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�L�Q�W�H�J�U�D�W�H�G�� �S�U�R�E�O�H�P���V�R�O�Y�L�Q�J�� �F�R�P�S�H�W�H�Q�F�\���D�V���W�K�H�� �³�X�S�S�H�U�� �O�L�P�L�W�´�����9�D�O�X�H�V�� �W�K�L�Q�N�L�Q�J�� �F�R�P�S�H�W�H�Q�F�L�H�V��
�V�K�R�X�O�G���E�H���G�H�Y�H�O�R�S�H�G���I�L�U�V�W���E�D�V�H�G���R�Q���X�Q�G�H�U�S�L�Q�Q�L�Q�J���V�N�L�O�O�V���D�Q�G���D�W�W�L�W�X�G�H�V���I�U�R�P���W�K�H���&�'�,�2���6�\�O�O�D�E�X�V����
�2�X�U�� �P�R�G�H�O�� �D�O�O�R�Z�V�� �R�W�K�H�U�� �F�R�Q�W�H�[�W���V�S�H�F�L�I�L�F�� �F�R�P�S�H�W�H�Q�F�L�H�V�� �W�R�� �E�H�� �L�Q�F�R�U�S�R�U�D�W�H�G�� �D�V�� �Q�H�H�G�H�G���� �D�Q�G��
�S�U�R�Y�L�G�H�V���W�K�H���I�O�H�[�L�E�L�O�L�W�\���R�I���D���S�U�R�J�U�D�P���W�R���I�R�U�P�X�O�D�W�H���L�W�V���R�Z�Q���S�U�R�J�U�H�V�V�L�Y�H���S�D�W�K�Z�D�\���R�Q���K�R�Z���W�K�H���U�H�V�W��
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�7�K�L�V���S�D�S�H�U���R�X�W�O�L�Q�H�V���W�K�H���Z�R�U�N���G�R�Q�H���W�R���G�H�Y�H�O�R�S���D���J�H�Q�H�U�D�O���D�S�S�U�R�D�F�K���I�R�U���D�Q�\���S�U�R�J�U�D�P���L�Q���J�H�Q�H�U�D�O����
�D�Q�G�� �6�L�Q�J�D�S�R�U�H�� �3�R�O�\�W�H�F�K�Q�L�F�� ���6�3���� �L�Q�� �S�D�U�W�L�F�X�O�D�U���� �W�K�D�W�� �D�U�H�� �L�Q�W�H�U�H�V�W�H�G�� �L�Q�� �L�Q�W�H�J�U�D�W�L�Q�J�� �N�H�\��
�F�R�P�S�H�W�H�Q�F�L�H�V���I�R�U���V�X�V�W�D�L�Q�D�E�L�O�L�W�\���L�Q�W�R���D���F�X�U�U�L�F�X�O�X�P�����J�X�L�G�H�G���E�\���W�K�H���&�'�,�2���)�U�D�P�H�Z�R�U�N�����7�K�L�V���H�I�I�R�U�W��
�L�V�� �D�Q�� �H�[�W�H�Q�V�L�R�Q�� �R�I�� �W�K�H�� �Z�R�U�N�� �G�R�Q�H�� �E�\�� �W�K�H�� �'�L�S�O�R�P�D�� �L�Q�� �&�K�H�P�L�F�D�O�� �(�Q�J�L�Q�H�H�U�L�Q�J�� ���'�&�+�(���� �D�I�W�H�U�� �L�W��
�L�Q�W�U�R�G�X�F�H�G���L�W�V���L�Q�W�H�J�U�D�W�H�G���F�X�U�U�L�F�X�O�X�P���I�R�U���V�X�V�W�D�L�Q�D�E�O�H���G�H�Y�H�O�R�S�P�H�Q�W���X�V�L�Q�J���W�K�H���6�3���&�R�P�P�R�Q���&�R�U�H��
�&�X�U�U�L�F�X�O�X�P�����&�&�&�������)�R�U���P�R�U�H���L�Q�I�R�U�P�D�W�L�R�Q�����V�H�H���&�K�H�D�K���H�W���D�O�����������������D�Q�G���2�K���H�W���D�O������������������ 

�7�K�H���Z�R�U�N���L�Q�Y�R�O�Y�H�V���D���S�L�O�R�W���U�X�Q���L�Q�Y�R�O�Y�L�Q�J�������S�U�R�J�U�D�P�V���I�U�R�P�������G�L�I�I�H�U�H�Q�W���V�F�K�R�R�O�V���L�Q���6�3�����6�F�K�R�R�O���R�I��
�$�U�F�K�L�W�H�F�W�X�U�H�� �D�Q�G�� �%�X�L�O�W�� �(�Q�Y�L�U�R�Q�P�H�Q�W���� �&�K�H�P�L�F�D�O�� �D�Q�G�� �/�L�I�H�� �6�F�L�H�Q�F�H�V���� �(�O�H�F�W�U�L�F�D�O�� �D�Q�G�� �(�O�H�F�W�U�R�Q�L�F��
�(�Q�J�L�Q�H�H�U�L�Q�J�����D�Q�G���0�H�F�K�D�Q�L�F�D�O���D�Q�G���$�H�U�R�Q�D�X�W�L�F�D�O���(�Q�J�L�Q�H�H�U�L�Q�J�����$�O�O���S�U�R�J�U�D�P�V���K�D�G���F�R�P�S�O�H�W�H�G���W�K�H��
�L�Q�W�H�J�U�D�W�L�R�Q���R�I���V�X�V�W�D�L�Q�D�E�O�H���G�H�Y�H�O�R�S�P�H�Q�W���L�Q�W�R���W�K�H���U�H�V�S�H�F�W�L�Y�H���F�X�U�U�L�F�X�O�X�P�����X�V�L�Q�J���V�H�O�H�F�W�H�G���8�Q�L�W�H�G��
�1�D�W�L�R�Q�V���6�X�V�W�D�L�Q�D�E�O�H���'�H�Y�H�O�R�S�P�H�Q�W���*�R�D�O�V�����8�1�6�'�*�V�������(�D�F�K���S�U�R�J�U�D�P���Z�L�O�O���E�X�L�O�G���R�Q���W�K�H���F�R�Y�H�U�D�J�H��
�R�I�� �&�&�&�� �W�R�� �L�Q�F�O�X�G�H�� �G�L�V�F�L�S�O�L�Q�D�U�\�� �F�R�Q�W�H�[�W�� �W�R�� �I�X�U�W�K�H�U�� �H�Q�K�D�Q�F�H�� �W�K�H�� �F�R�Y�H�U�D�J�H�� �R�I�� �V�X�V�W�D�L�Q�D�E�O�H��
�G�H�Y�H�O�R�S�P�H�Q�W�� �L�Q�� �H�D�F�K�� �S�U�R�J�U�D�P���� �7�K�H�� �J�R�D�O�� �L�V�� �W�R�� �G�H�Y�H�O�R�S�� �D�� �V�X�V�W�D�L�Q�D�E�L�O�L�W�\�� �P�L�Q�G�V�H�W�� �D�P�R�Q�J�� �6�3��
�J�U�D�G�X�D�W�H�V�� 

�7�K�L�V���Z�R�U�N���E�U�L�Q�J�V���W�R�J�H�W�K�H�U�������G�L�I�I�H�U�H�Q�W���D�Q�G���V�H�S�D�U�D�W�H���V�W�U�D�Q�G�V���R�I���H�I�I�R�U�W�V���U�H�O�D�W�H�G���W�R���V�X�V�W�D�L�Q�D�E�L�O�L�W�\����
�W�K�D�W���R�I���N�H�\���F�R�P�S�H�W�H�Q�F�L�H�V���I�R�U���V�X�V�W�D�L�Q�D�E�L�O�L�W�\���D�Q�G���V�X�V�W�D�L�Q�D�E�O�H���P�L�Q�G�V�H�W���S�U�L�Q�F�L�S�O�H�V�����L�Q���R�U�G�H�U���W�R���H�T�X�L�S��
�6�3�� �J�U�D�G�X�D�W�H�V�� �Z�L�W�K�� �V�X�V�W�D�L�Q�D�E�L�O�L�W�\�� �P�L�Q�G�V�H�W���� �7�K�H�� �D�L�P�� �L�V�� �W�R�� �R�S�H�U�D�W�L�R�Q�D�O�L�]�H�� �(�G�X�F�D�W�L�R�Q�� �I�R�U��
�6�X�V�W�D�L�Q�D�E�O�H�� �'�H�Y�H�O�R�S�P�H�Q�W�����(�6�'���� �W�R�� �D�F�K�L�H�Y�H���W�K�H���D�L�P�� �R�I�� �W�U�D�Q�V�I�R�U�P�D�W�L�Y�H�� �O�H�D�U�Q�L�Q�J���� �V�W�X�G�H�Q�W�V�� �D�V��
�³�D�J�H�Q�W�V�� �R�I�� �F�K�D�Q�J�H�´�� ���G�H�� �.�U�D�N�H�U�� �H�W�� �D�O���� �������������� �H�T�X�L�S�S�H�G�� �Z�L�W�K�� �W�K�H�� �F�D�S�D�F�L�W�\�� �W�R�� �J�R�� �E�H�\�R�Q�G�� �M�X�V�W��
�D�F�T�X�L�U�L�Q�J�� �N�Q�R�Z�O�H�G�J�H���� �E�X�W�� �W�R�� �X�V�H�� �Z�K�D�W�� �W�K�H�\�� �O�H�D�U�Q�W�� �W�R�� �V�K�D�S�H�� �W�K�H�� �I�X�W�X�U�H�� �E�\�� �S�U�R�D�F�W�L�Y�H�O�\�� �W�D�N�L�Q�J��
�D�F�W�L�R�Q�V���W�R���D�G�G�U�H�V�V���V�R�F�L�H�W�\�¶�V���V�X�V�W�D�L�Q�D�E�L�O�L�W�\���F�K�D�O�O�H�Q�J�H�V�����:�H���E�H�O�L�H�Y�H���W�K�H���Z�R�U�N���V�K�D�U�H�G���L�Q���W�K�L�V���Z�R�U�N��
�E�H�� �R�I�� �L�Q�W�H�U�H�V�W�� �W�R�� �R�W�K�H�U�� �&�'�,�2�� �F�R�O�O�D�E�R�U�D�W�R�U�V�� �V�H�H�N�L�Q�J�� �W�R�� �L�Q�W�U�R�G�X�F�H�� �(�6�'�� �L�Q�W�R�� �W�K�H�L�U�� �U�H�V�S�H�F�W�L�Y�H��
�S�U�R�J�U�D�P�V�����D�V���L�W���S�U�R�Y�L�G�H�V���D���X�Q�L�I�L�H�G���D�S�S�U�R�D�F�K���E�D�V�H�G���R�Q���W�K�H���&�'�,�2���)�U�D�P�H�Z�R�U�N�� 
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�7�K�H���8�Q�L�W�H�G���1�D�W�L�R�Q�V���(�G�X�F�D�W�L�R�Q�D�O���6�F�L�H�Q�W�L�I�L�F���D�Q�G���&�X�O�W�X�U�D�O���2�U�J�D�Q�L�]�D�W�L�R�Q�����8�1�(�6�&�2���� �3�X�E�O�L�F�D�W�L�R�Q��
�(�G�X�F�D�W�L�R�Q�� �I�R�U�� �6�X�V�W�D�L�Q�D�E�O�H�� �'�H�Y�H�O�R�S�P�H�Q�W�� �*�R�D�O�V���� �/�H�D�U�Q�L�Q�J�� �2�E�M�H�F�W�L�Y�H�V�� �Q�R�W�H�G�� �W�K�D�W�� �N�H�\��
�F�R�P�S�H�W�H�Q�F�L�H�V���U�H�S�U�H�V�H�Q�W���F�U�R�V�V���F�X�W�W�L�Q�J���F�R�P�S�H�W�H�Q�F�L�H�V���W�K�D�W���D�U�H���Q�H�F�H�V�V�D�U�\���I�R�U���D�O�O���O�H�D�U�Q�H�U�V���R�I���D�O�O��
�D�J�H�V�� �Z�R�U�O�G�Z�L�G�H���� �D�V�� �W�K�H�\�� �G�H�Y�H�O�R�S�H�G�� �D�W�� �G�L�I�I�H�U�H�Q�W�� �D�J�H���D�S�S�U�R�S�U�L�D�W�H�� �O�H�Y�H�O�V���� �7�K�H�\�� �F�D�Q�� �E�H��
�X�Q�G�H�U�V�W�R�R�G���D�V���W�U�D�Q�V�Y�H�U�V�D�O�����P�X�O�W�L�I�X�Q�F�W�L�R�Q�D�O���D�Q�G���F�R�Q�W�H�[�W���L�Q�G�H�S�H�Q�G�H�Q�W�����8�1�(�6�&�2�������������������,�Q���W�K�H��
�F�R�Q�W�H�[�W���R�I���(�6�'�����N�H�\���F�R�P�S�H�W�H�Q�F�L�H�V���L�Q���V�X�V�W�D�L�Q�D�E�L�O�L�W�\���D�U�H���F�R�P�S�H�W�H�Q�F�L�H�V���W�K�D�W���D�U�H���U�H�O�H�Y�D�Q�W���W�R���D�O�O��
�6�'�*�V�� �D�Q�G�� �H�Q�D�E�O�H�� �L�Q�G�L�Y�L�G�X�D�O�V�� �W�R�� �U�H�O�D�W�H�� �W�K�H�� �G�L�I�I�H�U�H�Q�W���6�'�*�V���W�R�� �H�D�F�K�� �R�W�K�H�U���� �U�H�S�U�H�V�H�Q�W�L�Q�J�� �Z�K�D�W��
�V�X�V�W�D�L�Q�D�E�L�O�L�W�\���F�L�W�L�]�H�Q�V���Q�H�H�G���W�R���G�H�D�O���Z�L�W�K���L�Q���W�R�G�D�\�¶�V���F�R�P�S�O�H�[���F�K�D�O�O�H�Q�J�H�V���� 

�:�L�W�K�L�Q�� �W�K�H�� �(�6�'�� �O�L�W�H�U�D�W�X�U�H���� �Y�D�U�L�R�X�V�� �D�X�W�K�R�U�V�� �K�D�G�� �V�X�J�J�H�V�W�H�G�� �Z�K�D�W�� �F�R�Q�V�W�L�W�X�W�H�G�� �V�X�V�W�D�L�Q�D�E�L�O�L�W�\��
�F�R�P�S�H�W�H�Q�F�L�H�V�� �R�U�� �N�H�\�� �V�X�V�W�D�L�Q�D�E�L�O�L�W�\�� �F�R�P�S�H�W�H�Q�F�L�H�V���� �H���J���� �%�D�U�W�K�� �H�W�� �D�O�� ���������������� �)�U�L�V�N�� �	�� �/�D�U�V�R�Q��
�����������������.�L�R�X�S�L���	���9�R�X�O�Y�R�X�O�L�V�������������������/�R�]�D�Q�R���H�W���D�O�������������������5�H�G�P�D�Q���	���:�L�H�N�������������������5�L�H�F�N�P�D�Q�Q��
���������������D�Q�G���:�L�H�N���H�W���D�O�������������������0�D�Q�\���R�I���W�K�H�V�H���D�S�S�U�R�D�F�K�H�V���K�D�G���V�L�J�Q�L�I�L�F�D�Q�W���R�Y�H�U�O�D�S�V���E�X�W���G�H�V�S�L�W�H��
�W�K�L�V�� �D�S�S�D�U�H�Q�W�� �F�R�Q�Y�H�U�J�H�Q�F�H���� �W�K�H�U�H�� �L�V�� �Q�R�� �H�[�S�O�L�F�L�W�� �F�R�Q�V�H�Q�V�X�V�� �R�I�� �D�� �V�S�H�F�L�I�L�F�� �I�U�D�P�H�Z�R�U�N�� �R�I�� �N�H�\��
�F�R�P�S�H�W�H�Q�F�L�H�V�� �L�Q�� �V�X�V�W�D�L�Q�D�E�L�O�L�W�\�� ���%�U�X�Q�G�L�H�U�V�� �H�W�� �D�O���� �������������� �6�W�H�U�O�L�Q�J���H�W�� �D�O�� �������������� �G�H�V�F�U�L�E�H�G�� �W�K�H��
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�E�H�K�D�Y�L�R�U�����P�H�G�L�F�L�Q�H�����H�W�F�����7�K�H���G�H�V�L�J�Q���S�U�L�Q�F�L�S�O�H�V���D�U�H���F�O�D�V�V�L�I�L�H�G���L�Q�W�R���Y�D�U�L�R�X�V���G�L�P�H�Q�V�L�R�Q�V���E�D�V�H�G���R�Q��
�W�K�H���W�\�S�H���R�I���R�X�W�F�R�P�H�V���H�D�F�K���D�S�S�U�R�D�F�K���D�L�P�V���W�R���D�F�K�L�H�Y�H�����'�X�H���W�R���S�D�J�H���O�L�P�L�W�D�W�L�R�Q�V���W�K�H���U�H�V�S�H�F�W�L�Y�H��
�G�H�V�L�J�Q���S�U�L�Q�F�L�S�O�H�V���F�D�Q�Q�R�W���E�H���G�L�V�F�X�V�V�H�G���L�Q���G�H�W�D�L�O���L�Q���W�K�L�V���S�D�S�H�U�� 
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�0�R�Q�D�V�K���8�Q�L�Y�H�U�V�L�W�\�����0�H�O�E�R�X�U�Q�H�����$�X�V�W�U�D�O�L�D�����-�X�Q�H���������������������� 

�K�8���]���o���~�K�‰���v�• 

�7�D�E�O�H���������'�H�V�L�J�Q���3�U�L�Q�F�L�S�O�H�V���I�R�U���/�H�D�U�Q�L�Q�J���I�U�R�P���'�H�O�L�E�H�U�D�W�H���)�D�L�O�X�U�H 

Design Principles  How it Work 

Dimension: Awareness of Failure 

Define conditions for 
failure (Tawfik et al, 
2015)  

�x �6�W�X�G�H�Q�W�V���D�U�H���S�U�L�P�H�G���W�R���L�Q�Y�H�V�W�L�J�D�W�H���I�D�L�O�X�U�H���V�W�D�W�H�V�����W�K�U�R�X�J�K���S�U�R�P�S�W�L�Q�J���W�R��
�D�G�G�U�H�V�V���W�K�H���F�R�Q�G�L�W�L�R�Q�V���I�R�U���V�X�F�F�H�V�V���D�Q�G���I�D�L�O�X�U�H���E�H�I�R�U�H���S�U�R�E�O�H�P���V�R�O�Y�L�Q�J���� 

�x �8�V�H���R�I���I�D�L�O�X�U�H���E�D�V�H�G���T�X�H�V�W�L�R�Q���S�U�R�P�S�W�V�����D�V���O�H�D�U�Q�H�U�V���P�D�\���Q�R�W���I�X�O�O�\��
�X�Q�G�H�U�V�W�D�Q�G���W�K�H���Y�D�U�L�D�E�O�H�V���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���D���J�L�Y�H�Q���I�D�L�O�X�U�H���V�F�H�Q�D�U�L�R�����K�H�Q�F�H���D��
�S�U�R�P�S�W���F�D�Q���K�H�O�S���L�Q���F�R�Q�V�L�G�H�U�D�W�L�R�Q���R�I���S�O�D�X�V�L�E�O�H���V�F�H�Q�D�U�L�R�V���D�Q�G���U�H�F�R�J�Q�L�]�H��
�S�R�W�H�Q�W�L�D�O���P�L�V�F�R�Q�F�H�S�W�L�R�Q�V 

Preparing the Mind:  
Visualization of Tasks 
(Cheah, 2023) 

�x In the context of the work of Cheah (2023), which concerns the process 
operation of chemical plants, this means getting students to study a given 
process (including the standard operating procedures) and identify areas 
where potential failure(s) can occur 

Dimension: Identify Consequences 

�³�/�H�D�U�Q�L�Q�J���I�U�R�P��
�'�L�V�D�V�W�H�U�V�´�����&�D�V�H��
Histories of Failures 

�x Cheah (2023): Traditional approach in the chemical processing industries 
�± Learning from Disasters: making the connections between causes and 
consequences of an accident 

Taxonomy of Failures 
(Young, 2019) 
 

�x Velikova et al (2018): Such taxonomy can help to �H�V�W�D�E�O�L�V�K���W�K�H��
�U�H�O�D�W�L�R�Q�V�K�L�S�V���E�H�W�Z�H�H�Q���F�D�X�V�H�V�����I�D�L�O�X�U�H���V�\�P�S�W�R�P�V���D�Q�G���O�R�Q�J���W�H�U�P��
�F�R�Q�V�H�T�X�H�Q�F�H�V���D�Q�G���L�P�S�U�R�Y�H���X�Q�G�H�U�V�W�D�Q�G�L�Q�J���R�I���I�D�L�O�X�U�H 

�x �1�D�U�G�X�]�]�R���	���)�R�U�U�H�U�������������������$�����[�����W�\�S�R�O�R�J�\���R�I���I�D�L�O�X�U�H���E�D�V�H�G���R�Q���L�Q�W�H�Q�W�L�R�Q�D�O�L�W�\��
�D�Q�G���W�K�H���O�H�D�U�Q�L�Q�J���H�I�I�H�F�W 

Dimension: Inquiry into Failure 

Sense-making 
(Weick et al, 2005) 

�x Weick et al (2005): Sense-making is the process of determining how an 
�H�Y�H�Q�W���F�D�P�H���D�E�R�X�W�����D�Q���D�Q�V�Z�H�U���W�R���W�K�H���T�X�H�V�W�L�R�Q���³�:�K�D�W���L�V���W�K�H���V�W�R�U�\�"�´ 

�x Cheah (2023): Interactions between components, esp. for complex 
systems, with focus on relationships between process variables - 
Rumsfeld Matrix: Unknown Knowns  

Trigger Thinking 
(Jackson et al, 2022) 

�x Theme 3 (Failure as a mechanism to uncover key concepts): Students 
first made aware of their failures, �V�W�X�G�H�Q�W�V���W�R���L�G�H�Q�W�L�I�\���D�Q�G���U�H�F�R�Q�F�L�O�H���W�K�H�L�U��
�P�L�V�F�R�Q�F�H�S�W�L�R�Q�V�«���O�H�D�G�L�Q�J���W�R�� 

�x Theme 4 (Failure induce thoughtfulness in problem solving) 

Productive Failure 
(Kapur, 2015) 

�x �,�W���L�V���D�Q���L�Q�V�W�U�X�F�W�L�R�Q�D�O���D�S�S�U�R�D�F�K���W�K�D�W���U�H�T�X�L�U�H�V���O�H�D�U�Q�H�U�V���W�R���V�W�U�X�J�J�O�H���D�V���W�K�H�\��
�D�W�W�H�P�S�W���W�R���J�H�Q�H�U�D�W�H���V�R�O�X�W�L�R�Q�V���W�R���S�U�R�E�O�H�P�V���E�H�I�R�U�H�����U�D�W�K�H�U���W�K�D�Q���D�I�W�H�U����
�U�H�F�H�L�Y�L�Q�J���G�L�U�H�F�W���L�Q�V�W�U�X�F�W�L�R�Q���R�Q���D���W�D�U�J�H�W�H�G���F�R�Q�F�H�S�W 

Elaboration Prompts 
(Liobl & Leuders, 
2019) 

�x Students explicitly prompted to make comparisons of correct and incorrect 
examples after problem solving 
���,�Q���J�H�Q�H�U�D�O�����S�U�R�P�S�W�V���D�U�H���T�X�H�V�W�L�R�Q�V���R�U���K�L�Q�W�V���W�K�D�W���D�L�P���W�R���L�Q�F�U�H�D�V�H���W�K�H��
�O�L�N�H�O�L�K�R�R�G���W�K�D�W���O�H�D�U�Q�H�U�V���Z�L�O�O���H�Q�J�D�J�H���L�Q���V�S�H�F�L�I�L�F���O�H�D�U�Q�L�Q�J���D�F�W�L�Y�L�W�L�H�V���R�U���J�L�Y�H��
�F�H�U�W�D�L�Q���D�Q�V�Z�H�U�V���R�U���V�H�O�I���H�[�S�O�D�Q�D�W�L�R�Q�V�� 

Desirable Complexity 
(Foley et al, 2016) 
based on Axiomatic 
Design (AD) Theory 

�x �8�V�L�Q�J���Q�R�W�L�R�Q���R�I���³�$�'���L�Q�Y�H�U�W�H�G�´���W�R���³�U�H�Y�H�U�V�H���H�Q�J�L�Q�H�H�U�´���V�H�O�H�F�W�H�G���H�O�H�P�H�Q�W�V���R�I���D��
learning task that were identified to offer opportunities for students to learn 
from failure. But need to be careful here though: not to make a task 
unnecessarily complex for the sake of making students make mistake!  

Dimension: Reflection on Learning 

Different Perspectives 
on Failures 
 

�x Edmondson (2011): Blameworthy to Praiseworthy �± Spectrum of Reasons 
for Failure 

�x Jackson et al (2022) �7�K�H�P�H�������9�D�U�L�H�G���0�H�D�Q�L�Q�J�V���R�I���)�D�L�O�X�U�H���±���3�U�R�F�H�V�V���Y�V��
�6�R�O�X�W�L�R�Q���2�U�L�H�Q�W�H�G 

�x Negative Knowledge (�*�D�U�W�P�H�L�H�U���H�W���D�O�������������������5�H�I�O�H�F�W�L�R�Q���R�Q���N�Q�R�Z�O�H�G�J�H��
�D�F�T�X�L�U�H�G���H�[�S�H�U�L�H�Q�W�L�D�O�O�\���R�Q���Z�K�D�W���L�V���Z�U�R�Q�J���D�Q�G���Z�K�D�W���L�V���W�R���E�H���D�Y�R�L�G�H�G���G�X�U�L�Q�J��
�S�H�U�I�R�U�P�D�Q�F�H���L�Q���D���J�L�Y�H�Q���Z�R�U�N���V�L�W�X�D�W�L�R�Q 

�x �'�R�U�O�D�Q�G�������������������8�V�H���G�H�V�L�J�Q���W�K�L�Q�N�L�Q�J���W�R���U�H�R�U�L�H�Q�W���V�W�X�G�H�Q�W�V�¶���F�R�Q�F�H�S�W�L�R�Q�V���R�I��
�I�D�L�O�X�U�H���D�V���S�D�U�W���R�I���W�K�H�L�U���F�U�H�D�W�L�Y�H���S�U�R�E�O�H�P���V�R�O�Y�L�Q�J���V�N�L�O�O���G�H�Y�H�O�R�S�P�H�Q�W���S�U�R�F�H�V�V 



 

����  
�3�U�R�F�H�H�G�L�Q�J�V���R�I���W�K�H�������V�W���,�Q�W�H�U�Q�D�W�L�R�Q�D�O���&�'�,�2���&�R�Q�I�H�U�H�Q�F�H�����K�R�V�W�H�G���E�\ 
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�K�8���]���o���~�K�‰���v�• 

�7�D�E�O�H�����������F�R�Q�W�¶�G�� 

Failure Stories �x Remove the Ego (Eskreis-Winkler & Fishbach, 2022): Cognitive 
Distancing, i.e. adopt a third-�S�D�U�W�\���S�H�U�V�S�H�F�W�L�Y�H���W�R���W�K�L�Q�N���R�I���R�Q�H�¶�V���R�Z�Q���I�D�L�O�X�U�H�� 

�x Self-Talk�����.�U�R�V�V���H�W���D�O�������������������6�P�D�O�O���V�K�L�I�W�V���L�Q���W�K�H���O�D�Q�J�X�D�J�H���S�H�R�S�O�H���X�V�H���W�R��
�U�H�I�H�U���W�R���W�K�H���V�H�O�I���D�V���W�K�H�\���H�Q�J�D�J�H���L�Q���W�K�L�V���S�U�R�F�H�V�V���F�R�Q�V�H�T�X�H�Q�W�L�D�O�O�\���L�Q�I�O�X�H�Q�F�H�V��
�W�K�H�L�U���D�E�L�O�L�W�\���W�R���U�H�J�X�O�D�W�H���W�K�H�L�U���W�K�R�X�J�K�W�V�����H���J�����P�R�U�H���U�H�F�H�S�W�L�Y�H���W�R���O�H�D�U�Q���I�U�R�P��
�I�D�L�O�X�U�H�V 

�x Bledow et al (2017): �/�H�D�U�Q�L�Q�J���I�U�R�P���R�W�K�H�U�V�
���I�D�L�O�X�U�H�V 

Systematic Reflection 
(Ellis et al, 2014) 

�x �,�W���L�V���D���O�H�D�U�Q�L�Q�J���S�U�R�F�H�G�X�U�H���G�X�U�L�Q�J���Z�K�L�F�K���O�H�D�U�Q�H�U�V���F�R�P�S�U�H�K�H�Q�V�L�Y�H�O�\���D�Q�D�O�\�]�H��
�W�K�H�L�U���E�H�K�D�Y�L�R�U���D�Q�G���H�Y�D�O�X�D�W�H���W�K�H���F�R�Q�W�U�L�E�X�W�L�R�Q���R�I���L�W�V���F�R�P�S�R�Q�H�Q�W�V���W�R��
�S�H�U�I�R�U�P�D�Q�F�H���R�X�W�F�R�P�H�V�����W�K�U�R�X�J�K���D���S�U�R�F�H�V�V���R�I���V�H�O�I���H�[�S�O�D�Q�D�W�L�R�Q�����G�D�W�D��
�Y�H�U�L�I�L�F�D�W�L�R�Q���D�Q�G���I�H�H�G�E�D�F�N 

Dimension: Accept/ Embrace Failure 

Destigmatized 
Failure: Failure as 
Generative 
(Feiganbaun, 2021)  

�x �)�D�L�O�X�U�H���U�H�S�U�H�V�H�Q�W�H�G���D�V���W�H�P�S�R�U�D�U�\�����K�H�D�O�W�K�\�����D�Q�G���L�Q�W�H�J�U�D�O���F�R�P�S�R�Q�H�Q�W�V���R�I��
�D�Q�\���O�H�D�U�Q�L�Q�J���S�U�R�F�H�V�V 

�x �6�W�X�G�H�Q�W�V���O�H�D�U�Q���P�R�U�H���S�U�R�I�R�X�Q�G�O�\���L�Q���W�K�H���O�R�Q�J���W�H�U�P���Z�K�H�Q���W�K�H�\���V�W�U�X�J�J�O�H���P�R�U�H��
�L�Q���W�K�H���V�K�R�U�W���W�H�U�P 

Active Acceptance 
(Schwarz & 
Bouckenooghe, 2021) 

�x �2�U�J�D�Q�L�]�D�W�L�R�Q�V���U�H�V�S�R�Q�G���W�R���I�D�L�O�X�U�H���E�\���D�F�W�L�Y�H�O�\���U�H�S�R�V�L�W�L�R�Q�L�Q�J���W�K�H���I�D�L�O�H�G��
�R�X�W�F�R�P�H���D�V���V�X�F�F�H�V�V�����E�\���U�H�S�R�V�L�W�L�R�Q�L�Q�J���W�K�H���F�U�L�W�H�U�L�D���I�R�U���Z�K�D�W���L�V���V�X�F�F�H�V�V�����H���J����
�E�\���U�H�F�D�V�W�L�Q�J���Z�K�D�W���Z�D�V���D�F�K�L�H�Y�H�G�����L�Q���R�U�G�H�U���W�R���P�R�Y�H���I�R�U�Z�D�U�G�����H�Q�D�E�O�L�Q�J��
�R�U�J�D�Q�L�]�D�W�L�R�Q�D�O���O�H�D�U�Q�L�Q�J���I�U�R�P���I�D�L�O�X�U�H 

Intelligent Failure 
(Sitkin, 1996) as 
means to promote 
innovation 

�x Sitkin (1996): �,�W���U�H�V�X�O�W�V���I�U�R�P���W�K�R�X�J�K�W�I�X�O�O�\���S�O�D�Q�Q�H�G���D�F�W�L�R�Q�V���W�K�D�W���K�D�Y�H��
�X�Q�F�H�U�W�D�L�Q���R�X�W�F�R�P�H�V���D�Q�G���D�U�H���R�I���P�R�G�H�V�W���V�F�D�O�H�����D�U�H���H�[�H�F�X�W�H�G���D�Q�G��
�U�H�V�S�R�Q�G�H�G���W�R���Z�L�W�K���D�O�D�F�U�L�W�\�����D�Q�G���W�D�N�H���S�O�D�F�H���L�Q���G�R�P�D�L�Q�V���W�K�D�W���D�U�H���I�D�P�L�O�L�D�U��
�H�Q�R�X�J�K���W�R���S�H�U�P�L�W���H�I�I�H�F�W�L�Y�H���O�H�D�U�Q�L�Q�J�� 

Dimension: Develop Confidence 

Growth Mindset 
(Dweck, 2006) 
 

�x Eckstein et al (2023): Failure Pedagogy �± �7�H�D�F�K���V�W�X�G�H�Q�W�V���D�E�R�X�W��
�G�H�Y�H�O�R�S�L�Q�J���D���J�U�R�Z�W�K���P�L�Q�G�V�H�W�� 

�x �6�K�D�K�D�J�X�Q���H�W���D�O���������������������7�K�H���*�U�R�Z�W�K���0�L�Q�G�V�H�W���7�H�D�F�K�L�Q�J�����*�0�6�7�����S�H�G�D�J�R�J�\��
�D�V���D���O�H�D�U�Q�L�Q�J���R�S�S�R�U�W�X�Q�L�W�\���D�Q�G���S�D�U�W�L�F�L�S�D�Q�W�V���F�D�Q���I�H�H�O���V�D�I�H���W�R���O�H�D�U�Q�����U�H���O�H�D�U�Q����
�D�Q�G���H�[�S�O�R�U�H���N�Q�R�Z�O�H�G�J�H���Z�L�W�K�R�X�W���W�K�H���I�H�D�U���R�I���E�H�L�Q�J���Z�U�R�Q�J 

�x Willems et al. (2024) on the role of encouraging an iterative mindset in 
stimulating innovation and design-thinking 

Opportunities for 
Transfer 

�x Teaching Others �± The Protégé Effect (attributed to Jean-Pol Martin in the 
1980s) �L�V���D���F�R�Q�F�H�S�W���L�Q���O�H�D�U�Q�L�Q�J���V�X�J�J�H�V�W�L�Q�J���Z�H���O�H�D�U�Q���P�R�U�H���H�I�I�H�F�W�L�Y�H�O�\���E�\��
�W�H�D�F�K�L�Q�J���L�Q�I�R�U�P�D�W�L�R�Q���W�R���R�W�K�H�U�V�����H�Y�H�Q���L�I���W�K�R�V�H���R�W�K�H�U�V���D�U�H�Q�¶�W���Q�H�F�H�V�V�D�U�L�O�\���D�Q�\��
�O�H�V�V���N�Q�R�Z�O�H�G�J�H�D�E�O�H 

ACROSS ALL DIMENSIONS:  Teacher-Student Relationship 

Student Reaction to 
Failure 

�x Henry et al (2019): Failure Mindset Coping Model �± to help understand 
�K�R�Z���V�W�X�G�H�Q�W�V���P�L�J�K�W���D�S�S�U�R�D�F�K���F�K�D�O�O�H�Q�J�H�V���D�Q�G���U�H�V�S�R�Q�G���W�R���I�D�L�O�X�U�H�V���L�Q��
�X�Q�G�H�U�J�U�D�G�X�D�W�H���6�7�(�0���O�H�D�U�Q�L�Q�J���F�R�Q�W�H�[�W�V 

Supportive Learning 
Environment 

�x Jackson et al (2022) �7�K�H�P�H�������6�W�X�G�H�Q�W���5�H�D�F�W�L�R�Q�V���W�R���)�D�L�O�X�U�H���D�Q�G��Theme 5 
Classroom Climate and Communications about Failure: �W�H�D�F�K�H�U�V���Q�H�H�G���W�R��
�I�R�V�W�H�U���D���F�O�D�V�V�U�R�R�P���F�X�O�W�X�U�H���W�K�D�W���H�P�E�U�D�F�H�V���I�D�L�O�X�U�H���D�Q�G���O�H�D�U�Q�L�Q�J���W�R�J�H�W�K�H�U  

�x Eckstein et al (2023): Failure Pedagogy �± Teacher Vulnerability: share 
your own failures with students 

�x Narla (2022) Teaching to Fail: Create a vulnerable learning community 
�x Foley et al (2022): Non-Violent Communication by Rosenberg (2015) 
�x �%�X�U�\���	���0�D�V�X�]�D�Z�D�������������������1�R�Q���+�L�H�U�D�U�F�K�L�F�D�O���/�H�D�U�Q�L�Q�J 

Autonomy-Supportive 
Teaching (Reeve & 
Cheon, 2021) 

�x �$�G�R�S�W�L�R�Q���R�I���D���V�W�X�G�H�Q�W���I�R�F�X�V�H�G���D�W�W�L�W�X�G�H���D�Q�G���D�Q���X�Q�G�H�U�V�W�D�Q�G�L�Q�J���L�Q�W�H�U�S�H�U�V�R�Q�D�O��
�W�R�Q�H���W�K�D�W���H�Q�D�E�O�H�V���W�K�H���V�N�L�O�O�I�X�O���H�Q�D�F�W�P�H�Q�W���R�I�������D�X�W�R�Q�R�P�\���V�D�W�L�V�I�\�L�Q�J��
�L�Q�V�W�U�X�F�W�L�R�Q�D�O���E�H�K�D�Y�L�R�U�V�����$�6�,�%�V�� 
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�7�D�E�O�H�����������F�R�Q�W�¶�G�� 

ACROSS ALL DIMENSIONS:  Faculty Professional Development 

Temporary Failure 
(Alfi, et al, 2004) 

�x Teacher education to address the difficulty of some teachers in allowing 
students to experience any kind of failure, not even temporarily; thus their 
willingness to challenge their students 

Deliberate Reflection 
(Laksov & McGrath, 
2020) 

�x Focuses on failure as catalyst to improve academic development work, 
�W�K�U�R�X�J�K���H�[�S�O�R�U�D�W�L�R�Q���D�Q�G���D�Q�D�O�\�V�L�V���R�I���I�D�L�O�X�U�H���L�Q���R�Q�H�¶�V���S�U�D�F�W�L�F�H�����D�Q�G��
�G�L�V�F�X�V�V�L�R�Q���D�P�R�Q�J���S�H�H�U�V 

�x �9�H�G�G�H�U���:�H�L�V�V���H�W���D�O�������������������3�U�R�G�X�F�W���I�U�D�P�L�Q�J���R�I���S�H�G�D�J�R�J�L�F�D�O���I�D�L�O�X�U�H�V���±��
�W�H�D�F�K�H�U���V�K�D�U�L�Q�J���R�I���O�H�D�U�Q�L�Q�J���H�[�S�H�U�L�H�Q�F�H�V 

Teacher Modelling 
(Wong & Cheah, 
2022) 

�x Teacher demonstrating growth mindset, and other coping mechanisms, 
for example, arising from own failure  

�x (The reference summarizes a literature review of teacher modelling using 
the context of developing self-directed learning competency in students) 
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�R�Y�H�U���D���J�L�Y�H�Q���S�U�R�J�U�D�P�¶�V���G�X�U�D�W�L�R�Q�����D���V�L�P�L�O�D�U���Z�D�\���R�I���L�Q�F�X�O�F�D�W�L�Q�J���I�D�L�O�X�U�H���W�R�O�H�U�D�Q�W���P�L�Q�G�V�H�W���D�P�R�Q�J��
�V�W�X�G�H�Q�W�V���F�D�Q���E�H���D�U�W�L�F�X�O�D�W�H�G�����$�Q���H�[�D�P�S�O�H���X�V�H�G���E�\���&�K�H�D�K�����������������L�V���V�K�R�Z�Q���L�Q���)�L�J�X�U�H�������E�H�O�R�Z�� 

 

�)�L�J�X�U�H�����������3�H�G�D�J�R�J�\���I�R�U���/�H�D�U�Q�L�Q�J���I�U�R�P���)�D�L�O�X�U�H 

�%�U�L�H�I�O�\�����W�K�H�������V�W�D�J�H�V�����H�D�F�K���Z�L�W�K�������G�L�P�H�Q�V�L�R�Q�V�����F�D�Q���E�H���H�[�S�O�D�L�Q�H�G���D�V���I�R�O�O�R�Z�V�� 

�x �$�Z�D�U�H�Q�H�V�V�� �R�I�� �)�D�L�O�X�U�H�� �D�Q�G�� �,�G�H�Q�W�L�I�\���&�R�Q�V�H�T�X�H�Q�F�H�V�����7�K�L�V�� �P�H�D�Q�V�� �W�K�D�W�� �V�W�X�G�H�Q�W�V�� �E�H�F�R�P�H��
�D�Z�D�U�H�� �R�I�� �S�R�W�H�Q�W�L�D�O�� �I�D�L�O�X�U�H�� �V�L�W�X�D�W�L�R�Q���V���� �E�H�I�R�U�H�� �H�P�E�D�U�N�L�Q�J�� �R�Q�� �D�� �J�L�Y�H�Q�� �W�D�V�N���� �7�K�L�V�� �L�V�� �W�R�� �E�H��
�D�F�K�L�H�Y�H�G���Y�L�D���D���G�H�O�L�E�H�U�D�W�H���S�U�R�F�H�V�V���R�I���J�H�W�W�L�Q�J���W�K�H�P���W�R���Y�L�V�X�D�O�L�]�H���S�R�V�V�L�E�O�H���I�D�L�O�X�U�H���V�F�H�Q�D�U�L�R�V����
�7�K�H�\���D�U�H���W�K�H�Q���D�V�N�H�G���W�R���H�[�S�O�D�L�Q���S�O�D�X�V�L�E�O�H���F�R�Q�V�H�T�X�H�Q�F�H�V�����:�H���D�U�H���Q�R�W���O�R�R�N�L�Q�J���I�R�U���U�L�J�K�W���R�U��
�Z�U�R�Q�J���D�Q�V�Z�H�U�V���D�W���W�K�L�V���V�W�D�J�H�����7�K�L�V���L�V���W�R���³�V�H�Q�V�L�W�L�]�H�´���W�K�H�P���W�K�D�W���³�W�K�L�Q�J�V���F�D�Q���D�Q�G���Z�L�O�O���J�R���Z�U�R�Q�J���´�� 

�x �,�Q�T�X�L�U�\���L�Q�W�R���)�D�L�O�X�U�H���D�Q�G���5�H�I�O�H�F�W�L�R�Q���R�Q���/�H�D�U�Q�L�Q�J�����7�K�L�V���P�H�D�Q�V���W�K�D�W���V�W�X�G�H�Q�W�V���D�U�H���D�E�O�H���W�R���D�G�R�S�W��
�D�Q�� �R�S�H�Q�� �P�L�Q�G�� �D�Q�G�� �L�Q�T�X�L�V�L�W�L�Y�H�� �V�W�D�Q�F�H�� �W�R�� �O�R�R�N�� �L�Q�W�R�� �F�D�X�V�H�V�� �R�I�� �I�D�L�O�X�U�H�� �D�Q�G�� �U�H�I�O�H�F�W�� �R�Q�� �W�K�H��
�O�H�D�U�Q�L�Q�J���� �7�K�H�� �P�D�L�Q�� �I�R�F�X�V�� �K�H�U�H�� �L�V�� �W�R�� �O�H�W�� �V�W�X�G�H�Q�W�V�� �V�H�H�� �W�K�H�� �S�R�V�V�L�E�O�H�� �O�H�D�U�Q�L�Q�J�V�� �W�K�D�W�� �F�D�Q�� �E�H��
�J�D�L�Q�H�G���� �D�Q�G�� �P�H�W�D�F�R�J�Q�L�W�L�Y�H�� �D�O�V�R�� �W�K�L�Q�N�� �D�E�R�X�W�� �K�R�Z�� �W�R�� �L�P�S�U�R�Y�H�� �R�Q���L�G�H�Q�W�L�I�\�L�Q�J�� �S�O�D�X�V�L�E�O�H��
�V�F�H�Q�D�U�L�R�V���W�K�D�W���Z�H�U�H���P�L�V�V�H�G�� 

�x �(�P�E�U�D�F�H�� �)�D�L�O�X�U�H�� �D�Q�G�� �'�H�Y�H�O�R�S�� �&�R�Q�I�L�G�H�Q�F�H�����7�K�L�V���P�H�D�Q�V�� �W�K�D�W���V�W�X�G�H�Q�W�V�� �U�H�F�R�J�Q�L�]�H�� �S�R�V�L�W�L�Y�H��
�O�H�V�V�R�Q�V���W�K�D�W���F�D�Q���E�H���O�H�D�U�Q�W���I�U�R�P���I�D�L�O�X�U�H���V�F�H�Q�D�U�L�R�V�����D�Q�G���D�U�H���D�E�O�H���W�R���G�H�U�L�Y�H���N�H�\���L�Q�V�L�J�K�W�V���I�U�R�P��
�V�X�F�K���O�H�D�U�Q�L�Q�J���W�K�D�W���W�K�H�\���F�D�Q���D�S�S�O�\���W�K�H���O�H�D�U�Q�L�Q�J�V���J�D�L�Q�H�G���L�Q���D���J�L�Y�H�Q���V�H�W�W�L�Q�J���W�R���R�W�K�H�U���F�R�Q�W�H�[�W�V�� 
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�V�X�F�K���I�H�H�G�E�D�F�N�����,�Q���V�L�P�L�O�D�U���Y�H�L�Q�����'�H���&�D�V�W�H�O�O�D���H�W���D�O�����������������Z�U�R�W�H���R�Q���W�K�H���F�D�W�H�J�R�U�L�]�D�W�L�R�Q���R�I���V�W�X�G�H�Q�W�V��
�L�Q�W�R���D�������[�������P�D�W�U�L�[���E�D�V�H�G���R�Q���W�K�H�L�U���F�R�P�E�L�Q�H�G���I�H�D�U���R�I���I�D�L�O�X�U�H���D�Q�G���R�U�L�H�Q�W�D�W�L�R�Q���W�R�Z�D�U�G���V�X�F�F�H�V�V�����7�K�H��
�G�H�V�L�J�Q�� �S�U�L�Q�F�L�S�O�H�V�� �V�X�J�J�H�V�W�H�G�� �L�Q�� �7�D�E�O�H�� ���� �D�O�V�R�� �G�L�G�� �Q�R�W�� �H�[�S�O�R�U�H�� �S�R�V�V�L�E�O�H�� �V�\�Q�H�U�J�L�V�W�L�F�� �H�I�I�H�F�W�V�� �R�I��
�P�H�F�K�D�Q�L�V�P�V���W�K�U�R�X�J�K���V�W�X�G�H�Q�W�V���F�R�O�O�H�F�W�L�Y�H�O�\���L�Q���J�U�R�X�S�V�����R�U���I�R�U���W�K�D�W���P�D�W�W�H�U�����I�D�F�X�O�W�\���±���H�V�S�H�F�L�D�O�O�\���L�Q��
�R�U�J�D�Q�L�]�D�W�L�R�Q�D�O���F�R�Q�W�H�[�W���O�H�D�U�Q�W���I�U�R�P���I�D�L�O�X�U�H�����$�V���Q�R�W�H�G���E�\���'�D�K�O�L�Q���H�W���D�O�����������������Z�K�R���V�W�X�G�L�H�V���W�K�H���H�I�I�H�F�W��
�R�I���R�S�S�R�U�W�X�Q�L�W�\�����P�R�W�L�Y�D�W�L�R�Q���D�Q�G���D�E�L�O�L�W�\���W�R���O�H�D�U�Q���I�U�R�P���I�D�L�O�X�U�H���L�V���D���F�R�P�S�O�H�[���L�Q�W�H�U�S�O�D�\���E�H�W�Z�H�H�Q���W�K�H��
�G�L�I�I�H�U�H�Q�W���P�H�F�K�D�Q�L�V�P�V�����D�Q�G���H�V�W�D�E�O�L�V�K�L�Q�J���D���F�D�X�V�D�O���U�H�O�D�W�L�R�Q���L�V���Q�R�W���D�O�Z�D�\�V���F�R�Q�V�L�V�W�H�Q�W���� 
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�0�R�Q�D�V�K���8�Q�L�Y�H�U�V�L�W�\�����0�H�O�E�R�X�U�Q�H�����$�X�V�W�U�D�O�L�D�����-�X�Q�H���������������������� 

�K�8���]���o���~�K�‰���v�• 

�$�Q�R�W�K�H�U�� �S�R�V�V�L�E�O�H�� �O�L�P�L�W�D�W�L�R�Q�� �L�V�� �W�K�D�W�� �W�K�H�� �G�H�V�L�J�Q�� �S�U�L�Q�F�L�S�O�H�V�� �L�Q�� �7�D�E�O�H�� ������ �D�U�H�� �P�R�U�H�� �D�S�S�O�L�F�D�E�O�H�� �I�R�U��
�O�H�D�U�Q�L�Q�J�� �I�U�R�P�� �I�D�L�O�X�U�H�� �I�U�R�P�� �S�U�R�G�X�F�W�� �L�Q�Q�R�Y�D�W�L�R�Q�� �W�K�D�Q�� �I�R�U�� �S�U�R�F�H�V�V�� �V�D�I�H�W�\�� �L�Q�� �F�R�P�S�O�H�[�� �V�\�V�W�H�P�V����
�0�D�Q�\���D�U�H���G�H�U�L�Y�H�G���I�U�R�P���V�W�X�G�L�H�V���L�Q���W�K�H���E�X�V�L�Q�H�V�V���D�Q�G���R�U���R�U�J�D�Q�L�]�D�W�L�R�Q�D�O���F�R�Q�W�H�[�W�V���D�Q�G���P�D�\���Q�H�H�G��
�W�R���E�H���D�G�D�S�W�H�G���I�R�U���H�G�X�F�D�W�L�R�Q�D�O���X�V�H�����6�R�P�H�����V�X�F�K���D�V���L�Q�W�H�O�O�L�J�H�Q�W���I�D�L�O�X�U�H�����P�D�\���Q�R�W���E�H���D�S�S�U�R�S�U�L�D�W�H��
�I�R�U���F�R�P�S�O�H�[���V�\�V�W�H�P�V�����$�O�V�R���D�V���Q�R�W�H�G���H�D�U�O�L�H�U�����V�W�X�G�\���R�I���L�Q�W�H�U�Y�H�Q�W�L�R�Q�V���L�Q���F�R�P�S�O�H�[���V�\�V�W�H�P�V���L�V���D�Q��
�X�Q�G�H�U���U�H�V�H�D�U�F�K�H�G���D�U�H�D�����7�K�H���H�Q�W�U�L�H�V���L�Q���7�D�E�O�H�������D�U�H���O�D�U�J�H�O�\���E�D�V�H�G���R�Q���W�K�H���I�L�U�V�W���D�X�W�K�R�U�¶�V���S�H�U�V�R�Q�D�O��
�H�Q�G�H�D�Y�R�U�V���L�Q���W�K�H���F�O�D�V�V�U�R�R�P�����$�Q���D�U�H�D���L�Q���7�D�E�O�H���������Q�R�W�D�E�O�\���3�U�H�S�D�U�L�Q�J���W�K�H���0�L�Q�G���L�V���G�H�U�L�Y�H�G���I�U�R�P��
�W�K�H���I�L�U�V�W���D�X�W�K�R�U�¶�V���W�H�D�F�K�L�Q�J���H�[�S�H�U�L�H�Q�F�H�����6�R���L�V���$�X�W�R�Q�R�P�\���6�X�S�S�R�U�W�L�Y�H���7�H�D�F�K�L�Q�J���Z�K�L�F�K���L�V���X�V�H�G���E�\��
�W�K�H�� �I�L�U�V�W�� �D�X�W�K�R�U�� �L�Q�� �P�D�Q�D�J�L�Q�J�� �V�W�X�G�H�Q�W�V�� �O�H�D�U�Q�L�Q�J�� �L�Q�� �I�O�L�S�S�H�G�� �F�O�D�V�V�U�R�R�P�V�� ���&�K�H�D�K�� �	�� �6�D�O�H���� ��������������
�6�H�Q�V�H���P�D�N�L�Q�J���K�D�G���L�W�V���R�U�L�J�L�Q���L�Q���W�K�H���E�X�V�L�Q�H�V�V���F�R�Q�W�H�[�W���D�Q�G���D�G�D�S�W�H�G���E�\���W�K�H���I�L�U�V�W���D�X�W�K�R�U���I�R�U���V�W�X�G�\��
�R�I���L�Q�W�H�U�D�F�W�L�R�Q���E�H�W�Z�H�H�Q���G�L�I�I�H�U�H�Q�W���S�D�U�W�V���R�I���F�K�H�P�L�F�D�O���S�O�D�Q�W���R�S�H�U�D�W�L�R�Q�V���L�Q���W�K�H���I�R�U�P���R�I���5�H�O�D�W�L�R�Q�V�K�L�S��
�E�H�W�Z�H�H�Q�� �3�U�R�F�H�V�V�� �9�D�U�L�D�E�O�H�V�����8�Q�N�Q�R�Z�Q�� �.�Q�R�Z�Q�V���� �L�Q�� �5�X�P�V�I�H�O�G�¶�V�� �0�D�W�U�L�[�� ���&�K�H�D�K���� ��������������The 
design principles outlined here should be contextualized to respective engineering domains, 
and an assessment must be made as to what the ultimate purpose of learning from failure is 
(e.g. innovation versus safety, etc). 

�/�D�V�W�O�\���� �V�R�P�H�� �R�I�� �W�K�H�� �G�H�V�L�J�Q�� �S�U�L�Q�F�L�S�O�H�V�� �F�D�Q�� �E�H�� �D�S�S�O�L�H�G�� �L�Q�� �P�R�U�H�� �W�K�D�Q�� �R�Q�H�� �V�W�D�J�H�� �R�I�� �W�K�H��
�W�U�D�Q�V�I�R�U�P�D�W�L�Y�H���S�U�R�F�H�V�V���R�I�� �)�L�J�X�U�H���������,�Q���D�F�W�X�D�O���D�S�S�O�L�F�D�W�L�R�Q�V�����V�H�Y�H�U�D�O���G�H�V�L�J�Q���S�U�L�Q�F�L�S�O�H�V���P�D�\�� �E�H��
�L�Q�F�R�U�S�R�U�D�W�H�G�� �D�Q�G�� �D�S�S�O�L�H�G�� �V�L�P�X�O�W�D�Q�H�R�X�V�O�\�� �Z�L�W�K�L�Q�� �W�K�H�� �V�D�P�H�� �O�H�D�U�Q�L�Q�J�� �L�Q�W�H�U�Y�H�Q�W�L�R�Q�V�����$�O�R�Q�J�� �W�K�H��
�V�D�P�H���O�L�Q�H���R�I���D�U�J�X�P�H�Q�W���R�I���'�D�K�O�L�Q���H�W���D�O�������������������Z�H���S�R�V�L�W���W�K�D�W���L�Q���D�F�W�X�D�O���D�S�S�O�L�F�D�W�L�R�Q�V�����Z�H���F�D�Q���H�[�S�H�F�W��
�F�R�P�S�O�H�[���L�Q�W�H�U�D�F�W�L�R�Q�V���D�P�R�Q�J���W�K�H���G�L�I�I�H�U�H�Q�W���P�H�F�K�D�Q�L�V�P�V���I�U�R�P���G�L�I�I�H�U�H�Q�W���G�H�V�L�J�Q���S�U�L�Q�F�L�S�O�H�V�� 

�+�R�Z�H�Y�H�U�����W�K�D�W�� �G�R�H�V�� �Q�R�W�� �P�H�D�Q�� �W�K�D�W�� �W�K�H�� �F�O�D�V�V�L�I�L�F�D�W�L�R�Q�� �D�V�� �V�K�R�Z�Q�� �L�Q���7�D�E�O�H�� ���� �L�V�� �R�I�� �Q�R�� �Y�D�O�X�H�����$�V��
�Q�R�W�H�G���E�\���(�G�P�R�Q�G�V�R�Q�������������������W�K�H���J�R�D�O���R�I���D���I�U�D�P�H�Z�R�U�N���L�V���V�L�P�S�O�\���W�R���K�H�O�S���X�V���W�K�L�Q�N���G�L�I�I�H�U�H�Q�W�O�\�����V�R��
�Z�H���F�D�Q���W�D�N�H���W�K�R�X�J�K�W�I�X�O���D�F�W�L�R�Q�����D�Q�G���Q�R�W���W�R���S�U�R�Y�L�G�H���R�U���L�Q�V�L�V�W���R�Q���U�L�J�L�G���F�O�D�V�V�L�I�L�F�D�W�L�R�Q�����S������������ 

�3�R�V�V�L�E�O�H���)�X�W�X�U�H���:�R�U�N�V 

�9�H�O�L�N�R�Y�D���H�W���D�O�������������������L�Q���W�K�H���V�W�X�G�\���R�I���D�F�F�L�G�H�Q�W�V���L�Q���W�K�H���F�R�Q�V�W�U�X�F�W�L�R�Q���L�Q�G�X�V�W�U�\�����Q�R�W�H�G���W�K�D�W���W�K�H�U�H���L�V��
�D���J�H�Q�H�U�D�O�� �G�L�V�D�J�U�H�H�P�H�Q�W�� �L�Q�� �W�K�H�� �I�L�H�O�G�� �R�I�� �Z�K�D�W�� �F�R�Q�V�W�L�W�X�W�H�V�� �I�D�L�O�X�U�H���� �7�K�H�� �D�X�W�K�R�U�V�� �V�X�J�J�H�V�W�H�G�� �W�K�D�W��
�G�H�Y�H�O�R�S�L�Q�J���D���W�D�[�R�Q�R�P�\���F�D�Q���D�O�O�R�Z���G�H�Y�H�O�R�S�P�H�Q�W���R�I���X�Q�G�H�U�V�W�D�Q�G�L�Q�J���R�I���X�Q�G�H�U�O�\�L�Q�J���G�H�I�L�Q�L�W�L�R�Q�V���D�Q�G��
�O�L�Q�N�V�� �E�H�K�L�Q�G�� �I�D�L�O�X�U�H���� �K�H�Q�F�H�� �O�H�D�G�L�Q�J�� �W�R�� �P�R�U�H�� �H�I�I�H�F�W�L�Y�H���F�R�P�P�X�Q�L�F�D�W�L�R�Q���D�E�R�X�W�� �I�D�L�O�X�U�H���� �D�Q�G��
�L�P�S�U�R�Y�L�Q�J���O�H�D�U�Q�L�Q�J���I�U�R�P���I�D�L�O�X�U�H�����:�H���E�H�O�L�H�Y�H���W�K�D�W���R�X�U���D�S�S�U�R�D�F�K���F�D�Q���E�H�Q�H�I�L�W���I�U�R�P���G�H�Y�H�O�R�S�L�Q�J���R�X�U��
�R�Z�Q�� �W�D�[�R�Q�R�P�\�� �R�I�� �I�D�L�O�X�U�H�� �I�R�U�� �P�R�U�H���J�H�Q�H�U�D�O�L�]�H�G�� �D�S�S�O�L�F�D�W�L�R�Q�V�� �W�K�D�W�� �D�U�H�� �D�S�S�O�L�F�D�E�O�H�� �I�R�U�� �Y�D�U�L�R�X�V��
�L�Q�Y�H�V�W�L�J�D�W�L�R�Q�V���L�Q�W�R���I�D�L�O�X�U�H���E�H�W�Z�H�H�Q���W�K�H�������V�S�H�F�W�U�X�P�V���I�U�R�P���S�U�R�G�X�F�W���L�Q�Q�R�Y�D�W�L�R�Q���W�R���S�U�R�F�H�V�V���V�D�I�H�W�\����
�$���S�U�H�O�L�P�L�Q�D�U�\���L�G�H�D���L�V���W�R���E�D�V�H���W�K�H���W�D�[�R�Q�R�P�\���R�I���I�D�L�O�X�U�H���R�Q���W�K�H�������V�W�D�J�H�V���R�I���F�R�Q�F�H�L�Y�L�Q�J�����G�H�V�L�J�Q�L�Q�J����
�L�P�S�O�H�P�H�Q�W�L�Q�J�����D�Q�G���R�S�H�U�D�W�L�Q�J���D���S�U�R�G�X�F�W�����S�U�R�F�H�V�V�����V�\�V�W�H�P���R�U���V�H�U�Y�L�F�H�� 

�$�Q�R�W�K�H�U���D�U�H�D���W�K�D�W���Z�D�U�U�D�Q�W�V���I�X�U�W�K�H�U���G�H�Y�H�O�R�S�P�H�Q�W���Z�R�U�N���L�V���W�K�H���6�3���&�'�,�2���6�\�O�O�D�E�X�V�����7�K�H���S�D�U�W�V���W�K�D�W��
�D�U�H���U�H�O�H�Y�D�Q�W���W�R���O�H�D�U�Q�L�Q�J���I�U�R�P���I�D�L�O�X�U�H���D�U�H���V�K�R�Z�Q���L�Q���$�S�S�H�Q�G�L�[���������)�U�R�P���R�X�U���S�U�H�O�L�P�L�Q�D�U�\���P�D�S�S�L�Q�J��
���Q�R�W���L�Q�F�O�X�G�H�G���L�Q���W�K�L�V���S�D�S�H�U�������W�K�H�U�H���D�U�H���R�X�W�F�R�P�H�V���W�K�D�W���F�D�Q���E�H���U�H�O�D�W�H�G���W�R���O�H�D�U�Q�L�Q�J���I�U�R�P���I�D�L�O�X�U�H����
�E�X�W�� �W�K�H�� �F�R�Q�Q�H�F�W�L�R�Q�V�� �D�U�H�� �Q�R�W���Y�H�U�\���H�[�S�O�L�F�L�W���� �D�Q�G�� �P�D�Q�\�� �Q�H�H�G�� �W�R�� �E�H�� �L�Q�I�H�U�U�H�G�� �I�U�R�P�� �W�K�H�� �J�H�Q�H�U�L�F��
�V�W�D�W�H�P�H�Q�W�V���L�Q���W�K�H���V�\�O�O�D�E�X�V�����7�K�H���D�X�W�K�R�U�V���G�R���Q�R�W���D�G�Y�R�F�D�W�H���D�G�G�L�Q�J���W�R���W�K�H���&�'�,�2���6�\�O�O�D�E�X�V�����,�Q�V�W�H�D�G����
�Z�H���R�S�L�Q�H�G���W�K�D�W���W�K�H���X�V�H���R�I���W�D�[�R�Q�R�P�\���R�I���I�D�L�O�X�U�H���P�D�\���E�H���P�R�U�H���X�V�H�I�X�O���D�V���W�K�L�V���F�D�Q���S�U�R�Y�L�G�H���P�R�U�H��
�V�S�H�F�L�I�L�F���J�X�L�G�D�Q�F�H���R�Q���W�K�H���W�\�S�H���R�I���O�H�D�U�Q�L�Q�J���R�X�W�F�R�P�H�V���H�[�S�H�F�W�H�G�� 

�7�K�L�V�� �Z�R�U�N�� �P�D�\�� �R�S�H�Q�� �X�S�� �D�� �U�D�Q�J�H�� �R�I�� �V�W�X�G�L�H�V�� �W�R�� �L�Q�Y�H�V�W�L�J�D�W�H���� �I�R�U�� �H�[�D�P�S�O�H�V���� �:�K�L�F�K�� �F�U�H�D�W�L�Y�H��
�F�R�P�E�L�Q�D�W�L�R�Q�V�� �R�I�� �G�H�V�L�J�Q���S�U�L�Q�F�L�S�O�H�V�� �Z�R�U�N�� �E�H�V�W���I�R�U���D�� �J�L�Y�H�Q�� �L�Q�W�H�U�Y�H�Q�W�L�R�Q���V�F�H�Q�D�U�L�R���� �Z�L�W�K�� �S�R�V�V�L�E�O�H��
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How do cultural differences affect the reception of failure, or the willingness to develop a failure 
tolerant mindset? Early work conducted by the second author suggests that �³failure�  ́has a 
specific cultural meaning, and that this should be taken into account when developing 
deliberate learning from failure interventions.  

Moreover, Willems et al (2024) and subsequent ongoing work shows that a range of 
interconnected interventions might be superior to one-�R�I�I�� �D�F�W�L�Y�L�W�L�H�V�� �D�V�� �F�K�D�Q�J�L�Q�J�� �V�W�X�G�H�Q�W�V�¶��
mindsets is a complex process that takes time. 
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�U�H�O�D�W�H�G�� �W�R�� �V�X�V�W�D�L�Q�D�E�L�O�L�W�\���� �L�Q�F�O�X�G�L�Q�J�� �Y�D�O�X�H�� �W�K�L�Q�N�L�Q�J���� �V�\�V�W�H�P�V�� �W�K�L�Q�N�L�Q�J���� �D�Q�G�� �L�Q�W�H�J�U�D�W�H�G�� �S�U�R�E�O�H�P��
�V�R�O�Y�L�Q�J���� �W�K�H�U�H�E�\�� �H�T�X�L�S�S�L�Q�J�� �I�X�W�X�U�H�� �D�U�F�K�L�W�H�F�W�V�� �W�R�� �Q�D�Y�L�J�D�W�H�� �F�R�P�S�O�H�[�� �F�K�D�O�O�H�Q�J�H�V�� �D�Q�G�� �F�R�Q�W�U�L�E�X�W�H��
�P�H�D�Q�L�Q�J�I�X�O�O�\�� �W�R�� �V�X�V�W�D�L�Q�D�E�O�H�� �G�H�Y�H�O�R�S�P�H�Q�W�����7�K�L�V���V�W�X�G�\�� �F�R�Q�W�U�L�E�X�W�H�V�� �W�R�� �W�K�H�� �O�L�P�L�W�H�G�� �U�H�V�H�D�U�F�K�� �R�Q��
�L�P�S�O�H�P�H�Q�W�L�Q�J���&�'�,�2���L�Q���Q�R�Q���H�Q�J�L�Q�H�H�U�L�Q�J���I�L�H�O�G�V�����V�X�F�K���D�V���D�U�F�K�L�W�H�F�W�X�U�H�������H�Y�L�G�H�Q�F�L�Q�J���L�W�V���S�R�W�H�Q�W�L�D�O��
�W�R���F�X�O�W�L�Y�D�W�H���V�X�V�W�D�L�Q�D�E�L�O�L�W�\���P�L�Q�G�V�H�W�V���D�V���D�Q���L�Q�W�U�L�Q�V�L�F���F�R�P�S�R�Q�H�Q�W���R�I���D�U�F�K�L�W�H�F�W�X�U�D�O���G�H�V�L�J�Q�� 
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�3�U�R�F�H�H�G�L�Q�J�V���R�I���W�K�H�������V�W���,�Q�W�H�U�Q�D�W�L�R�Q�D�O���&�'�,�2���&�R�Q�I�H�U�H�Q�F�H�����K�R�V�W�H�G���E�\ 

�0�R�Q�D�V�K���8�Q�L�Y�H�U�V�L�W�\�����0�H�O�E�R�X�U�Q�H�����$�X�V�W�U�D�O�L�D�����-�X�Q�H���������������������� 
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�7�K�H�� �&�R�Q�F�H�L�Y�H���� �'�H�V�L�J�Q���� �,�P�S�O�H�P�H�Q�W���� �D�Q�G�� �2�S�H�U�D�W�H�� ���&�'�,�2���� �R�X�W�F�R�P�H���E�D�V�H�G�� �F�X�U�U�L�F�X�O�X�P��
�G�H�V�L�J�Q���U�H�G�H�V�L�J�Q���I�U�D�P�H�Z�R�U�N���� �Z�K�L�F�K�� �I�R�F�X�V�H�V�� �R�Q�� �S�U�R�M�H�F�W���E�D�V�H�G�� �O�H�D�U�Q�L�Q�J�� �D�Q�G�� �U�H�D�O���Z�R�U�O�G��
�D�S�S�O�L�F�D�W�L�R�Q�V�����L�V���Z�L�G�H�O�\���X�W�L�O�L�V�H�G���S�U�H�G�R�P�L�Q�D�W�H�O�\���L�Q���H�Q�J�L�Q�H�H�U�L�Q�J���H�G�X�F�D�W�L�R�Q���W�R���H�Q�K�D�Q�F�H���F�X�U�U�L�F�X�O�X�P��
�G�H�V�L�J�Q���� �W�H�D�F�K�L�Q�J�� �P�H�W�K�R�G�V���� �D�Q�G�� �D�V�V�H�V�V�P�H�Q�W�� �V�W�U�D�W�H�J�L�H�V���� �*�L�Y�H�Q�� �W�K�D�W�� �V�X�V�W�D�L�Q�D�E�O�H�� �S�U�R�G�X�F�W�V����
�S�U�R�F�H�V�V�H�V�����V�\�V�W�H�P�V�����D�Q�G���V�H�U�Y�L�F�H���O�L�I�H�F�\�F�O�H���G�H�Y�H�O�R�S�P�H�Q�W���D�Q�G���G�H�S�O�R�\�P�H�Q�W���D�U�H���L�Q�W�H�J�U�D�O���W�H�Q�D�Q�W�V��
�R�I���&�'�,�2�����L�W���L�V���D�G�Y�R�F�D�W�H�G���W�K�D�W���W�K�H���G�H�Y�H�O�R�S�P�H�Q�W���R�I���N�H�\���F�R�P�S�H�W�H�Q�F�L�H�V���I�R�U���V�X�V�W�D�L�Q�D�E�L�O�L�W�\���F�D�Q���D�O�V�R��
�E�H���L�Q�F�X�O�F�D�W�H�G���Z�L�W�K���&�'�,�2�����&�K�H�D�K���H�W���D�O�������������������� 

�6�X�V�W�D�L�Q�D�E�L�O�L�W�\�� �P�L�Q�G�V�H�W���� �D�V�� �Y�D�O�X�H�V���� �N�Q�R�Z�O�H�G�J�H���� �D�Q�G�� �D�W�W�U�L�E�X�W�H�V�� �W�K�D�W�� �H�Q�D�E�O�H���L�Q�G�L�Y�L�G�X�D�O�V�� �W�R��
�D�S�S�U�R�D�F�K�� �F�K�D�O�O�H�Q�J�H�V�� �D�Q�G�� �G�H�F�L�V�L�R�Q���P�D�N�L�Q�J�� �S�U�R�F�H�V�V�H�V�� �I�R�F�X�V�L�Q�J�� �R�Q�� �V�X�V�W�D�L�Q�D�E�L�O�L�W�\�� �S�U�L�Q�F�L�S�O�H�V��
���5�L�P�D�Q�R�F�]�\���� �������������� �L�V�� �L�Q�F�U�H�D�V�L�Q�J�O�\�� �H�V�V�H�Q�W�L�D�O�� �I�R�U�� �S�U�R�P�R�W�L�Q�J�� �H�Q�Y�L�U�R�Q�P�H�Q�W�D�O�O�\�� �F�R�Q�V�F�L�R�X�V��
�G�H�F�L�V�L�R�Q���P�D�N�L�Q�J�����%�\�� �L�Q�F�X�O�F�D�W�L�Q�J���W�K�H�V�H���V�X�V�W�D�L�Q�D�E�L�O�L�W�\�� �P�L�Q�G�V�H�W�V���� �D�O�W�H�U�Q�D�W�L�Y�H���S�D�U�D�G�L�J�P�V���F�D�Q���E�H��
�Q�X�U�W�X�U�H�G���� �I�R�V�W�H�U�L�Q�J�� �D�� �V�X�V�W�D�L�Q�D�E�L�O�L�W�\�� �P�L�Q�G�V�H�W�� �D�P�R�Q�J�� �V�W�X�G�H�Q�W�V�����5�L�H�K�� �H�W�� �D�O������ �������������W�R�Z�D�U�G�V��
�L�Q�Q�R�Y�D�W�L�Y�H���D�Q�G���V�X�V�W�D�L�Q�D�E�O�H���G�H�V�L�J�Q���V�R�O�X�W�L�R�Q�V�����)�R�V�W�H�U�L�Q�J���D���V�X�V�W�D�L�Q�D�E�L�O�L�W�\���P�L�Q�G�V�H�W���L�Q���D�U�F�K�L�W�H�F�W�X�U�H��
�H�G�X�F�D�W�L�R�Q���L�V���F�U�X�F�L�D�O���I�R�U���L�Q�V�W�L�O�O�L�Q�J���D���V�H�Q�V�H���R�I���U�H�V�S�R�Q�V�L�E�L�O�L�W�\���D�Q�G���H�W�K�L�F�D�O���D�Z�D�U�H�Q�H�V�V���D�P�R�Q�J���I�X�W�X�U�H��
�S�U�D�F�W�L�W�L�R�Q�H�U�V�����1�~�x�H�]���$�Q�G�U�p�V���H�W���D�O���������������������7�R���G�D�W�H�����W�K�H�U�H���L�V���D���O�D�F�N���R�I���H�P�S�L�U�L�F�D�O���V�W�X�G�L�H�V���R�Q���W�K�H��
�L�P�S�D�F�W�� �R�I�� �L�Q�W�H�J�U�D�W�L�Q�J�� �&�'�,�2�� �V�W�D�Q�G�D�U�G�V�� �Z�L�W�K�� �D���I�R�F�X�V�� �R�Q�� �8�1�6�'�*�� ���8�Q�L�W�H�G�� �1�D�W�L�R�Q�V�� �6�X�V�W�D�L�Q�D�E�O�H��
�'�H�Y�H�O�R�S�P�H�Q�W���*�U�R�X�S�������7�K�L�V���S�D�S�H�U���Z�L�O�O���K�H�Q�F�H���I�R�F�X�V���R�Q���8�1�6�'�*���1�R�����������&�O�L�P�D�W�H���$�F�W�L�R�Q�����Z�L�W�K���W�K�H��
�&�'�,�2���I�U�D�P�H�Z�R�U�N���W�R���I�R�V�W�H�U���V�X�V�W�D�L�Q�D�E�L�O�L�W�\���P�L�Q�G�V�H�W�V���D�P�R�Q�J���D�U�F�K�L�W�H�F�W�X�U�H���V�W�X�G�H�Q�W�V�� 

�$�U�F�K�L�W�H�F�W�X�U�H���H�G�X�F�D�W�L�R�Q���L�Q�F�O�X�G�H�V���P�R�U�H���W�K�D�Q���M�X�V�W���W�H�D�F�K�L�Q�J���G�H�V�L�J�Q�����L�W���H�Q�F�R�P�S�D�V�V�H�V���D���Z�L�G�H���U�D�Q�J�H��
�R�I���W�R�S�L�F�V�����L�Q�F�O�X�G�L�Q�J���V�W�U�X�F�W�X�U�H�����H�Q�Y�L�U�R�Q�P�H�Q�W�D�O���V�F�L�H�Q�F�H�����V�R�F�L�R�O�R�J�\�����D�Q�G���W�K�H���D�U�W�V�����D�Q�G���U�H�T�X�L�U�H�V���D�Q��
�H�[�W�H�Q�V�L�Y�H�� �X�Q�G�H�U�V�W�D�Q�G�L�Q�J�� �R�I�� �K�R�Z�� �Y�D�U�L�R�X�V�� �I�L�H�O�G�V���� �V�X�F�K�� �D�V�� �V�X�V�W�D�L�Q�D�E�L�O�L�W�\�� �G�H�V�L�J�Q�� �V�W�U�D�W�H�J�L�H�V�� �D�Q�G��
�S�U�L�Q�F�L�S�O�H�V�����(�O���)�H�N�L�� �	�� �.�H�Q�D�Z�\���� ������������ �)�D�U�L�Q�H�D�� �	�� �'�H�P�H�X�U���� �������������� �L�Q�W�H�U�V�H�F�W�L�R�Q�� �D�Q�G��
�L�Q�W�H�U�G�H�S�H�Q�G�H�Q�F�H�����8�P�P�L�K�X�V�Q�D�� �	�� �=�D�L�U�X�O���� ���������������7�K�L�V�� �V�W�X�G�\�� �D�L�P�H�G�� �W�R�� �H�P�S�L�U�L�F�D�O�O�\���H�[�S�O�R�U�H���W�K�H��
�L�Q�W�H�J�U�D�W�L�R�Q�� �R�I�� �8�1�6�'�*���1�R���������W�K�U�R�X�J�K�� �&�'�,�2�� �I�U�D�P�H�Z�R�U�N�� �L�Q���6�L�Q�J�D�S�R�U�H�� �3�R�O�\�W�H�F�K�Q�L�F�¶�V�� ���6�3����
�'�L�S�O�R�P�D���L�Q���$�U�F�K�L�W�H�F�W�X�U�H�¶�V�����'�$�5�&�+�����$�U�F�K�L�W�H�F�W�X�U�H���)�R�X�Q�G�D�W�L�R�Q���F�R�X�U�V�H���W�R���G�H�Y�H�O�R�S���V�X�V�W�D�L�Q�D�E�L�O�L�W�\��
�P�L�Q�G�V�H�W�V���I�R�U���I�L�U�V�W���\�H�D�U���V�W�X�G�H�Q�W�V���W�K�U�R�X�J�K���W�U�D�Q�V�I�R�U�P�D�W�L�Y�H�� �O�H�D�U�Q�L�Q�J�� �D�F�W�L�Y�L�W�L�H�V�����7�K�H�� �W�Z�R�� �U�H�V�H�D�U�F�K��
�T�X�H�V�W�L�R�Q�V�� �J�X�L�G�L�Q�J�� �W�K�L�V�� �V�W�X�G�\�� �Z�H�U�H�����5�4�������+�R�Z�� �G�R�� �I�L�U�V�W���\�H�D�U�� �D�U�F�K�L�W�H�F�W�X�U�H�� �V�W�X�G�H�Q�W�V�� �S�H�U�F�H�L�Y�H��
�H�W�K�L�F�D�O�� �G�L�O�H�P�P�D�V�� �U�H�O�D�W�H�G�� �W�R�� �V�X�V�W�D�L�Q�D�E�L�O�L�W�\���G�H�Y�H�O�R�S�P�H�Q�W�"�� �$�Q�G���5�4������ �+�R�Z�� �G�R�� �I�L�U�V�W���\�H�D�U��
�D�U�F�K�L�W�H�F�W�X�U�H���V�W�X�G�H�Q�W�V���S�H�U�F�H�L�Y�H���W�K�H�L�U���S�U�H�S�D�U�H�G�Q�H�V�V���I�R�U���H�W�K�L�F�D�O���D�G�Y�R�F�D�F�\���L�Q���S�U�R�I�H�V�V�L�R�Q�D�O���V�H�W�W�L�Q�J�V��
�D�I�W�H�U�� �S�D�U�W�L�F�L�S�D�W�L�Q�J�� �L�Q���D�� �W�X�W�R�U�L�D�O�� �G�L�V�F�R�X�U�V�L�Q�J���V�X�V�W�D�L�Q�D�E�L�O�L�W�\�� �G�H�Y�H�O�R�S�P�H�Q�W�"���6�W�X�G�H�Q�W�V�¶�� �T�X�D�O�L�W�D�W�L�Y�H��
�U�H�I�O�H�F�W�L�R�Q�V�� �I�D�F�L�O�L�W�D�W�H�� �W�K�H�� �H�[�S�O�R�U�D�W�L�R�Q�� �R�I�� �U�H�F�X�U�U�L�Q�J�� �W�K�H�P�H�V�� �W�R�� �J�D�X�J�H�� �Z�K�H�W�K�H�U�� �W�K�L�V�� �S�L�O�R�W�� �K�D�V��
�S�U�R�Y�L�G�H�G�� �D�� �V�W�D�E�O�H�� �I�R�X�Q�G�D�W�L�R�Q�� �I�R�U�� �W�K�H�� �I�X�W�X�U�H���G�H�Y�H�O�R�S�P�H�Q�W�� �R�I�� �W�K�H�L�U�� �V�X�V�W�D�L�Q�D�E�L�O�L�W�\�� �P�L�Q�G�V�H�W����
�$�G�G�L�W�L�R�Q�D�O�O�\���� �W�K�L�V�� �V�W�X�G�\�� �D�G�G�V�� �W�R�� �W�K�H�� �J�U�R�Z�L�Q�J�� �E�R�G�\�� �R�I�� �U�H�V�H�D�U�F�K�� �W�K�D�W�� �H�P�S�L�U�L�F�D�O�O�\�� �H�[�S�O�R�U�H�V�� �W�K�H��
�L�P�S�D�F�W���R�I���L�Q�I�X�V�L�Q�J���&�'�,�2���L�Q�W�R���D���Q�R�Q���H�Q�J�L�Q�H�H�U�L�Q�J���F�R�X�U�V�H���Z�L�W�K���W�K�H���F�U�L�W�L�F�D�O���L�Q�W�H�Q�W�L�R�Q���R�I���G�H�Y�H�O�R�S�L�Q�J��
�O�H�D�U�Q�H�U�V�¶���V�X�V�W�D�L�Q�D�E�L�O�L�W�\���P�L�Q�G�V�H�W�� 
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�'�H�V�S�L�W�H�� �W�K�H�� �L�Q�F�U�H�D�V�L�Q�J�� �L�P�S�R�U�W�D�Q�F�H�� �D�Q�G�� �U�H�O�H�Y�D�Q�F�H�� �R�I�� �8�1�6�'�*���1�R�������� ���&�O�L�P�D�W�H�� �$�F�W�L�R�Q���� �L�Q��
�D�U�F�K�L�W�H�F�W�X�U�H���H�G�X�F�D�W�L�R�Q�����$�N�J�•�Q���H�W���D�O���������������������D�W�W�H�P�S�W�V���W�R���D�U�W�L�F�X�O�D�W�H���W�K�H���L�Q�W�H�J�U�D�W�L�R�Q���R�I���6�'�*�V���L�Q�W�R��
�D�U�F�K�L�W�H�F�W�X�U�H���F�X�U�U�L�F�X�O�X�P���D�Q�G���S�H�G�D�J�R�J�L�F�D�O���S�U�D�F�W�L�F�H���U�H�P�D�L�Q���V�F�D�U�F�H���D�Q�G���X�Q�G�H�U�H�[�S�O�R�U�H�G�����%�X�U�W�R�Q���	��
�6�D�O�D�P�D���� �������������� �)�X�U�W�K�H�U�P�R�U�H�����(�O���.�K�R�O�H�L�� �H�W�� �D�O���� �������������� �H�P�S�K�D�V�L�V�H�� �W�K�H�� �Q�H�H�G�� �W�R�� �H�P�E�H�G��
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Criteria TSG FLC COP CDIO-P2PS 

Definition A group of teachers 
or school leaders 
who engage in 
reflective circles to 
explore and reflect 
on challenging 
classroom and 
school 
experiences. 

A peer-led group of 
faculty members 
who engage in an 
active, collaborative, 
year-long program, 
structured to provide 
encouragement, 
support, and 
reflection. 

A group of people 
who share a 
common concern, a 
set of problems, or 
an interest in a 
topic and who 
come together to 
fulfil both individual 
and group goals. 

A group of 
educators with 
common interest in 
sharing practices in 
using the CDIO 
Framework to 
address teaching 
and learning 
issues. 

Size Typically, 4-6 
members. 

Typically, 6-12 
members. 

No size limitation. No size limitation 

Focus Focuses on 
reflective practice 
and mutual 
support. 

Focuses on multi-
disciplinary 
collaboration, 
scholarly teaching, 
and the scholarship 
of teaching and 
learning. 

Focuses on sharing 
best practices and 
creating new 
knowledge to 
advance a domain 
of professional 
practice. 

Focuses on sharing 
practices and 
creating new 
knowledge in 
alignment to the 
CDIO Framework 

Practice Must put into 
immediate practice 
what has been 
learned. 

Encourages the 
application of 
learned concepts in 
teaching. 

No obligation to put 
new knowledge into 
practice. 

New knowledge 
enhances current 
practices and 
promote member 
collaboration 

Membership Comprises 
teachers or school 
leaders. 

Comprises faculty 
members from 
various disciplines. 

Can include 
anyone with a 
shared interest in a 
particular domain. 

Can include 
anyone with a 
shared interest in 
CDIO and those 
already in the CDIO 
community 
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�5�H�I�O�H�F�W�L�R�Q�V���I�R�U���O�H�D�U�Q�L�Q�J���D�Q�G���F�R�Q�W�L�Q�X�R�X�V���G�H�Y�H�O�R�S�P�H�Q�W���L�V���D���Z�L�G�H���I�L�H�O�G�����D�Q�G���W�K�H���O�L�W�H�U�D�W�X�U�H���L�Q���W�K�H��
�I�L�H�O�G���L�V���F�R�P�S�U�H�K�H�Q�V�L�Y�H�����7�K�H���D�L�P���R�I���W�K�H���S�D�S�H�U���L�V���W�R���S�U�H�V�H�Q�W���D�Q���H�[�D�P�S�O�H���R�I���V�X�F�K���D�Q���D�F�W�L�Y�L�W�\���L�Q��
�W�H�U�P�V���R�I���D���U�H�I�O�H�F�W�L�R�Q���W�K�D�W���L�V���F�D�U�U�L�H�G���R�X�W���D�V���D���O�D�V�W���V�W�H�S���R�I���W�K�H���W�K�H�V�L�V���Z�R�U�N���D�Q�G���K�R�Z���W�K�D�W���F�D�Q���E�H��
�X�V�H�G�� �D�O�V�R�� �I�R�U�� �F�R�Q�W�L�Q�X�R�X�V�� �G�H�Y�H�O�R�S�P�H�Q�W�� �R�I�� �H�G�X�F�D�W�L�R�Q���� �,�Q�� �O�L�W�H�U�D�W�X�U�H���� �W�K�H�� �Z�R�U�N�� �L�Q�� ���.�R�O�E���� ������������
�D�E�R�X�W���H�[�S�H�U�L�H�Q�W�L�D�O���O�H�D�U�Q�L�Q�J���D�Q�G���.�R�O�E�¶�V���O�H�D�U�Q�L�Q�J���F�\�F�O�H���L�V���D���N�H�\���U�H�I�H�U�H�Q�F�H�����$�F�F�R�U�G�L�Q�J���W�R�����.�R�O�E����
������������ �W�K�H�� �O�H�D�U�Q�L�Q�J�� �F�\�F�O�H�� �F�R�Q�V�L�V�W�V�� �R�I�� �W�K�H�� �V�W�D�J�H�V�� ���L���� �&�R�Q�F�U�H�W�H�� �(�[�S�H�U�L�H�Q�F�H���� ���L�L���� �5�H�I�O�H�F�W�L�Y�H��
�2�E�V�H�U�Y�D�W�L�R�Q�������L�L�L�����$�E�V�W�U�D�F�W���&�R�Q�F�H�S�W�X�D�O�L�]�D�W�L�R�Q�����D�Q�G�����L�Y�����$�F�W�L�Y�H���(�[�S�H�U�L�P�H�Q�W�D�W�L�R�Q�����6�H�H���D�O�V�R�����*�L�E�E�V��
�	�� �+�D�E�H�V�K�D�Z���������������� �:�L�W�K�L�Q�� �W�K�H�� �&�'�,�2�� �F�R�P�P�X�Q�L�W�\�� �W�K�H�U�H�� �D�U�H�� �V�H�Y�H�U�D�O�� �U�H�I�H�U�H�Q�F�H�V�� �Z�K�H�U�H��
�U�H�I�O�H�F�W�L�R�Q�V���L�Q���G�L�I�I�H�U�H�Q�W���I�R�U�P�V���K�D�Y�H���E�H�H�Q���V�W�X�G�L�H�G�����Z�K�H�U�H�����-�X�Q�D�L�G���H�W���D�O�������������������D�Q�G�����&�R�V�J�U�R�Y�H���	��
�2�¶�5�H�L�O�O�\�����������������D�U�H���W�Z�R���H�[�D�P�S�O�H�V�����,�Q���D�G�G�L�W�L�R�Q�������&�K�H�D�K�����������������S�U�H�V�H�Q�W�V���D�Q���H�[�F�H�O�O�H�Q�W���R�Y�H�U�Y�L�H�Z��
�R�I�� �W�K�H�� �I�L�H�O�G�� �Z�L�W�K�� �D�Q�� �H�[�W�H�Q�V�L�Y�H�� �O�L�V�W�� �R�I�� �U�H�I�H�U�H�Q�F�H�V�� �U�H�O�D�W�H�G�� �W�R�� �U�H�I�O�H�F�W�L�R�Q�V�����$�O�V�R���� �L�Q�� �S�U�R�M�H�F�W���E�D�V�H�G��
�D�F�W�L�Y�L�W�L�H�V�� �U�H�I�O�H�F�W�L�R�Q�� �D�W���W�K�H�� �H�Q�G�� �R�I�� �W�K�H�� �S�U�R�M�H�F�W�� �L�V�� �R�I�W�H�Q�� �X�V�H�G�� �D�V�� �D�� �O�D�V�W���V�W�H�S���� �6�H�H���� �I�R�U�� �H�[�D�P�S�O�H����
���$�Q�G�H�U�V�H�Q���	���6�F�K�Z�H�Q�N�H�����������������D�Q�G�����/�|�|�Z���������������� 

�7�K�H�U�H���D�U�H���P�D�Q�\���H�[�D�P�S�O�H�V���R�I���W�K�H���X�V�H���R�I���U�H�I�O�H�F�W�L�R�Q�V���Z�L�W�K�L�Q���W�K�H���F�R�X�U�V�H�V���D�W���W�K�H���)�D�F�X�O�W�\���R�I���6�F�L�H�Q�F�H��
�D�Q�G���(�Q�J�L�Q�H�H�U�L�Q�J���D�W���/�L�Q�N�|�S�L�Q�J���8�Q�L�Y�H�U�V�L�W�\�����,�Q���P�D�Q�\���F�D�V�H�V���W�K�L�V���W�D�N�H�V���S�O�D�F�H���Z�L�W�K�L�Q���S�U�R�M�H�F�W���E�D�V�H�G��
�F�R�X�U�V�H�V�����7�K�H�� �U�H�I�O�H�F�W�L�R�Q�� �G�R�F�X�P�H�Q�W�� �D�W�� �W�K�H�� �H�Q�G�� �R�I�� �W�K�H�� �0�D�V�W�H�U�¶�V�� �D�Q�G�� �%�D�F�K�H�O�R�U�¶�V�� �W�K�H�V�L�V�� �Z�D�V��
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During the implement and operate phases, students apply technical knowledge from MAPP 
and other relevant modules to build and test their solutions, troubleshooting and iterating till 
they get it right. These processes help to emphasize adaptability, resilience, and 
perseverance. Teams are also likely to refine their projects in response to challenges, applying 
systems thinking and problem-solving competencies (2.4.1), (2.4.3) or even take responsibility 
for self-improvement to address weaknesses to contribute to the project effectively (2.4.6).  
For the project to work, systems thinking (2.3.1) �± (2.3.4) plays a crucial role. Students need 
to understand the interrelationships and dynamics between the various components of their 
project, especially when it comes to integrating hardware and software. They must consider 
how each part functions individually and within the system. This requires a holistic perspective, 
where students analyse the functional and behavioural properties of the system, identify 
feedback loops, and foresee potential unintended consequences. By applying systems 
thinking, students ensure their solutions are not only technically viable but also sustainable 
and adaptable over time. Lastly, students need to integrate all the necessary key 
competencies, knowledge, and skills, showcasing their integrated problem-solving 
competency to complete the project. 
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Students explore the challenges associated with solar panel 
disposal/recycling, such as waste management, material 
recovery, and reflect on how the design decisions can impact 
the disposal/recycling phases. 
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Students were given building data that in order to analyse 
the energy use patterns and proposing strategies to optimize 
energy performance, with the focus to reduce lifecycle 
energy savings. 
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ABSTRACT   

This study offers a qualitative investigation and implementation of Faculty Learning 
Communities (FLC) as enabler to support the operationalization of Conceive, Design, 
Implement and Operate (CDIO) Standard 10 which emphasizes the improvement of faculty 
teaching competence at the School of Architecture and the Built Environment (ABE) and the 
Singapore Maritime Academy (SMA) at the Singapore Polytechnic (SP). This implementation 
of the FLC approach, facilitated by a group of Teaching and Learning Mentors and Specialists 
(TLMS), takes the form of an Active Learning Community (ALC) aimed at fostering 
collaboration and professional development among teaching staff with activities like 
symposiums, monthly sharing sessions, book studies and curated hands-on workshops. The 
monthly ALC sessions cumulate as a large-scale ‘Active Learning Symposium’ (ALS) for staff 
from two schools. The 2024 ALS highlighted novel pedagogical strategies and assist 
academics in contextualising them into their teaching practices, highlighting the 
interdependent relationships of various Teaching and Learning (T&L) initiatives introduced 
over the years. Participants’ reflections emerged as crucial themes related to pedagogy, 
teaching practices, and feasibility of pedagogical adaptation facilitated by CDIO standards 8 
and 10 during the 2024 ALS. Participants also expressed cautious optimism, appreciation, 
commitment to development, and encouragement for data-driven initiatives, further reinforcing 
the potential of organising future large-scale symposiums with a strong focus on 
contextualising CDIO Framework in teaching strategies and curriculum development. The 
findings of this study highlighted the importance of bridging educational gaps and enhancing 
teaching effectiveness while ensuring congruence with the outcome-based education through 
the operationalisation of CDIO frameworks. This paper introduces a holistic approach and 
provides insights into implementing CDIO Standard 10 by practicing CDIO Standard 8 as a 
teaching method.  It emphasizes how this collaborative learning method, emphasizing its 
potential to catalyse future transformative CDIO FLC in higher education teaching and 
learning. 
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BACKGROUND 

In response to the challenge of enhancing teaching staff competence as per CDIO Standard 
10, Soo-Ng (2020) from the School of Architecture and the Built Environment (ABE) at 
Singapore Polytechnic (SP) implemented a novel professional development model centered 
around the concept of a Learning Community (LC). This initiative evolved from the Action 
Research (AR) Group, created in 2009 to address ineffective lecture-based learning. However, 
the AR Group's task force approach lacked sufficient collaborative learning and ongoing 
support, leading to its reform. The transition to the Active Learning Community (ALC) was 
driven by the need for a more supportive, collegial environment, drawing on the principles of 
communities of practice (Wenger, 2002). By 2011, the ALC was firmly established, promoting 
active learning, out-of-class activities, and assessments. It supported professional 
development through book studies, reflective practices, symposiums, and peer-sharing 
sessions. This paper extends the ALC model’s implementation, aiming to expand its principles 
to a broader academic context. The next phase focuses on operationalizing the ALC model, 
addressing challenges, and sharing experiences to foster a culture of continuous improvement 
and collaborative learning for both staff and students. 

INTRODUCTION  

Faculty Learning Communities (FLCs) stem from the LC model, adapting its collaborative 
framework to focus on teaching staff development (Richlin & Cox, 2004). Many are familiar 
with FLCs, as they are commonly used in institutions across the USA. They consist of cross-
disciplinary academics who engage in long-term, frequent, and informal sharing activities. 
These communities aim to contextualize and integrate novel pedagogical approaches, foster 
professional growth, encourage pedagogical experimentation, and build a supportive 
academic community, addressing the complexities of modern education.  In our context, we 
have named our FLC the Active Learning Community (ALC).  From this point forward, the term 
ALC will be used in place of FLC. 

Clavert et al. (2015) reported that traditional divisions between academic disciplines and 
different signature pedagogies can hinder the development and participation in ALCs.  This is 
because these divisions often lead to differences in teaching approaches and objectives, 
creating potential misalignment between the goals of the disciplines and the collaborative 
goals of ALCs. Moreover, teaching staff with less influence within the academic hierarchy lack 
the authority and legitimacy to build a pedagogical research community (Zeng & Fickel, 2021). 
In a setting where teaching loads are growing and faculty members are naturally focused on 
research in within their domains, Chang (2017) advocated that the academics’ participation in 
(pedagogical) learning communities can play a significant role in providing support to busy 
academics towards the adoption of emerging state-of-the-art pedagogical innovation.  

This study discusses the impact and implications of participants’ learning reflections and 
sentiments from the 2024 Active Learning Symposium (ALS) as reflective themes related to 
pedagogy, teaching practices, and its feasibility emerged. With the same dataset, participants’ 
surfaced sentiments revolved around themes of cautious optimism, appreciation and 
gratitude, and commitment to developing students’ soft skills through mediating 
disagreements and propensities towards data-driven pedagogical approaches. Although the 
trajectory of this pilot ALC did not explicitly propagate faculties’ competencies in deploying 
CDIO standards, the encouraging findings of this pilot underscored the potential of organising 
future large-scale, cross ALC events in bridging educational gaps, enhancing teaching quality, 
and inducing academics to align their teaching practices with CDIO practices.  Hence, this 
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study examined reflections and sentiments from large-scale ALC participants.  The findings 
will guide future planning strategies to operationalise CDIO Standard 10, which focuses on 
enhancing faculty teaching competence. To support this, the study also explores how CDIO 
Standard 8, centered on active learning, can be adapted for faculty professional development 
in future CDIO ALC.   

