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&RS\ULJKW���������,*,�*OREDO��&RS\LQJ�RU�GLVWULEXWLQJ�LQ�SULQW�RU�HOHFWURQLF�IRUPV�ZLWKRXW�ZULWWHQ�SHUPLVVLRQ�RI�,*,�*OREDO�LV�SURKLELWHG�

.H\ZRUGV�� 'HWHUUHQFH�7KHRU\��,6�6HFXULW\��,6�6HFXULW\�&RPSOLDQFH��,6�6HFXULW\�3ROLFLHV��5DWLRQDO�&KRLFH�
7KHRU\

(QFRXUDJLQJ� HPSOR\HHV� WR� FRPSO\� ZLWK� ,6�
VHFXULW\�SROLFLHV�LV�D�PDMRU�FKDOOHQJH�IRU�RU�
JDQL]DWLRQV�� 7KLV� LV� EHFDXVH� QR� ,6� VHFXULW\�
SUDFWLFH�RU�WHFKQLTXH��QR�PDWWHU�KRZ�HIIHFWLYH��
FDQ� EH� XOWLPDWHO\� VXFFHVVIXO� LI� LPSURSHUO\�
LPSOHPHQWHG�E\�LWV�XVHUV��$\WHV�	�&RQROO\��
������ (UQVW� 	� <RXQJ�� ������ 3XKDNDLQHQ��
������� (PSOR\HHV� ZKR� DUH� DZDUH� RI� WKHLU�
RUJDQL]DWLRQ¶V� ,6� VHFXULW\� SROLFLHV� DQG� \HW�
ZLOOIXOO\� GLVUHJDUG� RU� YLRODWH� WKHP� SRVH� D�
SDUWLFXODU�FKDOOHQJH��JLYHQ�WKDW�WKH�H[LVWHQFH�
RI�,6�VHFXULW\�SROLFLHV�DQG�VHFXULW\�DZDUHQHVV�
SURJUDPV�KDYH�OLWWOH�HIIHFW�RQ�WKHVH�HPSOR\HHV�
�6LSRQHQ��������6WDQWRQ��6WDP��0DVWUDQJHOR��
	� -ROWRQ�� ������� 'HVSLWH� WKH� FOHDU� QHHG� WR�
XQGHUVWDQG�DQG�UHVSRQG�WR�WKLV�SUREOHP��OLWWOH�

,6�6HFXULW\�3ROLF\�9LRODWLRQV�
$�5DWLRQDO�&KRLFH�3HUVSHFWLYH

$QWKRQ\�9DQFH��%ULJKDP�<RXQJ�8QLYHUVLW\��86$

0LNNR�6LSRQHQ��8QLYHUVLW\�RI�2XOX��)LQODQG

$%675$&7
(PSOR\HH�YLRODWLRQV�RI�,6�VHFXULW\�SROLFLHV�DUH�UHSRUWHG�DV�D�NH\�FRQFHUQ�IRU�RUJDQL]DWLRQV��$OWKRXJK�EH�
KDYLRUDO�UHVHDUFK�RQ�,6�VHFXULW\�KDV�UHFHLYHG�LQFUHDVLQJ�DWWHQWLRQ�IURP�,6�VFKRODUV��OLWWOH�HPSLULFDO�UHVHDUFK�
KDV�H[DPLQHG�WKLV�SUREOHP��7R�DGGUHVV�WKLV�UHVHDUFK�JDS��WKH�DXWKRUV�WHVW�D�PRGHO�EDVHG�RQ�5DWLRQDO�&KRLFH�
7KHRU\��5&7�²D�SURPLQHQW�FULPLQRORJLFDO�WKHRU\�QRW�\HW�DSSOLHG�LQ�,6²ZKLFK�H[SODLQV��LQ�WHUPV�RI�D�XWLOL�
WDULDQ�FDOFXODWLRQ��DQ�LQGLYLGXDO¶V�GHFLVLRQ�WR�FRPPLW�D�YLRODWLRQ��(PSLULFDO�UHVXOWV�VKRZ�WKDW�WKH�HIIHFWV�RI�
LQIRUPDO�VDQFWLRQV��PRUDO�EHOLHIV��DQG�SHUFHLYHG�EHQH¿WV�FRQYLQFLQJO\�H[SODLQ�HPSOR\HH�,6�VHFXULW\�SROLF\�
YLRODWLRQV��ZKLOH�WKH�HIIHFW�RI�IRUPDO�VDQFWLRQV�LV�LQVLJQL¿FDQW��%DVHG�RQ�WKHVH�¿QGLQJV��WKH�DXWKRUV�GLVFXVV�
VHYHUDO�LPSOLFDWLRQV�IRU�UHVHDUFK�DQG�SUDFWLFH�

,6�UHVHDUFK�KDV�LQYHVWLJDWHG�HPSOR\HH�YLROD�
WLRQV�RI�,6�VHFXULW\�SROLFLHV�

$OWKRXJK� ,6� VFKRODUV� KDYH� H[DPLQHG�
,6� VHFXULW\�UHODWHG� EHKDYLRUDO� LVVXHV� VXFK� DV�
FRPSXWHU� ³DEXVH´� DQG� ³PLVXVH´� �'¶$UF\��
+RYDY��	�*DOOHWWD�� ������ /HH�� /HH��	�<RR��
������6WUDXE���������WKLV�ERG\�RI�UHVHDUFK�LV�
QRW�H[SOLFLWO\�GHVLJQHG�WR�PHDVXUH�WKH�IDFWRUV�
DIIHFWLQJ�LQWHQWLRQDO�YLRODWLRQV�RI�,6�VHFXULW\�
SROLFLHV��)RU�WKLV�UHDVRQ��DQ�XQGHUVWDQGLQJ�RI�
FRPSXWHU� DEXVH� PLJKW� QRW� KHOS� WR� FODULI\� D�
VLWXDWLRQ�LQ�ZKLFK�HPSOR\HHV�DUH�DZDUH�RI�WKHLU�
RUJDQL]DWLRQ¶V�,6�VHFXULW\�SROLFLHV��\HW�ZLOOIXOO\�
FKRRVH�WR�YLRODWH�WKHP�

)XUWKHUPRUH�� ,6� UHVHDUFK� RQ� FRPSXWHU�
DEXVH�LQ�SDUWLFXODU�KDV�IRFXVHG�RQ�WKH�FRVW�RI�
D�XWLOLWDULDQ�GHWHUUHQFH�DSSURDFK��IRUPDO�VDQF�
WLRQV��,Q�WXUQ��WKH�SHUFHLYHG�EHQHILWV�RI�QRUP�

'2,����������MRHXF�����������
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EUHDNLQJ��LQIRUPDO�VDQFWLRQV��DQG�PRUDO�HYDOX�
DWLRQV�KDYH�UHFHLYHG�OLWWOH�RU�QR�DWWHQWLRQ�IURP�
,6�VHFXULW\�VFKRODUV��HYHQ�WKRXJK�UHFHQW�VWXGLHV�
LQ� WKH�ILHOG�RI�&ULPLQRORJ\�KDYH�KLJKOLJKWHG�
WKH� LPSRUWDQW� UROHV� WKHVH� FRQVWUXFWV� SOD\� LQ�
GHFLVLRQV� WR�YLRODWH��0RUH� LPSRUWDQWO\�� WKHVH�
SHUFHLYHG�EHQHILWV�KDYH�UHFHLYHG�QR�DWWHQWLRQ�
LQ� WKH� VWXG\� RI� HPSOR\HH� ,6� VHFXULW\� SROLF\�
YLRODWLRQV��$V�D�UHVXOW��WKHUH�LV�D�QHHG�IRU�VWXG�
LHV�WKDW�DSSO\��D��LQIRUPDO�VDQFWLRQV���E��PRUDO�
HYDOXDWLRQV��DQG��F��EHQHILWV�LQ�WKH�DUHD�RI�,6�
VHFXULW\�SROLF\�YLRODWLRQ�

7R� DGGUHVV� WKLV� QHHG�� ZH� EHOLHYH� WKDW�
5DWLRQDO�&KRLFH�7KHRU\��5&7�²D�SURPLQHQW�
FULPLQRORJLFDO�WKHRU\�WKDW�KDV�QRW�\HW�EHHQ�DS�
SOLHG�WR�,6²LV�HVSHFLDOO\�XVHIXO�IRU�VWXG\LQJ�
HPSOR\HH� ,6� VHFXULW\� SROLF\� YLRODWLRQV��7KLV�
WKHRU\�FDQ�EH�VHHQ�DV�D�PRGHUQ�H[WHQVLRQ�RI�
FODVVLFDO� GHWHUUHQFH� WKHRU\��ZKLFK� KROGV� WKDW�
YLRODWLRQV�FDQ�EH�UHGXFHG�E\�LPSRVLQJ�VDQF�
WLRQV�WKDW�DUH�FHUWDLQ�DQG�VHYHUH��+RZHYHU��5&7�
JRHV�EH\RQG�GHWHUUHQFH�WKHRU\�E\�LQFRUSRUDWLQJ�
LQGLYLGXDOV¶�SHUFHSWLRQV�RI�EHQHILWV�RI�YLRODWLRQV�
DQG�LQIRUPDO�VDQFWLRQV�DV�ZHOO�DV�HVSRXVHG�PRUDO�
EHOLHIV��$FFRUGLQJ�WR�5&7��LQGLYLGXDOV�SHUIRUP�
D�PHQWDO�XWLOLWDULDQ�FDOFXODWLRQ�LQYROYLQJ�HDFK�
RI� WKHVH� IDFWRUV� ZKHQ� PDNLQJ� D� GHFLVLRQ� WR�
FRPPLW�D�YLRODWLRQ��$Q�HPSLULFDO�WHVW�JLYHQ�LQ�
WZR�RUJDQL]DWLRQV�VWURQJO\�VXSSRUWV�RXU�PRGHO��
VKRZLQJ�WKDW�SHUFHLYHG�EHQHILWV��PRUDO�EHOLHIV��
DQG�LQIRUPDO�VDQFWLRQV�KDYH�D�VLJQLILFDQW�LPSDFW�
RQ�HPSOR\HHV¶�LQWHQWLRQV�WR�YLRODWH�,6�VHFXULW\�
SROLFLHV��+RZHYHU��FRQWUDU\�WR�WKH�ILQGLQJV�RI�
VHYHUDO�VWXGLHV�H[DPLQLQJ�FRPSXWHU�DEXVH��WKH�
HIIHFW� RI� IRUPDO� VDQFWLRQV� LV� QRW� VLJQLILFDQW��
VXJJHVWLQJ�WKDW�WKH�FRQWH[WV�RI�FRPSXWHU�DEXVH�
RQ�WKH�RQH�KDQG�DQG�LQWHQWLRQDO�YLRODWLRQV�RI�
,6� VHFXULW\�SROLFLHV�RQ� WKH�RWKHU�PD\�EH�DS�
SUHFLDEO\�GLIIHUHQW�

7KH�UHPDLQGHU�RI�WKLV�SDSHU�LV�RUJDQL]HG�DV�
IROORZV��WKH�VHFRQG�VHFWLRQ�FRQWUDVWV�SUHYLRXV�
ZRUN�RQ�,6�VHFXULW\�EHKDYLRU�LQ�JHQHUDO�ZLWK�
WKH�VSHFLILF�SUREOHP�RI�,6�VHFXULW\�SROLF\�YLROD�
WLRQV��7KH�WKLUG�VHFWLRQ�GHYHORSV�RXU�WKHRUHWLFDO�
PRGHO�DQG�K\SRWKHVHV��DQG�WKH�IRXUWK�VHFWLRQ�
SUHVHQWV�WKH�HPSLULFDO�UHVXOWV��7KH�ILIWK�VHFWLRQ�

GLVFXVVHV�WKH�LPSOLFDWLRQV�RI�WKHVH�ILQGLQJV�IRU�
UHVHDUFK�DQG�SUDFWLFH��)LQDOO\��WKH�FRQFOXVLRQ�
VXPPDUL]HV�WKH�NH\�ILQGLQJV�DQG�FRQWULEXWLRQV�
RI�WKH�SDSHU�

3UHYLRXV�5HVHDUFK�RQ�,6�6HFXULW\�
%HKDYLRU�DQG�&RPSOLDQFH

3UHYLRXV� UHVHDUFK� LQ� WKH� DUHD� RI� ,6� VHFXULW\�
EHKDYLRU� LQ�DQ�RUJDQL]DWLRQDO�FRQWH[W�FDQ�EH�
GLYLGHG�LQWR�WKUHH�DUHDV������,6�VHFXULW\�DZDUH�
QHVV� DQG� WUDLQLQJ�� ���� FRPSXWHU� DEXVH�� DQG�
���� LQIRUPDWLRQ�VHFXULW\�SROLF\�YLRODWLRQV��,Q�
WKLV�VHFWLRQ��ZH�VKRZ�EHORZ�WKDW�ZKLOH�PDQ\�
FRQWULEXWLRQV�KDYH�EHHQ�PDGH�LQ�WKH�ILUVW�WZR�
DUHDV��FRPSDUDWLYHO\�OLWWOH�UHVHDUFK�KDV�GLUHFWO\�
DGGUHVVHG�WKH�SUREOHP�RI�LQWHQWLRQDO�YLRODWLRQV�
RI�,6�VHFXULW\�SROLFLHV��1H[W��ZH�VKRZ�WKDW�DO�
WKRXJK�WKH�ILUVW�WZR�VWUHDPV�RI�UHVHDUFK�KDYH�
PDGH� LPSRUWDQW� FRQWULEXWLRQV� WR� ,6� VHFXULW\�
UHVHDUFK�� WKH\� KDYH� DGGUHVVHG� GLVWLQFWO\� GLI�
IHUHQW�UHVHDUFK�TXHVWLRQV�WKDQ�WKRVH�H[DPLQLQJ�
IDFWRUV�WKDW�OHDG�WR�GHOLEHUDWH�YLRODWLRQV�RI�,6�
VHFXULW\�SROLFLHV�

,6�6HFXULW\�$ZDUHQHVV�
DQG�7UDLQLQJ

5HVHDUFK�RQ�,6�VHFXULW\�DZDUHQHVV�DQG�WUDLQLQJ�
SURJUDPV��/DIOHXU��������0F/HDQ��������3X�
KDNDLQHQ��������6LSRQHQ��������7HOGHUV��������
7KRPVRQ�	�YRQ�6ROPV��������9URRP�	�YRQ�
6ROPV��������RIIHUV�LPSRUWDQW�LQVLJKWV�LQWR�KRZ�
HPSOR\HHV¶�DZDUHQHVV�RI�,6�VHFXULW\�SROLFLHV�
DQG�JXLGHOLQHV�FDQ�EH�LQFUHDVHG��/DIOHXU��������
0F/HDQ��������7KRPVRQ�	�YRQ�6ROPV��������
9URRP�	� YRQ� 6ROPV�� ������� 6XFK� UHVHDUFK�
DOVR� RIIHUV� LQVLJKWV� LQWR� KRZ� HPSOR\HHV� FDQ�
EH� PRWLYDWHG� WR� FRPSO\� ZLWK� VXFK� SROLFLHV�
�3XKDNDLQHQ��������6LSRQHQ�	�,LYDUL���������
&RQWULEXWLRQV� WR� WKLV� UHVHDUFK� VWUHDP� JHQHU�
DOO\�FRPSULVH�FRQFHSWXDO�IUDPHZRUNV��/DIOHXU��
������0F/HDQ��������6LSRQHQ��������7HOGHUV��
������7KRPVRQ�	�YRQ�6ROPV��������9URRP�	�
YRQ�6ROPV��������DQG�TXDOLWDWLYH�VWXGLHV�RQ�WKH�
HIIHFW�RI�,6�VHFXULW\�HGXFDWLRQ�RQ�HPSOR\HHV¶�,6�
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VHFXULW\�SROLF\�FRPSOLDQFH��$OWKRXJK�YDOXDEOH��
WKHVH�VWXGLHV�GR�QRW�H[DPLQH�WKH�EHKDYLRU�RI�
HPSOR\HHV�ZKR�DUH�DZDUH�RI�,6�VHFXULW\�SROLFLHV�
EXW�ZKR� GHOLEHUDWHO\� FKRRVH� WR� YLRODWH� WKHP�
�$\WHV�	�&RQQROO\��������

&RPSXWHU�$EXVH

&RPSXWHU�DEXVH�KDV�UHFHLYHG�FRQVLGHUDEOH�DW�
WHQWLRQ�LQ�WKH�DUHD�RI�,6�VHFXULW\��7KLV�UHVHDUFK�
VWUHDP�FDQ�EH� WUDFHG�EDFN� WR� WKH� UHVHDUFK�RI�
3DUNHU���������ZKR�ILUVW�VWXGLHG�DQG�FRLQHG�WKH�
WHUP�³FRPSXWHU�DEXVH�´��7KLV� WHUP�KDV�EHHQ�
FRQVLVWHQWO\�GHILQHG�LQ�WKH�ILHOG�RI�LQIRUPDWLRQ�
V\VWHPV� DV� ³WKH� XQDXWKRUL]HG� DQG� GHOLEHUDWH�
PLVXVH� RI� DVVHWV� RI� WKH� ORFDO� RUJDQL]DWLRQDO�
LQIRUPDWLRQ�V\VWHP�E\�LQGLYLGXDOV�´�LQFOXGLQJ�
WKH�PLVXVH� RI� KDUGZDUH�� VRIWZDUH�� GDWD�� DQG�
FRPSXWHU�VHUYLFHV��6WUDXE��������S�������+DU�
ULQJWRQ��������'¶$UF\�HW�DO���������

:KLOH� 3DUNHU� ������� GLG� QRW� H[SOLFLWO\�
DSSO\�WKHRU\�LQ�KLV�ZRUN��VXEVHTXHQW�VWXGLHV�
RQ� FRPSXWHU� DEXVH� KDYH� JHQHUDOO\� DSSOLHG�
FULPLQRORJLFDO� WKHRULHV�� SDUWLFXODUO\� GHWHU�
UHQFH�WKHRU\��*UDVPLFN�	�%U\MDN���������7KH�
ILUVW�WR�GR�VR�ZDV�6WUDXE���������ZKR�DSSOLHG�
GHWHUUHQFH� WKHRU\� �LQYROYLQJ� WKH� FHUWDLQW\�
DQG�VHYHULW\�RI�IRUPDO�VDQFWLRQV��WR�H[DPLQH�
ZKHWKHU�LQIRUPDWLRQ�VHFXULW\�LQYHVWPHQWV�GHWHU�
FRPSXWHU�DEXVH��+H�DSSOLHG�IRUPDO�VDQFWLRQV�
E\�OLQNLQJ�WKH�QXPEHU�RI�UHSRUWHG�LQFLGHQWV�WR�
YDULRXV�LQIRUPDWLRQ�VHFXULW\�FRXQWHUPHDVXUHV�
DQG�IRXQG�WKDW�WKHVH�FRXQWHUPHDVXUHV�UHGXFHG�
WKH�QXPEHU�RI�FRPSXWHU�DEXVH�LQFLGHQWV�ZLWKLQ�
RUJDQL]DWLRQV�� :KLOH� 6WUDXE� ������� GLG� QRW�
PHDVXUH�FRPSXWHU�DEXVH�DW�WKH�OHYHO�RI�LQGL�
YLGXDOV��VXEVHTXHQW�VWXGLHV�KDYH�DGGUHVVHG�WKLV�
SRLQW�� +DUULQJWRQ� ������� IRXQG� VXSSRUW� WKDW�
FRGHV�RI�HWKLFV�DFW�DV�GHWHUUHQWV�EHFDXVH�WKH\�
LQGXFH�D�IHDU�RI�SXQLVKPHQW��/HH�HW�DO���������
VWXGLHG�ZKHWKHU�D�QXPEHU�RI�GHWHUUHQWV��VXFK�DV�
VHFXULW\�SROLFLHV�DQG�DZDUHQHVV�SURJUDPV��GHWHU�
FRPSXWHU�DEXVH��7KH\�IRXQG�WKDW�VRFLDO�QRUPV�
DQG� LQYROYHPHQW� OHDG� WR� LQFUHDVHG� FRPSXWHU�
DEXVH�� )LQDOO\�� '¶$UF\� HW� DO�¶V� ������� VWXG\�
RI�,6�PLVXVH�H[WHQGHG�WKH�FODVVLFDO�GHWHUUHQFH�
WKHRU\� WR� LQFOXGH� SUHFHGLQJ� IDFWRUV� VXFK� DV�
FRPSXWHU�DZDUHQHVV�DQG�HGXFDWLRQ�DV�ZHOO�DV�

WKH�IRUPXODWLRQ�RI�VHFXULW\�SROLFLHV��7KH\�IRXQG�
WKDW�XVHU�DZDUHQHVV�RI�,6�VHFXULW\�SROLFLHV��,6�
VHFXULW\�WUDLQLQJ��FRPSXWHU�PRQLWRULQJ��DQG�WKH�
VHYHULW\�RI�IRUPDO�VDQFWLRQV�GHWHUV�,6�PLVXVH�

