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SOH�FULVHV�DQG�PDVVLYH�HFRQRPLF�SUHVVXUH—D�UHFHQW�PHPRU\�LV�WKH�XQSUHFHGHQWHG�&29,'-���FULVLV�WKDW�VFUDPEOHG�
WKH�ZRUOG������'HVSLWH�DOO�WKH�VWUHVVHV��WKHUH�LV�D�QHHG�WR�ORRN�IRU�PXOWLSOH�SDWKV�WR�FDWFK�XS�ZLWK�WKH�ODJV�LQ�WKH�ILUVW�
KDOI�DQG�VSHHG�XS�GXULQJ�WKH�VHFRQG�KDOI��2QH�ZD\�RI�WUDQVSLULQJ�WKLV�LV�E\�HIILFLHQW�HYLGHQFH�JHQHUDWLRQ�DQG�WUDQV�
ODWLRQ—HYLGHQFH�JHQHUDWLRQ� LPSOLHV�SURGXFLQJ�HYLGHQFH��ZKHUHDV� WUDQVODWLRQ�PHDQV� WUDQVIRUPLQJ�YDOLG�HYLGHQFH�
LQWR�SUDFWLFHV�����7KH�WUDQVODWLRQ�H[HUFLVHV�DUH�QRW�DV�HDV\�DV�SURGXFLQJ�UHVXOWV�ZKHUH�WKH�DFWRUV�LQYROYHG�PXVW�EH�
DZDUH�RI�DQG�VHW�D�IHDVLEOH�PHFKDQLVP�ZKHUH�WKH\�RSHUDWH��7KLV�HGLWRULDO�QRWH�ILUVW�KLJKOLJKWV�EULGJLQJ�WKH�UHVHDUFK-
WR-SUDFWLFH�GLYLGH��HODERUDWLQJ�RQ�WKH�FXUUHQW�JDSV�DQG�SRWHQWLDO�GULYHUV��$QG�WKHQ�RXWOLQHV�KRZ�WR�EULGJH�WKH�JDSV�
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SUDFWLWLRQHUV��7KRXJK�GHHS�DQG�ZLGH�LQ�ORZ-�DQG�PLGGOH-LQFRPH�QDWLRQV��WKHVH�SUREOHPV�DUH�JOREDO��6HYHUDO�HQYL�
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FXUUHQW�KHDOWK�V\VWHP�LQ�UHQGHULQJ�WLPHO\�DQG�TXDOLW\�VHUYLFHV��������� 
 
)RU�GHFLVLRQ-PDNHUV�DQG�SXEOLF�KHDOWK�DFWRUV��SURSHU�HYLGHQFH�ZRXOG�LPSURYH�KHDOWK�RXWFRPHV��VWUHQJWKHQ�KHDOWK�
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HPHUJLQJ�IUDPHZRUNV�OLNH�WKH�H[FKDQJH�DQG�LQWHJUDWLYH�PRGHOV����������$ORQJ�WKH�VDPH�OLQH��WKH�UHFHQW�HYROXWLRQ�
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SURIRXQG�PHDQV�RI�EULGJLQJ�WKHVH�JDSV�WR�PD[LPL]H�WKH�HIILFLHQW�JHQHUDWLRQ�DQG�XSWDNH�RI�WKH�UHVXOWLQJ�HYLGHQFH
���� 
 
7KHUH�KDYH�EHHQ�YDULRXV� DWWHPSWV� LQ�YDULRXV� FRQWH[WV� WR�EULGJH� WKHVH� JDSV�� DQG� WKH\� VKRZ�SURPLVLQJ�SURVSHFWV��
5RELQVRQ�DQG�KLV�FROOHDJXHV�SUHVHQWHG�KRZ�WKH�WUDQVODWLRQDO�FHQWHUV�KDYH�EHHQ�HVWDEOLVKHG�DQG�XVHG�WR�EULGJH�WKH�

  

(WKLRSLDQ�0HGLFDO�-RXUQDO������������� 
2SHQ�DFFHVV�DUWLFOHV�GLVWULEXWHG�LQ�WHUPV�RI� 
&UHDWLYH�&RPPRQV�$WWULEXWLRQ�/LFHQFH�>&&�E\����@ 

,661�����-������������H,661�����-����� 'HVVLH 



���� 

 

JDS� LQ� WKH�8.�DQG�$XVWUDOLD�� LQGLFDWLQJ� WKDW� WKH� NQRZOHGJH�HYLGHQFH� JHQHUDWRU� DQG� HQG�XVHUV�SUDFWLWLRQHUV� MRLQW�
H[HUFLVH�LPSURYHG�WKH�TXDOLW\�DQG�LPPHGLDWH�DSSOLFDWLRQ�RI�HYLGHQFH�JHQHUDWHG�������6RXWK�$IULFD�DQG�D�KDQGIXO�RI�
$IULFDQ�FRXQWULHV�DWWHPSWHG�WR�GHVLJQ�GLIIHUHQW�IUDPHZRUNV��UHVXOWLQJ�LQ�D�SURPLVLQJ�SURVSHFW�RI�SURGXFLQJ�HGLEOH�
HYLGHQFH�����������,Q�WKH�(WKLRSLDQ�FDVH��H[SHULHQFHV�WKDW�FDQ�EH�VKRZFDVHG��DUH�WKH�FXUUHQW�MRLQW�H[HUFLVH�RI�WKH�
0LQLVWU\�RI�+HDOWK� �0R+���5HJLRQDO�+HDOWK�%XUHDXV� �5+%V��� DQG� UHVHDUFKHUV� WKURXJK� YDULRXV�SODWIRUPV��7KHVH�
LQFOXGH�WKH�5HVHDUFK�$GYLVRU\�&RXQFLO��5$&��RSHUDWLQJ�DW�WKH�0R+�������WKH�6FLHQWLILF�$GYLVRU\�3DQHO��6$3��DW�
WKH�2URPLD�+HDOWK�%XUHDX��2+%���DQG�WKH�.QRZOHGJH�+XE�DFWLYLWLHV�DW�WKH�$PKDUD�3XEOLF�+HDOWK�,QVWLWXWH��$3+,��
VXSSRUWHG�WHFKQLFDOO\�DQG�ILQDQFLDOO\�E\�WKH�)HQRW-+DUYDUG�8%&�3URMHFW��7KHVH�VFKHPHV�DUH�PHDQW�IRU�MRLQW�HYL�
GHQFH�V\QWKHVLV�VWHHUHG�WRZDUGV�DGGUHVVLQJ�GHFLVLRQ-PDNHUV¶�QHHGV��:RUWK�PHQWLRQLQJ�DOVR�LV�WKH�UHJXODU�HYLGHQFH
-VKDULQJ�VHVVLRQV��$JHOJLO�DW�0R+��*HOD�DW�2+%��DQG�6LQNL�DW�$3+,��WR�IDFLOLWDWH�HYLGHQFH�XSWDNH�E\�EULQJLQJ�UH�
VHDUFKHUV¶�ZRUN�WR�SURJUDPPHUV� 
 
,Q�FRQFOXVLRQ��PDNLQJ�WLPHO\�DQG�HIIHFWLYH�GHFLVLRQV�LQ�D�FRPSOH[�KHDOWK�V\VWHP�WDNHV�WLPH�DQG�HQHUJ\��,W�UHTXLUHV�
UREXVW�DQG�WLPHO\�HYLGHQFH�FR-SURGXFHG�ZLWK�WKH�HQG�XVHUV�IRU�DQ�LQVWDQW�WUDQVODWLRQ��ZKLFK�FDQ�KDSSHQ�ZKHQ�ZH�
EULGJH�WKH�UHVHDUFK-SUDFWLFH�YDOOH\��7KH�DPELWLRXV�JOREDO�JRDOV—OLNH�WKH�6'*�-�JUHDWO\�EHQHILW�IURP�EULGJLQJ�WKH�
ZLGH� JDS��ZKLFK� UHTXLUHV� SDFNLQJ� UHVROXWLRQV�IUDPHZRUNV� WKDW� IDFLOLWDWHV� HYLGHQFH� JHQHUDWLRQ�� GDWD� VKDULQJ�� DQG�
NQRZOHGJH�WUDQVODWLRQV���������,W�LV�DERXW�OD\LQJ�WKH�IRXQGDWLRQ�RI�KRZ�WKH�HYLGHQFH�HFRV\VWHP�PXVW�RSHUDWH��ZKLFK�
QHHGV�WR�EH�SURSHUO\�FRPPXQLFDWHG�DPRQJ�DOO�DFWRUV��&UHDWLQJ�D�SODWIRUP�ZKHUH�UHVHDUFKHUV�DQG�SUDFWLWLRQHUV�DUH�
WKH�VXEMHFW�DQG�REMHFW�RI�LQTXLULHV�LV�QHFHVVDU\�������7KH�DFDGHPLD�DQG�UHVHDUFK�LQVWLWXWHV—WKH�SULPDU\�UHVHUYRLU�
IRU� UHVHDUFKHUV� DQG� UHVHDUFK� LQYHVWPHQWV—DUH� H[SHFWHG� WR� FUHDWLYHO\� VWHHU� WKHLU� UHVHDUFK� DFWLYLWLHV� LQ� DOLJQPHQW�
ZLWK�WKH�JOREDO�6'*�WDUJHWV��$ORQJ�WKH�VDPH�OLQH��WKH�SUDFWLWLRQHUV�WUDQVODWRUV�PXVW�EH�LQQRYDWLYH�LQ�H[SDQGLQJ�WKH�
FROODERUDWLRQ� DQG� WUDFNLQJ� HYLGHQFH� JHQHUDWLRQ� IRU� LQVWDQW� GHFLVLRQV� ZLWKRXW� GHOD\� DQG�ZDVWDJH�� 'HVLJQLQJ� DQG�
LQVWLWXWLQJ�FRQWH[W-RULHQWHG�NQRZOHGJH�WUDQVODWLRQ�SODWIRUPV�DUH�XUJHQW�PLVVLRQV�WR�FDWFK�XS�ZLWK�WKH�PLVVHG�RSSRU�
WXQLWLHV�LQ�WKH�SUHYLRXV�KDOI�RI�WKH�6'*�SHULRG�� 
 
5HIHUHQFHV 
�� .XPDU�6��.XPDU�1��9LYHNDGKLVK�6��0LOOHQQLXP�'HYHORSPHQW�*RDOV��0'*V��WR�6XVWDLQDEOH�'HYHORSPHQW�

*RDOV��6'*V���$GGUHVVLQJ�8QILQLVKHG�$JHQGD�DQG�6WUHQJWKHQLQJ�6XVWDLQDEOH�'HYHORSPHQW�DQG�3DUWQHUVKLS��
,QGLDQ�-�&RPPXQLW\�0HG��������������-���GRL� ������������-����������� 

�� :RUOG�+HDOWK�2UJDQL]DWLRQ��6WURQJHU�FROODERUDWLRQ�IRU�DQ�HTXLWDEOH�DQG�UHVLOLHQW�UHFRYHU\�WRZDUGV�WKH�KHDOWK-
UHODWHG�6XVWDLQDEOH�'HYHORSPHQW�*RDOV��LQFHQWLYL]LQJ�FROODERUDWLRQ��������SURJUHVV�UHSRUW�RQ�WKH�*OREDO�$F�
WLRQ�3ODQ�IRU�+HDOWK\�/LYHV�DQG�:HOO-EHLQJ�IRU�$OO��*HQHYD��������/LFHQFH��&&�%<-1&-6$�����,*2� 

�� /HNDJXO�$��&KDWWRQJ�$��5XHDQJVRP�3��:DOHHZRQJ�2��7DQJFKDURHQVDWKLHQ�9��0XOWL-GLPHQVLRQDO�LPSDFWV�RI�
&RURQDYLUXV�GLVHDVH������SDQGHPLF�RQ�6XVWDLQDEOH�'HYHORSPHQW�*RDO�DFKLHYHPHQW��*OREDOL]DWLRQ�DQG�+HDOWK�
��������������KWWSV���GRL�RUJ���������V�����-���-�����-�� 

�� :RUOG�+HDOWK�2UJDQL]DWLRQ��(YLGHQFH��SROLF\��LPSDFW��:+2�JXLGH�IRU�HYLGHQFH-LQIRUPHG�GHFLVLRQ-PDNLQJ��
*HQHYD�������/LFHQFH��&&�%<-1&-6$����,*2� 

�� %XWOHU�'��7UDQVODWLRQDO�UHVHDUFK��&URVVLQJ�WKH�YDOOH\�RI�GHDWK��1DWXUH���������������������-�� 
�� 6H\KDQ�$$��/RVW�LQ�WUDQVODWLRQ��WKH�YDOOH\�RI�GHDWK�DFURVV�SUHFOLQLFDO�DQG�FOLQLFDO�GLYLGH�–�LGHQWLILFDWLRQ�RI�

SUREOHPV�DQG�RYHUFRPLQJ�REVWDFOHV��7UDQVODWLRQDO�0HGLFLQH�&RPPXQLFDWLRQV��������������KWWSV���
GRL�RUJ���������V�����-���-����-�� 

�� 0DFOHRG�05��0LFKLH�6��5REHUWV�,��'LUQDJO�8��&KDOPHUV�,��,RDQQLGLV�-3$��HW�DO��%LRPHGLFDO�UHVHDUFK��LQFUHDV�
LQJ�YDOXH��UHGXFLQJ�ZDVWH��/DQFHW��/DQFHW����������������-����KWWS���G[�GRL�RUJ���������6����-���� 

�� 0DOOD�&��$\OZDUG�3��:DUG�3��.QRZOHGJH�WUDQVODWLRQ�IRU�SXEOLF�KHDOWK�LQ�ORZ-�DQG�PLGGOH-LQFRPH�FRXQWULHV��D�
FULWLFDO�LQWHUSUHWLYH�V\QWKHVLV��*OREDO�+HDOWK�5HVHDUFK�DQG�3ROLF\��������������KWWSV���GRL�RUJ���������V�����-
���-����-�� 

�� 5HHG�-(��*UHHQ�6��+RZH�&��7UDQVODWLQJ�HYLGHQFH�LQ�FRPSOH[�V\VWHPV��D�FRPSDUDWLYH�UHYLHZ�RI�LPSOHPHQWD�
WLRQ�DQG�LPSURYHPHQW�IUDPHZRUNV��,QWHUQDWLRQDO�-RXUQDO�IRU�4XDOLW\�LQ�+HDOWK�&DUH�9ROXPH�����������������-
����'2,� ��������LQWTKF�P]\��� 

��� &RRNH�-��$ULVV�6��6PLWK�&��5HDG�-��2Q-JRLQJ�FROODERUDWLYH�SULRULW\-VHWWLQJ�IRU�UHVHDUFK�DFWLYLW\��D�PHWKRG�RI�
FDSDFLW\�EXLOGLQJ�WR�UHGXFH�WKH�UHVHDUFK�SUDFWLFH�WUDQVODWLRQDO�JDS��+HDOWK�5HV�3ROLF\�6\VW���������������GRL�
��������V�����-���-����-\� 

��� 5RELQVRQ�7��%DLOH\�&��0RUULV�+��%XUQV�3��0HOGHU�$��&URIW�&��HW�DO��%ULGJLQJ�WKH�UHVHDUFK–SUDFWLFH�JDS�LQ�
KHDOWKFDUH��D�UDSLG�UHYLHZ�RI�UHVHDUFK�WUDQVODWLRQ�FHQWHUV�LQ�(QJODQG�DQG�$XVWUDOLD��+HDOWK�5HVHDUFK�3ROLF\�DQG�
6\VWHPV�����������������KWWSV���GRL�RUJ���������V�����-���-�����-Z� 

��� -HVVDQL�16��5RKZHU�$��6FKPLGW�%��'HOREHOOH�3��,QWHJUDWHG�NQRZOHGJH�WUDQVODWLRQ�WR�DGYDQFH�QRQ-
FRPPXQLFDEOH�GLVHDVH�SROLF\�DQG�SUDFWLFH�LQ�6RXWK�$IULFD��DSSOLFDWLRQ�RI�WKH�([SORUDWLRQ��3UHSDUDWLRQ��,PSOH�
PHQWDWLRQ���DQG�6XVWDLQPHQW��(3,6��IUDPHZRUN��+HDOWK�5HV�3ROLF\�6\V����������������KWWSV���GRL�RUJ���������
V�����-���-�����-[� 

��� (GZDUGV�$��=ZHLJHQWKDO�9��2OLYLHU�-��(YLGHQFH�PDS�RI�NQRZOHGJH�WUDQVODWLRQ�VWUDWHJLHV��RXWFRPHV��IDFLOLWD�

  



���� 

 

WRUV�DQG�EDUULHUV�LQ�$IULFDQ�KHDOWK�V\VWHPV��+HDOWK�5HVHDUFK�3ROLF\�DQG�6\VWHPV���������������KWWSV���
GRL�RUJ���������V�����-���-����-� 

��� :ROGLH�0��<DNRE�%��%HUPDQ�3��+HUOEXUW�6��7KH�UROH�RI�WKH�5HVHDUFK�$GYLVRU\�&RXQFLO��5$&��LQ�EULGJLQJ�WKH�
HYLGHQFH-WR-SROLF\�JDS�LQ�0DWHUQDO�DQG�FKLOG�KHDOWK�LQ�(WKLRSLD��%0-�(YLGHQFH�%DVHG�0HGLFLQH���������
�,VVXH�6XSOHPHQW������������EPMHEP-����-(%0/LYH���� 

��� 6LSLGR�.5��1DJ\RYD�,��+HDOWK�UHVHDUFK�DQG�NQRZOHGJH�WUDQVODWLRQ�IRU�DFKLHYLQJ�WKH�6XVWDLQDEOH�GHYHORSPHQW�
JRDOV��WDFNOLQJ�WKH�KXUGOHV��(XURSHDQ�-RXUQDO�RI�3XEOLF�+HDOWK�����������6XSSOHPHQW����L��-L���� 
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2ULJLQDO�$UWLFOH� 
 
7LPH�WR�UHFRYHU\�DQG�SUHGLFWRUV�DPRQJ�DFXWH�NLGQH\� LQMXU\�SDWLHQWV�RQ�KHPRGLDO\VLV�DW�
WKH�QDWLRQDO�UHQDO�WUDQVSODQW�FHQWHU�LQ�(WKLRSLD 
 

$\DQWX�7HVID\H�/HPPD�
��7LJLVW�:RUNQHK�/HXOVHJHG������7LJLVW�*LUPD�*HPHFKX���/HMD�+DP]D�-XKDU� 

 ��1HSKURORJ\� XQLW��'HSDUWPHQW� RI� ,QWHUQDO�0HGLFLQH�� 6W�� 3DXO¶V�+RVSLWDO�0LOOHQQLXP�0HGLFDO� &ROOHJH��
 ��$GGLV�$EDED��(WKLRSLD 
 ��0HGLFDO�5HVHDUFK�/RXQJH�7UDGLQJ�3/&��$GGLV�$EDED��(WKLRSLD 
 ��'HSDUWPHQW�RI�,QWHUQDO�0HGLFLQH��6W��3DXO¶V�+RVSLWDO�0LOOHQQLXP�0HGLFDO�&ROOHJH��$GGLV�$EDED�� 
 ���(WKLRSLD 
 ��$FDGHPLF�DQG�5HVHDUFK�2IILFH��$OHUW�&RPSUHKHQVLYH�6SHFLDOL]HG�+RVSLWDO��$GGLV�$EDED��(WKLRSLD 

  
&RUUHVSRQGLQJ�DXWKRUV
��D\DQWX��#JPDLO�FRP 

$EVWUDFW� 
%DFNJURXQG��$FXWH�NLGQH\�LQMXU\��$.,��LV�GHILQHG�DV�D�VXGGHQ�GHFOLQH�LQ�NLGQH\�IXQFWLRQ�LQ����KRXUV��8QOHVV�
GLDJQRVHG�DQG�PDQDJHG�HDUO\��$.,�FDXVHV�VLJQLILFDQW�PRUELGLW\�DQG�PRUWDOLW\�GXH�WR�WKH�DVVRFLDWHG�LQFUHDVHG�ULVN�
RI�UHQDO�GDPDJH�ZLWK�HYHU\�GHOD\� LQ�UHFRYHU\��7KHUH� LV�D�SDXFLW\�RI� LQIRUPDWLRQ�RQ� WKH�SDWWHUQ�RI�UHFRYHU\� WLPH�
IURP�$.,�DQG�LWV�FRQWULEXWLQJ�IDFWRUV��+HQFH��WKLV�VWXG\�DLPHG�WR�HVWLPDWH�WKH�PHGLDQ�WLPH�WR�UHFRYHU\�DQG�LGHQWLI\�
SUHGLFWRUV�DPRQJ�$.,�SDWLHQWV�RQ�GLDO\VLV�DW�WKH�QDWLRQDO�UHQDO�WUDQVSODQW�FHQWHU�LQ�(WKLRSLD� 
0HWKRGV��$�UHWURVSHFWLYH�FKDUW�UHYLHZ�VWXG\�ZDV�FRQGXFWHG�DPRQJ�����$.,�SDWLHQWV�RQ�GLDO\VLV�ZKR�ZHUH�PDQ�
DJHG�DW�WKH�FHQWHU�IURP�-DQXDU\������WR�-XQH�������'DWD�ZDV�VXPPDUL]HG�DQG�FRPSDUHG�XVLQJ�IUHTXHQF\�WDEOHV��
PHGLDQ�VXUYLYDO�WLPHV��.0�VXUYLYDO�SORWV�DQG�/RJ-UDQN�WHVWV��7R�LGHQWLI\�SUHGLFWRUV�RI�WLPH�WR�UHFRYHU\�IURP�$.,��D�
&R[�3URSRUWLRQDO�+D]DUG��3+��VXUYLYDO�PRGHO�ZDV�XVHG��ZKHUH�$GMXVWHG�+D]DUG�UDWLR��$+5�������&,V�IRU�$+5��
DQG�3-YDOXHV�ZHUH�XVHG� IRU� LQWHUSUHWDWLRQ�RI�UHVXOWV��'DWD�PDQDJHPHQW�DQG�DQDO\VLV�ZDV�GRQH�XVLQJ�6366�VRIW�
ZDUH�9������� 
5HVXOWV��)URP�WKH�����$.,�SDWLHQWV�RQ�GLDO\VLV������������������&, �����-�������DFKLHYHG�UHFRYHU\�DQG�WKH�
PHGLDQ�WLPH�WR�UHFRYHU\�ZDV������GD\V������&, �������������2Q�WKH�&R[�3+�PRGHO��KDYLQJ�FDUGLRYDVFXODU�GLV�
HDVH��$+5 ����������&, �����������S ��������VHSVLV��$+5 ����������&, ������������S �������DQG�DFXWH�JOR�
PHUXORQHSKULWLV��$*1���$+5 ����������&, �����������S �������ZHUH�IRXQG�WR�EH�VLJQLILFDQW�SUHGLFWRUV�RI�WLPH�
WR�UHFRYHU\�IURP�$.,�   
&RQFOXVLRQV��7KH�PHGLDQ�WLPH�WR�UHFRYHU\�IURP�$.,�LV�RSWLPDO�JLYHQ�WKH�KLJK-ULVN�QDWXUH�RI�WKH�VWXGLHG�SRSXOD�
WLRQ��+RZHYHU��WKLV�GXUDWLRQ�PD\�EH�DVVRFLDWHG�ZLWK�DQ�LQFUHDVHG�ULVN�RI�ERWK�VKRUW�DQG�ORQJ-WHUP�FRPSOLFDWLRQV�
IURP�FRQWLQXHG�UHQDO�GDPDJH��+DYLQJ�FDUGLRYDVFXODU�GLVHDVH��VHSVLV�DQG�$*1�ZHUH�IRXQG�WR�EH�DVVRFLDWHG�ZLWK�
GHOD\HG�UHFRYHU\� IURP�$.,��7KHUHIRUH�� VWULFW�PRQLWRULQJ�RI�$.,�SDWLHQWV� LQ�JHQHUDO��DQG� WKH KLJK-ULVN�JURXSV� LQ�
SDUWLFXODU��LV�HVVHQWLDO�IRU�UDSLG�UHFRYHU\� 
 
.H\ZRUGV��$FXWH�.LGQH\�,QMXU\��WLPH�WR�UHFRYHU\��VXUYLYDO�DQDO\VLV��&R[�3+�PRGHO��(WKLRSLD� 
&LWDWLRQ���/HPPD�7$�/HXOVHJHG�7:��*HPHFKX�7*��-XKDU�/+���7LPH�WR�UHFRYHU\�DQG�3UHGLFWRUV�DPRQJ�$FXWH�.LG
 QH\�,QMXU\�3DWLHQWV�RQ�+HPRGLDO\VLV�DW�WKH�1DWLRQDO�5HQDO�7UDQVSODQW�&HQWHU�LQ�(WKLRSLD�(WKLRS�0HG��-�
 ������������-��� 
6XEPLVVLRQ�GDWH������0DUFK�������$FFHSWHG������0DUFK������3XEOLVKHG�����0DUFK������ 

(WKLRSLDQ�0HGLFDO�-RXUQDO������������� ��
2SHQ�DFFHVV�DUWLFOHV�GLVWULEXWHG�LQ�WHUPV�RI� 
&UHDWLYH�&RPPRQV�$WWULEXWLRQ�/LFHQFH�>&&�E\����@ 

,661�����-������������H,661�����-�����  /HPPD�HW�DO�� 

,QWURGXFWLRQ� 
$FXWH� NLGQH\� LQMXU\� �$.,�� LV� GHILQHG� DV� D� VXGGHQ�
GHFOLQH�LQ�NLGQH\�IXQFWLRQ�LQ����KRXUV�DV�PDQLIHVWHG�
E\� DQ� LQFUHDVH� LQ� VHUXP�FUHDWLQLQH�RI�PRUH� WKDQ�����
PJ�GO�� DQ� LQFUHDVH� LQ� VHUXP� FUHDWLQLQH� RI�PRUH� WKDQ�
�����RU�WKH�GHYHORSPHQW�RI�ROLJXULD������$.,�FDQ�EH�
FDXVHG�E\�D�YDULHW\�RI�IDFWRUV�LQ�ERWK�WKH�FRPPXQLW\�
DQG�KRVSLWDO�VHWWLQJ��3UH-UHQDO�FDXVHV�DFFRXQW�IRU���-

���� RI� WKHVH� FDXVHV�� ZKLFK� LQFOXGH� PHGLFDO� LOO�
QHVVHV� �ERWK� DFXWH� DQG� FKURQLF�� DQG� H[SRVXUH� WR�
QHSKURWR[LF�GUXJV��5HQDO�FDXVHV�IURP�YDULRXV�JOR�
PHUXODU�GLVHDVHV�� DV�ZHOO� DV� SRVW-UHQDO�FDXVHV�� DF�
FRXQW�IRU�D�VLJQLILFDQW�SURSRUWLRQ�WRR ��-�����*LYHQ�
WKDW�DOO�RI�WKHVH�IDFWRUV�DUH�FRPPRQ�LQ�KRVSLWDOL]HG�
SDWLHQWV��$.,�GLDJQRVLV�LV�D�FRPPRQ�RFFXUUHQFH�LQ�



���� 

 

 
 

 

KRVSLWDOL]HG�SDWLHQWV� 
8QOHVV� GLDJQRVHG� DQG� PDQDJHG� HDUO\�� $.,� FDXVHV�
VLJQLILFDQW� PRUELGLW\� DQG� PRUWDOLW\� DQG� FRVWV� WKH�
KHDOWKFDUH� V\VWHP��7KLV� LQGLFDWHV� WKH� VLJQLILFDQFH� RI�
WLPH� LQ� WKH� PDQDJHPHQW� RI� $.,�� 'HOD\� LQ� UHFRYHU\�
IURP�$.,�LV�DVVRFLDWHG�ZLWK�DQ�LQFUHDVHG�ULVN�RI�UHQDO�
GDPDJH��ZKLFK�FDQ�UHVXOW� LQ�SHUPDQHQW� ORVV�RI� IXQF�
WLRQ�DQG�HYHQ�GHDWK���������$V�D�UHVXOW��WKH�HSLGHPLR�
ORJLFDO� XQGHUVWDQGLQJ� RI� $.,� VKRXOG� QRW� RQO\� IRFXV�
RQ�LWV�RXWFRPHV�SHU�VH��EXW�DOVR�RQ�WKH�WLPH�LW�WDNHV�WR�
UHFRYHU��7KH�FXUUHQW�ERG\�RI� OLWHUDWXUH�KDV�SULPDULO\�
IRFXVHG� RQ� WKH� ILUVW� RQH�� XQGHUVWDQGLQJ� WKH� RXWFRPH�
RI�$.,��DQG�LW�KDV�EHHQ�UHSRUWHG�WKDW�$.,�LV�DVVRFLDW�
HG�ZLWK� D� SRRU� SURJQRVLV�� SDUWLFXODUO\� LQ� GHYHORSLQJ�
FRXQWULHV�ZKHUH�HDUO\�LGHQWLILFDWLRQ�DQG�PDQDJHPHQW�
RI� FDVHV� LV� GLIILFXOW� GXH� WR� ORZ� KHDOWKFDUH� VHHNLQJ�
EHKDYLRU� DQG� DQ� XQGHUGHYHORSHG� KHDOWKFDUH� V\VWHP�
�������-�����7KLV�LQGLUHFWO\�LPSOLHV�WKDW�PRVW�SDWLHQWV�
DUH�VXEMHFWHG�WR�D�FRQWLQXLQJ�UHQDO�LQVXOW��ZKLFK�IDFLO�
LWDWHV�WKH�SRRU�SURJQRVLV�LQ�DGGLWLRQ�WR�WKH�VHYHULW\�RI�
WKH�XQGHUO\LQJ�FDXVH�RI� WKH�$.,��$V�D� UHVXOW��XQGHU�
VWDQGLQJ�WKH�SDWWHUQ�RI�UHFRYHU\�WLPH�DQG�LWV�FRQWULEX�
WRUV� LV� FUXFLDO� IRU� SODQQLQJ� HYLGHQFH-EDVHG� LQWHUYHQ�
WLRQV� IRU� IDYRUDEOH� VKRUW� DQG� ORQJ-WHUP� SDWLHQW� RXW�
FRPHV��7KHUHIRUH�� WKH� DLP� RI� WKLV� VWXG\�ZDV� WR� HVWL�
PDWH�WKH�PHGLDQ�WLPH�WR�UHFRYHU\�DQG�LGHQWLI\�SUHGLF�
WRUV� DPRQJ� $.,� SDWLHQWV� RQ� GLDO\VLV� DW� WKH� QDWLRQDO�
UHQDO�WUDQVSODQW�FHQWHU�LQ�(WKLRSLD� 

0DWHULDOV�DQG�PHWKRGV 
 
6WXG\�'HVLJQ�DQG�6HWWLQJ�� 
$�UHWURVSHFWLYH�FKDUW� UHYLHZ� VWXG\��ZLWK�DQ�REVHUYD�
WLRQ�SHULRG�IURP�-DQXDU\������WR�-XQH�������ZDV�FRQ�
GXFWHG�DW�6W�3DXO¶V�+RVSLWDO�0LOOHQQLXP�0HGLFDO�&RO�
OHJH� �63+00&��� D� WHUWLDU\� WHDFKLQJ� KRVSLWDO� XQGHU�
WKH�)HGHUDO�0LQLVWU\�RI�+HDOWK�LQ�$GGLV�$EDED��(WKL�
RSLD��63+00&� LV� WKH� FRXQWU\
V� VHFRQG� ODUJHVW� JRY�
HUQPHQWDO� KRVSLWDO�� DV�ZHOO� DV� WKH� ILUVW� JRYHUQPHQWDO�
KRVSLWDO�WR�SURYLGH�ERWK�DFXWH�DQG�FKURQLF�KHPRGLDO\�
VLV� VHUYLFHV� LQ� FROODERUDWLRQ�ZLWK� WKH� (J\SWLDQ� JRY�
HUQPHQW��DQG�WKXV�VHUYHV�DV�WKH�SULPDU\�JRYHUQPHQW-
RZQHG� UHIHUUDO� FHQWHU� IRU�$.,�SDWLHQWV��7KH�KRVSLWDO�
FXUUHQWO\� KDV� DSSUR[LPDWHO\� IRUW\� KHPRGLDO\VLV� PD�
FKLQHV�IRU�HQG-VWDJH�UHQDO�GLVHDVH�DQG�DSSUR[LPDWHO\�
VL[� KHPRGLDO\VLV� PDFKLQHV� IRU� DFXWH� NLGQH\� LQMXU\�
����� 
 
3RSXODWLRQ��(OLJLELOLW\�DQG�6DPSOH�VL]H 
 
'XULQJ� WKH� WZR� \HDUV� DQG� KDOI� REVHUYDWLRQ� SHULRG��
IURP�-DQXDU\������ WR�-XQH�������D� WRWDO�RI�����$.,�
SDWLHQWV�UHFHLYHG�GLDO\VLV�VHUYLFH�DW�WKH�FHQWHU��+HQFH�
GXH�WR�WKH�VPDOO�QXPEHU�RI�WKH�VRXUFH�SRSXODWLRQ��ZH�
LQFOXGHG� DOO� HOLJLEOH� FDVHV�� )LQDOO\�� ���� HOLJLEOH� SD�
WLHQWV��ZKR�GLG�QRW� KDYH�&.'�DW� WKH� WLPH�RI� DGPLV�
VLRQ��DQG�KDG�GDWD�RQ�PDMRU�H[SRVXUHV�DQG�RXWFRPHV��
ZHUH�LQFOXGHG�LQ�WKH�ILQDO�DQDO\VLV� 
 

2SHUDWLRQDO�'HILQLWLRQ 
 
5HFRYHU\�IURP�$.,��5HFRYHU\�LV�GHFODUHG�ZKHQ�D�
SDWLHQW� ZKR� LV� GLDJQRVHG� WR� KDYH� $.,� DQG� NHSW� RQ�
KHPRGLDO\VLV� DFKLHYHV� FOLQLFDO� LPSURYHPHQW� DQG�QRW�
IXUWKHU�UHTXLULQJ�GLDO\VLV�� 

(YHQW��5HFRYHU\�IURP�$., 
&HQVRULQJ��,QFOXGHV�SDWLHQWV�ZKR�ZHUH�ORVW�WR�IRO�
ORZ-XS��WUDQVIHUUHG�RXW��GLHG�RU�FRPSOHWHG�WKH�IROORZ
-XS�SHULRG�EHIRUH�UHFRYHU\�IURP�$.,�� 
7LPH� WR� HYHQW�RU� FHQVRULQJ�� WLPH�EHWZHHQ� DGPLV�
VLRQ� WR� WKH� FHQWHU� XS� WR� UHFRYHU\� RU� FHQVRULQJ� �LQ�
GD\V�� 
 
'DWD�&ROOHFWLRQ�DQG�4XDOLW\�$VVXUDQFH 

'DWD� ZDV� FROOHFWHG� IURP� PHGLFDO� FKDUWV� RI� WKH� SD�
WLHQWV�XVLQJ�D�SUHWHVWHG�GDWD�DEVWUDFWLRQ�WRRO�WKDW�FRQ�
WDLQV� TXHVWLRQV� RQ� VRFLR-GHPRJUDSKLFV�� PHGLFDO� LOO�
QHVV�KLVWRU\��REVWHWULF�DQG�VXUJLFDO�KLVWRU\�� H[SRVXUH�
WR�QHSKURWR[LF�GUXJV��SUH-UHQDO�FDXVHV��DQG�$.,�RXW�
FRPH��7R�LPSURYH�GDWD�TXDOLW\��WUDLQLQJ�RQ�WKH�EDVLFV�
RI�WKH�TXHVWLRQQDLUH�DQG�GDWD�FROOHFWLRQ�WRRO�ZDV�JLY�
HQ�IRU� WZR�GDWD�FROOHFWRUV� �*HQHUDO�SUDFWLWLRQHUV�� IRU�
WZR� GD\V�� ,Q� DGGLWLRQ�� GRXEOH� GDWD� HQWU\�� DQG� GDWD�
FOHDQLQJ� WKURXJK� FKHFNLQJ� IRU� LQFRQVLVWHQFLHV�� QX�
PHULFDO� HUURUV� DQG� PLVVLQJ� SDUDPHWHUV� ZDV� GRQH��
:KHUH� GLVFUHSDQFLHV� DUH�REVHUYHG�� GDWD� HQWHUHG�ZDV�
YHULILHG�ZLWK� WKH� SULPDU\� GDWD� VRXUFH��:KHUH� SRVVL�
EOH�� GDWD�ZDV� YDOLGDWHG� E\� FRPSDULQJ� D� FHUWDLQ� SHU�
FHQWDJH�RI� GDWD� LQ�RXU� GDWDEDVH�ZLWK� WKDW� RI� DQRWKHU�
GDWDEDVH�� 'DWD� FRQVLVWHQF\� DQG� FRPSOHWHQHVV� ZDV�
FKHFNHG� EHIRUH� DQ� DWWHPSW� ZDV� PDGH� WR� HQWHU� WKH�
FRGH� DQG� DQDO\]H� WKH� GDWD�� 2QFH� GDWD� FOHDQLQJ� ZDV�
FRPSOHWH��WKH�GDWD�ZDV�H[SRUWHG�WR�6366�YHUVLRQ������
VRIWZDUH�IRU�GDWD�PDQDJHPHQW�DQG�DQDO\VLV�� 
 
6WDWLVWLFDO�$QDO\VLV 
 
'DWD� ZDV� VXPPDUL]HG� XVLQJ� SURSRUWLRQV� ZLWK� IUH�
TXHQF\�WDEOHV��.DSODQ�0HLHU��.0��SORWV�DQG�PHGLDQ�
VXUYLYDO� WLPHV�� 6XUYLYDO� H[SHULHQFH� RI� GLIIHUHQW�
JURXSV�ZDV�FRPSDUHG�XVLQJ�.0�VXUYLYDO�FXUYHV�DQG�
/RJ-UDQN�WHVW�ZDV�XVHG�WR�DVVHVV�WKH�VWDWLVWLFDO�VLJQLI�
LFDQFH� RI� DQ\� REVHUYHG� GLIIHUHQFH� EHWZHHQ� WKH�
JURXSV� 
$�FKL-VTXDUH�WHVW�ZDV�XVHG�WR�FRPSDUH�WKH�XQGHUO\LQJ�
FKDUDFWHULVWLFV� RI� WKH� WUDQVIHUUHG�SDWLHQWV� DQG� WKH� UH�
PDLQLQJ�SDWLHQWV�LQ�RUGHU�WR�LGHQWLI\�WKH�SUHVHQFH�RI�D�
VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFH�LQ�WKHLU�H[SRVXUH�WR�
LPSRUWDQW� IDFWRUV� WKDW� FRXOG� KDYH� PDGH� WKHP� PRUH�
SURQH� WR� GHYHORS� RQH� JURXS� RI� RXWFRPH� KDV� DQG� LQ�
WXUQ�FRXOG�KDYH�ELDVHG�WKH�RYHUDOO�UHVXOW�RI�WKH�VWXG\�
ILQGLQJV� 
7R�LGHQWLI\�SUHGLFWRUV�RI�WLPH�WR�UHFRYHU\�IURP�$.,��
&R[� SURSRUWLRQDO� KD]DUG� �3+�� VXUYLYDO� PRGHO� ZDV�
XVHG��8QLYDULDWH�DQDO\VLV�DW�����OHYHO�RI�VLJQLILFDQFH�
ZDV�SHUIRUPHG�WR�FDOFXODWH�FUXGH�KD]DUG�UDWLR��&+5��



���� 

 

DQG�WR�VFUHHQ�RXW�SRWHQWLDOO\�LQGHSHQGHQW�YDULDEOHV��7KH�
VHOHFWHG�YDULDEOHV�ZHUH�LQFOXGHG�LQWR�WKH�ILQDO�PXOWLYDUL�
DEOH�&R[�3+�VXUYLYDO�PRGHO�DW����OHYHO�RI�VLJQLILFDQFH�
ZKHUH� DGMXVWHG� KD]DUG� UDWLR� �$+5��� ���� &,� IRU� $+5�
DQG�S-YDOXH�ZHUH�XVHG�WR�LQWHUSUHW�WKH�UHVXOWV��7KH�EDVLF�
DVVXPSWLRQ�RI�&R[�3URSRUWLRQDO�+D]DUG�PRGHO��WKH�SUR�
SRUWLRQDO� KD]DUGV� DVVXPSWLRQ��ZDV� WHVWHG� XVLQJ� ORJ�PL�
QXV� ORJ� IXQFWLRQ� DQG� WKH�SORW� VKRZV� D� UHDVRQDEOH� ILW� WR�
WKH�DVVXPSWLRQ�ZLWK�SDUDOOHO� OLQHV�EHWZHHQ�JURXSV� LQGL�
FDWLQJ�SURSRUWLRQDOLW\���6XSSOHPHQWDU\�ILOH���� 

5HVXOWV 
 
6RFLR-GHPRJUDSKLF�DQG�FOLQLFDO�FKDUDFWHULVWLFV 
$PRQJ� WKH� ���� $.,� SDWLHQWV� RQ� GLDO\VLV�� WKH� PDMRULW\�
ZHUH� EHWZHHQ� WKH� DJH� RI� ��� DQG� ��� \HDUV� �������� IRO�
ORZHG�E\�WKRVH����WR����\HDUV���������DQG�������������
ZHUH�IHPDOHV� 
7KH�PDMRULW\� �������� RI� WKH� SDWLHQWV� KDG� RQH� RU� PRUH�
PHGLFDO� LOOQHVVHV�XSRQ�DGPLVVLRQ��)URP�ZKLFK��FKURQLF�
PHGLFDO� LOOQHVVHV��PDLQO\�K\SHUWHQVLRQ����������FDUGLR�
YDVFXODU�GLVHDVH� ���������DQG�GLDEHWHV�PHOOLWXV� ��������
FRQVWLWXWHG� D� ODUJHU� SURSRUWLRQ�� $FXWH� PHGLFDO� FRQGL�
WLRQV��PDLQO\�VHSVLV��VKRFN�DQG�/57,�ZHUH�GLDJQRVHG�LQ�
��� ��������� ��� �������� DQG� ��� ��������� UHVSHFWLYHO\��
)RUW\-WZR�SDWLHQWV���������XQGHUZHQW�PDMRU�VXUJHU\� 
([SRVXUH� WR� QHSKURWR[LF� GUXJV� ZDV� LGHQWLILHG� LQ� ����
��������RI�WKH�SDWLHQWV��$PRQJ�WKHVH��WKH�PDMRULW\�ZHUH�
RQ� 33,� ��������� IROORZHG� E\� YDQFRP\FLQ� �������� DQG�
FHIWULD[RQH����������2QO\����SDWLHQWV�ZHUH�WDNLQJ�$&(��
H[SUHVVLRQ� LQKLELWLQJ� GUXJV�� SDUWLFXODUO\� $&(,V�$5%V�
E\�����������DQG�16$,'V�E\����������� 
7KUHH-IRXUWK� RI� DOO� SDWLHQWV� �������� ZHUH� GLDJQRVHG�
ZLWK�D�JORPHUXODU�GLVHDVH��)URP�ZKLFK�WKH�PDMRULW\�KDG�
$71� ��������� IROORZHG� E\� 53*1� ��������� $*1�
���������DQG�3,*1���������� 
$� TXDUWHU� RI� DOO� SDWLHQWV� �������� ZHUH� GLDJQRVHG� ZLWK�
SRVW-UHQDO� FDXVHV� RI� $.,�� PDLQO\� XUHWHULF� VWRQH� LQ� ���
�������SDWLHQWV��7KLUW\-IRXU� ��������RI� SDWLHQWV� QHHGHG�
DQ�,QWHQVLYH�&DUH�8QLW��,&8��DGPLVVLRQ���7DEOH��� 

&HQVRULQJ� VWDWXV�DQG�PHGLDQ� WLPH� WR� UHFRYHU\� IURP�
$., 
)URP� WKH� ���� $.,� SDWLHQWV� RQ� GLDO\VLV�� ���� ��������
����&, �����-������� DFKLHYHG� UHFRYHU\� DQG� WKH� UHVW�
���� �������� ���� &, �����-������� ZHUH� FHQVRUHG��
$PRQJ� WKH� ���� FHQVRUHG� REVHUYDWLRQV�� ��� �������� GH�
YHORSHG� &.'�� ��� �������� GLHG� DQG� WKH� UHPDLQLQJ� ���
�������� ZHUH� WUDQVIHUUHG� WR� DQRWKHU� KRVSLWDO� HLWKHU� IRU�
FRQYHQLHQFH� RI� IDPLO\� YLVLW� RU� VHHNLQJ� SULYDWH� KRVSLWDO�
FDUH��$�VWDWLVWLFDO�FRPSDULVRQ�RI� WKH�XQGHUO\LQJ�FKDUDF�
WHULVWLFV�RI�WKH����WUDQVIHUUHG�SDWLHQWV�DQG�WKH�UHPDLQLQJ�
����SDWLHQWV�ZHUH�PDGH� WR� LGHQWLI\� WKH�SUHVHQFH�RI� VLJ�
QLILFDQW�GLIIHUHQFH�LQ�WKHLU�H[SRVXUH�WR�LPSRUWDQW�IDFWRUV�
WKDW� FRXOG�KDYH�PDGH� WKHP�PRUH� LQFOLQHG� WR�EH�DW�KLJK�
ULVN�RI�UHFRYHULQJ�RU�QRW�DQG�KHQFH�KDV�ELDVHG�WKH�RYHU�
DOO�UHVXOW�RI�WKH�VWXG\�ILQGLQJV��$FFRUGLQJO\��DOO�FRPSDU�
LVRQV� VKRZHG� QR� VLJQLILFDQW� GLIIHUHQFH� �S-YDOXH� RI� DOO�
-VTXDUH�WHVWV�ZHUH�!������ 
7KH� RYHUDOO� PHGLDQ� WLPH� WR� UHFRYHU\� ZDV� ����� GD\V�
����� &, ������ ������� 7KH� FRPSDULVRQ� RI� WKH� PHGLDQ�

WLPH�WR�UHFRYHU\�EHWZHHQ�JURXSV�VKRZHG�WKDW�WKHUH�
LV� D� VWDWLVWLFDOO\� VLJQLILFDQW� GLIIHUHQFH� LQ� WKH� WLPH�
EDVHG� RQ� FDUGLRYDVFXODU� GLVHDVH� DQG� VHSVLV�� $F�
FRUGLQJO\�� D� VLJQLILFDQWO\� GHOD\HG� UHFRYHU\� IURP�
$.,�ZDV�REVHUYHG�DPRQJ�SDWLHQWV�ZLWK�FDUGLRYDV�
FXODU�GLVHDVH�����9V����GD\V��DQG�WKRVH�ZLWK�VHSVLV�
����9V� ��� GD\V�� DV� FRPSDUHG�ZLWK� WKRVH� ZLWK� QR�
VXFK�PHGLFDO�LOOQHVVHV���7DEOH��� 

3UHGLFWRUV�RI�WLPH�WR�UHFRYHU\�IURP�$., 
7R� LGHQWLI\� SUHGLFWRUV� RI� WLPH� WR� UHFRYHU\� IURP�
$.,��&R[�SURSRUWLRQDO�KD]DUG��3+��VXUYLYDO�PRGHO�
ZDV�XVHG��&UXGH�DQDO\VLV�RI�HDFK�LQGHSHQGHQW�YDUL�
DEOH�ZLWK�WKH�WLPH�WR�UHFRYHU\�ZDV�UXQ�DW�����OHY�
HO� RI� VLJQLILFDQFH�� )URP� XQLYDULDWH� DQDO\VLV�� DJH�
JURXS�� JHQGHU�� K\SHUWHQVLRQ�� FDUGLRYDVFXODU� GLV�
HDVH��GLDEHWHV�PHOOLWXV��VHSVLV��VKRFN��/57,��PDMRU�
VXUJHU\��YDQFRP\FLQ��33,��$&(,V�$5%V��16$,'V��
53*1��3,*1��$*1��DQG�XUHWHULF�VWRQH�ZHUH�IRXQG�
WR�EH�VLJQLILFDQW�DQG�ZHUH�IHG�LQWR�WKH�ILQDO�PXOWL�
YDULDEOH�UHJUHVVLRQ�PRGHO�� 
,Q� WKH� ILQDO�PRGHO�� DW� D� ��� OHYHO� RI� VLJQLILFDQFH��
FDUGLRYDVFXODU� GLVHDVH�� VHSVLV� DQG� $*1� ZHUH�
IRXQG� WR� EH� VLJQLILFDQWO\� DVVRFLDWHG� ZLWK� WLPH� WR�
UHFRYHU\�IURP�$.,� 
$FFRUGLQJO\�� DIWHU� DGMXVWLQJ� IRU� RWKHU� FRYDULDWHV��
WKH�UDWH�RI�DFKLHYLQJ�UHFRYHU\�DPRQJ�SDWLHQWV�ZLWK�
FDUGLRYDVFXODU� GLVHDVH� ZDV� ���� ORZHU� WKDQ� SD�
WLHQWV�ZLWK� QR� FDUGLRYDVFXODU� GLVHDVH� �$+5 ������
����&, �����������S �������� ,Q� DGGLWLRQ�� EHLQJ�
LQ�VHSVLV�ZDV�DVVRFLDWHG�ZLWK�D�������ORZHU�UDWH�RI�
DFKLHYLQJ� UHFRYHU\� DV� FRPSDUHG� WR� WKRVH�ZLWK� QR�
VHSVLV� �$+5 ������ ����&, ������ ������ S ��������
)XUWKHUPRUH��WKH�UDWH�RI�DFKLHYLQJ�UHFRYHU\�DPRQJ�
SDWLHQWV� ZLWK� $*1� ZDV� ������ ORZHU� WKDQ� WKRVH�
ZLWK� QR� $*1� �$+5 ������ ���� &, �����������
S ���������7DEOH��� 



���� 

 

7DEOH����3DUWLFLSDQW�FKDUDFWHULVWLFV��FHQVRULQJ�VWDWXV��DQG�FRPSDULVRQ�RI�PHGLDQ�WLPH�WR�UHFRYHU\�EHWZHHQ�JURXSV�
DPRQJ�$.,�SDWLHQWV�RQ�GLDO\VLV�IURP�-DQXDU\������WR�-XQH�������(WKLRSLD��Q ���� 

 9DULDEOH $.,�RXWFRPH 7RWDO���� 0HGLDQ�
WLPH�WR�
UHFRYHU\�
�LQ�GD\V� 

3-YDOXH 

5HFRYHUHG�
��� 

&HQVRUHG�
��� 

$JH�FDWHJRU\��LQ�
\HDUV� 

��-�� ��������� ��������� ��������� ���� ����� 
��-�� ��������� ��������� ��������� ����   
���� ��������� ��������� ��������� ����   

*HQGHU 0DOH ��������� ��������� ���������� ���� ����� 

)HPDOH ��������� ��������� ���������� ����   
+\SHUWHQVLRQ 1R ��������� ��������� ���������� ���� ����� 

<HV ��������� ��������� ��������� ����   
&DUGLRYDVFXODU�
LOOQHVV 

1R ���������� ��������� ���������� ���� ����
 

<HV ��������� ��������� ��������� ����   
'LDEHWHV�PHOOLWXV 1R ���������� ��������� ���������� ���� ����� 

<HV �������� ��������� �������� ����   
/LYHU�GLVHDVH 1R ���������� ��������� ���������� ���� ����� 

<HV �������� �������� �������� ����   
6HSVLV 1R ��������� ��������� ���������� ���� ����
 

<HV ��������� ��������� ��������� ����   

6KRFN 1R ��������� ��������� ���������� ���� ����� 
<HV ��������� ��������� ��������� ����   

/57, 1R ��������� ��������� ���������� ���� ����� 
<HV ��������� ��������� ��������� ����   

*DVWURHQWHULWLV 1R ���������� ��������� ���������� ���� ����� 
<HV �������� ��������� �������� ����   

0DMRU�VXUJHU\ 1R ��������� ��������� ���������� ���� ����� 
<HV ��������� ��������� ��������� ����   

9DQFRP\FLQ 1R ��������� ��������� ���������� ���� ����� 
<HV ��������� ��������� ���������� ����   

&HIWULD[RQH 1R ��������� ��������� ���������� ���� ����� 
<HV ��������� ��������� ��������� ����   

$&(,V�$5%V 1R ���������� ��������� ���������� ���� ����� 
<HV �������� �������� �������� ����   

16$,'V 1R ���������� ���������� ���������� ���� ����� 
<HV �������� �������� �������� ����   

33, 1R ��������� ��������� ��������� ���� ����� 
<HV ���������� ��������� ���������� ����   

$71 1R ��������� ��������� ���������� ���� ����� 
<HV ��������� ��������� ���������� ����   

53*1 1R ���������� ��������� ���������� ���� ����� 
<HV ��������� ��������� ��������� ����   

3,*1 1R ���������� ��������� ���������� ���� ����� 
<HV ��������� ��������� ��������� ����   

$*1 1R ���������� ��������� ���������� ���� ����� 
<HV ��������� ��������� ��������� ����   

8UHWHULF�VWRQH 1R ���������� ��������� ���������� ���� ����� 
<HV ��������� �������� �������� ����   

,&8�DGPLVVLRQ 1R ���������� ��������� ���������� ���� ����� 
<HV ��������� ��������� ��������� ����   

1RWH��
VWDWLVWLFDOO\�VLJQLILFDQW 
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.DSODQ�0HLU��.0��VXUYLYDO�IXQFWLRQ�JUDSKV�RI�WKHVH�WZR�JURXSV�DOVR�VKRZHG�WKDW�WKRVH�ZLWK�FDUGLRYDVFXODU�GLV�
HDVH�DQG�VHSVLV�KDG�D�SURORQJHG�WLPH�WR�FOLQLFDO�UHFRYHU\�WKURXJKRXW�WKH�WLPH�DV�FRPSDUHG�WR�WKRVH�ZLWK�QR�VXFK�
PHGLFDO�LOOQHVVHV���)LJXUH��� 

)LJ����.DSODQ-0HLHU�VXUYLYDO�JUDSK�RI�UHFRYHU\�WLPH�IURP�$.,�VWUDWLILHG�E\�FDUGLRYDVFXODU�GLVHDVH�DQG�VHS�
VLV 

7DEOH����3UHGLFWRUV� RI� WLPH� WR� UHFRYHU\� DPRQJ�$.,�SDWLHQWV� RQ�GLDO\VLV� IURP� -DQXDU\������ WR�
-XQH�������(WKLRSLD��Q ���� 

 

 

 

9DULDEOH &+5������&,� $+5������&,� 3-YDOXH 

$JH�FDWHJRU\��5 ��-���
\HDUV� 

      

��-�� ����������������� ����������������� ����� 
���� ����������������� ����������������� ����� 
*HQGHU��0DOH�9V�)HPDOH� ���������������� ���������������� ����� 
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16$,'V��<HV� ����������������� ����������������� ����� 
53*1��<HV� ����������������� ����������������� ����� 
3,*1��<HV� ����������������� ����������������� ����� 
$*1��<HV� ����������������� ����������������� �����
 
8UHWHULF�VWRQH��<HV� ����������������� ����������������� ����� 

1RWH��&+5��&UXGH�+D]DUG�UDWLR��$+5��$GMXVWHG�+D]DUG�UDWLR��&,��&RQILGHQFH�LQWHUYDO��
VWDWLVWLFDOO\�VLJ�

'LVFXVVLRQ� 
7KH� VWXG\� DLPHG� WR� HVWLPDWH� WKH�PHGLDQ� WLPH� WR� UH�
FRYHU\� DQG� LGHQWLI\� SUHGLFWRUV� DPRQJ� $.,� SDWLHQWV�
RQ�GLDO\VLV�ZKR�ZHUH�RQ�IROORZ�DW� WKH�QDWLRQDO� UHQDO�
WUDQVSODQW� FHQWHU� LQ� (WKLRSLD� IURP� -DQXDU\� ����� WR�
-XQH������ 

)URP�WKH�����$.,�SDWLHQWV�RQ�GLDO\VLV������DFKLHYHG�
UHFRYHU\�DQG�WKH�RYHUDOO�PHGLDQ�WLPH�WR�UHFRYHU\�ZDV�
�����GD\V��$FFRUGLQJ� WR� VWXGLHV�� UHFRYHU\� IURP�$.,�
FDQ� WDNH� D� IHZ� GD\V� WR� ZHHNV� RU� HYHQ� PRQWKV�� GH�
SHQGLQJ�RQ� WKH�XQGHUO\LQJ�FDXVH�RI� WKH�$.,�DQG� WKH�
SDWLHQWV
� SHUVRQDO� ULVN� IDFWRUV�� ,W� LV� UHSRUWHG� WKDW� RQ�



���� 

 

 &RQFOXVLRQV 
 
*LYHQ�WKH�KLJK-ULVN�QDWXUH�RI�WKH�VWXGLHG�SRSXOD�
WLRQ�� WKH� PHGLDQ� WLPH� WR� UHFRYHU\� IURP�$.,� LV�
RSWLPDO�� KRZHYHU�� WKLV� GXUDWLRQ� PD\� YHU\� ZHOO�
EH� DVVRFLDWHG� ZLWK� DQ� LQFUHDVHG� ULVN� RI� ERWK�
VKRUW� DQG� ORQJ-WHUP�FRPSOLFDWLRQV� IURP�FRQWLQ�
XHG� UHQDO� GDPDJH�� +DYLQJ� FDUGLRYDVFXODU� GLV�
HDVH��VHSVLV�DQG�$*1�ZHUH�IRXQG�WR�EH�DVVRFLDW�
HG�ZLWK�GHOD\HG�UHFRYHU\�IURP�$.,� 
$V�D�UHVXOW�� VWULFW�PRQLWRULQJ�RI�$.,�SDWLHQWV�LQ�
JHQHUDO��DQG�WKH�KLJK-ULVN�JURXSV�LQ�SDUWLFXODU��LV�
SLYRWDO� IRU� IXUWKHU� UDSLG� UHFRYHU\��$� ODUJH� SUR�
VSHFWLYH�VWXG\� WKDW� WDNHV� LQWR�DFFRXQW�DOO�SRWHQ�
WLDO� IDFWRUV� LV� UHTXLUHG� WR� UHDFK� D�EHWWHU� FRQFOX�
VLRQ� 
/LVW�RI�$EEUHYLDWLRQV 
$&(,V�$5%V�«�$QJLRWHQVLQ-&RQYHUWLQJ�(Q�
]\PH�,QKLELWRUV��$QJLRWHQVLQ�,,�5HFHSWRU�$QWDJ�
RQLVWV 
$.,�«�$FXWH�NLGQH\�LQMXU\ 
$71�«�$FXWH�7XEXODU�1HFURVLV 
$*1�«�$FXWH�*ORPHUXORQHSKULWLV 
%81�«�%ORRG�8UHD�1LWURJHQ 
&,�«��&RQILGHQFH�LQWHUYDO 
&U�«�&UHDWLQLQH 
*)5�«�*ORPHUXODU�ILOWUDWLRQ�UDWH 
,5%�«�,QVWLWXWLRQDO�UHYLHZ�ERDUG 
,&8�«�,QWHQVLYH�&DUH�8QLW 
/57,�«�/RZHU�UHVSLUDWRU\�WUDFW�LQIHFWLRQ 
16$,'V�«�1RQ-VWHURLGDO�DQWL-LQIODPPDWRU\�
GUXJV  
25�«��2GGV�UDWLR 
3,*1�«�3RVW-LQIHFWLRXV�*ORPHUXORQHSKULWLV 
33,�«�3URWRQ�3XPS�,QKLELWRUV 
53*1�«�5DSLGO\�3URJUHVVLYH�*ORPHUXORQH�
SKULWLV 
 
'HFODUDWLRQ 
(WKLFDO�&RQVLGHUDWLRQV 

7KH� VWXG\�ZDV� FRQGXFWHG� DIWHU� VHFXULQJ� HWKLFDO�
FOHDUDQFH� IURP� 63+00&� LQVWLWXWLRQDO� UHYLHZ�
ERDUG� �,5%�� �OHWWHU� QR�� 30���������� 6LQFH� WKH�
VWXG\� XVHG� VHFRQGDU\� GDWD�� ZDLYHU� RI� FRQVHQW�
ZDV� REWDLQHG� IURP� WKH� GHSDUWPHQW� RI� ,QWHUQDO�
PHGLFLQH�RQ�EHKDOI�RI�WKH�SDWLHQWV�WR�EH�LQFOXGHG�
LQ� WKH� VWXG\��0HGLFDO� UHFRUG� QXPEHU� ZDV� XVHG�
IRU�WKH�GDWD�FROOHFWLRQ�DQG�SHUVRQDO�LGHQWLILHUV�RI�
WKH�SDWLHQW�ZHUH�QRW�XVHG�LQ�WKH�UHVHDUFK�UHSRUW��
$FFHVV� WR� WKH�FROOHFWHG� LQIRUPDWLRQ�ZDV� OLPLWHG�
WR� WKH� UHVHDUFK� WHDP� DQG� FRQILGHQWLDOLW\� ZDV�
PDLQWDLQHG�WKURXJKRXW�WKH�SURMHFW�� 
&RPSHWLQJ� LQWHUHVWV�� 7KH� DXWKRUV� GHFODUH� WKDW�
WKH\�KDYH�QR�NQRZQ�FRPSHWLQJ�LQWHUHVWV 
)XQGLQJ�VRXUFH��7KLV�UHVHDU FK�ZDV�IXQGHG�E\�
63+00&� UHVLGHQF\� UHVHDUFK� SURJUDP�� 7KH�
LQVWLWXWLRQ� GLG� QRW� KDYH� DQ\� LQYROYHPHQW� LQ� WKH�
GHVLJQ��FRQGXFW�DQG�UHSRUWLQJ�RI�WKH�VWXG\� 

DYHUDJH�� KDOI� RI� $.,� SDWLHQWV� UHFRYHU� LQ� ��� GD\V��
ZKLOH�WKH�RWKHU�KDOI�PD\�UHTXLUH�XS�WR����GD\V������
�����$V�D�UHVXOW��D�PHGLDQ�GXUDWLRQ�RI������GD\V�FDQ�
EH�FRQVLGHUHG�DQ�DYHUDJH�GXUDWLRQ��HVSHFLDOO\�JLYHQ�
WKDW� WKH� PDMRULW\� RI� WKH� VWXGLHG� SRSXODWLRQ� KDV� DQ�
XQGHUO\LQJ�ULVN�IDFWRU�WKDW��GHVSLWH�WKHLU�\RXQJ�DJH��
FRXOG� OHDG� WR� DGGLWLRQDO� UHQDO� GDPDJH� DQG� GHOD\HG�
UHFRYHU\�� (YHQ� LI� WKLV� GXUDWLRQ� FDQ� EH� FRQVLGHUHG�
RSWLPDO�� LW� LV� VWLOO� D� ORQJ� WLPH� JLYHQ� WKH� LQFUHDVHG�
ULVN�RI� UHQDO� DQG� V\VWHPLF� FRPSOLFDWLRQV�ZLWK� HDFK�
GHOD\�LQ�UHQDO�UHFRYHU\� 

2Q� WKH�.0� VXUYLYDO� SORW� DQG� ORJ-� UDQN� WHVW�� D� OHVV�
IDYRUDEOH�UHFRYHU\�H[SHULHQFH�ZDV�REVHUYHG�DPRQJ�
SDWLHQWV�ZLWK�FDUGLRYDVFXODU�GLVHDVH�DQG�VHSVLV��7KLV�
ZDV�IXUWKHU�FRQILUPHG�RQ�WKH�ILQDO�UHJUHVVLRQ�DQDO\�
VLV��ZKHUH�KDYLQJ� FDUGLRYDVFXODU� GLVHDVH� DQG�EHLQJ�
LQ� VHSVLV� ZHUH� IRXQG� WR� EH� DVVRFLDWHG� ZLWK� D� ����
DQG� ���� ORZHU� UDWH� RI� DFKLHYLQJ� UHFRYHU\�� UHVSHF�
WLYHO\�� DV� FRPSDUHG� WR� WKRVH�ZLWK� QR� VXFK�PHGLFDO�
LOOQHVVHV��6WXGLHV�FRQGXFWHG�LQ�ERWK�GHYHORSLQJ�DQG�
GHYHORSHG�FRXQWULHV�DOVR�LQGLFDWHG�WKDW�SDWLHQWV�ZLWK�
FDUGLRYDVFXODU�GLVHDVH�DQG�VHSVLV�DUH�DW�KLJK�ULVN�RI�
FRPSOLFDWLRQV�IURP�$.,�DQG�OHDGLQJ�WR�SURJUHVVLRQ�
WR�$.,�DQG�RU�GHDWK�LPSO\LQJ�WKDW�UHFRYHU\�LQ�WKHVH�
JURXSV�RI� SDWLHQWV� LV� GHOD\HG�ZKHQ� LW� KDSSHQV� ���-
����� 
,Q� DGGLWLRQ�� LW�ZDV� IRXQG� WKDW� WKH� UDWH� RI� DFKLHYLQJ�
UHFRYHU\�DPRQJ�SDWLHQWV�ZLWK�$*1�ZDV�������ORZ�
HU� WKDQ� WKRVH� ZLWK� QR� $*1�� $V� D� JORPHUXODU� GLV�
HDVH�� $*1� FDXVHV� UHQDO� LQMXU\� WKURXJK� SK\VLFDO�
GDPDJH� WR� WKH� JORPHUXOL�� 6LQFH� PRVW� RI� WKH� WLPH�
GLDJQRVLV� FDQ� EH� GHOD\HG� GXH� WR� ODFN�RI� V\PSWRPV�
DPRQJ�WKHVH�SDWLHQWV��E\�WKH�WLPH�$.,�LV�GHYHORSHG�
PRVW�SDUWV�RI�JORPHUXOL�FRXOG�EH�GDPDJHG��7KLV�ZLOO�
LQ�WXUQ�UHVXOW�LQ�GHOD\�LQ�UHFRYHU\�GHVSLWH�SURYLVLRQ�
RI�EHVW�FDUH������ 
7KH� IROORZLQJ� DUH� WKH� VWUHQJWKV� DQG� OLPLWDWLRQV� RI�
WKH� VWXG\� ZKLFK� VKRXOG� EH� FRQVLGHUHG� ZKHQ� LQWHU�
SUHWLQJ� WKH� ILQGLQJV��7KH� ILUVW� VWUHQJWK�RI� WKH� VWXG\�
LV� WKDW� LW� DGGUHVVHG� DQ� RXWFRPH� WKDW� KDV� UHFHLYHG�
OLWWOH�DWWHQWLRQ��SDUWLFXODUO\� LQ�(WKLRSLD��7KH�VHFRQG�
VWUHQJWK�LV�WKDW�LW�ZDV�FRQGXFWHG�LQ�D�QDWLRQDO�FHQWHU�
DQG�LQFOXGHG�DOO�HOLJLEOH�SDWLHQWV�GXULQJ�WKH�REVHUYD�
WLRQ� SHULRG�� DQG� KHQFH� LW� LV� FRQGXFWHG� RQ� D� IDLUO\�
UHSUHVHQWDWLYH� VDPSOH� RI� WKH� SRSXODWLRQ� ZLWK� $.,��
,WV� OLPLWDWLRQV� DUH�� DOWKRXJK� VHYHUDO� SRWHQWLDO� H[SR�
VXUH�YDULDEOHV�DUH�FRQWUROOHG�LQ�WKH�VWXG\��RWKHU�LP�
SRUWDQW�H[SRVXUHV�VXFK�DV�ODERUDWRU\��UDGLRORJLF�DQG�
EHKDYLRUDO� IDFWRUV� DUH� QRW� LQFOXGHG� GXH� WR� LQFRQ�
VLVWHQW� UHFRUGLQJ� RI� WKLV� SDUDPHWHUV� RQ� WKH� FKDUWV��
)XUWKHUPRUH��WKH�UHODWLYHO\�VPDOOHU�VDPSOH�VL]H�PD\�
KDYH� UHVXOWHG� LQ� LQ� ORZHU� VWXG\� SRZHU��ZKLFK�PD\�
KDYH�UHVXOWHG�LQ�D�ORZHU�GHWHFWLRQ�RI�RWKHU�SRWHQWLDO�
O\�VLJQLILFDQW�UHODWLRQVKLSV�� 
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�� 0HKWD�5/��.HOOXP�-$��6KDK�6�9���0ROLWRULV�%$��5RQFR�&��:DUQRFN�'*��HW�DO��$FXWH�NLGQH\�LQMXU\�QHWZRUN��
5HSRUW�RI�DQ�LQLWLDWLYH�WR�LPSURYH�RXWFRPHV�LQ�DFXWH�NLGQH\�LQMXU\��&ULW�&DUH��������������–��� 

�� 0HKWD�5/��&HUGi�-��%XUGPDQQ�($��7RQHOOL�0��*DUFtD-*DUFtD�*��-KD�9��HW�DO��,QWHUQDWLRQDO�6RFLHW\�RI�1HSKURO�
RJ\�E\����LQLWLDWLYH�IRU�DFXWH�NLGQH\�LQMXU\��]HUR�SUHYHQWDEOH�GHDWKV�E\��������$�KXPDQ�ULJKWV�FDVH�IRU�QHSK�
URORJ\��/DQFHW���������������������–���� 

�� .DQH-*LOO�6/��6LOHDQX�)(��0XUXJDQ�5��7ULHWOH\�*6��+DQGOHU�60��.HOOXP�-$��5LVN�IDFWRUV� IRU�DFXWH�NLGQH\�
LQMXU\�LQ�ROGHU�DGXOWV�ZLWK�FULWLFDO�,OOQHVV��$�UHWURVSHFWLYH�FRKRUW�VWXG\��$P�-�.LGQH\�'LV����������������–��� 

�� 8OXVR\�6��$UL�'��2]NDQ�*��&DQVL]�0��.D\QDU�.��7KH�)UHTXHQF\�DQG�2XWFRPH�RI�$FXWH�.LGQH\�,QMXU\�LQ�D�
7HUWLDU\�+RVSLWDO��:KLFK�)DFWRUV�$IIHFW�0RUWDOLW\"�$UWLI�2UJDQV����������������–����� 

�� (YDQV�5'5��+HPPLOl�8��&UDLN�$��0WHNDWHND�0��+DPLOWRQ�)��.DZDOH�=��HW�DO��,QFLGHQFH��HWLRORJ\�DQG�RXW�
FRPH�RI�FRPPXQLW\-DFTXLUHG�DFXWH�NLGQH\�LQMXU\�LQ�PHGLFDO�DGPLVVLRQV�LQ�0DODZL��%0&�1HSKURO���������
�����–��� 

�� ,EUDKLP�$��$KPHG�00��.HGLU�6��%HNHOH�'��&OLQLFDO�SURILOH�DQG�RXWFRPH�RI�SDWLHQWV�ZLWK�DFXWH�NLGQH\�LQMXU\�
UHTXLULQJ�GLDO\VLV�-�$Q�H[SHULHQFH�IURP�D�KDHPRGLDO\VLV�XQLW�LQ�D�GHYHORSLQJ�FRXQWU\��%0&�1HSKURO���������
�����–��� 

�� &HUGi�-��%DJJD�$��.KHU�9��&KDNUDYDUWKL�50��7KH�FRQWUDVWLQJ�FKDUDFWHULVWLFV�RI�DFXWH�NLGQH\�LQMXU\�LQ�GHYHO�
RSHG�DQG�GHYHORSLQJ�FRXQWULHV��1DW�&OLQ�3UDFW�1HSKURO���������������–���� 

�� 5LOH\�6��'LUR�(��%DWFKHORU�3��$EHEH�$��$PVDOX�$��7DGHVVH�<��HW�DO��5HQDO�LPSDLUPHQW�DPRQJ�DFXWH�KRVSLWDO�
DGPLVVLRQV�LQ�D�UXUDO�(WKLRSLDQ�KRVSLWDO��9RO������1HSKURORJ\��������S����–��� 

�� &DUWLQ-&HED�5��.DVKLRXULV�0��3ODWDNL�0��.RU�'-��*DMLF�2��&DVH\�(7��5LVN�IDFWRUV�IRU�GHYHORSPHQW�RI�DFXWH�
NLGQH\� LQMXU\� LQ� FULWLFDOO\� LOO� SDWLHQWV��$� V\VWHPDWLF� UHYLHZ� DQG�PHWD-DQDO\VLV� RI� REVHUYDWLRQDO� VWXGLHV��&ULW�
&DUH�5HV�3UDFW������������� 

��� +DOOH�03(��&KLSHNDP�10��%H\LKD�*��)RXGD�+��&RXOLEDO\�$��+HQWFKR\D�5��HW�DO��,QFLGHQFH��FKDUDFWHULVWLFV�
DQG�SURJQRVLV�RI�DFXWH�NLGQH\�LQMXU\� LQ�&DPHURRQ��D�SURVSHFWLYH�VWXG\�DW� WKH�'RXDOD�*HQHUDO�+RVSLWDO��5HQ�
)DLO���������������–��� 

��� 2VPDQ�0��6KLJLGL�0��$KPHG�+��$EGHOUDKPDQ�,��.DUUDU�:��(OKDVVDQ�(��HW�DO��3DWWHUQ�DQG�RXWFRPH�RI�DFXWH�
NLGQH\�LQMXU\�DPRQJ�6XGDQHVH�DGXOWV�DGPLWWHG�WR�D� WHUWLDU\�OHYHO�KRVSLWDO��$�UHWURVSHFWLYH�FRKRUW�VWXG\��3DQ�
$IU�0HG�-�����������–��� 

��� <RR�-��/HH�-6��/HH�-��-HRQ�-6��1RK�+��+DQ�'&��HW�DO��5HODWLRQVKLS�EHWZHHQ�GXUDWLRQ�RI�KRVSLWDO�DFTXLUHG�DFXWH�
NLGQH\�LQMXU\�DQG�PRUWDOLW\��$�SURVSHFWLYH�REVHUYDWLRQDO�VWXG\��.RUHDQ�-�,QWHUQ�0HG����������������–���� 

��� 1LH�6��7DQJ�/��=KDQJ�:��)HQJ�=��&KHQ�;��$UH�7KHUH�0RGLILDEOH�5LVN�)DFWRUV�WR�,PSURYH�$.,"�%LRPHG�5HV�
,QW������������� 

��� 0RUJDQ�'-5��+R�.0��$FXWH�NLGQH\�LQMXU\�LQ�EDULDWULF�VXUJHU\�SDWLHQWV�UHTXLULQJ�LQWHQVLYH�FDUH�DGPLVVLRQ��$�
VWDWH-ZLGH��PXOWLFHQWHU��FRKRUW�VWXG\��6XUJ�2EHV�5HODW�'LV�����������������–��� 

��� 'UXPO�:��0HWQLW]�%��6FKDGHQ�(��%DXHU�3��0HWQLW]�3*+��,PSDFW�RI�ERG\�PDVV�RQ�LQFLGHQFH�DQG�SURJQRVLV�RI�
DFXWH�NLGQH\�LQMXU\�UHTXLULQJ�UHQDO�UHSODFHPHQW�WKHUDS\��,QWHQVLYH�&DUH�0HG�����������������–��� 

��� 7HMHUD�'��9DUHOD�)��$FRVWD�'��)LJXHURD�6��%HQHQFLR�6��9HUGDJXHU�&��HW�DO��(SLGHPLRORJ\�RI�DFXWH�NLGQH\�LQMX�
U\�DQG�FKURQLF�NLGQH\�GLVHDVH�LQ�WKH�LQWHQVLYH�FDUH�XQLW��5HY�%UDV�7HU�,QWHQVLYD����������������–���� 

��� &KDZOD�/6��(JJHUV�3:��6WDU�5$��.LPPHO�3/��$FXWH�NLGQH\� LQMXU\�DQG�FKURQLF�NLGQH\�GLVHDVH�DV� LQWHUFRQ�
QHFWHG�V\QGURPHV��1�(QJO�-�0HG����������������–���� 

��� .DVSHU��'��/���)DXFL��$��6���+DXVHU��6��/���/RQJR��'��/������-DPHVRQ��-��/���	�/RVFDO]R�-��+DUULVRQ¶V�3ULQFLSOHV�
RI�,QWHUQDO�0HGLFLQH����WK�HG�������� 

��� <DQJ�/��$FXWH�.LGQH\�,QMXU\�LQ�$VLD��.LGQH\�'LV��������������–����� 
��� %RXFKDUG�-��0HKWD�5/��$FXWH�.LGQH\�,QMXU\�LQ�:HVWHUQ�&RXQWULHV��.LGQH\�'LV���������������–���� 
��� $GX�'��2N\HUH�3��%RLPD�9��0DWHNROH�0��2VDIR�&��&RPPXQLW\-DFTXLUHG�DFXWH�NLGQH\�LQMXU\�LQ�DGXOWV�LQ�$IUL�

FD��&OLQ�1HSKURO������������–���� 
��� +HXQJ�0��6WHIILFN�'(��=LYLQ�.��*LOOHVSLH�%:��%DQHUMHH�7��+VX�&<�� HW� DO��$FXWH�.LGQH\� ,QMXU\�5HFRYHU\�

3DWWHUQ�DQG�6XEVHTXHQW�5LVN�RI�&.'��$Q�$QDO\VLV�RI�9HWHUDQV�+HDOWK�$GPLQLVWUDWLRQ�'DWD��$P�-�.LGQH\�'LV��
��������������–���� 

��� &RFD�6*��&KR�.&��+VX�&<��$FXWH�NLGQH\�LQMXU\�LQ�WKH�HOGHUO\��3UHGLVSRVLWLRQ�WR�FKURQLF�NLGQH\�GLVHDVH�DQG�
YLFH�YHUVD��1HSKURQ�-�&OLQ�3UDFW�����������6833/�������–���� 

��� &RFD�6*��6LQJDQDPDOD�6��3DULNK�&5��&KURQLF�NLGQH\�GLVHDVH�DIWHU�DFXWH�NLGQH\�LQMXU\��$�V\VWHPDWLF�UHYLHZ�
DQG�PHWD-DQDO\VLV��.LGQH\�,QW����������������–��� 

$XWKRU
V�&RQWULEXWLRQ�� � $7/� DQG� 7:/� FRQFHLYHG�
DQG�GHVLJQHG�WKH�VWXG\��/+-�DQG�7**�FRQWULEXWHG�WR�
WKH�FRQFHSWLRQ��GHVLJQ�RI�WKH�VWXG\�DQG�LQWHUSUHWDWLRQ�
RI� ILQGLQJV�� � $7/� DQG� 7:/� SHUIRUPHG� VWDWLVWLFDO�
DQDO\VLV�� DQG� GUDIWHG� WKH� LQLWLDO� PDQXVFULSW�� $OO� DX�
WKRUV�DSSURYHG�WKH�ILQDO�YHUVLRQ�RI�WKH�PDQXVFULSW� 

$FNQRZOHGJHPHQW��7KH�DXWKRUV�ZRXOG�OLNH�WR�
WKDQN�6W��3DXO¶V�+RVSLWDO�0LOOHQQLXP�0HGLFDO�&RO�
OHJH�IRU�IDFLOLWDWLQJ�WKH�UHVHDUFK�ZRUN� 
$YDLODELOLW\�RI�GDWD�DQG�PDWHULDOV��$OO�UHOHYDQW�GDWD�
DUH�DYDLODEOH�XSRQ�UHDVRQDEOH�UHTXHVW� 



���� 

 

��� /R�/-��*R�$6��&KHUWRZ�*0��0F&XOORFK�&(��)DQ�'��2UG}H]�-'��HW�DO��'LDO\VLV-UHTXLULQJ�DFXWH�UHQDO�IDLOXUH�
LQFUHDVHV�WKH�ULVN�RI�SURJUHVVLYH�FKURQLF�NLGQH\�GLVHDVH��.LGQH\�,QW����������������–��� 

��� <DQJ�/��;LQJ�*��:DQJ�/��:X�<��/L�6��;X�*��HW�DO��$FXWH�NLGQH\�LQMXU\�LQ�&KLQD��D�FURVV-VHFWLRQDO�VXUYH\��
/DQFHW����������������������–���� 

��� $ERXW� –� 6DLQW� 3DXO¶V� 0LOOHQQLXP�0HGLFDO� &ROOHJH� >,QWHUQHW@�� >FLWHG� ����� 6HS� �@�� $YDLODEOH� IURP�� KWWSV���
VSKPPF�HGX�HW�DERXW� 

��� -RUGDQ�0��2UWL]-6RULDQR�9��3UXLWW�$��&KLVP�/��/LX�/-��&KDDEDQ�1��(OLDV�0��6DZD\D�%3��&KHQ�-��1H\UD�-$��
.LGQH\�5HFRYHU\�LQ�3DWLHQWV�:LWK�$FXWH�.LGQH\�,QMXU\�7UHDWHG�LQ�2XWSDWLHQW�+HPRGLDO\VLV�RU�5HKDELOLWDWLRQ�
)DFLOLWLHV�� .LGQH\�0HG�� ����� $XJ� ����������-����H��� GRL�� ��������M�[NPH�������������� 30,'�� ����������
30&,'��30&�������� 

��� �0HKWD�5/��5HQDO�5HFRYHU\�$IWHU�$FXWH�.LGQH\� ,QMXU\�DQG�/RQJ-WHUP�2XWFRPHV�� ,V�7LPH�RI� WKH�(VVHQFH"�
-$0$�1HWZRUN�2SHQ������������H��������GRL���������MDPDQHWZRUNRSHQ���������� 

��� $GHQL\L�$%��/DXUHQFH�&(��9ROPLQN�-$��'DYLGV�05��3UHYDOHQFH�RI�FKURQLF�NLGQH\�GLVHDVH�DQG�DVVRFLDWLRQ�
ZLWK�FDUGLRYDVFXODU�ULVN�IDFWRUV�DPRQJ�WHDFKHUV�LQ�&DSH�7RZQ��6RXWK�$IULFD��&OLQ�.LGQH\�-�������VIZ����� 

��� 7HPJRXD�01��'DQZDQJ�&��$JERU�91��1RXELDS�--��3UHYDOHQFH��LQFLGHQFH�DQG�DVVRFLDWHG�PRUWDOLW\�RI�FDUGLR�
YDVFXODU�GLVHDVH�LQ�SDWLHQWV�ZLWK�FKURQLF�NLGQH\�GLVHDVH�LQ�ORZ-�DQG�PLGGOH-LQFRPH�FRXQWULHV��$�SURWRFRO�IRU�D�
V\VWHPDWLF�UHYLHZ�DQG�PHWD-DQDO\VLV��%0-�2SHQ������������� 

��� 'HVWD�%=��'DGL�$)�	�'HUVHK�%7��0RUWDOLW\� LQ�KHPRGLDO\VLV�SDWLHQWV� LQ�(WKLRSLD�� D� UHWURVSHFWLYH� IROORZ-XS�
VWXG\�LQ�WKUHH�HQWHUV��%0&�1HSKURO������������� 

��� 3HVFH�)��6WHD�('��5RVVLQL�0��)LRUHQWLQR�0��3LDQFRQH�)��,QIDQWH�%��6WDOORQH�*��&DVWHOODQR�*�DQG�*HVXDOGR�/�
������� *ORPHUXORQHSKULWLV� LQ� $.,�� )URP� 3DWKRJHQHVLV� WR� 7KHUDSHXWLF� ,QWHUYHQWLRQ�� )URQW��0HG�� ����������
GRL����������IPHG������������ 
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2ULJLQDO�$UWLFOH� 
.QRZOHGJH�RI�DOFRKRO�FRQVXPHUV�WRZDUGV�DOFRKROLF�OLYHU�GLVHDVH�LQ�$ILNSR��(ERQ\L��1LJH�
ULD��$�FRPPXQLW\-EDVHG�FURVV-VHFWLRQDO�VWXG\�� 
 
&KLQHOR�1QHND�$JXL\L-,NHDQ\L����&KLDJR]LH�8URP�8URP-1GXEXLVL����2ZRLFKRFKH�0RVHV�$JHQH���0D[ZHOO�$GLEH��� 

�'HSDUWPHQW�RI�&OLQLFDO�3KDUPDF\�DQG�3KDUPDF\�0DQDJHPHQW��8QLYHUVLW\�RI�1LJHULD 
�6W��0DU\¶V�+RVSLWDO�2NSRJD��%HQXH�6WDWH  

&RUUHVSRQGLQJ�DXWKRUV
��FKLQHOR�DJXL\L#XQQ�HGX�QJ 

$EVWUDFW� 
%DFNJURXQG��'DLO\�DOFRKRO�FRQVXPSWLRQ�DERYH� UHFRPPHQGHG� OLPLWV� LV�DQ� LPSRUWDQW�FDXVH�RI�$OFRKROLF�/LYHU�
'LVHDVH��+HQFH�� WKLV� VWXG\�DLPHG� WR�DVVHVV� WKH�NQRZOHGJH�RI�$OFRKROLF�/LYHU�'LVHDVH�DPRQJ�DOFRKRO�FRQVXPHUV�
DQG�VFUHHQ�IRU�DOFRKRO�PLVXVH��GHSHQGHQFH��DQG�GLVRUGHU� 
0HWKRGV��$�FRPPXQLW\-EDVHG�FURVV-VHFWLRQDO�VXUYH\�XVLQJ�VLPSOH�UDQGRP�VDPSOLQJ�WHFKQLTXH�ZDV�FRQGXFWHG�RQ�
UHVLGHQWV�RI�$ILNSR�DJH����DQG�DERYH�ZKR�FRQVXPH�DOFRKRO�XVLQJ�D�VWUXFWXUHG�TXHVWLRQQDLUH�WR�REWDLQ�LQIRUPDWLRQ�
RQ�DOFRKROLF�XVH�GLVRUGHU�DQG�DOFRKRO�GHSHQGHQFH��7KH�VDPSOH�VL]H�ZDV�GHWHUPLQHG�ZLWK�WKH�DLG�RI�D�5DRVRIW�VDP�
SOH�VL]H�FDOFXODWRU��'DWD�REWDLQHG�ZDV�HQWHUHG�LQWR�DQ�H[FHO�VSUHDGVKHHW�IRU�GDWD�FOHDQLQJ��7KH�IUHTXHQF\��SHUFHQW�
DJHV�DQG�PHDQ�DQG�6WDQGDUG�GHYLDWLRQ�ZDV�DOVR�REWDLQHG�� �'DWD�ZDV�H[SRUWHG� LQWR� ,%0�6366� WR�GHWHUPLQH� WKH�
UHODWLRQVKLS�EHWZHHQ�NQRZOHGJH�RI�$OFRKROLF�/LYHU�'LVHDVH� �DQG�GHPRJUDSKLF�YDULDEOHV�XVLQJ�2QH-ZD\�$129$�
DQG�&KL-6TXDUH�ZKHUH�DSSURSULDWH�DW�3-YDOXH�������DQG����VLJQLILFDQFH�OHYHO� 
5HVXOWV��7KH�WRWDO�QXPEHU�RI�VWXG\�SDUWLFLSDQWV�ZDV�����ZLWK�D�UHVSRQVH�UDWH�RI������2XW�RI�ZKLFK������������
KDG�D�JRRG�NQRZOHGJH�RI�$OFRKROLF�/LYHU�'LVHDVH��$GXOWV�DERYH�WKH�DJH�RI����KDG�D�PHDQ�DXGLW�VFRUH�RI��������
ZKLOH�PDOH�UHVSRQGHQWV�KDG�D�PHDQ�DXGLW�VFRUH�RI���������$GROHVFHQWV�KDG�D�PHDQ�&$*(�WHVW�VFRUH�RI������ZKLOH�
DGXOWV�DERYH����VFRUHG�������+RZHYHU��SDUWLFLSDQWV�ZLWK�QR�HGXFDWLRQ�KDG�WKH�KLJKHVW�PHDQ�&$*(�VFRUH�RI�������
7KH�PDOHV�KDG�JRRG�NQRZOHGJH�RI�$OFRKROLF�/LYHU�'LVHDVH���3 ������� 

&RQFOXVLRQ� 7KH�UHVLGHQWV�RI�$ILNSR�FRPPXQLW\�KDYH�D�JRRG�NQRZOHGJH�RI�$OFRKROLF�/LYHU�'LVHDVH�WKRXJK�WKHUH�LV�
DOFRKRO�XVH�GLVRUGHU��DOFRKRO�PLVXVH�DQG�GHSHQGHQFH�DPRQJVW�UHVLGHQWV�LQ�WKH�FRPPXQLW\��*HQGHU�LV�WKH�RQO\�GH�
PRJUDSKLF�FKDUDFWHULVWLFV�WKDW�LQIOXHQFHG�WKH�NQRZOHGJH�RI�$OFRKROLF�/LYHU�'LVHDVH� 

.H\ZRUGV��$OFRKROLF�OLYHU�GLVHDVH��DOFRKRO�GHSHQGHQFH��DOFRKRO�PLVXVH��DOFRKRO�GLVRUGHU��DXGLW��FDJH� 
&LWDWLRQ���$JXL\L-,NHDQ\L�&1��8URP-1GXEXLVL�&8��$JHQH��20��$GLEH�0��.QRZOHGJH�RI�DOFRKRO�FRQVXPHUV�WR�
ZDUGV� DOFRKROLF�OLYHU�GLVHDVH�LQ�$ILNSR��(ERQ\L��1LJHULD��$�&RPPXQLW\-EDVHG�FURVV-VHFWLRQDO�VWXG\��(WKLRS�0HG��
 -�����������-��� 
6XEPLVVLRQ�GDWH�����)HEUXDU\�������$FFHSWHG������0DUFK������3XEOLVKHG�����0DUFK������ 

(WKLRSLDQ�0HGLFDO�-RXUQDO������������� ��
2SHQ�DFFHVV�DUWLFOHV�GLVWULEXWHG�LQ�WHUPV�RI� 
&UHDWLYH�&RPPRQV�$WWULEXWLRQ�/LFHQFH�>&&�E\����@ 