Active Learning Community (ALC) as an enabler of CDIO Standard 10  

As faculty members aim to be proficient in using the CDIO approach to help students actively 
build knowledge, skills and attitudes, ALC is potential enabler of CDIO Standard 10 Enhancing 
Faculty Teaching Competence. Despite its potential in advancing pedagogical practices, CDIO 
Standard 10 is arguably the most overlooked, underdeveloped, and least documented 
(Edström, 2012). Cheah and Lee (2015) explicitly emphasised the vital role of ALC in 
maintaining CDIO Competencies with a mentoring framework as a response to the lack of 
emphasis given to faculty members’ professional development. Thomson and Clark (2018) 
equally stressed the need to shift towards an evidence-based approach to Standard 10 that 
accentuates the importance of knowledge sharing in community settings as a gap that still 
needs to be addressed. Such trajectories have further reinforced the urgencies of harnessing 
ALC in facilitating pedagogical advancements.  

ALC predicates on the works of John Dewey and Alexander Meiklejohn, whom both advocated 
for shared, practical learning. Their ideas have been widely adopted since the 1980s (Sicat et 
al., 2014). ALC emphasises and supports the institution’s objective of enhancing the faculty’s 
development of pedagogical competencies in achieving desired educational objectives 
(Reznik & Vdovina, 2018). Cox (2004) elucidated that ALC often consists of six to fifteen cross-
disciplinary faculty members embarking on long-term and frequent informal sharing, activities 
to promote learning, development, teaching scholarships, and community building. These 
pedagogical learning communities provide a platform for faculty members to exchange ideas, 
engage in peer consultation and share best teaching practices, potentially broadening their 
impact. Furthermore, Pstross et al. (2017) elucidated that ALC’s ‘transformative moments’ 
could serve as platforms for individuals to engage in continuous learning throughout their lives. 
Transformative learning utilises previous understanding and knowledge to create a fresh or 
updated interpretation of one’s experiences in influencing future decisions and actions 
(Mezirow, 1996). Pstross et al. (2017) highlighted that the potential relationships between 
community building and lifelong learning experiences helps address the challenges posed by 
continuous societal changes through cycles of theory-building and reflective practices. 

Experiential and Active Learning Methods: Operationalising CDIO Standard 8 To 
Support Standard 10  

Experiential learning in the CDIO Framework is a student-centered, hands-on approach that 
promotes active participation, problem-solving, and the practical application of knowledge 
(Crawley, Malmqvist, & Östlund, 2014). It is guided through the stages of conceiving, 
designing, implementing, and operating solutions, helping students develop both technical and 
soft skills such as teamwork and communication. This complements CDIO Standard 8, which 
emphasizes engaging students in active thinking and problem-solving. The coherent 
integration of CDIO Standard 8 with Standard 10 is beneficial: educators are more likely to 
use active learning techniques after experiencing them in the collaborative and dialogical 
environment of the ALC workshops. 

The call to evaluate faculty pedagogical approaches to enhance students’ learning 
experiences through active learning has become increasingly important. Active learning 
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engages students in meaningful, hands-on learning rather than passive observation (Prince, 
2004), immersing them actively in the process. Unlike traditional pedagogical models that 
stress passive memorization with teachers as sole authorities, Active Learning enhances 
teaching effectiveness, comprehension, engagement, and performance across disciplines, 
fostering a dynamic and interactive classroom environment (Coorey, 2016; Armbruster et al., 
2009). Faculty members were encouraged to infuse interactive teaching/facilitation methods 
such as group discussions, problem-solving activities and hands-on exercises to foster deeper 
comprehension and critical thinking skills.  

PROPOSED IMPLEMENTATION MODEL  

Since 2011, ABE’s Learning Mentors and Specialists (TLMS) have organized monthly ALC 
sessions for faculty.  In 2022, SMA’s TLMS also joined the monthly ALC session.  These 
informal sessions foster collaboration and professional development through knowledge and 
pedagogical sharing, best practices, book studies, and tailored hands-on workshops. Beyond 
mere knowledge dissemination, the ALC focuses on contextualizing the institution's various 
educational initiatives. The sessions aim to enhance their teaching competence in designing, 
delivering, and improving curriculum courses by engaging faculty in hands-on activities 
grounded in Active Learning principles. ALCs’ collaborative climate mirrored the ideas of a 
Community of Practice, with members engaging in shared learning and professional growth.  
As ALCs gain popularity, institutions should invest in faculty development and understand their 
experiences to ensure effectiveness (Stevenson et al., 2005). 

ALC Symposium  

At the conclusion of the academic year, the school of ABE and SMA will traditionally hold an 
Active Learning Symposium. The yearly symposium, echoing the monthly ALC sessions since 
2011, serves as a reflective year-end event to share teaching initiatives and foster faculty 
collegiality. Specifically, the 2024 ALC symposium was designed to bridge the gap between 
the institution's seemingly 'disparate' educational initiatives (Figure 1a) and align them with 
the CDIO standards (Figure 1b). 

 

1. Pedagogy & Competency 
Framework 
�x Analytics in Education (AiE) 
�x Digital-to-the-Core (DTTC) 

Lecturer 
�x Pedagogy for the Profession 

(P4P) 
�x Data-Enabled Flipped 

Learning (DEFL) 
�x Asynchronous Learning 
�x Team Based Learning (TBL) 
�x Differentiated Learning  
�x CDIO 

 
2. Digital Technologies 

�x Generative AI (GenAI) 
�x Industry Internet of Things 

(IIOT) 
�x AR/VR/MR 

 
3. Skills and Mindset Development 

�x Teamwork Measurement (TM) 
�x Self-Directed Learning (SDL) 

4. Infrastructure & System Support 
�x Learning Management System (LMS) 
�x Classroom-of-the-Future (CotF) 
�x Video Content Management System (VCMS) 

Figure 1a. Educational Initiatives by the Institution. 
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Explanation: 
 
This figure illustrates our cores 
and supporting interconnected 
T&L initiatives, driven by the 
CDIO approach.    
 
This approach defines the 
‘what’ through its syllabus and 
the ‘how’ through the 12 
interrelated standards shown 
here. These standards are 
interrelated and delivered to 
teaching staff through 
standards 8 and 10 in a learning 
community model. 

Figure 1b. Connecting the dots… Understanding Our Approach to Education Initiatives.  

It was believed that making sense of various initiatives through the contextualisation of 
pedagogical efforts was essential to increase faculty awareness and relevance in their 
teaching practices.  Scaffolding pedagogical initiatives’ relevance in the context of faculties’ 
own teaching practices potentially helps connect their work to their personal values, goals, 
and beliefs. The annual event was held on the 5th of March 2024 and was attended by 65 and 
36 colleagues from ABE and SMA, respectively.  The TLMS from both schools collaborated to 
identify two pedagogical initiatives (Figure 2) organized as two tracks for the 2024 symposium: 
Track 1 - Facilitating Teamwork Measurement Conversations and Track 2 - Mechanics of Data-
Enabled Flipped Learning (DEFL).  

 

Figure 2. Two Tracks for the Symposium. 

In the design of Track 1, TLMS from ABE and SMA collaboratively surfaced ‘case studies’ from 
their experiences for the participants to study real-life classroom problems on Teamwork 
based on different pedagogical scenarios and explore practical solutions through collaborative 
sharing and learning and thus enhance individual development in Teaching and Learning. This 
sharing of experiences offers participants a candid view of the Teamwork Measurement 
Pedagogy. More importantly, co-creating potential solutions in mediating conflict within student 
groups will be valuable in charting their pedagogical trajectories ahead.  
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In the design of Track 2, the mechanisms of DEFL were explored as an introductory session 
and concluded with a collective brainstorming activity. The central sharing investigated various 
challenges and addressed misconceptions that might have deterred faculty from adopting the 
DEFL model in their classes. Faculties from multiple programs collectively brainstormed how 
students’ async quizzes can be harvested as data to support SP’s DEFL model via an initial 
scan and analysis to identify current pedagogical/curriculum gaps contextualized in their 
diplomas. 

As the initiatives detailed in both tracks were relatively new and had started to gain traction in 
both schools, building confidence and competencies were targeted as crucial outcomes for 
the participants. The two informal breakout sessions were conceived as ‘safe’ spaces for 
faculty to mingle informally as participants shared their experiences and challenges with these 
educational initiatives. The level of cross-pollination between different faculties from different 
schools will see significant levels of exchange as their experiences and anecdotes were built 
on foundations of camaraderie. 

The critical mechanism and format of the annual ALC symposium support faculty members in 
implementing successful evaluation processes, congruent with the CDIO Framework’s 
emphasis on outcomes-based education. By sharing assessment best practices and engaging 
in evaluation approach discussions, academics can ensure that their assessments assess the 
desired learning objectives and competencies outlined in CDIO standards. These notions 
explicitly support the operationalization of CDIO Standards 7 (Integrated Learning 
Experiences) and 8 (Active Learning), emphasising the importance of effective teaching and 
learning methods in engineering education (Red’ko & Shadrin, 2014; Tyflopoulos et al., 2021). 
ALCs help continuously improve teaching quality in engineering courses by allowing 
academics to engage in professional development, share ideas, and implement innovative 
instructional approaches (Red’ko & Shadrin, 2014). In addition, ALCs strongly support CDIO 
Standard 10, which emphasises the need to enhance faculty members’ teaching practices and 
professional growth supported by Eib & Miller (2006).   

EXPLORATION FRAMEWORK & RESULT  

Feedback from the 2023 symposium revealed an overall satisfaction rate of 25% extremely 
satisfied, 55% very satisfied, and 20% somewhat satisfied. For the 2024 symposium, a 
qualitative framework was introduced to assess the effectiveness of ALC in fostering 
pedagogical strategies. Reflections and feedback from participants of the 2024 symposium 
were collected via a digital portal, highlighting experiences, challenges, and insights on 
teaching practices and professional growth. Three key themes were identified: Pedagogy and 
Student Quality, Teaching Practices, and Feasibility, summarized in Table 1, with general 
sentiments detailed in Table 2. 

DISCUSSION & IMPLICATIONS  

The ALC Symposium demonstrated the potential of large gatherings to bridge the gap between 
disparate educational initiatives and foster a cohesive understanding of pedagogical practices.  

A key theme in Pedagogy and Student Quality was the faculty’s recognition that the 
pedagogical strategies shared might not align with their signature pedagogy or universally 
improve student achievement. However, they acknowledged the potential for increased 
student motivation. This raised questions about how educators define ‘academic success’—
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whether it is based on academic performance or fostering intrinsic motivation for lifelong 
learning or other measurements�����$�V�� �(�N�ú�L�� �H�W�� �D�O���� �������������� �Q�R�W�H�G���� �P�R�W�L�Y�D�W�L�R�Q�� �L�V�� �F�O�R�V�H�O�\�� �O�L�Q�N�H�G���W�R��
lifelong learning, and faculty members' motivation to innovate in their teaching is positively 
associated with their drive for lifelong learning competence (Youngsun & June, 2019). 
Engaging in cross-faculty learning communities (LC) can further enhance faculty motivation, 
helping them experiment with new strategies and learn from colleagues' experiences. 

Table 1. Pertinent Thematic Learning Reflections emerged from Thematic Analysis. 

 

The theme of Teaching Process and Practices has encouraged faculty to view their 
pedagogical efforts as structured processes of identifying gaps, addressing them 
systematically, and validating findings through reflective practice. Traditionally, educators' 
pedagogical knowledge has been introspective and incremental, often treated as private 
knowledge. Large-scale ALC provides a platform for sharing and articulating these 
experiences, practices, and new insights, promoting a deeper understanding of teaching 
methods (Mohamed et al., 2022). As faculties are constantly faced with the challenge of time, 
many may find that the discursive approach to reflection practices may be more feasible. The 
faculty may also take this opportunity to reflect on their pedagogical approaches and 
experiences.  

Feasibility highlighted the positive reception towards implementing pedagogical approaches 
shared at the annual ALC Symposium. Time-constrained faculty appreciate the availability of 
tangible tools and templates to support new teaching methods. As Mezirow et al. (2014) noted, 
templates can be adapted for higher education, aligned with the course’s pedagogical goals. 
Burgess et al. (2008) similarly recommended templates, noting that they help alleviate the 
stress of translating subject content into actionable strategies for active engagement. These 

Pedagogy and 
Student Quality  

Teaching Process and 
Practices  

Feasibility  

The pedagogies 
expounded (especially 
DEFL’s Differentiated 
Learning) may not 
necessarily improve 
student quality but can 
benefit motivated 
students. 

Effective teaching involves identifying, 
addressing gaps, and validating 
findings through a structured process. 

Pedagogical 
approaches discussed 
are practical and can 
be implemented using 
various strategies and 
templates. 

Participants’ 
Reflections:  
 
“DEFL may not 
improve students’ 
quality. In addition, 
differentiated learning 
may help those who 
are motivated to pass a 
module (course).” 

Participants’ Reflections:  
 
“Teaching can be made more effective 
by following a process where discrete 
steps are taken to identify the gaps, 
address them and validate your 
findings.” 
 
“The inclusion of a case study on the 
effects of the SPA factor (from self and 
peer assessments) was particularly 
valuable. It offered practical insights 
into how such evaluations can 
enhance team dynamics and individual 
accountability.” 

Participants’ 
Reflections:  
 
“DEFL approaches 
and strategies. 
Templates to help 
guide us to design the 
interventions.” 
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tools reduce workload and stress by providing a structured format for streamlining curriculum 
content, enabling faculty to identify areas for improvement and enhance student learning 
outcomes. Using templates was also explored by Leong (2021) of which the ‘Evidence-based 
Reflective Practice’ templates was administered to at-risk students. The structured templates 
predicted learning effectiveness before lessons and function as an interventive tool and data 
collection instrument. 

Table 2. Participants’ Sentiments 

Cautious 
Optimism  

Appreciation and 
Gratitude  

Commitment to 
Development, 
Mediating 
Disagreements and 
Conflicts in 
Teamwork Situations  

Encouragement 
for Data -Driven 
Approaches  

There is a 
sense that 
while DEFL 
may not 
improve 
student quality 
universally, it is 
seen as a 
practical and 
doable 
approach with 
the right 
strategies and 
motivation. 

Participants appreciated 
the opportunity to see 
how team-based 
learning strategies can 
be seamlessly 
integrated into 
teamwork development. 
Positive sentiments are 
expressed towards 
contributors and 
educators who shared 
their insights and 
experiences, indicating 
a supportive and 
collaborative 
community. 

Despite cultural 
challenges, educators 
are committed to 
integrating Teamwork  
strategies and DEFL 
into their courses, 
showing dedication to 
improving teaching 
methods. 
Through the teamwork 
workshop, educators 
now see how self and 
peer assessment aids. 

Positive views on 
using quizzes and 
data collection to 
inform teaching 
practices highlight 
a proactive 
approach to 
improving 
education. 

 

Participants expressed cautious optimism, appreciation, gratitude, commitment to 
development, and support for data-driven initiatives, while also addressing teamwork conflicts. 
These sentiments highlight the value of a large-scale learning community that fosters cross-
disciplinary idea sharing guided by the CDIO Standards. The ALC has provided academics 
with opportunities to strengthen and apply new knowledge to their teaching practices. 

The findings indicate that while challenges persist, there is a solid foundation for continued 
growth in teaching practices through large-scale learning communities. The importance of 
contextualizing pedagogical initiatives to align with faculty values and beliefs is crucial. 
Institutions should prioritize creating learning communities that help faculty connect new 
teaching approaches with their personal goals. The general sentiment is that the CDIO 
approach may need to be more relevant to specific courses. To increase its adoption, future 
symposiums should focus on helping faculty contextualize CDIO in their pedagogy, enhance 
motivation to experiment with new ideas using templates, and encourage sharing both 
successes and challenges to demonstrate that failures lead to future success. 

Limitations  

This study has several limitations that affect the reliability and validity of the findings. The small 
sample size may limit the diversity of perspectives on the impact of ALCs on faculty. While the 
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varied roles and experiences of participants added richness, the results may need to be more 
generalized to other educational contexts due to factors like organizational culture and 
departmental priorities. The exclusive use of qualitative analysis may have restricted the 
breadth of data, with some participants deterred from fully reflecting. Future symposiums 
should encourage more detailed responses, and future research should include both 
qualitative and quantitative methods to provide a more comprehensive understanding of the 
impact. Promoting a culture of collegiality and shared learning among faculty is essential for 
improving teaching quality and professional growth. 

CONCLUSION 

This study explores the potential of a large-scale faculty LC symposium between two schools 
with different disciplines and pedagogies, viewing their diversity as an opportunity for cross-
pollination. It aligns with CDIO standards 8 and 10, particularly in enhancing teaching 
competence. The positive faculty responses suggest a path for future joint CDIO-focused 
events. Key findings from participant reflections highlight themes such as Pedagogy and 
Student Quality, Teaching Process and Practices, and Feasibility. The faculty expressed 
cautious optimism, commitment to improvement, and support for data-driven approaches, 
underscoring the importance of CDIO-driven symposiums for fostering faculty development 
and pedagogical innovation. 

ACKNOWLEDGEMENT  

We extend our heartfelt gratitude to Mr. Sin Moh Cheah for his invaluable assistance in 
reviewing and refining this paper. His insightful feedback and meticulous attention to detail 
have been instrumental in elevating and greatly enhanced the quality of this paper.  

We also wish to express our heartfelt appreciation to the Teaching and Learning Mentors and 
Specialists (TLMS) – David Tay, Thye Sang Ho, Mun Kin Leong, Yiat Yam Leong and Yuon 
Fatt Lim for their unwavering dedication and expertise in co-organising the symposium and 
facilitating the workshop, which effectively incorporates active learning methods. Their efforts 
have significantly contributed to the success of this symposium. 

The authors received no financial support for this work. 

REFERENCES 

Armbruster, P., Patel, M., Johnson, E., & Weiss, M. R. (2009). Active Learning and Student-Centered 
Pedagogy Improve Student Attitudes and Performance in Introductory Biology. Cbe—life Sciences 
Education.  

Burgess, V., Barth, K., & Mersereau, C. (2008). Quality online instruction template for consistent and 
practical online course design. The Sloan Consortium. In. Journal of Continuing Education in the 
Health Professions, 38(3), 171-178. 

Chang, M. K. (2017). Reevaluating Collegiality: Relationality, Learning Communities, and Possibilities. 
Policy Futures in Education.  

Cheah, S., & Lee, H. (2015). Sustaining CDIO Capability Via Mentoring of Academic Mentor 2015 
11th International CDIO Conference, Chengdu University of IT, China.  

Coorey, J. (2016). Active Learning Methods and Technology: Strategies for Design Education. 
International Journal of Art & Design Education, 35(3), 337-347.  



Proceedings of the 21st International CDIO Conference, hosted by 
Monash University, Melbourne, Australia, June 2-5, 2025. 

 

Cox, M. D. (2004). Introduction to Faculty Learning Communities. New Directions for Teaching and 
Learning. 

Crawley, E. F., Malmqvist, J., & Östlund, S. (2014). Rethinking engineering education: The CDIO 
approach (2nd ed.). Springer. https://doi.org/10.1007/978-3-319-05560-2.  

Edström, K. (2012). Faculty development for CDIO implementation [Sensitive viewers are warned] - 
Advanced workshop on Standard 9 and 10 2012 8th International CDIO Conference,, Queensland UT, 
Australia.  

Eib, B., & Miller, P. (2006). Faculty development as community building. International Review of 
Research in Open and Distributed Learning, 7(2), 1-15.  

�(�N�ú�L�����+�������g�]�J�H�Q�H�O�����0�������	���0�H�W�O�L�O�R�����(��������������������The Effect of Motivation of Success of University Students 
on Personal-Professional Competence: Mediation Role of Lifelong Learning Tendency. International 
Journal of Evaluation and Research in Education (Ijere), 9(3), 583.  

Leong, Y.W. (2021). Evidence-Based Reflective Practice for Engineering Repeat Students in Flipped 
Learning. 17th International CDIO Conference. Chulalongkorn University & Rajamangala University of 
Technology Thanyaburi, Bangkok: 282.  

Mezirow, J. (1996). Contemporary paradigms of learning. Adult education quarterly, 46(3), 158-172.  

Mohamed, M. H., Rashid, R. A., & Alqaryouti, M. H. (2022). Conceptualising the Complexity of 
Reflective Practice in Education. Frontiers in psychology, 13.  

Prince, M. J. (2004). Does Active Learning Work? A Review of the Research. Journal of Engineering 
Education. https://doi.org/10.1002/j.2168-9830.2004.tb00809.x  

Pstross, M., Talmage, C. A., Peterson, C. B., & Knopf, R. C. (2017). In Search of Transformative 
Moments: Blending Community Building Pursuits into Lifelong Learning Experiences. Journal of 
Education Culture and Society. 

Red’ko S., & Shadrin, A. I. (2014). Concepts of CDIO Standards and Education Management 
Standards in Teaching Engineering Programs. Standards and Monitoring in Education, 2(4), 52-56.  

Reznik, S., & Vdovina, O. (2018). Regional University Teacher: Evolution of Teaching Staff and 
Priority Activities. European Journal of Contemporary Education.  

Richlin, L., & Cox, M. D. (2004). Developing scholarly teaching and the scholarship of teaching and 
learning through faculty learning communities. New Directions for Teaching and Learning, 97, 127–
135. https://doi.org/10.1002/tl.139  

Sicat, B. L., Kreutzer, K. O. K., Gary, J., Ivey, C. K., Marlowe, E., Pellegrini, J. M., Shuford, V. P., & 
Simons, D. F. (2014). A Collaboration Among Health Sciences Schools to Enhance Faculty 
Development in Teaching. American Journal of Pharmaceutical Education.  

Soo-Ng, GL. (2020). Enhancement Of Faculty Competence Through Learning Community.  2020 
CDIO Asian Regional Meeting, Mongolian University of Science and Technology, Ulaanbaatar, 
Mongolia. 

Stevenson, C. B., Duran, R. L., Barrett, K. A., & Colarulli, G. C. (2005). Fostering Faculty 
Collaboration in Learning Communities: A Developmental Approach. Innovative Higher Education.  

Thomson, G. A., & Clark, R. (2018). Developing Staff for Effective CDIO Implementation. The 14th 
International CDIO Conference in Kanazawa, Japan,  

Tyflopoulos, E., Haskins, C., & Steinert, M. (2021). Topology-Optimisation-Based Learning: A 
Powerful Teaching and Learning Framework Under the Prism of the CDIO Approach. Education 
Sciences, 11(7), 348.  

Youngsun, S., & Jun, J. (2019). The Hierarchical Effects of Individual and Organizational Variables on 
Elementary School Teachers Lifelong Learning Competence. International Electronic Journal of 
Elementary Education, 12(2), 205-212. 

 

  

https://doi.org/10.1002/j.2168-9830.2004.tb00809.x


Proceedings of the 21st International CDIO Conference, hosted by 
Monash University, Melbourne, Australia, June 2-5, 2025. 

 

BIOGRAPHICAL INFORMATION  
 

Geok Ling Soo- Ng holds a B.Eng. (Civil) and a Master of Technology in Knowledge 
Engineering.  She is a senior lecturer and senior manager of T&L in the School of Architecture 
and the Built Environment at Singapore Polytechnic. With a strong passion for teaching and 
technology, she is committed to education through improving students’ self-directed learning 
skills and mentor teaching staff through effective professional development, notably through 
the Faculty Learning Community (FLC).  

Zhengp ing Liow  is a lecturer in Architecture at Singapore Polytechnic and is completing his 
Ph.D. at the National University of Singapore. His research focuses on the intersection of 
educational psychology, design studio pedagogy, and cross-pollinative team learning 
strategies, specifically on the effects of power dynamics/structures inherent through the hidden 
curriculum of socialised design studios. 

Corresponding author  

Geok Ling Soo-Ng 
Singapore Polytechnic 
School of Civil Engineering and the Built Environment  
500, Dover Road 
Singapore 139651 
ngl@sp.edu.sg 

 

This work is licensed under a 
Creative Commons Attribution-
NonCommercial-NoDerivatives 
4.0 International License. 

 

https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/


 

������  
�3�U�R�F�H�H�G�L�Q�J�V���R�I���W�K�H�������V�W���,�Q�W�H�U�Q�D�W�L�R�Q�D�O���&�'�,�2���&�R�Q�I�H�U�H�Q�F�H�����K�R�V�W�H�G���E�\ 

�0�R�Q�D�V�K���8�Q�L�Y�H�U�V�L�W�\�����0�H�O�E�R�X�U�Q�H�����$�X�V�W�U�D�O�L�D�����-�X�Q�H���������������������� 

�K�8���]���o���~�K�‰���v�• 

�� 

�(�1�+�$�1�&�,�1�*���7�(�&�+�1�,�&�,�$�1�6�¶���.�1�2�:�/�(�'�*�(���2�)���&�'�,�2���7�+�5�2�8�*�+��
�*�(�1�(�5�$�7�,�9�(���$�, 

�0�$�5�.���1�,�9�$�1���6�,�1�*�+ 
 

�'�H�S�D�U�W�P�H�Q�W���R�I���(�G�X�F�D�W�L�R�Q�D�O���'�H�Y�H�O�R�S�P�H�Q�W�����6�L�Q�J�D�S�R�U�H���3�R�O�\�W�H�F�K�Q�L�F 

�$�%�6�7�5�$�&�7 

�,�Q�� �W�K�H�� �&�'�,�2�� �H�F�R�V�\�V�W�H�P�� �D�W�� �6�L�Q�J�D�S�R�U�H�� �3�R�O�\�W�H�F�K�Q�L�F���� �W�H�F�K�Q�L�F�L�D�Q�V�� �V�H�U�Y�H�� �D�V�� �D�� �F�U�L�W�L�F�D�O�� �E�U�L�G�J�H��
�E�H�W�Z�H�H�Q�� �D�F�D�G�H�P�L�F�� �L�Q�V�W�U�X�F�W�L�R�Q�� �D�Q�G�� �K�D�Q�G�V���R�Q�� �V�W�X�G�H�Q�W�� �O�H�D�U�Q�L�Q�J���� �H�P�E�R�G�\�L�Q�J�� �D�Q�� �H�V�V�H�Q�W�L�D�O�� �E�X�W��
�R�I�W�H�Q�� �X�Q�G�H�U���U�H�F�R�J�Q�L�]�H�G�� �U�R�O�H�� �L�Q�� �H�G�X�F�D�W�L�R�Q���� �:�K�L�O�H�� �W�H�F�K�Q�L�F�L�D�Q�V�� �S�O�D�\�� �D�� �S�L�Y�R�W�D�O�� �U�R�O�H�� �L�Q���G�H�O�L�Y�H�U�L�Q�J��
�D�Q�G���V�X�S�S�R�U�W�L�Q�J���O�H�D�U�Q�L�Q�J�����P�D�Q�\���Y�L�H�Z���W�K�H�P�V�H�O�Y�H�V���D�V���O�D�F�N�L�Q�J���H�[�S�H�U�W�L�V�H���L�Q���W�H�D�F�K�L�Q�J���D�Q�G���O�H�D�U�Q�L�Q�J��
�F�R�P�S�D�U�H�G���W�R���O�H�F�W�X�U�H�U�V�����U�H�V�X�O�W�L�Q�J���L�Q���D���G�L�P�L�Q�L�V�K�H�G���V�H�Q�V�H���R�I���S�U�R�I�H�V�V�L�R�Q�D�O���L�G�H�Q�W�L�W�\�����7�R���D�G�G�U�H�V�V���W�K�L�V��
�J�D�S���� �Z�H�� �S�U�R�S�R�V�H�� �D�� �Q�R�Y�H�O�� �D�S�S�U�R�D�F�K�� �W�R�� �S�U�R�I�H�V�V�L�R�Q�D�O�� �G�H�Y�H�O�R�S�P�H�Q�W�� �W�D�L�O�R�U�H�G�� �I�R�U�� �W�H�F�K�Q�L�F�L�D�Q�V���� �D��
�S�H�U�V�R�Q�D�O�L�]�H�G�����R�Q���G�H�P�D�Q�G���F�K�D�W�E�R�W���W�K�D�W���V�X�S�S�R�U�W�V���F�R�Q�W�L�Q�X�R�X�V�����V�L�W�X�D�W�H�G���O�H�D�U�Q�L�Q�J���D�O�L�J�Q�H�G���Z�L�W�K���W�K�H�L�U��
�G�D�L�O�\�� �U�H�V�S�R�Q�V�L�E�L�O�L�W�L�H�V�����7�K�H�� �F�K�D�W�E�R�W�� �Z�D�V�� �G�H�Y�H�O�R�S�H�G�� �E�D�V�H�G�� �R�Q�� �W�K�H�� �³���� �0�R�P�H�Q�W�V�� �R�I�� �1�H�H�G�´��
�W�K�H�R�U�H�W�L�F�D�O�� �I�U�D�P�H�Z�R�U�N���� �D�� �P�R�G�H�O�� �W�K�D�W�� �S�R�V�L�W�V�� �I�L�Y�H�� �H�V�V�H�Q�W�L�D�O�� �P�R�P�H�Q�W�V�� �Z�K�H�Q�� �O�H�D�U�Q�L�Q�J�� �L�V�� �P�R�V�W��
�L�P�S�D�F�W�I�X�O�����7�K�L�V���I�U�D�P�H�Z�R�U�N���D�O�O�R�Z�V���W�K�H���F�K�D�W�E�R�W���W�R���V�H�U�Y�H���D�V���D���M�X�V�W���L�Q���W�L�P�H���O�H�D�U�Q�L�Q�J���U�H�V�R�X�U�F�H���W�K�D�W��
�W�H�F�K�Q�L�F�L�D�Q�V�� �F�D�Q�� �D�F�F�H�V�V�� �D�Q�\�Z�K�H�U�H�� �D�Q�G�� �D�Q�\�W�L�P�H���� �%�\�� �O�H�Y�H�U�D�J�L�Q�J�� �W�K�L�V�� �P�R�G�H�O���� �W�K�H�� �F�K�D�W�E�R�W�� �L�V��
�G�H�V�L�J�Q�H�G���W�R���G�H�O�L�Y�H�U���W�D�U�J�H�W�H�G���F�R�Q�W�H�Q�W�����I�R�U�P�D�W�L�Y�H���D�V�V�H�V�V�P�H�Q�W�V�����D�Q�G���S�H�U�V�R�Q�D�O�L�]�H�G���I�H�H�G�E�D�F�N�����7�R��
�W�H�V�W���W�K�H���H�I�I�H�F�W�L�Y�H�Q�H�V�V���R�I���W�K�L�V���D�S�S�U�R�D�F�K�����D���S�U�R�W�R�W�\�S�H���F�K�D�W�E�R�W���Z�D�V���L�Q�W�U�R�G�X�F�H�G���W�R���D���V�H�O�H�F�W���J�U�R�X�S��
�R�I���W�H�F�K�Q�L�F�L�D�Q�V�����S�U�R�Y�L�G�L�Q�J���W�K�H�P���Z�L�W�K���R�Q���G�H�P�D�Q�G�����S�H�U�V�R�Q�D�O�L�]�H�G���O�H�D�U�Q�L�Q�J���H�[�S�H�U�L�H�Q�F�H�V���W�D�L�O�R�U�H�G���W�R��
�W�K�H�L�U���V�S�H�F�L�I�L�F���Q�H�H�G�V���Z�L�W�K�L�Q���W�K�H���&�'�,�2���I�U�D�P�H�Z�R�U�N�����,�Q�L�W�L�D�O���I�H�H�G�E�D�F�N���D�Q�G���X�V�D�J�H���G�D�W�D���L�Q�G�L�F�D�W�H���W�K�D�W��
�W�K�L�V�� �F�K�D�W�E�R�W�� �K�D�V�� �W�K�H�� �S�R�W�H�Q�W�L�D�O�� �W�R�� �V�L�J�Q�L�I�L�F�D�Q�W�O�\�� �L�Q�F�U�H�D�V�H�� �H�Q�J�D�J�H�P�H�Q�W���� �E�R�O�V�W�H�U�� �W�H�F�K�Q�L�F�L�D�Q�V�
��
�F�R�Q�I�L�G�H�Q�F�H�� �L�Q�� �W�K�H�L�U�� �L�Q�V�W�U�X�F�W�L�R�Q�D�O�� �U�R�O�H�V���� �D�Q�G�� �D�F�F�H�O�H�U�D�W�H�� �W�K�H�� �D�F�T�X�L�V�L�W�L�R�Q�� �R�I�� �U�H�O�H�Y�D�Q�W�� �V�N�L�O�O�V���� �7�K�L�V��
�S�D�S�H�U�� �Z�L�O�O�� �G�L�V�F�X�V�V�� �W�K�H�� �S�R�W�H�Q�W�L�D�O�� �L�P�S�U�R�Y�H�P�H�Q�W�V�� �I�R�U�� �H�Q�K�D�Q�F�L�Q�J�� �W�K�H�� �F�K�D�W�E�R�W�¶�V�� �F�D�S�D�E�L�O�L�W�L�H�V���� �7�K�H��
�E�U�R�D�G�H�U�� �L�P�S�O�L�F�D�W�L�R�Q�V�� �R�I�� �W�K�L�V�� �S�H�U�V�R�Q�D�O�L�]�H�G�� �O�H�D�U�Q�L�Q�J�� �W�R�R�O�� �I�R�U�� �W�K�H�� �J�O�R�E�D�O�� �&�'�,�2�� �F�R�P�P�X�Q�L�W�\�� �D�U�H��
�V�X�E�V�W�D�Q�W�L�D�O���� �R�I�I�H�U�L�Q�J�� �D�� �V�F�D�O�D�E�O�H���� �V�X�V�W�D�L�Q�D�E�O�H���� �D�Q�G�� �I�O�H�[�L�E�O�H�� �V�R�O�X�W�L�R�Q�� �W�K�D�W�� �D�O�O�R�Z�V�� �W�H�F�K�Q�L�F�L�D�Q�V�� �W�R��
�X�S�V�N�L�O�O���H�I�I�L�F�L�H�Q�W�O�\���Z�L�W�K�L�Q���W�K�H�L�U���S�U�R�I�H�V�V�L�R�Q�D�O���H�Q�Y�L�U�R�Q�P�H�Q�W���� 

�.�(�<�:�2�5�'�6  

�$�U�W�L�I�L�F�L�D�O���,�Q�W�H�O�O�L�J�H�Q�F�H�����3�U�R�I�H�V�V�L�R�Q�D�O���'�H�Y�H�O�R�S�P�H�Q�W�����&�K�D�W�E�R�W�����6�W�D�Q�G�D�U�G�V������������  



 

������  
�3�U�R�F�H�H�G�L�Q�J�V���R�I���W�K�H�������V�W���,�Q�W�H�U�Q�D�W�L�R�Q�D�O���&�'�,�2���&�R�Q�I�H�U�H�Q�F�H�����K�R�V�W�H�G���E�\ 

�0�R�Q�D�V�K���8�Q�L�Y�H�U�V�L�W�\�����0�H�O�E�R�X�U�Q�H�����$�X�V�W�U�D�O�L�D�����-�X�Q�H���������������������� 

�K�8���]���o���~�K�‰���v�• 

�,�1�7�5�2�'�8�&�7�,�2�1���	���%�$�&�.�*�5�2�8�1�' 

�7�H�F�K�Q�L�F�L�D�Q�V���S�O�D�\���D�Q���L�Q�F�U�H�D�V�L�Q�J�O�\���Y�L�W�D�O���U�R�O�H���L�Q���W�K�H���&�'�,�2�����&�R�Q�F�H�L�Y�H���'�H�V�L�J�Q���,�P�S�O�H�P�H�Q�W���2�S�H�U�D�W�H����
�H�F�R�V�\�V�W�H�P�� �R�I�� �H�Q�J�L�Q�H�H�U�L�Q�J�� �H�G�X�F�D�W�L�R�Q���� �S�D�U�W�L�F�X�O�D�U�O�\�� �L�Q�� �L�Q�V�W�L�W�X�W�L�R�Q�V�� �O�L�N�H�� �6�L�Q�J�D�S�R�U�H�� �3�R�O�\�W�H�F�K�Q�L�F����
�7�U�D�G�L�W�L�R�Q�D�O�O�\���U�H�J�D�U�G�H�G���D�V���V�X�S�S�R�U�W���V�W�D�I�I�����W�H�F�K�Q�L�F�L�D�Q�V���K�D�Y�H���V�H�H�Q���W�K�H�L�U���U�H�V�S�R�Q�V�L�E�L�O�L�W�L�H�V���H�[�S�D�Q�G���W�R��
�L�Q�F�O�X�G�H�� �D�V�S�H�F�W�V�� �R�I�� �W�H�D�F�K�L�Q�J�� �D�Q�G�� �O�H�D�U�Q�L�Q�J���� �V�X�F�K�� �D�V�� �P�H�Q�W�R�U�L�Q�J�� �V�W�X�G�H�Q�W�V�� �L�Q�� �&�'�,�2�� �S�U�R�M�H�F�W�V����
�F�U�H�D�W�L�Q�J���D�V�\�Q�F�K�U�R�Q�R�X�V���L�Q�V�W�U�X�F�W�L�R�Q�D�O���F�R�Q�W�H�Q�W�����D�Q�G���D�V�V�L�V�W�L�Q�J���L�Q���O�D�E���E�D�V�H�G���O�H�D�U�Q�L�Q�J�����'�H�V�S�L�W�H���W�K�H�L�U��
�J�U�R�Z�L�Q�J���L�Q�Y�R�O�Y�H�P�H�Q�W���L�Q���L�Q�V�W�U�X�F�W�L�R�Q�D�O���S�U�D�F�W�L�F�H�V�����P�D�Q�\���W�H�F�K�Q�L�F�L�D�Q�V���H�[�S�U�H�V�V���D���O�D�F�N���R�I���F�R�Q�I�L�G�H�Q�F�H��
�L�Q�� �W�K�H�L�U�� �W�H�D�F�K�L�Q�J�� �F�R�P�S�H�W�H�Q�F�H�� �D�Q�G�� �S�H�G�D�J�R�J�L�F�D�O�� �N�Q�R�Z�O�H�G�J�H���� �7�K�L�V�� �L�V�� �F�R�P�S�R�X�Q�G�H�G�� �E�\�� �W�K�H�L�U��
�S�H�U�F�H�S�W�L�R�Q���R�I���E�H�L�Q�J���O�H�V�V���T�X�D�O�L�I�L�H�G���W�K�D�Q���D�F�D�G�H�P�L�F���V�W�D�I�I�����Z�K�L�F�K���P�D�\���U�H�G�X�F�H���W�K�H�L�U���Z�L�O�O�L�Q�J�Q�H�V�V���W�R��
�H�Q�J�D�J�H���L�Q���I�R�U�P�D�O���S�U�R�I�H�V�V�L�R�Q�D�O���G�H�Y�H�O�R�S�P�H�Q�W���I�R�F�X�V�H�G���R�Q���H�G�X�F�D�W�L�R�Q�� 

�(�[�L�V�W�L�Q�J���S�U�R�I�H�V�V�L�R�Q�D�O���G�H�Y�H�O�R�S�P�H�Q�W�����3�'�����S�U�R�J�U�D�P�P�H�V���R�I�W�H�Q���I�D�O�O���V�K�R�U�W���R�I���P�H�H�W�L�Q�J���W�H�F�K�Q�L�F�L�D�Q�V�¶��
�Q�H�H�G�V�����7�K�H�V�H���S�U�R�J�U�D�P�P�H�V���W�H�Q�G���W�R���I�R�O�O�R�Z���D�����M�X�V�W���L�Q���F�D�V�H�����P�R�G�H�O�����G�H�O�L�Y�H�U�L�Q�J���E�U�R�D�G���F�R�Q�W�H�Q�W���W�K�D�W��
�L�V�� �Q�R�W�� �D�O�Z�D�\�V�� �G�L�U�H�F�W�O�\�� �U�H�O�H�Y�D�Q�W�� �R�U�� �L�P�P�H�G�L�D�W�H�O�\�� �D�S�S�O�L�F�D�E�O�H�� �W�R�� �W�H�F�K�Q�L�F�L�D�Q�V�¶�� �G�D�L�O�\�� �W�D�V�N�V����
�)�X�U�W�K�H�U�P�R�U�H���� �W�U�D�G�L�W�L�R�Q�D�O�� �3�'�� �I�R�U�P�D�W�V�� �O�L�N�H�� �Z�R�U�N�V�K�R�S�V�� �D�Q�G�� �V�H�P�L�Q�D�U�V�� �P�D�\�� �Q�R�W�� �I�L�W�� �Z�H�O�O�� �L�Q�W�R��
�W�H�F�K�Q�L�F�L�D�Q�V�¶�� �Z�R�U�N�� �U�R�X�W�L�Q�H�V���� �F�R�Q�W�U�L�E�X�W�L�Q�J�� �W�R�� �O�R�Z�� �H�Q�J�D�J�H�P�H�Q�W�� �D�Q�G�� �X�S�W�D�N�H���� �/�L�W�H�U�D�W�X�U�H�� �D�O�V�R��
�V�X�J�J�H�V�W�V���W�K�D�W���Q�R�Q���D�F�D�G�H�P�L�F���V�W�D�I�I���R�I�W�H�Q���I�H�H�O���G�L�V�F�R�Q�Q�H�F�W�H�G���I�U�R�P���S�H�G�D�J�R�J�L�F�D�O���W�U�D�L�Q�L�Q�J���G�H�V�L�J�Q�H�G��
�S�U�L�P�D�U�L�O�\���I�R�U���D�F�D�G�H�P�L�F���S�U�R�I�H�V�V�L�R�Q�D�O�V�����I�X�U�W�K�H�U���G�L�P�L�Q�L�V�K�L�Q�J���W�K�H�L�U���P�R�W�L�Y�D�W�L�R�Q���W�R���S�D�U�W�L�F�L�S�D�W�H�� 

�7�R���D�G�G�U�H�V�V���W�K�H�V�H���F�K�D�O�O�H�Q�J�H�V�����W�K�L�V���V�W�X�G�\���H�[�S�O�R�U�H�V���W�K�H���X�V�H���R�I���D���S�H�U�V�R�Q�D�O�L�V�H�G���$�,���S�R�Z�H�U�H�G���F�K�D�W�E�R�W��
�D�V�� �D�Q�� �D�O�W�H�U�Q�D�W�L�Y�H�� �D�S�S�U�R�D�F�K�� �W�R�� �S�U�R�I�H�V�V�L�R�Q�D�O�� �G�H�Y�H�O�R�S�P�H�Q�W�� �I�R�U�� �W�H�F�K�Q�L�F�L�D�Q�V���� �%�X�L�O�W�� �X�S�R�Q�� �W�K�H�� ������
�0�R�P�H�Q�W�V���R�I���1�H�H�G�����I�U�D�P�H�Z�R�U�N�����0�R�V�K�H�U���	���*�R�W�W�I�U�H�G�V�R�Q�������������������W�K�H���F�K�D�W�E�R�W���R�I�I�H�U�V���M�X�V�W���L�Q���W�L�P�H����
�F�R�Q�W�H�[�W�X�D�O�L�V�H�G�� �O�H�D�U�Q�L�Q�J�� �W�K�D�W�� �W�H�F�K�Q�L�F�L�D�Q�V�� �F�D�Q�� �D�F�F�H�V�V�� �D�W�� �W�K�H�L�U�� �F�R�Q�Y�H�Q�L�H�Q�F�H���� �,�W�� �S�U�R�Y�L�G�H�V��
�S�H�U�V�R�Q�D�O�L�V�H�G�� �I�H�H�G�E�D�F�N���� �I�R�U�P�D�W�L�Y�H�� �D�V�V�H�V�V�P�H�Q�W�V���� �D�Q�G�� �J�X�L�G�D�Q�F�H�� �E�D�V�H�G�� �R�Q�� �D�� �G�H�I�L�Q�H�G�� �E�R�G�\�� �R�I��
�N�Q�R�Z�O�H�G�J�H���D�O�L�J�Q�H�G���Z�L�W�K���&�'�,�2���S�U�L�Q�F�L�S�O�H�V�� 

�%�\���O�H�Y�H�U�D�J�L�Q�J���J�H�Q�H�U�D�W�L�Y�H���$�,�����W�K�H���F�K�D�W�E�R�W���I�D�F�L�O�L�W�D�W�H�V���P�L�F�U�R���O�H�D�U�Q�L�Q�J���D�Q�G���H�Q�D�E�O�H�V���W�H�F�K�Q�L�F�L�D�Q�V���W�R��
�V�H�O�I���G�L�U�H�F�W���W�K�H�L�U���O�H�D�U�Q�L�Q�J���D�W���D���S�D�F�H���D�Q�G���G�H�S�W�K���V�X�L�W�H�G���W�R���W�K�H�L�U���Q�H�H�G�V�����$�V���V�X�F�K�����W�K�H���F�K�D�W�E�R�W���Q�R�W��
�R�Q�O�\�� �L�P�S�U�R�Y�H�V�� �D�F�F�H�V�V�� �W�R�� �S�U�R�I�H�V�V�L�R�Q�D�O�� �G�H�Y�H�O�R�S�P�H�Q�W�� �E�X�W�� �D�O�V�R�� �D�O�L�J�Q�V�� �Z�L�W�K�� �W�K�H�� �H�Y�R�O�Y�L�Q�J�� �U�R�O�H�� �R�I��
�W�H�F�K�Q�L�F�L�D�Q�V���L�Q���P�R�G�H�U�Q���H�Q�J�L�Q�H�H�U�L�Q�J���H�G�X�F�D�W�L�R�Q�� 

�7�K�L�V���V�W�X�G�\���L�V���J�X�L�G�H�G���E�\���W�K�H���I�R�O�O�R�Z�L�Q�J���U�H�V�H�D�U�F�K���T�X�H�V�W�L�R�Q�V�� 

���� �+�R�Z���G�R���W�H�F�K�Q�L�F�L�D�Q�V���S�H�U�F�H�L�Y�H���W�K�H���F�K�D�W�E�R�W���L�Q���V�X�S�S�R�U�W�L�Q�J���W�K�H�L�U���S�U�R�I�H�V�V�L�R�Q�D�O���G�H�Y�H�O�R�S�P�H�Q�W��
�Q�H�H�G�V���U�H�O�D�W�H�G���W�R���&�'�,�2�����3�H�U�F�H�L�Y�H�G���8�V�H�I�X�O�Q�H�V�V���" 

���� �+�R�Z���H�D�V�\���L�V���W�K�H���F�K�D�W�E�R�W���W�R���X�V�H���I�R�U���O�H�D�U�Q�L�Q�J���&�'�,�2���F�R�Q�F�H�S�W�V�����3�H�U�F�H�L�Y�H�G���(�D�V�H���R�I���8�V�H���" 
���� �:�K�D�W���L�V���W�K�H���O�H�Y�H�O���R�I���L�Q�W�H�Q�W�L�R�Q���D�P�R�Q�J���W�H�F�K�Q�L�F�L�D�Q�V���W�R���F�R�Q�W�L�Q�X�H���X�V�L�Q�J���W�K�H���F�K�D�W�E�R�W�����,�Q�W�H�Q�W�L�R�Q��

�W�R���8�V�H���" 

�/�,�7�(�5�$�7�8�5�(���5�(�9�,�(�: 

�7�H�F�K�Q�L�F�L�D�Q�V���S�O�D�\���D�Q���H�V�V�H�Q�W�L�D�O���U�R�O�H���L�Q���H�G�X�F�D�W�L�R�Q�D�O���V�H�W�W�L�Q�J�V�����E�U�L�G�J�L�Q�J���W�K�H���J�D�S���E�H�W�Z�H�H�Q���W�K�H�R�U�H�W�L�F�D�O��
�N�Q�R�Z�O�H�G�J�H�� �D�Q�G�� �S�U�D�F�W�L�F�D�O�� �D�S�S�O�L�F�D�W�L�R�Q���� �+�R�Z�H�Y�H�U���� �W�U�D�G�L�W�L�R�Q�D�O�� �S�U�R�I�H�V�V�L�R�Q�D�O�� �G�H�Y�H�O�R�S�P�H�Q�W�� ���3�'����
�S�U�R�J�U�D�P�V���R�I�W�H�Q���I�D�L�O���W�R���P�H�H�W���W�K�H�L�U���X�Q�L�T�X�H���Q�H�H�G�V�����2�Q�H���P�D�M�R�U���O�L�P�L�W�D�W�L�R�Q���O�L�H�V���L�Q���W�K�H�����M�X�V�W���L�Q���F�D�V�H����
�D�S�S�U�R�D�F�K�� �F�R�P�P�R�Q�O�\�� �I�R�X�Q�G�� �L�Q�� �3�'���� �Z�K�H�U�H�� �W�U�D�L�Q�L�Q�J�� �L�V�� �G�H�O�L�Y�H�U�H�G�� �D�V�� �J�H�Q�H�U�D�O�L�]�H�G�� �F�R�Q�W�H�Q�W���U�D�W�K�H�U��
�W�K�D�Q�� �W�D�L�O�R�U�H�G�� �W�R�� �W�K�H�� �V�S�H�F�L�I�L�F���� �L�P�P�H�G�L�D�W�H�� �Q�H�H�G�V�� �R�I�� �W�H�F�K�Q�L�F�L�D�Q�V���� �7�K�L�V�� �D�S�S�U�R�D�F�K�� �F�D�Q�� �O�H�D�G�� �W�R��
�G�L�V�H�Q�J�D�J�H�P�H�Q�W���� �D�V�� �W�H�F�K�Q�L�F�L�D�Q�V�� �R�I�W�H�Q�� �S�H�U�F�H�L�Y�H�� �W�K�H�� �W�U�D�L�Q�L�Q�J�� �F�R�Q�W�H�Q�W�� �D�V�� �L�U�U�H�O�H�Y�D�Q�W�� �W�R�� �W�K�H�L�U��
�S�U�D�F�W�L�F�D�O�� �U�R�O�H�V���� �Z�K�L�F�K�� �U�H�T�X�L�U�H�� �F�R�Q�W�H�[�W���V�S�H�F�L�I�L�F�� �O�H�D�U�Q�L�Q�J�� �W�K�D�W�� �V�X�S�S�R�U�W�V�� �G�D�L�O�\�� �W�D�V�N�V�� ���0�R�V�K�H�U�� �	��
�*�R�W�W�I�U�H�G�V�R�Q���������������� 



 

������  
�3�U�R�F�H�H�G�L�Q�J�V���R�I���W�K�H�������V�W���,�Q�W�H�U�Q�D�W�L�R�Q�D�O���&�'�,�2���&�R�Q�I�H�U�H�Q�F�H�����K�R�V�W�H�G���E�\ 

�0�R�Q�D�V�K���8�Q�L�Y�H�U�V�L�W�\�����0�H�O�E�R�X�U�Q�H�����$�X�V�W�U�D�O�L�D�����-�X�Q�H���������������������� 

�K�8���]���o���~�K�‰���v�• 

�5�H�V�H�D�U�F�K���K�L�J�K�O�L�J�K�W�V���D�G�G�L�W�L�R�Q�D�O���L�V�V�X�H�V�����V�X�F�K���D�V���D���O�D�F�N���R�I���I�O�H�[�L�E�O�H���V�F�K�H�G�X�O�L�Q�J���L�Q���W�U�D�G�L�W�L�R�Q�D�O���3�'����
�Z�K�L�F�K���R�I�W�H�Q���U�H�O�L�H�V���R�Q���V�F�K�H�G�X�O�H�G���Z�R�U�N�V�K�R�S�V���D�Q�G���V�H�P�L�Q�D�U�V���W�K�D�W���P�D�\���Q�R�W���D�O�L�J�Q���Z�L�W�K���W�H�F�K�Q�L�F�L�D�Q�V�
��
�Z�R�U�N���U�H�V�S�R�Q�V�L�E�L�O�L�W�L�H�V�����,�Q�I�O�H�[�L�E�O�H���G�H�O�L�Y�H�U�\���P�H�W�K�R�G�V���K�L�Q�G�H�U���S�D�U�W�L�F�L�S�D�W�L�R�Q���D�Q�G���O�L�P�L�W���W�K�H���L�P�P�H�G�L�D�W�H��
�D�S�S�O�L�F�D�E�L�O�L�W�\���R�I���O�H�D�U�Q�H�G���V�N�L�O�O�V�����$�6�$�(�&�H�Q�W�H�U���R�U�J�������������������:�L�W�K���U�D�S�L�G���W�H�F�K�Q�R�O�R�J�L�F�D�O���D�G�Y�D�Q�F�H�P�H�Q�W�V��
�L�P�S�D�F�W�L�Q�J���Y�D�U�L�R�X�V���I�L�H�O�G�V�����W�H�F�K�Q�L�F�L�D�Q�V���I�U�H�T�X�H�Q�W�O�\���U�H�T�X�L�U�H���W�L�P�H�O�\���W�U�D�L�Q�L�Q�J���X�S�G�D�W�H�V���W�K�D�W���W�U�D�G�L�W�L�R�Q�D�O��
�3�'���I�R�U�P�D�W�V���F�D�Q�Q�R�W���S�U�R�Y�L�G�H���T�X�L�F�N�O�\���H�Q�R�X�J�K�����7�H�F�K�D�G�H�P�\�������������������$�G�G�L�W�L�R�Q�D�O�O�\�����W�H�F�K�Q�L�F�L�D�Q�V�����Z�K�R��
�G�R�� �Q�R�W�� �Y�L�H�Z�� �W�K�H�P�V�H�O�Y�H�V�� �D�V�� �H�T�X�D�O�V�� �W�R�� �D�F�D�G�H�P�L�F�� �V�W�D�I�I���� �P�D�\�� �K�H�V�L�W�D�W�H�� �W�R�� �H�Q�J�D�J�H�� �I�X�O�O�\�� �L�Q�� �3�'��
�D�F�W�L�Y�L�W�L�H�V���I�R�F�X�V�H�G�� �R�Q�� �S�H�G�D�J�R�J�\���� �U�H�V�X�O�W�L�Q�J�� �L�Q�� �O�L�P�L�W�H�G�� �V�N�L�O�O�� �G�H�Y�H�O�R�S�P�H�Q�W���D�Q�G�� �O�R�Z�� �F�R�Q�I�L�G�H�Q�F�H�� �L�Q��
�L�Q�V�W�U�X�F�W�L�R�Q�D�O���W�D�V�N�V�����*�U�D�K�D�P���	���5�H�J�D�Q�������������������7�K�L�V���U�H�O�X�F�W�D�Q�F�H���X�Q�G�H�U�V�F�R�U�H�V���W�K�H���Q�H�H�G���I�R�U���D���Q�H�Z��
�3�'�� �D�S�S�U�R�D�F�K�� �W�K�D�W�� �I�R�V�W�H�U�V�� �H�Q�J�D�J�H�P�H�Q�W�� �D�Q�G�� �V�X�S�S�R�U�W�V�� �W�K�H�� �H�Y�R�O�Y�L�Q�J�� �L�Q�V�W�U�X�F�W�L�R�Q�D�O�� �U�R�O�H�V�� �R�I��
�W�H�F�K�Q�L�F�L�D�Q�V�� 

�$�Q�� �H�P�H�U�J�L�Q�J�� �E�R�G�\�� �R�I�� �O�L�W�H�U�D�W�X�U�H�� �V�X�J�J�H�V�W�V�� �W�K�D�W�� �W�H�F�K�Q�R�O�R�J�\���H�Q�D�E�O�H�G�� �V�R�O�X�W�L�R�Q�V�� �F�R�X�O�G�� �D�G�G�U�H�V�V��
�W�K�H�V�H�� �O�L�P�L�W�D�W�L�R�Q�V���� �Z�L�W�K�� �P�D�Q�\�� �H�[�S�H�U�W�V�� �D�G�Y�R�F�D�W�L�Q�J�� �I�R�U�� �³�M�X�V�W���L�Q���W�L�P�H�´�� �3�'�� �D�V�� �D�� �P�R�U�H�� �H�I�I�H�F�W�L�Y�H��
�D�O�W�H�U�Q�D�W�L�Y�H���W�R���W�K�H���W�U�D�G�L�W�L�R�Q�D�O���³�M�X�V�W���L�Q���F�D�V�H�´���D�S�S�U�R�D�F�K�����-�X�V�W���L�Q���W�L�P�H���O�H�D�U�Q�L�Q�J���D�O�L�J�Q�V���F�O�R�V�H�O�\���Z�L�W�K��
�W�K�H���L�P�P�H�G�L�D�W�H�����F�R�Q�W�H�[�W���G�U�L�Y�H�Q���Q�H�H�G�V���R�I���W�H�F�K�Q�L�F�L�D�Q�V���E�\���S�U�R�Y�L�G�L�Q�J���W�D�L�O�R�U�H�G�����D�F�F�H�V�V�L�E�O�H���F�R�Q�W�H�Q�W��
�W�K�D�W�� �F�D�Q�� �E�H�� �D�S�S�O�L�H�G�� �G�L�U�H�F�W�O�\�� �W�R�� �W�D�V�N�V�� �D�W�� �K�D�Q�G�� ���*�R�W�W�I�U�H�G�V�R�Q�� �	�� �0�R�V�K�H�U���� �������������� �$�G�G�L�W�L�R�Q�D�O�O�\����
�W�H�F�K�Q�R�O�R�J�\���E�D�V�H�G�� �3�'�� �W�R�R�O�V���� �S�D�U�W�L�F�X�O�D�U�O�\�� �S�H�U�V�R�Q�D�O�L�]�H�G���F�K�D�W�E�R�W�V���� �K�D�Y�H�� �V�K�R�Z�Q�� �S�U�R�P�L�V�H�� �L�Q��
�F�U�H�D�W�L�Q�J�� �D�G�D�S�W�L�Y�H�� �O�H�D�U�Q�L�Q�J�� �H�[�S�H�U�L�H�Q�F�H�V�� �W�K�D�W�� �D�G�G�U�H�V�V�� �L�Q�G�L�Y�L�G�X�D�O�� �X�V�H�U�� �Q�H�H�G�V�� �D�Q�G�� �N�Q�R�Z�O�H�G�J�H��
�J�D�S�V�� �L�Q�� �U�H�D�O�� �W�L�P�H�� ���.�K�D�Q���H�W�� �D�O������ ���������������7�K�H�V�H�� �F�K�D�W�E�R�W�V�� �S�U�R�Y�L�G�H�� �D�Q�� �L�Q�Q�R�Y�D�W�L�Y�H�� �Z�D�\���W�R���V�X�S�S�R�U�W��
�W�H�F�K�Q�L�F�L�D�Q�V���W�K�U�R�X�J�K���L�Q�W�H�U�D�F�W�L�Y�H�����I�O�H�[�L�E�O�H���3�'���W�K�D�W���H�O�L�P�L�Q�D�W�H�V���W�K�H���W�L�P�H���D�Q�G���O�R�F�D�W�L�R�Q���F�R�Q�V�W�U�D�L�Q�W�V���R�I��
�W�U�D�G�L�W�L�R�Q�D�O���W�U�D�L�Q�L�Q�J�� 

�&�K�D�W�E�R�W�V���F�D�Q���V�H�U�Y�H���D�V���Y�D�O�X�D�E�O�H���W�R�R�O�V���I�R�U���G�H�O�L�Y�H�U�L�Q�J���S�H�U�V�R�Q�D�O�L�]�H�G���O�H�D�U�Q�L�Q�J���D�O�L�J�Q�H�G���Z�L�W�K���W�K�H���³����
�0�R�P�H�Q�W�V���R�I���1�H�H�G�´���I�U�D�P�H�Z�R�U�N�����Z�K�L�F�K���L�G�H�Q�W�L�I�L�H�V���I�L�Y�H���F�U�L�W�L�F�D�O���L�Q�V�W�D�Q�F�H�V���Z�K�H�Q���O�H�D�U�Q�L�Q�J���V�X�S�S�R�U�W���L�V��
�P�R�V�W�� �E�H�Q�H�I�L�F�L�D�O���� �O�H�D�U�Q�L�Q�J�� �V�R�P�H�W�K�L�Q�J�� �Q�H�Z���� �H�[�S�D�Q�G�L�Q�J�� �X�S�R�Q�� �H�[�L�V�W�L�Q�J�� �N�Q�R�Z�O�H�G�J�H���� �D�S�S�O�\�L�Q�J�� �R�U��
�U�H�P�H�P�E�H�U�L�Q�J���L�Q�I�R�U�P�D�W�L�R�Q�����V�R�O�Y�L�Q�J���S�U�R�E�O�H�P�V�����D�Q�G���D�G�D�S�W�L�Q�J���W�R���F�K�D�Q�J�H�V�����0�R�V�K�H�U���	���*�R�W�W�I�U�H�G�V�R�Q����
�������������� �%�\�� �R�I�I�H�U�L�Q�J�� �W�Z�R���Z�D�\�� �L�Q�W�H�U�D�F�W�L�R�Q�V�� �W�K�D�W�� �D�G�D�S�W�� �W�R�� �X�V�H�U�V�¶�� �O�H�D�U�Q�L�Q�J�� �S�U�R�J�U�H�V�V���� �F�K�D�W�E�R�W�V��
�I�D�F�L�O�L�W�D�W�H���M�X�V�W���L�Q���W�L�P�H���O�H�D�U�Q�L�Q�J���W�K�D�W���V�X�S�S�R�U�W�V���W�H�F�K�Q�L�F�L�D�Q�V���S�U�H�F�L�V�H�O�\���Z�K�H�Q���W�K�H�\���Q�H�H�G���L�W�����&�K�D�W�E�R�W�V��
�F�D�Q���D�O�V�R���S�U�R�Y�L�G�H���L�P�P�H�G�L�D�W�H���I�H�H�G�E�D�F�N�����D�Q�V�Z�H�U���T�X�H�U�L�H�V�����D�Q�G���J�X�L�G�H���X�V�H�U�V���W�K�U�R�X�J�K���F�X�V�W�R�P�L�]�H�G��
�O�H�D�U�Q�L�Q�J�� �S�D�W�K�Z�D�\�V���� �D�O�O�R�Z�L�Q�J�� �W�K�H�P���W�R�� �O�H�D�U�Q�� �D�W�� �W�K�H�L�U�� �R�Z�Q�� �S�D�F�H�� �D�Q�G�� �D�F�F�R�U�G�L�Q�J�� �W�R�� �W�K�H�L�U�� �V�S�H�F�L�I�L�F��
�Q�H�H�G�V���� �7�K�L�V�� �F�D�S�D�E�L�O�L�W�\�� �L�V�� �S�D�U�W�L�F�X�O�D�U�O�\�� �U�H�O�H�Y�D�Q�W�� �W�R�� �W�H�F�K�Q�L�F�L�D�Q�V���� �Z�K�R�V�H�� �3�'�� �Q�H�H�G�V�� �Y�D�U�\�� �Z�L�G�H�O�\��
�E�D�V�H�G���R�Q���W�K�H�L�U���U�R�O�H�V���D�Q�G���U�H�V�S�R�Q�V�L�E�L�O�L�W�L�H�V�� 

�0�R�U�H�R�Y�H�U���� �F�K�D�W�E�R�W�V�� �F�D�Q�� �F�U�H�D�W�H�� �D�� �V�X�S�S�R�U�W�L�Y�H���� �Q�R�Q���M�X�G�J�P�H�Q�W�D�O�� �O�H�D�U�Q�L�Q�J�� �H�Q�Y�L�U�R�Q�P�H�Q�W�� �W�K�D�W��
�H�Q�F�R�X�U�D�J�H�V���W�H�F�K�Q�L�F�L�D�Q�V���W�R���H�[�S�O�R�U�H���L�Q�V�W�U�X�F�W�L�R�Q�D�O���F�R�Q�F�H�S�W�V���Z�L�W�K�R�X�W���I�H�D�U���R�I���E�H�L�Q�J���F�R�P�S�D�U�H�G���W�R��
�D�F�D�G�H�P�L�F�� �V�W�D�I�I���� �5�H�V�H�D�U�F�K�� �V�K�R�Z�V�� �W�K�D�W�� �S�H�U�V�R�Q�D�O�L�]�H�G�� �F�K�D�W�E�R�W�V�� �K�H�O�S�� �U�H�G�X�F�H�� �D�Q�[�L�H�W�\�� �D�U�R�X�Q�G��
�O�H�D�U�Q�L�Q�J���E�\���W�D�L�O�R�U�L�Q�J���F�R�Q�W�H�Q�W���W�R���X�V�H�U�V�
���H�[�L�V�W�L�Q�J���N�Q�R�Z�O�H�G�J�H���D�Q�G���S�U�H�V�H�Q�W�L�Q�J���L�W���L�Q���D�Q���D�S�S�U�R�D�F�K�D�E�O�H��
�Z�D�\�����)�U�\�H�U���	���%�R�Y�H�H�������������������7�K�L�V���S�H�U�V�R�Q�D�O�L�]�H�G���I�H�H�G�E�D�F�N���P�H�F�K�D�Q�L�V�P���D�O�O�R�Z�V���F�K�D�W�E�R�W�V���W�R���P�R�Q�L�W�R�U��
�O�H�D�U�Q�L�Q�J�� �S�U�R�J�U�H�V�V���� �R�I�I�H�U�� �W�D�U�J�H�W�H�G�� �H�[�H�U�F�L�V�H�V���� �D�Q�G�� �V�X�J�J�H�V�W�� �U�H�O�H�Y�D�Q�W�� �U�H�V�R�X�U�F�H�V�� �W�K�D�W�� �D�O�L�J�Q�� �Z�L�W�K��
�H�D�F�K���X�V�H�U�¶�V���O�H�D�U�Q�L�Q�J���M�R�X�U�Q�H�\�����/�H�P�R�L�Q�H���	���5�L�F�K�D�U�G�V�R�Q�������������������7�K�H���F�R�P�E�L�Q�D�W�L�R�Q���R�I���R�Q���G�H�P�D�Q�G����
�S�H�U�V�R�Q�D�O�L�]�H�G���O�H�D�U�Q�L�Q�J���D�Q�G���M�X�V�W���L�Q���W�L�P�H���D�F�F�H�V�V�L�E�L�O�L�W�\���S�R�V�L�W�L�R�Q�V���F�K�D�W�E�R�W�V���D�V���D�Q���H�I�I�H�F�W�L�Y�H���W�R�R�O���I�R�U��
�G�H�O�L�Y�H�U�L�Q�J���3�'���W�K�D�W���P�H�H�W�V���W�H�F�K�Q�L�F�L�D�Q�V�
���X�Q�L�T�X�H���Q�H�H�G�V�� 

�,�Q���V�X�P�P�D�U�\�����W�K�H���L�Q�W�H�J�U�D�W�L�R�Q���R�I���W�K�H���³�����0�R�P�H�Q�W�V���R�I���1�H�H�G�´���I�U�D�P�H�Z�R�U�N���Z�L�W�K���S�H�U�V�R�Q�D�O�L�]�H�G���F�K�D�W�E�R�W��
�W�H�F�K�Q�R�O�R�J�\���R�I�I�H�U�V���D���W�U�D�Q�V�I�R�U�P�D�W�L�Y�H���V�R�O�X�W�L�R�Q���W�R���W�K�H���O�L�P�L�W�D�W�L�R�Q�V���R�I���W�U�D�G�L�W�L�R�Q�D�O���3�'���I�R�U���W�H�F�K�Q�L�F�L�D�Q�V����
�%�\�� �G�H�O�L�Y�H�U�L�Q�J���F�R�Q�W�H�[�W���V�S�H�F�L�I�L�F���� �D�G�D�S�W�L�Y�H���O�H�D�U�Q�L�Q�J���H�[�S�H�U�L�H�Q�F�H�V���� �F�K�D�W�E�R�W�V���D�G�G�U�H�V�V���W�H�F�K�Q�L�F�L�D�Q�V�
��
�L�P�P�H�G�L�D�W�H�� �Q�H�H�G�V�� �Z�K�L�O�H�� �V�X�S�S�R�U�W�L�Q�J�� �W�K�H�L�U�� �F�R�Q�W�L�Q�X�R�X�V�� �G�H�Y�H�O�R�S�P�H�Q�W�� �L�Q�� �E�R�W�K�� �W�H�F�K�Q�L�F�D�O�� �D�Q�G��
�L�Q�V�W�U�X�F�W�L�R�Q�D�O�� �F�R�P�S�H�W�H�Q�F�L�H�V�����7�K�L�V�� �L�Q�Q�R�Y�D�W�L�Y�H�� �D�S�S�U�R�D�F�K�� �D�O�L�J�Q�V�� �Z�L�W�K�� �F�X�U�U�H�Q�W���H�G�X�F�D�W�L�R�Q�D�O�� �W�U�H�Q�G�V��
�H�P�S�K�D�V�L�]�L�Q�J�� �I�O�H�[�L�E�L�O�L�W�\���� �D�F�F�H�V�V�L�E�L�O�L�W�\���� �D�Q�G�� �O�H�D�U�Q�H�U���F�H�Q�W�H�U�H�G�� �3�'���� �P�D�U�N�L�Q�J�� �D�� �V�L�J�Q�L�I�L�F�D�Q�W�� �V�K�L�I�W��
�W�R�Z�D�U�G���P�R�U�H���H�I�I�H�F�W�L�Y�H���S�U�R�I�H�V�V�L�R�Q�D�O���J�U�R�Z�W�K���I�R�U���W�H�F�K�Q�L�F�L�D�Q�V�� 



 

������  
�3�U�R�F�H�H�G�L�Q�J�V���R�I���W�K�H�������V�W���,�Q�W�H�U�Q�D�W�L�R�Q�D�O���&�'�,�2���&�R�Q�I�H�U�H�Q�F�H�����K�R�V�W�H�G���E�\ 

�0�R�Q�D�V�K���8�Q�L�Y�H�U�V�L�W�\�����0�H�O�E�R�X�U�Q�H�����$�X�V�W�U�D�O�L�D�����-�X�Q�H���������������������� 

�K�8���]���o���~�K�‰���v�• 

�8�V�L�Q�J���&�K�D�W�E�R�W�V���W�R���0�H�H�W���W�K�H���8�Q�L�T�X�H���1�H�H�G�V���R�I���7�H�F�K�Q�L�F�L�D�Q�V 

�,�Q���U�H�V�S�R�Q�V�H���W�R���W�K�H���S�U�R�I�H�V�V�L�R�Q�D�O���G�H�Y�H�O�R�S�P�H�Q�W���Q�H�H�G�V���R�I���W�H�F�K�Q�L�F�L�D�Q�V���Z�L�W�K�L�Q���W�K�H���&�'�,�2���I�U�D�P�H�Z�R�U�N����
�W�K�L�V���S�D�S�H�U���S�U�H�V�H�Q�W�V���D���S�H�U�V�R�Q�D�O�L�]�H�G���F�K�D�W�E�R�W���V�R�O�X�W�L�R�Q���G�H�V�L�J�Q�H�G���W�R���G�H�O�L�Y�H�U���R�Q���G�H�P�D�Q�G�����F�R�Q�W�H�[�W��
�V�S�H�F�L�I�L�F�� �O�H�D�U�Q�L�Q�J�� �D�O�L�J�Q�H�G�� �Z�L�W�K�� �W�K�H�� ������ �0�R�P�H�Q�W�V�� �R�I�� �1�H�H�G���� �P�R�G�H�O���� �%�X�L�O�W�� �R�Q�� �2�S�H�Q�$�,�¶�V�� �*�3�7������
�O�D�Q�J�X�D�J�H�� �P�R�G�H�O���� �7�K�L�V�� �P�R�G�H�O�� �Z�D�V�� �F�K�R�V�H�Q�� �I�R�U�� �L�W�V�� �D�G�Y�D�Q�F�H�G�� �Q�D�W�X�U�D�O�� �O�D�Q�J�X�D�J�H�� �S�U�R�F�H�V�V�L�Q�J��
�F�D�S�D�E�L�O�L�W�L�H�V���D�Q�G���D�E�L�O�L�W�\���W�R���J�H�Q�H�U�D�W�H���F�R�Q�W�H�[�W�X�D�O�O�\���D�S�S�U�R�S�U�L�D�W�H���U�H�V�S�R�Q�V�H�V���I�U�R�P���D�F�X�U�D�W�H�G���G�D�W�D�E�D�V�H��
�R�I�� �&�'�,�2���D�O�L�J�Q�H�G�� �U�H�V�R�X�U�F�H�V�����7�K�H�� �I�R�O�O�R�Z�L�Q�J�� �V�H�F�W�L�R�Q�V�� �R�X�W�O�L�Q�H�� �W�K�H�� �N�H�\���I�X�Q�F�W�L�R�Q�D�O�L�W�L�H�V�� �R�I�� �W�K�L�V��
�F�K�D�W�E�R�W�����L�W�V���D�O�L�J�Q�P�H�Q�W���Z�L�W�K���W�K�H�������0�R�P�H�Q�W�V���R�I���1�H�H�G�����D�Q�G���K�R�Z���L�W���G�L�U�H�F�W�O�\���V�X�S�S�R�U�W�V���W�H�F�K�Q�L�F�L�D�Q�V�¶��
�X�Q�L�T�X�H���U�H�T�X�L�U�H�P�H�Q�W�V���I�R�U���S�U�R�I�H�V�V�L�R�Q�D�O���J�U�R�Z�W�K�����3�O�H�D�V�H���U�H�I�H�U���W�R���)�L�J�X�U�H�������E�H�O�R�Z���I�R�U���W�K�H���L�Q�W�H�U�I�D�F�H�� 

 

�)�L�J�X�U�H���������&�K�D�W�E�R�W���,�Q�W�H�U�I�D�F�H 

 

�&�+�$�7�%�2�7���'�(�6�,�*�1���	���.�(�<���)�8�1�&�7�,�2�1�$�/�,�7�,�(�6 

�)�O�H�[�L�E�O�H���$�F�F�H�V�V���W�R���/�H�D�U�Q�L�Q�J���5�H�V�R�X�U�F�H�V 

�7�K�H�� �F�K�D�W�E�R�W�� �L�V�� �D�Y�D�L�O�D�E�O�H�� �D�W�� �D�Q�\�� �W�L�P�H�� �W�K�U�R�X�J�K�� �D�� �V�L�P�S�O�H�� �O�L�Q�N���� �H�Q�D�E�O�L�Q�J�� �W�H�F�K�Q�L�F�L�D�Q�V�� �W�R�� �D�F�F�H�V�V��
�O�H�D�U�Q�L�Q�J�� �V�X�S�S�R�U�W�� �Z�L�W�K�R�X�W�� �Z�D�L�W�L�Q�J�� �I�R�U�� �I�R�U�P�D�O�L�]�H�G�� �S�U�R�I�H�V�V�L�R�Q�D�O�� �G�H�Y�H�O�R�S�P�H�Q�W�� �V�H�V�V�L�R�Q�V���� �7�K�L�V��
�I�H�D�W�X�U�H�� �S�U�R�P�R�W�H�V�� �F�R�Q�W�L�Q�X�R�X�V���� �V�H�O�I���G�L�U�H�F�W�H�G�� �O�H�D�U�Q�L�Q�J���� �Z�K�L�F�K�� �L�V�� �S�D�U�W�L�F�X�O�D�U�O�\�� �D�G�Y�D�Q�W�D�J�H�R�X�V�� �I�R�U��
�W�H�F�K�Q�L�F�L�D�Q�V�� �Z�L�W�K�� �Y�D�U�L�H�G�� �V�F�K�H�G�X�O�H�V�� �D�Q�G�� �L�P�P�H�G�L�D�W�H�� �O�H�D�U�Q�L�Q�J�� �Q�H�H�G�V�� ���.�X�P�D�U���� �6������ �	�� �6�K�D�K���� �$������
������������ 

�3�U�R�P�S�W���'�U�L�Y�H�Q���,�Q�W�H�U�D�F�W�L�Y�L�W�\ 

�7�K�H���F�K�D�W�E�R�W���L�V���K�L�J�K�O�\���U�H�V�S�R�Q�V�L�Y�H���W�R���W�H�F�K�Q�L�F�L�D�Q���S�U�R�P�S�W�V�����D�G�D�S�W�L�Q�J���L�W�V���U�H�V�S�R�Q�V�H�V���E�D�V�H�G���R�Q���W�K�H��
�V�S�H�F�L�I�L�F���O�H�D�U�Q�L�Q�J���L�Q�W�H�Q�W�L�R�Q�V���H�[�S�U�H�V�V�H�G���E�\���W�K�H���X�V�H�U�����)�R�U���L�Q�V�W�D�Q�F�H�����W�H�F�K�Q�L�F�L�D�Q�V���P�D�\���F�K�R�R�V�H���W�R��
�W�H�V�W�� �W�K�H�L�U�� �N�Q�R�Z�O�H�G�J�H�� �E�\�� �S�U�R�P�S�W�L�Q�J�� �W�K�H�� �F�K�D�W�E�R�W�� �W�R�� �F�U�H�D�W�H�� �P�X�O�W�L�S�O�H���F�K�R�L�F�H���T�X�H�V�W�L�R�Q�V�� ���0�&�4�V������
�8�S�R�Q�� �F�R�P�S�O�H�W�L�Q�J�� �W�K�H�� �T�X�H�V�W�L�R�Q�V���� �W�H�F�K�Q�L�F�L�D�Q�V�� �U�H�F�H�L�Y�H�� �S�H�U�V�R�Q�D�O�L�]�H�G�� �I�H�H�G�E�D�F�N�� �E�D�V�H�G�� �R�Q�� �W�K�H�L�U��
�D�Q�V�Z�H�U�V���� �,�I�� �Q�H�H�G�H�G���� �W�K�H�� �F�K�D�W�E�R�W�� �Z�L�O�O�� �R�I�I�H�U�� �D�G�G�L�W�L�R�Q�D�O�� �I�R�U�P�D�W�L�Y�H�� �D�V�V�H�V�V�P�H�Q�W�V�� �R�U�� �O�H�D�U�Q�L�Q�J��
�U�H�V�R�X�U�F�H�V���X�Q�W�L�O���W�K�H���W�H�F�K�Q�L�F�L�D�Q���G�H�F�L�G�H�V���W�R���F�R�Q�F�O�X�G�H���W�K�H���V�H�V�V�L�R�Q�����5�H�V�H�D�U�F�K���V�K�R�Z�V���W�K�D�W���P�L�F�U�R��



 

������  
�3�U�R�F�H�H�G�L�Q�J�V���R�I���W�K�H�������V�W���,�Q�W�H�U�Q�D�W�L�R�Q�D�O���&�'�,�2���&�R�Q�I�H�U�H�Q�F�H�����K�R�V�W�H�G���E�\ 

�0�R�Q�D�V�K���8�Q�L�Y�H�U�V�L�W�\�����0�H�O�E�R�X�U�Q�H�����$�X�V�W�U�D�O�L�D�����-�X�Q�H���������������������� 

�K�8���]���o���~�K�‰���v�• 

�O�H�D�U�Q�L�Q�J�� �V�W�U�D�W�H�J�L�H�V���� �O�L�N�H�� �W�K�H�V�H�� �E�U�L�H�I�� �D�Q�G�� �W�D�U�J�H�W�H�G�� �D�V�V�H�V�V�P�H�Q�W�V���� �F�D�Q�� �V�L�J�Q�L�I�L�F�D�Q�W�O�\�� �L�P�S�U�R�Y�H��
�U�H�W�H�Q�W�L�R�Q���D�Q�G���U�H�L�Q�I�R�U�F�H���O�H�D�U�Q�L�Q�J���E�\���S�U�R�P�R�W�L�Q�J���I�U�H�T�X�H�Q�W���H�Q�J�D�J�H�P�H�Q�W���Z�L�W�K���Q�H�Z���F�R�Q�F�H�S�W�V�����/�L�����0������
�	���7�V�D�L�����3������������������ 

 

�)�L�J�X�U�H���������3�U�R�P�S�W���'�U�L�Y�H�Q���,�Q�W�H�U�D�F�W�L�Y�L�W�\ 

�&�R�Q�W�H�Q�W���,�Q�W�H�J�U�L�W�\���D�Q�G���$�S�S�U�R�Y�H�G���.�Q�R�Z�O�H�G�J�H 

�7�K�H�� �F�K�D�W�E�R�W�¶�V�� �U�H�V�S�R�Q�V�H�V�� �D�U�H�� �G�U�D�Z�Q�� �H�[�F�O�X�V�L�Y�H�O�\�� �I�U�R�P�� �D�Q�� �H�V�W�D�E�O�L�V�K�H�G�� �E�R�G�\�� �R�I�� �N�Q�R�Z�O�H�G�J�H����
�H�Q�V�X�U�L�Q�J���W�K�D�W���W�H�F�K�Q�L�F�L�D�Q�V���U�H�F�H�L�Y�H���R�Q�O�\���Y�H�W�W�H�G���D�Q�G���U�H�O�H�Y�D�Q�W���F�R�Q�W�H�Q�W�����7�K�L�V���G�H�V�L�J�Q���O�L�P�L�W�V���W�K�H���U�L�V�N��
�R�I�� �P�L�V�L�Q�I�R�U�P�D�W�L�R�Q�� �D�Q�G�� �D�O�L�J�Q�V�� �Z�L�W�K�� �L�Q�V�W�L�W�X�W�L�R�Q�D�O�� �N�Q�R�Z�O�H�G�J�H�� �V�W�D�Q�G�D�U�G�V���� �D�O�O�R�Z�L�Q�J�� �W�H�F�K�Q�L�F�L�D�Q�V�� �W�R��
�E�X�L�O�G���F�R�Q�I�L�G�H�Q�F�H���L�Q���W�K�H���D�F�F�X�U�D�F�\���R�I���W�K�H���L�Q�I�R�U�P�D�W�L�R�Q���W�K�H�\���U�H�F�H�L�Y�H�����6�P�L�W�K�����-������������������ 

 

�)�L�J�X�U�H���������%�R�X�Q�G�D�U�L�H�V���S�U�R�Y�L�G�H�G���W�R���W�K�H���&�K�D�W�E�R�W���W�R���P�D�L�Q�W�D�L�Q���F�R�Q�W�H�Q�W���L�Q�W�H�J�U�L�W�\ 

�0�H�H�W�L�Q�J���7�H�F�K�Q�L�F�L�D�Q�V�¶���6�S�H�F�L�I�L�F���1�H�H�G�V 

�7�K�H�� �F�K�D�W�E�R�W�¶�V�� �G�H�V�L�J�Q�� �D�Q�G�� �I�X�Q�F�W�L�R�Q�D�O�L�W�\�� �D�U�H�� �Z�H�O�O���V�X�L�W�H�G�� �W�R�� �P�H�H�W�� �W�K�H�� �V�S�H�F�L�I�L�F�� �S�U�R�I�H�V�V�L�R�Q�D�O��
�G�H�Y�H�O�R�S�P�H�Q�W���Q�H�H�G�V���R�I���W�H�F�K�Q�L�F�L�D�Q�V�����D�V���G�H�W�D�L�O�H�G���E�H�O�R�Z�� 

�)�O�H�[�L�E�O�H���D�Q�G���$�F�F�H�V�V�L�E�O�H���/�H�D�U�Q�L�Q�J 

�7�K�H���F�K�D�W�E�R�W�¶�V���D�Q�\�W�L�P�H���D�F�F�H�V�V���Q�D�W�X�U�H���H�Q�V�X�U�H�V���W�K�D�W���W�H�F�K�Q�L�F�L�D�Q�V���F�D�Q���O�H�D�U�Q���D�W���W�K�H�L�U���F�R�Q�Y�H�Q�L�H�Q�F�H����
�V�X�S�S�R�U�W�L�Q�J���R�Q�J�R�L�Q�J���G�H�Y�H�O�R�S�P�H�Q�W���Z�L�W�K�R�X�W���G�L�V�U�X�S�W�L�Q�J���W�K�H�L�U���F�R�U�H���U�H�V�S�R�Q�V�L�E�L�O�L�W�L�H�V�����%�U�R�Z�Q���������������� 



 

������  
�3�U�R�F�H�H�G�L�Q�J�V���R�I���W�K�H�������V�W���,�Q�W�H�U�Q�D�W�L�R�Q�D�O���&�'�,�2���&�R�Q�I�H�U�H�Q�F�H�����K�R�V�W�H�G���E�\ 

�0�R�Q�D�V�K���8�Q�L�Y�H�U�V�L�W�\�����0�H�O�E�R�X�U�Q�H�����$�X�V�W�U�D�O�L�D�����-�X�Q�H���������������������� 

�K�8���]���o���~�K�‰���v�• 

�3�H�U�V�R�Q�D�O�L�]�H�G���)�H�H�G�E�D�F�N���D�Q�G���$�G�D�S�W�L�Y�H���/�H�D�U�Q�L�Q�J���3�D�W�K�Z�D�\�V 

�7�K�U�R�X�J�K�� �S�H�U�V�R�Q�D�O�L�]�H�G�� �U�H�V�S�R�Q�V�H�V�� �D�Q�G�� �W�D�L�O�R�U�H�G�� �D�V�V�H�V�V�P�H�Q�W�V���� �W�K�H�� �F�K�D�W�E�R�W�� �D�G�D�S�W�V�� �W�R�� �H�D�F�K��
�W�H�F�K�Q�L�F�L�D�Q�¶�V�� �N�Q�R�Z�O�H�G�J�H�� �O�H�Y�H�O���� �S�U�R�Y�L�G�L�Q�J�� �F�X�V�W�R�P�L�]�H�G�� �I�H�H�G�E�D�F�N�� �D�Q�G�� �V�X�J�J�H�V�W�L�Q�J�� �D�G�G�L�W�L�R�Q�D�O��
�U�H�V�R�X�U�F�H�V�� �D�V�� �Q�H�H�G�H�G���� �7�K�L�V�� �L�Q�G�L�Y�L�G�X�D�O�L�]�H�G�� �V�X�S�S�R�U�W�� �F�D�Q�� �K�H�O�S�� �W�H�F�K�Q�L�F�L�D�Q�V�� �I�H�H�O�� �P�R�U�H�� �F�R�Q�I�L�G�H�Q�W��
�D�Q�G���H�Q�J�D�J�H�G���Z�L�W�K���W�K�H���O�H�D�U�Q�L�Q�J���P�D�W�H�U�L�D�O�����)�U�\�H�U�����/�������	���%�R�Y�H�H�����+���������������������)�L�J�X�U�H�������E�H�O�R�Z���V�K�R�Z�V��
�W�K�H�� �D�E�L�O�L�W�\�� �R�I�� �W�K�H�� �F�K�D�W�E�R�W�� �W�R�� �S�U�R�Y�L�G�H�� �V�K�R�U�W�� �I�R�U�P�D�W�L�Y�H�� �D�V�V�H�V�V�P�H�Q�W�V�� �W�R�� �W�H�V�W�� �W�K�H�� �O�H�D�U�Q�L�Q�J�� �R�I��
�W�H�F�K�Q�L�F�L�D�Q�V�� �W�R�� �H�Q�V�X�U�H�� �W�K�D�W�� �W�K�H�\�� �D�U�H�� �O�H�D�U�Q�L�Q�J�� �H�I�I�H�F�W�L�Y�H�O�\�� �D�V�� �Z�H�O�O�� �D�V�� �S�U�R�Y�L�G�H�� �X�V�H�� �F�D�V�H�V�� �W�R��
�U�H�L�Q�I�R�U�F�H���O�H�D�U�Q�L�Q�J 

 

�)�L�J�X�U�H���������)�R�U�P�D�W�L�Y�H���$�V�V�H�V�V�P�H�Q�W���W�R���&�K�H�F�N���I�R�U���/�H�D�U�Q�L�Q�J 

�,�Q�� �V�X�P�P�D�U�\���� �W�K�H�� �F�K�D�W�E�R�W�¶�V�� �I�X�Q�F�W�L�R�Q�D�O�L�W�L�H�V�� �D�G�G�U�H�V�V�� �W�K�H�� �L�P�P�H�G�L�D�W�H���� �F�R�Q�W�H�[�W���V�S�H�F�L�I�L�F�� �O�H�D�U�Q�L�Q�J��
�Q�H�H�G�V���R�I���W�H�F�K�Q�L�F�L�D�Q�V���E�\���D�O�L�J�Q�L�Q�J���Z�L�W�K���W�K�H���������0�R�P�H�Q�W�V���R�I���1�H�H�G�����I�U�D�P�H�Z�R�U�N�����%�\���H�Q�D�E�O�L�Q�J���U�H�D�O��
�W�L�P�H���� �L�Q�W�H�U�D�F�W�L�Y�H���� �D�Q�G�� �D�F�F�X�U�D�W�H�� �O�H�D�U�Q�L�Q�J�� �H�[�S�H�U�L�H�Q�F�H�V���� �W�K�H�� �F�K�D�W�E�R�W�� �U�H�S�U�H�V�H�Q�W�V�� �D�� �V�L�J�Q�L�I�L�F�D�Q�W��
�D�G�Y�D�Q�F�H�P�H�Q�W�� �L�Q�� �S�U�R�I�H�V�V�L�R�Q�D�O�� �G�H�Y�H�O�R�S�P�H�Q�W�� �D�S�S�U�R�D�F�K�H�V�� �I�R�U�� �W�H�F�K�Q�L�F�L�D�Q�V���� �P�D�N�L�Q�J�� �3�'�� �E�R�W�K��
�D�F�F�H�V�V�L�E�O�H���D�Q�G���U�H�O�H�Y�D�Q�W���W�R���W�K�H�L�U���H�Y�R�O�Y�L�Q�J���U�R�O�H�V�� 

�7�(�6�7�,�1�*���$�3�3�5�2�$�&�+���	���6�7�$�7�,�6�7�,�&�$�/���$�1�$�/�<�6�,�6 

�7�K�L�V���V�W�X�G�\���D�G�R�S�W�H�G���D���T�X�D�Q�W�L�W�D�W�L�Y�H���D�S�S�U�R�D�F�K���W�R���H�Y�D�O�X�D�W�H���W�K�H���F�K�D�W�E�R�W�¶�V���H�I�I�H�F�W�L�Y�H�Q�H�V�V���E�D�V�H�G���R�Q��
�W�K�H���7�H�F�K�Q�R�O�R�J�\���$�F�F�H�S�W�D�Q�F�H���0�R�G�H�O�����7�$�0�����F�R�Q�V�W�U�X�F�W�V�����3�H�U�F�H�L�Y�H�G���8�V�H�I�X�O�Q�H�V�V�����3�8�������3�H�U�F�H�L�Y�H�G��
�(�D�V�H���R�I���8�V�H�����3�(�2�8�������D�Q�G���,�Q�W�H�Q�W�L�R�Q���W�R���8�V�H�����,�7�8�������$���Y�D�O�L�G�D�W�H�G���7�$�0���E�D�V�H�G���T�X�H�V�W�L�R�Q�Q�D�L�U�H�����'�D�Y�L�V����
�������������9�H�Q�N�D�W�H�V�K���	���'�D�Y�L�V�����������������Z�D�V���D�G�P�L�Q�L�V�W�H�U�H�G���W�R���������W�H�F�K�Q�L�F�L�D�Q�V���I�R�O�O�R�Z�L�Q�J���W�K�H�L�U���L�Q�W�H�U�D�F�W�L�R�Q��
�Z�L�W�K���W�K�H���F�K�D�W�E�R�W�� 



 

������  
�3�U�R�F�H�H�G�L�Q�J�V���R�I���W�K�H�������V�W���,�Q�W�H�U�Q�D�W�L�R�Q�D�O���&�'�,�2���&�R�Q�I�H�U�H�Q�F�H�����K�R�V�W�H�G���E�\ 

�0�R�Q�D�V�K���8�Q�L�Y�H�U�V�L�W�\�����0�H�O�E�R�X�U�Q�H�����$�X�V�W�U�D�O�L�D�����-�X�Q�H���������������������� 

�K�8���]���o���~�K�‰���v�• 

�*�L�Y�H�Q���W�K�H���H�[�S�O�R�U�D�W�R�U�\���Q�D�W�X�U�H���R�I���W�K�L�V���V�W�X�G�\���D�Q�G���W�K�H���U�H�O�D�W�L�Y�H�O�\���V�P�D�O�O���V�D�P�S�O�H���V�L�]�H�����W�K�H���D�Q�D�O�\�V�L�V��
�H�P�S�O�R�\�H�G�� �G�H�V�F�U�L�S�W�L�Y�H�� �V�W�D�W�L�V�W�L�F�V�� �U�D�W�K�H�U�� �W�K�D�Q�� �L�Q�I�H�U�H�Q�W�L�D�O�� �W�H�V�W�L�Q�J���� �7�K�H�� �U�D�W�L�R�Q�D�O�H�� �I�R�U�� �X�V�L�Q�J��
�G�H�V�F�U�L�S�W�L�Y�H�� �V�W�D�W�L�V�W�L�F�V�� �L�V�� �W�R�� �S�U�R�Y�L�G�H�� �D�Q�� �L�Q�L�W�L�D�O�� �R�Y�H�U�Y�L�H�Z�� �R�I�� �S�D�U�W�L�F�L�S�D�Q�W�V�
�� �H�[�S�H�U�L�H�Q�F�H�V�� �D�Q�G��
�S�H�U�F�H�S�W�L�R�Q�V���� �7�K�L�V�� �D�S�S�U�R�D�F�K�� �L�V�� �F�R�P�P�R�Q�� �L�Q�� �H�D�U�O�\���S�K�D�V�H�� �H�G�X�F�D�W�L�R�Q�D�O�� �W�H�F�K�Q�R�O�R�J�\�� �H�Y�D�O�X�D�W�L�R�Q�V��
�Z�K�H�U�H���W�K�H���D�L�P���L�V���W�R���X�Q�G�H�U�V�W�D�Q�G���X�V�H�U���U�H�F�H�S�W�L�R�Q���E�H�I�R�U�H���V�F�D�O�L�Q�J���X�S���W�R���E�U�R�D�G�H�U���L�P�S�O�H�P�H�Q�W�D�W�L�R�Q�V��
���1�R�X�U�L���������������� 

�$�� �W�R�W�D�O�� �R�I�� ������ �W�H�F�K�Q�L�F�L�D�Q�V�� �I�U�R�P�� �W�K�H�� �6�F�K�R�R�O�� �R�I�� �(�O�H�F�W�U�L�F�D�O�� �D�Q�G�� �(�O�H�F�W�U�R�Q�L�F�� �(�Q�J�L�Q�H�H�U�L�Q�J�� �D�Q�G�� �W�K�H��
�6�F�K�R�R�O�� �R�I�� �0�H�F�K�D�Q�L�F�D�O�� �D�Q�G���$�H�U�R�Q�D�X�W�L�F�D�O�� �(�Q�J�L�Q�H�H�U�L�Q�J�� �W�R�R�N�� �S�D�U�W�� �L�Q�� �W�K�H�� �T�X�H�V�W�L�R�Q�Q�D�L�U�H�����3�O�H�D�V�H��
�U�H�I�H�U���W�R���$�Q�Q�H�[���$���I�R�U���W�K�H���T�X�H�V�W�L�R�Q�Q�D�L�U�H�� 

�.�H�\���V�W�D�W�L�V�W�L�F�D�O���P�H�D�V�X�U�H�V���U�H�S�R�U�W�H�G���L�Q�F�O�X�G�H���P�H�D�Q�����P�H�G�L�D�Q�����D�Q�G���V�W�D�Q�G�D�U�G���G�H�Y�L�D�W�L�R�Q���I�R�U���H�D�F�K���7�$�0��
�F�R�Q�V�W�U�X�F�W�����7�K�H���D�Q�D�O�\�V�L�V���I�R�F�X�V�H�G���R�Q���K�L�J�K�O�L�J�K�W�L�Q�J���J�H�Q�H�U�D�O���W�U�H�Q�G�V���L�Q���X�V�H�U���U�H�V�S�R�Q�V�H�V�����Z�K�L�F�K���L�Q�I�R�U�P��
�I�X�W�X�U�H���L�W�H�U�D�W�L�R�Q�V���R�I���W�K�H���F�K�D�W�E�R�W���D�Q�G���S�R�W�H�Q�W�L�D�O���D�Y�H�Q�X�H�V���I�R�U���H�[�S�D�Q�G�H�G���U�H�V�H�D�U�F�K�� 

�,�W���L�V���D�O�V�R���Z�R�U�W�K���F�R�Q�V�L�G�H�U�L�Q�J���W�K�D�W���R�Q�H���I�D�F�W�R�U���F�R�Q�W�U�L�E�X�W�L�Q�J���W�R���W�K�H���Y�D�U�L�D�Q�F�H���L�Q���X�V�H�U���U�H�V�S�R�Q�V�H�V�²
�S�D�U�W�L�F�X�O�D�U�O�\�� �L�Q�� �3�H�U�F�H�L�Y�H�G�� �(�D�V�H�� �R�I�� �8�V�H�² �P�D�\�� �E�H�� �G�L�I�I�H�U�H�Q�F�H�V�� �L�Q�� �(�Q�J�O�L�V�K�� �O�D�Q�J�X�D�J�H�� �S�U�R�I�L�F�L�H�Q�F�\��
�D�P�R�Q�J���W�H�F�K�Q�L�F�L�D�Q�V�����$�V���W�K�H���F�K�D�W�E�R�W���F�X�U�U�H�Q�W�O�\���R�S�H�U�D�W�H�V���H�[�F�O�X�V�L�Y�H�O�\���L�Q���(�Q�J�O�L�V�K�����W�H�F�K�Q�L�F�L�D�Q�V���Z�L�W�K��
�O�R�Z�H�U�� �I�O�X�H�Q�F�\�� �P�L�J�K�W�� �I�D�F�H�� �F�K�D�O�O�H�Q�J�H�V�� �L�Q�� �L�Q�W�H�U�S�U�H�W�L�Q�J�� �R�U�� �F�R�Q�V�W�U�X�F�W�L�Q�J�� �H�I�I�H�F�W�L�Y�H�� �S�U�R�P�S�W�V���� �7�K�L�V��
�D�O�L�J�Q�V���Z�L�W�K���I�L�Q�G�L�Q�J�V���I�U�R�P���/�L�Q���D�Q�G���:�D�U�V�F�K�D�X�H�U�������������������Z�K�R���R�E�V�H�U�Y�H�G���W�K�D�W���O�D�Q�J�X�D�J�H���S�U�R�I�L�F�L�H�Q�F�\��
�V�L�J�Q�L�I�L�F�D�Q�W�O�\���L�P�S�D�F�W�V���O�H�D�U�Q�H�U�V�
���L�Q�W�H�U�D�F�W�L�R�Q�V���Z�L�W�K���G�L�J�L�W�D�O���W�R�R�O�V���L�Q���H�G�X�F�D�W�L�R�Q�D�O���F�R�Q�W�H�[�W�V�� 