,QIRUPDWLRQ�6HFXULW\�
3ROLF\�9LRODWLRQV

7KH�WKLUG�UHODWHG�UHVHDUFK�VWUHDP�RI�,6�VHFXULW\�
EHKDYLRU�ZLWKLQ�WKH�RUJDQL]DWLRQDO�FRQWH[W� LV�
UHVHDUFK� RQ� QRQFRPSOLDQFH�ZLWK� ,6� VHFXULW\�
SROLFLHV��6WXGLHV�LQ�WKLV�VWUHDP�DVVXPH�WKDW�LW�
LV�RI�XWPRVW�LPSRUWDQFH�WR�PHDVXUH�DQG�VWXG\�
YLRODWLRQV�RI�,6�VHFXULW\�SROLFLHV�ZLWKLQ�RUJDQL�
]DWLRQV��(PSKDVLV�LV�SXW�RQ�WKLV�VLPSO\�EHFDXVH�
VHFXULW\�PDQDJHUV�DUH�LQWHUHVWHG�LQ�H[SODLQLQJ�
HPSOR\HHV¶�QRQFRPSOLDQFH�ZLWK�VHFXULW\�SROL�
FLHV�DV�ZHOO�DV�LQ�ZKDW�FDQ�EH�GRQH�WR�SURPRWH�
FRPSOLDQFH�EDVHG�RQ�WKLV�LQIRUPDWLRQ��3UDFWL�
FDOO\�VSHDNLQJ��LI�WKH�DFWLRQ�LQ�TXHVWLRQ�LV�QRW�
D� YLRODWLRQ�RI� WKH� ,6� VHFXULW\� SROLFLHV� RI� WKH�
RUJDQL]DWLRQ�� ZK\� VKRXOG� VHFXULW\� PDQDJHUV�
RI�WKH�RUJDQL]DWLRQ�FDUH"

6WXGLHV� LQ� WKLV� UHVHDUFK� VWUHDP� LQFOXGH�
%XOJXUFX�� &DYXVRJOX�� DQG� %HQEDVDW� ��������
&KDQ��:RRQ��DQG�.DQNDQKDOOL���������+DJHQ�
��������+HUDWK�DQG�5DR������D������E���0\\U\��
6LSRQHQ��3DKQLOD��9DUWLDLQHQ��DQG�9DQFH���������
1J�� .DQNDQKDOOL�� DQG� ;X� �������� 3DKQLOD��
6LSRQHQ��DQG�0DKPRRG���������6LSRQHQ�HW�DO��
��������6LSRQHQ��0DKPRRG��DQG�3DKQLOD���������
6LSRQHQ�DQG�9DQFH���������DQG�<RXQJ���������
&RPPRQ� WR� DOO� RI� WKHVH� VWXGLHV� LV� WKDW� WKH\�
SURSRVH�GLIIHUHQW�PRGHOV�WR�H[SODLQ�RU�SUHGLFW�
HPSOR\HHV¶�DGKHUHQFH�WR�,6�VHFXULW\�SROLFLHV��
7KHVH�VWXGLHV�KDYH�DSSOLHG�GLIIHUHQW�WKHRULHV��
IURP�3URWHFWLRQ�0RWLYDWLRQ�7KHRU\��+HUDWK�	�
5DR��������3DKQLOD�HW�DO���������6LSRQHQ�HW�DO���
������������WR�KHDOWK�EHOLHI�PRGHOV��1J�HW�DO���
������DQG�WKHRULHV�RI�PRUDO�MXGJPHQW��0\\U\�
HW�DO���������

$OWKRXJK�UHVHDUFK�KDV�EHHQ�FRQGXFWHG�RQ�
H[SHFWHG�FRVWV�LQ�WKH�IRUP�RI�VDQFWLRQV�LQ�WKH�
DUHD�RI�FRPSXWHU�DEXVH��'¶$UF\�HW�DO���������
6WUDXE�� ������ DQG� LQIRUPDWLRQ� VHFXULW\� SROL�
FLHV��+HUDWK�	�5DR������D������E��6LSRQHQ�HW�
DO��� ������� DQ� XQDQVZHUHG� TXHVWLRQ� UHPDLQV�
UHJDUGLQJ� WKH� HIIHFW� RI� H[SHFWHG� EHQHILWV� RQ�
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LQGLYLGXDOV¶� GHFLVLRQV� WR� YLRODWH� LQIRUPDWLRQ�
VHFXULW\�SROLFLHV��7KLV�LV�DQ�LPSRUWDQW�TXHVWLRQ�
EHFDXVH�DEXVHV�E\�RUJDQL]DWLRQDO�PHPEHUV�LQ�
RWKHU�FRQWH[WV��VXFK�DV�ZKLWH�FROODU�FULPH��KDYH�
EHHQ�IRXQG�WR�EH�VWURQJO\�SUHGLFWHG�E\�H[SHFWHG�
EHQHILWV� �3DWHUQRVWHU�	� 6LPSVRQ�� ������� %\�
H[DPLQLQJ� WKH� LPSDFW� RI� H[SHFWHG� EHQHILWV�
ZLWKLQ�WKH�FRQWH[W�RI�LQIRUPDWLRQ�VHFXULW\�SROL�
FLHV��RUJDQL]DWLRQV�ZLOO�JDLQ�DQ�XQGHUVWDQGLQJ�
RI�KRZ�WR�EHWWHU�JXDUG�DJDLQVW�DQG�GLVFRXUDJH�
YLRODWLRQV�RI�LQIRUPDWLRQ�VHFXULW\�SROLFLHV�

7KHRUHWLFDO�)UDPHZRUN

,Q� RUGHU� WR� EHWWHU� XQGHUVWDQG� WKH� LPSDFW� RI�
H[SHFWHG�EHQHILWV�RQ�,6�VHFXULW\�SROLF\�YLROD�
WLRQV��ZH�XVH�5DWLRQDO�&KRLFH�7KHRU\�DV� WKH�
EDVLV� IRU� RXU� WKHRUHWLFDO� PRGHO� �3DWHUQRVWHU�
	�6LPSVRQ���������������$OWKRXJK�5&7�LV�D�
SURPLQHQW�WKHRU\�LQ�FULPLQRORJ\��&DR���������LW�
KDV�QRW�\HW�EHHQ�XVHG�LQ�WKH�ILHOG�RI�,QIRUPDWLRQ�
6\VWHPV��5&7�H[SODLQV�LQGLYLGXDOV¶�GHFLVLRQV�WR�
FRPPLW�FULPHV�DV�XWLOLWDULDQ�FDOFXODWLRQV�EDVHG�
RQ�SHUFHLYHG�EHQHILWV�DQG�ERWK�IRUPDO�DQG�LQ�
IRUPDO�VDQFWLRQV��$OWKRXJK�FRPPRQO\�DSSOLHG�
WR�H[SODLQ�FULPLQDO�EHKDYLRU��5&7�LV�GHVLJQHG�
WR�EH�³VXIILFLHQWO\�JHQHUDO�WR�FRYHU�DOO�YLROD�
WLRQV´� �%HFNHU��������S�������DQG�� WKHUHIRUH��
LV�DOVR�DSSOLFDEOH�WR�WKH�VWXG\�RI�YLRODWLRQV�RI�
RUJDQL]DWLRQDO�,6�VHFXULW\�SROLFLHV�

5DWLRQDO�&KRLFH�7KHRU\�DGRSWV�D�FODVVLFDO�
VWDQFH� LQ� &ULPLQRORJ\� LQ� ZKLFK� LQGLYLGXDOV�
ZHLJK�FRVWV�DQG�EHQHILWV�ZKHQ�GHFLGLQJ�ZKHWKHU�
WR� FRPPLW� D� FULPH��7KLV� YLHZ�FDQ�EH� WUDFHG�
EDFN� WR� %HQWKDP� �����±������� WR� %HFFDULD�
�����±�������DQG��ODWHU��WR�%HFNHU¶V��������(FR�
QRPLF�7KHRU\�RI�&ULPH��,Q�WKLV�YLHZ��FULPLQDO�
EHKDYLRU�LV�UDWLRQDO�DQG�JRDO�RULHQWHG��EDVHG�RQ�
DQ�DVVHVVPHQW�RI�WKH�SHUFHLYHG�FRVWV��VDQFWLRQV��
DQG�EHQHILWV��&DR���������7R�EH�PRUH�SUHFLVH��
DQ�LQGLYLGXDO�ZLOO�FRPPLW�D�FULPLQDO�DFW�LI�WKH�
H[SHFWHG�EHQHILWV�DUH�JUHDWHU�WKDQ�WKH�DVVRFLDWHG�
FRVWV��$OWKRXJK�VRPH�KDYH�FULWLFL]HG�5&7�IRU�
DVVXPLQJ�D�IXOO\�UDWLRQDO�FULPLQDO��&RUQLVK�	�
&ODUNH�� ������� SURSRQHQWV� RI�5&7�KROG� WKDW�
RIIHQGHUV¶�GHFLVLRQV�WR�FRPPLW�FULPHV�DUH�VXE�
MHFWLYH�DVVHVVPHQWV�DQG�³DUH�RIWHQ�REMHFWLYHO\�
ZURQJ��GXH�WR�LQGLYLGXDOV¶�ERXQGHG�UDWLRQDOLW\´�
�%HFNHU�	�0HKONRS��������S�������

%HFDXVH�RI� LWV�HPSKDVLV�RQ�D�GHOLEHUDWH��
FDOFXODWLYH�GHFLVLRQ�SURFHVV��LW�KDV�EHHQ�WKHR�
UL]HG�WKDW�5&7�H[SODLQV�ZKLWH�FROODU�FULPH�ZHOO�
�3DWHUQRVWHU�	�6LPSVRQ���������,Q�IDFW��D�UHYLHZ�
RI�HPSLULFDO�VWXGLHV�XVLQJ�5&7�IRXQG�WKDW�LW�H[�
SODLQV�ZKLWH�FROODU�FULPHV�EHWWHU�WKDQ�LW�H[SODLQV�
VWUHHW�OHYHO�FULPHV��&DR���������)RU�WKLV�VDPH�
UHDVRQ��DQG�EHFDXVH�5&7�KDV�EHHQ�IRXQG�WR�EH�
HIIHFWLYH�LQ�WKH�FRUSRUDWH�FRQWH[W��ZH�H[SHFW�LW�
WR�EH�ZHOO�VXLWHG�IRU�H[SODLQLQJ�LQWHQWLRQDO�,6�
VHFXULW\�SROLF\�YLRODWLRQV��ZKLFK�DOVR�LQYROYH�
D�GHOLEHUDWH�YLRODWLRQ�RI�RUJDQL]DWLRQDO�QRUPV�

5HVHDUFK�0RGHO�DQG�+\SRWKHVHV

,Q� RUGHU� WR� EHWWHU� H[SODLQ� ,6� VHFXULW\� SROLF\�
YLRODWLRQV� LQ� VLWXDWLRQV�ZKHUH�HPSOR\HHV�DUH�
DZDUH�RI�WKH�,6�VHFXULW\�SROLFLHV��ZH�GHYHORSHG�
D�PRGHO��GHSLFWHG�LQ�)LJXUH����EDVHG�RQ�5&7��
&RQVLVWHQW�ZLWK�5&7��RXU�PRGHO�LQFOXGHV�GLV�
LQFHQWLYHV��L�H���VDQFWLRQV��DV�ZHOO�DV�LQFHQWLYHV�
�L�H���SHUFHLYHG�EHQHILWV��IRU�YLRODWLQJ�,6�VHFXULW\�
SROLFLHV�� )XUWKHU�� WKH� UDWLRQDO� FKRLFH� PRGHO�
VXJJHVWV�ERWK�LQIRUPDO�VDQFWLRQV��L�H���XQVWDWHG�
VRFLDO�SHQDOWLHV��DQG�IRUPDO�VDQFWLRQV��H[SOLFLW�
SHQDOWLHV� IRU� VSHFLILF� IRUPV� RI� PLVFRQGXFW���
$GGLWLRQDOO\�� UHFHQW� GHYHORSPHQWV� RI� 5&7�
KDYH�LQFRUSRUDWHG�WKH�HIIHFW�RI�PRUDO�EHOLHIV�
LQWR�WKH�XWLOLWDULDQ�FDOFXODWLRQV�WKDW�FRPSULVH�
FRQVLGHULQJ� DQ� DFW��$FFRUGLQJO\�� RXU�PRGHO��
WRR��LQFRUSRUDWHV�PRUDO�EHOLHIV��(DFK�RI�WKHVH�
HOHPHQWV�DQG�WKHLU�DVVRFLDWHG�K\SRWKHVHV�DUH�
GLVFXVVHG�EHORZ�

)RUPDO�6DQFWLRQV

)RUPDO� VDQFWLRQV� DUH� H[SOLFLW� SHQDOWLHV� LP�
SRVHG� IRU� VSHFLILF� IRUPV� RI�PLVFRQGXFW� DQG�
DUH� WKH�PDLQVWD\�RI�GHWHUUHQFH� WKHRU\��ZKLFK�
5&7�H[WHQGV��$FFRUGLQJ�WR�GHWHUUHQFH�WKHRU\��
XQGHVLUDEOH�EHKDYLRUV�FDQ�EH�GHWHUUHG�E\�LP�
SRVLQJ�IRUPDO�VDQFWLRQV��7KH�PRUH�IRUFHIXO�RU�
HIIHFWLYH� WKH� VDQFWLRQ�� WKH� PRUH� XQGHVLUDEOH�
EHKDYLRUV�ZLOO�EH�GHWHUUHG��)XUWKHU��WKH�VHYHULW\�
DQG�FHUWDLQW\�RI�VDQFWLRQV�DUH�LPSRUWDQW�IDFWRUV�
WKDW�GHWHUPLQH�WKHLU�HIIHFWLYHQHVV��,Q�UHVHDUFK�RQ�
FRPSXWHU�DEXVH��6WUDXE��������IRXQG�WKDW�VDQF�
WLRQV�GHWHUUHG�XVHUV�IURP�FRPPLWWLQJ�FRPSXWHU�
DEXVH��'¶$UF\�HW�DO���������VLPLODUO\�IRXQG�WKDW�
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WKH�VHYHULW\�RI�IRUPDO�VDQFWLRQV�KDG�D�VLJQLILFDQW�
HIIHFW�RQ�XVHUV¶�LQWHQWLRQV�WR�FRPPLW�FRPSXWHU�
DEXVHV�� *LYHQ� WKLV� WKHRUHWLFDO� DQG� HPSLULFDO�
VXSSRUW��ZH�K\SRWKHVL]H�WKH�IROORZLQJ�

+����)RUPDO�VDQFWLRQV�QHJDWLYHO\�DIIHFW�LQWHQ�
WLRQ�WR�YLRODWH�,6�VHFXULW\�SROLF\�

,QIRUPDO�6DQFWLRQV

,Q�WKH�ODVW�VHYHUDO�GHFDGHV��FULPLQRORJLVWV�DQG�
VRFLDO�SV\FKRORJLVWV�KDYH�H[WHQGHG�GHWHUUHQFH�
WKHRU\� WR� LQFOXGH� ³QRQ�OHJDO� FRVWV´� �3UDWW�	�
&XOOHQ��������S��������VXFK�DV�LQIRUPDO�VDQFWLRQV�
�3LTXHUR�	�7LEEHWWV���������,QIRUPDO�VDQFWLRQV�
DUH� XQVWDWHG� VRFLDO� SHQDOWLHV� IRU� XQGHVLUDEOH�
EHKDYLRU��VXFK�DV�WKH�GLVDSSURYDO�RI�IULHQGV�RU�
SHHUV� �3DWHUQRVWHU�	�6LPSVRQ�� ������� VRFLDO�
FHQVXUH��%DFKPDQ��3DWHUQRVWHU��	�:DUG���������
RU�HPEDUUDVVPHQW��*UDVPLFN�	�%XUVLN���������
(PSLULFDO�ILQGLQJV�UHJDUGLQJ�WKH�HIIHFWV�RI�LQIRU�
PDO�VDQFWLRQV�SUHVHQW�PL[HG�UHVXOWV��GHSHQGLQJ�
RQ�WKH�W\SH�RI�RIIHQVH�LQYROYHG��3DWHUQRVWHU�DQG�
6LPSVRQ��������IRXQG�WKDW�LQIRUPDO�VDQFWLRQV�
KDG�D�VLJQLILFDQW�HIIHFW�RQ�LQWHQWLRQV�WR�FRP�
PLW�ZKLWH�FROODU�FULPH��ZKHUHDV�WKH�HIIHFW�RI�
IRUPDO�VDQFWLRQV�ZDV�LQVLJQLILFDQW��+HQFH��ZH�
K\SRWKHVL]H�WKDW�

+����,QIRUPDO�VDQFWLRQV�QHJDWLYHO\�DIIHFW�LQWHQ�
WLRQ�WR�YLRODWH�,6�VHFXULW\�SROLF\�

0RUDO�%HOLHIV

6RPH�FRPPHQWDWRUV�KDYH�VXJJHVWHG�WKDW�WUDGL�
WLRQDO�YLHZV�RI�5&7�GR�QRW�WDNH�LQWR�DFFRXQW�
WKH�PRUDO�EHOLHIV�RI�LQGLYLGXDOV��%DFKPDQ�HW�DO���
�������7KH\�PDLQWDLQ�WKDW�RIIHQGHUV�PD\�UHIUDLQ�
IURP�RIIHQGLQJ�QRW�EHFDXVH�WKH\�IHDU�VDQFWLRQV�
EXW�VLPSO\�EHFDXVH�WKH\�HYDOXDWH�WKH�RIIHQVH�DV�
PRUDOO\�ZURQJ��%DFKPDQ�HW�DO���������UHYLHZ�
SULRU� UHVHDUFK� FRQFHUQLQJ� WKH� UROH� RI� PRUDO�
EHOLHIV�DQG�KLJKOLJKW� WZR�SRVVLELOLWLHV� LQ� WKLV�
UHVSHFW��)LUVW��PRUDO�EHOLHI�PD\�EH�VR�VWURQJ�
WKDW�RWKHU�IDFWRUV�DUH�LUUHOHYDQW��7KLV�YLHZ�LV�
FRQVLVWHQW�ZLWK�WKH�HWKLFDO�GRFWULQH�RI�XQLYHUVDO�
SUHVFULSWLYLVP��+DUH���������ZKLFK�H[SODLQV�WKDW�
PRUDO�EHOLHIV�RYHUULGH�RWKHU�FRQFHUQV��VXFK�DV�
DVVHVVPHQWV�RI�SRWHQWLDO�EHQHILWV�DQG�VDQFWLRQV��
2Q�WKH�RWKHU�KDQG��ZKHQ�PRUDO�EHOLHIV�DUH�QRW�
VWURQJO\�KHOG��IRUPDO�VDQFWLRQV�DUH�WKHQ�QHHGHG�
�%DFKPDQ�HW�DO���������

2I� WKHVH� FRPSRQHQWV�� 3DWHUQRVWHU� DQG�
6LPSVRQ� ������� QRWH� WKDW� PRUDO� LQKLELWLRQV�
ZHUH� IRXQG� WR� EH� WKH� VWURQJHVW� SUHGLFWRU� RI�
FRUSRUDWH�FULPH��7KLV�ILQGLQJ�ZLWK�UHVSHFW�WR�
PRUDO�LQKLELWLRQV�LV�VXSSRUWHG�E\�YDULRXV�VWXGLHV�

)LJXUH����5DWLRQDO�FKRLFH�PRGHO�RI�,6�VHFXULW\�SROLF\�YLRODWLRQV
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�%DFKPDQ�HW�DO���������(OLV�	�6LPSVRQ���������
)RU�H[DPSOH��%DFKPDQ�HW�DO���������IRXQG�WKDW�
VH[XDO�DVVDXOW�ZDV�LQKLELWHG�QRW�RQO\�E\�IRUPDO�
VDQFWLRQV�EXW�DOVR�E\�WKH�SHUFHLYHG�LPPRUDO�
LW\�RI� WKH�DFW��,Q�IDFW��%DFKPDQ�HW�DO���������
UHSRUWHG�WKDW�IRUPDO�VDQFWLRQV�ZHUH�LUUHOHYDQW�
IRU�RIIHQVHV�UHJDUGHG�WR�EH�PRUDOO\�ZURQJ�

0RUDO�EHOLHIV�DUH�UHOHYDQW�WR�WKH�FRQWH[W�RI�
LQIRUPDWLRQ�VHFXULW\�EHFDXVH�FKRLFHV�UHJDUGLQJ�
LQIRUPDWLRQ� VHFXULW\� JHQHUDOO\� DQG� VHFXULW\�
SROLFLHV�VSHFLILFDOO\� LQYROYH�D�PRUDO�FRPSR�
QHQW��0\\U\�HW�DO���������6WDKO���������)RU�WKLV�
UHDVRQ��ZH�H[SHFW�PRUDO�EHOLHIV� WR� LQIOXHQFH�
QRQFRPSOLDQFH�ZLWK�,6�VHFXULW\�SROLFLHV�

+���0RUDO�EHOLHIV�QHJDWLYHO\�DIIHFW� LQWHQWLRQ�
WR�YLRODWH�,6�VHFXULW\�SROLF\�

3HUFHLYHG�%HQHILWV

5DWLRQDO�&KRLFH�7KHRU\�SUHGLFWV�WKDW�SHUFHLYHG�
EHQHILWV� SRVLWLYHO\� DIIHFW� GHFLVLRQV� WR� FRP�
PLW�YLRODWLRQV��(PSLULFDO� VWXGLHV�KDYH� IRXQG�
ZLGH� VXSSRUW� IRU� WKLV� UHODWLRQVKLS��3HUFHLYHG�
EHQHILWV�PLJKW�EH� LQWULQVLF�� VXFK�DV� WKH� WKULOO�
RU� H[FLWHPHQW� H[SHULHQFHG� E\� VRPH� ZKHQ�
FRPPLWWLQJ�D�FULPH��:RRG��*RYH��:LOVRQ��	�
&RFKUDQ���������RU�H[WULQVLF�� VXFK�DV�PRQH\�
�'XFDQ��/DIUHH��	�3LTXHUR���������,Q�WKH�DUHD�
RI�LQIRUPDWLRQ�VHFXULW\�SROLF\�FRPSOLDQFH��WLPH�
VDYLQJ�KDV�EHHQ�LGHQWLILHG�DV�D�PDMRU�LQFHQWLYH�
WR�YLRODWH�SROLFLHV��3XKDNDLQHQ��������IRXQG�LQ�
D�VHULHV�RI�TXDOLWDWLYH�LQWHUYLHZV�WKDW�EHFDXVH�
LQIRUPDWLRQ�VHFXULW\�SROLFLHV�ZHUH�SHUFHLYHG�WR�
VORZ�GRZQ�ZRUN�E\�WKH�DGGLWLRQ�RI�SURFHGXUHV��
LQWHUYLHZHHV�SHUFHLYHG�VDYLQJ�WLPH�DV�D�FOHDU�
EHQHILW�RI�DYRLGLQJ�,6�VHFXULW\�SROLFLHV��+HQFH��
ZH�K\SRWKHVL]H�WKDW�

+����3HUFHLYHG�EHQHILWV�SRVLWLYHO\�DIIHFW�LQWHQ�
WLRQ�WR�YLRODWH�,6�VHFXULW\�SROLF\�

0HWKRG

6FHQDULR�0HWKRG

7R�HPSLULFDOO\�H[DPLQH�,6�VHFXULW\�SROLF\�YLR�
ODWLRQV��ZH�HPSOR\HG�D�K\SRWKHWLFDO�VFHQDULR�

PHWKRG�� ZKLFK� SUHVHQWV� UHVSRQGHQWV� ZLWK� D�
K\SRWKHWLFDO�VLWXDWLRQ�IROORZHG�E\�D�TXHVWLRQ�
UHJDUGLQJ�WKH�OLNHOLKRRG�WKDW�WKH\�ZRXOG�EHKDYH�
LQ�WKH�VDPH�ZD\�XQGHU�VLPLODU�FLUFXPVWDQFHV�
�1DJLQ�	�3DWHUQRVWHU���������7KLV�PHWKRG�ZDV�
FKRVHQ� IRU� VHYHUDO� UHDVRQV��)LUVW�� ,6�VHFXULW\�
SROLF\�YLRODWLRQV��OLNH�RWKHU�VRFLDOO\�XQGHVLUDEOH�
EHKDYLRUV��DUH�GLIILFXOW�WR�PHDVXUH�GLUHFWO\�YLD�
FRQYHQWLRQDO�PHDQV�GXH� WR� UHVSRQGHQWV¶� WHQ�
GHQF\�WR�FRQFHDO�LQIRUPDWLRQ�RU�WR�UHVSRQG�WR�
TXHVWLRQV�LQ�VRFLDOO\�GHVLUDEOH�ZD\V��7UHYLQR��
�������,Q�FRQWUDVW��EHFDXVH�RI�WKH�K\SRWKHWLFDO��
WKLUG�SHUVRQ�QDWXUH�RI�WKH�VFHQDULRV��WKH�VFHQDULR�
PHWKRG�SURYLGHV�DQ�LQGLUHFW�PHDQV�RI�PHDVXULQJ�
VRFLDOO\�XQGHVLUDEOH�EHKDYLRU��RIIHULQJ�UHVSRQ�
GHQWV�D�OHVV�LQWLPLGDWLQJ�PHDQV�RI�UHSRUWLQJ�WKHLU�
LQWHQWLRQV��+DUULQJWRQ���������)RU�WKLV�UHDVRQ��
WKH�VFHQDULR�PHWKRG�LV�FRPPRQO\�XVHG�WR�UH�
VHDUFK�HWKLFDO�XQHWKLFDO�EHKDYLRU�LQ�WKH�VRFLDO�
VFLHQFHV� LQ� JHQHUDO� �2¶)DOORQ�	�%XWWHUILHOG��
������DQG�LQ�WKH�ILHOG�RI�,QIRUPDWLRQ�6\VWHPV�
LQ�SDUWLFXODU��%DQHUMHH��&URQDQ��	�-RQHV��������
'¶$UF\�HW�DO���������+DUULQJWRQ��������

,Q�DGGLWLRQ�WR�WKHVH�PHWKRGRORJLFDO�DGYDQ�
WDJHV��WKH�VFHQDULR�PHWKRG�SURYLGHV�VXEVWDQWLDO�
WKHRUHWLFDO�EHQHILWV�ZKHQ�DSSOLHG�WR�5&7��ZKLFK�
KROGV� WKDW� D� SRWHQWLDO� RIIHQGHU�ZHLJKV� SURE�
DELOLWLHV�RI�FRVWV�DQG�EHQHILWV�ZLWKLQ�D�VSHFLILF�
FRQWH[W��%HFNHU���������&RQWH[WXDO�GHWDLOV�DUH�
DOVR� WKRXJKW� WR�KDYH�EHDULQJ� LQ� WKLV� FDOFXOD�
WLRQ�� DV� ERWK� FRVW�EHQHILW� FRQVLGHUDWLRQV� DQG�
FRQWH[WXDO�GHWDLOV�DUH�WKRXJKW�WR�EH�FRQVLGHUHG�
VLPXOWDQHRXVO\�ZKHQ�PDNLQJ�D�GHFLVLRQ�WR�RI�
IHQG��%DFKPDQ�HW�DO���������

%HFDXVH�RI� WKHVH� IDFWRUV��5&7�KDV�PRVW�
RIWHQ�EHHQ�H[DPLQHG�LQ�&ULPLQRORJ\�XVLQJ�D�
K\SRWKHWLFDO�VFHQDULR�PHWKRGRORJ\��3DWHUQRV�
WHU�	�6LPSVRQ���������7KLV� LV�EHFDXVH�� ILUVW��
LQGLYLGXDOV¶�GHFLVLRQ�PDNLQJ�LV�D�UDWLRQDO�DQG�
FDOFXODWHG�DFWLYLW\�EDVHG�RQ�WKH�VSHFLILF�FKDU�
DFWHULVWLFV�RI�WKH�VFHQDULR��D�NH\�DVVXPSWLRQ�RI�
5&7��,Q�IDFW��*UDVPLFN�DQG�%XUVLN��������VWDWH�
WKDW�D�VWXG\�XVLQJ�5&7�UHTXLUHV�D�K\SRWKHWLFDO�
VFHQDULR�PHWKRGRORJ\�WR�PDNH�WKLV�FDOFXODWLYH�
DFWLYLW\�SRVVLEOH�

6HFRQG�� WKH� VFHQDULR� LQFOXGHV� FRQWH[W�
VSHFLILF�LQIRUPDWLRQ�ZLGHO\�WKRXJKW�WR�EH�LP�
SRUWDQW�LQ�GHFLGLQJ�ZKHWKHU�WR�FRPPLW�GHYLDQW�
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EHKDYLRU��%DFKPDQ�HW�DO���������DQG�.OHSSHU�DQG�
1DJLQ� �������VWURQJO\� UHFRPPHQG� LQFOXGLQJ�
FRQWH[WXDO�LQIRUPDWLRQ�LQ�VFHQDULRV�GHVFULELQJ�
DQ�RIIHQVH��DQG�WKH\�FULWLFL]H�WUDGLWLRQDO�VXUYH\V�
WKDW�XVH�TXHVWLRQV�WKDW�DUH�QRW�FRQQHFWHG�WR�DQ\�
VSHFLILF�FRQWH[W��7KXV��WKH�VFHQDULR�PHWKRG�LV�
SDUWLFXODUO\�DPHQDEOH�WR�WKH�DSSOLFDWLRQ�RI�5&7�
EHFDXVH�D�VSHFLILF�RIIHQVH�LV�GHVFULEHG�ZLWKLQ�
D� VSHFLILF� FRQWH[W� WKDW� LQFOXGHV� GHVFULSWLRQV�
RI�FRVWV�DQG�EHQHILWV��DOORZLQJ�UHVSRQGHQWV�WR�
PDNH�DQ�LQWXLWLYH�FDOFXODWLRQ�ZKHQ�UHSRUWLQJ�
WKHLU�LQWHQWLRQ�WR�YLRODWH�WKH�SROLF\�

6FHQDULR�'HVLJQ

7R�LPSURYH�WKH�JHQHUDOL]DELOLW\�RI�RXU�ILQGLQJV�
DFURVV�D�YDULHW\�RI�,6�SROLF\�YLRODWLRQV��ZH�GH�
VLJQHG�WKUHH�VFHQDULRV�GHVFULELQJ�GLIIHUHQW�,6�
SROLF\�YLRODWLRQV��$�NH\�VWHS�LQ�GHVLJQLQJ�WKH�
VFHQDULRV�ZDV�WR�HQVXUH�WKDW�WKH\�DUH�UHDOLVWLF�
DQG�FRPPRQSODFH�WR�UHVSRQGHQWV��3LTXHUR�	�
+LFNPDQ���������7R�GR�VR��ZH�VXUYH\HG�����,7�
VHFXULW\�SUDFWLWLRQHUV�XVLQJ�D�EHOLHI�HOLFLWDWLRQ�
SURFHVV�GHVLJQHG�E\�/LPD\HP�DQG�+LUW���������
7KLV�LQYROYHG�DVNLQJ�WKH�SUDFWLWLRQHUV��YLD�DQ�
RSHQ�HQGHG�TXHVWLRQQDLUH��WR�OLVW�IRXU�,6�VHFXULW\�
SROLF\�YLRODWLRQV�WKDW�ZHUH�ERWK�FRPPRQ�DQG�
FRQVHTXHQWLDO��:H�REWDLQHG����UHVSRQVHV��\LHOG�
LQJ�D�����UHVSRQVH�UDWH��:H�WKHQ�FDWHJRUL]HG�WKH�
UHVSRQVHV�XVLQJ�FRQWHQW�DQDO\VLV��.ULSSHQGRUII��
������DQG�UDQNHG�WKH�UHVSRQVHV��7KH�WRS�WKUHH�,6�
VHFXULW\�SROLF\�YLRODWLRQV�FLWHG�E\�SUDFWLWLRQHUV�
ZHUH�����VKDULQJ�RU�ZULWLQJ�GRZQ�SDVVZRUGV��
����IDLOLQJ�WR�ORFN�RU�ORJ�RXW�RI�ZRUNVWDWLRQV�
ZKHQ�QRW�LQ�XVH��DQG�����FRS\LQJ�VHQVLWLYH�GDWD�
WR�XQVHFXUH�SRUWDEOH�86%�VWRUDJH�GHYLFHV��:H�
WKHQ�GHVLJQHG�VFHQDULRV�DURXQG�HDFK�RI�WKHVH�
FRPPRQ�SROLF\�YLRODWLRQV�

7R�HQVXUH�WKDW�WKH�GHVLJQHG�VFHQDULRV�ZHUH�
UHDOLVWLF� LQ� FRQWHQW�� ��� ,7� VHFXULW\�PDQDJHUV�
UHYLHZHG�HDFK�VFHQDULR��$IWHU�WKUHH�URXQGV�RI�
UHYLHZV�DQG�UHYLVLRQV��D�FRQVHQVXV�ZDV�UHDFKHG�
WKDW�WKH�VFHQDULRV�ZHUH�UHDOLVWLF�LQ�IRUP�DQG�GH�
WDLO��7KH�ILQDO�VFHQDULRV�DUH�OLVWHG�LQ�$SSHQGL[�$�

,QVWUXPHQWDWLRQ

,WHPV�ZHUH�GUDZQ� IURP�SUHYLRXVO\�YDOLGDWHG�
LQVWUXPHQWV�ZKHUH�SRVVLEOH��6WUDXE��������DQG�

DUH�OLVWHG�LQ�7DEOH�$��RI�$SSHQGL[�$��,Q�FDVHV�
ZKHUH�SUHYLRXV�LQVWUXPHQWV�XVHG�RQO\�D�VLQJOH�
LQGLFDWRU�IRU�DQ�LQGHSHQGHQW�YDULDEOH��DGGLWLRQDO�
LWHPV�ZHUH�GHULYHG�WR�HQDEOH�UHOLDELOLW\�WHVWLQJ�

)RU�WKH�GHWHUUHQFH�FRQVWUXFWV��HDFK�VHYHU�
LW\�RI�VDQFWLRQ�PHDVXUH�ZDV�PXOWLSOLHG�E\�LWV�
FRUUHVSRQGLQJ�FHUWDLQW\�RI�VDQFWLRQ�PHDVXUH��
7KLV�\LHOGHG�VHYHUDO�FRPSRVLWH�VDQFWLRQ�PHD�
VXUHV�WKDW�³UHIOHFWHG�ERWK�WKH�ULVN�DQG�FRVW�RI�
SHUFHLYHG�SXQLVKPHQW´��1DJLQ�	�3DWHUQRVWHU��
������S�������

)RU�WKH�SHUFHLYHG�EHQHILWV�FRQVWUXFW��SUHYL�
RXV�UHVHDUFK�LQGLFDWHV�WKDW�WLPH�VDYLQJ�LV�D�NH\�
PRWLYDWRU�IRU�YLRODWLRQV�RI�HPSOR\HH�,6�VHFXULW\�
SROLF\��3XKDNDLQHQ���������%HFDXVH�ZH�FRXOG�
QRW�ILQG�PHDVXUHV�WKDW�GHVFULEH�VDYLQJ�WLPH�E\�
YLRODWLQJ�,6�VHFXULW\�SROLFLHV��ZH�FUHDWHG�IRXU�
QHZ�LWHPV�IRU�WKLV�FRQVWUXFW�EDVHG�RQ�WKH�TXDOLWD�
WLYH�LQWHUYLHZ�DQDO\VHV�RI�3XKDNDLQHQ���������
4XDOLWDWLYH�IHHGEDFN�RQ�WKH�FRQWHQW�YDOLGLW\�RI�
WKHVH�LWHPV�ZDV�REWDLQHG�IURP�WZR�,7�VHFXULW\�
PDQDJHUV�ZKR�DFWHG�DV�VXEMHFW�PDWWHU�H[SHUWV��
5HOLDELOLW\�IRU�WKHVH�PHDVXUHV�ZDV�DVVHVVHG�YLD�
D�SUHWHVW��GHVFULEHG�ODWHU���WKH�UHVXOWV�RI�ZKLFK�
VKRZHG� WKDW� WKH� PHDVXUHV� H[KLELW� H[FHOOHQW�
UHOLDELOLW\��6WUDXE�HW�DO���������

7KH� GHSHQGHQW� YDULDEOH�� LQWHQWLRQ� WR�
YLRODWH�,6�VHFXULW\�SROLF\��ZDV�PHDVXUHG�XVLQJ�
D� VLQJOH� LWHP�� ³:KDW� LV� WKH� FKDQFH� WKDW� \RX�
ZRXOG�GR�ZKDW�>WKH�VFHQDULR�FKDUDFWHU@�GLG�LQ�
WKH� GHVFULEHG� VFHQDULR"´�7KH� UHVSRQVH� VFDOH�
UDQJHG�IURP����³QR�FKDQFH�DW�DOO´��WR�����³����
SHUFHQW�FKDQFH´���$OWKRXJK�&RRN�DQG�&DPSEHOO�
�������FDXWLRQ�DJDLQVW�WKH�XVH�RI�VLQJOH�LWHP�
PHDVXUHV� WR� DYRLG�PRQR�RSHUDWLRQ� ELDV� WKDW�
FRXOG�SUHYHQW�FRQVWUXFWV� IURP�EHLQJ� UHOLDEO\�
PHDVXUHG��6WUDXE�HW�DO�� �������SRLQW�RXW� WKDW�
LQ�FHUWDLQ�FDVHV�D�VLQJOH�LWHP�PHDVXUH�LV�PRVW�
DSSURSULDWH��6XFK�LV�WKH�FDVH�ZLWK�WKH�PHDVXUH�
RI�LQWHQWLRQ�LQ�VFHQDULR�EDVHG�VXUYH\V�LQ�ZKLFK�
UHVSRQGHQWV�DUH�DVNHG�WKH�SUREDELOLW\�RI�WKHLU�
EHKDYLQJ�VLPLODUO\�WR�WKH�FKDUDFWHU�LQ�WKH�VFH�
QDULR��3RJDUVN\���������%HFDXVH�PHDVXUHPHQW�
HUURU�LV�QRW�H[SHFWHG�IRU�WKLV�LWHP��D�VLQJOH�LWHP�
LV�W\SLFDOO\�XVHG��3DWHUQRVWHU�	�6LPSVRQ��������

,Q�DGGLWLRQ�WR�TXHVWLRQV�UHODWLQJ�WR�WKHR�
UHWLFDO�FRQVWUXFWV�LQ�RXU�PRGHO��ZH�DOVR�DVNHG�
UHVSRQGHQWV� GHPRJUDSKLF� TXHVWLRQV� IRU� DJH��
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JHQGHU�� DQG� OHQJWK�RI�ZRUN� H[SHULHQFH��)XU�
WKHUPRUH��ZH�DVNHG� UHVSRQGHQWV� WR� UDWH�KRZ�
UHDOLVWLF�WKH\�IRXQG�WKH�VFHQDULR�WR�EH��IURP���
�³QRW�UHDOLVWLF�DW�DOO´��WR�����³�����UHDOLVWLF´��

3UHWHVW

:H� SUHWHVWHG� RXU� LQVWUXPHQW� WR� HYDOXDWH� WKH�
SV\FKRPHWULF�SURSHUWLHV�RI�WKH�LWHPV��%RXGUHDX�
HW� DO��� ������� 'DWD� IRU� WKH� SUHWHVW� ZHUH� FRO�
OHFWHG�IURP����SDUW�WLPH�VWXGHQWV�DW�D�)LQQLVK�
XQLYHUVLW\�ZKR�DOVR�KDG�ZRUN�H[SHULHQFH��7KLV�
VDPSOH�ZDV�FKRVHQ�EHFDXVH�VWXGHQWV�DWWHQGLQJ�
WKH�XQLYHUVLW\�DUH�PDGH�DZDUH�RI�DQG�DUH�REOLJHG�
WR�IROORZ�WKH�XQLYHUVLW\¶V�LQIRUPDWLRQ�VHFXULW\�
SROLF\�� )XUWKHUPRUH�� IRUPDO� VDQFWLRQV� DUH� LQ�
SODFH�IRU�WKRVH�IRXQG�YLRODWLQJ�WKH�SROLF\��7KXV��
UHVSRQGHQWV�ZHUH�IDPLOLDU�ZLWK�WKH�,6�VHFXULW\�
SROLFLHV�DQG�WKH�SRWHQWLDO�VDQFWLRQV�IRU�YLROD�
WLRQV��,Q�DGGLWLRQ��WKHVH�ZHUH�SDUW�WLPH�VWXGHQWV�
ZKR�ZRUN�LQ�FRPSDQLHV��7KXV��DV�HPSOR\HHV��
WKH�VWXGHQWV�ZHUH�OLNHO\�IDPLOLDU�ZLWK�,6�VHFXULW\�
SROLFLHV��,WHP�UHOLDELOLWLHV�ZHUH�DVVHVVHG�XVLQJ�
&URQEDFK¶V�Į��,WHPV�FRQWULEXWLQJ�WR�SRRU�UHOL�
DELOLW\�ZHUH�UHSKUDVHG�RU�GURSSHG�

3ULPDU\�'DWD�&ROOHFWLRQ

3ULPDU\�GDWD�ZDV�FROOHFWHG�IURP�WZR�)LQQLVK�
RUJDQL]DWLRQV�� D� KLJK�WHFK� VHUYLFHV� FRPSDQ\�
DQG�D�PDMRU�EDQN��ERWK�RI�ZKLFK�KDQGOH�VHQVL�
WLYH� LQIRUPDWLRQ�� 7KHVH� RUJDQL]DWLRQV� ZHUH�
FKRVHQ�WR�FRPSRVH�WKH�VDPSOH�IUDPH�EHFDXVH�
ERWK� RUJDQL]DWLRQV� XVH� ,6� VHFXULW\� SROLFLHV�
DQG� KDYH� FOHDU� VDQFWLRQV� LQ� SODFH� IRU� SROLF\�
YLRODWLRQV��)XUWKHU��ERWK�RUJDQL]DWLRQV�SXEOLVK�
WKHLU�,6�VHFXULW\�SROLFLHV�ZLWKLQ�WKH�FRPSDQ\�

DQG�HPSOR\�,6�VHFXULW\�PDQDJHUV�LQ�FKDUJH�RI�
RYHUVHHLQJ�FRPSOLDQFH�ZLWK�,6�VHFXULW\�SROL�
FLHV��7KXV��UHVSRQGHQWV�ZHUH�NQRZOHGJHDEOH�RI�
WKH�VXUYH\�VXEMHFW�PDWWHU��'HVFULSWLYH�VWDWLVWLFV�
IRU� WKH� GDWD� FROOHFWHG� DUH� VKRZQ� LQ�7DEOH� ���
*LYHQ�WKH�GLIILFXOWLHV�LQ�REWDLQLQJ�LQIRUPDWLRQ�
VHFXULW\�UHODWHG�GDWD�IURP�FRPSDQLHV��.RWXOLF�
	�&ODUN���������WKH�UHVSRQVH�UDWH�LQ�WKLV�FRQWH[W�
FDQ�EH�UHJDUGHG�DV�TXLWH�JRRG�

$�ZHE�EDVHG�VXUYH\�ZDV�XVHG� WR�FROOHFW�
GDWD�ZLWKLQ�WKH�RUJDQL]DWLRQV��:KHQ�WKH�VXUYH\�
ZDV� DFFHVVHG�� HDFK� HPSOR\HH�ZDV� SUHVHQWHG�
ZLWK� RQH� RI� WKH� WKUHH� VFHQDULRV� VHOHFWHG� DW�
UDQGRP�E\�WKH�VXUYH\�VRIWZDUH��$�WRWDO�RI����
UHVSRQGHQWV�UHFHLYHG�WKH�³VKDULQJ�SDVVZRUG´�
VFHQDULR�����UHVSRQGHQWV�UHFHLYHG�WKH�³IDLOLQJ�
WR�ORJ�RXW�RI�WKH�ZRUNVWDWLRQ´�VFHQDULR��DQG����
UHVSRQGHQWV� UHFHLYHG� WKH� ³FRS\LQJ� VHQVLWLYH�
GDWD´�VFHQDULR�

7R� WHVW� ZKHWKHU� UHVSRQGHQWV� UHVSRQGHG�
VLPLODUO\�WR�WKH�WKUHH�VFHQDULRV��ZH�SHUIRUPHG�
D�RQH�ZD\�$129$�FRPSDULQJ�WKH�HIIHFW�RI�WKH�
GLIIHUHQW� VFHQDULRV� RQ� UHVSRQGHQWV¶� UHSRUWHG�
LQWHQWLRQV��7KHUH�ZDV�QR�VLJQLILFDQW�GLIIHUHQFH�
LQ�LQWHQWLRQ�DFURVV�WKH�WKUHH�VFHQDULRV��/LNHZLVH��
ZH�SHUIRUPHG�D�W�WHVW�WR�HYDOXDWH�ZKHWKHU�WKHUH�
ZDV�D�GLIIHUHQFH�LQ�UHSRUWHG�LQWHQWLRQ�EHWZHHQ�
WKH�WZR�RUJDQL]DWLRQV��7KHUH�ZDV�QR�VLJQLILFDQW�
GLIIHUHQFH��*LYHQ�WKHVH�UHVXOWV��ZH�XVHG�D�FRP�
ELQHG�GDWDVHW�WR�SHUIRUP�WKH�DQDO\VLV�DQG�XVHG�
FRQWURO�YDULDEOHV�WR�WHVW�IRU�SRVVLEOH�HIIHFWV�RI�
WKH�VDPSOH�DQG�VFHQDULRV�LQ�WKH�DQDO\VLV�

5HVXOWV

:H� DQDO\]HG� RXU� PRGHO� XVLQJ� 3DUWLDO� /HDVW�
6TXDUHV��3/6��E\�PHDQV�RI�6PDUW3/6�VRIWZDUH�

7DEOH����'HVFULSWLYH�VWDWLVWLFV�IRU�VDPSOHV�

6DPSOH
6DPSOH�
)UDPH

5HVSRQVH�
5DWH $YHUDJH�$JH

$YHUDJH�:RUN�
([SHULHQFH�LQ�

<HDUV 0DOH�)HPDOH��

,7�6HUYLFHV�&RPSDQ\ ��� ��������� �� ���� ���������

%DQN ��� �������� �� �� ���������

7RWDO ��� ��������� �� �� ���������

�1RWH��6RPH�UHVSRQGHQWV�FKRVH�QRW�WR�UHSRUW�JHQGHU�
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�5LQJOH��:HQGH��	�:LOO���������:H�FKRVH�3/6�
EHFDXVH�RI�LWV�DELOLW\�WR�VLPXOWDQHRXVO\�HYDOXDWH�
ERWK� WKH�PHDVXUHPHQW� DQG� VWUXFWXUDO�PRGHOV�
DQG�EHFDXVH�RI�LWV�XVHIXOQHVV�IRU�H[SORUDWRU\�
WKHRU\�EXLOGLQJ� UHVHDUFK� �&KLQ��0DUFROLQ��	�
1HZVWHG��������*HIHQ��6WUDXE��	�%RXGUHDX�HW�
DO����������:H�KDYH�GRFXPHQWHG�RXU�VWHSV�WR�
WHVW�WKH�UHOLDELOLW\�DQG�YDOLGLW\�RI�RXU�PRGHO�LQ�
$SSHQGL[�%��WHVWV�WR�DVVHVV�FRPPRQ�PHWKRGV�
YDULDQFH�DUH�UHSRUWHG�LQ�$SSHQGL[�&��7KH�UH�
VXOWV�RI�DOO�RI�WKHVH�WHVWV�PHW�WKH�VWDQGDUGV�RI�
KLJK�ULJRU�IRU�TXDQWLWDWLYH�,6�UHVHDUFK��6WUDXE�
HW�DO���������

$VVHVVLQJ�WKH�(IIHFWV�
RI�&RQWURO�9DULDEOHV

,Q�WHVWLQJ�RXU�K\SRWKHVHV��ZH�FRQWUROOHG�IRU�WKH�
HIIHFWV� RI� VL[� YDULDEOHV�� VXEVDPSOH�� VFHQDULR�
UHFHLYHG�� UHSRUWHG� UHDOLVP� RI� WKH� VFHQDULR��
JHQGHU��DJH��DQG�ZRUN�H[SHULHQFH��7R�GR�VR��
ZH�IROORZHG�DQ�DSSURDFK�VLPLODU�WR�KLHUDUFKL�
FDO�UHJUHVVLRQ��LQ�ZKLFK�ZH�ILUVW�WHVWHG�D�PRGHO�
FRQVLVWLQJ�RQO\�RI�WKH�FRQWURO�YDULDEOHV�DQG�WKHLU�
HIIHFWV�RQ�LQWHQWLRQ�WR�YLRODWH�,6�VHFXULW\�SROLF\��
&ROOHFWLYHO\��WKH�FRQWURO�YDULDEOHV�H[SODLQHG����
RI�WKH�YDULDQFH�LQ�LQWHQWLRQ��1H[W��ZH�DGGHG�RXU�
WKHRUHWLFDO�FRQVWUXFWV�DQG� WKHLU�HIIHFWV� WR� WKH�
PRGHO��,Q�WKLV�IXOO�PRGHO��H[SODLQHG�YDULDQFH�
LQFUHDVHG� IURP� ��� WR� �����7R� WHVW�ZKHWKHU�
WKLV� LQFUHDVH� ZDV� VLJQLILFDQW�� ZH� SHUIRUPHG�
WKH�IROORZLQJ�DQDO\VLV��)LUVW��WKH�HIIHFW�VL]H�RI�
DGGLQJ�WKH�WKHRUHWLFDO�FRQVWUXFWV�WR�WKH�PRGHO�
ZDV�FDOFXODWHG�DV�I�� ��5�

)XOO�PRGHO�±�5
�
3DUWLDO�0RGHO��

���±�5�
)XOO�0RGHO���&KLQ�HW�DO����������ZKLFK�\LHOGHG�

D�ODUJH�HIIHFW�VL]H�RI������&RKHQ���������1H[W��
WKH� VLJQLILFDQFH� RI� WKLV� FKDQJH� LQ� H[SODLQHG�
YDULDQFH�ZDV�REWDLQHG�E\�FDOFXODWLQJ�D�SVHXGR�
)�WHVW�LQ�ZKLFK�WKH�HIIHFW�VL]H��I���ZDV�PXOWL�
SOLHG�E\��Q���N�������ZKHUH�Q�LV�WKH�VDPSOH�VL]H�
DQG�N�LV�WKH�QXPEHU�RI�LQGHSHQGHQW�YDULDEOHV�
�0DWKLHVRQ�� 3HDFRFN�� 	� &KLQ�� ������� 7KLV�
\LHOGHG�D�VLJQLILFDQW�UHVXOW��)� ��������S����������
LQGLFDWLQJ�WKDW�WKH�WKHRUHWLFDO�YDULDEOHV�H[SODLQ�
VXEVWDQWLDOO\�PRUH�YDULDQFH�LQ�WKH�PRGHO�WKDQ�
GR�WKH�FRQWURO�YDULDEOHV�

,Q�WKH�IXOO�PRGHO��RQO\�UHDOLVP�DQG�JHQGHU�
KDG�VLJQLILFDQW�HIIHFWV��5HDOLVP�KDG�D�SRVLWLYH�

HIIHFW��ZLWK�D�SDWK�FRHIILFLHQW�RI�������ZKLOH�JHQ�
GHU�KDG�D�QHJDWLYH�HIIHFW�RQ�FRPSOLDQFH���������
)RU�UHDOLVP��WKLV�VLJQLILFDQW�HIIHFW�LPSOLHV�WKDW�
WKH�PRUH�UHDOLVWLF�RU�UHODWDEOH�WKDW�UHVSRQGHQWV�
FRQVLGHUHG�WKH�VFHQDULR�WR�EH��WKH�JUHDWHU�WKHLU�
LQWHQWLRQ�WR�EHKDYH�VLPLODUO\�LQ�WKDW�VLWXDWLRQ��
,W�PD\�DOVR�LPSO\�WKDW�WKH�PRUH�LGHQWLILFDWLRQ�
UHVSRQGHQWV� IHOW�ZLWK� WKH� VLWXDWLRQ� GHVFULEHG�
E\� WKH� VFHQDULR�� WKH� JUHDWHU� WKHLU� LQWHQWLRQ��
)RU�JHQGHU��WKH�LWHP�ZDV�FRGHG���IRU�³IHPDOH´�
DQG���IRU�³PDOH�´�7KXV��WKLV�QHJDWLYH�ILQGLQJ�
LPSOLHV�WKDW�PHQ�LQ�WKLV�VDPSOH�ZHUH�OHVV�OLNHO\�
WR�YLRODWH�WKH�LQIRUPDWLRQ�VHFXULW\�SROLF\�WKDQ�
ZHUH�ZRPHQ�

5HVXOWV�RI�7KHRUHWLFDO�
0RGHO�7HVWLQJ

7KH�UHVXOWV�RI�RXU�WKHRUHWLFDO�PRGHO�WHVWLQJ�DUH�
GHSLFWHG�LQ�)LJXUH���

)RU�WKH�ILUVW�WZR�K\SRWKHVHV��IRUPDO�VDQF�
WLRQV�KDG�QR�VLJQLILFDQW�HIIHFW�RQ�LQWHQWLRQ�WR�
YLRODWH� ,6� VHFXULW\�SROLF\��7KXV��+��ZDV�QRW�
VXSSRUWHG��7KH�HIIHFW�RI�LQIRUPDO�VDQFWLRQV�ZDV�
VLJQLILFDQW��DOEHLW�DW� WKH�����DOSKD�OHYHO��)XU�
WKHUPRUH�� WKH�VL]H�RI� WKH�SDWK�FRHIILFLHQW� IRU�
WKLV�HIIHFW�ZDV�������ORZHU�WKDQ�WKH�����WKUHVK�
ROG�IRU�ZKDW�ZRXOG�EH�FRQVLGHUHG�D�PHDQLQJIXO�
FRHIILFLHQW� VL]H� �&KLQ�� ������� 7KHUHIRUH�� DO�
WKRXJK� LQIRUPDO� VDQFWLRQV� KDG� D� VLJQLILFDQW�
HIIHFW�RQ�LQWHQWLRQ��WKLV�HIIHFW�ZDV�LQVXIILFLHQW�
WR�VXSSRUW�+��

,Q� FRQWUDVW� WR� WKH� LQVLJQLILFDQW� HIIHFWV�
RI�VDQFWLRQV��PRUDO�EHOLHIV�KDG�D�VLJQLILFDQW�
QHJDWLYH� HIIHFW� RQ� LQWHQWLRQ�� ZLWK� D� SDWK�
FRHIILFLHQW�RI�������S����������7KXV��+��ZDV�
VXSSRUWHG��6LPLODUO\��SHUFHLYHG�EHQHILWV�KDG�D�
VLJQLILFDQW�SRVLWLYH�HIIHFW�RQ� LQWHQWLRQ��ZLWK�
D�SDWK�FRHIILFLHQW�RI�����S����������WKXV��+��
ZDV�DOVR�VXSSRUWHG�

'LVFXVVLRQ

%DVHG�RQ�WKHVH�UHVXOWV��ZH�QH[W�KLJKOLJKW�VHYHUDO�
ILQGLQJV��)LUVW��ZH�ILQG�WKDW�PRUDO�EHOLHIV�DUH�
DQ�H[FHOOHQW�SUHGLFWRU�RI�LQWHQWLRQ�WR�YLRODWH�,6�
VHFXULW\�SROLFLHV��7KLV�ILQGLQJ�LV�FRQVLVWHQW�ZLWK�
VWXGLHV�LQ�&ULPLQRORJ\��%DFKPDQ�HW�DO���������
(OLV�	�6LPSVRQ��������3DWHUQRVWHU�	�6LPSVRQ��
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�������,Q�WKH�DUHD�RI�,6�VHFXULW\��WKLV�ILQGLQJ�LV�
FRQVLVWHQW�ZLWK�'¶$UF\�HW�DO����������ZKR�IRXQG�
WKDW�PRUDO�FRPPLWPHQW�KDG�D�VLPLODU�QHJDWLYH�
HIIHFW�RQ�,6�PLVXVH�LQWHQWLRQV��������S����������
)XUWKHUPRUH��LQ�,6�VHFXULW\�UHVHDUFK��6LSRQHQ�
������� ������ SRVWXODWHG� WKH� SRVVLEOH� UROH� RI�
PRUDO�EHOLHIV�DV�D�NH\�PRWLYDWLRQDO�IDFWRU�IRU�
HPSOR\HHV�WR�FRPSO\�ZLWK�,6�VHFXULW\�SROLFLHV��
+RZHYHU��WR�RXU�NQRZOHGJH��WKH�FXUUHQW�VWXG\�LV�
WKH�ILUVW�WR�KDYH�HPSLULFDOO\�H[DPLQHG�WKH�UROH�
RI�PRUDO�EHOLHIV�ZLWK�UHVSHFW�WR�HPSOR\HHV¶�LQ�
WHQWLRQDO�YLRODWLRQV�RI�,6�VHFXULW\�SROLFLHV��7KLV�
ILQGLQJ�LPSOLHV�WKDW�LI�HPSOR\HHV�YLHZ�YLROD�
WLRQV�RI�,6�VHFXULW\�SROLFLHV�DV�PRUDOO\�ZURQJ��
WKH\�DUH�XQOLNHO\�WR�FRPPLW�WKHP��VLPLODUO\��LI�
HPSOR\HHV�IHHO�WKDW�LW�LV�PRUDOO\�DFFHSWDEOH�WR�
YLRODWH�WKH�QRUP��WKH\�DUH�PRUH�OLNHO\�WR�GR�VR�

6HFRQG��SHUFHLYHG�EHQHILWV�DOVR�KDG�D�VLJ�
QLILFDQW�SRVLWLYH�HIIHFW�RQ�LQWHQWLRQ��DOWKRXJK�LQ�
WKH�RSSRVLWH�GLUHFWLRQ�WR�PRUDO�EHOLHIV��5DWLRQDO�
&KRLFH�7KHRU\�GHVFULEHV�D�PHQWDO�FDOFXODWLRQ�LQ�
ZKLFK�QRW�RQO\�SRWHQWLDO�VDQFWLRQV�DUH�WDNHQ�LQWR�
DFFRXQW�ZKHQ�FRQVLGHULQJ�DQ�DFW�RI�YLRODWLRQ�EXW�
DOVR�SRWHQWLDO�EHQHILWV��ZKLFK�LQ�RXU�FDVH�ZDV�
VDYLQJ�WLPH��:KLOH�WKH�UROH�RI�SHUFHLYHG�EHQHILWV�
KDV�QRW�EHHQ�VWXGLHG�LQ�WKH�,6�VHFXULW\�OLWHUDWXUH�
WR�RXU�NQRZOHGJH��WKLV�ILQGLQJ�LV�FRQVLVWHQW�ZLWK�

VWXGLHV� LQ� &ULPLQRORJ\� �'XFDQ� HW� DO��� ������
:RRG�HW�DO����������7KLV�ILQGLQJ�VXJJHVWV�WKDW�
LI�HPSOR\HHV�VHH�EHQHILW�LQ�YLRODWLQJ�,6�VHFXULW\�
SROLF\��WKH\�DUH�PRUH�OLNHO\�WR�GR�VR��7KLV�LPSOL�
FDWLRQ�PD\�VHHP�REYLRXV��EXW�LW�LV�LPSRUWDQW�IRU�
PDQDJHUV�WR�WDNH�LQWR�DFFRXQW�SRWHQWLDO�EHQHILWV�
WKDW�PD\�SURPSW�QRQFRPSOLDQFH��)RU�H[DPSOH��
VHFXULW\�PDQDJHUV�PD\�ZLVK�WR�XVH�,6�VHFXULW\�
WUDLQLQJ�WR�DGGUHVV�VDYLQJ�WLPH�DV�D�SHUFHLYHG�
UDWLRQDOL]DWLRQ�IRU�SROLF\�YLRODWLRQV�

7KLUG��WKH�HIIHFW�RI�IRUPDO�VDQFWLRQV�ZDV�QRW�
VXSSRUWHG��:KLOH�WKH�UHVXOWV�DUH�FRQVLVWHQW�ZLWK�
WKH�5&7�RI�3DWHUQRVWHU�DQG�6LPSVRQ���������
WKH�UHVHDUFK�ILQGLQJV�UHJDUGLQJ�VDQFWLRQV�LQ�WKH�
ILHOG�RI�,6�DUH�PL[HG��)RU�H[DPSOH��'¶$UF\�HW�
DO���������IRXQG�WKDW�RQO\�WKH�VHYHULW\�RI�IRUPDO�
VDQFWLRQV�HIIHFWLYHO\� UHGXFHG�,6�PLVXVH��+X��
;X��'LQHY��DQG�/LQJ��������IRXQG�WKDW�IRUPDO�
VDQFWLRQV�KDG�OLWWOH�LPSDFW�RQ�HPSOR\HH�LQWHQ�
WLRQV�WR�FRPPLW�FRPSXWHU�RIIHQVHV��)LQDOO\��WKH�
HIIHFW�RI�LQIRUPDO�VDQFWLRQV�ZDV�QRW�VXSSRUWHG��
WKRXJK�D�VPDOO��VRPHZKDW�VLJQLILFDQW�HIIHFW��S�
�������ZDV�GHWHFWHG�

7KHVH�UHVXOWV�PD\�LPSO\�WKDW�IRUPDO�VDQF�
WLRQV��VXFK�DV�SHQDOWLHV��DQG�LQIRUPDO�VDQFWLRQV�
�VXFK�DV�ORVW�UHVSHFW�LQ�WKH�H\HV�RI�PDQDJHPHQW�
DQG�FR�ZRUNHUV��GR�QRW�ZRUN�DV�GHWHUUHQWV�LQ�

)LJXUH����5HVHDUFK�PRGHO�VKRZLQJ�UHVXOWV�RI�3/6�DQDO\VLV��1�6�� �QRQ�VLJQLILFDQW��S��������
S�������

Control Vaniables 

! 
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Security Foicy 
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WKH�FRQWH[W�RI�HPSOR\HHV¶�FRPSOLDQFH�ZLWK�,6�
VHFXULW\�SURFHGXUHV��2QH�LQWHUSUHWDWLRQ�RI�WKH�
ILQGLQJV� UHJDUGLQJ� LQIRUPDO� VDQFWLRQV� LV� WKDW�
HPSOR\HHV�GR�QRW�FDUH�DERXW�SHQDOWLHV�DQG�WKH�
ORVV�RI�UHVSHFW�DVVRFLDWHG�ZLWK�VHFXULW\�SROLF\�
YLRODWLRQV��2QH�UHDVRQ�IRU�WKLV�PD\�EH�WKDW�WKH\�
SHUFHLYH�SHQDOWLHV�DQG�ODFN�RI�UHVSHFW�WR�EH�PLQRU�
LVVXHV��$QRWKHU�SRVVLELOLW\� LV� WR� LQWHUSUHW� WKH�
UHVXOWV�DV�YLHZHG�WKURXJK�.RKOEHUJ¶V�&RJQLWLYH�
7KHRU\�RI�0RUDO�'HYHORSPHQW��.RKOEHUJ��������
�������ZKLFK�VXJJHVWV�WKDW�RQO\�SHRSOH�ZKR�DUH�
LQ�WKH�LQLWLDO�VWDJHV�RI�PRUDO�GHYHORSPHQW�DUH�
LQIOXHQFHG�E\�VDQFWLRQV�

,PSOLFDWLRQV�IRU�3UDFWLFH

2XU�ILQGLQJV�VXJJHVW�WKDW�RUJDQL]DWLRQV�VKRXOG�
SXUVXH�RWKHU�PHDQV�RI�GLVFRXUDJLQJ�,6�VHFXULW\�
SROLF\�YLRODWLRQV�EHVLGHV�IRUPDO�VDQFWLRQV��)RU�
PDO�VDQFWLRQV�VHUYH�DQ�LPSRUWDQW�UROH�LQ�WKDW�WKH\�
³SURYLGH�DQ�LPSRUWDQW�OHJDO�IRXQGDWLRQ�DOORZLQJ�
RUJDQL]DWLRQV� WR� WDNH� FOHDUO\� GHILQHG� DFWLRQV�
DJDLQVW�WKRVH�ZKR�YLRODWH�SROLF\´��6LSRQHQ�	�
9DQFH��������S��������+RZHYHU��RXU�ILQGLQJV�
LQGLFDWH�WKDW�IRUPDO�VDQFWLRQV�PD\�QRW�DOZD\V�EH�
HIIHFWLYH�LQ�GHWHUULQJ�SROLF\�YLRODWLRQV��7KXV��LQ�
DGGLWLRQ�WR�IRUPDO�VDQFWLRQV��VHFXULW\�PDQDJHUV�
VKRXOG�HQJDJH�LQ�SRVLWLYH�PHDQV�RI�HQIRUFHPHQW��
,Q�SUDFWLFH��WKLV�PHDQV�WKDW�RUJDQL]DWLRQV�VKRXOG�
DUUDQJH�,6�VHFXULW\�WUDLQLQJ�VHVVLRQV�LQ�ZKLFK�
WKH�,6�VHFXULW\�HGXFDWRU�DWWHPSWV�WR�SHUVXDGH�
RUJDQL]DWLRQDO�PHPEHUV� WKDW� WKH�YLRODWLRQ�RI�
,6�VHFXULW\�SROLFLHV�LV�PRUDOO\�ZURQJ�DQG�WKDW�
FRPSOLDQFH�ZLWK� SROLFLHV� LV�PRUDOO\� FRUUHFW��
+RZHYHU��LW�LV�LPSRUWDQW�WR�QRWH�KHUH�WKDW�VXFK�
D� VWUDWHJ\� UHTXLUHV� WKDW� WKH�RUJDQL]DWLRQ¶V� ,6�
VHFXULW\�DFWLYLWLHV�FDQ�ZLWKVWDQG�PRUDO�VFUXWLQ\�
�6LSRQHQ��������

:LWK�UHVSHFW�WR�WKH�SHUFHLYHG�EHQHILWV�RI�
YLRODWLQJ�,6�VHFXULW\�SROLFLHV��ZH�VXJJHVW�WKDW�
WRS�PDQDJHPHQW�DQG�VXSHUYLVRUV�FRPPXQLFDWH�
D� FOHDU� DQG� FRQVLVWHQW� PHVVDJH� VWDWLQJ� WKDW�
VDYLQJ�ZRUN� WLPH�GRHV� QRW� MXVWLI\� YLRODWLQJ�
,6�VHFXULW\�SROLFLHV�DQG�WKDW�DGKHUHQFH�WR�,6�
VHFXULW\�SROLFLHV�LV�LQWHJUDO�WR�HPSOR\HH�MRE�
GHVFULSWLRQV�DQG�UHVSRQVLELOLWLHV�

,PSOLFDWLRQV�IRU�5HVHDUFK

3UHYLRXV�VWXGLHV�LQ�PRUDO�GHYHORSPHQW�OLWHUD�
WXUH�VXJJHVW�WKDW�SHRSOH�FDQ�JUDGXDOO\�FKDQJH�
WKHLU�PRUDO�MXGJPHQW�WKURXJK�ZHOO�GHVLJQHG�
PRUDO�HGXFDWLRQ�DQG�DUJXPHQWDWLRQ��.RKOEHUJ��
�������:LWK�WKLV�EDFNGURS��DQG�NHHSLQJ�LQ�PLQG�
RXU�ILQGLQJ�WKDW�PRUDO�EHOLHIV�KDYH�D�VLJQLILFDQW�
HIIHFW�RQ�LQWHQWLRQ�WR�YLRODWH�,6�VHFXULW\�SROLF\��
WKH�NH\�DYHQXH�IRU�IXWXUH�UHVHDUFK�LV�WR�VWXG\�
WKH�HIIHFW�RI�FDUHIXOO\�GHVLJQHG�PRUDO�SHUVXD�
VLRQ� WHFKQLTXHV� RQ� HPSOR\HHV¶� FRPSOLDQFH�
ZLWK�,6�VHFXULW\�SROLFLHV��$�QXPEHU�RI�VWUDWH�
JLHV�PD\�EH�SXUVXHG�LQ�VXFK�DQ�HGXFDWLRQDO�
SURJUDP��2QH�LV� WKH�.RKOEHUJ�%ODWW�PHWKRG�
RI�LQGXFLQJ�FRJQLWLYH�FRQIOLFW��&UDLQ���������
$QRWKHU�PHWKRG�IDYRUHG�E\�.RKOEHUJ��������
LV� UROH�WDNLQJ� RSSRUWXQLWLHV�� ZKLFK� UHIHU� WR�
RSSRUWXQLWLHV�WR�FRQVLGHU�RWKHUV¶�YLHZSRLQWV��
,Q�WKH�,6�VHFXULW\�SROLF\�FRPSOLDQFH�FRQWH[W��
FRQVLGHULQJ�RWKHUV¶�YLHZSRLQWV�FRXOG�HQFRXU�
DJH�GLVFXVVLRQ�UHJDUGLQJ�WKH�FRQVHTXHQFHV�RI�
QRQFRPSOLDQFH�ZLWK�,6�VHFXULW\�SROLFLHV�IRU�
PHPEHUV�RI�WKH�RUJDQL]DWLRQ�DQG�WKH�RUJDQL]D�
WLRQ�DV�D�ZKROH�

6XFK� HGXFDWLRQDO� LQWHUYHQWLRQV� FDQ� EH�
PHDVXUHG� E\� WUDGLWLRQDO� SUH�� DQG� SRVW�WHVWV�
ZLWK� VHOI�UHSRUWV� RU� REMHFWLYH�PHDVXUHV��7KH�
SUHWHVW� PHDVXUHPHQW� SURYLGHV� WKH� EDVHOLQH�
IRU�HPSOR\HH�DWWLWXGHV�EHIRUH�WKH�,6�VHFXULW\�
WUDLQLQJ��7KH�SRVW�WHVW�LV�DGPLQLVWHUHG�DIWHU�WKH�
,6�VHFXULW\�WUDLQLQJ�VHVVLRQV�LQ�RUGHU�WR�VHH�WKH�
HIIHFW�RQ�HPSOR\HHV¶�DWWLWXGHV�DERXW�WKH�PRUDO�
GLVFXVVLRQ�SURYLGHG�E\�WKH�,6�VHFXULW\�WUDLQLQJ��
7KH�SUHWHVW�SRVW�WHVW�GHVLJQ�FDQ�DOVR�EH�XVHG�LQ�
WKH�FDVH�RI�HPSOR\HHV�ZKR�GR�QRW�KDYH�VXIILFLHQW�
NQRZOHGJH�WR�VXFFHVVIXOO\�DQVZHU�WKH�SUHWHVW�
EHIRUH� WKH� HGXFDWLRQDO� LQWHUYHQWLRQ�� �)RU� LQ�
VWDQFH��HPSOR\HHV�PD\�QRW�XQGHUVWDQG�D�SUHWHVW�
TXHVWLRQ�OLNH��³'R�\RX�XVH�HPDLO�HQFU\SWLRQ�WR�
HQFU\SW�FRQILGHQWLDO�HPDLO�PHVVDJHV"´�RU�PD\�
FRQIXVH�LW�ZLWK�WKH�FRQFHSW�RI�HQFU\SWLRQ�RI�D�
UHPRWH�ORJLQ�FRQQHFWLRQ��$V�D�UHVXOW��WKH\�PD\�
SURYLGH�LQFRUUHFW�LQIRUPDWLRQ�LQ�WKH�SUHWHVW���,Q�
DGGLWLRQ��H[SHULPHQWV�ZLWK�FRQWURO�JURXSV�DUH�
HVSHFLDOO\�ZHOFRPH��*UHHQEHUJ��������
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6LPLODUO\��SUH��DQG�SRVW�WHVWV�DUH�QHHGHG�
WR� VWXG\� KRZ� RUJDQL]DWLRQV� FDQ� RYHUFRPH�
HPSOR\HHV¶�SHUFHSWLRQV�RI�EHQHILWV�IRU�YLRODW�
LQJ�,6�VHFXULW\�SROLFLHV��%DVHG�RQ�UHVHDUFK�LQ�
RWKHU� ILHOGV� �*UHHQEHUJ�� ������� ZH� VXJJHVW�
WKH�LPSOHPHQWDWLRQ�RI�FDUHIXOO\�GHVLJQHG�,6�
VHFXULW\�WUDLQLQJ�VHVVLRQV�LQ�ZKLFK�HGXFDWRUV�
SURYLGH� SHUVXDVLYH� PHVVDJHV� DUJXLQJ� WKDW�
VDYLQJ�WLPH�GRHV�QRW�MXVWLI\�YLRODWLRQV�RI�,6�
VHFXULW\�SROLFLHV�

/LPLWDWLRQV

,W�LV�LPSRUWDQW�WR�FRQVLGHU�WZR�SULQFLSDO�OLPLWD�
WLRQV�RI�WKLV�VWXG\��)LUVW��DV�LV�WKH�FDVH�ZLWK�PRVW�
,6�UHVHDUFK��GDWD�ZHUH�FROOHFWHG�IURP�ZLWKLQ�D�
VLQJOH�FRXQWU\��,W�PD\�EH�SRVVLEOH�WKDW�WKH�UHVXOWV�
RI�WKLV�VWXG\�ZLOO�QRW�JHQHUDOL]H�WR�RWKHU�FRXQWULHV�
DQG�FXOWXUHV��$�QHHGHG�DYHQXH�RI�IXWXUH�UHVHDUFK�
LV�WR�H[DPLQH�WKH�HIIHFWV�RI�VDQFWLRQV��EHQHILWV��
DQG�PRUDO�EHOLHIV�DFURVV�FXOWXUHV�

$QRWKHU� OLPLWDWLRQ� RI� WKH� VWXG\� LV� WKH�
H[DPLQDWLRQ�RI�LQWHQWLRQ�UDWKHU�WKDQ�DFWXDO�EH�
KDYLRU��,W�LV�SRVVLEOH�WKDW�UHVSRQGHQWV¶�UHSRUWHG�
LQWHQWLRQV�GLIIHU� IURP� WKHLU� DFWXDO�EHKDYLRUV��
+RZHYHU��WZR�FRQVLGHUDWLRQV�KHOS�WR�PLWLJDWH�
WKLV� OLPLWDWLRQ��)LUVW�� WKH� LQIRUPDWLRQDO�YDOXH�
RI�UHSRUWHG�LQWHQWLRQ�LV�QRW�WLHG�RQO\�WR�LWV�XVH�
DV�D�SUR[\�IRU�DFWXDO�EHKDYLRU��5DWKHU��LQ�WKH�
FRQWH[W�RI�VFHQDULR�VWXGLHV��UHSRUWHG�LQWHQWLRQ�
LV�LQGLFDWLYH�RI�³D�PRWLYDWLRQDO�VWDWH�WKDW�H[LVWV�
MXVW�SULRU�WR�WKH�FRPPLVVLRQ�RI�DQ�DFW��:H�WKLQN�
RI�LW�DV�D�PHDVXUHG�UHIOHFWLRQ�RI�D�SUHGLVSRVLWLRQ�
WR�FRPPLW�>DQ�DFW@´��3DWHUQRVWHU�	�6LPSVRQ��
������ S�� ������ 7KXV�� UHSRUWHG� LQWHQWLRQ� LV� D�
PHDVXUH�RI�SUHGLVSRVLWLRQ�WR�YLRODWH�,6�VHFXULW\�
SROLFLHV��PDNLQJ�LW�ZHOO�VXLWHG�DV�D�PHDVXUH�RI�
SURVSHFWLYH�EHKDYLRU�

6HFRQG��D�ODUJH�QXPEHU�RI�VWXGLHV�LQ�WKH�
VRFLDO�VFLHQFHV�KDYH�IRXQG�WKDW�UHSRUWHG�LQWHQ�
WLRQV�GR�FRUUHODWH�VWURQJO\�ZLWK�DFWXDO�EHKDYLRU�
�$OEDUUDFLQ��-RKQVRQ��)LVKEHLQ��	�0XHOOHUOHLOH��
������ 1RWDQL�� ������ 6XWWRQ�� ������� :LWKLQ�
WKH� ILHOG�RI�&ULPLQRORJ\�� UHSRUWHG� LQWHQWLRQV�
WR�RIIHQG�KDYH�EHHQ�IRXQG�WR�FRUUHODWH�KLJKO\�
ZLWK�SDVW�RIIHQVHV��*UDVPLFN�	�%XULVN��������

1DJLQ�	�3DWHUQRVWHU���������DFWXDO�RIIHQVHV�LQ�
WKH�IXWXUH��%HFN�	�$M]HQ��������*UHHQ��������
0XUUD\� 	� (ULFNVRQ�� ������� DQG� FRQFXUUHQW�
RIIHQGLQJ� EHKDYLRU� �3RJDUVN\�� ������� 7KXV��
VWURQJ�HPSLULFDO�VXSSRUW�H[LVWV�WKDW�YDOLGDWHV�WKH�
LQWHQWLRQ�PHDVXUH�DV�D�XVHIXO�VXUURJDWH�PHDVXUH�
RI�DFWXDO�EHKDYLRU��1HYHUWKHOHVV��WKLV�OLPLWDWLRQ�
VKRXOG�EH�NHSW�LQ�PLQG�ZKHQ�LQWHUSUHWLQJ�WKH�
UHVXOWV�RI�WKLV�VWXG\�

&21&/86,21

:KLOH�HPSOR\HHV¶�FRPSOLDQFH�ZLWK�,6�VHFXULW\�
SROLFLHV� LV� UHSRUWHG� WR� EH� D� NH\� FRQFHUQ� IRU�
RUJDQL]DWLRQV�� OLWWOH� HPSLULFDO� UHVHDUFK� KDV�
GHYRWHG�DWWHQWLRQ�WR�WKLV�FRQFHUQ��7R�DGGUHVV�
D�UHODWHG�SUREOHP��QDPHO\�FRPSXWHU�DEXVH��,6�
VFKRODUV�KDYH�DSSOLHG�XWLOLWDULDQ�EDVHG�GHWHU�
UHQFH�DSSURDFKHV�WKDW�IRFXV�RQ�IRUPDO�VDQFWLRQV��
,Q�FRPSDULVRQ��LQIRUPDO�VDQFWLRQV��SHUFHLYHG�
EHQHILWV��DQG�PRUDO�HYDOXDWLRQV�KDYH�UHFHLYHG�
OHVV�RU�QR�DWWHQWLRQ�IURP�,6�VHFXULW\�VFKRODUV��$V�
UHFHQW�VWXGLHV�LQ�&ULPLQRORJ\�KDYH�KLJKOLJKWHG�
WKH�UROH�RI�PRUDO�EHOLHIV�RYHU�IRUPDO�VDQFWLRQV��
LW�LV�LPSRUWDQW�WR�VWXG\�WKH�UROH�RI�PRUDO�EHOLHIV�
DQG�EHQHILWV�ZLWK�UHVSHFW�WR�HPSOR\HHV¶�DGKHU�
HQFH�WR�,6�VHFXULW\�SROLFLHV��7R�ILOO�WKLV�JDS�LQ�
WKH�UHVHDUFK��ZH�KDYH�WHVWHG�D�PRGHO�EDVHG�RQ�
5&7��ZKLFK�FDQ�EH�VHHQ�DV�DQ�H[WHQVLRQ�RI�GHWHU�
UHQFH�WKHRU\��,W�H[SODLQV�LQGLYLGXDOV¶�GHFLVLRQV�
WR�EUHDN�QRUPV�DV�EHLQJ�XWLOLWDULDQ�FDOFXODWLRQV�
EDVHG�RQ�SHUFHLYHG�EHQHILWV��PRUDO�EHOLHIV��DQG�
IRUPDO�DQG�LQIRUPDO�VDQFWLRQV��7KH�UHVXOWV�RI�
RXU�WHVWV�PDLQO\�VXSSRUW�RXU�PRGHO��VXJJHVW�
LQJ�WKDW�SHUFHLYHG�EHQHILWV�KDYH�D�VXEVWDQWLDO�
LPSDFW�RQ�HPSOR\HHV¶�QRQFRPSOLDQFH�ZLWK�,6�
VHFXULW\�SROLFLHV��,Q�WXUQ��PRUDO�EHOLHIV�DOVR�KDYH�
D�VXEVWDQWLDO�HIIHFW��7KH�SUDFWLFDO�LPSOLFDWLRQV�
RI�RXU�VWXG\�VXJJHVW�WKDW�RUJDQL]DWLRQV�VKRXOG�
IRFXV�RQ�,6�VHFXULW\�DZDUHQHVV�DFWLYLWLHV�WKDW�
DGGUHVV�PRUDO�EHOLHIV�DQG�SHUFHLYHG�EHQHILWV�
RI� QRQFRPSOLDQFH�� )LQDOO\�� IXWXUH� UHVHDUFK�
VKRXOG� HPSOR\� H[SHULPHQWV� DQG� VXUYH\V� WR�
VWXG\�WKH�HIIHFW�RI�,6�VHFXULW\�WUDLQLQJ�VHVVLRQV�
DQG�FDPSDLJQV�
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5()(5(1&(6

$OEDUUDFLQ��'���-RKQVRQ��%���)LVKEHLQ��0���	�0XHO�
OHUOHLOH��3����������7KHRULHV�RI�UHDVRQHG�DFWLRQ�DQG�
SODQQHG�EHKDYLRU�DV�PRGHOV�RI�FRQGRP�XVH��$�PHWD�
DQDO\VLV��3V\FKRORJLFDO�%XOOHWLQ�������������±�����
GRL����������������������������

$\WHV��.���	�&RQQROO\��7�� �������$XJXVW� �±����$�
UHVHDUFK�PRGHO� IRU� LQYHVWLJDWLQJ� KXPDQ� EHKDYLRU�
UHODWHG�WR�FRPSXWHU�VHFXULW\��,Q�3URFHHGLQJV�RI�WKH�
�����$PHULFDQ�&RQIHUHQFH�RQ�,QIRUPDWLRQ�6\VWHPV��
7DPSD��)/�

$\WHV�� .��� 	� &RQQROO\�� 7�� �������� &RPSXWHU� VH�
FXULW\� DQG� ULVN\� FRPSXWLQJ� SUDFWLFHV�� $� UDWLRQDO�
FKRLFH�SHUVSHFWLYH��-RXUQDO�RI�2UJDQL]DWLRQDO�DQG�
(QG�8VHU�&RPSXWLQJ�����������±����GRL���������
MRHXF�����������

%DFKPDQ��5���3DWHUQRVWHU��5���	�:DUG��6����������
7KH� UDWLRQDOLW\� RI� VH[XDO� RIIHQGLQJ�� 7HVWLQJ� D�
GHWHUUHQFH�UDWLRQDO� FKRLFH� FRQFHSWLRQ� RI� VH[XDO�
DVVDXOW�� /DZ� 	� 6RFLHW\� 5HYLHZ�� ������� ���±�����
GRL����������������

%DQHUMHH��'���&URQDQ��7��3���	�-RQHV��7��:����������
0RGHOLQJ� ,7� HWKLFV��$� VWXG\� LQ� VLWXDWLRQDO� HWKLFV��
0DQDJHPHQW�,QIRUPDWLRQ�6\VWHPV�4XDUWHUO\���������
��±����GRL���������������

%HFN�� /��� 	�$M]HQ�� ,�� �������� 3UHGLFWLQJ� GLVKRQ�
HVW� DFWLRQV� XVLQJ� WKH� WKHRU\� RI� SODQQHG� EHKDYLRU��
-RXUQDO�RI�5HVHDUFK� LQ�3HUVRQDOLW\���������±�����
GRL����������������������������+

%HFNHU��*��6����������&ULPH�DQG�SXQLVKPHQW��$Q�HFR�
QRPLF�DSSURDFK��7KH�-RXUQDO�RI�3ROLWLFDO�(FRQRP\��
�������±�����GRL���������������

%HFNHU�� 5��� 	� 0HKONRS�� *�� �������� 6RFLDO� FODVV�
DQG�GHOLQTXHQF\��$Q�HPSLULFDO�XWLOL]DWLRQ�RI�UDWLR�
QDO�FKRLFH� WKHRU\�ZLWK�FURVV�VHFWLRQDO�GDWD�RI� WKH�
�����DQG������*HUPDQ�JHQHUDO�SRSXODWLRQ�VXUYH\V�
�$//%86���5DWLRQDOLW\�DQG�6RFLHW\������������±�����
GRL�������������������������

%RXGUHDX��0���*HIHQ��'���	�6WUDXE��'��:����������
9DOLGDWLRQ�LQ�LQIRUPDWLRQ�V\VWHPV�UHVHDUFK��$�VWDWH�
RI�WKH�DUW�DVVHVVPHQW��0DQDJHPHQW�,QIRUPDWLRQ�6\V�
WHPV�4XDUWHUO\����������±����GRL����������������

%XOJXUFX��%���&DYXVRJOX��+���	�%HQEDVDW��,����������
,QIRUPDWLRQ�VHFXULW\�SROLF\�FRPSOLDQFH��$Q�HPSLUL�
FDO�VWXG\�RI�UDWLRQDOLW\�EDVHG�EHOLHIV�DQG�LQIRUPD�
WLRQ�VHFXULW\�DZDUHQHVV��0DQDJHPHQW�,QIRUPDWLRQ�
6\VWHPV�4XDUWHUO\������������±����

&DR��/����������0DMRU�FULPLQRORJLFDO�WKHRULHV��&RQ�
FHSWV�DQG�PHDVXUHPHQW��%HOPRQW��&$��:DGVZRUWK�

&KDQ��0���:RRQ��,���	�.DQNDQKDOOL��$����������3HU�
FHSWLRQV�RI�LQIRUPDWLRQ�VHFXULW\�LQ�WKH�ZRUNSODFH��
/LQNLQJ�LQIRUPDWLRQ�VHFXULW\�FOLPDWH�WR�FRPSOLDQW�
EHKDYLRU��-RXUQDO�RI� ,QIRUPDWLRQ�3ULYDF\�DQG�6H�
FXULW\����������±���

&KLQ��:����������,VVXHV�DQG�RSLQLRQV�RQ�VWUXFWXUDO�
HTXDWLRQ�PRGHOLQJ��0DQDJHPHQW�,QIRUPDWLRQ�6\V�
WHPV�4XDUWHUO\���������YLL±[YL�

&KLQ��:���0DUFROLQ��%���	�1HZVWHG��3�� ��������$�
3DUWLDO�/HDVW�6TXDUHV�ODWHQW�YDULDEOH�PRGHOLQJ�DS�
SURDFK� IRU� PHDVXULQJ� LQWHUDFWLRQ� HIIHFWV�� 5HVXOWV�
IURP�D�0RQWH�&DUOR�VLPXODWLRQ�VWXG\�DQG�DQ�HOHF�
WURQLF� PDLO� HPRWLRQ�DGRSWLRQ� VWXG\�� ,QIRUPDWLRQ�
6\VWHPV� 5HVHDUFK�� ������� ���±����� GRL���������
LVUH���������������

&RKHQ��-����������6WDWLVWLFDO�SRZHU�DQDO\VLV�IRU�WKH�
EHKDYLRUDO�VFLHQFHV���QG�HG����+LOOVGDOH��1-��(UOEDXP�

&RRN��7��'���	�&DPSEHOO��'��7����������4XDVL�H[�
SHULPHQWDWLRQ��'HVLJQ�DQG�DQDO\WLFDO�LVVXHV�IRU�ILHOG�
VHWWLQJV��&KLFDJR��,/��5DQG�0F1DOO\�

&RUQLVK��'���	�&ODUNH��5��9����������,QWURGXFWLRQ���
,Q�&RUQLVK��'���	�&ODUNH��5���(GV����7KH�UHDVRQLQJ�
FULPLQDO��SS���±�����1HZ�<RUN��1<��6SULQJHU�9HUODJ�

&UDLQ��:�� ��������7KHRULHV�RI�GHYHORSPHQW��&RQ�
FHSWV� DQG� DSSOLFDWLRQV�� 8SSHU� 6DGGOH� 5LYHU�� 1-��
3UHQWLFH�+DOO�

'¶$UF\�� -��� +RYDY��$��� 	� *DOOHWWD�� '�� )�� ��������
8VHU�DZDUHQHVV�RI�VHFXULW\�FRXQWHUPHDVXUHV�DQG�LWV�
LPSDFW�RQ�LQIRUPDWLRQ�V\VWHPV�PLVXVH��$�GHWHUUHQFH�
DSSURDFK�� ,QIRUPDWLRQ� 6\VWHPV� 5HVHDUFK�� �������
��±����GRL���������LVUH����������

'XFDQ�� /��� /DIUHH�� *��� 	� 3LTXHUR��$�� 5�� ��������
7HVWLQJ�D�UDWLRQDO�FKRLFH�PRGHO�RI�DLUOLQH�KLMDFNLQJV��
&ULPLQRORJ\�������������±������GRL���������M������
����������������[

(OLV��/��$���	�6LPSVRQ��6����������,QIRUPDO�VDQFWLRQ�
WKUHDWV�DQG�FRUSRUDWH�FULPH��$GGLWLYH�YHUVXV�PXOWL�
SOLFDWLYH�PRGHOV��-RXUQDO�RI�5HVHDUFK�LQ�&ULPH�DQG�
'HOLQTXHQF\������������±����

(UQVW�	�<RXQJ����������(UQVW�	�<RXQJ¶V������JOREDO�
LQIRUPDWLRQ�VHFXULW\�VXUYH\��/RQGRQ��8.��$XWKRU�

)RUQHOO��&���	�/DUFNHU��'����������(YDOXDWLQJ�VWUXF�
WXUDO�HTXDWLRQ�PRGHOV�ZLWK�XQREVHUYDEOH�YDULDEOHV�
DQG�PHDVXUHPHQW�HUURU��-05��-RXUQDO�RI�0DUNHWLQJ�
5HVHDUFK�����������±����GRL����������������

*HIHQ��'���	�6WUDXE��'��:����������$�SUDFWLFDO�JXLGH�
WR�IDFWRULDO�YDOLGLW\�XVLQJ�3/6�JUDSK��7XWRULDO�DQG�
DQQRWDWHG� H[DPSOH�� &RPPXQLFDWLRQV� RI� WKH� $,6��
���������±����
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*HIHQ��'���6WUDXE��'��:���	�%RXGUHDX��0��&����������
6WUXFWXUDO�HTXDWLRQ�PRGHOLQJ�DQG�UHJUHVVLRQ��*XLGH�
OLQHV�IRU�UHVHDUFK�SUDFWLFH��&RPPXQLFDWLRQV�RI�WKH�
$,6���������±���

*UDVPLFN��+��*���	�%U\MDN��*��-����������7KH�GHWHUUHQW�
HIIHFW�RI�SHUFHLYHG�VHYHULW\�RI�SXQLVKPHQW��6RFLDO�
)RUFHV������������±����

*UDVPLFN��+��*���	�%XUVLN��5����������&RQVFLHQFH��
VLJQLILFDQW� RWKHUV�� DQG� UDWLRQDO� FKRLFH��([WHQGLQJ�
WKH�GHWHUUHQFH�PRGHO��/DZ�	�6RFLHW\�5HYLHZ���������
���±�����GRL����������������

*UHHQ��'��(����������0HDVXUHV�RI�LOOHJDO�EHKDYLRU�
LQ�LQGLYLGXDO�OHYHO�GHWHUUHQFH�UHVHDUFK��-RXUQDO�RI�
5HVHDUFK�LQ�&ULPH�DQG�'HOLQTXHQF\������������±�����
GRL����������������������������

*UHHQEHUJ��-����������(PSOR\HH�WKHIW�DV�D�UHDFWLRQ�WR�
XQGHUSD\PHQW�LQHTXLW\��7KH�KLGGHQ�FRVW�RI�SD\�FXWV��
7KH�-RXUQDO�RI�$SSOLHG�3V\FKRORJ\������������±�����
GRL���������������������������

+DJHQ�� -�� �������� +XPDQ� UHODWLRQVKLSV��$� QHYHU�
HQGLQJ�VHFXULW\�HGXFDWLRQ�FKDOOHQJH"�,(((�6HFXULW\�
	�3ULYDF\����������±����GRL���������063��������

+DUH��5��0����������0RUDO�WKLQNLQJ��,WV�OHYHOV��PHWK�
RGV�DQG�SRLQW��2[IRUG��8.��&ODUHQGRQ�

+DUULQJWRQ�� 6�� -�� �������� 7KH� HIIHFW� RI� FRGHV� RI�
HWKLFV�DQG�SHUVRQDO�GHQLDO�RI�UHVSRQVLELOLW\�RQ�FRP�
SXWHU�DEXVH�MXGJPHQWV�DQG�LQWHQWLRQV��0DQDJHPHQW�
,QIRUPDWLRQ� 6\VWHPV� 4XDUWHUO\�� ������� ���±�����
GRL���������������

+HUDWK��7���	�5DR��+��5�������D���3URWHFWLRQ�PRWLYD�
WLRQ�DQG�GHWHUUHQFH��$�IUDPHZRUN�IRU�VHFXULW\�SROLF\�
FRPSOLDQFH�LQ�RUJDQL]DWLRQV��(XURSHDQ�-RXUQDO�RI�
,QIRUPDWLRQ� 6\VWHPV�� ���� ���±����� GRL���������
HMLV�������

+HUDWK��7���	�5DR��+��5�������E���(QFRXUDJLQJ�LQ�
IRUPDWLRQ�VHFXULW\�EHKDYLRUV�LQ�RUJDQL]DWLRQV��5ROH�
RI�SHQDOWLHV��SUHVVXUHV�DQG�SHUFHLYHG�HIIHFWLYHQHVV��
'HFLVLRQ�6XSSRUW�6\VWHPV��������±�����GRL���������M�
GVV������������

+X��4���;X��=���'LQHY��7���	�/LQJ��+����������7KH�
FHQWUDOLW\�RI�ORZ�VHOI�FRQWURO�LQ�LQWHUQDO�FRPSXWHU�
RIIHQVHV��,Q�%��0RO\QHX[��(G����3URFHHGLQJV�RI�WKH�
'HZDOG�5RRGH�,QIRUPDWLRQ�6HFXULW\�:RUNVKRS�������
:DOWKDP��0$��SS�����������

.OHSSHU�� 6��� 	� 1DJLQ�� '�� �������� 7KH� GHWHUUHQW�
HIIHFW�RI�SHUFHLYHG�FHUWDLQW\� DQG� VHYHULW\�RI�SXQ�
LVKPHQW� UHYLVLWHG�� &ULPLQRORJ\�� ������� ���±�����
GRL���������M����������������WE������[

.RKOEHUJ��/����������0RUDO�VWDJHV�DQG�PRUDOL]DWLRQ��
7KH�FRJQLWLYH�GHYHORSPHQWDO�DSSURDFK���,Q�/LFNRQD��
7���(G����0RUDO�'HYHORSPHQW�DQG�%HKDYLRU��7KHRU\��
UHVHDUFK��DQG�VRFLDO�LVVXHV��SS����±�����1HZ�<RUN��
1<��+ROW��5LQHKDUW�DQG�:LQVWRQ�

.RKOEHUJ��/����������7KH�SV\FKRORJ\�RI�PRUDO�GH�
YHORSPHQW��1HZ�<RUN��1<��+DUSHU�	�5RZ�

.RWXOLF��$��*���	�&ODUN��-��*����������:K\�WKHUH�DUHQ¶W�
PRUH�LQIRUPDWLRQ�VHFXULW\�UHVHDUFK�VWXGLHV��,QIRUPD�
WLRQ�	�0DQDJHPHQW������ ���±����� GRL���������M�
LP������������

.ULSSHQGRUII�� .�� �������� &RQWHQW� DQDO\VLV�� $Q�
LQWURGXFWLRQ� WR� LWV� PHWKRGRORJ\�� 7KRXVDQG�2DNV��
&$��6DJH�

/DIOHXU��/��0����������7UDLQLQJ�DV�SDUW�RI�D�VHFXULW\�
DZDUHQHVV�SURJUDP��&RPSXWHU�&RQWURO�4XDUWHUO\��
��������±���

/HH��6��0���/HH��6��*���	�<RR��6����������$Q�LQWH�
JUDWLYH�PRGHO�RI� FRPSXWHU� DEXVH�EDVHG�RQ� VRFLDO�
FRQWURO�DQG�JHQHUDO�GHWHUUHQFH�WKHRULHV��,QIRUPDWLRQ�
	� 0DQDJHPHQW�� ������� ���±����� GRL���������M�
LP������������

/LPD\HP��0���	�+LUW��6��*����������)RUFH�RI�KDELW�
DQG�LQIRUPDWLRQ�V\VWHPV�XVDJH��7KHRU\�DQG�LQLWLDO�
YDOLGDWLRQ��-RXUQDO�RI�WKH�$,6����������±���

0DOKRWUD��1���.LP�� 6���	� 3DWLO��$�� ��������&RP�
PRQ�PHWKRG�YDULDQFH�LQ�,6�UHVHDUFK��$�FRPSDULVRQ�
RI�DOWHUQDWLYH�DSSURDFKHV�DQG�D� UHDQDO\VLV�RI�SDVW�
UHVHDUFK��0DQDJHPHQW�6FLHQFH��������������±������
GRL���������PQVF����������

0DWKLHVRQ�� .��� 3HDFRFN�� (��� 	� &KLQ��:�� ��������
([WHQGLQJ� WKH� WHFKQRORJ\� DFFHSWDQFH�PRGHO��7KH�
LQIOXHQFH�RI�SHUFHLYHG�XVHU�UHVRXUFHV��7KH�'DWD�%DVH�
IRU�$GYDQFHV�LQ�,QIRUPDWLRQ�6\VWHPV�����������±����

0F/HDQ��.����������,6�VHFXULW\�DZDUHQHVV²6HOOLQJ�
WKH�FDXVH��,Q�3URFHHGLQJV�RI�WKH��WK�,QWHUQDWLRQDO�
&RQIHUHQFH�RQ�,6�6HFXULW\��,),3�6HF�¶����

0XUUD\��*���	�(ULFNVRQ��3����������&URVV�VHFWLRQDO�
YHUVXV�ORQJLWXGLQDO�UHVHDUFK��$Q�HPSLULFDO�FRPSDUL�
VRQ�RI�SURMHFWHG�DQG�VXEVHTXHQW�FULPLQDOLW\��6RFLDO�
6FLHQFH�5HVHDUFK���������±�����GRL��������������
���;�����������

0\\U\��/���6LSRQHQ��0���3DKQLOD��6���9DUWLDLQHQ��7���
	�9DQFH��$����������:KDW�OHYHOV�RI�PRUDO�UHDVRQLQJ�
DQG�YDOXHV�H[SODLQ�DGKHUHQFH�WR�LQIRUPDWLRQ�VHFXULW\�
UXOHV"� $Q� HPSLULFDO� VWXG\�� (XURSHDQ� -RXUQDO� RI�
,QIRUPDWLRQ�6\VWHPV������������±�����GRL���������
HMLV��������
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1DJLQ�� '��� 	� 3DWHUQRVWHU�� 5�� �������� (QGXULQJ�
LQGLYLGXDO�GLIIHUHQFHV�DQG�UDWLRQDO�FKRLFH�WKHRULHV�
RI�FULPH��/DZ�	�6RFLHW\�5HYLHZ������������±�����
GRL����������������

1J��%��<���.DQNDQKDOOL��$���	�;X��<����������6WXG\LQJ�
XVHUV¶�FRPSXWHU�VHFXULW\�EHKDYLRU�XVLQJ�WKH�KHDOWK�
EHOLHI� PRGHO�� 'HFLVLRQ� 6XSSRUW� 6\VWHPV�� �������
���±�����GRL���������M�GVV������������

1RWDQL�� $�� �������� 0RGHUDWRUV� RI� SHUFHLYHG� EH�
KDYLRUDO� FRQWURO¶V� SUHGLFWLYHQHVV� LQ� WKH� WKHRU\� RI�
SODQQHG� EHKDYLRU�� $� PHWD�DQDO\VLV�� -RXUQDO� RI�
&RQVXPHU�3V\FKRORJ\�����������±�����GRL���������
V��������MFS����B��

1XQQDOO\��-��&����������3V\FKRPHWULF�WKHRU\��1HZ�
<RUN��1<��0F*UDZ�+LOO�

2¶)DOORQ��0���	�%XWWHUILHOG��.�� ��������$� UHYLHZ�
RI�WKH�HPSLULFDO�HWKLFDO�GHFLVLRQ�PDNLQJ�OLWHUDWXUH��
����±������ -RXUQDO� RI� %XVLQHVV� (WKLFV�� �������
���±�����GRL���������V����������������

3DKQLOD��6���6LSRQHQ��0��7���	�0DKPRRG��$���������
-XO\���:KLFK�IDFWRUV�H[SODLQ�HPSOR\HHV¶�DGKHUHQFH�
WR�LQIRUPDWLRQ�VHFXULW\�SROLFLHV"�$Q�HPSLULFDO�VWXG\��
,Q� 3URFHHGLQJV� RI� WKH� 3$&,6� ����� &RQIHUHQFH��
$XFNODQG��1HZ�=HDODQG�

3DUNHU��'��%����������&ULPH�E\�FRPSXWHU��1HZ�<RUN��
1<��6FULEQHU�

3DWHUQRVWHU��5���	�6LPSVRQ��6�� ��������$� UDWLRQDO�
FKRLFH� WKHRU\�RI�FRUSRUDWH�FULPH�� ,Q�5��9��&ODUNH�
	�0�� )HOVRQ� �(GV����$GYDQFHV� LQ�&ULPLQRORJLFDO�
7KHRU\��9RO�����5RXWLQH�DFWLYLW\�DQG�UDWLRQDO�FKRLFH�
�SS����±�����1HZ�%UXQVZLFN��1-��7UDQVDFWLRQ�

3DWHUQRVWHU�� 5��� 	� 6LPSVRQ�� 6�� �������� 6DQFWLRQ�
WKUHDWV�DQG�DSSHDOV�WR�PRUDOLW\��7HVWLQJ�D�UDWLRQDO�
FKRLFH�PRGHO� RI� FRUSRUDWH� FULPH��/DZ�	�6RFLHW\�
5HYLHZ������������±�����GRL����������������

3DYORX��3���/LDQJ��+���	�;XH��<����������8QGHUVWDQG�
LQJ�DQG�PLWLJDWLQJ�XQFHUWDLQW\�LQ�RQOLQH�H[FKDQJH�
UHODWLRQVKLSV��$�SULQFLSDO�DJHQW�SHUVSHFWLYH��0DQ�
DJHPHQW� ,QIRUPDWLRQ� 6\VWHPV� 4XDUWHUO\�� �������
���±����

3LTXHUR��$���	�+LFNPDQ��0����������$Q�HPSLULFDO�WHVW�
RI�7LWWOH¶V�FRQWURO�EDODQFH�WKHRU\��&ULPLQRORJ\���������
���±�����GRL���������M����������������WE������[

3LTXHUR��$���	�7LEEHWWV��6����������6SHFLI\LQJ�WKH�
GLUHFW�DQG�LQGLUHFW�HIIHFWV�RQ�ORZ�VHOI�FRQWURO�DQG�
VLWXDWLRQDO� IDFWRUV� LQ� RIIHQGHUV� GHFLVLRQ� PDNLQJ��
7RZDUG� D� PRUH� FRPSDUDWLYH� PRGHO� RI� UDWLRQDO�
RIIHQGLQJ�� -XVWLFH� 4XDUWHUO\�� ������� ���±�����
GRL��������������������������

3RGVDNRII�� 3�� 0��� 0DF.HQ]LH�� 6�� %��� /HH�� -��� 	�
3RGVDNRII��1��3����������&RPPRQ�PHWKRG�ELDVHV�LQ�
EHKDYLRUDO�UHVHDUFK��$�FULWLFDO�UHYLHZ�RI�WKH�OLWHUDWXUH�
DQG�UHFRPPHQGHG�UHPHGLHV��7KH�-RXUQDO�RI�$SSOLHG�
3V\FKRORJ\�� ������� ���±����� GRL��������������
�������������

3RJDUVN\��*����������3URMHFWHG�RIIHQGLQJ�DQG�LPSOLFD�
WLRQV�IRU�KHWHURW\SLF�FRQWLQXLW\��&ULPLQRORJ\���������
���±�����GRL���������M����������������WE������[

3UDWW��7��&���	�&XOOHQ��)��7����������7KH�HPSLULFDO�
VWDWXV�RI�*RWWIUHGVRQ�DQG�+LUVFKL¶V�JHQHUDO�WKHRU\�
RI� FULPH�� $� PHWD�DQDO\VLV�� &ULPLQRORJ\�� �������
���±�����GRL���������M����������������WE������[

3XKDNDLQHQ��3����������'HVLJQ�WKHRU\�IRU�LQIRUPDWLRQ�
VHFXULW\�DZDUHQHVV��8QSXEOLVKHG�GRFWRUDO�GLVVHUWD�
WLRQ��8QLYHUVLW\�RI�2XOX��)LQODQG�

5LQJOH��&��0���:HQGH��6���	�:LOO��$����������6PDUW�
3/6��+DPEXUJ��*HUPDQ\��6PDUW3/6�

6LSRQHQ��0��7����������$�FRQFHSWXDO�IRXQGDWLRQ�IRU�
RUJDQL]DWLRQDO� ,6� VHFXULW\�DZDUHQHVV�� ,QIRUPDWLRQ�
0DQDJHPHQW� 	� &RPSXWHU� 6HFXULW\�� ������ ��±����
GRL��������������������������

6LSRQHQ��0��7����������2Q�WKH�UROH�RI�KXPDQ�PRUDOLW\�
LQ�LQIRUPDWLRQ�V\VWHP�VHFXULW\��)URP�WKH�SUREOHPV�
RI� GHVFULSWLYLVP� WR� QRQ�GHVFULSWLYH� IRXQGDWLRQV� ��
,Q�6DOHKQLD��$���(G����(WKLFDO�LVVXHV�RI�LQIRUPDWLRQ�
V\VWHPV��SS�����±������+HUVKH\��3$��,GHD�*URXS�

6LSRQHQ�� 0�� 7��� 	� ,LYDUL�� -�� �������� ,6� VHFXULW\�
GHVLJQ�WKHRU\�IUDPHZRUN�DQG�VL[�DSSURDFKHV�WR�WKH�
DSSOLFDWLRQ�RI� ,6�VHFXULW\�SROLFLHV�DQG�JXLGHOLQHV��
-RXUQDO�RI�WKH�$VVRFLDWLRQ�IRU�,QIRUPDWLRQ�6\VWHPV��
���������±����

6LSRQHQ��0��7���0DKPRRG��$���	�3DKQLOD��6����������
:K\� HPSOR\HHV� GRQ¶W� FRPSO\� ZLWK� LQIRUPDWLRQ�
VHFXULW\�SROLFLHV��$Q�HPSLULFDO�LQYHVWLJDWLRQ��,(((�
&RPSXWHU������������±���

6LSRQHQ��0��7���	�9DQFH��$����������1HXWUDOL]DWLRQ��
1HZ�LQVLJKWV�LQWR�WKH�SUREOHP�RI�HPSOR\HH�LQIRUPD�
WLRQ�V\VWHPV�VHFXULW\�SROLF\�YLRODWLRQV��0DQDJHPHQW�
,QIRUPDWLRQ�6\VWHPV�4XDUWHUO\������������±����

6WDKO��%����������5HVSRQVLELOLW\�IRU�LQIRUPDWLRQ�DV�
VXUDQFH�DQG�SULYDF\��$�SUREOHP�RI�LQGLYLGXDO�HWKLFV"�
-RXUQDO�RI�2UJDQL]DWLRQDO�DQG�(QG�8VHU�&RPSXWLQJ��
���������±����GRL���������MRHXF�����������

6WDQWRQ��-���6WDP��.���0DVWUDQJHOR��3���	�-ROWRQ��-��
��������$QDO\VLV�RI�HQG�XVHU�VHFXULW\�EHKDYLRUV��&RP�
SXWHUV�	�6HFXULW\������������±�����GRL���������M�
FRVH������������
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&RS\ULJKW���������,*,�*OREDO��&RS\LQJ�RU�GLVWULEXWLQJ�LQ�SULQW�RU�HOHFWURQLF�IRUPV�ZLWKRXW�ZULWWHQ�SHUPLVVLRQ�RI�,*,�*OREDO�LV�SURKLELWHG�

6WUDXE��'��:����������9DOLGDWLQJ�LQVWUXPHQWV�LQ�0,6�
UHVHDUFK��0DQDJHPHQW�,QIRUPDWLRQ�6\VWHPV�4XDU�
WHUO\������������±�����GRL���������������

6WUDXE�� '��:�� �������� (IIHFWLYH� ,6� 6HFXULW\��$Q�
(PSLULFDO� 6WXG\�� ,QIRUPDWLRQ� 6\VWHPV� 5HVHDUFK��
���������±�����GRL���������LVUH��������

6WUDXE��'��:���%RXGUHDX��0���	�*HIHQ��'����������
9DOLGDWLRQ�JXLGHOLQHV�IRU�,6�SRVLWLYLVW�UHVHDUFK��&RP�
PXQLFDWLRQV�RI�WKH�$,6�������������±����

6XWWRQ��6����������3UHGLFWLQJ�DQG�H[SODLQLQJ�LQWHQ�
WLRQV�DQG�EHKDYLRU��+RZ�ZHOO�DUH�ZH�GRLQJ"�-RXU�
QDO�RI�$SSOLHG�6RFLDO�3V\FKRORJ\����������±������
GRL���������M����������������WE������[

7HOGHUV��(�� ��������6HFXULW\� DZDUHQHVV� SURJUDPV��
$�SURDFWLYH�DSSURDFK��&RPSXWHU�6HFXULW\�-RXUQDO��
��������±���

7KRPVRQ��0��(���	�YRQ�6ROPV��5�� �������� ,6�VH�
FXULW\�DZDUHQHVV��(GXFDWLQJ�\RXU�XVHUV�HIIHFWLYHO\��
,QIRUPDWLRQ� 0DQDJHPHQW� 	� &RPSXWHU� 6HFXULW\��
���������±�����GRL��������������������������

7UHYLQR�� /�� .�� �������� ([SHULPHQWDO� DSSURDFKHV�
WR�VWXG\LQJ�HWKLFDO�XQHWKLFDO�EHKDYLRU�LQ�RUJDQL]D�
WLRQV�� %XVLQHVV� (WKLFV� 4XDUWHUO\�� ������ ���±�����
GRL����������������

9URRP��&���	�YRQ�6ROPV��5����������$�SUDFWLFDO�DS�
SURDFK�WR�,6�VHFXULW\�DZDUHQHVV�LQ�WKH�RUJDQL]DWLRQ��
,Q�3URFHHGLQJV�RI�WKH���WK�,QWHUQDWLRQDO�&RQIHUHQFH�
RQ�,6�6HFXULW\��6(&������

:RRG�� 3�� %��� *RYH��:�� 5���:LOVRQ�� -��$���	�&R�
FKUDQ�� -�� .�� �������� 1RQVRFLDO� UHLQIRUFHPHQW�
DQG� KDELWXDO� FULPLQDO� FRQGXFW�� $Q� H[WHQVLRQ� RI�
OHDUQLQJ� WKHRU\�� &ULPLQRORJ\�� ������� ���±�����
GRL���������M����������������WE������[

<RXQJ��.����������3ROLFLHV�DQG�SURFHGXUHV�WR�PDQ�
DJH� HPSOR\HH� LQWHUQHW� DEXVH�� &RPSXWHUV� LQ� +X�
PDQ� %HKDYLRU�� ������� ����±������ GRL���������M�
FKE������������

(1'127(6
��� 3DUNHU�GHVFULEHG�KLV�FKRLFH�RI�WKH�WHUP�³FRP�

SXWHU�DEXVH´�LQ�WKLV�ZD\��³7KH�ILUVW�SURSRVDO�
IRU�P\�UHVHDUFK�ZDV�WLWOHG�µ&RPSXWHU�5HODWHG�
&ULPH�¶�/DZ� UHVHDUFKHUV� UHYLHZHG� WKH�SUR�
SRVDO�� VD\LQJ�� µ3DUNHU�� \RX� DUH� D� FRPSXWHU�
WHFKQRORJLVW��:KDW�DUH�\RX�GRLQJ��WU\LQJ�WR�
GHFLGH�ZKDW�D�FULPH� LV"�$IWHU�DOO�� WKHUH�DUH�
RQO\�VL[�SHRSOH�LQ�WKH�ZKROH�ZRUOG�TXDOLILHG�
WR�DGGUHVV� WKDW�VXEMHFW�¶� ,�QH[W�FKDQJHG� WKH�
QDPH�RI�WKH�UHVHDUFK�WR�µ$QWL�6RFLDO�8VH�RI�
&RPSXWHUV�¶�6RFLRORJLVWV�ZKR�UHYLHZHG�WKH�
SURSRVDO�FDPH�EDFN�WR�PH�DQG�VDLG��µ3DUNHU��
\RX�DUH�FRPSXWHU�WHFKQRORJLVW��:KDW�DUH�\RX�
GRLQJ�� WU\LQJ� WR� GHFLGH� ZKDW� LV� VRFLDO� DQG�
DQWLVRFLDO"�$IWHU�DOO��WKHUH�DUH�RQO\�VL[�SHRSOH�
LQ�WKH�ZKROH�ZRUOG�TXDOLILHG�WR�DGGUHVV�WKDW�
VXEMHFW�¶�,�WKRXJKW�WR�P\VHOI��µ$OO�ULJKW��\RX�
JX\V��,�ZLOO�SOD\�\RXU�JDPH�¶�,�FKDQJHG�WKH�WLWOH�
RI�WKH�UHVHDUFK�WR�µ&RPSXWHU�$EXVH¶²D�WHUP�
WKDW�KDG�QRW�EHHQ�XVHG�RU�DW�OHDVW�IRUPDOL]HG�
EHIRUH´��3DUNHU��������S��[L��

��� 1��%��7KHVH�FRQYHUJHQW�YDOLGLW\�WHVWV�ZHUH�QRW�
SHUIRUPHG�IRU�WKH�GHSHQGHQW�YDULDEOH��LQWHQWLRQ�
WR�YLRODWH�,6�VHFXULW\�SROLF\��EHFDXVH�WKHVH�WHVWV�
DUH�QRW�DSSOLFDEOH�IRU�VLQJOH�LWHP�PHDVXUHV�

$QWKRQ\�9DQFH�LV�DV�DQ�$VVLVWDQW�3URIHVVRU�RI�,QIRUPDWLRQ�6\VWHPV�LQ�WKH�0DUULRWW�6FKRRO�RI�
0DQDJHPHQW�RI�%ULJKDP�<RXQJ�8QLYHUVLW\��+H�KDV�HDUQHG�3K'�GHJUHHV�LQ�,QIRUPDWLRQ�6\V�
WHPV� IURP�*HRUJLD� 6WDWH�8QLYHUVLW\��86$�� WKH�8QLYHUVLW\� RI�3DULV²'DXSKLQH��)UDQFH�� DQG�
WKH�8QLYHUVLW\�RI�2XOX��)LQODQG��+H�UHFHLYHG�D�%6�LQ�,6�DQG�0DVWHUV�RI�,QIRUPDWLRQ�6\VWHPV�
0DQDJHPHQW��0,60��IURP�%ULJKDP�<RXQJ�8QLYHUVLW\��GXULQJ�ZKLFK�KH�ZDV�DOVR�HQUROOHG�LQ�WKH�
,6�3K�'��SUHSDUDWLRQ�SURJUDP��+LV�SUHYLRXV�H[SHULHQFH�LQFOXGHV�ZRUNLQJ�DV�D�YLVLWLQJ�UHVHDUFK�
SURIHVVRU�LQ�WKH�,QIRUPDWLRQ�6\VWHPV�6HFXULW\�5HVHDUFK�&HQWHU�DW�WKH�8QLYHUVLW\�RI�2XOX��ZKHUH�
KH�UHPDLQV�D�UHVHDUFK�IHOORZ��+H�DOVR�ZRUNHG�DV�DQ�LQIRUPDWLRQ�VHFXULW\�FRQVXOWDQW�IRU�'HORLWWH��
+LV�ZRUN� LV�SXEOLVKHG� LQ�0,6�4XDUWHUO\��-RXUQDO�RI�0DQDJHPHQW� ,QIRUPDWLRQ�6\VWHPV�� DQG�
(XURSHDQ�-RXUQDO�RI�,QIRUPDWLRQ�6\VWHPV��+LV�UHVHDUFK�LQWHUHVWV�DUH�LQIRUPDWLRQ�VHFXULW\��WUXVW�
LQ�LQIRUPDWLRQ�V\VWHPV��DQG�LQWHUQDO�FRQWURO�
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0LNNR�6LSRQHQ�LV�D�3URIHVVRU�DQG�'LUHFWRU�RI�WKH�,6�6HFXULW\�5HVHDUFK�&HQWUH�LQ�WKH�'HSDUWPHQW�
RI�,QIRUPDWLRQ�3URFHVVLQJ�6FLHQFH�DW�WKH�8QLYHUVLW\�RI�2XOX��)LQODQG��+H�LV�DOVR�YLFH�KHDG�RI�
WKH�GHSDUWPHQW��+H�KROGV�D�3K'�LQ�SKLORVRSK\�IURP�WKH�8QLYHUVLW\�RI�-RHQVXX��)LQODQG��DQG�
D�3K�'��LQ�,QIRUPDWLRQ�6\VWHPV�)URP�WKH�8QLYHUVLW\�RI�2XOX��)LQODQG��+LV�UHVHDUFK�LQWHUHVWV�
LQFOXGH�,6�VHFXULW\��,6�GHYHORSPHQW��FRPSXWHU�HWKLFV��DQG�SKLORVRSKLFDO�DVSHFWV�RI�,6��+H�KDV����
SXEOLVKHG�RU�IRUWKFRPLQJ�SDSHUV�LQ�MRXUQDOV�VXFK�DV�0,6�4XDUWHUO\��-RXUQDO�RI�WKH�$VVRFLDWLRQ�
IRU�,QIRUPDWLRQ�6\VWHPV��(XURSHDQ�-RXUQDO�RI�,QIRUPDWLRQ�6\VWHPV��,QIRUPDWLRQ�	�2UJDQL]DWLRQ��
,QIRUPDWLRQ�6\VWHPV�-RXUQDO��,QIRUPDWLRQ�	�0DQDJHPHQW��$&0�'DWDEDVH��&RPPXQLFDWLRQV�
RI�WKH�$&0��,(((�&RPSXWHU��,(((�,7�3URIHVVLRQDO�DQG�$&0�&RPSXWHUV�	�6RFLHW\��+H�KDV�
UHFHLYHG�RYHU�����PLOOLRQ�86'�RI�UHVHDUFK�IXQGLQJ�IURP�FRUSRUDWLRQV�DQG�QXPHURXV�IXQGLQJ�
ERGLHV��+H�KDV�VHUYHG�DV�D�VHQLRU�DQG�DVVRFLDWH�HGLWRU�IRU�,&,6�DQG�(&,6��+H�LV�FXUUHQWO\�D�
JXHVW�VHQLRU�HGLWRU�IRU�WKH�0,6�4XDUWHUO\�VSHFLDO�LVVXH�HQWLWOHG�
,QIRUPDWLRQ�6\VWHPV�6HFXULW\�
LQ�D�'LJLWDO�(FRQRP\
��+H�VLWV�RQ�WKH�HGLWRULDO�ERDUGV�RI�WKH�(XURSHDQ�-RXUQDO�RI�,QIRUPDWLRQ�
6\VWHPV��-RXUQDO�RI�2UJDQL]DWLRQDO�DQG�(QG�8VHU�&RPSXWLQJ��DQG�-RXUQDO�RI�,QIRUPDWLRQ�6\V�
WHPV�6HFXULW\��,Q������KH�ZDV�UDQNHG�DV�IRXUWK�SURGXFWLYH�,6�VFKRODU�LQ�(XURSH��7KH�)LQQLVK�
)XQGLQJ�$JHQF\�IRU�7HFKQRORJ\�DQG�,QQRYDWLRQ�UDQNHG�WKH�,6�6HFXULW\�5HVHDUFK�&HQWHU�WKDW�'U��
6LSRQHQ�HVWDEOLVKHG�DQG�OHDG�DV�WKH�WRS�,&7�UHVHDUFK�JURXS�LQ�)LQODQG�
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FRQWLQXHG�RQ�IROORZLQJ�SDJH

$33(1',;�$��6&(1$5,26�$1'�,167580(17$7,21

7DEOH�$���+\SRWKHWLFDO�VFHQDULRV�

9LRODWLRQ 6FHQDULR

86%�GULYH 3HNND�LV�D�PLGGOH�OHYHO�PDQDJHU�LQ�D�PHGLXP�VL]HG�FRPSDQ\�ZKHUH�KH�KDV�ZRUNHG�IRU�VHYHUDO�\HDUV��3HNND�
LV�FXUUHQWO\�ZRUNLQJ�RQ�D�VDOHV�UHSRUW�WKDW�UHTXLUHV�WKH�DQDO\VLV�RI�WKH�FRPSDQ\¶V�FXVWRPHU�GDWDEDVH��7KLV�
GDWDEDVH�FRQWDLQV�FXVWRPHU�QDPHV��SKRQH�QXPEHUV��FUHGLW�FDUG�QXPEHUV��DQG�SXUFKDVH�KLVWRULHV��%HFDXVH�
RI�WKH�VHQVLWLYH�QDWXUH�RI�FRUSRUDWH�GDWD��WKH�FRPSDQ\�KDV�D�VWULFW�SROLF\�SURKLELWLQJ�WKH�FRS\�RI�FRUSRUDWH�
GDWD�WR�XQHQFU\SWHG�SRUWDEOH�PHGLD��VXFK�DV�86%�GULYHV��+RZHYHU��3HNND�ZLOO�EH�WUDYHOLQJ�IRU�VHYHUDO�
GD\V�DQG�ZRXOG�OLNH�WR�DQDO\]H�WKH�FRUSRUDWH�GDWDEDVH�RQ�WKH�URDG��3HNND�H[SHFWV�WKDW�FRS\LQJ�WKH�GDWD�
WR�WKH�86%�GULYH�DQG�WDNLQJ�LW�RQ�WKH�URDG�FRXOG�VDYH�WKH�FRPSDQ\�D�ORW�RI�WLPH�DQG�PRQH\��7KH�ILUP�LV�
H[SHULHQFLQJ�JURZLQJ�VDOHV�DQG�UHYHQXHV�LQ�DQ�LQGXVWU\�WKDW�LV�HFRQRPLFDOO\�GHWHULRUDWLQJ��+H�DOVR�NQRZV�
WKDW�DQ�HPSOR\HH�ZDV�UHFHQWO\�UHSULPDQGHG�IRU�FRS\LQJ�VHQVLWLYH�FRUSRUDWH�GDWD�WR�D�86%�GULYH��3HNND�
FRSLHV�WKH�FRUSRUDWH�GDWDEDVH�WR�KLV�SRUWDEOH�86%�GULYH�DQG�WDNHV�LW�RII�FRPSDQ\�SUHPLVHV�

:RUNVWDWLRQ�
ORJRXW

6HLMD�LV�D�PLGGOH�OHYHO�PDQDJHU�LQ�D�PHGLXP�VL]HG�FRPSDQ\�ZKHUH�VKH�ZDV�UHFHQWO\�KLUHG��+HU�GHSDUWPHQW�
XVHV�DQ�LQYHQWRU\�SURFXUHPHQW�VRIWZDUH�DSSOLFDWLRQ�SURJUDP�WR�PDNH�LQYHQWRU\�SXUFKDVHV��7R�HQVXUH�WKDW�
RQO\�DXWKRUL]HG�LQGLYLGXDOV�PDNH�LQYHQWRU\�SXUFKDVHV��WKH�FRPSDQ\�KDV�D�ILUP�SROLF\�WKDW�HPSOR\HHV�PXVW�
ORJ�RXW�RU�ORFN�WKHLU�FRPSXWHU�ZRUNVWDWLRQ�ZKHQ�QRW�LQ�XVH��+RZHYHU��WR�PDNH�ZRUN�PRUH�FRQYHQLHQW��
6HLMD¶V�PDQDJHU�GLUHFWV�KHU�WR�OHDYH�KHU�XVHU�DFFRXQW�ORJJHG�LQ�IRU�RWKHU�HPSOR\HHV�WR�IUHHO\�XVH��6HLMD�
H[SHFWV�WKDW�NHHSLQJ�KHU�XVHU�DFFRXQW�ORJJHG�LQ�FRXOG�VDYH�KHU�FRPSDQ\�WLPH��6KH�DOVR�NQRZV�WKDW�NHHSLQJ�
WKH�ZRUNVWDWLRQ�ORJJHG�LQ�LV�D�FRPPRQ�SUDFWLFH�LQ�WKH�LQGXVWU\�DQG�DQ�HPSOR\HH�UHFHQWO\�ZDV�UHSULPDQGHG�
IRU�OHDYLQJ�WKH�ZRUNVWDWLRQ�ORJJHG�LQ��6HLMD�OHDYHV�WKH�ZRUNVWDWLRQ�ORJJHG�LQ�ZKHQ�VKH�LV�ILQLVKHG�

3DVVZRUGV +DQQX�LV�D�ORZ�OHYHO�PDQDJHU�LQ�D�VPDOO�FRPSDQ\�ZKHUH�KH�ZDV�UHFHQWO\�KLUHG��+LV�FRPSDQ\�KDV�D�VWURQJ�
SROLF\�WKDW�HDFK�FRPSXWHU�ZRUNVWDWLRQ�PXVW�EH�SDVVZRUG�SURWHFWHG�DQG�WKDW�SDVVZRUGV�DUH�QRW�WR�EH�VKDUHG��
+RZHYHU��+DQQX�LV�RQ�D�EXVLQHVV�WULS�DQG�RQH�RI�KLV�FR�ZRUNHUV�QHHGV�D�ILOH�RQ�KLV�FRPSXWHU��+DQQX�
H[SHFWV�WKDW�VKDULQJ�KLV�SDVVZRUG�FRXOG�VDYH�KLV�FRPSDQ\�D�ORW�RI�WLPH��+H�DOVR�NQRZV�WKDW�WKH�ILUP�KDV�
PDQGDWRU\�LQIRUPDWLRQ�VHFXULW\�WUDLQLQJ��+DQQX�VKDUHV�KLV�SDVVZRUG�ZLWK�KLV�FR�ZRUNHU�

7DEOH�$���0HDVXUHPHQW�LWHPV�

&RQVWUXFWV ,WHP 6RXUFH

)RUPDO�6DQFWLRQV²
FHUWDLQW\��

:KDW�LV�WKH�FKDQFH�\RX�ZRXOG�UHFHLYH�VDQFWLRQV�LI�\RX�YLRODWHG�
WKH�FRPSDQ\�LQIRUPDWLRQ�VHFXULW\�SROLF\"

1DJLQ�DQG�3DWHUQRVWHU�
������

)RUPDO�6DQFWLRQV²
FHUWDLQW\��

:KDW�LV�WKH�FKDQFH�WKDW�\RX�ZRXOG�EH�IRUPDOO\�VDQFWLRQHG�LI�
PDQDJHPHQW�OHDUQHG�WKDW�\RX�KDG�YLRODWHG�WKH�FRPSDQ\�LQIRU�
PDWLRQ�VHFXULW\�SROLF\"

'HULYHG�IURP�1DJLQ�DQG�
3DWHUQRVWHU�������

)RUPDO�6DQFWLRQV²
FHUWDLQW\��

:KDW�LV�WKH�FKDQFH�WKDW�\RX�ZRXOG�EH�IRUPDOO\�UHSULPDQGHG�LI�
PDQDJHPHQW�OHDUQHG�\RX�KDG�YLRODWHG�WKH�FRPSDQ\�LQIRUPD�
WLRQ�VHFXULW\�SROLF\"

'HULYHG�IURP�1DJLQ�DQG�
3DWHUQRVWHU�������

)RUPDO�6DQFWLRQV²
VHYHULW\��

+RZ�PXFK�RI�D�SUREOHP�ZRXOG�LW�EH�LI�\RX�UHFHLYHG�VHYHUH�VDQF�
WLRQV�LI�\RX�YLRODWHG�WKH�FRPSDQ\�LQIRUPDWLRQ�VHFXULW\�SROLF\"

1DJLQ�DQG�3DWHUQRVWHU�
������

)RUPDO�6DQFWLRQV²
VHYHULW\��

+RZ�PXFK�RI�D�SUREOHP�ZRXOG�LW�FUHDWH�LQ�\RXU�OLIH�LI�\RX�ZHUH�
IRUPDOO\�VDQFWLRQHG�IRU�GRLQJ�ZKDW�>WKH�VFHQDULR�FKDUDFWHU@�GLG"

'HULYHG�IURP�1DJLQ�DQG�
3DWHUQRVWHU�������

)RUPDO�6DQFWLRQV²
VHYHULW\��

+RZ�PXFK�RI�D�SUREOHP�ZRXOG�LW�FUHDWH�LQ�\RXU�OLIH�LI�\RX�ZHUH�
IRUPDOO\�UHSULPDQGHG�IRU�GRLQJ�ZKDW�>WKH�VFHQDULR�FKDUDFWHU@�GLG"

'HULYHG�IURP�1DJLQ�DQG�
3DWHUQRVWHU�������

,QIRUPDO�VDQFWLRQV²
FHUWDLQW\��

+RZ�OLNHO\�LV�LW�WKDW�\RX�ZRXOG�ORVH�WKH�UHVSHFW�DQG�JRRG�RSLQ�
LRQ�RI�\RXU�FR�ZRUNHUV�IRU�YLRODWLQJ�WKH�FRPSDQ\�LQIRUPDWLRQ�
VHFXULW\�SROLF\"

1DJLQ�DQG�3DWHUQRVWHU�
������
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7DEOH�$���FRQWLQXHG
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7R�HVWDEOLVK�IDFWRULDO�YDOLGLW\�DQG�UHOLDELOLW\�IRU�WKH�PHDVXUHPHQW�PRGHO��ZH�IROORZHG�WKH�3/6�
YDOLGDWLRQ�SURFHGXUHV�RXWOLQHG�E\�*HIHQ� DQG�6WUDXE� ��������7R� WHVW� FRQYHUJHQW� YDOLGLW\��ZH�
SHUIRUPHG�D�ERRWVWUDS�ZLWK�����UHVDPSOHV�DQG�WKHQ�H[DPLQHG�WKH�W�YDOXHV�RI�WKH�RXWHU�PRGHO�
ORDGLQJV��&RQYHUJHQW�YDOLGLW\�LV�GHPRQVWUDWHG�ZKHQ�DOO� LQGLFDWRUV� ORDG�VLJQLILFDQWO\�RQ�WKHLU�
UHVSHFWLYH�ODWHQW�FRQVWUXFW��,Q�RXU�FDVH��DOO�LQGLFDWRUV�H[KLELWHG�ORDGLQJV�WKDW�ZHUH�VLJQLILFDQW�DW�
WKH������OHYHO��7DEOH�%����GHQRWLQJ�VWURQJ�FRQYHUJHQW�YDOLGLW\��$Q�DGGLWLRQDO�WHVW�RI�FRQYHUJHQW�
YDOLGLW\�SXW�IRUZDUG�E\�)RUQHOO�DQG�/DUFNHU��������LV�WKDW�WKH�DYHUDJH�YDULDQFH�H[WUDFWHG��$9(���
D�PHDVXUH�RI�YDULDQFH�H[SODLQHG�E\�D�ODWHQW�FRQVWUXFW�IRU�WKH�YDULDQFH�REVHUYHG�LQ�LWV�PHDVXUH�
PHQW�LWHPV��VKRXOG�EH�DW�OHDVW�����RU�KLJKHU��7KH�$9(�YDOXHV�DUH�VKRZQ�LQ�7DEOH�%���%RWK�WHVWV�
LQGLFDWH�D�KLJK�GHJUHH�RI�FRQYHUJHQW�YDOLGLW\��

7R�HYDOXDWH�GLVFULPLQDQW�YDOLGLW\�� WZR� WHVWV�ZHUH�SHUIRUPHG��)LUVW�� WKH�FURVV�ORDGLQJV�RI�
PHDVXUHPHQW� LWHPV�RQ� ODWHQW�FRQVWUXFWV�ZHUH�H[DPLQHG�� ,Q� WKLV� WHVW��GLVFULPLQDQW�YDOLGLW\� LV�
GHPRQVWUDWHG�ZKHQ�DQ�LWHP�PRUH�KLJKO\�ORDGV�RQ�LWV�LQWHQGHG�FRQVWUXFW�WKDQ�RQ�DQ\�RWKHU�FRQ�
VWUXFW��)ROORZLQJ�*HIHQ�DQG�6WUDXE���������WKLV�GLIIHUHQFH�LQ�ORDGLQJV�VKRXOG�EH�DW�OHDVW������,Q�

,QIRUPDO�VDQFWLRQV²
FHUWDLQW\��

+RZ� OLNHO\� LV� LW� WKDW� \RX�ZRXOG� MHRSDUGL]H� \RXU� SURPRWLRQ�
SURVSHFWV� LI� PDQDJHPHQW� OHDUQHG� WKDW� \RX� KDG� YLRODWHG� WKH�
FRPSDQ\�LQIRUPDWLRQ�VHFXULW\�SROLF\"

1DJLQ�DQG�3DWHUQRVWHU�
������

,QIRUPDO�VDQFWLRQV²
FHUWDLQW\��

+RZ�OLNHO\�LV�LW�WKDW�\RX�ZRXOG�ORVH�WKH�UHVSHFW�DQG�JRRG�RSLQLRQ�
RI�\RXU�PDQDJHU��LI�PDQDJHPHQW�OHDUQHG�WKDW�\RX�KDG�YLRODWHG�
FRPSDQ\�,7�VHFXULW\�SROLFLHV"

'HULYHG�IURP�1DJLQ�DQG�
3DWHUQRVWHU�������

,QIRUPDO�VDQFWLRQV²
VHYHULW\��

+RZ�PXFK�RI�D�SUREOHP�ZRXOG�LW�FUHDWH�LQ�\RXU�OLIH�LI�\RX�ORVW�
WKH�UHVSHFW�DQG�JRRG�RSLQLRQ�RI�\RXU�FR�ZRUNHUV�IRU�YLRODWLQJ�
WKH�FRPSDQ\�LQIRUPDWLRQ�VHFXULW\�SROLF\"

1DJLQ�DQG�3DWHUQRVWHU�
������

,QIRUPDO�VDQFWLRQV²
VHYHULW\��

+RZ�PXFK�RI� D� SUREOHP�ZRXOG� LW� FUHDWH� LQ� \RXU� OLIH� LI� \RX�
MHRSDUGL]HG�\RXU�IXWXUH�MRE�SURPRWLRQ�SURVSHFWV�IRU�GRLQJ�ZKDW�
>WKH�VFHQDULR�FKDUDFWHU@�GLG"

1DJLQ�DQG�3DWHUQRVWHU�
������

,QIRUPDO�VDQFWLRQV²
VHYHULW\��

+RZ�PXFK�RI�D�SUREOHP�ZRXOG�LW�FUHDWH�LQ�\RXU�OLIH�LI�\RX�ORVW�
WKH�UHVSHFW�RI�\RXU�PDQDJHU�IRU�YLRODWLQJ�WKH�FRPSDQ\�LQIRUPD�
WLRQ�VHFXULW\�SROLF\"

'HULYHG�IURP�1DJLQ�DQG�
3DWHUQRVWHU�������

0RUDO�%HOLHIV�� ,�IHHO�WKDW�WKH�>VFHQDULR@�FKDUDFWHU�DFWHG�ZURQJO\�E\�YLRODWLQJ�
FRPSDQ\�,7�VHFXULW\�SROLF\�

'HULYHG�IURP�3DWHUQRVWHU�
DQG�6LPSVRQ�������

0RUDO�%HOLHIV�� +RZ�PRUDOO\�ZURQJ�ZRXOG�LW�EH�WR�GR�ZKDW�WKH�SHUVRQ�GLG�LQ�
WKH�VFHQDULR"

3DWHUQRVWHU�DQG�6LPSVRQ�
������

0RUDO�%HOLHIV�� ,W�LV�PRUDOO\�ULJKW�WR�YLRODWH�FRPSDQ\�,7�VHFXULW\�SROLFLHV� 'HULYHG�IURP�3DWHUQRVWHU�
DQG�6LPSVRQ�������

3HUFHLYHG�%HQHILWV�� ,I�,�ZRXOG�GR�ZKDW�>WKH�VFHQDULR�FKDUDFWHU@�GLG��,�ZRXOG�VDYH�WLPH� 1HZ�PHDVXUH

3HUFHLYHG�%HQHILWV�� ,I�,�ZRXOG�GR�ZKDW�>WKH�VFHQDULR�FKDUDFWHU@�GLG��,�ZRXOG�VDYH�
ZRUN�WLPH�

1HZ�PHDVXUH

3HUFHLYHG�%HQHILWV�� 1RQFRPSOLDQFH�ZLWK� WKH� LQIRUPDWLRQ� VHFXULW\� SROLFLHV� VDYHV�
ZRUN�WLPH�

1HZ�PHDVXUH

3HUFHLYHG�%HQHILWV�� 1RQFRPSOLDQFH�ZLWK�WKH�LQIRUPDWLRQ�VHFXULW\�PHDVXUH�VDYHV�
HPSOR\HHV¶�WLPH�

1HZ�PHDVXUH

1RWH��'URSSHG�WR�LPSURYH�UHOLDELOLW\�RU�FRQVWUXFW�YDOLGLW\�
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7DEOH�%���3/6�ORDGLQJV�IRU�FRQYHUJHQW�YDOLGLW\�

&RQVWUXFW ,WHP /RDGLQJ

0RUDO�%HOLHIV 0RUDO$ ����

0RUDO% ����

%HQHILWV %HQHILWV� ����

%HQHILWV� ����

%HQHILWV� ����

%HQHILWV� ����

)RUPDO�6DQFWLRQV )RUP$ ����

)RUP% ����

)RUP& ����

,QIRUPDO�6DQFWLRQV ,QIRUP$ ����

,QIRUP% ����

S�������

7DEOH�%���$9(�VFRUHV�

&RQVWUXFW $9(

)RUPDO�6DQFWLRQV ���

,QIRUPDO�6DQFWLRQV ���

%HQHILWV ���

0RUDO�%HOLHIV ���

7DEOH�%���&URVV�ORDGLQJV�RI�PHDVXUHPHQW�LWHPV�WR�ODWHQW�FRQVWUXFWV�

&RQVWUXFW ,WHP � � � �

%HQHILWV���� %HQHILWV� ���� ����� ���� �����

%HQHILWV� ���� ����� ����� �����

%HQHILWV� ���� ����� ���� �����

%HQHILWV� ���� ����� ����� �����

)RUPDO�6DQFWLRQV���� )RUP$ ����� ���� ���� ����

)RUP% ����� ���� ���� ����

)RUP& ����� ���� ���� ����

,QIRUPDO�6DQFWLRQV���� ,QIRUP$ ���� ���� ���� ����

,QIRUP% ����� ���� ���� ����

0RUDO�%HOLHIV���� 0RUDO$ ����� ���� ���� ����

0RUDO% ����� ���� ���� ����
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WKLV� WHVW�� DOO� LWHPV� VKRZHG� H[FHOOHQW� GLVFULPLQDQW� YDOLGLW\� �7DEOH�%����7KHUHIRUH�� WKH�PRGHO�
GHPRQVWUDWHV�KLJK�GLVFULPLQDQW�YDOLGLW\�

$�VHFRQG�WHVW�RI�GLVFULPLQDQW�YDOLGLW\�LV�WR�FRPSDUH�WKH�$9(�VFRUH�IRU�HDFK�FRQVWUXFW��,Q�WKH�
$9(�WHVW�RI�GLVFULPLQDQW�YDOLGLW\��WKH�VTXDUH�URRW�RI�D�JLYHQ�FRQVWUXFW¶V�$9(�VKRXOG�EH�ODUJHU�
WKDQ�DQ\�FRUUHODWLRQ�RI�WKH�JLYHQ�FRQVWUXFW�ZLWK�DQ\�RWKHU�FRQVWUXFW�LQ�WKH�PRGHO��&KLQ���������
$OO�WKH�UHVXOWV�RI�WKLV�WHVW�ZHUH�DFFHSWDEOH��2XU�UHVXOWV�GHSLFWHG�LQ�7DEOH�%��DJDLQ�GHPRQVWUDWH�
VWURQJ�GLVFULPLQDQW�YDOLGLW\�

)LQDOO\��WR�WHVW�WKH�UHOLDELOLW\�RI�PHDVXUHPHQW�LWHPV��6PDUW3/6�ZDV�XVHG�WR�FRPSXWH�WKH�&URQ�
EDFK¶V�Į�DV�ZHOO�DV�WKH�FRPSRVLWH�UHOLDELOLW\�VFRUH��ZKLFK�LV�HYDOXDWHG�LQ�WKH�VDPH�ZD\�DV�&URQEDFK¶V�
Į��)RUQHOO�	�/DUFNHU���������%RWK�VFRUHV�DUH�UHSRUWHG�LQ�7DEOH�%���$OO�FRQVWUXFWV�H[KLELWHG�D�UHOL�
DELOLW\�VFRUH�ZHOO�RYHU�WKH�����WKUHVKROG�DFFRUGHG�WR�H[SORUDWRU\�UHVHDUFK��1XQQDOO\��������

$33(1',;�&��$66(66,1*�&20021�0(7+2'6�9$5,$1&(

%HFDXVH�PHDVXUHV�IRU�WKH�GHSHQGHQW�DQG�LQGHSHQGHQW�YDULDEOHV�ZHUH�WDNHQ�IURP�WKH�VDPH�LQVWUX�
PHQW��ZH�SHUIRUPHG�WZR�WHVWV�WR�JDXJH�WKH�LQIOXHQFH�RI�FRPPRQ�PHWKRGV�ELDV�LQ�RXU�GDWD��)LUVW��
ZH�SHUIRUPHG�+DUPDQ¶V�RQH�IDFWRU�WHVW�WR�VHH�ZKHWKHU�RQH�IDFWRU�DFFRXQWHG�IRU�WKH�PDMRULW\�RI�
YDULDQFH�LQ�WKH�GDWD��3RGVDNRII��0DF.HQ]LH��/HH��	�3RGVDNRII���������7R�GR�VR��ZH�HQWHUHG�DOO�
LWHPV�XVHG�LQ�WKH�LQVWUXPHQW�LQWR�DQ�XQURWDWHG�H[SORUDWRU\�IDFWRU�DQDO\VLV��7KLV�\LHOGHG����IDF�
WRUV��WKH�ODUJHVW�RI�ZKLFK�DFFRXQWHG�IRU�����RI�WKH�YDULDQFH��VKRZLQJ�QR�HYLGHQFH�RI�FRPPRQ�
PHWKRGV�ELDV��$V�DQ�DGGLWLRQDO�WHVW��ZH�H[DPLQHG�WKH�ODWHQW�YDULDEOH�FRUUHODWLRQV�WR�VHH�ZKHWKHU�
DQ\�WZR�ODWHQW�FRQVWUXFWV�FRUUHODWHG�KLJKO\��DW�����RU�PRUH���DQRWKHU�SRVVLEOH�PDQLIHVWDWLRQ�RI�
FRPPRQ�PHWKRGV�ELDV��3DYORX��/LDQJ��	�;XH���������1R�FRQVWUXFWV�ZHUH�IRXQG�WR�FRUUHODWH�VR�
KLJKO\��*LYHQ�WKHVH�UHVXOWV��DQG�EHFDXVH�HYLGHQFH�VXJJHVWV�WKDW�PHWKRGV�ELDVHV�DUH�QRW�DV�VHULRXV�
LQ�WKH�ILHOG�RI�,6�DV�FRPSDUHG�WR�WKRVH�LQ�RWKHU�GLVFLSOLQHV��0DOKRWUD��.LP��	�3DWLO���������ZH�
FRQFOXGH�WKDW�WKHUH�LV�OLWWOH�WKUHDW�RI�FRPPRQ�PHWKRGV�ELDV�LQ�RXU�GDWD�

7DEOH�%���&RUUHODWLRQ�RI�WKH�ODWHQW�YDULDEOH�VFRUHV�ZLWK�WKH�VTXDUH�URRW�RI�$9(�

&RQVWUXFW � � � �

%HQHILWV���� ����

)RUPDO�6DQFWLRQV���� ����� ����

,QIRUPDO�6DQFWLRQV���� ����� ���� ����

0RUDO�%HOLHIV���� ����� ���� ���� ����

7DEOH�%���5HOLDELOLW\�VFRUHV�

&RQVWUXFW &RPSRVLWH�5HOLDELOLW\ &URQEDFK¶V�Į

)RUPDO ��� ���

,QIRUPDO ��� ���

0RUDO�%HOLHIV ��� ���

%HQHILWV ��� ���


