�±2821. 

244. Dede C. Immersive interfaces for engagement and learning // Science. 2009. 

Jan 2;323(5910):66-9. DOI: 10.1126/science.1167311. 

245. Delmore, A., Martin, C. Roles of retinal periphery and depth periphery in linear 

vection and visual control of standing in humans. // Canadian Journal of 

Psychology �± 1986 �± Vol. 40 �± P.176�±187. 

246. Deutschlander, A., Bense, S., Stephan, T., Schwaiger, T., Dieterich, M, Brandt, 

T., Roll vection vesrus linear vection: comparison of brain activations in PET 

// Human Brain Mapping �± 2004 �± Vol. 21(3) �± P.143-153. 

247. Devinsky, O., Right cerebral hemisphere dominance for a sense of 

corporealand emotional self. // Epilepsy Behav. Vol.1 �± 2001 �± P. 60�±73. 

248. �'�H�Y�X�H�����&�������%�U�p�G�D�U�W�����6�������7�K�H���Q�H�X�U�D�O���F�R�U�U�H�O�D�W�H�V���R�I���Y�L�V�X�D�O���V�H�O�I-recognition. Con-

scious // Cognition Vol. 20 �± 2011 �± P. 40�±51. 



61 
 

249. Dichgans J., Brandt T. Visual-Vestibular Interaction: Effects on Self-Motion 

Perception and Postural Control // Handbook of Sensory Physiology. 1978. 

Volume 8, Springer, Berlin. Pp. 755-804. DOI: 10.1007/978-3-642-46354-

9_25. 

250. Dichgans, J. Optokinetic nystagmus as dependent on the retinal periphery via 

the vestibular nucleus. // Control of gaze by brain stem neurons. Baker R. and 

Berthoz A. eds. Amsterdam- N.Y. Elsevier Biomed. Press �± 1977 �± P.261 �± 

268. 

251. Dichgans, J., Brandt, T. Visual-vestibular interaction: effects on self-motion 

perception and postural control // Perception, eds R. Held, H. W. Leibowitz, 

and H.-L. Teuber (Berlin; Heidelberg: Springer) �± 1978 �± P.755�±804. 

252. Dichgans, J., Schmidt, C.L., Graf, W. Visual input improves the speedometer 

function of the vestibular nuclei in the goldfish // Exptl. Brain Res. �± 1973, Vol. 

18 �± P. 319-322. 

253. Diels, C., Howarth, P. Visually induced motion sickness: Single- versus dual-

axis motion // Displays �± Vol. 32 (4) �± 2011 �± P. 175�±180. 

254. Diener, H. C., Wist, E. R., Dichgans, J., Brandt, T. Spatial Frequency Effect on 

Perceived Velocity // Vision Research �± 1976 �± 16(2) �± P.169�±176. 

255. Dieterich M., Brandt T. Perception of Verticality and Vestibular Disorders of 

Balance and Falls // Frontiers in Neurology. 2019. Volume 10. ISSN 1664-

2295. DOI: 10.3389/fneur.2019.00172. 

256. Dieterich, M, Bense, S., Stephan, T., Yousry, T.A., Brandt, T. fMRI signal 

increases and decreases in cortical areas during small-field optokinetic 

stimulation and central fixation // Exp Brain Research �± 2003 �± Vol. 148 �± P. 

117-127. 

257. Ding J., Levi D.M. A unified model for binocular fusion and depth perception. 

// Vision Research. 2021. Volume 180, Pp. 11-36. ISSN 0042-6989. DOI: 

10.1016/j.visres.2020.11.009. 



62 
 

258. Dobie, T., McBride, D., Dobie Jr., T., May, J., The effects of age and sex on 

susceptibility to motion sickness. // Aviation Space Environment Medicine -

2001 �± Vol.72 �± P.13�±20. 

259. Dominguez L.J., Barbagallo M. Nutritional prevention of cognitive decline and 

dementia // Acta Biomed. 2018. Jun 7;89(2):276-290. DOI: 

10.23750/abm.v89i2.7401. 

260. Doumas M., Rapp M.A., Krampe R.T. Working memory and postural control: 

adult age differences in potential for improvement, task priority, and dual 

tasking // J Gerontol B Psychol Sci Soc Sci. 2009. 64(2):193-201. DOI: 

10.1093/geronb/gbp009. 

261. Dreher, J., Berman, R., Fractionating the neural substrate of cognitive control 

processes // Proceedings of the National Academy of Sciences �± 2002 �± Vol. 

99 (22) �± P.14595�±14600. 

262. Dursteler, R.M., Wurtz, R.H., Newsome, W.T., Deficits in visual motion 

processing following ibotenic acid lesions of the middle temporal visual area 

of the macaque monkey // J. Neurophysiol., - Vol57 �± 1987 �± P.1262 �± 1287.  

263. Ebenholtz, S., Cohen M., Linder B., The possible role of nystagmus in motion 

sickness: a hypothesis. // Aviation Space and Environmental Medicine �± 1994 

�± Vol. 65 �± P.1032�±1035. 

264. Ebenholtz, S.M., Motion sickness and oculomotor systems in virtual 

environments // Presence: Teleoperators Virtual Environ �± Vol.1 �± 1992 �± P. 

302�±305. 

265. Egan, D., Brennan, S., Barrett, J., Qiao, Y., Timmerer, C., Murray, N. An 

evaluation of Heart Rate and ElectroDermal Activity as an objective QoE 

evaluation method for immersive virtual reality environments // Quality of 

Multimedia Experience (QoMEX), Eighth International Conference �± 2016 �± 

P. 2-6. 

266. Ehrsson, H.H., Kito, T., Sadato, N., Passingham, R.E., Naito, E., Neural sub-

strate of body size: illusory feeling of shrinking of the waist // PLoS Biol. �± 

2005 �± Vol.3 �± P.412. 



63 
 

267. Eisenman, L., Motion sickness may be caused by a neurohumoral action of 

acetylcholine // Medical Hypotheses �± 2009 �± Vol. 73 �± Issue 5 �± P. 790-793. 

268. Ellis S.R. Latency and User Performance in Virtual Environments and 

Augmented Reality // 13th IEEE/ACM International Symposium on 

Distributed Simulation and Real Time Applications, Singapore. 2009. Pp. 69-

69. DOI: 10.1109/DS-RT.2009.44. 

269. Emami F., Negahban H., Sinaei E., Mostafaee N., Shahtahmassebi B., 

Ebrahimzadeh M.H., Mehravar M. The Effects of Various Cognitive Tasks 

Including Working Memory, Visuospatial, and Executive Function on Postural 

Control in Patients With Anterior Cruciate Ligament Injury // Motor Control. 

2024. Jan 22;28(2):193-209. DOI: 10.1123/mc.2023-0062. 

270. Fajen B.R. Visual Control of Locomotion // Cambridge University Press. 2021. 

DOI: 10.1017/9781108870474. 

271. Feenstra, P. J., Bos, J. E., Van Gent, R. N. H. W., A visual display enhancing 

comfort by counteracting airsickness. // Displays �± 2011 �± Vol. 32(4) �± P.194-

200. 

272. Feldman A.G, Zhang L. Eye and head movements and vestibulo-ocular reflex 

in the context of indirect, referent control of motor actions // J Neurophysiol. 

2020. Jul 1;124(1):115-133. DOI: 10.1152/jn.00076.2020. 

273. Fernandez, C., Goldberg, J. Physiology of peripheral neurons innervating 

semicircular canals of the squirrel monkey. II. Response to sinusoidal 

stimulation and dynamics of peripheral vestibular system // J. Neurophysiol. �± 

1971 �± Vol. 34 �± P.661�±675. 

274. Fernandez, C., Schmidt ,R.M., Studies on habituation of vestibular reflexes. 

Effect of caloric stimulation in decorticated cats // Ann. Otol. Rhinol. Laryngol 

�± 1962. - Vol.71. - �‹���� . - P. 299�±320. 

275. �)�L�V�F�K�H�U���� �(������ �%�•�O�W�K�R�I�I���� �+���� �+������ �/�R�J�R�W�K�H�W�L�V���� �1���� �.������ �%�D�U�W�H�O�V���� �$���� �9�L�V�X�D�O�� �P�R�W�L�R�Q��

responses in the posterior cingulate sulcus: a comparison to V5/MT and MST// 

Cerebral Cortex �± Vol.22(4) �± 2012 �± P.865 - 876. 



64 
 

276. Fische�U���� �0�� �+���� �.�R�U�Q�P�•�O�O�H�U���� �$�� �(���� �2�S�W�R�N�L�Q�H�W�L�V�F�K�� �D�X�V�J�H�O�|�V�W�H��

�%�H�Z�H�J�X�Q�J�V�Z�D�K�U�Q�H�K�P�X�Q�J�H�Q�� �X�Q�G�� �R�S�W�R�N�L�Q�H�W�L�V�F�K�H�U�� �1�\�V�W�D�J�P�X�V�� ������ �-�R�X�U�Q�D�O�� �I�•�U��

Psychologie und Neurologie (Leipzig) �± 1930 Vol.41 �± P.273�±308. 

277. Freeman D., Reeve S., Robinson A., Ehlers A., Clark D., Spanlang B., Slater 

M. Virtual reality in the assessment, understanding, and treatment of mental 

health disorders // Psychol Med. 2017. Oct; 47(14):2393-2400. DOI: 

10.1017/S003329171700040X. 

278. Freeman, J., Avons, S. E., Meddis, R., Pearson, D. E., IJsselsteijn, W. I. Using 

behavioral realism to estimate presence: A study of the utility of postural 

responses to motion stimuli // Presence - Teleoperators and Virtual 

Environments �± 2000 �± Vol. 9(2) �± P.149�±164. 

279. Fuchs C. Internet and Society: Social Theory in the Information Age. New 

York: Routledge // Routledge Research Series in Information Technology and 

Society, Volume 8. 2010. ISBN 0415961327. 408 p. 

280. Fuchs P. Moreau G., Guitton P. Virtual Reality: Concepts and Technologies // 

CRC Press. 2011. ISBN 9780415684712. 432 p. 

281. Fushiki, H., Takata, S., Watanabe, Y., Influence of fixation on circular vection 

// Journal of Vestibular Research �± 2000 �± Vol.10(3) �±P.151-155. 

282. Gale C.R., Westbury L.D., Cooper C. Risk factors for incident falls in older 

men and women: the English longitudinal study of ageing // BMC Geriatr. 

2018. 18, 117. DOI: 10.1186/s12877-018-0806-3. 

283. Gibson J.J. The Ecological Approach to Visual Perception // Psychology Press. 

Classic Edition (1st ed.). 2014. DOI: 10.4324/9781315740218. 346 p. 

284. Gibson, J. J., The perception of the visual world. Boston: Houghton M. - 1950. 

285. Goldberg, J. M. The Implications of Discharge Regularity: My Forty-Year 

Peek into the Vestibular System // Perspectives on Auditory Research. �± 

Springer New York �± 2014 �± P. 183-209. 

286. Golding, J.F., Motion sickness susceptibility. // Auton. Neurosci. Basic Clin. �± 

2006 �± Vol.129 �± P.67�±76. 



65 
 

287. Goodale, M.A., Milner, A.D., Jakobson, L.S., Carey, D.P., A neurological 

dissociation between perceiving objects and grasping them // Nature �± 1991 �± 

Vol.349 �± P.154�±156. 

288. Goto F., Kabeya M., Kushiro K., Hayashi K., Ttsutsumi T. Effect of anxiety on 

antero-posterior postural stability in patients with dizziness // Neuroscience 

Letters, Volume 487, Issue 2. 2011. Pp. 204-206. DOI: 

10.1016/j.neulet.2010.10.023. 

289. Goyal M., Singh S., Sibinga E.M., Gould N.F., Rowland-Seymour A., Sharma 

R., Berger Z., Sleicher D., Maron D.D., Shihab H.M., Ranasinghe P.D., Linn 

S., Saha S., Bass E.B., Haythornthwaite J.A. Meditation programs for 

psychological stress and well-being: a systematic review and meta-analysis // 

JAMA Intern Med. 2014. 174(3):357-68. DOI: 

10.1001/jamainternmed.2013.13018. 

290. Grant, K., Gueritaud, J.-P., Horcholle-Bossavit, G., Tyc-Dumont, S. Properties 

of vestibulo-ocular neurons. // Control of gaze of brain stem neurons. Baker R. 

and Berthoz A. eds. Amsterdam - N.Y., Elsevier Biomed. Press �± 1977 �± P. 

235-242. 

291. Graybiel A.M. The basal ganglia: learning new tricks and loving it // Curr Opin 

Neurobiol. 2005. Dec;15(6):638-44. DOI: 10.1016/j.conb.2005.10.006. 

292. Graybiel, A., Clark, B., Zarriello, G., Observations on human subjects living in 

�D���³�V�O�R�Z���U�R�W�D�W�L�R�Q���U�R�R�P�´���I�R�U���S�H�U�L�R�G�V���R�I���W�Z�R���G�D�\�V���������$�0�$�����$�U�F�K�����1�H�X�U�R�O���± 1960. 

- Vol. 3. �± P.55-73.  

293. Gregory, R. L. Perceptual illusions and brain models // Proceedings of the 

Royal Society. London. �± 1968. �± Vol.17.1 �± P.179-196. 

294. Grigo, A., Lappe, M. An analysis of heading towards a wall // Vision and 

Action, eds L. R. Harris and M. Jenkin (Cambridge: Cambridge University 

Press) �± 1998 �± P.215�±230. 

295. Guitton, D., Buchtel, H. A., Douglas, R. M. Disturbances of voluntary saccadic 

eye movement mechanisms following discrete unilateral frontal lobe removals 



66 
 

// In G. Lennerstrand & E. L. Keller (Eds.), Functional basis of ocular motility 

disorders. �± 1982. �± P.497�± 499. 

296. Gurnsey, R., Fleet, D., Potechin, C. Second-order motions contribute to vection 

// Vision Research �± 1998 �± Vol.38 �± P.2801�±2816 

297. �*�X�]�P�i�Q-�0�X�x�R�]�� �(������ �&�D�V�W�L�O�O�R-Paredes A., Montalva-�9�D�O�H�Q�]�X�H�O�D�� �)������ �$�O�D�U�F�y�Q-

Rivera M., Valdes-Badilla P., Hernandez-Martinez J., Fuentes-�%�D�U�U�t�D�� �+����

Relationship of Nutritional Status and Physical Activity Level with Dynamic 

Postural Balance in Young Adults // Obesities. 2025. 5(2):24. DOI: 

10.3390/obesities5020024. 

298. Hagura, N., Oouchida, Y., Aramaki, Y., Okada, T., Matsumura, M., Sadato, N., 

Naito, E., Visuokinesthetic perception of hand movement is mediated by 

cerebro-cerebellar interaction between the left cerebellum and right parietal 

cortex // Cereb. Cortex �± 2009 �± Vol.19 �± P.176�±186. 

299. �+�l�N�N�L�Q�H�Q���.�������.�R�Pi P.V. Electromyographic and mechanical characteristics of 

human skeletal muscle during fatigue under voluntary and reflex conditions // 

Electroencephalogr Clin Neurophysiol. 1983. Apr;55(4):436-44. DOI: 

10.1016/0013-4694(83)90132-3. 

300. Hale L., Guan S. Screen time and sleep among school-aged children and 

adolescents: a systematic literature review // Sleep Med Rev. 2015. Jun;21:50-

8. DOI: 10.1016/j.smrv.2014.07.007. 

301. Hall J.E., Hall M.E. Guyton and Hall Textbook of medical physiology // 

Elsevier, Inc. 2021. ISBN: 978-0-323-59712-8. 1038 p. 

302. Hall K., Ooteghem K., McILROY W. Emotional state as a modulator of 

autonomic and somatic nervous system activity in postural control: a review // 

Frontiers in Neurology. 2023. Vol. 14. DOI: 10.3389/fneur.2023.1188799. 

303. Han E., Bailenson J. Lessons for/in virtual classrooms: designing a model for 

classrooms inside virtual reality // Communication Education. 2024. Vol. 73. 

Pp. 234-243. DOI: 10.1080/03634523.2024.2312879. 

304. Hanes, D.A., McCollum, G. Perceptual centering of body segment orientation 

// Journal of vestibular research �± 2006 �± Vol.16 (3) �± P. 75 �± 91. 



67 
 

305. Hassan N. Noise pollution and its effects on human health: a review // EPRA 

International Journal of Multidisciplinary Research (IJMR). 2024. Vol. 10. Pp. 

24-37. DOI: 10.36713/epra18872. 

306. Held, R., Exposure-history as a factor in maintaining stability of perception and 

coordination // J. Nerv. Mental Desease �± 1961 - Vol.132 �± P.26 �± 32. 

307. Helmholtz, H. von Handbook of physiological optics. Translated and reprinted 

�± New York: Dover Press �± 1962. 

308. Henn, V. Mapping of the vestibular input onto the oculomotor system. // 

ITeurosci. Letters, Suppl, I, Abstr. 2nd Europ. Neurosci. Meet. Florence, Sept. 

4-9 �± 1978 �± P.114-114. 

309. �+�H�Q�Q�����9�������<�R�L�L�Q�J�����/���5�������)�L�Q�O�H�\�����K�������9�H�V�W�L�E�X�O�D�U���Q�X�F�O�H�X�V���Xnits in alert monkeys 

are also influenced by moving visual fields // Brain Res. �± 1974. - Vol. 71. �± 

P.144-149. 

310. Henriksson, N.G., Kohut, R., Fernandez, C., Studies on habituation of 

vestibular reflexes // Acta Otolaryngol., Stockh. �± 1961 �± �9�R�O���������‹�� ���±5 �± 

P.333�±349. 

311. Herdman S.J. Vestibular rehabilitation // Curr Opin Neurol. 2013. Feb; 

26(1):96-101. DOI: 10.1097/WCO.0b013e32835c5ec4. 

312. Hess B.J.M. Vestibular response // The Oxford Handbook of Eye Movements, 

Oxford Library of Psychology. 2012. Pp. 46-64. DOI: 

10.1093/oxfordhb/9780199539789.013.0003. 

313. Hettinger, L.J., Berbaum, K., Kennedy, R., Dunlap, W.P., Nolan, M.D., 

Vection and simulator sickness // Military Psychol. �± 1990 �± Vol.2 �± P.171�±

181. 

314. Higgins J.P.T, Thomas J., Chandler J., Cumpston M., Li T., Page M.J., Welch 

V.A. (editors). Cochrane Handbook for Systematic Reviews of Interventions 

version 6.5 (updated August 2024) // Cochrane. 2024. Available 

from www.training.cochrane.org/handbook ���^�Z�l�Z���h�[�j�Z�s�_�g�b�y������������������������ 

http://www.training.cochrane.org/handbook


68 
 

315. Holst, E. von., Mittelstaedt, H., Das reaffernzprinzip (Wechselwirkungen 

zwischen zentralnerven-system und peripherie) // Naturwissenchaften. �± 1950. 

�± Vol.37. �± P.464 �± 476. 

316. Holst, E., Relations between the central nervous system and the peripheral 

organs // Brit. J. Anim. Behav �± 1954 - Vol.2. �± P.89 �± 94. 

317. Horak F.B. Postural orientation and equilibrium: what do we need to know 

about neural control of balance to prevent falls? // Age and Ageing. 2006. Vol. 

35, Suppl 2. Pp. ii7�±ii11. DOI: 10.1093/ageing/afl077. 

318. Horak F.B., Macpherson J.M. Postural Orientation and Equilibrium // 

Handbook of Physiology, Section 12. Exercise: Regulation and Integration of 

Multiple Systems. New York: Oxford University Press. 1996. Pp. 255-292. 

319. Howard, I. P., Heckmann, T. Circular vection as a function of the relative sizes, 

distances, and positions of 2 competing visual-displays // Perception �± 1989 �± 

Vol. 18(5) �± P.657�±665. 

320. Howard, I. P., The perception of posture, self motion, and the visual vertical. 

In K. R. Boff, L. Kaufman, & J. P. Thomas (Eds.), Sensory processes and 

perception // Vol. 1 of Handbook of human perception and performance �± 1981 

�± P. 18.1�±18.6. 

321. Howard, I.P. Human visual orientation.New York, Engl.: J. Wiley. �± 1982. 

322. Howarth, P., Hodder, S., Characteristics of habituation to motion in a virtual 

environment // Displays �± 2008 �± Vol.29 �± P.117�±123. 

323. Howarth, P.A., Costello, P.J., The occurrence of virtual simulation sickness 

symptoms when an HMD was used as a personal viewing system. // Displays 

�± 1997 �± Vol.18 �± P.107-116. 

324. Hoyt, R., Lawson, B., McGee, H., Strompolis, M., McClellan, M., Modafinil 

as a potential motion sickness countermeasure // Aviat. Space Environ. Med. �± 

2009 �± Vol. 80 �± P. 709-715. 

325. Hsu, J. L., Korndorffer, J. R., Brown, K. M. Force feedback vessel ligation 

simulator in knot-tying proficiency training. // The American Journal of 

Surgery �± 2016 �± Vol.211(2) �± P.411-415. 



69 
 

326. HTC Corporation. VIVE Pro Eye �J�m�d�h�\�h�^�k�l�\�h 

�i�h�e�v�a�h�\�Z�l�_�e�y https://dl4.htc.com/Web_materials/Manual/Vive_Pro_Eye/VIV

E_Pro_Eye_user_guide_RUS.pdf (�^�Z�l�Z �h�[�j�Z�s�_�g�b�y: 12.04.2025) 

327. Hu, S., Davis, M.S., Klose, A.H., Zabinsky, E.M., Meux, S.P., Jacobsen, 

H.A.,Westfall, J.M., Gruber, M.B., Effects of spatial frequency of a vertically 

striped rotating drum on vection-induced motion sickness. // Aviation Space 

Environment Medicine �± 1997 �± Vol.68 �± P. 306�±311. 