�7�R�� �V�X�S�S�R�U�W�� �R�Q�J�R�L�Q�J�� �U�H�I�L�Q�H�P�H�Q�W���� �W�H�F�K�Q�L�F�L�D�Q�V�� �S�U�R�Y�L�G�H�G�� �I�H�H�G�E�D�F�N�� �R�Q�� �D�U�H�D�V�� �Z�K�H�U�H�� �W�K�H�� �F�K�D�W�E�R�W��
�H�[�S�H�U�L�H�Q�F�H���F�R�X�O�G���E�H���L�P�S�U�R�Y�H�G�����6�X�J�J�H�V�W�L�R�Q�V���L�Q�F�O�X�G�H�G���W�K�H���S�U�R�Y�L�V�L�R�Q���R�I���V�D�P�S�O�H���S�U�R�P�S�W�V���W�R���K�H�O�S��
�X�V�H�U�V���J�H�W���V�W�D�U�W�H�G�����H�[�S�D�Q�V�L�R�Q���R�I���W�K�H���N�Q�R�Z�O�H�G�J�H���E�D�V�H���W�R���P�L�Q�L�P�L�V�H���L�Q�F�R�P�S�O�H�W�H���U�H�V�S�R�Q�V�H�V�����D�Q�G��
�L�Q�F�O�X�V�L�R�Q���R�I���D���V�L�P�S�O�H���G�D�V�K�E�R�D�U�G���W�R���W�U�D�F�N���O�H�D�U�Q�L�Q�J���S�U�R�J�U�H�V�V�����7�K�H�U�H���Z�H�U�H���D�O�V�R���F�D�O�O�V���W�R���D�G�G�U�H�V�V��
�L�Q�V�W�L�W�X�W�L�R�Q�D�O���H�W�K�L�F�D�O���F�R�P�S�O�L�D�Q�F�H���D�Q�G���W�R���H�Q�K�D�Q�F�H���W�K�H���F�K�D�W�E�R�W�
�V���W�R�Q�H���W�R���V�L�P�X�O�D�W�H���P�R�U�H���K�X�P�D�Q��
�O�L�N�H�� �L�Q�W�H�U�D�F�W�L�R�Q���� �:�K�L�O�H�� �W�K�H�V�H�� �V�X�J�J�H�V�W�L�R�Q�V�� �Z�H�U�H�� �W�R�X�F�K�H�G�� �X�S�R�Q�� �L�Q�� �H�D�U�O�L�H�U�� �V�H�F�W�L�R�Q�V���� �W�K�H�L�U��
�F�R�Q�V�R�O�L�G�D�W�L�R�Q���K�H�U�H���V�H�U�Y�H�V���W�R���K�L�J�K�O�L�J�K�W���N�H�\���S�U�L�R�U�L�W�L�H�V���I�R�U���I�X�W�X�U�H���G�H�Y�H�O�R�S�P�H�Q�W�� 

�%�H�\�R�Q�G�� �L�P�S�U�R�Y�H�P�H�Q�W�V�� �W�R�� �W�K�H�� �F�K�D�W�E�R�W�� �L�W�V�H�O�I���� �L�W�� �L�V�� �D�O�V�R�� �L�P�S�R�U�W�D�Q�W�� �W�R�� �F�R�Q�V�L�G�H�U�� �W�K�H�� �E�U�R�D�G�H�U��
�H�G�X�F�D�W�L�R�Q�D�O���L�P�S�D�F�W���R�I���W�K�L�V���L�Q�W�H�U�Y�H�Q�W�L�R�Q�����$�V���W�H�F�K�Q�L�F�L�D�Q�V���E�H�F�R�P�H���P�R�U�H���F�R�Q�I�L�G�H�Q�W���D�Q�G���F�R�P�S�H�W�H�Q�W��
�L�Q�� �D�S�S�O�\�L�Q�J�� �&�'�,�2�� �S�U�L�Q�F�L�S�O�H�V���� �W�K�H�� �T�X�D�O�L�W�\�� �R�I�� �V�W�X�G�H�Q�W�� �O�H�D�U�Q�L�Q�J�� �H�[�S�H�U�L�H�Q�F�H�V�� �F�D�Q���L�P�S�U�R�Y�H���� �)�R�U��
�H�[�D�P�S�O�H���� �E�H�W�W�H�U���S�U�H�S�D�U�H�G�� �W�H�F�K�Q�L�F�L�D�Q�V�� �P�D�\�� �I�D�F�L�O�L�W�D�W�H�� �P�R�U�H�� �H�I�I�H�F�W�L�Y�H�� �O�D�E�� �G�H�P�R�Q�V�W�U�D�W�L�R�Q�V����
�S�U�R�Y�L�G�H���P�R�U�H�� �L�Q�V�L�J�K�W�I�X�O���P�H�Q�W�R�U�V�K�L�S�� �G�X�U�L�Q�J�� �S�U�R�M�H�F�W���E�D�V�H�G�� �O�H�D�U�Q�L�Q�J���� �D�Q�G�� �R�I�I�H�U���W�L�P�H�O�\���� �D�F�F�X�U�D�W�H��
�I�H�H�G�E�D�F�N�� �D�O�L�J�Q�H�G�� �Z�L�W�K�� �&�'�,�2�� �J�R�D�O�V���� �7�K�L�V�� �V�W�U�H�Q�J�W�K�H�Q�V�� �W�K�H�� �O�L�Q�N�� �E�H�W�Z�H�H�Q�� �W�K�H�R�U�\�� �D�Q�G�� �S�U�D�F�W�L�F�H����
�X�O�W�L�P�D�W�H�O�\���H�Q�K�D�Q�F�L�Q�J���W�K�H���R�X�W�F�R�P�H�V���R�I���H�Q�J�L�Q�H�H�U�L�Q�J���H�G�X�F�D�W�L�R�Q���I�R�U���V�W�X�G�H�Q�W�V�� 

�2�Q�H���V�S�H�F�L�I�L�F���O�L�P�L�W�D�W�L�R�Q���U�D�L�V�H�G���E�\���S�D�U�W�L�F�L�S�D�Q�W�V���U�H�O�D�W�H�V���W�R���W�K�H���S�H�U�F�H�L�Y�H�G���W�R�Q�H���R�I���W�K�H���F�K�D�W�E�R�W�����:�K�L�O�H��
�I�X�Q�F�W�L�R�Q�D�O�O�\�� �D�F�F�X�U�D�W�H���� �W�K�H�� �F�K�D�W�E�R�W�� �U�H�V�S�R�Q�V�H�V�� �Z�H�U�H�� �R�F�F�D�V�L�R�Q�D�O�O�\�� �Y�L�H�Z�H�G�� �D�V�� �W�R�R�� �I�R�U�P�D�O�� �R�U��
�L�P�S�H�U�V�R�Q�D�O�����O�D�F�N�L�Q�J���W�K�H���Z�D�U�P�W�K���R�I���K�X�P�D�Q���L�Q�W�H�U�D�F�W�L�R�Q�����7�K�L�V���L�V���D���N�Q�R�Z�Q���O�L�P�L�W�D�W�L�R�Q���R�I���F�X�U�U�H�Q�W���$�,��
�G�U�L�Y�H�Q���G�L�D�O�R�J�X�H���V�\�V�W�H�P�V�����Z�K�L�F�K�����G�H�V�S�L�W�H���Q�D�W�X�U�D�O���O�D�Q�J�X�D�J�H���F�D�S�D�E�L�O�L�W�L�H�V�����R�I�W�H�Q���V�W�U�X�J�J�O�H���W�R���F�R�Q�Y�H�\��
�H�P�S�D�W�K�\���R�U���D�G�D�S�W���W�R�Q�H���H�I�I�H�F�W�L�Y�H�O�\���W�R���G�L�Y�H�U�V�H���X�V�H�U���H�[�S�H�F�W�D�W�L�R�Q�V�����)�¡�O�V�W�D�G���	���%�U�D�Q�G�W�]� �J������������������
�)�X�W�X�U�H�� �L�W�H�U�D�W�L�R�Q�V�� �F�R�X�O�G�� �H�[�S�O�R�U�H�� �L�Q�W�H�J�U�D�W�L�Q�J���V�H�Q�W�L�P�H�Q�W���D�Z�D�U�H�� �O�D�Q�J�X�D�J�H�� �P�R�G�H�O�V�� �R�U�� �K�\�E�U�L�G���$�,��
�K�X�P�D�Q���V�X�S�S�R�U�W���V�\�V�W�H�P�V���W�R���P�L�W�L�J�D�W�H���W�K�L�V�� 

�5�(�6�8�/�7�6���	���'�,�6�&�8�6�6�,�2�1 

�*�L�Y�H�Q���W�K�H���H�[�S�O�R�U�D�W�R�U�\���Q�D�W�X�U�H���R�I���W�K�L�V���V�W�X�G�\���D�Q�G���W�K�H���U�H�O�D�W�L�Y�H�O�\���V�P�D�O�O���V�D�P�S�O�H���V�L�]�H�����W�K�H���D�Q�D�O�\�V�L�V��
�H�P�S�O�R�\�H�G�� �G�H�V�F�U�L�S�W�L�Y�H�� �V�W�D�W�L�V�W�L�F�V�� �U�D�W�K�H�U�� �W�K�D�Q�� �L�Q�I�H�U�H�Q�W�L�D�O�� �W�H�V�W�L�Q�J���� �7�K�H�� �U�D�W�L�R�Q�D�O�H�� �I�R�U�� �X�V�L�Q�J��
�G�H�V�F�U�L�S�W�L�Y�H�� �V�W�D�W�L�V�W�L�F�V�� �L�V�� �W�R�� �S�U�R�Y�L�G�H�� �D�Q�� �L�Q�L�W�L�D�O�� �R�Y�H�U�Y�L�H�Z�� �R�I�� �S�D�U�W�L�F�L�S�D�Q�W�V�
�� �H�[�S�H�U�L�H�Q�F�H�V�� �D�Q�G��



 

������  
�3�U�R�F�H�H�G�L�Q�J�V���R�I���W�K�H�������V�W���,�Q�W�H�U�Q�D�W�L�R�Q�D�O���&�'�,�2���&�R�Q�I�H�U�H�Q�F�H�����K�R�V�W�H�G���E�\ 

�0�R�Q�D�V�K���8�Q�L�Y�H�U�V�L�W�\�����0�H�O�E�R�X�U�Q�H�����$�X�V�W�U�D�O�L�D�����-�X�Q�H���������������������� 

�K�8���]���o���~�K�‰���v�• 

�S�H�U�F�H�S�W�L�R�Q�V���� �7�K�L�V�� �D�S�S�U�R�D�F�K�� �L�V�� �F�R�P�P�R�Q�� �L�Q�� �H�D�U�O�\���S�K�D�V�H�� �H�G�X�F�D�W�L�R�Q�D�O�� �W�H�F�K�Q�R�O�R�J�\�� �H�Y�D�O�X�D�W�L�R�Q�V��
�Z�K�H�U�H���W�K�H���D�L�P���L�V���W�R���X�Q�G�H�U�V�W�D�Q�G���X�V�H�U���U�H�F�H�S�W�L�R�Q���E�H�I�R�U�H���V�F�D�O�L�Q�J���X�S���W�R���E�U�R�D�G�H�U���L�P�S�O�H�P�H�Q�W�D�W�L�R�Q�V��
���1�R�X�U�L���������������� 

�.�H�\���V�W�D�W�L�V�W�L�F�D�O���P�H�D�V�X�U�H�V���U�H�S�R�U�W�H�G���L�Q�F�O�X�G�H���P�H�D�Q�����P�H�G�L�D�Q�����D�Q�G���V�W�D�Q�G�D�U�G���G�H�Y�L�D�W�L�R�Q���I�R�U���H�D�F�K���7�$�0��
�F�R�Q�V�W�U�X�F�W�����7�K�H���D�Q�D�O�\�V�L�V���I�R�F�X�V�H�G���R�Q���K�L�J�K�O�L�J�K�W�L�Q�J���J�H�Q�H�U�D�O���W�U�H�Q�G�V���L�Q���X�V�H�U���U�H�V�S�R�Q�V�H�V�����Z�K�L�F�K���L�Q�I�R�U�P��
�I�X�W�X�U�H���L�W�H�U�D�W�L�R�Q�V���R�I���W�K�H���F�K�D�W�E�R�W���D�Q�G���S�R�W�H�Q�W�L�D�O���D�Y�H�Q�X�H�V���I�R�U���H�[�S�D�Q�G�H�G���U�H�V�H�D�U�F�K�� 

�,�W���L�V���D�O�V�R���Z�R�U�W�K���F�R�Q�V�L�G�H�U�L�Q�J���W�K�D�W���R�Q�H���I�D�F�W�R�U���F�R�Q�W�U�L�E�X�W�L�Q�J���W�R���W�K�H���Y�D�U�L�D�Q�F�H���L�Q���X�V�H�U���U�H�V�S�R�Q�V�H�V�²
�S�D�U�W�L�F�X�O�D�U�O�\�� �L�Q�� �3�H�U�F�H�L�Y�H�G�� �(�D�V�H�� �R�I�� �8�V�H�² �P�D�\�� �E�H�� �G�L�I�I�H�U�H�Q�F�H�V�� �L�Q�� �(�Q�J�O�L�V�K�� �O�D�Q�J�X�D�J�H�� �S�U�R�I�L�F�L�H�Q�F�\��
�D�P�R�Q�J���W�H�F�K�Q�L�F�L�D�Q�V�����$�V���W�K�H���F�K�D�W�E�R�W���F�X�U�U�H�Q�W�O�\���R�S�H�U�D�W�H�V���H�[�F�O�X�V�L�Y�H�O�\���L�Q���(�Q�J�O�L�V�K�����W�H�F�K�Q�L�F�L�D�Q�V���Z�L�W�K��
�O�R�Z�H�U�� �I�O�X�H�Q�F�\�� �P�L�J�K�W�� �I�D�F�H�� �F�K�D�O�O�H�Q�J�H�V�� �L�Q�� �L�Q�W�H�U�S�U�H�W�L�Q�J�� �R�U�� �F�R�Q�V�W�U�X�F�W�L�Q�J�� �H�I�I�H�F�W�L�Y�H�� �S�U�R�P�S�W�V���� �7�K�L�V��
�D�O�L�J�Q�V���Z�L�W�K���I�L�Q�G�L�Q�J�V���I�U�R�P���/�L�Q���D�Q�G���:�D�U�V�F�K�D�X�H�U�������������������Z�K�R���R�E�V�H�U�Y�H�G���W�K�D�W���O�D�Q�J�X�D�J�H���S�U�R�I�L�F�L�H�Q�F�\��
�V�L�J�Q�L�I�L�F�D�Q�W�O�\���L�P�S�D�F�W�V���O�H�D�U�Q�H�U�V�
���L�Q�W�H�U�D�F�W�L�R�Q�V���Z�L�W�K���G�L�J�L�W�D�O���W�R�R�O�V���L�Q���H�G�X�F�D�W�L�R�Q�D�O���F�R�Q�W�H�[�W�V�� 

�7�R�� �V�X�S�S�R�U�W�� �R�Q�J�R�L�Q�J�� �U�H�I�L�Q�H�P�H�Q�W���� �W�H�F�K�Q�L�F�L�D�Q�V�� �S�U�R�Y�L�G�H�G�� �I�H�H�G�E�D�F�N�� �R�Q�� �D�U�H�D�V�� �Z�K�H�U�H�� �W�K�H�� �F�K�D�W�E�R�W��
�H�[�S�H�U�L�H�Q�F�H���F�R�X�O�G���E�H���L�P�S�U�R�Y�H�G�����6�X�J�J�H�V�W�L�R�Q�V���L�Q�F�O�X�G�H�G���W�K�H���S�U�R�Y�L�V�L�R�Q���R�I���V�D�P�S�O�H���S�U�R�P�S�W�V�����&�K�H�Q��
�	�� �)�H�Q�J���� ���������������W�R�� �K�H�O�S�� �X�V�H�U�V�� �J�H�W�� �V�W�D�U�W�H�G���� �H�[�S�D�Q�V�L�R�Q�� �R�I�� �W�K�H�� �N�Q�R�Z�O�H�G�J�H�� �E�D�V�H�� �W�R�� �P�L�Q�L�P�L�V�H��
�L�Q�F�R�P�S�O�H�W�H���U�H�V�S�R�Q�V�H�V�����D�Q�G���L�Q�F�O�X�V�L�R�Q���R�I���D���V�L�P�S�O�H���G�D�V�K�E�R�D�U�G���W�R���W�U�D�F�N���O�H�D�U�Q�L�Q�J���S�U�R�J�U�H�V�V�������%�U�R�Z�Q����
�����������7�K�H�U�H�� �Z�H�U�H�� �D�O�V�R�� �F�D�O�O�V�� �W�R�� �D�G�G�U�H�V�V�� �L�Q�V�W�L�W�X�W�L�R�Q�D�O�� �H�W�K�L�F�D�O�� �F�R�P�S�O�L�D�Q�F�H�� �D�Q�G�� �W�R�� �H�Q�K�D�Q�F�H�� �W�K�H��
�F�K�D�W�E�R�W�
�V���W�R�Q�H���W�R���V�L�P�X�O�D�W�H���P�R�U�H���K�X�P�D�Q���O�L�N�H���L�Q�W�H�U�D�F�W�L�R�Q�����:�K�L�O�H���W�K�H�V�H���V�X�J�J�H�V�W�L�R�Q�V���Z�H�U�H���W�R�X�F�K�H�G��
�X�S�R�Q�� �L�Q�� �H�D�U�O�L�H�U�� �V�H�F�W�L�R�Q�V���� �W�K�H�L�U�� �F�R�Q�V�R�O�L�G�D�W�L�R�Q�� �K�H�U�H�� �V�H�U�Y�H�V�� �W�R�� �K�L�J�K�O�L�J�K�W�� �N�H�\�� �S�U�L�R�U�L�W�L�H�V�� �I�R�U�� �I�X�W�X�U�H��
�G�H�Y�H�O�R�S�P�H�Q�W�� 

�%�H�\�R�Q�G�� �L�P�S�U�R�Y�H�P�H�Q�W�V�� �W�R�� �W�K�H�� �F�K�D�W�E�R�W�� �L�W�V�H�O�I���� �L�W�� �L�V�� �D�O�V�R�� �L�P�S�R�U�W�D�Q�W�� �W�R�� �F�R�Q�V�L�G�H�U�� �W�K�H�� �E�U�R�D�G�H�U��
�H�G�X�F�D�W�L�R�Q�D�O���L�P�S�D�F�W���R�I���W�K�L�V���L�Q�W�H�U�Y�H�Q�W�L�R�Q�����$�V���W�H�F�K�Q�L�F�L�D�Q�V���E�H�F�R�P�H���P�R�U�H���F�R�Q�I�L�G�H�Q�W���D�Q�G���F�R�P�S�H�W�H�Q�W��
�L�Q�� �D�S�S�O�\�L�Q�J�� �&�'�,�2�� �S�U�L�Q�F�L�S�O�H�V���� �W�K�H�� �T�X�D�O�L�W�\�� �R�I�� �V�W�X�G�H�Q�W�� �O�H�D�U�Q�L�Q�J�� �H�[�S�H�U�L�H�Q�F�H�V�� �F�D�Q���L�P�S�U�R�Y�H���� �)�R�U��
�H�[�D�P�S�O�H���� �E�H�W�W�H�U���S�U�H�S�D�U�H�G�� �W�H�F�K�Q�L�F�L�D�Q�V�� �P�D�\�� �I�D�F�L�O�L�W�D�W�H�� �P�R�U�H�� �H�I�I�H�F�W�L�Y�H�� �O�D�E�� �G�H�P�R�Q�V�W�U�D�W�L�R�Q�V����
�S�U�R�Y�L�G�H���P�R�U�H�� �L�Q�V�L�J�K�W�I�X�O���P�H�Q�W�R�U�V�K�L�S�� �G�X�U�L�Q�J�� �S�U�R�M�H�F�W���E�D�V�H�G�� �O�H�D�U�Q�L�Q�J���� �D�Q�G�� �R�I�I�H�U���W�L�P�H�O�\���� �D�F�F�X�U�D�W�H��
�I�H�H�G�E�D�F�N�� �D�O�L�J�Q�H�G�� �Z�L�W�K�� �&�'�,�2�� �J�R�D�O�V���� �7�K�L�V�� �V�W�U�H�Q�J�W�K�H�Q�V�� �W�K�H�� �O�L�Q�N�� �E�H�W�Z�H�H�Q�� �W�K�H�R�U�\�� �D�Q�G�� �S�U�D�F�W�L�F�H����
�X�O�W�L�P�D�W�H�O�\���H�Q�K�D�Q�F�L�Q�J���W�K�H���R�X�W�F�R�P�H�V���R�I���H�Q�J�L�Q�H�H�U�L�Q�J���H�G�X�F�D�W�L�R�Q���I�R�U���V�W�X�G�H�Q�W�V�� 

�2�Q�H���V�S�H�F�L�I�L�F���O�L�P�L�W�D�W�L�R�Q���U�D�L�V�H�G���E�\���S�D�U�W�L�F�L�S�D�Q�W�V���U�H�O�D�W�H�V���W�R���W�K�H���S�H�U�F�H�L�Y�H�G���W�R�Q�H���R�I���W�K�H���F�K�D�W�E�R�W�����:�K�L�O�H��
�I�X�Q�F�W�L�R�Q�D�O�O�\�� �D�F�F�X�U�D�W�H���� �W�K�H�� �F�K�D�W�E�R�W�� �U�H�V�S�R�Q�V�H�V�� �Z�H�U�H�� �R�F�F�D�V�L�R�Q�D�O�O�\�� �Y�L�H�Z�H�G�� �D�V�� �W�R�R�� �I�R�U�P�D�O�� �R�U��
�L�P�S�H�U�V�R�Q�D�O�����O�D�F�N�L�Q�J���W�K�H���Z�D�U�P�W�K���R�I���K�X�P�D�Q���L�Q�W�H�U�D�F�W�L�R�Q�����)�U�\�H�U���	���%�R�Y�H�H�������������������7�K�L�V���L�V���D���N�Q�R�Z�Q��
�O�L�P�L�W�D�W�L�R�Q���R�I���F�X�U�U�H�Q�W���$�,���G�U�L�Y�H�Q���G�L�D�O�R�J�X�H���V�\�V�W�H�P�V�����Z�K�L�F�K�����G�H�V�S�L�W�H���Q�D�W�X�U�D�O���O�D�Q�J�X�D�J�H���F�D�S�D�E�L�O�L�W�L�H�V����
�R�I�W�H�Q�� �V�W�U�X�J�J�O�H�� �W�R�� �F�R�Q�Y�H�\�� �H�P�S�D�W�K�\�� �R�U�� �D�G�D�S�W�� �W�R�Q�H�� �H�I�I�H�F�W�L�Y�H�O�\�� �W�R�� �G�L�Y�H�U�V�H�� �X�V�H�U�� �H�[�S�H�F�W�D�W�L�R�Q�V��
���)�¡�O�V�W�D�G�� �	�� �%�U�D�Q�G�W�]� �J���� �������������� �)�X�W�X�U�H�� �L�W�H�U�D�W�L�R�Q�V�� �F�R�X�O�G�� �H�[�S�O�R�U�H�� �L�Q�W�H�J�U�D�W�L�Q�J�� �V�H�Q�W�L�P�H�Q�W���D�Z�D�U�H��
�O�D�Q�J�X�D�J�H���P�R�G�H�O�V���R�U���K�\�E�U�L�G���$�,���K�X�P�D�Q���V�X�S�S�R�U�W���V�\�V�W�H�P�V���W�R���P�L�W�L�J�D�W�H���W�K�L�V�� 

�/�L�P�L�W�D�W�L�R�Q�V���R�I���W�K�H���7�H�F�K�Q�R�O�R�J�\���$�F�F�H�S�W�D�Q�F�H���0�R�G�H�O 

�$�O�W�K�R�X�J�K���W�K�H���7�$�0���K�D�V���E�H�H�Q���Y�D�O�L�G�D�W�H�G���L�Q���P�D�Q�\���V�W�X�G�L�H�V�����W�K�H���D�F�W�X�D�O���X�V�D�J�H���R�I���W�K�H���W�H�F�K�Q�R�O�R�J�\�����D�V��
�R�S�S�R�V�H�G���W�R���W�K�H���E�H�K�D�Y�L�R�X�U�D�O���L�Q�W�H�Q�W�L�R�Q���W�R���X�V�H�����L�V���U�D�U�H�O�\���P�R�Q�L�W�R�U�H�G�����)�X�U�W�K�H�U�P�R�U�H�����W�K�L�V���P�D�\���O�H�D�G��
�W�R���D���P�L�V�W�D�N�H�Q���E�H�O�L�H�I���L�Q���W�K�H���D�F�F�H�S�W�D�E�L�O�L�W�\���R�I���D���W�H�F�K�Q�R�O�R�J�\�����)�R�U���H�[�D�P�S�O�H�����D���V�W�X�G�\���F�R�Q�G�X�F�W�H�G���E�\��
�.�H�X�Q�J���H�W���D�O�����I�R�X�Q�G���W�K�D�W���W�K�H���7�$�0���S�U�H�G�L�F�W�H�G���W�K�D�W���D���S�D�U�W�L�F�X�O�D�U���W�H�F�K�Q�R�O�R�J�\���Z�D�V���O�L�N�H�O�\���W�R���E�H���D�G�R�S�W�H�G��
�Z�L�W�K�L�Q���W�K�H���F�R�P�S�D�Q�\���L�Q���T�X�H�V�W�L�R�Q�����+�R�Z�H�Y�H�U�����D���\�H�D�U���O�D�W�H�U���W�K�H���D�X�W�K�R�U�V���I�R�X�Q�G���W�K�D�W���W�K�H���W�H�F�K�Q�R�O�R�J�\��
�Z�D�V���Q�R�W���E�H�L�Q�J���X�V�H�G�����7�K�H���7�$�0���Z�D�V���U�H���D�S�S�O�L�H�G���D�W���W�K�H���O�D�W�H�U���W�L�P�H���D�Q�G���W�K�H���U�H�V�X�O�W�V���I�U�R�P���W�K�L�V���V�W�X�G�\��
�Z�H�U�H���G�L�I�I�H�U�H�Q�W���I�U�R�P���W�K�H���L�Q�L�W�L�D�O���7�$�0���D�V�V�H�V�V�P�H�Q�W�����7�K�H�U�H�I�R�U�H�����W�K�H�U�H���L�V���D���T�X�H�V�W�L�R�Q���D�V���W�R���Z�K�H�W�K�H�U��
�W�K�H���7�$�0���F�D�Q���D�F�W���D�V���D�Q���D�F�F�X�U�D�W�H���S�U�H�G�L�F�W�R�U���R�I���D�F�W�X�D�O���X�V�D�J�H���U�D�W�K�H�U���W�K�D�Q���E�H�K�D�Y�L�R�X�U�D�O���L�Q�W�H�Q�W�L�R�Q���W�R��
�X�V�H���� �7�K�H�� �V�X�J�J�H�V�W�L�R�Q�� �K�H�U�H�� �W�K�H�Q���� �Z�R�X�O�G�� �E�H�� �W�R�� �U�H���D�G�P�L�Q�L�V�W�H�U�� �W�K�H�� �7�$�0�� �D�J�D�L�Q�� �D�I�W�H�U�� �D�� �\�H�D�U�� �R�I��
�L�P�S�O�H�P�H�Q�W�D�W�L�R�Q�� 



 

������  
�3�U�R�F�H�H�G�L�Q�J�V���R�I���W�K�H�������V�W���,�Q�W�H�U�Q�D�W�L�R�Q�D�O���&�'�,�2���&�R�Q�I�H�U�H�Q�F�H�����K�R�V�W�H�G���E�\ 

�0�R�Q�D�V�K���8�Q�L�Y�H�U�V�L�W�\�����0�H�O�E�R�X�U�Q�H�����$�X�V�W�U�D�O�L�D�����-�X�Q�H���������������������� 

�K�8���]���o���~�K�‰���v�• 

�&�2�1�&�/�8�6�,�2�1 

�7�K�H���S�H�U�V�R�Q�D�O�L�V�H�G���F�K�D�W�E�R�W���G�H�Y�H�O�R�S�H�G���I�R�U���W�K�L�V���V�W�X�G�\���G�H�P�R�Q�V�W�U�D�W�H�V���S�U�R�P�L�V�H���D�V���D�Q���L�Q�Q�R�Y�D�W�L�Y�H���D�Q�G��
�D�F�F�H�V�V�L�E�O�H�� �I�R�U�P�� �R�I�� �S�U�R�I�H�V�V�L�R�Q�D�O�� �G�H�Y�H�O�R�S�P�H�Q�W�� �I�R�U�� �W�H�F�K�Q�L�F�L�D�Q�V�� �R�S�H�U�D�W�L�Q�J�� �Z�L�W�K�L�Q�� �&�'�,�2��
�H�Q�Y�L�U�R�Q�P�H�Q�W�V���� �%�\�� �R�I�I�H�U�L�Q�J�� �R�Q���G�H�P�D�Q�G�� �O�H�D�U�Q�L�Q�J�� �J�U�R�X�Q�G�H�G�� �L�Q�� �W�K�H�� ���� �0�R�P�H�Q�W�V�� �R�I�� �1�H�H�G��
�I�U�D�P�H�Z�R�U�N���� �W�K�H�� �F�K�D�W�E�R�W�� �D�G�G�U�H�V�V�H�V�� �P�D�Q�\�� �O�L�P�L�W�D�W�L�R�Q�V�� �R�I�� �W�U�D�G�L�W�L�R�Q�D�O�� �3�'�� �I�R�U�P�D�W�V�� �Z�K�L�O�H��
�H�Q�F�R�X�U�D�J�L�Q�J���W�H�F�K�Q�L�F�L�D�Q���O�H�G�����P�L�F�U�R���O�H�D�U�Q�L�Q�J���H�[�S�H�U�L�H�Q�F�H�V�����8�V�H�U���I�H�H�G�E�D�F�N���L�Q�G�L�F�D�W�H�V���K�L�J�K���O�H�Y�H�O�V��
�R�I���S�H�U�F�H�L�Y�H�G���X�V�H�I�X�O�Q�H�V�V�����H�D�V�H���R�I���X�V�H�����D�Q�G���L�Q�W�H�Q�W�L�R�Q���W�R���F�R�Q�W�L�Q�X�H���X�V�L�Q�J���W�K�H���F�K�D�W�E�R�W���L�Q���G�D�L�O�\���Z�R�U�N�� 

�1�R�W�D�E�O�\�����W�K�L�V���V�W�X�G�\���D�O�V�R���K�L�J�K�O�L�J�K�W�V���D�U�H�D�V���I�R�U���L�P�S�U�R�Y�H�P�H�Q�W�����V�X�F�K���D�V���H�Q�K�D�Q�F�L�Q�J���W�R�Q�H�����H�[�S�D�Q�G�L�Q�J��
�W�K�H�� �N�Q�R�Z�O�H�G�J�H�� �E�D�V�H���� �D�Q�G�� �H�Q�V�X�U�L�Q�J�� �L�Q�F�O�X�V�L�Y�L�W�\�� �I�R�U�� �Y�D�U�\�L�Q�J�� �O�H�Y�H�O�V�� �R�I�� �(�Q�J�O�L�V�K�� �S�U�R�I�L�F�L�H�Q�F�\���� �7�K�H��
�I�L�Q�G�L�Q�J�V���S�R�L�Q�W���W�R���D���E�U�R�D�G�H�U���L�P�S�D�F�W�����D�V���W�H�F�K�Q�L�F�L�D�Q�V���J�D�L�Q���F�R�Q�I�L�G�H�Q�F�H���L�Q���W�K�H�L�U���&�'�,�2���X�Q�G�H�U�V�W�D�Q�G�L�Q�J����
�V�W�X�G�H�Q�W�V�� �E�H�Q�H�I�L�W�� �I�U�R�P�� �P�R�U�H�� �H�I�I�H�F�W�L�Y�H�� �O�D�E�� �V�X�S�H�U�Y�L�V�L�R�Q���� �W�L�P�H�O�\�� �P�H�Q�W�R�U�V�K�L�S���� �D�Q�G�� �V�W�U�R�Q�J�H�U��
�L�Q�W�H�J�U�D�W�L�R�Q���R�I���W�K�H�R�U�\���Z�L�W�K���S�U�D�F�W�L�F�H�� 

�)�X�W�X�U�H���Z�R�U�N���Z�L�O�O���L�Q�Y�R�O�Y�H���U�H�I�L�Q�L�Q�J���W�K�H���F�K�D�W�E�R�W���E�D�V�H�G���R�Q���W�H�F�K�Q�L�F�L�D�Q���L�Q�S�X�W�����H�[�S�O�R�U�L�Q�J���L�Q�W�H�J�U�D�W�L�R�Q��
�Z�L�W�K�� �L�Q�V�W�L�W�X�W�L�R�Q�D�O�� �V�\�V�W�H�P�V���� �D�Q�G�� �H�[�W�H�Q�G�L�Q�J�� �L�W�V�� �D�S�S�O�L�F�D�W�L�R�Q�� �W�R�� �R�W�K�H�U�� �S�U�R�I�H�V�V�L�R�Q�D�O�� �G�H�Y�H�O�R�S�P�H�Q�W��
�G�R�P�D�L�Q�V�� 

�$�&�.�1�2�:�/�(�'�*�(�0�(�1�7�6  

�7�K�H���D�X�W�K�R�U���U�H�F�H�L�Y�H�G���Q�R���I�L�Q�D�Q�F�L�D�O���V�X�S�S�R�U�W���I�R�U���W�K�L�V���Z�R�U�N�����7�K�H���D�X�W�K�R�U���Z�R�X�O�G���D�O�V�R���O�L�N�H���W�R���W�K�D�Q�N���W�K�H��
�W�H�F�K�Q�L�F�L�D�Q�V���Z�K�R���S�D�U�W�L�F�L�S�D�W�H�G���L�Q���W�K�H���W�H�V�W�L�Q�J���R�I���W�K�H���F�K�D�W�E�R�W���D�Q�G���S�D�U�W�L�F�L�S�D�W�H�G���L�Q���W�K�H���U�H�Y�L�H�Z�� 

�5�(�)�(�5�(�1�&�(�6 

�$�6�$�(�&�H�Q�W�H�U���R�U�J���������������������7�R�S���I�L�Y�H���F�R�Q�F�H�U�Q�V���I�R�U���S�U�R�I�H�V�V�L�R�Q�D�O���G�H�Y�H�O�R�S�P�H�Q�W���V�W�D�I�I����
�K�W�W�S�V�������Z�Z�Z���D�V�D�H�F�H�Q�W�H�U���R�U�J���U�H�V�R�X�U�F�H�V���D�U�W�L�F�O�H�V���D�Q�B�S�O�X�V�������������P�D�\���W�R�S���I�L�Y�H���F�R�Q�F�H�U�Q�V���I�R�U���S�U�R�I�H�V�V�L�R�Q�D�O��
�G�H�Y�H�O�R�S�P�H�Q�W���V�W�D�I�I 

�%�R�X�G�����'�������	���+�D�J�H�U�����3���������������������5�H���W�K�L�Q�N�L�Q�J���F�R�Q�W�L�Q�X�L�Q�J���S�U�R�I�H�V�V�L�R�Q�D�O���G�H�Y�H�O�R�S�P�H�Q�W���W�K�U�R�X�J�K���F�K�D�Q�J�L�Q�J��
�P�H�W�D�S�K�R�U�V���D�Q�G���O�R�F�D�W�L�R�Q���L�Q���S�U�R�I�H�V�V�L�R�Q�D�O���S�U�D�F�W�L�F�H�V�����6�W�X�G�L�H�V���L�Q���&�R�Q�W�L�Q�X�L�Q�J���(�G�X�F�D�W�L�R�Q������������������������������ 

�%�U�R�Z�Q�����$���������������������)�O�H�[�L�E�L�O�L�W�\���L�Q���/�H�D�U�Q�L�Q�J�����$���&�R�P�S�U�H�K�H�Q�V�L�Y�H���*�X�L�G�H���W�R���0�R�G�H�U�Q���3�U�R�I�H�V�V�L�R�Q�D�O��
�'�H�Y�H�O�R�S�P�H�Q�W�����(�G�X�F�D�W�L�R�Q�D�O���5�H�V�H�D�U�F�K���-�R�X�U�Q�D�O�����������������������±������ 

�&�K�H�Q�����<�������	���)�H�Q�J�����<���������������������'�H�V�L�J�Q�L�Q�J���H�I�I�H�F�W�L�Y�H���X�V�H�U���J�X�L�G�D�Q�F�H���I�R�U���F�K�D�W�E�R�W�V�����$���V�W�X�G�\���R�Q���W�K�H���L�P�S�D�F�W���R�I��
�V�D�P�S�O�H���S�U�R�P�S�W�V�����-�R�X�U�Q�D�O���R�I���,�Q�W�H�U�D�F�W�L�Y�H���7�H�F�K�Q�R�O�R�J�\�������������������������±�������� 

�'�D�Y�L�V�����)�����'���������������������3�H�U�F�H�L�Y�H�G���X�V�H�I�X�O�Q�H�V�V�����S�H�U�F�H�L�Y�H�G���H�D�V�H���R�I���X�V�H�����D�Q�G���X�V�H�U���D�F�F�H�S�W�D�Q�F�H���R�I���L�Q�I�R�U�P�D�W�L�R�Q��
�W�H�F�K�Q�R�O�R�J�\�����0�,�6���4�X�D�U�W�H�U�O�\�������������������������±�������� 

�)�¡�O�V�W�D�G�����$�������	���%�U�D�Q�G�W�]�D�H�J�����3�����%���������������������8�V�H�U�V�
���H�[�S�H�U�L�H�Q�F�H�V���Z�L�W�K���F�K�D�W�E�R�W�V�����)�L�Q�G�L�Q�J�V���I�U�R�P���D��
�T�X�H�V�W�L�R�Q�Q�D�L�U�H���V�W�X�G�\�����4�X�D�O�L�W�\���D�Q�G���8�V�H�U���(�[�S�H�U�L�H�Q�F�H�����������������������K�W�W�S�V�������G�R�L���R�U�J�������������������V������������������ ������������ ��
�� 

�)�U�\�H�U�����/�������	���%�R�Y�H�H�����+���������������������6�X�S�S�R�U�W�L�Q�J���V�H�O�I���U�H�J�X�O�D�W�H�G���O�H�D�U�Q�L�Q�J���L�Q���D���G�L�J�L�W�D�O���D�J�H�����$�Q���L�Q���G�H�S�W�K���O�R�R�N���D�W��
�F�K�D�W�E�R�W�V���L�Q���H�G�X�F�D�W�L�R�Q�����-�R�X�U�Q�D�O���R�I���(�G�X�F�D�W�L�R�Q�D�O���7�H�F�K�Q�R�O�R�J�\�������������������������±�������� 

�*�R�W�W�I�U�H�G�V�R�Q�����&�������	���0�R�V�K�H�U�����%���������������������,�Q�Q�R�Y�D�W�L�Y�H���S�H�U�I�R�U�P�D�Q�F�H���V�X�S�S�R�U�W�����6�W�U�D�W�H�J�L�H�V���D�Q�G���S�U�D�F�W�L�F�H�V���I�R�U��
�O�H�D�U�Q�L�Q�J���L�Q���W�K�H���Z�R�U�N�I�O�R�Z�����0�F�*�U�D�Z���+�L�O�O�� 

�*�U�D�K�D�P�����&�������	���5�H�J�D�Q�����-���������������������(�[�S�O�R�U�L�Q�J���W�K�H���S�U�R�I�H�V�V�L�R�Q�D�O���G�H�Y�H�O�R�S�P�H�Q�W���Q�H�H�G�V���R�I���Q�R�Q���D�F�D�G�H�P�L�F���V�W�D�I�I��
�L�Q���K�L�J�K�H�U���H�G�X�F�D�W�L�R�Q�����-�R�X�U�Q�D�O���R�I���+�L�J�K�H�U���(�G�X�F�D�W�L�R�Q���3�R�O�L�F�\���D�Q�G���0�D�Q�D�J�H�P�H�Q�W���������������������������������� 

�.�H�X�Q�J���-�������-�H�I�I�H�U�\���5�������D�Q�G���.�L�W�F�K�H�Q�K�D�P���%�������������������7�K�H���&�K�D�O�O�H�Q�J�H���R�I���,�Q�W�U�R�G�X�F�L�Q�J���D���1�H�Z���6�R�I�W�Z�D�U�H���&�R�V�W��
�(�V�W�L�P�D�W�L�R�Q���7�H�F�K�Q�R�O�R�J�\���L�Q�W�R���D���6�P�D�O�O���6�R�I�W�Z�D�U�H���2�U�J�D�Q�L�V�D�W�L�R�Q�����L�Q���3�U�R�F�H�H�G�L�Q�J�V���R�I���W�K�H�������������$�X�V�W�U�D�O�L�D�Q��
�6�R�I�W�Z�D�U�H���(�Q�J�L�Q�H�H�U�L�Q�J���&�R�Q�I�H�U�H�Q�F�H�����$�6�:�(�&�
�����������,�(�(�(���&�R�P�S�X�W�H�U���6�R�F�L�H�W�\���3�U�H�V�V���� 

�.�X�P�D�U�����6�������	���6�K�D�K�����$���������������������2�Q���G�H�P�D�Q�G���O�H�D�U�Q�L�Q�J���W�K�U�R�X�J�K���G�L�J�L�W�D�O���W�R�R�O�V�����6�K�L�I�W�L�Q�J���S�D�U�D�G�L�J�P�V���L�Q��
�S�U�R�I�H�V�V�L�R�Q�D�O���G�H�Y�H�O�R�S�P�H�Q�W�����/�H�D�U�Q�L�Q�J���D�Q�G���'�H�Y�H�O�R�S�P�H�Q�W���5�H�Y�L�H�Z�������������������������±�������� 



 

������  
�3�U�R�F�H�H�G�L�Q�J�V���R�I���W�K�H�������V�W���,�Q�W�H�U�Q�D�W�L�R�Q�D�O���&�'�,�2���&�R�Q�I�H�U�H�Q�F�H�����K�R�V�W�H�G���E�\ 

�0�R�Q�D�V�K���8�Q�L�Y�H�U�V�L�W�\�����0�H�O�E�R�X�U�Q�H�����$�X�V�W�U�D�O�L�D�����-�X�Q�H���������������������� 

�K�8���]���o���~�K�‰���v�• 

�/�D�Z�W�R�Q�����'���������������������7�K�H���O�L�P�L�W�D�W�L�R�Q�V���R�I���W�U�D�G�L�W�L�R�Q�D�O���S�U�R�I�H�V�V�L�R�Q�D�O���G�H�Y�H�O�R�S�P�H�Q�W�����-�X�V�W���L�Q���F�D�V�H���Y�V�����M�X�V�W���L�Q���W�L�P�H��
�O�H�D�U�Q�L�Q�J�����-�R�X�U�Q�D�O���R�I���:�R�U�N�S�O�D�F�H���/�H�D�U�Q�L�Q�J���������������������������������� 

�/�L�����0�������	���7�V�D�L�����3���������������������0�L�F�U�R���O�H�D�U�Q�L�Q�J���L�Q���S�U�R�I�H�V�V�L�R�Q�D�O���G�H�Y�H�O�R�S�P�H�Q�W�����$���V�W�X�G�\���R�Q���H�Q�J�D�J�H�P�H�Q�W���D�Q�G��
�U�H�W�H�Q�W�L�R�Q�����(�G�X�F�D�W�L�R�Q�D�O���,�Q�Q�R�Y�D�W�L�R�Q�V���4�X�D�U�W�H�U�O�\���������������������±������ 

�/�L�Q�����&�����+�������	���:�D�U�V�F�K�D�X�H�U�����0���������������������2�Q�O�L�Q�H���O�H�D�U�Q�L�Q�J���I�R�U���G�L�Y�H�U�V�H���O�D�Q�J�X�D�J�H���E�D�F�N�J�U�R�X�Q�G�V�����(�T�X�L�W�\���D�Q�G��
�D�F�F�H�V�V�����(�T�X�L�W�\���	���(�[�F�H�O�O�H�Q�F�H���L�Q���(�G�X�F�D�W�L�R�Q�������������������������±����������
�K�W�W�S�V�������G�R�L���R�U�J���������������������������������������������������������� 

�1�R�X�U�L�����-���������������������6�W�X�G�H�Q�W�V���P�X�O�W�L�P�R�G�D�O���O�L�W�H�U�D�F�\���D�Q�G���G�H�V�L�J�Q���R�I���O�H�D�U�Q�L�Q�J���G�X�U�L�Q�J���V�H�O�I���V�W�X�G�L�H�V���L�Q���K�L�J�K�H�U��
�H�G�X�F�D�W�L�R�Q�����7�H�F�K�7�U�H�Q�G�V�������������������±�����������K�W�W�S�V�������G�R�L���R�U�J�������������������V������������������ ���������� ���� 

�6�P�L�W�K�����-���������������������.�Q�R�Z�O�H�G�J�H���P�D�Q�D�J�H�P�H�Q�W���D�Q�G���F�R�Q�W�H�Q�W���L�Q�W�H�J�U�L�W�\���L�Q���G�L�J�L�W�D�O���O�H�D�U�Q�L�Q�J���H�Q�Y�L�U�R�Q�P�H�Q�W�V����
�-�R�X�U�Q�D�O���R�I���,�Q�I�R�U�P�D�W�L�R�Q���6�\�V�W�H�P�V���L�Q���(�G�X�F�D�W�L�R�Q�����������������������±������ 

�6�\�Q�R�S�W�H�N�������Q���G���������$�,���F�K�D�W�E�R�W�V�����8�Q�G�H�U�V�W�D�Q�G�L�Q�J���W�K�H���E�H�Q�H�I�L�W�V���D�Q�G���O�L�P�L�W�D�W�L�R�Q�V����
�K�W�W�S�V�������V�\�Q�R�S�W�H�N���F�R�P���L�Q�V�L�J�K�W�V���L�W���E�O�R�J�V���G�D�W�D���L�Q�V�L�J�K�W�V���D�L���F�K�D�W�E�R�W�V���X�Q�G�H�U�V�W�D�Q�G�L�Q�J���W�K�H���E�H�Q�H�I�L�W�V���D�Q�G��
�O�L�P�L�W�D�W�L�R�Q�V�������a 

� �7�K�H�\�������K�D�Y�H�������D�������O�L�P�L�W�H�G�������X�Q�G�H�U�V�W�D�Q�G�L�Q�J���G�D�W�D�������F�D�Q�������U�H�V�X�O�W�������L�Q�������P�L�V�X�V�H 

�7�U�D�L�Q�L�Q�J���,�Q�G�X�V�W�U�\���������������������&�K�D�W�*�3�7���D�O�R�Q�H���L�V�Q�¶�W���H�Q�R�X�J�K�����%�H�Q�H�I�L�W�V���D�Q�G���G�U�D�Z�E�D�F�N�V���R�I���X�V�L�Q�J���/�/�0�V���I�R�U��
�F�R�D�F�K�L�Q�J�����K�W�W�S�V�������W�U�D�L�Q�L�Q�J�L�Q�G�X�V�W�U�\���F�R�P���D�U�W�L�F�O�H�V���O�H�D�U�Q�L�Q�J���W�H�F�K�Q�R�O�R�J�L�H�V���F�K�D�W�J�S�W���D�O�R�Q�H���L�V�Q�W���H�Q�R�X�J�K��
�E�H�Q�H�I�L�W�V���D�Q�G���G�U�D�Z�E�D�F�N�V���R�I���X�V�L�Q�J���O�O�P�V���I�R�U���F�R�D�F�K�L�Q�J�� 

�9�H�Q�N�D�W�H�V�K�����9�������	���'�D�Y�L�V�����)�����'���������������������$���W�K�H�R�U�H�W�L�F�D�O���H�[�W�H�Q�V�L�R�Q���R�I���W�K�H���7�H�F�K�Q�R�O�R�J�\���$�F�F�H�S�W�D�Q�F�H���0�R�G�H�O����
�)�R�X�U���O�R�Q�J�L�W�X�G�L�Q�D�O���I�L�H�O�G���V�W�X�G�L�H�V�����0�D�Q�D�J�H�P�H�Q�W���6�F�L�H�Q�F�H�������������������������±����������
�K�W�W�S�V�������G�R�L���R�U�J�������������������P�Q�V�F������������������������������  

�%�L�J�J�V�����-�����%�������	���7�D�Q�J�����&�����6�����N���������������������7�H�D�F�K�L�Q�J���I�R�U���4�X�D�O�L�W�\���/�H�D�U�Q�L�Q�J���D�W���8�Q�L�Y�H�U�V�L�W�\�����:�K�D�W���W�K�H���6�W�X�G�H�Q�W��
�'�R�H�V�����0�D�L�G�H�Q�K�H�D�G�����6�R�F�L�H�W�\���I�R�U���5�H�V�H�D�U�F�K���L�Q�W�R���+�L�J�K�H�U���(�G�X�F�D�W�L�R�Q���	���2�S�H�Q���8�Q�L�Y�H�U�V�L�W�\���3�U�H�V�V�� 

�&�O�D�U�L�Y�D�W�H�������������������1�R�Y�H�P�E�H�U�����������(�Q�G�Q�R�W�H�����5�H�W�U�L�H�Y�H�G���I�U�R�P���(�Q�G�Q�R�W�H�����K�W�W�S�V�������H�Q�G�Q�R�W�H���F�R�P�� 

�/�D�Q�W�D�G�D�����$�����'�������2�O�P�H�G�R�����-�����-�������)�H�O�L�S�����$�����5�������)�H�U�Q�i�Q�G�H�]�����-�����-�������*�D�U�F�t�D�����-�����0�������$�O�R�Q�V�R�����5�����&�������	���+�X�H�U�W�D�V�����-����
�&���������������������&�'�,�2���(�[�S�H�U�L�H�Q�F�H�V���L�Q���%�L�R�P�H�G�L�F�D�O���(�Q�J�L�Q�H�H�U�L�Q�J�����3�U�H�S�D�U�L�Q�J���6�S�D�Q�L�V�K���6�W�X�G�H�Q�W�V���I�R�U���W�K�H���)�X�W�X�U�H��
�R�I���0�H�G�L�F�L�Q�H���D�Q�G���0�H�G�L�F�D�O���'�H�Y�L�F�H���7�H�F�K�Q�R�O�R�J�\�����3�U�R�F�H�H�G�L�Q�J�V���R�I���W�K�H�������W�K���,�Q�W�H�U�Q�D�W�L�R�Q�D�O���&�'�,�2���&�R�Q�I�H�U�H�Q�F�H��
���S�S�������������������������7�X�U�N�X�����)�L�Q�O�D�Q�G�����7�X�U�N�X���8�Q�L�Y�H�U�V�L�W�\���R�I���$�S�S�O�L�H�G���6�F�L�H�Q�F�H�V�� 

�0�D�O�P�T�Y�L�V�W�����-�������+�X�D�\�����+�����/�����:�������.�R�Q�W�L�R�����-�������	���0�L�Q�K�����7�����'���������������������$�S�S�O�L�F�D�W�L�R�Q���R�I���&�'�,�2���L�Q���1�R�Q��
�(�Q�J�L�Q�H�H�U�L�Q�J���3�U�R�J�U�D�P�P�H�V���±���0�R�W�L�Y�H�V�����,�P�S�O�H�P�H�Q�W�D�W�L�R�Q���$�Q�G���(�[�S�H�U�L�H�Q�F�H�V�����3�U�R�F�H�H�G�L�Q�J�V���R�I���W�K�H�������W�K��
�,�Q�W�H�U�Q�D�W�L�R�Q�D�O���&�'�,�2���&�R�Q�I�H�U�H�Q�F�H�����S�S�����������������������7�X�U�N�X�����)�L�Q�O�D�Q�G�����7�X�U�N�X���8�Q�L�Y�H�U�V�L�W�\���R�I���$�S�S�O�L�H�G���6�F�L�H�Q�F�H�V�� 

�0�L�F�U�R�V�R�I�W�������������������1�R�Y�H�P�E�H�U�����������&�U�H�D�W�H���D���E�L�E�O�L�R�J�U�D�S�K�\�����F�L�W�D�W�L�R�Q�V�����D�Q�G���U�H�I�H�U�H�Q�F�H�V����
�K�W�W�S�V�������V�X�S�S�R�U�W���P�L�F�U�R�V�R�I�W���F�R�P���H�Q���X�V���R�I�I�L�F�H���F�U�H�D�W�H���D���E�L�E�O�L�R�J�U�D�S�K�\���F�L�W�D�W�L�R�Q�V���D�Q�G���U�H�I�H�U�H�Q�F�H�V������������������ ��
�������� ���������� �����F�������������F�������I�D���D�� 

  



 

������  
�3�U�R�F�H�H�G�L�Q�J�V���R�I���W�K�H�������V�W���,�Q�W�H�U�Q�D�W�L�R�Q�D�O���&�'�,�2���&�R�Q�I�H�U�H�Q�F�H�����K�R�V�W�H�G���E�\ 

�0�R�Q�D�V�K���8�Q�L�Y�H�U�V�L�W�\�����0�H�O�E�R�X�U�Q�H�����$�X�V�W�U�D�O�L�D�����-�X�Q�H���������������������� 

�K�8���]���o���~�K�‰���v�• 

�%�,�2�*�5�$�3�+�,�&�$�/���,�1�)�2�5�0�$�7�,�2�1 

�0�D�U�N���1�L�Y�D�Q���6�L�Q�J�K���L�V���'�H�S�X�W�\���'�L�U�H�F�W�R�U���R�I���(�G�X�F�D�W�L�R�Q�D�O���'�H�Y�H�O�R�S�P�H�Q�W���D�W���6�L�Q�J�D�S�R�U�H���3�R�O�\�W�H�F�K�Q�L�F����
�0�D�U�N�� �O�H�D�G�V�� �L�Q�� �W�K�H�� �L�P�S�O�H�P�H�Q�W�D�W�L�R�Q�� �R�I�� �H�G�X�F�D�W�L�R�Q�� �L�Q�L�W�L�D�W�L�Y�H�V�� �O�L�N�H�� �&�'�,�2���� �'�D�W�D���(�Q�D�E�O�H�G�� �)�O�L�S�S�H�G��
�/�H�D�U�Q�L�Q�J�����6�H�O�I���'�L�U�H�F�W�H�G���/�H�D�U�Q�L�Q�J���D�Q�G���3�H�G�D�J�R�J�\���I�R�U���W�K�H���3�U�R�I�H�V�V�L�R�Q�V�����3�D�U�W���R�I���K�L�V���Z�R�U�N���L�Q�Y�R�O�Y�H�V��
�Z�R�U�N�L�Q�J���F�O�R�V�H�O�\���Z�L�W�K���I�D�F�X�O�W�\���W�R���U�H���G�H�V�L�J�Q���W�K�H�L�U���F�X�U�U�L�F�X�O�X�P�����L�Q�Q�R�Y�D�W�H���W�K�H�L�U���W�H�D�F�K�L�Q�J���D�Q�G���O�H�D�U�Q�L�Q�J��
�D�S�S�U�R�D�F�K�H�V���D�Q�G���F�R�Q�G�X�F�W�L�Q�J���U�H�O�H�Y�D�Q�W���Z�R�U�N�V�K�R�S�V���D�Q�G���R�W�K�H�U���S�U�R�I�H�V�V�L�R�Q�D�O���G�H�Y�H�O�R�S�P�H�Q�W���D�F�W�L�Y�L�W�L�H�V��
�W�R���H�Q�K�D�Q�F�H���W�K�H���F�D�S�D�E�L�O�L�W�\���R�I���6�3�¶�V���I�D�F�X�O�W�\���L�Q���W�H�D�F�K�L�Q�J���D�Q�G���O�H�D�U�Q�L�Q�J�� 

�&�R�U�U�H�V�S�R�Q�G�L�Q�J���D�X�W�K�R�U 

�0�D�U�N���1�L�Y�D�Q���6�L�Q�J�K 
�6�L�Q�J�D�S�R�U�H���3�R�O�\�W�H�F�K�Q�L�F 
�'�H�S�D�U�W�P�H�Q�W���R�I���(�G�X�F�D�W�L�R�Q�D�O���'�H�Y�H�O�R�S�P�H�Q�W 
���������'�R�Y�H�U���5�R�D�G 
�6�L�Q�J�D�S�R�U�H�����������������5�H�S�X�E�O�L�F���R�I��
�6�,�1�*�$�3�2�5�( 
�0�D�U�N�B�1�L�Y�D�Q�B�6�L�Q�J�K�#�V�S���H�G�X���V�J 

 

�7�K�L�V���Z�R�U�N���L�V���O�L�F�H�Q�V�H�G���X�Q�G�H�U���D���&�U�H�D�W�L�Y�H��
�&�R�P�P�R�Q�V���$�W�W�U�L�E�X�W�L�R�Q���1�R�Q�&�R�P�P�H�U�F�L�D�O��
�1�R�'�H�U�L�Y�D�W�L�Y�H�V�����������,�Q�W�H�U�Q�D�W�L�R�Q�D�O���/�L�F�H�Q�V�H�� 

 
 

  

https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/


 

������  
�3�U�R�F�H�H�G�L�Q�J�V���R�I���W�K�H�������V�W���,�Q�W�H�U�Q�D�W�L�R�Q�D�O���&�'�,�2���&�R�Q�I�H�U�H�Q�F�H�����K�R�V�W�H�G���E�\ 

�0�R�Q�D�V�K���8�Q�L�Y�H�U�V�L�W�\�����0�H�O�E�R�X�U�Q�H�����$�X�V�W�U�D�O�L�D�����-�X�Q�H�������������������� �� 

�K�8���]���o���~�K�‰���v�• 

�2�3�(�5�$�7�,�2�1�$�/�,�=�,�1�*���&�'�,�2���(�1�*�,�1�(�(�5�,�1�*���/�(�$�5�1�,�1�*��
�:�2�5�.�6�3�$�&�(�6���,�1���(�$�6�7���.�$�=�$�.�+�6�7�$�1���7�(�&�+�1�,�&�$�/���8�1�,�9�(�5�6�,�7�< 

�=�K�D�G�\�U�D���.�R�Q�X�U�E�D�\�H�Y�D 

�5�H�F�W�R�U�
�V���R�I�I�L�F�H�����(�D�V�W���.�D�]�D�N�K�V�W�D�Q���7�H�F�K�Q�L�F�D�O���8�Q�L�Y�H�U�V�L�W�\ 

�6�D�P�D�W���%�D�L�J�H�U�H�\�H�Y 

�,�Q�W�H�U�Q�D�W�L�R�Q�D�O���6�F�K�R�R�O���R�I���(�Q�J�L�Q�H�H�U�L�Q�J�����(�D�V�W���.�D�]�D�N�K�V�W�D�Q���7�H�F�K�Q�L�F�D�O���8�Q�L�Y�H�U�V�L�W�\ 

�.�L�P���)�D�L���6�R�K�� 

�6�F�K�R�R�O���R�I���0�H�F�K�D�Q�L�F�D�O���	���$�H�U�R�Q�D�X�W�L�F�D�O���(�Q�J�L�Q�H�H�U�L�Q�J�����6�L�Q�J�D�S�R�U�H���3�R�O�\�W�H�F�K�Q�L�F 

�6�L�Q���0�R�K���&�K�H�D�K 

�'�H�S�D�U�W�P�H�Q�W���R�I���(�G�X�F�D�W�L�R�Q�D�O���'�H�Y�H�O�R�S�P�H�Q�W�����6�L�Q�J�D�S�R�U�H���3�R�O�\�W�H�F�K�Q�L�F 

�$�%�6�7�5�$�&�7 

�7�K�L�V�� �S�D�S�H�U�� �G�L�V�F�X�V�V�H�V�� �W�K�H�� �H�I�I�R�U�W�� �E�\�� �(�D�V�W�� �.�D�]�D�N�K�V�W�D�Q�� �7�H�F�K�Q�L�F�D�O�� �8�Q�L�Y�H�U�V�L�W�\�� ���(�.�7�8���� �L�Q��
�F�R�O�O�D�E�R�U�D�W�L�R�Q�� �Z�L�W�K�� �6�L�Q�J�D�S�R�U�H�� �3�R�O�\�W�H�F�K�Q�L�F�� ���6�3������ �L�Q�� �X�V�L�Q�J�� �W�K�H�� �&�'�,�2�� �6�W�D�Q�G�D�U�G�� ���� �(�Q�J�L�Q�H�H�U�L�Q�J��
�/�H�D�U�Q�L�Q�J���:�R�U�N�V�S�D�F�H�V���W�R���D�O�L�J�Q���(�.�7�8�¶�V���/�X�E�D�Q���:�R�U�N�V�K�R�S�����(�.�7�8���D�Q�G���&�K�L�Q�D�¶�V���7�L�D�Q�M�L�Q���9�R�F�D�W�L�R�Q�D�O��
�,�Q�V�W�L�W�X�W�H�� �F�R�O�O�D�E�R�U�D�W�L�Y�H�� �S�U�R�M�H�F�W������ �(�.�7�8�� �K�D�G�� �H�D�U�O�L�H�U�� �D�G�R�S�W�H�G�� �W�K�H���&�K�L�Q�H�V�H�� �W�H�D�F�K�L�Q�J�� �P�R�G�H�O��
�(�Q�J�L�Q�H�H�U�L�Q�J���3�U�D�F�W�L�F�H���,�Q�Q�R�Y�D�W�L�R�Q���3�U�R�M�H�F�W�����(�3�,�3�����I�R�U���L�W�V���/�X�E�D�Q���:�R�U�N�V�K�R�S�������7�K�H���S�D�S�H�U���V�K�D�U�H�V���D��
�E�U�L�H�I�� �O�L�W�H�U�D�W�X�U�H�� �U�H�Y�L�H�Z�� �R�Q�� �&�'�,�2�� �Z�R�U�N�V�S�D�F�H�V���� �6�3�� �H�[�S�H�U�L�H�Q�F�H�� �L�Q���&�'�,�2�� �6�W�D�Q�G�D�U�G�� ����
�L�P�S�O�H�P�H�Q�W�D�W�L�R�Q���� �F�R�P�E�L�Q�H�G�� �X�V�H�� �R�I���W�K�H�� �&�'�,�2���D�Q�G�� �(�3�,�3���L�Q���H�Q�J�L�Q�H�H�U�L�Q�J�� �H�G�X�F�D�W�L�R�Q�����7�K�L�V�� �S�D�S�H�U��
�F�R�Q�F�O�X�G�H�V���Z�L�W�K���L�G�H�D�V���I�R�U���P�R�Y�L�Q�J�����L�Q�F�O�X�G�L�Q�J���W�K�H���G�H�V�L�J�Q���W�K�L�Q�N�L�Q�J���L�Q�W�H�J�U�D�W�L�R�Q���D�Q�G���V�W�X�G�H�Q�W�V���V�X�U�Y�H�\��
�O�H�D�U�Q�L�Q�J���H�[�S�H�U�L�H�Q�F�H�� 

�.�(�<�:�2�5�'�6  

�/�H�D�U�Q�L�Q�J���Z�R�U�N�V�S�D�F�H�����/�X�E�D�Q���:�R�U�N�V�K�R�S�����&�'�,�2���6�W�D�Q�G�D�U�G��������  



 

������  
�3�U�R�F�H�H�G�L�Q�J�V���R�I���W�K�H�������V�W���,�Q�W�H�U�Q�D�W�L�R�Q�D�O���&�'�,�2���&�R�Q�I�H�U�H�Q�F�H�����K�R�V�W�H�G���E�\ 

�0�R�Q�D�V�K���8�Q�L�Y�H�U�V�L�W�\�����0�H�O�E�R�X�U�Q�H�����$�X�V�W�U�D�O�L�D�����-�X�Q�H�������������������� �� 

�K�8���]���o���~�K�‰���v�• 

�,�1�7�5�2�'�8�&�7�,�2�1���$�1�'���6�&�2�3�(���2�)���7�+�,�6���3�$�3�(�5 

�(�D�V�W���.�D�]�D�N�K�V�W�D�Q���7�H�F�K�Q�L�F�D�O���8�Q�L�Y�H�U�V�L�W�\�����(�.�7�8�����M�R�L�Q�H�G���W�K�H���&�'�,�2���L�Q�L�W�L�D�W�L�Y�H���L�Q���������������&�X�U�U�H�Q�W�O�\���W�K�H��
�L�Q�V�W�L�W�X�W�L�R�Q���L�V���W�K�H���R�Q�O�\���X�Q�L�Y�H�U�V�L�W�\���L�P�S�O�H�P�H�Q�W�L�Q�J���W�K�H���F�R�Q�F�H�S�W���R�I���H�Q�J�L�Q�H�H�U�L�Q�J���H�G�X�F�D�W�L�R�Q���E�D�V�H�G���R�Q��
�L�Q�W�H�U�Q�D�W�L�R�Q�D�O���V�W�D�Q�G�D�U�G�V���D�Q�G���W�K�H���&�'�,�2���L�Q�L�W�L�D�W�L�Y�H���L�Q���&�H�Q�W�U�D�O���$�V�L�D���D�Q�G���.�D�]�D�N�K�V�W�D�Q�����7�K�L�V���L�V���L�Q���O�L�Q�H��
�Z�L�W�K�� �W�K�H�� �X�Q�L�Y�H�U�V�L�W�\�¶�V�� �H�I�I�R�U�W�� �W�R�Z�D�U�G�V�� �U�H�L�Q�Y�H�Q�W�L�Q�J�� �L�W�V�� �D�S�S�U�R�D�F�K�� �W�R�� �F�R�Q�G�X�F�W�L�Q�J�� �H�Q�J�L�Q�H�H�U�L�Q�J��
�H�G�X�F�D�W�L�R�Q���E�D�V�H�G���R�Q���S�U�D�F�W�L�F�H���R�U�L�H�Q�W�H�G���P�R�G�H�O�V���R�I���H�Q�J�L�Q�H�H�U�V�¶���S�U�H�S�D�U�D�W�L�R�Q���D�O�L�J�Q�H�G���W�R���L�Q�W�H�U�Q�D�W�L�R�Q�D�O��
�V�W�D�Q�G�D�U�G�V�����7�K�L�V���V�W�D�U�W�H�G���L�Q���������������X�Q�G�H�U���D���V�F�L�H�Q�W�L�I�L�F���S�U�R�M�H�F�W���I�X�Q�G�H�G���D�Q�G���J�X�L�G�H�G���E�\���W�K�H���0�L�Q�L�V�W�U�\��
�R�I�� �(�G�X�F�D�W�L�R�Q�� �D�Q�G�� �6�F�L�H�Q�F�H�� �R�I�� �.�D�]�D�N�K�V�W�D�Q���� �(�D�V�W�� �.�D�]�D�N�K�V�W�D�Q���7�H�F�K�Q�L�F�D�O�� �8�Q�L�Y�H�U�V�L�W�\�� �G�H�Y�H�O�R�S�H�G��
�W�K�H���1�D�W�L�R�Q�D�O���0�R�G�H�O���R�I���(�Q�J�L�Q�H�H�U�L�Q�J���(�G�X�F�D�W�L�R�Q���I�R�U���.�D�]�D�N�K�V�W�D�Q���S�U�D�F�W�L�F�H�V�����7�K�H���:�R�U�O�G�Z�L�G�H���&�'�,�2��
�L�Q�L�W�L�D�W�L�Y�H���D�Q�G�� �&�K�L�Q�H�V�H�� �W�H�D�F�K�L�Q�J�� �P�R�G�H�O���(�Q�J�L�Q�H�H�U�L�Q�J�� �3�U�D�F�W�L�F�H�� �,�Q�Q�R�Y�D�W�L�R�Q�� �3�U�R�M�H�F�W�����(�3�,�3�����Z�H�U�H��
�F�K�R�V�H�Q���D�V���W�K�H���I�R�X�Q�G�D�W�L�R�Q���R�I���W�K�H���.�D�]�D�N�K�V�W�D�Q���P�R�G�H�O�����7�K�H���P�D�L�Q���H�O�H�P�H�Q�W�V���R�I���(�3�,�3���F�R�P�S�U�L�V�H������
�H�O�H�P�H�Q�W�V�� �Z�K�L�F�K�� �D�U�H�� �³�(�Q�J�L�Q�H�H�U�L�Q�J�´���� �³�3�U�D�F�W�L�F�H�´���� �³�,�Q�Q�R�Y�D�W�L�R�Q�´���� �D�Q�G�� �³�3�U�R�M�H�F�W�´���� �³�(�Q�J�L�Q�H�H�U�L�Q�J�´�� �R�I��
�(�3�,�3���P�H�D�Q�V���U�H�D�O���O�L�I�H���R�U�L�H�Q�W�H�G���� �L�Q�G�X�V�W�U�L�D�O�L�]�H�G���� �U�H�D�O�L�V�W�L�F���� �V�R�F�L�D�O�L�]�H�G���S�U�R�M�H�F�W�V���� �³�3�U�D�F�W�L�F�H�´�� �U�H�I�O�H�F�W�V��
�V�L�P�X�O�W�D�Q�H�R�X�V���V�W�X�G�\���R�I���W�K�H�R�U�\���D�Q�G���S�U�D�F�W�L�F�H�����³�,�Q�Q�R�Y�D�W�L�R�Q�´���P�H�D�Q�V���W�U�\�L�Q�J���Q�H�Z���W�K�L�Q�J�V�����X�V�L�Q�J���Q�H�Z��
�F�R�Q�F�H�S�W�V�����G�H�Y�H�O�R�S�P�H�Q�W���R�I���R�U�L�J�L�Q�D�O���V�R�O�X�W�L�R�Q�V�����³�3�U�R�M�H�F�W�´���R�I���(�3�,�3���F�K�D�U�D�F�W�H�U�L�]�H�V���G�H�Y�H�O�R�S�P�H�Q�W���R�I��
�F�R�J�Q�L�W�L�Y�H���F�R�P�S�H�W�H�Q�F�H�����L�Q�G�H�S�H�Q�G�H�Q�W���W�K�L�Q�N�L�Q�J�����O�R�J�L�F�D�O���U�H�D�V�R�Q�L�Q�J�����H�[�S�U�H�V�V�L�R�Q���D�E�L�O�L�W�\�����L�Q�I�R�U�P�D�W�L�R�Q��
�S�U�R�F�H�V�V�L�Q�J���� �Z�R�U�G�� �D�S�S�O�L�F�D�W�L�R�Q���� �D�E�L�O�L�W�\�� �R�I�� �F�R�R�S�H�U�D�W�L�R�Q���� �V�H�O�I���F�R�Q�W�U�R�O���� �W�H�D�P���Z�R�U�N�L�Q�J���� �L�Q�Q�R�Y�D�W�L�Y�H��
�W�K�L�Q�N�L�Q�J���Y�L�D���S�U�R�M�H�F�W���E�D�V�H�G���O�H�D�U�Q�L�Q�J�����/�\�X���� ���������������$�V���D���U�H�V�X�O�W���R�I�� �W�K�L�V���S�U�R�M�H�F�W���� �(�D�V�W���.�D�]�D�N�K�V�W�D�Q��
�7�H�F�K�Q�L�F�D�O���8�Q�L�Y�H�U�V�L�W�\���D�L�P�V���W�R���V�K�D�U�H���R�Z�Q���H�[�S�H�U�L�H�Q�F�H���R�I���L�P�S�O�H�P�H�Q�W�L�Q�J���W�K�H�V�H���V�W�D�Q�G�D�U�G�V���Z�L�W�K���D�O�O��
�W�H�F�K�Q�L�F�D�O���X�Q�L�Y�H�U�V�L�W�L�H�V���L�Q���.�D�]�D�N�K�V�W�D�Q���E�\������������ 

�2�Q�H���R�I���W�K�H���N�H�\���I�R�F�X�V���D�U�H�D�V���L�V���W�R���D�O�L�J�Q���W�K�H���Y�D�U�L�R�X�V���H�Q�J�L�Q�H�H�U�L�Q�J���O�H�D�U�Q�L�Q�J���Z�R�U�N�V�S�D�F�H�V���Z�L�W�K�L�Q���W�K�H��
�(�D�V�W�� �.�D�]�D�N�K�V�W�D�Q�� �7�H�F�K�Q�L�F�D�O�� �8�Q�L�Y�H�U�V�L�W�\�� �F�D�P�S�X�V�� �L�Q�� �2�V�N�H�P�H�Q���� �$�� �Q�R�W�D�E�O�H�� �I�H�D�W�X�U�H�� �R�I�� �W�K�H��
�Z�R�U�N�V�S�D�F�H�V�� �L�Q���W�K�L�V�� �X�Q�L�Y�H�U�V�L�W�\���L�V�� �D�� �U�H�F�H�Q�W�O�\�� �L�Q�W�U�R�G�X�F�H�G�� �/�X�E�D�Q�� �:�R�U�N�V�K�R�S���� �V�H�W�� �X�S�� �Z�L�W�K�� �W�K�H��
�D�V�V�L�V�W�D�Q�F�H���I�U�R�P���W�K�H���7�L�D�Q�M�L�Q���9�R�F�D�W�L�R�Q�D�O���,�Q�V�W�L�W�X�W�H���I�U�R�P���&�K�L�Q�D�����/�\�X�������������������7�K�H���Z�R�U�N�V�K�R�S�����R�S�H�Q�H�G��
�L�Q���'�H�F�H�P�E�H�U���������������L�V���Q�D�P�H�G���D�I�W�H�U���/�X�E�D�Q�����Z�K�R���Z�D�V���D���&�K�L�Q�H�V�H���D�U�F�K�L�W�H�F�W���R�U���P�D�V�W�H�U���F�D�U�S�H�Q�W�H�U����
�V�W�U�X�F�W�X�U�D�O�� �H�Q�J�L�Q�H�H�U���� �D�Q�G�� �L�Q�Y�H�Q�W�R�U���� �G�X�U�L�Q�J�� �W�K�H�� �=�K�R�X�� �'�\�Q�D�V�W�\���� �D�Q�G�� �U�H�Y�H�U�H�G�� �D�V��
�W�K�H �&�K�L�Q�H�V�H �'�H�L�W�\ ���3�D�W�U�R�Q���� �R�I�� �E�X�L�O�G�H�U�V�� �D�Q�G�� �F�R�Q�W�U�D�F�W�R�U�V�����8�V�L�Q�J�� �W�K�H�� �W�H�D�F�K�L�Q�J�� �P�R�G�H�O�� �R�I���(�3�,�3����
�V�W�X�G�H�Q�W�V���L�Q���W�K�H���/�X�E�D�Q���:�R�U�N�V�K�R�S���Z�L�O�O���E�H���W�U�D�L�Q�H�G���L�Q���W�U�D�Q�V�S�R�U�W�D�W�L�R�Q���H�T�X�L�S�P�H�Q�W���D�Q�G���W�H�F�K�Q�R�O�R�J�\����
�Z�L�W�K���I�R�X�U���S�U�D�F�W�L�F�D�O���W�U�D�L�Q�L�Q�J���D�U�H�D�V�����I�X�H�O���Y�H�K�L�F�O�H���P�D�L�Q�W�H�Q�D�Q�F�H�����I�X�H�O���Y�H�K�L�F�O�H���V�\�V�W�H�P�V�����Q�H�Z���H�Q�H�U�J�\��
�Y�H�K�L�F�O�H�V���D�Q�G���L�Q�W�H�O�O�L�J�H�Q�W���F�R�Q�Q�H�F�W�H�G���Y�H�K�L�F�O�H�V�� 

�%�H�L�Q�J�� �D�� �Q�H�Z�� �P�H�P�E�H�U�� �R�I�� �&�'�,�2���� �(�D�V�W�� �.�D�]�D�N�K�V�W�D�Q�� �7�H�F�K�Q�L�F�D�O�� �8�Q�L�Y�H�U�V�L�W�\�� �D�F�W�L�Y�H�O�\�� �H�Q�J�D�J�H�G�� �L�Q��
�O�H�D�U�Q�L�Q�J�� �D�E�R�X�W�� �E�H�V�W�� �S�U�D�F�W�L�F�H�V�� �I�U�R�P�� �R�W�K�H�U�� �&�'�,�2�� �F�R�O�O�D�E�R�U�D�W�R�U�V���� �2�Q�H�� �D�U�H�D�� �L�V�� �W�R�� �K�D�U�P�R�Q�L�]�H���W�K�H��
�W�H�D�F�K�L�Q�J�� �D�Q�G�� �O�H�D�U�Q�L�Q�J�� �D�S�S�U�R�D�F�K�H�V�� �L�Q�� �W�K�H�L�U�� �H�Q�J�L�Q�H�H�U�L�Q�J�� �S�U�R�J�U�D�P�V�� �Z�L�W�K�� �W�K�H�L�U�� �H�Q�J�L�Q�H�H�U�L�Q�J��
�O�H�D�U�Q�L�Q�J�� �Z�R�U�N�V�S�D�F�H�V���� �H�V�S�H�F�L�D�O�O�\�� �Z�L�W�K�� �D�� �Y�L�H�Z�� �W�R�� �V�X�S�S�R�U�W�L�Q�J�� �W�K�H�� �(�3�,�3�����7�R�� �W�K�L�V�� �H�Q�G���� �V�H�O�H�F�W�H�G��
�X�Q�L�Y�H�U�V�L�W�\���I�D�F�X�O�W�\���H�P�E�D�U�N�H�G���R�Q���D���O�H�D�U�Q�L�Q�J���M�R�X�U�Q�H�\���W�R���6�L�Q�J�D�S�R�U�H���3�R�O�\�W�H�F�K�Q�L�F���L�Q���0�D�U�F�K����������������
������������ �Z�L�W�K�� �W�K�H�� �D�L�P�V�� �R�I�� �O�H�D�U�Q�L�Q�J�� �D�E�R�X�W�� �X�V�L�Q�J�� �&�'�,�2���I�R�U�� �F�X�U�U�L�F�X�O�D�U�� �F�R�Q�W�L�Q�X�D�O�� �L�P�S�U�R�Y�H�P�H�Q�W���D�Q�G��
�D�F�F�U�H�G�L�W�D�W�L�R�Q�����Z�L�W�K���V�S�H�F�L�D�O���I�R�F�X�V���R�Q���K�R�Z���Z�R�U�N�V�S�D�F�H�V���D�U�H���X�V�H�G���L�Q���W�K�H���6�F�K�R�R�O���R�I���0�H�F�K�D�Q�L�F�D�O���	��
�$�H�U�R�Q�D�X�W�L�F�D�O���(�Q�J�L�Q�H�H�U�L�Q�J�����W�R���V�X�S�S�R�U�W���V�W�X�G�H�Q�W���S�U�R�M�H�F�W�V���D�Q�G���F�R�O�O�D�E�R�U�D�W�L�R�Q���Z�L�W�K���L�Q�G�X�V�W�U�\���S�D�U�W�Q�H�U�V�� 

This paper shares the outcomes of the initial working partnership between East Kazakhstan 
Technical University and Singapore Polytechnic. It first presented relevant information of 
learning workspaces framed within the CDIO perspectives. It then provides a use case of how 
Singapore Polytechnic enhanced its CDIO adoption with design thinking framework to drive 
innovation from student projects and share the example of the Singapore Polytechnic Aero 
Hub as a specific example of how learning workspaces is used to engage students in learning. 
The paper then moves on to explain work done in East Kazakhstan Technical University with 
respective to the development of the Luban Workshop. 
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The "learning by doing" approach has been widely recognized as an effective method in 
engineering education due to its active learning principles. This method emphasizes hands-
on experiences, problem-solving, and real-life simulations, which are crucial for developing 
both technical and soft skills among engineering students. This hands-on approach helps 
improve retention and mastery of subjects, making students more confident in applying what 
they have learned to real-world problems (Bot et al., 2005). An industry-based learning space 
affords authentic learning for a particular industry sector. Gibson et al (2009) highlighted that 
�D�� �³�Z�R�U�N-based learning gives students the opportunity to develop both general and field-
specific skills, such as personal, communication, teamwork and research skills, experience in 
project design and management, professional work experience and the opportunity to secure 
�R�Q���J�R�L�Q�J���H�P�S�O�R�\�P�H�Q�W�´���� 
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�G�H�Y�H�O�R�S�L�Q�J���V�D�I�H�W�\���P�L�Q�G�V�H�W���D�Q�G���W�H�F�K�Q�L�F�D�O���F�R�P�S�H�W�H�Q�F�H�V���X�V�L�Q�J���L�P�P�H�U�V�L�Y�H���W�H�F�K�Q�R�O�R�J�\���L�Q�W�R���R�W�K�H�U��
�V�N�L�O�O�V���E�D�V�H�G���P�R�G�X�O�H�V���D�U�H���V�K�D�U�H�G�� 

�.�(�<�:�2�5�'�6  

�6�D�I�H�W�\�� �0�L�Q�G�V�H�W���� �3�U�R�F�H�V�V�� �2�S�H�U�D�W�L�R�Q�� �6�N�L�O�O�V���� �&�K�H�P�L�F�D�O�� �(�Q�J�L�Q�H�H�U�L�Q�J���� �,�P�P�H�U�V�L�Y�H�� �7�H�F�K�Q�R�O�R�J�\����
�6�W�D�Q�G�D�U�G�V��������������������  
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�,�1�7�5�2�'�8�&�7�,�2�1 

�7�K�H���'�L�S�O�R�P�D���L�Q���&�K�H�P�L�F�D�O���(�Q�J�L�Q�H�H�U�L�Q�J�����'�&�+�(�����D�W���6�L�Q�J�D�S�R�U�H���3�R�O�\�W�H�F�K�Q�L�F�����6�3�����W�U�D�L�Q�V���V�W�X�G�H�Q�W�V��
�W�R���Z�R�U�N���D�V���S�U�R�F�H�V�V���W�H�F�K�Q�L�F�L�D�Q�V���L�Q���P�D�Q�\���L�Q�G�X�V�W�U�L�H�V�����L�Q�F�O�X�G�L�Q�J���W�K�H���F�K�H�P�L�F�D�O���S�U�R�F�H�V�V�L�Q�J���L�Q�G�X�V�W�U�\����
�+�D�Y�L�Q�J���D���V�D�I�H�W�\���P�L�Q�G�V�H�W���L�V���R�I���X�W�P�R�V�W���L�P�S�R�U�W�D�Q�F�H���L�Q���W�K�H���F�K�H�P�L�F�D�O���S�U�R�F�H�V�V�L�Q�J���L�Q�G�X�V�W�U�\���Z�K�H�U�H��
�S�U�R�F�H�V�V�H�V�� �R�S�H�U�D�W�H�� �D�W�� �H�O�H�Y�D�W�H�G�� �W�H�P�S�H�U�D�W�X�U�H�V�� �D�Q�G�� �S�U�H�V�V�X�U�H�V�� �X�V�L�Q�J�� �P�D�W�H�U�L�D�O�V�� �W�K�D�W�� �D�U�H�� �R�I�W�H�Q��
�K�D�]�D�U�G�R�X�V���� �V�X�F�K�� �D�V�� �E�H�L�Q�J�� �W�R�[�L�F�� �D�Q�G�� �I�O�D�P�P�D�E�O�H���� �(�[�H�U�F�L�V�L�Q�J�� �F�D�X�W�L�R�Q�� �L�V�� �D�O�V�R�� �Q�H�H�G�H�G�� �Z�K�H�Q��
�F�D�U�U�\�L�Q�J�� �R�X�W�� �S�U�R�F�H�V�V�� �R�S�H�U�D�W�L�Q�J�� �W�D�V�N�V�� �V�X�F�K�� �D�V�� �V�W�D�U�W�L�Q�J�� �X�S�� �D�� �S�U�R�F�H�V�V�L�Q�J�� �S�O�D�Q�W�� �I�U�R�P�� �D�P�E�L�H�Q�W��
�F�R�Q�G�L�W�L�R�Q�� �D�Q�G�� �S�U�H�S�D�U�L�Q�J�� �H�T�X�L�S�P�H�Q�W�� �I�R�U�� �P�H�F�K�D�Q�L�F�D�O�� �Z�R�U�N�� �G�X�H�� �W�R�� �W�K�H�� �K�D�]�D�U�G�V�� �S�U�H�V�H�Q�W�����7�K�L�V��
�S�D�S�H�U�� �Z�L�O�O�� �I�R�F�X�V�� �R�Q�� �W�K�H�� �W�U�D�L�Q�L�Q�J�� �R�I�� �V�W�X�G�H�Q�W�V�� �W�R�� �Z�R�U�N�� �D�V�� �S�U�R�F�H�V�V�� �W�H�F�K�Q�L�F�L�D�Q�V�� �L�Q�� �W�K�H�� �F�K�H�P�L�F�D�O��
�S�U�R�F�H�V�V�L�Q�J�� �L�Q�G�X�V�W�U�\���� �V�S�H�F�L�I�L�F�D�O�O�\�� �W�R���G�H�Y�H�O�R�S�� �W�K�H�� �S�U�R�F�H�V�V�� �R�S�H�U�D�W�L�R�Q�� �V�N�L�O�O�V�� �D�O�R�Q�J�V�L�G�H�� �D�� �V�D�I�H�W�\��
�P�L�Q�G�V�H�W�� �Q�H�H�G�H�G�� �W�R���S�H�U�I�R�U�P�� �W�K�H�� �W�D�V�N�� �R�I�� �S�U�H�S�D�U�L�Q�J�� �H�T�X�L�S�P�H�Q�W�� �I�R�U�� �P�D�L�Q�W�H�Q�D�Q�F�H�� ���P�H�F�K�D�Q�L�F�D�O��
�Z�R�U�N�����R�U���D�I�W�H�U���D���V�K�X�W�G�R�Z�Q�� 

�'�(�9�(�/�2�3�,�1�*���6�$�)�(�7�<���0�,�1�'�6�(�7���:�,�7�+���3�5�2�&�(�6�6���2�3�(�5�$�7�,�2�1���6�.�,�/�/�6���8�6�,�1�*���&�'�,�2��
�)�5�$�0�(�:�2�5�.  

�%�D�V�H�G�� �R�Q�� �W�K�H�� �K�L�H�U�D�U�F�K�\�� �R�I�� �,�Q�I�R���&�R�P�P�X�Q�L�F�D�W�L�R�Q���7�H�F�K�Q�R�O�R�J�L�H�V�� ���,�&�7���� �X�W�L�O�L�V�D�W�L�R�Q�� �V�X�J�J�H�V�W�H�G�� �E�\��
�$�Q�G�H�U�V�R�Q�������������������W�K�L�V���S�D�S�H�U���D�G�D�S�W�H�G���W�K�H���Z�R�U�N���R�I���<�D�Q�J���	���&�K�H�D�K�����������������W�R���V�K�R�Z���K�R�Z���V�D�I�H�W�\��
�P�L�Q�G�V�H�W���D�Q�G���S�U�R�F�H�V�V���R�S�H�U�D�W�L�R�Q���V�N�L�O�O�V���F�D�Q���E�H���S�U�R�J�U�H�V�V�L�Y�H�O�\���G�H�Y�H�O�R�S�H�G���Z�L�W�K���G�L�J�L�W�D�O���W�H�F�K�Q�R�O�R�J�\��
�X�V�L�Q�J���W�K�H���&�'�,�2���)�U�D�P�H�Z�R�U�N�����)�L�J�X�U�H�������� 

 

�)�L�J�X�U�H���������3�U�R�J�U�H�V�V�L�Y�H���G�H�Y�H�O�R�S�P�H�Q�W���R�I���V�D�I�H�W�\���P�L�Q�G�V�H�W���X�V�L�Q�J���G�L�J�L�W�D�O���W�H�F�K�Q�R�O�R�J�L�H�V 

�&�'�,�2���L�V���D�Q���L�Q�Q�R�Y�D�W�L�Y�H���I�U�D�P�H�Z�R�U�N���I�R�U���U�H�G�H�V�L�J�Q�L�Q�J���H�Q�J�L�Q�H�H�U�L�Q�J���F�X�U�U�L�F�X�O�X�P���W�K�D�W���K�D�G���E�H�H�Q���X�V�H�G��
�E�\���'�&�+�(���V�L�Q�F�H���������������7�K�H���&�'�,�2���)�U�D�P�H�Z�R�U�N���F�R�P�S�U�L�V�H�V���W�K�H���&�'�,�2���6�\�O�O�D�E�X�V���Z�K�L�F�K���J�X�L�G�H�V���W�K�H��
�Z�U�L�W�L�Q�J���R�I���O�H�D�U�Q�L�Q�J���R�X�W�F�R�P�H�V���D�Q�G���D���V�H�W���R�I���������&�'�,�2���&�R�U�H���6�W�D�Q�G�D�U�G�V���Z�K�L�F�K���J�X�L�G�H�V���W�K�H���F�X�U�U�L�F�X�O�X�P��
�U�H�G�H�V�L�J�Q���S�U�R�F�H�V�V�����$�F�F�R�U�G�L�Q�J���W�R���W�K�H���-�R�E���5�R�O�H���'�H�V�F�U�L�S�W�L�R�Q���I�R�U���3�U�R�F�H�V�V���7�H�F�K�Q�L�F�L�D�Q�V���U�H�I�H�U�H�Q�F�H�G��
�I�U�R�P�� �W�K�H�� �6�L�Q�J�D�S�R�U�H�� �6�N�L�O�O�V�� �)�U�D�P�H�Z�R�U�N�� ���6�6�)���� �I�R�U�� �W�K�H�� �(�Q�H�U�J�\�� �	�� �&�K�H�P�L�F�D�O�V�� ���(�	�&���� �6�H�F�W�R�U��
���6�N�L�O�O�V�)�X�W�X�U�H�� �6�L�Q�J�D�S�R�U�H���� �������������� �S�U�R�F�H�V�V�� �W�H�F�K�Q�L�F�L�D�Q�V�� �S�H�U�I�R�U�P�� �S�U�R�F�H�V�V�� �R�S�H�U�D�W�L�Q�J�� �W�D�V�N�V�� �L�Q�� �W�K�H��
�F�K�H�P�L�F�D�O���S�U�R�F�H�V�V�L�Q�J���L�Q�G�X�V�W�U�\���V�X�F�K���D�V���W�R�� 

�x Apply Standard Operating Procedures (SOPs) for process operations 
�x Perform start-up, monitoring and shutdown of process units and utilities at plant sites 
�x Prepare process equipment and work areas for mechanical, maintenance and turnaround 

works 
�x Support troubleshooting during all modes of operation, including process upset conditions 
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�D�Q�G�� �U�H�T�X�L�U�H�� �W�H�F�K�Q�L�F�D�O�� �F�R�P�S�H�W�H�Q�F�L�H�V�� �V�X�F�K�� �D�V�� ���������6�W�D�Q�G�D�U�G�� �2�S�H�U�D�W�L�Q�J�� �3�U�R�F�H�G�X�U�H�� ���6�2�3����
�'�H�Y�H�O�R�S�P�H�Q�W���D�Q�G���,�P�S�O�H�P�H�Q�W�D�W�L�R�Q�������������3�U�R�F�H�V�V���2�S�H�U�D�W�L�R�Q�V���7�U�R�X�E�O�H�V�K�R�R�W�L�Q�J�����D�Q�G�����������3�U�R�F�H�V�V��
�(�T�X�L�S�P�H�Q�W���3�U�H�S�D�U�D�W�L�R�Q���I�R�U���0�H�F�K�D�Q�L�F�D�O���:�R�U�N���D�W���D���S�U�R�I�L�F�L�H�Q�F�\���O�H�Y�H�O���R�I���������7�K�H�\���Z�L�O�O���D�O�V�R���Q�H�H�G���W�R��
�K�D�Y�H���V�R�P�H���R�I���W�K�H���I�R�O�O�R�Z�L�Q�J���W�H�F�K�Q�L�F�D�O���F�R�P�S�H�W�H�Q�F�L�H�V�����V�X�F�K���D�V�����������:�R�U�N�S�O�D�F�H���6�D�I�H�W�\���D�Q�G���+�H�D�O�W�K��
�'�H�Y�H�O�R�S�P�H�Q�W���D�Q�G���,�P�S�O�H�P�H�Q�W�D�W�L�R�Q�������������:�R�U�N�S�O�D�F�H���6�D�I�H�W�\���D�Q�G���+�H�D�O�W�K���+�D�]�D�U�G���,�G�H�Q�W�L�I�L�F�D�W�L�R�Q���D�Q�G��
�5�L�V�N�� �&�R�Q�W�U�R�O�� �0�D�Q�D�J�H�P�H�Q�W���� �D�Q�G�� ���������6�D�I�H�� �6�\�V�W�H�P�� �R�I�� �:�R�U�N�� ���6�6�R�:���� �'�H�Y�H�O�R�S�P�H�Q�W�� �D�Q�G��
�,�P�S�O�H�P�H�Q�W�D�W�L�R�Q���W�R�� �D�S�S�O�\���6�6�R�:�� �S�U�R�F�H�G�X�U�H�V�� �D�Q�G�� �F�R�P�S�O�\�� �Z�L�W�K���:�R�U�N�S�O�D�F�H�� �6�D�I�H�W�\�� �D�Q�G�� �+�H�D�O�W�K��
���:�6�+�����V�\�V�W�H�P�V���W�R���S�H�U�I�R�U�P���W�K�H�V�H���W�D�V�N�V���V�D�I�H�O�\�����%�H�V�L�G�H�V���W�K�H�V�H���W�H�F�K�Q�L�F�D�O���F�R�P�S�H�W�H�Q�F�L�H�V�����S�U�R�F�H�V�V��
�W�H�F�K�Q�L�F�L�D�Q�V�� �D�O�V�R�� �U�H�T�X�L�U�H�� �J�H�Q�H�U�L�F�� �F�R�P�S�H�W�H�Q�F�L�H�V�� �V�X�F�K�� �D�V�� �7�H�D�P�Z�R�U�N���� �&�R�P�P�X�Q�L�F�D�W�L�R�Q���� �D�Q�G��
�3�U�R�E�O�H�P���6�R�O�Y�L�Q�J�����6�N�L�O�O�V�)�X�W�X�U�H���6�L�Q�J�D�S�R�U�H���������������� 

By referencing the above mentioned technical and generic competencies, DCHE used its 
spiral curriculum, designed using CDIO Standard 3: Integrated Curriculum (Cheah & Yang, 
2018) (Figure 2), to develop safety mindset with process operation skills in students through 
four of its skills-based modules over two years as these modules provide the best context for 
learning about the job role and responsibilities of process technicians: Laboratory & Process 
Skills 1 (LPS1) and Laboratory & Process Skills 2 (LPS2) in Year 1, and Process Operation 
Skills 1 (POS1) and Process Operation Skills 2 (POS2) in Year 2. 

