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$XWRVRPDO�5HFHVVLYH�6SDVWLF�$WD[LD�RI�&KDUOHYRL[-6DJXHQD\��$56$&6��LV�D�GHJHQHUDWLYH�VSLQRFHUHEHOODU�
GLVHDVH�ZLWK�S\UDPLGDO��FHUHEHOODU��DQG�QHXURSDWKLF�LPSDLUPHQWV��5HFHQW�VWXGLHV�KLJKOLJKW�SRVVLEOH�GHILFLWV�
LQ�FRJQLWLYH�IXQFWLRQV�OLNH�ODQJXDJH��3V\FKRPHWULF�WHVWV�VHOHFWLRQ�LPSOLHV�FDUHIXO�FRQVLGHUDWLRQ�GXH�WR�XSSHU�
OLPEV� LQFRRUGLQDWLRQ� DQG� G\VDUWKULD�� 7KH� REMHFWLYH� RI� WKLV� VWXG\� LV� WR� GRFXPHQW� WKH� DSSOLFDELOLW\� RI� ���
QHXURSV\FKRORJLFDO�DQG���SV\FKRORJLFDO�WHVWV�LQ���LQGLYLGXDOV�ZLWK�$56$&6�DJHG�EHWZHHQ����DQG����\HDUV��
$OO�WHVWV�ZHUH�UDWHG�RQ���DSSOLFDELOLW\�FULWHULD�XVLQJ�D��-OHYHO�UDWLQJ�VFDOH��$�IRU�H[FHOOHQW��%�IRU�DFFHSWDEOH��
&�IRU�UHFRQVLGHU��0RVW�WHVWV�SRVHG�IHZ�RU�QR�DSSOLFDELOLW\�OLPLWV�ZLWK�$56$&6�SDWLHQWV��+RZHYHU��FHUWDLQ�
WHVWV� �H�J��� /HLWHU-�� DQG�5DYHQ¶V� 6WDQGDUG�3URJUHVVLYH�0DWULFHV�� DUH� QRW� UHFRPPHQGHG� GXH� WR� VLJQLILFDQW�
LVVXHV� UHODWHG� WR� DSSOLFDELOLW\�� 7KHVH� UHVXOWV� PD\� KHOS� FOLQLFLDQV� DQG� UHVHDUFKHUV� ZRUNLQJ� ZLWK� WKLV�
SRSXODWLRQ�WR�VHOHFW�HYDOXDWLRQV�DQG�WHVWV�DSSOLFDEOH�LQ�WKLV�SRSXODWLRQ� 

.H\ZRUGV�� $XWRVRPDO� 5HFHVVLYH� 6SDVWLF� $WD[LD� RI� &KDUOHYRL[-6DJXHQD\�� PHWURORJLFDO� SURSHUWLHV�� WHVW�
DGPLQLVWUDWLRQ��FRJQLWLRQ��SHUVRQDOLW\ 

/¶DWD[LH� UpFHVVLYH� VSDVWLTXH� DXWRVRPLTXH� GH� &KDUOHYRL[-6DJXHQD\� �$56$&6�� HVW� XQH� PDODGLH�
QHXURGpJpQpUDWLYH�VSLQRFpUpEHOOHXVH�LPSOLTXDQW�GHV�DWWHLQWHV�S\UDPLGDOHV��FpUpEHOOHXVHV�HW�QHXURSDWKLTXHV�
HW� GH� SRVVLEOHV� GpILFLWV� GDQV� FHUWDLQHV� IRQFWLRQV� FRJQLWLYHV� FRPPH� OH� ODQJDJH�� /D� VpOHFWLRQ� GHV� WHVWV�
SV\FKRPpWULTXHV� DSSURSULpV� LPSOLTXH� FHUWDLQHV� SUpFDXWLRQV� OLpHV� j� OD� SUpVHQFH� G¶LQFRRUGLQDWLRQ� GHV�
PHPEUHV� VXSpULHXUV�HW�GH�G\VDUWKULH��/¶REMHFWLI�GH�FHWWH�pWXGH�FRQVLVWH�j�GRFXPHQWHU� O¶DSSOLFDELOLWp�GH����
WHVWV� QHXURSV\FKRORJLTXHV� HW�GH��� WHVWV� SV\FKRORJLTXHV� FKH]��� LQGLYLGXV� DWWHLQWV�G¶$56$&6� ���-��� DQV���
/HV�WHVWV�RQW�pWp�pYDOXpV�HQ�IRQFWLRQ�GH���FULWqUHV�G¶DSSOLFDELOLWp�HQ�XWLOLVDQW�XQH�pFKHOOH�j���QLYHDX[ ��$�SRXU�
H[FHOOHQW��%�SRXU�DFFHSWDEOH��&�SRXU�UHFRQVLGpUHU��/D�SOXSDUW�GHV�WHVWV�RQW�SRVp�SHX�RX�SDV�GH�OLPLWHV�OLpHV�j�
O¶DSSOLFDELOLWp� FKH]� OHV� SDWLHQWV� DWWHLQWV� G¶$56$&6�� &HOD� GLW�� FHUWDLQV� WHVWV� �F�-j-G��� OH� /HLWHU-�� HW� OHV�
0DWULFHV�3URJUHVVLYHV�GH�5DYHQ��QH�VRQW�SDV�UHFRPPDQGpV�HQ�UDLVRQ�GH�SUREOqPHV�OLpV�j�OHXU�DSSOLFDELOLWp��
&HV�UpVXOWDWV�SRXUURQW�YHQLU�HQ�DLGH�DX[�FOLQLFLHQV�HW�FKHUFKHXUV�TXL�WUDYDLOOHQW�DXSUqV�GH�FHWWH�SRSXODWLRQ�HQ�
YXH�GH�OD�VpOHFWLRQ�G¶pYDOXDWLRQV�HW�GH�WHVWV� 

0RWV�FOpV���$WD[LH�VSDVWLTXH�DXWRVRPLTXH�GH�&KDUOHYRL[-6DJXHQD\��SURSULpWpV�PpWURORJLTXHV��DGPLQLVWUDWLRQ�
GH�WHVW��FRJQLWLRQ��SHUVRQQDOLWp 

$XWRVRPDO� 5HFHVVLYH� 6SDVWLF� $WD[LD� RI�
&KDUOHYRL[-6DJXHQD\� �$56$&6�� LV� D� UDUH�
QHXURPXVFXODU� JHQHWLF� GLVHDVH� ZLWK� WKH� KLJKHVW�
SUHYDOHQFH� LQ� WKH� SURYLQFH� RI� 4XHEHF�� &DQDGD��

)ROORZLQJ� WKH� UHFHQW� GHVFULSWLRQ� RI� PRUH� WKDQ� ����
NQRZQ� PXWDWLRQV� ZRUOGZLGH�� LW� LV� QRZ� GHVFULEHG� DV�
RQH� RI� WKH� PRVW� FRPPRQ� IRUPV� RI� UHFHVVLYH� VSDVWLF�
DWD[LD� �6\QRI]LN� HW� DO��� ������ 7KLIIDXOW� HW� DO��� �������
$SSUR[LPDWHO\� ���� RI� WKH� DIIHFWHG� LQGLYLGXDOV� IURP�
4XHEHF� DUH� KRPR]\JRXV� IRU� RQH� RI� WKH� WZR� IRXQGHU�
YDULDQWV� RI� WKH� PXWDWLRQ� �L�H�� F�����GHO7�� 9HUPHHU��
9DQ� GH� :DUUHQEXUJ�� 	� .DPVWHHJ�� ������� ,W� LV� D�
GHJHQHUDWLYH� VSLQRFHUHEHOODU� GLVHDVH� ZLWK� D� VORZ�
SURJUHVVLRQ�� 7KH� ILUVW� V\PSWRPV� DUH� QRWLFHG� DW�
ZDONLQJ�RQVHW�� IDPLO\�PHPEHUV� UHSRUW� SUREOHPV�ZLWK�
EDODQFH� DQG� IUHTXHQW� IDOOV� �%RXFKDUG�� %DUEHDX��
%RXFKDUG��	�%RXFKDUG��������%RXFKDUG�HW�DO����������
7KH� HYROXWLRQ� RI� WKH� GLVHDVH� LV� REYLRXV� LQ� WKH� ODWH�
WHHQV� DQG� HDUO\� WZHQWLHV�� ,W� LV� FKDUDFWHUL]HG� E\�

7KLV�UHVHDUFK�ZDV�VXSSRUWHG�E\�WKH�*URXSH�GH�UHFKHUFKH�LQWHUGLV�
FLSOLQDLUH� VXU� OHV�PDODGLHV� QHXURPXVFXODLUHV� �*5,01�� DIILOLDWHG�
WR� WKH� &,8666� GX� 6DJXHQD\-/DF-6DLQW--HDQ�� )LQDQFLDO� VXSSRUW�
ZDV� SURYLGHG� E\� WKH� $WD[LD� &KDUOHYRL[-6DJXHQD\� )RXQGDWLRQ��
6SHFLDO�WKDQNV�DUH�H[WHQGHG�WR�-DQLH�*DXWKLHU-%RXGUHDX�DQG�6Wp�
SKDQH�%HUJHURQ�IRU�WKHLU�DVVLVWDQFH�� 
&RUUHVSRQGHQFH�UHJDUGLQJ�WKLV�DUWLFOH�VKRXOG�EH�DGGUHVVHG�WR���/D�
FRUUHVSRQGDQFH� FRQFHUQDQW� FHW� DUWLFOH� GHYUDLW� rWUH� DGUHVVpH� j� �� 
.HYLQ�%UDVVDUG��8QLYHUVLWp�GX�4XpEHF�j�&KLFRXWLPL� 
�����%RXOHYDUG�GH�O¶8QLYHUVLWp�� 
&KLFRXWLPL��4&��&DQDGD��*�+��%� 
7HO������-���-���� 
(-PDLO��NHYLQ�EUDVVDUG�#XTDF�FD 
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S\UDPLGDO� �VSDVWLFLW\� DQG� ZHDNQHVV��� FHUHEHOODU�
�DWD[LD���DQG�GLVWDO�QHXURSDWKLF��DP\RWURSK\�DQG�GLVWDO�
ZHDNQHVV�� VLJQV�RI�YDULDEOH� LQWHQVLW\�DQG�SURJUHVVLRQ�
�%RXFKDUG�HW�DO���������%RXFKDUG�HW�DO���������*D]XOOD��
0D\D\R-6LQXpV�� %HQDYHQWH�� 0RGUHJR�� 	� %HUFLDQR��
������ 9HUPHHU�� 9DQ� GH� :DUUHQEXUJ�� 	� .DPVWHHJ��
������� %HVLGHV� WKDW�� FHUHEUDO� LPDJHU\� VKRZV� DWURSK\�
RI� WKH� VXSHULRU� FHUHEHOODU� YHUPLV� �%RXFKDUG� HW� DO���
������ %RXFKDUG� HW� DO��� ������ 0LJQDUUL� HW� DO��� ������
3LOOLRG� HW� DO��� ������ DQG� FHUHEHOODU� KHPLVSKHUHV�
�0DUWLQ�� %RXFKDUG�� 6\OYDLQ�� 6W-2QJH�� 	� 7UXFKRQ��
������ 3LOOLRG� HW� DO��� ������ 9HUPHHU� HW� DO��� ������� $�
WKLFNHQLQJ�RI�LQIHULRU�FHUHEHOODU�YHUPLV�LV�DOVR�QRWLFHG�
DV� ZHOO� DV� D� SURJUHVVLYH� FRUWLFR-FHUHEHOODU� DWURSK\�
�%RXFKDUG� HW� DO��� ������� *HQHUDOO\�� FHUHEHOODU�
LQIULQJHPHQWV� DUH� NQRZQ� WR� FDXVH� SHUWXUEDWLRQV� RI�
VHQVRU\-PRWRU�IXQFWLRQV��5DH-*UDQW�	�3DUVRQV���������
EXW� LQFUHDVLQJ�HYLGHQFHV�VXJJHVW� WKH\�PD\�FRQWULEXWH�
WR� FRJQLWLYH� IXQFWLRQ� GHILFLWV� LQ� WDVNV� ZKHUH� PRWRU�
VNLOOV� DUH� QRW� LQYROYHG� �)DQFHOOX� HW� DO��� ������ 3LQHO��
������ 6FKPDKPDQQ�� ������� +RZHYHU�� LQ� RUGHU� WR�
HQVXUH� YDOLGLW\� RI� PHDVXUHPHQW�� VHOHFWLRQ� RI�
SV\FKRPHWULF� WHVWV� IRU� QHXURSV\FKRORJLFDO� DQG�
SV\FKRORJLFDO� HYDOXDWLRQ� ZLWK� WKLV� SRSXODWLRQ� VKRXOG�
EH� GRQH� ZLWK� SDUWLFXODU� DWWHQWLRQ� WR� XSSHU� OLPEV�
LQFRRUGLQDWLRQ�� VSDVWLFLW\�� DWD[LD�� DQG� QHXURSDWKLF�
VLJQV��DV�WKH\�PD\�ELDV�WHVWV�LQWHUSUHWDWLRQ� 

&RJQLWLYH�)XQFWLRQV�DQG�3HUVRQDOLW\�LQ�
$56$&6 

6LQFH�LWV�ILUVW�GHVFULSWLRQ�LQ�������IHZ�VWXGLHV�KDYH�
LQYHVWLJDWHG� FRJQLWLYH� IXQFWLRQLQJ� LQ� $56$&6��
%RXFKDUG� HW� DO�� ������� ZHUH� WKH� ILUVWV� WR� JDWKHU�
LQIRUPDWLRQ�RQ� LQWHOOHFWXDO� IXQFWLRQLQJ� LQ� DGXOWV�ZLWK�
$56$&6�� 0RUH� WKDQ� ��� \HDUV� ODWHU�� VWXGLHV� ZHUH�
FRQGXFWHG� ZLWK� FKLOGUHQ� DQG� DGROHVFHQWV� WR� H[SORUH�
VSHFLILF� FRJQLWLYH� GRPDLQV� VXFK� DV� YLVXRSHUFHSWLYH�
IXQFWLRQV�� SODQLILFDWLRQ� DELOLWLHV�� DQG� YLVXDO� DWWHQWLRQ�
�'UROHW�� ������ /pYHVTXH�� ������� ,Q� WKLV� UHJDUG�� WKHVH�
DXWKRUV� VXJJHVWHG� SUHVHUYDWLRQ� RI� WKH� ILUVW� WZR�
IXQFWLRQV� EXW� VLJQLILFDQW� GLIILFXOWLHV� ZLWK� YLVXDO�
DWWHQWLRQ�� 'UROHW� ������� DOVR� GLVFXVVHV� LQGLFDWRUV� RI�
GHFUHDVHG� SURFHVVLQJ� VSHHG� DQG� GHILFLWV� ZLWK� YLVXDO�
VHTXHQWLDO�PHPRU\�DQG�DXGLWLYR-YHUEDO�OHDUQLQJ��0RUH�
UHFHQWO\�� WKUHH� FROODERUDWLYH� PXOWLSOH� FDVH� VWXGLHV�
�%RLYLQ-0HUFLHU�� Q�G��� %RXFKHU�� ������ 'HVPHXOHV��
������ ZHUH� FRQGXFWHG� ZLWK� HLJKW� $56$&6� SDWLHQWV�
DJHG�EHWZHHQ����DQG����\HDUV��7KHVH�VWXGLHV�DLPHG�WR�
H[SORUH� $56$&6� FRJQLWLYH� DQG� SHUVRQDOLW\� SURILOHV��
&RQFHUQLQJ� WKH� FRJQLWLYH� SURILOH�� %RLYLQ-0HUFLHU�
�Q�G���HYDOXDWHG�IRXU�SDUWLFLSDQWV�DJHG�EHWZHHQ����DQG�
��� \HDUV�� 5HVXOWV� IURP� WKLV� SDUW� RI� WKH� FROODERUDWLYH�
VWXGLHV� DUH� QRW� DYDLODEOH� DW� WKLV� WLPH�� )RU� KHU� SDUW��
%RXFKHU��������LQYHVWLJDWHG�FRJQLWLYH�SURILOHV�LQ�IRXU�
SDUWLFLSDQWV�DJHG�EHWZHHQ����DQG����\HDUV�ROG��5HVXOWV�
LQGLFDWHG�IRXU�DIIHFWHG�FRJQLWLYH�IXQFWLRQV��SURFHVVLQJ�
VSHHG��VXVWDLQHG�DWWHQWLRQ��ODQJXDJH��DQG�YLVXDO�ORJLFDO�

UHDVRQLQJ�� )RU� RWKHU� FRJQLWLYH� IXQFWLRQV� LQYHVWLJDWHG��
WKH� DXWKRU� UHSRUWHG� LQFRQVLVWHQW� UHVXOWV� EHWZHHQ�
SDUWLFLSDQWV�� )RU� LQVWDQFH�� SHUIRUPDQFHV� RQ� ZRUNLQJ�
PHPRU\� WDVNV� GLYHUJHG� VLJQLILFDQWO\� GHSHQGLQJ� RQ�
VHQVRU\� PRGDOLW\�� ,QGHHG�� QRUPDWLYH� UHVXOWV� ZHUH�
QRWHG�LQ�YLVXDO�PRGDOLW\��EXW�GHILFLWV�ZHUH�REVHUYHG�LQ�
DXGLWRU\�PRGDOLW\��5HJDUGLQJ�SHUVRQDOLW\��WKHUH�VHHPV�
WR� KDYH� QR� KRPRJHQHRXV� SURILOH� DPRQJ� WKH� HLJKW�
SDUWLFLSDQWV� �'HVPHXOHV�� ������� +RZHYHU�� UHVXOWV�
UHYHDOHG� D� WHQGHQF\� UHJDUGLQJ� WKH� RSHQQHVV� WUDLW�
DFFRUGLQJ� WR� WKH� )LYH-)DFWRU� 0RGHO� RI� 3HUVRQDOLW\�
�&RVWD�	�:LGLJHU���������7KH�DXWKRUV�REVHUYHG�D�ORZ�
RSHQQHVV� XVXDOO\� UHIOHFWLQJ� D� ULJLGLW\� RI� WKLQNLQJ�� D�
ORZ�RSHQQHVV� WR�QHZ�RU�GLIIHUHQW�YDOXHV� DQG� LGHDV��D�
GLIILFXOW\�LQ�UHFRJQL]LQJ�WKH�HPRWLRQV�RI�RWKHUV��DQG�D�
WHQGHQF\�WR�SUDJPDWLVP� 