328. Huxhold O., Li S.C., Schmiedek F., Lindenberger U. Dual-tasking postural 

control: aging and the effects of cognitive demand in conjunction with focus of 

attention // Brain Research Bulletin. �������������9�R�O�������������‹���������3�S�����������±305. DOI: 

10.1016/j.brainresbull.2006.01.002. 

329. �,�Q�V�X�D�V�W�L�� �0������ �$�Q�J�X�O�R�� �5������ �&�D�O�G�H�U�y�Q�� �9������ �&�D�U�U�L�O�O�R�� �.������ �5�R�G�U�t�J�X�H�]�� �/���� �(�O�� �F�R�Q�W�U�R�O��

�S�R�V�W�X�U�D�O���\���O�D���F�R�Q�F�L�H�Q�F�L�D���F�R�U�S�R�U�D�O���H�Q���O�R�V���W�U�D�V�W�R�U�Q�R�V���P�H�Q�W�D�O�H�V���������5�H�Y�L�V�L�y�Q���G�H���W�H�P�D����

Revista Criterios. 2023. Vol.30(1). Pp. 82�±91. DOI: 

10.31948/rev.criterios/30.1-art5. 

330. Iwamura, Y., Iriki, A., Tanaka, M., Bilateral hand representation in the 

postcentral somatosensory cortex // Nature �± 1994 �± Vol. 369 �± P. 554�±556. 

331. Jerald J. The VR Book: Human-Centered Design for Virtual Reality // 

Association for Computing Machinery and Morgan & Claypool. 2015. 

ISBN:978-1-970001-12-9. DOI: 10.1145/2792790. 635 p. 

332. Ji, J. T. T., So, R. H. Y., Cheung, R. T. F. Isolating the effects of vection and 

optokinetic nystagmus on optokinetic rotation-induced motion sickness // 

Human Factors �± 2009 �± Vol.51 �± P. 739�±751. 

333. Jing, C. D. H., Competitive Series of Skills and Tricks in Wushu �± the Main 

Way to Preserve and Develop Chinese Wushu // Journal of Chehgdu psysical 

education institute. �± 1998. - Vol. 1. �± P.136-141. 

334. Jingyuan �K., Zongjian F., Hongfeng L., Jinku W. Effectiveness of Virtual 

Reality on Learning Engagement // International Journal of Web-Based 

Learning and Teaching Technologies. 2024. Vol. 19. Pp. 1-14. DOI: 

10.4018/IJWLTT.334849. 

https://dl4.htc.com/Web_materials/Manual/Vive_Pro_Eye/VIVE_Pro_Eye_user_guide_RUS.pdf
https://dl4.htc.com/Web_materials/Manual/Vive_Pro_Eye/VIVE_Pro_Eye_user_guide_RUS.pdf


70 
 

335. �-�R�L�Q�V�R�Q���$�������%�l�Q�]�L�J�H�U���7�������*�R�O�G�L�H���3�������3�L�W�W���-�����$�Y�D�W�D�U�V���L�Q���V�R�F�L�D�O���P�H�G�L�D�����%�D�O�D�Q�F�L�Q�J��

accuracy, playfulness and embodied messages // International Journal of 

Human-Computer Studies. 2008. Vol.66. Pp. 801-811. DOI: 

10.1016/j.ijhcs.2008.08.002. 

336. Jurgens, R., Kliegl, K., Kassubek, J., Becker, W. Optokinetic circular vection: 

A test of visual-vestibular conflict models of vection nascensy // Experimental 

Brain Research �± 2016 �± Vol.234 �± P. 67�±81. 

337. Kandel E.R., Schwartz J.H., Jessell T.M., Siegelbaum S.A., Hudspeth A.J., 

Mack S. eds. Principles of Neural Science, Fifth Edition // McGraw-Hill 

Education. 2014. (�^�Z�l�Z �h�[�j�Z�s�_�g�b�y 

20.04.2025) https://accessbiomedicalscience.mhmedical.com/content.aspx?bo

okid=1049&sectionid=59138139 

338. Kano, C., The Perception of Self-Motion Induced by Peripheral Visual 

Information in Sitting and Supine Postures // Ecological Psychology �± 1991 �± 

Vol. 3(3) �± P.241�±252. 

339. �.�D�Z�D�L���7�������+�l�N�N�L�Qen J. Ergonomic guidance for virtual reality content creation 

// Springer International Publishing. Proceedings of the 20th Congress of the 

International Ergonomics Association. 2019. Volume X. Pp. 417-422. DOI: 

10.1007/978-3-319-96059-3_47. 

340. Kellogg, R., Kennedy, R., Graybiel, A., Motion sickness symptomatology of 

labyrinthine defective and normal subjects during zero gravity maneuvers. // 

Aerospace Medicine �± 1965 - Vol.36 �± P. 315�±318. 

341. Kendall F.P., Robertson J.A., McCreary E.K. Muscles, Testing and Function 

(Third Edition) // Br J Sports Med. 1984. Mar;18(1):25. PMCID: 

PMC1858872. 

342. Kennedy, R. S., Hettinger, L. J., Harm, D. L., Ordy, J. M., Dunlap, W. P., 

Psychophysical scaling of circular vection (CV) produced by optokinetic 

(OKN) motion: Individual differences and effects of practice // Journal of 

Vestibular Research-Equilibrium & Orientation. �± 1966. �± Vol. 6(5). �± P. 331�±

341. 

https://accessbiomedicalscience.mhmedical.com/content.aspx?bookid=1049&sectionid=59138139
https://accessbiomedicalscience.mhmedical.com/content.aspx?bookid=1049&sectionid=59138139


71 
 

343. Kennedy, R., Lane, N., Kevin, S., Berbaum, M., Lilienthal, M. Simulator 

Sickness Questionnaire: An Enhanced Method for Quantifying Simulator 

Sickness // The International Journal of Aviation Psychology �± 1993 �± Vol.4 �± 

P. 203-220. 

344. Keshavarz B., Hecht H., Zschutschke L. Intra-visual conflict in visually 

induced motion sickness // Displays. 2011. Vol. 32. Pp. 181-188. DOI: 

10.1016/j.displa.2011.05.009. 

345. Keshavarz, B., Berti, S., Integration of sensory information precedes the 

sensation of vection: A combined behavioral and event-related brain potential 

(ERP) study // Behavioural Brain Research �± 2014 �± Vol. 259(1) �± P.131-136. 

346. Keshner E., Mallinson A., Longridge N., Sinno S., Petersen H., Perrin P. 

Evolution of postural control assessment: From dynamic posturography to 

virtual reality // Frontiers in Neurology. 2023. Volume 13. DOI: 

10.3389/fneur.2022.1054346. 

347. Kheradmand A., Colpak A.I., Zee D.S. Eye movements in vestibular disorders 

// Handb Clin Neurol. 2016. 137: 103-17. DOI: 10.1016/B978-0-444-63437-

5.00008-X. 

348. Kileny, P., Ryu, J.H., McCabe, B.F., Abbas, P.J., Neuronal habituation in the 

vestibular nuclei of the cat // Acta Otolaryngol., Stockh. �± 1980 �± �9�R�O�����������‹��

3�±4 �± P.175�±183. 

349. Kim Y., Rhiu I., Yun M. A Systematic Review of a Virtual Reality System 

from the Perspective of User Experience // International Journal of Human-

Computer Interaction. 2020. Vol. 36. Pp. 893-910. DOI: 

10.1080/10447318.2019.1699746. 

350. Kim, J., Chung, C., Nakamura, S. Palmisano, S., Khuu, S., The oculus rift: a 

costeffective tool for studying visual-vestibular interactions in self-motion 

perception // Front. Psychol. �± Vol. 6 (248) �± 2015 �± P.1�±7. 

351. Kim, J., Palmisano, S., Eccentric gaze dynamics enhance illusory self- motion 

in depth. J. Vis �± 2010 �± Vol.10 �± P.1�±11. 



72 
 

352. King R. Cognitive therapy of depression. Aaon Beck, John Rush, Brian Shaw, 

Gary Emery // Aust N Z J Psychiatry. 2002. 36(2):272-5. DOI: 10.1046/j.1440-

1614.2002.t01-4-01015.x. 

353. Kirkham M., Kodithuwakku Arachchige S.N.K., Driscoll L., Smith B., Brewer 

P., Hanaki S. The Effects of Concussions on Static Postural Stability // Applied 

Sciences. 2024. 14(7):2885. DOI: 10.3390/app14072885. 

354. Kirschbaum, C., Pirke, K.M., Hellhammer, D.H., The trier social stress test �± a 

tool for investigating psychobiological stress responses in a laboratory setting. 

// Neuropsychobiology �± 1993 - Vol.28 - P.76�±81. 

355. Kitazaki, M., Sato, T., Attentional modulation of self-motion perception // 

Perception �± 2003 �± Vol. 32(4) �± P.475�±484. 

356. Kleinschmidt, A., Thilo, K., Buchel, C., Gresty, M., Bronstein, A., Richard, S., 

Frackowiak, R. Neural Correlates of Visual-Motion Perceptionas Object- or 

Self-motion // NeuroImage �± 2002 �± Vol.16 �± P.873�±882. 

357. Klosterhalfen, S., Pan, F., Kellermann, S., Enck, P., Gender and Race as 

Determinants of Nausea Induced by Circular Vection // Gender Medicine �± 

2006 - Vol. 3(3) �± P.171 �± 177. 

358. Knill, D. C., Richards, W., Perception as Bayesian inference. Cambridge 

University Press �± 1996. 

359. Koch, K.L., Summy-Long, J.O., Bingaman, S., Sperry, N., Stern, R.M., 

Vasopressin and Oxytocin Responses to Illusory Self-Motion and Nausea in 

Man // The Journal of Clinical Endocrinology & Metabolism �± 1990 �± 

Vol.71(5) �± P.1269-1275. 

360. Kornilova, L.N., Temnikova, V.V., Sagalovitch, S.V., Aleksandrov, V.V., 

Yakushev, A.G., Effect of otoliths upon function of the semicircular canals 

after long-term stay under conditions of microgravitation // Physiological 

Journal �± 2007 �± Vol.93 - �‹������- P.128-138 

361. Kourtesis P., Papadopoulou A., Roussos P. Cybersickness in Virtual Reality: 

The Role of Individual Differences, Its Effects on Cognitive Functions and 



73 
 

Motor Skills, and Intensity Differences during and after Immersion // Virtual 

Worlds. 2024. 3(1):62-93. DOI: 10.3390/virtualworlds3010004. 

362. Kovalev, A. Eye movements reflect stress in virtual reality: post-analysis / Y. 

Rogoleva, S. Strelnikov, A. Kovalev // Procedia Computer Science. �± 2024. �± 

Vol. 246. �± P. 3437�±3446. 

363. Kovalev, A. Hemodynamic response to modulated stress conditions via 

postural instability in virtual reality: Fnirs study / A. Kovalev, E. Nefeld, K. 

Ryseva // Cuadernos de Neuropsicologia �± Panamerican Journal of 

Neuropsychology. �± 2024. �± Vol. 18. �± No. 2. �± P. 101�±111. 

364. Kovalev, A.I. Quantitative analysis of temporal characteristics of opto-kinetic 

nystagmus for vection detection / P.A. Manukyan, A.I. Drozhdev, M.A. 

Klimova, A.I. Kovalev // Procedia Computer Science. �± 2021. �± Vol. 192. �± P. 

2836�±2843. 

365. Kovalev, A. The effects of optokinetic nystagmus on vection and simulator 

sickness / A. Kovalev, O. Klimova, M. Klimova, A. Drozhdev // Procedia 

Computer Science. �± 2020. �± Vol. 176. �± P. 2832�±2839. 

366. Kovalev, A.I. Virtual reality is more efficient in learning human heart anatomy 

especially for subjects with low baseline knowledge / Y.P. Zinchenko, P.P. 

Khoroshikh, A.A. Sergievich, A.I. Kovalev // New Ideas in Psychology. �²  

2020. �± Vol. 59. �± P. 100786�±100793. 

367. Kovalev, A.I. Postnonclassical methodology and application of virtual reality 

technologies in social research / Y.P. Zinchenko, A.I. Kovalev, G.Y. 

Menshikova, L.A. Shaigerova // Psychology in Russia: State of the Art. �± 2015. 

�± Vol. 8. �± No. 4. �± P. 60�±71. 

368. Kovalev, A. The Optokinetic Nystagmus Indicates Functional State Changes: 

VR Study / A. Kovalev, E. Nefeld, A. Gasimov // IEEE XPlore 2024 Sixth 

International Conference Neurotechnologies and Neurointerfaces (CNN). �± 

2024. �± P. 87-89 DOI: 10.1109/CNN63506.2024.10705838. 

369. Kovalev, A. The Identification of Stress Reactions using Analysis of 

Oculomotor Activity / A. Kovalev, Y. Rogoleva // IEEE XPlore 2024 Sixth 



74 
 

International Conference Neurotechnologies and Neurointerfaces (CNN). �± 

2024. �± P.167-170. 

370. Kovalev, A. The application of virtual reality technology to testing resistance 

to motion sickness / G. Menshikova, A. Kovalev, O. Klimova, V. 

Barabanshchikova // Psychology in Russia: State of the Art. �± 2017. �± Vol. 10. 

�± No. 3. �± P. 151�±164. 

371. Kovalev, A. Eye movements as indicators of vestibular dysfunction / G. 

Menshikova, A. Kovalev, O. Klimova, A. Chernorizov // Perception. �± 2015. �± 

Vol. 44. �± No. 8-9. �± P. 1103�±1110. 

372. Kovalev, A. Testing the vestibular function development in junior figure 

skaters using the eye tracking technique / G. Menshikova, A. Kovalev, O. 

Klimova, A. Chernorizov // Procedia �± Social and Behavioral Sciences. �± 2014. 

�± Vol. 146. �± P. 252�±258. 

373. �.�R�Y�i�F�V�����*�������5�D�D�E�H�����0�������*�U�H�H�Q�O�H�H�����0�����:�������1�H�X�U�D�O���F�R�U�U�H�O�D�W�H�V���R�I���Y�L�V�X�D�O�O�\���L�Q�G�X�F�H�G��

self-motion illusion in depth. // Cereb. Cortex �± 2006 �± Vol. 18 �± P.1779�±1787. 

374. Kowler, E., The role of visual and cognitive processes in the control of eye 

movement // Eye movements and their role in visual and cognitive processes / 

Ed. by E. Kowler. Elsevier �± 1990 �± P.1-69.  

375. Krizhevsky A., Sutskever I., Hinton G. ImageNet Classification with Deep 

Convolutional Neural Networks // Neural Information Processing Systems. 

2012. Vol. 25. DOI: 10.1145/3065386. 

376. Kundu R.K., Rahman A., Paul S. A Study on Sensor System Latency in VR 

Motion Sickness // Journal of Sensor and Actuator Networks. 2021. 10(3):53. 

DOI: 10.3390/jsan10030053. 

377. Lackner, J. R. Induction of Illusory Self-Rotation and Nystagmus by a Rotating 

Sound-Field // Aviation Space and Environmental Medicine �± 1977 �± Vol. 

48(2) �± P.129�±131. 

378. Lafleur D., Lajoie Y. The impact of eye movement on postural control depends 

on the type of oculomotor behavior and the visual task // Gait & Posture. 2023. 

Vol. 100. Pp 65-69. DOI: 10.1016/j.gaitpost.2022.12.002. 



75 
 

379. Lambreya, S., Viaud-Delmonb, I., Berthoz, A., Influence of a sensorimotor 

conflict on the memorization of a path traveled in virtual reality // Cognitive 

Brain Research �± 2002 �± Vol.14 �± P.177�±186. 

380. Larsson, P., V�l�V�W�I�M�l�O�O�����'�������.�O�H�L�Q�H�U�����0�������3�H�U�F�H�S�W�L�R�Q���R�I���6�H�O�I-motion and Presence 

in Auditory Virtual Environments. // Proceedings of Seventh Annual Workshop 

Presence �± 2004 �± P.252�±258. 

381. Laver K.E., Lange B., George S., Deutsch J.E., Saposnik G., Crotty M. Virtual 

reality for stroke rehabilitation // Cochrane Database Syst Rev. 2017. Nov 

20;11(11):CD008349. DOI: 10.1002/14651858.CD008349.pub4. 

382. LaViola J.J., Kruijff E., McMahan R.P., Bowman D.A., Poupyrev I. 3D User 

Interfaces: Theory and Practice // Addison-Wesley Professional. 2017. ISBN 

978-0134034324. 624 p. 

383. Lawson, B. Motion sickness symptomatology and origins. // Handbook of 

Virtual Environments: Design, Implementation, and Applications, eds K. S. 

Hale and K. M. Stanney �± 2015 �± P.532�±587. 

384. LeDoux J.E. The emotional brain: The mysterious underpinnings of emotional 

life // Simon & Schuster. 1998. ISBN 978-0684836591. 384 p. 

385. Lee J.W., Park J.S. The Correlation between Proprioception and Postural 

Control in Healthy Adults // Iran J Public Health. 2022. Oct; 51(10):2360-2361. 

DOI: 10.18502/ijph.v51i10.10995. 

386. Lee K. Virtual Reality Gait Training to Promote Balance and Gait Among 

Older People: A Randomized Clinical Trial // Geriatrics. 2021. 6(1):1. DOI: 

10.3390/geriatrics6010001. 

387. Lei Y., Zhi S., Chao C. Virtual reality in human-robot interaction: Challenges 

and benefits // Electronic Research Archive. 2023. Vol. 31. 2374-2408. DOI: 

10.3934/era.2023121. 

388. Leigh R.J., Zee D.S. The Neurology of Eye Movements / Oxford University 

Press, 2015. 520 p. 

389. Lenze E.J., Bowie C.R. Cognitive Training for Older Adults: What Works? // 

J Am Geriatr. 2018. Soc, 66: 645-647. DOI: 10.1111/jgs.15230. 



76 
 

390. Lepecq, J. C., Jouen, F. Dubon, D., The effect of linear vection on manual 

aiming at memorized directions of stationary targets // Perception �± 1993 �± 

Vol.22 (1) �± P.49�±60. 

391. Li K.Z.H., Bherer L., Mirelman A., Maidan I., Hausdorff J.M. Cognitive 

Involvement in Balance, Gait and Dual-Tasking in Aging: A Focused Review 

From a Neuroscience of Aging Perspective // Frontiers in Neurology. 2018. 

Vol.9, Oct 29;9:913. DOI: 10.3389/fneur.2018.00913. 

392. Lien, H. C., Sun, W. M., Chen, Y. H., Kim, H., Hasler, W., Owyang, C., Effects 

of ginger on motion sickness and gastric slow-wave dysrhythmias induced by 

circular vection // American Journal of Physiology-Gastrointestinal and Liver 

Physiology �± 2003 �± Vol. 284(3) �± P.481-489. 

393. Lindvall, H.F. Vertigo and nystagmus responses to caloric stimuli repeated at 

short intervals // Acta Otolaryngol., Stockh. �± 1961 �± �9�R�O�������������‹�������± P.33�±44. 

394. Liu X., Chen M.H., Yue G.H. Postural Control Dysfunction and Balance 

Rehabilitation in Older Adults with Mild Cognitive Impairment // Brain Sci. 

2020. Nov 19;10(11):873. DOI: 10.3390/brainsci10110873. 

395. LiveLib https://www.livelib.ru/book/1000108761-stalnaya-krysa-poet-blyuz-

garri-garrison ���^�Z�l�Z���h�[�j�Z�s�_�g�b�y�������������������������� 

396. Lombard M., Ditton T. At the Heart of It All: The Concept of Presence // 

Journal of Computer-Mediated Communication. 1997. Volume 3, Issue 2. DOI: 

10.1111/j.1083-6101.1997.tb00072.x. 

397. �/�|�Q�Q�H�� �7���)������ �.�D�U�O�V�H�Q�� �+���5������ �/�D�Q�J�Y�L�N�� �(������ �6�D�N�V�Y�L�N-Lehouillier I. The effect of 

immersion on sense of presence and affect when experiencing an educational 

scenario in virtual reality: A randomized controlled study // Heliyon. 2023. 

Volume 9, Issue 6, e17196, ISSN 2405-8440. DOI: 

10.1016/j.heliyon.2023.e17196. 

398. Loomis J., Blascovich J., Beall A. Immersive virtual environment technology 

as a basic research tool in psychology // Behavior Research Methods, 

Instruments & Computers. 2002. Vol.31. Pp.557-564. DOI: 

10.3758/BF03200735. 

https://www.livelib.ru/book/1000108761-stalnaya-krysa-poet-blyuz-garri-garrison
https://www.livelib.ru/book/1000108761-stalnaya-krysa-poet-blyuz-garri-garrison


77 
 

399. Lord S.R., Menz H.B. Visual contributions to postural stability in older adult // 

Gerontology. 2000. Nov-Dec;46(6):306-10. DOI: 10.1159/000022182. 

400. Ludwigh, E. Possible role of proprioception in the extraocular muscles // Arch. 

Ophtahlmol �± 1952 - Vol.48 - P.436 �± 441. 

401. Mach, E. Grundlinien der Lehre von den Bewegungsempfindungen. // Verlag 

von Wilhelm Engelmann, Leipzig �± 1875.  

402. Maki B.E, McIlroy W.E. Postural control in the older adult // Clin Geriatr Med. 

1996. Nov;12(4):635-58. PMID: 8890108. 

403. Maki B.E., Holliday P.J. Topper A.K. A prospective study of postural balance 

and risk of falling in an ambulatory and independent elderly population // 

Journal of Gerontology. 1994. 49(2):M72-84. DOI: 10.1093/geronj/49.2.m72. 

404. Maki B.E., Sibley K.M., Jaglal S.B., Bayley M., Brooks D., Fernie G.R., Flint 

A.J., Gage W., Liu B.A., McIlroy W.E., Mihailidis A., Perry S.D., Popovic 

M.R., Pratt J., Zettel J.L. Reducing fall risk by improving balance control: 

development, evaluation and knowledge-translation of new approaches // J 

Safety Res. 2011. Dec;42(6):473-85. DOI: 10.1016/j.jsr.2011.02.002. 