 

 

 

 

 

 

 

 

 

 

�)�L�J�X�U�H���������7�K�H���'�&�+�(���6�S�L�U�D�O���&�X�U�U�L�F�X�O�X�P 

�7�K�H���Z�R�U�N���V�K�D�U�H�G���K�H�U�H���Z�L�O�O���E�H���W�K�D�W���G�R�Q�H���L�Q���3�2�6�������W�D�N�H�Q���E�\���'�&�+�(���V�W�X�G�H�Q�W�V���L�Q���<�H�D�U���������6�H�P�H�V�W�H�U��
�������D�Q�G���L�V���D���F�R�Q�W�L�Q�X�D�W�L�R�Q���R�I���H�D�U�O�L�H�U���H�I�I�R�U�W���W�R���L�Q�V�W�L�O�O���V�D�I�H�W�\���P�L�Q�G�V�H�W���L�Q���'�&�+�(���V�W�X�G�H�Q�W�V�����V�W�D�U�W�L�Q�J���L�Q��
�/�3�6�����Z�K�H�U�H�� �J�H�Q�H�U�D�O�� �Z�R�U�N�S�O�D�F�H�� �V�D�I�H�W�\�� �D�Z�D�U�H�Q�H�V�V�� �L�V�� �F�X�O�W�L�Y�D�W�H�G�� �X�V�L�Q�J�� �$�X�J�P�H�Q�W�H�G�� �5�H�D�O�L�W�\����
�9�L�U�W�X�D�O�� �5�H�D�O�L�W�\�� �W�U�D�L�Q�L�Q�J�����<�D�Q�J�� �	�� �&�K�H�D�K���� �������������D�Q�G�� �O�D�E�R�U�D�W�R�U�\�� �V�D�I�H�W�\�� �Z�D�V�� �W�D�X�J�K�W�� �X�V�L�Q�J�� �-�R�E��
�6�D�I�H�W�\���$�Q�D�O�\�V�L�V�����,�Q���/�3�6�������V�W�X�G�H�Q�W�V���D�S�S�O�L�H�G���-�R�E���6�D�I�H�W�\���$�Q�D�O�\�V�L�V���D�Q�G���Z�H�U�H���H�[�S�R�V�H�G���W�R���3�U�R�F�H�V�V��
�+�D�]�D�U�G�� �$�Q�D�O�\�V�L�V�� �Z�K�H�Q�� �R�S�H�U�D�W�L�Q�J�� �V�L�P�S�O�H�� �S�L�O�R�W�� �S�O�D�Q�W�V���� �6�X�F�K���W�U�D�L�Q�L�Q�J�� �F�R�P�S�U�L�V�H�V�� �D�� �E�O�H�Q�G�� �R�I��
�S�K�\�V�L�F�D�O���S�O�D�Q�W�V���D�V���Z�H�O�O���D�V���Y�L�U�W�X�D�O���R�Q�H�V�����&�K�H�D�K�����������������&�K�H�D�K�������������������G�H�V�L�J�Q�H�G���E�D�V�H�G���R�Q���&�'�,�2��
�6�W�D�Q�G�D�U�G���������,�Q�W�H�J�U�D�W�H�G���/�H�D�U�Q�L�Q�J���(�[�S�H�U�L�H�Q�F�H�V�����Z�K�H�U�H���W�H�F�K�Q�L�F�D�O���N�Q�R�Z�O�H�G�J�H�����V�N�L�O�O�V���D�Q�G���D�W�W�L�W�X�G�H�V��
�D�U�H�� �D�O�O�� �G�H�Y�H�O�R�S�H�G�� �V�L�P�X�O�W�D�Q�H�R�X�V�O�\�� �X�V�L�Q�J�� �V�F�H�Q�D�U�L�R�V�� �W�K�D�W�� �P�L�P�L�F�� �U�H�D�O���Z�R�U�O�G�� �Z�R�U�N�� �H�Q�Y�L�U�R�Q�P�H�Q�W����
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�U�H�V�S�R�Q�V�L�E�L�O�L�W�\�� �L�Q�Y�R�O�Y�H�V�� �D�� �F�R�P�P�L�W�P�H�Q�W�� �W�R�� �V�R�F�L�H�W�D�O�� �Z�H�O�I�D�U�H���� �H�Q�Y�L�U�R�Q�P�H�Q�W�D�O�� �V�W�H�Z�D�U�G�V�K�L�S���� �D�Q�G��
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�I�U�D�P�H�Z�R�U�N���H�P�S�K�D�V�L�]�H�V���U�H�D�O���Z�R�U�O�G���D�S�S�O�L�F�D�W�L�R�Q�����L�Q�W�H�U�G�L�V�F�L�S�O�L�Q�D�U�\���F�R�O�O�D�E�R�U�D�W�L�R�Q�����D�Q�G���F�R�Q�W�L�Q�X�R�X�V��
�L�P�S�U�R�Y�H�P�H�Q�W�����P�D�N�L�Q�J���L�W���L�G�H�D�O���I�R�U���F�X�O�W�L�Y�D�W�L�Q�J���H�W�K�L�F�D�O���D�Z�D�U�H�Q�H�V�V���D�Q�G���S�U�R�I�H�V�V�L�R�Q�D�O���D�F�F�R�X�Q�W�D�E�L�O�L�W�\����
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�W�R�� �D�� �G�H�V�L�J�Q���L�P�S�O�H�P�H�Q�W���H�[�S�H�U�L�H�Q�F�H�� �E�D�V�H�G�� �R�Q���W�K�H���&�'�,�2���I�U�D�P�H�Z�R�U�N�����7�K�H���F�R�X�U�V�H���P�R�G�X�O�H�� �Z�D�V��
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�D�V���F�R�Q�W�D�L�Q�H�U���Y�L�U�W�X�D�O�L�]�D�W�L�R�Q���W�R���U�X�Q���U�H�S�H�D�W�D�E�O�H���W�H�V�W���F�D�V�H�V�����5�2�6�����I�R�U���G�H�Y�H�O�R�S�L�Q�J���U�R�E�R�W�L�F���V�R�I�W�Z�D�U�H��
�D�Q�G���D�S�S�O�L�F�D�W�L�R�Q�V�����S�U�R�M�H�F�W���P�D�Q�D�J�H�P�H�Q�W���X�V�L�Q�J���N�D�Q�E�D�Q���W�R���V�X�L�W���W�K�H���O�L�I�H�F�\�F�O�H���R�I���U�R�E�R�W�L�F���S�U�R�W�R�W�\�S�L�Q�J��
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�D�Q�G�� �S�U�R�I�H�V�V�L�R�Q�D�O�� �Z�R�U�N�� �L�Q�� �W�H�U�P�V�� �R�I�� �W�K�H�� �F�R�P�S�H�W�H�Q�F�H�V�� �D�Q�G�� �V�N�L�O�O�V�� �U�H�T�X�L�U�H�G�� �R�I�� �J�U�D�G�X�D�W�H�V�� ���&�'�,�2��
�,�Q�L�W�L�D�W�L�Y�H���� �������������� �:�L�W�K���W�K�H���U�D�S�L�G���J�U�R�Z�W�K���R�I�� �U�R�E�R�W�L�F�V���D�Q�G���D�U�W�L�I�L�F�L�D�O���L�Q�W�H�O�O�L�J�H�Q�F�H���D�S�S�O�L�F�D�W�L�R�Q�V���� �W�K�H��
�X�V�H���R�I���V�W�D�Q�G�D�U�G�L�]�H�G���V�R�I�W�Z�D�U�H���G�H�Y�H�O�R�S�P�H�Q�W���W�R�R�O�V���D�Q�G���D�J�L�O�H���P�H�W�K�R�G�V���I�R�U���S�U�R�M�H�F�W���P�D�Q�D�J�H�P�H�Q�W��
�E�H�F�D�P�H���F�U�X�F�L�D�O���I�R�U���F�R�P�S�D�Q�L�H�V���W�R���G�H�O�L�Y�H�U���V�F�D�O�D�E�O�H���U�R�E�R�W�L�F���S�U�R�G�X�F�W�V���D�Q�G���V�H�U�Y�L�F�H�V�����7�K�H���N�H�\�� �W�R��
�W�K�L�V���L�V���W�R���Z�R�U�N���R�Q���V�W�D�Q�G�D�U�G�L�]�H�G���P�H�W�K�R�G�V���D�Q�G���S�U�R�I�H�V�V�L�R�Q�D�O���S�U�D�F�W�L�F�H�V�����7�K�H���S�U�H�V�H�Q�W���L�V���D���I�R�O�O�R�Z��
�X�S�� �R�Q�� �S�U�L�R�U���Z�R�U�N���R�I�� �W�K�H�� �D�X�W�K�R�U�V���� �Z�K�H�U�H�� �W�K�H�\�� �L�Q�W�U�R�G�X�F�H�G���D���I�L�U�V�W���&�'�,�2���G�H�V�L�J�Q���L�P�S�O�H�P�H�Q�W��
�H�[�S�H�U�L�H�Q�F�H���D�W���W�K�H���&�R�P�S�X�W�H�U���9�L�V�L�R�Q���F�R�X�U�V�H���P�R�G�X�O�H�� �R�I���W�K�H�� �%�D�F�K�H�O�R�U�¶�V���L�Q���$�U�W�L�I�L�F�L�D�O�� �,�Q�W�H�O�O�L�J�H�Q�F�H��
�S�U�R�J�U�D�P�����D�W���W�K�H���)�H�G�H�U�D�O���8�Q�L�Y�H�U�V�L�W�\���R�I���*�R�L�i�V���L�Q���%�U�D�]�L�O�����*�X�Q�Q�D�U�V�V�R�Q���	���'�t�D�]���6�D�O�D�]�D�U���������������� 
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���V�H�H�� �6�W�D�Q�G�D�U�G�� �������� �W�K�H�U�H�� �L�V�� �D�� �O�D�F�N�� �R�I�� �D�S�S�U�R�D�F�K�H�V�� �G�H�V�L�J�Q�H�G�� �L�Q�� �D�F�W�X�D�O�� �F�R�O�O�D�E�R�U�D�W�L�R�Q�� �Z�L�W�K�� �W�K�H��
�L�Q�G�X�V�W�U�\�����1�X�P�H�U�R�X�V���H�[�D�P�S�O�H�V���R�I���G�H�V�L�J�Q���L�P�S�O�H�P�H�Q�W���H�[�S�H�U�L�H�Q�F�H�V���K�D�Y�H���E�H�H�Q���S�U�H�V�H�Q�W�H�G���Z�L�W�K�L�Q��
�W�K�H���&�'�,�2���F�R�P�P�X�Q�L�W�\�����D�Q�G���P�D�Q�\���R�I���W�K�H�P���F�D�Q���E�H���D�F�F�H�V�V�H�G���W�K�U�R�X�J�K���W�K�H���&�'�,�2���Z�H�E�V�L�W�H�����&�'�,�2��
�,�Q�L�W�L�D�W�L�Y�H���� ���������������)�R�U�� �L�Q�V�W�D�Q�F�H���� �D���V�X�F�F�H�V�V�I�X�O�� �H�[�D�P�S�O�H���Z�D�V�� �S�U�H�V�H�Q�W�H�G�� �L�Q�� ���6�Y�H�Q�V�V�R�Q�� �	��
�*�X�Q�Q�D�U�V�V�R�Q���� �������������� �)�R�U�� �W�K�H���V�S�H�F�L�I�L�F���W�R�S�L�F�� �S�U�H�V�H�Q�W�H�G�� �K�H�U�H�L�Q���� �L���H���� �G�H�V�L�J�Q���L�P�S�O�H�P�H�Q�W��
�H�[�S�H�U�L�H�Q�F�H�V�� �Z�L�W�K�L�Q�� �U�R�E�R�W�L�F�V���� �D�U�W�L�I�L�F�L�D�O�� �L�Q�W�H�O�O�L�J�H�Q�F�H���� �D�Q�G�� �V�R�I�W�Z�D�U�H�� �G�H�Y�H�O�R�S�P�H�Q�W�� �F�D�U�U�L�H�G�� �R�X�W�� �L�Q��
�F�O�R�V�H���F�R�O�O�D�E�R�U�D�W�L�R�Q���Z�L�W�K���V�W�D�U�W���X�S���F�R�P�S�D�Q�L�H�V�����L�W���L�V���G�L�I�I�L�F�X�O�W���W�R���I�L�Q�G���H�[�D�P�S�O�H�V���R�I���G�H�V�L�J�Q���L�P�S�O�H�P�H�Q�W��
�H�[�S�H�U�L�H�Q�F�H�V�� �F�R�Q�Q�H�F�W�H�G�� �W�R�� �W�K�H�� �&�'�,�2�� �I�U�D�P�H�Z�R�U�N���� �+�H�Q�F�H�� �W�K�H�� �S�D�S�H�U�� �K�D�V�� �S�R�W�H�Q�W�L�D�O�� �W�R�� �E�H�� �D��
�F�R�Q�W�U�L�E�X�W�L�R�Q���W�R���W�K�H���&�'�,�2���F�R�P�P�X�Q�L�W�\�� 
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�H�[�F�L�W�L�Q�J���� �W�U�D�L�Q�L�Q�J�� �X�Q�G�H�U�J�U�D�G�X�D�W�H�� �V�W�X�G�H�Q�W�V�� �Z�L�W�K�� �W�K�H�� �F�R�P�S�H�W�H�Q�F�H�V�� �U�H�T�X�L�U�H�G�� �E�\�� �W�K�H�� �U�R�E�R�W�L�F�V��
�L�Q�G�X�V�W�U�\�� �L�V�� �P�R�U�H�� �W�K�D�Q�� �F�K�D�O�O�H�Q�J�L�Q�J���� �)�R�U�� �L�Q�V�W�D�Q�F�H���� �R�Q�H�� �R�I�� �W�K�H�� �P�D�M�R�U�� �L�V�V�X�H�V�� �U�H�O�L�H�V�� �R�Q�� �W�K�H�� �K�L�J�K��
�F�R�V�W�V�� �R�I�� �L�P�S�O�H�P�H�Q�W�L�Q�J�� �D�� �U�R�E�R�W�L�F�V�� �O�D�E�R�U�D�W�R�U�\�� �D�Q�G�� �W�U�D�L�Q�L�Q�J�� �S�H�R�S�O�H�� �I�R�U�� �W�H�D�F�K�L�Q�J���� �Z�K�L�F�K�� �P�H�D�Q�V��
�K�D�Y�L�Q�J���D�F�F�H�V�V���W�R���R�S�H�Q���V�R�X�U�F�H���K�D�U�G�Z�D�U�H���D�Q�G���U�H�V�R�X�U�F�H�V���W�K�D�W�����P�R�U�H���W�K�D�Q���R�I�W�H�Q�����D�U�H���Q�R�W���S�X�E�O�L�F�O�\��
�D�Y�D�L�O�D�E�O�H���� �7�R�G�D�\���� �W�K�H�� �L�Q�W�H�J�U�D�W�L�R�Q�� �R�I�� �D�� �S�U�R�I�H�V�V�L�R�Q�D�O�� �U�R�E�R�W�L�F�V���F�X�U�U�L�F�X�O�X�P�� �L�Q�W�R�� �D�Q�� �H�G�X�F�D�W�L�R�Q�D�O��
�V�H�W�W�L�Q�J���G�H�P�D�Q�G�V���D�F�F�H�V�V���W�R���S�U�R�S�U�L�H�W�D�U�\���W�R�R�O�V�����D�Q�G���Z�L�W�K�R�X�W���W�K�H���G�L�U�H�F�W���V�X�S�S�R�U�W���R�I���L�Q�G�X�V�W�U�\���L�Q���W�K�H��
�L�Q�W�H�J�U�D�W�L�R�Q���S�U�R�F�H�V�V�����L�W���Z�L�O�O���U�H�P�D�L�Q���S�U�R�K�L�E�L�W�L�Y�H���I�R�U���P�R�V�W���L�Q�V�W�L�W�X�W�L�R�Q�V�����,�Q���D�G�G�L�W�L�R�Q���W�R���W�K�L�V�����E�U�L�G�J�L�Q�J��
�W�K�H�� �J�D�S�� �E�H�W�Z�H�H�Q�� �W�K�H�R�U�\�� �D�Q�G�� �S�U�D�F�W�L�F�H�� �L�V�� �D�O�Z�D�\�V�� �D�� �F�K�D�O�O�H�Q�J�H�� �I�R�U�� �H�G�X�F�D�W�R�U�V���� �+�R�Z�� �W�R�� �W�H�D�F�K��
�U�R�E�R�W�L�F�V���H�I�I�H�F�W�L�Y�H�O�\�"���+�R�Z���W�R���V�H�W���X�S���D���Z�R�U�N�L�Q�J���I�U�D�P�H�Z�R�U�N���I�R�U���U�R�E�R�W���R�S�H�U�D�W�L�R�Q�"���+�R�Z���W�R���H�Y�D�O�X�D�W�L�R�Q��
�W�K�H���O�H�D�U�Q�L�Q�J���R�X�W�F�R�P�H�V���G�X�U�L�Q�J���H�[�D�P�L�Q�D�W�L�R�Q�V�" 
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�F�D�V�H���Z�D�V���W�K�H���H�V�W�D�E�O�L�V�K�P�H�Q�W���R�I���D���V�W�U�D�W�H�J�L�F�D�O���S�D�U�W�Q�H�U�V�K�L�S���Z�L�W�K���W�K�H���6�\�Q�N�D�U���$�X�W�R�Q�R�P�R�X�V���F�R�P�S�D�Q�\��
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Project Area  CDIO Stage 
Focus  

Green Growth Principle 
Addressed  

Reference  

Clean Technology 
Integration in 
Engineering 

Design, 
Implement 

Innovation, Reduced Pollution [5] 

Petroleum 
Engineering 
Curriculum Reform 

Conceive, 
Implement, 
Operate 

Environmental Responsibility, 
Carbon Footprint Reduction 

[6] 

Solar-powered Water 
Purification System 

Implement, 
Design 

Resource Efficiency and 
Environmental Sustainability 

[7] 

Sustainable Urban 
Drainage Systems 

Implementation Resource Efficiency and 
Environmental Sustainability 
Within Urban Infrastructure 

[8] 

Sustainable 
Wastewater 
Treatment System 

Design, 
Implement 

Environmental Sustainability, 
Low-energy, Ecological 
Balance, Resource Efficiency 

[9] 

Sustainable Design 
and Build Project 

Design, 
Implement, and 
Operate 

Sustainable Development, 
Environmental Stewardship, 
Environmentally Friendly 
Materials, Energy Efficiency, 
Waste Reduction, Sustainable 
Infrastructure 

[10] 
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�L�Q �X�Q�L�Y�H�U�V�L�W�L�H�V �J�L�Y�L�Q�J �H�Q�J�L�Q�H�H�U�L�Q�J �H�G�X�F�D�W�L�R�Q�� �,�Q �W�K�L�V �S�D�S�H�U�� �Z�H �S�U�H�V�H�Q�W �F�R�Q�F�U�H�W�H �G�H�I�L�Q�L�W�L�R�Q�V �I�R�U
�W�K�H �F�R�Q�F�H�S�W�V �R�I �F�K�D�O�O�H�Q�J�H���E�D�V�H�G �O�H�D�U�Q�L�Q�J �D�Q�G �H�G�X�F�D�W�L�R�Q �L�Q �W�K�H �0�$�6�6 �F�R�Q�W�H�[�W�� �6�X�F�K �G�H�I�L�Q�L��
�W�L�R�Q�V �I�R�U �0�$�6�6 �H�G�X�F�D�W�L�R�Q �K�D�Y�H �Q�R�W �E�H�H�Q �S�U�H�Y�L�R�X�V�O�\ �S�U�H�V�H�Q�W�H�G �L�Q �W�K�H �O�L�W�H�U�D�W�X�U�H�� �7�K�H �G�H�I�L�Q�L�W�L�R�Q�V
�Z�L�O�O �S�D�Y�H �W�K�H �Z�D�\ �I�R�U �V�X�F�F�H�V�V�I�X�O�O�\ �D�S�S�O�\�L�Q�J �F�K�D�O�O�H�Q�J�H���E�D�V�H�G �O�H�D�U�Q�L�Q�J �L�Q �W�K�L�V �I�L�H�O�G �D�Q�G �V�H�U�Y�H �D�V
�I�R�X�Q�G�D�W�L�R�Q�V �I�R�U �E�X�L�O�G�L�Q�J �H�G�X�F�D�W�L�R�Q�D�O �I�U�D�P�H�Z�R�U�N�V �I�R�U �0�$�6�6��
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���0�$�6�6�� �D�U�H �F�K�D�Q�J�L�Q�J �W�K�H �U�R�O�H �R�I �V�H�D�I�D�U�H�U�V �D�Q�G �R�W�K�H�U �S�U�R�I�H�V�V�L�R�Q�D�O�V �L�Q �W�K�H �P�D�U�L�W�L�P�H �V�H�F�W�R�U�� �)�R�U
�L�Q�V�W�D�Q�F�H�� �L�W �K�D�V �E�H�H�Q �U�H�Y�H�D�O�H�G �W�K�D�W �0�$�6�6 �R�S�H�U�D�W�L�R�Q �I�U�R�P �U�H�P�R�W�H �F�R�Q�W�U�R�O �F�H�Q�W�H�U�V �Z�R�X�O�G �U�H�T�X�L�U�H
�D �G�L�I�I�H�U�H�Q�W �V�H�W �R�I �V�N�L�O�O�V �I�U�R�P �V�H�D�I�D�U�H�U�V �F�R�P�S�D�U�H�G �W�R �W�K�H �F�X�U�U�H�Q�W �V�L�W�X�D�W�L�R�Q ���6�K�D�U�P�D �	 �.�L�P���������� ����
�7�K�H �Q�H�H�G �I�R�U �G�H�W�D�L�O�H�G �N�Q�R�Z�O�H�G�J�H �L�Q �D �Q�D�U�U�R�Z �I�L�H�O�G �Z�R�X�O�G �E�H �U�H�S�O�D�F�H�G �E�\ �F�U�H�D�W�L�Y�L�W�\ �D�Q�G �T�X�L�F�N
�S�U�R�E�O�H�P���V�R�O�Y�L�Q�J �V�N�L�O�O�V�� �V�L�P�L�O�D�U�O�\ �W�R �R�W�K�H�U �K�L�J�K�O�\ �D�X�W�R�P�D�W�H�G �V�H�F�W�R�U�V �O�L�N�H �D�Y�L�D�W�L�R�Q�� �P�L�Q�L�Q�J �D�Q�G �S�R�U�W�V
���(�P�D�G �H�W �D�O������������ ���� �/�H�D�G�H�U�V�K�L�S �K�D�V �E�H�H�Q �P�H�Q�W�L�R�Q�H�G �D�V �R�Q�H �R�I �W�K�H �F�U�L�W�L�F�D�O �V�N�L�O�O�V �I�R�U �V�H�D�I�D�U�H�U�V
�W�R �O�H�D�U�Q �L�Q �W�K�H �I�X�W�X�U�H ���+�\�Q�Q�H�N�O�H�L�Y �H�W �D�O������������ ���� �W�R�R�� �D�O�V�R �Z�L�W�K �W�K�H �L�Q�W�U�R�G�X�F�W�L�R�Q �R�I �0�$�6�6��
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�W�U�D�L�Q�L�Q�J �K�L�J�K�O�L�J�K�W�H�G �W�K�H �X�U�J�H�Q�W �Q�H�H�G �I�R�U �Q�H�Z �F�R�P�S�H�W�H�Q�F�L�H�V �L�Q �,�&�7�� �F�\�E�H�U�V�H�F�X�U�L�W�\�� �D�X�W�R�P�D�W�L�R�Q��
�D�Q�G �V�P�D�U�W �V�K�L�S�S�L�Q�J �W�H�F�K�Q�R�O�R�J�L�H�V ���%�R�O�E�R�W �H�W �D�O������������ �� �&�L�F�H�N �H�W �D�O������������ ���� �,�Q �S�D�U�W�L�F�X�O�D�U�� �$�O�R�S
���������� �� �S�R�L�Q�W�H�G �W�R �W�K�H �Q�H�H�G �W�R �P�D�Q�D�J�H �D�Q�G �L�Q�W�H�U�D�F�W �Z�L�W�K �D�G�Y�D�Q�F�H�G �G�L�J�L�W�D�O �V�\�V�W�H�P�V�� �X�Q�G�H�U�V�W�D�Q�G
�F�R�P�S�O�H�[ �K�X�P�D�Q���P�D�F�K�L�Q�H �L�Q�W�H�U�D�F�W�L�R�Q�V�� �D�Q�G �X�W�L�O�L�V�H �E�L�J �G�D�W�D �D�Q�D�O�\�W�L�F�V�� �$�G�G�L�W�L�R�Q�D�O�O�\�� �K�H �V�S�H�F�L�I�L�H�G
�W�K�H �G�H�P�D�Q�G �I�R�U �V�W�U�R�Q�J �S�U�R�E�O�H�P���V�R�O�Y�L�Q�J �D�E�L�O�L�W�L�H�V�� �D�G�D�S�W�D�E�L�O�L�W�\ �W�R �W�H�F�K�Q�R�O�R�J�L�F�D�O �F�K�D�Q�J�H�V�� �D�Q�G �F�R�Q��
�W�L�Q�X�R�X�V �O�H�D�U�Q�L�Q�J�� �Z�K�L�F�K�� �L�Q �W�X�U�Q�� �U�H�T�X�L�U�H�V �P�D�U�L�W�L�P�H �H�G�X�F�D�W�L�R�Q �D�Q�G �W�U�D�L�Q�L�Q�J �W�R �E�H�F�R�P�H �P�R�U�H �I�O�H�[��
�L�E�O�H �D�Q�G �U�H�V�S�R�Q�V�L�Y�H�� �7�K�L�V �L�Q�F�O�X�G�H�V �S�U�R�P�R�W�L�Q�J �O�L�I�H�O�R�Q�J �O�H�D�U�Q�L�Q�J�� �H�P�E�U�D�F�L�Q�J �D�Q �L�Q�W�H�U�G�L�V�F�L�S�O�L�Q�D�U�\
�D�S�S�U�R�D�F�K�� �D�Q�G �S�U�R�P�R�W�L�Q�J �S�U�R�M�H�F�W���E�D�V�H�G �D�Q�G �S�U�R�E�O�H�P���V�R�O�Y�L�Q�J �O�H�D�U�Q�L�Q�J �P�H�W�K�R�G�V��

�7�K�H �Q�H�H�G �I�R�U �L�Q�W�H�U�G�L�V�F�L�S�O�L�Q�D�U�L�W�\ �L�Q �H�G�X�F�D�W�L�R�Q �I�R�U �0�$�6�6 �K�D�V �E�H�H�Q �Q�R�W�H�G�� �I�R�U �H�[�D�P�S�O�H�� �L�Q �W�K�H �V�W�X�G�\
�E�\ ���0�R�J�H�Q�V�H�Q���������� ���� �7�K�H �V�W�X�G�\ �I�R�X�Q�G �W�K�D�W �D �J�R�R�G �F�R�P�P�D�Q�G �R�I �P�D�W�U�L�[ �F�D�O�F�X�O�X�V�� �U�H�T�X�L�U�H�G �I�R�U
�P�D�U�L�Q�H �H�Q�J�L�Q�H�H�U�V �E�X�W �Q�R�W �D�F�F�R�P�P�R�G�D�W�H�G �E�\ �6�7�&�: �H�G�X�F�D�W�L�R�Q�� �L�V �Q�H�H�G�H�G �I�R�U �I�X�W�X�U�H �V�H�D�I�D�U�H�U�V �L�Q
�R�U�G�H�U �W�R �X�Q�G�H�U�V�W�D�Q�G �W�K�H �V�\�V�W�H�P�V �D�U�F�K�L�W�H�F�W�X�U�H �R�I �G�L�V�F�U�H�W�H �F�R�Q�W�U�R�O �V�\�V�W�H�P�V�� �7�K�H �X�V�H �R�I �L�Q�W�H�U�G�L�V��
�F�L�S�O�L�Q�D�U�\ �W�H�D�P�V �L�V �D�O�V�R �H�[�S�H�F�W�H�G �W�R �F�U�H�D�W�H �D �E�H�Q�H�I�L�F�L�D�O �O�H�D�U�Q�L�Q�J �H�Q�Y�L�U�R�Q�P�H�Q�W�� �,�Q�W�H�U�G�L�V�F�L�S�O�L�Q�D�U�L�W�\
�L�Q �H�G�X�F�D�W�L�R�Q �F�D�Q �D�O�V�R �D�G�G�U�H�V�V �W�K�H �U�L�V�N�V �R�I �H�U�U�R�U�V �G�X�U�L�Q�J �K�X�P�D�Q���D�X�W�R�P�D�W�L�R�Q �L�Q�W�H�U�D�F�W�L�R�Q�V�� �Z�K�L�F�K
�D�U�H �R�I�W�H�Q �G�L�V�F�X�V�V�H�G �L�Q �W�K�H �0�$�6�6 �F�R�Q�W�H�[�W ���$�K�Y�H�Q�M�l�U�Y�L���������� �� �+�R�J�J �	 �*�K�R�V�K���������� ����

�,�Q �W�K�L�V �S�D�S�H�U�� �Z�H �I�R�U�P�D�O�L�V�H �F�R�Q�F�U�H�W�H �G�H�I�L�Q�L�W�L�R�Q�V �I�R�U �W�K�H �F�K�D�O�O�H�Q�J�H���E�D�V�H�G �O�H�D�U�Q�L�Q�J �D�Q�G �H�G�X�F�D�W�L�R�Q
���&�%�/ �D�Q�G �&�%�(�� �F�R�Q�F�H�S�W�V �L�Q �W�K�H �F�R�Q�W�H�[�W �R�I �0�$�6�6�� �:�K�L�O�H �&�%�/ �D�Q�G �&�%�( �K�D�Y�H �E�H�H�Q �G�L�V�F�X�V�V�H�G �D�V
�Y�L�D�E�O�H �O�H�D�U�Q�L�Q�J �D�Q�G �H�G�X�F�D�W�L�R�Q �V�W�U�D�W�H�J�L�H�V �W�R �S�U�R�P�R�W�H �L�Q�W�H�U�G�L�V�F�L�S�O�L�Q�D�U�L�W�\ �D�Q�G �W�K�H �D�S�S�O�L�F�D�W�L�R�Q �R�I �W�K�H��
�R�U�\ �W�R �S�U�D�F�W�L�F�H�� �D �F�R�Q�F�U�H�W�H �G�H�I�L�Q�L�W�L�R�Q �R�I �W�K�H�V�H �F�R�Q�F�H�S�W�V �I�R�U �W�K�H �H�G�X�F�D�W�L�R�Q�D�O �Q�H�H�G�V �R�I �0�$�6�6 �K�D�V
�Q�R�W �E�H�H�Q �S�U�H�Y�L�R�X�V�O�\ �S�U�H�V�H�Q�W�H�G�� �&�K�D�O�O�H�Q�J�H���E�D�V�H�G �O�H�D�U�Q�L�Q�J �K�D�V �E�H�H�Q �H�V�W�D�E�O�L�V�K�H�G �D�V �D �V�X�F�F�H�V�V��
�I�X�O �P�H�W�K�R�G �I�R�U �G�H�O�L�Y�H�U�L�Q�J �S�U�D�F�W�L�F�D�O �U�H�D�O���Z�R�U�O�G �O�H�D�U�Q�L�Q�J �H�[�S�H�U�L�H�Q�F�H�V �L�Q �H�Q�J�L�Q�H�H�U�L�Q�J �G�L�V�F�L�S�O�L�Q�H�V
�D�V �U�H�S�R�U�W�H�G �E�\�� �I�R�U �H�[�D�P�S�O�H�� �E�\ �0�D�O�P�T�Y�L�V�W �H�W �D�O�� ���������� ���� �0�R�U�H �U�H�F�H�Q�W�O�\�� �&�%�/ �D�Q�G �&�%�( �K�D�Y�H
�E�H�H�Q �L�G�H�Q�W�L�I�L�H�G �E�\ �5�n�G�E�H�U�J �H�W �D�O�� ���������� �� �D�V �D�Q �H�Y�R�O�X�W�L�R�Q �R�I �W�K�H �&�R�Q�F�H�L�Y�H�� �'�H�V�L�J�Q�� �,�P�S�O�H�P�H�Q�W
�D�Q�G �2�S�H�U�D�W�H ���&�'�,�2�� �I�U�D�P�H�Z�R�U�N �D�G�R�S�W�H�G �Z�L�G�H�O�\ �L�Q �X�Q�L�Y�H�U�V�L�W�L�H�V �J�L�Y�L�Q�J �H�Q�J�L�Q�H�H�U�L�Q�J �H�G�X�F�D�W�L�R�Q�� �,�Q
�P�D�U�L�W�L�P�H �H�G�X�F�D�W�L�R�Q�� �&�%�/ �D�Q�G �&�%�( �K�D�Y�H �E�H�H�Q �K�L�J�K�O�L�J�K�W�H�G �D�V �D �Z�D�\ �W�R �D�G�G�U�H�V�V �W�K�H �J�U�R�Z�L�Q�J �Q�H�H�G
�I�R�U �L�Q�W�H�U���G�L�V�F�L�S�O�L�Q�D�U�\ �N�Q�R�Z�O�H�G�J�H �D�Q�G �W�K�H �G�H�Y�H�O�R�S�P�H�Q�W �R�I �����V�W �F�H�Q�W�X�U�\ �V�N�L�O�O�V �O�L�N�H �F�U�L�W�L�F�D�O �W�K�L�Q�N�L�Q�J��
�S�U�R�E�O�H�P �V�R�O�Y�L�Q�J�� �G�L�J�L�W�D�O �O�L�W�H�U�D�F�\�� �F�U�H�D�W�L�Y�L�W�\ �D�Q�G �F�R�P�P�X�Q�L�F�D�W�L�R�Q ���$�� �5�� �0�R�U�D�U�L�X �H�W �D�O������������ ����
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�D�G�G�U�H�V�V �0�$�6�6 �Q�H�H�G�V �E�H�F�D�X�V�H �R�I �W�K�H�L�U �I�X�Q�G�D�P�H�Q�W�D�O �S�U�L�Q�F�L�S�O�H�� �V�W�X�G�H�Q�W�V �G�H�I�L�Q�H �W�K�H �F�K�D�O�O�H�Q�J�H�V��
�U�R�R�W�H�G �L�Q �U�H�D�O���O�L�I�H �F�R�Q�W�H�[�W�V�� �D�Q�G �W�K�H�Q �D�W�W�H�P�S�W �W�R �V�R�O�Y�H �W�K�H�P�� �6�X�F�K �D�Q �D�S�S�U�R�D�F�K �F�D�O�O�V �I�R�U �F�U�L�W�L�F�D�O�O�\
�D�Q�D�O�\�V�L�Q�J �W�K�H �V�L�W�X�D�W�L�R�Q �D�W �K�D�Q�G�� �G�H�Y�H�O�R�S�L�Q�J �F�R�P�P�X�Q�L�F�D�W�L�R�Q �V�N�L�O�O�V �D�Q�G �N�H�H�S�L�Q�J �O�H�D�U�Q�L�Q�J �F�O�R�V�H �W�R
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�D�F�W�L�Y�L�W�L�H�V �W�D�N�H �S�O�D�F�H �L�Q �F�O�D�V�V�U�R�R�P�V �R�U �R�Q�O�L�Q�H�� �D�O�O�R�Z�L�Q�J �V�W�X�G�H�Q�W�V �W�R �G�H�Y�H�O�R�S �V�H�O�I���G�L�U�H�F�W�L�R�Q �D�Q�G
�W�H�D�P�Z�R�U�N �V�N�L�O�O�V�� �,�Q �R�U�G�H�U �I�R�U �3�%�/ �J�R�D�O�V �W�R �E�H �D�F�K�L�H�Y�H�G�� �W�K�H �D�F�W�L�R�Q�V �R�I �E�R�W�K �W�K�H �O�H�D�U�Q�H�U �D�Q�G �W�K�H
�W�H�D�F�K�H�U �P�X�V�W �E�H �U�H�I�O�H�F�W�H�G�� �3�%�/ �D�W �W�K�H �P�D�F�U�R �O�H�Y�H�O �L�V �D �V�W�U�D�W�H�J�\ �W�K�D�W �V�K�R�X�O�G �E�H �U�H�I�O�H�F�W�H�G �Q�R�W �R�Q�O�\
�L�Q �W�K�H �O�H�D�U�Q�H�U�¶�V �E�H�K�D�Y�L�R�X�U �E�X�W �D�O�V�R �L�Q �W�K�H �F�X�U�U�L�F�X�O�X�P�� �W�H�D�F�K�L�Q�J �D�Q�G �F�R�O�O�D�E�R�U�D�W�L�R�Q �R�I �W�K�H �H�Q�W�L�U�H
�H�G�X�F�D�W�L�R�Q�D�O �L�Q�V�W�L�W�X�W�L�R�Q�� �7�K�H �W�H�D�F�K�L�Q�J �R�I �D�O�O �V�X�E�M�H�F�W�V �F�R�P�E�L�Q�H�G �L�Q�W�R �D �E�U�R�D�G �Z�K�R�O�H�� �V�L�P�X�O�D�W�L�Q�J
�W�K�H �R�S�H�U�D�W�L�R�Q �R�I �D �F�R�P�S�D�Q�\�� �L�V �V�X�L�W�D�E�O�H �H�V�S�H�F�L�D�O�O�\ �I�R�U �%�D�F�K�H�O�R�U���O�H�Y�H�O �W�H�D�F�K�L�Q�J�� �Z�K�H�U�H �V�W�X�G�H�Q�W�V
�D�U�H �S�K�\�V�L�F�D�O�O�\ �S�U�H�V�H�Q�W�� �&�R�Q�W�L�Q�X�R�X�V �F�R�O�O�D�E�R�U�D�W�L�R�Q �E�H�W�Z�H�H�Q �D�O�O �W�H�D�F�K�H�U�V �L�V �Q�H�H�G�H�G �W�R �D�G�Y�D�Q�F�H
�D�Q�G �V�X�S�S�R�U�W �W�K�H �V�W�X�G�H�Q�W�V�¶ �Z�R�U�N�� �I�R�U �H�[�D�P�S�O�H�� �L�Q �W�K�H �I�L�H�O�G�V �R�I �E�X�V�L�Q�H�V�V�� �D�F�F�R�X�Q�W�L�Q�J�� �O�D�Q�J�X�D�J�H�V
�D�Q�G �O�D�Z�� �2�Q �W�K�H �P�D�F�U�R �O�H�Y�H�O�� �D�O�O �F�R�X�U�V�H�V �D�Q�G �O�H�F�W�X�U�H�V �D�U�H �L�Q�W�H�J�U�D�W�H�G �L�Q�W�R �3�%�/ �O�H�D�U�Q�L�Q�J�� �Z�K�H�U�H
�F�R�Q�W�L�Q�X�R�X�V �F�R�P�S�D�Q�\ �G�H�Y�H�O�R�S�P�H�Q�W �D�Q�G �S�U�R�E�O�H�P �V�R�O�Y�L�Q�J �U�H�T�X�L�U�H �W�K�H �S�U�H�V�H�Q�F�H �D�Q�G �F�O�R�V�H �F�R�R�S��
�H�U�D�W�L�R�Q �R�I �H�D�F�K �W�H�D�F�K�H�U�� �3�%�/ �D�W �P�D�F�U�R �O�H�Y�H�O �F�D�Q �D�O�V�R �E�H �F�R�P�E�L�Q�H�G �Z�L�W�K �&�%�(�� �D�Q�G �&�%�( �E�D�V�H�G
�D�V�V�L�J�Q�P�H�Q�W�V �F�D�Q �E�H �S�D�U�W �R�I �P�D�F�U�R �3�%�/ �W�H�D�F�K�L�Q�J �V�W�U�D�W�H�J�\ ���6�D�Q�G�H�O�O���������� ���� �*�L�Y�H�Q �W�K�H �X�Q�F�H�U�W�D�L�Q�W�\
�U�H�J�D�U�G�L�Q�J �W�K�H �G�H�Y�H�O�R�S�P�H�Q�W �R�I �W�K�H �P�D�U�L�W�L�P�H �V�H�F�W�R�U �Z�L�W�K �D �P�R�U�H �D�E�X�Q�G�D�Q�W �L�Q�W�U�R�G�X�F�W�L�R�Q �R�I �0�$�6�6��
�L�W �L�V �Q�H�F�H�V�V�D�U�\ �W�R �G�H�Y�H�O�R�S �I�O�H�[�L�E�O�H �W�H�D�F�K�L�Q�J �D�Q�G �O�H�D�U�Q�L�Q�J �I�U�D�P�H�Z�R�U�N�V�� �Z�K�L�F�K �Z�R�X�O�G �D�O�O�R�Z �I�R�U �D�J�L�O�H
�D�G�M�X�V�W�P�H�Q�W�V �D�Q�G �P�R�G�L�I�L�F�D�W�L�R�Q�V �D�F�F�R�U�G�L�Q�J �W�R �H�P�H�U�J�L�Q�J �Q�H�H�G�V�� �7�K�H�U�H�I�R�U�H�� �&�%�( �L�V �D �P�H�W�K�R�G �W�K�D�W
�H�Q�O�D�U�J�H�V �W�K�H �P�H�W�K�R�G�R�O�R�J�L�F�D�O �F�K�R�L�F�H�V �F�R�P�S�D�U�H�G �W�R �W�U�D�G�L�W�L�R�Q�D�O �3�%�/ �P�H�W�K�R�G�V ���6�D�Q�G�H�O�O���������� ����

�%�R�W�K �3�%�/ �D�Q�G �&�%�( �K�D�Y�H �W�K�H�L�U �U�R�O�H�V �L�Q �W�K�H �I�X�W�X�U�H �R�I �0�D�U�L�W�L�P�H �(�G�X�F�D�W�L�R�Q �D�Q�G �7�U�D�L�Q�L�Q�J ���0�(�7��
�Z�K�H�Q �(�G�X�F�D�W�L�R�Q �U�H�O�D�W�L�Q�J �W�R �D�X�W�R�Q�R�P�R�X�V �V�K�L�S�S�L�Q�J �L�V �E�H�L�Q�J �W�U�D�Q�V�I�R�U�P�H�G �D�Q�G �V�K�D�U�H�G �L�Q �'�L�J�L�Y�L�V�L�R
�������� ���D �S�U�R�J�U�D�P �L�Q�Y�R�O�Y�L�Q�J �D�O�O �)�L�Q�Q�L�V�K �K�L�J�K�H�U �H�G�X�F�D�W�L�R�Q �L�Q�V�W�L�W�X�W�L�R�Q�V �W�K�D�W �D�L�P�V �W�R �F�U�H�D�W�H �D �I�X�W�X�U�H �I�R�U
�O�H�D�U�Q�L�Q�J �W�K�D�W �E�H�Q�H�I�L�W�V �K�L�J�K�H�U �H�G�X�F�D�W�L�R�Q �L�Q�V�W�L�W�X�W�L�R�Q�V�� �O�H�D�U�Q�H�U�V �D�Q�G �R�X�U �V�R�F�L�H�W�\ �D�V �D �Z�K�R�O�H�� �V�W�D�U�W�L�Q�J
�L�Q �D�X�W�X�P�Q ���������� �$�V �W�K�H �'�L�J�L�Y�L�V�L�R �������� �F�R�Q�V�R�U�W�L�X�P �R�I �K�L�J�K�H�U �H�G�X�F�D�W�L�R�Q �L�Q�V�W�L�W�X�W�H�V �L�V �G�H�Y�H�O�R�S�L�Q�J

�3�U�R�F�H�H�G�L�Q�J�V �R�I �W�K�H21�V�W�,�Q�W�H�U�Q�D�W�L�R�Q�D�O �&�'�,�2 �&�R�Q�I�H�U�H�Q�F�H�� �K�R�V�W�H�G �E�\
�0�R�Q�D�V�K �8�Q�L�Y�H�U�V�L�W�\�� �0�H�O�E�R�X�U�Q�H�� �$�X�V�W�U�D�O�L�D�� �-�X�Q�H ���±���� ��������



�)�L�J�X�U�H ���� �&�K�D�O�O�H�Q�J�H �E�D�V�H�G �H�G�X�F�D�W�L�R�Q �S�U�R�F�H�V�V

�D�Q�G �U�H�O�L�H�V �P�R�U�H �R�Q �F�R�R�S�H�U�D�W�L�R�Q �R�I �E�R�W�K �L�Q�V�W�L�W�X�W�L�R�Q�V �R�I �P�R�U�H �W�H�F�K�Q�R�O�R�J�L�F�D�O �V�F�L�H�Q�F�H �8�Q�L�Y�H�U�V�L�W�L�H�V
�D�Q�G �W�K�H �8�Q�L�Y�H�U�V�L�W�L�H�V �R�I �$�S�S�O�L�H�G �6�F�L�H�Q�F�H�V �Z�K�L�F�K �K�D�Y�H �W�K�H �U�H�V�S�R�Q�V�L�E�L�O�L�W�\ �I�R�U �0�(�7 �I�R�U �W�K�H �6�7�&�:
�V�W�D�Q�G�D�U�G�V�� �L�W �L�V �H�Y�L�G�H�Q�W �W�K�D�W �W�K�H�U�H �D�U�H �W�Z�R �D�S�S�U�R�D�F�K�H�V �Z�K�L�F�K �Q�H�H�G �W�R �E�H �F�R�P�E�L�Q�H�G�� �0�(�7 �L�V �P�R�U�H
�V�W�U�L�F�W�O�\ �W�L�H�G �W�R �H�G�X�F�D�W�L�R�Q �D�V �L�W �L�V �V�W�U�R�Q�J�O�\ �U�H�J�X�O�D�W�H�G �E�\ �W�K�H �6�7�&�: �F�R�Q�Y�H�Q�W�L�R�Q�� �7�K�H�U�H�I�R�U�H�� �L�W �L�V
�D�O�V�R �P�R�U�H �W�L�H�G �W�R �V�R�O�Y�L�Q�J �S�U�R�E�O�H�P�V �R�Q �W�K�H �E�D�V�L�V �R�I �L�Q�W�H�U�Q�D�W�L�R�Q�D�O �U�H�J�X�O�D�W�L�R�Q �Z�K�L�F�K �G�H�W�H�U�P�L�Q�H�V �W�K�H
�S�R�V�V�L�E�L�O�L�W�L�H�V �I�R�U �V�R�O�X�W�L�R�Q�V �Z�K�L�F�K �D�U�H �O�H�J�D�O�O�\ �H�Q�I�R�U�F�H�D�E�O�H �D�Q�G �Z�K�L�F�K �I�R�O�O�R�Z �W�K�H �,�0�2 �U�H�J�X�O�D�W�L�R�Q�V
�D�Q�G �J�X�L�G�H�O�L�Q�H�V�� �&�%�( �L�V �V�X�L�W�D�E�O�H �I�R�U �W�K�H �G�H�Y�H�O�R�S�P�H�Q�W �R�I �W�H�F�K�Q�R�O�R�J�L�F�D�O �V�W�D�Q�G�D�U�G�V �D�Q�G �V�R�O�X�W�L�R�Q�V
�I�R�U �K�R�Z �W�H�F�K�Q�R�O�R�J�L�F�D�O �S�U�R�E�O�H�P�V �F�D�Q �E�H �V�R�O�Y�H�G�� �$�V �0�$�6�6 �&�R�G�H �Z�L�O�O �H�Q�W�H�U �L�Q�W�R �I�R�U�F�H �E�D�V�H�G �R�Q
�D �J�R�D�O���E�D�V�H�G �L�Q�V�W�U�X�P�H�Q�W�� �E�R�W�K �3�%�/ �D�Q�G �&�%�( �Z�L�O�O �E�H �V�X�L�W�D�E�O�H �P�H�W�K�R�G�V �L�Q �W�K�H�L�U �R�Z�Q �S�U�D�F�W�L�F�H
�D�U�H�D�V�� �$�V �D�X�W�R�Q�R�P�R�X�V �V�K�L�S�S�L�Q�J �L�V �V�W�U�R�Q�J�O�\ �F�R�P�E�L�Q�L�Q�J �W�U�D�G�L�W�L�R�Q�D�O �V�H�D�I�D�U�L�Q�J �Z�L�W�K �W�H�F�K�Q�R�O�R�J�\�� �W�K�H
�F�R�Q�V�R�U�W�L�X�P �Z�L�O�O �X�V�H �E�R�W�K �P�H�W�K�R�G�R�O�R�J�L�F�D�O �D�S�S�U�R�D�F�K�H�V �D�V �W�K�H �Z�R�U�N �F�R�Q�W�L�Q�X�H�V�� �,�W �L�V �H�Y�L�G�H�Q�W �W�K�D�W
�W�K�H �P�L�[�L�Q�J �R�I �P�H�W�K�R�G�V �Z�L�O�O �G�H�Y�H�O�R�S �Q�H�Z �N�L�Q�G�V �R�I �F�R���R�S�H�U�D�W�L�R�Q�V �I�R�U �W�K�H �I�X�W�X�U�H �R�I �D�X�W�R�Q�R�P�R�X�V
�V�H�D�I�D�U�L�Q�J �Z�K�H�Q �W�K�H �,�0�2 �V�W�D�Q�G�D�U�G�V �D�U�H �I�L�Q�D�O�L�]�H�G ���6�D�Q�G�H�O�O���������� ����

�5�H�D�G�L�Q�H�V�V �D�Q�G �S�U�H�S�D�U�H�G�Q�H�V�V �R�I �V�W�X�G�H�Q�W�V �D�Q�G �W�H�D�F�K�H�U�V �I�R�U �D�G�R�S�W�L�Q�J �&�%�(

�7�K�H�U�H �D�U�H �W�K�U�H�H �N�H�\ �H�O�H�P�H�Q�W�V �L�Q �W�K�H �&�%�( �S�U�R�F�H�V�V������ �H�G�X�F�D�W�L�R�Q�D�O �R�X�W�F�R�P�H������ �L�P�S�D�F�W�L�Q�J �G�U�L�Y�H�U�V��
�D�Q�G���� �S�U�H�S�D�U�H�G�Q�H�V�V �V�N�L�O�O�V�� �7�K�H �S�U�R�F�H�V�V �L�V �L�O�O�X�V�W�U�D�W�H�G �L�Q �G�H�W�D�L�O �L�Q �)�L�J�X�U�H�� �D�Q�G �G�L�V�F�X�V�V�H�G �L�Q �W�K�H
�I�R�O�O�R�Z�L�Q�J�� �7�K�H �G�H�Y�H�O�R�S�P�H�Q�W �R�I �W�H�F�K�Q�R�O�R�J�\ �D�Q�G �D�X�W�R�P�D�W�L�R�Q �H�Q�D�E�O�H�V �L�Q�Q�R�Y�D�W�L�R�Q�V �I�U�R�P �H�[�L�V�W�L�Q�J
�D�Q�G �Q�H�Z �F�R�P�S�D�Q�L�H�V�� �D�Q�G �D�S�S�O�L�F�D�W�L�R�Q�V �U�H�O�D�W�H�G �W�R �D�U�W�L�I�L�F�L�D�O �L�Q�W�H�O�O�L�J�H�Q�F�H �D�U�H �L�Q�F�U�H�D�V�L�Q�J�O�\ �E�H�L�Q�J
�V�H�H�Q�� �$�U�W�L�I�L�F�L�D�O �,�Q�W�H�O�O�L�J�H�Q�F�H �F�D�Q �E�U�L�Q�J �P�R�U�H �Y�D�O�X�H �W�R �P�D�U�L�W�L�P�H �F�R�P�S�D�Q�L�H�V�¶ �G�H�F�L�V�L�R�Q �P�D�N�L�Q�J�� �R�S��
�H�U�D�W�L�R�Q �R�S�W�L�P�L�V�D�W�L�R�Q �D�Q�G �D�X�W�R�P�D�W�L�Q�J �G�L�I�I�H�U�H�Q�W �W�D�V�N�V�� �)�R�U �H�[�D�P�S�O�H�� �$�, �F�D�Q �E�H �X�V�H�G �L�Q �D �V�K�L�S�¶�V
�Y�R�\�D�J�H �S�O�D�Q�Q�L�Q�J �D�Q�G �I�R�U�H�F�D�V�W�L�Q�J �Z�H�D�W�K�H�U �D�V �Z�H�O�O �D�V �L�Q �V�K�L�S �P�D�L�Q�W�H�Q�D�Q�F�H �D�Q�G �I�X�H�O �F�R�Q�V�X�P�S�W�L�R�Q
�R�S�W�L�P�L�V�D�W�L�R�Q�� �$�U�W�L�I�L�F�L�D�O �L�Q�W�H�O�O�L�J�H�Q�F�H �F�D�Q �D�O�V�R �E�H �X�W�L�O�L�V�H�G �R�Q �E�R�D�U�G �Y�H�V�V�H�O�V �L�Q �V�D�I�H�W�\���U�H�O�D�W�H�G �I�X�Q�F��
�W�L�R�Q�V�� �V�X�F�K �D�V �E�H�K�D�Y�L�R�X�U���E�D�V�H�G �V�D�I�H�W�\�� �Z�K�H�U�H �W�K�H �D�L�P �L�V �W�R �L�P�S�U�R�Y�H �W�K�H �V�K�L�S�S�L�Q�J �F�R�P�S�D�Q�\�¶�V
�D�Z�D�U�H�Q�H�V�V �R�I �W�K�H �V�D�I�H�W�\ �F�X�O�W�X�U�H �R�Q �E�R�D�U�G�� �2�W�K�H�U �V�D�I�H�W�\���U�H�O�D�W�H�G �E�H�Q�H�I�L�W�V �F�D�Q �E�H �V�H�H�Q �L�Q �E�U�L�G�J�H
�V�\�V�W�H�P�V �D�Q�G �F�R�O�O�L�V�L�R�Q �U�L�V�N �D�V�V�H�V�V�P�H�Q�W�� �D�V �Z�H�O�O �D�V �I�L�U�H �U�L�V�N �G�H�W�H�F�W�L�R�Q�� �2�Q �W�K�H �R�W�K�H�U �K�D�Q�G�� �W�K�H
�X�V�H �R�I �D�U�W�L�I�L�F�L�D�O �L�Q�W�H�O�O�L�J�H�Q�F�H �E�U�L�Q�J�V �Q�H�Z �U�L�V�N�V �D�Q�G �L�V�V�X�H�V �W�R �E�H �W�D�N�H�Q �L�Q�W�R �D�F�F�R�X�Q�W �I�R�U �W�K�H �V�K�L�S��
�S�L�Q�J �F�R�P�S�D�Q�\�� �V�X�F�K �D�V �F�\�E�H�U�V�H�F�X�U�L�W�\�� �H�Q�V�X�U�L�Q�J �U�H�O�L�D�E�O�H �G�D�W�D �L�Q �$�, �D�Q�D�O�\�W�L�F�V�� �D�Q�G �W�D�N�L�Q�J �L�Q�W�R

�3�U�R�F�H�H�G�L�Q�J�V �R�I �W�K�H21�V�W�,�Q�W�H�U�Q�D�W�L�R�Q�D�O �&�'�,�2 �&�R�Q�I�H�U�H�Q�F�H�� �K�R�V�W�H�G �E�\
�0�R�Q�D�V�K �8�Q�L�Y�H�U�V�L�W�\�� �0�H�O�E�R�X�U�Q�H�� �$�X�V�W�U�D�O�L�D�� �-�X�Q�H ���±���� ��������



�D�F�F�R�X�Q�W �W�K�H �W�U�D�L�Q�L�Q�J �Q�H�H�G�V �R�I �S�H�U�V�R�Q�Q�H�O �D�Q�G �G�D�W�D �S�U�R�W�H�F�W�L�R�Q�� �$�O�O �W�K�L�V �Q�H�H�G�V �W�R �E�H �U�H�I�O�H�F�W�H�G �L�Q
�W�K�H �L�Q�W�H�Q�G�H�G �O�H�D�U�Q�L�Q�J �R�X�W�F�R�P�H�V �R�I �W�K�H �H�G�X�F�D�W�L�R�Q�D�O �F�X�U�U�L�F�X�O�X�P��

�(�V�S�H�F�L�D�O�O�\ �L�Q �W�H�F�K�Q�R�O�R�J�\�� �Z�H �K�D�Y�H �I�D�F�H�G �F�R�Q�W�L�Q�X�R�X�V�O�\ �G�L�V�U�X�S�W�L�Y�H �R�U �L�Q�F�U�H�P�H�Q�W�D�O �W�U�D�Q�V�L�W�L�R�Q�V �W�K�D�W
�L�P�S�D�F�W �D�Q�G �G�U�L�Y�H �U�H�V�H�D�U�F�K�� �H�G�X�F�D�W�L�R�Q�� �E�X�V�L�Q�H�V�V�� �Z�R�U�N���O�L�I�H �E�D�O�D�Q�F�H �F�K�D�Q�J�H�V�� �7�K�L�V �L�Q �W�X�U�Q �D�I�I�H�F�W�V
�W�K�H �U�H�T�X�L�U�H�G �H�[�S�H�U�W�L�V�H �D�Q�G �V�N�L�O�O�V �D�Q�G �L�Q�W�H�Q�G�H�G �O�H�D�U�Q�L�Q�J �R�X�W�F�R�P�H�V�� �,�Q �W�K�H �S�D�V�W�� �W�K�R�V�H �L�P�S�D�F�W�V
�Z�H�U�H �Y�H�U�\ �Q�D�U�U�R�Z�� �L�Q�I�O�X�H�Q�F�L�Q�J �V�S�H�F�L�I�L�F �I�L�H�O�G�V �R�U �E�X�V�L�Q�H�V�V �D�U�H�D�V�� �D�Q�G �O�D�V�W�H�G �I�R�U �O�L�P�L�W�H�G �W�L�P�H��
�1�R�Z �L�Q �W�K�H �$�, �H�U�D�� �W�K�H �F�K�D�Q�J�H �Z�L�O�O �F�R�Y�H�U �D�O�O �I�L�H�O�G�V �D�Q�G �K�D�Y�H �Y�H�U�\ �G�L�Y�H�U�V�H �L�P�S�D�F�W�� �$�O�V�R�� �R�Q�H
�V�S�H�F�L�D�O �G�L�P�H�Q�V�L�R�Q �L�V �W�K�H �W�L�P�H�I�U�D�P�H �R�I �F�K�D�Q�J�H�� �7�K�H �$�, �U�H�O�D�W�H�G �F�K�D�Q�J�H�V �D�U�H �W�\�S�L�F�D�O�O�\ �Y�H�U�\ �I�D�V�W
�D�Q�G �L�Q�Y�R�O�Y�L�Q�J �P�X�O�W�L�S�O�H �I�D�V�W �V�H�T�X�H�Q�W�L�D�O �F�K�D�Q�J�H�V �L�P�S�O�H�P�H�Q�W�H�G �R�Y�H�U �D �O�R�Q�J �S�H�U�L�R�G �R�I �W�L�P�H�� �7�K�H
�V�F�D�O�H �L�V �V�R �P�D�V�V�L�Y�H �W�K�D�W �L�W �L�V �L�P�S�R�V�V�L�E�O�H �W�R �I�L�O�O �W�K�H �H�[�S�H�U�W�L�V�H �J�D�S �R�Q �D �J�O�R�E�D�O �V�F�D�O�H �X�V�L�Q�J �Q�H�Z
�U�H�F�U�X�L�W�P�H�Q�W�� �,�Q �W�K�H �$�, �W�U�D�Q�V�I�R�U�P�D�W�L�R�Q �S�U�R�F�H�V�V�� �Z�H �Q�H�H�G �W�R �X�Q�G�H�U�V�W�D�Q�G �D�� �K�R�Z �W�H�F�K�Q�R�O�R�J�\���$�, �Z�L�O�O
�G�H�Y�H�O�R�S�� �E�� �K�R�Z �W�K�L�V �H�Y�R�O�X�W�L�R�Q �L�P�S�D�F�W�V �W�K�L�V �I�L�H�O�G�� �F�� �Z�K�D�W �L�W �U�H�T�X�L�U�H�V �D�V �D�Q �H�[�S�H�U�W�L�V�H�� �D�Q�G �G�� �K�R�Z
�W�K�L�V �W�U�D�Q�V�I�R�U�P�D�W�L�R�Q �F�D�Q �E�H �L�P�S�O�H�P�H�Q�W�H�G �Z�L�W�K �D �K�L�J�K �G�L�Y�H�U�V�L�W�\ �R�I �H�[�S�H�U�W�L�V�H �W�R �E�H �L�Q�W�H�J�U�D�W�H�G�� �,�W �L�V
�U�H�O�H�Y�D�Q�W �I�R�U �W�K�H �V�W�X�G�H�Q�W�V �W�R �O�H�D�U�Q �K�R�Z �W�R �X�V�H �$�, �H�I�I�L�F�L�H�Q�W�O�\ �I�R�U �W�K�H�L�U �Z�R�U�N �D�Q�G �K�R�Z �W�R �F�R�P�P�X�Q�L�F�D�W�H
�Z�L�W�K �L�W�� �7�K�H �U�R�O�H �R�I �$�, �L�V �D�O�V�R �F�K�D�Q�J�L�Q�J �D�Q�G �L�Q�F�U�H�D�V�L�Q�J �L�Q �W�L�P�H�� �2�Q�H �S�U�R�E�O�H�P �L�V �W�K�D�W �$�, �W�H�F�K�Q�R�O�R�J�\
�L�V �G�H�Y�H�O�R�S�L�Q�J �H�[�W�U�H�P�H�O�\ �I�D�V�W�� �,�Q �W�K�L�V �G�H�Y�H�O�R�S�P�H�Q�W�� �L�W �L�V �U�H�O�H�Y�D�Q�W �W�R �V�H�H �K�R�Z �S�H�R�S�O�H �D�U�H �D�E�O�H
�W�R �J�L�Y�H �D�G�G�H�G �Y�D�O�X�H �W�R �W�K�H �Z�R�U�N �R�I �$�, �V�W�D�\�L�Q�J �F�R�P�S�H�W�L�W�L�Y�H �L�Q �W�K�H �Z�R�U�N�L�Q�J �P�D�U�N�H�W�� �&�%�( �L�V �D
�Y�H�U�\ �Q�D�W�X�U�D�O �D�S�S�U�R�D�F�K �I�R�U �V�W�X�G�\�L�Q�J �F�K�D�O�O�H�Q�J�H�V �D�Q�G �V�R�O�X�W�L�R�Q�V �U�H�O�D�W�L�Q�J �W�R �W�K�H �$�, �W�U�D�Q�V�I�R�U�P�D�W�L�R�Q��
�2�Q�H �V�W�U�H�Q�J�W�K �L�Q �W�K�L�V �D�S�S�U�R�D�F�K �L�V �D�O�V�R �H�D�V�\ �L�Q�W�H�J�U�D�W�L�R�Q �R�I �V�H�Y�H�U�D�O �G�L�V�F�L�S�O�H�V �W�R�J�H�W�K�H�U �V�R�O�Y�L�Q�J �W�K�H
�S�U�R�E�O�H�P �D�Q�G �F�R�Q�V�L�G�H�U�L�Q�J �P�X�O�W�L�S�O�H �D�Q�J�O�H�V �L�Q �W�K�H �V�R�O�X�W�L�R�Q��

�7�R �D�G�H�T�X�D�W�H�O�\ �S�U�H�S�D�U�H �V�W�X�G�H�Q�W�V �I�R�U �&�%�(�� �D �G�L�Y�H�U�V�H �D�U�U�D�\ �R�I �V�N�L�O�O�V �D�Q�G �N�Q�R�Z�O�H�G�J�H �W�D�L�O�R�U�H�G �W�R �H�D�F�K
�V�W�X�G�H�Q�W�¶�V �E�D�F�N�J�U�R�X�Q�G �D�Q�G �D�F�D�G�H�P�L�F���Z�R�U�N �G�L�V�F�L�S�O�L�Q�H �L�V �H�V�V�H�Q�W�L�D�O�� �1�R�W �H�Y�H�U�\ �V�W�X�G�H�Q�W �Q�H�H�G�V �W�R
�P�D�V�W�H�U �D�O�O �W�K�H �V�N�L�O�O�V �U�H�T�X�L�U�H�G�� �K�R�Z�H�Y�H�U�� �H�D�F�K �Z�R�U�N�L�Q�J �J�U�R�X�S �F�R�O�O�H�F�W�L�Y�H�O�\ �V�K�R�X�O�G�� �(�I�I�H�F�W�L�Y�H �F�R�P��
�P�X�Q�L�F�D�W�L�R�Q �Z�L�W�K�L�Q �W�K�H �J�U�R�X�S �L�V �F�U�X�F�L�D�O�� �D�O�O�R�Z�L�Q�J �V�W�X�G�H�Q�W�V �W�R �V�K�D�U�H �W�K�H�L�U �H�[�S�H�U�W�L�V�H �D�Q�G �F�R�Q�W�U�L�E�X�W�H
�W�R �V�R�O�Y�L�Q�J �W�K�H �F�K�D�O�O�H�Q�J�H�� �$ �V�R�O�L�G �X�Q�G�H�U�V�W�D�Q�G�L�Q�J �R�I �W�H�F�K�Q�R�O�R�J�L�F�D�O �G�H�Y�H�O�R�S�P�H�Q�W�� �L�W�V �F�K�D�O�O�H�Q�J�H�V��
�L�P�S�D�F�W�V�� �D�Q�G �W�K�H �F�D�X�V�D�O�L�W�L�H�V �L�Q �W�K�H �G�R�P�D�L�Q �F�K�D�U�D�F�W�H�U�L�]�H�G �E�\ �G�L�J�L�W�D�O�L�]�D�W�L�R�Q�� �D�U�W�L�I�L�F�L�D�O �L�Q�W�H�O�O�L�J�H�Q�F�H��
�D�Q�G �U�R�E�R�W�L�]�D�W�L�R�Q �L�V �D�Q �H�[�F�H�O�O�H�Q�W �V�W�D�U�W�L�Q�J �S�R�L�Q�W�� �,�Q �W�K�L�V �F�R�Q�W�H�[�W�� �Z�H �I�R�F�X�V �R�Q �P�D�U�L�W�L�P�H �R�S�H�U�D�W�L�R�Q�V��

�6�W�X�G�H�Q�W�V �P�X�V�W �H�V�W�D�E�O�L�V�K �D �F�R�P�S�U�H�K�H�Q�V�L�Y�H �D�Q�G �I�R�U�Z�D�U�G���O�R�R�N�L�Q�J �Y�L�V�L�R�Q �R�I �W�K�H �G�R�P�D�L�Q �D�Q�G �W�H�F�K��
�Q�R�O�R�J�\ �L�Q �R�U�G�H�U �W�R �H�I�I�H�F�W�L�Y�H�O�\ �D�G�G�U�H�V�V �W�K�H �F�K�D�O�O�H�Q�J�H �L�Q �W�K�H �U�L�J�K�W �F�R�Q�W�H�[�W �S�U�R�Y�L�G�L�Q�J �V�X�V�W�D�L�Q�D�E�O�H
�V�R�O�X�W�L�R�Q�V�� �6�X�V�W�D�L�Q�D�E�L�O�L�W�\ �V�K�R�X�O�G �E�H �F�R�Q�V�L�G�H�U�H�G �I�U�R�P �H�Q�Y�L�U�R�Q�P�H�Q�W�D�O�� �W�H�F�K�Q�R�O�R�J�L�F�D�O�� �H�F�R�Q�R�P�L�F��
�D�Q�G �V�R�F�L�D�O �S�H�U�V�S�H�F�W�L�Y�H�V�� �7�K�H �Y�L�V�L�R�Q���E�X�L�O�G�L�Q�J �S�U�R�F�H�V�V �E�H�J�L�Q�V �Z�L�W�K �D�Q �X�Q�G�H�U�V�W�D�Q�G�L�Q�J �R�I �N�H�\ �W�H�F�K��
�Q�R�O�R�J�L�F�D�O �W�U�H�Q�G�V �D�Q�G �W�K�H�L�U �L�P�S�O�L�F�D�W�L�R�Q�V �I�R�U �W�K�H �I�L�H�O�G�¶�V �G�H�Y�H�O�R�S�P�H�Q�W �D�Q�G �W�K�H �U�H�Q�H�Z�D�O �R�I �V�W�X�G�H�Q�W�V�¶
�H�[�S�H�U�W�L�V�H�� �&�K�D�O�O�H�Q�J�H�V �R�I�W�H�Q �U�H�T�X�L�U�H �V�X�F�K �D �E�U�R�D�G �U�D�Q�J�H �R�I �H�[�S�H�U�W�L�V�H �W�K�D�W �Q�R �V�L�Q�J�O�H �L�Q�G�L�Y�L�G�X�D�O
�F�D�Q �S�R�V�V�H�V�V �L�W �D�O�O�� �7�K�H�U�H�I�R�U�H�� �O�H�D�U�Q�L�Q�J �W�R �F�U�L�W�L�F�D�O�O�\ �U�H�W�U�L�H�Y�H�� �D�Q�D�O�\�]�H�� �D�Q�G �V�\�Q�W�K�H�V�L�]�H �L�Q�I�R�U�P�D�W�L�R�Q
�D�Q�G �F�R�O�O�D�E�R�U�D�W�L�Y�H�O�\ �S�U�R�G�X�F�H �Q�H�Z �N�Q�R�Z�O�H�G�J�H �L�V �D �Q�H�F�H�V�V�L�W�\ �L�Q �D�G�G�U�H�V�V�L�Q�J �P�X�O�W�L�G�L�V�F�L�S�O�L�Q�D�U�\ �F�K�D�O��
�O�H�Q�J�H�V�� �,�W �L�V �H�V�V�H�Q�W�L�D�O �W�K�D�W �V�W�X�G�H�Q�W�V �D�U�H �D�E�O�H �W�R �J�R �G�H�H�S�H�U �L�Q�W�R �W�K�H �F�R�Q�W�H�Q�W �D�Q�G �V�H�H �W�K�L�Q�J�V �I�U�R�P
�G�L�I�I�H�U�H�Q�W �S�H�R�S�O�H�V�¶ �D�Q�J�O�H�V�� �Q�R�W �R�Q�O�\ �G�L�Y�L�G�H �W�K�H �Z�R�U�N �E�H�W�Z�H�H�Q �H�D�F�K �R�W�K�H�U�� �6�W�X�G�H�Q�W�V �P�X�V�W �E�H �D�E�O�H
�W�R �G�L�V�F�X�V�V �W�K�H�L�U �R�Z�Q �W�R�S�L�F�V �D�Q�G �I�L�H�O�G�V �Z�L�W�K �R�W�K�H�U�V �L�Q �V�W�X�G�H�Q�W���O�D�\�P�D�Q�¶�V �W�H�U�P�V��

�7�K�H �S�U�R�F�H�V�V �F�R�P�P�H�Q�F�H�V �Z�L�W�K �G�H�I�L�Q�L�Q�J �W�K�H �F�K�D�O�O�H�Q�J�H �D�Q�G �F�X�O�P�L�Q�D�W�H�V �L�Q �L�W�V �L�P�S�O�H�P�H�Q�W�D�W�L�R�Q��
�)�R�U �W�K�L�V �S�U�R�F�H�V�V �V�H�Y�H�U�D�O �F�R�Q�F�H�S�W�V �D�Q�G �S�O�D�W�I�R�U�P�V �H�[�L�V�W�� �)�R�U �P�R�U�H �W�K�D�Q ���� �\�H�D�U�V�� �W�K�H �&�'�,�2
�I�U�D�P�H�Z�R�U�N �² �&�R�Q�F�H�L�Y�L�Q�J�� �'�H�V�L�J�Q�L�Q�J�� �,�P�S�O�H�P�H�Q�W�L�Q�J �D�Q�G �2�S�H�U�D�W�L�Q�J �V�\�V�W�H�P�V �D�Q�G �S�U�R�G�X�F�W�V �²
�K�D�V �E�H�H�Q �X�W�L�O�L�]�H�G �W�R �J�X�L�G�H �W�K�L�V �S�U�R�F�H�V�V �L�Q �W�K�H �I�L�H�O�G �R�I �H�Q�J�L�Q�H�H�U�L�Q�J ���0�D�O�P�T�Y�L�V�W �H�W �D�O������������ ����
�6�W�X�G�H�Q�W�V �E�H�Q�H�I�L�W �I�U�R�P �S�U�H�S�D�U�L�Q�J �I�R�U �D �P�X�O�W�L�I�D�F�H�W�H�G �L�Q�Q�R�Y�D�W�L�R�Q �S�U�R�F�H�V�V �R�U �D�W �O�H�D�V�W �V�H�S�D�U�D�W�H�O�\
�P�X�O�W�L�I�D�F�H�W�H�G �D�S�S�U�R�D�F�K �D�Q�G �W�K�L�Q�N�L�Q�J�� �D�Q�G �L�Q�Q�R�Y�D�W�L�R�Q �S�U�R�F�H�V�V�H�V�� �,�W �L�V �H�V�V�H�Q�W�L�D�O �W�R �U�H�F�R�J�Q�L�]�H �W�K�D�W
�S�U�R�E�O�H�P�V �V�K�R�X�O�G �Q�R�W �E�H �D�S�S�U�R�D�F�K�H�G �I�U�R�P �D �V�L�Q�J�O�H �S�H�U�V�S�H�F�W�L�Y�H�� �I�R�U �L�Q�V�W�D�Q�F�H�� �H�Q�J�L�Q�H�H�U�V �V�K�R�X�O�G

�3�U�R�F�H�H�G�L�Q�J�V �R�I �W�K�H21�V�W�,�Q�W�H�U�Q�D�W�L�R�Q�D�O �&�'�,�2 �&�R�Q�I�H�U�H�Q�F�H�� �K�R�V�W�H�G �E�\
�0�R�Q�D�V�K �8�Q�L�Y�H�U�V�L�W�\�� �0�H�O�E�R�X�U�Q�H�� �$�X�V�W�U�D�O�L�D�� �-�X�Q�H ���±���� ��������
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�7�K�H �H�G�X�F�D�W�L�R�Q�D�O �R�X�W�F�R�P�H�V �W�R �W�K�H �V�W�X�G�H�Q�W�V �F�O�H�D�U�O�\ �D�U�H �W�K�H �R�E�W�D�L�Q�H�G �Q�H�Z �H�[�S�H�U�W�L�V�H �D�Q�G �V�N�L�O�O�V��
�D�Q�G �W�K�H �U�H�D�F�K�H�G �V�X�V�W�D�L�Q�D�E�O�H �V�R�O�X�W�L�R�Q�V �S�U�R�Y�L�G�H�G �W�R �W�K�H �L�G�H�Q�W�L�I�L�H�G �F�K�D�O�O�H�Q�J�H�� �7�K�L�V �D�O�V�R �S�U�R�Y�L�G�H�V
�D �S�O�D�W�I�R�U�P �I�R�U �F�R�Q�W�L�Q�X�H�G �U�H�Q�H�Z�D�O �R�I �F�X�U�U�L�F�X�O�D �D�Q�G �W�H�D�F�K�H�U�V�¶ �H�[�S�H�U�W�L�V�H�� �,�Q �J�H�Q�H�U�D�O�� �Z�K�H�Q �D �F�K�D�O��
�O�H�Q�J�H �L�V �D�S�S�U�R�D�F�K�H�G �I�U�R�P �P�X�O�W�L�S�O�H �S�H�U�V�S�H�F�W�L�Y�H�V �E�\ �D �P�X�O�W�L�G�L�V�F�L�S�O�L�Q�D�U�\ �W�H�D�P�� �L�Q�Y�R�O�Y�L�Q�J �V�W�X�G�H�Q�W�V��
�W�H�D�F�K�H�U�V �D�Q�G �L�Q�G�X�V�W�U�\ �S�U�R�I�H�V�V�L�R�Q�D�O�V�� �S�H�H�U �O�H�D�U�Q�L�Q�J �W�D�N�H�V �S�O�D�F�H�� �3�D�U�W�L�F�L�S�D�Q�W�V �Z�L�O�O �O�H�D�U�Q �W�R �V�H�H
�W�K�H �F�K�D�O�O�H�Q�J�H �I�U�R�P �D �Z�L�G�H�U �S�H�U�V�S�H�F�W�L�Y�H�� �G�H�H�S�H�Q �W�K�H�L�U �N�Q�R�Z�O�H�G�J�H �R�I �W�K�H �V�X�E�M�H�F�W �D�Q�G �D�O�V�R �O�H�D�U�Q
�I�U�R�P �H�D�F�K �R�W�K�H�U�� �7�K�H �U�R�O�H �R�I �W�K�H �W�H�D�F�K�H�U �L�V �W�R �H�Q�K�D�Q�F�H �W�K�L�V �N�L�Q�G �R�I �G�L�D�O�R�J�X�H �D�Q�G �R�S�H�Q �F�R�P�P�X�Q�L��
�F�D�W�L�R�Q �W�R �K�D�U�Q�H�V�V �W�K�H �N�Q�R�Z�O�H�G�J�H �D�Q�G �F�R�P�S�H�W�H�Q�F�H �R�I �W�K�H �W�H�D�P �S�D�U�W�L�F�L�S�D�Q�W�V�� �)�X�U�W�K�H�U�P�R�U�H�� �H�Y�H�Q
�W�K�R�X�J�K �W�K�H �W�H�D�F�K�H�U �L�V �D�Q �H�[�S�H�U�W �Z�L�W�K�L�Q �K�L�V���K�H�U �V�X�E�M�H�F�W �I�L�H�O�G�� �L�W �P�L�J�K�W �E�H �W�K�D�W �W�K�H �W�H�D�F�K�H�U �Z�L�O�O �Q�R�W
�E�H �D�Q �H�[�S�H�U�W �R�I �W�K�H �Z�K�R�O�H �F�R�Q�W�H�[�W �R�I �W�K�H �F�K�D�O�O�H�Q�J�H�� �7�K�H�U�H�I�R�U�H�� �W�K�H �U�R�O�H �R�I �W�K�H �W�H�D�F�K�H�U �F�K�D�Q�J�H�V
�I�U�R�P �W�H�D�F�K�L�Q�J �W�K�H �D�F�W�X�D�O �V�X�E�M�H�F�W �W�R �P�R�U�H �R�I �E�H�L�Q�J �W�K�H �S�H�U�V�R�Q �Z�K�R �J�X�L�G�H�V �W�K�H �D�F�W�X�D�O �F�K�D�O�O�H�Q�J�H
�V�R�O�Y�L�Q�J �S�U�R�F�H�V�V �R�S�H�U�D�W�L�Q�J �P�R�U�H �D�V �D �F�R�D�F�K �W�K�D�Q �D �V�X�E�M�H�F�W �H�[�S�H�U�W �V�K�D�U�L�Q�J �L�Q�I�R�U�P�D�W�L�R�Q�� �,�Q �&�%�(��
�D�G�G�U�H�V�V�L�Q�J �W�K�H �F�K�D�O�O�H�Q�J�H �Q�H�H�G�V �W�R �E�H �F�R�Q�V�L�V�W�H�Q�W �W�R �H�Q�V�X�U�H �W�K�D�W �W�K�H �Z�K�R�O�H �S�U�R�F�H�V�V �L�V �S�U�R�F�H�H�G�L�Q�J
�V�\�V�W�H�P�D�W�L�F�D�O�O�\ �I�U�R�P �F�K�D�O�O�H�Q�J�H �I�R�U�P�X�O�D�W�L�R�Q �W�R�Z�D�U�G�V �W�K�H �Z�D�Q�W�H�G �H�Q�G �U�H�V�X�O�W �D�Q�G �D�Q �L�Q�Q�R�Y�D�W�L�Y�H �V�R��
�O�X�W�L�R�Q�� �K�H�Q�F�H �S�U�R�Y�L�G�L�Q�J �J�X�L�G�D�Q�F�H�� �V�X�S�S�R�U�W �D�Q�G �V�X�S�H�U�Y�L�V�L�R�Q�� �Z�K�L�F�K �U�H�T�X�L�U�H�V �S�U�H�S�D�U�H�G�Q�H�V�V �I�U�R�P
�V�W�X�G�H�Q�W�V �D�Q�G �W�H�D�F�K�H�U�V �D�O�L�N�H��

�,�Q �&�%�(�� �E�R�W�K �W�K�H �W�D�U�J�H�W�H�G �H�Q�G �U�H�V�X�O�W �D�Q�G �W�K�H �P�D�L�Q �R�E�M�H�F�W�L�Y�H �L�V �D�Q �L�Q�Q�R�Y�D�W�L�Y�H �V�R�O�X�W�L�R�Q�� �,�Q �W�K�H
�H�Q�J�L�Q�H�H�U�L�Q�J �H�G�X�F�D�W�L�R�Q �S�U�R�J�U�D�P�V �U�H�S�U�H�V�H�Q�W�H�G �E�\ �W�K�H �D�X�W�K�R�U�V�� �V�W�X�G�H�Q�W�V �D�U�H �S�U�H�S�D�U�H�G �I�R�U �H�P��
�E�U�D�F�L�Q�J �&�%�( �E�\ �E�X�L�O�G�L�Q�J �R�Q �W�K�H�L�U �D�E�L�O�L�W�\ �W�R �D�F�F�H�S�W �V�R�P�H �O�H�Y�H�O�V �R�I �X�Q�F�H�U�W�D�L�Q�W�\ �L�V �Q�H�H�G�H�G �D�O�R�Q�J
�Z�L�W�K �W�K�H �D�E�L�O�L�W�\ �W�R �D�G�D�S�W �D�V �W�K�H �S�U�R�F�H�V�V �S�U�R�F�H�H�G�V�� �7�K�L�V �L�V �D�F�K�L�H�Y�H�G �W�K�U�R�X�J�K �L�Q�G�L�Y�L�G�X�D�O �D�Q�G �J�U�R�X�S
�Z�R�U�N �S�U�R�M�H�F�W �F�R�X�U�V�H�V �Z�K�H�U�H �W�K�H �D�V�V�L�J�Q�P�H�Q�W�V �D�U�H �R�S�H�Q���H�Q�G�H�G �D�Q�G �U�H�T�X�L�U�H �W�K�H �V�W�X�G�H�Q�W�V �W�R �D�F��
�F�H�S�W �W�K�D�W �D �Q�H�H�G �I�R�U �F�K�D�Q�J�H�V �L�V �O�L�N�H�O�\ �W�R �H�P�H�U�J�H�� �7�K�H �R�X�W�F�R�P�H �L�V �V�W�X�G�H�Q�W�V �Z�L�W�K �D �P�L�Q�G�V�H�W �I�R�U
�X�Q�G�H�U�V�W�D�Q�G�L�Q�J �W�K�D�W �H�Y�H�Q �W�K�R�X�J�K �W�K�H�U�H �D�U�H �J�R�R�G �S�O�D�Q�V �P�D�G�H �L�Q �W�K�H �E�H�J�L�Q�Q�L�Q�J�� �W�K�H�V�H �P�L�J�K�W �K�D�Y�H
�W�R �F�K�D�Q�J�H �D�F�F�R�U�G�L�Q�J �W�R �V�L�W�X�D�W�L�R�Q�D�O �Q�H�H�G�V�� �7�K�L�V �D�O�V�R �L�Q�F�O�X�G�H�V �W�H�D�F�K�L�Q�J �P�H�W�K�R�G�V �D�Q�G �W�R�R�O�V �D�V �Z�H�O�O
�D�V �W�K�H �H�G�X�F�D�W�L�R�Q�D�O �L�Q�I�U�D�V�W�U�X�F�W�X�U�H �Z�K�H�U�H �W�K�H �W�H�D�F�K�H�U �P�D�Q�D�J�H�V �D�Q�G �J�X�L�G�H�V �W�K�H �&�%�( �S�U�R�F�H�V�V �Z�L�W�K
�G�L�I�I�H�U�H�Q�W �S�H�G�D�J�R�J�L�F�D�O �P�H�W�K�R�G�V �D�Q�G �D �P�X�O�W�L�G�L�V�F�L�S�O�L�Q�D�U�\ �W�H�D�P �Z�K�H�U�H �S�D�U�W�L�F�L�S�D�Q�W�V �K�D�Y�H �G�L�I�I�H�U�H�Q�W
�E�D�F�N�J�U�R�X�Q�G�V�� �7�K�H �&�%�( �S�U�R�F�H�V�V �L�V �D�O�V�R �D �O�H�D�U�Q�L�Q�J �S�U�R�F�H�V�V �I�R�U �W�K�H �W�H�D�F�K�H�U�V �D�V �Z�H�O�O �D�V �I�R�U �W�K�H
�V�W�X�G�H�Q�W�V�� �Z�K�L�F�K �J�L�Y�H�V �E�R�W�K �D�Q �R�S�S�R�U�W�X�Q�L�W�\ �D�Q�G �D �U�H�T�X�L�U�H�P�H�Q�W �I�R�U �F�R�Q�V�W�D�Q�W �O�H�D�U�Q�L�Q�J�� �D�G�D�S�W�D�E�L�O�L�W�\
�D�Q�G �U�H�Q�H�Z�D�O��
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�,�Q �W�K�L�V �S�D�S�H�U�� �D �V�\�V�W�H�P�D�W�L�F �G�H�I�L�Q�L�W�L�R�Q �I�R�U �F�K�D�O�O�H�Q�J�H �E�D�V�H�G �H�G�X�F�D�W�L�R�Q ���&�%�(�� �L�Q �W�K�H �D�X�W�R�Q�R�P�R�X�V
�V�K�L�S�S�L�Q�J �F�R�Q�W�H�[�W �Z�D�V �S�U�H�V�H�Q�W�H�G�� �:�H �F�R�P�S�D�U�H�G �W�K�H �Q�H�Z �&�%�( �G�H�I�L�Q�L�W�L�R�Q �Z�L�W�K �S�U�R�E�O�H�P �E�D�V�H�G
�O�H�D�U�Q�L�Q�J�� �)�R�U �&�%�(�� �Z�H �L�G�H�Q�W�L�I�L�H�G �W�K�U�H�H �P�D�L�Q �S�K�D�V�H�V�� ���� �H�Q�J�D�J�H�� ���� �L�Q�Y�H�V�W�L�J�D�W�H�� �D�Q�G ���� �D�F�W�� �7�K�H
�S�U�H�V�H�Q�W�H�G �&�%�( �G�H�I�L�Q�L�W�L�R�Q �S�U�R�P�R�W�H�V �P�X�O�W�L�G�L�V�F�L�S�O�L�Q�D�U�\ �F�R�O�O�D�E�R�U�D�W�L�R�Q �W�R�Z�D�U�G�V �P�X�O�W�L�I�D�F�H�W�H�G �L�Q�Q�R�Y�D��
�W�L�R�Q �S�U�R�F�H�V�V�H�V�� �:�H �K�L�J�K�O�L�J�K�W�H�G �W�K�H �L�P�S�R�U�W�D�Q�F�H �R�I �V�\�V�W�H�P�D�W�L�F�D�O�O�\ �E�X�L�O�G�L�Q�J �S�U�H�S�D�U�H�G�Q�H�V�V �V�N�L�O�O�V
�I�R�U �V�W�X�G�H�Q�W�V �W�K�U�R�X�J�K �W�K�H�L�U �V�W�X�G�L�H�V �E�H�I�R�U�H �W�K�H�\ �V�W�D�U�W �L�G�H�Q�W�L�I�\�L�Q�J �D�Q�G �V�R�O�Y�L�Q�J �U�H�D�O���O�L�I�H �F�K�D�O�O�H�Q�J�H�V��
�7�K�H �R�X�W�F�R�P�H �L�V �W�R �S�U�R�Y�L�G�H �Q�H�Z �H�[�S�H�U�W�L�V�H�� �V�R�O�X�W�L�R�Q�V �D�Q�G �V�N�L�O�O�V�� �E�X�W �L�W �D�O�V�R �J�L�Y�H�V �D�Q �H�[�F�H�O�O�H�Q�W �R�S��
�S�R�U�W�X�Q�L�W�\ �I�R�U �F�R�Q�W�L�Q�X�H�G �U�H�Q�H�Z�D�O �R�I �F�X�U�U�L�F�X�O�D �D�Q�G �S�H�R�S�O�H�� �(�Y�H�Q �W�K�R�X�J�K �W�K�L�V �S�D�S�H�U �I�R�F�X�V�H�G �R�Q �W�K�H
�D�X�W�R�Q�R�P�R�X�V �V�K�L�S�S�L�Q�J �F�R�Q�W�H�[�W�� �W�K�H �S�U�H�V�H�Q�W�H�G �G�H�I�L�Q�L�W�L�R�Q �I�R�U �&�%�( �L�V �J�H�Q�H�U�D�O�L�]�D�E�O�H �W�R �D�O�O �H�Q�J�L�Q�H�H�U��
�L�Q�J �I�L�H�O�G�V�� �6�L�P�L�O�D�U�O�\ �D�V �I�R�U �D�X�W�R�Q�R�P�R�X�V �V�K�L�S�S�L�Q�J�� �P�D�M�R�U �V�X�E�M�H�F�W �V�W�X�G�H�Q�W�V �I�U�R�P �R�W�K�H�U �G�L�V�F�L�S�O�L�Q�H�V
�K�D�Y�H �D�Q �L�P�S�R�U�W�D�Q�W �U�R�O�H �L�Q �L�Q�F�R�U�S�R�U�D�W�L�Q�J �W�K�H�L�U �W�H�F�K�Q�R�O�R�J�L�F�D�O �V�X�E�V�W�D�Q�F�H �W�K�U�R�X�J�K �S�D�U�W�L�F�L�S�D�W�L�R�Q �L�Q
�W�K�H �F�K�D�O�O�H�Q�J�H�V �W�R �L�Q�G�X�F�H �G�H�Y�H�O�R�S�P�H�Q�W �D�Q�G �W�U�D�Q�V�I�R�U�P�D�W�L�R�Q �L�Q �W�K�H �S�U�L�P�D�U�\ �I�L�H�O�G �R�I �H�Q�J�L�Q�H�H�U�L�Q�J
�W�D�U�J�H�W�H�G �E�\ �W�K�H �&�%�( �S�U�R�F�H�V�V �L�Q �T�X�H�V�W�L�R�Q��
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�0�R�Q�D�V�K �8�Q�L�Y�H�U�V�L�W�\�� �0�H�O�E�R�X�U�Q�H�� �$�X�V�W�U�D�O�L�D�� �-�X�Q�H ���±���� ��������
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�V�W�X�G�H�Q�W�V�� �Z�L�O�O�� �V�H�H�� �K�R�Z�� �W�K�H�L�U�� �K�D�Q�G�V���R�Q�� �D�F�W�L�Y�L�W�L�H�V�� �U�H�I�O�H�F�W�� �W�K�H�� �Z�R�U�N�� �R�I���F�K�H�P�L�F�D�O���H�Q�J�L�Q�H�H�U�V�� �L�Q��
�L�Q�W�H�J�U�D�W�L�Q�J�� �S�K�\�V�L�F�V�� �D�Q�G�� �F�K�H�P�L�V�W�U�\�� �S�U�L�Q�F�L�S�O�H�V�� �L�Q�W�R�� �S�U�D�F�W�L�F�D�O�� �G�H�V�L�J�Q�V���� �7�K�L�V�� �Z�L�O�O�� �K�H�O�S�� �F�O�D�U�L�I�\�� �W�K�H��
�E�U�R�D�G�H�U�� �U�R�O�H�� �R�I�� �F�K�H�P�L�F�D�O�� �H�Q�J�L�Q�H�H�U�V�� �L�Q�� �D�G�G�U�H�V�V�L�Q�J���J�O�R�E�D�O�� �F�K�D�O�O�H�Q�J�H�V�� �Z�K�L�O�H�� �P�H�H�W�L�Q�J�� �T�X�D�O�L�W�\����
�V�X�V�W�D�L�Q�D�E�L�O�L�W�\���� �D�Q�G�� �F�R�V�W�� �R�E�M�H�F�W�L�Y�H�V�����V�X�S�S�R�U�W�L�Q�J�� �&�'�,�2�� �6�W�D�Q�G�D�U�G�� ������ �,�Q�W�H�J�U�D�W�H�G�� �/�H�D�U�Q�L�Q�J��
�(�[�S�H�U�L�H�Q�F�H�V���E�\���W�\�L�Q�J���S�U�D�F�W�L�F�D�O���D�F�W�L�Y�L�W�L�H�V���W�R���W�K�H�R�U�H�W�L�F�D�O���F�R�Q�F�H�S�W�V�� 
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�K�D�Y�H���D�F�F�H�V�V���W�R���D���G�H�Y�L�F�H���Z�L�W�K���Z�K�L�F�K���W�R���G�R���V�R���D�V���L�W���L�V���V�W�D�Q�G�D�U�G���S�U�R�F�H�G�X�U�H���I�R�U���V�H�F�R�Q�G�D�U�\���V�W�X�G�H�Q�W�V��
�W�R���O�H�D�Y�H���G�H�Y�L�F�H�V���L�Q���W�K�H�L�U���E�D�J�V���G�X�U�L�Q�J���F�O�D�V�V�����7�K�H�U�H�I�R�U�H�����W�R���L�P�S�U�R�Y�H���W�K�H���I�O�R�Z���R�I���W�K�H���D�F�W�L�Y�L�W�\�����W�K�H��
�U�H�V�X�O�W�V���V�X�E�P�L�V�V�L�R�Q���S�U�R�F�H�V�V���Z�L�O�O���E�H���X�S�G�D�W�H�G�����)�X�W�X�U�H���Z�R�U�N�V�K�R�S�V���Z�L�O�O���L�Q�F�O�X�G�H���V�K�D�U�H�G���G�H�Y�L�F�H�V���D�W��
�Z�R�U�N�V�W�D�W�L�R�Q�V�� �I�R�U�� �G�L�U�H�F�W�� �G�D�W�D�� �H�Q�W�U�\�� �L�Q�W�R�� �D���F�H�Q�W�U�D�O�� �V�\�V�W�H�P�� �D�Q�G�� �V�W�X�G�H�Q�W�V�� �Z�L�O�O�� �E�H�� �V�X�S�S�R�U�W�H�G�� �E�\��
�I�D�F�L�O�L�W�D�W�R�U�V�� �W�R�� �X�S�O�R�D�G���U�H�V�X�O�W�V�����7�K�H�V�H�� �F�K�D�Q�J�H�V�� �Z�L�O�O�� �U�H�G�X�F�H�� �O�R�J�L�V�W�L�F�D�O�� �E�D�U�U�L�H�U�V�� �D�Q�G�� �P�D�L�Q�W�D�L�Q�� �W�K�H��
�F�R�P�S�H�W�L�W�L�Y�H�� �H�O�H�P�H�Q�W�� �R�I�� �W�K�H�� �Z�R�U�N�V�K�R�S���� �D�O�L�J�Q�L�Q�J�� �Z�L�W�K�� �&�'�,�2�� �6�W�D�Q�G�D�U�G�� ������ �$�F�W�L�Y�H�� �/�H�D�U�Q�L�Q�J�� �E�\��
�H�Q�V�X�U�L�Q�J���V�W�X�G�H�Q�W�V���U�H�P�D�L�Q���I�R�F�X�V�H�G���D�Q�G���H�Q�J�D�J�H�G���L�Q���L�W�H�U�D�W�L�Y�H���S�U�R�E�O�H�P���V�R�O�Y�L�Q�J�� 
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�Z�R�U�N�V�K�R�S�¶�V���L�P�S�D�F�W���D�Q�G���H�I�I�H�F�W�L�Y�H�Q�H�V�V�����'�H�Y�H�O�R�S�L�Q�J���D���V�W�D�Q�G�D�U�G���V�X�U�Y�H�\���I�R�U���V�W�X�G�H�Q�W�V���W�R���F�R�P�S�O�H�W�H��
�D�I�W�H�U���S�D�U�W�L�F�L�S�D�W�L�Q�J���L�Q���W�K�H���Z�R�U�N�V�K�R�S���H�D�F�K���\�H�D�U���F�R�X�O�G���S�U�R�Y�L�G�H���Y�D�O�X�D�E�O�H�����R�Q�J�R�L�Q�J���L�Q�V�L�J�K�W�V���L�Q�W�R���K�R�Z��
�W�K�H�\���H�Q�J�D�J�H���Z�L�W�K���L�W�H�U�D�W�L�Y�H���G�H�V�L�J�Q���D�Q�G���L�Q�W�H�J�U�D�W�H�G���S�U�R�E�O�H�P���V�R�O�Y�L�Q�J�����/�R�Q�J�L�W�X�G�L�Q�D�O���V�W�X�G�L�H�V���P�L�J�K�W��
�W�U�D�F�N�� �S�D�U�W�L�F�L�S�D�Q�W�V�¶�� �D�F�D�G�H�P�L�F�� �D�Q�G�� �F�D�U�H�H�U�� �S�D�W�K�Z�D�\�V�� �W�R�� �D�V�V�H�V�V�� �K�R�Z�� �H�[�S�H�U�L�H�Q�W�L�D�O�� �O�H�D�U�Q�L�Q�J��
�D�F�W�L�Y�L�W�L�H�V���L�Q�I�O�X�H�Q�F�H���6�7�(�0���F�K�R�L�F�H�V�����$���O�R�Q�J�L�W�X�G�L�Q�D�O���V�W�X�G�\���F�R�X�O�G���W�U�D�F�N���S�D�U�W�L�F�L�S�D�Q�W�V�¶���D�F�D�G�H�P�L�F���D�Q�G��
�F�D�U�H�H�U�� �S�D�W�K�Z�D�\�V�� �W�R�� �H�Y�D�O�X�D�W�H�� �W�K�H�� �Z�R�U�N�V�K�R�S�¶�V�� �L�Q�I�O�X�H�Q�F�H�� �R�Q�� �6�7�(�0�� �F�K�R�L�F�H�V���� �(�[�S�D�Q�G�L�Q�J�� �W�K�H��
�Z�R�U�N�V�K�R�S�� �W�R�� �L�Q�F�O�X�G�H�� �S�U�R�I�H�V�V�L�R�Q�D�O�� �G�H�Y�H�O�R�S�P�H�Q�W�� �I�R�U�� �V�H�F�R�Q�G�D�U�\�� �W�H�D�F�K�H�U�V�� �F�R�X�O�G�� �H�P�S�R�Z�H�U��
�H�G�X�F�D�W�R�U�V���W�R���E�H�W�W�H�U���L�Q�W�H�J�U�D�W�H���6�7�(�0���F�R�Q�F�H�S�W�V���L�Q�W�R���W�K�H�L�U���F�X�U�U�L�F�X�O�D���D�Q�G���S�U�R�Y�L�G�H���P�R�U�H���L�Q�I�R�U�P�H�G��
�J�X�L�G�D�Q�F�H�� �W�R�� �W�K�H�L�U�� �V�W�X�G�H�Q�W�V�����$�G�G�L�W�L�R�Q�D�O�O�\���� �U�H�V�H�D�U�F�K�� �F�R�X�O�G�� �H�[�D�P�L�Q�H�� �W�K�H�� �H�I�I�H�F�W�L�Y�H�Q�H�V�V�� �R�I�� �&�'�,�2��
�L�Q�W�H�J�U�D�W�L�R�Q�����V�X�F�K���D�V���K�R�Z���V�W�X�G�H�Q�W�V���J�U�D�V�S���L�W�H�U�D�W�L�Y�H���G�H�V�L�J�Q���D�Q�G���W�H�D�P�Z�R�U�N�����7�K�H�V�H���G�L�U�H�F�W�L�R�Q�V���F�R�X�O�G��
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�7�K�H�� �(�Q�J�L�Q�H�H�U�L�Q�J�� �&�O�H�D�Q�� �:�D�W�H�U�� �6�R�O�X�W�L�R�Q�V�� �Z�R�U�N�V�K�R�S���V�K�R�Z�V�� �K�R�Z�� �Z�H�O�O���G�H�V�L�J�Q�H�G�� �R�X�W�U�H�D�F�K��
�D�F�W�L�Y�L�W�L�H�V�� �D�O�L�J�Q�H�G�� �Z�L�W�K�� �W�K�H�� �&�'�,�2�� �I�U�D�P�H�Z�R�U�N�� �F�D�Q�� �L�Q�V�S�L�U�H�� �K�L�J�K�� �V�F�K�R�R�O�� �V�W�X�G�H�Q�W�V�����6�W�X�G�H�Q�W�V��
�H�Q�J�D�J�H�G�� �L�Q�� �G�H�V�L�J�Q�L�Q�J�� �Z�D�W�H�U�� �W�U�H�D�W�P�H�Q�W�� �S�U�R�F�H�V�V�H�V�� �X�V�L�Q�J�� �S�K�\�V�L�F�D�O�� �D�Q�G�� �F�K�H�P�L�F�D�O�� �P�H�W�K�R�G�V����
�E�X�L�O�G�L�Q�J���S�U�D�F�W�L�F�D�O���V�N�L�O�O�V���V�X�F�K���D�V���W�H�D�P�Z�R�U�N���D�Q�G���L�W�H�U�D�W�L�Y�H���G�H�V�L�J�Q���Z�K�L�O�H���F�R�Q�Q�H�F�W�L�Q�J���W�K�H�L�U���O�D�E���Z�R�U�N��
�W�R���U�H�D�O���Z�R�U�O�G�� �H�Q�J�L�Q�H�H�U�L�Q�J�� �V�R�O�X�W�L�R�Q�V�� �W�K�U�R�X�J�K�� �W�K�H�L�U�� �H�[�S�H�U�L�H�Q�F�H�� �Z�L�W�K�� �U�X�Q�Q�L�Q�J�� �W�K�H�� �0�R�Q�D�V�K��
�0�H�P�E�U�D�Q�H�� �3�L�O�R�W�� �3�O�D�Q�W�� �Y�L�V�L�W�����7�K�H�� �Z�R�U�N�V�K�R�S�� �U�H�I�O�H�F�W�H�G�� �V�H�Y�H�U�D�O�� �&�'�,�2�� �V�W�D�Q�G�D�U�G�V���� �L�Q�F�O�X�G�L�Q�J��
�6�W�D�Q�G�D�U�G�� ������ �&�R�Q�W�H�[�W���� �E�\�� �V�L�W�X�D�W�L�Q�J�� �V�W�X�G�H�Q�W�V�� �L�Q�� �U�H�D�O�L�V�W�L�F�� �H�Q�J�L�Q�H�H�U�L�Q�J�� �F�K�D�O�O�H�Q�J�H�V���� �6�W�D�Q�G�D�U�G�� ������
�'�H�V�L�J�Q���,�P�S�O�H�P�H�Q�W�� �(�[�S�H�U�L�H�Q�F�H�V���� �W�K�U�R�X�J�K�� �L�W�H�U�D�W�L�Y�H�� �S�U�R�F�H�V�V�� �G�H�V�L�J�Q���� �D�Q�G�� �6�W�D�Q�G�D�U�G�� ������ �$�F�W�L�Y�H��
�/�H�D�U�Q�L�Q�J�����E�\���H�Q�J�D�J�L�Q�J���V�W�X�G�H�Q�W�V���L�Q���K�D�Q�G�V���R�Q�����W�H�D�P���E�D�V�H�G���S�U�R�E�O�H�P���V�R�O�Y�L�Q�J�� 