7KHVH� H[SORUDWRU\� VWXGLHV� RQ� FRJQLWLYH� DQG�
SHUVRQDOLW\�SURILOH�LQ�$56$&6�WKXV�JDYH�SUHOLPLQDU\�
LQVLJKWV�RQ�WKLV�PDWWHU��(YHQ�LI�YDOLGLW\�DQG�ILGHOLW\�RI�
SV\FKRPHWULF� WHVWV� XVHG� LQ� WKHVH� VWXGLHV� KDYH� EHHQ�
GHPRQVWUDWHG�� SUDFWLFDO� FRQVLGHUDWLRQV� PXVW� EH�
DGGUHVVHG� WR� HQVXUH� IHDVLELOLW\� RI� WKHLU� XVH� LQ� IXWXUH�
FOLQLFDO� DQG� UHVHDUFK� FRQWH[WV� �H�J��� DGPLQLVWUDWLRQ�
WLPH�� XWLOLW\� RI� FOLQLFDO� LQIRUPDWLRQ� JDWKHUHG��
DGDSWDWLRQ� WR� $56$&6� SDWLHQW¶V� FKDUDFWHULVWLF���
%HIRUH� JRLQJ� LQWR� ODUJHU� VWXGLHV� WR� GHVFULEH� FHQWUDO�
QHUYRXV� LQYROYHPHQW�� D� FDUHIXO� VHOHFWLRQ� RI�
QHXURSV\FKRORJLFDO� WHVWV� LV� QHFHVVDU\� DV� WKH\� UHTXLUH�
PRWRU�RU�YHUEDO� UHVSRQVHV� �6HURQ�	�9DQ�GHU�/LQGHQ��
������ WKDW� PD\� EH� LQIOXHQFHG� E\� WKH� SUHVHQFH� RI�
LQFRRUGLQDWLRQ�DQG�G\VDUWKULD�� ,W� LV�FULWLFDO� LQ�RUGHU� WR�
PLQLPL]H�LQWHUSUHWDWLYH�ELDV�DQG�RSWLPL]H�UHOLDELOLW\�RI�
WKH� PHDVXUH�� :KHQ� VHOHFWLQJ� SV\FKRORJLFDO� DQG�
QHXURSV\FKRORJLFDO� SV\FKRPHWULF� WHVWV� PRVW� DGDSWHG�
WR�HYDOXDWLRQ�QHHGV�DQG�SDWLHQWV¶�IHDWXUHV��UHVHDUFKHUV¶�
DQG�FOLQLFLDQV¶�H[SHUWLVH�ZLWK�$56$&6�SDWLHQWV�LV�DQ�
LPSRUWDQW� VRXUFH� RI� LQIRUPDWLRQ�� +RZHYHU�� DQ�
REMHFWLYH� HYDOXDWLRQ� JXLGHG� E\� VSHFLILF� HPSLULFDO�
DSSOLFDELOLW\�FULWHULD�ZRXOG�DOORZ�WKH�HVWDEOLVKPHQW�RI�
VHOHFWLRQ� LQGLFDWRUV� IRU� SV\FKRPHWULF� WHVWV� XVHG� ZLWK�
$56$&6�SDWLHQWV� 

$SSOLFDELOLW\�RI�0HDVXUHPHQW�7RROV 

7KH� SUDJPDWLF� DQG� SV\FKRPHWULF� SURSHUWLHV� PXVW�
EH�FRQVLGHUHG�LQ�WKH�VHOHFWLRQ�RI�WKH�PRVW�DSSURSULDWH�
PHDVXUHPHQW� WRROV� LQ� D� JLYHQ� FRQWH[W� �$QGUHVHQ��
������$XJHU� HW� DO��� �������%H\RQG� WKH� LPSRUWDQFH� RI�
YHULI\LQJ� WKHLU� YDOLGLW\��:DGH� ������� LQVLVWV� RQ� WKHLU�
SUDFWLFDO� DVSHFWV� �H�J��� WLPH� WDNHQ�� QHHG� IRU� WUDLQLQJ��
DFFHSWDELOLW\� WR� SDWLHQWV��� ,Q� D� OLWHUDWXUH� VHDUFK� RQ�
RSHUDWLRQDO� FULWHULD� XVHG� IRU� WKLV� SXUSRVH�� $XJHU��
'HPHUV�� DQG� 6ZDLQH� ������� SURSRVHG� WKH� WHUP�
³DSSOLFDELOLW\´� WR� HQJOREH� D� SDQHO� RI� SUDJPDWLF�
TXDOLWLHV�VXFK�DV�FOLQLFDO�XWLOLW\��VHQVLELOLW\��IHDVLELOLW\��
DFFHSWDELOLW\��DQG�SUDFWLFDELOLW\�� ,Q�������$XJHU�HW�DO��
WHVWHG� WKLV� FRQFHSWXDO� IUDPHZRUN� WR� DVVHVV� WKH�
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DSSOLFDELOLW\�RI�D�PXOWLGLPHQVLRQDO�WRRONLW�IRU�JHULDWULF�
UHKDELOLWDWLRQ� RXWFRPHV�� 6HHGDW�� -DPHV�� DQG� 5RVH�
������� DOVR� H[SORLWHG� WKLV�PRGHO� WR� HYDOXDWH� ��� WHVWV�
LQWHQGHG� IRU� SRSXODWLRQV� ZLWK� PXVFOH� GLVHDVHV�� 7KH�
PRGHO� SURSRVHV� IRXU� PDMRU� FULWHULD� FRPSULVLQJ� VXE-
FULWHULD�WR�HYDOXDWH�WKH�DSSOLFDELOLW\�RI�D�PHDVXUHPHQW�
WRRO� �FI�� $SSHQGL[� $��� 5HVSRQGHQW� EXUGHQ�
FRUUHVSRQGV� WR� LQYDVLYHQHVV� �SK\VLFDO� RU� HPRWLRQDO���
JOREDO� HIIRUW� UHTXLUHG�� VHFXULW\�� UHIXVDO�� DQG�
DFFHSWDELOLW\� IURP� WKH� UHVSRQGHQW¶V� SRLQW� RI� YLHZ��
([DPLQHU� EXUGHQ� FRPSULVHV� GLIIHUHQW� FRPSRQHQWV�
�DGPLQLVWUDWLRQ� WLPH�� QHHG� IRU� WUDLQLQJ�� VLPSOLFLW\� RI�
DGPLQLVWUDWLRQ��VFRULQJ�DQG�LQWHUSUHWDWLRQ��DYDLODELOLW\��
HWF���WR�EH�FRQVLGHUHG�DV�TXDOLWLHV�RU�OLPLWDWLRQV�LQ�WKH�
DSSOLFDWLRQ� RI� WKH� PHDVXUHPHQW� WRRO�� 6FRUH�
GLVWULEXWLRQ� UHIHUV� WR� KRZ� DSSURSULDWH� LV� D� VFDOH� WR�
UHSUHVHQW� WKH� GLYHUVLW\� RI� EHKDYLRXUV�� RSLQLRQV�� RU�
SHUIRUPDQFH�OHYHOV�LQ�D�VDPSOH��L�H���QRUPDO�FXUYH�DQG�
IORRU�FHLOLQJ� HIIHFW��� )LQDOO\�� IRUPDW� FRPSDWLELOLW\� LV�
GHILQHG� E\� WKH� FRQVLVWHQF\� EHWZHHQ� SRSXODWLRQ�
VSHFLILF�FKDUDFWHULVWLFV�DQG�DVVHVVPHQW�IRUPDW�LQ�RUGHU�
WR� DYRLG� DJH�� JHQGHU�� FXOWXUDO�� RU� GLVDELOLW\� ELDVHV�
�$QGUHVHQ�� ������� 7KH� SUHVHQW� VWXG\� SURSRVHV� WKLV�
FRQFHSWXDO� IUDPHZRUN� WR� HYDOXDWH� DSSOLFDELOLW\� RI�
SV\FKRPHWULF� WHVWV� XVHG� ZLWK� $56$&6� SDWLHQWV��
$GGHG� WR� YDOLGLW\� DQG� ILGHOLW\�� GDWD� RQ� SV\FKRPHWULF�
WHVWV� DSSOLFDELOLW\� ZLOO� LQFUHDVH� FOLQLFLDQV¶� DQG�
UHVHDUFKHUV¶�FRQILGHQFH� LQ�FKRRVLQJ� WKH�PRVW�VXLWDEOH�
QHXURSV\FKRORJLFDO� DQG� SHUVRQDOLW\� WHVWV� ZLWK� WKLV�
SRSXODWLRQ� 

2EMHFWLYHV 

7KH� SUHVHQW� VWXG\� LV� FORVHO\� DWWDFKHG� WR� WKH�
H[SORUDWRU\� PXOWLSOH� FDVH� VWXGLHV� RQ� FRJQLWLYH� DQG�
SHUVRQDOLW\� SURILOHV� LQ� LQGLYLGXDOV� ZLWK� $56$&6�
�%RLYLQ-0HUFLHU�� Q�G��� %RXFKHU�� ������ 'HVPHXOHV��
�������,Q�WKHVH�VWXGLHV��D�ZLGH�YDULHW\�RI�SV\FKRPHWULF�
LQVWUXPHQWV�KDYH�EHHQ�XVHG�WR�SURYLGH�D�ILUVW�H[WHQVLYH�
SLFWXUH� RI� FRJQLWLYH� DQG� SHUVRQDOLW\� IHDWXUHV� LQ�
LQGLYLGXDOV� ZLWK� WKH� GLVHDVH�� 7KH� REMHFWLYH� RI� WKLV�
SDSHU� LV� WR� GRFXPHQW� WKH� DSSOLFDELOLW\� RI� WKH�
LQVWUXPHQWV� XVHG� LQ� WKH� FRQWH[W� RI� WKHVH� H[SORUDWRU\�
PXOWLSOH�FDVH�VWXGLHV�ZLWK�WKLV�VSHFLILF�SRSXODWLRQ�IRU�
FOLQLFDO�DQG�UHVHDUFK�SXUSRVHV��7R�RXU�NQRZOHGJH��WKH�
SUHVHQW� VWXG\� LV� WKH� ILUVW� WR� DVVHVV� DSSOLFDELOLW\� RI�
QHXURSV\FKRORJLFDO�DQG�SHUVRQDOLW\� WHVWV� LQ�D�VSHFLILF�
SRSXODWLRQ�� 7KLV� ZLOO� IDFLOLWDWH� WKH� VHOHFWLRQ� E\� WKH�
FOLQLFLDQV� RI� WKH�PRVW� DGDSWHG� WHVWV� IRU� SDWLHQWV�ZLWK�
$56$&6� 

0HWKRG 

6DPSOH 

(LJKW� SDWLHQWV� ZLWK� $56$&6� ZHUH� VHOHFWHG� IURP�
WKUHH� RQJRLQJ� FROODERUDWLYH� VWXGLHV� �%RLYLQ-0HUFLHU��
Q�G���%RXFKHU�� ������'HVPHXOHV�� ������ WKDW� UHFUXLWHG�
WZHQW\�SDWLHQWV�DPRQJ�D�ODUJHU�VXEVHW�RI�SHRSOH�OLVWHG�

DW� WKH� 1HXURPXVFXODU� &OLQLF� RI� WKH� &HQWUH� ,QWpJUp�
8QLYHUVLWDLUH� GH� 6DQWp� HW� GH� 6HUYLFHV� 6RFLDX[�
�&,8666�� GX� 6DJXHQD\-/DF-6DLQW--HDQ� �4XHEHF��
&DQDGD��� 7KH� UHFUXLWPHQW� ZDV� GRQH� DFFRUGLQJ� WR� D�
VWUDWLILHG� VDPSOH� E\� DJH� DQG� JHQGHU� WR� JHW� D� PRUH�
FRPSOHWH� SLFWXUH� RI� WKH� FRJQLWLYH� IXQFWLRQV�
FRQVLGHULQJ� WKH�SURJUHVVLRQ�RI� WKH�GLVHDVH��7KXV��RQH�
PDQ�DQG�RQH�ZRPDQ�ZHUH�VHOHFWHG�LQ�HDFK�RI�WKH�IRXU�
DJH�FDWHJRULHV����–������–������–������–�����7DEOH���
SUHVHQWV� SDUWLFLSDQWV¶� VRFLRGHPRJUDSKLF�
FKDUDFWHULVWLFV� �H�J��� DJH�� HGXFDWLRQ�� RFFXSDWLRQ��
PRELOLW\�� 

3URFHGXUH 

7KH�SUHVHQW�UHVHDUFK�DVVHVVHG�WKH�H[DFW�VDPH�WHVWV�
XVHG�LQ�WKH�DERYH-PHQWLRQHG�H[SORUDWRU\�PXOWLSOH�FDVH�
VWXGLHV��&RQVHTXHQWO\�� LQLWLDO� WHVWV�VHOHFWLRQ�GHSHQGHG�
RQ�WKH�UHVHDUFK�GHVLJQV�DQG�REMHFWLYHV�RI�WKHVH�VWXGLHV��
7HVWV� DVVHVVHG� LQ� WKH� SUHVHQW� VWXG\� FRPH� IURP� WZR�
VRXUFHV�� )LUVW�� DV� SUHVHQWHG� LQ� 7DEOH� ��� VSHFLILF�
VXEWHVWV� LQFOXGHG� LQ� IRXU�SV\FKRPHWULF�EDWWHULHV�ZHUH�
VHOHFWHG�DQG�DGPLQLVWHUHG�WR�SDUWLFLSDQWV��)RU�LQVWDQFH��
��� RI� WKH� ��� :HFKVOHU� $GXOW� ,QWHOOLJHQFH� 6FDOH� –�
)RXUWK� (GLWLRQ� �:$,6-,9�� RQH� RI� WKH� IRXU� EDWWHULHV��
VXEWHVWV� ZHUH� LQLWLDOO\� VHOHFWHG� LQ� WKH� H[SORUDWRU\�
PXOWLSOH� FDVH� VWXGLHV��7KHUHE\�� D� WRWDO� RI� ��� VXEWHVWV�
IURP�HLWKHU�RQH�RU�WKH�RWKHU�RI�WKH�IRXU�EDWWHULHV�ZHUH�
FKRVHQ��6HFRQG����� LQGLYLGXDO� WHVWV��L�H���QRW�LQFOXGHG�
LQ�D�SV\FKRPHWULF�EDWWHU\��VXFK�DV�5H\�7DQJOHG�/LQHV�
7HVW�RU�+RRSHU�9LVXDO�2UJDQL]DWLRQ�7HVW��ZHUH�XVHG��
&RQVHTXHQWO\�� D� WRWDO� RI� ��� SV\FKRPHWULF� WHVWV� ZHUH�
DGPLQLVWHUHG�WR�WKH�SDUWLFLSDQWV�GXULQJ�WKH�VXPPHU�RI�
�����E\�D�GRFWRUDO�VWXGHQW�LQ�FOLQLFDO�QHXURSV\FKRORJ\�
ZKR� ZDV� SUHYLRXVO\� WUDLQHG� WR� WKHLU� XVH�� *OREDOO\��
RULJLQDO� DGPLQLVWUDWLRQ� LQVWUXFWLRQV� ZHUH� IROORZHG��
+RZHYHU�� VRPH� VSHFLILF� WHVWV� UHTXLUHG� DGDSWDWLRQV�
IURP� WKH� H[DPLQHU�� HVSHFLDOO\� FRQFHUQLQJ� WKH�
QRQYHUEDO�PHDVXUHV� �H�J���/HLWHU-���RU� WKH�SHUVRQDOLW\�
WHVWV�� ZKHUH� LQVWUXFWLRQV� ZHUH� UHDG� WR� VRPH�
SDUWLFLSDQWV�� 'HYLDWLRQV� WR� RULJLQDO� LQVWUXFWLRQV� ZHUH�
FRQVLGHUHG� LQ� DSSOLFDELOLW\� DQDO\VLV�� $OO� SDUWLFLSDQWV�
ZHUH� DVVHVVHG� DW� WKH� 1HXURPXVFXODU� &OLQLF��
&RQVLGHULQJ� WKH� QXPEHU� RI� WHVWV� WR� EH� DGPLQLVWHUHG��
WKH�HYDOXDWLRQ�ZDV�VSUHDG�RYHU�WKUHH�RU�IRXU�KDOI-GD\V��
JHQHUDOO\� RYHU� WKUHH�ZHHNV��7KH�DGPLQLVWUDWLRQ� RUGHU�
ZDV� VRPHWLPHV� DGDSWHG� GHSHQGLQJ� RQ� FRPSOHWLRQ�
WLPH��H[KDXVWLRQ��DQG�GLIILFXOW\�OHYHO��:KHQ�UHTXLUHG��
SDUWLFLSDQWV�FRXOG�WDNH�EUHDNV�WR�PLQLPL]H�WKH�LPSDFWV�
RI�IDWLJXH�DQG�GHFUHDVH�LQ�PRWLYDWLRQ�� 

'HVFULSWLRQ�RI�WKH�7RROV 

:HFKVOHU� $GXOW� ,QWHOOLJHQFH� 6FDOH–)RXUWK�
HGLWLRQ� �:$,6-,9��� 7KH� :$,6-,9� �3V\FKRORJLFDO�
&RUSRUDWLRQ�� ������ PHDVXUHV� JHQHUDO� LQWHOOLJHQFH�
WKURXJK� WKH�DGPLQLVWUDWLRQ�RI�QXPHURXV�VXEWHVWV��7HQ�
RXW� RI� ILIWHHQ� VXEWHVWV� ZHUH� XVHG� LQ� WKH� SUHVHQW�
UHVHDUFK� �%ORFN� 'HVLJQ�� 'LJLW� 6SDQ�� 0DWUL[�
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5HDVRQLQJ�� $ULWKPHWLF�� 6\PERO� 6HDUFK�� 9LVXDO�
3X]]OHV�� &RGLQJ�� )LJXUH� :HLJKWV�� &DQFHOODWLRQ�� DQG�
3LFWXUH� &RPSOHWLRQ�� WR� JDWKHU� DQ� RYHUYLHZ� RI�
LQWHOOHFWXDO� IXQFWLRQLQJ�DFFRUGLQJ� WR� WKUHH�RI� WKH� IRXU�
VSHFLILF� FRJQLWLYH� GRPDLQV�� 3HUFHSWXDO� 5HDVRQLQJ�
,QGH[��35,���:RUNLQJ�0HPRU\�,QGH[��DQG�3URFHVVLQJ�
6SHHG� ,QGH[� �36,�� :HLVV�� 6DNORIVNH�� &RDOVRQ�� 	�
5DLIRUG���������� 

1HXURSV\FKRORJLFDO�$VVHVVPHQW�%DWWHU\� �1$%���
7KH� 1$%� LV� D� EDWWHU\� RI� QHXURSV\FKRORJLFDO� WHVWV�
GHYHORSHG� IRU� WKH� DVVHVVPHQW� RI� D� ZLGH� DUUD\� RI�
FRJQLWLYH� VNLOOV� DQG� FRJQLWLYH� IXQFWLRQV� LQ� DGXOWV�
�:KLWH� 	� 6WHUQ�� ������� 6L[� VXEWHVWV� RI� WKH� 1$%�
�)UHQFK� KRPH� WUDQVODWLRQ� RI� WKH� LQVWUXFWLRQV�� ZHUH�
XVHG�LQ�WKLV�UHVHDUFK��'RWV��$XGLWRU\�&RPSUHKHQVLRQ��
1DPLQJ�� 6KDSH�/HDUQLQJ��9LVXDO�'LVFULPLQDWLRQ�� DQG�
-XGJHPHQW� 

/HLWHU-���7KH�/HLWHU-�� �5RLG��0LOOHU�� 3RPSOXQ��	�
.RFK�� ������ SURYLGHV� D� QRQYHUEDO� PHDVXUH� RI�
LQWHOOHFWXDO� IXQFWLRQLQJ�� ,W� PHDVXUHV� WKH� FRJQLWLYH��
DWWHQWLRQDO�� DQG� QHXURSV\FKRORJLFDO� DELOLWLHV� WKURXJK�
WKH� H[FOXVLYH� XVH� RI� QRQYHUEDO� PHDQV� RI�
FRPPXQLFDWLRQ�� 7KH� LQVWUXFWLRQV� DUH� GHOLYHUHG� XVLQJ�
JHVWXUHV�DQG�SDQWRPLPH��7KH�EDWWHU\�ZDV�VSHFLILFDOO\�
GHYHORSHG� IRU� SRSXODWLRQV� ZLWK� FRPPXQLFDWLRQ�

GLVRUGHUV�� KHDULQJ� DQG� PRWRU� LPSDLUPHQWV�� WUDXPDWLF�
EUDLQ� LQMXULHV�� DWWHQWLRQDO� SUREOHPV�� DQG� OHDUQLQJ�
GLVDELOLWLHV��7VDWVDQLV�HW�DO����������1LQH�VXEWHVWV�ZHUH�
XVHG� LQ� WKH� SUHVHQW� VWXG\�� )LJXUH� *URXQG�� )RUP�
&RPSOHWLRQ�� &ODVVLILFDWLRQ�$QDORJLHV�� 6HTXHQWLDO�
2UGHU�� 9LVXDO� 3DWWHUQV�� )RUZDUG� 0HPRU\�� $WWHQWLRQ�
6XVWDLQHG��5HYHUVH�0HPRU\��DQG�1RQYHUEDO�6WURRS� 

'HOLV-.DSODQ� ([HFXWLI� )XQFWLRQ� 6\VWHP� �'-
.()6��� 7KH� '-.()6� �'HOLV�� .DSODQ�� 	� .UDPHU��
������ LV� D� EDWWHU\� RI� WHVWV�XVHG� WR� HYDOXDWH� H[HFXWLYH�
IXQFWLRQV� VXFK� DV� UHDFWLRQ� WLPH�� SODQQLQJ� RI�
RFXORPRWRU� DFWLRQV�� VHOHFWLYH� DWWHQWLRQ�� FRJQLWLYH�
IOH[LELOLW\�� DQG� LQKLELWLRQ� DELOLWLHV� �0DWWLROL� HW� DO���
�������,Q�WKLV�VWXG\��WKUHH�VXEWHVWV�ZHUH�DGPLQLVWHUHG��
WKH�7UDLO�0DNLQJ� 7HVW� �707��� WKH�7RZHU� RI� /RQGRQ�
7HVW� �7/7��� DQG� WKH� &RORU-:RUG� ,QWHUIHUHQFH� 7HVW�
�&:,7�� 

3UD[LV� 7HVW� RI� -DVRQ� %URZQ� �37-%��� 7KLV� WHVW�
HYDOXDWHV� SUD[LV� WKURXJK� IRXU� SDUWV�� LQWUDQVLWLYH�
JHVWXUHV��WUDQVLWLYH�JHVWXUHV��ZKROH�ERG\�JHVWXUHV��DQG�
ELPDQXDO�FRRUGLQDWLRQ��,W�LQFOXGHV�D�OLVW�RI�DFWLRQV�WKH�
SDUWLFLSDQWV� PXVW� H[HFXWH� �H�J��� EUXVKLQJ� WKHLU� KDLU��
FXWWLQJ� SDSHU��� 2EVHUYDWLRQV� DV� ZHOO� DV� FOLQLFDO�
MXGJPHQW� RI� WKH� HYDOXDWRU� DUH� XVHG� WR� GHWHUPLQH� WKH�
OHYHO�RI�FDSDFLW\�RI�WKH�SDUWLFLSDQW��%URZQ�������� 

7DEOH�� 

6RFLRGHPRJUDSKLF�&KDUDFWHULVWLFV�RI�3DUWLFLSDQWV 

3DUWLFLSDQWV � � � � � � � � 

*HQGHU 0DOH )HPDOH 0DOH )HPDOH )HPDOH 0DOH )HPDOH 0DOH 
$JH��\HDUV� �� �� �� �� �� �� �� �� 

(GXFDWLRQ�
�\HDUV� 

� ��-�� �� ��-�� � �� �� �� 

0DULWDO 
VWDWXV 

6LQJOH 6LQJOH 6LQJOH &RPPRQ-
ODZ�UHOD�
WLRQVKLS 

6LQJOH 6LQJOH 6LQJOH 6LQJOH 

2FFXSDWLRQ 3DUW-WLPH�
ZRUNHU�DQG�
VWXGHQW 

3DUW-WLPH�
ZRUNHU 

$W�KRPH )XOO-WLPH�
VWXGHQW 

$W�KRPH $W�KRPH $W�KRPH $W�KRPH 

7\SH�RI�
KRXVH 

+RXVH +RXVH +RXVH 6HPL-
GHWDFKHG�
KRXVH 

+RXVH $GDSWHG�
DSDUWPHQW�
�!�VL[�XQLW� 

+RXVH $GDSWHG�
DSDUWPHQW� 
�!�VL[�XQLW� 

,QVLGH�PR�
ELOLW\ 

8QDLGHG 8QDLGHG 8QDLGHG :LWK�D�
ZDONHU 

:LWK�D�
ZDONHU 

:KHHO-
FKDLU 

:KHHO-
FKDLU 

:KHHO-FKDLU 

2XWVLGH�
PRELOLW\ 

&DQH 8QDLGHG :LWK�D�
ZDONHU 

:LWK�D�
ZDONHU 

:LWK�D�
ZDONHU 

0RELOLW\�
VFRRWHU 

:KHHO�
FKDLU 

0RELOLW\�
VFRRWHU 

$XWRQRP\�
OHYHO 

,QGHSHQ-
GHQW 

,QGHSHQ-
GHQW 

,QGHSHQ-
GHQW 

,QGHSHQ-
GHQW 

3DUWLDO�
DVVLVWDQFH 
UHTXLUHG 

,QGHSHQ-
GHQW��ZLWK�
��K�DVVLV�
WDQFH�

DYDLODEOH� 

3DUWLDO�
DVVLV�
WDQFH�

UHTXLUHG 

&RPSOHWH�
DVVLVWDQFH 
UHTXLUHG 

3HUFHSWLRQ�
RI�SK\VLFDO�
KHDOWK 

6XIILFLHQW 6XIILFLHQW *RRG *RRG 6XIILFLHQW *RRG *RRG 6XIILFLHQW 
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0RWRU-)UHH� 9LVXDO� 3HUFHSWLRQ� 7HVW–7KLUG�

HGLWLRQ� �0937-���� 7KH� 0937-�� �&RODUXVVR� 	�
+DPPLOO�� ������ DVVHVVHV� DQ� LQGLYLGXDO¶V� YLVXDO�
SHUFHSWXDO� DELOLW\� ZLWKRXW� LQYROYLQJ� PRWRU� UHVSRQVH��
9LVXDO�SHUFHSWXDO�WDVNV�LQFOXGHG�LQ�WKLV�WHVW�DUH�VSDWLDO�
UHODWLRQV�� YLVXDO� GLVFULPLQDWLRQ�� ILJXUH-JURXQG�� YLVXDO�
FORVXUH��DQG�YLVXDO�PHPRU\��7KH�WHVW�SURYLGHV�D�VLQJOH�
VFRUH� UHSUHVHQWLQJ� JHQHUDO� YLVXDO� SHUFHSWXDO� DELOLWLHV�
�&RODUXVVR�	�+DPPLOO�������� 

5H\� 7DQJOHG� /LQHV� 7HVW� �57/7��� 'HVLJQHG� E\�
$QGUp� 5H\� LQ� ������ WKLV� WHVW� PHDVXUHV� RFXORPRWRU�
DELOLW\�� 5HVSRQGHQWV� DUH� UHTXLUHG� WR� YLVXDOO\� WUDFN� D�
OLQH� IURP�RQH� VLGH� RI� WKH�SDJH� WR� WKH� RWKHU��7KH� OLQH�
FRXUVHV� IROORZLQJ� D� UDQGRP� WUDMHFWRU\� DJDLQVW� D� ILHOG�
RI�RWKHU� OLQHV�� VRPH�RI�ZKLFK�FRQVWLWXWH� IXUWKHU� WULDOV�
RI�WKH�WHVW��6HQLRU��.HOO\��	�6DO]PDQ�������� 

5DYHQ
V� 6WDQGDUG� 3URJUHVVLYH� 0DWULFHV�
�5630��� 7KH� DLP� RI� 5630� WHVW� �5DYHQ�� 5DYHQ�� 	�
&RXUW�� ������ LV� WR� DVVHVV� YLVXDO� UHDVRQLQJ�� 7DVNV��
RUGHUHG� E\� LQFUHDVLQJ� GLIILFXOW\�� DUH� FRPSOHWHG� XVLQJ�
ORJLFDO� UHDVRQLQJ�� ZKLFK� HYDOXDWHV� IOXLG� LQWHOOLJHQFH�

�9HUJXWV�� 'H� %RHFN�� 	� 0DULV�� ������� 7KH� LWHPV�
UHTXLUH� SDUWLFLSDQWV� WR� DQDO\]H� JUDSKLF� HOHPHQWV� LQ� D�
PDWUL[� LQ� RUGHU� WR� VHOHFW� WKH� FRUUHFW� VROXWLRQ� RXW� RI�
HLJKW� DOWHUQDWLYH� UHVSRQVHV� �/RHVFKH�� :LOH\�� 	�
+DVVHOKRUQ�������� 

&RQQHUV¶� &RQWLQXRXV� 3HUIRUPDQFH� 7HVW� ,,�
�&37-,,��� 7KH� &37-,,� �&RQQHUV�� ������ LV� D�
FRPSXWHUL]HG� WHVW� PHDVXULQJ� VXVWDLQHG� DWWHQWLRQ��
UHDFWLRQ� WLPH�� DQG� PRWRU� LPSXOVLYLW\� �/DQJH� HW� DO���
������� 7DUJHWV� �OHWWHUV�� DSSHDU� DW� LQFRQVLVWHQW�
RFFXUUHQFHV��7KH�SDUWLFLSDQW�KDV�WR�SUHVV�WKH�VSDFH�EDU�
ZKHQ�D�WDUJHW�DSSHDUV��H[FHSW�ZKHQ�LW�LV�DQ�³;´��� 

+RRSHU�9LVXDO�2UJDQL]DWLRQ�7HVW� �+927���7KH�
+927� �+RRSHU�� ������ LV� D� EULHI� VFUHHQLQJ� WRRO�
PHDVXULQJ� WKH� DELOLW\� WR�RUJDQL]H�YLVXDO� VWLPXOL��7KLV�
WHVW�LV�DOVR�XVHG�WR�DVVHVV�EUDLQ�G\VIXQFWLRQ��,W�FRQVLVWV�
LQ� D� QXPEHU� RI� FXW� XS� SLFWXUHV� RI� DQ� REMHFW� WKDW� WKH�
SDUWLFLSDQW�PXVW�PHQWDOO\�UHDUUDQJH�LQ�RUGHU�WR�QDPH�LW�
SUHFLVHO\��/RSH]��/D]DU��	�2K�������� 

%HQWRQ� )DFLDO� 5HFRJQLWLRQ� 7HVW� �%)57��� 7KH�
%)57� �%HQWRQ�� 6LYDQ�� +DPVKHU�� 9DUQH\�� 	� 6SUHHQ��
������ DVVHVVHV� IDFLDO� UHFRJQLWLRQ� VNLOOV� XVLQJ� EODFN�
DQG� ZKLWH� SKRWRJUDSKV�� ,Q� WKH� ILUVW� SDUW� RI� WKH� WHVW��
SDUWLFLSDQWV� PXVW� LGHQWLI\� D� WDUJHW� IDFH� RXW� RI� VL[�
RSWLRQV�� ,Q� WKH� VHFRQG� SDUW� RI� WKH� WHVW�� SDUWLFLSDQWV�
KDYH� WR� LGHQWLI\� WKUHH� RXW� RI� VL[� SKRWRJUDSKV�
FRUUHVSRQGLQJ� WR� WKH� WDUJHW� IDFH� �6FKUHWOHQ�� 3HDUOVRQ��
$QWKRQ\��	�<DWHV�������� 

:LVFRQVLQ� &DUG� 6RUWLQJ� 7HVW� �:&67��� 7KH�
:&67� �+HDWRQ�� &KHOXQH�� 7DOOH\�� .D\�� 	� &XUWLVV��
������ ZDV� GHYHORSHG� DV� D� PHDVXUH� RI� H[HFXWLYH�
IXQFWLRQ��VSHFLILFDOO\�FRQFHSWXDO�GHGXFWLRQ�DELOLWLHV��,W�
DOVR� SURYLGHV� DQ� RYHUYLHZ�RI� WKH� FDSDFLW\� WR� DSSO\� D�
VWUDWHJ\�DQG�WR�DGDSW�EHKDYLRXU�LQ�FRQWH[W�RI�FKDQJLQJ�
FRQGLWLRQV��(OLQJ��'HUFN[��	�0DHV���������,Q�WKLV�WHVW��
WKH�UHVSRQGHQW�KDV�WR�SDLU�VWLPXOL�FDUGV�ZLWK�RQH�RI�WKH�
IRXU�EDVLF�FDUGV�DFFRUGLQJ�WR�D�UXOH�NQRZQ�RQO\�E\�WKH�
H[DPLQHU�� ZKR� FDQ� RQO\� WHOO� WKH� SDUWLFLSDQW� LI� WKH�
PDWFK� LV�JRRG�RU�QRW��7KH�UHVSRQGHQW¶V�DELOLW\� WR�XVH�
HQYLURQPHQWDO� IHHGEDFN� DQG� FRJQLWLYH� IOH[LELOLW\� DUH�
HVVHQWLDO�WR�DFKLHYH�WKH�WDVN��+HDWRQ�������� 

&RQWLQXRXV� 9LVXDO�0HPRU\� 7HVW� �&907���7KH�
&907��/DUUDEHH��7UDKDQ��	�&XUWLVV��������PHDVXUHV�
WKH� DELOLW\� WR� OHDUQ� DQG� UHPHPEHU� YLVXDOO\� SUHVHQWHG�
LQIRUPDWLRQ�ZLWKRXW�WKH�XVH�RI�PRWRU�VNLOOV��7KH�WHVW�LV�
D� UHFRJQLWLRQ� WDVN� WKDW�ZDV� GHYHORSHG� LQ� UHVSRQVH� WR�
WKH�GLIILFXOWLHV�WKDW�KDYH�EHHQ�LGHQWLILHG�ZLWK�PDQ\�RI�
WKH� WUDGLWLRQDO� YLVXDO� PHPRU\� PHDVXUHV� �6WURQJ� 	�
'RQGHUV�������� 

7KH� 6\PSWRP� &KHFNOLVW-��-5� �6&/-��-5���7KH�
6&/-��-5� �'HURJDWLV�� ������ LV� D� VFUHHQLQJ� WRRO� XVHG�
WR� GHWHFW� VHOI-UHSRUWHG� SV\FKRORJLFDO� GLVWUHVV� DQG�
SV\FKRSDWKRORJLFDO� V\PSWRPV� �'HURJDWLV� 	� 6DYLW]��

7DEOH�� 

6XEWHVWV�,QFOXGHG�LQ�WKH�)RXU�%DWWHULHV 

%DWWHULHV 6XEWHVWV 

:$,6-,9 %ORFN�'HVLJQ 
'LJLW�6SDQ 

0DWUL[�5HDVRQLQJ 
$ULWKPHWLF 

6\PERO�6HDUFK 
9LVXDO�3X]]OHV 

&RGLQJ 
)LJXUH�:HLJKWV 
&DQFHOODWLRQ 

3LFWXUH�&RPSOHWLRQ 

1$% 'RWV 
$XGLWRU\�&RPSUHKHQVLRQ 

1DPLQJ 
6KDSH�/HDUQLQJ 

9LVXDO�'LVFULPLQDWLRQ 
-XGJHPHQW 

 
/HLWHU-� )LJXUH�*URXQG 

)RUP�&RPSOHWLRQ 
&ODVVLILFDWLRQ�DQG�$QDORJLHV 

6HTXHQWLDO�2UGHU 
9LVXDO�3DWWHUQV 
)RUZDUG�0HPRU\ 
6XVWDLQHG�$WWHQWLRQ 
5HYHUVH�0HPRU\ 
1RQYHUEDO�6WURRS 

 
'-.()6 7UDLO�0DNLQJ�7HVW 

7RZHU�RI�/RQGRQ�7HVW 
&RORU-:RUG�,QWHUIHUHQFH�7HVW 
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������� 7KH� WHVW� FRQVLVWV� RI� WKUHH� JOREDO� LQGLFHV� DQG�
QLQH�VXEVFDOHV�FRYHULQJ�FOLQLFDOO\�UHOHYDQW�SV\FKLDWULF�
DQG� SV\FKRVRPDWLF� V\PSWRPV� �'HURJDWLV� 	�
0HOLVDUDWRV�� �������$PRQJ� RWKHU� WKLQJV�� WKH� 6&/-���
DVVHVVHV� REVHVVLYH-FRPSXOVLYH� GLVRUGHU�� DQ[LHW\��
GHSUHVVLRQ��SDUDQRLG�LGHDWLRQ��DQG�SKRELF�DQ[LHW\� 

1(2� )LYH-)DFWRU� ,QYHQWRU\� �1(2-)),��� 7KH�
1(2-)),�LV� WKH�VKRUW�YHUVLRQ�RI�WKH�1(2�3HUVRQDOLW\�
,QYHQWRU\��&RVWD�	�0F&UDH��������0F&UDH�	�&RVWD��
�������,W�LV�D�VHOI-UHSRUWHG�TXHVWLRQQDLUH�PHDVXULQJ�WKH�
)LYH-)DFWRU�0RGHO��))0��WKURXJK����LWHPV�FRQVLVWLQJ�
RI�VKRUW�VHQWHQFHV�EDVHG�XSRQ�VSHFLILF�WUDLWV�NQRZQ�WR�
EH� UHODWHG� WR� WKH� ILYH� IROORZLQJ� IDFWRUV��1HXURWLFLVP��
([WUDYHUVLRQ��2SHQQHVV�WR�([SHULHQFH��$JUHHDEOHQHVV��
DQG�&RQVFLHQWLRXVQHVV��0F&UDH�	�&RVWD�������� 

$SSOLFDELOLW\�&ULWHULD�6FRULQJ 

7KH� H[DPLQHU� VFRUHG� DSSOLFDELOLW\� ZLWK� WKH�
PHDVXUHPHQW� WRRO-VFRULQJ� VKHHW� �FI�� $SSHQGL[� $��
ZKLOH� UHYLHZLQJ� YLGHR� RI� WKH� WHVWLQJ� VHVVLRQV�� 7KH�
VFRULQJ� VKHHW� FRQVLVWV� RI� D� WKUHH-OHYHO� UDWLQJ� VFDOH��$�
IRU� H[FHOOHQW�� %� IRU� DFFHSWDEOH�� RU�&� IRU� UHFRQVLGHU��
ZKLFK� DOORZV� WKH� WHVW� DGPLQLVWUDWRU� WR� DVVLJQ� D� VFRUH�
IRU�HDFK�RI�WKH����VXE-FULWHULD�RI�WKH�IRXU�DSSOLFDELOLW\�
FULWHULD�GHVFULEHG�HDUOLHU��UHVSRQGHQW�EXUGHQ��H[DPLQHU�
EXUGHQ�� VFRUH� GLVWULEXWLRQ� DQG� IRUPDW� FRPSDWLELOLW\��
$Q�$�PHDQV�WKDW�WKH�WRRO�IXOO\�PHHWV�WKH�DSSOLFDELOLW\�
FULWHULRQ�� ZKLOH� D� &� PHDQV� IDLOXUH� WR� PHHW� WKH�
UHTXLUHPHQWV�� :KHQ� VRPH� GLIILFXOWLHV� DUH� REVHUYHG�
DQG� VRPH� DGDSWDWLRQV� PD\� EH� UHFRPPHQGHG� WR�
LPSURYH� PHDVXUHPHQW� WRRO� DSSOLFDELOLW\�� DQ�
DFFHSWDEOH� VFRUH� �L�H��� %�� LV� DWWULEXWHG� �$QGUHVHQ��
������ $XJHU� HW� DO��� ������� 7KH� VFRULQJ� VKHHW� ZDV� D�
)UHQFK�WUDQVODWLRQ��FI��$SSHQGL[�$��RI�WKH�RULJLQDO�RQH�
SURSRVHG� E\� $XJHU� HW� DO�� ������� FI�� $SSHQGL[� %���

6SHFLILF�LQGLFDWLRQV�IRU�VFRULQJ�DUH�GHVFULEHG�IRU�HDFK�
VXE-FULWHULRQ� RI� WKH� PDLQ� DSSOLFDELOLW\� FULWHULRQ� WR�
VXSSRUW� WKH�H[DPLQHU��)RU� WKH���� LQGLYLGXDO� WHVWV�� WKH�
H[DPLQHU� DWWULEXWHG� RQH� VFRUH� IRU� HDFK� RI� WKH� ���
DSSOLFDELOLW\�VXE-FULWHULD��7KH����VXE-WHVWV�LQFOXGHG�LQ�
WKH� �� EDWWHULHV� ZHUH� DVVHVVHG� IROORZLQJ� WKH� VDPH�
PHWKRG�� +RZHYHU�� WR� VLPSOLI\� SUHVHQWDWLRQ� RI� WKH�
UHVXOWV� DQG� PDNH� WKHP� PRUH� RSHUDWLRQDO�� RQO\� RQH�
VFRUH�SHU� VXE-FULWHULRQ�SHU�EDWWHU\� �WKH�PRVW� IUHTXHQW�
VFRUH� DVVLJQHG� WR� WKH�VXEWHVWV�RI� D�JLYHQ�EDWWHU\��KDV�
EHHQ�UHWDLQHG�IRU�ILQDO�DQDO\VLV��IRU�D�WRWDO�RI����WHVWV�
����LQGLYLGXDO�WHVWV�DQG���EDWWHULHV��� 

&ULWHULD�$QDO\VLV�IRU�)LQDO�5HFRPPHQGDWLRQV 

)LQDO� UHFRPPHQGDWLRQV� IURP� WHVWV� DSSOLFDELOLW\�
DVVHVVPHQW� ZHUH� IRUPXODWHG� DFFRUGLQJ� WR� WKH�
IROORZLQJ�SURFHGXUHV��)LUVW��HDFK�WHVW�ZDV�LQGLYLGXDOO\�
DQDO\VHG� WR�YHULI\� VFRUHV� �$��%�RU�&�� DVVLJQHG� WR� WKH�
��� VXE-FULWHULD��$� V\VWHPDWLF�TXDOLWDWLYH� DQDO\VLV�ZDV�
PDQXDOO\�SHUIRUPHG�WR�DVVHVV�WKH�QDWXUH�DQG�H[WHQW�RI�
HYHQWXDO�DSSOLFDELOLW\�OLPLWV�DFFRUGLQJ�WR�WKHVH�VFRUHV��
7KH����WHVWV�ZHUH�WKHQ�FODVVLILHG�LQWR�WKUHH�FDWHJRULHV�
EDVHG�RQ�WKH�IROORZLQJ�JHQHUDO�JXLGHOLQHV�����ZKHQ�QR�
OLPLWV�ZHUH�LGHQWLILHG��RU�KDG�IHZ�RU�QR�UHDO�LPSDFW�RQ�
JHQHUDO� DSSOLFDELOLW\�� WHVWV� ZHUH� UHFRPPHQGHG�� ���
ZKHQ�LGHQWLILHG�OLPLWV�KDG�D�SRWHQWLDO�QHJDWLYH�LPSDFW�
RQ� JHQHUDO� DSSOLFDELOLW\�� EXW� FRXOG� HDVLO\� EH�
PLQLPL]HG� RU� FRPSHQVDWHG� �H�J��� HTXLYDOHQW� WHVW��
DGDSWDWLRQV���WHVWV�ZHUH�UHFRPPHQGHG�ZLWK�FDXWLRQ�����
WHVWV� ZLWK� VHULRXV� DSSOLFDELOLW\� OLPLWV�� LPSDFWV� RQ�
LQWHUSUHWDWLRQ�� VFRULQJ�� DFFHSWDELOLW\�� RU� RWKHU�
SDUDPHWHUV� WKDW� FRXOG� QRW� EH� FRQYHQLHQWO\� RYHUFRPH�
ZHUH�FODVVLILHG�DV�QRW�UHFRPPHQGHG�� 

 

 

)LJXUH����'LVWULEXWLRQ�RI�WKH����WHVWV¶�PHDQ�SHUFHQWDJHV�RI�VFRUHV�SHU�DSSOLFDELOLW\�FULWHULRQ� 
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5HVXOWV 

5HVXOWV�DUH�SUHVHQWHG�LQ�WZR�SDUWV��)LUVW��D�JHQHUDO�
GHVFULSWLRQ� RI� WKH� SV\FKRPHWULF� EDWWHU\� LV� SURYLGHG�
DFFRUGLQJ� WR� WKH� IRXU� PDLQ� DSSOLFDELOLW\� FULWHULD��
6HFRQGO\�� D� PRUH� VSHFLILF� DQDO\VLV� LV� SUHVHQWHG� WR�
GHVFULEH�DSSOLFDELOLW\�RI�WHVWV�WDNHQ�LQGLYLGXDOO\�� 

6FRUHV�RQ�$SSOLFDELOLW\�&ULWHULD 

5HVSRQGHQW�EXUGHQ��$V�VHHQ�LQ�)LJXUH�����������
RI� WKH� WHVWV� DUH� UDWHG� $� IRU� VXE-FULWHULD� RI� WKH�
UHVSRQGHQW�EXUGHQ�FULWHULRQ��)RU�WKH�PDMRULW\�RI�WHVWV��
WKH� VXE-FULWHULD� LQYDVLYHQHVV� DQG� VHFXULW\� RI� WKH� WHVWV�
ZHUH�UDWHG�$��7KH�37-%�ZDV�UHVSHFWLYHO\�UDWHG�&�DQG�
%� IRU�WKHVH�DVSHFWV�FRQVLGHULQJ�PRWRU�GLVDELOLWLHV�DQG�
SK\VLFDO� UHTXLUHPHQWV� RI� WKH� WHVW�� 0RYHPHQWV�
LQYROYLQJ� ORZHU� OLPEV� ZHUH� KHQFH� QRW� DVVHVVHG� WR�
SUHYHQW�WXPEOH�DQG�LQMXU\��)LYH�WHVWV�ZHUH�UDWHG�%�RQ�
WKH�DFFHSWDELOLW\�VXE-FULWHULRQ��5630��&37-,,��/HLWHU-
���&907��DQG�:&67��GXH�WR�UHODWLYHO\�ORQJ��EXW�QRW�
LQDSSURSULDWH��DGPLQLVWUDWLRQ�WLPH� 

([DPLQHU� EXUGHQ�� 2YHUDOO�� ������� RI� WKH� WHVWV�
UHFHLYH� $� DPRQJ� WKH� �� VXE-FULWHULD� IRU� WKLV�
DSSOLFDELOLW\� FULWHULRQ� �FI�� )LJXUH� ���� 4XDOLW\� RI�
LQVWUXFWLRQV� LV� H[FHOOHQW� IRU� DOO� WHVWV�� &RPSOH[LW\� RI�
WUDLQLQJ� ��������� DV� ZHOO� DV� DGPLQLVWUDWLRQ�� VFRULQJ��
DQG� LQWHUSUHWDWLRQ� EXUGHQ� ��������� LV� DOVR� H[FHOOHQW�
IRU�PRVW�RI�WKH�WHVWV��+RZHYHU��/HLWHU-��UHFHLYHV�&�RQ�
WKHVH� DVSHFWV� GXH� WR� VLJQLILFDQW� GLIILFXOWLHV� LGHQWLILHG�
E\�WKH�H[DPLQHU�LQ�WKH�DVVLPLODWLRQ�RI�WKH�LQVWUXPHQW¶V�
IXQFWLRQLQJ�� 7KH�:&67� LV� UDWHG�%� RQ� FRPSOH[LW\� RI�
DGPLQLVWUDWLRQ��VFRULQJ��DQG�LQWHUSUHWDWLRQ�FRQVLGHULQJ�
WKH� VFRULQJ� V\VWHP¶V� VRSKLVWLFDWLRQ�� 5HJDUGLQJ�
DYDLODELOLW\�� 57/7� DQG� 37-%� DUH� UDWHG� H[FHOOHQW��
2WKHUZLVH�� DYDLODELOLW\� LV� FRQVLGHUHG� DFFHSWDEOH� �L�H���
%�� IRU� DOPRVW� DOO� WHVWV� ���������GXH� WR�PDWHULDO� FRVW��
H[LVWHQFH�RI�FRS\ULJKW�RU�HQYLURQPHQWDO� UHTXLUHPHQWV�
IRU�DGPLQLVWUDWLRQ��/HLWHU-��DQG�:&67�DUH�UDWHG�&�GXH�
WR�VXEVWDQWLDO�DFTXLVLWLRQ�FRVWV��$GPLQLVWUDWLRQ�WLPH�LV�
XQGHU� ��� PLQXWHV� �ZKLFK� FRUUHVSRQGV� WR� $� LQ� WKH�
UDWLQJ� VFDOH�� ZLWK� RQO\� ������� RI� WKH� WHVWV� �37-%��
0937-�� DV� ZHOO� DV� :$,6-,9�� 1$%�� DQG� '-.()6�
VXEWHVWV� WDNHQ� LQGLYLGXDOO\���7R�ILQLVK���������RI�WKH�
WHVWV� DUH� UDWHG�%� RQ� WKLV�PDWWHU�ZKLOVW� WKH� UHPDLQLQJ�
������� DUH� UDWHG� &� �DERYH� ��� PLQXWHV��� :&67��
&907��/HLWHU-���5630��DQG�1(2-)),� 

6FRUH�GLVWULEXWLRQ��)RU�WKLV�FULWHULRQ��SDUWLFLSDQWV¶�
UHVXOWV� LQ�VWDQGDUG�GHYLDWLRQV��]� VFRUHV��ZHUH�YLVXDOO\�
H[DPLQHG�IRU�HDFK�WHVW��:KHQ�WKH�VFRUH¶V�GLVWULEXWLRQ�
FOHDUO\� UHSUHVHQWHG� DQ� DUUD\� RI� EHKDYLRXUV� �WKDW� LV��
VLJQLILFDQW� FOLQLFDO� GLIIHUHQFHV� FRXOG� HDVLO\� EH� VHHQ�
EHWZHHQ� SDUWLFLSDQWV��� DQ� $� ZDV� DWWULEXWHG�� :KHQ�
VRPH� GLIIHUHQFHV� FRXOG� EH� REVHUYHG�ZLWK� D�PRGHUDWH�
FHLOLQJ� RU� IORRU� HIIHFW�� WKH� H[DPLQHU� DWWULEXWHG� %��
ZKHUHDV� WKH� DEVHQFH� RI� GLIIHUHQFHV�ZDV� VFRUHG�&�� ,Q�
WKH� SUHVHQW� FDVH�� �������RI� WKH� WHVWV� DUH� UDWHG�$� �FI��

)LJXUH�����2QO\�WZR�WHVWV�JHW�%��/HLWHU-��DQG�:&67��
ZKLOH� GDWD� LV� LQFRPSDWLEOH�ZLWK� WKLV� W\SH� RI� DQDO\VLV�
IRU�WKH�37-%� 

)RUPDW� FRPSDWLELOLW\�� 7HVWV� DUH� UDWHG� $� RQ�
������� RI� WKH� �� VXE-FULWHULD� RQ� WKH� IRUPDW�
FRPSDWLELOLW\� DSSOLFDELOLW\� FULWHULRQ� �FI�� )LJXUH� ����
$GDSWDWLRQ�WR�DJH��JHQGHU��DQG�FXOWXUH�LV�H[FHOOHQW�IRU�
DOO� WHVWV�� +RZHYHU�� QRQH� RI� WKHVH� SURYLGH� DOWHUQDWLYH�
IRUPDWV� �H�J��� ODQJXDJH�� DVVLVWDQFH�� DQVZHU� FDUGV��
ZKLFK�LV�ZK\�WKH\�DOO�REWDLQ�&�RQ�WKLV�PDWWHU��)RUPDW�
DGDSWDELOLW\� LV� UDWHG� $� IRU� PRVW� WHVWV�� UHVSRQGHQWV�
EHLQJ� DEOH� WR� IROORZ� RULJLQDO� LQVWUXFWLRQV� ZLWKRXW�
DGDSWDWLRQV� H[FHSW� IRU� /HLWHU-�� ZKHUH� VRPH� RI� WKHP�
QHHGHG�IXUWKHU�H[SODQDWLRQV��3K\VLFDO�UHTXLUHPHQWV�DUH�
JHQHUDOO\� VOLJKW�� 2EYLRXVO\�� 37-%� QHFHVVLWDWHV�
H[FHVVLYH� SK\VLFDO� LQYROYHPHQW� GXH� WR� PRWRU�
GLVDELOLWLHV� DQG� LV� WKXV� UDWHG� &�� 2QO\� IRXU� ���������
WHVWV��+927��%)57��37-%��DQG�1$%��DUH�FRQVLGHUHG�
DGDSWHG� WR� OHYHO� RI� HGXFDWLRQ� LQ� WHUPV� RI� FRJQLWLYH�
UHTXLUHPHQWV�� 6HYHQ� ��������� WHVWV� DUH� UDWHG� %��
DGPLQLVWUDWLRQ� PDQXDOV� SURYLGLQJ� QR� VSHFLILFDWLRQ� LQ�
WKLV� VHQVH� �1(2-)),�� 6&/-��-5�� &37-,,�� /HLWHU-���
57/7��'-.()6��DQG�:$,6-,9���,W�ZDV�QRW�SRVVLEOH�WR�
FRPSLOH�GDWD�IRU�WKH�RWKHU����������WHVWV�IRU�WKLV�VXE-
FULWHULRQ�DV�DGPLQLVWUDWLRQ�PDQXDOV�DQG�FRUUHVSRQGLQJ�
QRUPV�ZHUH�QRW�DYDLODEOH�DQ\PRUH�DW�WKH�WLPH�RI�GDWD�
FROOHFWLRQ��)LQDOO\��GLIILFXOW\�WKUHVKROG�LV�QRW�DQ�LVVXH�
IRU�WKH�SV\FKRPHWULF�WHVWV�XVHG�LQ�WKLV�VWXG\��UDWHG�$��
H[FHSW� IRU� 37-%� ZKLFK� ZDV� WRR� KDUG� IRU� WKH�
SDUWLFLSDQWV�ZLWKRXW�VLJQLILFDQW�DGDSWDWLRQV� 

7HVWV¶�DSSOLFDELOLW\ 

7DNHQ�DV�D�ZKROH��WKH����WHVWV�XVHG�LQ�WKLV�VWXG\�JHW�
�������RI�$¶V���������RI�%¶V��DQG��������RI�&¶V�RQ�
WKH� ��� DSSOLFDELOLW\� VXE-FULWHULD��*UDGHV� FRXOG� QRW� EH�
DVVLJQHG� LQ� ������ RI� FDVHV�� GXH� WR� YDULRXV� UHDVRQV�
�H�J���YLGHR�UHFRUGLQJ¶V�XQDYDLODELOLW\��LQIRUPDWLRQ�QRW�
DYDLODEOH� LQ� WHVW¶V� DGPLQLVWUDWLRQ� PDQXDOV��� 7HVWV¶�
DSSOLFDELOLW\� LV� SUHVHQWHG� LQ� WKUHH� SDUWV� DFFRUGLQJ� WR��
WKH� GLVWULEXWLRQ� IRU� HDFK� WHVW� �FI�� 7DEOH� �� IRU�
GLVWULEXWLRQ�RI�VFRUHV�IRU�HDFK�WHVW�WDNHQ�LQGLYLGXDOO\��� 

7DNHQ� LQGLYLGXDOO\�� +927�� %)57�� '-.()6�� DQG�
1$%� HDFK� JHW� �������RI�$¶V� DQG� �������RI�%¶V� RQ�
DSSOLFDELOLW\�VXE-FULWHULD�� 

(LJKW� WHVWV�REWDLQ�EHWZHHQ��������DQG��������RI�
$¶V� RQ� DSSOLFDELOLW\� VXE-FULWHULD�� 5630�� &37-,,��
&907��0937-��� 57/7�� DQG�:$,6-,9�� 7KHVH� WHVWV�
DOVR�JHW��������RI�%¶V�H[FHSW�IRU�WKH�IROORZLQJ��6&/-
��-5�����������&37-,,�����������0937-���������RI�
%¶V�DQG�������RI�&¶V���DQG�:$,6-,9���������� 

)LQDOO\�� WKUHH� WHVWV� LQGLYLGXDOO\� JHW� EHWZHHQ�
������� DQG� ������� RI� $¶V� RQ� DSSOLFDELOLW\� VXE-
FULWHULD��/HLWHU-����������RI�%¶V�DQG��������RI�&¶V���
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37-%��������RI�%¶V�DQG��������RI�&¶V���DQG�:&67�
��������RI�%¶V�DQG��������RI�&¶V�� 

'LVFXVVLRQ 

7KH� REMHFWLYH� RI� WKLV� VWXG\� ZDV� WR� DVVHVV� WKH�
DSSOLFDELOLW\�RI�D�SV\FKRPHWULF�EDWWHU\�IRU�LQGLYLGXDOV�
ZLWK� $56$&6�� ,Q� WKH� SUHVHQW� VWXG\�� DOO� ILIWHHQ� WHVWV�
DUH� UDWHG� ZLWK� D� PDMRULW\� �RYHU� ����� RI� H[FHOOHQW�
VFRUHV� IRU� DSSOLFDELOLW\� VXE-FULWHULD��7KHVH� UHVXOWV� DUH�
HQFRXUDJLQJ�� VRPH� WHVWV�KDYLQJ� IHZ�RU�QR� VLJQLILFDQW�
DSSOLFDELOLW\� OLPLWV� LQ� LQGLYLGXDOV� ZLWK� $56$&6��
+RZHYHU��RWKHU�WHVWV�SUHVHQW�FKDOOHQJHV�LQ�WKLV�UHJDUG��
,Q� DGGLWLRQ� WR� JLYLQJ� D� GHVFULSWLRQ� RI� WKHVH� WHVWV�
UHJDUGLQJ� WKHLU� DSSOLFDELOLW\�� WKH� SUHVHQW� DQDO\VLV�
SURYLGHV� VSHFLILF� UHFRPPHQGDWLRQV� FRQFHUQLQJ�
ZKHWKHU�WKH\�VKRXOG�EH�XVHG�RU�QRW�LQ�WKH�IXWXUH�ZLWK�
WKLV� SRSXODWLRQ�� ,QIOXHQFH� RI� VSDVWLFLW\�� XSSHU� OLPEV�
LQFRRUGLQDWLRQ�� DQG� G\VDUWKULD�ZHUH� QRWHG� DV� OLPLWLQJ�
IDFWRUV� LQ� WKH� VHOHFWLRQ� RI� QHXURSV\FKRORJLFDO� DQG�
SV\FKRORJLFDO�WHVWV�LQ�$56$&6��%RLYLQ-0HUFLHU��Q�G���
%RXFKDUG� HW� DO���������%RXFKHU�� ������'UROHW�� �������
7KH� QHHG� WR� VHOHFW� DSSURSULDWH� RXWFRPH� PHDVXUHV� LV�
GLUHFWO\� UHODWHG� WR� RQJRLQJ� LQWHUQDWLRQDO� HIIRUWV� WR�
GRFXPHQW�GLVHDVH�HYROXWLRQ�DQG�HYHQWXDO�FOLQLFDO� WULDO�
HIIHFWLYHQHVV� DFFRUGLQJ� WR� WKH� 8�6�� )RRG� DQG� 'UXJ�
$GPLQLVWUDWLRQ� �)'$�� GUXJV� GHYHORSPHQW� DQG�
DSSURYDO�SURFHVV��8�6��)RRG�DQG�'UXJ�$GPLQLVWUDWLRQ��
������ 