405. MakKay, D.M. Voluntary eye movements as a questions // Cerebral control of 

eye movements / Ed. By J.Dichgans, E. Bizzi. Bibliotheca Ophtalmologica �± 

1972 - Vol.82 �± P.369 �± 376. 

406. Mantini, D., Corbetta, M., Romani, G.L., Orban, G.A., Vanduffel, W., 

Evolution-arily novel functional networks in the human brain? // J. Neurosci. �± 

2013 �± Vol.33 �± P.3259�±3275. 

407. Manto M., Bower J.M., Conforto A.B., Delgado-�*�D�U�F�t�D���-���0�������G�D���*�X�D�U�G�D���6���1��, 

�*�H�U�Z�L�J���0�������+�D�E�D�V���&�������+�D�J�X�U�D���1�������,�Y�U�\���5���%�������0�D�U�L�s�Q���3�������0�R�O�L�Q�D�U�L���0�������1�D�L�W�R���(������

Nowak D.A., Oulad Ben Taib N., Pelisson D., Tesche C.D., Tilikete C., 

Timmann D. Consensus paper: roles of the cerebellum in motor control--the 

diversity of ideas on cerebellar involvement in movement // Cerebellum. 2012. 

Jun;11(2):457-87. DOI: 10.1007/s12311-011-0331-9. 

408. Marcus, R. N., Owen, R., Kamen, L., Manos, G., McQuade, R. D., Carson, W. 

H., Aman, M. G. A placebo-controlled, fixed-dose study of aripiprazole in 



78 
 

children and adolescents with irritability associated with autistic disorder. // 

Journal of the American Academy of Child & Adolescent Psychiatry �± 2009 �± 

Vol.48(11) �± P.1110-1119. 

409. Matin, L. Eye movements and perceives visual direction // Handbook of 

sensory physiology. V. VII/4. Visual psychophysichs / Ed. By D. Jameson, 

L.M. Hurvich. Heidelberg; New York �± 1972 �± P.331 �± 380. 

410. May, M. Cognitive and embodied modes of spatial imagery. // Psychol. Beitr. 

�± 1996 �± Vol.38 �± P.418�±434. 

411. �0�F�F�D�O�O���5�������2�¶�1�H�L�O�O���6�������&�D�U�U�R�Ol F. Measuring presence in virtual environments // 

Extended abstracts of the 2004 Conference on Human Factors in Computing 

Systems, Vienna, Austria. 2004. Pp. 783-784. DOI: 10.1145/985921.985934. 

412. McCauley, M.E., Sharkey, T.J., Cybersickness: perception of motion in virtual 

environments. // Presence: Teleoperators Virtual Environ. �± 1992 �± Vol.1(3) �± 

P. 311�±318. 

413. Melnikov A.A., Nikolaev R.Y., Vikulov A.D. The role of visual information in 

maintaining postural stability after the maximum exercise for the upper and 

lower limb muscles // Human Physiology, Vol.42. 2016. Pp. 385�±391. DOI: 

10.1134/S0362119716030117. 

414. Menant J.C., Menz H.B., Okubo Y. Postural Stability and Falls. In: Lord SR, 

Sherrington C, Naganathan V, eds. Falls in Older People: Risk Factors, 

Strategies for Prevention and Implications for Practice // Cambridge University 

Press. 2021. Pp. 23-50. DOI: 10.1017/9781108594455.003. 

415. Menshikova, G., Zinchenko, Y., Kovalev, A., Shaigerova, L., Postnonclassical 

methodology and application of virtual reality technologies in social 

research // Psychology in Russia: State of the Art. �²  2015. �²  Vol. 8, no. 4. �²  

P. 58�±69 

416. Merfeld, D. M., Zupan, L. H., Neural processing of gravitoinertial cues in 

humans. III. Modeling tilt and translation responses // Journal of 

Neurophysiology �± 2002 �± Vol. 87(2) �± P.819�±833. 



79 
 

417. Mergner, T., Schweigart, G., Kolev, O., Hlavacka, F., Becker, W., Visual-

vestibular interaction for human ego-motion perception. // In T. Mergner & F. 

Hlavacka (Eds.), Multisensory Control of Posture - 1995 �± P.157�±167. 

418. Mikropoulos T.A., Natsis A. Educational virtual environments: A ten-year 

review of empirical research (1999�±2009) // Computers & Education. 2011. 

Volume 56, Issue 3. Pp. 769-780. ISSN 0360-131. DOI: 

10.1016/j.compedu.2010.10.020. 

419. Miles, L. K., Karpinska, K., Lumsden, J., Macrae, C. N., The meandering mind: 

Vection and mental time travel. // PLoS One �± 2009 �± Vol.5(5) �± P.10825. 

420. Miller E.K., Cohen J.D. An integrative theory of prefrontal cortex function // 

Annu Rev Neurosci. 2001. 24:167-202. DOI: 10.1146/annurev.neuro.24.1.167. 

421. Mirelman A., Herman T., Brozgol M., Dorfman M., Sprecher E., Schweiger 

A., Giladi N., Hausdorff J.M. Executive function and falls in older adults: new 

findings from a five-year prospective study link fall risk to cognition // PLoS 

One. 2012. �9�R�O���������‹�������H���������������'�2�,���������������������M�R�X�U�Q�D�O���S�R�Q�H������������������ 

422. Mirelman A., Maidan I., Herman T., Deutsch J.E., Giladi N., Hausdorff J.M. 

Virtual reality for gait training: Can it induce motor learning to enhance 

complex walking an�G���U�H�G�X�F�H���I�D�O�O���U�L�V�N���L�Q���S�D�W�L�H�Q�W�V���Z�L�W�K���3�D�U�N�L�Q�V�R�Q�¶�V���G�L�V�H�D�V�H�"��������

Journal of NeuroEngineering and Rehabilitation. 2011. Vol. 8. P. 35. DOI: 

10.1186/1743-0003-8-35. 

423. Money, K.E., Lackner, J.R., Cheung, R.S.K., The autonomic nervous system 

and motion sickness // In: Yates, B.J., Miller, A.D. (Eds.), Vestibular 

Autonomic Regulation. CRC Press, Boca Raton, FL �± 1996 �± P. 147�±173. 

424. Morita, T., Saito, D., Ban, M., Shimada, K., Okamoto, Y., Kosaka, H., 

Okazawa, H., Asada, M., Naito, E., Shared right inferior fronto-parietal 

substrates for corporealawareness and self-identification. // the Annual Meeting 

of theOrganization for Human Brain Mapping, Hawai �± 1995 �± P.4195. 

425. Morrone, M.C., Tosetti, M., Montanaro, D., Fiorentini, A., Cioni, G., Burr, 

D.C., A cortical area that responds specifically to optic flow, revealed by fMRI 

// Nat. Neurosci. �± 2000 �± Vol.3 �± P.1322�±1329. 



80 
 

426. Moser, M. B., Rowland, D. C., Moser, E. I., Place cells, grid cells, and memory. 

// Cold Spring Harbor perspectives in biology �± 2015 �± Vol.7(2) �± P.021808. 

427. Moss, J.D., Muth, E.R., Characteristics of head-mounted displays and their 

effects on simulator sickness. // Human Factors: The Journal of the Human 

Factors and Ergonomics Society �± 2011 �± Vol.53 �± P.308-319. 

428. Mullen, N.W., Weaver, B., Riendeau, J.A., Morrison, L.E., Bedard, M., 

Driving performance ans susceptibility to simulator sickness: are they related? 

// American Journal of Occupational Therapy �± 2010 �± Vol.64(2) �± P.288�±295. 

429. Murray, J.B., Psychophysiological aspects of motion sickness. // Percept. Mot. 

Skill �± 1997 �± Vol.85 �± P.1163-1167. 

430. Naito, E., Scheperjans, F., Eickhoff, S.B., Amunts, K., Roland, P.E., Zilles, K., 

Ehrsson, H.H., Human superior parietal lobule is involved in somatic 

perception ofbimanual interaction with an external object. // J. Neurophysiol. �± 

2008 �± Vol.99 �± P.695�±703. 

431. Nakagawa, S., Nishiike, S., Tonoike, M., Takeda, N., Kubo, T. Measurements 

of brain magnetic fields associated with apparent self-motion // International 

Congress Series �± 2002 �± Vol.1232 �± P.367�±371. 

432. Nakamura, S., Effects of spatial arrangement of visual stimulus on inverted 

self-motion perception induced by the foreground motion: examination of 

OKN-suppression hypothesis // Vision Research �± 2004 �± Vol. 44(16) �± 

P.1951�±1960. 

433. Nakamura, S., Shimojo, S., Critical role of foreground stimuli in perceiving 

visually induced self-motion (vection) // Perception �± 1999 �± Vol. 28(7) �± P. 

893�±902. 

434. Nashner L.M., Black F.O., Wall C.D. Adaptation to altered support and visual 

conditions during stance: patients with vestibular deficits // Journal of 

Neuroscience. 1982. May; 2(5): 536-44. DOI: 10.1523/JNEUROSCI.02-05-

00536. 



81 
 

435. Ng A., Chan L., Lau H. A Study of Cybersickness and Sensory Conflict Theory 

using a Motion-Coupled Virtual Reality System // Displays. 2019. Vol.61. 

DOI: 10.1016/j.displa.2019.08.004. 

436. Nichols, S., Patel, H., Health and safety implications of virtual reality: A review 

of empirical evidence. // Applied Ergonomics �± 2002 �± Vol. 33(3) �± P.251-271. 

437. Nishiike, S., Nakagawa, S., Nakagawa, A., Uno, A., Tonoike, M., Takeda, N., 

Magnetic cortical responses evoked by visual linear forward acceleration // 

Neuroreport �± 2002 �± Vol. 13 �± P.1805�±1808. 

438. Norman, J., Two visual systems and two theories of perception // Behav. Brain 

Res �± 2002 �± Vol. 25 �± P.73�±144. 

439. Ogawa, M., Ito, H., Seno, T.Vection is unaffected by circadian rhythms // 

Psychology �± 2015 �± Vol. 6 �± P.440�±446. 

440. Ohmi, M., Howard, I. P., Effect of stationary objects on illusory forward self-

motion induced by a looming display // Perception �± 1988 �± Vol.17 �± P.5�±12. 

441. Ohmi, M., Sensation of self-motion induced by real-world stimuli. // Selection 

and Integration of Visual Information: Proceedings of the International 

Workshop on Advances in Research on Visual Cognition, Tsukuba, Japan, 

December 8-11, 1999 �± P.175-181. 

442. Optale, G., et al. (2010). Controlling memory impairment in elderly adults 

using virtual reality memory training: A randomized controlled pilot study. 

Neurorehabilitation and Neural Repair, 24(4), 348-357. 

443. Palmisano, S. Perceiving self-motion in depth: The role of stereoscopic motion 

and changingsize cues // Perception & Psychophysics �± 1996 �± Vol. 58 �± P. 

1168�±1176. 

444. Palmisano, S., Allison, R. S., Howard, I. P. Illusory scene distortion occurs 

during perceived self-rotation in roll // Vision Research �± 2006 �± Vol. 46 �± 

P.4048�±4058. 

445. Palmisano, S., Allison, R. S., Kim, J., Bonato, F. Simulated viewpoint jitter 

shakes sensory conflict accounts of vection // Seeing & Perceiving �± Vol.24, - 

P.173�±200. 



82 
 

446. Palmisano, S., Allison, R., Schira, M., Barry, R., Future challenges for vection 

research: definitions, functional significance, measures and neural bases // 

Front. Psychol. (Perception Sci.) �± 2015 �± Vol. 6(193) �± P.1�±15. 

447. Palmisano, S., Chan, A. Y. C. Jitter and size effects on vection are immune to 

experimental instructions and demands // Perception �± 2004 �± Vol.33 �± P.987�±

1000. 

448. Palmisano, S., Consistent stereoscopic information increases the perceived 

speed of vection in depth // Perception �± 2002 �± Vol.31 �± P.463�±480. 

449. Palmisano, S., Gillam, B. Stimulus eccentricity and spatial frequency interact 

to determine circular vection // Perception �± 1998 �± Vol. 27(9) �± P.1067�±1077. 

450. Palmisano, S., Kim, J. Effects of gaze on vection from jittering, oscillating, and 

purely radial optic flow // Attention, Perception, & Psychophysics �± 2009 �± 

Vol. 71 �± P.1842�±1853. 

451. Palmisano, S., Kim, J., Freeman, T. C. A., Horizontal fixation point oscillation 

and simulated viewpoint oscillation both increase vection in depth // Journal of 

Vision �± 2012 �± Vol. 12 �± P.1�±14. 

452. Palmisano, S., Pinniger, G. J., Ash, A., Steele, J. R., Effects of simulated 

viewpoint jitter on visually induced postural sway // Perception �± 2009 �± Vol. 

38 �± P. 442�±453. 

453. Palmisano, S., Summersby, S., Davies, R. G., Kim, J., Stereoscopic advantages 

for vection induced by radial, circular, and spiral optic flows // Journal of 

Vision �± 2016 �± Vol. 16 �± P.1-19. 

454. Patel S., Rao Z., Yang M., Yu C. Wearable Haptic Feedback Interfaces for 

Augmenting Human Touch // Advanced Functional Material. 2025. 2417906. 

DOI: 10.1002/adfm.202417906. 

455. Pan, X., & Hamilton, A. F. (2018). Why and how to use virtual reality to study 

human social interaction: The challenges of exploring a new research 

landscape. British Journal of Psychology, 109(3), 395-417. 



83 
 

456. Parsons, T. D. (2015). Virtual reality for enhanced ecological validity and 

experimental control in the clinical, affective and social neurosciences. 

Frontiers in Human Neuroscience, 9, 660. 

457. Paulus WM, Straube A, Brandt T. Visual stabilization of posture. Physiological 

stimulus characteristics and clinical aspects // Brain. 1984. Dec 107 (Pt 4): 

1143-63. DOI: 10.1093/brain/107.4.1143. 

458. Peek A. L., Miller C., Heneghan N. R. Thoracic manual therapy in the 

management of non-specific shoulder pain: a systematic review // Journal of 

Manual & Manipulative Therapy. 2015. Vol. 23(4). Pp. 176�±187. DOI: 

10.1179/2042618615Y.0000000003. 

459. Peng B, Yang L, Li Y, Liu T, Liu Y. Cervical Proprioception Impairment in 

Neck Pain-Pathophysiology, Clinical Evaluation, and Management: A 

Narrative Review // Pain Ther. 2021. Jun;10(1):143-164. DOI: 

10.1007/s40122-020-00230-z. 

460. Peterka R, Black F, Schoenhoff M., Optokinetic and vestibulo-ocular reflex 

responses to an unpredictable stimulus // Aviat Space Environ Med. �± 1987. �± 

Vol. 58(9 Pt 2). �± P.A180�±5. 

461. Peterka R.J. Sensorimotor integration in human postural control // Journal of 

�1�H�X�U�R�S�K�\�V�L�R�O�R�J�\���� ������������ �9�R�O�� �������� �‹������ �3�S�� ���������±1118. DOI: 

10.1152/jn.2002.88.3.1097. 

462. Peterka R.J., Black F.O. Age-related changes in human posture control: sensory 

organization tests // J Vestib Res. 1990. 1(1):73-85. PMID: 1670139. 

463. Peterka R.J., Loughlin P.J. Dynamic regulation of sensorimotor integration in 

human postural control // Journal of Neurophysiology. 2004. Jan; 91(1):410-

23. DOI: 10.1152/jn.00516.2003. 

464. Petrosini L., Troiani D., Manni, E., Convergence of afferent impulses from 

individual semicircular canals on pontine reticular units // Arch. Ital. Biol. �± 

1975 - Vol. 113 �± P.63-78. 



84 
 

465. Pitzalis, S., Sereno, M. I., Committeri, G., Fattori, P., Galati, G., Patria, F., 

Human v6: the medial motion area. // Cerebral Cortex �± 2010 �±Vol. 20 �± P.411�±

424. 

466. Post, R. B., Circular vection is independent of stimulus eccentricity // 

Perception �± 1988 �± Vol.17 �± P.737�±744. 

467. Precht, W. The functiianal synaptology of brainstem oculomotor pathways // 

In: Control of gaze by brain stem neurons. Baker R. and Berthoz A. eds. 

Amsterdam-ILY., Elsevier Biomed. Press �± 1977 �± P.131-142. 

468. Presson, C. C., Montello, D. R., Updating after rotational and translational body 

movements: coordinate structure of perspective space // Perception �± 1994 �± 

Vol. 23 �± P.1447�±1455. 

469. Previc, F.H., Liotti, M., Blakemore, C., Beer, J., Fox, P., Functional imaging 

of brain areas involved in the processing of coherent and incoherent wide field-

of-view visual motion. // Exp. Brain Res. �± 2003 �± Vol.131 �± P.393�±405. 

470. Prochazka A. Proprioceptive Feedback and Movement Regulation. // In 

Comprehensive Physiology, R. Terjung (Ed.). 2011. DOI: 

10.1002/cphy.cp120103. 

471. Prosperini L, Castelli L. Spotlight on postural control in patients with multiple 

sclerosis // Degener Neurol Neuromuscul Dis. 2018. Apr 3;8:25-34. DOI: 

10.2147/DNND.S135755. 

472. Prothero, J.D., The role of rest frames in vection, presence and motion sickness. 

// PhD thesis, University of Washington, USA �± 1998.  

473. �3�X�U�N�L�Q�M�H�����-���(�����1�H�X�H���%�H�L�W�U�l�J�H���]�X�U���.�H�Q�Q�W�Q�L�V�V���G�H�V���6�H�K�H�Q�V���L�Q���6�X�E�M�H�F�W�L�Y�H�U���+�L�Q�V�L�F�K�W��

// Reimer, Berlin �± 1825 �± P.109�±110. 

474. Pyykko, I., Schalen, L., Jantti, V., Magnusson, M., A reduction of vestibulo-

visual integration during transdermally administered scopolamine and 

dimenhydrinate. A presentation of gain control theory in motion sickness. // 

Acta Otolaryngol Suppl �± 1984 �± Vol. 406 �± P.167�±73. 

475. Rauschnabel P.A., Babin B.J, Claudia tom Dieck M., Krey N., Jung T. What is 

augmented reality marketing? Its definition, complexity, and future // Journal 



85 
 

of Business Research. 2022. Volume 142. Pp. 1140-1150. ISSN 0148-2963. 

DOI: 10.1016/j.jbusres.2021.12.084. 

476. Rayner, K. Eye movements in reading and information processing: 20 years of 

research. // Psychological Bulletin �± 1998 �± Vol. 124 �± P. 372�± 422. 

477. Rayner, K., Li, X., Williams, C. C., Cave, K. R., & Well, A. D. (2007). Eye 

movements during information processing tasks: Individual differences and 

cultural effects. Vision research, 47(21), 2714-2726. 

478. Reason, J.T., (1978). Motion sickness adaptation: a neural mis-match model. 

Journal of the Royal Society of Medicine, Vol. 71(11), P.819 �± 829. 

479. Regan, E., Price, K., Some side-effects of immersion virtual reality: the effects 

of increasing head movements, of rapid interaction, and of seating subjects // 

Army Personnel Research Establishment �± 1993 �± Vol. 93 �± P.22. 

480. Regnaux J.P., David D., Daniel O., Smail D.B., Combeaud M., Bussel B. 

Evidence for cognitive processes involved in the control of steady state of 

walking in healthy subjects and after cerebral damage // Neurorehabil Neural 

Repair. 2005. Jun;19(2):125-32. DOI: 10.1177/1545968305275612. 

481. Reymond, G., Droulez, J., Kemeny, A., Visuovestibular perception of self-

motion modeled as a dynamic optimization process // Biological Cybernetics �± 

2002 �± Vol. 87(4) �± P.301�±314. 

482. Riccio, G.E., Stoffregen, T.A., An ecological theory of motion sickness and 

postural instability // Ecological Psychology �± 1991 �± Vol. 3(3) �± P.195�±240. 

483. Riecke B., Schulte-�3�H�O�N�X�P�� �-���� �$�Y�U�D�D�P�L�G�H�V���� �0���1������ �%�•�O�W�K�R�I�I���� �+���+������ �(�Q�K�D�Q�F�L�Q�J��

the visually induced self-motion illusion (Vection) under natural viewing 

conditions in virtual reality // Proceedings of 7th workshop presence �± 2004 �± 

P.125�±132. 

484. Riecke, B. E. Compelling self-motion through virtual environments without 

actual self-motion �± using self-�P�R�W�L�R�Q�� �L�O�O�X�V�L�R�Q�V�� ���³�9�H�F�W�L�R�Q�´���� �W�R�� �L�P�S�U�R�Y�H�� �X�V�H�U��

experience in VR // in Virtual Reality, ed. J.-J. Kim �± 2011 �± P.149�±176 



86 
 

485. Riecke, B. E., Feuereissen, D., Rieser, J. J., McNamara, T. P., Self-motion 

illusions (vection) in vrare they good for anything? // In Virtual Reality Short 

Papers and Posters (VRW) �± 2012 �± P.35�±38.  

486. Riecke, B., Jordan J., Comparing the effectiveness of different displays in 

enhancing illusions of self-movement (vection) // Front. Psychol. �± 2015 �± Vol. 

6 �± P.713. 

487. Riecke, B., Schulte-�3�H�O�N�X�P�����-�������$�Y�U�D�D�P�L�G�H�V�����0���1�������+�H�\�G�H�����0�������%�•�O�W�K�R�I�I�����+���+������

Cognitive factors can influence self-motion perception (vection) in virtual 

reality. // ACM Trans Appl Percept (TAP) �± 2006 �± Vol. 3(3) �± P.194�±216. 

488. �5�L�H�F�N�H���� �%������ �9�l�O�M�D�P�l�H���� �$���� �6�F�K�X�O�W�H-Pelkum, J., Moving sounds enhance the 

visuallyinduced self-motion illusion (circular vection) in virtual reality // ACM 

Trans Appl Percept �± 2009 �± Vol. 6(2) �± P.1�±27. 