�6�W�X�G�H�Q�W�� �I�H�H�G�E�D�F�N�� �S�U�D�L�V�H�G�� �W�K�H�� �K�D�Q�G�V���R�Q���� �L�Q�W�H�U�D�F�W�L�Y�H�� �D�S�S�U�R�D�F�K�� �D�Q�G�� �W�K�H�� �F�O�H�D�U�� �H�[�S�O�D�Q�D�W�L�R�Q�� �R�I��
�H�Q�J�L�Q�H�H�U�L�Q�J�� �F�R�Q�F�H�S�W�V���� �W�K�R�X�J�K�� �D�U�H�D�V�� �I�R�U�� �L�P�S�U�R�Y�H�P�H�Q�W�� �Z�H�U�H�� �L�G�H�Q�W�L�I�L�H�G���� �6�X�J�J�H�V�W�L�R�Q�V�� �L�Q�F�O�X�G�H��
�L�Q�F�R�U�S�R�U�D�W�L�Q�J�� �G�L�Y�H�U�V�H�� �Z�D�W�H�U�� �V�D�P�S�O�H�V�� �W�R�� �H�Q�K�D�Q�F�H�� �D�X�W�K�H�Q�W�L�F�L�W�\�� �D�Q�G�� �U�H�I�L�Q�L�Q�J�� �W�K�H�� �V�H�V�V�L�R�Q�¶�V��
�F�R�Q�F�O�X�V�L�R�Q���W�R���U�H�L�Q�I�R�U�F�H���N�H�\���O�H�D�U�Q�L�Q�J���R�X�W�F�R�P�H�V�����)�X�W�X�U�H���L�W�H�U�D�W�L�R�Q�V���Z�L�O�O���L�P�S�O�H�P�H�Q�W���W�K�H���S�U�R�S�R�V�H�G��
�L�P�S�U�R�Y�H�P�H�Q�W�V�����H�Q�K�D�Q�F�L�Q�J���W�K�H���Z�R�U�N�V�K�R�S�¶�V���H�G�X�F�D�W�L�R�Q�D�O���L�P�S�D�F�W���Z�K�L�O�H���F�R�Q�W�L�Q�X�L�Q�J���W�R���L�Q�V�S�L�U�H���W�K�H��
�Q�H�[�W�� �J�H�Q�H�U�D�W�L�R�Q�� �R�I�� �F�K�H�P�L�F�D�O�� �H�Q�J�L�Q�H�H�U�V�� �W�R�� �W�D�F�N�O�H�� �U�H�D�O���Z�R�U�O�G�� �F�K�D�O�O�H�Q�J�H�V�� �Z�L�W�K�� �F�R�Q�I�L�G�H�Q�F�H�� �D�Q�G��
�F�U�H�D�W�L�Y�L�W�\�����3�R�W�H�Q�W�L�D�O���U�H�V�H�D�U�F�K���G�L�U�H�F�W�L�R�Q�V���L�Q�F�O�X�G�H���G�H�Y�H�O�R�S�L�Q�J���D���V�W�D�Q�G�D�U�G�L�V�H�G���V�X�U�Y�H�\���W�R���H�Y�D�O�X�D�W�H��
�V�W�X�G�H�Q�W�� �H�[�S�H�U�L�H�Q�F�H�V�� �D�Q�Q�X�D�O�O�\�� �D�Q�G�� �H�[�S�O�R�U�L�Q�J�� �W�K�H�� �Z�R�U�N�V�K�R�S�¶�V�� �L�P�S�D�F�W�� �R�Q�� �I�R�V�W�H�U�L�Q�J�� �V�\�V�W�H�P�V��
�W�K�L�Q�N�L�Q�J�� �D�Q�G�� �O�R�Q�J���W�H�U�P�� �L�Q�W�H�U�H�V�W�� �L�Q�� �6�7�(�0�� �S�D�W�K�Z�D�\�V���� �S�U�R�Y�L�G�L�Q�J�� �Y�D�O�X�D�E�O�H�� �L�Q�V�L�J�K�W�V�� �I�R�U�� �U�H�I�L�Q�L�Q�J��
�R�X�W�U�H�D�F�K���V�W�U�D�W�H�J�L�H�V�� 
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�'�D�U�N�K�D�Q�W�V�H�W�V�H�J���%�D�W�V�X�P�E�H�U�����7�H�P�X�X�M�L�Q���$�O�W�D�Q�V�X�N�K 

�'�H�S�D�U�W�P�H�Q�W���R�I���(�Q�J�L�Q�H�H�U�L�Q�J�����0�R�Q�J�R�O�L�D�Q���1�D�W�L�R�Q�D�O���'�H�I�H�Q�V�H���8�Q�L�Y�H�U�V�L�W�\�� 
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�6�L�Q�F�H�� ������������ �0�R�Q�J�R�O�L�D�Q�� �1�D�W�L�R�Q�D�O�� �'�H�I�H�Q�V�H�� �8�Q�L�Y�H�U�V�L�W�\�� ���0�1�'�8���� �K�D�V�� �E�H�H�Q�� �L�P�S�O�H�P�H�Q�W�L�Q�J�� �&�'�,�2��
�V�W�D�Q�G�D�U�G�V�� �D�Q�G�� �P�H�W�K�R�G�R�O�R�J�L�H�V�� �L�Q�� �L�W�V�� �W�H�D�F�K�L�Q�J�� �D�F�W�L�Y�L�W�L�H�V���� �7�R�� �H�Q�K�D�Q�F�H�� �V�W�X�G�H�Q�W�� �N�Q�R�Z�O�H�G�J�H�� �D�Q�G��
�V�N�L�O�O�V���� �0�1�'�8�� �K�D�V�� �L�Q�W�H�J�U�D�W�H�G�� �Y�D�U�L�R�X�V�� �H���O�H�D�U�Q�L�Q�J�� �W�H�F�K�Q�R�O�R�J�L�H�V�� �L�Q�W�R�� �L�W�V�� �F�X�U�U�L�F�X�O�X�P���� �7�K�L�V�� �V�W�X�G�\��
�L�Q�Y�H�V�W�L�J�D�W�H�V���W�K�H���L�P�S�D�F�W���R�I���0�L�F�U�R�V�R�I�W���2�Q�H�1�R�W�H���R�Q���V�W�X�G�H�Q�W���O�H�D�U�Q�L�Q�J���R�X�W�F�R�P�H�V���E�\���D�Q�D�O�\�]�L�Q�J���L�W�V��
�H�I�I�H�F�W�V�� �R�Q�� �L�Q�I�R�U�P�D�W�L�R�Q�� �U�H�W�H�Q�W�L�R�Q���� �Q�R�W�H���W�D�N�L�Q�J�� �H�I�I�L�F�L�H�Q�F�\���� �D�Q�G�� �V�W�X�G�H�Q�W���H�Q�J�D�J�H�P�H�Q�W�����7�K�H�� �V�W�X�G�\��
�L�Q�Y�R�O�Y�H�G���I�L�U�V�W�����W�R���I�R�X�U�W�K���\�H�D�U���V�W�X�G�H�Q�W�V���L�Q���W�K�H���'�H�S�D�U�W�P�H�Q�W���R�I���(�Q�J�L�Q�H�H�U�L�Q�J���D�W���0�1�'�8�����F�R�P�S�D�U�L�Q�J��
�W�U�D�G�L�W�L�R�Q�D�O���I�D�F�H���W�R���I�D�F�H���O�H�F�W�X�U�H�V���Z�L�W�K���W�K�H���L�Q�W�H�J�U�D�W�L�R�Q���R�I���0�L�F�U�R�V�R�I�W���2�Q�H�1�R�W�H������ 
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�,�1�7�5�2�'�8�&�7�,�2�1 

�7�K�H�� �U�D�S�L�G�� �G�L�J�L�W�D�O�� �W�U�D�Q�V�I�R�U�P�D�W�L�R�Q�� �L�Q�� �H�G�X�F�D�W�L�R�Q�� �K�D�V�� �Q�H�F�H�V�V�L�W�D�W�H�G�� �D�Q�� �L�Q�F�U�H�D�V�H�G�� �U�H�O�L�D�Q�F�H�� �R�Q�� �H��
�O�H�D�U�Q�L�Q�J���W�R�R�O�V���W�R���H�Q�K�D�Q�F�H���V�W�X�G�H�Q�W���H�Q�J�D�J�H�P�H�Q�W���D�Q�G���R�S�W�L�P�L�]�H���O�H�D�U�Q�L�Q�J���H�I�I�L�F�L�H�Q�F�\�����(�Q�J�L�Q�H�H�U�L�Q�J��
�H�G�X�F�D�W�L�R�Q���� �L�Q�� �S�D�U�W�L�F�X�O�D�U���� �E�H�Q�H�I�L�W�V�� �V�L�J�Q�L�I�L�F�D�Q�W�O�\�� �I�U�R�P�� �G�L�J�L�W�D�O�� �Q�R�W�H���W�D�N�L�Q�J�� �D�S�S�O�L�F�D�W�L�R�Q�V���� �Z�K�L�F�K��
�H�Q�D�E�O�H�� �V�W�X�G�H�Q�W�V�� �W�R�� �V�\�V�W�H�P�D�W�L�F�D�O�O�\�� �V�W�U�X�F�W�X�U�H�� �L�Q�I�R�U�P�D�W�L�R�Q���� �L�Q�W�H�J�U�D�W�H�� �P�X�O�W�L�P�H�G�L�D�� �U�H�V�R�X�U�F�H�V�� �I�R�U��
�H�Q�K�D�Q�F�H�G�� �F�R�P�S�U�H�K�H�Q�V�L�R�Q���� �D�Q�G�� �I�R�V�W�H�U�� �F�R�O�O�D�E�R�U�D�W�L�Y�H�� �O�H�D�U�Q�L�Q�J���� �+�R�Z�H�Y�H�U���� �H�[�L�V�W�L�Q�J�� �F�K�D�O�O�H�Q�J�H�V��
�V�X�F�K���D�V���L�Q�I�R�U�P�D�W�L�R�Q���R�Y�H�U�O�R�D�G���� �L�Q�H�I�I�L�F�L�H�Q�W���V�H�O�I���U�H�J�X�O�D�W�L�R�Q���� �D�Q�G���G�L�I�I�L�F�X�O�W�L�H�V���L�Q���D�G�D�S�W�L�Q�J���W�R���G�L�J�L�W�D�O��
�S�O�D�W�I�R�U�P�V���F�R�Q�W�L�Q�X�H���W�R���K�L�Q�G�H�U���H�I�I�H�F�W�L�Y�H���X�W�L�O�L�]�D�W�L�R�Q�� 

�7�K�L�V�� �V�W�X�G�\�� �F�U�L�W�L�F�D�O�O�\�� �H�[�D�P�L�Q�H�V�� �W�K�H�� �U�R�O�H�� �R�I�� �0�L�F�U�R�V�R�I�W�� �2�Q�H�1�R�W�H�� �D�V�� �D�� �G�L�J�L�W�D�O�� �Q�R�W�H���W�D�N�L�Q�J�� �W�R�R�O�� �L�Q��
�H�Q�J�L�Q�H�H�U�L�Q�J�� �H�G�X�F�D�W�L�R�Q���� �D�V�V�H�V�V�L�Q�J�� �L�W�V�� �L�P�S�D�F�W�� �R�Q�� �V�W�X�G�H�Q�W�V�
�� �D�F�D�G�H�P�L�F�� �S�H�U�I�R�U�P�D�Q�F�H���� �F�R�J�Q�L�W�L�Y�H��
�U�H�W�H�Q�W�L�R�Q���� �D�Q�G�� �R�U�J�D�Q�L�]�D�W�L�R�Q�D�O�� �V�N�L�O�O�V���� �8�Q�O�L�N�H�� �R�W�K�H�U�� �Q�R�W�H���W�D�N�L�Q�J�� �D�S�S�O�L�F�D�W�L�R�Q�V���� �2�Q�H�1�R�W�H�� �R�I�I�H�U�V��
�D�G�Y�D�Q�F�H�G���I�H�D�W�X�U�H�V�����L�Q�F�O�X�G�L�Q�J���K�L�H�U�D�U�F�K�L�F�D�O���R�U�J�D�Q�L�]�D�W�L�R�Q�����V�H�D�P�O�H�V�V���F�O�R�X�G���V�\�Q�F�K�U�R�Q�L�]�D�W�L�R�Q�����D�Q�G��
�F�R�O�O�D�E�R�U�D�W�L�Y�H���I�X�Q�F�W�L�R�Q�D�O�L�W�L�H�V�����%�\���D�G�G�U�H�V�V�L�Q�J���W�K�H�V�H���F�K�D�O�O�H�Q�J�H�V�����W�K�L�V���U�H�V�H�D�U�F�K���V�H�H�N�V���W�R���S�U�R�Y�L�G�H��
�H�P�S�L�U�L�F�D�O�� �L�Q�V�L�J�K�W�V�� �L�Q�W�R�� �K�R�Z�� �2�Q�H�1�R�W�H�� �I�D�F�L�O�L�W�D�W�H�V�� �V�N�L�O�O�� �G�H�Y�H�O�R�S�P�H�Q�W�� �D�Q�G�� �H�Q�K�D�Q�F�H�V�� �D�F�D�G�H�P�L�F��
�V�X�F�F�H�V�V���Z�L�W�K�L�Q���D�Q���H�Q�J�L�Q�H�H�U�L�Q�J���H�G�X�F�D�W�L�R�Q���F�R�Q�W�H�[�W�� 
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�3�U�H�Y�L�R�X�V���U�H�V�H�D�U�F�K���R�Q���G�L�J�L�W�D�O���Q�R�W�H���W�D�N�L�Q�J���L�Q���H�G�X�F�D�W�L�R�Q���K�L�J�K�O�L�J�K�W�V���L�W�V���S�R�W�H�Q�W�L�D�O���E�H�Q�H�I�L�W�V�����L�Q�F�O�X�G�L�Q�J��
�H�Q�K�D�Q�F�H�G�� �P�H�P�R�U�\�� �U�H�W�H�Q�W�L�R�Q���� �L�P�S�U�R�Y�H�G�� �R�U�J�D�Q�L�]�D�W�L�R�Q�D�O�� �V�N�L�O�O�V���� �D�Q�G�� �L�Q�F�U�H�D�V�H�G�� �V�W�X�G�H�Q�W��
�H�Q�J�D�J�H�P�H�Q�W�����:�R�Q�J���H�W���D�O�������������������H�[�S�O�R�U�H�G���W�K�H���L�Q�W�H�J�U�D�W�L�R�Q���R�I���0�L�F�U�R�V�R�I�W���2�Q�H�1�R�W�H���L�Q���X�Q�L�Y�H�U�V�L�W�\��
�F�O�D�V�V�U�R�R�P�V���� �I�L�Q�G�L�Q�J�� �W�K�D�W�� �L�W�� �I�D�F�L�O�L�W�D�W�H�G�� �F�R�O�O�D�E�R�U�D�W�L�Y�H�� �O�H�D�U�Q�L�Q�J�� �D�Q�G�� �L�P�S�U�R�Y�H�G�� �L�Q�I�R�U�P�D�W�L�R�Q��
�V�W�U�X�F�W�X�U�L�Q�J���� �0�L�F�K�D�H�O�V�H�Q�� �������������� �H�P�S�K�D�V�L�]�H�G�� �W�K�H�� �U�R�O�H�� �R�I�� �G�L�J�L�W�D�O�� �W�R�R�O�V�� �L�Q�� �P�R�G�H�U�Q�� �H�G�X�F�D�W�L�R�Q����
�D�U�J�X�L�Q�J���W�K�D�W���S�O�D�W�I�R�U�P�V���O�L�N�H���2�Q�H�1�R�W�H���H�Q�D�E�O�H���D���V�H�D�P�O�H�V�V���E�O�H�Q�G���R�I���W�U�D�G�L�W�L�R�Q�D�O���D�Q�G���G�L�J�L�W�D�O���Q�R�W�H��
�W�D�N�L�Q�J���� �6�H�N�D�U�D�V�L�K�� �D�Q�G�� �<�D�Q�L�� �������������� �L�Q�Y�H�V�W�L�J�D�W�H�G�� �W�K�H�� �H�I�I�H�F�W�L�Y�H�Q�H�V�V�� �R�I�� �2�Q�H�1�R�W�H�� �L�Q�� �O�D�Q�J�X�D�J�H��
�O�H�D�U�Q�L�Q�J�����U�H�Y�H�D�O�L�Q�J���V�L�J�Q�L�I�L�F�D�Q�W���L�P�S�U�R�Y�H�P�H�Q�W�V���L�Q���V�W�X�G�H�Q�W���S�D�U�W�L�F�L�S�D�W�L�R�Q���D�Q�G���F�R�P�S�U�H�K�H�Q�V�L�R�Q�� 

�:�K�L�O�H�� �W�K�H�V�H�� �V�W�X�G�L�H�V�� �H�V�W�D�E�O�L�V�K�� �W�K�H�� �D�G�Y�D�Q�W�D�J�H�V�� �R�I�� �G�L�J�L�W�D�O�� �Q�R�W�H���W�D�N�L�Q�J���� �I�H�Z�� �K�D�Y�H�� �H�[�S�O�R�U�H�G�� �L�W�V��
�V�S�H�F�L�I�L�F���L�P�S�D�F�W���R�Q���H�Q�J�L�Q�H�H�U�L�Q�J���H�G�X�F�D�W�L�R�Q�����7�K�L�V���V�W�X�G�\���E�X�L�O�G�V���X�S�R�Q���S�U�L�R�U���Z�R�U�N���E�\���D�V�V�H�V�V�L�Q�J���K�R�Z��
�0�L�F�U�R�V�R�I�W�� �2�Q�H�1�R�W�H�� �L�Q�I�O�X�H�Q�F�H�V�� �V�W�X�G�H�Q�W�V�
�� �D�E�L�O�L�W�\�� �W�R�� �S�U�R�F�H�V�V�� �D�Q�G�� �U�H�W�D�L�Q�� �F�R�P�S�O�H�[�� �W�H�F�K�Q�L�F�D�O��
�L�Q�I�R�U�P�D�W�L�R�Q�� 

 

�$�L�P���R�I���W�K�H���U�H�V�H�D�U�F�K���Z�R�U�N 

To assess the impact of Microsoft OneNote on student learning outcomes in engineering 
education. 

�5�H�V�H�D�U�F�K���R�E�M�H�F�W�L�Y�H�V 

�x �7�R���D�Q�D�O�\�]�H���W�K�H���W�L�P�H���V�W�X�G�H�Q�W�V���V�S�H�Q�G���X�V�L�Q�J���0�L�F�U�R�V�R�I�W���2�Q�H�1�R�W�H���I�R�U���D�F�D�G�H�P�L�F���S�X�U�S�R�V�H�V�� 
�x �7�R���F�R�Q�G�X�F�W���D���V�X�U�Y�H�\���P�H�D�V�X�U�L�Q�J���W�K�H���H�I�I�H�F�W�L�Y�H�Q�H�V�V���R�I���0�L�F�U�R�V�R�I�W���2�Q�H�1�R�W�H���L�Q���L�P�S�U�R�Y�L�Q�J��

�Q�R�W�H���W�D�N�L�Q�J���V�N�L�O�O�V�� 
�x �7�R�� �H�Y�D�O�X�D�W�H�� �W�K�H�� �V�N�L�O�O�V�� �P�R�V�W�� �H�Q�K�D�Q�F�H�G�� �E�\�� �X�V�L�Q�J�� �0�L�F�U�R�V�R�I�W�� �2�Q�H�1�R�W�H���� �L�Q�F�O�X�G�L�Q�J��

�L�Q�I�R�U�P�D�W�L�R�Q���R�U�J�D�Q�L�]�D�W�L�R�Q�����S�U�R�E�O�H�P���V�R�O�Y�L�Q�J�����D�Q�G���F�R�O�O�D�E�R�U�D�W�L�R�Q�� 
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Figure 1. Survey of student internet usage 

 
Figure 1. % of survey participants said they spend 1-2 hours effectively on the internet. 
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Figure 2. Survey of students' internet usage 

 
We, the researchers, have studied the results of the above study and have come to the 
following solutions, examining how to resolve them positively. These include : 
�,�W�� �L�V�� �E�H�O�L�H�Y�H�G�� �W�K�D�W�� �L�W�� �L�V�� �D�� �W�R�S�� �S�U�L�R�U�L�W�\�� �I�R�U�� �V�W�X�G�H�Q�W�V�� �D�Q�G�� �O�L�V�W�H�Q�H�U�V�� �R�I�� �W�K�H�� �1�D�W�L�R�Q�D�O�� �8�Q�L�Y�H�U�V�L�W�\�� �R�I��
�(�F�R�Q�R�P�L�F�V�����D�V���Z�H�O�O���D�V���V�W�X�G�H�Q�W�V���R�I���R�W�K�H�U���X�Q�L�Y�H�U�V�L�W�L�H�V���D�Q�G���F�R�O�O�H�J�H�V�����W�R���O�H�D�U�Q���W�K�H���V�N�L�O�O�V���R�I���W�D�N�L�Q�J��
�Q�R�W�H�V�� �L�Q�� �E�R�W�K�� �P�D�Q�X�D�O�� �D�Q�G�� �H�O�H�F�W�U�R�Q�L�F�� �I�R�U�P���� �Z�K�L�F�K�� �Z�L�O�O�� �V�L�J�Q�L�I�L�F�D�Q�W�O�\�� �U�H�G�X�F�H�� �W�K�H�� �W�L�P�H�� �V�S�H�Q�W��
�L�Q�H�I�I�H�F�W�L�Y�H�O�\���R�Q���W�K�H���,�Q�W�H�U�Q�H�W�����+�H�U�H���D�U�H���V�R�P�H���E�U�L�H�I���P�H�W�K�R�G�V���I�R�U���W�D�N�L�Q�J���Q�R�W�H�V���R�Q�O�L�Q�H�� 

There are 4 main ways to take notes by hand. 

 
Figure 3. Manual note-taking methods 

 
Let's briefly introduce some online note-taking programs. These include: 

�x OneNote 
�x Evernote 
�x Keep 
�x Simplenote 

How to make a list Concept drawing 
method

Outline method Cornell method
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�x Notion 
�x Diego 
�x Zoho Notebook 
�x WizNote 
�x WorkFlowy 
�x There are apps like Nimbus Note. 
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Figure 4. Appearance of the Microsoft OneNote electronic note-taking program 
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Figure 5. The note-taking area in the Microsoft OneNote electronic note-taking program 

 

Figure 6. Microsoft OneNote link insertion and meeting time entry field 
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�W�K�H�L�U���R�S�L�Q�L�R�Q�V�� 



 

������  
�3�U�R�F�H�H�G�L�Q�J�V���R�I���W�K�H�������V�W���,�Q�W�H�U�Q�D�W�L�R�Q�D�O���&�'�,�2���&�R�Q�I�H�U�H�Q�F�H�����K�R�V�W�H�G���E�\ 

�0�R�Q�D�V�K���8�Q�L�Y�H�U�V�L�W�\�����0�H�O�E�R�X�U�Q�H�����$�X�V�W�U�D�O�L�D�����-�X�Q�H���������������������� 

 

�)�L�J�X�U�H���������0�L�F�U�R�V�R�I�W���2�Q�H�1�R�W�H���X�V�D�J�H���U�D�W�H 

 

�)�L�J�X�U�H���������6�D�W�L�V�I�D�F�W�L�R�Q���R�I���0�L�F�U�R�V�R�I�W���2�Q�H�1�R�W�H���X�V�H�U�V 

1st class 2nd class 3rd class 4th class
Always 5 11 10 13

Usually 3 4 3 2

Sometimes 2

Never 2
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Microsoft One Note app usage level
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�)�L�J�X�U�H���������&�K�D�Q�J�H�V���L�Q���0�L�F�U�R�V�R�I�W���2�Q�H�1�R�W�H���X�V�H�U���V�N�L�O�O�V 

�7�H�D�F�K�H�U�V�� �Z�K�R�� �X�V�H�G���0�L�F�U�R�V�R�I�W�� �2�Q�H�1�R�W�H���L�Q�� �W�K�H�L�U�� �O�H�V�V�R�Q�V�� �X�V�H�G�� �D�Q�� �D�V�V�H�V�V�P�H�Q�W�� �U�X�E�U�L�F�� �W�R��
�G�H�W�H�U�P�L�Q�H���W�K�H���V�N�L�O�O�V���V�W�X�G�H�Q�W�V���L�Q���W�K�H���G�H�S�D�U�W�P�H�Q�W���O�H�D�U�Q�H�G���W�K�U�R�X�J�K���W�K�H���S�U�R�J�U�D�P�� 

Rubric assessment �R�I���V�N�L�O�O�V���O�H�D�U�Q�H�G���X�V�L�Q�J���0�L�F�U�R�V�R�I�W���2�Q�H�1�R�W�H 

Criteria 1-Not used 
at all 

2-
Interested 

3-
Sometimes 

used 

4-Use yourself 5-Teaching 
others 

Rating 
percent

age 
Ability to 

use 
Microsoft 
OneNote 

Didn't learn 
the program 

at all. 

Write notes 
on the 

program. 

Write notes 
and draw 
pictures in 
the app. 

Write notes, 
draw pictures, 
download files, 

and process 
information from 

multiple 
sources. 

You can use 
all the 

program 
commands 
yourself and 
teach them 
to others. 

0-100 
% 

Total 
points 

0 20 50 80 100 100 % 
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�O�H�D�U�Q�H�G���W�R���X�V�H���L�W���W�K�H�P�V�H�O�Y�H�V���D�Q�G���Z�H�U�H���D�E�O�H���W�R���W�H�D�F�K���L�W���W�R���R�W�K�H�U�V�� 

 

41
47

38

51

2
0

10

20

30

40

50

60

C
om

pu
te

r 
ty

pi
ng

sk
ill

U
se

 m
ul

tip
le

so
ur

ce
s 

of
in

fo
rm

at
io

n

in
fo

rm
at

io
n

pr
oc

es
si

ng
 s

ki
ll

E
xc

ha
ng

e
in

fo
rm

at
io

n 
w

ith
ot

he
rs

N
o 

sk
ill

s 
ha

ve
ch

an
ge

d.

Changes in student skills after using Microsoft One Note

What skills have changed in your life since using Microsoft One Note?
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�5�(�6�8�/�7�6���$�1�'���'�,�6�&�8�6�6�,�2�1 

�6�W�X�G�H�Q�W�� �7�L�P�H�� �$�O�O�R�F�D�W�L�R�Q�� �L�Q�� �'�L�J�L�W�D�O�� �(�Q�Y�L�U�R�Q�P�H�Q�W�V�����6�X�U�Y�H�\�� �U�H�V�X�O�W�V�� �L�Q�G�L�F�D�W�H�� �W�K�D�W�� �Z�K�L�O�H��
�V�W�X�G�H�Q�W�V�� �V�S�H�Q�G�� �V�L�J�Q�L�I�L�F�D�Q�W�� �W�L�P�H�� �R�Q�O�L�Q�H���� �D�� �Q�R�W�D�E�O�H�� �S�R�U�W�L�R�Q�� �L�V�� �X�V�H�G�� �L�Q�H�I�I�L�F�L�H�Q�W�O�\�����$�S�S�U�R�[�L�P�D�W�H�O�\��
�������������R�I���V�W�X�G�H�Q�W�V���U�H�S�R�U�W�H�G���V�S�H�Q�G�L�Q�J�����������K�R�X�U�V���R�Q�O�L�Q�H���Z�L�W�K�R�X�W���F�O�H�D�U���D�F�D�G�H�P�L�F���R�E�M�H�F�W�L�Y�H�V�����7�K�H��
�L�Q�W�H�J�U�D�W�L�R�Q���R�I���2�Q�H�1�R�W�H���U�H�G�X�F�H�G���W�K�L�V���L�Q�H�I�I�L�F�L�H�Q�F�\���E�\���S�U�R�P�R�W�L�Q�J���V�W�U�X�F�W�X�U�H�G���V�W�X�G�\���V�H�V�V�L�R�Q�V�� 

�,�P�S�D�F�W���R�I���2�Q�H�1�R�W�H���R�Q���1�R�W�H���7�D�N�L�Q�J���6�N�L�O�O�V�����$���F�R�P�S�D�U�D�W�L�Y�H���D�Q�D�O�\�V�L�V���R�I���V�W�X�G�H�Q�W���S�H�U�I�R�U�P�D�Q�F�H��
�E�H�I�R�U�H�� �D�Q�G�� �D�I�W�H�U�� �L�P�S�O�H�P�H�Q�W�L�Q�J�� �2�Q�H�1�R�W�H�� �U�H�Y�H�D�O�H�G�� �L�P�S�U�R�Y�H�P�H�Q�W�V�� �L�Q�� �Q�R�W�H�� �R�U�J�D�Q�L�]�D�W�L�R�Q����
�D�F�F�H�V�V�L�E�L�O�L�W�\���� �D�Q�G�� �U�H�W�H�Q�W�L�R�Q���� �)�L�J�X�U�H�V�� ���� �D�Q�G�� ���� �L�O�O�X�V�W�U�D�W�H�� �W�K�H�� �L�Q�F�U�H�D�V�H�G�� �D�G�R�S�W�L�R�Q�� �R�I�� �V�W�U�X�F�W�X�U�H�G��
�Q�R�W�H���W�D�N�L�Q�J���S�U�D�F�W�L�F�H�V���D�P�R�Q�J���V�W�X�G�H�Q�W�V�� 

�6�W�X�G�H�Q�W���3�H�U�F�H�S�W�L�R�Q���D�Q�G���6�D�W�L�V�I�D�F�W�L�R�Q�����6�X�U�Y�H�\���U�H�V�S�R�Q�V�H�V���L�Q�G�L�F�D�W�H�G���K�L�J�K���V�D�W�L�V�I�D�F�W�L�R�Q���O�H�Y�H�O�V��
�D�P�R�Q�J�� �V�W�X�G�H�Q�W�V�� �X�V�L�Q�J�� �2�Q�H�1�R�W�H�����$�S�S�U�R�[�L�P�D�W�H�O�\�� �������� �U�H�S�R�U�W�H�G�� �W�K�D�W�� �2�Q�H�1�R�W�H�� �L�P�S�U�R�Y�H�G�� �W�K�H�L�U��
�D�E�L�O�L�W�\�� �W�R�� �F�R�Q�V�R�O�L�G�D�W�H�� �O�H�F�W�X�U�H�� �P�D�W�H�U�L�D�O�V���� �Z�K�L�O�H�� �������� �I�R�X�Q�G�� �L�W�� �H�Q�K�D�Q�F�H�G�� �W�K�H�L�U�� �S�U�R�E�O�H�P���V�R�O�Y�L�Q�J��
�V�N�L�O�O�V�� 

�6�N�L�O�O���'�H�Y�H�O�R�S�P�H�Q�W���7�K�U�R�X�J�K���'�L�J�L�W�D�O���1�R�W�H���7�D�N�L�Q�J�����$���U�X�E�U�L�F���E�D�V�H�G���D�V�V�H�V�V�P�H�Q�W���G�H�P�R�Q�V�W�U�D�W�H�G��
�W�K�D�W�����������R�I���V�W�X�G�H�Q�W�V���U�H�D�F�K�H�G���S�U�R�I�L�F�L�H�Q�F�\���O�H�Y�H�O�V���Z�K�H�U�H���W�K�H�\���F�R�X�O�G���L�Q�G�H�S�H�Q�G�H�Q�W�O�\���X�V�H���2�Q�H�1�R�W�H��
�I�R�U�� �D�F�D�G�H�P�L�F�� �S�X�U�S�R�V�H�V���� �D�Q�G�� �������� �S�U�R�J�U�H�V�V�H�G�� �W�R�� �W�H�D�F�K�L�Q�J�� �R�W�K�H�U�V���� �7�K�L�V�� �L�Q�G�L�F�D�W�H�V�� �W�K�D�W�� �G�L�J�L�W�D�O��
�Q�R�W�H���W�D�N�L�Q�J���I�R�V�W�H�U�V���V�H�O�I���G�L�U�H�F�W�H�G���O�H�D�U�Q�L�Q�J���D�Q�G���S�H�H�U���F�R�O�O�D�E�R�U�D�W�L�R�Q�� 

�&�2�1�&�/�8�6�,�2�1 

�7�K�L�V���V�W�X�G�\���F�R�Q�I�L�U�P�V���W�K�D�W���L�Q�W�H�J�U�D�W�L�Q�J���0�L�F�U�R�V�R�I�W���2�Q�H�1�R�W�H���L�Q���H�Q�J�L�Q�H�H�U�L�Q�J���H�G�X�F�D�W�L�R�Q���V�L�J�Q�L�I�L�F�D�Q�W�O�\��
�H�Q�K�D�Q�F�H�V�� �V�W�X�G�H�Q�W�� �O�H�D�U�Q�L�Q�J�� �R�X�W�F�R�P�H�V���� �.�H�\�� �I�L�Q�G�L�Q�J�V�� �L�Q�F�O�X�G�H�� �L�P�S�U�R�Y�H�G�� �Q�R�W�H�� �R�U�J�D�Q�L�]�D�W�L�R�Q����
�L�Q�F�U�H�D�V�H�G�� �D�F�D�G�H�P�L�F�� �H�Q�J�D�J�H�P�H�Q�W���� �D�Q�G�� �W�K�H�� �G�H�Y�H�O�R�S�P�H�Q�W�� �R�I�� �G�L�J�L�W�D�O�� �O�L�W�H�U�D�F�\�� �V�N�L�O�O�V���� �+�R�Z�H�Y�H�U����
�S�U�R�S�H�U���L�P�S�O�H�P�H�Q�W�D�W�L�R�Q���E�\���H�G�X�F�D�W�R�U�V���U�H�P�D�L�Q�V���F�U�X�F�L�D�O���W�R���P�D�[�L�P�L�]�L�Q�J���W�K�H���E�H�Q�H�I�L�W�V���R�I���G�L�J�L�W�D�O���W�R�R�O�V����
�)�X�W�X�U�H�� �U�H�V�H�D�U�F�K�� �V�K�R�X�O�G�� �H�[�S�O�R�U�H�� �O�R�Q�J���W�H�U�P�� �L�P�S�D�F�W�V�� �D�Q�G�� �L�Q�Y�H�V�W�L�J�D�W�H�� �W�K�H�� �L�Q�W�H�J�U�D�W�L�R�Q�� �R�I�� �R�W�K�H�U��
�G�L�J�L�W�D�O���S�O�D�W�I�R�U�P�V���L�Q���H�Q�J�L�Q�H�H�U�L�Q�J���H�G�X�F�D�W�L�R�Q�� 
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�$�&�.�1�2�:�/�(�'�*�(�0�(�1�7�6  

�7�K�H�� �D�X�W�K�R�U�V�� �U�H�F�H�L�Y�H�G�� �Q�R�� �I�L�Q�D�Q�F�L�D�O�� �V�X�S�S�R�U�W�� �I�R�U�� �W�K�L�V�� �U�H�V�H�D�U�F�K�� �Z�R�U�N���� �7�K�H�� �D�X�W�K�R�U�V�� �W�K�D�Q�N�� �W�K�H��
�'�H�S�D�U�W�P�H�Q�W���R�I�� �(�Q�J�L�Q�H�H�U�L�Q�J���� �0�R�Q�J�R�O�L�D�Q�� �1�D�W�L�R�Q�D�O���'�H�I�H�Q�V�H�� �8�Q�L�Y�H�U�V�L�W�\���� �I�R�U�� �L�Q�V�W�L�W�X�W�L�R�Q�D�O�� �V�X�S�S�R�U�W��
�D�Q�G���S�D�U�W�L�F�L�S�D�W�L�R�Q���R�I���W�K�H���V�W�X�G�H�Q�W�V�� 

�5�(�)�(�5�(�1�&�(�6 
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�%�,�2�*�5�$�3�+�,�&�$�/���,�1�)�2�5�0�$�7�,�2�1 

 
�'�D�U�N�K�D�Q�W�V�H�W�V�H�J�� �%�D�W�V�X�P�E�H�U���L�V�� �Z�R�U�N�L�Q�J�� �D�V�� �D�Q�� �H�G�X�F�D�W�R�U�� �D�W�� �0�R�Q�J�R�O�L�D�Q�� �1�D�W�L�R�Q�D�O�� �'�H�I�H�Q�V�H��
�8�Q�L�Y�H�U�V�L�W�\�¶�V�� �,�Q�V�W�L�W�X�W�H���R�I���6�D�I�H�W�\�¶�V���'�H�S�D�U�W�P�H�Q�W���R�I���(�Q�J�L�Q�H�H�U�L�Q�J�����*�U�D�G�X�D�W�H�G���Z�L�W�K���E�D�F�K�H�O�R�U�
�V���D�Q�G��
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Name of the 

courses  

Distribution by three periods  

Total 
number 
of hours  

1st Trimester  2nd Trimester  3rd Trimester  
Number of 

hours  
Number of 

hours  
Number of 

hours  

1 Turkmen  72 24 24 24 

2 Japanese 396 132 132 132 

3 English 1044 348 348 348 

  Total:  1512 504 504 504 
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�Y�R�F�D�E�X�O�D�U�\���D�Q�G���U�H�D�G�L�Q�J���F�R�P�S�U�H�K�H�Q�V�L�R�Q���W�K�U�R�X�J�K���V�F�L�H�Q�W�L�I�L�F���W�H�[�W�V�����F�R�Y�H�U�L�Q�J���V�X�E�M�H�F�W�V���O�L�N�H���S�K�\�V�L�F�V��
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�*�H�Q�H�U�D�O�� �(�Q�J�O�L�V�K�� �P�D�L�Q�W�D�L�Q�V�� �E�U�R�D�G�H�U�� �O�D�Q�J�X�D�J�H�� �V�N�L�O�O�� �G�H�Y�H�O�R�S�P�H�Q�W���� �H�Q�V�X�U�L�Q�J�� �D�� �Z�H�O�O���U�R�X�Q�G�H�G��
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Name of the 

courses  

Distribution by three periods  

Total 
number 
of hours  

1st Trimester  2nd Trimester  3rd Trimester  

Number of 
hours  

Number of 
hours  

Number of 
hours  

1 Turkmen  72 24 24 24 

2 Japanese 396 132 132 132 

3 English 720 240 240 240 

4 
Optional 
subjects  324 108 108 108 

  Total:  1512 504 504 504 

Note: 1. Computer science, physics, mathematics, biology, and chemistry courses are 
taught in English. 
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�7�K�H�� �L�Q�G�H�S�H�Q�G�H�Q�W�� �W���W�H�V�W�� �V�K�R�Z�H�G�� �Q�R�� �V�W�D�W�L�V�W�L�F�D�O�O�\�� �V�L�J�Q�L�I�L�F�D�Q�W�� �G�L�I�I�H�U�H�Q�F�H�� �E�H�W�Z�H�H�Q�� �W�K�H�� �S�R�V�W���W�H�V�W��
�V�F�R�U�H�V���R�I���W�K�H���J�U�R�X�S���%���D�Q�G���W�K�H���W�U�D�G�L�W�L�R�Q�D�O���J�U�R�X�S�����W���G�I����� ���������������S��� �����������������������:�K�L�O�H���W�K�H�U�H���Z�D�V���D��



 

������  
�3�U�R�F�H�H�G�L�Q�J�V���R�I���W�K�H�������V�W���,�Q�W�H�U�Q�D�W�L�R�Q�D�O���&�'�,�2���&�R�Q�I�H�U�H�Q�F�H�����K�R�V�W�H�G���E�\ 

�0�R�Q�D�V�K���8�Q�L�Y�H�U�V�L�W�\�����0�H�O�E�R�X�U�Q�H�����$�X�V�W�U�D�O�L�D�����-�X�Q�H���������������������� 

�Q�X�P�H�U�L�F�D�O���G�L�I�I�H�U�H�Q�F�H���L�Q���I�D�Y�R�U���R�I���W�K�H���J�U�R�X�S���%�����W�K�H���S���Y�D�O�X�H���L�V���D�E�R�Y�H���W�K�H���F�R�Q�Y�H�Q�W�L�R�Q�D�O���V�L�J�Q�L�I�L�F�D�Q�F�H��
�O�H�Y�H�O���R�I���������������L�Q�G�L�F�D�W�L�Q�J���W�K�D�W���W�K�H���R�E�V�H�U�Y�H�G���G�L�I�I�H�U�H�Q�F�H���P�D�\���K�D�Y�H���R�F�F�X�U�U�H�G���E�\���F�K�D�Q�F�H�� 
 

�7�D�E�O�H���������6�W�D�W�L�V�W�L�F�D�O���$�Q�D�O�\�V�L�V���R�I���J�U�R�X�S���$���D�Q�G���%���3�H�U�I�R�U�P�D�Q�F�H�����W���W�H�V�W���5�H�V�X�O�W�V 

Test Type  Mean (CDIO) Mean (Comparison)  t-value  p-value  
Paired t -test  Pre: 67.57% Post: 78.42% 4,89015 0.0000117 
Independent t -test  �*�U�R�X�S���%: 78.42% �*�U�R�X�S���$: 68% 2,92009 0.005316311 

 
�,�P�S�D�F�W���R�Q���/�H�D�U�Q�L�Q�J���2�X�W�F�R�P�H�V�� 

�7�K�H���L�P�S�O�H�P�H�Q�W�D�W�L�R�Q���R�I���W�K�H���&�'�,�2�����&�R�Q�F�H�L�Y�H�����'�H�V�L�J�Q�����,�P�S�O�H�P�H�Q�W�����2�S�H�U�D�W�H�����I�U�D�P�H�Z�R�U�N���D�W���(�7�8�7��
�H�I�I�H�F�W�L�Y�H�O�\���H�Q�K�D�Q�F�H�G���V�W�X�G�H�Q�W���S�H�U�I�R�U�P�D�Q�F�H�����D�G�G�U�H�V�V�L�Q�J���F�K�D�O�O�H�Q�J�H�V���R�I�W�H�Q���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���&�/�,�/��
�D�Q�G���3�%�/�����$�V���V�K�R�Z�Q���L�Q���)�L�J�X�U�H���������*�U�R�X�S���%�����&�'�,�2�����L�P�S�U�R�Y�H�G���E�\�����������������I�U�R�P���S�U�H���W�H�V�W��������������������
�W�R���S�R�V�W���W�H�V�W�����������������������R�X�W�S�H�U�I�R�U�P�L�Q�J���*�U�R�X�S���$���E�\�����������������R�Q���W�K�H���S�R�V�W���W�H�V�W�� 
 

 
�)�L�J�X�U�H���������5�H�V�X�O�W�V���R�I���W�K�H���S�U�H���W�H�V�W���D�Q�G���S�R�V�W���W�H�V�W���I�R�U���W�K�H���W�Z�R���J�U�R�X�S�V�� 

�&�'�,�2�
�V�� �V�W�U�X�F�W�X�U�H�G�� �S�K�D�V�H�V�� �E�D�O�D�Q�F�H�G�� �W�H�F�K�Q�L�F�D�O�� �N�Q�R�Z�O�H�G�J�H�� �Z�L�W�K�� �O�D�Q�J�X�D�J�H�� �G�H�Y�H�O�R�S�P�H�Q�W���� �7�K�H��
���&�R�Q�F�H�L�Y�H���� �S�K�D�V�H�� �D�O�O�R�Z�H�G�� �V�W�X�G�H�Q�W�V�� �W�R�� �D�G�G�U�H�V�V�� �U�H�D�O���Z�R�U�O�G�� �S�U�R�E�O�H�P�V�� �Z�K�L�O�H�� �S�U�D�F�W�L�F�L�Q�J��
�F�R�P�P�X�Q�L�F�D�W�L�R�Q�� �V�N�L�O�O�V���� �7�K�H�� ���'�H�V�L�J�Q���� �S�K�D�V�H�� �I�R�V�W�H�U�H�G�� �F�R�O�O�D�E�R�U�D�W�L�Y�H�� �O�H�D�U�Q�L�Q�J���� �U�H�L�Q�I�R�U�F�L�Q�J�� �E�R�W�K��
�W�H�F�K�Q�L�F�D�O�� �D�Q�G�� �O�D�Q�J�X�D�J�H�� �D�E�L�O�L�W�L�H�V���� �'�X�U�L�Q�J�� ���,�P�S�O�H�P�H�Q�W�� �D�Q�G�� �2�S�H�U�D�W�H������ �V�W�X�G�H�Q�W�V�� �S�U�H�V�H�Q�W�H�G��
�S�U�R�M�H�F�W�V���� �U�H�F�H�L�Y�L�Q�J�� �I�H�H�G�E�D�F�N�� �W�K�D�W�� �L�P�S�U�R�Y�H�G���W�K�H�L�U���F�R�Q�I�L�G�H�Q�F�H�� �D�Q�G�� �F�R�P�P�X�Q�L�F�D�W�L�R�Q�� �R�I�� �F�R�P�S�O�H�[��
�L�G�H�D�V�� 

�2�Y�H�U�D�O�O�����W�K�H���&�'�,�2���I�U�D�P�H�Z�R�U�N���I�R�V�W�H�U�H�G���D���V�\�Q�H�U�J�L�V�W�L�F���O�H�D�U�Q�L�Q�J���H�Q�Y�L�U�R�Q�P�H�Q�W�����S�U�H�S�D�U�L�Q�J���V�W�X�G�H�Q�W�V��
�I�R�U�� �J�O�R�E�D�O�� �H�Q�J�L�Q�H�H�U�L�Q�J�� �F�D�U�H�H�U�V�� �E�\�� �H�I�I�H�F�W�L�Y�H�O�\�� �L�Q�W�H�J�U�D�W�L�Q�J�� �W�H�F�K�Q�L�F�D�O�� �F�R�Q�W�H�Q�W�� �Z�L�W�K�� �O�D�Q�J�X�D�J�H��
�S�U�R�I�L�F�L�H�Q�F�\�����D�G�G�U�H�V�V�L�Q�J���W�K�H���I�R�F�X�V���V�K�L�I�W���L�V�V�X�H�V���F�R�P�P�R�Q���L�Q���&�/�,�/���D�Q�G���3�%�/���� 

 

 

�&�2�1�&�/�8�6�,�2�1 

�7�K�H�� �L�Q�W�H�J�U�D�W�L�R�Q�� �R�I�� �O�D�Q�J�X�D�J�H�� �O�H�D�U�Q�L�Q�J�� �Z�L�W�K�L�Q�� �H�Q�J�L�Q�H�H�U�L�Q�J�� �H�G�X�F�D�W�L�R�Q�� �W�K�U�R�X�J�K�� �W�K�H�� �&�'�,�2��
�I�U�D�P�H�Z�R�U�N���U�H�S�U�H�V�H�Q�W�V���D���V�L�J�Q�L�I�L�F�D�Q�W���D�G�Y�D�Q�F�H�P�H�Q�W���L�Q���D�G�G�U�H�V�V�L�Q�J���W�K�H���F�K�D�O�O�H�Q�J�H�V���V�W�X�G�H�Q�W�V���I�D�F�H��
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Pretest Post test
CDIO 59,41% 78,42%

Traditional 59,28% 67,57%

Comparasion of two approaches



 

������  
�3�U�R�F�H�H�G�L�Q�J�V���R�I���W�K�H�������V�W���,�Q�W�H�U�Q�D�W�L�R�Q�D�O���&�'�,�2���&�R�Q�I�H�U�H�Q�F�H�����K�R�V�W�H�G���E�\ 

�0�R�Q�D�V�K���8�Q�L�Y�H�U�V�L�W�\�����0�H�O�E�R�X�U�Q�H�����$�X�V�W�U�D�O�L�D�����-�X�Q�H���������������������� 

�L�Q���D�F�T�X�L�U�L�Q�J���E�R�W�K���W�H�F�K�Q�L�F�D�O���N�Q�R�Z�O�H�G�J�H���D�Q�G���H�I�I�H�F�W�L�Y�H���F�R�P�P�X�Q�L�F�D�W�L�R�Q���V�N�L�O�O�V�������)�L�Q�G�L�Q�J�V���I�U�R�P���R�X�U��
�V�W�X�G�\�� �D�W���(�7�8�7���G�H�P�R�Q�V�W�U�D�W�H�� �W�K�D�W�� �W�K�H�� �&�'�,�2�� �D�S�S�U�R�D�F�K�� �I�R�V�W�H�U�V�� �D�F�W�L�Y�H�� �H�Q�J�D�J�H�P�H�Q�W�� �D�Q�G��
�F�R�O�O�D�E�R�U�D�W�L�Y�H�� �O�H�D�U�Q�L�Q�J���� �O�H�D�G�L�Q�J�� �W�R�� �L�P�S�U�R�Y�H�G�� �D�F�D�G�H�P�L�F�� �S�H�U�I�R�U�P�D�Q�F�H�� �D�Q�G�� �H�Q�K�D�Q�F�H�G�� �O�D�Q�J�X�D�J�H��
�S�U�R�I�L�F�L�H�Q�F�\�������%�\���V�W�U�X�F�W�X�U�L�Q�J���O�H�V�V�R�Q�V���D�U�R�X�Q�G���W�K�H���&�'�,�2���S�K�D�V�H�V�����H�G�X�F�D�W�R�U�V���F�D�Q���F�U�H�D�W�H���D���G�\�Q�D�P�L�F��
�O�H�D�U�Q�L�Q�J�� �H�Q�Y�L�U�R�Q�P�H�Q�W�� �W�K�D�W�� �H�P�S�K�D�V�L�]�H�V�� �E�R�W�K�� �W�H�F�K�Q�L�F�D�O�� �F�R�Q�W�H�Q�W�� �D�Q�G�� �H�V�V�H�Q�W�L�D�O�� �F�R�P�P�X�Q�L�F�D�W�L�R�Q��
�V�N�L�O�O�V�������7�K�L�V���L�Q�W�H�J�U�D�W�H�G���D�S�S�U�R�D�F�K���H�T�X�L�S�V���V�W�X�G�H�Q�W�V���Z�L�W�K���W�K�H���F�R�P�S�H�W�H�Q�F�L�H�V���Q�H�F�H�V�V�D�U�\���W�R���W�K�U�L�Y�H���L�Q��
�D���J�O�R�E�D�O�L�]�H�G���Z�R�U�N�I�R�U�F�H�� 

�:�K�L�O�H���W�K�L�V���V�W�X�G�\���S�U�R�Y�L�G�H�V���Y�D�O�X�D�E�O�H���L�Q�V�L�J�K�W�V���L�Q�W�R���W�K�H���L�P�P�H�G�L�D�W�H���E�H�Q�H�I�L�W�V���R�I���W�K�H���&�'�,�2���D�S�S�U�R�D�F�K����
�W�K�H�� �U�H�O�D�W�L�Y�H�O�\�� �V�P�D�O�O�� �V�D�P�S�O�H�� �V�L�]�H�� ���Q� ������ �S�H�U�� �J�U�R�X�S���� �V�X�J�J�H�V�W�V�� �W�K�D�W�� �W�K�H�� �I�L�Q�G�L�Q�J�V�� �V�K�R�X�O�G�� �E�H��
�L�Q�W�H�U�S�U�H�W�H�G���Z�L�W�K���F�D�X�W�L�R�Q�����)�X�W�X�U�H���U�H�V�H�D�U�F�K���Z�L�W�K���O�D�U�J�H�U���F�R�K�R�U�W�V���L�V���Q�H�H�G�H�G���W�R���F�R�Q�I�L�U�P���W�K�H�V�H���U�H�V�X�O�W�V��
�D�Q�G�� �H�[�S�O�R�U�H�� �W�K�H�� �E�U�R�D�G�H�U�� �D�S�S�O�L�F�D�E�L�O�L�W�\�� �R�I�� �W�K�H�� �&�'�,�2�� �D�S�S�U�R�D�F�K���� �� �)�X�U�W�K�H�U�� �U�H�V�H�D�U�F�K�� �F�R�X�O�G�� �D�O�V�R��
�H�[�S�O�R�U�H�� �W�K�H�� �O�R�Q�J���W�H�U�P�� �L�P�S�D�F�W�V�� �R�Q�� �J�U�D�G�X�D�W�H�V�
�� �H�P�S�O�R�\�D�E�L�O�L�W�\�� �D�Q�G�� �F�R�P�P�X�Q�L�F�D�W�L�R�Q�� �V�N�L�O�O�V������
�6�S�H�F�L�I�L�F�D�O�O�\���� �I�X�W�X�U�H�� �V�W�X�G�L�H�V�� �F�R�X�O�G�� �L�Q�Y�H�V�W�L�J�D�W�H�� �K�R�Z�� �Z�H�O�O���S�U�H�S�D�U�H�G�� �V�W�X�G�H�Q�W�V�� �I�H�H�O�� �X�S�R�Q�� �H�Q�W�H�U�L�Q�J��
�W�K�H���Z�R�U�N�I�R�U�F�H���D�Q�G���Z�K�H�W�K�H�U���W�K�H�L�U���H�[�S�H�U�L�H�Q�F�H�V���Z�L�W�K���L�Q�W�H�J�U�D�W�H�G���O�D�Q�J�X�D�J�H���O�H�D�U�Q�L�Q�J���L�Q�I�O�X�H�Q�F�H���W�K�H�L�U��
�S�U�R�I�H�V�V�L�R�Q�D�O�� �V�X�F�F�H�V�V���� �� �$�G�G�L�W�L�R�Q�D�O�O�\���� �O�R�Q�J�L�W�X�G�L�Q�D�O�� �U�H�V�H�D�U�F�K�� �F�R�X�O�G�� �D�V�V�H�V�V�� �K�R�Z�� �W�K�H�� �V�N�L�O�O�V��
�G�H�Y�H�O�R�S�H�G���W�K�U�R�X�J�K���W�K�H���&�'�,�2���I�U�D�P�H�Z�R�U�N���F�R�Q�W�U�L�E�X�W�H���W�R���R�Y�H�U�D�O�O���H�G�X�F�D�W�L�R�Q�D�O���R�X�W�F�R�P�H�V�����L�Q�F�O�X�G�L�Q�J��
�F�U�L�W�L�F�D�O���W�K�L�Q�N�L�Q�J���D�Q�G���D�G�D�S�W�D�E�L�O�L�W�\�� 

�,�Q���F�R�Q�F�O�X�V�L�R�Q�����L�Q�W�H�J�U�D�W�L�Q�J���O�D�Q�J�X�D�J�H���O�H�D�U�Q�L�Q�J���Z�L�W�K�L�Q���H�Q�J�L�Q�H�H�U�L�Q�J���H�G�X�F�D�W�L�R�Q���W�K�U�R�X�J�K���W�K�H���&�'�,�2��
�S�K�D�V�H�V���Q�R�W���R�Q�O�\���D�G�G�U�H�V�V�H�V���F�X�U�U�H�Q�W���F�K�D�O�O�H�Q�J�H�V���E�X�W���D�O�V�R���O�D�\�V���D���I�R�X�Q�G�D�W�L�R�Q���I�R�U���G�H�Y�H�O�R�S�L�Q�J���Z�H�O�O��
�U�R�X�Q�G�H�G���J�U�D�G�X�D�W�H�V���H�T�X�L�S�S�H�G���W�R���P�H�H�W���W�K�H���G�H�P�D�Q�G�V���R�I���D�Q���L�Q�F�U�H�D�V�L�Q�J�O�\���L�Q�W�H�U�F�R�Q�Q�H�F�W�H�G���Z�R�U�O�G������
�7�K�L�V���V�W�X�G�\���F�R�Q�W�U�L�E�X�W�H�V���W�R���W�K�H���H�[�L�V�W�L�Q�J���E�R�G�\���R�I���N�Q�R�Z�O�H�G�J�H���E�\���G�H�P�R�Q�V�W�U�D�W�L�Q�J���W�K�H���H�I�I�H�F�W�L�Y�H�Q�H�V�V��
�R�I���W�K�H���&�'�,�2���I�U�D�P�H�Z�R�U�N���L�Q���H�Q�K�D�Q�F�L�Q�J���E�R�W�K���O�D�Q�J�X�D�J�H���S�U�R�I�L�F�L�H�Q�F�\���D�Q�G���W�H�F�K�Q�L�F�D�O���F�R�P�P�X�Q�L�F�D�W�L�R�Q��
�V�N�L�O�O�V���D�P�R�Q�J���H�Q�J�L�Q�H�H�U�L�Q�J���V�W�X�G�H�Q�W�V���L�Q���D�Q���H�Q�J�L�Q�H�H�U�L�Q�J���S�U�R�J�U�D�P���� 

�$�&�.�1�2�:�/�(�'�*�(�0�(�1�7�6  

�7�K�H���D�X�W�K�R�U�V���U�H�F�H�L�Y�H�G���Q�R���I�L�Q�D�Q�F�L�D�O���V�X�S�S�R�U�W���I�R�U���W�K�L�V���Z�R�U�N�� 

�5�(�)�(�5�(�1�&�(�6 

�%�D�O�O�����3�������.�H�O�O�\�����.�������	���&�O�H�J�J�����-���������������������3�X�W�W�L�Q�J���&�/�,�/���L�Q�W�R���3�U�D�F�W�L�F�H�����&�D�P�E�U�L�G�J�H���8�Q�L�Y�H�U�V�L�W�\���3�U�H�V�V�� 
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�%�8�,�/�'�,�1�*���6�&�$�/�$�%�/�(���,�1�'�8�6�7�5�<���&�2�/�/�$�%�2�5�$�7�,�2�1���,�1��
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�0�D�U�L�N�D���6�l�L�V�l�����$�Q�Q�X�N�N�D���.�L�Q�Q�D�U�L 

�)�D�F�X�O�W�\���R�I���,�&�7���D�Q�G���,�Q�G�X�V�W�U�L�D�O���(�Q�J�L�Q�H�H�U�L�Q�J�����7�X�U�N�X���8�Q�L�Y�H�U�V�L�W�\���R�I���$�S�S�O�L�H�G���6�F�L�H�Q�F�H�V 

�$�%�6�7�5�$�&�7 

�7�K�H�)�,�5�0�$�� �L�V�� �D�Q�� �,�&�7�� �O�H�D�U�Q�L�Q�J�� �H�Q�Y�L�U�R�Q�P�H�Q�W�� �O�R�F�D�W�H�G�� �D�W�� �7�X�U�N�X�� �8�Q�L�Y�H�U�V�L�W�\�� �R�I���$�S�S�O�L�H�G�� �6�F�L�H�Q�F�H�V��
���7�8�$�6�������)�L�Q�O�D�Q�G�����,�W���Z�D�V���H�V�W�D�E�O�L�V�K�H�G���L�Q�������������W�K�U�R�X�J�K���W�K�H���P�H�U�J�H�U���R�I���V�H�Y�H�U�D�O���S�U�H�Y�L�R�X�V���O�H�D�U�Q�L�Q�J��
�H�Q�Y�L�U�R�Q�P�H�Q�W�V���� �2�Y�H�U�� �W�K�H�� �S�D�V�W�� �G�H�F�D�G�H�����W�K�H�)�,�5�0�$�� �K�D�V�� �H�Y�R�O�Y�H�G�� �L�Q�W�R�� �D�� �V�F�D�O�D�E�O�H�� �D�Q�G�� �G�\�Q�D�P�L�F��
�S�O�D�W�I�R�U�P�� �W�K�D�W�� �H�[�H�P�S�O�L�I�L�H�V�� �K�R�Z�� �L�Q�G�X�V�W�U�\�� �F�R�O�O�D�E�R�U�D�W�L�R�Q�� �F�D�Q�� �E�H�� �L�Q�W�H�J�U�D�W�H�G�� �L�Q�W�R�� �H�Q�J�L�Q�H�H�U�L�Q�J��
�H�G�X�F�D�W�L�R�Q�� �X�V�L�Q�J�� �W�K�H�� �&�'�,�2�� ���&�R�Q�F�H�L�Y�H���'�H�V�L�J�Q���,�P�S�O�H�P�H�Q�W���2�S�H�U�D�W�H���� �I�U�D�P�H�Z�R�U�N���� �H�I�I�H�F�W�L�Y�H�O�\��
�E�U�L�G�J�L�Q�J���D�F�D�G�H�P�L�F���W�K�H�R�U�\���Z�L�W�K���U�H�D�O���Z�R�U�O�G�����S�U�R�M�H�F�W���E�D�V�H�G���O�H�D�U�Q�L�Q�J���H�[�S�H�U�L�H�Q�F�H�V�����7�K�H���D�L�P���R�I���W�K�L�V��
�S�D�S�H�U���L�V���W�R���D�Q�D�O�\�]�H���K�R�Z���W�K�H�)�,�5�0�$���K�D�V���D�S�S�O�L�H�G���&�'�,�2���S�U�L�Q�F�L�S�O�H�V���W�R���I�R�V�W�H�U���D�X�W�K�H�Q�W�L�F���O�H�D�U�Q�L�Q�J��
�H�[�S�H�U�L�H�Q�F�H�V���D�Q�G���D�O�L�J�Q���H�G�X�F�D�W�L�R�Q�D�O���R�X�W�F�R�P�H�V���Z�L�W�K���L�Q�G�X�V�W�U�\���G�H�P�D�Q�G�V�����7�K�H���V�F�R�S�H���H�Q�F�R�P�S�D�V�V�H�V��
�W�K�H���S�U�R�M�H�F�W���R�I�I�L�F�H�¶�V���H�V�W�D�E�O�L�V�K�P�H�Q�W�����N�H�\���P�L�O�H�V�W�R�Q�H�V�����D�Q�G���L�W�V���G�X�D�O���L�P�S�D�F�W���R�Q���V�W�X�G�H�Q�W�V���D�Q�G���L�Q�G�X�V�W�U�\��
�V�W�D�N�H�K�R�O�G�H�U�V�����%�\���S�D�U�W�L�F�L�S�D�W�L�Q�J���L�Q���S�U�R�M�H�F�W�V���V�X�F�K���D�V���Z�H�E���D�Q�G���D�S�S���G�H�Y�H�O�R�S�P�H�Q�W�����J�U�D�S�K�L�F�D�O���G�H�V�L�J�Q����
�D�Q�G���H�Q�G���X�V�H�U���W�U�D�L�Q�L�Q�J���� �V�W�X�G�H�Q�W�V���J�D�L�Q���G�L�V�F�L�S�O�L�Q�D�U�\���N�Q�R�Z�O�H�G�J�H���D�Q�G���S�H�U�V�R�Q�D�O���D�Q�G���L�Q�W�H�U�S�H�U�V�R�Q�D�O��
�V�N�L�O�O�V�����,�Q�G�X�V�W�U�\�� �S�D�U�W�Q�H�U�V���E�H�Q�H�I�L�W���I�U�R�P�� �F�R�V�W���H�I�I�H�F�W�L�Y�H�� �V�R�O�X�W�L�R�Q�V�� �D�Q�G�� �D�F�F�H�V�V�� �W�R�� �H�P�H�U�J�L�Q�J�� �W�D�O�H�Q�W����
�.�H�\���P�L�O�H�V�W�R�Q�H�V���L�Q�F�O�X�G�H���W�K�H���H�V�W�D�E�O�L�V�K�P�H�Q�W���R�I���W�K�H���F�R�P�S�H�W�H�Q�F�H���W�U�D�F�N�����L�Q�F�U�H�D�V�H�G���H�Q�J�D�J�H�P�H�Q�W���L�Q��
�S�U�R�M�H�F�W�V���� �D�Q�G�� �S�D�U�W�L�F�L�S�D�W�L�R�Q�� �L�Q�� �H�[�W�H�U�Q�D�O�O�\�� �I�X�Q�G�H�G�� �5�	�'�� �L�Q�L�W�L�D�W�L�Y�H�V���� �7�K�H�V�H�� �G�H�Y�H�O�R�S�P�H�Q�W�V�� �K�D�Y�H��
�E�H�H�Q�� �X�Q�G�H�U�S�L�Q�Q�H�G�� �E�\�� �&�'�,�2�� �6�W�D�Q�G�D�U�G�V�� �±�� �Q�R�W�D�E�O�\�� �V�W�D�Q�G�D�U�G�� �������(�Q�J�L�Q�H�H�U�L�Q�J���/�H�D�U�Q�L�Q�J��
�:�R�U�N�V�S�D�F�H�V�����V�W�D�Q�G�D�U�G���������,�Q�W�H�J�U�D�W�H�G���/�H�D�U�Q�L�Q�J���(�[�S�H�U�L�H�Q�F�H�V�����D�Q�G���V�W�D�Q�G�D�U�G���������$�F�W�L�Y�H���/�H�D�U�Q�L�Q�J���±��
�Z�K�L�F�K�� �K�D�Y�H�� �V�K�D�S�H�G���W�K�H�)�,�5�0�$�¶�V�� �S�U�D�F�W�L�F�H�V�� �D�Q�G�� �R�X�W�F�R�P�H�V���� �7�K�H�� �F�R�Q�F�O�X�V�L�R�Q�� �H�P�S�K�D�V�L�]�H�V��
�W�K�H�)�,�5�0�$�¶�V�� �U�R�O�H�� �L�Q�� �S�U�H�S�D�U�L�Q�J�� �V�W�X�G�H�Q�W�V�� �I�R�U�� �V�X�F�F�H�V�V�I�X�O�� �F�D�U�H�H�U�V�� �Z�K�L�O�H�� �V�W�U�H�Q�J�W�K�H�Q�L�Q�J�� �W�L�H�V�� �Z�L�W�K��
�L�Q�G�X�V�W�U�\���� �'�H�V�S�L�W�H�� �F�K�D�O�O�H�Q�J�H�V�� �V�X�F�K�� �D�V�� �E�D�O�D�Q�F�L�Q�J�� �D�F�D�G�H�P�L�F�� �V�F�K�H�G�X�O�H�V�� �D�Q�G�� �S�U�R�M�H�F�W�� �G�H�P�D�Q�G�V����
�W�K�H�)�,�5�0�$�¶�V�� �L�Q�Q�R�Y�D�W�L�Y�H�� �V�W�U�D�W�H�J�L�H�V�� �K�D�Y�H�� �H�Q�V�X�U�H�G�� �F�R�Q�W�L�Q�X�L�W�\�� �D�Q�G�� �L�P�S�D�F�W�����$�V�� �L�W�� �H�P�E�D�U�N�V�� �R�Q�� �L�W�V��
�V�H�F�R�Q�G�� �G�H�F�D�G�H���� �S�O�D�Q�V�� �L�Q�F�O�X�G�H�� �H�[�S�D�Q�G�L�Q�J�� �L�Q�W�H�U�Q�D�W�L�R�Q�D�O�� �F�R�O�O�D�E�R�U�D�W�L�R�Q�V���� �H�Q�K�D�Q�F�L�Q�J�� �G�L�J�L�W�D�O��
�D�V�V�H�V�V�P�H�Q�W�� �W�R�R�O�V���� �D�Q�G�� �G�H�H�S�H�Q�L�Q�J�� �O�R�Q�J���W�H�U�P�� �L�Q�G�X�V�W�U�\�� �S�D�U�W�Q�H�U�V�K�L�S�V���� �7�K�L�V�� �S�D�S�H�U�� �S�U�R�Y�L�G�H�V��
�L�Q�V�L�J�K�W�V�� �L�Q�W�R���W�K�H�)�,�5�0�$�¶�V�� �M�R�X�U�Q�H�\���Z�K�L�O�H�� �H�Q�U�L�F�K�L�Q�J�� �H�Q�J�L�Q�H�H�U�L�Q�J�� �H�G�X�F�D�W�L�R�Q�� �W�K�U�R�X�J�K�� �&�'�,�2��
�L�P�S�O�H�P�H�Q�W�D�W�L�R�Q���D�Q�G���L�Q�G�X�V�W�U�\���H�Q�J�D�J�H�P�H�Q�W�� 
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�,�1�7�5�2�'�8�&�7�,�2�1 

�,�7�� �H�Q�J�L�Q�H�H�U�L�Q�J�� �H�G�X�F�D�W�L�R�Q�� �I�D�F�H�V�� �D�� �F�R�Q�V�W�D�Q�W�� �F�K�D�O�O�H�Q�J�H�� �W�R�� �N�H�H�S�� �S�D�F�H�� �Z�L�W�K�� �U�D�S�L�G�� �W�H�F�K�Q�R�O�R�J�L�F�D�O��
�D�G�Y�D�Q�F�H�P�H�Q�W�V�� �D�Q�G�� �H�Y�R�O�Y�L�Q�J�� �L�Q�G�X�V�W�U�\�� �U�H�T�X�L�U�H�P�H�Q�W�V���� �(�P�S�O�R�\�H�U�V�� �L�Q�F�U�H�D�V�L�Q�J�O�\�� �H�P�S�K�D�V�L�]�H�� �Q�R�W��
�R�Q�O�\�� �W�H�F�K�Q�L�F�D�O�� �H�[�S�H�U�W�L�V�H�� �E�X�W�� �D�O�V�R�� �W�U�D�Q�V�I�H�U�D�E�O�H�� �V�N�L�O�O�V�� �V�X�F�K�� �D�V�� �S�U�R�E�O�H�P���V�R�O�Y�L�Q�J���� �D�G�D�S�W�D�E�L�O�L�W�\����
�W�H�D�P�Z�R�U�N�����D�Q�G���F�R�P�P�X�Q�L�F�D�W�L�R�Q�����7�K�H���:�R�U�O�G���(�F�R�Q�R�P�L�F���)�R�U�X�P�
�V�����)�X�W�X�U�H���R�I���-�R�E�V���5�H�S�R�U�W��������������
�L�G�H�Q�W�L�I�L�H�V���D�Q�D�O�\�W�L�F�D�O���W�K�L�Q�N�L�Q�J���D�Q�G���L�Q�Q�R�Y�D�W�L�R�Q�����D�F�W�L�Y�H���O�H�D�U�Q�L�Q�J���D�Q�G���O�H�D�U�Q�L�Q�J���V�W�U�D�W�H�J�L�H�V�����F�R�P�S�O�H�[��
�S�U�R�E�O�H�P���V�R�O�Y�L�Q�J�� �D�Q�G�� �H�P�R�W�L�R�Q�D�O�� �L�Q�W�H�O�O�L�J�H�Q�F�H�� �D�V���H�V�V�H�Q�W�L�D�O�� �V�N�L�O�O�V�� �I�R�U�� �W�K�H�� �I�X�W�X�U�H�� �Z�R�U�N�I�R�U�F�H����
�6�L�P�L�O�D�U�O�\�����V�W�X�G�L�H�V���E�\���%�L�Q�N�O�H�\���H�W���D�O�������������������D�Q�G���9�D�Q���/�D�D�U���H�W���D�O�������������������X�Q�G�H�U�V�F�R�U�H���W�K�H���L�P�S�R�U�W�D�Q�F�H��
�R�I�������V�W���F�H�Q�W�X�U�\���V�N�L�O�O�V�����L�Q�F�O�X�G�L�Q�J���F�R�P�P�X�Q�L�F�D�W�L�R�Q�����F�R�O�O�D�E�R�U�D�W�L�R�Q�����O�H�D�G�H�U�V�K�L�S�����D�Q�G���G�L�J�L�W�D�O���O�L�W�H�U�D�F�\����
�)�R�U���H�Q�J�L�Q�H�H�U�L�Q�J���H�G�X�F�D�W�R�U�V�����L�W���L�V���L�P�S�R�U�W�D�Q�W���W�R���L�Q�F�R�U�S�R�U�D�W�H���H�P�S�O�R�\�D�E�L�O�L�W�\���V�N�L�O�O�V���L�Q�W�R���W�K�H���F�X�U�U�L�F�X�O�X�P��
�W�R�� �H�I�I�H�F�W�L�Y�H�O�\�� �S�U�H�S�D�U�H�� �J�U�D�G�X�D�W�H�V�� �I�R�U�� �V�X�F�F�H�V�V�I�X�O�� �F�D�U�H�H�U�V�� �L�Q�� �W�K�H�� �H�Q�J�L�Q�H�H�U�L�Q�J�� �V�H�F�W�R�U�����0�D�Q�Q�D����
�-�R�\�F�H���	���1�R�U�W�F�O�L�I�I�H���������������� 
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�G�L�Y�L�G�H�G�� �L�Q�W�R�� �W�K�U�H�H�� �S�K�D�V�H�V���� �S�U�H���F�O�D�V�V���� �G�X�U�L�Q�J�� �F�O�D�V�V���� �D�Q�G�� �S�R�V�W���F�O�D�V�V���� �,�Q�� �W�K�H�� �S�U�H���F�O�D�V�V�� �S�K�D�V�H����
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�V�F�D�O�H�����Z�K�L�F�K���P�H�D�Q�V���U�H�P�H�P�E�H�U�L�Q�J���D�Q�G���X�Q�G�H�U�V�W�D�Q�G�L�Q�J�����7�K�H���V�H�F�R�Q�G���S�K�D�V�H���L�V���G�H�Y�R�W�H�G���W�R���I�D�F�H��
�W�R���I�D�F�H���L�Q�W�H�U�D�F�W�L�R�Q���Z�L�W�K���O�H�F�W�X�U�H�U�V���D�Q�G���S�H�H�U�V�����7�K�H���H�[�S�H�F�W�H�G���O�H�D�U�Q�L�Q�J���R�X�W�F�R�P�H�V���I�R�U���W�K�L�V���V�W�D�J�H���D�U�H��
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�W�R�� �W�D�F�N�O�H�� �W�K�H�� �F�R�P�S�O�H�[�L�W�L�H�V�� �R�I�� �P�R�G�H�U�Q�� �F�K�D�O�O�H�Q�J�H�V���� �(�Q�J�L�Q�H�H�U�V�� �P�X�V�W�� �D�O�V�R�� �G�H�Y�H�O�R�S�� �V�W�U�R�Q�J��
�O�H�D�G�H�U�V�K�L�S�� �V�N�L�O�O�V�� �W�R�� �J�X�L�G�H�� �L�Q�W�H�U�G�L�V�F�L�S�O�L�Q�D�U�\�� �W�H�D�P�V���� �L�Q�Q�R�Y�D�W�H�� �V�R�O�X�W�L�R�Q�V���� �D�Q�G���P�D�Q�D�J�H�� �S�U�R�M�H�F�W�V��
�H�I�I�H�F�W�L�Y�H�O�\���� �7�K�H�� �L�Q�F�U�H�D�V�L�Q�J�� �F�R�P�S�O�H�[�L�W�\�� �R�I�� �H�Q�J�L�Q�H�H�U�L�Q�J�� �S�U�R�M�H�F�W�V�� �G�H�P�D�Q�G�V�� �W�K�D�W�� �H�Q�J�L�Q�H�H�U�V��
�S�R�V�V�H�V�V�� �Q�R�W�� �R�Q�O�\�� �W�H�F�K�Q�L�F�D�O�� �S�U�R�I�L�F�L�H�Q�F�\�� �E�X�W�� �D�O�V�R���W�K�H�� �D�E�L�O�L�W�\�� �W�R�� �F�R�O�O�D�E�R�U�D�W�H���� �F�R�P�P�X�Q�L�F�D�W�H���� �D�Q�G��
�O�H�D�G���G�L�Y�H�U�V�H���W�H�D�P�V�����3�D�X�O���	���)�D�O�O�V�������������������7�K�L�V���Q�H�F�H�V�V�L�W�\���L�V���I�X�U�W�K�H�U���H�P�S�K�D�V�L�]�H�G���E�\���W�K�H���H�Y�R�O�Y�L�Q�J��
�G�H�P�D�Q�G�V�� �R�I�� �W�K�H�� �L�Q�G�X�V�W�U�\���� �Z�K�L�F�K�� �L�Q�F�U�H�D�V�L�Q�J�O�\�� �V�H�H�N�V�� �H�Q�J�L�Q�H�H�U�V�� �Z�K�R�� �F�D�Q�� �H�I�I�H�F�W�L�Y�H�O�\�� �P�D�Q�D�J�H��
�S�U�R�M�H�F�W�V�� �D�Q�G�� �O�H�D�G�� �W�H�D�P�V���� �K�L�J�K�O�L�J�K�W�L�Q�J�� �W�K�H�� �F�U�L�W�L�F�D�O�� �U�R�O�H�� �R�I�� �O�H�D�G�H�U�V�K�L�S�� �F�D�S�D�E�L�O�L�W�L�H�V�� �L�Q�� �W�K�H��
�H�Q�J�L�Q�H�H�U�L�Q�J���S�U�R�I�H�V�V�L�R�Q�����0�L�V�N�D���H�W���D�O������������������ 
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�Z�R�P�H�Q�� �L�Q�� �O�H�D�G�H�U�V�K�L�S�� �S�R�V�L�W�L�R�Q�V���� �7�K�L�V�� �G�L�V�S�D�U�L�W�\�� �L�V�� �Q�R�W�� �V�L�P�S�O�\�� �D�� �P�D�W�W�H�U�� �R�I�� �Q�X�P�E�H�U�V���� �L�W�� �U�H�I�O�H�F�W�V��
�V�\�V�W�H�P�L�F�� �F�K�D�O�O�H�Q�J�H�V�� �W�K�D�W�� �K�L�Q�G�H�U�� �Z�R�P�H�Q�
�V�� �D�G�Y�D�Q�F�H�P�H�Q�W�� �L�Q�� �H�Q�J�L�Q�H�H�U�L�Q�J���� �7�K�H�V�H���F�K�D�O�O�H�Q�J�H�V��
�L�Q�F�O�X�G�H�� �W�K�H�� �O�D�F�N�� �R�I�� �Y�L�V�L�E�O�H�� �U�R�O�H�� �P�R�G�H�O�V���� �J�H�Q�G�H�U�� �E�L�D�V�� �L�Q�� �W�K�H�� �Z�R�U�N�S�O�D�F�H���� �D�Q�G�� �O�L�P�L�W�H�G�� �D�F�F�H�V�V�� �W�R��
�P�H�Q�W�R�U�V�K�L�S���D�Q�G���Q�H�W�Z�R�U�N�L�Q�J���R�S�S�R�U�W�X�Q�L�W�L�H�V�����5�H�V�H�D�U�F�K���L�Q�G�L�F�D�W�H�V���W�K�D�W���Z�R�P�H�Q���L�Q���H�Q�J�L�Q�H�H�U�L�Q�J���R�I�W�H�Q��
�I�H�H�O���L�V�R�O�D�W�H�G���D�Q�G���X�Q�V�X�S�S�R�U�W�H�G�����Z�K�L�F�K���F�D�Q���L�P�S�H�G�H���W�K�H�L�U���S�U�R�I�H�V�V�L�R�Q�D�O���J�U�R�Z�W�K���D�Q�G���D�V�S�L�U�D�W�L�R�Q�V���I�R�U��
�O�H�D�G�H�U�V�K�L�S�����6�F�K�P�L�W�W�����������������0�X�O�O�H�W���H�W���D�O���������������������)�R�U���L�Q�V�W�D�Q�F�H�����0�X�O�O�H�W���H�W���D�O�������������������K�L�J�K�O�L�J�K�W���W�K�D�W��
�V�R�F�L�D�O�� �L�G�H�Q�W�L�W�L�H�V�� �S�O�D�\�� �D�� �F�U�X�F�L�D�O�� �U�R�O�H�� �L�Q�� �Z�R�P�H�Q�
�V�� �V�X�F�F�H�V�V�� �L�Q�� �6�7�(�0�� �I�L�H�O�G�V���� �Q�R�W�L�Q�J�� �W�K�D�W�� �Z�R�P�H�Q����
�S�D�U�W�L�F�X�O�D�U�O�\�� �Z�R�P�H�Q�� �R�I�� �F�R�O�R�U���� �P�D�\�� �Q�R�W�� �V�H�H�� �W�K�H�P�V�H�O�Y�H�V�� �D�V�� �S�D�U�W�� �R�I�� �W�K�H�� �H�Q�J�L�Q�H�H�U�L�Q�J�� �F�R�P�P�X�Q�L�W�\��
�G�X�H���W�R���D���O�D�F�N���R�I���U�H�O�D�W�D�E�O�H���U�R�O�H���P�R�G�H�O�V�� 
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�R�I�� �D�� �F�R�K�H�V�L�Y�H�� �W�K�H�R�U�H�W�L�F�D�O�� �I�U�D�P�H�Z�R�U�N�� �W�K�D�W�� �V�S�H�F�L�I�L�F�D�O�O�\�� �D�G�G�U�H�V�V�H�V�� �W�K�H�� �X�Q�L�T�X�H�� �F�K�D�O�O�H�Q�J�H�V�� �D�Q�G��
�Q�H�H�G�V���R�I���Z�R�P�H�Q���L�Q���H�Q�J�L�Q�H�H�U�L�Q�J���O�H�D�G�H�U�V�K�L�S���G�H�Y�H�O�R�S�P�H�Q�W�� 

�$�G�G�U�H�V�V�L�Q�J�� �W�K�L�V�� �J�D�S�� �L�V�� �R�I�� �S�D�U�D�P�R�X�Q�W�� �L�P�S�R�U�W�D�Q�F�H�� �I�R�U�� �V�H�Y�H�U�D�O�� �U�H�D�V�R�Q�V���� �$�� �V�W�U�R�Q�J�� �W�K�H�R�U�H�W�L�F�D�O��
�I�U�D�P�H�Z�R�U�N���I�R�U���X�Q�G�H�U�V�W�D�Q�G�L�Q�J���Z�R�P�H�Q�
�V���O�H�D�G�H�U�V�K�L�S���G�H�Y�H�O�R�S�P�H�Q�W���L�Q���H�Q�J�L�Q�H�H�U�L�Q�J���L�V���H�V�V�H�Q�W�L�D�O���W�R��
�J�X�L�G�H���W�K�H���G�H�V�L�J�Q���D�Q�G���L�P�S�O�H�P�H�Q�W�D�W�L�R�Q���R�I���H�I�I�H�F�W�L�Y�H���H�G�X�F�D�W�L�R�Q�D�O���S�U�R�J�U�D�P�V���D�Q�G���L�Q�W�H�U�Y�H�Q�W�L�R�Q�V�����,�W��
�F�D�Q�� �D�O�V�R�� �K�H�O�S�� �R�U�J�D�Q�L�]�D�W�L�R�Q�V�� �F�U�H�D�W�H�� �P�R�U�H�� �L�Q�F�O�X�V�L�Y�H�� �D�Q�G�� �H�T�X�L�W�D�E�O�H�� �Z�R�U�N�S�O�D�F�H�V���� �I�R�V�W�H�U�L�Q�J�� �D��
�F�X�O�W�X�U�H���Z�K�H�U�H���Z�R�P�H�Q���F�D�Q���W�K�U�L�Y�H���D�Q�G���F�R�Q�W�U�L�E�X�W�H���W�K�H�L�U���I�X�O�O���S�R�W�H�Q�W�L�D�O�����)�X�U�W�K�H�U�P�R�U�H�����H�P�S�R�Z�H�U�L�Q�J��
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�W�K�H�� �G�H�Y�H�O�R�S�P�H�Q�W�� �R�I�� �V�X�V�W�D�L�Q�D�E�L�O�L�W�\�� �P�L�Q�G�V�H�W�� �F�D�Q�� �E�H�� �D�F�K�L�H�Y�H�G���� �7�K�H�� �6�3�� �D�S�S�U�R�D�F�K�� �L�Q�Y�R�O�Y�H�V�� �W�K�H��
�G�H�Y�H�O�R�S�P�H�Q�W���R�I�� ���� �N�H�\���F�R�P�S�H�W�H�Q�F�L�H�V���I�R�U���V�X�V�W�D�L�Q�D�E�L�O�L�W�\�����L�Q�W�H�U�S�H�U�V�R�Q�D�O���� �L�Q�W�U�D�S�H�U�V�R�Q�D�O���� �V�\�V�W�H�P�V��
�W�K�L�Q�N�L�Q�J���� �Y�D�O�X�H�V�� �W�K�L�Q�N�L�Q�J���� �I�X�W�X�U�H�V�� �W�K�L�Q�N�L�Q�J���� �V�W�U�D�W�H�J�L�F�� �W�K�L�Q�N�L�Q�J���� �L�P�S�O�H�P�H�Q�W�D�W�L�R�Q�� �W�K�L�Q�N�L�Q�J�� �D�Q�G��
�L�Q�W�H�J�U�D�W�H�G�� �S�U�R�E�O�H�P���V�R�O�Y�L�Q�J���� �,�W�� �D�O�O�R�Z�V�� �H�D�F�K�� �S�U�R�J�U�D�P�� �W�R�� �L�G�H�Q�W�L�I�\�� �L�W�V�� �R�Z�Q�� �S�U�R�J�U�H�V�V�L�Y�H�� �S�D�W�K�Z�D�\��
�X�V�L�Q�J���D�S�S�O�L�F�D�E�O�H���8�Q�L�W�H�G���1�D�W�L�R�Q���6�X�V�W�D�L�Q�D�E�O�H���'�H�Y�H�O�R�S�P�H�Q�W���*�R�D�O�V�����8�1���6�'�*�V�����W�K�D�W���O�H�D�G�V���W�R���W�K�H��
�G�H�Y�H�O�R�S�P�H�Q�W�� �R�I�� �L�Q�W�H�J�U�D�W�H�G�� �S�U�R�E�O�H�P���V�R�O�Y�L�Q�J�� �F�R�P�S�H�W�H�Q�F�\�� �I�U�R�P�� ���� �R�W�K�H�U���N�H�\�� �F�R�P�S�H�W�H�Q�F�L�H�V�� �I�R�U��
�V�X�V�W�D�L�Q�D�E�L�O�L�W�\���� �(�D�F�K�� �N�H�\�� �F�R�P�S�H�W�H�Q�F�\�� �I�R�U�� �V�X�V�W�D�L�Q�D�E�L�O�L�W�\�� �K�D�V�� �D�� �V�H�W�� �R�I�� �X�Q�G�H�U�S�L�Q�Q�L�Q�J�� �V�N�L�O�O�V�� �D�Q�G��
�D�W�W�L�W�X�G�H�V���P�D�S�S�H�G���W�R���W�K�H���&�'�,�2���6�\�O�O�D�E�X�V�����7�K�L�V���S�D�S�H�U���W�K�H�Q���V�K�R�Z�V���K�R�Z���W�K�H���F�K�H�P�L�F�D�O���H�Q�J�L�Q�H�H�U�L�Q�J��
�S�U�R�J�U�D�P���X�V�H�V���W�K�L�V���D�S�S�U�R�D�F�K���� �S�U�R�Y�L�G�L�Q�J���H�[�D�P�S�O�H�V���R�I�� �W�K�H���S�U�R�J�U�D�P�¶�V���F�R�Y�H�U�D�J�H���R�I�� �U�H�O�H�Y�D�Q�W���8�1��
�6�'�*�V���� �D�Q�G�� �D�� �P�D�S�� �R�I�� �Z�K�H�U�H�� �W�K�H�� ���� �N�H�\�� �F�R�P�S�H�W�H�Q�F�L�H�V�� �I�R�U�� �V�X�V�W�D�L�Q�D�E�L�O�L�W�\�� �D�U�H�� �F�R�Y�H�U�H�G�� �L�Q�� �W�K�H��
�S�U�R�J�U�D�P���P�R�G�X�O�H�V�����,�W���W�K�H�Q���S�U�R�Y�L�G�H�V���D�Q���H�[�D�P�S�O�H���S�D�W�K�Z�D�\���R�I���K�R�Z���V�\�V�W�H�P�V���W�K�L�Q�N�L�Q�J���F�R�P�S�H�W�H�Q�F�\��
�F�D�Q���E�H���G�H�Y�H�O�R�S�H�G�����W�K�D�W���O�H�D�G�V���W�R���W�K�H���G�H�Y�H�O�R�S�P�H�Q�W���R�I���L�Q�W�H�J�U�D�W�H�G���S�U�R�E�O�H�P���V�R�O�Y�L�Q�J���F�R�P�S�H�W�H�Q�F�\����
�7�K�H���S�D�S�H�U���D�O�V�R���G�L�V�F�X�V�V�H�G���K�R�Z���W�K�H���J�D�S�V���L�G�H�Q�W�L�I�L�H�G���L�Q���W�K�H���H�[�L�V�W�L�Q�J���F�X�U�U�L�F�X�O�X�P���F�D�Q���E�H���F�O�R�V�H�G���� 
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�1�R�W�H�����6�L�Q�J�D�S�R�U�H���3�R�O�\�W�H�F�K�Q�L�F���X�V�H�V���W�K�H���Z�R�U�G���µ�F�R�X�U�V�H�V�¶���W�R���G�H�V�F�U�L�E�H���L�W�V���H�G�X�F�D�W�L�R�Q���µ�S�U�R�J�U�D�P�V�¶�����$���µ�F�R�X�U�V�H�¶���L�Q���W�K�H���'�L�S�O�R�P�D���L�Q���&�K�H�P�L�F�D�O���(�Q�J�L�Q�H�H�U�L�Q�J��
�F�R�Q�V�L�V�W�V���R�I�� �P�D�Q�\�� �V�X�E�M�H�F�W�V���W�K�D�W�� �D�U�H�� �W�H�U�P�H�G�� �µ�P�R�G�X�O�H�V�¶���� �Z�K�L�F�K�� �L�Q���W�K�H�� �X�Q�L�Y�H�U�V�L�W�L�H�V���F�R�Q�W�H�[�W�V�� �D�U�H�� �R�I�W�H�Q���F�D�O�O�H�G�� �µ�F�R�X�U�V�H�V�¶�����$�� �W�H�D�F�K�L�Q�J���D�F�D�G�H�P�L�F���L�V��
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������  
�3�U�R�F�H�H�G�L�Q�J�V���R�I���W�K�H�������V�W���,�Q�W�H�U�Q�D�W�L�R�Q�D�O���&�'�,�2���&�R�Q�I�H�U�H�Q�F�H�����K�R�V�W�H�G���E�\ 

�0�R�Q�D�V�K���8�Q�L�Y�H�U�V�L�W�\�����0�H�O�E�R�X�U�Q�H�����$�X�V�W�U�D�O�L�D�����-�X�Q�H���������������������� 
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�7�K�L�V�� �S�D�S�H�U�� �F�R�Y�H�U�V�� �W�K�H�� �L�Q�W�H�J�U�D�W�L�R�Q�� �R�I�� �V�X�V�W�D�L�Q�D�E�O�H�� �G�H�Y�H�O�R�S�P�H�Q�W�� �L�Q�� �W�K�H�� �'�L�S�O�R�P�D�� �L�Q�� �&�K�H�P�L�F�D�O��
�(�Q�J�L�Q�H�H�U�L�Q�J�� ���'�&�+�(���� �S�U�R�J�U�D�P�� �R�I�I�H�U�H�G�� �E�\�� �6�L�Q�J�D�S�R�U�H�� �3�R�O�\�W�H�F�K�Q�L�F�� ���6�3������ �� �,�W�� �L�V�� �D�Q�� �R�Q���J�R�L�Q�J��
�F�R�Q�W�L�Q�X�D�O���L�P�S�U�R�Y�H�P�H�Q�W���Z�R�U�N���I�U�R�P���<�D�Q�J���H�W���D�O�����������������D�Q�G���2�K���H�W���D�O�������������������W�D�N�L�Q�J���U�H�I�H�U�H�Q�F�H���I�U�R�P��
�W�K�H���Z�R�U�N���E�\�� �&�K�H�D�K���H�W���D�O���������������� �W�K�D�W���V�X�J�J�H�V�W�V���D�Q���D�S�S�U�R�D�F�K���I�R�U���S�U�R�J�U�D�P�V���L�Q���6�3���W�K�D�W���V�H�H�N���W�R��
�L�Q�W�H�J�U�D�W�H�� �N�H�\�� �F�R�P�S�H�W�H�Q�F�L�H�V�� �I�R�U�� �V�X�V�W�D�L�Q�D�E�L�O�L�W�\�� �X�V�L�Q�J�� �W�K�H�� �&�'�,�2�� �)�U�D�P�H�Z�R�U�N���� �Z�L�W�K�� �W�K�H�� �D�L�P�� �R�I��
�G�H�Y�H�O�R�S�L�Q�J���V�X�V�W�D�L�Q�D�E�L�O�L�W�\���P�L�Q�G�V�H�W���L�Q���6�3���V�W�X�G�H�Q�W�V������ 

At SP, the 17 United Nations Sustainable Development Goals (UN SDGs) are used as the 
learning context to develop baseline emerging digital and human skills in students via the 
Common Core Curriculum (CCC) which comprises of 10 modules, compulsory for all SP 
students.  These skills are integrated to the diploma curriculum via appropriate pairing with 
domain modules to serves as introductory competencies for students. These are to be further 
deepened or applied in the domain-specific contexts in core modules (Cheah, Lim and Chao, 
2022).  

