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�U�I�F�J�U�F�N�T�U�P�H�F�U�I�F�S���s �F�S�F�B�S�F�B�O�V�N�C�F�S�P�G�T�Q�F�D�J�î�D�S�F�M�B�U�J�P�O�T�U�I�B�U�X�F�G�P�V�O�E�J�O�P�V�S
�T�V�S�W�F�Z�P�G�E�J�B�H�S�B�N�T��

�t �$�P�O�O�F�D�U�F�E�O�F�T�T���*�U�F�N�T�J�O�B�E�J�B�H�S�B�N�U�I�B�U�B�S�F�D�P�O�O�F�D�U�F�E�U�P�H�F�U�I�F�S�B�S�F�P�G�U�F�O�S�F�Q�S�F�T��
�F�O�U�F�E�B�T�B�H�S�B�Q�I�
�X�I�F�S�F�U�I�F�D�P�O�O�F�D�U�F�E�J�U�F�N�T�B�S�F�M�J�O�L�F�E�X�J�U�I �B�M�J�O�F���$�P�O�O�F�D�U�J�P�O�T
�J�O�U�I�J�T�T�F�O�T�F�P�G�U�F�O�S�F�Q�S�F�T�F�O�U�Q�I�Z�T�J�D�B�M�D�P�O�O�F�D�U�J�P�O�T�P�G�P�C�K�F�D�U�T�
�T�V�D�I �B�T�X�J�U�I �U�I�F
�M�J�O�F�T�D�P�O�O�F�D�U�J�O�H�U�I�F�D�P�N�Q�P�O�F�O�U�T�J�O�U�I�F�&�M�F�D�U�S�J�D�B�M�D�J�S�D�V�J�U�T�E�J�B�H�S�B�N��

�t �$�P�S�S�F�T�Q�P�O�E�F�O�D�F���" �D�P�S�S�F�T�Q�P�O�E�F�O�D�F�C�F�U�X�F�F�O�J�U�F�N�T�J�O�B�E�J�B�H�S�B�N�J�T�T�J�N�J�M�B�S�U�P�B
�D�P�O�O�F�D�U�J�P�O�C�V�U�E�P�F�T�O�P�U�I�B�W�F�U�I�F�Q�I�Z�T�J�D�B�M�D�P�O�O�F�D�U�J�P�O�D�P�O�O�P�U�B�U�J�P�O���" �E�J�B�H�S�B�N
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�3�F�H�J�P�O�T

�5�S�F�F�T

�*�O�E�V�T�U�S�J�B�M�Q�S�P�D�F�T�T

�4�U�B�D�L�F�E�T�U�S�V�D�U�V�S�F�T

�'�M�P�X�E�J�B�H�S�B�N�T

�-�B�C�F�M�M�F�E�S�F�B�M�J�T�U�J�D

�'�M�P�X�T�Z�T�U�F�N

�&�M�F�D�U�S�J�D�B�M�D�J�S�D�V�J�U�T

�$�P�S�S�F�T�Q�P�O�E�F�O�D�F

�1�S�P�D�F�T�T�U�I�S�P�V�H�I �U�J�N�F

�-�J�O�F�B�S

�/ �P�O���T�Q�F�D�J�ö�D�E�B�U�B

�. �V�M�U�J���S�P�X�M�J�O�F�B�S

�. �B�Q�T

�(�S�B�Q�I�T

�$�I�B�S�U�T�� �O�V�N�F�S�J�D�B�M�E�B�U�B

�*�O�D�S�F�B�T�J�O�H�E�F�U�B�J�M

�$�I�F�N�J�D�B�M�T�U�S�V�D�U�V�S�F�T

Figure 1 �5�Z�Q�F�T�P�G�E�J�B�H�S�B�N�T�G�S�P�N�P�V�S�D�P�M�M�F�D�U�J�P�O�B�O�E�B�O�F�Y�B�N�Q�M�F�P�G�F�B�D�I��
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�U�I�B�U�D�P�O�U�B�J�O�T�B�Q�J�D�U�V�S�F�P�G�B�N�F�D�I�B�O�J�D�B�M�Q�B�S�U�B�O�E�U�I�F�O�B�N�F�P�G�U�I�B�U�Q�B�S�U�
�M�J�O�L�F�E
�X�J�U�I �B�M�J�O�F�
�E�P�F�T�O�P�U�T�I�P�X�U�I�B�U�U�I�F�Q�B�S�U�J�T�D�P�O�O�F�D�U�F�E�U�P�U�I�F�U�F�Y�U�M�B�C�F�M���U�I�F�Q�J�D�U�V�S�F
�P�G�U�I�F�Q�B�S�U�S�F�Q�S�F�T�F�O�U�T�B�Q�I�Z�T�J�D�B�M�P�C�K�F�D�U�
�X�I�J�M�F�U�I�F�U�F�Y�U�M�B�C�F�M�J�T�T�P�N�F�U�I�J�O�H�N�P�S�F
�B�C�T�U�S�B�D�U���s �F�Q�B�S�U�
�U�I�P�V�H�I�
�D�P�S�S�F�T�Q�P�O�E�T�U�P�J�U�T�O�B�N�F���s �F�D�P�S�S�F�T�Q�P�O�E�F�O�D�F�S�F�M�B��
�U�J�P�O�J�T�X�I�B�U�N�B�L�F�T�U�I�F�U�F�Y�U�M�B�C�F�M�O�B�N�F�U�I�B�U�Q�B�S�U�J�D�V�M�B�S�Q�B�S�U���*�O�U�I�J�T�J�O�T�U�B�O�D�F�
�U�I�F
�D�P�S�S�F�T�Q�P�O�E�F�O�D�F�J�T�T�J�H�O�J�î�F�E�C�Z�U�I�F�M�J�O�F�D�P�O�O�F�D�U�J�O�H�U�I�F�U�X�P�J�U�F�N�T���s �F�-�B�C�F�M�M�F�E
�S�F�B�M�J�T�U�J�D�B�O�E�$�P�S�S�F�T�Q�P�O�E�F�O�D�F�D�B�U�F�H�P�S�Z�F�Y�B�N�Q�M�F�T�T�I�P�X�E�J�B�H�S�B�N�T�X�I�F�S�F�U�I�J�T�L�J�O�E
�P�G�D�P�S�S�F�T�Q�P�O�E�F�O�D�F�J�T�J�O�E�J�D�B�U�F�E�X�J�U�I �B�D�P�O�O�F�D�U�J�O�H�M�J�O�F��

