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7KH�RFHDQ�OLQHU�

�

7KH� RFHDQ� OLQHU� WDNHV� VWXGHQWV� RQ� DQ�

HGXFDWLRQDO� MRXUQH\�� 7KH� WULS� FDQ� RIIHU�

VSOHQGLG� YLHZV�� ZLGH� KRUL]RQV�� MXPSLQJ�

ZKDOHV�� DQG� VWXQQLQJ� VXQVHWV�� ,W� LV�

VXSSRVHG� WR� EH� D� PDUYHOORXV� H[SHULHQFH��

7KHUH� FDQ� EH� SDUWLHV�� EXW� WKHUH� FDQ� EH�

VHDVLFNQHVV� DV� ZHOO����� $W� WKH� HQG�� DIWHU�

KDYLQJ� FURVVHG� WKH� ZLGH� VHDV�� WKH�

SDVVHQJHUV� HQWHU� D� QHZ� FRQWLQHQW��

DGXOWKRRG��

�

7KH� FDSWDLQ� KDV� JXLGHG� PDQ\� JHQHUDWLRQV�

DFURVV� WKH� VHD�� +H� �RU� VKH�� KDV� PDQ\�

\HDUV�RI�H[SHULHQFH� LQ�VWHHULQJ�WKH�YHVVHO�

DORQJ� FOLIIV� DQG� VDQGEDQNV�� +LV� VDODU\� LV�

ORZ��FRQVLGHULQJ�WKH�HQRUPRXV�UHVSRQVLELOLW\�

RYHU�WKH�SDVVHQJHUV�DQG�WKHLU�ZHOO�EHLQJ���

1HZ� WHFKQRORJLHV� KDYH� EHHQ� LQVWDOOHG� RQ�

WKH�EULGJH��%XW�WKH�FDSWDLQ�ZDV�JLYHQ�OLWWOH�

WLPH� WR� IDPLOLDULVH� KLPVHOI� ZLWK� WKHP�� DV�

WKH�VKLS�KDV�WR�VDLO�FRQWLQXRXVO\��

7KH� FDSWDLQ� LV� QRW� WKH� RQO\� RQH� ZKR�

GHWHUPLQHV�WKH�WUDFN�RI�WKH�VKLS��1RW�DOO�

FLUFXPVWDQFHV� FDQ� EH� FRQWUROOHG�� 6WRUPV�

KRZO��WLGHV�IDOO��DQG�WKHUH�FDQ�EH�LFHEHUJV�

DKHDG��1RERG\�ZDQWV�WR�WKLQN�RI�GLVDVWHU��

7KH� EHVW� FRDFKHV� DUH� LQ� WKH� VDQGV�� WKH�

VKLSRZQHU� DQG� WKH� FRDVW� JXDUG�� JLYLQJ�

GLUHFWLRQV�IRU�WKH�LQWHQGHG�FRXUVH��
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��� ,1752'8&7,21� ��

� ���� 3UHDPEOH� ��
� ���� 7KH�RULJLQ�RI�WKH�0(75,&�VWXG\� ��
� ������ 7,066� ��
� ������ 7,066�LQ������LQ�WKH�1HWKHUODQGV� ��
� ������ 'LIIHUHQW�GLVFUHSDQFLHV� ���
� ���� 0(75,&
V�GLPHQVLRQV� ���
� ������ 7KUHH�GLPHQVLRQV� ���
� ������ $�WLPH�GLPHQVLRQ� ���
� ������ 7KH�FXUULFXOXP�GLPHQVLRQ� ���
� ���� 7KH�SUREOHP�RI�WKH�0(75,&�VWXG\� ���
� ������ 3UREOHP�VWDWHPHQW� ���
� ������ 7KH�ILUVW�UHVHDUFK�TXHVWLRQ� ���
� ������ 7KH�VHFRQG�UHVHDUFK�TXHVWLRQ� ���
� ���� 2YHUYLHZ�RI�WKH�IROORZLQJ�FKDSWHUV� ���

��� 5()2506 ,1'87&+0$7+(0$7,&6 ('8&$7,21� ���

� ���� 0DQ\�\HDUV�ZLWK�OLWWOH�FKDQJH� ���
� ������ (DUO\�\HDUV� ���
� ������ $W�WKH�EHJLQQLQJ�RI�WKH���WK�FHQWXU\� ���
� ������ 7KH�HPHUJHQFH�RI�PDWKHPDWLFV�HGXFDWLRQ�DV�D�

VSHFLDOLVHG�UHVHDUFK�DUHD� ���
� ������ 7KH�\HDU�������1HZ�0DWK�DQG�)UHXGHQWKDO� ���
� ���� 7KUHH�GHFDGHV�ZLWK�PDQ\�FKDQJHV��WKH�HVWDEOLVKPHQW�RI�50(� ���
� ������ )HDWXUHV�RI�5HDOLVWLF�0DWKHPDWLFV�(GXFDWLRQ� ���
� ������ 7KUHH�FRQVHFXWLYH�QDWLRQ�ZLGH�FXUULFXOXP�UHIRUPV� ���
� ���� 7KH�50(�EDVHG�FXUULFXOXP�IRU�MXQLRU�VHFRQGDU\�VFKRROV� ���
� ������ &RQWHQW�DUHDV� ���
� ������ $VVHVVPHQW�LQ�WKH�QHZ�FXUULFXOXP�IRU�MXQLRU�VHFRQGDU\�

VFKRROV� ���
� ������ (YDOXDWLRQ�VWXGLHV�RI�WKH�QHZ�FXUULFXOXP�IRU�MXQLRU�

VHFRQGDU\�VFKRROV� ���
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� ���� 'HVFULELQJ�D�PDWKHPDWLFV�FXUULFXOXP� ���
� ������ ,QWURGXFWLRQ� ���
� ������ 'HVFULELQJ�DQ�LQWHQGHG�PDWKHPDWLFV�FXUULFXOXP� ���
� ������ 'HVFULELQJ�DQ�LPSOHPHQWHG�PDWKHPDWLFV�FXUULFXOXP� ���
� ������ 'HVFULELQJ�DQ�DWWDLQHG�PDWKHPDWLFV�FXUULFXOXP� ���
� ���� /LQNLQJ�FXUULFXODU�DSSHDUDQFHV� ���
� ������ 'HVFULELQJ�OLQNV�EHWZHHQ�DQ�LQWHQGHG�DQG�DQ�

LPSOHPHQWHG�PDWKHPDWLFV�FXUULFXOXP� ���
� ������ 'HVFULELQJ�OLQNV�EHWZHHQ�DQ�LQWHQGHG�DQG�DQ�DWWDLQHG�

PDWKHPDWLFV�FXUULFXOXP� ���
� ������ 'HVFULELQJ�OLQNV�EHWZHHQ�DQ�LPSOHPHQWHG�DQG�DQ�

DWWDLQHG�PDWKHPDWLFV�FXUULFXOXP� ���
� ������ 'HVFULELQJ�OLQNV�EHWZHHQ�DOO�WKUHH�FXUULFXOXP�DSSHDUDQFHV� ���

��� 5(6($5&+'(6,*1� ���

� ���� ,QWURGXFWLRQ� ���
� ���� 3DUWLFLSDQWV�LQ�WKH�0(75,&�VWXG\� ���
� ������ 6DPSOH�GHVLJQ�IRU�WKH�DWWDLQHG�FXUULFXOXP� ���
� ������ 5HSUHVHQWDWLYHQHVV�RI�WKH�VWXGHQW�VDPSOHV� ���
� ������ 6DPSOH�GHVLJQ�IRU�WKH�LPSOHPHQWHG�DQG�LQWHQGHG�

FXUULFXOXP� ���
� ���� ,QVWUXPHQWV�IRU�PHDVXULQJ�WKH�DWWDLQHG��LPSOHPHQWHG�DQG�

LQWHQGHG�FXUULFXOXP� ���
� ������ ,QWURGXFWLRQ� ���
� ������ 7KH�7,066�:ULWWHQ�7HVWV�RI������DQG������ ���
� ������ 7KH�7,066�3HUIRUPDQFH�$VVHVVPHQW� ����
� ������ ,QVWUXPHQWV�IRU�PHDVXULQJ�WKH�LPSOHPHQWHG�FXUULFXOXP� ����
� ������ ,QVWUXPHQWV�IRU�PHDVXULQJ�WKH�LQWHQGHG�FXUULFXOXP� ����
� ���� 'DWD�SURFHVVLQJ�GHVLJQ�RI�WKH�0(75,&�VWXG\� ����
� ������ ,QWURGXFWLRQ� ����
� ������ &RGLQJ�VWXGHQWV
�UHVSRQVHV� ����
� ������ 2UJDQLVLQJ�DQG�FOHDQLQJ�GDWD� ����
� ������ 5HOLDELOLW\� ����
� ������ &RPSDUDELOLW\�LVVXHV� ����
� ������ 5HSRUWLQJ�DQG�FRPSDULQJ�GDWD� ����
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� ���� ,QWURGXFWLRQ� ����
� ���� 7KH�LQWHQGHG�PDWKHPDWLFV�FXUULFXOXP���H[SHUWV
�DSSUDLVDO�RI�

WKH�WZR�WHVWV� ����
� ������ 7UHQGV�LQ�'XWFK�FXUULFXOXP�H[SHUWV
�MXGJHPHQW�RQ�WKH�

DSSURSULDWHQHVV�RI�WKH�:ULWWHQ�7HVW� ����
� ������ 7UHQGV�LQ�'XWFK�FXUULFXOXP�H[SHUWV
�MXGJHPHQW�RQ�WKH�

DSSURSULDWHQHVV�RI�WKH�3HUIRUPDQFH�$VVHVVPHQW� ����
� ������ &RPSDULVRQ�RI�WUHQGV�LQ�'XWFK�FXUULFXOXP�H[SHUWV
�

MXGJHPHQW�RQ�WKH�DSSURSULDWHQHVV�RI�ERWK�WHVWV� ����
� ���� 7KH�LPSOHPHQWHG�PDWKHPDWLFV�FXUULFXOXP���WHDFKHUV
�

MXGJHPHQW�RQ�WKH�DSSURSULDWHQHVV�RI�WKH�WHVWV� ����
� ������ 7UHQGV�LQ�'XWFK�WHDFKHUV
�MXGJHPHQW�RQ�WKH�

DSSURSULDWHQHVV�RI�WKH�:ULWWHQ�7HVW� ����
� ������ 7UHQGV�LQ�'XWFK�WHDFKHUV
�MXGJHPHQW�RQ�WKH�

DSSURSULDWHQHVV�RI�WKH�3HUIRUPDQFH�$VVHVVPHQW� ����
� ������ &RPSDULVRQ�RI�WUHQGV�LQ�'XWFK�WHDFKHUV
�MXGJHPHQW� ����
� ���� 7KH�DWWDLQHG�PDWKHPDWLFV�FXUULFXOXP�²�'XWFK�VWXGHQWV
�

DFKLHYHPHQW�UHVXOWV� ����
� ������ 7UHQGV�LQ�'XWFK�VWXGHQWV
�DFKLHYHPHQW�UHVXOWV�RQ�WKH�

:ULWWHQ�7HVW� ����
� ������ 7UHQGV�LQ�'XWFK�VWXGHQWV
�DFKLHYHPHQW�UHVXOWV�RQ�WKH�

3HUIRUPDQFH�$VVHVVPHQW� ����
� ������ &RPSDULVRQ�RI�WUHQGV�LQ�'XWFK�VWXGHQWV
�DFKLHYHPHQW�

UHVXOWV� ����

��� 5(6($5&+ 5(68/76� ����

� ���� ,QWURGXFWLRQ� ����
� ���� 7KH�LQWHU�WHVW�DFKLHYHPHQW�GLVFUHSDQF\� ����
� ���� 5HODWLQJ�VWXGHQWV
�DFKLHYHPHQW�WR�WKH�LQWHQGHG�FXUULFXOXP� ����
� ������ ,QWURGXFWLRQ� ����
� ������ 5HODWLQJ�WUHQGV�LQ�DFKLHYHPHQW�RQ�WKH�:ULWWHQ�7HVW�WR�

WKH�LQWHQGHG�FXUULFXOXP� ����
� ������ 5HODWLQJ�WUHQGV�LQ�DFKLHYHPHQW�RQ�WKH�3HUIRUPDQFH�

$VVHVVPHQW�WR�WKH�LQWHQGHG�FXUULFXOXP� ����
� ������ &RQFOXVLRQV� ����
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� ���� 5HODWLQJ�VWXGHQWV
�DFKLHYHPHQW�WR�WKH�LPSOHPHQWHG�FXUULFXOXP� ����
� ������ ,QWURGXFWLRQ� ����
� ������ 5HODWLQJ�WUHQGV�LQ�DFKLHYHPHQW�RQ�WKH�:ULWWHQ�7HVW�WR�

WKH�LPSOHPHQWHG�FXUULFXOXP� ����
� ������ 5HODWLQJ�WUHQGV�LQ�DFKLHYHPHQW�RQ�WKH�3HUIRUPDQFH�

$VVHVVPHQW�WR�WKH�LPSOHPHQWHG�FXUULFXOXP� ����
� ������ &RQFOXVLRQV� ����
� ���� 5HODWLQJ�VWXGHQWV
�DFKLHYHPHQW�WR�WKH�GLVFUHSDQF\�EHWZHHQ�

LQWHQGHG�DQG�LPSOHPHQWHG�FXUULFXOXP� ����
� ������ ,QWURGXFWLRQ� ����
� ������ 5HODWLQJ�WUHQGV�LQ�DFKLHYHPHQW�RQ�WKH�:ULWWHQ�7HVW�WR�

WKH�LPSOHPHQWHG�FXUULFXOXP� ����
� ������ 5HODWLQJ�WUHQGV�LQ�DFKLHYHPHQW�RQ�WKH�3HUIRUPDQFH�

$VVHVVPHQW�WR�WKH�LPSOHPHQWHG�FXUULFXOXP� ����
� ������ &RQFOXVLRQV� ����

��� &21&/86,21� ����

� ���� 6XPPDU\� ����
� ���� 5HIOHFWLRQ� ����
� ������ 7KH�HIIHFW�RI�VPDOO�GLIIHUHQFHV� ����

������ 7KH�HIIHFW�RI�ODUJH�VFDOH�FXUULFXOXP�UHIRUPV� ����
������ (GXFDWLRQDO�UHVHDUFK�DQG�PDWKHPDWLFV�HGXFDWLRQ�

UHVHDUFK� ����
������ 7KH�LQQRYDWLYH�QDWXUH�RI�WKH�7,066�3HUIRUPDQFH�

$VVHVVPHQW� ����
� ���� 5HFRPPHQGDWLRQV� ����
� ������ )RU�'XWFK�HGXFDWLRQDO�SROLF\�DQG�SUDFWLFH� ����
� ������ )RU�IXUWKHU�UHVHDUFK� ����

5()(5(1&(6� ����

'87&+ 6800$5<� ����
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$� ([HPSODU\��50(�EDVHG�PDWKHPDWLFV�LWHPV�IRU�JUDGH��� ����
�
%� &RUH�REMHFWLYHV�RI�WKH�LQWHQGHG�PDWKHPDWLFV�FXUULFXOXP�IRU�MXQLRU�

VHFRQGDU\�VFKRROV������������ ����
�
&� ([HPSODU\� PDWKHPDWLFV� WDVNV� IURP� WKH� 7,066� 3HUIRUPDQFH�

$VVHVVPHQW������������ ����
�
'� ([HPSODU\�PDWKHPDWLFV�LWHPV�IURP�WKH�7,066�:ULWWHQ�7HVW�������

����� ����
�
(�� 7DEOHV�IRU�FRPSDULVRQ�RI�S�YDOXHV�RI�SDLUHG�VDPSOHV� ����
�
)� 5HVHDUFK�UHVXOWV�RI�WKH�7,066�:ULWWHQ�7HVW������������ ����
�
*� 5HVHDUFK� UHVXOWV� RI� WKH� 7,066� 3HUIRUPDQFH� $VVHVVPHQW�� �����

����� ����
�
�
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���� 6HOHFWHG�QDWLRQV�DQG�WKHLU�WHVW�FXUULFXOXP�PDWFKLQJ�LQGH[�RI�WKH�
7,066����:ULWWHQ�7HVW� ��

���� $FKLHYHPHQW� UHVXOWV� RI� FRXQWULHV� SDUWLFLSDWLQJ� LQ� ERWK� 7,066�
PDWKHPDWLFV�WHVWV������� ���

���� 7KH�WZR�7,066�PDWKHPDWLFV�WHVWV� LQ� OLJKW�RI�WKH� LQWHQGHG�DQG�
DWWDLQHG�FXUULFXOXP������� ���

���� 7LPH�DQG�WHVW�GLPHQVLRQV�LQ�WKH�0(75,&�VWXG\� ���
�
���� $FWLYLWLHV�PDWKHPDWLFV� FODVV� �JUDGH���� DQG� WUHQGV� LQ� WLPH�VSHQW�

RQ�WKHVH�DFWLYLWLHV� ���
�
���� $FKLHYHPHQW�UHVXOWV�RI�FRXQWULHV�SDUWLFLSDWLQJ�LQ�6,06� ���
���D� 7HVW�FXUULFXOXP�PDWFKLQJ�LQGLFHV�DQG�27/�UDWHV�LQ�6,06�IRU�WKH�

1HWKHUODQGV� ���
���E� 7HVW�FXUULFXOXP�PDWFKLQJ� LQGLFHV� DQG�27/� UDWHV� LQ�7,066����

�:ULWWHQ�7HVW��IRU�WKH�1HWKHUODQGV� ���
���D� 27/�GDWD�DQG�VWXGHQW�DFKLHYHPHQW�LQ�6,06�IRU�WKH�1HWKHUODQGV� ���
���E� 27/�GDWD�DQG�VWXGHQW�DFKLHYHPHQW�LQ�7,066�����:ULWWHQ�7HVW��

IRU�WKH�1HWKHUODQGV� ���
�
���� 5HVHDUFK�FRQWH[W�RI�GDWD�XVHG�LQ�WKH�0(75,&�VWXG\� ���
���� 'DWHV�RI�GDWD�FROOHFWLRQ�LQ�WKH�0(75,&�VWXG\� ���
���� 6FKRRO�SDUWLFLSDWLRQ�UDWHV�LQ�WKH�0(75,&�VWXG\� ���
���� 1XPEHUV�RI�VWXGHQWV�LQ�WKH�0(75,&�VWXG\� ���
���� 'LVWULEXWLRQ�RI�VWXGHQWV
�JHQGHU�LQ�WKH�0(75,&�VWXG\� ���
���� 'LVWULEXWLRQ�RI�VWXGHQWV
�DELOLW\�WUDFNV�LQ�WKH�0(75,&�VWXG\� ���
���� 1XPEHUV�RI�PDWKHPDWLFV�WHDFKHUV�LQ�WKH�0(75,&�VWXG\� ���
���� 'LVWULEXWLRQ�RI�WHDFKHUV�E\�VWXGHQWV
�DELOLW\�WUDFNV�DQG�E\�JHQGHU�

LQ�WKH�0(75,&�VWXG\� ���
���D� &RQWHQW�DUHDV�RI�LWHPV�LQ�:7������DQG�:7������ ���
���E� 3HUIRUPDQFH�H[SHFWDWLRQ�RI�LWHPV�LQ�:7������DQG�:7������ ���
����� ,WHP�FOXVWHUV�LQ�WKH�HLJKW�WHVW�ERRNOHWV�RI�:7������DQG�:7������ ���
����� 1XPEHUV�RI�'XWFK�VWXGHQWV�SHU�ERRNOHW�RI�:7������DQG�:7������ ���
����� $VVLJQPHQW�RI�WDVNV�WR�VWDWLRQV�LQ�WKH�3HUIRUPDQFH�$VVHVVPHQW� ����
����� $VVLJQPHQW�RI�VWXGHQWV�WR�D�VHTXHQFH�RI�VWDWLRQV�LQ�WKH�

3HUIRUPDQFH�$VVHVVPHQW� ����
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����� &RQWHQW�DUHDV�SHU�VXE�JURXS�RI�LWHPV��LQ�WKH�WHDFKHU�TXHVWLRQQDLUH�IRU�

:7������ ����

����� 1XPEHU�RI�LWHPV�SHU�WDVN�LQ�WKH�LQVWUXPHQWV�IRU�WKH�LQWHQGHG��
LPSOHPHQWHG�DQG�DWWDLQHG�FXUULFXOXP�LQ�3$������DQG�3$������ ����

����� 5DQJH�RI�LQWHU�FRGHU�DJUHHPHQW�SHU�LWHP�RQ�WKH�FRUUHFWQHVV�
VFRUHV�LQ�WKH�0(75,&�VWXG\� ����

����� 5HOLDELOLW\�FRHIILFLHQWV�RI�LQVWUXPHQWV�XVHG�LQ�WKH�0(75,&�VWXG\� ����
����� 5HOLDELOLW\�FRHIILFLHQWV�RI�DFKLHYHPHQW�UHVXOWV�SHU�WDVNV�LQ�3$�

�����DQG�3$������ ����
����� 5HOLDELOLW\�FRHIILFLHQWV�RI�DFKLHYHPHQW�UHVXOWV�DFURVV�SDLUHG�WDVNV�

LQ�3$������DQG�3$������ ����
����� ([DPSOHV�RI�UHFRUGLQJV�E\�WZR�VWXGHQWV�LQ�WKH�WDVN�5XEEHU�%DQG�

IURP�3$������� ����
����� &RPSDUDELOLW\�WHVW��·��WHVW��EHWZHHQ�FRGHV�RI�VWXGHQWV
�DQVZHUV�

LQ�3$������DQG�3$������ ����
����� ,QWHUSRODWLRQ�RI�WKH�GHVLJQ�HIIHFW�IDFWRU�'(II�IRU�LWHPV�LQ�WKH�

DFKLHYHPHQW�WHVWV�LQ�WKH�0(75,&�VWXG\� ����
�
���� 3HUFHQWDJHV�RI�WHVW�LWHPV�PDWFKLQJ�ZLWK�WKH�LQWHQGHG�FXUULFXOXP�

LQ�:7������DQG�:7������ ����
���� $YHUDJH�LWHP�FXUULFXOXP�PDWFKLQJ�LQGLFHV�RI�WHVW�LWHPV�LQ�3$�

�����DQG�3$������ ����
���� 3HUFHQWDJHV�RI�WHVW�LWHPV�PDWFKLQJ�ZLWK�WKH�LQWHQGHG�FXUULFXOXP�

LQ�3$������DQG�3$������ ����
���� 27/�WUHQG�UHVXOWV�RQ����VHOHFWHG�LWHPV�IURP�:7������DQG�:7�

����� ����
���� 27/�UDWHV�RQ�DOO�LWHPV�LQ�:7�������FRPSDUDEOH�GDWD�IRU�:7�

�����XQDYDLODEOH�� ����
���� 27/�WUHQG�UHVXOWV�RQ�3$������DQG�3$������ ����
���� 'XWFK�PDWKHPDWLFV�DFKLHYHPHQW�UHVXOWV�RQ�:7������DQG�:7�

����� ����
���� 7UHQGV�LQ�S�YDOXHV�RQ����VHOHFWHG�LWHPV�IURP�:7������DQG�:7�

����� ����
���� 'XWFK�PDWKHPDWLFV�DFKLHYHPHQW�UHVXOWV�RQ�3$������DQG�3$������ ����
����D� 'HVFULSWLYH�VWDWLVWLFV�RI�WUHQG�UHVXOWV�LQ�WKH�0(75,&�VWXG\� ����
����E� 7UHQG�FRUUHODWLRQV�LQ�WKH�0(75,&�VWXG\� ����
�



YLLL

�

���� 0DWKHPDWLFV�DFKLHYHPHQW�UHVXOWV�RI�FRXQWULHV�SDUWLFLSDWLQJ�LQ�
ERWK�:7������DQG�3$�������EHIRUH�DQG�DIWHU�UH�FDOFXODWLRQ�� ����

���D� $FKLHYHPHQW�UHVXOWV�RQ����LGHQWLFDO�LWHPV�IURP�:7������DQG�
:7�������UHODWHG�WR�WKH�LQWHQGHG�FXUULFXOXP� ����

���E� $FKLHYHPHQW�UHVXOWV�RQ�����LWHPV�LQ�:7������DQG�:7������
�LGHQWLFDO�DQG�FORQHG�LWHPV���UHODWHG�WR�WKH�LQWHQGHG�FXUULFXOXP� ����

���� 7UHQGV�LQ�DYHUDJH�LWHP�FXUULFXOXP�PDWFKLQJ�LQGLFHV��DYHUDJH�
SHUFHQWDJH�RI�H[SHUWV��DQG�DFKLHYHPHQW�UHVXOWV�RQ�3$������DQG�
3$������ ����

���� $FKLHYHPHQW�UHVXOWV�RQ�3$������DQG�3$�������UHODWHG�WR�WKH�
LQWHQGHG�FXUULFXOXP� ����

���� 7UHQGV�LQ�27/�UHVXOWV�DQG�DFKLHYHPHQW�UHVXOWV�RQ����VHOHFWHG�
LWHPV�IURP�:7������DQG�:7������ ����

���� $FKLHYHPHQW�UHVXOWV�RQ�LWHPV�LQ�:7�������JURXSHG�SHU�27/�
UDWH�� ����

���� 7UHQGV�LQ�27/�UDWHV��DYHUDJH�SHUFHQWDJH�RI�WHDFKHUV��DQG�S�
YDOXHV�RQ�3$������DQG�3$������ ����

���� $YHUDJH�27/�UDWHV�RQ�����LWHPV�LQ�:7�������LGHQWLFDO�DQG�
FORQHG�LWHPV���UHODWHG�WR�WKH�LQWHQGHG�FXUULFXOXP� ����

���� 7UHQGV�LQ�LWHP�FXUULFXOXP�PDWFKLQJ�LQGLFHV�DQG�27/�UDWHV�IURP�
3$������DQG�3$������ ����

����� ,QWUD�FXUULFXODU�FRUUHODWLRQ�FRHIILFLHQWV�LQ�WKH�0(75,&�VWXG\� ����
�
���� 'HVFULSWLYH�VWDWLVWLFV�RI�WUHQG�UHVXOWV�LQ�WKH�0(75,&�VWXG\� ����
���� 7UHQG�FRUUHODWLRQV�LQ�WKH�0(75,&�VWXG\� ����
���� ,QWUD�FXUULFXODU�FRUUHODWLRQ�FRHIILFLHQWV�LQ�WKH�0(75,&�VWXG\� ����
�
�
�
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���� ,($
V�FXUULFXOXP�DSSHDUDQFHV� ��
���� 'LYLVLRQ�DOJRULWKPV�IURP�WKH�1HWKHUODQGV��*HUPDQ\��)UDQFH�DQG�

(QJODQG� ��
���� 'LPHQVLRQV�LQ�GDWD�FROOHFWLRQ�LQ�WKH�0(75,&�VWXG\� ���
���� 'DWD�VHW�IRU�WKH�ILUVW�UHVHDUFK�TXHVWLRQ� ���
���� 'DWD�VHWV�IRU�WKH�VHFRQG�UHVHDUFK�TXHVWLRQ� ���
���� 6WXGHQW�ZRUNLQJ� RQ� WKH� WDVN�$URXQG� WKH� %HQG� IURP� WKH�7,066�

3HUIRUPDQFH�$VVHVVPHQW� ���
�
���� 0DWKHPDWLVLQJ�DFWLYLWLHV�LQ�50(� ���
���� 6SHHG�RI�D�UDFLQJ�FDU��DQG�ILYH�SRVVLEOH�FLUFXLWV� ���
���� 6HTXHQFLQJ�RI�FRQWHQW�LQ�PDWKHPDWLFV�FXUULFXOD� ���
�
���� 7HVW�FXUULFXOXP�PDWFK� ���
���� 6WXGHQW� ZRUNLQJ� RQ� WKH� WDVN� 3ODVWLFLQH� IURP� WKH� 7,066�

3HUIRUPDQFH�$VVHVVPHQW� ���
�
���� *HRJUDSKLFDO�SRVLWLRQ�RI����'XWFK�VFKRROV�SDUWLFLSDWLQJ�LQ�3$�

����� ���
���� &RUUHFWQHVV�FRGHV�RQ�WKH�WDVN�$URXQG�WKH�%HQG�IURP�3$������DQG�

3$������ ����
���� &RUUHFWQHVV� FRGHV� RQ� WKH� WDVN�5XEEHU�%DQG� IURP�3$������ DQG�

3$������ ����
�
���� 'DWD�FROOHFWLRQ�FDWHJRULHV�LQ�WKH�0(75,&�VWXG\� ����
���� 3DUWLWLRQLQJ�RI�WKH�:ULWWHQ�7HVW�E\�WKH�PDWFK�ZLWK�WKH�LQWHQGHG�

FXUULFXOXP�LQ������DQG������ ����
���� 2YHUYLHZ�RI�FRUUHODWLRQV�LQ�3$������DQG�3$�������DW�WKH�OHYHO�

RI�WKH�LPSOHPHQWHG�FXUULFXOXP��27/�FRYHUHG�DQG�27/�WHVWLQJ�� ����
���� 6WXGHQW� ZRUNLQJ� RQ� WKH� WDVN� 5XEEHU� %DQG� IURP� WKH� 7,066�

3HUIRUPDQFH�$VVHVVPHQW� ����
�
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���� 'DWD�VHW�IRU�WKH�ILUVW�UHVHDUFK�TXHVWLRQ� ����
���� 6FDWWHU� GLDJUDPV� RI� PDWKHPDWLFV� DFKLHYHPHQW� UHVXOWV� RI�

FRXQWULHV�RQ�:7������DQG�3$������ ����
���� 2YHUYLHZ�RI�FRUUHODWLRQV�RQ�WKH�:ULWWHQ�7HVW�������������DW�WKH�

OHYHO�RI�WKH�LQWHQGHG�DQG�DWWDLQHG�FXUULFXOXP� ����
���� 6FDWWHU� GLDJUDPV� RI� LWHP�FXUULFXOXP� PDWFKLQJ� LQGLFHV� DQG�

DFKLHYHPHQW�UHVXOWV��LQ�S�YDOXHV��RI�3$������DQG�3$������ ����
���� 2YHUYLHZ�RI�FRUUHODWLRQV�RQ�3$������DQG�3$�������DW�WKH�OHYHO�

RI�WKH�LQWHQGHG�DQG�DWWDLQHG�FXUULFXOXP� ����
���� 6FDWWHU�GLDJUDP�RI�27/�UDWHV�DQG�DFKLHYHPHQW�UHVXOWV��S�YDOXHV��

RI�����PDWKHPDWLFV� LWHPV�LQ�:7�������DQG�VL[WHHQ�LWHPV�IURP�
:7������� ����

���� 2YHUYLHZ�RI�FRUUHODWLRQV�RQ�:7������DQG�:7�������DW�WKH�OHYHO�
RI�WKH�LPSOHPHQWHG�DQG�DWWDLQHG�FXUULFXOXP� ����

���� 6FDWWHU�GLDJUDPV�RI�27/�UDWHV��27/�FRYHUHG�DQG�27/�WHVWLQJ��
DQG�DFKLHYHPHQW�UHVXOWV��S�YDOXHV��RI�3$������DQG�3$������ ����

���� 2YHUYLHZ�RI�FRUUHODWLRQV�RQ�3$������DQG�3$�������DW�WKH�OHYHO�
RI� WKH� LPSOHPHQWHG� FXUULFXOXP� �27/� FRYHUHG�� DQG� DWWDLQHG�
FXUULFXOXP� ����

����� 2YHUYLHZ� RI� FRUUHODWLRQV� RQ�:7³����� DQG�:7������� DW� WKH�
OHYHO�RI�WKH�LQWHQGHG�DQG�LPSOHPHQWHG�FXUULFXOXP� ����

����� 6FDWWHU�GLDJUDPV�RI�27/�UDWHV��27/�FRYHUHG�DQG�27/�WHVWLQJ��
DQG�LWHP�FXUULFXOXP�PDWFKLQJ�LQGLFHV�RI�3$������DQG�3$������ ����

����D� 2YHUYLHZ�RI�FRUUHODWLRQV�RQ�3$������DQG�3$�������DW�WKH�OHYHO�
RI�WKH�LQWHQGHG�DQG�LPSOHPHQWHG�FXUULFXOXP��27/�FRYHUHG�� ����

����E� 2YHUYLHZ�RI�FRUUHODWLRQV�RQ�3$������DQG�3$�������DW�WKH�OHYHO�
RI�WKH�LQWHQGHG�DQG�LPSOHPHQWHG�FXUULFXOXP��27/�WHVWLQJ�� ����

����� 6WXGHQW� ZRUNLQJ� RQ� WKH� WDVN� 3DFNDJLQJ� IURP� WKH� 7,066�
3HUIRUPDQFH�$VVHVVPHQW� ����

�
���� &RQFHSWXDO�IUDPHZRUN�IRU�FXUULFXOXP�LPSOHPHQWDWLRQ� ����
���� )UDPHZRUN�IRU�DQ�50(�EDVHG�FXUULFXOXP� ����
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DOSKD��¡� UHOLDELOLW\�FRHIILFLHQW�PHDVXULQJ�LQWHUQDO�FRQVLVWHQF\�
$36� $OJHPHHQ� 3HGDJRJLVFK� 6WXGLHFHQWUXP��� 1DWLRQDO� &HQWHU� IRU� 6FKRRO�

,PSURYHPHQW�
DYJ�� DYHUDJH�
·��WHVW WHVW�WR�YHULI\�WKH�LQGHSHQGHQF\�RI�WZR�LQGHSHQGHQWO\�FRQGXFWHG�VWXGLHV�

&,($(0� &RPPLVVLRQ�,QWHUQDWLRQDOH�SRXU�O
eWXGH�HW�O
$PpOLRUDWLRQ�
GH�O
(QVHLJQHPHQW�GHV�0DWKpPDWLTXHV�

&LWR� ,QVWLWXXW� YRRU� 7RHWVRQWZLNNHOLQJ���1DWLRQDO� ,QVWLWXWH� IRU� (GXFDWLRQDO�
0HDVXUHPHQW�

&0/:� &RPPLVVLH� 0RGHUQLVHULQJ� /HHUSODQ� :LVNXQGH� �� &RPPLWWHH� RQ�
0RGHUQLVDWLRQ�RI�WKH�6HFRQGDU\�6FKRRO�0DWKHPDWLFV�&XUULFXOXP��

FRUUHODWLRQ� LQGLFDWLRQ�RI�WKH�PXWXDOLW\�RI�WZR�YDULDEOHV�
FRY�� 27/�FRYHUHG�
&2:� &RPPLVVLH� 2QWZLNNHOLQJ� :LVNXQGHRQGHUZLMV� �� &RPPLVVLRQ� IRU�

'HYHORSPHQW�RI�0DWKHPDWLFV�(GXFDWLRQ�
)(2��+Y8� )DFXOWHLW� (GXFDWLHYH� 2SOHLGLQJ�� +RJHVFKRRO� YDQ� 8WUHFKW� �� D� 3UH�

6HUYLFH�7UDLQLQJ�,QVWLWXWH�
)L� )UHXGHQWKDO�,QVWLWXWH�
),06� )LUVW�,QWHUQDWLRQDO�0DWKHPDWLFV�6WXG\��
),66� )LUVW�,QWHUQDWLRQDO�6FLHQFH�6WXG\��
*:$� *HwQWHJUHHUGH� :LVNXQGLJH� $FWLYLWHLWHQ� �� ,QWHJUDWHG� 0DWKHPDWLFDO�

$FWLYLWLHV�
,&0(�� ,QWHUQDWLRQDO�&RPPLVVLRQ�RQ�0DWKHPDWLFDO�,QVWUXFWLRQ��
,($� ,QWHUQDWLRQDO� DVVRFLDWLRQ� IRU� WKH� (YDOXDWLRQ� RI� HGXFDWLRQDO�

$FKLHYHPHQW�
,($3� ,QWHUQDWLRQDO�$VVHVVPHQW�RI�(GXFDWLRQDO�3URJUHVV�
LQWO�� LQWHUQDWLRQDO�
LQVWUXPHQW� WRRO�IRU�PHDVXULQJ��H�J��TXHVWLRQQDLUH��WHVW��
LQWHU�WHVW� EHWZHHQ� WKH� 7,066� :ULWWHQ� 7HVW� DQG� WKH� 7,066� 3HUIRUPDQFH�

$VVHVVPHQW�
LQWUD�FXUULFXODU� EHWZHHQ�WKH�DSSHDUDQFHV�RI�D�FXUULFXOXP�
,2:0(� ,QWHUQDWLRQDO�2UJDQLVDWLRQ�IRU�:RPHQ�DQG�0DWKHPDWLFV�(GXFDWLRQ��
,2:2� ,QVWLWXWH�IRU�'HYHORSPHQW�RI�0DWKHPDWLFV�(GXFDWLRQ��
,30$� ,QWHUQDWLRQDO�3URJUDPPH�RQ�0DWKHPDWLFDO�$WWDLQPHQW�
,6&� ,QWHUQDWLRQDO� 6WXG\� &HQWHU�� /\QFK� 6FKRRO� RI� (GXFDWLRQ�� %RVWRQ�

&ROOHJH�
LWHP� VPDOO�XQLW�LQ�DQ�LQVWUXPHQW��H�J��D�PDWKHPDWLFV�SUREOHP�LQ�D�WHVW��
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LWHP�FXUULFXOXP�PDWFKLQJ�LQGH[�
� RQ� D�QRPLQDO� VFDOH�� \HV�QR� WR� WKH�TXHVWLRQ�ZKHWKHU� WKH� LWHP�PDWFKHV�

ZLWK�WKH�LQWHQGHG�FXUULFXOXP���
� RQ� D� UDWLR� VFDOH�� SHUFHQWDJH� RI� FXUULFXOXP� H[SHUWV� LQGLFDWLQJ� WKDW� WKH�

LWHP�PDWFKHV�ZLWK�WKH�LQWHQGHG�FXUULFXOXP�
.HUQGRHOHQ�YRRU�GH�EDVLVYRUPLQJ��
� FRUH�FXUULFXOXP�IRU�MXQLRU�VHFRQGDU\�VHFRQGDU\�VFKRROV�
0(75,&� 0DWKHPDWLFV� (GXFDWLRQ� �� 7UHQGV� LQ� DQG� 5HODWLRQV� EHWZHHQ� WKH�

,QWHQGHG��LPSOHPHQWHG�DQG�DWWDLQHG�&XUULFXOXP�
QRP�� RQ�D�QRPLQDO�VFDOH�
QRPLQDO�VFDOH� FDWHJRULFDO�VFDOH��QXPHULFDO�LQ�QDPH�RQO\�
127� 1DWLRQDO�2SWLRQ�7HVW�
19Y:� 1HGHUODQGVH�9HUHQLJLQJ� YDQ�:LVNXQGHOHUDUHQ���'XWFK�$VVRFLDWLRQ� RI�

0DWKHPDWLFV�7HDFKHUV��
2(&'� 2UJDQL]DWLRQ�IRU�(FRQRPLF�&R�RSHUDWLRQ�DQG�'HYHORSPHQW�
RUGLQDO�VFDOH� UDQNLQJ�VFDOH�
27/� 2SSRUWXQLW\�7R�/HDUQ�
2:	2&� 5HVHDUFK� *URXS� RQ� 0DWKHPDWLFV� (GXFDWLRQ� DQG� (GXFDWLRQDO�

&RPSXWHU�&HQWUH�
3$� 7,066�3HUIRUPDQFH�$VVHVVPHQW�LQ�PDWKHPDWLFV�IRU�JUDGH���
3$������ 7,066� 3HUIRUPDQFH� $VVHVVPHQW� LQ� PDWKHPDWLFV� IRU� JUDGH� ��� FDUULHG�

RXW�LQ������DV�SDUW�RI�D�PDWKHPDWLFV�DQG�VFLHQFH�WHVW�
3$������ 7,066� 3HUIRUPDQFH� $VVHVVPHQW� LQ� PDWKHPDWLFV� IRU�JUDGH� ��� FDUULHG�

RXW�LQ������DV�SDUW�RI�D�PDWKHPDWLFV�DQG�VFLHQFH�WHVW�
3,6$� 3URJUDPPH�IRU�,QWHUQDWLRQDO�6WXGHQW�$VVHVVPHQW��
30(�� ,QWHUQDWLRQDO�6WXG\�*URXS�IRU�3V\FKRORJ\�RI�0DWKHPDWLFV�(GXFDWLRQ��
S�YDOXH� SURSRUWLRQ�RI�VWXGHQWV�ZLWK�FRUUHFW�UHVSRQVHV�WR�D�WHVW�LWHP�
UDW�� RQ�D�UDWLR�VFDOH�
UDWLR�VFDOH� LQWHUYDO�VFDOH�ZLWK�WUXH�]HUR�SRLQW�
UHNHQHQ� DULWKPHWLF�
UHOLDELOLW\� HYLGHQFH�RI�FRQVLVWHQF\�RI�PHDVXUHPHQWV�
UHSOLFDWLRQ� UHSHDWLQJ�D�VWXG\�WR�VHH�ZKHWKHU�WKH�RULJLQDO�ILQGLQJV�UHDSSHDU�
50(� 5HDOLVWLF�0DWKHPDWLFV�(GXFDWLRQ�
UREXVW� DQ�HIIHFW�VWURQJ�HQRXJK�WR�DSSHDU�XQGHU�D�YDULHW\�RI�FRQGLWLRQV�
VDPSOH� VXEJURXS� VHOHFWHG� IURP� D� SRSXODWLRQ� LQ� VXFK� D� ZD\� DV� WR� DFFXUDWHO\�

UHSUHVHQW�WKDW�SRSXODWLRQ�
VFDWWHU�GLDJUDP� SORW�RI�VFRUHV�EDVHG�RQ�WZR�YDULDEOHV�
6(� VWDQGDUG�HUURU�
VLJQ�WHVW� WHVW�WR�FRPSDUH�SDLUHG�GDWD�IURP�WZR�LQGHSHQGHQW�VDPSOHV�
6,06� 6HFRQG�,QWHUQDWLRQDO�0DWKHPDWLFV�6WXG\��
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6,66� 6HFRQG�,QWHUQDWLRQDO�6FLHQFH�6WXG\�
6/2� 6WLFKWLQJ� /HHUSODQ� 2QWZLNNHOLQJ� �� QDWLRQDO� LQVWLWXWH� IRU� FXUULFXOXP�

GHYHORSPHQW�
7&0$� 7HVW�&XUULFXOXP�0DWFKLQJ�$QDO\VLV�
WHVW�FXUULFXOXP�PDWFKLQJ�LQGH[�
� SHUFHQWDJH�RI�WHVW�LWHPV�PDWFKLQJ�ZLWK�WKH�LQWHQGHG�FXUULFXOXP�
7,066� 7KLUG�,QWHUQDWLRQDO�0DWKHPDWLFV�DQG�6FLHQFH�6WXG\�
7,066���� 7,066��FDUULHG�RXW�LQ������LQ�DSSUR[����FRXQWULHV�
7,066���� 7,066��FDUULHG�RXW�LQ������LQ����FRXQWULHV��HTXLY��7,066�5��
7,066�5� 7KLUG� ,QWHUQDWLRQDO� 0DWKHPDWLFV� DQG� 6FLHQFH� 6WXG\��� 5HSHDW� �HTXLY��

7,066�����
WUHQG� FKDQJHV�RYHU�WLPH�
WVW�� 27/�WHVWLQJ�
W�WHVW� WHVW�WR�FRPSDUH�WKH�PHDQV�RI�WZR�LQGHSHQGHQW�VDPSOHV�
81(6&2� 8QLWHG�1DWLRQV�(GXFDWLRQDO�6FLHQWLILF�DQG�&XOWXUDO�2UJDQL]DWLRQ�
YDOLGLW\� HYLGHQFH�EDVHG� MXGJHPHQW� WKDW� DQ� LQVWUXPHQW� PHDVXUHV� ZKDW� LW� LV�

LQWHQGHG�WR�PHDVXUH�
92&/�SURMHFW� 9RRUWJH]HW� 2QGHUZLMV� &RKRUWHQ� /HHUOLQJHQ� �� 6HFRQGDU\� (GXFDWLRQ�

&RKRUWV�6WXGHQWV�
:������ SURMHFW� JURXS� IRU� WKH� GHVLJQ� RI� D� QHZ� PDWKHPDWLFV� FXUULFXOXP� IRU�

MXQLRU�VHFRQGDU\�VFKRROV�
:LVNXQGH�:HUNJURHS�
� +LJKHU�0DWKHPDWLFV�:RUNJURXS�
ZLVNXQGH� KLJKHU�PDWKHPDWLFV�
:7� 7,066�:ULWWHQ�7HVW�LQ�PDWKHPDWLFV�IRU�JUDGH���
:7������ 7,066�:ULWWHQ�7HVW�LQ�PDWKHPDWLFV�IRU�JUDGH����FDUULHG�RXW�LQ������DV�

SDUW�RI�D�PDWKHPDWLFV�DQG�VFLHQFH�WHVW�
:7������ 7,066�:ULWWHQ�7HVW�LQ�PDWKHPDWLFV�IRU�JUDGH����FDUULHG�RXW�LQ������DV�

SDUW�RI�D�PDWKHPDWLFV�DQG�VFLHQFH�WHVW�

$%%5(9,$7,216 2) $%,/,7< 75$&.6 $7'87&+ 6(&21'$5< 6&+22/6�

9ER� 9RRUEHUHLGHQG�EHURHSVRQGHUZLMV�>SUH�YRFDWLRQDO�HGXFDWLRQ@��JUDGH������
0DYR� 0LGGHOEDDU� DOJHPHHQ� YRRUWJH]HW� RQGHUZLMV� >PLGGOH� JHQHUDO� VHFRQGDU\�

HGXFDWLRQ@��JUDGHV������
+DYR� +RJHU� DOJHPHHQ� YRRUWJH]HW� RQGHUZLMV� >KLJKHU� JHQHUDO� VHFRQGDU\�

HGXFDWLRQ@��JUDGHV������
9ZR� 9RRUEHUHLGHQG� ZHWHQVFKDSSHOLMN� RQGHUZLMV� >SUH�XQLYHUVLW\� HGXFDWLRQ@��

JUDGHV������



�

�

�

�

$FNQRZOHGJHPHQWV�
�
�
�

a�,]DQGOD�]L\DKODPEDQD�a�

7KH�KDQGV�ZDVK�HDFK�RWKHU��FROODERUDWLRQ�LPSURYHV�UHVXOWV���
�=8/8 3529(5%��

 
 
 
 
7KH� UHDOLVDWLRQ� RI� WKLV� GLVVHUWDWLRQ� ZDV� LPSRVVLEOH� ZLWKRXW� WKH� DVVLVWDQFH� RI� PDQ\�
SHRSOH��7KH�IROORZLQJ�SHUVRQV�KDYH�EHHQ�SDUWLFXODUO\�LPSRUWDQW��
�
■ 0\�VXSHUYLVRU�7MHHUG�3ORPS�DQG�P\�FR�VXSHUYLVRU�:LOPDG�.XLSHU��IRU�LQLWLDWLQJ�

WKH�UHVHDUFK�SURMHFW��JXLGLQJ�PH�DORQJ�SLWIDOOV��DQG�VKDULQJ�WKHLU�ZLVGRP��
�
■ .ODDV�%RV��'RXZH�.RN��/DPEUHFKW�6SLMNHUERHU��5LHQ�6WHHQ��DQG�1HOOLH�9HUKRHI�

IRU�WKHLU�UHDGLQHVV�LQ�DVVLVWLQJ�PH�RQ�PHWKRGRORJLFDO�DQG�FRQWH[WXDO�LVVXHV��
�
■ 6WXGHQWV�� WHDFKHUV� DQG� PDWKHPDWLFV� FXUULFXOXP� H[SHUWV�� IRU� WDNLQJ� SDUW� LQ� WKH�

VWXG\��DQG�WR�ZKRP�,�VWLOO�RZH�DQ�DQVZHU�WR�WKH�TXHVWLRQ���ZKDW�LV�LQ�LW��IRU�XV"��
�
■ 6WDII�PHPEHUV� RI� WKH�'HSDUWPHQW� RI� &XUULFXOXP� DW� WKH� )DFXOW\� RI� (GXFDWLRQDO�

6FLHQFH� DQG�7HFKQRORJ\� DW� WKH�8QLYHUVLW\� RI�7ZHQWH�� IRU� KDUERXULQJ�PH�GXULQJ�
WKHVH�\HDUV��

■ 5HQp�$OPHNLQGHUV��IRU�KLV�SDWLHQFH�DQG�WKH�PDQ\�KLODULRXV�KRXUV�RI�GLVFXVVLRQ��
■ 0HORG\�:LOOLDPV��IRU�SROLVKLQJ�XS�WKH�SKUDVLQJ��
■ /LQGD�2GHQWKDO��IRU�VKDULQJ�KDUGVKLSV��
■ 6DQGUD�6FKHOH��IRU�WKH�JLPPLFNV�DQG�WKH�SURIHVVLRQDO�OD\�RXW�RI�WKLV�GLVVHUWDWLRQ��
�
�



�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
■ 'HE�$QGU]HMHZVNL��$OHLG�'LHSHYHHQ��0DULMNH�+XLWLQN��)DWLPD�-DZDUD��3
WMH�/DQVHU��

6XH�0DOXZD�%UXFH��1LHQNH�1RWWHOPDQ��6MRXNMH�3RVWPD��.HHV�5RR]HPRQG��3HWHU�
7DEEHUV��*HUOLQH�:LOGHPDQ��$QQD�=ZLMQHSRHO�� DQG� WKH�PHPEHUV�RI�+RELKH�DQG�
+LSSR��LQFOXGLQJ�WKH�KRUVHV���IRU�RIIHULQJ�GLVWUDFWLRQ��

■ +DUU\�DQG�:LQQLH�.UHEEHUV�%RQJDDUGV��IRU�DOZD\V�DVNLQJ��ZK\�PDWKHPDWLFV"��
�
■ 0LULDP�.ZDUL��IRU�PDNLQJ�PH�FKDQJH�WKH�FRXUVH�RI�P\�FDUHHU��
�
■ 0\�IDPLO\��LQ�ODZV��VWHS�IDPLO\��DQG�IULHQGV�IRU�FRQWLQXRXV�WROHUDQFH��
■ 7LQ�:ROWHUEHHN�0XOOHU��IRU�FRQFHUQV��FRQVLGHUDWLRQV�DQG�FDUH��
�
■ 'pVLUp�%DDUWPDQ��IRU�EHLQJ�SUHVHQW�RU�DEVHQW�DW�H[DFWO\�WKH�ULJKW�PRPHQWV��DQG�IRU�

DQ�XQZDUUDQWHG�EHOLHI�LQ�PH��0XVLNDQDNRPDQD�X\X�DNDUHED�NZD]YR��+DQGHL�NX�YDPRV��
�
�
$PVWHUGDP�(QVFKHGH��VSULQJ�������

3DXOLQH�9RV�

�
�
�
�
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�
�
�
�
�
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,QWURGXFWLRQ�
�

�

�

a�6RUPDN�D\LS�GHJLO��VRUPDPDN�D\LS�a�

,W�LV�QRW�GLVJUDFHIXO�WR�DVN��LW�LV�GLVJUDFHIXO�QRW�WR�DVN��
�785.,6+ 3529(5%��

�

�

�

�

7KLV�ILUVW�FKDSWHU�LV�DQ�LQWURGXFWLRQ�WR�WKH�0(75,&�VWXG\��6HFWLRQ�����SURYLGHV�

D�ILUVW�RULHQWDWLRQ�RQ�WHUPLQRORJ\��6HFWLRQ�����UHSRUWV�RQ�WKH�RULJLQV�RI�WKH�VWXG\��

6HFWLRQ�����H[SODLQV�KRZ�WKH�VWXG\�LV�VWUXFWXUHG�LQ�GLIIHUHQW�GLPHQVLRQV��)LQDOO\��

VHFWLRQ�����LQWURGXFHV�WKH�UHVHDUFK�SUREOHP��

���� 35($0%/(�

6WXGHQWV
� DFKLHYHPHQWV� FDQ� EH� XQSUHGLFWDEOH�� ,Q� ������ 'XWFK� ���\HDU� ROG�

VWXGHQWV� ZHUH� JLYHQ� D� PDWKHPDWLFV� WHVW�� WKH� UHVXOWV� RI� ZKLFK� ZHUH� FRPSDUHG�

LQWHUQDWLRQDOO\��7KH�WHVW�ZDV�QRW�FRQVLGHUHG�YHU\�DSSURSULDWH�IRU�'XWFK�VWXGHQWV��

EHFDXVH�LW�GHYLDWHG�IURP�WKHLU�FXUULFXOXP��1HYHUWKHOHVV��WKH�VWXGHQWV�SHUIRUPHG�

ZHOO�RQ�WKLV�WHVW��7KHLU�VFRUH�ZDV�DERYH�WKH�LQWHUQDWLRQDO�DYHUDJH�VFRUH��,Q�WKDW�

VDPH� \HDU�� ������ WKH\� ZHUH� DOVR� JLYHQ� DQRWKHU� LQWHUQDWLRQDO�PDWKHPDWLFV� WHVW��

7KLV�VHFRQG�WHVW�ZDV�D�SHUIRUPDQFH�WHVW��,W�KDG�D�PRUH�SUDFWLFDO�QDWXUH�DQG�ZDV�

FRQVLGHUHG�PXFK�PRUH� DSSURSULDWH� IRU�'XWFK� VWXGHQWV��+RZHYHU�� FRQWUDU\� WR�

H[SHFWDWLRQV�� WKH� VWXGHQWV� GLG� QRW� SHUIRUP� DV� H[SHFWHG� RQ� WKDW� WHVW�� 7KHLU�

SHUIRUPDQFH�ZDV�QHDU�WKH�LQWHUQDWLRQDO�DYHUDJH��



� &KDSWHU �

7KH�QRWDEOH�UHVXOWV�ZHUH�WKH�UHDVRQ�IRU�VWDUWLQJ�D�VWXG\�RQ�ILQGLQJ�H[SODQDWLRQV�

IRU� WKH�XQH[SHFWHG�SKHQRPHQD� LQ�'XWFK�PDWKHPDWLFV�HGXFDWLRQ��7KLV�VWXG\� LV�

GHVFULEHG�LQ�WKLV�GLVVHUWDWLRQ��

7KH� VWXG\� IRFXVHG� RQ� FXUULFXOXP� DV� D� FRQWH[W� IRU� H[SODLQLQJ� WKH� SKHQRPHQD��

'LIIHUHQW�DSSHDUDQFHV�RI�D�FXUULFXOXP�ZHUH�GLVWLQJXLVKHG��

��WKH� LQWHQGHG� FXUULFXOXP�� DW� V\VWHP� OHYHO� �ZKDW� VRFLHW\� H[SHFWV� WKDW� VWXGHQWV�

VKRXOG�PDVWHU���

��WKH�LPSOHPHQWHG�FXUULFXOXP��DW�VFKRRO�DQG�FODVVURRP�OHYHO��WKH�FRQWHQW�DV�LW�LV�

LQWHUSUHWHG�E\�WKH�WHDFKHUV�DQG�WDXJKW�WR�WKH�VWXGHQWV���

��WKH�DWWDLQHG� FXUULFXOXP�� DW� VWXGHQW� OHYHO� �NQRZOHGJH�� VNLOOV� DQG�DWWLWXGHV� WKDW�

VWXGHQWV�KDYH�DFTXLUHG�LQGHHG���

7KLV�FXUULFXOXP�IUDPHZRUN�ZDV�GHYHORSHG�IRU�LQWHUQDWLRQDO�FRPSDUDWLYH�VWXGLHV�

FRQGXFWHG� E\� WKH� ,QWHUQDWLRQDO�$VVRFLDWLRQ� IRU� WKH�(YDOXDWLRQ� RI�(GXFDWLRQDO�

$FKLHYHPHQW� �,($���7KH� IUDPHZRUN�ZDV�EDVHG�RQ�SULRU� IXQGDPHQWDO�ZRUN�E\�

*RRGODG��*RRGODG�	�5LFKWHU��������5RELWDLOOH�	�*DUGHQ��������5RELWDLOOH�HW�DO���

������7UDYHUV�	�:HVWEXU\���������7KH�IUDPHZRUN�LVRODWHV�IDFWRUV�IRU�LQWHUSUHWLQJ�

VWXGHQWV
� OHDUQLQJ�DW�WKUHH�GLIIHUHQW�OHYHOV��V\VWHP�OHYHO��PDFUR�OHYHO���FODVVURRP�

OHYHO��PHVR�OHYHO���DQG�WKH�LQGLYLGXDO�VWXGHQW
V�OHYHO��PLFUR�OHYHO���

$W�WKH�WKUHH�OHYHOV��WKH�LQWHQGHG��LPSOHPHQWHG�DQG�DWWDLQHG�FXUULFXOXP�FDQ�EH�IRXQG��

7KH�IUDPHZRUN�LV�LOOXVWUDWHG�LQ�)LJXUH����� 

)LJXUH������ ,($
V�FXUULFXODU�DSSHDUDQFHV
6RXUFH� 5RELWDLOOH 	 *DUGHQ �������



,QWURGXFWLRQ �

2WKHU� DXWKRUV� DOVR� XVH� WKLV� WULSDUWLWLRQ� IRU� FXUULFXODU� DSSHDUDQFHV�� WKRXJK�

VRPHWLPHV�LQ�RWKHU�WHUPLQRORJ\��7KH�LQWHQGHG�FXUULFXOXP�LV�DOVR�UHIHUUHG�WR�DV��WKH�


SODQQHG
�� 
IRUPDO
�� 
H[SHFWHG
�� 
RIILFLDO
�� 
H[SOLFLW
�RU� 
VDQFWLRQHG
�FXUULFXOXP��7KH�

LPSOHPHQWHG�FXUULFXOXP�LV�DOVR�UHIHUUHG�WR�DV�WKH�
RSHUDWLRQDO
��
HQDFWHG
��
WDXJKW
�RU�


LPSOLFLW
� FXUULFXOXP�� 7KH� DWWDLQHG� FXUULFXOXP� LV� DOVR� UHIHUUHG� WR� DV� WKH�


H[SHULHQFHG
��
UHDOLVHG
�RU�
OHDUQHG
�FXUULFXOXP��+RZHOO�	�1ROHW����������

6RPH� DXWKRUV� KDYH� SURYLGHG� PRUH� GHWDLOHG� FXUULFXOXP� PRGHOV�� )RU� H[DPSOH�

*RRGODG��.OHLQ� DQG�7\H� ������� LGHQWLI\� ILYH� FXUULFXODU� DSSHDUDQFHV��$W� V\VWHP�

OHYHO��WKH\�GLVWLQJXLVK�EHWZHHQ�����WKH�LGHDO�FXUULFXOXP��WKH�RULJLQDO�DVVXPSWLRQV��

YLVLRQV�DQG� LQWHQWLRQV�RI�FXUULFXOXP�GHYHORSHUV��DQG�����WKH�IRUPDO�FXUULFXOXP�

�WH[WERRNV�� WHDFKHU� JXLGHV�� DQG� H[HPSODU\� WHVWV��� $W� FODVVURRP� OHYHO�� WKH\�

GLVWLQJXLVK�EHWZHHQ�����WKH�SHUFHLYHG�FXUULFXOXP��LQWHUSUHWDWLRQV�RI�WKH�WHDFKHUV��

DQG� ���� WKH�RSHUDWLRQDO�FXUULFXOXP��WKH� LQVWUXFWLRQDO�SURFHVV���$W�VWXGHQW� OHYHO��

WKH\�DSSUHKHQG�����WKH�H[SHULHQFHG�FXUULFXOXP��ZKDW�VWXGHQWV�KDYH�H[SHULHQFHG���

9DQ�GHQ�$NNHU� ������� ������ IROORZV� WKLV� V\VWHP��EXW� DGGV� DQRWKHU� FXUULFXOXP�

DSSHDUDQFH�DW�VWXGHQW�OHYHO������WKH�DWWDLQHG�FXUULFXOXP��WKH�OHDUQLQJ�UHVXOWV�RI�WKH�

VWXGHQWV����

$W�VWXGHQW�OHYHO��IXUWKHU�GLVWLQFWLRQV�FDQ�EH�PDGH��1RW�HYHU\WKLQJ�WKDW�ZDV�OHDUQW�

ZLOO� EH� LQFOXGHG� LQ� D� WHVW� RU� FDQ� DFWXDOO\� EH� WHVWHG� �+DZNHU�	�2OOHUWRQ�� ������

/HLQKDUGW���������7KHUHIRUH��RQH�FRXOG�IXUWKHUPRUH�GLVWLQJXLVK�WKH�H[SHULHQFHG�

FXUULFXOXP�DQG�WKH�OHDUQHG�FXUULFXOXP�IURP�����WKH�WHVWHG�FXUULFXOXP��+RZHYHU��

IRU�EUHYLW\��WKLV�GLVVHUWDWLRQ�DGKHUHV�WR�WKH�WKUHH�,($�FXUULFXOXP�DSSHDUDQFHV�DV�

VWDWHG�EHIRUH��WKH�LQWHQGHG��LPSOHPHQWHG�DQG�DWWDLQHG�FXUULFXOXP��

�

7KH� IROORZLQJ� H[DPSOH� PD\� VHUYH� DV� DQ� LOOXVWUDWLRQ� RI� WKH� DSSHDUDQFHV� RI� D�

FXUULFXOXP� DW� WKH� PDFUR�� PHVR�� DQG� PLFUR� OHYHO�� $W� WKH� V\VWHP� OHYHO��

JRYHUQPHQWDO� GRFXPHQWV�PD\� VWDWH� HGXFDWLRQDO� JRDOV� IRU� WKH� VWXGHQWV�RI� WKHLU�

QDWLRQ�� 7KXV�� LQ� PDQ\� FRXQWULHV�� WKH� LQWHQGHG� PDWKHPDWLFV� FXUULFXOXP� IRU�

VWXGHQWV� DW� SULPDU\� VFKRROV� LQFOXGHV� 
GRLQJ� ORQJ� GLYLVLRQ
�� &RQVHTXHQWO\�� LW� LV�

WDXJKW� WR� WKH� VWXGHQWV��<HW�� GHVSLWH� WKH� FODULW\�RI� WKH� LQWHQGHG� FXUULFXOXP�DQG�

GHVSLWH� WKH� XQLYHUVDOLW\� RI� WKH� PDWKHPDWLFDO� ODQJXDJH� �3LPP�� ������ 6NHPS��

������� WKH� WHDFKLQJ� DQG� OHDUQLQJ� DFWLYLWLHV� VXUURXQGLQJ� WKLV� EDVLF�PDWKHPDWLFDO�

RSHUDWLRQ�FDQ�EH�VWULNLQJO\�GLYHUJHQW��7KH�LQWHUSUHWDWLRQ�RI�
GRLQJ�ORQJ�GLYLVLRQ
�

GLIIHUV� FRQVLGHUDEO\� EHWZHHQ� FRXQWULHV�� 7KH� FXUUHQW� FODVVURRP� QRWDWLRQV� RI� D�

VLPSOH� GLYLVLRQ� H[HUFLVH� LQ� IRXU� QHLJKERXULQJ�(XURSHDQ� QDWLRQV� DUH� VKRZQ� LQ�

)LJXUH������

�



� &KDSWHU �

 
Question: Divide 544 by 34. 
 
 A B C D 
 
34/544\16 544:34=16 544|34     16  
 34  34  204|16 34)544 
 204 204 000 -34  
 204  204  204 
 0 0 -204  
 000
�

)LJXUH������ 'LYLVLRQ�DOJRULWKPV�IURP��$��WKH�1HWKHUODQGV���%��*HUPDQ\��DOVR�XVHG�LQ�

WKH�1HWKHUODQGV���&��)UDQFH��DQG��'��(QJODQG�
6RXUFH� %HUZDOG �������

�

,Q� DOO� FDVHV�� WKH� DQVZHU� WR� WKH� GLYLVLRQ� H[HUFLVH� LV� LGHQWLFDO�� +RZHYHU�� WKH�

GLIIHUHQW�QRWDWLRQV�LQ�)LJXUH�����VKRZ�WKDW�VWXGHQWV�DUH�WDXJKW�WR�DFW�DFFRUGLQJ�WR�

GLIIHUHQW�DOJRULWKPV��7KH�DOJRULWKP�IURP�)UDQFH��&��LV�FOHDUO\�VKRUWHU�LQ�ZULWLQJ��

+HUH��WKH�LQWHUPHGLDWH�VXEWUDFWLRQ�VWHSV�DUH�FDUULHG�RXW�LPSOLFLWO\��UHTXLULQJ�PRUH�

PHQWDO� DULWKPHWLF� WKDQ� WKH� RWKHU� WKUHH� DOJRULWKPV�� 7KHUHIRUH�� WKH� FODVVURRP�

DFWLYLWLHV� DVVRFLDWHG�ZLWK� 
GRLQJ� ORQJ�GLYLVLRQ
� FDQ�GLIIHU�EHWZHHQ� FRXQWULHV�� ,Q�

RWKHU�ZRUGV��WKH�LPSOHPHQWHG�FXUULFXOXP�RI�
GRLQJ�ORQJ�GLYLVLRQ
�GLIIHUV�DFURVV�

FRXQWULHV�� ZKLOH� WKH� LQWHQGHG� FXUULFXOD� VWDWH� WKH� VDPH� JRDO�� $V� D� UHVXOW�� WKH�

OHDUQLQJ�SURFHVVHV�DVVRFLDWHG�ZLWK�WKH�DFWLYLWLHV�FDQ�GLIIHU�DV�ZHOO��,W�FRXOG�KDYH�

GLIIHUHQW�HIIHFWV�RQ�VWXGHQWV
�RXWFRPHV��ZKLFK�LV�WKH�DWWDLQHG�FXUULFXOXP��

�

7KLV� GLVVHUWDWLRQ� GHVFULEHV� D� VWXG\� RI� WKH� LQWHQGHG�� LPSOHPHQWHG� DQG� DWWDLQHG�

'XWFK�PDWKHPDWLFV� FXUULFXOXP� DW� JUDGH� �� OHYHO� �WKH� VHFRQG� \HDU� RI� VHFRQGDU\�

HGXFDWLRQ���7KH� VWXGHQWV� DW� WKLV� OHYHO�ZHUH�RQ�DYHUDJH����\HDUV�ROG��7KH� VWXG\�

FRYHUV�WKH�ODVW�ILYH�\HDUV�RI�WKH���WK�FHQWXU\��������������,Q�RUGHU�WR�H[SODLQ�WKH�

XQH[SHFWHG� UHVXOWV��ZKLFK�ZHUH� GHVFULEHG� DW� WKH� EHJLQQLQJ� RI� WKLV� VHFWLRQ�� WKH�

VWXG\� FRPSDUHG� WKH� DWWDLQHG� PDWKHPDWLFV� FXUULFXOXP� ZLWK� WKH� LQWHQGHG�

FXUULFXOXP� DQG� WKH� LPSOHPHQWHG� FXUULFXOXP�� 7KH� VWXG\� LV� LGHQWLILHG� E\� WKH�

DFURQ\P�0(75,&��7KH�VL[�OHWWHUV�VWDQG�IRU�D�VWXG\�LQ�0DWKHPDWLFV�(GXFDWLRQ��

LQYHVWLJDWLQJ�7UHQGV�LQ��DQG�5HODWLRQV�EHWZHHQ�WKH�,QWHQGHG��LPSOHPHQWHG�DQG�

DWWDLQHG�&XUULFXOXP��



,QWURGXFWLRQ �

���� 7+( 25,*,1 2) 7+(0(75,&�678'<�

������ 7,066�

,Q� ������ DQ� LQWHUQDWLRQDO� FRPSDUDWLYH� UHVHDUFK� LQ� VFLHQFH� DQG� PDWKHPDWLFV�

HGXFDWLRQ�ZDV� FDUULHG� RXW�� 7KH� QDPH� RI� WKLV� UHVHDUFK�ZDV�7KLUG� ,QWHUQDWLRQDO�

0DWKHPDWLFV� DQG� 6FLHQFH� 6WXG\� �7,066��� 7,066� ZDV� FRQGXFWHG� XQGHU� WKH�

DXVSLFHV�RI� WKH�,($��$IWHU� LWV�IRXQGDWLRQ�LQ�������WKH�,($�LQLWLDWHG�D�VHULHV�RI�

LQWHUQDWLRQDO� FRPSDUDWLYH� VWXGLHV� RQ� UHDGLQJ� DQG� OLWHUDF\�� HGXFDWLRQDO� XVH� RI�

,QIRUPDWLRQ� DQG� &RPPXQLFDWLRQ� 7HFKQRORJ\� �,&7��� DQG� PDWKHPDWLFV� DQG�

VFLHQFH��2QH�RI�LWV�IRXQGLQJ�IDWKHUV��7RUVWHQ�+XVpQ��H[SODLQHG�WKDW�FRPSDULVRQ�

RI�HGXFDWLRQDO�V\VWHPV�RI�FRXQWULHV�FRXOG�UHSODFH�HGXFDWLRQDO�H[SHULPHQWV��ZKLFK�

DUH�RIWHQ�LPSUDFWLFDO�DQG�XQHWKLFDO��7KH�YDULHW\�RI�HGXFDWLRQDO�V\VWHPV�DFURVV�WKH�

ZRUOG� RIIHUV� D� VHULHV� RI� GLIIHUHQW� OHDUQLQJ� HQYLURQPHQWV� WKDW� FDQ� EH� VWXGLHG�

LQVWHDG� RI� GRLQJ� H[SHULPHQWV� �+XVpQ� 	� %ORRP�� ������� 7KH� ,($� JDLQHG�

H[SHULHQFH� LQ� ODUJH�VFDOH� LQWHUQDWLRQDO� FRPSDUDWLYH� SURMHFWV�� 7KH� VXFFHVVLYH�

VWXGLHV�LQ�PDWKHPDWLFV�DQG�VFLHQFH�HGXFDWLRQ�ZHUH��

��WKH�)LUVW�,QWHUQDWLRQDO�0DWKHPDWLFV�6WXG\��),06���FDUULHG�RXW�LQ�������

��WKH�)LUVW�,QWHUQDWLRQDO�6FLHQFH�6WXG\��),66���FDUULHG�RXW�LQ��������

��WKH�6HFRQG�,QWHUQDWLRQDO�0DWKHPDWLFV�6WXG\��6,06���FDUULHG�RXW�LQ��������

��WKH�6HFRQG�,QWHUQDWLRQDO�6FLHQFH�6WXG\��6,66���FDUULHG�RXW�LQ�������DQG�

��WKH�7KLUG�,QWHUQDWLRQDO�0DWKHPDWLFV�DQG�6FLHQFH�6WXG\��7,066���FDUULHG�RXW�LQ�

������PHUJLQJ�WKH�WZR�VXEMHFW�DUHDV�PDWKHPDWLFV�DQG�VFLHQFH�LQWR�RQH�VWXG\��

7KH� JHQHUDO� DLP� RI� 7,066� LV� WKH� LQWHUQDWLRQDO� FRPSDULVRQ� RI� FXUULFXODU�

RXWFRPHV�DQG�FRQWH[WV�LQ�PDWKHPDWLFV�DQG�VFLHQFH�HGXFDWLRQ��7KLV�VKRXOG�OHDG�

WR�D�NQRZOHGJH�EDVH�IRU�WKH�DQDO\VLV�RI�VWURQJ�DQG�ZHDN�SRLQWV�DW�V\VWHP��FODVV�

DQG� VWXGHQW� OHYHO�� 7,066� KDV� EHHQ� GHVLJQHG� WR� SURYLGH� HGXFDWLRQDO� SROLF\�

PDNHUV��FXUULFXOXP�VSHFLDOLVWV�DQG�UHVHDUFKHUV�ZLWK�D�NQRZOHGJH�EDVH�WR�GHVFULEH�

DQG� XQGHUVWDQG� WKH� SHUIRUPDQFH� RI� HGXFDWLRQDO� V\VWHPV� IURP� DQ� LQWHUQDWLRQDO�

SHUVSHFWLYH��,Q�7,066��VWXGHQWV
�DFKLHYHPHQW�LV�PHDVXUHG�WKURXJK�WHVWV��ZKLFK�

DUH�LGHQWLFDO�LQ�DOO�FRXQWULHV��DSDUW�IURP�WKH�ODQJXDJH���7R�LQWHUSUHW�DFKLHYHPHQW�

RXWFRPHV�� 7,066� JDWKHUV� DGGLWLRQDO� LQIRUPDWLRQ� WKURXJK� TXHVWLRQQDLUHV� IRU�

VWXGHQWV�� WHDFKHUV�DQG�VFKRRO�SULQFLSDOV��7KH�XOWLPDWH�JRDO� LV�WR�ILQG�LQGLFDWRUV�

IRU�LPSURYLQJ�PDWKHPDWLFV�DQG�VFLHQFH�HGXFDWLRQ��%HDWRQ�HW�DO���������0XOOLV�HW�

DO����������
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,Q� ������ 7,066� GHILQHG� WKUHH� SRSXODWLRQV� EDVHG� RQ� WKUHH� HGXFDWLRQDO� OHYHOV��

7KHVH�ZHUH�DW�SULPDU\�VFKRRO�OHYHO��3RSXODWLRQ�����MXQLRU�VHFRQGDU\�VFKRRO�OHYHO�

�3RSXODWLRQ�����DQG�VHQLRU�VHFRQGDU\�VFKRRO�OHYHO��3RSXODWLRQ�����0DUWLQ���������

3RSXODWLRQ���LV�RI�LQWHUHVW�WR�WKH�0(75,&�VWXG\��7KLV�SRSXODWLRQ�ZDV�GHILQHG�DV�

WKH�WZR�DGMDFHQW�JUDGHV��JUDGHV���DQG����ZLWK�WKH�ODUJHVW�SURSRUWLRQ�RI����\HDU�

ROG�VWXGHQWV�DW�WKH�WLPH�RI�WHVWLQJ��)RU�WKLV�SRSXODWLRQ��7,066�ZDV�FDUULHG�RXW�LQ�

���FRXQWULHV��RQH�RI�WKHVH�EHLQJ�WKH�1HWKHUODQGV��

�

,Q�7,066��VWXGHQWV
�DFKLHYHPHQW�ZDV�PHDVXUHG�WKURXJK�D�FRQYHQWLRQDO�ZULWWHQ��

WLPH�UHVWULFWHG�PDWKHPDWLFV�DQG�VFLHQFH�WHVW��7KH�0(75,&�VWXG\�IRFXVHV�RQ�WKH�

PDWKHPDWLFV�SDUW�RQO\��7KLV�SDUW�FRQVLVWHG�RI�VWDQGDUG�LWHPV��WHVWLQJ�IRU�D�ZLGH�

UDQJH� RI� PDWKHPDWLFDO� DELOLWLHV�� VXFK� DV� NQRZOHGJH� �H�J�� FKDUDFWHULVWLFV� RI� D�

SDUDOOHORJUDP���SURFHGXUDO�VNLOOV��H�J��DGGLQJ�IUDFWLRQV��DQG�SUREOHP�VROYLQJ��H�J��

PRGHOOLQJ� GDWD��� 0RVW� LWHPV� ZHUH� RI� WKH� PXOWLSOH� FKRLFH� IRUPDW�� VRPH� LWHPV�

UHTXLUHG�D�VKRUW�DQVZHU��DQG�D�IHZ�LWHPV�UHTXLUHG�DQ�H[WHQGHG�DQVZHU���

%HVLGHV� WKH� ZULWWHQ� WHVW�� 7,066� GHYHORSHG� DQRWKHU� WLPH�UHVWULFWHG� WHVW�� ZKLFK�

KDG�D�SUDFWLFDO�QDWXUH�FRPSULVLQJ�KDQGV�RQ�WDVNV��,W�ZDV�DGPLQLVWHUHG�DW�JUDGH���

OHYHO� �WKH� XSSHU� JUDGH� RI� 3RSXODWLRQ� ���� 7KH�1HWKHUODQGV� SDUWLFLSDWHG� LQ� WKLV�

RSWLRQDO� WHVW��7KLV� WHVW�ZDV�FDOOHG�WKH�7,066�3HUIRUPDQFH�$VVHVVPHQW��$V�WKH�

3HUIRUPDQFH�$VVHVVPHQW�ZLOO�SURYH�LPSRUWDQW�LQ�WKH�IRUWKFRPLQJ�WH[W�VHFWLRQV��

LW� LV� EULHIO\� FKDUDFWHULVHG� LQ� WKH� QH[W� SDUDJUDSK�� &KDSWHU� �� SUHVHQWV� D� IXUWKHU�

HODERUDWLRQ� RQ� WKLV� WHVW�� 7R�PDNH� D� FOHDU� GLVWLQFWLRQ� EHWZHHQ� WKH� WZR�7,066�

WHVWV��IURP�KHUHRQ��WKH�ZULWWHQ�WHVW�ZLOO�EH�QDPHG�WKH�7,066�:ULWWHQ�7HVW��

7KH�7,066�3HUIRUPDQFH�$VVHVVPHQW�FRPSOHPHQWV�WKH�7,066�:ULWWHQ�7HVW��$Q�

LPSRUWDQW�UHDVRQ�IRU�PHDVXULQJ�VWXGHQWV
�DFKLHYHPHQW�WKURXJK�WKLV�DGGLWLRQDO�WHVW�

LV��WKDW�WKH�:ULWWHQ�7HVW�PDLQO\�WHVWV�IRU�FRQWHQW�DQG�WR�D�OHVVHU�H[WHQW�IRU�VNLOOV��

7KH�7,066�3HUIRUPDQFH�$VVHVVPHQW�PDLQO\�WHVWV�IRU�SUDFWLFDO�VNLOOV��6WXGHQWV�DUH�

SURYLGHG�ZLWK�PDQLSXODWLYHV� �SODVWLFLQH��PDJQHWV�� IROGLQJ�SDSHU�� DGKHVLYH� WDSH��

HWF���DQG�LQVWUXPHQWV��WKHUPRPHWHU��UXOHU��EDODQFLQJ�VFDOHV��HWF����7KH\�DUH�WHVWHG�

WKURXJK�RSHQ�WDVNV�ZKLFK�UHTXLUH�SUDFWLFDO�VNLOOV��VXFK�DV��GHVLJQLQJ�DQG�H[HFXWLQJ�

DQ�H[SHULPHQW��REVHUYLQJ�DQG�GHVFULELQJ�REVHUYDWLRQV��XVLQJ�FDOFXODWRUV��ORRNLQJ�

IRU�UHJXODULWLHV��ILQGLQJ�QRWDWLRQV��LQWHUSUHWLQJ�WKHLU�PHDVXUHPHQWV��DQG�VR�IRUWK��

7KLV� WHVW� ZDV� GHYHORSHG� IURP� D� YLVLRQ� LQ� VFLHQFH� HGXFDWLRQ�� ZKLFK� VHHNV�

FRKHUHQFH�EHWZHHQ�SURFHGXUDO��GHFODUDWLRQDO�DQG�FRQGLWLRQDO�FRJQLWLRQ��3UDFWLFDOV�

DUH�QR�ORQJHU�VHHQ�DV�PHUH�LOOXVWUDWLRQV�RI�FRQFHSWV�WDXJKW��6WXGHQWV�DUH�H[SHFWHG�

WR� LQYHVWLJDWH� V\VWHPDWLFDOO\�� FRQWUDU\� WR� FRRNERRN� SUDFWLFDOV�� 6HHNLQJ� DQG�

SURYLGLQJ� H[SODQDWLRQV� IRU� H[SORUHG� SKHQRPHQD� LV� WKHQ� SDUW� RI� DVVHVVPHQW�

�*DUGHQ��������+DUPRQ�HW�DO���������.LQG����������
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$V�IRU�PDWKHPDWLFV��WKH�7,066�3HUIRUPDQFH�$VVHVVPHQW�FDQ�EH�DVVRFLDWHG�ZLWK�

*DO
SHULQ
V�YLHZ�RI�OHDUQLQJ�E\�GRLQJ�LQ�ZKLFK�PHQWDO�DFWV��PDQLSXODWLQJ�REMHFWV�LQ�

WKH� PLQG�� GHYHORS� IURP� PDWHULDO� DFWV� �PDQLSXODWLQJ� WDQJLEOH� REMHFWV��� 3LDJHW�

������� VXJJHVWHG� WKDW� VWXGHQWV� QHHG� PDQ\� H[SHULHQFHV�� LQFOXGLQJ� H[SHULHQFHV�

ZLWK�FRQFUHWH�PDWHULDOV�� IRU� OHDUQLQJ�RI�PDWKHPDWLFDO�FRQFHSWV��6NHPS
V� �������

WKHRULHV� VXSSRUWHG� WKH� EHOLHI� WKDW� VWXGHQWV
� LQWHUDFWLRQV� ZLWK� SK\VLFDO� REMHFWV�

IRUPHG�WKH�EDVLV�IRU�OHDUQLQJ�DW�DQ�DEVWUDFW�OHYHO��<HW��PDQLSXODWLYHV�DUH�PRVWO\�

XVHG�IRU�WKH�GHPRQVWUDWLRQ�RI�PDWKHPDWLFDO�FRQFHSWV��LQ�SDUWLFXODU�DW�WKH�SULPDU\�

OHYHO� �6]HQGUHL�� ������� 0DQ\� WHDFKHUV� SHUFHLYH� PDQLSXODWLYHV� VXLWDEOH� IRU� 
IXQ�

PDWKHPDWLFV
�� DQG� QRW� UHODWHG� WR� 
UHDO� PDWKHPDWLF
� �0R\HU�� ������� 7KH� XVH� RI�

PDQLSXODWLYHV� IRU� LQYHVWLJDWLYH� DQG� DVVHVVDEOH� PDWKHPDWLFDO� DFWLYLWLHV� LQ�

VHFRQGDU\� VFKRROV� LV� UHODWLYHO\�QHZ�� DQG�KDV�EHHQ�DGYRFDWHG�E\� D� FRQVLGHUDEOH�

QXPEHU� RI� PDWKHPDWLFV� HGXFDWRUV� LQ� WKH� 1HWKHUODQGV� �9DQ� 'RUPROHQ�� ������

9DQ�'RUPROHQ�	�=ZDQHYHOG��������9HUKRHI�	�%RV����������

������ 7,066�LQ������LQ�WKH�1HWKHUODQGV�

,Q� ������ 7,066� ZDV� FDUULHG� RXW� LQ� WKH�

1HWKHUODQGV� DIWHU� D�PDMRU� FXUULFXOXP�FKDQJH�

KDG�WDNHQ�SODFH��7ZR�\HDUV�HDUOLHU�� LQ�������D�

QHZ� ODZ� RQ� EDVLF� HGXFDWLRQ� �:HW� RS� GH�

%DVLVYRUPLQJ��FDPH�LQWR�IRUFH��,W�FRQWDLQHG�D�

QDWLRQDO� FRPSXOVRU\� FXUULFXOXP� IRU� MXQLRU�

VHFRQGDU\�VFKRROV��$V�PLQLPXP�UHTXLUHPHQWV��

FRUH�REMHFWLYHV��NHUQGRHOHQ��ZHUH�IRUPXODWHG�IRU�

DOO� VWXGHQWV�� .H\ZRUGV� LQ� WKLV� FXUULFXOXP�

UHIRUP� IRU� DOO� VXEMHFWV� ZHUH� DSSOLFDWLRQV�� VNLOOV�

DQG�FRKHUHQFH��9DQ�/X\Q����������

7KH� PDWKHPDWLFV� FXUULFXOXP� ZDV� DGDSWHG��

HQJDJLQJ� VWXGHQWV� WKURXJK� UHDO�OLIH� FRQWH[WV�

DQG� LQWHJUDWHG� WRSLFV� IRU� SUDFWLFDO�� DSSOLHG�

VNLOOV�� ,W� LV� EDVHG� RQ� D� WUHDWLVH�� ZKLFK� LV�

LGHQWLILHG�DV�5HDOLVWLF�0DWKHPDWLFV�(GXFDWLRQ�

�50(��� 0RUH� GHWDLOV� DERXW� KLVWRU\��

EDFNJURXQGV� DQG� GLVWLQJXLVKLQJ� IHDWXUHV� RI�

WKLV� QHZ�� LQQRYDWLYH�PDWKHPDWLFV� FXUULFXOXP�

ZLOO�EH�JLYHQ�LQ�FKDSWHU����

7KH 1HWKHUODQGV PHDVXUHV ��� NP
�HDVW�ZHVW� E\ ��� NP �QRUWK�VRXWK��

,Q ����� WKHUH ZHUH �� PLOOLRQ

LQKDELWDQWV� 7KHUH ZHUH ± ����

VHFRQGDU\ VFKRROV ZLWK ± �����
PDWKHPDWLFV WHDFKHUV� 7KHUH ZHUH

± ������ JUDGH � VWXGHQWV�
6WXGHQWV
 VHFRQGDU\ HGXFDWLRQ
VWDUWHG D \HDU HDUOLHU LQ JUDGH �
� VHFRQGDU\ ��� )URP WKHQ
RQZDUGV� VWXGHQWV VDW LQ FODVVHV�
ZKLFK ZHUH WUDFNHG DFFRUGLQJ WR
DELOLWLHV� XQWLO WKHLU ILQDO H[DP LQ
JUDGH �� �YER DQG PDYR�� LQ JUDGH ��
�KDYR�� RU JUDGH �� �YZR�� $W JUDGH �
OHYHO� VFKRROV RIWHQ VWLOO KDG
FRPELQHG FODVVHV ZLWK RYHUODSSLQJ
DELOLW\ WUDFNV �H�J� WKHUH ZHUH JUDGH �
FODVVHV IRU YER�PDYR RU IRU KDYR�YZR��

7KH DYHUDJH FODVV VL]H ZDV ��� 7KH
FODVVHV IRU WKH ORZHU DELOLW\ WUDFNV
YER DQG PDYR KDG D ORZHU QXPEHU RI
VWXGHQWV �DYHUDJH FODVV VL]H  ���
WKDQ WKH FODVVHV IRU WKH KLJKHU
DELOLW\ WUDFNV KDYR DQG YZR �DYHUDJH
FODVV VL]H  ���
�,QVSHFWLH YDQ KHW 2QGHUZLMV� ������
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%HIRUH�7,066�ZDV�FDUULHG�RXW�LQ�������VHULRXV�GRXEWV�DURVH�DPRQJ�PDWKHPDWLFV�

HGXFDWRUV�LQ�WKH�1HWKHUODQGV�ZKHWKHU�WKH�7,066�:ULWWHQ�7HVW�ZRXOG�GR�MXVWLFH�

WR�WKH�'XWFK�WDUJHW�SRSXODWLRQ��7KH�7,066�:ULWWHQ�7HVW�UHPLQGHG�WKH�HGXFDWRUV�

RI� WKH� IRUPHU�DEDQGRQHG�FXUULFXOXP�� ,W�ZDV�GHHPHG� WRR�UHSURGXFWLYH�DQG� WKH�

LWHPV�ZHUH�FRQVLGHUHG� 
EDUH
�ZLWKRXW�UHDO�OLIH�FRQWH[WV��&XUULFXOXP�H[SHUWV�DOVR�

REMHFWHG�WR�WKH�ODUJH�QXPEHU�RI�PXOWLSOH�FKRLFH�LWHPV�LQ�WKH�7,066�:ULWWHQ�7HVW�

�'H�/DQJH������D������E���7HVWV�ZLWKLQ�WKH�QHZ�50(�EDVHG�FXUULFXOXP�GLIIHUHG�

FRQVLGHUDEO\�IURP�WKH�7,066�:ULWWHQ�7HVW��,W�ZDV�UHDVRQHG�WKDW�WKH�50(�EDVHG�

FXUULFXOXP�GLG�QRW�SUHSDUH�VWXGHQWV�WR�UHVSRQG�WR�LWHPV�VXFK�DV�WKRVH�IURP�WKH�

7,066� :ULWWHQ� 7HVW�� 7KHUHIRUH�� LW� ZDV� TXHVWLRQHG� ZKHWKHU� 'XWFK� VWXGHQWV�

ZRXOG�EH�DEOH�WR�GLVSOD\�WKHLU�SDUWLFXODU�NQRZOHGJH�DQG�VNLOOV��

�

7KH� LQWHUQDWLRQDO� FXUULFXODU� GLYHUVLW\� ZDV� D� VHULRXV� SRLQW� RI� FRQFHUQ� WR� WKH�

7,066�,QWHUQDWLRQDO�6WXG\�&HQWHU��ZKLFK�ZDV�UHVSRQVLEOH�IRU�WKH�GHYHORSPHQW�

RI�WKH�7,066�:ULWWHQ�7HVW��7KH�JRDO�ZDV�WR�GHYHORS�DQ�LQWHUQDWLRQDO�WHVW��ZKLFK�

ZRXOG�EH� HTXDOO\� XQIDLU� IRU� DOO� SDUWLFLSDWLQJ� FRXQWULHV��7KHUHIRUH�� VXEMHFW�PDWWHU�

VSHFLDOLVWV�IURP�DOO�FRXQWULHV�ZHUH�FRQVXOWHG�DQG�WKH\�ZHUH�DVNHG�WR�FRQWULEXWH�WR�

WKH�SURFHVV�RI�WHVW�LWHP�GHYHORSPHQW��*DUGHQ�	�2USZRRG���������$�IHZ�LWHPV�

ZHUH� EURXJKW� LQ� E\� 'XWFK� PDWKHPDWLFV� HGXFDWRUV�� <HW�� ZKHQ� VFUXWLQLVLQJ� DOO�

PDWKHPDWLFV� WHVW� LWHPV� LQ� OLJKW� RI� WKH� 'XWFK� LQWHQGHG� FXUULFXOXP�� LW� ZDV�

HVWDEOLVKHG�WKDW�RQO\�����RI�WKH�WHVW�LWHPV�PDWFKHG�ZLWK�WKH�QHZ�PDWKHPDWLFV�

FXUULFXOXP�� 0RVW� RWKHU� SDUWLFLSDWLQJ� FRXQWULHV� LQ� 7,066� KDG� DQ� LQWHQGHG�

PDWKHPDWLFV�FXUULFXOXP�WKDW�PDWFKHG�ZLWK�PRUH�WKDQ�����RI�WKH�LWHPV��%HDWRQ��

0XOOLV�HW�DO���������.XLSHU��%RV�	�3ORPS���������7DEOH�����JLYHV�WKH�SHUFHQWDJHV�

RI�WHVW�LWHPV��ZKLFK�PDWFKHG�ZLWK�WKH�UHVSHFWLYH�LQWHQGHG�FXUULFXOD�RI�WKH�YDULRXV�

FRXQWULHV�� ,Q� WKH� 0(75,&� VWXG\�� WKLV� SHUFHQWDJH� LV� WHUPHG� WKH� WHVW�FXUULFXOXP�

PDWFKLQJ� LQGH[�� ,W� LV� DQ� LQGLFDWRU� RI� WKH� DSSURSULDWHQHVV� RI� D� WHVW� LQ� OLJKW� RI� D�

QDWLRQ
V�LQWHQGHG�PDWKHPDWLFV�FXUULFXOXP��)XUWKHU�LQIRUPDWLRQ�RQ�WKLV�FRQFHSW�

ZLOO�EH�JLYHQ�LQ�FKDSWHU����

�
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7DEOH������ 6HOHFWHG�QDWLRQV�DQG� WKHLU� WHVW�FXUULFXOXP�PDWFKLQJ� LQGH[�RI�WKH�7,066�

���:ULWWHQ�7HVW��SHUFHQWDJH�RI� LWHPV�PDWFKLQJ�WKH� LQWHQGHG�PDWKHPDWLFV�

FXUULFXOXP��

�

�

�

1DWLRQ�

WHVW�FXUULFXOXP�

PDWFKLQJ�LQGH[�

����

�Q �����

�

�

�

1DWLRQ�

WHVW�FXUULFXOXP�

PDWFKLQJ�LQGH[�

����

�Q �����

8QLWHG�6WDWHV� ���� .RUHD� ���

+XQJDU\� ���� &DQDGD� ���

/DWYLD��/66�� ��� 6LQJDSRUH� ���

,VUDHO� ��� 1HZ�=HDODQG� ���

*HUPDQ\� ��� 5RPDQLD� ���

/LWKXDQLD� ��� )UDQFH� ���

$XVWUDOLD� ��� %HOJLXP��)O���� ���

6ORYDN�5HS�� ��� 'HQPDUN� ���

-DSDQ� ��� (QJODQG� ���

6ORYHQLD� ��� 6RXWK�$IULFD� ���

1RUZD\� ��� 5XVVLDQ�)HG��� ���

&]HFK�5HS��� ��� &\SUXV� ���

+RQJ�.RQJ� ��� %XOJDULD� ���

,UDQ��,VO��5HS�� ��� 1HWKHUODQGV� ���

6RXUFH� %HDWRQ HW DO� �������

�

:LWK� D� ORZHU� WHVW�FXUULFXOXP� PDWFKLQJ� LQGH[� IRU� WKH� 1HWKHUODQGV�� LW� ZDV�

H[SHFWHG� WKDW� VWXGHQWV� RI� RWKHU� FRXQWULHV� ZRXOG� RXWSHUIRUP� 'XWFK� VWXGHQWV��

+RZHYHU�� FRQWUDU\� WR� WKH� H[SHFWDWLRQV�� LQ� ����� 'XWFK� JUDGH� �� VWXGHQWV�

SHUIRUPHG�ZHOO�RQ�WKH�7,066�:ULWWHQ�7HVW��7KHLU�VFRUH�ZDV�VLJQLILFDQWO\�DERYH�

WKH� LQWHUQDWLRQDO� DYHUDJH�� MXVW� EHORZ� WKH� IRXU� $VLDQ� WRS�VFRULQJ� FRXQWULHV�

6LQJDSRUH��.RUHD��-DSDQ�DQG�+RQJ�.RQJ��%HDWRQ�HW�DO�����������

�

.XLSHU�HW�DO���������������FDUULHG�RXW�DGGLWLRQDO�UHVHDUFK�WR�HVWDEOLVK�ZKHWKHU�WKH�

PDWKHPDWLFDO� DFKLHYHPHQW� RI�'XWFK� VWXGHQWV�RQ� WKH�7,066�:ULWWHQ�7HVW�ZDV�

VWDWLVWLFDOO\� ZHOO� PHDVXUHG�� 7KH\� GHYHORSHG� DQ� DGGLWLRQDO� WHVW�� WKH� 1DWLRQDO�

2SWLRQ� 7HVW� �127��� 127� ZDV� EDVHG� RQ� WKH� QHZ� 50(�EDVHG� FXUULFXOXP��

FRQWDLQLQJ�D�VHOHFWLRQ�RI�LWHPV�IURP�WKH�7,066�:ULWWHQ�7HVW�FRQVLGHUHG�UHOHYDQW�

WR� WKH� LQWHQGHG� FXUULFXOXP�� WRJHWKHU� ZLWK� VHSDUDWHO\� GHYHORSHG�� 50(�EDVHG�

LWHPV��$OO� LWHPV�ZHUH�VHOHFWHG�RQ�WKH�FULWHULRQ�WKDW� WKH\�PDWFKHG�ZHOO�ZLWK� WKH�

LQWHQGHG�FXUULFXOXP��$V�WKH�7,066�:ULWWHQ�7HVW�DQG�127�FRQWDLQHG�DQ�RYHUODS�

RI����LWHPV��WKH�PHDVXUHPHQW�WKURXJK�ERWK�WHVWV�FRXOG�EH�FRPSDUHG��%DVHG�RQ�
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VWXGHQWV
�DFKLHYHPHQW�UHVXOWV�RQ�ERWK�127�DQG�WKH�7,066�:ULWWHQ�7HVW��.XLSHU�

HW� DO�� FRQFOXGHG� WKDW� WKH� 'XWFK� VWXGHQWV
� DFKLHYHPHQW� ZDV� ZHOO� PHDVXUHG�

WKURXJK�WKH�7,066�:ULWWHQ�7HVW���

%HDWRQ� HW� DO�� ������� FDUULHG� RXW� DQRWKHU� UHVHDUFK� WR� LQYHVWLJDWH� ZKHWKHU� WKH�

7,066�:ULWWHQ�7HVW�GLG�MXVWLFH�WR�WKH�LQWHQGHG�FXUULFXOXP�RI�YDULRXV�FRXQWULHV��

7KLV� UHVHDUFK�� ZKLFK� ZDV� QDPHG� WKH� 7HVW� &XUULFXOXP� 0DWFKLQJ� $QDO\VLV�

�7&0$��� UHTXHVWHG�FXUULFXOXP�H[SHUWV�RI�DOO�SDUWLFLSDWLQJ�FRXQWULHV� WR� LQGLFDWH�

IRU�DOO� WHVW� LWHPV�ZKHWKHU� WKH\�PDWFKHG�ZLWK� WKHLU� LQWHQGHG�FXUULFXOXP��)RU�DOO�

FRXQWULHV�� WKH� WHVW� LWHPV� ZHUH� VHOHFWHG� WKDW� PDWFKHG� ZLWK� WKH� LQWHQGHG�

FXUULFXOXP�� %DVHG� RQ� WKH� VHOHFWLRQV�� DOO� FRXQWU\
V� VFRUHV�ZHUH� UHFDOFXODWHG�� $V�

PHQWLRQHG� EHIRUH�� IRU� WKH�1HWKHUODQGV�� ����RI� WKH� LWHPV� LQ� WKH�:ULWWHQ�7HVW�

ZHUH� FRQVLGHUHG� WR�PDWFK� ZLWK� WKH� LQWHQGHG� FXUULFXOXP�� 7KH� VFRUH� RI�'XWFK�

VWXGHQWV�RQ�WKLV�VHW�RI�VHOHFWHG�LWHPV�ZDV�H[DFWO\�HTXDO�WR�WKHLU�VFRUHV�RQ�WKH�IXOO�

WHVW��6RPHKRZ�'XWFK�VWXGHQWV�ZHUH�NQRZOHGJHDEOH�DERXW�WKH�����RI�WHVW�LWHPV�

WKDW�ZHUH�UHPRWH�IURP�WKHLU�LQWHQGHG�FXUULFXOXP��

)URP� WKH� UHVHDUFK� WKURXJK� WKH�1DWLRQDO�2SWLRQ�7HVW� �127��E\�.XLSHU� HW� DO��

������� ������� DQG� WKURXJK� WKH�7HVW�&XUULFXOXP�0DWFKLQJ�$QDO\VLV� �7&0$��E\�

%HDWRQ�HW� DO�� �������� LW�ZDV�FRQFOXGHG� WKDW� WKH�DFKLHYHPHQW�RI�'XWFK�VWXGHQWV�

ZDV�ZHOO�PHDVXUHG�E\�7,066��7KH�SRUWLRQ�RI�����RI� WHVW� LWHPV� WKDW�PDWFKHG�

ZLWK�WKH� LQWHQGHG��QHZ�FXUULFXOXP�JDYH�VWXGHQWV�HQRXJK�URRP�WR�GLVSOD\�WKHLU�

DELOLWLHV��0RUHRYHU��WKH\�KDG�WKH�DELOLWLHV�IRU�WUDQVIHU�RI�WKHLU�NQRZOHGJH�DQG�VNLOOV�

WR�LWHPV�WKDW�GLG�QRW�PDWFK�ZLWK�WKHLU�LQWHQGHG�FXUULFXOXP��,W�ZDV�DVVXPHG�WKDW�

ZKHQ� OHDUQLQJ� PDWKHPDWLFV� WKURXJK� UHDO�OLIH� FRQWH[WV� DQG� LQWHJUDWHG� WRSLFV��

VWXGHQWV� FRXOG� DOVR� XVH� WKHLU� DELOLWLHV� WR� DQVZHU� LWHPV� UHTXLULQJ� LVRODWHG�

NQRZOHGJH�� $Q� DOWHUQDWLYH� H[SODQDWLRQ� ZDV�� WKDW� WHDFKHUV� VWLOO� IROORZHG� WKH�

DEDQGRQHG� FXUULFXOXP� RU� LQWHJUDWH� DGYDQFHG� FRQWHQW�� FKDUDFWHULVWLF� RI� KLJKHU�

JUDGHV��LQWR�WKHLU�SUHVHQW�WHDFKLQJ��.XLSHU�HW�DO����������+RZHYHU��WKH�WZR�VWXGLHV�

RQ� 127� DQG� 7&0$� RQO\� OLQNHG� WKH� LQWHQGHG� DQG� WKH� DWWDLQHG� FXUULFXOXP��

)XUWKHU� VWXGLHV� ZHUH� QHHGHG� WR� VXSSOHPHQW� ILQGLQJV� ZLWK� LQIRUPDWLRQ� RQ� WKH�

LPSOHPHQWHG�FXUULFXOXP��

�

7KH� 7,066� :ULWWHQ� 7HVW� DQG� WKH� 7,066� 3HUIRUPDQFH� $VVHVVPHQW� ZHUH�

DGPLQLVWHUHG� VLPXOWDQHRXVO\�� &RQWUDU\� WR� WKH� :ULWWHQ� 7HVW�� WKH� 3HUIRUPDQFH�

$VVHVVPHQW�VHHPHG�WR�PDWFK�ZHOO�ZLWK�WKH�REMHFWLYHV�RI�WKH�QHZ��FRQWH[W�EDVHG�

FXUULFXOXP��'XWFK�PDWKHPDWLFV�FXUULFXOXP�H[SHUWV�ZHOFRPHG�WKH�PDMRULW\�RI�WKH�

PDWKHPDWLFDO�WDVNV�RI�WKH�3HUIRUPDQFH�$VVHVVPHQW��EHFDXVH�WKH�WDVNV�FRPSULVHG�

LQYHVWLJDWLYH�DFWLYLWLHV�ZLWKLQ�FRQFUHWH�H[SHULHQFHV��%RV�HW�DO���������.XLSHU�HW�DO���



,QWURGXFWLRQ ��

�������6WXGHQWV�ZHUH�WHVWHG�RQ�WKHLU�IOH[LELOLW\�LQ�GDWD�PRGHOOLQJ�DQG�LQWHUSUHWLQJ��

7KHVH� DELOLWLHV� ZHUH� DQ� LQWHJUDO� SDUW� RI� WKH� QHZ� PDWKHPDWLFV� FXUULFXOXP��

$FFRUGLQJ�WR�DGGLWLRQDO��QDWLRQDO�UHVHDUFK������RI�WKH�PDWKHPDWLFV�LWHPV�LQ�WKLV�

WHVW�ZHUH�FRQVLGHUHG�WR�PDWFK�ZLWK�WKH�LQWHQGHG�FXUULFXOXP��'H�+DDQ��3DNNHUW�

	�9DQ�GHU�0HLM���������

�

7DEOH������ $FKLHYHPHQW� UHVXOWV� RI� FRXQWULHV� SDUWLFLSDWLQJ� LQ� ERWK� 7,066�

PDWKHPDWLFV�WHVWV�������

7,066�:ULWWHQ�7HVW�

$FKLHYHPHQW�RQ��

PDWKHPDWLFV�LWHPV�

7,066�3HUIRUPDQFH�$VVHVVPHQW�

$FKLHYHPHQW�RQ��

PDWKHPDWLFDO�WDVNV�

� &RXQWU\� 6FDOH�SRLQWV� � &RXQWU\� $YJ�S�YDOXH�

�� 6LQJDSRUH�� ���� �� 6LQJDSRUH�� ���

�� &]HFK�5HS� ���� �� 6ZLW]HUODQG� ���

�� 6ZLW]HUODQG� ���� �� $XVWUDOLD� ���

�� 1HWKHUODQGV� ���� �� 5RPDQLD� ���

�� 6ORYHQLD� ���� �� 6ZHGHQ� ���

�� $XVWUDOLD� ���� �� 1RUZD\� ���

�� &DQDGD� ���� �� (QJODQG� ���

�� 6ZHGHQ� ���� �� 6ORYHQLD� ���

� ,QWO�DYHUDJH� ���� �� &]HFK�5HS� ���

�� 1HZ�=HDODQG� ���� ��� &DQDGD� ���

��� (QJODQG� ���� ��� 1HZ�=HDODQG� ���

��� 1RUZD\� ���� ��� 1HWKHUODQGV� ���

��� 86$� ���� ��� 6FRWODQG� ���

��� 6FRWODQG� ���� � ,QWO�DYHUDJH� ���

��� 6SDLQ� ���� ��� ,UDQ� ���

��� 5RPDQLD� ���� ��� 86$� ���

��� &\SUXV� ���� ��� 6SDLQ� ���

��� 3RUWXJDO� ���� ��� 3RUWXJDO� ���

��� ,UDQ� ���� ��� &\SUXV� ���

��� &RORPELD� ���� ��� &RORPELD� ���

6RXUFH� %RV HW DO� �������

�

'HVSLWH�WKH�FXUULFXOXP�H[SHUWV
�SRVLWLYH�MXGJHPHQW�RQ�WKH�DSSURSULDWHQHVV�RI�WKH�

7,066� 3HUIRUPDQFH� $VVHVVPHQW�� WKH� 'XWFK� VWXGHQWV� GLG� QRW� VFRUH�

RXWVWDQGLQJO\�ZHOO�RQ�WKLV�WHVW��7KHLU�DFKLHYHPHQW��PHDVXUHG�DV�DYHUDJH�S�YDOXH�

�DYHUDJH� SHUFHQWDJH� FRUUHFW��� ZDV� QHDU� WKH� LQWHUQDWLRQDO� DYHUDJH�� ZKLOH� WKH\�

VFRUHG� VLJQLILFDQWO\� DERYH� WKH� LQWHUQDWLRQDO�DYHUDJH�RQ� WKH�:ULWWHQ�7HVW��7DEOH�

����GLVSOD\V�WKH�LQWHUQDWLRQDO�FRPSDUDWLYH�UHVXOWV�RI�DOO�FRXQWULHV�SDUWLFLSDWLQJ�LQ�



�� &KDSWHU �

ERWK�WHVWV��&RPSDULQJ�WKH�UDQNLQJV��PRVW�FRXQWULHV�KROG�DSSUR[LPDWHO\�WKH�VDPH�

SRVLWLRQ� RQ� ERWK� WHVWV� ���� SRVLWLRQV��� +RZHYHU�� WKHUH� ZHUH� WKUHH� H[FHSWLRQV��

5RPDQLD�� WKH� &]HFK� 5HSXEOLF� DQG� WKH� 1HWKHUODQGV�� 7KH� ODWWHU� WRRN� D� ODUJH�

QRVHGLYH�� ZLWK� D� GLIIHUHQFH� RI� HLJKW� SRVLWLRQV� EHWZHHQ� WKH� ZULWWHQ� DQG� WKH�

SUDFWLFDO�WHVW��%RV��.XLSHU�	�3ORPS���������

������ 'LIIHUHQW�GLVFUHSDQFLHV�

7KH�UHVXOWV�RI�'XWFK�JUDGH���VWXGHQWV�RQ�WKH�:ULWWHQ�7HVW�DQG�WKH�3HUIRUPDQFH�

$VVHVVPHQW� LQ�7,066���� VKRZHG� D� VWULNLQJ�GLVFUHSDQF\��2Q� WKH�:ULWWHQ�7HVW��

WKH� VWXGHQWV� VFRUHG� DERYH� WKH� LQWHUQDWLRQDO� DYHUDJH� DQG� RQ� WKH� 3HUIRUPDQFH�

$VVHVVPHQW� WKH\� VFRUHG� QHDU� WKH� LQWHUQDWLRQDO� DYHUDJH�� 7KLV� GLVFUHSDQF\� LV�

WHUPHG�DV�DQ� LQWHU�WHVW�DFKLHYHPHQW�GLVFUHSDQF\��,W�LV�D�GLVFUHSDQF\�DW�WKH�OHYHO�RI�WKH�

DWWDLQHG�FXUULFXOXP���

7KHUH� ZDV� DQRWKHU� GLVFUHSDQF\� LQ� WKH� 7,066� UHVXOWV�� 7KH� MXGJHPHQWV� RI� WKH�

FXUULFXOXP� H[SHUWV� RQ� WKH� DSSURSULDWHQHVV� RI� WKH� WZR� WHVWV� FRQIOLFWHG� ZLWK�

VWXGHQWV
� DFKLHYHPHQW�� 7KH� :ULWWHQ� 7HVW� ZDV� MXGJHG� OHVV� DSSURSULDWH� E\� WKH�

H[SHUWV�� ZKLOH� WKH� VWXGHQWV� DWWDLQHG� D� KLJK� VFRUH�� )RU� WKH� 3HUIRUPDQFH�

$VVHVVPHQW�� WKH� GLVFUHSDQF\� ZDV� WKH� RWKHU� ZD\� DURXQG�� 7KLV� WHVW� ZDV� MXGJHG�

DSSURSULDWH� E\� WKH� H[SHUWV�� ZKLOH� WKH� VWXGHQWV� DWWDLQHG� DQ� DYHUDJH� VFRUH��

7KHUHIRUH�� WKHUH� ZDV� D� GLVFUHSDQF\� EHWZHHQ� WKH� LQWHQGHG� FXUULFXOXP� DQG� WKH�

DWWDLQHG� FXUULFXOXP�� 7KLV� GLVFUHSDQF\� ZLOO� EH� LQGLFDWHG� DV� DQ� LQWUD�FXUULFXODU�

GLVFUHSDQF\�� ,W� RFFXUUHG� WZLFH�� WKHUH� ZDV� DQ� LQWUD�FXUULFXODU� GLVFUHSDQF\� RQ� WKH�

:ULWWHQ�7HVW��DQG�WKHUH�ZDV�DQ�LQWUD�FXUULFXODU�GLVFUHSDQF\�RQ�WKH�3HUIRUPDQFH�

$VVHVVPHQW���

$OO� GLVFUHSDQFLHV� DUH� VKRZQ� LQ� 7DEOH� ����� ZLWK� WKH� GLVFUHSDQFLHV� LQ� WZR�

GLPHQVLRQV���D��EHWZHHQ�WKH�WHVWV��DQG��E��EHWZHHQ�WKH�LQWHQGHG�DQG�WKH�DWWDLQHG�

FXUULFXOXP�� 9HUWLFDOO\�� WKHUH� DUH� WKH� WZR� LQWHU�WHVW� GLVFUHSDQFLHV�� ���� WKH�

MXGJHPHQW�LQ�OLJKW�RI�WKH�LQWHQGHG�FXUULFXOXP�GLIIHUHG�EHWZHHQ�WKH�WHVWV��DQG�����

WKH� DFKLHYHPHQW� UHVXOWV� GLIIHUHG� EHWZHHQ� WKH� WHVWV��+RUL]RQWDOO\�� WKHUH� DUH� WKH�

WZR� LQWUD�FXUULFXODU� GLVFUHSDQFLHV�RQ�ERWK� WHVWV��:LWK�QR�GDWD� DYDLODEOH�RQ� WKH�

LPSOHPHQWHG�FXUULFXOXP��LW�LV�RPLWWHG�IURP�WKH�WDEOH���

2I� WKH� IRXU� SRVVLEOH� GLVFUHSDQFLHV�� WKHUH� ZDV� RQH� GLVFUHSDQF\� WKDW� GLG� QRW�

UHTXLUH�DQ�H[SODQDWLRQ��,W�ZDV�WKH�GLVFUHSDQF\�RI�WKH�H[SHUWV
�MXGJHPHQW�RQ�WKH�

DSSURSULDWHQHVV�RI�WKH�WZR�WHVWV��7KLV�MXGJHPHQW�ZDV�WDNHQ�IRU�JUDQWHG��EHLQJ�D�

UHVXOW�RI�WKH�GLIIHUHQW�FKDUDFWHULVWLFV�RI�WKH�WZR�WHVWV��+RZHYHU��WKH�RWKHU�WKUHH�

GLVFUHSDQFLHV�UHTXLUHG�DQ�H[SODQDWLRQ��

�



,QWURGXFWLRQ ��

7DEOH������ 7KH� WZR� 7,066� PDWKHPDWLFV� WHVWV� LQ� OLJKW� RI� WKH� 'XWFK� LQWHQGHG� DQG�

DWWDLQHG�FXUULFXOXP�������

�

0DWKHPDWLFV�WHVWV�
0DWFK�ZLWK��

LQWHQGHG�FXUULFXOXP��

0DWFK�ZLWK��

DWWDLQHG�FXUULFXOXP�

�

7,066�:ULWWHQ�7HVW�

�

/RZ�WHVW�FXUULFXOXP�

PDWFKLQJ�LQGH[�������

$FKLHYHPHQW�UHVXOW�

VLJQLILFDQWO\�DERYH�

LQWHUQDWLRQDO�DYHUDJH�

�

7,066�3HUIRUPDQFH�

$VVHVVPHQW�

6DWLVIDFWRU\�WHVW�FXUULFXOXP�

PDWFKLQJ�LQGH[�������

$FKLHYHPHQW�UHVXOW�QHDU�

LQWHUQDWLRQDO�DYHUDJH�

1RWH�  LQWHUQDWLRQDO FRPSDUDWLYH GDWD XQDYDLODEOH�

7KH� LQWHU�WHVW�DFKLHYHPHQW�GLVFUHSDQF\��DW� WKH� OHYHO�RI� WKH�DWWDLQHG�FXUULFXOXP��

UHYHDOHG� WKDW� DQ� XQGHUVWDQGLQJ� RI� VWXGHQWV
� SHUIRUPDQFH�ZDV�QHHGHG��ZK\�GLG�

WKH�VFRUHV�GLIIHU�EHWZHHQ�WKH�WZR�WHVWV"��

7KH�WZR�LQWUD�FXUULFXODU�GLVFUHSDQFLHV�UHYHDOHG�WKDW�DQ�XQGHUVWDQGLQJ�RI�VWXGHQWV
�

SHUIRUPDQFH� ZDV� QHHGHG�� ZLWK� UHVSHFW� WR� WKH� LQWHQGHG� FXUULFXOXP�� ZK\� ZDV�

VWXGHQWV
�DFKLHYHPHQW�RQ�ERWK�WHVWV�QRW�DOLJQHG�ZLWK�WKH�H[SHUWV
�MXGJHPHQW"�

�

7KHVH�TXHVWLRQV�JDYH�ULVH�WR�FRQVLGHUDWLRQV�RQ�D�QXPEHU�RI�SRLQWV��&RXOG�LW�EH�

WKDW�WKH�GLVFUHSDQFLHV�ZHUH�UHODWHG�WR�WKH�QRYHOW\�RI�WKH�50(�EDVHG�FXUULFXOXP"�

7KH�QHZ�FXUULFXOXP�ZDV�OHJLVODWHG�LQ�������WR�EH�LQWURGXFHG�LQ�\HDUO\�SKDVHV��,Q�

WKH�VFKRRO�\HDU������������WKLV�QHZ�FXUULFXOXP�ZDV�RQO\�LQWURGXFHG�WR�WKH�JUDGH�

��FRKRUW��,Q�WKH�IROORZLQJ�VFKRRO�\HDU�������������LW�ZDV�LQWURGXFHG�WR�WKH�QH[W�

OHYHO��EHLQJ�JUDGH����+HQFH��RQH�DQG�WKH�VDPH�FRKRUW�RI�VWXGHQWV�ZDV�WKH�ILUVW�RQH�

WR�EH�LQWURGXFHG�WR�WKH�QHZ�FXUULFXOXP�HDFK�\HDU��,W�ZDV�WKLV�FRKRUW�RI�VWXGHQWV�

WKDW�ZDV�WHVWHG�WKURXJK�7,066�LQ�VSULQJ�������EHLQJ�LQ�JUDGH����&RQVHTXHQWO\��

WKH� 7,066� WHVWV� FRLQFLGHG� ZLWK� WKH� ILUVW� \HDU� LQ� ZKLFK� WKH� QHZ� FXUULFXOXP�

IRUPDOO\�KDG�EHHQ�LPSOHPHQWHG�DW�JUDGH���OHYHO��,W�FRXOG�EH�WKDW�WKH�PDWKHPDWLFV�

WHDFKHUV�ZHUH�VWLOO�XQIDPLOLDU�ZLWK�WKH�QHZ�FXUULFXOXP��3HUKDSV�WKH\�QHHGHG�D�IHZ�

\HDUV� WR� DGDSW� WR� WKH� QHZ� FRQWHQW�� )XUWKHUPRUH�� KRZ�ZRXOG� WKH\� LQWHUSUHW� LWV�

LQWHQWLRQV"�7KH�OHDUQLQJ�SURFHVV�RI�WHDFKHUV�PLJKW�QHHG�WLPH��)XOODQ���������

,QGLFDWLYH�DQVZHUV�WR�WKH�TXHVWLRQV�FRQFHUQLQJ�WKH�LPSOHPHQWHG�FXUULFXOXP�ZHUH�

IRXQG��IRU�H[DPSOH��LQ�.XLSHU�HW�DO����������7KH\�UHSRUWHG�WKDW�LQ�WKH�VFKRRO�\HDU�

����������� RQO\� KDOI� RI� WKH� 'XWFK� PDWKHPDWLFV� WHDFKHUV� LQ� JUDGH� �� XVHG�

WH[WERRNV�EDVHG�RQ�WKH�QHZ�FXUULFXOXP��7KH�UHPDLQLQJ�WHDFKHUV�XVHG�WH[WERRNV�

EDVHG� RQ� WKH� DEDQGRQHG� FXUULFXOXP�� 7KHUHIRUH�� LQ� ������ DW� WKH� WLPH� RI� WKH�
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DGPLQLVWUDWLRQ�RI�ERWK� WKH�:ULWWHQ�7HVW� DQG� WKH�3HUIRUPDQFH�$VVHVVPHQW�� WKH�

QHZ� FXUULFXOXP� ZDV� QRW� \HW� IXOO\� LPSOHPHQWHG�� 2WKHU� LQGLFDWRUV� RI� D� WUDLOLQJ�

LPSOHPHQWDWLRQ�RI�WKH�QHZ�FXUULFXOXP�DUH�IRXQG�LQ�WKH�ZRUN�RI�'H�+DDQ�HW�DO��

�������� 7KH\� UHSRUWHG� RQ� 'XWFK� PDWKHPDWLFV� WHDFKHUV
� MXGJHPHQW� RQ� WKH�

DSSURSULDWHQHVV�RI�WKH�PDWKHPDWLFV�WDVNV�LQ�WKH�7,066�3HUIRUPDQFH�$VVHVVPHQW�

RI�������$FFRUGLQJ�WR�WKHLU�ILQGLQJV��WKH�WHDFKHUV�KDG�RQO\�FRYHUHG�WKH�FRQWHQW�

RI� DSSUR[LPDWHO\� RQH� WKLUG� RI� WKH� WDVNV� LQ� WKHLU� OHVVRQV�� 7KHUHIRUH�� LI� WKH�

PDWKHPDWLFV� WHDFKHUV� LQGLFDWHG� WKDW� WKH� PDWKHPDWLFV� FRQWHQW� QHHGHG� IRU� WKH�

3HUIRUPDQFH� $VVHVVPHQW� ZDV� QRW� FRYHUHG� LQ� WKHLU� OHVVRQV�� KRZ� FRXOG�'XWFK�

VWXGHQWV�WKHQ�EH�H[SHFWHG�WR�SHUIRUP�DERYH�WKH�LQWHUQDWLRQDO�DYHUDJH"��

7KLV�SRVVLEOH�H[SODQDWLRQ�VKRZHG�WKDW�WKH�GLVFUHSDQF\�EHWZHHQ�WKH�LQWHQGHG�DQG�

WKH� DWWDLQHG� FXUULFXOXP� FRXOG� EH� FORVHO\� UHODWHG� WR� D� GLVFUHSDQF\� EHWZHHQ� WKH�

LQWHQGHG� DQG� WKH� LPSOHPHQWHG� FXUULFXOXP� �L�H�� H[SHUWV
� MXGJHPHQW� RQ� WKH�

DSSURSULDWHQHVV�RI�WKH�WHVWV�YHUVXV�WHDFKHUV
�MXGJHPHQW�RQ�WKH�DSSURSULDWHQHVV�RI�

WKH�WHVWV���,W�DOVR�UHODWHG�WR�DQ�LQVWLWXWLRQDOLVDWLRQ�SURFHVV�ZLWK�D�WLPH�GLPHQVLRQ��

,W�FRXOG�EH�WKDW�WKH�GLVFUHSDQFLHV�ZRXOG�GHFUHDVH�DIWHU�D�IHZ�\HDUV��7KHUHIRUH��D�

UHSOLFDWLRQ� RI� ERWK� WKH� :ULWWHQ� 7HVW� DQG� WKH� 3HUIRUPDQFH� $VVHVVPHQW� ZDV�

LPSHUDWLYH� IRU� ILQGLQJ� SRVVLEOH� H[SODQDWLRQV� IRU� WKH� GLVFUHSDQFLHV�� 7KLV�

UHSOLFDWLRQ� QHHGHG� WR� LQFOXGH� UHVHDUFK� DW� WKH� OHYHO� RI� WKH� LQWHQGHG�� WKH�

LPSOHPHQWHG�DQG�WKH�DWWDLQHG�FXUULFXOXP��7KH�DGGHG�WLPH�GLPHQVLRQ�RIIHUHG�WKH�

DGYDQWDJH�RI�HVWDEOLVKLQJ�D�WUHQG��

���� 0(75,&
6 ',0(16,216�

������ 7KUHH�GLPHQVLRQV�

7KH� IROORZLQJ� VHFWLRQV� H[SODLQ� KRZ� WKH� 0(75,&� VWXG\� ZDV� EXLOW� RQ� WKUHH�

GLPHQVLRQV�� �D�� D� WHVW� GLPHQVLRQ�� �E�� D� WLPH� GLPHQVLRQ�� DQG� �F�� D� FXUULFXOXP�

GLPHQVLRQ��7KH�WHVW�GLPHQVLRQ�FRQFHUQV�WZR�GLIIHUHQW�WHVWV��WKH�7,066�:ULWWHQ�

7HVW�DQG�WKH�7,066�3HUIRUPDQFH�$VVHVVPHQW��7KH�GLIIHUHQFH�EHWZHHQ�WKH�WZR�

WHVWV� KDV� DOUHDG\� EHHQ� H[SODLQHG� LQ� WKH� SUHYLRXV� VHFWLRQV��7KH� WLPH�GLPHQVLRQ�

HPHUJHG�DV�D�UHVXOW�RI�UHSHDWLQJ�WKH�WHVWV��VHH�EHORZ���7KH�FXUULFXOXP�GLPHQVLRQ�

LV�EDVHG�RQ�WKH�,($�FXUULFXOXP�IUDPHZRUN��ZKLFK�GLVWLQJXLVKHV�WKH�LQWHQGHG��WKH�

LPSOHPHQWHG�DQG�WKH�DWWDLQHG�FXUULFXOXP��
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������ $�WLPH�GLPHQVLRQ�

,W�ZDV�D�PHUH�FRLQFLGHQFH�WKDW�LQ�������7,066�FDPH�VR�VKRUWO\�DIWHU�WKH�IRUPDO�

LQWURGXFWLRQ�RI�WKH�QHZ�FRUH�FXUULFXOXP�LQ�������$W�WKLV�WLPH��7,066�RIIHUHG�D�

XQLTXH�RSSRUWXQLW\�WR�WDNH�D�VQDSVKRW�RI�VWXGHQWV
�DFKLHYHPHQWV�XQGHU�WKH�QHZ�

FXUULFXOXP��+RZHYHU��DV�H[SODLQHG�EHIRUH��LW�ZDV�IHOW�WKDW�WKH�VDPH�PHDVXUHPHQW�

DW�D�ODWHU�VWDJH�ZDV�DOVR�QHHGHG�WR�DVVHVV�ZKHWKHU�WKH�QHZ�FXUULFXOXP�ZDV�EHLQJ�

LPSOHPHQWHG�DQG�D�WUHQG�FRXOG�EH�HVWDEOLVKHG��7KLV�RSSRUWXQLW\�FDPH�ZKHQ�,($�

GHFLGHG�WR�UHSHDW�WKH�7,066�:ULWWHQ�7HVW��7KLV�UHSOLFDWLRQ�VWXG\�ZDV�FDUULHG�RXW�

LQ�������7KLV�QHZ�SURMHFW�ZDV�QDPHG�7,066�����RU�7,066�5HSHDW��7,066�5��

DQG�WKHUHDIWHU�WKH�RULJLQDO�7,066�RI������ZDV�GHVFULEHG�DV�7,066�����7,066�

���ZDV�FRQGXFWHG�IRU�WKH�KLJKHU�JUDGH�RI�3RSXODWLRQ����JUDGH����ZLWK�WKH�:ULWWHQ�

7HVW� RQO\�� 7KXV�� D� SLFWXUH� DV� YLVXDOLVHG� LQ�7DEOH� ���� HPHUJHG��7KHUH� LV� D� WLPH�

GLPHQVLRQ��D�WUHQG�IURP������WR�������DQG�D�WHVW�GLPHQVLRQ��

�

7DEOH������ 7LPH�DQG�WHVW�GLPHQVLRQV�LQ�WKH�0(75,&�VWXG\�

0DWKHPDWLFV�WHVWV� ����� �����

7,066�:ULWWHQ�7HVW� &RQGXFWHG� &RQGXFWHG�

7,066�3HUIRUPDQFH�$VVHVVPHQW� &RQGXFWHG� ���

1RWH� 'DVKHV LQGLFDWH WKH VWXG\ ZDV LQLWLDOO\ QRW DQWLFLSDWHG IRU�

�

,Q� WKH� 1HWKHUODQGV�� LW� ZDV� IHOW� WKDW� UHSHDWLQJ� WKH� 7,066� 3HUIRUPDQFH�

$VVHVVPHQW� ZDV� QHFHVVDU\� WR� VWXG\� WKH� GLVFUHSDQFLHV� PHQWLRQHG� HDUOLHU��

7KHUHIRUH�� WKH� 0(75,&� VWXG\� XQGHUWRRN� WKLV� WDVN� RI� UHSHDWLQJ� WKH� 7,066�

3HUIRUPDQFH�$VVHVVPHQW�WR�ILOO�WKH�PLVVLQJ�FHOO�RI�7DEOH������8QIRUWXQDWHO\��QR�

RWKHU�FRXQWU\�ZDV�LQWHUHVWHG�LQ�D�UHSHDW�RI�WKH�7,066�3HUIRUPDQFH�$VVHVVPHQW��

OHDYLQJ�WKLV�UHSOLFDWLRQ�WR�EH�D�QDWLRQDO�'XWFK�VWXG\�RQO\���

7KH� UHSHDW� RI� WKH� 3HUIRUPDQFH� $VVHVVPHQW� ZDV� FRQGXFWHG� LQ� ������ RQH� \HDU�

DIWHU� WKH� UHSHDW� RI� WKH�:ULWWHQ�7HVW��7KH� VLPXOWDQHRXV� DGPLQLVWUDWLRQ�RI� ERWK�

WHVWV� KDG� SUDFWLFDO� FRQVWUDLQWV�� ERWK� IRU� WKH� UHVHDUFKHUV� DQG� WKH� VFKRROV�� %\�

GHOD\LQJ� WKH� UHSHDW� RI� WKH� 3HUIRUPDQFH�$VVHVVPHQW� E\� RQH� \HDU�� WKH� WZR� WHVW�

DGPLQLVWUDWLRQV�ZHUH� VSUHDG�DFURVV� WZR�\HDUV�� �����DQG�������:LWK�D�RQH�\HDU�

GLIIHUHQFH�� WKH�3HUIRUPDQFH�$VVHVVPHQW�RI������RIIHUHG�D�UHOLDEOH�UHIHUHQFH�WR�

WKH�:ULWWHQ�7HVW�RI�������7KHUH�ZHUH�QR�UHDVRQV�WR�DVVXPH�WKDW�WKH�SRSXODWLRQ�

RI������GLIIHUHG�VLJQLILFDQWO\�IURP�WKH�SRSXODWLRQ�RI�������7KH�IRXU�ILYH�\HDUV�

WLPH�VSDQ�JDYH�WHDFKHUV�DPSOH�WLPH�WR�VHWWOH�WR�WKH�QHZ�LQWHQGHG�FXUULFXOXP��



�� &KDSWHU �

7KXV��WKHUH�ZHUH�IRXU�GDWD�VHWV�LQ�WKH�0(75,&�VWXG\��GDWD�IRU�WKH�:ULWWHQ�7HVWV�

RI������DQG�������DQG�GDWD�IRU�WKH�3HUIRUPDQFH�$VVHVVPHQWV�RI������DQG�������

7KH�WHVWV�ZHUH�DEEUHYLDWHG�DV�:7�������:7�������3$������DQG�3$�������7KH�

JRDO� RI� WKH� 0(75,&� VWXG\� ZDV� WR� XVH� WKH� GDWD� WR� H[SORUH� ZKHWKHU� WKH�

GLVFUHSDQFLHV��DV�GHVFULEHG�EHIRUH��UH�RFFXUUHG�DQG�WR�ILQG�SRVVLEOH�H[SODQDWLRQV�

IRU�WKHLU�RFFXUUHQFH��

������ 7KH�FXUULFXOXP�GLPHQVLRQ�

,Q�WKH�0(75,&�VWXG\��IRU�DOO�IRXU�WHVWV��:7�������:7�������3$������DQG�3$�

������WKH�IROORZLQJ�GDWD�ZHUH�JDWKHUHG��

��FXUULFXOXP�H[SHUWV�ZHUH�FRQVXOWHG�WR� MXGJH�ZKHWKHU� WKH� WHVW� LWHPV�PDWFKHG�

ZLWK�WKH�LQWHQGHG�FXUULFXOXP��

��PDWKHPDWLFV�WHDFKHUV�ZHUH�FRQVXOWHG�WR�MXGJH�ZKHWKHU�WKH�WHVW�LWHPV�PDWFKHG�

ZLWK�WKH�LPSOHPHQWHG�FXUULFXOXP��DQG��

��VWXGHQWV
� DFKLHYHPHQW� RQ� WKH� WHVWV� ZDV� WDNHQ�� UHSUHVHQWLQJ� WKH� DWWDLQHG�

FXUULFXOXP���

)LJXUH������ 'LPHQVLRQV�LQ�GDWD�FROOHFWLRQ�LQ�WKH�0(75,&�VWXG\�
/HJHQG� 3$  3HUIRUPDQFH $VVHVVPHQW� :7 :ULWWHQ 7HVW�

�

7KHUH�ZHUH�WZHOYH�PHDVXUHPHQWV��EXLOW�RQ�WKH�WKUHH�GLPHQVLRQV�ZLWK�WZR�WHVWV�DW�

WZR�VWDJHV�DQG�WKUHH�FXUULFXODU�DSSHDUDQFHV��7KH�WZHOYH�GDWD�VHWV�DUH�YLVXDOLVHG�LQ�

)LJXUH������7KH�WLPH�GLPHQVLRQ�LV�SLFWXUHG�YHUWLFDOO\��WKH�FXUULFXOXP�GLPHQVLRQ�

KRUL]RQWDOO\�IURP�OHIW�WR�ULJKW��DQG�WKH�WHVW�GLPHQVLRQ�IURP�IURQW�WR�WKH�UHDU��



,QWURGXFWLRQ ��

7KH�GDWD�ZHUH�QHHGHG� IRU�D�EHWWHU�XQGHUVWDQGLQJ�RI� WKH� LQWHU�WHVW�DFKLHYHPHQW�

GLVFUHSDQF\�� DV� PHQWLRQHG� EHIRUH�� $OVR�� WKH� GDWD� ZHUH� QHHGHG� IRU� D� EHWWHU�

XQGHUVWDQGLQJ� RI� WKH� LQWUD�FXUULFXODU� GLVFUHSDQFLHV�� 7KH� GLVFUHSDQFLHV� FRXOG�

RFFXU�EHWZHHQ�WKH�LQWHQGHG��LPSOHPHQWHG�DQG�DWWDLQHG�FXUULFXOXP��)LQGLQJV�RI�

WKH�0(75,&�VWXG\�FRXOG�LQIRUP�VWDNHKROGHUV�DERXW������WKH�UHIRUP�SURFHVV�RI�

WKH� QHZ� 'XWFK� PDWKHPDWLFV� FRUH� FXUULFXOXP� IRU� MXQLRU� VHFRQGDU\� VFKRROV� LQ�

SDUWLFXODU�� DQG� ���� RI� FXUULFXOXP� UHIRUP� SURFHVVHV� LQ� JHQHUDO�� $GGLWLRQDOO\��

H[SHULHQFH� ZRXOG� EH� JDLQHG� LQ� WKH� VRXQG� UHSOLFDWLRQ� RI� QDWLRQ�ZLGH� WHVWLQJ��

HVSHFLDOO\�SHUWDLQLQJ�WKH�LQQRYDWLYH�SUDFWLFDO�WHVW��

���� 7+( 5(6($5&+ 352%/(0 2) 7+(0(75,&�678'<�

������ 3UREOHP�VWDWHPHQW��

7KH� SUREOHP� VWDWHPHQW� RI� WKH� 0(75,&� VWXG\� ZDV� IRUPXODWHG� DJDLQVW� WKH�

EDFNJURXQG�RI�WKH�'XWFK�7,066�UHVXOWV�LQ�������ZKLOH�DQWLFLSDWLQJ�D�UHSOLFDWLRQ�

RI� ERWK� WKH� 7,066� :ULWWHQ� 7HVW� LQ� ����� DQG� WKH� 7,066� 3HUIRUPDQFH�

$VVHVVPHQW� LQ� ������ ,W� DLPHG� DW� HVWDEOLVKLQJ� D� WUHQG�� ZKLFK� LQ� WXUQ� FRXOG�

HQKDQFH�WKH�HYDOXDWLRQ�RI�WKH�RQJRLQJ�UHIRUP�SURFHVV�RI�WKH�QHZ�PDWKHPDWLFV�

FXUULFXOXP��7KH�SUREOHP�VWDWHPHQW�LV�IRUPXODWHG�DV�IROORZV���

�

7R�ZKDW�H[WHQW�DUH�WKH�LQWHU�WHVW�DFKLHYHPHQW�GLVFUHSDQF\�DQG�WKH�LQWUD�FXUULFXODU�

GLVFUHSDQFLHV� RQ� WKH� 7,066� :ULWWHQ� 7HVW� DQG� WKH� 7,066� 3HUIRUPDQFH�

$VVHVVPHQW� LQ� ����� VLPLODU� LQ� ���������� DQG� WR� ZKDW� H[WHQW� FDQ� WKH�

GLVFUHSDQFLHV� EH� H[SODLQHG� LQ� OLJKW� RI� D� WUDLOLQJ� LPSOHPHQWDWLRQ� RI� WKH� QHZ�

PDWKHPDWLFV�FRUH�FXUULFXOXP�IRU�MXQLRU�VHFRQGDU\�VFKRROV�LQ�WKH�1HWKHUODQGV"�

�

7KLV�SUREOHP�OHDG�WR�WZR�UHVHDUFK�TXHVWLRQV��7KH�ILUVW�TXHVWLRQ�IRFXVHV�RQ�WKH�

LQWHU�WHVW� DFKLHYHPHQW� GLVFUHSDQF\� DQG� WKH� VHFRQG� TXHVWLRQ� RQ� WKH� LQWUD�

FXUULFXODU�GLVFUHSDQFLHV��

������ 7KH�ILUVW�UHVHDUFK�TXHVWLRQ�

7KH�ILUVW�UHVHDUFK�TXHVWLRQ�FHQWUHV�RQ�VWXGHQWV
�DFKLHYHPHQW�RI�VWXGHQWV�RQ�ERWK�

WHVWV� DW� WZR� VWDJHV�� ,Q� ������'XWFK� VWXGHQWV� SHUIRUPHG� UHODWLYHO\� ZHOO� RQ� WKH�

:ULWWHQ�7HVW� DQG� DYHUDJHO\�RQ� WKH�3HUIRUPDQFH�$VVHVVPHQW��7KH�GDWDEDVH� IRU�

WKLV�TXHVWLRQ�FRQVLVWV�RI�WKH�UHVXOWV�DW�WKH�OHYHO�RI�WKH�DWWDLQHG�FXUULFXOXP��7KHVH�

DUH�LOOXVWUDWHG�LQ�)LJXUH�������



�� &KDSWHU �

�

)LJXUH������ 'DWD�VHW�IRU�WKH�ILUVW�UHVHDUFK�TXHVWLRQ�

�

7KHUH�DUH�WZR�GLPHQVLRQV�WR�EH�FRQVLGHUHG���

��YHUWLFDOO\��D�WLPH�GLPHQVLRQ��D�SRVVLEOH�WUHQG�EHWZHHQ������DQG�����������DQG��

��WR� WKH� UHDU�� D� WHVW� GLPHQVLRQ�� WKH� 7,066� :ULWWHQ� 7HVW� DQG� WKH� 7,066�

3HUIRUPDQFH�$VVHVVPHQW��

�

7KH�ILUVW�TXHVWLRQ�LV��

�

7R�ZKDW�H[WHQW�GRHV�D�UHSHDW�RI�WKH�7,066�:ULWWHQ�7HVW�LQ������DQG�D�UHSHDW�RI�

WKH�7,066�3HUIRUPDQFH�$VVHVVPHQW�LQ�������UHVXOW�LQ�DQ�LQWHU�WHVW�DFKLHYHPHQW�

GLVFUHSDQF\�VLPLODU�WR�����"�

�

,Q� RWKHU� ZRUGV�� LV� VWXGHQWV
� DFKLHYHPHQW� LQ� ���������� VLPLODU� WR� VWXGHQWV
�

DFKLHYHPHQW� LQ� ����"�'R�'XWFK�JUDGH��� VWXGHQWV� VWLOO� SHUIRUP�DV�ZHOO� RQ� WKH�

7,066�:ULWWHQ�7HVW�DV�WKH\�GLG�LQ�����"�+DYH�WKH\�LPSURYHG�WKHLU�PDWKHPDWLFDO�

SUDFWLFDO�VNLOOV�VR�WKDW�WKHLU�VFRUHV�RQ�WKH�3HUIRUPDQFH�$VVHVVPHQW�ZLOO�LQFUHDVH"�

2U�GR�WKH\�VWLOO�XQGHUSHUIRUP�RQ�WKH�3HUIRUPDQFH�$VVHVVPHQW�LQ�FRPSDULVRQ�WR�

WKH�:ULWWHQ�7HVW"�

������ 7KH�VHFRQG�UHVHDUFK�TXHVWLRQ�

7KH� VHFRQG� UHVHDUFK� TXHVWLRQ� IRFXVHV� RQ� WKH� OLQN� EHWZHHQ� WKH� DWWDLQHG�

FXUULFXOXP�RQ�WKH�RQH�KDQG�DQG�WKH�LPSOHPHQWHG�DQG�WKH�LQWHQGHG�FXUULFXOXP�

RQ� WKH� RWKHU�� 7KH� PDWFKLQJ� RI� WKH� WHVW� ZLWK� WKH� LQWHQGHG� DQG� LPSOHPHQWHG�

FXUULFXOXP�VHUYHV�DV�WKH�FRQWH[W��LQ�ZKLFK�WR�LQWHUSUHW�VWXGHQWV
�DFKLHYHPHQW���



,QWURGXFWLRQ ��

7KH� GDWD� VHW� IRU� WKLV� TXHVWLRQ� LV� LOOXVWUDWHG� LQ� )LJXUH� ����� )RU� ERWK� WHVWV�� D�

GLVWLQFWLRQ�LV�PDGH�EHWZHHQ�WKH�WZR�GLPHQVLRQV���

��YHUWLFDOO\��D�WLPH�GLPHQVLRQ��D�SRVVLEOH�WUHQG�EHWZHHQ������DQG�������������

DQG��

��KRUL]RQWDOO\�� D� FXUULFXODU� GLPHQVLRQ� �FRPSDULQJ� MXGJHPHQWV� E\� FXUULFXOXP�

H[SHUWV�DQG�WHDFKHUV�ZLWK�VWXGHQWV
�DFKLHYHPHQWV���

�

�

�

�

�

�

�

�

�

)LJXUH������ 'DWD�VHWV�IRU�WKH�VHFRQG�UHVHDUFK�TXHVWLRQ�

�

7KH�VHFRQG�UHVHDUFK�TXHVWLRQ�LV��

�

7R�ZKDW�H[WHQW�DUH�VWXGHQWV
�UHVXOWV�RQ�ERWK�WHVWV�DW�ERWK�SHULRGV�LQ�WLPH�DOLJQHG�

ZLWK��D��WKH�DSSURSULDWHQHVV�RI�WKH�WHVWV�LQ�OLJKW�RI�WKH�LQWHQGHG�FXUULFXOXP���E��WKH�

DSSURSULDWHQHVV�RI�WKH�WHVWV�LQ�OLJKW�RI�WKH�LPSOHPHQWHG�FXUULFXOXP�DQG��F��SRVVLEOH�

GLVFUHSDQFLHV�EHWZHHQ�WKHVH"�

�

7KH� IROORZLQJ� WKUHH� VXE�TXHVWLRQV� KDYH� HPHUJHG� IURP� WKH� VHFRQG� UHVHDUFK�

TXHVWLRQ��

�

��� 7R� ZKDW� H[WHQW� DUH� VWXGHQWV
� UHVXOWV� RQ� ERWK� WHVWV� DW� ERWK� SHULRGV� LQ� WLPH�

DOLJQHG� ZLWK� WKH� DSSURSULDWHQHVV� RI� WKH� WHVWV� LQ� OLJKW� RI� WKH� LQWHQGHG�

FXUULFXOXP"�

��� 7R� ZKDW� H[WHQW� DUH� VWXGHQWV
� UHVXOWV� RQ� ERWK� WHVWV� DW� ERWK� SHULRGV� LQ� WLPH�

DOLJQHG� ZLWK� WKH� DSSURSULDWHQHVV� RI� WKH� WHVWV� LQ� OLJKW� RI� WKH� LPSOHPHQWHG�

FXUULFXOXP"�

��� 7R� ZKDW� H[WHQW� DUH� VWXGHQWV
� UHVXOWV� DOLJQHG� ZLWK� SRVVLEOH� GLVFUHSDQFLHV�

EHWZHHQ�WKH�DSSURSULDWHQHVV�RI�WKH�WHVWV�WR��D��WKH�LPSOHPHQWHG�FXUULFXOXP�DQG�

�E��WKH�LQWHQGHG�FXUULFXOXP"�



�� &KDSWHU �

,Q�RWKHU�ZRUGV��FDQ�WKH�WUHQGV�LQ�'XWFK�VWXGHQWV
�DFKLHYHPHQWV�EH�UHODWHG�WR�WKH�

DSSURSULDWHQHVV�RI� WKH� WHVWV�� DV� MXGJHG�E\�PDWKHPDWLFV� FXUULFXOXP�H[SHUWV� DQG�

PDWKHPDWLFV� WHDFKHUV�� DQG� WR� GLVFUHSDQFLHV� EHWZHHQ� MXGJHPHQWV� E\� WKH� WZR�

JURXSV"��

�

7KH� VHFRQG� UHVHDUFK� TXHVWLRQ� IRFXVHV� RQ� LQWUD�FXUULFXODU� GLVFUHSDQFLHV��

'HVFULELQJ�GLVFUHSDQFLHV�ILUVW�UHTXLUHV�D�GHVFULSWLRQ�RI�WKH�VHSDUDWH�FRPSRQHQWV�

EHWZHHQ�ZKLFK� WKH�GLVFUHSDQFLHV�RFFXU��7KH�GHVFULSWLRQ�RI� WKH� FRPSRQHQWV� LV�

QHHGHG� WR� SRVLWLRQ� WKH� GLVFUHSDQFLHV��7KHUHIRUH�� LQLWLDOO\� WKH� GDWD�RI� DOO� WZHOYH�

PHDVXUHPHQWV� ZLOO� EH� SUHVHQWHG� �VHH� FKDSWHU� ���� $W� WKH� OHYHO� RI� WKH� LQWHQGHG�

FXUULFXOXP��IRXU�PHDVXUHPHQWV�ZLOO�EH�SUHVHQWHG��FRPSDULQJ�WKH�MXGJHPHQWV�E\�

WKH� FXUULFXOXP� H[SHUWV� LQ� WLPH� DQG� EHWZHHQ� WKH� WHVWV�� $W� WKH� OHYHO� RI� WKH�

LPSOHPHQWHG� FXUULFXOXP� IRXU�PHDVXUHPHQWV� ZLOO� EH� SUHVHQWHG�� FRPSDULQJ� WKH�

MXGJHPHQWV�E\�WKH�PDWKHPDWLFV�WHDFKHUV�LQ�WLPH�DQG�EHWZHHQ�WKH�WHVWV��)LQDOO\��DW�

WKH� OHYHO� RI� WKH� DWWDLQHG� FXUULFXOXP� IRXU� PHDVXUHPHQWV� ZLOO� EH� SUHVHQWHG��

FRPSDULQJ� VWXGHQWV
� DFKLHYHPHQWV� LQ� WLPH� DQG� EHWZHHQ� WKH� WHVWV�� 7KH� GDWD�

SUHVHQWDWLRQV�ZLOO�FRQVLVW�RI�GHVFULSWLYH�VWDWLVWLFV��DYHUDJHV��VWDQGDUG�HUURUV�DQG�

FRUUHODWLRQV���$IWHU�WKH�VHSDUDWH�GHVFULSWLRQV��WKH�LQWUD�FXUULFXODU�OLQNLQJ�ZLOO�WDNH�

SODFH��VHH�FKDSWHU�����7KLV��DJDLQ��ZLOO�EH�FDUULHG�RXW�WKURXJK�GHVFULSWLYH�VWDWLVWLFV�

�DYHUDJHV��VWDQGDUG�HUURUV�DQG�FRUUHODWLRQV���

�

%\� DQVZHULQJ� WKH� UHVHDUFK� TXHVWLRQ�� WKH� 0(75,&� VWXG\� DLPV� WR� H[SODLQ� WKH�

RFFXUUHQFH�RI�WKH�REVHUYHG�GLVFUHSDQFLHV�RI�������7KH�0(75,&�VWXG\�H[SORUHV�

PHWKRGV� WR� FRPSDUH� FXUULFXODU� DSSHDUDQFHV� TXDQWLWDWLYHO\�� $V� VXFK�� LW� LV� DQ�

H[SORUDWRU\� VWXG\� RQ� WKH� XVH� RI� WHVWV� IRU� FXUULFXODU� FRPSDULVRQ�� ,W� LV� QRW� D�

FXUULFXOXP�HYDOXDWLRQ��DOWKRXJK�WKH�FXUULFXODU�FRPSDULVRQ�ZLOO�VKHG�D�OLJKW�RQ�WKH�

QHZ�PDWKHPDWLFV�FXUULFXOXP�IRU�JUDGH����,Q�WKH�0(75,&�VWXG\��WKH�LQWHQWLRQV�

RI�WKLV�FXUULFXOXP�SOD\�DQ�LPSRUWDQW�UROH��EXW�WKH\�FDQQRW�EH�HYDOXDWHG��7KH�WZR�

DYDLODEOH�7,066� WHVWV� KDYH� QRW� EHHQ� GHYHORSHG� WR� FRYHU� WKH� IXOO� UDQJH� RI� WKH�

LQQRYDWLYH� 'XWFK� LQWHQGHG� PDWKHPDWLFV� FXUULFXOXP�� LQFOXGLQJ� WKH� VSHFLDO�

FKDUDFWHULVWLF� LQWHJUDWLQJ� PDWKHPDWLFV� LQ� FRQWH[W� �IRU� PRUH� LQIRUPDWLRQ�� VHH�

FKDSWHU�����,W� LV�EH\RQG�WKH�VFRSH�RI�WKH�0(75,&�VWXG\�WR�LQYHVWLJDWH�WR�ZKDW�

H[WHQW� WKH� LQWHQGHG�� LPSOHPHQWHG� DQG� DWWDLQHG� FXUULFXOXP� DUH� FRYHUHG� E\� WKH�

WZR�7,066�WHVWV��+RZHYHU��WKH�WHVWV�GR�FRYHU�D�ZLGH�UDQJH�RI�WRSLFV��LQFOXGLQJ�

DEDQGRQHG�DQG�PRUH�DGYDQFHG�FRQWHQW��7KLV�ZLOO�HQDEOH�WKH�0(75,&�VWXG\�WR�

DQDO\VH� ZKHWKHU� FRQWHQW�� ZKLFK� LV� QRW� UHOHYDQW� WR� WKH� LQWHQGHG� FXUULFXOXP�� LV�

SRVVLEO\�LQFOXGHG�LQ�WKH�LPSOHPHQWHG�DQG�DWWDLQHG�FXUULFXOXP��



,QWURGXFWLRQ ��

���� 29(59,(: 2) 7+( )2//2:,1* &+$37(56�

7KH�IROORZLQJ�FKDSWHUV�ZLOO�GHVFULEH�WKH�0(75,&�VWXG\��&KDSWHU���ZLOO�HODERUDWH�

RQ� WKH� EDFNJURXQG� DQG� GLVWLQJXLVKLQJ� IHDWXUHV� RI� WKH� 'XWFK� PDWKHPDWLFV�

FXUULFXOXP��&KDSWHU� �� SUHVHQWV� OLWHUDWXUH� RQ�KRZ� WR�GHVFULEH�� DQDO\VH� DQG� OLQN�

FXUULFXODU� DSSHDUDQFHV�� 7KH� ILQGLQJV� OHDG� WR� RSHUDWLRQDOLVDWLRQ� RI� WKH� UHVHDUFK�

TXHVWLRQV��7KH�IRXUWK�FKDSWHU�HODERUDWHV�RQ�WKH�GHVLJQ�RI�WKH�UHVHDUFK��7KLV�ZLOO�

OHDG� WR� D� GHVFULSWLRQ� RI� WKH� GDWDEDVH�� ZKLFK� FRQWDLQV� GDWD� IURP� WZHOYH�

PHDVXUHPHQWV�� 7KH� GDWD� ZLOO� EH� GHVFULEHG� IRU� HDFK� FXUULFXODU� DSSHDUDQFH�

VHSDUDWHO\�LQ�FKDSWHU����7KH�UHVHDUFK�UHVXOWV�ZLOO�EH�SUHVHQWHG�LQ�FKDSWHU����7KH�

VWXG\�HQGV�LQ�FKDSWHU����ZLWK�D�GLVFXVVLRQ�RI�WKH�UHVXOWV�RI�WKH�0(75,&�VWXG\��

�



�� &KDSWHU �

)LJXUH������� 6WXGHQW�ZRUNLQJ�RQ�WKH�WDVN�$URXQG�WKH�%HQG�IURP�WKH�7,066�3HUIRUPDQFH�

$VVHVVPHQW�

 
�

�

�

�



�

&KDSWHU�

�

�

5HIRUPV�LQ�'XWFK�PDWKHPDWLFV�HGXFDWLRQ�
�
�
�

a�0RVW�WKLQJV�DUH�HDV\�WR�OHDUQ��EXW�KDUG�WR�PDVWHU��a�

�&+,1(6(�3529(5%��
�
�
�

7KLV� FKDSWHU� GHVFULEHV� WKH� FRQWH[W� RI�PDWKHPDWLFV� HGXFDWLRQ� LQ� WKH�1HWKHUODQGV��

7KH�ILUVW�WZR�VHFWLRQV�DGGUHVV�WKH�KLVWRU\��ZKLFK�OHDG�WR�WKH������FRUH�FXUULFXOXP�

�VHFWLRQV�����DQG�������7KLV�QHZ�FXUULFXOXP�LV�LQ�WKH�OLPHOLJKW�RI�WKH�0(75,&�

VWXG\��7KHUHIRUH��WKH�UHPDLQLQJ�SDUW�RI�WKH�FKDSWHU��VHFWLRQ������GHDOV�ZLWK�DVSHFWV�

RI�WKLV�QHZ�FXUULFXOXP��VXFK�DV�LWV�FRQWHQW�DQG�LQVWUXFWLRQDO�DSSURDFK��7KH�FKDSWHU�

HQGV�ZLWK�D�UHYLHZ�RI�HYDOXDWLRQ�VWXGLHV�RQ�LWV�LPSOHPHQWDWLRQ��

���� 0$1< <($56 :,7+ /,77/( &+$1*(�

������ (DUO\�\HDUV�

0DWKHPDWLFV�HGXFDWLRQ�KDV�D�WUDGLWLRQ�RI�WKRXVDQGV�RI�\HDUV��,Q�:HVWHUQ�FXOWXUH��
GXULQJ� WKH� FODVVLFDO� *UHHN� DJH�� D� SLQFK� RI� JHRPHWULFDO� DQG� FDOFXODWLQJ� VNLOOV�
VXIILFHG� LQ� GDLO\� OLIH�� ,Q� JHQHUDO�� SHRSOH� OHDUQW� WKH� VNLOOV� IURP� SUDFWLFH�� DW� WKH�
PRPHQW�ZKHQ�WKH�QHHG�DURVH��+RZHYHU��3ODWR���WK�FHQWXU\�%&��UHFRPPHQGHG�D�
WHQ�\HDU� WUDLQLQJ� LQ� DEVWUDFW� PDWKHPDWLFV� IRU� IXWXUH� NLQJV�� 7KLV� FXUULFXOXP�
FRPSULVHG�JHRPHWU\��DULWKPHWLF��KDUPRQLFV��WKH�VWXG\�RI�VWUXFWXUHV�LQ�PXVLF��DQG�
DVWURQRP\�� 7KH�*UHHN� SKLORVRSKHUV� FRQVLGHUHG� HYHU\� NLQG� RI� VNLOO� FRQQHFWHG�
ZLWK� GDLO\� QHHGV� DV� LJQREOH� DQG� YXOJDU�� DQG� WKH\� SUDLVHG� PDWKHPDWLFV� IRU� LWV�
SXULW\��7KH�MXVWLILFDWLRQ�IRU�WHDFKLQJ�PDWKHPDWLFV�ZDV�DHVWKHWLF��,W�ZRXOG�UDLVH�WKH�
OHDUQHUV
�VSLULWV��.OLQH���������
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)RU�PDQ\�FHQWXULHV�� WKH�FRQWUDVW�EHWZHHQ�SUDFWLFDO�DQG�DHVWKHWLFDO�PDWKHPDWLFV�
HGXFDWLRQ� SHUVLVWHG�� 7KH� KLJKHU� FODVVHV� KDG� DQ� HVRWHULF� DFWLYLW\� LQ� VWXG\LQJ�
PDWKHPDWLFDO�GHGXFWLYH�UHDVRQLQJ�WKURXJK�(XFOLG
V�(OHPHQWV��,W�LV�WKH�PRVW�ZLGHO\�
UHSULQWHG�ERRN�DIWHU�WKH�%LEOH��'XQKDP���������,W�HVWDEOLVKHG�PDWKHPDWLFV�DV�D�
VSHFLDOLVHG� VFLHQFH�� LQ� ZKLFK� D[LRPV� DQG� GHILQLWLRQV� OHDG� WR� D� KLHUDUFK\� RI�
WKHRUHPV��)RU�PRUH�WKDQ�WZR�PLOOHQQLD��PDWKHPDWLFLDQV�HVWDEOLVKHG�WKH�WUXWK�RI�
WKHRUHPV�WKURXJK�SURRIV��
2Q�WKH�RWKHU�KDQG�� WKH�PLGGOH�DQG� ORZHU�FODVVHV�VWXGLHG�ZRUOGO\�PDWKHPDWLFDO�
DSSOLFDWLRQV�QHHGHG�LQ�GDLO\�OLIH��7KLV�SUDFWLFDO�PDWKHPDWLFV�GLG�QRW�RULJLQDWH�LQ�
*UHHFH��7KH�FRQFHSW�RI�WKH�QXPEHU�]HUR�RULJLQDWHG�IURP�,QGLD��DQG�VR�GLG�WKH�
FRXQWLQJ�V\VWHP�ZLWK�EDVH�����7KH�V\VWHP�RI�SODFH�YDOXH�RULJLQDWHG�IURP�3HUVLD��
7KH�ZD\�QXPEHUV�ZHUH�ZULWWHQ�RULJLQDWHG�IURP�$UDELD��
�
,Q� WKH� 0LGGOH� $JHV�� PDQ\� 'XWFK� DUWLVDQV� DQG� PHUFKDQWV� DFTXLUHG� QXPHULFDO�
VNLOOV��7KH�ILUVW�'XWFK�PDQXVFULSW�� LQ�ZKLFK�FDOFXODWLRQV�ZLWK�WKH�+LQGX�$UDELF�
QXPHUDOV�ZHUH�WDXJKW��GDWHV�EDFN�WR�������.RRO���������7KH�PDWKHPDWLFV�RI�WKH�
'XWFK� FXOWXUDO� HOLWH� ZDV� IDLUO\� SUDFWLFDO� DV� ZHOO�� 7KLV� HOLWH� FRQVLVWHG� RI� ULFK��
&DOYLQLVWLF�SDWULFLDQV�ZLWK�D�SUDJPDWLF�PLQG�DQG�DQ�DYHUVLRQ�RI�YDQLW\��6FKDPD��
������� 7KHLU� PDWKHPDWLFV� FRQWDLQHG�PDQ\� DSSOLFDWLRQV� RQ� QDYLJDWLRQ� DQG� WKH�
DUFKLWHFWXUH�RI�IRUWLILFDWLRQV��9DQ�0DDQHQ���������

������ $W�WKH�EHJLQQLQJ�RI�WKH���WK�FHQWXU\�

,Q�������OHJLVODWLRQ�PDGH�VL[�\HDUV�RI�HGXFDWLRQ�FRPSXOVRU\�IRU�DOO�FKLOGUHQ�LQ�WKH�
1HWKHUODQGV��IURP�WKH�DJH�RI�VHYHQ�RQZDUGV��7KH�PDWKHPDWLFDO�DFWLYLWLHV�DW�WKLV�
OHYHO� HQFRPSDVVHG�� DW� WKH� PLQLPXP�� FRXQWLQJ� DQG� IRXU� EDVLF� DULWKPHWLF�
RSHUDWLRQV��DGGLQJ��VXEWUDFWLQJ��PXOWLSO\LQJ�DQG�GLYLGLQJ��ZLWK�SRVLWLYH�QXPEHUV��
7KHVH� EDVLF� PDWKHPDWLFDO� DFWLYLWLHV� DUH� LQ� WKH� 'XWFK� ODQJXDJH� FRQFHSWXDOLVHG�
ZLWK�WKH�VSHFLDO�YHUE�WKDW�EHFDPH�D�V\QRQ\P�WR�DULWKPHWLF��UHNHQHQ��WR�FDOFXODWH���
7KH�UHDVRQV�IRU�WHDFKLQJ�EDVLF�PDWKHPDWLFDO�VNLOOV�DW�SULPDU\�OHYHO�ZHUH�QHYHU�D�
SRLQW�RI�GHEDWH�� ,Q� D�QDWLRQ�ZLWK� D� VWURQJ� WUDGLQJ� WUDGLWLRQ�� LW�ZDV�VHOI�HYLGHQW�
WKDW�DOO�FLWL]HQV�VKRXOG�KDYH�D�EDVLF�FRPSHWHQFH�LQ�ZRUNLQJ�ZLWK�QXPEHUV��7KLV�
MXVWLILFDWLRQ�ZDV�XWLOLWDULDQ�ZLWK�D�VRFLR�HFRQRPLF�DLP��
'HVSLWH�WKH�SUDFWLFDOLW\�RI�PDWKHPDWLFV�LQ�WKH�'XWFK�WUDGLQJ�FXOWXUH��WKH�LGHD�RI�
PDWKHPDWLFV
�SXULW\��DV�DGYRFDWHG�E\�WKH�DQFLHQW�*UHHNV��SHUVLVWHG�LQ�HGXFDWLRQ��
HYHQ� LQ� WKH� 1HWKHUODQGV�� ,W� ZDV� WKH� JXLGHOLQH� IRU� HGXFDWLRQDO� VWDQGDUGV� DW��
�
�
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VHFRQGDU\� VFKRROV�� $W� WKH� +RJHUH� %XUJHU� 6FKRRO� �+LJKHU� &LWL]HQ
V� 6FKRRO��
HVWDEOLVKHG�LQ��������ZKLFK�SUHSDUHG�VWXGHQWV�IRU�WKH�SRO\WHFKQLF�VFKRRO�LQ�'HOIW��
DEVWUDFW�PDWKHPDWLFV�ZLWK� LWV�WKHRUHPV�DQG�SURRIV�ZDV�WDXJKW�IRU�LWV�EHDXW\�RI�
ORJLF��*URHQ��������6PLG����������
�
,Q� WKH� 1HWKHUODQGV�� KLJKHU� PDWKHPDWLFDO� DFWLYLWLHV� DUH� GHVFULEHG� E\� WKH� ZRUG�
ZLVNXQGH��,W�LV�RULJLQDOO\�D���WK�FHQWXU\
V�H[SUHVVLRQ��ZKLFK�DW�WKDW�WLPH�PHDQW�
ZLVH�
DUWV
�RU� 
VFLHQFH�RI�VXUHW\
��GHSHQGLQJ�RQ�WKH�LQWHUSUHWDWLRQ��)UHXGHQWKDO���������
7KHUH�LV�QR�ZRUG�DYDLODEOH�LQ�WKH�'XWFK�ODQJXDJH�WKDW�XQLILHV�UHNHQHQ��DULWKPHWLF��
DQG�ZLVNXQGH��KLJKHU�PDWKHPDWLFV���7KH�VKDUS�VHSDUDWLRQ�EHWZHHQ�WKH�WZR�NLQGV�
RI�PDWKHPDWLFV�KDV�FKDUDFWHULVHG�'XWFK�PDWKHPDWLFV�HGXFDWLRQ�WKURXJKRXW�WKH�
��WK� FHQWXU\�� ZLWK� UHNHQHQ� EHLQJ� OHVV� DEVWUDFW� WKDQ� ZLVNXQGH�� )RU� PDQ\� \HDUV��
UHNHQHQ�ZDV�WDXJKW�DW�SULPDU\�VFKRROV�DQG�ZLVNXQGH�DW�VHFRQGDU\�VFKRROV��<HW��WKH�
GLVWLQFWLRQ� ZDV� QRW� DOZD\V� FOHDU�� 'XULQJ� WKH� ��WK� FHQWXU\�� PRUH� PDWKHPDWLFDO�
DFWLYLWLHV� �VXFK�DV�FDOFXODWLQJ�ZLWK�GHFLPDOV�� IUDFWLRQV��SHUFHQWDJHV��SURSRUWLRQV�
DQG�WKH�PHWULF�V\VWHP��ZHUH�JUDGXDOO\�LQFOXGHG�LQWR�WKH�GHILQLWLRQ�RI�UHNHQHQ��RQO\�
EHFDXVH�WKH�WRSLFV�ZHUH� LQWURGXFHG�WR�SULPDU\�VFKRRO�VWXGHQWV��9DQ�GHU�%OLM�	�
7UHIIHUV���������7KH�ERXQGDU\�VWDUWHG�WR�IDGH�IXUWKHU�DV�HOHPHQWDU\�JHRPHWU\�DQG�
DOJHEUD�ZHUH�LQWURGXFHG�LQ�WKH�FXUULFXOXP�RI�SULPDU\�VFKRROV��7RGD\��WKH�VXEMHFW�
WDXJKW�DW�SULPDU\�VFKRROV�LV�D�FRPELQHG�VXEMHFW��FDOOHG�
UHNHQHQ�ZLVNXQGH
��
�
$V�VDLG��ZLVNXQGH�ZDV�WDXJKW�DW�VHFRQGDU\�VFKRROV��8QWLO�������WRSLFV�IURP�UHNHQHQ�
ZHUH�ZLWKKHOG� WR�EH� LQFOXGHG� LQWR� WKH�ZLVNXQGH� FXUULFXOXP�� ,Q�SDUWLFXODU� LQ� WKH�
WZR�WUDFNV�IRU�KLJKHU�DELOLW\�VWXGHQWV��KDYR��DQG�YZR��WRJHWKHU�DSSUR[LPDWHO\�RQH�
WKLUG� RI� DOO� VWXGHQWV��� QR� FRQVROLGDWLRQ�RI� IUDFWLRQV�RU�SURSRUWLRQV�ZRXOG� WDNH�
SODFH��DV� WKLV�ZDV�QRW�FRQVLGHUHG�ZLVNXQGH��6WLOO��DOO�VWDNHKROGHUV�DJUHHG�WKDW�WKH�
WUDLQLQJ�RI�EDVLF�FRPSXWDWLRQV�ZDV�YHU\�PXFK�QHHGHG�DW�DQ\�VHFRQGDU\�VFKRRO�
OHYHO��$XNHPD�	�-DQVHQ��������9DQ�GHU�%OLM�	�7UHIIHUV���������,Q�������ZLWK�WKH�
LQWURGXFWLRQ�RI�UHNHQHQ�DV�LQWHJUDO�SDUW�RI�WKH�FXUULFXOXP�RI�ZLVNXQGH�RI�VHFRQGDU\�
VFKRROV��FRQIXVLRQ�DURVH�DERXW�WKH�GLIIHUHQFHV�EHWZHHQ�UHNHQHQ�DQG�ZLVNXQGH��7KH�
PHUJLQJ�KDG�WR�EH�H[WHQVLYHO\�MXVWLILHG��.RN��0HHGHU��:LMHUV�	�9DQ�'RUPROHQ��
�������2SSRQHQWV� DJDLQVW� LQFOXGLQJ� UHNHQHQ� LQWR� VHFRQGDU\� VFKRRO�PDWKHPDWLFV�
DUJXHG� WKDW� UHNHQHQ�ZDV�QRW�SDUW�RI�ZLVNXQGH��7KH\� IHOW� WKDW� UHNHQHQ� ORZHUHG� WKH�
VWDWXV�RI�ZLVNXQGH�DQG�WKHUHIRUH�KDG�WR�EH�IXOO\�FRYHUHG�DW�SULPDU\�OHYHO��$XNHPD�
	�-DQVHQ���������

                                                 
� )RU DQ H[SODQDWLRQ RQ WKH DELOLW\ WUDFNV RI 'XWFK VHFRQGDU\ VFKRROV� VHH WKH *ORVVDU\ �SDJH [LLL�
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������ 7KH�HPHUJHQFH�RI�PDWKHPDWLFV�HGXFDWLRQ�DV�D�VSHFLDOLVHG�UHVHDUFK�

DUHD�

'XULQJ�WKH���WK�FHQWXU\��DVSHFWV�RI�PDWKHPDWLFV�HGXFDWLRQ�DW�VHFRQGDU\�VFKRROV�
�ZLVNXQGH��ZHUH�EURXJKW�XS�IRU�GLVFXVVLRQ��7KHUH�ZHUH�FRQWURYHUVLHV�DERXW�KRZ�
WR�LQWURGXFH�WRSLFV��WKH�VHTXHQFLQJ�RI�FRQWHQW�DQG�PHWKRGV�RI�WHDFKLQJ��7KH�ILUVW�
WUDFHDEOH� SXEOLFDWLRQ� RQ� WKH� WHDFKLQJ� RI�PDWKHPDWLFV� GDWHV� EDFN� WR� ����� �'H�
0RRU���������
7KH� ILUVW� PRGHUQ�� VWXGHQW�FHQWUHG� FRQWULEXWLRQ� FDPH� LQ� ������ ZKHQ� 7DWLDQD�
(KUHQIHVW�$IDQDVVMHZD� SXEOLVKHG� D� EURFKXUH�� LQ� ZKLFK� VKH� TXHVWLRQHG� WKH�
WHDFKLQJ� RI� WKH� GHGXFWLYH� DSSURDFK� LQ� JHRPHWU\� ZLWK� LWV� ULJRXU� RI� SURRI�
�(KUHQIHVW�$IDQDVVMHZD�� ������� ,Q� WKLV� SXEOLFDWLRQ�� VKH� DUJXHG� WKDW� LQWXLWLYH�
JHRPHWULF�QRWLRQV�RI����\HDU�ROG�VWXGHQWV�DERXW�WKHLU�H[SHULHQFHG�HQYLURQPHQW�
VKRXOG�EH�WKH�EDVLV�IRU�OHDUQLQJ��DQG�QRW�WKH�VWDWHPHQW�RI�(XFOLG
V�D[LRPV��
,Q�������DQ�LQIRUPDO�GLVFXVVLRQ�IRUXP�IRU�PDWKHPDWLFV�WHDFKLQJ�LQQRYDWLRQ��WKH�
:LVNXQGH� :HUNJURHS� �+LJKHU� 0DWKHPDWLFV� :RUNJURXS�� ZDV� HVWDEOLVKHG�� 7KH�
PHPEHUV� RIWHQ� PHW� DW� WKH� KRPH� RI� 7DWLDQD� (KUHQIHVW�� $PRQJ� WKH� ILUVW�
SDUWLFLSDQWV� ZHUH� QRW� RQO\� DFDGHPLF� PDWKHPDWLFLDQV�� EXW� DOVR� WHDFKHUV� DQG�
JHQHUDOLVWV�� IRU� H[DPSOH� WKH� UHQRZQHG�'XWFK� HGXFDWRU� 3KLOLS�.RKQVWDPP�� ,Q�
������ DIWHU� :RUOG� :DU� ,,� DQG� WKH� SHUVHFXWLRQ� RI� -HZV� KDG� HQGHG�� +DQV�
)UHXGHQWKDO� ZDV� DEOH� WR� MRLQ�� +H� ZDV� D� SURIHVVRU� LQ� PDWKHPDWLFV� DW� WKH�
8QLYHUVLW\� RI�8WUHFKW�� VSHFLDOLVHG� LQ� 7RSRORJ\�� ,Q� ������ KH� KDG� SXEOLVKHG� KLV�
IDPRXV� 6XVSHQVLRQ� 7KHRUHPV�� $V� WKH� \HDUV� SURJUHVVHG�� KLV� LQWHUHVW� LQ� WKH�
HGXFDWLRQDO�DVSHFWV�RI�PDWKHPDWLFV� LQFUHDVHG�� ,Q�������KH�EHFDPH�FKDLU�RI� WKH�
:LVNXQGH�:HUNJURHS��9DQ�(VW���������
�
7KH�:LVNXQGH�:HUNJURHS�VWXGLHG�WKH�ZRUN�RI�-HDQ�3LDJHW��D�6ZLVV�SV\FKRORJLVW��
ZKR� REVHUYHG� KRZ� FKLOGUHQ� OHDUQ� PDWKHPDWLFDO� FRQFHSWV� �H�J�� 3LDJHW�� �������
,QVSLUHG�E\�KLV� LGHDV��D�JHQHUDO�SURJUDP�IRU�UHVHDUFK�LQ�PDWKHPDWLFV�HGXFDWLRQ�
HPHUJHG�LQ�PDQ\�FRXQWULHV��7KH�JRDO�RI�WKLV�SURJUDP�ZDV�DV�IROORZV��6FKRHQIHOG��
�������
��� WR�XQGHUVWDQG�WKH�QDWXUH�RI�PDWKHPDWLFDO�WKLQNLQJ��WHDFKLQJ�DQG�OHDUQLQJ��DQG�
��� WR�XVH�VXFK�XQGHUVWDQGLQJV�WR�LPSURYH�PDWKHPDWLFV�LQVWUXFWLRQ��
3LDJHW
V� LQIOXHQFH� RQ� WKH� LQQRYDWLYH�:LVNXQGH�:HUNJURHS� LQ� WKH�1HWKHUODQGV�
ZDV� REYLRXV�� DV� VHHQ� LQ� WKH� GHYHORSPHQW� RI� WKH� /HYHO� 7KHRU\� RQ� VWDJHV� LQ�
OHDUQLQJ�PDWKHPDWLFV�E\�3LHUUH�YDQ�+LHOH� �9DQ�+LHOH��������=ZDQHYHOG���������
'HVSLWH� WKHRUHWLFDO� GHYHORSPHQWV� LQ� WKH� ����
V�� RQO\� QHJOLJLEOH� FKDQJHV� WRRN�
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SODFH�LQ�FODVVURRP�SUDFWLFH��7KH�FXUULFXODU�VWDELOLW\�LV�LOOXVWUDWHG�E\�WKH�IDFW�WKDW�D�
QXPEHU�RI�PDWKHPDWLFDO�WH[WERRNV��ZULWWHQ�LQ�WKH�EHJLQQLQJ�RI�WKH�FHQWXU\��ZHUH�
VWLOO�UHSULQWHG�ZLWK�PLQRU�DGDSWDWLRQV�XQWLO�WKH�����
V��6PLG���������
,Q� WKH� ����
V�� WKH� JHQHUDO� MXVWLILFDWLRQ� IRU� WHDFKLQJ� PDWKHPDWLFV� DW� 'XWFK�
VHFRQGDU\�VFKRROV�ZDV� WZRIROG��7KH�DHVWKHWLFDO� MXVWLILFDWLRQ�SUHYDLOHG��$QRWKHU�
MXVWLILFDWLRQ�ZDV�EDVHG�RQ�WKH�LQGLYLGXDO
V�PHQWDO�DELOLWLHV��GRLQJ�PDWKHPDWLFV�ZRXOG�
VKDUSHQ� WKH� PLQG�� 0DWKHPDWLFV� ZDV� VDLG� WR� KDYH� D� JHQHUDO� HQOLJKWHQLQJ� YDOXH��
EHFDXVH�VWXGHQWV�ZHUH�WDXJKW�WR�WKLQN�VWULFWO\�ORJLFDOO\��7KH�WLPH�KDG�QRW�\HW�FRPH�
WR� UHFRJQLVH� WKH� FRQWUDGLFWLRQ� EHWZHHQ� WKH� MXVWLILFDWLRQV� DQG� WKH� UHSURGXFWLYH�
WHDFKLQJ�PHWKRGV��+DQV�)UHXGHQWKDO��LQ�D�FR�SXEOLFDWLRQ�ZLWK�7DWLDQD�(KUHQIHVW��
ZDV�WKH�ILUVW�WR�TXHVWLRQ�WKLV�FHUHEUDO�MXVWLILFDWLRQ�LQ�SXEOLF��'H�0RRU���������
�
7KH� 'XWFK� GHYHORSPHQWV� LQ� PDWKHPDWLFV� HGXFDWLRQ� ZHQW� KDQG� LQ� KDQG� ZLWK�
LQWHUQDWLRQDO� GHYHORSPHQWV�� )URP� WKH� ����
V� RQZDUGV�� UHJXODU� LQWHUQDWLRQDO�
PHHWLQJV� RQ�PDWKHPDWLFV� HGXFDWLRQ�ZHUH�RUJDQLVHG�� ,Q������� WKH�&RPPLVVLRQ�
,QWHUQDWLRQDOH� SRXU� O
eWXGH� HW� O
$PpOLRUDWLRQ� GH� O
(QVHLJQHPHQW� GHV�
0DWKpPDWLTXHV��&,($(0��ZDV�IRXQGHG��,Q�������WKH�,QWHUQDWLRQDO�&RPPLVVLRQ�
RQ� 0DWKHPDWLFDO� ,QVWUXFWLRQ� �,&0(�� ZDV� FRQVWLWXWHG� WR� LWV� SUHVHQW� IRUPDO�
SRVLWLRQ��DOWKRXJK�RULJLQDOO\�IRXQGHG�LQ��������,&0,�LV�WKH�RUJDQLVHU�RI�WKH�ODUJH�
VFDOH�� TXDGUHQQLDO� ,QWHUQDWLRQDO�&RQJUHVV� RQ�0DWKHPDWLFDO�(GXFDWLRQ� �,&0(���
6WXG\� *URXSV� KDYH� EHFRPH� DIILOLDWHG� WR� ,&0,�� VXFK� DV� WKH� ,QWHUQDWLRQDO�
2UJDQLVDWLRQ� IRU� :RPHQ� DQG� 0DWKHPDWLFV� (GXFDWLRQ� �,2:0(�� DQG� WKH�
,QWHUQDWLRQDO�6WXG\�*URXS�IRU�3V\FKRORJ\�RI�0DWKHPDWLFV�(GXFDWLRQ��30(����
7KH�HPHUJHQFH�RI�WKH�RUJDQLVDWLRQV�UHIOHFW�WKH�JURZWK�RI�PDWKHPDWLFV�HGXFDWLRQ�
DV�DQ�LQGHSHQGHQW��VSHFLDOLVHG�DUHD�RI�UHVHDUFK��GHWDFKHG�IURP�ERWK�PDWKHPDWLFV�
DQG� JHQHUDO� SHGDJRJ\�� 7KLV� GHYHORSPHQW� KDV� EHHQ� HYROYLQJ� VWHDGLO\�� 7ZR�
GHFDGHV� ODWHU�� WKH�JURZLQJ�QHHG�IRU�VSHFLDOLVHG� LQWHUQDWLRQDO� IRUXPV�UHVXOWHG� LQ�
WKH� IRXQGLQJ� RI� VFLHQWLILF� MRXUQDOV�� VXFK� DV�(GXFDWLRQDO� 6WXGLHV� LQ�0DWKHPDWLFV� LQ�
������DQG�-RXUQDO�IRU�5HVHDUFK�LQ�0DWKHPDWLFV�(GXFDWLRQ�LQ�������

������ 7KH�\HDU�������1HZ�0DWK�DQG�)UHXGHQWKDO �

7KH�\HDU������LV�QRWHZRUWK\�EHFDXVH�RI�WZR�HYHQWV��ZKLFK�LOOXVWUDWH�WKDW�:HVWHUQ�
HGXFDWLRQDO�DXWKRULWLHV�ZDQWHG�FKDQJH��'XULQJ�WKH�&ROG�:DU� LQ� WKH�����
V�� WKH�
ODXQFK� RI� WKH� VSDFHFUDIW� 6SXWQLN� GHPRQVWUDWHG� FRORVVDO� WHFKQRORJLFDO�
DGYDQFHPHQWV�E\�WKH�8665��,W�FDPH�DV�D�VKRFN�LQ�:HVWHUQ�QDWLRQV�WR�UHDOLVH�WKDW�
WKH\� ZHUH� ORVLQJ� VXSUHPDF\�� 3ROLF\� PDNHUV� DOOHJHG� WKDW� D� QDWLRQ
V� HGXFDWLRQDO�
V\VWHP�FRXOG�EH�SLYRWDO�IRU�HFRQRPLF��DQG�PLOLWDU\��SHUIRUPDQFH��
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,Q� ������ WKH� ,QWHUQDWLRQDO� $VVRFLDWLRQ� IRU� WKH� (YDOXDWLRQ� RI� (GXFDWLRQDO�
$FKLHYHPHQW� �,($�� ZDV� IRXQGHG� DIWHU� DQ� LGHD�� ZKLFK� ULSHQHG� DW� D�81(6&2�
PHHWLQJ��,($�ZDV�VHW�XS�DV�DQ�LQGHSHQGHQW�RUJDQLVDWLRQ��,WV�JRDO�ZDV�WR�SURYLGH�
QDWLRQV�ZLWK�D�VFLHQWLILF��FRPSDUDWLYH�EDVLV�WR�HYDOXDWH�WKH�SHUIRUPDQFHV�RI�WKHLU�
HGXFDWLRQDO� V\VWHP�� )URP� WKH� ����
V� RQZDUGV�� ,($� LQLWLDWHG� ODUJH�VFDOH�
LQWHUQDWLRQDO� FRPSDUDWLYH� VWXGLHV� LQ� HGXFDWLRQ��ZLWK�PDWKHPDWLFV�EHLQJ�RQH�RI�
WKH� VXEMHFW� DUHDV� VWXGLHG�� 7KH� ,($� VWXGLHV� RQ�PDWKHPDWLFV� HGXFDWLRQ� ZLOO� EH�
GHVFULEHG�LQ�WKH�QH[W�FKDSWHU��
,Q�WKH�VDPH�\HDU��������WKH�2UJDQLVDWLRQ�IRU�(XURSHDQ�(FRQRPLF�&RRSHUDWLRQ�
�ZKLFK� EHFDPH� WKH� 2(&'� LQ� ������ RUJDQLVHG� D� JURXQGEUHDNLQJ� VHPLQDU� LQ�
5R\DXPRQW� �)UDQFH�� RQ� PDWKHPDWLFV� HGXFDWLRQ� IRU� ������ \HDU� ROG� VWXGHQWV��
$IWHU�PHHWLQJV�LQ�������=DJUHE��DQG�������3DULV���WKH�LGHRORJ\�RI�WKH�DWWHQGDQWV�
ERUH�WKH�QDPH�1HZ�0DWK��7KHLU�DLP�ZDV�WR�SURGXFH�QHZ�FXUULFXOD�LQ�RUGHU��)HKU��
������S��������
�

�ILUVWO\��WR�SURYLGH�D�EHWWHU�SUHSDUDWLRQ�IRU�XQLYHUVLW\�VWXGLHV��VHFRQGO\��WR�JLYH�DOO�

SXSLOV�DQ�LQVWUXPHQW�IRU�XVH�LQ�GDLO\�OLIH����
�
+RZHYHU��LQ�1HZ�0DWK�WKH�GLIIHUHQFH�LQ�)HKU
V�FLWDWLRQ�EHWZHHQ�PDWKHPDWLFV�IRU�
WKH�DFDGHPLFV�DQG�PDWKHPDWLFV�IRU�DOO�ZDV�QRW�GLVFHUQHG��:LWK�VRFLHW\
V�QHHG�IRU�
HQJLQHHUV�� DQG� ZLWK� DFDGHPLF� PDWKHPDWLFLDQV� OHDGLQJ� WKH� ZD\� LQ� PDWKHPDWLFV�
HGXFDWLRQ�� WKH� IRFXV� FDPH� RQWR� WKH� ILUVW� SDUW�� )URP� WKH� PDWKHPDWLFLDQV
�
SHUVSHFWLYH�� VHFRQGDU\� VFKRRO� PDWKHPDWLFV� ZDV� WRR� DHVWKHWLFDO�� ,W� GLIIHUHG� WRR�
PXFK� IURP� WKH� PDWKHPDWLFV� VWXGLHG� DW� XQLYHUVLWLHV�� 7KHUH�� FDOFXOXV� DQG� OLQHDU�
DOJHEUD�KDG�EHFRPH�PDLQ�FRQWHQW� DUHDV�� DQG� WUDGLWLRQDO� DUHDV� VXFK�DV�(XFOLGHDQ�
JHRPHWU\�DQG�QXPEHU� WKHRU\� ORVW�JURXQG��7KH�DFDGHPLF�PDWKHPDWLFLDQV�QHHGHG�
VFKRRO�PDWKHPDWLFV�WR�EH�SUHSDUDWRU\�IRU�XQLYHUVLW\�PDWKHPDWLFV�LQ�WKH�ILUVW�SODFH��
DLPLQJ� DW� DFDGHPLF� FRQWLQXLW\� IRU� WKHLU� SURVSHFWLYH� VWXGHQWV�� 7KH\� ZDQWHG� WKH�
WRSLFV�GLIIHUHQWLDWLRQ�DQG�LQWHJUDWLRQ�WR�EH�FRYHUHG�DW�WKH�HQG�RI�VHFRQGDU\�VFKRROLQJ��
$XWKRULVHG�E\�DFDGHPLF�PDWKHPDWLFLDQV��1HZ�0DWK�LQWURGXFHG�YHFWRUV�DQG�FR�
RUGLQDWHV� DV� WKH� EDVLV� IRU� WUDQVIRUPDWLRQ� JHRPHWU\�� ZLWK� URWDWLRQV� DQG�
WUDQVODWLRQV� LQVWHDG� RI� (XFOLG
V� WKHRUHPV�� 3HDQR
V� D[LRPV� ZHUH� WKH� EDVLV� IRU�
DOJHEUD�� ZLWK� UXOHV� IRU� DVVRFLDWLYLW\� �D��E�F� �D�E��F��� FRPPXWDWLYLW\�
�D�E E�D���DQG�GLVWULEXWLYLW\��D�E�F� DE�DF����7KH�ODQJXDJHV�RI�VHWV�DQG�ORJLF�
ZHUH�LQWURGXFHG��ZLWK�9HQQ�GLDJUDPV�DQG�FRQFHSWV�VXFK�DV�XQLRQ��LQWHUVHFWLRQ��
DQG� UHODWLRQV�� 7KHVH� FRQFHSWV� ZRXOG� FUHDWH� D� EDVLV� IRU� FDOFXOXV�� VWDUWLQJ� ZLWK�
OLQHDU� DQG�TXDGUDWLF� IXQFWLRQV�6WDWLVWLFV�DQG�SUREDELOLW\�ZHUH�DOVR�DGGHG� WR� WKH�
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FXUULFXOXP��7KRVH�VWXGHQWV��ZKR�ZRXOG�QRW�VWXG\�XQLYHUVLW\�PDWKHPDWLFV��ZRXOG�
MRLQ� LQ�IRU�WKH�ILUVW�LQWURGXFWRU\�VWHSV�WR�PDWKHPDWLFV��WRJHWKHU�ZLWK�WKH�IXWXUH�
XQLYHUVLW\�VWXGHQWV��DQG�WKHQ�GURS�WKH�VXEMHFW��
%HVLGHV� QHZ� FRQWHQW��1HZ�0DWK� FDPH�XS�ZLWK� D� VWUXFWXUDOLVW� DSSURDFK� WR� WKH�
VXEMHFW�LQ�JHQHUDO��&XUULFXOD�ZHUH�GHVLJQHG�WKURXJK�WKH�VWUXFWXUH�RI�PDWKHPDWLFDO�
WKHRULHV�� VWDUWLQJ� IURP� D[LRPV� DQG� GHILQLWLRQV�� 7KH� VWULFW� ORJLF�� LQFOXGLQJ� LWV�
MDUJRQ�DQG�QRPHQFODWXUH��ZRXOG�EH�IROORZHG�IRU�LQVWUXFWLRQ��
�
6XSSRUWHG� E\� WKH� DXWKRULW\� RI� DFDGHPLF� PDWKHPDWLFLDQV�� WKH� 1HZ� 0DWK�
PRYHPHQW�VZHSW�RYHU�PDQ\�FRXQWULHV��GHHSO\�DIIHFWLQJ�PDWKHPDWLFV�HGXFDWLRQ�DW�
DOO�OHYHOV��,W�VKRZHG�WKDW�DFDGHPLF�PDWKHPDWLFLDQV�ZHUH�VWLOO�WKH�ILUVW�WR�GHFLGH�RQ�
LVVXHV� RI� VFKRRO� PDWKHPDWLFV�� DQG� QRW� PDWKHPDWLFV� HGXFDWRUV�� $OVR� LQ� WKH�
1HWKHUODQGV��1HZ�0DWK�JDLQHG�JURXQG�DPRQJ�PDWKHPDWLFLDQV�DQG�WHDFKHUV�ZLWK�
DQ�DFDGHPLF�EDFNJURXQG��7KH\�IHOW�WKH�QHHG�WR�EULGJH�WKH�JDS�EHWZHHQ�VHFRQGDU\�
VFKRRO�PDWKHPDWLFV�DQG�WKH�XQLYHUVLWLHV��7KHUHIRUH��LQ�������WKH�&RPPLWWHH�RQ�
0RGHUQLVDWLRQ�RI�WKH�6HFRQGDU\�6FKRRO�0DWKHPDWLFV�&XUULFXOXP��&0/:��ZDV�
LQVWDOOHG�WR�GHYHORS�D�QHZ�FXUULFXOXP�IRU�VHFRQGDU\�VFKRROV��,Q�������WKHLU�ZRUN�
UHVXOWHG� LQ� D� UHIRUP�� LQWURGXFLQJ� QHZ� FRQWHQW� �VHWV�� IXQFWLRQV� DQG� UHODWLRQV��
YHFWRUV��VWDWLVWLFV��DQG�SUREDELOLW\��WR�VWXGHQWV�RI�DOO�WUDFNV��)RU�VHQLRU�VHFRQGDU\�
VFKRRO�OHYHO��FDOFXOXV�ZDV�WKH�HVVHQFH��
:LWK�FRPSXOVRU\�HGXFDWLRQ�EHLQJ�UDLVHG�WR���\HDUV��IURP�WKH�DJH�RI���RQZDUGV���
DOO� 'XWFK� VWXGHQWV� HQFRXQWHUHG� WKLV� QHZ� FRQWHQW� LQ� WKH� FXUULFXOXP� RI�
PDWKHPDWLFV�� $FFRUGLQJ� WR� WKH� ZHOO�NQRZQ� GHVLJQ� SULQFLSOH� RI� WKH� WHDEDJ�
�=ZDQHYHOG���������WKH�ORZHU�DELOLW\�WUDFNV��YER�DQG�PDYR��UHFHLYHG�DQ�H[WUDFW��RI�
WKH� WHD�� RI� WKH� KLJKHU� WUDFNV�� 7KH� ORZHU� WUDFNV� KDUERXUHG� DSSUR[LPDWHO\� WZR�
WKLUGV�RI�'XWFK�VWXGHQWV��)URP������RQZDUGV�� WKHVH�VWXGHQWV�HQFRXQWHUHG�WKH�
IRUPDO� EUDFNHW� QRWDWLRQ� RI� VHWV� DQG� WKH� WUDQVIRUPDWLRQV� RI� SDUDEROD�� DV�
DGYRFDWHG�E\�1HZ�0DWK��7KH�WRSLFV�ZRXOG�UHPDLQ�LQ�WKH�FXUULFXOXP�IRU�PRUH�
WKDQ����\HDUV��8QWLO�������WKHVH�WRSLFV�ZHUH�QDWLRQDOO\�H[DPLQHG�WKURXJK�H[DPV��
ZKLFK�FRQVLVWHG�ODUJHO\�RI�PXOWLSOH�FKRLFH�TXHVWLRQV��6FKXULQJ����������
�
,Q� DOO� FRXQWULHV�� GHEDWHV� ZHUH� KHOG� DERXW�1HZ�0DWK�� ,Q� WKH�1HWKHUODQGV�� WKH�
RSSRVLWLRQ�� OHDG� E\�+DQV�)UHXGHQWKDO��ZDV� YHU\� VWURQJ��+H� H[SODLQHG� WKDW� WKH�
ORJLFDO�PDWKHPDWLFDO�VWUXFWXUH�ZDV�WKH�UHVXOW�RI�D�ORQJ��WHGLRXV�PHQWDO�MRXUQH\��LQ�
ZKLFK� WKH� PDWKHPDWLFLDQ� KDG� VORZO\� IUDPHG� FKDRWLF� WKRXJKWV�� 8VLQJ� WKH�
PDWKHPDWLFDO� VWUXFWXUH� LQ� WHDFKLQJ�PDWKHPDWLFV� QRW� RQO\� GHQLHG� WKH� LQYHQWLRQ�
SURFHVV��LW�DOVR�UHYHUVHG�WKH�VHTXHQFH�RI�DFWLYLWLHV��7KHUHIRUH��)UHXGHQWKDO�QDPHG�
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WKH�VWUXFWXUDOLVW�DSSURDFK�RI�1HZ�0DWK�DQ�DQWL�GLGDFWLFDO�LQYHUVLRQ��+H�VWDWHG�WKDW�
PDWKHPDWLFV�ZDV�DQ�DFWLYLW\��QRW�D�VHW�RI�IDFWV��$FFRUGLQJ�WR�KLP��OHDUQLQJ�VKRXOG�
KDSSHQ� DV� D� UH�LQYHQWLRQ� DFWLYLW\�� ZKLFK� LPLWDWHV� WKH� GLVFRYHU\� URXWH� RI� WKH�
PDWKHPDWLFLDQ��)UHXGHQWKDO���������
&RQWUDU\� WR� RWKHU� FRXQWULHV�� QR� DFDGHPLF� PDWKHPDWLFLDQ� LQ� WKH� 1HWKHUODQGV�
FRXOG�DFFXVH�WKH�RSSRQHQWV�RI�1HZ�0DWK�RI�LJQRUDQFH�RI�VXEMHFW�PDWWHU��2Q�WKH�
FRQWUDU\�� )UHXGHQWKDO� DOZD\V� ZRXOG� ODUG� KLV� SXEOLFDWLRQV� ZLWK� KLJKEURZ�
PDWKHPDWLFDO� V\PEROV� DQG� IRUPXOD�� +H� PDGH� XVH� RI� KLV� PDWKHPDWLFDO�
OHDUQHGQHVV�DQG�GLVFXVVHG�ZLWK�WKH�DFDGHPLF�PDWKHPDWLFLDQV�LQ�WKHLU�RZQ�MDUJRQ��
DV� IRU� H[DPSOH� LQ� )UHXGHQWKDO� �������� :LWK� KLP� DV� D� GHFLVLYH� IDFWRU�� WKH�
RSSRVLWLRQ� DJDLQVW� 1HZ� 0DWK� LQ� WKH� 1HWKHUODQGV� ZDV� ILUP�� &RQVHTXHQWO\��
PDWKHPDWLFV�HGXFDWLRQ�DW�'XWFK�VFKRROV�GLG�QRW�XQGHUJR�WKH�IXOO�LPSDFW�RI�1HZ�
0DWK� DV� LQ� RWKHU� FRXQWULHV�� ,Q� SDUWLFXODU� SULPDU\� HGXFDWLRQ� ZDV� VSDUHG�� ,Q�
VHFRQGDU\� VFKRROV�� WKH� WRSLFV� RI� 1HZ� 0DWK� ZHUH� LQWURGXFHG� ZLWK� WKH� �����
FXUULFXOXP��EXW�WKH�VWUXFWXUDOLVW�DSSURDFK�ZDV�QRW�HVWDEOLVKHG�ILUPO\�LQ�WKH�QHZ�
FXUULFXOXP�� ,PPHGLDWHO\� DW� LWV� RQVHW�� SODQV� WR� FKDQJH� WKH� ����� FXUULFXOXP�
LPPHGLDWHO\� FDPH� IRUWK�� )RU� H[DPSOH�� D� FRQVLGHUDEOH� QXPEHU� RI� WH[WERRN�
DXWKRUV�VWDUWHG�WR�H[SHULPHQW�ZLWK�LQQRYDWLYH�DSSURDFKHV��DWWHPSWLQJ�WR�JHQHUDWH�
PRUH� DXWKHQWLF� PDWKHPDWLFV� HGXFDWLRQ� ZLWKLQ� WKH� PDUJLQV� WKDW� WKH� LQWHQGHG�
FXUULFXOXP�DOORZHG�WKHP��H�J��([DFW��0RGHUQH�:LVNXQGH����H�HGLWLH��3DVVHQ�HQ�0HWHQ��
:DJHQLQJVH�0HWKRGH��:LVNXQGHOLMQ���

���� 7+5(( '(&$'(6 :,7+ 0$1< &+$1*(6��7+( (67$%/,6+0(17 2)

50(�

������ )HDWXUHV�RI�5HDOLVWLF�0DWKHPDWLFV�(GXFDWLRQ �

7KH�SUHYLRXV�VHFWLRQ�HQGHG�ZLWK� WKH�FXUULFXOXP�UHIRUP�RI������IRU�VHFRQGDU\�
PDWKHPDWLFV��7KH�GHYHORSPHQWDO�ZRUN�KDG�EHHQ�FDUULHG�RXW�E\�&0/:��ZKLFK�
DOVR� LQVLVWHG� RQ� IRXQGLQJ� D� UHVHDUFK� LQVWLWXWH� ZLWK� WKH� PDQGDWH� WR� GHYHORS�
QDWLRQDO� PDWKHPDWLFV� FXUULFXOD�� ,Q� ������ WKLV� UHVXOWHG� LQ� WKH� FUHDWLRQ� RI� WKH�
,QVWLWXWH� IRU� 'HYHORSPHQW� RI� 0DWKHPDWLFV� (GXFDWLRQ� �,2:2��� ,Q� ������ WKLV�
LQVWLWXWH� EHFDPH� WKH� 5HVHDUFK� *URXS� RQ� 0DWKHPDWLFV� (GXFDWLRQ� DQG�
(GXFDWLRQDO� &RPSXWHU� &HQWUH� �2:	2&�� DW�8WUHFKW�8QLYHUVLW\�� ,Q� ������ WKLV�
VDPH� LQVWLWXWH� ZDV� UHQDPHG� )UHXGHQWKDO� ,QVWLWXWH� DIWHU� LWV� ILUVW� GLUHFWRU�� ,WV�
SUHVHQW�GLUHFWRU�LV�-DQ�GH�/DQJH��
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7KURXJK�WKH�FUHDWLRQ�RI�WKH�)UHXGHQWKDO�,QVWLWXWH��WKH�'XWFK�DXWKRULWLHV�VKRZHG�
WKHLU� EHOLHI� LQ� WKH� VRFLR�HFRQRPLF� LPSRUWDQFH� RI� GHYHORSLQJ� PDWKHPDWLFV�
HGXFDWLRQ�� 7KH� )UHXGHQWKDO� ,QVWLWXWH� �DQG� LWV� SUHGHFHVVRU� LQVWLWXWHV�� JXLGHG�
FXUULFXOXP� UHIRUPV� LQ� WKH� 1HWKHUODQGV� LQ� WKH� ODVW� WKUHH� GHFDGHV� RI� WKH� ��WK�
FHQWXU\��7KH�)UHXGHQWKDO� ,QVWLWXWH�GHYHORSHG� D�QHZ�GLUHFWLRQ� IRU�PDWKHPDWLFV�
HGXFDWLRQ�� 7KLV� WUHDWLVH� LV� JHQHUDOO\� NQRZQ� DV� 5HDOLVWLF� 0DWKHPDWLFV� (GXFDWLRQ�
�50(��DQG�LW�ZLOO�EH�GHVFULEHG�LQ�WKLV�VHFWLRQ��
�
&HQWUDO� LGHD� LQ� 50(� LV� WKDW� PDWKHPDWLFV� FDQ� EHVW� EH� OHDUQW� VWDUWLQJ� IURP� D�
FRQFUHWH�� UHDOLVWLF� VLWXDWLRQ� WKDW� DSSHDOV� WR� VWXGHQWV�� 7KLV� FRQWH[W� VKRXOG� EH�
UHOHYDQW� DQG� FKDOOHQJLQJ� �)UHXGHQWKDO�� ������ *UDYHPHLMHU�� ������ 9DQ� GHQ�
+HXYHO�3DQKXL]HQ�� ������ 'H� /DQJH�� ������ 7UHIIHUV�� ������� ,Q� WKH� EHJLQQLQJ��
50(�ZDV�RQO\�DVVRFLDWHG�ZLWK�SULPDU\�VFKRRO�PDWKHPDWLFV��EXW�DIWHU�WKH�����
V��
50(� EHFDPH� DVVRFLDWHG� ZLWK� VHFRQGDU\� VFKRRO� PDWKHPDWLFV� DV� ZHOO�� 50(� LV�
FKDUDFWHULVHG�E\�WKH�XQGHUVWDQGLQJ�WKDW�PDWKHPDWLFV� LV�DQ� LQWHJUDO�SDUW�RI�UHDO�
OLIH��7KXV��PDWKHPDWLFV� LV� WDXJKW��QRW�IRU� LWV�EHDXW\��EXW�IRU� LWV�DSSOLFDELOLW\��,Q�
DGGLWLRQ��PDWKHPDWLFV� LV� SHUFHLYHG� DV� DQ� DFWLYLW\� DQG� QRW� DV� D� VHW� RI� UXOHV��$V�
VXFK�� PDWKHPDWLFV� LV� D� FUHDWLYH� DQG� RUJDQLVLQJ� DFWLYLW\� LQ� ZKLFK� XQNQRZQ�
UHJXODULWLHV��UHODWLRQV�DQG�VWUXFWXUHV�DUH�GLVFRYHUHG���

)LJXUH������ 0DWKHPDWLVLQJ�DFWLYLWLHV�LQ�50(�
�

,Q� 50(�� WKH� PDWKHPDWLFDO� DFWLYLWLHV� DUH� QDPHG� PDWKHPDWLVLQJ�� 7UHIIHUV� �������
GLVFHUQV� WZR� GLPHQVLRQV� LQ� PDWKHPDWLVDWLRQ� �VHH� )LJXUH� ������ YHUWLFDO� DQG�
KRUL]RQWDO�� 7KH� FRQWH[W� DQG� PDWKHPDWLFV� DUH� WZR� GLIIHUHQW� ZRUOGV�� ZKLFK� DUH�
FRQQHFWHG�WKURXJK�PDWKHPDWLVLQJ��:KHQ�VWDUWLQJ�IURP�D�FRQWH[W��WKH�VWXGHQW�KDV�
WR� ILQG� UHODWLRQV� DQG� UHJXODULWLHV� WKDW� UHVXOW� LQWR� D�PDWKHPDWLFDO� VWUXFWXUH�� IRU�
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H[DPSOH�D�IRUPXOD��D�JUDSK�RU�D�WDEOH��7KLV�DFWLYLW\�LV�FDOOHG�PRGHOOLQJ��KRUL]RQWDO�
PDWKHPDWLVDWLRQ���:LWKLQ� WKH� PDWKHPDWLFDO� ZRUOG�� WKH� PRGHO� QHHGV� UHZULWLQJ��
UHVWUXFWXULQJ�DQG�UHILQLQJ�WR�REWDLQ�DQ�DQVZHU��7KLV�DFWLYLW\�LV�FDOOHG�UHIRUPXODWLQJ�
�YHUWLFDO� PDWKHPDWLVDWLRQ��� 7KHVH� WZR� DFWLYLWLHV� PLJKW� QHHG� WR� EH� UHSHDWHG� D�
QXPEHU� RI� WLPHV�� EHIRUH� D� VRXQG�PDWKHPDWLFDO� DQVZHU� LV� UHDFKHG��:LWKLQ� WKH�
PDWKHPDWLFDO� ZRUOG� LW� LV� DOVR� SRVVLEOH� WR� IXUWKHU� JHQHUDOLVH� WKH� SUREOHP� DQG�
UHILQH�PDWKHPDWLFDO�NQRZOHGJH��QRW�LQFOXGHG�LQ�WKH�ILJXUH���
*RLQJ� EDFN� WR� WKH� FRQWH[W�� WKH� �PDWKHPDWLFDO�� DQVZHUV� QHHG� WR� EH� LQWHUSUHWHG�
�KRUL]RQWDO� PDWKHPDWLVDWLRQ��� )LQDOO\�� WKH� DQVZHU� ZLOO� RQO\� PDNH� VHQVH� LI� LW� LV�
UHODWHG�WR�WKH�LQLWLDO�TXHVWLRQ��DV�WKHUH�LV�QHHG�WR�UHIOHFW�RQ�WKH�SURFHVV�RI�UHDFKLQJ�
UHVXOWV��YHUWLFDO�PDWKHPDWLVDWLRQ���
&RQWH[WV�FDQ�EH� WDNHQ� IURP�WKH�SK\VLFDO�ZRUOG��EXW�DOVR�IURP�LPDJLQHG�UHDOLW\�
�FDUWRRQV�� JDPHV�� HWF��� DQG� HYHQ� IURP� PDWKHPDWLFV� LWVHOI� �9DQ� GHQ� +HXYHO�
3DQKXL]HQ���������
�
$Q�LPSRUWDQW�FRPSRQHQW�LQ�WKH�OHDUQLQJ�SURFHVV�LQ�50(�LV�WR�HQDEOH�VWXGHQWV�WR�
PDNH� PHQWDO� LPDJHV�� &RQVHTXHQWO\�� OLYHO\� FRORXUIXO� LOOXVWUDWLRQV� RI� SK\VLFDO�
HGLILFHV�DQG�LGHQWLILDEOH�SHUVRQV�HQWHUHG�'XWFK�PDWKHPDWLFV�WH[WERRNV�IURP�WKH�
����
V�RQZDUGV��7KLV�ZDV�DOVR�HQDEOHG�E\�LPSURYHG�SULQWLQJ�WHFKQRORJLHV��
7KH�IROORZLQJ�WZR�H[DPSOHV�PD\�VHUYH� WR�H[SODLQ� WKH�GLIIHUHQFH�EHWZHHQ�QRQ�
50(�DQG�50(��7KH�ILUVW�H[DPSOH�LV�DQ�LWHP�IURP�WKH�7,066�:ULWWHQ�7HVW��LWHP�
1����LQ�ZKLFK�D�QXPEHU�KDV�WR�EH�VXEVWLWXWHG�LQWR�D�IRUPXOD�ZLWK�RQH�YDULDEOH��
�

,I�[� ����ZKDW�LV�WKH�YDOXH�RI�
45

47

−
+

x
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�
,Q� WKH� 'XWFK� 50(�EDVHG� FXUULFXOXP�� VLPLODU� LWHPV� RQ� WKH� VXEVWLWXWLRQ� RI� D�
QXPEHU�LQWR�D�IRUPXOD�FDQ�EH�IRXQG��EXW�WKHVH�ZLOO�EH�VWDWHG�ZLWKLQ�FRQWH[W��7KH�
IROORZLQJ�LWHP�ZDV�GHYHORSHG�IRU�H[DFWO\�WKH�VDPH�WDUJHW�SRSXODWLRQ�DV�WKH�DERYH�
LWHP�IURP�7,066��7KLV� LWHP�DSSHDUHG�LQ�WKH�1DWLRQDO�2SWLRQ�7HVW��127��IRU�
JUDGH����DGPLQLVWHUHG�LQ�������.XLSHU�HW�DO����������������,Q�$SSHQGL[�$��WKH�IXOO�
WH[W�RI�WKH�LWHP�LV�LQFOXGHG��KHUH�LV�DQ�H[FHUSW��
�
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7R� FDOFXODWH� IRU� DQ\� JLUO� KHU� IXWXUH� OHQJWK� DV� D� JURZQ�XS�� WKH� VFKRRO� GRFWRU� XVHV� WKH�

IROORZLQJ�IRUPXOD���

3+
+

=
�

������FP��PRWKHU�OHQJWK���FP��IDWKHU�OHQJWK
������FP���LQ�GDXJKWHU�/HQJWK �

'DQLHOOH
V�IDWKHU�LV������P�WDOO��KHU�PRWKHU�LV������P���

+RZ�WDOO�ZLOO�'DQLHOOH�JURZ�DFFRUGLQJ�WR�WKH�IRUPXOD"�

�
7KXV��D�FRQWH[W�LV�FUHDWHG��ZKLFK�DSSUR[LPDWHV�WKH�UHDO�OLIH�RI�VWXGHQWV��PDQ\����
\HDU�ROG�VWXGHQWV�ZRXOG�OLNH�WR�NQRZ�KRZ�WDOO�WKH\�ZLOO�JURZ���7KH�FRQWH[W�LV�WKH�
SUHGLFWLRQ�RI�JURZWK��7KLV�SUHGLFWLRQ� LV�PRGHOOHG��KRUL]RQWDO�PDWKHPDWLVDWLRQ��
LQWR�D��ZRUG��IRUPXOD��ZKLFK�FRQWDLQV�WKUHH�YDULDEOHV��$IWHU�VXEVWLWXWLRQ��YHUWLFDO�
PDWKHPDWLVDWLRQ��� D� UHVXOW� LV� IRXQG�� 7KH� UHVXOW� RI� WKH� FDOFXODWLRQ� FDQ� EH�
PHDQLQJIXOO\� LQWHUSUHWHG�ZLWKLQ� WKH�FRQWH[W� DJDLQ�� ,W� LV� WKH�SUHGLFWHG� OHQJWK�RI�
WKH�GDXJKWHU��
�
7KH�H[DPSOH� VKRZV�KRZ� WKH�PDWKHPDWLFDO�FRQWHQW� LV�HPEHGGHG� LQ�FRQWH[W�� LQ�
RUGHU�WR�PDNH�PDWKHPDWLFV�PHDQLQJIXO�WR�WKH�VWXGHQWV��7KXV��QHZ�PDWKHPDWLFV�
FXUULFXOD�ZHUH�GHYHORSHG�E\�FKRRVLQJ�PDWKHPDWLFDO�FRQWHQW�WKDW�FRXOG�EH�XVHIXO�
WR� VWXGHQWV
� OLYHV� �9DQ�'RUPROHQ�� �������$V� D� UHVXOW�� WKH�50(�EDVHG� UHIRUPV�
ZHUH�IRFXVHG�RQ�WKH�PDWKHPDWLFV�FRQWHQW�DQG�QRW�RQ�WKH�LQVWUXFWLRQDO�DSSURDFK�
�9DQ�5HHXZLMN��������=ZDQHYHOG���������+RZHYHU�� VRPH�DXWKRUV�KDYH� WULHG� WR�
OLQN�50(�ZLWK� FRQVWUXFWLYLVP��VXFK�DV�*UDYHPHLMHU���������'H�/DQJH���������DQG�
6FKRHQIHOG� �������� ,Q� FRQVWUXFWLYLVP�� DV� RSSRVHG� WR� EHKDYLRXULVP�� OHDUQLQJ� LV�
SHUFHLYHG�DV�D�SURFHVV�DQG�QRW�DV�DQ�RXWFRPH��,W�IRFXVHV�RQ�D�OHDUQHU
V�DELOLW\�WR�
PHQWDOO\�FRQVWUXFW�PHDQLQJ�RI� WKHLU�RZQ�HQYLURQPHQW�DQG� WR�FUHDWH� WKHLU�RZQ�
OHDUQLQJ��$QRWKHU�LQVWUXFWLRQDO�DSSURDFK�ZDV�FKRVHQ�E\�9DQ�6WUHXQ���������ZKR�
VKRZHG�WKDW�D�KHXULVWLF�LQVWUXFWLRQDO�DSSURDFK�IRU�SUREOHP�VROYLQJ�FRXOG�DOVR�JR�
KDQG�LQ�KDQG�ZLWK�WKH�XVH�RI�UHDOLVWLF�FRQWH[WV�LQ�PDWKHPDWLFV�HGXFDWLRQ��2Q�WKH�
RWKHU�KDQG��9DQ�*DDQV��������DQG�/DJHUZHUI��������VWDWHG�WKDW��EHVLGHV�VWXGHQW�
FHQWUHG� DSSURDFKHV�� WHDFKHUV� FRXOG� XVH� WUDGLWLRQDO�� WHDFKHU�FHQWUHG�ZKROH�FODVV�
LQVWUXFWLRQ� ZLWKLQ� 50(�EDVHG� PDWKHPDWLFV� HGXFDWLRQ�� 7KXV�� WKH� LQVWUXFWLRQDO�
DSSURDFK�DVVRFLDWHG�ZLWK�WKH�50(�EDVHG�FXUULFXOD�FDQ�YDU\��
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������ 7KUHH�FRQVHFXWLYH�QDWLRQ�ZLGH�FXUULFXOXP�UHIRUPV�

,Q� WKH�1HWKHUODQGV�� IURP� ����� RQZDUGV�� HDFK� GHFDGH� KDG� LWV� RZQ� FXUULFXOXP�
UHIRUP�ZLWK�VWURQJ�LQIOXHQFHV�IURP�WKH�50(�WUHDWLVH���
7KH�ILUVW�50(�EDVHG��QDWLRQDO�FXUULFXOXP�UHIRUP�SURMHFW�LQ�WKH�����
V��:LVNREDV��
FHQWUHG�RQ�SULPDU\�HGXFDWLRQ��*UDYHPHLMHU��������7UHIIHUV���������������,Q�WKLV�
SURMHFW��VWUDLJKWIRUZDUG�PHQWDO�DULWKPHWLF�DFWLYLWLHV�ZHUH�JLYHQ�PXFK�URRP��VXFK�
DV� KDOYLQJ� DQG� GRXEOLQJ�� ZKLFK� SUHSDUHG� VWXGHQWV� IRU� PXOWLSOLFDWLRQ�� 7KH�
GHYHORSPHQW�RI�QXPEHU�VHQVH�ZDV�VXSSRUWHG�WKURXJK�HVWLPDWLRQ�DQG�WKH�XVH�RI�
PRGHOV� �H�J�� WKH� HPSW\� QXPEHU� OLQH��� 7KLV� SUDFWLFH� ZDV� VXSSRUWHG� E\� YDULRXV�
WKHRULHV� LQ� FRJQLWLYH� SV\FKRORJ\�� 7KURXJK� WKH� 50(�EDVHG� FXUULFXOXP�� E\�
GHOD\LQJ� WKH� WUDGLWLRQDO� GULOO� LQ� DULWKPHWLF�� VWXGHQWV� ZRXOG� JDLQ� D� PHDQLQJIXO��
FRQFHSWXDO��SURGXFWLYH�RU�UHODWLRQDO�XQGHUVWDQGLQJ��%\�VWDUWLQJ�WRR�HDUO\�ZLWK�WKH�GULOO��
RQO\� PHFKDQLVWLF�� SURFHGXUDO�� UHSURGXFWLYH� RU� LQVWUXPHQWDO� XQGHUVWDQGLQJ� ZRXOG� EH�
WUDLQHG��LQ�WKH�WHUPLQRORJ\�RI�%DURRG\�	�*LQVEHUJ���������*UD\�	�7DOO���������
0HUULOO���������DQG�6NHPS���������UHVSHFWLYHO\���
7KH�VHFRQG�ODUJH�VFDOH�50(�EDVHG�FXUULFXOXP�UHIRUP�WRRN�SODFH�LQ�WKH�����
V��
IRFXVLQJ�RQ�VHQLRU�VHFRQGDU\�HGXFDWLRQ��+(:(7�SURMHFW�DQG�+$:(;�SURMHFW���$�
VSHFLDO� FXUULFXOXP� ZDV� GHYHORSHG�� ZKLFK� ZDV� QDPHG� 0DWKHPDWLFV� $�� 7KLV�
FXUULFXOXP�ZDV�PHDQW�IRU�VWXGHQWV��ZKR�ZDQWHG�WR�VWXG\�VRFLDO�DQG�HFRQRPLFDO�
VFLHQFHV�DW�XQLYHUVLW\��0DQ\�VWXGHQWV�RI� WKLV� WDUJHW�JURXS�IDLOHG�RQ�WKH�H[LVWLQJ�
PDWKHPDWLFV� FXUULFXOXP�� DV� WKLV� FXUULFXOXP� ZDV� PHDQW� IRU� IXWXUH� WHFKQLFDO�
HQJLQHHUV��7KH�ORZ�SDVV�UDWHV�RI�PDQ\�VWXGHQWV�PDUNHG�WKH�QHHG�IRU�DQ�HDVLHU��\HW�
PRWLYDWLQJ�PDWKHPDWLFV�FXUULFXOXP��0DWKHPDWLFV�$�EHFDPH�DQ�DSSOLHG�VXEMHFW��
VHUYLQJ�WR�RUJDQLVH�SKHQRPHQD�RI�WKH�UHDO�ZRUOG��$Q�LQQRYDWLYH�IHDWXUH�LQ�WKLV�
PDWKHPDWLFV�FXUULFXOXP�ZDV�WKH�XVH�RI�QHWZRUNV��JUDSKV��DQG�PDWULFHV�WR�VROYH�
SUREOHPV� RQ� VWRFN� PDQDJHPHQW�� ELRORJLFDO� SURFHVVHV� DQG� WUDQVSRUW�
LQIUDVWUXFWXUH��2WKHU�WRSLFV�LQ�0DWKHPDWLFV�$�ZHUH�HOHPHQWDU\�FDOFXOXV��VWDWLVWLFV��
SUREDELOLW\� DQG� OLQHDU� SURJUDPPLQJ�� 7KLV� SURMHFW� H[HPSOLILHG� WKH� OLQN� RI�
PDWKHPDWLFV�ZLWK�FRPPRQ�VHQVH��'H�/DQJH��������)UHXGHQWKDO���������
�
:LWK�HDFK�GHFDGH�KDYLQJ�LWV�RZQ�FXUULFXOXP�UHIRUP��ILQDOO\�LQ�WKH�����
V��D�QHZ�
FXUULFXOXP�ZDV�FUHDWHG�WR�EULGJH�WKH�JDS�EHWZHHQ�WKH�WZR�SUHYLRXV�UHIRUPV��7KLV�
QHZ� FXUULFXOXP� ZDV� PHDQW� IRU� DOO� VWXGHQWV� DW� MXQLRU� VHFRQGDU\� VFKRRO� OHYHO�
�JUDGHV���DQG����DQG�IRU�WKH�ILQDO�\HDUV�RI�WKH�ORZHU�DELOLW\�WUDFNV��JUDGHV���DQG����
RI�PDYR� DQG�YER���)RU� WKH� ILUVW� WLPH� LQ�'XWFK�KLVWRU\��D�FXUULFXOXP�IRU� WKLV�DJH�
JURXS�ZDV�GHYHORSHG��ZKLFK�ZDV�QRW�D�GLOXWLRQ�RI�WKH�FXUULFXOD�DW�D�KLJKHU�OHYHO��
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,W�ZDV�PHDQW�DV�D�FRQWLQXRXV�OHDUQLQJ�WUDMHFWRU\��H[WHQGLQJ�IURP�SULPDU\�VFKRRO�
RQZDUGV��JLYLQJ�DOO�IXWXUH�FLWL]HQV�EDVLF��PDWKHPDWLFDO�DELOLWLHV��
7KHUH� ZHUH� WZR� PRWWRHV� DVVRFLDWHG� ZLWK� WKLV� UHIRUP�� PDWKHPDWLFV�IRU�DOO� DQG�
PDWKHPDWLFV�DV�WR�EH�XVHIXO�� 7KH� GHYHORSHUV� VWUHVVHG� WKDW� WKH� XVHIXOQHVV� RI�
PDWKHPDWLFV�VKRXOG�QRW�KDYH�LWV�MXVWLILFDWLRQ�IURP�IXWXUH�DGXOW�OLIH�DORQH��EXW�WKH�
EHQHILFLDOLW\� VKRXOG� DOVR�EH� H[SHULHQFHG�GXULQJ� WKH� OHDUQLQJ�SURFHVV� LWVHOI��7KH�
LQWHQGHG�PDWKHPDWLFV�FXUULFXOXP�ZDV�PHDQW�WR�OLQN�ZLWK�VWXGHQW
V�LQWHUHVWV��.RN�
HW�DO����������$W� WKLV� VWDJH�� WKH�PDWKHPDWLFV�FXUULFXOXP� LQ� WKH�1HWKHUODQGV�KDG�
ZDQGHUHG�WKURXJK�WKH�WKUHH�VWDJHV�WKDW�0DUVK�DQG�:LOOLV��������GHVFULEH�IRU�WKH�
GHYHORSPHQW�RI�FXUULFXOD�LQ�WKH���WK�FHQWXU\��7KH\�GHVFULEH�KRZ�FXUULFXOD�HYROYH�
IURP� EHLQJ� VXEMHFW�FHQWUHG�� WR� EHLQJ� VRFLHW\�FHQWUHG�� DQG� ILQDOO\� EHFRPLQJ�
SHUVRQ�FHQWUHG��
�
7KH� QHZ� FXUULFXOXP� ZDV� GHYHORSHG� XQGHU� UHVSRQVLELOLW\� RI� WKH� &RPPLVVLH�
2QWZLNNHOLQJ�:LVNXQGHRQGHUZLMV��&2:���FKDLUHG�E\�-DQ�GH�/DQJH��7KH�&2:�
GHOHJDWHG�WKH�GHYHORSPHQWDO�ZRUN�WR�D�WHDP�RI�PDWKHPDWLFV�HGXFDWRUV��WKH�:���
��� WHDP�� 7KH� WHDP� FRQVLVWHG� RI� PDWKHPDWLFV� WHDFKHUV�� WHDFKHU� WUDLQHUV��
FXUULFXOXP�GHYHORSHUV��PDWKHPDWLFLDQV�� UHSUHVHQWDWLYHV� IURP�WKH�DVVRFLDWLRQ�RI�
PDWKHPDWLFV� WHDFKHUV�� DQG� WH[WERRN� DXWKRUV�� ZKR� KDG� JDLQHG� H[SHULHQFH� LQ�
OLQNLQJ�PDWKHPDWLFV�IRU�MXQLRU�VHFRQGDU\�VFKRRO�OHYHO�WR�DWWUDFWLYH�FRQWH[W��7KH�
PHPEHUV�HQGRUVHG�WKH�50(�WUHDWLVH�WR�GLIIHUHQW�H[WHQWV���
7KH�:������WHDP�GHYHORSHG�WKH�QHZ�FXUULFXOXP�WKURXJK�VHYHUDO�F\FOHV��ZKLFK�
LQFOXGHG� ILHOG� FRQVXOWDWLRQV� ZLWK� PDWKHPDWLFV� WHDFKHUV�� ZKR� FDOOHG� IRU�
DGDSWDWLRQV� RI� WKH� FRQWHQW�� ,Q� SDUWLFXODU�� WKH� QHZ� DSSURDFK� WR� DOJHEUD� UDLVHG�
FRQFHUQ� �$XNHPD�6FKHSHO�� ������� 7KHUHIRUH�� WKH� QHZ� FXUULFXOXP� IRU� MXQLRU�
VHFRQGDU\�VFKRRO�WKDW�ZDV�FUHDWHG�ZLOO�EH�LQGLFDWHG�LQ�WKLV�WH[W�DV�DQ�
50(�EDVHG�
FXUULFXOXP
�DQG�QRW�DV�DQ�XQPLWLJDWHG�50(�FXUULFXOXP��
6FKRHPDNHU��������GHVFULEHV�KRZ�WKH�:������WHDP�VWDUWHG�WR�GHYHORS�WKH�QHZ�
FXUULFXOXP� LQ� ������ 7KH� WHDP� IDFHG� WZR� FKDOOHQJHV�� ���� ZULWLQJ� H[SHULPHQWDO�
FODVVURRP�PDWHULDOV�ZLWKRXW�FOHDU�REMHFWLYHV��DQG�����ZULWLQJ�REMHFWLYHV�ZLWKRXW�
NQRZLQJ� ZKHWKHU� WKHVH� FRXOG� OHDG� WR� ZRUNDEOH� FODVVURRP� PDWHULDOV�� 7KH�
PDWHULDOV�ZULWWHQ�ZHUH�WHVWHG�DW�VHYHUDO�VFKRROV��(DFK�\HDU��D�JURZLQJ�QXPEHU�RI�
VFKRROV�ZHUH�LQYROYHG�LQ�WKH�H[SHULPHQWV��
�
)URP������RQZDUGV��H[FHUSWV�RI�WKH�PDWHULDOV�ZHUH�XVHG�LQ�SXEOLFDWLRQV�DQG�DW�
FRQIHUHQFHV��RUJDQLVHG�E\�WKH�1HWKHUODQGV�$VVRFLDWLRQ�RI�0DWKHPDWLFV�7HDFKHUV�
�19Y:���)RU�H[DPSOH��LQ�DXWXPQ������LQ����UHJLRQDO�FLWLHV��WZR�GD\�ZRUNVKRSV�



�� &KDSWHU �

�

ZHUH� RUJDQLVHG�� 7KHVH� ZHUH� DWWHQGHG� E\� PRUH� WKDQ� D� WKRXVDQG� PDWKHPDWLFV�
WHDFKHUV��RXW�RI�WKH�WRWDO�RI�DSSUR[LPDWHO\�WHQ�WKRXVDQG�PDWKHPDWLFV�WHDFKHUV��
�9HUKDJH�	�:LMHUV�� ������� ,Q� WKH� IROORZLQJ�\HDUV�� WKH� LQIRUPDWLRQ�FRQIHUHQFHV�
ZHUH� UHSHDWHG�� 7R� IXUWKHU� LQVSLUH� WHDFKHUV�� DQHFGRWDO� UHSRUWV� RI� FODVV�
REVHUYDWLRQV� RI� WKH� H[SHULPHQWV� ZHUH� SXEOLVKHG� LQ� WKH� 'XWFK� MRXUQDOV� IRU�
PDWKHPDWLFV� HGXFDWLRQ�� 1LHXZH� :LVNUDQW� DQG� (XFOLGHV�� ,Q� DGGLWLRQ�� WKH�
H[SHULPHQWDO� PDWHULDOV� ZHUH� PDGH� DYDLODEOH� WR� WHDFKHUV�� WRJHWKHU� ZLWK�
SXEOLFDWLRQV� RQ� EDFNJURXQGV�� LQVWUXFWLRQDO� DSSURDFKHV� DQG� FROOHFWLRQV� RI� WHVW�
LWHPV��$FKWHUJURQGHQ��������9DQ�'RUPROHQ��������9DQ�'RUPROHQ�	�=ZDQHYHOG�
������9DQ�*DDQV�� ������.RN� HW� DO��� ������/DJHUZHUI�� �������9LQN� HW� DO�� �������
UHPDUNHG�RQ�WKH�ODUJH�VFDOH�DSSURDFK�RI�LQIRUPLQJ�WHDFKHUV��WKDW�SUREDEO\�QHYHU�
EHIRUH��WKH�LPSOHPHQWDWLRQ�RI�D�QHZ�PDWKHPDWLFV�FXUULFXOXP�ZDV�XQGHUWDNHQ�VR�
WKRURXJKO\���
,Q� ������ WKH� SURJUDP� IRU� WKH� QHZ� FXUULFXOXP�ZDV� SXEOLVKHG� DQG� WKH� WHDP�RI�
GHYHORSHUV�� :������� ZDV� GLVVROYHG� �&RPPLVVLH� 2QWZLNNHOLQJ� :LVNXQGH�
RQGHUZLMV���������+RZHYHU��LPSOHPHQWDWLRQ�RI�WKH�FXUULFXOXP�ZDV�ZLWKKHOG�IRU�
DQRWKHU�\HDU�EHFDXVH�RI�WKUHH�UHDVRQV���
��� WR�KDYH�PRUH�WLPH�WR�LQIRUP�PDWKHPDWLFV�WHDFKHUV�RQ�WKH�UHIRUP���
��� WR� JLYH� FRPPHUFLDO� WH[WERRN�SXEOLVKHUV� WLPH� WR� FUHDWH�ERRNV�EDVHG�RQ� WKH�
QHZ�FXUULFXOXP��DQG��

��� WR�PDNH�WKH�LQWURGXFWLRQ�RI�WKH�QHZ�FXUULFXOXP�FRLQFLGH�ZLWK�D�VFKRRO�ZLGH�
UHIRUP��ZKLFK�ZRXOG�VWDUW�LQ�WKH�VFKRRO�\HDU������������

�
7KH� QHZ� 50(�EDVHG� FXUULFXOXP� IRU� MXQLRU� VHFRQGDU\� VFKRROV� FRPSOLHG� ZLWK�
SDUDOOHO�GHYHORSPHQWV�LQ�RWKHU�VXEMHFW�DUHDV��1HZ�SHGDJRJLFDO�LQVLJKWV�KDG�DVNHG�
IRU� UHIRUPV� RI� FXUULFXOD�� LQVWUXFWLRQ� DQG� VFKRRO� DGPLQLVWUDWLRQ�� 7KXV�� WKH�
LQWURGXFWLRQ�RI�WKH�QHZ�PDWKHPDWLFV�FXUULFXOXP�ZDV�DVVLPLODWHG�LQWR�D�VFKRRO�
ZLGH�UHIRUP�WR�HVWDEOLVK�WKH�%DVLVYRUPLQJ��%DVLF�(GXFDWLRQ���ZKLFK�ZDV�OHJLVODWHG�
LQ�������7KLV�UHIRUP�HVWDEOLVKHG�DQ�HGXFDWLRQDO�EDVLV�IRU�DOO�VWXGHQWV��$�FRPPRQ�
FRUH� FXUULFXOXP� IRU� DOO� VXEMHFWV� ZDV� LQWURGXFHG�� EDVHG� RQ� QHZ� HGXFDWLRQDO�
LQVLJKWV��7KH�QHZ�FXUULFXOD�IRU�DOO�VXEMHFWV�ZHUH�FKDUDFWHULVHG�E\�WKUHH�SULQFLSDO�
NH\ZRUGV��DSSOLFDWLRQ��VNLOOV�DQG�FRKHUHQFH��9DQ�/X\Q��������5RHORIV��)UDQVVHQ��
+RXWYHHQ�	�/DJHUZHLM���������7KH�NH\ZRUGV�VWUXFWXUHG�DQG�XQLILHG�D�SHGDJRJ\�
RI� DXWKHQWLF� OHDUQLQJ� IRU� DOO� VXEMHFWV�� 7KH\� DSSURSULDWHO\� VXLWHG� WKH� QHZ�
PDWKHPDWLFV� FXUULFXOXP� DQG� WKLV� LOOXVWUDWHV� KRZ� JHQHUDO� SHGDJRJ\� DQG�
PDWKHPDWLFV� HGXFDWLRQ� KDG� HYROYHG� FRUUHVSRQGLQJO\�� <HW�� WKH� PDWKHPDWLFV�
FXUULFXOXP�VXVWDLQHG�D�ODUJHU�RYHUKDXO�WKDQ�DQ\�RWKHU�VXEMHFW�GLG��
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,Q� WKH� FRUH� FXUULFXOXP�� DOO� VXEMHFWV� ZHUH� JXLGHG� E\� D� OLVW� RI� JHQHUDO� FRUH�
REMHFWLYHV��DOJHPHQH�NHUQGRHOHQ���6SHFLILF�FRUH�REMHFWLYHV��YDN�NHUQGRHOHQ��ZHUH�DGGHG�
IRU�VLQJOH�VXEMHFWV�VXFK�DV�PDWKHPDWLFV��'HSHQGLQJ�RQ�VWXGHQWV
�DELOLW\�OHYHO��WKH�
REMHFWLYHV�KDG�WR�EH�DWWDLQHG�DIWHU�WZR�RU�WKUHH�\HDUV�RI�VHFRQGDU\�HGXFDWLRQ��LQ�
JUDGH���RU�LQ�JUDGH������

���� 7+( 50(�%$6(' &855,&8/80 )25 -81,25 6(&21'$5<

6&+22/6�

������ &RQWHQW�DUHDV�

7KLV�VHFWLRQ�GHVFULEHV�WKH�50(�EDVHG�FXUULFXOXP�IRU� MXQLRU�VHFRQGDU\�VFKRROV�
�JUDGHV� �� DQG�����7KLV� FXUULFXOXP�KDV� DOUHDG\�EHHQ� LQWURGXFHG� LQ� WKH�SUHYLRXV�
VHFWLRQ��DV� WKH�SURGXFW�RI� WKH�:������SURMHFW��ZKLFK�ZDV� WKH� ODVW�RXW�RI� WKUHH�
ODUJH�VFDOH�FXUULFXOXP�LQQRYDWLRQV�LQ�PDWKHPDWLFV�HGXFDWLRQ�LQ�WKH�1HWKHUODQGV���
/LNH� DOO� VXEMHFWV� RI� WKH� FRUH� FXUULFXOXP�� WKH� LQWHQGHG�PDWKHPDWLFV� FXUULFXOXP�
ZDV� GHILQHG� ZLWK� NHUQGRHOHQ� �FRUH� REMHFWLYHV�� IURP� ����� RQZDUGV�� 7KHUH� ZHUH�
JHQHUDO�WDUJHWV��VXFK�DV�� 
EHLQJ�DEOH�WR�JDWKHU��GHVFULEH�DQG�DUUDQJH�LQIRUPDWLRQ�
V\VWHPDWLFDOO\
��7KH�VSHFLDO�PDWKHPDWLFV�FRUH�REMHFWLYHV�ZHUH�JURXSHG�LQWR�IRXU�
LQWHU�OLQNHG�FRQWHQW�DUHDV��&RPPLVVLH�2QWZLNNHOLQJ�:LVNXQGHRQGHUZLMV����������
��UHNHQHQ��DULWKPHWLF���PHDVXULQJ�DQG�HVWLPDWLQJ��
��DOJHEUD��UHODWLRQV��JUDSKV�DQG�IXQFWLRQV��
��JHRPHWU\��
��VWDWLVWLFV�DQG�SUREDELOLW\��
$IWHU�DQ�HYDOXDWLRQ�� WKH�FRUH�REMHFWLYHV�ZHUH�UHIRUPXODWHG�IRU�D�QHZ�SHULRG�RI�
ILYH�\HDUV� ������������� LQFUHDVLQJ�TXDOLW\�DQG�UHGXFLQJ�TXDQWLW\� �0XOGHU���������
)RU�PDWKHPDWLFV��VXE�WRSLFV�ZHUH�GHOHWHG�IURP�WKH�FXUULFXOXP��VXFK�DV�LQWHU��DQG�
H[WUDSRODWLRQ��VROYLQJ�OLQHDU�HTXDWLRQV�DQG�LQHTXDOLWLHV��3\WKDJRUDV
�WKHRUHP�DQG�
LWV�DSSOLFDWLRQV��WZR�GLPHQVLRQDO�WUDQVIRUPDWLRQV�DQG�WKH�FRQFHSW�RI�SUREDELOLW\�
�0LQLVWHULH�YDQ�2:	&���������7KH�IRXU�FRQWHQW�DUHDV�ZHUH�UHQDPHG��
��UHNHQHQ��DULWKPHWLF���PHDVXULQJ�DQG�HVWLPDWLQJ��
��DOJHEUDLF�UHODWLRQV��
��JHRPHWU\��
��GDWD�SURFHVVLQJ�DQG�VWDWLVWLFV��
�
7KH�FRQWHQW�DUHDV�ZHUH�H[SOLFDWHG�DV�IROORZV��VHH�DOVR�$SSHQGL[�%���
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7KH�ILUVW�DUHD��UHNHQHQ��DULWKPHWLF���PHDVXULQJ�DQG�HVWLPDWLQJ��LV�DQ�H[WHQVLRQ�RI�
SULPDU\�VFKRRO�PDWKHPDWLFV��,W�FRPSULVHV�DSSUR[LPDWLRQ��QHJDWLYH�QXPEHUV��UXOHV�
RI�WKXPE�DQG�FRQYHUVLRQ�RI�IUDFWLRQV��SHUFHQWDJHV��VTXDUH�URRWV�DQG�SRZHUV�LQWR�
GHFLPDO�QXPEHUV��$�VPDUW�XVH�RI�FDOFXODWRUV�LV�H[SOLFLWO\�LQFOXGHG��7KLV�FRQWHQW�
DUHD�DOVR�FRQWDLQV�WKH�DSSOLFDWLRQ�RI�SURSRUWLRQ�DQG�VFDOH��$V�D�VXSSRUWLYH�PRGHO�
IRU� VROYLQJ� SUREOHPV�� WKH� KRUL]RQWDO� SURSRUWLRQ� WDEOH� LV� UHFRPPHQGHG�� 6HH�
$SSHQGL[�$��IRU�DQ�H[DPSOH�RI�D�WHVW�LWHP�RQ�RSHUDWLQJ�ZLWK�QHJDWLYH�QXPEHUV��
7KH� VHFRQG� DUHD�� DOJHEUDLF� UHODWLRQV�� FRPSULVHV� GDWD� KDQGOLQJ� IURP� UHDO�OLIH�
VLWXDWLRQV� WKURXJK� WKH� FRPELQDWLRQ� RI� JUDSKV�� IRUPXOD� DQG� WDEOHV�� 6WXGHQWV�
VKRXOG� EHFRPH� DEOH� WR� VKLIW� IURP� RQH� UHSUHVHQWDWLRQ� WR� DQRWKHU�� $JDLQVW� WKH�
EDFNJURXQG�RI�D�FRQWH[W�� WKH�YDULDEOHV� LQ�WKH�IRUPXOD�DUH�JLYHQ�LQ�ZRUGV��DV�IRU�
H[DPSOH�LQ�WKH�LWHP�RQ�WKH�SUHGLFWLRQ�RI�WKH�IXWXUH�OHQJWK�DV�D�JURZQ�XS��EDVHG�
RQ�WKH�OHQJWK�RI�WKH�SDUHQWV��:KHQ�GUDZLQJ�JUDSKV�WKH�D[HV�FDQ�EH�XQVSHFLILHG��
7UDQVIHUULQJ� WKH� FRQWH[W� LQWR� DQ� DEVWUDFW� UHSUHVHQWDWLRQ� �PRGHOOLQJ�� DQG� YLFH�
YHUVD��LQWHUSUHWDWLRQ�� LV�HYLGHQW��7KH�IROORZLQJ�H[HUFLVH�VKRZV�WKH�JUDSK�RI�WKH�
VSHHG� RI� D� UDFLQJ� FDU� RQ� D� FLUFXLW�� 7KH� VSHHG� GXULQJ� WKH� VHFRQG� ODS� LV� JLYHQ��
UHVXOWLQJ� LQ� WKH� IDFW� WKDW� WKH�FDU�UDFHV�ZLWK�PD[LPXP�VSHHG�DFURVV� WKH�VWDUWLQJ�
OLQH�� 7KH� VSHHG� LV� QRW� VSHFLILHG�� EXW� LV� LW� FOHDU� WKDW� WKH� WRS�VSHHG� KDV� WR� EH�
UHGXFHG�WKUHH�WLPHV�GXULQJ�RQH�ODS��7KLV� LV�FDXVHG�E\�WKH�FXUYHV�RI�WKH�FLUFXLW��
6HH� )LJXUH� ����� 7KHUH� DUH� ILYH� DOWHUQDWLYH� UDFLQJ� FLUFXLWV� JLYHQ�� 7KH� PXOWLSOH�
FKRLFH�TXHVWLRQ�DVNV�VWXGHQWV�WR�DVVRFLDWH�WKH�FRUUHFW�FLUFXLW�WR�WKH�JUDSK�JLYHQ��
WKXV�DVNLQJ�VWXGHQWV�WR�PDNH�WKH�WUDQVIHU�IURP�FRQWH[W��WKH�UDFLQJ�FLUFXLW��WR�WKH�
PRGHO��WKH�JUDSK���DQG�EDFN���

Figure 2.2: Speed of racing car on a circuit, and five possible circuits 



5HIRUPV LQ 'XWFK PDWKHPDWLFV HGXFDWLRQ ��

7KH� WKLUG� DUHD�� JHRPHWU\�� GHSDUWV� IURP� VWXGHQWV
� H[SHULHQFHV�� DV� 7DWLDQD�
(KUHQIHVW� DOUHDG\� UHFRPPHQGHG�� 7KLV� FRQWHQW� DUHD� DLPV� DW� WKH� FUHDWLRQ� RI�
DZDUHQHVV�RI�KRZ�WKH�SHUFHSWLRQ�RI�WKH�HQYLURQPHQW�GHSHQGV�RQ�WKH�SRVLWLRQ�RI�
WKH�REVHUYHU��7KLV�YLVXDO�JHRPHWU\�FHQWUHV�RQ�WKH�WUDQVIHU�IURP�WKH���G�ZRUOG�WR�LWV�
��G�UHSUHVHQWDWLRQ��DQG�YLFH�YHUVD��6WXGHQWV�ZLOO�ZRUN�ZLWK�ORFDWLRQ�RI�SRVLWLRQ��
QHWV�DQG�FURVV�VHFWLRQ�RI�REMHFWV��7KURXJK�PHDVXUHPHQW�RI�DUHD�DQG�YROXPH��WKLV�
DUHD�RYHUODSV�ZLWK� WKH� ILUVW�FRQWHQW�DUHD�RI�PHDVXULQJ��6HH�$SSHQGL[�$�IRU�DQ�
H[DPSOH� RI� D� WHVW� LWHP� RQ� WKH� GLIIHUHQW� YLHZV� RI� DQ� REMHFW�� GHSHQGLQJ� RQ� WKH�
SRVLWLRQ�RI�WKH�REVHUYHU��
7KH� IRXUWK� DUHD� LV� QDPHG� GDWD� SURFHVVLQJ� DQG� VWDWLVWLFV�� ,W� RYHUODSV� ZLWK� WKH�
VHFRQG�DUHD��DV�JUDSKV�DQG�GLDJUDPV�FDQ�DOVR�EH�KDQGOHG�ZLWK�DQ�DOJHEUDLF�IRFXV��
,W�RYHUODSV�ZLWK�WKH�ILUVW�DUHD��DV�WKH�XVH�RI�FDOFXODWRUV�FDQ�DOVR�EH�H[WHQGHG�WR�
WKH�XVH�RI�FRPSXWHUV��7KLV�DUHD�LQFOXGHV�VWUDWHJLHV�RI�FDOFXODWLQJ�FRPELQDWLRQV��
IRU�H[DPSOH�WKURXJK�WKH�PRGHO�RI�D�WUHH�GLDJUDP��
%HVLGHV�WKH�JHQHUDO�FRUH�REMHFWLYHV�DQG�WKH�VSHFLDOLVHG�FRUH�REMHFWLYHV�LQ�WKH�IRXU�
FRQWHQW�DUHDV��LQ�WKH�QHZ�PDWKHPDWLFV�FXUULFXOXP�����RI�FODVV�WLPH�ZDV�UHVHUYHG�
IRU� LQWHJUDWHG� PDWKHPDWLFDO� DFWLYLWLHV� �LQ� 'XWFK�� *:$� ²� JHwQWHJUHHUGH� ZLVNXQGLJH�
DFWLYLWHLWHQ���$FFRUGLQJ�WR�WKH�QHZ��LQWHQGHG�FXUULFXOXP��WKHVH�DFWLYLWLHV�FRQVLVW�
RI�LQYHVWLJDWLYH�SURMHFWV��ZKLFK�VKRXOG�LQWHJUDWH�PDWKHPDWLFV�ZLWK�VWXGHQWV
�GDLO\�
OLYHV��&RPPLVVLH�2QWZLNNHOLQJ�:LVNXQGHRQGHUZLMV���������
�
7KH�50(�EDVHG�FXUULFXOXP�IRU�MXQLRU�VHFRQGDU\�VFKRROV�EURNH�DZD\�IURP�ZHOO�
HVWDEOLVKHG�WUDGLWLRQV��VXFK�DV�WKH�SDUDEROLFD��.LQGW���������D�GHURJDWRU\�ZRUG�IRU�
WKH�DOJHEUDLF�ULWXDOV�WKDW�GULOOHG�VWXGHQWV�LQ�PHDQLQJOHVV�H[HUFLVHV��VXFK�DV���
��PDQLSXODWLRQV�ZLWK�V\PEROV���S��T� ���S�T��
��GULOO�RI�DOJHEUDLF�LGHQWLWLHV��D���DE�E� ��D�E���
��FRPSOHWLQJ�WKH�VTXDUHV��[���[�� ��[������������
7KH� DOJHEUDLF� VHTXHQFH� ZDV� VSUHDG� RYHU� D� IHZ� \HDUV�� ILQDOO\� OHDGLQJ� WR� D�
SURFHGXUH�IRU�VROYLQJ�TXDGUDWLF�HTXDWLRQV�QHHGHG�WR�GUDZ�JUDSKV�RI�SDUDEROD��
,Q� WKH� 50(�EDVHG� FXUULFXOXP�� WKH� VHTXHQFLQJ� RI� FRQWHQW� ZDV� QRW� RUGHUHG�
DFFRUGLQJ� WR� PDWKHPDWLFDO� GLIILFXOW\� �VHH� )LJXUH� ����� GLDJUDP� OHIW��� ,QVWHDG��
WKURXJK� WKH� XVH� RI� WDEOHV� DQG� JUDSKLFDO� UHSUHVHQWDWLRQV�� PDQ\� YDULDWLRQV� RI�
DOJHEUDLF�UHODWLRQV��LQYHUVH��H[SRQHQWLDO��KDUPRQLF��HWF��FRXOG�EH� LQFOXGHG�IURP�
WKH�VWDUW��*UDGXDOO\�DOO�FRQWHQW� LQFUHDVHG�LQ�GLIILFXOW\��DV�D�VSLUDOOLQJ�FXUULFXOXP�
�VHH� )LJXUH� ����� GLDJUDP� ULJKW�� �$OJHEUDJURHS� :������� ������� ,QVWHDG� RI� WKH�
SDUDEROLFD� GULOO�� VROXWLRQV� WR� TXDGUDWLF� HTXDWLRQV� FRXOG� DOWHUQDWLYHO\� EH� IRXQG�
JUDSKLFDOO\�RU�WKURXJK�QXPHULFDO�DSSUR[LPDWLRQ��
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7UDGLWLRQDO� � 50(�EDVHG�

����� � �����

4XDGUDWLF�IXQFWLRQV� � 4XDGUDWLF�IXQFWLRQV�

6TXDUH�URRWV� � 6TXDUH�URRWV�

(TXDWLRQV� � (TXDWLRQV�

/LQHDU�IXQFWLRQV� � /LQHDU�IXQFWLRQV�

:KROH�QXPEHUV� � :KROH�QXPEHUV�

WLPH�
� WLPH�
)LJXUH������ 6HTXHQFLQJ�RI�FRQWHQW�LQ�PDWKHPDWLFV�FXUULFXOD�

6RXUFH� $OJHEUDJURHS :����� �������

������ $VVHVVPHQW�LQ�WKH�QHZ�FXUULFXOXP�IRU�MXQLRU�VHFRQGDU\�VFKRROV�

$W�LWV�LQWURGXFWLRQ�LQ�������WKH�QHZ�50(�EDVHG�FXUULFXOXP�ZDV�WR�EH�FRQFOXGHG�
E\� D� FRPSXOVRU\� WHVW�� 7KLV� WHVW� ZDV� LVVXHG� E\� WKH� 1DWLRQDO� ,QVWLWXWH� IRU�
(GXFDWLRQDO� 0HDVXUHPHQW� �&LWR��� 7HDFKHUV� ZHUH� DVNHG� WR� DGPLQLVWHU� WKH� WHVW�
ZKHQ�WKH\�FRQVLGHUHG�WKHLU�VWXGHQWV�UHDG\�IRU�LW��
7KURXJK� WKLV� FRPSXOVRU\� DVVHVVPHQW�� WKH� QHZ� FXUULFXOXP� ZDV� HQIRUFHG�� 7KH�
QDWLRQDO� WHVWV�� WRJHWKHU� ZLWK� WKH� SXEOLFDWLRQV� RI� FROOHFWLRQV� RI� H[HPSODU\� WHVW�
LWHPV�� VHQW� D� VWURQJ� PHVVDJH� WRZDUGV� WHDFKHUV�� 7KH� WHVWV� DVVLVWHG� WHDFKHUV� LQ�
LQWHUSUHWLQJ�WKH�SURJUDP��+DZNHU�	�2OOHUWRQ���������,Q�SUDFWLFH��WKH�FRPSXOVRU\�
WHVWV�ZHUH�IHOW�DV�D�VWUDLJKWMDFNHW��EHLQJ�WRR�H[WHQVLYH��WRR�GLIILFXOW�DQG�WRR�WLPH�
FRQVXPLQJ�� $V� D� UHVXOW�� DIWHU� ������ WKH� UHJXODWLRQV� ZHUH� UHOD[HG�� +HUHDIWHU��
WHDFKHUV�ZHUH�IUHH�LQ�WKHLU�PHWKRG�WR�DVVHVV�ZKHWKHU�WKH�PLQLPXP�UHTXLUHPHQWV�
KDG�EHHQ�PHW��0LQLVWHULH�YDQ�2:	&����������
�
7HVWV� LQ� WKH� 50(�EDVHG� FXUULFXOXP� KDYH� GLVWLQJXLVKLQJ� IHDWXUHV�� :KHQ�
FRPSDULQJ�LQWHUQDWLRQDOO\��WKH\�GLIIHU�ODUJHO\�IURP�WKRVH�LQ�RWKHU�FRXQWULHV���EXW�
,Q�$SSHQGL[�$�� WKUHH�H[DPSOHV�KDYH�EHHQ� LQFOXGHG��3XUHO\�E\�SODLQ� ORRNLQJ�DW�
WKH�DSSHDUDQFH��ZLWKRXW�NQRZOHGJH�RI� WKH�'XWFK� ODQJXDJH��RU�RI�PDWKHPDWLFV��
RQH� ZLOO� QRWLFH� WKH� DEVHQFH� RI� PXOWLSOH� FKRLFH� TXHVWLRQV�� 7KHUH� DUH� QDUUDWLYH�
WH[WV��H[SODLQLQJ�D�FRQWH[W�DQG�WKHUH�DUH�PDQ\�LOOXVWUDWLRQV��(DFK�WHVW�LWHP�KDV�D�
WLWOH��2I� WKH� H[DPSOHV� LQ� $SSHQGL[� $�� RQH� LWHP� GHDOV� ZLWK� WKH� DSSOLFDWLRQ� RI�
QHJDWLYH� QXPEHUV� XVLQJ� WKH� FRQWH[W� RI� WLPH� GLIIHUHQFHV� EHWZHHQ� FRXQWULHV��
$QRWKHU� LWHP�GHDOV�ZLWK� WKH�YLHZ�RI�D�FDQGOHKROGHU�IURP�VHYHUDO�DQJOHV��+HUH��
VWXGHQWV� KDYH� WR�PDNH� D� WUDQVIHU� IURP� WKH� WKUHH�GLPHQVLRQDO� VKDSH� WR� D� WZR�
GLPHQVLRQDO�UHSUHVHQWDWLRQ��DQG�YLFH�YHUVD��
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,Q�50(�EDVHG� LWHPV�� VHYHUDO�PDWKHPDWLFV�FRQWHQW�DUHDV�FDQ�EH�FRYHUHG� LQ� WKH�
TXHVWLRQV��H�J��JHRPHWU\��VWDWLVWLFV���EHLQJ�LQWHJUDWHG�E\�WKH�WKHPH�RI�WKH�FRQWH[W��
$Q\� LQWHJUDO� WHVW� LWHP� LV� H[SHFWHG� WR� NHHS� VWXGHQWV
� FRQFHQWUDWLRQ� DOLYH� IRU�
DSSUR[LPDWHO\����PLQXWHV��ZKLFK� LV�FRQVLGHUHG�VKRUW�HQRXJK�IRU�VWXGHQWV�ZKR�
DUH�QRW�DWWUDFWHG�E\�WKH�FRQWH[W��'HNNHU���������
�
2EMHFWLRQV� DJDLQVW� WKH�50(�EDVHG� WHVWLQJ� ILUVWO\� IRFXV� RQ� WKH� XVH� RI� FRQWH[W��
7KH� FRQWH[W� FDQ�EH�XQHTXDOO\� FRPSUHKHQVLEOH� WR� VWXGHQWV�� GHSHQGLQJ�RQ� WKHLU�
JHQGHU�� FXOWXUDO� EDFNJURXQG�� DQG� VR� IRUWK�� 7KH� QDUUDWLYH� GHVFULSWLRQ� RI� WKH�
FRQWH[W� FDQ� VRPHWLPHV� EH� SUREOHPDWLF� IRU� VWXGHQWV� ZKR� OHDUQ� LQ� D� VHFRQG�
ODQJXDJH��RU�IRU�VWXGHQWV�ZLWK�ORZHU�UHDGLQJ�DELOLWLHV��7KH�RSHQ�FKDUDFWHU�RI�WKH�
TXHVWLRQV�FDQ�EH�D�GLVDGYDQWDJH�WR�OHVV�SURILFLHQW�ZULWHUV��EXW�'H�/DQJH��������
IRXQG�HYLGHQFH� WKDW�RSHQ�TXHVWLRQV�EHQHILWHG�JLUOV��2WKHU�REMHFWLRQV� IRFXV�RQ�
WKH�ZULWWHQ��WLPH�UHVWULFWHG�IRUPDW��,W�LV�DOOHJHG�WKDW�VXFK�WHVWV�FDQQRW�WHVW�IRU�DOO�
FXUULFXODU�JRDOV��7KLV�LV�D�JHQHUDO�SUREOHP�RI�PDWKHPDWLFV�FXUULFXOD�ZLWK�D�IRFXV�
RQ� DXWKHQWLF� OHDUQLQJ�� DQG� QRW� RQO\� LQ�50(��$V�+DZNHU� DQG�2OOHUWRQ� �������
VWDWH��SUREOHPDWLF�DUHDV�IRU�DVVHVVPHQW�DUH�WKRVH�DLPV��ZKLFK�UHTXLUH�VWXGHQWV�WR�
V\VWHPDWLFDOO\�XVH�PDWKHPDWLFV�DV�D�WRRO��DLPV�RQ�DZDUHQHVV��DLPV�RQ�IDVFLQDWLRQ�
RI�PDWKHPDWLFV��DQG�DLPV�RQ�ZRUNLQJ�FR�RSHUDWLYHO\��7KLV�YLHZ� LV�H[WHQGHG�E\�
1LVV� �������� ZKR� VWDWHV� WKDW� DVVHVVPHQW� LQ� PDWKHPDWLFV� HGXFDWLRQ� LQ� PDQ\�
FRXQWULHV� VWD\HG� EHKLQG� LQVWUXFWLRQDO� DQG� RWKHU� UHIRUPV�� 7KLV� DSSOLHV� WR� WKH�
50(�EDVHG�WHVWV�MXVW�DV�ZHOO��
$OWKRXJK�DOWHUQDWLYH� WHVWLQJ�PHWKRGV�WKURXJK�LQWHUYLHZ��SRUWIROLR��REVHUYDWLRQ��
HVVD\�� RU� WDNH�KRPH� WDVNV�ZHUH�RSWLRQV�� DVVHVVPHQW�EDVHG�RQ�50(�VWXFN�ZLWK�
WLPH�UHVWULFWHG��ZULWWHQ� WHVWV�ZLWK� VKRUW� RU�PRUH� H[WHQGHG� DQVZHUV� �'H�/DQJH��
�������2QO\�WKH�FRQWHQW�RI�WKH�WHVWV�KDV�EHHQ�DGMXVWHG�WR�WKH�QHZ�FRQWHQW��ZLWK�
HDFK�WHVW�LWHP�EHLQJ�OLQNHG�WR�FRQWH[W��'H�/DQJH��������H[SODLQHG�WKDW��LQ�50(��
WHVWV�ZHUH�SUHIHUUHG�WKDW�FDQ�UHDGLO\�EH�FDUULHG�RXW�LQ�FODVV��7KLV�SULQFLSOH�PHDQW�
WKDW� DOWHUQDWLYH� DVVHVVPHQW�� VXFK� DV� IRU� H[DPSOH� SRUWIROLR� RU� SURMHFWV�� ZHUH�
UHMHFWHG�DV�EHLQJ�WRR�WLPH�FRQVXPLQJ���
$V� D� UHVXOW�� WKH� WZR� 7,066� WHVWV� XVHG� LQ� WKH� 0(75,&� VWXG\� GLIIHUHG� IURP�
FXUUHQW� DVVHVVPHQW� SUDFWLFH�� 7KH� :ULWWHQ� 7HVW� GLIIHUHG� EHFDXVH� RI� WKH� ODUJH�
QXPEHU� RI� PXOWLSOH� FKRLFH� LWHPV�� DQG� WKH� DEVHQFH� RI� FRQWH[W� LQ� ZKLFK�
PDWKHPDWLFDO� DFWLYLWLHV� ZHUH� LQWHJUDWHG�� 7KH� 3HUIRUPDQFH�$VVHVVPHQW� GLIIHUHG�
EHFDXVH�LW�SURYLGHG�VWXGHQWV�ZLWK�PDQLSXODWLYHV�DQG�DVNHG�VWXGHQWV�WR�FDUU\�RXW�
DQ�LQYHVWLJDWLRQ��
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������ (YDOXDWLRQ� VWXGLHV� RI� WKH� QHZ� FXUULFXOXP� IRU� MXQLRU� VHFRQGDU\�

VFKRROV�

%HWZHHQ������DQG������� WKH�QHZ�PDWKHPDWLFV�FXUULFXOXP�IRU� MXQLRU�VHFRQGDU\�
VFKRROV�ZDV�GHYHORSHG��,Q�WKH�GHYHORSPHQWDO�SURFHVV��WKHUH�ZDV�OLWWOH�URRP�IRU�
HYDOXDWLRQ�� 'XULQJ� WKH� H[SHULPHQWDO� SKDVH�� IRUPDWLYH� HYDOXDWLRQ� VWXGLHV� ZHUH�
FDUULHG�RXW�E\�WKH�GHYHORSHUV�WKHPVHOYHV��REVHUYLQJ�WKH�UHDFWLRQV�RI�VWXGHQWV�LQ�
WKH� VKLHOGHG� HQYLURQPHQW� RI� WKH� H[SHULPHQWDO� FODVVURRPV�� +RZHYHU�� DV� 9DQ�
6WUHXQ��������������UHSHDWHGO\�SRLQWHG�RXW��VXPPDWLYH�HYDOXDWLRQ�VWXGLHV�RI�QHZ�
PDWKHPDWLFV�FXUULFXOD�KDYH�EHHQ�VKXQ��ZKLOH�WKHVH�FRXOG�VXVWDLQ�DQG�VWUHQJWKHQ�
WKH�UHIRUP�SURFHVV��
)RUWXQDWHO\�� WKH� 50(�EDVHG� PDWKHPDWLFV� FXUULFXOXP� IRU� MXQLRU� VHFRQGDU\�
VFKRROV�ZDV� LQWURGXFHG�LQ�������DV�SDUW�RI�D� ODUJHU�UHIRUP��ZKLFK�LQWURGXFHG�D�
FRPPRQ�FRUH� FXUULFXOXP� LQ� DOO� VXEMHFWV��$QWLFLSDWLQJ�RQ� LWV� OHJLVODWLRQ�� VHYHUDO�
HYDOXDWLRQ�VWXGLHV�ZHUH�SODQQHG�WR�PRQLWRU�WKH�FKDQJHV��3HVFKDU���������0RVW�RI�
WKH� VWXGLHV� KDG� D� VFKRRO�ZLGH� VSHFWUXP�� 7KH\� FRYHUHG� DGPLQLVWUDWLYH� DQG�
OHDGHUVKLS� DVSHFWV� RI� VFKRROV�� LQVWUXFWLRQDO� SUDFWLFHV�� WKH� LQWURGXFWLRQ� RI� QHZ�
VXEMHFWV��WHFKQRORJ\��VFLHQFH�RI�FDUH��DQG�WKH�PHUJHU�RI�SK\VLFV�ZLWK�FKHPLVWU\��
2QO\�VRPH�RI�WKH�HYDOXDWLYH�VWXGLHV�LQFOXGHG�LVVXHV�DERXW�WKH�QHZ�PDWKHPDWLFV�
FXUULFXOXP��7KHVH�ZLOO�EH�UHYLHZHG�LQ�WKLV�VHFWLRQ��
�
7KH� ODUJHVW�RI�DOO� HYDOXDWLRQ�VWXGLHV�ZDV�FDUULHG�RXW�E\� WKH�'XWFK�,QVSHFWRUDWH�
IRU� (GXFDWLRQ� �,QVSHFWLH� YDQ� KHW� 2QGHUZLMV�� ����D��� 'XULQJ� WKH� VFKRRO� \HDU�
��������� WHDPV�RI� LQVSHFWRUV� DWWHQGHG�PRUH� WKDQ������ OHVVRQV� DW� D� VDPSOH�RI�
���� VFKRROV�� 7KH� OHVVRQV� LQFOXGHG� ���� PDWKHPDWLFV� OHVVRQV� LQ� ���� FODVVHV�
�,QVSHFWLH� YDQ� KHW� 2QGHUZLMV�� ����E��� $IWHU� LWV� SXEOLFDWLRQ�� WKH� ,QVSHFWRUDWH
V�
UHSRUW� JDYH� ULVH� WR� PDQ\� GLVFXVVLRQV� RQ� WKH� LQWHQWLRQV� RI� WKH� UHIRUP�� )RU�
H[DPSOH��9DQ�'RUPROHQ� ��������.XLSHUV� ��������:LMHUV� �������DQG�:LMHUV�DQG�
.HPPH� ������� H[SODLQHG�KRZ� WKH� LQLWLDO� LGHDOV� RI�:������ZHUH� GLOXWHG��ZKHQ�
WKHVH�ZHUH�IRUJHG�LQWR�WKH�GU\�IRUPXODWLRQ�RI�FRUH�REMHFWLYHV���
$QRWKHU�ODUJH�VFDOH�SURMHFW�IRU�WKH�HYDOXDWLRQ�RI�WKH�QHZ�FRUH�FXUULFXOXP�ZDV�WKH�
92&/�SURMHFW� �9RRUWJH]HW�2QGHUZLMV�&RKRUWHQ�/HHUOLQJHQ� �� VHFRQGDU\� HGXFDWLRQ�
FRKRUWV� VWXGHQWV��� ,Q� WKLV�SURMHFW��FRKRUWV�RI�VWXGHQWV�ZHUH�PRQLWRUHG�WKURXJKRXW�
WKHLU� FRPSOHWH� VHFRQGDU\� VFKRRO� FDUHHU��7KH� ILUVW� FRKRUW� FRQVLVWHG�RI� VWXGHQWV�
ZKR�VWDUWHG�WKHLU�VHFRQGDU\�HGXFDWLRQ�LQ�������VWLOO�EHIRUH�WKH�UHIRUP��92&/�
�����7KLV�FRKRUW�ZDV�FRPSDUHG�ZLWK�D�VHFRQG�FRKRUW�RI�VWXGHQWV��ZKLFK�VWDUWHG�
WKHLU� VHFRQGDU\� HGXFDWLRQ� LQ� ������ LPPHGLDWHO\� DIWHU� WKH� UHIRUP� �92&/������
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6HYHUDO� VWXGLHV� GUDZ� WKHLU� GDWD� IURP� WKLV� ORQJLWXGLQDO� UHVHDUFK� �&UHPHUV�YDQ�
:HHV��$NNHUPDQV�	�%UDQGVPD��������'RRODDUG��&UHPHUV�YDQ�:HHV�	�%RVNHU��
������.X\SHU��������9DQ�GHU�:HUI��/XEEHUV�	�.X\SHU���������
%HVLGHV� WKH� WZR� ODUJH�VFDOH� VWXGLHV�� WKHUH� ZHUH� VPDOOHU� VWXGLHV�� )RU� H[DPSOH��
5RHORIV��������FRQGXFWHG�D�FDVH�VWXG\�RI�WKUHH�VFKRROV�LQ�WKHLU�ILUVW�\HDU�DIWHU�WKH�
LQWURGXFWLRQ�RI� WKH�FRUH�FXUULFXOXP��5RHORIV��9HUPHXOHQ�DQG�+RXWYHHQ��������
DQG�:LMHUV��������XVHG�LQWHUYLHZV�ZLWK�WHDFKHUV�DQG�FXUULFXOXP�H[SHUWV��5RHORIV��
)UDQVVHQ��+RXWYHHQ�DQG�/DJHUZHLM� ������� DQG�/X\WHQ� �������FDUULHG�RXW�RWKHU�
VWXGLHV�RQ�WKH�QHZ�PDWKHPDWLFV�FXUULFXOXP��'DWD�IURP�7,066����DQG�7,066�
��� VXSSOHPHQWHG� DGGLWLRQDO� LQIRUPDWLRQ� RQ� WKH� LQWURGXFWLRQ� RI� WKH� QHZ� FRUH�
FXUULFXOXP��%RV�HW�DO���������������%RV�	�9RV�������.XLSHU�HW�DO���������������
�������)LQDOO\��.XLSHU��%URHUVPD�DQG�9DQ�GHQ�$NNHU��������WULHG�WR�V\QWKHVLVH�
WKH� UHVXOWV� RI� 7,066� DQG� WKH� ,QVSHFWRUDWH
V� UHSRUW�� )URP� WKHVH� VWXGLHV�� WKH�
IROORZLQJ� SLFWXUH� RQ� WKH� QHZ� FRUH� PDWKHPDWLFV� FXUULFXOXP� IRU� 'XWFK� MXQLRU�
VHFRQGDU\�VFKRROV�HPHUJHG��
�
7KH�GLVVHPLQDWLRQ�DQG�WKH�LQVWLWXWLRQDOLVDWLRQ�RI�D�QHZ�QDWLRQDO�FXUULFXOXP�FDQ�
EH�PHDVXUHG� E\� DVNLQJ� WHDFKHUV� DERXW� WKH� TXDQWLW\� DQG� TXDOLW\� RI� LQIRUPDWLRQ�
WKH\�UHFHLYHG��DQG�E\�DVNLQJ�WHDFKHUV�ZKHWKHU�WKH\�KDYH�FKDQJHG�WKHLU�WH[WERRNV�
�)XOODQ�� ������� &UHPHUV�YDQ�:HHV� HW� DO�� ������� VKRZHG� WKDW� ERWK� LQ� ����� DQG�
������PDWKHPDWLFV� WHDFKHUV� VSHQW�PRUH� WLPH�RQ� ILQGLQJ� LQIRUPLQJ�RQ� WKH�QHZ�
GHYHORSPHQWV�WKDQ�WKHLU�FROOHDJXHV�ZKR�WHDFK�'XWFK��7KLV�LV�SUREDEO\�GXH�WR�WKH�
PDQ\�SXEOLFDWLRQV� LQ� WKH� ILHOG�RI�PDWKHPDWLFV� HGXFDWLRQ��ZKLFK� IRUHFDVWHG� WKH�
UDGLFDO� FXUULFXOXP�FKDQJHV� LQ� WKLV�SDUWLFXODU� VXEMHFW� �H�J��$FKWHUJURQGHQ��������
9DQ� GHU� %OLM� 	� 7UHIIHUV�� ������ %URHNPDQ�� 6SLMNHUERHU� 	� 7HUOLQJHQ�� ������
&RPPLVVLH�2QWZLNNHOLQJ�:LVNXQGHRQGHUZLMV�� ������'HNNHU�� ������.RN� HW� DO���
������/DJHUZHUI��������9DQ�6WUHXQ���������
,PPHGLDWHO\� DIWHU� LWV� OHJLVODWLRQ� LQ� ������ PDQ\� PDWKHPDWLFV� WHDFKHUV� VKRZHG�
HQWKXVLDVP� DERXW� WKH� QHZ� FXUULFXOXP� �&UHPHUV�YDQ� :HHV� HW� DO��� ������� ,Q�
SDUWLFXODU�� WHDFKHUV� RI� WKH� ORZHU� WUDFNV� �YER�PDYR�� ZHUH� UHOLHYHG� ZLWK� WKH�
DEDQGRQPHQW�RI�DEVWUDFW�FRQFHSWV��:LMHUV���������+RZHYHU��&UHPHUV�YDQ�:HHV�
HW�DO���������VKRZ�WKDW�WKH�LQLWLDO�GHOLJKW�IDGHG�DIWHU�������7KLV�LV�FRQILUPHG�E\�
.XLSHUV� �������� RQH� RI� WKH� WHDFKHUV� HQJDJHG� LQ� WKH� WHVWLQJ� SKDVH� RI� WKH� QHZ�
PDWKHPDWLFV�FXUULFXOXP��+H�GHVFULEHV�KRZ�KLV�HQWKXVLDVP�GURSSHG��D�IHZ�\HDUV�
DIWHU�WKH�LQWURGXFWLRQ�RI�WKH�QHZ�FXUULFXOXP��+H�DVVHUWV�WKDW�WHDFKHUV
�LQQRYDWLYH�
DSSURDFKHV� QHHG� FRQWLQXRXV� PDLQWHQDQFH�� $IWHU� D� ILUVW� SHULRG� RI� HQWKXVLDVP��
ZLWKRXW�VWLPXOXV��WHDFKHUV�IDOO�EDFN�LQWR�WKHLU�RULJLQDO�URXWLQH��
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'HVSLWH�WKH�ILUVW�JHQHUDO�SRVLWLYH�UHFHSWLRQ��WKH�UHIRUP�GLG�QRW�LPPHGLDWHO\�WDNH�
SODFH�DW�DOO� VFKRROV��.XLSHU�HW�DO�� �������IRXQG�WKDW�����RI�WKH�VWXGHQWV� LQ�WKH�
ILUVW� FRKRUW� ZDV� WDXJKW� XVLQJ� WH[WERRNV� EDVHG� RQ� WKH� IRUPHU� DEDQGRQHG�
FXUULFXOXP�� ,Q������� VWLOO�����RI� WKH�PDWKHPDWLFV�VFKRRO�GHSDUWPHQWV�KDG�QRW�
UHSODFHG� WKHLU� WH[WERRNV� �&UHPHUV�YDQ�:HHV� HW� DO��� �������7KHUHIRUH�� LW� FDQ�EH�
FRQFOXGHG�WKDW�WKH�UHIRUP�WRRN�VHYHUDO�\HDUV��7KLV�VORZ�JHQHUDO�DGDSWDWLRQ�WR�WKH�
QHZ�FXUULFXOXP�LV�DOVR�UHIOHFWHG�LQ�WHDFKHUV
�DWWLWXGH�WRZDUGV�WKH�WHVW�LWHPV�WKDW�
ZHUH� EDVHG� RQ� WKH� QHZ� FXUULFXOXP�� 7KH� 'XWFK� ,QVSHFWRUDWH� VXEPLWWHG� LWHPV�
IURP�WKH�QHZO\�GHYHORSHG�DFKLHYHPHQW�WHVWV�WR�WHDFKHUV��7KH\�DVVHVVHG�ZKHWKHU�
WHDFKHUV�UHFRJQLVHG�WKH�FRQWHQW�RI�WKH�LWHPV�DV�PDWFKLQJ�ZLWK�WKHLU�OHVVRQV��2QO\�
����RI� WKH� WHDFKHUV� LQGLFDWHG�WKDW� WKH� WHVWV� ILWWHG�WKHLU� WHDFKLQJ��,QVSHFWLH�YDQ�
KHW�2QGHUZLMV������E����
�
7KH� QHZ� 50(�EDVHG� FXUULFXOXP� GLVWLQJXLVKHG� LWVHOI� IURP� WKH� SUHYLRXV�
FXUULFXOXP�LQ�PDQ\�ZD\V��7KHUHIRUH��UHVHDUFKHUV�LQYHVWLJDWHG�WKH�W\SLFDO�IHDWXUHV��
VXFK� DV� WKH� FRYHUDJH� RI� JHQHUDO� FRUH� REMHFWLYHV� LQ� WKH�PDWKHPDWLFV� FODVVURRP�
�H�J��FRQGXFWLQJ�D�VPDOO� LQYHVWLJDWLRQ��WDNLQJ�D�VWDQG�LQ�D�GLVSXWH��FR�RSHUDWLQJ��
FRQQHFWLQJ� WKH� VXEMHFW� WR� SURIHVVLRQDO� DQG� IXWXUH� OLIH��� 7KH� ,QVSHFWRUDWH�
FRQVLGHUHG�WKLV�FRYHUDJH�DV�WRR�PLQLPDO��7KH\�DOVR�ORRNHG�DW�ZKLFK�VSHFLDOLVHG�
PDWKHPDWLFDO�WRSLFV�ZHUH�LQVXIILFLHQWO\�FRYHUHG��7KHVH�ZHUH�W\SLFDOO\�WKH�QHZHU�
WRSLFV��VXFK�DV�GDWD�SURFHVVLQJ�DQG�FRPSXWHU�XVDJH��7KH�FRPSOHWHO\�QHZ�WRSLF�LQ�
PDWKHPDWLFV�HGXFDWLRQ��*:$��,QWHJUDWHG�0DWKHPDWLFDO�$FWLYLWLHV���ZKLFK�FRXOG�
JLYH�URRP�IRU�FRQGXFWLQJ�VPDOO�VFDOH�LQYHVWLJDWLRQV��DSSHDUHG�VSRUDGLFDOO\�LQ�WKH�
SURJUDPPH��,QVSHFWLH�YDQ�KHW�2QGHUZLMV������E���.OHLMQH���������EHLQJ�KLPVHOI�D�
PDWKHPDWLFV�HGXFDWRU�DQG�RQH�RI�WKH�LQVSHFWRUV��DGGLWLRQDOO\�QRWHG�WKDW�WHDFKHUV�
PDGH� VHYHUDO� REMHFWLRQV� DJDLQVW� RUJDQLVLQJ� LQYHVWLJDWLYH� WDVNV�� 7KH\� SHUFHLYHG�
WKHVH� DV� WRR� WLPH� FRQVXPLQJ��0RUHRYHU�� WKH\� GLG� QRW� VHH� D� SRLQW� LQ� VSHQGLQJ�
WHDFKLQJ�WLPH�RQ�WKH�DFWLYLWLHV��DV�*:$�ZDV�QRW�DVVHVVHG�LQ�WKH�QDWLRQDO�H[DPV��
�
6RPH�UHVHDUFKHUV� ORRNHG�DW�KRZ�DQ�DYHUDJH�PDWKHPDWLFV� OHVVRQ�HYROYHG�XQGHU�
WKH�QHZ�FXUULFXOXP�DQG�ZKHWKHU�FKDQJHV�GLG�RFFXU��7KH\�FDOFXODWHG�WKH�DYHUDJH�
SHUFHQWDJH� RI� FODVV� WLPH� EHLQJ� VSHQW� LQ� GLIIHUHQW� LQVWUXFWLRQDO� ZD\V��
8QIRUWXQDWHO\�� WKH� GHILQLWLRQV� RI� W\SHV� RI� LQVWUXFWLRQ� EHWZHHQ� UHSRUWV� DUH� QRW�
IXOO\� FRPSDUDEOH��'RRODDUG� HW� DO�� ������� GLIIHUHQWLDWHG� EHWZHHQ� �D�� KRPHZRUN�
UHYLHZ�� �E�� GHPRQVWUDWLRQ�� �F�� VHDWZRUN�� DQG� �G�� RUJDQLVDWLRQDO� PDWWHUV�� 7KH�
,QVSHFWRUDWH
V� UHSRUW� FRPSULVHG� WKUHH� FDWHJRULHV�� ���� ZKROH�FODVV� WHDFKLQJ�� ����
VHDWZRUN�DQG�����RUJDQLVDWLRQDO�PDWWHUV��7KLV�PHDQV�WKDW�ERWK�VWXGLHV�XVHG�WKH�
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FDWHJRULHV�
VHDW�ZRUN
�DQG�
RUJDQLVDWLRQDO�PDWWHUV
��EXW�LW�LV�GLIILFXOW�WR�WHOO�ZKHWKHU�
'RRODDUGV
� 
KRPHZRUN� UHYLHZ
� LV� LQFOXGHG� LQ� WKH� ,QVSHFWRUDWH
V� WHUP�RI� 
ZKROH�
FODVV�WHDFKLQJ
�RU�LQ�
VHDWZRUN
��,Q�DGGLWLRQ��WKH�PHWKRGV�RI�UHVHDUFK�GLIIHUHG��7KH�
,QVSHFWRUDWH�FDOFXODWHG�WKHLU�DYHUDJHV�IURP�FODVVURRP�LQVSHFWLRQ��ZKLOH�'RRODDUG�
HW�DO��FRPSLOHG�WKHLU�GDWD�IURP�WHDFKHU�TXHVWLRQQDLUHV��7KH�GLVWULEXWLRQ�RI�FODVV�
WLPH�DV�JLYHQ�LQ�WKH�WZR�VWXGLHV�LV�FRPSLOHG�LQ�7DEOH������
$V�FDQ�EH�VHHQ�IURP�WKH�WDEOH��WKHUH�LV�SRVVLEO\�D�WUHQG�WRZDUGV�OHVV�ZKROH�FODVV�
LQVWUXFWLRQ�� DQG� WRZDUGV� PRUH� WLPH� VSHQW� RQ� VWXGHQWV
� LQGLYLGXDO� VHDWZRUN��
+RZHYHU�� DV� WKH� ,QVSHFWRUDWH� QRWHG�� PDQ\� PDWKHPDWLFV� WHDFKHUV� VWLOO� XVH� D�
WHDFKHU�FHQWUHG�DSSURDFK��,QVSHFWLH�YDQ�KHW�2QGHUZLMV������E���
�
7DEOH������ $FWLYLWLHV�LQ�PDWKHPDWLFV�FODVV��JUDGH����DQG�WUHQGV�LQ�WLPH�VSHQW�RQ�WKHVH�

DFWLYLWLHV��LQ�SHUFHQWDJH�RI�D�SHULRG��

$FWLYLW\� ����� ����� $FWLYLW\� �������

GHPRQVWUDWLRQ� ��� ���
KRPHZRUN�UHYLHZ� ��� ���

ZKROH�FODVV�WHDFKLQJ� ���

VHDW�ZRUN� ��� ��� VHDW�ZRUN� ���
RUJDQLVDWLRQDO�PDWWHUV� �� ��� RUJDQLVDWLRQDO�PDWWHUV� ��

6RXUFH� 'RRODDUG HW DO� ������� ,QVSHFWLH YDQ KHW 2QGHUZLMV �����E��

�
/RRNLQJ� DW� FODVVURRP� SURFHVVHV� LQ� JHQHUDO�� PDWKHPDWLFV� OHVVRQV� ZHUH� ZHOO�
SUHSDUHG� E\� WKH� WHDFKHUV� DQG� WKH� PRPHQWXP� ZDV� JRRG� �,QVSHFWLH� YDQ� KHW�
2QGHUZLMV�� ����E��� 0DWKHPDWLFV� WHDFKHUV� VFRUHG� KLJK� RQ� WKH� LWHP� RI� 
FOHDU�
H[SODQDWLRQV
�� ZKHQ� FRPSDUHG� WR� WHDFKHUV� RI� RWKHU� VXEMHFWV�� ,Q� ���� RI� WKH�
PDWKHPDWLFV�FODVVHV��VWXGHQWV�ZHUH�DFWLYDWHG�LQ�WKHLU�OHDUQLQJ��OHDUQLQJ�WR�OHDUQ���
5RHORIV� ������� FRQILUPV� WKH� REVHUYDWLRQ� RI� WKLV� SKHQRPHQRQ��+H� QRWHG� WKDW�
VWXGHQWV�KDG�PRUH�LQGHSHQGHQFH�DQG�PRUH�RSSRUWXQLWLHV�WR�FRPPXQLFDWH�ZLWK�
WKHLU�SHHUV�IRU�VROYLQJ�WDVNV� LQ�PDWKHPDWLFV� OHVVRQV�WKDQ�LQ�(QJOLVK� OHVVRQV��,Q�
DGGLWLRQ�� VWXGHQWV� LQGLFDWHG� WKDW� WKH\� DFNQRZOHGJHG� WKH� UHOHYDQFH� RI�
PDWKHPDWLFV� IRU� ODWHU�DGXOW� OLIH��<HW��KH�DOVR�QRWLFHG�WKDW�PDWKHPDWLFV� WHDFKHUV�
GLG�QRW�XWLOLVH�WKLV��
$PRQJVW�RWKHUV��'RRODDUG�HW�DO���������HVWDEOLVKHG�OLWWOH�HYLGHQFH�RI�JURXS�ZRUN�
LQ�PDWKHPDWLFV�FODVVHV��2Q�WKLV�LVVXH��.OHLMQH��������FLWHG�WHDFKHUV�ZKR�GLG�QRW�
ZDQW� WR� RUJDQLVH� JURXS� ZRUN�� EHFDXVH� RI� VWXGHQWV
� FRQFHQWUDWLRQ� SUREOHPV��
0DWKHPDWLFV�WHDFKHUV�JHQHUDOO\�JDYH�ZKROH�FODVV�LQVWUXFWLRQ��DQG�PDGH�VWXGHQWV�
ZRUN�LQGLYLGXDOO\��$V�VWXGHQW�LQ�'XWFK�FODVVURRPV�JHQHUDOO\�VLW�LQ�SDLUV��WHDFKHUV�
RIWHQ�DOORZ�WKHP�WR�FRQIHU�ZLWK�WKHLU�GLUHFW�QHLJKERXUV��%RV�	�9RV���������
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,Q� WKH� YLVLWHG� FODVVHV�� OLWWOH� GLIIHUHQWLDWLRQ� IRU� DELOLWLHV� ZDV� REVHUYHG�� 7HDFKHUV�
FRPPHQWHG� WKDW� ZLWK� WKH� LQFUHDVHG� VWUHDPLQJ�� ZKLFK� KDG� FRLQFLGHG� ZLWK� WKH�
UHIRUP��WKHUH�ZDV�OHVV�QHHG�IRU�GLIIHUHQWLDWLRQ��.OHLMQH���������&UHPHUV�YDQ�:HHV�
HW� DO�� ������� DOVR�QRWHG� WKLV� WUHQG�RI� LQFUHDVHG�KRPRJHQHLW\�RI� FODVVHV��%HIRUH�
������VWXGHQWV�LQ�JUDGH���ZRXOG�VWLOO�VLW�LQ�KHWHURJHQHRXV�FODVVHV�DQG�VHOHFWLRQ�RI�
DELOLW\�WUDFNV�ZRXOG�KDSSHQ�LQ�JUDGH���RU����$IWHU�������VFKRROV�WHQGHG�WR�JURXS�
VWXGHQWV�DOUHDG\�IURP�JUDGH���RQZDUGV�DFFRUGLQJ�WR�WKHLU�DELOLW\�WUDFN��&UHPHUV�
YDQ�:HHV� HW� DO��� ������'RRODDUG� HW� DO��� �������7KHUHIRUH�� WKH� GLIIHUHQWLDWLRQ� LQ�
FXUULFXOXP� ZRXOG� SULPDULO\� EH� FODVV�UHODWHG� DQG� QRW� VWXGHQW�UHODWHG�� ,Q� WKH�
KRPRJHQHRXV� FODVVHV��PRVW�PDWKHPDWLFV� WHDFKHUV�PDGH�DOO� VWXGHQWV�GR�H[DFWO\�
WKH�VDPH�WDVNV��&UHPHUV�YDQ�:HHV�HW�DO���������'RRODDUG�HW�DO����������
�
7KH�VWXGHQWV
�DFKLHYHPHQWV�ZHUH�WHVWHG�WKURXJK�WKH�FRPSXOVRU\�WHVWV��ZKLFK�ZHUH�
VSHFLDOO\�GHYHORSHG�E\�WKH�1DWLRQDO�,QVWLWXWH�IRU�(GXFDWLRQDO�0HDVXUHPHQW��&LWR���
7KH�WHVWV�ZHUH�EDVHG�RQ�WKH�QHZ�FRUH�REMHFWLYHV��7KH�WHVWV�FDSLWDOLVHG�PRUH�RQ�
WKH�QHZ�FRQWHQW�DUHDV��YLVXDO�JHRPHWU\��GDWD�UHSUHVHQWDWLRQ��DQG�OHVV�RQ�WKH�QHZ�
JHQHUDO� FRUH� REMHFWLYHV�� ZKLFK� DUH�PRUH� GLIILFXOW� WR� DVVHVV� LQ� D� WLPH�UHVWULFWHG�
SDSHU�DQG�SHQFLO� WHVW� �H�J�� FRQGXFWLQJ�D� VPDOO� LQYHVWLJDWLRQ�� WDNLQJ�D� VWDQG� LQ�D�
GLVSXWH��FR�RSHUDWLQJ��FRQQHFWLQJ�WKH�VXEMHFW�WR�SURIHVVLRQDO�DQG�IXWXUH�OLIH���:LWK�
WKH�WHVWV��GDWD�RQ�WKH�DFKLHYHPHQW�LQ�PDWKHPDWLFV�IURP������VWXGHQWV��LQ�JUDGH����
ZHUH�JDWKHUHG��$FFRUGLQJ�WR�WKH�,QVSHFWRUDWH��WKH�WHVWV�SURYHG�WRR�GLIILFXOW�IRU�
WKH�VWXGHQWV�LQ�WKH�ORZHVW�WUDFN��YER���6WXGHQWV�LQ�WKH�WZR�PLGGOH�WUDFNV��PDYR�DQG�
KDYR��GLG�ZHOO�RQ�WKH�WHVWV��EXW�QRW�RQ�WKH�FRQWHQW�DUHD�FDOFXODWLRQV��PHDVXULQJ�DQG�
HVWLPDWLQJ��7KHUHIRUH��LW�ZDV�FRQFOXGHG�WKDW�WRR�IHZ�VWXGHQWV�UHDFKHG�WKH�UHTXLUHG�
PLQLPXP�WDUJHWV��,QVSHFWLH�YDQ�KHW�2QGHUZLMV������E���
2Q� WKH� RWKHU� KDQG�� 'XWFK� VWXGHQWV� SHUIRUPHG� ZHOO� LQ� WKH� LQWHUQDWLRQDO�
FRPSDUDWLYH�WHVWV�RI�7,066����DQG�7,066�����%HDWRQ�HW�DO���������%RV�	�9RV��
������.XLSHU�HW�DO���������0XOOLV�HW�DO����������7KH�7,066�UHVXOWV�ZHUH�XVHG�E\�
SROLWLFLDQV�WR�VXSSRUW�WKH�VXFFHVV�RI�WKH�UHIRUP��.XLSHU�HW�DO����������7KHUH�LV�DQ�
DSSDUHQW�FRQWUDGLFWLRQ�EHWZHHQ�WKH�XQVDWLVIDFWRU\�,QVSHFWRUDWH
V�WHVW�UHVXOWV�DQG�
WKH�VDWLVIDFWRU\�7,066�UHVXOWV��+RZHYHU��WKLV�FRXOG�EH�H[SODLQHG�E\�WKH�IDFW�WKDW�
7,066� WHVWHG� IRU� DQ� DFFXPXODWLRQ�RI�PDWKHPDWLFDO�NQRZOHGJH�DQG� VNLOOV� IURP�
SULPDU\�VFKRRO�RQZDUGV��7KH�7,066�:ULWWHQ�7HVW�FRQWDLQHG�D�ODUJH�QXPEHU�RI�
WHVW� LWHPV��ZKLFK�ZHUH� LUUHOHYDQW� WR� WKH�QHZ�FXUULFXOXP��H�J��RI�SULPDU\�VFKRRO�
OHYHO�RU�RI�WKH�SUHYLRXV�FXUULFXOXP���2Q�WKH�RWKHU�KDQG��WKH�PDWKHPDWLFV�WHVWV��
ZKLFK�ZHUH�XVHG�IRU�WKH�,QVSHFWRUDWH
V�UHSRUW��ZHUH�GHVLJQDWHG�HVSHFLDOO\�WR�WHVW��



5HIRUPV LQ 'XWFK PDWKHPDWLFV HGXFDWLRQ ��

IRU� WKH� LQWHQGHG�� 50(�EDVHG� FXUULFXOXP� DW� WKLV� SDUWLFXODU� OHYHO�� +RZHYHU��
.XKOHPHLMHU��.OHLMQWMHV�	�9DQ�GHQ�%HUJK��������VKRZ�WKDW�WKH�DFKLHYHPHQW�WHVWV�
IRU� PDWKHPDWLFV� ZHUH� IDU� PRUH� GLIILFXOW� WKDQ� WKH� WHVWV� IRU� RWKHU� VXEMHFWV��
7KHUHIRUH�� WKH� GLIIHUHQW� UHVXOWV� RQ� WKH� WZR� WHVWV� ZHUH� QRW� QHFHVVDULO\�
FRQWUDGLFWRU\��%RV�	�9RV��������.XLSHU�HW�DO����������
.X\SHU� �������DQG�9DQ�GHU�:HUI��/XEEHUV�DQG�.X\SHU� �������KDYH�FRPSDUHG�
WKH�DFKLHYHPHQW�RI� VWXGHQWV�EHIRUH�DQG�DIWHU�������7KH\�GUDZ�WKHLU�GDWD�IURP�
WKH�92&/���� DQG�92&/���� FRKRUWV��ZKLFK�ZHUH� WHVWHG� LQ� WKHLU� WKLUG� \HDU�RI�
VWXG\� �UHVSHFWLYHO\� LQ������DQG��������7KH\�HVWDEOLVKHG�WKDW� WKH�VHFRQG�FRKRUW�
VFRUHG� VOLJKWO\�� WKRXJK� VLJQLILFDQWO\� KLJKHU� WKDQ� WKH� ILUVW� FRKRUW� GLG�� :KHQ�
GLIIHUHQWLDWLQJ�IRU�WKH�IRXU�DELOLW\�WUDFNV��YER��PDYR��KDYR�DQG�YZR���WKH\�REVHUYHG�
WKDW� LQ� SDUWLFXODU� WKH� WZR� ORZHU� DELOLW\� WUDFNV� KDG� EHQHILWHG� IURP� WKH� QHZ�
FXUULFXOXP� DQG� RXWSHUIRUPHG� WKHLU� FRXQWHUSDUWV� RI� IRXU� \HDUV� EHIRUH�� 7KH�
FRQWUDU\�KROGV� IRU� WKH�KLJKHU�DELOLW\� WUDFNV��KDYR�YZR� VWXGHQWV� LQ� WKH� 
���FRKRUW�
VFRUHG� ORZHU� WKDQ� WKHLU� FRXQWHUSDUWV� LQ� WKH� 
���FRKRUW�� .X\SHU� ������� DGGHG�
KHUH�� WKDW� WKH�SUH�UHIRUP�FXUULFXOXP�ZDV�SUREDEO\�PRUH�GLIILFXOW� WKDQ�WKH�QHZ�
FXUULFXOXP�� +H� DVVXPHV� WKDW� WKH� QHZ� FXUULFXOXP� JDYH� VWXGHQWV� RI� WKH� ORZHU�
DELOLW\�WUDFNV�PRUH�FRQILGHQFH��%XW�DW�WKH�VDPH�WLPH�WKH�VWXGHQWV�IURP�WKH�KLJKHU�
WUDFNV� OHDUQW� OHVV�DEVWUDFW�FRQWHQW��:LMHUV�DQG�.HPPH��������DQG�*RGGLMQ�DQG�
.LQGW� ��������ZKR�GHVFULEH�KRZ�KDYR�YZR� VWXGHQWV� IURP�JUDGH���RQZDUGV� ODFN�
EDVLF�DOJHEUDLF�VNLOOV��FRQILUP�WKLV�REVHUYDWLRQ��
�
)URP� WKH� DERYH�� LW� FDQ� EH� FRQFOXGHG� WKDW� WKH� LQVWLWXWLRQDOLVDWLRQ� RI� WKH� QHZ�
50(�EDVHG�FXUULFXOXP�ZDV�D�SURFHVV�� WDNLQJ�VHYHUDO�\HDUV��6RPH�FKDQJHV�ZHUH�
QRWHZRUWK\�� 7KH� FRQWHQW� FKDQJHG� GUDPDWLFDOO\� ZLWK� OHVV� DEVWUDFW� PDWKHPDWLFV�
DQG�PRUH� FRQWH[W�UHODWHG�PDWKHPDWLFV�� ,Q� SDUWLFXODU�� VWXGHQWV� IURP� WKH� ORZHU�
DELOLW\�WUDFNV�EHQHILWHG�IURP�WKLV��<HW��VWXGHQWV�IURP�WKH�KLJKHU�DELOLW\�WUDFNV�KDG�
D�OHVV�FKDOOHQJLQJ�FXUULFXOXP�DQG�GLG�QRW�JDLQ�EDVLF�DOJHEUDLF�URXWLQH��,Q�DGGLWLRQ��
WKH� LQQRYDWLYH� WDUJHWV� LQ� WKH� FXUULFXOXP� RQ� GDWD� SURFHVVLQJ� DQG� LQYHVWLJDWLYH�
VNLOOV� �*:$�� QHHGHG� PXFK� PRUH� WLPH� WR� EHFRPH� SDUW� RI� WKH� LPSOHPHQWHG�
FXUULFXOXP��$V�DVVHVVPHQW�GLG�QRW�VXSSRUW�WKH�LQQRYDWLYH�DVSHFWV��WHDFKHUV�ZHUH�
OHVV�LQFOLQHG�WR�IRFXV�RQ�WKHP��$QRWKHU�QRWDEOH��EXW�TXLHW�FKDQJH�FRXOG�EH�WKH�
IDFW� WKDW� WHDFKHUV� ZLWKGUHZ� VOLJKWO\� IURP� ZKROH�FODVV� WHDFKLQJ� DQG� VWXGHQWV�
JDLQHG� FODVVURRP� WLPH� WR� ZRUN� IRU� WKHPVHOYHV�� +RZHYHU�� DV� WKH� ,QVSHFWRUDWH�
FRQFOXGHG�� GHVSLWH� WKH� FKDQJHG� PDWKHPDWLFDO� FRQWHQWV�� LQWHUDFWLRQ� LQ� 'XWFK�
PDWKHPDWLFV�FODVVURRPV�UHPDLQHG�SUHGRPLQDQWO\�WUDGLWLRQDO��
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7KH� 0(75,&� VWXG\� ZDV� FDUULHG� RXW� DJDLQVW� WKH� EDFNJURXQG� RI� WKH�
LQVWLWXWLRQDOLVDWLRQ� RI� WKH� 50(�EDVHG� FXUULFXOXP�� 7KDW� FXUULFXOXP� ZDV�
FKDUDFWHULVHG�LQ�WKLV�FKDSWHU��7KH�FXUULFXOXP�UHIRUP�VWDUWHG�LQ�����������ZLWK�
JUDGH����WKH�ILUVW�JUDGH�RI�'XWFK�VHFRQGDU\�HGXFDWLRQ���EHLQJ�LPSOHPHQWHG�LQ�WKH�
IROORZLQJ�JUDGHV�XS�WR�JUDGH�����HYHU\�\HDU�DIWHU��7KXV��WKH�PHDVXUHPHQWV�IRU�WKH�
0(75,&� VWXG\� RI� ����� ZHUH� FDUULHG� RXW� LQ� WKH� ILUVW� \HDU�� LQ� ZKLFK� WKH�
FXUULFXOXP�ZDV�LPSOHPHQWHG�LQ�JUDGH����$W�WKDW�VWDJH��WKH�GLVFUHSDQFLHV��ZKLFK�
ZHUH�GHVFULEHG�LQ�FKDSWHU����RFFXUUHG��
,Q�WKH�VXPPHU�RI�������WKH�ILUVW�FRKRUW�RI�VWXGHQWV��ZKR�KDG�OHDUQW�PDWKHPDWLFV�
WKURXJK� WKH� QHZ� FXUULFXOXP�� KDG� UHDFKHG� WKHLU� ILQDO� H[DPV��$W� WKDW� VWDJH�� WKH�
FXUULFXOXP�KDG�UHDFKHG�WKH�KLJKHVW�OHYHO��JUDGH������IRU�ZKLFK�LW�ZDV�PHDQW��,Q�
WKDW� \HDU�� ������ WKH� ILUVW� QDWLRQDO� YER�PDYR� H[DPV� LQ�PDWKHPDWLFV� DW� DOO�'XWFK�
VFKRROV�ZHUH�EDVHG�RQ�WKH�QHZ�FXUULFXOXP��%DVHG�RQ�WKH�SUDFWLFDO�H[SHULHQFHV�RI�
IRXU�\HDUV�DQG�RQ�WKH�UHVXOWV�RI�WKH�ILUVW�H[DPV��WKH�FRUH�REMHFWLYHV�ZHUH�UHYLHZHG�
�YDQ�GHU�=ZDDUW�	�%RHUWLHQ���������7KH�UHYLHZHG�FRUH�REMHFWLYHV�ZHUH�SXEOLVKHG�
LQ� ����� �0LQLVWHULH� YDQ� 2:	&�� ������� &RQFXUUHQWO\�� PDQ\� PDWKHPDWLFV�
WH[WERRNV�ZHUH� UHYLVHG�� 7KHLU� ILUVW� HGLWLRQV�ZHUH� GHYHORSHG�� VWDUWLQJ� IURP� WKH�
SURSRVDOV�RI�:�������EXW�QRZ�WH[WERRN�DXWKRUV�ZHUH�DEOH�WR�EXLOG�RQ�FODVVURRP�
SUDFWLFH�DV�ZHOO��+RRJODQG����������
7KH�PHDVXUHPHQWV�IRU�WKH�0(75,&�VWXG\�RI�����������ZHUH�FDUULHG�RXW�LQ�WKH�
ILIWK�DQG�VL[WK�\HDU�LQ�ZKLFK�WKH�FXUULFXOXP�ZDV�LPSOHPHQWHG�LQ�JUDGH����$W�WKLV�
VWDJH��WKH�LQVWLWXWLRQDOLVDWLRQ�RI�WKH�QHZ�FXUULFXOXP�ZDV�FDXWLRXVO\�WDNLQJ�VKDSH��
7KH� FRQWRXUV� RI� WKLV� SURFHVV� HPHUJH� IURP� WKH� HYDOXDWLRQ� VWXGLHV��ZKLFK�ZHUH�
GHVFULEHG� LQ� WKLV� FKDSWHU�� $V� D� FRQVHTXHQFH� RI� WKH� RQJRLQJ� FXUULFXOXP�
LPSOHPHQWDWLRQ� SURFHVV�� WKH� UHSHDW� PHDVXUHPHQWV� RI� WKH� 0(75,&� VWXG\� LQ�
����������ZHUH�FROOHFWHG�XQGHU�GLIIHUHQW�FLUFXPVWDQFHV�WKDQ�LQ�������
�
�
�
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a�.DPD�XNLNDWDD�OD�PNXEZD�XWDWHPEHD�NXWZD�Q]LPD�a�

,I�\RX�UHIXVH�WKH�HOGHU
V�DGYLFH��\RX�ZLOO�ZDON�WKH�ZKROH�GD\��
�6:$+,/, 3529(5%��
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7KLV�FKDSWHU�GHDOV�ZLWK�KRZ�WKH�LQWHQGHG��LPSOHPHQWHG�DQG�DWWDLQHG�PDWKHPDWLFV�

FXUULFXOXP� FDQ� EH� GHVFULEHG�� FRPSDUHG� DQG� DQDO\VHG�� 6HFWLRQ� ���� SURYLGHV� DQ�

RYHUYLHZ� RI� GHVFULSWLYH� PHWKRGV� IRU� WKH� GLIIHUHQW� DSSHDUDQFHV� RI� D� PDWKHPDWLFV�

FXUULFXOXP�� 7KHVH� OHDG� WR� LQVWUXPHQWV� IRU� FRQGXFWLQJ� PHDVXUHPHQWV� IRU� WKH�

0(75,&�VWXG\��7KH�VHFRQG�VHFWLRQ�UHYLHZV�KRZ�UHVHDUFKHUV�KDYH�GHDOW�ZLWK�OLQNV�

EHWZHHQ� DSSHDUDQFHV� RI� D� PDWKHPDWLFV� FXUULFXOXP� �VHFWLRQ� ������ %DVHG� RQ� WKH�

ILQGLQJV��WKH�UHVHDUFK�TXHVWLRQV�RI�WKH�0(75,&�VWXG\�DUH�IXUWKHU�RSHUDWLRQDOLVHG��

���� '(6&5,%,1* $ 0$7+(0$7,&6 &855,&8/80�

������ ,QWURGXFWLRQ�

7KLV�FKDSWHU�RIIHUV�D�UHVHDUFK�FRQWH[W�IRU� WKH�0(75,&�VWXG\��$V�GHVFULEHG�LQ�
FKDSWHU� ��� WKH�0(75,&� VWXG\� DLPHG� DW� ILQGLQJ� H[SODQDWLRQV� IRU� GLVFUHSDQFLHV�
IRXQG�LQ�WKH������7,066�VWXG\��7KHUHIRUH��LW�UHSOLFDWHG�WKH�:ULWWHQ�7HVW�DQG�WKH�
3HUIRUPDQFH� $VVHVVPHQW�� LQ� VHDUFK� IRU� WUHQGV� DQG� UHODWLRQV� EHWZHHQ� WKH�
LQWHQGHG�� WKH� LPSOHPHQWHG� DQG� WKH� DWWDLQHG� PDWKHPDWLFV� FXUULFXOXP�� 7KH�
FXUULFXOXP� XQGHU� VWXG\� ZDV� WKH� PDWKHPDWLFV� FRUH� FXUULFXOXP� IRU� MXQLRU�
VHFRQGDU\�VFKRROV�LQ�WKH�1HWKHUODQGV�LQ�WKH�ODVW�GHFDGH�RI�WKH���WK�FHQWXU\��7KH�
EDFNJURXQG�RI�WKLV�FXUULFXOXP�KDV�EHHQ�GHVFULEHG�LQ�WKH�SUHYLRXV�FKDSWHU���
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7KLV� FXUUHQW� FKDSWHU� JLYHV� DQ� RYHUYLHZ� RI� KRZ� LQWHQGHG�� LPSOHPHQWHG� DQG�
DWWDLQHG�PDWKHPDWLFV� FXUULFXOD� FDQ� EH� GHVFULEHG��*HQHUDOO\�� GHVFULSWLRQV� RI� DQ�
LQWHQGHG� DQG� LPSOHPHQWHG� FXUULFXOXP� DUH� TXDOLWDWLYH� LQ� QDWXUH�� ZKLOH�
GHVFULSWLRQV�RI�DQ�DWWDLQHG�FXUULFXOXP�FDQ�ERWK�EH�TXDQWLWDWLYH��H�J��D�UHVXOWLQJ�
VFRUH��RU�TXDOLWDWLYH��H�J��DQ�DFKLHYHPHQW�SURILOH���
7KH�TXDOLWDWLYH�GHVFULSWLRQV�FDQ�YDU\� LQ�H[WHQVLYHQHVV��7KH�GHVFULSWLRQV�FDQ�EH�
QDUUDWLYH�DQG�YHUERVH��$W�WKH�OHYHO�RI�WKH�LQWHQGHG�FXUULFXOXP��ZH�FDQ�WKLQN�RI�
HQWKXVLDVWLF�YLVLRQV��$W�WKH�OHYHO�RI�WKH�LPSOHPHQWHG�FXUULFXOXP��ZH�FDQ�WKLQN�RI�
GHWDLOHG� DFFRXQWV� RI� FODVVURRP� LQWHUDFWLRQ��'HVFULSWLRQV� FDQ� EH� YHU\� FRQFUHWH��
IRU�H[DPSOH�E\�GHVFULELQJ�H[HPSODU\�DFWLYLWLHV�VXFK�DV�
FRUUHFWO\�GLYLGLQJ�����E\�
��
��$W�WKH�OHYHO�RI�WKH�LQWHQGHG�FXUULFXOXP�WKLV�FDQ�EH�DQ�H[HPSODU\�REMHFWLYH��DW�
WKH�OHYHO�RI�WKH�LPSOHPHQWHG�FXUULFXOXP�WKLV�FDQ�EH�D�FODVVURRP�DFWLYLW\��DQG�DW�
WKH�OHYHO�RI�WKH�DWWDLQHG�FXUULFXOXP�WKLV�FDQ�EH�D�WHVW�LWHP���
7KH� GHVFULSWLRQV� RI� DQ� LQWHQGHG�� LPSOHPHQWHG� DQG� DWWDLQHG� FXUULFXOXP� RIWHQ�
FRQVLVW�RI�OLVWV�RI�VSHFLILFDWLRQV��7KH�VSHFLILFDWLRQV�FDQ�GHVFULEH�D�FRQWHQW�DVSHFW�
�H�J��JHRPHWU\��DOJHEUD��RU�D�FRJQLWLYH�DVSHFW��H�J��
H[SODLQLQJ�KRZ�DQ�DQVZHU�ZDV�
IRXQG
���7KH�VSHFLILFDWLRQV�FDQ�EH�PRUH�JHQHUDO��H�J��
OLQHDU�HTXDWLRQV
��LPSO\LQJ�
DFWLYLWLHV�ZLWKRXW�VWDWLQJ�WKHVH��RU�PRUH�FRQFUHWH��H�J��
OLVWLQJ�GLIIHUHQW�DFWLYLWLHV��
ZKLFK�DUH�QHHGHG�WR�XQGHUVWDQG��XVH�DQG�VROYH�OLQHDU�HTXDWLRQV
���
%\� VWUXFWXULQJ� WKH� VSHFLILFDWLRQV�� UHVHDUFKHUV� KDYH� GHYHORSHG� IUDPHZRUNV� WR�
GHVFULEH��DQDO\VH�DQG�FRPSDUH�FXUULFXOD��VHH�H�J��%ORRP��������/DSRLQWH��0HDG�	�
$VNHZ�� ������ 1LVV�� ������ 5RELWDLOOH� HW� DO��� ������ 6FKPLGW� HW� DO��� ������ 6FKPLGW��
9DOYHUGH��0F.QLJKW�� +RXDQG�	�:LOH\�� ������ 7UDYHUV�	�:HVWEXU\�� ������� 7KH�
IUDPHZRUNV�XVXDOO\�FRQVLVWHG�RI�D�FRQWHQW�E\�EHKDYLRXU�PDWUL[��2QH�GLPHQVLRQ�RI�
WKH�PDWUL[�LV�XVHG�IRU�FRQWHQW��H�J��PDWKHPDWLFDO�FRQWHQW�DUHDV�VXFK�DV�DOJHEUD�RU�
JHRPHWU\��� $QRWKHU� GLPHQVLRQ� RI� WKH� PDWUL[� LV� XVHG� IRU� VNLOOV� RU� SHUIRUPDQFH�
H[SHFWDWLRQV��7KH�VNLOOV�FDQ�EH�SXW�LQWR�D�FRJQLWLYH�KLHUDUFK\��IURP�OHVV�FRPSOH[�WR�
PRUH� FRPSOH[� FRPSHWHQFLHV� �%ORRP�� ������� )RU� H[DPSOH�� WKH� IUDPHZRUN�
XQGHUO\LQJ�7,066�FRQWDLQV�WKH�FDWHJRULHV�IRU�SHUIRUPDQFH�H[SHFWDWLRQV��NQRZLQJ��
SHUIRUPLQJ� URXWLQH� SURFHGXUHV�� SHUIRUPLQJ� FRPSOH[� SURFHGXUHV� DQG� VROYLQJ�
SUREOHPV��7KH�VWUXFWXUH�FKRVHQ�LQ�WKH�0(75,&�VWXG\�WR�GHVFULEH�WKH�50(�EDVHG�
FXUULFXOXP� �$SSHQGL[� %�� XVHV� D� QRQ�KLHUDUFKLFDO� OLVW� RI� VNLOOV�� ZLWK� WKH� IRXU�
PDWKHPDWLVLQJ� DFWLYLWLHV�� ZKLFK� DUH� W\SLFDO� LQ� 50(�� PRGHOOLQJ�� UHIRUPXODWLQJ��
LQWHUSUHWLQJ� DQG� UHIOHFWLQJ� �VHH� VHFWLRQ� �������� ,Q� WKLV� ZD\�� WKH� SDUWLFXODU� XVH� RI�
FRQWH[WV� LQ� WKH� PDWKHPDWLFV� FXUULFXOXP� LV� XQGHUOLQHG� E\� WKH� IUDPHZRUN�� ,Q�
$SSHQGL[� %�� WKH�50(�EDVHG� FXUULFXOXP�KDV� EHHQ� ILOOHG� LQWR� WKH� IUDPHZRUN�� ,W�
FRPSOHWHV�WKH�IUDPHZRUN��DQG�QR�FHOO�UHPDLQV�HPSW\��7KH�PDWKHPDWLVLQJ�DFWLYLWLHV�
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DUH�ZHOO�VSUHDG�RYHU�WKH�GLIIHUHQW�FRQWHQW�DUHDV��7KXV��WKLV�IUDPHZRUN�FDQ�KHOS�WR�
DQDO\VH�ZKHWKHU�WKH�LQWHQGHG�FXUULFXOXP�XQGHU�VWXG\�LV�EDODQFHG���
7KH� VDPH� IUDPHZRUN� FDQ� EH� XVHG� DW� WKH� OHYHO� RI� WKH� DWWDLQHG� FXUULFXOXP�� E\�
VSUHDGLQJ�RXW�WHVW�LWHPV�RYHU�WKH�IUDPHZRUN��,Q�WKLV�ZD\��LW�LV�SRVVLEOH�WR�DVVHVV�
ZKHWKHU� D� WHVW� FRYHUV� DOO� FRJQLWLYH� GRPDLQV� DQG�� WKXV�� PHHWV� GLIIHUHQW�
UHTXLUHPHQWV�RI�WKH�LQWHQGHG�FXUULFXOXP��)RU�H[DPSOH��ZKHQ�WKH�LWHPV�IURP�WKH�
7,066�:ULWWHQ� 7HVW� ZHUH� VSUHDG� RYHU� WKH� IUDPHZRUN�� WKH� UHVXOW� VKRZHG� WKDW�
WKHUH�ZHUH� IHZ� LWHPV� LQ� WKH�FROXPQV� IRU� 
LQWHUSUHWLQJ
� DQG� 
UHIOHFWLQJ
�� DQG� IHZ�
LWHPV� LQ� WKH� URZ�RI� 
GDWD�SURFHVVLQJ�DQG�VWDWLVWLFV
��)URP�DQ�50(�SHUVSHFWLYH��
WKH� WHVW� ODFNV�� IRU� H[DPSOH�� LWHPV�RQ�YLVXDO� JHRPHWU\�� WUHH�GLDJUDPV��QHWZRUNV��
DQG� WKH�DSSOLFDWLRQ�RI� IRUPXOD� LQ�FRQWH[WV��6LPLODUO\��ZKHQ� WKH� LWHPV�IURP�WKH�
7,066� 3HUIRUPDQFH� $VVHVVPHQW� ZHUH� VSUHDG� RYHU� WKH� IUDPHZRUN�� WKH� UHVXOW�
VKRZHG� WKDW� WKH� WHVW� ZDV� DGHTXDWHO\� EDODQFHG� RYHU� DOO� URZV� DQG� FROXPQV��
+RZHYHU��LW�ZDV�EH\RQG�WKH�VFRSH�RI�WKH�0(75,&�VWXG\��WR�DVVHVV�ZKHWKHU�WKH�
WZR� WHVWV� FRYHUHG� WKH� DLPV� RI� WKH� 50(�EDVHG� FXUULFXOXP�� ,I� WKH� VWXG\� KDG�
LQFOXGHG�WKDW�TXHVWLRQ��WKH�LQWHQGHG�FXUULFXOXP�ZRXOG�EH�WKH�SRLQW�RI�GHSDUWXUH��
,QVWHDG��WKH�0(75,&�VWXG\�DVVHVVHG�ZKHWKHU�WKH�'XWFK�VWXGHQWV
�DFKLHYHPHQW�
FRXOG�EH�DOLJQHG�ZLWK� WKH�DSSURSULDWHQHVV�RI� WKH� WHVWV� LQ� OLJKW�RQ� WKH� LQWHQGHG�
DQG�LPSOHPHQWHG�FXUULFXOXP��7KHUHIRUH��WKH�DWWDLQHG�FXUULFXOXP�ZDV�WKH�SRLQW�RI�
GHSDUWXUH�� DQG� WKH� LQWHQGHG� DQG� LPSOHPHQWHG� FXUULFXOXP� ZHUH� D� FRQWH[W� WR�
H[SODLQ�WKH�DFKLHYHPHQW�UHVXOWV��
�
,Q� WKH� VXEVHTXHQW� VHFWLRQV�� GHVFULSWLRQV� RI� HDFK� RI� WKH� WKUHH� FXUULFXODU�
DSSHDUDQFHV��LQWHQGHG�FXUULFXOXP��LPSOHPHQWHG�FXUULFXOXP��DWWDLQHG�FXUULFXOXP��
ZLOO�EH�UHYLHZHG��$IWHUZDUGV��D�UHYLHZ�ZLOO�EH�SUHVHQWHG�RQ�KRZ�WKH�UHODWLRQVKLSV�
EHWZHHQ�WKH�DSSHDUDQFHV�FDQ�EH�GHVFULEHG��FRPSDUHG�DQG�DQDO\VHG��
,QWHUQDWLRQDO� FRPSDUDWLYH� VWXGLHV�� VXFK� DV� WKH� ,($�VWXGLHV� 6,06� �6HFRQG�
,QWHUQDWLRQDO�PDWKHPDWLFV� 6WXG\�� DQG�7,066� �7KLUG� ,QWHUQDWLRQDO� 6FLHQFH� DQG�
PDWKHPDWLFV� 6WXG\�� PDGH� D� FRQVLGHUDEOH� FRQWULEXWLRQ� LQ� WKH� UHVHDUFK� RQ�
PDWKHPDWLFV�FXUULFXOD��7KHVH�VWXGLHV�ZLOO�EH�GLVFXVVHG�ZKHQ�WKH�RFFDVLRQ�RFFXUV��

������ 'HVFULELQJ�DQ�LQWHQGHG�PDWKHPDWLFV�FXUULFXOXP �

7KH�LQWHQGHG�FXUULFXOXP�LV�WKH�DSSHDUDQFH�RI�D�FXUULFXOXP�DW�V\VWHP�OHYHO��,W�LV�
GHILQHG�� DV� ZKDW� VRFLHW\� H[SHFWV� WKDW� VWXGHQWV� VKRXOG�PDVWHU� �5RELWDLOOH� HW� DO���
�������$Q�LQWHQGHG�FXUULFXOXP�FRQVLVWV�RI��D��DQ�LGHDO�FXUULFXOXP�DQG��E��D�IRUPDO�
FXUULFXOXP��9DQ�GHQ�$NNHU��������������*RRGODG��.OHLQ�DQG�7\H����������
7KH�LGHDO�FXUULFXOXP�FRQVLVWV�RI�LQLWLDO�EHOLHIV��YLVLRQV�DQG�YLHZV��)RU�H[DPSOH��WKH�
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LQQRYDWLYH�50(�EDVHG�FXUULFXOXP�IRU�'XWFK�MXQLRU�VHFRQGDU\�VFKRROV�ZDV�LQLWLDOO\�
GHVFULEHG�LQ�HQWKXVLDVWLF�DUWLFOHV�LQ�ZKLFK�WKH�FXUULFXOXP�ZDV�YDJXHO\�RXWOLQHG��H�J��
$OJHEUDJURHS�:�������������9DQ�GHU�%OLM�	�7UHIIHUV��������6FKRHPDNHU���������
7KH�IRUPDO�FXUULFXOXP�FRQVLVWV�RI�GRFXPHQWV�DQG�PDWHULDOV�WKDW�DUH�EDVHG�RQ�WKH�
LGHDO� FXUULFXOXP�� DQG�ZKLFK� DUH� WR� EH� XVHG� IRU� LPSOHPHQWDWLRQ�� $FFRUGLQJ� WR�
.XLSHU���������WKHVH�FDQ�EH�IRXQG�DW�WKUHH�OHYHOV��
■ DW�V\VWHP�OHYHO��FXUULFXOXP�GRFXPHQWV��GHVFULELQJ�WKH�SURJUDP�WKURXJK�FRUH�
REMHFWLYHV�� WKH� VFKHPLQJ�RI� WLPH�� WKH� DVVHVVPHQW� SURFHGXUHV�� DQG� VR� IRUWK��
7KHVH�FDQ�KDYH�D�PDQGDWRU\�RU�D�QRQ�PDQGDWRU\�VWDWXV���

■ DW�VFKRRO�OHYHO��SODQQLQJ�GRFXPHQW��JLYLQJ�D�VFKHPH�RI�ZKHQ��ZKDW�DQG�KRZ�
WKH� FXUULFXOXP� LV� LQWHQGHG� WR� EH� LPSOHPHQWHG�� LQFOXGLQJ� D� FKRLFH� RI�
WH[WERRNV�WR�EH�XVHG��

■ DW�VWXGHQW�OHYHO��WHDFKLQJ�DQG�OHDUQLQJ�PDWHULDOV��LQFOXGLQJ�WH[WERRNV��
�
7KH� IRUPDO� 'XWFK� PDWKHPDWLFV� FXUULFXOXP� IRU� MXQLRU� VHFRQGDU\� VFKRROV� LV�
OHJLVODWHG�WKURXJK�D�GRFXPHQW��VWDWLQJ�WKH�FRUH�REMHFWLYHV�IRU�DOO�VFKRRO�VXEMHFWV��,W�
FRQWDLQV�RQH�ILYH�SDJH�FKDSWHU��OLVWLQJ�WKH�FRUH�REMHFWLYHV�IRU�PDWKHPDWLFV��7KLV�
PDWKHPDWLFV�FKDSWHU�FRQWDLQV�D�VHFWLRQ�ZLWK�JHQHUDO�DLPV�RQ�DWWLWXGHV��IROORZHG�
E\�FRQWHQW�VHFWLRQV�LQ�ZKLFK�OHDUQLQJ�REMHFWLYHV�DUH�VWDWHG�DV�SURFHVV�REMHFWLYHV��
$OO�IRUPXODWLRQV�VWDUW�ZLWK�WKH�SKUDVH�
VWXGHQWV�GHYHORS�D�FRPSHWHQFH�WR����
�7KH�
VHFWLRQV� DUH� FOXVWHUHG� E\� FRQWHQW� DUHDV�� VXFK� DV� JHRPHWU\�� GDWD� SURFHVVLQJ� RU�
DOJHEUDLF� UHODWLRQV� �0LQLVWHULH� YDQ�2:	&�� ������� 7KH� OLVW� LV� VWUXFWXUHG� LQWR� D�
WDEOH�LQ�$SSHQGL[�%���
�
7KH� 'XWFK� PDQGDWHG� GRFXPHQW� LV� FOHDUO\� FRQFLVH�� ZKHQ� FRPSDULQJ�
LQWHUQDWLRQDOO\�� ,Q� RWKHU� FRXQWULHV�� IRU� H[DPSOH� 6ORYHQLD�� WKH� JRYHUQPHQWDO�
GRFXPHQW� IRU� WKH� PDWKHPDWLFV� FXUULFXOXP� FRQVLVWV� RI� KXQGUHGV� RI� SDJHV��
RIIHULQJ�DQ�H[WHQVLYH�LQYHQWRU\�RI�DLPV�DQG�REMHFWLYHV��VXSSOHPHQWHG�ZLWK�D�OLVW�
RI�ZKHQ�DQG�KRZ�WRSLFV�KDYH�WR�EH�WDXJKW�DQG�DVVHVVHG��6FKPLGW�HW�DO����������
%HFDXVH� RI� WKH� YDULHW\� LQ� LQWHQGHG� FXUULFXOD�� 3LSHU� ������� LGHQWLILHG� GLIIHUHQW�
FXUULFXOXP� VW\OHV�� IRFXVLQJ� HLWKHU� RQ� FRQWHQW�� SURFHVVHV� RU� FRQWH[WV�� 7KH�
PDQGDWHG�'XWFK�GRFXPHQW�IRFXVHV�RQ�FRQWHQW��NQRZOHGJH�DQG�VNLOOV���DQG�QRW�
RQ�KRZ��ZK\��ZKHQ�RU�ZKHUH�WKH�LQVWUXFWLRQ�VKRXOG�EH�GHOLYHUHG���
7KH�'XWFK�GRFXPHQW�VWDWLQJ�WKH�FRUH�REMHFWLYHV�KDV�WKH�YDJXHQHVV�LQQDWH�WR�SROLF\�
GRFXPHQWV�� ,W� ZDV� GHOLEHUDWHO\� NHSW� JHQHUDO�� JLYLQJ� WHDFKHUV�� VFKRROV� DQG�
WH[WERRN�DXWKRUV�D�IUDPHZRUN�ZLWKLQ�ZKLFK�WKH\�KDG�IUHHGRP�RI�LQWHUSUHWDWLRQV�
�7HQ�+RYH�	�9DQ�GHU�=ZDDUW�� �������$GGLWLRQDO� QRQ�PDQGDWRU\�SXEOLFDWLRQV��
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IRU� H[DPSOH� IURP�FXUULFXOXP�GHYHORSHUV�RU� WHDFKHU� DVVRFLDWLRQV��HODERUDWH�DQG�
FODULI\� WKLV� IRUPDO� FXUULFXOXP� DQG� RIIHU� PRGHO� H[HUFLVHV� WR� FODULI\� SDUWLFXODU�
LQWHQWLRQV��$FKWHUJURQGHQ��������&RPPLVVLH�2QWZLNNHOLQJ�:LVNXQGHRQGHUZLMV��
������.RN�HW�DO���������/DJHUZHUI��������'H�/DQJH���������,Q�WKLV�ZD\��WKH�XVH�RI�
FRQWH[WV� LQ�PDWKHPDWLFV� LV�H[HPSOLILHG��$OVR�� WKH\�RIIHU�JXLGHOLQHV�IRU�SRVVLEOH�
WHDFKLQJ� DSSURDFKHV�� IRU� H[DPSOH�� RQ� KRZ� WR� GLVFXVV� ZLWK� VWXGHQWV� WKH�
PDWKHPDWLFDO� SUREOHPV� WKDW� KDYH�PRUH� WKDQ�RQH� FRUUHFW� VROXWLRQ��7KXV�� WKHVH�
SXEOLFDWLRQV�DUH�WKH�QRQ�PDQGDWRU\�FRPSRQHQWV�RI�WKH�IRUPDO�FXUULFXOXP���
�
$FFRUGLQJ�WR�9DQ�GHQ�$NNHU��������������DQG�*RRGODG�HW�DO����������WH[WERRNV�
DUH� DQ� LQWHJUDO� SDUW� RI� WKH� IRUPDO� FXUULFXOXP�� DQG� WKXV�� RI� WKH� LQWHQGHG�
FXUULFXOXP�� +RZHYHU�� LQ� WKH� 1HWKHUODQGV�� WKH� PDWKHPDWLFV� WH[WERRNV� VKRZ� D�
JUHDW�YDULHW\�LQ�FRQWHQW�FRYHUDJH�DQG�LQVWUXFWLRQDO�DSSURDFKHV��)RU�WKH�0(75,&�
VWXG\��D� VWULFW�GHVFULSWLRQ�ZDV�QHHGHG�RI� WKH� LQWHQGHG�PDWKHPDWLFV�FXUULFXOXP��
,QFOXGLQJ� WKH� WH[WERRNV� LQWR� WKH�GHILQLWLRQ�RI� WKH� LQWHQGHG�FXUULFXOXP�FUHDWHG�
DPELJXLWLHV� LQ� WKH� RSHUDWLRQDOLVDWLRQ� RI� WKH� UHVHDUFK� TXHVWLRQV�� ,I� FXUULFXOXP�
H[SHUWV� ZHUH� DVNHG� WR� MXGJH� ZKHWKHU� LWHPV� PDWFKHG� ZLWK� WKH� LQWHQGHG�
FXUULFXOXP�� WKH� DQVZHU� FRXOG� GLYHUJH� GHSHQGLQJ� RQ� WKH� WH[WERRNV� XVHG�
�
DFFRUGLQJ�WR�WH[WERRN�;��WKH�LWHP�LV�FRYHUHG��DFFRUGLQJ�WR�WH[WERRN�<��WKH�LWHP�
LV� QRW� FRYHUHG
��� 7KHUHIRUH�� WKH� OHJLVODWHG� FRUH� REMHFWLYHV�� SOXV� WKH� DGGLWLRQDO�
PDWHULDOV�� VXFK� DV� DGGLWLRQDO� LQIRUPDWLRQ� JXLGHV� DQG� EDFNJURXQG� EURFKXUHV��
GHILQHG�WKH�LQWHQGHG�PDWKHPDWLFV�FXUULFXOXP�IRU�MXQLRU�VHFRQGDU\�VFKRROV��
�
,QWHQGHG�FXUULFXOD�DUH�IRUPXODWHG�WR�EH� LPSOHPHQWHG�LQ�FODVVURRP�SUDFWLFH��$W�
WKH� VDPH� WLPH�� UHVHDUFKHUV� KDYH� VWXGLHG� LQWHQGHG� FXUULFXOD� WR� XQHDUWK� WKHLU�
XQGHUO\LQJ� HGXFDWLRQDO� DVVXPSWLRQV�� LQWHQWLRQV� DQG� GHVLJQV�� )RU� H[DPSOH��
6FKPLGW�HW�DO���������LQWHUQDWLRQDOO\�FRPSDUHG�FRXQWULHV�RQ�KRZ�PXFK�WHDFKLQJ�
WLPH�ZDV�GHYRWHG�WR�DOJHEUD��JHRPHWU\��HWF���
*HQHULF�WHUPLQRORJ\�LV�XVHG��LQ�RUGHU�WR�VXPPDULVH�DQG�VWUXFWXUH�FRPSRQHQWV�RI�
DQ� LQWHQGHG� FXUULFXOXP�� 7KH� WHUPLQRORJ\� LGHQWLILHV� FRQWHQW� �H�J�� DOJHEUD��
JHRPHWU\���VNLOOV��H�J��
XVLQJ�URXWLQH�SURFHGXUHV
�DQG�
XVLQJ�FRPSOH[�SURFHGXUHV
���
DQG� VR� IRUWK�� 7KH� RSHUDWLRQDOLVDWLRQ� RI� WKH� WHUPLQRORJ\� KLQJHV� RQ� WKHLU�
LQWHUSUHWDWLRQV��ZKLFK�FDQ�EH�DPELJXRXV��H�J��URXWLQH�DFWLYLWLHV�FDQ�EH�FRPSOH[���
7KH�DPELJXLWLHV�DUH�HVSHFLDOO\�UHYHDOHG�ZKHQ�LW�FRPHV�WR�WKH�LQWHUSUHWDWLRQ�RI�WKH�
WHUPLQRORJ\� GHVFULELQJ� WKH� LQWHQGHG� FXUULFXOXP�� 7KLV� KDSSHQV� ZKHQ� WKH�
LQWHQGHG� FXUULFXOXP� LV� OLQNHG� WR� WKH� LPSOHPHQWHG� DQG� DWWDLQHG� FXUULFXOXP�� RU�
ZKHQ�LQWHQGHG�FXUULFXOD�DUH�FRPSDUHG�LQWHUQDWLRQDOO\���
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$W�FODVVURRP�DQG�VWXGHQW�OHYHO��WKH�ERXQGDULHV�EHWZHHQ�WKH�FDWHJRULHV�GHVFULELQJ�
WKH� LQWHQGHG�FXUULFXOXP�FDQ�EHFRPH� WRR� UHVWULFWLYH��)RU� H[DPSOH�� DFWLYLWLHV�RQ�
PHDVXULQJ�WKH�VLGHV�RI�WULDQJOHV�FDQ�EH�FODVVLILHG�DV�HLWKHU�SURSRUWLRQDOLW\�RU�DV�
JHRPHWU\�� 6LPLODUO\�� 
XVLQJ� FRPSOH[� SURFHGXUHV
� FDQ� EH� GHILQHG� DV� HLWKHU�
LQFOXGLQJ�RU�H[FOXGLQJ�PXOWL�VWHS�URXWLQH�SURFHGXUHV��7KXV��WKH�LQWHUSUHWDWLRQ�DW�
FODVVURRP�DQG�VWXGHQW�OHYHO�FDQ�EHFRPH�DUELWUDU\��
:KHQ� FRPSDULQJ� LQWHQGHG� FXUULFXOD� LQWHUQDWLRQDOO\�� LW� WXUQV� RXW� WKDW� WKH�
LQWHUSUHWDWLRQ�RI� FRQWHQW� DUHDV� DQG� VNLOOV� LV� FXOWXUDOO\�ERXQG��)RU� H[DPSOH�� WKH�
'XWFK�GRFXPHQW�VWDWHV�WKDW��VWXGHQWV�FDQ�PDNH�FDOFXODWLRQV�ZLWK�SURSRUWLRQV�DQG�VFDOH��
�0LQLVWHULH� YDQ� 2:	&�� ������ S�� ����� ZLWKRXW� H[SOLFLWO\� VSHFLI\LQJ� WKDW� WKH�
PDWKHPDWLFDO�FRQFHSWV�DUH�WR�EH�XVHG�ZLWKLQ�D�UHDO�OLIH�FRQWH[W��7KLV�LV�FODULILHG�LQ�
VRPH�RI�WKH�DGGLWLRQDO�GRFXPHQWV��DQG�LV�NQRZQ�WR�DOO�LQVLGHUV��7KXV��WKH�XVH�RI�
JHQHULF�WHUPLQRORJ\�FDQ�HQFRXQWHU�GLOHPPDV��DV�WKH�LQWHUSUHWDWLRQV�DUH�GLIILFXOW�
WR�GHILQH���
7KH�HQFXOWXUDWLRQ�RI�WKH�GHVFULSWLRQ�RI�DQ�LQWHQGHG�FXUULFXOXP�LV�DOVR�LOOXVWUDWHG�
E\�WKH�IDFW�WKDW�VRPH�IHDWXUHV�FDQ�EH�FRQVLGHUHG�VHOI�HYLGHQW��7KHVH�PLJKW�QRW�EH�
VWDWHG�DQ\ZKHUH��QRW�HYHQ�LQ�WKH�DGGLWLRQDO�GRFXPHQWV��)RU�H[DPSOH��WKH�'XWFK�
JRYHUQPHQWDO�GRFXPHQW�GRHV�QRW�VWDWH�WKDW�VWXGHQWV�VKRXOG�KDYH�DYDLODELOLW\�RYHU�
FRPSDVVHV�� UXOHU� DQG� SURWUDFWRU� �WKH� VR�FDOOHG� 
JHR�WULDQJOH
��� 7KLV� LV� WDNHQ� IRU�
JUDQWHG� LQ� DOO� GRFXPHQWV�� 7KHUHIRUH�� WR� GHVFULEH� LQWHQGHG� FXUULFXOD� ERWK�
TXDOLWDWLYHO\� DQG� TXDQWLWDWLYHO\�� FODULILFDWLRQV� E\� FXUULFXODU� H[SHUWV� DUH� RIWHQ�
QHHGHG�WR�VSHFLI\�XQGHUO\LQJ�SUHVXPSWLRQV��ZKLFK�DUH�FXOWXUDOO\�ERXQG��0XOOLV�HW�
DO���������3HSLQ���������
�
$OO� JHQHULF� WHUPLQRORJ\�GHVFULELQJ�DQ� LQWHQGHG�FXUULFXOXP�KDV� LWV�RZQ�RULJLQV��
7KH�FXUULFXOXP�IUDPHZRUN�XVHG�LQ�7,066�ZDV�FUHDWHG�WR�VXLW�PDQ\�PDWKHPDWLFV�
FXUULFXOD� �5RELWDLOOH� HW� DO��� ������� EXW� LW� GLG� QRW� ILW� WKH� 'XWFK� LQWHQGHG�
PDWKHPDWLFV� FXUULFXOXP�� 7KH� PDLQ� UHDVRQV� ZHUH� WKDW� ���� LW� PDGH� GLVWLQFWLRQV�
EHWZHHQ�FRQWHQW�DUHDV��H�J��QXPEHUV��SURSRUWLRQV���ZKLFK�DUH�QRW�GLVWLQJXLVKHG�
LQ�WKH�VDPH�ZD\�LQ�WKH�'XWFK�PDWKHPDWLFV�FXUULFXOXP��DQG�����LW�GLG�QRW�FDWHU�IRU�
WKH� LQWHJUDWLRQ� RI� PDWKHPDWLFV� LQ� FRQWH[W�� 7KXV�� WKH� 7,066� FXUULFXOXP�
IUDPHZRUN� ZDV� GHHPHG� XQILW� IRU� XVH� LQ� WKH� 0(75,&� VWXG\�� ,QVWHDG�� WKH�
0(75,&� VWXG\� JDWKHUHG� DQG� DQDO\VHG� GDWD� DW� LWHP� OHYHO��ZLWKRXW� FDWHJRULVLQJ�
WKHVH�LQWR�DQ\�FXUULFXOXP�IUDPHZRUN��,Q�WKLV�ZD\��LQWHUSUHWDWLRQ�GLOHPPDV�ZHUH�
DYRLGHG��7KH�JURXSLQJ�RI�WHVW�LWHPV�LQ�WKH�0(75,&�VWXG\�ZDV�DFFRUGLQJ�WR�WKHLU�
PDWFK�ZLWK�WKH�LQWHQGHG�DQG�LPSOHPHQWHG�FXUULFXOXP��
�
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'HVFULELQJ� DQ� LQWHQGHG� PDWKHPDWLFV� FXUULFXOXP� WKURXJK� WKH� VPDOO�VFDOH�
FRQVWLWXHQWV�DW�VWXGHQW�OHYHO��WKH�PDWKHPDWLFV�H[HUFLVHV��LV�D�FKDOOHQJH��([HPSODU\�
WDVNV� KDYH� SURYHG� WR� EH� XVHIXO� LQ� FODULI\LQJ� WKH� SXUSRVHV� RI� DQ� LQWHQGHG�
FXUULFXOXP�� LQ�SDUWLFXODU� LQ� WKH�GHVLJQ�SKDVH��7KH\�FDQ� VHUYH� DV� DUFKHW\SHV� IRU�
FKDUDFWHULVLQJ�WKH�LQWHQWLRQV��DV�VKRZQ�IRU�H[DPSOH�E\�'H�/DQJH���������7UHIIHUV�
������� DQG� 9DQ� GHQ� +HXYHO�3DQKXL]HQ� �������� :HOO�FKRVHQ� WDVNV� FDQ�
GHPRQVWUDWH�YLHZV�RI�DQ�LQWHQGHG�FXUULFXOXP�FRQFUHWHO\��DYRLGLQJ�WKH�YDJXHQHVV�
RI�JHQHULF� WHUPLQRORJ\��$GGLWLRQDOO\�� WKH�ERXQGDULHV�RI�DQ�LQWHQGHG�FXUULFXOXP�
FDQ�DOVR�EH�FKDUDFWHULVHG�E\�WKRVH�LWHPV�WKDW�DUH�QRW�PDWFKLQJ�ZLWK�LWV�DLPV��
�
,WHPV� FDQ� KHOS� WR� LOOXVWUDWH� FXUULFXODU� FKDUDFWHULVWLFV� TXDOLWDWLYHO\� E\� FKRRVLQJ�
VSHFLILF� H[DPSOHV�� +RZHYHU�� LWHPV� FDQ� DOVR� EH� XVHG� WR� GHVFULEH� LQWHQGHG�
FXUULFXOD� PRUH� TXDQWLWDWLYHO\�� ZLWKRXW� FKRRVLQJ� SDUWLFXODU� DUFKHW\SHV�� 7KH�
PHWKRG�FRQVLVWV�RI�WDNLQJ�D�ODUJH�VHW�RI�YDULRXV�LWHPV��DQG�WKHQ�DVNV�VWDNHKROGHUV�
WR� LQGLFDWH�ZKHWKHU�RU�QRW� WKHVH� DUH� FRYHUHG�E\� WKH�FXUULFXOXP��7KLV�ZDV� ILUVW�
GRQH� E\� 6WURRPEHUJ� �������� +LV� PHWKRG� FRQVLVWHG� RI� DVNLQJ� UHOHYDQW�
UHVSRQGHQWV�WR�ORRN�DW�FDQGLGDWH�LWHPV��DQG�WKHQ�MXGJH�ZKHWKHU�VWXGHQWV�VKRXOG�
PDVWHU� WKH� VNLOOV�� ZKLFK� ZHUH� WHVWHG� E\� HDFK� LWHP�� 2WKHUV� WKHQ� IROORZHG� WKLV�
PHWKRG�� DPRQJ� WKHP�%HDWRQ� HW� DO�� ��������*XOPDQV��9DQ�/RRQ� DQG�3HOJUXP�
��������+XVpQ� ��������3HOJUXP��(JJHQ�DQG�3ORPS������D������E���0XOOLV�HW�DO��
�������DQG�7UDYHUV�DQG�:HVWEXU\����������
:LWK�WKH�DERYH�GHVFULEHG�PHWKRG��WKHUH�DUH�WZR�VLGHV�WR�WKH�FRLQ��D�FXUULFXOXP�
VLGH��DQG�D�WHVW�VLGH��,Q�WKH�ILUVW�FDVH��WKH�LWHPV�FDQ�EH�XVHG�WR�PDNH�H[SOLFLW�ZKDW�
LV� PHDQW� E\� WKH� JHQHULF� WHUPLQRORJ\� LQ� ZKLFK� WKH� LQWHQGHG� FXUULFXOD� DUH�
GHVFULEHG�� )RU� H[DPSOH�� XVLQJ� WKH� GDWD� IURP� ,($
V� 6HFRQG� ,QWHUQDWLRQDO�
0DWKHPDWLFV� 6WXG\� �6,06��� 7UDYHUV� DQG� :HVWEXU\� ������� HVWDEOLVKHG� WKDW�
FXUULFXODU�GLYHUVLW\�EHWZHHQ�FRXQWULHV�ZDV�FRQVLGHUDEOH��,W�ZDV�ZLGHU�ZKHQ�WDNLQJ�
VWDWLVWLFV� DQG� JHRPHWU\� LWHPV�� DQG� OHVV�ZKHQ� ORRNLQJ� DW� DULWKPHWLF� DQG� DOJHEUD�
LWHPV�� 7KURXJK� WKLV� PHWKRG�� LW� ZDV� SRVVLEOH� WR� LGHQWLI\� WKH� FRXQWULHV� ZLWK� D�
VWURQJHU� 1HZ� 0DWK� WUDGLWLRQ�� 7KXV�� WKH� LWHPV� ZHUH� XVHG� WR� FRPSDUH� DQG�
FKDUDFWHULVH�DVSHFWV�RI�WKH�LQWHQGHG�FXUULFXOD��
7KH�FRXQWHU�VLGH�RI�WKLV�PHWKRG�LV�WKH�WHVW�VLGH��,Q�WKDW�FDVH��WKH�MXGJHPHQW�RI�
WKH� LWHPV� \LHOGV� DQ� LQGLFDWRU� RI� WKH� DSSURSULDWHQHVV� RI� WKH� WHVW� LQ� OLJKW� RI� WKH�
LQWHQGHG� FXUULFXOXP�� ,Q� WKH� 0(75,&� VWXG\�� WKH� UHVXOWLQJ� SHUFHQWDJH� RI� WKLV�
PHDVXUHPHQW�LV�WHUPHG�WKH�WHVW�FXUULFXOXP�PDWFKLQJ�LQGH[��,W� LV�D�SHUFHQWDJH��EHLQJ�
WKH� SRUWLRQ� RI� WHVW� LWHPV� PDWFKLQJ� ZLWK� WKH� LQWHQGHG� FXUULFXOXP�� )RU� WKH�
1HWKHUODQGV� LQ� ������ WKH� WHVW�FXUULFXOXP� PDWFKLQJ� LQGH[� LQ� 6,06� ZDV� ����
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�5RELWDLOOH�	�*DUGHQ���������7KLV�ILJXUH�ZDV�ORZHU�WKDQ�LQ�PRVW�RWKHU�FRXQWULHV��
0RUH�WKDQ�D�GHFDGH�ODWHU��DIWHU�LQWURGXFWLRQ�RI�WKH�QHZ�50(�EDVHG�FXUULFXOXP��
WKH�WHVW�FXUULFXOXP�PDWFKLQJ�LQGH[�RI�WKH�:ULWWHQ�7HVW�LQ�7,066����GURSSHG�WR�
�����%HDWRQ�HW�DO����������+RZHYHU��WKH�LWHP�VHWV�RI�6,06�DQG�7,066����GLIIHU��
7KLV�PDNHV�WKH�WZR�PDWFKLQJ�LQGLFHV�RI�6,06�DQG�7,066����LQFRPSDUDEOH���
�
7KH� WHVW�FXUULFXOXP�PDWFKLQJ� LQGH[�\LHOGV� DQ� LQGLUHFW� LQGLFDWRU�RI� DQ� LQWHQGHG�
FXUULFXOXP�� 7KH� ILJXUHV� RI� ���� LQ� 6,06� DQG� ���� LQ� 7,066���� �WKH�:ULWWHQ�
7HVW�� VKRZ�WKDW� WKH�1HWKHUODQGV�GLYHUJHG� IURP�WKH� LQWHUQDWLRQDO�FRQVHQVXV��DV�
WKH�WHVW�FXUULFXOXP�PDWFKLQJ�LQGH[�RI�PRVW�RWKHU�FRXQWULHV�ZDV�PRUH�WKDQ������
+RZHYHU��WKH�WHVW�FXUULFXOXP�PDWFKLQJ�LQGH[�GRHV�QRW�VKRZ�WKH�H[WHQW�WR�ZKLFK�
DQ� LQWHQGHG� FXUULFXOXP� LV� FRYHUHG�E\� WKH� WHVW��7KLV� LV� LOOXVWUDWHG� LQ�)LJXUH������
7KH� VKDGHG� DUHDV� DUH�GHILQHG�E\� WKH� WHVW� LWHPV��7KH� WHVW� FDQ�FRQWDLQ� LWHPV�RQ�
FRQWHQW� DUHDV��ZKLFK�GR�QRW�PDWFK�ZLWK� WKH� LQWHQGHG�FXUULFXOXP��7KHUH� LV� WKH�
ZKLWH�SDUW�RI�WKH�LQWHQGHG�FXUULFXOXP��ZKLFK�LV�QRW�FRYHUHG�E\�WKH�WHVW��7KLV�DUHD�
UHPDLQV�XQPHDVXUHG��7KH�WHVW�FXUULFXOXP�PDWFKLQJ�LQGH[�GRHV�QRW�WHOO�KRZ�ODUJH�
WKLV�
WHUUD�LQFRJQLWD
�LV��QRU�ZKDW�LWV�FKDUDFWHULVWLFV�DUH��

)LJXUH������ 7HVW�FXUULFXOXP�PDWFK�
�
7KH� WHVW�FXUULFXOXP� PDWFK� FRQWDLQV� DOO� WHVW� LWHPV� FRYHUHG� E\� WKH� LQWHQGHG�
FXUULFXOXP��ZKHWKHU�WKH\�DUH�
QHDU�WKH�ERUGHUOLQH
�RU�QRW��7KH�WHUPLQRORJ\�XVHG�
LQ�WKH�0(75,&�VWXG\�ZLOO� LQGLFDWH�WKHVH�LWHPV�DV��LWHPV�PDWFKLQJ�ZLWK�WKH�LQWHQGHG�
FXUULFXOXP�� RU� HTXLYDOHQWO\�� DV� �LWHPV� FRQVLGHUHG� DSSURSULDWH� LQ� OLJKW� RI� WKH� LQWHQGHG�
FXUULFXOXP���RU��LWHPV�FRYHUHG�E\�WKH�LQWHQGHG�FXUULFXOXP���7KLV�WHUPLQRORJ\�LV�FKRVHQ��
DV� VRPH� WHVW� LWHPV� LQ� WKH� 7,066� WHVWV� ZHUH� VOLJKWO\� GHYLDQW� IURP� WKH� 'XWFK�
LQWHQGHG�FXUULFXOXP��H�J��EHFDXVH�RI� WKH�PXOWLSOH�FKRLFH�IRUPDW��RU� WKH� ODFN�RI�
FRQWH[W���EXW�VWLOO�FRYHUHG��7KH�ERUGHUOLQH�FDVHV�ZHUH�GHILQLWHO\�QRW�50(�EDVHG��
7KHUHIRUH��WKH�WHUPLQRORJ\�XVHG�E\�VRPH�UHVHDUFKHUV��VXFK�DV��LWHPV�UHOHYDQW�WR�WKH�
FXUULFXOXP�� RU� �LWHPV� LQ� WKH� LQWHQGHG� FXUULFXOXP�� �%HDWRQ� HW� DO�� ������ S�� %���� ZDV�
GHHPHG�LQDSSURSULDWH�IRU�LWHPV�WKDW�PDWFKHG�ZLWK�WKH�LQWHQGHG�FXUULFXOXP��
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,Q� WKH�0(75,&�VWXG\�� WKH�SURSRUWLRQ�RI� WHVW� LWHPV�PDWFKLQJ�ZLWK�WKH� LQWHQGHG�
FXUULFXOXP�LV�H[SUHVVHG�WKURXJK�D�WHVW�FXUULFXOXP�PDWFKLQJ�LQGH[��,W�GLIIHUV�IURP��
��WKH�WHVW�FXUULFXOXP�RYHUODS��ZKLFK�LV�WKH�SRUWLRQ�RI�WKH�WHVW�ZKLFK�LV�FRYHUHG�
E\�WKH�LPSOHPHQWHG�FXUULFXOXP��'H�+DDQ���������

��WKH�WHVW�FRYHUDJH�LQGH[��ZKLFK�LV�WKH�H[WHQW�WR�ZKLFK�WKH�WHVW�LWHPV�FRYHU�WKH�
LQWHQGHG�FXUULFXOXP�RI�D�FRXQWU\��:ROI����������

��WKH�WHVW�UHOHYDQFH�LQGH[��ZKLFK�LV�WKH�H[WHQW�WR�ZKLFK�WKH�WHVW�LWHPV�UHODWH�WR�
ZKDW�LV�WDXJKW�DFFRUGLQJ�WR�WKH�LQWHQGHG�FXUULFXOXP��:ROI���������DQG�

��WKH� FXUULFXOXP� FRYHUDJH� LQGH[�� ZKLFK� LV� WKH� H[WHQW� WR� ZKLFK� D� SDUWLFXODU�
LQWHQGHG� FXUULFXOXP� PDWFKHV� WKH� PRUH� JHQHUDO� FXUULFXOXP� IRUPHG� E\� WKH�
ERG\�RI�FRQWHQW��ZKLFK�PLJKW�EH�WDXJKW��:ROI���������

�
7KH� 'XWFK� WHVW�FXUULFXOXP� PDWFKLQJ� LQGH[HV� RI� ���� LQ� 6,06� DQG� ���� LQ�
7,066���� DUH� LQGLFDWRUV� RI� WKH� GLIIHUHQFH� EHWZHHQ� WKH� 'XWFK� LQWHQGHG�
PDWKHPDWLFV� FXUULFXOXP� DQG� WKH� LQWHUQDWLRQDO� PDLQVWUHDP�� +RZHYHU�� WKH�
SHUFHQWDJH�LV�DQ�DJJUHJDWHG�UHVXOW��ZKLFK�GRHV�QRW�UHYHDO�DQ\�RI�WKH�VSHFLDO�50(�
FKDUDFWHULVWLFV�� 7KHUHIRUH�� WKH� 0(75,&� VWXG\� ZDV� XVLQJ� WKH� FRQFHSW� RI� WHVW�
FXUULFXOXP�PDWFK� WR�JDWKHU�GDWD�RQ�WKH� LQWHQGHG�FXUULFXOXP�ZLWKRXW�DLPLQJ�DW�
DJJUHJDWLRQ�� 7KH� FXUULFXOXP� PDWFK� ZDV� WDNHQ� DW� LWHP� OHYHO�� :LWK� WZR� WHVWV�
DYDLODEOH��WKH�7,066�:ULWWHQ�7HVW�DQG�WKH�7,066�3HUIRUPDQFH�$VVHVVPHQW��WKH�
WRWDO�VHW�RI�LWHPV�ZDV�YHU\�KHWHURJHQHRXV��DQG�LW�SUREDEO\�FRYHUHG�D�FRQVLGHUDEOH�
SDUW� RI� WKH�'XWFK� LQWHQGHG�PDWKHPDWLFV� FXUULFXOXP��7KH� LWHPV�ZHUH� JLYHQ� WR�
PDWKHPDWLFV� FXUULFXOXP� H[SHUWV� IRU� MXGJHPHQW��%\� FROOHFWLQJ� WKHLU� MXGJHPHQWV�
RQ� WKH� LWHPV� LQ������DQG������������D�SLFWXUH�RI� WKH�DSSURSULDWHQHVV�RI�ERWK�
WHVWV�LQ�OLJKW�RI�WKH�LQWHQGHG�FXUULFXOXP�ZDV�FDXJKW��,QGLUHFWO\��WKLV�ZRXOG�\LHOG�D�
SRUWUD\DO� RI� WKH�'XWFK� LQWHQGHG�PDWKHPDWLFV� FXUULFXOXP� DW� LWHP� OHYHO� DV�ZHOO��
7KH� 0(75,&� VWXG\� XVHG� WKLV� FXUULFXOXP� PDWFK� DW� WKH� OHYHO� RI� WKH� LQWHQGHG�
FXUULFXOXP� IRU� FRPSDULVRQ� ZLWK� GDWD� IURP� WKH� LPSOHPHQWHG� DQG� DWWDLQHG�
FXUULFXOXP���
$V�H[SODLQHG�DERYH��WKH�WHVW�FXUULFXOXP�PDWFKLQJ�LQGH[�ZDV�DQ�LQGLFDWRU�RI�WKH�
WHVW�DV�D�ZKROH��+RZHYHU��WKH�0(75,&�VWXG\�ZRUNHG�DW�LWHP�OHYHO��7KHUHIRUH��DQ�
LWHP�FXUULFXOXP�PDWFKLQJ� LQGH[�ZDV�GHILQHG��7KLV�UDWH�LQGLFDWHG�WKH�PDWFK�ZLWK�WKH�
LQWHQGHG�FXUULFXOXP��7KLV�UDWH�ZDV�PHDVXUHG�RQ�D�QRPLQDO�VFDOH�RU�RQ�D�UDWLR�
VFDOH��2Q�D�QRPLQDO�VFDOH��WKH�UDWH�ZDV�HLWKHU�
\HV
�RU�
QR
��LQGLFDWLQJ�ZKHWKHU�DQ�
LQGLYLGXDO� WHVW� LWHP�PDWFKHG�ZLWK� WKH� LQWHQGHG� FXUULFXOXP� RU� QRW��2Q� D� UDWLR�
VFDOH��WKH�UDWH�LQGLFDWHG�WKH�SHUFHQWDJH�RI�H[SHUWV��ZKR�LQGLFDWHG�WKDW�D�WHVW�LWHP�
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PDWFKHG� ZLWK� WKH� LQWHQGHG� FXUULFXOXP�� 7KH� UDWLR� VFDOH� ZDV� LQWURGXFHG� LQ� WKH�
0(75,&�VWXG\��DIWHU�.XLSHU�HW�DO���������QRWHG�WKDW�FDUHIXOO\�VHOHFWHG�FXUULFXOXP�
H[SHUWV�FRXOG�GLVDJUHH�RQ�D�FRQVLGHUDEOH�QXPEHU�RI�LWHPV��6RPH�LWHPV�ZHUH�
RQ�
WKH�ERUGHUOLQH
�RI�WKH�LQWHQGHG�FXUULFXOXP��L�H��QHDUO\�PDWFKLQJ�ZLWK�WKH�LQWHQGHG�
FXUULFXOXP��DQG�WKH�SURFHVV�WR�UHDFK�FRQVHQVXV�RQ�D�
\HV
�RU�D�
QR
�UHVHPEOHG�D�
WRVV�XS��7KH\�DGYLVHG�WKH�FRQVXOWDWLRQ�RI�D�ODUJHU�QXPEHU�RI�H[SHUWV��LQ�RUGHU�WR�
VSHFLI\� WKH� UHVXOWV� DV� D� SHUFHQWDJH��:LWK� SHUFHQWDJHV� RI� H[SHUWV� DJUHHLQJ�� WKH�
MXGJHPHQW�ZRXOG�ORRVH�LWV�GLFKRWRP\�RI�D�\HV�QR�GLVWLQFWLRQ��EXW�JDLQ�D�UDWH��D�
SHUFHQWDJH�� WKDW� LGHQWLILHG� WR� ZKDW� H[WHQW� LWHPV� PDWFKHG� ZLWK� WKH� LQWHQGHG�
FXUULFXOXP� �
PRUH� RU� OHVV� PDWFKLQJ
��� 7KHUHIRUH�� LQ� WKH� 0(75,&� VWXG\�� WKH�
QXPEHU�RI�H[SHUWV�ZDV�LQFUHDVHG�IURP�WKUHH��LQ������DQG�������WR�ILYH��LQ��������
DQG�WKH�GLFKRWRPRXV�\HV�QR�GLVWLQFWLRQ�RI�WKH�LWHP�FXUULFXOXP�PDWFKLQJ�LQGH[�
IRU�WKH�:ULWWHQ�7HVW�ZDV�VXSSOHPHQWHG�E\�D�PRUH�SUHFLVH�PDWFKLQJ�LQGH[�RQ�D�
UDWLR� VFDOH� IRU� WKH� 3HUIRUPDQFH� $VVHVVPHQW�� 7KLV� ZLOO� EH� IXUWKHU� H[SODLQHG� LQ�
FKDSWHU����VHFWLRQ���������
�
7KH�LQVWUXPHQW�XVHG�LQ�WKH�0(75,&�VWXG\�WR�PHDVXUH�WKH�PDWFK�RI�WHVW�LWHPV�
ZLWK�WKH� LQWHQGHG�FXUULFXOXP�KDG�EHHQ�XVHG�LQ�SULRU�VWXGLHV��H�J��%HDWRQ�HW�DO���
������ *XOPDQV� HW� DO��� ������� 7KH� YDOLGLW\� DQG� UHOLDELOLW\� RI� WKH� LQVWUXPHQW�
GHSHQGHG� RQ� VHYHUDO� DVSHFWV�� 7KH� REMHFWLYLW\� RI� MXGJHPHQWV� ZDV� LQFUHDVHG� E\�
DVNLQJ�PDWKHPDWLFV� FXUULFXOXP� H[SHUWV� WR� DQVZHU� WKH� TXHVWLRQV� LQGHSHQGHQWO\�
�L�H�� ZLWKRXW� FRQVXOWLQJ� HDFK� RWKHU��� 7KH� UHOLDELOLW\� RI� WKH� LQVWUXPHQW� ZDV�
FRQVLGHUHG� VDWLVIDFWRU\�� DV� *XOPDQV� HW� DO�� �������� XVLQJ� D� VLPLODU� LQVWUXPHQW��
HVWDEOLVKHG�D�&URQEDFK�$OSKD�DERYH������
7KH�YDOLGLW\�RI�MXGJHPHQWV�GHSHQGHG�RQ�WKH�H[SHUWLVH�RI�WKH�H[SHUWV��7KH\�ZHUH�
VHOHFWHG� IRU� WKHLU� DFTXDLQWDQFH� ZLWK� WKH� GRFXPHQWV� GHVFULELQJ� WKH� LQWHQGHG�
FXUULFXOXP��7KH\�ZHUH�ZHOO�DZDUH�RI�NQRZOHGJH�DQG�VNLOOV�WKDW�VWXGHQWV�QHHG�WR�
FRPSOHWH�D�FHUWDLQ�WHVW�LWHP�FRUUHFWO\��,Q�WKLV�ZD\��WKH�0(75,&�VWXG\�JDWKHUHG�
MXGJHPHQW�GDWD�RQ�WKH�WZR�WHVWV�LQ�OLJKW�RI�WKH�LQWHQGHG�FXUULFXOXP��

������ 'HVFULELQJ�DQ�LPSOHPHQWHG�PDWKHPDWLFV�FXUULFXOXP �

6WXG\LQJ�DQG�GHVFULELQJ�DQ�LPSOHPHQWHG�FXUULFXOXP�PHDQV�VWXG\LQJ�DQG�GHVFULELQJ�
SURFHVVHV� LQ� VFKRROV� DQG� FODVVURRPV� �+RHEHQ�� ������� ,W� FDQ� EH� FDUULHG� RXW� LQ�
YDULRXV� ZD\V�� 2QH� RSWLRQ� LV� WR� FRQGXFW� FDVH� VWXGLHV� E\� GLUHFW� REVHUYDWLRQ� LQ�
FODVVURRP� YLVLWV�� ,Q� SDUWLFXODU�� WKH� HPHUJHQFH� RI� WKH� HGXFDWLRQDO� UHVHDUFK�
GLUHFWLRQ� EDVHG� RQ� FRQVWUXFWLYLVP� PDGH� PDQ\� PRUH� UHVHDUFKHUV� HQWHU�
PDWKHPDWLFV�FODVVURRPV��H�J��&ODUNH��LQ�SUHVV��&REE�	�%DXHUVIHOG����������
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&ODVVURRP�YLVLWV�DUH�ODERXU�LQWHQVLYH��DQG�XVHIXO�WR�VWXG\�VSHFLILF�EHKDYLRXU��%XW�
LW� WDNHV� D� ODUJH� QXPEHU� RI� YLVLWV� EHIRUH� JHQHUDOLVHG� VWDWHPHQWV� RQ� WKH�
LPSOHPHQWHG� FXUULFXOXP� IRU� D� ZKROH� QDWLRQ� FDQ� EH�PDGH� �H�J�� 'HNNHU�� ������
.XLSHU��������3HSLQ���������1HYHUWKHOHVV��WKH�'XWFK�,QVSHFWRUDWH�IRU�(GXFDWLRQ�
XQGHUWRRN�D�IDVFLQDWLQJ�H[HUFLVH�WR�HYDOXDWH�WKH�QHZ�FRUH�FXUULFXOXP�IRU�MXQLRU�
VHFRQGDU\� VFKRROV�� E\� YLVLWLQJ� PRUH� WKDQ� ����� OHVVRQV� RI� DOO� VXEMHFWV� LQ�
����������� JHWWLQJ� DQ� H[KDXVWLYH�� QDWLRQ�ZLGH� SLFWXUH� RI� FODVVURRP� SURFHVVHV�
�,QVSHFWLH�YDQ�KHW�2QGHUZLMV������D����
7KH�7,066�9LGHR�VWXG\�DOVR�RSHUDWHV�DW�D�ODUJH��QDWLRQ�ZLGH�VFDOH��,W�LV�WKH�ILUVW�
LQ� LWV� NLQG�� GRFXPHQWLQJ� QDWLRQDO� FODVVURRP� SURFHVVHV� LQ� VFLHQFH� DQG�
PDWKHPDWLFV�E\�ILOPLQJ�OHVVRQV�RI�D�UHSUHVHQWDWLYH�VDPSOH�RI�FODVVHV��.DZDQDND��
6WLJOHU�	�+LHEHUW�� �������$�YLGHR�GRFXPHQWDWLRQ�KDV� D� VSHFLDO� DGYDQWDJH��7KH�
GDWD� DUH� UH�XVDEOH�� DV� REVHUYDWLRQV� FDQ� EH� UHSOLFDWHG� ZLWK� GLIIHUHQW� UHVHDUFK�
TXHVWLRQV� LQ�PLQG��,Q�������WKH�1HWKHUODQGV�ZDV�LQYLWHG�WR�MRLQ�WKLV�VWXG\��DQG�
WKH�ILUVW�UHVXOWV�DUH�VRRQ�WR�EH�SUHVHQWHG��
�
,Q� WKH� DERYH� QDPHG� REVHUYDWLRQDO� VWXGLHV�� WKH� GHVFULSWLRQ� RI� FODVVURRP�
SURFHVVHV�SURYHV�D�FRPSOH[�H[HUFLVH��&ODVVURRP�SURFHVVHV�FDQ�WDNH�SODFH�DOPRVW�
LQYLVLEO\� RU� VLPXOWDQHRXVO\�� 7KH� REVHUYHU� �RU� WKH� FDPHUDPDQ�� FDQQRW� EH� DQ�
LQYLVLEOH� IO\�RQ�WKH�ZDOO�� EXW�EHFRPHV�SDUW�RI� WKH�FODVVURRP�SURFHVVHV��PDNLQJ�
WKHP� OHVV� JHQXLQH�� $OVR�� WKH� LQWHUSUHWDWLRQ� RI� SURFHVVHV� E\� WKH� REVHUYHU� KDV�
OLPLWHG�UHOLDELOLW\��DV�LW�LV�EDVHG�RQ�WKH�REVHUYHUV
�EDFNJURXQGV��.DZDQDND��6WLJOHU�
	�+LHEHUW�� ������ 3HSLQ�� ������� 7R� LQFUHDVH� UHOLDELOLW\�� WKH�'XWFK� ,QVSHFWRUDWH�
PDGH�XVH�RI�GXR�REVHUYDWLRQV�ZKHUHE\�WKH�LQGHSHQGHQW�UHSRUWV�RI�RQH�OHVVRQ�E\�
WZR�REVHUYHUV�ZHUH�FRPSDUHG��,QVSHFWLH�YDQ�KHW�2QGHUZLMV������D���
�
7R� VWXG\� WKH� LPSOHPHQWHG� FXUULFXOXP�� DOWHUQDWLYH� UHVHDUFK�PHWKRGV� UHSODFLQJ�
FODVVURRP�REVHUYDWLRQ�KDYH�EHHQ�VRXJKW��:LWKLQ�7,066�����6FKPLGW�HW�DO���������
������ VWXGLHG� WH[WERRNV�� DVVXPLQJ� WKDW� WHDFKHUV� XVH� WKHVH� DV� D� IRXQGDWLRQ� RI�
WKHLU� WHDFKLQJ�� 7KHUHIRUH�� WKH� WH[WERRNV� ZHUH� LQGLFDWRUV� RI� SHGDJRJLFDO� IORZ� DW�
FODVVURRP� OHYHO�� $V� VXFK�� WKH� WH[WERRNV� ZHUH� XVHG� DV� LQGLFDWRUV� IRU� WKH�
LPSOHPHQWHG� FXUULFXOXP�� DOWKRXJK� JHQHUDOO\�� WH[WERRNV� DUH� SHUFHLYHG� DV�
UHSUHVHQWDWLRQV� DW� WKH� OHYHO�RI� WKH� LQWHQGHG�FXUULFXOXP��6FKPLGW� HW� DO�� FRXQWHG�
WKH�QXPEHU�RI�WRSLFV� LQWURGXFHG�DQG�GURSSHG�LQ�HDFK�VFKRRO�\HDU�� LQWURGXFLQJ�
WKH� WHUPLQRORJ\� RI� DYHUDJH� WRSLF� GXUDWLRQ�� 7KH\� QRWLFHG� GUDPDWLF� GLIIHUHQFHV�
EHWZHHQ� QDWLRQV�� ZLWK� WKH�'XWFK�PDWKHPDWLFV� FXUULFXOXP� DW� MXQLRU� VHFRQGDU\�
VFKRRO�KDYLQJ�IHZHU�WRSLFV�WKDQ�PRVW�RWKHU�FRXQWULHV��
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$Q�DOWHUQDWLYH�PHWKRG�WR�VWXG\�LPSOHPHQWHG�FXUULFXOD�LV�WKH�QDWLRQ�ZLGH�VWXG\�RI�
WHDFKHUV
� ORJERRNV�� 7KLV�ZDV� VXJJHVWHG� E\�$ONLQ� ������� EXW� QHYHU� FDUULHG� RXW��
,QVWHDG�� PDQ\� UHVHDUFKHUV� KDYH� XVHG� VXUYH\V� DPRQJ� WHDFKHUV�� 7KURXJK�
TXHVWLRQQDLUHV�� WKH\� JDWKHUHG� GDWD��ZKLFK� FRXOG�EH� FRQVLGHUHG� DV� LQGLFDWRUV�RI�
WKH�LPSOHPHQWHG�FXUULFXOXP��$VSHFWV�FRQVLGHUHG�ZHUH�WKH�PDWKHPDWLFDO�FRQWHQW�
FRYHUHG�DW�D�FHUWDLQ�OHYHO��WHDFKLQJ�DSSURDFKHV�RU�HGXFDWLRQDO�EHOLHIV�RI�WHDFKHUV��
$�VXUYH\�FRXOG�WKHQ�EH�EDVHG�RQ�DQ\�WD[RQRP\��RI�WHDFKLQJ�PHWKRGV��FRQWHQW�
FRYHUHG�� DWWLWXGHV�� HWF���� RQ�ZKLFK� WHDFKHUV� RU� VFKRRO� SULQFLSDOV�ZHUH� DVNHG� WR�
JLYH�WKHLU�MXGJHPHQW��
�
1DWLRQDO�VXUYH\V�KDYH�EHHQ�XVHG�LQ�RUGHU�WR�UHVHDUFK�WHDFKLQJ�PHWKRGV��DVNLQJ�
PDWKHPDWLFV� WHDFKHUV� WR� JLYH� D� VHOI�UHSRUW� RI� WKHLU� SHGDJRJLFDO� SUDFWLFHV�� IRU�
H[DPSOH�ZLWK�UHVSHFW�WR�VORZ�OHDUQHUV�RU�WKH�XVH�RI�WHDFKLQJ�DLGV��%HDWRQ�HW�DO���
������%RV�	�9RV��������0XOOLV�HW�DO���������7UDYHUV�	�:HVWEXU\���������<HW��DV�
WHDFKHUV� PLJKW� WHQG� WR� JLYH� VRFLDOO\� GHVLUDEOH� DQVZHUV�� WKH� UHOLDELOLW\� RI� WKH�
DQVZHUV� UHPDLQ� TXHVWLRQDEOH�� $OVR�� DV� 6RVQLDN�� (WKLQJWRQ� DQG� 9DUHODV� �������
QRWHG�IURP�WKH�6,06�GDWD��WHDFKHUV
�RSLQLRQV�VKRZ�FRQVLGHUDEOH�LQFRQVLVWHQFLHV��
FRPELQLQJ�WUDGLWLRQDO�DQG�LQQRYDWLYH�QRWLRQV�LQGLVFULPLQDWHO\��7KHUHIRUH��VXUYH\V�
DPRQJ� WHDFKHUV� RQ� WKHLU� LQWHUSUHWDWLRQV� RI� WKH� LQWHQGHG� FXUULFXOXP� VWLOO� QHHG�
IXUWKHU�UHILQHPHQW���
�
$QRWKHU�DVSHFW�RI�WKH�LPSOHPHQWHG�FXUULFXOXP�LV�FRQWHQW�FRYHUDJH��)RU�H[DPSOH��
)UHHPDQ�HW�DO�� ��������/DSRLQWH�HW�DO�� ��������0XOOLV�HW�DO�� ��������DQG�0HKUHQV�
DQG� 3KLOOLSV� ������� XVHG� D� OLVW� RI� PDWKHPDWLFDO� WRSLFV� WKDW� FRXOG� KDYH� EHHQ�
FRYHUHG�DW�WKH�SDUWLFXODU� OHYHO�RI�VFKRROLQJ��7KH�JHQHUDO�SLFWXUH�HPHUJLQJ�IURP�
WKHVH�VWXGLHV�LV��GLYHUVLW\�EHWZHHQ�FRXQWULHV��DQG�KRPRJHQHLW\�ZLWKLQ�FRXQWULHV���
7KH� PHDVXUHPHQW� RI� FRQWHQW� FRYHUDJH� E\� WKH� LPSOHPHQWHG� FXUULFXOXP� LV�
JHQHUDOO\�DVVRFLDWHG�ZLWK�WKH�WHUP�2SSRUWXQLW\�WR�/HDUQ��27/���7KLV�WHUP�UHIHUV�WR�
WKH�UDWLRQDOH�WKDW�ZKHQHYHU�D�WHDFKHU�LQGLFDWHG�WKDW�KH�VKH�KDV�FRYHUHG�FHUWDLQ�
FRQWHQW�� WKH� VWXGHQWV� KDYH� KDG� DQ� RSSRUWXQLW\� WR� OHDUQ� LW�� &DUURO� ������� ILUVW�
LQWURGXFHG�WKH�WHUP��:LWK�27/��KH�PHDQW�WR�PHDVXUH�WKH�WLPH�VSHQW�RQ�OHDUQLQJ�
D� WRSLF� �WLPH�RQ�WDVN��� /DWHU�� WKH� WHUP� 27/� FKDQJHG� PHDQLQJ�� EHFRPLQJ� D�
GLFKRWRPRXV�YDULDEOH��LQGLFDWLQJ�ZKHWKHU�D�WHDFKHU�KDG�WDNHQ�WKH�RSSRUWXQLW\�WR�
WHDFK� D� FHUWDLQ� WRSLF�� ,W� GRHV� QRW� JLYH� DQ� LQGLFDWLRQ� RI� WKH� FRQWHQW� WKDW� LV�
HIIHFWLYHO\� OHDUQW�E\� WKH� VWXGHQWV�� DV� VWXGHQWV� FDQ�DOVR� WDNH� 
WKH�RSSRUWXQLW\� WR�
IRUJHW
��9DQ�GHU�/LQGHQ���������
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,QVWUXPHQWV� IRU�PHDVXULQJ�27/� FDQ� HLWKHU� EH� REMHFWLYH�EDVHG�� WRSLF�EDVHG� RU�
LWHP�EDVHG��'H�+DDQ���������DOWKRXJK�QR�VRXUFHV�ZHUH�IRXQG�LQ�ZKLFK�REMHFWLYH�
EDVHG�27/�VWXGLHV�ZHUH�UHSRUWHG��0XOOLV�HW�DO���������FDUULHG�RXW�D�WRSLF�EDVHG�
27/� VWXG\�� ZKLFK� VXIIHUV� IURP� WKH� DPELJXLW\� RI� WKH� WHUPLQRORJ\� XVHG�� ,W� LV�
TXHVWLRQDEOH�ZKHWKHU�'XWFK�PDWKHPDWLFV�WHDFKHUV�LQWHUSUHW�WKH�GHVFULSWLRQV�ZHOO��
)RU�H[DPSOH��JUDGH���PDWKHPDWLFV�WHDFKHUV�ZHUH�DVNHG�ZKHWKHU�WKH\�KDG�FRYHUHG�
WKH�IROORZLQJ�WRSLFV�IURP�DOJHEUD���
��QXPEHU�SDWWHUQV�DQG�VLPSOH�UHODWLRQV���
��VLPSOH�DOJHEUDLF�H[SUHVVLRQV���
��UHSUHVHQWLQJ�VLWXDWLRQV�DOJHEUDLFDOO\��IRUPXODV��
��VROYLQJ�VLPSOH�HTXDWLRQV��DQG�
��VROYLQJ�VLPSOH�LQHTXDOLWLHV��
�
7KH�GLIILFXOW\�LQ�LQWHUSUHWLQJ�WKH�VSHFLILFDWLRQV�LV�FDXVHG�E\�WKH�IDFW�WKDW�WKH�WLWOH�
RI�WKH�LWHP�HTXDOV�LWV�GHVFULSWLRQ��7R�RQH�PDWKHPDWLFV�WHDFKHU��WKH�WRSLF�
VLPSOH�
DOJHEUDLF� H[SUHVVLRQV
� FRXOG� KDYH� D� WRWDOO\� GLIIHUHQW� PHDQLQJ� WKDQ� WR� DQRWKHU�
WHDFKHU��)LUVW�� WKH�GHVFULSWLRQ�RI� WKH� WRSLF�GRHV�QRW�VSHFLI\�IRU�DFWLYLWLHV� �WKHVH�
FRXOG� EH� RUGHULQJ� RI� WHUPV�� H[SDQGLQJ�� UHZULWLQJ�� LQWHUSUHWLQJ� WKH�PDJQLWXGHV��
LQVHUWLQJ�YDOXHV�� FODVVLI\LQJ�� DQG� VR� IRUWK���)RU� VRPH� WHDFKHUV� WKH� WRSLFV�PLJKW�
PHDQ�D�PDWKHPDWLFDO�FRQFHSW��UHTXLULQJ�D�VWULFW�GHILQLWLRQ��%XW�WKHQ�WKH�FRQFHSW�
RI� 
VLPSOH� DOJHEUDLF� HTXDWLRQV
� VKRXOG� VSHFLI\� IRU� WKH�QXPEHU�RU�QDWXUH�RI� WKH�
YDULDEOHV�LQ�WKH�H[SUHVVLRQ��$OVR��WKH�XVDJH�RI�WKH�ZRUG�
VLPSOH
�VHHPV�WR�YDOXH�
FHUWDLQ� FRJQLWLYH� OLPLWV�� DV� RSSRVHG� WR� 
FRPSOLFDWHG
�� )LQDOO\�� YLHZHG� IURP� WKH�
'XWFK�50(�EDVHG�SRVLWLRQ�� LW� VHHPV� WKDW� WKH�XVH�RI�FRQWH[WV� LV� OLPLWHG� WR� WKH�
WKLUG� LWHP� RQO\� �
UHSUHVHQWLQJ� VLWXDWLRQV� DOJHEUDLFDOO\�� IRUPXODV
��� DSSDUHQWO\�
OHDYLQJ� FRQWH[WV� RXW� IURP� WKH� RWKHU� WRSLFV��0RUHRYHU�� WKH� VHTXHQFH� RI� WRSLFV�
LPSOLHV� WKDW� WKH� UHDO�OLIH� DSSOLFDWLRQV� DUH� FRPLQJ� DIWHU� WKH� LQWURGXFWLRQ� RI� WKH�
FRQFHSW�� 7KLV� PDNHV� OLWWOH� VHQVH� LQ� 50(�� ZKHUH� WKH� FRQFHSW� LV� LQWURGXFHG�
WKURXJK�FRQWH[WV��7KHUHIRUH��UHVHDUFK�RQ�27/�WKURXJK�WRSLF�EDVHG�LQVWUXPHQWV�
FRXOG� KDYH� OLPLWHG� YDOXH� IRU� FHUWDLQ� QDWLRQV�� LI� WKH� LWHPV� LQKLELW� LQWHUSUHWDWLRQ�
DPELJXLWLHV�ZLWKLQ�LWV�HGXFDWLRQDO�FXOWXUH��
�
,QVWHDG�RI�XVLQJ�DQ�REMHFWLYH�EDVHG�RU�D�WRSLF�EDVHG�DSSURDFK�IRU�VWXG\LQJ�27/��
DQ� LWHP�EDVHG�DSSURDFK�FDQ�EH�XVHG��,WHPV�RIIHU� WHDFKHUV�D�FRQFUHWH�FRJQLWLYH�
VLWXDWLRQ��VWDWLQJ� LPSOLFLWO\�DVSHFWV�RI�FRQWHQW�DQG�VNLOOV��1RW�RQO\�WHDFKHUV��EXW�
DOVR�VWXGHQWV��FDQ�EH�JLYHQ�D�VHW�RI�WHVW� LWHPV�ZLWK�WKH�TXHVWLRQ��ZKHWKHU�WKHVH��
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KDYH� EHHQ� FRYHUHG� LQ� WKHLU� OHVVRQV�� 7KLV� PHWKRG� ZDV� XVHG� E\� %RUJ� ��������
&RPEHU� DQG� .HHYHV� �������� 'H� +DDQ� �������� +DUG\� �������� +XVpQ� ��������
3HOJUXP� HW� DO�� �����D�� ����E�� ������� DQG�7UDYHUV� DQG�:HVWEXU\� �������� ,Q� WKH�
VWXGLHV��WHDFKHUV�ZHUH�DVNHG�ZKHWKHU�WKH�FRQWHQW��QHHGHG�WR�VROYH�WKH�LWHP��KDG�
EHHQ� WDXJKW�EHIRUH� WHVW�DGPLQLVWUDWLRQ�RU�QRW��,Q�VRPH�RI� WKH�VWXGLHV�� WHDFKHUV�
ZHUH� DGGLWLRQDOO\� DVNHG� WR� LQGLFDWH� WKH� WLPH� VSHQW� RQ� WKDW� FRQWHQW�� WKXV�
GLIIHUHQWLDWLQJ�WKH�\HV�QR�TXHVWLRQ�RQ�FRQWHQW�FRYHUDJH���
7UDYHUV�DQG�:HVWEXU\��������KDYH�DUJXHG�WKDW�WKH�TXHVWLRQ�RQ�FRQWHQW�FRYHUDJH�
ZDV�LQWHUIHUHG�E\�WHDFKHUV
�SHUFHSWLRQ�RI�WKH�LWHP
V�GLIILFXOW\��7KH\�UHDVRQHG�WKDW�
WHDFKHUV� ZRXOG� LQFOXGH� DQ� HVWLPDWLRQ� RI� WKHLU� VWXGHQWV
� DFKLHYHPHQW� EHIRUH�
DQVZHULQJ�WR�WKH�FRYHUDJH�TXHVWLRQ��7KHUHIRUH��WKH\�DVNHG�WHDFKHUV�WR�GLVWLQJXLVK�
EHWZHHQ� LWHP�GLIILFXOW\�DQG�LWHP�FRYHUDJH��7HDFKHUV�ZHUH�DVNHG�WR� LQGLFDWH�WKH�
FRYHUDJH��DQG�VHSDUDWHO\�PDNH�DQ�HVWLPDWLRQ�RI�WKH�SHUFHQWDJH�RI�WKHLU�VWXGHQWV�
DQVZHULQJ�WKH�LWHP�FRUUHFWO\���
�
&RQVLGHULQJ� WKH� LQWHUIHUHQFH� RI� FRYHUDJH� ZLWK� GLIILFXOW\�� 'H� +DDQ� �������
GHYHORSHG�D�VSHFLDO� LQVWUXPHQW�WR�PHDVXUH�27/��E\�DVNLQJ�WHDFKHUV�WR�LPDJLQH�
WKDW�WKH\�ZHUH�WR�VHW�D�WHVW�IRU�WKHLU�VWXGHQWV��FRYHULQJ�DOO�FRQWHQW�WDXJKW��7KH\�
ZHUH� WKHQ�JLYHQ�D� VHW�RI� LWHPV�� DQG�DVNHG� WR� MXGJH�HDFK� LWHP�RQ�ZKHWKHU� WKH\�
ZRXOG�LQFOXGH�LW�LQWR�WKHLU�LPDJLQDU\�WHVW��7KLV�LPSOLHG�WKDW�HLWKHU�WKH�FRQWHQW�RI�
WKH�LWHP�KDG�EHHQ�FRYHUHG�LQ�FODVVURRP��RU�WKDW�WKH�LWHP�ZDV�SUR[LPDWH�WR�WKH�
FRQWHQW� WDXJKW� DQG� WHDFKHUV� FRQVLGHUHG� KLV�KHU� VWXGHQWV� WR� EH� 
UHDG\
� IRU� WKH�
LWHP��,Q�ERWK�FDVHV��WHDFKHUV
�DQVZHUV�ZHUH�DQ�LQGLFDWRU�RI�WKH�LWHP
V�PDWFK�ZLWK�
WKH�LPSOHPHQWHG�FXUULFXOXP��7KH�27/�UDWH�RI�DQ�LWHP�ZDV�WKHQ�FDOFXODWHG�DV�WKH�
SHUFHQWDJH� RI� WHDFKHUV�� LQGLFDWLQJ� 
\HV
� RQ� WKDW� LWHP�� 'H� +DDQ� FKHFNHG� WKH�
YDOLGLW\�RI�KHU�LQVWUXPHQW��DQG�LWV�UHOLDELOLW\�DQG�REMHFWLYLW\�LQ�D�UHVHDUFK��LQ�ZKLFK�
WKH�REWDLQHG�27/�UDWHV�ZHUH�FRPSDUHG�WR��
��D�GHWDLOHG�27/�TXHVWLRQQDLUH�DVNLQJ�IRU�HDFK�LWHP�ZKHQ��KRZ�DQG�IRU�ZKLFK�
VXE�JURXS�RI�VWXGHQWV�LW�ZDV�FRYHUHG��

��DQ�HVWLPDWLRQ�E\�WHDFKHUV�RI�LWHP�GLIILFXOW\��L�H��WHDFKHUV
�SUHGLFWLRQ�RI�VWXGHQW�
VFRUHV�RQ�WKH�LWHP���

��D�WH[WERRN�DQDO\VLV��L�H��ZDV�WKH�LWHP�FRYHUHG�LQ�WKH�WH[WERRN�XVHG���
��VWXGHQWV
�RZQ�27/�MXGJHPHQW��L�H��ZDV�WKH�LWHP�FRYHUHG�LQ�FODVV"���DQG�
��VWXGHQWV
�DFKLHYHPHQW��
7KH� QHZ� 27/� LQVWUXPHQW� FRUUHODWHG� ZHOO�� ERWK� ZLWK� WKH� GHWDLOHG� 27/�
TXHVWLRQQDLUH� DQG�ZLWK� WKH� WH[WERRN� DQDO\VLV� �U ���� DQG� ���� UHVSHFWLYHO\��ZLWK�
S�������� WHVWLI\LQJ� RI� WKH� YDOLGLW\� RI� WKH� LQVWUXPHQW�� 7KH� FRUUHODWLRQ� ZLWK� WKH�
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HVWLPDWHG� UDWH� RI� GLIILFXOW\� ZDV� ����� 7KH� FRUUHODWLRQ� ZLWK� VWXGHQWV
� RZQ�27/�
MXGJHPHQW�YDULHG�EHWZHHQ�����DQG����� �DW�GLIIHUHQW�PHDVXUHPHQWV���)LQDOO\�� WKH�
FRUUHODWLRQ�ZLWK�VWXGHQWV
�VFRUH�ZDV�������
7R�FKHFN�WKH�UHOLDELOLW\�RI�DQVZHU�SDWWHUQV��'H�+DDQ�VWXGLHG�WKH�FRQVLVWHQF\�RI�
DQVZHUV� E\� UHSHDWLQJ� WKH� 27/� PHDVXUHPHQW� ODWHU� LQ� WKH� VFKRRO� \HDU�� %\�
FRUUHFWLQJ� IRU� WKH� DGGLWLRQDO� FRQWHQW� WDXJKW�� WKH� WZR�PHDVXUHPHQWV� VKRZHG� D�
KLJK�FRQVLVWHQF\�������DQG�VLJQLILFDQW�FRUUHODWLRQ��U ������S���������
7KH�DERYH�GHVFULEHG�LQVWUXPHQW�ZDV�XVHG�E\�.XLSHU�HW�DO���������������LQ�WKHLU�
UHVHDUFK�RQ�WKH�1DWLRQDO�2SWLRQ�7HVW��127��DQG�E\�'H�+DDQ�HW�DO���������LQ�D�
UHVHDUFK� RQ� WKH� 7,066� 3HUIRUPDQFH� $VVHVVPHQW�� 7KH� ODWWHU� HVWDEOLVKHG� D�
&URQEDFK�$OSKD�YDU\LQJ�EHWZHHQ������DQG�������7KHUHIRUH��WKH�LQVWUXPHQW�JDYH�
PXFK�FRQILGHQFH�WR�EH�XVHIXO�IRU�WKH�0(75,&�VWXG\��
�
:LWK�WKLV�FDUHIXOO\�GHYHORSHG�DQG�ZHOO�WHVWHG�LQVWUXPHQW��WKH�0(75,&�VWXG\�KDG�
WKH�DYDLODELOLW\�RYHU�D�SRZHUIXO�WRRO�WR�DVVHVV�WKH�WZR�7,066�WHVWV��WKH�:ULWWHQ�
7HVW� DQG� WKH� 3HUIRUPDQFH� $VVHVVPHQW�� LQ� OLJKW� RI� WKH� LPSOHPHQWHG� 'XWFK�
PDWKHPDWLFV� FXUULFXOXP� LQ� JUDGH� ���2Q� HDFK� LWHP� DQ�27/� UDWH�ZDV� JDWKHUHG��
RIIHULQJ� LQVLJKW� LQWR� ZKHWKHU� WKH� WHDFKHUV� FRQVLGHUHG� WKH� LWHP� VXLWDEOH� IRU� DQ�
LPDJLQDU\� WHVW� IRU� WKHLU� VWXGHQWV��7KH�GDWD�ZHUH� WKHQ�FRPSDUHG� WR�GDWD��ZKLFK�
ZHUH�JDWKHUHG�DW�WKH�OHYHO�RI�WKH�LQWHQGHG�DQG�DWWDLQHG�FXUULFXOXP��

������ 'HVFULELQJ�DQ�DWWDLQHG�PDWKHPDWLFV�FXUULFXOXP�

7KH�DWWDLQHG� FXUULFXOXP� LV�JHQHUDOO\�DVVRFLDWHG�ZLWK� WKH�UHJLVWUDWLRQ�RI�VWXGHQWV
�
DFKLHYHPHQW� RXWFRPHV�� ,Q�PDQ\� FRXQWULHV�� QDWLRQDO� H[DPV� DUH� DGPLQLVWHUHG� DW�
WKH� HQG�RI� VHFRQGDU\�HGXFDWLRQ��7KH�H[DPV�FUHDWH� D�EDUULHU� IRU� IXWXUH� FDUHHUV��
DQG�FUHDWH�QDWLRQDO�VWDQGDUGV�IRU�WKH�HGXFDWLRQDO�OHYHO�DW�VFKRROV��%\�OLQNLQJ�WKH�
H[DPV�WR�WKH�LQWHQGHG�FXUULFXOXP��D�QDWLRQ�FDQ�HYDOXDWH�ZKHWKHU�HGXFDWLRQDO�DLPV�
KDYH�EHHQ�PHW���
<HW��QDWLRQDO�H[DPV�FDQ�RQO\�JLYH�DQ�LQGLFDWLRQ�RI�DQ�DWWDLQHG�FXUULFXOXP�DW�WKH�
HQG� RI� D� SURFHVV�� DQG� QRW� GXULQJ� LWV� FRXUVH�� 7KHUHIRUH�� LQ� WKH� 1HWKHUODQGV�
HGXFDWLRQDO�PRQLWRULQJ�LV�FDUULHG�RXW�E\�WHVWLQJ�VDPSOHV�RI�VWXGHQWV�GXULQJ�WKHLU�
FRXUVH�RI� VFKRROLQJ��8QOLNH�H[DPV�� VWXGHQWV�GR�QRW� UHFHLYH�VSHFLDO�SUHSDUDWLRQ�
IRU�WKHVH�WHVWV��([DPSOHV�RI�SURMHFWV�LQ�ZKLFK�WHVWV�DUH�XVHG�IRU�PRQLWRULQJ�WKH�
DWWDLQHG� PDWKHPDWLFV� FXUULFXOXP� LQ� WKH� 1HWKHUODQGV� DUH� WKH� 3HULRGLFDO�
0HDVXUHPHQW�RI�3ULPDU\�(GXFDWLRQ��3321���+RHEHQ��������:LMQVWUD�������DQG�
WKH�6HFRQGDU\�(GXFDWLRQ�&RKRUW�6WXGHQWV��92&/���9DQ�GHU�:HUI�HW�DO�����������
�
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7DEOH������ $FKLHYHPHQW�UHVXOWV��DYHUDJH�S�YDOXHV��RI�FRXQWULHV�SDUWLFLSDWLQJ�LQ�6,06�

� �

&RXQWU\�

$ULWK�

PHWLF�

�

$OJHEUD�

�

*HRPHWU\�

�

6WDWLVWLFV�

0HDVXUH��

PHQW�

�

7RWDO�

�� -DSDQ� ��� ��� ��� ��� ��� ���
�� 1HWKHUODQGV� ��� ��� ��� ��� ��� ���
�� +XQJDU\� ��� ��� ��� ��� ��� ���
�� )UDQFH� ��� ��� ��� ��� ��� ���
�� %HOJLXP��)U�� ��� ��� ��� ��� ��� ���
�� %HOJLXP��)O�� ��� ��� ��� ��� ��� ���
�� &DQDGD��%&�� ��� ��� ��� ��� ��� ���
�� )LQODQG� ��� ��� ��� ��� ��� ���
�� +RQJ�.RQJ� ��� ��� ��� ��� ��� ���
��� &DQDGD��2�� ��� ��� ��� ��� ��� ���
��� 6FRWODQG� ��� ��� ��� ��� ��� ���
��� (QJODQG� ��� ��� ��� ��� ��� ���
��� ,VUDHO� ��� ��� ��� ��� ��� ���
��� 1HZ�=HDODQG� ��� ��� ��� ��� ��� ���
��� 86$� ��� ��� ��� ��� ��� ���
��� 6ZHGHQ� ��� ��� ��� ��� ��� ���
��� 7KDLODQG� ��� ��� ��� ��� ��� ���
��� /X[HPERXUJ� ��� ��� ��� ��� ��� ���
� ,QWO�DYHUDJH� ��� ��� ��� ��� ��� ���

6RXUFH� 3HOJUXP HW DO� �������

�
1DWLRQDO� DXWKRULWLHV� DOVR� XVH� LQWHUQDWLRQDO� FRPSDUDWLYH� VWXGLHV� WR�PRQLWRU� WKH�
DWWDLQHG�FXUULFXOXP��7KH�PRVW�IDPRXV�VWXGLHV�DUH�WKH�RQHV��ZKLFK�ZHUH�RUJDQLVHG�
XQGHU� DXVSLFHV� RI� ,($� �,QWHUQDWLRQDO� $VVRFLDWLRQ� IRU� WKH� (YDOXDWLRQ� RI�
(GXFDWLRQDO� $VVHVVPHQW��� ,QGLFDWHG� E\� WKHLU� RUGLQDOV� ILUVW�� VHFRQG� DQG� WKLUG��
WKHVH� DUH� ),06�� 6,06� DQG� 7,066�� 2WKHU� VWXGLHV� PRQLWRULQJ� PDWKHPDWLFV�
HGXFDWLRQ� LQWHUQDWLRQDOO\� DUH� WKH� 3URJUDPPH� IRU� ,QWHUQDWLRQDO� 6WXGHQW�
$VVHVVPHQW� �3,6$�� �2(&'�� ������� ,QWHUQDWLRQDO� $VVHVVPHQW� RI� (GXFDWLRQDO�
3URJUHVV� �,($3�� �/DSRLQWH� HW� DO��� ������� DQG� WKH� ,QWHUQDWLRQDO� 3URJUDPPH� RQ�
0DWKHPDWLFDO� $WWDLQPHQW� �,30$�� �%XUJKHV�� ������� *HQHUDOO\�� 'XWFK� VWXGHQWV�
SHUIRUP� UHODWLYHO\�ZHOO� LQ� LQWHUQDWLRQDO� FRPSDUDWLYH� VWXGLHV��$V� DQ� H[DPSOH�� LQ�
7DEOH������WKH�DFKLHYHPHQW�UHVXOWV��DYHUDJH�S�YDOXHV��RI�FRXQWULHV�SDUWLFLSDWLQJ�LQ�
6,06�DUH�JLYHQ��7KH�GDWD�ZHUH�JDWKHUHG�LQ������������+HUH��WKH�'XWFK�JUDGH���
VWXGHQWV� VFRUHG� UHODWLYHO\� ZHOO� LQ� WKH� LQWHUQDWLRQDO� FRPSDULVRQ�� MXVW� OLNH� WKH�
'XWFK�JUDGH���VWXGHQWV�GLG�RQ�WKH�7,066�:ULWWHQ�7HVW�LQ�������FI��7DEOH��������
�
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:KHQ� PHDVXULQJ� VWXGHQWV
� PDWKHPDWLFV� DFKLHYHPHQW� IRU� D� ODUJH� SRSXODWLRQ��
ODERXU�LQWHQVLYH�UHVHDUFK�WKURXJK�REVHUYDWLRQ��LQWHUYLHZV�RU�SURMHFW�ZRUN�FDQQRW�
EH�FRQVLGHUHG��,QVWHDG��LQ�DOO�RI�WKH�SURMHFWV�QDPHG�EHIRUH��SDSHU�DQG�SHQFLO�WHVWV�
KDYH� EHHQ� GHYHORSHG� DQG� LVVXHG� WR� ODUJH� VDPSOHV� RI� VWXGHQWV�� ,Q� SDUWLFXODU��
PXOWLSOH�FKRLFH� LWHPV�KDYH�EHHQ�SRSXODU�LQ�VXFK�VWXGLHV��EHFDXVH�RI�DXWRPDWHG�
VFRULQJ�DQG�KLJK�UHOLDELOLW\��)RU�H[DPSOH��LQ�������7,066�WHVWHG�PRUH�WKDQ�KDOI�D�
PLOOLRQ�VWXGHQWV�DURXQG�WKH�ZRUOG��%HDWRQ�HW�DO����������&RQVHTXHQWO\��PLOOLRQV�RI�
DQVZHUV�KDG�WR�EH�XQLIRUPO\�DVVHVVHG�RQ�WKHLU�FRUUHFWQHVV��
<HW�� WKH�XVH�RI�PXOWLSOH� FKRLFH� LWHPV� IRU�PHDVXULQJ� VWXGHQWV
� DFKLHYHPHQW�KDV�
FRPH�XQGHU�GHEDWH��9DQ�GHQ�%HUJK� ��������)UDU\� ��������5HVQLFN�DQG�5HVQLFN�
�������� DQG� :LJJLQV� ������� ZHUH� DPRQJ� WKH� ILUVW� WR� FULWLFLVH� WKH� XVH� RI�
VWDQGDUGLVHG��PXOWLSOH�FKRLFH�WHVWV��7KHVH�LWHPV�ZHUH�DVVRFLDWHG�ZLWK�ORZ�YDOXHG�
IDFWXDO�NQRZOHGJH��DVNLQJ�IRU�OLPLWHG�WKLQNLQJ�SURFHVVHV��&ORVHG�TXHVWLRQV�DSSHDU�
WR�EH�HDVLHU�DQG�OHVV�YDOLG�WKDQ�FRPSDUDEOH�RSHQ�TXHVWLRQV���
$GGLWLRQDO� DVVHVVPHQW� PHWKRGV� ZHUH� QHHGHG�� 7KH� UKHWRULF� DJDLQVW� PXOWLSOH�
FKRLFH� WHVWV� PDGH� DOPRVW� DQ\� WHVW� ZLWK� D� IHZ� RSHQ� TXHVWLRQV�� DOUHDG\� QRQ�
WUDGLWLRQDO� DQG�PRGHUQ��7KH� ODEHOV�XVHG�E\�GLIIHUHQW�DXWKRUV�YDULHG��SHUIRUPDQFH�
DVVHVVPHQW�RU�SHUIRUPDQFH�EDVHG�DVVHVVPHQW��%XUWRQ��������&ODUNH��������+DUPRQ�
HW� DO��� ������ /LQQ� 	� %DNHU�� ������ 6KDYHOVRQ�� ������ :ROI� ������� DOWHUQDWLYH�
DVVHVVPHQW� �%LUHQEDXP� 	� 'RFK\�� ������� RU� DXWKHQWLF� DVVHVVPHQW� �'DUOLQJ�
+DPPRQG�	�$QFHVV��������*ODWWKRUQ��������'H�/DQJH��������:LJJLQV���������
7KH� GHVFULSWLRQV� VKRZHG� FRQVLGHUDEOH� RYHUODS�� &KDUDFWHULVDWLRQ� RI� WKH� QHZ�
DVVHVVPHQW�SUDFWLFHV�ZHUH�JLYHQ��VXFK�DV���
��WHVWLQJ�WKURXJK�RSHQ�TXHVWLRQV�DQG�IRU�KLJKHU�RUGHU�VNLOOV���
��XVLQJ�D�UDQJH�RI�PHWKRGV�RU�DSSURDFKHV���
��PDNLQJ�VWXGHQWV�GLVFORVH�WKHLU�RZQ�XQGHUVWDQGLQJ���
��DOORZLQJ�VWXGHQWV�WR�XQGHUWDNH�SUDFWLFDO�ZRUN���
��DVNLQJ�IRU�SHUIRUPDQFHV�DQG�SURGXFWV���
��LQWHJUDWLQJ�UHDO�OLIH�VLWXDWLRQV��
��LQWHJUDWLQJ�VFKRRO�VXEMHFWV��DQG��
��EHLQJ�DV�DQ�DFWLYLW\�ZRUWKZKLOH�IRU�VWXGHQWV
�OHDUQLQJ���
�
)RU� VLPSOLFLW\�� LQ� WKH� IROORZLQJ� WH[W�� WKH� PRVW� FXUUHQW� WHUP� RI� SHUIRUPDQFH�
DVVHVVPHQW�ZLOO�EH�XVHG�LI�VRPH�RI�WKH�DERYH�FULWHULD�DUH�PHW���
,Q�UHODWLRQ�WR�WKH�'XWFK�QHZ�FRUH�FXUULFXOXP��'H�/DQJH���������+HUPDQV��������
DQG�6OXLMWHU�HW�DO���������DOVR�OLVWHG�WKH�DERYH�FKDUDFWHULVWLFV��7KH\�GHVFULEHG�QHZ��
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FULWHULD� IRU� WHVWLQJ� WKH� QHZ� FRUH� PDWKHPDWLFV� FXUULFXOXP� DW� MXQLRU� VHFRQGDU\�
VFKRRO� OHYHO�� 6LQFH� WKH� ����V�� QRQH� RI� WKH� H[HPSODU\� WHVWV� IRU� WKH� QHZ�
PDWKHPDWLFV�FXUULFXOXP�LQ�WKH�1HWKHUODQGV�GRHV�FRQWDLQ�PXOWLSOH�FKRLFH�LWHPV��
7KH� WHVWV�� GHYHORSHG� E\� WKH� FXUULFXOXP� GHYHORSHUV� RI� WKH�:������ WHDP�� DQG��
IURP� ����� RQZDUGV�� GHYHORSHG� E\� WKH� 1DWLRQDO� ,QVWLWXWH� IRU� (GXFDWLRQDO�
0HDVXUHPHQW� �&LWR��� DUH� ZULWWHQ� WHVWV� FRQWDLQLQJ� SUHGRPLQDQWO\� VKRUW� DQVZHU�
TXHVWLRQV� DQG� D� IHZ� H[WHQGHG� UHVSRQVH� LWHPV� DVNLQJ� IRU� D� GHVFULSWLRQ� RU� DQ�
H[SODQDWLRQ��7KHLU�GLVWLQJXLVKLQJ�IHDWXUH�LV�WKDW�DOO�TXHVWLRQV�DUH�VRPHKRZ�UHODWHG�
WR� UHDO�OLIH�FRQWH[WV��+RZHYHU��QRW�RQH�RI� WKH�PDWKHPDWLFV� WHVWV�DVNV� IRU�RSHQ�
LQYHVWLJDWLRQV�� LQ� ZKLFK� VWXGHQWV� KDYH� WR� GHVLJQ� D� UHVHDUFK�� FRPSLOH� GDWD� DQG�
PRGHO� WKHP�� 7KLV� LV� SRVVLEO\� FDXVHG� E\� WKH� WLPH�UHVWULFWHG� DQG� SDSHU�EDVHG�
IRUPDW�� EXW� WKH� FKDOOHQJH� UHPDLQV� WR� GHYHORS� KDQGV�RQ� WDVNV� IRU� QDWLRQDO�
SHUIRUPDQFH�DVVHVVPHQW�LQ�PDWKHPDWLFV��
�
:LWK�WKH�HPHUJHQFH�RI�SHUIRUPDQFH�DVVHVVPHQW�DV�DQ�DOWHUQDWLYH�WR�VWDQGDUGLVHG�
WHVWV��WKH�TXHVWLRQ�UHPDLQHG�ZKHWKHU�WKH\�ZRXOG�JLYH�IDLU�LQIRUPDWLRQ�RQ�VWXGHQWV
�
DFKLHYHPHQW�� 7KHUHIRUH�� %D[WHU� DQG� 6KDYHOVRQ� ������� FRPSDUHG� WKH�
H[FKDQJHDELOLW\�RI�GLIIHUHQW�DVVHVVPHQW�PHWKRGV�IRU�WKH�VXEMHFW�RI�VFLHQFH��7KHVH�
ZHUH�REVHUYDWLRQ��QRWHERRN�UHSRUWV��FRPSXWHU�VLPXODWLRQ��VKRUW�DQVZHU�TXHVWLRQV�
DQG�PXOWLSOH�FKRLFH�TXHVWLRQV��7KH\�IRXQG�WKDW�REVHUYDWLRQ�RI�D�VWXGHQW��FDUU\LQJ�
RXW� D� KDQGV�RQ�� HPSLULFDO� LQYHVWLJDWLRQ�� \LHOGHG� PRVW� GHWDLOHG� LQIRUPDWLRQ� RQ�
VWXGHQWV
� DFKLHYHPHQW�� $FFRUGLQJ� WR� WKHP�� QRWHERRN� UHSRUWV� SURYLGLQJ� D�
UHDVRQDEOH�
VXUURJDWH
��$OO�RWKHU�WHVWV�IDLOHG�WR�DSSUR[LPDWH�WKH�VDPH�LQIRUPDWLRQ��
7KHUHIRUH�� WKH�XVH�RI� LQYHVWLJDWLRQDO� WDVNV� LQ� ODUJH�VFDOH�DVVHVVPHQW�VXFK�DV�WKH�
7,066� 3HUIRUPDQFH� $VVHVVPHQW�� ZKHUHE\� VWXGHQWV
� QRWHV� DUH� VFRUHG�� LV� DQ�
DWWUDFWLYH� RSWLRQ� ZLWK� SRWHQWLDO� IRU� GHVFULELQJ� DQ� DWWDLQHG� FXUULFXOXP�� 6WLOO��
UHOLDELOLW\� LVVXHV� QHHG� WR� EH� WDNHQ� FDUH� RI� �/LQQ� 	� %DNHU�� ������� 7KLV� ZDV�
FRQILUPHG�E\�=X]RYVN\� ��������ZKR�PHQWLRQHG�GLVFUHSDQFLHV� LQ� WKH�FRGLQJ�RI�
VWXGHQWV
�UHVSRQVHV�WR�WKH�IUHH�UHVSRQVH�LWHPV��6KH�DFFRXQWHG�WKH�GLVDJUHHPHQW�
EHWZHHQ�FRGHUV�WR�WKHLU�H[SHULHQFH�LQ�WHDFKLQJ�WKH�VXEMHFW��([WHQVLYH�WUDLQLQJ�RI�
FRGHUV�FRXOG�QRW� OHYHO�RXW�WKH�GLIIHUHQFH��$QRWKHU�SUREOHP�IDFHG�LQ�WKH�XVH�RI�
SHUIRUPDQFH� DVVHVVPHQWV� LQ� LQWHUQDWLRQDO� FRPSDUDWLYH� VWXGLHV� LV� WKH� ODQJXDJH��
7UDQVODWLRQ�FDQ�VKLIW�WKH�PHDQLQJ�RI�ZRUGV�VOLJKWO\��,Q�SDUWLFXODU�ZLWK�RSHQ�WDVNV��
GLIIHUHQW�ZRUGLQJV� EHWZHHQ� WDVNV� FDQ� SURPSW� IRU� VLJQLILFDQWO\� GLIIHUHQW� UHVXOWV�
�6KDYHOVRQ�� %D[WHU� 	� 3LQH�� ������� 'HVSLWH� WKH� UHOLDELOLW\� LVVXHV�� WKH� 7,066�
3HUIRUPDQFH�$VVHVVPHQW�ZDV�FRQVLGHUHG�UHOHYDQW�IRU�WKH�0(75,&�VWXG\��
�
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&RQVLGHULQJ� WKH� DGYDQWDJHV� RI� VWDQGDUGLVHG� PXOWLSOH� FKRLFH� WHVWV� IRU� WKHLU�
UHOLDELOLW\� DQG� SHUIRUPDQFH� DVVHVVPHQWV� IRU� WKHLU� YDOLGLW\�� WKH�0(75,&� VWXG\�
FKRVH�EHVW�RI�ERWK�ZRUOGV�E\�FRPELQLQJ� WKH� WZR�� ,Q� WKH�0(75,&�VWXG\�� WZR�
WHVWV� ZHUH� XVHG�� WKH� 7,066� :ULWWHQ� 7HVW� DQG� WKH� 7,066� 3HUIRUPDQFH�
$VVHVVPHQW�� 7KH� WZR� WHVWV� FRPELQHG� D� ODUJH� YDULHW\� RI� LWHPV�� ZLWK� UHVSHFW� WR�
FRQWHQW�� FRJQLWLYH� VNLOOV� DQG�PDWKHPDWLVLQJ� DFWLYLWLHV�� %RWK� WHVWV� ZHUH� XVHG� LQ�
PHDVXULQJ�VWXGHQWV
�DFKLHYHPHQW��\LHOGLQJ�GDWD�RQ�WKH�DWWDLQHG�FXUULFXOXP���
,VVXHV� SHUWDLQLQJ� WKH� UHOLDELOLW\� DQG� YDOLGLW\� RI� WKH� 7,066� 3HUIRUPDQFH�
$VVHVVPHQW� KDYH� EHHQ� UHYLHZHG� DERYH�� ,VVXHV� SHUWDLQLQJ� WKH� UHOLDELOLW\� DQG�
YDOLGLW\�RI�WKH�7,066�:ULWWHQ�7HVW�DUH�UHYLHZHG�EHORZ��DOWKRXJK�QRW�RQH�VWXG\�
FRXOG� EH� WUDFHG� WKDW� TXHVWLRQHG� WKH� UHOLDELOLW\� RI� WKH� :ULWWHQ� 7HVW�� 2Q� WKH�
FRQWUDU\��WKH�:ULWWHQ�7HVW�KDV�JDLQHG�D�KLJK�UHSXWDWLRQ�ZLWK�UHVSHFW�WR�UHOLDELOLW\�
�%HDWRQ�HW�DO���������0XOOLV�HW�DO����������+RZHYHU��WKH�YDOLGLW\�RI�WKH�:ULWWHQ�7HVW�
ZDV�TXHVWLRQHG��
'H�/DQJH������D������E��TXHVWLRQHG�WKH�YDOLGLW\�RI�WKH�7,066����:ULWWHQ�7HVW��
PHQWLRQLQJ�WKUHH�IODZV������WKHUH�ZHUH�WRR�PDQ\�PXOWLSOH�FKRLFH�LWHPV�WKDW�KDUGO\�
HYHU�DVN�IRU�KLJKHU�RUGHU�DLPV������WKH�DVVHVVPHQW�IUDPHZRUN�ZDV�TXHVWLRQDEOH��
DQG�����WKH�:ULWWHQ�7HVW�GLG�QRW�WDNH�HQFXOWXUDWLRQ�LQWR�DFFRXQW��7KH�UHDVRQLQJ�
IRU� KLV� ODVW� VWDWHPHQW� ZDV� EDVHG� RQ� WKH� OHDJXH� WDEOH� RI� FRXQWU\� VFRUHV�� 7KH�
FRXQWULHV�FRXOG�EH�JURXSHG�E\�FXOWXUH�LQ�WKH�IROORZLQJ�VHTXHQFH��ILUVW�WKH�$VLDQ�
FRXQWULHV�� IROORZHG� E\� VPDOO� :HVWHUQ� (XURSHDQ� FRXQWULHV�� VPDOO� (DVWHUQ�
(XURSHDQ� FRXQWULHV�� ODUJHU� (DVWHUQ� (XURSHDQ� FRXQWULHV�� &RPPRQZHDOWK�
FRXQWULHV�� 6FDQGLQDYLDQ� FRXQWULHV�� 6RXWK� (XURSHDQ� FRXQWULHV�� DQG� ILQDOO\��
GHYHORSLQJ�FRXQWULHV���
7KH�VWDWHPHQWV�IURP�'H�/DQJH�FDQ�EH�FRXQWHUHG�DV�IROORZV��)LUVW��LW�QHHGV�WR�EH�
FRQVLGHUHG� WKDW� 7,066�ZDV� QRW� GHYHORSHG� WR� VXLW� WKH� QHHGV� RI� RQH� SDUWLFXODU�
FRXQWU\�� EXW� WR�PDNH� D� FRPSDULVRQ�EHWZHHQ� FRXQWULHV��7KHUHIRUH��PDQ\� LWHPV�
ZHUH�QHHGHG�WR�FRYHU�D�ZLGH�UDQJH�RI�PDWKHPDWLFV�FRQWHQW��7KH�XQLIRUP�FRGLQJ�
RI�WKLV�ODUJH�QXPEHU�RI�LWHPV�DFURVV�FRXQWULHV�ZDV�HQVXUHG�E\�WKH�PXOWLSOH�FKRLFH�
IRUPDW��7KXV�� WKH� IRUPDW� UDLVHG� WKH� UHOLDELOLW\�RI� WKH� LQWHUQDWLRQDO� FRPSDULVRQ��
+LV�UHPDUN�RQ�WKH�ODFN�RI�KLJKHU�RUGHU�DLPV�LV�SDUWO\�ULJKW��EXW�GRHV�QRW�FRQVLGHU�
WKH�IDFW�WKDW�HYHQ�PXOWLSOH�FKRLFH�LWHPV�FDQ�DVN�IRU�KLJKHU�RUGHU�DLPV��6HFRQG��
LQGHHG��D�QXPEHU�RI�LWHPV�SURYHG�QRW�WR�ILW�ZHOO�LQWR�WKH�IUDPHZRUN�RI�5RELWDLOOH�
HW� DO�� ��������+RZHYHU�� D� GLVTXDOLILHG� IUDPHZRUN� GRHV� QRW� GLVTXDOLI\� WKH� LWHPV�
WKHPVHOYHV�� QRU� WKH� WHVW�� 2Q� WKH� FRQWUDU\�� LWHPV� WKDW� GR� QRW� ILW� LQWR� WKH�
IUDPHZRUN� FDQ� EH� WKRVH� WKDW� DVN� IRU� WUDQVIHU� RI� NQRZOHGJH� DQG� VNLOOV� DFURVV�
WRSLFV� RU� SHUIRUPDQFH� H[SHFWDWLRQV�� RU� DFURVV� ERWK�� 7KHUHIRUH�� WKHVH� FDQ� EH�



�� &KDSWHU �

�

LWHPV�WKDW�DVN�IRU�KLJKHU�RUGHU�DLPV��7KH\�PDNH�WKH�WHVW�PRUH�YDULHG��)LQDOO\��WKH�
IDFW�WKDW�WKH�FRXQWULHV�LQ�WKH�7,066�OHDJXH�WDEOH�FRXOG�EH�JURXSHG�DFFRUGLQJ�WR�
FXOWXUH� LV� D�PDWWHU�RI� IDFH�YDOLGLW\� �.UDWKZRKO�� �������7KH� OHDJXH� WDEOHV�RI� WKH�
7,066�:ULWWHQ�7HVW�VKRZ�WKDW�FXOWXUH�LV�DQ�XQGHUO\LQJ�YDULDEOH�LQ�PDWKHPDWLFV�
HGXFDWLRQ��,W�GRHV�QRW�PHDQ�WKDW�WKH�PDWKHPDWLFV�WHVW�WULHV�IRU�FXOWXUH�DV�VXFK��
�
.XLSHU�HW�DO���������������UHVHDUFKHG�WKH�YDOLGLW\�RI�WKH�7,066�:ULWWHQ�7HVW�IRU�
'XWFK� VWXGHQWV�� 7KH\� DGGHG� D� 1DWLRQDO� 2SWLRQ� 7HVW� �127�� LQ� WKH� GDWD�
FROOHFWLRQ� RI� ������ 7KLV� DGGLWLRQDO� WHVW� ZDV� EDVHG� RQ� WKH� QHZ� 50(�EDVHG�
FXUULFXOXP��%HVLGHV� ���QHZO\�GHYHORSHG� LWHPV�� LW� FRQWDLQHG���� LWHPV� IURP� WKH�
7,066�:ULWWHQ� 7HVW�� 7KH� ��� LWHPV� ZHUH� FRQVLGHUHG� UHOHYDQW� WR� WKH� LQWHQGHG�
50(�EDVHG�FXUULFXOXP��ILWWLQJ�LW�ZHOO�ZKHQ�LJQRULQJ�WKH�PXOWLSOH�FKRLFH�IRUPDW��
$V�WKH����LWHPV�ZHUH�FRPPRQ�LQ�WKH�127�DQG�LQ�WKH�7,066�:ULWWHQ�7HVW��WKH�
UHVHDUFKHUV� XVHG� WKHP� DV� DQFKRUV� IRU� FRPSDULQJ� DFKLHYHPHQWV� RQ� WKH�7,066�
:ULWWHQ�7HVW�DQG�WKH�1DWLRQDO�2SWLRQ�7HVW��.XLSHU�HW�DO���������������FRQFOXGHG�
WKDW�ERWK�WHVWV�PHDVXUHG�VWXGHQWV
�DFKLHYHPHQW�DORQJ�WKH�VDPH�VFDOH��7KHUHIRUH��
WKH�YDOLGLW\�RI�WKH�7,066�:ULWWHQ�7HVW�ZDV�QRW�GLVPLVVHG��
7KH� 7,066�:ULWWHQ� 7HVW� ZDV� GHYHORSHG� LQ� D� FDUHIXO� SURFHVV� LQ� ZKLFK� PDQ\�
PDWKHPDWLFDO�FXUULFXOXP�H[SHUWV�IURP�DOO�SDUWLFLSDWLQJ�FRXQWULHV�ZHUH�FRQVXOWHG�
�*DUGHQ�	�2USZRRG���������,Q�WKLV�SURFHVV��'XWFK�HGXFDWRUV�EURXJKW�LQ�VRPH�
7,066� LWHPV�� DQG� RWKHU� LWHPV� ZHUH� DOPRVW� HTXLYDOHQW� WR� WHVW� LWHPV� LQ�'XWFK�
QDWLRQDO� WHVWV�� 7KHVH� LWHPV� DGG� D�'XWFK� HVVHQFH� WR� WKH� WHVW�� ,Q� KLQGVLJKW�� WKH�
FXUULFXODU�YDOLGLW\�LV�DOVR�H[SUHVVHG�LQ�WKH�MXGJHPHQW�E\�FXUULFXOXP�H[SHUWV��7KH\�
LQGLFDWHG�WKDW�DSSUR[LPDWHO\�����RI�WKH�LWHPV�LQ�WKH�:ULWWHQ�7HVW�PDWFKHG�ZLWK�
WKH� 'XWFK� LQWHQGHG� FXUULFXOXP� IRU� 'XWFK� MXQLRU� VHFRQGDU\� VFKRROV�� 7R�
VXSSOHPHQW�WKH�:ULWWHQ�7HVW��WKH�0(75,&�VWXG\�XVHG�WKH�7,066�3HUIRUPDQFH�
$VVHVVPHQW�DV�D�FRPSOHPHQW�LQ�YDOLGLW\��7KLV�WHVW�GLG�QRW�FRQWDLQ�PXOWLSOH�FKRLFH�
TXHVWLRQV��EXW�DVNHG�VWXGHQWV�WR�JDWKHU�GDWD��PRGHO�WKHVH�DQG�JLYH�H[SODQDWLRQV�
IRU� WKHLU� ILQGLQJV��%\�FRPELQLQJ�WKH�WZR�WHVWV��VWXGHQWV�WHVWHG�LQ�WKH�0(75,&�
VWXG\�KDG�WR�VKRZ�D�EURDG�VSHFWUXP�RI�NQRZOHGJH�DQG�VNLOOV���
�
7KXV�� IRU� HYHU\� WHVW� LWHP� LQ�ERWK� WHVWV�� WKH�0(75,&�VWXG\�JDWKHUHG�GDWD�ZLWK�
UHJDUG�WR�DOO�WKUHH�FXUULFXODU�DSSHDUDQFHV��&XUULFXOXP�H[SHUWV�ZHUH�FRQVXOWHG�WR�
MXGJH� WKH� LWHPV� DQG� LQGLFDWH� WKHLU� DSSURSULDWHQHVV� WR� WKH� LQWHQGHG� FXUULFXOXP��
7HDFKHUV�ZHUH�FRQVXOWHG�WR�MXGJH�WKH�LWHPV�DQG�LQGLFDWH�WKH�27/��7KH�GDWD�ZHUH�
DOO� DW� LWHP� OHYHO�� HQDEOLQJ� D� RQH�WR�RQH�PDSSLQJ�ZLWK� WKH� DFKLHYHPHQWV�RI� WKH�
VWXGHQWV�IRU�FRPSDULVRQ�ZLWK�WKH�DWWDLQHG�FXUULFXOXP��
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7KH�0(75,&� VWXG\�ZDV� IRXQGHG� RQ� WZR� UHVHDUFK� TXHVWLRQV� LQYHVWLJDWLQJ� WKH�
GLVFUHSDQFLHV� ���� EHWZHHQ� VWXGHQWV
� UHVXOWV� RQ� WKH� WZR� 7,066� WHVWV�� DQG� ����
EHWZHHQ� WKH� LQWHQGHG�� LPSOHPHQWHG� DQG� DWWDLQHG� FXUULFXOXP�� 7KHUHIRUH�� D�
OLWHUDWXUH� VWXG\� ZDV� FRQGXFWHG� RQ� DVVRFLDWLRQV� EHWZHHQ� WKH� LQWHQGHG�� WKH�
LPSOHPHQWHG�DQG�WKH�DWWDLQHG�PDWKHPDWLFV�FXUULFXOXP��%DVHG�RQ�WKH� OLWHUDWXUH��
WKH�UHVHDUFK�TXHVWLRQV�ZHUH�IXUWKHU�RSHUDWLRQDOLVHG��
&RPELQLQJ� DQ� LQWHQGHG�� DQ� LPSOHPHQWHG� DQG� DQ� DWWDLQHG� PDWKHPDWLFV�
FXUULFXOXP��WKHUH�DUH�IRXU�SRVVLEOH�FRPELQDWLRQV�WR�PDNH���
D�� OLQNLQJ�WKH�LQWHQGHG�DQG�LPSOHPHQWHG�FXUULFXOXP��
E�� OLQNLQJ�WKH�LQWHQGHG�DQG�DWWDLQHG�FXUULFXOXP��
F�� OLQNLQJ�WKH�LPSOHPHQWHG�DQG�DWWDLQHG�FXUULFXOXP��DQG�
G�� OLQNLQJ�DOO�WKUHH�FXUULFXOXP�DSSHDUDQFHV��
%HORZ��WKH�FRPELQDWLRQV�ZLOO�HDFK�EH�UHYLHZHG�LQ�VHSDUDWH�VHFWLRQV��

������ 'HVFULELQJ� OLQNV� EHWZHHQ� DQ� LQWHQGHG� DQG� DQ� LPSOHPHQWHG�

PDWKHPDWLFV�FXUULFXOXP�

$FFRUGLQJ� WR�+RHEHQ� �������� DQ� LQWHQGHG� FXUULFXOXP�FDQ�EH� HYDOXDWHG� LQ� WZR�
ZD\V���D��E\�D�GHVFULSWLRQ�RI�SURFHVVHV�RU��E��E\�D�GHVFULSWLRQ�RI�HIIHFWV��,Q�WKH�
ILUVW�FDVH�� WKH� LQWHQGHG�FXUULFXOXP� LV� OLQNHG� WR� WKH� LPSOHPHQWHG�FXUULFXOXP��,Q�
WKH� VHFRQG� FDVH�� WKH� LQWHQGHG� FXUULFXOXP� LV� OLQNHG� WR� WKH� DWWDLQHG� FXUULFXOXP��
7KH� ODWWHU� ZLOO� EH� VXPPDULVHG� LQ� VHFWLRQ� ������ EHORZ�� 7KH� ILUVW�� HYDOXDWLQJ� DQ�
LQWHQGHG� FXUULFXOXP� WKURXJK� D� GHVFULSWLRQ� RI� SURFHVVHV�� LV� D� FOHDU� H[DPSOH� RI�
KRZ�WKH�LQWHQGHG�DQG�LPSOHPHQWHG�FXUULFXOXP�FDQ�EH�FRQQHFWHG��
,Q�WKH�1HWKHUODQGV��WKH�,QVSHFWRUDWH�RI�(GXFDWLRQ�HYDOXDWHG�WKH�FRUH�FXUULFXOXP�
IRU�MXQLRU�VHFRQGDU\�VFKRROV�E\�IRFXVVLQJ�RQ�FODVVURRP�SURFHVVHV��7KH\�YLVLWHG�
FODVVURRPV� LQ� ����������� ILYH� \HDUV� DIWHU� WKH� LQWURGXFWLRQ� RI� WKH� QHZ� FRUH�
FXUULFXOXP�LQ�������7KH�LQVSHFWRUV�DVVHVVHG�WKH�LPSOHPHQWHG�FXUULFXOXP�LQ�OLJKW�
RI�WKH�LQWHQGHG�FXUULFXOXP��,QVSHFWLH�YDQ�KHW�2QGHUZLMV������D���7KH�FRQFOXVLRQV�
RI�WKH�,QVSHFWRUDWH�ZHUH��WKDW�WKH�LQQRYDWLRQV�KDG�WDNHQ�SODFH�DW�DGPLQLVWUDWLYH�
OHYHO��EXW�GLG�QRW�\HW�DSSHDU�FOHDUO\�DW�LQVWUXFWLRQDO�OHYHO��VHH�VHFWLRQ���������
�
7KHUH� DUH� D� IHZ� RWKHU� VWXGLHV� WKDW� OLQN� WKH� LQWHQGHG� DQG� WKH� LPSOHPHQWHG�
PDWKHPDWLFV� FXUULFXOXP�� $Q� H[DPSOH� LV� WKH� 6,06� VWXG\�� +HUH�� WKH� WHVW� LWHPV�
ZHUH� XVHG� WR� FRPSDUH� WKH� FRYHUDJH� E\� WKH� LQWHQGHG� FXUULFXOXP� �WKH� LWHP�
FXUULFXOXP�PDWFKLQJ�LQGH[��DQG�WKH�FRYHUDJH�E\�WKH�WHDFKHUV��27/���5RELWDLOOH�
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	�*DUGHQ�� ������ 7UDYHUV�	�:HVWEXU\�� ������� 6RPH� FRXQWULHV� VKRZHG� D� ODUJH�
GLVFUHSDQF\� EHWZHHQ� WKH� WZR� FRYHUDJH� VHWV�� 2WKHU� FRXQWULHV� VKRZHG� VPDOO�
GLVFUHSDQFLHV��$V� D� UHDVRQ� IRU� WKH� ODUJH� GLVFUHSDQFLHV�� LW�ZDV� QRWHG� WKDW�PDQ\�
LQWHQWLRQV� UDQ� DKHDG� RI� WKH� LPSOHPHQWDWLRQ�� ,Q� VRPH� FRXQWULHV�� WKH� 6,06�
QDWLRQDO� UHVHDUFK� FHQWUHV� DGPLWWHG� LQ� KLQGVLJKW� WKDW� WKHLU� FRXQWU\
V� LQWHQGHG�
FXUULFXOD�PLJKW�KDYH�EHHQ�RYHU�DPELWLRXV�DQG�XQUHDOLVWLF���
,Q�6,06��WKH�1HWKHUODQGV�ZDV�RQH�RI�WKH�FRXQWULHV�ZLWK�D�VPDOO�GLVFUHSDQF\��7KH�
LWHP�FXUULFXOXP�PDWFKLQJ�LQGLFHV�DQG�WKH�WHDFKHUV
�27/�UDWHV�ZHUH�UHDVRQDEO\�DW�
SDU�DW�WKDW�PRPHQW��,Q�WKH�\HDU�RI�GDWD�FROOHFWLRQ��������WKH�LQWHQGHG�FXUULFXOXP�
KDG�EHHQ�VWDEOH�IRU�PDQ\�\HDUV��,Q�7DEOH����D��WKH�UDWHV�KDYH�EHHQ�DJJUHJDWHG�IRU�
PDWKHPDWLFDO�FRQWHQW�DUHDV��$UHDV�ZLWK�D�KLJK�FXUULFXOXP�PDWFKLQJ�LQGH[��L�H��WKH�
PDWFK�ZLWK�WKH�LQWHQGHG�FXUULFXOXP��DOVR�VKRZ�D�KLJK�27/�UDWH��L�H��WKH�PDWFK�
ZLWK�WKH�LPSOHPHQWHG�FXUULFXOXP���,Q�DOO�FRQWHQW�DUHDV��WKH�PDWFKLQJ�LQGH[�RI�WKH�
LQWHQGHG�FXUULFXOXP�LV�KLJKHU�WKDQ�WKH�DYHUDJH�27/�UDWHV��7KH�DUHD�RI�VWDWLVWLFV�
VKRZV�DQ�RXWOLHU��7KLV�FRXOG�UHIOHFW�WKH�GHOD\HG�LPSOHPHQWDWLRQ�RI�VWDWLVWLFV�DV�D�
WRSLF� LQ� MXQLRU�VHFRQGDU\�FODVVURRPV��,Q������� WKLV� WRSLF�ZDV� LQFOXGHG� LQWR�WKH�
LQWHQGHG�FXUULFXOXP��EXW�LW�ZDV�QRW�DVVHVVHG�DW�WKLV�OHYHO��RQO\�LQ�JUDGH������,W�LV�
SRVVLEOH�WKDW��DV�D�UHVXOW�RI�WKH�DVVHVVPHQW�SUDFWLFH��WKLV�WRSLF�ZDV�QRW�FRYHUHG�E\�
WKH�LPSOHPHQWHG�FXUULFXOXP�IRU�JUDGH����
,Q� ������ VLPLODU� GDWD�ZHUH� FROOHFWHG� LQ�7,066���� �WKH�:ULWWHQ�7HVW���ZLWK� WKH�
27/�GDWD�EHLQJ�FROOHFWHG�DV�D�QDWLRQDO�RSWLRQ� LQ� WKH�1HWKHUODQGV�RQO\� �%RV�	�
9RV�� ������� 7DEOH� ���E� VKRZV� WKH� DSSURSULDWHQHVV� WRZDUGV� WKH� QHZ� LQWHQGHG�
FXUULFXOXP�DQG�WKH�27/�UDWHV�IURP�WKDW�VWXG\��
�

7DEOH����D�� 7HVW�FXUULFXOXP� PDWFKLQJ� LQGLFHV� DQG� 27/� UDWHV� LQ� 6,06� IRU� WKH�
1HWKHUODQGV�

�

&RQWHQW�DUHD�

&XUULFXOXP�PDWFKLQJ�

LQGH[�����

$YHUDJH�

27/�UDWH�

$ULWKPHWLF�����LWHPV�� ��� ���
$OJHEUD�����LWHPV�� ��� ���
*HRPHWU\�����LWHPV�� ��� ���
6WDWLVWLFV�����LWHPV�� ��� ���
0HDVXUHPHQW�����LWHPV�� ��� ���

6RXUFH� 5RELWDLOOH 	 *DUGHQ �������

�
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7DEOH����E�� 7HVW�FXUULFXOXP�PDWFKLQJ� LQGLFHV� DQG�27/� UDWHV� LQ� 7,066���� �:ULWWHQ�
7HVW��IRU�WKH�1HWKHUODQGV�

�

&RQWHQW�DUHD�

&XUULFXOXP�PDWFKLQJ�

LQGH[�����

$YHUDJH�

27/�UDWH�

1XPEHUV�����LWHPV�� ��� ���
$OJHEUD�����LWHPV�� ��� ���
*HRPHWU\�����LWHPV�� ��� ���
'DWD�UHSU������LWHPV�� ��� ���
3URSRUWLRQV�����LWHPV�� ��� ���
0HDVXUHPHQW�����LWHPV�� ��� ���

6RXUFH� %RV 	 9RV �������

�
7KHUH�DUH�D�IHZ�GLIIHUHQFHV�EHWZHHQ�WKH�UHVXOWV�RI�6,06�LQ������DQG�7,066�LQ�
������$V�GHVFULEHG�LQ�FKDSWHU����WKH�LQWHQGHG�PDWKHPDWLFV�FXUULFXOXP�IRU�MXQLRU�
VHFRQGDU\�VFKRROV�KDG�EHHQ�UHIRUPHG�LQ�������$V�D�UHVXOW��WKHUH�DUH�ORZHU�WHVW�
FXUULFXOXP�PDWFKLQJ� LQGLFHV�� LQ� SDUWLFXODU� ZLWK� UHVSHFW� WR� QXPEHUV�� JHRPHWU\�
DQG�DOJHEUD��2Q� WKH�RWKHU�KDQG�� WKH�27/�UDWHV� LQ������DUH�KLJK� LQ�DOPRVW�DOO�
FRQWHQW� DUHDV�� FRPSDUDEOH� WR� WKH� 27/� UDWHV� LQ� 6,06� �ZLWK� WKH� H[FHSWLRQ� RI�
VWDWLVWLFV���%XW� WKH�7DEOHV� ���D� DQG����E�FDQQRW�EH�FRPSDUHG�ZHOO�� ,Q� WKH� ILUVW�
SODFH��WKH�OHYHOV�GLIIHU��ZLWK�6,06�WHVWLQJ�JUDGH���DQG�7,066����WHVWLQJ�JUDGH����
$GGLWLRQDOO\��WKH�WHVWV�LQ�6,06�DQG�7,066����FRQWDLQHG�GLIIHUHQW�LWHP�VHWV�DQG�D�
GLIIHUHQW�WD[RQRP\�RI�PDWKHPDWLFDO�FRQWHQW��6WLOO��RQH�PLJKW�EH�WHPSWHG�WR�VD\�
WKDW� LQ� 7DEOH� ���E� WKH� 27/� UDWHV� DUH� VOLJKWO\� KLJKHU� DQG� WKH� WHVW�FXUULFXOXP�
PDWFKLQJ�LQGLFHV�DUH�VOLJKWO\�ORZHU��7KLV�GLVFUHSDQF\�ZDV�REMHFW�RI�IXUWKHU�VWXG\�
RI�WKH�0(75,&�VWXG\��DV�RQH�RI�WKH�UHVHDUFK�TXHVWLRQV�LQFOXGHG�WKH�LVVXH�RI�D�
SRVVLEOH� GLVFUHSDQF\� WKH� DSSURSULDWHQHVV� RI� WKH� WHVWV� WR� �D�� WKH� LPSOHPHQWHG�
FXUULFXOXP�DQG��E��WKH�LQWHQGHG�FXUULFXOXP��

������ 'HVFULELQJ�OLQNV�EHWZHHQ�DQ�LQWHQGHG�DQG�DQ�DWWDLQHG�PDWKHPDWLFV�

FXUULFXOXP�

5HVHDUFK��LQ�ZKLFK�DQ�LQWHQGHG�PDWKHPDWLFV�FXUULFXOXP�LV�OLQNHG�WR�WKH�DWWDLQHG�
FXUULFXOXP�� LV� XVXDOO\� FDUULHG� RXW� WR� DVVHVV� ZKHWKHU� VWXGHQWV� OHDUQ� ZKDW� WKH\�
VKRXOG� OHDUQ�� DQG� ZKHWKHU� XQZDQWHG� VLGH� HIIHFWV� DUH� DYRLGHG�� 7KLV� FDQ� EH� DQ�
HYDOXDWLRQ�RI�WKH�LQWHQGHG�FXUULFXOXP��WDNLQJ�WKH�VKDSH�RI�D�SURJUDP�HYDOXDWLRQ�
GHVFULELQJ�HIIHFWV��+RHEHQ����������
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:KHQ�OLQNLQJ�WKH�LQWHQGHG�PDWKHPDWLFV�FXUULFXOXP�ZLWK�WKH�DWWDLQHG�FXUULFXOXP�
DW� D� QDWLRQDO� OHYHO�� WKH� WHVWV�PHDVXULQJ� VWXGHQWV
� DFKLHYHPHQW� DUH� FRQVWUXFWHG��
VWDUWLQJ� IURP� WKH� LQWHQGHG� FXUULFXOXP�� 7KLV� FDQ� EH� DFKLHYHG� E\� FRQVXOWLQJ�
FXUULFXODU� H[SHUWV� DQG�RWKHU� VWDNHKROGHUV� GXULQJ� WKH�GHYHORSPHQWDO� SURFHVV�RI�
WKH� WHVW� LWHPV�� LQ� RUGHU� WR� PDNH� WKH� WHVW� PHHW� WKH� VWDQGDUGV� RI� WKH� LQWHQGHG�
FXUULFXOXP��+RHEHQ��������1LVV��������:RRG���������,Q�WKH�1HWKHUODQGV��D�WHDP�
RI�FXUULFXOXP�H[SHUWV��SV\FKRPHWULVWV�DQG�WHDFKHUV�GHYHORSV�WKH�\HDUO\�QDWLRQDO�
H[DPV� DW� WKH� HQG� RI� VHFRQGDU\� VFKRROLQJ�� +HUHLQ�� LQWHQGHG� DQG� DWWDLQHG�
FXUULFXOXP�DUH�FOHDUO\�OLQNHG��,Q�WKH�1HWKHUODQGV��DQ�DYHUDJH�SDVV�UDWH�RI�����IRU�
PDWKHPDWLFV�H[DPV�LV�FRQVLGHUHG�DFFHSWDEOH��%RRQ���������
�
$� JHQHUDO� FKDOOHQJH� LQ� OLQNLQJ� WKH� LQWHQGHG� DQG� WKH� DWWDLQHG� FXUULFXOXP� LV� WKH�
PXWXDO�FRYHUDJH�RI�WKH�WZR��2Q�RQH�KDQG��WKHUH�LV�WKH�FRYHUDJH�RI�WKH�LQWHQGHG�
FXUULFXOXP� E\� WHVW� LWHPV�� 7KH� TXHVWLRQ� LV� WR� ZKDW� H[WHQW� FDQ� DOO� DLPV� RI� DQ�
LQWHQGHG� FXUULFXOXP� EH� WHVWHG�� LQ� SDUWLFXODU� ZKHQ� LW� FRPHV� WR� VRFLDO� RU�
LQYHVWLJDWLYH� DWWLWXGHV�� 0DQ\� DXWKRUV� KDYH� QRWHG� WKLV�� IRU� H[DPSOH�� 'H� /DQJH�
��������+DZNHU�DQG�2OOHUWRQ���������1LVV���������DQG�6KDYHOVRQ��0F'RQQHOO�DQG�
2DNHV� �������� 7KH\� VWDWH� WKDW� LQ� JHQHUDO�� D� WHVW� LV� 
OHVV
� WKDQ� DQ� LQWHQGHG�
FXUULFXOXP��2Q�WKH�RWKHU�KDQG��WHVW�LWHPV�FDQ�DOVR�DVN�IRU�NQRZOHGJH�DQG�VNLOOV��
ZKLFK�DUH�QRW�GHVFULEHG�LQ�DQ�LQWHQGHG�FXUULFXOXP��7KLV�FDQ�EH�WKH�FDVH�ZKHQ�DQ�
LWHP�EXLOGV�XSRQ�SUHVXSSRVHG�NQRZOHGJH�DQG�VNLOOV��)RU�H[DPSOH��DQ�LWHP�PD\�
UHTXLUH�UHDGLQJ�VNLOOV��EHIRUH�WKH�DFWXDO�PDWKHPDWLFDO�WDVN�FDQ�EH�FRPSOHWHG��,Q�
WKDW� FDVH�� D� WHVW� FRYHUV� 
PRUH
� WKDQ� WKH� LQWHQGHG� PDWKHPDWLFV� FXUULFXOXP��
7KHUHIRUH��LPSURYHPHQW�RI�WHVW�FRQVWUXFWLRQ�LV�VWLOO�RQ�WKH�LQWHUQDWLRQDO�DJHQGD��
LQ�SDUWLFXODU�ZKHQ�WKHVH�DUH�EDVHG�RQ�D�PRGHUQ�LQWHQGHG�PDWKHPDWLFV�FXUULFXOXP�
�%LUHQEDXP�	�'RFK\��������%XUWRQ��������&ODUNH��������.LOSDWULFN���������
�
$Q�LQWHQGHG�DQG�DQ�DWWDLQHG�FXUULFXOXP�FDQ�DOVR�EH�OLQNHG�WKURXJK�DFKLHYHPHQW�
WHVWV� WKDW� ZHUH� QRW� FUHDWHG� WR� VXLW� D� SDUWLFXODU� LQWHQGHG� FXUULFXOXP�� ,Q�
LQWHUQDWLRQDO�FRPSDUDWLYH�VWXGLHV��RQH�WHVW�LV�LVVXHG�WR�DOO�VWXGHQWV��LUUHVSHFWLYH�RI�
WKH� LQWHQGHG� FXUULFXOXP� RI� WKHLU� QDWLRQ�� 7KURXJK� WKH� LQWHUQDWLRQDO� WHVWV�� QHZ�
LQVLJKWV�FDPH�IRUWK�RQ�WKH�OLQN�EHWZHHQ�WKH�LQWHQGHG�DQG�WKH�DWWDLQHG�FXUULFXOXP��
$�SRLQW�RI�GHEDWH�ZDV�ZKHWKHU�D�WHVW�FRXOG�EH�IDLU�WR�VWXGHQWV�RI�DQ\�QDWLRQ��LQ�
SDUWLFXODU�LI�WKH�WHVW�ZDV�QRW�VXLWLQJ�WKHLU�LQWHQGHG�FXUULFXOXP��)UHXGHQWKDO��������
DOUHDG\� UDLVHG� WKLV� SRLQW� ZLWK� WKH� ILUVW� ODUJH�VFDOH� ,($�VWXG\� RQ� PDWKHPDWLFV�
HGXFDWLRQ��),06��7KHUHIRUH��LQ�HQVXLQJ�VWXGLHV�VXFK�DV�6,06��7,066�DQG�,($3��
D�IRUXP�RI�LQWHUQDWLRQDO�FXUULFXOXP�H[SHUWV�ZDV�FUHDWHG�WR�EXLOG�FRQVHQVXV�RQ�WKH�
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VHW�RI�WHVW�LWHPV��%HDWRQ�HW�DO���������/DSRLQWH�HW�DO���������0XOOLV�HW�DO�����������
,Q������DQG�LQ�������D�VSHFLDO�DQDO\VLV�ZDV�PDGH�LQ�ZKLFK�WKH�DSSURSULDWHQHVV�RI�
WKH�7,066�:ULWWHQ�7HVW��ZLWK� UHVSHFW� WR� WKH� LQWHQGHG�FXUULFXOD��ZDV� UHODWHG� WR�
WKH�VWXGHQWV
�VFRUHV��,W�ZDV�QDPHG�7HVW�&XUULFXOXP�0DWFKLQJ�$QDO\VLV��7&0$��
�%HDWRQ��������%HDWRQ�HW�DO���������0XOOLV�HW�DO����������,Q�DOO�FRXQWULHV��FXUULFXOXP�
H[SHUWV�ZHUH�DVNHG�WR�DVVHVV�WKH�WHVW�LWHPV�DQG�LQGLFDWH�ZKHWKHU�WKHVH�PDWFKHG�
ZLWK�WKHLU�UHVSHFWLYH�LQWHQGHG�FXUULFXOD��7KHQ��WDNLQJ�WKH�VHW�RI�RQO\�WKRVH�LWHPV��
ZKLFK�PDWFKHG�ZLWK�WKH�LQWHQGHG�FXUULFXOXP�RI�RQH�SDUWLFXODU�FRXQWU\��WKH�WHVW�
VFRUHV�RI�DOO�FRXQWULHV�ZHUH�UHFDOFXODWHG��7KXV�� OHDJXH�WDEOHV�RI�DOO�SDUWLFLSDWLQJ�
FRXQWULHV�FRXOG�EH�HVWDEOLVKHG�EDVHG�RQ� WKH�'XWFK� LQWHQGHG�FXUULFXOXP��RU�RQ�
WKH�6LQJDSRUHVH� LQWHQGHG�FXUULFXOXP��RU�RQ�WKH�6ORYHQLDQ�LQWHQGHG�FXUULFXOXP��
DQG� VR� IRUWK�� $OO� UHVXOWLQJ� FRXQWU\� OLVWV� WXUQHG� RXW� WR� EH� YHU\� VLPLODU� WR� WKH�
RULJLQDO� FRXQWU\� OLVW� RI� WKH� RYHUDOO� WHVW�� 7KH� RUGHU� RI� WKH� FRXQWULHV� UHPDLQHG�
YLUWXDOO\�WKH�VDPH��
7KH�DQDO\VLV�VKRZHG�WKDW�GLIIHUHQW�LWHP�VHWV�KDG�D�PLQLPDO�HIIHFW�RQ�WKH�JHQHUDO�
UHODWLRQVKLS�DPRQJ�FRXQWULHV��ZLWQHVVLQJ�RI�WKH�UREXVWQHVV�RI�WKH�7,066�:ULWWHQ�
7HVW�� :KHQ� RPLWWLQJ� LWHPV�� ZKLFK� ZHUH� QRW� FRYHUHG� E\� D� FRXQWU\
V� LQWHQGHG�
FXUULFXOXP��WKLV�WHQGHG�WR�LPSURYH�WKH�UHVXOWV�IRU�WKDW�FRXQWU\��EXW�DOVR�IRU�RWKHU�
FRXQWULHV�� 7KHUHIRUH�� WKH� RYHUDOO� SDWWHUQ� UHPDLQHG� XQDIIHFWHG�� 7KLV� DQDO\VLV�
UHYHDOHG�� �WKDW� GLIIHUHQW� LWHP� VHOHFWLRQV� GR� QRW� PDNH� D� PDMRU� GLIIHUHQFH� LQ� KRZ� ZHOO� WKH�
FRXQWULHV�SHUIRUP�UHODWLYH�WR�HDFK�RWKHU���%HDWRQ�HW�DO���������S��%������
$GGLWLRQDO�VHFRQGDU\�DQDO\VHV�EDVHG�RQ�7&0$�VKRZHG�WKDW�VWXGHQWV�VRPHWLPHV�
FDQ� XQGHUDFKLHYH� RQ� FHUWDLQ� FRQWHQW� DUHDV� RI� WKHLU� LQWHQGHG� FXUULFXOXP��
+RZHYHU��WKH�DQDO\VLV�DOVR�VKRZHG�WKDW�VWXGHQWV�FRXOG�VFRUH�ZHOO�RQ�LWHPV�WKDW�
DUH�QRW�FRYHUHG�E\�WKH�LQWHQGHG�FXUULFXOXP��)RU�H[DPSOH��%RV�DQG�9RV���������
.XLSHU�HW�DO���������������DQG�6DZDGD��������QRWHG�WKDW�LQ�VRPH�FDVHV�VWXGHQWV�
VFRUHG� ZHOO� RQ� FRQWHQW� WKDW� ZDV� QRW� SDUW� RI� WKHLU� LQWHQGHG� FXUULFXOXP�� ,Q�
SDUWLFXODU��WKH�UHVXOW�RI�.XLSHU�HW�DO���������������LV�QRWHZRUWK\��7KH\�IRXQG�WKDW�
'XWFK� VWXGHQWV
� DFKLHYHPHQW� RQ� WKH� 7,066���� :ULWWHQ� 7HVW� GLG� QRW� GLIIHU�
VLJQLILFDQWO\�EHWZHHQ�LWHPV�WKDW�PDWFKHG�ZLWK�WKH�LQWHQGHG�FXUULFXOXP��DQG�LWHPV�
WKDW�GLG�QRW�PDWFK�ZLWK�WKH�LQWHQGHG�FXUULFXOXP��7KXV��VWXGHQWV�ZHUH�VRPHKRZ�
NQRZOHGJHDEOH� DERXW� FRQWHQW�� ZKLFK� GLG� QRW� PDWFK� ZLWK� WKHLU� LQWHQGHG�
FXUULFXOXP�� 7KLV� FRXOG� KDYH� GLIIHUHQW� FDXVHV�� VWXGHQWV� ZHUH� DEOH� WR� PDNH� D�
PHQWDO� WUDQVIHU� IURP� FRQWHQW� WDXJKW� DQG� EULGJH� WKH� JDS� WR� QHZ� FRQWHQW�� RU�
VWXGHQWV�KDG�OHDUQW�WKH�FRQWHQW�LQ�RWKHU�HQYLURQPHQWV��LQ�RWKHU�VXEMHFWV�RU�RXW�
RI�VFKRRO���RU�WKH�LPSOHPHQWHG�FXUULFXOXP�GLIIHUHG�IURP�WKH�LQWHQGHG�FXUULFXOXP�
�.XLSHU�HW�DO�����������
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7KH� 0(75,&� VWXG\� ZDV� DOVR� XVLQJ� WKH� 7&0$� LQVWUXPHQW� WR� DVN� 'XWFK�
FXUULFXOXP� H[SHUWV� WR� MXGJH� WKH� WHVW� LWHPV� RQ� WKHLU� DSSURSULDWHQHVV� WR� WKH�
LQWHQGHG�FXUULFXOXP��7KLV�UHVXOWHG� LQ�WZR�GLVMRLQW� LWHP�VHWV��RQH�VHW�ZLWK� LWHPV�
PDWFKLQJ�ZLWK� WKH� LQWHQGHG�FXUULFXOXP��DQG�D�FRPSOHPHQWDU\�VHW�RI� LWHPV�QRW�
PDWFKLQJ�ZLWK�WKH�LQWHQGHG�FXUULFXOXP��7KH�DFKLHYHPHQW�RI�VWXGHQWV�RQ�WKH�WZR�
VHSDUDWH�VHWV�ZRXOG�FUHDWH�DQ�LQVLJKW�LQWR�WKH�OLQN�EHWZHHQ�WKH�LQWHQGHG�DQG�WKH�
DWWDLQHG�PDWKHPDWLFV�FXUULFXOXP��

������ 'HVFULELQJ� OLQNV� EHWZHHQ� DQ� LPSOHPHQWHG� DQG� DQ� DWWDLQHG�

PDWKHPDWLFV�FXUULFXOXP�

7KHUH�DUH�PDQ\�VWXGLHV��OLQNLQJ�WKH�LPSOHPHQWHG�PDWKHPDWLFV�FXUULFXOXP�WR�WKH�
DWWDLQHG�FXUULFXOXP��6HYHUDO�RI�WKHVH�FRQVLVW�RI�FDVH�VWXGLHV��LQ�ZKLFK�DVSHFWV�RI�
FODVVURRP� SURFHVVHV� DUH� UHODWHG� WR� SV\FKRORJLFDO� SURFHVVHV� DQG� OHDUQLQJ�
RXWFRPHV�� ([DPSOHV� RI� UHVHDUFKHUV
� HPSKDVHV� DUH� WHDFKLQJ� VW\OH�� FODVVURRP�
DWPRVSKHUH��PDWKHPDWLFDO�DSSURDFK��RU� LQVWUXFWLRQDO�DSSURDFK��H�J��%DURRG\�	�
*LQVEXUJ��������%LVKRS��)LW]6LPRQV�	�6HDK��������%RDOHU��������(UQHVW��������
*UD\�	�7DOO��������3LDJHW��������3LPP��������6NHPS���������2WKHU�FDVH�VWXGLHV�
IRFXV� RQ�SDUWLFXODU� VWXGHQW� JURXSV�� EDVHG� RQ� FODVVURRP�KHWHURJHQHLW\�� JHQGHU��
HWKQLFLW\�� VRFLR�HFRQRPLF� VWDWXV� �6(6��� DQG� VR� IRUWK�� 7KH� VWXGLHV� LQYHVWLJDWH�
ZKLFK� HQYLURQPHQWV�PLJKW� RIIHU� EHWWHU� VXSSRUW� IRU�PDWKHPDWLFV� OHDUQLQJ� �H�J��
%URZQ��������6KDYHOVRQ��0F'RQQHO�	�2DNHV����������
,Q�WKH�1HWKHUODQGV��D�IHZ�VWXGLHV�KDYH�EHHQ�FDUULHG�RXW��OLQNLQJ�WKH�LPSOHPHQWHG�
FXUULFXOXP� WR� WKH� DWWDLQHG� FXUULFXOXP�� LUUHVSHFWLYH�RI� WKH� LQWHQGHG� FXUULFXOXP��
)RU�H[DPSOH��'HNNHU��������H[SHULPHQWHG�ZLWK�OHDUQLQJ�PDWKHPDWLFV�RI����\HDU�
ROG�VWXGHQWV�LQ�VPDOO��PL[HG�DELOLW\�JURXSV��=ZDQHYHOG��������RIIHUHG�VHFRQGDU\�
VFKRRO�VWXGHQWV�WKH�LQVWUXPHQW�RI�FRQFHSW�PDSSLQJ�DV�D�FRJQLWLYH�WRRO�WR�VXSSRUW�
WKHLU� OHDUQLQJ��%RWK� UHVHDUFKHUV� IRXQG� WKDW� WKH� DGDSWDWLRQV� LQ� WKH� LQVWUXFWLRQDO�
HQYLURQPHQW� FDXVHG� PLQRU� LPSURYHPHQWV� LQ� WKH� DWWDLQHG� FXUULFXOXP�� 2WKHU�
UHVHDUFK�� XVLQJ� FDVH� VWXGLHV�� ZDV� FDUULHG� RXW� E\� 9DQ� GHQ� +HXYHO�3DQKXL]HQ�
��������'H�/DQJH���������3HUUHQHW���������DQG�6FKDONZLMN���������
�
,Q� JHQHUDO�� ZKHQ� OLQNLQJ� WKH� LPSOHPHQWHG� WR� WKH� DWWDLQHG� PDWKHPDWLFV�
FXUULFXOXP��PDQ\� DXWKRUV� KDYH� VWDWHG� WKDW� LQ� JHQHUDO� VWXGHQWV� OHDUQ�ZKDW� WKH\�
KDYH� EHHQ� H[SRVHG� WR� �+LHEHUW�� ������ +XVpQ� ������ 5RELWDLOOH� HW� DO��� ������
6KDYHOVRQ�HW�DO���������7UDYHUV�	�:HVWEXU\���������6WXGHQWV�ZLOO�QRW�OHDUQ��LI�WKH\�
KDYH� QRW� KDG� WKH� RSSRUWXQLW\� WR� OHDUQ�� $OVR�� WKH� PRUH� WLPH� LV� VSHQW� RQ� FHUWDLQ�
FRQWHQW�� WKH�EHWWHU� LW� LV�PDVWHUHG��3HOJUXP���������)RU�H[DPSOH� WKHUH� LV�D�FOHDU�
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FRUUHODWLRQ�EHWZHHQ�WKH�HPSKDVLV�D�QDWLRQ�RU�VFKRRO�SXWV�RQ�IRU�H[DPSOH�DOJHEUD�
DQG� VWXGHQWV
� PDVWHU\� RI� WKDW� FRQWHQW� �/DSRLQWH� HW� DO��� ������ 6DZDGD�� �������
$GGLWLRQDOO\�� WKHUH� LV� D� FRUUHODWLRQ� EHWZHHQ� WKH� PDWHULDOV� XVHG� DQG� VWXGHQWV
�
UHVXOWV��)H\�GHQ�%RHU��������9DQ�6WUHXQ��������7KRPSVRQ�DQG�6HQN����������
:KHQ� FRPSDULQJ� WKH� HIIHFW� RI� GLIIHUHQW� WHDFKLQJ� DSSURDFKHV�� SUHWHVW�SRVWWHVW�
UHVHDUFK�KDV�SURYHG�XVHIXO� WR� OLQN� WKH� LPSOHPHQWHG�FXUULFXOXP� WR� WKH� DWWDLQHG�
FXUULFXOXP�� %RDOHU� ������� FRPSDUHG� WZR� HTXLYDOHQW� VFKRROV�� ZKHUH� WRWDOO\�
GLIIHUHQW� DSSURDFKHV� WR�PDWKHPDWLFV� WHDFKLQJ�ZHUH�SUDFWLVHG��6KH�FRQYLQFLQJO\�
GHPRQVWUDWHG� WKDW� D�PRGHUQ� WHDFKLQJ� DSSURDFK� KHOSHG� VWXGHQWV� WR� JDLQ�PRUH�
VHOI�HVWHHP�� DQG� WR� REWDLQ� RYHUDOO� KLJKHU� SHUIRUPDQFHV�� 0RUH� UHFHQWO\��
7KRPSVRQ�DQG�6HQN��������FRPSDUHG�WKH�DFKLHYHPHQW�RI�SDLUV�RI�FODVVHV�RQ�WKH�
FRQVHTXHQFHV�RI�GLIIHUHQW� WHDFKLQJ�PDWHULDOV��7KH\�HVWDEOLVKHG� WKDW� WKH�VWXGHQW�
JURXSV��ZKR�XVHG�QHZ�PDWHULDOV��LPSURYHG�WKHLU�VFRUHV�RQ�QRQ�WUDGLWLRQDO�LWHPV��
ZKLOH�WKH\�PDLQWDLQHG�SURFHGXUDO�VNLOOV�RQ�WUDGLWLRQDO�LWHPV��
,Q�WKH�1HWKHUODQGV��9DQ�6WUHXQ��������XVHG�D�SUHWHVW�SRVWWHVW�UHVHDUFK�GHVLJQ�WR�
VWXG\�WKH�LPSDFW�RI�GLIIHUHQW�PDWHULDOV�RQ�WKH�DWWDLQHG�FXUULFXOXP��+H�JDWKHUHG�
GDWD�LQ����FODVVHV�DW���VFKRROV��$IWHU�VWXGHQWV�KDG�EHHQ�WHVWHG�DW�WKH�HQG�RI�JUDGH�
���WKH�FODVVHV�ZHUH�UDQGRPO\�DOORFDWHG�WR�WKUHH�GLIIHUHQW�WH[WERRNV��ZKLFK�ZHUH�
WKH�RQO\�PDWHULDOV�XVHG�WKURXJKRXW�WKHLU�JUDGH����7KH�UHVHDUFK�ZDV�FRQWUROOHG�IRU�
GLIIHUHQFHV�EHWZHHQ� WHDFKHUV��$W� WKH� HQG�RI� WKHLU� VFKRRO� \HDU� LQ� JUDGH���� DIWHU�
H[DFWO\� ��� OHVVRQV� IRU� HDFK� FODVV�� WKH� VWXGHQWV�ZHUH� WHVWHG� DJDLQ��7KH� UHVHDUFK�
HVWDEOLVKHG�D�VLJQLILFDQW�GLIIHUHQFH�LQ�WKH�DWWDLQHG�FXUULFXOXP�EHWZHHQ�WKH�WKUHH�
JURXSV��GHPRQVWUDWLQJ�REYLRXV�EHQHILWV�RI�D�KHXULVWLF�DSSURDFK�LQ�PDWKHPDWLFV�
WHDFKLQJ��
$QRWKHU� 'XWFK� VWXG\� LQ� PDWKHPDWLFV� HGXFDWLRQ�� EDVHG� RQ� D� SUHWHVW�SRVWWHVW�
GHVLJQ�� ZDV� UHSRUWHG� E\� )H\�GHQ� %RHU� �������� 6KH� IRXQG� WKDW� DFKLHYHPHQW� RI�
HQJLQHHULQJ�VWXGHQWV�DW�XQLYHUVLW\�FRUUHODWHG�ZLWK�PDWKHPDWLFV�WH[WERRNV�XVHG�DW�
VHFRQGDU\�VFKRRO��,Q�WKLV�FDVH��WKH�LPSOHPHQWHG�FXUULFXOXP�DW�VHFRQGDU\�VFKRROV�
KDG�DQ�LPSDFW�RQ�WKH�DWWDLQHG�FXUULFXOXP�DW�D�ODWHU�VWDJH�RI�VFKRROLQJ��
�
<HW��PRVW�RI�WKH�DERYH�VWXGLHV�RQO\�FKDUDFWHULVH�SURFHVVHV�IRU�SDUWLFXODU�JURXSV�
RU�IRU�SDUWLFXODU�DSSURDFKHV��7KH\�GR�QRW�GHSLFW�D�QDWLRQDO�RYHUYLHZ��2QO\�9DQ�
6WUHXQ
V� UHVHDUFK� KDV� D� VFDOH� ���� FODVVHV� ZLWK� UDQGRPLVHG�PDWHULDOV� XVHG�� WKDW�
DOORZV�IRU�JHQHUDOLVDWLRQ�RQ�D�QDWLRQDO�OHYHO���
7KH�RQO\�H[LVWLQJ�ODUJH�VFDOH�SUHWHVW�SRVWWHVW�UHVHDUFK�LQ�PDWKHPDWLFV�HGXFDWLRQ�
DW�FRXQWU\�OHYHO�ZDV�D�QDWLRQDO�RSWLRQ�ZLWKLQ�,($
V�6,06��6L[�RXW�RI�WKH�WZHQW\�
FRXQWULHV�SDUWLFLSDWLQJ�LQ�6,06�MRLQHG�WKLV�VWXG\��+HUH��D�ORQJLWXGLQDO�GHVLJQ�ZDV�
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XVHG�WR�HVWDEOLVK�DW�QDWLRQDO�OHYHO��ZKHWKHU�VWXGHQWV
�OHDUQLQJ�JDLQ�LQ�RQH�\HDU�FDQ�
EH�DVFULEHG�WR�WKH�FRQWHQW�FRYHUHG�ZLWKLQ�WKDW�VDPH�\HDU��,Q�JHQHUDO��WKH�DQVZHU�
ZDV�DIILUPDWLYH��7KH�PRUH�QHZ�FRQWHQW�ZDV�RIIHUHG��WKH�KLJKHU�WKH�OHDUQLQJ�JDLQ�
�%XUVWHLQ���������
7KH�1HWKHUODQGV�GLG�QRW�SDUWLFLSDWH�LQ�WKLV�ORQJLWXGLQDO�SUHWHVW�SRVWWHVW�VWXG\�RI�
6,06��7KH�1HWKHUODQGV�RQO\�SDUWLFLSDWHG�LQ�WKH�FURVV�VHFWLRQDO�WHVW�LQ�ZKLFK�DOO�
FXPXODWLYH�NQRZOHGJH�DQG�VNLOOV�ZHUH�WHVWHG��<HW��WKH�VQDSVKRW�GDWD�DOVR�SURYHG�
XVHIXO� WR� LQYHVWLJDWH� D� OLQN� EHWZHHQ� WKH� LPSOHPHQWHG� DQG� WKH� DWWDLQHG�
PDWKHPDWLFV� FXUULFXOXP�� 3HOJUXP� HW� DO�� �����D�� ����E�� XVHG� WKH� 6,06�GDWD� WR�
DQDO\VH� WKH� 'XWFK� PDWKHPDWLFV� FXUULFXOXP� IRU� ���\HDU� ROG� VWXGHQWV�� 7KH\�
FRPSDUHG� WKH� LPSOHPHQWHG� DQG� DWWDLQHG� FXUULFXOXP� DW� WRSLF� OHYHO� DQG� DW� LWHP�
OHYHO�� LJQRULQJ� WKH� LQWHQGHG� FXUULFXOXP�� ,Q� 7DEOH� ���D�� VRPH� RI� WKHLU� GDWD� DUH�
JLYHQ��
�

7DEOH����D�� 27/�GDWD�DQG�VWXGHQWV
�DFKLHYHPHQW�LQ�6,06�IRU�WKH�1HWKHUODQGV�

�

&RQWHQW�DUHD�
�

27/�UDWHV��
$FKLHYHPHQW�

�DYJ�S�YDOXH��

$ULWKPHWLF�����LWHPV�� ��� ���
$OJHEUD�����LWHPV�� ��� ���
*HRPHWU\�����LWHPV�� ��� ���
6WDWLVWLFV�����LWHPV�� ��� ���
0HDVXUHPHQW�����LWHPV�� ��� ���

6RXUFH� 3HOJUXP HW DO�� �����

1RWH�  7KH 27/ UDWHV GLIIHU IURP WKRVH LQ 7DEOH ���D EHFDXVH RI GLIIHUHQW VWDWLVWLFDO PHWKRGV�

�
:KHQ�FRPSDULQJ�WKH�27/�GDWD�ZLWK�DFKLHYHPHQW�VFRUHV�DW�LWHP�OHYHO��3HOJUXP�
HW�DO�� �����E��IRXQG�D�FRUUHODWLRQ��U ������Q ������7KLV�PHDQW�WKDW�� LQ�JHQHUDO��
LWHPV�ZLWK�D�KLJK�27/�UDWH�DOVR�KDG�KLJK�VWXGHQWV
�VFRUHV��DQG�FRQYHUVHO\��LWHPV�
ZLWK�ORZ�27/�UDWHV�KDG�ORZ�VWXGHQWV�VFRUHV��+RZHYHU��WKLV�FRUUHODWLRQ�RI�U �����
ZDV�QRW�FRQVLGHUHG�KLJK��$GGLWLRQDOO\��3HOJUXP�HW�DO��DVNHG�WHDFKHUV� WR�SUHGLFW�
VWXGHQWV
�VFRUHV��,Q� WKLV�ZD\�� WKH\�PDGH�WHDFKHUV�GLIIHUHQWLDWH�EHWZHHQ� 
FRQWHQW�
WDXJKW
� �27/�� DQG� 
FRQWHQW� OHDUQW
� �SUHGLFWHG� VFRUHV��� 7KH\� IRXQG� D� VWURQJHU�
FRUUHODWLRQ�EHWZHHQ�WHDFKHUV
�SUHGLFWLRQ�RI�VWXGHQWV
�DFKLHYHPHQW�DQG�VWXGHQWV
�
DFWXDO� DFKLHYHPHQW� �U ������ Q ����� WKDQ� EHWZHHQ� 27/� UDWHV� DQG� VWXGHQWV
�
DFKLHYHPHQW��7KHUHIRUH��WKH\�GRXEWHG�WKH�YDOLGLW\�RI�WKH�27/�LQVWUXPHQW�XVHG�LQ�
6,06��7KLV�UHVXOW� OHDG�WR�IXUWKHU�VWXGLHV�FRQGXFWHG�E\�3HOJUXP��������DQG�'H�
+DDQ� �������� HVWDEOLVKLQJ� PRUH� UHOLDEOH� DQG� YDOLG� LQVWUXPHQWV� IRU� 27/�
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PHDVXUHPHQW�� 7KH� UHVXOWLQJ� LQVWUXPHQW� GHYHORSHG� E\� 'H� +DDQ� KDV� EHHQ�
GHVFULEHG� LQ� WKH�VHFWLRQ�RQ�27/��VHFWLRQ��������DQG�ZDV�XVHG� LQ� WKH�0(75,&�
VWXG\��
0RUH�WKDQ�D�GHFDGH�DIWHU�6,06��LQ�7,066�����27/�GDWD�DQG�DFKLHYHPHQW�GDWD�
ZHUH�FRPSDUHG�DV�ZHOO��EXW�RQO\�DW�WRSLF�OHYHO��%RV�	�9RV���������7KH�GDWD�DUH�
GLVSOD\HG�LQ�7DEOH����E���
*HQHUDOO\�� WKH� DFKLHYHPHQW� GDWD�ZHUH� DSSUR[LPDWHO\� ��� SRLQWV� ORZHU� WKDQ� WKH�
27/�GDWD��,W�PHDQW�WKDW�WRSLFV�ZLWK�PRUH�HPSKDVLV�LQ�FODVVURRP�\LHOGHG�KLJKHU�
VWXGHQW�UHVXOWV��DQG�WRSLFV�ZLWK�OHVV�HPSKDVLV�LQ�FODVVURRP�\LHOGHG�ORZHU�VWXGHQW�
UHVXOWV�� 7KH� H[FHSWLRQDO� WRSLF� DUHD� ZDV� GDWD� UHSUHVHQWDWLRQ�� ZKLFK� KDG�
FRPSDUDWLYHO\�KLJK�DFKLHYHPHQW�UHVXOWV�FRPSDUHG�WR�WKH�27/�UDWHV��
�
7DEOH����E�� 27/�GDWD�DQG�VWXGHQWV
�DFKLHYHPHQW� LQ�7,066�����:ULWWHQ�7HVW��IRU�WKH�

1HWKHUODQGV��

�

&RQWHQW�DUHD�

�

27/�UDWHV�

$FKLHYHPHQW�

�DYJ�S�YDOXH��

1XPEHUV�����LWHPV�� ��� ���
$OJHEUD�����LWHPV�� ��� ���
*HRPHWU\�����LWHPV�� ��� ���
'DWD�UHSU������LWHPV�� ��� ���
3URSRUWLRQV�����LWHPV�� ��� ���
0HDVXUHPHQW�����LWHPV�� ��� ���

6RXUFH� %RV 	 9RV �������

�
7KH� GDWD� LQ� %RV� DQG� 9RV� ������� ZHUH� DJJUHJDWHG� RYHU� PDWKHPDWLFDO� FRQWHQW�
DUHDV�� 7KLV� ZDV� QRW� HQVXHG� E\� WKH�0(75,&� VWXG\�� EHFDXVH� WKH� DOORFDWLRQ� RI�
LWHPV� WR� FRQWHQW� DUHDV� LQKLELWHG� DUELWUDULQHVV� LQ� VRPH� FDVHV�� 7KHUHIRUH�� WKH�
0(75,&�VWXG\�SUHIHUUHG�WR�NHHS�WKH�LQIRUPDWLRQ�RQ�27/�DQG�DFKLHYHPHQW�DW�
LWHP�OHYHO��DQG�FRPSDUH�WKHVH��7KLV�\LHOGHG�LQIRUPDWLRQ��ILUVWO\�RQ�WKH�QXPEHU�RI�
WHDFKHUV�ZKR�MXGJHG�HDFK�LWHP�VXLWDEOH�IRU�DQ�LPDJLQDU\�WHVW��FRYHULQJ�DOO�FRQWHQW�
WDXJKW��DQG�VHFRQGO\��WR�ZKDW�H[WHQW�WKH�VWXGHQWV�FRUUHFWO\�VROYHG�LW��,Q�WKLV�ZD\��
WKH�LPSOHPHQWHG�DQG�DWWDLQHG�FXUULFXOXP�ZHUH�OLQNHG��

������ 'HVFULELQJ�OLQNV�EHWZHHQ�DOO�WKUHH�FXUULFXOXP�DSSHDUDQFHV �

7KLV�ILQDO�VHFWLRQ�GHVFULEHV�UHVHDUFK�RQ�SRVVLEOH� OLQNV�EHWZHHQ�DQ� LQWHQGHG��DQ�
LPSOHPHQWHG�DQG�DQ�DWWDLQHG�PDWKHPDWLFV�FXUULFXOXP��+RZHYHU��WKHUH�DUH�RQO\�
IHZ�VWXGLHV�WR�EH�PHQWLRQHG��2QH�H[DPSOH�LV�WKH�REVHUYDWLRQDO�VWXG\�FDUULHG�RXW�
E\�WKH�,QVSHFWRUDWH�IRU�(GXFDWLRQ������D���7KH�,QVSHFWRUDWH�VHW�RXW�WR�H[SORUH�
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WKH� DFFRPSOLVKPHQWV� RI� WKH� QHZ� FRUH� FXUULFXOXP� LQ� FODVVURRP�SUDFWLFH��7KXV��
WKH\�XVHG�WKH�FRUH�REMHFWLYHV�DV�EHQFKPDUN��7KH�EXON�RI�WKHLU�UHVHDUFK�LV�EDVHG�
RQ�FODVVURRP�REVHUYDWLRQV��LQ�ZKLFK�WKH\�DVVHVV�WKH�LPSOHPHQWHG�FXUULFXOXP�LQ�
OLJKW�RI� WKH� LQWHQGHG�FXUULFXOXP��KRZHYHU��ZLWKRXW�SHUVSHFWLYH�RQ� WKH�DWWDLQHG�
FXUULFXOXP�� +RZHYHU�� D� VPDOO� SDUW� RI� WKHLU� UHVHDUFK� LV� EDVHG� RQ� VHFRQGDU\�
DQDO\VHV�RI�WHVW�UHVXOWV�IURP�WKH�1DWLRQDO�,QVWLWXWH�IRU�(GXFDWLRQDO�0HDVXUHPHQW�
�&LWR���7KXV��WKH\� OLQNHG�LQWHQGHG�� LPSOHPHQWHG�DQG�DWWDLQHG�FXUULFXOXP��7KHLU�
RYHUDOO� FRQFOXVLRQ�ZDV�� WKDW� WKH� LQWHQGHG� FXUULFXOXP�GLG�QRW� \HW� OLYH�XS� WR� LWV�
SURPLVH��VHH�VHFWLRQ���������
2WKHU�H[DPSOHV�RI�UHVHDUFK�RQ�WKH�OLQN�EHWZHHQ�DOO�WKUHH�FXUULFXOXP�DSSHDUDQFHV�
DUH�WKH�,($�VWXGLHV�6,06��7,066����DQG�7,066�����7KHLU�VWDUWLQJ�SRLQW�LV�WKH�
DWWDLQHG�FXUULFXOXP�� IRU�ZKLFK�WKH\�ZDQW� WR�ILQG�H[SODQDWRU\�SDUDPHWHUV�DW� WKH�
RWKHU� WZR� OHYHOV�� ,Q� 6,06�� PDQ\� FXUULFXODU� YDULDEOHV� DW� WHDFKHU� OHYHO� ZHUH�
JDWKHUHG��%XW�WKH�DQDO\VLV�RI�GDWD�SURYHG�ODERXU�LQWHQVLYH��(DFK�DQDO\VLV�UHTXLUHG�
LWV�RZQ�FRPSXWHU�SURJUDP��ZKLFK�KDG�WR�EH�ZULWWHQ�LQ�FRPSXWHU�ODQJXDJHV��VXFK�
DV�)2575$1��7KH�PDLQ�LQWHUQDWLRQDO�SXEOLFDWLRQV�FDPH�PDQ\�\HDUV�DIWHU�GDWD�
FROOHFWLRQ� �%XUVWHLQ�� ������ 5RELWDLOOH� 	� *DUGHQ�� ������ 7UDYHUV� 	� :HVWEXU\��
������� GUDZLQJ� DWWHQWLRQ� DPRQJ� UHVHDUFKHUV� WR� WKH� DYDLODELOLW\� RI� WKH� GDWD�
JDWKHUHG��7KH�ODUJH�WLPH�ODSVH�EHWZHHQ�GDWD�FROOHFWLRQ��DQDO\VLV��DQG�SUHVHQWDWLRQ�
GLG�QRW�HQFRXUDJH�H[WHQVLYH�XVDJH�RI�DOO�DYDLODEOH�GDWD��
:LWK� WKH�HPHUJHQFH�RI� VWDWLVWLFDO�SDFNDJHV�� VXFK�DV�6$6�DQG�6366�� UHVHDUFKHUV�
JDLQHG� HDVLHU� DFFHVV� WR� GDWD� KDQGOLQJ�� LQFOXGLQJ�PXOWL�OHYHO� DQDO\VLV��7KHUHIRUH��
7,066� LQFUHDVHG� UHVHDUFK� RSWLRQV�� 7KH� HPSKDVLV�PRYHG� WRZDUGV� YDULDEOHV� RI�
VFKRRO�HIIHFWLYHQHVV��VXFK�DV�H[WUD�FXUULFXODU�EDFNJURXQG�YDULDEOHV�DW�WKH�PDFUR��
PHVR�DQG�PLFUR�OHYHO��VFKRRO�IDFLOLWLHV��WHDFKHU�TXDOLILFDWLRQV��KRPH�VLWXDWLRQ�RI�
VWXGHQWV�� HWF����:LWKLQ�7,066�� DQ� DEXQGDQW� DPRXQW� RI� GDWD�ZDV� JDWKHUHG� DQG�
PDGH�DYDLODEOH� WR� UHVHDUFKHUV��7KHUHIRUH��PDQ\�PRUH�VHFRQGDU\�DQDO\VHV�FRXOG�
HPHUJH�ZLWKLQ�D�IHZ�\HDUV�DIWHU�WKH�GDWD�FROOHFWLRQ��H�J��IRU�WKH�1HWKHUODQGV��%RV��
������%RV�HW�DO���������������%RV�	�9RV��������.XLSHU�HW�DO���������������������
9RV�	�%RV������D������E��9RV��.XLSHU�	�%RV����������
�
%RWK� 6,06� DQG� 7,066� JDWKHUHG� FXUULFXODU� GDWD� DW� DOO� WKUHH� OHYHOV�� EXW� WKHLU�
DSSURDFKHV� GLIIHUHG�� ,Q� 6,06�� GDWD�ZHUH� FROOHFWHG� DW� LWHP� OHYHO�� 7KHUHIRUH�� LQ�
6,06�� HDFK� WHVW� LWHP� ZDV� MXGJHG� E\� FXUULFXODU� H[SHUWV�� E\� WHDFKHUV� DQG� E\�
VWXGHQWV� �L�H�� WKHLU� DFKLHYHPHQW��� +RZHYHU�� QRW� RQH� RI� WKH� 6,06� VHFRQGDU\�
DQDO\VHV�FRXOG�EH�WUDFHG��LQ�ZKLFK�DOO�WKUHH�OHYHOV�ZHUH�DQDO\VHG�LQ�FRQMXQFWLRQ��
3HOJUXP� HW� DO�� ������� IRFXVVHG� RQ� LPSOHPHQWHG� DQG� DWWDLQHG� FXUULFXOXP� RQO\��
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5RELWDLOOH� DQG�*DUGHQ� ������� IRFXVVHG�RQ� LQWHQGHG�� LPSOHPHQWHG�DQG�DWWDLQHG�
FXUULFXOXP��EXW�DJJUHJDWHG�IRU�ILYH�FRQWHQW�DUHDV��DULWKPHWLF��DOJHEUD��JHRPHWU\��
VWDWLVWLFV�DQG�PHDVXUHPHQW��ZLWKRXW�V\QWKHVLVLQJ�WKHLU�GDWD���
,Q�7,066��GDWD�DW�DOO� WKUHH� OHYHOV�ZHUH�FROOHFWHG��EXW�ZLWK�GLIIHUHQW�EDVHV��7KH�
GDWD�DW�WKH�LQWHQGHG�DQG�WKH�DWWDLQHG�FXUULFXOXP�OHYHO�ZHUH�LWHP�EDVHG��ZKLOH�WKH�
GDWD� DW� WKH� LPSOHPHQWHG� FXUULFXOXP� OHYHO� ZHUH� WRSLF�EDVHG�� 3RVVLEO\�� WKH�
SUHVXPHG�XQUHOLDELOLW\�RI�WKH�LQVWUXPHQW�ZDV�D�UHDVRQ�IRU�WKLV�RPLVVLRQ��3HOJUXP�
HW� DO��� ����D���%HFDXVH�RI� WKH�GLIIHUHQW�EDVHV�� WKH�GDWD�RQ� WKH� WKUHH�FXUULFXOXP�
DSSHDUDQFHV�DUH�QRW�FRPSDWLEOH��2QO\�WKH�GDWD�RQ�WKH�LQWHQGHG�DQG�WKH�DWWDLQHG�
FXUULFXOXP� KDYH� WKH� VDPH� EDVH�� WKXV� HQDEOLQJ� WKH� 7HVW� &XUULFXOXP�0DWFKLQJ�
$QDO\VLV��ZKLFK�ZDV�GHVFULEHG�LQ�VHFWLRQ���������
,Q� WKH� 1HWKHUODQGV�� WKH� 7,066� GDWDEDVH� ZDV� FRPSOHPHQWHG�� $V� D� QDWLRQDO�
RSWLRQ�� DGGLWLRQDO�27/� GDWD� DW� LWHP� OHYHO� ZHUH� FROOHFWHG� RQ� WKH� LPSOHPHQWHG�
FXUULFXOXP��%RV�	�9RV��������.XLSHU�HW�DO����������������7KHVH�GDWD�ZHUH�XVHG�LQ�
WKH�0(75,&�VWXG\��LQ�RUGHU�WR�HVWDEOLVK�D�OLQN�EHWZHHQ�LQWHQGHG��LPSOHPHQWHG�
DQG�DWWDLQHG�FXUULFXOXP��,Q�WKLV�ZD\��WKH�LQLWLDO�LGHDV�IURP�6,06��WR�FROOHFW�GDWD�
IURP� DOO� WKUHH� FXUULFXOXP� DSSHDUDQFHV� DW� LWHP� OHYHO�� ZDV� FRPELQHG� ZLWK� WKH�
LQVWUXPHQW�RI�'H�+DDQ���������DQG�DWWDFKHG�WR�WKH�7,066�VWXGLHV�LQ������DQG�LQ�
������ 7KLV� FRPELQDWLRQ� HQDEOHG� UHVHDUFK� WR� ILQG� DQVZHUV� WR� WKH� TXHVWLRQV� RQ�
REVHUYHG� GLVFUHSDQFLHV� EHWZHHQ� WKH� LQWHQGHG�� LPSOHPHQWHG� DQG� DWWDLQHG�
PDWKHPDWLFV�FXUULFXOXP�LQ�WKH�1HWKHUODQGV��,Q�IDFW��ZLWKRXW�GDWD�DW�WKH�OHYHO�RI�
WKH� LQWHQGHG�DQG� WKH� LPSOHPHQWHG�FXUULFXOXP�� LW� LV� IXWLOH� WR� LQWHUSUHW� VWXGHQWV
�
DFKLHYHPHQW�UHVXOWV��
7KLV�ZLOO� OHDG�XV� WR� WKH� IROORZLQJ�FKDSWHU�� LQ�ZKLFK� WKH� UHVHDUFK�GHVLJQ�RI� WKH�
0(75,&�VWXG\�ZLOO�EH�H[SODLQHG��
�
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)LJXUH������� 6WXGHQW� ZRUNLQJ� RQ� WKH� WDVN� 3ODVWLFLQH� IURP� WKH� 7,066� 3HUIRUPDQFH�

$VVHVVPHQW�



�
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�
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�

a�$SSUHQGUH�LO�FRXWH��GH�VDYRLU�LO�YDXW�a�

7R�OHDUQ�LV�FRVWO\��WR�NQRZ�LV�ZRUWK�LW��
�)5(1&+ 3529(5%��

�
�
�

7KLV� FKDSWHU� GHVFULEHV� KRZ� WKH� UHVHDUFK�ZDV� GHVLJQHG� DQG� FDUULHG� RXW��$IWHU� DQ�

LQWURGXFWLRQ�LQ�VHFWLRQ������VHFWLRQ�����SUHVHQWV�WKH�SDUWLFLSDQWV�LQ�WKH�VWXG\��7KH�

SDUWLFLSDQWV� ZHUH� JUDGH� �� VWXGHQWV�� WKHLU� WHDFKHUV� DQG� D� QXPEHU� RI� FXUULFXOXP�

H[SHUWV�� 6HFWLRQ� ���� GHVFULEHV� WKH� LQVWUXPHQWV� XVHG�� IRU� HDFK� RI� WKH� SDUWLFLSDWLQJ�

JURXSV�VHSDUDWHO\��3URFHGXUHV�IRU�GDWD�FROOHFWLRQ�DQG�GDWD�DQDO\VLV�LV�GHDOW�ZLWK�LQ�

WKH�ODVW�WZR�VHFWLRQV��

���� ,1752'8&7,21�

,Q� ������ WKH� 7,066� :ULWWHQ� 7HVW� DQG� WKH� 7,066� 3HUIRUPDQFH� $VVHVVPHQW�
UHVXOWHG� LQ� WKH� REVHUYDWLRQ� RI� WZR� GLVFUHSDQFLHV�� )LUVW�� 'XWFK� VWXGHQWV
�
DFKLHYHPHQW�GLIIHUHG�EHWZHHQ�WKH�WZR�WHVWV�LQ�WKH�LQWHUQDWLRQDO�FRPSDULVRQ��2Q�
WKH� :ULWWHQ� 7HVW�� WKH� DFKLHYHPHQWV� ZHUH� UHODWLYHO\� KLJKHU� WKDQ� RQ� WKH�
3HUIRUPDQFH�$VVHVVPHQW��$V�H[SODLQHG�LQ�FKDSWHU����WKLV�GLVFUHSDQF\�ZDV�WHUPHG�
WKH�LQWHU�WHVW�DFKLHYHPHQW�GLVFUHSDQF\��6HFRQG��VWXGHQWV
�DFKLHYHPHQW�RQ�WKH�WZR�WHVWV�
FRQWUDVWHG� ZLWK� FXUULFXOXP� H[SHUWV
� MXGJHPHQW� RQ� WKH� DSSURSULDWHQHVV� RI� WKH�
WHVWV�� 7KH� H[SHUWV� MXGJHG� WKDW� WKH� :ULWWHQ� 7HVW� GLG� QRW� PDWFK� ZHOO� ZLWK� WKH�
50(�EDVHG� PDWKHPDWLFV� FXUULFXOXP�� ZKLFK� VWUHVVHG� WKH� IXQFWLRQDOLW\� RI�
PDWKHPDWLFV�� 1HYHUWKHOHVV�� VWXGHQWV
� DFKLHYHPHQW� ZDV� UHODWLYHO\� KLJK� LQ� WKH�
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LQWHUQDWLRQDO� OHDJXH� WDEOH�� 2Q� WKH� RWKHU� KDQG�� WKH� H[SHUWV� MXGJHG� WKDW� WKH�
3HUIRUPDQFH� $VVHVVPHQW� PDWFKHG� ZHOO� ZLWK� WKH� LQWHQGHG� FXUULFXOXP��
1HYHUWKHOHVV�� VWXGHQWV
� DFKLHYHPHQW� ZDV� QHDU� WKH� LQWHUQDWLRQDO� DYHUDJH�� 7KLV�
GLVFUHSDQF\�EHWZHHQ�H[SHUWV
� MXGJHPHQW�DQG�VWXGHQWV
�DFKLHYHPHQW�ZDV�WHUPHG�
WKH�LQWUD�FXUULFXODU�GLVFUHSDQF\��
,Q�RUGHU�WR�VWXG\�WKH�REVHUYHG�GLVFUHSDQFLHV��DQG�ILQG�SRVVLEOH�H[SODQDWLRQV��WKH�
0(75,&� VWXG\� ZDV� LQLWLDWHG�� 2QH� RI� WKH� VXJJHVWHG� H[SODQDWLRQV� IRU� WKH�
GLVFUHSDQFLHV�ZDV�� WKDW� WKH� LQWHQGHG�PDWKHPDWLFV� FXUULFXOXP�ZDV� VWLOO�QHZ�DQG�
VWLOO�QHHGHG�WLPH�WR�HVWDEOLVK�LWVHOI��7KH�LPSOHPHQWHG�DQG�DWWDLQHG�FXUULFXOXP�VWLOO�
VKRZHG� WUDFHV� RI� WKH� DEDQGRQHG�� PRUH� WKHRUHWLFDO� FXUULFXOXP� �.XLSHU� HW� DO���
��������������
�
,Q�FKDSWHU���RI�WKLV�GLVVHUWDWLRQ��D�EULHI�KLVWRU\�RI�WKH�50(�EDVHG�FXUULFXOXP�ZDV�
JLYHQ��2QH�RI� WKH�FHQWUDO� LGHDV�ZDV� WR�RIIHU� DOO� VWXGHQWV� D�XVHIXO�PDWKHPDWLFV��
LQWHJUDWLQJ�PDWKHPDWLFV�DQG�FRQWH[W��$V�D�UHVXOW��DOPRVW�DOO�PDWKHPDWLFV�H[HUFLVHV�
LQ� WKH�50(�EDVHG� FXUULFXOXP�DUH� HPEHGGHG� LQWR� UHDO�OLIH� VHWWLQJV��7KH\�GLIIHU�
IURP�WKH�LWHPV�LQ�WKH�7,066�:ULWWHQ�7HVW��ZKLFK�DUH�PRVWO\�PXOWLSOH�FKRLFH��DQG�

EDUH
��ZLWKRXW�FRQWH[W���7KH\�DOVR�GLIIHU�IURP�WKH�KDQGV�RQ�LWHPV�LQ�WKH�7,066�
3HUIRUPDQFH� $VVHVVPHQW�� ZKLFK� UHTXLUH� DQ� HPSLULFDO� LQYHVWLJDWLRQ�� ZKLOH� WKH�
50(�EDVHG�DVVHVVPHQW�SUDFWLFH�LV�SDSHU�DQG�SHQFLO�EDVHG��
,Q�WKH�VFKRRO�\HDU������������WKH�50(�EDVHG�LQWHQGHG�PDWKHPDWLFV�FXUULFXOXP�
ZDV� LQWURGXFHG� LQ� DQQXDO� SKDVHV�� VWDUWLQJ� ZLWK� JUDGH� ��� $� \HDU� ODWHU�� LQ�
����������� WKH�QHZ�FXUULFXOXP�ZDV� LQWURGXFHG� LQ�JUDGH����$W� WKH�HQG�RI� WKDW�
VFKRRO�\HDU��LQ�WKH�VSULQJ�RI�������WKLV�JUDGH���SRSXODWLRQ�ZDV�WHVWHG�WKURXJK�WKH�
WZR�7,066�WHVWV��7KXV��LQ�������WKH�WZR�7,066�WHVWV�ZHUH�DGPLQLVWHUHG�DPRQJ�
WKH� ILUVW� FRKRUW� WKDW�ZDV� WDXJKW�XQGHU� WKH�QHZ�50(�EDVHG� FXUULFXOXP�� ,W�ZDV�
ZHOO� SRVVLEOH�� WKDW� WHDFKHUV� DQG� VWXGHQWV� VWLOO� QHHGHG� WLPH� WR� DGDSW� WR� WKH�
LQQRYDWLRQ��7KHUHIRUH��WKH�0(75,&�VWXG\�DLPHG�DW�D�UHSHDW�RI�ERWK�7,066�WHVWV�
DW�D�ODWHU�VWDJH��JLYLQJ�WKH�UHIRUP�WLPH�WR�VHWWOH���
�
,Q� ������ PDQ\� GDWD� KDG� EHHQ� JDWKHUHG� DOUHDG\� DW� WKH� OHYHO� RI� LQWHQGHG��
LPSOHPHQWHG� DQG� DWWDLQHG� FXUULFXOXP�� &RQVLGHULQJ� WKH� PRWWR� 
LI� \RX� ZDQW� WR�
PHDVXUH�FKDQJH��GR�QRW�FKDQJH�WKH�PHDVXUH
��WKH�0(75,&�VWXG\�NHSW�PRVW�LQVWUXPHQWV�
LQWDFW�IRU�WKH�UHSOLFDWLRQ�RI�WKH�GDWD�FROOHFWLRQ��,Q�WKH�SUHYLRXV�FKDSWHU��FKDSWHU�
��� WKH� LQVWUXPHQWV�XVHG�LQ�WKH�0(75,&�VWXG\�ZHUH�UHYLHZHG��)LUVW�� WKHUH�ZHUH�
WKH�WZR�WHVWV�IRU�PHDVXULQJ�VWXGHQWV
�DFKLHYHPHQW��WKH�7,066�:ULWWHQ�7HVW�DQG�
WKH�7,066�3HUIRUPDQFH�$VVHVVPHQW��6HFRQG��WKH�2SSRUWXQLW\�7R�/HDUQ��27/��
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LQVWUXPHQW�RI�'H�+DDQ��������ZDV�DYDLODEOH�IRU�PHDVXULQJ�WKH�DSSURSULDWHQHVV�
RI�WKH�WHVWV�LQ�OLJKW�RI�WKH�LPSOHPHQWHG�FXUULFXOXP��)LQDOO\��DQ�LQVWUXPHQW�EDVHG�
RQ� WKH� 7,066� 7HVW�&XUULFXOXP�0DWFKLQJ� $QDO\VLV� �7&0$�� ZDV� DYDLODEOH� IRU�
PHDVXULQJ�WKH�DSSURSULDWHQHVV�RI�WKH�WHVWV�LQ�OLJKW�RI�WKH�LQWHQGHG�FXUULFXOXP���
�
7KH�0(75,&�VWXG\�ZDV�EDVHG�RQ�GDWD�RI�WZR�WHVWV�DW�WZR�PRPHQWV��UHVXOWLQJ�LQ�
IRXU�VXE�VWXGLHV��7KHVH�ZHUH�WKH�7,066�:ULWWHQ�7HVW�LQ������DQG������DQG�WKH�
7,066�3HUIRUPDQFH�$VVHVVPHQW�LQ������DQG�������7KH\�ZHUH�LQGLFDWHG�E\�WKH�
DEEUHYLDWLRQV�:7�������:7�������3$�������DQG�3$�������
�
,Q� WKLV�FKDSWHU�� WKH�UHVHDUFK�GHVLJQ�RI�DOO�IRXU�VXE�VWXGLHV�:7�������:7�������
3$������DQG�3$������ZLOO�EH�GHVFULEHG��GLVFHUQLQJ�WKH�PHDVXUHPHQWV�DW�WKH�OHYHO�
RI� WKH� LQWHQGHG�� LPSOHPHQWHG� DQG� DWWDLQHG� FXUULFXOXP�� 7KLV� UHVXOWV� LQ� WZHOYH�
PHDVXUHPHQWV�� 7KH� PHDVXUHPHQWV� ZHUH� FRQGXFWHG� ZLWKLQ� GLIIHUHQW� FRQWH[WV��
6RPH� PHDVXUHPHQWV� ZHUH� FDUULHG� RXW� LQ� DQ� LQWHUQDWLRQDO� FRQWH[W�� XQGHU� WKH�
JXLGDQFH� RQ� WKH� 7,066� ,QWHUQDWLRQDO� 6WXG\�&HQWHU� LQ� %RVWRQ�� 5HVXOWV� RI� WKLV�
LQWHUQDWLRQDO�GDWD�FROOHFWLRQ�ZHUH�UHSRUWHG�LQ��DPRQJ�RWKHUV��%HDWRQ�HW�DO����������
+DUPRQ�HW�DO����������DQG�0XOOLV�HW�DO����������)RU�VSHFLILF�'XWFK�DVSHFWV�LQ�WKH�
LQWHUQDWLRQDO�VWXGLHV��.XLSHU�HW�DO���������������������UHSRUWHG�RQ�:7������DQG�
3$�������%RV�DQG�9RV��������UHSRUWHG�RQ�WKH�'XWFK�GDWD�FRQFHUQLQJ�:7�������
2QH�PHDVXUHPHQW��WKH�LPSOHPHQWHG�FXUULFXOXP�IRU�:7�������WRRN�SODFH�ZLWKLQ�
WKH�SURMHFW�RI�WKH�1DWLRQDO�2SWLRQ�7HVW��127���LQ�ZKLFK�WKH�DSSURSULDWHQHVV�RI�
WKH�WHVW�LWHPV�LQ�:7������ZHUH�PHDVXUHG�WKURXJK�DQ�DGGLWLRQDO�WHVW��.XLSHU�HW�
DO��� �������������7KLV� WHVW� FRQVLVWHG�RI���� LWHPV� IURP�:7������� VXSSOHPHQWHG�
ZLWK� LWHPV� WKDW�ZHUH� EDVHG� RQ� WKH�'XWFK�50(�EDVHG� FXUULFXOXP��:LWKLQ� WKLV�
SURMHFW��GDWD�RQ� WKH� LPSOHPHQWHG�FXUULFXOXP�ZHUH�FROOHFWHG� IRU� WKHVH���� LWHPV�
IURP� WKH� :ULWWHQ� 7HVW�� )RU� WKH� UHPDLQLQJ� LWHPV� LQ� :7������� QR� GDWD� DUH�
DYDLODEOH�IRU�WKH�0(75,&�VWXG\��
7KH� 3HUIRUPDQFH� $VVHVVPHQW� RI� ������ 3$������� ZDV� FDUULHG� RXW� XQGHU� WKH�
JXLGDQFH� RI� WKH�7,066� ,QWHUQDWLRQDO� 6WXG\�&HQWHU� LQ�%RVWRQ�� EXW� RQO\� DW� WKH�
OHYHO� RI� WKH� DWWDLQHG� FXUULFXOXP�� ,Q� WKH� 1HWKHUODQGV�� WKH� GDWD� VHW� ZDV�
VXSSOHPHQWHG�ZLWK� WZR�DGGLWLRQDO�GDWD�FROOHFWLRQV��DW� WKH� OHYHO�RI� WKH� LQWHQGHG�
DQG� LPSOHPHQWHG� FXUULFXOXP� UHVSHFWLYHO\�� 'H� +DDQ� HW� DO�� ������� UHSRUWHG� RQ�
WKHVH�GDWD�FROOHFWLRQV���
$OO� UHPDLQLQJ� PHDVXUHPHQWV� ZHUH� FDUULHG� RXW� ZLWKLQ� WKH� 0(75,&� VWXG\�� WR�
FRPSOHWH�WKH�PDWUL[��$�VFKHPH�RI�WKH�UHVHDUFK�FRQWH[W�IRU�WKH�GDWD�FROOHFWLRQ�LV�
JLYHQ�LQ�7DEOH������
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7DEOH������ 5HVHDUFK�FRQWH[W�RI�GDWD�XVHG�LQ�WKH�0(75,&�VWXG\�

�

6XE �V WX G \ �

,Q WH QG H G �

F X UULF X OXP �

,P S OH P H Q WH G �

F X UULF X OXP �

$WWDLQ H G �

F X UULF X OXP �

:7������ ,QWHUQDWLRQDO� 127� ,QWHUQDWLRQDO�
:7������ ,QWHUQDWLRQDO� 0(75,&� ,QWHUQDWLRQDO�

3$������ 1DWLRQDO� 1DWLRQDO� ,QWHUQDWLRQDO�
3$������ 0(75,&� 0(75,&� 0(75,&�

1RWH� ,QWHUQDWLRQDO  XQGHU JXLGDQFH RI WKH ,QWHUQDWLRQDO 7,066 6WXG\ &HQWHU� %RVWRQ�

127  1DWLRQDO 2SWLRQ 7HVW� OLPLWHG WR �� LWHPV RQO\�

1DWLRQDO  QDWLRQDO VXSSOHPHQW WR 3$������

$V�PDQ\�DVSHFWV�RI�WKH�GDWD�FROOHFWLRQV�RI�WKH�WKUHH�VXE�VWXGLHV�:7�������:7�
�����DQG�3$������KDYH�EHHQ�H[WHQVLYHO\�GHVFULEHG�LQ�WKH�DERYH�QDPHG�UHSRUWV��
WKH�LQIRUPDWLRQ�RQ�WKHVH�VXE�VWXGLHV�ZLOO�EH�NHSW�FRQFLVH�LQ�WKLV�FXUUHQW�FKDSWHU��
2Q�WKH�RWKHU�KDQG��EHFDXVH�RI�WKH�QRYHOW\�RI�WKH�3$�������WKH�GHVLJQ�DQG�WKH�
SURFHGXUHV�RI�WKLV�GDWD�FROOHFWLRQ�ZLOO�EH�GHVFULEHG�FRPSUHKHQVLYHO\��
�
2I� DOO� PHDVXUHPHQWV�� WKRVH� DW� WKH� OHYHO� RI� WKH� DWWDLQHG� FXUULFXOXP� ZHUH� PRUH�
FRPSOH[� WKDQ� DW� WKH� OHYHO� RI� WKH� LPSOHPHQWHG� DQG� LQWHQGHG� FXUULFXOXP�� 7KH�
LQVWUXPHQWV� DQG� WKH� WHVW� GHVLJQ� IRU� PHDVXULQJ� VWXGHQWV
� DFKLHYHPHQW� UHTXLUHG�
GHYHORSPHQW��WULDOLQJ��URWDWLRQ�DFURVV�VWXGHQWV��FRGLQJ�RI�VWXGHQWV�DQVZHUV��DQG�VR�
IRUWK��EHIRUH�WKH�GDWD�ZHUH�UHDG\�IRU�VWDWLVWLFDO�SUHVHQWDWLRQ��7KH�UHVHDUFK�SKDVHV�
ZLOO�EH�GHVFULEHG�LQ�WKLV�FKDSWHU��ZLWK�VSHFLDO�DWWHQWLRQ�WR�UHOLDELOLW\�RI�LQVWUXPHQWV��
7KHLU�YDOLGLW\�KDV�EHHQ�UHYLHZHG�LQ�WKH�SUHYLRXV�FKDSWHU��VHH�VHFWLRQ���������
7KH�PHDVXUHPHQWV�DW�WKH�OHYHO�RI�WKH�LQWHQGHG�DQG�LPSOHPHQWHG�FXUULFXOXP�ZHUH�
PRUH� VWUDLJKWIRUZDUG�� FRQVLVWLQJ�� URXJKO\� VSHDNLQJ�� RI� DVNLQJ� WKH� FXUULFXOXP�
H[SHUWV�RU� WHDFKHUV� WR� MXGJH�WKH�DSSURSULDWHQHVV�RI� WKH� WHVW�E\�UHSO\LQJ� 
\HV
�RU�

QR
� WR� HDFK� LWHP�� 7KLV� \LHOGHG� ELQDU\� GDWD� WKDW� ZHUH� UHDGLO\� FROOHFWHG� DQG�
SURFHVVHG��,Q�WKLV�FXUUHQW�FKDSWHU��WKH�LQVWUXPHQWV�ZLOO�EH�GHVFULEHG��
�
)LYH�PHDVXUHPHQWV�ZHUH�FDUULHG�RXW�ZLWKLQ�DQ� LQWHUQDWLRQDO�FRQWH[W� �VHH�7DEOH�
������7KUHH�RI�WKHVH�ZHUH�DW�WKH�OHYHO�RI�WKH�DWWDLQHG�FXUULFXOXP��:7�������:7�
������3$�������DQG�WZR�ZHUH�DW�WKH�OHYHO�RI�WKH�LQWHQGHG�FXUULFXOXP��:7�������
:7��������7R�HQVXUH�FRPSDUDELOLW\�RI�GDWD�EHWZHHQ�FRXQWULHV��WKH�,QWHUQDWLRQDO�
7,066�6WXG\�&HQWHU�LQ�%RVWRQ�LVVXHG�VWULFW�SURWRFROV�IRU�GDWD�FROOHFWLRQ��7,066�
3HUIRUPDQFH� $VVHVVPHQW� $GPLQLVWUDWLRQ� 0DQXDO�� ������ 7,066�5� 6XUYH\�
2SHUDWLRQV�0DQXDO���������
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7KH�LQWHUQDWLRQDO�JXLGHOLQHV�ZHUH�XVHG�RU�DGDSWHG�IRU�WKH�RWKHU�GDWD�FROOHFWLRQV�
DV�IROORZV��)RU�WKH�UHSHDW�RI�WKH�7,066�3HUIRUPDQFH�$VVHVVPHQW��3$��������WKH�
JXLGHOLQHV� IURP� 3$������ ZHUH� UH�XVHG� �7,066� 3HUIRUPDQFH� $VVHVVPHQW�
$GPLQLVWUDWLRQ� 0DQXDO�� ������ WR� HQVXUH� FRPSDUDELOLW\� EHWZHHQ� 3$������ DQG�
3$������� )RU� WKH� PHDVXUHPHQWV� DW� WKH� OHYHO� RI� WKH� LQWHQGHG� FXUULFXOXP�� WKH�
SURWRFROV� IURP� WKH� 7,066� 6WXG\� &HQWHU� RQ�:7������ DQG�:7������ RIIHUHG�
JXLGHOLQHV�RQ�WKH�VHOHFWLRQ�RI�H[SHUWV��RQ�WKH�PHWKRG�RI�JDWKHULQJ�GDWD��DQG�RQ�
GDWD� SURFHVVLQJ� �7,066� 7HVW� &XUULFXOXP� 0DWFKLQJ� $QDO\VLV�� ������ 7,066�5�
7HVW�&XUULFXOXP�0DWFKLQJ�$QDO\VLV�� �������7KH�SURWRFROV�ZHUH� FRSLHG� IRU� WKH�
PHDVXUHPHQW�DW�WKH�OHYHO�RI�WKH�LQWHQGHG�FXUULFXOXP�RI�3$������DQG�3$�������
$GGLWLRQDOO\�� WKH� SURWRFROV� ZHUH� DGDSWHG� IRU� WKH� PHDVXUHPHQW� RI� WKH�
LPSOHPHQWHG�FXUULFXOXP��'HVFULSWLRQV�ZLOO�EH�JLYHQ�LQ�WKH�IRUWKFRPLQJ�VHFWLRQV��
�
7KH�GDWHV�RI�GDWD�FROOHFWLRQ�DUH�JLYHQ�LQ�7DEOH������$OO�VXE�VWXGLHV�ZHUH�FDUULHG�
RXW�DW� WKH�HQG�RI�WKH�VFKRRO�\HDU�� LQ�VSULQJWLPH��L�H�� LQ�WKH�PRQWKV�$SULO��0D\��
-XQH��� ,Q� ������ WKH� ILUVW� WZR� VXE�VWXGLHV��:7������ DQG�3$�������ZHUH� FDUULHG�
RXW� FRQFXUUHQWO\�� )RXU� \HDUV� ODWHU�� GXH� WR� ILQDQFLDO� FLUFXPVWDQFHV�� WKH� UHSHDW�
VWXGLHV�FRXOG�QRW�EH�FDUULHG�RXW�LQ�WKH�VDPH�\HDU��7KH�UHSHDW�RI�WKH�:ULWWHQ�7HVW�
ZDV� FDUULHG�RXW� LQ� ������ZKLOH� WKH� UHSHDW�RI� WKH�3HUIRUPDQFH�$VVHVVPHQW�ZDV�
FDUULHG� RXW� LQ� ������ ,Q� ERWK� FDVHV�� WKH� UHIRUP� RI� WKH� LQWHQGHG� PDWKHPDWLFV�
FXUULFXOXP�LQWR�DQ�50(�EDVHG�FXUULFXOXP�ZDV�VHYHUDO�\HDUV�EHIRUH�DQG�WHDFKHUV�
KDG�DPSOH� WLPH� WR� DGMXVW� WR� WKH� LQQRYDWLRQ��7KH�0(75,&�VWXG\�DVVXPHG� WKDW�
WKH�LPSOHPHQWDWLRQ�RI�WKH�QHZ�FXUULFXOXP�ZRXOG�QRW�GLIIHU�VLJQLILFDQWO\�EHWZHHQ�
�����DQG�������%HVLGHV��WKH�0(75,&�VWXG\�DVVXPHG�WKDW�WKH�DFKLHYHPHQW�RI�WKH�
JUDGH���VWXGHQW�SRSXODWLRQ�ZRXOG�QRW�GLIIHU� VLJQLILFDQWO\�EHWZHHQ�RI������DQG�
������ 7KXV�� D� UHSHDW� RI� WKH� 3HUIRUPDQFH�$VVHVVPHQW� LQ� ����� RU� LQ� �����ZDV�
FRQVLGHUHG�HTXLYDOHQW��7KH�RQH�\HDU�GLIIHUHQFH�EHWZHHQ�:7������DQG�3$������
ZRXOG�QRW�UHVWULFW�WKH�DQVZHULQJ�RI�WKH�UHVHDUFK�TXHVWLRQV���
�
%HIRUH� HDFK� GDWD� FROOHFWLRQ�� ILHOG� WULDOV� ZHUH� RUJDQLVHG�� LQ� RUGHU� WR� WU\� RXW�
LQVWUXPHQWV�DQG�SURFHGXUHV��7KH�GDWHV�RI�WKH�WULDOV�DUH�LQFOXGHG�LQ�7DEOH������7KH�
ILHOG� WULDO� IRU�3$������ZDV�RPLWWHG� IRU� WKH� IROORZLQJ� WZR� UHDVRQV�� ����QR�QHZ�
LQVWUXPHQWV�ZHUH�LQWURGXFHG��DQG�����H[SHULHQFH�ZLWK�WKH�WHVWLQJ�SURFHGXUHV�ZDV�
DOUHDG\� DYDLODEOH� �H�J�� WKH�7,066�1DWLRQDO�5HVHDUFK�&R�RUGLQDWRU�RI������ZDV�
DYDLODEOH�XSRQ�UHTXHVW�WR�FODULI\�DPELJXLWLHV���7KHUHIRUH��D�ILHOG�WULDO�IRU�3$������
ZDV�GLVFDUGHG�DV�OLWWOH�DGGLWLRQDO�LQIRUPDWLRQ�RQ�WKH�LQVWUXPHQWV�DQG�SURFHGXUHV�
ZDV�H[SHFWHG�IURP�LW��
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7DEOH������ 'DWHV�RI�GDWD�FROOHFWLRQ�LQ�WKH�0(75,&�VWXG\�

6XE �V WX G \ � )LH OG �7ULDO� 0DLQ �6WXG \ �

:7������ 6SULQJ������ 6SULQJ������
:7������ 6SULQJ������ 6SULQJ������

3$������ 6SULQJ������ 6SULQJ������
3$������ ��� 6SULQJ������

1RWH� 'DVKHV LQGLFDWH WKH ILHOG WULDO ZDV QRW FDUULHG RXW�

���� 3$57,&,3$176 ,1 7+(0(75,&�678'<�

������ 6DP S OH �G H V LJ Q �IR U�WK H �DWWDLQ H G �F X UULF X OXP �

,Q� WKH� IROORZLQJ� VHFWLRQV� WKH� SDUWLFLSDWLQJ� VWXGHQWV�� WHDFKHUV� DQG� FXUULFXOXP�
H[SHUWV�LQ�WKH�0(75,&�VWXG\�ZLOO�EH�SUHVHQWHG��7KH\�DUH�WKH�UHSUHVHQWDWLYHV�DW�
WKH� OHYHO� RI� WKH� DWWDLQHG�� LPSOHPHQWHG� DQG� LQWHQGHG� FXUULFXOXP�� UHVSHFWLYHO\��
)LUVW��WKH�VHOHFWLRQ�RI�VWXGHQWV�LV�H[SODLQHG��
�
$OO�IRXU�WHVWV�LQ�WKH�0(75,&�VWXG\�ZHUH�DGPLQLVWHUHG�DPRQJ�D�UDQGRP�VDPSOH�
RI�'XWFK� VWXGHQWV�� ,Q� WKH� FDVHV� RI�:7������ DQG�:7������� WKH� VDPSOHV�ZHUH�
GUDZQ�LQ�WZR�VWDJHV��)LUVW��D�UDQGRP�VDPSOH�RI�VFKRROV�ZDV�GUDZQ��VWUDWLILHG�E\�
VFKRRO� VL]H�� 6HFRQG�� DW� HDFK� VHOHFWHG� VFKRRO�� RQH� JUDGH� �� FODVV� ZDV� FKRVHQ�
UDQGRPO\� IURP�DOO� JUDGH���FODVVHV� DW� WKDW� VFKRRO�� ,Q� WKH�FDVHV�RI�3$������DQG�
3$������� DQ� DGGLWLRQDO� WKLUG� VWHS� ZDV� PDGH�� )URP� HDFK� VHOHFWHG� FODVV�� QLQH�
VWXGHQWV�ZHUH� VHOHFWHG� UDQGRPO\��&RQVHTXHQWO\�� IRU� WKH�:ULWWHQ�7HVW�FRPSOHWH�
FODVVHV�IURP�HDFK�VFKRRO�ZHUH�WHVWHG��ZKLOH�IRU�WKH�3HUIRUPDQFH�$VVHVVPHQW�RQO\�
SDUW�RI� WKH�FODVV�SRSXODWLRQ�ZDV� WHVWHG��7KH�FRQVLGHUDWLRQV� DW� HDFK�VWHS� LQ� WKH�
VDPSOLQJ�SURFHGXUH�ZLOO�EH�GHVFULEHG�LQ�WKH�IROORZLQJ�SDUDJUDSKV��
�
6DPSOLQJ�VFKRROV�
$FFRUGLQJ�WR�WKH�7,066�SURWRFRO�IRU�:7������DQG�:7�������D�UDQGRP�VDPSOH�
RI�����VFKRROV�ZDV�VHOHFWHG�IURP�D�UHFHQWO\�XSGDWHG�JRYHUQPHQWDO�OLVW��7KH�����
VFKRROV� ZHUH� LQYLWHG� WR� SDUWLFLSDWH� LQ� WKH� VWXG\�� 6RPH� RI� WKH� LQYLWHG� VFKRROV�
GHFOLQHG� WR� SDUWLFLSDWH�� ,Q� WKRVH� FDVHV�� D� UHSODFHPHQW� SURFHGXUH� ZDV� DSSOLHG��
$QRWKHU� VFKRRO� ZDV� VHOHFWHG�� ZKHUHE\� WKLV� UHSODFHPHQW� VFKRRO� KDG� VLPLODU�
FKDUDFWHULVWLFV� DV� WKH�ZLWKGUDZLQJ� VFKRRO� �H�J��ZLWK� UHVSHFW� WR� VFKRRO� VL]H� DQG�
WKHLU�V\VWHP�RI�JURXSLQJ�VWXGHQWV�DFFRUGLQJ�WR�DELOLW\�WUDFNV���
,Q� ������ IURP� WKH� ����'XWFK� VFKRROV� LQ� WKH� VDPSOH� IRU�:7������� ��� VFKRROV�
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SDUWLFLSDWHG� �D� UHVSRQVH�RI�������$IWHU� UHSODFHPHQW�RI�ZLWKGUDZLQJ� VFKRROV�� D�
WRWDO�VDPSOH�RI����VFKRROV�ZDV�UHDOLVHG��D�UHVSRQVH�RI�������7KLV�LV�SUHVHQWHG�LQ�
7DEOH������ZKLFK�JLYHV�WKH�QXPEHUV�RI�VFKRROV�LQ�WKH�VFKRRO�VDPSOH��EHIRUH�DQG�
DIWHU�UHSODFHPHQW��
7KH�VDPH�SURFHGXUH�ZDV�DSSOLHG� WR�:7�������$JDLQ��D� VDPSOH�RI�����VFKRROV�
ZDV�GUDZQ� IURP�D� UHFHQWO\�XSGDWHG�JRYHUQPHQWDO� OLVW��+RZHYHU�� IURP� WKH�����
'XWFK�VFKRROV�LQ�WKLV�VDPSOH��WZR�VFKRROV�KDG�WR�EH�DQQXOOHG��EHFDXVH�WKH\�KDG�
PHUJHG�ZLWK�RWKHU�VFKRROV��7KHUHIRUH��WKH�LQLWLDO�VDPSOH�VL]H�ZDV�UHGXFHG�WR�����
VFKRROV�� 2I� WKHVH�� ��� VFKRROV� SDUWLFLSDWHG� �D� UHVSRQVH� RI� ������ $IWHU�
UHSODFHPHQW�RI�ZLWKGUDZLQJ�VFKRROV��D�WRWDO�VDPSOH�RI�����VFKRROV�ZDV�UHDOLVHG��D�
UHVSRQVH�RI�������
�
7DEOH������ 6FKRRO�SDUWLFLSDWLRQ�UDWHV�LQ�WKH�0(75,&�VWXG\�

�

�

6XE �V WX G \ �

�

,Q LWLDO�

V DP S OH �V L]H �

6F K R R OV �S DUWLF LS DWLQ J �

E H IR UH �UH S ODF H P H Q W��

���UH V S R Q V H �UDWH � �

6F K R R OV �S DUWLF LS DWLQ J �

DIWH U�UH S ODF H P H Q W�

���UH V S R Q V H �UDWH � �

:7������ ���� ��������� � ���������
:7������ ���� ��������� � ����������

3$������ ��� ��������� � ���������
3$������ ��� ��������� ���

1RWH� 'DVKHV LQGLFDWH WKH UHSODFHPHQW SURFHGXUH ZDV QRW DSSOLHG�

�
)RU�3$�������WKH�SURFHGXUH�RI�VDPSOLQJ�VFKRROV�PDGH�XVH�RI�WKH�IDFW�WKDW�:7�
�����ZDV�FDUULHG�RXW�LQ�WKH�VDPH�\HDU��7KXV��WKH�VFKRRO�VDPSOH�IRU�3$������ZDV�
GHULYHG�IURP�WKH�VDPSOH�RI�:7�������E\�GUDZLQJ�D�VXE�VDPSOH��,Q�WKLV�ZD\�����
VFKRROV�ZHUH�VHOHFWHG�UDQGRPO\�IURP�WKH�UHDOLVHG�VDPSOH�RI����VFKRROV�LQ�:7�
������ 7KH� ��� VFKRROV� VHOHFWHG� KDG� DOUHDG\� SDUWLFLSDWHG� LQ�:7������ DQG�ZHUH�
QRZ�DGGLWLRQDOO\�LQYLWHG�WR�SDUWLFLSDWH�LQ�3$�������,QLWLDOO\��RQO\����VFKRROV�RXW�
RI� WKHVH����VFKRROV�FRPPLWWHG�WR�SDUWLFLSDWLRQ��D�UHVSRQVH�UDWH�RI�������$IWHU�
DSSOLFDWLRQ�RI�WKH�UHSODFHPHQW�SURFHGXUH��D�VDPSOH�RI����VFKRROV�UHPDLQHG�IRU�
3$�������D�UHVSRQVH�RI�������
$�VLPLODU�SURFHGXUH�ZDV�IROORZHG�IRU�3$�������$JDLQ��WKH�VDPSOH�RI�WKH�:ULWWHQ�
7HVW�ZDV�XVHG�WR�FUHDWH�D�VXE�VDPSOH��7KH�OLVW�RI�VFKRROV�LQ�:7������FRQWDLQHG�
���� VFKRROV�� )URP� WKLV� OLVW�� ��� VFKRROV�ZHUH� UDQGRPO\� VHOHFWHG� DQG� LQYLWHG� WR�
SDUWLFLSDWH�LQ�3$�������$�VDPSOH�RI����RXW�RI����VFKRROV�ZDV�UHDOLVHG��D�UHVSRQVH�
RI�������'XH�WR�ILQDQFLDO�FRQVWUDLQWV��WKH�UHSODFHPHQW�SURFHGXUH�ZDV�QRW�FDUULHG�
RXW�LQ�������
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6HOHFWLQJ�FODVVHV�
$IWHU� WKH� VHOHFWLRQ� RI� VFKRROV�� DQ� LQWDFW� FODVV� SHU� VFKRRO� ZDV� VHOHFWHG�� 7KLV�
SURFHGXUH�ZDV�LGHQWLFDO�IRU�:7������DQG�:7�������DW�HDFK�VHOHFWHG�VFKRRO��RQH�
JUDGH���FODVV�ZDV�VHOHFWHG�UDQGRPO\�RXW�RI�DOO�JUDGH���FODVVHV�RI�WKDW�VFKRRO��7KH�
WHVW�ZDV�WKHQ�DGPLQLVWHUHG�WR�DOO�VWXGHQWV�IURP�WKDW�FODVV��
7KH� VHOHFWLRQ� RI� FODVVHV� IRU� WKH� WZR� WHVW� DGPLQLVWUDWLRQV� RI� WKH� 3HUIRUPDQFH�
$VVHVVPHQW� ZDV� EDVHG� RQ� D� GLIIHUHQW� PHWKRG�� ,Q� ������ WKH� 3HUIRUPDQFH�
$VVHVVPHQW�ZDV�FDUULHG�RXW�LQ�D�VXEVHW�RI�VFKRROV�ZKHUH�WKH�:ULWWHQ�7HVW�DOUHDG\�
KDG�EHHQ�DGPLQLVWHUHG��(DFK�VFKRRO�LQ�3$������KDG�DOUHDG\�SDUWLFLSDWHG�LQ�:7�
������ 7KXV�� WKH� VHOHFWLRQ� RI� D� JUDGH� �� FODVV� KDG� DOUHDG\� WDNHQ� SODFH� IRU� WKH�
:ULWWHQ� 7HVW�� 7KDW� VDPH� FODVV� ZDV� DOVR� GHVLJQDWHG� IRU� WKH� 3HUIRUPDQFH�
$VVHVVPHQW��
,Q�������IRU�WKH�UHSHDW�RI�WKH�3HUIRUPDQFH�$VVHVVPHQW�WKLV�SURFHGXUH�FRXOG�QRW�
EH�FRSLHG��EHFDXVH�RI�WKH�RQH�\HDU�GLIIHUHQFH�ZLWK�WKH�:ULWWHQ�7HVW��7KH�FODVV��
ZKLFK� KDG� SDUWLFLSDWHG� LQ� :7������� KDG� EHFRPH� D� JUDGH� �� FODVV� LQ� ������
7KHUHIRUH��DW�HDFK�VFKRRO�D�QHZ�JUDGH���FODVV�KDG�WR�EH�VHOHFWHG��
7R� DVVXUH� WKDW� VFKRROV� ZRXOG� QRW� SXVK� WKHLU� RZQ� SUHIHUHQFH�� WKH� VHOHFWLRQ�
SRLQWHG�DW�WKH�FODVV�WKDW�FDUULHG�WKH�VDPH�QDPH�DV�WKH�FODVV�WKDW�KDG�SDUWLFLSDWHG�
LQ�:7�������)RU�H[DPSOH��LI�WKH�JUDGH���FODVV�
�)
�KDG�SDUWLFLSDWHG�LQ�:7�������
WKH�QHZ�
�)
�FODVV�RI������ZDV�DVNHG�WR�SDUWLFLSDWH�LQ�3$�������7KLV�SURFHGXUH�
ZRUNHG�ZHOO�DW�PRVW�VFKRROV��,Q�D�IHZ�FDVHV��WKH�UHSODFHPHQWV�ZHUH�QRW�SRVVLEOH��
IRU�H[DPSOH�ZKHUH�VWXGHQW�QXPEHUV�KDG�UHGXFHG�DQG�WKH�FODVV�QDPH�KDG�EHFRPH�
QRQ�H[LVWHQW�� ,Q� WKHVH� FDVHV�� D� FODVV� ZDV� VHOHFWHG� IRU� 3$������� ZKLFK� KDG� WKH�
VDPH� DELOLW\� WUDFN� FKDUDFWHULVWLFV� �YER���PDYR�� KDYR�� YZR�� DV� WKHLU� FRXQWHUSDUWV� LQ�
:7�������
�
6HOHFWLQJ�VWXGHQWV�
)RU� WKH� :ULWWHQ� 7HVW�� QR� VHOHFWLRQ� RI� VWXGHQWV� ZDV� PDGH�� 2QFH� D� FODVV� ZDV�
DSSRLQWHG� DV� WKH� WHVWLQJ� FODVV� RI� WKDW� VFKRRO�� DOO� VWXGHQWV� RI� WKH� FODVV�ZHUH� WR�
SDUWLFLSDWH�� 7KLV� DSSOLHG� WR� ERWK� :7������ DQG� :7������� $V� D� UHVXOW�� �����
VWXGHQWV�IURP����VFKRROV�SDUWLFLSDWHG�LQ�:7�������DQG������VWXGHQWV�IURP�����
VFKRROV�SDUWLFLSDWHG�LQ�:7�������6HH�7DEOH������
�

                                                 
� )RU DQ H[SODQDWLRQ RQ WKH DELOLW\ WUDFNV RI 'XWFK VHFRQGDU\ VFKRROV� VHH WKH *ORVVDU\ �SDJH [LLL��
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7DEOH������ 1XPEHUV�RI�VWXGHQWV�LQ�WKH�0(75,&�VWXG\�

6XE �V WX G \ � 1XP E H U�R I�V F K R R OV � 1XP E H U�R I�V WX G H Q WV �WH V WH G �

:7������ ��� �����
:7������ ���� �����

3$������ ��� ����
3$������ ��� ����
�
:KHQ�FRPSDULQJ�UHVHDUFK�GDWD�RQ�WKH�:ULWWHQ�7HVW�RI�HLWKHU������RU������LQ�WKH�
1HWKHUODQGV�� LW� WXUQV� RXW� WKDW� WKH� QXPEHUV� RI� SDUWLFLSDWLQJ� VWXGHQWV� GLIIHU�
EHWZHHQ�VWXGLHV��,Q�RWKHU�VWXGLHV��WKH�QXPEHU�RI�'XWFK�VWXGHQWV�SDUWLFLSDWLQJ�LQ�
:7������RU�:7������GLIIHUV�IURP�WKH�ILJXUHV�LQ�7DEOH������)RU�H[DPSOH��.XLSHU�
HW� DO�� ������� ������ PHQWLRQ� ����� VWXGHQWV� LQ� :7������� LQVWHDG� RI� WKH� �����
VWXGHQWV�WHVWHG�LQ�WKH�0(75,&�VWXG\��$QRWKHU�H[DPSOH�LV�RQ�:7�������ZKHUH�
%RV�DQG�9RV��������PHQWLRQ������VWXGHQWV��LQVWHDG�RI�WKH������VWXGHQWV�WHVWHG�
LQ� WKH� 0(75,&� VWXG\�� 7KH� GLIIHUHQFH� LQ� VWXGHQW� QXPEHUV� LV� FDXVHG� E\�
GLIIHUHQFHV�LQ�UHVHDUFK�TXHVWLRQV�DFURVV�VWXGLHV��7KH�0(75,&�VWXG\�IRFXVHG�RQ�
VWXGHQWV
�DFKLHYHPHQW�DQG�XVHG�WKH�PD[LPXP�QXPEHU�RI�VWXGHQWV�SDUWLFLSDWLQJ�
LQ�WKH�DFKLHYHPHQW�WHVWV��:LWK�WKH�:ULWWHQ�7HVW�KDYLQJ�D�EUHDN��DIWHU����PLQXWHV�
RI�WHVWLQJ���VRPHWLPHV�VWXGHQWV�KDG�WR�OHDYH�PLGZD\�WKH�WHVWLQJ�VHVVLRQ��)RU�:7�
������ WKHUH� ZHUH� ����� VWXGHQWV� EHIRUH� WKH� EUHDN� DQG� ����� VWXGHQWV� DIWHU� WKH�
EUHDN�� )RU� :7������� WKH� QXPEHUV� ZHUH� ����� DQG� ����� UHVSHFWLYHO\�� 7KHVH�
ILJXUHV� DUH� DOVR� WKH� QXPEHUV� DV� UHSRUWHG� LQ� WKH� 7,066� LQWHUQDWLRQDO� GDWDEDVH�
�*RQ]DOH]�	�0LOHV���������
2WKHU� UHVHDUFKHUV�RQ�7,066�PDNH�XVH�RI� VWXGHQWV
� DFKLHYHPHQW� WRJHWKHU�ZLWK�
VWXGHQWV
�EDFNJURXQG�YDULDEOHV��IRU�H[DPSOH�%RV��������DQG�%RV�DQG�9RV���������
7KH� DGGLWLRQDO� EDFNJURXQG� GDWD� ZHUH� FROOHFWHG� WKURXJK� D� TXHVWLRQQDLUH��
DGPLQLVWHUHG�LQ�D�VHSDUDWH�VHVVLRQ��DSDUW�IURP�WKH�DFKLHYHPHQW�WHVW��,Q�RUGHU�WR�
OLQN� EDFNJURXQG� YDULDEOHV� WR� VWXGHQWV
� SHUIRUPDQFHV�� WKH� UHVHDUFKHUV� QHHG� WKH�
RYHUODS� RI� VWXGHQWV� LQ� DOO� WKUHH� VHVVLRQV� �WZR� WHVWLQJ� VHVVLRQV� SOXV� RQH�
TXHVWLRQQDLUH�VHVVLRQ���7KH�RYHUODS�UHGXFHV�WKH�QXPEHU�RI�VWXGHQWV�DQG�DFFRXQWV�
IRU�GLIIHUHQFHV�EHWZHHQ�VWXGLHV��
�
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$V�GHVFULEHG�DERYH��ERWK�:7������DQG�:7������ZHUH�DGPLQLVWHUHG�DPRQJ�DOO�
VWXGHQWV� IURP� WKH� LQWDFW� FODVVHV� VHOHFWHG�� 7KLV� ZDV� QRW� WKH� FDVH� IRU� WKH�
3HUIRUPDQFH� $VVHVVPHQW�� %HFDXVH� RI� LWV� SUDFWLFDO� QDWXUH�� DEXQGDQW� SK\VLFDO�
VSDFH� ZDV� QHHGHG� IRU� DGPLQLVWUDWLRQ�� 7KHUHIRUH�� WKH� 3HUIRUPDQFH�$VVHVVPHQW�
ZDV�DGPLQLVWHUHG�DPRQJ�RQO\�QLQH�VWXGHQWV�SHU�FODVV��7KLV�QXPEHU�ZDV�UDQGRPO\�
VHOHFWHG� IURP� HDFK� SDUWLFLSDWLQJ� FODVV�� 'XH� WR� FLUFXPVWDQFHV�� WKH� VHOHFWLRQ� RI�
VWXGHQWV� ZDV� FDUULHG� RXW� GLIIHUHQWO\� IRU� 3$������ DQG� 3$������� )LUVW�� WKH�
VHOHFWLRQ�RI�QLQH�VWXGHQWV�IURP�HDFK�FODVV�IRU�3$������ZLOO�EH�GHVFULEHG��
7KH� UDQGRPLVDWLRQ� RI� VWXGHQWV� IRU� 3$������ ZDV� FRXSOHG� WR� :7������� $V�
GHVFULEHG�EHIRUH�� DOO� VWXGHQWV� KDG� DOUHDG\�SDUWLFLSDWHG� LQ�:7�������EHIRUH� WKH�
DGPLQLVWUDWLRQ�RI�WKH�3$�������7KH�:ULWWHQ�7HVW�FRQVLVWHG�RI�HLJKW�GLIIHUHQW�WHVW�
ERRNOHWV�� ZKLFK� ZHUH� DVVLJQHG� UDQGRPO\� WR� WKH� VWXGHQWV� RI� WKH� FODVV�� 7KH�
VWXGHQWV��ZKR�KDG�EHHQ�LVVXHG�ERRNOHW�QXPEHU����ZHUH�ILUVW�VHOHFWHG�IRU�3$�������
,I�WKLV�VHOHFWLRQ�\LHOGHG�OHVV�WKDQ�QLQH�VWXGHQWV��WKH�VWXGHQWV�ZLWK�ERRNOHW�QXPEHU�
��ZHUH� VHOHFWHG��7KLV�SURFHGXUH�ZDV� FRQWLQXHG�XQWLO� QLQH� VWXGHQWV�ZHUH� OLVWHG��
7KXV��IURP����VFKRROV������VWXGHQWV�SDUWLFLSDWHG�LQ�3$�������.XLSHU�HW�DO����������
7KH�SURFHGXUH�IRU�VWXGHQW�VHOHFWLRQ�IRU�3$������ZDV�EDVHG�RQ�D�GLUHFW�OLQN�ZLWK�
:7������LQ�VDPH�\HDU��7KLV�SURFHGXUH�FRXOG�QRW�EH�FRSLHG�IRU�3$�������DV�WKH�
FODVV� RI� ����� KDG� QRW� VHHQ� DQ\� RI� WKH� ERRNOHWV� IURP� :7������� ZKLFK� ZDV�
DGPLQLVWHUHG� LQ� WKH� \HDU� EHIRUH�� 7R� UDQGRPLVH� WKH� VHOHFWLRQ� RI� QLQH� VWXGHQWV�
IURP� WKH� SDUWLFLSDWLQJ� FODVV�� D� FODVV� OLVW� ZDV� XVHG�� LQ� ZKLFK� WKH� VWXGHQWV� ZHUH�
RUGHUHG�E\�WKHLU�VXUQDPHV��7KH�ILUVW�QLQH�VWXGHQWV�IURP�WKLV�OLVW�ZHUH�VHOHFWHG��,I�
RQH�RI�WKH�QLQH�VWXGHQWV�ZDV�DEVHQW��WKH�WHQWK�VWXGHQW�IURP�WKH�OLVW�ZDV�LQYLWHG��
$OO�RWKHU�VWXGHQWV�IURP�WKH�FODVV�ZHUH�H[FOXGHG�IURP�WKH�WHVW��
$W�RQH�VFKRRO��WKH�DOSKDEHWLFDO�FODVV�OLVW�WXUQHG�RXW�WR�EH�IUDPHG�LQ�VXFK�D�ZD\��
WKDW�WKH�QLQH�EHVW�VWXGHQWV�ZHUH�SDUWLFLSDWLQJ��7KLV�VFKRRO�ZDV�UHPRYHG�IURP�WKH�
DQDO\VLV��&RQVHTXHQWO\�����VFKRROV�SDUWLFLSDWHG� LQ� WKH� WHVW��EXW����VFKRROV�ZHUH�
XVHG�IRU�DQDO\VLV��,Q�WRWDO��GDWD�IURP������ ��[���'XWFK�VWXGHQWV�ZHUH�XVHG�IRU�
3$�������

������ 5H S UH V H Q WDW LY H Q H V V �R I �WK H �V WX G H Q W�V DP S OH V �

7R�YHULI\�ZKHWKHU�WKH�GUDZQ�VDPSOHV�ZHUH�UHSUHVHQWDWLYH�IRU�WKH�ZKROH�VWXGHQW�
SRSXODWLRQ��WKH�VDPSOHV�ZHUH�FRPSDUHG�WKURXJK�EDFNJURXQG�YDULDEOHV��LQ�WHUPV�
RI�VWDWLVWLFV�RQ�JHQGHU�DQG�DELOLW\�WUDFNV��7KH�JHQGHU�UDWLRV�RI�WKH�IRXU�VDPSOHV�
XVHG� LQ� WKH� 0(75,&� VWXG\� DUH� JLYHQ� LQ� 7DEOH� ����� 7KH� ILIW\�ILIW\�UDWLR� LV�
DSSUR[LPDWHG�LQ�DOO�VWXGLHV�H[FHSW�IRU�3$�����,W�LV�XQNQRZQ�ZK\�WKLV�LPEDODQFH�
RFFXUUHG�LQ�WKLV�WHVW�DGPLQLVWUDWLRQ��.XLSHU�HW�DO����������
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7DEOH������ 'LVWULEXWLRQ�RI�VWXGHQWV
�JHQGHU�LQ�WKH�0(75,&�VWXG\�

6XE �V WX G \ � )H P DOH �����0DOH �����

:7������ ������
:7������ ������

3$������ ������
3$������ ������
�
$QRWKHU� EDFNJURXQG� YDULDEOH� FKHFNHG� ZDV� VWXGHQWV
� DELOLW\� WUDFN�� ,Q� WKH�
1HWKHUODQGV�� VWXGHQWV� DUH� JURXSHG� DFFRUGLQJ� WR� DELOLW\� FODVVHV�� 7KH� JURXSLQJ�
SUHSDUHV�VWXGHQWV�IRU�GLIIHUHQW�ILQDO�H[DP�SURJUDPV�WKURXJK�GLIIHUHQW�FXUULFXOD��
7KH� ORZHVW� DELOLW\� WUDFNV� DUH� �L�YER� DQG�PDYR�ZLWK� ILQDO� H[DPV� LQ�JUDGH�����7KH�
KLJKHU� DELOLW\� WUDFNV� DUH� KDYR� DQG� YZR� ZLWK� ILQDO� H[DPV� LQ� JUDGHV� ���� DQG� ���
UHVSHFWLYHO\��7KH�VWXGHQWV�WHVWHG�LQ�WKH�0(75,&�VWXG\�ZHUH�LQ�JUDGH����$W�WKDW�
VWDJH�� DOO� 'XWFK� VFKRROV� KDYH� JURXSHG� WKH� VWXGHQWV� WR� DELOLW\� WUDFNV� RU�
FRPELQDWLRQV�RI�WUDFNV��H�J��D�FRPELQHG�KDYR�YZR�FODVV���)RU�WKH�0(75,&�VWXG\��
FODVV� WHDFKHUV�ZHUH� DVNHG� WR� JLYH� DQ� LQGLFDWLRQ�RI� WKH� WUDFNV�RI� VWXGHQWV��:LWK�
WKHVH�GDWD��LW�FRXOG�EH�YHULILHG�ZKHWKHU�WKH�DELOLW\�WUDFNV�ZHUH�ZHOO�GLVWULEXWHG��
�
7DEOH������ 'LVWULEXWLRQ�RI�VWXGHQWV
�DELOLW\�WUDFNV�LQ�WKH�0(75,&�VWXG\�

6XE �V WX G \ � Y E R �P DY R �����KDY R �YZ R �����

:7������ ������
:7������ ������

3$������ ������
3$������ ������

1DWLRQDO�GDWD�DW�*UDGH���
� �����
� �����

�
������
������

6RXUFH� ,QVSHFWLH YRRU KHW 2QGHUZLMV �������

�
7DEOH� ���� JLYHV� WKH� UDWLR� RI� DELOLW\� WUDFNV� IRU� WKH� IRXU� VDPSOHV� XVHG� LQ� WKH�
0(75,&�VWXG\��)RU�FRPSDULVRQ��QDWLRQDO�VXUYH\�GDWD�DUH�DGGHG��$FFRUGLQJ�WR�
WKHVH�GDWD��DSSUR[LPDWHO\�����RI�DOO�VWXGHQWV�DUH�LQ�WKH�ORZHU�WZR�DELOLW\�WUDFNV��
7KH�YER�PDYR� WUDFN�LV�VOLJKWO\�XQGHUUHSUHVHQWHG�LQ�:7�������,Q�WKH�RWKHU�WKUHH�
WHVWV��WKH�UDWLR�LV�VRXQG��
$V�3$������ZDV�QHZ�DPRQJ�WKH�VXE�VWXGLHV��LWV�VWXGHQWV
�VDPSOH�XQGHUZHQW�DQ�
H[WUD�FKHFN�IRU�UHSUHVHQWDWLYHQHVV��EHVLGHV�WKH�FKHFN�WKURXJK�JHQGHU�DQG�DELOLW\�
WUDFN�VWDWLVWLFV��)RU�3$�������WKH�VDPSOH�RI�VFKRROV�ZDV�PDSSHG�JHRJUDSKLFDOO\��
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)LJXUH������ *HRJUDSKLFDO�SRVLWLRQ�RI����'XWFK�VFKRROV�SDUWLFLSDWLQJ�LQ�3$������
�
)LJXUH� ���� VKRZV� WKH� PDS� RI� WKH� 1HWKHUODQGV� ZLWK� WKH� SRVLWLRQ� RI� HDFK�
SDUWLFLSDWLQJ�VFKRRO�LQGLFDWHG�E\�D�EODFN�VTXDUH��$OO�SURYLQFHV�ZHUH�UHSUHVHQWHG�
LQ�WKLV�GDWD�FROOHFWLRQ��ZLWK�WKH�H[FHSWLRQ�RI�)OHYRSROGHU��0RUHRYHU��VFKRROV�LQ�
WKH� ODUJH� FLWLHV� RI� $PVWHUGDP� DQG� 7KH� +DJXH� DUH� XQGHUUHSUHVHQWHG��
1HYHUWKHOHVV��WKH�JHRJUDSKLFDO�GLIIXVLRQ�LV�VXIILFLHQW��
�
:LWK� DOO� VDPSOHV� GUDZQ� UDQGRPO\�� DQG� DIWHU� WKH� DERYH� LQVSHFWLRQ� RI� WKH�
UHSUHVHQWDWLYHQHVV� RI� WKH� VDPSOH�� WKH� 0(75,&� VWXG\� DVVXPHG� WKDW� WKH� GDWD�
FRXOG� EH� JHQHUDOLVHG� ZLWKLQ� SUREDELOLW\� PDUJLQV�� +RZHYHU�� ZKHQ� YHU\� VWULFW�
PDUJLQV�DUH�FRQVLGHUHG��WKH�DERYH�VDPSOHV�PLJKW�QRW�IXOO\�VDWLVI\��)RU�H[DPSOH��
DFFRUGLQJ�WR�WKH�7,066�SURFHGXUHV�RI�������WKH�'XWFK�PHDVXUHPHQWV�IRU�:7�
����� DQG� 3$������ GLG� QRW� VDWLVI\� WKH� LQWHUQDWLRQDO� JXLGHOLQHV� IRU� VDPSOH�
SDUWLFLSDWLRQ�UDWHV��$V�D�FRQVHTXHQFH��WKH�UHVXOWV�ZHUH�
IODJJHG
�DQG�UHSRUWHG�LQ�D�
VHSDUDWH�VHFWLRQ�RI�WKH�LQWHUQDWLRQDO�UHSRUWV��%HDWRQ�HW�DO���������+DUPRQ�HW�DO���
������� &RPSDUHG� WR� LQWHUQDWLRQDO� VWDQGDUGV�� WKH� 'XWFK� UHVSRQVH� UDWHV� ZHUH�
FRQVLGHUHG�WRR�ORZ��:LWK�UHODWLYHO\�ORZ�UHVSRQVH�UDWHV��LW�ZDV�DVVXPHG�WKDW�WKHUH�
FRXOG�EH�D�ELDV�LQ�WKH�VDPSOH�RI�VFKRROV��+RZHYHU��LQ�WKH�1HWKHUODQGV��WKHUH�DUH�
DOZD\V�ORZ�UHVSRQVH�UDWHV�LQ�ODUJH�VFDOH��HGXFDWLRQDO�VWXGLHV��)RU�H[DPSOH��LQ�WKH�
�����3,6$�VWXG\��WKH�UHVSRQVH�UDWH�DIWHU�UHSODFHPHQW�ZDV�D�PHUH������2(&'��
������� &RPSDUHG� WR� WKDW� ILJXUH�� WKH� UHVSRQVH� UDWHV� LQ� WKH� 0(75,&� VWXG\�
�EHWZHHQ�����DQG������FDQ�EH�FRQVLGHUHG�DV�UHODWLYHO\�KLJK��$GGLWLRQDOO\�� WKH�
ORZ�'XWFK�UHVSRQVH�LV�E\�QR�PHDQV�UHODWHG�WR�DFKLHYHPHQW��.XLSHU�HW�DO���������
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PDGH� DQ� DQDO\VLV� RI� WKH�:7������ VDPSOH�� E\� FRPSDULQJ� WKH� DFKLHYHPHQW� RI�
SDUWLFLSDWLQJ� VFKRROV� ZLWK� WKH� DFKLHYHPHQW� RI� UHIXVLQJ� VFKRROV� LQ� QDWLRQDO�
DVVHVVPHQWV�� 7KH\� FRQFOXGHG� WKDW� WKH� GLVWULEXWLRQ� RI� DFKLHYHPHQW� RI� WKH�
SDUWLFLSDWLQJ� VFKRROV� GLG� QRW� GLIIHU� VLJQLILFDQWO\� IURP� WKH� DFKLHYHPHQW� RI� WKH�
UHIXVLQJ�VFKRROV��7KHUHIRUH��WKH\�FRQYLQFLQJO\�GHPRQVWUDWHG�WKDW�WKH�VDPSOH�ZDV�
QRW�ELDVHG�IRU�DFKLHYHPHQW�UHVXOWV��

������ 6DP S OH �G H V LJ Q �IR U�WK H �LP S OH P H Q WH G �DQG �LQ WH QG H G �F X UULF X OXP �

%HVLGHV�WHVW�DGPLQLVWUDWLRQ�LQ�WKH�0(75,&�VWXG\��DGGLWLRQDO�GDWD�ZHUH�FROOHFWHG�
DW� WKH� OHYHO� RI� WKH� LPSOHPHQWHG� DQG� LQWHQGHG� FXUULFXOXP�� $W� WKH� OHYHO� RI� WKH�
LPSOHPHQWHG�FXUULFXOXP��WKH�PDWKHPDWLFV�WHDFKHUV�RI�DOO�SDUWLFLSDWLQJ�FODVVHV�LQ�
HDFK�RI� WKH�IRXU�VXE�VWXGLHV�:7�������:7�������3$������DQG�3$�������ZHUH�
LQYLWHG� WR� ILOO� LQ� D� TXHVWLRQQDLUH�� 7KLV� TXHVWLRQQDLUH� ZLOO� EH� SUHVHQWHG� LQ� WKH�
IRUWKFRPLQJ�VHFWLRQ��������
7KH� QXPEHUV� RI� PDWKHPDWLFV� WHDFKHUV� UHWXUQLQJ� WKH� TXHVWLRQQDLUH� DQG� WKH�
UHVSRQVH� UDWHV� DUH� JLYHQ� LQ� 7DEOH� ����� )RU� ERWK�:7������ DQG�:7������� WKH�
UHVSRQVH� UDWHV� DUH� YHU\� VDWLVI\LQJ��7HDFKHUV
� UHVSRQVH� UDWH�RQ� WKH�3HUIRUPDQFH�
$VVHVVPHQWV�ZDV�GLVWLQFWO\� ORZHU�� LQ�SDUWLFXODU� LQ�������$�UHDVRQ�IRU�WKLV�FRXOG�
EH��WKDW�WKH�WHDFKHU�TXHVWLRQQDLUH�IRU�3$������ZDV�VHQW�E\�PDLO��D�IHZ�PRQWKV�
DIWHU�WHVW�DGPLQLVWUDWLRQ��)RU�3$�������LW�ZDV�KDQGHG�SHUVRQDOO\�WR�WKH�WHDFKHUV��
LPPHGLDWHO\� DIWHU� WHVW� DGPLQLVWUDWLRQ�� 7KH� GHOD\� DQG� WKH� PHWKRG� RI� WHDFKHU�
DSSURDFK�FRXOG�KDYH�DFFRXQWHG�IRU�WKH�GLIIHUHQFH�LQ�UHVSRQVH�UDWHV��
�

7DEOH������ 1XPEHUV�RI�PDWKHPDWLFV�WHDFKHUV�LQ�WKH�0(75,&�VWXG\�

6XE �V WX G \ � $E V R OX WH �QXP E H UV � 5H V S R Q V H �UDWH ���� �

:7������ ��� ���
:7������ ���� ���

3$������ ��� ���
3$������ ��� ���
�
,Q�7DEOH� ���� WKH� GLVWULEXWLRQ�RI� VFKRROLQJ� WUDFNV� DQG�JHQGHU� DUH� JLYHQ� IRU� WKH�
SDUWLFLSDWLQJ� PDWKHPDWLFV� WHDFKHUV�� 7KH� GLVWULEXWLRQ� RI� WHDFKHUV� DFURVV� DELOLW\�
WUDFNV� LV� IDLUO\� UHSUHVHQWDWLYH� RI� WKH� JHQHUDO� SLFWXUH� �����������2Q� WKH� RWKHU�
KDQG�� WKH� JHQGHU�GLVWULEXWLRQ�RI� WKH� WHDFKHUV� LV�PLVUHSUHVHQWDWLYH� IRU�3$������
DQG�3$�������,W�VKRXOG�KDYH�DSSUR[LPDWHG�WKH�UDWHV���������DQG�LW�LV�XQFOHDU�
ZK\��LQ������IHZ�ZRPHQ��DQG�LQ������PDQ\�ZRPHQ�UHWXUQHG�WKH�TXHVWLRQQDLUH��
�
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7DEOH������ 'LVWULEXWLRQ� RI� WHDFKHUV� E\� VWXGHQWV
� DELOLW\� WUDFNV� DQG� E\� JHQGHU� LQ� WKH�
0(75,&�VWXG\�

6XE �V WX G \ � Y E R �P DY R �����KDY R �YZ R ����� )H P DOH �����0DOH �����

:7�������Q ���� ������ ������
:7�������Q ����� ������ ������

3$�������Q ���� ������ ������
3$�������Q ���� ������ ������
�
)URP� WKH� DQDO\VHV�� LW� LV� FOHDU� WKDW� WKH� JURXS� RI� UHVSRQGLQJ� WHDFKHUV� LQ� WKH�
0(75,&�VWXG\�LV�QRW�D�UDQGRP�VDPSOH�RI�'XWFK�JUDGH���PDWKHPDWLFV�WHDFKHUV��
+RZHYHU��WKLV�LV�WKH�RQO\�UHSUHVHQWDWLRQ�RI�WHDFKHUV�DYDLODEOH��
�
)RU� WKH� LQWHQGHG�FXUULFXOXP�� LQ� WKH�ILUVW� WKUHH�VXE�VWXGLHV� �:7�������3$������
DQG�:7�������WKUHH�PDWKHPDWLFV�FXUULFXOXP�H[SHUWV�ZHUH�FRQVXOWHG��7KHVH�ZHUH�
IURP� D� UHVHDUFK� LQVWLWXWH� IRU� PDWKHPDWLFV� FXUULFXOXP� GHYHORSPHQW� �WKH�
)UHXGHQWKDO� ,QVWLWXWH��� WKH� 1DWLRQDO� ,QVWLWXWH� IRU� (GXFDWLRQDO� 0HDVXUHPHQW�
�&LWR���DQG�DQ�LQ�VHUYLFH�WUDLQLQJ�LQVWLWXWH��$36���
+RZHYHU��WKH�QXPEHU�RI�WKUHH�ZDV�FRQVLGHUHG�ORZ��$OUHDG\�LQ�������WKH�'XWFK�
7,066�UHVHDUFK�FR�RUGLQDWRU�SOHDGHG�IRU�D�ODUJHU�QXPEHU�RI�H[SHUWV��LQ�RUGHU�WR�
REWDLQ� D� PRUH� GHWDLOHG� MXGJHPHQW� RQ� WKH� DSSURSULDWHQHVV� RI� WKH� WHVW� LWHPV�
�.XLSHU� HW� DO��� ������� 7KHUHIRUH�� IRU� 3$������� VL[� FXUULFXOXP� H[SHUWV� ZHUH�
DSSURDFKHG��7KUHH�ZHUH�IURP�WKH�VDPH�LQVWLWXWHV�DV�PHQWLRQHG�EHIRUH��DQG�WKUHH�
H[SHUWV�ZHUH� IURP� WKH�QDWLRQDO� LQVWLWXWH� IRU�FXUULFXOXP�GHYHORSPHQW� �6WLFKWLQJ�
/HHUSODQ� 2QWZLNNHOLQJ��� D� SUH�VHUYLFH� WUDLQLQJ� LQVWLWXWH� �)DFXOWHLW� (GXFDWLHYH�
2SOHLGLQJ�� +RJHVFKRRO� YDQ� 8WUHFKW��� DQG� IURP� WKH� 'XWFK� $VVRFLDWLRQ� RI�
0DWKHPDWLFV�7HDFKHUV� �1HGHUODQGVH�9HUHQLJLQJ�YDQ�:LVNXQGHOHUDUHQ���)LYH�RI�
WKHP�UHWXUQHG�WKH�TXHVWLRQQDLUH��

���� ,167580(176 )25 0($685,1* 7+( $77$,1('�� ,03/(0(17('

$1' ,17(1'(' &855,8/80�

������ ,Q WUR G X F WLR Q �

7KLV�VHFWLRQ�GHVFULEHV�WKH� LQVWUXPHQWV�IRU�FROOHFWLQJ�GDWD� LQ�WKH�0(75,&�VWXG\��
7KH�VHTXHQFH�LQ�WKH�GHVFULSWLRQV�ZLOO�EH�IURP�PLFUR��YLD�PHVR�WR�PDFUR�OHYHO��$W�
PLFUR� OHYHO�� DFKLHYHPHQW� WHVWV� ZHUH� DGPLQLVWHUHG� DPRQJ� WKH� VDPSOHG� VWXGHQWV���
�
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7KH�WHVWV�ZHUH�DOVR�XVHG�DW�PHVR�DQG�PDFUR�OHYHO��7KH�PDWKHPDWLFV�WHDFKHUV�ZHUH�
DVNHG�WR�DVVHVV�WKH�PDWFK�EHWZHHQ�WKH�WHVWV�DQG�WKH�LPSOHPHQWHG�FXUULFXOXP��7KH�
H[SHUWV� ZHUH� DVNHG� WR� DVVHVV� WKH� PDWFK� EHWZHHQ� WKH� WHVWV� DQG� WKH� LQWHQGHG�
PDWKHPDWLFV�FXUULFXOXP��
)RU� WKH� DWWDLQHG� FXUULFXOXP�� D� GHVFULSWLRQ� RI� WKH� LQVWUXPHQWV� RI� WKH� 7,066�
:ULWWHQ� 7HVW� ZLOO� EH� JLYHQ� ILUVW�� 7KHUHDIWHU�� WKH� LQVWUXPHQWV� RI� WKH� 7,066�
3HUIRUPDQFH� $VVHVVPHQW� ZLOO� EH� GHVFULEHG�� $W� WKH� HQG�� WKH� LQVWUXPHQWV� IRU�
PHDVXULQJ�WKH�DSSURSULDWHQHVV�RI�WKH�WZR�WHVWV�LQ�OLJKW�RI�WKH�LPSOHPHQWHG�DQG�
WKH�LQWHQGHG�FXUULFXOXP�ZLOO�EH�GHVFULEHG��

������ 7K H �7,066�:ULWWH Q �7H V WV �R I ������DQG ������

7KLV�VHFWLRQ�GHVFULEHV�WKH�7,066�:ULWWHQ�7HVWV�RI������DQG�������ZKLFK�ZHUH�
YHU\�PXFK�DOLNH��%RWK�WHVWV�FRQWDLQHG�PDQ\�LWHPV��ZKLFK�ZHUH�DGPLQLVWHUHG�LQ�D�
URWDWLRQDO� V\VWHP�� )LUVW�� WKH� WHVW� LWHPV� ZLOO� EH� GHVFULEHG�� DQG� KRZ� WKH\� ZHUH�
RUJDQLVHG� LQWR� FOXVWHUV� DQG� LQWR� WHVW� ERRNOHWV�� 7KLV� ZLOO� EH� IROORZHG� E\� D�
GHVFULSWLRQ�RI�GDWD�FROOHFWLRQ�SURFHGXUHV��
�
7KH�WHVW�LWHPV�LQ�WKH�:ULWWHQ�7HVW�
%RWK�IRU�:7������DQG�:7�������WKH�PDWKHPDWLFV�LWHPV�ZHUH�GHYHORSHG�LQ�D�FR�
RSHUDWLYH� YHQWXUH�� LQYROYLQJ� VXEMHFW�PDWWHU� VSHFLDOLVWV� IURP� DOO� SDUWLFLSDWLQJ�
FRXQWULHV� �%HDWRQ� HW� DO��� ������*DUGHQ�	�2USZRRG�� ������0XOOLV� HW� DO��� �������
&RXQWULHV�VXEPLWWHG�LWHPV�DQG�DGGLWLRQDO�LWHPV�ZHUH�GHYHORSHG�E\�VXEMHFW�PDWWHU�
VSHFLDOLVWV�IURP�WKH�7,066�,QWHUQDWLRQDO�6WXG\�&HQWHU�WR�FRYHU�D�ZLGH�UDQJH�RI�
PDWKHPDWLFDO�WRSLFV�DQG�SHUIRUPDQFH�H[SHFWDWLRQV��$OO�LWHPV�ZHUH�SLORW�WHVWHG��
$�PDWKHPDWLFV�FXUULFXOXP�IUDPHZRUN�ZDV�GHYHORSHG�E\�5RELWDLOOH�HW�DO����������
7KLV�IUDPHZRUN�ZDV�XVHG�ERWK�IRU�WKH������YHUVLRQ�DV�WKH������YHUVLRQ�RI�WKH�
:ULWWHQ� 7HVW�� 7KH� IUDPHZRUN� LQFOXGHG� ILYH� FRQWHQW� DUHDV� DQG� ILYH� FRJQLWLYH�
FDWHJRULHV�� ZKLFK� ZHUH� GXEEHG� SHUIRUPDQFH� H[SHFWDWLRQV�� 7KH� FRQWHQW� DUHDV�ZHUH��
IUDFWLRQV� DQG� QXPEHU� VHQVH�� PHDVXUHPHQW�� GDWD� UHSUHVHQWDWLRQ�� DQDO\VLV� DQG�
SUREDELOLW\��JHRPHWU\��DQG�DOJHEUD��GHSHQGLQJ�RQ�WKH�UHSRUW��WKH�FRQWHQW�DUHD�RI�
SURSRUWLRQV� LV� DGGHG��� 7KH� SHUIRUPDQFH� H[SHFWDWLRQV� ZHUH�� NQRZLQJ�� XVLQJ�
URXWLQH� SURFHGXUHV�� XVLQJ� FRPSOH[� SURFHGXUHV�� LQYHVWLJDWLQJ� DQG� VROYLQJ�
SUREOHPV�� DQG�FRPPXQLFDWLQJ�DQG� UHDVRQLQJ��7KH�SURSRUWLRQDO�GLVWULEXWLRQ�RI�
PDWKHPDWLFV�LWHPV�LQ�WKH�7,066�:ULWWHQ�7HVWV�IRU�JUDGH���DFURVV�WKH�FDWHJRULHV�
LV�JLYHQ�LQ�7DEOHV����D�DQG����E��
�
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7DEOH����D�� &RQWHQW�DUHDV�RI�LWHPV�LQ�:7������DQG�:7������

�

�

&R Q WH Q W�DUH D�

��R I�LWH P V �LQ �

:7������

�Q �����

��R I�LWH P V �LQ �

:7������

�Q �����

)UDFWLRQV�DQG�QXPEHU�VHQVH� ��� ���
0HDVXUHPHQW� ��� ���
'DWD�UHSU���DQDO\VLV�DQG�SUREDELOLW\� ��� ���
*HRPHWU\� ��� ���
$OJHEUD� ��� ���
�
7DEOH����E�� 3HUIRUPDQFH�H[SHFWDWLRQV�RI�LWHPV�LQ�:7������DQG�:7������

�

�

3H UIR UP DQ F H �H [S H F WDWLR Q V �

��R I�LWH P V �LQ �

:7������

�Q �����

��R I�LWH P V �LQ �

:7������

�Q �����

.QRZLQJ� ��� ���
8VLQJ�URXWLQH�SURFHGXUHV� ��� ���
8VLQJ�FRPSOH[�SURFHGXUHV� ��� ���
,QYHVWLJDWLQJ�DQG�VROYLQJ�SUREOHPV� ��� ���
&RPPXQLFDWLQJ�DQG�UHDVRQLQJ� �� ��
�
7KH�7,066�IUDPHZRUN�KDV�LWV�OLPLWDWLRQV��'H�/DQJH��������0XOOLV��HW�DO����������
)RU�H[DPSOH��WKH�FXUULFXODU�GRPDLQV�DUH�QRW�ZHOO�GHILQHG��)RU�H[DPSOH��DQ�LWHP�
FDQ� FRYHU� GLIIHUHQW� WRSLF� DUHDV� �H�J�� ERWK� QXPEHUV� DQG� DOJHEUD��� PDNLQJ� LW�
DUELWUDU\�LQ�ZKLFK�WRSLF�DUHD�WR�FDWHJRULVH�LW��6LPLODUO\��D�SHUIRUPDQFH�H[SHFWDWLRQ�
VXFK�DV�
XVLQJ�URXWLQH�FRPSOH[�SURFHGXUHV
�LV�RQO\�XVHIXO�LI�WKHUH�LV�FRQVHQVXV�RQ�
ZKDW�WR�FRQVLGHU�
URXWLQH
�RU�
FRPSOH[
��)URP�WKH�YLHZSRLQW�RI�WKH�'XWFK�50(�
FXUULFXOXP� IRU� JUDGH� ��� WKH� WZR� :ULWWHQ� 7HVWV� FRQWDLQ� PDQ\� 
EDUH
� LWHPV� RQ�
IUDFWLRQV� DQG� DOJHEUD�� DQG� WKHUH� LV� OLWWOH� HPSKDVLV� RQ� YLVXDO� JHRPHWU\��
$GGLWLRQDOO\�� WKH� LWHPV� KDUGO\� IRFXV� RQ� WKH� DSSOLFDELOLW\� RI� PDWKHPDWLFV� LQ�
FRQWH[WV��+RZHYHU��WKH�7,066�IUDPHZRUN�HQVXUHG�WKDW�WKHUH�ZDV�D�ODUJH�YDULHW\�
LQ� LWHPV�� 7KH� GHYLDWLRQ� IURP� WKH� 'XWFK� LQWHQGHG� FXUULFXOXP� HQDEOHG� WKH�
0(75,&�VWXG\�WR�DVVHVV�'XWFK�VWXGHQWV
�DFKLHYHPHQW�RQ�
UHPRWH
�LWHPV��,Q�WKLV�
ZD\��IRU�H[DPSOH��UHPQDQWV�RI�WKH�DEDQGRQHG�FXUULFXOXP�ZHUH�LQYHVWLJDWHG��
�
,Q�ERWK�:7������DQG�:7�������WKH�LWHPV�DUH�JURXSHG�LQWR����LWHP�FOXVWHUV�ZLWK�
DOSKDEHWLFDO� ODEHOV� �$�� %�� &�� HWF���� (DFK� LWHP� LV� LQGLFDWHG� E\� DQ� DOSKDEHWLFDO�
FKDUDFWHU�DQG�D�QXPEHU��IRU�H[DPSOH�1���LV�WKH�VL[WK�LWHP�LQ�FOXVWHU�1��$IWHU�WKH�
����� LQWHUQDWLRQDO� WHVW� DGPLQLVWUDWLRQ�� DOPRVW� WZR�WKLUGV� RI� WKH� LWHPV� ZHUH�
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UHOHDVHG�IRU�SXEOLF�XVH��7KHVH�ZHUH�WKH�LWHPV�LQ�WKH�FOXVWHUV�,�²�=��,Q�:7�������
WKH\�ZHUH�UHSODFHG�E\�QHZ�LWHPV��7KH����LWHPV�LQ�WKH�FOXVWHUV�$�+�LQ�:7������
ZHUH� NHSW� VHFUHW� IRU� UH�XVH� LQ� :7������� $IWHU� WKH� ����� LQWHUQDWLRQDO� WHVW�
DGPLQLVWUDWLRQ��DQRWKHU�VHW�RI�LWHPV�ZDV�UHOHDVHG��,W�ZDV�WKH�VHW�RI�
HYHQ
�FOXVWHUV�
�%��'��)��HWF���
%HFDXVH� RI� WKH� UHSODFHPHQW� RI� LWHPV�� WKH� WZR�:ULWWHQ� 7HVWV� ZHUH� QRW� H[DFWO\�
LGHQWLFDO��<HW��IRU�WKH�0(75,&�VWXG\��WKH�DFKLHYHPHQWV�RI�VWXGHQWV�RQ�WKH�WZR�
WHVWV� QHHGHG� FORVH� FRPSDULVRQ�� LQ� RUGHU� WR� DQVZHU� WKH� UHVHDUFK� TXHVWLRQ� RQ�
WUHQGV�LQ�WKH�DFKLHYHPHQW�UHVXOWV��7KHUHIRUH��FRPSDUDEOH�LWHPV�LQ�:7������DQG�
:7������ ZHUH� SDLUHG�� 7KLV� VHOHFWLRQ� SURFHGXUH� FRQVLVWHG� RI� WZR� VWHSV�� )LUVW��
WKRVH� LWHPV� ZHUH� VHOHFWHG�� ZKLFK�ZHUH� H[DFWO\� LGHQWLFDO� LQ�:7������ DQG�:7�
����� ���� LWHPV� IURP�FOXVWHUV�$�+���$�VHFRQG�VWHS�FRQVLVWHG�RI�FRPSDULQJ� WKH�
UHOHDVHG�LWHPV�LQ�:7������ZLWK�WKH�UHSODFLQJ�LWHPV�LQ�:7�������
7KH� UHOHDVHG� LWHPV�ZHUH� UHSODFHG�E\�QHZ� LWHPV�RI� VLPLODU� FRQWHQW�� IRUPDW� DQG�
GLIILFXOW\��0XOOLV�HW�DO����������$�FRQVLGHUDEOH�QXPEHU�RI�WKH�UHSODFHPHQW�LWHPV�
ZHUH�
FORQHV
��LQ�ZKLFK�D�GHWDLO�LQ�WKH�RULJLQDO�LWHP�ZDV�DOWHUHG��)RU�H[DPSOH��LWHP�
1��� LQ�:7������ VKRZHG� D� JULG� RI� ��� XQLW� VTXDUHV� DQG� DVNHG� WKH� VWXGHQWV� WR�
�VKDGH�LQ�����RI�WKH�XQLW�VTXDUHV�LQ�WKH�JULG���,WV�VXEVWLWXWH�LQ�:7������VKRZHG�WKH�
VDPH�JULG�DQG�DVNHG�VWXGHQWV�WR��VKDGH�LQ�����RI�WKH�XQLW�VTXDUHV�LQ�WKH�JULG���
6LPLODUO\��WKH�LWHPV�1���RI�:7������DQG�:7������FDQ�EH�FRPSDUHG��
�

,WHP�1���LQ�:7������VWDWHV��,I�[� ����ZKDW�LV�WKH�YDOXH�RI�
45
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,WHP�1���LQ�:7������VWDWHV��,I�[� ����ZKDW�LV�WKH�YDOXH�RI�
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%HFDXVH�RI�WKH�FORVH�VLPLODULWLHV��WKH�LWHP�IURP�:7������ZDV�FRQVLGHUHG�D�FORQH�
RI� WKH� LWHP� IURP�:7������� ,W�ZDV� DVVXPHG� WKDW�PRVW� VWXGHQWV�� EHLQJ� DEOH� WR�
VROYH� WKH� ILUVW� YHUVLRQ�� ZRXOG� DOVR� EH� DEOH� WR� VROYH� WKH� FORQH��0RVW� WHDFKHUV��
LQGLFDWLQJ�WKDW�WKH�ILUVW�LWHP�ZDV�VXLWDEOH�IRU�LQFOXVLRQ�LQWR�DQ�LPDJLQDU\�WHVW�IRU�
WKHLU� VWXGHQWV��ZRXOG�JLYH� WKH�VDPH�UHSO\� WR� LWV�FORQH��0RVW�H[SHUWV�� LQGLFDWLQJ�
WKDW� WKH� ILUVW� LWHP�PDWFKHV�ZLWK� WKH� LQWHQGHG�FXUULFXOXP��ZRXOG�JLYH� WKH� VDPH�
UHSO\�WR�LWV�FORQH��
7KHUHIRUH�� WKH� VWXGHQWV
� VFRUHV� RQ� LWHPV� LQ� :7������ ZHUH� FRQVLGHUHG�
FRPSDUDEOH� WR� VFRUHV� RQ� FORQHG� LWHPV� LQ�:7������� 7KH� VDPH� DSSOLHG� WR� WKH�
WHDFKHUV
�DQG�H[SHUWV
�MXGJHPHQWV��7KXV��WKH�FORQLQJ�RI�LWHPV�SURYHG�YHU\�XVHIXO�
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IRU�WKH�0(75,&�VWXG\��LQ�RUGHU�WR�FRPSDUH�UHVXOWV�RI�:7������DQG�:7������DW�
WKH�OHYHO�RI�WKH�DWWDLQHG��LPSOHPHQWHG�DQG�LQWHQGHG�FXUULFXOXP��
�
,Q�WRWDO����LWHPV�LQ�:7������FRXOG�EH�LGHQWLILHG�DV�KDYLQJ�D�FORQH�LQ�:7�������
7RJHWKHU�ZLWK� WKH� ��� LGHQWLFDO� LWHPV� �ZKLFK�ZHUH� NHSW� VHFUHW� DIWHU� ������� WKLV�
UHVXOWHG�LQ�D�VHW�RI�����LWHPV�RQ�ZKLFK�WKH�PHDVXUHPHQWV�RQ�:7������DQG�:7�
�����ZHUH�ZHOO�FRPSDUDEOH��7KLV�VHW�RI�FRPSDUDEOH�LWHPV�PDGH�XS�PRUH�WKDQ�����
RI�ERWK�:ULWWHQ�7HVWV��7KH�UHPDLQLQJ�����RI�LWHPV�GLG�QRW�EHDU�UHVHPEODQFH�WR�
D�FRXQWHUSDUW�LQ�WKH�RWKHU�WHVW��
�
7KH�HLJKW�WHVW�ERRNOHWV�IRU�WKH�:ULWWHQ�7HVW�
7KH� WRWDO� QXPEHU� RI� LWHPV� LQ�:7������ ZDV� ����� DQG� ���� LQ�:7������� 7KLV�
QXPEHU� RI� LWHPV� ZDV� FRQVLGHUHG� WRR� ODUJH� WR� DGPLQLVWHU� WR� DOO� SDUWLFLSDWLQJ�
VWXGHQWV�� ,W� ZRXOG� UHTXLUH� PRUH� WKDQ� WKUHH� KRXUV� RI� WHVWLQJ�� ,QVWHDG�� HLJKW�
GLIIHUHQW�WHVW�ERRNOHWV�ZHUH�FUHDWHG��HDFK�UHTXLULQJ����PLQXWHV�WR�FRPSOHWH��$Q�
DGGLWLRQDO�DGYDQWDJH�RI�HLJKW�GLIIHUHQW� WHVW�ERRNOHWV�ZDV�� WKDW� WKH�SRVVLELOLW\�RI�
VWXGHQWV
�FRS\LQJ�FRXOG�EH�PLQLPDOLVHG��
7KH� LWHPV�ZHUH� GLVWULEXWHG� DFURVV� WKH� WHVW� ERRNOHWV� LQ� D�ZD\�� WKDW� DOO� VWXGHQWV�
DQVZHUHG�D�UHSUHVHQWDWLYH�VDPSOH�RI�WKH�LWHPV��7KLV�ZDV�UHDOLVHG�WKURXJK�WKH�XVH�
RI� WKH� ��� LWHP�FOXVWHUV��ZKLFK�ZHUH� URWDWHG�RYHU� HLJKW� WHVW� ERRNOHWV��7KH� LWHP�
FOXVWHUV�$�5�FRQWDLQHG�D�PL[WXUH�RI�PDWKHPDWLFV�DQG�VFLHQFH�LWHPV��WKH�FOXVWHUV�
6�9�FRQWDLQHG�PDWKHPDWLFV�LWHPV�RQO\��DQG�WKH�FOXVWHUV�:�=�FRQWDLQHG�VFLHQFH�
LWHPV�RQO\��
7KH�GLVWULEXWLRQ�RI� LWHP�FOXVWHUV�RYHU� WKH�ERRNOHWV� LV�JLYHQ� LQ�7DEOH�������7KH�
ILUVW� VHYHQ� ERRNOHWV� FRQWDLQHG� IRXU� LWHP� FOXVWHUV� EHIRUH� WKH� EUHDN� �DIWHU� ���
PLQXWHV��DQG�WKUHH�DIWHU��%RRNOHW�QXPEHU���FRQWDLQHG�IHZHU�FOXVWHUV��EXW�WKHVH�
FOXVWHUV�3��4�DQG�5�FRQWDLQHG�D�ODUJHU�QXPEHU�RI�LWHPV��
�
7DEOH������� ,WHP�FOXVWHUV�LQ�WKH�HLJKW�WHVW�ERRNOHWV�RI�:7������DQG�:7������

%R R NOH W�QXP E H U� ,WH P �F OX V WH UV ��E H IR UH �E UH DN�²�DIWH U�E UH DN� �
�� %��$��&��6�²�(��,��7�
�� &��$��'��:�²�)��-��;�
�� '��$��(��7�²�*��.��8�
�� (��$��)��;�²�+��/��<�
�� )��$��*��8�²�%��0��9�
�� *��$��+��<�²�&��1��=�
�� +��$��%��9�²�'��2��:�
�� %��$��4�²�5��3�
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&OXVWHU�$�DSSHDUHG�LQ�DOO�ERRNOHWV�DQG�WKXV��DOO�LWHPV�LQ�WKLV�FOXVWHU�ZHUH�JLYHQ�WR�
DOO�VWXGHQWV��ZKR�ZHUH�SUHVHQW�EHIRUH�WKH�EUHDN��2WKHU�FOXVWHUV�DSSHDUHG�LQ�RQH�
ERRNOHW��,��-��.��/��0��1��2��3��4��5��6�DQG�=���LQ�WZR�ERRNOHWV��7��8��9��:��;��
<���LQ�WKUHH�ERRNOHWV��&��'��(��)��*��DQG�+��RU�LQ�IRXU�ERRNOHWV��%���
�
'DWD�FROOHFWLRQ�SURFHGXUHV�
$IWHU� FRPPXQLFDWLRQ� ZLWK� WKH� QDWLRQDO� 7,066� 5HVHDUFK� &HQWHU�� WKH� WHVW�
ERRNOHWV� ZHUH� VHQW� WR� WKH� VFKRROV�� WRJHWKHU� ZLWK� LQVWUXFWLRQV� RQ� KRZ� WR�
DGPLQLVWHU�WKH�WHVW��7KH�WHVW�VHVVLRQ�WRRN����PLQXWHV�ZLWK�D�VKRUW�EUHDN�DIWHU����
PLQXWHV�� 7KH� ERRNOHW� QXPEHUV�ZHUH� DVVLJQHG� UDQGRPO\� WR� WKH� VWXGHQWV��$IWHU�
FRPSOHWLRQ� RI� WKH� WHVWV�� WKH� VFKRROV� VHQW� WKH� PDWHULDOV� EDFN� WR� WKH� 1DWLRQDO�
5HVHDUFK�&HQWHU��
,Q�:7������DQG�:7������� WKH�QXPEHUV�RI� VWXGHQWV� WDNLQJ�D� FHUWDLQ� WHVW� LWHP�
GLIIHUHG�IURP�LWHP�WR�LWHP��QRW�RQO\�EHFDXVH�RI�WKH�URWDWLRQ�RI�LWHP�FOXVWHUV�RYHU�
WKH�HLJKW� WHVW�ERRNOHWV��$Q�DGGLWLRQDO�UHDVRQ�IRU�GLIIHUHQW�VWXGHQW�QXPEHUV�SHU�
LWHP�ZDV�WKH�EUHDN�GXULQJ�WKH�:ULWWHQ�7HVW�DIWHU����PLQXWHV��6RPH�VWXGHQWV�ZHUH�
DEVHQW�EHIRUH�RU�DIWHU�WKH�EUHDN��7KH�QXPEHUV�RI�'XWFK�VWXGHQWV�GXULQJ�WKH�ILUVW�
DQG�VHFRQG�KDOI�RI�WKH�WHVWLQJ�VHVVLRQV�GHSHQGHG�RQ�WKH�WHVW�ERRNOHW�JLYHQ��7KH�
QXPEHUV�DUH�JLYHQ�LQ�7DEOH�������
 
7DEOH������� 1XPEHUV�RI�'XWFK�VWXGHQWV�SHU�ERRNOHW�RI�:7������DQG�:7������

%R R NOH W�

QXP E H U�

:7������

�E H IR UH �E UH DN�²�DIWH U�E UH DN� �

:7������

�E H IR UH �E UH DN�²�DIWH U�E UH DN� �

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

7RWDO� � ����� ������� � ����� �������
�
7KH�7DEOHV������DQG������JLYH�LQIRUPDWLRQ�RQ�WKH�QXPEHUV�RI�VWXGHQWV�WR�ZKRP�
D�FHUWDLQ�LWHP�ZDV�DGPLQLVWHUHG��)RU�H[DPSOH��WKH�LWHPV�LQ�FOXVWHU�6��ZKLFK�LV�WKH�
ODVW�FOXVWHU�EHIRUH�WKH�EUHDN�LQ�ERRNOHW�QU����VHH�7DEOH��������ZDV�DGPLQLVWHUHG�LQ�
����� WR� ����'XWFK� JUDGH� �� VWXGHQWV�� DQG� LQ� ����� WR� ���� VWXGHQWV� �VHH� 7DEOH�
�������2WKHU� LWHPV�ZHUH� DGPLQLVWHUHG� WR�PDQ\�PRUH� VWXGHQWV��)RU� H[DPSOH�� LQ�
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������ LWHPV� LQ� FOXVWHU� $� �SUHVHQW� LQ� DOO� ERRNOHWV� EHIRUH� WKH� EUHDN�� ZHUH�
DGPLQLVWHUHG�WR������VWXGHQWV��DQG�WR������VWXGHQWV�LQ�������$V�D�UHVXOW�RI�WKH�
GLIIHUHQW� VWXGHQW� QXPEHUV� SHU� LWHP� FOXVWHU�� WKH� SUHFLVLRQ� RI� VWXGHQWV
� UHVXOWV�
YDULHG�EHWZHHQ�LWHPV��7KH�ODUJHU�WKH�QXPEHU�RI�VWXGHQWV�LQ�D�VDPSOH��WKH�PRUH�
SUHFLVH�LV�WKH�PHDVXUHPHQW�IRU�WKH�ZKROH�SRSXODWLRQ��7KLV�LVVXH�ZLOO�EH�GHDOW�ZLWK�
LQ�WKH�VHFWLRQ�RQ�UHSRUWLQJ�DQG�DQDO\VLQJ�UHVXOWV��VHFWLRQ���������
%XW� ILUVW�� ZH� ZLOO� WXUQ� WR� D� GHVFULSWLRQ� RI� WKH� 3HUIRUPDQFH� $VVHVVPHQW�
LQVWUXPHQWV�IRU�PHDVXULQJ�WKH�DWWDLQHG�FXUULFXOXP��

������ 7K H �7,066�3H UIR UP DQ F H �$V V H V VP H Q W �

7KLV�VHFWLRQ�GHVFULEHV� WKH�7,066�3HUIRUPDQFH�$VVHVVPHQW��7KH�WHVW�FRQVLVWHG�
RI�WZHOYH�KDQGV�RQ�WDVNV��ZKLFK�ZHUH�DGPLQLVWHUHG�LQ�D�URWDWLRQDO�V\VWHP��)LUVW��
WKH�WDVNV�ZLOO�EH�GHVFULEHG�LQ�GHWDLO��7KLV�ZLOO�EH�IROORZHG�E\�D�GHVFULSWLRQ�RI�WKH�
SDSHU�EDVHG� LQVWUXPHQWV�XVHG� IRU� WHVWLQJ� WKH� WDVNV��7KH�VHFWLRQV�HQGV�ZLWK� WKH�
GHVFULSWLRQ�RI�GDWD�FROOHFWLRQ�SURFHGXUHV��
 
7KH�WDVNV�LQ�WKH�3HUIRUPDQFH�$VVHVVPHQW�
,Q� WKH� QH[W� WZR� VHFWLRQV�� DQ� HODERUDWH� GHVFULSWLRQ�RI� WKH�7,066�3HUIRUPDQFH�
$VVHVVPHQW�ZLOO�EH�JLYHQ��7KLV�WHVW�ZDV�XVHG�LQ�3$������DQG�H[DFWO\�UHSOLFDWHG�LQ�
3$������� ,Q� WKLV� FXUUHQW� VHFWLRQ� WKH� WDVNV�ZLOO� EH� LQWURGXFHG��$IWHUZDUGV�� WKH�
PDWHULDOV�DVVRFLDWHG�ZLWK�WKH� WDVNV�DQG�WKH�WHVWLQJ�SURFHGXUHV�ZLOO�EH�UHYLHZHG��
7KH�FRPSDUDELOLW\� LVVXHV�EHWZHHQ�3$������DQG�3$������ZHUH�FRPSOH[��7KHVH�
ZLOO� EH� GHVFULEHG� DW� WKH� YHU\� HQG�RI� WKH� FKDSWHU� LQ� D� VHSDUDWH� VHFWLRQ� �VHFWLRQ�
��������
�
,QLWLDOO\� WKH�7,066�3HUIRUPDQFH�$VVHVVPHQW�&RPPLWWHH�GHYHORSHG�D�VHW�RI����
WDVNV� IRU� WKH� VXEMHFWV�PDWKHPDWLFV� DQG� VFLHQFH�� ,Q� ������ WKH� WDVNV�ZHUH� ILHOG�
WHVWHG�LQ����FRXQWULHV��)LHOG�WHVW�DGPLQLVWUDWRUV��QDWLRQDO�UHVHDUFK�FR�RUGLQDWRUV��
DQG� VXEMHFW� PDWWHU� H[SHUWV� HYDOXDWHG� WKH� VWXGHQW� UHVXOWV� RI� HDFK� WDVN��
&RQVHTXHQWO\�� WZHOYH� WDVNV� ZHUH� VHOHFWHG� WR� EH� LQFOXGHG� LQWR� WKH� 7,066�
3HUIRUPDQFH�$VVHVVPHQW��7KH�WDVNV�DUH�QDPHG�DV�IROORZV��
�

'LFH� 3DFNDJLQJ� %DWWHULHV�
&DOFXODWRU� 5XEEHU�%DQG� 3XOVH�
)ROGLQJ� 6KDGRZV� 6ROXWLRQV�
$URXQG�WKH�%HQG� 3ODVWLFLQH� 0DJQHWV�

�
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7KHUH�ZHUH�ILYH�WDVNV�ZLWK�D�VWURQJ�PDWKHPDWLFDO�IRFXV��
7KH� WDVN� 'LFH� LV� UHODWHG� WR� SUREDELOLW\�� VWXGHQWV� DUH� JLYHQ� D� GLFH� DQG� D�
WUDQVIRUPDWLRQ�UXOH�IRU�HDFK�WKURZ��HYHQ��SOXV����RGG��PLQXV�����7KH\�DUH�DVNHG�
WR�WKURZ����WLPHV��UHFRUG�WKHLU�ILQGLQJV�DQG�H[SODLQ�ZK\�RQH�UHVXOW��WKH�
�
��KDV�D�
KLJKHU�IUHTXHQF\��
7KH� WDVN� &DOFXODWRU� LV� UHODWHG� WR� QXPEHU� VHQVH�� VWXGHQWV� DUH� JLYHQ� D� VLPSOH�
FDOFXODWRU� DQG� DUH� DVNHG� WR� GLVFRYHU� D� SDWWHUQ� LQ� WKH�PXOWLSOLFDWLRQV� RI� ��[����
���[���� DQG� ����[������ $V� WKH� FDOFXODWRU� KROGV� RQO\� HLJKW� SRVLWLRQV� LQ� WKH�
GLVSOD\�� WKLV� LV� QRW� DQ� REYLRXV� WDVN�� 7KH� VHFRQG� SDUW� RI� WKH� WDVN� FRQVLVWV� RI�
IDFWRULVLQJ�����LQWR�WZR�LQWHJHUV�EHWZHHQ����DQG�����
7KH�WDVN�)ROGLQJ�LV�UHODWHG�WR�V\PPHWU\�DQG�VSDWLDO�DELOLWLHV��VWXGHQWV�KDYH�WR�PDNH�
FHUWDLQ�GLVSOD\HG�ILJXUHV�E\�FXWWLQJ��XVLQJ�D�SDLU�RI�VFLVVRUV��%HFDXVH�RQO\�RQH�FXW�
LV� DOORZHG� IRU� HDFK� ILJXUH�� WKH� SDSHU� KDV� WR� EH� IROGHG��$W� WKH� HQG�RI� WKH� WDVN�
VWXGHQWV�KDYH�WR�PDNH�D�IROGLQJ�SODQ�ZLWKRXW�DFWXDOO\�LPSOHPHQWLQJ�DQG�WHVWLQJ�LW��
7KH�WDVN�$URXQG�WKH�%HQG�LV�UHODWHG�WR�VFDOH�GUDZLQJ�DQG�ILQGLQJ�UXOHV��VWXGHQWV�DUH�
JLYHQ� D� FDUGERDUG�PRGHO� RI� D� FRUULGRU� DQG� KDYH� WR� FXW� UHFWDQJOHV� �PRGHOOLQJ�
IXUQLWXUH���%\�WHVWLQJ�ZKLFK�UHFWDQJOH�ILWV�WKURXJK�WKH�FRUULGRU��WKH\�KDYH�WR�ILQG�
D�UXOH�IRU�WKH�FULWLFDO�OHQJWKV��
7KH� WDVN�3DFNDJLQJ� LV� UHODWHG� WR�PHDVXULQJ�DQG� WKH�GHVLJQ�RI�QHWV�� VWXGHQWV� DUH�
JLYHQ�IRXU�WDEOH�WHQQLV�EDOOV�DQG�KDYH�WR�GHVLJQ�WKUHH�GLIIHUHQW�ER[HV�WR�FRQWDLQ�
WKH�IRXU�EDOOV��2QH�GHVLJQ�KDV�WR�EH�FXW��IROGHG�DQG�IL[HG�WRJHWKHU�ZLWK�WKH�VLGHV�
H[DFWO\�ILWWLQJ�WKH�EDOOV��
�
%HVLGHV� WDVNV�ZLWK� D�PDWKHPDWLFDO� IRFXV�� WKH� WHVW� DOVR�FRQWDLQV� WDVNV� UHODWHG� WR�
VFLHQFH��,Q�WKH�WDVNV��LQYHVWLJDWLRQV�RQ�VFLHQFH�PHHW�ZLWK�PDWKHPDWLFDO�DFWLYLWLHV��
7KH� WDVNV� DUH� GHVFULEHG� EHORZ�� ZLWK� DQ� HPSKDVLV� RQ� WKH� PDWKHPDWLFDO�
SDUWLFXODULWLHV��
)RU�H[DPSOH��WKH�WDVN�5XEEHU�%DQG�FRYHUV�WKH�WRSLF�RI�H[WUDSRODWLRQ��,Q�WKLV�WDVN�D�
QXPEHU�RI�ZDVKHUV�DUH�DWWDFKHG�WR�D�UXEEHU�EDQG��6WXGHQWV�KDYH�WR�PHDVXUH�WKH�
VWUHWFKLQJ�RI�WKH�EDQG��UHODWHG�WR�WKH�QXPEHU�RI�ZDVKHUV��:LWK�RQO\�WHQ�ZDVKHUV�
JLYHQ�� VWXGHQWV� DUH� DVNHG� WR� SUHGLFW� WKH� OHQJWK� RI� WKH� UXEEHU� EDQG�� LI� WZHOYH�
ZDVKHUV�ZHUH� DWWDFKHG��7KLV� WDVN� UHTXLUHV� VWXGHQWV� WR�DQDO\VH� WKH� LQFUHPHQW�RI�
WKHLU�GDWD��
$QRWKHU�WDVN��QDPHG�6KDGRZV��LV�UHODWHG�WR�JHRPHWULFDO�WUDQVIRUPDWLRQV��6WXGHQWV�
DUH�JLYHQ�D�WRUFK��D�FDUG�DQG�D�ZKLWH�VFUHHQ��7KH\�KDYH�WR�SURMHFW�D�VKDGRZ��WZLFH�
WKH�ZLGWK�RI�WKH�REMHFW��DQG�ILQG�D�JHQHUDO�UXOH�IRU�WKH�GLVWDQFHV�EHWZHHQ�WRUFK��
FDUG�DQG�VFUHHQ��
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7KH� WDVN�%DWWHULHV� LV� UHODWHG� WR� FRPELQDWRULFV�� 6WXGHQWV� DUH� JLYHQ� IRXU� LGHQWLFDO�
EDWWHULHV� DQG� D� WRUFK� WKDW� FDQ� RQO\� WHVW� WZR�EDWWHULHV� VLPXOWDQHRXVO\��7KH\� DUH�
DVNHG�WR�LGHQWLI\�WKH�VWURQJ�DQG�ZHDN�VSHFLPHQ��WKXV�PDNLQJ���FRPELQDWLRQV�RXW�
RI����7KH\�KDYH�WR�GHVFULEH�WKH�PHWKRG�XVHG��
7KH�WDVN�3ODVWLFLQH�DVNV�IRU�SUREOHP�VROYLQJ�KHXULVWLFV��6WXGHQWV�DUH�SURYLGHG�ZLWK�
D� WZR�VLGHG� �XQFDOLEUDWHG�� EDODQFH�� WZR�ZHLJKWV� ���J� DQG� ��J�� DQG� D� OXPS� RI�
SODVWLFLQH��7KH\�DUH�DVNHG�WR�PDNH�VPDUW�FRPELQDWLRQV�LQ�RUGHU�WR�SURGXFH�SLHFHV�
RI�SODVWLFLQH�RI���J����J�DQG���J��7KH\�KDYH�WR�FRPPXQLFDWH�WKH�PHWKRG�XVHG��
7KH�WKUHH�UHPDLQLQJ�WDVNV�3XOVH��6ROXWLRQV�DQG�0DJQHWV�FDQ�EH�LGHQWLILHG�DV�PDLQO\�
ELRORJLFDO��FKHPLFDO�DQG�SK\VLFDO�WDVNV��UHVSHFWLYHO\��6WLOO��WKH\�DUH�DOVR�UHODWHG�WR�
PDWKHPDWLFDO�DFWLYLWLHV��,Q�WKH�WDVNV��VWXGHQWV�KDYH�WR�PHDVXUH�XVLQJ�LQVWUXPHQWV�
�VWRSZDWFK��WKHUPRPHWHU��UXOHU���PDNH�WDEOHV�WR�UHFRUG�WKHLU�ILQGLQJV�DQG�DQDO\VH�
WUHQGV�LQ�WKH�GDWD��
�
7KH�WDVNV�'LFH��&DOFXODWRU��)ROGLQJ��$URXQG�WKH�%HQG��3DFNDJLQJ��3ODVWLFLQH�DQG�5XEEHU�
%DQG�DUH�LQFOXGHG�LQ�$SSHQGL[�&��)XUWKHU�GHWDLOV�RI�DOO�RWKHU�WDVNV�FDQ�EH�ORRNHG�
XS� LQ� +DUPRQ� HW� DO�� ������� ZKR� GHVFULEHG� WKH� LQWHUQDWLRQDO� 3HUIRUPDQFH�
$VVHVVPHQW�RI�������:KHQ�WKLV�LQWHUQDWLRQDO�VWXG\�ZDV�FDUULHG�RXW��WKH�WHDP�RI�
GHYHORSHUV�DOORFDWHG�WKH�ODEHO�
PDWKHPDWLFV
�WR�WKH�ILUVW�ILYH�WDVNV��'LFH��&DOFXODWRU��
)ROGLQJ�� $URXQG� WKH� %HQG� DQG� 3DFNDJLQJ�� DQG� WKH� ODEHO� 
FRPELQHG�
PDWKHPDWLFV�VFLHQFH
�WR�WZR�WDVNV��6KDGRZV�DQG�3ODVWLFLQH���'HVSLWH�VRPH�REYLRXV�
PDWKHPDWLFDO�DVSHFWV��WKH\�ODEHOOHG�WKH�RWKHU�ILYH�WDVNV�DV�VFLHQFH��3XOVH��0DJQHWV��
%DWWHULHV��5XEEHU�%DQG�DQG�6ROXWLRQV���7KLV�VHSDUDWLRQ�LV�PDLQWDLQHG�LQ�WKH�0(75,&�
VWXG\�� DOWKRXJK� WKH� WDVNV� %DWWHULHV� DQG� 5XEEHU� %DQG� DOVR� FRQWDLQ� PDWKHPDWLFDO�
DFWLYLWLHV��
$FFRUGLQJ�WR�WKLV�VXEMHFW�GHILQLWLRQ��WKH�VFLHQFH�WDVNV�ZRXOG�QRW�EH�QHFHVVDU\�IRU�
WKH�0(75,&� VWXG\�� ZKLFK� IRFXVHV� RQ�PDWKHPDWLFV�� +RZHYHU�� WKH� WDVNV� ZHUH�
PDLQWDLQHG� IRU� WZR� UHDVRQV�� �D�� EHFDXVH� RI� WKHLU� PDWKHPDWLFDO� DVSHFWV�� ZKLFK�
FRXOG�FODULI\� WUDQVIHU�RI�PDWKHPDWLFDO�VNLOOV��DQG��E��EHFDXVH� WHVW�FLUFXPVWDQFHV�
KDG�WR�EH�NHSW�HTXDO��$V�PDQ\�UHVHDUFKHUV�KDYH�FODULILHG��WKH�VHTXHQFH�RI�LWHPV�
LQ� D� WHVW� FDQ� KDYH� DQ� LPSDFW� RQ� SHUIRUPDQFHV� �&DUOVHQ� 	� 2VWURVN\�� ������
+RGVRQ��������������+XFN�	�%RZHUV��������9RV��.XLSHU�	�%RV��������:RRG��
�������7KHUHIRUH�� WKH� IXOO� VHW�RI� WHVW� LWHPV�KDV� WR�UHPDLQ� LQWDFW�� LQFOXGLQJ�WKHLU�
VHTXHQFH��LQ�RUGHU�WR�NHHS�WHVWV�FRPSDUDEOH��
�
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7KH�PDWHULDOV�LQ�WKH�7,066�3HUIRUPDQFH�$VVHVVPHQW�
7KH� SHUIRUPDQFHV� RI� WKH� VWXGHQWV� RQ� WKH� ILYH�PDWKHPDWLFV� WDVNV� DQG� WKH� WZR�
FRPELQHG�VFLHQFH�PDWKHPDWLFV�WDVNV�RI�WKH�3HUIRUPDQFH�$VVHVVPHQW�ZHUH�WDNHQ�
DV� LQGLFDWRU� RI� WKH� DWWDLQHG� FXUULFXOXP�� 7KH� LQVWUXPHQWV� RI� 3$������ ZHUH�
LGHQWLFDO�WR�WKH�LQVWUXPHQWV�RI�3$�������
)RU�HDFK�WDVNV�VWUXFWXUHG�UHVSRQVH�VKHHWV�ZHUH�XVHG��7KH\�DUH�JLYHQ�LQ�$SSHQGL[�
&�LQ�WKH�'XWFK�YHUVLRQ�DV�XVHG�LQ�WKH�0(75,&�VWXG\��,QLWLDOO\�WKH�VKHHWV�ZHUH�
SUHSDUHG� LQ� (QJOLVK� DQG� WUDQVODWHG� LQWR� 'XWFK� IRU� 3$������� 7KH� WUDQVODWLRQ�
HIIRUW� LQFOXGHG�� ��� WUDQVODWLRQ� RI� WKH� LQVWUXPHQWV� LQ� DFFRUGDQFH� ZLWK� WKH�
LQWHUQDWLRQDO� JXLGHOLQHV� DQG� E\� XVLQJ� WZR� RU�PRUH� LQGHSHQGHQW� WUDQVODWRUV�� ���
FRQVXOWDWLRQ�ZLWK�VXEMHFW�PDWWHU�H[SHUWV�UHJDUGLQJ�FXOWXUDO�DGDSWDWLRQV�WR�HQVXUH�
WKDW� WKH�PHDQLQJ� DQG� GLIILFXOW\� RI� LWHPV� KDG� QRW� FKDQJHG� DIWHU� WUDQVODWLRQ�� ���
YHULILFDWLRQ�RI�WKH�TXDOLW\�RI�WKH�WUDQVODWLRQV�E\�SURIHVVLRQDO�WUDQVODWRUV�IURP�DQ�
LQGHSHQGHQW� WUDQVODWLRQ� FRPSDQ\�� ��� FRUUHFWLRQV� LQ� DFFRUGDQFH� ZLWK� WKH�
VXJJHVWLRQV�PDGH�����YHULILFDWLRQ�WKDW�FRUUHFWLRQV�ZHUH�PDGH��DQG����D�VHULHV�RI�
VWDWLVWLFDO�FKHFNV��+DUPRQ�HW�DO����������
�
$OO�UHVSRQVH�VKHHWV�KDG�WKH�VDPH�IRUPDW��DQ�$��VKHHW�IROGHG�LQWR�D�GRXEOH�$��
VKHHW�� 7KH� IURQW�SDJH� RQO\� FDUULHG� WKH� WLWOH� RI� WKH� WDVN� DQG� WKH� ORJR� RI� WKH�
UHVHDUFK� FHQWUH�� ,Q� WKLV� ZD\� WKH� WHVWLQJ� VHVVLRQ� FRXOG� FOHDUO\� EH� VWDUWHG� E\�
DOORZLQJ� WKH�VWXGHQWV� WR�RSHQ� WKHLU� VKHHW��2Q� WKH�VHFRQG�SDJH�VWXGHQWV�ZRXOG�
ILUVW�VHH�DQ�LQYHQWRU\�RI�PDWHULDOV�QHHGHG��VFLVVRUV��UXOHU��HWF���,Q�D�ODUJH�IUDPH�D�
VXPPDU\�RI�WKH�WDVN�ZRXOG�EH�JLYHQ��7KHUHDIWHU��QXPEHUHG�LWHPV�ZRXOG�DVN�IRU�
VSHFLILF� VNLOOV� DQG� WKLQNLQJ� SURFHVVHV�� /DUJH�ZKLWH� JDSV�ZHUH� OHIW� IRU� VWXGHQWV
�
DQVZHUV��$OO� DQVZHUV�KDG�WR�EH�ILOOHG� LQ�RQ�WKH�VKHHWV��$W� WKH�HQG�RI� WKH�VKHHW�
LQVWUXFWLRQV�ZHUH�JLYHQ�RQ�KRZ�WR�FRQFOXGH�WKH�WDVNV��H�J��RQ�KRZ�WR�OHDYH�WKH�
WDEOH�EHKLQG�IRU�WKH�QH[W�FDQGLGDWH���
7KH�QRQ�SDSHU�EDVHG�LQVWUXPHQWV�LQ�WKH�WHVWLQJ�VHVVLRQ�LQYROYHG�HTXLSPHQW�DQG�
PDWHULDOV� WKDW� WKH� VWXGHQWV� QHHGHG� IRU� FDUU\LQJ� RXW� WKH� WDVNV�� 7KHVH� ZHUH�
GHYHORSHG� LQ� DFFRUGDQFH� ZLWK� WKH� LQWHUQDWLRQDO� SURFHGXUHV�� 7KH� 7,066�
3HUIRUPDQFH� $VVHVVPHQW� $GPLQLVWUDWLRQ� 0DQXDO� ������� FRQWDLQHG� H[WHQVLYH�
LQYHQWRU\� OLVWV�� )RU� HDFK� WDVN� WKH� HTXLSPHQW� DQG� PDWHULDOV� ZHUH� GHVFULEHG��
LQFOXGLQJ�WKHLU�PDUJLQV�RI�WROHUDQFH��)RU�H[DPSOH��IRU�WKH�WKHUPRPHWHUV� LW�ZDV�
LQGLFDWHG�WKDW�WKHVH�VKRXOG�PHDVXUH�IURP����&�WR�����&�DQG�FRXOG�EH�UHDG�WR�D�
SUHFLVLRQ�RI�D�GHJUHH��$QRWKHU�H[DPSOH� LV�WKH�GHVFULSWLRQ�RI�WKH�EDODQFH��WR�EH�
XVHG�LQ�WKH�WDVN�3ODVWLFLQH��
�
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�7KLV�PD\�EH�DQ\�NLQG�RI�VLPSOH�EDODQFH��EXW�LW�VKRXOG�EH�DFFXUDWH��,W�PXVW�QRW�

KDYH� D� VFDOH�� WKDW� LV�� QRW� FDOLEUDWHG�� %DODQFH� LW� ZLWKRXW� PDVVHV� �ZHLJKWV�� ZKHQ�

VHWWLQJ� XS� WKH� VWDWLRQ�� DQG� PDNH� VXUH� WKDW� LW� GRHV� QRW� JR� RXW� RI� EDODQFH� ZLWK�

KDQGOLQJ�� ,I� LW� LV� QRW� SRVVLEOH� WR� REWDLQ� D� EDODQFH�� RQH� FDQ� EH� FRQVWUXFWHG� IURP�

FRPPRQ� PDWHULDOV� �FRDW� KDQJHU�� SODVWLF� FXSV� DQG� VWULQJ���� �7,066�
3HUIRUPDQFH�$VVHVVPHQW�$GPLQLVWUDWLRQ�0DQXDO��������S�������

�
$OO�SUDFWLFDO�JXLGHOLQHV�ZHUH�PHWLFXORXVO\�IROORZHG�LQ�WKH�0(75,&�VWXG\��ERWK�IRU�
3$������ DQG� 3$������� :LWKLQ� WKH� PDUJLQV� RI� WKH� JXLGHOLQHV�� WKHUH� ZHUH�
SRVVLELOLWLHV�WR�PDNH�VOLJKW�DGDSWDWLRQV�EHWZHHQ������DQG�������)RU�H[DPSOH�IRU�
WKH�WDVN�3ODVWLFLQH��LQ�3$������D�PHWDO�VFDOH�EDODQFH�ZDV�XVHG��ZKLOH�LQ�3$������D�
SODVWLF� EDODQFH� ZDV� XVHG� �VHH� SKRWRJUDSK� ;��� %RWK� LQVWUXPHQWV� ZHUH� DOORZHG�
ZLWKLQ� WKH� DERYH� GHVFULEHG� ERXQGDULHV� RI� WKH� LQWHUQDWLRQDO� JXLGHOLQHV�� 7KURXJK�
VWULFW�ERXQGDULHV��WKH�JXLGHOLQHV�RIIHUHG�D�VDIHJXDUG�WKDW�WKH�PHDVXUHPHQWV�RI������
DQG� ����� ZRXOG� EH� FRPSDUDEOH�� +RZHYHU�� DV� ODWHU� ZLOO� EH� GHVFULEHG�� WKH� VPDOO�
DGDSWDWLRQV�WR�WKH�HTXLSPHQW�WXUQHG�RXW�WR�KDYH�PHDVXUDEOH�HIIHFWV�RQ�WKH�UHVXOWV��
7KLV�ZLOO�EH�HODERUDWHG�LQ�WKH�VHFWLRQ�RQ�GDWD�TXDOLW\�SURFHGXUHV��
�
'DWD�FROOHFWLRQ�SURFHGXUHV�LQ�3$������DQG�3$������
7KH� 3HUIRUPDQFH�$VVHVVPHQW�ZDV� DGPLQLVWHUHG� DW� HDFK� VFKRRO� LQ� D� ���PLQXWHV�
VHVVLRQ�ZLWK�QLQH�VWXGHQWV�DQG�WZHOYH�WDVNV��$�PDWUL[�GHVLJQ�DVVLJQHG�VWXGHQWV�WR�D�
VXEVHW�RI�WKH�WDVNV��7HVWLQJ�WLPH�RI����PLQXWHV�ZRXOG�QRW�DOORZ�DOO�VWXGHQWV�WR�GR�
DOO�WZHOYH�WDVNV��6WLOO��DFKLHYHPHQW�GDWD�RQ�DOO�WDVNV�ZHUH�FROOHFWHG��7R�DFFRPSOLVK�
WKLV��WKH�7,066�,QWHUQDWLRQDO�6WXG\�&HQWHU�KDG�GHVLJQHG�D�
FLUFXV
�DGPLQLVWUDWLRQ�
V\VWHP�LQ�ZKLFK�WKH�WDVNV�ZHUH�VHW�XS�DW�LQGLYLGXDO�VWDWLRQV�DUUDQJHG�LQ�D�FLUFXLW��
(DFK� VWXGHQW� YLVLWHG� WKUHH� VWDWLRQV� DQG� WRRN� D� FRPELQDWLRQ� RI� WZR� VKRUW� WDVNV�
�HDFK����PLQXWHV��RU�RQH�ORQJ�LQYHVWLJDWLRQ�����PLQXWHV��DW�HDFK�VWDWLRQ��
7KH� WZHOYH� WDVNV� ZHUH� SUHVHQWHG� DW� QLQH� GLIIHUHQW� VWDWLRQV� DFFRUGLQJ� WR� WKH�
DOORFDWLRQ� RI� 7DEOH� ������(DFK� VWDWLRQ� UHTXLUHG� ���PLQXWHV� WR� FRPSOHWH�� 6LJQV�
ODEHOOHG�WKH�VWDWLRQV��6WDWLRQ�$��6WDWLRQ�%��HWF��
�
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7DEOH������� $VVLJQPHQW�RI�WDVNV�WR�VWDWLRQV�LQ�WKH�3HUIRUPDQFH�$VVHVVPHQW�

6WDWLR Q � 7DVN�V � �

$� 'LFH���3XOVH�
%� &DOFXODWRU���0DJQHWV�
&� 6KDGRZV�
'� )ROGLQJ���%DWWHULHV�
(� 5XEEHU�%DQG�
)� 3DFNDJLQJ�
*� 6ROXWLRQV�
+� $URXQG�WKH�%HQG�
,� 3ODVWLFLQH�
�
$W� WKH� EHJLQQLQJ� RI� WKH� WHVWLQJ� VHVVLRQ� VWXGHQWV� UHFHLYHG� D� VHTXHQFH� QXPEHU��
ZKLFK�GHWHUPLQHG�ZKLFK�VHW�RI�VWDWLRQV�KH�RU�VKH�ZRXOG�YLVLW��7KLV�QXPEHU�ZDV�
DVVLJQHG� UDQGRPO\�� )RU� WKLV� DVVLJQPHQW�� WZR� URWDWLRQ� VFKHPHV� ZHUH� XVHG�
�5RWDWLRQ� �� DQG� 5RWDWLRQ� ��� DV� JLYHQ� LQ� 7DEOH� ������ $� URWDWLRQ� VFKHPH� ZDV�
DOORFDWHG� UDQGRPO\� WR� D� VFKRRO��$V� D� UHVXOW��5RWDWLRQ� ��ZDV� XVHG� DW� ��� RI� WKH�
VFKRROV�� DQG�5RWDWLRQ���ZDV�XVHG�DW� WKH� UHPDLQLQJ����VFKRROV��)RU�H[DPSOH��D�
VWXGHQW�ZLWK�VHTXHQFH�QXPEHU���DW�D�VFKRRO�ZLWK�5RWDWLRQ���YLVLWHG�WKH�VWDWLRQV�
&��6KDGRZV���)��3DFNDJLQJ��DQG�(��5XEEHU�%DQG��FRQVHFXWLYHO\��
�
7KURXJK�WKLV�URWDWLRQDO�WDVN�DOORFDWLRQ��SRVVLEOH�HIIHFWV�RI�WDVN�LQWHUDFWLRQ�ZHUH�
GHFUHDVHG��$V�GHVFULEHG� LQ�9RV�HW� DO�� �������� WKH�DFKLHYHPHQW�RQ�RQH� WDVN�FDQ�
KDYH�DQ�HIIHFW�RQ� WKH�HQVXLQJ�WDVN��)RU�H[DPSOH�� LI�DOO� VWXGHQWV�GR�WDVN�;�ILUVW�
DQG�WKHQ�WDVN�<��LW�LV�SRVVLEOH�WKDW�WKH\�JDLQ�FHUWDLQ�PHDVXULQJ�H[SHULHQFH�LQ�WKH�
ILUVW� WDVN�;��ZKLFK� JLYHV� WKHP�H[WUD� VNLOOV� DQG� UDLVHG� WKHLU� DFKLHYHPHQW�RQ� WKH�
QH[W� WDVN� <�� +RZHYHU�� E\� URWDWLQJ� WKH� WDVNV� LQ� GLIIHUHQW� VHTXHQFHV�� WKH�
SUHGHFHVVRU�WDVN�WR�WDVN�<�ZRXOG�QRW�DOZD\V�EH�;��
�
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7DEOH������� $VVLJQPHQW� RI� VWXGHQWV� WR� D� VHTXHQFH� RI� VWDWLRQV� LQ� WKH� 3HUIRUPDQFH�
$VVHVVPHQW�

6WXG H Q WV 
�QXP E H U� 5R WDWLR Q ��� 5R WDWLR Q ���

�� $��%��&� $��%��(�
�� %��(��'� %��'��*�
�� &��)��(� &��$��'�
�� '��*��+� '��(��)�
�� (��$��*� (��,��+�
�� )��+��%� )��+��$�
�� *��,��)� *��)��,�
�� +��&��,� +��*��&�
�� ,��'��$� ,��&��%�
�
%RWK�LQ������DQG�������DW�HDFK�VHOHFWHG�VFKRRO�WUDLQHG�DGPLQLVWUDWRUV��H[WHUQDO�WR�
WKH� VFKRROV�� FDUULHG� RXW� WKH� WHVW�� 7KH� DGPLQLVWUDWRUV� ZHUH� SURYLGHG� ZLWK� DQ�
DGPLQLVWUDWLRQ�ER[��ZKLFK�KHOG�DOO�WHVWLQJ�PDWHULDOV��,W�FRQWDLQHG�DQ�DEXQGDQFH�RI�
VXSSOLHV� DQG� VSDUH� SDUWV�� ,Q� WKLV� ZD\� WHVWLQJ� FRQGLWLRQV� ZHUH� LQGHSHQGHQW� RI�
VFKRROV
� UHVRXUFHV�� 7R� HQVXUH� XQLIRUP� WHVWLQJ� SURFHGXUHV�� VHYHUDO� WUDLQLQJ�
VHVVLRQV� ZHUH� FRQGXFWHG� WR� WUDLQ� WKH� DGPLQLVWUDWRUV�� 7KH� WUDLQLQJ� LQFOXGHG�
LQIRUPDWLRQ�RQ��
��WKH�FRPPXQLFDWLRQ�ZLWK�WKH�VFKRROV���
��KRZ�WR�VHW�XS�WKH�VWDWLRQV�DQG�SUHSDUH�HTXLSPHQW��
��KRZ�WR�LQWURGXFH�WKH�WHVWLQJ�VHVVLRQ�WR�WKH�VWXGHQWV��
��ZKLFK�VWDWLRQV�WR�UHSOHQLVK�LQ�EHWZHHQ�WHVWLQJ��
��KRZ�WR�GHDO�ZLWK�TXHVWLRQV�RI�VWXGHQWV�GXULQJ�WKH�VHVVLRQ��DQG�
��KRZ�WR� ILOO� LQ� WKH�DGPLQLVWUDWLRQ� IRUPV�DQG�UHWXUQ�DOO� VWXGHQWV
�ZRUN�WR� WKH�
UHVHDUFK�FHQWUH��

�
7KH�3HUIRUPDQFH�$VVHVVPHQW�DGPLQLVWUDWRU�HQVXUHG�WKDW�WKH�VWXGHQWV�YLVLWHG�WKH�
FRUUHFW�VWDWLRQV��$IWHU�FRPSOHWLRQ�RI�WKHLU�WDVNV��VWXGHQWV�VXEPLWWHG�WKHLU�ZRUN�
ERRNOHWV�WR�WKH�DGPLQLVWUDWRU�WRJHWKHU�ZLWK�DQ\�FUHDWHG�SURGXFWV��LI�DSSOLFDEOH���
7KH\�ZHUH�WDNHQ�WR�WKH�5HVHDUFK�&HQWUH�IRU�SURFHVVLQJ��VHH�VHFWLRQ��������

������ ,Q V WUXP H Q WV �IR U�P H DV X ULQ J �WK H �LP S OH P H Q WH G �F X UULF X OXP �

)RU�WKH�LPSOHPHQWHG�FXUULFXOXP��WKH�PDWKHPDWLFV�WHDFKHUV�RI�WKH�FODVVHV�WHVWHG�
ZHUH� DVNHG� WR� MXGJH� HDFK� WHVW� LWHP� LQ� OLJKW� RI� WKH� FRQWHQW� WDXJKW� LQ� WKH�
FODVVURRPV�� 7KH� LQVWUXPHQW� WKDW� ZDV� XVHG� IRU� WKH� LWHPV� LQ� WKH�:ULWWHQ� 7HVWV�
GLIIHUHG�VOLJKWO\�IURP�WKH�LQVWUXPHQW�XVHG�IRU�WKH�3HUIRUPDQFH�$VVHVVPHQW��%RWK�
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ZHUH�EDVHG�RQ�WKH�UHVHDUFK�RI�'H�+DDQ���������7KH�LQVWUXPHQWV�DUH�GHVFULEHG�LQ�
WKH�IROORZLQJ�SDUDJUDSKV��
�
&RQVWUXFWLQJ�DQ�LPDJLQDU\�WHVW�
)RU�WKH�:ULWWHQ�7HVW��ERWK�LQ������DQG�������WHDFKHUV�ZHUH�DVNHG�WR�LPDJLQH�WKDW�
WKH\�ZHUH�WR�FRQVWUXFW�D�PDWKHPDWLFV�WHVW�IRU�WKHLU�FODVV��7KLV�WHVW�ZDV�VXSSRVHG�
WR�FRYHU�DOO�PDWKHPDWLFV�FRQWHQW�IURP�WKH�SDVW��QRW�RQO\�IURP�WKH�FXUUHQW�VFKRRO�
\HDU� EXW� DOVR� IURP�SULRU� VFKRRO� \HDUV��7KLV� DVVXPHG� WKDW� WHDFKHUV� KDG� D� FORVH�
NQRZOHGJH�RI�WKH�FRQWHQW�WDXJKW�LQ�JUDGH���DQG���XS�WR�WKH�WLPH�RI�WHVWLQJ��DQG�D�
UHDVRQDEOH� NQRZOHGJH� RI� WKH� FRQWHQW� WDXJKW� DW� SULPDU\� VFKRROV�� 7KH� WHDFKHUV�
ZHUH�WKHQ�JLYHQ�WKH�WHVW�LWHPV�LQ�WKH�:ULWWHQ�7HVW�DQG�DVNHG�WR�LQGLFDWH�IRU�HDFK�
LWHP�ZKHWKHU�WKH\�IRXQG�LW�VXLWDEOH�IRU�WKHLU�LPDJLQDU\�WHVW��,Q�WKLV�ZD\��HDFK�LWHP�
ZDV�JLYHQ�DQ�LQGLFDWLRQ�RQ�ZKHWKHU�VWXGHQWV�KDG�EHHQ�JLYHQ�DQ�RSSRUWXQLW\�WR�
OHDUQ�WKH�FRQWHQW�RI�WKH�LWHP��2I�FRXUVH��WHDFKHUV�FRXOG�DOVR�LQFOXGH�LWHPV�LQWR�
WKHLU�LPDJLQDU\�WHVW�LI�WKH\�HVWLPDWHG�WKDW�WKH�LWHP�ZDV�D�FKDOOHQJH�IRU�ZKLFK�WKHLU�
VWXGHQWV�ZHUH�
UHDG\
��,Q�WKHVH�FDVHV��WKH�0(75,&�VWXG\�VWLOO�FRQVLGHUHG�WKH�LWHP�
DV�PDWFKLQJ�ZLWK�WKH�LPSOHPHQWHG�FXUULFXOXP��
7KH� MXGJHPHQW�RQ� WKH� DSSURSULDWHQHVV�RI� WKH� LWHPV�E\� WKH� WHDFKHUV�ZDV�PDGH�
WZR�IROG� LQ� WKH� IROORZLQJ� ZD\�� 7HDFKHUV� ZHUH� DVNHG� WR� JLYH� DQ� LQGLFDWLRQ� RQ�
LQFOXGLQJ�WKH�LWHP�LQWR�WKH�LPDJLQDU\�WHVW��
��� ZKHQ�FRQVLGHULQJ�WKH�FRQWHQW�RI�WKH�LWHP�RQO\��DQG�
��� ZKHQ�FRQVLGHULQJ�LWV�IRUPDW��
�
7KH�DVSHFW�RI�WKH�IRUPDW�ZDV�LQFRUSRUDWHG�LQWR�WKH�TXHVWLRQQDLUH�DV�REMHFWLRQV�
KDG�EHHQ�UDLVHG�DJDLQVW�WKH�ODUJH�QXPEHU�RI�PXOWLSOH�FKRLFH�LWHPV�LQ�WKH�:ULWWHQ�
7HVW��VHH�FKDSWHU����VHFWLRQ���������%\�VHSDUDWLQJ�FRQWHQW�IURP�IRUPDW��WHDFKHUV�
FRXOG� DLU� WKHLU� REMHFWLRQV� DJDLQVW� WKH� PXOWLSOH� FKRLFH� IRUPDW� DQG� VWLOO� JLYH� D�
SRVLWLYH�MXGJHPHQW�WRZDUGV�WKH�FRQWHQW�RI�WKH�LWHP��
7KXV��WKH�WHDFKHU�TXHVWLRQQDLUH�FRQWDLQHG�DQ�LQWURGXFWLRQ��IROORZHG�E\�WKH�WHVW�
LWHPV�DV�WKH\�ZHUH�JLYHQ�WR�WKH�VWXGHQWV��ZLWK�WZR�DGGLWLRQDO�LFRQV��)RU�H[DPSOH��
�

%���� :KLFK�RI�WKH�IROORZLQJ�QXPEHUV�LV�VPDOOHVW"�
$�������� %������� &�������� '������ (��������

�
&RQWHQW� � )RUPDW�

❏�\HV�
❏�QR�

� ❏�\HV�
❏�QR�
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7KH� ILUVW� LFRQ� ZDV� DQ� LQGLFDWRU�� RI� ZKHWKHU� WKH� WHDFKHU� UHJDUGHG� WKH� LWHP� DV�
VXLWDEOH� IRU� LQFOXVLRQ� LQWR� DQ� LPDJLQDU\� WHVW��ZKHQ�RQO\� ORRNLQJ� DW� LWV� FRQWHQW��
7KH�VHFRQG�LFRQ�ZDV�DQ�LQGLFDWRU��RI�ZKHWKHU�RU�QRW�WKH�WHDFKHU�ZRXOG�OHDYH�WKH�
IRUPDW�RI�WKH�LWHP�XQDOWHUHG��,I�D�WHDFKHU�WLFNHG�
\HV
�LQWR�WKH�ILUVW��DQG�
QR
�LQWR�
WKH�VHFRQG�LFRQ��WKLV�PHDQW�WKDW�WKH�FRQWHQW�RI�WKH�LWHP�FRXOG�EH�LQFOXGHG�LQWR�
WKH�LPDJLQDU\�WHVW��EXW�WKH�IRUPDW�QHHGHG�HGLWLQJ���
)RU�WKH�0(75,&�VWXG\��WKH�ILUVW�LFRQ�ZDV�DQ�LQGLFDWRU�RI�27/��,I�WLFNHG�
\HV
��LW�
LQGLFDWHG� WKDW� WKH� LWHP�PDWFKHG�ZLWK� WKH� LPSOHPHQWHG� FXUULFXOXP��7KLV� FRXOG�
PHDQ�WKDW�WKH�FRQWHQW�RI�WKH�LWHP�ZDV�LQGHHG�FRYHUHG�LQ�FODVV��RU�WKDW�WKH�WHDFKHU�
HVWLPDWHG�WKDW�KLV�KHU�VWXGHQWV�ZHUH�
UHDG\
�IRU�LW��
�
)RU� WKH� 3HUIRUPDQFH� $VVHVVPHQW�� WKHUH� ZDV� QR� QHHG� WR� PDNH� WKH� GLVWLQFWLRQ�
EHWZHHQ� FRQWHQW� DQG� IRUPDW� RI� WHVW� LWHPV�� DV� WKHUH� ZHUH� QR� PXOWLSOH� FKRLFH�
TXHVWLRQV�LQ�WKLV�WHVW��+RZHYHU��DQRWKHU�DVSHFW�QHHGHG�FDUH��7KH�LQVWUXPHQW�DLPHG�
DW�REWDLQLQJ�DQ�LQGLFDWLRQ�RI�ZKHWKHU�VWXGHQWV�KDG�EHHQ�JLYHQ�DQ�RSSRUWXQLW\�WR�
OHDUQ�WKH�FRQWHQW�DQG�VNLOOV�WHVWHG��'H�+DDQ��������KDG�SURSRVHG�WR�DVN�WHDFKHUV�
WR�MXGJH�ZKHWKHU�WKH\�ZRXOG�LQFOXGH�WKH�WHVW�LWHPV�LQWR�DQ�LPDJLQDU\�WHVW�FRYHULQJ�
DOO� FRQWHQW� WDXJKW� EHIRUH� WKH� WHVW� DGPLQLVWUDWLRQ�� +RZHYHU�� PRVW� 'XWFK�
PDWKHPDWLFV�WHDFKHUV�KDYH�YHU\�OLWWOH�H[SHULHQFH�ZLWK�WKH�XVH�RI�PDQLSXODWLYHV�LQ�
DVVHVVPHQW� HQYLURQPHQWV�� 7KLV� FRXOG� PDNH� WKHP� KHVLWDQW� WR� LPDJLQH� VHWWLQJ� D�
SUDFWLFDO�WHVW��$V�D�UHVXOW��WKH�MXGJHPHQW�ZDV�PDGH�WZR�IROG�LQ�WKH�IROORZLQJ�ZD\��
��� +DV� WKH� FRQWHQW� RI� WKLV� LWHP� EHHQ� WDXJKW� WR� WKH� FODVV� EHIRUH� WHVW�
DGPLQLVWUDWLRQ"�

��� ,QGHSHQGHQW� RI� WKH� DQVZHU� WR� TXHVWLRQ� ��� DVVXPLQJ� WKDW� \RX� ZRXOG� VHW� D�
3HUIRUPDQFH�$VVHVVPHQW��ZRXOG�\RX�LQFOXGH�WKLV�LWHP"�

�
7KXV��WKH�WHDFKHU�TXHVWLRQQDLUH�DVVRFLDWHG�ZLWK�3$������DQG�3$������FRQWDLQHG�
DQ� LQWURGXFWLRQ�� IROORZHG� E\� WKH� VHYHQ� WDVNV� �ILYH� PDWKHPDWLFV� WDVNV�� WZR�
FRPELQHG� WDVNV��� $W� HDFK� WHVW� LWHP� LQ� WKH� WDVNV� WZR� LFRQV� ZHUH� DGGHG�� IRU�
H[DPSOH�DW�LWHP��D�IURP�WKH�WDVN�3ODVWLFLQH��
�

�D�� 8VH�WKH�EDODQFH�WR�PDNH�D�OXPS�RI�SODVWLFLQH�WKDW�ZHLJKV����J��
��:KHQ�\RX�KDYH�PDGH�WKH����J�OXPS��ZULWH����J�RQ�D�FRORXUHG�ODEHO�DQG�VWLFN�LW�RQ�

WKH�OXPS��3XW�WKH�OXPS�LQ�D�SODVWLF�EDJ��

�
&RQWHQW�FRYHUHG"� � ,QFOXGH�LQWR�D�WHVW"�

❏�\HV�
❏�QR�

� ❏�\HV�
❏�QR�
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7KH� DQVZHUV� RI� WKH� WHDFKHUV� WR� ERWK� TXHVWLRQV�ZHUH� FRQVLGHUHG� UHOHYDQW� WR� WKH�
0(75,&�VWXG\��7KH�ILUVW�LFRQ�ZRXOG�JLYH�DQ�LQGLFDWLRQ�RI�FRQWHQW��27/�FRYHUHG��
DQG� WKH� VHFRQG� LFRQ� ZRXOG� JLYH� DQ� LQGLFDWLRQ� RI� WHDFKHUV
� HVWLPDWLRQ� ZKHWKHU�
VWXGHQWV�ZHUH� UHDG\� IRU� WKH� LWHP� �27/�WHVWLQJ���7KH� ODWWHU� FRXOG�PHDQ� WKDW� WKH�
FRQWHQW�KDG�QRW�EHHQ�\HW�WDXJKW��EXW�WKDW�WKH�WHDFKHU�H[SHFWHG�WUDQVIHU��7KXV��IRU�
WKH�MXGJHPHQW�RQ�WKH�DSSURSULDWHQHVV�RI�WKH�3HUIRUPDQFH�$VVHVVPHQW�LQ�OLJKW�RI�
WKH�LPSOHPHQWHG�FXUULFXOXP��WZR�GLIIHUHQW�GDWD�FROOHFWLRQV�ZHUH�PDGH��
�
5HGXFLQJ�WKH�QXPEHU�RI�LWHPV�IRU�DOORFDWLRQ�WR�WKH�WHDFKHUV�
7KH�DERYH�GHVFULEHG�LVVXHV�RQ�WKH� LQVWUXPHQWV�IRU�PHDVXULQJ�WKH�LPSOHPHQWHG�
FXUULFXOXP�SHUWDLQHG� WR� WKH�PHWKRG�RI� DVNLQJ� D� MXGJHPHQW� IURP� WKH� WHDFKHUV��
$QRWKHU� LVVXH� LQ� WKLV� GDWD� FROOHFWLRQ� FRQFHUQHG� WKH� QXPEHU� RI� WHVW� LWHPV� WKDW�
ZHUH� LQFOXGHG� LQ� WKH� LQVWUXPHQWV�� 7KH�:ULWWHQ�7HVW� FRQWDLQHG�PRUH� WKDQ� ����
LWHPV�� DQG� LW� ZRXOG� EH� WRR� GHPDQGLQJ� WR� DVN� WHDFKHUV� WR� DVVHVV� DOO� RI� WKHP��
7KHUHIRUH��D�VXEVHW�RI�WKH�LWHP�VHW�KDG�WR�EH�VXEPLWWHG��
�
,Q���������� LWHPV�IURP�:7������ZHUH�VXEPLWWHG�WR� WKH�PDWKHPDWLFV� WHDFKHUV��
7KH����LWHPV�ZHUH�VHOHFWHG�DV�SDUW�RI�D�1DWLRQDO�2SWLRQ�7HVW��127���127�ZDV�
GHYHORSHG� WR� DVVHVV� ZKHWKHU� WKH� 7,066� :ULWWHQ� 7HVW� GLG� MXVWLFH� WR� 'XWFK�
VWXGHQWV� ZKR� KDG� OHDUQHG� PDWKHPDWLFV� WKURXJK� DQ� LQWHUQDWLRQDOO\� GHYLDQW�
FXUULFXOXP��.XLSHU�HW�DO����������������127�ZDV�EDVHG�RQ�WKH�QHZ�FXUULFXOXP��
FRQWDLQLQJ�LWHPV�IURP�:7������DQG�LWHPV�GHYHORSHG�VHSDUDWHO\��7KH�LWHPV�IURP�
:7������ZHUH�VHOHFWHG�RQ�WKH�FULWHULRQ�WKDW�WKH�PDWFKHG�ZHOO�ZLWK�WKH�LQWHQGHG�
FXUULFXOXP��$V� WKHVH� LWHPV�ZHUH� WKH� LQWHUVHFWLRQ� RI�:7������ DQG�127�� WKH\�
ZHUH�QDPHG�DQFKRU�LWHPV��%DVHG�RQ�VWXGHQWV
�DFKLHYHPHQW�RQ�WKH����DQFKRU�LWHPV�
LQ� 127� DQG� :7������� .XLSHU� HW� DO�� FRQFOXGHG� WKDW� WKH� 'XWFK� VWXGHQWV
�
DFKLHYHPHQW�ZDV�ZHOO�PHDVXUHG�WKURXJK�:7�������
$OO�UHVSRQGLQJ�WHDFKHUV�MXGJHG�WKH����DQFKRU�LWHPV��+RZHYHU��WKHVH�LWHPV�ZHUH�
QRW� D� UDQGRP� VDPSOH� UHSUHVHQWLQJ� WKH� IXOO� WHVW�� 7KH\� PDWFKHG� ZHOO� ZLWK� WKH�
LQWHQGHG� FXUULFXOXP�� DQG� WKHUHIRUH� WHDFKHUV
� MXGJHPHQW� FRXOG� EH�
PLVUHSUHVHQWDWLYH�RI�WKHLU�MXGJHPHQW�RQ�WKH�DSSURSULDWHQHVV�RI�WKH�IXOO�WHVW��
7KHUHIRUH��LQ������DOO�����PDWKHPDWLFV�LWHPV�LQ�WKH�:ULWWHQ�7HVW�ZHUH�VXEPLWWHG�
WR� WKH�PDWKHPDWLFV� WHDFKHUV�� LQ� VXFK� D�ZD\� WKDW� QRW� DOO� WHDFKHUV� KDG� WR� DVVHVV�
HYHU\�LWHP��$�URWDWLRQDO�V\VWHP�ZDV�GHYLVHG��ZKHUHE\�WKH�LWHP�VHW�ZDV�VSOLW�LQWR�
WKUHH� JURXSV� �*URXS� ��� *URXS� �� DQG�*URXS� ��� RI� ��� RU� ��� LWHPV�� )LUVW�� WKH�
PXOWLSOH�FKRLFH�LWHPV�ZHUH�UDQGRPO\�GLVWULEXWHG�RYHU�WKH�WKUHH�JURXSV��DQG�WKHQ�
WKH�IUHH�UHVSRQVH�LWHPV�ZHUH�UDQGRPO\�GLVWULEXWHG�RYHU�WKH�WKUHH�JURXSV��,Q�WKLV�
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ZD\�� DOO� JURXSV� FRQWDLQHG� D� IDLU� SURSRUWLRQ� RI� WKH� PXOWLSOH� FKRLFH� LWHPV��
$IWHUZDUGV�� WKH� UDQGRPLVDWLRQ� ZDV� FKHFNHG� E\� ORRNLQJ� DW� WKH� GLVWULEXWLRQ� RI�
FRQWHQW� DUHDV� LQ� HDFK� LWHP� JURXS��7KH\� DUH� VWDWHG� LQ�7DEOH� ������ ,Q� HDFK� LWHP�
JURXS� WKH� GLVWULEXWLRQ� RI� WRSLFV� RYHU� WKH� ZKROH� VHW� RI� LWHPV� LQ� :7������ LV�
UHIOHFWHG��
7KH�WKUHH�LWHP�JURXSV�ZHUH�UDQGRPO\�DOORFDWHG�WR�WKH�WHDFKHUV��7KXV��IURP�WKH�
����UHVSRQGLQJ�WHDFKHUV�����MXGJHG�WKH�LWHPV�LQ�*URXS�������MXGJHG�WKH�LWHPV�LQ�
*URXS���DQG����MXGJHG�WKH�LWHPV�LQ�*URXS����
�
7DEOH������� &RQWHQW� DUHDV� SHU� VXE�JURXS� RI� LWHPV�� LQ� WKH� WHDFKHU� TXHVWLRQQDLUH� IRU�
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)UDFWLRQV�DQG�QXPEHUV� ��� ��� ��� ���
$OJHEUD� ��� ��� ��� ���
0HDVXUHPHQW� ��� ��� ��� ���
'DWD�UHSU���DQDO\VLV�DQG�SURE�� ��� ��� ��� ���
*HRPHWU\� ��� ��� ��� ���
3URSRUWLRQV� ��� �� �� ��

1XPEHU�RI�WHDFKHUV�
IRU�HDFK�JURXS�

�
���

�
���

�
���

7RWDO��
����WHDFKHUV�

1RWH�  'DWD GLIIHU IURP 7DEOH ���D GXH WR GLIIHUHQW LQWHUSUHWDWLRQV RI LWHP FDWHJRULHV�

�
7KXV��LQ�:7�������WKHUH�ZHUH�IHZ�LWHPV��WKH����DQFKRU�LWHPV���ZKLFK�ZHUH�MXGJHG�
E\�DOO����PDWKHPDWLFV�WHDFKHUV��%\�FRQWUDVW��LQ�:7�������WKHUH�ZHUH�PDQ\�LWHPV��
ZKLFK�ZHUH�HDFK�MXGJHG�E\�D�ORZHU�QXPEHU�RI�WHDFKHUV��������WHDFKHUV���
�
)RU� WKH�3HUIRUPDQFH�$VVHVVPHQW�� WKH� VHOHFWLRQ�RI� LWHPV��RQ�ZKLFK� D� WHDFKHU
V�
MXGJHPHQW�ZDV�DVNHG��ZDV�VWUDLJKWIRUZDUG��$OO�LWHPV�DFURVV�WKH�ILYH�PDWKHPDWLFV�
WDVNV� DQG� WKH� WZR� FRPELQHG�PDWKHPDWLFV�VFLHQFH� WDVNV�ZHUH� VXEPLWWHG� WR� WKH�
WHDFKHUV�� ERWK� IRU� 3$������ DQG� 3$������� +RZHYHU�� LQ� VRPH� FDVHV� WKH� LWHPV�
ZHUH� FRQVLGHUHG� WR� EH� LGHQWLFDO� IURP� DQ� 27/� SRLQW� RI� YLHZ�� ,Q� WKRVH� FDVHV�
WHDFKHUV�ZHUH�DVNHG�WR�MXGJH�LWHPV�WRJHWKHU��)RU�H[DPSOH��LQ�WKH�WDVN�3ODVWLFLQH�WKH�
WHVW� LWHPV�KDG� WKH�VHTXHQFH��FUHDWH�D� OXPS�RI���J���H[SODLQ�KRZ�\RX�ZRUNHG���
FUHDWH�D�OXPS�RI���J���H[SODLQ�KRZ�\RX�ZRUNHG���FUHDWH�D�OXPS�RI���J���H[SODLQ�
KRZ�\RX�ZRUNHG�²�DQG�VR�IRUWK��,Q�WKLV�FDVH��WKH�LWHPV�DVNLQJ�IRU�DQ�H[SODQDWLRQ�
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ZHUH�JURXSHG��DQG�WHDFKHUV�ZHUH�DVNHG�WR�MXGJH�WKH�LWHPV�DV�LI�WKH\�ZHUH�RQH�DQG�
WKH� VDPH�� &RQVHTXHQWO\�� WKH� QXPEHU� RI� LWHPV� SHU� WDVN� GLIIHUV� EHWZHHQ� WKH�
LQVWUXPHQWV�IRU�WKH�DWWDLQHG�FXUULFXOXP�DQG�WKH�LPSOHPHQWHG�FXUULFXOXP��

������ ,Q V WUXP H Q WV �IR U�P H DV X ULQ J �WK H �LQ WH QG H G �F X UULF X OXP �

)RU� WKH� LQWHQGHG� FXUULFXOXP�� PDWKHPDWLFV� FXUULFXOXP� H[SHUWV� ZHUH� JLYHQ� DOO�
PDWKHPDWLFV� LWHPV�� ERWK� IURP� WKH� :ULWWHQ� 7HVW� DQG� IURP� WKH� 3HUIRUPDQFH�
$VVHVVPHQW��7KH\�ZHUH� JLYHQ� WKH� WHVW� LWHPV�H[DFWO\� DV� WKHVH�ZHUH�JLYHQ� WR� WKH�
VWXGHQWV��2Q�D�VHSDUDWH�IRUP�DOO�LWHPV�ZHUH�OLVWHG��2Q�WKH�IRUP��WKH�H[SHUWV�KDG�
WR� LQGLFDWH� IRU� HDFK� WHVW� LWHP� ZKHWKHU� LWV� FRQWHQW�PDWFKHG� ZLWK� WKH� LQWHQGHG�
FXUULFXOXP�� E\� HLWKHU� WLFNLQJ� D� 
\HV
� RU� D� 
QR
�� 7KH� LQWHQGHG� FXUULFXOXP� ZDV�
GHILQHG� DV� WKH� HGXFDWLRQDO� DLPV� DQG� REMHFWLYHV�� ZKLFK� ZHUH� VWDWHG� DV� FRUH�
REMHFWLYHV��NHUQGRHOHQ��LQ�WKH�RIILFLDO�HGXFDWLRQDO�GRFXPHQWV�IRU�JUDGH����$Q�LWHP�
ZDV�FRQVLGHUHG�WR�PDWFK�ZLWK�WKH�LQWHQGHG�FXUULFXOXP�LI�WKH�FRQWHQW�WHVWHG�ZDV�
FRYHUHG�E\�WKH�LQWHQGHG�FXUULFXOXP�RI�DW�OHDVW�����RI�WKH�VWXGHQWV�DW�WKH�WLPH�RI�
WHVWLQJ� �D� IHZ� PRQWKV� EHIRUH� WKH� HQG� RI� WKH� VFKRRO� \HDU��� :LWK� WKH� FRUH�
REMHFWLYHV�EHLQJ�GLIIHUHQW� IRU� WKH� WUDFNV� �YER��PDYR��KDYR�� YZR��� WKH� H[SHUWV�ZHUH�
DVNHG�WR�LQWHUSRODWH�EHWZHHQ�PDYR�DQG�KDYR��7KH�H[SHUWV�ZHUH�H[SOLFLWO\�DVNHG�WR�
H[FOXGH�WKH�IRUPDW��PXOWLSOH�FKRLFH��IURP�WKHLU�FRQVLGHUDWLRQV�DQG�WR�ORRN�SXUHO\�
DW�WKH�FRQWHQW�RI�WKH�LWHPV��%HDWRQ����������
'XULQJ�MXGJHPHQW��WKH�H[SHUWV�HQFRXQWHUHG�GLOHPPDV��7KH�GLOHPPDV�SHUWDLQHG�
���� WKH�XVH�RI� WKH� OLVW�RI�FRUH�REMHFWLYHV�DQG�����WKH�QDWXUH�RI�WKH�WHVW� LWHPV��$�
QXPEHU�RI�H[SHUWV�LQGLFDWHG�WKDW�WKH�FRUH�REMHFWLYHV�ZHUH�RQO\�DQ�LQGLFDWLRQ�RI�
WKH� LQWHQGHG� FXUULFXOXP�� 7KH� FRUH� REMHFWLYHV� ZHUH� GHOLEHUDWHO\� NHSW� YDJXH� WR�
RIIHU� WH[WERRN� DXWKRUV�� VFKRROV� DQG� WHDFKHUV� D� FHUWDLQ� DPRXQW� RI� IUHHGRP� WR�
LQWHUSUHW�WKH�FXUULFXOXP��7KH�FRUH�REMHFWLYHV�ZHUH�QHYHU�IRUPXODWHG�WR�EH�D�VWULFW�
JXLGHOLQH� DW� LWHP� OHYHO�� 7KH� VHFRQG� GLOHPPD� HQFRXQWHUHG� E\� WKH� FXUULFXOXP�
H[SHUWV�SHUWDLQHG� WR� WKH�PXOWLSOH� FKRLFH� IRUPDW� DQG� WKH� ODFN�RI� FRQWH[W� LQ� WKH�
LWHPV�LQ�WKH�7,066�:ULWWHQ�7HVW��7KLV�UDLVHG�VHYHUDO�TXHVWLRQV��VXFK�DV��
�
��� +RZ�FDQ�WKH�PXOWLSOH�FKRLFH�IRUPDW�EH�H[FOXGHG�IURP�WKH�MXGJHPHQW��LI�WKDW�
IRUPDW�JLYHV�D�FOXH�WR�WKH�VROXWLRQ"�)RU�H[DPSOH��LQ�LWHP�1���WKH�IROORZLQJ�LV�
DVNHG��
3HQQ\�KDG�D�EDJ�RI�PDUEOHV��6KH�JDYH�RQH�WKLUG�RI�WKHP�WR�5HEHFFD��DQG�WKHQ�RQH�IRXUWK�

RI� WKH�UHPDLQLQJ�PDUEOHV�WR�-RKQ��3HQQ\�KDG����PDUEOHV� OHIW� LQ�WKH�EDJ��+RZ�PDQ\�

PDUEOHV�ZHUH�LQ�WKH�EDJ�WR�VWDUW�ZLWK"�

$����� � %����� � &����� � '�����
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,Q� WKLV� LWHP�� D� VWXGHQW� FDQ� ILUVW� FDOFXODWH� WKH� DQVZHU� DQG� WKHQ� FKHFN� WKH�
DQVZHU�DPRQJ�WKH�DOWHUQDWLYHV��%XW� LW� LV�HDVLHU� WR� WDNH�WKH�EDFNGRRU�DQG�WU\�
WKH�IRXU�DOWHUQDWLYHV�RQH�E\�RQH�DQG�WKHQ�VNLS�WKH�ZURQJ�DQVZHUV��7KXV��WKH�
PXOWLSOH�FKRLFH�IRUPDW�DIIHFWV�WKH�FRQWHQW�RI�WKH�LWHP��ZKLOH�WKH�H[SHUWV�ZHUH�
DVNHG�WR� LJQRUH� LW��7KXV�� WKH�H[SHUWV�ZHUH�KHVLWDQW�WR�PDNH�D� MXGJHPHQW�RQ�
LWHP�1����DQG�FRQVHQVXV�ZDV�QRW�HDVLO\�UHDFKHG��

�
��� 'RHV� WKH� ODFN� RI� GDLO\�OLIH� FRQWH[WV� PDNH� DQ� LWHP� OHVV� VXLWDEOH� WR� WKH�
FXUULFXOXP"�)RU�H[DPSOH��LWHP�1���UHDGV��

,I�[� ����ZKDW�LV�WKH�YDOXH�RI�
45

47

−
+

x

x "�BBBBBBBBB��

,Q�WKH�'XWFK�50(�EDVHG�FXUULFXOXP��WKLV�LWHP�ZRXOG�QRW�EH�VWDWHG�OLNH�WKLV��
$Q�LWHP�RQ�WKH�VXEVWLWXWLRQ�RI�D�QXPEHU�LQWR�D�IRUPXOD�ZRXOG�EH�VHW�LQWR�D�
FRQWH[W��VXFK�DV�WKH�H[HPSODU\�LWHP�RQ�WKH�SUHGLFWLRQ�RI�OHQJWK��
�
7R� FDOFXODWH� IRU� DQ\� JLUO� KHU� IXWXUH� OHQJWK� DV� D� JURZQ�XS�� WKH� VFKRRO� GRFWRU� XVHV� WKH�

IROORZLQJ�IRUPXOD���

3+
+

=
�

������FP��PRWKHU�OHQJWK���FP��IDWKHU�OHQJWK
������FP���LQ�GDXJKWHU�/HQJWK �

'DQLHOOH
V�IDWKHU�LV������P�WDOO��KHU�PRWKHU�LV������P��

+RZ�WDOO�ZLOO�'DQLHOOH�JURZ�DFFRUGLQJ�WR�WKH�IRUPXOD"�

�
7KXV�� WKH� PDWKHPDWLFDO� FRQWHQW� RI� LWHP� 1��� LV� SDUW� RI� WKH� LQWHQGHG�
FXUULFXOXP��VXEVWLWXWLRQ�RI�D�QXPEHU�LQWR�D�IRUPXOD�ZLWK�RQH�YDULDEOH���EXW�
ODFN�RI�FRQWH[W�GRHV�QRW�PDNH�WKH�LWHP�VXLWDEOH��7KLV�PDGH�WKH�H[SHUWV�UHIXWH�
WKH�LWHP��QRW�IRU�LWV�PDWKHPDWLFDO�FRQWHQW�EXW�IRU�LWV�
EDUH�QHVV
��

�
7KH� DQVZHU� WR� WKH� TXHVWLRQ� ZKHWKHU� DQ� LWHP� PDWFKHG� ZLWK� WKH� LQWHQGHG�
FXUULFXOXP�ZDV�QRW�HDVLO\�IRXQG��2QO\�IHZ�LWHPV�LQ�WKH�:ULWWHQ�7HVW�UHVHPEOHG�
WKH�W\SLFDO�50(�EDVHG�LWHPV�RQ�ZKLFK�D�VWUDLJKWIRUZDUG�DQVZHU�FRXOG�EH�JLYHQ��
7KXV�� RQ� PRVW� LWHPV�� WKH� FRQVLGHUDWLRQV� KDG� WR� EH� ZHLJKWHG� ZLWK� UHVSHFW� WR�
SKUDVLQJ��FRQWHQW��IRUPDW��FRQWH[W��DQG�VR�IRUWK��,W�PDGH�WKH�MXGJHPHQW�RQ�VRPH�
LWHPV�LQWR�D�WRVV�XS�IRU�WKH�LQGLYLGXDO�H[SHUW��+RZHYHU��DIWHU�VRPH�GHOLEHUDWLRQV�
�E\� SKRQH��� RQ� DOO� PDWKHPDWLFV� LWHPV� LQ� WKH� :ULWWHQ� 7HVW� D� FRQVHQVXV� ZDV�
UHDFKHG��7KLV�FRQVHQVXV�ZDV�QHHGHG�IRU�WKH�7,066�7HVW�&XUULFXOXP�0DWFKLQJ�
$QDO\VLV� �7&0$��� LQ�ZKLFK�DOO� FRXQWU\
V� VFRUHV�ZHUH� UHFDOFXODWHG�EDVHG�RQ� WKH�
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VXE�VHW� RI� LWHPV� IURP� WKH�:ULWWHQ� 7HVW�� ZKLFK� ZHUH� FRYHUHG� E\� WKH� LQWHQGHG�
FXUULFXOXP�RI�RQH�SDUWLFXODU�FRXQWU\��VHH�VHFWLRQ���������)RU�7&0$��DQ�DEVROXWH�
\HV�QR�MXGJHPHQW�E\�FXUULFXOXP�H[SHUWV�RQ�LWHPV�ZDV�QHHGHG��LQ�RUGHU�WR�PDNH�
WZR�GLVMRLQW�VHWV�RI�LWHPV��GLVWLQJXLVKLQJ�EHWZHHQ�LWHPV�WKDW�PDWFKHG�DQ�LQWHQGHG�
FXUULFXOXP�DQG�LWHPV�WKDW�GLG�QRW��7KXV��RQ�:7������DQG�:7�������WKH�LWHP�
FXUULFXOXP�PDWFKLQJ�LQGH[�ZDV�JLYHQ�RQ�D�QRPLQDO�\HV�QR�VFDOH��
)RU�WKH�3HUIRUPDQFH�$VVHVVPHQW��WKLV�FOHDU�GLVWLQFWLRQ�ZDV�QRW�VRXJKW�EHFDXVH�
���� WKHUH� ZDV� QR� 7&0$� DVVRFLDWHG� ZLWK� WKH� 3HUIRUPDQFH� $VVHVVPHQW�� ZKLFK�
QHHGHG�WR�FUHDWH�WZR�GLVMRLQW�VHWV�RI�LWHPV��DQG�����WKH�0(75,&�VWXG\�DLPHG�DW�
JLYLQJ�URRP�WR�QXDQFH�EHWZHHQ�
\HV
�DQG�
QR
��%\�UDWLQJ�WKURXJK�D�SHUFHQWDJH��LW�
ZDV� SRVVLEOH� WR� LQGLFDWH� ZKHWKHU� DQ� LWHP� PDWFKHG� 
PRUH� RU� OHVV
� ZLWK� WKH�
LQWHQGHG� FXUULFXOXP�� GHSHQGLQJ� RQ� WKH� QXPEHU� RI� H[SHUWV� LQGLFDWLQJ� WKDW� WKH�
LWHP� PDWFKHG� ZLWK� WKH� FXUULFXOXP�� 7KLV� \LHOGHG� DQ� LWHP�FXUULFXOXP�PDWFKLQJ�
LQGH[�RQ�D�UDWLR�VFDOH��
�
,Q� WKH� VWXG\� IRU� WKH�7,066�:ULWWHQ�7HVW� ERWK� LQ� ����� DQG� ����� WKH� H[SHUWV
�
FRQVXOWDWLRQ� ZDV� SDUW� RI� D� 7&0$�� ZKLFK� ZDV� FDUULHG� RXW� LQ� DOO� SDUWLFLSDWLQJ�
FRXQWULHV��VHH�%HDWRQ�HW�DO���������0XOOLV�HW�DO����������)RU�:7�������HDFK�H[SHUW�
DVVHVVHG�DOO�����PDWKHPDWLFV� LWHPV��)RU�:7�������HDFK�H[SHUW�DVVHVVHG�DOO�����
LWHPV��
)RU� WKH� 1HWKHUODQGV�� D� VLPLODU� LQVWUXPHQW� DV� XVHG� IRU� WKH� :ULWWHQ� 7HVW� ZDV�
GHYHORSHG�IRU�WKH�WDVNV�RI�WKH�3HUIRUPDQFH�$VVHVVPHQW�RI�������7KLV�LQVWUXPHQW�
ZDV� UH�XVHG� LQ� ������(DFK� H[SHUW� DVVHVVHG� WKH� VHSDUDWH� LWHPV�DFURVV� WKH� VHYHQ�
WDVNV�'LFH��&DOFXODWRU��)ROGLQJ��$URXQG�WKH�%HQG��3DFNDJLQJ��6KDGRZV��DQG�3ODVWLFLQH��7KH�
,QWHUQDWLRQDO�7,066�6WXG\�&HQWHU�KDG�LQGLFDWHG�WKHVH�WDVNV�DV�
PDWKHPDWLFV
�RU�
DV�FRPELQHG�
PDWKHPDWLFV�VFLHQFH
��,Q�������WKLV�VHW�RI�WDVNV�ZDV�VXSSOHPHQWHG�
ZLWK�WZR�PRUH�WDVNV��%DWWHULHV�DQG�5XEEHU�%DQG��EHFDXVH�WKHVH�WZR�WDVNV�FRQWDLQHG�
PDWKHPDWLFDO� DFWLYLWLHV� �FRPELQDWRULFV��H[WUDSRODWLRQ��DV�ZHOO��7KHUHIRUH�� LW�ZDV�
SRVVLEOH�WKDW�WKHVH�WDVNV�ZHUH�FRYHUHG�E\�WKH�LQWHQGHG�PDWKHPDWLFV�FXUULFXOXP��
WRR��7KXV�� IRU�3$�������HDFK�H[SHUW�DVVHVVHG� WKH� LWHPV�DFURVV� VHYHQ� WDVNV�DQG�
IRU�3$�������HDFK�H[SHUW�DVVHVVHG�WKH�LWHPV�DFURVV�QLQH�WDVNV��
�
-XVW�OLNH�ZLWK�WKH�LQVWUXPHQW�IRU�WKH�LPSOHPHQWHG�FXUULFXOXP��LQ�VRPH�FDVHV�WKH�
LWHPV�ZHUH�VLPLODU�DQG��WKHUHIRUH��JURXSHG�WRJHWKHU�WR�VKRUWHQ�WKH�TXHVWLRQQDLUH��
)RU�H[DPSOH��LQ�WKH�WDVN�3ODVWLFLQH�WKH�WHVW�LWHPV�KDG�WKH�VHTXHQFH��FUHDWH�D�OXPS�
RI� ��J� �� H[SODLQ� KRZ� \RX� ZRUNHG� �� FUHDWH� D� OXPS� RI� ��J� �� H[SODLQ� KRZ� \RX�
ZRUNHG���FUHDWH�D�OXPS�RI���J���H[SODLQ�KRZ�\RX�ZRUNHG�²�DQG�VR�IRUWK��,Q�WKLV�
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FDVH�WKH�TXHVWLRQ�RQ�WKH�H[SODQDWLRQ�ZDV�JURXSHG�LQWR�RQH�LWHP�IRU�WKH�H[SHUWV��
&RQVHTXHQWO\��WKH�QXPEHU�RI�LWHPV�SHU�WDVN�GLIIHUV�EHWZHHQ�WKH�LQVWUXPHQWV�IRU�
WKH� DWWDLQHG� FXUULFXOXP�� WKH� LPSOHPHQWHG� FXUULFXOXP�� DQG� WKH� LQWHQGHG�
FXUULFXOXP��)RU�DOO�WKUHH�FDVHV��7DEOH������JLYHV�WKH�QXPEHU�RI�LWHPV�SHU�WDVN��
�
7DEOH������� 1XPEHU� RI� LWHPV� SHU� WDVN� LQ� WKH� LQVWUXPHQWV� IRU� WKH� LQWHQGHG��

LPSOHPHQWHG�DQG�DWWDLQHG�FXUULFXOXP�LQ�3$������DQG�3$������

�

�

7DVN�

([S H UWV 
�

LQ V WUXP H Q W��

�LQ������������

�

7H DF K H UV 
�

LQ V WUXP H Q W�

6WXG H Q WV 
�

LQ V WUXP H Q W�
� WKH WHVW LWVHOI��

'LFH� ���� �� ��
&DOFXODWRU� ���� �� ��
)ROGLQJ� ���� �� ��
$URXQG�WKH�%HQG� ���� �� ��
3DFNDJLQJ� ���� �� ��
6KDGRZV� ���� �� ��
3ODVWLFLQH� ���� �� ��
%DWWHULHV� ����� ��� ��
5XEEHU�%DQG� ����� ��� ��
7RWDO� ������ ��� ���

1RWH� 'DVKHV LQGLFDWH WKH WDVN ZDV QRW LQFOXGHG LQ WKH LQVWUXPHQW�

 ,QVWUXPHQWV LGHQWLFDO LQ 3$����� DQG 3$������

����� '$7$ 352&(66,1* '(6,*1 2) 7+(0(75,&�678'<�

������ ,Q WUR G X F WLR Q �

7KH�0(75,&�VWXG\�JDWKHUHG�GDWD�DW�LWHP�OHYHO�IURP�:7�������:7�������3$�
����� DQG� 3$������� 7KHQ�� WKH� DQDO\VHV� ZHUH� FDUULHG� RXW� EDVHG� RQ� GHVFULSWLYH�
VWDWLVWLFV��SHUFHQWDJHV��VWDQGDUG�HUURUV�DQG�FRUUHODWLRQ�FRHIILFLHQWV���7KH�FXUUHQW�
VHFWLRQ�GHVFULEHV�DOO�SURFHGXUHV��ZKLFK�ZHUH�UHTXLUHG�WR�WUDQVIRUP�WKH�DQVZHUV�
IURP� VWXGHQWV�� WHDFKHUV� DQG� H[SHUWV� LQWR� VWDWLVWLFV�� 6WXGHQWV
� DQVZHUV� WR� IUHH�
UHVSRQVH�LWHPV�KDG�WR�EH�FRGHG�ILUVW��7KLV�ZLOO�EH�H[SODLQHG�LQ�VHFWLRQ��������7KH�
MXGJHPHQW�E\� WHDFKHUV�DQG�H[SHUWV�GLG�QRW�UHTXLUH�FRGLQJ�DV� WKH\�DQVZHUHG�DOO�
WKHLU� TXHVWLRQV� VLPSO\� E\� 
\HV
� RU� 
QR
�� 7KHUHDIWHU�� WKH� GDWD� ZHUH� HQWHUHG� LQWR�
GDWDEDVHV�� 7KLV� ZLOO� EH� GHVFULEHG� LQ� VHFWLRQ� ������� 7R� YHULI\� IRU� WKH� TXDOLW\� RI�
GDWD�� VHYHUDO� SURFHGXUHV� ZHUH� DSSOLHG�� 7KLV� VWDJH� UHTXLUHG� SURFHGXUHV� IRU�
FKHFNLQJ�UHOLDELOLW\�RI�LQVWUXPHQWV��VHH�VHFWLRQ��������DQG�SURFHGXUHV�WR�FRQWURO�
IRU�WKH�FRPSDUDELOLW\�LQ�WLPH�EHWZHHQ�:7������DQG�:7�������DQG�EHWZHHQ�3$�
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����� DQG�3$������ �VHH� VHFWLRQ���������7KHUHDIWHU�� WKH� UHVXOWV�ZHUH� UHDG\� WR�EH�
SUHVHQWHG�E\�GHVFULSWLYH�VWDWLVWLFV��7KH�IRUPXODV�XVHG�DUH�JLYHQ�LQ�VHFWLRQ��������

������ &R G LQ J �V WXG H Q WV 
�UH V S R Q V H V �

7,066�PDNHV�D�GLVWLQFWLRQ�EHWZHHQ�WKUHH�FDWHJRULHV�RI�LWHPV������PXOWLSOH�FKRLFH�
LWHPV������VKRUW�DQVZHU�LWHPV�DQG�����H[WHQGHG�UHVSRQVH�LWHPV��7KH�ILUVW�FDWHJRU\�
FRQWDLQV� TXHVWLRQV� ZKHUH� VWXGHQWV� KDYH� WR� FKRRVH� RQH� IURP� IRXU� RU� ILYH�
DOWHUQDWLYH�DQVZHUV��7KH�VHFRQG�FDWHJRU\�FRQWDLQV�TXHVWLRQV�ZKHUH�VWXGHQWV�KDYH�
WR�SURYLGH�D�VKRUW�DQVZHU��IRU�H[DPSOH�D�QXPEHU�WKDW�UHVXOWV�IURP�D�FDOFXODWLRQ��
7KH�WZR�FDWHJRULHV�DUH�RQH�SRLQW�LWHPV��ZKLFK�DUH�HLWKHU�IDOVH�RU�FRUUHFW��7KH�ODVW�
FDWHJRU\� RI� H[WHQGHG� UHVSRQVH� LWHPV� FRQWDLQV�PRUH� FRPSOH[� TXHVWLRQV��ZKHUH�
VWXGHQWV�KDYH�WR�ZULWH�D�GHVFULSWLRQ�RU�DQ�H[SODQDWLRQ��7KHVH�LWHPV�FDUU\�WZR�RU�
WKUHH� SRLQWV�� VR� WKDW� WKH� VFRUH� FDQ� GLIIHUHQWLDWH� EHWZHHQ� IXOO\� FRUUHFW�� SDUWLDOO\�
FRUUHFW�RU�IDOVH��7KH�WZR�FDWHJRULHV�RI�VKRUW�DQVZHU�LWHPV�DQG�H[WHQGHG�UHVSRQVH�
LWHPV� WRJHWKHU�DUH�QDPHG� IUHH� UHVSRQVH� LWHPV��$SSUR[LPDWHO\�����RI� WKH� LWHPV� LQ�
WKH�:ULWWHQ�7HVW�DQG������RI�WKH�LWHPV�LQ�WKH�3HUIRUPDQFH�$VVHVVPHQW�ZHUH�LQ�
WKLV�IRUPDW��7KLV�FXUUHQW�VHFWLRQ�GHDOV�ZLWK�WKH�FRGLQJ�RI�WKHVH�LWHPV��
�
6WXGHQWV� ZURWH� WKHLU� DQVZHUV� LQ� WKH� WHVW� ERRNOHWV�� 7KHLU� DQVZHUV� WR� WKH� IUHH�
UHVSRQVH� LWHPV�ZHUH�HYDOXDWHG�E\�FRGHUV�ZKR�ZHUH�VSHFLDOO\� WUDLQHG�WR�XVH� WKH�
VR�FDOOHG� 
7,066� VFRULQJ� UXEULFV
�� 7KLV� FRGLQJ� V\VWHP� DOORZHG� IRU� WKH�
LGHQWLILFDWLRQ�RI�FRPPRQ�DSSURDFKHV�DQG�W\SHV�RI�HUURUV�LQ�VWXGHQWV
�UHVSRQVHV��
7KH�FRGLQJ�V\VWHP�XVHG�D�WZR�GLJLW�FRGH����������������������������������HWF����7KH�
ILUVW�GLJLW�GHVLJQDWHV�WKH�FRUUHFWQHVV� OHYHO�RI�WKH�UHVSRQVH�����������RU���SRLQWV���
7KRVH�DUH�WKH�SRLQWV�WKDW�KRQRXU�WKH�TXDOLW\�RI�WKH�VWXGHQWV
�UHVSRQVHV�ZLWK�IXOO�
FUHGLW��SDUWLDO�FUHGLW�RU�QR�FUHGLW�DW�DOO��7KH�VHFRQG�GLJLW��FRPELQHG�ZLWK�WKH�ILUVW��
UHSUHVHQWV� D� GLDJQRVWLF� FRGH� XVHG� WR� LGHQWLI\� VSHFLILF� W\SHV� RI� DSSURDFKHV��
VWUDWHJLHV��RU�FRPPRQ�HUURUV�DQG�PLVFRQFHSWLRQV��
)RU�DOO� IRXU� WHVWV��FRGHUV�ZHUH�WUDLQHG�GXULQJ�D�RQH�GD\�ZRUNVKRS�WR�DSSO\�WKH�
VFRULQJ�SURFHGXUHV�EDVHG�RQ�WKH�7,066�UXEULFV�WKURXJK�D�JXLGH��7,066�&RGLQJ�
*XLGHV�IRU�3HUIRUPDQFH�$VVHVVPHQW�3RSXODWLRQ���DQG����������7,066�6FRULQJ�
*XLGHV�IRU�WKH�0DWKHPDWLFV�DQG�6FLHQFH�)UHH�5HVSRQVH�,WHPV���������7KH�JXLGH�
FRQWDLQHG� WKH� UXEULFV� DQG� H[SODQDWLRQV� RI� KRZ� WR� DSSO\� WKHP�� WRJHWKHU� ZLWK�
H[DPSOHV�RI�VWXGHQW�UHVSRQVHV�IRU�WKH�YDULRXV�UXEULF�FDWHJRULHV��7KXV��IRU�DOO�IRXU�
WHVWV��VWXGHQWV
�DQVZHUV�ZHUH�LQWHUSUHWHG�E\�FRGHUV�DQG�WUDQVIRUPHG�LQWR�D�WZR�
GLJLW�FRGH��7KLV�FRGH�ZDV�WKHQ�HQWHUHG�LQWR�WKH�GDWDEDVH��
�
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)RU� WKUHH� RI� WKH� WHVW� DGPLQLVWUDWLRQV�� :7������� :7������ DQG� 3$������� D�
V\VWHPDWLF� VXE�VDPSOH� RI� DSSUR[LPDWHO\� ���� RI� WKH� VWXGHQWV
� UHVSRQVHV� ZDV�
FRGHG� LQGHSHQGHQWO\� E\� WZR� GLIIHUHQW� FRGHUV�� ,Q� WKLV� ZD\�� WKH� LQWHU�FRGHU�
DJUHHPHQW�FRXOG�GLVSOD\�WKH�UHOLDELOLW\�RI�FRGLQJ��7KLV�DJUHHPHQW�ZDV�FDOFXODWHG�
DV�WKH�SHUFHQWDJH�RI�LWHPV�RQ�ZKLFK�WKH�WZR�FRGHUV�DJUHHG�ZLWK�WKHLU�FRGHV��7KH�
DJUHHPHQW�RQ�WKH�FRUUHFWQHVV�FRGH��WKH�ILUVW�GLJLW��LV�WDEXODWHG�LQ�7DEOH�������)RU�
FRPSDULVRQ��WKH�LQWHUQDWLRQDO�DYHUDJH�UDQJH�LV�DOVR�JLYHQ��
�
7DEOH������� 5DQJH�RI�LQWHU�FRGHU�DJUHHPHQW�SHU�LWHP�RQ�WKH�FRUUHFWQHVV�VFRUHV�LQ�WKH�

0(75,&�VWXG\�

�

�

6XE �V WX G \ �

'X WF K �UDQ J H �R I�H [DF W�

DJ UH H P H Q W�

�P LQ�P D[��

5DQJ H �R I�LQ WH UQDWLR QDO�

DY H UDJ H �DJ UH H P H Q W�

�P LQ�P D[��

:7������ ������� �������
:7������ ������� �������

3$������ ������� �������
3$������ ��� ���

1RWH� 'DVKHV LQGLFDWH WKDW GRXEOH FRGLQJ ZDV QRW DSSOLHG�

�
2Q� HDFK� RI� WKH� IUHH� UHVSRQVH� LWHPV� LQ� ERWK�:7������ DQG�:7������� WKH� WZR�
LQGHSHQGHQW�'XWFK�FRGHUV�DJUHHG�ZHOO�RQ�WKH�FRUUHFWQHVV�RI�VWXGHQWV
�DQVZHUV��
2Q�PRVW� LWHPV�WKHLU�FRGHV�ZHUH�WRWDOO\� LGHQWLFDO���������2Q�D�IHZ�LWHPV��WKHLU�
FRGHV�PDWFKHG�RQ�WKH�PDMRULW\�RI�VWXGHQWV
�DQVZHUV��%RWK�LQ�:7������DQG�:7�
������WKH�DYHUDJH�'XWFK�SHUFHQW�DJUHHPHQW�DFURVV�LWHPV�ZDV������QRW�LQFOXGHG�
LQ�WKH�WDEOH���ZKLFK�ZDV�H[DFWO\�HTXDO�WR�WKH�LQWHUQDWLRQDO�DYHUDJH��
7KH�UDQJH�RI�LQWHU�FRGHU�DJUHHPHQW�IRU�3$������ZDV�FOHDUO\�ORZHU�WKDQ�RQ�:7�
����� DQG�:7������� ERWK� IRU� WKH�'XWFK� GDWD� DV� LQWHUQDWLRQDOO\��2Q� RQH� LWHP�
�IURP�WKH�WDVN�6KDGRZV���WKH�FRGHUV�RQO\�DJUHHG�RQ�KDOI�WKH�QXPEHU�RI�VWXGHQWV
�
DQVZHUV��2Q�WKH�RWKHU�KDOI��WKH\�GLIIHUHG�LQ�WKH�DOORFDWLRQ�RI�SRLQWV��+RZHYHU��D�
ORZ� LQWHU�FRGHU� DJUHHPHQW� GLG� QRW� KDYH� UHSHUFXVVLRQV�� 7KH� SURWRFRO� VHW� QR�
FULWHULRQ� IRU� D� VXIILFLHQW� LQWHU�FRGHU� DJUHHPHQW�� )RU� H[DPSOH�� LI� WZR� FRGHUV�
DJUHHG�RQ�OHVV�WKDQ�����RI�VWXGHQWV
�DQVZHUV�� LW�FRXOG�EH�WKDW�RQH�FRGHU�PDGH�
V\VWHPDWLF�PLVLQWHUSUHWDWLRQV�RI� WKH� FRGLQJ� VFKHPH��7KLV� FRXOG�EH� UHSDLUHG�E\�
SURYLGLQJ�UH�WUDLQLQJ��$QG� LQ� WKH�XOWLPDWH�FDVH�RI�XQUHOLDEOH�FRGHV��VRPH�LWHPV�
VKRXOG�EH�UHPRYHG�IURP�DQDO\VLV��
7KH� H[HUFLVH�RI�GRXEOH� FRGLQJ�ZDV�RPLWWHG� IRU�3$�������$�GLIIHUHQW�SURWRFRO�
ZDV� GHYHORSHG� WR� FRQWURO� IRU� WKH� FRQVLVWHQF\�RI� FRGHV�� ,W�ZLOO� EH� H[SODLQHG� LQ�
VHFWLRQ� ������ LQ� VHSDUDWH� VHFWLRQV� RQ� UHOLDELOLW\� DQG� FRPSDUDELOLW\� LVVXHV�� 7KLV�
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DGGLWLRQDO� SURWRFRO� ZDV� GHYHORSHG�� EHFDXVH� RI� GLVVDWLVIDFWLRQ� ZLWK� WKH� DERYH�
GHVFULEHG��LQWHUQDWLRQDO�SURWRFRO��LQ�ZKLFK�WZR�LQGHSHQGHQW�FRGHUV�DVVHVVHG�����
RI�VWXGHQWV
�ZRUN��)LUVW��XQUHOLDEOH�UHVXOWV�QHHGHG�WR�EH�VLHYHG�RXW��DQG�VHFRQG��
WKH�GDWD�RI������DQG������QHHGHG�WR�EH�ZHOO�FRPSDUDEOH�LQ�WLPH��7R�JDLQ�LQVLJKW�
LQ�WKH�TXDOLW\�RI�GDWD��D�PRUH�SUHFLVH�LQVSHFWLRQ�RQ�UHOLDELOLW\�DQG�FRPSDUDELOLW\�
RI�FRGHV�EHWZHHQ������DQG������ZDV�GHYLVHG��%DVHG�RQ�WKDW� LQVSHFWLRQ��LW�ZDV�
SRVVLEOH�WR�VLHYH�RXW�XQZDQWHG�HIIHFWV��

������ 2UJ DQ LV LQ J �DQG �F OH DQ LQ J �G DWD �

7KH� GDWD� IURP� WKH� H[SHUWV� DQG� WKH� WHDFKHUV� ZHUH� FROOHFWHG� WKURXJK�
TXHVWLRQQDLUHV� DQG� FRXOG� UHDGLO\� EH� HQWHUHG� LQWR� D�GDWDEDVH��7KLV�ZDV� DOVR� WKH�
FDVH�ZLWK� WKH� VWXGHQWV
� GDWD�� DIWHU� WKH� DQVZHUV� WR� WKH� IUHH� UHVSRQVH� LWHPV� KDG�
EHHQ�FRGHG��
$OO�GDWD�FROOHFWHG�ZLWKLQ�DQ�LQWHUQDWLRQDO�FRQWH[W��FI��7DEOH������FRXOG�EH�HQWHUHG�
LQWR�VRIWZDUH�WKDW�KDG�EHHQ�SUHSDUHG�E\�WKH�,QWHUQDWLRQDO�7,066�6WXG\�&HQWHU�LQ�
%RVWRQ��7KH\�SURYLGHG�1DWLRQDO�5HVHDUFK�&HQWUHV�ZLWK�PDQXDOV�DQG�SURWRFROV�
VR� WKDW� DOO� LQIRUPDWLRQ�� ERWK� IRU� :7������� :7������ DQG� 3$������� ZDV�
VWDQGDUGLVHG�� $IWHU� WKH� GDWD� ZHUH� HQWHUHG� LQWR� D� GDWDEDVH�� D� FOHDQLQJ� SURFHVV�
IROORZHG�� 7KLV� LQYROYHG� VHYHUDO� LWHUDWLYH� VWHSV� DQG� SURFHGXUHV� GHVLJQHG� WR�
LGHQWLI\��GRFXPHQW�DQG�FRUUHFW�GHYLDWLRQV�IURP�WKH�LQWHUQDWLRQDO�LQVWUXPHQWV��ILOH�
VWUXFWXUHV�DQG�FRGLQJ�VFKHPHV��,Q�WKH�HQG��RQO\�WKH�GDWDEDVH�UHPDLQHG��7KH�UDZ�
GDWD�ZHUH�QRW�DYDLODEOH�WR�WKH�0(75,&�VWXG\��H�J��QR�ZRUNVKHHWV�ZLWK�VWXGHQWV
�
DQVZHUV�KDG�EHHQ�DUFKLYHG���
�
7KHUH�ZHUH�QR�UHDG\�PDGH�LQWHUQDWLRQDO�SURFHGXUHV�IRU�FRPSLOLQJ�WKH�VWXGHQWV
�
GDWD�RI�3$�������DV�WKLV�ZDV�D�QDWLRQDO�'XWFK�VWXG\�RQO\��%XW�WKH�DGPLQLVWUDWLRQ�
RI�3$������SURYHG�XVHIXO��7KH�VDPH�PDQXDOV��VRIWZDUH�DQG�FOHDQLQJ�SURWRFROV�
WKDW�ZHUH�XVHG�LQ������FRXOG�EH�UH�XVHG�IRU�3$�������$V�D�UHVXOW�RI�WKH�FOHDQLQJ�
SURFHVV�� LW�ZDV�GLVFRYHUHG� WKDW�RQH�RI� WKH���� LQLWLDOO\�SDUWLFLSDWLQJ�VFKRROV�KDG�
PDQLSXODWHG� WKH� DOSKDEHWLFDO� VWXGHQW� OLVW�� 7KHUHIRUH�� WKH� VWXGHQWV
� VFRUHV� IURP�
WKLV�VFKRRO�ZHUH�UHPRYHG�IURP�WKH�ILQDO�GDWD�VHW��
�
7KH�GDWD�IURP�WKH�FXUULFXOXP�H[SHUWV�RQ�:7������DQG�:7������ZHUH�FROOHFWHG�
DV�SDUW�RI�WKH�LQWHUQDWLRQDO�7HVW�&XUULFXOXP�0DWFKLQJ�$QDO\VLV��7&0$���%HDWRQ�
HW�DO���������0XOOLV�HW�DO����������7KH�GDWD� IURP�WKH� WHDFKHUV�RQ�:7������ZHUH�
FROOHFWHG�ZLWKLQ�WKH�SURMHFW�RI�WKH�1DWLRQDO�2SWLRQ�7HVW��127���7KH�GDWD�ZHUH�
DYDLODEOH�WR�WKH�0(75,&�VWXG\�DV�GHVFULSWLYHV�DW�LWHP�OHYHO��
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$OO�UHPDLQLQJ�GDWD��LQWHQGHG�FXUULFXOXP�IRU�3$������DQG�3$�������LPSOHPHQWHG�
FXUULFXOXP� IRU� :7������� 3$������ DQG� 3$������� ZHUH� FROOHFWHG� ZLWKLQ� WKH�
0(75,&� VWXG\� DQG�� WKXV�� WKHVH� ZHUH� DYDLODEOH� DV� UDZ� GDWD� WR� WUDFH� EDFN�
DQRPDOLHV��7KH�GDWD�ZHUH�HQWHUHG�LQWR�FXVWRP�PDGH�VRIWZDUH�SURJUDPV��7KH�GDWD�
ZHUH�FKHFNHG�IRU�HUURUV�WKURXJK�D�SURWRFRO�EDVHG�RQ�*U]\PDOD�%XVVH��������IRU�
VLHYLQJ�RXW�PLVVLQJ�GDWD��GRXEOHG�GDWD��RXW�RI�UDQJH�GDWD�DQG�FKHFNLQJ�LQWHUQDO�
DQG�H[WHUQDO�FRQVLVWHQF\�E\�FRPSDULQJ�VFKRRO�GDWD��WHDFKHU�GDWD�DQG�FODVV�GDWD��

������ 5H OLDE LOLW\ �

5HOLDELOLW\�RI�LQVWUXPHQWV�LV�JHQHUDOO\�H[SUHVVHG�DV�D�FRHIILFLHQW��UHVXOWLQJ�IURP�D�
FDOFXODWLRQ�� ZKLFK� FKHFNV� IRU� LQWHUQDO� FRQVLVWHQF\� RI� WKH� PHDVXUHPHQW�� 7KH�
PHWKRGV� IRU� FDOFXODWLRQ�RI� WKH� FRHIILFLHQW� DUH� LQGLFDWHG� DV�&URQEDFK�$OSKD�RU�
.5�����7KH�FDOFXODWLRQV�EHFRPH�PRUH�SUHFLVH�ZLWK�D�ODUJHU�QXPEHU�RI�LWHPV�DQG�
D� ODUJHU� QXPEHU� RI� UHVSRQGHQWV�� ,Q� WKH�0(75,&� VWXG\�� UHVXOWV� RI� &URQEDFK�
$OSKD� FDOFXODWLRQV� ZHUH� QRW� DYDLODEOH� IRU� WKH� LQVWUXPHQWV� IRU� WKH� LQWHQGHG�
FXUULFXOXP�RI�:7������DQG�:7������DQG�WKH�LPSOHPHQWHG�FXUULFXOXP�RI�:7�
������$OO�RWKHU�UHOLDELOLW\�FRHIILFLHQWV�ZLOO�EH�JLYHQ�LQ�WKLV�VHFWLRQ��7KH�UHVXOWV�DUH�
SUHVHQWHG�LQ�7DEOH�������+RZ�WKH\�ZHUH�REWDLQHG�ZLOO�EH�GHVFULEHG�EHORZ��
�
5HOLDELOLW\�RI�LQVWUXPHQWV�XVHG�IRU�WKH�:ULWWHQ�7HVW�
,Q� WKH� IROORZLQJ� WKUHH� SDUDJUDSKV� WKH� FDOFXODWLRQV� RI� &URQEDFK�$OSKD� RQ� WKH�
:ULWWHQ�7HVW��RU�ODFN�WKHUHRI��ZLOO�EH�GHVFULEHG��&URQEDFK�$OSKD�RQ�WKH�H[SHUWV
�
GDWD�FRXOG�QRW�EH�FDOFXODWHG��DV�WKH�0(75,&�VWXG\�GLG�QRW�KDYH�WKH�DYDLODELOLW\�
RYHU�WKH�UDZ�GDWD��EXW�RQO\�RYHU�WKH�ILQDO�FRQVHQVXV�RI�WKH�WKUHH�H[SHUWV�RQ�HDFK�
LWHP��
7KH�FDOFXODWLRQ�RI�&URQEDFK�$OSKD�RI�WKH�WHDFKHUV
�MXGJHPHQWV�RQ�:7������ZDV�
QRW�DYDLODEOH�� DQG�FRXOG�QRW�EH�PDGH�GXH� WR� ODFN�RI�GDWD�IURP�HDFK� LQGLYLGXDO�
WHDFKHU��+RZHYHU�� WKH� FDOFXODWLRQ�RI�&URQEDFK�$OSKD�RI� WKH� WHDFKHUV
� GDWD�RQ�
:7������FRXOG�EH�PDGH��,W�UHTXLUHG�DQ�LQWHUPHGLDWH�VWHS�DV�WKH�IXOO�VHW�RI�LWHPV�
ZDV�VSOLW� LQWR�WKUHH�JURXSV��VR�WKDW�QRW�DOO�WHDFKHUV�ZHUH�DVNHG�WR�MXGJH�WKH�IXOO�
VHW��7KXV��WKHUH�ZHUH�WKUHH�JURXSV�RI�WHDFKHUV�ZKR�MXGJHG�WKHLU�RZQ�VHW�RI�LWHPV��
&URQEDFK� $OSKD� ZDV� FDOFXODWHG� VHSDUDWHO\� IRU� HDFK� RI� WKH� WKUHH� JURXSV�� 7KH�
DYHUDJH�RI�WKH�WKUHH�UHVXOWV�JDYH�¡ ������
7KH�UHOLDELOLW\�RI�WKH�WHVWV�:7������DQG�:7������ZDV�UHSRUWHG�LQ�WKH�LQWHUQDWLRQDO�
UHSRUWV��%HDWRQ�HW�DO���������0XOOLV�HW�DO����������,W�ZDV�FKHFNHG�WKURXJK�WKH�.5����
PHWKRG�� %HFDXVH� QRW� DOO� VWXGHQWV� KDG� UHVSRQGHG� WR� DOO� LWHPV�� WKH� UHOLDELOLW\�
FRHIILFLHQW�ZDV�FDOFXODWHG�SHU�WHVW�ERRNOHW��7KLV�FDOFXODWLRQ�\LHOGHG��IRU�ERWK�:7�
�����DQG�:7�������D�PHGLDQ�UHOLDELOLW\�IRU�WKH�1HWKHUODQGV�RI�¡ ������
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7DEOH������� 5HOLDELOLW\� FRHIILFLHQWV� �&URQEDFK�$OSKD�RU�.5�����RI� LQVWUXPHQWV� LQ� WKH�
0(75,&�VWXG\�

�

6XE �V WX G \ �

,Q WH QG H G �

F X UULF X OXP �

,P S OH P H Q WH G �

F X UULF X OXP �

�

$WWDLQ H G �F X UULF X OXP �

:7������ �� ��� ������
:7������ ��� ����� ������

3$������ ����� ������������ ����Â�
3$������ ����� ������������ ����Â�

1RWH� 'DVKHV LQGLFDWH WKDW GDWD DUH XQDYDLODEOH�

 $YHUDJH UHOLDELOLW\ DFURVV WKUHH LWHP JURXSV�

� 0HGLDQ UHOLDELOLW\ DFURVV HLJKW WHVW ERRNOHWV�

Â $YHUDJH UHOLDELOLW\ DFURVV VHYHQ WDVNV �� PDWKV WDVNV� � FRPELQHG WDVNV��

�
5HOLDELOLW\�RI�LQVWUXPHQWV�XVHG�IRU�3HUIRUPDQFH�$VVHVVPHQW�
,Q� WKH� QH[W� WKUHH� SDUDJUDSKV� WKH� FDOFXODWLRQV� RI� &URQEDFK� $OSKD� RQ� WKH�
3HUIRUPDQFH�$VVHVVPHQW�ZLOO�EH�GHVFULEHG��&URQEDFK�$OSKD�RI�WKH�H[SHUWV
�GDWD�
IRU�3$������ZDV�¡ ������ZLWK�WKUHH�H[SHUWV�DQG����LWHPV��IURP�ILYH�PDWKHPDWLFV�
WDVNV�DQG�WZR�FRPELQHG�VFLHQFH�PDWKHPDWLFV�WDVNV���)RU�3$�������WKH�UHOLDELOLW\�
FRHIILFLHQW�EDVHG�RQ�WKH�H[SHUW�GDWD�ZDV�¡ ������ZLWK�ILYH�H[SHUWV�DQG����LWHPV�
�IURP�ILYH�PDWKHPDWLFV�WDVNV��WZR�FRPELQHG�VFLHQFH�PDWKHPDWLFV�WDVNV��DQG�WZR�
DGGLWLRQDO�VFLHQFH�WDVNV���
5HOLDELOLW\�RI�WHDFKHUV
�MXGJHPHQW�RQ�WKH�3HUIRUPDQFH�$VVHVVPHQW�ZDV�FDOFXODWHG�
RYHU� WKH�GDWD�IRU�27/�FRYHUHG�DQG�27/�WHVWLQJ�VHSDUDWHO\��)RU�27/�FRYHUHG��
WKH� FRHIILFLHQWV� ZHUH� DV� IROORZV�� 3$������ DQG� 3$������ \LHOGHG� ¡ ����� DQG�
¡ �����UHVSHFWLYHO\��)RU�27/�WHVWLQJ��WKH�FRHIILFLHQWV�ZHUH�DV�IROORZV��3$������
DQG�3$������\LHOGHG�¡ �����DQG�¡ �����UHVSHFWLYHO\��
�
)LQDOO\��IRU�WKH�WZR�WHVW�DGPLQLVWUDWLRQV�3$������DQG�3$�������&URQEDFK�$OSKD�
ZDV� FDOFXODWHG�� +RZHYHU�� QRW� DOO� VWXGHQWV� KDG� DQVZHUHG� DOO� LWHPV�� ,Q� WKH�
3HUIRUPDQFH� $VVHVVPHQW� VWXGHQWV� RQO\� FDUULHG� RXW� WKUHH�� IRXU� RU� ILYH� RXW� RI�
WZHOYH� WDVNV�� 7KXV�� IRU� HDFK� VHSDUDWH� WDVN�� WKH� UHOLDELOLW\� FRHIILFLHQWV� ZHUH�
FDOFXODWHG�� $IWHU� DYHUDJLQJ� DFURVV� WKH� VHYHQ� WDVNV� �ILYH�PDWKHPDWLFV� WDVNV� DQG�
WZR� FRPELQHG� VFLHQFH�PDWKHPDWLFV� WDVNV��� WKLV� \LHOGHG� RQ� 3$������ DQG� 3$�
����� D� UHOLDELOLW\�RI�¡ �����DQG�¡ ����� UHVSHFWLYHO\��$OWKRXJK� WKH�FRHIILFLHQWV�
ZHUH�VWLOO�VXIILFLHQW��¡�!������WKH\�ZHUH�ORZHVW�RI�DOO�PHDVXUHPHQWV��7KHUHIRUH��D�
EUHDNGRZQ� RI� WKH� FDOFXODWLRQ�ZDV� VFUXWLQLVHG�� )RU� DOO� WDVNV�� LQFOXGLQJ� WKH� ILYH�
VFLHQFH� WDVNV�� WKH� UHOLDELOLW\� FRHIILFLHQWV� ZHUH� UHSRUWHG�� ERWK� IRU� 3$������ DQG�
3$�������6HH�7DEOH�������
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7KH� FRHIILFLHQWV� YDU\� FRQVLGHUDEO\�� 7KLV� ZDV� QRW� FRQVLGHUHG� DQQR\LQJ� IRU� WKH�
IROORZLQJ�UHDVRQ��$�UHOLDELOLW\�FRHIILFLHQW�LV�DQ�LQGLFDWRU�RI�LQWHUQDO�FRQVLVWHQF\�RI�
LWHPV��,W�PHDQV��LQGLYLGXDOV�DW�WKH�VDPH�OHYHO�RXJKW�WR�UHVSRQG�WKH�VDPH�ZD\�WR�VLPLODU�LWHPV��
�.UDWKZRKO�� ������S��������+RZHYHU�� WKH� LWHPV�ZLWKLQ� WDVNV�RI� WKH�3HUIRUPDQFH�
$VVHVVPHQW� DUH�PXOWL�GLPHQVLRQDO� DQG�QRW� VLPLODU��)RU� H[DPSOH�� LQ� WKH� WDVN�*��
6KDGRZV� RQH� LWHP� DVNV� IRU� DQ� LQYHVWLJDWLRQ� SODQ� DQG� DQRWKHU� IRU� D� WKUHH�
GLPHQVLRQDO� VNHWFK�� 7KHUHIRUH�� WKH� WZR� LWHPV� PHDVXUH� GLIIHUHQW� FRPSHWHQFLHV��
6WXGHQWV� ZLWK� KLJK� UHDGLQJ�ZULWLQJ� DELOLWLHV� ZLOO� VFRUH� GLIIHUHQWO\� IURP� VWXGHQWV�
ZLWK� KLJK� VSDWLDO� DELOLWLHV�� &RQVHTXHQWO\�� WKH� SDWWHUQ� RI� VFRUHV� PD\� VHHP�
LQFRQVLVWHQW��
�
7DEOH������� 5HOLDELOLW\�FRHIILFLHQWV�RI�DFKLHYHPHQW�UHVXOWV��&URQEDFK�$OSKD��SHU�WDVN�LQ�

3$������DQG�3$������

&UR QE DF K �$OS K D��

7DVN����LWH P V � � ����� �����

0��'LFH����� ����� �����
0��&DOFXODWRU����� ����� �����
0��)ROGLQJ����� ����� �����
0��$URXQG�WKH�%HQG����� ����� �����
0��3DFNDJLQJ����� ����� �����

6��3XOVH����� ����� �����
6��0DJQHWV����� ����� �����
6��%DWWHULHV����� ����� �����
6��5XEEHU�%DQG����� ����� �����
6��6ROXWLRQV����� ����� �����

*��6KDGRZV����� ����� �����
*��3ODVWLFLQH����� ����� �����
�
5HOLDELOLW\�DFURVV�WDVNV�RI�WKH�3HUIRUPDQFH�$VVHVVPHQW�ZDV�DOVR�FDOFXODWHG��7KLV�
ZDV� GRQH� E\� WDNLQJ� DOO� FRPELQDWLRQV� RI� WZR� WDVNV� DQG� XVLQJ� WKH� VFRUHV� RI�
VWXGHQWV�ZKR�SHUIRUPHG�RQ�ERWK� WDVNV��7KURXJK� WKH� URWDWLRQ�V\VWHP� LQ�ZKLFK�
VWXGHQWV�ZHUH�DVVLJQHG�WR�VWDWLRQV��DOO�SDLUV�RI�WDVNV�ZHUH�SRVVLEOH�FRPELQDWLRQV��
,Q�7DEOH�������WKH�UHVXOWV�RI�WKH�FDOFXODWLRQV�DUH�JLYHQ�LQ�D�PDWUL[��)RU�HDFK�SDLU�
RI� WDVNV�� WKH�&URQEDFK�$OSKD�LV�UHFRUGHG�IRU�WKH�GDWD�RI�������)RU�EUHYLW\�WKH�
WDVNV�DUH�LQGLFDWHG�E\�WKHLU�FRGH�QDPHV��ZKLFK�UHIHU�WR�7DEOH�������
,Q�PRVW�FDVHV��WKH�SDLUHG�WDVNV�KDG�¡�!������7KLV�PHDQV�WKDW�WKH�LWHPV�IURP�WKH�
FRUUHVSRQGLQJ� WDVNV�PHDVXUHG� WKH� VDPH� IHDWXUHV�XS� WR� D� UHDVRQDEOH� OHYHO��7KH�
VFRUHV�RQ�HDFK�LWHP�KDUPRQLVHG�ZLWK�WKH�VFRUHV�RQ�WKH�SDLUHG�LWHPV��+RZHYHU��LQ�
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D�IHZ�FDVHV�WKH�DQVZHU�SDWWHUQV�RI�VWXGHQWV�ZHUH�YHU\�GLIIHUHQW�DFURVV�WDVNV��)RU�
H[DPSOH�� WDVN�0�� 3DFNDJLQJ� VHHPHG� WR�PHDVXUH� FRPSHWHQFLHV� WRWDOO\� GLIIHUHQW�
IURP�WDVN�6��3XOVH��¡� �������EXW�LW�PHDVXUHG�LQ�D�KLJK�FRQVLVWHQFH�ZLWK�WDVN�*��
%DODQFH� �¡� �������2YHUDOO�� WKH� WDVNV�6��0DJQHWV�DQG�6��5XEEHU�%DQG�VKRZHG�RQ�
DYHUDJH�WKH�ORZHVW�UHVXOWV��TXHVWLRQLQJ�WKHLU�UHOLDELOLW\��7KHVH�ZHUH�DOVR�WKH�WDVNV�
ZLWK�WKH�ORZHVW�ZLWKLQ�WDVN�UHOLDELOLW\��DV�JLYHQ�LQ�7DEOH��������
�

7DEOH������� 5HOLDELOLW\� FRHIILFLHQWV� RI� DFKLHYHPHQW� UHVXOWV� �&URQEDFK� $OSKD�� DFURVV�
SDLUHG�WDVNV�LQ�3$������

� 0�� 0�� 0�� 0�� 0�� 6�� 6�� 6�� 6�� 6�� *�� *��

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

6�� ����� ����� ����� ����� ����� � � � � � � �
6�� ����� ����� ����� ����� ����� ����� � � � � � �
6�� ����� ����� ����� ����� ����� ����� ����� � � � � �
6�� ����� ����� ����� ����� ����� ����� ����� ����� � � � �
6�� ����� ����� ����� ����� ����� ����� ����� ����� ����� � � �

*�� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� � �
*�� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �
�
&RQFOXGLQJ�RQ� WKH� UHOLDELOLW\�RI� WHVW� LQVWUXPHQWV�� WKH� FDOFXODWLRQV�RI�&URQEDFK�
$OSKD�VKRZHG�WKDW�WHQ�RXW�RI�WZHOYH�WDVNV�KDG�D�VDWLVI\LQJ�UHOLDELOLW\��0��'LFH��0��
&DOFXODWRU��0��)ROGLQJ��0��$URXQG�WKH�%HQG��0��3DFNDJLQJ��6��3XOVH��6��%DWWHULHV��6��
6ROXWLRQV��*��6KDGRZV��DQG�*��3ODVWLFLQH��)RU�WKH�WZR�UHPDLQLQJ�WDVNV��6��0DJQHWV�
DQG� 6�� $URXQG� WKH� %HQG�� WKH� UHOLDELOLW\� RI� LQVWUXPHQWV� ZDV� ORZHU�� ,W� ZDV�
TXHVWLRQDEOH�ZKHWKHU� WKH� GDWD� EDVHG� RQ� WKHVH� WDVNV�ZHUH� VXLWDEOH� IRU� DQDO\VLV��
)RUWXQDWHO\��WKH\�ZHUH�VFLHQFH�WDVNV�WKDW�ZHUH�QRW�HVVHQWLDO�WR�WKH�0(75,&�VWXG\��
$OO�WDVNV�IURP�WKH�3HUIRUPDQFH�$VVHVVPHQW�QHHGHG�LQ�WKH�0(75,&�VWXG\�IRU�WKH�
PHDVXUHPHQW�RI�WKH�DWWDLQHG�FXUULFXOXP�VKRZHG�D�VDWLVI\LQJ�UHOLDELOLW\��¡�!������

������ &R P S DUDE LOLW\ �LV V X H V ��

+DHUWHO�DQG�/LQQ��������GHVFULEH�FDWHJRULHV�WKDW�QHHG�VSHFLDO�DWWHQWLRQ�SHUWDLQLQJ�
WKH�FRPSDUDELOLW\�RI�WHVWV�� LQ�SDUWLFXODU�RI�SHUIRUPDQFH�DVVHVVPHQWV��7KH\�VWDWH�
WKDW� LQ� SHUIRUPDQFH� DVVHVVPHQWV� WKH� IROORZLQJ� FRPSRQHQWV� DUH� GLIILFXOW� WR�
FRQWURO������WKH�FRQGLWLRQV�RI�WHVW�DGPLQLVWUDWLRQ��DQG�����WKH�VFRULQJ�RI�UHVSRQVHV��
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&RPSDUDEOH�WHVW�FRQGLWLRQV�
7KH� FRQGLWLRQV� RI� WHVW� DGPLQLVWUDWLRQ� LQ� WKH� 0(75,&� VWXG\� ZHUH� ZHOO�
VFUXWLQLVHG�� 7KH� :ULWWHQ� 7HVWV� ZHUH� FDUULHG� RXW� LQ� VWDQGDUGLVHG� WHVW�
FLUFXPVWDQFHV�� +RZHYHU�� LQ� WKH� 1HWKHUODQGV� WKHUH� LV� OLWWOH� H[SHULHQFH� ZLWK�
SUDFWLFDO� WHVWV�� 7KXV�� WKH� 3HUIRUPDQFH� $VVHVVPHQWV� LQ� WKH� 0(75,&� VWXG\�
QHHGHG�FORVH�VFUXWLQ\��
�
7KH�HTXLSPHQW�DQG�PDWHULDOV�XVHG�LQ������ZHUH�UH�XVHG�LQ�������WKHUPRPHWHUV��
VWRSZDWFKHV�� UXOHUV�� SODVWLFLQH�� GLVVROXWLRQ� WDEOHWV�� JODVV� FRQWDLQHUV�� HWF��� 7KHUH�
ZHUH�WKUHH�UHSODFHPHQWV�RI�HTXLSPHQW��7KHVH�ZHUH��
��IRU�WKH�WDVN�3ODVWLFLQH�� LQ������D�SODVWLF�EDODQFH�ZDV�XVHG�LQVWHDG�RI�D�SDLU�RI�
PHWDO�VFDOHV��

��IRU�WKH�WDVN�0DJQHWV��LQ������WZR�DOLNH�PDJQHWV�ZLWK�GLIIHUHQW�VWUHQJWKV�ZHUH�
XVHG�LQVWHDG�RI�D�ODUJH�DQG�VWURQJ�PDJQHW�DQG�D�ZHDNHU�DQG�VPDOOHU�PDJQHW��

��IRU�WKH�WDVN�6KDGRZV��LQ������D�WRUFK�ZLWK�D�QDUURZHG�EHDP�ZDV�XVHG�LQVWHDG�
RI�D�WRUFK�ZLWK�D�ZLGHU�EHDP��

�
7KH�DGMXVWPHQWV�ZHUH�DOORZHG�ZLWKLQ�WKH�WROHUDQFH�RI�WKH�7,066�3HUIRUPDQFH�
$VVHVVPHQW� $GPLQLVWUDWLRQ� 0DQXDO� �������� +RZHYHU�� LW� ZDV� SRVVLEOH� WKDW�
VWXGHQWV� JDLQHG� WLPH� E\� KDQGOLQJ� HDVLHU� HTXLSPHQW� �H�J�� LI� WKH� QHZ� EDODQFH�
UHDFKHG� LWV� EDODQFLQJ�SRLQW� IDVWHU��� 6WXGHQWV�ZRXOG� UHPDLQ�ZLWK�PRUH� WLPH� IRU�
DGGLWLRQDO�LWHPV�RU�IRU�UHIOHFWLRQ�RQ�WKH�WDVN��,Q�WKDW�FDVH�WKH�DGDSWDWLRQV�LQ�WKH�
HTXLSPHQW�KDG�FUHDWHG�VLJQLILFDQW�GLIIHUHQFHV�LQ�WHVWLQJ�FRQGLWLRQV��7KHUHIRUH��D�
WHVW�ZDV�QHHGHG�WR�H[SORUH�ZKHWKHU�WKH�DGDSWDWLRQV�LQ�WKH�HTXLSPHQW�KDG�FUHDWHG�
GLIIHUHQFHV�� 7KDW� WHVW� ZLOO� EH� GHVFULEHG� DIWHU� WKH� IROORZLQJ� VHFWLRQ�� XQGHU� WKH�
KHDGLQJ�
D�FRPSDUDELOLW\�WHVW�IRU�3$������DQG�3$�����
��
�
&RPSDUDEOH�FRGLQJV�
7KH� FRGLQJ� RI� IUHH� UHVSRQVH� LWHPV� ERWK� IRU� WKH� :ULWWHQ� 7HVWV� DQG� LQ� WKH�
3HUIRUPDQFH� $VVHVVPHQW� ZDV� FDUULHG� RXW� ZLWK� FDUH�� &RGHUV� ZHUH� WUDLQHG�
H[WHQVLYHO\��7KH\�SUDFWLVHG�LQ�WKH�XVH�RI�WKH�UXEULFV�WKURXJK�H[HPSODU\�PDWHULDO�
IURP� SUHYLRXV� WHVWLQJ� URXQGV�� 'XULQJ� FRGLQJ�� VRPH� SUHYLRXVO\� VFRUHG� SDSHUV�
ZHUH�UHWXUQHG�LQWR�WKH�FROOHFWLRQ��WR�FRQWURO�IRU�WKH�FRGHU
V�DFFXUDF\��'HVSLWH�WKH�
WUDLQLQJ��SRVVLEOH�LQFRPSDUDELOLWLHV�EHWZHHQ�FRGHUV�FRXOG�RFFXU��=X]RYNV\��������
KDV� SRLQWHG� RXW� WKDW� H[SHULHQFH� RI� FRGHUV� ZLWK� FRGLQJ�� VXEMHFW� FRQWHQW� DQG�
SHGDJRJ\�FDQ�KHOS�WKHP�WR�EHWWHU�XQGHUVWDQG�DQG�LQWHUSUHW�VWXGHQWV
�UHVSRQVHV��
'LIIHUHQFHV� LQ� WKH� H[SHULHQFHV� FDQ� OHDG� WR� GLIIHUHQFHV� LQ� FRGLQJ� SDWWHUQV��7KH�
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GLIIHUHQFH�LQ�H[SHULHQFHV�GLG�LQGHHG�RFFXU�LQ�WKH�1HWKHUODQGV�EHWZHHQ�FRGHUV�RI�
3$������ DQG� 3$������� 7KH� 'XWFK� WHDP� RI� FRGHUV� LQ� 3$������ FRQVLVWHG� RI�
WHDFKHU� WUDLQLQJ� VWXGHQWV� LQ� PDWKHPDWLFV� DQG� SK\VLFV� ZLWK� OLWWOH� WHDFKLQJ� DQG�
FRGLQJ�H[SHULHQFH��%\�FRQWUDVW��WKH�VLQJOH�FRGHU�LQ�3$������ZDV�DQ�H[SHULHQFHG�
PDWKHPDWLFV� WHDFKHU�ZKR� KDG� JDLQHG� DGGLWLRQDO� FRGLQJ� WUDLQLQJ� LQ� WKH�7,066�
IRUPDW�WKURXJK�D�FRGLQJ�MRE�IRU�:7�������7R�WHVW�IRU�GLIIHUHQFHV�EHWZHHQ�WKH�
JURXSV� RI� FRGHUV�� D� WHVW� ZDV� QHHGHG�� ,W� FRXOG� KDYH� EHHQ� DQ� RSWLRQ� WR� VHHG� D�
VHOHFWLRQ�RI�SDSHUV�IURP������WKURXJK�WKH�SDSHUV�RI�������+RZHYHU��WKLV�RSWLRQ�
ZDV�HUDGLFDWHG��DV�VWXGHQWV
�ZRUN�RI������KDG�QRW�EHHQ�DUFKLYHG��7KLV�FDOOHG�IRU�D�
WHVW�LQ�ZKLFK�WKH�FRGLQJV�RI������DQG������FRXOG�EH�FRPSDUHG��
�
,Q�FRGLQJ�WKH�UHVSRQVHV�LQ�������D�VSHFLDO�SUREOHP�RFFXUUHG��,Q�WKH�WDVN�5XEEHU�
%DQG�WKH�UXEULFV�IURP�WKH�FRGLQJ�JXLGH�GLG�QRW�FRYHU�D�VWUDWHJ\�WKDW�ZDV�XVHG�E\�
D� FRQVLGHUDEOH� QXPEHU� RI� 'XWFK� VWXGHQWV�� ,Q� WKLV� WDVN� WKH� VWXGHQWV� KDG� WR�
PHDVXUH� DQG� UHFRUG� WKH� VWUHWFKLQJ� RI� WKH� UXEEHU� EDQG�ZLWK� HDFK�ZDVKHU�� 7KH�
UHVXOW� ZRXOG� \LHOG� DQ� LUUHJXODUO\� LQFUHDVLQJ� JUDSK� �JURZLQJ� ZLWK� ���� PP� SHU�
ZDVKHU��ZLWK�GLPLQLVKLQJ�JURZWK��%XW�DSSUR[LPDWHO\�����RI�'XWFK�VWXGHQWV�GLG�
QRW�PHDVXUH�� ,QVWHDG�� WKH\�PDGH�XS�GDWD� WKDW� JUHZ� FRQVLVWHQWO\�ZLWK� H[DFWO\� ��
PP�SHU�ZDVKHU��VHH�7DEOH��������
�
7DEOH������� ([DPSOHV� RI� UHFRUGLQJV� E\� WZR� VWXGHQWV� IRU� WKH� WDVN�5XEEHU� %DQG� IURP�

3$������

1XP E H U��

R I�Z DV K H UV �

/H Q J WK �R I�UX E E H U�E DQG �

DF F R UG LQ J �WR �6WXG H Q W�������

/H Q J WK �R I�UX E E H U�E DQG �

DF F R UG LQ J �WR �6WXG H Q W�����

�� ���FP� �����FP�
�� �����FP� ���FP�
�� ���FP� �����FP�
�� �����FP� �����FP�
�� ���FP� ���FP�
�� �����FP� ���FP�
�� ���FP� �����FP�
�� �����FP� �����FP�
�� ���FP� �����FP�
��� �����FP� �����FP�
�
7KH�JUDSK�IURP�WKH� LQYHQWHG�GDWD�PDGH�D�SHUIHFW�VWUDLJKW� OLQH� �VWXGHQW���������
ZKLOH�VWXGHQWV�ZLWK�UHDOLVWLF�GDWD�KDG�DQ�LUUHJXODU�OLQH��VWXGHQW�������7KHUH�ZDV�QR�
DSSURSULDWH�FRGH�IRU�WKH�VW\OLQJ�VWUDWHJ\��ZKLFK�UHGXFHG�UHDOLVP�IURP�WKH�RQVHW�RI�
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�

WKH�WDVN��7KH�FRGLQJ�UXEULFV�RQO\�FRYHUHG�WKH�QXPEHU�RI�UHFRUGLQJV��DW�OHDVW�ILYH��
DQG�ZKHWKHU�WKHVH�VKRZHG�D�UHDVRQDEOH�WUHQG��LQFUHDVLQJ�OHQJWK�ZLWK�LQFUHDVLQJ�
QXPEHU�RI�ZDVKHUV���7KH�FRGLQJ�JXLGH�GLG�QRW�DQWLFLSDWH�WKDW�WKH�FULWHULD�PLJKW�EH�
PHW�ZLWKRXW�DFWXDO�PHDVXUHPHQWV��7KHUHIRUH��GHSHQGLQJ�RQ�WKH�LQWHUSUHWDWLRQ�RI�
WKH�FRGLQJ�VFKHPH��D�FRGHU�FRXOG�HLWKHU�JLYH�IXOO��SDUWLDO�RU�QR�FUHGLW��
&RQVLGHULQJ� WKH� DERYH�� WKH� FRPSDUDELOLW\� RI� WKH� 3HUIRUPDQFH� $VVHVVPHQWV� LQ�
����� DQG� ����� UHTXLUHG� D� FORVHU� DQDO\VLV�� 7KHUH� ZHUH� SHUFHSWLEOH� GLIIHUHQFHV�
EHWZHHQ� WKH� WZR� PHDVXUHPHQWV� ZLWK� UHVSHFW� WR� DGPLQLVWUDWLRQ� FRQGLWLRQV�
�FKDQJHV� LQ�HTXLSPHQW��DQG�WR�FRGLQJ��FRGHUV�FKDUDFWHULVWLFV��� ,W�ZDV�XQNQRZQ�
ZKHWKHU� WKHVH�ZRXOG�KDYH� LPSOLFDWLRQV�RQ� WKH�TXDOLW\�RI� WKH�GDWD��7KLV�ZLOO�EH�
HODERUDWHG�LQ�WKH�QH[W�SDUDJUDSKV��)RU�WKH�FRPSDUDELOLW\�RI�WKH�:ULWWHQ�7HVWV�RI�
�����DQG�������WKHUH�ZHUH�QR�KHVLWDWLRQV��
�
$�FRPSDUDELOLW\�WHVW�IRU�3$������DQG�3$������
7R�VLHYH�RXW�WKH�WDVNV�ZLWK�D�KLJKHU�FRPSDUDELOLW\��D�WHVW�ZDV�GHYLVHG�LQ�ZKLFK�
WKH�FRGHV�RI�VWXGHQWV
�UHVSRQVHV�ZHUH�FRPSDUHG��,W�ZDV�DOOHJHG�WKDW��LQ�JHQHUDO��
'XWFK� VWXGHQWV
� SHUIRUPDQFHV� ZRXOG� FKDQJH� RQO\� JUDGXDOO\� LQ� WLPH�� ,I� DEUXSW�
GLIIHUHQFHV�LQ�WKH�FRGHV�RFFXUUHG��WKHUH�ZDV�D�ODUJH�SUREDELOLW\�WKDW�WKLV�FRXOG�EH�
DVFULEHG� ���� WR� DOWHUHG� WHVW� FRQGLWLRQV�RU� ���� WR� FRGHUV
�GLVDJUHHPHQW��RU� ���� WR�
ERWK��7KXV�� D� WHVW�ZDV� VRXJKW��ZKLFK� FRPSDUHG� WKH� VWXGHQWV
� DQVZHUV�RI� �����
DQG������DV�UHSUHVHQWHG�E\�WKH�FRGHV��7ZR�H[DPSOHV�VKRXOG�FODULI\�WKLV�LVVXH�RI�
FRPSDUDELOLW\� RI� FRGHV� LQ� WLPH�� 7KH� ILUVW� H[DPSOH� LV� FKRVHQ� IRU� WKH�
FRUUHVSRQGLQJ�SDWWHUQ�RI�FRGHV�RI������DQG�������7KH�VHFRQG�LV�FKRVHQ�IRU�WKH�
FRQWUDVWLQJ�SDWWHUQ�RI�FRGHV�RI������DQG�������
�
,Q�)LJXUH�����WKH�FRUUHFWQHVV�VFRUHV�RI�WKH�HLJKW�LWHPV�DFURVV�WKH�WDVN�$URXQG�WKH�
%HQG�DUH�GHSLFWHG�LQ�D�VWDFNHG�EDU�JUDSK��7KH�FRUUHFWQHVV�VFRUHV�RQ�WKH�LWHPV�ZHUH�
��� ��� ��� RU� ���7KH� EDUV� LQGLFDWH�ZKDW�SHUFHQWDJH�RI� VWXGHQWV� UHFHLYHG� D� FHUWDLQ�
FRUUHFWQHVV�VFRUH��2Q�WKH�OHIW�LV�WKH�JUDSK�RI�WKH������GDWD��DQG�RQ�WKH�ULJKW�LV�WKH�
JUDSK�RI�WKH������GDWD��)RU�H[DPSOH��ZH�FDQ�FRPSDUH�WKH�VFRUHV�RQ�WKH�ILUVW�LWHP��
LWHP����ZKLFK�ZDV�D���SRLQW�LWHP������RI�WKH�VWXGHQWV�LQ�WKH������VDPSOH�VFRUHG�
D�IXOO�FUHGLW�RI���SRLQWV�����VFRUHG�D�SDUWLDO�FUHGLW�RI���SRLQW�DQG�D�VPDOO�PLQRULW\�
VFRUHG�QLO��2Q�WKDW�VDPH�LWHP������RI�WKH�VWXGHQWV�LQ�WKH������VDPSOH�VFRUHG���
SRLQWV�DQG����VFRUHG���SRLQW��7KH�GLVWULEXWLRQV�DUH�QRW�YHU\�GLIIHUHQW�DQG�WKH�
GLIIHUHQFHV�FDQ�EH�DVFULEHG�WR�VWXGHQWV
�DFFRPSOLVKPHQW�DQG�VDPSOH�PDUJLQV��
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)LJXUH������ &RUUHFWQHVV�FRGHV�RQ�WKH�WDVN�$URXQG�WKH�%HQG�IURP�3$������DQG�3$������
�
)URP� WKH� VWDFNHG� EDUV� LQ� )LJXUH� ����� LW� FDQ� EH� REVHUYHG� WKDW� WKH� VFRUH�
GLVWULEXWLRQV� RQ� DOO� LWHPV� ZHUH� YHU\� VLPLODU� ZKHQ� FRPSDULQJ� ����� DQG� ������
,QWXLWLYHO\�� WKH� SDWWHUQ� RI� VKDGHG� DUHDV� LQ� WKH� JUDSKV� VHHP� FRPSDUDEOH�� 7KLV�
FRQWUDVWV�ZLWK�WKH�UHVXOWV�RQ�DQRWKHU�WDVN��WKH�WDVN�5XEEHU�%DQG��7KH�FRUUHFWQHVV�
VFRUHV�DUH�VKRZQ�LQ�D�VWDFNHG�EDU�JUDSK�LQ�)LJXUH������
�
�
�
�
�
�
�
�
�
)LJXUH������ &RUUHFWQHVV�FRGHV�RQ�WKH�WDVN�5XEEHU�%DQG�IURP�3$������DQG�3$������
�
2Q�WKH�VXE�LWHPV���DQG���DSSDUHQW�GLIIHUHQFHV�EHWZHHQ������DQG������RFFXUUHG��
)RU� LWHP� ��� WKH� JUH\� EDU� IRU� VWXGHQWV� LQ� ����� VFRULQJ� �� SRLQWV� VHHPHG� WR�
FRUUHVSRQG�ZLWK�WKH�FRPELQDWLRQ�RI���DQG���SRLQWV�LQ�������6LPLODUO\��IRU�LWHP���
WKH�ODUJH�EODFN�EDU�IRU�VWXGHQWV�LQ������VFRULQJ���SRLQW�VHHPV�WR�FRUUHVSRQG�ZLWK�
WKH� FRPELQDWLRQ� RI� �� DQG� �� SRLQWV� LQ� ������ )RU� WKLV� WDVN�� WKH� VFRUHV� GLIIHUHG�
UHPDUNDEO\�ZLWK�WKH�VFRUHV�LQ������RQ�DYHUDJH�EHLQJ�VLJQLILFDQWO\�KLJKHU��)URP�
WKLV�� LW� ZDV� FRQFOXGHG� WKDW� WKH� FRGHUV� LQ� ����� ZHUH� SUREDEO\� PRUH� OHQLHQW�
WRZDUGV�WKRVH�VWXGHQWV�ZKR�GLG�QRW�PHDVXUH�WKH�OHQJWK�RI�WKH�UXEEHU�EDQG��EXW�
ZKR� KDG� VWLSXODWHG� LWV� JURZWK� WR� EH� VWULFWO\� OLQHDU�� %HFDXVH� RI� WKLV� VFRULQJ�
GLVVLPLODULW\�� LW� ZDV� TXHVWLRQDEOH� ZKHWKHU� WKH� VFRUHV� RQ� WKLV� WDVN� ZHUH� ZHOO�
FRPSDUDEOH�EHWZHHQ������DQG�������
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7R�DQVZHU�WKH�TXHVWLRQ�RQ�WKH�FRPSDUDELOLW\�RI�3$������DQG�3$�������WKH�·��WHVW�
IRU� FRPSDULQJ� WDEOHV� ZDV� FDUULHG� RXW� RQ� WKH� FURVV�WDEXODWLRQ�� ERWK� IRU� WKH�
FRUUHFWQHVV�FRGH��WKH�ILUVW�GLJLW�RI�WKH�FRGH���DQG�IRU�WKH�GLDJQRVWLF�FRGH��WKH�WZR�
GLJLWV�WRJHWKHU���7KURXJK�WKLV�WHVW��ODUJH�GLIIHUHQFHV�LQ�VFRULQJ�SDWWHUQV�ZHUH�VLHYHG�
RXW��,I�V\VWHPDWLF� LQFRQVLVWHQFLHV�RFFXUUHG�EHWZHHQ�WKH�FRGHV�RI������DQG�������
WKH� WHVW� ZRXOG� VKRZ� WKLV�� 7KHRUHWLFDOO\�� WKH� ODUJH� GLIIHUHQFHV� FRXOG� KDYH� EHHQ�
FDXVHG� E\� D� WUHPHQGRXV� FKDQJH� LQ� VWXGHQWV
� DFKLHYHPHQWV�� +RZHYHU�� WKLV�
SUREDELOLW\� ZDV� FRQVLGHUHG� QHJOLJLEOH�� EDVHG� RQ� HYLGHQFH� WKDW� VWXGHQWV
�
DFKLHYHPHQW� RI� DQ\� QDWLRQ� RQO\� FKDQJHV� JUDGXDOO\� �0XOOLV� HW� DO��� ������� ,I� ODUJH�
GLIIHUHQFHV� EHWZHHQ� WKH� FRGHV� RI� ����� DQG� ����� RFFXUUHG�� WKHVH� ZHUH� PRVW�
SUREDEO\�FDXVHG�E\�����GLIIHUHQW�WHVWLQJ�FLUFXPVWDQFHV��RU�����GLIIHUHQFHV�LQ�FRGLQJ��
7KH�UHVXOWV�RI�WKH�·��WHVWV�RI�HDFK�WDVN�DUH�UHFRUGHG�LQ�7DEOH�������7KH�RXWFRPHV�
RQ�WKH�·��WHVW�DUH�LQGLFDWHG�E\�WKHLU�VLJQLILFDQFH��ZKLFK�LV�WKH�SUREDELOLW\�WKDW�WKH�
GDWD� RI� ����� DQG� ����� KDYH� UHDVRQDEO\� FRPSDUDEOH� FRGH� GLVWULEXWLRQV��
3UREDELOLWLHV� S������PHDQ�� WKDW� WKH� FRGHV� RI� ����� DQG� ����� KDYH� FRPSOHWHO\�
GLIIHUHQW�IUHTXHQFLHV��
�
7DEOH������� &RPSDUDELOLW\� WHVW� �·��WHVW�� EHWZHHQ� FRGHV� RI� VWXGHQWV
� DQVZHUV� LQ� 3$�

�����DQG�3$������

�

�

7DVN�

�

�

1XP E H U�R I�LWH P V �

S �·�� �

R Q �F R UUH F WQ H V V �

V F R UH V �

S �·�� �

R Q �G LDJ Q R V WLF �

V F R UH V �

0��'LFH� �� ����� �����
0��&DOFXODWRU� �� ����� �����
0��)ROGLQJ� �� ����� �����
0��$URXQG�WKH�%HQG� �� ����� �����
0��3DFNDJLQJ� �� ����� �����

6��3XOVH� �� ����� �����
6��0DJQHWV� �� ����� �����
6��%DWWHULHV� �� ����� �����
6��5XEEHU�%DQG� �� ����� �����
6��6ROXWLRQV� �� ����� �����

*��6KDGRZV� �� ����� �����
*��3ODVWLFLQH� �� ����� �����

1RWH�  6LJQLILFDQW DW �� OHYHO�

�
7KH�FRPSDULVRQ�RI�WKH�GDWD�RI�WKH�WDVNV�'LFH��&DOFXODWRU��)ROGLQJ��$URXQG�WKH�%HQG��
3DFNDJLQJ�� 3XOVH�� %DWWHULHV�� DQG� 6ROXWLRQV� SDVVHG� WKH� WHVW�� 2Q� WKHVH� WDVNV�� WKH�
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SUREDELOLW\� WKDW� WKH� WZR� WHVWV� 3$������ DQG� 3$������ KDG� \LHOGHG� FRPSDUDEOH�
GDWD��DV�H[SUHVVHG�ERWK�WKURXJK�WKHLU�FRUUHFWQHVV�FRGH�DQG�WKHLU�GLDJQRVWLF�FRGH��
ZDV� VDWLVIDFWRU\� ZLWK� S!� ������ )RXU� WDVNV��0DJQHWV�� 5XEEHU� %DQG�� 6KDGRZV� DQG�
3ODVWLFLQH� VKRZHG� ODFN� RI� FRPSDUDELOLW\�� ZLWK� S������� 7KLV� FRXOG� KDYH� EHHQ�
FDXVHG�E\�WKH�GLIIHUHQFHV�LQ�WHVW�FRQGLWLRQV�RU�LQ�FRGLQJ�GLVFUHSDQFLHV��
7KH�UHVXOWV�IURP�WKH�·��WHVW�FRQILUPHG�WKH�LQWXLWLYH�LGHD�DERXW�WKH�FRPSDUDELOLW\�
RI� GDWD� LQ� ����� DQG� ����� RI� WKH� WDVNV� $URXQG� WKH� %HQG� DQG� 5XEEHU� %DQG� DV�
H[HPSOLILHG�LQ�WKH�)LJXUHV�����DQG������WKH�ILUVW�WDVN�SDVVHG�WKH�WHVW�HDVLO\�DQG�WKH�
RWKHU�GLG�QRW��
�
%DVHG�RQ�WKH�DQDO\VLV�RI�TXDOLW\�RI�GDWD��WKH�IROORZLQJ�FRQFOXVLRQV�ZHUH�GUDZQ��
7KH� LQVWUXPHQWV� IRU� WKH� WZR� WDVNV�0DJQHWV� DQG� 5XEEHU� %DQG� VKRZHG� D� ORZHU�
UHOLDELOLW\�WKDQ�DFFHSWDEOH��7KH�GDWD�RI�WKH�WDVNV�0DJQHWV��5XEEHU�%DQG��6KDGRZV�DQG�
3ODVWLFLQH� VKRZHG� D� ORZHU� FRPSDUDELOLW\� WKDQ� DFFHSWDEOH�� )RUWXQDWHO\�� WKH� ILYH�
WDVNV�ZLWK�D�PDWKHPDWLFDO�HPSKDVLV�ZHUH�QRW�DPRQJ� WKH�GXELRXV�FDVHV�� ,W�ZDV�
WKHUHIRUH� DGYLVHG� WR�HOLPLQDWH� WKH� IRXU� WDVNV�0DJQHWV��5XEEHU�%DQG��6KDGRZV� DQG�
3ODVWLFLQH�IURP�GDWD�DQDO\VLV�IRU�WKH�DWWDLQHG�FXUULFXOXP��7KH�UHPDLQLQJ�WDVNV�ZHUH�
'LFH�� &DOFXODWRU�� )ROGLQJ�� $URXQG� WKH� %HQG�� DQG� 3DFNDJLQJ�� 7KLV� HOLPLQDWLRQ� RQO\�
DSSOLHG� WR� WKH� GDWD� IRU� WKH� DWWDLQHG� FXUULFXOXP�� )RU� WKH� LPSOHPHQWHG� DQG�
LQWHQGHG� FXUULFXOXP�� WKHUH� KDG� QHYHU� EHHQ� TXHVWLRQV� RQ� WKH� FRPSDUDELOLW\�
EHWZHHQ�GDWD� IURP������DQG������������DV� WKH� WHDFKHUV�DQG�H[SHUWV�ZHUH�QRW�
DIIHFWHG�E\�WKH�FKDQJH�LQ�HTXLSPHQW��DQG�WKHLU�GDWD�GLG�QRW�UHTXLUH�FRGLQJ��

������ 5H S R UWLQ J �DQG �F R P S DULQ J �G DWD �

3UHVHQWDWLRQ�RI�GDWD��
,Q� WKH� 0(75,&� VWXG\�� WKH� UHVHDUFK� TXHVWLRQ� ZDV� WR� H[SODLQ� VWXGHQWV
�
DFKLHYHPHQW�LQ�OLJKW�RI�WKH�LQWHQGHG�DQG�LPSOHPHQWHG�FXUULFXOXP��7KHUHIRUH��RQ�
DOO� DYDLODEOH� WHVW� LWHPV��GDWD�RQ�VWXGHQWV
� DFKLHYHPHQW�� WHDFKHUV
� MXGJHPHQW�DQG�
H[SHUWV
�MXGJHPHQW�ZHUH�JDWKHUHG��7R�DQDO\VH�VWXGHQWV
�DFKLHYHPHQW��LWHPV�ZHUH�
JURXSHG�WRJHWKHU��EDVHG�RQ�WKH�MXGJHPHQWV�E\�FXUULFXOXP�H[SHUWV�DQG�WHDFKHUV��
UHVSHFWLYHO\�� )RU� H[DPSOH�� LQ� RUGHU� WR� OLQN� WKH� DWWDLQHG� DQG� WKH� LQWHQGHG�
FXUULFXOXP��WKH�LWHPV�WKDW�PDWFKHG�ZLWK�WKH�'XWFK�LQWHQGHG�FXUULFXOXP�ZHUH�VHW�
DVLGH��7KH�DFKLHYHPHQW�RI�VWXGHQWV�RQ�WKH�LWHPV�ZDV�FDOFXODWHG�DQG�FRPSDUHG�LQ�
WLPH��WR�VHH�ZKHWKHU�VWXGHQWV
�DFKLHYHPHQW�KDG�FKDQJHG�RQ�WKLV�LWHP�VHW��,Q�WKLV�
ZD\��GDWD�DW�WKH�OHYHO�RI�WKH�LQWHQGHG�DQG�DWWDLQHG�FXUULFXOXP�FRXOG�EH�FRPSDUHG��
&RPSDULVRQ�RI�GDWD�IURP�SDLUHG�VDPSOHV��WKH�VDPSOH�RI������DQG�WKH�VDPSOH�RI�
�����������UHTXLUHV�GHVFULSWLYHV��VXFK�DV�DYHUDJHV�DQG�VWDQGDUG�HUURUV��7KH�GDWD�



��� &KDSWHU �

�

DUH� WKHQ� FRPSDUHG�� XVLQJ� 6WXGHQW
V� W�WHVW� IRU� SDLUHG� VDPSOHV��$GGLWLRQDOO\�� WKH�
DQDO\VLV�ZDV� VXSSRUWHG� E\� WKH� FDOFXODWLRQ�RI�3HDUVRQ
V� FRUUHODWLRQ� FRHIILFLHQWV��
LQGLFDWLQJ�ZKHWKHU� WKH�GDWD� VHWV� DW� WKH� OHYHO�RI� WKH� LQWHQGHG�� LPSOHPHQWHG�DQG�
DWWDLQHG� FXUULFXOXP� ZHUH� DOLJQHG�� 7KH� DOSKD� OHYHO� RI� ����� ZDV� XVHG� IRU� DOO�
VWDWLVWLFDO�WHVWV��
�
,Q� WKH�0(75,&�VWXG\�� WKH�GDWD�ZHUH�UHSRUWHG�LQ�WKH�IROORZLQJ�ZD\V��6WXGHQWV
�
DFKLHYHPHQWV� RQ� WKH� WHVW� LWHPV� ZHUH� H[SUHVVHG� LQ� S�YDOXHV� RQ� HDFK� RI� WKH�
PDWKHPDWLFV�LWHPV��7KH�S�YDOXH�LV�WKH�SHUFHQWDJH�RI�VWXGHQWV�LQ�WKH�VDPSOH�ZKR�
FRPSOHWHG� WKH� LWHP� FRUUHFWO\�� $QRWKHU� H[SUHVVLRQ� XVHG� IRU� WKH� S�YDOXH� LV� WKH�

SURSRUWLRQ�FRUUHFW
�RU�WKH�
SHUFHQWDJH�FRUUHFW
��
7R�FRPSDUH�WKH�DFKLHYHPHQWV�RI�VWXGHQWV�RQ�WKH�:ULWWHQ�7HVW�EHWZHHQ������DQG�
������WKH�����FRPSDUDEOH�� �LGHQWLFDO�RU�FORQHG��LWHPV�ZHUH�XVHG��7KHVH�LWHPV�
ZHUH�SHUFHLYHG�DV�WKH�WHVW�RYHUODS�EHWZHHQ�:7������DQG�:7�������7R�FRPSDUH�
WKH� DFKLHYHPHQWV� RI� VWXGHQWV� EHWZHHQ� 3$������ DQG� 3$������� WKH� LWHPV� ZLWK�
UHOLDEOH� DQG� FRPSDUDEOH� UHVXOWV� ZHUH� XVHG�� 7KHVH� LWHPV� ZHUH� IURP� WKH� ILYH�
PDWKHPDWLFV�WDVNV��
7KH� SUHVHQWDWLRQ� RI� VWXGHQWV
� DFKLHYHPHQW� WKURXJK� S�YDOXHV� GLIIHUV� IURP� WKH�
SUDFWLFH�LQ�7,066�VWXGLHV�ZKHUH�VWXGHQWV
�DFKLHYHPHQW�LV�UHSRUWHG�XVLQJ�VFDOLQJ�
PHWKRGV��EDVHG�RQ�,WHP�5HVSRQVH�7KHRU\��,57���7KH�VFDOLQJ�PHWKRGV�PDNH�XVH�
RI�SODXVLEOH�YDOXHV��UHVXOWLQJ�LQ�DQ�HVWLPDWHG�VFRUH�RI�HDFK�LQGLYLGXDO�VWXGHQW�IRU�
WKH�ZKROH�WHVW�DQG�RQ�FRQWHQW�DUHDV��QXPEHUV��PHDVXUHPHQW��DOJHEUD��HWF����HYHQ�
LI�WKH�VWXGHQW�KDV�QRW�UHVSRQGHG�WR�DOO�LWHPV��+RZHYHU��IRU�WKH�0(75,&�VWXG\��
WKHUH�ZDV�QR�QHHG�IRU�WKH�LQGLYLGXDO�VWXGHQW
V�VFRUH�RQ�WKH�ZKROH�RU�SDUW�RI�WKH�
WHVW��:KDW�ZDV�QHHGHG��ZDV�WKH�DFKLHYHPHQW�RI�DOO�VWXGHQWV�WR�ZKRP�D�SDUWLFXODU�
WHVW�LWHP�ZDV�DGPLQLVWHUHG��7KLV�ZDV�EHVW�UHSRUWHG�E\�S�YDOXHV�DQG�WKHLU�VWDQGDUG�
HUURUV��7KH�HVWLPDWLRQ�RI�VWDQGDUG�HUURUV�LV�UHSRUWHG�EHORZ�LQ�D�VHSDUDWH�VHFWLRQ��
�
)RU� WKH� MXGJHPHQW� RQ� WKH� DSSURSULDWHQHVV� RI� WKH� WHVWV� LQ� OLJKW� RI� WKH�
LPSOHPHQWHG�FXUULFXOXP��WKH�WHDFKHUV�KDG�EHHQ�DVNHG�WR�LQGLFDWH�ZLWK�D�
\HV
�RU�D�

QR
�ZKHWKHU�DQ�LWHP�FRXOG�EH�LQFOXGHG�LQWR�DQ�LPDJLQDU\�WHVW��ZKLFK�FRYHUHG�DOO�
FRQWHQW� WDXJKW�� 7KLV� \LHOGHG� DQ� LQGLFDWRU� IRU�27/�� $IWHU� DJJUHJDWLRQ� RYHU� DOO�
WHDFKHUV�� HDFK� LWHP� KDG� DQ� 27/� UDWH� EHLQJ� WKH� SHUFHQWDJH� RI� WHDFKHUV� WKDW�
LQGLFDWHG�D�
\HV
��7KH�UDWHV�ZHUH�SUHVHQWHG�WRJHWKHU�ZLWK�WKHLU�VWDQGDUG�HUURUV��VHH�
EHORZ���)RU�:7����������LWHPV�ZHUH�JLYHQ�DQ�27/�UDWH��EDVHG�RQ�GDWD�IURP����
WHDFKHUV��� )RU�:7������� DOO� ���� LWHPV� LQ� WKH� WHVW� UHFHLYHG� DQ�27/� UDWH� �HDFK�
EDVHG�RQ�RQH�WKLUG�RI�WKH�����WHDFKHUV���)RU�WKH�0(75,&�VWXG\��RQO\�WKH�UDWHV�
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RQ� WKH�����FRPSDUDEOH� LWHPV�ZHUH�FRQVLGHUHG� UHOHYDQW��)RU�3$������DQG�3$�
������WKH�27/�UDWHV�GLIIHUHQWLDWHG�EHWZHHQ�
FRQWHQW�FRYHUHG
�DQG�
LQFOXGH�LQWR�D�
WHVW
��QDPHG��27/�FRYHUHG�DQG�27/�WHVWLQJ���
�
)RU� WKH�PHDVXUHPHQW� RQ�:7������ DQG�:7������ DW� WKH� OHYHO� RI� WKH� LQWHQGHG�
FXUULFXOXP��WKH�H[SHUWV�KDG�EHHQ�DVNHG�WR�LQGLFDWH�ZLWK�D�
\HV
�RU�D�
QR
�ZKHWKHU�
DQ�LWHP�PDWFKHG�ZLWK�WKH�LQWHQGHG�FXUULFXOXP��7KLV�\LHOGHG�DQ�LWHP�FXUULFXOXP�
PDWFKLQJ�LQGH[�RQ�D�\HV�QR�VFDOH�IRU�DOO�LWHPV�LQ�:7������DQG�:7�������
2Q�3$������DQG�3$�������D�GLIIHUHQW�VWUDWHJ\�ZDV�XVHG��:LWK�WKUHH�H[SHUWV�LQ�
�����DQG�ILYH�LQ�������WKH�MXGJHPHQWV�ZHUH�DJJUHJDWHG��7KXV��HDFK�LWHP�UHFHLYHG�
DQ� LWHP�FXUULFXOXP�PDWFKLQJ� LQGH[�� EHLQJ� WKH� SHUFHQWDJH� RI� H[SHUWV� WKDW� KDG�
LQGLFDWHG�
\HV
�WR�WKH�LWHP��)RU�3$�������ZLWK�WKUHH�H[SHUWV��WKH�LQGLFHV�ZRXOG�EH�
������������IRU�UHVSHFWLYHO\���������RU���RXW�RI���H[SHUWV��)RU�3$�������ZLWK�ILYH�
H[SHUWV��WKH�LQGLFHV�ZRXOG�EH�������������������IRU�UHVSHFWLYHO\���������������RU���
RXW� RI� �� H[SHUWV�� ,Q� WKLV� ZD\�� WKH� LWHP�FXUULFXOXP� PDWFKLQJ� LQGLFHV� FRXOG�
GLIIHUHQWLDWH�EHWZHHQ�PRUH�RU�OHVV�PDWFKLQJ�WKH�LQWHQGHG�FXUULFXOXP��GHSHQGLQJ�
RQ�WKH�QXPEHU�RI�H[SHUWV�ZKR�FRQVLGHUHG�WKH�LWHP�ILW��&RQVLGHULQJ�WKH�QXPEHU�
RI�H[SHUWV��WKH�LQGLFHV�ZHUH�QRW�SUHVHQWHG�ZLWK�D�VWDQGDUG�HUURU��
�
(VWLPDWLRQ�RI�VWDQGDUG�HUURUV�
7KH�S�YDOXHV�� WKH�27/�UDWHV�DQG�WKH� LWHP�FXUULFXOXP�PDWFKLQJ� LQGLFHV�DUH�QRW�
SUHFLVH�� 7KHVH� DUH� YDOXHV� WKDW� DSSUR[LPDWH� WKH� WUXH� YDOXHV� RI� WKH� ZKROH�
SRSXODWLRQ��7R�JLYH�DQ� LQGLFDWLRQ�RI� WKH�FRQILGHQFH� LQWHUYDOV�� WKH�S�YDOXHV�DQG�
WKH�27/�UDWHV�DUH�VWDWHG�WRJHWKHU�ZLWK�WKHLU�VWDQGDUG�HUURU��7KH�VWDQGDUG�HUURU�
GHSHQGV� RQ� WKH� VL]H� RI� WKH� VDPSOH�� 7KH� ODUJHU� WKH� VDPSOH�� WKH� VPDOOHU� WKH�
VWDQGDUG�HUURU�DQG�WKH�PRUH�DFFXUDWH�WKH�S�YDOXH��RU�WKH�27/�UDWH���(VWLPDWLRQ�
RI� VWDQGDUG� HUURUV� RI� VWXGHQWV
� DFKLHYHPHQW� �S�YDOXHV�� RQ� HDFK� LWHP� �ZKHWKHU�
:ULWWHQ�7HVW�RU�3HUIRUPDQFH�$VVHVVPHQW��LV�SUHVHQWHG�E\�WKH�IRUPXOD��

N

PP
SE

)1(*2 −
= �

ZKHUH�1�LV�WKH�QXPEHU�RI�VWXGHQWV�WKDW�WRRN�WKH�LWHP��7KH�VDPH�IRUPXOD�DSSOLHV�
WR�WKH�WHDFKHUV
�27/�UDWHV��
+RZHYHU�� IRU�WKH�VWXGHQWV
�DFKLHYHPHQWV�RQ�WKH�:ULWWHQ�7HVW�� WKH�UHVXOW�RI�WKH�
DERYH�IRUPXOD�\LHOGV�DQ�XQGHUHVWLPDWH��,W�GRHV�QRW�WDNH�LQWR�DFFRXQW�WKH�HIIHFWV�
FDXVHG�E\�WKH�WHVW�GHVLJQ��,Q�WKH�:ULWWHQ�7HVWV�RI�WKH�0(75,&�VWXG\��FRPSOHWH�
FODVVHV� ZHUH� WHVWHG�� ZKLOH� WKHVH� WHQG� WR� EH� UHODWLYHO\� KRPRJHQHRXV�� FOXVWHULQJ�
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VWXGHQWV
� DFKLHYHPHQW��7R�REWDLQ� D�KLJKHU�TXDOLW\� LQ� WKH� VDPSOH�� LW� LV� JHQHUDOO\�
DGYLVHG� WR� WHVW� D� UDQGRP� VDPSOH� RI� VWXGHQWV� IURP� D� VFKRRO� �VHOHFWHG� IURP� DOO�
JUDGH���FODVVHV��DQG�QRW�FRPSOHWH�FODVVHV��)RU�UHVHDUFK�SXUSRVHV��LW�LV�VXIILFLHQW�WR�
VHOHFW�UDQGRPO\�MXVW�D�VPDOO�QXPEHU�RI�VWXGHQWV�IURP�HDFK�FODVV��EXW�IRU�SUDFWLFDO�
SXUSRVHV�� LW� LV� RIWHQ� HDVLHU� WR� WHVW� FRPSOHWH� FODVVHV� �*RQ]DOH]� 	� )R\�� ������
6QLMGHUV�	�%RVNHU���������
7KH�HIIHFW�RI�WKH�WHVW�GHVLJQ�IRU�FOXVWHUHG�VWXGHQWV�LV�H[SUHVVHG�DV�D�FRHIILFLHQW�
IRU�WKH�'HVLJQ�(IIHFW��'(II���7KH�FRHIILFLHQW�'(II�LV�HVWLPDWHG�IURP�WKH�LQWUD�
FODVV�FRUUHODWLRQ�FRHIILFLHQW�±��ZKLFK�LQGLFDWHV�WKH�UHODWLRQ�EHWZHHQ�WKH�LQWHUFODVV�
YDULDQFH�DQG�WKH�EHWZHHQ�FODVV�YDULDQFH��6QLMGHUV�	�%RVNHU���������*RQ]DOH]�DQG�
)R\��������HVWLPDWH�WKH�GHVLJQ�HIIHFW�'(II�E\�FRPSDULQJ�UHVXOWV�IURP�WKH�MDFN�
NQLILQJ� UHSHDWHG� UHSOLFDWLRQ� �-55��PHWKRG�ZLWK� UHVXOWV� IURP� D� VLPSOH� UDQGRP�
VDPSOLQJ�GHVLJQ��656��WKURXJK�WKH�IROORZLQJ�IRUPXOD��

srs

jrr

Var

Var
DEff = �

,Q� WKLV�ZD\��*RQ]DOH]�DQG�)R\� ������� IRXQG�'(II ������ IRU� WKH�PDWKHPDWLFV�
VFRUHV� RQ�:7������ LQ� JUDGH� �� LQ� WKH� 1HWKHUODQGV��:LWK� WKLV� FRHIILFLHQW�� WKH�
VDPSOH�VL]H�FDQ�EH�DGDSWHG�WR�DQ�HIIHFWLYH�VDPSOH�VL]H��(II1��ZLWK�WKH�IROORZLQJ�
IRUPXOD���*RQ]DOH]�	�)R\��������6QLMGHUV�	�%RVNHU���������

DEff

N
EffN = �

,W�PHDQV� WKDW� WKH�HIIHFWLYH�VDPSOH�VL]H� LV�VPDOOHU� WKDQ�WKH�RULJLQDO�VDPSOH�VL]H��
EHFDXVH� RI� WKH� KRPRJHQHLW\� RI� FODVVHV�� ,Q� IDFW�� WKH� VWXGHQWV� DUH� JLYHQ� D� ORZHU�
ZHLJKW�EHFDXVH�RI�WKHLU�FOXVWHUHG�DFKLHYHPHQWV��:LWK�IRU�H[DPSOH�'(II� �����LW�
PHDQV�WKDW�IURP�D�FODVV�RI����VWXGHQWV��RQO\�WKUHH�UDQGRPO\�VHOHFWHG�VWXGHQWV�DUH�
HIIHFWLYHO\�QHHGHG�IRU�DFFXUDWH�WHVW�UHVXOWV��$OVR��EDVHG�RQ�'(II��WKH�IRUPXOD�IRU�
FDOFXODWLRQ�RI�WKH�VWDQGDUG�HUURU�LV�DGMXVWHG�DV�IROORZV��

N

DEffPP

EffN

PP
PVARSE effeff

*)1(*)1(*
)(2 −
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== ��

%DVHG�RQ�WKLV�IRUPXOD��WKH�VWDQGDUG�HUURU�LQFUHDVHV�ZLWK�IDFWRU�¥'(II�IRU�LWHPV�
WKDW�ZHUH�WDNHQ�E\�DOO�VWXGHQWV�IURP�D�FODVV�RI�VL]H�1��
�
:LWKLQ�WKH�0(75,&�VWXG\��WKH�GHVLJQ�HIIHFW�LV�QRW�HTXDO�IRU�DOO�LWHPV��0DQ\�LWHPV�
ZHUH�RQO\�WDNHQ�E\�D�IHZ�VWXGHQWV�IURP�D�FODVV��DQG�QRW�E\�WKH�FRPSOHWH�FODVV��)RU�
H[DPSOH��LQ�WKH�3HUIRUPDQFH�$VVHVVPHQW��QLQH�VWXGHQWV�ZHUH�VHOHFWHG�WR�EH�WHVWHG��
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DQG� WKHQ� HDFK� WDVN� ZDV� WDNHQ� E\� RQO\� WKUHH� RI� WKHP�� 7KLV� FUHDWHG� D� UDQGRP�
VHOHFWLRQ�RI�WKUHH�VWXGHQWV�IURP�HDFK�FODVV��6LPLODUO\��LWHPV�LQ�PDQ\�FOXVWHUV�RI�WKH�
:ULWWHQ�7HVW�DSSHDUHG�RQO\�LQ�RQH�RI�WKH�HLJKW�WHVW�ERRNOHWV��7KXV��WKH�GLVWULEXWLRQ�
RI�ERRNOHWV�FUHDWHG�D�UDQGRP�VHOHFWLRQ�RI�������VWXGHQWV�IURP�HDFK�FODVV��RQH�RXW�
RI�HLJKW��ZLWK�DYHUDJH�FODVV�VL]H�RI������7KHUHIRUH��WKH�IDFWRU�'(II�XVHG�WR�HVWLPDWH�
WKH�VWDQGDUG�HUURUV�LQ�WKH�0(75,&�VWXG\�ZHUH�PDGH�WR�GLIIHU�SHU�LWHP�FDWHJRU\��
7KH� LWHPV� LQ� WKH� 3HUIRUPDQFH� $VVHVVPHQW� DUH� SHUFHLYHG� DV� QRW� UHTXLULQJ�
DGMXVWPHQW��'(II ����7KH�LWHPV�LQ�WKH�:ULWWHQ�7HVW�ZHUH�DOORFDWHG�D�GHVLJQ�HIIHFW�
IDFWRU�'(II��GHSHQGLQJ�RQ�WKH�QXPEHU�RI�ERRNOHWV�LQ�ZKLFK�DQ�LWHP�DSSHDUHG��,I�
DQ� LWHP� DSSHDUHG� RQO\� LQ� RQH� RXW� RI� WKH� HLJKW� ERRNOHWV�� WKH� GHVLJQ� HIIHFW� ZDV�
VPDOOHU�WKDQ�LI�DQ�LWHP�DSSHDUHG�LQ�DOO�WHVW�ERRNOHWV��7KH�VFKHPH�IRU�LQWHUSRODWLRQ�
RI�'(II� LV� JLYHQ� LQ� 7DEOH� ������ ,W� LV� EDVHG� RQ� WKH� UHODWLRQ�'(II�  � ���±�E�����
ZKHUHE\�±�LV�WKH�LQWUD�FODVV�FRUUHODWLRQ�DQG�E�LV�WKH�QXPEHU�RI�VWXGHQWV�LQ�D�FODVV�
ZKR�FRPSOHWHG�WKH�VDPH�WHVW�ERRNOHWV��:LWK�WKH�FRHIILFLHQWV�'(II��WKH�VWDQGDUG�
HUURUV�RI�S�YDOXHV�RQ�LWHPV�ZHUH�HVWLPDWHG��
�
7DEOH������� ,QWHUSRODWLRQ� RI� WKH� GHVLJQ� HIIHFW� IDFWRU� '(II� IRU� LWHPV� LQ� WKH�

DFKLHYHPHQW�WHVWV�LQ�WKH�0(75,&�VWXG\�

,WH P �F DWH J R U\ � :7��� :7��� :7��� :7��� :7��� 3$�

'(II� ��� ���� ���� ���� ���� ��

1RWH� :7��  LWHPV DSSHDULQJ LQ HLJKW WHVW ERRNOHWV RI :7� :7��  LWHPV DSSHDULQJ LQ IRXU

WHVW ERRNOHWV RI :7� HWF�

�
7KH�SUHYLRXV�VHFWLRQ�GHVFULEHG�WKH�HVWLPDWLRQ�RI�VWDQGDUG�HUURUV�IRU�VLQJOH�LWHPV��
:KHQ�JURXSLQJ� WKH� LWHPV�� WKH�S�YDOXHV�DQG�WKH�27/�UDWHV�ZHUH�DYHUDJHG��7KH�

DVVRFLDWHG�VWDQGDUG�HUURU�RI�WKH�DYHUDJHG�S�YDOXH� p̂ �ZDV�HVWLPDWHG�E\�WKH�SRROHG�
VWDQGDUG�HUURU��ZKLFK�LV�HVWLPDWHG�DV�IROORZV��

∑= 212
ˆ inp SESE �

�
&RPSDULQJ�GDWD�
,Q� WKH�0(75,&� VWXG\�� LW�ZDV� H[SORUHG�ZKHWKHU� VWXGHQWV� LPSURYHG�RQ� FHUWDLQ�
LWHPV�� 7KHUHIRUH�� WKH� RFFXUUHQFH� RI� VLJQLILFDQW� GLIIHUHQFHV� RI� PHDQV� ZDV�
FDOFXODWHG�DV�IROORZV��7R�WHVW�WKH�GLIIHUHQFH�EHWZHHQ�WZR�S�YDOXHV�S��DQG�S��RQ�DQ�
LWHP��ZH�PDGH�XVH�RI�WKH�VWDQGDUG�HUURUV�6(���6(��DQG�WKH�IROORZLQJ�IRUPXOD�IRU�
WKH�VWDQGDUG�HUURU�EHWZHHQ�WZR�PHDQV��*RQ]DOH]�	�)R\��������)UHXQG���������

2
2

2
1

2 SESESEdiff += �
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:LWK� WZR� PHDVXUHPHQWV� LQ� GLIIHUHQW� \HDUV� ������ DQG� ������������ WKH� WZR�
VDPSOHV�ZHUH�FRQVLGHUHG�LQGHSHQGHQW��7KH�GLIIHUHQFH�LQ�VFRUHV�ZDV�WKHQ�WHVWHG�
WKURXJK�D�WZR�WDLOHG�W�WHVW��DW�����DQG�DW�����FRQILGHQFH�LQWHUYDOV��$V�VXSSRUW�
LQ� WKH� WHVWLQJ�� LQ�$SSHQGL[�(� WZR�PDWULFHV� DUH� JLYHQ�� ,Q� WKHVH�� WKH� VLJQLILFDQW�
GLIIHUHQFH�EHWZHHQ�WZR�S�YDOXHV�FDQ�EH�IRXQG�LQ�WKH�IROORZLQJ�ZD\��
)LUVW�� WKH� S�YDOXH� RI� WKH� RQH� VDPSOH� LV� ORRNHG� XS�KRUL]RQWDOO\�� 6HFRQG�� WKH�S�
YDOXH�RI� WKH�RWKHU� VDPSOH� LV� ORRNHG�XS�YHUWLFDOO\��%\�FURVVLQJ� WKH� URZ�DQG� WKH�
FROXPQ�� D� FURVV� SRLQW� LV� IRXQG�� 7KDW� FURVV� SRLQW� ZLOO� LQGLFDWH� LI� WKHUH� LV� D�
VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�WKH�S�YDOXHV��,I�LW�OLHV�LQ�WKH�VKDGHG�DUHDV��WKHUH�LV�
QR�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�WKH�WZR�S�YDOXHV��7KH�FRPSDULVRQ�RI�S�YDOXHV�
FDQ�ERWK�EH�DSSOLHG�WR�WKH�:ULWWHQ�7HVWV�DQG�WKH�3HUIRUPDQFH�$VVHVVPHQW��
�
7R� FRPSDUH� GDWD� EHWZHHQ� WKH� LQWHQGHG�� LPSOHPHQWHG� DQG� DWWDLQHG� FXUULFXOD��
FRUUHODWLRQ� FRHIILFLHQWV� ZHUH� FDOFXODWHG�� 7KHVH�ZLOO� EH� SUHVHQWHG� WRJHWKHU�ZLWK�
WKHLU�VLJQLILFDQFH�OHYHOV��
�
,Q�WKH�QH[W�FKDSWHU��FKDSWHU����WUHQGV�LQ�WKH�UHVXOWLQJ�GDWDEDVH�RI�WKH�0(75,&�
VWXG\�ZLOO�EH�GHVFULEHG�WKURXJK�GHVFULSWLYH�VWDWLVWLFV��7KHUH�ZHUH���PHDVXUHPHQWV�
LQ� ����� �WZR� WHVWV�� WKUHH� FXUULFXODU� DSSHDUDQFHV��� ZKLFK� ZHUH� UHSHDWHG� LQ�
����������� 7KH� GDWD� RI� WKH� WZHOYH�PHDVXUHPHQWV� ZLOO� EH� XVHG� WR� DQVZHU� WKH�
UHVHDUFK�TXHVWLRQV�LQ�WKH�HQVXLQJ�FKDSWHU����
�
�
�
�
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7KLV�FKDSWHU�GHVFULEHV�WKH�GDWD�JDWKHUHG�LQ�WKH�0(75,&��7KH�GDWD�ZHUH�FROOHFWHG�

WKURXJK�VL[�PHDVXUHPHQWV� LQ�������ZKLFK�ZHUH�UHSHDWHG�LQ������������,Q�WKH�

ILUVW�VHFWLRQ��VHFWLRQ������WUHQGV�LQ�WKH�UHVXOWV�DW�WKH�OHYHO�RI�WKH�LQWHQGHG�FXUULFXOXP�

DUH�SUHVHQWHG��,Q�VHFWLRQ������WUHQGV�LQ�WKH�UHVXOWV�DW�WKH�OHYHO�RI�WKH�LPSOHPHQWHG�

FXUULFXOXP�DUH�SUHVHQWHG��)LQDOO\�� LQ� VHFWLRQ������ WUHQG�UHVXOWV�DW� WKH� OHYHO�RI� WKH�

DWWDLQHG� FXUULFXOXP�DUH� SUHVHQWHG��7KHVH� GDWD� DUH� QHHGHG� WR� DQVZHU� WKH� UHVHDUFK�

TXHVWLRQV�LQ�FKDSWHU����

���� ,1752'8&7,21�

7KH� UHVHDUFK� UHVXOWV� RI� WKH�0(75,&� VWXG\� DUH�EDVHG�RQ� IRXU� VXE�VWXGLHV�� WKH�

LQWHUQDWLRQDO�7,066�:ULWWHQ�7HVW�RI������DQG�LWV�UHSHDW�LQ�������:7������DQG�

:7�������DQG�WKH�LQWHUQDWLRQDO�7,066�3HUIRUPDQFH�$VVHVVPHQW�RI������DQG�LWV�

UHSHDW� LQ� ����� �3$������ DQG�3$��������7KH�GDWD�ZHUH� FROOHFWHG� IRU� WKH� WKUHH�

IROORZLQJ� FXUULFXODU� DSSHDUDQFHV�� WKH� LQWHQGHG� FXUULFXOXP�� WKH� LPSOHPHQWHG�

FXUULFXOXP�� DQG� WKH� DWWDLQHG� FXUULFXOXP�� 7KHUHIRUH�� WKHUH� ZHUH� WZHOYH�

PHDVXUHPHQWV��7KH�FDWHJRULHV�RI�WKH�GDWD�FROOHFWLRQ�DUH�LOOXVWUDWHG�LQ�)LJXUH������
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)LJXUH������ 'DWD�FROOHFWLRQ�FDWHJRULHV�LQ�WKH�0(75,&�VWXG\�

�

$V�H[SODLQHG�LQ�WKH�SUHYLRXV�FKDSWHU��HYHU\�HIIRUW�ZDV�PDGH�WR�FUHDWH�YDOLG�WUHQG�

FRPSDULVRQV� E\� UHSHDWLQJ� WKH� VXE�VWXGLHV� RI� ����� DOPRVW� LGHQWLFDOO\� LQ�

�����������)RU�:7������DQG�:7�������GDWD�ZHUH�FROOHFWHG�RQ�����WHVW�LWHPV��

ZKLFK� ZHUH� VXEPLWWHG� WR� FXUULFXOXP� H[SHUWV�� WHDFKHUV� DQG� VWXGHQWV�� )RU� RQH�

FDWHJRU\��WKH�GDWD�VHW�IURP�:7������DW�WKH�OHYHO�RI�WKH�LPSOHPHQWHG�FXUULFXOXP�

ZDV� OLPLWHG� WR���� LWHPV��7KLV� FRXOG�QRW�EH�FRPSOHPHQWHG�DQ\PRUH�ZLWKLQ� WKH�

0(75,&�VWXG\��

)RU�3$������DQG�3$�������GDWD�FROOHFWLRQ�ZDV�VXFFHVVIXO�IRU�DOO�VL[�FDWHJRULHV��

XVLQJ�WKH�VHYHQ�WDVNV�'LFH��&DOFXODWRU��)ROGLQJ��$URXQG�WKH�%HQG��3DFNDJLQJ��6KDGRZV�

DQG�3ODVWLFLQH��DOWKRXJK�WKH�PHDVXUHPHQW�DW�WKH�OHYHO�RI�WKH�DWWDLQHG�FXUULFXOXP�RI�

�����DQG������ZDV�OLPLWHG�WR�WKH�ILUVW�ILYH�PDWKHPDWLFDO�WDVNV��

,Q�WKH�IROORZLQJ�VHFWLRQV��WKLV�GDWDEDVH�ZLOO�EH�SUHVHQWHG�LQ�WKH�VHTXHQFH��LQWHQGHG�

FXUULFXOXP��LPSOHPHQWHG�FXUULFXOXP��DWWDLQHG�FXUULFXOXP��7KH�GDWD�FROOHFWHG�IURP�

HDFK�RI� WKH� FXUULFXOXP�DSSHDUDQFHV�ZLOO� EH� VHSDUDWHO\�SUHVHQWHG� IRU� WKH�:ULWWHQ�

7HVW�DQG�WKH�3HUIRUPDQFH�$VVHVVPHQW��7KXV��WUHQGV�ZLOO�EH�UHYHDOHG��%DVHG�RQ�WKH�

WUHQGV��WKH�UHVHDUFK�TXHVWLRQV�ZLOO�EH�DQVZHUHG�LQ�&KDSWHU����

�

�
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,Q�WKH�IROORZLQJ�WZR�VHFWLRQV�� WKH�DSSURSULDWHQHVV�RI� WKH�:ULWWHQ�7HVW�DQG�WKH�

3HUIRUPDQFH�$VVHVVPHQW�ZLOO�EH�SUHVHQWHG�LQ�OLJKW�RI�WKH�LQWHQGHG�PDWKHPDWLFV�

FXUULFXOXP�� )LUVW�� UHVXOWV� IURP� WKH� :ULWWHQ� 7HVWV� LQ� ����� DQG� ����� ZLOO� EH�

SUHVHQWHG�� ,Q� VHFWLRQ� ������� UHVXOWV� IURP� WKH� 3HUIRUPDQFH� $VVHVVPHQW� ZLOO� EH�

SUHVHQWHG���

7R�RSHUDWLRQDOLVH�WKH�LQWHQGHG�FXUULFXOXP��WKUHH�PDWKHPDWLFV�FXUULFXOXP�H[SHUWV�

MXGJHG�WKH�DSSURSULDWHQHVV�RI�WKH�WHVW�LWHPV�LQ�WKH�:ULWWHQ�7HVW��7ZR�RXW�RI�WKH�

WKUHH�H[SHUWV�RI������ZHUH�UH�FRQVXOWHG�LQ�������)RU�HDFK�LWHP��WKH�H[SHUWV�ZHUH�

DVNHG�WR�LQGLFDWH�ZKHWKHU�LW�PDWFKHG�ZLWK�WKH�LQWHQGHG�FXUULFXOXP�DV�IRUPXODWHG�

LQ� WKH�FRUH�REMHFWLYHV� IRU� MXQLRU� VHFRQGDU\� VFKRRO� �.HUQGRHOHQ�%DVLVYRUPLQJ���7KH�

H[SHUWV
� MXGJHPHQW� ZDV� ELQDU\�� HLWKHU� DQ� LWHP� PDWFKHG� RU� GLG� QRW� PDWFK��

7KHUHIRUH�� WKH� H[SHUWV� KDG� WR� UHDFK� FRQVHQVXV�� LI� WKH\� GLVDJUHHG� RQ� WKHLU�

MXGJHPHQW�� LW� ZDV� QHJRWLDWHG� �E\� SKRQH�� WLOO� DQ� DJUHHPHQW� ZDV� UHDFKHG�� 7KH�

MXGJHPHQW� RI� HDFK� LWHP� \LHOGHG� DQ� LWHP�FXUULFXOXP� PDWFKLQJ� LQGH[�� ZKLFK� ZDV�

H[SUHVVHG�RQ�D�QRPLQDO�\HV�QR�VFDOH�IRU�WKH�:ULWWHQ�7HVW��)RU�WKH�FRPSOHWH�WHVW��

WKH�GDWD�\LHOGHG�D�WHVW�FXUULFXOXP�PDWFKLQJ�LQGH[��VHH�)LJXUH�������

�

,W�ZDV�H[SHFWHG�WKDW�D�GLIIHUHQFH�EHWZHHQ������DQG������LQ�WKH� MXGJHPHQWV�RI�

WKH� DSSURSULDWHQHVV� RI� WKH� WHVW� ZRXOG� RFFXU�� DV� WKH� FRUH� REMHFWLYHV� KDG� EHHQ�

UHYLHZHG� LQ�������)RU� H[DPSOH�� WKH�3\WKDJRUHDQ� WKHRUHP�DQG� WKH�FRQFHSWV�RI�

SUREDELOLW\��LQWHU��DQG�H[WUDSRODWLRQ�DQG�FRQJUXHQFH�KDG�EHHQ�VNLSSHG�IURP�WKH�

SURJUDP��7KH�XVH�RI�FRPSXWHUV��FDOFXODWRUV�DQG�WKH�XVHIXOQHVV�RI�PDWKHPDWLFV�

ZHUH�IXUWKHU�VWUHVVHG��

�

7KH� UHVXOWV� RI� WKH� MXGJHPHQW� RQ� WKH� DSSURSULDWHQHVV� RI� WKH� ���� LWHPV� LQ� WKH�

7,066� :ULWWHQ� 7HVW� LQ� OLJKW� RI� WKH� LQWHQGHG� FXUULFXOXP� DUH� SUHVHQWHG� LQ�

$SSHQGL[� )�� ,Q� ������ ��� RXW� RI� ���� LWHPV� ������PDWFKHG�ZLWK� WKH� LQWHQGHG�

PDWKHPDWLFV�FXUULFXOXP��,Q�����������RXW�RI�����LWHPV�������PDWFKHG�ZLWK�WKH�

LQWHQGHG� PDWKHPDWLFV� FXUULFXOXP�� 7KH� WZR� SHUFHQWDJHV� DUH� YHU\� VLPLODU��
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+RZHYHU��WKHUH�LV�D�GLVFUHSDQF\�EHWZHHQ�WKH�WZR�UHVXOWV��DV�WKH\�GR�QRW�SRLQW�DW�

WKH� VDPH� LWHPV�� 7KH� WZR� LWHPV� VHWV� FRQVLGHUHG� DSSURSULDWH� LQ� ����� DQG� �����

ZHUH�QRW�WKH�VDPH��

7KH� GLIIHUHQFH� LQ� WKH� MXGJHPHQW� FDQ� EH� H[SUHVVHG� WKURXJK� WKH� FRUUHODWLRQ�

FRHIILFLHQW�� FDOFXODWHG� IURP� WKH� LWHP�FXUULFXOXP�PDWFKLQJ� LQGLFHV� RI� ����� DQG�

������7KH�FRUUHODWLRQ�EHWZHHQ�WKH�H[SHUWV
�MXGJHPHQWV�RI������DQG������LV�QRW�

PHDQLQJIXO��%HFDXVH�RI� WKH�ELQDU\�GDWD�� WKH�FRUUHODWLRQ�ZDV�FDOFXODWHG� WKURXJK�

SDUDPHWHU�IUHH�PHWKRGV��%RWK�.HQGDOO
V�WDX�DQG�6SHDUPDQ
V�UKR�PHWKRGV�\LHOGHG�

U ������Q �����S �������

)LJXUH������3DUWLWLRQLQJ�RI�WKH�:ULWWHQ�7HVW�E\�WKH�PDWFK�ZLWK�WKH�LQWHQGHG�FXUULFXOXP�

LQ������DQG������

�

7KH�LWHP�FXUULFXOXP�PDWFKLQJ�LQGLFHV�RI������DQG������GLIIHU�RQ�DSSUR[LPDWHO\�

RQH� WKLUG� RI� WKH� LWHPV��7KH� FRPSOHWH� WHVW� FDQ�EH�SDUWLWLRQHG� DFFRUGLQJ� WR� WKH�

MXGJHPHQWV�RI������DQG�������7KLV�LV�LOOXVWUDWHG�LQ�)LJXUH������7KH�IXOO�VHW�RI�����

LWHPV� LV� LQGLFDWHG� DV� D� UHFWDQJOH�� 7KHUH� DUH� WZR� GLIIHUHQW� WHVW�FXUULFXOXP�

PDWFKLQJV��RQH�EDVHG�RQ�WKH�LQWHQGHG�FXUULFXOXP�LQ������DQG�DQRWKHU�EDVHG�RQ�

WKH� LQWHQGHG� FXUULFXOXP� LQ� ������ 7KH� ILJXUH� DOVR� LOOXVWUDWHV� WKDW� WKH� FXUULFXOD�

FRYHU�DUHDV��ZKLFK�DUH�QRW�LQFOXGHG�E\�WKH�WHVW���

:KHQ� ORRNLQJ� DW� WKH� WHVW�� WKHUH� LV� D� VXEVHW� RI� LWHPV��ZKLFK� LV� FRYHUHG� E\� WKH�

LQWHQGHG�FXUULFXOXP�DFFRUGLQJ�WR�WKH�MXGJHPHQW�E\�WKH�H[SHUWV�LQ�������SDUWV�$�

DQG�%���7KLV�VXEVHW�RI�WKH�WHVW�GLIIHUV�IURP�WKH�VXEVHW��ZKLFK�LV�FRYHUHG�E\�WKH�

LQWHQGHG�FXUULFXOXP�RI�������SDUWV�$�DQG�&���7KXV��WKH�PDWFKLQJ�RI�WKH�IXOO�WHVW�

ZLWK�WZR�GLIIHUHQW�LQWHQGHG�FXUULFXOD�\LHOGV�D�SDUWLWLRQLQJ�LQWR�IRXU�SDUWV��SDUWV�$��

%��&�DQG�'����

�

2XW�RI� WKH�FRPSOHWH� WHVW�RI����� LWHPV����� LWHPV�ZHUH�FRQVLGHUHG�WR�PDWFK�WKH�

LQWHQGHG�FXUULFXOXP�RI�ERWK������DQG�������SDUW�$��������7KHUH�ZHUH����LWHPV�



7UHQG UHVXOWV ���

WKDW�PDWFKHG� WKH� LQWHQGHG� FXUULFXOXP� LQ� �����EXW� QRW� LQ� ����� �SDUW�%�� ������

7KHUH�ZHUH����LWHPV�WKDW�GLG�QRW�PDWFK�WKH�LQWHQGHG�FXUULFXOXP�RI�������SDUW�&��

������7KH�UHPDLQLQJ����LWHPV�QHLWKHU�PDWFKHG�ZLWK�WKH�LQWHQGHG�FXUULFXOXP�RI�

�����QRU�ZLWK�WKDW�RI�������SDUW�'��������7DEOH�����OLVWV�WKH�IRXU�FDWHJRULHV��

�

7KLV�DQDO\VLV�RI�GDWD�DW�LWHP�OHYHO�VKRZV�WKDW�VOLJKWO\�PRUH�WKDQ�KDOI�RI�WKH�WHVW�

PDWFKHG�ZLWK�WKH�LQWHQGHG�FXUULFXOXP�RI�ERWK������DQG�������7RJHWKHU�ZLWK�WKH�

SDUW�RI�LWHPV�WKDW�DUH�FRYHUHG�QHLWKHU�LQ������QRU�LQ�������WKHUH�LV�DQ�DJUHHPHQW�

EHWZHHQ������DQG������RQ�WZR�WKLUGV�RI�WKH�LWHPV��SDUW�$�DQG�'������������

2Q� RQH� WKLUG� RI� WKH� LWHPV� �SDUW� %� DQG� &�� ���������� WKH� MXGJHPHQW� E\� WKH�

FXUULFXOXP�H[SHUWV�FKDQJHG�EHWZHHQ������DQG�������HLWKHU�IURP�
\HV
�WR�
QR
�RU�

WKH�RWKHU�ZD\�DURXQG���

�

�

7DEOH������ 3HUFHQWDJHV�RI�WHVW� LWHPV�PDWFKLQJ�ZLWK�WKH�

LQWHQGHG� FXUULFXOXP� LQ�:7������ DQG�:7�

�����

3DUW�

�����

P DWF K LQ J �

LQ WH QG H G �F X UU��

�����

P DWF K LQ J �

LQ WH QG H G �F X UU�� ��LWH P V �

��R I�LWH P V �

�Q �����

$� <HV� <HV� ��� ���

%� <HV� 1R� ��� ���

&� 1R� <HV� ��� ���

'� 1R� 1R� ��� ���

�

3DUW�$�FRQWDLQV�PDQ\�LWHPV��RI�ZKLFK�WKH�FRQWHQW�KDV�EHHQ�FRYHUHG�DW�SULPDU\�

VFKRRO�OHYHO��VXFK�DV�DSSO\LQJ�EDVLF�DULWKPHWLF�DOJRULWKPV��ZRUNLQJ�ZLWK�IUDFWLRQV�

DQG� GHFLPDO�QXPEHUV�� UHDVRQLQJ�ZLWK�SURSRUWLRQV��PHDVXULQJ�� FDOFXODWLQJ� DUHD��

DQG�LQWHUSUHWLQJ�GLDJUDPV�DQG�JUDSKV��%\�FRQWUDVW��SDUW�'�FRQWDLQV�DOJHEUD�LWHPV�

RQ�PDQLSXODWLQJ�
EDUH
�IRUPXOD��H�J��LWHPV�.����4���DQG�5���5���LQ�$SSHQGL[�

'��DQG�D�IHZ�LWHPV�RQ�FDOFXODWLQJ�SUREDELOLWLHV��

%RV�DQG�9RV��������ORRNHG�DW�WKH�FKDUDFWHULVWLFV�RI�LWHPV�LQ�WKH�VHWV�%��PDWFKLQJ�

WKH�LQWHQGHG�FXUULFXOXP�DV�PHDVXUHG�LQ������EXW�QRW�LQ�������DQG�&��PDWFKLQJ�

WKH�LQWHQGHG�FXUULFXOXP�DV�PHDVXUHG�LQ������EXW�QRW�LQ��������

�

�
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&KDUDFWHULVWLFV�RI�VHW�%��LQ�FRPSDULVRQ�WR�VHW�&��
■ 6HW� %� FRQWDLQHG�PRUH� LWHPV� RQ� IUDFWLRQV� DQG� QXPEHU� VHQVH�� ,Q� ������ WKH�

H[SHUWV�SUREDEO\�VWLOO�UHOLHG�RQ�KLJKHU�VNLOOV�LQ�PHQWDO�DULWKPHWLF��,Q�������WKH�

H[SHUWV� LQGLFDWHG� WKDW� WKH\� KDG� SUHIHUUHG� WKH� XVH� RI� FDOFXODWRUV� IRU� WKHVH�

LWHPV��:LWK�FDOFXODWRUV�EHLQJ�SURKLELWHG�GXULQJ�DGPLQLVWUDWLRQ�RI�WKH�:ULWWHQ�

7HVW�� WKH� H[SHUWV� MXGJHG� WKHVH� LWHPV� DV� QRW� PDWFKLQJ� ZLWK� WKH� LQWHQGHG�

FXUULFXOXP���
■ 6HW�%� FRQWDLQHG�PRUH� LWHPV� RQ� WZR�GLPHQVLRQDO� JHRPHWU\�� 7KLV� WRSLF�ZDV�

LQFOXGHG� LQWR� WKH� FRUH� REMHFWLYHV� RI� ������ EXW�ZDV� DEDQGRQHG� LQ� WKH� �����

UHYLHZ�RI�WKH�LQWHQGHG�FXUULFXOXP��

�

&KDUDFWHULVWLFV�RI�VHW�&��LQ�FRPSDULVRQ�WR�VHW�%��
■ 6HW� &� FRQWDLQHG� PRUH� LWHPV� RQ� WRSLFV� WKDW� ZHUH� QRW� SDUW� RI� WKH� FRUH�

REMHFWLYHV� EXW�ZKLFK� FRXOG� EH� VROYHG� UDWKHU� VWUDLJKWIRUZDUGO\� E\� 
FRPPRQ�

VHQVH
�� )RU� H[DPSOH�� LWHPV� RQ� SUREDELOLW\�� GDWD� UHSUHVHQWDWLRQ� RU� DOJHEUD��

ZKLFK�FRXOG�EH�VROYHG�ZLWK�SURSRUWLRQDO�UHDVRQLQJ��ZHUH�LQFOXGHG�QRZ��7KH�

FRUH�REMHFWLYHV�VWUHVV�WKH�XVH�RI�FRPPRQ�VHQVH�LQ�PDWKHPDWLFV��DQG�LQ������

WKH� H[SHUWV� SUREDEO\� WUXVWHG� WKDW� WKHVH� LWHPV� PDWFKHG� ZLWK� WKH� LQWHQGHG�

FXUULFXOXP��
■ 6HW� &� FRQWDLQHG�PRUH� LWHPV� RQ� DOJHEUD�� 7KLV� VKLIW� FDQ� EH� DVFULEHG� WR� WKH�

PLQRU� DGDSWDWLRQ� LQ� WKH� DOJHEUDLF� QRWDWLRQ� RI�PXOWLSOLFDWLRQ�ZLWK� YDULDEOHV��

1RWDWLRQV� VXFK�DV� 
�D
� LQ�:7������KDG�EHHQ�DOWHUHG� LQWR� 
��D
� LQ�:7�������

PDNLQJ� WKHP� FRUUHVSRQG� WR� WKH� FXUUHQW� SUDFWLFH� LQ� 'XWFK� PDWKHPDWLFV�

HGXFDWLRQ��

�

%HVLGHV�WKH�DGDSWDWLRQV�LQ�WKH�FRUH�REMHFWLYHV��WKHUH�FRXOG�EH�RWKHU�UHDVRQV�IRU�

WKH�GLIIHUHQFHV�EHWZHHQ������DQG������LQ�WKH�PDWFK�RI�WKH�:ULWWHQ�7HVW�ZLWK�WKH�

LQWHQGHG�FXUULFXOXP��7KHVH�FRXOG�EH��
■ 7KH�LQWHUSUHWDWLRQ�RI�WKH�LQWHQGHG�FXUULFXOXP�E\�WKH�H[SHUWV�KDG�FKDQJHG��
■ 7KH� MXGJHPHQW�RQ�D�QXPEHU�RI� LWHPV�ZDV�FRPSOH[�EHFDXVH�RI�WKHLU�IRUPDO�

SKUDVLQJ� DQG� WKH� PXOWLSOH� FKRLFH� IRUPDW� �VHH� FKDSWHU� ��� VHFWLRQ� �������� ,Q�

WKHVH�FDVHV�WKH�MXGJHPHQW�UHVHPEOHG�D�WRVV�XS��7KHUHIRUH��LQ������DQG�������

WKH�WRVV�FRXOG�KDYH�HQGHG�GLIIHUHQWO\��
■ 0D\EH� WKH� LQVWUXPHQW� XVHG� LQ� WKH� PHDVXUHPHQW� ZDV� XQUHOLDEOH�� 7KLV�

LQVWUXPHQW�ZDV�FRSLHG�IURP�WKH�7,066�7HVW�&XUULFXOXP�0DWFKLQJ�$QDO\VLV�

�7&0$��� DQG� WKHUHIRUH� WKH� UHOLDELOLW\� ZDV� WUXVWHG� DQG� QRW� TXHVWLRQHG��

+RZHYHU��LQ�KLQGVLJKW��WKLV�FRXOG�KDYH�EHHQ�DQ�RPLVVLRQ��
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7KXV��WKH�MXGJHPHQW�RQ�WKH�DSSURSULDWHQHVV�RI�:ULWWHQ�7HVW�LQ������DQG������LQ�

OLJKW� RI� WKH� LQWHQGHG� FXUULFXOXP� VKRZHG� ���� FRQVLVWHQF\� RQ� WZR�WKLUGV� RI� WKH�

LWHPV�DQG�����D�VKLIW�LQ�MXGJHPHQW�RQ�RQH�WKLUG�RI�WKH�LWHPV��,Q�WKH�QH[W�VHFWLRQ��

ZH� ZLOO� VHH� ZKHWKHU� WKH� H[SHUWV
� MXGJHPHQW� RQ� WKH� DSSURSULDWHQHVV� RI� WKH�

3HUIRUPDQFH�$VVHVVPHQW�GLG�FKDQJH�WR�WKH�VDPH�H[WHQW��

������ 7UH QG V � LQ � 'X WF K � F X UULF X OXP � H [S H UWV 
� MX G J H P H Q W� R Q � WK H �

DS S UR S ULDWH Q H V V �R I �WK H �3 H UIR UP DQ F H �$V V H V VP H Q W �

7KH�LWHPV�LQ�WKH�3HUIRUPDQFH�$VVHVVPHQW�ZHUH�MXGJHG�E\�FXUULFXOXP�H[SHUWV�LQ�

����� DQG� ������ ,Q� ERWK� \HDUV� WKH� VDPH� LQVWUXPHQWV�ZHUH� XVHG�� VLPLODU� WR� WKH�

LQVWUXPHQW�XVHG�IRU�DVVHVVLQJ�WKH�:ULWWHQ�7HVW��,Q�ERWK�PHDVXUHPHQWV��WKH�LWHPV�

DFURVV� WKH� ILYH� PDWKHPDWLFV� WDVNV�'LFH��&DOFXODWRU�� )ROGLQJ��$URXQG� WKH� %HQG� DQG�

3DFNDJLQJ��DQG�WKH�WZR�FRPELQHG�VFLHQFH�PDWKHPDWLFV�WDVNV�6KDGRZV�DQG�3ODVWLFLQH�

ZHUH� VXEPLWWHG� WR� WKH� H[SHUWV�� ,Q� ������ WZR�PRUH� VFLHQFH� WDVNV� �%DWWHULHV� DQG�

5XEEHU�%DQG��ZHUH� VXEPLWWHG� EHFDXVH� WKH\� FRQWDLQHG�PDWKHPDWLFDO� DFWLYLWLHV� DV�

ZHOO�� ,Q� ������ WKUHH� H[SHUWV� UHVSRQGHG�� ,Q� ������ WKH� VDPH� WKUHH� H[SHUWV�

UHVSRQGHG��SOXV�WZR�PRUH��PDNLQJ�D�WRWDO�RI�ILYH�H[SHUWV���

�

,Q� WKH�PHDVXUHPHQW�RI� WKH�DSSURSULDWHQHVV�RI� WKH�3HUIRUPDQFH�$VVHVVPHQW� LQ�

OLJKW�RI�WKH�LQWHQGHG�FXUULFXOXP��WKH�GDWD�DOORZHG�IRU�PRUH�GHWDLOHG�SURSRUWLRQV�

WKDQ�RQ� WKH�:ULWWHQ�7HVW��7KH�GDWD�ZHUH� DJJUHJDWHG�RYHU� WKH� H[SHUWV� DQG� WKLV�

\LHOGHG�DQ�LWHP�FXUULFXOXP�PDWFKLQJ�LQGH[��SHU�LWHP���H[SUHVVHG�E\�D�SHUFHQWDJH��7KLV�

SUHVHQWDWLRQ�LQ�D�UDWLR�VFDOH�DOORZHG�IRU�PRUH�PRGHUDWLRQ�WKDQ�WKH�SUHVHQWDWLRQ�

RQ�D�QRPLQDO�VFDOH��E\�VWDWLQJ�HLWKHU�
\HV
�RU�
QR
��DIWHU�UHDFKLQJ�FRQVHQVXV���7KH�

MXGJHPHQW�RQ�WKH�DSSURSULDWHQHVV�RI�3HUIRUPDQFH�$VVHVVPHQW�LWHPV�DOORZHG�IRU�

FRPSURPLVLQJ�EHWZHHQ�WKH�\HV�QR�GLFKRWRP\�ZLWK�QR�FRQVHQVXV�EHLQJ�VRXJKW��

:LWK� WKUHH� H[SHUWV� LQ� ������ WKH� MXGJHPHQWV� RQ� WKH� 3HUIRUPDQFH� $VVHVVPHQW�

ZHUH�WUDQVODWHG�LQWR�WKH�UDWHV�������������IRU�UHVSHFWLYHO\�]HUR��RQH��WZR�RU�WKUHH�

H[SHUWV�LQGLFDWLQJ�WKDW�WKH�LWHP�PDWFKHG�ZLWK�WKH�FXUULFXOXP��6LPLODUO\��IRU�������

ZLWK�ILYH�H[HUWV��WKH�UDWHV�ZHUH��������������������7KH�GDWD�DUH�SUHVHQWHG�DW�LWHP�

OHYHO� LQ� $SSHQGL[� *�� ,Q� 7DEOH� ����� WKH� LWHP�FXUULFXOXP� PDWFKLQJ� LQGLFHV� DUH�

DYHUDJHG�SHU�WDVN�DQG�RYHU�WKH�FRPSOHWH�WHVW��

 
7KHUH�ZHUH� WKUHH� WDVNV�ZLWK�D�KLJK�DYHUDJH�PDWFKLQJ� LQGH[�RQ� LWV� LWHPV��!�����

'LFH��$URXQG�WKH�%DQG��ERWK�LQ������DQG��������DQG�5XEEHU�%DQG��RQO\�MXGJHG�E\�

PDWKHPDWLFV�H[SHUWV�LQ��������7KH�UDWHV�RI�)ROGLQJ��$URXQG�WKH�%HQG��DQG�3ODVWLFLQH�

ZHUH�KLJK� LQ������ �!����EXW�GHFUHDVHG� LQ�������7KH�UDWHV�RI� WZR�WDVNV�UHPDLQ�

YLUWXDOO\�VWDEOH��&DOFXODWRU�DQG�6KDGRZV����



��� &KDSWHU �

7KH�WZR�WDVNV��ZKLFK�ZHUH�DGGHG�LQWR�WKH�PHDVXUHPHQW�RI�������5XEEHU�%DQG�DQG�

%DWWHULHV��UHFHLYHG�YHU\�GLIIHUHQW�UDWLQJV��7KH�WDVN�%DWWHULHV�UHFHLYHG�D�YHU\�ORZ�UDWH�

RI�DSSURYDO��-XVW�RQH�RI�WKH�ILYH�H[SHUWV�LQ������UDWHG�WKLV�WDVN�DV�PDWFKLQJ�ZLWK�

WKH�LQWHQGHG�FXUULFXOXP��2Q�WKH�RWKHU�KDQG��WKH�WDVN�5XEEHU�%DQG�WKDW�KDG�EHHQ�

ODEHOOHG� DV� D� 
VFLHQFH� WDVN
� E\� WKH� 7,066� ,QWHUQDWLRQDO� 6WXG\�&HQWHU�� UHFHLYHG�

YHU\�KLJK�LWHP�FXUULFXOXP�PDWFKLQJ�LQGLFHV��$FFRUGLQJ�WR�WKH�MXGJHPHQW�E\�WKH�

'XWFK� PDWKHPDWLFV� H[SHUWV�� WKLV� WDVN� ZDV� VHFRQG� EHVW� WR� PDWFK� ZLWK� WKH�

LQWHQGHG�FXUULFXOXP���

�

7DEOH������ $YHUDJH� LWHP�FXUULFXOXP�PDWFKLQJ� LQGLFHV� RI� WHVW� LWHPV� LQ� 3$������ DQG�

3$������

������Q ��� ������Q ���

7DVN���LWH P V ��

$YJ�

LWHP�FXUU��

PDWFKLQJ�LQGH[�

��LWHPV�ZLWK��

LWHP�FXUU��

PDWFKLQJ�LQGH[��

!����

$YJ�

LWHP�FXUU��

PDWFKLQJ�LQGH[�

��LWHPV�ZLWK��

LWHP�FXUU��

PDWFKLQJ�LQGH[�!�

���

'LFH����� ��� ��RXW�RI��� ��� ��RXW�RI���

&DOFXODWRU����� ��� ��RXW�RI��� ��� ��RXW�RI���

)ROGLQJ����� ���� ��RXW�RI��� ��� ��RXW�RI���

$URXQG�WKH�%HQG����� ���� ��RXW�RI��� ��� ��RXW�RI���

3DFNDJLQJ����� ��� ��RXW�RI��� ��� ��RXW�RI���

6KDGRZV����� ��� ��RXW�RI��� ��� ��RXW�RI���

3ODVWLFLQH����� ��� ��RXW�RI��� ��� ��RXW�RI���

>�%DWWHULHV�����@� ²� ²� >����@� >���RXW�RI���@�

>�5XEEHU�%DQG�����@� ²� ²� >����@� >���RXW�RI���@�

$YHUDJH�LQGH[�

����LWHPV�LQ���WDVNV��

��� ���RXW�RI����

������

��� ���RXW�RI����

������

�

$W�WKH�ERWWRP�RI�7DEOH������WKH�FXUULFXOXP�PDWFKLQJ�LQGLFHV�DUH�DYHUDJHG�RYHU�

WKH����LWHPV�LQ�WKH�VHYHQ�WDVNV�'LFH��&DOFXODWRU��)ROGLQJ��$URXQG�WKH�%HQG��3DFNDJLQJ��

6KDGRZV�DQG�3ODVWLFLQH��%HWZHHQ������DQG�������WKH�DYHUDJH�LQGH[�GURSSHG�E\����

SHUFHQW�� IURP� ��� WR� ���� 7KXV�� LW� FDQ� EH� FRQFOXGHG� WKDW� WKH� 3HUIRUPDQFH�

$VVHVVPHQW�UHFHLYHG�D�ORZHU�DSSURYDO�RI�WKH�H[SHUWV�LQ������WKDQ�LQ��������

�

:KHQ� FRPSDULQJ� WKH� FXUULFXOXP� PDWFKLQJ� LQGLFHV� RI� ����� DQG� ����� DW� LWHP�

OHYHO��WKH�WUHQG�FRUUHODWLRQ�LV�VLJQLILFDQW��U ������Q ����S �������7KH�FRUUHODWLRQ�

LV�QRW�KLJK��.UDWKZRKO���������EXW�LW�LV�KLJKHU�WKDQ�WKH�WUHQG�FRUUHODWLRQ�U �����

RQ� WKH� LWHP�FXUULFXOXP�PDWFKLQJ� LQGLFHV�RI� WKH�:ULWWHQ�7HVW� �Q �����S��������

+RZHYHU��WKH�ODWWHU�ZHUH�FRPSLOHG�RQ�D�GLFKRWRPRXV�\HV�QR�VFDOH��
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%HFDXVH�RI�WKH�GLIIHUHQFH�LQ�VFDOHV��LW�LV�QRW�SRVVLEOH�WR�FRPSDUH�WKH�GDWD�RQ�WKH�

3HUIRUPDQFH� $VVHVVPHQW� VWUDLJKWDZD\� ZLWK� WKH� GDWD� RI� WKH� :ULWWHQ� 7HVW�� 7R�

PDNH� WKH� GDWD� RQ� WKH� 3HUIRUPDQFH� $VVHVVPHQW� FRPSDUDEOH� WR� WKRVH� RI� WKH�

:ULWWHQ�7HVW��WKH�GDWD�H[SUHVVHG�DV�SHUFHQWDJHV�RI�WKH�3HUIRUPDQFH�$VVHVVPHQW�

ZHUH�WUDQVIRUPHG�LQWR�GDWD�RQ�D�\HV�QR�VFDOH��7KH�WUDQVIRUPDWLRQ�ZDV�DFKLHYHG�

E\� WDNLQJ� WKH�PDMRULW\� MXGJHPHQW�� $Q� LWHP�ZDV� VDLG� WR�PDWFK� ZLWK� WKH� LQWHQGHG�

FXUULFXOXP�� LI�D�PDMRULW\�RI�H[SHUWV�KDG�LQGLFDWHG�D� 
\HV
��:LWK�RGG�QXPEHUV�RI�

H[SHUWV��WKUHH�LQ������DQG�ILYH�LQ��������WKHUH�QHYHU�RFFXUUHG�D�GUDZ�DW��������

7KXV�^���������������`�→�
QRW�PDWFKLQJ
�DQG�^�����������������`�→�
\HV��PDWFKLQJ
��

�

)RU�H[DPSOH�� WKH� ILYH� LWHPV�DFURVV� WKH� WDVN�'LFH�KDG� LWHP�FXUULFXOXP�PDWFKLQJ�

LQGLFHV� LQ� ����� RI� �������������������� 7KHVH� ILJXUHV� LQGLFDWH� WKDW� IRXU� LWHPV�

�RXW�RI�ILYH��KDG�D�PDMRULW\�DSSURYDO��7KH�LQGLFHV�RI������RQ�WKH�VDPH�WDVN�ZHUH�

YHU\�VLPLODU�WR�WKRVH�RI�������EHLQJ���������������������7KXV��RQ�RQO\�RQH�RXW�

RI� ILYH� LWHPV�� WKH� LQGH[� FKDQJHG� DSSDUHQWO\�� ([SUHVVHG� DV� D� SHUFHQWDJH�� WKH�

VHTXHQFHV�GLIIHU�E\� ����'HVSLWH� WKH� VLPLODULW\� LQ� WKH� WZR� VHTXHQFHV�RI� LQGLFHV�

JLYHQ�DERYH��WKH\�OHDGV�WR�D�GLIIHUHQW�PDMRULW\�DSSURYDO��WKHUH�DUH�IRXU�RXW�RI�ILYH�

LWHPV�PDWFKLQJ� ZLWK� WKH� LQWHQGHG� FXUULFXOXP� LQ� ������ DQG� ILYH� RXW� RI� ILYH� LQ�

������7KLV�PHDQV� D�GLIIHUHQFH�RI� �����7KH� WUDQVIRUPDWLRQ�RI� WKH� UDWLQJV� LQWR�

ELQDU\�GDWD� LV� LQFOXGHG� LQ�7DEOH������7KH�WUDQVIRUPDWLRQ�RQWR�D�\HV�QR�VFDOH� LV�

QHHGHG�IRU�FRPSDULVRQ�ZLWK�WKH�GDWD�RQ�WKH�:ULWWHQ�7HVW��

7DNLQJ�WKH�PDMRULW\�MXGJHPHQW�IRU�DOO�LWHPV�LQ�WKH�3HUIRUPDQFH�$VVHVVPHQW��WKHUH�

ZHUH����RXW�RI����WHVW�LWHPV�������FRYHUHG�E\�WKH�LQWHQGHG�FXUULFXOXP�LQ�������

%\� ������ WKLV� ILJXUH� KDG� KDUGO\� FKDQJHG��ZLWK� ��� LWHPV� ������ FRYHUHG� E\� WKH�

LQWHQGHG�FXUULFXOXP��7KXV��WKH�FXUULFXOXP�PDWFK�RI�WKH�3HUIRUPDQFH�$VVHVVPHQW�

LQ� ����� DQG� ������ZKHQ� H[SUHVVHG� RQ� D� ELQDU\� VFDOH�� VHHP� WR� EH� RI� WKH� VDPH�

PDJQLWXGH��$QG�MXVW�OLNH�ZLWK�WKH�:ULWWHQ�7HVW��WKH�WZR�VHWV�GR�QRW�IXOO\�RYHUODS��

,Q� WKH� IXOO� WHVW� WKHUH� ZHUH� ��� LWHPV�� 7KHUH� ZHUH� ��� LWHPV� WKDW� PDWFKHG� WKH�

LQWHQGHG�FXUULFXOXP�ERWK�LQ������DQG�������SDUW�$��������7KHUH�ZHUH�QLQH�LWHPV�

RQ�ZKLFK�WKH�MXGJHPHQW�RI������DQG������GLIIHUHG��IRXU�LWHPV�PDWFKHG�ZLWK�WKH�

LQWHQGHG�FXUULFXOXP�LQ�������ZKLOH�WKH\�GLG�QRW�LQ�������SDUW�%��������)LYH�LWHPV�

PDWFKHG�LQ������DQG�GLG�QRW�PDWFK�LQ�������SDUW�&��������7KHUH�ZDV�QRW�RQH�

LWHP� IURP� WKH� VHYHQ� WDVNV�'LFH�� &DOFXODWRU�� )ROGLQJ��$URXQG� WKH� %HQG�� 3DFNDJLQJ��

6KDGRZV�DQG�3ODVWLFLQH�WKDW�PDWFKHG�QHLWKHU�LQ������QRU�LQ�������SDUW�'�������7KH�

UHVXOWV�RQ�WKH�3HUIRUPDQFH�$VVHVVPHQW�DUH�WDEXODWHG�LQ�7DEOH������7KH�WDEOH�KDV�

WKH�VDPH�IRUPDW�DV�7DEOH�����RQ�WKH�:ULWWHQ�7HVW��
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7DEOH������ 3HUFHQWDJHV� RI� LWHPV�PDWFKLQJ�ZLWK�

WKH� LQWHQGHG�FXUULFXOXP�LQ�3$������

DQG�3$������

3DUW�

�����

P DWF K LQ J �

LQ WH QG H G �F X UU��

�����

P DWF K LQ J �

LQ WH QG H G �F X UU�� ��LWH P V �

��R I�LWH P V �

�Q ����

$� <HV� <HV� ��� ���

%� <HV� 1R� �� ���

&� 1R� <HV� �� ���

'� 1R� 1R� �� ��

�

&RPSDULQJ�7DEOH�����DQG�����VKRZV�WKDW�WKHUH�LV�D�ODUJHU�SURSRUWLRQ�RI�WHVW�LWHPV�

LQ�WKH�3HUIRUPDQFH�$VVHVVPHQW�PDWFKLQJ�ZLWK�WKH�LQWHQGHG�FXUULFXOXP�WKDQ�LQ�

WKH� :ULWWHQ� 7HVW�� ������� RI� WKH� 3HUIRUPDQFH� $VVHVVPHQW� LV� FRYHUHG� E\� WKH�

LQWHQGHG�FXUULFXOXP��YHUVXV��������RI�WKH�:ULWWHQ�7HVW��6WLOO��OLNH�RQ�WKH�:ULWWHQ�

7HVW�� RQ� D� FRQVLGHUDEOH� SURSRUWLRQ� ������ RI� WHVW� LWHPV� LQ� WKH� 3HUIRUPDQFH�

$VVHVVPHQW� WKH� MXGJHPHQW� RI� ����� DQG� ����� GLVDJUHHG�� +RZHYHU�� WKLV�

SURSRUWLRQ�ZDV�VPDOOHU�WKDQ�LQ�WKH�:ULWWHQ�7HVW��ZKLFK�KDG�D�GLVDJUHHPHQW�RQ�

����RI�WKH�WHVW�LWHPV��

�

-XVW� OLNH�RQ�WKH�:ULWWHQ�7HVW��ZH�FDQ�ORRN�DW�LWHP�FKDUDFWHULVWLFV�LQ�WKH�SDUWV�%�

DQG�&��ZKLFK�DUH�WKH�SDUWV�RI�WKH�GLVDJUHHPHQW�LQ�MXGJHPHQW�EHWZHHQ������DQG�

������3DUW�%�FRQWDLQV�WKH�LWHPV�WKDW�ZHUH�FRQVLGHUHG�DV�FRYHUHG�E\�WKH�LQWHQGHG�

FXUULFXOXP�LQ������DQG�QRW�LQ�������7KH�ILYH�LWHPV�DUH�VSUHDG�RXW�RYHU�GLIIHUHQW�

WDVNV��&DOFXODWRU��)ROGLQJ��$URXQG�WKH�%HQG��DQG�3ODVWLFLQH���7KH�LWHPV�FDQ�EH�IRXQG�DW�

WKH�HQG�RI�WKH�WDVNV��EHLQJ�WKH�ILQDO�LWHP�DVNLQJ�IRU�DQ�H[SODQDWLRQ�RU�D�UHIOHFWLRQ�

RQ� WKH� WDVN��*HQHUDOO\� VSHDNLQJ�� WKHVH� LWHPV� DUH� 
KDUGHU
� WKDQ� WKH� RWKHU� LWHPV��

7KXV��WKH�PDMRULW\�RI�WKH�H[SHUWV�LQ������SUREDEO\�UHIXWHG�PRUH�GLIILFXOW�LWHPV��

ZKLOH� WKH�PDMRULW\� RI� WKH� H[SHUWV� LQ� ����� FRQVLGHUHG� WKHVH� DV� FRYHUHG� E\� WKH�

LQWHQGHG�FXUULFXOXP��

3DUW� &� FRQWDLQV� WKH� LWHPV� WKDW� ZHUH� FRQVLGHUHG� DV� FRYHUHG� E\� WKH� LQWHQGHG�

FXUULFXOXP� LQ������DQG�QRW� LQ�������7KUHH�RI� WKH� IRXU� LWHPV�DUH� IRXQG� LQ� WKH�

FRPELQHG�VFLHQFH�PDWKHPDWLFV�WDVN�6KDGRZV��7KDW�WDVN�FRQVLVWV�RI�VL[�LWHPV��,Q��

�

�
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WKH� ILUVW� WKUHH� LWHPV� WKH� VWXGHQWV� DUH� DVNHG� WR� GLVFRYHU� KRZ� WKH� VL]H� RI� WKH�

VKDGRZ� FKDQJHV� DQG� WR� PDNH� WKUHH� PHDVXUHPHQWV� RI� WKH� GLVWDQFHV� EHWZHHQ�

WRUFK��VFUHHQ�DQG�REMHFW��,Q�WKH�ODVW�WKUHH�LWHPV��WKH�VWXGHQWV�DUH�DVNHG�WR�GHVLJQ�

DQ�LQYHVWLJDWLRQ�WR�ILQG�RXW�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�GLVWDQFHV�EHWZHHQ�WKH�

REMHFWV��,Q�WKLV�VHTXHQFH�WKH�ODVW�WKUHH�LWHPV�UHYHUVH�WKH�ORJLFDO�RUGHU�RI�GRLQJ�DQ�

LQYHVWLJDWLRQ� �ILUVW�PDNLQJ� D� GHVLJQ�� WKHQ� GRLQJ� WKH�PHDVXUHPHQWV��� 7KXV�� WKH�

PDMRULW\�RI� WKH�H[SHUWV� LQ������UHIXWHG�WKH� WKUHH� LWHPV�RQ�WKH�UHVHDUFK�GHVLJQ��

ZKLOH� WKH\� FRQVLGHUHG� WKH� ILUVW� WKUHH� LWHPV� RQ� 
GRLQJ� WKH� PHDVXUHPHQWV
� DV�

FRYHUHG��7KH�PDMRULW\�RI� WKH� H[SHUWV�RI� �����GLG�QRW� WDNH� WKLV�GLIIHUHQFH� LQWR�

DFFRXQW�DQG�FRQVLGHUHG�DOO�LWHPV�FRYHUHG��

�

7KH� GLIIHUHQFH� EHWZHHQ� WKH� SDUWV� %� DQG� &� LOOXVWUDWHV� WKDW� D� VPDOO� PDMRULW\�

MXGJHPHQW�LQ�WKH�RQH�\HDU������RU������FDQ�EH�FRQVLVWHQW�ZLWK�D�ODUJH�PLQRULW\�

MXGJHPHQW�LQ�WKH�RWKHU�\HDU������RU�������:LWK�WKUHH�H[SHUWV�LQ������DQG�ILYH�LQ�

������ WKH�UDWLR�RI� 
WZR�RXW�RI�WKUHH
� ������FDQ�EHFRPH� 
WZR�RXW�RI�ILYH
� ������

ZLWKRXW�DQ\�LQGLYLGXDO�H[SHUW�FKDQJLQJ�KLV�KHU�PLQG��7KH�H[WUD�WZR�H[SHUWV�FDQ�

WKHQ� KDYH� FDXVHG� WKH� FKDQJLQJ� UDWH�� 6LPLODUO\�� D�PLQRULW\� VXFK� DV� 
RQH� RXW� RI�

WKUHH
�������FDQ�EHFRPH�ZLWKRXW�LQFRQVLVWHQF\�D�PDMRULW\�VXFK�DV�
WKUHH�RXW�RI�

ILYH
� ������� 7KXV�� EHFDXVH� RI� WKH� VPDOO� QXPEHUV� RI� FRQVXOWHG� H[SHUWV�� WKH�

WUDQVIRUPDWLRQ� RI� WKH� LWHP�PDWFKLQJ� LQGLFHV� IURP� D� UDWLR� VFDOH� LQWR� D� \HV�QR�

VFDOH� FDQ�PDJQLI\� WKH� GLIIHUHQFHV� EHWZHHQ� WKH� MXGJHPHQWV� RI� ����� DQG� ������

6LPLODU� MXGJHPHQWV� IURP� ����� DQG� ������ VXFK� DV� WKRVH� RQ� WKH� WDVN�'LFH�� FDQ�

EHFRPH�PRUH� GLYHUJLQJ�� $V� D� UHVXOW�� WKH� MXGJHPHQWV� RI� �����PD\� DSSHDU� OHVV�

FRQVLVWHQW�ZLWK� WKH� MXGJHPHQWV�RI������WKDQ�WKH\�ZHUH�ZKHQ�PHDVXUHG�RQ�WKH�

UDWLR�VFDOH��7KLV�HIIHFW� LV�DOVR�VKRZQ�E\�WKH�FRUUHODWLRQ�FRHIILFLHQWV�RQ�WKH�WZR�

MXGJHPHQWV�RI������DQG�������:KHQ�PHDVXUHG�RQ�WKH�UDWLR�VFDOH��WKH�FRUUHODWLRQ�

LV� U ����� �Q ���� S ������� 7KLV� FRUUHODWLRQ� FRHIILFLHQW� LQGLFDWHV� WKDW� WKHUH� LV� D�

FHUWDLQ�DPRXQW�RI�FRQVLVWHQF\�EHWZHHQ�WKH�MXGJHPHQWV�RI������DQG�������$IWHU�

GLFKRWRPLVDWLRQ� RI� WKH� FXUULFXOXP� PDWFKLQJ� LQGLFHV� LQWR� WKH� \HV�QR� VFDOH�

WKURXJK�WKH�PDMRULW\�MXGJHPHQW�WUDQVIRUPDWLRQ��WKH�FRUUHODWLRQ�FRHIILFLHQW�KDV�EHFRPH�

QHJDWLYH�DQG�LQVLJQLILFDQW�ZLWK�U ��������.HQGDOO
V�WDX�DQG�6SHDUPDQ
V�UKR��Q ����

S!������� 7KLV� VKRZV� WKDW� WKH� RSHUDWLRQDOLVDWLRQ� RI� WKH� LQWHQGHG� FXUULFXOXP� LV�

SUREDEO\�EHWWHU�VHUYHG�E\�DQ�LQVWUXPHQW��ZKLFK�\LHOGV�UDWHV�RQ�D�UDWLR�VFDOH�WKDW�

OHDYHV�URRP�IRU�FRPSURPLVLQJ�EHWZHHQ�WKH�GLFKRWRP\�RI�D�\HV�QR�DQVZHU��



��� &KDSWHU �

������ &R P S DULV R Q � R I� WUH QG V � LQ �'X WF K � F X UULF X OXP � H [S H UWV 
� MX G J H P H Q W� R Q �

WK H �DS S UR S ULDWH Q H V V �R I �E R WK �WH V WV �

7R�RSHUDWLRQDOLVH�WKH�LQWHQGHG�FXUULFXOXP�IRU�WKH�0(75,&�VWXG\��WKH�WZR�WHVWV�

ZHUH� VXEPLWWHG� WR� FXUULFXOXP� H[SHUWV� ERWK� LQ� ����� DQG� LQ� ����������� 7KH�

H[SHUWV�ZHUH� DVNHG� WR� LQGLFDWH� IRU� HDFK� WHVW� LWHP�ZKHWKHU� LW�PDWFKHG�ZLWK� WKH�

LQWHQGHG� FXUULFXOXP�� 7KH� LQVWUXPHQW� ZDV� ERUURZHG� IURP� WKH� 7,066� 7HVW�

&XUULFXOXP�0DWFKLQJ�$QDO\VLV�FRQVLVWLQJ�RI�D�OLVWLQJ�RI�WKH�LWHPV�WRJHWKHU�ZLWK�

\HV�QR� ER[HV� WR� WLFN�� )RU� WKH�:ULWWHQ� 7HVW�� WKH� DQVZHUV� RI� WKH� H[SHUWV� ZHUH�

FRPSLOHG� DQG� LQ� WKH� FDVH� RI� GLVDJUHHPHQW�� D� FRQVHQVXV� ZDV� VRXJKW�� )RU� WKH�

3HUIRUPDQFH�$VVHVVPHQW��WKH�DQVZHUV�RI�WKH�H[SHUWV�ZHUH�DJJUHJDWHG�LQWR�LWHP�

FXUULFXOXP�PDWFKLQJ�LQGLFHV��

7KH�PHDVXUHPHQWV�RI������DQG�����������VKRZHG�D�VKLIW� LQ�WKH� MXGJHPHQWV�RI�

WKH� H[SHUWV� RQ� D� QXPEHU� RI� LWHPV�� 7KH� DQDO\VLV� RI� LWHP� FKDUDFWHULVWLFV� RIIHU�

HYLGHQFH� WKDW� WKLV� VKLIW� FDQ� EH� DVFULEHG� WR� WKH� UHYLHZ� RI� WKH� FRUH� REMHFWLYHV� LQ�

EHWZHHQ� WKH� PHDVXUHPHQWV� �VHH� VHFWLRQ� �������� $GGLWLRQDOO\�� WKH� VKLIW� FDQ� EH�

DVFULEHG�WR�WKH�PHWKRG�DSSOLHG��GLVDOORZLQJ�IRU�FRPSURPLVLQJ��2Q�D�\HV�QR�VFDOH��

GLIIHUHQFHV�LQ�MXGJHPHQWV�ZHUH�HQODUJHG��VHH�VHFWLRQ���������,Q�SDUWLFXODU��WKH�GDWD�

FRPSLOHG� IURP� WKH�3HUIRUPDQFH�$VVHVVPHQW� VKRZHG� WKDW� WKH� MXGJHPHQW�RQ� WKH�

DSSURSULDWHQHVV�RI�WHVW�LWHPV�LQ�OLJKW�RI�WKH�LQWHQGHG�FXUULFXOXP�DVNHG�IRU�WKH�QHHG�

WR�ILQG�PLGGOH�JURXQGV��7KH�VKLIW�EHWZHHQ������DQG�����������LQ�WKH�MXGJHPHQW�

E\� WKH�FXUULFXOXP�H[SHUWV� FRXOG�DGGLWLRQDOO\�KDYH�EHHQ�FDXVHG�E\� WKHLU� FKDQJHG�

LQWHUSUHWDWLRQV�RI�WKH�FRUH�REMHFWLYHV��DQG�WKH�FRPSOH[�SURFHVV�RI�MXGJLQJ�PXOWLSOH�

FKRLFH�LWHPV�ZKLOH�LJQRULQJ�WKH�PXOWLSOH�FKRLFH�IRUPDW��VHH�VHFWLRQ���������

�

&RPSDULQJ� WKH� UHVXOWV� RQ� WKH�:ULWWHQ� 7HVW� DQG� WKH� 3HUIRUPDQFH� $VVHVVPHQW�

\LHOGV� WKH� IROORZLQJ� REVHUYDWLRQ�� WKH� SURSRUWLRQ� RI� LWHPV� WKDW�PDWFK�ZLWK� WKH�

LQWHQGHG�FXUULFXOXP�LQ�ERWK�\HDUV��SDUW�$�LQ�)LJXUH������LV�����IRU�WKH�:ULWWHQ�

7HVW�DQG�����IRU�WKH�3HUIRUPDQFH�$VVHVVPHQW��7KH�SURSRUWLRQ�RI�LWHPV�WKDW�LV�

FRYHUHG�QHLWKHU�LQ������QRU�LQ������������SDUW�'�LQ�)LJXUH������LV�����IRU�WKH�

:ULWWHQ� 7HVW� DQG� ��� IRU� WKH� 3HUIRUPDQFH� $VVHVVPHQW�� 7KLV� VKRZV� WKDW� WKH�

3HUIRUPDQFH� $VVHVVPHQW� LV� PRUH� FORVHO\� DOLJQHG� ZLWK� WKH� 'XWFK� LQWHQGHG�

FXUULFXOXP�WKDQ�WKH�:ULWWHQ�7HVW��
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7R�RSHUDWLRQDOLVH�WKH�LPSOHPHQWHG�FXUULFXOXP��WKH�PDWKHPDWLFV�WHDFKHUV�RI�WKH�

VWXGHQWV�VDPSOHG�MXGJHG�DOO�LWHPV�RQ�ZKHWKHU�RU�QRW�WKH�LWHPV�PDWFKHG�ZLWK�WKH�

FRQWHQW�WDXJKW�EHIRUH�WHVW�DGPLQLVWUDWLRQ��7KH�LQVWUXPHQW�XVHG�ZDV�GHYHORSHG�E\�

'H� +DDQ� ������� �VHH� VHFWLRQ� �������� ,Q� WKLV� FXUUHQW� VHFWLRQ�� UHVXOWV� IURP� WKH�

:ULWWHQ�7HVW�ZLOO�EH�SUHVHQWHG��,Q�VHFWLRQ��������WKH�3HUIRUPDQFH�$VVHVVPHQW�ZLOO�

HQVXH��

�

)RU�WKH�7,066�:ULWWHQ�7HVW�LQ����������WHVW�LWHPV�ZHUH�VXEPLWWHG�WR�WKH�WHDFKHUV�

DV�SDUW�RI�WKH�1DWLRQDO�2SWLRQ�7HVW��127���7KH����LWHPV�ZHUH�VHOHFWHG�IRU�WKLV�

QDWLRQDO� WHVW�� EHFDXVH� WKH\� PDWFKHG� ZHOO� ZLWK� WKH� LQWHQGHG� PDWKHPDWLFV�

FXUULFXOXP�LQ�������7KH����DQFKRU�LWHPV�ZHUH�QRW�UHSUHVHQWDWLYH�RI�WKH�FRPSOHWH�

:ULWWHQ�7HVW��7KHUHIRUH��LQ�������DOO�PDWKHPDWLFV�WHVW�LWHPV�LQ�WKH�7,066�:ULWWHQ�

7HVW�ZHUH�VXEPLWWHG�WR�WKH�WHDFKHUV��7KH�WHDFKHUV�ZHUH�DVNHG�WR�LQGLFDWH�ZKHWKHU�

WKH\�ZRXOG�LQFOXGH�WKH�LWHPV�LQWR�DQ�LPDJLQDU\�WHVW��FRYHULQJ�DOO�FRQWHQW�WDXJKW�VR�

IDU��7KHLU�DQVZHUV�ZHUH�WDNHQ�DV�DQ�LQGLFDWRU�RI�27/��2SSRUWXQLW\�WR�/HDUQ���

�

7DEOH�����VKRZV�WKH�UHVXOWV�IRU�WKH����LWHPV�VXEPLWWHG�LQ�������WKH�WH[WV�RI�WKHVH�

LWHPV� DUH� DOO� LQFOXGHG� LQ� $SSHQGL[� '��� 7KH� WDEOH� VKRZV� IRU� HDFK� LWHP� ZKDW�

SHUFHQWDJH� RI� PDWKHPDWLFV� WHDFKHUV� LQ� ����� DQVZHUHG� SRVLWLYHO\� WR� WKH� 27/�

TXHVWLRQ�� 7KLV� SHUFHQWDJH� LV� QDPHG� WKH�27/� UDWH� RI� WKH� LWHP�� 7KH� WDEOH� DOVR�

FRQWDLQV� WKH�27/� UDWHV� IURP� ������ %\�PDNLQJ� XVH� RI� WKH� LGHQWLFDO� RU� FORQHG�

LWHPV�LQ�:7�������WKH�WHDFKHUV
�MXGJHPHQW�IURP������FDQ�EH�FRPSDUHG�WR�WKRVH�

IURP�������7KH�ILUVW�HLJKW�LWHPV�ZHUH�LGHQWLFDO� LQ�:7������DQG�:7�������7KH�

RWKHU� HLJKW� LWHPV�ZHUH� UHOHDVHG� IRU�SXEOLFDWLRQ� DQG� FORQHG� LQWR�QHZ� LWHPV� IRU�

:7������� )RU� FODULILFDWLRQ�� WKH� QDPHV� RI� WKH� FORQHG� LWHPV� LQ� :7������ DUH�

LQGLFDWHG�VHSDUDWHO\�DV�VRPH�RI�WKHP�FKDQJHG�QDPHV��RQO\�LQ�FOXVWHUV�/�DQG�5���
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$YHUDJH�����LWHPV�� � ��� ���� � ��� ����

�

$OO�LWHPV�UHFHLYHG�D�KLJK�27/�UDWH��ERWK�LQ������DQG�������,Q�������WKHUH�ZHUH�

WZR� RI� WKH� ��� LWHPV� WKDW� UHFHLYHG� D� IXOO� FUHGLW� RI� ����� 7KLV� PHDQV� WKDW� DOO�

UHVSRQGLQJ� WHDFKHUV� LQGLFDWHG� D� 
\HV
� WR� WKHVH� LWHPV��2Q� DYHUDJH�� LQ� ����� DQG�

����� WKH� LWHPV� KDG� DQ� 27/� UDWH� RI� ��� LQ� ERWK� \HDUV�� 7KHUH� LV� D� VLJQLILFDQW�

FRUUHODWLRQ�EHWZHHQ� WKH�27/� UDWHV�RI� ����� DQG������RQ� WKH���� LWHPV�� U �����

�Q ����S��������7KLV�PHDQV�WKDW�LWHPV�ZLWK�D�KLJK�27/�UDWH�LQ������UHFHLYHG�D�

KLJK�27/�UDWH�LQ������DJDLQ��

:LWK�RQH�H[FHSWLRQ��DOO�UDWHV�ZHUH�KLJKHU�WKDQ�����7KH�H[FHSWLRQ�LV�LWHP�(���WKDW�

KDG� D�KLJK�27/� UDWH� LQ� �����RI� ����ZKLFK�GHFUHDVHG� LQ� ����� WR�����:LWK� WKH�

VPDOO�QXPEHU�RI�UHVSRQGHQWV��DQG�WKXV�WKH�ODUJH�VWDQGDUG�HUURUV��WKLV�GHFUHDVH�LV�

QR W�VLJQLILFDQW��S �������7KH�WH[W�RI�LWHP�(���FDQQRW�EH�SXEOLVKHG��GXH�WR�WKH�

7,066� LWHP� UHOHDVH� SROLF\� �VHH� VHFWLRQ� �������� ,W� LV� DQ� DOJHEUD� LWHP�� LQ� ZKLFK�

VHYHUDO�RUGHUHG�SDLUV�RI�QXPEHUV�KDYH�WR�EH�DVVRFLDWHG�WR�D�IRUPXOD��7KH�LWHP�LV�

DEVWUDFW�DQG�KDV�QR�UHDO�OLIH�FRQWH[W��7KLV�FRXOG�H[SODLQ�ZK\�'XWFK�PDWKHPDWLFV�

WHDFKHUV�GHFUHDVHG�WKHLU�MXGJHPHQW�LQ�WKH�SHULRG�EHWZHHQ������DQG��������



7UHQG UHVXOWV ���

7KH�KLJK�27/�UDWHV�RI�WKH����LWHPV�DV�SUHVHQWHG�LQ�7DEOH�����DUH�QRW�H[HPSODU\�

IRU� DOO� RWKHU� LWHPV� LQ� WKH� 7,066� :ULWWHQ� 7HVW�� 7KH� ��� LWHPV� DUH� QRW�

UHSUHVHQWDWLYH�RI�WKH�FRPSOHWH�:ULWWHQ�7HVW��7R�VXSSOHPHQW�27/�LQIRUPDWLRQ�LQ�

������DOO�LWHPV�LQ�WKH�WHVW�ZHUH�VXEPLWWHG�WR�WKH�WHDFKHUV��,Q�$SSHQGL[�)��WKH�GDWD�

DUH�UHSRUWHG��

�

,Q�������WKH�DYHUDJH�27/�UDWH�IRU�WKH�����LWHPV�LQ�WKH�7,066�:ULWWHQ�7HVW�ZDV�

����6(� �����,W�PHDQV�WKDW�RQ�DYHUDJH��DQ\�RI�WKH�LWHPV�ZDV�FRQVLGHUHG�VXLWDEOH�

IRU� DQ� LPDJLQDU\� WHVW� E\� ���� RI� WKH� UHVSRQGLQJ�PDWKHPDWLFV� WHDFKHUV��:KHQ�

ORRNLQJ�LQWR�GHWDLO��LW�WXUQV�RXW�WKDW�PRUH�WKDQ�RQH�WKLUG�RI�WKH�WHVW�LWHPV�KDG�DQ�

27/�UDWH�KLJKHU�WKDQ�����7KHUH�ZHUH�RQO\�VL[�LWHPV������WKDW�UHFHLYHG�DQ�27/�

UDWH�EHORZ�����WKHVH�ZHUH�)����,����.����1����4����DQG�5���> 5���LQ�����@���

7ZR�RI�WKH�LWHPV�DVN�WKH�VWXGHQWV�WR�ZRUN�ZLWK�SUREDELOLW\��)���DQG�1�����DQG�

WKH� RWKHU� IRXU� LWHPV� DVN� WKH� VWXGHQWV� WR� ZRUN� ZLWK� DEVWUDFW� YDULDEOHV�� $V�

H[HPSODU\�LWHPV��WKH�WH[W�RI�IRXU�RI�WKH�VL[�LWHPV��LWHPV�)����,����4���DQG�5����

KDV�EHHQ�LQFOXGHG�LQ�$SSHQGL[�'��

�

7KH�27/�UDWHV�DUH�SHUFHQWDJHV�RI�WHDFKHUV�LQ�WKH�UDQJH�EHWZHHQ���DQG������7R�

JHW� DQ� RYHUYLHZ� RI� WKH� 27/� UDWHV�� WHQ� FDWHJRULHV� ZHUH� FUHDWHG�� 7KHVH� ZHUH�

ODEHOOHG���������������������DQG�VR�IRUWK��,Q�WKLV�ZD\�WKH�LWHPV�FRXOG�EH�JURXSHG�

LQWR�D�FDWHJRU\�DFFRUGLQJ�WR�WKHLU�27/�UDWH��,WHPV�LQ�WKH�FDWHJRU\������KDG�27/�

UDWHV�ORZHU�WKDQ�RU�HTXDO�WR�����,WHPV�LQ�WKH�FDWHJRU\�������KDG�27/�UDWHV�KLJKHU�

WKDQ����DQG�ORZHU�WKDQ�RU�HTXDO�WR�����DQG�VR�IRUWK��7KH�LWHPV�LQ�HDFK�FDWHJRU\�

ZHUH� FRXQWHG� DQG� FDOFXODWHG� DV� D� SHUFHQWDJH� RI� WKH� WRWDO� LWHP� VHW�� 7KHVH�

SHUFHQWDJHV� DUH� JLYHQ� LQ� 7DEOH� ����� 7ZR� FROXPQV� ZHUH� PDGH�� RQH� IRU� WKH�

IUHTXHQFLHV��LQ�SHUFHQWDJHV��RI�WKH�����LWHPV�IURP������DQG�������DQG�DQRWKHU�

FROXPQ�IRU�WKH�FXPXODWLYH�IUHTXHQFLHV���

7KH�GDWD� VKRZ�DPSOH�DSSURYDO�RI� WKH�:ULWWHQ�7HVW�E\� WKH�'XWFK�PDWKHPDWLFV�

WHDFKHUV�LQ�������2Q�PRVW�LWHPV��WKHLU�MXGJHPHQWV�ZHUH�YHU\�KLJK��7KH�FDWHJRULHV�

ZLWK�WKH�KLJKHVW�27/�UDWHV�KDYH�WKH�KLJKHVW�IUHTXHQFLHV��7ZR�WKLUGV�RI�WKH�LWHPV�

������KDYH�DQ�27/�UDWH�KLJKHU�WKDQ�����$QG�����RI�DOO�WHVW�LWHPV�KDYH�DQ�27/�

UDWH�RI����RU�KLJKHU��7KLV�VKRZV�WKDW�WKH�7,066�:ULWWHQ�7HVW�PDWFKHG�UHODWLYHO\�

ZHOO�ZLWK�WKH�LPSOHPHQWHG�FXUULFXOXP�LQ��������

�

�
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$YHUDJH�27/�UDWH�RQ�DOO�LWHPV�����6( ���

1RWH�  'XH WR URXQGLQJ RII� WKH FXPXODWLYH SHUFHQWDJHV PD\ VHHP LQFRQVLVWHQW ZLWK WKH

SHUFHQWDJHV�

�

$V�D�VLGH�VWHS��WKH�VWDWLVWLFV�RQ�WHDFKHUV
�DFFHSWDQFH�RI�WKH�PXOWLSOH�FKRLFH�IRUPDW�

LV� UHSRUWHG� LQ� WKLV� SDUDJUDSK�� 7HDFKHUV� ZHUH� DVNHG� WR� LQGLFDWH� ZKHWKHU� WKH\�

ZRXOG� LQFOXGH�DQ� LWHP� LQWR�DQ� LPDJLQDU\� WHVW��ZKHQ�FRQVLGHULQJ� ���� LWV�FRQWHQW�

DQG����� LWV�IRUPDW��VHH�VHFWLRQ���������2QO\�WKHLU�DQVZHUV�RQ�WKH�FRQWHQW�RI�WKH�

LWHPV�ZHUH�WDNHQ�DV�LQGLFDWRU�RI�27/��+RZHYHU��WKH�FRQVLGHUDWLRQ�RQ�WKH�IRUPDW�

\LHOGV� LQIRUPDWLRQ�RQ�WKH�H[WHQW�WR�ZKLFK�WHDFKHUV�ZRXOG�LQFOXGH�WKH�LWHP�LQWR�

DQ� LPDJLQDU\� WHVW��ZKLOH�PDLQWDLQLQJ� WKH�PXOWLSOH�FKRLFH� IRUPDW��7KH�UHVXOWV�RI�

�����ZHUH�DV�IROORZV��IRU�DQ\�LWHP�IURP�WKH�:ULWWHQ�7HVW��RQ�DYHUDJH�����RI�WKH�

WHDFKHUV�LQGLFDWHG��
\HV
�WR�FRQWHQW�DQG�
\HV
�WR�IRUPDW��VLPLODUO\��RQ�DYHUDJH�����

RI�WKH�WHDFKHUV� LQGLFDWHG�� 
\HV
�WR�FRQWHQW�DQG�
QR
�WR�IRUPDW��7KHUHIRUH��D�ODUJH�

PDMRULW\�RI�WHDFKHUV�GLG�QRW�REMHFW�WR�WKH�PXOWLSOH�FKRLFH�IRUPDW��7KLV�FRQILUPV�

WKDW� PDQ\� WHDFKHUV� FRQVLGHUHG� PDQ\� LWHPV� LQ� WKH� 7,066� :ULWWHQ� 7HVW� DV�

PDWFKLQJ�ZLWK�WKH�LPSOHPHQWHG�FXUULFXOXP���

�

,Q�RUGHU� WR� ILQG�RXW�ZKHWKHU� WKH�'XWFK�PDWKHPDWLFV� WHDFKHUV
�DSSURYDO�RI� WKH�

:ULWWHQ�7HVW�ZDV�H[FHSWLRQDO��9RV�DQG�%RV������D������E��FRPSDUHG�WKH�UDWHV�

ZLWK� WHDFKHUV� RI� RWKHU� VXEMHFWV� DQG� ZLWK� WHDFKHUV� LQ� RWKHU� FRXQWULHV�� 7KH\��



7UHQG UHVXOWV ���

VKRZHG� WKDW� WKH� 27/� UDWHV� RI� 'XWFK� PDWKHPDWLFV� WHDFKHUV� LQ� ����� RQ� WKH�

PDWKHPDWLFV� LWHPV� LQ� WKH�:ULWWHQ� 7HVW� LV� FRPSDUDEOH� WR� WKH� UDWHV� RI� )OHPLVK�

PDWKHPDWLFV� WHDFKHUV� RQ� WKH� VDPH� LWHPV� ����� DQG� LW� LV� PXFK� KLJKHU� WKDQ� WKH�

DSSURYDO�E\�'XWFK�VFLHQFH�WHDFKHUV�RQ�WKH�VFLHQFH�LWHPV�LQ�7,066�����������

8QIRUWXQDWHO\��WKH�27/�GDWD�RI�WKH�:ULWWHQ�7HVW�GR�QRW�DOORZ�D�FRPSDULVRQ�LQ�

WLPH�EHWZHHQ�GDWD�RI������DQG�������7KH�QXPEHU�RI�LWHPV������RQ�ZKLFK�27/�

UDWHV�DUH�DYDLODEOH�LQ�ERWK�\HDUV�LV�VPDOO��DQG�WKH�FKDUDFWHULVWLFV�RI�WKHVH�LWHPV�GR�

QRW�DOORZ�IRU�JHQHUDOLVDWLRQ��DV�WKH\�DUH�QRW�UHSUHVHQWDWLYH�IRU�WKH�ZKROH�:ULWWHQ�

7HVW��

������ 7UH QG V �LQ �'X WF K �WH DF K H UV 
�MX G J H P H Q W�R Q �WK H �DS S UR S ULDWH Q H V V �R I �WK H �

3H UIR UP DQ F H �$V V H V VP H Q W �

7R�RSHUDWLRQDOLVH�WKH�LPSOHPHQWHG�FXUULFXOXP��WKH�PDWKHPDWLFV�WHDFKHUV�RI�WKH�

SDUWLFLSDWLQJ�VWXGHQWV�MXGJHG�WKH�WHVW�LWHPV�LQ�WKH�3HUIRUPDQFH�$VVHVVPHQW��%RWK�

LQ������DQG������DOO�LWHPV�DFURVV�WKH�PDWKHPDWLFV�WDVNV�ZHUH�VXEPLWWHG�WR�WKHP��

7KH�TXHVWLRQ�WR�WKH�WHDFKHUV�ZDV�WZRIROG��ZKHWKHU�WKH\�KDG�WDXJKW�WKH�FRQWHQW�

RI�DQ�LWHP�EHIRUH�WHVW�DGPLQLVWUDWLRQ��DQG�ZKHWKHU�WKH\�ZRXOG�LQFOXGH�WKH�LWHP�

LQWR�DQ�LPDJLQDU\�WHVW�RI�WKHLU�RZQ�PDNLQJ��7KHUHIRUH��WKHUH�ZLOO�EH�WZR�W\SHV�RI�

GDWD�� GDWD� IRU� 
27/�FRYHUHG
� �IRU� FRYHUHG� FRQWHQW�� DQG� GDWD� IRU� 
27/�WHVWLQJ
�

�IRU�UHDGLQHVV�WR�LQFOXGH�LQWR�D�WHVW���

 
7DEOH����� 27/�WUHQG�UHVXOWV�RQ�3$������DQG�3$������

$YJ �27/�F R Y H UH G �UDWH �

�6(��

$YJ �27/�WH V WLQ J �UDWH �

�6(��

7DVN���LWH P V � �
�����

�Q ����

�����

�Q ����

�����

�Q ����

�����

�Q ����

'LFH����� � ��� ����� � ��� ����� � ��� ����� � ��� �����

&DOFXODWRU����� � ��� ����� � ��� ����� � ��� ����� � ��� ����

)ROGLQJ����� � ��� ���� � ��� ����� � ��� ����� � ��� �����

$URXQG�WKH�%HQG����� � ��� ����� � ��� ����� � ��� ����� � ��� ����

3DFNDJLQJ����� � ��� ����� � ��� ����� � ��� ����� � ��� ����

6KDGRZV����� � ��� ����� � ��� ����� � ��� ����� � ��� �����

3ODVWLFLQH����� � ��� ���� � ��� ����� � ��� ����� � ��� �����

$YHUDJH�RYHU�DOO�LWHPV�����LWHPV�� � ��� ����� � ��� ����� � ��� ����� � ��� ����

1RWH�  6LJQLILFDQW GLIIHUHQFH EHWZHHQ GDWD RI ���� DQG ���� �S�������

�



��� &KDSWHU �

7DEOH�����VKRZV�WKH�'XWFK�GDWD�RI�27/�FRYHUHG�DQG�27/�WHVWLQJ�IRU������DQG�

�����RQ� WKH�7,066�3HUIRUPDQFH�$VVHVVPHQW�� ,Q� WKH� WDEOH� WKH� UDWHV�DUH�DYHUDJH�

SHUFHQWDJHV� RI� WHDFKHUV� ZKR� DQVZHUHG� SRVLWLYHO\� WR� WKH� 27/�FRYHUHG� DQG� WKH�

27/�WHVWLQJ�TXHVWLRQ��,Q�������WKH�DYHUDJH�27/�UDWH�RQ�DQ�LWHP�ZDV����IRU�27/�

FRYHUHG�DQG���� IRU�27/�WHVWLQJ��7KHVH�ZHUH� ORZ� UDWHV�� LQGLFDWLQJ� WKDW� OHVV� WKDQ�

KDOI�RI�WKH�WHDFKHUV�KDG�FRYHUHG�WKH�FRQWHQW�WHVWHG�LQ�WKH�WHVW�LWHPV��7KH�UDWHV�KDG�

LQFUHDVHG� ILYH� \HDUV� ODWHU�� ,Q������� WKH�DYHUDJH�27/�UDWH�RQ�DQ� LWHP�ZDV���� IRU�

27/�FRYHUHG�DQG����IRU�27/�WHVWLQJ��7DEOH�����DOVR�SUHVHQWV�D�EUHDNGRZQ�RI�WKH�

27/�UDWHV�IRU�WKH�GLIIHUHQW�WDVNV�RI�WKH�3HUIRUPDQFH�$VVHVVPHQW��

�

:LWK� WKH� VPDOO� QXPEHU� RI� WHDFKHUV� UHVSRQGLQJ�� WKH�27/� GDWD� KDYH� D� OLPLWHG�

YDOXH��6WLOO��WKH�WDEOH�\LHOGV�QRWHZRUWK\�UHVXOWV��)LUVW��ZH�IRFXV�RQ�WKH�FROXPQV�IRU�

27/�FRYHUHG�UDWHV��,Q�������PRVW�WDVNV�KDYH�DQ�27/�FRYHUHG�UDWH�ORZHU�WKDQ����

�ZLWK�WKH�WDVN�3DFNDJLQJ�EHLQJ�WKH�H[FHSWLRQ���7KH�DYHUDJH�UDWH�RYHU�WKH����LWHPV�

LV�����7KHUH�LV�D�QRWDEOH�WUHQG�IURP������WR�������7KH�27/�FRYHUHG�UDWH�RI�WKH�

LWHPV�LQFUHDVHV�EHWZHHQ������DQG������WR�����2Q�HDFK�LWHP��WKH�UDWHV�LQFUHDVHG�

E\�DSSUR[LPDWHO\����EXW�WKLV�LQFUHDVH�LV�RQO\�VLJQLILFDQW�RQ�WKH�LWHPV�LQ�WKH�WDVN�

$URXQG�WKH�%HQG��WZR�WDLOHG�W�WHVW��S��������7KH�WDVNV�)ROGLQJ��6KDGRZV�DQG�3ODVWLFLQH�

VKRZHG�ORZ�ILJXUHV�LQ�ERWK������DQG�������7KH�WDVNV�'LFH��&DOFXODWRU��DQG�$URXQG�

WKH�%HQG�KDG� ORZ� ILJXUHV� LQ�������EXW�QRW� LQ�������2QO\� WKH� WDVN�3DFNDJLQJ�KDG�

KLJK�ILJXUHV�LQ�ERWK������DQG�������

7KH� ORZ�QXPEHU�RI� UHVSRQGHQWV� UHVXOW� LQ�ZLGH�PDUJLQV�RI� WKH�GDWD��+RZHYHU��

PRUH�UHILQHG�PHWKRGV�FDQ�WHVW�ZKHWKHU�WKH�LQFUHDVH�RI�WKH�27/�FRYHUHG�UDWHV�LV�

VLJQLILFDQW��%\�PHDQV�RI�WKH�VLJQ�WHVW��WKH�LWHPV�DUH�FRXQWHG�RQ�ZKLFK�DQ�LQFUHDVH�

KDV� WDNHQ� SODFH��:LWK� ��� LWHPV�� WKH� UDWHV� LQFUHDVHG� RQ� ��� RI� WKHP��7KLV� ODUJH�

QXPEHU� SURYHV� WKDW� WKH� LQFUHDVH� RI� WKH� 27/�FRYHUHG� UDWHV� LV� VLJQLILFDQW�

>%LQ����S ó���3�;���������@��

�

7KH� FROXPQV� RQ� WKH� ULJKW� RI� 7DEOH� ���� SHUWDLQ� WKH� TXHVWLRQ�ZKHWKHU� WHDFKHUV�

ZRXOG� LQFOXGH�DQ� LWHP� LQWR�D� WHVW�RI� WKHLU�RZQ�PDNLQJ��7KLV�\LHOGHG�WKH�27/�

WHVWLQJ�UDWHV��$OO�27/�WHVWLQJ�UDWHV�DUH�KLJKHU�WKDQ�WKH�27/�FRYHUHG�UDWHV��7KLV�

LV� UHDVRQDEOH�� DV� WHDFKHUV� FDQ� LQFOXGH� LWHPV�� ZKLFK� KDYH� QRW� EHHQ� FRYHUHG� E\�

WKHLU�WHDFKLQJ��EXW�ZKLFK�FRQQHFW�WR�LW��7KXV��WKH\�FDQ�H[SHFW�WUDQVIHU�IURP�WDXJKW�

FRQWHQW�WR�WKH�LWHPV��2Q�WKH�27/�WHVWLQJ�UDWHV��DJDLQ��WKH�WDVN�3DFNDJLQJ�KDV�WKH�

KLJKHVW� ILJXUHV��$OVR�� WKHUH� LV� D� QRWDEOH� WUHQG� IURP������ WR� ������7KHUH� LV� DQ��

�



7UHQG UHVXOWV ���

DYHUDJH� LQFUHDVH�IURP����WR����RQ�WKH� LWHPV��DQG�WKLV� LQFUHDVH� LV�VLJQLILFDQW�RQ�

WKH�LWHPV�DFURVV�WKH�WDVNV�)ROGLQJ��$URXQG�WKH�%HQG��DQG�3ODVWLFLQH��,Q�SDUWLFXODU��WKH�

WZR� WDVNV� )ROGLQJ� DQG� 3ODVWLFLQH� VKRZHG� YHU\� ORZ� ILJXUHV� IRU� ����� �EHORZ� �����

ZKLFK�LQFUHDVHG�FRQVLGHUDEO\�WR�DERYH����LQ�������

$JDLQ�� WKH� W�WHVW� FDQQRW� HVWDEOLVK� D� VLJQLILFDQW�GLIIHUHQFH�RQ� WKH� DYHUDJH�27/�

WHVWLQJ�UDWHV�RI������DQG�������%\�XVLQJ�WKH�VLJQ�WHVW��WKH�LWHPV�DUH�FRXQWHG�RQ�

ZKLFK�DQ� LQFUHDVH�KDV� WDNHQ�SODFH��:LWK���� LWHPV�� WKH�UDWHV� LQFUHDVHG�RQ����RI�

WKHP�� 7KLV� ODUJH� QXPEHU� SURYHV� WKDW� WKH� LQFUHDVH� RI� WKH�27/�WHVWLQJ� UDWHV� LV�

VLJQLILFDQW�>%LQ����S ó���3�;���������@��

�

7KH�FRUUHODWLRQV�DW�LWHP�OHYHO�RI�27/�UDWHV�RQ�WKH�3HUIRUPDQFH�$VVHVVPHQW�RI�

����� DQG� ����� DUH� DV� IROORZV�� )RU� WKH� 27/�FRYHUHG� UDWHV�� WKH� FRUUHODWLRQ� LV�

U ����� �Q ���� S�������� )RU� WKH� 27/�WHVWLQJ� UDWHV�� WKH� FRUUHODWLRQ� LV� U �����

�Q ����S��������7KH� WZR�FRUUHODWLRQ�FRHIILFLHQWV�FRQILUP�WKDW�ERWK�27/�UDWHV�

LQFUHDVHG� FRQVLVWHQWO\� RQ� DOO� LWHPV�� 7KH�27/�FRYHUHG� UDWHV� RI� ����� LQFUHDVHG�

ZLWK�DSSUR[LPDWHO\����DQG�WKH�27/�WHVWLQJ�UDWHV� LQFUHDVHG�ZLWK�DSSUR[LPDWHO\�

����7KH�ODUJHU�LQFUHDVH�RI�WKH�27/�WHVWLQJ�UDWHV�EHWZHHQ������DQG������ZDV�DOVR�

GHPRQVWUDWHG�E\�WKH�IDFW�WKDW�WKHUH�ZDV�RQO\�RQH�WDVN�ZLWK�VLJQLILFDQW�GLIIHUHQFHV�

EHWZHHQ�WKH�27/�FRYHUHG�UDWHV�RI������DQG�������ZKLOH�WKHUH�ZHUH�WKUHH�WDVNV�

ZLWK� VLJQLILFDQW� GLIIHUHQFHV� EHWZHHQ� WKH� 27/�WHVWLQJ� UDWHV�� 7KLV� PHDQV� WKDW�

'XWFK�PDWKHPDWLFV�WHDFKHUV�FKDQJHG�WKHLU�PLQGV�RQ�WKH�WDXJKW�FRQWHQW�DQG�WR�D�

ODUJHU� H[WHQW�� WKH\� FKDQJHG� WKHLU� PLQGV� RQ� WKH� LQFOXVLRQ� RI� LWHPV� LQWR� DQ�

LPDJLQDU\�WHVW��7KLV�WUHQG�FRXOG�EH�FDXVHG�E\�DQ�LQFUHDVHG�FRQILGHQFH�LQ�SRVVLEOH�

WUDQVIHU� RI� FRQWHQW� WDXJKW�� ,W� FDQ� DOVR� EH� WKDW� WHDFKHUV� KDYH� EHFRPH� PRUH�

LQFOLQHG� WR� RUJDQLVH� D� SUDFWLFDO� WHVW�� +RZHYHU�� WKH� LQFUHDVHG�27/�WHVWLQJ� UDWH�

UHIOHFWV� WHDFKHUV
� LQWHQWLRQV� DQG� LW�GRHV�QRW�QHFHVVDULO\� UHIOHFW� DFWXDO�FODVVURRP�

SUDFWLFH��$V�WHDFKHUV�KDYH�OLWWOH�H[SHULHQFH�ZLWK�WKHVH�NLQGV�RI�WHVWV��WKH\�PLJKW�

KDYH�JLYHQ�LPDJLQDU\�DQVZHUV��

�

$W� WKH� OHYHO� RI� WKH� LPSOHPHQWHG� FXUULFXOXP�� WKH� 0(75,&� VWXG\� KDG� WZR�

GLIIHUHQW�GDWD� DYDLODEOH��27/�WHVWLQJ� DQG�27/�FRYHUHG��$V� D� VLGHVWHS�� WKHUH� LV�

PRUH� WR� VD\� DERXW� WKH� UHODWLRQVKLS� EHWZHHQ� WKH� WZR� NLQGV� RI� GDWD�� 7KH�

FRUUHODWLRQ�EHWZHHQ�27/�FRYHUHG�GDWD�DQG�27/�WHVWLQJ�GDWD�LQ������WXUQV�RXW�

WR�EH�U ������Q ����S��������7KLV�PHDQV�WKDW�WKH�WZR�UDWHV�DSSUR[LPDWHG�HDFK�

RWKHU�IDLUO\��%\�������WKH�FRUUHODWLRQ�KDV�GHFUHDVHG�WR�U ������Q ����S��������,Q�

)LJXUH������WKH�FRUUHODWLRQV�EHWZHHQ�WKH�IRXU�GDWD�VHWV�DUH�LOOXVWUDWHG��
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)LJXUH������ 2YHUYLHZ�RI�FRUUHODWLRQV�RQ�3$������DQG�3$�������DW�WKH� OHYHO�RI�

WKH�LPSOHPHQWHG�FXUULFXOXP��27/�FRYHUHG�DQG�27/�WHVWLQJ��
�

)URP�WKH�FRUUHODWLRQV��ZH�FDQ�GHGXFW�WKDW�WKH�27/�FRYHUHG�UDWHV�DQG�WKH�27/�

WHVWLQJ� UDWHV� ZHUH� PRUH� PXWXDOO\� DOLNH� LQ� ����� WKDQ� LQ� ������ +RZHYHU�� WKH�

FRQVLVWHQF\�EHWZHHQ�WKH�WZR�PHDVXUHPHQWV�LV�VWLOO�FRQVLGHUDEOH��,W�SUREDEO\�KDV�

GHFUHDVHG�EHFDXVH�PDWKHPDWLFV�WHDFKHUV� LQGLFDWH�WR�DQ�LQFUHDVLQJ�UDWH�WKDW�WKH\�

FRXOG� LQFOXGH� WHVW� LWHPV� LQWR� D� SUDFWLFDO� WHVW� RI� WKHLU� RZQ�PDNLQJ�� HYHQ� LI� WKH�

FRQWHQW� KDV� QRW� EHHQ� FRYHUHG�� 7KLV� FRXOG� LPSO\� WKDW�� LQ� WKH� ILYH� \HDUV� WLPH�

FRYHUHG�E\�WKH�0(75,&�VWXG\��WKH\�KDYH�JDLQHG�PRUH�FRQILGHQFH�LQ�D�SRVVLEOH�

WUDQVIHU�RI�OHDUQW�NQRZOHGJH�DQG�VNLOOV�WR�H[WUD�FXUULFXODU�FRQWHQW��

$IWHU�WKLV�VKRUW�PHWKRGRORJLFDO�VLGHVWHS�RQ�27/�GDWD��ZH�UHWXUQ�WR�WKH�UHYLHZ�RI�

27/� GDWD�� ,Q� WKH� QH[W� VHFWLRQ� WKH� 27/� GDWD� ZLOO� EH� FRPSDUHG� EHWZHHQ� WKH�

:ULWWHQ�7HVW�DQG�WKH�3HUIRUPDQFH�$VVHVVPHQW��

������ &R P S DULV R Q �R I�WUH QG V �LQ �'X WF K �WH DF K H UV 
�MX G J H P H Q W �

,Q� WKLV� VHFWLRQ��ZH�FDQ�FRPSDUH� WKH�27/�UDWHV�IURP�WKH�:ULWWHQ�7HVW�DQG�WKH�

3HUIRUPDQFH� $VVHVVPHQW�� 7R� PHDVXUH� 27/�� WKH� LWHPV� LQ� ERWK� WHVWV� ZHUH�

VXEPLWWHG�WR�WKH�WHDFKHUV��,Q�������RQO\����LWHPV�IURP�WKH�:ULWWHQ�7HVW�DQG�DOO�

LWHPV� LQ� WKH� 3HUIRUPDQFH� $VVHVVPHQW� ZHUH� VXEPLWWHG�� ,Q� ����������� DOO� WHVW�

LWHPV�LQ�ERWK�WHVWV�ZHUH�VXEPLWWHG��

7KH� LQVWUXPHQW� XVHG� GLIIHUHG� EHWZHHQ� WKH� WHVWV�� 7KLV� GLIIHUHQFH� KDV� DOUHDG\�

RFFXUUHG� LQ� ������ DQG� ZDV� PDLQWDLQHG� LQ� ����������� LQ� RUGHU� WR� NHHS� WKH��

�
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LQVWUXPHQWV�LQWDFW�RYHU�WLPH��)RU�WKH�WHVW�LWHPV�LQ�WKH�:ULWWHQ�7HVW��WHDFKHUV�ZHUH�

DVNHG� ZKHWKHU� WKH\� ZRXOG� LQFOXGHG� WKH� LWHPV� LQWR� DQ� LPDJLQDU\� WHVW� WKDW� ZDV�

PHDQW�WR�FRYHU�DOO�FRQWHQW�WDXJKW�LQ�WKH�SDVW��LQFOXGLQJ�SULPDU\�VFKRRO��XQWLO�WKH�

WLPH�RI�WHVWLQJ��)RU�WKH�3HUIRUPDQFH�$VVHVVPHQW��WKH�TXHVWLRQQDLUH�ZDV�VOLJKWO\�

DGDSWHG� EHFDXVH� RI� D� SUHVXPHG� ORZHU� IDPLOLDULW\� ZLWK� SUDFWLFDO� WHVWV�� +HUH��

WHDFKHUV�ZHUH�DVNHG�ZKHWKHU� WKH\�KDG�FRYHUHG�WKH�FRQWHQW��27/�FRYHUHG��DQG�

ZKHWKHU�WKH\�ZRXOG�LQFOXGH�WKH�LWHPV�LQWR�DQ�LPDJLQDU\�WHVW��27/�WHVWLQJ���)RU�

WKH�FRPSDULVRQ�RI�:ULWWHQ�7HVW�DQG�3HUIRUPDQFH�$VVHVVPHQW�ZH�FDQ�XVH�ERWK�

27/�UDWHV�RI�WKH�3HUIRUPDQFH�$VVHVVPHQW��

�

7KH�DYHUDJH�27/�UDWH�IRU�WKH����LWHPV�IURP�WKH�:ULWWHQ�7HVW�ZDV�HTXDO�LQ������

DQG�������EHLQJ�����7KH�FRUUHODWLRQ�EHWZHHQ�WKH�GDWD�VHWV�RI������DQG������ZDV�

KLJK�� U ����� �Q ����S�������ZKLFK�FRXOG�KDYH�EHHQ�FDXVHG�E\�WKH�FRQQHFWLRQ�

EHWZHHQ� WKH� ��� LWHPV� DV� WKH\� ZHUH� VHOHFWHG� IRU� WKH� 1DWLRQDO� 2SWLRQ� 7HVW��

+RZHYHU��WKH�PHDVXUHPHQWV�IRU�WKH�3HUIRUPDQFH�$VVHVVPHQW�LQ������DQG������

GLVSOD\�VLPLODU�KLJK�FRUUHODWLRQV��7KH�FRUUHODWLRQ�RI�WKH�27/�FRYHUHG�UDWHV�ZDV�

U ������Q ����S�������DQG�WKH�FRUUHODWLRQ�IRU�WKH�27/�WHVWLQJ�UDWHV�LQ������DQG�

����� ZDV� U ����� �Q ���� S�������� ,W� PHDQV� WKDW� WKHUH� LV� D� FRQVLGHUDEOH�

FRQVLVWHQF\�LQ�WHDFKHUV
�DQVZHUV�EHWZHHQ������DQG������������

�

7KH�27/� UDWHV� RQ� WKH�:ULWWHQ�7HVW� DQG� WKH�3HUIRUPDQFH�$VVHVVPHQW� IXUWKHU�

UHYHDO��WKDW�WKH�:ULWWHQ�7HVW�PDWFKHV�ZHOO�ZLWK�WKH�LPSOHPHQWHG�FXUULFXOXP��7KH�

DYHUDJH�27/�UDWH�RQ�DOO� LWHPV�LQ�WKH�:ULWWHQ�7HVW�LV������6( ���LQ�������7KH�

PDWFK� RI� WKH� 3HUIRUPDQFH� $VVHVVPHQW� ZLWK� WKH� LPSOHPHQWHG� FXUULFXOXP� LV�

ZHDNHU� EXW� VKRZV� D� QRWHZRUWK\� LPSURYHPHQW� EHWZHHQ� WKH� PHDVXUHPHQWV� RI�

�����DQG�������,Q�������WKH�3HUIRUPDQFH�$VVHVVPHQW�UHFHLYHG�ORZHU�27/�UDWHV�

WKDQ�WKH�:ULWWHQ�7HVW��ZLWK�DYHUDJH�UDWHV�����6( ����DQG�����6( ����IRU�27/�

FRYHUHG� DQG�27/�WHVWLQJ� UHVSHFWLYHO\�� %\� ������ WKH� UDWHV� KDG� LQFUHDVHG� WR� DQ�

DYHUDJH�27/�FRYHUHG�UDWH�RI�����6( ����DQG�DQ�27/�WHVWLQJ�UDWH�RI�����6( ����

:LWK�WKH�H[FHSWLRQ�RI�WKDW�ODVW�ILJXUH��WKH�27/�WHVWLQJ�UDWH�RI�������DOO�27/�GDWD�

RQ�WKH�3HUIRUPDQFH�$VVHVVPHQW�DUH�VLJQLILFDQWO\�ORZHU�WKDW�WKH�27/�UDWH�RI�WKH�

:ULWWHQ� 7HVW� �WZR�WDLOHG� W�WHVW�� S!������� %XW� LQ� ������ WKHUH� DUH� DSSUR[LPDWHO\�

WKUHH�TXDUWHUV�RI�WKH�WHDFKHUV�FRQVLGHULQJ�WKH�3HUIRUPDQFH�$VVHVVPHQW�LWHPV�ILW�

IRU�D�WHVW�RI�WKHLU�RZQ�PDNLQJ��7KLV�ILJXUH�RI����RQ�WKH�3HUIRUPDQFH�$VVHVVPHQW�

DSSURDFKHV�WKH�ILJXUH�RQ�WKH�:ULWWHQ�7HVW�ZKHUH����RI�WKH�WHDFKHUV�KDG�LQGLFDWHG�

WR�LQFOXGH�DQ�DYHUDJH�WHVW�LWHP�LQWR�D�WHVW�RI�WKHLU�RZQ�PDNLQJ��



��� &KDSWHU �

7KH�27/�GDWD�RQ�WKH�3HUIRUPDQFH�$VVHVVPHQW�DOVR�GLVFORVH�D�ODUJH�GLVFUHSDQF\�

EHWZHHQ� WKH� 27/�FRYHUHG� UDWHV� DQG� WKH� 27/�WHVWLQJ� UDWHV�� ,Q� ������ WKH�

GLIIHUHQFH�EHWZHHQ�WKHVH�LV�����DQG�LQ������WKLV�GLIIHUHQFH�KDV�IXUWKHU�LQFUHDVHG��

7KLV�PHDQV� WKDW� WKHUH� DUH� DQ� LQFUHDVLQJ�QXPEHU�RI� WHDFKHUV�ZKR� LQGLFDWH� WKDW�

WKH\�FRXOG�LQFOXGH�LWHPV�LQWR�D�WHVW�RI�WKHLU�RZQ�PDNLQJ��HYHQ�LI�WKH�FRQWHQW�KDG�

QRW� �\HW�� EHHQ� FRYHUHG��7KLV� SKHQRPHQRQ� FDQQRW� EH� FKHFNHG� IRU� WKH�:ULWWHQ�

7HVW�� DV� WKH� GLIIHUHQWLDWLRQ� EHWZHHQ� 27/�FRYHUHG� DQG� 27/�WHVWLQJ� ZDV� QRW�

PDGH��DQG�RQO\�RQH�27/�UDWH�ZDV�FRPSLOHG��

�

:LWK� WKH� :ULWWHQ� 7HVW� PDWFKLQJ� WR� D� ODUJH� H[WHQW� ZLWK� WKH� LPSOHPHQWHG�

FXUULFXOXP�� DQG� WKH�3HUIRUPDQFH�$VVHVVPHQW� WR� D� VRPHZKDW� OHVVHU� H[WHQW��ZH�

ZLOO�WXUQ�LQ�WKH�QH[W�VHFWLRQ�WR�WKH�DWWDLQHG�FXUULFXOXP��7KHUH�WKH�VWXGHQWV
�UHVXOWV�

RQ�WKH�WZR�WHVWV�ZLOO�EH�SUHVHQWHG��

���� 7+( $77$,1(' 0$7+(0$7,&6

&855,&8/80 ²�'87&+ 678'(176
�

$&+,(9(0(17 5(68/76 �

������ 7UH QG V � LQ � 'X WF K � V WXG H Q WV 
� DF K LH Y H P H Q W�

UH V X OWV �R Q �WK H �:ULWWH Q �7H V W �

,Q�WKLV�VHFWLRQ��WKH�'XWFK�VWXGHQWV
�UHVXOWV�RQ�WKH�7,066�:ULWWHQ�7HVWV�RI������

DQG������ZLOO�EH�SUHVHQWHG��,Q�VHFWLRQ�������WKH�VDPH�ZLOO�EH�GRQH�IRU�WKH�7,066�

3HUIRUPDQFH� $VVHVVPHQW�� 7KH� VWXGHQWV
� WHVW� UHVXOWV� DUH� WDNHQ� DV� DQ�

RSHUDWLRQDOLVDWLRQ�RI�WKH�DWWDLQHG�FXUULFXOXP��

 

7KH� UHVXOWV� IRU� WKH� DWWDLQHG� FXUULFXOXP� RI� WKH� 7,066�:ULWWHQ� 7HVW� ZHUH� ILUVW�

SXEOLVKHG� LQ� WKH� LQWHUQDWLRQDO�7,066�UHSRUWV� �%HDWRQ�HW�DO���������0XOOLV�HW�DO���

������� ,Q� WKH� UHSRUWV�� VWXGHQWV
� VFRUHV� ZHUH� FDOFXODWHG� XVLQJ� ,WHP� 5HVSRQVH�

7KHRU\��,57���7KLV�WKHRU\�ZDV�XVHG�WR�HVWLPDWH�VWXGHQWV
�VFRUHV�RQ�DOO�LWHPV�HYHQ�

LI� WKHLU� WHVW� ERRNOHW� FRQWDLQHG� RQO\� D� SRUWLRQ� RI� WKHVH�� 7KH� DYHUDJH� VFRUHV� RI�

VWXGHQWV� RI� D� FRXQWU\� ZHUH� XVHG� DV� D� FRXQWU\
V� VFRUH� DQG� UH�VFDOHG� WR� DQ�

LQWHUQDWLRQDOO\�VWDQGDUGLVHG�VFDOH�ZLWK�DQ�DYHUDJH�RI�����DQG�D�VWDQGDUG�GHYLDWLRQ�

RI������EHWZHHQ�FRXQWULHV����

7KH�ODERULRXV�,57�EDVHG�PHWKRG�ZDV�QRW�VXLWDEOH�IRU�WKH�0(75,&�VWXG\�DV�LW�

GLG�QRW�DLP�DW�ILQGLQJ�VFRUHV�RYHU�WKH�ZKROH�WHVW��EXW�DW�ILQGLQJ�DYHUDJH�VFRUHV�RQ�

VHSDUDWH� LWHPV� �S�YDOXHV���%\�DYHUDJLQJ�RYHU� VHWV�RI� LWHPV� �H�J�� WKH�VHW�RI� LWHPV�



7UHQG UHVXOWV ���

PDWFKLQJ� ZLWK� WKH� LQWHQGHG� FXUULFXOXP��� OLQNV� EHWZHHQ� FXUULFXODU� DSSHDUDQFHV�

FRXOG� EH� HVWDEOLVKHG�� $V� DQ� LQGLFDWRU� RI� WKH� VFRUH� RQ� WKH� FRPSOHWH� WHVW�� WKH�

DYHUDJH�S�YDOXH�RI�DOO� LWHPV�ZDV�FDOFXODWHG�IRU�FRPSDULVRQ�ZLWK�WKH�,57�EDVHG�

PHWKRG�IURP�WKH�LQWHUQDWLRQDO�UHSRUWV���

,Q� 7DEOH� ����� WKH� UHVXOWV� RI� ERWK� PHWKRGV� DUH� GLVSOD\HG�� 7KH� VFDOH� VFRUH� IRU�

'XWFK�VWXGHQWV� IRU������DQG������ZDV�����DQG�����UHVSHFWLYHO\��7KHVH�VFRUHV�

ZHUH�DERYH�WKH�LQWHUQDWLRQDO�DYHUDJH�RI�����LQ������DQG�����LQ�������0XOOLV�HW�

DO����������7KH�'XWFK�VFRUH�VHHPV�WR�KDYH�LPSURYHG�LQ�IRXU�\HDUV�WLPH��+RZHYHU��

ZLWK�VWDQGDUG�HUURUV�RI�����DQG�����UHVSHFWLYHO\��WKH�GLIIHUHQFH�LV�QRW�VLJQLILFDQW�

�WZR�WDLOHG�W�WHVW��S!�������

 
7DEOH������ 'XWFK�PDWKHPDWLFV�DFKLHYHPHQW�UHVXOWV�RQ�:7������DQG�:7������

$F K LH Y H P H Q W�

0H WK R G �R I�UH S R UWLQ J �DF K LH Y H P H Q W�
�����

�Q ������

������

�Q ������

'XWFK�VFDOH�VFRUH�LQ�WKH�LQWHUQDWLRQDO�7,066�

UHSRUW��6(�� ���������� ����������

$YHUDJH�S�YDOXH�RQ�����LWHPV��6(�� ����������� �����������

6RXUFH�  0XOOLV�HW�DO���������

 

7DEOH�����LQFOXGHV�WKH�DYHUDJH�S�YDOXHV��DYHUDJH�SHUFHQWDJH�FRUUHFW��RQ�����LWHPV�

LQ� WKH�:ULWWHQ�7HVWV� LQ� ����� DQG�������7KHVH�GDWD� DUH�EDVHG�RQ� WKH�GDWDEDVH��

ZKLFK�ZDV�PDGH�DYDLODEOH�E\�WKH�7,066�,QWHUQDWLRQDO�6WXG\�&HQWHU��*RQ]DOH]�	�

0LOHV���������7KH�IXOO�OLVW�RI�S�YDOXHV�RQ�WKH�����LWHPV�LV�JLYHQ�LQ�$SSHQGL[�)��7R�

LQYHVWLJDWH� ZKHWKHU� S�YDOXHV� RQ� DQ� LWHP� GLIIHU� VLJQLILFDQWO\� EHWZHHQ�:7������

DQG�:7�������WKH�W�WHVW�LV�D�VXLWDEOH�LQVWUXPHQW��$SSHQGL[�(�LV�EDVHG�RQ�WKH�W�

WHVW�DQG�FDQ�VHUYH�DV�D�JXLGHOLQH�WR�LQYHVWLJDWH�GLIIHUHQFHV�LQ�S�YDOXHV��

2Q� ���� LWHPV� LQ�:7������ DQG�:7������� WKH� DYHUDJH� S�YDOXHV�ZHUH� ����� DQG�

�����UHVSHFWLYHO\��7KH�GLIIHUHQFH�EHWZHHQ�WKH�VFRUHV�LV�QRW�VLJQLILFDQW��WZR�WDLOHG�

W�WHVW��S!�������FRQILUPLQJ�WKH�UHVXOWV�IURP�WKH�LQWHUQDWLRQDO�UHSRUW��ZKLFK�ZHUH�

UHSRUWHG� LQ� D� VFDOH� VFRUH� IRUPDW�� ,Q� ERWK� UHSUHVHQWDWLRQV� �ZKHWKHU� WKURXJK� D�

VFDOH� VFRUH� RU� WKURXJK� DYHUDJH� S�YDOXHV��� WKH� PLQRU� LQFUHDVH� LV� VWDWLVWLFDOO\�

XQGHWHFWDEOH�XVLQJ�WKH�W�WHVW���

�

7KH�0(75,&� VWXG\� XVHG� LWHPV� LQ�:7������ DQG� WKHLU� FORQHV� LQ�:7������ WR�

FRPSDUH�GDWD�LQ�WLPH��+RZHYHU��WKHUH�ZDV�FRQFHUQ�RQ�WKH�ZHOO�IXQFWLRQLQJ�RI�WKH�

SDLUHG� LWHPV� IURP� ����� DQG� ����� IRU� WKH� WUHQG� FRPSDULVRQ� RI� VWXGHQWV
�



��� &KDSWHU �

DFKLHYHPHQW��7KH�TXHVWLRQ�ZDV��ZKHWKHU�WKH�DFKLHYHPHQW�RQ�WKH�FORQHG�LWHPV�LQ�

:7������ZDV�IXOO\�FRPSDUDEOH�WR�WKH�DFKLHYHPHQW�RI�WKH�RULJLQDO�LWHPV�LQ�:7�

������ ,W� UHPDLQHG�SRVVLEOH� WKDW�GLIIHUHQFHV� LQ�DFKLHYHPHQW�ZHUH�QRW�FDXVHG�E\�

VWXGHQWV
� VFRULQJ� SDWWHUQ� EXW� E\� VPDOO� GLIIHUHQFHV� EHWZHHQ� WKH� FORQHV��7KXV�� D�

VHOHFWLRQ� RI� LWHPV� ZDV�PDGH� WR� VWXG\� WKLV� LVVXH�PRUH� FORVHO\�� 7KH� ��� DQFKRU�

LWHPV� IURP� WKH�1DWLRQDO�2SWLRQ�7HVW�ZHUH� VHOHFWHG�� ,Q�7DEOH����� WKH�VWXGHQWV
�

VFRUHV��LQ�S�YDOXHV��DUH�JLYHQ�IRU�WKH����LWHPV��7KH�ILUVW�HLJKW�LWHPV�ZHUH�LGHQWLFDO�

LQ������DQG�������LWHPV�$����%����%����%����&����(����)���DQG�+�����2Q�DOO�

WKHVH��WKH�S�YDOXHV�DUH�KLJKHU�LQ������WKDQ�LQ�������)RU�RQH�RI�WKHP��LWHP�%�����

WKH�GLIIHUHQFH�EHWZHHQ�WKH�S�YDOXHV�RI������DQG������LV�VLJQLILFDQW��WZR�WDLOHG�W�

WHVW��S��������2Q�DOO�HLJKW�LWHPV�WRJHWKHU��WKH�DYHUDJH�S�YDOXH�KDV�LQFUHDVHG�E\����

ZKLFK�LV�QRW�VLJQLILFDQW��WZR�WDLOHG�W�WHVW��S!��������

�

7DEOH������� 7UHQGV�LQ�S�YDOXHV�RQ����VHOHFWHG�LWHPV�IURP�:7������DQG�:7������

,WH P � $F K LH Y H P H Q W��S �Y DOX H ��6(��

:7������ :7������ ������Q ����²������� ������Q ������������

$��� LG�� � ��� ���� � ��� ����

%��� LG�� � ��� ���� � ��� ����

%��� LG�� � ��� ���� � ��� ����

%��� LG�� � ��� ���� � ��� ����

&��� LG�� � ��� ���� � ��� ����

(��� LG�� � ��� ���� � ��� ����

)��� LG�� � ��� ���� � ��� ����

+��� LG�� � ��� ���� � ��� ����

$YHUDJH�S�YDOXH����LGHQWLFDO�LWHPV�� � ��� ���� � ��� ����

.��� FORQH��.��� � ��� ���� � ��� ����

/��� FORQH��/��� � ��� ���� � ��� ����

1��� FORQH��1��� � ��� ���� � ��� ����

1��� FORQH��1��� � ��� ���� � ��� ����

2��� FORQH��2��� � ��� ���� � ��� ����

5��� FORQH��5��� � ��� ���� � ��� ����

5��� FORQH��5��� � ��� ���� � ��� ����

9��� FORQH��9��� � ��� ���� � ��� ����

$YHUDJH�S�YDOXH����FORQHG�LWHPV�� � ��� ���� � ��� ����

1RWH�  6LJQLILFDQW GLIIHUHQFH ZLWK ���� S�YDOXHV EHLQJ KLJKHU �S�������

 6LJQLILFDQW GLIIHUHQFH ZLWK ���� S�YDOXHV EHLQJ ORZHU �S�������



7UHQG UHVXOWV ���

7KH�SLFWXUH�IRU�WKH�HLJKW�SDLUHG�LWHPV�LQ�WKH�ERWWRP�KDOI�RI�WKH�WDEOH�LV�IX]]LHU��

2Q�RQH�LWHP�WKH�DFKLHYHPHQW�KDV�VLJQLILFDQWO\�GHFUHDVHG��DQG�RQ�WKUHH�LWHPV�WKH�

DFKLHYHPHQW�KDV�VLJQLILFDQWO\�LQFUHDVHG��WZR�WDLOHG�W�WHVW��S!�������,Q�WKHVH�FDVHV��

LW�ZDV�SRVVLEOH�WKDW�WKH�FORQHG�LWHP�GLIIHUHG�WRR�PXFK�IURP�LWV�RULJLQDO��PDNLQJ�

WKHLU�OHYHO�RI�GLIILFXOW\�GLIIHUHQW��7KLV�UHVXOWHG�WKHQ�LQ�VLJQLILFDQW�GLIIHUHQW�VFRUHV��

)RU� H[DPSOH�� OHW� XV� ORRN� DW� WKH� FDVH� RI� WKH� LWHP�9��� LQ�:7�������ZKLFK�ZDV�

FORQHG�LQWR�LWHP�9���LQ�:7�������VHH�$SSHQGL[�'���7KH������LWHP�VKRZV�WZR�

DGYHUWLVHPHQWV� IRU� UHQWDO� RI� RIILFH� VSDFH�� 7KH� ����� LWHP� VKRZV� WZR�

DGYHUWLVHPHQWV�IRU�DFTXLULQJ�D�VXEVFULSWLRQ�WR�D�MRXUQDO��,Q�ERWK�LWHPV�WKH�SULFHV�

KDYH�WR�EH�FRPSDUHG�IRU�D�JLYHQ�TXDQWLW\������VTXDUH�PHWHUV�RI�RIILFH�VSDFH��RU����

LVVXHV�RI�WKH�MRXUQDOV��7KLV�DOUHDG\�FUHDWHV�D�GLIIHUHQFH�EHWZHHQ�WKH�WZR�LWHPV��DV�

WKH�VXUIDFH�RI�DQ�RIILFH�VSDFH�LQ�VTXDUH�PHWHUV�LV�D�PRUH�GLIILFXOW�FRQFHSW�WKDQ�WKH�

QXPEHU�RI�LVVXHV��D�ZKROH�QXPEHU���$OVR��WKH�DPRXQW������YHUVXV�����FDQ�FDXVH�D�

GLIIHUHQFH� LQ� GLIILFXOW\� OHYHO�� 7KHUH� LV� VWLOO� D� WKLUG� GLIIHUHQFH� EHWZHHQ� WKH� WZR�

LWHPV��,Q�WKH������YHUVLRQ��WKH�WZR�JLYHQ�SULFHV�KDYH�D�GLIIHUHQW�WLPH�VFDOH��D�SULFH�

SHU�PRQWK�DQG�D�SULFH�SHU�\HDU���,Q�WKH������YHUVLRQ��WKH�SULFHV�KDYH�D�GLIIHUHQW�

LQWHUFHSW��QXPEHU�RI�LVVXHV�WKDW�DUH�IUHH���7KH�IRXUWK�GLIIHUHQFH�EHWZHHQ�WKH�WZR�

LWHPV�LV�WKH�DWWUDFWLYHQHVV�RI�WKH�FRQWH[W��WKH�ILUVW�YHUVLRQ�KDV�WKH�DGXOW�VHWWLQJ�RI�

EXVLQHVV�SHRSOH��ZKLOH�WKH�VHFRQG�YHUVLRQ�KDV�WKH�DGROHVFHQW�VHWWLQJ�RI�D�SXUFKDVH�

RI�SRSXODU�PDJD]LQHV��&RQVHTXHQWO\��WKH�VHFRQG�LWHP�RIIHUV�D�FRQWH[W�WR�ZKLFK�

JUDGH���VWXGHQWV�FDQ�PRUH�HDVLO\�UHODWH��7KHUHIRUH��WKH�GLIIHUHQFH�EHWZHHQ�WKH�S�

YDOXHV� RI� ����� DQG� ����� FDQ� ZHOO� EH� DVFULEHG� WR� WKH� FRQFHSWXDO� GLIIHUHQFHV�

EHWZHHQ�WKH�FORQHV��7KXV��WKH�FRPSDULVRQ�RI�WKH�DFKLHYHPHQW�RQ�WKH�FORQHG�SDLUV�

EHWZHHQ������DQG������QHHGV�FDUH��7KH�DYHUDJH�S�YDOXHV�KDYH�ULVHQ�ZLWK���EXW�

WKLV� PLJKW� QRW� DOZD\V� EH� FDXVHG� E\� LQFUHDVHG� VWXGHQWV
� NQRZOHGJH� DQG� VNLOOV��

7KHUHIRUH��LW�ZDV�GHFLGHG�WKDW�WKH�FORQHG�LWHPV�ZHUH�QRW�WR�EH�XVHIXO�IRU�WUHQG�

FRPSDULVRQ�LQ�DFKLHYHPHQW�LQ�WKH�0(75,&�VWXG\���

�

$W�WKLV�VWDJH��KDYLQJ�OHDUQW�WKDW�WKH�LWHPV�UHDOO\�QHHGHG�WR�EH�WUXO\�LGHQWLFDO�IRU�

WUHQG�FRPSDULVRQ�RI�VWXGHQWV
�DFKLHYHPHQW��WKH����LGHQWLFDO�LWHPV�LQ�WKH�FOXVWHUV�

$�+�ZHUH�UH�VFUXWLQLVHG��7KHVH�ZHUH�WKH� LWHPV�WKDW�ZHUH�NHSW�VHFUHW�DIWHU������

DQG�UH�XVHG�LQ�������+RZHYHU��QRW�DOO�RI�WKHP�KDG�EHHQ�OHIW�XQWRXFKHG��,Q�WKH�

SUHSDUDWLRQV� RI� WKH� ����� GDWD� FROOHFWLRQ� LQ� WKH�1HWKHUODQGV�� VPDOO� DGDSWDWLRQV�

KDG�EHHQ�PDGH�WR�D�IHZ�LWHPV��WKHVH�DOWHUDWLRQV�ZHUH�PDGH�ZLWK�SHUPLVVLRQ�IURP�

WKH�7,066�,QWHUQDWLRQDO�6WXG\�&HQWHU���7ZR�DGDSWDWLRQV�ZHUH�PDGH�WR�FRQQHFW��

�
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ZLWK�WKH�SUHYDLOLQJ�SUDFWLFH�LQ�'XWFK�PDWKHPDWLFV�HGXFDWLRQ�DW�JUDGH���OHYHO��7KH�

DOJHEUDLF�QRWDWLRQ�IRU�PXOWLSO\LQJ�ZLWK�D�YDULDEOH��VXFK�DV�
�D
��ZDV�FKDQJHG�LQWR�


��D
��6LPLODUO\��WKH�ZRUG
�FRQJUXHQW
�ZDV�UHSODFHG�E\�WKH�SKUDVH�
KDYLQJ�WKH�VDPH�

VL]H�DQG�VKDSH
��7KH�DGDSWDWLRQV�FRXOG�DIIHFW�WKH�GLIILFXOW\�RI�WKH�LWHPV�DQG�WKXV�

KLQGHU� WKH�FRPSDULVRQ�RI�DFKLHYHPHQW�DW� LWHP�OHYHO��7KH�DGDSWDWLRQV�KDG�EHHQ�

DSSOLHG�WR�VHYHQ�LWHPV�LQ�WKH�FOXVWHUV�$�+��LWHPV�$����%����&����'����(����*����

+�����7KXV��WK H UH �UH P DLQ H G ����LWH P V �WK DW�Z H UH �H [DF WO\ �LG H Q WLF DO�LQ ������DQG �

������7KHLU�QXPEHU�ZDV�VWLOO�FRQVLGHUHG�ODUJH�HQRXJK�WR�JLYH�D�VRXQG�EDVLV�IRU�

DQDO\VLV�� DOWKRXJK� WKH� WRSLFV� FRYHUHG�GLG�QR� ORQJHU� LQFOXGH� FRQJUXHQF\�RU� WKH�

PXOWLSOLFDWLRQ� RI� YDULDEOHV�� +RZHYHU�� WKHUH� ZDV� VWLOO� D� ODUJH� YDULHW\� RI� WRSLFV�

FRYHUHG�� UDQJLQJ� IURP� KDQGOLQJ� QXPEHUV� �LQFOXGLQJ� IUDFWLRQV� DQG� GHFLPDO�

QXPEHUV���UHDGLQJ�JUDSKV��LQWHUSUHWLQJ�SHUVSHFWLYH�GUDZLQJV��HVWLPDWLQJ�WKH�VL]H�

RI� DQJOHV��RU�GHDOLQJ�ZLWK� WKH�SUREDELOLW\�RI�HYHQWV��$OO� LWHPV�KDG� WKH�PXOWLSOH�

FKRLFH�IRUPDW��

:KHQ� FRPSDULQJ� WKH� DFKLHYHPHQWV� LQ� ����� DQG� ����� DW� LWHP� OHYHO� RQ� WKH� ���

LGHQWLFDO�LWHPV�IURP�WKH�:ULWWHQ�7HVW�LQ������DQG�������WKHUH�WXUQHG�RXW�WR�EH�D�

YHU\�KLJK�FRUUHODWLRQ�RI�U ������Q ����S�������EHWZHHQ�WKH�VFRUHV�RI������DQG�

������7KLV�FRUUHODWLRQ�PHDQW�WKDW�LWHPV�ZLWK�D�KLJK�S�YDOXH�LQ������KDG�DJDLQ�D�

KLJK�S�YDOXH� LQ�������DQG� LWHPV�ZLWK�D� ORZ�S�YDOXH�KDG�DJDLQ�D� ORZ�S�YDOXH� LQ�

������7KH�DYHUDJH�S�YDOXH�RQ�WKH����LGHQWLFDO�LWHPV�LQ������ZDV�����6( ����DQG�

LQ� ����� WKH� DYHUDJH� S�YDOXH� ZDV� ��� �6( � ���� 7KH� DYHUDJHV� GR� QRW� GLIIHU�

VLJQLILFDQWO\��WZR�WDLOHG�W�WHVW��S!��������

�

$�FORVHU� ORRN�DW� LWHP�OHYHO� UHYHDOHG�WKDW� WKH� LQFUHDVH� LQ�S�YDOXHV�EHWZHHQ������

DQG������RFFXUUHG�RQ�DOPRVW�DOO� LWHPV��EXW�RQO\�RQ�WZR�LWHPV�WKH�LQFUHDVH�ZDV�

VLJQLILFDQW��7KH�WZR�LWHPV�DUH�LWHP�%���RQ�WKH�FRPSDULVRQ�RI�GHFLPDO�QXPEHUV�

�VHH�$SSHQGL[�'��DQG�LWHP�*���RQ�IUDFWLRQV��WKH�LWHP�FDQQRW�EH�SXEOLVKHG���7KH�

LQFUHDVH�RQ� WKHVH� LWHPV�FRXOG� LQGLFDWH� WKDW�'XWFK�VWXGHQWV�KDG� LPSURYHG� WKHLU�

VNLOOV� LQ� KDQGOLQJ� QXPEHUV�� :KHQ� KDQGOLQJ� D� ���� SUREDELOLW\� PDUJLQ�� LW� LV�

DFFHSWDEOH�WKDW�WZR�RXW�RI����LWHPV������KDYH�D�VLJQLILFDQW�LQFUHDVH�LQ�S�YDOXH��

7KH�JHQHUDO� VWDWLVWLFDO�PHWKRG� WR�FRPSDUH� WKH�GDWD�RI� WZR�VDPSOHV� LV� WKH� WZR�

WDLOHG� W�WHVW�� 7KLV� WHVW� GLG� QRW� UHYHDO� D� VLJQLILFDQW� GLIIHUHQFH� EHWZHHQ� WKH�

DFKLHYHPHQWV� RQ� WKH� ��� LWHPV� LQ� ����� DQG� ������ +RZHYHU�� WKH� VOLJKW�

LPSURYHPHQW�VHHPHG�WR�KDSSHQ�RYHU�WKH�IXOO�UDQJH�RI�LWHPV��7KHUHIRUH��D�PRUH�

UHILQHG�PHWKRG�ZDV�XVHG�WR�GHWHFW�GLIIHUHQFHV�EHWZHHQ�WKH�VFRUHV�IURP������DQG�

������7KLV�ZDV�DFKLHYHG�E\�XVLQJ�WKH�QRQ�SDUDPHWULF�VLJQ�WHVW�IRU�SDLUHG�VDPSOHV�

RQ�WKH�LWHPV�LQ�WKH�:ULWWHQ�7HVW�WKDW�ZHUH�H[DFWO\�HTXDO�LQ������DQG�������7KHVH�
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ZHUH�WKH����LGHQWLFDO�LWHPV��2Q�IRXU�RI�WKHVH��WKH�DFKLHYHPHQW�KDG�GHFUHDVHG��RQ�

RQH�LWHP�LW�KDG�UHPDLQHG�HTXDO��DQG�RQ�WKH����UHPDLQLQJ�LWHPV�WKH�DFKLHYHPHQW�

KDG� LQFUHDVHG��7KH�VLJQ� WHVW� UHYHDOHG�WKDW� WKH� LQFUHDVHG�DFKLHYHPHQW�ZDV�VPDOO�

EXW�GHWHFWDEOH�>�%LQ����S ó���3�;����������@���

7KLV� ILQGLQJ� ZDV� VWULNLQJ�� 7KH� VOLJKW�� WKRXJK� VLJQLILFDQW� LQFUHDVH� LQ� VWXGHQWV
�

DFKLHYHPHQW�LV�DQ�LQGLFDWRU�RI�WKH�SHUIRUPDQFH�RI�WKH�'XWFK�HGXFDWLRQDO�V\VWHP��

7KH����LWHPV�GLG�QRW�UHIOHFW�WKH�IXOO�GLYHUVLW\�RI�LWHPV�LQ�WKH�ZKROH�WHVW��DV�WKH\�

DOO� KDG� WKH� PXOWLSOH� FKRLFH� IRUPDW� DQG� VRPH� WRSLFV� ZHUH� QRW� FRYHUHG� �H�J��

PXOWLSOLFDWLRQ�ZLWK� YDULDEOHV�� FRQJUXHQFH���+RZHYHU�� WKH� ��� LWHPV� FRQWDLQHG� D�

EURDG� VSHFWUXP� RI� WRSLFV�� UDQJLQJ� IURP� KDQGOLQJ� IUDFWLRQV�� RUGHULQJ� GHFLPDO�

QXPEHUV��FDOFXODWLQJ�SUREDELOLWLHV��ILQGLQJ�V\PPHWU\�WR�LQWHUSUHWLQJ�JUDSKV��7KH\�

ZHUH�VHOHFWHG�RQ�WKH�FULWHULRQ�RI�HTXLYDOHQFH�EHWZHHQ������DQG�������7KXV��WKH�

VLJQLILFDQW� LQFUHDVH� LQ� VWXGHQWV
� DFKLHYHPHQW� ZDV� REVHUYHG� RQ� D� EURDG�

UHSUHVHQWDWLRQ�RI�WKH�:ULWWHQ�7HVW��

�

)URP� WKH� SUHYLRXV� ILQGLQJV�� WKH� IROORZLQJ� ZDV� FRQFOXGHG�� EHWZHHQ� ����� DQG�

������ 'XWFK� VWXGHQWV� VKRZHG� D� VOLJKW� SURJUHVV� RQ� ��� LGHQWLFDO� LWHPV� LQ� WKH�

7,066� :ULWWHQ� 7HVW�� $OWKRXJK� WKH� LQFUHDVH� LQ� WKHLU� VFRUHV� ZDV� XQGHWHFWDEOH�

ZKHQ�PHDVXULQJ�E\�PHDQV�RI�6WXGHQW
V�W�WHVW��WKH�XVH�RI�WKH�VLJQ�WHVW�SURYHG�WKDW�

WKH�VPDOO�LQFUHDVH�ZDV�VLJQLILFDQW��7KLV�FRQFOXVLRQ�GLG�QRW�FRQWUDGLFW�WKH�DQDO\VLV�

DV�UHSRUWHG�LQ�WKH�LQWHUQDWLRQDO�UHSRUWV��FI��7DEOH�������DV�WKH�VLJQ�WHVW�XVHG�LQ�WKH�

0(75,&�VWXG\�DOORZHG�IRU�D�PRUH�UHILQHG�DSSURDFK��

7KH� DQDO\VLV� DOVR� VKRZHG�� WKDW� WKH� XVH� RI� FORQHV�ZDV� QRW� VXLWDEOH� IRU� D� WUHQG�

DQDO\VLV�RI�DFKLHYHPHQW�GDWD��,Q�D�QXPEHU�RI�FDVHV�WKH�VOLJKW�GLIIHUHQFHV�EHWZHHQ�

WKH� SDLUHG� LWHPV� RI� ����� DQG� ����� OHDG� WR� ODUJH� GLIIHUHQFHV� LQ� VWXGHQWV
�

DFKLHYHPHQW�� 7KLV� DQDO\VLV� RI� WKH� IXQFWLRQDOLW\� RI� WKH� FORQHV� UHGXFHG� WKH�

0(75,&�GDWDEDVH���

�

$V� D� UHVXOW� RI� WKH� DERYH� ILQGLQJ�� WKH� IXQFWLRQDOLW\� RI� WKH� FORQHG� LWHPV� IRU�

DQDO\VLQJ� WUHQGV� DW� WKH� OHYHO� RI� WKH� LQWHQGHG� DQG� LPSOHPHQWHG� FXUULFXOXP�ZDV�

FKHFNHG�� )RU� WKH� ODWWHU�� WKH� 27/� WUHQG� GDWD� LQ� VHFWLRQ� ������ �H�J�� 7DEOH� �����

VKRZHG�WKDW�WKH�MXGJHPHQWV�RQ�SDLUHG�LWHPV�IURP�:7������DQG�:7������ZHUH�

YHU\�VLPLODU�DQG�GLIIHUHQFHV�FRXOG�QRW�EH�DVFULEHG� WR�ZKHWKHU� WKH�SDLUHG� LWHPV�

ZHUH�LGHQWLFDO�RU�FORQHG��7KH�LWHP��RQ�ZKLFK�WKH�27/�UDWH�FKDQJHG�PRVW��LWHP�

(���ZLWK�27/�UDWH����LQ�������DQG����LQ�������ZDV�LGHQWLFDO�LQ�ERWK�\HDUV��

$W� WKH� OHYHO� RI� WKH� LQWHQGHG� FXUULFXOXP�� WUHQGV� LQ� WKH� MXGJHPHQWV� E\� WKH�

FXUULFXOXP�H[SHUWV�RQ� WKH� DSSURSULDWHQHVV�RI� LWHPV�GLG�QRW� VKRZ�D� UHODWLRQ� WR�
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FORQLQJ��,W�ZDV�UHODWHG�WR�WKH�DGDSWDWLRQ�RI�WKH�QRWDWLRQ�IRU�PXOWLSO\LQJ�YDULDEOHV�

�
�D
�LQ�:7������DQG�
��D
�LQ�:7��������7KLV�DSSOLHG�WR�VL[�DOJHEUD�LWHPV�LQ�:7�

������%����'����*����/����2����3�����RQ�ZKLFK�WKH�GRW�QRWDWLRQ�ZDV�DSSOLHG�LQ�

:7������� UHVXOWLQJ� LQ� DQ� DOWHUHG� MXGJHPHQW�E\� WKH� H[SHUWV��7KH� LWHPV�GLG�QRW�

PDWFK�ZLWK�WKH�LQWHQGHG�FXUULFXOXP�LQ�������ZKLOH�WKHLU�FORQHV�LQ�:7�������ZLWK�

WKH� DGDSWHG� QRWDWLRQ�� PDWFKHG� ZLWK� WKH� LQWHQGHG� FXUULFXOXP� LQ� ������ 7KH�

SURSRUWLRQ�RI���RXW�RI�����LWHPV�������RQ�ZKLFK�WKH�H[SHUWV
�MXGJHPHQWV�RI������

DQG������FRXOG�QRW�ZHOO�EH�SDLUHG��ZDV�FRQVLGHUHG�VPDOO��7KH���LWHPV�FRXOG�QRW�

DFFRXQW� IRU� WKH� VKLIW� LQ� H[SHUWV
� MXGJHPHQW� EHWZHHQ� ����� DQG� ������ ZKLFK�

RFFXUUHG�RQ�����RI� WKH� LWHPV� �VHH�VHFWLRQ���������&RQVHTXHQWO\�� WKH�SDLULQJ�RI�

LWHPV� IURP� :7������ DQG� :7������ WKURXJK� WKH� XVH� RI� FRPSDUDEOH� LWHPV�

�LGHQWLFDO� DQG� FORQHG�� UHPDLQHG� D� YDOLG�EDVH� IRU� WKH� WUHQG�DQDO\VLV�RI� WHDFKHUV
�

DQG�H[SHUWV
�MXGJHPHQW��

������ 7UH QG V � LQ � WK H � 'X WF K � V WXG H Q WV 
� DF K LH Y H P H Q W� UH V X OWV � R Q � WK H �

3H UIR UP DQ F H �$V V H V VP H Q W �

,Q�WKLV�VHFWLRQ�� WKH�VWXGHQWV
�UHVXOWV�RQ�WKH�7,066�3HUIRUPDQFH�$VVHVVPHQW� LQ�

�����DQG������ZLOO�EH�SUHVHQWHG��7KLV�WHVW�ZDV�QRW�DOWHUHG�LQ�EHWZHHQ�WKH�\HDUV�

DQG�H[DFWO\�WKH�VDPH�LWHPV�ZHUH�VXEPLWWHG�LQ�ERWK������DQG�������7KH�UHVXOWV�RQ�

WKH�7,066�3HUIRUPDQFH�$VVHVVPHQW�DUH�SUHVHQWHG�SHU�WDVN��DQG�DYHUDJHG�RYHU�

WKH�FRPSOHWH�VHW�RI�LWHPV�LQ�WKH�WHVW��

$FFRUGLQJ�WR�WKH�,QWHUQDWLRQDO�7,066�6WXG\�&HQWHU��WKHUH�ZHUH�WZHOYH�WDVNV�LQ�

WKH�3HUIRUPDQFH�$VVHVVPHQW��ILYH�PDWKHPDWLFV�WDVNV��ILYH�VFLHQFH�WDVNV�DQG�WZR�

FRPELQHG� VFLHQFH�PDWKHPDWLFV� WDVNV�� ,Q� WKH� LQWHUQDWLRQDO� UHSRUW�� IRU� WKH�

LQWHUQDWLRQDO� FRPSDULVRQ�RI� VWXGHQWV
�PDWKHPDWLFV� DFKLHYHPHQW�� VL[� WDVNV�ZHUH�

XVHG��WKH�ILYH�PDWKHPDWLFV�WDVNV��SOXV�RQH�RI�WKH�WZR�FRPELQHG�WDVNV��+DUPRQ�HW�

DO����������,Q�WKH�SUHYLRXV�FKDSWHU��LW�ZDV�H[SODLQHG�WKDW�ERWK�FRPELQHG�WDVNV�GLG�

QRW� \LHOG� FRPSDUDEOH� DQG� UHOLDEOH� GDWD� �VHH� VHFWLRQ� �������� 7KHUHIRUH�� LQ� WKH�

0(75,&�VWXG\�� WKH� WUHQG�DQDO\VLV�RI� VWXGHQWV
� DFKLHYHPHQW�EHWZHHQ������DQG�

�����ZDV�EDVHG�RQ�WKH�ILYH�PDWKHPDWLFDO�WDVNV�'LFH��&DOFXODWRU��)ROGLQJ��$URXQG�WKH�

%HQG�� DQG�3DFNDJLQJ�� DOWRJHWKHU� FRQVLVWLQJ�RI���� LWHPV��7KH� UHVXOWLQJ�DYHUDJH�S�

YDOXHV� RYHU� WKH� LWHPV� DUH� JLYHQ� LQ� 7DEOH� ����� ,Q� ������ WKH� DYHUDJH� SHUFHQWDJH�

FRUUHFW�RYHU� WKH���� LWHPV� LQ�WKH�ILYH�WDVNV�ZDV�����6( ����,Q������WKLV�ZDV����

�6( ����7KHVH�ILJXUHV�GR�QRW�GLIIHU�VLJQLILFDQWO\��WZR�WDLOHG�W�WHVW��S!��������

$GGLWLRQDOO\�� IRU� HDFK� WDVN� VHSDUDWHO\�� WKH� DYHUDJH� S�YDOXHV� RI� WKH� LWHPV� ZHUH�

FDOFXODWHG�� 'HWDLOHG� GDWD� IRU� WKH� VHSDUDWH� LWHPV� DFURVV� HDFK� WDVN� DUH� JLYHQ� LQ�

$SSHQGL[�*��
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7KH� GDWD� IRU� WKH� 3HUIRUPDQFH� $VVHVVPHQW� ZHUH� FRPSLOHG� WKURXJK� D� VPDOOHU�

VDPSOH�VL]H�WKDQ�LQ�WKH�:ULWWHQ�7HVW��7KLV�PDNHV�WKH�SUHFLVLRQ�PDUJLQV�RI�VFRUHV�

ZLGHU� WKDQ� LQ� WKH� :ULWWHQ� 7HVW�� 7R� FRPSDUH� WKH� S�YDOXHV� EHWZHHQ� LWHPV��

$SSHQGL[�(�FDQ�VHUYH�DV�D�JXLGHOLQH��

�

7DEOH�����SUHVHQWV�IRU�HDFK�WDVN�WKH�DFKLHYHPHQW�UHVXOWV��H[SUHVVHG�DV�DYHUDJH�S�

YDOXH� IRU� LWV� LWHPV� LQ� ����� DQG�������7KH� UHVXOWV� VKRZ� WKDW�ERWK� LQ� ����� DQG�

������ WKH� WDVNV�&DOFXODWRU� DQG�3DFNDJLQJ�ZHUH� WKH�PRUH�FKDOOHQJLQJ� WDVNV��ZKLFK�

UHVXOWHG�LQ�ORZHU�DYHUDJH�S�YDOXHV�WKDQ�IRU�WKH�RWKHU�WDVNV��7KH�VFRUHV�IRU������

RQ�WKH�ILYH�PDWKHPDWLFV�WDVNV�VKRZHG�D�VWULNLQJ�VLPLODULW\�WR�WKH�VFRUHV�IRU�������

2Q�DQ\�WDVN��WKH�DYHUDJH�S�YDOXH�GLIIHUHG�OHVV�WKDQ�VL[�SHUFHQW�EHWZHHQ������DQG�

������ 7KHUH� ZDV� QR� VLJQLILFDQW� GLIIHUHQFH� EHWZHHQ� WKHVH� �WZR�WDLOHG� W�WHVW��

S���������

 
7DEOH������ 'XWFK�PDWKHPDWLFV�DFKLHYHPHQW�UHVXOWV�RQ�3$������DQG�3$������

$F K LH Y H P H Q W�

DY J �S �Y DOX H ��6(��

7DVN���LWH P V � �
�����

�Q �����

�����

�Q �����

'LFH����� ������� �������

&DOFXODWRU����� ������� �������

)ROGLQJ����� ������� �������

$URXQG�WKH�EHQG����� ������� �������

3DFNDJLQJ����� ������� �������

$YHUDJH�S�YDOXH�RQ����LWHPV� ������� �������

�

:KHQ�FRUUHODWLQJ�WKH�S�YDOXHV�RI������DQG������RQ�WKH�3HUIRUPDQFH�$VVHVVPHQW�

DW� LWHP� OHYHO�� ZH� IRXQG� U ����� �Q ���� S�������� 7KLV� FRUUHODWLRQ� LV� KLJK�

�.UDWKZRKO�� ������� PHDQLQJ� WKDW� WKH� S�YDOXHV� LQ� ����� DQG� ����� IROORZHG� WKH�

VDPH� SDWWHUQ� RQ� WKH� LWHPV�� 7KLV� FRUUHODWLRQ� KDG� D� VLPLODU� PDJQLWXGH� DV� WKH�

FRUUHODWLRQ�RI�U ������IRXQG�EHWZHHQ�WKH�S�YDOXHV�RI������DQG������RQ�WKH����

LGHQWLFDO�LWHPV�IURP�WKH�:ULWWHQ�7HVW���

�

:LWK� WKH�PLQLPDO� LQFUHDVH�EHWZHHQ�WKH� WZR�DYHUDJHV�� LW�ZDV� WHVWHG�E\�WKH�6LJQ�

WHVW�ZKHWKHU�WKLV�ZDV�VLJQLILFDQW��7KH�VDPH�KDG�EHHQ�GRQH�IRU�WKH�:ULWWHQ�7HVW��

:LWK� ��� LWHPV� LQ� WKH� 3HUIRUPDQFH� $VVHVVPHQW�� WKHUH� ZDV� DQ� LQFUHDVH� RQ� ���

LWHPV��VWDELOLW\�RQ�RQH�LWHP�DQG�D�GHFUHDVH�RQ����LWHPV��7KLV�JDYH�HYLGHQFH�WKDW�

WKHUH� ZDV� QR� VLJQLILFDQW� GLIIHUHQFH� LQ� WKH� DFKLHYHPHQW� RI� ����� DQG� ������
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>�%LQ����S ó���3�;����!�����@��7KXV��WKHUH�ZDV�D�QXOO�WUHQG�LQ�WKH�DFKLHYHPHQW�

RI�'XWFK�VWXGHQWV�RQ�WKH�7,066�3HUIRUPDQFH�$VVHVVPHQW��

������ &R P S DULV R Q �R I�WUH QG V �LQ �'X WF K �V WXG H Q WV 
�DF K LH Y H P H Q W�UH V X OWV �

,Q�WKLV�VHFWLRQ�WKH�DFKLHYHPHQWV�RI�'XWFK�VWXGHQWV�EHWZHHQ������DQG�����������

RQ� WKH� 7,066� :ULWWHQ� 7HVW� DQG� WKH� 7,066� 3HUIRUPDQFH� $VVHVVPHQW� DUH�

FRPSDUHG�� 7KH� WZR� WHVWV� UHYHDOHG� D� KLJK� OHYHO� RI� FRQVLVWHQF\� IRU� WKH� DWWDLQHG�

FXUULFXOXP��2Q�WKH�:ULWWHQ�7HVW��WKH�'XWFK�VWXGHQWV
�UHVXOWV�LQFUHDVHG�VOLJKWO\�RQ�

WKH����LWHPV�WKDW�ZHUH�H[DFWO\�LGHQWLFDO�LQ�:7������DQG�:7�������7KH�LQFUHDVH�

FRXOG� QRW� EH� SHUFHLYHG� DV� VLJQLILFDQW� ZKHQ� WHVWHG� WKURXJK� WKH� W�WHVW�� EXW� LW�

VKRZHG� WR� EH� VLJQLILFDQW� ZKHQ� WHVWHG� WKURXJK� WKH� VLJQ� WHVW� IRU� WZR� SDLUHG�

VDPSOHV�� 2Q� WKH� 3HUIRUPDQFH� $VVHVVPHQW�� 'XWFK� VWXGHQWV
� UHVXOWV� GLG� QRW�

LQFUHDVH�VLJQLILFDQWO\�EHWZHHQ������DQG�������

�

)RU� ERWK� WHVWV�� WKH� UHVXOWV� RI� ����� FRUUHODWHG� KLJKO\� ZLWK� WKH� UHVXOWV� RI�

�����������7UHQG�FRUUHODWLRQ�FRHIILFLHQWV�ZHUH�U �����IRU�WKH�:ULWWHQ�7HVW�DQG�

U ����� IRU� WKH� 3HUIRUPDQFH� $VVHVVPHQW�� 7KHVH� FRUUHODWLRQ� FRHIILFLHQWV� ZHUH�

PXFK� KLJKHU� WKDQ� WKH� WUHQG� FRUUHODWLRQ� FRHIILFLHQWV� RI� WKH�27/� GDWD� �IRU� WKH�

LPSOHPHQWHG�FXUULFXOXP���7KHVH�ZHUH�U �����RQ����LWHPV�IURP�WKH�:ULWWHQ�7HVW��

DQG�RQ�DOO�LWHPV�LQ�WKH�3HUIRUPDQFH�$VVHVVPHQW�U �����RQ�
27/�FRYHUHG
�GDWD�

DQG� U ����� RQ� WKH� 
27/�WHVWLQJ
� GDWD�� 7KH� WUHQG� FRUUHODWLRQ� RI� WKH� LWHP�

FXUULFXOXP�PDWFKLQJ�LQGLFHV��IRU�WKH�LQWHQGHG�FXUULFXOXP��ZHUH�HYHQ�ORZHU��ZLWK�

U �����RQ�WKH�:ULWWHQ�7HVW�DQG�U �����RQ�WKH�3HUIRUPDQFH�$VVHVVPHQW���

�

,Q�7DEOHV�����D�DQG�����E��WKH�WUHQG�UHVXOWV��DV�GHVFULEHG�LQ�WKLV�FXUUHQW�FKDSWHU��

DUH� VXPPDULVHG��%HVLGHV� WKH� UHVXOWV� DW� WKH� OHYHO�RI� WKH�DWWDLQHG�FXUULFXOXP�� WKH�

GHVFULSWLYH� VWDWLVWLFV� DW� WKH�RWKHU� WZR�FXUULFXODU�DSSHDUDQFHV�DUH�JLYHQ� LQ�7DEOH�

����D��7UHQG� FRUUHODWLRQ� FRHIILFLHQWV�EHWZHHQ�GDWD�RI� �����DQG�����������DUH�

DGGHG� LQ�7DEOH� ����E�� 7KH� FRHIILFLHQWV� DUH� KLJKHVW� DW� WKH� OHYHO� RI� WKH� DWWDLQHG�

FXUULFXOXP��VKRZLQJ�WKH�KLJK�VWDELOLW\�RI�VWXGHQWV
�DFKLHYHPHQW��7KH�FRHIILFLHQWV�

DUH� ORZHU� IRU� WKH� 27/� UDWHV�� DQG� ORZHVW� IRU� WKH� LWHP�FXUULFXOXP� PDWFKLQJ�

LQGLFHV���

�

�

�

�
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7DEOH�����D�� 'HVFULSWLYH�VWDWLVWLFV�RI�WUHQG�UHVXOWV�LQ�WKH�0(75,&�VWXG\�

6XE �V WXG \ �

,Q WH QG H G �

F X UULF X OXP ��

7HVW�FXUULFXOXP�

PDWFKLQJ�LQGH[�

,P S OH P H Q WH G �

F X UULF X OXP �

�

$YJ�27/�UDWH�

$WWDLQ H G �

F X UULF X OXP �

$FKLHYHPHQW�

$YJ�S�YDOXH��6(��

:7������ �����QRP�� �� �UDW��� �� �������

:7������ �����QRP�� �� �UDW��� ��� �������

3$������ �����QRP�� ��� �UDW��� ����FRY�������WVW��� �������

3$������ ��� �QRP�� ��� �UDW��� ����FRY�������WVW��� �������

1RWH� 'DVKHV LQGLFDWH GDWD DUH XQDYDLODEOH�

QRP� RQ D QRPLQDO VFDOH� UDW� RQ D UDWLR VFDOH� FRY� 27/�FRYHUHG� WVW� 27/�WHVWLQJ�

�

7DEOH�����E��7UHQG�FRUUHODWLRQV�LQ�WKH�0(75,&�VWXG\�

3DLUH G �V XE �V WXG LH V �

,Q WH QG H G �

F X UULF X OXP �

&RUUHODWLRQ�EHWZHHQ�

LWHP�FXUULFXOXP�

PDWFKLQJ�LQGLFHV�

,P S OH P H Q WH G �

F X UULF X OXP �

�

&RUUHODWLRQ�EHWZHHQ�

27/�UDWHV�

$WWDLQ H G �

F X UULF X OXP �

�

&RUUHODWLRQ�EHWZHHQ�

S�YDOXHV�

:7������²�:7������ ����� ��� �����

3$������²�3$������ ����� ������FRY�� ������WVW��� �����

1RWH� 'DVKHV LQGLFDWH GDWD DUH XQDYDLODEOH�

FRY� 27/�FRYHUHG� WVW� 27/�WHVWLQJ��
�

7KH�DQDO\VLV�RI�VWXGHQWV
�DFKLHYHPHQW�UHVXOWV�UHYHDOHG�WKDW�WKH�0(75,&�GDWDEDVH�

IRU� WKH� DWWDLQHG� FXUULFXOXP�KDG� WR�EH� UHGXFHG� IURP����� WR���� LWHPV� IURP� WKH�

:ULWWHQ�7HVW��7KH� VPDOO�GLIIHUHQFHV�EHWZHHQ� LWHPV� LQ������DQG� WKHLU� FORQHV� LQ�

�����SRVVLEO\� LQGXFHG�GLIIHUHQFHV�LQ�DFKLHYHPHQW��%XW�WKH�IXOO�VHW�RI�����LWHPV�

ZDV� NHSW� LQWDFW� IRU� WKH� DQDO\VLV� RI� GDWD� IURP� WKH� LQWHQGHG� DQG� LPSOHPHQWHG�

FXUULFXOXP��7KHVH�GDWD�SURYHG�WR�EH�XVHIXO�IRU�WKH�0(75,&�VWXG\�WR�DQVZHU�WKH�

UHVHDUFK�TXHVWLRQV��ZKLFK�ZHUH�SRVHG�LQ�FKDSWHU����,Q�WKH�QH[W�FKDSWHU��WKH�GDWD�

ZLOO�EH�XVHG�WR�VHDUFK�IRU�UHSOLHV�WR�WKHVH�TXHVWLRQV��

�



��� &KDSWHU �

�
)LJXUH������� 6WXGHQW� ZRUNLQJ� RQ� WKH� WDVN�5XEEHU� %DQG� IURP� WKH� 7,066� 3HUIRUPDQFH�

$VVHVVPHQW�
 



�
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�

5HVHDUFK�UHVXOWV�
�

�

�

a�(V�IlOOW�NHLQ�0HLVWHU�YRP�+LPPHO�a�

0DVWH UV�GR Q
W�F R P H �R XW�R I �WKH �E OXH ��
�*(50$1 3529(5%��

�

�

�

7KLV�FKDSWHU�SUHVHQWV�DQVZHUV�WR�WKH�UHVHDUFK�TXHVWLRQV��6HFWLRQ�����LQWURGXFHV�WKH�

UHVHDUFK� TXHVWLRQV� DQG� VXPPDULVHV� KRZ� WKH� SUHYLRXV� FKDSWHUV� KDYH� SUHSDUHG� IRU�

ILQGLQJ�DQVZHUV��,Q�WKH�IROORZLQJ�VHFWLRQ��VHFWLRQ�������WKH�ILUVW�TXHVWLRQ��SHUWDLQLQJ�

WKH�LQWHU�WHVW�DFKLHYHPHQW�GLVFUHSDQF\�LV�DQVZHUHG��,Q�WKH�VXEVHTXHQW�VHFWLRQ��VHFWLRQ�

������ WKH�VHFRQG�TXHVWLRQ�LV�DQVZHUHG��DV�IDU�DV�SRVVLEOH���,Q�WKH�ODVW�VHFWLRQ��WKH�

FRQFOXVLRQV�RI�WKH�0(75,&�VWXG\�DUH�GUDZQ��

���� ,1752'8&7,21�

7KH �0(75,&�VWXG\�Z DV� LQLWLDWH G � WR � I LQG�DQVZ H UV� H [S ODLQLQJ � WKH �G LVF UH SDQF LH V��

Z KLF K �Z H UH �R E VH UY H G �DI WH U�WKH �7,066�:ULWWH Q�7H VW�DQG�WKH �7,066�3H UI R UP DQF H �

$VVH VVP HQW�Z H UH �DGP LQLVWH UH G �LQ�WKH �1H WKH UODQGV�LQ�������7KH �I LUVW�G LVF UH SDQF \�

S H UWDLQH G� WKH � DF K LH Y HP HQW� UH VXOWV�� R Q� WKH � :ULWWH Q� 7H VW�� 'XWF K� VWXGH QWV
�

DF K LH Y HP HQW� VF R UH � G LI I H UH G � VLJ QLI LF DQWO\� DER Y H � WKH � LQWH UQDWLR QDO� DY H UDJ H � VF R UH ��

Z KLOH � R Q� WKH � 3H UI R UP DQF H � $VVH VVP HQW�� WKH LU� VF R UH � Z DV� QH DU� WKH � LQWH UQDWLR QDO�

DY H UDJ H � �VH H � VH F WLR Q���������7KLV�G LVF UH SDQF \�Z DV� WH UP H G� WKH � LQWHU�WHVW� DFKLHYHPHQW�

GLVFUHSDQF\��7R �H[S ODLQ�WK LV�G LVF UH SDQF \��WKH �WZ R �WH VWV�Z H UH �UH S OLF DWH G �LQ�R UGH U�WR �

LQY H VWLJ DWH �Z KH WKH U�WKH �DF K LH Y HP HQW�UH VXOWV�KDG�E H H Q�Z H OO�P H DVXUH G �DQG�Z R XOG �

UH �R F F XU��7KH UH I R UH ��WKH �:ULWWH Q�7H VW�Z DV�UH S H DWH G �LQ�������DQG�WKH �3H UI R UP DQF H �

$VVH VVP HQW�Z DV�UH S H DWH G �LQ�������



��� &KDSWHU �

$Q� DGGLWLR QDO� UH DVR Q� I R U� UH S OLF DWLQJ � WKH � VWXG LH V� DI WH U� D� I HZ � \H DUV� Z DV� WKH �

F XUULF XOXP � UH I R UP ��Z KLF K�Z DV� OH J LVODWH G � LQ� ������7KH �QHZ O\� LQWUR GXF H G �50(�

EDVH G� P DWKHP DWLF V� F XUULF XOXP � IR U� MXQLR U� VH F R QGDU\� VF KR R OV� I R F XVH G � P R UH � R Q�

OH DUQLQJ �P DWKHP DWLF V�WKDW�Z R XOG �E H �XVH IXO�DQG�DXWKH QWLF �WR �VWXGH QWV��VH H �VH F WLR Q�

������7KH �I LUVW�F R KR UW�OH DUQLQJ �WKUR XJ K�WKH �QHZ �F XUULF XOXP �F R QWDLQH G�WKH �VWXGH QWV�

WH VWH G � LQ� 7,066� LQ� ������ ,W� Z DV� DVVXP HG� WKDW� WKH � LQWUR GXF WLR Q� R I � WKH � QHZ �

F XUULF XOXP � F UH DWH G � LQVH F XULW\� DP R QJ � WH DF KH UV�� Z KLF K � F R XOG � KDY H � DQ� H I I H F W� R Q�

VWXGH QWV
� DF K LH Y HP HQW� UH VXOWV�� H VS H F LDOO\� R Q� WKR VH � I UR P � WKH � 3H UI R UP DQF H �

$VVH VVP HQW��7KH �F R QWH[W�R I �WKH �UH F H QW�F XUULF XOXP �UH I R UP �DVNH G�I R U�D�UH S OLF DWLR Q�

R I �WKH �WZ R �WH VWV�DI WH U�D�I HZ �\H DUV��J LY LQJ �WH DF KH UV�DP S OH �WLP H �WR �DG MXVW�WR �WKH �QHZ �

F XUULF XOXP ��

7KH �MXGJ HP HQW�R I �WKH �WZ R �WH VWV�LQ�OLJ K W�R I �WKH �QHZ ��LQWH QGH G�F XUULF XOXP �OH DG�WR �

WKH �R E VH UY DWLR Q�R I �DQR WKH U�G LVF UH SDQF \��WKH �LQWUD�FXUULFXODU�GLVFUHSDQF\��&XUULF XOXP �

H[SH UWV�KDG�E H H Q�DVNH G�WR �MXGJ H �WKH �WH VWV�R Q�WKH LU�DSSUR SULDWH QH VV�LQ�OLJ K W�R I �WKH �

LQWH QGH G�F XUULF XOXP ��7KH �MXGJ HP HQWV�F R QWUDVWH G �Z LWK �VWXGH QWV
�DF K LH Y HP HQW��,Q�

OLJ K W� R I � WKH � QHZ �50(�EDVH G� F XUULF XOXP �� WKH �:ULWWH Q�7H VW�Z DV� QR W� F R QVLGH UH G �

Y H U\�DSSUR SULDWH �WR �WH VW�I R U�VWXGH QWV
�DF K LH Y HP HQW��EXW�VWXGH QWV
�DF K LH Y HP HQW�Z DV�

UH ODWLY H O\�K LJ K ��2Q� WKH �R WKH U�KDQG�� WKH �3H UI R UP DQF H �$VVH VVP HQW�DOLJ QH G�E H WWH U�

Z LWK � WKH � LQWH QGH G� F XUULF XOXP �� EXW� VWXGH QWV
� DF K LH Y HP HQW� Z DV� UH ODWLY H O\� OR Z H U�

WKDQ�R Q�WKH �:ULWWH Q�7H VW��7KXV��WKH �LQWUD�F XUULF XODU�G LVF UH SDQF \�Z DV�R E VH UY H G �R Q�

ER WK�WH VWV��EXW�LQ�D�UH Y H UVH G �DUUDQJ HP HQW��

7KH �0(75,&�VWXG\�DLP H G�DW�F R P S LOLQJ �GDWD�R Q�WKH �DSSUR SULDWH QH VV�R I �WKH �WH VWV��

DV�D�F R QWH[W�I R U�H [S ODLQLQJ �VWXGH QWV
�DF K LH Y HP HQWV�LQ�������7KH UH I R UH ��QR W�R QO\�

MXGJ HP HQWV� I UR P � F XUULF XOXP � H[SH UWV� Z H UH � J DWKH UH G �� EXW� DGGLWLR QDOO\� I UR P � WKH �

P DWKHP DWLF V�WH DF KH UV�R I �WKH �WH VWH G �VWXGH QWV�DV�Z H OO��7KH �LQVWUXP HQWV�KDY H �E H H Q�

GH VF ULE H G �LQ�WKH �VH F WLR QV�������DQG��������7KH �GDWD�R I �WKH VH �P H DVXUHP HQWV�Z H UH �

R E WDLQH G� I UR P � DY DLODE OH � GDWD� I UR P � ������ DQG� UH S H DW� P H DVXUHP HQWV� Z H UH �

LQWH J UDWH G �LQWR �WKH �UH S OLF DWLR Q�R I �WKH �DF K LH Y HP HQW�WH VWV�LQ������������

7KH �S UH Y LR XV�F KDS WH U�S UH VH QWH G �WKH �WUH QG�UH VXOWV�R I �DOO�GDWD�J DWKH UH G ��7KH VH �Z H UH �

QH H GH G �� WR � SR VLWLR Q� WKH � G LVF UH SDQF LH V�� 7KH � F XUUH QW� F KDS WH U� GH DOV� Z LWK � WKH �

G LVF UH SDQF LH V��

���� 7+( ,17(5�7(67 $&+,(9(0(17 ',6&5(3$1&<�

7KLV� VH F WLR Q� I R F XVH V� R Q� WKH � I LUVW� UH VH DUF K� TXH VWLR Q� WKH �0(75,&� VWXG\��Z KLF K �

Z DV� EDVH G � R Q� WKH � I LQG LQJ � WKDW� 'XWF K� VWXGH QWV
� DF K LH Y HP HQW� VH HP H G� UH ODWLY H O\�

E H WWH U� LQ� WKH � LQWH UQDWLR QDO� F R P SDULVR Q� R I � WKH � :ULWWH Q� 7H VW� WKDQ� R I � WKH �



5HVHDUFK UHVXOWV ���

3H UI R UP DQF H � $VVH VVP HQW�� 7KLV� G LVF UH SDQF \� Z DV� QDP HG� WKH � LQWHU�WHVW� DFKLHYHPHQW�

GLVFUHSDQF\��7KH �I LUVW�UH VH DUF K�TXH VWLR Q�Z DV��

�

7R�ZKDW�H[WHQW�GRHV�D�UHSHDW�RI�WKH�7,066�:ULWWHQ�7HVW�LQ������DQG�D�UHSHDW�RI�

WKH�7,066�3HUIRUPDQFH�$VVHVVPHQW�LQ�������UHVXOW�LQ�DQ�LQWHU�WHVW�DFKLHYHPHQW�

GLVFUHSDQF\�VLPLODU�WR�����"�

�

7KH �GDWD�VH W�I R U�WK LV�UH VH DUF K�TXH VWLR Q�S H UWDLQH G�WR �DOO�GDWD��Z KLF K �Z H UH �J DWKH UH G �

DW�WKH �OH Y H O�R I �WKH �DWWDLQH G�F XUULF XOXP ��DV�LOOXVWUDWH G �LQ�)LJ XUH �������

�

)LJ XUH ������'DWD�VH W�I R U�WKH �I LUVW�UH VH DUF K �TXH VWLR Q�

�

,Q�WKH �VH F WLR QV�������DQG��������LW�KDV�DOUH DG\�E H H Q�GH VF ULE H G �KR Z �WKH �UH VXOWV�R I �

WKH �DWWDLQH G�F XUULF XOXP �DV�P H DVXUH G �WKUR XJ K�ER WK�WKH �7,066�:ULWWH Q�7H VW�DQG�

WKH �7,066�3H UI R UP DQF H �$VVH VVP HQW�VKR Z H G�VWDE LOLW\�R Y H U�WLP H ��'XWF K�VWXGH QWV
�

DF K LH Y HP HQW�LP SUR Y H G �VOLJ K WO\�R Q�WKH �:ULWWH Q�7H VW��VLJ QLI LF DQWO\�Z KH Q�P H DVXUH G �

E\� WKH � VLJ Q� WH VW�� E H WZ H H Q������DQG�������+R Z H Y H U�� WKH LU� DF K LH Y HP HQW� G LG �QR W�

F KDQJ H �R Q�WKH �3H UI R UP DQF H �$VVH VVP HQW��

7KH �UH VH DUF K�TXH VWLR Q��DV�TXR WH G�DER Y H ��UH I H UV�WR �WKH �LQWHU�WHVW�DFKLHYHPHQW�GLVFUHSDQF\��

7KLV� LV� WKH � GLVF UH SDQF \�� ZKLF K� ZDV� R EVH UY H G� LQ� ����� EH WZ H HQ� WKH � LQWH UQDWLR QDO�

UH VXOWV�R I �WKH �'XWF K�VWXGHQWV�R Q�WKH �WZ R �WH VWV��7KH �DF KLH Y HP HQWV�R Q�WKH �:ULWWH Q�

7H VW�Z H UH �SH UF H LY H G�DV�EH LQJ �KLJ KH U�WKDQ�R Q�WKH �3H UIR UPDQF H �$VVH VVP HQW��:KHQ�

F R PSDULQJ � LQWH UQDWLR QDOO\�� 'XWF K� VWXGHQWV� UH DF KH G� MXVW� EH OR Z � WKH � WR S�VF R ULQJ �

F R XQWULH V�R Q�WKH �:ULWWH Q�7H VW�ZKLOH �WKH \�Z H UH �QH DU�WKH �LQWH UQDWLR QDO�DY H UDJ H �R Q�WKH �

3H UIR UPDQF H �$VVH VVP HQW��,Q�7DEOH �����LQ�F KDSWH U���WKH �'XWF K�VF R UH �DQG�UDQNLQJ �

ZDV� VKR ZQ� R Q� ER WK� WH VWV�� LQ� WKH � F R OXPQ� R I � WKH �:ULWWH Q� 7H VW� WKH � 1H WKH UODQGV�

UDQNHG�PXF K�KLJ KH U�WKDQ�LQ�WKH �F R OXPQ�R I �WKH �3H UIR UPDQF H �$VVH VVP HQW���



��� &KDSWHU �

%R WK� WH VWV�Z H UH � UH S H DWH G � LQ� R UGH U� WR � I LQG� R XW�Z KH WKH U� WKH �DF K LH Y HP HQW�R Q� WKH �

3H UI R UP DQF H �$VVH VVP HQW�Z R XOG �LP SUR Y H ��:LWK�VWDE OH �UH VXOWV�R Y H U�WLP H ��LW�OR R NV�

DV� LI � WK LV� LQWH U�WH VW�DF K LH Y HP HQW�G LVF UH SDQF \� UHP DLQH G� LQWDF W��+R Z H Y H U�� LQ������

WKH � UH VXOWV� R Q� WKH � 7,066� 3H UI R UP DQF H � $VVH VVP HQW� Z H UH � GH VF ULE H G � DV�

G LVDSSR LQWLQJ � E H F DXVH � R I � WKH � P H GLDQ� UDQNLQJ � LQ� WKH � LQWH UQDWLR QDO� OH DJ XH � WDE OH �

�%R V�H W�DO����������7KLV�R E VH UY DWLR Q�I R F XVH G �R Q�WKH �SR VLWLR Q�LQ�WKH �UDQNLQJ �R I �WKH �

F R XQWULH V�� 7KLV� SR VLWLR Q� R I � F R XQWULH V� Z DV� EDVH G � R Q� WKH � VF R UH V� R Q� I LY H �

P DWKHP DWLF V� WDVNV� S OXV� WKH � F R P E LQH G� P DWKHP DWLF V�VF LH QF H � WDVN� 3ODVWLFLQH�

�+DUP R Q�H W�DO����������+R Z H Y H U��Z KH Q�OR R NLQJ �DW�WKH �F R XQWU\ 
V�VF R UH V��LQVWH DG�R I �

OR R NLQJ �DW� WKH �UDQNLQJ V�� WKH �VLWXDWLR Q� I R U�WKH �'XWF K�VWXGH QWV�Z DV�OH VV�GUDP DWLF ��

7KH �'XWF K� VWXGH QWV
� VF R UH �Z DV�QR W� VLJ QLI LF DQWO\� G LI I H UH QW� I UR P � WKH � VF R UH V� R I � D�

ODUJ H �J UR XS �R I �R WKH U�F R XQWULH V��

,Q�)LJ XUH ������WKH �GDWD�R I �7DE OH �����DUH �VKR ZQ�DJ DLQ��EXW�Y LVXDOLVH G �LQ�WZ R �VF DWWH U�

G LDJ UDP V�� ,Q� ER WK� G LDJ UDP V�� WKH � KR UL]R QWDO� D[LV� KR OGV� WKH � F R XQWU\ 
V� UH VXOWV� LQ�

�����R Q�WKH �:ULWWH Q�7H VW��7KH �Y H UWLF DO�KR OGV�WKH �F R XQWU\ 
V�UH VXOWV�LQ������R Q�WKH �

3H UI R UP DQF H �$VVH VVP HQW��,Q�WKH �G LDJ UDP �R Q�WKH �OH I W��WKH �UH VXOWV�DUH �H [SUH VVH G �DV�

UDQNLQJ V��$�GLDJ R QDO� OLQH �KDV�E H H Q�DGGH G �� LQG LF DWLQJ �DQ�H TXDO�SR VLWLR Q�R Q�ER WK�

WH VWV�� &R XQWULH V� DER Y H � WKH � G LDJ R QDO� UDQNH G� K LJ KH U� R Q� WKH � 3H UI R UP DQF H �

$VVH VVP HQW�WKDQ�R Q�WKH �:ULWWH Q�7H VW��F R XQWULH V�E H OR Z �WKH �OLQH �UDQNH G�K LJ KH U�R Q�

WKH �:ULWWH Q�7H VW� WKDQ� R Q� WKH �3H UI R UP DQF H �$VVH VVP HQW�� ,Q� WKH �G LDJ UDP �R Q� WKH �

ULJ K W�� WKH �UH VXOWV�DUH �H [SUH VVH G �DV�DY H UDJ H �VF R UH V��7Z R �Y DVW� OLQH V�Z H UH �DGGH G�WR �

LQG LF DWH �WKH �LQWH UQDWLR QDO�DY H UDJ H �VF R UH �R Q�H LWKH U�WH VW��

�

)LJ XUH ������� 6F DWWH U�G LDJ UDP V�R I �P DWKHP DWLF V�DF K LH Y HP H QW�UH VXOWV�R I �F R XQWULH V�R Q�:7�

�����DQG�3$������

� �R Q�WKH �OH I W��DF F R UG LQJ �WR �UDQNLQJ ��R Q�WKH �ULJ K W��DF F R UG LQJ �WR �VF R UH ��

�



5HVHDUFK UHVXOWV ���

(DF K�SR LQW� LQ�)LJ XUH ����� LQG LF DWH V� D� F R XQWU\��7KH � LGH QWLW\� R I � D� F R XQWU\� F DQ�E H �

OR R NH G�XS �I UR P �WKH �F R �R UG LQDWH V�LQ�7DE OH ������7KH �SR VLWLR Q�R I �WKH �1H WKH UODQGV�

DP R QJ �WKH ����F R XQWULH V�LV�P DUNH G�DV�1HWK��,WV�SR VLWLR Q�LQ�WKH �OH I W�G LDJ UDP �LV�
I DU
�

I UR P � WKH � G LDJ R QDO�� DQG� VH HP V� WR � E H � H [F H S WLR QDO��+R Z H Y H U�� WKH � SR VLWLR Q� R I � WKH �

1H WKH UODQGV� LQ� WKH � ULJ K W� G LDJ UDP � WXUQV� R XW� WR � E H � DP R QJ � D� J UR XS � R I � R WKH U�

F R XQWULH V��Z KR VH �SR VLWLR Q�LV�DER Y H �WKH �LQWH UQDWLR QDO�DY H UDJ H �VF R UH �R Q�ER WK�WH VWV��

7KXV��E \�OR R NLQJ �DW�WKH �VF R UH V�R I �F R XQWULH V��LQVWH DG�R I �WKH �UDQNLQJ V��WKH �S LF WXUH �R I �

WKH � LQWH U�WH VW� G LVF UH SDQF \� E H WZ H H Q� WKH � 'XWF K� VWXGH QWV
� VF R UH V� R Q� WKH �:ULWWH Q�

7H VW�DQG�WKH �3H UI R UP DQF H �$VVH VVP HQW�Z DV�QXDQF H G ��

�

$GGLWLR QDOO\ ��WKH �VF R UH V�R Q�WKH �3H UI R UP DQF H �$VVH VVP HQW�QH H GH G�D�UH �F DOF XODWLR Q��

DV� WKH � UH VXOWV� R Q� VR P H � R I � WKH � WDVN� KDG� E H H Q� GXE LR XV�� ,Q� VH F WLR Q� ������� LW� Z DV�

H [S ODLQH G� WKDW� WKH � UH VXOWV� R I � WKH � WDVN�3ODVWLFLQH�Z H UH �GXE LR XV�� ,W�Z DV� R QH � R I � WKH �

WDVNV��R I �Z KLF K �WKH �VWXGH QWV
�UH VXOWV�LQ������DQG������Z H UH �F R QVLGH UH G �XQUH OLDE OH �

R U� LQF R P SDUDE OH �� 7KH UH I R UH �� WKH � UH VXOWV� R I � WKH VH � WDVNV� Z H UH � VNLSSH G� I UR P � WKH �

DQDO\VLV�R I �VWXGH QWV
�DF K LH Y HP HQW��

:KHQ�UH F DOF XODWLQJ �WKH �VF R UH V�EDVH G �R Q�WKH �UHP DLQLQJ �I LY H �P DWKHP DWLF V�WDVNV�LQ�

WKH � 3H UI R UP DQF H � $VVH VVP HQW� �'LFH�� &DOFXODWRU�� )ROGLQJ�� $URXQG� WKH� %HQG� DQG�

3DFNDJLQJ���WKH �
G LVDSSR LQWLQJ 
�WH VW�UH VXOWV�F KDQJ H G�WR WDOO\ ��3DUWLF XODUO\�WKH �UH VXOWV�

R I � WKH � 3ODVWLFLQH� WDVN� KDG� E H H Q� SXOOLQJ � GR ZQ� WKH � R Y H UDOO� 'XWF K� P DWKHP DWLF V�

UH VXOWV��2P LVVLR Q�R I �WK LV�WDVN�UDLVH G �WKH �'XWF K�VF R UH ��DQG�DV�D�F R QVH TXH QF H ��LWV�

SR VLWLR Q� LQ� WKH � LQWH UQDWLR QDO� F R P SDULVR Q�� 7DE OH � ���� VKR Z V� WKH � DF K LH Y HP HQW�

UH VXOWV� R I �'XWF K� VWXGH QWV� LQ������ LQWH UQDWLR QDOO\ ��Z KH Q� F R P SDULQJ �E H WZ H H Q�DOO�

F R XQWULH V� WKDW� SDUWLF LSDWH G � LQ� ER WK� WKH � :ULWWH Q� 7H VW� DQG� WKH � 3H UI R UP DQF H �

$VVH VVP HQW�I R U�J UDGH ����7KH �I LUVW�F R OXPQ�
7,066�:ULWWH Q�7H VW�����
�VKR Z V�WKH �

P DWKHP DWLF V�VF R UH V�R Q�WKH �:ULWWH Q�7H VW��EDVH G �R Q�WKH �LQWH UQDWLR QDO�VF DOH �VF R UH �DV�

J LY H Q�LQ�%H DWR Q�H W�DO����������7KH �VH F R QG�F R OXPQ�
3H UI R UP DQF H �$VVH VVP HQW������

�LQWH UQDWLR QDO� UH SR UW�
� VKR Z V� WKH � P DWKHP DWLF V� UH VXOWV� R Q� WKH � 3H UI R UP DQF H �

$VVH VVP HQW��H [SUH VVH G �DV�DY H UDJ H �S �Y DOXH V��DQG�EDVH G �R Q�WKH �VL[�WDVNV��F DOF XODWH G �

WKUR XJ K�WKH �DY H UDJ H �S H UF H QWDJ H �F R UUH F W��DV�Z DV�UH SR UWH G �LQ�+DUP R Q�H W�DO����������

7KH � WK LUG � F R OXPQ� VKR Z V� WKH � VDP H � UH VXOWV�� EXW� QR Z � EDVH G � R Q� WKH � I LY H �

P DWKHP DWLF V�WDVNV��

�

�

�

�

�
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7DE OH ������ 0DWKHP DWLF V� DF K LH Y HP H QW� UH VXOWV� R I � F R XQWULH V� SDUWLF LSDWLQJ � LQ� ER WK �:7�

�����DQG�3$�������E H I R UH �DQG�DI WH U�UH�F DOF XODWLR Q��

3HUIRUPDQFH�$VVHVVPHQW�������

7,066�:ULWWHQ�7HVW������ �LQWHUQDWLRQDO�UHSRUW�� �ILYH�PDWKHPDWLFV�WDVNV��

� �

&RXQWU\�

6FDOH�

SRLQWV�

� �

&RXQWU\�

$YJ��

S�YDOXH�

� �

&RXQWU\�

$YJ��

S�YDOXH

�� 6LQJ DSR UH �� ���� �� 6LQJ DSR UH �� ��� �� 6LQJ DSR UH� ���

�� &]H F K �5H S� ���� �� $XVWUDOLD� ��� �� 5RP DQLD� ���

�� 6Z LW]H UODQG� ���� �� 5RP DQLD� ��� �� (QJ ODQG� ���

�� 1H WKH UODQGV� ���� �� 6Z LW]H UODQG� ��� �� 1H WKH UODQGV� ���

�� 6OR Y H QLD� ���� �� 1R UZ D\� ��� �� 1R UZ D\� ���

�� $XVWUDOLD� ���� �� 6Z H GH Q� ��� �� $XVWUDOLD� ���

�� &DQDGD� ���� �� 6OR Y H QLD� ��� �� 6Z LW]H UODQG� ���

�� 6Z H GH Q� ���� �� (QJ ODQG� ��� �� 6OR Y H QLD� ���

� ,QWO�DYHUDJH� ���� �� &]H F K �5H S� ��� �� 6Z H GH Q� ���

�� 1HZ �=H DODQG� ���� ��� &DQDGD� ��� ��� 1HZ �=H DODQG� ���

��� (QJ ODQG� ���� ��� 1HZ �=H DODQG� ��� ��� 6F R WODQG� ���

��� 1R UZ D\� ���� ��� 1H WKH UODQGV� ��� ��� &DQDGD� ���

��� 86$� ���� ��� 6F R WODQG� ��� ��� &]H F K �5H S� ���

��� 6F R WODQG� ���� � ,QWO�DYHUDJH� ��� � ,QWO�DYHUDJH� ���

��� 6SDLQ� ���� ��� 86$� ��� ��� 86$� ���

��� 5RP DQLD� ���� ��� ,UDQ� ��� ��� 6SDLQ� ���

��� &\SUXV� ���� ��� 6SDLQ� ��� ��� 3R UWXJ DO� ���

��� 3R UWXJ DO� ���� ��� 3R UWXJ DO� ��� ��� ,UDQ� ���

��� ,UDQ� ���� ��� &\SUXV� ��� ��� &\SUXV� ���

��� &R OR P E LD� ���� ��� &R OR P E LD� ��� ��� &R OR P E LD� ���

1RWH�  7KH ILJXUHV DUH EDVHG RQ %HDWRQ HW DO� ������� 7KH GLIIHUHQFH ZLWK WKH VFRUHV LQ 7DEOH ����

LV FDXVHG E\ WKH UH�FDOFXODWLRQ RI VFRUHV IRU WUHQG FRPSDULVRQ �0XOOLV HW DO�� ������
 7KH GLIIHUHQFH ZLWK WKH UHVXOWV LQ 7DEOH ���� LV FDXVHG E\ WKH GLIIHUHQFH LQ FDOFXODWLRQ

PHWKRG� 7DEOH ��� KDV DYHUDJH S�YDOXHV DFURVV WDVNV� ZKLFK ZDV WKH PHWKRG XVHG LQ WKH

LQWHUQDWLRQDO 7,066 UHSRUW �+DUPRQ HW DO�� ������ ZKLOH 7DEOH ���� KDV DYHUDJH S�YDOXHV

DFURVV LWHPV��

�

:KHQ� F R P SDULQJ � WKH � WZ R � F R OXPQV� I R U� WKH � 3H UI R UP DQF H � $VVH VVP HQW�� WKH �

SR VLWLR QV� R I �P R VW� F R XQWULH V�DUH �QR W� F R QVLGH UDE O\�G LI I H UH QW��0R VW� F R XQWULH V� VWD\�

DSSUR [LP DWH O\� DW� WKH � VDP H � SR VLWLR Q�� ULVLQJ � R U� IDOOLQJ � MXVW� R QH �� WZ R � R U� WKUH H �

SR VLWLR QV��7KH �F KDQJ H �LQ�UDQNLQJ �LV�ODUJ H VW�I R U�WKH �1H WKH UODQGV��Z LWK �D�OH DS �R I ���

SR VLWLR QV�XSZDUGV��

�

1R W� WKH �UDQNLQJ V��EXW� WKH �VF R UH V� WH OO�WKH �VWR U\�R I �WKH �WH VWV��5DQNLQJ V�F DQ�F UH DWH �

DSSDUH QW� G LI I H UH QF H V� E H WZ H H Q� F R XQWULH V�� Z KLOH � WKH LU� VF R UH V� GR � QR W� VKR Z �

VLJ QLI LF DQW�G LI I H UH QF H V��7KH UH I R UH ��WR �H OLP LQDWH �P LVXQGH UVWDQGLQJ �HP H UJ LQJ �I UR P �
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WKH � UDQNLQJ V�� WKH � ,QWH UQDWLR QDO� 7,066� 6WXG\� &HQWH U� LVVXH V� WDE OH V� I R U� P XOWLS OH �

F R P SDULVR Q�LQ�WKH LU�LQWH UQDWLR QDO�UH SR UWV��%H DWR Q�H W�DO���������0XOOLV�H W�DO����������

7KH � F R P SDULVR Q� WDE OH V� WDNH � LQWR � DF F R XQW� WKH � LQDF F XUDF \� R I � WKH � VF R UH V��2Q� WKH �

:ULWWH Q� 7H VW� R I � ������ WKH UH � Z H UH �P DQ\� F R XQWULH V� WKDW� VF R UH G � DW� D� F R P SDUDE OH �

OH Y H O�DV�WKH �1H WKH UODQGV��%DVH G �R Q�WKH VH �WDE OH V��WKH �'XWF K�VF R UH �R Q�WKH �:ULWWH Q�

7H VW�LQ������G LG �QH LWKH U�G LI I H U�VLJ QLI LF DQWO\�I UR P �WKH �VF R UH �R I �WKH �&]H F K�5H SXE OLF �

�R Q� UDQNLQJ � ��� QR U� I UR P �6Z H GH Q� �UDQNLQJ � ����7KH UH I R UH �� LQ� WKH � OH I W� F R OXPQ� R I �

7DE OH ������WKH UH �DUH �VL[�F R XQWULH V�Z LWK �D�F R P SDUDE OH �VF R UH �DV�WKH �1H WKH UODQGV��WKH �

&]H F K� 5H SXE OLF �� 6Z LW]H UODQG �� 6OR Y H QLD�� $XVWUDOLD�� &DQDGD�� DQG� 6Z H GH Q�� 7KH �

1H WKH UODQGV�LV�MXVW�R QH �F R XQWU\�LQ�WKH �ODUJ H �J UR XS �R I �F R XQWULH V�WKDW�VF R UH G �DER Y H �

WKH �LQWH UQDWLR QDO�DY H UDJ H �DQG�E H OR Z �WKH �WR S �S H UI R UP LQJ �F R XQWULH V��

�

7KH �VDP H �DSS OLH V�WR �WKH �3H UI R UP DQF H �$VVH VVP HQW��:LWK�WKH �VP DOOH U�VDP S OH V��WKH �

S UH F LVLR Q� P DUJ LQV� R I � VF R UH V� DUH � Z LGH U�� 7KH UH I R UH �� WKH � G LI I H UH QF H � LQ� VF R UH V�

E H WZ H H Q� F R XQWULH V� LV� H Y H Q� P R UH � G LI I LF XOW� WR � P DNH �� 7KH � LQWH UQDWLR QDO� 7,066�

UH SR UW� R Q� WKH � 3H UI R UP DQF H � $VVH VVP HQW� G LG � QR W� XQGH UWDNH � WKH � DXGDF LR XV�

H QWH US ULVH � WR � F UH DWH �D� WDE OH � I R U�P XOWLS OH � F R P SDULVR QV�E H WZ H H Q� F R XQWULH V�� DV� WKH �

GDWD�Z H UH �QR W�F R QVLGH UH G �UH OLDE OH �H QR XJ K ���

+DUPR Q� H W�DO�� ������� UH SR UWV� VWDQGDUG�GH Y LDWLR QV� R I �PDJQLWXGH ���� IR U� F R XQWU\
V�

VF R UH V� R Q� WKH � 3H UIR UPDQF H �$VVH VVP HQW�� 7KXV�� E\� UXOH � R I � WKXPE�� WKH � VF R UH V� R I �

F R XQWULH V� Z LWK� UDQNLQJ V� �� WR � ��� KDY H � DSSUR [LPDWH O\� D� F R PSDUDE OH � VF R UH � DV� WKH �

1H WKH UODQGV��7KH �1H WKH UODQGV� LV� MXVW� R QH � R I � WKH � J UR XS� R I � F R XQWULH V� WKDW� VF R UH G�

DER Y H � WKH � LQWH UQDWLR QDO� DY H UDJ H � EXW� EH OR Z � WR S�SH UIR UP LQJ � 6LQJ DSR UH �� ,W� F DQ��

WKH UH IR UH ��EH �F R QF OXGHG�WKDW�WKH �LQWH UQDWLR QDO�SR VLWLR Q�R I �WKH �1H WKH UODQGV�R Q�WKH �

:ULWWH Q� 7H VW� LQ� ����� ZDV� R I � F R PSDUDE OH � PDJQLWXGH � DV� WKH � SR VLWLR Q� R Q� WKH �

3H UIR UPDQF H �$VVH VVP HQW��7KLV�QXDQF H G�WKH �LQWH U�WH VW�GLVF UH SDQF \�WR �D�ODUJ H �H[WH QW��

�

)R U� ������ LW� LV� QR W� SR VVLE OH � WR � F R P SDUH � WKH �'XWF K� VF R UH V� R Q� WKH �3H UI R UP DQF H �

$VVH VVP HQW�Z LWK �R WKH U�F R XQWULH V��DV� WKH �1H WKH UODQGV�Z DV�WKH �R QO\�F R XQWU\� WKDW�

UH S H DWH G � WK LV� VXE �VWXG\�� +R Z H Y H U�� D� UH ODWLY H � LQWH UQDWLR QDO� SR VLWLR Q� F DQ� E H �

H [WUDSR ODWH G �E\�UH DVR QLQJ ��

��� 7KH �UH S H DW�R I �WKH �7,066�:ULWWH Q�7H VW�KDV�VKR ZQ�WKDW�LQ�I R XU�\H DUV�WLP H ��WKH �

DY H UDJ H �VWXGH QWV
�DF K LH Y HP HQW�R I �P R VW�QDWLR QV�R QO\�VKR Z V�D�P DUJ LQDO�F KDQJ H �

�0XOOLV� H W� DO��� ������� $VVXP LQJ � WKDW� WKH � VDP H � DSS OLH V� WR � WKH � 3H UI R UP DQF H �

$VVH VVP HQW�Z LWK �D�I LY H �\H DU�WLP H �VSDQ��LW�P H DQV�WKDW�E H WZ H H Q������DQG������

WKH � DY H UDJ H � VWXGH QWV
� DF K LH Y HP HQW� R I � P R VW� QDWLR QV� R Q� WKH � 7,066�

3H UI R UP DQF H �$VVH VVP HQW�Z LOO�R QO\�VKR Z �D�P LQLP DO�F KDQJ H ��
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��� ,Q�I LY H �\H DUV�WLP H ��E H WZ H H Q������DQG�������WKH �VF R UH V�R I �'XWF K�VWXGH QWV�R Q�

WKH �3H UI R UP DQF H �$VVH VVP HQW�G LG �QR W�F KDQJ H �VLJ QLI LF DQWO\��VH H �VH F WLR Q���������

�

&R QVLGH ULQJ � WKH � DER Y H �� LW� F DQ� E H � H [WUDSR ODWH G � WKDW� LI� WKH �7,066�3H UI R UP DQF H �

$VVH VVP HQW�KDG�E H H Q�F DUULH G �R XW�LQ�D�VLP LODU�LQWH UQDWLR QDO�VH WWLQJ �DV�LQ�������WKH �

'XWF K� UH ODWLY H � VF R UH � Z R XOG � E H � F R P SDUDE OH � WR � WKH � VF R UH � R I � ������ 7KH Q�� WKH �

1H WKH UODQGV� Z R XOG � UDQN� DP R QJ � WKH � F R XQWULH V� DER Y H � WKH � LQWH UQDWLR QDO� DY H UDJ H ��

EXW�E H OR Z �WKH �WR S �VF R ULQJ �F R XQWULH V��

�

7KLV�OH DGV�WR �WKH �I R OOR Z LQJ �F R QF OXVLR QV�S H UWDLQLQJ �WR �WKH �I LUVW�UH VH DUF K�TXH VWLR Q��

����'XWF K� VWXGH QWV
� DF K LH Y HP HQW� R Q� WKH �7,066�:ULWWH Q�7H VW� LP SUR Y H G � VOLJ K WO\�

�VLJ QLI LF DQWO\�Z KH Q�P H DVXUH G �E\�WKH �VLJ Q�WH VW��VH H �VH F WLR Q��������E H WZ H H Q������

DQG� ������ :KHQ� F R P SDULQJ � LQWH UQDWLR QDOO\ �� WKH � DY H UDJ H � VF R UH � R I � 'XWF K�

VWXGH QWV�R Q�WKH �7,066�:ULWWH Q�7H VW�UHP DLQH G�VWDE OH �E H WZ H H Q������DQG��������

��� 'XWF K� VWXGH QWV
� DF K LH Y HP HQW� R Q� WKH � 7,066� 3H UI R UP DQF H � $VVH VVP HQW�

UHP DLQH G� VWDE OH � E H WZ H H Q� ����� DQG� ������ $V� D� UH VXOW�� WKH � LQWH UQDWLR QDO�

F R P SDUDWLY H �VF R UH �R I �'XWF K�VWXGH QWV�R Q�WKH �7,066�3H UI R UP DQF H �$VVH VVP HQW�

Z R XOG �S UR EDE O\�KDY H �UHP DLQH G�VWDE OH ���

��� 7KH � S H UF H S WLR Q� R I � DQ� LQWH U�WH VW� DF K LH Y HP HQW� G LVF UH SDQF \� LQ� ����� ZDV�

LQI OXH QF H G �P R UH �E\�WKH �F R XQWU\�UDQNLQJ V�DQG�OH VV�E \�WKH �F R XQWU\ 
V�VF R UH V��$�

F OR VH U� OR R N� DW� WKH � VF R UH V� UH Y H DOH G � WKDW� WKH � 'XWF K� VF R UH V� LQ� ����� R Q� WKH �

:ULWWH Q�7H VW�F R XOGQ
W�E H �S H UF H LY H G �DV��E H WWH U���DV�VWDWH G �LQ�%R V�H W�DO���������S ��

���� WKDQ� WKH � VF R UH V� R Q� WKH � 3H UI R UP DQF H � $VVH VVP HQW�� &R QVLGH ULQJ �

P H DVXUHP HQW�P DUJ LQV�DQG�UH OLDE LOLW\�R I � VWXGH QWV
� UH VXOWV��ER WK�VF R UH V�KDY H �D�

F R P SDUDE OH �LQWH UQDWLR QDO�OH Y H O���

,W� F DQ� WKH UH I R UH �E H � F R QF OXGH G �� WKDW� LI�HYHU� WKH UH �Z DV�DQ� LQWH U�WH VW�DF K LH Y HP HQW�

G LVF UH SDQF \��LW�UHP DLQH G�WKH �VDP H �I UR P ������WR ������������

���� 5(/$7,1* 678'(176
 � $&+,(9(0(17 72 7+( ,17(1'('

&855,&8/80�

������ ,QWURGXFWLRQ�

7KH � VH F R QG� UH VH DUF K� TXH VWLR Q� R I � WKH � 0(75,&� VWXG\� S H UWDLQH G� WKH � LQWUD�

F XUULF XODU� G LVF UH SDQF LH V�� Z KLF K � Z H UH � WKH � G LVF UH SDQF LH V� E H WZ H H Q� VWXGH QWV
�

DF K LH Y HP HQW� UH VXOWV� DQG� MXGJ HP HQWV� E\� F XUULF XOXP � H[SH UWV� DQG� P DWKHP DWLF V�

WH DF KH UV� R Q� WKH � DSSUR SULDWH QH VV� R I � WKH � WH VWV� LQ� OLJ K W� R I � WKH � LQWH QGH G� DQG�
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LP S OHP HQWH G � F XUULF XOXP �� UH VS H F WLY H O\ �� 7KH � VH F R QG� UH VH DUF K� TXH VWLR Q� Z DV�

I R UP XODWH G �DV�I R OOR Z V��

�

7R�ZKDW�H[WHQW�DUH�VWXGHQWV
�UHVXOWV�RQ�ERWK�WHVWV�DW�ERWK�SHULRGV�LQ�WLPH�DOLJQHG�

ZLWK��D��WKH�DSSURSULDWHQHVV�RI�WKH�WHVWV�LQ�OLJKW�RI�WKH�LQWHQGHG�FXUULFXOXP���E��WKH�

DSSURSULDWHQHVV�RI�WKH�WHVWV�LQ�OLJKW�RI�WKH�LPSOHPHQWHG�FXUULFXOXP�DQG��F��SRVVLEOH�

GLVFUHSDQFLHV�EHWZHHQ�WKHVH"�

�

,Q� IDF W�� WKH � VH F R QG�UH VH DUF K�TXH VWLR Q�F R QVLVWV�R I � WKUH H �VXE �TXH VWLR QV��)LUVW�� WKH �

DF K LH Y HP HQW�R I �VWXGH QWV�DV�DQ�R S H UDWLR QDOLVDWLR Q�R I �WKH �DWWDLQH G�F XUULF XOXP �Z LOO�

E H �UH ODWH G �WR �WKH �LQWH QGH G�F XUULF XOXP ��7KH UH DI WH U��WKH �DF K LH Y HP HQW�Z LOO�E H �UH ODWH G �

WR �WKH �LP S OHP HQWH G �F XUULF XOXP ��)LQDOO\ ��WKH �DWWDLQH G�F XUULF XOXP �Z LOO�E H �UH ODWH G �WR �

D� SR VVLE OH � G LVF UH SDQF \� E H WZ H H Q� WKH � LQWH QGH G� DQG� WKH � LP S OHP HQWH G � F XUULF XOXP ��

)R U�DOO�WKUH H �VXE �TXH VWLR QV��WKH �UH VXOWV�R Q�WKH �:ULWWH Q�7H VW�DQG�WKH �3H UI R UP DQF H �

$VVH VVP HQW� Z LOO� E H � GH DOW� Z LWK � LQ� VH SDUDWH � VH F WLR QV�� E H I R UH � S UH OLP LQDU\�

F R QF OXVLR QV�F DQ�E H �GUDZQ��

,Q� DOO� VH F WLR QV�� WKH � DF K LH Y HP HQW� R I � VWXGH QWV� Z LOO� E H � DQDO\VH G � LQ� OLJ K W� R I � WKH �

LQWH QGH G� R U� LP S OHP HQWH G � F XUULF XOXP ��7KLV�Z LOO� E H � GR QH � LV� VH Y H UDO�Z D\V�� ���� E\�

J UR XS LQJ �WKH �LWHP V�DF F R UG LQJ �WR �WKH LU�P DWF K�Z LWK �WKH �LQWH QGH G�R U�LP S OHP HQWH G �

F XUULF XOXP �DQG�WKH Q�OR R N�DW�WKH �S �Y DOXH V�R I �VWXGH QWV�R Q�WKH �G LVMR LQW�LWHP �VH WV������

E\� F R UUH ODWLQJ � WKH � S �Y DOXH V� WR � WKH � LWHP �F XUULF XOXP � P DWF K LQJ � LQG LF H V� R U� WR � WKH �

27/� UDWH V�� ,Q� WKH � H QG �� I LQDO� F R QF OXVLR QV� Z LOO� E H � GUDZQ�� EDVH G � R Q� DOO� I LQG LQJ V�

GH VF ULE H G �E H IR UH ��

������ 5HODWLQJ�WUHQGV�LQ�DFKLHYHPHQW�RQ�WKH�:ULWWHQ�7HVW�WR�WKH�LQWHQGHG�

FXUULFXOXP�

,Q�WK LV�VH F WLR Q��'XWF K�VWXGH QWV
�DF K LH Y HP HQW�R Q�WKH �:ULWWH Q�7H VWV�R I ������DQG�

�����Z LOO�E H �GH DOW�Z LWK ��LQ�OLJ K W�R I �WKH �LQWH QGH G�F XUULF XOXP ��

,Q�VH F WLR Q��������LW�Z DV�R E VH UY H G �WKDW�LQ������DQG������D�F R QVLGH UDE OH �QXPEH U�R I �

LWHP V�LQ�WKH �:ULWWH Q�7H VW��DSSUR [LP DWH O\������P DWF KH G�Z LWK �WKH �'XWF K�LQWH QGH G�

P DWKHP DWLF V� F XUULF XOXP �� ,W� Z DV� DOVR � R E VH UY H G �� WKDW� WKH � MXGJ HP HQWV� E\� WKH �

F XUULF XOXP �H[SH UWV�R I ������DQG������\LH OGH G �D�VK LI W�R Q�DSSUR [LP DWH O\�R QH �WK LUG �

R I � WKH � WH VW� LWHP V��7R �P H DVXUH � D� WUH QG �� WKH ���� LGH QWLF DO� LWHP V� I UR P � WKH �:ULWWH Q�

7H VW�Z LOO�E H �XVH G ��)LUVW��WKH �DF K LH Y HP HQW�R I �VWXGH QWV�Z LOO�E H �VH SDUDWH G �DF F R UG LQJ �

WR �ER WK�P H DVXUHP HQWV�I R U�WKH �LQWH QGH G�F XUULF XOXP ��,Q�7DE OH V����D�DQG����E �WKH �

DF K LH Y HP HQW�R I ������DQG������R Q�WKH �:ULWWH Q�7H VW�DUH �WDEXODWH G �DJ DLQ��F I ��7DE OH �

������ $� GLVWLQF WLR Q� LV� P DGH � E\� J UR XS LQJ � WKH � LWHP V� DF F R UG LQJ � WR � Z KH WKH U� WKH \�



��� &KDSWHU �

PDWF K�Z LWK � WKH � LQWH QGH G� F XUULF XOXP � DV�P H DVXUH G � LQ������DQG�������7KH UH � DUH �

I R XU�LWHP �J UR XSV�EDVH G �R Q�WKH �LQWH QGH G�F XUULF XOD�R I ������DQG�������WKH �J UR XS LQJ �

R I �LWHP V�KDV�E H H Q�S UH VH QWH G �LQ�VH F WLR Q���������
■ LWHP V�WKDW�P DWF K�Z LWK �WKH �LQWH QGH G�F XUULF XOXP �R I �ER WK������DQG�������SDUW�$���
■ LWHP V�WKDW�P DWF K�Z LWK �WKH �LQWH QGH G�F XUULF XOXP �R I �������EXW�QR W�Z LWK �WKDW�R I �

������SDUW�%���
■ LWHP V�WKDW�GR �QR W�P DWF K�Z LWK �WKH �LQWH QGH G�F XUULF XOXP �R I �������EXW�WKDW�P DWF K�

LQ�������SDUW�&���DQG��
■ LWHP V�WKDW�P DWF K�QH LWKH U�Z LWK �WKH �LQWH QGH G�F XUULF XOXP �R I ������QR U�Z LWK �WKDW�

R I �������SDUW�'���

�

,Q�7DE OH ����D��WKH �DY H UDJ H �S �Y DOXH V�R I �LWHP V�LV�J LY H Q�I R U�WKH �IXOO�VH W�R I ����LWHP V��

DQG�DGGLWLR QDOO\� I R U� H DF K�R I � WKH � I R XU�SDUWV��7KH �DY H UDJ H �S �Y DOXH � LV� WDNH Q�DV� WKH �

LQG LF DWR U�R I �VWXGH QWV
�DF K LH Y HP HQW��'XWF K�VWXGH QWV
�DF K LH Y HP HQW�G LG �QR W�F KDQJ H �

VLJ QLI LF DQWO\� E H WZ H H Q������DQG������ �WZ R �WDLOH G � W�WH VW�� S!�������+R Z H Y H U��Z LWK �

WKH � SDUDP H WH U�I UH H � VLJ Q� WH VW� I R U� SDLUH G � VDP S OH V�� WKH � VP DOO� LP SUR Y HP HQW� R Q� WKH �

IXOO� VH W� R I � ��� LWHP V�� DQG� WKH � VP DOO� LP SUR Y HP HQW� R Q� SDUW� $� Z H UH � VLJ QLI LF DQW�

>%LQ����S ó���3�;�����������%LQ�����S ó���3�;���������@��7KH �VLJ Q�WH VW�G LG �

QR W� GH WH F W� VLJ QLI LF DQW� G LI I H UH QF H V� E H WZ H H Q� WKH � VF R UH V� R I ������DQG������ R Q� WKH �

SDUWV�%��&�DQG�'��

�

�

7DE OH ����D�� $F KLH Y HP H QW�UH VXOWV�R Q����LGH QWLF DO�LWHP V�

I UR P �:7������ DQG�:7������� UH ODWH G � WR �

WKH �LQWH QGH G �F XUULF XOXP�

$FKLHYHPHQW�

$YJ�S�YDOXH��6(��

*URXS�RI�LWHPV�
:7������

�Q ����������

:7������

�Q ����������

,GH QWLF DO�LWHP V�LQ�:7������DQG�:7�������Q ���� ������� �������

$�� ,WHP V�P DWF K LQJ �Z LWK �ER WK �LQWH QGH G����DQG�

LQWH QGH G�����Q ���� ������� �������

%�� ,WHP V�P DWF K LQJ �Z LWK �LQWH QGH G�����EXW�QR W�

P DWF K LQJ �LQWH QGH G�����Q ��� ������� �������

&�� ,WHP V�QR W�P DWF K LQJ �Z LWK �LQWH QGH G�����EXW�

P DWF K LQJ �LQWH QGH G�����Q ��� ������� �������

'�� ,WHP V�P DWF K LQJ �Z LWK �QH LWKH U�LQWH QGH G����QR U�

LQWH QGH G�����Q ��� ������� �������

1RWH�  6LJQLILFDQW GLIIHUHQFH EHWZHHQ ���� DQG ���� �VLJQ WHVW� S�������



5HVHDUFK UHVXOWV ���

$�QR WHZ R UWK\� IDF W� WKDW� HP H UJ H G � I UR P �7DE OH � ���D�ZDV� WKDW� WKH � LWHP V� LQ� SDUW�%�

VH HP H G�WR �E H �WKH �P R VW�
G LI I LF XOW
��%R WK�LQ������DQG�������WKH �DY H UDJ H �S �Y DOXH �Z DV�

OR Z H VW� R Q� WK LV� SDUW�� 7KH � K LJ KH VW� VF R UH V� Z H UH � DF K LH Y H G � R Q� WKH � LWHP V� LQ� SDUW�&��

7KXV��LW�OR R NH G�DV�LI �WKH �F XUULF XOXP �H[SH UWV�LQ������KDG�VH OH F WH G �
P R UH �G LI I LF XOW
�

LWHP V��Z KLOH �WKH �F XUULF XOXP �H[SH UWV�LQ������KDG�VH OH F WH G �
H DVLH U
�LWHP V���

7KLV�SDUWLF XODU�R E VH UY DWLR Q�Z DV�SR VVLE O\�F DXVH G �E\�WKH �IDF W�WKDW�WKH ����LWHP V�Z H UH �

VLH Y H G �R XW�R I �WKH �WH VW��DI WH U�GH OH WLQJ �WKH �F OR QH G�LWHP V��7KLV�VH OH F WLR Q�R I ����LWHP V�

F R QWDLQH G� R QO\�P XOWLS OH � F KR LF H � LWHP V�� DQG� QR � LWHP V� R Q� DOJ H E UD� R U� F R QJ UXH QF \��

7KH \� Z H UH � QR W� D� UH S UH VH QWDWLY H � VH OH F WLR Q� R I � WKH � F R P S OH WH � :ULWWH Q� 7H VW��

7KH UH I R UH �� D� VLP LODU� WDE OH � DV� 7DE OH � ���D� ZDV� J H QH UDWH G �� WR � F KH F N� I R U� WKH �

G LVWULEXWLR Q�R I �S �Y DOXH V�R Q�WKH �IXOO�LWHP �VH W�R I �����LWHP V��F OR QH G�DQG�LGH QWLF DO���

7KXV��7DE OH ����E �KDV�WKH �VDP H �I R UP DW�DV�7DE OH ����D��7KH �DY H UDJ H �S �Y DOXH V�LQ�WK LV�

WDE OH �Z H UH �F DOF XODWH G �R Y H U�WKH �LGH QWLF DO�DQG�WKH �F OR QH G�LWHP V�WR J H WKH U��$V�D�UH VXOW��

WK LV�WDE OH �LV�QR W�VXLWDE OH �I R U�F R P SDULVR Q�R I �DF K LH Y HP HQWV�E H WZ H H Q������DQG�������

E H F DXVH � G LI I H UH QF H V� LQ� WKH � DF K LH Y HP HQWV� F DQ� E H � F DXVH G � E\� WKH � G LI I H UH QF H V�

E H WZ H H Q� WKH � F OR QH V��7KH � WDE OH � MXVW� VH UY H V� WKH �SXUSR VH �R I � F KH F NLQJ �ZKH WKH U� WKH �

SDUWV� %� DQG� &� F R QWDLQH G� LWHP V� WKDW� F R XOG � E H � F R P SH WH G � F R UUH F WO\� E \� G LI I H UH QW�

QXPEH UV�R I �VWXGH QWV��

�

�

7DE OH ����E �� $F KLH Y HP H QW�UH VXOWV�R Q�����LWHP V�LQ�:7�

����� DQG�:7������ �LGH QWLF DO� DQG� F OR QH G �

LWHP V���UH ODWH G �WR �WKH �LQWH QGH G �F XUULF XOXP�

$FKLHYHPHQW��

$YJ�S�YDOXH��6(��

*URXS�RI�LWHPV�
:7������

�Q ����������

:7������

�Q ����������

2Y H UODSS LQJ �LWHP V�LQ�:7������DQG�:7�������Q ����� ������� �������

$�� ,WHP V�P DWF K LQJ �Z LWK �ER WK �LQWH QGH G����DQG�

LQWH QGH G�����Q ���� ������� �������

%�� ,WHP V�P DWF K LQJ �Z LWK �LQWH QGH G�����EXW�QR W�

P DWF K LQJ �LQWH QGH G�����Q ���� ������� �������

&�� ,WHP V�QR W�P DWF K LQJ �Z LWK �LQWH QGH G�����EXW�

P DWF K LQJ �LQWH QGH G�����Q ���� ������� �������

'�� ,WHP V�P DWF K LQJ �Z LWK �QH LWKH U�LQWH QGH G����QR U�

LQWH QGH G�����Q ���� ������� �������

�



��� &KDSWHU �

7DE OH ����E �VKR Z V�WKDW�WKH �LWHP V�LQ�SDUW�'�Z H UH �WKH �P R VW�
G LI I LF XOW
��%R WK�LQ������

DQG�������WKH �DY H UDJ H �VWXGH QWV
�DF K LH Y HP HQW�LV�OR Z H VW�R Q�WKH VH ����LWHP V��7KH VH �

DUH � WKH � LWHP V� WKDW� Z H UH � F R QVLGH UH G � DV� QR W� P DWF K LQJ � Z LWK � WKH � LQWH QGH G�

P DWKHP DWLF V�F XUULF XOXP ��QH LWKH U�LQ������QR U�LQ�������,W�LV�WKH UH I R UH �QR WHZ R UWK\��

WKDW� VWLOO� P R UH � WKDQ� ���� R I � WKH � 'XWF K� VWXGH QWV� Z H UH � DE OH � WR � F R P S OH WH � WKH VH �

F R UUH F WO\ �� 7KLV� QR WDE OH � DF K LH Y HP HQW� R Q� WKH VH � SDUWLF XODU� ��� LWHP V� H[S ODLQV� Z K\�

WKH UH � LV� R QO\� D� VP DOO� G LI I H UH QF H � LQ� DF K LH Y HP HQW� E H WZ H H Q� LWHP V� WKDW�P DWF K� DQG�

WKR VH � WKDW� GR � QR W� P DWF K� Z LWK � WKH � LQWH QGH G� F XUULF XOXP �� $V� D� UH VXOW�� 'XWF K�

VWXGH QWV
�DF K LH Y HP HQW�R Q�WKH �F R P S OH WH �:ULWWH Q�7H VW�GR H V�QR W�G LY H UJ H �F R P S OH WH O\�

I UR P � WKH LU� DF K LH Y HP HQW� R Q� R QO\� WKH � LWHP V� WKDW�P DWF KH G�Z LWK � WKH LU� F XUULF XOXP ��

7KLV� R E VH UY DWLR Q� Z DV� DOVR � P DGH � LQ� WKH � 7,066� 7H VW� &XUULF XOXP � 0DWF K LQJ �

$QDO\VLV��%H DWR Q��������%H DWR Q�H W�DO�����������

+R Z H Y H U�� LW� UHP DLQV� WR �E H �QR WH G � WKDW� WKH � LQVWUXP HQW� I R U� WKH � MXGJ HP HQW�E\� WKH �

H [SH UWV�GH I LQH G �WKH �LQWH QGH G�F XUULF XOXP �DV�WKH �F XUULF XOXP �IR U�P R UH �WKDQ�����R I �

WKH �VWXGH QWV��)R U�WKH �1H WKH UODQGV��WK LV�Z DV�R S H UDWLR QDOLVH G �DV�WKH �PDYR�KDYR�OH Y H O��

&R QVH TXH QWO\��WKH �LWHP V�F R QVLGH UH G �DV�QR W�P DWF K LQJ �Z LWK �WK LV�R S H UDWLR QDOLVDWLR Q�

R I � WKH � LQWH QGH G� F XUULF XOXP � F R XOG � Z H OO� KDY H � E H H Q� LQF OXGH G� LQ� DQ� LQWH QGH G�

F XUULF XOXP �R I �K LJ KH U�DE LOLW\�WUDF NV��8QIR UWXQDWH O\ �� LW� LV�E H \R QG�WKH �VF R S H �R I �WKH �

0(75,&�VWXG\�WR �I LQG�R XW�Z KH WKH U�WKH �DY H UDJ H �R I �����R I �WKH �VWXGH QWV�LQ������

VF R ULQJ � R Q� WKH � LWHP V� LQ� SDUW�'� �VH H � 7DE OH � ���E �� Z H UH � LQGH H G � LQ� K LJ KH U� DE LOLW\�

WUDF NV�WKDQ�PDYR�KDYR��

2WKH U� SR VVLE OH � H [S ODQDWLR QV� I R U� WKH � DY H UDJ H � S �Y DOXH � R I � DER Y H ���� R Q� LWHP V�QR W�

P DWF K LQJ � Z LWK � WKH � LQWH QGH G� F XUULF XOXP � F R XOG � E H �� ���� VWXGH QWV� KDG� J DLQH G�

NQR Z OH GJ H �DQG�VNLOOV�QH H GH G�I R U�WKH VH �LWHP V�LQ�R WKH U�VXE MH F WV�WKDQ�P DWKHP DWLF V��

R U� R XW� R I � VF KR R O�� ���� VWXGH QWV� Z H UH � DE OH � WR �P DNH � D� WUDQVIHU� I UR P � WKH LU� H [LVWLQJ �

NQR Z OH GJ H �DQG�VNLOOV�WR �F R P S OH WH �WKH �XQIDP LOLDU�LWHP V��R U�����WH DF KH UV�KDG�WDXJ KW�

WKH �F R QWH QW�R I �WKH �LWHP V��DOWKR XJ K�WK LV�Z DV�QR W�UH TXLUH G ��

�

$GGLWLR QDOO\ ��7DE OH ����E �\LH OGV�LQI R UP DWLR Q�R Q�WKH �S �Y DOXH V�I R U�SDUW�%�DQG�&��7KH �

LWHP V�LQ�SDUW�&�VH HP �WR �E H �
H DVLH VW
�DV�WK LV�SDUW�KDV�WKH �ODUJ H VW�DY H UDJ H �S �Y DOXH V��

7KLV�F R QI LUP V�WKH �I LQG LQJ V�I UR P �7DE OH ����D��0R UH R Y H U��MXVW�OLNH �LQ�7DE OH ����D��WKH �

LWHP V� LQ� SDUW�%� \LH OG � OR Z H U� DY H UDJ H � S �Y DOXH V� �ER WK� LQ������DQG������� WKDQ� WKH �

LWHP V�LQ�SDUW�&��7KXV��WKH �LWHP V�P DWF K LQJ �Z LWK �WKH �LQWH QGH G�F XUULF XOXP �LQ������

�SDUW�$�DQG�&�WR J H WKH U��F DQ�E H �F R P S OH WH G �E\�D�ODUJ H U�QXPEH U�R I �VWXGH QWV�WKDQ�

WKH �LWHP V�P DWF K LQJ �Z LWK �WKH �LQWH QGH G�F XUULF XOXP �LQ�������SDUW�$�DQG�%�WR J H WKH U���

�



5HVHDUFK UHVXOWV ���

7KH �DER Y H �DQDO\VH V�Z H UH �EDVH G �R Q�7DE OH ����E ��Z KLF K�Z DV�QR W�VXLWDE OH �I R U�D�WUH QG�

DQDO\VLV�R I �DF K LH Y HP HQW��7KH �XVH �R I �F OR QH V�Z DV�QR W�F R QVLGH UH G �VXLWDE OH ��DV�VP DOO�

G LI I H UH QF H V� LQ� LWHP V� F R XOG � \LH OG � ODUJ H � G LI I H UH QF H V� LQ� DF K LH Y HP HQW� UH VXOWV��

7KH UH I R UH ��7DE OH ����D�ZDV�J H QH UDWH G �EDVH G �R Q����LGH QWLF DO�LWHP V��7KH �WDE OH �\LH OGV�

WKH �I R OOR Z LQJ �R E VH UY DWLR QV��

�

��� �F R P SDULQJ �WKH �F R OXPQV��7KH �DF K LH Y HP HQW�R I �VWXGH QWV�LQF UH DVH G �VOLJ K WO\�EXW�

VLJ QLI LF DQWO\� �XVLQJ � WKH � VLJ Q� WH VW��E H WZ H H Q������DQG������R Q�DOO���� LGH QWLF DO�

LWHP V�I UR P �WKH �:ULWWH Q�7H VW��7KH �DF K LH Y HP HQW�R I �VWXGH QWV�LQF UH DVH G �VOLJ K WO\�

EXW�VLJ QLI LF DQWO\��XVLQJ �WKH �VLJ Q�WH VW��E H WZ H H Q������DQG������R Q�WKH �LWHP V�WKDW�

P DWF KH G�Z LWK �WKH �LQWH QGH G�F XUULF XOXP �ER WK�LQ������DQG�������SDUW�$����

��� �F R P SDULQJ �WKH �UR Z V��7KH �DF K LH Y HP HQW�R I �VWXGH QWV��ER WK�LQ������DQG�������

LV� OR Z H U� R Q� WKH � LWHP V� WKDW�P DWF K�Z LWK � WKH � LQWH QGH G� F XUULF XOXP � LQ������DQG�

QR W�LQ�������SDUW�%���7KH �DF K LH Y HP HQW�R I �VWXGH QWV��ER WK�LQ������DQG�������LV�

K LJ KH U�R Q�WKH �LWHP V�WKDW�P DWF K�Z LWK �WKH �LQWH QGH G�F XUULF XOXP �LQ������DQG�QR W�

LQ�������SDUW�&����

�

$V�D�UH VXOW��WKH �DY H UDJ H �S �Y DOXH �LQ������R Q�WKH �LWHP V�P DWF K LQJ �Z LWK �WKH �LQWH QGH G�

F XUULF XOXP �LQ�������SDUW�$�DQG�%�WR J H WKH U��LV�����DQG�R Q�WKH �F R P S OHP HQWDU\�VH W�

R I �LWHP V��SDUW�&�DQG�'��WKH �DY H UDJ H �S �Y DOXH �LV�����7KLV�OR R NV�Y H U\�F R QWUDG LF WR U\��

DV� VWXGH QWV� DUH � H [SH F WH G � WR � GR � 
E H WWH U
� R Q� WKH � LWHP V� WKDW� P DWF K� Z LWK � WKH LU�

LQWH QGH G�F XUULF XOXP ��+R Z H Y H U��WKH �F R QWUDG LF WLR Q�LV�ODUJ H O\�F DXVH G �E\�WKH �F KR LF H �

R I �LWHP V�LQ�SDUW�%��

7KH �DER Y H �R E VH UY H G �F R QWUDG LF WLR Q�GR H V�QR W�KR OG �I R U�������7KH �DY H UDJ H �S �Y DOXH �

LQ������R Q�WKH �LWHP V�P DWF K LQJ �Z LWK �WKH �LQWH QGH G�F XUULF XOXP �LQ�������SDUW�$�DQG�

&� WR J H WKH U�� LV� ���� DQG� R Q� WKH � F R P S OHP HQWDU\� VH W� R I � LWHP V� �SDUW�%�DQG�'��� WKH �

DY H UDJ H �S �Y DOXH �LV�����

�

)UR P �WKH �DER Y H ��D�S UH OLP LQDU\�F R QF OXVLR Q�F DQ�E H �GUDZQ��,W�LV�D�F R QF OXVLR Q�WKDW�

QH H GV�F DXWLR Q��DV�LW�LV�R QO\�EDVH G �R Q�WKH ����LGH QWLF DO�LWHP V�I UR P �WKH �:ULWWH Q�7H VW�

LQ� ����� DQG� ������ ,Q� I R XU� \H DUV� WLP H �� VWXGH QWV
� DF K LH Y HP HQW� KDV� LQF UH DVH G ��

SDUWLF XODUO\� R Q� LWHP V� P DWF K LQJ � Z LWK � WKH � LQWH QGH G� F XUULF XOXP � R I � ������ 7KLV�

LQF UH DVH � LV� SDUWO\� GXH � WR � WKH � VOLJ K W� EXW� VLJ QLI LF DQW� LQF UH DVH � LQ� VWXGH QWV
�

DF K LH Y HP HQW��WKH LU�LQF UH DVH G �VF R UH �R Q�SDUW�$���EXW�LW�LV�DOVR �GXH �WR �WKH �F KDQJ LQJ �

MXGJ HP HQW� R Q� WKH � DSSUR SULDWH QH VV� R I � WKH � WH VW� E \� WKH � F XUULF XOXP � H[SH UWV� �WKH �

G LI I H UH QF H �E H WZ H H Q�SDUW�%�DQG�&���7KH UH I R UH �� VWXGH QWV
�DF K LH Y HP HQW�R I ������ LV�

P R UH �DOLJ QH G�Z LWK �WKH �LQWH QGH G�F XUULF XOXP �R I ������WKDQ�LW�LV�WKH �F DVH �I R U�������



��� &KDSWHU �

$�VH F R QG�ZD\�R I �OLQNLQJ �WKH �DWWDLQH G�F XUULF XOXP �WR �WKH �LQWH QGH G�F XUULF XOXP �LV�E \�

F DOF XODWLQJ �D�F R UUH ODWLR Q�LQGH[�E H WZ H H Q�LWHP �F XUULF XOXP �P DWF K LQJ �LQG LF H V�DQG�S �

Y DOXH V�� ,Q� ������ WK LV� F R UUH ODWLR Q� LV� U ����� �. HQGDOO
V� WDX� 	� 6SH DUP DQ
V� UKR ��

Q �����S �������Z KLF K �LV�QR W�VLJ QLI LF DQW��%\�������WK LV�F R UUH ODWLR Q�KDV�F KDQJ H G�

WR �D�VLJ QLI LF DQW�U ������. HQGDOO
V�WDX�	�6SH DUP DQ
V�UKR ��Q �����S��������

,Q� )LJ XUH � ����� WZ R � WUH QG� F R UUH ODWLR Q� F R H I I LF LH QWV� DUH � DGGH G �� R QH � LV� E H WZ H H Q�

H[SH UWV
�MXGJ HP HQW�R I ������DQG�������WKH �R WKH U�LV�E H WZ H H Q�VWXGH QWV
�DF K LH Y HP HQW�

R I � ����� DQG� ������ %H WZ H H Q� WKH � GDWD� I UR P � WKH � I R XU�P H DVXUHP HQWV�� R QO\� WKUH H �

F R UUH ODWLR QV� DUH � VLJ QLI LF DQW��7KH UH I R UH �� QR � DUUR Z � LV� GUDZQ�E H WZ H H Q� WKH � H [SH UWV
�

MXGJ HP HQW�R I ������DQG�VWXGH QWV
�DF K LH Y HP HQW�R I �������

�

�

�

� U �����

�

�

� U ����� � � � � � � U �����

�

�

�

�

�

�

�

)LJ XUH ������ 2Y H UY LHZ � R I � F R UUH ODWLR QV� R Q� WKH �:ULWWH Q�7H VW�������������DW� WKH � OH Y H O� R I �

WKH �LQWH QGH G �DQG�DWWDLQH G �F XUULF XOXP�

�

7KH � S LF WXUH � DULVLQJ � I UR P � WKH � F R UUH ODWLR Q� F R H I I LF LH QWV� F R QI LUP V� WKH � S UH OLP LQDU\�

F R QF OXVLR QV� I UR P �D�G LI I H UH QW�S H UVS H F WLY H ��WKH �K LJ K�F R UUH ODWLR Q�R I �U ������Q ����

S�������E H WZ H H Q�VWXGH QWV
�DF K LH Y HP HQWV�R I ������DQG������P H DQV�WKDW�LWHP V�Z LWK �

D�K LJ K�S �Y DOXH �LQ������KDG�DJ DLQ�D�K LJ K�S �Y DOXH �LQ�������6LP LODUO\��LWHP V�Z LWK �D�

OR Z �S �Y DOXH �LQ������KDG�DJ DLQ�D�OR Z �S �Y DOXH �LQ�������

7KH � ODF N� R I � D� VLJ QLI LF DQW� F R UUH ODWLR Q� E H WZ H H Q� WKH � S �Y DOXH V� LQ� ����� DQG� WKH �

MXGJ HP HQWV�E\�WKH �H [SH UWV�LQ�WKDW�VDP H �\H DU�P H DQ�WKDW�WKH UH �Z DV�QR �F R KH UH QF H ��

�



5HVHDUFK UHVXOWV ���

EH WZ H H Q�WKH VH ��6WXGH QWV�S H UI R UP H G�Z H OO�R Q�VR P H �LWHP V�WKDW�Z H UH �QR W�F R QVLGH UH G �

WR �P DWF K�Z LWK �WKH �LQWH QGH G�F XUULF XOXP ��DQG�F R QY H UVH O\ ��VWXGH QWV�G LG �QR W�S H UI R UP �

Z H OO�R Q�LWHP V�WKDW�Z H UH �F R QVLGH UH G �I LW��

7KH � F R UUH ODWLR Q�E H WZ H H Q� WKH � F XUULF XOXP � H[SH UWV
� MXGJ HP HQWV� R I ������DQG������

ZDV� U ����� �VH H � F KDS WH U� ��� VH F WLR Q� ������� ER WK� WKUR XJ K� . HQGDOO
V� WDX� DQG�

6SH DUP DQ
V�UKR �P H WKR G ��Q �����S �������,W�P H DQV�WKDW�WKH �WZ R �MXGJ HP HQWV�Z H UH �

F R QVLVWH QW��DOWKR XJ K�WKH �MXGJ HP HQW�F KDQJ H G�R Q�D�F R QVLGH UDE OH �QXPEH U�R I �LWHP V�

�LQ� IDF W�� R Q� R QH � WK LUG � R I � WKH � LWHP V�� VH H � VH F WLR Q� �������� 7KH � F KDQJ H � LQ� WKH �

MXGJ HP HQW� E\� WKH � H [SH UWV� E H WZ H H Q� ����� DQG� ����� UH VXOWH G � LQ� D� F KDQJ LQJ �

F R UUH ODWLR Q�Z LWK �WKH �S �Y DOXH V��:KLOH �LQ������WKH �F R UUH ODWLR Q�Z DV�DE VH QW��LQ������LW�

E H F DP H � U ������7KLV�P H DQV� WKDW�� J H QH UDOO\ �� LQ������ VWXGH QWV�G LG �Z H OO� R Q� LWHP V�

WKDW�Z H UH � F R QVLGH UH G � WR �P DWF K�Z LWK � WKH � LQWH QGH G� F XUULF XOXP �� DQG� VWXGH QWV� G LG �

OH VV� Z H OO� R Q� LWHP V� WKDW� G LG � QR W� P DWF K� Z LWK � WKH � LQWH QGH G� F XUULF XOXP �� 7KH �

F R UUH ODWLR Q�LV�QR W�K LJ K ��Z KLF K �P H DQV�WKDW�R Q�D�F R QVLGH UDE OH �QXPEH U�R I �LWHP V��WKH �

MXGJ HP HQWV�DQG�WKH �DF K LH Y HP HQWV�Z H UH �F R QWUDG LF WR U\��+R Z H Y H U��WKH �F R UUH ODWLR Q��

Z KLF K � KDG� E H H Q� WR WDOO\� DE VH QW� LQ� ������ LV� QR W� UH S H DWH G �� $V� D� UH VXOW�� LQ� �����

VWXGH QWV
�DF K LH Y HP HQW�DQG�F XUULF XOXP �H[SH UWV
�MXGJ HP HQW�R Q�WKH �DSSUR SULDWH QH VV�

R I �WKH �:ULWWH Q�7H VW�KDY H �E H F R P H �P R UH �DOLJ QH G�LQ�WKH �WLP H �VSDQ�R I �I R XU�\H DUV���

������ 5HODWLQJ� WUHQGV� LQ�DFKLHYHPHQW� RQ�WKH�3HUIRUPDQFH�$VVHVVPHQW�WR�

WKH�LQWHQGHG�FXUULFXOXP�

,Q�WK LV�VH F WLR Q�WKH �DWWDLQH G�F XUULF XOXP �LV�OLQNH G�WR �WKH �LQWH QGH G�F XUULF XOXP �Z LWK �

UH J DUG�WR �WKH �7,066�3H UI R UP DQF H �$VVH VVP HQW�R I ������DQG�������7KLV�Z LOO�I LUVW�

E H �F DUULH G �R XW�DW�WDVN�OH Y H O��)R U�F R P SDULVR Q�Z LWK �WKH �GDWD�I UR P �WKH �:ULWWH Q�7H VW��

DGGLWLR QDOO\ ��WKH �H [H UF LVH �Z LOO�E H �F DUULH G �R XW�WR �SDUWLWLR Q�WKH �WH VW�LQWR �SDUWV��Z KLF K �

DUH � H LWKH U� F R Y H UH G � R U� QR W� F R Y H UH G � E\� WKH � LQWH QGH G� F XUULF XOD��+R Z H Y H U�� WK LV� LV�

EDVH G �R Q�WKH �WUDQVI R UP DWLR Q�R I �GDWD�I UR P �D�UDWLR �VF DOH �LQWR �D�\H V�QR �VF DOH ��7KH �

DY DLODE LOLW\� R I � GDWD� R Q� D� UDWLR � VF DOH � R I I H UV� I LUP �J UR XQG� WR �� I LQDOO\ �� OLQN� LQWH QGH G�

DQG�DWWDLQH G�F XUULF XOXP �WKUR XJ K�WKH �F DOF XODWLR Q�R I �F R UUH ODWLR Q�F R H I I LF LH QW��

�

)LUVW�� WUH QGV� LQ� DY H UDJ H � LWHP �F XUULF XOXP � P DWF K LQJ � LQG LF H V� DQG� VWXGH QWV
�

DF K LH Y HP HQW�DUH �S UH VH QWH G �S H U�WDVN�I UR P �WKH �3H UI R UP DQF H �$VVH VVP HQW��6H H �7DE OH �

�����

�

�



��� &KDSWHU �

7DE OH ������ 7UH QGV� LQ� DY H UDJ H � LWHP�F XUULF XOXP �P DWF K LQJ � LQG LF H V� �DY H UDJ H � S H UF H QWDJ H �

R I �H [SH UWV��DQG�DF K LH Y HP H QW�UH VXOWV�R Q�3$������DQG�3$������

$YHUDJH�LWHP�FXUU��

PDWFKLQJ�LQGH[�

$FKLHYHPHQW��

$YJ��S�YDOXH��6(��

7DVN��

�

��LWHPV LQ H[SHUWV
 LQVWUXPHQW�

�LWHPV LQ WHVW�

�����

�Q ���

�����

�Q ���

�����

�Q �����

�����

�Q �����

'LF H ������� ��� ��� ������� �������

&DOF XODWR U������� ��� ��� ������� �������

)R OG LQJ ������� ���� ��� ������� �������

$UR XQG�WKH �%H QG������� ���� ��� ������� �������

3DF NDJ LQJ ������� ��� ��� ������� �������

6KDGR Z V������� ��� ��� ��� ���

3ODVWLF LQH ������� ��� ��� ��� ���

1RWH� 'DVKHV LQGLFDWH WKH DFKLHYHPHQW UHVXOWV ZHUH GHHPHG XQUHOLDEOH�

�

7KH � UH VXOWV� LQ� 7DE OH � ���� GR � QR W� VKR Z � D� F OH DU� SDWWH UQ� E H WZ H H Q� LQWH QGH G� DQG�

DWWDLQH G� F XUULF XOXP �� 7KH UH � LV� D� WDVN� Z LWK � D� K LJ K� DY H UDJ H � LWHP �F XUULF XOXP �

P DWF K LQJ � LQGH[� �'LFH���Z KLF K � KDV� K LJ K� S �Y DOXH V��%XW� WKH UH � LV� DOVR � D� WDVN�Z LWK �D�

K LJ K� DY H UDJ H � LWHP �F XUULF XOXP � P DWF K LQJ � LQGH[� �$URXQG� WKH� %HQG��� Z KLF K � KDV�

DY H UDJ H � S �Y DOXH V�� 6LP LODUO\�� WKH UH � LV� D� WDVN� Z LWK � D� OR Z H U� F XUULF XOXP � P DWF K LQJ �

LQGH[� �&DOFXODWRU���Z KLF K �KDV� OR Z H U�S �Y DOXH V��%XW� WKH UH � LV�DOVR �D� WDVN�Z LWK � OR Z H U�

F XUULF XOXP � P DWF K LQJ � LQGH[� �)ROGLQJ�� LQ� SDUWLF XODU� WKH � UDWH � LQ� ������� Z KLF K � KDV�

DER Y H �DY H UDJ H �S �Y DOXH V��7KLV�GR H V�QR W�J LY H �D�F OH DU�S LF WXUH ��

�

$QR WKH U�P H WKR G�R I �OLQNLQJ �LQWH QGH G�F XUULF XOXP �WR �DWWDLQH G�F XUULF XOXP �KDV�E H H Q�

WULH G �Z LWK �WKH �:ULWWH Q�7H VW�DOUH DG\��7KLV�P H WKR G�F R QVLVWH G �R I �SDUWLWLR QLQJ �WKH �WH VW�

LQWR �I R XU�SDUWV��$��%��&�DQG�'���GH S H QGLQJ �R Q�WKH �MXGJ HP HQW�E\�WKH �F XUULF XOXP �

H[SH UWV��+R Z H Y H U��WKH �SDUWLWLR QLQJ �R I �WKH �3H UI R UP DQF H �$VVH VVP HQW�LV�VR P HZKDW�

G LI I H UH QW�I UR P �WKDW�R I �WKH �:ULWWH Q�7H VW��,Q�WKH �3H UI R UP DQF H �$VVH VVP HQW��SDUW�'�

�ZKLF K�LV�QR W�F R Y H UH G �LQ������DQG�������LV�HP SW\��7KH �SDUWV�%�DQG�&�KDG�QLQH �

LWHP V��EXW�R QO\�I R XU�R I �WKH VH �KDG�UH OLDE OH �S �Y DOXH V��$V�GH VF ULE H G �LQ�F KDS WH U����WKH �

S �Y DOXH V� R Q� VR P H � WDVNV� Z H UH � G LVF DUGH G� E H F DXVH � R I � F R P SDUDE LOLW\� LVVXH V� �VH H �

VH F WLR Q���������7DE OH �����KDV�WKH �VDP H �I R UP DW�DV�7DE OH ����D��

,Q�������WKH �DY H UDJ H �S �Y DOXH �R Q�DQ\�LWHP �R I �WKH �7,066�3H UI R UP DQF H �$VVH VVP HQW�

Z DV�����7KLV�I LJ XUH �LV�QR W�VLJ QLI LF DQWO\�G LI I H UH QW�I UR P �WKH �DY H UDJ H �S �Y DOXH �R I ����LQ��

�



5HVHDUFK UHVXOWV ���

������:KHQ� OR R NLQJ � DW� WKH � LWHP V� WKDW� P DWF K� Z LWK � WKH � LQWH QGH G� F XUULF XOXP � DV�

P H DVXUH G �LQ������DQG�������SDUW�$���WKH �DF K LH Y HP HQW�LV�K LJ KH U�WKDQ�R Q�WKH �IXOO�

VH W�R I �LWHP V��Z LWK �DY H UDJ H �S �Y DOXH V�R I ����LQ������DQG����LQ�������7KLV�P H DQV�WKDW�

SDUW�$�F R QWDLQV�WKH �LWHP V�I UR P �WKH �WH VW�WKDW�P DQ\�VWXGH QWV�F R XOG �F R P S OH WH �Z H OO��

,W�P H DQV�WKDW�WKH �F XUULF XOXP �H[SH UWV�F R QVLGH UH G �WKR VH �LWHP V�WR �P DWF K�Z H OO�Z LWK �

WKH � LQWH QGH G� F XUULF XOXP �WKDW� F R XOG �E H � F R P S OH WH G �E\�P DQ\� VWXGH QWV��7KH � LWHP V�

WKDW� Z H UH � QR W� F R QVLGH UH G � UH OH Y DQW� WR � WKH � LQWH QGH G� F XUULF XOXP � Z H UH � R EY LR XVO\�


G LI I LF XOW
��DV�P DQ\�VWXGH QWV�F R XOG �QR W�VF R UH �R Q�WKH VH ���

7KH �DY H UDJ H �S �Y DOXH V�R Q�SDUWV�%�DQG�&�KDY H �E H H Q�LQF R USR UDWH G �LQWR �7DE OH �����I R U�

WKH �VDNH �R I �F R P S OH WH QH VV�DQG�F R P SDUDE LOLW\�Z LWK �7DE OH ����D��+R Z H Y H U��WKH �VP DOO�

QXPEH U�R I �LWHP V�LQ�WKH VH �SDUWV�GR H V�QR W�DOOR Z �I R U�J H QH UDOLVDWLR Q��$V�D�UH VXOW��LQ�

WK LV� F DVH � LW� LV�QR W�SR VVLE OH �WR �P DNH �D�OLQN�E H WZ H H Q�WKH �LQWH QGH G�F XUULF XOXP �DQG�

WKH �DWWDLQH G�F XUULF XOXP �WKUR XJ K�SDUWLWLR QLQJ �DV�WKH �SDUWLWLR QLQJ �LV�QR W�VXF F H VVIXO��

WKH UH �DUH �WR R �I HZ �LWHP V�LQ�WKH �3H UI R UP DQF H �$VVH VVP HQW�WKDW�GR �QR W�P DWF K�Z LWK �

WKH �LQWH QGH G�F XUULF XOXP �DQG�KDY H �UH OLDE OH �GDWD�VLP XOWDQH R XVO\��

�

�

 
7DE OH ������ $F KLH Y HP H QW� UH VXOWV� R Q�3$������DQG�

3$������� UH ODWH G � WR � WKH � LQWH QGH G �

F XUULF XOXP�

$FKLHYHPHQW��

$YJ�S�YDOXH��6(��

*URXS�RI�LWHPV�
3$������

�Q �����

3$������

�Q �����

2Y H UODSS LQJ �LWHP V�LQ�3$������DQG�3$�������Q ���� ������� �������

$�� ,WHP V�P DWF K LQJ�Z LWK �ER WK �LQWH QGH G������DQG�

LQWH QGH G�������Q ���� ������� �������

%�� ,WHP V�P DWF K LQJ �Z LWK �LQWH QGH G������DQG�QR W�

P DWF K LQJ �Z LWK �LQWH QGH G�������Q ��� ������� �������

&�� ,WHP V�QR W�P DWF K LQJ �Z LWK �LQWH QGH G������EXW�

P DWF K LQJ �Z LWK �LQWH QGH G�������Q ��� ������� �������

'�� ,WHP V�P DWF K LQJ �Z LWK �QH LWKH U�LQWH QGH G������QR U�

LQWH QGH G�������Q ��� ��� ���

1RWH� 'DVKHV LQGLFDWH WKHUH ZHUH QR LWHPV WR REWDLQ DFKLHYHPHQW UHVXOWV IURP�



��� &KDSWHU �

7KH � VH F R QG�ZD\�R I � OLQNLQJ � WKH �DWWDLQH G�DQG� LQWH QGH G� F XUULF XOXP � LV� WR � F DOF XODWH �

F R UUH ODWLR Q�F R H I I LF LH QWV�E H WZ H H Q�S �Y DOXH V�DQG�LWHP �F XUULF XOXP �P DWF K LQJ �LQG LF H V��

$V�WKH � ODWWH U�Z H UH �DY DLODE OH �R Q�D�UDWLR �VF DOH ��WKH VH �F DQ�E H �S OR WWH G �DJ DLQVW�WKH �S �

Y DOXH V�LQ�D�VF DWWH U�G LDJ UDP ��6H H �)LJ XUH ������

)LJ XUH ������ ,WHP �F XUULF XOXP �P DWF K LQJ �LQG LF H V�DQG�DF K LH Y HP H QW�UH VXOWV��LQ�S �Y DOXH V��R I �

3$������DQG�3$������

�

,Q� WKH � WZ R � VF DWWH U� S OR WV�� H DF K� GR W� UH S UH VH QWV� DQ� LWHP � I UR P � WKH � 7,066�

3H UI R UP DQF H �$VVH VVP HQW��,Q�������WKH UH �Z H UH �R QO\�WKUH H �H [SH UWV��DQG�WKH UH I R UH �

WKH �Y DOXH V�R I �WKH �LWHP �F XUULF XOXP �P DWF K LQJ �LQG LF H V�F DQ�R QO\�E H ��������������,Q�

������WKH UH �Z H UH �I LY H �H [SH UWV��DQG�WKH UH I R UH �WKH �Y DOXH V�F DQ�E H ������������������

�

7KH � VF DWWH U� G LDJ UDP V� WH OO� WKDW� LQ� ������ WKH � H [SH UWV� MXGJ H G � WKH � LWHP V� DV� P R UH �

DSSUR SULDWH � LQ� OLJ K W� R I � WKH � LQWH QGH G� F XUULF XOXP � WKDQ� LQ� ������ $OVR �� D� ODUJ H U�

QXPEH U�R I �H [SH UWV� LQF OXGH G�P R UH � 
G LI I LF XOW
� LWHP V�WKDQ�LQ�������$V�D�UH VXOW��WKH �

F R UUH ODWLR Q�LQ�WKH �G LDJ UDP �IR U������LV�OR Z H U�Z LWK �U ������Q ����S�������WKDQ�LQ�

WKH �G LDJ UDP �IR U������Z LWK �U ������Q ����S��������7KLV�G LI I H UH QF H �LV�SDUWO\�GXH �WR �

WKH � ODUJ H U� QXPEH U� R I � H [SH UWV� LQ� ������ Z KLF K� F DXVH G � D� K LJ KH U� S UH F LVLR Q� LQ� WKH �

H [SH UWV
�MXGJ HP HQW�UDWLQJ V��+R Z H Y H U��WK LV�K LJ KH U�F R UUH ODWLR Q�LV�DOVR �F DXVH G �E\�WKH �

IDF W�WKDW�LQ�������WKH �H [SH UWV�G LG �LQF OXGH �I HZ H U�LWHP V�Z LWK �OR Z �S �Y DOXH V�WKDQ�LQ�

������7KH �F R UUH ODWLR QV�E H WZ H H Q�H[SH UWV
�MXGJ HP HQW�DQG�VWXGH QWV
�DF K LH Y HP HQW�LV�

LOOXVWUDWH G �LQ�)LJ XUH ������
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�

� U �����

�

� U ����� U �����

� � � � �

�

�

�

� U �����

�

�

)LJ XUH ������ 2Y H UY LHZ � R I � F R UUH ODWLR QV� R Q� 3$������ DQG� 3$������� DW� WKH � OH Y H O� R I � WKH �

LQWH QGH G �DQG�DWWDLQH G �F XUULF XOXP�

�

%DVH G �R Q�WKH �3H UI R UP DQF H �$VVH VVP HQW��WKH �I R OOR Z LQJ �R E VH UY DWLR QV�F DQ�E H �P DGH ��

��� $F F R UG LQJ � WR � WKH � H [SH UWV
� MXGJ HP HQW�� WKH � WDVNV� LQ� WKH � 3H UI R UP DQF H �

$VVH VVP HQW� P DWF K� Z H OO� Z LWK � WKH � LQWH QWLR QV� R I � WKH � 50(�EDVH G� F XUULF XOXP ��

DOWKR XJ K�WKH �UDWH �R I �DSSUR Y DO�KDG�GZ LQG OH G �LQ�I LY H �\H DUV���

��� 6WXGH QWV
� DF K LH Y HP HQW� R Q� WKH � 3H UI R UP DQF H � $VVH VVP HQW� G LVS OD\V� D� VWULNLQJ �

VWH DG LQH VV���

��� 7KH � H[SH UWV
� MXGJ HP HQW� KDV� F KDQJ H G� E H WZ H H Q� ����� DQG� ����� LQ� IDY R XU� R I �

LWHP V�Z LWK �K LJ KH U�S �Y DOXH V��

$V� D� UH VXOW�� LQ� ����� VWXGH QWV
� DF K LH Y HP HQW� R Q� WKH � 3H UI R UP DQF H �$VVH VVP HQW� LV�

P R UH �DOLJ QH G�Z LWK �WKH �MXGJ HP HQW�E\�WKH �H [SH UWV�WKDQ�LQ�������7KLV�DOLJ QP HQW�LV�

R QO\�GXH �WR �WKH �G LI I H UH QF H �E H WZ H H Q�WKH �H [SH UWV
�MXGJ HP HQW�R I ������DQG�������DQG�

QR W�GXH �WR �D�F KDQJ H �LQ�VWXGH QWV
�DF K LH Y HP HQWV���

������ &RQFOXVLRQV�

,Q� WKH � WZ R �S UH Y LR XV�VH F WLR QV��������DQG�������� WKH �DWWDLQH G�F XUULF XOXP �KDV�E H H Q�

OLQNH G� WR � WKH � LQWH QGH G� F XUULF XOXP �� WKUR XJ K� WKH � 7,066�:ULWWH Q� 7H VW� DQG� WKH �

7,066� 3H UI R UP DQF H � $VVH VVP HQW� UH VS H F WLY H O\ �� %H OR Z � DUH � WKUH H � J H QH UDO�

R E VH UY DWLR QV���

��� ,Q� ����������� VWXGH QWV
� DF K LH Y HP HQW� LV� VOLJ K WO\� E H WWH U� WKDQ� LQ� ������ 7KH �

G LI I H UH QF H �LV�VLJ QLI LF DQW�R Q�WKH �:ULWWH Q�7H VW��E \�P H DQV�R I �WKH �VLJ Q�WH VW���EXW�LW�

LV�QR W�VLJ QLI LF DQW�R Q�WKH �3H UI R UP DQF H �$VVH VVP HQW��



��� &KDSWHU �

��� %H WZ H H Q������DQG������������WKH �MXGJ HP HQW�R Q�WKH �DSSUR SULDWH QH VV�R I �WKH �

WH VWV� E \� WKH � F XUULF XOXP � H[SH UWV� F KDQJ H G �� 7KH LU� MXGJ HP HQW� R Q� WKH �

DSSUR SULDWH QH VV� R I � LWHP V� LQ� WKH � OLJ K W� R I � WKH � LQWH QGH G� F XUULF XOXP � VK LI WH G �

WR Z DUGV�D�K LJ KH U�S UH I H UH QF H �I R U�LWHP V�Z LWK �D�K LJ KH U�S �Y DOXH ��

��� 7KH �F R UUH ODWLR QV�DW�LWHP �OH Y H O�E H WZ H H Q�WKH �F XUULF XOXP �H[SH UWV
�MXGJ HP HQW�DQG�

WKH � S �Y DOXH V� LQF UH DVH G � F R QVLGH UDE O\� E H WZ H H Q� ����� DQG� �����������2Q� WKH �

:ULWWH Q� 7H VW� WKH � F R UUH ODWLR QV� Z H UH � OR Z H U� WKDQ� R Q� WKH � 3H UI R UP DQF H �

$VVH VVP HQW�� DQG� WK LV� F R XOG � E H � F DXVH G � E\� WKH � G LF KR WR P R XV� \H V�QR � VF DOH � LQ�

Z KLF K�WKH �MXGJ HP HQW�Z DV�H [SUH VVH G ��7KH UH I R UH ��D�QR Q�SDUDP H WULF �P H WKR G�I R U�

F DOF XODWLQJ � F R UUH ODWLR QV� Z DV� XVH G �� (LWKH U� Z D\�� WKH � F R UUH ODWLR QV� LQF UH DVH G �

F R QVLGH UDE O\��

,W� F DQ�� WKH UH I R UH ��E H �F R QF OXGH G�WKDW� LQ�����������WKH �VWXGH QWV
�DF K LH Y HP HQW� LQ�

����������DQG�WKH �MXGJ HP HQW�R Q�WKH �DSSUR SULDWH QH VV�R I �WKH �LWHP V�LQ�OLJ K W�R I �WKH �

LQWH QGH G� F XUULF XOXP � DUH � E H WWH U� DOLJ QH G� WKDQ� E H I R UH �� 7KLV� F DQQR W� R EY LR XVO\� E H �

DWWULEXWH G � WR � F KDQJ H V� LQ� VWXGH QWV
� DF K LH Y HP HQW�� +R Z H Y H U�� LW� F DQ� ODUJ H O\� E H �

DWWULEXWH G �WR � WKH �F KDQJ H G�MXGJ HP HQW�R Q�WKH �DSSUR SULDWH QH VV�R I �WKH �WH VWV�E \�WKH �

F XUULF XOXP �H[SH UWV��7KLV�DQVZ H UV�WKH �I LUVW�SDUW�R I �WKH �VH F R QG�UH VH DUF K�TXH VWLR Q��

���� 5(/$7,1* 678'(176
 � $&+,(9(0(17 72 7+( ,03/(0(17('

&855,&8/80�

������ ,QWURGXFWLRQ�

,Q� WKH � S UH Y LR XV� VH F WLR QV�� WKH � DWWDLQH G� F XUULF XOXP � ZDV� OLQNH G� WR � WKH � LQWH QGH G�

F XUULF XOXP �� ,Q� WKH � QH[W� VH F WLR QV�� WKH � DWWDLQH G� F XUULF XOXP �Z LOO� E H � OLQNH G� WR � WKH �

LP S OHP HQWH G �F XUULF XOXP ��$JDLQ��WK LV�Z LOO�E H �GR QH �I R U�WKH �:ULWWH Q�7H VW�DQG ��QH[W��

I R U�WKH �3H UI R UP DQF H �$VVH VVP HQW��

������ 5HODWLQJ� WUHQGV� LQ� DFKLHYHPHQW� RQ� WKH� :ULWWHQ� 7HVW� WR� WKH�

LPSOHPHQWHG�FXUULFXOXP �

7KH �LP S OHP HQWH G �F XUULF XOXP �ZDV�R S H UDWLR QDOLVH G �WKUR XJ K�WKH �MXGJ HP HQW�R Q�WKH �

DSSUR SULDWH QH VV�R I �WKH �WH VW�LWHP V�E\�WKH �WH DF KH UV��7KH �GDWD�R Q�LWHP V�UH S UH VH QWH G �

WKH �QXPEH U�R I �WH DF KH UV��Z KR �LQG LF DWH G �WKDW�WKH \�Z R XOG �LQF OXGH �WKH �LWHP �LQWR �DQ�

LP DJ LQDU\� WH VW� F R Y H ULQJ � DOO� F R QWH QW� WDXJ KW� XQWLO� WKH � WLP H � R I � WH VWLQJ �� 7KH �

WH UP LQR OR J \�XVH G �Z DV�
27/�UDWH 
��VWXGH QWV�KDG�DQ�
2SSR UWXQLW\�7R �/H DUQ
���)R U�

WKH �P H DVXUHP HQW�R I �27/�R I �WKH �:ULWWH Q�7H VW��Z H �GR �QR W�KDY H �DY DLODE LOLW\�R Y H U�

WKH �WH DF KH UV
�MXGJ HP HQW�R Q�WKH �IXOO�VH W�R I �LWHP V��$V�VDLG ��LQ�������WKH �27/�UDWH V�



5HVHDUFK UHVXOWV ���

Z H UH �R QO\�P H DVXUH G �I R U�WKH �VL[WH H Q�DQF KR U�LWHP V��VH H �$SSH QGL[�)���)R U�������Z H �

KDY H �27/�UDWH V�I R U�DOO�LWHP V��

)LUVW��WKH �27/�UDWH V�R Q�WKH �VL[WH H Q�DQF KR U�LWHP V�Z LOO�E H �S UH VH QWH G �DV�D�WUH QG�LQ�

7DE OH ������7KLV�WDE OH �F R P E LQH V�WKH �7DE OH V�����DQG������

�

$V� G LVF XVVH G � E H I R UH �� WKH � S �Y DOXH V� DUH � LQF R P SDUDE OH � E H WZ H H Q� WKH � F OR QH G� LWHP V��

1H Y H UWKH OH VV��Z H �VWLOO�F DQ�F R P SDUH �WKH �27/�UDWH V�Z LWK �WKH �S �Y DOXH V�R I �WKH �VDP H �

\H DU��:LWK� OLWWOH � Y DULDWLR Q� R I � WKH �27/� UDWH V�� WKH � F R UUH ODWLR Q� E H WZ H H Q� WKH �27/�

UDWH V�DQG�WKH �S �Y DOXH V�DUH �OR Z �DQG�LQVLJ QLI LF DQW��7KH �F R UUH ODWLR Q�R I ������\LH OGV�DQ�

LQVLJ QLI LF DQW� F R H I I LF LH QW� R I � U ����� �Q ���� QR W� VLJ QLI LF DQW�� S �������7KLV�P H DQV�

WKDW�QR �UH ODWLR Q�F DQ�E H �G LVF H UQH G�E H WZ H H Q�ZKDW�WH DF KH UV�LQG LF DWH �DV�F R QWH QW�WKDW�

F DQ�E H �LQF OXGH G�LQWR �D�WH VW�F R Y H ULQJ �DOO�F R QWH QW�WDXJ KW��DQG�ZKDW�Z DV�OH DUQW��)R U�

������WKH �F R UUH ODWLR Q�E H WZ H H Q�27/�UDWH V�DQG�S �Y DOXH V�R Q�WKH �DER Y H ����LWHP V�LV�

H Y H Q� Z R UVH �� 7KH � F R UUH ODWLR Q� LV� QH J DWLY H � DQG� LQVLJ QLI LF DQW�� U ������ �Q ���� QR W�

VLJ QLI LF DQW��S ��������

 
7DE OH ������ 7UH QGV�LQ�27/�UH VXOWV�DQG�DF K LH Y HP H QW�UH VXOWV�R Q����VH OH F WH G �LWHP V�I UR P �

:7������DQG�:7������

�

,WHP�QDPH�

�

27/�UDWH��6(��

$FKLHYHPHQW�

S�YDOXH��6(��

�

:7������

�

:7������

�����

�Q ����

�����

����Q������

�����

�Q ����������

�����

�Q ����������

$��� LG �� ������� ������ ������� �������

%��� LG �� ������� ������� ������� �������

%��� LG �� ������� �������� ������� �������

%��� LG �� ������� ������� ������� �������

&��� LG �� ������� ������� ������� �������

(��� LG �� ������� ������� ������� �������

)��� LG �� ������� ������� ������� �������

+��� LG �� ������� ������� ������� �������

. ��� F OR QH ��. ��� ������� ������� ������� �������

/��� F OR QH ��/��� ������� �������� ������� �������

1��� F OR QH ��1��� ������� ������� ������� �������

1��� F OR QH ��1��� ������� ������� ������� �������

2��� F OR QH ��2��� ������� ������� ������� �������

5��� F OR QH ��5��� ������� ������� ������� �������

5��� F OR QH ��5��� ������� ������� ������� �������

9��� F OR QH ��9��� ������� ������� ������� �������



��� &KDSWHU �

&R QVH TXH QWO\�� EDVH G � R Q� WKH VH � VL[WH H Q� LWHP V�� Z H � F DQ� KDUG O\� F R QF OXGH � WKDW�

VWXGH QWV
�DF K LH Y HP HQW�LV�UH ODWH G �WR �27/�UDWH V��7KH �ODF N�R I �F R UUH ODWLR Q�F R XOG �E H �

F DXVH G � E\� WKH � F KDUDF WH ULVWLF V� R I � WKH � VL[WH H Q� LWHP V�� WKH \� Z H UH � VH OH F WH G � I R U� WKH �

1DWLR QDO�2SWLR Q� 7H VW� LQ� ����� R Q� WKH � F ULWH ULR Q� R I �P DWF K LQJ � Z LWK � WKH � LQWH QGH G�

F XUULF XOXP ��7KLV�F KDUDF WH ULVWLF � F DQ�KDY H �F DXVH G �WKH �27/�UDWH V�WR �E H F R P H �K LJ K ��

UH VXOWLQJ �LQ�D�F H LOLQJ �H I I H F W��7KH UH I R UH ��WKH �27/�UDWH V�GR �QR W�G LI I H UH QWLDWH ���

�

'XH �WR � WKH � ODF N�R I �P R UH �27/�GDWD� I UR P �WKH �:ULWWH Q�7H VW� LQ�������DQ\�IXUWKH U�

WUH QG�DQDO\VLV�F R XOG �QR W�E H �EDVH G �R Q�WKH �:ULWWH Q�7H VW��7KLV�DVS H F W�QH H GH G�WR �E H �

F R Y H UH G �E\�GDWD�I UR P �WKH �3H UI R UP DQF H �$VVH VVP HQW��7KH �GDWD�I UR P �WKH �:ULWWH Q�

7H VW�DUH �VWLOO�Y DOXDE OH �WR �F R P SDUH �WKH �MXGJ HP HQWV�E\�WKH �WH DF KH UV�Z LWK �VWXGH QWV
�

DF K LH Y HP HQW�DW�R QH �VWDJ H ��)R U������GDWD�DUH �DY DLODE OH �R Q�����LWHP V�LQ�WKH �:ULWWH Q�

7H VW��7KH �GDWD� F DQ�E H �XVH G � WR � OLQN� WKH � LP S OHP HQWH G �F XUULF XOXP �WR � WKH �DWWDLQH G�

F XUULF XOXP ��,Q�F KDS WH U����DW� WKH � OH Y H O�R I �WKH �LP S OHP HQWH G �F XUULF XOXP ��WKH �LWHP V�

Z H UH � J UR XSH G� LQWR � F DWH J R ULH V� DF F R UG LQJ � WR � WKH LU� 27/� UDWH V� �VH H � VH F WLR Q� �������

7DE OH �������,WHP V�Z H UH �J UR XSH G�LQWR �F DWH J R ULH V�E \�27/�UDWH V��������������DQG�VR �

I R UWK ��Z KLF K �LQG LF DWH G �WKH �S H UF H QWDJ H V�R I �WH DF KH UV��Z KR �Z R XOG �LQF OXGH �WKH �LWHP �

LQWR �DQ�LP DJ LQDU\�WH VW��

%H OR Z ��WKH �VDP H �J UR XS LQJ �LV�XVH G �DJ DLQ��(DF K�27/�UDWH �F DWH J R U\�F R QWDLQV�LWHP V��

Z KLF K � Z H UH � F R QVLGH UH G � I LW� E \� DSSUR [LP DWH O\� D� F R P SDUDE OH � QXPEH U� R I �

P DWKHP DWLF V� WH DF KH UV��7KH �DY H UDJ H �S �Y DOXH V� R Q� WKH � LWHP V�Z H UH � WKH Q� F DOF XODWH G ��

7KH �UH VXOW�LV�S UH VH QWH G �LQ�7DE OH ������

�

7DE OH ������ $F KLH Y HP H QW�UH VXOWV�R Q�LWHP V�LQ�:7�������J UR XS H G�S H U�27/�UDWH �

27/�UDWH�FDWHJRU\����LWHPV��

$FKLHYHPHQW�

$YJ�S�YDOXH��6(��

�Q ����������

�������������� �������

���²�������� �������

���²��������� �������

���²��������� �������

���²��������� �������

���²���������� �������

$YHUDJH������LWHPV�� �������

�

7KH � LWHP V�Z LWK � WKH � OR Z H U�27/� UDWH V� �E H OR Z ����DQG�������� KDY H � WKH � OR Z H VW� S �

Y DOXH V��DOO�E H LQJ �E H OR Z �����)R U�K LJ KH U�27/�UDWH V��WKH �S �Y DOXH V�LQF UH DVH �WR J H WKH U�

Z LWK � WKH �27/� UDWH V�� ,WHP V�� Z KLF K � KDY H �27/� UDWH V� DER Y H � ���� F DQ� E H � F R UUH F WO\�



5HVHDUFK UHVXOWV ���

F R P S OH WH G �E\�P DQ\�'XWF K� VWXGH QWV�DV�GHP R QVWUDWH G �E\� WKH �DY H UDJ H �S �Y DOXH �R I �

����7KLV�I LJ XUH �LV�K LJ KH U�WKDQ�WKH �DY H UDJ H �S �Y DOXH �R Y H U�DOO�����LWHP V��7KLV�LP S OLH V�

WKDW�LWHP V�Z LWK �D�K LJ K�P DWF K�Z LWK �WKH �LP S OHP HQWH G �F XUULF XOXP ��27/!�����\LH OG �

R Q�DY H UDJ H �P R UH �VDWLVI \LQJ �DF K LH Y HP HQW�UH VXOWV�WKDQ�LWHP V�Z LWK �OR Z H U�27/�UDWH V��

�

7KH � DER Y H � R E VH UY DWLR Q� LV� F R QI LUP H G� E\� WKH � F DOF XODWLR Q� R I � WKH � F R UUH ODWLR Q�

F R H I I LF LH QW�E H WZ H H Q� WKH �27/�GDWD�DQG� WKH �S �Y DOXH V�R I �������7KH � F R UUH ODWLR Q� LV�

I LUVW� LOOXVWUDWH G � LQ� )LJ XUH � ���� WKUR XJ K� D� VF DWWH U� G LDJ UDP �� ZKH UH E\� H DF K� GR W�

UH S UH VH QWV�R QH �R I �WKH �����LWHP V�LQ�WKH �:ULWWH Q�7H VW��2Q�WKH �KR UL]R QWDO�D[LV��WKH �

S �Y DOXH �LV�LQG LF DWH G ��2Q�WKH �Y H UWLF DO�D[LV�WKH �27/�UDWH �LV�LQG LF DWH G ���

$OVR � LQF OXGH G� LQ� WKH � )LJ XUH � ���� DUH � WKH � VL[WH H Q� LWHP V� R Q� ZKLF K� WKH � 27/�

P HDVXUHP HQW�R I ������ZDV�EDVH G ��7KH VH �LWHP V�DUH �VLWXDWH G �
K LJ K 
�LQ�WKH �VF DWWH U��DV�

LQ������QR QH �R I �WKH VH �LWHP V�KDG�DQ�27/�UDWH �OR Z H U�WKDQ�����

)LJ XUH ������ 6F DWWH U� G LDJ UDP � R I �27/� UDWH V� DQG� DF K LH Y HP H QW� UH VXOWV� �S�Y DOXH V�� R I � ����

P DWKHP DWLF V�LWHP V�LQ�:7�������DQG�VL[WH H Q�LWHP V�I UR P �:7�������

�

7KH � VF DWWH U�G LDJ UDP � IR U�DOO����� LWHP V� LQ������ VH HP V�D�E OXU��7KH UH �DUH � LWHP V� LQ�

DOP R VW�DOO�F R UQH UV��7KLV�P H DQV�WKDW�WKH UH �DUH �LWHP V�Z LWK �D�OR Z �27/�UDWH �WKDW�KDY H �

K LJ K�S �Y DOXH V��R U�WKH �R WKH U�Z D\�DUR XQG��K LJ K�27/�UDWH �DQG�OR Z �S �Y DOXH V��,W�OR R NV�

DV�LI �WKH UH �LV�D�F R QF H QWUDWLR Q�R I �LWHP V�LQ�WKH �WKUH H �XSSH U�ULJ K W�E OR F NV�ZKH UH �WKH �

27/�UDWH V�DUH �!���DQG�WKH �S �Y DOXH V�DUH �!����$OVR ��WKH UH �VH HP V�WR �E H �D�WH QGH QF \�



��� &KDSWHU �

WR Z DUGV�WKH �XSSH U�WULDQJ OH ��P R VW�LWHP V�DUH �VLWXDWH G �DER Y H �R U�WR �WKH �ULJ K W�R I �WKH �

����������������G LDJ R QDO��7KLV�P H DQV�WKDW�WKH UH �DUH �P R UH �LWHP V�Z LWK �DQ�27/�UDWH �

WKDW�LV�K LJ KH U�WKDQ�WKH �S �Y DOXH ��DQG�I HZ H U�LWHP V�I R U�Z KLF K�WKH �S �Y DOXH �LV�K LJ KH U�

WKDQ� WKH � 27/� UDWH �� 7KH � F R UUH ODWLR Q� R Q� WKH � ���� LWHP V� I R U� ����� LV� VLJ QLI LF DQW��

U ������Q �����S��������

:H �KDY H �QR �WUH QG�GDWD�I UR P ������WR �F R P SDUH �WKH VH �Z LWK ��+R Z H Y H U��LW�LV�SR VVLE OH �

WR � F R P SDUH � WKH � F R UUH ODWLR Q� R I � 27/� UDWH V� DQG� WKH � S �Y DOXH V� LQ� R WKH U� Z D\V��

2ULJ LQDOO\ �� 'H � +DDQ� ������� GH Y H OR S H G� WKH � 27/� LQVWUXP HQW� DQG� VKH � I R XQG� D�

F R UUH ODWLR Q�Z LWK �WKH �S �Y DOXH V�R I �U �����Q ����S��������7KLV�F DQ�E H �S H UF H LY H G �DV�D�

UR XJ K�P D[LPXP ��DV� VKH � I R XQG�KH U� UH VXOWV�XQGH U�Z H OO�F R QWUR OOH G �F LUF XP VWDQF H V��

)R U�H [DPSOH ��VKH �XVH G �D�WH VW��Z KLF K �Z DV�VS H F LDOO\�GH Y H OR S H G�I R U�WKH �F R QWH QW�WR �E H �

WDXJ KW�DQG�LW�Z DV�EDVH G �R Q�WKH �WH [WER R NV�WKH �WH DF KH UV�Z H UH �XVLQJ ��DQG�VKH �KDG�

KR P R J H QH R XV�F ODVVH V��DOO�LQ�WKH �PDYR�KDYR�WUDF N���7KXV��WKH �F R UUH ODWLR Q�R I �U �����

ZKLF K�Z DV�H VWDE OLVKH G �WKUR XJ K�WKH �7,066�:ULWWH Q�7H VW��DSSUR DF KH V�'H �+DDQ
V�

Y DOXH �R I �U �����

,Q�)LJ XUH ������WKH �I R XQG�F R UUH ODWLR Q�F R H I I LF LH QW�R I �U �����E H WZ H H Q�27/�UDWH V�DQG�

S �Y DOXH V�I R U�:7������LV�F R P E LQH G�Z LWK �WKH �WUH QG�F R UUH ODWLR Q�F R H I I LF LH QWV��Z KLF K �

Z H UH �DOUH DG\�UH SR UWH G �LQ�F KDS WH U����VH F WLR Q���������%H F DXVH �R I �WKH �P LVVLQJ �27/�

GDWD� I UR P �:7������� WKH � S LF WXUH � LV� Y R LG �� ,W� KDV� E H H Q� LQF OXGH G� I R U� F R P SDULVR Q�

Z LWK �)LJ XUH V����� �F R P SDULVR Q�R I � H [SH UWV
� MXGJ HP HQW�DQG� VWXGH QWV
� DF K LH Y HP HQW�

I R U� :7������ DQG� :7������� DQG� ���� �I R UWKF R P LQJ �� F R P SDULVR Q� R I � WH DF KH UV
�

MXGJ HP HQW�DQG�VWXGH QWV
�DF K LH Y HP HQW�I R U�3$������DQG�3$��������

�

�

�

� U �����

�

�

� � � � � � � � � U �����

�

�

�

�

�

�

)LJ XUH ������ 2Y H UY LHZ � R I � F R UUH ODWLR QV� R Q�:7������DQG�:7������� DW� WKH � OH Y H O� R I � WKH �

LP S OHP H QWH G �DQG�DWWDLQH G �F XUULF XOXP�



5HVHDUFK UHVXOWV ���

/DF N�R I �27/�GDWD�I UR P �:7������SUR KLE LWV�WKH �DQDO\VLV�R I �D�WUH QG ��:H �F DQ�R QO\�

F R QF OXGH � WKDW� WKH � DOLJ QP HQW� R I � LP S OHP HQWH G � DQG� DWWDLQH G� F XUULF XOXP � LV�

P H DVXUDE OH � LQ� ����� �WKH UH � LV� D� SR VLWLY H � F R UUH ODWLR Q�� U ������� EXW� LW� F DQQR W� E H �

H VWDE OLVKH G � ZKH WKH U� LW� KDV� LQF UH DVH G � R U� QR W�� 0D\EH �� WKH � QH[W� VH F WLR Q�� R Q� WKH �

3H UI R UP DQF H � $VVH VVP HQW�� Z LOO� J LY H � D� P R UH � VR OLG � I R XQGDWLR Q� I R U� IXUWKH U�

F R QF OXVLR QV���

������ 5HODWLQJ�WUHQGV� LQ�DFKLHYHPHQW�RQ�WKH�3HUIR UPDQFH�$VVHVVPHQW�WR�

WKH�LPSOHPHQWHG�FXUULFXOXP �

,Q�WK LV�VH F WLR Q��Z H �F R QWLQXH �WR �OLQN�WKH �LP S OHP HQWH G �F XUULF XOXP �WR �WKH �DWWDLQH G�

F XUULF XOXP �� EXW� KH UH � WKH � DQDO\VLV� LQ� EDVH G � R Q� GDWD� J DWKH UH G � WKUR XJ K� WKH �

3H UI R UP DQF H � $VVH VVP HQW�� 7KLV� GDWD� F R OOH F WLR Q� Z DV� QR W� K LQGH UH G � E\�

LQF R P S OH WH QH VV� R I � GDWD�� 7KH � LP S OHP HQWH G � F XUULF XOXP � ZDV� R S H UDWLR QDOLVH G �

WKUR XJ K�WKH �MXGJ HP HQW�R Q�WKH �DSSUR SULDWH QH VV�R I �WKH �WH VW�LWHP V�E\�WKH �WH DF KH UV��

)R U� WKH � 3H UI R UP DQF H �$VVH VVP HQW�� WKH � 
2SSR UWXQLW\�7R �/H DUQ
� TXH VWLR Q� WR � WKH �

WH DF KH UV� Z DV� DVNH G� WZ R �I R OG �� ���� Z KH WKH U� WKH � F R QWH QW� R I � WKH � LWHP � KDG� E H H Q�

F R Y H UH G �E H I R UH � WH VW�DGP LQLVWUDWLR Q��DQG�����Z KH WKH U� WKH � WH DF KH UV�Z R XOG � LQF OXGH �

WKH �WH VW�LWHP �LQWR �D��S UDF WLF DO��WH VW�R I �WKH LU�R ZQ�P DNLQJ ��7KXV��WKH �GDWD�J DWKH UH G �

DW�WKH �OH Y H O�R I �WKH �LP S OHP HQWH G �F XUULF XOXP �Z H UH �QDP HG�27/�F R Y H UH G �DQG�27/�

WH VWLQJ �� 7KH VH � 27/� GDWD� Z H UH � DY DLODE OH � I R U� ER WK� ����� DQG� ����� DQG� F DQ� E H �

F R P SDUH G�WR �VWXGH QWV
�DF K LH Y HP HQW�R Q�WKH �LWHP V��

,Q�7DE OH ������DOO�GDWD�DUH �UH SR UWH G �S H U�WDVN��7KH �S �Y DOXH V�R I �WKH �WZ R �WDVNV�6KDGRZV�

DQG� 3ODVWLFLQH� Z H UH � QR W� F R P SDUDE OH � E H WZ H H Q� ����� DQG� ����� DQG�� WKH UH I R UH ��

R P LWWH G �I UR P �WKH �DQDO\VLV��7KH �WDE OH �LV�D�F R P E LQDWLR Q�R I �WDE OH V�WKDW�Z H UH �DOUH DG\�

S UH VH QWH G �LQ�F KDS WH U����7DE OH V�����DQG������

�

)UR P � WKH � WDE OH ��Z H � F DQ� VH H � WKDW� WKH � WDVN�Z LWK � WKH � OR Z H VW� DY H UDJ H � S �Y DOXH V�� WKH �

WDVN�3DFNDJLQJ��KDV�K LJ KH VW�27/�UDWH V��7KLV�P H DQV�WKDW�P DQ\�WH DF KH UV�LQG LF DWH G �

WKDW� WKH \�KDG�F R Y H UH G �WKH �F R QWH QW�R I � WK LV� WDVN�DQG� WKDW�WKH \�Z R XOG �LQF OXGH �WKH �

3DFNDJLQJ�LWHP V�LQWR �D�WH VW�R I �WKH LU�R ZQ�P DNLQJ ��EXW�WKDW�R QO\�KDOI �R I �WKH �VWXGH QWV�

Z H UH �DE OH � WR � F R P S OH WH � WK LV� WDVN� F R UUH F WO\ ��%\� F R QWUDVW�� WKH � WDVN�Z LWK � WKH � OR Z H VW�

27/� UDWH V�� )ROGLQJ�� KDV� K LJ K� S �Y DOXH V�� 7KLV� P H DQV� WKDW� R QO\� I HZ � WH DF KH UV�

LQG LF DWH G �WKDW�WKH \�KDG�F R Y H UH G �WKH �F R QWH QW�R I �WKH �WDVN�)ROGLQJ��EXW�QH Y H UWKH OH VV��

P R UH �WKDQ�WKUH H �TXDUWH U�R I �WKH �VWXGH QWV�Z DV�DE OH �WR �F R P S OH WH �WK LV�WDVN�F R UUH F WO\ ��

�



��� &KDSWHU �

7DE OH ������ 7UH QGV� LQ�27/�UDWH V� �DY H UDJ H �S H UF H QWDJ H �R I � WH DF KH UV��DQG�S�Y DOXH V�R Q�3$�

�����DQG�3$������

$YHUDJH�27/�

FRYHUHG�UDWHV��6(��

$YHUDJH�27/�

WHVWLQJ�UDWHV��6(��

$FKLHYHPHQW�

$YJ�S�YDOXH��6(��

�

7DVN��

��LWHPV�LQ�

27/�WHVW��

�����

�Q ����

�����

�Q ����

�����

�Q ����

�����

�Q ����

�����

�Q �����

�����

�Q �����

'LF H ������� � ��� ����� � ��� ����� � ��� ����� � ��� ����� ������� �������

&DOF XODWR U������� � ��� ����� � ��� ����� � ��� ����� � ��� ���� ������� �������

)R OG LQJ ������� � ��� ���� � ��� ����� � ��� ����� � ��� ����� ������� �������

$��WKH �%H QG������� � ��� ����� � ��� ����� � ��� ����� � ��� ���� ������� �������

3DF NDJ LQJ ������� � ��� ����� � ��� ����� � ��� ����� � ��� ���� ������� �������

6KDGR Z V������� � ��� ����� � ��� ����� � ��� ����� � ��� ����� ��� ���

3ODVWLF LQH ������� � ��� ���� � ��� ����� � ��� ����� � ��� ����� ��� ���

1RWH� 'DVKHV LQGLFDWH WKH DFKLHYHPHQW UHVXOWV ZHUH GHHPHG XQUHOLDEOH�

 6LJQLILFDQW GLIIHUHQFH EHWZHHQ GDWD RI ���� DQG ���� �S�������

�

7KH �GDWD�DW� WDVN� OH Y H O�GR �QR W� J H QH UDWH �D� F OH DU�S LF WXUH ��%XW� WKH �GDWD� F DQ�DOVR �E H �

DQDO\VH G �DW�LWHP �OH Y H O��:LWK�WKH �27/�UDWH V�E H LQJ �DY DLODE OH �R Q�D�UDWLR �VF DOH ��WKH \�

F DQ�E H �S OR WWH G �DJ DLQVW�WKH �S �Y DOXH V�LQ�D�VF DWWH U�G LDJ UDP ��6H H �)LJ XUH �������

7KH �UH VXOWLQJ �F R UUH ODWLR Q�F R H I I LF LH QWV�DUH �DV�I R OOR Z V��
■ EH WZ H H Q� 27/�F R Y H UH G � UDWH V� DQG� S �Y DOXH V� LQ� ������ U ����� �Q ���� QR W�

VLJ QLI LF DQW�Z LWK �S �������
■ EH WZ H H Q�27/�F R Y H UH G �UDWH V�DQG�S �Y DOXH V� LQ�������U ������Q ����VLJ QLI LF DQW��

Z LWK �S �������
■ EH WZ H H Q�27/�WH VWLQJ �UDWH V�DQG�S �Y DOXH V�LQ�������U ������Q ����QR W�VLJ QLI LF DQW�

Z LWK �S �������DQG�
■ EH WZ H H Q�27/�WH VWLQJ �UDWH V�DQG�S �Y DOXH V�LQ�������U ������Q ����QR W�VLJ QLI LF DQW�

Z LWK �S �������



5HVHDUFK UHVXOWV ���

)LJ XUH ������ 6F DWWH U�G LDJ UDP �R I �27/�UDWH V� �27/�F R Y H UH G �DQG�27/�WH VWLQJ ��DQG�

DF K LH Y HP HQW�UH VXOWV��S �Y DOXH V��R I �3$������DQG�3$������

�

,W�WXUQV�R XW�WKDW�R QO\�WKH �F R UUH ODWLR Q�E H WZ H H Q�WKH �27/�F R Y H UH G �UDWH V�DQG�WKH �S �

Y DOXH V� DUH � VLJ QLI LF DQW� LQ� ������ 7KLV� P H DQV� WKDW� LQ� ������ WKH � P R UH � LWHP V� Z H UH �

LQG LF DWH G �E\� WKH � WH DF KH UV�DV� F R Y H UH G �� WKH �P R UH � VWXGH QWV�Z H UH �DE OH � WR � F R P S OH WH �

WKH VH �F R UUH F WO\ ��7KH �F R H I I LF LH QW�R I �U �����LV�VLP LODU�WR �WKH �F R UUH ODWLR Q�F R H I I LF LH QW�

R I �U �����ZKLF K�Z DV�H VWDE OLVKH G �WKUR XJ K�WKH �:ULWWH Q�7H VW��DQG�LW�DOVR �DSSUR DF KH V�

'H �+DDQ
V�Y DOXH �R I �U �����

7KH � F R UUH ODWLR Q� E H WZ H H Q� 27/�F R Y H UH G � UDWH V� DQG� S �Y DOXH V� Z DV� QR W� S UH VH QW� LQ�

������ DQG� LW� Z DV� QR W� S UH VH QW� H LWKH U� I R U� WKH � 27/�WH VWLQJ � UDWH V�� 7KLV� UH VXOWV� LQ�

)LJ XUH ������
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�
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�

� U ����� U �����

� � � � �

�

�

�
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�

�

)LJ XUH ������ 2Y H UY LHZ � R I � F R UUH ODWLR QV� R Q� 3$������ DQG� 3$������� DW� WKH � OH Y H O� R I � WKH �

LP SOHP H QWH G�F XUULF XOXP ��27/�F R Y H UH G��DQG�DWWDLQH G�F XUULF XOXP �

�

7KH � UH VXOWV� F DQ� E H � LQWH US UH WH G � DV� I R OOR Z V�� I UR P � ����� WR � ������ DQ� LQF UH DVLQJ �

QXPEH U�R I �P DWKHP DWLF V�WH DF KH UV�LQG LF DWH G �WKDW�WKH \�KDG�F R Y H UH G �WKH �F R QWH QW�R I �

LWHP V� LQ� WKH � 3H UI R UP DQF H �$VVH VVP HQW� �VH H � VH F WLR Q� �������� ,Q� ������ R Q� DY H UDJ H �

���� R I � WKH � WH DF KH UV� LQG LF DWH G � WKDW� LWHP V� Z H UH � F R Y H UH G �� DQG� LQ� ������ WK LV�

S H UF H QWDJ H �KDG�VLJ QLI LF DQWO\�LQF UH DVH G �WR ������,Q�WKDW�VDP H �WLP H �VSDQ��VWXGH QWV
�

DF K LH Y HP HQW� G LG � QR W� F KDQJ H � VLJ QLI LF DQWO\�� P H DQLQJ � WKDW� WKH � LQF UH DVH G � F R QWH QW�

F R Y H UDJ H �F DQQR W�E H �UH ODWH G �WR �LP SUR Y H G �VWXGH QWV
�DF K LH Y HP HQW��)UR P �)LJ XUH ������

Z H � F DQ� VH H � WKDW� WKH � LQWUD�F XUULF XODU� �KR UL]R QWDO�� F R UUH ODWLR Q� LV� DE VH QW� LQ� ������

7KXV��VWXGH QWV�Z H UH �DE OH �WR �S H UI R UP �Z H OO�R Q�LWHP V�WKDW�WKH �WH DF KH UV�LQG LF DWH G �DV�

QR W�F R Y H UH G �DQG��F R QY H UVH O\ ��VWXGH QWV�G LG �QR W�GR �Z H OO�R Q�LWHP V�WKDW�WKH �WH DF KH UV�

LQG LF DWH G � DV� F R Y H UH G �� %\� ������ WKH UH � LV� D� F R UUH ODWLR Q� R I � U ����� E H WZ H H Q� WKH �

WH DF KH UV
� MXGJ HP HQW� DQG� VWXGH QWV
� DF K LH Y HP HQW�� 7KLV�P H DQV� WKDW� WKH � LQF UH DVH G �

27/�F R Y H UH G � UDWH V� E H F DP H � P R UH � DOLJ QH G� Z LWK � VWXGH QWV
� VWDE OH � DF K LH Y HP HQW�

GXULQJ �WKH �I LY H �\H DUV�WKDW�WKH �0(75,&�VWXG\�F R Y H UH G ���

�

)LJ XUH �����LV�GH ULY H G �I UR P �WKH �GDWD�R Q�WKH �3H UI R UP DQF H �$VVH VVP HQW��7KH �I LJ XUH �

F DQ�E H �F R P SDUH G�Z LWK �)LJ XUH ������Z KLF K�LV�EDVH G �R Q�GDWD�I UR P �WKH �:ULWWH Q�7H VW��

7KH �F R UUH ODWLR QV�E H WZ H H Q�WKH �VWXGH QWV
�DF K LH Y HP HQW�LQ�WLP H ��E H WZ H H Q������DQG�

����������� DQG� WKH � F R UUH ODWLR Q� E H WZ H H Q� WH DF KH UV
� MXGJ HP HQWV� DQG� VWXGH QWV
�

DF K LH Y HP HQW�LQ�����������VKR Z V�D�VWULNLQJ �VLP LODULW\�LQ�P DJ QLWXGH ��

 



5HVHDUFK UHVXOWV ���

$GGLWLR QDOO\� WR � WKH �27/�F R Y H UH G � UDWH V�� WKH �0(75,&� VWXG\� KDG� J DLQH G�27/�

WH VWLQJ � UDWH V�� 7KH � 27/�WH VWLQJ � UDWH V� LQF UH DVH G � VLJ QLI LF DQWO\� E H WZ H H Q� ����� DQG�

������ $V� D� UH VXOW�� D� F H LOLQJ � H I I H F W� F DQ� KDY H � R F F XUUH G � �VH H � WKH � I R XUWK � VF DWWH U�

G LDJ UDP �LQ�)LJ XUH �������DV�DOP R VW�DOO�GR WV�KDY H �DQ�27/�WH VWLQJ �UDWH �!�����Z KLF K�

UH VXOWV� LQ� D� OR Z H U� G LI I H UH QWLDWLR Q�� 7KH � 27/�WH VWLQJ � UDWH V� G LG � QR W� VKR Z � DQ\�

UH ODWLR QVK LS �Z LWK � VWXGH QWV
� DF K LH Y HP HQWV�� QH LWKH U� LQ������QR U� LQ������� ,Q� ER WK�

\H DUV��WKH �F R UUH ODWLR Q�LV�LQVLJ QLI LF DQW��$�SR VVLE OH �H [S ODQDWLR Q�P D\�E H �I R XQG�LQ�WKH �

IDF W�WKDW�WH DF KH UV�Z H UH �DVNH G�WR �WK LQN�R I �DQ�LP DJ LQDU\�S UDF WLF DO�P DWKHP DWLF V�WH VW��

Z KLOH �WKH \�KDY H �OLWWOH �H [SH ULH QF H �Z LWK �WKH VH �NLQGV�R I �WH VWV��7KXV��WH DF KH UV�P LJ KW�

KDY H � J LY H Q� LP DJ LQDU\�DQVZ H UV��+R Z H Y H U�� WR � H [S ODLQ� WKH � ODF N�R I � I LW�E H WZ H H Q� WKH �

27/�WH VWLQJ �UDWH V�DQG�WKH �S �Y DOXH V�Z R XOG �UH TXLUH �IXUWKH U�VWXG\��Z KLF K �LV�E H \R QG�

WKH �VF R S H �R I �WKH �0(75,&�VWXG\��,W�Z R XOG �UH TXLUH �I R U�H [DPSOH ��LQWH UY LHZ V�Z LWK �

WH DF KH UV�WR �LQWH US UH W�WKH VH �I LQG LQJ V��

������ &RQFOXVLRQV�

,Q�WKH �WZ R �S UH Y LR XV�VH F WLR QV��������DQG���������WKH �DWWDLQH G �F XUULF XOXP �KDV�E H H Q�

OLQNH G� WR � WKH � LP S OHP HQWH G � F XUULF XOXP �� I R U� WKH � 7,066� :ULWWH Q� 7H VW� DQG� WKH �

7,066� 3H UI R UP DQF H � $VVH VVP HQW� UH VS H F WLY H O\ �� %H OR Z � DUH � I R XU� J H QH UDO�

R E VH UY DWLR QV���

��� ,Q� ����������� 'XWF K� VWXGH QWV
� DF K LH Y HP HQW� KDV� VOLJ K WO\� LP SUR Y H G � ZKH Q�

F R P SDUH G�WR � WKH LU�DF K LH Y HP HQW� LQ�������7KH �G LI I H UH QF H �LV�VLJ QLI LF DQW�R Q�WKH �

:ULWWH Q�7H VW� �E \�P H DQV� R I � WKH � VLJ Q� WH VW��� EXW� LW� LV� QR W� R Q� WKH �3H UI R UP DQF H �

$VVH VVP HQW��

��� %H F DXVH � R I � ODF N� R I � VXI I LF LH QW�27/� GDWD� R Q� WKH �:ULWWH Q� 7H VW�� WUH QGV� LQ� WKH �

MXGJ HP HQW� R Q� WKH � DSSUR SULDWH QH VV� R I � WK LV� WH VW� LQ� OLJ K W� R I � WKH � LP S OHP HQWH G �

F XUULF XOXP � F R XOG � QR W� E H � DQDO\VH G �� +R Z H Y H U�� E H WZ H H Q� ����� DQG� ������

WH DF KH UV
� MXGJ HP HQW�R Q�WKH �DSSUR SULDWH QH VV�R I �WKH �3H UI R UP DQF H �$VVH VVP HQW�

F KDQJ H G�F R QVLGH UDE O\��7KH LU�DVVH VVP HQW�R I �VK LI WH G �WR Z DUGV��D��D�VLJ QLI LF DQWO\�

K LJ KH U�F R Y H UDJ H �R I �WKH �F R QWH QW�WH VWH G ��DQG��E ��D�VLJ QLI LF DQWO\�K LJ KH U�WH QGH QF \�

WR � LQF OXGH � WH VW� LWHP V� I UR P � WKH �3H UI R UP DQF H �$VVH VVP HQW� LQWR � D� WH VW� R I � WKH LU�

R ZQ�P DNLQJ ��

��� 7KH �F R UUH ODWLR QV�DW�LWHP �OH Y H O�E H WZ H H Q�WH DF KH UV
� MXGJ HP HQW�DQG�WKH �S �Y DOXH V�

Z H UH �DE VH QW�LQ�������I R U�WKH �:ULWWH Q�7H VW��WK LV�Z DV�GXH �WR �DE VH QF H �R I �GDWD��I R U�

WKH � 3H UI R UP DQF H � $VVH VVP HQW� WK LV� Z DV� DQ� LQVLJ QLI LF DQW� F R UUH ODWLR Q��� 7KH �

F R UUH ODWLR Q�Z DV�S UH VH QW� LQ�����������Z LWK � U �����R Q� WKH �:ULWWH Q�7H VW�DQG�

U �����R Q�WKH �3H UI R UP DQF H �$VVH VVP HQW��E H WZ H H Q�27/�F R Y H UH G �UDWH V�DQG�S �

Y DOXH V��� 7KH VH � F R H I I LF LH QWV� DUH � VOLJ K WO\� OR Z H U� WKDQ� WKH � F R H I I LF LH QW� R I � U ����



��� &KDSWHU �

I R XQG�E\�'H �+DDQ���������7KH �F R UUH ODWLR Q�E H WZ H H Q�27/�WH VWLQJ �UDWH V�DQG�S �

Y DOXH V� Z DV� DE VH QW�� ER WK� LQ� ����� DQG� ������ S UR EDE O\� K LQGH UH G � E\� WH DF KH UV
�

MXGJ HP HQW� R Q� WKH � LQF OXVLR Q� R I � LWHP V� LQWR � DQ� LP DJ LQDU\� S UDF WLF DO� WH VW�� Z KLOH �

WKH \�KDY H �OLWWOH �H [SH ULH QF H �Z LWK �WKH VH ��

�

,W�F DQ��WKH UH I R UH ��E H �F R QF OXGH G�WKDW�LQ������������VWXGH QWV
�DF K LH Y HP HQW�DQG�WKH �

MXGJ HP HQW� R Q� WKH � DSSUR SULDWH QH VV� R I � WKH � LWHP V� LQ� OLJ K W� R I � WKH � LP S OHP HQWH G �

F XUULF XOXP � DUH � TXLWH �Z H OO� DOLJ QH G �� ,W� LV� G LI I LF XOW� WR � R E VH UY H � D� WUH QG ��:KHQ� R QO\�

EDVH G �R Q�WKH �F R UUH ODWLR QV�E H WZ H H Q�27/�F R Y H UH G �GDWD�DQG�VWXGH QWV
�DF K LH Y HP HQW�

GDWD� I UR P � WKH � 3H UI R UP DQF H �$VVH VVP HQW�� WKH � DOLJ QP HQW� KDV� LQF UH DVH G � E H WZ H H Q�

�����DQG�������7KLV� LV�D�QR WHZ R UWK\�UH VXOW� LQ� LWVH OI ��EXW�WKH �VH F R QG�SDUW�R I �WKH �

VH F R QG�UH VH DUF K�TXH VWLR Q�F DQQR W�F R P S OH WH O\�E H �DQVZ H UH G �Z LWK �WKH �DY DLODE OH �GDWD��

���� 5(/$7,1* 678'(176
 � $&+,(9(0(17 72 7+( ',6&5(3$1&<

%(7:((1 ,17(1'(' $1' ,03/(0(17(' &855,&8/80�

������ ,QWURGXFWLRQ�

7KH � VH F R QG� UH VH DUF K� TXH VWLR Q� OLQNV� 'XWF K� VWXGH QWV
� DF K LH Y HP HQW� R Q� WKH � WZ R �

7,066�WH VWV� WR � WKH � LQWH QGH G�DQG�LP S OHP HQWH G �F XUULF XOXP ��,Q�WKH �WZ R �S UH Y LR XV�

VH F WLR QV� �VH F WLR Q� ���� DQG� ������ WKH � WZ R � KDY H � E H H Q� GH DOW� Z LWK � VH SDUDWH O\ �� ,Q� WKH �

F XUUH QW� VH F WLR Q�� WKH � LQWH QGH G� DQG� LP S OHP HQWH G � F XUULF XOXP � Z LOO� E H � P XWXDOO\�

F R P SDUH G ��7KLV�LV�QH H GH G�I R U�WKH �ODVW�SDUW�R I �WKH �VH F R QG�UH VH DUF K�TXH VWLR Q��Z KH UH �

WKH �SR LQW�Z DV�UDLVH G �KR Z �WR �UH ODWH �WKH �VWXGH QWV
�DF K LH Y HP HQWV�R Q�WKH �WZ R �WH VWV�WR �

D�SR VVLE OH �G LVF UH SDQF \�E H WZ H H Q�WKH �MXGJ HP HQWV�DW�WKH �OH Y H O�R I �WKH �LQWH QGH G�DQG�

LP S OHP HQWH G �F XUULF XOXP ��7KLV�LP S OLH V�D�GH VF ULS WLR Q�R I �WKH �G LVF UH SDQF LH V�E H WZ H H Q�

WKH VH ��

������ 5HODWLQJ� WUHQGV� LQ� DFKLHYHPHQW� RQ� WKH� :ULWWHQ� 7HVW� WR� WKH�

GLVFUHSDQF\�EHWZHHQ�LQWHQGHG�DQG�LPSOHPHQWHG�FXUULFXOXP �

7KH �LWHP V�LQ�WKH �:ULWWH Q�7H VW�Z H UH �VXEP LWWH G �WR �F XUULF XOXP �H[SH UWV�DQG�WH DF KH UV��

LQ� R UGH U� WR � DVVH VV� WKH � LWHP V� LQ� OLJ K W� R I � ER WK� WKH � LQWH QGH G� DQG� LP S OHP HQWH G �

F XUULF XOXP � UH VS H F WLY H O\ �� 7KLV� KDSSH QH G� LQ� ����� DQG� LQ� ����� I R U� DOO� ���� LWHP V��

H [F H S W�I R U�WKH �P H DVXUHP HQW�LQ������DW�WKH �OH Y H O�R I �WKH �LP S OHP HQWH G �F XUULF XOXP �

ZKH Q� R QO\� ��� LWHP V�Z H UH � VXEP LWWH G � ZKLF K� DOO�Z H UH � F R QVLGH UH G � UH OH Y DQW� WR � WKH �

'XWF K�50(�EDVH G�LQWH QGH G�F XUULF XOXP ��



5HVHDUFK UHVXOWV ���

7KH �27/�UDWH V�R Q�WKH ����LWHP V�Z H UH �Y H U\�K LJ K ��E H LQJ ����LQ�ER WK������DQG������

�VH H � F KDS WH U� ��� VH F WLR Q� �������� 7KLV� P H DQW� WKDW� R Q� DY H UDJ H � ���� R I � WKH � 'XWF K�

P DWKHP DWLF V� WH DF KH UV� LQG LF DWH G � WKDW� WKH \� F R QVLGH UH G � WKH � LWHP V� I LW� I R U� DQ�

LP DJ LQDU\� WH VW��&R QVLGH ULQJ � WKH � IDF W� WKDW� WKH VH � LWHP V�Z H UH � VS H F LDOO\� VH OH F WH G � I R U�

WKH �1DWLR QDO�2SWLR Q�7H VW�R Q�WKH �F ULWH ULR Q�WKDW�WKH \�P DWF KH G�Z LWK �F H UWDLQ�DUH DV�R I �

WKH �LQWH QGH G�F XUULF XOXP ��WK LV�P H DQV�WKDW�WKR VH �DUH DV�R I �WKH �LQWH QGH G�F XUULF XOXP �

Z H UH �ODUJ H O\�LP S OHP HQWH G �ER WK�LQ������DQG�������

,Q�������DOO�LWHP V�LQ�WKH �:ULWWH Q�7H VW�Z H UH �VXEP LWWH G �WR �WKH �WH DF KH UV��$V�TXLWH �D�

QXPEH U�R I �WKH �LWHP V�Z H UH �QR W�F R QVLGH UH G �UH OH Y DQW�WR �WKH �LQWH QGH G�F XUULF XOXP ��LW�

Z DV� SR VVLE OH � WR � DVVH VV� Z KH WKH U� WH DF KH UV� F R QVLGH UH G � WKH VH � DV� VXLWDE OH � I R U� DQ�

LP DJ LQDU\�WH VW��F R Y H ULQJ �DOO�F R QWH QW�WDXJ KW�E H I R UH �WH VW�DGP LQLVWUDWLR Q���

,Q�7DE OH ������WKH �DY H UDJ H �27/�UDWH V�DUH �S UH VH QWH G ��Z KH Q�VH SDUDWLQJ �WKH �WH VW�LWHP V�

DF F R UG LQJ � WR � WKH LU� MXGJ HP HQW� E\� WKH � F XUULF XOXP � H[SH UWV�� )R U� F R P SDULVR Q�Z LWK �

R WKH U�WDE OH V��WKH �I R UP DW�R I �7DE OH V����D�����E �DQG�����LV�P DLQWDLQH G ��7KXV��WKH �WH VW�

LWHP V� DUH � DJ DLQ� VH SDUDWH G � LQWR � SDUWV�$��%��&�DQG�'��7KH � F R OXPQ� I R U� WKH �27/�

UDWH V�R I ������LV�ODUJ H O\�HP SW\�E H F DXVH �R I �ODF N�R I �GDWD��2QO\�WKH �DY H UDJ H �27/�UDWH �

I R U�SDUW�$�LV�LQF OXGH G ��DOWKR XJ K�WK LV�I LJ XUH �Z DV�F DOF XODWH G �XVLQJ �OLP LWH G �GDWD��

�

�

�

�

7DE OH ������ $Y H UDJ H � 27/� UDWH V� R Q� ���� LWHP V� LQ�

:7������ �LGH QWLF DO� DQG� F OR QH G � LWHP V���

UH ODWH G �WR �WKH �LQWH QGH G �F XUULF XOXP�

$YHUDJH�27/�UDWH��6(��

*URXS�RI�LWHPV�
:7������

�Q ����

:7������

�Q �������

2Y H UODSS LQJ �LWHP V�LQ�:7������DQG�:7�������Q ����� Q�D� �������

$�� ,WHP V�P DWF K LQJ �Z LWK �ER WK �LQWH QGH G����DQG�

LQWH QGH G�����Q ���I R U�������Q ���I R U������� >��������@� �������

%�� ,WHP V�P DWF K LQJ �Z LWK �LQWH QGH G�����EXW�QR W�

P DWF K LQJ �Z LWK �LQWH QGH G�����Q ���� Q�D� �������

&�� ,WHP V�QR W�P DWF K LQJ �Z LWK �LQWH QGH G�����EXW�

P DWF K LQJ �Z LWK �LQWH QGH G�����Q ���� Q�D� �������

'�� ,WHP V�P DWF K LQJ �Z LWK �QH LWKH U�LQWH QGH G����QR U�

LQWH QGH G�����Q ���� Q�D� �������

�



��� &KDSWHU �

,Q� ������ WKH � DY H UDJ H �27/� UDWH V� DUH � K LJ KH VW� R Q� WKH � ��� LWHP V� I UR P � WKH �:ULWWH Q�

7H VW� WKDW�P DWF K�Z LWK � WKH � LQWH QGH G� F XUULF XOXP �ER WK� LQ������DQG�������SDUW�$���

+H UH �� WKH � DY H UDJ H � 27/� UDWH � R I � ��� WH VWLI LH V� R I � DQ� DOLJ QP HQW� R I � LQWH QGH G� DQG�

LP S OHP HQWH G �F XUULF XOXP ��D�Y DVW�P DMR ULW\�R I �WH DF KH UV�LQG LF DWH �WKDW�WKH \�F R QVLGH U�

WKH VH � LWHP V� WKDW�P DWF K�Z LWK � WKH � LQWH QGH G� F XUULF XOXP � VXLWDE OH � I R U� DQ� LP DJ LQDU\�

WH VW��7KH �LWHP V�ODUJ H O\�WH VW�I R U�F R QWH QW�WDXJ KW�DW�S ULP DU\�VF KR R OV��VXF K�DV�DSS O\LQJ �

EDVLF � DULWKP H WLF � DOJ R ULWKP V�� Z R UNLQJ � Z LWK � I UDF WLR QV� DQG� GH F LP DO� QXPEH UV��

UH DVR QLQJ � Z LWK � S UR SR UWLR QV�� P H DVXULQJ �� F DOF XODWLQJ � DUH D�� DQG� LQWH US UH WLQJ �

G LDJ UDP V�DQG�J UDSKV��7KH �OR Z H VW�27/�UDWH V�R I �LWHP V�LQ�SDUW�$�������R F F XUUH G �R Q�

WKUH H �DOJ H E UD�LWHP V��(����,���DQG�3���3�����

2Q�WKH �SDUWV�%�DQG�&��WKH �DY H UDJ H �27/�UDWH V�LQ������DUH �VOLJ K WO\�OR Z H U��7KH VH �

SDUWV� F R QWDLQ� ��� � ������� LWHP V� WKDW� H LWKH U� P DWF KH G� Z LWK � WKH � LQWH QGH G�

F XUULF XOXP �LQ������DQG�QR W�Z LWK �WKH �LQWH QGH G�F XUULF XOXP �LQ�������SDUW�%��R U�WKH �

R WKH U�Z D\�DUR XQG��SDUW�&���6WLOO��WKH �DY H UDJ H �27/�UDWH �R I ����DQG����DUH �TXLWH �K LJ K ��

7KH � DY H UDJ H �27/� UDWH V� LQ������DUH � OR Z H VW� R Q� WKH ���� LWHP V� WKDW�P DWF K�QH LWKH U�

Z LWK �WKH �LQWH QGH G�F XUULF XOXP �LQ������QR U�Z LWK �WKDW�LQ�������SDUW�'���7KH VH �Z H UH �

ODUJ H O\� DOJ H E UD� LWHP V� R Q� P DQLSXODWLQJ � 
EDUH 
� I R UP XOD� DQG� D� I HZ � LWHP V� R Q�

F DOF XODWLQJ �S UR EDE LOLWLH V��F I ��VH F WLR Q���������7KH �DY H UDJ H �27/�UDWH �R I ����LQG LF DWH V�

WKDW�VWLOO�D�P DMR ULW\�R I �WKH �P DWKHP DWLF V�WH DF KH UV�F R QVLGH U�WKH VH �LWHP V�VXLWDE OH �I R U�

DQ�LP DJ LQDU\�WH VW��7KH �27/�UDWH �R I ����LV�DQ�DY H UDJ H �R Y H U����LWHP V��UDQJ LQJ �I UR P �

27/� UDWH � ��� �LWHP � 5��� R Q� WKH � I R UP XODWLR Q� R I � D[LR P V� I R U� UH DO� QXPEH UV�� VH H �

DSSH QGL[�'��WR �27/�UDWH ������LWHP �2����R Q�UR XQGLQJ �R I I �D�GH F LP DO�QXPEH U�WR �

WKH �QH DUH VW�KXQGUH G WK����

7KH �K LJ K�27/�UDWH V�R Q�DOO�I R XU�SDUWV�LQG LF DWH �WKDW�'XWF K�P DWKHP DWLF V�WH DF KH UV�DW�

J UDGH � �� OH Y H O� S UH I H U� WR � LQF OXGH � LWHP V� WKDW�P DWF K� Z LWK � WKH � LQWH QGH G� F XUULF XOXP �

LQWR �D�WH VW�R I �WKH LU�R ZQ�P DNLQJ ��EXW�WKH \�GR �QR W�GH F OLQH �LWHP V�WKDW�GR �QR W�P DWF K�

Z LWK �WKH �LQWH QGH G�F XUULF XOXP ��&R QVLGH ULQJ �WKH �IDF W�WKDW�����R I �WKH �SDUWLF LSDWLQJ �

WH DF KH UV� KDG� K LJ KH U� DE LOLW\� F ODVVH V� �KDYR�YZR�� VH H � VH F WLR Q� ������� 7DE OH � ������ WK LV�

P H DQV� WKDW� WKH UH �P XVW�E H �D� F R QVLGH UDE OH �QXPEH U�R I � WH DF KH UV�Z LWK � OR Z H U�DE LOLW\�

WUDF N�F ODVVH V��Z KR �Z R XOG �LQF OXGH �LWHP V�LQWR �D�WH VW��DOWKR XJ K�WKH VH �LWHP V�DUH �QR W�

UH OH Y DQW� WR � WKH � LQWH QGH G� F XUULF XOXP �� 7KLV� F R XOG � P H DQ� WKDW� P DQ\� P DWKHP DWLF V�

WH DF KH UV�F R Y H U�P R UH �F R QWH QW�WKDQ�LV�DF WXDOO\�LQWH QGH G ��,W�F R XOG �H [S ODLQ�ZK\�ODUJ H �

QXPEH U�R I �VWXGH QWV�F R P S OH WH G �WKH VH �LWHP V�F R UUH F WO\ ��DV�VKR ZQ�E\�DQ�DY H UDJ H �S �

Y DOXH �R I �P R UH �WKDQ����R Q�WKH �LWHP V�LQ�SDUW�'��VH H �7DE OH ����E ���$V�D�F R QVH TXH QF H ��

WKH � S �Y DOXH V� GR � G LI I H U� OLWWOH � E H WZ H H Q� LWHP V� WKDW� P DWF K� Z LWK � WKH � LQWH QGH G�

F XUULF XOXP �DQG�LWHP V�WKDW�P DWF K�QR W��

�



5HVHDUFK UHVXOWV ���

$�VH F R QG�ZD\�R I �OLQNLQJ �WKH �LP S OHP HQWH G �F XUULF XOXP �WR �WKH �LQWH QGH G�F XUULF XOXP �

LV� E \� F DOF XODWLQJ � D� F R UUH ODWLR Q� LQGH[� E H WZ H H Q� WKH � LWHP �F XUULF XOXP � P DWF K LQJ �

LQG LF H V� DQG� WKH � 27/� UDWH V�� ,Q� ������ WK LV� F R UUH ODWLR Q� F R XOG � QR W� E H � F DOF XODWH G �

E H F DXVH �R I �ODF N�R I �GDWD��)R U�������WK LV�F R UUH ODWLR Q�LV�VLJ QLI LF DQW�U ������. HQGDOO
V�

WDX� 	� 6SH DUP DQ
V� UKR �� Q ����� S�������� 7KLV� P H DQV� WKDW� WKH UH � LV� D� UH ODWLR Q�

E H WZ H H Q�WKH �WZ R ��Z LWK �WKH �K LJ KH U�27/�UDWH V�I R U�WKH �LWHP V�WKDW�DUH �F R Y H UH G �E\�WKH �

LQWH QGH G� F XUULF XOXP ��:LWK� ODF N� R I �27/�GDWD� I R U� ����� WKH � IXOO� S LF WXUH � UHP DLQV�

Y DJ XH �� ,W� LV� LOOXVWUDWH G � LQ� )LJ XUH � ����� DQG� Z LOO� QH H G � WR � E H � VXSS OHP HQWH G � Z LWK �

UH VXOWV�R Q�WKH �3H UI R UP DQF H �$VVH VVP HQW��

�

�

�

������U �����

�

� U �����

�

�

�

�

�

�

�

)LJ XUH ������� 2Y H UY LHZ � R I � F R UUH ODWLR QV� R Q�:7������DQG�:7������� DW� WKH � OH Y H O� R I � WKH �

LQWH QGH G �DQG�LP S OHP H QWH G �F XUULF XOXP�

�

7KH � ODVW� SDUW� R I � WKH � VH F R QG� UH VH DUF K� TXH VWLR Q� S H UWDLQH G� WKH � OLQN� R I � VWXGH QWV
�

DF K LH Y HP HQW� WR � D� SR VVLE OH � G LVF UH SDQF \� E H WZ H H Q� WKH � LQWH QGH G� DQG� LP S OHP HQWH G �

F XUULF XOXP ��$W�S UH VH QW��Z H � F DQ�DOUH DG\�P DNH � WKH � I R OOR Z LQJ �R E VH UY DWLR QV��EDVH G �

R Q� S ULR U� R E VH UY DWLR QV� GH VF ULE H G � LQ� S UH Y LR XV� VH F WLR QV�� DQG� EDVH G � R Q� WKH � GDWD�

S UH VH QWH G �LQ�WK LV�F XUUH QW�VH F WLR Q��

�I UR P �VH F WLR Q��������

��� 6WXGH QWV
� DF K LH Y HP HQW� LQF UH DVH G � VOLJ K WO\� EXW� VLJ QLI LF DQWO\� E H WZ H H Q������DQG�

����� R Q� DOO� ��� LGH QWLF DO� LWHP V� I UR P � WKH �:ULWWH Q� 7H VW�� 7KH � DF K LH Y HP HQW� R I �

VWXGH QWV� LQF UH DVH G � VOLJ K WO\� EXW� VLJ QLI LF DQWO\� E H WZ H H Q� ����� DQG� ����� R Q� WKH �

LWHP V�WKDW�P DWF KH G�Z LWK �WKH �LQWH QGH G�F XUULF XOXP �ER WK�LQ������DQG�������SDUW�

$���



��� &KDSWHU �

��� 6WXGH QWV
� DF K LH Y HP HQW� �ER WK� LQ� ����� DQG� ������ LV� OR Z H U� R Q� WKH � LWHP V� WKDW�

P DWF KH G�Z LWK �WKH �LQWH QGH G�F XUULF XOXP �LQ������DQG�QR W�LQ�������SDUW�%���7KH �

DF K LH Y HP HQW�R I �VWXGH QWV��ER WK�LQ������DQG�������LV�K LJ KH U�R Q�WKH �LWHP V�WKDW�

P DWF KH G�Z LWK �WKH �LQWH QGH G�F XUULF XOXP �LQ������DQG�QR W�LQ�������SDUW�&���

�I UR P �VH F WLR Q��������

��� ,Q� ������ VWXGH QWV
� DF K LH Y HP HQW� Z DV� TXLWH � Z H OO� DOLJ QH G� Z LWK � WKH � 27/� UDWH V�

�U �������,WHP V�Z LWK �K LJ K�27/�UDWH V�Z H UH �J H QH UDOO\�DOVR �WKH �LWHP V�Z LWK �K LJ K�

S �Y DOXH V�� DQG� F R QY H UVH O\ �� LWHP V� Z LWK � OR Z H U� 27/� UDWH V� KDG� OR Z H U� S �Y DOXH V��

%H F DXVH �R I �ODF N�R I �GDWD��QR �WUH QG�F R XOG �E H �H VWDE OLVKH G ��

�I UR P �WKH �F XUUH QW�VH F WLR Q��

��� ,Q� ������ WKH � 27/� UDWH V� DUH � TXLWH � Z H OO� DOLJ QH G� Z LWK � WKH � LWHP �F XUULF XOXP �

P DWF K LQJ � LQG LF H V�� Z KLF K � LQG LF DWH � WKH � P DWF K� Z LWK � WKH � LQWHQGHG� F XUULF XOXP �

�U �������7KH �27/� UDWH V� DUH � K LJ KH U� R Q� LWHP V� WKDW�P DWF K�Z LWK � WKH � LQWH QGH G�

F XUULF XOXP ��DQG�WKH �27/�UDWH V�DUH �OR Z H U�R Q�WKH �LWHP V�WKDW�GR �QR W�P DWF K�Z LWK �

WKH �LQWH QGH G�F XUULF XOXP ��

��� 7KH �27/�UDWH V�R Q�LWHP V�WKDW�GR �QR W�P DWF K�Z LWK �WKH �LQWH QGH G�F XUULF XOXP �DUH �

R Q� DY H UDJ H � DER Y H � ���� 7KLV�P H DQV�� WKDW� D�P DMR ULW\� R I � WKH � WH DF KH UV� F R QVLGH U�

P R VW�LWHP V�LQ�WKH �:ULWWH Q�7H VW�WR �P DWF K�Z LWK �WKH �F R QWH QW�WDXJ KW��

�

)UR P �WKH �DER Y H �R E VH UY DWLR QV�� LW�F DQ�E H �F R QF OXGH G ��WKDW�LQ�������P DQ\�WH DF KH UV�

F R QVLGH U�WKH �LWHP V�LQ�WKH �:ULWWH Q�7H VW�DV�VXLWDE OH �I R U�DQ�LP DJ LQDU\�WH VW��F R Y H ULQJ �

DOO�F R QWH QW�WDXJ KW��,WHP V�WKDW�P DWF K�Z LWK �WKH �LQWH QGH G�F XUULF XOXP �UH F H LY H �K LJ KH U�

27/� UDWH V�� DQG� LWHP V� WKDW� GR � QR W�P DWF K�Z LWK � WKH � LQWH QGH G� F XUULF XOXP � UH F H LY H �

VR P HZKDW�OR Z H U�UDWH V��DOWKR XJ K�WKH VH �DUH �VWLOO�K LJ K��DY H UDJ H �27/�UDWH �!�����7KLV�

UH VXOW�DW�WKH �OH Y H O�R I �WKH �LP S OHP HQWH G �F XUULF XOXP �LV�UH I OH F WH G �DW�WKH �OH Y H O�R I �WKH �

DWWDLQH G� F XUULF XOXP �� 7KH � WH VW� LWHP V� LQ� WKH � :ULWWH Q� 7H VW� Z H UH � R Q� DY H UDJ H �

F R P S OH WH G � F R UUH F WO\� E \� P DQ\� VWXGH QWV�� ,WHP V� WKDW� P DWF K� Z LWK � WKH � LQWH QGH G�

F XUULF XOXP �UH F H LY H G �KDG�K LJ KH U�S �Y DOXH V��DQG�LWHP V�WKDW�GR �QR W�P DWF K�Z LWK �WKH �

LQWH QGH G�F XUULF XOXP �KDG�VR P HZKDW�OR Z H U�S �Y DOXH V��Z KLF K �LV�VWLOO�K LJ K��DY H UDJ H �S �

Y DOXH �!������

%DVH G �R Q�GDWD�I UR P �WKH �:ULWWH Q�7H VW�� LW� LV�QR W�SR VVLE OH �WR �H VWDE OLVK �D�WUH QG ��7R �

VXSS OHP HQW� WKH � DER Y H � R E VH UY DWLR QV�� Z H � Z LOO� QR Z � WXUQ� WR � WKH � 3H UI R UP DQF H �

$VVH VVP HQW��



5HVHDUFK UHVXOWV ���

������ 5HODWLQJ� WUHQGV� LQ�DFKLHYHPHQW�RQ�WKH�3HUIRUPDQFH�$VVHVVPHQW�WR�

WKH�GLVFUHSDQF\�EHWZHHQ�LQWHQGHG�DQG�LPSOHPHQWHG�FXUULFXOXP �

7KH �LWHP V�LQ�WKH �3H UI R UP DQF H �$VVH VVP HQW�Z H UH �VXEP LWWH G �WR �F XUULF XOXP �H[SH UWV�

DQG�WH DF KH UV�� LQ�R UGH U�WR �DVVH VV�WKHP �LQ�OLJ K W�R I �WKH �LQWH QGH G�DQG�LP S OHP HQWH G �

F XUULF XOXP �UH VS H F WLY H O\ ��7KLV�KDSSH QH G�ER WK�LQ������DQG������I R U�DOO�LWHP V��7KH �

I LUVW� \LH OGH G � GDWD� R Q� WKH � DSSUR SULDWH QH VV� R I � WKH � LWHP V� LQ� OLJ K W� R I � WKH � LQWH QGH G�

F XUULF XOXP ��H [SUH VVH G �DV�DQ�DY H UDJ H �LWHP �F XUULF XOXP �P DWF K LQJ �LQGH[��7KH �VH F R QG�

\LH OGH G �GDWD�R Q�27/��7KH �ODWWH U�Z DV�DVNH G�LQ�WZ R �Z D\V��Z KH WKH U�WKH �F R QWH QW�R I �

LWHP V�Z DV�F R Y H UH G ��27/�F R Y H UH G��DQG�ZKH WKH U�WKH �LWHP V�F R XOG �E H �LQF OXGH G�LQWR �

D� WH VW� R I � WKH LU� R ZQ� P DNLQJ � �27/�WH VWLQJ ��� ,Q� 7DE OH � ���� WKH � WUH QG� GDWD� DUH �

UH SR UWH G �S H U�WDVN��

�

7DE OH ������ 7UH QGV� LQ� LWHP�F XUULF XOXP �P DWF K LQJ � LQG LF H V� DQG�27/�UDWH V� I UR P �3$������

DQG�3$������

$YJ�LWHP�FXUU��

PDWFKLQJ�LQGH[�

$YJ�27/�FRYHUHG�

UDWHV��6(��

$YJ�27/�WHVWLQJ�

UDWHV��6(��

7DVN��

�
��LWHPV LQ H[SHUWV

LQVWUXPHQW�LQ WHDFKHUV

LQVWUXPHQW�

�����

�Q ���

�����

�Q ���

�����

�Q ����

�����

�Q ����

�����

�Q ����

�����

�Q ����

'LF H ������� ��� ��� � ��� ����� � ��� ����� � ��� ����� � ��� �����

&DOF XODWR U������� ��� ��� � ��� ����� � ��� ����� � ��� ����� � ��� ����

)R OG LQJ ������� ���� ��� � ��� ���� � ��� ����� � ��� ����� � ��� �����

$��WKH �%H QG������� ���� ��� � ��� ����� � ��� ����� � ��� ����� � ��� ����

3DF NDJ LQJ ������� ��� ��� � ��� ����� � ��� ����� � ��� ����� � ��� ����

6KDGR Z V������� ��� ��� � ��� ����� � ��� ����� � ��� ����� � ��� �����

3ODVWLF LQH ������� ��� ��� � ��� ���� � ��� ����� � ��� ����� � ��� �����

$YHUDJH��
������ LWHPV DFURVV � WDVNV�

�

���

�

���

�

� ��� �����

�

� ��� �����

�

� ��� �����

�

� ��� ����

1RWH�  6LJQLILFDQW GLIIHUHQFH EHWZHHQ GDWD RI ���� DQG ���� �S�������

 
7KH � UH VXOWV� LQ�7DE OH � ���� GR � QR W� VKR Z � D� F OH DU� SDWWH UQ� E H WZ H H Q� LWHP �F XUULF XOXP �

P DWF K LQJ � LQG LF H V� DQG� 27/� UDWH V�� 7KH UH � LV� D� WDVN� Z LWK � D� K LJ K� DY H UDJ H � LWHP �

F XUULF XOXP �P DWF K LQJ �LQGH[��'LFH���Z KLF K �KDV�K LJ KH U�27/�UDWH V��%XW�WKH UH �LV�DOVR �D�

WDVN�Z LWK �D�K LJ K�DY H UDJ H �LWHP �F XUULF XOXP �P DWF K LQJ �LQGH[��)ROGLQJ���Z KLF K �KDV�OR Z �

27/�UDWH V��H VS H F LDOO\�LQ�������6LP LODUO\��WKH UH �LV�D�WDVN�Z LWK �D�OR Z H U�DY H UDJ H �LWHP �

F XUULF XOXP �P DWF K LQJ �LQGH[��6KDGRZV���Z KLF K �KDV�OR Z �27/�UDWH V��%XW�WKH UH �LV�DOVR �

D� WDVN�Z LWK � D� OR Z H U� DY H UDJ H � LWHP �F XUULF XOXP �P DWF K LQJ � LQGH[� �&DOFXODWRU���Z KLF K �

KDV� DER Y H � DY H UDJ H � 27/� UDWH V�� 7KLV� GR H V� QR W� J LY H � D� F OH DU� S LF WXUH �� MXVW� OLNH � LQ�

S UH Y LR XV�VH F WLR QV�WKH �7DE OH V�����DQG�����G LG �QR W��



��� &KDSWHU �

$�VH F R QG�P H WKR G�R I �DQDO\VLQJ �WKH �GDWD�LV�WR �F DOF XODWH �F R UUH ODWLR Q�F R H I I LF LH QWV�DW�

LWHP � OH Y H O��:LWK� WKH � LWHP �F XUULF XOXP �P DWF K LQJ � LQG LF H V�DQG� WKH �27/�UDWH V�ER WK �

E H LQJ � DY DLODE OH � R Q� D� UDWLR � VF DOH �� WKH \� F DQ� E H � S OR WWH G � LQ� VF DWWH U� G LDJ UDP V�� 6H H �

)LJ XUH �������

)LJ XUH ������� 6F DWWH U�G LDJ UDP �R I �27/�UDWH V��27/�F R Y H UH G �DQG�27/�WH VWLQJ ��DQG�LWHP�
F XUULF XOXP �P DWF K LQJ �LQG LF H V�R I �3$������DQG�3$������

 
7KH �UH VXOWLQJ �F R UUH ODWLR Q�F R H I I LF LH QWV�DUH �DV�I R OOR Z V��
■ EH WZ H H Q�27/��F R Y H UH G��DQG�LWHP �F XUULF XOXP �P DWF K LQJ �LQG LF H V�LQ�������U �����

�Q ����QR W�VLJ QLI LF DQW�Z LWK �S �������
■ EH WZ H H Q�27/��F R Y H UH G��DQG�LWHP �F XUULF XOXP �P DWF K LQJ �LQG LF H V�LQ�������U �����

�Q ����VLJ QLI LF DQW��Z LWK �S��������
■ EH WZ H H Q�27/��WH VWLQJ ��DQG�LWHP �F XUULF XOXP �P DWF K LQJ �LQG LF H V�LQ�������U �����

�Q ����VLJ QLI LF DQW�Z LWK �S �������DQG�
■ EH WZ H H Q�27/��WH VWLQJ ��DQG�LWHP �F XUULF XOXP �P DWF K LQJ �LQG LF H V�LQ�������U �����

�Q ����QR W�VLJ QLI LF DQW�Z LWK �S �������



5HVHDUFK UHVXOWV ���

,W� I R OOR Z V� I UR P � WKH � F DOF XODWLR QV�� WKDW� WKH UH � LV�D�QR WHZ R UWK\�G LI I H UH QF H �E H WZ H H Q�

WKH �GDWD�R I ������DQG�������,Q�������WKH �LWHP �F XUULF XOXP �P DWF K�DV�UDWH G �E\�WKH �

H [SH UWV� LV� QR W� UH ODWH G � WR � 27/�F R Y H UH G �� 7KLV� P H DQV� WKDW� LQ� ����� WKR VH � LWHP V��

Z KLF K �WKH �H [SH UWV�LQG LF DWH G �DV�E H LQJ �F R Y H UH G �E\�WKH �LQWH QGH G�F XUULF XOXP ��G LG �QR W�

UH F H LY H �K LJ KH U�27/�F R Y H UH G �UDWH V�E \�WKH �WH DF KH UV��$QG�F R QY H UVH O\ ��LQ������WKR VH �

LWHP V�� Z KLF K � WKH � H [SH UWV� LQG LF DWH G � DV� QRW� E H LQJ � F R Y H UH G � E\� WKH � LQWH QGH G�

F XUULF XOXP ��G LG �QRW�UH F H LY H �OR Z H U�27/�F R Y H UH G �UDWH V�I UR P �WKH �WH DF KH UV��%\�������

WKH �27/�F R Y H UH G �UDWH V�KDY H �F KDQJ H G�LQ�VXF K�D�Z D\�WKDW�WKH \�K LJ K O\�UH ODWH �WR �WKH �

LWHP �F XUULF XOXP � P DWF K �� ,Q� ������ WKR VH � LWHP V�� Z KLF K � WKH � H [SH UWV� LQG LF DWH G � DV�

E H LQJ � F R Y H UH G � E\� WKH � LQWH QGH G� F XUULF XOXP �� G LG � R EY LR XVO\� UH F H LY H � K LJ KH U�27/�

F R Y H UH G � UDWH V�E \� WKH � WH DF KH UV��$QG�F R QY H UVH O\ �� LQ������� WKR VH � LWHP V��Z KLF K � WKH �

H [SH UWV� LQG LF DWH G �DV�QR W�E H LQJ � F R Y H UH G �E\� WKH � LQWH QGH G� F XUULF XOXP ��G LG � UH F H LY H �

OR Z H U�27/�F R Y H UH G � UDWH V� I UR P � WKH � WH DF KH UV��7KLV� VKR Z V� WKDW�Z LWK LQ� I LY H � \H DUV�

WKH �MXGJ HP HQW�DW�WKH �OH Y H O�R I �WKH �LQWH QGH G�F XUULF XOXP �EH F DP H �E H WWH U�DOLJ QH G�Z LWK �

WKH �MXGJ HP HQW�DW�WKH �OH Y H O�R I �WKH �LP S OHP HQWH G �F XUULF XOXP ��

�

�

�

����U ����� � U ����� U ������

�

� U ����� U ����� �

� � �

�

�

�

�

�

)LJ XUH �����D��2Y H UY LHZ � R I � F R UUH ODWLR QV� R Q� 3$������ DQG� 3$������� DW� WKH � OH Y HO� R I � WKH �

LQWH QGH G �DQG�LP S OHP H QWH G �F XUULF XOXP ��27/�F R Y H UH G��

�

2Q� WKH � R WKH U� KDQG�� WKH � LQF OLQDWLR Q� R I � WH DF KH UV� WR � LQF OXGH � WH VW� LWHP V� I UR P � WKH �

3H UI R UP DQF H �$VVH VVP HQW�LQWR �D�WH VW�R I �WKH LU�R ZQ�P DNLQJ ��KDV�LQF UH DVH G �WR �VXF K�

DQ�H[WH QW��WKDW�WKH �GR WV�LQ�WKH �I R XUWK �VF DWWH U�G LDJ UDP ��)LJ XUH �������DUH �DOO�R Q�WKH �

ULJ K W�KDQG�VLGH � �27/�WH VWLQJ �!������ F UH DWLQJ �D�F H LOLQJ �H I I H F W��Z KLF K �K LQGH UV� WKH �

G LI I H UH QWLDWLR Q�E H WZ H H Q�WKH �LWHP �F XUULF XOXP �P DWF K LQJ �LQG LF H V��



��� &KDSWHU �

7KH � F R UUH ODWLR Q�E H WZ H H Q� WKH �27/�F R Y H UH G � UDWH V�DQG� LWHP �F XUULF XOXP �P DWF K LQJ �

LQG LF H V�LV�VLJ QLI LF DQW�LQ�������7KH �F R UUH ODWLR Q�Z DV�VLJ QLI LF DQW�LQ�������7KLV�UH VXOWV�

LQ�)LJ XUH �����D��%\�F R QWUDVW��WKH �F R UUH ODWLR Q�E H WZ H H Q�WKH �27/�WH VWLQJ �UDWH V�DQG�

LWHP �F XUULF XOXP �P DWF K�LV�VLJ QLI LF DQW�LQ�������7KLV�F R UUH ODWLR Q�Z DV�QR W�VLJ QLI LF DQW�

LQ�������7KLV�UH VXOWV�LQ�)LJ XUH �����E ��

�

�

�

�

�

� U ����� U ����� �

� � �

�

�

����U �����

�

�

)LJ XUH �����E ��� 2Y H UY LHZ � R I � F R UUH ODWLR QV� R Q�3$������DQG�3$�������DW� WKH � OH Y H O� R I � WKH �

LQWH QGH G �DQG�LP S OHP H QWH G �F XUULF XOXP ��27/�WH VWLQJ ��

�

7KH �27/�WH VWLQJ � UDWH V� DUH � DQ� LQG LF DWR U� R I � WH DF KH UV
� LQWH QWLR QV� WR � LQF OXGH � LWHP V�

I UR P � WKH � 3H UI R UP DQF H � $VVH VVP HQW� LQWR � D� WH VW� R I � WKH LU� R ZQ� P DNLQJ �� ,Q� ������

WKH VH � LQWH QWLR QV� DUH � DOLJ QH G� Z LWK � WKH � LQWH QGH G� F XUULF XOXP �� ZKLOH � LQ� ������ WKH �

27/�WH VWLQJ � UDWH V� KDY H � LQF UH DVH G � WR � VXF K� DQ� H[WH QW�� WKDW� WKH \� GR �QR W� F R UUH ODWH �

DQ\� P R UH � Z LWK � WKH � LQWH QGH G� F XUULF XOXP � F R Y H UDJ H � UDWH V�� %\� ������ WKH � LQWH QGH G�

F XUULF XOXP �LV�E H WWH U�DOLJ QH G�Z LWK �WKH �27/�F R Y H UH G �UDWH V��U �������

�

,Q�WK LV�F XUUH QW�VH F WLR Q��GDWD�I UR P �WKH �LQWH QGH G�DQG�LP S OHP HQWH G �Z H UH �F R P SDUH G�

LQ� VH DUF K� R I � DQVZ H UV� WR � WKH � VH F R QG� UH VH DUF K� TXH VWLR Q�� Z KLF K � S H UWDLQH G� OLQNLQJ �

VWXGH QWV
� DF K LH Y HP HQW� WR � WKH � LQWH QGH G� DQG� LP S OHP HQWH G � F XUULF XOXP ��%DVH G� R Q�

GDWD� I UR P � WKH � 3H UI R UP DQF H � $VVH VVP HQW�� Z H � F DQ� P DNH � WKH � I R OOR Z LQJ �

R E VH UY DWLR QV�� EDVH G � R Q� S ULR U� R E VH UY DWLR QV� GH VF ULE H G � LQ� S UH Y LR XV� VH F WLR QV�� DQG�

EDVH G �R Q�WKH �GDWD�S UH VH QWH G �LQ�WK LV�F XUUH QW�VH F WLR Q��

�I UR P �VH F WLR Q��������

��� 6WXGH QWV
� DF K LH Y HP HQW� VKR Z H G� VWDE LOLW\� R Y H U� WLP H �� ,W� G LG � QR W� F KDQJ H �

VLJ QLI LF DQWO\�E H WZ H H Q������DQG������R Q�WKH �3H UI R UP DQF H �$VVH VVP HQW��



5HVHDUFK UHVXOWV ���

��� %H WZ H HQ� ����� DQG� ������ WKH � DY H UDJ H � LWHP �F XUULF XOXP � PDWF KLQJ � LQGLF H V�

�LQGLF DWLQJ � WKH � PDWF K� Z LWK� WKH � LQWHQGHG� F XUULF XOXP �� R Q� WKH � 3H UIR UPDQF H �

$VVH VVP HQW�GH F UH DVH G�I UR P ����WR �����,Q�������WKLV�SUDF WLF DO�WH VW�UH F H LY H G�KLJ KH U�

DSSUR YDO�WKDQ�WKH �:ULWWH Q�7H VW��EXW�WKH �KLJ K�DSSUR YDO�KDV�GZ LQGOH G�VLQF H ���

��� 6WXGH QWV
� DF K LH Y HP HQW� �ER WK� LQ� ����� DQG������� LV� K LJ KH U� R Q� WKH � LWHP V� WKDW�

P DWF K� Z LWK � WKH � LQWH QGH G� F XUULF XOXP � LQ� ����� DQG� LQ� ����� �SDUW� $��� 7KH �

DF K LH Y HP HQW�R I �VWXGH QWV��ER WK�LQ������DQG�������LV�OR Z H U�R Q�WKH �LWHP V�WKDW�

G LG �QR W�P DWF K�Z LWK �WKH �LQWH QGH G�F XUULF XOXP ��H LWKH U�LQ������R U�LQ�������SDUW�%�

DQG�SDUW�&���7KH �F R UUH ODWLR Q�E H WZ H H Q� LWHP �F XUULF XOXP �P DWF K LQJ � LQG LF H V�DQG�

S �Y DOXH V�LQF UH DVH G �I UR P �U �����LQ������WR �U �����LQ�������

�I UR P �VH F WLR Q��������

��� 7KH � 27/� UDWH V� R Q� WKH � 3H UI R UP DQF H � $VVH VVP HQW� F KDQJ H G� VLJ QLI LF DQWO\�

E H WZ H H Q������DQG�������%R WK� WKH �27/�F R Y H UH G � UDWH V� DQG� WKH �27/�WH VWLQJ �

UDWH G �WH VWLI LH G �R I �D�F KDQJ LQJ �DWWLWXGH �DP R QJ �'XWF K�P DWKHP DWLF V�WH DF KH UV��

��� 7KH � 27/� UDWH V� R Q� WKH � 3H UIR UPDQF H �$VVH VVP HQW� Z H UH � OR Z H U� WKDQ� WKH � 27/�

UDWH V� R Q� WKH � :ULWWH Q� 7H VW�� 7KXV�� WKH � :ULWWH Q� 7H VW� DOLJ QH G� EH WWH U� Z LWK� WKH �

LP SOHP HQWH G�F XUULF XOXP �WKDQ�WKH �3H UIR UPDQF H �$VVH VVP HQW��7KLV�R EVH UY DWLR Q�

PD\�Z H OO�UH I OH F W�F XUUH QW�'XWF K�DVVH VVP HQW�SUDF WLF H �LQ�PDWKHPDWLF V�F ODVVUR RP V��

��� ,Q������� VWXGH QWV
� DF K LH Y HP HQW� VKR Z H G� OLWWOH � F R KH UH QF H �Z LWK � WKH �27/�UDWH V�

�H LWKH U�27/�F R Y H UH G �R U�27/�WH VWLQJ ���UH VXOWLQJ �LQ�DQ�LQVLJ QLI LF DQW�F R UUH ODWLR Q�

F R H I I LF LH QW��,Q�������WKH �F R UUH ODWLR Q�E H WZ H H Q�27/�F R Y H UH G �DQG�WKH �S �Y DOXH V�

Z DV� VLJ QLI LF DQW� �U ������� ,WHP V�Z LWK �K LJ K�27/�F R Y H UH G � UDWH V�Z H UH � J H QH UDOO\�

DOVR � WKH � LWHP V� Z LWK � K LJ K� S �Y DOXH V�� DQG� F R QY H UVH O\ �� LWHP V� Z LWK � OR Z H U�27/�

F R Y H UH G � UDWH V� KDG� OR Z H U� S �Y DOXH V�� ,Q� ������ WKH � K LJ K� 27/�WH VWLQJ � UDWH V�

S UR EDE O\�F DXVH G �D�F H LOLQJ �H I I H F W��

�I UR P �WKH �F XUUH QW�VH F WLR Q��

��� ,Q� ������ WKH � 27/�F R Y H UH G � UDWH V� VKR Z H G� QR � F R UUH ODWLR Q� Z LWK � WKH � LWHP �

F XUULF XOXP � P DWF K �� EXW� WKH � 27/�WH VWLQJ � UDWH V�� Z KLF K � UH I OH F W� WH DF KH UV
�

LQWH QWLR QV��G LG ��U ��������

��� ,Q� ������ WKH � 27/�F R Y H UH G � UDWH V� DUH � Z H OO� DOLJ QH G� Z LWK � WKH � LWHP �F XUULF XOXP �

P DWF K LQJ � LQG LF H V� �LQG LF DWR UV� R I � WKH � P DWF K� Z LWK � WKH � LQWHQGHG� F XUULF XOXP ���

Z KLF K�LV�H [SUH VVH G �WKUR XJ K�D�UH DVR QDE OH �K LJ K�F R UUH ODWLR Q�F R H I I LF LH QW��U �������

7KH �27/�F R Y H UH G � UDWH V� DUH � R EY LR XVO\� K LJ KH U� R Q� LWHP V� WKDW�P DWF K�Z LWK � WKH �

LQWH QGH G�F XUULF XOXP ��DQG�WKH �27/�F R Y H UH G �UDWH V�DUH �OR Z �������R Q�WKH �LWHP V�

WKDW�GR �QR W�P DWF K�Z LWK �WKH �F XUULF XOXP ��$JDLQ��LQ�������WKH �K LJ K�27/�WH VWLQJ �

UDWH V�S UR EDE O\�F DXVH G �D�F H LOLQJ �H I I H F W��



��� &KDSWHU �

%DVH G� R Q� WKH � DER Y H � R E VH UY DWLR QV�� WKH � I R OOR Z LQJ � F R QF OXVLR Q� F DQ� E H � GUDZQ�� ,Q�

������ WKH UH �Z DV�D�G LVF UH SDQF \�E H WZ H H Q� WH DF KH UV
�DQG�H[SH UWV� MXGJ HP HQW�R Q� WKH �

DSSUR SULDWH QH VV�R I �WKH �3H UI R UP DQF H �$VVH VVP HQW��7KLV�G LVF UH SDQF \�KDV�GH F UH DVH G �

E\�������1H Y H UWKH OH VV��WKH �GH F UH DVH G �LWHP �F XUULF XOXP �P DWF K LQJ �LQG LF H V��DQG�WKH �

LQF UH DVH G �27/�UDWH V�G LG �QR W�DI I H F W�VWXGH QWV
�DF K LH Y HP HQW��

������ &RQFOXVLRQV�

7KH �VH F R QG�UH VH DUF K�TXH VWLR Q�S H UWDLQH G� WKH � OLQN�R I �GDWD�J DLQH G�DW� WKH � OH Y H OV�R I �

WKH � LQWH QGH G �� LP S OHP HQWH G � DQG� DWWDLQH G� F XUULF XOXP �� LQ� R UGH U� WR � I LQG� WUH QGV��

Z KLF K � F R XOG � H [S ODLQ� VWXGH QWV
� DF K LH Y HP HQW�� 7KH UH � Z H UH � GDWD� EDVH G � R Q� WKH �

:ULWWH Q�7H VW��DQG�GDWD�EDVH G �R Q�WKH �3H UI R UP DQF H �$VVH VVP HQW���

7KH � WZ R � WH VWV� Z H UH � G LI I H UH QW� LQ� NLQG �� 7KH �:ULWWH Q� 7H VW� F R QWDLQH G�P DQ\� VKR UW�

LWHP V��P DLQO\�R I � WKH �P XOWLS OH � F KR LF H � I R UP DW��DVNLQJ � I R U� LVR ODWH G �NQR Z OH GJ H �DQG�

VNLOOV�� (DF K� LWHP � ZDV� F R QVLGH UH G � WR � WDNH � D� P D[LPXP � R I � WKUH H � P LQXWH V� WR �

F R P S OH WH ��%\�F R QWUDVW��WKH �3H UI R UP DQF H �$VVH VVP HQW�DVNH G�VWXGH QWV�WR �F DUU\�R XW�D�

S UDF WLF DO� LQY H VWLJ DWLR Q� DQG� VWD\� F R QF H QWUDWH G � R Q� WKDW� R QH � WDVN� I R U� ��� R U� ���

P LQXWH V�� $V� D� UH VXOW� R I � WKH � G LI I H UH QF H V� E H WZ H H Q� WKH � WH VWV�� WKH � GDWD� \LH OGH G �

F R P S OHP HQWDU\�R E VH UY DWLR QV��

7KH �DQDO\VH V�Z H UH �F DUULH G �R XW�E\�J UR XS LQJ �WKH �LWHP V�DF F R UG LQJ �WR �WKH �MXGJ HP HQW�

R Q� WKH LU� DSSUR SULDWH QH VV� LQ� OLJ K W� R I � WKH � LQWH QGH G�DQG� LP S OHP HQWH G � F XUULF XOXP ��

7KH �DY H UDJ H �DF K LH Y HP HQW�Z DV�WKH Q�F DOF XODWH G �R Q�WKH �G LI I H UH QW�VXE �VH WV�R I �LWHP V��

$GGLWLR QDOO\ �� F R UUH ODWLR Q� F R H I I LF LH QWV� Z H UH � F DOF XODWH G ��7KH VH � DUH � VXPPDULVH G � LQ�

7DE OH �������

�

7DE OH ������� ,QWUD�F XUULF XODU�F R UUH ODWLR Q�F R H I I LF LH QWV�LQ�WKH �0(75,&�VWXG\�

6XE�VWXG\�

%HWZHHQ�LQWHQGHG�

DQG�DWWDLQHG�

FXUULFXOXP �

%HWZHHQ�

LPSOHPHQWHG�DQG�

DWWDLQHG�

FXUULFXOXP �

%HWZHHQ�LQWHQGHG�

DQG�LPSOHPHQWHG�

FXUULFXOXP�

:7������ � � �QRP��� �� ���

:7������ � ����� �QRP��� ����� �����

3$������ � ����� �UDW��� � ��FRY��� ��WVW��� � ��FRY���� ������WVW���

3$������ � ����� �UDW��� � ������FRY��� ��WVW��� � ������FRY���� ��WVW���

1RWH� 'DVKHV LQGLFDWH GDWD DUH XQDYDLODEOH� QRP� RQ D QRPLQDO VFDOH� UDW� RQ D UDWLR VFDOH�

FRY� 27/�FRYHUHG� WVW� 27/�WHVWLQJ�

 ,QVLJQLILFDQW FRUUHODWLRQ�

�



5HVHDUFK UHVXOWV ���

)LUVW��WKH �LQWH QGH G�DQG�DWWDLQH G�F XUULF XOXP �Z H UH �OLQNH G ��7KH �DQDO\VLV�Z DV�F DUULH G �

R XW�E\�VH SDUDWLQJ �WKH �LWHP V�DF F R UG LQJ �WR �WKH �MXGJ HP HQW�E\�WKH �H [SH UWV��)R U�WKH �

:ULWWH Q�7H VW��WKH �MXGJ HP HQWV�E\�WKH �H [SH UWV�R Q�WKH �DSSUR SULDWH QH VV�R I �LWHP V�KDG�

P DGH �D�F R QVLGH UDE OH �F KDQJ H ��Z KLOH �VWXGH QWV
�DF K LH Y HP HQW�KDG�LQF UH DVH G �VOLJ K WO\ ��

EXW� VLJ QLI LF DQWO\�� ,W� Z DV� I R XQG� WKDW� LQ� ����� WKH � H [SH UWV� KDG� S UH I H UUH G � 
KDUGH U
�

LWHP V�WKDQ�LQ������������7KXV��LW�Z DV�F R QF OXGH G�WKDW�WKH �MXGJ HP HQW�DW�WKH �OH Y H O�

R I � WKH � LQWH QGH G� F XUULF XOXP � KDG� P DGH � F R QF H VVLR QV�� LQ� WKH � VH QVH � WKDW� D� ODUJ H U�

QXPEH U� R I � VWXGH QWV� Z H UH � DE OH � WR � F R P S OH WH � WKH � LWHP V� WKDW� Z H UH � F R QVLGH UH G � WR �

P DWF K� Z LWK � WKH � LQWH QGH G� F XUULF XOXP �� )R U� WKH � 3H UI R UP DQF H � $VVH VVP HQW�� WKH �

MXGJ HP HQW�E\�WKH �H [SH UWV�KDG�F KDQJ H G ��LQ�WKH �VH QVH �WKDW�WKH LU�H QWKXVLDVP �IR U�WK LV�

WH VW�GZ LQG OH G �R Y H UDOO��2Q�WK LV�WH VW��WKH �VDP H �SKH QR P HQR Q�DV�I R U�WKH �:ULWWH Q�7H VW�

Z DV�R E VH UY H G ��LQ�������WKH �
KDUGH U
�LWHP V�\LH OGH G �OR Z H U�LWHP �F XUULF XOXP �P DWF K LQJ �

LQG LF H V� WKDQ� LQ�������7KH VH �Z H UH � WKH � SDUWLF XODU� LWHP V� DW� WKH � H QG�R I �D� WDVN� �WKH �

P R UH � H [S ODQDWR U\� R U� UH I OH F WLY H � LWHP V��� 7KH � LQF UH DVH G � F R UUH ODWLR Q� F R H I I LF LH QWV�

F R QI LUP H G� WKDW� WKH � LQWH QGH G� DQG� WKH � DWWDLQH G� F XUULF XOXP � KDG� E H F R P H � P R UH �

DOLJ QH G ��P DLQO\�GXH �WR �F R QF H VVLR QV�DW�WKH �OH Y H O�R I �WKH �LQWH QGH G�F XUULF XOXP ��

6H F R QG �� WKH � LP S OHP HQWH G �DQG�DWWDLQH G� F XUULF XOXP �Z H UH � OLQNH G ��7KH �GDWD�DW� WKH �

OH Y H O� R I � WKH � LP S OHP HQWH G � F XUULF XOXP � Z H UH � G LI I H UH QW� E H WZ H H Q� WKH �:ULWWH Q� 7H VW�

DQG� WKH � 3H UI R UP DQF H �$VVH VVP HQW�� 7KH �27/� UDWH V� Z H UH � J H QH UDOO\� K LJ K� I R U� WKH �

:ULWWH Q�7H VW��G LVS OD\LQJ �WKDW�WKH �F R QWH QW�R I �P R VW�R I �WKH �WH VW�LWHP V�P DWF KH G�Z LWK �

WKH � F R QWH QW� F R Y H UH G � LQ� F ODVV�� 7KLV� F R QWUDVWH G � Z LWK � WKH � 27/� UDWH V� R Q� WKH �

3H UI R UP DQF H � $VVH VVP HQW�� Z KLF K � Z H UH � OR Z H U�� DOWKR XJ K� WKH \� LQF UH DVH G �

VLJ QLI LF DQWO\�E H WZ H H Q������DQG��������

/LQNLQJ � WKH �GDWD�Z LWK � VWXGH QWV
�DF K LH Y HP HQW�Z DV�F DUULH G �R XW��DP R QJ �R WKH UV��E \�

F DOF XODWLQJ � F R UUH ODWLR Q� F R H I I LF LH QWV�DW� LWHP �OH Y H O�E H WZ H H Q�WKH � MXGJ HP HQW�GDWD�E\�

WH DF KH UV�DQG�WKH �VF R UH V�R I �WKH �VWXGH QWV��27/�UDWH V�DQG�S �Y DOXH V���1H LWKH U�I R U�WKH �

:ULWWH Q� 7H VW� QR U� I R U� WKH � 3H UI R UP DQF H � $VVH VVP HQW�� WKH � ����� GDWD� J DY H � D�

VLJ QLI LF DQW�F R UUH ODWLR Q�F R H I I LF LH QW��DOWKR XJ K�I R U�WKH �:ULWWH Q�7H VW�WK LV�Z DV�GXH �WR �

ODF N�R I �GDWD��)R U� WKH �3H UI R UP DQF H �$VVH VVP HQW�� WKH � ODF N�R I �D� F R UUH ODWLR Q�P H DQW�

WKDW� VWXGH QWV�Z H UH �DE OH � WR �S H UI R UP �Z H OO�R Q� LWHP V�WKDW� WKH � WH DF KH UV� LQG LF DWH G �DV�

LQDSSUR SULDWH �� R U� WKH � R WKH U�Z D\� DUR XQG��%\������������ WK LV� KDG� F KDQJ H G ��7KH �

F R UUH ODWLR Q� F R H I I LF LH QWV� R I � U ����� R Q� WKH � :ULWWH Q� 7H VW� DQG� U ����� R Q� WKH �

3H UI R UP DQF H �$VVH VVP HQW��I R U�
27/�F R Y H UH G 
��UH VS H F WLY H O\�VKR Z H G�WKDW��J H QH UDOO\ ��

VWXGH QWV�Z H UH � DE OH � WR � VF R UH �Z H OO� R Q� LWHP V�ZKLF K� WKH � WH DF KH UV� KDG� LQG LF DWH G � DV�

P DWF K LQJ �Z LWK � WKH � LP S OHP HQWH G � F XUULF XOXP ��&RPSDULQJ � WKH � F R H I I LF LH QWV� WR � WKH �

F R H I I LF LH QW��Z KLF K �Z DV�H VWDE OLVKH G �E\�'H �+DDQ���������U �����WK LV�LQG LF DWH G �WKDW�LQ�

�����������WKH �DWWDLQH G�DQG�WKH �LP S OHP HQWH G �F XUULF XOXP �Z H UH �TXLWH �Z H OO�DOLJ QH G ���



��� &KDSWHU �

)LQDOO\��WKH �LQWH QGH G�DQG�LP S OHP HQWH G �F XUULF XOXP �Z H UH �OLQNH G ��+H UH ��DJ DLQ��WKH �

LWHP V�Z H UH � VH SDUDWH G � DF F R UG LQJ � WR � WKH � MXGJ HP HQW� E\� WKH � H [SH UWV��$GGLWLR QDOO\ ��

F R UUH ODWLR Q�F R H I I LF LH QWV�DW�LWHP �OH Y H O�Z H UH �F DOF XODWH G �E H WZ H H Q�WKH �MXGJ HP HQW�GDWD�

R I � WKH � H [SH UWV� DQG� R I � WKH � WH DF KH UV� �WH VW�F XUULF XOXP �P DWF K LQJ � LQG LF H V� DQG�27/�

UDWH V���)R U�WKH �:ULWWH Q�7H VW��QR �WUH QG�F R XOG �E H �R E VH UY H G ��E H F DXVH �R I �ODF N�R I �GDWD��

EXW� R Q� WKH � 3H UI R UP DQF H � $VVH VVP HQW�� WKH UH � Z DV� DQ� LQF UH DVH G � DOLJ QP HQW�� Z LWK �

LQVLJ QLI LF DQW� F R H I I LF LH QWV� LQ� ������ Z KLF K� E H F DP H � VLJ QLI LF DQW� E\� ����������� ,Q�

�����������WKH �F R H I I LF LH QWV�Z H UH �U �����R Q�WKH �:ULWWH Q�7H VW�DQG�U �����R Q�WKH �

3H UI R UP DQF H �$VVH VVP HQW���

�

6H Y H UDO� DVS H F WV� K LQGH UH G � WKH � DQVZ H ULQJ � R I � WKH � VH F R QG� UH VH DUF K� TXH VWLR Q��)LUVW��

LQVXI I LF LH QW�27/�GDWD�R Q�WKH �:ULWWH Q�7H VW�LQ������G LVDE OH G �VH Y H UDO�F R P SDULVR QV��

6H F R QG �� WKH � 27/�WH VWLQJ � GDWD� R Q� WKH � 3H UI R UP DQF H �$VVH VVP HQW� LQF UH DVH G � WR � D�

ODUJ H �H [WH QW� LQ�������Z LWQH VVLQJ �R I �D�F KDQJ LQJ �R S LQLR Q�R I �P DWKHP DWLF V�WH DF KH UV�

R Q�S UDF WLF DO�WH VWV��EXW�DOVR �F DXVLQJ �D�SR VVLE OH �F H LOLQJ �H I I H F W�LQ�������7KH �S LF WXUH �

DULVLQJ �I UR P �WKH �UHP DLQLQJ �GDWD�VKR Z V�WKH �I R OOR Z LQJ ��

��� 7KH �GDWD�DW�WKH �OH Y H O�R I �WKH �LQWH QGH G�F XUULF XOXP �VKR Z �D�F R QVLGH UDE OH �F KDQJ H �

LQ� WKH � MXGJ HP HQW� R I � WKH � DSSUR SULDWH QH VV� R I � WKH � WZ R � WH VWV�� Z LWK � D� GH F OLQLQJ �

S UH I H UH QF H � WR Z DUGV� WKH � 3H UI R UP DQF H � $VVH VVP HQW�� ,Q� ������ WKH � F XUULF XOXP �

H[SH UWV�SR LQWH G �WR �D�ODUJ H U�H [WH QW�DW�
H DVLH U
�LWHP V��

��� 7KH � GDWD� DW� WKH � OH Y H O� R I � WKH � LP S OHP HQWH G � F XUULF XOXP � VKR Z � D� S UH I H UH QF H �

WR Z DUGV� WKH � :ULWWH Q� 7H VW�� EXW� WKH � DSSUR SULDWH QH VV� R I � WKH � 3H UI R UP DQF H �

$VVH VVP HQW�LQ�OLJ K W�R I �WKH �LP S OHP HQWH G �F XUULF XOXP �KDV�LQF UH DVH G ��

��� 7KH � GDWD� DW� WKH � DWWDLQH G� F XUULF XOXP � KDY H � UHP DLQH G� VWDE OH �� R QO\� VKR Z LQJ �

P LQLP DO�F KDQJ H ���

��� :LWK LQ�WKH �S H ULR G �R I �I R XU�I LY H �\H DUV��WKH �GDWD�I UR P �WKH �LQWH QGH G�DQG�DWWDLQH G�

F XUULF XOXP � VKR Z � DQ� LQF UH DVH G � DOLJ QP HQW� �VH H � VH F WLR Q� �������� :LWKR XW�

H VWDE OLVK LQJ �D�WUH QG ��WKH �GDWD�I UR P �WKH �LP S OHP HQWH G �F XUULF XOXP �VKR Z �D�F OH DU�

DOLJ QP HQW�Z LWK �WKH �R WKH U�GDWD�LQ������������VH H �VH F WLR Q�������DQG�WK LV�F XUUH QW�

VH F WLR Q����

$OO� GDWD� Z H UH � J DWKH UH G � DJ DLQVW� WKH � EDF NJ UR XQG� R I � D� QHZ O\� LQWUR GXF H G �� 50(�

EDVH G�F XUULF XOXP ��,Q�������WKH �VWXGH QWV�WH VWH G �LQ�WKH �0(75,&�VWXG\�Z H UH �I UR P �

WKH �I LUVW�F R KR UW�R I �VWXGH QWV�OH DUQLQJ �WKUR XJ K�WKH �QHZ �LQWH QGH G�F XUULF XOXP ��)UR P �

WKH �S H UVS H F WLY H �R I �WKH �50(�EDVH G�F XUULF XOXP ��WKH �F XUULF XOXP �H[SH UWV�MXGJ H G �WKH �

3H UI R UP DQF H �$VVH VVP HQW�WR �P DWF K�E H WWH U�Z LWK �WKH �LQWH QGH G�F XUULF XOXP �WKDQ�WKH �

:ULWWH Q�7H VW��7KLV�Z DV�R EY LR XVO\�QR W�WKH �F DVH �I R U�WKH �LP S OHP HQWH G �F XUULF XOXP ��D�

ODUJ H � QXPEH U� R I � WH DF KH UV� LQG LF DWH G � WKDW� WKH \� KDG� QR W� F R Y H UH G � WKH � F R QWH QW� R I �



5HVHDUFK UHVXOWV ���

LWHP V� I UR P � WKH � 3H UI R UP DQF H � $VVH VVP HQW�� 7KLV� KDG� F KDQJ H G� E\� ������ Z LWK �

LQF UH DVH G �27/�F R Y H UH G �UDWH V�DQG�H Y H Q�P R UH �LQF UH DVH G �27/�WH VWLQJ �UDWH V��$W�WKH �

VDP H � WLP H �� LQ� �����P DQ\� WH DF KH UV� LQG LF DWH G � WKDW� LWHP V� I UR P � WKH �:ULWWH Q� 7H VW�

Z H UH � VXLWDE OH � I R U� LQF OXVLR Q� LQWR � D� WH VW� F R Y H ULQJ � DOO� F R QWH QW� WDXJ KW� XQWLO� WH VW�

DGP LQLVWUDWLR Q�� 7KLV� LV� SR VVLE O\� UH ODWH G � WR � WKH � VOLJ K W�� EXW� VLJ QLI LF DQW� LP SUR Y H G �

DF K LH Y HP HQW�R Q�WKH �:ULWWH Q�7H VW��2Q�WKH �R WKH U�KDQG��WH DF KH UV
�F KDQJ LQJ �DWWLWXGH �

WR Z DUGV� WKH � 3H UI R UP DQF H � $VVH VVP HQW� F DQQR W� E H � UH ODWH G � WR � DQ\� F KDQJ H � LQ�

VWXGH QWV
�DF K LH Y HP HQW�R Q�WK LV�WH VW��

7KLV�DQVZ H UV�WKH �VH F R QG�UH VH DUF K�TXH VWLR Q��DV�IDU�DV�SR VVLE OH ��

�



��� &KDSWHU �

�

)LJ XUH ��������6WXGH QW� Z R UNLQJ � R Q� WKH � WDVN�3DFNDJLQJ� I UR P � WKH � 7,066� 3H UI R UP DQF H �
$VVH VVP H QW�

�

�

�



�
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�

�

&RQFOXVLRQ�
�

�

�
a�1XQ\D��DGLGRH��DVL�PHWXQHH�R�a�

:LVGRP�LV�OLNH�D�EDREDE�WUHH��QRW�RQH�LQGLYLGXDO�FDQ�HPEUDFH�LW��
�*+$1$,$1 3529(5%��

�

�

�

�

7KLV� ODVW� FKDSWHU� FRQFOXGHV� WKH� 0(75,&� VWXG\�� 6HFWLRQ� ���� VXPPDULVHV� WKH�

VWXG\�� E\� UHFDSLWXODWLQJ� RQ� LWV� TXHVWLRQV�� LWV� PHWKRGV� DQG� LWV� ILQGLQJV�� 7KH�

VXEVHTXHQW� VHFWLRQ� GLVFXVVHV� KRZ� WKH�0(75,&� VWXG\� FDQ� EH� SRVLWLRQHG� LQ� WKH�

UHVHDUFK� ILHOG�� PHWKRGRORJLFDOO\� DQG� VFLHQWLILFDOO\�� ,Q� WKH� ODVW� VHFWLRQ��

UHFRPPHQGDWLRQV� DUH� JLYHQ� RQ� IXUWKHU� SROLFLHV� LQ�PDWKHPDWLFV� HGXFDWLRQ� DQG� IRU�

IXUWKHU�UHVHDUFK��

���� 6800$5<�

7KH�VWRU\�RI�WKH�0(75,&�VWXG\�VWDUWHG�LQ�������ZKHQ�WKH�7,066����VWXG\�ZDV�

FRQGXFWHG�� 7,066���� ZDV� D� ODUJH�VFDOH� LQWHUQDWLRQDO� FRPSDUDWLYH� VWXG\� LQ�

VFLHQFH�DQG�PDWKHPDWLFV�HGXFDWLRQ��6WXGHQWV�IURP�PDQ\�FRXQWULHV�ZHUH�JLYHQ�DQ�

LGHQWLFDO� WHVW�� DSDUW� IURP� GLIIHUHQFHV� LQ� WKH� ODQJXDJH� XVHG�� %\� FRPSDULQJ� WKH�

DYHUDJH�DFKLHYHPHQWV�RI�VWXGHQWV�EHWZHHQ�FRXQWULHV��VWDNHKROGHUV�ZHUH�HQDEOHG�

WR� DQDO\VH� WKH� SHUIRUPDQFH� RI� WKHLU� HGXFDWLRQDO� V\VWHP� IURP� DQ� LQWHUQDWLRQDO�

SHUVSHFWLYH�� 7KH� 1HWKHUODQGV� ZDV� RQH� RXW� RI� ��� FRXQWULHV� SDUWLFLSDWLQJ� LQ�

7,066�����

:LWKLQ� 7,066����� WZR� GLIIHUHQW� WHVWV�� FRPELQLQJ� WKH� VXEMHFWV� RI�PDWKHPDWLFV�

DQG�VFLHQFH��ZHUH�DGPLQLVWHUHG�DPRQJ�'XWFK�JUDGH���VWXGHQWV��2QH�WHVW�ZDV�D�



��� &KDSWHU �

VWDQGDUGLVHG� SDSHU�DQG�SHQFLO� WHVW�� ZKLFK� FRQVLVWHG� RI� PDQ\� PXOWLSOH� FKRLFH�

TXHVWLRQV� DQG�D� IHZ� IUHH� UHVSRQVH�TXHVWLRQV��7KLV� WHVW�ZDV�QDPHG� WKH�:ULWWHQ�

7HVW��7KH�RWKHU�WHVW�EURXJKW�VWXGHQWV�LQWR�D�ODERUDWRU\�HQYLURQPHQW�DVNLQJ�WKHP�

WR� FRQGXFW� HPSLULFDO� LQYHVWLJDWLRQV�� 7KLV� WHVW� ZDV� QDPHG� WKH� 3HUIRUPDQFH�

$VVHVVPHQW�� ,Q� ������ WKH� LQWHUQDWLRQDO� FRPSDUDWLYH� UHVXOWV� ZHUH� SXEOLVKHG�

�%HDWRQ�� HW� DO��� ������+DUPRQ�HW� DO��� ������� 6WDNHKROGHUV� UDLVHG� WKHLU� H\HEURZV�

RYHU� 'XWFK� VWXGHQWV
� PDWKHPDWLFV� DFKLHYHPHQW� UHVXOWV�� 7KH� UHVXOWV� ZHUH� DV�

IROORZV�� RQ� WKH� PDWKHPDWLFV� LWHPV� RI� WKH� :ULWWHQ� 7HVW�� WKH� 'XWFK� VWXGHQWV�

VFRUHG� VLJQLILFDQWO\� DERYH� WKH� LQWHUQDWLRQDO� DYHUDJH� VFRUH�� ZKLOH� RQ� WKH�

PDWKHPDWLFV� WDVNV�RI� WKH�3HUIRUPDQFH�$VVHVVPHQW�� WKH�'XWFK� VWXGHQWV� VFRUHG�

QHDU�WKH�LQWHUQDWLRQDO�DYHUDJH�VFRUH��7KLV�ZDV�FRQVLGHUHG�D�GLVFUHSDQF\�EHWZHHQ�

WKH�DFKLHYHPHQW�UHVXOWV�RQ�WKH�WZR�WHVWV��VHH�FKDSWHU�����

7KH� GLIIHUHQFH� EHWZHHQ� UHVXOWV� RQ� WKH� WZR� WHVWV� ZDV� FRQVLGHUHG� HYHQ� PRUH�

VWULNLQJ��DV�'XWFK�PDWKHPDWLFV�FXUULFXOXP�H[SHUWV�KDG�UDLVHG�WKHLU�FRQFHUQ�DERXW�

WKH� PDWKHPDWLFV� LWHPV� LQ� WKH�:ULWWHQ� 7HVW� �'H� /DQJH�� ����D�� ����E��� 7KHVH�

LWHPV� ZHUH� QRW� FRQVLGHUHG� VXLWDEOH� WR� WHVW� IRU� NQRZOHGJH� DQG� VNLOOV�� ZKLFK�

VWXGHQWV� OHDUQW� LQ�'XWFK�PDWKHPDWLFV�FODVVURRPV��&XUULFXOXP�H[SHUWV�REMHFWHG�

WR� WKH� ODUJH�QXPEHU�RI�PXOWLSOH�FKRLFH� LWHPV�DQG�DJDLQVW� WKH� 
EDUH�QHVV
�RI� WKH�

LWHPV��7KH�PDWKHPDWLFV�LWHPV�LQ�WKH�:ULWWHQ�7HVW�FRQWUDVWHG�ZLWK�LWHPV�LQ�'XWFK�

PDWKHPDWLFV�HGXFDWLRQ��ZKLFK�LQWHJUDWHG�PDWKHPDWLFV�DQG�FRQWH[W��7KH�WUHDWLVH��

ZKLFK� KDG� KHOSHG� WR� VKDSH� WKH� 'XWFK� LQWHQGHG� PDWKHPDWLFV� FXUULFXOXP�� LV�

NQRZQ�DV�5HDOLVWLF�0DWKHPDWLFV�(GXFDWLRQ��50(���%DFNJURXQGV�RI�50(�ZHUH�

JLYHQ�LQ�FKDSWHU����7KH�50(�EDVHG�FXUULFXOXP�DW�JUDGH���OHYHO�ZDV�H[SHFWHG�WR�

PDWFK� EHWWHU� ZLWK� WKH� 3HUIRUPDQFH� $VVHVVPHQW� WKDQ� ZLWK� WKH� :ULWWHQ� 7HVW��

7KXV��LW�FDPH�DV�D�VXUSULVH�WKDW�VWXGHQWV
�DFKLHYHPHQW�UHVXOWV�ZHUH�FRQWUDGLFWLQJ�

WKHVH� H[SHFWDWLRQV�� 7KLV� ZDV� FRQVLGHUHG� D� GLVFUHSDQF\� EHWZHHQ� FXUULFXOXP�

H[SHUWV
�YLHZV�DQG�VWXGHQWV
�DFKLHYHPHQW��

�

7KH� GLVFUHSDQFLHV� UHVXOWHG� LQ� WKH� VR�FDOOHG� 0(75,&� VWXG\�� ,W� DLPHG� DW� ILQGLQJ�

H[SODQDWLRQV� IRU� WKH� GLVFUHSDQFLHV� E\� UHSOLFDWLQJ� ERWK� WHVWV� LQ� ����������� )LUVW��

WKHUH�ZDV� WKH�GLVFUHSDQF\�EHWZHHQ� WKH� UHVXOWV�RQ� WKH� WZR� WHVWV��ZKLFK�ZDV� WHUPHG�

WKH� LQWHU�WHVW�DFKLHYHPHQW�GLVFUHSDQF\��7KH�ILUVW�UHVHDUFK�TXHVWLRQ�IRFXVHG�RQ�LW��,W�ZDV�

IRUPXODWHG�DV�IROORZV��

�

7R�ZKDW�H[WHQW�GRHV�D�UHSHDW�RI�WKH�7,066�:ULWWHQ�7HVW�LQ������DQG�D�UHSHDW�RI�

WKH�7,066�3HUIRUPDQFH�$VVHVVPHQW�LQ�������UHVXOW�LQ�DQ�LQWHU�WHVW�DFKLHYHPHQW�

GLVFUHSDQF\�VLPLODU�WR�����"�



&RQFOXVLRQ ���

6HFRQG�� WKHUH� ZDV� WKH� GLVFUHSDQF\� EHWZHHQ� WKH� LQWHQGHG� FXUULFXOXP� DQG� WKH�

DWWDLQHG� FXUULFXOXP�� ZKLFK� ZDV� WHUPHG� WKH� LQWUD�FXUULFXODU� GLVFUHSDQF\�� 7KH�

GLVFUHSDQF\� RFFXUUHG� RQ� ERWK� WHVWV�� WKH� :ULWWHQ� 7HVW� ZDV� QRW� FRQVLGHUHG� WR�

PDWFK�ZHOO�ZLWK�WKH�LQWHQGHG�FXUULFXOXP��ZKLOH�VWXGHQWV
�DFKLHYHPHQW�ZDV�DERYH�

WKH� LQWHUQDWLRQDO� DYHUDJH��$W� WKH� VDPH� WLPH�� WKH�3HUIRUPDQFH�$VVHVVPHQW�ZDV�

FRQVLGHUHG� WR� PDWFK� ZHOO� ZLWK� WKH� LQWHQGHG� FXUULFXOXP�� ZKLOH� VWXGHQWV
�

DFKLHYHPHQW� ZDV� QHDU� WKH� LQWHUQDWLRQDO� DYHUDJH�� 7R� VWXG\� WKH� LQWUD�FXUULFXODU�

GLVFUHSDQFLHV�� D� FRQFHSWXDO� IUDPHZRUN� IRU� FXUULFXODU� DSSHDUDQFHV�ZDV� XVHG�� DV�

GHYHORSHG� E\� ,($� DQG� DGDSWHG� IRU� 7,066� �5RELWDLOOH� HW� DO��� ������� 7KLV�

IUDPHZRUN�FRQVLVWV�RI�WKUHH�OHYHOV��WKH�PDFUR��WKH�PHVR�DQG�WKH�PLFUR�OHYHO��$W�

HDFK� OHYHO�� WKH� FXUULFXOXP�KDV� D�GLIIHUHQW� DSSHDUDQFH��7KHVH� DSSHDUDQFHV�ZHUH�

GLVWLQJXLVKHG�DV�IROORZV���

��WKH� LQWHQGHG� FXUULFXOXP� LV� IRXQG� DW� V\VWHP� OHYHO�� LW� FRQVLVWV� RI�ZKDW� VRFLHW\�

UHTXLUHV�VWXGHQWV�WR�PDVWHU��

��WKH�LPSOHPHQWHG�FXUULFXOXP�LV�IRXQG�DW�VFKRRO�DQG�FODVVURRP�OHYHO��LW�FRQVLVWV�

RI�WKH�FRQWHQW�DV�LW�LV�LQWHUSUHWHG�E\�WKH�WHDFKHUV�DQG�WDXJKW�WR�WKH�VWXGHQWV��

DQG�

��WKH�DWWDLQHG�FXUULFXOXP�LV�IRXQG�DW�VWXGHQW�OHYHO��LW�FRQVLVWV�RI�WKH�NQRZOHGJH�

DQG�VNLOOV�WKDW�VWXGHQWV�KDYH�DFTXLUHG�LQGHHG��

�

7KH�0(75,&�VWXG\�XVHG�WKH�WKUHH�DSSHDUDQFHV�RI�WKH�PDWKHPDWLFV�FXUULFXOXP�

DW�JUDGH���LQ�WKH�1HWKHUODQGV�WR�RSHUDWLRQDOLVH�LWV�VHFRQG�UHVHDUFK�TXHVWLRQV�RQ�

WKH�LQWUD�FXUULFXODU�GLVFUHSDQFLHV��7KH�TXHVWLRQ�ZDV�IRUPXODWHG�DV�IROORZV��

�

7R�ZKDW�H[WHQW�DUH�VWXGHQWV
�UHVXOWV�RQ�ERWK�WHVWV�DW�ERWK�SHULRGV�LQ�WLPH�DOLJQHG�

ZLWK��D��WKH�DSSURSULDWHQHVV�RI�WKH�WHVWV�LQ�OLJKW�RI�WKH�LQWHQGHG�FXUULFXOXP���E��WKH�

DSSURSULDWHQHVV�RI�WKH�WHVWV�LQ�OLJKW�RI�WKH�LPSOHPHQWHG�FXUULFXOXP�DQG��F��SRVVLEOH�

GLVFUHSDQFLHV�EHWZHHQ�WKHVH"�

�

7KH�VWXG\�GHULYHG�LWV�QDPH�IRUP�WKH�FRQFHSWXDO�IUDPHZRUN��7KH�VL[�OHWWHUV�LQ�WKH�

DFURQ\P�0(75,&� VWRRG� IRU� D� VWXG\� LQ�0DWKHPDWLFV�(GXFDWLRQ�� LQYHVWLJDWLQJ�

7UHQGV� LQ�� DQG� 5HODWLRQV� EHWZHHQ� WKH� ,QWHQGHG�� LPSOHPHQWHG� DQG� DWWDLQHG�

&XUULFXOXP��

�

$IWHU� D� VWXG\� RQ� WKH� KLVWRU\� RI� WKH� 50(�EDVHG� FXUULFXOXP� �FKDSWHU� ��� DQG� D�

VWXG\�RI�OLWHUDWXUH�RQ�KRZ�WKH�WKUHH�FXUULFXODU�DSSHDUDQFHV�FDQ�EH�GHVFULEHG�DQG�

DQDO\VHG��FKDSWHU�����PHWKRGV�ZHUH�GHYHORSHG�WR�WDFNOH�WKH�UHVHDUFK�TXHVWLRQV��



��� &KDSWHU �

)LUVW�� WKH� WZR� WHVWV� ZHUH� UHSOLFDWHG� WR� DQDO\VH�� ZKHWKHU� WKH� LQWHU�WHVW� DFKLHYHPHQW�

GLVFUHSDQF\�UH�RFFXUUHG��6HFRQG��GDWD�RQ�WKH�DSSURSULDWHQHVV�RI�WKH�WHVWV�LQ�OLJKW�RI�

WKH� LQWHQGHG� FXUULFXOXP�ZHUH� JDWKHUHG�� 7R� DQDO\VH� WKH� DSSURSULDWHQHVV� RI� WKH�

WZR�WHVWV��FXUULFXOXP�H[SHUWV�ZHUH�LQYLWHG�WR�LQGLFDWH�IRU�HDFK�WHVW�LWHP�ZKHWKHU�

LW� PDWFKHG� ZLWK� WKH� LQWHQGHG� FXUULFXOXP�� 7KLV� MXGJHPHQW� ZDV� DQ�

RSHUDWLRQDOLVDWLRQ� RI� WKH� LQWHQGHG� FXUULFXOXP� DW� PDFUR� OHYHO�� EDVHG� RQ�

LQVWUXPHQWV� XVHG� IRU� WKH� 7,066�7HVW� &XUULFXOXP�0DWFKLQJ�$QDO\VLV� �7&0$��

�%HDWRQ�� ������ %HDWRQ� HW� DO��� ������� %\� FRPELQLQJ� VWXGHQWV
� DFKLHYHPHQW� DQG�

H[SHUWV
� MXGJHPHQW� RQ� HDFK� WHVW� LWHP�� GLVFUHSDQFLHV� EHWZHHQ� WKH� DWWDLQHG�

FXUULFXOXP� DQG� WKH� DSSURSULDWHQHVV� RI� WKH� LWHPV� LQ� OLJKW� RI� WKH� LQWHQGHG�

FXUULFXOXP�ZHUH�FDSWXUHG���

7KLUG�� DW� WKH� OHYHO� RI� WKH� LPSOHPHQWHG� FXUULFXOXP��PDWKHPDWLFV� WHDFKHUV�ZHUH�

DVNHG� WR� LQGLFDWH� IRU�HDFK� LWHP�ZKHWKHU� WKH�FRQWHQW�PDWFKHG�ZLWK� WKH�FRQWHQW�

WDXJKW� EHIRUH� WHVW� DGPLQLVWUDWLRQ�� 7KLV� MXGJHPHQW� \LHOGHG� DQ� LQGLFDWLRQ�� RQ�

ZKHWKHU�VWXGHQWV�KDG�UHFHLYHG�DQ�RSSRUWXQLW\�WR�OHDUQ��27/��WKH�NQRZOHGJH�DQG�

VNLOOV��ZKLFK�ZHUH�UHTXLUHG�WR�PDVWHU�WKH�LWHPV��7KLV�ZDV�DQ�RSHUDWLRQDOLVDWLRQ�RI�

WKH�LPSOHPHQWHG�FXUULFXOXP��EDVHG�RQ�D�YDOLG�DQG�UHOLDEOH�LQVWUXPHQW�GHYHORSHG�

E\� 'H� +DDQ� �������� %\� FRPELQLQJ� VWXGHQWV
� DFKLHYHPHQW� DQG� WHDFKHUV
�

MXGJHPHQW��GLVFUHSDQFLHV�WKH�DWWDLQHG�FXUULFXOXP�DQG�WKH�DSSURSULDWHQHVV�RI�WKH�

WHVWV�LQ�OLJKW�RI�WKH�LPSOHPHQWHG�DWWDLQHG�FXUULFXOXP�ZHUH�FDSWXUHG��6LPLODUO\��E\�

FRPELQLQJ� WHDFKHUV
� MXGJHPHQWV� DQG� H[SHUWV
� MXGJHPHQW� RQ� DOO� WHVW� LWHPV��

GLVFUHSDQFLHV�EHWZHHQ�WKH�DSSURSULDWHQHVV�RI�WKH�LWHPV�LQ�OLJKW�RI�WKH�LQWHQGHG�

DQG�WKH�LPSOHPHQWHG�FXUULFXOXP�ZHUH�FDSWXUHG���

�

7KH� LQVWUXPHQWV� IRU�PHDVXULQJ�VWXGHQWV
� DFKLHYHPHQW�FRQVLVWHG�RI� WKH�:ULWWHQ�

7HVW�DQG�WKH�3HUIRUPDQFH�$VVHVVPHQW��%RWK�WHVWV�KDG�EHHQ�FDUHIXOO\�GHYHORSHG�

LQ�D�SURFHVV�� LQ�ZKLFK�VXEMHFW�PDWWHU�VSHFLDOLVWV�IURP�DOO�SDUWLFLSDWLQJ�FRXQWULHV�

ZHUH� FRQVXOWHG��%HVLGHV� IUHH� UHVSRQVH� LWHPV�� WKH�:ULWWHQ�7HVW� FRQWDLQHG�PDQ\�

PXOWLSOH� FKRLFH� TXHVWLRQV�� ZKLFK� HQDEOHG� DXWRPDWHG� DQG� XQLIRUP� VFRULQJ��

HQVXULQJ� UHOLDEOH� DQG� FRPSDUDEOH� UHVXOWV�EHWZHHQ�FRXQWULHV��7KH� UREXVWQHVV�RI�

WKH�:ULWWHQ�7HVW�ZDV� KLJK�� DV�7&0$� VKRZHG��:KHQ� D� VHOHFWLRQ�RI� LWHPV�ZDV�

PDGH��DQG�DFKLHYHPHQW�ZDV�UH�FDOFXODWHG�EDVHG�RQ�WKH�VHOHFWHG�LWHPV�RQO\��WKH�

UHODWLYH�DFKLHYHPHQW�UHVXOWV�EHWZHHQ�FRXQWULHV�GLG�QRW�FKDQJH�VLJQLILFDQWO\��7KH�

LWHPV� LQ� WKH�:ULWWHQ�7HVW�FRYHUHG�D�ZLGH�UDQJH�RI�WRSLFV��IURP�SULPDU\�VFKRRO�

OHYHO�DULWKPHWLF�� WR� WUDQVIRUPDWLRQ�JHRPHWU\�DQG�DOJHEUD�RQ�VXEVWLWXWLQJ�YDOXHV�

LQWR� IXQFWLRQV� �%HDWRQ� HW� DO�� ������ 0XOOLV� HW� DO��� ������� 0RVW� FRXQWULHV�

SDUWLFLSDWLQJ� LQ�7,066�KDG� LQGLFDWHG� WKDW� WKH�:ULWWHQ�7HVW�PDWFKHG�ZHOO�ZLWK�



&RQFOXVLRQ ���

WKHLU� LQWHQGHG� FXUULFXOXP��:KHQ� FRPSDULQJ� WKH�PDWFKLQJ� RI� WKH�:ULWWHQ�7HVW�

ZLWK�WKH�LQWHQGHG�FXUULFXOD�RI�QDWLRQV��LW�WXUQHG�RXW�WKDW�WKH�1HWKHUODQGV�GLIIHUHG�

IURP�WKH�LQWHUQDWLRQDO�PDLQVWUHDP��VHH�FKDSWHU����VHFWLRQ���������

7KH�VHFRQG�7,066�WHVW�ZDV�WKH�3HUIRUPDQFH�$VVHVVPHQW��:LWK�OLWWOH�H[SHULHQFH�

LQ� FRQGXFWLQJ� VXFK� LQQRYDWLYH�SUDFWLFDO� WHVWV�RQ�D� ODUJH�VFDOH�� WKH�3HUIRUPDQFH�

$VVHVVPHQW�ZDV�FRQVLGHUHG�OHVV�UHOLDEOH�WKDQ�WKH�:ULWWHQ�7HVW��7KH�UHOLDELOLW\�ZDV�

DIIHFWHG� E\� WKH� FRPSOH[LW\� RI� FRGLQJ� VWXGHQWV
� DQVZHUV� RQ� HPSLULFDO�

LQYHVWLJDWLRQV��+DHUWHO�	�/LQQ�������/LQQ��	�%DNHU��������=X]RYVN\���������7KH�

UHSOLFDWLRQ� RI� WKH� 3HUIRUPDQFH�$VVHVVPHQW� IRU� WKH�0(75,&� VWXG\� FRQILUPHG�

WKLV�REVHUYDWLRQ��VHH�FKDSWHU����VHFWLRQV�������DQG���������2Q�WKH�RWKHU�KDQG��WKH�

YDOLGLW\�RI�SUDFWLFDO�WHVWV� OLNH�WKH�3HUIRUPDQFH�$VVHVVPHQW�ZDV�FRQVLGHUHG�KLJK�

�H�J��%LUHQEDXP�	�'RFK\��������%XUWRQ��������&ODUNH��������'DUOLQJ�+DPPRQG�

	�$QFHVV�������+HUPDQV��������.LQG��������1LVV��������:ROI��������=X]RYVN\�

	�+DUPRQ���������

�

7KH� 0(75,&� VWXG\� JDWKHUHG� GDWD� WKURXJK� WKH� DERYH� QDPHG� LQVWUXPHQWV�� ,W�

GUHZ�RQ�WKH�GDWD��ZKLFK�ZHUH�DOUHDG\�FRPSLOHG�LQ�������DQG�RQ�WKH�LQWHUQDWLRQDO�

GDWD� FROOHFWLRQ� RI� WKH� :ULWWHQ� 7HVW� LQ� ������ ,Q� ������ WKH� 0(75,&� VWXG\�

UHSOLFDWHG�WKH�3HUIRUPDQFH�$VVHVVPHQW�WR�FRPSOHWH�WKH�UHVHDUFK�GHVLJQ��\LHOGLQJ�

IRXU� VXE�VWXGLHV��:7������� 3$�������:7������� DQG�3$�������:LWK� WZR� WHVWV�

DQG� WKUHH�FXUULFXODU�DSSHDUDQFHV�� WKHUH�ZHUH�VL[�PHDVXUHPHQWV� LQ������DQG�VL[�

PHDVXUHPHQWV�LQ������������(DFK�PHDVXUHPHQW�\LHOGHG�GDWD�DW�LWHP�OHYHO������

LWHPV� LQ� WKH� :ULWWHQ� 7HVW�� ��� LWHPV� LQ� WKH� 3HUIRUPDQFH� $VVHVVPHQW��� 7KH�

MXGJHPHQWV�LQ�OLJKW�RI�WKH�LQWHQGHG�FXUULFXOXP�\LHOGHG�LWHP�FXUULFXOXP�PDWFKLQJ�

LQGLFHV�� WKH� MXGJHPHQWV� LQ� OLJKW� RI� WKH� LPSOHPHQWHG� FXUULFXOXP� \LHOGHG� 27/�

UDWHV�� DQG� VWXGHQWV
� DFKLHYHPHQW� \LHOGHG� S�YDOXHV�� ,Q� FKDSWHU� ��� WKH� UHVHDUFK�

GHVLJQ�RI�WKH�WZHOYH�PHDVXUHPHQWV�ZDV�GHVFULEHG���

7KH�0(75,&�VWXG\�ZDV�LQLWLDWHG�DIWHU�WKH������PHDVXUHPHQWV�KDG�EHHQ�FDUULHG�

RXW�� 7R� HQVXUH� FRPSDUDELOLW\� LQ� WLPH�� WKH� LQVWUXPHQWV� ZHUH� NHSW� LQWDFW� IRU�

UHSOLFDWLRQ�� JXLGHG� E\� WKH� PRWWR� LI� \RX� ZDQW� WR� PHDVXUH� FKDQJH�� GR� QRW� FKDQJH� WKH�

PHDVXUH��1HYHUWKHOHVV�� WKH� FRPSDULVRQ�EHWZHHQ� WKH� WZR� WHVWV�� DQG�EHWZHHQ� WKH�

WKUHH�FXUULFXODU�DSSHDUDQFHV�ZDV�D�FRPSOH[�H[HUFLVH��

��DW� WKH� OHYHO� RI� WKH� LQWHQGHG� FXUULFXOXP�� WKH�GDWD�RQ� WKH� DSSURSULDWHQHVV�RI�

LWHPV� IURP� WKH�3HUIRUPDQFH�$VVHVVPHQW�ZHUH� DYDLODEOH�RQ�D� UDWLR� VFDOH� �DV�

SHUFHQWDJHV�� DQG� WKHVH� QXDQFHG� WKH� H[SHUWV
� MXGJHPHQW�� ,Q� WKLV� ZD\�� WKH�

MXGJHPHQW�FRXOG�EH�H[SUHVVHG�DV� 
PRUH�RU� OHVV
�PDWFKLQJ�ZLWK�WKH� LQWHQGHG�

FXUULFXOXP��7KH�GDWD�RQ�WKH�DSSURSULDWHQHVV�RI�LWHPV�IURP�WKH�:ULWWHQ�7HVW�
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ZHUH�RQO\�DYDLODEOH�LQ�D�ELQDU\�\HV�QR�VFDOH��7KH�WZR�GLIIHUHQW�VFDOHV�KLQGHUHG�

WKH�LQWHU�WHVW�FRPSDULVRQ�DW�WKH�OHYHO�RI�WKH�LQWHQGHG�FXUULFXOXP��XQOHVV�RQH�RI�

WKH�GDWD�VHWV�ZDV�WUDQVIRUPHG�RQWR�WKH�VFDOH�RI�WKH�RWKHU��VHH�VHFWLRQ���������

��DW�WKH�OHYHO�RI�WKH�LPSOHPHQWHG�FXUULFXOXP��WKH�27/�GDWD�ZHUH�JDWKHUHG�IRU�

DOO�WHVW�LWHPV�LQ�:7�������3$������DQG�3$�������VHH�VHFWLRQ���������)RU�:7�

������WKH�27/�GDWD�ZHUH�RQO\�DYDLODEOH�RQ����LWHPV������RI�WKH�WHVW���7KH����

LWHPV� ZHUH� QRW� D� UDQGRP� VHOHFWLRQ� RI� WKH� ZKROH� WHVW�� DV� WKH\� KDG� EHHQ�

VHOHFWHG�RQ�WKHLU�PDWFK�ZLWK�WKH�LQWHQGHG�FXUULFXOXP��DV�SDUW�RI�WKH�1DWLRQDO�

2SWLRQ�7HVW��127��VHH�VHFWLRQ�������DQG���������7KLV�RPLVVLRQ�FRXOG�QRW�EH�

FRPSHQVDWHG�DQ\PRUH�ZLWKLQ�WKH�0(75,&�VWXG\���

��DW� WKH� OHYHO�RI� WKH� LPSOHPHQWHG�FXUULFXOXP�� WKH�27/�GDWD�RQ� WKH� WZR�WHVWV�

ZHUH� FRPSLOHG� XVLQJ� D� GLIIHUHQW� IRUPDW�� ,W� ZDV� FDXVHG� E\� WKH� GLIIHUHQW�

FRQWH[WV�� LQ�ZKLFK� WKH�GDWD�KDG�EHHQ�FRPSLOHG� LQ�������7KH�27/�GDWD� IRU�

:7������ ZHUH� FRPSLOHG� DV� SDUW� RI� 127�� DVNLQJ� WKH� WHDFKHUV� 
ZRXOG� \RX�

LQFOXGH� WKH� LWHP� LQWR� D� WHVW�� ZKLFK� WHVWV� IRU� DOO� FRQWHQW� WDXJKW� EHIRUH� WHVW�

DGPLQLVWUDWLRQ"
�� 7KH�27/� TXHVWLRQ�ZDV� SKUDVHG� GLIIHUHQWO\� LQ� WKH� WHDFKHU
�

LQVWUXPHQW�IRU�3$�������ZKHUH�WKH�GDWD�ZHUH�FRPSLOHG�DV�D�QDWLRQDO�RSWLRQ�

ZLWKLQ� WKH� LQWHUQDWLRQDO� GDWD� FROOHFWLRQ�� +HUH�� WHDFKHUV� ZHUH� DVNHG� WZR�

GLIIHUHQW� TXHVWLRQV�� 
ZDV� WKH� FRQWHQW� RI� WKH� LWHP� FRYHUHG"
� DQG� 
ZRXOG� \RX�

LQFOXGH�WKH�LWHP�LQWR�D�SUDFWLFDO�WHVW"
�)RU�WKH�VDNH�RI�WUHQG�FRPSDULVRQ��WKH�

LQVWUXPHQWV� ZHUH� NHSW� LQWDFW� IRU� WKH� UHSOLFDWHG� VWXGLHV�� DOWKRXJK� WKLV�

KDPSHUHG� WKH� LQWHU�WHVW� FRPSDULVRQ� DW� WKH� OHYHO� RI� WKH� LPSOHPHQWHG�

FXUULFXOXP��$V�D�UHVXOW��WKH�:ULWWHQ�7HVW�\LHOGHG�DQ�27/�UDWH�IRU�HDFK�LWHP��

ZKLOH�WKH�3HUIRUPDQFH�$VVHVVPHQW�\LHOGHG�WZR�GLIIHUHQW�UDWHV�IRU�HDFK�LWHP��

WKH� 27/�FRYHUHG� UDWH� DQG� WKH� 27/�WHVWLQJ� UDWH�� 7KH� 27/�FRYHUHG� UDWH�

LQGLFDWHG� WKH�QXPEHU�RI� WHDFKHUV�ZKR�KDG� FRYHUHG� WKH� FRQWHQW�RI� DQ� LWHP�

EHIRUH�WHVW�DGPLQLVWUDWLRQ��ZKLOH�WKH�27/�WHVWLQJ�UDWH� LQGLFDWHG�WKH�QXPEHU�

RI�WHDFKHUV�ZKR�DOOHJHG�WKDW�WKH\�FRXOG�LQFOXGH�WKH�WHVW�LWHPV�LQWR�D�SUDFWLFDO�

WHVW�RI�WKHLU�RZQ�PDNLQJ��VHH�VHFWLRQ���������

��$W�WKH�OHYHO�RI�WKH�DWWDLQHG�FXUULFXOXP��WKH�0(75,&�VWXG\�FORVHO\�VFUXWLQLVHG�

WKH� WUHQG� FRPSDUDELOLW\� RI� VWXGHQWV
� DFKLHYHPHQW� EHWZHHQ� ����� DQG�

����������� 2Q� WKH� :ULWWHQ� 7HVW�� RQO\� ��� LWHPV� KDG� EHHQ� OHIW� XQWRXFKHG�

EHWZHHQ������DQG�������$OO�RWKHU�LWHPV�KDG�XQGHUJRQH�VOLJKW�DGDSWDWLRQV��LQ�

WKHLU�QRWDWLRQV��LQ�WKHLU�QXPEHUV�RU�LQ�WKHLU�FRQWH[WV���2Q�D�QXPEHU�RI�LWHPV��

WKHVH� VPDOO� DGDSWDWLRQV� UHVXOWHG� LQ� VLJQLILFDQW� GLIIHUHQW� VWXGHQW� VFRUHV� �VHH�

VHFWLRQ� �������� 7KH� LWHPV� RI� WKH� 3HUIRUPDQFH�$VVHVVPHQW�ZHUH� LGHQWLFDO� LQ�

����� DQG� LQ� ������ +RZHYHU�� D� QXPEHU� RI� WKHVH� LWHPV� VKRZHG� XQUHOLDEOH�
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DFKLHYHPHQW�UHVXOWV��EHFDXVH�����WKH�WHVW�FLUFXPVWDQFHV�KDG�VOLJKWO\�FKDQJHG��

DQG�����WKH�FRGLQJ�RI�VWXGHQWV
�DQVZHUV�ZDV�QRW�IXOO\�FRQVLVWHQW�EHWZHHQ������

DQG� ����� �VHH� VHFWLRQ� �������� 7KH� XQUHOLDEOH� DFKLHYHPHQW� UHVXOWV� ZHUH�

GLVFDUGHG�IURP�WKH�DQDO\VLV��7KLV�OHIW�WKH�0(75,&�VWXG\�ZLWK����LWHPV�IURP�

WKH� :ULWWHQ� 7HVW� DQG� ��� LWHPV� DFURVV� ILYH� WDVNV� IURP� WKH� 3HUIRUPDQFH�

$VVHVVPHQW�IRU�WUHQG�FRPSDULVRQ�DW�WKH�OHYHO�RI�WKH�DWWDLQHG�FXUULFXOXP��

�

7KH� ODUJH� GDWDEDVH� RI� WKH�0(75,&� VWXG\� ZDV� GHVFULEHG� LQ� FKDSWHU� ��� ZKHUH�

WUHQGV�LQ�WKH�GDWD�ZHUH�SUHVHQWHG��7KHVH�ZHUH�DV�IROORZV��

�

$W�WKH�OHYHO�RI�WKH�LQWHQGHG�FXUULFXOXP�

��� 7KH� MXGJHPHQW� RQ� WKH� DSSURSULDWHQHVV� RI� WKH�:ULWWHQ� 7HVW� LQ� OLJKW� RI� WKH�

LQWHQGHG� FXUULFXOXP� VKRZHG� WKDW� ���� RI� WKH� WHVW� LWHPV�PDWFKHG� ZLWK� WKH�

LQWHQGHG� FXUULFXOXP� LQ� ������ DQG� ���� LQ� ������ 7KXV�� WKH� RYHUDOO� WHVW�

FXUULFXOXP�PDWFKLQJ� UDWH� UHPDLQHG�YLUWXDOO\� HTXDO��EXW� WKH� WZR�SURSRUWLRQV�

RYHUODSSHG�RQ�RQO\�����RI�WKH�LWHPV��7KH�MXGJHPHQW�KDG�FKDQJHG�RQ�����

RI�WKH�WHVW�LWHPV�EHWZHHQ������DQG�������VHH�VHFWLRQ���������

��� 7KH� MXGJHPHQW� RQ� WKH� DSSURSULDWHQHVV� RI� WKH� 3HUIRUPDQFH� $VVHVVPHQW� LQ�

OLJKW�RI�WKH�LQWHQGHG�FXUULFXOXP�ZDV�PHDVXUHG�DW�LWHP�OHYHO�RQ�D�UDWLR�VFDOH��

,Q�������WKH�DYHUDJH�LWHP�FXUULFXOXP�PDWFKLQJ�LQGH[�ZDV�����ZKLOH�LQ������LW�

ZDV�����7R�FRPSDUH�WKH�DSSURSULDWHQHVV�EHWZHHQ�WKH�WZR�WHVWV��WKHVH�UHVXOWV�

ZHUH�QRW� VXLWDEOH��EHFDXVH� WKH�VFDOHV�GLIIHUHG� LQ�QDWXUH��7KHUHIRUH�� WKH�GDWD�

ZHUH�WUDQVIRUPHG�RQWR�D�QRPLQDO�VFDOH��ZKLFK�LQGLFDWHG�WKDW�����RI�WKH�WHVW�

LWHPV�LQ�������DQG�����RI�WKH�WHVW�LWHPV�LQ������PDWFKHG�ZLWK�WKH�LQWHQGHG�

FXUULFXOXP��VHH�VHFWLRQ���������

��� ,Q�������'XWFK�FXUULFXOXP�H[SHUWV�FRQVLGHUHG�WKH�3HUIRUPDQFH�$VVHVVPHQW�

WR� EH� EHWWHU� DOLJQHG� ZLWK� WKH� LQWHQGHG� PDWKHPDWLFV� FXUULFXOXP� WKDQ� WKH�

:ULWWHQ�7HVW��7KH� MXGJHPHQW�RQ� WKH�RYHUDOO� DSSURSULDWHQHVV�RI� WKH�:ULWWHQ�

7HVW�GLG�QRW�FKDQJH�VXEVWDQWLDOO\�EHWZHHQ������DQG�������$FFRUGLQJ�WR�WKH�

H[SHUWV
� MXGJHPHQW�� WKH� DSSURSULDWHQHVV� RI� WKH� 3HUIRUPDQFH� $VVHVVPHQW�

GHFUHDVHG�EHWZHHQ������DQG�������VHH�VHFWLRQ���������

�

$W�WKH�OHYHO�RI�WKH�LPSOHPHQWHG�FXUULFXOXP�

��� ,Q�������WKH�MXGJHPHQW�RQ�WKH�DSSURSULDWHQHVV�RI�WKH�:ULWWHQ�7HVW�LQ�OLJKW�RI�

WKH�LPSOHPHQWHG�FXUULFXOXP�VKRZHG�D�JRRG�PDWFK��7KH�FRQWHQW�RI�LWHPV�KDG�

EHHQ� FRQVLGHUHG� VXLWDEOH� IRU� DQ� LPDJLQDU\� WHVW� E\�� RQ� DYHUDJH�� ����RI� WKH�

WHDFKHUV��7KLV�UHSUHVHQWHG�D�YDVW�PDMRULW\�RI�WKH�WHDFKHUV��2QO\�VL[� LWHPV�LQ�
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WKH�:ULWWHQ�7HVW�KDG�DQ�27/�UDWH�EHORZ�����1R�WUHQG�FRXOG�EH�HVWDEOLVKHG��

EHFDXVH�IRU�������WKHUH�ZHUH�RQO\�GDWD�DYDLODEOH�IRU����LWHPV��ZLWK�DQ�DYHUDJH�

27/�UDWH�RI������7KH�MXGJHPHQWV�RQ�WKLV�VXEVHW�RI�LWHPV�ZHUH�YHU\�FRQVLVWHQW�

ZLWK�WKH������MXGJHPHQWV�RQ�WKHVH�VDPH�LWHPV��DJDLQ��ZLWK�DQ�DYHUDJH�27/�

UDWH� RI� ����� +RZHYHU�� LW� ZDV� WRR� IDU� IHWFKLQJ� WR� H[WUDSRODWH� IURP� WKLV�

FRQVLVWHQF\�LQ�WHDFKHUV
�MXGJHPHQWV�WKDW�WKH������MXGJHPHQW�ZRXOG�DOVR�KDYH�

VKRZQ�D�JRRG�PDWFK�ZLWK�WKH�LPSOHPHQWHG�FXUULFXOXP��VHH�VHFWLRQ���������

��� 7KH� MXGJHPHQW� RQ� WKH� DSSURSULDWHQHVV� RI� WKH� 3HUIRUPDQFH� $VVHVVPHQW� LQ�

OLJKW�RI�WKH�LPSOHPHQWHG�FXUULFXOXP�ZDV�ORZ�LQ�������7KH�27/�FRYHUHG�UDWH�

ZDV� ���� 7KH� ILJXUH� URVH� WR� ��� E\� ������ %RWK� DYHUDJH� UDWHV�ZHUH� REYLRXVO\�

ORZHU�WKDQ�WKH�27/�UDWH�RQ�WKH�:ULWWHQ�7HVW�RI������������

7KH� DYHUDJH�27/�WHVWLQJ� UDWHV�RI� LWHPV� IURP� WKH�3HUIRUPDQFH�$VVHVVPHQW�

LQFUHDVHG�IURP����LQ������WR����LQ�������+RZHYHU��WKH�LQFUHDVHG�27/�WHVWLQJ�

UDWH�UHIOHFWV�WHDFKHUV
�LQWHQWLRQV�RQ�RUJDQLVLQJ�D�SUDFWLFDO�WHVW�DQG�LW�GRHV�QRW�

QHFHVVDULO\�UHIOHFW�DFWXDO�FODVVURRP�SUDFWLFH��VHH�VHFWLRQ���������

��� 7HDFKHUV
� MXGJHPHQW�UHYHDOHG�WKDW�WKH�:ULWWHQ�7HVW�PDWFKHG�EHWWHU�ZLWK�WKH�

LPSOHPHQWHG� FXUULFXOXP� WKDQ� WKH� 3HUIRUPDQFH� $VVHVVPHQW� �VHH� VHFWLRQ�

��������

�

$W�WKH�OHYHO�RI�WKH�DWWDLQHG�FXUULFXOXP�

��� %HWZHHQ������DQG�������VWXGHQWV
�DYHUDJH�DFKLHYHPHQW�RQ�WKH�:ULWWHQ�7HVW�

LQFUHDVHG� VOLJKWO\�� EXW� QRW� VLJQLILFDQWO\�� ZKHQ�PHDVXUHG� WKURXJK� WKH� W�WHVW��

+RZHYHU�� WKH� LQFUHDVH� RFFXUUHG� RQ� DOPRVW� DOO� LWHPV�� DQG�E\� XVLQJ� WKH� VLJQ�

WHVW�� WKH� LQFUHDVH�SURYHG� WR�EH� VLJQLILFDQW��7KLV�ZDV� DQ� LQGLFDWRU�RI� VOLJKWO\�

LPSURYHG�VWXGHQWV
�NQRZOHGJH�DQG�VNLOOV��VHH�VHFWLRQ���������

��� 6WXGHQWV
�DYHUDJH�DFKLHYHPHQW�RQ�WKH�3HUIRUPDQFH�$VVHVVPHQW�GLG�QRW�VKRZ�

DQ\�VLJQLILFDQW�FKDQJH�EHWZHHQ������DQG�������VHH�VHFWLRQ���������

�

,Q�7DEOHV������DQG������WKH�WUHQG�UHVXOWV�RI�WKH�0(75,&�VWXG\��DV�GHVFULEHG�LQ�

FKDSWHU����DUH�VXPPDULVHG��7KH�GHVFULSWLYH�VWDWLVWLFV�DW�DOO�FXUULFXODU�DSSHDUDQFHV�

DUH�JLYHQ�LQ�7DEOH������7UHQG�FRUUHODWLRQ�FRHIILFLHQWV�EHWZHHQ�WKH�GDWD�RI������

DQG�����������DUH�DGGHG�LQ�7DEOH������7KH�FRHIILFLHQWV�DUH�KLJKHVW�DW�WKH�OHYHO�RI�

WKH�DWWDLQHG�FXUULFXOXP��VKRZLQJ�WKH�KLJK�VWDELOLW\�RI�VWXGHQWV
�DFKLHYHPHQW��7KH�

FRHIILFLHQWV� DUH� ORZHU� IRU� WKH� 27/� UDWHV�� DQG� ORZHVW� IRU� WKH� LWHP�FXUULFXOXP�

PDWFKLQJ�LQGLFHV��

�
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7DEOH������ 'HVFULSWLYH�VWDWLVWLFV�RI�UHVXOWV�LQ�WKH�0(75,&�VWXG\�

6XE�VWXG\�

,QWHQGHG�

FXUULFXOXP�

7HVW�FXUULFXOXP��

PDWFKLQJ�LQGH[�

,PSOHPHQWHG�

FXUULFXOXP�

�

$YJ�27/�UDWH�

$WWDLQHG�

FXUULFXOXP�

$FKLHYHPHQW�

$YJ�S�YDOXH��6(��

:7������ � ����QRP�� �� �UDW��� �� �������

:7������ � ����QRP�� �� �UDW��� � ��� �������

3$������ � ����QRP�� ��� �UDW��� � ����FRY�� ��� �WVW��� �������

3$������ � �� �QRP�� ��� �UDW��� � ����FRY�� ��� �WVW��� �������

1RWH� 'DVKHV LQGLFDWH GDWD DUH XQDYDLODEOH�

QRP� RQ D QRPLQDO VFDOH� UDW� RQ D UDWLR VFDOH� FRY� 27/�FRYHUHG� WVW� �27/�WHVWLQJ�

�

7DEOH������ 7UHQG�FRUUHODWLRQV�LQ�WKH�0(75,&�VWXG\�

3DLUHG�VXE�VWXGLHV�

,QWHQGHG�

FXUULFXOXP�

&RUUHODWLRQ�EHWZHHQ�

LWHP�FXUULFXOXP�

PDWFKLQJ�LQGLFHV�

,PSOHPHQWHG�

FXUULFXOXP�

�

&RUUHODWLRQ�EHWZHHQ�

27/�UDWHV�

$WWDLQHG�

FXUULFXOXP�

�

&RUUHODWLRQ�EHWZHHQ�

S�YDOXHV�

:7������²�:7������ ����� ��� �����

3$������²�3$������ ����� ������FRY�� ������WVW��� �����

1RWH� 'DVKHV LQGLFDWH GDWD DUH XQDYDLODEOH�

FRY� 27/�FRYHUHG� WVW� 27/�WHVWLQJ��
�

7DEOH������ ,QWUD�FXUULFXODU�FRUUHODWLRQ�FRHIILFLHQWV�LQ�WKH�0(75,&�VWXG\�

6XE�VWXG\�

%HWZHHQ�LQWHQGHG�

DQG�DWWDLQHG�

FXUULFXOXP�

%HWZHHQ�

LPSOHPHQWHG�DQG�

DWWDLQHG�

FXUULFXOXP�

%HWZHHQ�LQWHQGHG�

DQG�LPSOHPHQWHG�

FXUULFXOXP�

:7������ � � �QRP��� �� ���

:7������ � ����� �QRP��� ����� �����

3$������ � ����� �UDW��� � ��FRY��� ��WVW��� � ��FRY���� ������WVW���

3$������ � ����� �UDW��� � ������FRY��� ��WVW��� � ������FRY���� ��WVW���

1RWH� 'DVKHV LQGLFDWH GDWD DUH XQDYDLODEOH�

QRP� RQ D QRPLQDO VFDOH� UDW� RQ D UDWLR VFDOH� FRY� 27/�FRYHUHG� WVW� 27/�WHVWLQJ�

 ,QVLJQLILFDQW FRUUHODWLRQ�

�
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$IWHU� WKH� SUHVHQWDWLRQ� RI� WKH� 0(75,&� GDWDEDVH� LQ� FKDSWHU� ��� WKH� UHVHDUFK�

TXHVWLRQV�ZHUH�H[DPLQHG� LQ�FKDSWHU����7KH�ILUVW�TXHVWLRQ�SHUWDLQHG�WKH� LQWHU�WHVW�

DFKLHYHPHQW� GLVFUHSDQF\�� 7KLV� TXHVWLRQ� ZDV� EDVHG� RQ� WKH� GLVFUHSDQF\� REVHUYHG�

EHWZHHQ�VWXGHQWV
� LQWHUQDWLRQDO�DFKLHYHPHQW�UHVXOWV�RQ�:7������DQG�3$�������

7KLV�GLVFUHSDQF\�IDGHG�ZKHQ�REVHUYLQJ�WKH�VFRUHV�PRUH�LQ�GHSWK��LQFOXGLQJ�WKH�

VWDQGDUG� HUURUV�� ZKLFK� LQGLFDWHG� WKH� SUREDELOLW\�PDUJLQV� RI� WKH� UHVXOWV��:KHQ�

FRQVLGHULQJ�WKHVH�PDUJLQV�RI�SUHFLVLRQ��'XWFK�VWXGHQWV
�VFRUHV�ZHUH�FRPSDUDEOH�

WR�WKH�VWXGHQWV
�VFRUHV�RI�D�ODUJH�JURXS�RI�FRXQWULHV��ERWK�RQ�:7������DQG�3$�

������$GGLWLRQDOO\��WKH�UHSOLFDWLRQ�RI�WKH�3HUIRUPDQFH�$VVHVVPHQW�WXUQHG�RXW�WR�

EH�XVHIXO�IRU�ILQGLQJ�HYLGHQFH�RQ�WKH�UHOLDELOLW\�RI�LQVWUXPHQWV�RI�3$�������7HVW�

FLUFXPVWDQFHV� KDG� EHHQ� GLIILFXOW� WR� FRQWURO� DQG� WKH� FRGLQJ� RI� IUHH�UHVSRQVH�

DQVZHUV�KDG�EHHQ�D�FRPSOH[�H[HUFLVH��$IWHU�GLVFDUGLQJ�WKH�XQUHOLDEOH�WHVW�LWHPV�

IURP�DQDO\VLV��WKH�GLVFUHSDQF\�WXUQHG�RXW�WR�EH�PLQLPDO��7KHUHIRUH��WKH�LQWHU�WHVW�

DFKLHYHPHQW� GLVFUHSDQF\� RI� �����ZDV� UHGXFHG� WR� D� QRQ�H[LVWLQJ� SKHQRPHQRQ� �VHH�

VHFWLRQ�������2Q�ERWK�:7������DQG�3$�������'XWFK�VWXGHQWV
� DFKLHYHPHQW� LQ�

PDWKHPDWLFV�ZDV�DERYH�WKH�LQWHUQDWLRQDO�DYHUDJH��MXVW�OLNH�LW�KDG�DOUHDG\�EHHQ�LQ�

DQ�HDUOLHU�,($�VWXG\��WKH�6HFRQG�,QWHUQDWLRQDO�0DWKHPDWLFV�6WXG\��FRQGXFWHG�LQ�

������FI��6HFWLRQ���������

7KH� UHSOLFDWLRQ� RI� ERWK�:7������ DQG� 3$������ VKRZHG� WKDW� 'XWFK� VWXGHQWV
�

DFKLHYHPHQWV� LQ� PDWKHPDWLFV� KDG� RQO\� FKDQJHG� PLQLPDOO\�� 7KH� VFRUH� RQ� WKH�

:ULWWHQ�7HVW�KDG�LQFUHDVHG�VOLJKWO\��EXW�VLJQLILFDQWO\��E\�PHDQV�RI�WKH�VLJQ�WHVW��VHH�

VHFWLRQ���������ZKLOH�WKH�VFRUH�RQ�WKH�3HUIRUPDQFH�$VVHVVPHQW�KDG�QRW�FKDQJHG�

VLJQLILFDQWO\�� 7KXV�� WKH� RFHDQ� OLQHU� KDG� FKDQJHG� LWV� FRXUVH� WR� D�PLQRU� GHJUHH��

:KHWKHU�WKH�YHVVHO�ZDV�KHDGLQJ�LQ�WKH�LQWHQGHG�GLUHFWLRQ��ZDV�DQRWKHU�LVVXH���

�

7KH�VHFRQG�UHVHDUFK�TXHVWLRQ�RI�WKH�0(75,&�VWXG\�OLQNHG�WKH�GDWD�JDLQHG�DW�WKH�

OHYHOV� RI� WKH� LQWHQGHG�� LPSOHPHQWHG� DQG� DWWDLQHG� FXUULFXOXP��%\� VHDUFKLQJ� IRU�

LQWUD�FXUULFXODU� UHODWLRQV�� SRVVLEOH� WUHQGV� LQ� VWXGHQWV
� DFKLHYHPHQW� FRXOG� EH�

H[SODLQHG��7KH� LQWHQGHG�DQG�DWWDLQHG�FXUULFXOXP�ZHUH� OLQNHG�E\�VHSDUDWLQJ� WKH�

LWHPV� DFFRUGLQJ� WR� WKH� MXGJHPHQW� E\� H[SHUWV�� 7KHUH�ZHUH� LWHPV� WKDW�PDWFKHG�

ZLWK� WKH� LQWHQGHG� FXUULFXOXP� LQ� ������ DQG� RWKHU� LWHPV� WKDW�PDWFKHG�ZLWK� WKH�

LQWHQGHG� FXUULFXOXP� LQ������������7KH� MXGJHPHQWV�RQ� WKH� DSSURSULDWHQHVV�RI�

ERWK�WHVWV�LQ�OLJKW�RI�WKH�LQWHQGHG�FXUULFXOXP�KDG�FKDQJHG�IRU���������RI�WKH�

LWHPV�EHWZHHQ������DQG������������7KH�FKDQJHV�UHIOHFWHG�WKH�DGDSWDWLRQV�RI�WKH�

LQWHQGHG�FXUULFXOXP�EHWZHHQ�WKH�WZR�WHVW�DGPLQLVWUDWLRQV��OHVV�PHQWDO�DULWKPHWLF��

PRUH�FDOFXODWRU�XVDJH���DQG�WKH�DGDSWDWLRQV�LQ�WKH�QRWDWLRQ�RI�PXOWLSOLFDWLRQ�ZLWK�

YDULDEOHV��
�D
�LQ�:7������KDG�EHHQ�DOWHUHG�LQWR�
��D
�LQ�:7��������2WKHU�UHDVRQV�
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IRU� WKH� FKDQJH�� JLYHQ� LQ� FKDSWHU� ��� ZHUH�� FRQIXVLRQ� LQ� MXGJLQJ� WKH� LWHPV� �H�J��

LJQRULQJ� WKH� IRUPDW�� ZKLOH� WKLV� FRXOG� QRW� EH� LJQRUHG��� DQG� D� VKLIW� LQ�

LQWHUSUHWDWLRQV�RI�WKH�LQWHQGHG�FXUULFXOXP��VHH�VHFWLRQ���������7KH�SRVVLELOLW\�RI�D�

ORZ�UHOLDELOLW\�RI�WKH�LQVWUXPHQW�ZDV�DOVR�VWDWHG��LQ�WKH�FDVH�RI�WKH�LQVWUXPHQWV�RQ�

MXGJLQJ� WKH�:ULWWHQ� 7HVW�� +RZHYHU�� WKH� SDUDOOHO� LQVWUXPHQW� IRU�PHDVXULQJ� WKH�

MXGJHPHQW� RQ� WKH� DSSURSULDWHQHVV� RI� WKH� 3HUIRUPDQFH� $VVHVVPHQW� KDG� DQ�

DFFHSWDEOH�UHOLDELOLW\��¡ �����DQG�¡ ������VHH�VHFWLRQ���������DQG�WKH�UHVXOWV�IURP�

WKDW�PHDVXUHPHQW�DOVR�VKRZHG�WKH�VKLIW�LQ�H[SHUWV
�MXGJHPHQW��

0RUHRYHU�� WKH� 0(75,&� VWXG\� GLVFRYHUHG� WKDW� VWXGHQWV
� DFKLHYHPHQW� RQ� WKH�

LWHPV� WKDW�PDWFKHG� WKH� LQWHQGHG� FXUULFXOXP� LQ� �����ZDV� ORZHU� WKDQ� VWXGHQWV
�

DFKLHYHPHQW�RQ�WKH� LWHPV�WKDW�PDWFKHG�WKH� LQWHQGHG�FXUULFXOXP�LQ������������

7KLV�ZDV�FDXVHG�E\�WKH�IDFW�WKDW��LQ�������WKH�H[SHUWV�KDG�SUHIHUUHG�
KDUGHU
�LWHPV�

WKDQ�LQ������������ZKLOH�WKH\�KDG�QR�DFFHVV�WR�VWXGHQWV
�DFKLHYHPHQW�UHVXOWV��,W�

ZDV� FRQFOXGHG� WKDW�� VR� WR� VD\�� WKH� LQWHQGHG� FXUULFXOXP�KDG�PDGH� FRQFHVVLRQV�

WRZDUGV� WKH� DWWDLQHG� FXUULFXOXP�� ,W� PHDQW� WKDW�� LQ� ����������� PRUH� VWXGHQWV�

ZHUH�DEOH�WR�FRPSOHWH�WKH�LWHPV�WKDW�PDWFKHG�ZLWK�WKH�LQWHQGHG�FXUULFXOXP��QRW�

EHFDXVH�VWXGHQWV
�DFKLHYHPHQWV�KDG�FKDQJHG��EXW�EHFDXVH�WKH�MXGJHPHQW�RQ�WKH�

DSSURSULDWHQHVV�RI� LWHPV�KDG�FKDQJHG��7KLV� ILQGLQJ�ZDV�REVHUYHG�ERWK�RQ� WKH�

:ULWWHQ�7HVW� DQG�RQ� WKH�3HUIRUPDQFH�$VVHVVPHQW�� LQGHSHQGHQWO\� �VHH�VHFWLRQV�

������ DQG� �������� 7KH� FRUUHODWLRQ� FRHIILFLHQWV� EHWZHHQ� H[SHUWV
� MXGJHPHQW� DQG�

VWXGHQWV
�DFKLHYHPHQW�FRQILUPHG�WKH�LQFUHDVHG�DOLJQPHQW��VHH�7DEOH��������

�

)RU� WKH� OLQN� EHWZHHQ� WKH� LPSOHPHQWHG� DQG� DWWDLQHG� FXUULFXOXP�� FRUUHODWLRQ�

FRHIILFLHQWV�DW� LWHP�OHYHO�ZHUH�FDOFXODWHG�EHWZHHQ�WHDFKHUV
� MXGJHPHQW�GDWD�DQG�

VWXGHQWV
�DFKLHYHPHQW�GDWD��27/�UDWHV�DQG�S�YDOXHV���7KH�FDOFXODWLRQ�FRXOG�QRW�

EH�FDUULHG�RXW�IRU�:7������EHFDXVH�RI�ODFN�RI�GDWD��)RU�3$�������WKH�DYDLODEOH�

GDWD�\LHOGHG�QR�VLJQLILFDQW�FRUUHODWLRQ�FRHIILFLHQW��7KLV�PHDQW�WKDW�WKHUH�ZDV�QR�

FOHDU� UHODWLRQ�EHWZHHQ� WHDFKHUV
� MXGJHPHQW� DQG� VWXGHQWV� DFKLHYHPHQW��6WXGHQWV�

ZHUH�DEOH�WR�SHUIRUP�ZHOO�RQ�LWHPV�WKDW�WKH�WHDFKHUV�LQGLFDWHG�DV�LQDSSURSULDWH��

RU� WKH�RWKHU�ZD\�DURXQG��%\������������ WKH� VLWXDWLRQ�KDG�FKDQJHG��7KH�27/�

GDWD�FROOHFWLRQ�ZDV�FRPSOHWHG�IRU�DOO� LWHPV�LQ�WKH�:ULWWHQ�7HVW��&RPELQLQJ�WKH�

27/�GDWD�ZLWK�DFKLHYHPHQW�GDWD�UHVXOWHG�LQ�D�FRUUHODWLRQ�FRHIILFLHQW�RI�U �����

IRU�:7�������:KHQ�FRPSDULQJ�WR�RWKHU�UHVHDUFK�UHVXOWV��D�FRHIILFLHQW�RI�U �����

ZDV� FRQVLGHUHG� VDWLVIDFWRU\� �VHH� VHFWLRQ� �������� 2Q� 3$������� ERWK� 27/�

MXGJHPHQWV� E\� WKH� WHDFKHUV� �27/�FRYHUHG� DQG� 27/�WHVWLQJ�� KDG� LQFUHDVHG�

RYHUDOO� VLQFH� ������ DQG� WKH� FRPELQDWLRQ� ZLWK� WKH� DFKLHYHPHQW� UHVXOWV� \LHOGHG�

U ����� IRU�27/�FRYHUHG��+RZHYHU��QR�VLJQLILFDQW�FRUUHODWLRQ�IRU�27/�WHVWLQJ��
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7KH�ODWWHU�FRXOG�EH�DVFULEHG�WR�PDWKHPDWLFV�WHDFKHUV
�XQIDPLOLDULW\�ZLWK�SUDFWLFDO�

WHVWV�� WKHLU� LQFUHDVHG� MXGJHPHQWV�RQ� LQFOXGLQJ� LWHPV� LQWR�DQ�LPDJLQDU\�SUDFWLFDO�

WHVW�ZDV�QRWHZRUWK\� LQ� LWVHOI��EXW� LW�PLJKW�KDYH�\LHOGHG� LPDJLQDU\� DQVZHUV� �VHH�

VHFWLRQ���������$V�D�UHVXOW��D�WUHQG�RQ�WKH�OLQN�EHWZHHQ�LPSOHPHQWHG�DQG�DWWDLQHG�

FXUULFXOXP� FRXOG� RQO\� EH� EDVHG� RQ� WKH� FRUUHODWLRQ� RI�27/�FRYHUHG� GDWD� DQG�

DFKLHYHPHQW� UHVXOWV� IURP� WKH�3HUIRUPDQFH�$VVHVVPHQW��'HVSLWH� WKH� OLPLWDWLRQ��

WKH� GDWD� VKRZHG� WKDW�� LQ� ����������� WKH� DWWDLQHG� DQG� WKH� LPSOHPHQWHG�

FXUULFXOXP�ZHUH�EHWWHU�DOLJQHG�WKDQ�LQ�������VHH�VHFWLRQV�������DQG���������

�

)RU�WKH�OLQN�EHWZHHQ�LQWHQGHG�DQG�LPSOHPHQWHG�FXUULFXOXP��DJDLQ��WKH�LWHPV�ZHUH�

VHSDUDWHG� DFFRUGLQJ� WR� WKH� MXGJHPHQW� E\� WKH� H[SHUWV�� $GGLWLRQDOO\�� FRUUHODWLRQ�

FRHIILFLHQWV�DW�LWHP�OHYHO�ZHUH�FDOFXODWHG�EHWZHHQ�H[SHUWV
�DQG�WHDFKHUV
�MXGJHPHQW�

GDWD� �WHVW�FXUULFXOXP� PDWFKLQJ� LQGLFHV� DQG� 27/� UDWHV��� $JDLQ�� WKH� FDOFXODWLRQV�

FRXOG� QRW� EH� PDGH� IRU� :7������ EHFDXVH� RI� ODFN� RI� GDWD�� 7KH� GDWD� IURP� WKH�

3HUIRUPDQFH� $VVHVVPHQW� VKRZHG� DQ� LQFUHDVHG� DOLJQPHQW�� ZLWK� LQVLJQLILFDQW�

FRHIILFLHQWV�LQ�������LQGLFDWLQJ�WKDW�WKHUH�ZDV�QR�FOHDU�UHODWLRQ�EHWZHHQ�WKH�GDWD��,Q�

����������� WKH� FRUUHODWLRQ� KDG� EHFRPH� VLJQLILFDQW� U ����� IRU� WKH� 3HUIRUPDQFH�

$VVHVVPHQW��IRU�27/�FRYHUHG���7KH�DOLJQPHQW�ZDV�FRQILUPHG�E\�WKH�FRUUHODWLRQ�

FRHIILFLHQW� IURP� :7������� ZKLFK� ZDV� U ������ 7KLV� PHDQW�� WKDW� DQ� LQFUHDVLQJ�

QXPEHU�RI� WHDFKHUV� LQGLFDWHG� WKDW� WKH� LQWHQGHG�FXUULFXOXP�LQGHHG�PDWFKHG�ZLWK�

LPSOHPHQWHG�FXUULFXOXP��&RQWUDULZLVH��LW�FRXOG�DOVR�PHDQ�WKDW�WKH�H[SHUWV�ZHUH�WR�

DQ�LQFUHDVLQJ�UDWH�LQGLFDWLQJ�WKDW�WKH�LPSOHPHQWHG�FXUULFXOXP�ZDV�WKH�FRQWHQW�WKDW�

ZDV�LQGHHG�LQWHQGHG�WR�EH�FRYHUHG��������DQG���������

7KH�GDWD�LQGLFDWH�WKDW�EHWZHHQ������DQG������������

��� 7KH�DSSURSULDWHQHVV�RI�WKH�:ULWWHQ�7HVW�LQ�OLJKW�RI�WKH�LQWHQGHG�FXUULFXOXP�

FKDQJHG� FRQVLGHUDEO\�� EXW� ZLWK� RQO\� DSSUR[LPDWHO\� ���� RI� WKH� WHVW� LWHPV�

PDWFKLQJ�ZLWK�WKH�LQWHQGHG�FXUULFXOXP��WKH�DSSURSULDWHQHVV�ZDV�UHODWLYHO\�ORZ�

ZKHQ� FRPSDUHG� LQWHUQDWLRQDOO\�� 7KH� DSSURSULDWHQHVV� RI� WKH� 3HUIRUPDQFH�

$VVHVVPHQW� LQ� OLJKW� RI� WKH� LQWHQGHG� FXUULFXOXP� GHFUHDVHG�� +RZHYHU�� WKH�

3HUIRUPDQFH�$VVHVVPHQW�UHPDLQHG�PRUH�DSSURSULDWH�WKDQ�WKH�:ULWWHQ�7HVW��

��� ,Q�������WKH�DSSURSULDWHQHVV�RI�WKH�:ULWWHQ�7HVW�LQ�OLJKW�RI�WKH�LPSOHPHQWHG�

FXUULFXOXP� ZDV� VDWLVIDFWRU\� �LQVXIILFLHQW� GDWD� DYDLODEOH� IRU� ������� WKH�

DSSURSULDWHQHVV�RI�WKH�3HUIRUPDQFH�$VVHVVPHQW�LQ�OLJKW�RI�WKH�LPSOHPHQWHG�

FXUULFXOXP�ZDV�ORZ�LQ�������EXW�KDG�LQFUHDVHG�LQ�������

��� 6WXGHQWV
�DFKLHYHPHQW�UHPDLQHG�KLJKO\�VWDEOH��RQO\�VKRZLQJ�PLQLPDO�FKDQJH��

��� :LWKLQ� D� WLPHIUDPH� RI� IRXU�ILYH� \HDUV�� WKH� GDWD� IURP� WKH� WKUHH� FXUULFXODU�

DSSHDUDQFHV�VKRZ�DQ�LQFUHDVHG�DOLJQPHQW�EHWZHHQ�DOO�WKUHH�OHYHOV��
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+HQFH�� LW� DSSHDUHG� WKDW� LQ� ������ WKH� RFHDQ� OLQHU� IROORZHG� D� FRXUVH�� ZKLFK�

GHYLDWHG�IURP�WKH�FRXUVH�VWHHUHG��DQG�IURP�WKH�FRXUVH�GXH��%\������������WKH�

YHVVHO�KDG�FKDQJHG�LWV�FRXUVH�WR�D�PLQRU�GHJUHH��ZKLOH�WKH�FRXUVH�VWHHUHG�DQG�WKH�

FRXUVH�GXH�KDG�EHHQ�DOWHUHG�LQ�VXFK�D�ZD\��WKDW�WKH�WKUHH�DOLJQHG�EHWWHU��

�

,QWHUSUHWLQJ�WKH�ILQGLQJV�

7KH�GDWD�RI�WKH�0(75,&�VWXG\�DQG�WKH�UHVXOWLQJ�DQDO\VHV�VKRXOG�EH�LQWHUSUHWHG�

DJDLQVW�WKH�EDFNJURXQG�RI�WKH�FXUULFXOXP�UHIRUP��ZKLFK�ZDV�OHJLVODWHG�LQ�������

7KH�QHZ�PDWKHPDWLFV�FXUULFXOXP�KDG�EHHQ�GHVLJQHG�E\�DQ�HQWKXVLDVWLF�SURMHFW�

JURXS��:�������0DWKHPDWLFV�ZDV�WR�EH�LQWHJUDWHG�LQWR�FRQWH[WV��IRFXVLQJ�RQ�LWV�

XVHIXOQHVV�� 0XOWLSOH� FKRLFH� LWHPV� ZHUH� UHQRXQFHG�� 7KH� REMHFWLRQV� RI� WKH�

FXUULFXOXP�GHYHORSHUV�DJDLQVW�WKH�PDQ\�PXOWLSOH�FKRLFH�DQG�
EDUH
�PDWKHPDWLFV�

LWHPV�LQ�WKH�7,066�:ULWWHQ�7HVW�ZHUH�SURIRXQG��DV�WKH� LWHPV�UHPLQGHG�RI�WKH�

DEDQGRQHG�FXUULFXOXP��7KH�DUGRXU�RI�WKH�:������SURMHFW�JURXS�VSUHDG�RXW�KLJK�

H[SHFWDWLRQV��IRU�H[DPSOH�WRZDUGV�WKH�3HUIRUPDQFH�$VVHVVPHQW��$OWKRXJK�WKHUH�

ZDV�QR�DVVHVVPHQW�SUDFWLFH�VLPLODU�WR�WKLV�WHVW��WKH�H[SHUWV�H[SHFWHG�LW�WR�PDWFK�

ZLWK� WKH�GHVLJQ�RI� WKH� LQWHQGHG�FXUULFXOXP��$OWKRXJK� WKH� LQWHQGHG�FXUULFXOXP�

ZDV�REYLRXVO\�IRUPXODWHG�LQ�FRUH�REMHFWLYHV��LW�ZDV�QRW�\HW�IXOO\�NQRZQ�WR�ZKDW�

H[WHQW�LW�FRXOG�EH�LPSOHPHQWHG�RU�ZDV�DWWDLQDEOH��

,Q� ������ PDWKHPDWLFV� WHDFKHUV� GLG� QRW� VKDUH� WKH� HQWKXVLDVP�� 7KH\� KDG� EHHQ�

LQIRUPHG� RQ� WKH� QHZ� FXUULFXOXP�� EXW� LWV� LQWHQWLRQV� KDG� QRW� \HW� VHWWOHG�� IRU�

H[DPSOH�RQ�KRZ�WKH�SUDFWLFDO�XVHIXOQHVV�RI�PDWKHPDWLFV�ZDV�WR�EH�LPSOHPHQWHG�

LQ� FODVVURRPV�� 7KH� MXGJHPHQW� RQ� WKH� DSSURSULDWHQHVV� RI� WKH� 3HUIRUPDQFH�

$VVHVVPHQW�LQGLFDWHG�WKDW�RQ�DYHUDJH�RQO\�����RI�WKH�WHDFKHUV�KDG�FRYHUHG�WKH�

FRQWHQW�WHVWHG�LQ�WKH�LWHPV��DQG�RQO\�KDOI�WKH�WHDFKHUV�������LQGLFDWHG�WKDW�WKH\�

FRXOG� LQFOXGH� LWHPV� IURP� WKH� 3HUIRUPDQFH�$VVHVVPHQW� LQWR� D� SUDFWLFDO� WHVW� RI�

WKHLU� RZQ� PDNLQJ�� ,Q� ������ SUREDEO\� PDQ\� WHDFKHUV� ZHUH� VWLOO� HQJDJHG� LQ� D�

SURFHVV� RI� GLVFRYHULQJ� DQG� DSSUDLVLQJ� WKH� LQWHQGHG� FXUULFXOXP��ZKLOH� RIIHULQJ�

WKHLU�VWXGHQWV�D�PL[�RI�WUDGLWLRQDO�DQG�QHZ�FRQWHQW��ZLWKRXW�VHWWLQJ�SULRULWLHV��

)RXU� \HDUV� ODWHU�� WKH� FXUULFXOXP� H[SHUWV� KDG� EHFRPH� PRUH� DZDUH� RI� WKH�

ERXQGDULHV� DQG� KXUGOHV� RI� WKH� LQLWLDO� FRUH� REMHFWLYHV�� 7KHVH� REMHFWLYHV� ZHUH�

UHYLHZHG�� DQG� SUREDEO\�� WKH� HQWKXVLDVP� RI� WKH� :������ SURMHFW� JURXS� KDG�

GZLQGOHG�DV�ZHOO��7KH�H[SHUWV�FKDQJHG�WKHLU�MXGJHPHQW�RQ�WKH�DSSURSULDWHQHVV�RI�

LWHPV� LQ� WKH�:ULWWHQ� 7HVW�� 7KHLU� FKDQJHG� MXGJHPHQW� SRLQWHG� DW� 
HDVLHU
� LWHPV��

7KHLU�DSSURYDO�RI�WKH�3HUIRUPDQFH�$VVHVVPHQW�GHFUHDVHG��LQ�SDUWLFXODU�RQ�LWHPV��

ZKLFK�FRQFOXGHG�WKH�WDVNV��WKH�PRUH�UHIOHFWLYH�WDVNV����

,Q�������PDQ\�WHDFKHUV�LQGLFDWHG�WKH�LWHPV�IURP�WKH�:ULWWHQ�7HVW�VXLWDEOH�IRU�D�



��� &KDSWHU �

WHVW�RI�WKHLU�RZQ�PDNLQJ�FRYHULQJ�DOO�FRQWHQW�WDXJKW�XQWLO�WHVW�DGPLQLVWUDWLRQ��WKH�

DYHUDJH�27/�UDWH�ZDV������7KLV�FRXOG�PHDQ�WKDW�WKH�FRQWHQW�ZDV�FRYHUHG�LQGHHG��

RU�WKDW�WKH�WHDFKHUV�HVWLPDWHG�WKDW�WKHLU�VWXGHQWV�ZHUH�
UHDG\
�IRU�WKHP��'HVSLWH�

WKH�PXOWLSOH�FKRLFH�IRUPDW�RI�PDQ\�LWHPV��DQG�WKHLU�
EDUH
�QDWXUH��QRW�LQWHJUDWLQJ�

FRQWH[W�DQG�PDWKHPDWLFV���RQO\�VL[�RXW�RI�����LWHPV�LQ�WKH�:ULWWHQ�7HVW�KDG�DQ�

27/�UDWH� EHORZ� ���� 7KLV� FRXOG�PHDQ�� WKDW�PDQ\�'XWFK� WHDFKHUV� VWLOO� RIIHUHG�

WKHLU�VWXGHQWV�LWHPV�VLPLODU�WR�WKRVH�IURP�WKH�:ULWWHQ�7HVW��DQG�WKXV��UHIOHFWLQJ�

WKH�DEDQGRQHG�FXUULFXOXP��

$�WUDLOLQJ�LPSOHPHQWDWLRQ�RI�WKH�QHZ�FXUULFXOXP��DQG�WKH�DGKHUHQFH�RI�WHDFKHUV�

WR�PRUH�WUDGLWLRQDO�DVVHVVPHQW�SUDFWLFHV�FRXOG�H[SODLQ� WKH�VOLJKW�EXW�VLJQLILFDQW�

LPSURYHPHQW�RI� VWXGHQWV
� DFKLHYHPHQW�RQ� WKH�:ULWWHQ�7HVW�EHWZHHQ������DQG�

������7KH�SUXGHQFH�RI�WHDFKHUV�FRXOG�DOVR�H[SODLQ�WKH� ODFN�RI� LPSURYHPHQW�RI�

VWXGHQWV
�DFKLHYHPHQW�RQ�WKH�3HUIRUPDQFH�$VVHVVPHQW��'HVSLWH�WKH�SUXGHQFH��LQ�

������WHDFKHUV
�MXGJHPHQW�KDG�EHFRPH�EHWWHU�DOLJQHG�ZLWK�WKH�H[SHUWV
�MXGJHPHQW�

�U ����� IRU�:7������DQG�U ����� IRU�3$�������27/�FRYHUHG���7KLV� LV�DQRWKHU�

QRWHZRUWK\� UHVXOW� RI� WKH� 0(75,&� VWXG\�� DV� LW� LQGLFDWHV� WKDW� WKH� LQWHQGHG�

FXUULFXOXP� DOLJQHG� EHWWHU� ZLWK� WKH� LPSOHPHQWHG� FXUULFXOXP�� 7KLV� FRXOG� KDYH�

UHVXOWHG� LQ� WKH�VOLJKW��EXW�VLJQLILFDQW� LPSURYHPHQW�RI�VWXGHQWV
�DFKLHYHPHQW�RQ�

WKH� SDUWLFXODU� LWHPV� WKDW� PDWFKHG� ZLWK� WKH� LQWHQGHG� FXUULFXOXP� �VHH� VHFWLRQ�

��������$W�WKH�VDPH�WLPH��WKH�PDWKHPDWLFV�WHDFKHUV�LQFUHDVHG�WKHLU�DSSUHFLDWLRQ�RI�

WKH�3HUIRUPDQFH�$VVHVVPHQW�FRQVLGHUDEO\��27/�WHVWLQJ���7KLV�UHVXOW�SRLQWHG�DW�D�

SRVVLEOH�FKDQJH�LQ�WHDFKHUV
�DWWLWXGH��,W�FRXOG�EH�DQRWKHU�LQGLFDWLRQ�RI�WHDFKHUV
�

LQFUHDVHG� DGKHUHQFH� WR� WKH� QHZ�� LQWHQGHG� FXUULFXOXP� DQG� RI� DOLJQPHQW� RI�

LQWHQGHG� DQG� LPSOHPHQWHG� FXUULFXOXP�� 7KLV� LV� QRWHZRUWK\�� +RZHYHU�� WKH�

FKDQJLQJ� DWWLWXGHV� GLG� QRW� OHDG� WR� DQ\� VLJQLILFDQW� LPSURYHPHQW� LQ� VWXGHQWV
�

DFKLHYHPHQW�RQ�WKH�SUDFWLFDO�WHVW��VHH�VHFWLRQ����������

)URP�DQ�LQWHUQDWLRQDO�SHUVSHFWLYH��LW�DSSHDUV�WKDW�WKH�DFKLHYHPHQW�UHVXOWV�VKRZ�

WKDW� WKH�'XWFK� HGXFDWLRQDO� V\VWHP� \LHOGV� VDWLVI\LQJ� UHVXOWV��+RZHYHU�� LW�ZRXOG�

UHTXLUH� IXUWKHU� VWXG\� WR� HVWDEOLVK� ZKHWKHU� WKH� DFKLHYHPHQW� UHVXOWV� ZHUH�

VDWLVIDFWRU\�E\�QDWLRQDO�VWDQGDUGV��7KLV�ZRXOG�UHTXLUH�IXUWKHU�LQYHVWLJDWLRQ�RI�WKH�

QDWXUH�RI�WKH�WZR�WHVWV��ZKLFK�LWHPV�ZHUH�PRUH�HOHPHQWDU\�RU�PRUH�FKDOOHQJLQJ�

LQ� QDWXUH�� WR� ZKDW� H[WHQW� ZHUH� PDWKHPDWLFDO� DFWLYLWLHV� UHTXLUHG�� DQG� WR� ZKDW�

H[WHQW�ZDV�WKH�'XWFK�LQWHQGHG�FXUULFXOXP�IRU�MXQLRU�VHFRQGDU\�VFKRROV�FRYHUHG"�

7KXV�� WKH� 'XWFK� RFHDQ� OLQHU� VHHPV� WR� KDYH� D� FDSWDLQ� ZKR� NHHSV� D� UHODWLYHO\�

FRUUHFW� FRXUVH�� ZKHQ� FRPSDUHG� WR� WKH� FRXUVH� RI� RWKHU� QDWLRQV
� YHVVHOV�� 7KH�

FRXUVH�EHFDPH�FORVHU�WR�ZKDW�WKH�DXWKRULWLHV
� LQWHQGHG��EXW�WKLV�GRHV�QRW�PHDQ�

LWV�KHDGLQJ�ZDV�FRUUHFW�E\�QDWLRQDO�VWDQGDUGV���
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������ 7KH�HIIHFW�RI�VPDOO�GLIIHUHQFHV�

7KH�0(75,&�VWXG\�KDV�VKRZQ�WKDW�VPDOO�GLIIHUHQFHV�FDQ�KDYH�ODUJH�HIIHFWV��7KLV�

REVHUYDWLRQ�ZDV�PDGH�RQ�VHYHUDO�RFFDVLRQV��7KLV�HIIHFW�ZDV�SHUFHLYHG�DW�WKH�OHYHO�

RI� WKH� DWWDLQHG� FXUULFXOXP�� 7KH� VPDOO� DGDSWDWLRQV� LQ� WKH� HTXLSPHQW� RI� WKH�

3HUIRUPDQFH�$VVHVVPHQW�LQGXFHG�GLIIHUHQW�WHVWLQJ�FLUFXPVWDQFHV��ZKLFK�UHVXOWHG�

LQ�GLIIHUHQW�DFKLHYHPHQWV��7KH�GLIIHUHQFH�EHWZHHQ�DQ�HDV\�WR�XVH��SODVWLF�EDODQFH�

DQG� GHOLFDWH�� PHWDO� VFDOHV� ZDV� DOORZHG� DFFRUGLQJ� WR� WKH� 7,066� SURWRFROV��

+RZHYHU��WKH�ILUVW�UHDFKHG�LWV�SRLQW�RI�EDODQFH�IDVWHU�DQG�WKLV�JDYH�VWXGHQWV�PRUH�

WLPH� WR� FRPSOHWH� WKH� UHPDLQGHU� RI� WKHLU� WDVNV�� 7KXV�� D� VPDOO� GLIIHUHQFH� LQ�

HTXLSPHQW�FRXOG�FDXVH�D�ODUJH�GLIIHUHQFH�LQ�VFRUHV���

6LPLODUO\��WKH�VPDOO�DGDSWDWLRQV�WKURXJK�WKH�
FORQLQJ
�RI�WHVW�LWHPV��PDNLQJ�VPDOO�

DGDSWDWLRQV��H�J��E\�FKDQJLQJ�WKH�QXPEHUV��PDGH�VRPH�LWHPV�KDUGHU�DQG�RWKHUV�

HDVLHU��,Q�RQH�H[DPSOH�IURP�WKH�:ULWWHQ�7HVW��WKH�LWHP�ZDV�FKDQJHG�LQWR�D�PRUH�

DWWUDFWLYH�FRQWH[W��9�����D�ER\�VHOHFWLQJ�D�VXEVFULSWLRQ�WR�D�MRXUQDO�LQVWHDG�RI�D�

EXVLQHVVPDQ� VHOHFWLQJ� RIILFH� VSDFH� WR� UHQW��� 7KLV� VPDOO� DGMXVWPHQW� DOPRVW�

GRXEOHG�WKH�QXPEHU�RI�'XWFK�VWXGHQWV�EHLQJ�DEOH�WR�FRPSOHWH�WKH�LWHP�FRUUHFWO\���

 
6PDOO�GLIIHUHQFHV�KDYLQJ�ODUJH�HIIHFWV�ZDV�DOVR�QRWLFHG�LQ�WKH�0(75,&�VWXG\�LQ�

WKH�UHSRUWV�RI�DYHUDJH�VWXGHQWV
�VFRUHV�RI�QDWLRQV��7KLV�ZDV�REVHUYHG�ZKHQ�WKH�

UHVXOWV� RI� WKH� WHVWV� ZHUH� SUHVHQWHG� WKURXJK� OHDJXH� WDEOHV� LQ� ZKLFK� WKH�

SDUWLFLSDWLQJ�FRXQWULHV�ZHUH�UDQNHG�LQ�WKHLU�RUGHU�RI�VFRUH��H�J��%RV�	�9RV��������

%HDWRQ�HW�DO���������+DUPRQ�HW�DO���������.XLSHU�HW�DO���������������0XOOLV�HW�DO���

�������,QVLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�FRXQWULHV�PD\�VHHP�HQODUJHG��ZKHQ�WKH�

UHVXOWV�DUH�H[SUHVVHG�RQ�WKH�RUGLQDO�VFDOH�RI�UDQNLQJV��7KH�UDQNLQJV�DUH�SRSXODU�

DPRQJ� MRXUQDOLVWV� DQG� SROLWLFLDQV�� PDNLQJ� WKHVH� OHDJXH� WDEOHV� JR� D� ORQJ� ZD\��

+RZHYHU��WKH�XQGHUO\LQJ�SUREDELOLW\�LQWHUYDOV�EHFRPH�PDUJLQDOL]HG��,Q�IDFW��WKH�

0(75,&�VWXG\�ZDV� LQLWLDWHG��SDUWO\��EHFDXVH�RI�WKLV�LQGLVFUHWLRQ��7KH�REVHUYHG�

GLVFUHSDQF\�EHWZHHQ�'XWFK�VWXGHQWV
�DFKLHYHPHQWV�RQ�WKH�WZR�GLIIHUHQW�7,066�

���WHVWV�KDG�FDSLWDOLVHG�RQ�WKH�UDQNLQJV�LQ�WKH�OHDJXH�WDEOH��7KDW�REVHUYDWLRQ�ZDV�

GHILFLHQW� IRU� WZR� UHDVRQV�� LW� ZDV� GLVSURSRUWLRQHG� E\� WKH� UDQNLQJV�� DQG� LW� ZDV�

DIIHFWHG�E\�WKH�UHVXOWV�RQ�WKH� WDVN�3ODVWLFLQH� IURP�WKH�3HUIRUPDQFH�$VVHVVPHQW��

ZKLFK� FRQVLVWHG� RI� XQUHOLDEOH� GDWD� DQG� SXOOHG� GRZQ� WKH� 'XWFK� VFRUH�� 7KH�

0(75,&�VWXG\�HVWDEOLVKHG�WKDW�WKH�'XWFK�VWXGHQWV
�UHVXOWV�RQ�WKH�3HUIRUPDQFH�

$VVHVVPHQW�ZHUH�RI�WKH�VDPH�PDJQLWXGH�DV�WKH�UHVXOWV�RQ�WKH�:ULWWHQ�7HVW��ZKHQ�

FRPSDULQJ�LQWHUQDWLRQDOO\��ZKLOH�LJQRULQJ�WKH�UDQNLQJV�DQG�IRFXVLQJ�RQ�VFRUHV��
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7KH� REVHUYDWLRQ� RI� VPDOO� GLIIHUHQFHV� KDYLQJ� ODUJH� HIIHFWV� DOVR� RFFXUUHG� DW� WKH�

OHYHO�RI�WKH�LQWHQGHG�DQG�WKH�LPSOHPHQWHG�FXUULFXOXP��7HDFKHUV�DQG�H[SHUWV�KDG�

WR�MXGJH�LWHPV�RQ�D�QRPLQDO�\HV�QR�VFDOH��7KHUH�ZDV�QR�RSWLRQ�WR�GLIIHUHQWLDWH�

EHWZHHQ�WKH� WZR�HQGV��IRUFLQJ�WKH�UHVSRQGHQWV�WR�PDNH�ORQJ�GHOLEHUDWLRQV�DQG�

ILQG�VPDOO�GLIIHUHQFHV�WR�PDNH�DQ�DEVROXWH�FKRLFH��7KH�H[HUFLVH�ZDV�HYHQ�PRUH�

FRPSOH[� DV� WKH� MXGJHPHQW� KDG� WR� LQWHUSRODWH� EHWZHHQ� WKH� DELOLW\� WUDFNV� RI�

VWXGHQWV�DQG�WR�LJQRUH�WKH�IRUPDW�RI�WKH�LWHPV��VHH�VHFWLRQ����������

7KH� DEVHQFH� RI� DQ\� FRPSURPLVH� ZDV� UHSHDWHG� ZKHQ� DJJUHJDWLQJ� WKH� H[SHUWV
�

MXGJHPHQWV�� )RU� WKH�:ULWWHQ� 7HVW�� WKH� DJJUHJDWLRQ� RI� H[SHUWV
� MXGJHPHQW� ZDV�

FDUULHG�RXW�E\�DVNLQJ� WKHP�WR� UHDFK�FRQVHQVXV�� WKH� UHVXOW�RI�ZKLFK�ZDV��DJDLQ��

JLYHQ�RQ�WKH�ELQDU\�\HV�QR�VFDOH��7KLV�PHWKRG�\LHOGHG�DEVROXWH�DQVZHUV�LQ�FDVHV�

ZKHUH�D�PLGGOH�FRXUVH�ZDV�QHHGHG��7KHUHIRUH��WKH�ULJLG�PHWKRG�ZDV�QRW�DSSOLHG�

IRU� WKH� MXGJHPHQWV� E\� H[SHUWV� RQ� WKH� 3HUIRUPDQFH� $VVHVVPHQW�� RU� IRU� WKH�

WHDFKHUV
� MXGJHPHQW� RQ� HLWKHU� WHVW�� ,Q� WKHVH� FDVHV�� WKH� MXGJHPHQWV� ZHUH�

DJJUHJDWHG� LQWR� D� SHUFHQWDJH� RQ� D� UDWLR� VFDOH�� 7KH� SHUFHQWDJH� LQGLFDWHG� WKH�

QXPEHU�RI�WHDFKHUV�RU�H[SHUWV�ZKR�MXGJHG�WKH�LWHP�DV�
ILW
��,I�PDQ\�WHDFKHUV�RU�

H[SHUWV�KDG�JLYHQ�WKHLU�
\HV
��WKH�UDWH�ZRXOG�EH�KLJK��LI�PDQ\�WHDFKHUV�RU�H[SHUWV�

KDG� JLYHQ� WKHLU� 
QR
�� WKH� UDWH� ZRXOG� EH� ORZ�� 7KLV� JDYH� URRP� WR� QXDQFH� WKH�

MXGJHPHQW� RQ� WKH� DSSURSULDWHQHVV� RI� LWHPV�� 7KH� QHHG� IRU� D� PLGGOH� FRXUVH�

RFFXUUHG��LQ�SDUWLFXODU��RQ�LWHPV�WKDW�ZHUH�IRUPXODWHG�LQ�DQ�XQIDPLOLDU�ZD\��)RU�

H[DPSOH��WKH�PDWKHPDWLFDO�FRQWHQW�RI�DQ�LWHP�FRXOG�EH�FRQVLGHUHG�UHOHYDQW��EXW�

WKH�SUHVHQWDWLRQ�RI�DQ� LWHP�FRXOG�GLIIHU� IURP�SUDFWLFH� �H�J�� WKH�PXOWLSOH�FKRLFH�

IRUPDW�� RU� WKH� ODFN� RI� FRQWH[W��� ([SUHVVHG� RQ� D� ELQDU\� \HV�QR� VFDOH�� WKH�

MXGJHPHQWV�RQ�WKH�DSSURSULDWHQHVV�RI�WKH�:ULWWHQ�7HVW�LQ�OLJKW�RI�WKH�LQWHQGHG�

FXUULFXOXP�SURGXFHG�YHU\�GLYHUJLQJ�UHVXOWV�EHWZHHQ������DQG�������U �������7KH�

MXGJHPHQWV�RQ�WKH�DSSURSULDWHQHVV�RI�WKH�3HUIRUPDQFH�$VVHVVPHQW��ZKLFK�ZHUH�

DJJUHJDWHG� RQ� D� UDWLR� VFDOH�� VKRZHG�PRUH� FRQVLVWHQF\�EHWZHHQ������ DQG������

�U ������� 7KH� VDPH� MXGJHPHQWV� RQ� WKH� 3HUIRUPDQFH� $VVHVVPHQW�� ZKHQ�

WUDQVIRUPHG� RQWR� D� ELQDU\� \HV�QR� VFDOH�� VHHPHG� LQFRQVLVWHQW�� 7KXV�� WKH�

0(75,&� VWXG\� VKRZHG� WKDW� WKH� GLYHUJHQFH� RI� WKH� MXGJHPHQW� RQ� WKH�

DSSURSULDWHQHVV� RI� WKH�:ULWWHQ�7HVW� EHWZHHQ� ����� DQG� ����� FRXOG� KDYH� EHHQ�

FDXVHG�E\�WKH�PHWKRG�RI�DJJUHJDWLRQ��7KLV�VKRZHG��WKDW�WKH�VFDOHV�RQ�ZKLFK�WKH�

MXGJHPHQW�ZHUH� UHSUHVHQWHG��GLG�PDWWHU� LQGHHG� �VHH�VHFWLRQ�������DQG��������� ,W�

UHPDLQV�DQ�RSHQ�TXHVWLRQ�ZKHWKHU�WKH�FRQVLVWHQF\�ZRXOG�IXUWKHU�LQFUHDVH�LI��IRU�

H[DPSOH��ERWK�WKH�WHDFKHUV�DQG�WKH�H[SHUWV�ZHUH�DVNHG�WR�MXGJH�WKH�LWHPV�RQ�D�

IRXU�SRLQW�VFDOH��LQVWHDG�RI�RQ�WKH�ELQDU\�\HV�QR�VFDOH��
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������ 7KH�HIIHFW�RI�ODUJH�VFDOH�FXUULFXOXP�UHIRUPV�

7KH� 0(75,&� VWXG\� DLPHG� DW� ILQGLQJ� DQVZHUV� WR� DQ� REVHUYHG� GLVFUHSDQF\�

EHWZHHQ�WKH������DFKLHYHPHQW�UHVXOWV�RI�'XWFK�JUDGH���VWXGHQWV�RQ�WKH�7,066�

:ULWWHQ� 7HVW� DQG� WKH� 7,066� 3HUIRUPDQFH� $VVHVVPHQW�� 7KH� DFKLHYHPHQW� RI�

VWXGHQWV� ZDV� DVVRFLDWHG� ZLWK� WKH� FRLQFLGLQJ� FXUULFXOXP� UHIRUP� IRU� MXQLRU�

VHFRQGDU\�VFKRROV��$W�WKDW�OHYHO��WKH�WUDGLWLRQDO�LQWHQGHG�PDWKHPDWLFV�FXUULFXOXP�

RI� �����ZDV� UDGLFDOO\� UHIRUPHG� LQWR� DQ�50(�EDVHG� FXUULFXOXP� LQ������� 6RPH�

WRSLFV� ZHUH� DEROLVKHG� RU� SRVWSRQHG� �H�J�� VHWV�� (XFOLGHDQ� JHRPHWU\�� SDUDERODV��

DQG�PDQ\�WRSLFV�ZHUH�UHVKDSHG�LQ�DQ�DSSURDFK��ZKLFK�HPEHGGHG�PDWKHPDWLFDO�

DFWLYLWLHV�LQWR�D�PHDQLQJIXO�FRQWH[W��7KH�VWXGHQWV�WHVWHG�LQ������LQ�7,066�ZHUH�

VHOHFWHG� IURP� WKH� ILUVW� FRKRUW� IRU�ZKRP� WKH� QHZ�50(�EDVHG� FXUULFXOXP�ZDV�

FRPSXOVRU\��

$IWHU� WKH� 7,066� UHVXOWV� ZHUH� SXEOLVKHG� LQ� ������ WKH� 
XQGHUDFKLHYHPHQW
� RI�

'XWFK� VWXGHQWV� RQ� WKH� 3HUIRUPDQFH�$VVHVVPHQW� �ZKHQ� FRPSDULQJ� WKH�'XWFK�

UDQNLQJV�RI�WKH�3HUIRUPDQFH�$VVHVVPHQW�DQG�WKH�:ULWWHQ�7HVW��ZDV�H[SODLQHG�E\�

SRLQWLQJ�DW�D�SRVVLEOH�GHOD\�LQ�WKH�LPSOHPHQWDWLRQ�RI�WKH�QHZ�FXUULFXOXP��,W�ZDV�

DOOHJHG��VHH�H�J��.XLSHU�HW�DO���������WKDW�WHDFKHUV�ZHUH�VWLOO�LQH[SHULHQFHG�ZLWK�WKH�

QHZ�FXUULFXOXP��ZKLFK�ZRXOG�SUHSDUH�VWXGHQWV�WR�GR�ZHOO�RQ�WKH�SUDFWLFDO�WHVW��

$IWHU� D� IHZ� \HDUV�� WHDFKHUV� ZRXOG� EH� PRUH� H[SHULHQFHG� ZLWK� WUDLQLQJ� WKHLU�

VWXGHQWV� RQ� LQTXLU\�EDVHG� WHVWV� DQG� WKXV� WKH� 'XWFK� VWXGHQWV
� ZRXOG� SHUIRUP�

EHWWHU� LQ� WKH� LQWHUQDWLRQDO� FRPSDULVRQ�� $V� D� UHVXOW�� D� UHSOLFDWLRQ� RI� WKH�

3HUIRUPDQFH� $VVHVVPHQW� ZDV� FDOOHG� IRU�� DQG� WKH� 0(75,&� VWXG\� RULJLQDWHG��

+RZHYHU��DV�WKH�0(75,&�VWXG\�KDV�VKRZQ��WKH�DFKLHYHPHQW�RI�'XWFK�VWXGHQWV�

KDV� UHPDLQHG� VWDEOH�� QRW� LQ� WKH� OHDVW� RQ� WKH� 3HUIRUPDQFH� $VVHVVPHQW�� 7KH�

0(75,&� VWXG\� KDV� DOVR� VKRZQ� WKDW� WHDFKHUV� VKRZHG� D� JURZLQJ� LQFOLQDWLRQ�

WRZDUGV� WKH�XVH�RI�SUDFWLFDO� WHVWV��7KH�FKDQJLQJ�DWWLWXGH� LV�QRWHZRUWK\�EXW�KDV�

QRW�SDLG�RII��\HW��LQ�LQFUHDVHG�VWXGHQWV
�VFRUHV��,W�FRXOG�WKHUHIRUH�EH�DOOHJHG��WKDW�

WKH� FXUULFXOXP� LPSOHPHQWDWLRQ� LV� WDNLQJ� PDQ\� PRUH� \HDUV� WKDQ� WKH� IRXU�ILYH�

\HDUV�WKDW�WKH�0(75,&�VWXG\�FRYHUHG��

2QH�RI�WKH�UHDVRQV�JLYHQ�IRU�GHOD\HG�FXUULFXOXP�LPSOHPHQWDWLRQ��LV�WKH�ODFN�RI�

H[HPSODU\�FXUULFXOXP�PDWHULDOV��9DQ�GHQ�$NNHU��������������.XLSHU��������DQG�

WKH�FRQWLQXRXV�VXVWHQDQFH�RI�WHDFKHUV
�LQVSLUDWLRQ��.XLSHUV���������+RZHYHU��WKH�

H[FLWLQJ�FXUULFXOXP�PDWHULDOV�SURGXFHG�E\� WKH�FXUULFXOXP�GHVLJQHUV�RI�:������

DUH�QR�ORQJHU�DYDLODEOH��*RGGLMQ�	�.LQGW���������7KH�LQLWLDO�LGHDV�RQ�DVVHVVPHQW�

DV�H[SUHVVHG�E\�'HNNHU���������9DQ�'RUPROHQ��������DQG�.RN�HW�DO���������ZHUH�

GLOXWHG� WR� VWDQGDUG� SDSHU�DQG�SHQFLO� WHVWV��ZLWK�PRVWO\� VKRUW� DQVZHU�TXHVWLRQV�
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�VHH�H�J��$SSHQGL[�$���7KHUHIRUH��WKHUH�LV�REYLRXVO\�QHHG�IRU�YDOXDEOH�DGGLWLRQDO�

DVVHVVPHQW�PDWHULDOV� WR� VXSSRUW� FRQWLQXRXV� LQLWLDWLYHV� WR�EHWWHU� LPSOHPHQW� WKH�

LQWHQGHG� FXUULFXOXP�� 7KH� 7,066� 3HUIRUPDQFH�$VVHVVPHQW� FDQ� VHUYH� DV� VXFK��

7KH�MXGJHPHQW�E\�WKH�FXUULFXOXP�H[SHUWV�WHVWLILHV�RI�LWV�DSSURSULDWHQHVV�LQ�OLJKW�

RI�WKH�LQWHQGHG�FXUULFXOXP��7KHUHIRUH��LW�FDQ�VHUYH�WR�LOOXVWUDWH�WKH�LQWHQWLRQV�RI�

WKH�FXUULFXOXP�WR�WHDFKHUV��

�

7KH�0(75,&�VWXG\�REVHUYHG�WKDW�WKH�FXUULFXOXP�H[SHUWV�VKRZHG�D�FRQVLGHUDEOH�

VKLIW�LQ�WKHLU�MXGJHPHQW�RQ�WKH�DSSURSULDWHQHVV�RI�WKH�WHVW�LWHPV��,WHPV�WKDW�ZHUH�

FRQVLGHUHG� FRYHUHG� LQ� ������ZHUH� FRQVLGHUHG�QRW� FRYHUHG� LQ� �����������RU� WKH�

RWKHU�ZD\�DURXQG��7KH�VKLIW�LQ�MXGJHPHQWV�LV�SUREDEO\�D�UHIOHFWLRQ�RI�WKH�UHYLHZ�RI�

WKH� OHJLVODWHG�FRUH�REMHFWLYHV� LQ�������+RZHYHU�� LW� LV� DOVR�SRVVLEOH� WKDW�FKDQJLQJ�

LQWHUSUHWDWLRQV� RI� WKH� FXUULFXOXP� E\� WKH� H[SHUWV� FDXVHG� WKH� VKLIW�� 7KH� FRUH�

REMHFWLYHV�� DV� IRUPXODWHG� LQ������� LQWHQWLRQDOO\� OHIW� URRP�IRU� LQWHUSUHWDWLRQV� �WHQ�

+RYH�	�9DQ�GHU�=ZDDUW��������9DQ�GHU�=ZDDUW�	�%RHUWLHQ���������7KXV��LQ�������

WKH�RXWOLQHV�RI�WKH�LQWHQGHG�FXUULFXOXP�ZHUH�SUREDEO\�VWLOO�GLP��,W�VWLOO�KDG�WR�ILQG�

LWV�ILQDO�VKDSH��7HDFKHUV�KDG�WR�DFFRPPRGDWH�LW�WR�WKHLU�RZQ�VLWXDWLRQ��7KH\�KDG�

WR�FKRRVH�QHZ�WHDFKLQJ�PDWHULDOV��GHYHORS�QHZ�WHDFKLQJ�VWUDWHJLHV�DQG�WR�ILQG�QHZ�

EHOLHIV��)XOODQ���������7KH\�FRXOG�ILQG�WKHLU�LQIRUPDWLRQ�LQ�WKH�FRUH�REMHFWLYHV��LQ�

DGGLWLRQDO�H[SODQDWRU\�WH[WV��LQ�WKH�H[SHULPHQWDO�QDWLRQDO�WHVWV�DQG�H[DPV�DV�VHW�E\�

WKH� 1DWLRQDO� ,QVWLWXWH� IRU� (GXFDWLRQDO� 0HDVXUHPHQW� �&LWR��� DQG� LQ� FRPPHUFLDO�

WH[WERRNV� EDVHG� RQ� WKH� QHZ� FXUULFXOXP��$V� UHSRUWHG� LQ�.XLSHU� HW� DO�� ������� LQ�

������ VWLOO� ���� RI� WKH� WHDFKHUV� XVHG� WKH� WH[WERRNV� EDVHG� RQ� WKH� DEDQGRQHG�

FXUULFXOXP�� 7KHUHIRUH�� LW� FDQ� EH� DOOHJHG� WKDW� WKH� LQWHQGHG� DQG� LPSOHPHQWHG�

FXUULFXOXP� IRU� JUDGH��� LQ� WKH�1HWKHUODQGV�ZHUH� WUXO\� LQ� WUDQVLWLRQ�� HDFK� LQ� WKHLU�

RZQ�ZD\��

7KH� LQWHQGHG� DQG� LPSOHPHQWHG� FXUULFXOXP�� EHLQJ� LQ� WUDQVLWLRQ�� GLG� QRW�

VXEVWDQWLDOO\� DIIHFW� VWXGHQWV
� DFKLHYHPHQW� RQ� WKH� WZR� 7,066� WHVWV�� 'XWFK�

VWXGHQWV
� DFKLHYHPHQW� LQ� WKH� LQWHUQDWLRQDO� FRPSDULVRQ� UHPDLQHG� FRQVWDQW��

FRQWLQXLQJ�WKH�KLJK�VFRUH�WKH\�DWWDLQHG�GHFDGHV�HDUOLHU�LQ�������VHH�VHFWLRQ���������

6WXGHQWV
�DFKLHYHPHQW�VWD\HG�ULJKW�RQ�FRXUVH��MXVW�VOLJKWO\�FKDQJLQJ��7R�H[SODLQ�

WKLV� VWDELOLW\�� WKH� DWWDLQHG� FXUULFXOXP� QHHGV� WR� EH� VHHQ� LQ� SHUVSHFWLYH�� 6HYHUDO�

DXWKRUV� KDYH� H[SUHVVHG�� WKDW� WKH� SURFHVV� RI� FXUULFXOXP� LPSOHPHQWDWLRQ� LV�

GLVRUGHUO\� �H�J��9DQ�GHQ�$NNHU��������)XOODQ��������.XLSHU�������.XLSHU�HW�DO���

��������
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� � &RQWH[W�

�VFKRRO�SROLFLHV��
H[WHUQDO�VXSSRUW��

� &RQWH[W�
�SDUHQWDO�VXSSRUW��
SHHU�LQIOXHQFH��HWF��

�
�

� � � �

,QWHQGHG�
FXUULFXOXP�

� ,PSOHPHQWHG�
FXUULFXOXP�

� $WWDLQHG�
FXUULFXOXP�

�
�

� � � �

� � 7HDFKHU�
FKDUDFWHULVWLFV�

� 6WXGHQW�
FKDUDFWHULVWLFV�

�

)LJXUH������ &RQFHSWXDO�IUDPHZRUN�IRU�FXUULFXOXP�LPSOHPHQWDWLRQ�

6RXUFH� .XLSHU HW DO� ������� DGDSWHG IURP 9DQ GHQ $NNHU �������

�

7KH� FRQFHSWXDO� IUDPHZRUN� IRU� FXUULFXOXP� LPSOHPHQWDWLRQ� LQ� )LJXUH� �����

LOOXVWUDWHV�WKDW�PDQ\�YDULDEOHV�DIIHFW�DQ�DWWDLQHG�FXUULFXOXP��7KH�WKUHH�FXUULFXODU�

DSSHDUDQFHV�DUH�FHQWUDO� LQ� WKH�ILJXUH��EXW� WKHUH�DUH�VWURQJ�YDULDEOHV�DGGHG��7KH�

LPSOHPHQWHG�FXUULFXOXP�KDV� LWV�RZQ�FRQWH[W��H�J��ZLWKLQ�VFKRRO�YDULDEOHV��VXFK�

DV� VFKRRO� SROLFLHV�� DQG� H[WHUQDO� VXSSRUW��� DQG� GHSHQGV� GLUHFWO\� RQ� WHDFKHUV
�

FKDUDFWHULVWLFV��H�J��WUDLQLQJ��H[SHULHQFH�ZLWK�SULRU�UHIRUPV��EHOLHIV���6LPLODUO\��WKH�

DWWDLQHG� FXUULFXOXP�KDV� LWV� RZQ� FRQWH[W� �H�J�� SDUHQWDO� VXSSRUW�� SHHU� LQIOXHQFH��

DQG�GHSHQGV�GLUHFWO\�RQ� VWXGHQWV
� FKDUDFWHULVWLFV� �H�J�� DWWLWXGHV��EHOLHIV��� ,Q� WKLV�

IUDPHZRUN�� WKH� LQWHQGHG� FXUULFXOXP� LV� D� YDULDEOH� RQ�RQH� HQG�� FRPSHWLQJ�ZLWK�

PDQ\�RWKHU� VWURQJ�YDULDEOHV��7KLV� LOOXVWUDWHV� WKDW�DQ� LQWHQGHG�FXUULFXOXP�LV�QRW�

WKH� RQO\� YDULDEOH� DIIHFWLQJ� WKH� LPSOHPHQWHG� FXUULFXOXP�� 6LPLODUO\�� DQ�

LPSOHPHQWHG�FXUULFXOXP�LV�QRW�WKH�RQO\�YDULDEOH�DIIHFWLQJ�VWXGHQWV
�DFKLHYHPHQW��

:LWK� RWKHU� YDULDEOHV� UHPDLQLQJ� XQDOWHUHG�� WKHUH� LV� D� VRXQG� EDVH� IRU� D� VWDEOH�

DWWDLQHG� FXUULFXOXP�� +HQFH�� LW� UHTXLUHV� FDUHIXO� SODQQLQJ�� DQG� GHOLEHUDWH��

FRQWLQXRXV� DFWLRQ� WR� UHDOO\� FKDQJH� WKH� FRXUVH� RI� DQ� RFHDQ� OLQHU�� 2U�� WR�

SDUDSKUDVH� D�PHWDSKRU� LQ� 9DQ� GHQ� $NNHU� �������� WKH� FKRSS\� EUHDNHUV� DW� WKH�

VXUIDFH�FDXVH�RQO\�ULSSOHV�DW�WKH�ERWWRP�RI�WKH�VHD��

������ (GXFDWLRQDO�UHVHDUFK�DQG�PDWKHPDWLFV�HGXFDWLRQ�UHVHDUFK �

7KH�0(75,&�VWXG\�RULJLQDWHG�IURP�,($
V�7,066�VWXG\��7KH�NH\�UROH�SOD\HUV�LQ�

WKDW� VWXG\� HDUQHG� WKHLU� PHULWV� LQ� HGXFDWLRQDO� UHVHDUFK�� LQ� SDUWLFXODU� LQ�

SV\FKRPHWULF�DQG�PHWKRGRORJLFDO�DUHDV��GUDZLQJ�RQ�H[SHULHQFH�DQG�UHVHDUFK�LQ�

ODUJH�VFDOH�VXUYH\V��)URP�WKH�RQVHW��VXEMHFW�PDWWHU�VSHFLDOLVWV�ZHUH�FRQVXOWHG��%XW�

WR�GDWH��7,066�KDV�QRW�\HW�OHDG�WR�D�IUXLWIXO�FR�RSHUDWLRQ�EHWZHHQ�PDWKHPDWLFV�

HGXFDWLRQ�UHVHDUFKHUV�DQG�HGXFDWLRQDO�UHVHDUFKHUV��6RPH�PDWKHPDWLFV�HGXFDWRUV�
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KDYH�H[SUHVVHG�VFHSWLFLVP�WRZDUGV�7,066��DPRQJ�RWKHUV��EHFDXVH�WKH\�GRXEWHG�

WKH� UHOHYDQFH� RI� ODUJH�VFDOH� LQWHUQDWLRQDO� UHVHDUFK� DQG� EHFDXVH� RI� WKH� ODFN� RI�

LQQRYDWLYH�PDWKHPDWLFV� HGXFDWRUV� LQYROYHG� �VHH�.HLWHO�� ������� 7KH� GLFKRWRP\�

EHWZHHQ�HGXFDWLRQDO�VSHFLDOLVWV�DQG�PDWKHPDWLFV�HGXFDWLRQ�UHVHDUFKHUV�LV�FDXVHG�

E\�WKH�GLIIHUHQFH�LQ�UHVHDUFK�IRFXV��*HQHUDOO\��HGXFDWLRQDO�UHVHDUFKHUV�IRFXV�RQ�

PRUH�FRPSUHKHQVLYH��RIWHQ�SROLF\�UHOHYDQW��UHVHDUFK�TXHVWLRQV��QRW�ERXQG�WR�DQ\�

VSHFLILF�VXEMHFW�GRPDLQ��0DWKHPDWLFV�HGXFDWLRQ�UHVHDUFKHUV�DLP�DW�XQGHUVWDQGLQJ�

KRZ� VWXGHQWV� OHDUQ�PDWKHPDWLFV� DQG� KRZ�PDWKHPDWLFV� HGXFDWLRQ� FDQ� EHVW� EH�

FKDQJHG�RU�LPSURYHG��%HWZHHQ�WKH�WZR�ILHOGV��7,066�WULHV�WR�UXQ�ZLWK�WKH�KDUH�

DQG�KXQW�ZLWK�WKH�KRXQGV��ZLWKRXW�IDOOLQJ�EHWZHHQ�WZR�VWRROV���

7,066�KDV�RIIHUHG�PDWKHPDWLFV�HGXFDWLRQ�UHVHDUFKHUV�DQ�DEXQGDQW�DPRXQW�RI�

GDWD��$OO�GDWD�DUH�UHDGLO\�DYDLODEOH��RIIHULQJ�PDWKHPDWLFV�UHVHDUFKHUV�D�ZLGH�UDQJH�

RI� UHVHDUFK� RSSRUWXQLWLHV�� )RU� H[DPSOH�� WKH� WZR�GLJLW� FRGH� IRU� IUHH� UHVSRQVH�

LWHPV� LV� DQ� LQVWUXPHQW� WR�VWXG\�VWXGHQWV
� VWUDWHJLHV�DQG�PLVFRQFHSWLRQV��EXW� WR�

GDWH��QR�PDWKHPDWLFV�HGXFDWLRQ�UHVHDUFKHU�KDV�WDNHQ�XS�WKLV�FKDOOHQJH��7KXV��LQ�

IXWXUH��7,066�FRXOG�DQG�VKRXOG�OHDG�WR�PRUH�IUXLWIXO�FR�RSHUDWLRQ�EHWZHHQ�WKH�

WZR�VHFWRUV�RI�UHVHDUFK��

,Q� WKH�0(75,&�VWXG\�� WKH�GLFKRWRP\�EHWZHHQ� WKH� WZR�UHVHDUFK� ILHOGV�ZDV�DOVR�

IHOW�� 7KH� 0(75,&� VWXG\� XVHG� WKH� UHILQHG� PHWKRGRORJ\� IURP� ODUJH�VFDOH�

HGXFDWLRQDO� UHVHDUFK�� ZKLFK� LV� QRW� SUHGRPLQDQW� LQ� UHVHDUFK� RQ� PDWKHPDWLFV�

HGXFDWLRQ��7KLV� DSSURDFK� OHDG� IRU� H[DPSOH� WR� WKH�XVH�RI� ODUJH� VDPSOHV� HQDEOLQJ�

JHQHUDOLVDWLRQ� WR� D�QDWLRQDO� OHYHO�� DQG� LW� OHDG� WR� DQ�HPSKDVLV�RQ� WKH�YDOLGLW\� DQG�

UHOLDELOLW\� RI� LQVWUXPHQWV��0DWKHPDWLFV� HGXFDWRUV� KDYH� OLWWOH� H[SHULHQFH�ZLWK� WKH�

ILUVW�� DQG� WKH� ODWWHU� LV� RIWHQ� RYHUORRNHG� LQ�PDWKHPDWLFV� HGXFDWLRQ� UHVHDUFK�� )RU�

H[DPSOH�� PDWKHPDWLFV� HGXFDWRUV� FDQ� UHIXWH� WKH� XVH� RI� PXOWLSOH� FKRLFH� LWHPV�

EHFDXVH�WKH\�EHOLHYH�WKH\�RIIHU�OLWWOH�VSDFH��IRU�H[DPSOH��IRU�FUHDWLYLW\��%XW�RQ�WKH�

RWKHU�KDQG�� WKLV� IRUPDW�DOORZV�IRU�ZLGH�FRQWHQW�FRYHUDJH�DQG�IDFLOLWDWHV�HIILFLHQW�

DQG�UHOLDEOH�LQWHUQDWLRQDO�FRPSDUDWLYH�VWXGLHV��:LWKRXW�PXOWLSOH�FKRLFH�LWHPV��WKHVH�

VWXGLHV�ZRXOG�EHFRPH�WRR�FRPSOH[�DQG�WRR�ODERULRXV�WR�FDUU\�RXW�VXFFHVVIXOO\��

+RZHYHU��WKH�JHQHUDO��QRW�VXEMHFW�ERXQG�EDFNJURXQG�RI�7,066�DOVR�ZHDNHQHG�

WKH� RSHUDWLRQDOLVDWLRQ� RI� WKH� UHVHDUFK� TXHVWLRQV� LQ� WKH� 0(75,&� VWXG\�� )RU�

H[DPSOH��IRU�DQ�HGXFDWLRQDO�UHVHDUFKHU��WKH�WHVW�FXUULFXOXP�PDWFK�FDQ�EH�D�FOHDU�

GLFKRWRPRXV�FRQFHSW��HLWKHU�D�WHVW�LWHP�LV�FRYHUHG�E\�D�FXUULFXOXP�RU�LW�LV�QRW��,Q�

WKLV�SHUFHSWLRQ�WHVW�LWHPV�DUH�SODLQ�LQVWUXPHQWDO�XQLWV�IRU�PHDVXULQJ�HGXFDWLRQDO�

YDULDEOHV��)RU�D�PDWKHPDWLFV�HGXFDWRU��D�WHVW�LWHP�LV�VRPHWKLQJ�WRWDOO\�GLIIHUHQW��

)URP� WKH� SHUVSHFWLYH� RI� WKH� VXEMHFW� PDWWHU� VSHFLDOLVW�� LWHPV� DUH� PXOWL��
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GLPHQVLRQDO�� ZLWK� DVSHFWV� RI� ODQJXDJH�� FXOWXUH�� KLVWRU\�� LQVWUXFWLRQ��

PLVFRQFHSWLRQV�DQG��RI�FRXUVH�� WKH� IRUPDW� WKDW�JLYHV� WKH� UHVSRQGHQW�URRP�IRU�

UHSO\LQJ� WR� WKH� TXHVWLRQ� SRVHG�� ,Q� WKH� WHVW�FXUULFXOXP� PDWFKLQJ� MXGJHPHQW��

FXUULFXOXP�H[SHUWV�ZHUH�DVNHG�WR�LJQRUH�WKH�PXOWLSOH�FKRLFH�IRUPDW�RI�DQ�LWHP��

DQG� MXVW� DVVHVV� LWV� FRQWHQW��7KLV�PD\� VHHP� WULYLDO� WR� DQ�HGXFDWLRQDO� UHVHDUFKHU��

ZKLOH�LW�LV�D�FRPSOH[�H[HUFLVH�WR�D�VSHFLDOLVW�LQ�PDWKHPDWLFV�HGXFDWLRQ��:LWKLQ�WKH�

0(75,&�VWXG\��WKHUH�ZDV�OLWWOH�URRP�WR�LQYHVWLJDWH�WKLV�DVSHFW��EXW�D�TXDOLWDWLYH�

DSSUDLVDO�RI�LWHPV�E\�FXUULFXOXP�H[SHUWV�FRXOG�ZHOO�\LHOG�D�ZHDOWK�RI�LQIRUPDWLRQ�

RQ� WKH� FRPSRVLWLRQDO� DVSHFWV� RI� WKH� WHVW� LWHPV� �H�J�� ZLWK� UHVSHFW� WR� IRUPDW��

FXOWXUH��ODQJXDJH��HWF����

7KLV� GLIIHUHQFH� LQ� WKH� SHUFHSWLRQ� RI� LWHPV� DOVR� RFFXUUHG� DW� WKH� OHYHO� RI� WKH�

LPSOHPHQWHG�FXUULFXOXP��7HDFKHUV�KDG�WR�DVVHVV�D�FRQVLGHUDEOH�QXPEHU�RI�LWHPV��

RI�ZKLFK�WKH�FRQWHQW�SUREDEO\�KDG�EHHQ�FRYHUHG�DW�SULPDU\�VFKRROV��$OWKRXJK�LW�

ZRXOG�EH�SUDFWLFDO�IRU�VHFRQGDU\�VFKRRO�WHDFKHUV�WR�NQRZ�ZKDW�FRQWHQW�LV�WDXJKW�

DW� SULPDU\� VFKRROV�� LQ� SUDFWLFH�� WKHUH� LV� D� FRQVLGHUDEOH� JDS�EHWZHHQ� WKHVH� WZR�

OHYHOV�RI�VFKRROLQJ��0DQ\�VHFRQGDU\�VFKRRO�WHDFKHUV�GR�QRW�NQRZ�H[DFWO\�ZKDW�

FRQWHQW� LV� WDXJKW� DW� SULPDU\� VFKRROV�� ,W� LV� WKHUHIRUH� TXHVWLRQDEOH� ZKHWKHU� WKH�

DQVZHUV�RI�WKH�WHDFKHUV�ZHUH�FRPSOHWHO\�YDOLG��$GGLWLRQDOO\��D�QXPEHU�RI�LWHPV�

ZHUH� GLIILFXOW� WR� DVVHVV�� EHFDXVH� WKH\� RULJLQDWHG� IURP� D� GLIIHUHQW� HGXFDWLRQDO�

FXOWXUH��7KXV��WKH�SRRU�IDPLOLDULW\�RI�WHDFKHUV�ZLWK�VRPH�LWHPV�FDQ�KDYH�KLQGHUHG�

WKH�YDOLGLW\�RI�WHDFKHUV
�DQVZHUV�LQ�WKH�0(75,&�VWXG\��

�

)URP�WKH�SHUVSHFWLYH�RI�DQ�HGXFDWLRQDO� UHVHDUFKHU�� WKH�27/�LQVWUXPHQW�RI�'H�

+DDQ��������KDG�SURYHQ�LWV�YDOLGLW\�DQG�UHOLDELOLW\��,W�ZDV�FDUHIXOO\�GHYHORSHG�LQ�D�

VWXG\��LQ�ZKLFK�WKH�FRQWHQW�WHVWHG�KDG�EHHQ�WDXJKW�LQ�WKH�LPPHGLDWH�SHULRG�SULRU�

WR� WKH� WHVW�� 7KXV�� WKH� LWHPV� ZHUH� FRQFHSWXDOLVHG� ZLWKLQ� WKH� VDPH� HGXFDWLRQDO�

FXOWXUH�� DV� WKH\�RULJLQDWHG� IURP� WKH� WH[WERRNV�XVHG��$V�D� UHVXOW�� WHDFKHUV�ZHUH�

IDPLOLDU�ZLWK�WKH�LWHPV��WKHLU�SKUDVLQJ�DQG�WKHLU�IRUPDW��:KHQ�DVNHG��ZKHWKHU�WKH�

WHDFKHUV�ZRXOG�LQFOXGH�WKH�LWHPV�LQWR�DQ�LPDJLQDU\�WHVW��WKH�IDPLOLDULW\�ZLWK�WKH�

LWHPV�PDGH�LW�HDVLHU�WR�LGHQWLI\�ZKHWKHU�WKH�LWHP�KDG�EHHQ�FRYHUHG�RU�QRW��7KLV�

IDPLOLDULW\� DVSHFW� ZDV� QRW� IXOO\� SUHVHQW� LQ� WKH� 0(75,&� VWXG\�� DV� LWHPV� ZHUH�

VXEPLWWHG� WR� WHDFKHUV� WKDW� ORRNHG� SDUWO\� IDPLOLDU� DQG� SDUWO\� 
VWUDQJH
�� ZLWK� IRU�

H[DPSOH� LWHPV� WKDW� FRYHUHG� UHFRJQLVDEOH� FRQWHQW��EXW�SKUDVHG� LQ�DQ�XQIDPLOLDU�

ZD\� �H�J�� DV� 
EDUH
� PDWKHPDWLFV��� ,W� FDQ� WKHUHIRUH� EH� TXHVWLRQHG� ZKHWKHU� WKH�

YDOLGLW\�DQG�UHOLDELOLW\�RI�WKH�LQVWUXPHQW�LQ�WKH�0(75,&�VWXG\�ZHUH�VWLOO�WKH�VDPH�

DV�LQ�WKH�RULJLQDO�YHUVLRQ�RI�'H�+DDQ��

�
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$QRWKHU� H[DPSOH�RI� WKH�GLFKRWRP\�EHWZHHQ� WKH� ILHOGV�RI� HGXFDWLRQDO� UHVHDUFK�

DQG�WKH�ILHOG�RI�PDWKHPDWLFV�HGXFDWLRQDO�UHVHDUFK��ZKLFK�KDG�FRQVHTXHQFHV�IRU�

WKH�0(75,&� VWXG\��ZDV� WKH�XVH�RI� WKH�PDWKHPDWLFV� FXUULFXOXP� IUDPHZRUN�RI�

5RELWDLOOH�HW�DO����������7KLV�IUDPHZRUN�FDQ�EH�FULWLFLVHG�IRU�LWV�ODFN�RI�ILW�ZLWK�WKH�

'XWFK� 50(�EDVHG� FXUULFXOXP� �FI�� 6HFWLRQ� �������� %DVHG� RQ� WKH� 7,066�

IUDPHZRUN��WHVW�LWHPV�ZHUH�GHVLJQHG��UHVXOWLQJ�LQ�D�WHVW��ZKLFK��UHIOHFWV�PXFK�PRUH�

WKH�HLJKWK�JUDGH�IRFXV�RQ�DULWKPHWLF�LQ�WKH�8QLWHG�6WDWHV�WKDQ�WKH�HLJKWK�JUDGH�IRFXV�HOVHZKHUH��

�6FKPLGW��HW�DO���������S��������0DQ\�7,066�UHVHDUFKHUV��QRW�EHLQJ�IDPLOLDU�ZLWK�

WKH�VXEMHFW�PDWWHU�� WRRN�WKH�IUDPHZRUN�IRU�JUDQWHG�� LQFOXGLQJ�WKH�DOORFDWLRQ�RI�

LWHPV� WR� WRSLFV� IURP� WKH� IUDPHZRUN�� 7KXV�� WKH� WDVN�5XEEHU� %DQG� RQFH� KDYLQJ�

EHHQ�LQGLFDWHG�DV�
VFLHQFH
�ZDV�IURP�WKHQ�RQ�LJQRUHG�DV�DQ�LQVWUXPHQW�WR�PHDVXUH�

PDWKHPDWLFDO�VNLOOV��7KH�VDPH�DSSOLHG�WR�VRPH�LWHPV�IURP�WKH�:ULWWHQ�7HVW��)RU�

H[DPSOH�LWHP�/���ZDV�ODEHOOHG�DV�D�SK\VLFV�LWHP��EHFDXVH�LW�ZDV�VDLG�WR�GHDO�ZLWK�

WKH� FRQYHUVLRQ� RI� HQHUJ\�� ,WHP� 2��� ZDV� ODEHOOHG� DV� DQ� HDUWK� VFLHQFH� LWHP��

EHFDXVH�LW�GHDOW�ZLWK�WKH�VL]H�DQG�GLVWDQFH�RI�SODQHWV��7KH\�UHDG�OLNH�WKLV��

�

,WHP�/����7,066�����UHOHDVHG�DIWHU��������

0DFKLQH�$�DQG�0DFKLQH�%�DUH�HDFK�XVHG�WR�FOHDU�D�ILHOG��7KH�WDEOH�VKRZV�

KRZ�ODUJH�DQ�DUHD�HDFK�FOHDUHG�LQ���KRXU�DQG�KRZ�PXFK�JDVROLQH�HDFK�XVHG��

� $UHD�RI�ILHOG��

FOHDUHG�LQ���KRXU�

*DVROLQH��

XVHG�LQ���KRXU�

0DFKLQH�$� ��KHFWDUHV� ����OLWHU�

0DFKLQH�%� ��KHFWDUH� ����OLWHU�

:KLFK�PDFKLQH�LV�PRUH�HIILFLHQW�LQ�FRQYHUWLQJ�WKH�HQHUJ\�LQ�JDVROLQH�WR�

ZRUN"�([SODLQ�\RXU�DQVZHU��

�

,WHP�2����7,066�����UHOHDVHG�DIWHU��������

7KH�6XQ�LV�ELJJHU�WKDQ�WKH�0RRQ��EXW�WKH\�DSSHDU�WR�EH�DERXW�WKH�VDPH�VL]H�

ZKHQ�\RX�ORRN�DW�WKHP�IURP�WKH�(DUWK��:K\�LV�WKLV"�

�

%RWK�LWHPV�PDWFK�ZHOO�ZLWK�WKH�'XWFK�50(�EDVHG�FXUULFXOXP��DW�DSSUR[LPDWHO\�

JUDGH���OHYHO���7KH\�RIIHU�D�FRQWH[W��LQ�ZKLFK�PDWKHPDWLFDO�DFWLYLWLHV�DUH�QHHGHG�

WR�ILQG�DQ�DQVZHU��7KH�ILUVW�LWHP�UHTXLUHV�SURSRUWLRQDO�UHDVRQLQJ�RQ�WKH�JDVROLQH�

VSHQW��WKH�VHFRQG�UHTXLUHV�SURSRUWLRQDO�UHDVRQLQJ�IURP�D�VSDWLDO�SHUVSHFWLYH��,Q�

ERWK� FDVHV�� WKH� SURSRUWLRQDO� UHDVRQLQJ� EHFRPHV� VXEVWDQWLYH� EHFDXVH� RI� WKH�

FRQWH[W�� $IWHU� UHVKDSLQJ� WKH� FRQWH[W� LQWR� D� �PHQWDO��PRGHO�� DQG� GHGXFWLQJ� DQ�
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DQVZHU�� WKH� DQVZHU� KDV� D�PHDQLQJ� LQ� UHDO�OLIH�� )HZ�RWKHU� LWHPV� LQ� WKH�:ULWWHQ�

7HVW�VKRZ�ZKDW�GLVWLQJXLVKHV�WKH�50(�WUHDWLVH�IURP�WUDGLWLRQDO�PDWKHPDWLFV��,W�

LV� WKHUHIRUH� LOOXVWUDWLYH� WKDW� WKHVH� H[HPSODU\� LWHPV� ZHUH� QRW� ODEHOOHG� DV�


PDWKHPDWLFV
�LQ�7,066��EXW�ZHUH�WUDFHG�DPRQJ�WKH�VFLHQFH�LWHPV��&RQVHTXHQWO\��

WKH�LQWHUQDWLRQDO�VFLHQFH�DFKLHYHPHQW�UHVXOWV�LQFOXGH�WKH�UHSRUW�RQ�VNLOOV�OHDUQW�LQ�

PDWKHPDWLFV� FODVVHV�� DQG� WKH� LQWHUQDWLRQDO�PDWKHPDWLFV� UHVXOWV� GR� H[FOXGH� WKH�

UHSRUW� RQ� DSSOLHG� PDWKHPDWLFDO� DFWLYLWLHV�� ,Q� KLQGVLJKW�� LW� ZRXOG� KDYH� EHHQ�

LQWHUHVWLQJ� WR� LQFOXGH�'XWFK� VWXGHQWV
� UHVXOWV� RQ� WKHVH� LWHPV� LQWR� WKH� QDWLRQDO�

UHSRUWV�RQ�PDWKHPDWLFV�DFKLHYHPHQW���

)URP�WKH�'XWFK�SHUVSHFWLYH��WKH�FKDOOHQJH�UHPDLQV�WR�LPSURYH�DQG�WR�LQQRYDWH�

WHVW� LWHPV� LQ� 7,066�� LQFOXGLQJ� WKH� GHYHORSPHQW� DQG� DSSOLFDWLRQ� RI� D� VDOLHQW�

FXUULFXOXP�IUDPHZRUN��7KH�H[HPSODU\�LWHPV�LQ�$SSHQGL[�$�PD\�VHUYH�DV�VXFK��

7KH� 0(75,&� VWXG\� FRQVLGHUHG� WKH� H[LVWLQJ� IUDPHZRUN� XVHG� E\� 7,066�

XQVXLWDEOH� IRU� UHSRUWLQJ� 'XWFK� VWXGHQWV
� DFKLHYHPHQW� �VHH� VHFWLRQ� ��������

$GGLWLRQDOO\��WKH�DOORFDWLRQ�RI�7,066�LWHPV�WR�WRSLFV�DQG�FRJQLWLYH�DFWLYLWLHV�PD\�

QHHG� LPSURYHPHQW�� )URP� DQ� 50(� SRLQW� RI� YLHZ�� LW� LV� XQFOHDU� KRZ� DQG� ZK\�

VRPH� ODEHOV� ZHUH� GLVSDWFKHG� WR� FHUWDLQ� LWHPV�� )RU� H[DPSOH�� LWHP�9��� �RQ� WKH�

FRPSDULVRQ�RI� WZR�DGYHUWLVHPHQWV� IRU� WKH� UHQW�RI� DQ�RIILFH��ZDV� ODEHOOHG� 
GDWD�

UHSUHVHQWDWLRQ
�ZKLOH�WKLV� LWHP�GRHV�QRW�DVN�WKH�VWXGHQWV�WR�YLVXDOLVH�WKHLU�GDWD��

7KLV�LWHP�GHDOV�ZLWK�OLQHDU�UHODWLRQV�EHWZHHQ�YDULDEOHV��WKH�SULFH�GHSHQGV�RQ�WKH�

DUHD�UHQWHG��DQG�WKH�FRPSDULVRQ�RI�LQFUHPHQWDO�UDWHV��7KH�LWHP�FRXOG�WKXV�DOVR�

EH�ODEHOOHG�DV�DOJHEUD�EHFDXVH�LW�FRQWDLQV�WKH�FRPSDULVRQ�RI�WZR�OLQHDU�UHODWLRQV��

,W�VHHPV�WKDW�WKH�DEVHQFH�RI�DEVWUDFW�YDULDEOHV��[�DQG�\��DQG�WKH�SKUDVLQJ�ZLWKLQ�D�

FRQWH[W�� PDGH� WKH� 7,066� FRQVXOWDQWV� GHFLGH� WR� ODEHO� LW� XQGHU� 
GDWD�

UHSUHVHQWDWLRQ
���

'XH� WR� WKH� SRRU� ILW� RI� WKH� 7,066� PDWKHPDWLFV� FXUULFXOXP� IUDPHZRUN�� WKH�

0(75,&� VWXG\� GLG� QRW� XVH� WKH� LWHP� FDWHJRULHV� SURYLGHG� E\� 7,066� QRU� DQ\�

RWKHU�FDWHJRULVDWLRQ��,W�ZDV�EH\RQG�WKH�VFRSH�RI�WKH�0(75,&�VWXG\�WR�GHYHORS��

WHVW�DQG�DSSO\�DQ�50(�EDVHG�FXUULFXOXP�IUDPHZRUN��DOWKRXJK�DQ�LQLWLDWLYH�ZDV�

WDNHQ��VHH�VHFWLRQ���������$Q�50(�EDVHG�IUDPHZRUN�LV�YLVXDOLVHG�LQ�)LJXUH������

7KLV� IUDPHZRUN�SURYHV� WR�EH�XVHIXO� WR� FKHFN�ZKHWKHU� WKH� IRXU�PDWKHPDWLVLQJ�

DFWLYLWLHV��PRGHOOLQJ��UHIRUPXODWLQJ��LQWHUSUHWLQJ��UHIOHFWLQJ��DUH�ZHOO�FRYHUHG�LQ�D�

WHVW� �WKLV� ZLOO� EH� IXUWKHU� H[SODLQHG� LQ� WKH� IRUWKFRPLQJ� VHFWLRQ� �������� 7KH�

IUDPHZRUN�FDQ�EH�XVHIXO��QRW�RQO\�LQ�7,066��EXW�DOVR�LQ�WHVW�GHYHORSPHQW�E\�WKH�

'XWFK�1DWLRQDO�,QVWLWXWH�IRU�(GXFDWLRQDO�0HDVXUHPHQW��&LWR���

�

�
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9HUWLFDO

PDWKHPDWLVLQJ

+RUL]RQWDO

PDWKHPDWLVLQJ

&RQWHQW 5HIOHFWLQJ 5HIRUPXODWLQJ 0RGHOOLQJ ,QWHUSUHWLQJ

$ULWKPHWLF� PHDVXULQJ DQG

HVWLPDWLQJ

$OJHEUD

*HRPHWU\

'DWD SURFHVVLQJ DQG

VWDWLVWLFV

�

)LJXUH������ )UDPHZRUN�IRU�DQ�50(�EDVHG�FXUULFXOXP�

������ 7KH�LQQRYDWLYH�QDWXUH�RI�WKH�7,066�3HUIRUPDQFH�$VVHVVPHQW �

7KH�0(75,&�VWXG\�REVHUYHG�DQ�XQGHUHVWLPDWLRQ�RI�WKH�YDOLGLW\�RI�WKH�7,066�

3HUIRUPDQFH�$VVHVVPHQW�� LQ� SDUWLFXODU� IRU�PDWKHPDWLFV� HGXFDWLRQ�� ,Q������� WR�

WKH� LQWHUQDWLRQDO� 7,066� UHVHDUFKHUV�� WKH� 3HUIRUPDQFH� $VVHVVPHQW� ZDV� MXVW�

DQRWKHU� WHVW� ZLWK� D� TXHVWLRQDEOH� UHOLDELOLW\�� ,Q� QRQH� RI� WKH� LQWHUQDWLRQDO�

SXEOLFDWLRQV�� DQ\� SULGH� RYHU� WKLV� LQQRYDWLYH� VWXG\� IRU� PDWKHPDWLFV� HGXFDWLRQ�

VKLQHV� WKURXJK��2QO\� WKH�'XWFK� UHVHDUFKHUV�KRQRXUHG� WKH�YDOLGLW\�RI� WKLV� WHVW��

DQG�SOHDGHG�IRU�LWV�UHSHDW��%RV�HW�DO���������.XLSHU�HW�DO����������7KLV�UHVXOWHG�LQ�

WKH�0(75,&�VWXG\��DQG�LQ�WKH�UHSOLFDWLRQ�RI�WKH�3HUIRUPDQFH�$VVHVVPHQW�LQ�WKH�

1HWKHUODQGV�� ,W� LV�XQIRUWXQDWH� WKDW�QR�RWKHU�FRXQWU\�DFFHSWHG� WKH� LQYLWDWLRQ� WR�

MRLQ�LQ��WKXV�OHDYLQJ�WKH�0(75,&�VWXG\�ZLWK�WKH�SUHPLHUH�WR�UHSOLFDWH�D�SUDFWLFDO�

WHVW� DQG� WKXV� DVVHVV� UHOLDELOLW\� SHUWDLQLQJ� WKH� FRPSDUDELOLW\� RI� WHVWLQJ�

FLUFXPVWDQFHV� DQG� WKH� FRQVLVWHQF\� RI� FRGLQJV�� 7KH� UHSOLFDWLRQ� UHVXOWHG� LQ�

PHWKRGRORJLFDO� ILQGLQJV� DQG� H[SHULHQFH� ZLWK� WKHVH� NLQGV� RI� DOWHUQDWLYH�

DFKLHYHPHQW�WHVWV��

�

2ULJLQDOO\�� WKH� 3HUIRUPDQFH� $VVHVVPHQW� ZDV� GHYHORSHG� IURP� D� VFLHQFH�

SHUVSHFWLYH�� DOORZLQJ� WR� WHVW� IRU� HPSLULFDO� VNLOOV� LQ� SK\VLFV�� ELRORJ\�� FKHPLVWU\��

DQG�VR�IRUWK��$�IHZ�PDWKHPDWLFV�WDVNV�ZHUH�DGGHG�EHFDXVH��LQ�7,066��DOO�WHVWV�

FDWHU� IRU� ERWK� PDWKHPDWLFV� DQG� VFLHQFH� �=X]RYVN\� 	� +DUPRQ�� �������

0DWKHPDWLFV�FRXOG�QRW�EH�OHIW�RXW�IURP�WKH�3HUIRUPDQFH�$VVHVVPHQW��7KLV�OHDG�

WR�WKH�GHYHORSPHQW�RI�D�UDQJH�RI�KDQGV�RQ�PDWKHPDWLFV�WDVNV��%HVLGHV�WKH�XVXDO�

KDQGV�RQ�PDWKHPDWLFV�WDVNV�RQ�VSDFH�DQG�VKDSH��WKH� LWHPV�LQ�WKH�3HUIRUPDQFH�

$VVHVVPHQW� DOVR� UHODWHG� WR� WRSLFV� VXFK�DV�QXPEHUV�DQG�SUREDELOLW\��:LWKLQ� WKH�

0(75,&� VWXG\�� RQH� RI� WKH� VFLHQFH� WDVNV�� 5XEEHU� %DQG� ZDV� DOVR� LGHQWLILHG� DV�

KDYLQJ� VWURQJ� PDWKHPDWLFDO� DVSHFWV�� DV� WKH� PHDVXUHPHQWV� RI� WKH� VWUHWFKLQJ�

UXEEHU�EDQG�KDG�WR�EH�SORWWHG��GHVFULEHG�DQG�H[WUDSRODWHG��7KLV�WDVN�FRQWDLQHG�D�


GHFUHDVLQJO\� LQFUHDVLQJ
� UHODWLRQVKLS� EHWZHHQ� WZR� YDULDEOHV�� ZKLFK� LV� D� SUH�
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FDOFXOXV� FRQFHSW� WKDW� LV� SDUW� RI� WKH� LQWHQGHG� 50(�EDVHG� FXUULFXOXP� LQ� WKH�

1HWKHUODQGV��

7KH� PDWKHPDWLFDO� KDQGV�RQ� WDVNV� IURP� WKH� 3HUIRUPDQFH� $VVHVVPHQW� RIIHU�

H[DPSOHV� IRU� ERWK� DQ� RSHUDWLRQDOLVDWLRQ� DQG� DQ� DWWUDFWLYH� HQULFKPHQW� RI� WKH�

50(�EDVHG� FODVVURRP�� 7UDGLWLRQDO� PDWKHPDWLFV� HGXFDWRUV� DVVRFLDWH�

PDQLSXODWLYHV�JHQHUDOO\�ZLWK�
IXQ�PDWKHPDWLFV
��DV�RSSRVHG�WR�
UHDO�PDWKHPDWLFV
�

�0R\HU���������7KURXJK�WKH�FRPELQDWLRQ�RI�PDQLSXODWLYHV�ZLWK�DVVHVVPHQW��WKH�

FRQWUDVW�EHWZHHQ�
IXQ
�DQG�
UHDO
�GLVVROYHV��([DPLQDEOH�KDQGV�RQ�WDVNV�GR�ILW�ZHOO�

LQWR� PDQ\� PDWKHPDWLFV� FXUULFXOD�� )RU� H[DPSOH�� LQ� WKH� 1HWKHUODQGV�� ��� RI�

LQVWUXFWLRQDO�WLPH�LV�WR�EH�VSHQW�RQ� LQWHJUDWHG�PDWKHPDWLFDO�DFWLYLWLHV��*HwQWHJUHHUGH�

:LVNXQGLJH�$FWLYLWHLWHQ���*:$���$FFRUGLQJ�WR�WHDFKHU�JXLGHV��LQ�*:$��WKHUH�LV�

URRP� IRU� VWXGHQWV� WR� GR� LQYHVWLJDWLYH� SURMHFW� ZRUN� �9DQ� 'RUPROHQ�� �������

+RZHYHU�� WH[WERRNV� KDYH� OLPLWHG� WKHLU� SDUDJUDSKV� RQ� *:$� WR� WKHPDWLF�

UHSURGXFWLYH�LWHPV��)RU�H[DPSOH��WKH�WKHPDWLF�FKDSWHU�FDQ�EH�RQ�WKH�VWDWLVWLFV�RI�

WKH� %OXH� :KDOH�� FRQVLVWLQJ� RI� LWHPV� LQ� ZKLFK� WKHLU� VL]H�� EUHHGLQJ� KDELWV� DQG�

SRVVLEOH� H[WLQFWLRQ� KDYH� WR� EH� H[WUDFWHG� IURP� JUDSKV�� 7KH� FRQWH[W� FDQ� EH�

DWWUDFWLYH�WR�PDQ\�VWXGHQWV��EXW�WKH�DFWLYLWLHV�DVVRFLDWHG�ZLWK�WKHVH�WKHPHV�GR�QRW�

DVN� VWXGHQWV� WR� JDWKHU� GDWD� DQG� PRGHO� WKHVH�� 7KH� WH[WERRN� DXWKRUV� DOUHDG\�

JDWKHUHG�DQG�PRGHOOHG�WKH�GDWD��$V�D�UHVXOW��*:$�LV�VNLSSHG�E\�PDQ\�WHDFKHUV��

RU�LV�FRQVLGHUHG�DV�UHKHDUVDO�RI�SULRU�FRQWHQW��6RPH�DXWKRUV��H�J��,QVSHFWLH�YRRU�

KHW� 2QGHUZLMV�� ����E�� 9LQN�� ������ QRWHG� WKDW� *:$� ZDV� QRW� VHWWOLQJ� DV� D�

PRGHOOLQJ�DFWLYLW\��EHFDXVH�RI�ODFN�RI�WHDFKLQJ�LGHDV�DQG�PDWHULDOV�IRU�*:$��DQG�

EHFDXVH�WKHUH�LV�QR�LQFHQWLYH�IRU�WHDFKHUV�WR�RUJDQLVH�*:$��

7KHUH� DUH� IHZ�PRGHOOLQJ� DFWLYLWLHV� IRU� VWXGHQWV� LQ�'XWFK� FODVVURRPV�� DOWKRXJK�

WKHVH�DFWLYLWLHV�DUH�SDUW�RI�WKHLU�LQWHQGHG�FXUULFXOXP��7KLV�ILQGLQJ�ZDV�GRQH�ZKHQ�

XVLQJ� WKH�50(�EDVHG� IUDPHZRUN�RI�)LJXUH������7H[WERRNV� DQG�H[HPSODU\� WHVW�

LWHPV�PRVWO\�RIIHU�UHDG\�PDGH�WDEOHV�DQG�JUDSKV��DV�SDUW�RI�WKH�WH[WV�GHVFULELQJ�

WKH� FRQWH[W�� 7KH� H[HPSODU\� 50(�EDVHG� LWHPV� LQ� $SSHQGL[� $� LOOXVWUDWH� WKLV��

:KHQ�PDSSLQJ�WKH� LWHPV�LQWR�WKH�50(�EDVHG�IUDPHZRUN��LW�WXUQV�RXW�WKDW�WKH�

WKUHH�LWHPV�IRFXV�PRUH�RQ�LQWHUSUHWLQJ�DQG�UHIRUPXODWLQJ��WKDQ�RQ�PRGHOOLQJ�DQG�

UHIOHFWLQJ�� 7KH� ILUVW� LWHP� LQ� $SSHQGL[� $�� RQ� WKH� GLIIHUHQFHV� LQ� WLPH� ]RQHV��

SURYLGHV�VWXGHQWV�ZLWK�WKH�WDEOH��LQVWHDG�RI�DVNLQJ�VWXGHQWV�WR�FRPSLOH�WKLV�WDEOH�

IURP�LQYHVWLJDWLRQV��7KH�VHFRQG�LWHP��RQ�WKH�GLIIHUHQW�YLHZV�RI�WKH�FDQGOHKROGHU��

VXSSOLHV� VWXGHQWV� ZLWK� WKH� VFDOH� GUDZLQJ� RI� WKH� VLWXDWLRQ�� LQVWHDG� RI� DVNLQJ�

VWXGHQWV� WR�PDNH� D� VNHWFK� RI� WKH� REMHFW��ZKHQ� YLHZHG� IURP� DERYH��7KH� WKLUG�

LWHP��RQ�WKH�SUHGLFWLRQ�RI�JURZWK��SURYLGHV�VWXGHQWV�ZLWK�WKH�IRUPXOD��LQVWHDG�RI�

DVNLQJ�VWXGHQWV�WR�JHQHUDWH�D�IRUPXOD�WKHPVHOYHV��,Q�DOO�VLWXDWLRQV��VWXGHQWV�KDYH�
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WR� VWDUW� ZLWK� WKH� LQWHUSUHWDWLRQ� RI� WKH� SURYLGHG� PDWKHPDWLFDO� PRGHOV�� 7KH�

VLWXDWLRQ��ZKHUHE\�VWXGHQWV�DUH�RIIHUHG�UHDG\�PDGH�PRGHOV� LV�DQ�DQWL�GLGDFWLFDO�

LQYHUVLRQ��FI��)UHXGHQWKDO��������RI�WKH�VHTXHQFH�RI�PDWKHPDWLVLQJ�DFWLYLWLHV��VHH�

VHFWLRQ���������7KLV� UHSHDWHG�RPLVVLRQ�RI�PRGHOOLQJ�DFWLYLWLHV�FDQ�JLYH�VWXGHQWV�

WKH� LPSUHVVLRQ� WKDW� IRUPXOD�� WDEOHV�� JUDSKV� DQG� RWKHU� PDWKHPDWLFDO�

UHSUHVHQWDWLRQV�HPHUJH�RXW�RI�WKLQ�DLU��DQG�QRW�IURP�PRGHOOLQJ�DFWLYLWLHV��

�

%HFDXVH�WKH�IRUPDW�RI�WHVWV�DQG�H[DPV�KDV�UHPDLQHG�SDSHU�DQG�SHQFLO�EDVHG��DQG�

WLPH�UHVWULFWHG�� 'XWFK� PDWKHPDWLFV� WHDFKHUV� DUH� QRW� FRPSHOOHG� WR� GHWDFK�

WKHPVHOYHV�IURP�WKH�WH[WERRNV��DQG�WR�XQGHUWDNH�SURMHFW�ZRUN��.OHLMQH���������

7KH�PDLQ�FKDQJHV�ZLWK�UHJDUG�WR�DVVHVVPHQW�DIWHU������ZHUH�WKH�GHQRXQFHPHQW�

RI�PXOWLSOH�FKRLFH�LWHPV�DQG�WKH�OLQNLQJ�RI�PDWKHPDWLFDO�DFWLYLWLHV�WR�D�FRQWH[W��

7KH� QHZ� DVVHVVPHQW� SUDFWLFH� RIIHUV� OLWWOH� VSDFH� IRU� VWXGHQWV
� HPSLULFDO�

LQYHVWLJDWLRQV�DQG�IRU�PDWKHPDWLVLQJ�DFWLYLWLHV��VXFK�DV�PRGHOOLQJ�DQG�UHIOHFWLQJ��

%HFDXVH�RI�WKLV�RPLVVLRQ��WHDFKHUV�GR�QRW�IHHO�FRPSHOOHG�WR�RIIHU�WKHLU�VWXGHQWV�

WUDLQLQJ�RSSRUWXQLWLHV�IRU�WKHVH�VNLOOV��$V�D�UHVXOW��'XWFK�VWXGHQWV�WR�QRW�GHYHORS�

DOO� PDWKHPDWLVLQJ� VNLOOV� WR� WKH� VDPH� H[WHQW�� ZLWK� WKH� IRFXV� UHPDLQLQJ� RQ�

LQWHUSUHWLQJ� DQG� UHIRUPXODWLQJ�� +RZHYHU�� WR� IL[� WKLV� RPLVVLRQ�� WKH� 7,066�

3HUIRUPDQFH�$VVHVVPHQW�RIIHUV�H[HPSODU\�LWHPV�IRU�WKH�PDWKHPDWLVLQJ�DFWLYLWLHV�

VXFK� DV� PRGHOOLQJ� DQG� UHIOHFWLQJ�� ,I� VLPLODU� WHVW� LWHPV� DUH� LQFOXGHG� LQWR�

FRPSXOVRU\�WHVWV��DVVHVVPHQW�SUDFWLFH�FRXOG�EHFRPH�PRUH�EDODQFHG��

���� 5(&200(1'$7,216�

������ )RU�'XWFK�HGXFDWLRQDO�SROLF\�DQG�SUDFWLFH �

7KH�0(75,&�VWXG\�XVHG�WKH�GLVWLQFWLRQ�EHWZHHQ�WKH�LQWHQGHG��LPSOHPHQWHG�DQG�

DWWDLQHG�FXUULFXOXP��7KLV�GLVWLQFWLRQ�OHDG�WR�WKH�REVHUYDWLRQ�WKDW�'XWFK�VWXGHQWV
�

PDWKHPDWLFDO� NQRZOHGJH� DQG� VNLOOV� DUH� VDWLVIDFWRU\� LQ� WKH� LQWHUQDWLRQDO�

FRPSDULVRQ��ZKHQ�PHDVXUHG�HLWKHU�E\�WKH�7,066�:ULWWHQ�7HVW�RU�E\�WKH�7,066�

3HUIRUPDQFH� $VVHVVPHQW�� ,W� EDVLFDOO\� PHDQV� WKDW�� ZLWKLQ� LQWHUQDWLRQDO�

FRPSDUDWLYH�VWXGLHV�VXFK�DV�7,066��WKH�'XWFK�HGXFDWLRQDO�V\VWHP�KDV�UHODWLYHO\�

JRRG�PHULWV�DW�WKH�OHYHO�RI�WKH�DWWDLQHG�FXUULFXOXP��7KH�0(75,&�VWXG\�KDV�DOVR�

VKRZQ� WKDW� WKH� MXGJHPHQW� RQ� WKH� DSSURSULDWHQHVV� RI� WKH� WHVWV� LQ� OLJKW� RI� WKH�

LQWHQGHG� FXUULFXOXP� DQG� WKH� LPSOHPHQWHG� FXUULFXOXP� FKDQJHG�� +RZHYHU��

LQGHSHQGHQW�RI�WKLV�MXGJHPHQW��VWXGHQWV
�DFKLHYHPHQW�GLG�RQO\�FKDQJH�PLQLPDOO\�

ZLWKLQ�WKH�WLPH�SHULRG�RI�IRXU�ILYH�\HDUV���
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7KH�0(75,&� VWXG\� GLG� QRW� LQYHVWLJDWH� WR� ZKDW� H[WHQW� WKH� WHVWV� FRYHUHG� WKH�

LQWHQGHG�FXUULFXOXP��,W�LV�SRVVLEOH�WKDW�WKH�LQWHQGHG�FXUULFXOXP�HPEUDFHV�PRUH�

WKDQ� ZKDW� ZDV� WHVWHG�� 7KHUHIRUH�� WKH� 0(75,&� VWXG\� ZDV� QRW� DEOH� WR� GUDZ�

FRQFOXVLRQV�RQ�ZKHWKHU�WKH�'XWFK�HGXFDWLRQDO�V\VWHP�KDV�JRRG�PHULWV�LQ�OLJKW�RI�

LWV�RZQ�VWDQGDUGV� �FI��.XLSHU��HW�DO����������7KHUHIRUH��'XWFK�DXWKRULWLHV�FRXOG�

FRQVLGHU�WR�DVN�IRU�UHVHDUFK�EDVHG�GDWD��JLYLQJ�LQVLJKW�LQWR�WKH�UHOHYDQFH�RI�WKH�

7,066�WHVWV�WR�WKHLU�LQWHQGHG�FXUULFXOXP��

,Q� WKH� VHFRQG� SODFH�� WKH� 0(75,&� VWXG\� HVWDEOLVKHG� WKDW� WKHUH� LV� URRP� IRU�

LPSURYHPHQW��$V�H[SODLQHG�LQ�VHFWLRQ��������WKH�FXUUHQW�PDWKHPDWLFV�DVVHVVPHQW�

SUDFWLFH� LV�QRW�EDODQFHG��JLYLQJ� OHVV� IRFXV�RQ�PRGHOOLQJ�DQG�UHIOHFWLQJ� WKDQ�RQ�

LQWHUSUHWLQJ�DQG�UHIRUPXODWLQJ��&XUULFXOXP�H[SHUWV�MXGJHG�RQH�RI�WKH�WHVWV�XVHG�

LQ� WKH� 0(75,&� VWXG\�� WKH� 3HUIRUPDQFH� $VVHVVPHQW�� WR� PDWFK� ZHOO� ZLWK� WKH�

LQWHQGHG�FXUULFXOXP��7KH�3HUIRUPDQFH�$VVHVVPHQW�RIIHUV�VWXGHQWV�RSSRUWXQLWLHV�

WR�PRGHO�WKHLU�GDWD�IRXQG�LQ�VHOI�FRQGXFWHG�LQYHVWLJDWLRQV��1HYHUWKHOHVV��WHVWV�RI�

WKLV� SUDFWLFDO� QDWXUH� DUH� QRW� LQFOXGHG� LQWR� WKH� FXUUHQW� 'XWFK� PDWKHPDWLFV�

DVVHVVPHQW� SUDFWLFH�� 7KH� 3HUIRUPDQFH� $VVHVVPHQW� FDQ� VHUYH� DV� H[HPSODU\�

PDWHULDO��DV�DGYRFDWHG�E\�9DQ�GHQ�$NNHU���������WR�LPSURYH�WKH�LPSOHPHQWDWLRQ�

RI�WKH�LQWHQGHG�FXUULFXOXP��

$V�HVWDEOLVKHG�LQ�WKH�0(75,&�VWXG\��PDWKHPDWLFV�WHDFKHUV�KDYH�LQGLFDWHG�WKDW�

WKH\� FRXOG� LQFOXGH� SUDFWLFDO� WHVW� LWHPV�� VXFK� DV� WKRVH�XVHG� LQ� WKH�3HUIRUPDQFH�

$VVHVVPHQW��LQWR�WHVWV�RI�WKHLU�RZQ�PDNLQJ��7KLV�LQWHQWLRQ�QHHGV�WR�EH�VXSSRUWHG�

E\�DOO�PHDQV�LQ�RUGHU�WR�PDWHULDOLVH��7KHUHIRUH��'XWFK�DXWKRULWLHV�PLJKW�FRQVLGHU�

WR� UHYLHZ� WKH� 3HUIRUPDQFH� $VVHVVPHQW�� DQG� WR� DVN� IRU� WKH� GHYHORSPHQW� RI�

VLPLODU� KDQGV�RQ�� H[DPLQDEOH� PDWKHPDWLFV� WDVNV�� $GGLWLRQDOO\�� WKH\� QHHG� WR�

GHYHORS�SROLFLHV�WR�PRWLYDWH�DQG�VXSSRUW�WHDFKHUV�E\�DOO�PHDQV�WR�XVH�WKH�WDVNV��

7KH�0(75,&�VWXG\�IRFXVHG�RQ�'XWFK�PDWKHPDWLFV�HGXFDWLRQ�RQO\��2I�FRXUVH��

VWDNHKROGHUV� LQ� RWKHU� FRXQWULHV� FDQ� OHDUQ� IURP� WKH� UHVXOWV� DV� ZHOO�� 7KXV�� WKH�

DERYH�UHFRPPHQGDWLRQV�FDQ�DOVR�EH�WDNHQ�DW�KHDUW�LQ�RWKHU�QDWLRQV��

������ )RU�IXUWKHU�UHVHDUFK�

,Q� WKLV� VHFWLRQ�� UHFRPPHQGDWLRQV� IRU� IXUWKHU� UHVHDUFK� ZLOO� EH� JLYHQ�� 7KHVH�

SHUWDLQ� WKH� LQWHUQDWLRQDO� FRPSDUDWLYH� VWXGLHV� LQ� PDWKHPDWLFV� HGXFDWLRQ�� LQ�

SDUWLFXODU�7,066��DQG�WKH�HPHUJLQJ�'XWFK�PDWKHPDWLFV�HGXFDWLRQ�UHVHDUFK�ILHOG��

�
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7,066�

7KH�0(75,&�VWXG\�GUHZ�RQ�GDWD��ZKLFK�ZHUH�DFFXPXODWHG�WKURXJK�WZR�WHVWV��WKH�

7,066�:ULWWHQ�7HVW� DQG� WKH�7,066�3HUIRUPDQFH�$VVHVVPHQW�� %RWK� WHVWV� KDYH�

EHHQ�GHYHORSHG�LQ�D�SDUWLFXODU�HGXFDWLRQDO�FXOWXUH�DQG�DW�D�SDUWLFXODU�VWDJH�LQ�WLPH��

+RZHYHU��HGXFDWLRQDO�FXOWXUHV�GLIIHU�EHWZHHQ�FRXQWULHV�DQG�WKH\�FKDQJH�RYHU�WLPH��

7KH�DGDSWDWLRQ�RI�WHVWV�WR�WKH�FLUFXPVWDQFHV�LQ�HDFK�FRXQWU\�DW�D�SDUWLFXODU�SHULRG�

LQ� WLPH� LV� GLIILFXOW� WR� FRPELQH� ZLWK� LQWHUQDWLRQDO� FRPSDUDWLYH� UHVHDUFK��

$GGLWLRQDOO\�� FRQVLGHULQJ� WKH�PRWWR� LI� \RX� ZDQW� WR� PHDVXUH� FKDQJH�� GR� QRW� FKDQJH� WKH�

PHDVXUH��FRPSDUDWLYH�VWXGLHV�VXFK�DV�7,066�QHHG�WR�NHHS�D�ODUJH�SRUWLRQ�RI�LWHPV�

LQWDFW�WR�HVWDEOLVK�WUHQGV��7KHUHIRUH��WKH�PRWWR�LQGXFHV�FRQVHUYDWLVP�DQG�KLQGHUV�

WKH�7,066�RFHDQ�OLQHU�IURP�FKDQJLQJ�LWV�FRXUVH��

)RU� FRPSDULVRQ� EHWZHHQ� FRXQWULHV� DQG� RYHU� WLPH�� LGHQWLFDO� LQVWUXPHQWV� DUH�

UHTXLUHG��7KHUHIRUH��LQ�7,066��WKH�FRPSDUDELOLW\�RYHU�WLPH�LV�HQGRUVHG�E\�NHHSLQJ�

D�VHFXUHG�VHW�RI�LWHPV�XQSXEOLVKHG�DQG�XVH�WKHP�DJDLQ�DW�D�ODWHU�VWDJH��,Q�WKLV�ZD\��

RQH�VHFWLRQ�RI�WKH�WHVW�LV�NHSW�XQDOWHUHG�IRU�FDOLEUDWLRQ��DQG�DQRWKHU�VHFWLRQ�RI�WKH�

WHVW�OHDYHV�URRP�IRU�LQQRYDWLRQ��&ORQLQJ�PDQ\�LWHPV��DV�ZDV�GRQH�EHWZHHQ������

DQG�������LV�QRW�LQQRYDWLQJ��%\�LQFRUSRUDWLQJ�D�JURZLQJ�QXPEHU�RI�PRUH�
PRGHUQ
�

LWHPV�DQG�DEDQGRQLQJ�WUDGLWLRQDO�LWHPV��WKH�WHVW�FDQ�EH�DGDSWHG�RYHU�WLPH�WR�QHZ�

WRSLFV�RU�DSSURDFKHV��7KHUHIRUH��7,066�PLJKW�FRQVLGHU�LQQRYDWLQJ�WKHLU�SROLF\�RI�

UHSODFLQJ�LWHPV��DGDSWLQJ�WKH�WHVW�WR�WKH�PRVW�UHFHQW�GHYHORSPHQWV�LQ�PDWKHPDWLFV�

HGXFDWLRQ�� ,Q� WKLV� ZD\�� 7,066� FDQ� DOVR� VHUYH� WR� VSUHDG� H[HPSODU\�� LQQRYDWLYH�

PDWHULDOV�WR�PDQ\�QDWLRQV��

$GGLWLRQDOO\��WKH�JURXSLQJ�RI�LWHPV�LQWR�FOXVWHUV�DQG�GLIIHUHQW�WHVW�ERRNOHWV�RIIHUV�

URRP�IRU�DGDSWDWLRQ�RI�WKH�WHVWV�WR�GLIIHUHQW�HGXFDWLRQDO�FXOWXUHV��3UHVHQWO\��WKH�

WHVWV� DUH� 
WRR� HDV\
� IRU� VWXGHQWV� LQ� VRPH� FRXQWULHV�� ZKLOH�PDQ\� VWXGHQWV� IURP�


ORZHU�DFKLHYLQJ�FRXQWULHV
�FDQQRW�VROYH�DQ\�RI�WKH�LWHPV�FRUUHFWO\��7KH�7,066�

WHVWV�FRXOG�EH�VSOLW�LQWR�WZR�SDUWV������DQ�LQWHUQDWLRQDO�VHFWLRQ�RI�LWHPV�FRQWDLQHG�

LQ�DOO�WHVW�ERRNOHWV�RI�DOO�SDUWLFLSDWLQJ�FRXQWULHV�IRU�LQWHUQDWLRQDO�FDOLEUDWLRQ��DQG�

���� D� QDWLRQDO� VHFWLRQ� ZLWK� LWHPV� WKDW� VXLW� WKH� ORFDO� VLWXDWLRQ� �RU� D� UHJLRQDO�

VLWXDWLRQ���,Q�WKLV�ZD\��WKH�ODUJH�DPRXQW�RI�LWHPV�LQ�WKH�:ULWWHQ�7HVW�WKDW�'XWFK�

FXUULFXOXP�H[SHUWV�FRQVLGHU�DV�
SULPDU\�VFKRRO�LWHPV
�DQG�
WUDGLWLRQDO�DOJHEUD�GULOO
�

FDQ�EH�UHGXFHG�IRU�'XWFK�VWXGHQWV��7KHVH�LWHPV�FDQ�EH�PDLQWDLQHG�IRU�VWXGHQWV�

IURP�FRXQWULHV�ZKHUH�WKHVH�LWHPV�DUH�FRQVLGHUHG�UHOHYDQW��6LPLODUO\��50(�EDVHG�

LWHPV�FDQ�EH� LQFOXGHG�ZLWKRXW� IUXVWUDWLQJ�VWXGHQWV� IURP�RWKHU�FRXQWULHV�ZKHUH�

LWHPV�RQ�� IRU�H[DPSOH��ZRUG�IRUPXODV�DQG�YLVXDO�JHRPHWU\�DUH�YLUWXDOO\�DEVHQW��

%\�DGDSWLQJ�SDUW�RI�WKH�WHVWV�WR�WKH�LQWHQGHG�FXUULFXOXP�RI�D�FRXQWU\��WKLV�FRXOG�

IXUWKHU�HQKDQFH�UHVHDUFK�LQWR�WKH�HIIHFWV�RI�D�SDUWLFXODU�LQWHQGHG�FXUULFXOXP��,Q�



&RQFOXVLRQ ���

WKH� 0(75,&� VWXG\�� WKLV� ZDV� REYLRXVO\� QRW� WKH� FDVH�� WKH� 7,066� WHVW� LWHPV�

FRYHUHG� D�ZLGH� UDQJH� RI� WRSLFV�� EXW� IHZ� LWHPV� FRXOG�EH� WUDFHG�GRZQ� DV�EHLQJ�

WUXO\� 50(�EDVHG�� 7KHUHIRUH�� WKH� SHUIRUPDQFH� RI� WKH� QHZ� 50(�EDVHG�

FXUULFXOXP�FRXOG�QRW�EH�PHDVXUHG�ZHOO��DV� LW�ZDV�XQFOHDU�WR�ZKDW�H[WHQW� LW�ZDV�

FRYHUHG� E\� WKH� WHVW�� 7KXV�� E\� RIIHULQJ� D� QDWLRQDO� VHFWLRQ� LQ� WKH� WHVW�� WKH�

FRPSDUDELOLW\�EHWZHHQ�FRXQWULHV�FDQ�EH�NHSW�LQWDFW�ZKLOH�WKH�WHVWV�JDLQ�YDOLGLW\�DW�

D�QDWLRQDO�OHYHO��,Q�WKLV�ZD\��7,066�FDQ�EHFRPH�PRUH�SOXUDOLVWLF��

�

7KH� 0(75,&� VWXG\� VKRZHG�� WKDW� DQ� LWHP�EDVHG� 27/� LQVWUXPHQW� FDQ� ZHOO�

VXSSOHPHQW� WKH� 7,066� LQVWUXPHQWV� IRU� JDWKHULQJ� GDWD� DW� WKH� OHYHO� RI� WKH�

LPSOHPHQWHG� FXUULFXOXP��7,066�PLJKW� FRQVLGHU� LQFOXGLQJ� VXFK� DQ� LWHP�EDVHG�

27/�LQVWUXPHQW�LQWR�WKHLU�LQWHUQDWLRQDO�LQVWUXPHQWV��7KH�LQVWUXPHQW�XVHG�LQ�WKH�

0(75,&�VWXG\��DVNHG�WHDFKHUV�WR�LQGLFDWH�ZKHWKHU�WKH\�ZRXOG�LQFOXGH�WKH�LWHPV�

LQWR� D� WHVW� RI� WKHLU� RZQ� PDNLQJ�� FRYHULQJ� DOO� FRQWHQW� WDXJKW� XQWLO� WHVW�

DGPLQLVWUDWLRQ��7KH� LQVWUXPHQW�ZDV� LWHP�EDVHG� LQVWHDG�RI� WRSLF�EDVHG��EHFDXVH�

WRSLFV�DUH�QRW�HDVLO\�GHILQHG��HVSHFLDOO\�ZKHQ�WKH�WHUPLQRORJ\�GHVFULELQJ�D�UDQJH�

RI� DVVRFLDWHG� DFWLYLWLHV� LV� RPLWWHG� �
OLQHDU� HTXDWLRQV
� LQ� VWHDG� RI�


DSSO\LQJ�FUHDWLQJ�RUJDQLVLQJ�VROYLQJ�OLQHDU�HTXDWLRQV
���)RU�:7�������DOO�LWHPV�

ZHUH� VXEPLWWHG� WR� WHDFKHUV�� VSOLWWLQJ� WKH� ODUJH� LWHP� VHW� LQWR� VXE�VHWV��7KXV�� DOO�

LWHPV�\LHOGHG�DQ�27/�UDWH��+RZHYHU��WKH�GHYHORSPHQW�RI�DOWHUQDWLYH�LQVWUXPHQWV�

WR� JDLQ� LQIRUPDWLRQ� DW� WKH� OHYHO� RI� WKH� LPSOHPHQWHG� FXUULFXOXP� FDQ� EH�

FRQVLGHUHG��)RU�H[DPSOH��WHDFKHUV�FDQ�EH�DVNHG�WR�UHOHDVH�WKH�DVVHVVPHQW�SDSHUV��

ZKLFK�WKH\�XVHG�UHFHQWO\�IRU�WHVWLQJ�WKHLU�VWXGHQWV��2U�WHDFKHUV�FDQ�EH�DVNHG�WR�

DSSUDLVH�D�VHW�RI�WHVW�LWHPV�IURP�7,066�DQG�LQGLFDWH�DQ�RUGHU�RI�SUHIHUHQFH�IRU�

LQFOXVLRQ�LQWR�D�WHVW�RI�WKHLU�RZQ�PDNLQJ��$OWHUQDWLYHO\��WHDFKHUV�FDQ�EH�DVNHG�WR�

DVVHVV�LWHPV��DQG�LQGLFDWH�KRZ�WKH\�ZRXOG�HGLW�WKHP�WR�PDNH�WKHP�VXLWDEOH�IRU�D�

WHVW�IRU�WKHLU�VWXGHQWV���

�

6XSSOHPHQWLQJ� WKH� YLVLRQV� RI� RWKHUV� �H�J�� 0XOOLV�� HW� DO��� ������ 6FKPLGW�� HW� DO���

������� WKH� 0(75,&� VWXG\� TXHVWLRQHG� WKH� 7,066� PDWKHPDWLFV� FXUULFXOXP�

IUDPHZRUN� XVHG� IRU� GHYHORSPHQW� RI� WKH� 7,066� WHVWV� �VHH� VHFWLRQ� �������� $V�

7DEOH����� WHVWLILHV�� WKH�:ULWWHQ�7HVW�EDVHG�RQ�WKH�IUDPHZRUN�PDWFKHG�ZLWK�WKH�

LQWHQGHG�FXUULFXOD�RI�PDQ\�FRXQWULHV��EXW�LW�GLVUHJDUGHG�WKH�LQWHQGHG�FXUULFXOD�RI�

RWKHU�FRXQWULHV��VXFK�DV�WKH�1HWKHUODQGV��)URP�D�'XWFK�SHUVSHFWLYH��WKH�WHVW�ZDV�

QRW� HTXDOO\� XQIDLU�� $GGLWLRQDOO\�� WKH� IUDPHZRUN� GLG� QRW� IXQFWLRQ� ZHOO� IRU� WKH�

DOORFDWLRQ� RI� WHVW� LWHPV� WR� WRSLF� DUHDV��2QH�RI� WKH�ZHDN� SRLQWV� LQ� WKH� H[LVWLQJ�

IUDPHZRUN�� QRWLFHG� LQ� WKH� 0(75,&� VWXG\�� ZDV� WKH� ODFN� RI� YHUEV� LQ� WKH�
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GHILQLWLRQV�RI�PDWKHPDWLFV�WRSLF�DUHDV��7,066�PLJKW�FRQVLGHU�IXUWKHU�GHYHORSLQJ�

DQG� UHILQLQJ� WKHLU� PDWKHPDWLFV� FXUULFXOXP� IUDPHZRUN�� DQG� 7,066� PLJKW�

FRQVLGHU�DOORZLQJ�LWHPV�WHVWLQJ�IRU�KLJKHU�RUGHU�VNLOOV�WR�ILW� LQWR�VHYHUDO�FHOOV�RI�

WKH� WHVW� JULG�� $Q� DGGLWLRQDO� RSWLRQ� FRXOG� EH�� WR� DVN� SDUWLFLSDWLQJ� QDWLRQV� WR�

FDWHJRULVH� WKH� WHVW� LWHPV� DFFRUGLQJ� WR� WKHLU� RZQ� MXGJHPHQW�� 7KLV� FRXOG� \LHOG�

DGGLWLRQDO� LQIRUPDWLRQ�RQ� WKH�QDWXUH�RI� WKH� LQWHQGHG� FXUULFXOD�RI�SDUWLFLSDWLQJ�

QDWLRQV��

�

7KH� 0(75,&� VWXG\� UHSHDWHG� WKH� 7,066� 3HUIRUPDQFH� $VVHVVPHQW�� 7KH�

UHSOLFDWLRQ� SURYHG� YDOXDEOH�� DV� LW� HVWDEOLVKHG� QHZ� LQVLJKW� LQWR� YDOLGLW\� DQG�

UHOLDELOLW\��7,066�PLJKW�UHFRQVLGHU�WKH�YDOLGLW\�RI�WKHLU�3HUIRUPDQFH�$VVHVVPHQW��

DQG�DQWLFLSDWH�RQ�LWV�XVH�LQ�LQWHUQDWLRQDO�FRPSDUDWLYH�VWXGLHV��VXSSOHPHQWLQJ�WKH�

:ULWWHQ� 7HVW�� 7KH� 0(75,&� VWXG\� KHOSHG� WR� JDLQ� H[SHULHQFH� SHUWDLQLQJ� WKH�

FRPSDUDELOLW\� RI� WHVWLQJ� FLUFXPVWDQFHV� DQG� WKH� FRQVLVWHQF\� RI� FRGLQJV�� 7KH�

UHSOLFDWLRQ� UHVXOWHG� LQ� PHWKRGRORJLFDO� ILQGLQJV�� ZKLFK� FDQ� KHOS� IXWXUH�

SHUIRUPDQFH�EDVHG�VWXGLHV��

 
5HVHDUFK�LQ�'XWFK�PDWKHPDWLFV�HGXFDWLRQ�

,Q� WKH� SDVW� GHFDGHV�� PDWKHPDWLFV� HGXFDWLRQ� UHVHDUFK� KDV� H[SDQGHG� LQ� WKH�

1HWKHUODQGV�� 7KH� UHVHDUFK� PDLQO\� SHUWDLQV� WKH� GHYHORSPHQW� RI� LQQRYDWLYH�

LQVWUXFWLRQDO�PDWHULDOV�� WR�D� ODUJH�H[WHQW�DW� WKH� OHYHO�RI�WKH� LQWHQGHG�FXUULFXOXP�

DQG� WR� D� OHVVHU� H[WHQW� DW� WKH� OHYHO� RI� WKH� LPSOHPHQWHG� FXUULFXOXP�� +RZHYHU��

IRUPDWLYH� DQG� VXPPDWLYH�HYDOXDWLRQV� WR�PHDVXUH� WKH�HIIHFWV�RI� WKHVH�PDWHULDOV�

DUH�VFDUFH��$W�WKH�OHYHO�RI�MXQLRU�VHFRQGDU\�VFKRRO��WKHUH�LV�WKH�IROORZLQJ�H[DPSOH�

RQ� WKH� LQVWUXFWLRQDO� DSSURDFK� WR� RSHUDWLRQV� ZLWK� QHJDWLYH� QXPEHUV�� ,Q� PDQ\�

WH[WERRNV��WKLV�WRSLF�LV�DQ�HQGHDYRXU��7R�WDFNOH�WKLV��WKH�DXWKRUV�RI�WKH�WH[WERRN�

0RGHUQH�:LVNXQGH�KDYH�GHYHORSHG�WKH�PHWDSKRU�RI�
WKH�:LWFK
��9DQ�GHQ�%RUQ��HW�

DO����������7KH�:LWFK�FRRNV�VRXS�LQ�D�ELJ�ERZO�DQG�WKURZV�VSHFLDO�EORFNV�LQWR�LW�

WR� FKDQJH� WKH� WHPSHUDWXUH�� 7KURZLQJ� 
SOXV�EORFNV
� KHDWV� WKH� VRXS�� WKURZLQJ�


PLQXV�EORFNV
� FRROV� WKH� VRXS�� %HVLGHV� DGGLQJ� WKH� EORFNV�� WKH� ZLWFK� FDQ� DOVR�

UHPRYH�WKHP��%\�UHPRYLQJ�
SOXV�EORFNV
�WKH�WHPSHUDWXUH�IDOOV��:KDW�KDSSHQV�LI�

PLQXV�EORFNV�DUH�UHPRYHG�IURP�WKH�ERZO"�7KURXJK�WKLV�PHWDSKRU��VWXGHQWV�FDQ�


VHH
� WKDW� WKH� WHPSHUDWXUH� ZLOO� ULVH�� 7KLV� LOOXVWUDWHV� WKH� SRVLWLYH� HIIHFW� RI� WZR�

FRPELQHG� QHJDWLYHV� �UHPRYDO� DQG� PLQXV�EORFNV��� 7KLV� 
:LWFK
� PHWDSKRU� LV�

IDPRXV�QDWLRQ�ZLGH��EXW�KDV�QHYHU�EHHQ�GHVFULEHG�LQ�D�UHVHDUFK�FRQWH[W��QRU�KDV�

LW�HYHU�EHHQ�VXEMHFW�WR�D�FRPSDUDWLYH�VWXG\�ZLWK�RWKHU�LQVWUXFWLRQDO�DSSURDFKHV�

WR�QHJDWLYH�QXPEHUV��7KXV��DOWKRXJK�PDQ\�'XWFK�PDWKHPDWLFV�HGXFDWRUV�KDYH�
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DQ�RSLQLRQ�DERXW� 
WKH�:LWFK
�� LW�KDV�QHYHU�EHHQ�V\VWHPDWLFDOO\�HYDOXDWHG��7KHUH�

DUH� RQO\� DQHFGRWDO� GHVFULSWLRQV� EXW� QR� HYLGHQWLDO� GDWD� RQ� WKH� 
:LWFK
��

&RQVHTXHQWO\�� D� SRWHQWLDOO\� VXFFHVVIXO� LQVWUXFWLRQDO� DSSURDFK� LV� QRW� VKDUHG�

LQWHUQDWLRQDOO\�HLWKHU��7KHUHIRUH��'XWFK�PDWKHPDWLFV�HGXFDWRUV�PLJKW�FRQVLGHU�WR�

HVWDEOLVK� VWURQJ�� UHVHDUFK�EDVHG� HYLGHQFH� RQ� WKH� HIIHFWLYHQHVV� RI� HVWDEOLVKHG�

WHDFKLQJ�VWUDWHJLHV�LQ�PDWKHPDWLFV�HGXFDWLRQ��LQ�SDUWLFXODU�RQ�WKH�HIIHFWLYHQHVV�RI�

LQWHJUDWLQJ� PDWKHPDWLFV� DQG� FRQWH[W�� 7R� ZKDW� H[WHQW� GR� FRQWH[WV� HQKDQFH�

PDWKHPDWLFV� OHDUQLQJ� DQG� DUH� WKHUH� DQ\� FRQWH[WV�� ZKLFK� KLQGHU� PDWKHPDWLFV�

OHDUQLQJ"�

7KH� ODFN� RI� GDWD� RQ� PDWKHPDWLFV� HGXFDWLRQ� LQ� WKH� 1HWKHUODQGV� KLQGHUHG� WKH�

0(75,&� VWXG\��7R� ILQG� D� VRXUFH�RQ�D�'XWFK� LQWHUFODVV�FRUUHODWLRQ�FRHIILFLHQW�

IRU�PDWKHPDWLFV� �VHH� FKDSWHU���� VHFWLRQ��������� WKH�0(75,&�VWXG\�FRQVXOWHG�D�

IRUHLJQ�VRXUFH��7KLV�ZDV�FDXVHG�E\�WKH�VKRUWDJH�RI�UHVHDUFK�RQ�EHWZHHQ�VFKRRO�

DQG�ZLWKLQ�VFKRRO�HIIHFWLYHQHVV�LQ�'XWFK�VHFRQGDU\�PDWKHPDWLFV�HGXFDWLRQ��

7KH�0(75,&� VWXG\� OHDYHV� D�QXPEHU�RI�GDQJOLQJ� WKUHDGV� IRU� IXUWKHU� UHVHDUFK��

)RU� H[DPSOH�� WKH� DFKLHYHPHQW� GDWD� RI� ����� RQ� WKH� 3HUIRUPDQFH� $VVHVVPHQW�

ZHUH�DGPLQLVWHUHG�DPRQJ�D�VXEVHW�RI�WKH�VWXGHQWV�ZKR�ZHUH�WHVWHG�WKURXJK�WKH�

:ULWWHQ� 7HVW�� 7KLV� DUUDQJHPHQW� VWLOO� ZDLWV� IRU� D� VHFRQGDU\� DQDO\VLV� RQ� WKH�

EHWZHHQ�WHVW�FRUUHODWLRQ�DW�VWXGHQW�OHYHO��

$V� VDLG� LQ� VHFWLRQ� ������� WKH� 3HUIRUPDQFH� $VVHVVPHQW� FDOOV� IRU� IXUWKHU�

GHYHORSPHQW�� WR� LQQRYDWH� PDWKHPDWLFV� DVVHVVPHQW� SUDFWLFHV� LQ� 'XWFK� MXQLRU�

VHFRQGDU\�VFKRROV��+DQGV�RQ�WDVNV�RIIHU�VWXGHQWV�WDQJLEOH�PDWHULDOV�DV�FRQWH[W��

ZKLFK� UHTXLUH� OHVV� WH[W� WKDQ� WKH�FXUUHQW�GHVFULSWLRQV� LQ�50(�EDVHG� LWHPV��7KH�

RSHQ�HQGHG�WDVNV�DVN�VWXGHQWV�WR�WKLQN�DERXW�WKH�KRZ�DQG�ZK\�RI�WKHLU�DFWLYLWLHV��

ZKLFK� FRQQHFWV� WR� WKH� KHXULVWLF� DSSURDFK� RI� 50(�EDVHG� PDWKHPDWLFV�� DV�

DGYRFDWHG�E\�9DQ�6WUHXQ���������$GGLWLRQDOO\��KDQGV�RQ�WDVNV�FDQ�DVVLVW�'XWFK�

WHDFKHUV�WR�EHWWHU�LQWHUSUHW�WKH�LQWHQGHG�FXUULFXOXP�DQG�RIIHU�WKHLU�VWXGHQWV�PRUH�

WLPH� IRU� SURMHFWV�� JURXS�ZRUN� DQG� DGGUHVV� WRSLFV� VXFK� DV� GDWD� SURFHVVLQJ� DQG�

FRPSXWHU� XVDJH�� 7KLV� FRXOG� RYHUFRPH� VRPH� RI� WKH� VKRUWFRPLQJV� DV� ZHUH�

REVHUYHG�E\�WKH�,QVSHFWRUDWH�IRU�(GXFDWLRQ��,QVSHFWLH�YDQ�KHW�2QGHUZLMV������E���

�

7KH� 0(75,&� VWXG\� JDWKHUHG� 27/� GDWD� DW� WKH� OHYHO� RI� WKH� LPSOHPHQWHG�

PDWKHPDWLFV�FXUULFXOXP��7KH�GDWD�DYDLODEOH�LQYLWH�IRU�IXUWKHU�VWXG\�DW�FODVV�OHYHO��

:KHQ� RQH� WHDFKHU� LQGLFDWHG� WKDW� KH�VKH� KDG� FRYHUHG� D� FHUWDLQ� LWHP�� KRZ� GLG�

KLV�KHU�VWXGHQWV�WKHQ�SHUIRUP"�7KH�VFRSH�RI�WKH�0(75,&�VWXG\�GLG�QRW�DOORZ�

JRLQJ� LQWR� WKLV� GHSWK�� EXW� DQ\� UHVHDUFKHU� WDNLQJ� XS� WKH� FKDOOHQJH� ZLOO� KDYH� D�

SUHPLHUH��



��� &KDSWHU �

0RUHRYHU��WR�GDWH��DW�WKLV�OHYHO�YHU\�OLWWOH�UHVHDUFK�KDV�EHHQ�FDUULHG�RXW�RQ�ZKDW�

WHDFKHUV�EHOLHYH��GR��RU�DUH�DEOH�WR��&ODVVURRP�REVHUYDWLRQV�DUH�VFDUFH��DQHFGRWDO�

DQG� XQV\VWHPDWLF��'HVFULSWLRQV� RQ� WHDFKHUV
� DWWLWXGHV��PRWLYDWLRQ�� LGHDV�� LGHDOV�

DQG�VWUDWHJLHV�DUH�RQO\�IRXQG�LPSOLFLWO\�LQ�WKH�MRXUQDOV�IRU�PDWKHPDWLFV�WHDFKHUV��

7KHUH� LV� VWLOO� PXFK� UHVHDUFK� WR� EH� FDUULHG� RXW�� ZKLOH� WKLV� LV� EDGO\� QHHGHG� WR�

VXSSRUW� WKH� LPSURYHPHQW� RI� LQVWUXFWLRQ� DQG� FXUULFXOXP� LPSOHPHQWDWLRQ� LQ�

PDWKHPDWLFV�HGXFDWLRQ�LQ�WKH�1HWKHUODQGV��7KH�7,066�9LGHR�6WXG\�JDWKHUHG�DQ�

DEXQGDQFH� RI� PDWHULDOV� E\� VKRRWLQJ� YLGHRV� LQ� ��� UDQGRPO\� VHOHFWHG� JUDGH� ��

PDWKHPDWLFV� FODVVHV� LQ� WKH� 1HWKHUODQGV�� 7KH� PDWHULDOV� ZLOO� VRRQ� EH� UHOHDVHG��

0DQ\�UHVHDUFK�TXHVWLRQV�FDQ�EH�VWXGLHG��XVLQJ�WKLV�XQLTXH�PDWHULDO��)RU�H[DPSOH��

WR�ZKDW�H[WHQW�WR�WHDFKHUV�PDNH�XVH�RI�WKH�FRQWH[WV�LQ�ZKLFK�PDWKHPDWLFV�LWHPV�

DUH� LQWHJUDWHG"� 2U�� ZKHQ� ZDWFKLQJ� WKH� YLGHRV�� FDQ� FULWHULD� IRU� D� 
JRRG
�

PDWKHPDWLFV�OHVVRQ�EH�IRUPXODWHG"��

&RQVLGHULQJ� WKH� IDFW� WKDW� 'XWFK�PDWKHPDWLFV� HGXFDWLRQ� UHVHDUFK� LV� VWLOO� LQ� DQ�

HDUO\�VWDJH��PDQ\�RSHQ�TXHVWLRQV�UHPDLQ�WR�EH�DQVZHUHG��,Q�OLJKW�RI�WKDW�XUJHQW�

QHFHVVLW\��WKH�0(75,&�VWXG\�ZDV�RQO\�D�SLORW�ERDW��



�
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�

�
$FKWHUJURQGHQ�YDQ�KHW�QLHXZH� OHHUSODQ�:LVNXQGH��������%DQG���HQ����������>%DFNJURXQGV�WR�WKH�

QHZ� FXUULFXOXP� :�����@�� 8WUHFKW�� )UHXGHQWKDO� ,QVWLWXXW�� 5LMNVXQLYHUVLWHLW�
8WUHFKW�(QVFKHGH��6/2��

$GDPV��5�-���	�*RQ]DOH]�H�-����������7KH�7,066�WHVW�GHVLJQ��,Q�0�2��0DUWLQ�	�(�/��.HOO\�
�(GV����7KLUG� ,QWHUQDWLRQDO�0DWKHPDWLFV� DQG� 6FLHQFH� 6WXG\�7HFKQLFDO�5HSRUW��9ROXPH� ,��'HVLJQ�
DQG�GHYHORSPHQW��SS������²��������%RVWRQ��0$��%RVWRQ�&ROOHJH��

$NNHU�� -�-�+�� YDQ� GHQ� �������� 2QWZHUS� HQ� LPSOHPHQWDWLH� YDQ� QDWXXURQGHUZLMV� >'HVLJQ� DQG�
LPSOHPHQWDWLRQ�RI�VFLHQFH�HGXFDWLRQ@��$PVWHUGDP�/LVVH��6ZHWV�	�=HLWOLQJHU��

$NNHU��-�-�+��YDQ�GHQ���������'H�XLWEHHOGLQJ�YDQ�KHW� FXUULFXOXP� >5HSUHVHQWLQJ�WKH�FXUULFXOXP@�
>,QDXJXUDO�OHFWXUH@��(QVFKHGH��8QLYHUVLWHLW�7ZHQWH��

$NNHU�� -�� YDQ� GHQ�� 	� 7HUZHO�� -�� �������� 7LHQ� RSJDYHQ� YRRU� KHW� FXUULFXOXP� LQ� GH� EqWD��
YDNNHQ�²�VWROEHVFKRXZLQJ�>7HQ�H[HUFLVHV�IRU�WKH�VFLHQFH�DQG�PDWKHPDWLFV�FXUULFXOD�²�
ILQDO�FRQVLGHUDWLRQV@��7LMGVFKULIW�YRRU�'LGDNWLHN�GHU�¢�ZHWHQVFKDSSHQ�����������������

$OJHEUDJURHS�:��������������(Q�GH�YDULDEHOHQ��KRH�VWDDW�KHW�GDDUPHH"�>$QG�WKH�YDULDEOHV��
KRZ�DERXW�WKHP"@��1LHXZH�:LVNUDQW����������������

$ONLQ��0�&���(G������������(QF\FORSHGLD�RI�HGXFDWLQDO�UHVHDUFK��9ROXPH����1HZ�<RUN��0DFPLOODQ��

$XNHPD�6FKHSHO��$����������9DQ�GH�EHVWXXUVWDIHO�>)URP�WKH�PDQDJHPHQW
V�WDEOH@��(XFOLGHV�
��������������

$XNHPD��$���	�-DQVHQ�+����������7ZHH�RQWZLNNHODDUV�JHYHQ�ZHHUZRRUG�>7ZR�GHYHORSHUV�
UHWRUW@��(XFOLGHV�����������������

%DURRG\��$�-���	�*LQVEXUJ��+�3�� ��������7KH� UHODWLRQVKLS�EHWZHHQ� LQLWLDO�PHDQLQJIXO�DQG�
PHFKDQLFDO� NQRZOHGJH� RI� DULWKPHWLF�� ,Q� -�� +LHEHUW� �(G���� &RQFHSWXDO� DQG� SURFHGXUDO�
NQRZOHGJH��WKH�FDVH�RI�PDWKHPDWLFV��SS�����������/RQGRQ��/DZUHQFH�(UOEDXP��

%D[WHU��*�3���	�6KDYHOVRQ��-�5����������6FLHQFH�SHUIRUPDQFH�DVVHVVPHQWV��%HQFKPDUNV�DQG�
VXUURJDWHV��,QWHUQDWLRQDO�-RXUQDO�RI�(GXFDWLRQDO�5HVHDUFK������������������

%HDWRQ�� $�� �������� &RPSDULQJ� FURVV�QDWLRQDO� VWXGHQW� SHUIRUPDQFH� RQ� 7,066� XVLQJ�
GLIIHUHQW�LWHPV��,QWHUQDWLRQDO�-RXUQDO�RI�(GXFDWLRQDO�5HVHDUFK������������������

%HDWRQ�� $�(��� 0XOOLV�� ,�9�6��� 0DUWLQ�� 0�2��� *RQ]DOHV�� (�-��� .HOO\�� '�/��� 	� 6PLWK� 7�$��
�������� 0DWKHPDWLFV� DFKLHYHPHQW� LQ� WKH� PLGGOH� VFKRRO� \HDUV�� ,($
V� 7KLUG� ,QWHUQDWLRQDO�
0DWKHPDWLFV�DQG�6FLHQFH�6WXG\��%RVWRQ��0$��%RVWRQ�&ROOHJH��

                                                      
� 'XWFK VXUQDPHV WKDW DUH SUHFHGHG E\ SUHSRVLWLRQV RU DUWLFOHV VXFK DV 
'H
� 
7HQ
 RU 
9DQ
 DUH

RUGHUHG DOSKDEHWLFDOO\ RQ WKH ILUVW OHWWHU RI WKH VXUQDPH LQ WKLV OLVW RI UHIHUHQFHV� )RU H[DPSOH�

'H +DDQ
 LV WR EH IRXQG XQGHU +� DQG 
9DQ GHQ $NNHU
 XQGHU $�
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%HUJK��+��YDQ�GHQ� ��������([DPHQV�JHs[DPLQHHUG� >([DPLQLQJ�H[DPV@��7KH�+DJXH��,QVWLWXXW�
YRRU�2QGHU]RHN�YDQ�KHW�2QGHUZLMV��

%HUZDOG�� ,�� ��������%XLWHQODQGVH� UHNHQPHWKRGHQ� >)RUHLJQ�PHWKRGV� LQ� DULWKPHWLF@��1LHXZH�

:LVNUDQW���������������

%LUHQEDXP��0��� 	�'RFK\�� )�-�5�&�� ��������$OWHUQDWLYHV� LQ� DVVHVVPHQW� RI� DFKLHYHPHQWV�� OHDUQLQJ�

SURFHVVHV��DQG�SULRU�NQRZOHGJH��'RUGUHFKW��.OXZHU��

%LVKRS��$�-���)LW]6LPRQV��*�(���	�6HDK��:�7����������'R�WHDFKHUV�LPSOHPHQW�WKHLU�LQWHQGHG�
YDOXHV�LQ�PDWKHPDWLFV�FODVVURRPV"�,Q�0��YDQ�GHQ�+HXYHO�3DQKXL]HQ��(G����3URFHHGLQJV�
RI�WKH���WK�&RQIHUHQFH�RI�WKH�,QWHUQDWLRQDO�*URXS�IRU�WKH�3V\FKRORJ\�RI�0DWKHPDWLFV�(GXFDWLRQ��-XO\�
�������������9ROXPH����SS��������²���������8WUHFKW��)UHXGHQWKDO�,QVWLWXWH���

%OLM�� )�� YDQ� GHU�� 	� 7UHIIHUV�� $�� ��������:HUNGRFXPHQWHQ� EDVLVYRUPLQJ� LQ� KHW� RQGHUZLMV��:%� ��

5HNHQHQ�ZLVNXQGH�>ZRUN�GRFXPHQWV�FRUH�FXUULFXOXP��:%����PDWKHPDWLFV@��7KH�+DJXH��
:HWHQVFKDSSHOLMNH�5DDG�YRRU�KHW�5HJHULQJVEHOHLG��

%ORRP�� %�6�� �������� 7D[RQRP\� RI� HGXFDWLRQDO� REMHFWLYHV�� WKH� FODVVLILFDWLRQ� RI� HGXFDWLRQDO� JRDOV��
/RQGRQ��/RQJPDQ��

%RDOHU�� -�� ��������([SHULHQFLQJ� VFKRRO� PDWKHPDWLFV�� WHDFKLQJ� VW\OHV�� VH[� DQG� VHWWLQJ�� %XFNLQJKDP��
2SHQ�8QLYHUVLW\�3UHVV��

%RRQ�� 3�� �������� (LQGH[DPHQV� YER�PDYR� &�'�� HHUVWH� WLMGYDN� ����� >1DWLRQDO� H[DPV�
YER�PDYR�&�'��ILUVW�SHULRG�����@��(XFOLGHV��������������

%RUJ��:�5����������7HDFKHU�FRYHUDJH�RI�DFDGHPLF�FRQWHQW�DQG�SXSLO�DFKLHYHPHQW��-RXUQDO�IRU�
(GXFDWLRQDO�3V\FKRORJ\���������������

%RUQ��:��YDQ�GHQ��%UHXJHO�� ,�� YDQ��'LMNVWUD�� -���*HOGHUEORP��*���*RHPDQV��+���+RUVW��$��
YDQ�GHU��.RN��'���.RQLQJ��$���5DPDNHU��:���5RRGH��*��GH��6WUHXQ��$��YDQ��8GGLQJ��+���
9HUNRRLMHQ�� :��� 	� 9LVVHU�� :�� �������� 0RGHUQH� :LVNXQGH� �� �H� HGLWLH�� �D� PDYR� KDYR��
*URQLQJHQ��:ROWHUV�1RRUGKRII��

%RV��.�7M����������%HQHILWV�DQG�OLPLWDWLRQV�RI�ODUJH�VFDOH�LQWHUQDWLRQDO�FRPSDUDWLYH�DFKLHYHPHQW�VWXGLHV�²�
WKH�FDVH�RI�,($
V�7,066�VWXG\��'RFWRUDO�GLVVHUWDWLRQ��8QLYHUVW\�RI�7ZHQWH��(QVFKHGH��

%RV��.�7M���	�.XLSHU��:�$�-�0����������3UDNWLVFKH�YDDUGLJKHGHQ�LQWHUQDWLRQDDO�YHUJHOHNHQ�
>3UDFWLFDO�VNLOOV�LQWHUQDWLRQDOO\�FRPSDUHG@��192;������������������

%RV�� .�7M��� .XLSHU��:�$�-�0���	� 3ORPS��7M�� �������� 6WXGHQW� SHUIRUPDQFH� DQG� FXUULFXODU�
DSSURSULDWHQHVV�LQ�WKH�1HWKHUODQGV��6WXGLHV�LQ�(GXFDWLRQDO�(YDOXDWLRQ���������������

%RV�� .�7M��� .XLSHU�� :�$�-�0��� 	� 3ORPS�� 7M�� �������� 7,066� UHVXOWV� RI� 'XWFK� JUDGH� ��
VWXGHQWV�LQ�LQWHUQDWLRQDO�SHUVSHFWLYH��SHUIRUPDQFH�DVVHVVPHQW�DQG�ZULWWHQ�WHVW��6WXGLHV�
LQ�(GXFDWLRQDO�(YDOXDWLRQ��������������

%RV��.�7M��	�9RV��)�3�� ��������1HGHUODQG� LQ�7,066������� H[DFWH� YDNNHQ� LQ� OHHUMDDU� �� YDQ� KHW�
YRRUWJH]HW�RQGHUZLMV� >7KH�1HWKHUODQGV�LQ�7,066�����PDWKHPDWLFV�DQG�VFLHQFH�DW�JUDGH���
OHYHO@��(QVFKHGH��8QLYHUVLWHLW�7ZHQWH���

%URHNPDQ��+�*�%���6SLMNHUERHU��/�&���	�7HUOLQJHQ��-�-�0����������$OJRULWPHQ�HQ�KHXULVWLHNHQ�LQ�

FRQWH[WULMN� UHNHQ�ZLVNXQGHRQGHUZLMV� >$OJRUWKPV� DQG� KHXULVWLFV� LQ�PDWKHPDWLFV� HGXFDWLRQ�
ZLWK�ULFK�FRQWH[WV@��8WUHFKW��2:	2&�5LMNVXQLYHUVLWHLW�8WUHFKW��



5HIHUHQFHV ���

%URZQ��0�� ��������'RHV�UHVHDUFK�PDNH�D�FRQWULEXWLRQ�WR�WHDFKLQJ�DQG�OHDUQLQJ�LQ�VFKRRO�
PDWKHPDWLFV"� 5HIOHFWLRQV� RQ� DQ� DUWLFOH� IURP�'LDQH� 5DYLWFK�� ,Q� 7�� 1DNDKDUD� 	�0��
.R\DPD��(GV����3URFHHGLQJV�RI�WKH���WK�&RQIHUHQFH�RI�WKH�,QWHUQDWLRQDO�*URXS�IRU�WKH�3V\FKRORJ\�RI�
0DWKHPDWLFV� (GXFDWLRQ�� -XO\� ������� ����� �9ROXPH� ��� SS�� ,���� ²� ,������ +LURVKLPD��
+LURVKLPD�8QLYHUVLW\���

%XUVWHLQ��/���(G������������7KH�,($�VWXG\�RI�PDWKHPDWLFV�,,,��6WXGHQW�JURZWK�DQG�FODVVURRP�SURFHVVHV��
7DUU\WRZQ��1<��3HUJDPRQ�3UHVV��

%XUWRQ��/�� ��������$VVHVVPHQW�RI�PDWKHPDWLFV��:KDW� LV� WKH�DJHQGD"� ,Q�0��%LUHQEDXP�	�
)�-�5�&��'RFK\� �(GV����$OWHUQDWLYHV� LQ�DVVHVVPHQW� RI� DFKLHYHPHQWV�� OHDUQLQJ�SURFHVVHV�� DQG�SULRU�
NQRZOHGJH��SS����������'RUGUHFKW��.OXZHU��

%XUJKHV��'����������,30$��,QWHUQDWLRQDO�3URMHFW�RQ�0DWKHPDWLFV�$WWDLQPHQW��([HWHU��&HQWUH�IRU�
,QQRYDWLRQ�LQ�0DWKHPDWLFV�7HDFKLQJ��

&DUOVRQ��-�/���	�2VWURVN\��$�/����������,WHP�VHTXHQFH�DQG�VWXGHQW�SHUIRUPDQFH�RQ�PXOWLSOH�
FKRLFH�H[DPV��)XUWKHU�HYLGHQFH��-RXUQDO�RI�(FRQRPLF�(GXFDWLRQ�����������������

&DUUROO��-�%����������$�PRGHO�RI�VFKRRO�OHDUQLQJ��7HDFKHUV�&ROOHJH�5HFRUGV���������������

&ODUNH��'�� ��������$VVHVVPHQW�� ,Q�$�-��%LVKRS��.��&OHPHQW��&��.HLWHO�� -��.LOSDWULFN��	�&��
/DERUGH� �(GV��� ,QWHUQDWLRQDO� KDQGERRN� RI�PDWKHPDWLFV� HGXFDWLRQ� �SS������������'RUGUHFKW��
.OXZHU��

&ODUNH��'�-�� �LQ� SUHVV���3HUVSHFWLYHV� RQ� SUDFWLFH� DQG�PHDQLQJ� LQ�PDWKHPDWLFV� DQG� VFLHQFH� FODVVURRPV��
'RUGUHFKW��.OXZHU��

&REE��3���	�%DXHUVIHOG��+���(GV������������7KH�HPHUJHQFH�RI�PDWKHPDWLFDO�PHDQLQJ��,QWHUDFWLRQ�LQ�
FODVVURRP�FXOWXUHV��+LOOVGDOH��1-��/DZUHQFH�(UOEDXP��

&RPEHU�/�&���	�.HHYHV�� -�3�� ��������6FLHQFH� HGXFDWLRQ� LQ� QLQHWHHQ� FRXQWULHV��$Q� HPSLULFDO� VWXG\��
6WRFNKROP��$OPTXLVW�	�:LFNVHOO�1HZ�<RUN��-RKQ�:LOH\��

&RPPLVVLH�2QWZLNNHOLQJ�:LVNXQGHRQGHUZLMV���������7UDMHFWHQERHN�ZLVNXQGH�������>%RRN�IRU�
OHDUQLQJ� WUDMHFWRULHV� PDWKHPDWLFV� �����@�� 8WUHFKW�� )UHXGHQWKDO� ,QVWLWXXW��
(QVFKHGH��6/2��

&UHPHUV�YDQ� :HHV�� /�0�&�0��� $NNHUPDQV�� /�0�:��� 	� %UDQGVPD�� +�3�� ��������
2QWZLNNHOLQJHQ� LQ� GH� %$92� LQ� GH� SHULRGH����������� 0RGHUQLVHULQJ� HQ� KDUPRQLVHULQJ� LQ� GH�
EDVLVYRUPLQJ� >'HYHORSPHQWV� LQ� WKH� FRUH� FXUULFXOXP� LQ� �����������0RGHUQLVDWLRQ� DQG�
KDUPRQLVDWLRQ�LQ�WKH�FRUH�FXUULFXOXP@��(QVFKHGH��8QLYHUVLW\�RI�7ZHQWH��

&URQEDFK�� /�-�� ��������'HVLJQLQJ� HYDOXDWLRQV� RI� HGXFDWLRQDO� DQG� VRFLDO� SURJUDPV�� 6DQ� )UDQFLVFR��
-RVVH\�%DVV��

'DUOLQJ�+DPPRQG�� /��� 	� $QFHVV�� -�� �������� $XWKHQWLF� DVVHVVPHQW� DQG� VFKRRO�
GHYHORSPHQW�� ,Q� -�%�� %DURQ� 	� '�3�� :ROI� �(GV���� 3HUIRUPDQFH�EDVHG� VWXGHQW� DVVHVVPHQW��
FKDOOHQJH�DQG�SRVVLELOLWLHV��SS����������&KLFDJR��7KH�8QLYHUVLW\�RI�&KLFDJR�3UHVV���

'HNNHU�5�� ��������:LVNXQGH� OHUHQ� LQ� NOHLQH� KHWHURJHQH� JURHSHQ� >/HDUQLQJ�PDWKHPDWLFV� LQ�VPDOO�
KHWHURJHQHRXV�JURXSV@��'H�/LHU��$FDGHPLVFK�%RHNHQ�&HQWUXP��

'HNNHU��7����������'H�EDVLVYRUPLQJ�JHWRHWVW�>7KH�FRUH�FXUULFXOXP�WHVWHG@��1LHXZH�:LVNUDQW��
������������
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'RRODDUG�� 6���&UHHPHUV�YDQ�:HHV��/�0�&�0���	�%RVNHU��5�-�� ��������%DVLVYRUPLQJ� LQ� ������
%HVFKULMYLQJ�HQ�YHUJHOLMNLQJ�PHW�GH�SHULRGH�YDQ� LQYRHULQJ� >-XQLRU�VHFRQGDU\�HGXFDWLRQ�LQ�������
'HVFULSWLRQ�DQG�FRPSDULVRQ�ZLWK�WKH�SHULRG�RI�LQWURGXFWLRQ@��(QVFKHGH��8QLYHUVLWHLW�
7ZHQWH��

'RUDQ�5�/���	�7DPLU��3�� �(GV���� ��������$Q� LQWHUQDWLRQDO� DVVHVVPHQW� RI� VFLHQFH�SUDFWLFDO�
VNLOOV��6WXGLHV�LQ�(GXFDWLRQDO�(YDOXDWLRQ����������������

'RUPROHQ��-��YDQ���������'LGDNWLHN�YDQ�GH�ZLVNXQGH�>,QVWUXFWLRQDO�PHWKRGV�LQ�PDWKHPDWLFV@��
8WUHFKW��2RVWKRHN��

'RUPROHQ��-��YDQ���������:LVNXQGH�ZHUNORNDDO��KHW�JHEUXLN�YDQ�PDWHULDOHQ�HQ�LQVWUXPHQWHQ�ELM�KHW�

OHUHQ� YDQ� ZLVNXQGH� >0DWKHPDWLFV� ODERUDWRU\� ²� WKH� XVH� RI�PDWHULDOV� DQG� HTXLSPHQW� IRU�
OHDUQLQJ�PDWKHPDWLFV@��8WUHFKW��$OJHPHHQ�3HGDJRJLVFK�6WXGLHFHQWUXP��

'RUPROHQ�� -�� YDQ�� 	� =ZDQHYHOG�� %�� �������� +HUXLWJDYH� YDQ� GULH� EURFKXUHV�� 9DDUGLJKHGHQ��

+DQGHOHQ� RP� WH� EHJULMSHQ�� ,QVWDSSHQ� HQ� WRHSDVVHQ� >1HZ� HGLWLRQ� RI� WKUHH� EURFKXUHV�� 6NLOOV��
$FWLQJ� WR� XQGHUVWDQG�� 6WDUW� DQG� DSSO\@�� /HXVGHQ�� 1HGHUODQGVH� 9HUHQLJLQJ� YDQ�
:LVNXQGHOHUDUHQ��

'RUPROHQ�� -�� YDQ� ��������5HDNWLH�RS�KHW� LQVSHFWLHUDSSRUW� >5HDFWLRQ�RQ� WKH� UHSRUW�RI� WKH�
,QVSHFWRUDWH�IRU�(GXFDWLRQ@��1LHXZH�:LVNUDQW������������

'XQKDP��-����������-RXUQH\�WKURXJK�JHQLXV�²�WKH�JUHDW�WKHRUHPV�RI�PDWKHPDWLFV��1HZ�<RUN��:LOH\��

(JJHQ��7K�-�+�0���	�6DQGHUV��3�)���(GV������������3V\FKRPHWULH�LQ�GH�SUDNWLMN�>3V\FKRPHWULFV�
LQ�SUDFWLFH@��$UQKHP��&LWR��

(KUHQIHVW�$IDQDVVMHZD�� 7�� ��������dEXQJHQVDPPOXQJ� ]X� HLQHU� JHRPHWULVFKH� 3URSlGHXVH� >6HW� RI�
H[HUFLVHV�IRU�DQ�LQWURGXFWLRQ�FRXUVH�LQ�JHRPHWU\@��7KH�+DJXH��0DUWLQXV�1LMKRII��

(LVQHU��(�:�� ��������7KH� HGXFDWLRQDO� LPDJLQDWLRQ��2Q� WKH� GHVLJQ�DQG� HYDOXDWLRQ� RI� VFKRRO� SURJUDPV��
1HZ�<RUN��0DF0LOODQ��

(UQHVW��3����������7KH�LPSDFW�RI�EHOLHIV�RQ�WKH�WHDFKLQJ�RI�PDWKHPDWLFV��,Q�3��(UQHVW��(G����
0DWKHPDWLFV�WHDFKLQJ��7KH�VWDWH�RI�WKH�DUW��SS������������/RQGRQ��)DOPHU�3UHVV��

(VW�� :�7�� YDQ� �������� +DQV� )UHXGHQWKDO� ���� 6HSWHPEHU� ����� �� ��� 2FWREHU� �������
(GXFDWLRQDO�6WXGLHV�LQ�0DWKHPDWLFV�������������

)HKU��+�)����������1HZ�7KLQNLQJ�LQ�6FKRRO�0DWKHPDWLFV��3DULV��2((&��

)H\�GHQ� %RHU�� $�� �������� 6FKRROERHNHQ� HQ� VWXGLHUHVXOWDWHQ� >6FKRROERRNV� DQG� VWXG\�
UHVXOWV@��(XFOLGHV������������������

)UDU\�� 5�%�� �������� 0XOWLSOH�FKRLFH� YHUVXV� IUHH�UHVSRQVH�� D� VLPXODWLRQ� VWXG\�� -RXUQDO� RI�
(GXFDWLRQDO�0HDVXUHPHQW�������������

)UHHPDQ�� '�-��� %HOOL�� *�0��� 3RUWHU�� $�&��� )ORGHQ�� 5�(��� 6FKPLGW��:�+��� 	� 6FKZLOOH�� -�5��
��������7KH� LQIOXHQFH� RI� GLIIHUHQW� VW\OHV� RI� WH[WERRN� XVH� RQ� LQVWUXFWLRQDO� YDOLGLW\� RI�
VWDQGDUGLVHG�WHVWV��-RXUQDO�RI�(GXFDWLRQDO�0HDVXUHPHQW������������������

)UHXGHQWKDO�� +�� �������� )XUWKHU� WUDLQLQJ� RI� PDWKHPDWLFV� WHDFKHUV� LQ� WKH� 1HWKHUODQGV��
(GXFDWLRQDO�6WXGLHV�LQ�0DWKHPDWLFV��������������

)UHXGHQWKDO��+����������0DWKHPDWLFV�DV�DQ�HGXFDWLRQDO�WDVN��'RUGUHFKW��5HLGHO��
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)UHXGHQWKDO�� +�� �������� 3XSLOV
� DFKLHYHPHQWV� LQWHUQDWLRQDOO\� FRPSDUHG� ²� WKH� ,($��
(GXFDWLRQDO�6WXGLHV�LQ�0DWKHPDWLFV��������������

)UHXGHQWKDO��+����������5HYLVLWLQJ�PDWKHPDWLFV�HGXFDWLRQ�²�&KLQD�OHFWXUHV��'RUGUHFKW��.OXZHU��

)UHXQG�� -�(�� ��������0RGHUQ� HOHPHQWDU\� VWDWLVWLFV� ��WK� HGLWLRQ��� (QJOHZRRG�&OLIIV��1-�� 3UHQWLFH�
+DOO�,QWHUQDWLRQDO��

)XOODQ��0�*�� ��������7KH�1HZ� PHDQLQJ� RI� HGXFDWLRQDO� FKDQJH� ��QG� HG����1HZ�<RUN�� 7HDFKHUV�
&ROOHJH�3UHVV��

*DDQV��:�0�-�0�� YDQ� ��������9DNZHUN� LQ� GH� EDVLVYRUPLQJ� ²� ZLVNXQGH� >3URIHVVLRQDO�VXEMHFW�
ZRUN�LQ�EDVLF�VHFRQGDU\�HGXFDWLRQ�²�PDWKHPDWLFV@��$UQKHP��/DPER��

*DUGHQ��5�$���	�2USZRRG��*����������'HYHORSPHQW�RI�WKH�7,066�DFKLHYHPHQW�WHVWV��,Q�
0�2�� 0DUWLQ� 	� '�/�� .HOO\� �(GV���� 7KLUG� ,QWHUQDWLRQDO� 0DWKHPDWLFV� DQG� 6FLHQFH� 6WXG\��
7HFKQLFDO� UHSRUW��9ROXPH� ,��'HVLJQ� DQG� GHYHORSPHQW� �SS������²��������%RVWRQ��0$��%RVWRQ�
&ROOHJH��

*DUGHQ�� 5�$�� �������� 'HYHORSPHQW� RI� 7,066� SHUIRUPDQFH� DVVHVVPHQW� WDVNV�� 6WXGLHV� LQ�
(GXFDWLRQDO�(YDOXDWLRQ���������������

*ODWWKRUQ��$�$����������3HUIRUPDQFH�$VVHVVPHQW�DQG�VWDQGDUGV�EDVHG�FXUULFXOD��7KH�DFKLHYHPHQW�F\FOH��
/DUFKPRQW��1<��(\H�RQ�(GXFDWLRQ��

*RGGLMQ�� $��� 	� .LQGW�� 0�� �������� .QHOSXQWHQ� HQ� WRHNRPVWPRJHOLMNKHGHQ� YRRU� GH�
ZLVNXQGH�LQ�KHW�92�>%RWWOHQHFNV�DQG�SHUVSHFWLYHV�IRU�VHFRQGDU\�VFKRRO�PDWKHPDWLFV@��
7LMGVFKULIW�YRRU�'LGDNWLHN�GHU�¢�ZHWHQVFKDSSHQ����������������

*RRGODG��-�,���.OHLQ��0�)���	�7\H��.�$����������7KH�GRPDLQV�RI�FXUULFXOXP�DQG�WKHLU�VWGX\��
,Q�-�,��*RRGODG��(G����&XUULFXOXP�LQTXLU\��7KH�VWXG\�RI� FXUULFXOXP�SUDFWLFH� �SS����������1HZ�
<RUN��0F*UDZ�+LOO��

*RRGODG��-�,���	�5LFKWHU�-U���0�1����������7KH�GHYHORSPHQW�RI�D�FRQFHSWXDO�V\VWHP�IRU�GHDOLQJ�ZLWK�
SUREOHPV�RI�FXUULFXOXP�DQG�LQVWUXFWLRQ��/RV�$QJHOHV��&$��8&/$��

*RQ]DOHV�� (�-��� 	� )R\�� 3�� �������� (VWLPDWLRQ� RI� VDPSOLQJ� YDULDELOLW\�� GHVLJQ� HIIHFWV�� DQG�
HIIHFWLYH� VDPSOH� VL]HV�� ,Q� 0�2�� 0DUWLQ� 	� '�/�� .HOO\� �(GV���� 7KLUG� ,QWHUQDWLRQDO�
0DWKHPDWLFV�DQG�6FLHQFH�6WXG\��7HFKQLFDO�UHSRUW��9ROXPH�,,��,PSOHPHQWDWLRQ�DQG�DQDO\VLV��SS�����
������%RVWRQ��0$��%RVWRQ�&ROOHJH��

*RQ]DOHV�� (�-��� 	� 0LOHV�� -�$�� �(GV���� �������� 7,066� ����� 8VHU� JXLGH� IRU� WKH� LQWHUQDWLRQDO�

GDWDEDVH��%RVWRQ��0$��%RVWRQ�&ROOHJH��

*UDYHPHLMHU��.�3�(����������'HYHORSLQJ�UHDOLVWLF�PDWKHPDWLFV�HGXFDWLRQ��8WUHFKW��&'�¢�3UHVV��

*UD\��(���	�7DOO��'����������'XDOLW\��DPELJXLW\��DQG�IOH[LELOLW\��D�
SURFHSWXDO
�YLHZ�RI�VLPSOH�
DULWKPHWLF��-RXUQDO�IRU�5HVHDUFK�LQ�0DWKHPDWLFV�(GXFDWLRQ������������������

*U]\PDOD�%XVVH��-�5����������0DQDJLQJ�XQFHUWDLQW\�LQ�H[SHUW�V\VWHPV��%RVWRQ��.OXZHU��

*URHQ�� :�� �������� +RQGHUG� MDDU� OHHUSODQZLM]LJLQJHQ� �YHUQLHXZLQJVEHZHJLQJHQ� PHW� HQ�
]RQGHU�JHYROJ�>+XQGUHG�\HDUV�RI�FXUULFXOXPUHIRUPV���LQQRYDWLRQ�PRYHPHQWV�ZLWK�DQG�
ZLWKRXW� LPSDFW@�� ,Q�)��*RIIUHH��0��YDQ�+RRUQ��	�%��=ZDQHYHOG� �(GV����+RQGHUG� MDDU�
ZLVNXQGHRQGHUZLMV� �� HHQ� MXELOHXPERHN� >+XQGUHG�\HDUV�RI�PDWKHPDWLFV�HGXFDWLRQ��D� MXELOHH�
ERRN@��SS������²�������/HXVGHQ��1HGHUODQGVH�9HUHQLJLQJ�YDQ�:LVNXQGHOHUDUHQ��
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*XOPDQV�� -��� /RRQ�� /�-�� YDQ�� 	� 3HOJUXP�� :�-�� �������� 'RHOVWHOOLQJHQRQGHU]RHN� PLGGHOEDDU�
EHURHSVRQGHUZLMV��'HHO�,��RS]HW�HQ�XLWYRHULQJ��(QVFKHGH��7HFKQLVFKH�+RJHVFKRRO�7ZHQWH��

+DDQ�� '�0�� GH� ��������0HDVXULQJ� WHVW�FXUULFXOXP� RYHUODS�� 'RFWRUDO� GLVVHUWDWLRQ�� 8QLYHUVLWHLW�
7ZHQWH��(QVFKHGH��

+DDQ�� -�� GH��0HLM�� -�� YDQ� GHU��	�3DNNHUW��0�� ��������&XUULFXODLUH� JHVFKLNWKHLG� YDQ� GH� 7,066�
SUDNWLVFKH� YDDUGLJKHLGVWRHWV� >&XUULFXODU� DSSURSULDWHQHVV� RI� WKH� 7,066� SHUIRUPDQFH�
DVVHVVPHQW@��8QSXEOLVKHG�UHSRUW��(QVFKHGH��8QLYHUVLW\�RI�7ZHQWH��

+DHUWHO��(�+���	�/LQQ��5�/����������&RPSDUDELOLW\��,Q�*�:��3KLOOLSV��(G����7HFKQLFDO�LVVXHV�LQ�
ODUJH�VFDOH�SHUIRUPDQFH�DVVHVVPHQW��:DVKLQJWRQ��1&(6��

+DUPRQ��0���6PLWK��7�$���0DUWLQ��0�2���.HOO\��'�/���%HDWRQ��$�(���0XOOLV��,�9�6���*RQ]DOHV��
(�-��� 	� 2USZRRG�� *�� �������� 3HUIRUPDQFH� DVVHVVPHQW� LQ� ,($
V� 7KLUG� ,QWHUQDWLRQDO�

0DWKHPDWLFV�DQG�6FLHQFH�6WXG\��%RVWRQ��0$��%RVWRQ�&ROOHJH��

+DUG\�� 5�$�� ��������0HDVXULQJ� LQVWUXFWLRQDO� YDOLGLW\�� D� UHSRUW� RI� DQ� LQVWUXFWLRQDO� YDOLGLW\�
VWXG\� IRU� WKH� $ODEDPD� KLJK� VFKRRO� JUDGXDWLRQ� H[DPLQDWLRQ�� -RXUQDO� RI� (GXFDWRQDO�
0HDVXUHPHQW�������������������

+DZNHU�� '��� 	� 2OOHUWRQ�� 0�� �������� 1DWLRQDO� WHVWV� LQ� PDWKHPDWLFV�� 7ZR� SHUVSHFWLYHV��
0DWKHPDWLFV�7HDFKLQJ��������������

+HUPDQV��3�+�/���(G������������'HQNHQ�HQ�GRHQ��KHW�WRHWVHQ�YDQ�SUDNWLVFKH�YDDUGLJKHGHQ��
$UQKHP��&LWR���

+HXYHO�3DQKXL]HQ��0��YDQ�GHQ���������$VVHVVPHQW�DQG� UHDOLVWLF�PDWKHPDWLFV� HGXFDWLRQ��8WUHFKW��
&'�¢�3UHVV��

+LHEHUW�� -�� �������� 5HODWLRQVKLSV� EHWZHHQ� UHVHDUFK� DQG� WKH�1&70� 6WDQGDUGV�� -RXUQDO� IRU�
5HVHDUFK�LQ�0DWKHPDWLFV�(GXFDWLRQ������������

+LHOH��3�0��YDQ���������%HJULS�HQ�LQ]LFKW�>8QGHUVWDQGLQJ�DQG�LQVLJKW@��3XUPHUHQG��0XXVVHV��

+RGVRQ��(�� ��������7KH�HIIHFW�RI�FKDQJHV� LQ� LWHP�VHTXHQFH�RQ�VWXGHQW�SHUIRUPDQFH� LQ�D�
PXOWLSOH�FKRLFH�FKHPLVWU\�WHVW��-RXUQDO�RI�5HVHDUFK�LQ�6FLHQFH�7HDFKLQJ������������������

+RGVRQ��(����������+RZ�LPSRUWDQW�LV�TXHVWLRQ�VHTXHQFH"�(GXFDWLRQ�LQ�&KHPLVWU\�������������

+RHEHQ�� :�7K�-�*�� �������� (YDOXDWLH� YDQ� RQGHUZLMVEHOHLG� >(YDOXDWLRQ� RI� HGXFDWLRQDO�
SROLFLHV@�� ,Q�:�-�� 1LMKRI�� +�$�0�� )UDQVVHQ��:�7K�-�*�� +RHEHQ�� 	� 5�*�0��:ROEHUW�
�(GV����+DQGERHN�FXULFXOXP���PRGHOOHQ��WKHRULHQ��WHFKQRORJLHQ��/LVVH��6ZHWV�	�=HLWOLQJHU��

+RRJODQG��.�� �������� (LQGRRUGHHO"� %HJLQRRUGHHO� >)LQDO� MXGJHPHQW"� 6WDUWLQJ� MXGJHPHQW@��
(XFOLGHV�����������������

+RRJODQG��.���������5HGDFWLRQHHO�>(GLWRULDO@��(XFOLGHV�������������

+RYH��-��WHQ��	�=ZDDUW��3��YDQ�GHU���������%RXZVWHQHQ�YRRU�GH�EDVLVYRUPLQJ�²�OHHUSODQ�ZLVNXQGH�
>%ULFNV� IRU� WKH� FRUH� FXUULFXOXP� ²� FXUULFXOXP� PDWKHPDWLFV@�� *URQLQJHQ�� :ROWHUV�
1RRUGKRII�(QVFKHGH��6/2��

+RZHOO�� .�:��� 	� 1ROHW�� 9�� ��������&XUULFXOXP�EDVHG� HYDOXDWLRQ�� WHDFKLQJ� DQG� GHFLVLRQ� PDNLQJ��
%HOPRQW��:DGVZRUWK�7KRPVRQ�/HDUQLQJ���
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+XFN��6�:���	�%RZHUV��1�(����������,WHP�GLIILFXOW\�OHYHO�DQG�VHTXHQFH�HIIHFWV�LQ�PXOWLSOH�
FKRLFH�DFKLHYHPHQW�WHVWV��-RXUQDO�RI�(GXFDWLRQDO�0HDVXUHPHQW�����������������

+XVpQ��7���	�%ORRP��%�6�� �(G���� �������� ,QWHUQDWLRQDO� VWXGLHV� RI� DFKLHYHPHQW� LQ�PDWKHPDWLFV��$�

FRPSDULVRQ� RI� WZHOYH� FRXQWULHV�� 9ROXPHV� ,� DQG� ,,�� 6WRFNKROP�� $OPTXLVW� 	�:LFNVHOO�1HZ�
<RUN��-RKQ�:LOH\��

,QVSHFWLH�YDQ�KHW�2QGHUZLMV���������2QGHUZLMVYHUVODJ�RYHU�KHW�MDDU�������7KH�+DJXH��6'8��

,QVSHFWLH� YDQ�KHW�2QGHUZLMV� �����D���:HUN� DDQ� GH� EDVLV��(YDOXDWLH� YDQ� GH� EDVLVYRUPLQJ� QD� YLMI�
MDDU��$OJHPHHQ�UDSSRUW��8WUHFKW��,QVSHFWLH�YDQ�KHW�2QGHUZLMV��

,QVSHFWLH� YDQ�KHW�2QGHUZLMV� �����E���:LVNXQGH� LQ� GH� EDVLVYRUPLQJ��(YDOXDWLH� YDQ� GH� HHUVWH� YLMI�
MDDU��8WUHFKW��,QVSHFWLH�YDQ�KHW�2QGHUZLMV��

.DZDQDND�� 7��� 6WLJOHU�� -�:��� 	� +LHEHUW�� -�� �������� 6WXG\LQJ� PDWKHPDWLFV� FODVVURRPV� LQ�
*HUPDQ\��-DSDQ�DQG�WKH�8QLWHG�6WDWHV��/HVVRQV�IURP�7,066�9LGHRWDSH�6WXG\��,Q�*��
.DLVHU��(��/XQD��	�,��+XQWOH\��(GV����,QWHUQDWLRQDO�FRPSDULVRQV�LQ�PDWKHPDWLFV�HGXFDWLRQ��SS��
���������/RQGRQ��)DOPHU��

.HLWHO�� &�� ��������&XOWXUDO� GLYHUVLW\�� LQWHUQDWLRQDOL]DWLRQ� DQG� JOREDOL]DWLRQ�� &KDOOHQJHV� RU� SHULOV� IRU�
PDWKHPDWLYV� HGXFDWLRQ�� .H\QRWH� DGGUHVV� DW� WKH� �WK� DQQXDO� PHHWLQJ� RI� WKH� 6RXWKHUQ�
$IULFDQ�$VVRFLDWLRQ�IRU�5HVHDUFK�LQ�0DWKHPDWLFV�DQG�6FLHQFH�(GXFDWLRQ��6$$506(�
�������3RUW�(OLVDEHWK��6RXWK�$IULFD��������-DQXDU\���

.LOSDWULFN��-����������7KH�FKDLQ�DQG�WKH�DUURZ��,Q��0��1LVV��(G����,QYHVWLJDWLRQV�LQWR�DVVHVVPHQW�
LQ�PDWKHPDWLFV�HGXFDWLRQ��$Q�,&0,�VWXG\��SS����������'RUGUHFKW��.OXZHU��

.LQG��3�0����������3HUIRUPDQFH�$VVHVVPHQW�LQ�VFLHQFH��ZKDW�DUH�ZH�PHDVXULQJ"�6WXGLHV�LQ�
(GXFDWLRQDO�(YDOXDWLRQ������������������

.LQGW��0����������'H�HUIHQLV�YDQ�DO�.KZDUL]PL�²�RYHU�YHUDQGHULQJHQ�LQ�GH�VFKRRODOJHEUD�
>7KH�OHJDF\�RI�$O�.KZDL]PL�²�DERXW�FKDQJH�LQ�VFKRRO�DOJHEUD@��,Q�)��*RIIUHH��0��YDQ�
+RRUQ�� 	� %�� =ZDQHYHOG� �(GV���� +RQGHUG� MDDU� ZLVNXQGHRQGHUZLMV� �� HHQ� MXELOHXPERHN� >�
+XQGUHG� \HDUV� RI� PDWKHPDWLFV� HGXFDWLRQ�� D� MXELOHH� ERRN@� �SS�� �������� /HXVGHQ��
1HGHUODQGVH�9HUHQLJLQJ�YDQ�:LVNXQGHOHUDUHQ��

.OHLMQH�� :�� �������� :LVNXQGH� LQ� GH� EDVLVYRUPLQJ�� (YDOXDWLH� YDQ� GH� HHUVWH� YLMI� MDDU�
>0DWKHPDWLFV�LQ�WKH�FRUH�FXUULFXOXP��(YDOXDWLRQ�RI�WKH�ILUVW�ILYH�\HDUV@��(XFOLGHV���������
�������

.OLQH��0����������0DWKHPDWLVF�LQ�ZHVWHUQ�FXOWXUH��2[IRUG��8QLYHUVLW\�3UHVV��

.RN��'���0HHGHU��0���:LMHUV��0���	�'RUPROHQ��-��YDQ���������:LVNXQGH��������HHQ�ERHN�YRRU�
GRFHQWHQ� >0DWKHPDWLFV� :������� D� ERRN� IRU� WHDFKHUV@�� 8WUHFKW�� )UHXGHQWKDO�
,QVWLWXWH�(QVFKHGH��6/2��

.RRO�� 0�� �������� 'LH� FRQVWH� YDQGHQ� JHWDOH� �� HHQ� VWXGLH� RYHU� 1HGHUODQGVWDOLJH� UHNHQERHNHQ� XLW� GH�

YLMIWLHQGH�HQ�]HVWLHQGH�HHXZ��PHW�HHQ�JORVVDULXP�YDQ�UHNHQNXQGLJH�WHUPHQ�>7KH�DUW�RI�QXPEHUV�²�D�
VWXG\� RQ�'XWFK�PDWKHPDWLFV� WH[WERRNV� IURP� WKH� ��WK� DQG� ��WK� FHQWXU\@��+LOYHUVXP��
9HUORUHQ��

.UDWKZRKO��'�5�� ��������0HWKRGV� RI� HGXFDWLRQDO� DQG� VRFLDO� VFLHQFH� UHVHDUFK�� DQ� LQWHJUDWHG�DSSURDFK��
1HZ�<RUN��$GGLVRQ�:HVOH\��
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.XKOHPHLHU�� +��� .OHLQWMHV�� )��� 	� %HUJK�� +�� YDQ� GHQ� �������� (IIHFW� YDQ� WRHWVYRUP� HQ�
YUDDJW\SH� RS� GH�PRHLOLMNKHLG� YDQ� GH� DIVOXLWLQJVWRHWVHQ� EDVLVYRUPLQJ�� HHQ� WRHSDVVLQJ�
YDQ�PXOWLQLYHDX� DQDO\VH�PHW� UDQGRP� NUXLVFODVVLILFDWLH� >(IIHFW� RI� WHVW� W\SH� DQG� LWHP�
IRUPDW� RQ� WKH� GLIILFXOW\� RI� WKH� ILQDO� WHVWV� LQ� WKH� FRUH� FXUULFXOXP�� DQ� DSSOLFDWLRQ� RI�
PXOWLOHYHO�DQDO\VLV�ZLWK�UDQGRP�FURVV�FODVVLILFDWLRQ@��3HGDJRJLVFKH�6WXGLsQ������������������

.XLSHU�� :�$�-�0�� �������� &XUULFXOXPYHUQLHXZLQJ� HQ� OHVSUDNWLMN� >&XUULFXOXP� UHIRUP� DQG�
WHDFKLQJ�SUDFWLFH@��'RFWRUDO�GLVVHUWDWLRQ��8QLYHUVLWHLW�7ZHQWH��(QVFKHGH��

.XLSHU��:�$�-�0��� %RV�� .�7M��� 	� 3ORPS�� 7M�� ��������:LVNXQGH� HQ� GH� QDWXXUZHWHQVFKDSSHOLMNH�

YDNNHQ�LQ�OHHUMDDU���HQ���YDQ�KHW�YRRUWJH]HW�RQGHUZLMV��1HGHUODQGV�DDQGHHO�LQ�7,066�SRSXODWLH���
>0DWKHPDWLFV�DQG� WKH� VFLHQFH�GRPDLQV� LQ� VHFRQGDU\� �� DQG����'XWFK�SDUWLFLSDWLRQ� LQ�
7,066�SRSXODWLRQ��@��(QVFKHGH��8QLYHUVLWHLW�7ZHQWH��

.XLSHU�� :�$�-�0��� %RV�� .�7M��� 	� 3ORPS�� 7M�� �������� 0DWKHPDWLFV� DFKLHYHPHQW� LQ� WKH�
1HWKHUODQGV�DQG�DSSURSULDWHQHVV�RI� WKH�7,066�PDWKHPDWLFV�WHVW��(GXFDWLRQDO�5HVHDUFK�
DQG�(YDOXDWLRQ�����������������
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UHDOLVWLF�JHRPHWU\@��8WUHFKW��&'�¢�3UHVV��
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WKH�FRUH�FXUULFXOXP��)UDPHZRUN�IRU�WKH�H[HFXWLYH�SODQ@��7KH�+DJXH��692��

3LDJHW��-����������7KH�FKLOG
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3LSHU�� .�� �������� &XUULFXOXP� VW\OH� DQG� VRFLDO� OHDUQLQJ��$&(5� 0RQRJUDSK� 1R�� ��� +DZWKRUQ��
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5HVQLFN��/�%���	�5HVQLFN��'�3����������$VVHVVLQJ�WKH�WKLQNLQJ�FXUULFXOXP��1HZ�WRROV�IRU�HGXFDWLRQDO�
UHIRUP�� 3LWVEXUJK�� 3$�� /HDUQLQJ� 5HVHDUFK� DQG� 'HYHORSPHQW� &HQWHU�� 8QLYHUVLW\� RI�
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PDWKHPDWLFV��'RUGUHFKW��.OXZHU��

6FKPLGW��:�+���	�&RJDQ��/����������'HYHORSPHQW�RI�WKH�7,066�FRQWH[W�TXHVWLRQQDLUHV��,Q�
0�2��0DUWLQ�	�'�/��.HOO\��(GV����7KLUG�,QWHUQDWLRQDO�0DWKHPDWLFV�DQG�6FLHQFH�6WXG\��7HFKQLFDO�
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DVVHVVPHQWV��-RXUQDO�RI�(GXFDWLRQDO�0HDVXUHPHQW������������������

6NHPS��5�5����������7KH�SV\FKRORJ\�RI�OHDUQLQJ�PDWKHPDWLFV��/RQGRQ��3HQJXLQ�+DPPRQGVZRUWK��

6OXLMWHU�� &��� .OHLQWMHV�� )�*�0��� 6FKDON�� +�+��� 5RRVPDOHQ�� :�� YDQ�� +HUPDQV�� 3�+�/��� 	�
%RJDHUWV��&�$�0�-�� ��������'H� FRQVWUXFWLH� YDQ� EHRRUGHOLQJVVFKDOHQ� ELM� DIVOXLWLQJVWRHWVHQ� YRRU� GH�
EDVLVYRUPLQJ�>7KH�FRQVWUXFWLRQ�RI�VFRULQJ�VFDOHV�ZLWK�ILQDO�WHVWV�IRU�WKH�FRUH�FXUULFXOXP@��
$UQKHP��&LWR��

6PLG��+�-�� ��������:LVNXQGHRQGHUZLMV�RS�ELMQD�YHUJHWHQ� VFKROHQ� ��ZLVNXQGH�RS�GH� �P�XOR�
>0DWKHPDWLFV�HGXFDWLRQ�DW�DOPRVW�IRUJRWWHQ�VFKRROV@��,Q�)��*RIIUHH��0��YDQ�+RRUQ��	�%��
=ZDQHYHOG� �(GV���� +RQGHUG� MDDU� ZLVNXQGHRQGHUZLMV� �� HHQ� MXELOHXPERHN� >+XQGUHG� \HDUV� RI�
PDWKHPDWLFV� HGXFDWLRQ�� D� MXELOHH� ERRN@� �SS�� ���� ²� ������ /HXVGHQ�� 1HGHUODQGVH�
9HUHQLJLQJ�YDQ�:LVNXQGHOHUDUHQ��

6QLMGHUV��7�$�%���	�%RVNHU��5�-����������0XOWLOHYHO�DQDO\VLV�²�DQ�LQWURGXFWLRQ�WR�EDVLF�DQG�DGYDQFHG�
PXOWLOHYHO�PRGHOOLQJ��/RQGRQ��6$*(�3XEOLFDWLRQV��

6RVQLDN�� /�$��� (WKLQJWRQ�� &�$��� 	� 9DUHODV�� 0�� �������� 7KH� P\WK� RI� SURJUHVVLYH� DQG�
WUDGLWLRQDO�RULHQWDWLRQV�� WHDFKLQJ�PDWKHPDWLFV�ZLWKRXW�D�FRKHUHQW�SRLQW�RI�YLHZ��,Q�,��
:HVWEXU\��&�$��(WKLQJWRQ��/�$��6RVQLDN��	�'�3��%DNHU��(GV����,Q�VHDUFK�RI�PRUH�HIIHFWLYH�
PDWKHPDWLFV�HGXFDWLRQ��H[DPLQLQJ�GDWD�IURP�WKH�,($�VHFRQG�LQWHUQDWLRQDO�PDWKHPDWLFV�VWXG\��SS��
���������1RUZRRG��1-��$OEH[��

6WUHXQ��$�� YDQ� ��������+HXULVWLVFK�ZLVNXQGH�RQGHUZLMV� >+HXULVWLF�PDWKHPDWLV� HGXFDWLRQ@��
'RFWRUDO�GLVVHUWDWLRQ��5LMNVXQLYHUVLWHLW�*URQLQJHQ��*URQLQJHQ��

6WUHXQ��$��YDQ���������6ODJHQ�RQGHUZLMVH[SHULPHQWHQ�DOWLMG"� >$UH�HGXFDWLRQDO�H[SHULPHQWV�
DOZD\V�VXFFHVIXO"@��1LHXZH�:LVNUDQW���������������

6WUHXQ��$��YDQ���������:LVKIXO�WKLQNLQJ�HQ�QLHXZH�OHHUSODQQHQ�>:LVKIXO�WKLQNLQJ�DQG�QHZ�
FXUULFXOD@��(XFOLGHV������������������

6WUHXQ�� $�� YDQ� �������� +HW� GHQNHQ� EHYRUGHUHQ� >(QKDQFH� WKLQNLQJ@� >,QDXJXUDO� OHFWXUH@��
*URQLQJHQ�� 1HWKHUODQGV�� )DFXOWHLW� GHU� :LVNXQGH� HQ� 1DWXXUZHWHQVFKDSSHQ��
5LMNVXQLYHUVLWHLW�*URQLQJHQ��

6WURRPEHUJ��+�3�� ��������9HUVODJ� YDQ� HHQ� HPSLULVFK� RQGHU]RHN� YDQ� RQGHUZLMVGRHOVWHOOLQJHQ��'HHO� ,��

5HNHQHQ� >5HSRUW� RI� DQ� HPSLULFDO� UHVHDUFK� IRU� HGXFDWLRQDO� REMHFWLYHV@�� $PVWHUGDP��
5HVHDUFK�,QVWLWXXW�YRRU�GH�7RHJHSDVWH�3V\FKRORJLH��

6]HQGUHL�� -�� �������� &RQFUHWH� PDWHULDOV� LQ� WKH� FODVVURRP�� ,Q� $�-�� %LVKRS�� .�� &OHPHQW���
&�� .HLWHO�� -�� .LOSDWULFN�� 	� &�� /DERUGH� �(GV���� ,QWHUQDWLRQDO� KDQGERRN� RI� PDWKHPDWLFV�
HGXFDWLRQ��SS������������'RUGUHFKW��.OXZHU��

7,066� SHUIRUPDQFH� DVVHVVPHQW� DGPLQLVWUDWLRQ� PDQXDO� IRU� WKH� PDLQ� VXUYH\� �������� %RVWRQ�� 0$��
%RVWRQ�&ROOHJH��



5HIHUHQFHV ���

7,066� FRGLQJ� JXLGH� IRU� SHUIRUPDQFH� DVVHVVPHQW�3RSXODWLRQV���DQG��� ��������%RVWRQ��0$��%RVWRQ�
&ROOHJH��

7,066�VFRULQJ�JXLGHV�IRU�WKH�PDWKHPDWLFV�DQG�VFLHQFH�IUHH�UHVSRQVH�LWHPV���������%RVWRQ��0$��%RVWRQ�
&ROOHJH��

7,066�WHVW�FXUULFXOXP�PDWFKLQJ�DQDO\VLV���������%RVWRQ��0$��%RVWRQ�&ROOHJH��

7,066�5�VXUYH\�RSHUDWLRQV�PDQXDO���������%RVWRQ��0$��%RVWRQ�&ROOHJH��

7,066�5�WHVW�FXUULFXOXP�PDWFKLQJ�DQDO\VLV���������%RVWRQ��0$��%RVWRQ�&ROOHJH��

7KRPSVRQ�� '�5��� 	� 6HQN�� 6�/�� �������� 7KH� HIIHFWV� RI� FXUULFXOXP� RQ� DFKLHYHPHQW� LQ�
VHFRQG�\HDU� DOJHEUD��7KH� H[DPSOH� RI� WKH� XQLYHUVLW\� RI�&KLFDJR� 6FKRRO�0DWKHPDWLFV�
3URMHFW��-RXUQDO�IRU�5HVHDUFK�LQ�0DWKHPDWLFV�(GXFDWLRQ����������������

7UDYHUV�.�-���	�:HVWEXU\�� ,�� ��������7KH� ,($� VWXG\� RI� PDWKHPDWLFV� ,��$QDO\VLV� RI�PDWKHPDWLFV�

FXUULFXOD��2[IRUG��3HUJDPRQ�3UHVV��

7UHIIHUV�� $�� �������� 7KUHH� GLPHQVLRQV�� $� PRGHO� RI� JRDO� DQG� WKHRU\� GHVFULSWLRQV� LQ� PDWKHPDWLFV�

LQVWUXFWLRQ���WKH�:LVNREDV�3URMHFW��'RUGUHFKW��5HLGHO��

7UHIIHUV��$�� ��������:LVNREDV�HQ�)UHXGHQWKDO��UHDOLVWLF�PDWKHPDWLFV�HGXFDWLRQ��(GXFDWLRQDO�
6WXGLHV�LQ�0DWKHPDWLFV��������������

9HUKDJH��+���	�:LMHUV��0����������8LWNRPVWHQ�HQTXHWH�UHJLRQDOH�ELMHHQNRPVWHQ�>2XWFRPHV�
VXUYH\�UHJLRQDO�PHHWLQJV@��(XFOLGHV�����������������

9HUKRHI�� 1��� 	� %RV�� '�� �������� :LVNXQGHZHUNORNDDO� HQ� GH� OHUDUHQRSOHLGLQJ� WH� =ZROOH�
>0DWKHPDWLFV�ZRUNLQJ�URRP�DQG�WHDFKHU�WUDLQLQJ�LQ�=ZROOH@��1LHXZH�:LVNUDQW��������������

9LQN��$����������3UDNWLVFKH�RSGUDFKWHQ�LQ�KHW�YPER��(XFOLGHV�����������������

9LQN��$���=HJHUV��$���	�%DOOHULQJ�)����������5HDFWLH�>UHDFWLRQ@��(XFOLGHV�����������������

9RV��)�3���.XLSHU��:�$�-�0���	�%RV��.�7M�� ��������3UHGHFHVVRU� LWHPV� DQG� VWXGHQWV
� DFKLHYHPHQW��
3DSHU�SUHVHQWHG�DW�(&(5�������(GLQEXUJ��6FRWODQG��������6HSWHPEHU��

9RV��)�3���	�%RV��.�7M�������D���7UHQGV�������²�������LQ�SHUIRUPDQFHV�RI�'XWFK�JUDGH���
VWXGHQWV�LQ�7,066�DJDLQVW�WKH�EDFNJURXQG�RI�WKH�UHDOLVWLF�PDWKHPDWLFV�FXUULFXOXP��,Q�
0�� YDQ�GHQ�+HXYHO�3DQKXL]HQ� �(G����3URFHHGLQJV� RI� WKH� ��WK�&RQIHUHQFH� RI� WKH� ,QWHUQDWLRQDO�
*URXS� IRU� WKH� 3V\FKRORJ\� RI� 0DWKHPDWLFV� (GXFDWLRQ�� 8WUHFKW�� 1HWKHUODQGV�� )UHXGHQWKDO�
,QVWLWXWH��

9RV��)�3���	�%RV��.�7M�� �����E���&RPSDULQJ� WKUHH� FXUULFXODU� OHYHOV� RI�7,066����DQG�7,066����
PDWKHPDWLFV�UHVXOWV�LQ�WKH�1HWKHUODQGV�ZLWK�%HOJLDQ��)OHPLVK��GDWD��3DSHU�SUHVHQWHG�DW�(&(5�
������/LOOH��)UDQFH������6HSWHPEHU��

:HUI��0�3�&��YDQ�GHU��/XEEHUV�0�-���	�.X\SHU��+����������2QGHUZLMVUHVXOWDWHQ�YDQ�92&/
���

HQ� 92&/� 
��� OHHUOLQJHQ� >(GXFDWLRQ� UHVXOWV� RI� VWXGHQWV� LQ� 92&/
��� DQG� 92&/
��@��
*URQLQJHQ��5LMNVXQLYHUVLWHLW�*URQLQJHQ��

:LJJLQV�� *�� �������� $� WUXH� WHVW�� 7RZDUGV�PRUH� DXWKHQWLF� DQG� HTXLWDEOH� DVVHVVPHQW�� 3KL�
'HOWD�.DSSDQ������������������

:LMHUV�� 0�� �������� $OJHEUD�� HHQ� SUDNWLMNSUREOHHP� >$OJHEUD�� D� SUDFWLFDO� SUREOHP@��1LHXZH�

:LVNUDQW���������������



��� 5HIHUHQFHV

:LMHUV��0���	�.HPPH��6����������:HONH�DOJHEUD�KHE�MH�QRGLJ�LQ���YZR"�>:KLFK�DOJHEUD�LV�
QHHGHG�LQ�JUDGH���"@��1LHXZH�:LVNUDQW���������������

:LMQVWUD��-�0���(G������������9HUDQWZRRUGLQJ�YDQ�GH�UHNHQSHLOLQJ�PHGLR�HQ�HLQGH�EDVLVRQGHUZLMV������

>$FFRXQW� RI� WKH� PDWKHPDWLFV� DVVHVVPHQW� LQ� SULPDU\� HGXFDWLRQ� ����@�� $UQKHP��
,QVWLWXXW�YRRU�7RHWVRQWZLNNHOLQJ��

:ROI�� 5�0�� �������� 3HUIRUPDQFH� DVVHVVPHQW� LQ� ,($� VWXGLHV�� ,QWHUQDWLRQDO� -RXUQDO� RI�
(GXFDWLRQDO�5HVHDUFK������������������

:ROI�� 5�:�� �������� 9DOLGLW\� LVVXHV� LQ� LQWHUQDWLRQDO� DVVHVVPHQWV�� ,QWHUQDWLRQDO� -RXUQDO� RI�
(GXFDWLRQDO�5HVHDUFK��������������

:RRG��5����������$VVHVVPHQW�DQG�WHVWLQJ��&DPEULGJH��&DPEULGJH�8QLYHUVLW\�3UHVV��

=X]RYVN\�� 5��� 	� +DUPRQ�� 0�� �(GV��� �������� 7,066� SHUIRUPDQFH� DVVHVVPHQW�� 6WXGLHV� LQ�
(GXFDWLRQDO�(YDOXDWLRQ������������������

=X]RYVN\��5����������3UREOHPDWLF�DVSHFWV�RI�WKH�VFRULQJ�RI�WKH�7,066�SUDFWLFDO�SHUIRUPDQFH�
DVVHVVPHQW��6RPH�H[DPSOHV��6WXGLHV�LQ�(GXFDWLRQDO�(YDOXDWLRQ������������������

=ZDDUW��3��YDQ�GHU��	�%RHUWLHQ��+����������1DDU�HHQ�VFKRROEUHGH�DDQSDN�YDQ�GH�EDVLVYRUPLQJ��(HQ�
KDQGUHLNLQJ� ELM� GH� KHU]LHQH� NHUQGRHOHQ�ZLVNXQGH� >7RZDUGV�D� VFKRRO�ZLGH�DSSURDFK� IRU� WKH�
FRUH�FXUULFXOXP��$�KHOSLQJ�KDQG�IRU�WKH�UHYLHZHG�FRUH�REMHFWLYHV@��(QVFKHGH��6/2��

=ZDQHYHOG��%����������.HQQLVJUDIHQ�LQ�KHW�ZLVNXQGHRQGHUZLMV�>&RQFHSW�PDSSLQJ�LQ�PDWKHPDWLFV�
HGXFDWLRQ@��0DDVWULFKW��6KDNHU��
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�

�
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6DPHQYDWWLQJ�
�

$OV�HHQ�RFHDDQVWRPHU�GLH�YDQ�NRHUV�YHUDQGHUW�
�

+HW�ZLVNXQGHFXUULFXOXP�LQ�GH�WZHHGH�NODV�YDQ��

KHW�YRRUWJH]HW�RQGHUZLMV�LQ�1HGHUODQG������������

�
�

�

�

a�(HQ�VFKLS�RS�KHW�VWUDQG�LV�HHQ�EDNHQ�RS�]HH��a�

$�VKLS�RQ�WKH�EHDFK�LV�D�EHDFRQ�DW�VHD���OHDUQLQJ�IURP�RWKHU�SHRSOH
V�PLVWDNHV��

�'87&+�3529(5%��

�

�

�

$$1/(,',1* 9225 '( 678',(�

,Q������QDP�1HGHUODQG�GHHO�DDQ�HHQ�JURRWVFKDOLJ�LQWHUQDWLRQDDO�YHUJHOLMNHQG�

RQGHU]RHN�QDDU�GH�OHHURSEUHQJVWHQ�LQ�KHW�RQGHUZLMV�YDQ�GH�H[DFWH�YDNNHQ��'LW�

SURMHFW�KHHWWH�GH�7KLUG�,QWHUQDWLRQDO�0DWKHPDWLFV�DQG�6FLHQFH�6WXG\��7,066���

XLWJHYRHUG�RQGHU�DXVSLFLsQ�YDQ�GH�,QWHUQDWLRQDO�$VVRFLDWLRQ�IRU�WKH�(YDOXDWLRQ�

RI�(GXFDWLRQDO�$FKLHYHPHQW��,($���'H�SUHVWDWLHV�YDQ�OHHUOLQJHQ�ZHUGHQ�JHPHWHQ�

PLGGHOV�LGHQWLHNH�WRHWVHQ�LQ�DOOH�GHHOQHPHQGH�ODQGHQ��PHW�GLHQ�YHUVWDQGH�GDW�GH�

WRHWV�QDDU�GH�ODQGVWDDO�ZDV�YHUWDDOG���

(HQ�YDQ�GH�SRSXODWLHV�ZDDULQ�KHW�RQGHU]RHN�ZHUG�XLWJHYRHUG�EHWURI�OHHUMDDU���

YDQ�KHW�YRRUWJH]HW�RQGHUZLMV��OHHUOLQJHQ�YDQ�JHPLGGHOG����MDDU���9RRU�GH]H�

SRSXODWLH�ZHUGHQ�WZHH�WRHWVHQ�JHEUXLNW�RP�GH�SUHVWDWLHV�WH�PHWHQ��(QHU]LMGV�ZDV�

HU�HHQ�VFKULIWHOLMNH�WRHWV��GH�7,066�:ULWWHQ�7HVW��KLHUQD�DIJHNRUW�DOV�:7�������

HQ�DQGHU]LMGV�ZDV�HU�HHQ�SUDNWLVFKH�YDDUGLJKHLGVWRHWV��GH�7,066�3HUIRUPDQFH�

$VVHVVPHQW��KLHUQD�DIJHNRUW�DOV�3$���������



��� 'XWFK VXPPDU\

�

'H�VFRUHV�YDQ�GH�1HGHUODQGVH�OHHUOLQJHQ�RS�:7������LQ�GH�LQWHUQDWLRQDOH�

YHUJHOLMNLQJ�ZDUHQ�JRHG�WH�QRHPHQ��1HGHUODQGVH�OHHUOLQJHQ�EHKRRUGHQ�ZDW�

EHWUHIW�ZLVNXQGH�WRW�GH�PRQGLDOH�VXEWRS��+XQ�JHPLGGHOGH�VFRUH�ODJ�EHGXLGHQG�

KRJHU�GDQ�KHW�LQWHUQDWLRQDOH�JHPLGGHOGH��'LW�ZDV�RSPHUNHOLMN�RPGDW�

OHHUSODQH[SHUWV�YRRU�KHW�YDN�ZLVNXQGH�RRUGHHOGHQ�GDW�GH]H�LQWHUQDWLRQDOH�

VFKULIWHOLMNH�WRHWV�VOHFKWV�LQ�EHSHUNWH�PDWH�DDQVORRW�RS�KHW�EHRRJG�FXUULFXOXP��GH�

.HUQGRHOHQ�YRRU�GH�%DVLVYRUPLQJ���'H�OHHUSODQH[SHUWV�JDYHQ�DDQ�GDW�VOHFKWV�

����YDQ�GH�ZLVNXQGLJH�WRHWVLWHPV�SDVWH�ELM�KHW�EHRRJG�FXUULFXOXP��(QNHOH�

JHWRHWVWH�RQGHUZHUSHQ�]RDOV�OHWWHUUHNHQHQ�HQ�FRQJUXHQWLH�ZDUHQ�QRJ�QDXZHOLMNV�

LQ�KHW�OHVSURJUDPPD�DDQ�ERG�JHZHHVW��'H�ZLVNXQGH�H[SHUWV�PDDNWHQ�EH]ZDDU�

WHJHQ�GH�NDOH�UHGDFWLHVRPPHQ��%RYHQGLHQ�ZHUG��PHW�����PHHUNHX]H�LWHPV��GH�

YRUP�YDQ�GH�WHVWLWHPV�PLQGHU�JHVFKLNW�JHDFKW�YRRU�KHW�WRHWVHQ�YDQ�YDDUGLJKHGHQ�

ZDDUDDQ�LQ�GH�EDVLVYRUPLQJ�EHODQJ�ZRUGW�JHKHFKW��

�

,Q������ZHUG�LQ�DDQYXOOLQJ�RS�GH�VFKULIWHOLMNH�WRHWV�RRN�HHQ�SUDNWLVFKH�

YDDUGLJKHLGVWRHWV�DIJHQRPHQ�LQ����ODQGHQ�ZDDURQGHU�1HGHUODQG��%HODQJULMN�

DUJXPHQW�YRRU�KHW�FRPSOHPHQWDLUH�NDUDNWHU�YDQ�GH]H�WZHHGH�WRHWV�ZDV�GDW�PHW�

HHQ�VFKULIWHOLMNH�WRHWV�YRRUDO�
NHQQLV
�HQ�LQ�PLQGHUH�PDWH�
YDDUGLJKHGHQ
�

RQGHU]RFKW�NXQQHQ�ZRUGHQ��'H]H�SUDNWLVFKH�YDDUGLJKHLGVWRHWV��3$�������ZDV�

HHQ�JUHQVYHUOHJJHQGH�WRHWV�GLH�EHVWRQG�XLW�ZLVNXQGH��HQ�VFLHQFHWDNHQ�HQ�ZHUG�

DIJHQRPHQ�LQ�HHQ�SUDFWLFXPRPJHYLQJ��/HHUOLQJHQ�ZHUGHQ�YRRU]LHQ�YDQ�

PDQLSXODWLHYH�PDWHULDOHQ��NOHL��PDJQHWHQ��YRXZEODDGMHV��SODNEDQG��HQ]���HQ�

HHQYRXGLJH�PHHWDSSDUDWXXU��WKHUPRPHWHU��OLQLDDO��ZHHJVFKDDO��HQ]����=LM�ZHUGHQ�

JHWRHWVW�PHW�RSGUDFKWHQ�DOV��KHW�RS]HWWHQ�HQ�XLWYRHUHQ�YDQ�H[SHULPHQWHQ��KHW�

GRHQ�HQ�EHVFKULMYHQ�YDQ�ZDDUQHPLQJHQ��KHW�UHNHQHQ�PHW�HHQ�]DNUHNHQPDFKLQH��

KHW�]RHNHQ�QDDU�UHJHOPDDW�HQ�KHW�QRWHUHQ�HQ�LQWHUSUHWHUHQ�YDQ�PHHWJHJHYHQV���

*HFRQVXOWHHUGH�FXUULFXOXPH[SHUWV�RRUGHHOGHQ�LQ������GDW�GH]H�LQWHUQDWLRQDOH�

SUDNWLVFKH�WRHWV��JHJHYHQ�GH�JHULFKWKHLG�RS�KHW�PHWHQ�YDQ�WRHSDVVLQJVJHULFKWH�

YDDUGLJKHGHQ��JRHG�DDQVORRW�ELM�GH�.HUQGRHOHQ��

'H�VFRUHV�YDQ�GH�1HGHUODQGVH�OHHUOLQJHQ�RS�3$������RQGHUVFKHLGGHQ�]LFK�

HFKWHU�QDXZHOLMNV�YDQ�KHW�LQWHUQDWLRQDOH�JHPLGGHOGH��'LW�FRQWUDVWHHUGH�RSYDOOHQG�

JHQRHJ�]RZHO�PHW�GH�SUHVWDWLHV�RS�GH�VFKULIWHOLMNH�WRHWV��ZDDURS�ZpO�HHQ�KRJH�

LQWHUQDWLRQDOH�UDQNLQJ�ZHUG�EHUHLNW��DOVRRN�PHW�JHJHYHQV�RYHU�GH�JURWH�PDWH�YDQ�

JHVFKLNWKHLG�YDQ�GH�WRHWV�LQ�KHW�OLFKW�YDQ�KHW�EHRRJGH�FXUULFXOXP�YRRU�GH�

EDVLVYRUPLQJ���

�



'XWFK VXPPDU\ ���

'H�YUDDJ�UHHV�RI�GH]H�GLVFUHSDQWLHV�NRQGHQ�ZRUGHQ�WRHJHVFKUHYHQ�DDQ�GH�

DDQGDFKW�GLH�LQ�GH�EDVLVYRUPLQJ�WRW�GDQ�WRH�ZDV�EHVWHHG�DDQ�WRHSDVVLQJVJHULFKWH�

YDDUGLJKHGHQ�LQ�GH�H[DFWH�YDNNHQ��:HOOLFKW�YROJGH�KHW�RQGHU]RHNVPRPHQW�

�������WH�NRUW�RS�GH�IRUPHOH�LQYRHULQJ�YDQ�GH�EDVLVYRUPLQJ��������HQ�EOHHI�GH�

XLWYRHULQJ�YDQ�KHW�QLHXZH�OHHUSODQ�QRJ�DFKWHU��'H]H�YHURQGHUVWHOOLQJ�ZHUG�RRN�

JHVFKUDDJG�GRRU�KHW�OHUDUHQRRUGHHO�RYHU�3$�������,Q�KHW�NDGHU�YDQ�RQGHU]RHN�

QDDU�KHW�XLWJHYRHUG�FXUULFXOXP�ZHUG�DDQ�GH�ZLVNXQGHOHUDUHQ�YDQ�GH�JHWRHWVWH�

OHHUOLQJHQ�GH�WDNHQ�XLW�GH�WRHWV�YRRUJHOHJG��=LM�RRUGHHOGHQ�RYHU�KHW�DOJHPHHQ�

DIZLM]HQG�RS�GH]H�WDNHQ�LQ�WHJHQVWHOOLQJ�WRW�GH�FXUULFXOXPH[SHUWV��'LW�NRQ�HURS�

GXLGHQ�GDW�QLHW�DOOH�JHWRHWVWH�LQKRXGHQ�HQ�YDDUGLJKHGHQ�RRN�GDDGZHUNHOLMN�LQ�GH�

OHV�DDQ�GH�RUGH�ZDUHQ�JHZHHVW��

�

*H]LHQ�GH�KLHUERYHQ�EHVFKUHYHQ�RQYHUZDFKWH�UHVXOWDWHQ�ZHUG�KHW�HHQ�

PDDWVFKDSSHOLMN�HQ�ZHWHQVFKDSSHOLMN�UHOHYDQWH�YUDDJ�JHDFKW�RI�KHUKDDOGH�DIQDPH�

YDQ�EHLGH�WRHWVHQ�]RX�UHVXOWHUHQ�LQ�SUHVWDWLHV�YHUJHOLMNEDDU�PHW�GLH�XLW�������

'DDUQDDVW�ODJ�GH�YUDDJ�YRRU�GH�KDQG�RI�YDNH[SHUWV�HQ�GRFHQWHQ�WRW�HHQ�

VRRUWJHOLMN�RRUGHHO�]RXGHQ�NRPHQ�RYHU�GH�JHVFKLNWKHLG�YDQ�WRHWVHQ�DOV�LQ������

KHW�JHYDO�ZDV��$OGXV�ZHUG�EHVORWHQ�RP�DDQ�WH�KDNHQ�ELM�GH�LQWHUQDWLRQDOH�

KHUKDOLQJ�YDQ�GH�VFKULIWHOLMNH�WRHWV��:7�������HQ��ELM�JHEUHN�DDQ�LQWHUQDWLRQDOH�

EHODQJVWHOOLQJ��GH�SUDNWLVFKH�WRHWV�DOOHHQ�LQ�1HGHUODQG�WH�KHUKDOHQ��3$��������'H�

KHUKDDOGH�DIQDPH�YDQ�EHLGH�WRHWVHQ�]RX�WUHQGJHJHYHQV�NXQQHQ�YHUVFKDIIHQ�RYHU�

GH�ZDDUJHQRPHQ�GLVFUHSDQWLHV��

'H�YROJHQGH�RQGHU]RHNVYUDJHQ�VWRQGHQ�FHQWUDDO���
■ ,Q�KRHYHUUH�UHVXOWHHUW�DIQDPH�YDQ�3$������LQ�FRPELQDWLH�PHW�GH�KHUKDDOGH�

DIQDPH�YDQ�GH�VFKULIWHOLMNH�WRHWV�:7������LQ�GH]HOIGH�YHUVFKLOOHQ�LQ�SUHVWDWLHV�

RS�3$������HQ�:7�����"��
■ ,Q�KRHYHUUH�]LMQ�GH�OHHUOLQJSUHVWDWLHV�RS�EHLGH�WRHWVHQ�WHUXJ�WH�YRHUHQ�RS�GH�

JHVFKLNWKHLG�YDQ�GH]H�WRHWV�LQ�KHW�OLFKW�YDQ�GH�.HUQGRHOHQ�YRRU�GH�H[DFWH�

YDNNHQ�LQ�GH�EDVLVYRUPLQJ��EHRRJG�FXUULFXOXP��HQ�KHW�IHLWHOLMN�JHJHYHQ�

RQGHUZLMV�LQ�GLH�YDNNHQ��XLWJHYRHUG�FXUULFXOXP���HQ�RS�HYHQWXHOH�GLVFUHSDQWLHV�

KLHUWXVVHQ"�

&21&(378((/ .$'(5 (1 &217(;7 9$1 '( 678',(�

'H�VWXGLH�ZHUG�XLWJHYRHUG�WHJHQ�GH�DFKWHUJURQG�YDQ�HHQ�FRQFHSWXHHO�NDGHU�

ZDDULQ�GULH�YHUVFKLMQLQJVYRUPHQ�YDQ�FXUULFXOD�YRRU�GH�H[DFWH�YDNNHQ�ZRUGHQ�

RQGHUVFKHLGHQ��KHW�EHRRJGH��KHW�XLWJHYRHUGH�HQ�KHW�JHUHDOLVHHUGH�FXUULFXOXP��
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�

+HW�EHRRJGH�FXUULFXOXP�YHUZLMVW�QDDU�.HUQGRHOHQ��H[DPHQSURJUDPPD�HQ�

PHWKRGHQ��+HW�XLWJHYRHUGH�FXUULFXOXP�YHUZLMVW�QDDU�KHW�IHLWHOLMNH�

RQGHUZLMVDDQERG�RS�VFKRRO��HQ�YRRUDO�NODVVHQQLYHDX��+HW�JHUHDOLVHHUGH�

FXUULFXOXP�YHUZLMVW�QDDU�GH�RSEUHQJVW�YDQ�KHW�RQGHUZLMV�LQ�GH�H[DFWH�YDNNHQ�LQ�

WHUPHQ�YDQ�YHUZRUYHQ�NHQQLV��YDDUGLJKHGHQ�HQ�KRXGLQJHQ���

�

0HW�GH�VFKULIWHOLMNH�HQ�GH�SUDNWLVFKH�7,066�WRHWVHQ�ZRUGHQ�NHQQLV�HQ�

YDDUGLJKHGHQ�JHWRHWVW��'H�SUDNWLVFKH�WRHWV�LV�ELQQHQ�7,066�RQWZLNNHOG�YDQXLW�

HHQ�YLVLH�ZDDULQ�QDWXXUZHWHQVFKDSSHOLMN�RQGHUZLMV�]LFK�EDVHHUW�RS�HHQ�

VDPHQKDQJ�WXVVHQ�SURFHVVHQ�HQ�LQKRXG��SURFHGXUHOH�HQ�GHFODUDWLHYH�NHQQLV���

&HQWUDDO�VWDDQ�RSHQ�RSGUDFKWHQ�RP�YHUNODULQJHQ�YRRU�RQGHU]RFKWH�

YHUVFKLMQVHOHQ�WH�JHYHQ��(HQ�SUDFWLFXP�LV�GDDUPHH�QLHW�ODQJHU�HHQ�

RQGHUVWHXQHQGH�LOOXVWUDWLH�YDQ�FRQFHSWHQ��DOV�LQVWDS�YyyU�RI�DOV�GHPRQVWUDWLH�WHU�

UHFKWYDDUGLJLQJ� YDQ�GH� WKHRULH���PDDU� HHQ�]HOIVWDQGLJH�� WRHWVEDUH�

RQGHUZLMVDFWLYLWHLW��(UYDULQJHQ�PHW�SUDNWLVFKH�WHVWV�]LMQ�YDQ�UHFHQWH�GDWXP�HQ�GH�

EHWURXZEDDUKHLG�LQ�HHQ�LQWHUQDWLRQDDO�YHUJHOLMNHQGH�FRQWH[W�LV�YRRUDOVQRJ�

HQLJV]LQV�SUREOHPDWLVFK��+HW�FRGHUHQ�YDQ�GH�OHHUOLQJDQWZRRUGHQ�RS�GH�RSHQ�

YUDJHQ�LV�HHQ�FRPSOH[�SURFHV��'RRU�KHW�JHEUXLN�YDQ�HHQ�PHHUGHUKHLG�DDQ�

PHHUNHX]HYUDJHQ�GRHW�GLW�SUREOHHP�]LFK�LQ�YHHO�JHULQJHUH�PDWH�YRRU�ELM�GH�

VFKULIWHOLMNH�WRHWV��+LHUGRRU�NXQQHQ�GH�WRHWVLWHPV�DDQ�JURWH�KRHYHHOKHGHQ�

OHHUOLQJHQ�YRRUJHOHJG�ZRUGHQ�HQ�NXQQHQ�GH�DQWZRRUGHQ�JHDXWRPDWLVHHUG�

YHUZHUNW�ZRUGHQ��'LW�PDDNW�GH�WRHWV�YHHO�EHWURXZEDDUGHU��]RZHO�YRRU�

YHUJHOLMNLQJ�LQ�GH�WLMG�DOV�WXVVHQ�ODQGHQ��

�

,QWHUQDWLRQDOH�RQGHUZLMVLQQRYDWLHV�ZDDULQ�OHHUOLQJHQ�HHQ�SODDWV�NULMJHQ�DOV�

EHWURNNHQHQ�GLH�KXQ�NHQQLV�FRQVWUXHUHQ�YDQXLW�FRQWH[WULMNH�HUYDULQJHQ��KHEEHQ�

LQ�7,066�JHOHLG�WRW�GH�RQWZLNNHOLQJ�YDQ�GH�SUDNWLVFKH�YDDUGLJKHLGVWRHWV��LQ�KHW�

ZLVNXQGHRQGHUZLMV�WRW�GH�RQWZLNNHOLQJ�YDQ�KHW�UHDOLVWLVFK�UHNHQ�ZLVNXQGH�RQGHUZLMV�

HQ�LQ�1HGHUODQG�WRW�GH�EDVLVYRUPLQJ��,Q�GH�ODDWVWH�VWDDQ�GH�EHJULSSHQ�WRHSDVVLQJ��

YDDUGLJKHLG�HQ�VDPHQKDQJ��796��FHQWUDDO��0HW�GH]H�WUHIZRRUGHQ�ZHUG�LQ������

HHQ�YHUSOLFKW�OHHUSODQ�YRRU�DOOH�OHHUOLQJHQ�LQ�GH�RQGHUERXZ�YDQ�KHW�1HGHUODQGV�

YRRUWJH]HW�RQGHUZLMV�LQJHYRHUG��1DDVW�LQYRHULQJ�YDQ�QLHXZH�YDNNHQ�ZHUGHQ�

OHHUSODQQHQ�YDQ�EHVWDDQGH�YDNNHQ�YHUDQGHUG��:DW�EHWUHIW�ZLVNXQGH�ZHUG�

DDQJHVORWHQ�ELM�HHUGHUH�OHHUSODQYHUQLHXZLQJHQ�LQ�KHW�SULPDLU�RQGHUZLMV�

�:LVNREDV��HQ�GH�ERYHQERXZ�YDQ�KHW�VHFXQGDLU�RQGHUZLMV��+HZHW�HQ�+DZH[���

(HQ�HQWKRXVLDVWH�RQWZLNNHOZHUNJURHS��:�������RQWZLNNHOGH�HHQ�QLHXZ�

ZLVNXQGHOHHUSODQ�PHW�DOV�OHLGUDDG�GDW�KHW�JHOHHUGH�QLHW�DOOHHQ�LQ�KHW�ODWHUH�OHYHQ�
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]LQYRO�PRHVW�]LMQ�PDDU�RRN�RS�KHW�PRPHQW�YDQ�OHUHQ��:LVNXQGLJH�EHJULSSHQ�

ZHUGHQ�JHwQWHJUHHUG�ELQQHQ�FRQWH[WHQ��$EVWUDFWHUH�RQGHUZHUSHQ�DOV�OHWWHUDOJHEUD�

HQ�WUDQVIRUPDWLHPHHWNXQGH�ZHUGHQ�XLWJHVWHOG�HQ�YHUYDQJHQ�GRRU�DDQWUHNNHOLMNHUH�

RQGHUZHUSHQ�DOV�JUDILHNHQWDDO�HQ�NLMNPHHWNXQGH��'DDUPHH�ZHUG�DDQJHVORWHQ�RS�GH�

ZHQV�YDQ�YHUPDDWVFKDSSHOLMNLQJ�YDQ�GH�OHHULQKRXGHQ�ZDDUPHH�GH]H�VWHUNHU�GDQ�

YRRUKHHQ�XLWJDDQ�YDQ�OHYHQVHFKWH��YRRU�GH�OHHUOLQJHQ�KHUNHQEDUH�VLWXDWLHV��

7HYHQV�VWUHHIGH�PHQ�QDDU�HHQ�YHUZHWHQVFKDSSHOLMNLQJ�YDQ�KHW�RQGHUZLMV�ZDDULQ�

HHQ�EHODQJULMNH�SODDWV�LV�LQJHUXLPG�YRRU�VWUDWHJLVFK�OHUHQ�GHQNHQ�HQ�SUREOHPHQ�

OHUHQ�RSORVVHQ��'H�EDVLVYRUPLQJ�PRHVW�QDDVW�HHQ�YHUQLHXZGH�OHVLQKRXG�

VDPHQJDDQ�PHW�HHQ�GLGDFWLHN�YDQ�DXWKHQWLHN�OHUHQ��GLH�HFKWHU�LQ�GH�HHUVWH�MDUHQ�

QD�GH�LQYRHULQJ�QRJ�VOHFKWV�PRQGMHVPDDW�XLW�GH�YHUI�NZDP��0HW�QDPH�KHW�

DDQELHGHQ�YDQ�DFWLYHUHQG��RQGHU]RHNVJHULFKW�ZHUN�DDQ�GH�OHHUOLQJHQ�VFKRRW�

WHNRUW��'DDUPHH�VOXLW�GH�7,066�SUDNWLVFKH�YDDUGLJKHLGVWRHWV�QLHW�DOOHHQ�JRHG�DDQ�

ELM�KHW�EHRRJGH�OHHUSODQ�YDQ�GH�EDVLVYRUPLQJ��PDDU�YRRU]LHW�KHW�DOV�

H[HPSODULVFKH�RQGHUZLMVDFWLYLWHLW�WHYHQV�LQ�HHQ�OHHPWH�YDQ�KHW�XLWJHYRHUGH�

FXUULFXOXP��'H�SUDNWLVFKH�YDDUGLJKHLGVWRHWV�LV�JHVFKLNW�YRRU�JHEUXLN�QDDVW�GH�

EHVWDDQGH�PHWKRGHV��

23=(7 (1 8,792(5,1* 9$1 +(7 21'(5=2(.�

'H�VWXGLH�EDVHHUGH�]LFK�RS�GH�UHHGV�XLWJHYRHUGH�VWXGLHV�:7������HQ�3$�������

(U�ZHUG�DDQJHKDDNW�ELM�GH�UHSOLFDWLHVWXGLH�YDQ�GH�VFKULIWHOLMNH�WRHWV�LQ�

LQWHUQDWLRQDDO�YHUEDQG��:7��������'RRU�WHYHQV�GH�SUDNWLVFKH�WRHWV�WH�KHUKDOHQ�

ZHUG�KHW�WRHWVGHVLJQ�JHFRPSOHWHHUG��9DQZHJH�ILQDQFLsOH�EHSHUNLQJHQ�ZHUG�GH�

UHSOLFDWLHVWXGLH�YDQ�GH�SUDNWLVFKH�WRHWV�HHQ�MDDU�XLWJHVWHOG��3$��������

,QVWUXPHQWDULXP��VWHHNSURHIRS]HW�HQ�PHWKRGHQ�YDQ�GDWDYHU]DPHOLQJ�HQ��

YHUZHUNLQJ�YDQ�GH�UHSOLFDWLHVWXGLHV�YROJGHQ�PHW�KHW�RRJ�RS�YHUJHOLMNEDDUKHLG�DOOH�

SURFHGXUHV�YRRU�GH�GDWDYHU]DPHOLQJ�YDQ�:7������HQ�3$�������

9RRU�HON�YDQ�GH�YLHU�GHHOVWXGLHV�:7�������3$�������:7������HQ�3$������

ZHUGHQ�GULH�VRRUWHQ�GDWD�YHU]DPHOG��HHQ�WRHWVDIQDPH�ELM�OHHUOLQJHQ�WHU�

RSHUDWLRQDOLVDWLH�YDQ�KHW�JHUHDOLVHHUGH�FXUULFXOXP��KHW�EHYUDJHQ�YDQ�OHUDUHQ�RS�GH�

JHVFKLNWKHLG�YDQ�GH�EHWUHIIHQGH�WRHWV�LQ�KHW�OLFKW�YDQ�KHW�XLWJHYRHUGH�FXUULFXOXP��

KHW�EHYUDJHQ�YDQ�FXUULFXOXPH[SHUWV�RS�GH�JHVFKLNWKHLG�YDQ�GH�WRHWV�LQ�KHW�OLFKW�

YDQ�KHW�EHRRJGH�FXUULFXOXP��0HW�GH]H�FRQVXOWDWLH�ZHUG�GH�RSHUDWLRQDOLVDWLH�YDQ�

KHW�FRQFHSWXHHO�NDGHU�JHFRPSOHWHHUG��$OGXV�RQWVWRQGHQ�HU�WZDDOI�PHWLQJHQ�

ZDDURS�GH�VWXGLH�]LFK�EDVHHUGH��

�
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7HU�RSHUDWLRQDOLVDWLH�YDQ�KHW�EHRRJG�FXUULFXOXP�ZHUGHQ�HHQ�DDQWDO�

FXUULFXOXPH[SHUWV�JHUDDGSOHHJG��GULH�YRRU�:7�������:7������HQ�3$�������YLMI�

YRRU�3$��������'H�EHWURNNHQ�SHUVRQHQ�ZDUHQ�ZHUN]DDP�ELM�GH�ODQGHOLMNH�

3HGDJRJLVFKH�&HQWUD��KHW�)UHXGHQWKDO�,QVWLWXXW��OHUDUHQRSOHLGLQJHQ�HQ�KHW�&,72��

$DQ�GH�H[SHUWV�]LMQ�DOOH�WRHWVLWHPV�YRRUJHOHJG�HQ�KHQ�LV�JHYUDDJG�RI�GH]H�SDVVHQ�

ELM�KHW�EHRRJG�FXUULFXOXP�DOV�RPVFKUHYHQ�LQ�GH�.HUQGRHOHQ�YRRU�KHW�YDN�

ZLVNXQGH�LQ�GH�EDVLVYRUPLQJ��'H�YHUVWUHNWH�DQWZRRUGHQ�OHYHUGHQ�SHU�WRHWVLWHP�

HHQ�LWHP�FXUULFXOXP� PDWFKLQJ� LQGH[�RS��9RRU�GH�VFKULIWHOLMNH�WRHWVHQ�ZDUHQ�GH]H�

DOOHHQ�EHVFKLNEDDU�RS�HHQ�QRPLQDOH�MD�QHH�VFKDDO��9RRU�GH�SUDNWLVFKH�WRHWV�

ZDUHQ�GH]H�EHVFKLNEDDU�RS�HHQ�UDWLR�VFKDDO�ZDDUGRRU�GH�UHVXOWDWHQ�PHHU�

JHQXDQFHHUG�NRQGHQ�ZRUGHQ��'LW�ODDWVWH�EOHHN�QXWWLJ�RPGDW�HU�ELM�GLYHUVH�

WRHWVLWHPV�DPELYDOHQWLH�RQWVWRQG�RYHU�GH�JHVFKLNWKHLG�LQ�KHW�OLFKW�YDQ�GH�

.HUQGRHOHQ��ELMYRRUEHHOG�GRRU�GH�
NDDOKHLG
�HQ�GH�PHHUNHX]HYUDDJYRUP��,Q�GH]H�

JHYDOOHQ�NRQ�GH�DPELYDOHQWLH�XLWJHGUXNW�ZRUGHQ�DOV�SHUFHQWDJH�YDQ�H[SHUWV�GLH�

KHW�LWHP�JHVFKLNW�DFKWWHQ��+HW�QDGHHO�YDQ�GH]H�DDQSDN�ZDV�GDW�GH�UHVXOWDWHQ�PHW�

EHWUHNNLQJ�WRW�KHW�JHVFKLNWKHLGVRRUGHHO�YDQ�GH�WZHH�WRHWVWHQ�DOOHHQ�NRQGHQ�

ZRUGHQ�YHUJHOHNHQ�LQGLHQ�GH�UHVXOWDWHQ�RS�GH�HQH�WRHWV�ZHUGHQ�JHWUDQVIRUPHHUG�

QDDU�GH�VFKDDO�ZDDURS�GH�UHVXOWDWHQ�YDQ�GH�DQGHUH�WRHWV�ZDUHQ�XLWJHGUXNW��

�

7HU�RSHUDWLRQDOLVDWLH�YDQ�KHW�XLWJHYRHUG�FXUULFXOXP�ZHUG��WHJHOLMN�PHW�GH�WRHWV��

HHQ�YUDJHQOLMVW�DDQ�GH�ZLVNXQGHOHUDUHQ�YDQ�GH�EHWUHIIHQGH�WRHWVNODVVHQ�

YRRUJHOHJG��'H]H�YUDJHQOLMVWHQ�EHYDWWHQ�DOOH�WRHWVLWHPV�HQ�RYHU�LHGHU�LWHP�ZHUG�

HHQ�JHVFKLNWKHLGRRUGHHO�JHYUDDJG��$DQ�GH�OHUDUHQ�ZHUG�ELQQHQ�:7������HQ�:7�

�����JHYUDDJG�WH�EHRRUGHOHQ�RI�]LM�GH�LWHPV�XLW�GH�WRHWV�JHVFKLNW�YRQGHQ�YRRU�

RSQDPH�LQ�HHQ�HLJHQJHPDDNW�SURHIZHUN�RYHU�DOOH�WRW�GDQ�EHKDQGHOGH�VWRI�

�RSSRUWXQLW\�WR�OHDUQ��27/���/DDWVWJHQRHPGH�PDDW�LV�JHEDVHHUG�RS�RQGHU]RHN�

YDQ�'H�+DDQ���������'H�PHWLQJ�PLGGHOV�KHW�27/�LQVWUXPHQW�GLHQGH�HHQ�

LQGLFDWLH�WH�JHYHQ�YRRU�KHW�JHJHYHQ�RQGHUZLMV�HQ�RI�GH�OHHUOLQJHQ�GH�JHOHJHQKHLG�

KDGGHQ�JHNUHJHQ�GH�EHWUHIIHQGH�NHQQLV�HQ�YDDUGLJKHGHQ�DDQ�WH�OHUHQ��1DDVW�HHQ�

PHWLQJ�YDQ�KHW�JHJHYHQ�RQGHUZLMV��FRQWHQW�FRYHUDJH��NRQ�KHW�RRUGHHO�RRN�

DDQJHYHQ�GDW�GH�OHUDDU�RSQDPH�YDQ�KHW�EHWUHIIHQGH�LWHP�PRJHOLMN�DFKWWH��RPGDW�

]LMQ�KDDU�OHHUOLQJHQ�YROGRHQGH�DDQVOXLWHQGH�EDJDJH�KDGGHQ�PHHJHNUHJHQ��+HW�

SHUFHQWDJH�OHUDUHQ�GDW�HHQ�SRVLWLHI�DQWZRRUG�JDI�ZHUG�DDQJHGXLG�DOV�GH�27/�UDWH�

YDQ�HHQ�LWHP��

+HODDV�ZDV�LQ������VOHFKWV�HHQ�EHSHUNW�DDQWDO�WRHWVLWHPV�XLW�GH�VFKULIWHOLMNH�WRHWV�

DDQ�GH�OHUDUHQ�YRRUJHOHJG��'H]H�RSJDYHQ�PDDNWHQ�GHHO�XLW�YDQ�GH�1DWLRQDOH��
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2SWLH7RHWV��127���GLH�ZDV�JHEDVHHUG�RS�GH�.HUQGRHOHQ��1DDVW����QLHXZ�

RQWZLNNHOGH�LWHPV�EHKHOVGH�GH]H�WRHWV����LWHPV�XLW�:7�������'H�127�WRHWVWH�

GDDUPHH�KHW�EHRRJGH�OHHUSODQ��PDDU�WHYHQV�NRQGHQ�PLGGHOV�GH����RYHUODSSHQGH�

DQNHURSJDYHQ�GH�SUHVWDWLHV�WXVVHQ�127�HQ�:7������YHUJHOHNHQ�ZRUGHQ��=RDOV�

JH]HJG��GH]H����DQNHURSJDYHQ�ZDUHQ�DDQ�GH�OHUDUHQ�WHU�EHRRUGHOLQJ�YRRUJHOHJG��

HQ�GRRU�KXQ�VHOHFWLHJHVFKLHGHQLV�ZDUHQ�]LM�QLHW�UHSUHVHQWDWLHI�YRRU�GH�RYHULJH�

WRHWVLWHPV�XLW�:7�������9RRU�:7������ZHUGHQ�ZHO�DOOH�WRHWVLWHPV�DDQ�GH�

OHUDUHQ�YRRUJHOHJG��

+HW�OHUDUHQ�LQVWUXPHQW�YHUVFKLOGH�WXVVHQ�GH�SUDNWLVFKH�HQ�GH�VFKULIWHOLMNH�WRHWVHQ��

2PGDW�DDQJHQRPHQ�ZHUG�GDW�OHUDUHQ�PLQGHU�HUYDULQJ�KHEEHQ�PHW�KHW�

RUJDQLVHUHQ�YDQ�SUDNWLVFKH�WRHWVHQ�ZHUGHQ�GH�YUDJHQ�ELQQHQ�3$������HQ�3$�

�����XLWJHVSOLWVW��(U�ZHUG�JHYUDDJG�RI�����GH�VWRI�YDQ�GH�LWHPV�RQGHUZH]HQ�ZDV�

HQ�����GH�LWHPV�JHVFKLNW�ZHUGHQ�JHDFKW�YRRU�RSQDPH�LQ�HHQ�SUDNWLVFKH�WRHWV�RYHU�

GH�WRW�GDQ�WRH�EHKDQGHOGH�VWRI�F�T��YDDUGLJKHGHQ��'LW�OHYHUGH�SHU�LWHP�HHQ�27/�

FRYHUHG�UDWH�HQ�HHQ�27/�WHVWLQJ�UDWH�RS��

�

7HU�RSHUDWLRQDOLVDWLH�YDQ�KHW�XLWJHYRHUG�FXUULFXOXP�ZHUGHQ�GH�WZHH�WRHWVHQ�DDQ�

HHQ�UHSUHVHQWDWLHYH�VWHHNSURHI�YDQ�1HGHUODQGVH�OHHUOLQJHQ�YRRUJHOHJG��'H�WZHH�

VFKULIWHOLMNH�WRHWVHQ�:7������HQ�:7������NZDPHQ�RYHUHHQ�TXD�DDUG�HQ�

PRHLOLMNKHLGVJUDDG��(HQ�GHHO�YDQ�GH�RSJDYHQ�XLW�:7������ZDV�JHKHLP�JHKRXGHQ�

HQ�RQJHZLM]LJG�RSQLHXZ�RSJHQRPHQ�LQ�:7�������+HW�UHVWHUHQGH�YRRU�SXEOLFDWLH�

YULMJHJHYHQ�GHHO�XLW�:7������ZDV�JHNORRQG��JHOLMNH�LQKRXG��PDDU�PHW�DQGHUH�

JHWDOOHQ��YRRU�:7�������1D�YHULILFDWLH�YDQ�YHUJHOLMNEDDUKHLG�EOHNHQ�HU����LWHPV�

EUXLNEDDU�YRRU�GH�WUHQGYHUJHOLMNLQJ�YDQ�GH�SUHVWDWLHV�HQ�����LWHPV�EUXLNEDDU�YRRU�

GH�RYHULJH�YHUJHOLMNLQJHQ���

'H�LWHPV�XLW�3$������HQ�3$������ZDUHQ�LGHQWLHN�ZDDUELM�GH�VFLHQFH�WDNHQ�ZDUHQ�

JHKDQGKDDIG�]RGDW�GH�WDDNLQWHUDFWLH�HIIHFWHQ�JHOLMN�]RXGHQ�EOLMYHQ�'LW�]LMQ�

HIIHFWHQ�ZDDUELM�OHHUOLQJHQ�ELM�GH�HQH�WDDN�HUYDULQJHQ�RSGRHQ�GLH�KHQ�NXQQHQ�

KHOSHQ�ELM�HHQ�YROJHQGH�WDDN��9RRU�GH�DQDO\VH�YDQ�GH�SUHVWDWLHV�ZDUHQ�DOOHHQ�GH�

ZLVNXQGHWDNHQ�'REEHOVWHQHQ��5HNHQPDFKLQH��9RXZHQ�HQ�NQLSSHQ��'H�ERFKW�RP��,QSDNNHQ�

HQ�GH�JHFRPELQHHUGH�VFLHQFH�ZLVNXQGH�WDNHQ�6FKDGXZHQ�HQ�.OHL�YDQ�EHODQJ���

1D�FRQWUROH�YDQ�GH�PHWLQJHQ�EOHHN�GDW�GH�WRHWVRPVWDQGLJKHGHQ�HQ�KHW�FRGHUHQ�

YDQ�GH�OHHUOLQJDQWZRRUGHQ�QLHW�LQ�DOOH�JHYDOOHQ�YHUJHOLMNEDUH�UHVXOWDWHQ�KDGGHQ�

RSJHOHYHUG��'DDURP�ZHUGHQ�GH�UHVXOWDWHQ�YDQ�GH�WDNHQ�6FKDGXZHQ�HQ� .OHL�QLHW�

PHHJHQRPHQ�LQ�GH�DQDO\VH��'H�YLMI�UHVWHUHQGH�WDNHQ�RPYDWWHQ����LWHPV��
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+HW�SDDUVJHZLMV�YHUJHOLMNHQ�YDQ�GH�UHVXOWDWHQ�XLW�GH�]HV�PHWLQJHQ�YDQ�������GULH�

YRRU�:7������HQ�GULH�YRRU�3$�������PHW�GH�UHVXOWDWHQ�YDQ�GH�]HV�PHWLQJHQ�XLW�

����������OHYHUGH�GH�YROJHQGH�REVHUYDWLHV�RS��

2S�KHW�QLYHDX�YDQ�KHW�EHRRJG�FXUULFXOXP��
■ 'H�JHVFKLNWKHLG�YDQ�:7������HQ�:7������LQ�KHW�OLFKW�YDQ�GH�NHUQGRHOHQ�

EOHHI�YULMZHO�FRQVWDQW��LQ������ZHUGHQ�����YDQ�GH�RSJDYHQ��HQ�LQ������

ZHUGHQ�����YDQ�GH�RSJDYHQ�DOV�JHVFKLNW�DDQJHPHUNW�GRRU�GH�OHHUSODQH[SHUWV��

'LW�RRUGHHO�VWHPGH�VOHFKWV�RYHUHHQ�RS�����YDQ�GH�RSJDYHQ��2S�����YDQ�GH�

RSJDYHQ�ZLVVHOGH�KHW�RRUGHHO�WXVVHQ������HQ�������5HGHQHQ�KLHUYRRU�NRQGHQ�

]LMQ��GH�ZLM]LJLQJHQ�LQ�GH�ZLVNXQGHNHUQGRHOHQ�LQ�������ZLM]LJLQJ�LQ�GH�

LQWHUSUHWDWLH�YDQ�GH�NHUQGRHOHQ�HQ�GH�PHWKRGH�YDQ�DJJUHJDWLH��GH�UHVXOWDWHQ�

ZDUHQ�
DEVROXXW
��HHQ�
WZLMIHOJHYDO
�NRQ�LQ�GH�HQH�PHWLQJ�HHQ�DQGHU�UHVXOWDDW�

RSOHYHUHQ�GDQ�LQ�GH�DQGHUH�PHWLQJ���
■ 'H�JHVFKLNWKHLG�YDQ�3$������HQ�3$������LQ�KHW�OLFKW�YDQ�GH�NHUQGRHOHQ�ZDV�

KRJHU�GDQ�YRRU�GH�VFKULIWHOLMNH�WRHWV��'H�JHPLGGHOGH�LWHP�FXUULFXOXP�PDWFKLQJ�

LQGH[�GDDOGH�YDQ����QDDU�����

2S�KHW�QLYHDX�YDQ�KHW�XLWJHYRHUG�FXUULFXOXP��
■ %LM�JHEUHN�DDQ�YROGRHQGH�27/�GDWD�RYHU�:7������NRQ�HU�JHHQ�WUHQG�ZRUGHQ�

ZDDUJHQRPHQ��'H�27/�PHWLQJ�YDQ�:7������JHHIW�DDQ�GDW�GH]H�WRHWV�DOV�

JHVFKLNW�EHVFKRXZG�NDQ�ZRUGHQ�LQ�KHW�OLFKW�YDQ�KHW�XLWJHYRHUG�FXUULFXOXP��

(HQ�LWHP�ZHUG�GRRU�JHPLGGHOG�����YDQ�GH�ZLVNXQGHOHUDUHQ�DDQJHPHUNW�DOV�

JHVFKLNW�YRRU�RSQDPH�LQ�HHQ�SURHIZHUN�RYHU�DOOH�WRW�RS�GDW�PRPHQW�

EHKDQGHOGH�OHHUVWRI��6OHFKWV���YDQ�GH�����LWHPV�KDG�HHQ�27/�UDWH�ODJHU�GDQ�����
■ 'H�SUDNWLVFKH�WRHWV�EOHHN�PLQGHU�JRHG�DDQ�WH�VOXLWHQ�ELM�KHW�XLWJHYRHUG�

FXUULFXOXP�GDQ�GH�VFKULIWHOLMNH�WRHWV��'H�JHPLGGHOGH�27/�FRYHUHG� UDWH�ZDV����

YRRU�3$������HQ�VWHHJ�WRW����YRRU�3$�������'H�JHPLGGHOGH�27/�WHVWLQJ�UDWH�

ZDV����YRRU�3$������HQ�VWHHJ�VSHFWDFXODLU�QDDU����YRRU�3$�������'DDUPHH�

ZDV�GH]H�WHVW�QRJ�VWHHGV�PLQGHU�JHVFKLNW�GDQ�GH�VFKULIWHOLMNH�WRHWV��LQ�KHW�OLFKW�

YDQ�KHW�XLWJHYRHUG�FXUULFXOXP���PDDU�GH�WRHJHQRPHQ�ZDDUGHQ�GXLGGHQ�RS�HHQ�

DWWLWXGHYHUDQGHULQJ�RQGHU�OHUDUHQ��

2S�KHW�QLYHDX�YDQ�KHW�EHUHLNWH�FXUULFXOXP��
■ 2S�GH�VFKULIWHOLMNH�WRHWV�VWHJHQ�GH�VFRUHV�OLFKW�RS�GH����LGHQWLHNH�LWHPV�XLW�

:7������HQ�:7�������'H]H�WRHQDPH�NRQ�DOV�NOHLQ�GRFK�VLJQLILFDQW�ZRUGHQ�

DDQJHPHUNW��
■ 2S�GH�SUDNWLVFKH�WRHWV�ZDUHQ�JHHQ�YHUVFKLOOHQ�ZDDU�WH�QHPHQ�WXVVHQ�GH�

OHHUOLQJ�UHVXOWDWHQ�YDQ�3$������HQ�3$�������
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'H�HHUVWH�RQGHU]RHNVYUDDJ�KDG�EHWUHNNLQJ�RS�GH�OHHUOLQJUHVXOWDWHQ�YDQ�:7������

HQ�3$�������,Q�GH�LQWHUQDWLRQDOH�YHUJHOLMNLQJ�ZDUHQ�GH�1HGHUODQGVH�OHHUOLQJHQ�

UHGHOLMN�
KRRJ
�JHsLQGLJG��VLJQLILFDQW�ERYHQ�KHW�LQWHUQDWLRQDOH�JHPLGGHOGH��LQ�

WHJHQVWHOOLQJ�WRW�KHW�UHVXOWDDW�RS�GH�SUDNWLVFKH�WRHWV��

'H�UHSOLFDWLHVWXGLHV�OHYHUGHQ�WZHH�QLHXZH�LQ]LFKWHQ�RS��(QHU]LMGV�EOHHN�GDW�GH�

ERYHQEHVFKUHYHQ�WHJHQVWHOOLQJ�GHHOV�EHUXVWWH�RS�KHW�UDQJOLMVWGHQNHQ�ZDDULQ�GH�

RO\PSLVFKH�YROJRUGH�YDQ�ODQGHQ�LQ�GH�LQWHUQDWLRQDOH�WDEHOOHQ�GH�JHGDFKWHQ�

GRPLQHHUGH��,QGLHQ�QDDU�GH�VFRUHV�ZHUG�JHNHNHQ��PHW�LQDFKWQHPLQJ�YDQ�GH�

VWDWLVWLVFKH�RQ]HNHUKHLGVPDUJHV��GDQ�EOHNHQ�EHLGH�WRHWVUHVXOWDWHQ�PLQGHU�

GLYHUJHQW�GDQ�GH�UDQJOLMVW�GHHG�YHUPRHGHQ��$QGHU]LMGV�EOHHN�GDW�GH�UHVXOWDWHQ�

YDQ�GH�WDDN�.OHL�XLW�3$������RQEHWURXZEDDU�ZDUHQ�JHZHHVW�HQ�GH�VFRUH�YDQ�GH�

1HGHUODQGVH�OHHUOLQJHQ�HQLJV]LQV�RPODDJ�WURNNHQ��1D�YHUZLMGHULQJ�YDQ�GH]H�WDDN�

HQ�KHUEHUHNHQLQJ�YDQ�GH�VFRUHV�YDQ�GH�GHHOQHPHQGH�ODQGHQ�EOHHN�GH�VFRUH�RS�GH�

SUDNWLVFKH�WRHWV�JRHG�RYHUHHQ�WH�NRPHQ�PHW�GLH�RS�GH�VFKULIWHOLMNH�WRHWV��'H�

YHUVFKLOOHQ�LQ�SUHVWDWLHV�RS�GH�WZHH�WRHWVHQ�XLW������EOHNHQ�GDDUPHH�QLHW�WH�

EHVWDDQ��'H�OHHUOLQJSUHVWDWLHV�LQ������ZDUHQ�RS�EHLGH�WRHWVHQ�LQ�GH�LQWHUQDWLRQDOH�

YHUJHOLMNLQJ�
JRHG
�WH�QRHPHQ��HHQ�JHPLGGHOGH�VFRUH�ERYHQ�KHW�LQWHUQDWLRQDOH�

JHPLGGHOGH���]RDOV�]H�GDW�RRN�DO�ZDUHQ�JHZHHVW�LQ������RS�HHUGHU�LQWHUQDWLRQDDO�

YHUJHOLMNHQG�RQGHU]RHN���

�

'H�WZHHGH�RQGHU]RHNVYUDDJ�UHODWHHUGH�GH�OHHUOLQJSUHVWDWLHV�RS�EHLGH�WRHWVHQ�DDQ�

GH�JHVFKLNWKHLGVRRUGHOHQ�LQ�KHW�OLFKW�YDQ�KHW�EHRRJG�HQ�KHW�XLWJHYRHUG�

FXUULFXOXP��

=RDOV�UHHGV�JHPHOG�ZDV�KHW�JHVFKLNWKHLGVRRUGHHO�RYHU�GH�WRHWVLWHPV�LQ�KHW�OLFKW�

YDQ�GH�.HUQGRHOHQ�HQLJV]LQV�YHUVFKRYHQ��'RRU�GH]H�RRUGHOHQ�DDQ�GH�

OHHUOLQJSUHVWDWLHV�WH�NRSSHOHQ�ZHUG�RQWGHNW�GDW�GH�H[SHUWV�LQ������PHHU�


PRHLOLMNH
�RSJDYHQ�JHVFKLNW�JHDFKW�KDGGHQ��RSJDYHQ�GLH�GRRU�HHQ�NOHLQHU�DDQWDO�

OHHUOLQJHQ�FRUUHFW�NRQ�ZRUGHQ�YROWRRLG��GDQ�LQ������������+LHUXLW�YROJGH�GDW�

KHW�EHRRJGH�HQ�KHW�EHUHLNWH�FXUULFXOXP�LQ�����������PHHU�RS�HONDDU�DIJHVWHPG�

ZDUHQ�GDQ�LQ�������

'H�DQDO\VH�YDQ�GH�UHODWLH�WXVVHQ�OHHUOLQJSUHVWDWLHV�HQ�KHW�JHVFKLNWKHLGVRRUGHHO�LQ�

KHW�OLFKW�YDQ�KHW�XLWJHYRHUGH�FXUULFXOXP�ZHUG�HQLJV]LQV�EHPRHLOLMNW�GRRU�WHNRUW�

DDQ�GDWD�RYHU�:7������HQ�GRRUGDW�GH�27/�WHVWLQJ�UDWHV�PRJHOLMN�YHUYXLOG�ZHUGHQ�

RPGDW�ZLVNXQGHOHUDUHQ�ZHLQLJ�HUYDULQJ�KHEEHQ�PHW�KHW�VDPHQVWHOOHQ�YDQ�

SUDNWLVFKH�WRHWVHQ��'HVRQGDQNV�NRQ�ZRUGHQ�JHFRQVWDWHHUG�GDW�KHW�XLWJHYRHUGH�
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HQ�KHW�EHUHLNWH�FXUULFXOXP�LQ������PHHU�RS�HONDDU�DIJHVWHPG�ZDUHQ�GDQ�LQ�������

7HYHQV�EOHHN�GDW�GH�JHVFKLNWKHLGVRRUGHOHQ�YHUVWUHNW�GRRU�GH�OHHUSODQH[SHUWV�HQ�

GH�ZLVNXQGHOHUDUHQ�LQ�����������EHWHU�FRUUHOHHUGHQ�GDQ�LQ�������

0HW�GH]H�DQDO\VHV�EOHHN�GDW�GH�LQWHUQDWLRQDDO�UHODWLHI�JRHGH�OHHUOLQJSUHVWDWLHV�RS�

GH�VFKULIWHOLMNH�WRHWV�QLHW�JRHG�WHUXJ�WH�YRHUHQ�ZDUHQ�RS�GH�PLQGHUH�JHVFKLNWKHLG�

YDQ�GH]H�WRHWV�LQ�KHW�OLFKW�YDQ�GH�NHUQGRHOHQ��PDDU�ZHO�RS�GH�KRJH�PDWH�YDQ�

JHVFKLNWKHLG�YDQ�GH]H�WRHWV�LQ�KHW�OLFKW�YDQ�KHW�XLWJHYRHUG�FXUULFXOXP��7RFK�

QDPHQ�GH�SUHVWDWLHV�YDQ�GH�OHHUOLQJHQ�PHW�QDPH�WRH�RS�GH�RSJDYHQ�GLH�GRRU�GH�

H[SHUWV�DOV�JHVFKLNW�ZDUHQ�DDQJHPHUNW��'LW�NDQ�ZRUGHQ�WRHJHVFKUHYHQ�DDQ�HHQ�

WRHJHQRPHQ�DIVWHPPLQJ�WXVVHQ�EHRRJG�HQ�XLWJHYRHUG�FXUULFXOXP��

'H�LQWHUQDWLRQDDO�UHODWLHI�JRHGH�OHHUOLQJSUHVWDWLHV�RS�GH�SUDNWLVFKH�WRHWV�NRQGHQ�

QLHW�ZRUGHQ�WHUXJJHYRHUG�RS�GH�PLQGHUH�JHVFKLNWKHLG�YDQ�GH]H�WRHWV�LQ�KHW�OLFKW�

YDQ�KHW�XLWJHYRHUG�FXUULFXOXP��:HO�LV�KHW�YHUKHXJHQG�RP�HHQ�WRHJHQRPHQ�

EHODQJVWHOOLQJ�RQGHU�ZLVNXQGHOHUDUHQ�YRRU�GH]H�DOWHUQDWLHYH�WRHWVPRJHOLMNKHLG�

ZDDU�WH�QHPHQ��,QGLHQ�GH]H�DWWLWXGHYHUVFKXLYLQJ�EHQXW�HQ�RQGHUVWHXQG�ZRUGW�

NDQ�GLW�OHLGHQ�WRW�HHQ�YHUULMNLQJ�YDQ�KHW�ZLVNXQGHRQGHUZLMV�LQ�GH�EDVLVYRUPLQJ��
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&RUH�REMHFWLYHV�RI�WKH�LQWHQGHG�PDWKHPDWLFV�

FXUULFXOXP�IRU�MXQLRU�VHFRQGDU\�VFKRROV��

����������
�

�

�

1XPEHUHG�LWHPV�UHIHU�WR�JHQHUDO�REMHFWLYHV��

1RQ�QXPEHUHG�LWHPV�UHIHU�WR�VSHFLILF�PDWKHPDWLFDO�REMHFWLYHV��

�
�



9HUWLFDO PDWKHPDWLVLQJ +RUL]RQWDO PDWKHPDWLVLQJ

&RQWHQW 5HIOHFWLQJ 5HIRUPXODWLQJ 0RGHOOLQJ ,QWHUSUHWLQJ

$ULWKPHWLF�
PHDVXULQJ DQG
HVWLPDWLQJ

'HYHORS DQG OHDUQ WR DSSO\ FDOFXODWLQJ VNLOOV
������
'HYHORS UHDVRQLQJ VNLOOV WR WDFNOH SUREOHPV
���� DQG �����
:RUN V\VWHPDWLFDOO\ ���� DQG �����
3URFHVV SHUVRQDO H[SHULHQFHV DQG WDNH D
SRVLWLRQ EDVHG RQ DUJXPHQWV ���� DQG �����
&RPPXQLFDWH ����
5HIOHFW RQ WKH OHDUQLQJ SURFHVV ����
5HIOHFW RQ WKH IXWXUH ����

8QGHUVWDQG UHODWLRQV EHWZHHQ SURSRUWLRQV�
IUDFWLRQV DQG GHFLPDO QXPEHUV DQG XVH
DULWKPHWLF PRGHOV WR SHUIRUP FDOFXODWLRQV�
:RUN ZLWK FXUUHQW PHDVXUHV IRU OHQJWK� DUHD�
YROXPH� WLPH� DQJOHV DQG PRQH\�
6HOHFW DSSURSULDWH LQVWUXPHQW IRU RSHUDWLRQV
�FDOFXODWRU� PHQWDO DULWKPHWLF RU FDOFXODWH��
8VH FDOFXODWRU DGHTXDWHO\ IRU FRQYHUVLRQ RI
IUDFWLRQV� SHUFHQWDJH� URRWV� DQG H[SRQHQWV�
(VWLPDWH�

5HODWH FRQFUHWH SKHQRPHQD WR PDWKHPDWLFV
������
:RUN ZLWK SURSRUWLRQV DQG VFDOH�
,Q PHDQLQJIXO VLWXDWLRQV RUGHU� DGG DQG
VXEWUDFW QHJDWLYH QXPEHUV�

5HODWH PDWKHPDWLFV WR FRQFUHWH SKHQRPHQD
������
:RUN ZLWK SURSRUWLRQV DQG VFDOH�

$OJHEUDLF
UHODWLRQV

'HYHORS UHDVRQLQJ VNLOOV WR WDFNOH SUREOHPV
���� DQG �����
:RUN V\VWHPDWLFDOO\ ���� DQG �����
3URFHVV SHUVRQDO H[SHULHQFHV DQG WDNH D
SRVLWLRQ EDVHG RQ DUJXPHQWV ���� DQG �����
&RPPXQLFDWH ����
5HIOHFW RQ WKH OHDUQLQJ SURFHVV ����
5HIOHFW RQ WKH IXWXUH ����

7UDQVIRUP SKUDVH� WDEOH� �ZRUG��IRUPXOD DQG
JUDSK LQWR DQRWKHU UHSUHVHQWDWLRQ�
:LWK D JLYHQ JUDSK� GHWHUPLQH ZKHWKHU WKH
UHODWLRQVKLS LV FRQVWDQW� LQFUHDVLQJ� GHFUHDVLQJ
RU SHULRGLFDO�
'HWHUPLQH ZKHQ WZR UHODWLRQVKLSV KDYH WKH
VDPH RXWFRPH� RQ ZKLFK LQWHUYDO RQH LV ODUJHU
WKDQ WKH RWKHU�
'HWHUPLQH UHJXODULW\ LQ QXPEHU SDWWHUQV DQG
WDEOHV� FKDUDFWHULVH DQG H[WHQG WKHVH�
8VH FRPSXWHUV IRU ZRUNLQJ ZLWK UHODWLRQVKLSV

5HODWH FRQFUHWH SKHQRPHQD WR PDWKHPDWLFV
������
7UDQVIRUP VLPSOH UHODWLRQV EHWZHHQ WZR
YDULDEOHV IURP UHDOLW\ LQWR SKUDVH� WDEOH�
�ZRUG��IRUPXOD DQG JUDSK�
3URFHVV FKDQJHV LQ UHODWLRQV LQWR SKUDVH�
WDEOH� �ZRUG��IRUPXOD DQG JUDSK�

5HODWH PDWKHPDWLFV WR FRQFUHWH SKHQRPHQD
������
7UDQVIRUP SKUDVH� WDEOH� �ZRUG��IRUPXOD DQG
JUDSK LQWR VLPSOH UHODWLRQV EHWZHHQ WZR
YDULDEOHV IURP UHDOLW\�
5HDG RII� FRPSDUH DQG LQWHUSUHW UHODWLRQVKLSV�
5HFRJQLVH FKDUDFWHULVWLFV DQG LQWHUSUHW WKHVH�
'UDZ FRQFOXVLRQV IRU WKH FRQQHFWHG FRQWH[W
IURP VSHFLILF SRLQWV� FRXUVH DQG VKDSH RI D
JUDSK�

*HRPHWU\ 'HYHORS UHDVRQLQJ VNLOOV WR WDFNOH SUREOHPV
���� DQG �����
:RUN V\VWHPDWLFDOO\ ���� DQG �����
3URFHVV SHUVRQDO H[SHULHQFHV DQG WDNH D
SRVLWLRQ EDVHG RQ DUJXPHQWV ���� DQG �����
&RPPXQLFDWH ����
5HIOHFW RQ WKH OHDUQLQJ SURFHVV ����
5HIOHFW RQ WKH IXWXUH ����

8VH FRQFHSWV OLNH SDUDOOHO� SHUSHQGLFXODU�
GLUHFWLRQ�
'HVFULEH UHJXODULWLHV DQG SURSHUWLHV RI
JHRPHWULFDO REMHFWV�
(VWLPDWH� PHDVXUH DQG FDOFXODWH DQJOHV�
OHQJWKV� DUHDV DQG YROXPHV�
8VH LQVWUXPHQWV�

5HODWH FRQFUHWH SKHQRPHQD WR PDWKHPDWLFV
������
0DNH YLHZV� QHWV DQG GHVLJQV�
'HVFULEH� LPDJLQH DQG UHSUHVHQW ��G
VLWXDWLRQV WKURXJK ��G SLFWXUHV� 8VH VFDOH�

5HODWH PDWKHPDWLFV WR FRQFUHWH SKHQRPHQD
������
,QWHUSUHW ��G SLFWXUHV RI ��G VLWXDWLRQV�

'DWD SURFHVVLQJ
DQG VWDWLVWLFV

*DWKHU� GHVFULEH DQG DUUDQJH GDWD ������
'HYHORS UHDVRQLQJ VNLOOV WR WDFNOH SUREOHPV
���� DQG �����
:RUN V\VWHPDWLFDOO\ ���� DQG �����
3URFHVV SHUVRQDO H[SHULHQFHV DQG WDNH D
SRVLWLRQ EDVHG RQ DUJXPHQWV
���� DQG �����
&RPPXQLFDWH ����
5HIOHFW RQ WKH OHDUQLQJ SURFHVV ����
5HIOHFW RQ WKH IXWXUH ����

0DQLSXODWH GDWD IURP WDEOHV� JUDSKV� DQG
GLDJUDPV�
8VH FRPSXWHUV�

5HODWH FRQFUHWH SKHQRPHQD WR PDWKHPDWLFV
������
9LVXDOLVH GDWD IRU SUREOHPV IURP UHDOLW\�
DVVHVV ZKHWKHU WKHVH JLYH DQ DGHTXDWH SLFWXUH�

5HODWH PDWKHPDWLFV WR FRQFUHWH SKHQRPHQD
������
5HDG RII� DQG LQWHUSUHW VWDWLVWLFDO
UHSUHVHQWDWLRQV�
([WUDSRODWH IURP PRGHOV ZLWK UHVSHFW WR
H[SHFWDWLRQV IRU IXWXUH HYHQWV DQG
GHYHORSPHQWV�

6RXUFH� 0LQLVWHULH YDQ 2&	: ������ 
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([HPSODU\� LWHPV� IURP� WKH� 7,066� :ULWWHQ�

7HVW������������
�

�

7KLV� DSSHQGL[� FRQWDLQV� D� VHOHFWLRQ� RI� PDWKHPDWLFV� LWHPV� LQ� WKH�:ULWWHQ� 7HVW�

�:7������DQG�:7��������)RU�HDFK�LWHP��LW�LV�LQGLFDWHG������LQ�ZKLFK�WHVW�LW�ZDV�

XVHG��DQG�����ZKHQ�LW�ZDV�UHOHDVHG���

7KH�LWHPV�ZHUH�XVHG�LQ�WKH�1HWKHUODQGV�DQG�WKXV��WKH\�DUH�VWDWHG�LQ�'XWFK��7KH�

LWHPV�DUH� LQGLFDWHG�E\�DQ�DOSKDEHWLFDO�FKDUDFWHU�DQG�D�QXPEHU��H�J�� LWHP� 
%��
���

7KH�FKDUDFWHU�LQGLFDWHV�D�FOXVWHU�RI�LWHPV��H�J��FOXVWHU�
%
���7KH�LWHPV�ZHUH�URWDWHG�

DV�FOXVWHUV�RYHU�WKH�HLJKW�WHVW�ERRNOHWV��

7KH�VHOHFWLRQ�LQFOXGHV�WKH����DQFKRU�LWHPV�IURP�WKH�1DWLRQDO�2SWLRQ�7HVW�XVHG�LQ�

����� �.XLSHU��%RV�	�3ORPS���������������7KH� DQFKRU� LWHPV�ZHUH� VHOHFWHG� IRU�

PDWFKLQJ�ZHOO�ZLWK�WKH�LQWHQGHG�FXUULFXOXP��7KH\�DUH�LQGLFDWHG�E\�DQ�DVWHULVN�����
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