The Institution of Chemical Engineers, UK (IChemE), selected UN SDGs 2, 3, 6, 7, 9, 12 and 
13 as priority topics; along with areas considered as fundamental to chemical engineering, 
delivery of which supports the identified priority topics, as follows: 

������ �&�O�H�D�Q���(�Q�H�U�J�\���D�Q�G���&�O�L�P�D�W�H���$�F�W�L�R�Q�����8�1�6�'�*�V���������	���������� 
������ �:�D�W�H�U���D�Q�G���6�D�Q�L�W�D�W�L�R�Q�����8�1���6�'�*�������� 
������ �)�R�R�G�����+�H�D�O�W�K���D�Q�G���:�H�O�O���E�H�L�Q�J�����8�1���6�'�*�V���������	�������� 
������ �5�H�V�S�R�Q�V�L�E�O�H���3�U�R�G�X�F�W�L�R�Q�����,�Q�Q�R�Y�D�W�L�R�Q���D�Q�G���,�Q�G�X�V�W�U�\�����8�1���6�'�*�V���������	���������� 
������ �4�X�D�O�L�W�\�� �(�G�X�F�D�W�L�R�Q���� �L�Q�F�O�X�G�L�Q�J�� �/�L�I�H�O�R�Q�J�� �/�H�D�U�Q�L�Q�J�� ���8�1�� �6�'�*�� �������� �Z�K�L�F�K�� �,�&�K�H�P�(�� �W�U�H�D�W�� �D�V��

�F�U�R�V�V���F�X�W�W�L�Q�J���U�H�T�X�L�U�H�P�H�Q�W�V�� 
������ �3�U�R�F�H�V�V���6�D�I�H�W�\�����L�Q�F�O�X�G�L�Q�J���0�D�M�R�U���+�D�]�D�U�G�V���0�D�Q�D�J�H�P�H�Q�W 
(7) Digitalisation, including Cybersecurity 

�$�V�� �W�K�H�� �'�&�+�(�� �S�U�R�J�U�D�P�� �L�V���D�F�F�U�H�G�L�W�H�G���E�\�� �,�&�K�H�P�(���� �Z�H�� �Q�D�W�X�U�D�O�O�\�� �I�R�O�O�R�Z�� �W�K�H�� �U�H�F�R�P�P�H�Q�G�D�W�L�R�Q�V��
�I�U�R�P���,�&�K�H�P�(���W�R���J�X�L�G�H���R�X�U���L�Q�W�H�J�U�D�W�L�R�Q���R�I���8�1���6�'�*�V���L�Q�W�R���W�K�H���'�&�+�(���F�X�U�U�L�F�X�O�X�P�����7�K�L�V���L�V���D���Q�D�W�X�U�D�O��
�I�O�R�Z���R�I���R�X�U���D�S�S�U�R�D�F�K���W�R���U�H�G�H�V�L�J�Q���W�K�H���'�&�+�(���F�X�U�U�L�F�X�O�X�P�����X�V�L�Q�J���W�K�H���&�'�,�2���D�S�S�U�R�D�F�K���W�R���L�Q�W�H�J�U�D�W�H��
�N�H�\���F�R�P�S�H�W�H�Q�F�L�H�V���I�R�U���V�X�V�W�D�L�Q�D�E�L�O�L�W�\�����O�H�Y�H�U�D�J�L�Q�J���R�Q���S�U�L�R�U���Z�R�U�N���Z�K�H�U�H���Y�D�U�L�R�X�V���V�N�L�O�O�V���D�Q�G���D�W�W�L�W�X�G�H�V��
�U�H�T�X�L�U�H�G���E�\���M�R�E���U�R�O�H���R�I���F�K�H�P�L�F�D�O���H�Q�J�L�Q�H�H�U�V���K�D�G���D�O�U�H�D�G�\���E�H�H�Q���L�Q�W�H�J�U�D�W�H�G�������7�K�H���&�'�,�2���D�S�S�U�R�D�F�K��
�L�Q�F�O�X�G�H�V���X�V�L�Q�J���V�H�O�H�F�W�H�G���8�1���6�'�*�V���F�K�D�O�O�H�Q�J�H�V���D�V���O�H�D�U�Q�L�Q�J���F�R�Q�W�H�[�W���Z�K�L�F�K���D�U�H���W�R���E�H���D�G�G�U�H�V�V�H�G��
�X�V�L�Q�J���F�K�H�P�L�F�D�O���H�Q�J�L�Q�H�H�U�L�Q�J���D�Q�G���S�U�R�G�X�F�W���G�H�V�L�J�Q�����U�H�Y�L�H�Z�L�Q�J���O�H�D�U�Q�L�Q�J���R�X�W�F�R�P�H�V�����S�U�R�S�R�V�L�Q�J���W�K�H��
�G�H�Y�H�O�R�S�P�H�Q�W�� �R�I�� �N�H�\�� �F�R�P�S�H�W�H�Q�F�L�H�V�� �I�R�U�� �V�X�V�W�D�L�Q�D�E�L�O�L�W�\�� �X�V�L�Q�J�� �L�Q�W�H�J�U�D�W�H�G�� �F�X�U�U�L�F�X�O�X�P�� �D�Q�G�� �D�F�W�L�Y�H��
�O�H�D�U�Q�L�Q�J�� �D�S�S�U�R�D�F�K�H�V���� �V�W�U�H�Q�J�W�K�H�Q�L�Q�J�� �I�D�F�X�O�W�\���F�R�P�S�H�W�H�Q�F�H�� �D�Q�G�� �W�H�D�F�K�L�Q�J�� �F�R�P�S�H�W�H�Q�F�H�� �I�R�U��
�H�I�I�H�F�W�L�Y�H���O�H�V�V�R�Q���G�H�O�L�Y�H�U�\���D�Q�G���I�D�F�L�O�L�W�D�W�L�R�Q�������7�K�H���D�L�P���R�I���W�K�L�V���S�D�S�H�U���L�V���W�R���V�K�R�Z�F�D�V�H���W�K�H���D�S�S�U�R�D�F�K��
�R�I�� �G�H�Y�H�O�R�S�L�Q�J�� �N�H�\�� �F�R�P�S�H�W�H�Q�F�L�H�V�� �R�I�� �V�X�V�W�D�L�Q�D�E�L�O�L�W�\�� �L�Q�� �D�� �G�L�S�O�R�P�D�� �S�U�R�J�U�D�P���� �� �+�H�Q�F�H���� �O�H�D�U�Q�L�Q�J��
�D�V�V�H�V�V�P�H�Q�W�V���D�Q�G���S�U�R�J�U�D�P���H�Y�D�O�X�D�W�L�R�Q���Z�L�O�O���E�H���G�R�Q�H���Z�K�H�Q���W�K�H���F�X�U�U�L�F�X�O�X�P���K�D�V���E�H�H�Q���U�H�Y�D�P�S�H�G�� 

�$�3�3�5�2�$�&�+���7�2�:�$�5�'�6���,�1�7�(�*�5�$�7�,�1�*���.�(�<���&�2�0�3�(�7�(�1�&�,�(�6���)�2�5���6�8�6�7�$�,�1�$�%�,�/�,�7�< 

�6�L�Q�F�H���$�F�D�G�H�P�L�F�� �<�H�D�U�� ���������������������� �W�K�H�� �&�&�&�� �L�V�� �L�Q�W�H�J�U�D�W�H�G�� �L�Q�W�R�� �W�K�H�� �'�&�+�(�� �F�X�U�U�L�F�X�O�X�P�� �X�V�L�Q�J�� �D��
�V�S�L�U�D�O���F�X�U�U�L�F�X�O�X�P���P�R�G�H�O�����2�K���H�W���D�O�����������������E�\���S�D�L�U�L�Q�J���&�&�&���P�R�G�X�O�H�V���Z�L�W�K���G�R�P�D�L�Q���P�R�G�X�O�H�V�����3�U�L�R�U��
�W�R���$�<������������ �V�X�V�W�D�L�Q�D�E�O�H�� �G�H�Y�H�O�R�S�P�H�Q�W���F�R�Q�F�H�S�W�V�� �D�U�H�� �W�D�X�J�K�W�� �L�Q�� �W�K�H�� �'�&�+�(�� �F�X�U�U�L�F�X�O�X�P�� �I�R�F�X�V�L�Q�J��
�P�D�L�Q�O�\���R�Q���F�K�H�P�L�F�D�O���S�U�R�F�H�V�V�H�V�����S�O�D�Q�W���G�H�V�L�J�Q���D�Q�G���F�K�H�P�L�F�D�O���S�U�R�G�X�F�W���G�H�V�L�J�Q���P�R�G�X�O�H�V�����'�&�+�(���K�D�G��
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United Nation Sustainable Development Goals  Teach  Utilize  

#1  NO POVERTY 
 End poverty in all its forms everywhere 

  

#2  ZERO HUNGER^ 
 End hunger, achieve food security and improved nutrition and promote 

sustainable agriculture 
  

#3  GOOD HEALTH AND WELL-BEING^ 
 Ensure healthy lives and promote well-being for all at all ages 

�9 �9 

#4  QUALITY EDUCATION 
 Ensure inclusive and equitable quality education and promote lifelong 

opportunities for all 
 �9 

#5  GENDER EQUALITY 
 Achieve gender equality and empower all women and girls 

  

#6  CLEAN WATER AND SANITATION^ 
 Ensure availability and sustainable management of water and 

sanitation for all 
�9 �9�9 

#7  AFFORDABLE AND CLEAN ENERGY^ 
 Ensure access to affordable, reliable, sustainable and modern energy 

for all 
�9�9 �9�9 

#8  DECENT WORK AND ECONOMIC GROWTH 
 Promote sustained, inclusive and sustainable economic growth, full 

and productive employment and decent work for all 
  

#9  INDUSTRY, INNOVATION AND INFRASTRUCTURE^ 
 Build resilient infrastructure, promote inclusive and sustainable 

industrialization and foster innovation 
�9 �9�9 

#10 REDUCE INEQUALITY 
 Reduce inequality within and among countries 

  

#11 SUSTAINABLE CITIES AND COMMUNITIES 
 Make cities and human settlements inclusive, safe, resilient and 

sustainable 
  

#12 RESPONSIBLE CONSUMPTION AND PRODUCTION^ 
 Ensure sustainable consumption and production patterns 

�9�9�9 �9�9�9 

#13 CLIMATE CHANGE^ 
 Take urgent action to combat climate change and its impacts 

�9�9 �9�9 

#14 LIFE BELOW WATER 
 Conserve and sustainably use the oceans, seas and marine resources 

for sustainable development 
�9 �9 

#15 LIFE ON LAND 
 Protect, restore and promote sustainable use of terrestrial ecosystems, 

sustainably manage forests, combat desertification, and halt and 
reverse land degradation and halt biodiversity loss 

  

#16 PEACE AND JUSTICE, STRONG INSTITUTIONS 
 Promote peaceful and inclusive societies for sustainable development, 

provide access to justice for all and build effective, accountable and 
inclusive institutions at all levels 

  

#17 PARTNERSHIPS FOR THE GOALS 
 Strengthen the means of implementation and revitalize the Global 

Partnership for Sustainable Development 
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Module Acronym  
(CCC modules in Italic): 

TCU: Thinking Critically about 
UNSDGs, PCDS: Persuasive 
Communication with Data Story-
Telling, DF: Data Fluency, DCI: Digital 
Communication with Impact, CDA: 
Collaboration in the Digital Age, SIP: 
Sustainable Innovation Project, ICHE: 
Introduction to Chemical Engineering, 
LPS: Laboratory & Process Skills, 
POS: Process Operation Skills, ICPD: 
Introduction to Chemical Product 
Design, CPDD: Chemical Product 
Design & Development, FYP: Final 
Year Project, PDESD: Plant Design, 
Economics & Sustainable 
Development, PPSEE: Process Plant 
Safety & Engineering Ethics 

Figure 1. Possible Development Pathway for Systems Thinking Competency 
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Values thinking competency can be introduced in the module Introduction to Chemical 
Engineering when students are first exposed to ethical dilemma as part of their exposure to 
roles and responsibilities as a chemical engineer. Values thinking competency can be 
developed alongside systems thinking competency, awareness of which can start in Year 1. 
An example would be in Year 1 Semester 1 when students are tasked to fabricate a portable 
water filter in one of the activities for Laboratory & Process Skills 1, for example in the use of 
renewable resources as filter casing, and decision regarding choice of filter media. One could 
also leverage on the learnings from CCC module Thinking Critically about the UN SDGs where 
students are exposed to fake news or discern different viewpoints. 
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Year 1 
Semester 1 

Introduction to Chemical 
Engineering 

        
Chemical Engineering 

Thermodynamics 
        

Laboratory & Process Skills 1 + �9   �9 �9   
Thinking Critically about UN 

SDGs* 
 �9       

Data Fluency*     �9    

Year 1 
Semester 2 

Heat Transfer & Equipment         

Fluid Flow & Equipment         

Laboratory & Process Skills 2 +    �9    
Digital Communication for 

Impact* 
        

Collaboration in Digital Age*     �9    

AI and Its Impact*         

Year 2 
Semester 1 

Introduction to Chemical 
Product Design �9    �9  �9  

Separation Processes         
Process Instrumentation & 

Control 
        

Process Operation Skills 1  �9   �9 �9   
Persuasive Communication 

with Data Storytelling* 
    �9    

Year 2 
Semester 2 

Chemical Product Design & 
Development �9  �9  �9  �9  

Chemical Reaction 
Engineering 

    �9    
Chemical Engineering Design 

Calculations & Simulations +        

Process Operation Skills 2  �9   �9    
Sustainable Innovation 

Project* �9    �9  �9 �9 
Effective Writing for 

Workplace* 
        

Problem Solving with Creative 
and Computational Thinking* 

        

Year 3 
Semester 1 

Plant Design, Economics and 
Sustainable Development 

  + + �9    
Biopharmaceutical & 

Pharmaceutical Engineering 
        

Biopharmaceutical & 
Pharmaceutical Practice 

    �9    
Process Plant Safety and 

Engineering Ethics �9     �9   
Personal Branding and Career 

Agility* 
       �9 

Final Year (Capstone) Project �9 �9 + + �9  �9 �9 
Year 3 

Semester 2 
Internship Programme (22 

weeks) �9 �9   �9 �9 + �9 
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Unlike interpersonal competencies which was very well covered, intrapersonal competencies 
will need to be further enhanced. This is perhaps the most challenging key competency to 
develop in a curriculum, as it aims to address issues such as mindfulness, de�D�O�L�Q�J���Z�L�W�K���R�Q�H�¶�V��
emotion, introspection, etc at individual level. Intrapersonal competency is closely linked to 
the sustainability mindset principles advanced by the work of Isabel Rimanoczy (see for 
example: Rimanoczy, 2021; Rimanoczy & Llamazares, 2021). Within the curriculum, students 
can be tasked to write reflection journals on their experiences from sustainability-themed 
learning touchpoints. These can be supplemented by co-curricular activities or learning 
outside the classroom such as health and mental wellness programs already offered by SP.  
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�S�H�G�D�J�R�J�L�F�D�O�� �D�S�S�U�R�D�F�K�� �D�Q�G�� �D�G�R�S�W�V�� �D�� �P�L�[�H�G�� �P�H�W�K�R�G�V�� �D�S�S�U�R�D�F�K���� �$�� �T�X�D�Q�W�L�W�D�W�L�Y�H�� �V�X�U�Y�H�\�� �Z�D�V��
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�1�R�Z�D�G�D�\�V�����O�H�D�U�Q�H�U�V���X�V�H���G�L�I�I�H�U�H�Q�W���O�H�D�U�Q�L�Q�J���S�O�D�W�I�R�U�P�V�����W�R�R�O�V�����U�H�V�R�X�U�F�H�V���W�R���L�P�S�U�R�Y�H���W�K�H�L�U���V�N�L�O�O�V����
�W�R���D�F�T�X�L�U�H���N�Q�R�Z�O�H�G�J�H���D�Q�G���W�R���H�Y�R�O�Y�H���L�Q���W�K�H�L�U���F�D�U�H�H�U�V�����+�R�Z�H�Y�H�U�����F�K�R�R�V�L�Q�J�����X�V�L�Q�J���D�Q�G���P�D�Q�D�J�L�Q�J��
�W�K�R�V�H���K�H�W�H�U�R�J�H�Q�H�R�X�V���O�H�D�U�Q�L�Q�J���D�U�W�L�I�D�F�W�V���F�D�Q���O�H�D�G���W�R���D�Q���L�Q�H�I�I�L�F�L�H�Q�W���O�H�D�U�Q�L�Q�J���H�[�S�H�U�L�H�Q�F�H���� 
�5�H�J�D�U�G�L�Q�J���W�K�L�V���V�L�W�X�D�W�L�R�Q�����Z�H���K�D�Y�H���G�H�Y�H�O�R�S�H�G���D���3�/�(���D�S�S�U�R�D�F�K���W�R���D�V�V�L�V�W���O�H�D�U�Q�H�U���W�R���K�D�Y�H���D���E�H�V�W��
�O�H�D�U�Q�L�Q�J�� �H�[�S�H�U�L�H�Q�F�H���� �2�X�U�� �S�U�H�Y�L�R�X�V���&�'�,�2���F�R�Q�W�U�L�E�X�W�L�R�Q�����*�X�H�W�W�D�W�� �H�W�� �D�O������ ���������D�����L�Q�W�U�R�G�X�F�H�V�� �D��
�P�H�W�K�R�G�� �W�R�� �V�X�S�S�R�U�W�� �O�H�D�U�Q�H�U�V�� �L�Q�� �F�R�Q�V�W�U�X�F�W�L�Q�J�� �W�K�H�L�U�� �R�Z�Q�� �F�X�U�U�L�F�X�O�X�P�� �Z�L�W�K�R�X�W�� �W�K�H�� �Q�H�H�G�� �I�R�U�� �S�U�L�R�U��
�S�H�G�D�J�R�J�L�F�D�O�� �H�[�S�H�U�W�L�V�H���� �D�O�O�R�Z�L�Q�J�� �W�K�H�P�� �W�R�� �W�D�N�H�� �L�Q�G�H�S�H�Q�G�H�Q�W�� �F�R�Q�W�U�R�O�� �R�I�� �W�K�H�L�U�� �O�H�D�U�Q�L�Q�J�� �Z�L�W�K�L�Q�� �D��
�3�H�U�V�R�Q�D�O���/�H�D�U�Q�L�Q�J���(�Q�Y�L�U�R�Q�P�H�Q�W�����3�/�(�������7�K�L�V���D�S�S�U�R�D�F�K���H�P�S�K�D�V�L�]�H�V���O�L�I�H�O�R�Q�J���O�H�D�U�Q�L�Q�J���D�Q�G���D�O�L�J�Q�V��
�Z�L�W�K���W�K�H���6�X�V�W�D�L�Q�D�E�O�H���'�H�Y�H�O�R�S�P�H�Q�W���*�R�D�O�V�����6�'�*�V�������+�R�Z�H�Y�H�U�����R�X�U���D�S�S�U�R�D�F�K���L�V���V�W�L�O�O���F�R�P�S�O�H�[���W�R��
�E�H���L�P�S�O�H�P�H�Q�W�H�G���L�Q���W�K�H���U�H�D�O���Z�R�U�O�G���Z�L�W�K���L�W�V���I�X�O�O���S�R�W�H�Q�W�L�D�O�����7�K�H�U�H�I�R�U�H�����Z�H���F�R�P�H���X�S���Z�L�W�K���D�Q���X�S�G�D�W�H�G��
�Y�H�U�V�L�R�Q�����S�U�H�F�L�V�H�O�\���D�Q���$�,���H�Q�K�D�Q�F�H�G���Y�H�U�V�L�R�Q���W�R���R�Y�H�U�F�R�P�H���W�K�L�V���O�L�P�L�W�D�W�L�R�Q���� 

�7�K�L�V�� �S�D�S�H�U�� �L�V�� �R�U�J�D�Q�L�]�H�G�� �L�Q���V�L�[���V�H�F�W�L�R�Q�V�����$�I�W�H�U�� �W�K�H�� �L�Q�W�U�R�G�X�F�W�L�R�Q���� �Z�H�� �S�U�H�V�H�Q�W�� �W�K�H�� �3�/�(���D�Q�G�� �W�K�H��
�O�L�I�H�O�R�Q�J���O�H�D�U�Q�L�Q�J���F�R�Q�F�H�S�W�V�����1�H�[�W�����Z�H���V�X�P�P�D�U�L�]�H���W�K�H���P�D�L�Q���H�O�H�P�H�Q�W�V���R�I���R�X�U���D�S�S�U�R�D�F�K���W�R���E�X�L�O�G��
�D�Q���H�I�I�L�F�L�H�Q�F�\���3�/�(�����W�K�H���H�[�S�H�U�L�P�H�Q�W���U�H�V�X�O�W�V���D�Q�G���W�K�H���O�L�P�L�W�D�W�L�R�Q�V���R�I���R�X�U���D�S�S�U�R�D�F�K�����7�K�H���Q�H�[�W���V�H�F�W�L�R�Q��
�L�V���G�H�G�L�F�D�W�H�G���W�R���R�X�U���Q�H�Z���3�/�(���D�U�F�K�L�W�H�F�W�X�U�H���E�D�V�H�G���R�Q���/�D�U�J�H���/�D�Q�J�X�D�J�H���0�R�G�H�O�V�����/�/�0�V�������S�D�U�W���R�I��
�*�H�Q�H�U�D�W�L�Y�H�� �$�U�W�L�I�L�F�L�D�O�� �,�Q�W�H�O�O�L�J�H�Q�F�H�����Z�K�L�F�K�� �L�V�� �D�Q�� �L�P�S�U�R�Y�H�P�H�Q�W�� �R�I�� �W�K�H�� �R�O�G�� �D�U�F�K�L�W�H�F�W�X�U�H�� �X�V�L�Q�J��
�L�Q�Q�R�Y�D�W�L�Y�H���$�,���W�H�F�K�Q�R�O�R�J�L�H�V�����7�K�H���I�L�I�W�K���V�H�F�W�L�R�Q���S�U�H�V�H�Q�W�V���D���S�U�R�W�R�W�\�S�H���R�I���R�X�U���V�\�V�W�H�P���E�D�V�H�G���R�Q���W�K�L�V��
�Q�H�Z���D�U�F�K�L�W�H�F�W�X�U�H�����,�Q���W�K�H���O�D�V�W���V�H�F�W�L�R�Q�����Z�H���F�R�Q�F�O�X�G�H���E�\���V�X�P�P�D�U�L�]�L�Q�J���R�X�U���P�D�L�Q���F�R�Q�W�U�L�E�X�W�L�R�Q���D�Q�G��
�G�H�V�F�U�L�E�L�Q�J���R�X�U���R�Q�J�R�L�Q�J���Z�R�U�N�� 
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�3�H�U�V�R�Q�D�O���/�H�D�U�Q�L�Q�J���(�Q�Y�L�U�R�Q�P�H�Q�W�����3�/�(�����U�H�I�H�U�V���W�R���W�K�H���X�V�H���R�I���O�H�D�U�Q�L�Q�J���W�H�F�K�Q�R�O�R�J�L�H�V���W�K�D�W���S�U�L�R�U�L�W�L�]�H��
�O�H�D�U�Q�H�U�� �D�X�W�R�Q�R�P�\�� �L�Q�� �P�D�Q�D�J�L�Q�J�� �W�R�R�O�V�� �D�Q�G�� �U�H�V�R�X�U�F�H�V���� �.�H�\�� �T�X�H�V�W�L�R�Q�V�� �H�[�S�O�R�U�H�G�� �L�Q�F�O�X�G�H�����+�R�Z��
�G�R�H�V�� �W�K�H�� �O�H�D�U�Q�H�U�� �X�W�L�O�L�]�H�� �W�H�F�K�Q�R�O�R�J�\�� �W�R�� �P�D�Q�D�J�H�� �W�K�H�L�U�� �R�Z�Q�� �O�H�D�U�Q�L�Q�J�"�� �:�K�D�W�� �D�U�H�� �W�K�H�� �X�Q�L�T�X�H��
�I�H�D�W�X�U�H�V�� �R�I�� �D�� �S�H�U�V�R�Q�D�O�� �O�H�D�U�Q�L�Q�J�� �H�Q�Y�L�U�R�Q�P�H�Q�W�"���$�� �3�/�(�� �F�D�Q�� �E�H�� �Y�L�H�Z�H�G�� �D�V�� �D�� �F�R�P�S�O�H�[�� �D�F�W�L�Y�L�W�\��
�V�\�V�W�H�P���L�Q���F�R�K�H�U�H�Q�F�H���Z�L�W�K���W�K�H���D�F�W�L�Y�L�W�\���W�K�H�R�U�\�����$�7�������%�D�O�����H�W���D�O�������������������%�X�F�K�H�P�����H�W���D�O������������������ 
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�P�X�O�W�L�Y�D�U�L�D�E�O�H���S�U�R�E�O�H�P�V�����R�S�W�L�P�L�V�L�Q�J���G�H�V�L�J�Q�V�����D�Q�G���G�H�E�X�J�J�L�Q�J���I�R�U���H�U�U�R�U���U�H�V�R�O�X�W�L�R�Q�����&�R�P�S�X�W�D�W�L�R�Q�D�O��
�D�Q�D�O�\�V�L�V���L�V���W�K�H�Q���S�H�U�I�R�U�P�H�G���W�R���V�L�P�X�O�D�W�H���U�H�D�O���Z�R�U�O�G���V�F�H�Q�D�U�L�R�V�����D�Q�G���U�H�V�X�O�W�V���D�U�H���Y�L�V�X�D�O�L�V�H�G���W�K�U�R�X�J�K��
�L�P�D�J�H�V�����J�U�D�S�K�V�����D�Q�G�����'���U�H�S�U�H�V�H�Q�W�D�W�L�R�Q�V�����7�K�L�V���S�U�R�F�H�V�V���H�P�S�K�D�V�L�V�H�V���F�U�L�W�L�F�D�O���W�K�L�Q�N�L�Q�J�����S�U�R�E�O�H�P��
�V�R�O�Y�L�Q�J���� �D�Q�G���S�U�D�F�W�L�F�D�O���D�S�S�O�L�F�D�W�L�R�Q���� �L�Q�W�H�J�U�D�W�L�Q�J���W�K�H�R�U�H�W�L�F�D�O���D�Q�G���F�R�P�S�X�W�D�W�L�R�Q�D�O���W�R�R�O�V���W�R���D�G�G�U�H�V�V��
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�7�K�H���L�P�D�J�H���R�X�W�O�L�Q�H�V�����)�L�J�X�U�H���������D���V�\�V�W�H�P�D�W�L�F���D�S�S�U�R�D�F�K���W�R���D�Q�D�O�\�]�L�Q�J���W�K�H���G�H�I�R�U�P�D�W�L�R�Q���R�I���D���U�R�E�R�W�L�F��
�D�U�P�
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�W�R���W�K�H���O�R�D�G���D�Q�G���F�U�H�D�W�L�Q�J���D���V�W�U�X�F�W�X�U�D�O���P�R�G�H�O���I�R�U���P�R�G�D�O���D�Q�D�O�\�V�L�V�����7�K�H���P�R�G�D�O���D�Q�D�O�\�V�L�V���I�L�Q�G�V���W�K�H��
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�K�R�Z�� �W�K�H�� �V�W�U�X�F�W�X�U�H�� �U�H�D�F�W�V�� �W�R�� �G�\�Q�D�P�L�F�� �O�R�D�G�L�Q�J���� �7�K�H�� �U�H�V�X�O�W�V�� �U�H�Y�H�D�O�� �G�H�I�R�U�P�D�W�L�R�Q�� �S�D�W�W�H�U�Q�V�� �D�Q�G��
�G�L�V�S�O�D�F�H�P�H�Q�W�V���D�W���S�H�D�N���U�H�V�S�R�Q�V�H���I�U�H�T�X�H�Q�F�L�H�V�����S�U�R�Y�L�G�L�Q�J���F�U�L�W�L�F�D�O���L�Q�V�L�J�K�W�V���L�Q�W�R���W�K�H���O�L�Q�N�
�V���V�W�U�X�F�W�X�U�D�O��
�E�H�K�D�Y�L�R�X�U�� �X�Q�G�H�U�� �R�S�H�U�D�W�L�R�Q�D�O�� �F�R�Q�G�L�W�L�R�Q�V�� ���7�K�L�V�� �S�U�R�F�H�V�V�� �K�H�O�S�V�� �R�S�W�L�P�L�]�H�� �G�H�V�L�J�Q�V�� �I�R�U�� �E�H�W�W�H�U��
�S�H�U�I�R�U�P�D�Q�F�H���D�Q�G���G�X�U�D�E�L�O�L�W�\�� 

�0�H�D�V�X�U�H�P�H�Q�W���R�I���/�H�D�U�Q�L�Q�J���2�X�W�F�R�P�H�� 

�7�K�H���D�F�W�X�D�O���V�L�W�X�D�W�L�R�Q���R�I���W�K�H���,�Q�G�X�V�W�U�L�D�O���F�R�O�O�D�E�R�U�D�W�L�R�Q���H�F�R�V�\�V�W�H�P�
�V���S�H�Q�H�W�U�D�W�L�R�Q���W�K�U�R�X�J�K���L�Q�W�H�J�U�D�W�H�G��
�F�X�U�U�L�F�X�O�X�P�� �F�D�Q�� �E�H�� �M�X�G�J�H�G�� �E�\�� �P�H�D�V�X�U�L�Q�J�� �W�K�H�� �O�H�D�U�Q�L�Q�J�� �R�X�W�F�R�P�H�V���� �7�K�H�� �O�H�D�U�Q�L�Q�J�� �R�X�W�F�R�P�H�V�� �L�Q��
�W�H�U�P�V�� �R�I�� �N�Q�R�Z�O�H�G�J�H���� �V�N�L�O�O���� �D�Q�G�� �D�W�W�L�W�X�G�H�� �D�U�H�� �P�H�D�V�X�U�H�G�� �W�K�U�R�X�J�K�� �R�U�J�D�Q�L�V�H�G�� �I�R�U�P�D�W�L�Y�H�� �D�Q�G��
�V�X�P�P�D�W�L�Y�H�� �H�[�D�P�L�Q�D�W�L�R�Q�V���� �7�K�H�V�H�� �H�Y�D�O�X�D�W�L�R�Q�V�� �D�U�H�� �P�H�D�V�X�U�H�G�� �Z�L�W�K�� �D�S�S�U�R�S�U�L�D�W�H�� �D�V�V�H�V�V�P�H�Q�W��
�L�Q�V�W�U�X�P�H�Q�W�V���� �V�X�F�K�� �D�V�� �U�X�E�U�L�F�V�� �W�K�D�W�� �D�U�H�� �W�D�L�O�R�U�H�G�� �W�R�� �W�K�H�� �V�S�H�F�L�I�L�F�� �D�V�V�H�V�V�P�H�Q�W�� �W�H�F�K�Q�L�T�X�H�V���� �7�K�H��
�S�U�R�M�H�F�W�V�� �D�U�H�� �D�V�V�H�V�V�H�G�� �W�K�U�R�X�J�K�� �U�H�Y�L�H�Z�� �P�H�F�K�D�Q�L�V�P�� �E�\�� �H�Y�D�O�X�D�W�L�Q�J�� �W�K�H�� �S�D�U�D�P�H�W�H�U�V�����7�D�E�O�H�� ������
�J�L�Y�H�Q���E�H�O�R�Z���� 

�7�D�E�O�H���������0�H�D�V�X�U�H�P�H�Q�W���R�I���3�U�R�M�H�F�W���/�H�D�U�Q�L�Q�J���2�X�W�F�R�P�H�V�������0�H�W�D���6�N�L�O�O�V 

�2�Q�O�L�Q�H 
�4�X�L�]�]�H�V 

�0�H�W�D���6�N�L�O�O�����)�R�F�X�V�L�Q�J�����6�X�E�� �0�H�W�D���6�N�L�O�O: Sorting: Ability to categorize and relate 
information. Attention: Focus on key factors in design and manufacturing. 

�2�X�W�F�R�P�H: Develop the ability to analyze 3D printing parameters and material 
selection. Identify critical components in 3D printing process chains. 

�0�H�W�D���6�N�L�O�O�����$�G�D�S�W�L�Q�J�����6�X�E���0�H�W�D���6�N�L�O�O: Openness: Growth mindset for adopting new 
methods. �2�X�W�F�R�P�H: Apply innovative solutions and adopt advanced printing 
techniques in projects. 

�3�U�R�M�H�F�W���:�R�U�N��
�'�L�D�U�\�� 

�0�H�W�D���6�N�L�O�O���� �&�R�O�O�D�E�R�U�D�W�L�Q�J�����6�X�E�� �0�H�W�D���6�N�L�O�O���� �7�H�D�P�Z�R�U�N���� �:�R�U�N�� �W�R�Z�D�U�G�V�� �V�K�D�U�H�G�� ���'��
�S�U�L�Q�W�L�Q�J���S�U�R�M�H�F�W���J�R�D�O�V�����2�X�W�F�R�P�H�����)�R�V�W�H�U���J�U�R�X�S���V�\�Q�H�U�J�\���L�Q���G�H�V�L�J�Q�����S�U�R�W�R�W�\�S�L�Q�J�����D�Q�G��
�I�L�Q�D�O���S�U�R�G�X�F�W���W�H�V�W�L�Q�J�� 

�3�U�R�M�H�F�W 
�3�U�H�V�H�Q�W�D�W�L�R�Q 

�0�H�W�D���6�N�L�O�O�����&�R�P�P�X�Q�L�F�D�W�L�Q�J�����6�X�E���0�H�W�D���6�N�L�O�O�����/�L�V�W�H�Q�L�Q�J�����$�F�W�L�Y�H�O�\���X�Q�G�H�U�V�W�D�Q�G���S�U�R�M�H�F�W��
�G�H�W�D�L�O�V���G�X�U�L�Q�J���G�L�V�F�X�V�V�L�R�Q�V�����6�W�R�U�\�W�H�O�O�L�Q�J�����(�[�S�O�D�L�Q�����'���S�U�L�Q�W�L�Q�J���F�R�Q�F�H�S�W�V���H�I�I�H�F�W�L�Y�H�O�\���Z�L�W�K��
�H�[�D�P�S�O�H�V������ �2�X�W�F�R�P�H���� �,�Q�W�H�U�S�U�H�W�� �L�Q�G�X�V�W�U�\�� �U�H�T�X�L�U�H�P�H�Q�W�V�� �D�Q�G�� �W�U�D�Q�V�O�D�W�H�� �W�K�H�P�� �L�Q�W�R��
�I�H�D�V�L�E�O�H�� ���'�� �S�U�L�Q�W�L�Q�J�� �V�R�O�X�W�L�R�Q�V���� �&�R�P�P�X�Q�L�F�D�W�H�� �G�H�V�L�J�Q�� �D�Q�G�� �I�X�Q�F�W�L�R�Q�D�O�� �G�H�W�D�L�O�V�� �R�I��
�S�U�R�W�R�W�\�S�H�V���W�R���V�W�D�N�H�K�R�O�G�H�U�V�� 

�0�H�W�D���6�N�L�O�O�����&�U�H�D�W�L�Y�L�W�\�����6�X�E���0�H�W�D���6�N�L�O�O�����9�L�V�X�D�O�L�]�L�Q�J�����7�U�D�Q�V�O�D�W�H���L�G�H�D�V���L�Q�W�R�����'���S�U�L�Q�W�D�E�O�H��
�P�R�G�H�O�V�����2�X�W�F�R�P�H���� �*�H�Q�H�U�D�W�H�� �L�Q�Q�R�Y�D�W�L�Y�H�� �G�H�V�L�J�Q�V�� �D�Q�G�� �S�U�R�F�H�V�V�� �Z�R�U�N�I�O�R�Z�V�� �I�R�U�� ���'��
�S�U�L�Q�W�L�Q�J���D�S�S�O�L�F�D�W�L�R�Q�V�� 

�3�U�R�M�H�F�W��
�5�H�Y�L�H�Z 
���,�����,�,���	���,�,�,�� 

 

�0�H�W�D���6�N�L�O�O�����&�X�U�L�R�V�L�W�\�����6�X�E���0�H�W�D���6�N�L�O�O�����4�X�H�V�W�L�R�Q�L�Q�J�����$�V�N���N�H�\���T�X�H�V�W�L�R�Q�V���W�R���H�Q�K�D�Q�F�H��
�S�U�R�M�H�F�W���X�Q�G�H�U�V�W�D�Q�G�L�Q�J�����2�X�W�F�R�P�H�����$�V�V�H�V�V���I�H�D�V�L�E�L�O�L�W�\���D�Q�G���I�X�Q�F�W�L�R�Q�D�O�L�W�\���R�I���G�H�V�L�J�Q�V���L�Q��
�Y�D�U�L�R�X�V���D�S�S�O�L�F�D�W�L�R�Q�V���O�L�N�H���P�H�G�L�F�D�O�����D�H�U�R�V�S�D�F�H�����H�W�F�� 

�0�H�W�D���6�N�L�O�O�����&�U�L�W�L�F�D�O���7�K�L�Q�N�L�Q�J�����6�X�E���0�H�W�D���6�N�L�O�O�����/�R�J�L�F�D�O���7�K�L�Q�N�L�Q�J�����$�Q�D�O�\�]�H���D�Q�G���V�R�O�Y�H��
�W�H�F�K�Q�L�F�D�O���S�U�R�E�O�H�P�V���2�X�W�F�R�P�H�����5�H�V�R�O�Y�H���F�K�D�O�O�H�Q�J�H�V���L�Q���P�D�W�H�U�L�D�O���V�H�O�H�F�W�L�R�Q���D�Q�G���S�U�L�Q�W�L�Q�J��
�H�I�I�L�F�L�H�Q�F�\���I�R�U���S�U�R�W�R�W�\�S�H�V�� 

�9�L�Y�D���9�R�F�H�� 

�0�H�W�D���6�N�L�O�O���� �,�Q�L�W�L�D�W�L�Y�H�����6�X�E�� �0�H�W�D���6�N�L�O�O���� �6�H�O�I���0�R�W�L�Y�D�W�L�R�Q���� �$�F�W�� �L�Q�G�H�S�H�Q�G�H�Q�W�O�\�� �L�Q��
�U�H�V�R�O�Y�L�Q�J���S�U�R�M�H�F�W���F�K�D�O�O�H�Q�J�H�V�����'�H�F�L�V�L�R�Q���0�D�N�L�Q�J�����0�D�N�H���L�Q�I�R�U�P�H�G���F�K�R�L�F�H�V���L�Q���G�H�V�L�J�Q���D�Q�G��
�P�D�Q�X�I�D�F�W�X�U�L�Q�J�����2�X�W�F�R�P�H�����'�U�L�Y�H���W�K�H���S�U�R�J�U�H�V�V���R�I�����'���S�U�L�Q�W�L�Q�J���S�U�R�M�H�F�W�V���E�\���V�H�O�I���L�Q�L�W�L�D�W�L�Q�J��
�W�H�V�W�L�Q�J�� �D�Q�G�� �R�S�W�L�P�L�]�D�W�L�R�Q�� �S�U�R�F�H�V�V�H�V���� �6�H�O�H�F�W�� �D�S�S�U�R�S�U�L�D�W�H�� �P�D�W�H�U�L�D�O�V���� �P�H�W�K�R�G�V���� �D�Q�G��
�S�R�V�W���S�U�R�F�H�V�V�L�Q�J���W�H�F�K�Q�L�T�X�H�V���I�R�U�����'���S�U�L�Q�W�L�Q�J���D�S�S�O�L�F�D�W�L�R�Q�V�� 
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�7�K�L�V�� �V�W�U�X�F�W�X�U�H�G�� �D�V�V�H�V�V�P�H�Q�W�� �H�Q�V�X�U�H�V�� �V�W�X�G�H�Q�W�V�� �G�H�Y�H�O�R�S�� �W�H�F�K�Q�L�F�D�O���� �P�D�Q�D�J�H�U�L�D�O���� �D�Q�G�� �H�W�K�L�F�D�O��
�F�R�P�S�H�W�H�Q�F�L�H�V���H�V�V�H�Q�W�L�D�O���I�R�U���U�H�D�O���Z�R�U�O�G���D�S�S�O�L�F�D�W�L�R�Q�V���L�Q���D�G�G�L�W�L�Y�H���P�D�Q�X�I�D�F�W�X�U�L�Q�J�� 

�(�[�S�H�U�L�H�Q�W�L�D�O���/�H�D�U�Q�L�Q�J���D�Q�G���W�K�H���3�U�R�E�O�H�P���%�D�V�H�G���/�H�D�U�Q�L�Q�J���D�S�S�U�R�D�F�K���Z�H�U�H���X�V�H�G���W�R���V�X�S�S�R�U�W���G�R�L�Q�J��
�G�L�I�I�H�U�H�Q�W���S�K�H�Q�R�P�H�Q�D���L�Q���W�H�D�F�K�L�Q�J�����7�K�H���S�U�R�J�U�D�P���W�D�U�J�H�W�H�G���W�K�H���P�X�W�X�D�O���G�H�Y�H�O�R�S�P�H�Q�W���R�I���F�X�U�U�L�F�X�O�X�P��
�F�R�Q�W�H�Q�W���W�H�D�F�K�L�Q�J���W�R�R�O�V���D�Q�G���W�U�D�L�Q�L�Q�J���I�R�U���L�Q�V�W�U�X�F�W�R�U�V�����7�K�H���O�H�Y�H�O���R�I���L�Q�W�H�J�U�D�W�L�R�Q���G�H�S�H�Q�G�H�G���R�Q���V�H�Y�H�U�D�O��
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�1�R���'�H�U�L�Y�D�W�L�Y�H�V�����������,�Q�W�H�U�Q�D�W�L�R�Q�D�O���/�L�F�H�Q�V�H�� 
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�3�U�R�I���'�U���,�J�����:�L�H�F�]�R�U�H�N�����$�Q�Q�D�����-���� 

�,�Q�G�X�V�W�U�L�D�O���(�Q�J�L�Q�H�H�U�L�Q�J���	���,�Q�Q�R�Y�D�W�L�R�Q���6�F�L�H�Q�F�H�V�����7�H�F�K�Q�R�O�R�J�\�����,�Q�Q�R�Y�D�W�L�R�Q���	���6�R�F�L�H�W�\�����(�L�Q�G�K�R�Y�H�Q��
�8�Q�L�Y�H�U�V�L�W�\���R�I���7�H�F�K�Q�R�O�R�J�\�� 

�$�%�6�7�5�$�&�7�� 

�7�K�L�V�� �V�W�X�G�\�� �H�[�S�O�R�U�H�V�� �S�D�W�K�Z�D�\�V�� �W�R�� �L�Q�W�H�J�U�D�W�H�� �V�X�V�W�D�L�Q�D�E�L�O�L�W�\�=���L�Q�W�R�� �H�Q�J�L�Q�H�H�U�L�Q�J�� �H�G�X�F�D�W�L�R�Q�� �D�W��
�W�H�F�K�Q�L�F�D�O���X�Q�L�Y�H�U�V�L�W�L�H�V�����I�R�F�X�V�L�Q�J���R�Q���W�U�D�G�L�W�L�R�Q�D�O�O�\���Q�R�Q���H�Q�J�D�J�H�G���G�H�S�D�U�W�P�H�Q�W�V�����7�K�H���V�W�X�G�\���V�H�H�N�V���W�R��
�L�G�H�Q�W�L�I�\���V�W�U�D�W�H�J�L�H�V���I�R�U���L�Q�V�W�L�W�X�W�L�R�Q�D�O���F�K�D�Q�J�H���W�K�U�R�X�J�K���H�G�X�F�D�W�L�R�Q�D�O���L�Q�Q�R�Y�D�W�L�R�Q���E�\���X�V�L�Q�J���(�L�Q�G�K�R�Y�H�Q��
�8�Q�L�Y�H�U�V�L�W�\�� �R�I�� �7�H�F�K�Q�R�O�R�J�\�� ���7�8���H���� �D�V�� �F�D�V�H�� �V�W�X�G�\�����)�L�Q�G�L�Q�J�V�� �R�I�I�H�U�� �S�U�D�F�W�L�F�D�O�� �I�U�D�P�H�Z�R�U�N�V�� �W�R�� �D�O�L�J�Q��
�F�X�U�U�L�F�X�O�D�� �Z�L�W�K�� �V�X�V�W�D�L�Q�D�E�L�O�L�W�\���D�P�E�L�W�L�R�Q�V���D�Q�G�� �S�U�H�S�D�U�H�� �H�Q�J�L�Q�H�H�U�V�� �W�R�� �D�G�G�U�H�V�V���J�U�D�Q�G���V�R�F�L�H�W�D�O��
�F�K�D�O�O�H�Q�J�H�V�� 

�.�(�<�:�2�5�'�6  
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�,�1�7�5�2�'�8�&�7�,�2�1 

�*�U�D�Q�G�� �V�R�F�L�H�W�D�O�� �F�K�D�O�O�H�Q�J�H�V���� �L�Q�F�O�X�G�L�Q�J�� �F�O�L�P�D�W�H�� �F�K�D�Q�J�H���� �E�L�R�G�L�Y�H�U�V�L�W�\�� �O�R�V�V���� �D�Q�G�� �U�L�V�L�Q�J�� �V�R�F�L�D�O��
�L�Q�H�T�X�D�O�L�W�L�H�V���� �D�U�H�� �H�[�H�U�W�L�Q�J�� �V�L�J�Q�L�I�L�F�D�Q�W�� �S�U�H�V�V�X�U�H�� �R�Q�� �R�X�U�� �S�U�H�V�H�Q�W�� �D�Q�G�� �I�X�W�X�U�H�� ���5�R�F�N�V�W�U�|�P�� �H�W�� �D�O������
������������ �3�L�F�N�H�U�L�Q�J�� �	�� �3�H�U�V�V�R�Q���� �������������� �$�G�G�U�H�V�V�L�Q�J�� �W�K�H�V�H�� �F�K�D�O�O�H�Q�J�H�V�� �G�H�P�D�Q�G�V�� �D�� �I�X�Q�G�D�P�H�Q�W�D�O��
�W�U�D�Q�V�I�R�U�P�D�W�L�R�Q�� �L�Q�� �K�R�Z�� �Z�H�� �P�D�Q�D�J�H�� �D�Q�G�� �L�Q�W�H�U�D�F�W�� �Z�L�W�K�� �R�X�U�� �H�F�R�V�\�V�W�H�P�� ���%�H�Q�Q�H�W�W�� �H�W�� �D�O������ ��������������
�:�K�L�O�H�� �W�H�F�K�Q�R�O�R�J�L�F�D�O�� �D�G�Y�D�Q�F�H�P�H�Q�W�� �K�D�V�� �S�O�D�\�H�G�� �D�� �F�U�X�F�L�D�O�� �U�R�O�H�� �L�Q�� �P�L�W�L�J�D�W�L�Q�J�� �V�R�P�H�� �R�I�� �W�K�H�V�H��
�S�U�H�V�V�L�Q�J�� �L�V�V�X�H�V���� �L�W�� �D�O�R�Q�H�� �L�V�� �L�Q�V�X�I�I�L�F�L�H�Q�W���� �)�R�U�� �W�H�F�K�Q�R�O�R�J�\�� �W�R�� �E�H�� �W�U�X�O�\�� �H�I�I�H�F�W�L�Y�H���� �L�W�� �P�X�V�W�� �E�H��
�L�Q�W�H�J�U�D�W�H�G���Z�L�W�K���V�R�F�L�H�W�D�O���L�Q�Q�R�Y�D�W�L�R�Q���D�Q�G���G�H�Y�H�O�R�S�P�H�Q�W�����F�U�H�D�W�L�Q�J���D���K�R�O�L�V�W�L�F���D�S�S�U�R�D�F�K���W�K�D�W���D�O�L�J�Q�V��
�K�X�P�D�Q���S�U�R�J�U�H�V�V���Z�L�W�K���H�Q�Y�L�U�R�Q�P�H�Q�W�D�O���D�Q�G���V�R�F�L�D�O���V�X�V�W�D�L�Q�D�E�L�O�L�W�\��  

�+�L�J�K�H�U�� �H�G�X�F�D�W�L�R�Q�� �L�Q�V�W�L�W�X�W�L�R�Q�V���� �L�Q�� �S�D�U�W�L�F�X�O�D�U�� �W�H�F�K�Q�L�F�D�O�� �X�Q�L�Y�H�U�V�L�W�L�H�V���� �S�O�D�\�� �D�� �F�U�X�F�L�D�O�� �U�R�O�H�� �L�Q�� �W�K�L�V��
�W�U�D�Q�V�I�R�U�P�D�W�L�R�Q���� �7�H�F�K�Q�L�F�D�O�� �X�Q�L�Y�H�U�V�L�W�L�H�V�� �Q�R�W�� �R�Q�O�\�� �F�R�Q�W�U�L�E�X�W�H�� �W�R�� �W�H�F�K�Q�R�O�R�J�L�F�D�O�� �G�H�Y�H�O�R�S�P�H�Q�W�� �E�X�W��
�D�O�V�R���V�K�D�S�H���P�L�Q�G�V�H�W�V�����Y�D�O�X�H�V���D�Q�G���D�W�W�L�W�X�G�H�V���R�I���I�X�W�X�U�H���O�H�D�G�H�U�V���D�Q�G���S�U�R�I�H�V�V�L�R�Q�D�O�V�����*�U�H�N���	���2�]�J�D����
�������������� �$�U�R�X�Q�G�� �W�K�H�� �J�O�R�E�H���� �W�H�F�K�Q�L�F�D�O�� �X�Q�L�Y�H�U�V�L�W�L�H�V�� �D�U�H�� �U�H�F�R�J�Q�L�]�L�Q�J�� �W�K�L�V�� �Q�H�F�H�V�V�L�W�\���� �Z�L�W�K��
�6�X�V�W�D�L�Q�D�E�L�O�L�W�\���2�I�I�L�F�H�V���H�[�S�D�Q�G�L�Q�J���D�Q�G���G�L�Y�H�U�V�H���V�R�O�X�W�L�R�Q�V���H�P�H�U�J�L�Q�J���W�R���L�Q�F�R�U�S�R�U�D�W�H���V�X�V�W�D�L�Q�D�E�L�O�L�W�\��
�L�Q�W�R���H�G�X�F�D�W�L�R�Q�����7�K�H���U�L�V�N���L�V�����K�R�Z�H�Y�H�U�����W�K�D�W���+�L�J�K�H�U���(�G�X�F�D�W�L�R�Q���,�Q�V�W�L�W�X�W�L�R�Q�V���P�L�J�K�W���E�H���D�G�D�S�W�L�Q�J���W�R��
�W�K�H�� �U�D�S�L�G�O�\�� �F�K�D�Q�J�L�Q�J�� �Z�R�U�O�G�� �W�R�R�� �V�O�R�Z�O�\���� �%�D�U�U�\�� �D�Q�G�� �0�F�*�H�R�Z�Q�� �������������� �D�U�J�X�H�� �W�K�D�W�� �P�R�V�W�� �*�O�R�E�D�O��
�1�R�U�W�K���X�Q�L�Y�H�U�V�L�W�L�H�V���I�D�L�O�� �W�R�� �N�H�H�S�� �S�D�F�H�� �Z�L�W�K�� �H�Q�Y�L�U�R�Q�P�H�Q�W�D�O�� �D�Q�G�� �V�R�F�L�D�O�� �V�K�L�I�W�V���� �D�Q�G�� �D�U�H�� �O�R�G�J�H�G�� �L�Q��
�W�U�D�G�L�W�L�R�Q�D�O�� �Z�D�\�V�� �R�I�� �W�U�D�Q�V�P�L�W�W�L�Q�J�� �N�Q�R�Z�O�H�G�J�H�� �Z�K�L�F�K�� �S�H�U�S�H�W�X�D�W�H�V�� �D�� �V�R�F�L�H�W�D�O�� �V�\�V�W�H�P�� �G�U�L�Y�H�Q�� �E�\��
�H�F�R�Q�R�P�L�F�� �J�U�R�Z�W�K�� �D�Q�G�� �W�H�F�K�Q�R���I�L�[�� �V�R�O�X�W�L�R�Q�V���±���W�H�F�K�Q�R�O�R�J�L�F�D�O�� �U�H�V�S�R�Q�V�H�V�� �W�K�D�W�� �D�G�G�U�H�V�V�� �V�R�F�L�H�W�D�O��
�S�U�R�E�O�H�P�V���Z�L�W�K�R�X�W���I�R�V�W�H�U�L�Q�J���V�\�V�W�H�P�L�F���F�K�D�Q�J�H������  

�6�F�K�R�O�D�U�V�����L�Q�F�O�X�G�L�Q�J���.�R�U�H�V�N�\���D�Q�G���:�L�H�F�]�R�U�H�N�����������������D�Q�G���*�L�H�V�H�Q�E�D�X�H�U���D�Q�G���0�•�O�O�H�U�F�K�U�L�V�W������������������
�K�D�Y�H���V�N�H�W�F�K�H�G���W�K�H���V�F�H�Q�D�U�L�R���R�I���D���³�W�U�D�Q�V�I�R�U�P�D�W�L�Y�H���X�Q�L�Y�H�U�V�L�W�\�´���D�V���D�Q���L�Q�V�W�L�W�X�W�H���W�K�D�W���H�Q�D�E�O�H���V�W�X�G�H�Q�W�V��
�W�R�� �E�H�F�R�P�H�� �D�J�H�Q�W�V�� �R�I�� �F�K�D�Q�J�H�� �D�Q�G�� �S�U�H�S�D�U�H�V�� �W�K�H�P�� �W�R�� �W�D�F�N�O�H�� �W�K�H�� �F�R�P�S�O�H�[�� �F�K�D�O�O�H�Q�J�H�V�� �Z�H�� �D�U�H��
�I�D�F�L�Q�J�� �D�V�� �D�� �V�R�F�L�H�W�\�� �D�Q�G�� �Z�K�H�U�H�� �6�X�V�W�D�L�Q�D�E�L�O�L�W�\�� �F�R�Q�V�W�L�W�X�W�H�V�� �W�K�H�� �P�D�L�Q�� �U�D�W�L�R�Q�D�O�H�� �D�U�R�X�Q�G�� �Z�K�L�F�K��
�H�G�X�F�D�W�L�R�Q���W�D�N�H�V���S�O�D�F�H�����0�X�O�W�L�S�O�H���V�K�L�I�W�V���D�U�H���Q�H�F�H�V�V�D�U�\���W�R���P�H�H�W���W�K�L�V���D�P�E�L�W�L�R�Q�����Q�D�P�H�O�\�������������D���V�K�L�I�W��
�I�U�R�P�� �V�R�O�Y�L�Q�J�� �Z�H�O�O���G�H�I�L�Q�H�G�� �D�Q�G�� �Q�D�U�U�R�Z���L�Q���V�F�R�S�H�� �S�U�R�E�O�H�P�V���� �W�R�� �D�G�G�U�H�V�V�L�Q�J�� �J�U�D�Q�G�� �V�R�F�L�H�W�D�O��
�F�K�D�O�O�H�Q�J�H�V���� �������� �I�U�R�P�� �W�H�D�F�K�H�U���F�H�Q�W�H�U�H�G�� �H�G�X�F�D�W�L�R�Q�� �W�R�� �O�H�D�U�Q�H�U���F�H�Q�W�H�U�H�G�� �H�G�X�F�D�W�L�R�Q���� �Z�K�H�U�H��
�V�W�X�G�H�Q�W�V�� �D�Q�G�� �W�H�D�F�K�H�U�V�� �O�H�D�U�Q�� �I�U�R�P�� �H�D�F�K�� �R�W�K�H�U�� �D�Q�G�� �F�R���F�U�H�D�W�H�� �V�R�O�X�W�L�R�Q�V���� �������� �I�U�R�P�� �P�R�Q�R��
�G�L�V�F�L�S�O�L�Q�D�U�\���O�H�D�U�Q�L�Q�J���W�R���W�U�D�Q�V�G�L�V�F�L�S�O�L�Q�D�U�\���O�H�D�U�Q�L�Q�J�����Z�K�H�U�H���O�H�D�U�Q�H�U�V���F�R���F�U�H�D�W�H���V�R�O�X�W�L�R�Q�V���Z�L�W�K���W�K�H��
�R�X�W�V�L�G�H���Z�R�U�O�G���D�Q�G���R�W�K�H�U���G�L�V�F�L�S�O�L�Q�H�V�����.�R�U�H�W�V�N�\���D�Q�G���:�L�H�F�]�R�U�H�N�����������������W�D�L�O�R�U�H�G���W�K�L�V���D�S�S�U�R�D�F�K���W�R��
�W�H�F�K�Q�L�F�D�O���X�Q�L�Y�H�U�V�L�W�L�H�V���� �D�U�J�X�L�Q�J���W�K�D�W���I�R�U���X�Q�L�Y�H�U�V�L�W�L�H�V���R�I���W�H�F�K�Q�R�O�R�J�\���W�R���E�H�F�R�P�H���³�W�U�D�Q�V�I�R�U�P�D�W�L�Y�H�´��
�W�K�H�U�H���V�K�R�X�O�G���D�O�V�R���E�H���P�R�U�H���H�P�S�K�D�V�L�V���R�Q���W�K�H���L�Q�F�O�X�V�L�R�Q���R�I���T�X�D�O�L�W�D�W�L�Y�H���P�H�W�K�R�G�V�����Q�H�[�W���W�R���W�K�H���K�L�J�K�O�\��
�G�R�P�L�Q�D�Q�W�� �T�X�D�Q�W�L�W�D�W�L�Y�H�� �P�H�W�K�R�G�V������ �I�R�F�X�V�� �R�Q�� �S�R�V�W���S�R�V�L�W�L�Y�L�V�W�� �D�Q�G�� �F�R�Q�V�W�U�X�F�W�L�Y�L�V�W�� �H�S�L�V�W�H�P�R�O�R�J�L�H�V��
���Q�H�[�W���W�R���W�K�H���K�L�J�K�O�\���G�R�P�L�Q�D�Q�W���S�R�V�L�W�L�Y�L�V�W���S�D�U�D�G�L�J�P�������L�Q�F�O�X�V�L�R�Q���R�I���V�R�F�L�D�O���V�F�L�H�Q�F�H�V���L�Q���S�D�U�W�V���R�I���W�K�H��
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�U�H�V�S�R�Q�G�L�Q�J�� �W�R�� �W�K�H�� �F�K�D�O�O�H�Q�J�H�V�� �D�Q�G�� �U�H�T�X�L�U�H�P�H�Q�W�V�� �R�I�� �W�K�H�� �����V�W���F�H�Q�W�X�U�\���� �D�V�� �R�X�W�O�L�Q�H�G�� �L�Q���$�%�(�7�¶�V��
���$�F�F�U�H�G�L�W�D�W�L�R�Q���%�R�D�U�G���R�I���(�Q�J�L�Q�H�H�U�L�Q�J���D�Q�G���7�H�F�K�Q�R�O�R�J�\�����H�[�S�H�F�W�D�W�L�R�Q�V���I�R�U���J�U�D�G�X�D�W�L�Q�J���H�Q�J�L�Q�H�H�U�V��
���$�%�(�7�������������������0�D�Q�\���L�Q�V�W�L�W�X�W�L�R�Q�V���D�U�R�X�Q�G���W�K�H���Z�R�U�O�G�����P�H�P�E�H�U�V���D�Q�G���Q�R�W���P�H�P�E�H�U�V���R�I���&�'�,�2�����D�U�H��
�D�G�R�S�W�L�Q�J�� �W�H�D�F�K�L�Q�J�� �V�W�U�D�W�H�J�L�H�V�� �W�K�D�W�� �D�U�H�� �V�W�X�G�H�Q�W���F�H�Q�W�U�H�G���� �R�S�H�Q���H�Q�G�H�G�� �D�Q�G�� �I�R�F�X�V�� �P�R�U�H�� �R�Q�� �W�K�H��
�S�U�R�F�H�V�V�� �W�K�D�Q�� �W�K�H�� �S�U�R�G�X�F�W�����&�R�Q�V�H�T�X�H�Q�W�O�\���� �V�W�X�G�H�Q�W�V�¶�� �O�H�D�U�Q�L�Q�J�� �K�D�V�� �E�U�R�D�G�H�Q�H�G���� �L���H���� �D�O�R�Q�J�� �Z�L�W�K��
�G�L�V�F�L�S�O�L�Q�H���V�S�H�F�L�I�L�F���L�Q�I�R�U�P�D�W�L�R�Q�����W�K�H�\���D�U�H���O�H�D�U�Q�L�Q�J���V�N�L�O�O�V���D�Q�G���F�R�P�S�H�W�H�Q�F�L�H�V���W�K�D�W���D�U�H���V�R�X�J�K�W���D�I�W�H�U��
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�(�Q�V�X�U�L�Q�J�� �V�H�F�X�U�H�� �W�R�R�O�V�� �I�R�U�� �H�G�X�F�D�W�L�R�Q�� �U�H�P�D�L�Q�V�� �R�Q�H�� �R�I�� �W�K�H�� �S�U�L�R�U�L�W�L�H�V�� �L�Q�� �W�K�L�V�� �H�U�D�� �R�I���$�,���� �1�D�W�X�U�D�O��
�O�D�Q�J�X�D�J�H���P�R�G�H�O�V�� �K�D�Y�H�� �J�D�L�Q�H�G�� �D�� �O�R�W�� �R�I�� �D�W�W�H�Q�W�L�R�Q�� �O�D�W�H�O�\�� ���W�K�H�� �&�K�D�W�J�S�W�� �H�[�D�P�S�O�H���7�D�Q���� ������������ �Q�R�W��
�R�Q�O�\���I�R�U���W�K�H�� �X�V�D�J�H���U�D�W�H�V�� �Z�R�U�O�G�Z�L�G�H���� �E�X�W�� �D�O�V�R�� �I�R�U���K�R�Z�� �L�W�� �V�Z�L�W�F�K�H�G�� �W�K�H�� �H�G�X�F�D�W�L�R�Q�D�O�� �I�U�D�P�H�Z�R�U�N��
�Z�L�W�K�L�Q���W�K�H�� �U�R�O�H�� �R�I�� �H�G�X�F�D�W�R�U�V���� �,�Q�L�W�L�D�O�O�\���� �L�U�U�H�V�S�R�Q�V�L�E�O�H�� �K�D�Q�G�O�L�Q�J�� �F�K�D�Q�J�H�G�� �W�K�H�� �Z�D�\�� �V�W�X�G�H�Q�W�V�� �G�H�D�O��
�Z�L�W�K���W�K�H���L�Q�I�R�U�P�D�W�L�R�Q���J�L�Y�H�Q�����L�J�Q�R�U�L�Q�J���K�R�Z���W�K�R�V�H���P�R�G�H�O�V���F�D�Q���V�R�P�H�W�L�P�H�V���I�D�O�V�L�I�\���D�Q�V�Z�H�U�V�����Z�K�L�F�K��
�L�V���D���Z�U�R�Q�J���V�W�D�U�W�L�Q�J���J�U�R�X�Q�G���Z�K�H�Q���O�H�D�U�Q�L�Q�J���D���Q�H�Z���V�X�E�M�H�F�W�����,�Q���D�G�G�L�W�L�R�Q�����S�H�U�V�R�Q�D�O���G�D�W�D���D�U�H���D�O�V�R��
�F�R�O�O�H�F�W�H�G�����P�D�N�L�Q�J���H�G�X�F�D�W�R�U�V���U�H�V�S�R�Q�V�L�E�O�H���I�R�U���V�W�U�X�F�W�X�U�L�Q�J���D�Q�G���G�H�I�L�Q�L�Q�J���K�R�Z���V�W�X�G�H�Q�W�V���F�D�Q���D�F�F�H�V�V��
�W�K�D�W���L�Q�I�R�U�P�D�W�L�R�Q�� 

�,�Q�� �W�K�H�� �H�U�D�� �R�I�� �D�U�W�L�I�L�F�L�D�O�� �L�Q�W�H�O�O�L�J�H�Q�F�H���� �Z�H�� �R�E�V�H�U�Y�H�� �W�K�D�W�� �P�D�Q�\�� �V�W�X�G�H�Q�W�V�� �O�D�F�N�� �W�H�F�K�Q�L�F�D�O�� �G�H�S�W�K�� �D�Q�G��
�F�U�L�W�L�F�D�O���W�K�L�Q�N�L�Q�J���D�V�S�H�F�W�V���I�U�R�P���W�K�H���R�E�V�H�V�V�L�Y�H���X�V�D�J�H���U�D�W�H���R�I���$�,���W�R�R�O�V���V�X�F�K���D�V���J�H�Q�H�U�D�W�L�Y�H���$�,�����)�R�U��
�W�K�L�V���U�H�D�V�R�Q���� �L�W���L�V���F�U�X�F�L�D�O���W�R���G�H�Y�H�O�R�S���L�Q�Q�R�Y�D�W�L�Y�H���W�R�R�O�V���W�K�D�W���E�R�W�K���J�X�L�G�H���D�Q�G���F�K�D�O�O�H�Q�J�H���V�W�X�G�H�Q�W�V����
�H�Q�V�X�U�L�Q�J�� �W�K�H�\�� �U�H�P�D�L�Q�� �D�F�W�L�Y�H�O�\�� �L�Q�Y�R�O�Y�H�G�� �D�V���W�K�H��� �́K�X�P�D�Q���L�Q���W�K�H���O�R�R�S�´�� �Z�K�H�Q�� �X�W�L�O�L�]�L�Q�J���$�,�����0�R�O�O�L�F�N��
�D�Q�G���0�R�O�O�L�F�N���������������� 

�5�H�V�H�D�U�F�K�H�U�V���K�D�Y�H���V�X�J�J�H�V�W�H�G���Y�D�U�L�R�X�V���D�S�S�U�R�D�F�K�H�V���W�R���D�G�G�U�H�V�V���W�K�L�V���L�V�V�X�H�����L�Q�F�O�X�G�L�Q�J���W�K�H���G�H�V�L�J�Q��
�R�I���F�R�O�O�D�E�R�U�D�W�L�Y�H���$�,���D�O�J�R�U�L�W�K�P�V���W�K�D�W���O�H�Y�H�U�D�J�H���L�Q�W�H�U�S�U�H�W�D�E�O�H���V�W�U�X�F�W�X�U�H�V���O�L�N�H���N�Q�R�Z�O�H�G�J�H���J�U�D�S�K�V���D�Q�G��
�G�H�F�L�V�L�R�Q���W�U�H�H�V�����$�J�R�V�W�L�Q�H�O�O�L���H�W���D�O���������������������E�X�W���W�K�H���V�L�P�S�O�H�V�W���\�H�W���H�I�I�H�F�W�L�Y�H���R�Q�H���L�V���W�R���L�P�S�O�H�P�H�Q�W���$�,��
�D�J�H�Q�W�V�� �W�K�D�W�� �U�X�Q�� �O�R�F�D�O�O�\�� �D�Q�G�� �R�I�I�O�L�Q�H�� �I�R�O�O�R�Z�L�Q�J�� �H�W�K�L�F�V�� �J�X�L�G�H�O�L�Q�H�V�� �D�Q�G�� �S�U�R�Y�L�G�L�Q�J�� �V�W�X�G�H�Q�W�V�� �Z�L�W�K�� �D��
�U�H�D�O���W�L�P�H���O�H�D�U�Q�L�Q�J���H�[�S�H�U�L�H�Q�F�H�����,�Q���W�K�L�V���S�D�S�H�U���� �Z�H���S�U�R�S�R�V�H���D���&�'�,�2���I�U�D�P�H�Z�R�U�N���E�D�V�H�G���W�R�R�O���W�K�D�W��
�R�I�I�H�U�V���D���V�W�U�X�F�W�X�U�H�G���Z�D�\���W�R���F�R�Q�V�W�U�X�F�W���D���V�H�F�X�U�H���O�R�F�D�O���$�,���F�R�G�L�Q�J���D�V�V�L�V�W�D�Q�W���I�R�U���V�W�X�G�H�Q�W�V�����7�K�L�V���W�R�R�O��
�L�V���F�D�S�D�E�O�H�� �W�R�� �J�H�Q�H�U�D�W�H�� �F�R�G�H���� �T�X�L�]�]�H�V���� �D�Q�G�� �S�U�R�Y�L�G�L�Q�J�� �U�H�F�R�P�P�H�Q�G�D�W�L�R�Q�V�� �W�R�� �V�W�X�G�H�Q�W�V�� �L�Q�� �D��
�F�R�Q�W�U�R�O�O�H�G���H�Q�Y�L�U�R�Q�P�H�Q�W���� �D�O�O�R�Z�L�Q�J�� �W�K�H�P�� �W�R�� �P�D�L�Q�W�D�L�Q�� �W�K�H�L�U�� �D�J�H�Q�F�\�� �D�Q�G�� �S�U�R�E�O�H�P���V�R�O�Y�L�Q�J�� �V�N�L�O�O�V��
���$�J�R�V�W�L�Q�H�O�O�L���H�W���D�O������������������ 

�7�K�H�� �&�'�,�2�� �I�U�D�P�H�Z�R�U�N�����&�'�,�2�� �,�Q�L�W�L�D�W�L�Y�H���� �������������L�V�� �D�� �Z�H�O�O���H�V�W�D�E�O�L�V�K�H�G�� �D�S�S�U�R�D�F�K�� �I�R�U�� �E�R�W�K��
�H�Q�J�L�Q�H�H�U�L�Q�J���H�G�X�F�D�W�L�R�Q�����Z�K�L�F�K���F�D�Q���E�H���D�G�D�S�W�H�G���W�R���G�H�Y�H�O�R�S���D���V�H�F�X�U�H���O�R�F�D�O���$�,���F�R�G�L�Q�J���D�V�V�L�V�W�D�Q�W����
�7�K�H���N�H�\���V�W�H�S�V���L�Q���R�X�U���S�U�R�S�R�V�H�G���)�U�D�P�H�Z�R�U�N���D�U�H�� 

�‡���&�R�Q�F�H�L�Y�H���� �E�\�� �L�G�H�Q�W�L�I�\�L�Q�J���W�K�H���H�V�V�H�Q�W�L�D�O���R�E�M�H�F�W�L�Y�H�V���D�Q�G���U�H�T�X�L�U�H�P�H�Q�W�V���I�R�U���W�K�H���V�H�F�X�U�H���O�R�F�D�O���$�,��
�F�R�G�L�Q�J�� �D�V�V�L�V�W�D�Q�W���� �V�X�F�K�� �D�V�� �H�Q�V�X�U�L�Q�J�� �V�W�X�G�H�Q�W�� �D�F�W�L�Y�L�W�\���� �H�Q�F�R�X�U�D�J�L�Q�J�� �F�U�L�W�L�F�D�O�� �W�K�L�Q�N�L�Q�J���� �Z�K�L�O�H��
�S�U�H�V�H�U�Y�L�Q�J���W�K�H���H�W�K�L�F�D�O���$�,���S�U�L�Q�F�L�S�O�H�V 

�‡���'�H�V�L�J�Q�����E�\���G�H�Y�H�O�R�S�L�Q�J���W�K�H���D�U�F�K�L�W�H�F�W�X�U�H���D�Q�G���F�R�U�H���I�X�Q�F�W�L�R�Q�D�O�L�W�L�H�V���R�I���W�K�H���D�V�V�L�V�W�D�Q�W�����L�Q�F�O�X�G�L�Q�J���W�K�H��
�$�,���P�R�G�H�O�����D�O�J�R�U�L�W�K�P�V�����N�Q�R�Z�O�H�G�J�H���U�H�S�U�H�V�H�Q�W�D�W�L�R�Q�����D�Q�G���W�K�H���X�V�H�U���L�Q�W�H�U�I�D�F�H�� 

�‡���,�P�S�O�H�P�H�Q�W���� �&�U�H�D�W�L�Q�J�� �W�K�H�� �F�R�G�L�Q�J�� �D�V�V�L�V�W�D�Q�W�� �D�V�� �D�Q�� �H�[�W�U�D�� �O�H�D�U�Q�L�Q�J���W�R�R�O�� �D�Q�G���F�R�P�E�L�Q�L�Q�J�� �W�K�H��
�G�H�V�L�J�Q�H�G���F�R�P�S�R�Q�H�Q�W�V���Z�K�L�O�H���U�H�V�S�H�F�W�L�Q�J���V�H�F�X�U�L�W�\���P�H�D�V�X�U�H�V�� 

�‡���2�S�H�U�D�W�H���� �'�H�S�O�R�\�� �W�K�H�� �D�V�V�L�V�W�D�Q�W�� �L�Q�� �W�K�H�� �F�O�D�V�V�U�R�R�P�� �V�H�W�W�L�Q�J���� �S�U�R�Y�L�G�L�Q�J�� �W�U�D�L�Q�L�Q�J�� �D�Q�G�� �V�X�S�S�R�U�W�� �W�R��
�E�R�W�K���V�W�X�G�H�Q�W�V���D�Q�G���W�H�D�F�K�H�U�V�� 

�7�K�H���S�D�S�H�U���L�V���V�W�U�X�F�W�X�U�H�G���D�V���I�R�O�O�R�Z�V�����Z�H���V�W�D�U�W���E�\���R�X�W�O�L�Q�L�Q�J���W�K�H���&�'�,�2���V�W�D�Q�G�D�U�G�V���Z�L�W�K���W�K�H���F�R�G�L�Q�J��
�D�V�V�L�V�W�D�Q�W�����E�\���H�[�S�O�D�L�Q�L�Q�J���W�K�H���L�P�S�D�F�W�����W�K�H���H�W�K�L�F�D�O���L�P�S�O�L�F�D�W�L�R�Q�V���D�Q�G���W�K�H���U�H�O�H�Y�D�Q�F�H���R�I���W�K�H���W�R�R�O�����7�K�H�Q��
�Z�H���G�H�V�F�U�L�E�H���L�Q���G�H�W�D�L�O���W�K�H���+�H�O�O�R�3�\���F�R�G�L�Q�J���D�V�V�L�V�W�D�Q�W�����W�K�H���F�R�P�S�R�Q�H�Q�W�V�����I�H�D�W�X�U�H�V���D�Q�G���W�K�H���V�W�X�G�\��
�W�K�D�W���Z�D�V���S�H�U�I�R�U�P�H�G���L�Q���D�Q���H�Q�J�L�Q�H�H�U�L�Q�J���V�F�K�R�R�O���W�R���D�V�V�H�V�V���V�W�X�G�H�Q�W�V���W�K�U�R�X�J�K���W�K�H���G�L�I�I�H�U�H�Q�W���H�[�S�H�U�W�L�V�H��
�O�H�Y�H�O���Z�K�L�O�H�� �F�R�Q�I�R�U�P�L�Q�J�� �Z�L�W�K�� �W�K�H�� �V�\�O�O�D�E�X�V�� �R�I�� �W�K�H�� �S�\�W�K�R�Q�� �F�R�X�U�V�H���� �7�K�H�Q�� �Z�H�� �G�L�V�S�O�D�\�� �G�L�I�I�H�U�H�Q�W��
�H�[�D�P�S�O�H�V���R�I���S�U�R�P�S�W�V���D�Q�G���U�H�V�S�R�Q�V�H�V�����)�L�Q�D�O�O�\�����Z�H���G�L�V�F�X�V�V���D�Q�G���F�R�Q�F�O�X�G�H���W�K�H���U�H�V�X�O�W�V���R�I���W�K�H���V�W�X�G�\��
�W�K�U�R�X�J�K���V�W�X�G�H�Q�W�V�¶���D�V�V�H�V�V�P�H�Q�W�� 
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�&�U�H�D�W�L�Q�J���D�Q���$�,���F�R�G�L�Q�J���D�V�V�L�V�W�D�Q�W���V�H�U�Y�H�V���D�V���D�Q���H�[�D�P�S�O�H���I�R�U���D�S�S�U�R�S�U�L�D�W�H���O�H�D�U�Q�L�Q�J���S�U�D�F�W�L�F�H�V���D�Q�G��
�D�Q���H�I�I�H�F�W�L�Y�H�� �W�H�D�F�K�L�Q�J�� �W�R�R�O���� �Z�K�L�F�K�� �D�U�H�� �D�O�L�J�Q�H�G�� �Z�L�W�K�� �W�K�H�� �&�'�,�2�� �I�U�D�P�H�Z�R�U�N���� �7�K�H�� �Q�H�F�H�V�V�L�W�\�� �R�I��
�G�H�I�L�Q�H�G���O�H�D�U�Q�L�Q�J���R�X�W�F�R�P�H�V���W�K�D�W���F�R�Y�H�U���P�D�Q�\���V�N�L�O�O�V���G�H�V�F�U�L�E�H�G���L�Q���6�W�D�Q�G�D�U�G�������D�O�L�J�Q�V���Z�L�W�K���W�K�H���F�R�G�H��
�D�V�V�L�V�W�D�Q�W���E�\�� �F�U�H�D�W�L�Q�J�� �D�G�D�S�W�D�E�O�H�� �D�F�W�L�Y�L�W�L�H�V�� �W�K�D�W�� �H�Q�F�R�X�U�D�J�H�� �G�L�V�F�L�S�O�L�Q�D�U�\���� �L�Q�W�H�U�S�H�U�V�R�Q�D�O���� �D�Q�G��
�S�H�U�V�R�Q�D�O���V�N�L�O�O�V���Z�K�L�O�H���E�R�R�V�W�L�Q�J���F�U�L�W�L�F�D�O���W�K�L�Q�N�L�Q�J�����S�U�R�E�O�H�P���V�R�O�Y�L�Q�J�����D�Q�G���F�R�R�S�H�U�D�W�L�R�Q 

�0�R�U�H�R�Y�H�U�����W�K�H���F�U�H�D�W�L�R�Q���R�I���W�K�H���W�R�R�O���S�U�R�M�H�F�W�V���W�K�H���L�Q�W�H�U�G�L�V�F�L�S�O�L�Q�D�U�\���D�V�S�H�F�W���Z�K�L�F�K���L�V���K�L�J�K�O�L�J�K�W�H�G���L�Q��
�W�K�H�� �W�K�L�U�G�� �V�W�D�Q�G�D�U�G�� �E�\�� �L�Q�W�H�J�U�D�W�L�Q�J�� �F�R�P�S�X�W�H�U�� �V�F�L�H�Q�F�H�V���� �P�D�F�K�L�Q�H�� �O�H�D�U�Q�L�Q�J���� �G�H�H�S�� �O�H�D�U�Q�L�Q�J�� �D�Q�G��
�S�U�R�G�X�F�W���E�X�L�O�G�L�Q�J�� �I�R�U�� �D�Q�� �H�D�V�\�� �V�D�I�H�� �W�R�� �X�V�H�� �W�R�R�O���� �2�Q�� �W�K�H�� �R�W�K�H�U�� �K�D�Q�G���� �W�K�H�� �I�L�I�W�K�� �V�W�D�Q�G�D�U�G�� �L�V�� �D��
�S�U�R�M�H�F�W�L�R�Q�� �R�I���W�K�H�� �O�L�I�H�� �F�\�F�O�H�� �R�I�� �W�K�H�� �F�U�H�D�W�L�R�Q�� �R�I�� �W�K�H�� �F�R�G�L�Q�J�� �D�V�V�L�V�W�D�Q�W�� �E�\�� �I�R�O�O�R�Z�L�Q�J�� �W�K�H�� �F�\�F�O�H�� �R�I��
�F�R�Q�F�H�L�Y�H���G�H�V�L�J�Q���L�P�S�O�H�P�H�Q�W���R�S�H�U�D�W�H�����&�'�,�2�����P�R�G�H�O�����7�K�H���H�G�X�F�D�W�L�R�Q�D�O���F�K�D�O�O�H�Q�J�H�V���L�Q�Y�R�O�Y�H�G���L�Q��
�W�K�L�V�� �S�U�R�F�H�V�V���F�R�P�H���I�U�R�P�� �U�H�D�O�� �Q�H�H�G�V�� �L�Q�� �H�G�X�F�D�W�L�R�Q���� �V�X�F�K�� �D�V�� �U�H�G�X�F�L�Q�J�� �L�Q�V�W�U�X�F�W�R�U�¶�V�� �Z�R�U�N�O�R�D�G����
�J�H�Q�H�U�D�W�L�Q�J���H�Q�J�D�J�L�Q�J���H�[�H�U�F�L�V�H�V���R�U���S�U�R�M�H�F�W�L�Q�J���U�H�D�O���Z�R�U�O�G���V�F�H�Q�D�U�L�R�V���W�K�D�W���D�U�H���U�H�I�L�Q�H�G���W�K�U�R�X�J�K���W�K�H��
�O�D�V�W���S�K�D�V�H���R�I���R�S�H�U�D�W�L�Q�J���W�K�U�R�X�J�K���S�H�U�I�R�U�P�D�Q�F�H���P�H�W�U�L�F�V���D�Q�G���I�H�H�G�E�D�F�N���I�U�R�P���V�W�X�G�H�Q�W�V�����0�R�Y�L�Q�J���W�R��
�,�Q�W�H�J�U�D�W�H�G�� �O�H�D�U�Q�L�Q�J���H�[�S�H�U�L�H�Q�F�H�V�����Z�K�L�F�K�� �L�V�� �V�W�D�Q�G�D�U�G�� �Q�X�P�E�H�U�� �V�H�Y�H�Q���� �L�V�� �P�L�U�U�R�U�H�G�� �I�U�R�P�� �W�K�H��
�D�V�V�L�V�W�D�Q�W���D�V���D���W�R�R�O���W�K�D�W���J�H�Q�H�U�D�W�H�V���H�[�H�U�F�L�V�H�V���W�K�D�W���D�U�H���D�G�D�S�W�H�G���W�R���D�Q�\���W�H�F�K�Q�L�F�D�O���V�N�L�O�O���O�H�Y�H�O���Z�L�W�K�R�X�W��
�G�L�Y�H�U�J�L�Q�J���I�U�R�P���U�H�D�O���Z�R�U�O�G���V�F�H�Q�D�U�L�R�V�����$�F�F�R�U�G�L�Q�J���W�R���6�W�D�Q�G�D�U�G���������L�W���V�X�S�S�R�U�W�V���D�F�W�L�Y�H���O�H�D�U�Q�L�Q�J���Y�L�D��
�L�Q�W�H�U�D�F�W�L�Y�H���W�D�V�N�V���W�K�D�W���H�Q�J�D�J�H���V�W�X�G�H�Q�W�V���� 

�/�D�V�W�O�\�����Z�H�� �K�D�Y�H�� �W�K�H�� �H�O�H�Y�H�Q�W�K�� �6�W�D�Q�G�D�U�G�� �E�\�� �W�K�H�� �F�R�G�L�Q�J�� �D�V�V�L�V�W�D�Q�W�¶�V�� �F�D�S�D�E�L�O�L�W�\�� �W�R�� �J�H�Q�H�U�D�W�H�� �U�H�D�O��
�W�L�P�H���I�H�H�G�E�D�F�N�� �D�V�� �W�K�H�� �V�W�X�G�H�Q�W�� �V�W�D�U�W�V�� �H�Q�J�D�J�L�Q�J�� �Z�L�W�K�� �P�D�Q�\�� �O�H�Y�H�O�V�� �R�I�� �H�[�H�U�F�L�V�H�V�� �E�\�� �S�U�R�Y�L�G�L�Q�J��
�F�R�U�U�H�F�W�H�G���V�R�O�X�W�L�R�Q�V���W�K�D�W���W�U�D�F�N���W�K�H���O�H�D�U�Q�L�Q�J���S�U�R�J�U�H�V�V�����Z�K�L�F�K���H�V�V�H�Q�W�L�D�O�O�\���K�H�O�S�V���I�R�V�W�H�U���F�R�Q�W�L�Q�X�R�X�V��
�L�P�S�U�R�Y�H�P�H�Q�W���L�Q�� �H�G�X�F�D�W�L�R�Q�D�O�� �R�X�W�F�R�P�H�V�����7�D�E�O�H�� �����G�L�V�S�O�D�\�V�� �W�K�H�� �G�L�I�I�H�U�H�Q�W�� �V�W�D�Q�G�D�U�G�V�� �D�V�V�R�F�L�D�W�H�G��
�Z�L�W�K���W�K�H���F�R�G�L�Q�J���D�V�V�L�V�W�D�Q�W���D�Q�G���L�W�V���U�H�O�H�Y�D�Q�F�H�� 

�6�X�V�W�D�L�Q�D�E�O�H���D�Q�G���H�W�K�L�F�D�O���L�P�S�O�L�F�D�W�L�R�Q�V 

�7�K�H���I�D�V�W���D�G�Y�D�Q�F�H�P�H�Q�W�V���L�Q���J�H�Q�H�U�D�W�L�Y�H���$�,�����V�X�F�K���D�V���O�D�U�J�H���O�D�Q�J�X�D�J�H���P�R�G�H�O�V���D�Q�G���G�L�I�I�X�V�L�R�Q���P�R�G�H�O�V����
�K�D�Y�H���R�S�H�Q�H�G���D���E�U�R�D�G���U�D�Q�J�H���R�I���D�S�S�O�L�F�D�W�L�R�Q�V���L�Q���Y�D�U�L�R�X�V���G�R�P�D�L�Q�V�����L�Q�F�O�X�G�L�Q�J���H�G�X�F�D�W�L�R�Q�����'�H�Q�Q�\���H�W��
�D�O���������������������+�R�Z�H�Y�H�U�����X�V�L�Q�J���V�X�F�K���$�,���S�R�Z�H�U�H�G���W�R�R�O�V���L�Q���H�G�X�F�D�W�L�R�Q�D�O���V�H�W�W�L�Q�J�V���U�D�L�V�H�V���P�D�Q�\���G�L�I�I�H�U�H�Q�W��
�H�W�K�L�F�D�O���F�R�Q�F�H�U�Q�V�����I�U�R�P���S�O�D�J�L�D�U�L�V�P�����W�R���R�Y�H�U���U�H�O�L�D�Q�F�H���R�Q���$�U�W�L�I�L�F�L�D�O���,�Q�W�H�O�O�L�J�H�Q�F�H�����D�Q�G���W�K�H���S�R�W�H�Q�W�L�D�O��
�I�R�U���E�L�D�V�H�G���R�U���P�L�V�O�H�D�G�L�Q�J���R�X�W�S�X�W�V���V�R�P�H�W�L�P�H�V���U�H�I�H�U�U�H�G���W�R���D�V���K�D�O�O�X�F�L�Q�D�W�L�R�Q�V�����.�D�]�H�P�L�W�D�E�D�D�U���H�W���D�O������
���������������'�H�Q�Q�\���H�W���D�O�������������������7�R���D�G�G�U�H�V�V���W�K�H�V�H���F�R�Q�F�H�U�Q�V�����H�W�K�L�F�D�O�O�\���X�V�L�Q�J���$�,���P�X�V�W���E�H���R�Q�H���R�I���W�K�H��
�P�D�M�R�U���F�R�Q�V�L�G�H�U�D�W�L�R�Q�V�� �Z�K�H�Q�� �G�H�V�L�J�Q�L�Q�J�� �D�Q�G�� �L�P�S�O�H�P�H�Q�W�L�Q�J�� �W�K�R�V�H�� �W�R�R�O�V�� ���6�K�D�U�S�O�H�V���� ��������������
�)�X�U�W�K�H�U�P�R�U�H�����L�W���L�V�� �H�V�V�H�Q�W�L�D�O�� �W�R�� �G�H�V�L�J�Q�� �W�K�H�V�H�� �W�R�R�O�V�� �W�R�� �H�Q�K�D�Q�F�H�� �W�K�H�� �O�H�D�U�Q�L�Q�J�� �H�[�S�H�U�L�H�Q�F�H�� �R�I��
�V�W�X�G�H�Q�W�V�����Z�K�L�O�H���P�D�L�Q�W�D�L�Q�L�Q�J���W�K�H���I�X�Q�G�D�P�H�Q�W�D�O���S�U�L�Q�F�L�S�O�H�V���R�I���D�F�D�G�H�P�L�F���L�Q�W�H�J�U�L�W�\�� 

�7�K�H���V�X�V�W�D�L�Q�D�E�O�H���G�H�Y�H�O�R�S�P�H�Q�W���F�R�Q�F�H�S�W�V���D�V���S�D�U�W���R�I���W�K�H���&�'�,�2���I�U�D�P�H�Z�R�U�N���U�H�I�O�H�F�W�V���D���F�R�P�P�L�W�P�H�Q�W��
�W�R�� �S�U�H�S�D�U�H�� �V�W�X�G�H�Q�W�V�� �W�R�� �W�K�L�V�� �U�D�S�L�G���H�Y�R�O�X�W�L�R�Q���R�I�� �W�H�F�K�Q�R�O�R�J�L�F�D�O�� �D�G�D�S�W�D�W�L�R�Q�� �R�I�� �W�R�R�O�V�� �L�Q�� �W�K�H�L�U��
�F�X�U�U�L�F�X�O�X�P���W�R�� �K�D�Y�H�� �U�H�V�S�R�Q�V�L�E�O�H�� �H�Q�J�L�Q�H�H�U�L�Q�J�� �S�U�D�F�W�L�F�H�V���� �%�\�� �F�K�D�O�O�H�Q�J�L�Q�J�� �W�K�H�P�� �W�R�� �F�R�Q�V�L�G�H�U�� �W�K�H��
�H�W�K�L�F�D�O���L�P�S�O�L�F�D�W�L�R�Q�V���L�Q���W�K�H���S�U�R�E�O�H�P���V�R�O�Y�L�Q�J���S�U�R�F�H�V�V���� �Z�H���H�Q�V�X�U�H���W�K�D�W���Q�R�W���R�Q�O�\�� �D�U�H���Z�H���W�U�D�L�Q�L�Q�J��
�W�K�R�V�H���V�W�X�G�H�Q�W�V���W�R���E�H���W�H�F�K�Q�L�F�D�O�O�\���S�U�R�I�L�F�L�H�Q�W���E�X�W���D�O�V�R���W�R���P�D�N�H���W�K�H�P���H�Y�D�O�X�D�W�H���W�K�H���L�P�S�D�F�W�V���L�Q���W�K�H��
�O�H�D�U�Q�L�Q�J�� �S�U�R�F�H�V�V�� �E�\�� �I�R�V�W�H�U�L�Q�J�� �D�� �P�L�Q�G�V�H�W�� �R�I�� �V�X�V�W�D�L�Q�D�E�O�H�� �D�Q�G�� �H�W�K�L�F�D�O�� �U�H�V�S�R�Q�V�L�E�L�O�L�W�L�H�V���� �$�V��
�L�Q�G�X�V�W�U�L�H�V���D�Q�G���R�U�J�D�Q�L�]�D�W�L�R�Q�V���J�O�R�E�D�O�O�\���D�G�R�S�W���V�R�F�L�D�O�O�\���U�H�V�S�R�Q�V�L�E�O�H���S�U�D�F�W�L�F�H�V�����H�Q�J�L�Q�H�H�U�V���Z�L�W�K���W�K�L�V��
�N�Q�R�Z�O�H�G�J�H���Z�L�O�O���E�H���E�H�W�W�H�U���S�U�H�S�D�U�H�G���W�R���O�H�D�G���D�Q�G���F�R�Q�W�U�L�E�X�W�H���H�I�I�H�F�W�L�Y�H�O�\���� 

 

 



�3�U�R�F�H�H�G�L�Q�J�V���R�I���W�K�H�������V�W���,�Q�W�H�U�Q�D�W�L�R�Q�D�O���&�'�,�2���&�R�Q�I�H�U�H�Q�F�H�����K�R�V�W�H�G���E�\ 
�0�R�Q�D�V�K���8�Q�L�Y�H�U�V�L�W�\�����0�H�O�E�R�X�U�Q�H�����$�X�V�W�U�D�O�L�D�����-�X�Q�H���������������������� 

 

�7�D�E�O�H���������5�H�O�H�Y�D�Q�F�H���R�I���W�K�H���F�R�G�L�Q�J���D�V�V�L�V�W�D�Q�W���Z�L�W�K�L�Q���W�K�H���&�'�,�2���V�W�D�Q�G�D�U�G�V 

�&�'�,�2��
�6�W�D�Q�G�D�U�G 

�'�H�V�F�U�L�S�W�L�R�Q �5�H�O�H�Y�D�Q�F�H���W�R���$�,���&�R�G�L�Q�J���$�V�V�L�V�W�D�Q�W 

�� �&�R�Y�H�U�V���S�H�U�V�R�Q�D�O����
�L�Q�W�H�U�S�H�U�V�R�Q�D�O�����S�U�R�G�X�F�W����
�S�U�R�F�H�V�V�����D�Q�G���V�H�U�Y�L�F�H���E�X�L�O�G�L�Q�J��
�V�N�L�O�O�V 

�7�K�H���D�V�V�L�V�W�D�Q�W���F�U�H�D�W�H�V���H�[�H�U�F�L�V�H�V���W�K�D�W��
�D�U�H���D�O�L�J�Q�H�G���Z�L�W�K���R�X�W�F�R�P�H�V���L�Q��
�S�U�R�J�U�D�P�P�L�Q�J�����S�U�R�E�O�H�P���V�R�O�Y�L�Q�J�����D�Q�G��
�F�U�L�W�L�F�D�O���W�K�L�Q�N�L�Q�J�� 

�� �,�Q�F�O�X�G�L�Q�J���W�H�F�K�Q�L�F�D�O���D�Q�G���Q�R�Q��
�W�H�F�K�Q�L�F�D�O���V�N�L�O�O�V���L�Q���W�K�H���O�H�D�U�Q�L�Q�J��
�D�F�W�L�Y�L�W�\ 

�7�K�H���D�V�V�L�V�W�D�Q�W���F�R�P�E�L�Q�H�V���F�R�Q�F�H�S�W�V��
�I�U�R�P���F�R�P�S�X�W�H�U���V�F�L�H�Q�F�H�����P�D�F�K�L�Q�H��
�O�H�D�U�Q�L�Q�J���D�Q�G���H�G�X�F�D�W�L�R�Q�D�O���S�U�L�Q�F�L�S�O�H�V�� 

�� �(�Q�F�R�X�U�D�J�H���V�W�X�G�H�Q�W�V���W�R��
�F�R�Q�F�H�L�Y�H�����G�H�V�L�J�Q�����L�P�S�O�H�P�H�Q�W����
�D�Q�G���R�S�H�U�D�W�H���V�\�V�W�H�P�V���E�\��
�G�L�V�S�O�D�\�L�Q�J���W�K�H���W�R�R�O���D�Q�G 
�H�[�S�O�D�L�Q�L�Q�J���W�K�H���F�R�Q�F�H�S�W�V 
�L�Q�Y�R�O�Y�H�G 

�5�H�G�X�F�L�Q�J���L�Q�V�W�U�X�F�W�R�U���Z�R�U�N�O�R�D�G���R�U��
�F�U�H�D�W�L�Q�J���D�G�D�S�W�L�Y�H���S�U�R�J�U�D�P�P�L�Q�J��
�H�[�H�U�F�L�V�H�V���I�R�U���V�W�X�G�H�Q�W�V�����6�H�O�H�F�W�L�Q�J��
�D�S�S�U�R�S�U�L�D�W�H���D�O�J�R�U�L�W�K�P�V�����W�K�H�P�H�V�����D�Q�G��
�X�V�H�U���L�Q�W�H�U�I�D�F�H�V���W�R���H�Q�V�X�U�H��
�H�I�I�H�F�W�L�Y�H�Q�H�V�V�����)�L�Q�H���W�X�Q�L�Q�J���L�W�V��
�R�X�W�S�X�W�V�����H�Q�V�X�U�L�Q�J���W�K�H�\���P�H�H�W��
�H�G�X�F�D�W�L�R�Q�D�O���J�R�D�O�V�����D�Q�G 
�D�G�G�U�H�V�V�L�Q�J���D�Q�\���W�H�F�K�Q�L�F�D�O���O�L�P�L�W�D�W�L�R�Q�V����
�V�X�F�K���D�V���K�D�O�O�X�F�L�Q�D�W�L�R�Q���R�U���E�L�D�V����
�&�R�Q�W�L�Q�X�R�X�V���P�R�Q�L�W�R�U�L�Q�J���D�Q�G��
�U�H�I�L�Q�H�P�H�Q�W���H�Q�V�X�U�H���W�K�D�W���L�W���U�H�P�D�L�Q�V 
�H�I�I�H�F�W�L�Y�H���D�Q�G���D�O�L�J�Q�V���Z�L�W�K���H�Y�R�O�Y�L�Q�J 
�H�G�X�F�D�W�L�R�Q�D�O���Q�H�H�G�V 

�� �(�Q�F�R�X�U�D�J�H���O�H�D�U�Q�L�Q�J���W�K�U�R�X�J�K 
�U�H�D�O���Z�R�U�O�G���D�S�S�O�L�F�D�W�L�R�Q�V 

�7�K�H���D�V�V�L�V�W�D�Q�W���R�I�I�H�U�V���H�[�H�U�F�L�V�H�V���E�D�V�H�G 
�R�Q���U�H�D�O���Z�R�U�O�G���V�F�H�Q�D�U�L�R�V�����S�U�R�P�R�W�L�Q�J��
�D�S�S�O�L�H�G���O�H�D�U�Q�L�Q�J���D�Q�G���D�Q��
�L�Q�W�H�U�G�L�V�F�L�S�O�L�Q�D�U�\���D�S�S�U�R�D�F�K�� 