*HQHUDO�2EVHUYDWLRQV 

$V� H[SHFWHG�� DGPLQLVWUDWLRQ� WLPH� �D� VXE-FULWHULRQ�
LPSO\LQJ�ERWK�UHVSRQGHQW¶V�DQG�H[DPLQHU¶V�EXUGHQ��LV�
DQ�LVVXH�IRU�D�QXPEHU�RI�WHVWV��,QGHHG��5630��/HLWHU-
�¶V� VXEWHVWV�� &907�� :&67�� 1(2-)),�� DQG� &37-,,�
DUH�FRQVLGHUHG�UHODWLYHO\�ORQJ�����WR����PLQXWHV���2QH�
VKRXOG� QRWH� WKDW� SV\FKRPHWULF� WHVWV� �SDUWLFXODUO\�
QHXURSV\FKRORJLFDO� DQG� SHUVRQDOLW\� WHVWV�� DUH� NQRZQ�
WR�KDYH�D�VRPHKRZ�ORQJ�DGPLQLVWUDWLRQ�WLPH��6WUDXVV��
6KHUPDQ��	�6SUHHQ���������)RU�H[DPSOH��&37-,,� LV�D�
FRPSXWHUL]HG� WHVW� HYDOXDWLQJ� VXVWDLQHG� DWWHQWLRQ��
DPRQJ� RWKHU� WKLQJV�� 2EYLRXVO\�� HYDOXDWLRQ� RI� WKLV�
IXQFWLRQ� UHTXLUHV� SURORQJHG� H[SRVXUH� WR� VWLPXOL� LQ� D�
SDUWLFXODU� VHWWLQJ�� 6LPLODUO\��&907� DLPV� WR� HYDOXDWH�
ORQJ-WHUP� YLVXDO� PHPRU\� DQG� LQFOXGHV� D� ���PLQXWHV�
GHOD\� �GXULQJ� ZKLFK� RWKHU� WHVWV� LQYROYLQJ� PLQLPDO�
YLVXDO� UHDVRQLQJ� FDQ� EH� DGPLQLVWHUHG��� +RZHYHU��
DGPLQLVWUDWLRQ� WLPH� IRU� 5630� ZDV� RYHU� ��� PLQXWHV�
IRU�VRPH�VXEMHFWV�RYHU����\HDUV�RI�DJH��7KLV�UHSUHVHQWV�
DQ�XQXVXDOO\�ORQJ�DGPLQLVWUDWLRQ�WLPH�IRU�WKLV�WHVW�DQG�
WKXV� FDOOV� LQWR� TXHVWLRQ� LWV� XVH� LQ� LQGLYLGXDOV� ZLWK�
$56$&6�� 0DWUL[� 5HDVRQLQJ� �:$,6-,9��� D� VXEWHVW�
HYDOXDWLQJ� VLPLODU� IXQFWLRQV�� GRHV� QRW� SUHVHQW� WKLV�
OLPLW�DQG�VKRXOG�EH�SUHIHUUHG�LQ�VLWXDWLRQV�ZKHUH�WLPH�
LV�D�FRQVWUDLQW� 

7KH� IROORZLQJ� FRQVLGHUDWLRQV� FRQFHUQLQJ�
H[DPLQHU¶V� EXUGHQ� DUH� EDVHG� RQ� WKH� SUHPLVH� WKDW�
FRQVLGHUDEOH� WLPH� DQG� HIIRUWV� DUH� UHTXLUHG� WR� KDUQHVV�

7DEOH�� 

'LVWULEXWLRQ�RI�$SSOLFDELOLW\�6FRUHV�E\�3V\FKRPHWULF�7HVW 

7HVWV $���� %���� &���� 0LVVLQJ�GDWD���� 

+927 ���������� ��������� �������� �������� 

1(2-)), ���������� ��������� ��������� �������� 

6&/-��-5 ���������� ��������� �������� �������� 

5630 ���������� ��������� ��������� �������� 

&37-,, ���������� ��������� �������� �������� 

/HLWHU-� ��������� ��������� ��������� �������� 

%)57 ���������� ��������� �������� �������� 

&907 ���������� ��������� ��������� �������� 

0937-� ���������� �������� �������� ��������� 

57/7 ���������� ��������� �������� �������� 

37-% ��������� �������� ��������� �������� 

:&67 ��������� ��������� ��������� �������� 

'-.()6 ���������� ��������� �������� �������� 

:$,6-,9 ���������� ��������� �������� �������� 

1$% ���������� ��������� �������� �������� 
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DGPLQLVWUDWLRQ�� VFRULQJ�� DQG� LQWHUSUHWDWLRQ� SURFHGXUHV�
IRU�VHYHUDO�SV\FKRPHWULF�WHVWV��,W�VKRXOG�EH�QRWHG�WKDW�
VKRZLQJ� JUHDW� NQRZOHGJH� RI� WKHVH� DVSHFWV� LV� D�
IXQGDPHQWDO� SUH-UHTXLVLWH� IRU� DQ\RQH� LQWHUHVWHG� LQ�
WKHLU� DGPLQLVWUDWLRQ�� 7KH� JUHDW� PDMRULW\� RI� WKH� WHVWV�
XVHG�LQ�WKH�SUHVHQW�VWXG\�LQFOXGH�FOHDU�LQVWUXFWLRQV�DQG�
KDYH� UHODWLYHO\� VLPSOH� DGPLQLVWUDWLRQ�� VFRULQJ�� DQG�
LQWHUSUHWDWLRQ� SURFHGXUHV�� /HLWHU-�� DQG� :&67� SRVH�
VSHFLILF� FKDOOHQJHV� LQ� WKLV� PDWWHU� DQG� DUH� GLVFXVVHG�
EHORZ�� 2WKHUZLVH�� PDWHULDO� DYDLODELOLW\� LV� JHQHUDOO\�
TXDOLILHG� DV� DFFHSWDEOH� GXH� WR� IUHTXHQW� H[LVWHQFH� RI�
FRS\ULJKW�DQG�UHODWLYHO\�KLJK�DFTXLVLWLRQ�FRVWV� 

$V� VWDWHG� DERYH�� WHVWV� UDZ� VFRUHV� UHVXOWV� ZHUH�
FRQYHUWHG� LQWR� ]� VFRUHV� XVLQJ� PRVW� DSSURSULDWH�
QRUPDWLYH� VDPSOH�� ,Q� WKHLU� VWXGLHV�� %RLYLQ-0HUFLHU�
�Q�G���� %RXFKHU� �������� DQG� 'HVPHXOHV� �������
HPSOR\HG� FDWHJRULHV� EDVHG� XSRQ� GHYLDWLRQ¶V�
PDJQLWXGH� DQG� FXW-RII� XVHG� LQ� FOLQLFDO� VHWWLQJ�� 7KLV�
SURFHGXUH�PDNHV�LW�SRVVLEOH�WR�FODVVLI\�WKH�UHVXOWV�LQWR�
ILYH� FDWHJRULHV�� QRUPDO�� YXOQHUDELOLW\�� PLOG� GHILFLW��
PRGHUDWH� GHILFLW�� DQG� VHYHUH� GHILFLW�� $FFRUGLQJO\��
PRVW� RI� WKH� WHVWV� XVHG� LQ� WKLV� VWXG\� DOORZHG�
GLVFULPLQDWLRQ� RI� SDWLHQW¶V� SHUIRUPDQFH� LQ� WHUPV� RI�
IXQFWLRQ¶V�SUHVHUYDWLRQ�RU�LQIULQJHPHQW� 

5HJDUGLQJ� IRUPDW� FRPSDWLELOLW\�� WHVWV� XVHG� LQ� WKLV�
VWXG\� DUH� FRQVLGHUHG� DGDSWHG� WR� DJH�� JHQGHU�� DQG�
FXOWXUH�� +RZHYHU�� WKHUH� LV� IHZ� SUHVHQW� DOWHUQDWLYH�
IRUPDWV�� )RU� H[DPSOH�� 1$%� LV� DQ� LQWHUHVWLQJ� EDWWHU\�
IRU� WKH� HYDOXDWLRQ� RI� FRJQLWLYH� IXQFWLRQV� EXW� QR�
YDOLGDWHG� )UHQFK� WUDQVODWLRQ� LV� DYDLODEOH� QHLWKHU� IRU�
LQVWUXFWLRQV� QRU� QRUPDOLVDWLRQ� VDPSOHV�� $OWKRXJK�
YHUEDO�WHVWV�ZHUH�QRW�XVHG��LW�LV�LPSRVVLEOH�WR�H[FOXGH�
ODQJXDJH�ELDV��'HVSLWH�JURZLQJ�GHVLUH�WR�GHYHORS�ORFDO�
QRUPV� DQG� ILOO� WKDW� JDS�� WKLV� LVVXH� LV� IUHTXHQWO\�
HQFRXQWHUHG� LQ� 4XHEHF� FRQVLGHULQJ� LWV� GLIIHUHQFHV�
�H�J���ODQJXDJH��FXOWXUH��ZKHQ�FRPSDUHG�WR�WKH�UHVW�RI�
1RUWK� $PHULFD�� )XUWKHUPRUH�� PRVW� WHVWV� KDYH�
DFFHSWDEOH�DGDSWDWLRQ�WR�OHYHO�RI�HGXFDWLRQ�LQ�WHUPV�RI�
FRJQLWLYH�UHTXLUHPHQWV��7KLV�RXWFRPH�RULJLQDWHV�IURP�
WKH�QDWXUH�RI�WKH�WHVWV�DQG�LQVWUXFWLRQV�SURYLGHG�LQ�WKH�
DSSOLFDELOLW\� VFRULQJ� WDEOH�� VFRUH� DWWULEXWHG� IRU� WKLV�
VXE-FULWHULRQ� LV� EDVHG� RQ�ZKHWKHU� RU� QRW� D� JLYHQ� WHVW�
FRQWDLQV� DGDSWDWLRQV� DOORZLQJ� DGPLQLVWUDWLRQ� LQ�
VXEMHFWV� ZLWK� ORZHU� HGXFDWLRQ� RU� FRPPXQLFDWLRQ�
OHYHOV�� 6LQFH� QHXURSV\FKRORJLFDO� WHVWV� RIWHQ� DLP� WR�
HYDOXDWH� FRJQLWLYH� IXQFWLRQV� GLUHFWO\� RU� LQGLUHFWO\�
FRUUHODWHG� ZLWK� WKHVH� IHDWXUHV�� DGDSWDWLRQV� LQ� WKLV�
UHJDUG�DUH�XQFRPPRQ��7HVW� LWHPV�DUH�RIWHQ�SUHVHQWHG�
LQ� LQFUHDVLQJ� RUGHU� RI� FRPSOH[LW\�� D� VWUXFWXUH� WKDW�
SUHFLVHO\� DOORZV� WKH� GLIIHUHQWLDWLRQ� RI� SUHVHUYHG� DQG�
DIIHFWHG�IXQFWLRQV��,QVWLWXWH�RI�0HGLFLQH���������,Q�WKH�
SUHVHQW� VWXG\�� IRXU� WHVWV� �+927�� %)57�� 37-%�� DQG�
1$%¶V� VXEWHVWV�� SUHVHQW� QRUPDWLYH� GDWD� WDNLQJ� LQWR�
DFFRXQW� HGXFDWLRQ� OHYHO� DQG� DUH� FRQVLGHUHG� H[FHOOHQW�
LQ�WKLV�UHJDUG�� 

5HFRPPHQGDWLRQV 

7DEOH� �� SUHVHQWV� UHFRPPHQGDWLRQV� IURP� WKH�
SUHVHQW�VWXG\�UHJDUGLQJ�DSSOLFDELOLW\�HYDOXDWLRQ�IRU�WKH�
���WHVWV�XVHG��0RUH�GHWDLOV�RQ�WKLV�PDWWHU�DUH�SUHVHQWHG�
LQ� WKH� IROORZLQJ� VHFWLRQ�� ,W� VKRXOG� EH� QRWHG� WKDW�
FOLQLFLDQV� DQG� UHVHDUFKHUV� PXVW� DOZD\V� FRQVLGHU�
VSHFLILF� REMHFWLYHV� �H�J��� GLIIHUHQWLDO� GLDJQRVLV��
H[WHUQDO� UHIHUHQFH�� DQG� HQYLURQPHQWDO� FRQVWUDLQWV�
�H�J��� WLPH� DOORZHG�� VXEMHFW¶V� SK\VLFDO� VWDWH�� ZKHQ� LW�
FRPHV�WR�FKRRVLQJ�DSSURSULDWH�LQVWUXPHQWV�� 

*OREDOO\�� :$,6-,9� KDV� DFFHSWDEOH� DSSOLFDELOLW\�
ZLWK� GLIIHUHQFHV� GHSHQGLQJ� RQ� WKH� VXEWHVWV�� 'LJLW�
6SDQ��0DWUL[� 5HDVRQLQJ��$ULWKPHWLF�� 9LVXDO� 3X]]OHV��
)LJXUH� :HLJKWV�� DQG� 3LFWXUH� &RPSOHWLRQ� SUHVHQW� QR�
VLJQLILFDQW� LVVXHV�� 2Q� WKH� RWKHU� KDQG�� VXEWHVWV�
LQYROYLQJ� PRWRU� DELOLWLHV� �%ORFN� 'HVLJQ�� 6\PERO�
6HDUFK�� &RGLQJ�� DQG� &DQFHOODWLRQ�� VKRXOG� EH� WUHDWHG�
ZLWK� JUHDW� FDXWLRQ�� %ORFN� 'HVLJQ¶V� LWHPV� KDYH� WLPH�
OLPLWV�� UHVXOWV� IURP� LQGLYLGXDOV� ZLWK� $56$&6� PXVW�
QRW�RQO\�EH�FRQVLGHUHG�LQ�WHUPV�RI�ILQDO�VFRUH��EXW�DOVR�
LQ�WHUPV�RI�VXFFHVV�RU�IDLOXUH�UHJDUGOHVV�RI�FRPSOHWLRQ�
WLPH�� )RU� WKLV� VXEWHVW�� FOLQLFDO� MXGJHPHQW� DQG�

7DEOH�� 

5HFRPPHQGHG�7HVWV�$FFRUGLQJ�WR�$SSOLFDELOLW\� 
(YDOXDWLRQ 

5HFRPPHQGDWLRQ 3V\FKRPHWULF�WHVWV 

5HFRPPHQGHG :$,6-,9D 

&37-,, 

0937-� 

1(2-)), 

+927 

&907 

%)57 

6&/-��-5 

57/7  

5HFRPPHQGHG�ZLWK�
FDXWLRQ 

1$% 

:&67 

&:,7�VXEWHVW��'-.()6� 

7/7�VXEWHVW��'-.()6�  

1RW�UHFRPPHQGHG 5630 

37-% 

707�VXEWHVW��'-.()6� 

/HLWHU-� 

1RWH�� D'HVSLWH� JHQHUDOO\� JRRG� DSSOLFDELOLW\�� %ORFN� 'H�
VLJQ�� 6\PERO� 6HDUFK�� &RGLQJ�� DQG� &DQFHOODWLRQ� VXEWHVWV�
IURP� WKH� :$,6-,9� LQYROYH� PRWRU� DELOLWLHV� DQG� VKRXOG�
WKXV�EH�FRQVLGHUHG�ZLWK�FDXWLRQ� 



��� 

 

%5$66$5'��%28&+$5'��)25*8(6��%2,9,1-0(5&,(5��	�*$*121 

REVHUYDWLRQV� PD\� KHOS� UHILQH� FRPSUHKHQVLRQ� �H�J���
H[WHQW� RI� XSSHU� OLPEV� LQFRRUGLQDWLRQ� SUHYHQWV�
FRPSOHWLRQ� RI� WKH� WDVN��� (YDOXDWLRQ� RI� SHUFHSWXDO�
UHDVRQLQJ� VKRXOG� UHO\� PRUH� KHDYLO\� RQ� VXEWHVWV� OLNH�
0DWUL[� 5HDVRQLQJ� DQG� 9LVXDO� 3X]]OHV�� 6XEWHVWV�
PHDVXULQJ�SURFHVVLQJ�VSHHG��6\PERO�6HDUFK��&RGLQJ��
DQG�&DQFHOODWLRQ��DOVR�LPSO\�PRWRU�DELOLWLHV��7KHLU�XVH�
LQ� $56$&6� SUHVHQWV� PDMRU� OLPLWV�� WLPH� OLPLW� DOVR�
EHLQJ� WKH� SULQFLSDO� VFRULQJ� FULWHULRQ�� ,Q� KHU� VWXG\��
%RXFKHU� ������� UHSRUWV� LQWHUSUHWDWLRQ� OLPLWV� LQ� WHVWV�
PHDVXULQJ� SURFHVVLQJ� VSHHG� DV� WKH\� LPSO\� PRWRU�
DELOLWLHV� DQG� KDQG-H\H� FRRUGLQDWLRQ� LQ� D� WLPH-OLPLWHG�
FRQWH[W�� VXJJHVWLQJ� DGGUHVVLQJ� WKLV� OLPLW� ZKHQ�
FKRRVLQJ� SV\FKRPHWULF� WHVWV� LQ� IXWXUH� VWXGLHV� ZLWK�
$56$&6� SDWLHQWV�� 'LJLW� 6\PERO¶V� VXEWHVW� IURP�
:$,6-5�DV�D�1HXURSV\FKRORJLFDO�,QVWUXPHQW��:$,6-
5-1,�� .DSODQ�� ������ FRQVWLWXWHV� DQ� DOWHUQDWLYH��
DOORZLQJ� WKH� HVWDEOLVKPHQW� RI� D� EDVHOLQH� IRU� GLUHFW�
JUDSKLF�FRS\�VSHHG��7KH�H[DPLQHU�FDQ�WKHQ�PRGXODWH�
LQWHUSUHWDWLRQ�RI�SURFHVVLQJ�VSHHG�UHVXOWV�DFFRUGLQJ�WR�
PRWRU� GLIILFXOWLHV�� 'HVSLWH� UHODWLYHO\� ORQJ�
DGPLQLVWUDWLRQ� WLPH�� &37-,,� LV� UHFRPPHQGHG�
FRQVLGHULQJ� VLPSOLFLW\� RI� DGPLQLVWUDWLRQ� DQG� VFRULQJ��
JRRG�DFFHSWDELOLW\�IRU�SDWLHQWV��DQG�FRQWULEXWLRQ�RI�WKH�
UHVXOWV� IRU� FRJQLWLYH�SURFHVVHV�XQGHUVWDQGLQJ��&907�
LV� DOVR� DQ� LQWHUHVWLQJ� DOWHUQDWLYH� WR� RWKHU� YLVXDO�
PHPRU\� WHVWV� VXFK� DV� 5H\� &RPSOH[� )LJXUH� 7HVW��
ZKLFK� VWURQJO\� LQYROYHV� PRWRU� DELOLWLHV�� 5HJDUGLQJ�
+927��%)57��0937-���57/7��6&/-��-5��DQG�1(2
-)),��QR� VLJQLILFDQW�DSSOLFDELOLW\� OLPLWV� DUH�QRWHG�DQG�
WKHLU� XVH� LV� WKXV� UHFRPPHQGHG� ZLWK� $56$&6�
SRSXODWLRQ�� 