489. Riedel, E., S�W�H�S�K�D�Q�����7�������'�H�X�W�V�F�K�O�l�Q�G�H�U�����$�������.�D�O�O�D�����5�������:�L�H�V�P�D�Q�Q���0�������'�L�H�W�H�U�L�F�K����

M., Brandt, T., Imaging the visual autokinetic illusion with fMRI // 

NeuroImage �± 2005 �± Vol. 27(1) �± P.163-166, 

490. Rieser, J. J., Access to knowledge of spatial structure at novel points of 

observation // J. Exp. Psychol. Learn. Mem. Cogn �± 1989 �± Vol. 15 �± P.1157�±

1165.  

491. Riva G. Virtual Reality in Clinical Psychology // Comprehensive Clinical 

Psychology. 2022. Pp. 91�±105. DOI: 10.1016/B978-0-12-818697-8.00006-6. 

492. Rizzo A., Bouchard S. Virtual Reality for Psychological and Neurocognitive 

Interventions // Springer New York, NY. 2019. ISBN 978-1-4939-9480-9. 

DOI: 10.1007/978-1-4939-9482-3. 415 p. 

493. �5�R�G�U�L�J�X�H�V���)�����0�R�Q�W�H�L�U�R���$���0�����)�R�U�W�H���3�����0�R�U�R�X�o�R���3�����(�I�I�H�F�W�V���R�I���0�X�V�F�O�H���6�W�U�H�Q�J�W�K����

Agility, and Fear of Falling on Risk of Falling in Older Adults // Int J Environ 

Res Public Health. 2023. Mar 11;20(6):4945. DOI: 10.3390/ijerph20064945. 

494. Saraiva M., Paszkiel S., Vilas-Boas J.P., Castro M.A. Influence of Cognitive 

Task Difficulty in Postural Control and Hemodynamic Response in the 

Prefrontal Cortex during Static Postural Standing // Applied Sciences. 2022. 

12(13):6363. DOI: 10.3390/app12136363. 



87 
 

495. Sas C. Individual Differences in Virtual Environments // Conference: 

Computational Science - �,�&�&�6�� ������������ ���W�K�� �,�Q�W�H�U�Q�D�W�L�R�Q�D�O�� �&�R�Q�I�H�U�H�Q�F�H���� �.�U�D�N�y�Z����

Poland. 2004. Lecture Notes in Computer Science 3038. Pp. 1017-1024. DOI: 

10.1007/978-3-540-24688-6_131. 

496. Sasaki, K., Seno, T., Yamada, Y., Miura, K. Emotional sounds influence 

vertical vection // Perception �± 2012 �± Vol. 41 �± P.875�±877. 

497. Sanchez-Vives, M. V., & Slater, M. (2005). From presence to consciousness 

through virtual reality. Nature Reviews Neuroscience, 6(4), 332-339. 

498. Schlack, A., Hoffmann, K.P., Bremmer, F., Interaction of linear vestibular and 

visual stimulation in the macaque ventral intraparietal area (VIP) // European 

Journal of Neuroscience �± 2002 �± Vol. 16 �± P.1877-1886. 

499. �6�F�K�P�D�O�V�W�L�H�J�� �'������ �+�|�O�O�H�U�H�U�� �7���� �$�X�J�P�H�Q�W�H�G�� �5�H�D�O�L�W�\��- Principles and Practice // 

Addison-Wesley. 2016. ISBN: 978-0321883575. 528 p. 

500. Schubert T., Friedmann F., Regenbrecht H. The Experience of Presence: Factor 

Analytic Insights // Presence: Teleoperators and Virtual Environments. 2001. 

Vol. 10 (3). Pp. 266�±281. DOI: 10.1162/105474601300343603. 

501. Schulte-Pelkum, J., Riecke, B. E., An integrative approach to presence and self-

motion perception research. // In W. IJsselsteijn, J. Freeman, & F. Biocca 

(Eds.), Handbook of Presence �± 2007. 

502. Seno, T., Kawabe, T., Ito, H., Sunaga, S., Vection modulates emotional valence 

of autobiographical episodic memories // Cognition �± 2013 �± Vol. 126, Issue 1 

�± P.115-120. 

503. Seno, T., Palmisano, S., Hiroyuki, I., Independent modulation of motion and 

vection aftereffects revealed by using coherent oscillation and random jitter in 

optic flow // Vision Research �± 2011 �± Vol. 51, Issues 23�±24 �± P.2499-2508. 

504. Seno, T., Sawai, K., Kanaya, H., Wakebe, T., Ogawa, M., Fujii, Y., Palmisano, 

S., The Oscillating potential model of visually induced vection // i-Perception 

�± 2017 �± P.1-24. 

505. Seya, Y., Shinoda, H., Nakaura, Y. Up-down asymmetry in vertical vection // 

Vision Research �± 2015 �± Vol. 117 �± P.16�±24. 



88 
 

506. Seya, Y., Tsuji, T., Shinoda, H., Effect of depth order on linear vection with 

optical flows // i-Perception �± 2014 �± Vol.5 �± P.630�±640. 

507. Seya, Y., Yamaguchi, M., Shinoda, H., Single stimulus color can modulate 

vection // Frontiers in Psychology �± 2015 �± Vol. 6 �± P.1�±12.  

508. Shebilske, W.L. An ecological efference mediation theory of natural event 

perception // Issues in perception and action. Hillsdale �± 1985 �± P.183- 301.  

509. Shirai, N., Imura, T., Tamura, R., Seno, T. Stronger vection in junior high 

school children than in adults // Frontiers in Psychology �± 2014 �± Vol. 5 �± P. 

1�±6. 

510. Shirai, N., Seno, T., Morohashi, S., More rapid and stronger vection in 

elementary school children compared with adults // Perception �± 2012 �± Vol. 

41 �± P. 1399�±1402. 

511. Shumway-Cook A., Woollacott M.H. Motor Control: Translating Research 

into Clinical Practice // Abstracts of Seventh International Symposium on 

Osteoporosis: Translating Research into Clinical Practice. Osteoporos Int 18 

(Suppl 2). 2007. Pp. 193�±244. DOI: 10.1007/s00198-007-0358-4. 

512. Skavenski, A.A. Inflow as a source of extraretinal eye position information // 

Vision Res. �± 1972 �± Vol.12 �± P.221 �± 229. 

513. Slater M., Khanna P., Mortensen J., Yu I. Visual Realism Enhances Realistic 

Response in an Immersive Virtual Environment // IEEE computer graphics and 

applications. 2009. Vol. 29. Pp. 76-84. DOI: 10.1109/MCG.2009.55. 

514. Slater M., Lotto R., Arnold M., Sanchez-Vives M. How we experience 

immersive virtual environments: The concept of presence and its measurement 

// Anuario de Psicologia. 2009. 40 (2), 193�±

210. https://psycnet.apa.org/record/2009-24379-003 ���^�Z�l�Z�� �h�[�j�Z�s�_�g�b�y��

12.04.2025) 

515. Slater M., Wilbur S. A Framework for Immersive Virtual Environments 

(FIVE): Speculations on the Role of Presence in Virtual Environments // 

Presence: Teleoperators and Virtual Environments. 1997. Vol. 6 (6): 603�±616. 

DOI: 10.1162/pres.1997.6.6.603. 

https://psycnet.apa.org/record/2009-24379-003


89 
 

516. Slater, M., Steed, A., McCarthy, J., Maringelli, F., The influence of body 

movement on subjective presence in virtual environments // Human Factors �± 

1998 �± Vol. 40(3) �± P.469�±477. 

517. Slobounov, S., Teel, E., Newell, K., Modulation of cortical activity in response 

to visually induced postural perturbation: Combined VR and EEG study // 

Neuroscience Letters �± 2003 �± Vol. 547 �± P.6-9. 

518. Smith, A. T., Wall, M. B., and Thilo, K. V. Vestibular inputs to human motion-

sensitive visual cortex // Cereb. Cortex �± 2012 �± Vol.22 �± P.1068�±1077. 

519. Spectrum Analyzer https://academo.org/demos/spectrum-analyzer/ ���^�Z�l�Z��

�h�[�j�Z�s�_�g�b�y�������������������������� 

520. Spiegel, E.A. Role of vestibular nuclei in the cortical irmervation of the eye 

muscles. // Arch. H'eurol.Psychiatr. �± 1933 �± Vol. 29 �± P.I084-I097. 

521. Spielberger, C.D., Manual for the State-Trait Anxiety Inventory, (Form Y) 

(Self- Evaluation Questionnaire) // Consulting Psychologist Press, Palo Alto �± 

1983. 

522. Stanney, K.M., Hash, P., Locus of user-initiated control in virtual 

environments: influences on cybersickness // Presence: Teleoperators in Virtual 

Environments �± 1998 �± Vol. 7 �± P. 447�±459. 

523. Stellefson M., Chaney J.D., Chaney B.H., Paige S.R. Exploring the Role of 

Social Media in Health Promotion // International Journal of Environmental 

Research and Public Health. 2020. Special Issue. ISBN 978-3-03936-329-2. 

DOI: 10.3390/books978-3-03936-329-2. 178 p. 

524. �6�W�H�Q�V�G�R�W�W�H�U���$���.�������/�R�U�n�V���+�������)�O�¡�Y�L�J���-�������'�M�X�S�V�M�|�E�D�F�N�D���0�����3�R�V�W�X�U�D�O���F�R�Q�W�U�R�O���L�Q���T�X�L�H�W��

standing in patients with psychotic disorders // Gait & posture. 2013. Vol. 38. 

DOI: 10.1016/j.gaitpost.2013.04.017. 

525. Stern, R., Hu S., Anderson, R., Leibowitz, H., Koch, K., The effects of fixation 

and restricted visual field on vection-induced motion sickness // Aviation Space 

and Environmental Medicine �± 1998 �± Vol. 61 �± P.712�±715. 

https://academo.org/demos/spectrum-analyzer/


90 
 

526. Steuer J. Defining Virtual Reality: Dimensions Determining Telepresence // 

Journal of Communication. 2000. Vol. 42(4). DOI: 10.1111/j.1460-

2466.1992.tb00812.x. 

527. Straka H., Zwergal A., Cullen K.E. Vestibular animal models: contributions to 

understanding physiology and disease // J Neurol. 2016. Apr;263 Suppl 1:S10-

23. DOI: 10.1007/s00415-015-7909-y. 

528. Strange, B. A., Witter, M. P., Lein, E. S., Moser, E. I., Functional organization 

of the hippocampal longitudinal axis // Nature Reviews Neuroscience �± 2014 �± 

Vol. 15(10) �± P.655-669. 

529. Sugiura, M., Sassa, Y., Jeong, H., Miura, N., Akitsuki, Y., Horie, K., Sato, S., 

Kawashima, R., Multiple brain networks for visual self-recognition with 

different sen-sitivity for motion and body part // Neuroimage �± 2006 �± Vol. 32 

�± P.1905�±1917. 

530. �7�D�L�W���3�������*�U�D�K�D�P���/�������9�L�W�R�U�L�R���5�������:�D�W�H�U�P�H�\�H�U���7�������7�L�P�P���(���&�������2�¶�.�H�H�I�H���-�������6�W�X�D�U�W��

S., Morris R. Neuroimaging and cognitive correlates of postural control in 

�3�D�U�N�L�Q�V�R�Q�¶�V�� �G�L�V�H�D�V�H���� �D�� �V�\�V�W�H�P�D�W�L�F�� �U�H�Y�L�H�Z�� ������ �-�� �1�H�X�U�R�H�Q�J�� �5�H�K�D�E�L�O����2025. 

8;22(1):24. DOI: 10.1186/s12984-024-01539-y. 

531. Tanahashi, S., Ujike, H., Ukai, K. Visual rotation axis and body position 

relative to the gravitational direction: Effects on circular vection // i-Perception 

�± 2012 �± Vol. 3 �± P.804�±819. 

532. Tanaka, N., Takagi, H., Virtual reality environment design of managing both 

presence and virtual reality sickness. // Journal of physiological anthropology 

and applied human science �± 2004 �± Vol. 23(6) �± P. 313-317. 

533. Taoka, M., Toda, T., Iwamura, Y., Representation of the midline trunk, 

bilateralarms, and shoulders in the monkey postcentral somatosensory cortex. 

// Exp. BrainRes �± 1998 �± Vol. 123 �± P.315�±322. 

534. Tarita-�1�L�V�W�R�U�����/�������*�R�Q�]�D�•���O�H�]�����(�����*�������0�D�U�N�R�Z�L�W�]�����6�����1�������/�L�O�O�D�N�D�V�����/�������6�W�H�L�Q�E�D�F�K����

M. J., Increased role of peripheral vision in self-induced motion in patients with 

age-related macular degeneration // Investigative Ophthalmology & Visual 

Science �± 2008 �± Vol. 49 �± P.3253�±3258. 



91 
 

535. Telban, R. J., Cardullo, F. M., An integrated model of human motion perception 

with visual-vestibular interaction. // In AIAA Modeling and Simulation 

Technologies Conference and Exhibit �± 2001 �± P. 1�±11. 

536. Telford, L., Frost, B. J., Factors affecting the onset and magnitude of linear 

vection // Perception & Psychophysics �± 1993 �± Vol. 53 �± P.682�±692. 

537. Telford, L., Spratley, J., Frost, B. J. Linear vection in the central visual field 

facilitated by kinetic depth cues // Perception �± 1992 �± Vol. 21 �± P.337�±349. 

538. Thilo, K.V., Kleinschmidt, A., Gresty, M.A. Perception of self-motion from 

peripheral optokinetic stimulation suppresses visual evoked responses to 

central stimuli // J. Neurophysiol �± 2003 �± Vol. 90 �± P.723�±730. 

539. Thurrell, A., Bronstein, A., Vection increases the magnitude and accuracy of 

visually evoked postural responses // Experimental Brain Research �± 2002 - 

Vol. 147(4) �± P.558-560. 

540. Tokumaru, O., Kaida, K., Ashida, H., Yoneda, I., Tatsuno, J. EEG 

topographical analysis of spatial disorientation. // Aviat. Space Environ. Med. 

�± 1999 �± Vol. 70 �± P. 256�±263. 

541. Tongar S.S., Yazici-Mutlu C. How virtual reality is impacting balance: An 

examination of postural stability // Journal of Bodywork and Movement 

Therapies. 2024. Volume 38. Pp. 81-85. ISSN 1360-8592. DOI: 

10.1016/j.jbmt.2024.01.034. 

542. Treisman, M., Motion sickness: an evolutionary hypothesis // Science �± 1977 

�± Vol. 197 �± P. 493�±495. 

543. Trutoiu, L., Mohler, B., Schulte-Pelkum, J., Bulthoff, H., Circular, linear, and 

curvilinear vection in a large-screen virtual environment with floor projection 

// Computers & Graphics �± 2009 �± Vol. 33 �± P. 47�±58. 

544. Tu�U�X�Q�H�Q���.���0�������7�L�U�N�N�R�Q�H�Q���$�������6�D�Y�L�N�D�Q�J�D�V���7�������+�l�Q�Q�L�Q�H�Q���7�������$�O�H�Q���0�������)�L�H�O�G�L�Q�J��

�5���$�������.�L�Y�L�S�H�O�W�R���0�������6�W�L�J�V�G�R�W�W�H�U���1�H�H�O�\���$�����7�|�U�P�l�N�D�Q�J�D�V���7�������6�L�S�L�O�l���6�����(�I�I�H�F�W�V���R�I��

Physical and Cognitive Training on Falls and Concern About Falling in Older 

Adults: Results From a Randomized Controlled Trial // J Gerontol A Biol Sci 

Med Sci. 2022. 5;77(7):1430-1437. DOI: 10.1093/gerona/glab375. 



92 
 

545. Uddin, L.Q., Kaplan, J.T., Molnar-Szakacs, I., Zaidel, E., Iacoboni, M., Self-

facerecognition activates a frontoparietal mirror network in the right 

hemisphere: an event-related fMRI study // Neuroimage �± 2005 �± Vol. 25 �± P. 

926�±935. 

546. Ungerleider, L. G., Mishkin, M., Two cortical visual systems. // In M. A. Ingle, 

M. A. Goodale, & J. W. Mansfield (Eds.), Analysis of visual behavior. 

Cambridge: The MIT Press �± 1982. 

547. Unity User Manual 2022.3 (LTS) (�^�Z�l�Z �h�[�j�Z�s�_�g�b�y: 

12.04.2025) https://docs.unity3d.com/Manual/index.html 

548. �9�l�O�M�D�P�l�H�����$�������/�D�U�V�V�R�Q�����3�������9�l�V�W�I�M�l�O�O�����'�������.�O�H�L�Q�H�U�����0�������6�R�Q�L�F���V�Hlf -avatar and self-

motion in virtual environments. // In Proceedings of the 8th Annual Workshop 

of Presence, London, England �± 2005. 

549. van der Hoorn, A., Beudel, M., DeJong, B.M., Interruption of visually 

perceived forward motion in depth evokes a cortical activation shift from 

spatial to intentional motor regions. // Brain Research. �± 2010 �± Vol. 1358 �± 

P.160�±171 

550. van der Steen, F., Self-motion perception. // Ph.D. thesis, Delft University of 

Technology �± 1998. 

551. Villard, S.J., Flanagan, M.B., Albanese, G.M., Stoffregen, T.A., Postural 

instability and motion sickness in a virtual moving room. // Human Factors �± 

2009 �± Vol.50 (2) �± P. 332�±345. 

552. Virk S., McConville K. Virtual Reality Applications in Improving Postural 

Control and Minimizing Falls. Conference proceedings: ... Annual 

International Conference of the IEEE Engineering in Medicine and Biology 

Society // IEEE Engineering in Medicine and Biology Society. Conference. 

2006. Vol. 1. Pp. 2694-2697. DOI: 10.1109/IEMBS.2006.260751. 

553. Virtual People (2021) course 

syllabus https://vhil.stanford.edu/downloads/comm166 (�^�Z�l�Z �h�[�j�Z�s�_�g�b�y 

13.03.2025) 

https://docs.unity3d.com/Manual/index.html
https://vhil.stanford.edu/downloads/comm166


93 
 

554. von der Heyde, M., Riecke, B. E., Embedding presence-related terminology in 

a logical and functional model // Proceedings of Fifth Annual Workshop 

Presented at the Presence, Porto. �± 2002. �± P.37�±52.  

555. Wada, A., Sakano, Y., Ando, H. Differential Responses to a Visual Self-Motion 

Signal in Human Medial Cortical Regions Revealed by Wide-View Stimulation 

// Frontiers in psychology. �± 2016. �± Vol. 7 �± P.43-51. 

556. Waespe W., Henn, V. Thresholds for optokinetic and vestibular stimulation in 

neurons of the vestibular nuclei of alert monkeys // Pflugers Arch. Ges. 

Physiol., Suppl. �± 1977 �± Vol. 386 �± P.45. 

557. Wall, M. B., Smith, A. T. The representation of egomotion in the human brain 

// Curr. Biol. �± 2008 �± Vol. 18 �± P.191�±194. 

558. Wang J., Shi R., Zheng W., Xie W., Kao D., Liang H-N. Effect of Frame Rate 

on User Experience, Performance, and Simulator Sickness in Virtual Reality // 

IEEE Transactions on Visualization and Computer Graphics. 2023. Pp. 1-11. 

DOI: 10.1109/TVCG.2023.3247057. 

559. Wang, R. F., Beyond imagination: perspective change problems revisited. // 

�3�V�L�F�R�O�y�J�L�F�D���± 2005 �± Vol.26 �± P.25�±38. 

560. Warren, W., The dynamics of perception and action // Psychophysiological 

Review �± 2006 �± Vol. 113(2) �± P.113-124. 

561. Warwick-Evans, L., Symons, N., Fitch, T., Burrows, L., Evaluating sensory 

conflict and postural instability theories of motion sickness // Brain Research 

Bulletin �± 2015 �± Vol. 47 - Issue 5 �± P. 465-469. 

562. Watson, S. J., Akil, H., Fischli, W., Goldstein, A., Zimmerman, E., Nilaver, 

G., van Wimersma Griedanus, T. B., Dynorphin and vasopressin: common 

localization in magnocellular neurons // Science �± 1982 �± Vol. 216 (4541) �± P. 

85-87. 

563. Wertheim, A. H., Motion perception during self-motion - the direct versus 

inferential controversy revisited // Behavioral and Brain Sciences �± 1994 �± Vol. 

17(2) �± P.293�±311. 



94 
 

564. Wilkie R., Wann J. The Role of Visual and Nonvisual Information in the 

Control of Locomotion // Journal of experimental psychology. Human 

perception and performance. 2005. 31. 901-11. DOI: 10.1037/0096-

1523.31.5.901. 

565. Wolfe, J.W. Evidence for control of nystagmic habituation by foliumtuber 

vermis and fastigial nuclei // Acta Otolaryngol, Stockh. �± 1968 �± Vol. 231 �± P. 

1�±48. 

566. Wong, S. C. P., Frost, B. J., The effect of visual-vestibular conflict on the 

latency of steady-state visually induced subjective rotation // Perception & 

Psychophysics �± 1981 �± Vol.30(3) �± P.228�±236. 

567. Woo J. S., Derleth C., Stratton J.R., Levy W.C. The Influence of Age, Gender, 

and Training on Exercise Efficiency // Journal of the American College of 

Cardiology. 2006. Volume 47, Issue 5. Pp. 1049-1057. ISSN 0735-1097. DOI: 

10.1016/j.jacc.2005.09.066. 

568. Woollacott M.H., Shumway-Cook A. Attention and the control of posture and 

gait: a review of an emerging area of research // Gait & Posture. 2002. Vol 16, 

�‹�������3�S��1�±14. DOI: 10.1016/S0966-6362(01)00156-4. 