,661�����-������������H,661�����-�����  $JXL\L-,NHDQ\L��HW�DO�� 

,QWURGXFWLRQ� 
7KH� OLYHU� LV� WKH� PDLQ� RUJDQ� IRU� DOFRKRO� PHWDEROLVP�
>�@��$OFRKRO�LV�PHWDEROL]HG�LQ�WKH�OLYHU�WKURXJK�WKUHH�
PDMRU�SDWKZD\V�RI�ZKLFK�LQFOXGH�WKH�HQ]\PH�DOFRKRO�
GHK\GURJHQDVH� SDWKZD\�� WKH� F\WRFKURPH� 3-����(��
�&<3�(��� SDWKZD\� DQG� E\� PLWRFKRQGULDO� FDWDODVH�
SDWKZD\��7KH�ILUVW�WZR�SDWKZD\V�DUH�RI�SUDFWLFDO�VLJ�
QLILFDQFH� >�@�� $OFRKRO� GHK\GURJHQDVH� LV� LQYROYHG� LQ�
WKH�GHJUDGDWLRQ�RI�OLPLWHG�TXDQWLWLHV�RI�DOFRKRO��ZKLOH�
DOFRKRO-LQGXFHG� &<3�(�� SDWKZD\� WDNHV� SODFH� LQ�
H[FHVVLYH�DOFRKRO� LQWDNH� >�@��$OFRKRO�GHK\GURJHQDVH�
LV�DOVR�SUHVHQW�LQ�WKH�JDVWULF�PXFRVD��,QGLYLGXDOV�ZLWK�
ORZ�JDVWULF� DOFRKRO� GHK\GURJHQDVH� DFWLYLW\� DUH�PRUH�
VXVFHSWLEOH� WR� DOFRKROLF� OLYHU� GLVHDVH� >�@�� 7KLV� PD\�
DOVR�KHOS�WR�H[SODLQ�ZK\�ZRPHQ�ZKR�KDYH�GHFUHDVHG�
JDVWULF�DOFRKRO�GHK\GURJHQDVH�DFWLYLW\�DUH�PRUH� VXV�

FHSWLEOH� WR� GHYHORSLQJ� DOFRKROLF� OLYHU� GLVHDVH� >�@��
$OFRKRO�GHK\GURJHQDVH�DQG�F\WRFKURPH�3-����(��
FRQYHUW� DOFRKRO� WR� DFHWDOGHK\GH�� $FHWDOGHK\GH�
ZKHQ�DFFXPXODWHG��FDXVHV�OLYHU�LQMXU\��&KDQJHV�LQ�
OLSLG� PHWDEROLVP� DQG� LQ� DGLSRVH� WLVVXH� DOVR� HQ�
KDQFH� WKH� SURFHVV� RI� OLYHU� LQMXU\� >�@�� $OWKRXJK�
PRVW�KHDY\�GULQNHUV�GR�GHYHORS�IDWW\� OLYHU��RQO\�D�
PLQRULW\� SURJUHVV� WR� OLYHU� FLUUKRVLV�� WKLV� LPSOLHV�
WKDW� VRPH� RWKHU� JHQHWLF� RU� HQYLURQPHQWDO� IDFWRUV�
DUH�LPSRUWDQW�IRU�WKH�GLVHDVH�SURJUHVVLRQ�>�@�� 

$OFRKROLF� OLYHU� GLVHDVH� �$/'�� FRPSULVHV� D� VSHF�
WUXP�RI�GLVRUGHUV�UDQJLQJ�IURP�DV\PSWRPDWLF�OLYHU�
WHVW�GHUDQJHPHQWV�WR�VHYHUH�DFXWH�KHSDWLWLV�DQG�HQG
-VWDJH�FKURQLF�OLYHU�GLVHDVH�>�@��,Q�LQGLYLGXDOV�ZLWK�
FRQFRPLWDQW� OLYHU� GLVHDVHV� VXFK� DV� FKURQLF� YLUDO�



���� 

 

 
 

 

KHSDWLWLV��DOFRKRO�FRQVXPSWLRQ�SURPRWHV�OLYHU�GLVHDVH�
SURJUHVVLRQ� >�@�� $VVHVVLQJ� DOFRKRO� DEXVH� LQ� SDWLHQWV�
ZLWK�$/'�LV�HVVHQWLDO�IRU�WKHLU�WUHDWPHQW�DQG�SURJQR�
VLV��$OFRKROLF�FLUUKRVLV�LV�D�SURGXFW�RI�DOFRKROLVP������
7KHUHIRUH��RQH�FDQQRW�H[DPLQH�DOFRKROLF�OLYHU�GLVHDVH�
ZLWKRXW�D�EULHI�GLVFXVVLRQ�RI�DOFRKROLVP�>��@��$�WKRU�
RXJK� FOLQLFDO� DQG� SV\FKRORJLFDO� H[DPLQDWLRQ� LV� FUX�
FLDO� IRU� DOFRKRO� DEXVH� GLDJQRVLV�� ,QIRUPDWLRQ� RQ� WKH�
SDWLHQWV¶� FOLQLFDO� KLVWRU\�� DQG� VRFLDO� KLVWRU\� FDQ� EH�
REWDLQHG�E\�DSSO\LQJ�VRPH�TXHVWLRQLQJ�VNLOOV�VXFK�DV�
D� VLQJOH� TXHVWLRQ� LQTXLULQJ� KRZ� RIWHQ� WKH�PD[LPXP�
GDLO\� DOFRKRO� OLPLW� KDV� EHHQ� H[FHHGHG�� >��@�� /LYHU�
VWHDWRVLV� LV� WKH� PRVW� SUHYDOHQW� LQ� FKURQLF� DOFRKRO�
DEXVH�>��@��&KDQJHV�DVVRFLDWHG�ZLWK�DOFRKRO�PHWDER�
OLVP�PD\�VXEVHTXHQWO\�WULJJHU�DQ�LQIODPPDWRU\�UHDF�
WLRQ�� UHVXOWLQJ� LQ� DOFRKROLF� KHSDWLWLV� RU� FKURQLF� OLYHU�
GLVHDVH� >�@�� � 6LPSOH� VWHDWRVLV� LV� UHYHUVLEOH� DIWHU� D�
QXPEHU�RI�ZHHNV�RI�DEVWLQHQFH�>�@��,W�LV�UHJDUGHG�DV�D�
EHQLJQ� FRQGLWLRQ�� QHYHUWKHOHVV�� JLYHQ� FRQWLQXHG�
DEXVH�� LW� FRXOG� SURJUHVV� WR� ILEURJHQHVLV�� +RZHYHU��
DERXW� ���� RI� WKH� SDWLHQWV� ZLWK� VLPSOH� VWHDWRVLV� DUH�
OLNHO\�WR�GHYHORS�ILEURVLV�RU�FLUUKRVLV�ZLWKLQ�D�SHULRG�
RI�WHQ�\HDUV�>��@�� 
 
0RUWDOLW\�IURP�DOFRKROLF�OLYHU�GLVHDVH�FORVHO\�IROORZV�
SHU� FDSLWD� DOFRKRO� FRQVXPSWLRQ�� 0DOQXWULWLRQ� LV� DQ�
RWKHU�ULVN�IDFWRU�RI�$/'�>��@�� �+HDY\�DOFRKRO�GULQN�
HUV� RIWHQ� WLPHV� IHHG� SRRUO\� RU� FRQVXPH� XQEDODQFHG�
GLHW� 
 
([FHVVLYH�DOFRKRO�FRQVXPSWLRQ�LV�RQH�RI�WKH�ZRUOG¶V�
OHDGLQJ�ULVN�IDFWRUV�IRU�PRUELGLW\��GLVDELOLW\��DQG�PRU�
WDOLW\��$SSUR[LPDWHO\�����PLOOLRQ�GHDWKV�������RI�DOO�
JOREDO�GHDWKV��DQG�����PLOOLRQ�GLVDELOLW\-DGMXVWHG�OLIH�
\HDUV�������RI�WKH�JOREDO�EXUGHQ�RI�GLVHDVH�DQG�LQMX�
U\��DUH�DWWULEXWDEOH�WR�DOFRKRO�XVH�>��@��5HGXFLQJ�DQG�
SUHYHQWLQJ� DOFRKRO� PLVXVH� DQG� DEXVH� LV� D� SXEOLF�
KHDOWK� FRQFHUQ� DV� KLJK� UDWH� RI� DOFRKRO� FRQVXPSWLRQ�
KDV�EHFRPH�D�JUHDW�VRFLDO-KHDOWK�SUREOHP�>��@��$OFR�
KRO-UHODWHG� GLVHDVH� UHVXOWV� LQ� DSSUR[LPDWHO\� ����PLO�
OLRQ� GHDWKV� HDFK� \HDU� DQG� DOPRVW� ���� RI� DOO� GHDWKV�
ZRUOGZLGH� DUH� DWWULEXWHG� WR� DOFRKRO� >��@�� $OFRKRO�
DEXVH� FRXOG� OHDG� WR� SUHPDWXUH� GHDWK�� LQFUHDVHG� GLV�
HDVH�DQG�LQMXU\��SURSHUW\�GDPDJH�IURP�ILUH�DQG�PRWRU�
YHKLFOH� FUDVKHV�� DOFRKRO-UHODWHG� FULPH�� DQG� ORVW�
SURGXFWLYLW\� >��@�� 5HVHDUFK� KDV� DOVR� VKRZQ� WKDW� WKH�
VRFLR-HFRQRPLF�HIIHFWV�DVVRFLDWHG�ZLWK�DOFRKRO�DEXVH�
LQFOXGH�XQHPSOR\PHQW��YLROHQFH��ULVN\�VH[XDO�EHKDY�
LRU�� DQG� GLVUXSWLRQV� WR� IDPLO\� OLIH� DQG� ZRUN� SHUIRU�
PDQFH�>��@��&XOWLVP�PD\�DOVR�EH�D�ELJ�LVVXH�LQ�VRPH�
DUHDV�RI� WKH�ZRUOG��$�SRSXODU�P\WK� LQ�(ERQ\L�6WDWH��
1LJHULD�� LV� WKDW�� WKH� DYHUDJH� $ILNSR� PDQ� LV� IULHQGO\�
ZLWK� DOFRKRO� DQG� ORYHV� WR� GULQN� D� ORW�� ZKHWKHU� LW� LV�
EHHU� ������ VSLULW� ������� RU� ZLQH� ������� 7KHUHIRUH��
WKHUH�LV�QHHG�WR�DVVHVV�WKH�OHYHO�RI�NQRZOHGJH�RI�$/'�
DPRQJVW� $ILNSR� DV� WKH� DGYHUVH� HIIHFWV� RI� DOFRKRO�
DEXVH�RQ�WKH�OLYHU�FRXOG�UHVXOW�LQ�SRRU�TXDOLW\�RI�OLIH��
ORZ� SURGXFWLYLW\�� DQG� FRXQWOHVV� GHDWKV� GXH� WR� $/'�
WKDW�ZRXOG�KDYH�RWKHUZLVH�EHHQ�DYRLGDEOH� 
 

 

7KLV� VWXG\� DLPHG� WR� DVVHVV� WKH� NQRZOHGJH� RI� $/'�
DQG�VFUHHQ� IRU�DOFRKRO�PLVXVH��GHSHQGHQFH��DQG�GLV�
RUGHU� DPRQJ� DOFRKRO� FRQVXPHUV� LQ� $ILNSR�� $ILNSR-
1RUWK�/RFDO�*RYHUQPHQW�$UHD�RI�(ERQ\L�6WDWH��)LQG�
LQJV� IURP�WKLV� VWXG\�ZLOO�SURYLGH� LQIRUPDWLRQ�RQ� WKH�
H[WHQW� RI� DOFRKRO� DEXVH� DQG� GHSHQGHQFH� DPRQJVW�
UHVLGQWV� RI� $ILNSR� FRPPXQLW\�� ,W� ZLOO� DOVR� HQDEOH�
SROLF\PDNHUV� DQG� SXEOLF� KHDOWK� PXOWLGLVFLSOLQDU\�
ERGLHV�WR�GHWHUPLQH�LI� WKHUH�LV�D�QHHG�IRU�KHDOWK�SUR�
PRWLRQ�DQG�HGXFDWLRQ� LQ�$ILNSR�FRPPXQLW\�VR�DV� WR�
UHGXFH�WKH�ULVN�DQG�SUHYDOHQFH�RI�OLYHU�GLVHDVHV�UHODW�
HG�WR�WKH�DEXVH�RI�DOFRKRO� 

0HWKRGV� 
6WXG\�VHWWLQJV 

(OHYHQ� DXWRQRPRXV� FRPPXQLWLHV� LQ� $ILNSR� 1RUWK�
/*$�$ILNSR�>��@��7KH� VWXG\�ZDV� FRQGXFWHG� LQ�$IL�
NSR� DXWRQRPRXV� FRPPXQLW\�� IRUPHUO\� NQRZQ� DV�
(KXJER�ODQG��7KH�FRPPXQLW\�LV�VHWWOHG�DW�WZR�ORFDOL�
WLHV�� WKH� XSSHU� XQGXODWLQJ� VHWWOHUV� �GXH� WR� WKH� EDVH�
PHQW�URFN��DQG�WKH�ORZHU�ODQG�VHWWOHUV��WKH�VHWWOHPHQW�
WKDW� LV� FORVH� WR� WKH� &URVV-ULYHU� IORRGSODLQ
V� ORZHU�
VKRUH��� 7KH� SHRSOH� RI�$ILNSR� DUH�PRVWO\� NQRZQ� IRU�
VXEVLVWHQW� IDUPLQJ�� DQG� WKH\� DOVR� HQJDJH� LQ� WUDGLQJ��
7KH�$ILNSR� FODQ� LV� FDOOHG� (KXJER� SHRSOH�� DQG� WKHLU�
IDPRXV�JUHHWLQJ� LV� 
-RRNZD
��ZKLFK�PHDQV�JRRG�GD\�
RU�ZHOO�GRQH��7KH�WRWDO�SRSXODWLRQ�DV�DW� WKH�ODVW�FHQ�
VXV�KHOG�LQ������ZDV���������ZLWK�D�SURMHFWHG�SRSX�
ODWLRQ� RI� �������� DV� DW� ����>��@��$ILNSR� KDV� D� ODQG�
PDVV�RI�����VTXDUH�NLORPHWHUV�>��@��7KH�FRPPXQLW\�
LV� WKH� VHFRQG� ODUJHVW� XUEDQ� DUHD� LQ (ERQ\L�
6WDWH� 1LJHULD�� ,W� LV� WKH� KHDGTXDUWHUV� RI� WKH� $ILNSR�
1RUWK�/*$��,W�LV�VLWXDWHG�LQ�WKH�VRXWKHUQ�SDUW�RI�(E�
RQ\L�6WDWH��,W�LV�ERUGHUHG�WR�WKH�QRUWK�E\�WKH�WRZQ�RI�
$NSRKD��WR�WKH�VRXWK�E\ 8QZDQD WRZQ��WR�WKH�VRXWK-
ZHVW�E\ (GGD��D�FRPPXQLW\�LQ�$ILNSR�6RXWK�/*$��WR�
WKH� HDVW� E\� &URVV� 5LYHU� 6WDWH� DQG� WKH� ZHVW� E\� WKH�
WRZQ�RI�$PDVLUL�>��@�  

6WXG\� GHVLJQ��$� FRPPXQLW\� EDVHG� FURVV-VHFWLRQDO�
VWXG\� XVLQJ� VLPSOH� UDQGRP� VDPSOLQJ� WHFKQLTXH� ZDV�
HPSOR\HG�� 
6WXG\� SRSXODWLRQ�� 7KH� UHVSRQGHQWV� LQ� WKLV� VWXG\�
DUH�PDGH�XS�RI�D�VDPSOH�RI�1LJHULDQV�UHVLGHQW�LQ�$IL�
NSR�FRPPXQLW\�ZKR�DUH����\HDUV�DQG�DERYH�DQG�ZKR�
FRQVXPH�DOFRKRO��7KH�UHVSRQGHQWV�ZHUH�JURXSHG�LQWR�
WKUHH�FDWHJRULHV�RI�WKH�DJH�UDQJH�–�$GROHVFHQWV�DJHG�
EHWZHHQ����WR����\HDUV��$GXOWV�DJHG����WR����\HDUV��
DQG�WKH�HOGHUO\�DJHG����DQG�DERYH�LQ�FRUUHVSRQGHQFH�
ZLWK�WKH�FULWHULD�IRU�D�SRVLWLYH�VFUHHQLQJ�WHVW�>��@�� 
6DPSOH�VL]H��7KH�VDPSOH�VL]H�ZDV�FDOFXODWHG�ZLWK�
WKH� DLG� RI� D� VDPSOH� VL]H� FDOFXODWRU� 5DRVRIW�
�ZZZ�UDRVRIW�FRP�VDPSOHVL]H�� WR� EH� DSSUR[LPDWHO\�
����� IRU� D� SRSXODWLRQ� VL]H� RI� �������>��@� DW� D� ����
FRQILGHQFH�OHYHO��ZLWK�D�PDUJLQ�RI�HUURU��RI����DQG�D�
VWDQGDUG� GHYLDWLRQ� RI� ����� 7R� DFFRXQW� IRU� QRQ-
UHVSRQVHV�� ���� TXHVWLRQQDLUHV� ZHUH� GLVWULEXWHG� IRU�
WKLV�VXUYH\�   



���� 

 

,QFOXVLRQ�DQG�([FOXVLRQ�&ULWHULD 
(YHU\� PHPEHU� RI� $ILNSR� FRPPXQLW\� ZKR� UHVLGHV� LQ�
$ILNSR��DJHG���\HDUV�RU�DERYH�DQG�ZKR�FRQVXPH�DOFR�
KRO�LV�HOLJLEOH� IRU�WKLV�VWXG\��3UHJQDQW�ZRPHQ�DQG�LQGL�
YLGXDOV�OHVV�WKDQ���\HDUV�RI�DJH�ZHUH�H[FOXGHG�IURP�WKLV�
VWXG\� 

6DPSOLQJ�LQVWUXPHQW��7KH�GDWD�FROOHFWLRQ�LQVWUXPHQW�
XVHG�IRU�WKLV�VWXG\�ZDV�D�VWUXFWXUHG�TXHVWLRQQDLUH�ZKLFK�
ZDV�GHYHORSHG�DIWHU�H[WHQVLYH�OLWHUDWXUH�UHYLHZ�DQG�ZLWK�
H[SHUW�RSLQLRQ��7KH�TXHVWLRQQDLUH�ZDV�IDFH�YDOLGDWHG�E\�
WKUHH� H[SHUWV�� � 5HOLDELOLW\� DQDO\VLV� ZDV� FRQGXFWHG� WR�
FKHFN�WKH�UHOLDELOLW\�RI�WKH�TXHVWLRQQDLUH�XVLQJ�&URQEDFK�
$OSKD�� 

7KH� TXHVWLRQQDLUH� LV� IRXU� VHFWLRQHG�ZLWK� ��-LWHP� TXHV�
WLRQV��6HFWLRQ�$�LV�WR�REWDLQ�LQIRUPDWLRQ�RI�UHVSRQGHQWV
�
GHPRJUDSKLFV�VXFK�DV�DJH��JHQGHU��HGXFDWLRQ��DQG�RFFX�
SDWLRQ�� 6HFWLRQ� %� LV� WR� DVVHVV� UHVSRQGHQWV¶� NQRZOHGJH�
DERXW�$/'��5HVSRQGHQWV¶�ZKRVH�UHVSRQVH�ZDV�µ<HV
� WR�
VHYHQ�����RXW�RI�WKH�WHQ������TXHVWLRQV�LQ�VHFWLRQ�%��KDYH�
JRRG�NQRZOHGJH��ZKLOH�UHVSRQGHQWV�ZKRVH�UHVSRQVH�ZDV�
µ1R
�WR�VHYHQ�����RXW�RI�WKH�WHQ������TXHVWLRQV�LQ�VHFWLRQ�
%�KDYH�SRRU�NQRZOHGJH� 

6HFWLRQ�&�XVHV�WKH�$8',7�PRGHO�>��@�WR�VFUHHQ�IRU�DO�
FRKRO� XVH� GLVRUGHU��7KH�:+2�GHYHORSHG� D� VLPSOH� WHQ-
TXHVWLRQ�WHVW�WR�GHWHUPLQH�LI�D�SHUVRQ
V�DOFRKRO�FRQVXPS�
WLRQ� PD\� EH� KDUPIXO�� ,Q� WKLV� VHFWLRQ� WKH� TXHVWLRQV� DUH�
DQFKRUHG� RQ� D� �-SRLQW� OLNHUW� VFDOH� DV� µ1HYHU¶� ZKLFK� LV�
VFRUHG� µ�¶�� µ0RQWKO\�RU� OHVV¶�ZKLFK� LV� VFRUHG� µ�¶�� � µ�-��
WLPHV�D�PRQWK¶�ZKLFK� LV� VFRUHG�µ�¶�� µ�-�� WLPHV�D�ZHHN¶�
ZKLFK� LV�VFRUHG�µ�¶�� µ��RU�PRUH� WLPHV�D�ZHHN¶�ZKLFK� LV�
VFRUHG�µ�¶��$�WRWDO�RI�����IRU�PHQ�XS�WR�DJH����RU�����IRU�
ZRPHQ�� DGROHVFHQWV�� RU�PHQ� RYHU� DJH� ��� LV� FRQVLGHUHG�
SRVLWLYH� WHVW� >��@� DQG� LQGLFDWHV� D� VWURQJ� OLNHOLKRRG� RI�
KD]DUGRXV�RU�KDUPIXO�DOFRKRO�FRQVXPSWLRQ��ZKLFK�FRXOG�
UHVXOW� WR�D�QHJDWLYH�HIIHFW�RQ�WKH�OLYHU��$�VFRUH�RI����RU�
PRUH�VXJJHVWV�DOFRKRO�GHSHQGHQFH�>��@��EXW� WKDW� LV�RXW�
VLGH�WKH�VFRSH�RI�WKLV�SUHVHQW�VWXG\��7KH�$8',7�VFUHHQ�
LQJ�WKUHVKROGV�IRU�WKH�GHWHFWLRQ�RI�DOFRKRO�DEXVH�DUH�����
SRLQWV�IRU�PHQ��VHQVLWLYLW\������VSHFLILFLW\������DQG���
�� SRLQWV� IRU� ZRPHQ� �VHQVLWLYLW\� ����� VSHFLILFLW\� �����
>��@�� 

6HFWLRQ�'�HPSOR\V�WKH�&$*(�TXHVWLRQQDLUH��GHYHORSHG�
LQ� ����� E\� (ZLQJ�� 7KH� DFURQ\P�&$*(� UHSUHVHQWV� WKH�
TXHVWLRQV�� µ&XW� GRZQ¶�� µ$QQR\HG¶�� µ*XLOW\¶�� µ(\H-
2SHQHU¶����+HQFH�WKH�TXHVWLRQV��+DYH�\RX�HYHU�IHOW�WKDW�
\RX�RXJKW� WR�&XW�GRZQ�RQ�\RXU�GULQNLQJ"�+DYH�SHRSOH�
DQQR\HG� \RX� E\� FULWLFL]LQJ� \RXU� GULQNLQJ"� +DYH� \RX�
HYHU� IHOW� EDG� RU�*XLOW\� DERXW� \RXU� GULQNLQJ"�+DYH� \RX�
HYHU�KDG�D�GULQN�ILUVW�WKLQJ�LQ�WKH�PRUQLQJ�WR�VWHDG\�\RXU�
QHUYHV�RU�WR�JHW�ULG�RI�D�KDQJRYHU��(\H-RSHQHU�"�� 

,QGLYLGXDO�LWHP�UHVSRQVHV�DUH�VFRUHG���LI�WKH�SHUVRQ�DQ�
VZHUV��1R��DQG���LI�WKH�SHUVRQ�DQVZHUV��<HV���7KH�WRWDO�
VFRUH� FDQ� UDQJH� IURP� �� WR� ��� 7KH� UHFRPPHQGHG� FXWRII�
IRU�&$*(�LV�����WR�VFUHHQ�IRU�DOFRKRO�PLVXVH�DQG�GH 

SHQGHQFH�>��@��7KH�&$*(�TXHVWLRQQDLUH�KDV�D�VHQ�
VLWLYLW\�RI�PRUH�WKDQ�����DQG�D�VSHFLILFLW\�RI�PRUH�
WKDQ� ����� 7KH� &$*(� DQG� $8',7� TXHVWLRQQDLUHV�
PD\�EH�KHOSIXO�WRROV�WR�VFUHHQ�IRU�PDODGDSWLYH�DOFR�
KRO� XVH�� ZKLFK� FRXOG� LQGLFDWH� DQ� XQGHUO\LQJ� $/'�
>��@��7KH�TXHVWLRQQDLUH�ZDV�JLYHQ�RXW�WR����SHUVRQV�
ZKR�DUH�QRW�SDUW�RI�WKH�VWXG\�SRSXODWLRQ�DQG�LW�ZDV�
IRXQG�WR�EH�HDVLO\�XQGHUVWRRG�DQG�ZDV�DEOH�WR�REWDLQ�
WKH�UHTXLUHG�LQIRUPDWLRQ� 
�� 
6DPSOLQJ�3URFHGXUH 
3RSXODU� VLWHV�� LQFOXGLQJ� 3�� 1REOH� +RWHO�� 1GLEH�
EHDFK�KRWHO��)RFXV�KRWHO�� DQG�EHHU�SDUORUV�DQG�EDUV�
ZLWKLQ�$ILNSR��ZKHUH�SHRSOH�FRQYHUJH�LQ�PDVV�GXU�
LQJ� WKH� ZHHNHQGV�� ZHUH� YLVLWHG� IRU� GDWD� FROOHFWLRQ��
+RVSLWDOV�ZLWKLQ�$ILNSR��LQFOXGLQJ�0DWHU�0LVHULFRU�
GLDH� KRVSLWDO� $ILNSR� DQG� 5RPHF� KRVSLWDO� ZDV� DOVR�
YLVLWHG��7KH�UHVSRQGHQWV�ZHUH�DSSURDFKHG�DQG�JLYHQ�
WKH� TXHVWLRQQDLUH� ZKLOH� VHDWHG� DW� WKH� EDU� RU� ZKLOH�
ZDLWLQJ� WR� VHH� WKH� GRFWRU� DIWHU� YHUEDO� FRQVHQW� ZDV�
REWDLQHG� IURP� WKH� UHVSRQGHQWV� DQG�RU� IURP� WKHLU�
JXDUGLDQV� �IRU� WKH� DGROHVFHQWV���7KH\�ZHUH� JLYHQ���
PLQXWHV� WR� UHDG� DQG� UHVSRQG� WR� WKH� TXHVWLRQV� DIWHU�
ZKLFK� WKH� TXHVWLRQQDLUH� ZDV� UHWULHYHG� IURP� WKHP��
7KH� UHVSRQGHQWV� ZKR� KDG� GLIILFXOW\� UHDGLQJ� KDG� D�
WUDLQHG�GDWD�FROOHFWRU�ZKR�XQGHUVWRRG�WKH�ORFDO� ODQ�
JXDJH��(KXJER��WR�DVVLVW�LQ�LQWHUSUHWLQJ�DQG�UHFRUG�
LQJ�UHVSRQVHV��7ZR�GDWD�FROOHFWRUV�ZHUH�WUDLQHG�DQG�
HPSOR\HG�IRU�WKLV�VXUYH\� 
  
'DWD�$QDO\VLV 
'DWD�REWDLQHG�ZDV�FRGGHG�DQG�HQWHUHG�LQWR�DQ�H[FHO�
VSUHDG�VKHHW�IRU�GDWD�FOHDQLQJ��7KH�IUHTXHQFLHV��SHU�
FHQWDJHV��VWDQGDUG�GHYLDWLRQ�ZHUH�DOVR�REWDLQHG��7KH�
GDWD�ZDV�WKHQ�H[SRUWHG�LQWR�WKH�VRIWZDUH�,%0�6366�
6WDWLVWLFV� IRU� :LQGRZV� 9HUVLRQ� ����� �,%0� &RUS��
9HUVLRQ�������$UPRQN��1<��86$��WR�GHWHUPLQH� WKH�
UHODWLRQVKLS� EHWZHHQ� NQRZOHGJH� DQG� WKH� GHPR�
JUDSKLF�YDULDEOHV�XVLQJ�2QH-ZD\�$129$�DQG�&KL-
VTXDUH�ZKHUH�DSSURSULDWH�ZLWK�WKH�VWDWLVWLFDO�VLJQLIL�
FDQFH�VHW�DV�3��������  
5HVXOWV 
&KDUDFWHULVWLFV�RI�WKH�VWXG\�SDUWLFLSDQWV 
7KH� UHOLDELOLW\� DQDO\VLV� RI� WKH� TXHVWLRQQDLUH� VFRUHG�
DSSUR[LPDWHO\� ����� $� WRWDO� RI� ���� UHVSRQVHV� ZHUH�
UHWULHYHG�DQG�IRXQG�XVDEOH�JLYLQJ�D�UHVSRQVH�UDWH�RI�
DSSUR[LPDWHO\������2I�WKH�����UHVSRQGHQWV��������
ZHUH�PDOHV��ZKLOH�������KDG�VRPH�IRUP�RI�WHUWLDU\�
HGXFDWLRQ� RU� FXUUHQWO\� KDYH� VRPH� IRUP� RI� WHUWLDU\�
HGXFDWLRQ�� $ERXW� ������ RI� WKH� UHVSRQGHQWV� ZHUH�
DJHG� EHWZHHQ� ��� WR� ��� \HDUV�� ZKLOH� ������ ZHUH�
DGROHVFHQWV��0RVW� RI� WKH� SDUWLFLSDQWV�ZHUH� VWXGHQWV�
���������������ZHUH�VHOI-HPSOR\HG��DQG������ZHUH�
IDUPHUV��7DEOH����� 

  
 



���� 

 

�� 
7DEOH� ���'HPRJUDSKLF� FKDUDFWHULVWLFV� RI� UHVLGHQWV� RI�
$ILNSR�FRPPXQLW\�LQ�(ERQ\L�6WDWH�1LJHULD������ 

 
.QRZOHGJH�DERXW�$OFRKROLF�/LYHU�'LVHDVH 
2I� WKH� ���� UHVSRQGHQWV�� ����������� KDG� D� JRRG�
NQRZOHGJH� RI� $/'� ZKLOH� ��� �������� KDG� SRRU�
NQRZOHGJH�RI�$/'��)LJXUH����  

�5HODWLRQVKLS�EHWZHHQ�.QRZOHGJH�RI�$OFRKROLF�
/LYHU�'LVHDVH�DQG�'HPRJUDSKLF�9DULDEOHV� 
$ERXW� ����������� RI� UHVSRQGHQW� DJHG� ��� WR� ���
\HDUV�� KDG� JRRG� NQRZOHGJH� RI� $/'�� ZKLOH� ����
������ RI� UHVSRQGHQWV� DJHG� !��� \HDUV� KDG� SRRU�
NQRZOHGJH� RI� $/'�� 7KRXJK� QRW� DW� VLJQLILFDQW�
OHYHO� 
7KH� UHODWLRQVKLS� EHWZHHQ� JHQGHU� DQG� NQRZOHGJH�
RI�$/'�ZDV� YHU\� VLJQLILFDQW��$ERXW� �����������
PDOHV� KDG� JRRG� NQRZOHGJH� RI� $/'�� ZKLOH� ��
�������� IHPDOHV� KDG� SRRU� NQRZOHGJH� RI� $/'��
)LQGLQJV�DOVR�VKRZV�WKDW������������UHVSRQGHQWV�
ZLWK� WHUWLDU\� OHYHO� RI� HGXFDWLRQ� KDG� JRRG�
NQRZOHGJH� RI� $/'�� +RZHYHU�� D� KLJKHU� SHUFHQW�
DJH�RI�WKRVH�ZKR�GR�QRW�KDYH�DQ\�IRUP�RI�HGXFD�
WLRQ� ����������� KDG� JRRG� NQRZOHGJH� RI� $/'�
FRPSDUHG� WR� WKRVH� ZLWK� SULPDU\� OHYHO� RI� HGXFD�
WLRQ� �� ,Q� FRPSDULVRQ�� ���������� ZLWK� JRRG�
NQRZOHGJH� RI� $/'� KDG� DWWDLQHG� RQO\� VHFRQGDU\�
HGXFDWLRQ� 

0RVW� VWXGHQWV� ����������� ZKR� SDUWLFLSDWHG� LQ�
WKLV�VWXG\�KDG�JRRG�NQRZOHGJH�RI�$/'�FRPSDUHG�
WR� WKH�FLYLO� VHUYDQWV�����������$OWKRXJK�RFFXSD�
WLRQ�ZDV� QRW� DVVRFLDWHG�ZLWK� NQRZOHGJH� RI�$/'�
�7DEOH���� 

9DULDEOHV )UHTXHQF\�
�Q� 

3HUFHQWDJH�
��� 

*HQGHU     

0DOH ��� ���� 

)HPDOH ��� ���� 

$JH     

��-�� �� ���� 

��-�� ��� ���� 

!�� �� ���� 

(GXFDWLRQDO�
/HYHO 

    

1LO ��� ����� 

3ULPDU\ �� ���� 

6HFRQGDU\ ��� ���� 

7HUWLDU\ ��� ���� 
2FFXSDWLRQ     
3ULYDWH�6HFWRU �� ��� 
&LYLO�6HUYDQW �� ���� 
)DUPHUV �� ��� 
6WXGHQWV ��� ���� 

6HOI-HPSOR\HG ��� ���� 

2WKHUV �� ��� 

)LJXUH� ��� 3LH�FKDU W� VKRZLQJ�NQRZOHGJH�DERXW�DO�
FRKROLF� OLYHU� GLVHDVH� DPRQJ� UHVLGHQWV� RI� � $ILNSR�
FRPPXQLW\�LQ�(ERQ\L�6WDWH�1LJHULD�������� 



���� 

 

7DEOH����5HODWLRQVKLS�EHWZHHQ�NQRZOHGJH�RI�$OFRKROLF�OLYHU �GLVHDVH�DQG�GHPRJUDSKLF�YDU LDEOHV�RI�UHVL�
GHQWV�RI�$ILNSR�FRPPXQLW\�LQ�(ERQ\L�6WDWH�1LJHULD�LQ������� 

 

�� 

9DULDEOHV 3RRU�NQRZOHGJH 
Q���� 

*RRG�.QRZOHGJH 
�Q���� 

&KL-6TXDUH GI 

$JH     

��-�� �������� ��������   

��-�� �������� ��������� ����� � 

!�� �������� ��������   

*HQGHU      

0DOH  �������� ��������� ����� � 

)HPDOH  �������� ��������   

(GXFDWLRQ      

3ULPDU\  ������ �������   

6HFRQGDU\  �������� ��������   

7HUWLDU\  �������� ��������� ����� � 

1LO  �������� ��������   

2FFXSDWLRQ      
3ULYDWH�VHFWRU ������ ��������   

&LYLO�VHUYDQW �������� ��������   

)DUPHU  ������ �������   

6WXGHQW  �������� ��������� ������ � 

6HOI-HPSOR\HG  �������� ��������   

2WKHUV  �������� �������   

$OFRKROLF-XVH� GLVRUGHU� LGHQWLILFDWLRQ� VFUHHQLQJ�
WHVW� 
$OFRKRO�XVH�GLVRUGHU�ZDV�HYDOXDWHG�XVLQJ� WKH�DOFR�
KRO� XVH� GLVRUGHU� LGHQWLILFDWLRQ� WHVW� �$8',7��� $GR�
OHVFHQWV� DJHG� ��� WR� ��� KDG� D� PHDQ� DXGLW� VFRUH� RI�
�������� ZKLOH� UHVSRQGHQWV� EHWZHHQ� WKH� DJHV� RI� ���
DQG� ��� KDG� D� PHDQ� DXGLW� VFRUH� RI� �������� $GXOWV�
DERYH� WKH� DJH� RI� ��� KDG� D� PHDQ� DXGLW� VFRUH� RI�
��������0DOH� UHVSRQGHQWV� LQ� WKH� VWXG\� KDG� D�PHDQ�
DXGLW�VFRUH�RI���������DQG�IHPDOH�UHVSRQGHQWV�KDG�D�
PHDQ�VFRUH�RI���������7DEOH���� 

7DEOH����0HDQ� VFRUH�RI�DOFRKROLF� XVH�GLVRUGHU �
LGHQWLILFDWLRQ�WHVW�DFURVV�DJH�DQG�JHQGHU�YDULDEOHV�
RI�UHVLGHQWV�RI�$ILNSR�FRPPXQLW\�LQ�(ERQ\L�6WDWH�
1LJHULD������� 

 

9DULDEOHV 0HDQ��6�'� 

*HQGHU   

0DOH ���������� 

)HPDOH ���������� 

$JH��\HDUV�   

��-�� ���������� 

��-�� ���������� 

!�� ���������� 



���� 

 

 
 

 

6FUHHQLQJ�RI�DOFRKRO�PLVXVH�DQG�GHSHQGHQFH 

5HVXOW� VKRZV� WKDW� WKH� DGROHVFHQWV� KDG� WKH� ORZHVW�
PHDQ�&$*(�WHVW�VFRUH�RI������ZKLOH�DGXOWV�DERYH����
KDG�D� VFRUH�RI�������ZKLFK�ZDV� WKH�KLJKHVW� UHFRUGHG�
YDOXH��0DOH�VXEMHFWV�LQ�WKH�VWXG\�KDG�D�PHDQ�VFRUH�RI�
������ZKLOH�WKH�IHPDOHV�KDG�D�VFRUH�RI�������5HVSRQG�
HQWV�ZLWK�SULPDU\�HGXFDWLRQ�KDG�D�PHDQ�&$*(�VFRUH�
RI�������ZKLOH�SDUWLFLSDQWV�ZLWK�QR�HGXFDWLRQ�KDG�WKH�
KLJKHVW�PHDQ�&$*(�VFRUH�RI�������7KH�FLYLO�VHUYDQWV�
KDG� D� VFRUH�RI� ������ WKH� IDUPHUV� KDG� D�PHDQ�&$*(�
VFRUH�RI������ZKLOH�WKH�VWXGHQW�KDG�WKH�ORZHVW�PHDQ�
&$*(�VFRUH�RI�������7DEOH���͘ 

7DEOH� ���&$*(� WHVW� VKRZLQJ� DOFRKRO� PLVXVH� DQG�
GHSHQGHQFH�RI�UHVLGHQWV�RI�$ILNSR�FRPPXQLW\�LQ�(E�
RQ\L�6WDWH�1LJHULD��LQ������ 

 

 

 

 

'ංඌർඎඌඌංඈඇ 

$OFRKRO�FRQVXPSWLRQ�LV�D�VRFLDO�OLIHVW\OH�IRU�WKH�UHVL�
GHQWV� RI� $ILNSR� FRPPXQLW\�� 7KH� UHVLGHQWV� HQMR\�
VSHQGLQJ� WKHLU� HYHQLQJV� DQG� ZHHNHQGV� LQ� EHHU� SDU�
ORUV�� (YHU\� QHLJKERUKRRG� LQ� WKH� FRPPXQLW\� KDV� DW�
OHDVW� RQH� EHHU� SDUORU�� DQG� VRPH� FRXOG� KDYH� WZR� RU�
PRUH� 7KLV�VWXG\�UHYHDOV�WKDW�PDMRULW\���������RI�WKH�
UHVSRQGHQWV� GHPRQVWUDWHG� D� JRRG� NQRZOHGJH� RI�
$/'��:KLFK�LPSOLHV�WKDW� WKH\�DUH�NQRZOHGJHDEOH�RI�
WKH� ULVNV� LQYROYHG� ZLWK� H[FHVVLYH� DOFRKRO� FRQVXPS�
WLRQ�RQ� WKH� OLYHU�DOWKRXJK� WKHUH� LV� DOFRKRO�XVH�GLVRU�
GHU� DPRQJVW� WKH� UHVLGHQWV�� 7KLV� UHYHDOV� D� SRRU� DWWL�
WXGH� WRZDUG� WKH� ULVNV� LQYROYHG�ZLWK� FKURQLF� DOFRKRO�
FRQVXPSWLRQ� 
)LQGLQJV�IURP�WKLV�VWXG\�UHYHDOV�WKDW�WKHUH�ZDV�D�KLJK�
OHYHO�RI�DOFRKRO�PLVXVH�DQG�GHSHQGHQFH�DFURVV�DOO�DJH�
H[FHSW� WKH� DGROHVFHQWV�� 7KLV� FRXOG� EH� EHFDXVH� WKH�
DGROHVFHQWV� DQG� WKH� VWXGHQWV� DUH� GHSHQGHQW� RQ� WKHLU�
SDUHQWV� DQG� WKHLU� JXDUGLDQ�� WKH\� GR� QRW� HDUQ� DQ� LQ�
FRPH�VR�WKH\�GR�QRW�FRQVXPH�DOFRKRO�DV�WKH\�GHVLUH�
GXH� WR� LQDGHTXDWH� ILQDQFH�� $OWKRXJK� VLPLODU� VWXG\�
UHYHDOHG� WKDW� WKHUH� LV�KLJK� OHYHO�RI� ULVN\�DOFRKRO�XVH�
DPRQJVW� DGROHVFHQWV� >��@� ZKLFK� GLVDJUHHV� ZLWK� WKH�
ILQGLQJV�RI�WKLV�VWXG\�� 
,Q�DOO� VRFLHWLHV�� D�SRVLWLYH�FRUUHODWLRQ�H[LVWV�EHWZHHQ�
DYHUDJH� SHU� FDSLWD� FRQVXPSWLRQ� RI� DOFRKRO� DQG� WKH�
IUHTXHQF\�RI�FLUUKRVLV��7KH�DPRXQW� LQJHVWHG�DQG� WKH�
GXUDWLRQ� RI� LQWDNH� FRUUHODWH� ZLWK� WKH� LQFLGHQFH� RI�
DOFRKRO� UHODWHG� OLYHU� GLVHDVH�� KHQFH�� GHDWKV� GXH� WR�
FLUUKRVLV�DUH�FORVHO\� WLHG� WR�SHU�FDSLWD�DOFRKRO� LQWDNH�
>��@� 
0DMRULW\�RI�WKH�PDOHV�ZKR�DUH�ZLWKLQ�WKH�DJH�RI���-
���KDG�KLJKHU�OHYHO�RI�GHSHQGHQFH�DQG�PLVXVH��7KHUH�
ZDV�DQ�DVVRFLDWLRQ�EHWZHHQ�JHQGHU�DQG�NQRZOHGJH�RI�
$/'��7KLV�FRXOG�EH�DV�D�UHVXOW�RI�VRFLHWDO�LQIOXHQFH��
2IWHQ�WLPHV�WKH�VRFLHW\�IURZQV�DW�D�IHPDOH�ZKR�WDNHV�
DOFRKRO��0RVW� IHPDOHV�ZLOO�QRW�ZDQW� WR�EH�VHHQ�FRQ�
VXPLQJ�DOFRKRO�DQG�ZLOO�QRW�ZDQW� WR�DGPLW� WKDW� WKH\�
FRQVXPH�DOFRKRO� QRU� WR� DGPLW� WKDW� WKH\� WDNH� VHYHUDO�
ERWWOHV� LQ� D� GD\�� ,Q� DGGLWLRQ�� PRVW� IHPDOHV� XVXDOO\�
SUHIHU� WR� VSHQG� WKHLU�PRQH\� RQ�RWKHU� WKLQJV� VXFK� DV�
PDNH-XS��KDLU-GR�HWF��ZKLFK� WKH\�FRQVLGHU�PRUH� LP�
SRUWDQW�WKDQ�VSHQGLQJ�RQ�DOFRKRO��7KH�PDOHV�DQG�WKH�
\RXQJ�DGXOW� WHQG� WR�KDYH�KLJK� ULVN� VHHNLQJ�EHKDYLRU�
ZKLFK� LQFOXGHV� ULVN\�DQG�H[FHVVLYH�DOFRKRO�GULQNLQJ�
>�����@�� 3UHYLRXV� VWXGLHV� DJUHH� ZLWK� ILQGLQJV� IURP�
WKLV� VWXG\� ZKLFK� VWDWHV� WKDW� DOFRKRO� DEXVH� DQG� GH�
SHQGHQFH�UDWHV�DUH�KLJKHU�LQ�PHQ�������WKDQ�LQ�ZRP�
HQ� ������ DQG� LQ� &DXFDVLDQV� WKDQ� LQ� EODFN� SHUVRQV��
KRZHYHU�� WKH� EODFN� SRSXODWLRQ� LV�PRUH� SURQH� WR� GH�
YHORS�D�SURJUHVVLRQ�RI�OLYHU�GLVHDVH�WR�FLUUKRVLV�>��@��
,Q� DGGLWLRQ�� PHQ� VSHQG� D� ORW� RI� WLPH� DW� ZRUN� FRP�
SDUHG�WR�ZRPHQ�DQG�PD\�VSHQG�VHYHUDO�QLJKWV�D�ZHHN�
VRFLDOL]LQJ� ZLWK� ZRUN� FROOHDJXHV� DIWHU� ZRUN� LQ�
³GULQNLQJ�PHHWLQJV�´�ZKLFK�DUH�XVXDOO\�DFFRPSDQLHG�
ZLWK�E\�H[FHVVLYH�FRQVXPSWLRQ�RI�DOFRKRO�>��@��� 