2WKHU� WHVWV� SUHVHQW� PL[HG� UHVXOWV� RQ� DSSOLFDELOLW\�
FULWHULD�� $V� GLVFXVVHG� DERYH�� :&67¶V� VFRULQJ� DQG�
LQWHUSUHWDWLRQ� V\VWHP� LV� TXLWH� FRPSOH[�� VSHFLILFDOO\�
FRQFHUQLQJ�WKH�UDWLQJ�RI�SHUVHYHUDWLYH�UHVSRQVHV��7KLV�
VLJQLILFDQWO\� H[WHQGV� UHTXLUHG� WLPH� WR� DQDO\VH� DQG�
LQWHUSUHW�WKH�UHVXOWV�DQG�XVH�RI�WKLV�WHVW�VKRXOG�FRQVLGHU�
WKHVH� IHDWXUHV�� )XWXUH� H[DPLQHU� PLJKW� FRQVLGHU� WKH�
FRPSXWHUL]HG� YHUVLRQ� RI� WKLV� WHVW�� ZKLFK� SURYLGHV�
DXWRPDWLF� VFRULQJ�� 7KH� XVH� RI� D� NH\ERDUG� DQG�
FRPSXWHU� PRXVH� FRXOG� SRWHQWLDOO\� LQFUHDVH�
DSSOLFDELOLW\�RI� WKH� WHVW�FRQVLGHULQJ�PRWRU�GLIILFXOWLHV�
LQ�$56$&6��2Q�WKH�RWKHU�KDQG��1$%�SURYHG�WR�EH�DQ�
LQWHUHVWLQJ�LQVWUXPHQW��PRVW�WHVWV�FDQ�EH�DGPLQLVWHUHG�
LQ� WHQ� WR� WZHQW\�PLQXWHV� DQG�DUH� HDV\� WR�KDUQHVV��$V�
VWDWHG� DERYH�� LWV� SULQFLSDO� OLPLW� LV� WKH� DEVHQFH� RI�
YDOLGDWHG� )UHQFK� WUDQVODWLRQ�� ,WV� XVH� ZLWK� $56$&6�
LQGLYLGXDOV� IURP� 4XHEHF� SURYLQFH� WKXV� UHTXLUHV� D�
JUHDW� GHDO� RI� FDXWLRQ��&:,7�DQG�7/7� IURP�'-.()6�
EDWWHU\� JHQHUDOO\� SUHVHQW� DFFHSWDEOH� DSSOLFDELOLW\��
,QGHHG�� WKH� IRUPHU� LPSOLHV� PLQLPDO� PRWRU� UHVSRQVH��
EXW� WKH� H[DPLQHU� VKRXOG� FRQVLGHU� SRWHQWLDO� LQIOXHQFH�
RI�G\VDUWKULD�RQ�H[HFXWLRQ�WLPH�DQG� WDNH�D�FORVH�ORRN�
RQ�FRQWUDVW�VFRUHV�WR�SURSHUO\�LQWHUSUHW�WKH�UHVXOWV��)RU�
LWV� SDUW�� 7/7� UHTXLUHV� JUHDW� FDXWLRQ� GXH� WR� SRVVLEOH�
VORZGRZQ�UHODWHG�WR�PRWRU�GLIILFXOWLHV��&RQVHTXHQWO\��

GHILFLW�LQ�UHDOL]DWLRQ�WLPH�GRHV�QRW�QHFHVVDULO\�LPSO\�D�
GHILFLW� LQ� WKH� HYDOXDWHG� FRJQLWLYH� IXQFWLRQ�
�SODQLILFDWLRQ�DQG�FRJQLWLYH�IOH[LELOLW\��� 

)LQDOO\��UHVXOWV�VKRZ�VLJQLILFDQW�DSSOLFDELOLW\�OLPLWV�
ZLWK�$56$&6�LQGLYLGXDOV� LQ�IRXU� WHVWV��$V�GLVFXVVHG�
DERYH��RWKHU�WHVWV��H�J���0DWUL[�5HDVRQLQJ�VXEWHVW�IURP�
:$,6-,9�� VKRXOG� EH� SUHIHUUHG� WR�5630� FRQVLGHULQJ�
H[FHVVLYH� DGPLQLVWUDWLRQ� WLPH�� SUREOHPV� ZLWK�
DFFHSWDELOLW\��DQG�UHODWLYHO\�ROG�QRUPDWLYH�GDWD��37-%�
LV� WKH� RQO\� RWKHU� WHVW� KDYLQJ� DFFHSWDELOLW\� LVVXHV��
SK\VLFDO�UHTXLUHPHQWV�EHLQJ�WRR�KLJK�IRU�VRPH�SDWLHQWV�
ZKR� FRXOG� QRW� FRPSOHWH� LW�� 707� IURP� '-.()6�
EDWWHU\� SUHVHQWV� VLPLODU� SUREOHPV�� SDWLHQWV� FDQ�
FRPSOHWH� WKH� WDVN�� EXW� FRRUGLQDWLRQ� DQG� PRWRU�
GLIILFXOWLHV�DUH�WRR�JUHDW��ELDVLQJ�UHVXOWV�LQWHUSUHWDWLRQ��
)RU� LWV�SDUW��/HLWHU-��ZDV�VHOHFWHG� WR�JDWKHU�FRJQLWLYH�
IXQFWLRQLQJ� GDWD�� VLQFH� WKH� H[DPLQHU� GRHV� QRW� XVH�
ODQJXDJH� WR� SURYLGH� LQVWUXFWLRQV� ZLWK� WKH� LQLWLDO�
REMHFWLYH� WR� PLQLPL]H� SRWHQWLDO� ELDV� UHODWHG� WR�
G\VDUWKULD� DQG� HGXFDWLRQ� OHYHO�� +RZHYHU�� LQ� DGGLWLRQ�
WR� KDYLQJ� FRQVLGHUDEOH� DGPLQLVWUDWLRQ� WLPH� DQG� WR� EH�
GLIILFXOW� WR� KDUQHVV�� FHUWDLQ� SDWLHQWV� FRXOG� KDUGO\�
XQGHUVWDQG� LQVWUXFWLRQV� �SUHVHQWHG� DV� JHVWXUHV���
7KHUHIRUH�� WKH� XVH� RI� WKHVH� IRXU� WHVWV� LV� QRW�
UHFRPPHQGHG�LQ�LQGLYLGXDOV�ZLWK�$56$&6� 

7KHVH� UHVXOWV� VKRXOG� EH� LQWHUSUHWHG� ZLWK� FDXWLRQ�
FRQVLGHULQJ� VRPH� OLPLWDWLRQV�� )LUVW�� DSSOLFDELOLW\�
FULWHULD¶V�VFRULQJ�ZDV�FRPSOHWHG�E\�WKH�H[DPLQHU�RQO\��
,Q� IXWXUH� VWXGLHV�� WKH� XVH� RI� DQ� LQWHU-MXGJH� UDWLQJ�
V\VWHP�IRU�WKH�PHDVXUHPHQW�WRRO-VFRULQJ�VKHHW�VKRXOG�
EH�FRQVLGHUHG�LQ�RUGHU�WR�LQFUHDVH�DSSOLFDELOLW\�VFRUH¶V�
REMHFWLYLW\� DQG�� WKHUHIRUH�� YDOLGLW\� �+RJDQ�� ������� $�
VHFRQG� OLPLWDWLRQ� LV� UHODWHG� WR� WKH� FULWHULD� VFRULQJ�
FRQWH[W�� $V� VWDWHG� DERYH�� WKH� PHDVXUHPHQW� WRRO-
VFRULQJ� VKHHW� ZDV� VFRUHG� E\� WKH� H[DPLQHU� ZKLOH�
UHYLHZLQJ� YLGHR� RI� WKH� WHVWLQJ� VHVVLRQ�� $� VFRULQJ� LQ�
UHDO� WLPH�GXULQJ� WKH� WHVWLQJ� VHVVLRQV�PD\�KDYH� OHG� WR�
GLIIHUHQW� UHVXOWV�� )RU� LQVWDQFH�� DFFHSWDELOLW\� IURP� WKH�
UHVSRQGHQW¶V�SHUVSHFWLYH�RU�FRJQLWLYH�UHTXLUHPHQWV�DV�
HYDOXDWHG� E\� WKH� H[DPLQHU� FRXOG� KDYH� EHHQ� DVVHVVHG�
E\� GLUHFW� TXHVWLRQV� DIWHU� WHVW� DGPLQLVWUDWLRQ�� 7KLV�
VXSSOHPHQWDU\� LQIRUPDWLRQ� PLJKW� KDYH� DGGHG� WR� WKH�
XQGHUVWDQGLQJ� RI� SV\FKRPHWULF� WHVWV¶� JHQHUDO�
DSSOLFDELOLW\� LQ� LQGLYLGXDOV� ZLWK� $56$&6�� 2QH� ZD\�
WR� DGGUHVV� VLPXOWDQHRXVO\� WKH� WZR� SUHFHGHQW�
VXJJHVWLRQV�ZRXOG�EH�WR�DVN�WKH�H[DPLQHU�WR�HYDOXDWH�
LQ� UHDO� WLPH� WKH� DSSOLFDELOLW\� ZLWK� SDWLHQWV� XVLQJ� WKH�
PHDVXUHPHQW� WRRO-VFRULQJ� VKHHW� DIWHU� WHVW�
DGPLQLVWUDWLRQ�� WKHQ� WR� DVN� DQ� LQGHSHQGHQW� TXDOLILHG�
MXGJH� WR� VFRUH� WKH� VDPH� DSSOLFDELOLW\� FULWHULD� ZKLOH�
UHYLHZLQJ� YLGHR� RI� WKH� VHVVLRQV� LQFOXGLQJ� SDWLHQWV¶�
FRPPHQWDULHV�� %HVLGHV�� WKH� SUHVHQW� VWXG\� HYDOXDWHG�
VXEWHVWV� LQFOXGHG� LQ� SV\FKRPHWULF� EDWWHULHV� RQ� HDFK�
DSSOLFDELOLW\� VXE-FULWHULRQ�� )RU� D� JLYHQ� EDWWHU\�� RQO\�
RQH� VFRUH� �WKH� PRVW� IUHTXHQW� DPRQJ� EDWWHULHV¶�
VXEWHVWV�� ZDV� FRQVLGHUHG� WR� LQWHUSUHW� UHVXOWV� DQG�
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VLPSOLI\�WKHLU�SUHVHQWDWLRQ��,Q�WKHLU�VWXG\��$XJHU�HW�DO��
�������XVHG�D�GLVWLQFW�PHDVXUHPHQW�WRRO-VFRULQJ�VKHHW�
WR� DVVHVV� HQWLUH� EDWWHULHV� LQFOXGLQJ� VHYHUDO� VXEWHVWV��
&ULWHULD�SUHVHQWHG�LQ�WKLV�WRRO�FRXOG�KDYH�EHHQ�XVHG�LQ�
WKH�SUHVHQW�VWXG\�WR�LQFUHDVH�FRQVLVWHQF\�RI�VFRULQJ��,W�
LV�DOVR�LPSRUWDQW�WR�QRWH�WKDW�WHVWV�VHOHFWLRQ�SURFHVV�LQ�
%RLYLQ-0HUFLHU� �Q�G���� %RXFKHU� �������� DQG�
'HVPHXOHV� ������� KDG� UHVXOWHG� LQ� WKH� H[FOXVLRQ� RI�
SV\FKRPHWULF� WHVWV� HYDOXDWLQJ� ODQJXDJH� RU� YHUEDO�
FRQFHSWV� IRUPDWLRQ� �H�J��� :$,6-,9� 9HUEDO�
&RPSUHKHQVLRQ�VXEWHVWV��GXH�WR�DQWLFLSDWHG�LPSDFW�RI�
G\VDUWKULD�� PDLQO\� WR� DYRLG� LQWHUSUHWDWLYH� ELDV� DQG�
H[FHVVLYH�FRQIURQWDWLRQ�IRU�SDWLHQWV��,QVLJKWV�IURP�WKH�
SUHVHQW�VWXG\�VXJJHVW�WKDW�WKHVH�WHVWV�FRXOG�EH�XVHG�LQ�
IXWXUH� VWXGLHV� LQYROYLQJ� LQGLYLGXDOV� ZLWK� $56$&6��
)LQDOO\��WKH�VPDOO�VDPSOH�VL]H��HLJKW�SDUWLFLSDQWV��PD\�
KDYH� OLPLWHG� YDULHW\� RI� REVHUYDWLRQV� RQ� WKH�
DSSOLFDELOLW\�WRRO-VFRULQJ�VKHHW��$OWKRXJK�WKLV�QXPEHU�
PD\� VHHP� VPDOO�� LW� UHSUHVHQWV� DERXW� ���� RI� WKH�
SDWLHQWV� OLVWHG� DW� WKH� 1HXURPXVFXODU� &OLQLF� RI� WKH�
&,8666� GX� 6DJXHQD\-/DF-6DLQW--HDQ� �4XHEHF��
&DQDGD��� 7KLV� LV� FRQVLGHUHG� D� UHODWLYHO\� KLJK� VDPSOH�
VL]H�LQ�WKH�UDUH�QHXURPXVFXODU�GLVHDVH�UHVHDUFK�ILHOG��,W�
ZRXOG�EH�LQWHUHVWLQJ�WR�UH-HYDOXDWH�SV\FKRPHWULF�WHVWV�
DSSOLFDELOLW\� LQ� IRUWKFRPLQJ� VWXGLHV� RQ� FRJQLWLYH� DQG�
SHUVRQDOLW\� SURILOHV� LQ� $56$&6� DV� WKH\� VKRXOG�
LQFOXGH�PRUH�SDUWLFLSDQWV�� 

&RQFOXVLRQ 

7KH� VHOHFWLRQ� SURFHVV� RI�PHDVXUHPHQW� WRROV� PXVW�
FRQVLGHU� SV\FKRPHWULF� SURSHUWLHV� VXFK� DV� YDOLGLW\��
ILGHOLW\�� DQG� H[LVWHQFH� RI� DSSURSULDWH� QRUPDWLYH�
VDPSOHV�� ,Q� WKH�VDPH�OLQH�DV�$XJHU�HW�DO�� �������� WKLV�
VWXG\� VXSSRUWV� WKH� UHOHYDQFH� WR� DGGUHVV� SUDFWLFDO�
DVSHFWV� OLNH� DSSOLFDELOLW\� ZKHQ� FKRRVLQJ� PRVW�
DSSURSULDWH� SV\FKRPHWULF� WHVWV�� SDUWLFXODUO\� ZLWK�
SRSXODWLRQV� SUHVHQWLQJ� VSHFLILF� FKDUDFWHULVWLFV� WKDW�
PD\�OLPLW�WKHLU�LQWHUSUHWDWLRQ��,QVLJKWV�IURP�WKLV�VWXG\�
FDQ� VXVWDLQ� RQJRLQJ� UHVHDUFK� HIIRUWV� DLPLQJ� WR�
GRFXPHQW� FRJQLWLYH� IXQFWLRQV� LQ� D� ODUJH� VDPSOH� RI�
LQGLYLGXDOV� ZLWK� $56$&6�� 5HFRPPHQGDWLRQV� PD\�
DOVR� KHOS� FOLQLFLDQV� DQG� UHVHDUFKHUV� ZRUNLQJ� ZLWK�
LQGLYLGXDOV� ZLWK� $56$&6� DQG� RWKHU� DWD[LDV�
SUHVHQWLQJ� XSSHU� OLPEV� LQYROYHPHQW� DQG� VSHHFK�
GLVWXUEDQFHV�� ,Q� DOO� FDVHV�� SV\FKRORJLFDO� DQG�
QHXURSV\FKRORJLFDO� HYDOXDWLRQV� VKRXOG� DOZD\V�
FRQVLGHU�LQIRUPDWLRQ�JDWKHUHG�IURP�RWKHU�VRXUFHV�OLNH�
KHDOWK� FDUH� SURIHVVLRQDOV� �H�J��� SK\VLFLDQV��
DXGLRORJLVWV�� RSKWKDOPRORJLVW�� SK\VLRWKHUDSLVW�� WR�
H[FOXGH� HYHQWXDO� LQIOXHQFH�RI�RWKHU� IXQFWLRQV�GHILFLWV�
LQ�SHUIRUPDQFH�RQ�FRJQLWLYH�WHVWV��� 

 5HIHUHQFHV 

$QGUHVHQ�� (�� 0�� �������� &ULWHULD� IRU� DVVHVVLQJ� WKH�
WRROV� RI� GLVDELOLW\� RXWFRPHV� UHVHDUFK��$UFKLYHV� RI�
3K\VLFDO� 0HGLFLQH� DQG� 5HKDELOLWDWLRQ�� ���� 6��-
6����KWWSV���GRL�RUJ���������DSPU����������� 

$XJHU��&���'HPHUV��/���'HVURVLHUV��-���*LURX[��)���6ND��
%���	�:ROIVRQ��&����������$SSOLFDELOLW\�RI�D�WRRONLW�
IRU� JHULDWULF� UHKDELOLWDWLRQ� RXWFRPHV��'LVDELOLW\� 	�
5HKDELOLWDWLRQ�� ���� ��-����� KWWSV���
GRL�RUJ�������������������������� 

$XJHU��&���'HPHUV��/���	�6ZDLQH��%����������0DNLQJ�
VHQVH� RI� SUDJPDWLF� FULWHULD� IRU� WKH� VHOHFWLRQ� RI�
JHULDWULF�UHKDELOLWDWLRQ�PHDVXUHPHQW�WRROV��$UFKLYHV�
RI� *HURQWRORJ\� DQG�*HULDWULFV�� ���� ��-���� KWWSV���
GRL�RUJ���������M�DUFKJHU������������ 

%HQWRQ��$��/���6LYDQ��$��%���+DPVKHU��.��'���9DUQH\��
1LOV� 5��� 	� 6SUHHQ�� 2�� �������� &RQWULEXWLRQV� WR�
QHXURSV\FKRORJLFDO�DVVHVVPHQW��$�FOLQLFDO�PDQXDO��
2[IRUG��8.��2[IRUG�8QLYHUVLW\�3UHVV� 

%RLYLQ-0HUFLHU�� $�� �Q�G���� eWXGH� H[SORUDWRLUH� GHV�
IRQFWLRQV�FRJQLWLYHV�FKH]�OHV�LQGLYLGXV�kJpV�GH����j�
��� DQV� DWWHLQWV� G¶DWD[LH� UpFHVVLYH� VSDVWLTXH� GH�
&KDUOHYRL[-6DJXHQD\� �$56&6�� �8QSXEOLVKHG�
GRFWRUDO� GLVVHUWDWLRQ��� 8QLYHUVLWp� GX� 4XpEHF� j�
&KLFRXWLPL��&KLFRXWLPL��&DQDGD� 

%RXFKDUG�� -�� 3��� %DUEHDX�� $��� %RXFKDUG�� 5��� 	�
%RXFKDUG�� 5�� :� �������� $XWRVRPDO� UHFHVVLYH�
VSDVWLF� DWD[LD� RI� &KDUOHYRL[-6DJXHQD\�� 7KH�
&DQDGLDQ�-RXUQDO�RI�1HXURORJLFDO�6FLHQFHV�������-
����KWWSV���GRL�RUJ���������6���������������� 