569. Yarbus, A. L., Eye movements and vision. New York: Plenum Press �± 1967. 

570. Yates B., Miller A., Lucot J., Physiological basis and pharmacology of motion 

sickness, an update // Brain Res. Bull �± 1998 �± Vol. 47 �± P. 395�±406. 

571. Yildirim M., Globa A., Gocer O., Brambilla A. Digital smell technologies for 

the built environment: Evaluating human responses to multisensory stimuli in 

immersive virtual reality // Building and Environment. 2025. Volume 271. 

ISSN 0360-1323. DOI: 10.1016/j.buildenv.2025.112608. 

572. Yogev-Seligmann G., Hausdorff J.M., Giladi N. The role of executive 

function and attention in gait // Movement Disorders. 2008. Feb 15; 23(3):329-

42; quiz 472. DOI: 10.1002/mds.21720. 

573. Zacharias, G. L., Young, L. R., Influence of combined visual and vestibular 

cues on human perception and control of horizontal rotation // Experimental 

Brain Research �± 1981 �± Vol. 41 �± P.159�±171. 



95 
 

574. Zeki, S.M., Functional organization of a visual area in the posterior bank of 

the superior temporal sulcus of the rhesus monkey // J. Physiol. �± 1974 �± Vol. 

236 �± P. 549 �± 573. 

575. Zhou F., Duh H., Billinghurst M. Trends in Augmented Reality Tracking, 

Interaction and Display: A Review of Ten Years of ISMAR // 7th IEEE/ACM 

International Symposium on Mixed and Augmented Reality. 2008. Pp. 193-

202. DOI: 10.1109/ISMAR.2008.4637362. 

576. Zimbardo P.G., Boyd J.N. Putting time in perspective: A valid, reliable 

individual-differences metric // Journal of Personality and Social Psychology. 

1999. Vol. 77. N 6. P. 1271�±1288. DOI: 10.1037/0022-3514.77.6.1271. 

577. Zuckerman M. Behavioral expressions and biosocial bases of sensation 

seeking. New York: Cambridge University Press, 1994. 

578. Zuckerman M. Sensation seeking: Beyond the optimal level of arousal. 

Hillsdale, NJ: Erlbaum, 1979. 

579. Zuckerman M., Kuhlman D.M., Joireman J., Teta P., Kraft M. A comparison 

of three structural models for personality: The big three, the big five, and the 

alternative five // Journal of Personality and Social Psychology. 1993. Vol. 65. 

N 4. P. 757�±768. DOI: 10.1037/0022-3514.65.4.757. 

580. Zuckerman M., Kuhlman D.M., Thornquist M., Kiers H. Five (or three) robust 

questionnaire scale factors of personality without culture // Personality and 

Individual Differences. 1991. Vol. 12. N 9. P. 929�±941. DOI: 10.1016/0191-

8869(91)90182-B. 

581. Zuckerman M., Link K. Construct validity for the sensation-seeking scale // 

Journal of Consulting and Clinical Psychology. 1968. Vol. 32. N 4. P. 420�±

426. DOI: 10.1037/h0026047. 

582. Zuckerman M., Neeb M. Sensation seeking and psychopathology // Psychiatry 

Research. 1979. Vol. 1. N 3. P. 255�±264. DOI: 10.1016/0165-1781(79)90007-

6. 

583. Zuckerman M., Schultz D.P., Hopkins T.R. Sensation seeking and 

volunteering for sensory deprivation and hypnosis experiments // Journal of 



96 
 

Consulting Psychology. 1967. Vol. 31. N 4. P. 358�±363. DOI: 

10.1037/h0024982. 

584. Zuckerman M., Simons R.F., Como P.G. Sensation seeking and stimulus 

intensity as modulators of cortical, cardiovascular, and electrodermal response: 

A cross-modality study // Personality and Individual Differences. 1988. Vol. 9. 

N 2. P. 361�±372. DOI: 10.1016/0191-8869(88)90096-1. 

585. Zuckerman M., Synder M. The relationship between sensation seeking and 

psychopathy // Personality and Individual Differences. 1988. Vol. 9. N 3. P. 

603�±607. DOI: 10.1016/0191-8869(88)90058-4. 

586. Zuckerman M., Tushup R., Finner S. Sexual attitudes and experience: Attitude 

and personality correlates and changes produced by a course in sexuality // 

Journal of Consulting and Clinical Psychology. 1976. Vol. 44. N 1. P. 7�±19. 

DOI: 10.1037/0022-006X.44.1.7. 

587. Zuckerman M., Ulrich R.S., McLaughlin J. Sensation seeking and reactions 

to nature paintings // Personality and Individual Differences. 1993. Vol. 15. N 

5. P. 563�±576. DOI: 10.1016/0191-8869(93)90336-9. 

588. Zuckerman M., Weiss A., McFarland M. Sensation seeking and the volunteer 

subject // Journal of Consulting and Clinical Psychology 

589. Zupan, L., Merfeld, D., Darlot, C., Using sensory weighting to model the 

influence of canal, otolith and visual cues on spatial orientation and eye 

movements // Biological Cybernetics �± 2002 �± Vol.86(3) �± P.209�±230. 

 

 

 

 

 

 

 



97 
 

�I�j�b�e�h�`�_�g�b�_���������J�_�a�m�e�v�l�Z�l�u���a�Z�i�h�e�g�_�g�b�y���h�i�j�h�k�g�b�d�Z���©�K�b�f�m�e�y�l�h�j�g�h�_��
�j�Z�k�k�l�j�h�c�k�l�\�h�ª 

�¦�(���,���-�/�&���A 
���,�1�*�*�� 1        

�¿�(�!�������/���#�= 
���(��

�(�*�<�/�� 
30 

���#�����( 
30 

���*�,�����( 
45 

���#�����( 
45 

���*�,�����( 
60 

���#�����( 
60 

���*�,�����( 
�½�
�:������

���/�(�� 
�¥�(�#�=�������������(�/�� 0 0 0 0 0 1 1 2 
�§�(�#�(���&���A���
�(�#�= 2 2 2 4 3 4 3 20 

�§�(�#�(���(�!�,�1�����&������
�*�,���������!�,�<�/�<�5��
���#�������5 2 3 1 3 3 3 3 18 

�§�(�#�(���(�!�,�1�����&������
�*�,�����(�/�!�,�<�/�<�5��
���#�������5 2 2 2 4 6 6 6 28 

�¯�,���&������
�,���-�*�#�<�������/�-�A 2 3 3 8 5 10 11 42 
�»���*�,�A�����&������
���#���� 5 8 4 11 10 13 10 61 
�½�/�,�<���!�� 0 0 0 0 0 0 0 0 

�½�:�1�:���&������
�—���,���:���&���A�—��
�(�!�,�1�����@�:�����(��
�%���,�� 1 7 6 11 9 12 11 57 
�½�:�1�:���&������
�—�/�A�����-�/���—��
���(�#�(���< 3 3 2 7 5 8 6 34 

�¿�(���<�9���&�&�(����
�-�#�@�&�(�(�/�����#���&���� 4 4 3 2 2 4 4 23 
�¿�(�/�#�����(�-�/�= 6 4 6 6 7 7 7 43 

�Á�#�(���&�(�-�/�=��
�!�(�&�6���&�/�,���6���� 4 5 4 10 7 10 9 49 

�Á�#�(���&�(�-�/�=��
�4�(�!�1�-���,�(���!�� 2 5 2 10 10 11 13 53 
�Ã�(�9�&�(�/�� 1 1 1 4 3 4 4 18 
�Ä�/�(�%�#���&���� 9 10 9 11 12 11 11 73 

�Ë�1���-�/���(��
�����-�!�(�%�4�(�,�/�� 4 2 2 5 5 9 9 36 
�½�
�:���������/�(�� 47 59 47 96 87 113 108 557 

 

 

 

  



98 
 

 

�¦�(���,���-�/�&���A 
���,�1�*�*�� 2        

�¿�(�!�������/���#�= 
���(��

�(�*�<�/�� 
30 

���#�����( 
30 

���*�,�����( 
45 

���#�����( 
45 

���*�,�����( 
60 

���#�����( 
60 

���*�,�����( 
�½�
�:������

���/�(�� 
�¥�(�#�=�������������(�/�� 1 1 1 1 1 1 1 7 
�§�(�#�(���&���A���
�(�#�= 4 5 3 5 5 7 4 33 

�§�(�#�(���(�!�,�1�����&������
�*�,���������!�,�<�/�<�5��
���#�������5 2 3 2 6 4 7 7 31 

�§�(�#�(���(�!�,�1�����&������
�*�,�����(�/�!�,�<�/�<�5��
���#�������5 0 2 3 6 1 8 6 26 

�¯�,���&������
�,���-�*�#�<�������/�-�A 1 1 3 3 2 4 4 18 
�»���*�,�A�����&������
���#���� 8 11 11 9 12 11 10 72 
�½�/�,�<���!�� 0 1 0 1 0 1 2 5 

�½�:�1�:���&������
�—���,���:���&���A�—��
�(�!�,�1�����@�:�����(��
�%���,�� 0 2 3 5 3 7 6 26 
�½�:�1�:���&������
�—�/�A�����-�/���—��
���(�#�(���< 6 10 7 7 6 8 8 52 

�¿�(���<�9���&�&�(����
�-�#�@�&�(�(�/�����#���&���� 0 0 2 1 1 2 1 7 
�¿�(�/�#�����(�-�/�= 3 4 2 5 5 6 7 32 

�Á�#�(���&�(�-�/�=��
�!�(�&�6���&�/�,���6���� 4 6 7 3 8 8 6 42 

�Á�#�(���&�(�-�/�=��
�4�(�!�1�-���,�(���!�� 4 3 6 3 5 5 7 33 
�Ã�(�9�&�(�/�� 0 2 2 2 2 2 5 15 
�Ä�/�(�%�#���&���� 12 12 10 9 12 17 10 82 

�Ë�1���-�/���(��
�����-�!�(�%�4�(�,�/�� 3 6 8 7 6 6 10 46 
�½�
�:���������/�(�� 48 69 70 73 73 100 94 527 

 

 

 

 

 

 



99 
 

 

�¦�(���,���-�/�&���A 
���,�1�*�*�� 3        

�¿�(�!�������/���#�= 
���(��

�(�*�<�/�� 
30 

���#�����( 
30 

���*�,�����( 
45 

���#�����( 
45 

���*�,�����( 
60 

���#�����( 
60 

���*�,�����( 
�½�
�:������

���/�(�� 
�¥�(�#�=�������������(�/�� 0 0 0 0 0 1 0 1 
�§�(�#�(���&���A���
�(�#�= 2 1 1 0 0 0 0 4 

�§�(�#�(���(�!�,�1�����&������
�*�,���������!�,�<�/�<�5��
���#�������5 1 3 3 3 3 3 3 19 

�§�(�#�(���(�!�,�1�����&������
�*�,�����(�/�!�,�<�/�<�5��
���#�������5 0 3 1 6 4 4 4 22 

�¯�,���&������
�,���-�*�#�<�������/�-�A 3 2 3 4 3 3 3 21 
�»���*�,�A�����&������
���#���� 4 2 2 2 1 4 4 19 
�½�/�,�<���!�� 0 0 0 0 0 0 0 0 

�½�:�1�:���&������
�—���,���:���&���A�—��
�(�!�,�1�����@�:�����(��
�%���,�� 0 2 1 5 2 5 4 19 
�½�:�1�:���&������
�—�/�A�����-�/���—��
���(�#�(���< 1 1 2 1 1 2 1 9 

�¿�(���<�9���&�&�(����
�-�#�@�&�(�(�/�����#���&���� 0 0 0 1 1 1 1 4 
�¿�(�/�#�����(�-�/�= 0 1 1 2 1 2 2 9 

�Á�#�(���&�(�-�/�=��
�!�(�&�6���&�/�,���6���� 1 1 0 3 1 2 3 11 

�Á�#�(���&�(�-�/�=��
�4�(�!�1�-���,�(���!�� 2 3 3 3 3 3 4 21 
�Ã�(�9�&�(�/�� 0 0 0 0 0 3 1 4 
�Ä�/�(�%�#���&���� 3 2 2 2 2 2 2 15 

�Ë�1���-�/���(��
�����-�!�(�%�4�(�,�/�� 0 1 2 1 1 3 2 10 
�½�
�:���������/�(�� 17 22 21 33 23 38 34 188 

 

 



�¿�,���#�(�����&�������î�X���¥�#���&�!���(�*�,�(�-�&���!�� SSQ. 

�¥���#�#���(�/���ì�����(��3: 0 - �&�����(�:�1�:���@�V���í��- �&�����&���8���/���#�=�&�(�V���î��- �1�%���,���&�&�(�V���ï��- �(�:�1�:���@���-���#�=�&�(�� 
  Nausea Oculomotor Desorientation 

�Ë�1���-�/���(�������-�!�(�%�4�(�,�/�� �5 �5  
�Ä�/�(�%�#���&����  �5  
�§�(�#�(���&���A���
�(�#�=  �5  
�»���*�,�A�����&���������#����  �5  
�Á�#�(���&�(�-�/�=���4�(�!�1�-���,�(���!��  �5 �5 
�¿�(���<�9���&�������-�#�@�&�(�(�/�����#���&���A �5   
�¿�(�/�#�����(�-�/�= �5   
�Ã�(�9�&�(�/�� �5  �5 
�Á�#�(���&�(�-�/�=���!�(�&�6���&�/�,���6���� �5 �5  
�½�:�1�:���&�������h�/�A�����-�/�������(�#�(���<�i   �5 
�¯�,���&�������,���-�*�#�<�������/�-�A  �5 �5 

�§�(�#�(���(�!�,�1�����&�������*�,�����(�/�!�,�<�/�<�5�����#�������5 
  �5 

�§�(�#�(���(�!�,�1�����&�������*�,���������!�,�<�/�<�5�����#�������5 
  �5 

�½�:�1�:���&���������,���:���&���A���(�!�,�1�����@�:�����(���%���,�� 
  �5 

�¥�(�#�=�������������(�/�� �5   
�½�/�,�<���!�� �5   
    
    
Nausea 7   
Oculomotor 7   
Desorientation 7   

 

 

 

 

 

 
 

 

 

 

 



101 
 

�I�j�b�e�h�`�_�g�b�_���������J�_�a�m�e�v�l�Z�l�u��SSQ �i�h���n�Z�d�l�h�j�Z�f 
�x  
�x �Ã�(�9�&�(�/�����~Nausea) 

Nausea ����       
�Á�*�(�,�/ �&���/       
�¿�(�# ��        
        

�¦�(���,���-�/ 
���(��

�(�*�<�/�� 
30 

���#�����( 
30 

���*�,�����( 
45 

���#�����( 
45 

���*�,�����( 
60 

���#�����( 
60 

���*�,�����( 
1 5 5 5 8 9 13 10 
2 4 8 7 3 5 7 8 
3 1 1 0 4 3 10 7 
�½�
�:���������/�(�� 10 14 12 15 17 30 25 

        
Nausea ����       
�Á�*�(�,�/ �&���/       
�¿�(�# �%       
        

�¦�(���,���-�/ 
���(��

�(�*�<�/�� 
30 

���#�����( 
30 

���*�,�����( 
45 

���#�����( 
45 

���*�,�����( 
60 

���#�����( 
60 

���*�,�����( 
1 3 1 1 0 2 2 2 
2 3 6 6 6 6 6 4 
�½�
�:���������/�(�� 6 7 7 6 8 8 6 

 

Nausea ����       
�Á�*�(�,�/ ����       
�¿�(�# ��        
        

�¦�(���,���-�/ 
���(��

�(�*�<�/�� 
30 

���#�����( 
30 

���*�,�����( 
45 

���#�����( 
45 

���*�,�����( 
60 

���#�����( 
60 

���*�,�����( 
1 7 6 7 9 7 6 13 
2 3 2 4 5 3 6 10 
3 0 0 0 0 0 0 0 
�½�
�:���������/�(�� 10 8 11 14 10 12 23 

        
Nausea ����       
�Á�*�(�,�/ ����       
�¿�(�# �%       
        

�¦�(���,���-�/ 
���(��

�(�*�<�/�� 
30 

���#�����( 
30 

���*�,�����( 
45 

���#�����( 
45 

���*�,�����( 
60 

���#�����( 
60 

���*�,�����( 
1 4 4 3 10 6 14 9 
2 1 4 5 6 9 7 10 
3 0 2 3 3 1 2 2 
�½�
�:���������/�(�� 5 10 11 19 16 23 21 



102 
 

�x �§�#�����(�����������/���#�=�&���A�����!�/�����&�(�-�/�=���~Oculomotor) 

Oculomotor 1       
�Á�*�(�,�/ �»���/       
�¿�(�# �®       
        

�¦�(���,���-�/�&���A�����,�1�*�*�� ���(���(�*�<�/�� 
30 

���#�����( 
30 

���*�,�����( 
45 

���#�����( 
45 

���*�,�����( 
60 

���#�����( 
60 

���*�,�����( 
1 7 8 8 18 17 24 22 
2 13 19 19 11 16 18 15 
3 13 9 7 11 9 16 16 

�½�
�:���������/�(�� 33 36 34 40 42 58 53 

        
Oculomotor 1       
�Á�*�(�,�/ �»���/       
�¿�(�# �º        
        

�¦�(���,���-�/�&���A�����,�1�*�*�� ���(���(�*�<�/�� 
30 

���#�����( 
30 

���*�,�����( 
45 

���#�����( 
45 

���*�,�����( 
60 

���#�����( 
60 

���*�,�����( 
1 3 0 0 0 0 0 0 
2 12 7 6 9 6 9 8 

�½�
�:���������/�(�� 15 7 6 9 6 9 8 

 

Oculomotor 1       
�Á�*�(�,�/ ����       
�¿�(�# ��        
        

�¦�(���,���-�/�&���A�����,�1�*�*�� 
���(��

�(�*�<�/�� 
30 

���#�����( 
30 

���*�,�����( 
45 

���#�����( 
45 

���*�,�����( 
60 

���#�����( 
60 

���*�,�����( 
1 8 8 5 17 15 11 22 
2 9 11 11 10 10 15 14 
3 1 0 0 1 0 0 0 

�½�
�:���������/�(�� 18 19 16 28 25 26 36 
 
        
Oculomotor 1       
�Á�*�(�,�/ ����       
�¿�(�# �%       
        

�¦�(���,���-�/�&���A�����,�1�*�*�� 
���(��

�(�*�<�/�� 
30 

���#�����( 
30 

���*�,�����( 
45 

���#�����( 
45 

���*�,�����( 
60 

���#�����( 
60 

���*�,�����( 
1 10 19 13 24 20 33 22 
2 2 7 12 9 18 16 14 
3 1 3 6 3 2 1 2 

�½�
�:���������/�(�� 13 29 31 36 40 50 38 
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�x �ª�����(�,�����&�/���6���A���~Desorientation) 

Desorientation ����       
�Á�*�(�,�/ �&���/       
�¿�(�# ��        
        

�¦�(���,���-�/�&���A�����,�1�*�*�� 
���(��

�(�*�<�/�� 
30 

���#�����( 
30 

���*�,�����( 
45 

���#�����( 
45 

���*�,�����( 
60 

���#�����( 
60 

���*�,�����( 
1 3 7 7 18 20 24 23 
2 3 10 13 9 5 18 19 
3 7 10 7 13 11 20 17 

�½�
�:���������/�(�� 13 27 27 40 36 62 59 

        
Desorientation ����       
�Á�*�(�,�/ �&���/       
�¿�(�# �%       
        

�¦�(���,���-�/�&���A�����,�1�*�*�� 
���(��

�(�*�<�/�� 
30 

���#�����( 
30 

���*�,�����( 
45 

���#�����( 
45 

���*�,�����( 
60 

���#�����( 
60 

���*�,�����( 
1 1 0 0 0 1 0 0 
2 3 1 1 3 2 4 3 

�½�
�:���������/�(�� 4 1 1 3 3 4 3 

 

Desorientation ����       
�Á�*�(�,�/ ����       
�¿�(�# ��        
        
        

�¦�(���,���-�/�&���A�����,�1�*�*�� 
���(��

�(�*�<�/�� 
30 
���#�����( 

30 
���*�,�����( 

45 
���#�����( 

45 
���*�,�����( 

60 
���#�����( 

60 
���*�,�����( 

1 5 5 3 10 9 8 17 
2 6 7 6 9 6 9 13 
3 0 0 0 3 1 1 0 

�½�
�:���������/�(�� 11 12 9 22 16 18 30 

        