�� �3�U�R�P�R�W�H�V���V�W�X�G�H�Q�W��
�H�Q�J�D�J�H�P�H�Q�W���W�K�U�R�X�J�K��
�L�Q�W�H�U�D�F�W�L�Y�H���P�H�W�K�R�G�V 

�6�W�X�G�H�Q�W�V���H�Q�J�D�J�H���L�Q���W�D�V�N�V���J�H�Q�H�U�D�W�H�G��
�E�\���W�K�H���D�V�V�L�V�W�D�Q�W���D�Q�G���U�H�F�H�L�Y�H��
�L�P�P�H�G�L�D�W�H���I�H�H�G�E�D�F�N 
�W�R���D�F�W�L�Y�H�O�\���L�P�S�U�R�Y�H���W�K�H�L�U���V�N�L�O�O�V�� 

����  �(�Y�D�O�X�D�W�H�V���V�W�X�G�H�Q�W���O�H�D�U�Q�L�Q�J 
�W�K�U�R�X�J�K���Y�D�U�L�R�X�V���D�V�V�H�V�V�P�H�Q�W�V 
�P�H�W�K�R�G�V 

�7�K�H���D�V�V�L�V�W�D�Q�W���P�R�Q�L�W�R�U�V���S�U�R�J�U�H�V�V����
�G�H�O�L�Y�H�U�V���U�H�D�O���W�L�P�H���I�H�H�G�E�D�F�N�����D�Q�G��
�G�\�Q�D�P�L�F�D�O�O�\���H�Y�D�O�X�D�W�H�V���O�H�D�U�Q�H�U�V�¶��
�Q�H�H�G�V�� 

 

�,�Q���F�R�Q�F�O�X�V�L�R�Q�����W�K�L�V���V�H�F�W�L�R�Q���K�L�J�K�O�L�J�K�W�V���W�K�H���L�P�S�R�U�W�D�Q�F�H���R�I���I�R�O�O�R�Z�L�Q�J���U�H�O�H�Y�D�Q�W���V�W�D�Q�G�D�U�G�V�����7�D�E�O�H������ 
�W�R���H�Q�V�X�U�H���U�H�O�L�D�E�L�O�L�W�\�����H�I�I�H�F�W�L�Y�H�Q�H�V�V���D�Q�G���H�W�K�L�F�D�O���U�H�V�S�R�Q�V�L�E�L�O�L�W�L�H�V�����P�D�N�L�Q�J���E�R�W�K���D�F�W�R�U�V�����V�W�X�G�H�Q�W�V 
�D�Q�G���L�Q�V�W�U�X�F�W�R�U�V�����D�Z�D�U�H���R�I���W�K�H���L�P�S�D�F�W���R�I���W�K�H�L�U���D�F�W�L�Y�L�W�L�H�V�����0�R�U�H�R�Y�H�U�����W�K�H���V�W�D�Q�G�D�U�G�V���F�R�Q�I�R�U�P���W�R 
�W�K�H���F�R�G�L�Q�J���D�V�V�L�V�W�D�Q�W���V�K�R�Z�V���W�K�H���H�V�W�D�E�O�L�V�K�P�H�Q�W���R�I���D���W�R�R�O���U�H�V�S�H�F�W�L�Q�J���G�D�W�D���S�U�L�Y�D�F�\�����I�D�L�U�Q�H�V�V���D�Q�G 
�S�U�L�R�U�L�W�L�]�D�W�L�R�Q���W�U�D�Q�V�S�D�U�H�Q�F�\�����Q�R�W���R�Q�O�\���I�X�O�I�L�O�O���W�H�F�K�Q�L�F�D�O���U�H�T�X�L�U�H�P�H�Q�W�V���E�X�W���D�O�V�R���F�R�Q�W�U�L�E�X�W�H���W�R���G�H�Y�H�O�R�S 
�W�U�X�V�W�Z�R�U�W�K�\�����D�F�F�R�X�Q�W�D�E�O�H���D�Q�G���V�R�F�L�D�O�O�\���U�H�V�S�R�Q�V�L�E�O�H�� 
 
�+�(�/�/�2�3�<���&�2�'�,�1�*���$�6�6�,�6�7�$�1�7 
 
�2�Y�H�U�Y�L�H�Z���R�I���W�K�H���F�R�G�L�Q�J���D�V�V�L�V�W�D�Q�W 
 
�+�H�O�O�R�3�\���L�V�� �D�� �F�R�G�L�Q�J�� �D�V�V�L�V�W�D�Q�W�� �G�H�V�L�J�Q�H�G�� �W�R�� �V�X�S�S�R�U�W�� �S�\�W�K�R�Q�� �O�H�D�U�Q�H�U�V�� �W�K�U�R�X�J�K���S�H�U�V�R�Q�D�O�L�]�H�G��
�H�[�S�H�U�L�H�Q�F�H���D�Q�G���L�Q�W�H�U�D�F�W�L�Y�H���V�X�S�S�R�U�W���E�\���X�V�L�Q�J���W�K�H���4�Z�H�H�Q���J�H�Q�H�U�D�W�L�Y�H���F�R�G�L�Q�J���P�R�G�H�O�����4�Z�H�Q���7�H�D�P�� 
���������������7�K�H���D�V�V�L�V�W�D�Q�W���Z�D�O�N�V���W�K�U�R�X�J�K���V�W�X�G�H�Q�W�V���I�U�R�P���G�L�I�I�H�U�H�Q�W���O�H�Y�H�O�V���W�R���L�P�S�U�R�Y�H�����D�Q�G���X�S���V�N�L�O�O���W�K�H�L�U 



�3�U�R�F�H�H�G�L�Q�J�V���R�I���W�K�H�������V�W���,�Q�W�H�U�Q�D�W�L�R�Q�D�O���&�'�,�2���&�R�Q�I�H�U�H�Q�F�H�����K�R�V�W�H�G���E�\ 
�0�R�Q�D�V�K���8�Q�L�Y�H�U�V�L�W�\�����0�H�O�E�R�X�U�Q�H�����$�X�V�W�U�D�O�L�D�����-�X�Q�H���������������������� 

 

�S�U�R�E�O�H�P���V�N�L�O�O�V���E�\���E�H�L�Q�J���L�Q�W�H�J�U�D�W�H�G���L�Q���D���X�V�H�U���I�U�L�H�Q�G�O�\���H�Q�Y�L�U�R�Q�P�H�Q�W�����6�W�U�H�D�P�O�L�W���,�Q�F�������������������W�R���P�D�N�H��
�L�W���D���W�R�R�O���H�D�V�L�O�\���L�Q�W�U�D�F�W�D�E�O�H���Z�L�W�K���Z�K�L�F�K���U�X�Q���L�Q���U�H�D�O���W�L�P�H�� 
 

 
�)�L�J�X�U�H���������W�K�H���+�H�O�O�R�3�\���F�R�P�S�R�Q�H�Q�W�V 

 
�6�W�X�G�\���V�H�W�W�L�Q�J 
 
�,�Q�� �R�X�U�� �D�S�S�U�R�D�F�K���� �Z�H�� �H�[�S�H�U�L�P�H�Q�W�H�G�� �Z�L�W�K�� �W�K�H�� �F�R�P�S�X�W�H�U�� �V�F�L�H�Q�F�H�� �G�H�S�D�U�W�P�H�Q�W���� �L�Q�� �D�� �0�R�U�R�F�F�D�Q��
�H�Q�J�L�Q�H�H�U�L�Q�J���V�F�K�R�R�O�� �Q�D�P�H�G���(�0�6�,�� ���e�F�R�O�H�� �0�D�U�R�F�D�L�Q�H�� �G�H�V�� �6�F�L�H�Q�F�H�V�� �G�H�� �O�¶�,�Q�J�p�Q�L�H�X�U�� �e�F�R�O�H��
�0�D�U�R�F�D�L�Q�H���G�H�V���6�F�L�H�Q�F�H�V���G�H���O�¶�,�Q�J�p�Q�L�H�X�U�����Q���G���������Z�K�H�U�H���Z�H���J�U�D�G�X�D�O�O�\���Z�D�O�N���W�K�U�R�X�J�K���V�W�X�G�H�Q�W�V���W�R��
�U�H�D�F�K���D�Q���D�G�Y�D�Q�F�H�G���O�H�Y�H�O���E�D�V�H�G���R�Q���D���V�H�W���R�I���S�U�H�G�H�I�L�Q�H�G���R�E�M�H�F�W�L�Y�H�V�����I�H�D�W�X�U�H�V�����D�Q�G���D�V�V�H�V�V�P�H�Q�W��
�P�H�W�K�R�G�V�����$�O�O�� �Z�K�L�O�H�� �H�Q�V�X�U�L�Q�J�� �W�K�D�W�� �O�H�D�U�Q�H�U�V�� �J�H�W�� �D�G�H�T�X�D�W�H�� �D�Q�G�� �S�H�U�V�R�Q�D�O�L�]�H�G�� �I�H�H�G�E�D�F�N�� �D�Q�G��
�J�X�L�G�D�Q�F�H���I�U�R�P�� �E�R�W�K�� �W�K�H�� �L�Q�V�W�U�X�F�W�R�U�� �D�Q�G�� �W�K�H�� �F�R�G�L�Q�J�� �D�V�V�L�V�W�D�Q�W���� �7�K�H�� �V�\�O�O�D�E�X�V�� �R�I�� �W�K�H�� �S�\�W�K�R�Q��
�S�U�R�J�U�D�P�P�L�Q�J���O�D�Q�J�X�D�J�H���K�D�V���V�W�U�R�Q�J���I�R�X�Q�G�D�W�L�R�Q�D�O���N�Q�R�Z�O�H�G�J�H���D�Q�G���S�U�R�J�U�H�V�V�H�V���W�R�Z�D�U�G���X�V�L�Q�J���W�K�H��
�I�U�D�P�H�Z�R�U�N�� �'�M�D�Q�J�R���I�R�U�� �Z�H�E�� �G�H�Y�H�O�R�S�P�H�Q�W�� �W�R�� �H�Q�V�X�U�H�� �D�� �V�P�R�R�W�K�� �W�U�D�Q�V�L�W�L�R�Q�� �I�U�R�P�� �E�H�J�L�Q�Q�H�U�� �W�R��
�D�G�Y�D�Q�F�H�G���H�T�X�L�S�S�L�Q�J���V�W�X�G�H�Q�W�V���Z�L�W�K���M�R�E���U�H�D�G�\���V�N�L�O�O�V�� 
 
�/�H�Y�H�O���������%�H�J�L�Q�Q�H�U 
 
�2�E�M�H�F�W�L�Y�H�V�� 
�‡���*�H�W�W�L�Q�J���I�D�P�L�O�L�D�U�L�]�H�G���Z�L�W�K���W�K�H���S�\�W�K�R�Q���V�\�Q�W�D�[���D�Q�G���E�D�V�L�F���S�U�R�J�U�D�P�P�L�Q�J���H�[�H�U�F�L�V�H�V�� 
�‡���(�Q�F�R�X�U�D�J�L�Q�J���V�W�X�G�H�Q�W�V���W�R���W�H�V�W���G�L�I�I�H�U�H�Q�W���I�R�X�Q�G�D�W�L�R�Q�V���W�R���J�D�L�Q���F�R�Q�I�L�G�H�Q�F�H���W�K�U�R�X�J�K���V�W�H�S���E�\ 
�V�W�H�S���H�[�S�O�D�Q�D�W�L�R�Q�V���D�Q�G���U�H�D�O���W�L�P�H���I�H�H�G�E�D�F�N�� 
�)�H�D�W�X�U�H�V�� 
�‡���*�X�L�G�H�G���W�X�W�R�U�L�D�O�V���I�U�R�P���E�R�W�K���W�K�H���L�Q�V�W�U�X�F�W�R�U���D�Q�G���W�K�H���W�R�R�O���Z�L�W�K���H�D�V�\���W�R���X�Q�G�H�U�V�W�D�Q�G���H�[�S�O�D�Q�D�W�L�R�Q�V�� 
�‡���5�H�D�O���W�L�P�H���(�U�U�R�U���+�D�Q�G�O�L�Q�J�� 
�‡���6�X�J�J�H�V�W�L�Q�J���F�R�G�H�� 
�$�V�V�H�V�V�P�H�Q�W�V�� 
�‡���%�X�L�O�G���L�Q���T�X�L�]�]�H�V���D�I�W�H�U���F�R�P�S�O�H�W�L�R�Q���R�I���H�D�F�K���O�H�V�V�R�Q���W�R���W�H�V�W���I�X�O�O�\���W�K�H���F�R�P�S�U�H�K�H�Q�V�L�R�Q���R�I���V�W�X�G�H�Q�W�V 
�‡���*�X�L�G�H�G���F�R�G�L�Q�J���W�X�W�R�U�L�D�O���D�Q�G���L�Q�L�W�L�D�O���F�K�D�O�O�H�Q�J�H�V�� 
 
�/�H�Y�H�O���������,�Q�W�H�U�P�H�G�L�D�W�H 
 
�2�E�M�H�F�W�L�Y�H�V�� 
�‡���'�H�Y�H�O�R�S���S�U�R�E�O�H�P���V�R�O�Y�L�Q�J���V�N�L�O�O�V���D�Q�G���D�Q���X�Q�G�H�U�V�W�D�Q�G�L�Q�J���R�I���P�R�G�X�O�D�U���S�U�R�J�U�D�P�P�L�Q�J���� 
�‡���,�Q�W�U�R�G�X�F�H���L�Q�W�H�U�P�H�G�L�D�W�H���F�R�Q�F�H�S�W�V���O�L�N�H���I�L�O�H���K�D�Q�G�O�L�Q�J�����H�U�U�R�U���K�D�Q�G�O�L�Q�J�����D�Q�G���Z�R�U�N�L�Q�J���Z�L�W�K���O�L�E�U�D�U�L�H�V 
���H���J�������1�X�P�3�\�����S�D�Q�G�D�V���� 



�3�U�R�F�H�H�G�L�Q�J�V���R�I���W�K�H�������V�W���,�Q�W�H�U�Q�D�W�L�R�Q�D�O���&�'�,�2���&�R�Q�I�H�U�H�Q�F�H�����K�R�V�W�H�G���E�\ 
�0�R�Q�D�V�K���8�Q�L�Y�H�U�V�L�W�\�����0�H�O�E�R�X�U�Q�H�����$�X�V�W�U�D�O�L�D�����-�X�Q�H���������������������� 

 

�‡���,�P�S�U�R�Y�H���G�H�E�X�J�J�L�Q�J���D�Q�G���F�R�G�H���R�S�W�L�P�L�]�D�W�L�R�Q���V�N�L�O�O�V�� 
�)�H�D�W�X�U�H�V�� 
�‡���&�R�G�H���G�H�E�X�J�J�L�Q�J�� 
�‡���&�R�Q�W�H�[�W�X�D�O���H�[�S�O�D�Q�D�W�L�R�Q�� 
�‡���3�U�R�M�H�F�W���E�D�V�H�G���O�H�D�U�Q�L�Q�J�� 
�‡���&�R�G�H���R�S�W�L�P�L�]�D�W�L�R�Q���V�X�J�J�H�V�W�L�R�Q�V�� 
�‡���/�L�E�U�D�U�\���V�X�S�S�R�U�W�� 
�$�V�V�H�V�V�P�H�Q�W�V�� 
�‡���&�R�P�S�O�H�W�L�R�Q���R�I���S�U�R�M�H�F�W���E�D�V�H�G���R�Q���P�L�O�H�V�W�R�Q�H�V�� 
�‡���'�H�E�X�J�J�L�Q�J���F�R�G�H�� 
�‡���4�X�L�]�]�H�V���I�R�U���L�Q�W�H�U�P�H�G�L�D�W�H���F�R�Q�F�H�S�W�V�� 
 
�/�H�Y�H�O���������$�G�Y�D�Q�F�H�G 
 
�2�E�M�H�F�W�L�Y�H�V�� 
�‡���0�D�V�W�H�U�H�G���D�G�Y�D�Q�F�H�G���3�\�W�K�R�Q���F�R�Q�F�H�S�W�V���V�X�F�K���D�V���R�E�M�H�F�W���R�U�L�H�Q�W�H�G���S�U�R�J�U�D�P�P�L�Q�J�� 
�‡���(�[�S�R�V�H���V�W�X�G�H�Q�W�V���W�R���G�H�V�L�J�Q���S�D�W�W�H�U�Q�V���V�X�F�K���D�V���0�9�&�����P�R�G�H�O���Y�L�H�Z���F�R�Q�W�U�R�O�O�H�U�����D�Q�G���0�9�7�����P�R�G�H�O��
�Y�L�H�Z���W�H�P�S�O�D�W�H���� 
�‡���%�X�L�O�G���S�U�R�M�H�F�W�V���E�D�V�H�G���R�Q���Z�H�E���I�U�D�P�H�Z�R�U�N�V���D�Q�G���$�3�,�V�� 
�)�H�D�W�X�U�H�V�� 
�‡���$�O�J�R�U�L�W�K�P�L�F���F�K�D�O�O�H�Q�J�H�V�� 
�‡���7�H�P�S�O�D�W�H�V���I�R�U���U�H�D�O���Z�R�U�O�G���D�S�S�O�L�F�D�W�L�R�Q�V���V�X�F�K���D�V���F�U�H�D�W�L�Q�J���5�(�6�7�I�X�O���$�3�,�V���Z�L�W�K���)�O�D�V�N���R�U���'�M�D�Q�J�R 
�R�U���W�U�D�L�Q�L�Q�J���D���P�D�F�K�L�Q�H���O�H�D�U�Q�L�Q�J���P�R�G�H�O���Z�L�W�K���V�F�L�N�L�W���O�H�D�U�Q�� 
�‡���3�H�U�I�R�U�P�D�Q�F�H���P�H�W�U�L�F�V���I�R�U���W�K�H���F�R�G�H�� 
�$�V�V�H�V�V�P�H�Q�W�V�� 
�‡���&�R�P�S�O�H�W�L�R�Q���R�I���F�D�S�V�W�R�Q�H���S�U�R�M�H�F�W�V�����V�X�F�K���D�V���G�H�V�L�J�Q�L�Q�J���D���5�(�6�7���$�3�,�� 
�‡���3�H�U�I�R�U�P�L�Q�J���F�R�G�H���W�H�V�W�V���Z�L�W�K���U�H�D�O���W�L�P�H���I�H�H�G�E�D�F�N�� 
�‡���3�H�H�U���F�R�G�H���U�H�Y�L�H�Z�V�����V�L�P�X�O�D�W�H�G���Z�L�W�K�L�Q���W�K�H���L�Q�V�W�U�X�F�W�R�U���� 

�5�(�6�8�/�7�6���$�1�'���$�1�$�/�<�6�,�6 

�(�Y�D�O�X�D�W�L�R�Q���R�I���6�W�X�G�H�Q�W���/�H�D�U�Q�L�Q�J���2�X�W�F�R�P�H�V 

�7�K�H�� �D�Q�D�O�\�V�L�V���Z�D�V�� �S�H�U�I�R�U�P�H�G���R�Q�� �V�W�X�G�H�Q�W�V�� �W�R�� �D�V�V�H�V�V�� �D�Q�G�� �W�U�D�F�N�� �W�K�H�� �O�H�Y�H�O�� �R�I�� �H�Q�J�D�J�H�P�H�Q�W����
�H�Y�D�O�X�D�W�L�Q�J���E�R�W�K���W�K�H���V�R�I�W���D�Q�G���K�D�U�G���V�N�L�O�O�V���D�V�S�H�F�W�V�����$�V���V�K�R�Z�Q���L�Q���E�R�W�K���W�D�E�O�H�������D�Q�G���I�L�J�X�U�H���������K�L�J�K��
�V�F�R�U�H�V�� �L�Q���S�\�W�K�R�Q�� �F�R�G�L�Q�J�� �S�U�R�I�L�F�L�H�Q�F�\�� �������������� �D�Q�G�� �D�V�V�L�V�W�H�G�� �S�U�R�E�O�H�P�� �V�R�O�Y�L�Q�J�� �������������� �L�V�� �D�� �W�U�X�H��
�H�[�D�P�S�O�H���R�I���K�R�Z���L�Q�F�O�X�G�L�Q�J���P�R�G�H�U�Q���W�R�R�O�V���L�P�S�U�R�Y�H���W�H�F�K�Q�L�F�D�O���F�R�P�S�H�W�H�Q�F�L�H�V�� 

�)�R�U�� �V�H�O�I���O�H�D�U�Q�L�Q�J�� �D�Q�G�� �D�G�D�S�W�D�E�L�O�L�W�\�� �Z�L�W�K�� �D�� �V�F�R�U�H�� �R�I�� �������������� �L�V�� �D���W�U�X�H�� �H�[�D�P�S�O�H�� �W�K�D�W���V�X�S�S�R�U�W�V�� �W�K�H��
�&�'�,�2�� �H�P�S�K�D�V�L�V�� �R�Q�� �H�[�W�H�Q�G�H�G�� �O�H�D�U�Q�L�Q�J�� �D�Q�G�� �U�H�I�O�H�F�W�L�Y�H�� �S�U�D�F�W�L�F�H���� �2�Q�� �W�K�H�� �R�W�K�H�U�� �K�D�Q�G���� �Z�H�� �K�D�Y�H��
�P�R�G�H�U�D�W�H���W�R���O�R�Z���V�F�R�U�H�V�����I�R�U���G�H�E�X�J�J�L�Q�J���D�Q�G���R�S�W�L�P�L�]�D�W�L�R�Q���Z�L�W�K�L�Q���W�K�H���'�M�D�Q�J�R���I�U�D�P�H�Z�R�U�N����������������
�D�Q�G���F�R�O�O�D�E�R�U�D�W�L�R�Q���L�Q���S�U�R�M�H�F�W�V�����������������L�Q�G�L�F�D�W�H�V���D���Q�H�H�G���W�R���L�P�S�U�R�Y�H���D�Q�G���G�H�Y�H�O�R�S���H�[�W�H�Q�G�H�G���W�R�R�O�V��
�W�K�D�W���V�X�S�S�R�U�W���F�R�O�O�D�E�R�U�D�W�L�R�Q���D�Q�G���F�R�R�U�G�L�Q�D�W�L�R�Q�� 

�7�R�� �V�X�P�P�D�U�L�]�H���� �W�K�H�� �U�H�V�X�O�W�V�� �G�H�P�R�Q�V�W�U�D�W�H�� �W�K�H�� �W�H�F�K�Q�L�F�D�O�� �S�U�R�I�L�F�L�H�Q�F�\�� �D�Q�G�� �G�L�U�H�F�W�� �O�H�D�U�Q�L�Q�J�� �W�K�D�W��
�E�H�Q�H�I�L�W�V���E�R�W�K�� �W�K�H�� �V�W�X�G�H�Q�W�V�� �D�Q�G�� �L�Q�V�W�U�X�F�W�R�U�V�� �E�\�� �H�[�S�O�R�U�L�Q�J�� �W�K�H�� �I�X�O�O�� �V�S�H�F�W�U�X�P�� �R�I�� �W�K�H�� �&�'�,�2��
�)�U�D�P�H�Z�R�U�N�� 

 



�3�U�R�F�H�H�G�L�Q�J�V���R�I���W�K�H�������V�W���,�Q�W�H�U�Q�D�W�L�R�Q�D�O���&�'�,�2���&�R�Q�I�H�U�H�Q�F�H�����K�R�V�W�H�G���E�\ 
�0�R�Q�D�V�K���8�Q�L�Y�H�U�V�L�W�\�����0�H�O�E�R�X�U�Q�H�����$�X�V�W�U�D�O�L�D�����-�X�Q�H���������������������� 

 

�7�D�E�O�H���������(�Y�D�O�X�D�W�L�R�Q���R�I���6�W�X�G�H�Q�W���/�H�D�U�Q�L�Q�J���2�X�W�F�R�P�H�V 

�/�H�D�U�Q�L�Q�J���2�X�W�F�R�P�H �6�F�R�U�H�������������� 
�3�\�W�K�R�Q�� �&�R�G�L�Q�J�� �3�U�R�I�L�F�L�H�Q�F�\���±�� �:�U�L�W�L�Q�J�� �F�O�H�D�Q���� �H�I�I�L�F�L�H�Q�W��
�3�\�W�K�R�Q���F�R�G�H 

�� 

�$�,���$�V�V�L�V�W�H�G�� �3�U�R�E�O�H�P�� �6�R�O�Y�L�Q�J���±�� �/�H�Y�H�U�D�J�L�Q�J�� �W�K�H��
�J�H�Q�H�U�D�W�L�Y�H���R�I�I�O�L�Q�H���F�R�G�L�Q�J���D�V�V�L�V�W�D�Q�W 

�� 

�6�H�O�I���/�H�D�U�Q�L�Q�J�� �	�� �$�G�D�S�W�D�E�L�O�L�W�\���±���/�H�D�U�Q�L�Q�J�� �Z�L�W�K�R�X�W�� �G�L�U�H�F�W��
�V�X�S�H�U�Y�L�V�L�R�Q 

�� 

�'�H�E�X�J�J�L�Q�J���	���2�S�W�L�P�L�]�D�W�L�R�Q���±���,�G�H�Q�W�L�I�\�L�Q�J���D�Q�G���I�L�[�L�Q�J���H�U�U�R�U�V��
�H�I�I�L�F�L�H�Q�W�O�\ 

�� 

�'�M�D�Q�J�R���)�U�D�P�H�Z�R�U�N���8�Q�G�H�U�V�W�D�Q�G�L�Q�J���±���&�R�Q�F�H�S�W�V�����P�R�G�H�O�V����
�D�Q�G���Y�L�H�Z�V 

�� 

�&�R�O�O�D�E�R�U�D�W�L�R�Q�� �L�Q�� �3�U�R�M�H�F�W�V���±���:�R�U�N�L�Q�J�� �L�Q�� �W�H�D�P�V�� �Z�L�W�K�� �*�L�W����
�G�H�O�H�J�D�W�L�R�Q�����H�W�F�� 

�� 

 

 

�)�L�J�X�U�H���������6�W�X�G�\���6�H�W�W�L�Q�J���I�R�U���'�M�D�Q�J�R���3�\�W�K�R�Q���Z�L�W�K���D���*�H�Q�H�U�D�W�L�Y�H���2�I�I�O�L�Q�H���$�V�V�L�V�W�D�Q�W 

 

�&�2�1�&�/�8�6�,�2�1 

�7�K�H���U�H�V�X�O�W���R�I���W�K�H���V�W�X�G�\���V�K�R�Z�V���W�K�H���H�I�I�L�F�L�H�Q�F�\���R�I���X�V�L�Q�J���D�U�W�L�I�L�F�L�D�O���L�Q�W�H�O�O�L�J�H�Q�F�H�����H�V�S�H�F�L�D�O�O�\���J�H�Q�H�U�D�W�L�Y�H��
�P�R�G�H�O�V�� �W�R�� �H�Q�K�D�Q�F�H�� �W�K�H�� �S�U�R�J�U�D�P�P�L�Q�J�� �H�G�X�F�D�W�L�R�Q�� �V�S�H�F�W�U�X�P�� �D�F�U�R�V�V�� �P�D�Q�\�� �V�N�L�O�O�� �O�H�Y�H�O�V���� �7�K�L�V��
�H�I�I�L�F�L�H�Q�F�\���L�V���W�U�D�Q�V�O�D�W�H�G���W�K�U�R�X�J�K�� �D�� �G�L�V�W�L�Q�F�W�� �V�H�W�� �R�I�� �S�U�R�P�S�W�V���� �D�G�D�S�W�L�Y�H�� �O�H�D�U�Q�L�Q�J�� �W�U�D�F�N�V���� �D�Q�G�� �U�H�D�O��
�W�L�P�H���I�H�H�G�E�D�F�N���� �,�W���K�D�V�� �D�O�V�R�� �V�K�R�Z�Q�� �Q�R�W�D�E�O�H�� �S�R�W�H�Q�W�L�D�O�� �W�R�� �H�Q�J�D�J�H�� �V�W�X�G�H�Q�W�V�� �D�Q�G�� �E�R�R�V�W�� �W�K�H�L�U��
�F�R�Q�I�L�G�H�Q�F�H���E�\���L�P�S�U�R�Y�L�Q�J���W�K�H���O�H�D�U�Q�L�Q�J���S�U�R�F�H�V�V�����7�K�H���L�Q�W�H�J�U�D�W�L�R�Q���R�I���W�K�H���&�'�,�2���D�S�S�U�R�D�F�K���H�Q�V�X�U�H�G��
�D�� �V�H�D�P�O�H�V�V���W�U�D�Q�V�L�W�L�R�Q�� �I�U�R�P�� �W�K�H�R�U�\�� �W�R�� �U�H�D�O���Z�R�U�O�G�� �D�S�S�O�L�F�D�W�L�R�Q�V���� �$�Q�R�W�K�H�U�� �N�H�\�� �I�L�Q�G�L�Q�J�� �L�V�� �W�K�D�W��
�S�U�R�P�R�W�L�Q�J�� �O�R�F�D�O�� �R�I�I�O�L�Q�H�� �V�R�O�X�W�L�R�Q�V�� �Z�K�L�O�H�� �H�[�S�O�D�L�Q�L�Q�J�� �W�R�� �V�W�X�G�H�Q�W�V�� �K�R�Z�� �W�K�H�\�� �F�D�Q�� �H�Q�J�D�J�H�� �L�Q��
�U�H�V�S�R�Q�V�L�E�O�H���$�,���L�V���D���E�L�J���V�W�H�S���W�R���H�Q�V�X�U�H���W�K�D�W���W�K�H���Q�H�[�W���V�W�X�G�H�Q�W�V���J�H�Q�H�U�D�W�L�R�Q���Z�L�O�O���G�H�Y�H�O�R�S���D���P�L�Q�G�V�H�W��
�W�K�D�W�� �L�V�� �Q�R�W�� �R�Q�O�\�� �I�U�D�P�H�G���L�Q�� �F�R�Q�V�X�P�L�Q�J�� �W�R�R�O�V�� �E�X�W�� �U�D�W�K�H�U�� �W�K�L�Q�N�L�Q�J�� �L�I�� �W�K�H�� �W�R�R�O�� �L�V�� �V�X�V�W�D�L�Q�D�E�O�H��
���U�H�V�S�H�F�W�L�Q�J���W�K�H���H�W�K�L�F�V���R�I���X�V�D�J�H���D�Q�G���S�U�R�W�H�F�W���W�K�H�L�U���S�U�L�Y�D�F�\�����)�X�U�W�K�H�U�P�R�U�H�����W�K�H���V�R�O�X�W�L�R�Q���L�V���D���Z�L�Q��
�Z�L�Q���I�R�U���E�R�W�K���L�Q�V�W�U�X�F�W�R�U�V���D�Q�G���V�W�X�G�H�Q�W�V���V�L�Q�F�H���L�W���U�H�G�X�F�H�V���W�K�H���Z�R�U�N�O�R�D�G���R�I���L�Q�V�W�U�X�F�W�R�U�V���D�Q�G���H�[�S�R�V�H�V��
�V�W�X�G�H�Q�W�V���W�R���D���V�D�I�H���H�Q�Y�L�U�R�Q�P�H�Q�W���O�H�D�U�Q�L�Q�J���V�L�Q�F�H���$�,���L�V���V�W�D�U�W�L�Q�J���W�R���L�P�S�D�F�W���W�H�D�F�K�L�Q�J�����O�H�D�U�Q�L�Q�J���D�Q�G��
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�U�H�I�O�H�F�W�L�R�Q���� �)�H�H�G�E�D�F�N�� �D�O�V�R�� �E�R�R�V�W�V�� �P�R�W�L�Y�D�W�L�R�Q�� �E�\�� �G�H�P�R�Q�V�W�U�D�W�L�Q�J�� �S�U�R�J�U�H�V�V�� �D�Q�G�� �H�Q�F�R�X�U�D�J�L�Q�J��
�J�U�R�Z�W�K�����P�D�N�L�Q�J���L�W���D���Y�L�W�D�O���W�R�R�O���I�R�U���I�R�V�W�H�U�L�Q�J���P�D�V�W�H�U�\���D�Q�G���H�G�X�F�D�W�L�R�Q�D�O���V�X�F�F�H�V�V�� 
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�7�K�H�� �Z�R�U�N�� �R�I�� �&�D�U�O�H�V�V�� �D�Q�G�� �%�R�X�G�� �������������� �I�X�U�W�K�H�U�� �V�K�R�Z�H�G�� �W�K�D�W�� �H�I�I�H�F�W�L�Y�H�� �I�H�H�G�E�D�F�N�� �L�V�� �D�� �G�L�D�O�R�J�L�F����
�V�R�F�L�D�O�O�\���V�L�W�X�D�W�H�G���S�U�R�F�H�V�V���U�H�T�X�L�U�L�Q�J���D�F�W�L�Y�H���O�H�D�U�Q�H�U���H�Q�J�D�J�H�P�H�Q�W�����,�Q�V�W�H�D�G���R�I���S�D�V�V�L�Y�H�O�\���U�H�F�H�L�Y�L�Q�J��
�I�H�H�G�E�D�F�N�����&�D�U�O�H�V�V���D�Q�G���%�R�X�G�����������������U�H�F�R�P�P�H�Q�G�H�G���I�R�V�W�H�U�L�Q�J���V�W�X�G�H�Q�W�V���I�H�H�G�E�D�F�N���O�L�W�H�U�D�F�\�����W�K�D�W��
�L�V�����W�K�H�L�U���D�E�L�O�L�W�\���W�R���U�H�F�R�J�Q�L�V�H���W�K�H���Y�D�O�X�H���D�Q�G���S�X�U�S�R�V�H���R�I���I�H�H�G�E�D�F�N�����D�S�S�U�H�F�L�D�W�L�Q�J���I�H�H�G�E�D�F�N�������G�L�V�F�H�U�Q��
�T�X�D�O�L�W�\���L�Q���R�Q�H�¶�V���R�Z�Q���Z�R�U�N���D�Q�G���W�K�D�W���R�I���R�W�K�H�U�V�����P�D�N�L�Q�J���M�X�G�J�H�P�H�Q�W�������W�K�H���H�P�R�W�L�R�Q�D�O���U�H�V�S�R�Q�V�H�V���W�K�D�W��
�I�H�H�G�E�D�F�N�� �F�D�Q�� �W�U�L�J�J�H�U�� ���P�D�Q�D�J�L�Q�J�� �D�I�I�H�F�W������ �D�Q�G�� �W�U�D�Q�V�O�D�W�H�� �I�H�H�G�E�D�F�N�� �L�Q�W�R�� �F�R�Q�F�U�H�W�H�� �V�W�H�S�V�� �I�R�U��
�L�P�S�U�R�Y�H�P�H�Q�W�� ���W�D�N�L�Q�J�� �D�F�W�L�R�Q���� �W�K�U�R�X�J�K�� �W�H�D�F�K�H�U�±�V�W�X�G�H�Q�W�� �D�Q�G�� �S�H�H�U�� �L�Q�W�H�U�D�F�W�L�R�Q�V���� �)�H�H�G�E�D�F�N��
�S�U�D�F�W�L�F�H���V�K�R�X�O�G���D�O�V�R���H�[�W�H�Q�G���E�H�\�R�Q�G���D���V�L�Q�J�O�H���O�H�D�U�Q�L�Q�J���W�D�V�N�����W�K�D�W���L�V�����V�W�X�G�H�Q�W�V���V�K�R�X�O�G���E�H���D�E�O�H���W�R��
�W�U�D�F�N�� �W�K�H�L�U�� �S�U�R�J�U�H�V�V�� �D�Q�G�� �F�R�Q�W�L�Q�X�D�O�O�\�� �L�Q�W�H�J�U�D�W�H�� �I�H�H�G�E�D�F�N�� �L�Q�W�R�� �I�X�W�X�U�H���� �V�L�P�L�O�D�U�� �W�D�V�N�V�� ���µ�I�H�H�G��
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�9�H�U�E�D�O���S�H�H�U���I�H�H�G�E�D�F�N���S�O�D�\�V���D���Y�L�W�D�O���U�R�O�H���L�Q���I�R�V�W�H�U�L�Q�J���V�W�X�G�H�Q�W�V�¶���H�Q�J�D�J�H�P�H�Q�W�����F�U�L�W�L�F�D�O���W�K�L�Q�N�L�Q�J�����D�Q�G��
�S�U�R�I�H�V�V�L�R�Q�D�O���G�H�Y�H�O�R�S�P�H�Q�W���Z�L�W�K�L�Q���S�U�R�M�H�F�W���E�D�V�H�G���O�H�D�U�Q�L�Q�J���H�Q�Y�L�U�R�Q�P�H�Q�W�V�����%�\���J�L�Y�L�Q�J���D�Q�G���U�H�F�H�L�Y�L�Q�J��
�V�S�R�N�H�Q���I�H�H�G�E�D�F�N�����V�W�X�G�H�Q�W�V���D�U�H���H�[�S�R�V�H�G���W�R���G�L�Y�H�U�V�H���S�H�U�V�S�H�F�W�L�Y�H�V���D�Q�G���L�Q�W�H�U�S�U�H�W�D�W�L�R�Q�V�����Z�K�L�F�K���Q�R�W��
�R�Q�O�\���H�Q�K�D�Q�F�H�V���W�K�H�L�U���W�H�F�K�Q�L�F�D�O���X�Q�G�H�U�V�W�D�Q�G�L�Q�J���E�X�W���D�O�V�R���E�X�L�O�G�V���H�V�V�H�Q�W�L�D�O���F�R�P�S�H�W�H�Q�F�L�H�V���V�X�F�K���D�V��
�F�R�P�P�X�Q�L�F�D�W�L�R�Q���� �F�R�O�O�D�E�R�U�D�W�L�R�Q���� �D�Q�G�� �U�H�I�O�H�F�W�L�Y�H�� �S�U�D�F�W�L�F�H���� �:�K�H�Q�� �L�Q�W�H�J�U�D�W�H�G�� �Z�L�W�K�� �$�,�� �W�R�R�O�V�� �O�L�N�H��
�0�L�F�U�R�V�R�I�W���7�H�D�P�V�
���,�Q�W�H�O�O�L�J�H�Q�W���5�H�F�D�S�����W�K�H�V�H���I�H�H�G�E�D�F�N���S�U�D�F�W�L�F�H�V���F�D�Q���E�H���P�R�Q�L�W�R�U�H�G���D�Q�G���D�Q�D�O�\�V�H�G��
�P�R�U�H���H�I�I�H�F�W�L�Y�H�O�\�����S�U�R�Y�L�G�L�Q�J���L�Q�V�W�U�X�F�W�R�U�V���Z�L�W�K���W�L�P�H�O�\���L�Q�V�L�J�K�W�V���L�Q�W�R���V�W�X�G�H�Q�W���S�H�H�U���I�H�H�G�E�D�F�N���S�U�D�F�W�L�F�H����
�$�O�W�K�R�X�J�K���0�L�F�U�R�V�R�I�W���7�H�D�P�V�¶���,�Q�W�H�O�O�L�J�H�Q�W���5�H�F�D�S���L�V���Q�R�W���Z�L�W�K�R�X�W���O�L�P�L�W�D�W�L�R�Q�V�����L�W���R�I�I�H�U�V���Y�D�O�X�D�E�O�H���V�X�S�S�R�U�W��
�L�Q���L�G�H�Q�W�L�I�\�L�Q�J���D�U�H�D�V���Z�K�H�U�H���V�W�X�G�H�Q�W�V���P�D�\���U�H�T�X�L�U�H���D�G�G�L�W�L�R�Q�D�O���J�X�L�G�D�Q�F�H�����7�K�L�V���L�Q�W�H�J�U�D�W�L�R�Q���R�I���S�H�H�U��
�I�H�H�G�E�D�F�N�� �D�Q�G���$�,�� �F�D�Q�� �K�H�O�S�� �D�O�O�H�Y�L�D�W�H�� �L�Q�V�W�U�X�F�W�R�U�� �Z�R�U�N�O�R�D�G�� �Z�K�L�O�H�� �H�Q�V�X�U�L�Q�J�� �V�W�X�G�H�Q�W�V���F�D�Q���U�H�F�H�L�Y�H��
�W�L�P�H�O�\���D�Q�G���G�L�D�O�R�J�L�F���I�H�H�G�E�D�F�N�����8�O�W�L�P�D�W�H�O�\�����W�K�H�V�H���F�R�P�E�L�Q�H�G���D�S�S�U�R�D�F�K�H�V���V�K�R�X�O�G���V�X�S�S�R�U�W���V�W�X�G�H�Q�W�V�¶��
�W�U�D�Q�V�L�W�L�R�Q���I�U�R�P���Q�R�Y�L�F�H�V���W�R���F�R�Q�I�L�G�H�Q�W�����O�L�W�H�U�D�W�H���S�U�R�I�H�V�V�L�R�Q�D�O���L�Q���W�K�H�L�U���F�K�R�V�H�Q���I�L�H�O�G�� 

�$�&�.�1�2�:�/�(�'�*�(�0�(�1�7�6  

�7�K�H�� �D�X�W�K�R�U�V�� �Z�R�X�O�G�� �O�L�N�H�� �W�R�� �D�F�N�Q�R�Z�O�H�G�J�H�� �8�1�6�:�� �6�F�K�R�R�O�� �R�I�� �&�K�H�P�L�F�D�O�� �(�Q�J�L�Q�H�H�U�L�Q�J���� �8�1�6�:��
�3�O�D�Q�Q�L�Q�J�� �D�Q�G�� �3�H�U�I�R�U�P�D�Q�F�H�� �8�Q�L�W���� �D�Q�G�� �8�1�6�:�� �2�I�I�L�F�H�� �R�I�� �W�K�H�� �&�K�L�H�I�� �,�Q�I�R�U�P�D�W�L�R�Q�� �2�I�I�L�F�H�U�� �I�R�U�� �W�K�H��
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�E�H�Q�H�I�L�W�V���� �7�K�H�� �P�D�M�R�U�L�W�\�� ���������������� �Z�H�U�H�� �Q�H�X�W�U�D�O���� �S�R�V�V�L�E�O�\�� �L�Q�G�L�F�D�W�L�Q�J�� �L�Q�G�L�I�I�H�U�H�Q�F�H�� �R�U�� �J�H�Q�H�U�D�O��
�V�D�W�L�V�I�D�F�W�L�R�Q���Z�L�W�K���S�U�H�Y�L�R�X�V���T�X�H�V�W�L�R�Q�V�����$���V�P�D�O�O���S�R�U�W�L�R�Q���������������� �H�[�S�U�H�V�V�H�G���Q�H�J�D�W�L�Y�H���V�H�Q�W�L�P�H�Q�W�V����
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�7�D�E�O�H���������6�W�X�G�H�Q�W�V�¶���U�H�V�S�R�Q�V�H�V���W�R���W�K�H���T�X�H�V�W�L�R�Q���±���6�K�D�U�H���\�R�X�U���H�[�S�H�U�L�H�Q�F�H���Z�L�W�K���X�V���L�I���\�R�X���I�L�Q�G��
�'�L�J�L�W�D�O���7�Z�L�Q���K�D�V���L�P�S�D�F�W�H�G���\�R�X�U���O�H�D�U�Q�L�Q�J���L�Q���W�K�L�V���O�D�E�� 

�6�H�Q�W�L�P�H�Q�W �1�R�����R�I���V�W�X�G�H�Q�W��
�U�H�V�S�R�Q�V�H�V 

�6�H�O�H�F�W�H�G���U�H�S�U�H�V�H�Q�W�D�W�L�Y�H���F�R�P�P�H�Q�W�V���I�U�R�P���V�W�X�G�H�Q�W�V�¶���U�H�V�S�R�Q�V�H�V���L�Q���H�D�F�K���V�H�Q�W�L�P�H�Q�W���U�H�V�S�R�Q�V�H��
�F�D�W�H�J�R�U�\�� 

�3�R�V�L�W�L�Y�H ������ �³�,�W���Z�D�V���I�X�Q���D�Q�G���L�Q�W�H�U�D�F�W�L�Y�H�´�� 
�³�,�W���K�D�V���P�D�G�H���P�H���V�H�H���L�W���Y�L�U�W�X�D�O�O�\���Z�K�L�F�K���H�Q�K�D�Q�F�H�V���W�K�H���O�H�D�U�Q�L�Q�J���´ 
�³�,�W���L�V���J�R�R�G���W�K�D�W���Z�H���F�D�Q���N�H�H�S���X�S���Z�L�W�K���O�D�W�H�V�W���W�H�F�K�Q�R�O�R�J�\���L�Q���V�F�K�R�R�O���´ 

�1�H�X�W�U�D�O���0�L�[�H�G �� �³���:�L�W�K���W�K�H���'�L�J�L�W�D�O���7�Z�L�Q�����L�W���P�D�N�H�V���X�Q�G�H�U�V�W�D�Q�G�L�Q�J���R�I���W�K�H���F�R�G�H���H�D�V�L�H�U���D�V���L�W���L�V���D�E�O�H���W�R���V�L�P�X�O�D�W�H���L�W����
�+�R�Z�H�Y�H�U�����W�K�H���F�R�Q�Q�H�F�W�L�R�Q���E�H�W�Z�H�H�Q���W�K�H���7�,�$���3�R�U�W�D�O���D�Q�G���'�L�J�L�W�D�O���7�Z�L�Q���L�V���X�Q�F�O�H�D�U���D�V���W�K�H�U�H���L�V���Q�R��
�F�O�H�D�U���V�L�J�Q���V�K�R�Z�L�Q�J���L�W���L�V���F�R�Q�Q�H�F�W�H�G���X�Q�O�L�N�H���W�K�H���7�,�$���S�R�U�W�D�O���´ 
�³���,���G�R�Q�¶�W���W�K�L�Q�N���L�W���P�D�G�H���P�X�F�K���G�L�I�I�H�U�H�Q�F�H���E�X�W���L�W���G�L�G���P�D�N�H���O�H�D�U�Q�L�Q�J���D�Q�G���Y�L�V�X�D�O�L�V�L�Q�J���H�D�V�L�H�U���´ 

�1�H�J�D�W�L�Y�H �� �³���,���I�L�Q�G���W�K�D�W���L�W�¶�V���D���O�L�W�W�O�H���K�D�U�G�H�U���W�R���O�H�D�U�Q���E�H�F�D�X�V�H���,���F�D�Q�
�W���V�H�H���W�K�H���S�K�\�V�L�F�D�O���F�R�Q�Q�H�F�W�L�R�Q�V���V�R���,���J�H�W��
�F�R�Q�I�X�V�H�G���K�R�Z���R�U���Z�K�\���V�R�P�H�W�K�L�Q�J���J�H�W�V���W�X�U�Q�H�G���R�Q���R�U���R�I�I���´ 
�³���,���G�L�G�Q�
�W���T�X�L�W�H���X�Q�G�H�U�V�W�D�Q�G���K�R�Z���W�R���X�V�H���L�W���´ 
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�6�W�D�I�I���I�H�H�G�E�D�F�N���� 

Immediately following the week when the DT labs were conducted, an online survey were sent 
to all the four teaching staff members to gather their feedback on the DT lab. The survey 
included the following four items rated on a 7-point Likert scale (1 = strongly disagree to 7 = 
strongly agree) as shown in Figure 6. 
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�(�7���������� �3�/�&�� �$�S�S�O�L�F�D�W�L�R�Q�V�� �P�R�G�X�O�H���� �H�Q�K�D�Q�F�L�Q�J�� �V�W�X�G�H�Q�W�� �O�H�D�U�Q�L�Q�J�� �E�H�\�R�Q�G�� �W�K�H�� �S�K�\�V�L�F�D�O�� �O�D�E�¶�V��
�O�L�P�L�W�D�W�L�R�Q�V�����7�K�L�V���'�7���P�R�G�H�O���Z�D�V���G�H�V�L�J�Q�H�G���Z�L�W�K���S�U�L�Q�F�L�S�O�H�V���I�U�R�P���6�H�O�I���'�H�W�H�U�P�L�Q�D�W�L�R�Q���7�K�H�R�U�\���D�Q�G��
�&�R�J�Q�L�W�L�Y�H���/�R�D�G���7�K�H�R�U�\���W�R���K�H�O�S���U�H�G�X�F�H���F�R�J�Q�L�W�L�Y�H���O�R�D�G���D�Q�G���L�P�S�U�R�Y�H���Y�L�V�X�D�O�L�]�D�W�L�R�Q�����F�R�Q�W�U�L�E�X�W�L�Q�J���W�R��
�P�R�U�H���H�I�I�H�F�W�L�Y�H���O�H�D�U�Q�L�Q�J���H�[�S�H�U�L�H�Q�F�H�V�����)�L�Q�G�L�Q�J�V���I�U�R�P���V�X�U�Y�H�\�V���D�Q�G���L�Q�W�H�U�Y�L�H�Z�V���U�H�Y�H�D�O�H�G���S�R�V�L�W�L�Y�H��
�I�H�H�G�E�D�F�N�� �I�U�R�P�� �V�W�X�G�H�Q�W�V�� �D�Q�G�� �V�W�D�I�I���� �Z�L�W�K�� �P�R�V�W�� �V�W�X�G�H�Q�W�V�� �K�L�J�K�O�L�J�K�W�L�Q�J�� �'�7�
�V�� �U�R�O�H�� �L�Q�� �L�P�S�U�R�Y�L�Q�J��
�Y�L�V�X�D�O�L�]�D�W�L�R�Q���D�Q�G���O�H�D�U�Q�L�Q�J�����,�P�S�R�U�W�D�Q�W�O�\�����W�K�L�V���G�H�Y�H�O�R�S�P�H�Q�W���V�H�U�Y�H�V���D�V���D���W�D�U�J�H�W�H�G���H�G�X�F�D�W�L�R�Q�D�O���W�R�R�O��
�D�L�P�H�G���Q�R�W���R�Q�O�\���D�W���L�P�S�U�R�Y�L�Q�J���V�W�X�G�H�Q�W�V�¶���X�Q�G�H�U�V�W�D�Q�G�L�Q�J���R�I���F�X�U�U�H�Q�W���V�F�H�Q�D�U�L�R�V���E�X�W���D�O�V�R���D�W���I�R�V�W�H�U�L�Q�J��
�F�U�L�W�L�F�D�O���W�K�L�Q�N�L�Q�J���D�E�R�X�W���S�R�W�H�Q�W�L�D�O���I�X�W�X�U�H���F�K�D�O�O�H�Q�J�H�V���L�Q���H�Q�J�L�Q�H�H�U�L�Q�J�����%�\���V�L�P�X�O�D�W�L�Q�J���V�F�H�Q�D�U�L�R�V���W�K�D�W��
�H�[�W�H�Q�G�� �E�H�\�R�Q�G�� �W�K�H�� �S�K�\�V�L�F�D�O�� �O�D�E�� �V�H�W�X�S���� �V�W�X�G�H�Q�W�V�� �F�D�Q�� �S�U�D�F�W�L�F�H�� �D�Q�W�L�F�L�S�D�W�L�Q�J�� �L�V�V�X�H�V�� �D�Q�G��
�G�H�Y�H�O�R�S�L�Q�J�� �V�R�O�X�W�L�R�Q�V���� �S�U�H�S�D�U�L�Q�J�� �W�K�H�P�� �I�R�U�� �W�K�H�� �H�Y�R�O�Y�L�Q�J�� �G�H�P�D�Q�G�V�� �R�I�� �W�K�H�� �I�L�H�O�G�����7�K�H�� �'�7�� �P�R�G�H�O����
�Z�K�L�O�H���O�L�Q�N�H�G���W�R���W�K�H���I�L�[�H�G���S�K�\�V�L�F�D�O���V�H�W�X�S���L�Q���W�K�H���O�D�E�����D�O�O�R�Z�V���I�R�U���W�K�H���L�Q�F�O�X�V�L�R�Q���R�I���Y�D�U�L�R�X�V���V�F�H�Q�D�U�L�R�V��
�W�K�D�W���F�D�Q�Q�R�W���E�H���S�K�\�V�L�F�D�O�O�\���U�H�S�O�L�F�D�W�H�G�����W�K�H�U�H�E�\���E�U�R�D�G�H�Q�L�Q�J���W�K�H���V�F�R�S�H���R�I���O�H�D�U�Q�L�Q�J���D�Q�G���D�S�S�O�L�F�D�W�L�R�Q�� 
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�&�K�L�D���&�K�H�Z���/�L�Q���L�V���W�K�H���7���	���/���0�H�Q�W�R�U���D�W���W�K�H���6�F�K�R�R�O���R�I���(�O�H�F�W�U�L�F�D�O���D�Q�G���(�O�H�F�W�U�R�Q�L�F���(�Q�J�L�Q�H�H�U�L�Q�J���L�Q��
�6�L�Q�J�D�S�R�U�H���3�R�O�\�W�H�F�K�Q�L�F�����6�K�H���F�X�U�U�H�Q�W�O�\���H�[�S�O�R�U�H�V���W�H�D�F�K�L�Q�J���D�S�S�U�R�D�F�K�H�V���W�K�D�W���H�P�E�H�G���V�X�V�W�D�L�Q�D�E�L�O�L�W�\��
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�I�R�U�P�X�O�D�V���� �+�D�Q�G�V���2�Q�� �/�H�D�U�Q�L�Q�J���$�F�W�L�Y�L�W�L�H�V�� ���+�2�/�$�V������ �D�V�� �D�� �I�R�U�P�� �R�I�� �D�F�W�L�Y�H�� �O�H�D�U�Q�L�Q�J���� �K�D�Y�H���V�K�R�Z�Q��
�S�R�W�H�Q�W�L�D�O���L�Q���I�D�F�L�O�L�W�D�W�L�Q�J���F�R�Q�F�H�S�W�X�D�O���X�Q�G�H�U�V�W�D�Q�G�L�Q�J���>�&�'�,�2���6�W�D�Q�G�D�U�G�����@�����+�R�Z�H�Y�H�U�����G�H�V�L�J�Q�L�Q�J���D�Q�G��
�L�P�S�O�H�P�H�Q�W�L�Q�J���+�2�/�$�V���F�D�Q���E�H���G�D�X�Q�W�L�Q�J�����S�D�U�W�L�F�X�O�D�U�O�\���L�Q���O�D�U�J�H���I�L�U�V�W���\�H�D�U���E�D�F�K�H�O�R�U���F�O�D�V�V�H�V�����������±
�������������V�W�X�G�H�Q�W�V�������G�X�H���W�R���O�R�J�L�V�W�L�F�D�O���D�Q�G���I�L�Q�D�Q�F�L�D�O���F�R�Q�V�W�U�D�L�Q�W�V�����F�R�P�E�L�Q�H�G���Z�L�W�K���D���O�D�F�N���R�I���H�V�W�D�E�O�L�V�K�H�G��
�L�Q�V�W�U�X�F�W�L�R�Q�D�O���G�H�V�L�J�Q���P�H�W�K�R�G�R�O�R�J�L�H�V���� 
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�L�P�S�O�H�P�H�Q�W�D�W�L�R�Q���S�U�R�M�H�F�W���R�Q���³�$�F�W�L�Y�H���0�X�O�W�L�V�H�Q�V�R�U�L�D�O���/�H�D�U�Q�L�Q�J���L�Q���/�D�U�J�H���&�O�D�V�V�H�V�´�����7�8�'�H�O�I�W������������������
�7�K�H�� �S�U�R�M�H�F�W�� �D�L�P�V�� �W�R�� �G�H�V�L�J�Q�� �D�� �V�H�U�L�H�V�� �R�I�� �V�P�D�O�O���� �D�I�I�R�U�G�D�E�O�H���� �D�Q�G�� �O�R�J�L�V�W�L�F�D�O�O�\�� �I�H�D�V�L�E�O�H�� �K�D�Q�G�V���R�Q��
�D�F�W�L�Y�L�W�L�H�V�� �W�K�D�W�� �H�I�I�H�F�W�L�Y�H�O�\�� �I�R�V�W�H�U�� �V�W�X�G�H�Q�W�V�¶�� �H�Q�J�D�J�H�P�H�Q�W�� �D�Q�G�� �F�R�Q�F�H�S�W�X�D�O�� �X�Q�G�H�U�V�W�D�Q�G�L�Q�J���� �7�K�H��
�R�X�W�F�R�P�H�V�� �R�I�� �W�K�L�V�� �S�U�R�M�H�F�W�� �D�U�H�� �L�Q�W�H�Q�G�H�G�� �W�R�� �S�U�R�Y�L�G�H�� �S�U�D�F�W�L�F�D�O�� �J�X�L�G�D�Q�F�H�� �D�Q�G���H�[�D�P�S�O�H�V���I�R�U�� �R�W�K�H�U��
�H�G�X�F�D�W�R�U�V�� �D�W�� �'�H�O�I�W�� �8�Q�L�Y�H�U�V�L�W�\�� �R�I�� �7�H�F�K�Q�R�O�R�J�\�� ���W�K�H�� �1�H�W�K�H�U�O�D�Q�G�V������ �I�D�F�L�O�L�W�D�W�L�Q�J�� �W�K�H�� �L�Q�W�H�J�U�D�W�L�R�Q�� �R�I��
�V�L�P�L�O�D�U�� �D�F�W�L�Y�L�W�L�H�V�� �L�Q�W�R�� �W�K�H�L�U�� �F�R�X�U�V�H�V�� �>�&�'�,�2�� �6�W�D�Q�G�D�U�G�� �����@���� �7�K�L�V�� �S�D�S�H�U�� �S�U�H�V�H�Q�W�V�� �D�� �S�L�O�R�W�� �V�W�X�G�\��
�H�Y�D�O�X�D�W�L�Q�J�� �W�K�H�� �V�X�L�W�D�E�L�O�L�W�\�� �D�Q�G�� �H�I�I�H�F�W�L�Y�H�Q�H�V�V�� �R�I�� �D�Q�� �L�Q�V�W�U�X�F�W�L�R�Q�D�O�� �G�H�V�L�J�Q�� �P�H�W�K�R�G�R�O�R�J�\�� �I�R�U��
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This study investigates the development and implementation of Prompt Mentor, an AI-
powered feedforward tool designed to support students in developing effective prompts in 
using and engaging critically with generative AI. The tool provides structured, iterative 
guidance to enhance academic reasoning and writing, and is integrated into an engineering 
�P�D�W�H�U�L�D�O�V���F�R�X�U�V�H���Y�L�D���5�0�,�7�¶�V���L�Q�V�W�L�W�X�W�L�R�Q�D�O���F�K�D�W�E�R�W�����9�$�/�������3�U�R�P�S�W���0�H�Q�W�R�U���Z�D�V���G�H�Y�H�O�R�S�H�G���L�Q��
alignment with the CDIO educational framework and ethical standards for secure, scalable 
�G�H�S�O�R�\�P�H�Q�W���Z�L�W�K�L�Q���W�K�H���X�Q�L�Y�H�U�V�L�W�\�¶�V���O�H�D�U�Q�L�Q�J���H�Q�Y�L�U�R�Q�P�H�Q�W�����7�Z�R���U�H�V�H�D�U�F�K���T�X�H�V�W�L�R�Q�V���J�X�L�G�H�G���W�K�H��
study: (1) how can  Prompt Mentor be integrated into an engineering course to support 
prompt formulation; and (2) what pedagogical principles enhance reasoning and critical 
thinking through using such tools? Analysis focused on the quality of student-generated 
prompts, the use of AI feedback, and evidence of critical engagement in submitted 
assignments and reflections. Findings indicate that Prompt Mentor supported the 
development of prompt engineering as a teachable, iterative skill. Students demonstrated an 
improvement in their ability to frame specific and relevant inquiries and apply AI responses 
thoughtfully in their academic work. The tool functioned effectively as a feedforward 
mechanism, encouraging structured inquiry, self-regulated learning and increased 
confidence, particularly among students from non-English-speaking backgrounds. This study 
contributes new insights into the pedagogical design and institutional integration of 
generative AI in higher education. It moves beyond a technical demonstration to provide 
evidence of learning outcomes and transferable design principles for AI-supported academic 
development. Our study confirms that Prompt Mentor offers a replicable model for ethically 
grounded, pedagogically aligned AI tools that can address scalability and inclusivity in 
engineering education. 
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�,�Q�� �6�H�S�W�H�P�E�H�U�� ������������ �$�X�V�W�U�D�O�L�D�Q�� �,�Q�W�H�U�Q�D�W�L�R�Q�D�O�� �(�G�X�F�D�W�L�R�Q�� �H�Q�U�R�O�O�H�G�� �������������������� �L�Q�W�H�U�Q�D�W�L�R�Q�D�O��
�V�W�X�G�H�Q�W�V���� �$�E�R�X�W�� �K�D�O�I�� �R�I�� �W�K�H�V�H�� �L�Q�W�H�U�Q�D�W�L�R�Q�D�O�� �V�W�X�G�H�Q�W�V�� �V�W�X�G�L�H�G�� �L�Q�� �K�L�J�K�H�U�� �H�G�X�F�D�W�L�R�Q���� �D�Q�G�� �W�K�H��
�P�D�M�R�U�L�W�\�� ������������ �D�U�H�� �I�U�R�P�� �Q�R�Q���Q�D�W�L�Y�H�� �(�Q�J�O�L�V�K���V�S�H�D�N�L�Q�J�� �E�D�F�N�E�R�D�U�G�V�� ���1�(�6�%������ �V�X�F�K�� �D�V���&�K�L�Q�D��
�������������� �,�Q�G�L�D�� �������������� �1�H�S�D�O�� ������������ �3�K�L�O�L�S�S�L�Q�H�V�� ���������� �D�Q�G�� �9�L�H�W�Q�D�P�� �������������'�H�S�D�U�W�P�H�Q�W�� �R�I��
�(�G�X�F�D�W�L�R�Q���� �������������� �:�K�L�O�H���W�K�H�� �L�Q�F�R�P�L�Q�J�� �1�(�6�%�� �V�W�X�G�H�Q�W�V�� �K�D�Y�H�� �D���P�L�Q�L�P�X�P�� �O�H�Y�H�O�� �R�I�� �W�K�H�� �(�Q�J�O�L�V�K��
�O�D�Q�J�X�D�J�H�� �S�U�R�I�L�F�L�H�Q�F�\���� �P�D�Q�\�� �1�(�6�%�� �V�W�X�G�H�Q�W�V�� �U�H�S�R�U�W�H�G�� �F�K�D�O�O�H�Q�J�H�V�� �Z�L�W�K�� �U�H�D�G�L�Q�J���� �Z�U�L�W�L�Q�J�� �D�Q�G��
�V�S�H�D�N�L�Q�J���L�Q���D�F�D�G�H�P�L�F���F�R�Q�W�H�[�W�V�����5�D�P�M�D�Q���H�W���D�O�������������������:�D�W�N�L�Q�V���H�W���D�O�������������������� 

�,�Q���D�G�G�L�W�L�R�Q�����D�O�O���L�Q�G�L�Y�L�G�X�D�O�V�����L�U�U�H�V�S�H�F�W�L�Y�H���R�I���W�K�H�L�U���S�K�\�V�L�F�D�O�����F�R�J�Q�L�W�L�Y�H�����R�U���P�H�Q�W�D�O���K�H�D�O�W�K���V�W�D�W�X�V���D�Q�G��
�W�K�H�L�U�� �O�L�I�H�� �D�Q�G�� �Z�R�U�N�� �F�R�P�P�L�W�P�H�Q�W�V���� �K�D�Y�H�� �D�Q�� �H�T�X�D�O�� �D�Q�G�� �I�X�Q�G�D�P�H�Q�W�D�O�� �U�L�J�K�W�� �W�R�� �H�G�X�F�D�W�L�R�Q���� �<�H�W����
�V�W�X�G�H�Q�W�V���H�Q�J�D�J�H�G���L�Q���H�T�X�L�W�D�E�O�H���O�H�D�U�Q�L�Q�J�����V�S�H�F�L�I�L�F�D�O�O�\���W�K�R�V�H���Z�L�W�K���U�H�F�R�J�Q�L�]�H�G���G�L�V�D�E�L�O�L�W�L�H�V�����F�K�U�R�Q�L�F��
�L�O�O�Q�H�V�V�H�V���� �R�U�� �P�H�Q�W�D�O�� �K�H�D�O�W�K�� �F�R�Q�G�L�W�L�R�Q�V�� �D�V�� �G�H�O�L�Q�H�D�W�H�G�� �E�\�� �W�K�H�� �'�L�V�D�E�L�O�L�W�\�� �'�L�V�F�U�L�P�L�Q�D�W�L�R�Q�� �$�F�W��
���$�X�V�W�U�D�O�L�D�Q�� �*�R�Y�H�U�Q�P�H�Q�W���� �������������� �D�O�R�Q�J�V�L�G�H�� �W�K�R�V�H�� �H�Q�F�R�X�Q�W�H�U�L�Q�J�� �S�D�U�W�L�F�X�O�D�U�� �O�L�I�H�� �R�U�� �Z�R�U�N��
�F�L�U�F�X�P�V�W�D�Q�F�H�V�����R�I�W�H�Q���H�Q�F�R�X�Q�W�H�U���X�Q�L�T�X�H���F�K�D�O�O�H�Q�J�H�V���W�K�D�W���F�D�Q���L�P�S�H�G�H���H�G�X�F�D�W�L�R�Q�D�O���H�[�S�H�U�L�H�Q�F�H�V����
�$�V�� �Z�H�� �Q�D�Y�L�J�D�W�H�� �W�K�H�� �I�D�V�W���F�K�D�Q�J�L�Q�J�� �H�G�X�F�D�W�L�R�Q�� �H�Q�Y�L�U�R�Q�P�H�Q�W�� �L�Q�I�O�X�H�Q�F�H�G�� �E�\�� �W�H�F�K�Q�R�O�R�J�L�F�D�O��
�D�G�Y�D�Q�F�H�P�H�Q�W���� �L�W�� �L�V�� �L�P�S�H�U�D�W�L�Y�H�� �W�R�� �L�G�H�Q�W�L�I�\�� �D�Q�G�� �L�P�S�O�H�P�H�Q�W���V�R�O�X�W�L�R�Q�V�� �W�K�D�W�� �I�R�V�W�H�U�� �L�Q�F�O�X�V�L�Y�L�W�\�� �D�Q�G��
�S�H�U�V�R�Q�D�O�L�]�D�W�L�R�Q���L�Q���O�H�D�U�Q�L�Q�J���I�R�U���D�O�O���V�W�X�G�H�Q�W�V�����0�D�Q�\���U�H�V�H�D�U�F�K�H�U�V���K�D�Y�H���F�R�Q�W�H�Q�G�H�G���W�K�D�W���X�Q�L�Y�H�U�V�L�W�L�H�V��
�D�U�H���U�H�V�S�R�Q�V�L�E�O�H���I�R�U���G�H�O�L�Y�H�U�L�Q�J���H�G�X�F�D�W�L�R�Q���H�T�X�L�W�D�E�O�\�����.�L�P�S�W�R�Q���H�W���D�O�������������������0�F�*�U�D�W�K���H�W���D�O������������������
�0�R�K�H�E�E�L���������������� 

�*�L�Y�H�Q�� �W�K�H�� �S�U�R�P�L�V�L�Q�J�� �G�H�Y�H�O�R�S�P�H�Q�W�V�� �L�Q�� �D�U�W�L�I�L�F�L�D�O�� �L�Q�W�H�O�O�L�J�H�Q�F�H�� ���$�,������ �V�S�H�F�L�I�L�F�D�O�O�\�� �&�K�D�W�*�3�7���� �W�K�L�V��
�U�H�V�H�D�U�F�K���D�L�P�V���W�R���L�Q�Y�H�V�W�L�J�D�W�H���W�K�H�L�U���S�R�W�H�Q�W�L�D�O���D�Q�G���L�G�H�Q�W�L�I�\���D�U�H�D�V���R�I���L�P�S�U�R�Y�H�P�H�Q�W���L�Q���Z�K�L�F�K���Z�H���F�D�Q��
�K�D�U�Q�H�V�V���W�K�H���S�R�Z�H�U���R�I���$�,���W�R�R�O�V���W�R���K�H�O�S���V�W�X�G�H�Q�W�V���Z�L�W�K���H�T�X�L�W�D�E�O�H���O�H�D�U�Q�L�Q�J���Q�H�H�G�V�����7�K�H���P�R�W�L�Y�D�W�L�R�Q��
�E�H�K�L�Q�G�� �3�U�R�P�S�W�� �0�H�Q�W�R�U�� �L�V�� �W�R�� �D�G�G�U�H�V�V�� �W�K�H�� �F�K�D�O�O�H�Q�J�H�V�� �V�W�X�G�H�Q�W�V�� �I�D�F�H�� �Z�K�H�Q�� �W�K�H�\�� �D�U�H�� �V�W�X�G�\�L�Q�J��
�R�X�W�V�L�G�H�� �F�O�D�V�V�U�R�R�P�V�� �D�Q�G�� �O�D�F�N�� �V�R�P�H�R�Q�H�� �W�R�� �F�R�Q�V�X�O�W�� �Z�L�W�K���� �(�Q�J�L�Q�H�H�U�L�Q�J�� �L�V�� �I�L�O�O�H�G�� �Z�L�W�K�� �F�R�P�S�O�H�[��
�S�U�R�E�O�H�P�V���� �D�Q�G�� �V�W�X�G�H�Q�W�V�� �R�I�W�H�Q�� �I�L�Q�G�� �W�K�H�P�V�H�O�Y�H�V�� �V�W�X�F�N�� �Z�L�W�K�R�X�W�� �W�L�P�H�O�\�� �J�X�L�G�D�Q�F�H���� �2�X�U�� �S�U�R�M�H�F�W��
�D�L�P�H�G���W�R�� �F�U�H�D�W�H�� �D�� �V�R�O�X�W�L�R�Q�� �W�K�D�W�� �O�H�Y�H�U�D�J�H�V���$�,�� �W�R���G�H�O�L�Y�H�U�� �V�W�U�X�F�W�X�U�H�G���� �S�H�U�V�R�Q�D�O�L�]�H�G�� �I�H�H�G�I�R�U�Z�D�U�G��
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This study contributes to the growing body of research on AI-enhanced learning by 
demonstrating how a purpose-built tool like Prompt Mentor can support structured inquiry, 
enhance student learning through active engagement and promote self-directed learning in 
engineering education. By integrating generative AI within a secure institutional environment 
and aligning with CDIO principles, the project offers a model for ethically grounded, scalable 
innovation. 

Beyond its technical implementation, this study demonstrates significant potential in the 
teachability of prompt engineering, the value of feedforward design and the pedagogical 
conditions that foster AI-supported reasoning. Students demonstrated their ability to 
formulate purposeful prompts, engage with AI outputs and apply insights in academic 
writing�² key competencies for future engineers. As engineering education continues to 
evolve, this work offers a research-informed strategy for integrating AI in ways that extend 
the CDIO framework to improve how students learn and how they think. 
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�6�F�K�R�R�O���R�I���$�U�F�K�L�W�H�F�W�X�U�H�����,�Q�G�X�V�W�U�L�D�O���'�H�V�L�J�Q���D�Q�G���W�K�H���%�X�L�O�W���(�Q�Y�L�U�R�Q�P�H�Q�W�����0�D�S�X�D���8�Q�L�Y�H�U�V�L�W�\ 

�$�%�6�7�5�$�&�7�� 

�7�K�L�V�� �V�W�X�G�\�� �H�[�S�O�R�U�H�V�� �W�K�H�� �G�\�Q�D�P�L�F�� �L�Q�W�H�U�S�O�D�\�� �R�I�� �S�U�H�S�D�U�H�G�Q�H�V�V���� �W�D�V�N�� �G�H�V�L�J�Q���� �I�H�H�G�E�D�F�N���� �D�Q�G��
�F�R�O�O�D�E�R�U�D�W�L�R�Q�� �L�Q�� �V�K�D�S�L�Q�J�� �V�W�X�G�H�Q�W�� �H�Q�J�D�J�H�P�H�Q�W�� �D�Q�G�� �S�H�U�I�R�U�P�D�Q�F�H�� �L�Q�� �D�U�F�K�L�W�H�F�W�X�U�D�O�� �H�G�X�F�D�W�L�R�Q����
�I�U�D�P�H�G�� �Z�L�W�K�L�Q�� �W�K�H�� �&�R�Q�F�H�L�Y�H���'�H�V�L�J�Q���,�P�S�O�H�P�H�Q�W���2�S�H�U�D�W�H�� ���&�'�,�2���� �V�W�D�Q�G�D�U�G�V���� �%�\�� �L�Q�W�H�J�U�D�W�L�Q�J��
�T�X�D�O�L�W�D�W�L�Y�H�� �D�Q�G�� �T�X�D�Q�W�L�W�D�W�L�Y�H�� �P�H�W�K�R�G�R�O�R�J�L�H�V���� �W�K�H�� �U�H�V�H�D�U�F�K�� �L�Q�Y�H�V�W�L�J�D�W�H�V�� �K�R�Z�� �W�K�H�V�H�� �I�D�F�W�R�U�V��
�L�Q�I�O�X�H�Q�F�H���W�K�H���O�H�D�U�Q�L�Q�J���H�[�S�H�U�L�H�Q�F�H�V���R�I���D�U�F�K�L�W�H�F�W�X�U�H���V�W�X�G�H�Q�W�V���G�X�U�L�Q�J���W�Z�R���G�L�V�W�L�Q�F�W���G�H�V�L�J�Q���S�U�R�M�H�F�W�V����
�D�� �F�R�P�S�O�H�[�� �X�U�E�D�Q�� �U�H�V�R�U�W�� �D�Q�G�� �D�� �V�L�P�S�O�H�U�� �I�H�U�U�\�� �W�H�U�P�L�Q�D�O�����&�R�G�L�Q�J�� �D�Q�G�� �W�K�H�P�D�W�L�F�� �D�Q�D�O�\�V�L�V���Z�D�V��
�H�P�S�O�R�\�H�G�� �W�R�� �D�Q�D�O�\�]�H�� �I�R�F�X�V�� �J�U�R�X�S�� �G�L�V�F�X�V�V�L�R�Q�V���� �Z�K�L�O�H�� �V�W�D�W�L�V�W�L�F�D�O�� �D�Q�D�O�\�V�H�V�� �Y�D�O�L�G�D�W�H�G��
�U�H�O�D�W�L�R�Q�V�K�L�S�V�� �D�P�R�Q�J�� �N�H�\�� �P�H�W�U�L�F�V�� �V�X�F�K�� �D�V�� �H�Q�M�R�\�P�H�Q�W���� �H�I�I�R�U�W���� �F�R�Q�W�U�R�O���� �D�Q�G�� �R�S�H�Q�Q�H�V�V�����7�K�H��
�I�L�Q�G�L�Q�J�V���U�H�Y�H�D�O���W�K�D�W���D�F�D�G�H�P�L�F���S�U�H�S�D�U�H�G�Q�H�V�V���S�O�D�\�V���D���I�R�X�Q�G�D�W�L�R�Q�D�O���U�R�O�H���L�Q���H�T�X�L�S�S�L�Q�J���V�W�X�G�H�Q�W�V���W�R��
�Q�D�Y�L�J�D�W�H���W�K�H���G�H�P�D�Q�G�V���R�I���D�U�F�K�L�W�H�F�W�X�U�D�O���G�H�V�L�J�Q���F�R�X�U�V�H�V�����Z�L�W�K���S�U�L�R�U���W�H�F�K�Q�L�F�D�O���H�[�S�R�V�X�U�H���E�H�L�Q�J���D��
�F�U�L�W�L�F�D�O���H�Q�D�E�O�H�U�����7�D�V�N���G�H�V�L�J�Q���H�P�H�U�J�H�G���D�V���D���V�L�J�Q�L�I�L�F�D�Q�W���P�R�W�L�Y�D�W�R�U�����Z�L�W�K���V�W�U�X�F�W�X�U�H�G���D�Q�G���S�K�D�V�H�G��
�D�V�V�L�J�Q�P�H�Q�W�V�� �S�U�R�P�R�W�L�Q�J�� �L�Q�F�U�H�P�H�Q�W�D�O�� �S�U�R�J�U�H�V�V�� �D�Q�G���V�X�V�W�D�L�Q�H�G�� �H�Q�J�D�J�H�P�H�Q�W���� �)�H�H�G�E�D�F�N�� �Z�D�V��
�L�G�H�Q�W�L�I�L�H�G�� �D�V�� �D�� �F�D�W�D�O�\�V�W�� �I�R�U�� �J�U�R�Z�W�K���� �H�P�S�K�D�V�L�]�L�Q�J�� �W�K�H�� �L�P�S�R�U�W�D�Q�F�H�� �R�I�� �F�O�H�D�U���� �F�R�Q�V�W�U�X�F�W�L�Y�H���� �D�Q�G��
�W�L�P�H�O�\���F�R�P�P�X�Q�L�F�D�W�L�R�Q���L�Q���F�X�O�W�L�Y�D�W�L�Q�J���V�W�X�G�H�Q�W���F�R�Q�I�L�G�H�Q�F�H���D�Q�G���V�N�L�O�O���G�H�Y�H�O�R�S�P�H�Q�W�����&�R�O�O�D�E�R�U�D�W�L�R�Q����
�Z�K�L�O�H���H�Q�U�L�F�K�L�Q�J���S�H�H�U���O�H�D�U�Q�L�Q�J���D�Q�G���F�U�H�D�W�L�Y�L�W�\�����S�R�V�H�G���F�K�D�O�O�H�Q�J�H�V���U�H�O�D�W�H�G���W�R���J�U�R�X�S���G�\�Q�D�P�L�F�V���D�Q�G��
�H�T�X�L�W�D�E�O�H�� �F�R�Q�W�U�L�E�X�W�L�R�Q�V�����7�K�H�V�H�� �L�Q�V�L�J�K�W�V�� �D�O�L�J�Q�� �Z�L�W�K�� �&�'�,�2�� �6�W�D�Q�G�D�U�G�V�� ���� ���O�H�D�U�Q�L�Q�J�� �R�X�W�F�R�P�H�V������ ����
���L�Q�W�H�J�U�D�W�H�G�� �F�X�U�U�L�F�X�O�X�P������ ���� ���G�H�V�L�J�Q���L�P�S�O�H�P�H�Q�W�� �H�[�S�H�U�L�H�Q�F�H�V������ �D�Q�G�� ���� ���L�Q�W�H�J�U�D�W�H�G�� �O�H�D�U�Q�L�Q�J��
�H�Q�Y�L�U�R�Q�P�H�Q�W�V������ �X�Q�G�H�U�V�F�R�U�L�Q�J�� �W�K�H�� �Y�D�O�X�H�� �R�I�� �L�Q�W�H�U�G�L�V�F�L�S�O�L�Q�D�U�\�� �D�Q�G�� �S�U�D�F�W�L�F�D�O�� �D�S�S�U�R�D�F�K�H�V�� �W�R��
�D�U�F�K�L�W�H�F�W�X�U�D�O���H�G�X�F�D�W�L�R�Q�����7�K�H���V�W�X�G�\���D�O�V�R���K�L�J�K�O�L�J�K�W�V���W�K�H���L�P�S�R�U�W�D�Q�F�H���R�I���R�S�H�Q�Q�H�V�V���W�R���I�H�H�G�E�D�F�N���D�Q�G��
�Q�H�Z���L�G�H�D�V���D�V���D���G�U�L�Y�H�U���R�I���V�W�X�G�H�Q�W���H�Q�J�D�J�H�P�H�Q�W���D�Q�G���S�H�U�I�R�U�P�D�Q�F�H�� 
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�S�U�H�S�D�U�H�� �V�W�X�G�H�Q�W�V�� �I�R�U�� �W�K�H�� �F�R�P�S�O�H�[�L�W�L�H�V�� �R�I�� �S�U�R�I�H�V�V�L�R�Q�D�O�� �S�U�D�F�W�L�F�H���� �,�Q�W�H�J�U�D�W�L�Q�J�� �W�H�F�K�Q�L�F�D�O�� �D�Q�G��
�S�U�D�F�W�L�F�D�O�� �N�Q�R�Z�O�H�G�J�H�� �L�Q�W�R�� �G�H�V�L�J�Q�� �W�D�V�N�V�� �L�V�� �F�U�X�F�L�D�O���� �D�V�� �G�H�P�R�Q�V�W�U�D�W�H�G�� �E�\�� �S�U�R�J�U�D�P�V�� �O�L�N�H�� �W�K�H��
�8�Q�L�Y�H�U�V�L�W�\�� �R�I�� �+�D�U�W�I�R�U�G�
�V�� �D�S�S�U�R�D�F�K���� �Z�K�L�F�K�� �E�O�H�Q�G�V�� �D�F�D�G�H�P�L�F���E�D�V�H�G�� �W�K�H�R�U�H�W�L�F�D�O�� �V�W�X�G�L�H�V�� �Z�L�W�K��
�L�Q�G�X�V�W�U�\���I�R�F�X�V�H�G�� �S�U�R�E�O�H�P���V�R�O�Y�L�Q�J�� �W�R�� �H�Q�K�D�Q�F�H�� �F�D�U�H�H�U�� �U�H�D�G�L�Q�H�V�V�� ���3�H�W�U�\���� �������������� �+�D�Q�G�V���R�Q��
�D�F�W�L�Y�L�W�L�H�V���� �V�X�F�K�� �D�V�� �G�H�V�L�J�Q���E�X�L�O�G�� �S�U�R�J�U�D�P�V���� �I�X�U�W�K�H�U�� �U�H�L�Q�I�R�U�F�H�� �V�W�X�G�H�Q�W�V�
�� �X�Q�G�H�U�V�W�D�Q�G�L�Q�J�� �R�I��
�D�U�F�K�L�W�H�F�W�X�U�D�O���S�K�H�Q�R�P�H�Q�D���E�\���S�U�R�Y�L�G�L�Q�J���U�H�D�O���Z�R�U�O�G���F�R�Q�W�H�[�W�V���I�R�U���O�H�D�U�Q�L�Q�J�����$�P�H�U�������������������(�I�I�H�F�W�L�Y�H��
�W�D�V�N���G�H�V�L�J�Q�����L�Q�F�R�U�S�R�U�D�W�L�Q�J���F�R�O�O�D�E�R�U�D�W�L�Y�H���S�U�R�M�H�F�W�V�����S�O�D�\�V���D���Y�L�W�D�O���U�R�O�H���L�Q���G�H�Y�H�O�R�S�L�Q�J���W�H�D�P�Z�R�U�N���D�Q�G��
�S�U�R�E�O�H�P���V�R�O�Y�L�Q�J�� �V�N�L�O�O�V�� �H�V�V�H�Q�W�L�D�O�� �I�R�U�� �D�U�F�K�L�W�H�F�W�X�U�D�O�� �S�U�D�F�W�L�F�H���� �&�R�O�O�D�E�R�U�D�W�L�Y�H�� �G�H�V�L�J�Q�� �V�W�X�G�L�R�V�� �D�Q�G��
�P�X�O�W�L�G�L�V�F�L�S�O�L�Q�D�U�\�� �D�S�S�U�R�D�F�K�H�V���� �V�X�F�K�� �D�V�� �W�K�R�V�H�� �R�X�W�O�L�Q�H�G���L�Q���0�X�O�W�L�S�O�H�� �&�U�L�W�H�U�L�D�� �'�H�F�L�V�L�R�Q�� �6�X�S�S�R�U�W��
�I�U�D�P�H�Z�R�U�N�V�����I�R�V�W�H�U���L�Q�W�H�U�G�L�V�F�L�S�O�L�Q�D�U�\���F�R�O�O�D�E�R�U�D�W�L�R�Q���D�Q�G���L�P�S�U�R�Y�H���G�H�V�L�J�Q���R�X�W�F�R�P�H�V�����(�P�D�P���H�W���D�O������
�������������.�D�P�D�U�D�M���H�W���D�O������������������ 

�)�H�H�G�E�D�F�N���P�H�F�K�D�Q�L�V�P�V���D�O�V�R���V�L�J�Q�L�I�L�F�D�Q�W�O�\�� �L�Q�I�O�X�H�Q�F�H���O�H�D�U�Q�L�Q�J���R�X�W�F�R�P�H�V���E�\�� �S�U�R�Y�L�G�L�Q�J���V�W�X�G�H�Q�W�V��
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�R�I�� �W�K�H�� �I�D�F�W�R�U�V�� �W�K�D�W�� �V�K�D�S�H���V�W�X�G�H�Q�W�� �H�Q�J�D�J�H�P�H�Q�W�� �D�Q�G�� �S�H�U�I�R�U�P�D�Q�F�H�� �L�Q�� �D�U�F�K�L�W�H�F�W�X�U�D�O�� �H�G�X�F�D�W�L�R�Q����
�%�R�W�K�� �D�Q�D�O�\�V�H�V�� �H�P�S�K�D�V�L�]�H�� �W�K�H�� �L�P�S�R�U�W�D�Q�F�H�� �R�I�� �R�S�H�Q�Q�H�V�V���� �W�D�V�N�� �G�H�V�L�J�Q���� �I�H�H�G�E�D�F�N���� �D�Q�G��
�F�R�O�O�D�E�R�U�D�W�L�R�Q���L�Q���F�U�H�D�W�L�Q�J���D���V�X�S�S�R�U�W�L�Y�H���O�H�D�U�Q�L�Q�J���H�Q�Y�L�U�R�Q�P�H�Q�W�����7�K�H�V�H���L�Q�W�H�U�F�R�Q�Q�H�F�W�H�G���H�O�H�P�H�Q�W�V��
�G�H�P�R�Q�V�W�U�D�W�H���K�R�Z���H�G�X�F�D�W�L�R�Q�D�O���H�[�S�H�U�L�H�Q�F�H�V���D�U�H���V�K�D�S�H�G���E�\�� �G�\�Q�D�P�L�F���L�Q�W�H�U�D�F�W�L�R�Q�V���� �K�L�J�K�O�L�J�K�W�L�Q�J��
�D�F�W�L�R�Q�D�E�O�H���R�S�S�R�U�W�X�Q�L�W�L�H�V���I�R�U���L�P�S�U�R�Y�H�P�H�Q�W�����7�K�H���V�W�X�G�\�
�V���O�L�P�L�W�D�W�L�R�Q�V���L�Q�F�O�X�G�H���W�K�H���U�H�O�D�W�L�Y�H�O�\���V�P�D�O�O��
�V�D�P�S�O�H���V�L�]�H�����������S�D�U�W�L�F�L�S�D�Q�W�V�������Z�K�L�F�K���U�H�V�W�U�L�F�W�V���W�K�H���J�H�Q�H�U�D�O�L�]�D�E�L�O�L�W�\���R�I���W�K�H���I�L�Q�G�L�Q�J�V�����S�D�U�W�L�F�X�O�D�U�O�\���L�Q��
�G�U�D�Z�L�Q�J���E�U�R�D�G���F�R�Q�F�O�X�V�L�R�Q�V���D�E�R�X�W���D�U�F�K�L�W�H�F�W�X�U�D�O���H�G�X�F�D�W�L�R�Q���D�F�U�R�V�V���G�L�Y�H�U�V�H���F�R�Q�W�H�[�W�V�����7�K�H�Q�����W�K�H��
�V�W�X�G�\�� �L�V�� �D�O�V�R�� �K�L�J�K�O�\�� �F�R�Q�W�H�[�W�X�D�O�L�]�H�G���� �I�R�F�X�V�L�Q�J�� �R�Q�� �V�S�H�F�L�I�L�F�� �D�U�F�K�L�W�H�F�W�X�U�D�O�� �S�U�R�J�U�D�P�V���� �Z�K�L�F�K�� �P�D�\��
�O�L�P�L�W���L�W�V���D�S�S�O�L�F�D�E�L�O�L�W�\���W�R���R�W�K�H�U���H�G�X�F�D�W�L�R�Q�D�O���R�U���F�X�O�W�X�U�D�O���V�H�W�W�L�Q�J�V�����,�Q���O�L�J�K�W���R�I���W�K�L�V�����R�S�H�Q�Q�H�V�V���H�P�H�U�J�H�G��
�D�V���D���F�U�L�W�L�F�D�O���I�D�F�W�R�U���L�Q���H�Q�M�R�\�P�H�Q�W���D�Q�G���H�I�I�R�U�W�����D�V���H�Y�L�G�H�Q�F�H�G���L�Q���E�R�W�K���T�X�D�O�L�W�D�W�L�Y�H���D�Q�G���T�X�D�Q�W�L�W�D�W�L�Y�H��
�I�L�Q�G�L�Q�J�V���� �6�W�X�G�H�Q�W�V�� �Z�K�R�� �D�U�H�� �U�H�F�H�S�W�L�Y�H�� �W�R�� �I�H�H�G�E�D�F�N�� �D�Q�G�� �R�S�H�Q�� �W�R�� �H�[�S�O�R�U�L�Q�J�� �Q�H�Z�� �L�G�H�D�V�� �V�K�R�Z��
�J�U�H�D�W�H�U���O�H�Y�H�O�V���R�I���H�Q�J�D�J�H�P�H�Q�W���D�Q�G���P�R�W�L�Y�D�W�L�R�Q�����7�K�H���W�K�H�P�D�W�L�F���D�Q�D�O�\�V�L�V���L�O�O�X�V�W�U�D�W�H�V���K�R�Z���R�S�H�Q�Q�H�V�V��
�H�Q�D�E�O�H�V�� �V�W�X�G�H�Q�W�V�� �W�R�� �Q�D�Y�L�J�D�W�H�� �F�K�D�O�O�H�Q�J�H�V�� �P�R�U�H�� �H�I�I�H�F�W�L�Y�H�O�\���� �Z�K�L�O�H�� �W�K�H�� �T�X�D�Q�W�L�W�D�W�L�Y�H�� �D�Q�D�O�\�V�L�V��
�L�G�H�Q�W�L�I�L�H�V���L�W���D�V���D���V�W�U�R�Q�J���S�U�H�G�L�F�W�R�U���R�I���H�Q�M�R�\�P�H�Q�W������� �������������S�����������������D�Q�G���H�I�I�R�U�W������� �������������S������������������
�7�K�H�V�H���I�L�Q�G�L�Q�J�V���X�Q�G�H�U�V�F�R�U�H���W�K�H���Q�H�H�G���I�R�U���H�G�X�F�D�W�R�U�V���W�R���F�U�H�D�W�H���D�F�W�L�Y�L�W�L�H�V���D�Q�G���U�H�I�O�H�F�W�L�Y�H���H�[�H�U�F�L�V�H�V��
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�7�K�H�� �X�Q�S�U�H�F�H�G�H�Q�W�H�G�� �G�H�P�D�Q�G�� �I�R�U�� �Q�D�W�X�U�D�O�� �U�H�V�R�X�U�F�H�V�� �L�Q�� �W�K�H�� �O�D�V�W�� �F�H�Q�W�X�U�\�� �K�D�G�� �U�H�V�X�O�W�H�G�� �L�Q�� �D�Q��
�D�G�Y�H�U�V�H���L�P�S�D�F�W���R�Q���W�K�H���H�Q�Y�L�U�R�Q�P�H�Q�W�����V�R�F�L�H�W�L�H�V�����D�Q�G���H�F�R�Q�R�P�L�H�V���D�U�R�X�Q�G���W�K�H���J�O�R�E�H�����7�K�H���8�Q�L�W�H�G��
�1�D�W�L�R�Q�V�� ���8�1���� �*�H�Q�H�U�D�O�� �$�V�V�H�P�E�O�\�� �D�G�R�S�W�H�G�� ������ �6�X�V�W�D�L�Q�D�E�O�H�� �'�H�Y�H�O�R�S�P�H�Q�W�� �*�R�D�O�V�� ���6�'�*�V���� �L�Q��
�6�H�S�W�H�P�E�H�U�� ���������� �W�R�� �S�U�R�P�R�W�H�� �V�X�V�W�D�L�Q�D�E�O�H�� �G�H�Y�H�O�R�S�P�H�Q�W�� �D�F�U�R�V�V�� �W�K�H�� �*�O�R�E�H�����8�Q�L�W�H�G�� �1�D�W�L�R�Q�V����
���������������7�K�L�V���Z�D�V���D���Y�H�U�\���D�P�E�L�W�L�R�X�V���H�I�I�R�U�W���W�R���S�O�D�F�H���J�R�D�O���V�H�W�W�L�Q�J���D�W���W�K�H���F�H�Q�W�H�U���R�I���J�O�R�E�D�O���S�R�O�L�F�\���D�Q�G��
�J�R�Y�H�U�Q�D�Q�F�H���W�R���G�U�L�Y�H���V�X�V�W�D�L�Q�D�E�L�O�L�W�\�����%�L�H�U�P�D�Q�Q���H�W���D�O�������������������.�D�Q�L�H���H�W���D�O������������������ 

�*�R�Y�H�U�Q�P�H�Q�W�V���D�Q�G���L�Q�G�X�V�W�U�L�H�V���D�F�U�R�V�V���W�K�H���Z�R�U�O�G���K�D�Y�H���V�L�Q�F�H���X�V�H�G���W�K�H���8�1���6�'�*�V���D�V���D���E�D�V�L�V���I�R�U��
�Y�D�U�L�R�X�V���S�R�O�L�F�L�H�V�����S�U�R�F�H�G�X�U�H�V�����D�Q�G���S�U�D�F�W�L�F�H�V�����P�D�N�L�Q�J���L�W���L�P�S�H�U�D�W�L�Y�H���W�K�D�W���W�K�H���I�X�W�X�U�H���Z�R�U�N���I�R�U�F�H���L�V��
�D�Z�D�U�H�� �R�I�� �W�K�H�� �V�X�V�W�D�L�Q�D�E�O�H�� �S�U�D�F�W�L�F�H�V�� �W�R�� �G�U�L�Y�H�� �W�K�H�� �I�X�W�X�U�H�� �G�H�Y�H�O�R�S�P�H�Q�W�� �D�J�H�Q�G�D���� �.�X�Z�D�L�W�
�V�� ����������
�Y�L�V�L�R�Q�� �D�G�D�S�W�V�� �W�K�H�� �8�1�� �6�*�'�V�� ���������� �D�J�H�Q�G�D�� �W�R�� �W�K�H�� �X�Q�L�T�X�H�� �.�X�Z�D�L�W�L�� �H�F�R�Q�R�P�L�F���� �V�R�F�L�D�O���� �D�Q�G��
�H�Q�Y�L�U�R�Q�P�H�Q�W�D�O�� �F�R�Q�G�L�W�L�R�Q�V�� �W�R�� �W�U�D�Q�V�I�R�U�P�� �.�X�Z�D�L�W�� �L�Q�W�R�� �D�� �I�L�Q�D�Q�F�L�D�O�� �D�Q�G�� �W�U�D�G�H�� �K�X�E�� �U�H�J�L�R�Q�D�O�O�\�� �D�Q�G��
�L�Q�W�H�U�Q�D�W�L�R�Q�D�O�O�\���D�Q�G���E�H�F�R�P�L�Q�J���P�R�U�H���D�W�W�U�D�F�W�L�Y�H���W�R���L�Q�Y�H�V�W�R�U�V�����*�H�Q�H�U�D�O���6�H�F�U�H�W�D�U�L�D�W���R�I���W�K�H���6�X�S�U�H�P�H��
�&�R�X�Q�F�L�O�� �I�R�U�� �3�O�D�Q�Q�L�Q�J�� �D�Q�G�� �'�H�Y�H�O�R�S�P�H�Q�W�� �R�I�� �.�X�Z�D�L�W���� �������������� �7�K�H�� �S�L�O�O�D�U�V�� �R�I�� �W�K�H�� �1�D�W�L�R�Q�D�O��
�'�H�Y�H�O�R�S�P�H�Q�W���3�O�D�Q���������������9�L�V�L�R�Q�����D�U�H�����V�X�V�W�D�L�Q�D�E�O�H���G�L�Y�H�U�V�L�I�L�H�G���H�F�R�Q�R�P�\�����H�I�I�H�F�W�L�Y�H���F�L�Y�L�O���V�H�U�Y�L�F�H����
�V�X�V�W�D�L�Q�D�E�O�H�� �O�L�Y�L�Q�J�� �H�Q�Y�L�U�R�Q�P�H�Q�W���� �G�H�Y�H�O�R�S�H�G�� �L�Q�I�U�D�V�W�U�X�F�W�X�U�H���� �K�L�J�K�� �T�X�D�O�L�W�\�� �K�H�D�O�W�K�F�D�U�H���� �F�U�H�D�W�L�Y�H��
�K�X�P�D�Q���F�D�S�L�W�D�O�����D�Q�G���J�O�R�E�D�O���S�R�V�L�W�L�R�Q�L�Q�J�����0�L�Q�L�V�W�U�\���R�I���)�R�U�H�L�J�Q���$�I�I�D�L�U�V�����6�W�D�W�H���R�I���.�X�Z�D�L�W�����Q���G������ 