9DULDEOHV 0HDQ��6�'� 
*HQGHU   

0DOH �������� 

)HPDOH ��������� 

$JH��\UV�   

��-�� ��������� 

��-�� ��������� 

!�� ��������� 

(GXFDWLRQDO�/HYHO   

1LO ��������� 

3ULPDU\ ��������� 

6HFRQGDU\ ��������� 

7HUWLDU\ ��������� 

2FFXSDWLRQ   

3ULYDWH�6HFWRU ��������� 

&LYLO�6HUYDQW ��������� 

)DUPHUV ��������� 

6WXGHQW ��������� 

6HOI-HPSOR\HG ��������� 

2WKHUV ��������� 
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)LQGLQJV�IURP�WKLV�VWXG\�UHYHDOV�WKDW�DOO�WKH�UHVSRQG�
HQWV� ZKR� DUH� HPSOR\HG� KDG� DOFRKRO� GLVRUGHU�� 7KLV�
FRXOG�EH�EHFDXVH�WKH\�KDYH�DQ�LQFRPH�XQOLNH�WKH�VWX�
GHQWV�� KHQFH� KDYH� PRUH� GLVSRVDEOH� FDVK� WR� ILQDQFH�
H[FHVVLYH� SXUFKDVH� RI� DOFRKRO� >��@�� 5HVSRQGHQWV� LQ�
WKLV� VWXG\�KDG�DOFRKRO�PLVXVH�DQG�GLVRUGHU�� LUUHVSHF�
WLYH�RI�WKH�RFFXSDWLRQ�RI�WKH�UHVSRQGHQWV��7KLV�FRXOG�
EH�GXH�WR�WKH�IDFW�WKDW�VDIH�DQG�KLJK-TXDOLW\�YDULHWLHV�
RI�QHDUO\�HYHU\�NLQG�RI�DOFRKROLF�EHYHUDJH�DUH�DYDLOD�
EOH�DW� UHODWLYHO\� ORZ�SULFHV� LQ�$ILNSR�FRPPXQLW\�� ,Q�
DGGLWLRQ�� ZRUN-UHODWHG� QHWZRUNLQJ� ZKLFK� SURPRWHV�
VRFLDO� GULQNLQJ� FRXOG� DOVR� EH� D� SRVVLEOH� H[SODQDWLRQ�
WR� DOFRKRO� PLVXVH� DPRQJVW� WKH� ZRUNLQJ-FODVV� UH�
VSRQGHQW��'ULQNLQJ� LV�RIWHQ�DQ� LQWHJUDO�SDUW�RI�VRFLDO�
OLIH�� HVSHFLDOO\� LQ� WKH� ZRUNLQJ� HQYLURQPHQWV� DQG�
DPRQJVW�PLGGOH-DJHG�PHQ�ZKR�DUH�SDUW�RI�WKH�ZRUN�
LQJ�SRSXODWLRQ�>��@ 
+RZHYHU�� IDPHUV�DSSHDU� WR�KDYH� WKH�KLJKHVW� OHYHO�RI�
GHSHQGHQFH��7KLV�FRXOG�EH�DWWULEXWHG�WR�WKHLU�ORZ�OHY�
HO�RI�HGXFDWLRQ��*RLQJ�WR�SXEV�RIWHQ�DQG�EHLQJ�DEOH�WR�
DIIRUG� VHYHUDO� ERWWOHV� RI� DOFRKRO� VHHPV� WR� EH� WKHLU�
FULWHULD� WR� PHDVXUH� VXFFHVV� DQG� WR� VKRZ-RII� ZHDOWK���
3UHYLRXV� VWXGLHV� KDYH� VKRZQ� WKDW� DOFRKRO� UHODWHG�
KHDOWK� LVVXHV� ZHUH� PRUH� DPRQJVW� XQVNLOOHG� ZRUNHUV�
DQG� VHOI-HPSOR\HG� DQG� ORZHVW� DPRQJVW� H[HFXWLYHV�
DQG� IDUPHUV�� EOXH-FROODU� ZRUNHUV� DQG� ODERUHUV� KDYH�
WKH� KLJKHVW� DOFRKRO� PLVXVH� DQG� GHSHQGHQFH� >��@���
7KLV�FRXOG�EH�GXH� WR�DYDLODELOLW\�RI�DOFRKRO�DW�ZRUN��
VRFLDO� SUHVVXUH� WR� GULQN� ZKLOH� DW� ZRUN�� VHSDUDWLRQ�
IURP�ORYHG�RQHV�DQG�ODFN�RI�VXSHUYLVLRQ���+HQFH��DF�
FHVVLELOLW\�DQG�DIIRUGDELOLW\�WR�DOFRKRO�DQG�VRFLDO�SHHU
-SUHVVXUH� VHHPV� WR�EH� D�PDMRU� FRQWULEXWRU\� IDFWRU� WR�
DOFRKRO�PLVXVH�DQG�GHSHQGHQFH�>��@� 

7KH�UHVSRQGHQWV�ZKR�GR�QRW�KDYH�DQ\�IRUP�RI�HGXFD�
WLRQ�KDG� WKH� KLJKHVW� OHYHO� RI� DOFRKRO�PLVXVH� DQG�GH�
SHQGHQFH�DOWKRXJK� WKHUH�ZDV�QR�DVVRFLDWLRQ�EHWZHHQ�
HGXFDWLRQDO�OHYHO�DQG�DOFRKRO�PLVXVH�DQG�GHSHQGHQFH��
7KLV� LPSOLHV� WKDW�H[FHVVLYH�DOFRKRO�FRQVXPSWLRQ� LV�D�
SDUW�RI�WKH�WRZQ
V�VRFLDO�IDEULF��7KH�UHVLGHQWV�LQGXOJH�
LQ� ELQJH� DQG� H[FHVVLYH� DOFRKRO� XVH� LUUHVSHFWLYH� RI�
WKHLU� HGXFDWLRQDO� OHYHO�� $OFRKRO� FRQVXPSWLRQ� VHHPV�
WR�EH�D�FXOWXUDO�SUDFWLFH�LQ�$ILNSR���$�VWXG\�FRQGXFW�
HG�LQ�-DSDQ�DJUHHG�WKDW�UHVSRQGHQWV�ZLWK�ORZHU�HGXFD�
WLRQ� KDG� VLJQLILFDQWO\� KLJKHU� ULVNV� RI� ERWK� QRQ-
SUREOHPDWLF� KHDY\� GULQNLQJ� DQG� SUREOHP� GULQNLQJ��
7KLV�IDFW�LV�LQ�FRQWUDVW�ZLWK�WKH�ILQGLQJV�RI�WKLV�VWXG\�
>��@��2IWHQ� WLPHV�� ORZHU� HGXFDWLRQ�ZDV� VLJQLILFDQWO\�
DVVRFLDWHG� ZLWK� LQFUHDVHG� ULVNV� RI� ERWK� QRQ-
SUREOHPDWLF� KHDY\� GULQNLQJ� DQG� SUREOHP� GULQNLQJ�
>��������@�� (GXFDWLRQ� LQFUHDVHV� LQGLYLGXDO¶V� DZDUH�
QHVV�RI�KHDOWK\�EHKDYLRUV�DQG�SUDFWLFHV�DQG�WR�DFTXLUH�
VNLOOV� WKDW� DIIHFW� KHDOWK-SURPRWLQJ� GHFLVLRQV�
>��������@��+HQFH�� HGXFDWLRQ�PD\� LQFUHDVH� LQGLYLGX�
DO¶V� XQGHUVWDQGLQJ� RI� WKH� QHJDWLYH� HIIHFWV� RI� KHDY\�
GULQNLQJ�DQG�PD\�EXLOG�LQGLYLGXDO¶V�FDSDFLW\�WR�PDQ�
DJH�GULQNLQJ�E\�VWRSSLQJ�RU�NHHSLQJ�FRQVXPSWLRQ�ORZ�
>�����@��(GXFDWLRQ�DOVR�VKDSHV�FXOWXUDO�EHKDYLRUV�DQG�

 

SUDFWLFHV�>��@�LQ�WKH�IRUP�RI�KHDOWK-UHODWHG�YDOXHV�� 
7KHUH�LV�QHHG�IRU�D�SXEOLF�KHDOWK�FDPSDLJQ�GHVLJQHG�
WR�DGGUHVV� WKH� WKUHDW�RI�FKURQLF�DQG�H[FHVVLYH�DOFR�
KRO� FRQVXPSWLRQ� DQG�$/'�VR� DV� WR� UHGXFH� WKH� ULVN�
DQG�SUHYDOHQFH�RI�OLYHU�GLVHDVHV�UHODWHG�WR�WKH�DEXVH�
RI� DOFRKRO� LQ�$ILNSR�� ,W�ZRXOG� WKHUHIRUH� EH� EHQHIL�
FLDO� WR� LPSURYH�NQRZOHGJH�DQG�DZDUHQHVV�RI�KHDOWK�
KD]DUGV�RI�H[FHVVLYH�DOFRKRO�FRQVXPSWLRQ�DV�ZHOO�DV�
FXOWXUDO� SUDFWLFHV� DQG� VRFLDO� QHWZRUNV� SURPRWH�
KHDOWK\�EHKDYLRUV� 

/LPLWDWLRQV�RI�VWXG\ 

7KH�UHVSRQGHQW�XVHG�IRU� WKLV� VWXG\�ZHUH�RQO\� WKRVH�
ZKR� DJUHHG� WR� SDUWLFLSDWH� DV� VRPH� RI� WKH� UHVSRQG�
HQWV� GLG� QRW� JLYH� FRQVHQW�� WKHUHIRUH� WKH� UHVXOW� RE�
WDLQHG�PD\�QRW�UHSUHVHQW�WKH�JHQHUDO�SRSXODWLRQ� 

&RQFOXVLRQ 

7KH� UHVLGHQWV� RI� $ILNSR� FRPPXQLW\� KDYH� D� JRRG�
NQRZOHGJH�RI�$/'�WKRXJK�WKHUH�LV�DOFRKRO�XVH�GLV�
RUGHU�� DOFRKRO� PLVXVH� DQG� GHSHQGHQFH� LQ� WKH� FRP�
PXQLW\��*HQGHU�LV�WKH�RQO\�GHPRJUDSKLF�FKDUDFWHULV�
WLFV�WKDW�LQIOXHQFHG�WKH�NQRZOHGJH�RI�$/'� 
 
)XQGLQJ 

7KLV�VWXG\�ZDV�IXQGHG�E\�WKH�DXWKRUV��7KHUH�ZDV�QR�
H[WHUQDO�VRXUFH�RI�IXQGLQJ� 

$XWKRUV�FRQWULEXWLRQ 

5HVHDUFK� GHVLJQ�� &KLQHOR� 1QHND� $JXL\L-,NHDQ\L��
&KLDJR]LHP� 8URP� 8URP-1GXELVL� DQG� 0D[ZHOO�
$GLEH�� 'DWD� &ROOHFWLRQ�� &KLDJR]LHP� 8URP� 8URP-
1GXELVL�DQG�2ZRLFKRFKH�0RVHV�$JHQH��'DWD�$QDO�
\VLV�� &KLQHOR� 1QHND� $JXL\L-,NHDQ\L� DQG� 0D[ZHOO�
$GLEH�� 6XSHUYLVRUV�� &KLQHOR�1QHND�$JXL\L-,NHDQ\L�
DQG�0D[ZHOO�$GLEH��0DQXVFULSW�3UHSDUDWLRQ��&KLQH�
OR� 1QHND� $JXL\L-,NHDQ\L� DQG� &KLDJR]LHP� 8URP�
8URP-1GXELVL� 

&RQIOLFW�RI�LQWHUHVWV 

7KHUH�LV�QR�FRQIOLFW�RI�LQWHUHVW 

(WKLFDO�&RQVLGHUDWLRQ 
(WKLFDO� DSSURYDO� ZDV� REWDLQHG� IURP� WKH� 5HVHDUFK�
DQG�(WKLFDO�FRPPLWWHH�RI�WKH�)DFXOW\�RI�3KDUPDFHX�
WLFDO�VFLHQFHV�RI� WKH�8QLYHUVLW\�RI�1LJHULD��1VXNND��
(QXJX� 6WDWH� ZLWK� WKH� UHIHUHQFH� QXPEHU� )365(�
811���������� 9HUEDO� &RQVHQW� ZDV� REWDLQHG� IURP�
HYHU\�UHVSRQGHQW�EHIRUH�DGPLQLVWHULQJ�WKH�TXHVWLRQ�
QDLUH�WR�KLP�KHU� 
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5HIHUHQFHV� 

�� +\XQ�-��+DQ�-��/HH�&��<RRQ�0�	�-XQJ�<��������3DWKRSK\VLRORJLFDO�DVSHFW�RI�DOFRKRO�PHWDEROLVP�LQ�WKH�OLYHU��
,QWHUQDWLRQDO�-RXUQDO�RI�PROHFXODU�VFLHQFH��������������'RL���������LMPV��������� 

�� -LDQJ�<��=KDQJ�7��.XVXPDQFKL�3��+DQ�6��<DQJ�=�	�/LDQJSXQVDNXO�6�������$OFRKRO�PHWDEROL]LQJ�HQ]\PHV��
PLFURVRPDO�HWKDQRO��R[LGL]LQJ�V\VWHP��F\WRFKURPH�3����(,��FDWDODVH�DQG�DOGHK\GH�GHK\GURJHQDVH�LQ�DOFRKRO
-DVVRFLDWHG�OLYHU�GLVHDVH��%LRPHGLFLQHV����������������KWWSV����GRL�RUJ��������� 

�� =DNKDUL�6�	�/L�7�������'HWHUPLQDQWV�RI�DOFRKRO�XVH�DQG�DEXVH��,PSDFW�RI�TXDQWLW\�DQG�IUHTXHQF\�SDWWHUQ�RI�
OLYHU�GLVHDVHV��+HSDWRORJ\�9RO����,VVXH���3�����-���� 

�� %UXKD��5���'YRUDN��.���	�3HWUW\O�� -�� ��������$OFRKROLF� OLYHU� GLVHDVH��:RUOG� -RXUQDO� RI�+HSDWRORJ\�� KWWSV���
GRL�RUJ���������ZMK�Y��L���� 

�� (DWRQ�6(��-DJLHOR-0LOOHU�-(��3UHQGHUJDVW�0$�	�$NLQV�&.�������6H[�GLIIHUHQFHV�LQ�DOFRKRO�GHK\GURJHQDVH�
OHYHO� �$'+��DQG�EORRG�HWKDQRO�FRQFHQWUDWLRQ��%(&�� LQ�-DSDQHVH�TXDLO��3RXOWU\�6FLHQFH�YROXPH����,VVXH���
0D\���������������KWWSV���GRL�RUJ���������M�SV������������� 

�� 6HLW]��+.�	�3RVFKO�*�������7KH�UROH�RI�JDVWURLQWHVWLQDO�IDFWRUV�LQ�DOFRKRO�PHWDEROLVP��$OFRKRO�DQG�DOFRKRO�
LVP��9ROXPH����,VVXH���6HSWHPEHU�������3DJH����-���� 

�� 7RUUXHOODV�/��)UHQFK�6:�	�0HGRFL�9�������'LDJQRVLV�RI�DOFRKROLF�OLYHU��ZRUOG�MRXUQDO�RI�JDVWURHQWHURORJ\�
���� 

�� :RUOG�+HDOWK�2UJDQL]DWLRQ��*OREDO�VWDWXV�UHSRUW�RQ�DOFRKRO�DQG�KHDOWK�������*HQHYD������:RUOG�+HDOWK�2UJDQ�
L]DWLRQ���������� 

�� :DQGML�/&1��$QHPPL�9��0DWKXUOLP�3�	�/RXYHW�$�������&RPELQHG�DOFRKROLF�DQG�QRQ-DOFRKROLF�VWHDWRKHSD�
WLWLV��-+(3�9RO���,VVXH���-XQH��������������KWWSV���GRL�RUJ����������MKHSU������������ 

��� =LPD��7����������$OFRKRO�DEXVH��(OHFWURQLF�-RXUQDO�RI�WKH�,QWHUQDWLRQDO�)HGHUDWLRQ�RI�&OLQLFDO�&KHPLVWU\�DQG�
/DERUDWRU\�0HGLFLQH��KWWSV���GRL�RUJ���������MS�ERRNV������B��� 

��� 2VQD�1$��'RQRKXHMU�70�	�.KDUEDQGR�.�������$OFRKROLF�OLYHU�GLVHDVH��3DWKRJHQHVLV�DQG�FXUUHQW�PDQDJH�
PHQW��$OFRKRO�UHVHDUFK����������������-���� 

��� %XUW�$'�������6WHDWRVLV�DQG�VWHDWRKHSDWLWLV��'LDJQRVWLF�KLVWRSDWKRORJ\�9RO���,VVXH���3����-�����-XQH�������
KWWSV���GRL�RUJ����������FGLS����������� 

��� 7DGRNRUR�7��0RULVKLWD�$��+LPRWR�7�	�0DVDNL�7�������1XWULWLRQDO�VXSSRUW�IRU�DOFRKROLF�OLYHU�GLVHDVH��1XWUL�
HQW������9RO����,VVXH���1R������KWWSV���ZZZ�PGSL�FRP������-�������������� 

��� ����%RXFKHU\��(��(���+DUZRRG��+��-���6DFNV��-��-���6LPRQ��&��-���	�%UHZHU��5��'����������(FRQRPLF�����FRVWV�RI�
H[FHVVLYH� DOFRKRO� FRQVXPSWLRQ� LQ� WKH� 8�6��� ������ ,Q� $PHULFDQ� -RXUQDO� RI� 3UHYHQWLYH� 0HGLFLQH�� KWWSV���
GRL�RUJ���������M�DPHSUH����������� 

��� 0FFODLQ�&��%DUYH�6��%DUYH�$�	�0DUV�/�������$OFRKROLF�OLYHU�GLVHDVH�DQG�PHWDEROLVP��$OFRKROLVP�FOLQLFDO�
H[SHULPHQWDO�UHVHDUFK����������-���'RL��������LM�����-��������������� 

��� $VUDQL��6��.���	�6DQFKH]��:����������(SLGHPLRORJ\�RI�$OFRKROLF�/LYHU�'LVHDVH��,Q�*,�(SLGHPLRORJ\��'LVHDV�
HV�DQG�&OLQLFDO�0HWKRGRORJ\��6HFRQG�(GLWLRQ��KWWSV���GRL�RUJ�����������������������FK��� 

��� 6HWODOHQWRD��%��0��3���3LVD��3��7���7KHNLVKR��*��1���5\NH��(��+���	�/RRWV��'��7����������7KH�VRFLDO�DVSHFWV�RI�
DOFRKRO� PLVXVH�DEXVH� LQ� 6RXWK� $IULFD�� ,Q� 6RXWK� $IULFDQ� -RXUQDO� RI� &OLQLFDO� 1XWULWLRQ�� KWWSV���
GRL�RUJ������������������������������� 

��� �,NHJZX��-��8���8]XHJEX��-��2���(]HDQ\D��2��&��3���2JXDPDQDP��&��&���	�$QR]LH��2��2��������������7KH�KHULW�
DJH� UHVRXUFHV� RI� DILNSR� LQ� HERQ\L� VWDWH�� QLJHULD�� $� FDVH� VWXG\� RI� PDVTXHUDGLQJ�� 7UDPHV�� KWWSV���
GRL�RUJ���������WU���������� 

��� �1DWLRQDO�3RSXODWLRQ�&RPPLVVLRQ��1DWLRQDO�%XUHDX�RI�6WDWLVWLFV� 
��� .5$1(6��$���	�:22'��+�� ��������/LYHU� GLVHDVH��$PHULFDQ�3UDFWLWLRQHU� DQG�'LJHVW� RI� �7UHDWPHQW�� ������

���–���� 
��� %DERU�� 7���+LJJLQV-%LGGOH�� -�� &��� 6DXQGHUV�� -�� %���	�0RQWHLUR��0��*�� �������� 7KH�$OFRKRO�8VH�'LVRUGHUV�

,GHQWLILFDWLRQ�7HVW��*XLGHOLQHV�IRU�XVH�LQ�SULPDU\�FDUH��*HQHYD��:RUOG�+HDOWK�2UJDQL]DWLRQ� 
��� 'KDOOD�6���.��-��$���	�.RRSHF��-��$����������7KH�&$*(�TXHVWLRQQDLUH�IRU�DOFRKRO�PLVXVH��$��UHYLHZ��&OLQLFDO�

DQG�,QYHVWLJDWLYH�0HGLFLQH�����������–��� 
��� &DDPDQR-,VRUQD�)���$GNLQV�$���$OLHY�)���0RXUH-5RGULJXH]�/���'LFN�'0��������3RSXODWLRQ�DWWULEXWDEOH�IUDF�

WLRQ�RI�HDUO\�DJH�RI�RQVHW�RI�DOFRKRO�DEXVH�DQG�GHSHQGHQFH��$��-\HDU�IROORZ-XS�VWXG\�LQ�XQLYHUVLW\�VWXGHQWV��
,QW�-��(QYLURQ��5HV��3XEOLF�+HDOWK��������������������KWWSV���GRL�RUJ���������LMHUSK��������� 

��� .DUDP��(���.\SUL��.���6DODPRXQ�0��������$OFRKRO�XVH�DPRQJ�FROOHJH�VWXGHQWV��$Q�LQWHUQDWLRQDO�SHUVSHFWLYH��
&XUU��2SLQ��3V\FKLDWU\��������������-��� 

��� :LFNL��0���.XQWVFKH�(���*PHO��*��������'ULQNLQJ�DW�HXURSHDQ�XQLYHUVLWLHV"�$�UHYLHZ�RI�VWXGHQWV
�DOFRKRO�XVH��
$GGLFW��%HKDY���������������-���� 

��� ,NHGD�$��.DZDFKL� ,�� ,VR�+�� ,QRXH�0��7VXJDQH�6�� -3+&�6WXG\�*URXS��*HQGHU�GLIIHUHQFH� LQ� WKH�DVVRFLDWLRQ�
EHWZHHQ�VRFLDO�VXSSRUW�DQG�PHWDEROLF�V\QGURPH�LQ�-DSDQ��WKH�µHQNDL¶�HIIHFW"�-�(SLGHPLRO�&RPPXQLW\�+HDOWK��
�����������–�� 
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 ��� :DJHQDDU�$&��6DORLV�0-��.RPUR�.$��(IIHFWV�RI�EHYHUDJH�DOFRKRO�SULFH�DQG�WD[�OHYHOV�RQ�GULQNLQJ��D�PHWD-
DQDO\VLV�RI������HVWLPDWHV�IURP�����VWXGLHV��$GGLFWLRQ������������������ 
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2ULJLQDO�$UWLFOH� 
&RPSOLDQFH�DQG�SHUFHSWLRQ�WRZDUGV�&29,'-���SUHYHQWLYH�SURWRFROV�DPRQJ�KRVSLWDO�VWDII�
LQ�D�WHUWLDU\�KHDOWK�IDFLOLW\��6RXWKZHVW�1LJHULD� 
 
.DELU�$'�
��0DUJDUHW�2$���7HPLWD\R�7$���(EXEHFKXNZX�%,���2ZRDQDP�$-���3UDLVH�2$���(OR-2JKHQH�0(���
$\6DPXHOVRQ�$$���&KLEXRNHP�&&���(OL]DEHWK�1(���,MHRPD�($���$PDUDFKL�*1��� 
.LPL\HJKD�-2���2OXZDZHPLPR�2���+DELEDW�<� 

�'HSDUWPHQW�RI�FRPPXQLW\�PHGLFLQH��$IH�%DEDOROD�8QLYHUVLW\��$GR-(NLWL�� 
�'HSDUWPHQW�RI�FRPPXQLW\�PHGLFLQH��)HGHUDO�8QLYHUVLW\��2\H-(NLWL��(NLWL�6WDWH��1LJHULD 
�'HSDUWPHQW�RI�FRPPXQLW\�PHGLFLQH��$IH�%DEDOROD�8QLYHUVLW\��$GR-(NLWL��(NLWL�6WDWH��1LJHULD 

&RUUHVSRQGLQJ�DXWKRUV
��GXURZDGHND#DEXDG�HGX�QJ��� 

 
$EVWUDFW� 
%DFNJURXQG��7KH�&29,'-���RXWEUHDN�UHVSRQVH�LQ�1LJHULD�ZDV�FKDOOHQJHG�E\�WKH�H[LVWLQJ�ZHDN�KHDOWK�VHFWRU�DQG�
WKH�IURQWOLQH�KHDOWK�ZRUNHUV�IRU�&29,'-���SDQGHPLF�UHVSRQVH�DUH�H[SRVHG�WR�WKH�SDWKRJHQ��2QH�PLOLWDWLQJ�IDFWRU�
XQGHUPLQLQJ� WKH� FRQWURO� DQG�SUHYHQWLRQ�RI�&29,'-��� LQ�1LJHULD�ZDV�SRRU� FRPSOLDQFH� WR�SUHYHQWLYH�PHDVXUHV��
7KLV� VWXG\�DVVHVVHG� WKH� FRPSOLDQFH�ZLWK�&29,'-���SUHYHQWLRQ�SURWRFROV� DPRQJ�KHDOWKFDUH�ZRUNHUV� LQ�)HGHUDO�
7HDFKLQJ�+RVSLWDO��,GR-(NLWL��(NLWL�6WDWH��1LJHULD� 
0HWKRGV��$� FURVV� VHFWLRQDO� VWXG\� DQG� VXEMHFWV� ZHUH� VHOHFWHG� WKURXJK� D�PXOWL-VWDJH� VDPSOLQJ� WHFKQLTXH��'DWD�
FROOHFWLRQ�ZDV� GRQH� XVLQJ� LQWHUYLHZHU-DGPLQLVWHUHG� VHPL-VWUXFWXUHG� TXHVWLRQQDLUH� RYHU� D� SHULRG� RI� ILYH�PRQWKV�
�-XQH-2FWREHU���������'DWD�ZDV�DQDO\]HG�XVLQJ�,%0��6WDWLVWLFDO�3DFNDJH�IRU�6RFLDO�6FLHQFHV��6366��YHUVLRQ������
DQG�S�YDOXH�ZDV�VHW�DW�������DV�WKH�WKUHVKROG�IRU�VWDWLVWLFDO�VLJQLILFDQFH� 
5HVXOWV��0DMRULW\� ��������� RI� WKH� UHVSRQGHQWV� JRW� LQIRUPDWLRQ� RQ�&29,'-���SURWRFROV� WKURXJK� VHPLQDUV� DQG�
ZRUNVKRSV���+RZHYHU��PRUH�WKDQ�D�TXDUWHU���������RI�WKH�UHVSRQGHQWV�VDLG�WKH�XVH�RI�DYDLODEOH�33(�ZDV�VXERSWL�
PDO��0RUH� WKDQ�RQH-WKLUG�� ���������RI� UHVSRQGHQWV�EHOLHYH� WKH�SURWRFROV�DUH� WRR�VWULFW��7KHUH� LV��KRZHYHU��JRRG�
SHUFHSWLRQ����������EXW�UHODWLYHO\�ORZHU�FRPSOLDQFH���������RI�&29,'-���SURWRFROV�DPRQJ�WKH�VWDII��$JH��PDULWDO�
VWDWXV�DQG� VH[�ZHUH�DVVRFLDWHG�ZLWK� FRPSOLDQFH� WRZDUGV�&29,'-���SURWRFROV� LQ� WKLV� VWXG\� �3�������� ,GHQWLILHG�
VLJQLILFDQW�SUHGLFWRUV��S�������RI�FRPSOLDQFH�LQFOXGH�DJH��$25 ��������IHPDOH�VH[��$25 ������� 
&RQFOXVLRQ�� �0RVW� UHVSRQGHQWV� KDG�JRRG�NQRZOHGJH�RI�DYDLODELOLW\�� SHUFHSWLRQ�RI� HIIHFWLYHQHVV�� EXW� UHODWLYHO\�
ORZHU�FRPSOLDQFH�ZLWK�WKH�&29,'-���SURWRFROV�LQ�WKLV�IDFLOLW\���7KH�JRYHUQPHQW�RU�KRVSLWDO�DXWKRULW\�PDNH�VXUH�
WKDW�QHFHVVDU\�VWHSV�WR�IXUWKHU�ERRVW�FRPSOLDQFH�DUH�WDNHQ�� 

.H\ZRUGV��&RPSOLDQFH��&29,'-���SURWRFROV��+RVSLWDO�VWDII��1LJHULD� 
&LWDWLRQ��.DELU�$'�
��0DUJDUHW�2$���7HPLWD\R�7$���(EXEHFKXNZX�%,��HW�DO��&RPSOLDQFH�DQG�3HUFHSWLRQ�WRZDUGV�
 &29,'-���3UHYHQWLYH�3URWRFROV�DPRQJ�+RVSLWDO�6WDII� LQ�D�7HUWLDU\�+HDOWK�)DFLOLW\��6RXWKZHVW�1LJHULD��
 (WKLRS�0HG��-������������-��� 
6XEPLVVLRQ�GDWH������0DUFK�������$FFHSWHG������0DUFK������3XEOLVKHG�����0DUFK������� 

(WKLRSLDQ�0HGLFDO�-RXUQDO������������� ��
2SHQ�DFFHVV�DUWLFOHV�GLVWULEXWHG�LQ�WHUPV�RI� 
&UHDWLYH�&RPPRQV�$WWULEXWLRQ�/LFHQFH�>&&�E\����@ 

,661�����-������������H,661�����-�����  .DELU�$'�HW�DO�� 

,QWURGXFWLRQ� 
&RURQDYLUXVHV� �&R9�� UHSUHVHQW� D� IDPLO\� RI� YLUXVHV�
FDXVLQJ� LOOQHVVHV� UDQJLQJ� IURP� WKH� FRPPRQ� FROG� WR�
PRUH�VHYHUH�GLVHDVHV�VXFK�DV�0LGGOH�(DVW�5HVSLUDWRU\�
6\QGURPH� �0(56-&R9�� DQG� 6HYHUH�$FXWH�5HVSLUD�
WRU\� 6\QGURPH� �6$56-&R9��� 7KH� YLUXV� FDXVLQJ�
&29,'-��� LV��KRZHYHU��D�QRYHO�FRURQDYLUXV� �Q&R9��
QRW� SUHYLRXVO\� LGHQWLILHG� LQ� KXPDQV� >�@�� 7KH\� DUH�
]RRQRWLF�� �WUDQVPLWWHG� EHWZHHQ� DQLPDOV� DQG� SHRSOH��
VSUHDG�WKURXJK�GURSOHWV��JHQHUDWHG�WKURXJK�FRXJKLQJ�
RU� VQHH]LQJ�� WDONLQJ� RU� EUHDWKLQJ��� WKDW� PD\� ODQG� LQ�
DQ\�RI�WKH�IDFLDO�RULILFHV�RI�SHRSOH�ZKR�DUH�QHDUE\��RU�
JHW�LQKDOHG�LQWR�WKHLU�OXQJV��KHQFH�LWV�UDSLG�WUDQVPLV�
VLRQ�>�@� 
7KH�LQGH[�FDVH�ZDV�UHSRUWHG�LQ�'HFHPEHU������IURP�
:XKDQ��+XEHL�SURYLQFH��&KLQD�DQG�KDV� VLQFH�VSUHDG�

JOREDOO\�>�@��'HFODUHG�DV�D�SDQGHPLF�E\�:+2�RQ�
0DUFK� ���� ������ WKH� LPSDFW� RI� &29,'-��� FXWV�
DFURVV�WKH�ZKROH�ZRUOG�DQG�KDV�SURIRXQGO\�LPSDFW�
HG�KXPDQLW\�DQG�JOREDO�HFRQRP\���&29,'-���DOVR�
H[SRVHG� WKH� SRRU� VWDWH� RI� KHDOWK� LQIUDVWUXFWXUH� LQ�
1LJHULD�ZLWK�SRRU�HPHUJHQF\�SUHSDUHGQHVV�DV�HYL�
GHQFHG� E\� ODFN� RI� SUHYHQWLYH� SURWRFROV�� LOO-
HTXLSSHG�DQG�QRQ-H[LVWLQJ�LVRODWLRQ�ZDUGV��WKHUHE\�
H[SRVLQJ�KHDOWK�ZRUNHUV�WR�WKH�GHDGO\�GLVHDVH�>�@� 

3URWRFROV� IRU� &29,'-��� FRQWURO� DQG� SUHYHQWLRQ�
IRU� KHDOWK� ZRUNHUV� LQFOXGHV� DOO� VWDQGDUG� SUHFDX�
WLRQV� IRU� LQIHFWLRXV�GLVHDVH�SUHYHQWLRQ�DQG�FRQWURO�
DV�DSSOLHG��KDQG�ZDVKLQJ� �ZLWK� VRDS�DQG�ZDWHU�RU�
DOFRKRO�EDVHG�KDQG�VDQLWL]HUV���XVH�RI�SHUVRQDO�SUR�
WHFWLYH� HTXLSPHQW� �JORYHV�� PDVNV�� H\H-ZHDU��� UHV�



���� 

 

 
 

 

SLUDWRU\�K\JLHQH�FRXJK�HWLTXHWWH�� FOHDQLQJ�DQG�GLVLQ�
IHFWLRQ� RI� HQYLURQPHQWDO� VXUIDFHV�� LQMHFWLRQ� DQG�
VKDUSV�VDIHW\��VWHULOH�LQVWUXPHQWV�DQG�GHYLFHV��TXDUDQ�
WLQH�RI�H[SRVHG�SDWLHQWV�DQG�LVRODWLRQ�DQG�FDUHIXO�KDQ�
GOLQJ�RI�LQIHFWHG�SDWLHQWV�LQFOXGLQJ�WKHLU�VDPSOHV�>�@� 

6WXGLHV� VKRZHG� WKDW� TXDUDQWLQH�� FRQWDFW� WUDFLQJ��
VFUHHQLQJ� DQG� LVRODWLRQ� LQ� GLIIHUHQW� VHWWLQJ� ZHUH� RI�
JUHDW� EHQHILWV� >��� �@��+RZHYHU�� FRPSOLDQFH�ZLWK� DQG�
SURSHU� XVH� RI� VRPH� RI� WKHVH� SUHFDXWLRQDU\� PHWKRGV�
ZHUH�QRW�SURSHUO\�REVHUYHG�HYHQ�E\�KHDOWK�ZRUNHUV�LQ�
1LJHULD��3RRU�XQGHUVWDQGLQJ� RI� DQG� FRPSOLDQFH�ZLWK�
WKH�GLVHDVH�SUHYHQWLYH�SURWRFROV�FDQ� OHDG� WR�GHOD\� LQ�
LQVWLWXWLQJ�QHFHVVDU\�LQWHUYHQWLRQ�OHDGLQJ�WR�WUDQVPLV�
VLRQ� RI� LQIHFWLRQV�� 'HVSLWH� WKH� QXPHURXV� JXLGHOLQHV�
IRU�KHDOWKFDUH�ZRUNHUV�DQG�ZLQGRZ�RI�RQOLQH�UHIUHVK�
HU� FRXUVHV� GHYHORSHG� E\� :+2�� &'&�� DQG� YDULRXV�
JRYHUQPHQWDO� RUJDQL]DWLRQV� LQ� YDULRXV� FRXQWULHV� WR�
ERRVW�WKH�NQRZOHGJH�DQG�SUHYHQWLRQ�VWUDWHJLHV��RQH�RI�
WKH�PDMRU� FKDOOHQJHV�ZKLFK�PLOLWDWH� DJDLQVW� WKH� FRQ�
WURO�DQG�SUHYHQWLRQ�RI�&29,'-���LQ�1LJHULD�ZDV�WKH�
LVVXH�RI�SRRU�FRPSOLDQFH�DQG�DWWLWXGH�>�@��+HDOWKFDUH�
LQVWLWXWLRQV¶�SUHSDUHGQHVV�WR�PDQDJH�DQ\�RXWEUHDN�RI�
SXEOLF� KHDOWK� VLJQLILFDQFH� LV� GHSHQGHQW� RQ� VHYHUDO�
IDFWRUV� OLNH� DGHTXDWH� VSDFH� IRU� LVRODWLRQ� RI� LQIHFWHG�
SDWLHQWV�� FOLQLFDO� VWDII� FDSDFLW\�� WUDLQLQJ� H[SRVXUH� RQ�
ELRVDIHW\� LVVXHV�� IDFLOLW\� GLDJQRVWLF� FDSDFLW\�� DQG�
DYDLODELOLW\� RI� SHUVRQDO� SURWHFWLYH� HTXLSPHQW� �33(���
DQG�KHDOWK�FDUH�ZRUNHU�PRWLYDWLRQ�DPRQJ�RWKHUV�>�@� 

7KH�XQGHUXWLOL]DWLRQ�RI�33(�ZDV�UHSRUWHG�E\�:X�HW�DO�
DQG�WKH�1DWLRQDO�+RVSLWDO�,QIHFWLRQ�0DQDJHPHQW�DQG�
4XDOLW\�&RQWURO�&HQWHU�DV�WKH�WULJJHU�IRU�D�ODUJH-VFDOH�
LQIHFWLRQ�RI�+&:V�IURP�WKH�+XEHL�SURYLQFH�LQ�&KLQD�
>����@��6LPLODUO\�� WKH�+HQU\�)RUG�+HDOWK�6\VWHP�DOVR�
KDG�������RI�LWV�ZRUNHUV�LQIHFWHG�ZLWK�6$56-&R9-��
>�@�7KHVH� UHSRUWV� UHVXOW� LQWR� IHDU� DPRQJ�+&:V�JLY�
LQJ�WKH�DEVHQFH�RI�D�GHILQLWLYH�WUHDWPHQW�RU�D�YDFFLQH�
IRU� 6$56-&R9-�� >��� �@�� 7KLV� QHFHVVLWDWHV� FULWLFDO�
DVVHVVPHQW� RI� FRPSOLDQFH� ZLWK� SUHYHQWLYH� SURWRFROV�
DQG�ZRUNSODFH�VDIHW\�DPRQJ�KHDOWKFDUH�ZRUNHUV�GXU�
LQJ�WKH�&29,'-���SDQGHPLF�DQG�EH\RQG� 

2I�����SDUWLFLSDQWV�LQ�D�FURVV-VHFWLRQDO�VWXG\�GRQH�E\�
REWDLQLQJ� UHVSRQVHV� IURP� KHDOWK� ZRUNHUV� JOREDOO\� LQ�
0DUFK�������������RI�KHDOWK�ZRUNHUV�KDG�D�SRVLWLYH�
SHUFHSWLRQ� RI� &29,'-��� SUHYHQWLYH� PHDVXUHV� >�@���
0DMRULW\� RI� WKH� KHDOWK� FDUH� ZRUNHUV� LQ� 3DNLVWDQ�
PDUNHG�1-���PDVN�DV�HVVHQWLDO�GXULQJ� WKH�FROOHFWLRQ�
RI�QDVRSKDU\QJHDO�VDPSOHV�DQG�FRQGXFW�RI�RWKHU�DHUR�
VRO-JHQHUDWLQJ� SURFHGXUHV� ������� DQG� GLUHFW� FDUH� RI�
&29,'-���SDWLHQW�������>�@��,Q�6RXWK�$IULFD��DERXW�
KDOI���������RI�KHDOWK�ZRUNHUV�KDG�UHFHLYHG�LQIHFWLRQ�
SUHYHQWLRQ�DQG�FRQWURO�WUDLQLQJ��DQG�WKH\�ZHUH�ZLOOLQJ�
WR�FRPSO\��+RZHYHU��VRPH�KDG�QR�DFFHVV�WR�PHGLFDO�
PDVNV� �������� DQG� JORYHV� ������� LQ� WKHLU� GHSDUW�
PHQWV�EXW�ZHUH�GHILQLWHO\�ZLOOLQJ�WR�PDNH�XVH�RI�DQ\�
DYDLODEOH� UHVRXUFHV� LQ� ILJKWLQJ� DJDLQVW� WKH� LQIHFWLRQ�
>��@� 

$�ZHE-EDVHG� FURVV-VHFWLRQDO� VWXG\� DPRQJ�1LJHULDQV�

 

IRXQG� WKDW� NQRZOHGJH� LV� D� SUHGLFWRU� RI� DGKHUHQFH� WR�
SUHFDXWLRQDU\� PHDVXUHV� DPRQJ� WKH� UHVSRQGHQWV�
>��@�$� VWXG\� DPRQJ� KHDOWK� ZRUNHUV� LQ� 6RXWK-6RXWK��
1LJHULD�VKRZHG� WKDW�PDMRULW\�RI� WKH�SDUWLFLSDQWV�����
������IHOW�DW�ULVN�RI�EHLQJ�LQIHFWHG�E\�WKH�YLUXV��0RVW�
RI� WKH� SDUWLFLSDQWV� ���� ������ DJUHHG� WR� LQDGHTXDWH�
ZRUN� SODFH� VDIHW\� DQG� WKH� ODFN� RI� VRFLDO� LQVXUDQFH�
SROLF\� IRU� KHDOWKFDUH� ZRUNHUV� ZDV� DOVR� VHHQ� DV� DQ�
REVWDFOH� WR� HIIHFWLYH� VHUYLFH� GHOLYHU\� HVSHFLDOO\� LQ�
WKLV�SHULRG�RI�WKH�SDQGHPLF�>��@��$OO�WKH�SDUWLFLSDQWV�
�����������DJUHHG� WR� WKH�SURYLVLRQ�RI�SHUVRQDO�SUR�
WHFWLYH� HTXLSPHQW� �33(�� WR� DOO� KHDOWKFDUH� ZRUNHUV�
>��@� 
$�UHVHDUFK�GRQH�RQ�1LJHULDQ�GHQWDO�VWXGHQWV�VKRZHG�
WKDW� PRVW� UHVSRQGHQWV� �������� KDG� JRRG� SHUFHSWLRQ�
WR�LQIHFWLRQ�FRQWURO�SUDFWLFHV�LQ�SUHYHQWLQJ�WKH�VSUHDG�
RI� &29,'Ǧ��� LQ� WKHLU� FOLQLFV� DQG� WUDLQLQJ� VFKRROV�
>��@��7KHVH�UHVSRQVHV�LQFOXGHG�WKH�SHUFHSWLRQ�WKDW�WKH�
FXUUHQW� LQIHFWLRQ� FRQWURO� PHDVXUHV� VWDQGDUG� LQ� WKHLU�
GHQWDO�VFKRROV�ZDV�HIIHFWLYH�LQ�SUHYHQWLQJ�WKH�VSUHDG�
RI�&29,'Ǧ������������0DMRULW\���������DJUHHG�WKDW�
DHURVROǦJHQHUDWLQJ� SURFHGXUHV� LQ� GHQWLVWU\� FDUULHG� D�
KLJK�ULVN�RI�VSUHDGLQJ�&29,'Ǧ���>��@� 
*HQHUDOO\�� FRPSOLDQFH�ZLWK� LQIHFWLRQ� FRQWURO� EHKDY�
LRXUV�FDQ�EH�GLIILFXOW�DPRQJ�WKH�SRSXODWLRQ��+RZHY�
HU��WKH�WKUXVW�IRU�FRPSOLDQFH�LQ�WKH�JHQHUDO�SRSXODWLRQ�
DSSHDUV� WR� EH� SHUFHLYHG� VXVFHSWLELOLW\�� SHUFHLYHG� VH�
YHULW\�DQG�SHUFHLYHG�EHQHILWV�RI�FRPSOLDQFH� LQ�DGGL�
WLRQ�WR�DFFXUDWH�NQRZOHGJH�DERXW�WKH�GLVHDVH�DQG�WKH�
UHFRPPHQGHG�EHKDYLRXUV��+RZHYHU��WKH�PDMRU�EDUUL�
HUV� LQFOXGH� GLVFRPIRUW�� HPEDUUDVVPHQW� DQG� SUDFWLFDO�
LVVXHV� >��@�'HVSLWH�� WKH� HIIRUWV� DW� FXUWDLOLQJ� WKH�SDQ�
GHPLF��FDVHV�DUH�VWLOO�EHLQJ�UHFRUGHG�ZKLFK�PLJKW�EH�
D� SRLQWHU� WR� D� JDS� LQ� FRPSOLDQFH� ZLWK� &29,'-���
SUHYHQWLRQ� SURWRFROV� DPRQJ� KRVSLWDO� ZRUNHUV��
7KRXJK��VWXGLHV�KDYH�EHHQ�GRQH�RQ�WKLV�VXEMHFW��WKHUH�
LV� SDXFLW\� RI� GDWD� RQ� FRPSOLDQFH� ZLWK� &29,'-���
SUHYHQWLRQ� DPRQJ� KHDOWKFDUH� ZRUNHUV� LQ� RXU� ORFDO�
VHWWLQJ�� 7KXV�� WKH� REMHFWLYH� WKLV� VWXG\�ZDV� WR� DVVHVV�
FRPSOLDQFH�ZLWK�DQG�SHUFHSWLRQ�RI�&29,'-���SURWR�
FROV�DQG�LGHQWLI\�LWV�DVVRFLDWHG�IDFWRUV�DQG�SUHGLFWRUV�
LQ� RUGHU� WR� VFDOH� XS� HIIRUWV� DW� DGGUHVVLQJ� LGHQWLILHG�
JDSV� 

0HWKRGV� 
(NLWL�6WDWH��RQH�RI�WKH�VL[�VWDWHV�FRQVWLWXWLQJ�WKH�VRXWK
-ZHVWHUQ�UHJLRQ�RI�1LJHULD��LV�ORFDWHG�EHWZHHQ�ORQJL�
WXGHV��� ��� DQG��� ��� (DVW�RI�WKH�*UHHQZLFK�PHULGL�
DQ�DQG�ODWLWXGHV��������DQG��������1RUWK�RI�WKH�HTXD�
WRU��:LWK�WKUHH�VHQDWRULDO�GLVWULFWV��(NLWL�6RXWK��(NLWL�
FHQWUDO� DQG� (NLWL� 1RUWK�� DQG� ��� /RFDO� *RYHUQPHQW�
$UHDV��WKH�LQGLJHQRXV�SHRSOH�RI�(NLWL�VWDWH�DUH�PDLQO\�
<RUXED��DQG�VSHDN�WKH�(NLWL�GLDOHFW��ZLWK�VRPH�QRQ-
LQGLJHQHV�� DQG�RWKHU�HWKQLF�JURXSV�DUH�DOVR� OLYLQJ� LQ�
WKH�VWDWH��0RVW�RI�WKH�SHRSOH�DUH�&KULVWLDQV�ZLWK�VRPH�
0XVOLPV�DQG�IHZ�WUDGLWLRQDO�ZRUVKLSSHUV� 
7KH� )HGHUDO� 7HDFKLQJ� +RVSLWDO�� ,GR-(NLWL� LV� D� ���-
EHGGHG�WHUWLDU\�KHDOWK�FDUH�IDFLOLW\�DQG�FOLQLFDO�WUDLQ�
LQJ�LQVWLWXWLRQ�LQ�1LJHULD��,W� LV� WKH�RQO\�WHUWLDU\�LQVWL�
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tution in Ido-Ekiti, and trains medical and non-medical 
students from Afe Babalola University, Ado-Ekiti, 
alongside post graduate training via its residency pro-
grams in numerous subspecialties e.g. Obstetrics and 
Gynecology, Community medicine, Psychiatry, Internal 
Medicine, Surgery, Pediatrics and Family Medicine, etc. 
The hospital is one of the treatment centers for COVID-
19 patients in Ekiti State, and has managed several cas-
es. It has a holding area for suspected cases and an isola-
tion/treatment ward for confirmed cases with designated 
staff like Doctors, Nurses, Health Assistants, Environ-
mental Health Officers working in these areas with pos-
sible risk of exposure and transmission within the hospi-
tal. 