�¦�(���,���-�/�&���A�����,�1�*�*�� 
���(��

�(�*�<�/�� 
30 
���#�����( 

30 
���*�,�����( 

45 
���#�����( 

45 
���*�,�����( 

60 
���#�����( 

60 
���*�,�����( 

1 4 12 7 19 11 22 14 
2 1 5 6 11 10 10 8 
3 0 4 6 6 4 2 3 

�½�
�:���������/�(�� 5 21 19 36 25 34 25 
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�I�j�b�e�h�`�_�g�b�_���������L�_�k�l���K�l�v�x�^�_�g�l�Z���i�h���j�_�a�m�e�v�l�Z�l�Z�f���W�W�=���i�h���k�d�h�j�h�k�l�y�f 
 Paired Samples T-Test 

      statistic  df  p 

���B�����B�ý�õ���/  ���B�����B�ý�õ���/  Student's t  -0.0392  23.0  0.969  

���B�����B�ý�õ���/  ���B�����B�ý�õ���/  Student's t  0.4932  23.0  0.627  

���B�����B�ý�õ���/  ���B�����B�ý�õ���/  Student's t  0.7224  23.0  0.477  

���B�����B�ý�õ���/  ���B�����B�ý�õ���/  Student's t  0.0347  23.0  0.973  

���B�����B�ý�õ���/  ���B�����B�ý�õ���/  Student's t  2.2980  23.0  0.031  

���B�����B�ý�õ���/  ���B�����B�ý�õ���/  Student's t  2.2646  23.0  0.033  

���B�����B�ý�õ���/  ���B�����B�ý�õ���/  Student's t  -0.1377  23.0  0.892  

 ���B�����B�ý�õ���/  ���B�����B�ý�õ���/  Student's t  2.3368  23.0  0.029  

���B�����B�ý�õ���/  ���B�����B�ý�õ���/  Student's t  2.7016  23.0  0.013  

Paired Samples T-Test 

      statistic  df  p 

���B�����B�ý�õ���Ä  ���B�����B�ý�õ���Ä  Student's t  -0.940  23.0  0.357  

���B�����B�ý�õ���Ä  ���B�����B�ý�õ���Ä  Student's t  0.354  23.0  0.726  

���B�����B�ý�õ���Ä  ���B�����B�ý�õ���Ä  Student's t  1.580  23.0  0.128  

���B�����B�ý�õ���Ä  ���B�����B�ý�õ���Ä  Student's t  -0.159  23.0  0.875  

���B�����B�ý�õ �Ä  ���B�����B�ý�õ���Ä  Student's t  2.006  23.0  0.057  

���B�����B�ý�õ���Ä  ���B�����B�ý�õ���Ä  Student's t  2.267  23.0  0.033  

���B�����B�ý�õ���Ä  ���B�����B�ý�õ���Ä  Student's t  -0.106  23.0  0.917  

���B�����B�ý�õ���Ä  ���B�����B�ý�õ���Ä  Student's t  2.125  23.0  0.045  

���B�����B�ý�õ���Ä  ���B�����B�ý�õ���Ä  Student's t  2.366  23.0  0.027  

Paired Samples T-Test     
      statistic  df  p 

���B�����B�î�õ���/ ���B�����B�î�õ���/ Student's t -0.890 23.0 0.383 

���B�����B�î�õ���/ ���B�����B�î�õ���/ Student's t 0.115 23.0 0.910 

���B�����B�î�õ���/ ���B�����B�î�õ���/ Student's t 1.274 23.0 0.215 

���B�����B�î�õ���/ ���B�����B�î�õ���/ Student's t 0.115 23.0 0.910 

���B�����B�î�õ���/ ���B�����B�î�õ���/ Student's t 1.530 23.0 0.140 

���B�����B�î�õ���/ ���B�����B�î�õ���/ Student's t 2.469 23.0 0.021 

���B�����B�î�õ���/ ���B�����B�î�õ���/ Student's t -0.578 23.0 0.569 

 ���B�����B�î�õ���/ ���B�����B�î�õ���/ Student's t 1.746 23.0 0.094 

���B�����B�î�õ���/ ���B�����B�î�õ���/ Student's t 3.245 23.0 0.004 
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�I�j�b�e�h�`�_�g�b�_���‹�����©�J�_�a�m�e�v�l�Z�l�u���^�\�m�n�Z�d�l�h�j�g�h�]�h���^�b�k�i�_�j�k�b�h�g�g�h�]�h���Z�g�Z�e�b�a�Z���^�e�y��

�j�Z�k�q�_�l�Z���a�g�Z�q�b�f�h�k�l�b���\�e�b�y�g�b�y���n�Z�d�l�h�j�h�\���©�K�d�h�j�h�k�l�v���\�j�Z�s�_�g�b�y���k�l�b�f�m�e�y�p�b�b�ª���b��

�©�G�Z�e�b�q�b�_���b�e�e�x�a�b�b���^�\�b�`�_�g�b�y���k�h�[�k�l�\�_�g�g�h�]�h���l�_�e�Z�ª���g�Z���a�Z�\�b�k�b�f�m�x���i�_�j�_�f�_�g�g�m�x��

�©�H�l�g�h�k�b�l�_�e�v�g�Z�y���k�d�h�j�h�k�l�v���f�_�^�e�_�g�g�h�c���n�Z�a�u���H�D�G�ª�� 

 

 

�º�&�(���(�%���,�&�<�����!�,���/���,����a 

�Ñ�4�4���!�/ �¯�&���8���&���A F �Á�/�X���-���X��

�����*�(�/�����< 

�Á�/�X�-���X��

�(�9���
�!�� 

�¯�&�8�X 

velocity 

�Á�#�������¿���#�#���A ,726 10,596b 2,000 8,000 ,006 

�¸�A�%�
�������Ä���#�!�-�� ,274 10,596b 2,000 8,000 ,006 

�Á�#�������È�(�/���#�#���&���� 2,649 10,596b 2,000 8,000 ,006 

�»�����
�(�#�=�9�������!�(�,���&�=��

�À�(�A 

2,649 10,596b 2,000 8,000 ,006 

true 

�Á�#�������¿���#�#���A ,960 214,444b 1,000 9,000 ,000 

�¸�A�%�
�������Ä���#�!�-�� ,040 214,444b 1,000 9,000 ,000 

�Á�#�������È�(�/���#�#���&���� 23,827 214,444b 1,000 9,000 ,000 

�»�����
�(�#�=�9�������!�(�,���&�=��

�À�(�A 

23,827 214,444b 1,000 9,000 ,000 

velocity * true 

�Á�#�������¿���#�#���A ,122 ,556b 2,000 8,000 ,594 

�¸�A�%�
�������Ä���#�!�-�� ,878 ,556b 2,000 8,000 ,594 

�Á�#�������È�(�/���#�#���&���� ,139 ,556b 2,000 8,000 ,594 

�»�����
�(�#�=�9�������!�(�,���&�=��

�À�(�A 

,139 ,556b 2,000 8,000 ,594 

���X���¿�#���&�W���Á���(�
�(���&�<�����8�#���&�� 

 �¦�&�1�/�,�����,�1�*�*�(���(�����*�#���&�W���À���o�}���]�š�Ç���=���š�Œ�µ�����=���À���o�}���]�š�Ç���Ž���š�Œ�µ�� 

���X���Ã�(�8�&���A���-�/���/���-�/���!�� 
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�I�j�b�e�h�`�_�g�b�_���‹�����©�J�_�a�m�e�v�l�Z�l�u���i�j�b�f�_�g�_�g�b�_��t-�d�j�b�l�_�j�b�y���^�e�y���Z�g�Z�e�b�a�Z���j�Z�a�e�b�q�b�c���\��

�a�g�Z�q�_�g�b�y�o���\�u�j�Z�`�_�g�g�h�k�l�b���b�e�e�x�a�b�b���^�\�b�`�_�g�b�y���k�h�[�k�l�\�_�g�g�h�]�h���l�_�e�Z���i�j�b���j�Z�a�g�u�o��

�k�d�h�j�h�k�l�y�o���\�j�Z�s�_�g�b�y�ª�� 

 

�Á�/���/���-�/���!�����*���,�&�<�5�����<�
�(�,�(�! 

 �Á�,�����&���� N �Á�/���X���(�/�!�#�(�&���&���� �Á�/���X���(�9���
�!����

�-�,�����&�����( 

�¿���,�����í 
I_vection30 1,775 10 2,02570 ,74688 

I_vection45 2,75 10 2,48047 ,73944 

�¿���,�����î 
I_vection30 1,775 10 2,02570 ,74688 

I_vection60 2.875 10 3,50049 ,81075 

�¿���,�����ï 
I_vection45 2,75 10 2,48047 ,73944 

I_vection60 2.875 10 3,50049 ,81075 

 

 

 

�¶�,���/���,�������*���,�&�<�5�����<�
�(�,�(�! 

 �¿���,�&�<�����,�����&�(�-�/�� t �-�/�X�-���X �¯�&���8���%�(�-�/�=��

(2-

�-�/�(�,�(�&�&�A�A�• 
�Á�,�����&���� �Á�/���X��

�(�/�!�#�(�&��

�&���� 

�Á�/���X��

�(�9���
�!����

�-�,�����&�����( 

�õ�ñ�9�����(�����,���/���#�=�&�<����

���&�/���,�����#���,�����&�(�-�/����

�-�,�����&���5 

�»�����&�A�A��

���,���&���6�� 

�¦���,�5�&�A�A��

���,���&���6�� 

�¿���,�����í 
I_vection30 - 

I_vection45 

-,97500 1,44073 ,45560 -2,00563 ,05563 -2,362 9 ,056 

�¿���,�����î 
I_vection30 - 

I_vection60 

-1,10000 3,35452 1,06079 -3,49968 1,29968 -2,771 9 ,032 

�¿���,�����ï 
I_vection45 - 

I_vection60 

-,12500 2,27989 ,72097 -1,75594 1,50594 2,435 9 ,051 
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�I�j�b�e�h�`�_�g�b�_���‹�����©�I�j�h�]�j�Z�f�f�g�u�c���d�h�^���i�j�h�p�_�^�m�j�Z���Z�g�Z�e�b�a�Z���^�e�b�l�_�e�v�g�h�k�l�_�c��

�f�_�^�e�_�g�g�u�o���n�Z�a���H�D�G�ª 

import matplotlib.pyplot as plt 

import numpy as np 

 

'''  

�Ç�1�&�!�6���A ���#�A �-�8���/�<�����&���A �����&�&�<�5 ���� �4�����#�� 

'''  

'''  

left_border = 0 

right_border = 30118 

in_file_name = '9_2nd.txt' 

out_file_name = '9_2nd_res.txt' 

'''  

 

in_file_name = input("Input file name:\n") 

out_file_name = input("Output file name:\n") 

borders = input("Borders (if you want to analyse the whole file, type \ "all\ "):\n") 

if borders == 'all': 

    with open(in_file_name, 'r') as fd: 

        reader = fd.readlines() 

    left_border = 0 

    right_border =len(reader) - 1 

else: 

    left_border, right_border = map(int, borders.split()) 

 

def get_data(filename, left_border=left_border, right_border=right_border): 

    with open(filename, 'r') as fd: 

        reader = fd.readlines() 

    res = [[], [], [], []] 

    reader.pop(0) 

    if left_border == 'all': 

        left_border = 0 

    if right_border == 'all': 

        right_border = len(reader) - 1 



108 
 
 

    for line in range(left_border, right_border): 

        list_line = reader[line].split(sep=' ') 

        res[0].append(int(list_line[0])) 

        res[1].append(float(list_line[2].replace(',', '.'))) 

        res[2].append(list_line[-2]) 

        res[3].append(list_line[-1]) 

    return res 

 

 

ex_data = get_data(in_file_name, left_border=left_border, right_border=right_border) 

'''  

�Ç�1�&�!�6���A ���#�A �*�(���-�!�� �#�(�!���#�=�&�<�5 �%���!�-���%�1�%�(�� 

�¿���,���<�� �*���,���%���/�, - �-�/�,�1�!�/�1�,�� �- �����&�&�<�%��, ���/�(�,�(�� - �!�(�#���8���-�/���( �/�(�8���! �� �(���&�(�% �*�,�(�%�����1�/�!�� 

'''  

 

 

def find_local_max(data, frame=4): 

    local_max_list = [] 

    for i in range(len(data[0]) // frame): 

        lm = np.argmax(data[1][i * frame:(i + 1) * frame]) + i * frame 

        local_max_list.append(lm) 

    return local_max_list 

 

 

def find_aver(data, frame=2): 

    aver_list = [] 

    for i in range(len(data[0]) // frame): 

        aver_list.append(np.argmax(data[1][i * frame:(i + 1) * frame]) + i * frame) 

    return aver_list 

 

 

 

'''  

�*�( ���&�����!�-���%  �*�(�#�1�8�����/ �����&�&�<�� ���� �(�
�:�����( �%���-�-������ 

'''  
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def make_points(time, coordinate, maxes, left_border=left_border): 

    res_time = [] 

    res_coor = [] 

    for i in maxes: 

        res_time.append(time[left_border + i]) 

        res_coor.append(coordinate[left_border + i]) 

    return res_time, res_coor 

 

 

''' �À���������#�A���/ �%���-�-���� �*���!�(�� �4�(�,�%���/�� [�&���8���#�(, �%���!�-���%�1�%, �!�(�&���6] �&�� �/�,�� �(�/�����#�=�&�<�5 �%���-�-������'''  

 

 

def calc_cleared_points(m_list_filtered): 

    mmaxes = [] 

    ledges = [] 

    redges = [] 

    for i in m_list_filtered: 

        mmaxes.append(i[1]) 

        ledges.append(i[0]) 

        redges.append(i[2]) 

    return mmaxes, ledges, redges 

 

 

''' �4�1�&�!�6���A �-�8���/�����/ �!�����&�/���#�� �� �(�/�,�����!�� left_border:right_border''' 

 

 

def calculate_quantile(left_border=left_border, right_border=right_border, first_quantile=0.5,  
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 �I�j�b�e�h�`�_�g�b�_���‹���� 

�I�j�b�f�_�j���h�l�q�_�l�Z���h���K�l�Z�[�b�e�h�f�_�l�j�b�b. 

�º���/�(�����!���W���¶�(�%�&���/���z�!�(�,�,���!�/�&�<���z�&���-�/�,�(���!�� 

�¿���6�����&�/�W���ª���,�=�A�� 

�¶���!���,�/�<�W���ª���,�=�A--01091992 

�ª���/�����,�(�������&���A�W���í�ï�X�ì�õ�X�í�õ�õ�î 

�¿�(�#�W���® 
�¿�,���%���8���&�����W���°�&�/���,�=���,-3 (X) 

�ª�#���/���#�=�&�(�-�/�=�������*���-���W���ì�ì�W�ì�í�W�ì�ð 
 
�¿�(�-�/���&�(���!�����-�/�(�*�W���¤�%���,���!���&�-�!���A���í 

  

�Á�/���/�(�!���&�������(���,���%�%�<���€�%�%�• 
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�Á�/���
���#�(���,���%�%�<���€�%�%�• 

  

�¥���#�#���-�/�(���,���%�%�<���€�!���• 

  

�Á�*���!�/�,�<���-�/���
���#�(���,���%�%���€�%�%�• 
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�I�j�b�e�h�`�_�g�b�_������ 

�K�\�h�^�g�u�_���l�Z�[�e�b�p�u���i�h���\�k�_�f���b�k�i�u�l�m�_�f�u�f���k���^�Z�g�g�u�f�b���i�h���\�k�_�f�������l�_�k�l�Z�f��

���k�l�Z�[�b�e�h�i�e�Z�l�n�h�j�f�Z���� 

�I�j�h�[�Z���J�h�f�[�_�j�]�Z�����h�l�d�j�u�l�u�_���]�e�Z�a�Z���� 

 

�G�h�f�_�j��
�b�k�i�u�l�m�_�f�h�]�h 

�I�h�e��
�b�k�i�u�l�m�_�f�h�]�h �>�e�b�g�Z���K�D�=���/�� �f�f  

�H�l�g�h�r���^�e�b�g�u�� 
�K�D�=���d���i�e�h�s�Z�^�b��
�������������f�f�� �I�e�h�s�Z�^�v���K�D�=��

���������f�f��  
�K�d�h�j�h�k�l�v��
�H�>�P�����f�f���k 

�F�Z�d�k��
�d�h�e�_�[�Z�g�b�y���\��
�k�Z�]�b�l�l�����f�f 

�F�Z�d�k��
�d�h�e�_�[�Z�g�b�y���\�h��
�n�j�h�g�l�����f�f 

1 �@ 723.69 15.08 47.99 12.07 17.23 8.59 
2 �@ 779.88 9.68 80.59 13.01 29.01 8.77 
3 �F 960.71 10.63 90.4 16.03 22.78 12.29 
4 �F 838.6 4.61 181.71 13.99 32.49 19.53 
5 �F 768.91 8.15 94.38 12.83 35.02 9.68 
6 �F 780.42 7.83 99.69 13.02 29.12 12.14 
7 �@ 1030.74 9.60 107.33 17.19 32.37 16.42 
8 �@ 943.59 13.86 68.06 15.75 34.93 11.32 
9 �@ 819.5 6.55 125.03 13.67 30.44 14.54 

10 �@ 784.16 13.83 56.68 13.08 17.41 7.82 
11 �@ 1031.49 8.35 123.55 17.21 34.97 13.09 
12 �@ 883.79 5.06 174.75 14.74 31.75 26.37 
13 �@ 989.95 14.40 68.74 16.52 33.22 16.52 
14 �@ 893.56 12.01 74.39 14.91 20.96 12.07 
15 �@ 815.4 25.35 32.17 13.60 18.41 6.60 
16 �@ 807.45 4.36 185.02 13.47 24.34 31.22 
17 �@ 976.68 8.85 110.4 16.29 41.18 11.86 
18 �@ 1321.71 6.34 208.41 22.05 40.70 30.09 
19 �@ 689.64 6.20 111.16 11.51 31.26 15.52 
20 �F 702.55 15.51 45.31 11.72 20.74 9.06 
21 �@ 840.29 29.56 28.42 14.03 16.44 7.95 
22 �F 742.13 23.63 31.4 12.37 19.32 7.43 
23 �@ 674.36 12.71 53.05 11.24 19.51 7.50 
24 �F 724.52 6.70 108.16 12.09 30.95 11.14 
25 �F 758.47 2.52 301.25 12.65 33.29 28.52 
26 �F 811.47 7.39 109.85 13.54 29.58 18.58 
27 �F 843.07 4.57 184.42 14.06 45.80 18.87 
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�¿�,�(�
�����À�(�%�
���,�������~�����!�,�<�/�<�������#�������•�W 

 

�G�h�f�_�j��
�b�k�i�u�l�m�_�f�h�]�h 

�I�h�e��
�b�k�i�u�l�m�_�f�h�]�h �>�e�b�g�Z���K�D�=���/�����f�f 

�H�l�g�h�r���^�e�b�g�u�� 
�K�D�=���d���i�e�h�s�Z�^�b��
�������������f�f�� �I�e�h�s�Z�^�v���K�D�=��

���������f�f��  
�K�d�h�j�h�k�l�v��
�H�>�P�����f�f���k 

�F�Z�d�k��
�d�h�e�_�[�Z�g�b�y���\��
�k�Z�]�b�l�l�����f�f 

�F�Z�d�k��
�d�h�e�_�[�Z�g�b�y���\�h��
�n�j�h�g�l�����f�f 

1 �@ 713.02 24.00 29.71 11.98 12.06 8.42 
2 �@ 773.26 16.53 46.78 12.99 21.17 7.39 
3 �F 1003.64 21.16 47.44 16.86 24.10 7.57 
4 �F 982.73 4.38 224.54 16.51 39.32 18.40 
5 �F 735.16 14.55 50.52 12.35 23.05 8.97 
6 �W 960.71 4.12 233.07 16.14 41.81 33.62 
7 �@ 1097.26 12.45 88.14 18.45 30.55 14.38 
8 �@ 976.2 15.61 62.53 16.40 23.05 11.91 
9 �@ 1203.87 5.34 225.31 20.22 59.21 17.92 

10 �@ 832.59 9.81 84.85 13.97 21.61 13.39 
11 �@ 1014.5 14.53 69.84 17.02 28.22 8.68 
12 �@ 901.29 5.17 174.36 15.12 35.46 18.11 
13 �@ 956.63 9.99 95.79 16.07 33.71 12.60 
14 �@ 1101.3 11.95 92.19 18.49 24.58 13.94 
15 �@ 1092.09 19.02 57.42 18.33 25.67 7.66 
16 �@ 772.43 9.50 81.33 12.99 34.45 11.12 
17 �@ 1019.5 9.13 111.71 17.11 39.98 13.27 
18 �@ 1349.01 10.11 133.49 22.65 34.94 18.93 
19 �@ 759.58 3.10 245.38 12.74 43.24 24.50 
20 �F 822.05 14.92 55.08 13.82 19.65 8.69 
21 �@ 989.08 20.30 48.72 16.63 25.58 9.74 
22 �F 900.96 10.69 84.28 15.13 26.64 16.53 
23 �@ 722.95 25.43 28.43 12.13 23.64 5.66 
24 �F 768.9 8.03 95.81 12.91 25.99 15.60 
25 �F 994.8 2.20 451.92 16.71 52.26 22.75 
26 �F 950.06 6.73 141.12 15.95 29.43 15.77 
27 �F 771.46 8.82 87.42 12.97 25.75 9.36 
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�I�j�b�e�h�`�_�g�b�_�������� 

�K�\�h�^�g�Z�y���l�Z�[�e�b�p�Z���i�h���\�k�_�f���b�k�i�u�l�m�_�f�u�f���k���^�Z�g�g�u�f�b���i�h���\�k�_�f�������l�_�k�l�Z�f����Kinect). 