�$�V���J�R�Y�H�U�Q�P�H�Q�W�V���D�Q�G���L�Q�G�X�V�W�U�L�H�V���D�F�U�R�V�V���W�K�H���Z�R�U�O�G���U�H�F�R�Q�I�L�J�X�U�H���W�K�H�L�U���G�H�Y�H�O�R�S�P�H�Q�W���V�W�U�D�W�H�J�L�H�V���W�R��
�D�O�L�J�Q�� �Z�L�W�K�� �8�1�� �6�'�*�V���� �L�W�� �L�V�� �L�P�S�H�U�D�W�L�Y�H�� �W�K�D�W�� �W�K�H�� �I�X�W�X�U�H�� �Z�R�U�N�� �I�R�U�F�H�� �L�V�� �D�Z�D�U�H�� �R�I�� �W�K�H�� �V�X�V�W�D�L�Q�D�E�O�H��
�S�U�D�F�W�L�F�H�V���W�R���G�U�L�Y�H���W�K�H���I�X�W�X�U�H���G�H�Y�H�O�R�S�P�H�Q�W���D�J�H�Q�G�D�����+�H�Q�F�H�����H�G�X�F�D�W�L�R�Q���D�W���D�O�O���O�H�Y�H�O�V���Q�H�H�G�V���W�R���S�O�D�\��
�D���V�L�J�Q�L�I�L�F�D�Q�W���U�R�O�H���L�Q���S�U�R�P�R�W�L�Q�J���V�X�V�W�D�L�Q�D�E�O�H���O�L�Y�H�O�L�K�R�R�G�V�������4�X�H�O�K�D�V���H�W���D�O�������������������G�H�I�L�Q�H�V���H�G�X�F�D�W�L�R�Q��
�I�R�U���V�X�V�W�D�L�Q�D�E�O�H���G�H�Y�H�O�R�S�P�H�Q�W���D�V���W�K�H���H�G�X�F�D�W�L�R�Q���W�K�D�W���D�L�P�V���D�W���S�U�H�S�D�U�L�Q�J���L�Q�G�L�Y�L�G�X�D�O�V���W�R���G�H�D�O���Z�L�W�K��
�H�F�R�Q�R�P�L�F���� �V�R�F�L�D�O���� �D�Q�G�� �H�Q�Y�L�U�R�Q�P�H�Q�W�D�O�� �S�U�R�E�O�H�P�V�� �W�K�D�W�� �W�K�U�H�D�W�H�Q�� �V�X�V�W�D�L�Q�D�E�L�O�L�W�\���� �7�K�L�V�� �H�G�X�F�D�W�L�R�Q��
�Q�H�H�G�V���W�R���J�R���E�H�\�R�Q�G���W�K�H���N�Q�R�Z�O�H�G�J�H���D�Q�G���X�Q�G�H�U�V�W�D�Q�G�L�Q�J���R�I���H�Q�Y�L�U�R�Q�P�H�Q�W�D�O���D�Q�G���V�R�F�L�D�O���L�V�V�X�H�V�����W�R��
�D�I�I�H�F�W���D�W�W�L�W�X�G�H�V�����F�K�D�Q�J�H���E�H�K�D�Y�L�R�U�V�����D�Q�G���S�U�R�P�R�W�H���F�R�P�S�H�W�H�Q�F�L�H�V���Q�H�H�G�H�G���W�R���V�K�D�S�H���D���V�X�V�W�D�L�Q�D�E�O�H��
�I�X�W�X�U�H�����8�1�(�6�&�2���5�H�S�U�H�V�H�Q�W�D�W�L�R�Q���L�Q���%�U�D�]�L�O�������������������7�R���G�U�L�Y�H���U�H�D�O���F�K�D�Q�J�H�����W�K�H���V�W�X�G�H�Q�W�V���Q�H�H�G���W�R��
�J�R�� �E�H�\�R�Q�G�� �L�Q�F�U�H�D�V�H�G�� �D�Z�D�U�H�Q�H�V�V�� �R�I�� �V�X�V�W�D�L�Q�D�E�O�H�� �S�U�D�F�W�L�F�H�V�� �D�Q�G�� �F�K�D�Q�J�H�� �W�K�H�L�U�� �D�W�W�L�W�X�G�H�V�� �D�Q�G��
�E�H�K�D�Y�L�R�U�V���W�R���V�X�S�S�R�U�W���V�X�V�W�D�L�Q�D�E�O�H���S�U�D�F�W�L�F�H�V�� 
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�N�Q�R�Z�O�H�G�J�H���R�I���V�X�V�W�D�L�Q�D�E�L�O�L�W�\���S�U�D�F�W�L�F�H�V���Z�D�V���Q�R�W���V�D�W�L�V�I�D�F�W�R�U�\���Z�L�W�K���V�L�J�Q�L�I�L�F�D�Q�W���N�Q�R�Z�O�H�G�J�H���J�D�S�V���L�Q��
�Y�D�U�L�R�X�V�� �D�U�H�D�V���� �6�L�Q�F�H�� �W�K�H�Q���� �V�W�X�G�L�H�V�� �Z�H�U�H�� �F�R�Q�G�X�F�W�H�G�� �W�R�� �S�U�R�P�R�W�H�� �H�G�X�F�D�W�L�R�Q�� �I�R�U�� �V�X�V�W�D�L�Q�D�E�O�H��
�G�H�Y�H�O�R�S�P�H�Q�W�����5�R�V�H���H�W���D�O�������������������V�W�D�W�H�G���W�K�D�W���V�W�X�G�H�Q�W�V�¶���D�Z�D�U�H�Q�H�V�V���R�I���V�X�V�W�D�L�Q�D�E�O�H���S�U�D�F�W�L�F�H�V���Z�D�V��
�L�P�S�U�R�Y�H�G�� �E�\�� �H�P�E�H�G�G�L�Q�J�� �V�X�V�W�D�L�Q�D�E�L�O�L�W�\�� �L�Q�W�R�� �D�� �I�L�U�V�W���\�H�D�U�� �H�Q�J�L�Q�H�H�U�L�Q�J�� �F�X�U�U�L�F�X�O�X�P�� �W�K�U�R�X�J�K�� �D��
�G�H�O�L�E�H�U�D�W�L�Y�H�� �D�Q�G�� �G�\�Q�D�P�L�F�� �U�H�Q�H�Z�D�O�� �S�U�R�F�H�V�V�� �W�K�D�W�� �E�U�R�X�J�K�W�� �W�R�J�H�W�K�H�U�� �L�Q�W�H�U�Q�D�O�� �D�Q�G�� �H�[�W�H�U�Q�D�O��
�V�W�D�N�H�K�R�O�G�H�U�V���W�K�U�R�X�J�K���D���V�W�U�X�F�W�X�U�H�G���V�H�T�X�H�Q�F�H���R�I���I�D�F�L�O�L�W�D�W�H�G���Z�R�U�N�V�K�R�S�V���D�Q�G���P�H�H�W�L�Q�J�V�����9�D�U�L�R�X�V��
�F�X�U�U�L�F�X�O�X�P���U�H�Q�H�Z�D�O���S�U�R�F�H�V�V�H�V���D�U�R�X�Q�G���W�K�H���Z�R�U�O�G���K�D�Y�H���D�F�K�L�H�Y�H�G���V�L�P�L�O�D�U���R�X�W�F�R�P�H�V���Z�L�W�K���U�H�V�S�H�F�W��
�W�R���L�Q�F�U�H�D�V�L�Q�J���V�W�X�G�H�Q�W�V�¶���D�Z�D�U�H�Q�H�V�V���R�I���V�X�V�W�D�L�Q�D�E�L�O�L�W�\���S�U�D�F�W�L�F�H�V�����%�M�R�U�Q�E�H�U�J���	���6�N�R�J�K�����������������%�\�U�Q�H��
�H�W���D�O�������������������&�R�O�R�P�E�R���	���$�O�Y�H�V���������������� 
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�/�R�R�N�L�Q�J�� �D�W�� �W�K�H�� �U�H�V�X�O�W�V�� �R�I�� �W�K�H�� �I�L�Y�H�� �T�X�H�V�W�L�R�Q�V�� �G�L�V�F�X�V�V�H�G�� �D�E�R�Y�H���� �R�Q�H�� �P�D�\�� �F�R�Q�F�O�X�G�H�� �W�K�D�W��
�H�Q�J�L�Q�H�H�U�L�Q�J���I�D�F�X�O�W�\���P�H�P�E�H�U�V���Z�K�R���S�D�U�W�L�F�L�S�D�W�H�G���L�Q���W�K�H���V�X�U�Y�H�\���E�H�O�L�H�Y�H���D�O�P�R�V�W���X�Q�D�Q�L�P�R�X�V�O�\���W�K�D�W��
�V�W�X�G�H�Q�W�V���P�X�V�W���E�H���H�[�S�R�V�H�G���W�R���F�R�X�U�V�H�V���U�H�O�D�W�H�G���W�R���W�K�H���H�Q�Y�L�U�R�Q�P�H�Q�W���R�U���V�X�V�W�D�L�Q�D�E�L�O�L�W�\���G�X�H���W�R���W�K�H�L�U��
�L�P�S�R�U�W�D�Q�F�H�� �W�R�� �W�K�H�� �I�X�W�X�U�H���� �H�Q�Y�L�U�R�Q�P�H�Q�W���� �D�Q�G�� �W�K�H�� �Z�R�U�O�G�� �L�Q�� �J�H�Q�H�U�D�O���� �$�V�� �I�R�U�� �W�K�H�� �H�Q�J�L�Q�H�H�U�L�Q�J��
�F�X�U�U�L�F�X�O�D���W�K�H�\���G�H�O�L�Y�H�U�����W�K�H���S�D�U�W�L�F�L�S�D�Q�W�V���U�H�Y�H�D�O�H�G���W�K�D�W���W�K�H�U�H���D�U�H���V�R�P�H���V�X�V�W�D�L�Q�D�E�L�O�L�W�\���W�R�S�L�F�V���E�H�L�Q�J��
�F�R�Y�H�U�H�G���P�R�V�W�O�\���D�V���S�D�U�W���R�I���L�Q�W�U�R�G�X�F�W�R�U�\���F�R�X�U�V�H�V���R�U���J�U�D�G�X�D�W�L�R�Q���S�U�R�M�H�F�W�V�����K�R�Z�H�Y�H�U�����V�X�V�W�D�L�Q�D�E�L�O�L�W�\��
�L�V���Q�R�W���L�Q�F�R�U�S�R�U�D�W�H�G���D�F�U�R�V�V���W�K�H���Z�K�R�O�H���F�X�U�U�L�F�X�O�X�P���V�L�Q�F�H���P�R�V�W���S�D�U�W�L�F�L�S�D�Q�W�V���P�H�Q�W�L�R�Q�H�G���Q�R�Q�H�����R�Q�H����
�R�U���D�W���P�R�V�W���W�Z�R���F�R�X�U�V�H�V�����0�R�U�H�R�Y�H�U�����L�W���L�V���H�Y�L�G�H�Q�W���W�K�D�W���V�R�P�H���F�X�U�U�L�F�X�O�D���D�U�H���V�W�L�O�O���Q�R�W���L�Q�F�R�U�S�R�U�D�W�L�Q�J��
�I�X�Q�G�D�P�H�Q�W�D�O���G�L�V�F�L�S�O�L�Q�H���E�D�V�H�G���V�X�V�W�D�L�Q�D�E�L�O�L�W�\���F�R�X�U�V�H�V���V�X�F�K���D�V���U�H�Q�H�Z�D�E�O�H���D�Q�G���J�U�H�H�Q���H�Q�H�U�J�\�� 

�7�D�E�O�H������ �����2�F�F�X�U�U�H�Q�F�H���R�I���V�W�D�W�H�G���U�H�D�V�R�Q�V���L�Q���U�H�V�S�R�Q�V�H�V���W�R���W�K�H���T�X�H�V�W�L�R�Q�����-�X�V�W�L�I�\���\�R�X�U���U�H�V�S�R�Q�V�H��
�W�R���W�K�H���S�U�H�Y�L�R�X�V���T�X�H�V�W�L�R�Q���D�Q�G���S�O�H�D�V�H���H�[�S�O�D�L�Q���Z�K�\���\�R�X���E�H�O�L�H�Y�H���X�Q�G�H�U�J�U�D�G�X�D�W�H�V���D�U�H���R�U���D�U�H���Q�R�W��

�U�H�T�X�L�U�H�G���W�R���W�D�N�H���D���F�R�X�U�V�H���V�����R�Q���L�V�V�X�H�V���U�H�O�D�W�H�G���W�R���W�K�H���H�Q�Y�L�U�R�Q�P�H�Q�W���R�U���V�X�V�W�D�L�Q�D�E�L�O�L�W�\�" 

Word  Count  Occurrence 
Percentage (%)  Similar words  

�,�P�S�R�U�W�D�Q�W ����  ���������� 

�G�H�P�D�Q�G�����Q�H�H�G�����U�H�T�X�L�U�H�G�����U�H�T�X�L�U�H�P�H�Q�W����
�U�H�T�X�L�U�H�P�H�Q�W�V�����U�H�T�X�L�U�L�Q�J�����P�D�Q�G�D�W�R�U�\����
�E�D�V�L�F�����F�U�X�F�L�D�O�����H�V�V�H�Q�W�L�D�O�����L�P�S�R�U�W�D�Q�F�H����

�L�P�S�R�U�W�D�Q�W 

�.�Q�R�Z�O�H�G�J�H ����  ���������� 
�N�Q�R�Z�����N�Q�R�Z�O�H�G�J�H�����O�H�D�U�Q�����O�H�D�U�Q�L�Q�J�����D�Z�D�U�H����
�D�Z�D�U�H�Q�H�V�V�����X�Q�G�H�U�V�W�D�Q�G�����X�Q�G�H�U�V�W�D�Q�G�L�Q�J����

�V�W�X�G�\�����W�D�N�H�����W�D�N�L�Q�J�����W�H�D�F�K�L�Q�J 
�)�X�W�X�U�H ����  ���������� �I�X�W�X�U�H 

�(�Q�Y�L�U�R�Q�P�H�Q�W�D�O ����  ���������� 
�H�Q�Y�L�U�R�Q�P�H�Q�W�D�O�����H�Q�Y�L�U�R�Q�P�H�Q�W�D�O�O�\����

�H�Q�Y�L�U�R�Q�P�H�Q�W 
�,�V�V�X�H�V ����  ���������� �L�V�V�X�H�V�����S�U�R�E�O�H�P�����S�U�R�E�O�H�P�V 

�:�R�U�O�G ����  �������� 
�J�O�R�E�D�O�����J�O�R�E�D�O�O�\�����K�X�P�D�Q�����K�X�P�D�Q�L�W�L�H�V����

�Z�R�U�O�G�����Z�R�U�O�G�Z�L�G�H 

�3�U�D�F�W�L�F�H�V ����  �������� 
�S�U�D�F�W�L�F�H�V�����S�U�D�F�W�L�F�L�Q�J�����V�N�L�O�O�V�����X�V�H�����X�V�H�G����

�X�V�L�Q�J 
�6�X�P ������  ������������   

�(�V�W�D�E�O�L�V�K�H�G���6�W�U�X�F�W�X�U�H�V���5�H�O�D�W�H�G���W�R���6�X�V�W�D�L�Q�D�E�L�O�L�W�\ 

�2�Q�H�� �T�X�H�V�W�L�R�Q�� �R�I�� �6�H�F�W�L�R�Q�� ���� �L�Q�� �W�K�H�� �V�X�U�Y�H�\�� �H�Q�T�X�L�U�H�G�� �Z�K�H�W�K�H�U�� �W�K�H�� �S�D�U�W�L�F�L�S�D�Q�W�¶�V�� �L�Q�V�W�L�W�X�W�L�R�Q��
�H�V�W�D�E�O�L�V�K�H�G���P�X�O�W�L�G�L�V�F�L�S�O�L�Q�D�U�\���D�Q�G���L�Q�W�H�U�G�L�V�F�L�S�O�L�Q�D�U�\���V�W�U�X�F�W�X�U�H�V�����V�X�F�K���D�V���D�Q���L�Q�V�W�L�W�X�W�H���R�U���F�H�Q�W�H�U�����I�R�U��
�U�H�V�H�D�U�F�K���� �H�G�X�F�D�W�L�R�Q���� �D�Q�G�� �S�R�O�L�F�\�� �G�H�Y�H�O�R�S�P�H�Q�W�� �R�Q�� �V�X�V�W�D�L�Q�D�E�L�O�L�W�\�� �L�V�V�X�H�V�����0�R�V�W�� �S�D�U�W�L�F�L�S�D�Q�W�V��
�����������������G�H�F�O�D�U�H�G���W�K�D�W���W�K�H�L�U���L�Q�V�W�L�W�X�W�L�R�Q���K�D�V���V�X�F�K���V�W�U�X�F�W�X�U�H�V�����Z�K�L�O�H���������������P�H�Q�W�L�R�Q�H�G���W�K�D�W���V�X�F�K��
�V�W�U�X�F�W�X�U�H�V�� �K�D�Y�H�Q�¶�W�� �E�H�H�Q�� �H�V�W�D�E�O�L�V�K�H�G�� �\�H�W�� �D�Q�G�� ������������ �Z�H�U�H�� �X�Q�D�Z�D�U�H�� �Z�K�H�W�K�H�U�� �V�X�F�K�� �V�W�U�X�F�W�X�U�H�V��
�H�[�L�V�W���L�Q���W�K�H�L�U���L�Q�V�W�L�W�X�W�L�R�Q���R�U���Q�R�W�� 

�$�� �I�R�O�O�R�Z���X�S�� �R�S�H�Q���H�Q�G�H�G�� �T�X�H�V�W�L�R�Q�� �D�V�N�H�G�� �W�K�H�� �S�D�U�W�L�F�L�S�D�Q�W�V�� �W�R�� �H�O�D�E�R�U�D�W�H�� �P�R�U�H�� �D�E�R�X�W�� �W�K�H��
�H�V�W�D�E�O�L�V�K�H�G�� �V�W�U�X�F�W�X�U�H�V�� ���I�R�U�� �U�H�V�H�D�U�F�K���� �H�G�X�F�D�W�L�R�Q���� �D�Q�G�� �S�R�O�L�F�\�� �G�H�Y�H�O�R�S�P�H�Q�W�� �R�Q�� �V�X�V�W�D�L�Q�D�E�L�O�L�W�\��
�L�V�V�X�H�V�����L�Q���W�K�H�L�U���L�Q�V�W�L�W�X�W�L�R�Q�����������������R�I���S�D�U�W�L�F�L�S�D�Q�W�V���Z�K�R���D�Q�V�Z�H�U�H�G���³�\�H�V�´���W�R���W�K�H���S�U�H�Y�L�R�X�V���T�X�H�V�W�L�R�Q��
�G�H�V�F�U�L�E�H�G���W�K�H���H�V�W�D�E�O�L�V�K�H�G���V�W�U�X�F�W�X�U�H���L�Q���L�W�V���V�H�F�R�Q�G���S�D�U�W�����0�R�V�W���D�Q�V�Z�H�U�V���Z�H�U�H���U�H�O�D�W�H�G���W�R���V�X�S�S�R�U�W��
�D�Q�G�� �F�R�O�O�D�E�R�U�D�W�L�R�Q�� �������������������� �I�X�Q�G�V�� �������������������� �D�Q�G�� �V�H�P�L�Q�D�U�V���� �F�R�Q�I�H�U�H�Q�F�H�V�� �D�Q�G�� �Z�R�U�N�V�K�R�S�V��
�������������������� �7�D�E�O�H�� ���� �V�K�R�Z�V�� �W�K�H�� �Z�R�U�G�V�¶�� �I�U�H�T�X�H�Q�F�\�� �D�Q�G�� �W�K�H�L�U�� �R�F�F�X�U�U�H�Q�F�H���S�H�U�F�H�Q�W�D�J�H�V�� �L�Q�� �W�K�H��
�D�Q�V�Z�H�U�V�� �I�R�U�� �W�K�L�V�� �T�X�H�V�W�L�R�Q���� �,�Q�W�H�U�H�V�W�L�Q�J�O�\���� �W�K�H�U�H�� �L�V�� �Q�R�� �V�L�J�Q�L�I�L�F�D�Q�W�� �L�Q�G�L�F�D�W�L�R�Q�V�� �D�E�R�X�W�� �Z�H�O�O��
�H�V�W�D�E�O�L�V�K�H�G���V�W�U�X�F�W�X�U�H�V���R�U���F�H�Q�W�H�U�V���W�K�D�W���J�R�Y�H�U�Q�V���W�K�H���L�P�S�O�H�P�H�Q�W�D�W�L�R�Q���R�I���V�X�V�W�D�L�Q�D�E�L�O�L�W�\���F�R�Q�F�H�S�W�V��
�L�Q�� �W�K�H�� �.�X�Z�D�L�W�L�� �+�(�,�V�� �D�Q�G�� �P�R�V�W�� �R�I�� �W�K�H�� �D�Q�V�Z�H�U�V�� �D�U�H�� �U�H�O�D�W�H�G�� �W�R�� �L�Q�G�L�U�H�F�W�� �V�X�S�S�R�U�W�� �W�K�U�R�X�J�K��



   
 

������  
�3�U�R�F�H�H�G�L�Q�J�V���R�I���W�K�H�������V�W���,�Q�W�H�U�Q�D�W�L�R�Q�D�O���&�'�,�2���&�R�Q�I�H�U�H�Q�F�H�����K�R�V�W�H�G���E�\ 

�0�R�Q�D�V�K���8�Q�L�Y�H�U�V�L�W�\�����0�H�O�E�R�X�U�Q�H�����$�X�V�W�U�D�O�L�D�����-�X�Q�H���������������������� 

�H�Q�F�R�X�U�D�J�H�P�H�Q�W�V�����I�X�Q�G�V�����V�H�P�L�Q�D�U�V�����F�R�Q�I�H�U�H�Q�F�H�V�����H�W�F�����:�L�W�K���W�K�H���D�E�V�H�Q�F�H���R�I���V�X�F�K���V�W�U�X�F�W�X�U�H�V�����W�K�H��
�L�Q�F�R�U�S�R�U�D�W�L�R�Q�� �R�I�� �V�X�V�W�D�L�Q�D�E�L�O�L�W�\�� �L�Q�� �W�K�H�� �F�X�U�U�L�F�X�O�D�� �Z�R�X�O�G�� �U�H�P�D�L�Q�� �D�W�� �D�� �O�R�Z�� �V�F�D�O�H���� �X�Q�F�R�Q�W�U�R�O�O�H�G����
�X�Q�D�V�V�H�V�V�H�G�����D�Q�G���Q�R�Q���P�R�Q�L�W�R�U�H�G���Z�K�L�F�K���O�L�P�L�W�V���L�W�V���G�H�Y�H�O�R�S�P�H�Q�W���S�D�F�H���D�Q�G���S�R�W�H�Q�W�L�D�O���W�R���P�D�W�F�K���W�K�H��
�Q�D�W�L�R�Q�D�O���D�Q�G���L�Q�W�H�U�Q�D�W�L�R�Q�D�O���V�W�D�Q�G�D�U�G�V���R�I���H�G�X�F�D�W�L�R�Q���I�R�U���V�X�V�W�D�L�Q�D�E�O�H���G�H�Y�H�O�R�S�P�H�Q�W�� 

�7�D�E�O�H������ �����2�F�F�X�U�U�H�Q�F�H���R�I���V�W�D�W�H�G���V�W�U�X�F�W�X�U�H�V���L�Q���U�H�V�S�R�Q�V�H�V���W�R���W�K�H���T�X�H�V�W�L�R�Q�����3�O�H�D�V�H���H�[�S�O�D�L�Q���E�\��
�G�H�V�F�U�L�E�L�Q�J���W�K�H���L�Q�V�W�L�W�X�W�H���R�U���F�H�Q�W�H�U���W�K�D�W���Z�D�V���H�V�W�D�E�O�L�V�K�H�G���E�\���\�R�X�U���L�Q�V�W�L�W�X�W�L�R�Q���I�R�U���U�H�V�H�D�U�F�K����

�H�G�X�F�D�W�L�R�Q���D�Q�G���S�R�O�L�F�\���G�H�Y�H�O�R�S�P�H�Q�W���R�Q���V�X�V�W�D�L�Q�D�E�L�O�L�W�\���L�V�V�X�H�V 

Word  Count  Occurrence 
Percentage (%)  Similar words  

�6�X�S�S�R�U�W 
�	��

�&�R�O�O�D�E�R�U�D�W�L�R�Q 
23 ���������� 

�F�R�O�O�D�E�R�U�D�W�H�V�����F�R�O�O�D�E�R�U�D�W�L�Q�J����
�F�R�O�O�D�E�R�U�D�W�L�R�Q�����D�V�V�L�V�W�����H�Q�F�R�X�U�D�J�H�V����

�K�H�O�S�����V�X�S�S�R�U�W�����V�X�S�S�R�U�W�V�����V�H�U�Y�H�V 
�)�X�Q�G�V 15 ���������� �I�X�Q�G�L�Q�J�����I�X�Q�G�V�����V�X�S�S�R�U�W�����V�X�S�S�R�U�W�V 

�6�H�P�L�Q�D�U�V�� 
�&�R�Q�I�H�U�H�Q�F�H�V 

10 ���������� 
�V�H�P�L�Q�D�U�V�����F�R�Q�I�H�U�H�Q�F�H�V�����F�R�X�U�V�H�V����

�I�R�U�P�V�����Z�H�E�S�D�J�H�����G�R�F�X�P�H�Q�W�V�����U�H�S�R�U�W�V 
�3�O�D�Q�Q�L�Q�J 3 �������� �S�O�D�Q�Q�L�Q�J�����S�U�R�J�U�D�P�V�����S�U�R�M�H�F�W�V 

�6�X�P ����  ������������  

�&�2�1�&�/�8�6�,�2�1 

�,�Q���W�K�L�V���S�D�S�H�U�����W�K�H���F�U�L�W�L�F�D�O���U�R�O�H���R�I���H�Q�J�L�Q�H�H�U�L�Q�J���K�L�J�K�H�U���H�G�X�F�D�W�L�R�Q���L�Q�V�W�L�W�X�W�L�R�Q�V���L�Q���.�X�Z�D�L�W���L�Q���D�G�Y�D�Q�F�L�Q�J��
�V�X�V�W�D�L�Q�D�E�L�O�L�W�\���W�R���V�H�U�Y�H���W�K�H���&�R�X�Q�W�U�\�¶�V���1�D�W�L�R�Q�D�O���'�H�Y�H�O�R�S�P�H�Q�W���3�O�D�Q���������������9�L�V�L�R�Q�����L�V���L�Q�Y�H�V�W�L�J�D�W�H�G����
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�5�H�F�H�Q�W���U�H�V�H�D�U�F�K���I�L�U�P�O�\���K�L�J�K�O�L�J�K�W�V���W�K�H���Q�H�F�H�V�V�L�W�\���R�I���L�Q�F�R�U�S�R�U�D�W�L�Q�J���W�K�H���S�H�U�V�S�H�F�W�L�Y�H�V���R�I���V�W�X�G�H�Q�W�V��
�D�Q�G���J�U�D�G�X�D�W�H�V���W�R���H�Q�K�D�Q�F�H���H�G�X�F�D�W�L�R�Q�D�O���V�W�U�D�W�H�J�L�H�V�����7�K�L�V���D�S�S�U�R�D�F�K���J�X�D�U�D�Q�W�H�H�V���W�K�D�W���H�G�X�F�D�W�L�R�Q��
�V�W�D�\�V���J�O�R�E�D�O�O�\���U�H�O�H�Y�D�Q�W���D�Q�G���H�I�I�H�F�W�L�Y�H�O�\���D�G�G�U�H�V�V�H�V���W�K�H���V�S�H�F�L�I�L�F���Q�H�H�G�V���R�I���Y�D�U�L�R�X�V���V�W�D�N�H�K�R�O�G�H�U�V����
�$�V���D���G�L�U�H�F�W���R�X�W�F�R�P�H�����U�H�V�L�O�L�H�Q�F�H���L�Q���H�Q�J�L�Q�H�H�U�L�Q�J���V�N�L�O�O�V���L�V���J�D�L�Q�L�Q�J���F�U�L�W�L�F�D�O���L�P�S�R�U�W�D�Q�F�H�����I�R�F�X�V�L�Q�J���R�Q��
�W�K�H�� �H�V�V�H�Q�W�L�D�O�� �V�N�L�O�O�V�� �U�H�T�X�L�U�H�G�� �W�R�� �F�U�H�D�W�H�� �V�X�V�W�D�L�Q�D�E�O�H�� �V�\�Q�H�U�J�L�H�V���� �7�U�D�Q�V�I�R�U�P�D�W�L�Y�H�� �F�K�D�Q�J�H�V�� �L�Q��
�H�Q�J�L�Q�H�H�U�L�Q�J���H�G�X�F�D�W�L�R�Q���D�U�H���G�U�L�Y�L�Q�J���W�K�L�V���W�U�H�Q�G�����7�K�L�V���V�W�X�G�\���D�Q�D�O�\�V�H�V���K�R�Z���U�H�V�L�O�L�H�Q�F�H���L�Q���H�Q�J�L�Q�H�H�U�L�Q�J��
�H�G�X�F�D�W�L�R�Q�� �F�D�Q�� �W�U�D�Q�V�I�R�U�P�� �V�N�L�O�O�V�� �W�R�� �I�R�V�W�H�U�� �V�X�V�W�D�L�Q�D�E�O�H�� �V�\�Q�H�U�J�L�H�V���� �I�R�F�X�V�L�Q�J�� �V�S�H�F�L�I�L�F�D�O�O�\�� �R�Q�� �W�K�H��
�S�H�U�F�H�S�W�L�R�Q�V���R�I���V�W�X�G�H�Q�W�V���D�Q�G���J�U�D�G�X�D�W�H�V���L�Q���6�Z�H�G�H�Q�����8�V�L�Q�J���D���G�H�G�X�F�W�L�Y�H���D�S�S�U�R�D�F�K�����W�K�H���U�H�V�H�D�U�F�K��
�L�Q�Y�H�V�W�L�J�D�W�H�V���W�K�H�V�H���S�H�U�F�H�S�W�L�R�Q�V���W�K�U�R�X�J�K���D���V�X�U�Y�H�\���W�K�D�W���L�Q�F�O�X�G�H�V���T�X�D�O�L�W�D�W�L�Y�H���T�X�H�V�W�L�R�Q�V�����H�P�S�O�R�\�L�Q�J��
�W�K�H�P�D�W�L�F���D�Q�D�O�\�V�L�V���I�R�U���W�K�H���G�D�W�D�����7�K�H���V�W�X�G�\���I�L�Q�G�L�Q�J�V���L�Q�G�L�F�D�W�H���W�K�D�W���U�H�V�L�O�L�H�Q�F�H���V�N�L�O�O�V���D�U�H���H�V�V�H�Q�W�L�D�O��
�I�R�U�� �F�U�H�D�W�L�Q�J�� �V�X�V�W�D�L�Q�D�E�O�H�� �V�\�Q�H�U�J�L�H�V�� �W�K�D�W�� �E�H�Q�H�I�L�W�� �V�W�X�G�H�Q�W�V���� �H�G�X�F�D�W�R�U�V���� �K�L�J�K�H�U�� �H�G�X�F�D�W�L�R�Q��
�L�Q�V�W�L�W�X�W�L�R�Q�V�����+�(�,�V�������D�Q�G���L�Q�G�X�V�W�U�\�����+�R�Z�H�Y�H�U�����D�F�D�G�H�P�L�F�V���I�D�F�H���F�K�D�O�O�H�Q�J�H�V���L�Q���W�H�D�F�K�L�Q�J���H�Q�J�L�Q�H�H�U�L�Q�J��
�V�W�X�G�H�Q�W�V�¶�� �S�U�D�F�W�L�F�D�O�� �V�N�L�O�O�V�� �W�K�D�W�� �D�U�H�� �L�Q�F�U�H�D�V�L�Q�J�O�\�� �L�Q���G�H�P�D�Q�G���U�D�W�K�H�U���W�K�D�Q���I�R�F�X�V�L�Q�J�� �R�Q���W�K�H�R�U�H�W�L�F�D�O��
�N�Q�R�Z�O�H�G�J�H�����$�F�D�G�H�P�L�F�V���V�W�U�X�J�J�O�H���W�R���F�R�Q�Q�H�F�W���W�K�H�R�U�H�W�L�F�D�O���F�R�Q�F�H�S�W�V���Z�L�W�K���W�K�H���S�U�R�E�O�H�P���V�R�O�Y�L�Q�J���D�Q�G��
�H�Q�J�L�Q�H�H�U�L�Q�J���S�U�D�F�W�L�F�H�V���Q�H�H�G�H�G���W�R���H�Q�K�D�Q�F�H���J�O�R�E�D�O���F�R�P�S�H�W�H�Q�F�L�H�V���L�Q���W�K�H���L�Q�G�X�V�W�U�\���D�Q�G���P�D�L�Q�W�D�L�Q��
�F�R�P�S�H�W�L�W�L�Y�H�Q�H�V�V�����W�K�H�U�H�E�\���S�U�R�Y�L�G�L�Q�J���V�X�V�W�D�L�Q�D�E�O�H���R�X�W�F�R�P�H�V�����7�K�L�V���L�V�V�X�H���Z�D�V���Q�R�W�H�G���L�Q���D���S�U�H�Y�L�R�X�V��
�&�'�,�2���V�\�O�O�D�E�X�V���V�W�X�G�\���L�Q���������������D�Q�G���V�X�U�S�U�L�V�L�Q�J�O�\�����D���G�H�F�D�G�H���O�D�W�H�U�����L�W���F�R�Q�W�L�Q�X�H�V���W�R���E�H���D���V�L�J�Q�L�I�L�F�D�Q�W��
�F�R�Q�F�H�U�Q���� �7�K�L�V�� �L�Q�G�L�F�D�W�H�V�� �W�K�D�W�� �K�L�J�K�H�U�� �H�G�X�F�D�W�L�R�Q�� �L�Q�V�W�L�W�X�W�L�R�Q�V�� �D�Q�G�� �H�G�X�F�D�W�R�U�V�� �V�W�L�O�O�� �K�D�Y�H�� �D�� �J�D�S�� �L�Q��
�S�H�G�D�J�R�J�L�F�D�O���V�N�L�O�O�V���W�K�D�W���P�X�V�W���E�H���D�G�G�U�H�V�V�H�G�� 
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�P�R�G�X�O�H�� �G�H�V�L�J�Q���� �S�D�U�W�L�F�X�O�D�U�O�\�� �L�Q�� �W�K�H�� �F�R�Q�W�H�[�W�� �R�I�� �S�U�R�I�H�V�V�L�R�Q�D�O�� �S�U�D�F�W�L�F�H�� �H�G�X�F�D�W�L�R�Q���� �7�K�H���V�W�X�G�\��
�K�L�J�K�O�L�J�K�W�V�� �W�K�H�� �Q�H�H�G�� �I�R�U�� �I�X�U�W�K�H�U�� �L�Q�Y�H�V�W�L�J�D�W�L�R�Q�� �L�Q�W�R�� �K�R�Z�� �O�H�D�U�Q�L�Q�J�� �D�Q�D�O�\�W�L�F�V�� �F�D�Q�� �L�Q�I�R�U�P�� �G�H�V�L�J�Q��
�L�W�H�U�D�W�L�R�Q�V�����H�Q�V�X�U�L�Q�J���W�K�D�W���&�'�,�2���S�U�L�Q�F�L�S�O�H�V���D�U�H���I�X�O�O�\���U�H�D�O�L�V�H�G���L�Q���G�L�J�L�W�D�O���O�H�D�U�Q�L�Q�J���H�Q�Y�L�U�R�Q�P�H�Q�W�V�����%�\��
�I�R�F�X�V�L�Q�J�� �R�Q�� �E�H�K�D�Y�L�R�X�U�D�O�� �G�D�W�D�� �D�Q�G�� �G�H�V�L�J�Q�� �D�O�L�J�Q�P�H�Q�W���� �W�K�L�V�� �V�W�X�G�\�� �F�R�Q�W�U�L�E�X�W�H�V�� �W�R�� �D�� �E�U�R�D�G�H�U��
�X�Q�G�H�U�V�W�D�Q�G�L�Q�J���R�I���W�K�H���F�K�D�O�O�H�Q�J�H�V���D�Q�G���R�S�S�R�U�W�X�Q�L�W�L�H�V���L�Q���F�U�H�D�W�L�Q�J���H�Q�J�D�J�L�Q�J���D�Q�G���H�I�I�H�F�W�L�Y�H���R�Q�O�L�Q�H��
�O�H�D�U�Q�L�Q�J���H�[�S�H�U�L�H�Q�F�H�V���I�R�U���O�D�U�J�H�����G�L�Y�H�U�V�H���V�W�X�G�H�Q�W���F�R�K�R�U�W�V�� 

�.�(�<�:�2�5�'�6  

Professional practice, Engineering education, Online learning modules, Learner analytics, 
Standards: 1-5, 7. 
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�,�1�7�5�2�'�8�&�7�,�2�1 

Practical professional experience is an integral part of accredited professional engineering 
degree programs in Australia, offering students hands-on, immersive learning in their field. 
Despite the persistent high demand for professional engineers in Australia (Bell & Briggs, 
2022; Kaspura, 2019; Australian Parliament Senate Education, 2012), students have 
struggled to secure industry placements and internships (Sher & Sherratt, 2010). Therefore, 
coursework exposure to engineering professional practice is still an integral part of 
engineering programs. To address this challenge and enhance the student experience, 
�0�R�Q�D�V�K���8�Q�L�Y�H�U�V�L�W�\�¶�V���)�D�F�X�O�W�\���R�I���(�Q�J�L�Q�H�H�U�L�Q�J���K�D�V���V�W�U�H�D�P�O�L�Q�H�G���L�W�V���3�U�R�I�H�V�V�L�R�Q�D�O���3�U�D�F�W�L�F�H��
offerings within undergraduate programs, making it more consistent, flexible, and accessible 
for students to gain exposure to industry professional practice topics. A key feature of this 
new approach is a common set of self-paced online modules that all engineering students 
complete, designed to help them connect with their future profession. 
 
�8�Q�L�I�L�H�G���3�U�R�I�H�V�V�L�R�Q�D�O���3�U�D�F�W�L�F�H���2�I�I�H�U�L�Q�J�V 

Engineering students can now choose from a range of new Professional Practice units (see 
Table 1) pursue industry experience pathways that suit their preferred mode of engagement. 
This expanded framework enables students to align their industry experience more 
effectively with their interests and career aspirations. There is a tailored option for students 
whether they prefer working in student teams, engaging in work-integrated learning, or 
participating in the Co-op program. The units listed in Table 1 replace the previously 
segregated and department-managed Professional Practice units, providing students with 
consistent experiences regardless of their engineering specialisation.  Table 2 provides 
further information about the purpose of the units, in the form of the shared learning 
objectives. 
 

�7�D�E�O�H���������3�U�R�I�H�V�V�L�R�Q�D�O���3�U�D�F�W�L�F�H���R�I�I�H�U�L�Q�J�V���D�W���0�R�Q�D�V�K���8�Q�L�Y�H�U�V�L�W�\���(�Q�J�L�Q�H�H�U�L�Q�J 

Professional Practice (PP) stream  Description  

Curriculum embedded  
(abbreviated as PP(CE)) 

A classroom-taught unit where theory meets real-world 
challenges, acting as the crucial bridge between engineering 
studies and industry. 

Student teams  
(abbreviated as PP(TEAMS)) 

Student learning is hands-on with authentic, real-world projects 
and challenges, working in diverse, multi-disciplinary teams. 
This is offered exclusively to current members of Engineering 
and Information Technology (IT) student teams. These 
members can be undertaking any degree at Monash. 

Work integrated learning  
(abbreviated as PP(WIL)) 

Students are immersed in real-world scenarios through an 
unpaid internship, applying their knowledge to actual industry 
challenges in a professional setting. 

Co-operative education  
(abbreviated as PP(COOP)) 

Students are immersed in real-world scenarios through a paid 
internship, applying their knowledge to actual industry 
challenges in a professional setting. 

 

While the nature of the industry experience associated with each of the Professional Practice 
units is different, all students from all specialisations will be engaging with a newly developed 
set of online self-paced modules, including one discipline/specialisation specific 
module.  The suite of self-study online modules are a key focus in this paper, and support 
the completion of the Unit Learning Objectives for the Professional Practice units (shown in 
Table 2).  
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�0�R�Q�D�V�K���8�Q�L�Y�H�U�V�L�W�\�����0�H�O�E�R�X�U�Q�H�����$�X�V�W�U�D�O�L�D�����-�X�Q�H���������������������� 

These Professional Practice units focus on essential skills, including problem-solving, ethical 
decision-making, teamwork, and communication, aligning with CDIO standards framework 
and accreditation standards from bodies such as Engineers Australia (Engineers Australia, 
2019) and the Engineering Accreditation Council Malaysia (Registration of Engineers Act 
1967 [Revised 2015], s. 10, 2015). Integrating the United Nations Sustainable Development 
Goals (United Nations, 2016, 2017), these units emphasise sustainable, socially responsible 
engineering practices. By the end, students are expected to understand their professional 
responsibilities and be ready to lead and innovate for positive societal and environmental 
impact. 
 

�7�D�E�O�H���������0�R�V�W���U�H�F�H�Q�W���S�X�E�O�L�V�K�H�G���O�H�D�U�Q�L�Q�J���R�X�W�F�R�P�H�V���I�R�U���3�3���&�(�������3�3���7�(�$�0�6�������3�3���:�,�/�������D�Q�G��
�3�3���&�2�2�3�������$�F�F�H�V�V�H�G���������1�R�Y���������������0�R�Q�D�V�K���8�Q�L�Y�H�U�V�L�W�\�����������D�������������E�������������F�������������G������

�7�K�H�V�H���K�D�Y�H���E�H�H�Q���P�D�S�S�H�G���W�R���W�K�H���F�R�U�U�H�V�S�R�Q�G�L�Q�J���R�Q�O�L�Q�H���V�H�O�I���S�D�F�H�G���P�R�G�X�O�H�V�� 

Learning Outcomes (related CDIO Standards  # in brackets)  Related module 

1. Critically evaluate the roles and obligations of engineers in society and 
assess the health, safety, legal and cultural impacts of engineering work.(#1)  

[SOC, LAW, RISK]  

2. Integrate human, social, environmental and economic sustainability, 
proposing innovative solutions for sustainable development in engineering 
projects.(#1) 

[SOC, SUST, FIN] 
 

3. Reflect upon ethical issues with depth, developing a framework for ethical 
decision-making that reflects the profession's values and Engineers Australia 
and the Board of Engineers Malaysia's Code of Ethics in engineering 
practice.(#2) 

[ETH, LAW] 
 

4.Demonstrate advanced collaborative skills, leading and participating in teams 
effectively to deliver high-quality outcomes while fostering a culture of inclusivity 
and mutual respect.(#1, #4) 

 

5.Communicate complex engineering concepts and solutions effectively, 
employing a range of modalities to engage diverse audiences and facilitate 
informed decision-making in technical and lay contexts.(#4) 

 

6. Plan projects strategically, using established project and financial 
management methods to deliver project plans that meet quality, budget and 
time requirements.(#3, #5, #7) 

[PJMT, FIN] 
 

7. Demonstrate a commitment to lifelong learning, proactively seeking out 
emerging knowledge and skills to remain at the forefront of engineering 
innovation and professional development.(#8) 

[all modules] 
 

8. Demonstrate professional skills specific to the discipline, employing modern 
tools and evidence-based approaches to address and resolve pressing 
engineering challenges.(#3, #7) 

[AERO, BMED, CHEM, 
CIV, ESCE, ENV, MSE, 
MECH] 

 
�0�H�P�E�H�U�V���R�I�� �W�K�H�� �H�G�X�F�D�W�L�R�Q�D�O�� �G�H�V�L�J�Q�� �W�H�D�P���Z�H�U�H���S�D�U�W�Q�H�U�H�G�� �Z�L�W�K�� �V�X�E�M�H�F�W�� �P�D�W�W�H�U�� �H�[�S�H�U�W�V�� �L�Q��
�G�H�Y�H�O�R�S�L�Q�J�� �D�� �V�H�W�� �R�I�� �R�Q�O�L�Q�H�� �S�U�R�I�H�V�V�L�R�Q�D�O�� �S�U�D�F�W�L�F�H�� �P�R�G�X�O�H�V�� �H�P�E�H�G�G�H�G�� �L�Q�W�R�� �I�R�X�U�� �3�U�R�I�H�V�V�L�R�Q�D�O��
�3�U�D�F�W�L�F�H���X�Q�L�W�V�����7�K�H�V�H���P�R�G�X�O�H�V���F�R�Y�H�U���V�H�Y�H�Q���F�R�U�H���W�R�S�L�F�V�����(�Q�J�L�Q�H�H�U�V���	���6�R�F�L�H�W�\�����6�2�&�������3�U�R�M�H�F�W��
�0�D�Q�D�J�H�P�H�Q�W�����3�-�0�7�������)�L�Q�D�Q�F�H���	���(�F�R�Q�R�P�L�F�V�����)�,�1�������5�L�V�N���0�D�Q�D�J�H�P�H�Q�W�����5�,�6�.�������6�X�V�W�D�L�Q�D�E�L�O�L�W�\��
���6�8�6�7�������(�W�K�L�F�V�����(�7�+�������D�Q�G���(�Q�J�L�Q�H�H�U�V���	���W�K�H���/�D�Z�����/�$�:�������6�W�X�G�H�Q�W�V���D�O�V�R���F�R�P�S�O�H�W�H���D���G�L�V�F�L�S�O�L�Q�H��
�V�S�H�F�L�I�L�F���P�R�G�X�O�H���I�R�U���W�K�H�L�U���H�Q�J�L�Q�H�H�U�L�Q�J���V�S�H�F�L�D�O�L�V�D�W�L�R�Q�����$�H�U�R�V�S�D�F�H�����$�(�5�2�������%�L�R�P�H�G�L�F�D�O�����%�0�(�'������
�&�K�H�P�L�F�D�O�����&�+�(�0�������&�L�Y�L�O�����&�,�9�������(�O�H�F�W�U�L�F�D�O���	���&�R�P�S�X�W�H�U���6�\�V�W�H�P�V�����(�&�6�(�������(�Q�Y�L�U�R�Q�P�H�Q�W�D�O�����(�1�9������
�0�D�W�H�U�L�D�O�V�� ���0�6�(������ �D�Q�G�� �0�H�F�K�D�Q�L�F�D�O�� �	�� �0�H�F�K�D�W�U�R�Q�L�F�V�� ���0�(�&�+������ �(�D�F�K�� �P�R�G�X�O�H�� �L�Q�F�O�X�G�H�V�� �R�Q�O�L�Q�H��
�T�X�L�]�]�H�V�� �W�K�D�W�� �F�D�Q�� �E�H�� �D�W�W�H�P�S�W�H�G�� �W�Z�L�F�H���� �Z�L�W�K�� �E�D�V�H�O�L�Q�H�� �I�H�H�G�E�D�F�N�� �V�X�F�K�� �D�V�� �F�R�U�U�H�F�W���L�Q�F�R�U�U�H�F�W��
�L�Q�G�L�F�D�W�R�U�V�� �D�Q�G�� �D�� �Q�X�P�H�U�L�F�D�O�� �J�U�D�G�H�� �W�R�� �L�Q�I�R�U�P�� �V�W�X�G�H�Q�W�V�� �S�U�L�R�U�� �W�R�� �W�K�H�L�U�� �V�H�F�R�Q�G�� �D�W�W�H�P�S�W���� �0�R�U�H��
�G�H�W�D�L�O�H�G�� �I�H�H�G�E�D�F�N�� �L�V�� �U�H�O�H�D�V�H�G�� �D�W�� �W�K�H�� �F�O�R�V�H�� �R�I�� �W�K�H�� �T�X�L�]�]�H�V�� �L�Q�� �:�H�H�N�� �������� �H�Q�D�E�O�L�Q�J�� �I�O�H�[�L�E�L�O�L�W�\�� �L�Q��
�P�H�H�W�L�Q�J���G�H�D�G�O�L�Q�H�V�����(�D�F�K���P�R�G�X�O�H���D�V�V�H�V�V�P�H�Q�W���K�D�V���D���W�R�W�D�O���Z�H�L�J�K�W�L�Q�J���R�I�������� 
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�&�'�,�2���	���/�(�$�5�1�,�1�*���'�(�6�,�*�1�����(�'�8�&�$�7�,�2�1�$�/���'�(�6�,�*�1�(�5�¶�6���3�(�5�6�3�(�&�7�,�9�( 

�7�K�H�V�H�� �R�Q�O�L�Q�H�� �V�H�O�I���S�D�F�H�G�� �P�R�G�X�O�H�V�� �Z�H�U�H�� �V�H�W�� �X�S�� �L�Q�� �0�R�R�G�O�H�� �D�Q�G�� �L�Q�F�O�X�G�H�G�� �U�H�D�G�L�Q�J�V���� �U�H�D�O���Z�R�U�O�G��
�F�D�V�H���V�W�X�G�L�H�V���D�Q�G���V�F�H�Q�D�U�L�R�V�����Y�L�G�H�R���O�H�F�W�X�U�H�V�����D�Q�G���L�Q�W�H�U�D�F�W�L�Y�H���W�R�R�O�V�����H���J�������+���3���D�Q�G���*�H�R�* �H�E�U�D������
�7�K�H�� �G�H�V�L�J�Q���� �J�X�L�G�H�G�� �E�\�� �W�K�H�� �&�'�,�2�� �S�U�L�Q�F�L�S�O�H�V�� �R�X�W�O�L�Q�H�G�� �L�Q���7�D�E�O�H�� ������ �L�Q�W�H�Q�G�H�G�� �W�R�� �F�U�H�D�W�H�� �D�� �U�R�E�X�V�W��
�F�X�U�U�L�F�X�O�X�P���W�K�D�W���S�U�H�S�D�U�H�V���V�W�X�G�H�Q�W�V���I�R�U���W�K�H���F�K�D�O�O�H�Q�J�H�V���R�I���P�R�G�H�U�Q���H�Q�J�L�Q�H�H�U�L�Q�J�� 

�7�D�E�O�H���������'�H�V�L�J�Q���S�U�L�Q�F�L�S�O�H�V���D�O�L�J�Q�H�G���Z�L�W�K���&�'�,�2���6�W�D�Q�G�D�U�G�V���I�R�U���H�Q�K�D�Q�F�L�Q�J���O�H�D�U�Q�H�U���H�Q�J�D�J�H�P�H�Q�W��
�L�Q���R�Q�O�L�Q�H���V�H�O�I���S�D�F�H�G���P�R�G�X�O�H�V 

Design principles  Implementation  (CDIO Standards  # in brackets)  

Learner- 
centeredness 

�6�F�D�I�I�R�O�G���F�R�Q�W�H�Q�W���W�R���O�H�D�U�Q�H�U�¶�V��
needs and goals, facilitating a 
foundation for deep 
engagement 

Offer core content and optional enrichment learning 
activities within modules to address the diverse needs 
of learners (Sanchez-Gordon & Luján-Mora, 2020). 
Foundational knowledge on the key professional 
practice skills provided to support students in their 
placements or course work (Crosthwaite, 2021).  
[#2: Learning Outcomes; #3: Integrated Curriculum]  

Engagement 
through 
interactivity 

Include interactive elements, 
such as applets, quizzes, and 
forums, to foster engagement 

Embed quizzes and formative applets for immediate 
reinforcement of learning and opportunities for active 
learning (Hernández-de-Menéndez et al, 2019) and 
prompted reflections. Shared forums for all 
Professional Practice units for interaction with peers 
and teaching staff (Rivera et al, 2024).  
[#8: Active Learning]  

Inclusive  
learning 
environment  
and learner 
autonomy 

Cultivate a learning 
environment that supports 
diverse learners 

Provide module materials in various formats and 
ensure accessibility (Rao, 2021). Students can access 
content and assessment online and on-demand. 
Multiple attempts at the quizzes enabled students to 
learn from mistakes. [#5: Design -Implement 
Experiences;  #7: Integrated Learning Experiences]  

Outcome 
oriented 
assessment 

Develop assessments that  
align with the learning 
objectives 

Provide clear descriptions of assessments that 
demonstrate the alignment of the task to the learning 
objectives. (Biggs, 2003) [#11: Learning Assessment] 

Authentic 
learning 

Contextualise theory  
with practical examples, 
scaffolding the application of 
concepts to integrated,  
real-world scenarios 

Incorporate real-world case studies to connect 
theoretical concepts with practical application. 
(Roach et al, 2018)  
[#4: Introduction to Engineering; #8: Active 
Learning]  

Feedback 
mechanisms  
for continual 
improvement 

Seek input from user/target 
audience for improvements 

Launch a dedicated anonymous feedback system 
available at the end of every module. Other feedback 
tools, e.g. early semester feedback, student evaluation 
of teaching and units (SETU) provide further 
opportunities for anonymous feedback (Nair et al 2012) 
[#12 - Program Evaluation]  

 
�7�K�H�� �G�H�V�L�J�Q�� �L�Q�F�R�U�S�R�U�D�W�H�V�� �I�H�D�W�X�U�H�V�� �W�K�D�W�� �H�P�S�R�Z�H�U�� �V�W�X�G�H�Q�W�V�� �E�\�� �S�U�L�R�U�L�W�L�V�L�Q�J�� �D�X�W�R�Q�R�P�\���� �O�H�D�U�Q�H�U��
�F�H�Q�W�H�U�H�G�� �D�S�S�U�R�D�F�K�H�V���� �D�Q�G�� �L�Q�W�H�U�D�F�W�L�Y�H�� �H�O�H�P�H�Q�W�V���� �H�Q�V�X�U�L�Q�J�� �D�� �W�D�L�O�R�U�H�G�� �H�[�S�H�U�L�H�Q�F�H�� �W�K�D�W�� �P�H�H�W�V��
�G�L�Y�H�U�V�H���Q�H�H�G�V�����,�W���K�D�G���E�H�H�Q���V�H�W���X�S���W�R���I�R�V�W�H�U���U�H�D�O���Z�R�U�O�G���F�R�Q�Q�H�F�W�L�R�Q�V���W�K�U�R�X�J�K���D�X�W�K�H�Q�W�L�F���O�H�D�U�Q�L�Q�J����
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�&�'�,�2���&�R�Q�Q�H�F�W�L�R�Q 

CDIO principles extend beyond the domain of engineering design, and can impactfully 
influence educational design. Each phase (Conceive, Design, Implement, Operate) 
contributes to the development of effective and engaging learning modules. 
 
�(�Q�J�D�J�H�P�H�Q�W���*�R�D�O�V���9�H�U�V�X�V���5�H�D�O�L�W�\  

When initially designing the online self-paced, auto-graded modules, the intention was to 
foster meaningful, sustained engagement through strategies that emphasised active 
learning, interactivity, and relevance to real-world industry practices. The following strategies 
were incorporated: 
 

1. Active Learning : To keep students actively engaged, interactive elements such as 
quizzes, applets, and shared forums were integrated into the modules. The goal was to 
allow students to apply what they learned in real-time, reinforcing learning while offering 
opportunities for peer interaction and social constructivism. 

2. Auto -graded Tasks : To provide immediate feedback and foster a sense of progress, all 
attempted tasks were auto-graded. This was particularly important in a self-paced online 
learning environment where students can sometimes feel disconnected from their 
learning community. 

3. Industry Relevance : Case studies, practical examples, and real-world scenarios were 
included to make the learning experience relevant and connected to the field of study. 
This would help students see the applicability of their learning beyond theoretical 
knowledge and strengthen their connection to their chosen engineering specialisation. 

 
An analysis of learner engagement data for the suite of online modules revealed that 
students' engagement behaviour differed from initial expectations. 

�/�(�$�5�1�(�5���$�1�$�/�<�7�,�&�6���$�1�'���8�1�6�8�3�(�5�9�,�6�(�'���0�$�&�+�,�1�(���/�(�$�5�1�,�1�*�����&�/�8�6�7�(�5�,�1�*�� 

This study leverages Learner Management System activity data logs to explore how learners 
interact with each module element, the timing and intensity of their engagement, and their 
progression through each of the modules. Feedback surveys did not have sufficient 
responses to draw conclusions. Hence for now, we will focus on a quantitative analysis of 
the learner engagement. 

The joint grid visualisation presents a structured way to explore relationships between two 
numerical variables while also providing insights into their individual distributions. In this 
case, the main grid consists of a set of bivariate scatter plots, showing the relationship 
between two metrics: 

�x Horizontal axis : The number of visits to each page in the module. 
�x Vertical axis : The number of visits per day throughout the semester. 

 
Marginal plots that display the univariate distributions of these variables are also shown: 

�x The bottom marginal plot  shows the distribution of page visits per module. 
�x The right marginal plot  shows the distribution of module suite visits per day, which 

is also colour -coded by Professional Practice unit , allowing for visual 
differentiation between units. 

The common module pages are ordered sequentially from left to right and labelled as: 
Engineers & Society (SOC), Project Management (PJMT), Finance & Economics (FIN), Risk 
Management (RISK), Sustainability (SUST), Ethics (ETH), and Engineers & the Law (LAW). 
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Similarly, the discipline-specific modules are labelled Aerospace (AERO), Biomedical 
(BMED), Chemical (CHEM), Civil (CIV), Electrical & Computer Systems (ECSE), 
Environmental (ENV), Materials (MSE), and Mechanical & Mechatronics (MECH). 

This visualisation facilitates the tracking of engagement trends, such as whether higher page 
visits within a module correspond to increased overall activity across the module suite or 
whether certain Professional Practice units exhibit distinct patterns of engagement over time. 

Furthermore, leveraging unsupervised machine learning methods allows for the identification 
of broad patterns in learner behaviour. These methods can cluster students into distinct 
engagement groups based on their activity profiles, revealing trends such as consistent 
versus sporadic engagement or preferences for particular types of content. 

A broad comparison of learner trajectories through the self-paced online Professional 
Practice modules and learning activities can be made using clustering. The analysis used 
the timestamps for each interaction recorded to reflect the sequential order of learner 
progression through different online learning module items. The timestamps for each 
interaction sequence were adjusted so that the first interaction with the module was treated 
as the starting point, with subsequent interactions measured relative to this time.  These 
sequences were categorised by type of module items (lesson, H5P, quiz) and organised in a 
table, with each row representing a learner's progression through a single module, and 
columns containing timestamp sequences (in nanoseconds) related to different module item 
types. 

Since interactions by module item type were considered together in the analysis, and noting 
that differences in levels of recorded engagement could unfairly favour particular item types, 
a normalisation treatment was applied to the columns. The normalisation process calibrates 
all values to fall within a consistent range (typically between 0 and 1).  

�(�D�F�K���V�W�X�G�H�Q�W�¶�V���W�L�P�H�V�W�D�P�S���V�H�T�X�H�Q�F�H�V���I�R�U���H�Q�J�D�J�L�Q�J���Z�L�W�K���P�R�G�X�O�H���L�W�H�P�V���F�D�Q���Y�D�U�\���J�U�H�D�W�O�\���L�Q��
length, and potentially can be quite long.  For the purposes of visualisation, a dimension 
reduction operation called principal component analysis (Kherif & Latypova, 2020) was used 
to optimise the handling of the timestamp sequences. Principal component analysis (PCA) 
produces a consolidated representation of the timestamp sequences which enables the 
�I�O�H�[�L�E�L�O�L�W�\���W�R���S�U�R�M�H�F�W���H�D�F�K���V�W�X�G�H�Q�W�¶�V���U�H�F�R�U�G���R�I���H�Q�J�D�J�H�P�H�Q�W���Z�L�W�K���P�R�G�X�O�H���Oearning items into the 
two-dimensional space (via the helper principal components). By using the principal 
�F�R�P�S�R�Q�H�Q�W�V�����Z�H���F�D�Q���S�O�R�W���H�D�F�K���V�W�X�G�H�Q�W�¶�V���L�Q�W�H�U�D�F�W�L�R�Q���Z�L�W�K���D���P�R�G�X�O�H���D�V���D���V�L�Q�J�O�H���G�D�W�D���S�R�L�Q�W����
and observe relationships to other students.  

�.�H�\���)�L�Q�G�L�Q�J�V�����)�U�R�P���-�R�L�Q�W���*�U�L�G���9�L�V�X�D�O�L�V�D�W�L�R�Q�� 

Common modules:  
�x Data indicates that the opening pages of each topic in most modules receive high traffic, 

especially early in the semester, aligning with the detected peaks. Engagement activity 
(show by the shading of the cells in the grid) seems to consistently decline rapidly after 
the opening set of pages.   

�x The modules vary in length, and this appears to be a factor in overall student module 
engagement depth. The common modules that are mapped to later in the semester 
timeline (Ethics and Engineers & the Law), are also longer and more content intensive.   
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�x This structure may contribute to a more noticeable decline in engagement as the 
semester progresses. 

�x Quizzes are attempted even if the content in the modules have not been viewed, 
especially at the end of the semester.  

�x Staggered release of the modules (as seen in S1) appears to have prompted more 
students to engage with the modules throughout the semester.  This contrasts with S2, 
where all the common modules were available from the start of the semester. 

 
Discipline-specific modules: 
�x Note: In S1, only Chemical, CIvil and Mechanical & Mechatronics modules were 

available. 
Generally these modules have been released later in the semester than the common set 
of modules, and they have lower engagement.  Mechanical & Mechatronics has 
noticeably higher activity than the others.  

 
Cohort differences 
�x All cohorts demonstrate heightened levels of engagement at the beginning and end of 

the semesters. 
�x Co-operative education professional practice, PP(COOP), demonstrates strong and 

consistent engagement with the suite of modules in S1. 
�x The curriculum-embedded professional practice, PP(CE), which only started in S2 

appears to have a cohort that engaged with the modules most consistently throughout 
the semester.  
 

�.�H�\���)�L�Q�G�L�Q�J�V�����)�U�R�P���&�O�X�V�W�H�U�L�Q�J�� 

�6�K�D�U�H�G���G�L�Y�H�U�V�H���V�W�X�G�H�Q�W���H�Q�J�D�J�H�P�H�Q�W���W�U�D�M�H�F�W�R�U�L�H�V 

An initial visual inspection of the engagement trajectories for the 2024 cohort of Professional 
Practice students, as shown in the figure, highlights similarities in broad patterns. The overall 
spread and shape of the data points suggest general consistency, regardless of whether 
students submitted the summative quizzes for each module. Engagement patterns are 
consistent among students who failed (F), achieved passing grades (P of high pass, HP) or 
did not submit quizzes (X). Most students who completed the online module quizzes passed 
the assessment.  However, distinct differences in learner behaviour are evident between unit 
cohorts. Notably, while students from non-quiz-submitting cohorts show generally similar 
engagement patterns, the PP(COOP) cohort exhibits unique characteristics. The streak-like 
structure of the data indicates that engagement trajectories are diverse yet follow similar 
underlying patterns. 

�/�(�6�6�2�1�6���/�(�$�5�1�(�'���	���&�2�1�7�,�1�8�$�/���,�0�3�5�2�9�(�0�(�1�7 

In conclusion, adopting a structured, iterative CDIO approach has proven essential for 
evolving instructional design in response to real student experiences and engagement 
patterns. By consistently reassessing student motivations during the Conceive  phase, 
educators are given the opportunity to reflect on whether the learning modules remain 
relevant and meaningful. Gathering direct feedback from students and subject matter 
experts is expected to provide actionable insights that inform necessary design 
improvements, ensuring the learning experience aligns with the needs and expectations of 
the students. 
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The Design  phase has highlighted that even small refinements, such as experimenting with 
the progressive reveal of content, can positively influence student engagement 
behaviour.  Additionally, structuring longer modules with intermittent quizzes, rather than 
relying on a single final assessment, helps maintain cognitive engagement and minimizes 
learner fatigue. This approach reinforces the importance of pacing and regular interaction in 
supporting sustained learning. 

In the Implement  phase, the inclusion of professional practice engagement features, such 
as peer discussions, has shown promise in promoting deeper learning and collaboration. 
These elements support students in connecting with the practical relevance of their learning 
and help cultivate a sense of community in self-paced environments. While these features 
have been beneficial, the impact could be further improved with more regular facilitator 
engagement and prompting, ensuring continuous interaction and encouragement for 
students to actively participate. This could further enhance both student engagement and 
understanding, particularly in independent learning settings. 

Finally, the Operate  phase ensures that the design process remains dynamic and 
responsive. By leveraging analytics to continuously evaluate the impact of changes on 
student engagement, instructional designers can refine and optimise the learning experience 
over time. This ongoing cycle of data-driven decision-making supports the continual 
enhancement of the course, ensuring that improvements are sustainable and aligned with 
student needs while working within existing constraints. 

The iterative nature of this CDIO approach affirms the importance of being responsive to 
student feedback and engagement data, allowing for continual improvements that can 
enhance both learner outcomes and engagement in online self-paced, auto-graded 
modules. Ultimately, this reflective and adaptive process offers a robust framework for 
instructional design that drives long-term success and learner satisfaction. 
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�%�,�2�*�5�$�3�+�,�&�$�/���,�1�)�2�5�0�$�7�,�2�1 

�(�O�L�]�D�E�H�W�K���0�F�&�D�U�W�K�\���L�V���D�Q���(�G�X�F�D�W�L�R�Q�D�O���'�H�V�L�J�Q�H�U�����7�H�F�K�Q�R�O�R�J�\�����L�Q���W�K�H���)�D�F�X�O�W�\���R�I���(�Q�J�L�Q�H�H�U�L�Q�J��
�D�W���0�R�Q�D�V�K�� �8�Q�L�Y�H�U�V�L�W�\���� �Z�K�H�U�H�� �V�K�H�� �X�V�H�V���H�G�X�F�D�W�L�R�Q�D�O�� �W�H�F�K�Q�R�O�R�J�\�� �V�R�O�X�W�L�R�Q�V�� �W�R�� �H�Q�K�D�Q�F�H�� �F�R�X�U�V�H��
�G�H�V�L�J�Q���D�Q�G���D�V�V�H�V�V�P�H�Q�W���D�Q�G���S�U�R�Y�L�G�H���L�Q�V�L�J�K�W���L�Q�W�R���G�D�W�D���G�U�L�Y�H�Q���G�H�F�L�V�L�R�Q���P�D�N�L�Q�J���S�U�R�F�H�V�V�H�V���� 

�9�H�U�R�Q�L�F�D�� �+�D�O�X�S�N�D���L�V�� �W�K�H�� �(�G�X�F�D�W�L�R�Q�� �0�D�Q�D�J�H�U�� �R�I�� �W�K�H�� �)�D�F�X�O�W�\�� �R�I�� �(�Q�J�L�Q�H�H�U�L�Q�J���� �D�W�� �0�R�Q�D�V�K��
�8�Q�L�Y�H�U�V�L�W�\�����6�K�H���O�H�D�G�V���D���W�H�D�P���R�I���H�G�X�F�D�W�L�R�Q�D�O���G�H�V�L�J�Q�H�U�V���L�P�S�O�H�P�H�Q�W�L�Q�J���H�Y�L�G�H�Q�F�H���E�D�V�H�G�����O�H�D�G�L�Q�J��
�S�U�D�F�W�L�F�H���D�S�S�U�R�D�F�K�H�V���W�R���(�Q�J�L�Q�H�H�U�L�Q�J���(�G�X�F�D�W�L�R�Q���L�Q���F�R�X�U�V�H���G�H�V�L�J�Q���D�Q�G���H�G�X�F�D�W�L�R�Q�D�O���W�H�F�K�Q�R�O�R�J�L�H�V�� 

�/�L�O�D���$�]�R�X�]�����6�H�Q�L�R�U���(�G�X�F�D�W�L�R�Q�D�O���'�H�V�L�J�Q�H�U���Z�L�W�K���W�K�H���)�D�F�X�O�W�\���R�I���%�X�V�L�Q�H�V�V�����E�U�L�Q�J�V���S�U�L�R�U���H�[�S�H�U�W�L�V�H��
�I�U�R�P���W�K�H���(�G�X�F�D�W�L�R�Q���'�H�V�L�J�Q���W�H�D�P���D�W���0�R�Q�D�V�K���8�Q�L�Y�H�U�V�L�W�\�
�V���)�D�F�X�O�W�\���R�I���(�Q�J�L�Q�H�H�U�L�Q�J�����6�K�H���K�R�O�G�V���D��
�P�D�V�W�H�U�¶�V�� �G�H�J�U�H�H�� �L�Q�� �(�G�X�F�D�W�L�R�Q�D�O�� �7�H�F�K�Q�R�O�R�J�\���� �/�L�O�D�¶�V�� �U�H�V�H�D�U�F�K�� �L�Q�W�H�U�H�V�W�V�� �L�Q�F�O�X�G�H�� �L�Q�Q�R�Y�D�W�L�Y�H��
�W�H�D�F�K�L�Q�J���S�H�G�D�J�R�J�L�H�V�����D�V�V�H�V�V�P�H�Q�W���G�H�V�L�J�Q���D�Q�G���F�U�H�D�W�L�Q�J���L�Q�W�H�U�D�F�W�L�Y�H���O�H�D�U�Q�L�Q�J���H�Q�Y�L�U�R�Q�P�H�Q�W�V���� 

�&�R�U�U�H�V�S�R�Q�G�L�Q�J���D�X�W�K�R�U 

�(�O�L�]�D�E�H�W�K���0�F�&�D�U�W�K�\ 
�(�G�X�F�D�W�L�R�Q�D�O���'�H�V�L�J�Q�H�U�����7�H�F�K�Q�R�O�R�J�\�� 
�)�D�F�X�O�W�\���R�I���(�Q�J�L�Q�H�H�U�L�Q�J 
�0�R�Q�D�V�K���8�Q�L�Y�H�U�V�L�W�\ 
�(�O�L�]�D�E�H�W�K���0�F�&�D�U�W�K�\�#�P�R�Q�D�V�K���H�G�X 

 

�7�K�L�V���Z�R�U�N���L�V���O�L�F�H�Q�V�H�G���X�Q�G�H�U���D���&�U�H�D�W�L�Y�H��
�&�R�P�P�R�Q�V���$�W�W�U�L�E�X�W�L�R�Q���1�R�Q�&�R�P�P�H�U�F�L�D�O��
�1�R�'�H�U�L�Y�D�W�L�Y�H�V�����������,�Q�W�H�U�Q�D�W�L�R�Q�D�O���/�L�F�H�Q�V�H�� 

 

  

https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/


   
 

������  
�3�U�R�F�H�H�G�L�Q�J�V���R�I���W�K�H�������V�W���,�Q�W�H�U�Q�D�W�L�R�Q�D�O���&�'�,�2���&�R�Q�I�H�U�H�Q�F�H�����K�R�V�W�H�G���E�\ 

�0�R�Q�D�V�K���8�Q�L�Y�H�U�V�L�W�\�����0�H�O�E�R�X�U�Q�H�����$�X�V�W�U�D�O�L�D�����-�X�Q�H���������������������� 

�)�5�2�0���6�+�$�5�,�1�*���7�2���6�<�1�(�5�*�<�����&�8�/�7�,�9�$�7�,�1�*���,�1�&�/�8�6�,�9�(��
�(�'�8�&�$�7�,�2�1�$�/���(�1�9�,�5�2�1�0�(�1�7�6���7�+�5�2�8�*�+���(�'�,���,�1���&�'�,�2 

�(�O�L�]�D�E�H�W�K���0�F�&�D�U�W�K�\ 

�)�D�F�X�O�W�\���R�I���(�Q�J�L�Q�H�H�U�L�Q�J�����0�R�Q�D�V�K���8�Q�L�Y�H�U�V�L�W�\ 

�$�V�W�H�U���&�R�V�P�R�V 
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�'�D�Q�D���%�X�L�����3�U�X�G�H�Q�F�H���3�H�U�U�\���D�Q�G���+�H�O�P�\���&�R�R�N 
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�$�%�6�7�5�$�&�7 
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�W�R�� �R�S�H�U�D�W�L�R�Q�D�O�L�V�H�� �W�K�H�V�H���� �(�'�,�6�&�� �E�X�L�O�G�V�� �F�R�Q�Q�H�F�W�L�R�Q�V�� �E�H�W�Z�H�H�Q�� �H�G�X�F�D�W�L�R�Q�� �S�U�D�F�W�L�W�L�R�Q�H�U�V�� �I�U�R�P��
�D�F�U�R�V�V���W�K�H���0�R�Q�D�V�K���F�R�P�P�X�Q�L�W�\���Z�K�R���L�Q�I�O�X�H�Q�F�H���W�H�D�F�K�L�Q�J���S�U�D�F�W�L�F�H�V���L�Q���0�R�Q�D�V�K���F�R�X�U�V�H�V�����L�Q�F�O�X�G�L�Q�J��
�W�K�R�V�H���R�I�I�H�U�H�G���L�Q���W�K�H���P�X�O�W�L�S�O�H���G�L�V�F�L�S�O�L�Q�H�V���D�Q�G���V�S�H�F�L�D�O�L�V�D�W�L�R�Q�V���R�I���W�K�H���)�D�F�X�O�W�\���R�I���(�Q�J�L�Q�H�H�U�L�Q�J�����7�K�H��
�V�K�D�U�H�G�� �P�L�V�V�L�R�Q�� �R�I�� �W�K�H�� �J�U�R�X�S�� �P�H�P�E�H�U�V�� �S�U�R�G�X�F�L�Q�J�� �W�K�L�V�� �S�D�S�H�U�� �L�V�� �W�R�� �L�G�H�Q�W�L�I�\�� �R�S�S�R�U�W�X�Q�L�W�L�H�V�� �W�R��
�L�Q�I�O�X�H�Q�F�H���D�Q�G���D�G�Y�R�F�D�W�H���I�R�U���H�T�X�L�W�D�E�O�H���S�U�D�F�W�L�F�H�V���D�Q�G���F�R�Q�V�L�G�H�U�D�W�L�R�Q�V���G�X�U�L�Q�J���W�K�H���F�R�Q�F�H�L�Y�H�����G�H�V�L�J�Q����
�L�P�S�O�H�P�H�Q�W�� �D�Q�G�� �R�S�H�U�D�W�H�� �V�W�D�J�H�V�� �R�I�� �O�H�D�U�Q�L�Q�J�� �H�[�S�H�U�L�H�Q�F�H�V���� �%�\�� �O�H�Y�H�U�D�J�L�Q�J�� �W�K�H�V�H�� �V�\�Q�H�U�J�L�H�V���� �W�K�H��
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�&�L�U�F�O�H�� 

�.�(�<�:�2�5�'�6  
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�,�1�7�5�2�'�8�&�7�,�2�1 

�,�Q�F�O�X�V�L�R�Q�� �D�Q�G�� �H�T�X�L�W�\�� �K�D�Y�H�� �H�P�H�U�J�H�G�� �D�V�� �S�L�Y�R�W�D�O�� �F�R�Q�F�H�U�Q�V�� �L�Q�� �H�Q�J�L�Q�H�H�U�L�Q�J�� �H�G�X�F�D�W�L�R�Q���� �Z�K�H�U�H��
�G�L�Y�H�U�V�H���S�H�U�V�S�H�F�W�L�Y�H�V���D�Q�G���H�T�X�L�W�D�E�O�H���R�S�S�R�U�W�X�Q�L�W�L�H�V���D�U�H���F�U�X�F�L�D�O���I�R�U���F�X�O�W�L�Y�D�W�L�Q�J���L�Q�Q�R�Y�D�W�L�Y�H�����H�W�K�L�F�D�O����
�D�Q�G�� �V�R�F�L�D�O�O�\�� �U�H�V�S�R�Q�V�L�E�O�H�� �H�Q�J�L�Q�H�H�U�V���� �7�K�H�� �&�'�,�2�� ���&�R�Q�F�H�L�Y�H�����'�H�V�L�J�Q�����,�P�S�O�H�P�H�Q�W�����2�S�H�U�D�W�H����
�I�U�D�P�H�Z�R�U�N���� �Z�L�G�H�O�\�� �D�G�R�S�W�H�G�� �I�R�U�� �L�W�V�� �H�P�S�K�D�V�L�V�� �R�Q�� �S�U�D�F�W�L�F�D�O���� �U�H�D�O���Z�R�U�O�G�� �H�Q�J�L�Q�H�H�U�L�Q�J�� �H�G�X�F�D�W�L�R�Q����
�S�U�R�Y�L�G�H�V�� �D�� �U�R�E�X�V�W�� �S�O�D�W�I�R�U�P�� �I�R�U�� �D�G�G�U�H�V�V�L�Q�J�� �W�K�H�V�H�� �F�K�D�O�O�H�Q�J�H�V���� �7�K�L�V�� �S�D�S�H�U�� �H�[�S�O�R�U�H�V�� �K�R�Z�� �W�K�H��
�S�U�L�Q�F�L�S�O�H�V���R�I���L�Q�F�O�X�V�L�R�Q���D�Q�G���H�T�X�L�W�\���F�D�Q���E�H���V�\�V�W�H�P�D�W�L�F�D�O�O�\���H�P�E�H�G�G�H�G���L�Q�W�R���W�K�H���&�'�,�2���I�U�D�P�H�Z�R�U�N����
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�V�X�F�F�H�V�V�I�X�O���L�Q�F�O�X�V�L�R�Q���H�I�I�R�U�W�V���D�Q�G���O�L�I�H�O�R�Q�J���O�H�D�U�Q�L�Q�J���G�H�Y�H�O�R�S�P�H�Q�W�V�����F�U�H�D�W�L�Q�J���D���Q�H�H�G���I�R�U���F�X�U�U�L�F�X�O�D��
�W�K�D�W�� �F�D�Q�� �E�H�� �W�D�L�O�R�U�H�G�� �D�Q�G�� �D�G�D�S�W�H�G�� �S�U�R�P�S�W�O�\�� �W�R�� �P�H�H�W�� �D�� �G�L�Y�H�U�V�H�� �U�D�Q�J�H�� �R�I�� �L�Q�G�L�Y�L�G�X�D�O�� �Q�H�H�G�V����
�7�H�F�K�Q�R�O�R�J�\�� �L�V�� �S�U�H�V�H�Q�W�� �W�R�� �H�Q�D�E�O�H�� �W�K�L�V���� �2�Q�O�L�Q�H�� �U�H�V�R�X�U�F�H�V���� �G�L�J�L�W�D�O�� �F�O�D�V�V�U�R�R�P�V���� �D�Q�G�� �$�,���G�U�L�Y�H�Q��
�D�G�D�S�W�L�Y�H�� �O�H�D�U�Q�L�Q�J�� �V�\�V�W�H�P�V�� �H�Q�F�R�X�U�D�J�H�� �D�� �V�K�L�I�W�� �W�R�Z�D�U�G�V�� �G�\�Q�D�P�L�F���� �F�X�V�W�R�P�L�]�D�E�O�H�� �O�H�D�U�Q�L�Q�J��
�H�[�S�H�U�L�H�Q�F�H�V�����:�L�W�K���W�K�H���U�L�V�H���R�I���W�H�F�K�Q�R�O�R�J�\���D�Q�G���J�O�R�E�D�O�L�]�D�W�L�R�Q�����W�K�H���V�N�L�O�O�V���D�Q�G���N�Q�R�Z�O�H�G�J�H���W�K�D�W���D�U�H��
�U�H�O�H�Y�D�Q�W�� �I�R�U�� �V�W�X�G�H�Q�W�V�� �W�R�� �O�H�D�U�Q�� �T�X�L�F�N�O�\�� �E�H�F�R�P�H�� �R�X�W�G�D�W�H�G�� �D�Q�G�� �D�U�H�� �L�Q�� �Q�H�H�G�� �R�I�� �F�R�Q�W�L�Q�X�R�X�V��
�D�G�M�X�V�W�P�H�Q�W�����.�D�P�S���� �������������� �(�P�S�O�R�\�H�U�V�� �V�H�H�N�� �L�Q�G�L�Y�L�G�X�D�O�V�� �Z�K�R�� �F�D�Q�� �D�G�D�S�W���� �W�K�L�Q�N�� �F�U�L�W�L�F�D�O�O�\���� �D�Q�G��
�L�Q�Q�R�Y�D�W�H�����0�D�O�P�T�Y�L�V�W���H�W���D�O���������������������D�Q�G���V�R�F�L�H�W�\���Q�H�H�G�V���J�U�D�G�X�D�W�H�V���Z�K�R���D�U�H���D�E�O�H���W�R���Z�R�U�N���R�Q���J�O�R�E�D�O��
�V�X�V�W�D�L�Q�D�E�L�O�L�W�\�� �F�K�D�O�O�H�Q�J�H�V�����+�D�Q�V�W�H�G�W���� �������������� �Z�K�L�F�K�� �D�U�H�� �E�R�W�K�� �F�R�P�S�O�H�[�� �D�Q�G�� �X�Q�F�H�U�W�D�L�Q���� �(�[�L�V�W�L�Q�J��
�F�X�U�U�L�F�X�O�D���Q�H�H�G���W�R���E�H���D�G�D�S�W�D�E�O�H���W�R���S�U�H�S�D�U�H���V�W�X�G�H�Q�W�V���I�R�U���W�K�L�V���L�Q�F�U�H�D�V�L�Q�J�O�\���X�Q�S�U�H�G�L�F�W�D�E�O�H���Z�R�U�O�G����
�U�H�V�X�O�W�L�Q�J���L�Q���Q�X�P�H�U�R�X�V���F�R�Q�F�H�S�W�V���R�I�������V�W���F�H�Q�W�X�U�\���V�N�L�O�O�V���I�R�U���G�L�J�L�W�D�O���O�L�W�H�U�D�F�\�����V�X�V�W�D�L�Q�D�E�L�O�L�W�\�����D�Q�G���V�R�F�L�D�O��
�W�U�D�Q�V�I�R�U�P�D�W�L�R�Q�����.�R�S�Q�L�Q�D���� ���������������+�R�J�J�D�Q���� ���������������7�K�D�W�� �W�K�H�� �F�K�D�Q�J�H�V�� �G�H�H�P�H�G�� �Q�H�F�H�V�V�D�U�\�� �D�U�H��
�H�Y�H�U�� �G�H�Y�H�O�R�S�L�Q�J�� �L�V�� �H�Y�L�G�H�Q�W�� �L�Q�� �W�K�H�� �V�X�E���W�K�H�P�H�V�� �R�I�� �W�K�L�V�� �F�R�Q�I�H�U�H�Q�F�H���� �Z�K�L�F�K�� �L�Q�F�O�X�G�H�V�� �H�W�K�L�F�V����
�H�P�R�W�L�R�Q�V�����D�Q�G���W�U�D�Q�V�G�L�V�F�L�S�O�L�Q�D�U�\���D�S�S�U�R�D�F�K�H�V�� 
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�P�D�N�H���F�X�U�U�L�F�X�O�D���P�R�U�H���D�J�L�O�H�����7�K�L�V���F�R�Q�F�H�S�W���R�I�� �&�X�U�U�L�F�X�O�X�P���$�J�L�O�L�W�\�� �K�D�V���E�H�H�Q���G�H�Y�H�O�R�S�H�G���E�H�W�Z�H�H�Q��
�����������D�Q�G�������������L�Q���D���V�H�U�L�H�V���R�I���I�R�F�X�V���J�U�R�X�S���V�H�V�V�L�R�Q�V���Z�L�W�K���H�Q�J�L�Q�H�H�U�L�Q�J���H�G�X�F�D�W�L�R�Q���S�U�D�F�W�L�W�L�R�Q�H�U�V��
�D�Q�G�� �H�[�S�H�U�W�V���� �7�K�U�R�X�J�K�R�X�W�� �W�K�H�V�H�� �F�R���F�U�H�D�W�L�R�Q�D�O�� �D�Q�G�� �L�W�H�U�D�W�L�Y�H�� �V�H�V�V�L�R�Q�V�� �&�X�U�U�L�F�X�O�X�P���$�J�L�O�L�W�\�� �Z�D�V��
�G�H�I�L�Q�H�G�� �D�Q�� �R�Q���J�R�L�Q�J�� �L�Q�Q�R�Y�D�W�L�Y�H�� �I�U�D�P�H�Z�R�U�N�� �I�R�U�� �H�V�W�D�E�O�L�V�K�L�Q�J �D�� �U�H�V�S�R�Q�V�L�Y�H�O�\�� �R�U�J�D�Q�L�V�H�G��
�H�G�X�F�D�W�L�R�Q�����Z�L�W�K���G�\�Q�D�P�L�F���O�H�D�U�Q�L�Q�J���F�R�Q�W�H�Q�W�V���D�Q�G���I�O�H�[�L�E�O�H���S�H�G�D�J�R�J�\���D�Q�G���G�L�G�D�F�W�L�F�V�����D�Q�G���Z�L�W�K���D�O�O��
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�(�Q�J�L�Q�H�H�U�L�Q�J�� �H�G�X�F�D�W�L�R�Q�� �L�Q�F�U�H�D�V�L�Q�J�O�\���U�H�F�R�J�Q�L�V�H�V���W�K�H�� �F�U�L�W�L�F�D�O�� �U�R�O�H�� �R�I�� �V�W�U�H�Q�J�W�K�H�Q�L�Q�J�� �L�Q�Q�R�Y�D�W�L�R�Q��
�F�R�P�S�H�W�H�Q�F�H���L�Q���S�U�H�S�D�U�L�Q�J���V�W�X�G�H�Q�W�V���W�R���W�D�F�N�O�H���F�R�P�S�O�H�[���J�O�R�E�D�O���F�K�D�O�O�H�Q�J�H�V�����$�F�F�R�U�G�L�Q�J���W�R���7�K�H���2�V�O�R��
�0�D�Q�X�D�O�� ���2�(�&�'���� �������������� �L�Q�Q�R�Y�D�W�L�R�Q�� �V�L�J�Q�L�I�L�F�D�Q�W�O�\�� �L�P�S�U�R�Y�H�V���S�U�R�G�X�F�W�V���� �S�U�R�F�H�V�V�H�V���� �R�U�� �V�H�U�Y�L�F�H�V����
�7�K�L�V�� �L�V�� �Z�H�O�O�� �L�Q�W�H�J�U�D�W�H�G�� �L�Q�W�R�� �V�R�P�H�� �/�$�7�$�0�� �(�Q�J�L�Q�H�H�U�L�Q�J�� �D�Q�G�� �6�F�L�H�Q�F�H�V�� �V�F�K�R�R�O�V���� �V�X�F�K�� �D�V�� �W�K�H��
�)�D�F�X�O�W�\���R�I���3�K�\�V�L�F�D�O���D�Q�G���0�D�W�K�H�P�D�W�L�F�D�O���6�F�L�H�Q�F�H�V�����)�&�)�0�����R�I���W�K�H���8�Q�L�Y�H�U�V�L�W�\���R�I���&�K�L�O�H�����W�K�H���R�O�G�H�V�W��
�H�Q�J�L�Q�H�H�U�L�Q�J���V�F�K�R�R�O���L�Q���&�K�L�O�H�� 

�,�Q�Q�R�Y�D�W�L�R�Q���F�R�P�S�H�W�H�Q�F�H���I�R�V�W�H�U�V���W�K�H���D�E�L�O�L�W�\���W�R���L�G�H�Q�W�L�I�\���R�S�S�R�U�W�X�Q�L�W�L�H�V�����J�H�Q�H�U�D�W�H���Q�R�Y�H�O���L�G�H�D�V�����D�Q�G��
�L�P�S�O�H�P�H�Q�W�� �H�I�I�H�F�W�L�Y�H�� �V�R�O�X�W�L�R�Q�V�����2�(�&�'���� �������������L�Q�� �V�W�X�G�H�Q�W�V���� �K�R�Z�H�Y�H�U�����W�K�H�� �P�H�D�V�X�U�H�P�H�Q�W�� �R�I��
�F�R�P�S�H�W�H�Q�F�H���S�U�R�J�U�H�V�V�L�R�Q���W�K�U�R�X�J�K���W�L�P�H���K�D�V���Q�R�W���E�H�H�Q���D�F�K�L�H�Y�H�G���\�H�W�����)�U�D�P�H�Z�R�U�N�V���V�X�F�K���D�V���W�K�H��
�,�Q�Q�R�Y�D�W�L�R�Q�� �&�R�P�S�H�W�H�Q�F�H�� �%�D�U�R�P�H�W�H�U�� ���,�&�%���� �L�G�H�Q�W�L�I�\�� �I�L�Y�H�� �H�V�V�H�Q�W�L�D�O�� �G�L�P�H�Q�V�L�R�Q�V�� �I�R�U�� �I�R�V�W�H�U�L�Q�J��
�L�Q�Q�R�Y�D�W�L�R�Q���� �F�U�H�D�W�L�Y�L�W�\���� �F�U�L�W�L�F�D�O�� �W�K�L�Q�N�L�Q�J���� �L�Q�L�W�L�D�W�L�Y�H���� �W�H�D�P�Z�R�U�N���� �D�Q�G�� �Q�H�W�Z�R�U�N�L�Q�J�����0�D�U�t�Q���*�D�U�F�L�D�� �H�W��
�D�O���������������������7�K�H�V�H���G�L�P�H�Q�V�L�R�Q�V���D�O�L�J�Q���F�O�R�V�H�O�\���Z�L�W�K���W�K�H���&�'�,�2���6�W�D�Q�G�D�U�G�V�����S�D�U�W�L�F�X�O�D�U�O�\���6�W�D�Q�G�D�U�G��������
�Z�K�L�F�K���H�P�S�K�D�V�L�V�H�V���O�H�D�U�Q�L�Q�J���R�X�W�F�R�P�H�V���W�D�L�O�R�U�H�G���W�R���S�U�R�I�H�V�V�L�R�Q�D�O���D�Q�G���V�R�F�L�H�W�D�O���Q�H�H�G�V�� 

�$�W�� �W�K�H�� �)�D�F�X�O�W�\�� �R�I�� �3�K�\�V�L�F�D�O�� �D�Q�G�� �0�D�W�K�H�P�D�W�L�F�D�O�� �6�F�L�H�Q�F�H�V�� ���)�&�)�0���� �R�I�� �W�K�H�� �8�Q�L�Y�H�U�V�L�W�\�� �R�I�� �&�K�L�O�H����
�L�Q�Q�R�Y�D�W�L�R�Q�� �L�V�� �D�� �F�R�U�Q�H�U�V�W�R�Q�H�� �R�I�� �W�K�H�����&�R�P�P�R�Q���&�X�U�U�L�F�X�O�X�P�� �3�O�D�Q�´�� �I�R�U���H�D�U�O�\���\�H�D�U���H�Q�J�L�Q�H�H�U�L�Q�J��
�V�W�X�G�H�Q�W�V���� �D�L�P�L�Q�J�� �W�R�� �S�U�H�S�D�U�H�� �J�U�D�G�X�D�W�H�V�� �Z�L�W�K�� �V�N�L�O�O�V�� �W�K�D�W���H�I�I�H�F�W�L�Y�H�O�\�� �D�G�G�U�H�V�V�� �W�H�F�K�Q�R�O�R�J�L�F�D�O�� �D�Q�G��
�V�R�F�L�H�W�D�O���F�K�D�O�O�H�Q�J�H�V�����7�K�U�H�H���L�Q�Q�R�Y�D�W�L�R�Q���F�R�X�U�V�H�V�����&�'�������������&�'�������������D�Q�G���&�'�������������L�Q�F�R�U�S�R�U�D�W�H��
�P�H�W�K�R�G�R�O�R�J�L�H�V�� �V�X�F�K�� �D�V�� �S�U�R�M�H�F�W���E�D�V�H�G�� �O�H�D�U�Q�L�Q�J�� ���3�M�%�/���� �D�Q�G�� �F�K�D�O�O�H�Q�J�H���E�D�V�H�G�� �O�H�D�U�Q�L�Q�J�� ���&�%�/������
�Z�K�L�F�K���F�R�Q�V�L�G�H�U���J�U�R�X�S���S�U�R�M�H�F�W�V�����K�D�Q�G�V���R�Q���D�F�W�L�Y�L�W�L�H�V�����D�Q�G���L�Q�W�H�U�G�L�V�F�L�S�O�L�Q�D�U�\���F�K�D�O�O�H�Q�J�H�V���G�H�V�L�J�Q�H�G��
�W�R���I�R�V�W�H�U���F�R�O�O�D�E�R�U�D�W�L�R�Q���D�Q�G���L�Q�Q�R�Y�D�W�L�R�Q�����)�R�U���L�Q�V�W�D�Q�F�H�����&�'�����������L�Q�W�U�R�G�X�F�H�V���V�W�X�G�H�Q�W�V���W�R���U�H�D�O���Z�R�U�O�G��
�S�U�R�E�O�H�P�V�����U�H�T�X�L�U�L�Q�J���W�H�D�P�Z�R�U�N���D�Q�G���F�U�L�W�L�F�D�O���W�K�L�Q�N�L�Q�J���W�R���S�U�R�S�R�V�H���Y�L�D�E�O�H���V�R�O�X�W�L�R�Q�V�����7�K�L�V���V�\�V�W�H�P�D�W�L�F��
�D�O�L�J�Q�P�H�Q�W�� �H�Q�V�X�U�H�V�� �W�K�D�W�� �W�K�H�� �F�X�U�U�L�F�X�O�X�P�� �V�X�S�S�R�U�W�V���W�K�H���S�U�R�J�U�H�V�V�L�Y�H�� �G�H�Y�H�O�R�S�P�H�Q�W�� �R�I�� �L�Q�Q�R�Y�D�W�L�R�Q��
�F�R�P�S�H�W�H�Q�F�H�����%�U�D�Y�R���&�R�U�G�R�Y�D���� ������������ �+�p�O�L�F�H���� ���������������7�K�L�V�� �V�H�W�� �R�I�� �F�R�X�U�V�H�V�� �K�D�V�� �E�H�H�Q���W�D�X�J�K�W���W�R��
�H�D�U�O�\���\�H�D�U�� �V�W�X�G�H�Q�W�V�� �V�L�Q�F�H�� ������������ �1�H�Y�H�U�W�K�H�O�H�V�V���� �W�K�H���I�D�F�X�O�W�\�� �K�D�V�� �Q�R�W�� �D�F�F�X�U�D�W�H�O�\�� �P�H�D�V�X�U�H�G�� �W�K�H��
�S�U�R�J�U�H�V�V���R�I���L�Q�Q�R�Y�D�W�L�R�Q���F�R�P�S�H�W�H�Q�F�H���W�R���L�P�S�U�R�Y�H���H�G�X�F�D�W�L�R�Q�D�O���S�U�R�J�U�D�P�V���F�R�Q�W�L�Q�X�R�X�V�O�\���� 

�$�V���K�L�J�K�O�L�J�K�W�H�G���E�\���*�X�R���H�W���D�O���������������������F�R�J�Q�L�W�L�Y�H�����E�H�K�D�Y�L�R�X�U�D�O���P�H�D�V�X�U�H�V�����D�Q�G���V�H�O�I���S�H�U�F�H�S�W�L�R�Q�²
�D�O�V�R�� �U�H�I�H�U�U�H�G�� �W�R�� �D�V�� �V�H�O�I���U�H�I�O�H�F�W�L�R�Q�² �D�U�H�� �U�H�F�R�J�Q�L�V�H�G�� �D�V�� �Y�D�O�L�G�� �D�Q�G�� �P�H�D�Q�L�Q�J�I�X�O�� �G�L�P�H�Q�V�L�R�Q�V�� �I�R�U��
�D�V�V�H�V�V�L�Q�J���V�W�X�G�H�Q�W���O�H�D�U�Q�L�Q�J���R�X�W�F�R�P�H�V�����7�K�H���D�I�I�H�F�W�L�Y�H���R�X�W�F�R�P�H�V�����V�X�F�K���D�V���V�W�X�G�H�Q�W�V�¶���S�H�U�F�H�S�W�L�R�Q�V��
�R�I���W�K�H���E�H�Q�H�I�L�W�V���D�Q�G���H�[�S�H�U�L�H�Q�F�H���R�I���S�U�R�M�H�F�W���E�D�V�H�G���O�H�D�U�Q�L�Q�J�����3�M�%�/�������D�U�H���D�P�R�Q�J���W�K�H���P�R�V�W���I�U�H�T�X�H�Q�W�O�\��
�D�S�S�O�L�H�G�� �P�H�D�V�X�U�H�V�� �L�Q�� �K�L�J�K�H�U�� �H�G�X�F�D�W�L�R�Q���� �7�K�L�V�� �D�S�S�U�R�D�F�K�� �D�F�N�Q�R�Z�O�H�G�J�H�V�� �W�K�D�W�� �V�W�X�G�H�Q�W�V�¶�� �V�H�O�I��
�D�Z�D�U�H�Q�H�V�V�� �D�Q�G�� �H�Y�R�O�Y�L�Q�J�� �X�Q�G�H�U�V�W�D�Q�G�L�Q�J�� �R�I�� �W�K�H�L�U�� �R�Z�Q�� �D�E�L�O�L�W�L�H�V�� �D�U�H�� �N�H�\�� �L�Q�G�L�F�D�W�R�U�V�� �R�I�� �O�H�D�U�Q�L�Q�J��
�S�U�R�J�U�H�V�V�L�R�Q�����S�D�U�W�L�F�X�O�D�U�O�\���L�Q���W�K�H���H�D�U�O�\���V�W�D�J�H�V���R�I���S�U�R�I�H�V�V�L�R�Q�D�O���G�H�Y�H�O�R�S�P�H�Q�W�����7�K�H�U�H�I�R�U�H�����W�K�L�V���V�W�X�G�\��
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