�$�P�S�S�F�T�Q�P�O�E�F�O�D�F�D�B�O�B�M�T�P�C�F�S�F�Q�S�F�T�F�O�U�F�E�X�J�U�I �D�F�S�U�B�J�O�T�Q�B�U�J�B�M�S�F�M�B�U�J�P�O�T�I�J�Q�T��
�1�S�P�Y�J�N�J�U�Z�	�T�V�D�I �B�T�X�J�U�I �U�I�F�U�F�Y�U�M�B�C�F�M�C�F�J�O�H�O�F�B�S�U�I�F�Q�B�S�U�
 �P�S�B�M�J�H�O�N�F�O�U�	�B�T�J�O
�B�U�X�P�D�P�M�V�N�O�H�S�J�E�
�X�I�F�S�F�J�U�F�N�T�J�O�U�I�F�T�B�N�F�S�P�X�D�P�S�S�F�T�Q�P�O�E�
 �P�G�U�X�P�J�U�F�N�T�J�T�B
�D�P�N�N�P�O�N�F�U�I�P�E�V�T�F�E�U�P�J�O�E�J�D�B�U�F�U�I�F�J�S�D�P�S�S�F�T�Q�P�O�E�F�O�D�F��

�'�J�O�B�M�M�Z�
�T�U�Z�M�F�D�B�O�B�M�T�P�J�O�E�J�D�B�U�F�D�P�S�S�F�T�Q�P�O�E�F�O�D�F���0�O�B�D�I�B�S�U�X�J�U�I �B�M�F�H�F�O�E�
�G�P�S
�F�Y�B�N�Q�M�F�
�U�I�F�D�P�M�P�V�S�P�G�B�E�B�U�B�T�F�S�J�F�T�J�O�E�J�D�B�U�F�T�J�U�T�D�P�S�S�F�T�Q�P�O�E�F�O�D�F�X�J�U�I �B�M�B�C�F�M�J�O
�U�I�F�M�F�H�F�O�E��

�t �0�S�E�F�S�J�O�H�� �0�S�E�F�S�J�O�H�T�N�B�Z�C�F�Q�S�F�T�F�O�U�C�F�U�X�F�F�O�J�U�F�N�T�J�O�B�E�J�B�H�S�B�N�� �" �U�Z�Q�J�D�B�M
�N�F�U�I�P�E�P�G�T�J�H�O�J�G�Z�J�O�H�P�S�E�F�S�J�T�U�P�V�T�F�T�J�O�H�M�F���I�F�B�E�F�E�B�S�S�P�X�T�
�X�I�F�S�F�U�I�F�J�U�F�N�B�U�U�I�F
�C�F�H�J�O�O�J�O�H�P�G�U�I�F�B�S�S�P�X�	�U�I�F�F�O�E�X�J�U�I�P�V�U�U�I�F�B�S�S�P�X�I�F�B�E�
 �J�T�P�S�E�F�S�F�E�C�F�G�P�S�F�U�I�F
�J�U�F�N �B�U�U�I�F�F�O�E�P�G�U�I�F�B�S�S�P�X�	�U�I�F�F�O�E�X�J�U�I �U�I�F�B�S�S�P�X�I�F�B�E�
�
�B�T�J�O�U�I�F�' �M�P�X�E�J�B��
�H�S�B�N�D�B�U�F�H�P�S�Z�F�Y�B�N�Q�M�F���1�P�T�J�U�J�P�O�
�J�O�D�P�O�K�V�O�D�U�J�P�O�X�J�U�I �U�I�F�D�P�O�W�F�O�U�J�P�O�P�G�S�F�B�E�J�O�H
�P�S�E�F�S�
�D�B�O�B�M�T�P�C�F�V�T�F�E�o�I�B�W�J�O�H�J�U�F�N�T�Q�P�T�J�U�J�P�O�F�E�G�S�P�N�M�F�G�U�U�P�S�J�H�I�U�J�O�B�O�&�O�H�M�J�T�I
�E�J�B�H�S�B�N�P�G�U�F�O�J�N�Q�M�J�F�T�B�O�P�S�E�F�S�J�O�H��

�t �) �J�F�S�B�S�D�I�Z���" �I�J�F�S�B�S�D�I�Z�P�G�J�U�F�N�T�J�O�B�E�J�B�H�S�B�N�J�T�P�G�U�F�O�T�I�P�X�O�V�T�J�O�H�B�D�P�N�C�J�O�B�U�J�P�O
�P�G�D�P�O�O�F�D�U�F�E�O�F�T�T�B�O�E�P�S�E�F�S�J�O�H�� �*�U�F�N�T�B�S�F�B�S�S�B�O�H�F�E�J�O�Q�B�S�F�O�U�o�D�I�J�M�E�S�F�M�B�U�J�P�O�T�

�G�P�S�N�J�O�H�B�U�S�F�F���" �O�J�U�F�N�X�I�J�D�I �J�T�B�D�I�J�M�E�P�G�B�O�P�U�I�F�S�J�U�F�N�J�T�T�P�N�F�I�P�X�T�V�C�P�S�E�J�O�B�U�F
�U�P�U�I�B�U�T�F�D�P�O�E�J�U�F�N���s �F�N�P�T�U�D�P�N�N�P�O�E�F�Q�J�D�U�J�P�O�P�G�I�J�F�S�B�S�D�I�Z�J�T�X�J�U�I �B�O�B�D�U�V�B�M
�U�S�F�F�
�X�I�F�S�F�T�J�O�H�M�F���I�F�B�E�F�E�B�S�S�P�X�T�J�O�E�J�D�B�U�F�U�I�F�Q�B�S�F�O�U�o�D�I�J�M�E�S�F�M�B�U�J�P�O�T�
�U�I�F�Q�B�S�F�O�U
�C�F�J�O�H�B�U�U�I�F�C�F�H�J�O�O�J�O�H�P�G�U�I�F�B�S�S�P�X�B�O�E�U�I�F�D�I�J�M�E�B�U�U�I�F�F�O�E���$�P�O�U�B�J�O�N�F�O�U�J�T�B�O��
�P�U�I�F�S�U�F�D�I�O�J�R�V�F�
�J�O�X�I�J�D�I �J�O�O�F�S�F�M�F�N�F�O�U�T�B�S�F�T�V�C�P�S�E�J�O�B�U�F�U�P�P�V�U�F�S�F�M�F�N�F�O�U�T���s �F
�4�U�B�D�L�F�E�T�U�S�V�D�U�V�S�F�D�B�U�F�H�P�S�Z�F�Y�B�N�Q�M�F�V�T�F�T�U�I�F�W�F�S�U�J�D�B�M�Q�P�T�J�U�J�P�O�J�O�H�P�G�U�I�F�C�M�P�D�L�T�U�P
�J�O�E�J�D�B�U�F�U�I�F�J�S�Q�P�T�J�U�J�P�O�J�O�B�I�J�F�B�S�B�S�D�I�Z��

�t �( �S�P�V�Q�J�O�H���*�U�F�N�T�J�O�B�E�J�B�H�S�B�N�N�B�Z�C�F�B�S�S�B�O�H�F�E�J�O�H�S�P�V�Q�T���s �F�J�U�F�N�T�J�O�B�H�S�P�V�Q
�D�B�O�C�F�D�P�O�T�J�E�F�S�F�E�B�T�B�X�I�P�M�F�
�J�O�T�P�N�F�E�P�N�B�J�O���T�Q�F�D�J�î�D�T�F�O�T�F���( �S�P�V�Q�N�F�N�C�F�S��
�T�I�J�Q�D�B�O�C�F�T�J�H�O�J�î�F�E�C�Z�D�P�O�U�B�J�O�N�F�O�U�
�X�I�F�S�F�B�M�M�H�S�P�V�Q�N�F�N�C�F�S�T�B�S�F�Q�P�T�J�U�J�P�O�F�E
�X�J�U�I�J�O�B�O�P�U�I�F�S�F�M�F�N�F�O�U�
�Q�S�P�Y�J�N�J�U�Z�
�X�I�F�S�F�U�I�F�H�S�P�V�Q�N�F�N�C�F�S�T�B�S�F�T�J�N�Q�M�Z�D�M�P�T�F
�U�P�H�F�U�I�F�S�
�P�S�F�W�F�O�D�P�N�N�P�O�T�U�Z�M�J�O�H���s �F�/ �P�O���T�Q�F�D�J�î�D�E�B�U�B�F�Y�B�N�Q�M�F�V�T�F�T�D�P�O�U�B�J�O��
�N�F�O�U��

Geometry. �( �F�P�N�F�U�S�J�D�J�O�G�P�S�N�B�U�J�P�O�J�O�B�E�J�B�H�S�B�N�U�B�L�F�T�U�I�F�G�P�S�N�P�G�T�I�B�Q�F�T�
�B�S�F�B�T�B�O�E
�M�F�O�H�U�I�T�P�G�E�J�B�H�S�B�N�F�M�F�N�F�O�U�T���s �F�T�F�E�J�B�H�S�B�N�Q�S�P�Q�F�S�U�J�F�T�B�S�F�N�P�T�U�M�Z�V�T�F�E�U�P�S�F�Q�S�F�T�F�O�U
�Q�I�Z�T�J�D�B�M�P�C�K�F�D�U�T�B�O�E�U�I�F�J�S�E�J�N�F�O�T�J�P�O�T�B�O�E�Q�P�T�J�U�J�P�O�T���' �M�P�P�S�Q�M�B�O�T�B�O�E�U�P�Q�P�H�S�B�Q�I�J�D��
�B�M�N�B�Q�T�
�T�V�D�I �B�T�U�I�F�. �B�Q�T�D�B�U�F�H�P�S�Z�F�Y�B�N�Q�M�F�
�B�S�F�J�O�T�U�B�O�D�F�T�P�G�E�J�B�H�S�B�N�T�U�I�B�U�F�O�D�P�E�F

�� �� �� ���� ���� ���������� �� �� �� �� �� �r �y



�H�F�P�N�F�U�S�J�D�J�O�G�P�S�N�B�U�J�P�O���s �F�T�Z�O�U�B�Y�G�P�S�S�F�Q�S�F�T�F�O�U�J�O�H�U�I�F�H�F�P�N�F�U�S�J�D�J�O�G�P�S�N�B�U�J�P�O�J�T
�R�V�J�U�F�M�J�U�F�S�B�M�J�O�U�I�B�U�J�U�V�T�V�B�M�M�Z�D�P�S�S�F�T�Q�P�O�E�T�E�J�S�F�D�U�M�Z�U�P�U�I�F�J�O�G�P�S�N�B�U�J�P�O�J�U�J�T�D�P�O�W�F�Z�J�O�H��

Descriptive. �/ �B�N�F�T�
�E�F�T�D�S�J�Q�U�J�P�O�T�B�O�E�F�Y�Q�M�B�O�B�U�J�P�O�T�P�D�D�V�S�X�J�U�I�J�O�N�B�O�Z�E�J�B�H�S�B�N�T�

�B�O�E�U�I�F�T�F�B�S�F�U�Z�Q�J�D�B�M�S�F�Q�S�F�T�F�O�U�F�E�V�T�J�O�H�U�F�Y�U�o �Q�B�S�U�J�D�V�M�B�S�B�S�S�B�O�H�F�N�F�O�U�T�P�G�H�M�Z�Q�I�T
�G�S�P�N �O�B�U�V�S�B�M�M�B�O�H�V�B�H�F�T���*�O�B�M�U�F�S�O�B�U�F�N�P�E�B�M�J�U�J�F�T�
�E�F�T�D�S�J�Q�U�J�W�F�J�O�G�P�S�N�B�U�J�P�O�N�J�H�I�U�J�O��
�T�U�F�B�E�C�F�Q�S�F�T�F�O�U�F�E�B�T�B�O�B�V�E�J�P�S�F�O�E�J�U�J�P�O�P�G�U�I�F�X�P�S�E�T���s �F�U�F�Y�U�J�O�U�I�F�*�O�E�V�T�U�S�J�B�M
�Q�S�P�D�F�T�T�D�B�U�F�H�P�S�Z�F�Y�B�N�Q�M�F�J�T�V�T�F�E�G�P�S�M�B�C�F�M�M�J�O�H�
�X�I�J�M�F�U�I�F�U�F�Y�U�J�O�U�I�F�5�S�F�F�T�F�Y�B�N�Q�M�F
�E�F�T�D�S�J�C�F�T�T�P�N�F�F�M�F�N�F�O�U�T�P�G�B�N�F�E�J�D�B�M�T�U�V�E�Z�B�U�E�J�ë�F�S�F�O�U�T�U�B�H�F�T��

Numerical. �%�J�B�H�S�B�N�T�D�B�O�Q�S�F�T�F�O�U�O�V�N�F�S�J�D�B�M�E�B�U�B�J�O�B�W�B�S�J�F�U�Z�P�G�G�P�S�N�T���$�I�B�S�U�T�B�S�F�B
�D�P�N�N�P�O�U�Z�Q�F�P�G�E�J�B�H�S�B�N�V�T�F�E�U�P�D�P�O�W�F�Z�O�V�N�F�S�J�D�B�M�E�B�U�B�
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�B�C�M�F�I�J�H�I���M�F�W�F�M�E�F�T�D�S�J�Q�U�J�P�O�P�G�B�E�J�B�H�S�B�N�B�E�B�Q�U�B�U�J�P�O�
�X�F�B�T�T�F�S�U�U�I�B�U�U�I�F�D�B�U�F�H�P�S�J�T�B��
�U�J�P�O�B�T�B�X�I�P�M�F�J�T�B�S�F�B�T�P�O�B�C�M�F�P�O�F���' �J�H�V�S�F�t �T�V�N�N�B�S�J�T�F�T�X�I�J�D�I �P�G�U�I�F�S�F�B�T�P�O�T�G�P�S
�B�E�B�Q�U�B�U�J�P�O�G�S�P�N�T�F�D�U�J�P�O�u���s�X�F�S�F�J�E�F�O�U�J�î�F�E�G�P�S�F�B�D�I �P�G�U�I�F�N�B�J�O�U�Z�Q�F�T�P�G�B�E�B�Q�U�B�U�J�P�O
�Q�S�F�T�F�O�U�F�E�J�O�U�I�J�T�T�F�D�U�J�P�O��
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�W�F�S�T�J�P�O�T�P�G�U�I�F�T�F�E�J�B�H�S�B�N�T���8 �F�F�Y�Q�M�B�J�O�U�I�F�î�S�T�U�F�Y�B�N�Q�M�F���T�B�E�B�Q�U�B�U�J�P�O�T�J�O�E�F�U�B�J�M���O�F�F�E
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Figure 2 �5�I�F�N�B�J�O�L�J�O�E�T�P�G�B�E�B�Q�U�B�U�J�P�O�J�O�E�J�B�H�S�B�N�T�B�O�E�U�I�F�Q�S�J�N�B�S�Z�S�F�B�T�P�O�T�G�P�S�V�T�J�O�H�U�I�F�N��

�S�F�B�T�P�O�T�T�I�P�V�M�E�Q�S�P�C�B�C�M�Z�C�F�G�P�S�F�B�D�I �B�E�B�Q�U�B�U�J�P�O�
�S�B�U�I�F�S�U�I�B�O�P�W�F�S�B�M�M�B�E�B�Q�U�B�U�J�P�O�T�G�P�S
�U�I�F�T�J�O�H�M�F�F�Y�B�N�Q�M�F��

�u���v���s�
������ �� ���� �������� ��

Adaptation types: �M�B�Z�P�V�U�
�T�U�Z�M�F�
�G�P�D�V�T�
�U�F�Y�U�D�P�O�U�F�O�U�
�E�Z�O�B�N�J�T�N
Adaptation reasons: �T�Q�B�D�F�
�N�F�E�J�V�N�D�B�Q�B�C�J�M�J�U�J�F�T�
�B�D�D�F�T�T�J�C�J�M�J�U�Z

�s �J�T�î�S�T�U�F�Y�B�N�Q�M�F�
�T�I�P�X�O�J�O�'�J�H�V�S�F�u�	�B�
�
�E�F�Q�J�D�U�T�U�I�F�G�P�V�S�T�U�F�Q�T�J�O�W�P�M�W�F�E�J�O�U�I�F�Q�S�P��
�D�F�T�T�P�G�D�F�M�M�E�J�W�J�T�J�P�O���" �S�S�P�X�T�B�S�F�V�T�F�E�U�P�J�O�E�J�D�B�U�F�Q�S�P�H�S�F�T�T�J�P�O�C�F�U�X�F�F�O�U�I�F�T�U�F�Q�T���5�F�Y�U
�J�T�V�T�F�E�G�P�S�C�P�U�I �E�F�T�D�S�J�C�J�O�H�X�I�B�U�I�B�Q�Q�F�O�T�B�U�F�B�D�I �T�U�F�Q�B�O�E�B�M�T�P�U�P�M�B�C�F�M�U�I�F�Q�B�S�U�T�P�G
�U�I�F�D�F�M�M�J�O�U�I�F�î�S�T�U�T�U�F�Q���'�P�S�U�I�F�î�S�T�U�B�E�B�Q�U�B�U�J�P�O�
�M�F�U�V�T�B�T�T�V�N�F�U�I�B�U�U�I�F�E�J�B�H�S�B�N�J�T
�U�P�C�F�Q�S�F�T�F�O�U�F�E�J�O�B�T�Q�B�D�F�U�I�B�U�X�J�M�M�O�P�U�î�U�U�I�J�T�W�F�S�U�J�D�B�M�P�S�J�F�O�U�B�U�J�P�O�
�C�V�U�U�I�B�U�U�I�F�S�F�J�T
�F�O�P�V�H�I �T�Q�B�D�F�U�P�Q�S�F�T�F�O�U�U�I�F�T�U�F�Q�T�I�P�S�J�[�P�O�U�B�M�M�Z���s �F�E�J�B�H�S�B�N�D�P�V�M�E�U�I�V�T�C�F�B�E�B�Q�U�F�E
�U�P�U�I�F�B�W�B�J�M�B�C�M�F�T�Q�B�D�F�U�P�M�P�P�L�M�J�L�F�'�J�H�V�S�F�u�	�D�
��

�s �F�S�F�B�S�F�T�P�N�F�B�T�Q�F�D�U�T�P�G�U�I�F�P�S�J�H�J�O�B�M�E�J�B�H�S�B�N�U�I�B�U�B�S�F�J�N�Q�P�S�U�B�O�U�U�P�L�F�F�Q�J�O�U�I�F
�B�E�B�Q�U�F�E�E�J�B�H�S�B�N�
�N�P�T�U�M�Z�G�P�S�S�F�B�T�P�O�T�P�G�B�F�T�U�I�F�U�J�D�T�B�O�E�D�M�B�S�J�U�Z���'�J�S�T�U�
�U�I�F�M�F�O�H�U�I�T�P�G
�U�I�F�B�S�S�P�X�T�B�S�F�B�M�M�F�R�V�B�M�B�O�E�U�I�F�T�Q�B�D�F�U�B�L�F�O�V�Q�C�Z�B�M�M�G�P�V�S�T�U�F�Q�T�B�S�F�F�R�V�B�M���*�O�U�I�F
�B�E�B�Q�U�F�E�W�F�S�T�J�P�O�
�U�I�F�T�F�Q�S�P�Q�F�S�U�J�F�T�B�S�F�L�F�Q�U�
�C�V�U�C�F�D�B�V�T�F�U�I�F�B�S�S�P�X�T�O�P�X�S�V�O�I�P�S�J��
�[�P�O�U�B�M�M�Z�
�J�O�U�I�F�T�B�N�F�E�J�S�F�D�U�J�P�O�B�T�U�I�F�U�F�Y�U�
�U�I�F�B�S�S�P�X�T�N�V�T�U�C�F�M�P�O�H�F�O�P�V�H�I �U�P�B�D��
�D�P�N�N�P�E�B�U�F�U�I�F�X�J�E�F�T�U�M�B�C�F�M���5�P�F�O�T�V�S�F�U�I�B�U�U�I�F�M�B�C�F�M�T�E�F�T�D�S�J�C�J�O�H�U�I�F�Q�B�S�U�T�P�G�U�I�F
�D�F�M�M�J�O�U�I�F�î�S�T�U�T�U�F�Q�E�P�O�P�U�V�O�O�F�D�F�T�T�B�S�J�M�Z�D�B�V�T�F�U�I�B�U�T�U�F�Q�U�P�U�B�L�F�V�Q�N�P�S�F�T�Q�B�D�F�
�U�I�F
�M�B�Z�P�V�U�P�G�U�I�F�M�B�C�F�M�T�J�T�T�M�J�H�I�U�M�Z�E�J�ë�F�S�F�O�U�G�S�P�N �U�I�P�T�F�J�O�U�I�F�P�S�J�H�J�O�B�M�E�J�B�H�S�B�N�
�X�I�F�S�F
�U�I�F�Z�B�S�F�W�F�S�U�J�D�B�M�M�Z�M�F�G�U�B�M�J�H�O�F�E��

�s �F�T�F�D�P�O�E�B�E�B�Q�U�B�U�J�P�O�P�G�U�I�J�T�E�J�B�H�S�B�N�
�'�J�H�V�S�F�u�	�C�
�
�E�F�N�P�O�T�U�S�B�U�F�T�B�E�B�Q�U�J�O�H�U�P
�F�W�F�O�M�F�T�T�B�W�B�J�M�B�C�M�F�S�F�O�E�F�S�J�O�H�T�Q�B�D�F�B�O�E�B�M�T�P�U�I�F�B�C�J�M�J�U�Z�P�G�B�N�F�E�J�V�N �	�J�O�U�I�J�T�D�B�T�F�
�B
�D�P�N�Q�V�U�F�S���C�B�T�F�E�C�S�P�X�T�F�S�
 �U�P�Q�S�P�W�J�E�F�V�T�F�S�J�O�U�F�S�B�D�U�J�P�O���s �F�T�N�B�M�M�F�S�S�F�O�E�F�S�J�O�H�T�Q�B�D�F
�J�T�J�O�T�V�ð�D�J�F�O�U�U�P�T�I�P�X �B�M�M�G�P�V�S�T�U�F�Q�T�B�U�P�O�D�F���4�J�O�D�F�U�I�J�T�B�E�B�Q�U�B�U�J�P�O�J�T�U�B�S�H�F�U�U�J�O�H�B
�D�P�N�Q�V�U�F�S���C�B�T�F�E�C�S�P�X�T�F�S�
�X�F�D�B�O�V�T�F�[�P�P�N�J�O�H�D�P�O�U�S�P�M�M�F�E�C�Z�V�T�F�S�J�O�U�F�S�B�D�U�J�P�O�U�P�B�M��
�M�P�X�B�S�F�B�E�F�S�U�P�O�B�W�J�H�B�U�F�U�I�S�P�V�H�I �U�I�F�T�U�F�Q�T�P�G�U�I�F�D�F�M�M�E�J�W�J�T�J�P�O�Q�S�P�D�F�T�T�
�U�I�F�S�F�C�Z�S�F��
�E�V�D�J�O�H�U�I�F�B�N�P�V�O�U�P�G�E�J�B�H�S�B�N�O�F�F�E�J�O�H�U�P�C�F�E�J�T�Q�M�B�Z�F�E�B�U�U�I�F�P�O�F�U�J�N�F���s �F�î�H�V�S�F
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Figure 3 �$�F�M�M�E�J�W�J�T�J�P�O�E�J�B�H�S�B�N���	�B�
�P�S�J�H�J�O�B�M�E�J�B�H�S�B�N�
�	�C�
�J�O�U�F�S�B�D�U�J�W�F�T�U�F�Q���C�Z���T�U�F�Q�W�F�S�T�J�P�O�
�	�D�
�I�P�S�J�[�P�O�U�B�M
�W�F�S�T�J�P�O�
�	�E�
�U�B�D�U�J�M�F�W�F�S�T�J�P�O��
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�' �J�H�V�S�F�u�	�E�
 �T�I�P�X�T�B�O�B�E�B�Q�U�B�U�J�P�O�U�P�B�N�P�S�F�D�P�N�Q�M�F�Y�V�T�F�S�S�F�R�V�J�S�F�N�F�O�U���U�I�B�U�U�I�F
�E�J�B�H�S�B�N�J�T�U�P�C�F�S�F�O�E�F�S�F�E�B�T�B�V�O�J�G�P�S�N�I�F�J�H�I�U�U�B�D�U�J�M�F�E�J�B�H�S�B�N�G�P�S�B�C�M�J�O�E�V�T�F�S���s �F�S�F
�B�S�F�B�O�V�N�C�F�S�P�G�U�S�B�O�T�G�P�S�N�B�U�J�P�O�T�U�P�U�I�F�E�J�B�H�S�B�N�U�I�B�U�O�F�F�E�U�P�C�F�N�B�E�F�G�P�S�J�U�U�P�C�F
�T�V�J�U�B�C�M�F�B�T�B�U�B�D�U�J�M�F�E�J�B�H�S�B�N���0�O�F�P�C�W�J�P�V�T�U�S�B�O�T�G�P�S�N�B�U�J�P�O�J�T�U�I�B�U�D�P�M�P�V�S�T�N�V�T�U�C�F
�S�F�N�P�W�F�E�
�B�O�E�F�J�U�I�F�S�S�F�Q�M�B�D�F�E�X�J�U�I �U�F�Y�U�V�S�F�P�S�K�V�T�U�C�Z�B�O�P�O���U�F�Y�U�V�S�F�E�S�B�J�T�F�E�B�S�F�B���� �*�O
�P�V�S�D�F�M�M�E�J�W�J�T�J�P�O�F�Y�B�N�Q�M�F�U�I�F�P�O�M�Z�J�O�G�P�S�N�B�U�J�P�O�F�O�D�P�E�F�E�X�J�U�I �D�P�M�P�V�S�J�T�U�I�F�J�E�F�O�U�J�î�D�B��
�U�J�P�O�P�G�U�I�F�Q�M�B�T�N�B�N�F�N�C�S�B�O�F�B�O�E�D�F�M�M�X�B�M�M���4�J�O�D�F�U�I�F�T�F�Q�B�S�U�T�B�S�F�M�B�C�F�M�M�F�E�J�O�U�I�F�î�S�T�U
�T�U�F�Q�B�O�E�S�F�N�B�J�O�J�O�U�I�F�T�B�N�F�S�F�M�B�U�J�W�F�Q�P�T�J�U�J�P�O�J�O�T�V�C�T�F�R�V�F�O�U�T�U�F�Q�T�
�U�I�F�D�P�M�P�V�S�D�B�O
�C�F�S�F�N�P�W�F�E���/ �P�U�F�U�I�P�V�H�I �U�I�B�U�T�J�O�D�F�U�I�F�M�J�O�F�T�U�I�B�U�S�F�Q�S�F�T�F�O�U�U�I�F�Q�M�B�T�N�B�N�F�N�C�S�B�O�F
�B�O�E�D�F�M�M�X�B�M�M�I�B�W�F�O�P�T�F�Q�B�S�B�U�J�P�O�
�J�G�U�I�F�T�F�U�X�P�Q�B�S�U�T�B�S�F�U�P�C�F�N�B�Q�Q�F�E�P�O�U�P�U�I�F�P�O�F
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Adaptation types: �M�B�Z�P�V�U�
�G�P�D�V�T�
�J�O�E�J�S�F�D�U�J�P�O�
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Lecture note augmentation increased value
to me. (All Sems., 665 GATech, 341 KSU Resps.)
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Audio/Video  augmentation  of  the  Web-based  lecture  notes  increased

their  value  to  me.  (All  Semesters,  580  GATech,  435  KSU  Responses)
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Die Integration von Audio & Video in
Web-basiertes Unterrichtsmaterial hat

meinen Lernenfolg verbessert (1~5 : ja~nein)

45%

40%

35%

30%

25%

20%

15%

10%

5%

0%

1 2 3 4 5

Video: 39.5%

������

Figure 4 �#�B�S�D�I�B�S�U���	�B�
�P�S�J�H�J�O�B�M�E�J�B�H�S�B�N�
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Adaptation types: �M�B�Z�P�V�U�
�G�P�D�V�T�
�G�P�S�N�
�E�Z�O�B�N�J�T�N
Adaptation reasons: �T�Q�B�D�F�
�N�F�E�J�V�N�D�B�Q�B�C�J�M�J�U�J�F�T
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Adaptation types: �M�B�Z�P�V�U�
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Adaptation reasons: �T�Q�B�D�F�
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Figure 5 �%�F�D�J�T�J�P�O�U�S�F�F���	�B�
�P�S�J�H�J�O�B�M�E�J�B�H�S�B�N�
�	�C�
�D�P�M�M�B�Q�T�F�E�H�S�P�V�Q�
�	�D�
�J�O�U�F�S�B�D�U�J�W�F�F�Y�Q�M�P�S�B�U�J�P�O��

�� �� �� ���� ���� ���������� �� �� �� �� �� �r �t�r



������

Distribution of Media Access Methods

(4616 Sessions)

Ink
16%

Timeline
8%

Other
18%

(4 parts)

Slide
36%

Unknown
23%
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Distribution of Media Access
Methods (4616 Sessions)

Slide 36%
Unknown 23%
Ink 16%
Mix (Slide) 10%
Timeline 8%
Mix (Ink) 5%
Mix (Timeline) 2%
Mix (Unknown) 0%
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Figure 6 �1�J�F�D�I�B�S�U���	�B�
�P�S�J�H�J�O�B�M�E�J�B�H�S�B�N�
�	�C�
�M�F�W�F�M�P�G�E�F�U�B�J�M�S�F�E�V�D�F�E�
�	�D�
�G�P�S�N�D�I�B�O�H�F�E�U�P�B�U�B�C�M�F��

�u���v���w��� ������ �� ���� ���� ���� �� ���� �� �� �� ��

Adaptation types: �M�B�Z�P�V�U�
�J�O�E�J�S�F�D�U�J�P�O�
�E�Z�O�B�N�J�T�N
Adaptation reasons: �T�Q�B�D�F�
�N�F�E�J�V�N�D�B�Q�B�C�J�M�J�U�J�F�T

�s �F�î�G�U�I �F�Y�B�N�Q�M�F�E�J�B�H�S�B�N�
�B�O�F�Y�Q�M�P�E�F�E�Q�B�S�U�E�J�B�H�S�B�N�
�J�T�H�J�W�F�O�J�O�'�J�H�V�S�F�y���s �J�T�L�J�O�E
�P�G�E�J�B�H�S�B�N�J�T�D�P�N�N�P�O�G�P�S�J�M�M�V�T�U�S�B�U�J�O�H�I�P�X �N�F�D�I�B�O�J�D�B�M�Q�B�S�U�T�î�U�U�P�H�F�U�I�F�S���1�P�T�T�J�C�M�F
�B�E�B�Q�U�B�U�J�P�O�T�G�P�S�U�I�J�T�E�J�B�H�S�B�N�J�O�D�M�V�E�F�S�F�N�P�W�J�O�H�U�I�F�Q�B�S�U�M�B�C�F�M�T�U�P�D�P�O�T�F�S�W�F�T�Q�B�D�F�
�E�J�T��
�Q�M�B�Z�J�O�H�U�I�F�N�P�O�M�Z�X�J�U�I �V�T�F�S�J�O�U�F�S�B�D�U�J�P�O�
�P�S�B�M�M�P�X�J�O�H�U�I�F�V�T�F�S�U�P�T�I�J�G�U�U�I�F�Q�B�S�U�T�B�M�P�O�H
�U�I�F�B�Y�J�T�T�P�U�I�B�U�U�I�F�Z�D�B�O�F�Y�Q�F�S�J�N�F�O�U�U�P�V�O�E�F�S�T�U�B�O�E�C�F�U�U�F�S�I�P�X�U�I�F�Q�B�S�U�T�î�U�U�P�H�F�U�I�F�S��

�� �� �� ���� ���� ���������� �� �� �� �� �� �r �t�s



Figure 7 �&�Y�Q�M�P�E�F�E�Q�B�S�U�W�J�F�X�E�J�B�H�S�B�N��

�u���v���x���� �� �� �� ������ �
���������� �� �
�������� ���� �����
�� �� �� �������� �� �� ���� �� �� �� ��

Adaptation types: �M�B�Z�P�V�U�
�G�P�D�V�T
Adaptation reasons: �T�Q�B�D�F

�s �F�î�O�B�M�F�Y�B�N�Q�M�F�E�F�N�P�O�T�U�S�B�U�F�T�B�E�B�Q�U�B�U�J�P�O�C�Z�S�F�N�P�W�J�O�H�S�F�Q�F�B�U�F�E�J�U�F�N�T�G�S�P�N�B�E�J�B��
�H�S�B�N���' �J�H�V�S�F�z�	�B�
�T�I�P�X�T�B�O�J�M�M�V�T�U�S�B�U�J�P�O�P�G�B�O�J�N�B�H�F�Q�S�P�D�F�T�T�J�O�H�G�S�B�N�F�X�P�S�L���s �J�T�E�J�B��
�H�S�B�N�I�B�T�î�W�F�J�N�B�H�F�G�S�B�N�F�T�
�C�V�U�G�P�S�U�I�F�Q�V�S�Q�P�T�F�P�G�U�I�F�E�J�B�H�S�B�N�J�U�E�P�F�T�O�P�U�N�B�U�U�F�S
�I�P�X�N�B�O�Z�G�S�B�N�F�T�B�S�F�B�D�U�V�B�M�M�Z�Q�S�F�T�F�O�U�
�B�T�M�P�O�H�B�T�U�I�F�S�F�B�S�F�B�G�F�X���' �J�H�V�S�F�z�	�C�
�T�I�P�X�T
�B�O�B�E�B�Q�U�F�E�W�F�S�T�J�P�O�P�G�U�I�F�E�J�B�H�S�B�N�X�I�F�S�F�U�I�J�T�S�F�Q�F�U�J�U�J�P�O�I�B�T�C�F�F�O�S�F�E�V�D�F�E�U�P�T�B�W�F
�T�Q�B�D�F��
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�*�O�U�I�J�T�D�I�B�Q�U�F�S�X�F�I�B�W�F�Q�S�F�T�F�O�U�F�E�B�D�B�U�F�H�P�S�J�T�B�U�J�P�O�P�G�S�F�B�T�P�O�T�G�P�S�E�J�B�H�S�B�N�B�E�B�Q�U�B��
�U�J�P�O�B�O�E�P�G�U�I�F�U�Z�Q�F�T�P�G�B�E�B�Q�U�B�U�J�P�O�U�I�B�U�D�B�O�C�F�Q�F�S�G�P�S�N�F�E�P�O�E�J�B�H�S�B�N�T���s �F�B�E�B�Q�U�B��
�U�J�P�O�S�F�B�T�P�O�T�X�F�S�F�E�F�W�F�M�P�Q�F�E�C�Z�U�B�L�J�O�H�Q�S�F�W�J�P�V�T�X�P�S�L�P�O�B�E�B�Q�U�B�U�J�P�O�J�O�U�I�S�F�F�S�F�M�B�U�F�E
�B�S�F�B�T�o�I�Z�Q�F�S�N�F�E�J�B�
�X�F�C�B�Q�Q�M�J�D�B�U�J�P�O�T�B�O�E�U�F�Y�U�V�B�M�E�P�D�V�N�F�O�U�T�o�B�O�E�B�Q�Q�M�Z�J�O�H�U�I�F�N
�U�P�E�J�B�H�S�B�N�N�B�U�J�D�D�P�O�U�F�O�U���5�P�E�F�U�F�S�N�J�O�F�U�I�F�E�J�B�H�S�B�N�B�E�B�Q�U�B�U�J�P�O�U�Z�Q�F�T�
�X�F�D�P�O�E�V�D��
�U�F�E�B�E�J�B�H�S�B�N�T�V�S�W�F�Z�S�F�T�V�M�U�J�O�H�J�O�U�I�F�D�P�M�M�F�D�U�J�P�O�P�G�s�w�r�E�J�B�H�S�B�N�T���s �F�D�P�S�Q�V�T�P�G�E�J�B��
�H�S�B�N�T�X�B�T�U�I�F�O�B�O�B�M�Z�T�F�E�U�P�î�O�E�X�I�B�U�J�O�G�P�S�N�B�U�J�P�O�X�B�T�C�F�J�O�H�D�P�O�W�F�Z�F�E�J�O�F�B�D�I �B�O�E