 

�G�h�f�_�j �I�h�e �J�h�f�[�_�j�] 
(�h�l�d�j) 

�J�h�f�[�_�j�] 
(�a�Z�d�j) 

�D�b�j�i�b�q - �<�j 1 �D�b�j�i�b�q - �<�j 2 �D�b�j�i�b�q - �<�j 3 �B�g�l�_�j�v�_�j - �<�j 1 �B�g�l�_�j�v�_�j - �<�j 2 �B�g�l�_�j�v�_�j - �<�j 3 

1 �F 0.148537 0.100223 0.135166 0.168054 0.158831 0.12752 0.148066 0.162711 
2 �F 0.448547 0.554402 0.254173 0.366334 0.600815 0.315736 0.394906 0.627112 
3 �F 0.661811 0.173448 0.237277 0.344029 0.253447 0.148208 0.272189 0.219941 
4 �F 0.522018 0.481151 0.252876 0.349515 0.775554 0.595522 0.354063 0.270697 
5 �@ 0.242129 0.329872 0.231016 0.260848 0.327358 0.237815 0.283494 0.306627 
6 �@ 0.214482 0.15088 0.189073 0.212648 0.282173 0.195714 0.19359 0.25836 
7 �@ 0.61879 0.721006 0.477356 0.858887 0.97193 0.396539 0.621234 0.657934 
8 �@ 0.419739 0.089183 0.136639 0.180712 0.199443 0.170665 0.174666 0.174369 
9 �@ 0.439218 0.269052 0.528496 0.511403 0.558124 0.721524 0.540906 0.37065 

10 �@ 0.465082 0.52037 0.220773 0.54016 0.944634 0.25111 0.456989 0.762366 
11 �@ 0.947031 0.824297 0.288164 0.501441 0.701899 0.30726 0.385904 0.603571 
12 �@ 0.985173 0.861971 0.210259 0.400039 0.862692 0.242395 0.597803 0.458825 
13 �@ 0.365337 0.220993 0.201971 0.49486 0.911683 0.266624 0.479364 0.372698 
14 �@ 0.672431 0.540739 0.309778 0.642936 0.578894 0.279342 0.526523 0.415377 
15 �@ 0.308416 0.401023 0.261247 0.38798 0.534584 0.273642 0.370737 0.334332 
16 �@ 0.285662 0.327597 0.271344 0.496489 0.73476 0.221266 0.444615 0.41892 
17 �@ 0.335891 0.744767 0.288723 0.374713 0.437519 0.230557 0.454803 0.300674 
18 �F 0.179872 0.208987 0.127934 0.18257 0.151717 0.108127 0.144211 0.113316 
19 �@ 0.176014 0.254352 0.181679 0.217313 0.361332 0.196983 0.234008 0.260732 
20 �F 0.101418 0.126542 0.190163 0.234253 0.235318 0.164306 0.187095 0.262461 
21 �@ 0.29907 0.266218 0.174132 0.241338 1.954666 0.188124 0.171739 0.952235 
22 �F 0.187815 0.193298 0.159124 0.319126 0.805675 0.205277 0.310497 0.687391 
23 �F 0.204543 0.437034 0.21993 0.437147 0.510823 0.306026 0.358655 0.573437 
24 �F 0.204501 0.234857 0.183703 0.442022 0.402221 0.227026 0.381725 0.397506 
25 �F 0.385496 0.513105 0.168461 0.253515 0.356041 0.209851 0.246397 0.386641 

          
�K�J�?�>�G�?�?  0.39276092 0.38181468 0.23597828 0.37673328 0.58448532 0.26348636 0.34936716 0.41395532 
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�I�j�b�e�h�`�_�g�b�_�������� 

�>�b�k�i�_�j�k�b�h�g�g�u�c���Z�g�Z�e�b�a���i�h�\�l�h�j�g�u�o���b�a�f�_�j�_�g�b�c����ANOVA�����^�e�y���<�L�L�Q�� 
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�I�j�b�e�h�`�_�g�b�_�������� 

�>�b�k�i�_�j�k�b�h�g�g�u�c���Z�g�Z�e�b�a���i�h�\�l�h�j�g�u�o���b�a�f�_�j�_�g�b�c����ANOVA�����^�e�y���^�e�b�g�u��

�k�l�Z�l�h�d�b�g�_�a�b�h�]�j�Z�f�f�u�� 
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�¿�,���#�(�����&�������í�ï�X 

�ª���-�*���,�-���(�&�&�<�������&���#�������*�(���/�(�,�&�<�5�������%���,���&������(ANOVA) ���#�A���*�#�(�:��������

�-�/���/�(�!���&�������(���,���%�%�<�W 
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�I�j�b�e�h�`�_�g�b�_��14 

�H�p�_�g�d�Z���i�e�h�s�Z�^�b���k�l�Z�l�h�d�b�g�_�a�b�h�]�j�Z�f�f�u�����6 

�F�g�h�]�h�f�_�j�g�u�_���d�j�b�l�_�j�b�ba 

�W�n�n�_�d�l   �A�g�Z�q�_�g�b�_ F 
�K�l���k�\����

�]�b�i�h�l�_�a�u 
�H�r�b�[�d�Z��

�k�l���k�\�� �j 

�Q�Z�k�l�b�q�g�Z�y��
�w�l�Z-

�d�\�Z�^�j�Z�l 
�d�h�]�g�b�l�b�\�g�Z�y
�B�g�Z�]�j�m�a�d�Z 

�K�e�_�^��
�I�b�e�e�Z�b 

0,734 4,143b 8,000 12,000 0,014 0,734 

  �E�y�f�[�^�Z��
�M�b�e�d�k�Z 

0,266 4,143b 8,000 12,000 0,014 0,734 

  �K�e�_�^��
�O�h�l�_�e�e�b�g�]�Z 

2,762 4,143b 8,000 12,000 0,014 0,734 

  �G�Z�b�[�h�e�v�r�b�c��
�d�h�j�_�g�v���J�h�y 

2,762 4,143b 8,000 12,000 0,014 0,734 

a. 
�K�l�j�m�d�l�m�j�Z����
�K�\�h�[�h�^�g�u�c��
�q�e�_�g�� 
 
�<�g�m�l�j�b�]�j�m�i�i
�h�\�Z�y��
�k�l�j�m�d�l�m�j�Z����
�d�h�]�g�b�l�b�\�g�Z�y
�B�g�Z�]�j�m�a�d�Z 

       

�E�����L�h�q�g�Z�y��
�k�l�Z�l�b�k�l�b�d�Z 

       

�Ž�,�����#���8���A���-�/���/���-�/���8���-�!�������&���8���%�<��
(p=0,014)      

 
 

�H�i�b�k�Z�l�_�e�v�g�u�_���k�l�Z�l�b�k�l�b�d�b 
�Ã���*�������������&���A��
���#���� 

�¶�(���&���/�����&���A��
�&�����,�1���!�� M SD 


· 0 195,54 127,56 

�^  �9 290,78 234,24 

�L �/ 584,00 411,65 


· �9 259,75 295,18 

�^  �/ 292,41 233,35 

�L 0 575,74 457,10 


· �/ 272,57 316,62 

�^  0 219,82 200,92 

�L �9 453,98 362,94 

  M - �-�,�����&���� 

  

SD - �-�/���&�����,�/�&�(����
�(�/�!�#�(�&���&���� 
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�I�j�b�e�h�`�_�g�b�_����5 

�½�6���&�!�������&�/���&�-�����&�(�-�/�����(�/�!�#�(�&���&���A���6���&�/�,�����������#���&���A�U���s 

�F�g�h�]�h�f�_�j�g�u�_���d�j�b�l�_�j�b�ba 

�W�n�n�_�d�l   �A�g�Z�q�_�g�b�_ F 
�K�l���k�\����

�]�b�i�h�l�_�a�u 
�H�r�b�[�d�Z��

�k�l���k�\�� �j  

�Q�Z�k�l�b�q�g�Z�y��
�w�l�Z-

�d�\�Z�^�j�Z�l 
�d�h�]�g�b�l�b�\�g�Z�y�B�g�Z�]�j�m�a�d�Z �K�e�_�^���I�b�e�e�Z�b 0,837 7,706b 8,000 12,000 0,001 0,837 

  �E�y�f�[�^�Z���M�b�e�d�k�Z 0,163 7,706b 8,000 12,000 0,001 0,837 

  �K�e�_�^���O�h�l�_�e�e�b�g�]�Z 5,137 7,706b 8,000 12,000 0,001 0,837 

  �G�Z�b�[�h�e�v�r�b�c��
�d�h�j�_�g�v���J�h�y 

5,137 7,706b 8,000 12,000 0,001 0,837 

�D�����K�l�j�m�d�l�m�j�Z����
�K�\�h�[�h�^�g�u�c���q�e�_�g�� 
 �<�g�m�l�j�b�]�j�m�i�i�h�\�Z�y��
�k�l�j�m�d�l�m�j�Z����
�d�h�]�g�b�l�b�\�g�Z�y�B�g�Z�]�j�m�a�d�Z 

       

�E�����L�h�q�g�Z�y���k�l�Z�l�b�k�l�b�d�Z 
       

�Ž�,�����#���8���A���-�/���/���-�/���8���-�!�������&���8���%�<���&�������<�-�(�!�(�%���1�,�(���&�������(�-�/�(�����,�&�(�-�/�����~�‰�A�ì�U�ì�ì�í�•   
 
 

�H�i�b�k�Z�l�_�e�v�g�u�_���k�l�Z�l�b�k�l�b�d�b 
�Ã���*�������������&���A��
���#���� 

�¶�(���&���/�����&���A��
�&�����,�1���!�� M SD 


· 0 6,80 1,61 

�^  �9 7,92 2,49 

�L �/ 9,26 3,04 


· �9 7,39 2,13 

�^  �/ 7,94 1,93 

�L 0 9,77 2,12 


· �/ 7,75 2,67 

�^  0 7,34 1,42 

�L �9 9,18 2,79 

  M - �-�,�����&���� 

  

SD - �-�/���&�����,�/�&�(����
�(�/�!�#�(�&���&���� 
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�I�j�b�e�h�`�_�g�b�_ �‹�� 16.  

�J�_�a�m�e�v�l�Z�l�u���^�b�k�i�_�j�k�b�h�g�g�h�]�h���Z�g�Z�e�b�a�Z���i�h�\�l�h�j�g�u�o���b�a�f�_�j�_�g�b�c���^�e�y���j�Z�k�q�_�l�Z��
�a�g�Z�q�b�f�h�k�l�b���\�e�b�y�g�b�y���n�Z�d�l�h�j�h�\���©�K�d�h�j�h�k�l�v���\�j�Z�s�_�g�b�y�ª�����©�>�b�g�Z�f�b�d�Z��

�^�\�b�`�_�g�b�y���\�a�h�j�Z�ª�����©�K�d�h�j�h�k�l�v���\�j�Z�s�_�g�b�y�������>�b�g�Z�f�b�d�Z���^�\�b�`�_�g�b�y���\�a�h�j�Z�ª����
�K�j�Z�\�g�_�g�b�_���i�h�d�Z�a�Z�l�_�e�_�c��fNIRS. 

 

�Á�,�����&���&�������*�(���!���&���#�1��Rx3-Tx2 

�F�g�h�]�h�f�_�j�g�u�_���d�j�b�l�_�j�b�ba 

�W�n�n�_�d�l �A�g�Z�q�_�g�b�_ F 

�K�l���k�\����

�]�b�i�h�l�_�a�u 

�H�r�b�[�d�Z��

�k�l���k�\�� �A�g�Z�q�b�f�h�k�l�v 

�Q�Z�k�l�b�q�g�Z�y��

�w�l�Z-�d�\�Z�^�j�Z�l 

fix �K�e�_�^���I�b�e�e�Z�b ,125 3,576b 1,000 25,000 ,070 ,125 

�E�y�f�[�^�Z���M�b�e�d�k�Z ,875 3,576b 1,000 25,000 ,070 ,125 

�K�e�_�^���O�h�l�_�e�e�b�g�]�Z ,143 3,576b 1,000 25,000 ,070 ,125 

�G�Z�b�[�h�e�v�r�b�c���d�h�j�_�g�v��

�J�h�y 
,143 3,576b 1,000 25,000 ,070 ,125 

velocity �K�e�_�^���I�b�e�e�Z�b ,026 ,680b 1,000 25,000 ,417 ,026 

�E�y�f�[�^�Z���M�b�e�d�k�Z ,974 ,680b 1,000 25,000 ,417 ,026 

�K�e�_�^���O�h�l�_�e�e�b�g�]�Z ,027 ,680b 1,000 25,000 ,417 ,026 

�G�Z�b�[�h�e�v�r�b�c���d�h�j�_�g�v��

�J�h�y 
,027 ,680b 1,000 25,000 ,417 ,026 

fix * 

velocity 

�K�e�_�^���I�b�e�e�Z�b ,068 1,821b 1,000 25,000 ,189 ,068 

�E�y�f�[�^�Z���M�b�e�d�k�Z ,932 1,821b 1,000 25,000 ,189 ,068 

�K�e�_�^���O�h�l�_�e�e�b�g�]�Z ,073 1,821b 1,000 25,000 ,189 ,068 

�G�Z�b�[�h�e�v�r�b�c���d�h�j�_�g�v��

�J�h�y 
,073 1,821b 1,000 25,000 ,189 ,068 

�D�����K�l�j�m�d�l�m�j�Z�����K�\�h�[�h�^�g�u�c���q�e�_�g�� 

 �<�g�m�l�j�b�]�j�m�i�i�h�\�Z�y���k�l�j�m�d�l�m�j�Z�����I�L�[�������Y�H�O�R�F�L�W�\�������I�L�[���
���Y�H�O�R�F�L�W�\ 

�E�����L�h�q�g�Z�y���k�l�Z�l�b�k�l�b�d�Z 
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�¿�,���#�(�����&�������í�ó�X���À�����1�#�=�/���/�<���,�������-�/�,���6�������(�!�-�������&���6�����X 

�Á�,�����&���&�������*�(���!���&���#�1��Rx3-Tx5 

�H�i�b�k�Z�l�_�e�v�g�u�_���k�l�Z�l�b�k�l�b�d�b 

 �K�j�_�^�g�_�_ 

�K�l�Z�g�^�Z�j�l�g�Z�y��

�h�l�d�e�h�g�_�g�b�y N 

rx3tx5_purs_30 2,3732 2,48032 26 

rx3tx5_purs_60 ,7853 3,12723 26 

rx3tx5_fix_30 ,6780 2,69941 26 

rx3x5_fix_60 2,0278 2,26296 26 

�F�g�h�]�h�f�_�j�g�u�_���d�j�b�l�_�j�b�ba 

�W�n�n�_�d�l �A�g�Z�q�_�g�b�_ F 

�K�l���k�\����

�]�b�i�h�l�_�a�u 

�H�r�b�[�d�Z��

�k�l���k�\�� �A�g�Z�q�b�f�h�k�l�v 

�Q�Z�k�l�b�q�g�Z�y��

�w�l�Z-�d�\�Z�^�j�Z�l 

fix �K�e�_�^���I�b�e�e�Z�b ,007 ,187b 1,000 25,000 ,670 ,007 

�E�y�f�[�^�Z���M�b�e�d�k�Z ,993 ,187b 1,000 25,000 ,670 ,007 

�K�e�_�^���O�h�l�_�e�e�b�g�]�Z ,007 ,187b 1,000 25,000 ,670 ,007 

�G�Z�b�[�h�e�v�r�b�c���d�h�j�_�g�v��

�J�h�y 
,007 ,187b 1,000 25,000 ,670 ,007 

velocity �K�e�_�^���I�b�e�e�Z�b ,002 ,047b 1,000 25,000 ,830 ,002 

�E�y�f�[�^�Z���M�b�e�d�k�Z ,998 ,047b 1,000 25,000 ,830 ,002 

�K�e�_�^���O�h�l�_�e�e�b�g�]�Z ,002 ,047b 1,000 25,000 ,830 ,002 

�G�Z�b�[�h�e�v�r�b�c���d�h�j�_�g�v��

�J�h�y 
,002 ,047b 1,000 25,000 ,830 ,002 

fix * 

velocity 

�K�e�_�^���I�b�e�e�Z�b ,373 14,899b 1,000 25,000 ,001 ,373 

�E�y�f�[�^�Z���M�b�e�d�k�Z ,627 14,899b 1,000 25,000 ,001 ,373 

�K�e�_�^���O�h�l�_�e�e�b�g�]�Z ,596 14,899b 1,000 25,000 ,001 ,373 

�G�Z�b�[�h�e�v�r�b�c���d�h�j�_�g�v��

�J�h�y 
,596 14,899b 1,000 25,000 ,001 ,373 

�D�����K�l�j�m�d�l�m�j�Z�����K�\�h�[�h�^�g�u�c���q�e�_�g�� 

 �<�g�m�l�j�b�]�j�m�i�i�h�\�Z�y���k�l�j�m�d�l�m�j�Z�����I�L�[�������Y�H�O�R�F�L�W�\�������I�L�[���
���Y�H�O�R�F�L�W�\ 

�E�����L�h�q�g�Z�y���k�l�Z�l�b�k�l�b�d�Z 
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�Á�,�����&���&�������*�(���!���&���#�1��Rx4-Tx4 

�H�i�b�k�Z�l�_�e�v�g�u�_���k�l�Z�l�b�k�l�b�d�b 

 �K�j�_�^�g�_�_ 

�K�l�Z�g�^�Z�j�l�g�Z�y��

�h�l�d�e�h�g�_�g�b�y N 

rx4tx4_purs_30 -3,0724 9,48166 26 

rx4tx4_purs_60 7,3503 19,68628 26 

rx4tx4_fix_30 -1,6639 7,88316 26 

rx4tx4_fix_60 -,2366 5,70206 26 

 

�F�g�h�]�h�f�_�j�g�u�_���d�j�b�l�_�j�b�ba 

�W�n�n�_�d�l 

�A�g�Z�q�_�g�b

�_ F 

�K�l���k�\����

�]�b�i�h�l�_�a�u 

�H�r�b�[�d�Z��

�k�l���k�\�� 

�A�g�Z�q�b�f�h�k�l

�v 

�Q�Z�k�l�b�q�g�Z�y��

�w�l�Z-�d�\�Z�^�j�Z�l 

fix �K�e�_�^���I�b�e�e�Z�b ,085 2,333b 1,000 25,000 ,139 ,085 

�E�y�f�[�^�Z���M�b�e�d�k�Z ,915 2,333b 1,000 25,000 ,139 ,085 

�K�e�_�^���O�h�l�_�e�e�b�g�]�Z ,093 2,333b 1,000 25,000 ,139 ,085 

�G�Z�b�[�h�e�v�r�b�c���d�h�j�_�g�v��

�J�h�y 
,093 2,333b 1,000 25,000 ,139 ,085 

velocity �K�e�_�^���I�b�e�e�Z�b ,146 4,280b 1,000 25,000 ,049 ,146 

�E�y�f�[�^�Z���M�b�e�d�k�Z ,854 4,280b 1,000 25,000 ,049 ,146 

�K�e�_�^���O�h�l�_�e�e�b�g�]�Z ,171 4,280b 1,000 25,000 ,049 ,146 

�G�Z�b�[�h�e�v�r�b�c���d�h�j�_�g�v��

�J�h�y 
,171 4,280b 1,000 25,000 ,049 ,146 

fix * 

velocity 

�K�e�_�^���I�b�e�e�Z�b ,116 3,289b 1,000 25,000 ,082 ,116 

�E�y�f�[�^�Z���M�b�e�d�k�Z ,884 3,289b 1,000 25,000 ,082 ,116 

�K�e�_�^���O�h�l�_�e�e�b�g�]�Z ,132 3,289b 1,000 25,000 ,082 ,116 

�G�Z�b�[�h�e�v�r�b�c���d�h�j�_�g�v��

�J�h�y 
,132 3,289b 1,000 25,000 ,082 ,116 
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�Á�,�����&���&�������*�(���!���&���#�1��Rx4-Tx5 

�H�i�b�k�Z�l�_�e�v�g�u�_���k�l�Z�l�b�k�l�b�d�b 

 �K�j�_�^�g�_�_ 

�K�l�Z�g�^�Z�j�l�g�Z�y��

�h�l�d�e�h�g�_�g�b�y N 

rx4tx5_purs_30 2,0573 4,89664 26 

rx4tx5_purs_60 -2,6801 13,42157 26 

rx4tx5_fix_30 4,4576 7,15418 26 

rx4tx5_fix_60 4,0832 6,31319 26 

 

�F�g�h�]�h�f�_�j�g�u�_���d�j�b�l�_�j�b�ba 

�W�n�n�_�d�l 

�A�g�Z�q�_�g�b

�_ F 

�K�l���k�\����

�]�b�i�h�l�_�a�u 

�H�r�b�[�d�Z��

�k�l���k�\�� 

�A�g�Z�q�b�f�h�k�l

�v 

�Q�Z�k�l�b�q�g�Z�y��

�w�l�Z-�d�\�Z�^�j�Z�l 

fix �K�e�_�^���I�b�e�e�Z�b ,184 5,648b 1,000 25,000 ,025 ,184 

�E�y�f�[�^�Z���M�b�e�d�k�Z ,816 5,648b 1,000 25,000 ,025 ,184 

�K�e�_�^���O�h�l�_�e�e�b�g�]�Z ,226 5,648b 1,000 25,000 ,025 ,184 

�G�Z�b�[�h�e�v�r�b�c���d�h�j�_�g�v��

�J�h�y 
,226 5,648b 1,000 25,000 ,025 ,184 

velocity �K�e�_�^���I�b�e�e�Z�b ,063 1,692b 1,000 25,000 ,205 ,063 

�E�y�f�[�^�Z���M�b�e�d�k�Z ,937 1,692b 1,000 25,000 ,205 ,063 

�K�e�_�^���O�h�l�_�e�e�b�g�]�Z ,068 1,692b 1,000 25,000 ,205 ,063 

�G�Z�b�[�h�e�v�r�b�c���d�h�j�_�g�v��

�J�h�y 
,068 1,692b 1,000 25,000 ,205 ,063 

fix * 

velocity 

�K�e�_�^���I�b�e�e�Z�b ,093 2,551b 1,000 25,000 ,123 ,093 

�E�y�f�[�^�Z���M�b�e�d�k�Z ,907 2,551b 1,000 25,000 ,123 ,093 

�K�e�_�^���O�h�l�_�e�e�b�g�]�Z ,102 2,551b 1,000 25,000 ,123 ,093 

�G�Z�b�[�h�e�v�r�b�c���d�h�j�_�g�v��

�J�h�y 
,102 2,551b 1,000 25,000 ,123 ,093 

�D�����K�l�j�m�d�l�m�j�Z�����K�\�h�[�h�^�g�u�c���q�e�_�g�� 

 �<�g�m�l�j�b�]�j�m�i�i�h�\�Z�y���k�l�j�m�d�l�m�j�Z�����I�L�[�������Y�H�O�R�F�L�W�\�������I�L�[���
���Y�H�O�R�F�L�W�\ 
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�I�j�b�e�h�`�_�g�b�_�����������J�_�a�m�e�v�l�Z�l�u���j�_�]�b�k�l�j�Z�p�b�b���h�d�k�b�]�_�g�Z�p�b. 