%RXFKDUG�� -�� 3���5LFKWHU��$���0DWKLHX�� -���%UXQHW��'���
+XGVRQ�� 7�� -��� 0RUJDQ�� .��� 	� 0HODQoRQ�� 6�� %��
�������� $XWRVRPDO� UHFHVVLYH� VSDVWLF� DWD[LD� RI�
&KDUOHYRL[-6DJXHQD\�� 1HXURPXVFXODU� 'LVRUGHUV��
��� ���-����� KWWSV���GRL�RUJ���������6����-����
���������-� 

%RXFKHU��$�� ��������eWXGH�H[SORUDWRLUH�GHV� IRQFWLRQV�
FRJQLWLYHV� FKH]� OHV� LQGLYLGXV� kJpV� GH� ��� j� ��� DQV�
DWWHLQWV�G¶DWD[LH�UpFHVVLYH�VSDVWLTXH�GH�&KDUOHYRL[-
6DJXHQD\� �$56&6�� �'RFWRUDO� GLVVHUWDWLRQ���
5HWULHYHG�IURP�KWWSV���FRQVWHOODWLRQ�XTDF�FD�������� 

%URZQ��-��:����������$SKDVLD��DSUD[LD��DQG�DJQRVLD��
&OLQLFDO� DQG� WKHRUHWLFDO� DVSHFWV�� 6SULQJILHOG�� ,/��
&KDUOHV�&��7KRPDV� 

&RODUXVVR��5��3��	�+DPPLOO��'��'����������0RWRU-IUHH�
9LVXDO� 3HUFHSWLRQ� 7HVW�� 1RYDWR�� &$�� $FDGHPLF�
7KHUDS\�3XE� 

&RODUXVVR�� 5�� 	� +DPPLOO�� '�� �������� 0RWRU-)UHH�
9LVXDO�3HUFHSWLRQ�7HVW��0937-�����UG��HG����$XVWLQ��
7;��3UR-(G� 

&RQQHUV�� &�� .�� �������� &RQQHUV
� FRQWLQXRXV�
SHUIRUPDQFH� WHVW� FRPSXWHU� SURJUDP� ���� XVHU
V�
PDQXDO�� 7RURQWR�� &DQDGD�� 0XOWL-+HDOWK�
6\VWHPV��,QF� 

&RVWD��3��7��-U��	�0F&UDH��5��5����������7KH�1(2-3,�
1(2-)),� PDQXDO� VXSSOHPHQW�� 2GHVVD�� )/��
3V\FKRORJLFDO�$VVHVVPHQW�5HVRXUFHV� 

&RVWD��3��7��-U��	�:LGLJHU��7��$�� ��������3HUVRQDOLW\�
GLVRUGHUV�DQG� WKH� ILYH-IDFWRU�PRGHO�RI�SHUVRQDOLW\��
:DVKLQJWRQ�� '&�� $PHULFDQ� 3V\FKRORJLFDO�
$VVRFLDWLRQ� 
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'HOLV�� '�� &��� .DSODQ�� (��� 	� .UDPHU�� -�� +� �� ��������
'HOLV-.DSODQ� ([HFXWLYH� )XQFWLRQ� 6\VWHP�� 6DQ�
$QWRQLR��7;��3V\FKRORJLFDO�&RUSRUDWLRQ� 

'HURJDWLV�� /�� 5�� �������� 6&/-��-5�� 6\PSWRP�
&KHFNOLVW-��-5�� $GPLQLVWUDWLRQ�� VFRULQJ�� DQG�
SURFHGXUHV� PDQXDO� ��UG� HG���� 0LQQHDSROLV�� 01��
1&6�3HDUVRQ� 

'HURJDWLV��/��5��	�0HOLVDUDWRV��1�� ��������7KH�EULHI�
V\PSWRP� LQYHQWRU\�� $Q� LQWURGXFWRU\� UHSRUW��
3V\FKRORJLFDO� PHGLFLQH�� ���� ���-����� KWWSV���
GRL�RUJ���������6���������������� 

'HURJDWLV��/��5��	�6DYLW]��.��/����������7KH�6&/-��-
5�DQG�%ULHI� 6\PSWRP� ,QYHQWRU\� �%6,�� LQ� SULPDU\�
FDUH�� +DQGERRN� RI� SV\FKRORJLFDO� DVVHVVPHQW� LQ�
SULPDU\� FDUH� VHWWLQJV�� 0DKZDK�� 1-�� /DZUHQFH�
(UOEDXP�$VVRFLDWHV�3XEOLVKHUV� 

'HVPHXOHV�� $�� �������� eWXGH� H[SORUDWRLUH� GH� OD�
SHUVRQQDOLWp� HW� GX� SURILO� SV\FKRORJLTXH� FKH]� OHV�
LQGLYLGXV� D\DQW� O¶DWD[LH� UpFHVVLYH� VSDVWLTXH� GH�
&KDUOHYRL[-6DJXHQD\� �$56&6�� �'RFWRUDO�
GLVVHUWDWLRQ��� 5HWULHYHG� IURP� KWWSV���
FRQVWHOODWLRQ�XTDF�FD�������� 

'UROHW�� 0�� �������� eWXGH� GHV� IRQFWLRQV�
QHXURSV\FKRORJLTXHV� GHV� HQIDQWV� HW� DGROHVFHQWV�
DWWHLQWV� GH� O
DWD[LH� UpFHVVLYH� VSDVWLTXH� GH�
&KDUOHYRL[-6DJXHQD\� �$56&6�� �0DVWHU
V� WKHVLV���
5HWULHYHG�IURP�KWWSV���FRQVWHOODWLRQ�XTDF�FD������ 

(OLQJ�� 3��� 'HUFN[�� .��� 	� 0DHV�� 5�� �������� 2Q� WKH�
KLVWRULFDO� DQG� FRQFHSWXDO� EDFNJURXQG� RI� WKH�
:LVFRQVLQ�&DUG�6RUWLQJ�7HVW��%UDLQ�DQG�&RJQLWLRQ��
���� ���-����� KWWSV���GRL�RUJ���������
M�EDQGF������������ 

)DQFHOOX�� 5��� 3DULGL�� '��� 7RPDVHOOR�� &��� 3DQ]HUL��0���
&DVWDOGR�� $��� *HQLWULQL�� 6��� «� *LURWWL�� )�� ��������
/RQJLWXGLQDO� VWXG\� RI� FRJQLWLYH� DQG� SV\FKLDWULF�
IXQFWLRQV� LQ� VSLQRFHUHEHOODU� DWD[LD� W\SHV� �� DQG� ���
-RXUQDO� 2I� 1HXURORJ\�� ����� ����-����� KWWSV���
GRL�RUJ���������V�����-���-����-� 

*D]XOOD�� -��� 0D\D\R-6LQXpV�� (��� %HQDYHQWH�� ,���
0RGUHJR�� 3�� -��� 	� %HUFLDQR�� -�� �������� $WD[LD� RI�
&KDUOHYRL[-6DJXHQD\�� 05� DQG� FOLQLFDO� UHVXOWV� LQ�
ORZHU-OLPE�PXVFXODWXUH��7KH�&DQDGLDQ�-RXUQDO�RI�
1HXURORJLFDO� 6FLHQFHV�/H� -RXUQDO� &DQDGLHQ� GHV�
6FLHQFHV� 1HXURORJLTXHV�� ���� ��-���� KWWSV���
GRL�RUJ���������6���������������� 

+HDWRQ��5��.���&KHOXQH��*�� -���7DOOH\�� -��/���.D\��*��
*���	�&XUWLVV��*�� ��������:LVFRQVLQ�&DUG� 6RUWLQJ�
7HVW�0DQXDO�� 5HYLVHG� DQG� H[SDQGHG��2GHVVD�� )/��
3V\FKRORJLFDO�$VVHVVPHQW�5HVVRXUFHV� 

+HDWRQ�� 5��.�� ��������:LVFRQVLQ� &DUG� 6RUWLQJ� 7HVW��
&RPSXWHU� YHUVLRQ� ����� 2GHVVD�� )/�� 3V\FKRORJLFDO�
$VVHVVPHQW�5HVRXUFHV� 

+RJDQ��7��3�� �������� ,QWURGXFWLRQ�j� OD� SV\FKRPpWULH��
0RQWUpDO��&DQDGD��&KHQHOLqUH�eGXFDWLRQ� 

+RRSHU�� +�� (�� �������� 7KH� +RRSHU� 9LVXDO�
2UJDQL]DWLRQ� 7HVW�� 0DQXDO�� %HYHUO\� +LOOV�� &$��
:HVWHUQ�3V\FKRORJLFDO�6HUYLFHV� 

,QVWLWXWH�RI�0HGLFLQH��������� 3V\FKRORJLFDO�7HVWLQJ�LQ�
WKH� 6HUYLFH� RI� 'LVDELOLW\� 'HWHUPLQDWLRQ��
:DVKLQJWRQ��'&��7KH�1DWLRQDO�$FDGHPLHV�3UHVV� 

.DSODQ�� (�� ��������:$,6-5� DV� D� 1HXURSV\FKRORJLFDO�
,QVWUXPHQW� �:$,6-5-1,��� 6DQ� $QWRQLR�� 7;��
3V\FKRORJLFDO�&RUSRUDWLRQ� 

/DQJH��5�� 7��� ,YHUVRQ��*��/���%ULFNHOO��7��$��� 6WDYHU��
7��� 3DQFKROL�� 6��� %KDJZDW�� $��� 	� )UHQFK�� /�� 0��
��������&OLQLFDO�XWLOLW\�RI�WKH�&RQQHUV¶�&RQWLQXRXV�
3HUIRUPDQFH� 7HVW-,,� WR� GHWHFW� SRRU� HIIRUW� LQ� 8�6��
0LOLWDU\� SHUVRQQHO� IROORZLQJ� WUDXPDWLF� EUDLQ�
LQMXU\�� 3V\FKRORJLFDO� $VVHVVPHQW�� ���� ���-�����
KWWSV���G[�GRL�RUJ���������D�������� 

/DUUDEHH��*�� -���7UDKDQ��'��(���	�&XUWLVV��*�� ��������
&RQVWUXFW� YDOLGLW\� RI� WKH� &RQWLQXRXV� 9LVXDO�
0HPRU\� 7HVW�� $UFKLYHV� RI� &OLQLFDO�
1HXURSV\FKRORJ\�� ��� ���-����� KWWSV���
GRL�RUJ���������DUFOLQ�������� 

/pYHVTXH�� .�� �������� 5HODWLRQ� HQWUH� OHV� WURXEOHV�
DIIHFWLIV� HW� OHV� GLIILFXOWpV� VFRODLUHV� FKH]� OHV� MHXQHV�
DWWHLQWV�G
DWD[LH�UpFHVVLYH�VSDVWLTXH�GH�&KDUOHYRL[-
6DJXHQD\� HW� D\DQW� XQ� TXRWLHQW� LQWHOOHFWXHO� QRUPDO�
�0DVWHU
V� WKHVLV��� 5HWULHYHG� IURP� KWWSV���
FRQVWHOODWLRQ�XTDF�FD������ 

/RHVFKH��3���:LOH\��-���	�+DVVHOKRUQ��0����������+RZ�
NQRZLQJ� WKH� UXOHV� DIIHFWV� VROYLQJ� WKH� 5DYHQ�
$GYDQFHG� 3URJUHVVLYH�0DWULFHV� 7HVW�� ,QWHOOLJHQFH��
���� ��-���� KWWSV���GRL�RUJ���������
M�LQWHOO������������ 

/RSH]�� 1�� 0��� /D]DU�� 0�� '��� 	� 2K�� 6�� ��������
3V\FKRPHWULF� SURSHUWLHV� RI� WKH� +RRSHU� 9LVXDO�
2UJDL]DWLRQ� 7HVW�� $VVHVVPHQW�� ���� ��-���� KWWSV���
GRL�RUJ������������������������� 

0DUWLQ��0��+���%RXFKDUG��-��3���6\OYDLQ��0���6W-2QJH��
2��� 	� 7UXFKRQ�� 6�� �������� $XWRVRPDO� UHFHVVLYH�
VSDVWLF� DWD[LD�RI�&KDUOHYRL[-6DJXHQD\�� D� UHSRUW� RI�
05� LPDJLQJ� LQ� �� SDWLHQWV�� $PHULFDQ� -RXUQDO� RI�
1HXURUDGLRORJ\�� ���� ����-������ KWWSV���
GRL�RUJ���������DMQU�$���� 

0DWWLROL�� )��� 6WDPSDWRUL�� &��� %HOORPL�� )��� 6FDUSD]]D��
&��� *DOOL�� 3��� *XDUQHUL�� &��� «� &DSUD�� 5�� ��������
$VVHVVLQJ� H[HFXWLYH� IXQFWLRQ� ZLWK� WKH� '-.()6�
VRUWLQJ� WHVW�� QRUPDWLYH� GDWD� IRU� D� VDPSOH� RI� WKH�
,WDOLDQ�DGXOW�SRSXODWLRQ��1HXURORJLFDO�6FLHQFHV������
����-������ KWWSV���GRL�RUJ���������V�����-���-
����-� 

0F&UDH��5��5��	�&RVWD�3��7��-U����������%ULHI�YHUVLRQV�
RI� WKH� 1(2-3,-��� -RXUQDO� RI� ,QGLYLGXDO�
'LIIHUHQFHV�� ���� ���-����� KWWSV���
GRL�RUJ�������������-�������������� 

0LJQDUUL�� $��� 7HVVD�� $��� &DUOXFFLR��0�� $��� 5XID�� $���
6WRUWL�� (��� %RQHOOL�� *��� �� �� �� 'RWWL�� 0�� 7�� ��������
&HUHEHOOXP� DQG� QHXURSV\FKLDWULF� GLVRUGHUV��
,QVLJKWV�IURP�$56$&6��1HXURORJLFDO�6FLHQFHV������
��-����KWWSV���GRL�RUJ���������V�����-���-����-� 

3LOOLRG��-���0RXWWRQ��6���/DYLH��-���0DXUDW��(���+XEHUW��
&��� %HOODQFH�� 1��� �� �� �� &RXSU\�� ,�� �������� 1HZ�
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SUDFWLFDO�GHILQLWLRQV�IRU�WKH�GLDJQRVLV�RI�DXWRVRPDO�
UHFHVVLYH� VSDVWLF� DWD[LD� RI� &KDUOHYRL[-6DJXHQD\��
$QQDOV� RI� 1HXURORJ\�� ���� ���-����� KWWSV���
GRL�RUJ���������DQD������ 

3LQHO�� -�� 3�� -�� ��������%LRSV\FKRORJLH� ��WK� HG���� 3DULV��
)UDQFH��3HDUVRQ�(GXFDWLRQ� 

3V\FKRORJLFDO�&RUSRUDWLRQ���������:$,6-,9� WHFKQLFDO�
DQG� LQWHUSUHWDWLRQ� PDQXDO�� 6DQ� $QWRQLR�� 7;��
3V\FKRORJLFDO�&RUSRUDWLRQ� 

5DH-*UDQW�� $�� 	� 3DUVRQV�� 0�� :�� ��������
1HXURSV\FKRORJ\�LQ�WKH�FOLQLFDO�VHWWLQJ��FRQFHSWXDO�
DQG� SUDFWLFDO� LVVXHV�� ,Q� 0�� :�� 3DUVRQV� 	� 7�� $��
+DPPHNH� �(GV���� &OLQLFDO� QHXURSV\FKRORJ\�� $�
SRFNHW�KDQGERRN� IRU�DVVHVVPHQW� ��UG�HG���SS���-�����
:DVKLQJWRQ�� '&�� $PHULFDQ� 3V\FKRORJLFDO�
$VVRFLDWLRQ� 

5DYHQ��-���5DYHQ��-��&���	�&RXUW��+��+����������5DYHQ�
PDQXDO��6HFWLRQ����6WDQGDUG�3URJUHVVLYH�0DWULFHV��
2[IRUG�� (QJODQG�� 2[IRUG� 3V\FKRORJLVWV� 3UHVV�
/LPLWHG� 

5RLG��*��+���0LOOHU��/�� -���3RPSOXQ��0���	�.RFK��&��
��������/HLWHU�,QWHUQDWLRQDO�3HUIRUPDQFH�6FDOH���UG�
HG���� /RV� $QJHOHV�� &$�� :HVWHUQ� 3V\FKRORJLFDO�
6HUYLFHV� 

6FKPDKPDQQ�� -�� '�� �������� 'LVRUGHUV� RI� WKH�
FHUHEHOOXP��$WD[LD�� G\VPHWULD� RI� WKRXJKW�� DQG� WKH�
FHUHEHOODU�FRJQLWLYH�DIIHFWLYH�V\QGURPH��-RXUQDO�RI�
1HXURSV\FKLDWU\� DQG� &OLQLFDO� 1HXURVFLHQFHV�� ����
���-�����KWWSV���GRL�RUJ���������MQS��������� 

6FKUHWOHQ�� '�� -��� 3HDUOVRQ�� *�� '��� $QWKRQ\�� -�� &��� 	�
<DWHV��.��2����������'HWHUPLQDQWV�RI�%HQWRQ�)DFLDO�
5HFRJQLWLRQ� 7HVW� SHUIRUPDQFH� LQ� QRUPDO� DGXOWV��
1HXURSV\FKRORJ\�� ���� ���-����� KWWSV���
G[�GRL�RUJ�������������-������������� 

6HHGDW�� )��� -DPHV�� 0�� .��� 	� 5RVH�� 0�� 5�� ��������
$FWLYLW\�UDWLQJ�VFDOHV�LQ�DGXOW�PXVFOH�GLVHDVH��+RZ�
ZHOO� GR� WKH\�DFWXDOO\�PHDVXUH"�0XVFOH�1HUYH������
��-����KWWSV���GRL�RUJ���������PXV������ 

6HQLRU��*���.HOO\��0���	�6DO]PDQ��/����������&OLQLFDO�
XWLOLW\� RI� WKH� 5H\� WDQJOHG� OLQHV� WHVW�� $UFKLYHV� RI�
&OLQLFDO�1HXURSV\FKRORJ\����������� 

6HURQ��;��	�9DQ�GHU�/LQGHQ��0����������/
DQDPQqVH�
HW� O
H[DPHQ� QHXURSV\FKRORJLTXH� GH� EDVH�� ,Q� ;��
6HURQ� 	� 0�� 9DQ� GHU� /LQGHQ� �(GV���� 7UDLWp� GH�
QHXURSV\FKRORJLH� FOLQLTXH� GH� O
DGXOWH� �� 7RPH� ���
eYDOXDWLRQ���QG�HG���SS�����-������3DULV��)UDQFH��'H�
%RHFN�6RODO� 

6WUDXVV��(���6KHUPDQ��(��0���	�6SUHHQ��2�� ��������$�
FRPSHQGLXP� RI� QHXURSV\FKRORJLFDO� WHVWV��
$GPLQLVWUDWLRQ��QRUPDV��DQG�FRPPHQWDU\���UG�HG����
1HZ-<RUN��1<��2[IRUG�8QLYHUVLW\�3UHVV� 

6WURQJ��&�-$��+��	�'RQGHUV��-����������9DOLGLW\�RI�WKH�
&RQWLQXRXV� 9LVXDO� 0HPRU\� 7HVW� �&907�� DIWHU�
WUDXPDWLF� EUDLQ� LQMXU\�� -RXUQDO� RI� &OLQLFDO� DQG�
([SHULPHQWDO� 1HXURSV\FKRORJ\�� ���� ���-�����
KWWSV���GRL�RUJ�������������������������� 