�� �� �� ���� ���� ���������� �� �� �� �� �� �r �t�t
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Figure 8 �%�J�B�H�S�B�N�J�M�M�V�T�U�S�B�U�J�O�H�J�N�B�H�F�S�F�D�P�H�O�J�U�J�P�O�G�F�B�U�V�S�F�E�F�U�F�D�U�J�P�O���	�B�
�P�S�J�H�J�O�B�M�E�J�B�H�S�B�N�
�	�C�
�X�J�U�I �S�F�Q�F�U�J��
�U�J�P�O�S�F�E�V�D�F�E��

�I�P�X�U�I�F�J�O�G�P�S�N�B�U�J�P�O�X�B�T�Q�S�F�T�F�O�U�F�E�T�Z�O�U�B�D�U�J�D�B�M�M�Z���#�B�T�F�E�P�O�U�I�J�T�
�X�F�H�S�P�V�Q�F�E�U�I�F�E�J�B��
�H�S�B�N�T�J�O�U�P�s�z�D�B�U�F�H�P�S�J�F�T�B�O�E�D�B�N�F�V�Q�X�J�U�I �N�P�E�J�î�F�E�W�F�S�T�J�P�O�T�P�G�B�G�F�X �E�J�B�H�S�B�N�T
�G�S�P�N�F�B�D�I �D�B�U�F�H�P�S�Z�U�I�B�U�T�V�Q�Q�P�S�U�F�E�P�O�F�P�S�N�P�S�F�P�G�U�I�F�Q�S�F�W�J�P�V�T�M�Z�J�E�F�O�U�J�î�F�E�B�E�B�Q�U�B��
�U�J�P�O�S�F�B�T�P�O�T��

�#�B�T�F�E�P�O�U�I�F�W�B�S�J�F�U�Z�B�O�E�O�V�N�C�F�S�P�G�E�J�B�H�S�B�N�T�X�F�D�P�M�M�F�D�U�F�E�
�P�V�S�J�E�F�O�U�J�î�F�E�E�J�B��
�H�S�B�N�B�E�B�Q�U�B�U�J�P�O�U�Z�Q�F�T�B�O�E�S�F�B�T�P�O�T�Q�S�J�N�B�G�B�D�J�F�T�F�F�N�S�F�B�T�P�O�B�C�M�F���8 �F�G�P�V�O�E�U�I�B�U�P�V�S
�D�M�B�T�T�J�î�D�B�U�J�P�O�P�G�B�E�B�Q�U�B�U�J�P�O�U�Z�Q�F�T�P�W�F�S�M�B�Q�X�J�U�I�
 �C�V�U�E�P�O�P�U�F�Y�B�D�U�M�Z�D�P�S�S�F�T�Q�P�O�E�U�P�

�U�I�P�T�F�J�E�F�O�U�J�î�F�E�G�P�S�P�U�I�F�S�B�E�B�Q�U�J�W�F�T�Z�T�U�F�N�T��

�8 �F�V�T�F�P�V�S�D�M�B�T�T�J�î�D�B�U�J�P�O�B�T�J�O�Q�V�U�J�O�U�P�U�I�F�E�F�T�J�H�O�P�G�P�V�S�B�E�B�Q�U�J�W�F�E�J�B�H�S�B�N�B�V��
�U�I�P�S�J�O�H�U�P�P�M�Q�S�F�T�F�O�U�F�E�J�O�Á�B�V�U�I�P�S�J�O�H���U�P�P�M���*�O�Á�F�Y�Q�F�S�J�N�F�O�U�X�F�E�J�T�D�V�T�T�B�V�T�F�S�T�U�V�E�Z
�X�I�P�T�F�B�J�N�X�B�T�
�J�O�Q�B�S�U�
�B�J�N�F�E�U�P�W�B�M�J�E�B�U�F�P�V�S�E�J�B�H�S�B�N�B�E�B�Q�U�B�U�J�P�O�D�M�B�T�T�J�î�D�B�U�J�P�O���U�I�F

�� �� �� ���� ���� ���������� �� �� �� �� �� �r �t�u



�S�F�T�V�M�U�T�T�I�P�X�F�E�U�I�B�U�B�E�B�Q�U�B�U�J�P�O�T�Q�B�S�U�J�D�J�Q�B�O�U�T�D�B�N�F�V�Q�X�J�U�I �M�B�S�H�F�M�Z�D�P�O�D�P�S�E�F�E�X�J�U�I
�U�I�F�D�M�B�T�T�J�î�D�B�U�J�P�O�X�F�E�F�W�J�T�F�E��

�� �� �� ���� ���� ���������� �� �� �� �� �� �r �t�v
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