Study design, eligibility criteria 
This is a cross-sectional survey of COVID-19 protocol 
perception and compliance amongst healthcare workers 
in Federal Teaching Hospital, Ido-Ekiti. The total popu-
lation of healthcare workers (clinical and non-clinical 
staff) in the hospital was about 2732. All consenting 
healthcare workers were recruited, while those who were 
working in the COVID-19 holding and isolation ward 
were excluded to prevent subject/selection bias. They 
were excluded because they were likely going to skew 
the knowledge and compliance assessment because of 
training and exposure to and usage of these measures. 

Sample size Calculation 
Using the Leslie Fischer’s formula for population 
>10,000, the sample size was determined as follows:  
n=Z2pq/e2 [14],Where n = minimum sample size; Z = 
Standard normal deviate = 1.96; p = Compliance with 
COVID-19 protocols = 55.6% = 0.556 [11]; q = 1-p = 
0.444; e = level of desired accuracy = 0.05  
n = (1.96)2 x0.556x 0.444 
 (0.05)2 
n =       380 (approximately) 
Since population size was <10,000; n corrected = n/1+n-1/N 
Where, n= Sample size = 380 N = population size, N = 
2732; n= 333. Non response rate of 10%, which gives 
33, was added and the total sample size now becomes 
366 (333+33).  
Sampling Technique 
A multistage sampling technique was used to select re-
spondents.   
Stage I: Stratified sampling technique was used to 
group the healthcare workers into 2 strata (clinical and 
non-clinical staff). Clinical staffs were further stratified 
based on cadre. Proportionate allocation was used to 
allocate the number of participants to be selected from 
each category. 
Stage II: Using the sampling frame for each category, 
simple random sampling using computer-generated table 
of random numbers was used to select willing partici-
pants till the allocated sample size for each was attained 
and till the overall sample size of 366 was reached. 

Operational definitions 
For the purpose of this study, the term hospital 
staff refers to clinical staffs who were involved in 
patient care. Secondly, compliance in this study 
refers to a deliberate effort at following the pre-
ventive measures, while perception is used here 
to refer to feeling or thinking about the preven-
tive protocols. 

Research instrument and data collection and 
analysis 
A semi-structured questionnaire was designed by 
the authors and used for data collection. The 
questionnaire was divided into four sections 
(socio-demographic, knowledge of COVID-19 
protocols, perception and factors affecting com-
pliance with COVID-19 protocols).Some of the 
questions was adapted from previous related 
studies.  The questionnaire was pre-tested among 
healthcare workers in Afe Babalola University 
Multisystem Hospital, Ado-Ekiti, a distance of 
about 43km from the study site. For reliability, 
test-retest was done and reliability co-efficient of, 
r=0.7 was obtained which showed the tool is reli-
able [15].Participants were informed about the 
study with clear instructions on how to fill the 
questionnaire in order to make the data valid, 
reliable and useful.  The data obtained from the 
questionnaires were analyzed with IBM, Statisti-
cal Package for Social Sciences (SPSS) version 
27.0. The perception and compliance on COVID-
19 protocols were scored and graded into poor 
(<70%) and good (≥70%). This dichotomy was 
arrived by the authors using the mean and the 
spread of the scores. 
Ethical Consideration 
An ethical clearance with protocol number 
ERC/2021/06/11/558B and dated 16/06/2021 was 
obtained from the Ethical Committee of the Fed-
eral Teaching Hospital, Ido-Ekiti before the study 
was carried out. Informed verbal consent was 
obtained from every respondent prior to partici-
pation in this study after explaining the purpose, 
content, and implication of the research. Partici-
pation was voluntary; anonymity and confidenti-
ality of the information provided was assured. 
Respondents who did not give consent to partici-

pate in this study were exempted.  
 
Results 
Three hundred and sixty-six (366) questionnaires 
were administered among healthcare workers. 
Three hundred and fifty-eight (358) of these 
questionnaires were returned completely filled 
and analyzed, giving a response rate of 97.8% 
percent.  
Most of the respondents were within the age 
range of 20-39 years (57.3%), majority were 
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(GXFDWLRQDO�$WWDLQPHQW       
6HFRQGDU\�(GXFDWLRQ �������� ��������� ������ 
7HUWLDU\�(GXFDWLRQ ���������� ����������   
0DVWHU¶V�'HJUHH ��������� ���������   
)HOORZVKLS�3K�'� ��������� ��������   
6WDWXV�LQ�+HDOWK�&DUH�)DFLOLW\       
&RQVXOWDQW ��������� ������� ������ 
6HQLRU�5HJLVWUDU ��������� ��������   
-XQLRU�5HJLVWUDU ��������� ���������   
1XUVH ��������� ���������   
+HDOWK�$VVLVWDQW ��������� ���������   
2WKHU�+HDOWK�:RUNHU ��������� ���������   
'HSDUWPHQW�8QLW       
0HGLFLQH ��������� ��������� ������ 
6XUJHU\ ��������� ���������   
3HGLDWULFV ��������� ���������   
,QIHFWLRXV�'LVHDVH�XQLW ��������� �������   
2EVWHWULFV�DQG�*\QDHFRORJ\ ��������� ���������   
2WKHUV ��������� ���������   
3URYLGH�GLUHFW�KHDOWK�FDUH�WR�SDWLHQWV       
<HV ���������� ��������� ������ 
1R 
.QRZOHGJH�RI�&29,'-���SURWRFROV 
*RRG     
3RRU 

��������� 
  
���������� 
�������� 

��������� 
  
���������� 
��������� 

  

'LVFXVVLRQ 
,Q� WKLV� VWXG\�� ���� UHVSRQGHQWV�ZHUH� VDPSOHG�ZLWK� WKH�
GRFWRUV�EHLQJ�PRUH�ZKLFK�ZDV�VLPLODU� WR�RWKHU�VWXGLHV�
FRQGXFWHG�LQ�1LJHULD�DQG�/DWLQ�$PHULFD�>������@��7KLV�
PLJKW�EH�GXH� WR� WKH�QDWXUH�RI� WKH� UHVHDUFK�ZKLFK�ERU�
GHUV�RQ�VDIHW\�DQG�FRPSOLDQFH�ZLWK�SURWRFROV��,Q�DGGL�
WLRQ�� GRFWRUV� DUH�GLUHFWO\� LQYROYHG� LQ�SDWLHQW� FDUH�� DQG�
WKHUHIRUH�DUH�DW�D�KLJKHU�ULVN�RI�H[SRVXUH�WR�&29,'-���
ZKLFK�PD\� VHUYH� DV� WKH� LPSHWXV� EHKLQG� WKH� SDUWLFLSD�
WLRQ�� 

�7KH�PRVW�FRPPRQ�VRXUFH�RI�LQIRUPDWLRQ�ZDV�
VHPLQDUV�ZRUNVKRSV� ��������� IROORZHG� E\�
PHPR�QRWLFH� ERDUGV� �������� DQG� OHDVW� ZDV�
PDVV� PHGLD� ������ ZKLFK� VHUYHG� DV� PHGLD� WR�
LPSURYH�WKH�NQRZOHGJH�RI�WKH�KHDOWK�ZRUNHUV���
7KLV�ILQGLQJ�DJUHHG�ZLWK�WKDW�RI�D�VLPLODU�VWXG\�
FRQGXFWHG� LQ� ,QGLD� ZKHUH� KHDOWKFDUH� ZRUNHUV�
KDG� LQDGHTXDWH� NQRZOHGJH� DERXW� &29,'-���
SDQGHPLF� >�@��7KH� VDPSOH� VL]H� DQG�JHRJUDSK�
LFDO�YDULDWLRQV�RI�RXU�VWXGLHV�FRXOG�H[SODLQ�WKH�
GLIIHUHQFHV�LQ�RXU�ILQGLQJV� 



���� 

 

7DEOH����3UHGLFWRUV�RI�JRRG�FRPSOLDQFH�ZLWK�&29,'-���SURWRFROV�LQ�IHGHUDO�WHDFKLQJ�KRVSL�
WDO��,GR-(NLWL� 

 
 
 
 
 
 
 
 
 
 
 
 

 

 
 

*HQHUDOO\��PRVW�RI�WKH�SDUWLFLSDQWV���������KDG�D�SRVL�
WLYH� SHUFHSWLRQ� DERXW� WKH� SUHYHQWLYH� DQG� FRQWURO�
PHDVXUHV� RI� &29,'-���� $ERXW� D� WKLUG� �������� KDG�
SRRU�SHUFHSWLRQ�RQ� WKH�PRUWDOLW\� UDWH�RI�&29,'-���DV�
������ 7KHVH� UHVSRQVHV� RQ� SHUFHSWLRQ� DPRQJ�
KHDOWKFDUH� ZRUNHUV� FRXOG� KDYH� QHJDWLYH� FRQVHTXHQFHV�
RQ� SDWLHQW� FDUH� DQG� DOVR� RQ� WKH� G\QDPLFV� RI� SRWHQWLDO�
&29,'-���RXWEUHDNV��7KLV�FRXOG�OHDG�WR�GHOD\V�LQ�WKH�
LPSOHPHQWDWLRQ� RI� QHFHVVDU\� SUHYHQWLYH� PHDVXUHV��
ZKLFK� PD\� LQFUHDVH� WKH� EXUGHQ� RI� &29,'-����
+HDOWKFDUH�ZRUNHUV�ZLWK�QHJDWLYH�SHUFHSWLRQ�FRXOG�DOVR�
VSUHDG� LQIHFWLRQ� WR� FRZRUNHUV�� WKHLU� IDPLOLHV� DQG� WKH�
JHQHUDO� SXEOLF� >��@�� WKHUHE\� LQFUHDVLQJ� WKH� EXUGHQ� RI�
WKH�GLVHDVH�ERWK�LQ�WHUPV�RI�UHSURGXFWLRQ�QXPEHU��PRU�
ELGLW\�DQG�PRUWDOLW\� 

,Q�WKLV�VWXG\��PRVW�UHVSRQGHQWV�KDG�JRRG�SUDF�
WLFH�RI� SUHYHQWLYH�PHDVXUHV�RI�&29,'-��� IRU�
WKLV�ZDV�FRQGXFWHG�DPRQJ�KRPRJHQRXV�JURXS�
RI�KRVSLWDO�ZRUNHUV��7KLV�KHOSV�UHGXFH�WKH�ULVN�
RI� VSUHDG� RI� WKH� GLVHDVH� DQG� WUDQVPLVVLRQ� RI�
WKH� LQIHFWLRQ� E\� KHDOWK� FDUH� ZRUNHUV� WR� WKHLU�
IDPLOLHV�� 7KLV� ZDV� DOVR� REWDLQHG� LQ� D� VWXG\�
DPRQJ�QXUVHV� LQ�D�VHOHFWHG�WHUWLDU\�KRVSLWDO� LQ�
VRXWK-VRXWK� 1LJHULD�� ZKHUH� PDMRULW\� UHSRUWHG�
SUDFWLFLQJ�WKH�SUHYHQWLYH�PHDVXUHV�RI�&29,'-
���>��@�� 

9DULDEOH $25 �������&, S-YDOXH 

$JH�JURXS��LQ�\HDUV� 
�����������������������������������������������������������–����UHI� 

  
����� 

      

�����������������������������������������������������������–��� ����� ����� ����� ����� 
6H[         
��������������������������������������������������������0DOH�UHI� �����       
��������������������������������������������������������)HPDOH ����� ����� ������ ������ 
0DULWDO�VWDWXV         
�����������������������������������������������1HYHU�PDUULHG�UHI� �����       
�����������������������������������������������(YHU�PDUULHG ����� ����� ����� ����� 
��������������������������������������(GXFDWLRQDO�DWWDLQPHQW         
������������������������������������6HFRQGDU\�HGXFDWLRQ�UHI� �����       
����������������������������������������7HUWLDU\�HGXFDWLRQ ����� ����� ������ ����� 
�����������������������������������������0DVWHU¶V�GHJUHH ����� ����� ����� ����� 
����������������������������������������)HOORZVKLS�3K�'� ����� ����� ������ ����� 
6WDWXV�LQ�KHDOWK�FDUH�IDFLOLW\         

���������������������������������������������������&RQVXOWDQW ������ ����� �������� ����� 
����������������������������������������������6HQLRU�UHJLVWUDU ������ ������ ������� ����� 
�����������������������������������������������-XQLRU�UHJLVWUDU ������ ����� ������� ����� 
��������������������������������������������������������������1XUVH ����� ����� ������ ����� 
�����������������������������������������������+HDOWK�DVVLVWDQW ����� ����� ������ ����� 
��������������������������������������2WKHU�KHDOWK�ZRUNHU�UHI� �����       
'HSDUWPHQW�8QLW         
��������������������������������������������������������0HGLFLQH ����� ����� ����� ����� 
����������������������������������������������������������6XUJHU\ ����� ����� ����� ����� 
�������������������������������������������������������3HGLDWULFV ����� ����� ����� ����� 
���������������������������������,QIHFWLRXV�GLVHDVH�XQLW ����� ����� ������ ����� 
�������������������������2EVWHWULFV�DQG�J\QDHFRORJ\ ����� ����� ����� ����� 

�����������������������������������������������������2WKHUV�UHI� �����       
3URYLGH�GLUHFW�FDUH�WR�SDWLHQWV         

�������������������������������������������������������������<HV ����� ����� ����� ����� 
������������������������������������������������������������1R�UHI� �����       



���� 

 

7KH�VWXG\�ZDV�DOVR�DPRQJ�KHDOWKFDUH�ZRUNHUV�LQ�D�WHU�
WLDU\�VHWWLQJ�MXVW�OLNH�WKH�SUHVHQW�VWXG\��KHQFH��WKH�ILQG�
LQJ� ZDV� VLPLODU�� 6LPLODU� ILQGLQJV� ZHUH� UHSRUWHG� E\�
VWXGLHV�FRQGXFWHG�LQ�6DXGL�$UDELD�DQG�DPRQJ�&KLQHVH�
UHVLGHQWV�>������@��,Q�WKHVH�VWXGLHV��KHDOWK�FDUH�ZRUNHUV�
ZHUH� ZLOOLQJ� DQG� UHDG\� WR� DSSO\� LQIHFWLRQ� FRQWURO�
PHDVXUHV� VLQFH� WKH� RQVHW� RI� 0(56-&R9�� +RZHYHU��
DOPRVW� WZR� WKLUGV�RI� WKHLU� UHVSRQGHQWV�ZHUH�QRW�DZDUH�
RI� SURWRFROV� IRU� WKH� FDUH� RI� SDWLHQWV�ZLWK�0(56-&R9�
LQIHFWLRQ�GXULQJ� WKH�SHDN�RI�&29,'-��� LQIHFWLRQ� >����
��@�� 

7KLV�VWXG\�DOVR�VKRZHG�VLJQLILFDQW�DVVRFLDWLRQ�EHWZHHQ�
PDULWDO� VWDWXV�� VH[� DQG� FRPSOLDQFH� ZLWK� &29,'-���
SUHYHQWLYH� PHDVXUHV�� *RRG� FRPSOLDQFH� ZDV� UHSRUWHG�
PRUH� DPRQJ�PDUULHG�KHDOWKFDUH�ZRUNHUV� ��������� DQG�
WKH� IHPDOH� UHVSRQGHQWV� DQG� ROGHU� UHVSRQGHQWV� KDG� D�
EHWWHU� FRPSOLDQFH� WKDQ� WKRVH� ZKR� ZHUH� \RXQJHU�� )H�
PDOH�KRVSLWDO�VWDII�ZHUH�DOPRVW�HLJKW�WLPHV�PRUH�FRP�
SOLDQW� WKDQ� WKHLU�PDOH�FRXQWHUSDUWV��DQG�ROGHU� UHVSRQG�
HQWV� ZHUH� DOPRVW� WZLFH� �$25 ������� ���&, � �����-
������� PRUH� FRPSOLDQW� WKDQ� WKH� \RXQJHU� RQHV�� 2OGHU�
UHVSRQGHQWV�ZLWK�SRVVLEOH�FR-PRUELGLWLHV�DUH�PRUH�OLNH�
O\� WR�EH�FDXWLRQV�FRPSDUHG�ZLWK� WKH�\RXQJHU�ZKR�IHHO�
WKH\� DUH� DJLOH� DQG� KHDOWK\�ZLWK� QR� FRPSHOOLQJ� UHDVRQ�
IRU� REVHUYLQJ� WKH� SUHYHQWLYH� PHDVXUHV�� 7KHUH� ZDV� D�
GRZQZDUG� WUHQG� LQ� WKH� RGGV� RI� FRPSOLDQFH� ZLWK�
&29,'-���SURWRFROV�LQ�WKH�FDGUH�DQG�TXDOLILFDWLRQV�RI�
WKH� KRVSLWDO� VWDII� DV� WKH� &RQVXOWDQW� ZHUH� IRXQG� WR� EH�
VL[W\-ILYH� WLPHV� PRUH� FRPSOLDQW� WKDQ� RWKHU� KRVSLWDO�
VWDII��6LPLODUO\��WKRVH�ZLWK�)HOORZVKLS�3K�'��ZHUH�IRXU�
WLPHV� PRUH� FRPSOLDQW�� 7KLV� FRXOG� EH� GXH� WR� WKH� IDFW�
WKDW� NQRZOHGJH� DQG� GHJUHH� RI� H[SRVXUH� WRZDUGV� WKH�
YLUXV�DOVR�IROORZ�WKLV�WUHQG�SUHVXPDEO\��0DMRULW\�RI�WKH�
SDUWLFLSDQWV� DOVR� VWURQJO\� DJUHHG� WKDW� WKHUH� ZDV� KLJK�
SRVVLELOLW\� RI� JHWWLQJ� WKH� LQIHFWLRQ� LQ� WKH� KRVSLWDOV��
7KHVH� ILQGLQJV� DUH� LQ� DJUHHPHQW�ZLWK� WKRVH� RI� VLPLODU�
VWXGLHV�ZKHUH� VH[�� OHYHO�RI�HGXFDWLRQ�� \HDUV�RI�H[SHUL�
HQFH�DQG�XQLW�RI�SUDFWLFH�ZHUH�GHWHUPLQDQWV�RI�FRPSOL�
DQFH�ZLWK�SUHYHQWLYH�PHDVXUHV�RI�&29,'-���>������@� 
 
&RQFOXVLRQ 
0DMRULW\�RI�WKH�UHVSRQGHQWV�ZHUH�DZDUH�RI�WKH�&29,'-
���SUHYHQWLRQ�SURWRFROV�ZLWK�VHPLQDU���ZRUNVKRS�EHLQJ�
WKH�PRVW�FRPPRQ� VRXUFH�RI� LQIRUPDWLRQ��7KH�KRVSLWDO�
VWDII�GHPRQVWUDWHG�JRRG�SHUFHSWLRQ��EXW�UHODWLYHO\�ORZ�
HU� FRPSOLDQFH� ZLWK� &29,'-��� SUHYHQWLYH� SURWRFROV��
7KH� SUHGLFWLYH� IDFWRUV� RI� FRPSOLDQFH�ZLWK� &29,'-���
SURWRFROV� LQFOXGH� ROGHU� DJH�� IHPDOH� VH[�� KLJKHU� FDGUH�
DQG�TXDOLILFDWLRQV� 
 
5HFRPPHQGDWLRQV 
7KH�0DQDJHPHQW�RI�WKH�+RVSLWDO�QHHGV�WR�SXW�PRQLWRU�
LQJ�PHDVXUHV� LQ�SODFH� WR�VFDOH�XS�FRPSOLDQFH�ZLWK� WKH�
&29,'-��� SUHYHQWLYH� SURWRFROV� SDUWLFXODUO\� WDUJHWLQJ�
\RXQJHU�ZRUNHUV��PDOH�VWDII�DQG�WKRVH�LQ�ORZHU�FDGUH�LQ�
WKH�KRVSLWDO�� 

 

7KHUH� LV� D� QHHG� IRU� WKH�+RVSLWDO�0DQDJHPHQW�
WR�DOVR�VFDOH-XS�WUDLQLQJ�RQ�WKH�XVH�RI�&29,'-
���SUHYHQWLRQ�SURWRFROV�DPRQJ�WKH�VWDII�RI�WKH�
+RVSLWDO�� 7KH� *RYHUQPHQW� VKRXOG� DOVR� DVVLVW�
WKH� +RVSLWDOV� LQ� HQVXULQJ� VWHDG\� VXSSOLHV� DQG�
SURYLVLRQ� RI� WKHVH� SUHYHQWLYH� JDGJHWV� WR� SUH�
YHQW�VWRFN-RXW� 
 
&RQIOLFW�RI�LQWHUHVW�GHFODUDWLRQ 
7KH�DXWKRUV�GHFODUH�QR�FRQIOLFW�RI�LQWHUHVW��DQG�
WKH�VWXG\�ZDV�ILQDQFHG�E\�WKH�DXWKRUV� 
 
$XWKRU�FRQWULEXWLRQV� 
.$'-� &RQFHSWXDOL]DWLRQ� RI� UHVHDUFK� WLWOH��
VWXG\� GHVLJQ�� GDWD� DQDO\VLV� DQG� SUHVHQWDWLRQ�
DQG�PDQXVFULSW�SUHSDUDWLRQ��02$-�5HYLHZ�RI�
PDQXVFULSW� DQG� PHWKRGRORJ\�� 77$-� )LHOG�
ZRUN�� GDWD� FROOHFWLRQ� DQG� GDWD� DQDO\VLV�� (%,-
0DQXVFULSW�ZULWH-XS� DQG�GDWD� FROOHFWLRQ��2$-�
/LWHUDWXUH� UHYLHZ� DQG� GDWD� FROOHFWLRQ�� 32$-
/LWHUDWXUH� UHYLHZ�� (0(-)LHOG� ZRUN� DQG� GDWD�
FROOHFWLRQ�� 6$$-/LWHUDWXUH� UHYLHZ�� &&&-
'HVLJQ� RI� UHVHDUFK� WRRO� DQG� GDWD� FROOHFWLRQ��
(1(-)LHOG�ZRUN��GDWD�DQDO\VLV��,($-'HVLJQ�RI�
UHVHDUFK�WRRO�DQG�GDWD�FROOHFWLRQ��$*1-�/LWHU�
DWXUH�UHYLHZ��.-2-�'HVLJQ�RI�UHVHDUFK�WRRO�DQG�
GDWD� FROOHFWLRQ�� 22-0DQXVFULSW� SUHSDUDWLRQ�
DQG� HGLWLQJ�� +<-)LHOG� ZRUN� DQG� GDWD� FROOHF�
WLRQ� 
,PSOLFDWLRQV�RI�WKH�VWXG\ 

7KLV�VWXG\�IRXQG�WKDW�FRPSOLDQFH�ZLWK�&29,'
-��� SURWRFROV� DPRQJ� WKH� VWXG\� SRSXODWLRQ� RI�
KRVSLWDO� VWDII� ZDV� EHORZ� DYHUDJH�� :LWK� WKLV�
SRRU�FRPSOLDQFH�� WKH�FRQWURO�DQG�WUDQVPLVVLRQ�
RI�&29,'-���ZLWKLQ� DQG� RXWVLGH� WKH� KRVSLWDO�
HQYLURQPHQW� PLJKW� EH� GLIILFXOW� WR� DFKLHYH�� ,W�
DOVR�VKRZHG�D�JDS�LQ�WKH�FRQWURO�HIIRUWV�JHDUHG�
WRZDUGV�WKH�GLVHDVH�LQ�WKLV�ORFDOLW\� 
 
6WXG\�OLPLWDWLRQV 
7KLV� LV�D�FURVV-VHFWLRQDO�VWXG\�GHVLJQ��DQG� WKH�
VWDWLVWLFDO� DVVRFLDWLRQV� RU� LQIHUHQFHV� REWDLQHG�
PD\� QRW� EH� FDXVDO�� %HLQJ� FURVV-VHFWLRQDO�� LW�
PD\�DOVR�EH�SURQH�WR�UHFDOO�ELDV�DQG�GXH�WR�WKH�
IDFW� WKDW� WKH� VWXG\� DVVHVVHG� FRPSOLDQFH� DQG�
SHUFHSWLRQ�WR�D�GHVLUDEOH�SUDFWLFH��LW�PLJKW�DOVR�
EH�IDFHG�ZLWK�VRFLDO�GHVLUDELOLW\�ELDV� 



���� 

 

5HIHUHQFHV 
�� 2OXP� 5�� &KHNZHFK� *��:HNKD� *�� &RURQDYLUXV� GLVHDVH-������ .QRZOHGJH�� DWWLWXGH�� DQG� SUDFWLFHV� RI�

KHDOWK� FDUH� ZRUNHUV� DW�0DNHUHUH�8QLYHUVLW\� 7HDFKLQJ�+RVSLWDOV�8JDQGD�� )URQWLHUV� LQ� 3XEOLF�+HDOWK��
������������GRL����������ISXEK����������� 

�� =KRX�0��7DQJ�)��:DQJ�<��.QRZOHGJH��DWWLWXGH�DQG�SUDFWLFH�UHJDUGLQJ�&29,'-���DPRQJ�KHDOWK�FDUH�
ZRUNHUV�LQ�+HQDQ��&KLQD��-RXUQDO�RI�+RVSLWDO�,QIHFWLRQ������GRL����������M�MKLQ������������� 

�� �0DOHNL�6��1DMDIL�)��)DUKDGL�.��.QRZOHGJH��DWWLWXGH�DQG�EHKDYLRU�RI�KHDOWK�FDUH�ZRUNHUV�LQ�WKH�SUHYHQ�
WLRQ�RI�&29,'-����%0&�0HGLFDO�(GXFDWLRQ��XQGHU�UHYLHZ������GRL�����������UV���UV-������Y�� 

�� /LSSL�*��3OHEDQL�0��/DERUDWRU\� DEQRUPDOLWLHV� LQ�SDWLHQWV�ZLWK�&29,'-��� LQIHFWLRQ��&OLQ�&KHP�/DE�
0HG�������������-������GRL��KWWS���GRL�RUJ���������FFOP-����-���� 

�� *LUXP�7�� /HQWLUR�.��*HUHPHZ�0��0LJRUD�%�� 6KHZDPDUH� 6��*OREDO� VWUDWHJLHV� DQG� HIIHFWLYHQHVV� IRU�
&29,'-��� SUHYHQWLRQ� WKURXJK� FRQWDFW� WUDFLQJ�� VFUHHQLQJ�� TXDUDQWLQH�� DQG� LVRODWLRQ�� D� V\VWHPDWLF� UH�
YLHZ��%0&�7URSLFDO�0HGLFLQH�DQG�+HDOWK��������������-�� 

�� :RUOG�+HDOWK�2UJDQL]DWLRQ�� �3HUVRQDO�3URWHFWLYH�(TXLSPHQW� LQ� WKH�&RQWH[W�RI�)LORYLUXV�'LVHDVH�2XW�
EUHDN�5HVSRQVH�5DSLG�$GYLFH�*XLGHOLQH��6XPPDU\�RI�WKH�5HFRPPHQGDWLRQV��:RUOG�+HDOWK�2UJDQL]D�
WLRQ��*HQHYD��6ZLW]HUODQG��������>'DWH�DFFHVVHG��������������5HWULHYHG�IURP�KWWSV���DSSV�ZKR�LQW�LULV�
KDQGOH�������������� 

�� $QGHUVRQ�50��+HHVWHUEHHN�+��.OLQNHQEHUJ�'��+ROOLQJVZRUWK�7'��+RZ�ZLOO�FRXQWU\-EDVHG�PLWLJDWLRQ�
PHDVXUHV�LQIOXHQFH�WKH�FRXUVH�RI�WKH�&29,'-���HSLGHPLF"�7KH�/DQFHW���������������������-���� 

�� :X�$���+XDQJ�;��/L�&���/L�/��1RYHO�FRURQDYLUXV������-Q&RY��SQHXPRQLD�LQ�PHGLFDO�LQVWLWXWLRQV��SURE�
OHPV�LQ�SUHYHQWLRQ�DQG�FRQWURO��&KLQ�-�RI�,QIHFW��&RQWURO����������–�� 

�� %KDJYDWKXOD�$6��$OGKDOHHL�:$��5DKPDQL�-��0DKDEDGL�0$��%DQGDUL�'.��.QRZOHGJH�DQG�3HUFHSWLRQV�
RI�&29,'-���DPRQJ�+HDOWK�FDUH�ZRUNHUV��$�FURVV-VHFWLRQDO�VWXG\��-0,5�3XEOLF�+HDOWK�DQG�6XUYHLO�
ODQFH����������H����� 

��� 6DHHGH�6��0DU\DP�0��6RKHLO�+��0RUWH]D�$=��$� V\VWHPDWLF� UHYLHZ�RI� WKH�NQRZOHGJH�� DWWLWXGHV�� DQG�
SUDFWLFHV� RI� SK\VLFLDQV�� KHDOWK� ZRUNHUV�� DQG� WKH� JHQHUDO� SRSXODWLRQ� DERXW� &RURQDYLUXV� GLVHDVH� �����
�&29,'-����� 7KH� SUHSULQW� VHUYHU� IRU� KHDOWK� VHUYLFHV�� KWWSV���
GRL�RUJ����������������������������KWWSV���ZZZ�PHGU[LY�RUJ�
FRQWHQW����������������������������Y��>$FFHVVHG���UG�)HEUXDU\������@� 

��� ,RUID�6.��2WWX�,)$��2JXQWD\R�5��HW�DO�&29,'-���NQRZOHGJH��ULVN�SHUFHSWLRQ�DQG�SUHFDXWLRQDU\�EHKDY�
LRXU� DPRQJ� 1LJHULDQV�� $� PRGHUDWHG� PHGLDWLRQ� DSSURDFK�� )URQW�� 3V\FKRO�� ������ ����-����  KWWSV���
GRL�RUJ���������ISV\J������������ 

��� 2JRORGRP�03��0EDED�$1��$OD]LJKD�1��(URQGX�2)��(JEH�12��������.QRZOHGJH��$WWLWXGHV�DQG�)HDUV�
RI�+HDOWK&DUH�:RUNHUV�WRZDUGV�WKH�&RURQD�9LUXV�'LVHDVH��&29,'-����3DQGHPLF�LQ�6RXWK-6RXWK��1L�
JHULD��+HDOWK�6FL��-��������������'2,���������������-���;�6����� 

��� )DULGD�$��6DOPDQ�6��5DEHH\DK�6��1RXUHHQ�'��&29,'-���SDQGHPLF-�NQRZOHGJH��SHUFHSWLRQ��DQ[LHW\�
DQG� GHSUHVVLRQ� DPRQJ� IURQWOLQH� GRFWRUV� RI� 3DNLVWDQ�� %0&� 3V\FKLDWU\� ������ ������ KWWSV���
EPFSV\FKLDWU\�ELRPHGFHQWUDO�FRP�DUWLFOHV���������V�����-���-�����-[ 

��� $UDR\H�0�2��6XEMHFW�VHOHFWLRQ��,Q��5HVHDUFK�0HWKRGRORJ\�ZLWK�VWDWLVWLFV�IRU�+HDOWK�DQG�6RFLDO�VFLHQF�
HV��1LJHULD��1DWKDGH[�3XEOLVKHUV�����������-���� 

��� %RODULQZD�2$��3ULQFLSOHV�DQG�PHWKRGV�RI�YDOLGLW\�DQG�UHOLDELOLW\�WHVWLQJ�RI�TXHVWLRQQDLUHV�XVHG�LQ�VR�
FLDO�DQG�KHDOWK�VFLHQFH�UHVHDUFKHV��1LJHU�3RVWJUDG�0HG�-���������������-���� 

��� �$KPHG�$0.��2MR�2<��,PKRQRSL�*%�HW�DO��.QRZOHGJH��SHUFHSWLRQV�DQG�VDIHW\�SUDFWLFHV�RI�&29,'-
���LQIHFWLRQ�DPRQJ�KHDOWKFDUH�ZRUNHUV�LQ�D�WHUWLDU\�KHDOWK�LQVWLWXWLRQ��6RXWKZHVW��1LJHULD��,QW��-�&RP�
PXQLW\�0HG�3XEOLF�+HDOWK������������-���� 

��� �'HOJDGR�'��4XLQWDQD�):��3HUH]�*��HW�DO�3HUVRQDO��VDIHW\��GXULQJ��WKH��&29,'-����SDQGHPLF��UHDOLWLHV��
DQG� SHUVSHFWLYHV� � RI� KHDOWKFDUH� � ZRUNHUV� LQ� /DWLQ� � $PHULFD�� � ,QW�� -� (QYLURQ�� � 5HV�� � 3XEOLF� � +HDOWK�
��������������� 

��� 2GLNSR�/&��(]LNH�2&��2Q\LD�(2�HW�DO��.QRZOHGJH�DQG�FRPSOLDQFH�WR�SUDFWLFH�RI�SUHYHQWLYH�PHDVXUHV�
WR�&29,'-���DPRQJ�QXUVHV�LQ�D�VHOHFWHG�WHUWLDU\�KRVSLWDO�LQ�VRXWK-VRXWK�1LJHULD��$IU�-�,QIHFW�'LV�������
��������-�� 

��� $OVDKDIL�$-���&KHQJ�$&��.QRZOHGJH��DWWLWXGHV��DQG�EHKDYLRUV�RI�KHDOWKFDUH�ZRUNHUV�LQ�WKH�.LQJGRP�RI�
6DXGL��$UDELD��WR��0(56��FRURQDYLUXV��DQG��RWKHU�HPHUJLQJ��LQIHFWLRXV��GLVHDVHV���,QW��-�(QYLURQ�5HV�
3XEOLF�+HDOWK��������������� 

��� =KRQJ� %/�� /XR� :�� /L� +0�� HW� DO�.QRZOHGJH�� DWWLWXGHV�� DQG� SUDFWLFHV� WRZDUGV� &29,'-��� DPRQJ�
&KLQHVH� UHVLGHQWV� GXULQJ� WKH� UDSLG� ULVH� SHULRG� RI� WKH� &29,'-��� RXWEUHDN�� D� TXLFN� RQOLQH� FURVV-



���� 

 

 
VHFWLRQDO�VXUYH\��,QW�-�%LRO�6FL������������������-��� 

��� =HJDUUD-9DOGLYLD� -$�� &KLQR-9LOFD� %1� $PHV-*XHUUHUR� 5�� .QRZOHGJH�� 3HUFHSWLRQ� DQG� $WWL�
WXGHV� LQ� 5HJDUG� WR� &29,'-��� 3DQGHPLF� LQ� 3HUXYLDQ� 3RSXODWLRQ�� 3UHSULQW� ������ '2,��
���������RVI�LR�NU�\D 



���� 

 

 
 
 
 

2ULJLQDO�$UWLFOH� 
 
0DJQLWXGH�DQG�IDFWRUV�DVVRFLDWHG�ZLWK�VHL]XUHဨUHODWHG�LQMXU\�DPRQJ�SDWLHQWV�ZLWK�HSLOHS�
V\�DW�$PDQXHO�6SHFLDOL]HG�0HQWDO�+RVSLWDO��$GGLV�$EDED��(WKLRSLD 
 
6DPVRQ�<DUHJD�0LVLNHU���6HIRQLDV�*HWDFKHZ���$GDPX�$GGLVVLH���<DUHG�0DPXVKHW�<LIUX�
 

 
�6FKRRO�RI�0HGLFLQH��8QLYHUVLW\�RI�*RQGDU��(WKLRSLD 
�'HSDUWPHQW�RI�1HXURORJ\��6FKRRO�RI�0HGLFLQH��$GGLV�$EDED�8QLYHUVLW\ 
�'HSDUWPHQW�RI�3UHYHQWLYH�0HGLFLQH��6FKRRO�RI�3XEOLF�+HDOWK��$GGLV�$EDED�8QLYHUVLW\� 

  
&RUUHVSRQGLQJ�DXWKRUV
��\DUHGBPW\#\DKRR�FRP� 

 
$EVWUDFW� 
%DFNJURXQG��6HL]XUHఆUHODWHG�LQMXULHV��65,��FRQVWLWXWH�RQH�RI�WKH�PDMRU�DUHDV�RI�FRQFHUQ�LQ�PDQDJLQJ�SHRSOH�ZLWK�
HSLOHSV\��2I� WKRVH�� WKH�RQHV�ZLWK�JHQHUDOL]HG� WRQLFఆFORQLF�VHL]XUHV�DQG�GURS�DWWDFNV��DUH�SURQH� WR� VXVWDLQ�PRWRU�
YHKLFOH�DFFLGHQWV��IDOOV��EXUQV��GURZQLQJ��IUDFWXUHV��VRIW�WLVVXH�DQG�KHDG�LQMXULHV��+HQFH��WKLV�VWXG\�DLPHG�WR�DVVHVV�
WKH�PDJQLWXGH�DQG�DVVRFLDWHG�IDFWRUV�RI�65,�DPRQJ�SDWLHQWV�VHHQ�DW�$PDQXHO�6SHFLDOL]HG�0HQWDO�+RVSLWDO��(WKLR�
SLD� 
0HWKRGV�� $� FURVVఆVHFWLRQDO� VWXG\� ZDV� FRQGXFWHG� DW� D� UHJXODU� VHL]XUH� IROORZ� XS� FOLQLF�� $� WRWDO� RI� ���� SDWLHQWV�
DERYH����\HDUV�RI�DJH�ZHUH�LQFOXGHG�LQ�WKLV�VWXG\��3DWLHQWV¶�VRFLR-GHPRJUDSKLF�DQG�FOLQLFDO�GDWD�ZHUH�FROOHFWHG�
EDVHG�RQ�LQWHUYLHZ�DQG�UHFRUG�UHYLHZ��'HVFULSWLYH�VWDWLVWLFV�ZHUH�GRQH�DQG�PXOWLYDULDEOH�ORJLVWLF�UHJUHVVLRQ�ZDV�
XVHG�WR�GHWHUPLQH�LQGHSHQGHQW�SUHGLFWRUV�RI�65,�ZLWK�DGMXVWHG�RGGV�UDWLR�DQG�FRUUHVSRQGLQJ�FRQILGHQFH�LQWHUYDO��$�
S-YDOXH�������ZDV�FRQVLGHUHG�DV�VWDWLVWLFDOO\�VLJQLILFDQW� 
5HVXOWV��$�WRWDO�RI�����SDWLHQWV�ZHUH�LQFOXGHG�LQ�WKLV�VWXG\��2I�WKHVH��������ZHUH�UHSRUWHG�WR�KDYH�65,��/DFHUD�
WLRQV����������EXUQ���������DQG�GHQWDO-ORVV���������ZHUH�WKH�PRVW�FRPPRQ�W\SH�RI�LQMXULHV��7KHUH�ZDV�D����-IROG�
LQFUHDVH�LQ�WKH�RGGV�RI�65,�DPRQJ�WKRVH�LQ�JUDGHV��-��HGXFDWLRQDO�OHYHOV��$25 ����������&,������-��������DQG�D�
ORZHU�ULVN�RI�65,�ZDV�IRXQG�DPRQJ�WKRVH�ZKR�FRXOG�UHDG�DQG�ZULWH��$25 ����������&,������-������� 
&RQFOXVLRQV��7KH�VWXG\�GRFXPHQWHG�VLJQLILFDQW�OHYHO�RI�65,�DPRQJ�WKH�VWXG\�SRSXODWLRQ�ZLWK�YDULHG�OHYHOV�RI�
VHYHULW\��7R�PLQLPL]H�65,��LW�LV�HVVHQWLDO�WR�WDUJHW�WKH�DERYH�SUHGLFWRUV�WKURXJK�SURSHU�VXUYHLOODQFH�V\VWHP�LQ�WKH�
IROORZ-XS�FOLQLFV�ZLWK�FRQWLQXRXV�DGYRFDF\�ZRUN�WR�WKH�IDPLO\�DQG�ZRUNLQJ�HQYLURQPHQW� 
 
.H\ZRUGV��6HL]XUH-UHODWHG�LQMXULHV��(SLOHSV\��7UDXPD� 
&LWDWLRQ���0LVLNHU��6<��*HWDFKHZ� �6��$GGLVVLH�$��<LIUX�<0��0DJQLWXGH�DQG�IDFWRUV�DVVRFLDWHG�ZLWK�VHL]XUHఆUHODWHG�

LQMXU\�DPRQJ�SDWLHQWV�ZLWK�HSLOHSV\�DW�$PDQXHO�6SHFLDOL]HG�0HQWDO�+RVSLWDO��$GGLV�$EDED��(WKLRSLD��
(WKLRS�0HG��-������������-��� 

6XEPLVVLRQ�GDWH�������)HEUXDU\�������$FFHSWHG������0DUFK������3XEOLVKHG�����0DUFK������� 

(WKLRSLDQ�0HGLFDO�-RXUQDO������������� ��
2SHQ�DFFHVV�DUWLFOHV�GLVWULEXWHG�LQ�WHUPV�RI� 
&UHDWLYH�&RPPRQV�$WWULEXWLRQ�/LFHQFH�>&&�E\����@ 

,661�����-������������H,661�����-�����  0LVLNHU�HW�DO�� 

,QWURGXFWLRQ� 
(SLOHSV\�LV�RQH�RI�WKH�PRVW�FRPPRQ�DFTXLUHG�FKURQLF�
QHXURORJLF� GLVRUGHUV� ZLWK� D� SUHYDOHQFH� RI� DSSUR[L�
PDWHO\� ����� >�@�� (SLOHSWLF� SDWLHQWV� RIWHQ� KDYH� VHL�
]XUHV� ZLWK� LPSDLUPHQW� RI� FRQVFLRXVQHVV� DQG� DEQRU�
PDO� XQFRQWUROOHG� PRYHPHQWV� >�@�� ,Q� DGGLWLRQ�� WKH\�
PD\�KDYH�DQWLHSLOHSWLF�GUXJ�UHODWHG�VLGH�HIIHFWV�VXFK�
DV� GURZVLQHVV�� DWD[LD�� EOXUUHG� YLVLRQ�� DQG� GLSORSLD�
>�@�� ,W� VHHPV� LQWXLWLYH� WKDW�DQ\�FRQGLWLRQ� LQYROYLQJ�D�
IDOO�RU�LPSDLUPHQW�RI�FRQVFLRXVQHVV�KDV�WKH�SRWHQWLDO�
WR�FDXVH�LQMXULHV�DQG�WKDW�FXUWDLOPHQW�RI�FHUWDLQ�SK\VL�
FDO�DFWLYLWLHV�PD\�UHGXFH� WKH�ULVN�RI�LQMXU\�>�@��(YHQ�
LQ� WKH� DEVHQFH� RI� REYLRXV� FOLQLFDO� VHL]XUH� DFWLYLW\��
SDUR[\VPDO� �((*�� GLVFKDUJHV� KDYH� EHHQ� VKRZQ� WR�
DIIHFW�DOHUWQHVV�DQG�PHQWDO�VSHHG�>�@�� 
 

(SLOHSV\� LV� DOVR� NQRZQ� WR� EH� DVVRFLDWHG� ZLWK� D�
QXPEHU� RI� FR-PRUELG� FRQGLWLRQV� ZKLFK� PD\� DOVR�
SOD\� DQ� DGGLWLRQDO� UROH� LQ� LQFUHDVLQJ� WKH� ULVN� RI��
LQMXU\�� $WWHQWLRQ� GHILFLW� GLVRUGHU� LV� PXFK� PRUH�
FRPPRQ�LQ�FKLOGUHQ�ZLWK�HSLOHSV\������FRPSDUHG�
WR����LQ�KHDOWK\�FRQWUROV��>�@��DQG�KDV�FOHDUO\�EHHQ�
DVVRFLDWHG�ZLWK�DQ�LQFUHDVHG�ULVN�RI�DFFLGHQWDO�LQMX�
U\� >��� �@�� $GGLWLRQDOO\�� DERXW� D� WKLUG� RI� HSLOHSWLF�
SDWLHQWV�DUH� VKRZQ� WR�KDYH� VRPH�GHJUHH�RI�FRJQL�
WLYH� LPSDLUPHQW� ZKLFK� PD\� LQWHUIHUH� ZLWK� WKH�
DZDUHQHVV�DQG�DOHUWQHVV�WRZDUGV�VHQVLQJ�DQG�UHDFW�
LQJ� WR� SRWHQWLDOO\� GDQJHURXV� VLWXDWLRQ�� 6RPH� DOVR�
VXIIHU�IURP�FR-PRUELG�FRQGLWLRQV�OLNH�FHUHEUDO�SDO�
V\�WKDW�FDQ�LQWHUIHUH�ZLWK�PRWRU�UHVSRQVH����������� 
 