�Á�,�����&���&�������*�(���!���&���#�1��Rx4-Tx8  

�H�i�b�k�Z�l�_�e�v�g�u�_���k�l�Z�l�b�k�l�b�d�b 

 �K�j�_�^�g�_�_ 

�K�l�Z�g�^�Z�j�l�g�Z�y��

�h�l�d�e�h�g�_�g�b�y N 

rx4tx8_purs_30 -1,6514 8,21690 26 

rx4tx8_purs_60 -,0866 4,41156 26 

rx4tx8_fix_30 1,5577 2,85422 26 

rx4tx8_fix_60 2,1857 6,23692 26 

�F�g�h�]�h�f�_�j�g�u�_���d�j�b�l�_�j�b�ba 

�W�n�n�_�d�l �A�g�Z�q�_�g�b�_ F 

�K�l���k�\����

�]�b�i�h�l�_�a�u 

�H�r�b�[�d�Z��

�k�l���k�\�� �A�g�Z�q�b�f�h�k�l�v 

�Q�Z�k�l�b�q�g�Z�y��

�w�l�Z-�d�\�Z�^�j�Z�l 

fix �K�e�_�^���I�b�e�e�Z�b ,202 6,310b 1,000 25,000 ,019 ,202 

�E�y�f�[�^�Z���M�b�e�d�k�Z ,798 6,310b 1,000 25,000 ,019 ,202 

�K�e�_�^���O�h�l�_�e�e�b�g�]�Z ,252 6,310b 1,000 25,000 ,019 ,202 

�G�Z�b�[�h�e�v�r�b�c���d�h�j�_�g�v��

�J�h�y 
,252 6,310b 1,000 25,000 ,019 ,202 

velocity �K�e�_�^���I�b�e�e�Z�b ,070 1,890b 1,000 25,000 ,181 ,070 

�E�y�f�[�^�Z���M�b�e�d�k�Z ,930 1,890b 1,000 25,000 ,181 ,070 

�K�e�_�^���O�h�l�_�e�e�b�g�]�Z ,076 1,890b 1,000 25,000 ,181 ,070 

�G�Z�b�[�h�e�v�r�b�c���d�h�j�_�g�v��

�J�h�y 
,076 1,890b 1,000 25,000 ,181 ,070 

fix * 

velocity 

�K�e�_�^���I�b�e�e�Z�b ,007 ,185b 1,000 25,000 ,671 ,007 

�E�y�f�[�^�Z���M�b�e�d�k�Z ,993 ,185b 1,000 25,000 ,671 ,007 

�K�e�_�^���O�h�l�_�e�e�b�g�]�Z ,007 ,185b 1,000 25,000 ,671 ,007 

�G�Z�b�[�h�e�v�r�b�c���d�h�j�_�g�v��

�J�h�y 
,007 ,185b 1,000 25,000 ,671 ,007 

�D�����K�l�j�m�d�l�m�j�Z�����K�\�h�[�h�^�g�u�c���q�e�_�g�� 

 �<�g�m�l�j�b�]�j�m�i�i�h�\�Z�y���k�l�j�m�d�l�m�j�Z�����I�L�[�������Y�H�O�R�F�L�W�\�������I�L�[���
���Y�H�O�R�F�L�W�\ 

�E�����L�h�q�g�Z�y���k�l�Z�l�b�k�l�b�d�Z 
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�Á�,�����&���&�������*�(���!���&���#�1��Rx5-Tx7 

�H�i�b�k�Z�l�_�e�v�g�u�_���k�l�Z�l�b�k�l�b�d�b 

 �K�j�_�^�g�_�_ 

�K�l�Z�g�^�Z�j�l�g�Z�y��

�h�l�d�e�h�g�_�g�b�y N 

rx5tx7_purs_30 1,1501 2,48596 26 

rx5tx7_purs_60 4,0746 5,72615 26 

rx5tx7_fix_30 1,7413 3,86202 26 

rx5tx7_fix_60 2,1575 1,81408 26 

�F�g�h�]�h�f�_�j�g�u�_���d�j�b�l�_�j�b�ba 

�W�n�n�_�d�l �A�g�Z�q�_�g�b�_ F 

�K�l���k�\����

�]�b�i�h�l�_�a�u 

�H�r�b�[�d�Z��

�k�l���k�\�� �A�g�Z�q�b�f�h�k�l�v 

�Q�Z�k�l�b�q�g�Z�y��

�w�l�Z-�d�\�Z�^�j�Z�l 

fix �K�e�_�^���I�b�e�e�Z�b ,033 ,845b 1,000 25,000 ,367 ,033 

�E�y�f�[�^�Z���M�b�e�d�k�Z ,967 ,845b 1,000 25,000 ,367 ,033 

�K�e�_�^���O�h�l�_�e�e�b�g�]�Z ,034 ,845b 1,000 25,000 ,367 ,033 

�G�Z�b�[�h�e�v�r�b�c���d�h�j�_�g�v��

�J�h�y 
,034 ,845b 1,000 25,000 ,367 ,033 

velocity �K�e�_�^���I�b�e�e�Z�b ,162 4,847b 1,000 25,000 ,037 ,162 

�E�y�f�[�^�Z���M�b�e�d�k�Z ,838 4,847b 1,000 25,000 ,037 ,162 

�K�e�_�^���O�h�l�_�e�e�b�g�]�Z ,194 4,847b 1,000 25,000 ,037 ,162 

�G�Z�b�[�h�e�v�r�b�c���d�h�j�_�g�v��

�J�h�y 
,194 4,847b 1,000 25,000 ,037 ,162 

fix * 

velocity 

�K�e�_�^���I�b�e�e�Z�b ,176 5,327b 1,000 25,000 ,030 ,176 

�E�y�f�[�^�Z���M�b�e�d�k�Z ,824 5,327b 1,000 25,000 ,030 ,176 

�K�e�_�^���O�h�l�_�e�e�b�g�]�Z ,213 5,327b 1,000 25,000 ,030 ,176 

�G�Z�b�[�h�e�v�r�b�c���d�h�j�_�g�v��

�J�h�y 
,213 5,327b 1,000 25,000 ,030 ,176 

�D�����K�l�j�m�d�l�m�j�Z�����K�\�h�[�h�^�g�u�c���q�e�_�g�� 

 �<�g�m�l�j�b�]�j�m�i�i�h�\�Z�y���k�l�j�m�d�l�m�j�Z�����I�L�[�������Y�H�O�R�F�L�W�\�������I�L�[���
���Y�H�O�R�F�L�W�\ 

�E�����L�h�q�g�Z�y���k�l�Z�l�b�k�l�b�d�Z 
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�Á�,�����&���&�������*�(���!���&���#�1��Rx7-Tx5 

�H�i�b�k�Z�l�_�e�v�g�u�_���k�l�Z�l�b�k�l�b�d�b 

 �K�j�_�^�g�_�_ 

�K�l�Z�g�^�Z�j�l�g�Z�y��

�h�l�d�e�h�g�_�g�b�y N 

rx7tx5_purs_30 ,0058 4,81274 26 

rx7tx5_purs_60 2,1827 3,51324 26 

rx7tx5_fix_30 -,5931 4,24648 26 

rx7tx5_fix_60 2,1936 4,50214 26 

 

�F�g�h�]�h�f�_�j�g�u�_���d�j�b�l�_�j�b�ba 

�W�n�n�_�d�l �A�g�Z�q�_�g�b�_ F 

�K�l���k�\����

�]�b�i�h�l�_�a�u 

�H�r�b�[�d�Z��

�k�l���k�\�� �A�g�Z�q�b�f�h�k�l�v 

�Q�Z�k�l�b�q�g�Z�y��

�w�l�Z-�d�\�Z�^�j�Z�l 

fix �K�e�_�^���I�b�e�e�Z�b ,012 ,306b 1,000 25,000 ,585 ,012 

�E�y�f�[�^�Z���M�b�e�d�k�Z ,988 ,306b 1,000 25,000 ,585 ,012 

�K�e�_�^���O�h�l�_�e�e�b�g�]�Z ,012 ,306b 1,000 25,000 ,585 ,012 

�G�Z�b�[�h�e�v�r�b�c���d�h�j�_�g�v��

�J�h�y 
,012 ,306b 1,000 25,000 ,585 ,012 

velocity �K�e�_�^���I�b�e�e�Z�b ,147 4,320b 1,000 25,000 ,048 ,147 

�E�y�f�[�^�Z���M�b�e�d�k�Z ,853 4,320b 1,000 25,000 ,048 ,147 

�K�e�_�^���O�h�l�_�e�e�b�g�]�Z ,173 4,320b 1,000 25,000 ,048 ,147 

�G�Z�b�[�h�e�v�r�b�c���d�h�j�_�g�v��

�J�h�y 
,173 4,320b 1,000 25,000 ,048 ,147 

fix * 

velocity 

�K�e�_�^���I�b�e�e�Z�b ,020 ,515b 1,000 25,000 ,480 ,020 

�E�y�f�[�^�Z���M�b�e�d�k�Z ,980 ,515b 1,000 25,000 ,480 ,020 

�K�e�_�^���O�h�l�_�e�e�b�g�]�Z ,021 ,515b 1,000 25,000 ,480 ,020 

�G�Z�b�[�h�e�v�r�b�c���d�h�j�_�g�v��

�J�h�y 
,021 ,515b 1,000 25,000 ,480 ,020 

�D�����K�l�j�m�d�l�m�j�Z�����K�\�h�[�h�^�g�u�c���q�e�_�g�� 

 �<�g�m�l�j�b�]�j�m�i�i�h�\�Z�y���k�l�j�m�d�l�m�j�Z�����I�L�[�������Y�H�O�R�F�L�W�\�������I�L�[���
���Y�H�O�R�F�L�W�\ 

�E�����L�h�q�g�Z�y���k�l�Z�l�b�k�l�b�d�Z 



127 
 

�Á�,�����&���&�������*�(���!���&���#�1��Rx7-Tx7 

�H�i�b�k�Z�l�_�e�v�g�u�_���k�l�Z�l�b�k�l�b�d�b 

 
�K�j�_�^�g�_

�_ 

�K�l�Z�g�^�Z�j�l�g�Z�y��

�h�l�d�e�h�g�_�g�b�y N 

rx7tx7_purs_30 3,7385 7,57865 26 

rx7tx7_purs_60 -5,1537 19,65207 26 

rx7tx7_fix_30 5,7080 9,45411 26 

rx7tx7_fix_60 1,4851 3,55794 26 

 

�F�g�h�]�h�f�_�j�g�u�_���d�j�b�l�_�j�b�ba 

�W�n�n�_�d�l 

�A�g�Z�q�_�g�b

�_ F 

�K�l���k�\����

�]�b�i�h�l�_�a�u 

�H�r�b�[�d�Z��

�k�l���k�\�� 

�A�g�Z�q�b�f�h�k�l

�v 

�Q�Z�k�l�b�q�g�Z�y��

�w�l�Z-�d�\�Z�^�j�Z�l 

fix �K�e�_�^���I�b�e�e�Z�b ,128 3,658b 1,000 25,000 ,067 ,128 

�E�y�f�[�^�Z���M�b�e�d�k�Z ,872 3,658b 1,000 25,000 ,067 ,128 

�K�e�_�^���O�h�l�_�e�e�b�g�]�Z ,146 3,658b 1,000 25,000 ,067 ,128 

�G�Z�b�[�h�e�v�r�b�c���d�h�j�_�g�v��

�J�h�y 
,146 3,658b 1,000 25,000 ,067 ,128 

velocity �K�e�_�^���I�b�e�e�Z�b ,179 5,446b 1,000 25,000 ,028 ,179 

�E�y�f�[�^�Z���M�b�e�d�k�Z ,821 5,446b 1,000 25,000 ,028 ,179 

�K�e�_�^���O�h�l�_�e�e�b�g�]�Z ,218 5,446b 1,000 25,000 ,028 ,179 

�G�Z�b�[�h�e�v�r�b�c���d�h�j�_�g�v��

�J�h�y 
,218 5,446b 1,000 25,000 ,028 ,179 

fix * 

velocity 

�K�e�_�^���I�b�e�e�Z�b ,085 2,334b 1,000 25,000 ,139 ,085 

�E�y�f�[�^�Z���M�b�e�d�k�Z ,915 2,334b 1,000 25,000 ,139 ,085 

�K�e�_�^���O�h�l�_�e�e�b�g�]�Z ,093 2,334b 1,000 25,000 ,139 ,085 

�G�Z�b�[�h�e�v�r�b�c���d�h�j�_�g�v��

�J�h�y 
,093 2,334b 1,000 25,000 ,139 ,085 

�D�����K�l�j�m�d�l�m�j�Z�����K�\�h�[�h�^�g�u�c���q�e�_�g�� 

 �<�g�m�l�j�b�]�j�m�i�i�h�\�Z�y���k�l�j�m�d�l�m�j�Z�����I�L�[�������Y�H�O�R�F�L�W�\�������I�L�[���
���Y�H�O�R�F�L�W�\ 
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�I�j�b�e�h�`�_�g�b�_���������� 

�J�_�a�m�e�v�l�Z�l�u���j�_�]�b�k�l�j�Z�p�b�b���h�d�k�b�]�_�g�Z�p�b�b�� 

�Á�,�����&���&�������*�(���!���&���#�1��Rx7-Tx8 

�H�i�b�k�Z�l�_�e�v�g�u�_���k�l�Z�l�b�k�l�b�d�b 

 
�K�j�_�^�g

�_�_ 

�K�l�Z�g�^�Z�j�l�g�Z

�y��

�h�l�d�e�h�g�_�g�b�y N 

rx7tx8_purs_30 2,9266 4,80536 26 

rx7tx8_purs_60 2,1550 5,52615 26 

rx7tx8_fix_30 -,0089 6,46798 26 

rx7tx8_fix_60 1,3185 7,82676 26 

 

�F�g�h�]�h�f�_�j�g�u�_���d�j�b�l�_�j�b�ba 

�W�n�n�_�d�l 

�A�g�Z�q�_�g�b

�_ F 

�K�l���k�\����

�]�b�i�h�l�_�a�u 

�H�r�b�[�d�Z��

�k�l���k�\�� 

�A�g�Z�q�b�f�h�k�l

�v 

�Q�Z�k�l�b�q�g�Z�y��

�w�l�Z-�d�\�Z�^�j�Z�l 

fix �K�e�_�^���I�b�e�e�Z�b ,163 4,874b 1,000 25,000 ,037 ,163 

�E�y�f�[�^�Z���M�b�e�d�k�Z ,837 4,874b 1,000 25,000 ,037 ,163 

�K�e�_�^���O�h�l�_�e�e�b�g�]�Z ,195 4,874b 1,000 25,000 ,037 ,163 

�G�Z�b�[�h�e�v�r�b�c���d�h�j�_�g�v��

�J�h�y 
,195 4,874b 1,000 25,000 ,037 ,163 

velocity �K�e�_�^���I�b�e�e�Z�b ,002 ,059b 1,000 25,000 ,810 ,002 

�E�y�f�[�^�Z���M�b�e�d�k�Z ,998 ,059b 1,000 25,000 ,810 ,002 

�K�e�_�^���O�h�l�_�e�e�b�g�]�Z ,002 ,059b 1,000 25,000 ,810 ,002 

�G�Z�b�[�h�e�v�r�b�c���d�h�j�_�g�v��

�J�h�y 
,002 ,059b 1,000 25,000 ,810 ,002 

fix * 

velocity 

�K�e�_�^���I�b�e�e�Z�b ,027 ,701b 1,000 25,000 ,410 ,027 

�E�y�f�[�^�Z���M�b�e�d�k�Z ,973 ,701b 1,000 25,000 ,410 ,027 

�K�e�_�^���O�h�l�_�e�e�b�g�]�Z ,028 ,701b 1,000 25,000 ,410 ,027 

�G�Z�b�[�h�e�v�r�b�c���d�h�j�_�g�v��

�J�h�y 
,028 ,701b 1,000 25,000 ,410 ,027 
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�I�j�b�e�h�`�_�g�b�_��20.  

�J�_�a�m�e�v�l�Z�l�u���j�_�]�b�k�l�j�Z�p�b�b���h�d�k�b�]�_�g�Z�p�b�b 

�Á�,�����&���&�������*�(���!���&���#�1��Rx8-Tx10 

�H�i�b�k�Z�l�_�e�v�g�u�_���k�l�Z�l�b�k�l�b�d�b 

 
�K�j�_�^�g�_

�_ 

�K�l�Z�g�^�Z�j

�l�g�Z�y��

�h�l�d�e�h�g�_

�g�b�y N 

Rx8tx10_purs_30 ,9760 2,06378 26 

Rx8tx10_purs_60 -1,2804 6,98687 26 

Rx8tx10_fix_30 12,5721 24,91558 26 

Rx8tx10_fix_60 -,9012 4,41027 26 

 

�F�g�h�]�h�f�_�j�g�u�_���d�j�b�l�_�j�b�ba 

�W�n�n�_�d�l �A�g�Z�q�_�g�b�_ F 

�K�l���k�\����

�]�b�i�h�l�_�a�u 

�H�r�b�[�d�Z��

�k�l���k�\�� �A�g�Z�q�b�f�h�k�l�v 

�Q�Z�k�l�b�q�g�Z�y��

�w�l�Z-�d�\�Z�^�j�Z�l 

fix �K�e�_�^���I�b�e�e�Z�b ,179 5,433b 1,000 25,000 ,028 ,179 

�E�y�f�[�^�Z���M�b�e�d�k�Z ,821 5,433b 1,000 25,000 ,028 ,179 

�K�e�_�^���O�h�l�_�e�e�b�g�]�Z ,217 5,433b 1,000 25,000 ,028 ,179 

�G�Z�b�[�h�e�v�r�b�c���d�h�j�_�g�v��

�J�h�y 
,217 5,433b 1,000 25,000 ,028 ,179 

velocity �K�e�_�^���I�b�e�e�Z�b ,186 5,697b 1,000 25,000 ,025 ,186 

�E�y�f�[�^�Z���M�b�e�d�k�Z ,814 5,697b 1,000 25,000 ,025 ,186 

�K�e�_�^���O�h�l�_�e�e�b�g�]�Z ,228 5,697b 1,000 25,000 ,025 ,186 

�G�Z�b�[�h�e�v�r�b�c���d�h�j�_�g�v��

�J�h�y 
,228 5,697b 1,000 25,000 ,025 ,186 

fix * 

velocity 

�K�e�_�^���I�b�e�e�Z�b ,197 6,115b 1,000 25,000 ,021 ,197 

�E�y�f�[�^�Z���M�b�e�d�k�Z ,803 6,115b 1,000 25,000 ,021 ,197 

�K�e�_�^���O�h�l�_�e�e�b�g�]�Z ,245 6,115b 1,000 25,000 ,021 ,197 

�G�Z�b�[�h�e�v�r�b�c���d�h�j�_�g�v��

�J�h�y 
,245 6,115b 1,000 25,000 ,021 ,197 
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�I�j�b�e�h�`�_�g�b�_��21.  

�J�_�a�m�e�v�l�Z�l�u�����<�*�(�#�&���&���A���/���-�/���,�(�����&�������&�����*�,�(�-�/�,���&�-�/�����&�&�<�����-�*�(�-�(�
�&�(�-�/�� 

 

�F�h�^�_

�e�v 
 

�G�_�k�l�Z�g�^�Z�j�l�b�a

. 

�d�h�w�n�n�b�p�b�_�g�l

�u 

 

�K�l�Z�g�^�Z�j�l�b�a����

�d�h�w�n�n�b�p�b�_�g

�l�u 

�l 
�A�g�Z�q�b

�f�h�k�l�v 

  B 

�K�l�Z�g�^�Z

�j�l�g�Z�y��

�h�r�b�[�d�Z 

�;�_�l�Z   

1 ���D�h�g�k�l�Z�g�l�Z�� 30,521 4,699  6,496 0,000 

 

�K�j�_�^�g�_�_�� �\�j�_�f�y��

�g�Z���\�_�j�g�u�c���h�l�\�_�l��

�i�h�� �r�d�Z�e�_��

�©�L�_�o�g�b�q�_�k�d�b�_��

�j�Z�k�k�m�`�^�_�g�b�y�ª 

-64,296 11,633 -1,395 
-

5,527 
0,000 

 

�K�j�_�^�g�_�_�� �\�j�_�f�y��

�g�Z���\�_�j�g�u�c���h�l�\�_�l��

�i�h�� �r�d�Z�e�_��

�©�J�Z�a�j�_�a�Z�g�b�_��

�[�m�f�Z�]�b�ª 

68,013 14,042 1,168 4,843 0,001 

 

�K�j�_�^�g�_�_�� �\�j�_�f�y��

�g�Z���\�_�j�g�u�c���h�l�\�_�l��

�i�h�� �r�d�Z�e�_��

�©�F�u�k�e�_�g�g�h�_��

�\�j�Z�s�_�g�b�_�ª 

-12,746 4,852 -0,603 
-

2,627 
0,024 

�D�����A�Z�\�b�k�b�f�Z�y���i�_�j�_�f�_�g�g�Z�y�����K�j�_�^�g�_�_���d�h�e�b�q�_�k�l�\�h���\�_�j�g�u�o���h�l�\�_�l�h�\���\���<�J 
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�¿�,���#�(�����&�������î�î�X�� 

�¿�,���%���,���-�,�����<�������,�/�1���#�=�&�(�����,�����#�=�&�(�-�/�������#�A���(�6���&�!�����*�,�(�-�/�,���&�-�/�����&�&�<�5��
�-�*�(�-�(�
�&�(�-�/�����X 
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�¿�,���#�(�����&�������î3.  

�¿�,���%���,�������1�%���,�&�(���( ���������&���A ���#�A���(�6���&�!�����*�,�(�-�/�,���&�-�/�����&�&�<�5���-�*�(�-�(�
�&�(�-�/����, 
�h�Ã���5�&���8���-�!�������,���-�-�1�������&���A�i 
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�¿�,���#�(�����&�������î4.  

�¿�,���%���,�������1�%���,�&�<�5�����������&���A ���#�A���(�6���&�!�����*�,�(�-�/�,���&�-�/�����&�&�<�5���-�*�(�-�(�
�&�(�-�/���� 

 

 

 

 

 