6\QRI]LN�� 0��� 6RHKQ�� $�� 6��� *EXUHN-$XJXVWDW�� -���
6FKLFNV��-���.DUOH��.��1���6FKXOH��5���������6FKROV��/��
�������� $XWRVRPDO� UHFHVVLYH� VSDVWLF� DWD[LD� RI�
&KDUOHYRL[-6DJXHQD\� �$56$&6��� ([SDQGLQJ� WKH�
JHQHWLF�� FOLQLFDO� DQG� LPDJLQJ� VSHFWUXP��2USKDQHW�
-RXUQDO� RI� 5DUH� 'LVHDVHV�� ��� ���� KWWSV���
GRL�RUJ�������������-����-�-�� 

7KLIIDXOW�� ,���'LFDLUH��0�� -���7HWUHDXOW��0���+XDQJ��.��
1���'HPHUV-/DPDUFKH�� -���%HUQDUG��*��� �� �� �� %UDLV��
%�� �������� 'LYHUVLW\� RI� $56$&6� PXWDWLRQV� LQ�
)UHQFK-&DQDGLDQV�� 7KH� &DQDGLDQ� -RXUQDO� RI�
1HXURORJLFDO� 6FLHQFHV�/H� -RXUQDO� &DQDGLHQ� GHV�
6FLHQFHV� 1HXURORJLTXHV�� ���� ��-���� KWWSV���
GRL�RUJ���������6���������������� 

7VDWVDQLV��.��'���'DUWQDOO��1���&LFFKHWWL��'���6SDUURZ��
6�� 6��� .OLQ�� $��� 	� 9RONPDU�� )�� 5�� ��������
&RQFXUUHQW� YDOLGLW\� DQG� FODVVLILFDWLRQ� DFFXUDF\� RI�
WKH�/HLWHU�DQG�/HLWHU-5�LQ�ORZ-IXQFWLRQLQJ�FKLOGUHQ�
ZLWK�DXWLVP��-RXUQDO�RI�$XWLVP�DQG�'HYHORSPHQWDO�
'LVRUGHUV�� ���� ��-���� KWWSV���GRL�RUJ���������
$�������������� 

8�6��)RRG�DQG�'UXJ�$GPLQLVWUDWLRQ�� ��������&OLQLFDO�
RXWFRPH� DVVHVVPHQW� TXDOLILFDWLRQ� SURJUDP��
5HWUHYLHG� IURP� � KWWSV���ZZZ�IGD�JRY�'UXJV�
'HYHORSPHQW$SSURYDO3URFHVV�
'UXJ'HYHORSPHQW7RROV4XDOLILFDWLRQ3URJUDP�
XFP�������KWP 

9HUJXWV�� 7��� 'H� %RHFN�� 3��� 	� 0DULV�� (�� ��������
*HQHUDWLRQ� VSHHG� LQ� 5DYHQ
V� SURJUHVVLYH� PDWULFHV�
WHVW�� ,QWHOOLJHQFH�� ���� ���-����� KWWSV���
GRL�RUJ���������6����-�������������-� 

9HUPHHU��6���9DQ�GH�:DUUHQEXUJ��%��3���	�.DPVWHHJ��
(�� -�� �������� $56$&6�� *HQH5HYLHZV�� 5HWULHYHG�
IURP� KWWSV���ZZZ�QFEL�QOP�QLK�JRY�ERRNV�
1%.����� 

:DGH�� '�� 7�� �������� $VVHVVPHQW�� PHDVXUHPHQW� DQG�
GDWD� FROOHFWLRQ� WRROV�� &OLQLFDO� 5HKDELOLWDWLRQ�� ����
���-����� KWWSV���
GRL�RUJ�������������������FU���HG� 

:HLVV�� /�� *��� 6DNORIVNH�� '�� +��� &RDOVRQ�� '��� 	�
5DLIRUG�� 6�� (�� �������� :$,6-,9� FOLQLFDO� XVH� DQG�
LQWHUSUHWDWLRQ�� 6FLHQWLVW-SUDFWLWLRQHU� SHUVSHFWLYHV��
$PVWHUGDP��1HWKHUODQGV��(OVHYLHU�$FDGHPLF�3UHVV� 

:KLWH��7��	�6WHUQ��5��$����������1HXURSV\FKRORJLFDO�
$VVHVVPHQW� %DWWHU\�� 3V\FKRPHWULF� DQG� WHFKQLFDO�
PDQXDO�� /XW]�� )/�� 3V\FKRORJLFDO� $VVHVVPHQW�
5HVRXUFHV� 

����� 
 

5HFHLYHG�-DQXDU\��������� 
5HYLVLRQ�UHFHLYHG�0D\���������� 

$FFHSWHG�-XQH����������Ŷ 
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&ULWqUH 6RXV-FULWqUH $ % & 

)DUGHDX�GX�
UpSRQGDQW 

&DUDFWqUH�LQYD�
VLI 

/¶LQVWUXPHQW�Q¶HVW�SDV�LQYD�
VLI 

  /¶LQVWUXPHQW�HVW�LQYDVLI 

6pFXULWp $XFXQ�ULVTXH�GH�EOHVVXUH�
SK\VLTXH 

5LVTXH�IDLEOH�GH�EOHVVXUH�
SK\VLTXH 

5LVTXH�LPSRUWDQW�GH�EOHV�
VXUH�SK\VLTXH 

$FFHSWDELOLWp &RXUW������PLQ���(7�DFFHS�
WDEOH������GH�UHIXV� 

/RQJ��PDLV�GH�PDQLqUH�
DSSURSULpH��28�SUREOqPHV�
G¶DFFHSWDELOLWp�������GH�
UHIXV�RX�TXHOTXHV�SODLQWHV� 

/RQJ�(7�LQDFFHSWDEOH�
�!����GH�UHIXV��!����GH�
SODLQWHV��GLIILFXOWpV�QRWpHV�

SDU�O¶H[DPLQDWHXU� 
)DUGHDX�GH�
O¶H[DPLQDWHXU 

7HPSV�G¶DGPL�
QLVWUDWLRQ 

�-���PLQ� ��-���PLQ� !����PLQ� 

4XDOLWp�GHV�LQV�
WUXFWLRQV 

,QVWUXFWLRQV�FRPSOqWHV��
FODLUHV��SHUWLQHQWHV��IDFLOHV�
G¶DFFqV�HW�IDFLOHV�j�FRQVXOWHU 

,QVWUXFWLRQV�GLVSRQLEOHV�
PDLV�LQFRPSOqWHV��TXHV�

WLRQV�VDQV�UpSRQVH 

,QVWUXFWLRQV�PLQLPHV 

(QWUDvQHPHQW $XFXQ�RX�HQWUDvQHPHQW�
VLPSOH�FRXUW 

6SpFLILTXH�j�XQ�SURIHV�
VLRQQHO��HQWUDvQHPHQW�

FRXUW�HW�VLPSOH 

6SpFLILTXH�j�XQ�SURIHV�
VLRQQHO�HW��HQWUDvQHPHQW�

ORQJ�HW�FRPSOH[H 
6LPSOLFLWp�GH�

PHVXUH�
�DGPLQLVWUDWLRQ��
FRWDWLRQ�HW�LQ�
WHUSUpWDWLRQ� 

6LPSOH�G¶DGPLQLVWUDWLRQ�HW�
FRWDWLRQ�IDFLOH 

5pVXOWDWV�SHUWLQHQWV�HW�LQWHU�
SUpWDEOHV 

6LPSOH�G¶DGPLQLVWUDWLRQ�HW�
FRWDWLRQ�QpFHVVLWDQW�XQH�
FRQVXOWDWLRQ�IUpTXHQWH�GX�
PDQXHO��SRXU�FDOFXO�

,QWHUSUpWDWLRQ�REVFXUH�GHV�
UpVXOWDWV 

&RPSOH[H�j�DGPLQLVWUHU��
RX�GLIILFXOWpV�GH�FRWDWLRQ�
RX�LQWHUSUpWDWLRQ�GHV�UpVXO�

WDWV�FRPSOH[H 

'LVSRQLELOLWp &R�W�GX�PDWpULHO�PLQLPH 
3DV�GH�GURLW�G¶DXWHXU 

3DUDPqWUHV�HQYLURQQHPHQ�
WDX[�VLPSOHV 

6L�GHX[�FULWqUHV�RX�SOXV�
VRQW�UpSRQGXV 

6L�XQ�FULWqUH�HVW�UpSRQGX 

5pVXOWDWV 1RUPDOLWp�GH�
GLVWULEXWLRQ�HW�
HIIHWV�SODIRQG�HW�

SODQFKHU 

3DV�GH�ELDLV�GH�GLVWULEXWLRQ�
RX�SDV�G¶HIIHW�SODIRQG�

SODQFKHU�GX�VFRUH�WRWDO����–�
��� 

%LDLV�GH�GLVWULEXWLRQ�PR�
GpUp�RX�HIIHW�SODIRQG�
SODQFKHU�GX�VFRUH�WRWDO�

!���-��� 

%LDLV�GH�GLVWULEXWLRQ�Vp�
YqUH�RX�HIIHW�SODIRQG�

SODQFKHU�!��� 

&RPSDWLELOLWp�
GX�IRUPDW 

ÆJH��JHQUH��
FXOWXUH 

3UHXYH�G¶DSSOLFDELOLWp�JpQp�
UDOH�SRXU�OHV�VRXV-JURXSHV�

G¶kJH��JHQUH�FXOWXUH 

3UHXYH�G¶DGPLQLVWUDWLRQ�
DYHF�GHV�VRXV-JURXSHV��
FHUWDLQV�SUREOqPHV�VRXOL�
JQpV��S�H[���DXFXQH�DGDS�

WDWLRQ�SURSRVpH� 

$XFXQH�DGPLQLVWUDWLRQ�
DYHF�XQ�VRXV-JURXSH 

)RUPDW�DOWHUQD�
WLI 

2XL��S�H[���ODQJDJH��%UDLOOH��
kJH� 

  1RQ 

$GDSWDELOLWp�GX�
IRUPDW 

,QVWUXFWLRQV�RULJLQDOHV�VXL�
YLHV�SDU�WRXV�OHV�VXMHWV 

������GHV�VXMHWV�UpDOLVHQW�
OH�WHVW�DYHF�OHV�LQVWUXFWLRQV�
RULJLQDOHV�HW�OH�UHVWH�GHV�
SDUWLFLSDQWV�UpDOLVHQW�OH�
WHVW�DYHF�GHV�LQVWUXFWLRQV�

DGDSWpHV 

/HV�LQVWUXFWLRQV�RULJLQDOHV�
QH�SHXYHQW�rWUH�VXLYLHV�RX�
OH�PDWpULHO�QH�SHXW�rWUH�

DGDSWp 

([LJHQFHV�SK\�
VLTXHV 

([LJHQFH�SK\VLTXH�PLQLPH   ([LJHQFH�SK\VLTXH�QpFHV�
VDLUH�SRXU�H[pFXWHU�OH�WHVW�
RX�UpVXOWDWV�LQIOXHQFpV�SDU�
GHV�GLIILFXOWpV�SK\VLTXHV 

([LJHQFHV�FR�
JQLWLYHV�

�KXPHXU��LQWHOOL�
JHQFH��FRPPX�

QLFDWLRQ� 

$GDSWp�SRXU�OHV�QLYHDX[�
G¶pGXFDWLRQ�IDLEOHV 

3DV�GH�VSpFLILFDWLRQ�VXU�OH�
QLYHDX�G¶pGXFDWLRQ 

+DXW�QLYHDX�G¶pGXFDWLRQ�
UHTXLV�RX�UpVXOWDWV�LQIOXHQ�
FpV�SDU�OH�QLYHDX�FRJQLWLI 

'RQQpHV�PDQ�
TXDQWHV�GXHV�DX�
VHXLO�GH�GLIIL�

FXOWp 

�����GH�GRQQpHV�PDQ�
TXDQWHV�SDUFH�TXH�O¶LQVWUX�
PHQW�HVW�WURS�GLIILFLOH 

���–����GH�GRQQpHV�PDQ�
TXDQWHV�SDUFH�TXH�O¶LQVWUX�
PHQW�HVW�WURS�GLIILFLOH 

!����GH�GRQQpHV�PDQ�
TXDQWHV�SDUFH�TXH�O¶LQVWUX�
PHQW�HVW�WURS�GLIILFLOH 

$SSHQGL[�$ 

$SSOLFDELOLW\�&ULWHULD�0HDVXUHPHQW�6FRULQJ�7DEOH�6KHHW�7UDQVODWLRQ 
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$SSHQGL[�% 

$SSOLFDELOLW\�&ULWHULD�0HDVXUHPHQW�6FRULQJ�7DEOH�6KHHW�2ULJLQDO�9HUVLRQ 

&ULWHULD 6XE-FULWHULD $ % & 

5HVSRQGHQW�
EXUGHQ 

,QYDVLYHQHVV ,QVWUXPHQW�LV�QRW�LQYDVLYH   ,QYDVLYHQHVV�LV�DQ�LVVXH 

6DIHW\ 1R�ULVN�RI�SK\VLFDO�LQMXU\ /RZ�ULVN�RI�SK\VLFDO�LQMXU\ ,PSRUWDQW�ULVN�RI�SK\VLFDO�
LQMXU\ 

$FFHSWDELOLW\ %ULHI������PLQ���$1'�DF�
FHSWDEOH������RI�UHIXVDO� 

/RQJHU��EXW�DSSURSULDWHO\�
VR��25�SUREOHPV�RI�DFFHSW�
DELOLW\�������RI�UHIXVDOV�RU�

VRPH�FRPSODLQWV� 

/RQJ�$1'�XQDFFHSWDEOH�
�!����RI�UHIXVDOV��!����RI�
FRPSODLQWV��GLIILFXOWLHV�QRW�

HG�E\�WKH�H[DPLQHU� 
([DPLQHU�
EXUGHQ 

$GPLQLVWUDWLRQ�
WLPH 

�-���PLQ� ��-���PLQ� !����PLQ� 

4XDOLW\�RI�LQV�
WUXFWLRQ 

,QVWUXFWLRQ�FRPSOHWH��FOHDU��
UHOHYDQW��HDV\�WR�DFFHVV�DQG�

FRQVXOW 

,QVWUXFWLRQ�DYDLODEOH�EXW�
LQFRPSOHWH��TXHVWLRQV�XQ�

DQVZHUHG 

0LQLPDO�LQVWUXFWLRQ 

7UDLQLQJ 1R�RU�VLPSOH�VKRUW�WUDLQLQJ 6SHFLILF�SURIHVVLRQDO�DQG�
VLPSOH�VKRUW�WUDLQLQJ 

6SHFLILF�SURIHVVLRQDO�DQG�
FRPSOH[�ORQJ�WUDLQLQJ 

6LPSOLFLW\�RI�
PHDVXUHPHQW�
�DGPLQLVWUDWLRQ��
VFRULQJ��LQWHU�
SUHWDELOLW\� 

6LPSOLFLW\�RI�DGPLQLVWUD�
WLRQ�DQG�HDV\�VFRULQJ 

5HVXOWV�UHOHYDQW�DQG�LQWHU�
SUHWDEOH 

6LPSOLFLW\�RI�DGPLQLVWUD�
WLRQ�DQG�VFRULQJ�QHFHVVLWDWH�
IUHTXHQW�FRQVXOWDWLRQ�RI�
PDQXDO�FDOFXODWLQJ� 

2EVFXUH�LQWHUSUHWDWLRQ�RI�
UHVXOWV 

&RPSOH[�WR�DGPLQLVWUDWH��RU�
VFRULQJ�GLIILFXOWLHV��RU�FRP�
SOH[�LQWHUSUHWDWLRQ�RI�UHVXOWV 

$YDLODELOLW\ 0LQLPDO�FRVW���PDWHULDO 
1R�FRS\ULJKWV 

/LJKW�HQYLURQPHQWDO�VHW�
WLQJV 

,I�RQH�FULWHULRQ�PHHWV ,I�WZR�RU�PRUH�FULWHULD�PHHW 

6FRUH 1R�GLVWULEXWLRQ�
ELDV�RU�QR�FHLO�
LQJ-IORRU�HIIHFW�
RI�WRWDO�VFRUH����

–���� 

0RGHUDWH�GLVWULEXWLRQ�ELDV�
RU�FHLOLQJ-IORRU�HIIHFW�RI�
WRWDO�VFRUH�!���-��� 

6HYHUH�GLVWULEXWLRQ�ELDV�RU�
FHLOLQJ-IORRU�HIIHFW�RI�WRWDO�

VFRUH�!��� 

1R�GLVWULEXWLRQ�ELDV�RU�QR�
FHLOLQJ-IORRU�HIIHFW�RI�WRWDO�

VFRUH����–���� 

$JH��JHQGHU��
FXOWXUDO 

(YLGHQFH�RI�EURDG�DSSOLFD�
ELOLW\�IRU�FXOWXUDO�DJH�
JHQGHU�VXEJURXSV 

(YLGHQFH�RI�WHVWLQJ�ZLWK�
VXEJURXSV��VRPH�SUREOHPV�
XQGHUOLQHG��H�J���QR�DGDSWD�

WLRQ�SURSRVHG� 

1R�WHVW�RQ�DQ\�VXEJURXSV 

$OWHUQDWH�IRU�
PDW 

<HV��H�J���ODQJXDJH��%UDLOOH��
DJH� 

  1R 

$GDSWDELOLW\�RI�
IRUPDW 

2ULJLQDO�LQVWUXFWLRQV�IRO�
ORZHG�IRU�DOO�VXEMHFWV 

������RI�VXEMHFWV�SHU�
IRUPHG�WKH�WHVW�ZLWK�RULJL�
QDO�LQVWUXFWLRQV�DQG�WKH�UHVW�
SHUIRUPHG�ZLWK�DGDSWHG�

LQVWUXFWLRQV 

2ULJLQDO�LQVWUXFWLRQV�FRXOG�
QRW�EH�IROORZHG�RU�PDWHULDO�

FRXOG�QRW�EH�DGDSWHG 

3K\VLFDO�5H�
TXLUHPHQW 

0LQLPDO�SK\VLFDO�UHTXLUH�
PHQW 

  3K\VLFDO�UHTXLUHPHQW�QHFHV�
VDU\�WR�SHUIRUP�WHVW�RU�UH�
VXOWV�LQIOXHQFHG�E\�SK\VLFDO�

LPSDLUPHQW 
&RJQLWLYH�5H�
TXLUHPHQW�

�PRRG��LQWHOOL�
JHQFH��FRPPX�

QLFDWLRQ� 

$GDSWHG�IRU�ORZHU�HGXFD�
WLRQDO�OHYHO 

1R�VSHFLILFDWLRQ�DERXW�HGX�
FDWLRQDO�OHYHO 

+LJK�HGXFDWLRQDO�OHYHO�UH�
TXLUHG�RU�UHVXOWV�LQIOXHQFHG�
E\�FRJQLWLYH�LPSDLUPHQW 

0LVVLQJ�GDWD�
GXH�WR�GLIILFXOW\�
RI�WKUHVKROG 

�����PLVVLQJ�EHFDXVH�LQ�
VWUXPHQW�LV�WRR�GLIILFXOW 

���–����PLVVLQJ�EHFDXVH�
LQVWUXPHQW�LV�WRR�GLIILFXOW 

!����PLVVLQJ�EHFDXVH�LQ�
VWUXPHQW�LV�WRR�GLIILFXOW 

)RUPDW�
FRPSDWLEL�
OLW\�  