6HYHUDO� HSLOHSV\ဨVSHFLILF� YDULDEOHV� KDYH� EHHQ� FRU�



���� 

 

 
 

 

UHODWHG�ZLWK� KLJKHU� ULVNV� RI� LQMXU\�� 6HL]XUH� W\SH� KDV�
EHHQ�D� IDFWRU� LQ�PRVW� VWXGLHV� >�@�� ,Q�D� VWXG\�GRQH� WR�
DVVHVV�WKH�FOLQLFDO�ULVN�IDFWRUV�IRU�6HL]XUH�UHODWHG�LQMX�
U\���65,��� LQ�DGXOW�3HRSOH�:LWK�(SLOHSV\��3:(��DQG�
DQDO\]HG� WR� GHYHORS� D� SUHGLFWLYH� PRGHO� GRQH� E\�
6RPVDN�7LDPNDR�DQG�FROOHDJXHV�VKRZHG�WKDW�*HQHU�
DOL]HG� 7RQLF–FORQLXF� 6HL]XUH� �*7&�� VHL]XUH� W\SH��
KDYLQJ�KLVWRU\�RI�VHL]XUH�DWWDFNV�DW�OHDVW����WLPHV�SHU�
\HDU�� DQG�GD\� WLPH� VHL]XUH�ZHUH� VLJQLILFDQW� ULVN� IDF�
WRUV�RI�KDYLQJ�65,��%DVHG�RQ�WKLV�WKH\�GHYHORSHG�WKH�
SUHGLFWLYH�PRGHO�IRU�KDYLQJ�65,�LQ�3:(�DQG�LW�JDYH�
������VHQVLWLYLW\�DQG�������VSHFLILFLW\�RQ�WKH�RFFXU�
UHQFH� RI� 65,�� 7KH\� FRQFOXGHG� WKDW� WKH� VLJQLILFDQW�
SUHGLFWLYH� IDFWRUV� IRU� 65,� LQ� 3:(� ZHUH� WKH� RFFXU�
UHQFH�RI�*7&V��VHL]XUHV�DW�OHDVW����WLPHV�SHU�\HDU�RU�
GD\�WLPH�VHL]XUHV�>�@� 
 
$Q� DVSHFW� RI� VHL]XUHV� PRVW� FRQFHUQLQJ� WR� SHUVRQV�
ZLWK� HSLOHSV\� DQG� WR� WKRVH�ZKR� FDUH� IRU� WKHP� LV� WKH�
SRWHQWLDO� IRU� VHL]XUHဨUHODWHG� LQMXULHV�� 'ULYLQJ� DFFL�
GHQWV��IDOOV��GURZQLQJ��VXIIRFDWLRQ��DQG�RWKHU�LQMXULHV�
DUH� IUHTXHQW� FRQFHUQV�� ,QGHHG�� ODZV� DQG� UXOHV� FRQ�
FHUQLQJ�HSLOHSV\�DUH�JHQHUDOO\�LQWHQGHG�WR�SURWHFW�WKH�
SHUVRQ�ZLWK�VHL]XUHV�IURP�LQMXULHV�DV�ZHOO�DV�WKH�SXE�
OLF� IURP� WKH� FRQVHTXHQFHV� RI� WKDW� SHUVRQ
V� VHL]XUHV��
HVSHFLDOO\�ZLWK�UHVSHFW�WR�GULYLQJ�D�YHKLFOH��SLORWLQJ�D�
SODQH�� DQG� RSHUDWLQJ� RWKHU� W\SHV� RI� PDFKLQHU\� >��@��
$OWKRXJK�WDNLQJ�SUHYHQWLYH�PHDVXUHV�LV�WR�EH�HQFRXU�
DJHG�� DW� WLPHV� WKLV� FRQFHUQ�PD\� OHDG� WR�XQQHFHVVDU\�
LQWHUYHQWLRQV�WKDW�FDQ�SRWHQWLDOO\�OLPLW� WKH�SULYDF\�RI�
SDWLHQWV�DQG�WKHLU�ULJKW�WR�SDUWLFLSDWH�LQ�FHUWDLQ�DFWLYL�
WLHV� DQG� ZLOO� EHFRPH� DQ� DGGLWLRQDO� FDXVH� RI� VWLJPD��
+HQFH�� LGHQWLI\LQJ� SRWHQWLDO� SUHGLFWLQJ� IDFWRUV� DQG�
DSSO\LQJ� LQGLYLGXDOL]HG� SUHYHQWLYH� PHDVXUHV� LV� DQ�
LQYDOXDEOH�PHDQV�WR�LPSURYH� WKH�TXDOLW\RI�WKH�KHDOWK�
RI� SDWLHQWV�� 7KLV�ZLOO� VXEVHTXHQWO\� EH� D� UHOLHI� WR� WKH�
FDUH� WDNHUV�� WKH� SXEOLF� DQG� WKH� FRXQWU\� DV� D� ZKROH��
3DWLHQWV�ZLWK�HSLOHSV\�FDQ�VXVWDLQ�DQ\� W\SH�RI� LQMXU\�
UHODWHG�WR�WKH�VHL]XUH�$�VWXG\�FRQGXFWHG�LQ� �(WKLRSLD�
VKRZHG�WKDW�JHQHUDOL]HG�VHL]XUHV�RFFXUUHG�LQ�����RI�
WKH� FDVHV�� SDUWLDO� VHL]XUHV� LQ� ���� DQG� XQFODVVLILDEOH�
VHL]XUHV�LQ�����>��@�� 
 
7R� WKH� EHVW� RI� RXU� NQRZOHGJH�� WKHUH� ZDV� QR� VWXG\�
GRQH�LQ�(WKLRSLD�ZKLFK�DVVHVVHG�65,¶6�DQG�DVVRFLDW�
HG�IDFWRUV�VR�IDU��+HQFH��WKLV�VWXG\�LV�DLPHG�WR�DVVHVV�
WKH�PDJQLWXGH�DQG�DVVRFLDWHG� IDFWRUV� IRU�65,�DPRQJ�
SDWLHQWV�ZLWK�HSLOHSV\�LQ�$PDQXHO�6SHFLDOL]HG�0HQWDO�
+RVSLWDO��7KLV�VWXG\�PD\�EHQHILW�WKH�KHDOWK�V\VWHP�WR�
WDLORU� QHFHVVDU\�PHDVXUHV� WR�PLWLJDWH� WKH� RFFXUUHQFH�
RI� WKH� LQMXULHV� DQG� WKHLU� FRPSOLFDWLRQV� WKHUHE\� LP�
SURYLQJ� WKH� KHDOWKဨUHODWHG� TXDOLW\� RI� OLIH� DPRQJ� SD�
WLHQWV�ZLWK� HSLOHSV\� DQG� FRQWULEXWHV� LWV� SDUW� LQ�PLQL�
PL]LQJ�WKH�ORVV�RI�SURGXFWLYLW\�DQG�H[SHQVHV�WKDW�VLJ�
QLILFDQWO\� FRPSURPLVH� WKH� FRXQWU\¶V� HFRQRP\�� ,P�
SRUWDQWO\��WKH�VWXG\�PD\�SURYLGH�LQVLJKW�LQWR�WKH�PDJ�
QLWXGH�DQG�W\SHV�RI�65,��DQG�VRFLR�GHPRJUDSKLF�IDF�
WRUV� DVVRFLDWHG� ZLWK� 65,�� 7KLV� ZRXOG� IXUWKHU� HQDEOH�
KHDOWK�FDUH�SURJUDPV�WR�XVH�WKH�GDWD�IRU�SODQQLQJ�DQG�

 

SROLF\�IRUPXODWLRQ�OLNH�GHYHORSLQJ�DQG�LPSOHPHQWLQJ�
SUHYHQWLYH�PHDVXUHV�WR�KHOS�SDWLHQWV�ZLWK�HSLOHSV\�� 
 
0HWKRGV� 
 
6WXG\� GHVLJQ� DQG� DUHD�� ,QVWLWXWLRQDO� EDVHG� FURVV�
VHFWLRQDO�VWXG\�ZDV�FRQGXFWHG�IURP�6HSWHPEHU��-����
����� DW� $PDQXHO� 0HQWDO� 6SHFLDOL]HG� +RVSLWDO�
�$06+���$06+�LV�WKH�ROGHVW�PHQWDO�KHDOWK�KRVSLWDO�
LQ� WKH� FRXQWU\� HVWDEOLVKHG� LQ������ DQG� LV� VLWXDWHG� LQ�
$GGLV�$EDED��WKH�FDSLWDO�FLW\�RI�(WKLRSLD��,W�FXUUHQWO\�
KDV�D�WRWDO�RI�����EHGV�RI�ZKLFK�����DUH�IRU�LQSDWLHQWV�
DQG����IRU�(PHUJHQF\�URRP��VHUYLQJ�SHRSOH�IURP�DOO�
FRUQHUV� RI� WKH� FRXQWU\�� 7KHUH� LV� DOVR� D� ODUJH� RXW-
SDWLHQW� VHUYLFH�� KDYLQJ� PRUH� WKDQ� �������� YLVLWLQJ�
SDWLHQWV�HDFK�\HDU��7KH�KRVSLWDO�LV�NQRZQ�IRU�WUHDWLQJ�
3:(� LQ� D� WLPH� ZKHQ� WKHUH� ZHUH� QR� QHXURORJLVWV� LQ�
WKH�FRXQWU\�-�DQG�WKDW�WUDGLWLRQ�LV�VWLOO�FRQWLQXLQJ� 
 
6WXG\� SRSXODWLRQ�� 7KH� VWXG\� SDU WLFLSDQWV� ZHUH�
UHFUXLWHG�IURP�UHJXODU�VHL]XUH�IROORZ�XS�FOLQLF�LQ�WKH�
KRVSLWDO� GXULQJ� WKH� VWXG\� SHULRG�� $OO� SDWLHQWV� ZLWK�
HSLOHSV\��DJHG�RI��DERYH�RU�HTXDO�WR����\HDUV�ROG�GL�
DJQRVHG�E\�XQHTXLYRFDO�FOLQLFDO�DQG�RU�((*�GLDJQR�
VLV� RI� HSLOHSV\� ���XQSURYRNHG� VHL]XUHV�� ZHUH� HQ�
UROOHG�� 
 
6DPSOH� VL]H�DQG� VDPSOLQJ� WHFKQLTXH��$� WRWDO�RI�����
SDWLHQWV�ZKR�KDG�D� IROORZ�XS�DW� WKH�FOLQLFV�ZHUH�HQ�
UROOHG� LQ�RUGHU�RI� WKHLU� DUULYDO� WR� WKH�$06+� UHJXODU�
VHL]XUH�FOLQLF�GXULQJ�WKH�VWXG\�SHULRG��� 
 
6WXG\�WRRO�DQG�GDWD�FROOHFWLRQ��'DWD�ZDV�FROOHFWHG�
RQ� SDWLHQWV� VRFLR� GHPRJUDSKLF� �$JH�� JHQGHU�� UDFH��
RFFXSDWLRQ��� VHL]XUH� UHODWHG� LQIRUPDWLRQ� �QDWXUH�� FLU�
FXPVWDQFH�� VHYHULW\�� DQG� FRQVHTXHQFH��� (SLOHSV\�
�DXUD��SURGURPDO�� LFWDO�DQG�SRVWဨLFWDO�SKHQRPHQD�GH�
VFULSWLRQ��� ZHUH� DVVHVVHG� XVLQJ� SUH-WHVWHG� VWUXFWXUHG�
TXHVWLRQHU�DQG�D�FKHFN�OLVW�RQ�UHYLHZ�RI�LQIRUPDWLRQ�
IURP�WKH�SDWLHQW¶V�UHFRUG�� �6SHFLILF�FOLQLFDO�GDWD�ZDV�
JDWKHUHG� 	� RUJDQL]HG� XVLQJ� WKH� GLDJQRVWLF� VFKHPH�
IRU� WKH� FODVVLILFDWLRQ� RI� VHL]XUHV� DQG� HSLOHSV\� E\�
,/$(��������WR�GHWHUPLQH�WKH�HSLOHSWLF�VHL]XUH�W\SH���
	�6HL]XUH�)UHTXHQF\�6FRULQJ�6FDOH�DV�PRGLILHG�IURP�
(�/�� 6R� HW� DO����������� 'DWD� ZDV� FROOHFWHG� E\� WZR�
PHGLFDO� SURIHVVLRQDOV� EDVHG� RQ� LQWHUYLHZ�� SK\VLFDO�
H[DPLQDWLRQ�DQG�UHYLHZ�RI� WKH�SDWLHQW¶V� UHFRUG��$QG�
65,�KLVWRU\�LV�FROOHFWHG�DV�ORQJ�DV�WKH\�UHPHPEHU�� 
'DWD�DQDO\VLV��7KH�GDWD�ZDV�HQWHUHG�DQG�DQDO\]HG�
XVLQJ� WKH� VWDWLVWLFDO� SDFNDJH� IRU� VRFLDO� VFLHQFHV�
�6366�� YHUVLRQ� ��� VWDWLVWLFDO� 6RIWZDUH��7KH� GHVFULS�
WLYH�LQIRUPDWLRQ�ZDV�GHWHUPLQHG�XVLQJ�WKH�IUHTXHQF\��
SURSRUWLRQ��PHDQ��DQG�VWDQGDUG�GHYLDWLRQV��2GGV�UDWL�
RV��25��DQG�WKHLU�����FRQILGHQFH�LQWHUYDOV��&,��ZHUH�
HVWLPDWHG� XVLQJ� ELYDULDWH� DQG� PXOWLYDULDEOH� ORJLVWLF�
UHJUHVVLRQ� DQDO\VLV� WR� LGHQWLI\� SRVVLEOH� H[SODQDWRU\�
YDULDEOHV� DVVRFLDWHG� ZLWK� VHL]XUH� UHODWHG� LQMXU\�� 3-
YDOXH� RI� OHVV� WKDQ� �����ZDV� XVHG� WR� FKRVH� YDULDEOHV�
ZKLFK�KDYH�DVVRFLDWLRQ�LQ�WKH�ELYDULDWH�PRGHO�WR�PXO�



���� 

 

WLYDULDEOH�PRGHO�DQDO\VLV��7KH�UHVXOW�DW�S-YDOXH�������ZDV�
FRQVLGHUHG�VWDWLVWLFDOO\�VLJQLILFDQW�LQ�WKH�ILQDO�PRGHO�� 
 
2SHUDWLRQDO�GHILQLWLRQV 
(SLOHSV\��WZR�RU�PRUH�XQSURYRNHG�VHL]XUHV 
65,��DQ\�SK\VLFDO�WUDXPD�RU�LQMXU\�WKDW�UHVXOWHG�DV�D�GLUHFW�
FRQVHTXHQFH�RI�WKH�VHL]XUH 
6WDWXV� HSLOHSWLFV�� D� VLQJOH� VHL]XUH� HSLVRGH� ODVWLQJ� IRU� DW�
OHDVW� ���PLQXWHV�� RU� WZR� RU�PRUH� HSLVRGHV� RFFXUULQJ� RQH�
DIWHU�WKH�RWKHU�EHIRUH�WKH�SDWLHQW�UHJDLQV�IXOO�FRQVFLRXVQHVV�
LQ�EHWZHHQ�WKH�DWWDFNV� 
 
5HVXOWV 
6RFLR-GHPRJUDSKLF� FKDUDFWHULVWLFV� RI� VWXG\� SDUWLFL�
SDQWV� 
$� WRWDO� RI� ����SDWLHQWV�ZHUH� LQFOXGHG� LQ� WKH� VWXG\�ZLWK� D�
UHVSRQVH� UDWH� RI� ������7KH�PDMRULW\�RI� SDWLHQWV� LQFOXGHG�
LQ�WKH�VWXG\�ZHUH�\RXQJHU�������������PDOHV�������������
&KULVWLDQV����� ��������� VLQJOH�������������5LJKW-KDQGHG�
������������ HGXFDWHG� ������������ XQHPSOR\HG� ���
���������DQG������������ZHUH�OLYLQJ�ZLWK�WKHLU�SDUHQWV�RU�
VLEOLQJV��7DEOH���� 

7\SH�RI�VHL]XUH�UHODWHG�LQMXULHV� 
$�WRWDO�RI�������������SDWLHQWV�UHSRUWHG�WR��KDYH�
65,�GXH��WR�DFWLYH�VHL]XUH��)LJXUH�����2XW�RI�WKHVH�
��� ������� UHSRUWHG� PXOWLSOH� W\SHV� RI� LQMXULHV�
ZKLOH� WKH� UHVW� KDG� VLQJOH� W\SH� RI� LQMXU\�� 0RVW�
FRPPRQ� W\SHV� RI� LQMXULHV� VXVWDLQHG�ZHUH� ODFHUD�
WLRQV� ��������� EXUQ� �������� DQG� GHQWDO-ORVV�
��������� $GGLWLRQDO� UHSRUWHG� LQMXULHV� LQFOXGHG�
IUDFWXUHV�� MRLQW� GLVORFDWLRQ�� FRQWXVLRQ� DQG� KHDG�
LQMXU\��7DEOH����� 
&OLQLFDO�FKDUDFWHULVWLFV�RI�HSLOHSWLF�SDWLHQWV�
GXULQJ�SUHVHQWDWLRQ� 
2I� WKRVH� SDWLHQWV� LQFOXGHG� LQ� WKH� VWXG\� ����
�������� KDG� VHL]XUH� IRU�PRUH� WKDQ� ��� \HDUV��$OO�
WKH�UHVW�UHSRUWHG�WR�KDYH�WKHLU�VHL]XUH�RQVHW�ZLWKLQ�
WKH� ODVW� ��� \HDUV�� $PRQJ� WKHVH� SDUWLFLSDQWV� ����
�������� KDG� VHL]XUH� DWWDFNV� XVXDOO\� GXULQJ� WKH�
QLJKWWLPH�ZKLOH������������KDG�VHL]XUH�GXULQJ�WKH�
GD\�WLPH��6HL]XUH�UHODWHG�LQMXU\�KDSSHQHG�PRVWO\�
DW� KRPH� ��� �������� IROORZHG� E\� ZRUN� SODFH� ���
��������� LQ� WKH� VWUHHW��� �������� DQG� VFKRRO� ��
��������)LJXUH���� 

7DEOH���7KH�VRFLR�GHPRJUDSKLF�FKDUDFWHU LVWLFV�RI�VWXG\�SRSXODWLRQ�VHHQ�DW�UHJXODU �VHL]XUH�IROORZ�XS�FOLQ�
LFV�RI�$PDQXHO�6SHFLDOL]HG�0HQWDO�+RVSLWDO���������Q ���� 

&KDUDFWHULVWLFV )UHTXHQF\ 3HUFHQWDJH 
$JH�JURXSV 
�������-�� 
���������-�� 
�������0HDQ�DJH��6'� 

  
��� 
��� 
���������� 

  
���� 
���� 

*HQGHU 
�������0DOH 
��������)HPDOH 

  
��� 
��� 

  
���� 
���� 

0DULWDO�VWDWXV 
�������6LQJOH 
�������0DUULHG 
�������'LYRUFHG�6HSDUDWHG 
�������:LGRZHG 

  
��� 
�� 
� 
�� 

  
���� 
���� 
��� 
��� 

+DQGHGQHVV 
�����5LJKW-KDQGHG 
������/HIW-KDQGHG 

  
��� 
�� 

  
���� 
��� 

(GXFDWLRQDO�OHYHO 
�����8QDEOH�WR�UHDG�DQG�ZULWH 
�����$EOH�WR�UHDG�DQG�ZULWH�RQO\ 
�����*UDGH��-� 
�����*UDGH��-�� 
*UDGH���� 

  
�� 
�� 
�� 
�� 
�� 

  
���� 
��� 
���� 
���� 
���� 

/LYLQJ�VLWXDWLRQV 
������$ORQH 
������:LWK�SDUHQWV�DQG��RU�VLEOLQJV 
������:LWK�VSRXVH 
������2WKHU 

  
�� 
��� 
�� 
�� 

  
��� 
���� 
���� 
��� 

2FFXSDWLRQDO�VWDWXV 
������6HOI 
������*RYHUQPHQW 
������1*2 
�����8QHPSOR\HG 

  
��� 
�� 
� 
��� 

  
���� 
���� 
��� 
���� 



���� 

 

)LJXUH����7KH�SODFH�ZKHUH�65,�HQFRXQWHUHG�DPRQJ�HSLOHSWLF�SDWLHQWV�DW�UHJXODU�VHL]XUH�IROORZ-XS�FOLQLFV�RI�$PDQ�
XHO�6SHFLDOL]HG�0HQWDO�+RVSLWDO������� 

7DEOH����7KH�PDJQLWXGH��W\SH�DQG�VHYHULW\�RI�DFWLYH�VHL]XUH�UHODWHG�LQMXULHV�DPRQJ�(SLOHSWLF�3DWLHQWV�VHHQ�DW�UHJX�
ODU�VHL]XUH�IROORZ�XS�FOLQLFV�RI�$PDQXHO�6SHFLDOL]HG�0HQWDO�+RVSLWDO��$GGLV�$EDED������� 


����DFWLYH�LQMXULHV��FDVHV�����ZHUH�PXOWLSOH�LQMXULHV� 

 

 

7\SH�RI�LQMXU\ 1XPEHU���� 'HJUHH�RI�6HYHULW\ 
  
0LOG�1R��� 0RGHUDWH�1R��� 6HYHUH�1R��� 

)UDFWXUH ������� ������� -- -- 

-RLQW�GLVORFDWLRQ ������� �������� ������� ������� 

/DFHUDWLRQ ��������� ��������� ������� ������� 

&RQWXVLRQ ������� ������� -- -- 

6SUDLQ ������� ������� -- -- 

%XUQ ��������� ��������� �������� �������� 

+HDG�LQMXU\ ������� ������� -- -- 

'HQWDO�LQMXU\ �������� -- -- -- 

0XOWLSOH�LQMXULHV ��       

7RWDO ���
 �� �� � 

7KH�UHVW�����������KDG�VHL]XUH�DWWDFNV�ERWK�GXULQJ�WKH�
GD\� DQG� WKH� QLJKW� WLPH�� 7KH�PDMRULW\� ���� �������� RI�
WKH� SDUWLFLSDQWV� UHSRUWHG� *7&� VHL]XUH� GXULQJ� DWWDFN��
$PRQJ� WKHP�RQO\� WKUHH� SDWLHQWV� ZHUH� HYHU� GLDJQRVHG�
ZLWK�VWDWXV�HSLOHSWLFV��0RVW�UHSRUWHG������������D�VHL�
]XUH� WLPH� UDQJLQJ� IURP� �-��� PLQXWHV� GXULQJ� DWWDFN�
�7DEOH�����$�WRWDO�RI������������SDUWLFLSDQWV�UHSRUWHG�WR�
KDYH�SUH-VHL]XUH�V\PSWRPV�RU�DXUD�ZKHUHDV�WKH�PDMRUL�
W\������������UHSRUWHG�WR�KDYH�SRVW-VHL]XUH�V\PSWRPV�
RI�VRPH�NLQG�� 

7KH�PRVW� IUHTXHQWO\�UHSRUWHG�SRVW-VHL]XUH�
V\PSWRPV� ZHUH� KHDGDFKH� ���������� DQG�
GHHS� VOHHS� ����������� 7KH� PDMRULW\� RI�
SDUWLFLSDQWV� ����������� KDG� GHOD\V� LQ�
VWDUWLQJ� WUHDWPHQW� DIWHU� RQVHW� RI� VHL]XUH��
$PRQJ�WKHVH������������GHOD\HG�IRU�OHVV�
WKDQ�RQH�\HDU�������������IRU���WR���\HDUV�
DQG�WKH�UHVW�����������IRU�PRUH�WKDQ�ILYH�
\HDUV��7DEOH����� 



���� 

 

 
7DEOH����7KH�FOLQLFDO�FKDUDFWHULVWLFV�RI�HSLOHSWLF�SDWLHQWV�GXULQJ�SUHVHQWDWLRQ�DW�UHJXODU�VHL]XUH�IROORZ�XS�
FOLQLFV�RI�$PDQXHO�6SHFLDOL]HG�0HQWDO�+RVSLWDO��$GGLV�$EDED������ 

&OLQLFDO�FKDUDFWHULVWLFV��Q ���� 
  

)UHTXHQF\ 3HUFHQWDJH 

2QVHW�RI�HSLOHSV\�V\PSWRPV 
������������/DVW���\HDU 
������������/DVW��-��\HDUV 
������������/DVW��-���\HDUV 
������������%HIRUH����\HDUV 

  
�� 
�� 
�� 
��� 

  
��� 
���� 
���� 
���� 

6LJQV�DQG�V\PSWRPV�WKDW�FRPH�EHIRUH�WKH�DFWXDO�VHL]XUH 
�������������+HDGDFKH 
�������������%OXUULQJ�RI�YLVLRQ 
�������������6KRFNLQJ�VHQVDWLRQ 
�������������'L]]LQHVV 
�������������)HDUIXOQHVV 
�������������3DOSLWDWLRQ 
�������������2WKHU 

  
�� 
�� 
� 
�� 
�� 
� 
�� 

  
���� 
���� 
��� 
���� 
���� 
��� 
���� 

3HRSOH�WHOO�\RX�DERXW�ZKDW�DFWXDOO\�KDSSHQV�GXULQJ�WKH�VHL]XUH 
�������������*7& 
�������������)RFDO 
�������������$EVHQFH 

   
��� 
�� 
� 

   
���� 
��� 
��� 

7KH�GXUDWLRQ�RI�WKH�DFWXDO�VHL]XUH�LQ�PRVW�RI�WKH�DWWDFNV 
�����������������PLQ 
�����������������-���PLQ 
�������������!����PLQ 

  
�� 
��� 
� 

  
���� 
���� 
��� 

:KDW�KDSSHQV�DIWHU�WKH�DFWXDO�VHL]XUH�VWRSV 
������������1RWKLQJ 
������������+HDGDFKH 
������������'HHS�VOHHS 
������������&RQIXVLRQ�GLVRULHQWDWLRQ 
������������+HDGDFKH�DQG�'HHS�VOHHS 
������������+HDGDFKH�DQG�FRQIXVLRQ 
������������%RWK��KHDGDFKH��GHHS�VOHHS��FRQIXVLRQ� 
  

  
�� 
�� 
�� 
�� 
�� 
� 
� 
� 

  
���� 
���� 
���� 
��� 
���� 
��� 
��� 
��� 

(YHU�EHHQ�GLDJQRVHG�ZLWK�VWDWXV�HSLOHSWLFV 
������������<HV 
������������1R 

  
� 
��� 

  
��� 
�� 

7KH�WLPH�JDS�EHWZHHQ�WKH�RQVHW�RI�WKH�V\PSWRPV�DQG�WKH�VWDUW�
RI�DQWLHSLOHSWLF�GUXJ�WUHDWPHQW 
������������,PPHGLDWHO\ 
������������\HDU 
������������-��\HDUV 
��������!���\HDUV 

  
  
�� 
��� 
�� 
�� 

  
  
���� 
���� 
���� 
���� 

/DVW�WLPH�\RX�KDG�D�VHL]XUH 
����������/DVW����KUV� 
����������/DVW���ZHHN 
����������/DVW���PRQWK 
����������/DVW��-��PRQWKV 
����������/DVW��-���PRQWKV 
����������%HIRUH���\HDUV 

  
�� 
�� 
�� 
�� 
�� 
�� 

  
��� 
���� 
���� 
���� 
���� 
���� 

7LPLQJ�RI�WKH�RFFXUUHQFH�RI�PRVW�VHL]XUH�DWWDFNV 
���������1LJKW�WLPH�ZKHQ�DVOHHS 
��������'D\�WLPH�ZKHQ�DZDNH 
��������'D\�WLPH�RU�QLJKW�WLPH 

  
��� 
�� 
�� 

  
���� 
���� 
���� 
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&RQWLQXHG«� 

$VVRFLDWHG�IDFWRUV�RI�65, 
$�PXOWLYDULDWH�ORJLVWLF�UHJUHVVLRQ�UHVXOW�GHSLFWHG�WKDW��
7KH�RGGV�RI�65,�LQFUHDVHG�E\�����WLPHV��$25 ������
����&,������-������DPRQJ�WKRVH�ZKR�ZHUH�LQ�JUDGH��
-��HGXFDWLRQ� OHYHOV�� DQG�D� ORZHU� ULVN�RI�65,�ZDV� UH�

 

SRUWHG� DPRQJ� WKRVH� ZKR� DEOH� WR� UHDG� DQG� ZULWH�
�$25 ����������&,������-������7DEOH���� 

'LVFXVVLRQ 
3DWLHQWV�ZLWK�HSLOHSV\�FDQ�VXVWDLQ�DQ\� W\SH�RI� LQMXU\�

6HL]XUH�IUHTXHQF\�VFRUH 
��������6HL]XUH�IUHH��RII�$(' 
��������6HL]XUH�IUHH��QHHG�IRU�$('�XQNQRZQ 
��������6HL]XUH�IUHH��RQ�$(' 
��������6LPSOH�SDUWLDO�VHL]XUH�RQO\ 
��������1RFWXUQDO�VHL]XUH�RQO\ 
���������-��\U� 
���������-���\U� 
���������-��PR� 
���������-��ZN� 
���������-��G 
���������-���G 

  
�� 
�� 
�� 
� 
�� 
�� 
�� 
�� 
�� 
� 
� 

  
��� 
��� 
���� 
��� 
��� 
���� 
��� 
���� 
��� 
��� 
��� 

7DEOH����7KH�6RFLR�GHPRJUDSKLF�IDFWRUV�DVVRFLDWHG�ZLWK�DFWLYH�VHL]XUH�UHODWHG�LQMXU LHV�DPRQJ�HSLOHSWLF�
SDWLHQWV�DW�UHJXODU�VHL]XUH�IROORZ�XS�FOLQLFV�RI�$PDQXHO�6SHFLDOL]HG�0HQWDO�+RVSLWDO��������������������������������������������������������������������������

1%
 S�������&25 &UXG�2GGV�5DWLR���$25 $GMXVWHG�2GGV�5DWLR� 

9DULDEOHV $FWLYH�LQMXU\��65,� &25�����&, $25�����&, 

<HV�1R���� 1R���     

$JH�JURXSV 
��-�� 
���-�� 

  
�������� 
�������� 

  
��������� 
�������� 

  
���� 
���������-����� 

  
���� 
�����������-������ 

*HQGHU 
0DOH 
)HPDOH 

  
�������� 
�������� 

  
��������� 
�������� 

  
���� 
��������-����� 

  
���� 
�����������-������ 

0DULWDO�VWDWXV 
6LQJOH 
0DUULHG 
'LYRUFHG 
:LGRZHG 

  
�������� 
�������� 
������ 
������ 
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���������-����� 
���������-����� 

  
���� 
�����������-����� 
�����������-������ 
�����������-������ 

(GXFDWLRQDO�OHYHO 
8QDEOH�WR�UHDG�DQG�ZULWH 
$EOH�WR�UHDG�DQG�ZULWH�RQO\ 
*UDGH��-� 
*UDGH��-�� 
$ERYH�JUDGH��� 

  
�������� 
������ 
�������� 
�������� 
�������� 

  
�������� 
�������� 
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�������� 
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���������-����� 
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�����������-������
 
�����������-������
 
�����������-����� 
����������-����� 

2FFXSDWLRQDO�VWDWXV 
������6HOI 
������*RYHUQPHQW 
������1*2 
������8QHPSOR\HG 
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�������� 
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�����������-����� 
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/LYLQJ�VLWXDWLRQV 
�����:LWK�SDUHQWV��VLEOLQJV 
������$ORQH 
������:LWK�VSRXVH 
������2WKHU 
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UHODWHG�WR�WKHLU�VHL]XUH��$QG�WKLV�VWXG\�WULHV�WR�JLYH�DQ�
RYHUDOO�GHVFULSWLRQ�RI�65,V�ZLWK� WKHLU�DVVRFLDWHG�IDF�
WRUV�� ,Q� RXU� VWXG\� � WKH� SUHYDOHQFH� RI� 65,V� DPRQJ�
3:(� IRXQG� � WR� EH� ������ZKLFK� LV� DSSDUHQWO\�PRUH�
WKDQ� WKDW� UHSRUWHG� E\� WKH� (XURSHDQ� FRKRUW� VWXG\�
������ >�@� EXW� OHVV� WKDQ� VRPH� RWKHU� UHSRUWV� OLNH� � WKH�
RQH�E\�$VDGL-3RR\D�HW�DO�������>�@� 
 
�7KH� PRVW� FRPPRQ� W\SHV� RI� LQMXULHV� UHSRUWHG� ZHUH�
ODFHUDWLRQV� ��������� EXUQ� �������� DQG� GHQWDO-ORVV�
��������IROORZHG�E\�IUDFWXUHV��MRLQW�GLVORFDWLRQ��FRQ�
WXVLRQ�DQG�KHDG�LQMXU\��7KHUH�ZHUH�QR�UHSRUWV�RI�VXE�
PHUVLRQ� LQMXU\� RU� LQMXU\� WR� WKH� H\H��7KLV� LV�PRUH� RU�
OHVV� FRQVLVWHQW� ZLWK� RWKHU� VWXGLHV�� 7KHUH� ZDV� KLJKHU�
SUHYDOHQFH�RI�UHSRUWHG�GHQWDO�LQMXULHV��DERXW������LQ�
RWKHU�VWXGLHV��>��@�ZKHQ�ZH�FRPH�WR�65+,V��6HL]XUH�
UHODWHG� +HDG� ,QMXULHV�� ZKLOH� LW� LV� FRPPRQ� LQ� RWKHU�
VWXGLHV��������LW�ZDV������LQ�RXU�FDVH�>��@��2QH�SRV�
VLEOH�H[SODQDWLRQ� IRU� WKLV�YDULDWLRQ�PD\�EH� WKDW�PRVW�
SDWLHQWV�ZKR� VXVWDLQHG� VHYHUH� KHDG� LQMXULHV�PD\� QRW�
KDYH�VXUYLYHG�WR�UHSRUW�LW�RU�VRPH�PLJKW�KDYH�WULYLDO�
L]HG�PLOG�WR�PRGHUDWH�KHDG�LQMXULHV�� 

�,Q�WKLV�VWXG\�WKH�PDMRULW\�RI�SDWLHQWV�UHSRUWHG�WR�KDYH�
VHL]XUH�IRU�PRUH�WKDQ����\HDUV���������ZKLOH�WKH�UHVW�
KDG� LW� LQ� WKH� ODVW� ��� \HDUV��0RVW� KDG� VHL]XUH� DWWDFNV�
XVXDOO\� GXULQJ� WKH� QLJKW� ��������� ZKLOH� ������ KDG�
VHL]XUH�GXULQJ� WKH�GD\��7KH�UHVW� ��������KDG�VHL]XUH�
DWWDFNV�ERWK�GXULQJ�WKH�GD\�DQG�QLJKW��,W�LV�LQWXLWLYH�WR�
DVVXPH� WKDW� VHL]XUHV� WKDW� RFFXU� H[FOXVLYHO\� DW� QLJKW��
LQ� WKH�VDIHW\�RI�RQH¶V�EHG��SUREDEO\�DOVR� OHDG� WR� OHVV�
ULVN� RI� LQMXU\� WKDQ� WKRVH� RFFXUULQJ� SUHGRPLQDQWO\�
GXULQJ�WKH�GD\� 
2QO\� WKUHH� W\SHV�RI� VHL]XUHV�ZHUH�UHSRUWHG��*HQHUDO�
L]HG� WRQLF� FORQLF-VHL]XUHV� ��������� IRFDO� VHL]XUHV�
������� DQG� DEVHQFH� VHL]XUHV� ������� 2WKHU� W\SHV� RI�
VHL]XUHV� ZHUH� QRW� UHSRUWHG� RU� GHWHFWHG� SUREDEO\� DV�
UHVXOW� RI� OLPLWHG� FDSDFLW\� DQG� LQDGHTXDWH� HIIRUW� WR�
ORRN�LQWR�WKH�YDULRXV�VHL]XUH�W\SHV�E\�SK\VLFLDQV�DQG�
UHSRUWLQJ� HUURUV� RQ� WKH� SDWLHQW¶V� VLGH�� +RZHYHU� RXU�
ILQGLQJ�LV�FRQVLVWHQW�ZLWK�RWKHU�VWXGLHV�LQ�D�VHQVH�WKDW�
PRVW�VHL]XUHV�DUH�JHQHUDOL]HG�LQ�QDWXUH�� 

7KH�GXUDWLRQ�RI�DFWLYH�VHL]XUH�UHSRUWHG�E\�WKH�PDMRUL�
W\� ZDV� �-��� PLQXWHV�� +RZHYHU� ZH� VKRXOG� NHHS� LQ�
PLQG� WKDW� PXFK� RI� WKH� FRQYXOVLYH� ILW� UHVXOWV� LQ� WKH�
DWWHQGDQWV¶� SDQLF� WKHUH� E\� PDNLQJ� WUDFNLQJ� RI� WLPH�
VRPHZKDW� XQUHOLDEOH��0RUHRYHU�� ZH� KDYH� QRWHG� WKDW�
PDQ\� RI� WKHP� FRXQW� WKH� SRVW-LFWDO� SKHQRPHQRQ� LQ�
FOXGLQJ� VOHHS� WLPH� DV� SDUW� RI� WKH� FRQYXOVLRQ�� DQG�
WKHUHIRUH�ZH�VXVSHFW�WKH�DFWXDO�GXUDWLRQ�RI�WKH�DFWLYH�
FRQYXOVLRQ� PLJKW� EH� OHVV� WKDQ� �� PLQXWHV� DV� QRWHG�
HOVHZKHUH�LQ�RWKHU�VWXGLHV� 
$�WRWDO�RI�������UHSRUWHG� WR�KDYH�SUH-VHL]XUH�V\PS�
WRPV�RU�DXUD��3UHVHQFH�RI�D�ZDUQLQJ�DXUD�ZLWK�HYHU\�
VHL]XUH�LV�VKRZQ�WR�EH�SURWHFWLYH�IURP�DFFLGHQWV�>��@��
0RVW� SDWLHQWV� KDG� GHOD\V� LQ� VWDUWLQJ� WUHDWPHQW� DIWHU�
RQH�VHW�RI�VHL]XUH�� ,Q�HDUOLHU�VWXGLHV� WKLV�ZHUH�KLJKO\�

 

DVVRFLDWHG� ZLWK� 65,� E\� ZD\� RI� PRUH� IUHTXHQW� 	�RU�
ORQJHU� DWWDFNV� >��@�� 7KH� SODFHV� RI� WKH� VHL]XUH� DOVR�
KDYH� JUHDW� UHOHYDQFH� LQ� WHUPV� RI� WKH� ULVNV� IRU� 65,��
0RVW�VHL]XUH�UHODWHG�LQMXU\�KDSSHQHG�PRVWO\�DW�KRPH�
IROORZHG� E\� ZRUN� SODFH�� WKH� VWUHHW� DQG� WKH� VFKRRO��
7KRXJK�KRPH�LV�UHODWLYHO\�VDIH�LQMXU\�GHSHQGV�RQ�WKH�
FLUFXPVWDQFHV�DQG�WKHVH�FDOOV�IRU�SUHFDXWLRQV�HYHQ�DW�
KRPH�� 

6RFLR�GHPRJUDSKLF�IDFWRUV�VXFK�DV�DJH��VH[��UHOLJLRQ��
PDULWDO�VWDWXV��RFFXSDWLRQ��DQG�OLYLQJ�VLWXDWLRQV�ZHUH�
QRW� IRXQG� WR� EH� VWDWLVWLFDOO\� DVVRFLDWHG� ZLWK� 65,� LQ�
WKLV� VWXG\�� ZKLOH� D� KLJKHU� SUHYDOHQFH� RI� 65,� GXULQJ�
DFWLYH�VHL]XUH�ZDV�DVVRFLDWHG�ZLWK�D�ORZ�HGXFDWLRQDO�
VWDWXV�3DWLHQWV� ZLWK� D� ORZHU� HGXFDWLRQ� VWDWXV� ZHUH�
KDYLQJ� ���� WLPHV� PRUH� FKDQFH� RI� 65,� FRPSDUHG� WR�
WKRVH� ZKR� DUH� XQDEOH� WR� UHDG� DQG� ZULWH�� $QG� WKRVH�
ZKR� KDYH� QR� IXUWKHU� HGXFDWLRQ� �RWKHU� � WKDQ� DEOH� WR�
UHDG� DQG� ZULWH� RQO\� ZHUH� � IRXQG� WR� KDYH� D� � ORZHU�
FKDQFH�RI�H[SRVXUH�WR�65,��$25 ����������&,������
-������ 
7KLV� VWXG\� KDV� LWV� RZQ� OLPLWDWLRQ�ZKLFK� LQFOXGHV� LWV�
UHWURVSHFWLYH�QDWXUH��GLIILFXOWLHV�LQ�UHWULHYLQJ�UHOHYDQW�
LQIRUPDWLRQ� IURP� SRRUO\� GRFXPHQWHG� SDWLHQW� FKDUWV��
GLIILFXOWLHV� LQ� GLIIHUHQWLDWLQJ� VLQJOH� YHUVXV� PXOWLSOH�
65,�DPRQJ�SDWLHQWV�� UHFDOO�ELDV� UHODWHG� WR� WKH�GLIIHU�
HQW�DVSHFWV�RI�65,V�DQG�FKDOOHQJHV�LQ�GLDJQRVLQJ�FR-
PRUELG�GLVRUGHUV�WKDW�PD\�EH�OLQNHG�WR�65,V� 

&RQFOXVLRQ�DQG�UHFRPPHQGDWLRQV 
7KH� VWXG\� GRFXPHQWHG� VLJQLILFDQW� OHYHOV� RI� 65,�
DPRQJ� WKH� VWXG\� SRSXODWLRQ� ZLWK� YDULHG� OHYHOV� RI�
VHYHULW\��6RIW� WLVVXH� LQMXULHV�DQG�EXUQ�ZHUH� WKH�PRVW�
FRPPRQ� W\SHV� RI� LQMXULHV� GHWHFWHG��7KH� RQO\� VRFLR�
GHPRJUDSKLF�IDFWRU�DVVRFLDWHG�ZLWK�65,�ZDV�D�ORZHU�
HGXFDWLRQDO� VWDWXV��+RZHYHU�� IXUWKHU� ODUJH� VFDOH� HSL�
GHPLRORJLF� VWXGLHV� DUH� KLJKO\� UHFRPPHQGHG�� $YDLO�
LQJ� DZDUHQHVV� UDLVLQJ� PHFKDQLVP� IRU� HSLOHSWLF� SD�
WLHQWV�� WKHLU�FDUH�JLYHUV�DQG�SURIHVVLRQDOV�LQ�(WKLRSLD�
RQ�65,�LV�KLJKO\�LPSRUWDQW�WR�PLWLJDWH�WKH�SUREOHP�WR�
RXU�XQGHUVWDQGLQJ��%HVLGHV�6XUYHLOODQFH�DQG�PRQLWRU�
LQJ� RI� 65,V�� DGYRFDF\� ZRUN� RQ� EHKDOI� RI� HSLOHSWLF�
SDWLHQWV� IRU�D�VDIHU�KRPH�DQG�ZRUN�HQYLURQPHQW� � � LV�
YHU\�HVVHQWLDO�� 

$XWKRUV�FRQWULEXWLRQ 
6<��<0��$$��FRQFHSWXDOL]HG�DQG�GHVLJQHG�WKH�VWXG\��
6<��:URWH� WKH� UHVHDUFK� SURSRVDO�� FRQGXFWHG� WKH�
UHVHDUFK�� DQDO\]HG� WKH� GDWD� DQG�ZULWH� D� GUDIW� PDQX�
VFULSW��<0��6*��DQG�$$��,QYROYHG�LQ�WKH�ZULWH�XS�RI�
WKH�SURSRVDO��GDWD�DQDO\VLV�DQG�ZULWH�XS�RI�WKH�PDQX�
VFULSW��$OO�FR-DXWKRUV�FRQWULEXWHG�WR�LWV� LPSURYHPHQW�
DQG�FULWLFDOO\� UHYLHZHG� WKH�PDQXVFULSW�GHYHORSPHQW��
$OO�DXWKRUV�DSSURYHG�WKH�ILQDO�YHUVLRQ�RI�PDQXVFULSW�� 



���� 

 

 
 

 

(WKLFDO� DSSURYDO��(WKLFDO� FOHDUDQFH�ZDV� REWDLQHG�
IURP�WKH�(WKLFDO�UHYLHZ�FRPPLWWHH�RI�WKH�'HSDUWPHQW�
RI� 1HXURORJ\� � UHIHUHQFH� QXPEHU� 60�
1(852����������� ,QIRUPHG� FRQVHQW� ZDV� REWDLQHG�
IURP�DOO� SDWLHQWV� RU� FDUHJLYHUV� LQYROYHG� LQ� WKH� VWXG\�
DIWHU� H[SODLQLQJ� WKH� QDWXUH� RI� WKH� VWXG\� LQ� WKH� ODQ�
JXDJH�WKH\�XQGHUVWDQG�DQG�WKRVH�ZKR�ZHUH�GLDJQRVHG�
ZLWK�WKH�65,�ZHUH�OLQNHG�WR�WKH�DSSURSULDWH�IDFLOLW\��LI�
WKH\�ZHUH�LQ�QHHG�RI�IXUWKHU�HYDOXDWLRQ�RU�WUHDWPHQW� 
)XQGLQJ�� )XQGLQJ� FRPHV� WKURXJK� $GGLV� $EDED�
XQLYHUVLW\�� DV� SDUW� RI� SRVWJUDGXDWH� VWXG\� UHVHDUFK�
IXQGLQJ�DQG� �7KH� IXQGHU�KDV�QR� � UROH� LQ� WKH�SXEOLFD�
WLRQ�RI�WKLV�VWXG\�  

 

&RQIOLFW� RI� ,QWHUHVW�� 7KH� DXWKRUV� KDYH� GHFODUHG�
WKDW�QR�FRPSHWLQJ�LQWHUHVWV� 
$FNQRZOHGJHPHQWV� 
:H�DUH�JUDWHIXO� WR� WKH� VFKRRO�RI�PHGLFLQH�DW�$GGLV�
$EDED� 8QLYHUVLW\� IRU� IXQGLQJ� WKH� UHVHDUFK� FRVW� RI�
WKH�VWXG\��)LQDOO\��ZH�ZRXOG�OLNH�WR�H[WHQG�RXU�GHHS�
DSSUHFLDWLRQ� WR� WKH� GDWD� FROOHFWRUV� DQG� SHUVRQV� LQ�
YROYHG� LQ� IDFLOLWDWLQJ� � SDWLHQWV� LQWHUYLHZV� DQG� FDUG�
UHYLHZ�LQ�WKH�KRVSLWDO��$QG��DOO�WKH�SDUWLFLSDQWV� 
,Q�0HPRU\�RI���'U �VDPVRQ�<DUHJDO�WKH�3,�RI�WKLV�
VWXG\� DQG� RXU� FROOHDJXH� �ZKRP�ZH� ORVW� � ����� DQG�
VDGGHQHG�E\�KLV�SDVVLQJ�DW�D�\RXQJHU�DJH� 
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�� +DXVHU�:$�� ,QFLGHQFH� DQG�SUHYDOHQFH�� ,Q��(QJOH� -U� -��3HGOH\�7$�� HGLWRUV��(SLOHSV\�� D� FRPSUHKHQVLYH�
WH[WERRN��3KLODGHOSKLD��/LSဨSLQFRWW–5DYHQ��������S����–��� 

�� &ROODERUDWLYH�*URXS�IRU�WKH�6WXG\�RI�(SLOHSV\��3URJQRVLV�RI�HSLOHSV\�LQ�QHZO\�GLDJQRVHG�SDWLHQWV��D�PXO�
WLFHQWHU�SURVSHFWLYH�VWXG\�RI�WKH�HIIHFWV�RI�PRQRWKHUDS\�RQ�WKH�ORQJဨWHUP�FRXUVH�RI�HSLOHSV\��(SLOHSVLD�
�����������–��� 

�� $VDGLဨ3RR\D�$$�1LNVHUHVKW�$��<DJKRXEL�(��1�HL�0��3K\VLFDO�LQMXULHV�LQ�SDWLHQWV�ZLWK�HSLOHSV\�DQG�WKHLU�
DVVRFLDWHG�ULVN�IDFWRUV�6HL]XUH�������$SU����������ဨ�� 

�� $OGHQNDPS�$�� $UHQGV� -�� 7KH� UHODWLYH� LQIOXHQFH� RI� HSLOHSWLF� ((*� GLVFKDUJHV�� VKRUWQRQFRQYXOVLYH� VHL�
]XUHV��DQG�W\SH�RI�HSLOHSV\�RQ�FRJQLWLYH�IXQFWLRQ�(SLOHSVLD����������–�� 
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�� 6ZHQVHQ� $�� %LUQEDXP�+*�� %HQ�+5�� HW� DO�� ,QFLGHQFH� DQG� FRVWV� RI� DFFLGHQWV� DPRQJ� DWWHQWLRQ� GHILFLW�
K\SHUDFWLYLW\�GLVRUGHU�SDWLHQWV�-$GROHVF�+HDOWK������������–�� 
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��� 6LUYHQ-,�$GGLQJ� LQMXU\� WR� LQVXOW�� 6HL]XUHဨUHODWHG� LQMXULHV�� (SLOHSV\�%HKDY�� ����1RY�� ���������ဨ��� GRL��
���������M��\�HEHK�������������� 
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(SLOHSV\�5HVHDUFK��������������–��� 
��� )ULHGPDQ�'(��7RELDV�56��$NPDQ&,��6PLWK�(2��/HYLQ�+�6��5HFXUUHQW�VHL]XUHဨUHODWHG�LQMXULHVLQ�SHRSOH�

ZLWK� HSLOHSV\� DW� D� WHUWLDU\� HSLOHSV\� FHQWUH�� D� �ဨ\HDU� ORQJLWXGLQDO� VWXG\��(SLOHSV\%HKDY�� �����1RY� ���
�������ဨ� 

��� �:LUUHOO�� (�&�� �������� (SLOHSV\-UHODWHG� ,QMXULHV�� (SLOHSVLD�� ���� ��-���� KWWSV���GRL�RUJ���������M�����-
����������������[ 
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2ULJLQDO�$UWLFOH� 
 
$VVRFLDWLRQ� EHWZHHQ� DQJLRWHQVLQRJHQ�0���7� JHQH� SRO\PRUSKLVP� DQG� ULVN� RI� K\SHUWHQ�
VLRQ��$�FDVH�FRQWURO�VWXG\�DPRQJ�(WKLRSLDQ�SDWLHQWV 

$GGLVX�0HODNH�����
��0DU\H�$OHPX����1HJD�%UKDQLH�� 

�'HSDUWPHQW�RI�%LRPHGLFDO�6FLHQFH��&ROOHJH�RI�+HDOWK�6FLHQFH��'HEUH�7DERU�8QLYHUVLW\�� 
��'HEUH�7DERU��(WKLRSLD 
�'HSDUWPHQW�RI�0HGLFDO�%LRWHFKQRORJ\��,QVWLWXWH�RI�%LRWHFKQRORJ\��8QLYHUVLW\�RI�*RQGDU�� 
��*RQGDU��(WKLRSLD 
 

&RUUHVSRQGLQJ�DXWKRUV
��HDGGLVPHODN#JPDLO�FRP� 

$EVWUDFW� 
%DFNJURXQG��+\SHUWHQVLRQ�LV�D�PDMRU�SXEOLF�KHDOWK�SUREOHP�LQ�ERWK�GHYHORSLQJ�DQG�GHYHORSHG�QDWLRQV�EHFDXVH�
LW� LV� KLJKO\� SUHYDOHQW� DQG� LV� DVVRFLDWHG�ZLWK� FRPSOLFDWLRQV��1XPHURXV� HQYLURQPHQWDO� DQG� JHQHWLF� YDULDEOHV� DUH�
OLQNHG�WR�WKH�RFFXUUHQFH�RI� WKH�GLVHDVH��,W�PD\�EH�LQIOXHQFHG�E\�WKH�UHQLQ-DQJLRWHQVLQ-DOGRVWHURQH�V\VWHP��ZKLFK�
SUHVHUYHV�ERGLO\�KRPHRVWDVLV��7KH�DQJLRWHQVLQRJHQ�JHQH�0���7�SRO\PRUSKLVPV�WKDW�KDV�DQ�HIIHFW�RQ�WKH�DFWLYLW\�
RI�WKH�UHQLQ-DQJLRWHQVLQ-DOGRVWHURQH�V\VWHP�DUH��UHODWHG�WR�WKH�KLJK�K\SHUWHQVLRQ�ULVN��7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�
ILQG�RXW�WKH�DVVRFLDWLRQ�EHWZHHQ�DQJLRWHQVLQRJHQ�0���7�JHQH�SRO\PRUSKLVP�DQG�WKH�ULVN�RI�GHYHORSLQJ�K\SHUWHQ�
VLRQ� 
0HWKRGV��$�WRWDO�RI�����VDPSOHV�-�����SDWLHQWV�ZLWK�K\SHUWHQVLRQ�DQG�����DJH-�DQG�VH[-PDWFKHG�KHDOWK\�FRQWUROV�
ZHUH�VHOHFWHG�XVLQJ�D�VLPSOH� UDQGRP�VDPSOLQJ� WHFKQLTXH��&OLQLFDO�DQG�ELRFKHPLFDO�YDULDEOHV�ZHUH�PHDVXUHG� WR�
DVVHVV�WKH�DVVRFLDWHG�ULVN�IDFWRUV��%ORRG�VDPSOHV�IURP�WKH�SDWLHQWV�DQG�PDWFKHG�FRQWUROV�ZHUH�XVHG�WR�LVRODWH�GHR[�
\ULERQXFOHLF�DFLG��7KH�$*7�0���7�JHQRW\SHV�ZHUH� LGHQWLILHG�XVLQJ�SRO\PHUDVH�FKDLQ�UHDFWLRQ�DQG�DQDO\]HG�E\�
DJDURVH�JHO�HOHFWURSKRUHVLV��/RJLVWLF�UHJUHVVLRQ�ZLWK�D�����FRQILGHQFH�LQWHUYDO��&,��ZDV�HPSOR\HG�WR�DVVHVV�WKH�
ULVN�FRUUHODWLRQV�RI�$*7�JHQH�0���7�SRO\PRUSKLVPV�ZLWK�K\SHUWHQVLRQ�� 
5HVXOWV�� 2XU� DQDO\VLV� VKRZHG� WKDW� WKH� $*7-77� JHQRW\SH� �RGGV� UDWLR� >25@�  � ������ ���� &/�  � ����–������
3� �������DQG�7�DOOHOH��25� �����������&/� �����–������3���������DUH�FRQVLGHUDEO\�KLJKHU�LQ�K\SHUWHQVLYH�SD�
WLHQWV� WKDQ� LQ�KHDOWK\�FRQWUROV��2XU� VWXG\�DOVR� LGHQWLILHG� WKH�FOLQLFDO�ULVN� IDFWRUV� IRU�K\SHUWHQVLRQ��VXFK�DV�� WRWDO�
FKROHVWHURO��WULJO\FHURO��ORZ�GHQVLW\�OLSRSURWHLQ-FKROHVWHURO��DQG�KLJK�GHQVLW\�OLSRSURWHLQ-FKROHVWHURO�OHYHOV��ZKLFK�
ZHUH�VLJQLILFDQWO\�KLJKHU�LQ�SDWLHQWV�FRPSDUHG�WR�FRQWUROV��3��������� 
&RQFOXVLRQ��7KH�$*7�0���7�JHQHV�RI�WKH�77�JHQRW\SH�DQG�WKH�7�DOOHOH�DUH�DVVRFLDWHG�ZLWK�DQ�LQFUHDVHG�ULVN�RI�
K\SHUWHQVLRQ�DPRQJ�WKH�(WKLRSLDQ�SDWLHQWV��$�SRSXODWLRQ-EDVHG�HSLGHPLRORJLFDO�VWXG\�LV�QHHGHG�FRUURERUDWH�WKH�
DVVRFLDWLRQ�EHWZHHQ�$*7�DQG�+71� 
 
.H\ZRUGV���$QJLRWHQVLQRJHQ��%ORRG�3UHVVXUH��*HQRW\SHV��5HQLQ-$QJLRWHQVLQ-$OGRVWHURQH�6\VWHP��5LVN�)DFWRU 
&LWDWLRQ�� 0HODNH� $�� $OHPX� 0�� %UKDQLH� 1�� $VVRFLDWLRQ� EHWZHHQ� DQJLRWHQVLQRJHQ� 0���7� JHQH� SRO\PRUSKLVP�
 DQG�ULVN�RI�K\SHUWHQVLRQ��$�FDVH�FRQWURO�VWXG\�DPRQJ�(WKLRSLDQ�3DWLHQWV��(WKLRS�0HG��-������������-��� 
6XEPLVVLRQ�GDWH�����)HEUXDU\�������$FFHSWHG������0DUFK������3XEOLVKHG�����0DUFK������� 

(WKLRSLDQ�0HGLFDO�-RXUQDO������������� ��
2SHQ�DFFHVV�DUWLFOHV�GLVWULEXWHG�LQ�WHUPV�RI� 
&UHDWLYH�&RPPRQV�$WWULEXWLRQ�/LFHQFH�>&&�E\����@ 

,661�����-������������H,661�����-�����  0HODNH�HW�DO�� 

,QWURGXFWLRQ� 
+\SHUWHQVLRQ��+71��LV�D�FRPPRQ�GLVHDVH�PDQLIHVWHG�
SULPDULO\�E\�HOHYDWHG�EORRG�SUHVVXUH�DQG�UHPDLQV�RQH�
RI� WKH� OHDGLQJ� FDXVHV� RI� GHDWK� IURP� FDUGLRYDVFXODU�
GLVHDVH� >�@�� :LWK� DFFHOHUDWHG� SRSXODWLRQ� DJLQJ�� WKH�
SUHYDOHQFH�RI�+71�VKRZV�DQ�LQFUHDVLQJ�WUHQG�LQ�ERWK�
GHYHORSHG�DQG�GHYHORSLQJ�FRXQWULHV�>�@��,W�LV�D�PXOWL�
IDFWRULDO� DQG�FRPSOH[�GLVRUGHU� WKDW� LV� LQIOXHQFHG�QRW�
RQO\�E\�VHYHUDO�VXVFHSWLEOH�JHQHV�EXW�DOVR�E\�HQYLURQ�

PHQWDO�VWLPXOL�DQG�OLIHVW\OH�>�@��$V�ZLWK�PRVW�GLIIL�
FXOW� FRQGLWLRQV�� EORRG� SUHVVXUH� IOXFWXDWLRQV� DUH�
WKRXJKW� WR� EH� LQIOXHQFHG� E\� DJH�� JHQGHU�� DQG� HWK�
QLFLW\� DV� ZHOO� DV� FOLQLFDO� IDFWRUV� VXFK� DV� REHVLW\��
LQVXOLQ� UHVLVWDQFH�� DQG�G\VOLSLGHPLD� >�@��7KHUH�DUH�
PRUH� WKDQ�����SRWHQWLDO�JHQHV�DVVRFLDWHG�ZLWK� WKH�
FRQWURO�RI�EORRG�SUHVVXUH�WKDW�DUH�FRQQHFWHG�WR�VHY�
HUDO� SDWKZD\V�� WKH� UHQLQ-DQJLRWHQVLQ-DOGRVWHURQH�



���� 

 

 
 

 

V\VWHP� �5$$6�� LV� RQH� RI� WKHVH� SDWKZD\V� WKDW� KDV�
UHFHLYHG�PRUH�DWWHQWLRQ��>�@�� 
7KH� QDWXUDO� VXEVWUDWH� RI� 5$$6�� DQJLRWHQVLQRJHQ�
�$*7��� LV� SURGXHG� LQ� WKH� OLYHU� DQG� UHOHDVHG� LQWR� WKH�
EORRGVWUHDP��,W�LQWHUDFWV�ZLWK�UHQLQ�WR�IRUP�DQJLRWHQ�
VLQ�,��D�SUHFXUVRU�WR�DQJLRWHQVLQ�,,��DQG�LV�FUXFLDO� IRU�
PDLQWDLQLQJ� IOXLG� KRPHRVWDVLV� DQG� FRQWUROOLQJ� EORRG�
SUHVVXUH� >�@��$*7� LV� D� ���NE� ORQJ�JHQH�RQ� FKURPR�
VRPH� �� ��T��–T���� WKDW� EHORQJV� WR� WKH� VHUSLQ� JHQH�
VXSHUIDPLO\�DQG�KDV���H[RQV�DQG���LQWURQV��7KH�$*7�
JHQH
V� 0���7� SRO\PRUSKLVP� UHIHUV� WR� WKH� VXEVWLWX�
WLRQ� RI� WKH� DPLQR� DFLG� WKUHRQLQH� �7�� IRU�PHWKLRQLQH�
�0�� DW� SRVLWLRQ� ����� JLYLQJ� ULVH� WR� WKUHH� JHQRW\SHV��
00��07��DQG�77�>�@��:KHQ�FRPSDUHG�WR�WKRVH�ZLWK�
WKH�00�JHQRW\SH�� WKRVH�ZLWK� WKH�77�JHQRW\SH�KDYH�
JUHDWHU� EORRG� SUHVVXUH� DQG� SODVPD� $*7� OHYHOV� EH�
FDXVH�RI�WKH�$*7-0���7�SRO\PRUSKLVP�>�@� 
6WXGLHV�RQ�K\SHUWHQVLYH�DQG�QRUPRWHQVLYH�LQGLYLGXDOV�
KDYH�VKRZQ�DQ�DVVRFLDWLRQ�EHWZHHQ�WKH�FKURPRVRPDO�
UHJLRQ� FRQWDLQLQJ� WKH� $*7�0���7� JHQH� DQG� EORRG�
SUHVVXUH��7KLV�OHG�WR�WKH�K\SRWKHVLV�WKDW�$*7�0���7�
PD\�EH�D�FDQGLGDWH�JHQH�IRU�HVVHQWLDO�+71�LQ�KXPDQV�
DQG�WKDW�WKH�77�JHQRW\SH�RI�WKH�$*7�JHQH�LV�FRUUHODW�
HG� ZLWK� +71� LQ� GLIIHUHQW� HWKQLF� SRSXODWLRQV� >�@��
+RZHYHU��WKHUH�DUH�FRQIOLFWLQJ�UHVXOWV�RQ�WKH�HIIHFW�RI�
WKH�$*7�0���7�JHQH�SRO\PRUSKLVP�RQ�+71��7KLV�
GLVFUHSDQF\� LV� HPSKDVL]HG� LQ� FHUWDLQ� VWXGLHV� WKDW� HV�
WDEOLVKHG� D� OLQN� EHWZHHQ� WKHVH� SRO\PRUSKLVPV� DQG�
+71��ZKLOH�RWKHUV�GLG�QRW�>��@��7KXV��WKH�SXUSRVH�RI�
WKLV� VWXG\� ZDV� WR� LGHQWLI\� WKH� DVVRFLDWLRQ� RI� $*7�
0���7�JHQH�SRO\PRUSKLVPV�ZLWK�ULVN�RI�+71�DQG�WR�
GHWHUPLQH�WKH�HIIHFW�RI�FOLQLFDO�SDUDPHWHUV�LQ�SUHGLFW�
LQJ�WKH�RFFXUUHQFH�RI�+71�DPRQJ�WKH�(WKLRSLDQ�SRS�
XODWLRQ� 
 
3DWLHQWV�DQG�0HWKRGV 
6WXG\�'HVLJQ�DQG�3DUWLFLSDQWV 
)URP�0D\�WR�$XJXVW�������D�KRVSLWDO-EDVHG�PDWFKHG�
FDVH� FRQWURO� VWXG\� ZDV� FRQGXFWHG� DW� 'HEUH� 7DERU�
5HIHUUDO�+RVSLWDO��7KH�KRVSLWDO�KDV�D�IROORZ-XS�PHGL�
FDO�UHIHUUDO�FOLQLF��05&��IRU�FKURQLF�LOOQHVVHV��LQFOXG�
LQJ�+71�ZKHUH�WUHDWPHQW�DQG�IROORZ-XS�VHUYLFHV�DUH�
SURYLGHG� IRU� SDWLHQWV� ZLWK� +71� WDNH� SODFH�� $OO� SD�
WLHQWV�ZKR�YLVLWHG�05&�ZHUH� WKH� VRXUFH�SRSXODWLRQ��
DQG�SDWLHQWV�ZKR�ZHUH�XQGHU�IROORZ-XS�IRU�+71�ZHUH�
WKH� FDVHV�� $JH� DQG� VH[-PDWFKHG� QRUPRWHQVLYH� SD�
WLHQWV�PDQDJHG�DW�WKH�IDFLOLW\�GXULQJ�WKH�VWXG\�SHULRG�
VHUYHG�DV�FRQWUROV�� 
,QFOXVLRQ�DQG�([FOXVLRQ�&ULWHULD 
7KH� VWXG\� LQFOXGHG� SDWLHQWV� ZKR� ZHUH� GLDJQRVHG� WR�
KDYH� K\SHUWHQVLRQ� DQG�ZHUH� UHFHLYLQJ� WUHDWPHQW� DQG�
IROORZ-XS�FDUH�DW�05&�IRU�DW�OHDVW�RQH�\HDU��7KH�FRQ�
WUROV� ZHUH� DJH-� DQG� VH[-PDWFKHG� KHDOWK\� LQGLYLGXDOV�
ZLWK� QRUPDO� EORRG� SUHVVXUH� UHVXOWV� IURP� WKH� VDPH�
JHRJUDSKLFDO� ORFDWLRQ�DQG�VRFLDO�VWDWXV��3DWLHQWV�ZKR�
ZHUH� GLDJQRVHG� WR� KDYH� UHQDO� GLVHDVH�� VHFRQGDU\�
+71�� RU� D� FKURQLF� EDFWHULDO� RU� YLUDO� LQIHFWLRQ� ZHUH�
H[FOXGHG��3DWLHQWV�ZKR�ZHUH�XQDEOH�WR�UHVSRQG�RU�DUH�
QRW� ZLOOLQJ� WR� JLYH� LQIRUPHG� FRQVHQW� ZHUH� H[FOXGHG�
IURP�WKLV�VWXG\� 

6DPSOH�6L]H�'HWHUPLQDWLRQ� 
7KH� VDPSOH� VL]H� ZDV� GHWHUPLQHG� XVLQJ� DQDO\WLFDO�
VWXG\� VDPSOH� VL]H� FDOFXODWLRQ� E\� WDNLQJ� FRQILGHQFH�
OHYHO�RI������D�SRZHU�RI�����ZLWK�D�GRXEOH�SRSXOD�
WLRQ�SURSRUWLRQ�IRUPXOD�� 

 
6LQFH� VLPLODU� VWXGLHV� DUH� QRW� GRQH� LQ� WKH� (WKLRSLDQ�
SRSXODWLRQ�� WKH� VDPSOH� VL]H� ZDV� GHWHUPLQHG� E\� DV�
VXPLQJ� H[SHFWHG� SURSRUWLRQV� RI� ����� DVVRFLDWLRQV�
DPRQJ� WKH�K\SHUWHQVLYH�FDVH�JURXS�DQG������DPRQJ�
WKH�QRUPRWHQVLYH�FRQWURO�JURXS� >��@��7KH� ILQDO� VDP�
SOH�VL]H�DIWHU�DGGLQJ� WKH�����QRQ-UHVSRQVH�UDWH�ZDV�
���������FDVHV�DQG�����FRQWUROV��RI�ERWK�VH[HV��3DU�
WLFLSDQWV� ZHUH� VHOHFWHG� E\� VLPSOH� UDQGRP� VDPSOLQJ�
PHWKRGV�� XVLQJ� D� WDEOH� RI� UDQGRP� QXPEHUV� �751���
IURP�DOO�WKH�UHJLVWHUHG�SDWLHQWV� 
 
'DWD�&ROOHFWLRQ�0HWKRGV 
7KH� VRFLR-GHPRJUDSKLF� FKDUDFWHULVWLFV� RI� ERWK� SD�
WLHQWV�DQG�KHDOWK\�FRQWURO�VXEMHFWV�ZHUH�DVVHVVHG�XV�
LQJ� D� VHPL-VWUXFWXUHG� TXHVWLRQQDLUH�� 3RUWDEOH� GLJLWDO�
VFDOHV�DQG�SRUWDEOH� VWDGLRPHWHUV�ZHUH�XVHG� WR�GHWHU�
PLQH� ERG\� ZHLJKW� DQG� KHLJKW�� UHVSHFWLYHO\�� %RG\�
PDVV�LQGH[��%0,��ZDV�FRPSXWHG�E\�GLYLGLQJ�ZHLJKW�
�LQ�NLORJUDPV��E\�KHLJKW��LQ�PHWHUV�VTXDUHG���3DUWLFL�
SDQWV�ZHUH�FODVVLILHG�DV�XQGHUZHLJKW��%0,��������NJ�
P���� KHDOWK\� ������ -� ��� NJ�P���� RYHUZHLJKW� �����–
����� NJ�P��� RU� REHVH� ��� ��� NJ�P��� EDVHG� RQ� WKHLU�
%0,�>��@��$�GLJLWDO� LQVWUXPHQW�ZDV�XVHG�WR�PHDVXUH�
EORRG�SUHVVXUH�LQ�WKH�VLWWLQJ�VWDQFH�DIWHU���PLQXWHV�RI�
UHVW�� DQG� WKH�DYHUDJH�RI� WKUHH� UHDGLQJV�ZDV� WR�GHWHU�
PLQH�DQG�UHFRUG�WKH�6%3�DQG�'%3��3DUWLFLSDQWV�ZHUH�
FDWHJRUL]HG� DV� K\SHUWHQVLYH� LI� WKHLU� PHDQ� 6%3� ��
���PP+J�DQG�PHDQ�'%3����PP+J�RU�LI�WKH\�XVHG�
DQWLK\SHUWHQVLYH� PHGLFDWLRQ�� SUH-K\SHUWHQVLRQ�� 6%3�
���–����PP+J�RU�'%3���–���PP+J��QRUPDO�EORRG�
SUHVVXUH�� 6%3� ����� PP+J� DQG� '%3� ���� PP+J�
>��@�� 
 
6DPSOH�&ROOHFWLRQ�DQG�/DERUDWRU\�0HWKRGV 

$OO� SDUWLFLSDQWV�� LQFOXGLQJ� SDWLHQWV� DQG� KHDOWK\� FRQ�
WUROV�KDG�D�EORRG�VDPSOH�RI�ILYH�PLOOLOLWHUV�WDNHQ�IURP�
WKH�PHGLDQ�FXELWDO�YHLQ�E\�ODERUDWRU\�VWDII�IROORZLQJ�
TXDOLW\�FRQWURO�DQG�VDIHW\�SURFHGXUHV��)URP�WKH���PO�
VDPSOH�� �� PO� ZDV� UHWDLQHG� LQ� WKH� WHVW� WXEH� ZLWKRXW�
DQWLFRDJXODQWV� WR� DOORZ� WKH� EORRG� WR� FORW��7KH� WXEHV�
ZHUH� WKHQ� FHQWULIXJHG� WR� H[WUDFW� WKH� VHUXP�� ZKLFK�
ZDV� WKHQ� FROOHFWHG� LQWR� QHZ� WXEHV� IRU� ELRFKHPLFDO�
WHVWV�� (Q]\PDWLF� DQDO\VHV� RI� 7&�� 7*�� /'/�� +'/��
FUHDWLQLQH�� DQG�JOXFRVH�ZHUH�SHUIRUPHG�RQ�HDFK� WHVW�
LQ� WKH� 'HEUH� 7DERU� 5HIHUUDO� +RVSLWDO� GLDJQRVWLF� OD�
ERUDWRU\� XVLQJ� WKH� 'LPHQVLRQ� (;/� ���� IXOO\� DXWR�
PDWHG� DQDO\]HU�� 5HVXOWV� ZHUH� WKHQ� VFRUHG� E\� DQ� LQ�
YHVWLJDWRU�EOLQGHG�WR�WKH�VDPSOH�ZLWKGUDZDO�FRQGLWLRQ�



���� 

 

DQG� H[SHULPHQWDO� JURXSV�� GLDEHWHV� PHOOLWXV� KDV� EHHQ�
LGHQWLILHG� LI� WKH� IDVWLQJ� SODVPD� JOXFRVH� OHYHO� LV� JUHDWHU�
WKDQ�����PJ�GO�>��@��'\VOLSLGHPLD�FDQ�EH�GHILQHG�LI�7&��
7*�� DQG� /'/� OHYHOV� DUH� DERYH� ���� PJ�GO�� ���� PJ�GO��
DQG�����PJ�GO��UHVSHFWLYHO\��DQG�WKH�+'/�OHYHO�LV�EHORZ�
��� PJ�GO� >��@�� .LGQH\� GLVHDVH� ZDV� GLDJQRVHG� LI� WKH�
EORRG�FUHDWLQLQH�FRQFHQWUDWLRQ�ZDV�!����PJ�GO�>��@� 
,Q�WKH�PROHFXODU�ELRORJ\�ODERUDWRU\�DW� WKH�8QLYHUVLW\�RI�
*RQGDU�� JHQRPLF� GHR[\ULERQXFOHLF� DFLG� �'1$�� ZDV�
H[WUDFWHG�IURP�WKH�UHPDLQLQJ���PO�RI�VDPSOHV�FROOHFWHG�
LQ� ('7$-FRQWDLQLQJ� WXEHV� IURP� HDFK� SDUWLFLSDQW�� 7KH�
QRQ-HQ]\PDWLF� VDOWLQJ-RXW� DSSURDFK� >��@� ZDV� XVHG� WR�
LVRODWH� '1$� IURP� HWK\OHQHGLDPLQHWHWUDDFHWLF� DFLG�
�('7$�� DQWLFRDJXODWHG� EORRG� IURP� ERWK� SDWLHQWV� DQG�
FRQWUROV��7KH�EORRG�ZDV�WKHQ�SXW�LQWR�D�FOHDQ�����PO�(S�

SHQGRUI�WXEH��%\�O\VLQJ�DQG�HOLPLQDWLQJ�WKHP�ZLWK�
D�EXIIHU�VROXWLRQ��UHG�EORRG�FHOOV�ZHUH�UHPRYHG��7R�
O\VH�ZKLWH�EORRG�FHOOV��D�QXFOHDU�O\VLV�EXIIHU�VROX�
WLRQ� ZDV� XVHG�� 7KHQ�� WR� SUHFLSLWDWH� DQG� UHPRYH�
SURWHLQV����0��KLJKO\�FRQFHQWUDWHG�VRGLXP�FKORULGH�
�1D&O��ZDV�DSSOLHG��$IWHU� IUHH]LQJ�ZLWK� LVRSURSD�
QRO� DQG� ZDVKLQJ� ZLWK� ���� LFH-FROG� HWKDQRO�� WKH�
'1$� ZDV� SUHFLSLWDWHG�� 7KHQ�� 7ULV-('7$� �7(��
EXIIHU� ZDV� XVHG� WR� GLVVROYH� JHQRPLF� '1$�� 7KH�
TXDOLW\�RI�LVRODWHG�JHQRPLF�'1$�ZDV�YHULILHG�XWL�
OL]LQJ� ��� DJDURVH� JHO� HOHFWURSKRUHVLV� �)LJXUH� ����
DQG� WKH� VDPSOH� ZDV� NHSW� DW� -��� �&� XQWLO� LW� ZDV�
QHHGHG�>��@�� 

 

)LJXUH������ �DJDURVH�JHO�HOHFWURSKRUHVLV�VKRZLQJ�WKH�TXDOLW\�RI�LVRODWHG�JHQRPLF�'1$ 

7KH�$*7�0���7�JHQRW\SHV�ZHUH�LGHQWLILHG�XVLQJ�WKH�
IRUZDUG� SULPHU�� �¶&$*�**7�*&7�*7&�&$&�$&7�
**$�&&&�&-�¶�DQG�WKH�UHYHUVH�SULPHU���¶-&&*�777�
*7*�&$*�**&�&7*�*&7�&7&�7-�¶��$PSOLILFDWLRQ�
ZDV�SHUIRUPHG�LQ�D����ȝO�UHDFWLRQ�PL[WXUH�XVLQJ������
ȝO�RI�PDVWHU�PL[��FRQVWLWXWLQJ�RI�0J&O���G173V��3&5�
EXIIHU��DQG�7DT�SRO\PHUDVH�����ȝO�IRUZDUG�SULPHU����ȝO�
UHYHUVH�SULPHU�� ��ȝO� RI� HDFK� VDPSOH�� DQG�����ȝO�3&5�
JUDGH�ZDWHU�DGGHG�WR�FRPSOHWH�WKH�WRWDO�YROXPH���7KH�
LQLWLDO�GHQDWXUDWLRQ� VWDJH�RI� WKH�DPSOLILFDWLRQ�ZDV� VHW�
DW� ���PLQ� DW� ��� �&�� DQG� LW� ZDV� WKHQ� IROORZHG� E\� ���
F\FOHV�RI�DPSOLILFDWLRQ�ZLWK�GHQDWXUDWLRQ�VWDJHV�RI����

V�DW�����&��SULPHU�K\EULGL]DWLRQ�VWDJHV�RI����V�DW�����
&��HORQJDWLRQ�VWDJHV�RI����V�DW�����&��DQG�D�ILQDO�HORQ�
JDWLRQ� VWDJH� RI� �� PLQ� DW� ��� �&�� ,Q� D� ���ȝO� PL[WXUH�
FRQWDLQLQJ� �� 8� RI� WKH� SDUWLFXODU� UHVWULFWLRQ� HQ]\PH�
7WK���,�� WKH� DPSOLILHG� IUDJPHQW� RI� ���� ES� ZDV� H[�
SRVHG� WR� HQ]\PDWLF� GLJHVWLRQ� IRU� �� K� DW� ��� �&�� 7KH�
PXWDQW�7����DOOHOH�VSOLWV�LQWR�WZR�SLHFHV�WKDW�DUH�����
DQG����ES��EXW�WKH�QRUPDO�0����DOOHOH�LV�QRW�GLJHVWHG�
>��@�� )LQDOO\�� $*7� 0���7� JHQRW\SHV� ���� ES� EDQG�
�00��� ����ES� EDQG� �77��� DQG� ERWK� ���� DQG� ����ES�
EDQG��07��3&5�SURGXFWV�ZHUH�VHSDUDWHG�HOHFWURSKR�
UHWLFDOO\�IRU����PLQXWHV�DW�����9�RQ�D����DJDURVH�JHO�
�)LJXUH����� 

 
'1$�
/DGGHU 

,VRODWHG�JH�
QRPLF�'1$ 

 

����ES 

����ES 

����ES�
'1$�
/DGGHU 

 
)LJXUH������ �DJDURVH�JHO�HOHFWURSKRUHVLV�VKRZLQJ�WKH�TXDOLW\�RI�LVRODWHG�JHQRPLF�'1$ 
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6WDWLVWLFDO�$QDO\VLV 
7KH� GDWD� ZHUH� DQDO\]HG� XVLQJ� 67$7$� YHUVLRQ�
���� 0HDQ� DQG� VWDQGDUG� GHYLDWLRQ� �[�V�� ZHUH�
XVHG�WR�VXPPDUL]H�WKH�TXDQWLWDWLYH�GDWD��DQG�WKH�
W-WHVW�IRU�LQGHSHQGHQW�VDPSOHV�ZDV�DSSOLHG�WR�WHVW�
VWDWLVWLFDO� GLIIHUHQFHV� LQ� FRQWLQXRXV� YDULDEOH�
PHDVXUHV�DPRQJ�WKH�FDVHV�DQG�FRQWUROV��7KH�FKL-
VTXDUH� WHVW� ZDV� XVHG� WR� GHWHUPLQH� WKH� OHYHO� RI�
VLJQLILFDQFH� WKH� GLIIHUHQFHV� LQ� JHQRW\SH� DQG� DO�
OHOH� IUHTXHQFLHV� LQ� WKH� WZR� JURXSV�� /RJLVWLF� UH�
JUHVVLRQ� ZLWK� D� ���� FRQILGHQFH� LQWHUYDO� �&,��
ZDV� HPSOR\HG� WR� DVVHVV� WKH� ULVN� FRUUHODWLRQV� RI�
$*7�JHQH�0���7�SRO\PRUSKLVPV�ZLWK�+71��$�
RQH-ZD\� DQDO\VLV� RI� YDULDQFH� �$129$�� ZDV�
XVHG� WR� FRPSDUH� WKH� DVVRFLDWLRQ� EHWZHHQ� $*7�
JHQRW\SHV� DQG� FOLQLFDO� H[SODQDWRU\� IDFWRUV�� 6WD�
WLVWLFDO�VLJQLILFDQFH�ZDV�GHILQHG�DV�D�S-YDOXH�OHVV�
WKDQ������ 

 
5HVXOWV 
6RFLR-'HPRJUDSKLF�DQG�&OLQLFDO�&KDUDFWHULVWLFV 
2I� WKH� WRWDO� ���� SDWLHQWV� ZLWK� +71�� ��� ��������
ZHUH�PDOH�DQG������������ZHUH�IHPDOH��$PRQJ�WKH�
����KHDOWK\�FRQWURO�JURXSV�������������ZHUH�PDOH�
DQG������������ZHUH�IHPDOH��7KH�PHDQ�DJH�RI�WKH�
VWXG\� JURXS� ZDV� ����� �� ����� DQG� ����� �� ���� IRU�
FDVHV� DQG� FRQWUROV�� UHVSHFWLYHO\�� 7KH� FOLQLFDO� ULVN�
IDFWRUV� RI�+71�VXFK� DV� WRWDO� FKROHVWHURO� �7&��� WUL�
JO\FHURO� �7*��� /'/-FKROHVWHURO�� DQG� +'/-
FKROHVWHURO� OHYHOV� DUH� VLJQLILFDQWO\� KLJKHU� LQ� SD�
WLHQWV�ZKHQ�FRPSDUHG�WR�FRQWUROV��3����������+RZ�
HYHU�� WKHUH�ZHUH�QR�VLJQLILFDQW�GLIIHUHQFHV� LQ�ERG\�
PDVV�LQGH[��%0,���IDVWLQJ�EORRG�JOXFRVH��)%*���RU�
EORRG�FUHDWLQLQH�OHYHO�EHWZHHQ�WKH�WZR� 

7DEOH����'HPRJUDSKLF�DQG�FOLQLFDO�FKDUDFWHU LVWLFV�RI�WKH�VWXG\�SDU WLFLSDQWV�LQ�'HEUH�7DERU �5HIHU UDO�+RV�
SLWDO��1RUWKZHVW�(WKLRSLD������ 

 9DULDEOHV +71��Q ���� &RQWURO��Q ���� 3-YDOXH 

%0,��.J�P�� �������� �������� ������ 

)%*��PJ�GO� ��������� �������� ������ 

&UHDWLQLQH��PJ�GO� ��������� ��������� ������ 

7RWDO�&KROHVWHURO��PJ�GO� ���������� ���������� �������
 

7ULJO\FHULGH��PJ�GO� ���������� ���������� �������
 

/'/-&KROHVWHURO��PJ�GO� ��������� ��������� �������
 

+'/-&KROHVWHURO��PJ�GO� ��������� ��������� �������
 

)DPLO\�KLVWRU\�RI�+71���� ������ ������ ������ 

1RWH�� 
3-YDOXH������� LV� FRQVLGHUHG� VWDWLVWLFDOO\� VLJQLILFDQW��$EEUHYLDWLRQV�� +71��+\SHUWHQVLRQ��%0,��
%RG\�0DVV�,QGH[���)%*��)DVWLQJ�%ORRG�*OXFRVH��/'/��/RZ�'HQVLW\�/LSRSURWHLQ��+'/��+LJK�'HQVLW\�
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'LVWULEXWLRQ� RI� $*7� *HQRW\SHV� DQG� $OOHOH�
)UHTXHQFLHV� 
7KH�IUHTXHQFLHV�RI� WKH�77��07��DQG�00�JHQR�
W\SHV� DPRQJ� WKH� SDWLHQW� JURXS� ZHUH� �������
������� DQG�������� UHVSHFWLYHO\��ZKHUHDV� LQ� WKH�
FRQWURO�JURXS�WKH�VDPH�ZHUH�IRXQG�WR�EH��������
������� DQG� ������� UHVSHFWLYHO\� �)LJXUH� ���� $�
VLJQLILFDQW�GLIIHUHQFH�LV�REVHUYHG�LQ�WKH�GLVWULEX�
WLRQ� RI� $*7� JHQRW\SH� SRO\PRUSKLVP� EHWZHHQ�
WKH� WZR� JURXSV�� )XUWKHUPRUH�� WKH� IUHTXHQF\� RI�
KRPR]\JRXV�77� JHQRW\SH� LQ� SDWLHQWV�ZDV� WKUHH�
WLPHV�KLJKHU�WKDQ�LQ�WKH�FRQWURO�JURXS��25 ������

���� &,�� ����-������ 3� �������� 7KH� DOOHOLF� IUH�
TXHQFLHV� VKRZHG� KLJK� VLJQLILFDQFH� EHWZHHQ� WKH�
WZR�JURXSV��LQ�ZKLFK�WKH�7�DOOHOH�ZDV�WZR�WLPHV�
KLJKHU�WKDQ�WKH�0�DOOHOH�LQ�K\SHUWHQVLYH�SDWLHQWV�
�25� ����������&,������-������3� �������FRP�
SDUHG� WR�KHDOWK\�FRQWUROV��+RZHYHU��$*7�JHQR�
W\SHV�07�DQG�00�ZHUH�OHVV�IUHTXHQW�LQ�K\SHU�
WHQVLYH� SDWLHQWV� LQ� FRPSDULVRQ� WR� KHDOWK\� FRQ�
WUROV��7DEOH���� 
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W\SHV� IRU� 6%3�� 0HDQ� �6'�� ����������� 9V�
�����������DQG�������������3����������DQG�
'%3� ���������� 9V� ��������� DQG� ����������
3�� �������� UHVSHFWLYHO\�� 7KH� RWKHU� FOLQLFDO�
YDULDEOHV� ZHUH� QRW� IRXQG� WR� EH� VLJQLILFDQW�
ZLWK�WKH�JHQRW\SHV�LQ�WKH�VWXG\�JURXSV��3!�
������ 

$VVRFLDWLRQ� EHWZHHQ� $*7� *HQRW\SHV� DQG�
&OLQLFDO�3DUDPHWHUV� 
7DEOH���OLVWV�WKH�FOLQLFDO�SDUDPHWHUV�RI�SDWLHQWV�
ZLWK� +71� DQG� QRUPRWHQVLYH� FRQWUROV� LQ� UHOD�
WLRQ� WR� WKH� $*7�0���7� JHQRW\SH�� 7KH� $*7�
JHQRW\SHV� �77�� 07�� DQG� 00�� LQ� WKH� VWXG\�
JURXSV� ZHUH� DVVHVVHG� ZLWK� IDVWLQJ� EORRG� JOX�
FRVH�� EORRG�SUHVVXUH�� DQG� OLSLG�SURILOHV��%ORRG�
SUHVVXUH�ZDV�PRUH�VWURQJO\�FRUUHODWHG�ZLWK�WKH�
$*7-77�JHQRW\SH�WKDQ�WKH�07�DQG�00�JHQR�
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UDWH�RI�WKLV�JHQH�LQ�GLIIHUHQW�FHOO� OLQHV��UHVXOWLQJ�
LQ� WKH� $*7� 7���� YDULDQW� DQG� KLJKHU� SODVPD�
$*7�OHYHOV��ZKLFK�PD\�FRQWULEXWH�WR�WKH�HOHYD�
WLRQ� RI� EORRG� SUHVVXUH� >��@�� $*7� 0���7-77�
FDUULHUV� KDYH� D� KLJKHU� OHYHO� RI� DQJLRWHQVLQ� ,,�
WKDQ� QRQ-FDUULHUV��ZKLFK� DIIHFWV� WKH� IXQFWLRQ� RI�
HQGRWKHOLDO�FHOOV�LQ�D�QXPEHU�RI�ZD\V��LQFOXGLQJ�
E\�SURPRWLQJ�HQGRWKHOLDO� FHOO� DSRSWRVLV�� UDLVLQJ�
YDVFXODU� HQGRWKHOLDO� JURZWK� IDFWRU�� DQG� LPSDLU�
LQJ�WKH�SURGXFWLRQ�RI�QLWULF�R[LGH��7KLV�UHVXOWV�LQ�
D�KLJKHU�ULVN�RI�+71�DQG�LWV�DVVRFLDWHG�FRPSOL�
FDWLRQV�>��@�� 
2Q� WKH� RWKHU� KDQG�� WKH� ILQGLQJV� RI� WKLV� VWXG\�
GLVDJUHH� ZLWK� WKH� FDVH-FRQWURO� VWXG\� FRQGXFWHG�
LQ�6XGDQ��ZKLFK�LQFOXGHG����SDWLHQWV�ZLWK�HVVHQ�
WLDO�K\SHUWHQVLRQ�DQG����DSSDUHQWO\�KHDOWK\�FRQ�
WUROV��7KH� VWXG\�VKRZHG�QR�FRUUHODWLRQ�EHWZHHQ�
WKH�$*7�0���7�JHQH�SRO\PRUSKLVP�DQG�K\SHU�
WHQVLRQ�>��@��,Q�DGGLWLRQ��RWKHU�VWXGLHV�FRQGXFWHG�
LQ�SRSXODWLRQV�RI� �1LJHULD� >��@��0RQJROLD� >��@��
DQG� 7KDLODQG� >��@� FRQWUDVWHG� ZLWK� WKH� ILQGLQJV�
RI� WKH�FXUUHQW�VWXG\��DV� WKH\�ZHUH�XQDEOH� WR�GH�
WHFW� DQ\� VLJQLILFDQW� DVVRFLDWLRQ� EHWZHHQ� ���7�
KRPR]\JRVLW\�DQG� WKH�ULVN�RI�+71��&RQIOLFWLQJ�
UHVXOWV� UHJDUGLQJ� WKH� LQYROYHPHQW�RI�$*7�JHQH�
0���7�SRO\PRUSKLVPV�LQ�+71�DUH�OLNHO\�GXH�WR�
HWKQLF� GLIIHUHQFHV�� SRSXODWLRQ� KHWHURJHQHLW\��
JHRJUDSKLF� GLIIHUHQFHV�� VDPSOLQJ� ELDVHV�� DQG�
SRVVLEO\�RWKHU�HFRORJLFDO�IDFWRUV��$GGLWLRQDOO\��D�
QXPEHU� RI� HQYLURQPHQWDO� YDULDEOHV�� LQFOXGLQJ�
QXWULWLRQ� DQG� H[HUFLVH�� DUH� FRQQHFWHG� WR� DOWHUD�
WLRQV�LQ�WKH�HSLJHQHWLF�VWDWH�>��@� 

7KHUH� DUH� VRPH� OLPLWDWLRQV� WR� WKLV� VWXG\�� )LUVW��
WKH� UHODWLYHO\� VPDOO� VDPSOH� VL]H� PD\� OHDG� WR� D�

�'LVFXVVLRQ 
$OWKRXJK� FRQWUDGLFWRU\� UHVXOWV� KDYH� EHHQ� UHSRUWHG��
WKH� $*7� JHQH� 0���7� SRO\PRUSKLVP� KDV� EHHQ�
IRXQG�WR�EH�KLJKO\�UHODWHG�WR�D�KLJKHU�SUHYDOHQFH�RI�
+71� LQ� SRSXODWLRQV� IURP� GLIIHUHQW� HWKQLF� JURXSV�
>��@�� ,Q� RXU� LQYHVWLJDWLRQ�� SDWLHQWV� ZLWK� +71� KDG�
PXFK� JUHDWHU� UDWHV� RI� WKH� 7� DOOHOH� RI� WKH� $*7�
0���7� YDULDWLRQ� WKDQ� GLG� FRQWUROV�� DQG� WKH\� DOVR�
KDG� VLJQLILFDQWO\� KLJKHU� UDWHV� RI�$*7����7�KRPR�
]\JRVLW\� WKDQ� GLG� WKH� KHDOWK\� FRQWURO� VXEMHFWV�� DV�
VKRZQ�LQ�7DEOH����7KLV�ILQGLQJ�LV�LQ�DJUHHPHQW�ZLWK�
D� PHWD-DQDO\VLV� FRQGXFWHG� LQ� ,QGRQHVLD�� LQFOXGLQJ�
��� VWXGLHV�� ZKLFK� IRXQG� WKDW� SDWLHQWV� ZLWK� WKH� 7�
DOOHOH�ZHUH�PRUH� OLNHO\� WR� GHYHORS�+71� FRPSDUHG�
WR�WKH�FDUULHUV�RI�WKH�0�DOOHOH��25� ���������&,� �
����–������3��������>��@��$�FDVH-FRQWURO�VWXG\�ZLWK�
SRVLWLYH�UHVXOWV�ZDV�FRQGXFWHG�LQ�WKH�(J\SWLDQ�SRS�
XODWLRQ��LQFOXGLQJ����K\SHUWHQVLYH�FDVHV�DQG����DJH-�
DQG� JHQGHU-PDWFKHG� QRUPRWHQVLYH� FRQWUROV�� 7KH�
VWXG\� IRXQG� WKDW� SDWLHQWV� ZLWK� WKH� 77� JHQRW\SH�
�25 ���������3���������DQG�7�DOOHOH��25 ��������3�
�� ������� ZHUH� VLJQLILFDQWO\� DVVRFLDWHG� ZLWK� D� KLJK�
ULVN�RI�GHYHORSLQJ�+71�>��@��6LPLODUO\��RWKHU�VWXG�
LHV�FRQGXFWHG�LQ�SRSXODWLRQV�IURP�*UHHFH�>��@�0D�
OD\VLD� >��@�� 6RXWK� ,QGLD� >��@�� DQG� &KLQD� >��@�
VKRZHG� WKDW� WKH�$*7�JHQH�77�JHQRW\SH�DQG����7�
DOOHOH� ZHUH� DVVRFLDWHG� ZLWK� D� KLJK� LQFLGHQFH� RI�
+71�� 
7KH� H[DFW� PHFKDQLVP� E\� ZKLFK� WKH�0���7�PXWD�
WLRQ� LQ� WKH�$*7�JHQH� LQFUHDVHV� WKH� ULVN�RI�+71� LV�
XQNQRZQ��7KH�$*7����7�YDULDWLRQ�IHDWXUHV�D�JXD�
QLQH-WR-DGHQRVLQH�WUDQVLWLRQ�DW�-��ES�XSVWUHDP�RI�WKH�
WUDQVFULSWLRQ�LQLWLDWLRQ�VLWH�DQG�KDV�EHHQ�GHWHUPLQHG�
WR� EH� LQ� IXOO� OLQNDJH� GLVHTXLOLEULXP�� >��@�� 7KLV� QX�
FOHRWLGH� VXEVWLWXWLRQ� DIIHFWV� WKH� EDVDO� WUDQVFULSWLRQ�

7DEOH����$VVRFLDWLRQ�RI�$*7�0���7�JHQRW\SH�ZLWK�FOLQLFDO�FKDUDFWHU LVWLFV�LQ�'HEUH�7DERU �5HIHU UDO�+RV�
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 ELDV� LQ� LGHQWLI\LQJ� WKH�$*7�0���7�JHQRW\SH� LQ�K\�
SHUWHQVLRQ� SDWLHQWV�� 6HFRQG�� WKHUH� DUH� QR� PHDVXUH�
PHQWV� RI� SODVPD� DQJLRWHQVLQRJHQ� OHYHOV� RU� RWKHU�
JHQHV�RI�5$$6�WKDW�FRUUHODWH�GLUHFWO\�ZLWK�WKH�JHQHW�
LF� SRO\PRUSKLVPV� LQYHVWLJDWHG� LQ� WKLV� VWXG\�� ,WV�
VWUHQJWK� LV� WKDW� WKLV� LV� WKH� ILUVW� LQYHVWLJDWLRQ� LQWR� WKH�
UHODWLRQVKLS� EHWZHHQ� JHQHWLF� YDULDWLRQV� RI� $*7� DQG�
K\SHUWHQVLRQ� LQ� WKH�(WKLRSLDQ�SRSXODWLRQ��7KLV� VWXG\�
DOVR� H[DPLQHG� WKH� ULVN� RI� K\SHUWHQVLRQ� DVVRFLDWHG�
ZLWK�FOLQLFDO�DQG�ELRPHGLFDO�FKDUDFWHULVWLFV�WR�XQGHU�
OLQH� WKH� FUXFLDO� LPSRUWDQFH� RI� WKH� OLQN� ZLWK� WKH� GLV�
HDVH��7KH�ILQGLQJV�RI� WKLV�VWXG\�ZLOO�VHUYH�DV�D�EDVH�
OLQH� IRU� WKHVH� ORFDWLRQV��EXW� IXUWKHU� UHVHDUFK�PXVW�EH�
GRQH�WR�ILQG�RWKHU�JHQH�SRO\PRUSKLVPV�WKDW�FRXOG�EH�
UHOLDEOH�LQGLFDWRUV�RI�K\SHUWHQVLRQ�LQ�WKLV�SRSXODWLRQ��� 

&RQFOXVLRQ 
7KH� SUHVHQW� VWXG\� LQGLFDWHG� WKDW� WKH� $*7� 0���7�
JHQH�RI� WKH�77�JHQRW\SH�DQG� WKH�7�DOOHOH�KDYH�EHHQ�
DVVRFLDWHG�ZLWK�D�KLJK�ULVN�RI�K\SHUWHQVLRQ��$V�D� UH�
VXOW�� WKH� $*7� JHQH� 0���7� SRO\PRUSKLVP� PD\� EH�
XVHG�DV�D�ELRPDUNHU�IRU�HDUO\�K\SHUWHQVLRQ�GLDJQRVLV�
DV�ZHOO�DV�WR�PDQLSXODWH�DQWLK\SHUWHQVLYH�PHGLFDWLRQ�
WKHUDSHXWLF�VWUDWHJLHV� ,Q�IXWXUH�VWXGLHV��D�SRSXODWLRQ-
EDVHG�VWXG\�VKRXOG�EH�QHHGHG�IRU�IXUWKHU�FODULILFDWLRQ�
RI�WKH�DVVRFLDWLRQ�EHWZHHQ�$*7�DQG�K\SHUWHQVLRQ� 
 
$EEUHYLDWLRQV�� $*7�� $QJLRWHQVLQRJHQ�� %0,��
%RG\� 0DVV� ,QGH[�� '1$�� 'HR[\ULERQXFOHLF� $FLG��
'%3��'LDVWROLF�%ORRG�3UHVVXUH��('7$��(WK\OHQHGLD�
PLQHWHWUDDFHWLF� $FLG�� )%*�� )DVWLQJ� %ORRG� *OXFRVH��
+'/�� +LJK� 'HQVLW\� /LSRSURWHLQ�� +71�� +\SHUWHQ�
VLRQ��/'/��/RZ�'HQVLW\�/LSRSURWHLQ��3&5��3RO\PHU�
DVH� &KDLQ� 5HDFWLRQ�� 5$$6�� 5HQLQ-$QJLRWHQVLQ-
$OGRVWHURQH� 6\VWHP�� 6%3�� 6\VWROLF� %ORRG� 3UHVVXUH��
7&��7RWDO�&KROHVWHURO��7*��7ULJO\FHURO� 

 

'HFODUDWLRQV 
(WKLFV� DSSURYDO� DQG� FRQVHQW� WR� SDUWLFLSDWH�� 7KH�
VWXG\� SURWRFRO� ZDV� DSSURYHG� E\� WKH� 8QLYHUVLW\� RI�
*RQGDU� LQVWLWXWLRQDO� UHYLHZ� ERDUG� �5HI�� 93�
577����������������6WXG\�SDUWLFLSDQWV�ZHUH�UHFUXLW�
HG�RQO\�DIWHU� LQIRUPHG�ZULWWHQ�FRQVHQW�ZDV�REWDLQHG�
IURP�HDFK�RI�WKHP��$OO�WKH�GDWD�ZHUH�REWDLQHG�DQRQ\�
PRXVO\�DQG�WUHDWHG�FRQILGHQWLDOO\� 
 
&RQVHQW�WR�3XEOLVK��1RW�DSSOLFDEOH 
$YDLODELOLW\� RI� GDWD�� 7KH� GDWD� XVHG� DQG�RU � DQD�
O\]HG� LQ� WKH� FXUUHQW� VWXG\� FDQ� EH� SURYLGHG� E\� WKH�
FRUUHVSRQGLQJ�DXWKRU�XSRQ�UHTXHVW� 
&RPSHWLQJ� LQWHUHVWV�� 7KH� DXWKRUV� FODLP� WR� KDYH�
QR�FRQIOLFWV�RI�LQWHUHVW� 
$XWKRUV¶�FRQWULEXWLRQ� 
$OO� DXWKRUV� PDGH� D� VLJQLILFDQW� FRQWULEXWLRQ� WR� WKH�
ZRUN� UHSRUWHG�� ZKHWKHU� WKDW� ZDV� LQ� WKH� FRQFHSWLRQ��
VWXG\�GHVLJQ��H[HFXWLRQ��DFTXLVLWLRQ�RI�GDWD��DQDO\VLV��
RU�LQWHUSUHWDWLRQ��$�0��SUHSDUHG�WKH�ILQDO�GUDIW�RI�WKH�
PDQXVFULSW�� 0�$�� DQG� 1�%�� FULWLFDOO\� UHYLHZHG� WKH�
DUWLFOH� DQG� JDYH� ILQDO� DSSURYDO� RI� WKH� YHUVLRQ� WR� EH�
SXEOLVKHG��$OO�DXWKRUV�DJUHHG�RQ�WKH�MRXUQDO�WR�ZKLFK�
WKH�DUWLFOH�KDV�EHHQ�VXEPLWWHG� 
)XQGLQJ��1R�IXQGV�ZHUH�REWDLQHG�IRU �WKLV�SDU WLFX�
ODU�VWXG\� 
$FNQRZOHGJPHQWV� 
:H�ZRXOG� OLNH� WR� H[WHQG� RXU� KHDUWIHOW� WKDQNV� WR� WKH�
'HEUH�7DERU�5HIHUUDO�+RVSLWDO� GLDJQRVWLF� ODERUDWRU\�
VWDII� IRU� WKHLU� VXSSRUW� GXULQJ� VDPSOH� FROOHFWLRQ� DQG�
ODERUDWRU\�DQDO\VLV� 

5HIHUHQFH� 
 
� $PDUH�)��+DJRV�%��6LVD\�0��0ROOD�%��8QFRQWUROOHG�K\SHUWHQVLRQ�LQ�(WKLRSLD��$�V\VWHPDWLF�UHYLHZ�DQG�

PHWD-DQDO\VLV�RI�LQVWLWXWLRQ-EDVHG�REVHUYDWLRQDO�VWXGLHV��%0&�&DUGLRYDVF�'LVRUG��������������–���GRL��
��������V�����-���-�����-�� 

� &DUH\�50��0XQWQHU�3��%RVZRUWK�+%��:KHOWRQ�3.��UHYHQWLRQ�DQG�&RQWURO�RI�+\SHUWHQVLRQ��-$&&�+HDOWK�
3URPRWLRQ�6HULHV��-��$P��&ROO�&DUGLRO������������������–������GRL����������M�MDFF������������� 

� 6DQGDU�2R�.�HW�DO���³,QFUHDVHG�3ODVPD�$QJLRWHQVLQRJHQ�/HYHO��%0,�DQG�,WV�$VVRFLDWLRQ�ZLWK�WKH�$QJLR�
WHQVLQRJHQ�*HQH�0���7�3RO\PRUSKLVP�DQG�(VVHQWLDO�+\SHUWHQVLRQ�LQ�0\DQPDU�´�&DUGLRO��9DVF��5HV���
��������������–�����GRL���������������-���������� 

� 6DDE�<��%���*DUG�3��5���DQG�2YHUDOO�$��'��-���³7KH�DVVRFLDWLRQ�RI�K\SHUWHQVLRQ�ZLWK�UHQLQ-DQJLRWHQVLQ�
V\VWHP�JHQH�SRO\PRUSKLVPV�LQ�WKH�/HEDQHVH�SRSXODWLRQ�´�-5$$6�-�-��5HQLQ-$QJLRWHQVLQ-$OGRVWHURQH�
6\VW��������������������–�������GRL��������������������������� 

� &KDULWD�%���3DGPD�*���6XVKPD�3���'HHSDN�3���DQG�3DGPD�7���³(VWLPDWLRQ�RI�ULVN�DQG�LQWHUDFWLRQ�RI�VLQJOH�
QXFOHRWLGH�SRO\PRUSKLVPV�DW�DQJLRWHQVLQRJHQ�ORFXV�FDXVLQJ�VXVFHSWLELOLW\�WR�HVVHQWLDO�K\SHUWHQVLRQ��$�
FDVH�FRQWURO�VWXG\�´�-5$$6�-�-��5HQLQ-$QJLRWHQVLQ-$OGRVWHURQH�6\VW���������������������–�������GRL��
������������������������� 

� .XVPLHUVND-8UEDQ�.���³,QIOXHQFH�RI�6HOHFWHG�3RO\PRUSKLVPV�RI�WKH�5HQLQ-$QJLRWHQVLQ�6\VWHP�RQ�WKH�
5HJXODWLRQ�RI�%ORRG�3UHVVXUH�GXULQJ�3UHJQDQF\�´�2EVWHW��*\QHFRO��,QW��-������������������–������GRL��
���������RJLM��������������� 

� $ODHH�(���0LUDKPDGL�0����*KDVHPL�0��.DVKDQL�(���$WWDU�0���DQG�6KDKED]L�0���³$VVRFLDWLRQ�VWXG\�RI�
0���7�DQG�$-�*�SRO\PRUSKLVPV�LQ�DQJLRWHQVLQRJHQ�JHQH�ZLWK�ULVN�RI�GHYHORSLQJ�SUHHFODPSVLD�LQ�
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,UDQLDQ�SRSXODWLRQ�´�$QQ��+XP��*HQHW��������������������–�������GRL����������DKJ������� 
� 7VXQJ�.DR�:���/LQ�&KDQJ�&���DQG�:H\�/XQJ�)���³7KH�'LVSDULW\�RI�$QJLRWHQVLQRJHQ�0���7�3RO\PRU�

SKLVP�LQ�3DWLHQWV�ZLWK�0DMRU�'HSUHVVLYH�'LVRUGHU�DQG�+\SHUWHQVLRQ�´�1HXURSV\FKLDWU\��/RQGRQ�����������
��������–�������GRL����������QHXURSV\FKLDWU\��������� 

� 6LQJK�.��'���-DMRGLD�$���.DXU�+���.XNUHWL�5���DQG�.DUWKLNH\DQ�0���³*HQGHU�6SHFLILF�$VVRFLDWLRQ�RI�5$6�
*HQH�3RO\PRUSKLVP�ZLWK�(VVHQWLDO�+\SHUWHQVLRQௗ��$�&DVH-&RQWURO�6WXG\����������������������-��� 

�� :LERZR�$���+DVWXWL�3���DQG�6XVDQWL�9���³7KH�$VVRFLDWLRQ�RI�$QJLRWHQVLQ-FRQYHUWLQJ�(Q]\PH�,�'�DQG�$Q�
JLRWHQVLQRJHQ�0���7�3RO\PRUSKLVP�*HQHV�ZLWK�(VVHQWLDO�+\SHUWHQVLRQ��$�0HWD-DQDO\VLV�´�2SHQ�$FFHVV�
0DFHG��-��0HG��6FL������������������–�������GRL����������RDPMPV����������� 

�� &KDUDQ�-�DQG�%LVZDV�7���³+RZ�WR�FDOFXODWH�VDPSOH�VL]H�IRU�GLIIHUHQW�VWXG\�GHVLJQV�LQ�PHGLFDO�UHVHDUFK"�´�
,QGLDQ�-��3V\FKRO��0HG�������������������–�������GRL��������������-������������ 

�� *DGHNDU�7���'XGHMD�3���%DVX�,���9DVKLVKW�6���DQG�0XNKHUML�6���³&RUUHODWLRQ�RI�YLVFHUDO�ERG\�IDW�ZLWK�ZDLVW–
KLS�UDWLR��ZDLVW�FLUFXPIHUHQFH�DQG�ERG\�PDVV�LQGH[�LQ�KHDOWK\�DGXOWV��$�FURVV�VHFWLRQDO�VWXG\�´�0HG��-��
$UPHG�)RUFHV�,QGLD�����������������–������GRL����������M�PMDIL������������� 

�� )O\QQ�-��7�HW�DO���³&OLQLFDO�SUDFWLFH�JXLGHOLQH�IRU�VFUHHQLQJ�DQG�PDQDJHPHQW�RI�KLJK�EORRG�SUHVVXUH�LQ�FKLO�
GUHQ�DQG�DGROHVFHQWV�´�3HGLDWULFV����������������Y���GRL����������SHGV�����-����� 

�� .HXWPDQQ�6��HW�DO���³0HDVXUHPHQW�8QFHUWDLQW\�,PSDFWV�'LDJQRVLV�RI�'LDEHWHV�0HOOLWXV��5HOLDEOH�0LQLPDO�
'LIIHUHQFH�RI�3ODVPD�*OXFRVH�5HVXOWV�´�'LDEHWHV�7KHU�������������������–�������GRL����������V�����-���-
�����-Z� 

�� +HOPHUVVRQ-.DUOTYLVW�-���5LGHIHOW�3���%RLMD�(��(���DQG�1RUGLQ�*���³/RZHU�FUHDWLQLQH�FRQFHQWUDWLRQ�YDOXHV�
DQG�ORZHU�LQWHU-ODERUDWRU\�YDULDWLRQ�DPRQJ�6ZHGLVK�KRVSLWDO�ODERUDWRULHV�LQ������FRPSDUHG�WR�������5H�
VXOWV�IURP�WKH�(TXDOLV�H[WHUQDO�TXDOLW\�DVVHVVPHQW�SURJUDP�´�&OLQ��&KHP��/DE��0HG�������������������–
�������GRL����������FFOP-����-����� 

�� %LUKDQ�7��$���³$VVRFLDWLRQ�RI�DQJLRWHQVLQ-FRQYHUWLQJ�HQ]\PH�JHQH�LQVHUWLRQ���GHOHWLRQ�SRO\PRUSKLVPV�ZLWK�
ULVN�RI�K\SHUWHQVLRQ�DPRQJ�WKH�(WKLRSLDQ�SRSXODWLRQ�´������ 

�� $O-+DVVDQL�2��0��+���³'HWHFWLRQ�RI�$*7�*HQH�3RO\PRUSKLVP�LQ�3DWLHQW�ZLWK�+\SHUWHQVLRQ�LQ�0RVXO�
&LW\�´�,UDTL�-��%LRWHFKQRO������������������-��� 

�� 0RFDQ�2���5DGXOHVFX�'��$��1���%X]GXJDQ�(���&R]PD�$���/HXFXWD�'��&���DQG�3URFRSFLXF�/��0���
³$VVRFLDWLRQ�%HWZHHQ�0���7�-$*7�DQG�,���'�-$&(�3RO\PRUSKLVPV�DQG�&DURWLG�$WKHURPDWRVLV�LQ�+\SHU�
WHQVLYH�3DWLHQWVௗ��$�&URVV-6HFWLRQDO�6WXG\�´������������Y����–��������GRL�����������LQYLYR������� 

�� .DUWKLNH\DQ�HW�DO��0���³$QJLRWHQVLQ�JHQH�SRO\PRUSKLVPV��7���0�DQG�0���7��DUH�VLJQLILFDQWO\�DVVRFLDWHG�
ZLWK�WKH�K\SHUWHQVLYH�SDWLHQWV�RI�7DPLO�1DGX��6RXWK�,QGLD�´�,QW��-��+XP��*HQHW��������������������–�������
GRL��������������������������������� 

�� )DMDU�-��.�HW�DO���³7KH�JHQHV�SRO\PRUSKLVP�RI�DQJLRWHQVLQRJHQ��$*7��0���7�DQG�$*7�7���0�LQ�SDWLHQWV�
ZLWK�HVVHQWLDO�K\SHUWHQVLRQ��$�PHWD-DQDO\VLV�´�*HQH�5HSRUWV������������$SULO�������������GRL����������
M�JHQUHS������������� 

�� 6KDPDD�0��0���)RXDG�+���+DURXQ�0���+DVVDQHLQ�0���DQG�+D\�0��$��$���³$VVRFLDWLRQ�EHWZHHQ�WKH�$QJLR�
WHQVLQRJHQ��$*7��JHQH��0���7��SRO\PRUSKLVP�DQG�(VVHQWLDO�+\SHUWHQVLRQ�LQ�(J\SWLDQ�SDWLHQWV�´�(J\SW��
+HDU��-������������������–�����GRL����������M�HKM������������� 

�� .RORYRX�9�HW�DO���³$QJLRWHQVLQRJHQ��$*7��0���7��$*7�7���0�DQG�$QJLRWHQVLQ-�-�&RQYHUWLQJ�(Q]\PH�
�$&(��,�'�*HQH�3RO\PRUSKLVPV�LQ�(VVHQWLDO�+\SHUWHQVLRQ��(IIHFWV�RQ�5DPLSULO�(IILFDF\�´�2SHQ�&DUGLR�
YDVF��0HG��-������������������–�������GRL������������������������������ 

�� 6D\�<��+���/LQJ�.��+���'XUDLVDP\�*���,VDDF�6���DQG�5RVOL�5���³$QJLRWHQVLQRJHQ�0���7�JHQH�YDULDQWV�DQG�
LWV�DVVRFLDWLRQ�ZLWK�HVVHQWLDO�K\SHUWHQVLRQ�DQG�SODVPD�UHQLQ�DFWLYLW\�LQ�0DOD\VLDQ�VXEMHFWV��$�FDVH�FRQWURO�
VWXG\�´�%0&�&DUGLRYDVF��'LVRUG������������–������GRL��������������-����-�-�� 

�� &KHQJ�-��/���:DQJ�$��/���DQG�:DQ�-���³$VVRFLDWLRQ�EHWZHHQ�WKH�0���7�SRO\PRUSKLVP�RI�WKH�$*7�JHQH�
DQG�F\WRNLQHV�LQ�SDWLHQWV�ZLWK�K\SHUWHQVLRQ�´�([S��7KHU��0HG������������������–�������GRL����������
HWP���������� 

�� ������.RRIIUHK�0��(���$QXPXGX�&��,���$NSDQ�(��(���,NSHPH�(��9���DQG�/DYD�.XPDU�3���³$�VWXG\�RI�WKH�0���7����� 
�������������YDULDQW�RI�WKH�DQJLRWHQVLQRJHQ�JHQH�DQG�K\SHUWHQVLRQ�LQ�D�VDPSOH�SRSXODWLRQ�RI�&DODEDU�DQG�8\R��1LJH 
�������������ULD�´�(J\SW��-��0HG��+XP��*HQHW�������������������–������GRL����������M�HMPKJ������������� 
�� ������7UDQ�7��7�HW�DO���³$VVRFLDWLRQ�EHWZHHQ�$*7�0���7�DQG�OHIW�YHQWULFXODU�PDVV�LQ�YLHWQDPHVH�SDWLHQWV�GLDJ� 
�������������QRVHG�ZLWK�HVVHQWLDO�K\SHUWHQVLRQ�´�)URQW��&DUGLRYDVF��0HG������������)HEUXDU\����–�����GRL���������� 
�������������IFYP������������� 
�� <RVLI�HW�DO���³$QJLRWHQVLQRJHQ�*HQH�3RO\PRUSKLVP��0���7��LQ�6XGDQHVH�+\SHUWHQVLYH�3DWLHQWV��´�,QW��-��

$GY��5HV��������������������–�������GRL�����������LMDU�������� 
�� <LQJ�&��4�HW�DO���³$VVRFLDWLRQ�RI�WKH�UHQLQ�JHQH�SRO\PRUSKLVP��WKUHH�DQJLRWHQVLQRJHQ�JHQH�SRO\PRUSKLVPV�

DQG�WKH�KDSORW\SHV�ZLWK�HVVHQWLDO�K\SHUWHQVLRQ�LQ�WKH�PRQJROLDQ�SRSXODWLRQ�´�&OLQ��([S��+\SHUWHQV���������
�����������–�������GRL���������������������������� 

�� /HUWKLUDQZRQJ�7�DQG�3L\DPRQJNRO�:���³7KH�$VVRFLDWLRQ�RI�$QJLRWHQVLQRJHQ��$*7�0���7��*HQH�3RO\�
PRUSKLVP�DQG�(VVHQWLDO�+\SHUWHQVLRQ�LQ�7KDL�3RVW-�0HQRSDXVDO�:RPHQ�´�����������������–���� 



���� 

 

�� ������0RKDQD�9��8���6ZDSQD�1���6XUHQGHU�5��6���9LVKQXSUL\D�6���DQG�3DGPD�7���³*HQGHU-UHODWHG�DVVRFLDWLRQ�RI��� 
�������������$*7�JHQH�YDULDQWV��0���7�DQG�7���0��ZLWK�HVVHQWLDO�K\SHUWHQVLRQ-$�FDVH-FRQWURO�VWXG\�´�&OLQ��([S��� 
��������������+\SHUWHQV�������������������–������GRL������������������������������� 
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2ULJLQDO�$UWLFOH� 
7KH�DFFXUDF\�RI�ZLGDO�WHVW�IRU�W\SKRLG�IHYHU�GLDJQRVLV�LQ�(WKLRSLD��6\VWHPDWLF�UHYLHZ�DQG�
PHWD-DQDO\VLV 

2XPHU�$EGX�0XKLH��
��6HLG�*HWDKXQ�$EGHOD����.RNX�6LVD\�7DPLUDW��� 

�����������'HSDUWPHQW�RI�,QWHUQDO�0HGLFLQH��*$0%<�7HDFKLQJ�*HQHUDO�+RVSLWDO��%DKLU�'DU��(WKLRSLD 
����������� 'HSDUWPHQW� RI� ,QWHUQDO�0HGLFLQH�� &ROOHJH� RI�0HGLFLQH� DQG�+HDOWK� 6FLHQFHV��:ROOR� 8QLYHUVLW\�� 'HVVLH��
 (WKLRSLD 
�����������'HSDUWPHQW�RI�(SLGHPLRORJ\�DQG�%LRVWDWLVWLFV��,QVWLWXWH�RI�3XEOLF�+HDOWK��&ROOHJH�RI�0HGLFLQH�DQG�+HDOWK�
 6FLHQFH��8QLYHUVLW\�RI�*RQGDU��*RQGDU��(WKLRSLD 

&RUUHVSRQGLQJ�DXWKRUV
��XPHUDEGX��#JPDLO�FRP� 

$EVWUDFW� 
,QWURGXFWLRQ��:LGDO�DJJOXWLQDWLRQ�WHVW�LV�D�VHURORJLF�LQYHVWLJDWLRQ�WKDW�LV�XVHG�WR�GLDJQRVH�W\SKRLG�IHYHU��7KLV�LV�DQ�
HDV\��IDLUO\�LQH[SHQVLYH��DQG�UHDGLO\�DYDLODEOH�WHVW�ZLWK�TXHVWLRQDEOH�UHOLDELOLW\��7KH�WHVW�SHUIRUPDQFH�GLIIHUV�IURP�
VHWWLQJ�WR�VHWWLQJ�GHSHQGLQJ�RQ�WKH�WHFKQLTXH�XVHG�DQG�RWKHU�IDFWRUV��7KH�DFFXUDF\�RI�WKLV�WHVW�LQ�(WKLRSLD�LV�SRRUO\�
XQGHUVWRRG��6R�� WKH�DLP�RI�WKLV�VFLHQWLILF�ZRUN�ZDV�WR�DQDO\]H�WKH�DFFXUDF\�RI�:LGDO�DJJOXWLQDWLRQ�LQ�GLDJQRVLQJ�
W\SKRLG�IHYHU�LQ�(WKLRSLD�� 
0HWKRGV��:H�SHUIRUPHG�D�V\VWHPDWLF�UHYLHZ�DQG�PHWD-DQDO\VLV��7ZR�HOHFWURQLF�GDWDEDVHV��3XE0HG�0HGOLQH�DQG�
*RRJOH�VFKRODU��ZHUH�VHDUFKHG�XVLQJ�SUHVHW�VHDUFK�VWUDWHJ\�WR�ILQG�UHOHYDQW�VWXGLHV��7KH�PHWKRGRORJLFDO�TXDOLW\�RI�
WKH�VWXGLHV�LQFOXGHG�ZDV�HYDOXDWHG�ZLWK�D�48$'$6-���:H�H[WUDFWHG�LPSRUWDQW�YDULDEOHV�IURP�WKH�HOLJLEOH�DUWLFOHV��
6WDWLVWLFDO� DQDO\VLV� ZDV� FRQGXFWHG� XVLQJ� 67$7$� YHUVLRQ� ��� 7KH� SURWRFRO� RI� RXU� V\VWHPDWLF� UHYLHZ� DQG� PHWD-
DQDO\VLV�LV�UHJLVWHUHG�LQ�WKH�,QWHUQDWLRQDO�3URVSHFWLYH�5HJLVWHU�RI�6\VWHPDWLF�5HYLHZV��35263(52��ZLWK�WKH�UHF�
RUG�QXPEHU�&5'������������� 
5HVXOWV��7KH�HOHFWURQLF�TXHVWV�\LHOGHG����SDSHUV�RI�ZKLFK���ZHUH�HOLJLEOH�IRU�DQDO\VLV��7KH�TXDOLW\�RI�WKHVH�VWXG�
LHV�ZDV�UDWHG�WR�EH�PRGHUDWH�EDVHG�RQ�WKH�48$'$6-�� �7KH�SRROHG�VHQVLWLYLW\��VSHFLILFLW\��DQG�QHJDWLYH��DQG�SRVL�
WLYH�SUHGLFWLYH�YDOXHV�RI�WKH�:LGDO�WHVW�ZHUH����������������������DQG������UHVSHFWLYHO\�� 
&RQFOXVLRQ��7KH�ZLGDO�DJJOXWLQDWLRQ� WHVW�KDV�DYHUDJH�VSHFLILFLW\�� YHU\�JRRG�QHJDWLYH�SUHGLFWLYH�YDOXH��DQG�YHU\�
SRRU�SRVLWLYH�SUHGLFWLYH�YDOXH� IRU� WKH�GLDJQRVLV�RI� W\SKRLG� IHYHU��'HSHQGLQJ�RQ�:LGDO� WR�GLDJQRVH� W\SKRLG� IHYHU�
PD\�OHDG�WR�RYHU-GLDJQRVLV�RI�W\SKRLG�IHYHU�DQG�UHODWHG�FRPSOLFDWLRQV�LQFOXGLQJ�LQDSSURSULDWH�XVH�RI�DQWLELRWLFV��
7KHUH�LV�DQ�XUJHQW�QHHG�IRU�TXLFN�DQG�GHSHQGDEOH�WHVWV� IRU�GLDJQRVLQJ�W\SKRLG�IHYHU��SDUWLFXODUO\�LQ�VHWWLQJV�OLNH�
(WKLRSLD�ZKHUH�GRLQJ�WLPHO\�FXOWXUH�LV�QRW�IHDVLEOH�� 
 
.H\ZRUGV��:LGDO�WHVW��$FFXUDF\��7\SKRLG�IHYHU��6\VWHPDWLF�UHYLHZ��0HWD-DQDO\VLV��(WKLRSLD 
&LWDWLRQ���0XKLH�2$��$EGHOD�6*��7DPLUDW�.6��7KH�DFFXUDF\�RI�ZLGDO�WHVW�IRU�7\SKRLG�)HYHU�GLDJQRVLV�LQ�(WKLR�
SLD�� 6\VWHPDWLF�UHYLHZ�DQG�PHWD-DQDO\VLV���(WKLRS�0HG��-������������-��� 
6XEPLVVLRQ�GDWH�������6HSWHPEHU��������$FFHSWHG������0DUFK������3XEOLVKHG�����0DUFK������ 

(WKLRSLDQ�0HGLFDO�-RXUQDO������������� ��
2SHQ�DFFHVV�DUWLFOHV�GLVWULEXWHG�LQ�WHUPV�RI� 
&UHDWLYH�&RPPRQV�$WWULEXWLRQ�/LFHQFH�>&&�E\����@ 

,661�����-������������H,661�����-�����  0XKLH�HW�DO�� 

,QWURGXFWLRQ 
7\SKRLG� IHYHU� LV� DQ� LPSRUWDQW� FRPPXQLW\� KHDOWK�
SUREOHP� WKDW� DIIHFWV� QHDUO\� �����PLOOLRQ� SHRSOH� DQG�
NLOOV� DURXQG� �������� SHRSOH� HDFK� \HDU� JOREDOO\�
����7KH� LOOQHVV� LV� PDLQO\� DFTXLUHG� E\� LQJHVWLQJ� RI�
IRRG�RU�ZDWHU�FRQWDPLQDWHG�E\� WKH� VWRRO�DQG�VHOGRP�
E\�XULQH�RU�YRPLWXV�RI�SDWLHQWV�DQG�FDUULHUV������$IUL�
FD�KDV�DQ�LQWHUPHGLDWH�WR�KLJK�EXUGHQ�RI�WKH�GLVHDVH��
��-����FDVHV�SHU���������SRSXODWLRQ�SHU�\HDU������� 
,W� LV� FRPPRQ� LQ� ORZ-UHVRXUFH� FRXQWULHV� LQFOXGLQJ�
(WKLRSLD� ������� ,W� LV� FRPPRQO\� FRQVLGHUHG� DV� RQH� RI�
WKH�GLIIHUHQWLDO�GLDJQRVHV�LQ�D�SDWLHQW�SUHVHQWLQJ�ZLWK�
VKRUW�RQVHW�IHYHU��+RZHYHU��DV�WKH�V\PSWRPV�DUH�QRQ-
VSHFLILF�DQG�VLPLODU�ZLWK�RWKHU�DFXWH�IHEULOH�LOOQHVVHV��
FOLQLFDO�GLDJQRVLV�LV�QRW�VWUDLJKW�IRUZDUG������0LFUREL�

RORJLF�FXOWXUH��ERQH�PDUURZ�DVSLUDWH��EORRG��VWRRO��
DQG�XULQH�� WKDW�ZLOO� HQDEOH�RQH� WR� LVRODWH� WKH�HWLR�
ORJLF� DJHQWV� �6�� 7\SKL� DQG�RU� 6�� 3DUDW\SKL�� LV� WKH�
JROG� VWDQGDUG� LQ� WKH� GLDJQRVLV� RI� W\SKRLG� IHYHU��
1HYHUWKHOHVV�� PLFURELRORJLF� FXOWXUH� LV� QRW� UHDGLO\�
DYDLODEOH��WDNHV��-��GD\V�IRU�WKH�UHVXOW�WR�EH�UHDG\��
DQG� LV� PRUH� H[SHQVLYH�� *HWWLQJ� D� UDSLG�� DFFXUDWH��
DQG�DIIRUGDEOH�WHVW�V��LV�RI�SDUDPRXQW�LPSRUWDQFH�� 
'LIIHUHQW�UDSLG�GLDJQRVWLF�PHWKRGV�DUH�DYDLODEOH�WR�
GLDJQRVH� W\SKRLG� IHYHU� ������� $PRQJ� WKH� 5DSLG�
GLDJQRVWLF�PHWKRGV��:LGDO��78%(;��7\SKLGRW��DQG�
737HVW�DUH�WR�EH�PHQWLRQHG��7KH�FRPPRQO\�DYDLOD�
EOH�DQG�XWLOL]HG� UDSLG�GLDJQRVWLF�PHWKRG� LQ�(WKLR�
SLD�LV�:LGDO�DJJOXWLQDWLRQ��7KRXJK��:LGDO�DJJOXWL�
QDWLRQ�WHVW�LV�FRPPRQO\�DYDLODEOH�DQG�XVHG�WR�GLDJ�
QRVH�W\SKRLG�IHYHU��LW�KDV�TXHVWLRQDEOH�UHOLDELOLW\�� 



���� 

 

 
 

 

:LGDO�DJJOXWLQDWLRQ�LV�D�VHURORJLF�GLDJQRVWLF�WHVW�WKDW�
LV�XVHG�WR�GLDJQRVH�W\SKRLG�IHYHU��,W�GHWHFWV�WKH�SUHV�
HQFH� RI� DJJOXWLQLQ� �DQWLERG\�� LQ� WKH� VHUXP�RI� DQ� LQ�
IHFWHG� SHUVRQ� ZLWK� VDOPRQHOOD� W\SKL�� 7KH� UHDFWLRQ�
EHWZHHQ� WKH� DJJOXWLQLQ� LQ� WKH� VHUXP� RI� WKH� LQIHFWHG�
SDWLHQW� DQG� WKH� VDOPRQHOOD� W\SKL� �6�� 7\SKL�� DQWLJHQV�
ZLOO� UHVXOW� LQ� DJJOXWLQDWLRQ�� 7KH� DQWLJHQV� XVHG� WR�
GHPRQVWUDWH� DJJOXWLQDWLRQ� DUH� +� �IODJHOODU�� DQG� 2�
�VRPDWLF��DQWLJHQV�RI�6�W\SKL������7KH�,PPXQRJOREX�
OLQ�0� �,J0�� VRPDWLF� 2� DQWLERG\� RI� 6�W\SKL� DSSHDUV�
LQLWLDOO\�DQG�UHSUHVHQWV�WKH�ILUVW�VHURORJLF�UHVSRQVH�LQ�
DFXWH� W\SKRLG� IHYHU�� ZKLOH� LPPXQRJOREXOLQ�*� �,J*��
IODJHOODU� +� DQWLERG\� XVXDOO\� GHYHORSV� PRUH� VORZO\�
DQG�SHUVLVWV�IRU�ORQJHU���������� 
$IWHU�����\HDUV�RI�LWV�LQWURGXFWLRQ�DV�D�VHURORJLF�ZD\�
RI� W\SKRLG� IHYHU� GLDJQRVLV�� WKH� :LGDO� WHVW� VWLOO� UH�
PDLQV� WR� EH� DVVRFLDWHG� ZLWK� FRQWURYHUVLHV� UHODWHG� WR�
WKH�TXDOLW\�RI� WKH�DQWLJHQV�XVHG�DQG� LQWHUSUHWDWLRQ�RI�
WKH� UHVXOW�� HVSHFLDOO\� LQ� HQGHPLF� UHJLRQV� ����� :LGDO�
WHVW� LV� D� VLPSOH�� QRQ-H[SHQVLYH� DQG� IDLUO\� QRQ-
LQYDVLYH�WHVW�ZLWK�GHEDWDEOH�UHOLDELOLW\�������:LGDO�WHVW�
KDV�D�UHSRUWHGO\�KLJK�VHQVLWLYLW\�DQG�EHWWHU�VSHFLILFLW\�
WKRXJK� YDULDEOH�� 6LPLODUO\� LW� KDV� YHU\� JRRG� QHJDWLYH�
SUHGLFWLYH�YDOXH�EXW�KDV�SRRU�SRVLWLYH�SUHGLFWLYH�YDO�
XH� ���-����� � 1HYHUWKHOHVV�� :LGDO� DJJOXWLQDWLRQ� WHVW�
FRXOG� UHPDLQ� UHDFWLYH� GXULQJ� FRQYDOHVFHQW� WLPH� DQG�
KDV�FURVV-UHDFWLYLW\�ZLWK�RWKHU�PLFURRUJDQLVPV�UHVXOW�
LQJ�LQ�IDOVH�SRVLWLYLW\��7KHVH�FRQGLWLRQV�ZLOO�UHVXOW�LQ�
RYHU-GLDJQRVLV� RI� W\SKRLG� IHYHU� ������ $GGLWLRQDOO\��
RYHUUHOLDQFH�RQ� WKLV� WHVW�FRPELQHG�ZLWK�SRRU�FOLQLFDO�
MXGJPHQW�PD\�UHVXOW� LQ�RYHU�SUHVFULSWLRQ�RI�DQWLELRW�
LFV�DQG�DVVRFLDWHG�DQWLELRWLFV�UHVLVWDQFH�� 
7KH� WHVW� SHUIRUPDQFH� GLIIHUV� IURP� VHWWLQJ� WR� VHWWLQJ�
GHSHQGLQJ� RQ� WKH� WHFKQLTXH� XVHG� DQG� RWKHU� IDFWRUV��
6LQJOH� VOLGH� DJJOXWLQDWLRQ� WHVW� LV� ZLGHO\� SUDFWLFHG�
SRLQW�RI�FDUH�WHVW�LQ�(WKLRSLD��7KH�VHULDO�WXEH�WLWUDWLRQ�
PHWKRG� LV� UDUHO\� XVHG� LQ� FOLQLFDO� VHWWLQJV�� 7KHUH� DUH�
PXOWLSOH� FURVV� VHFWLRQDO� VWXGLHV� GRQH� LQ� (WKLRSLD� WR�
DGGUHVV� WKH� XVH� RI� ZLGDO� WHVW� LQ� WKH� GLDJQRVLV� RI� W\�
SKRLG� IHYHU��0RVW� RI� WKH� VWXGLHV� FRQGXFWHG� UHYHDOHG�
FRQIOLFWLQJ�UHVXOWV�RQ�WKH�DFFXUDF\�RI�ZLGDO�WHVW�LQ�WKH�
GLDJQRVLV� RI� W\SKRLG� IHYHU� LQ� (WKLRSLD�� 7KHUH� DUH�
VWXGLHV� LQ� RWKHU� VHWWLQJV� WKDW� VWDWHG�ZLGDO� WHVW� LV� OHVV�
DFFXUDWH�DQG�QR�PRUH�UHFRPPHQGHG�IRU�WKH�GLDJQRVLV�
RI�W\SKRLG�IHYHU���,Q�VSLWH�RI�WKLV��ZLGDO�WHVW�LV�ZLGHO\�
XVHG�DFURVV�(WKLRSLD��6R��VXPPDUL]LQJ�VWXGLHV�RQ�WKH�
GLDJQRVWLF�DFFXUDF\�RI�:LGDO�WHVW�ZLOO�KHOS�WR�LQIRUP�
GHFLVLRQ�PDNHUV� WR� SUHSDUH� GLDJQRVWLF� DOJRULWKPV� RQ�
WKH�XVH�RI�:LGDO�WHVWV��RWKHU�UDSLG�GLDJQRVWLF�WHVWV�DQG�
FXOWXUH��7KHUHIRUH��ZH�VHW�RXW�WR�GR�V\VWHPDWLF�UHYLHZ�
DQG� PHWD-DQDO\VLV� RI� WKH� DFFXUDF\� RI� :LGDO� WHVW� LQ�
(WKLRSLD�� 
0HWKRGV�RI�WKH�5HYLHZ 
:H� FRQGXFWHG� WKH� VWXG\� LQ� DFFRUGDQFH� ZLWK� WKH�
JXLGHOLQH�RI�WKH�35,60$�JURXS��3UHIHUUHG�5HSRUWLQJ�
,WHPV� IRU� 6\VWHPDWLF� 5HYLHZV� DQG� 0HWD-$QDO\VHV��
������:H� XVHG� WKH� 35,60$� FKHFN� OLVW� ����� WR� VDIH�
JXDUG�WKH�LQFOXVLRQ�RI�DOO�SHUWLQHQW�LQIRUPDWLRQ�� 

 

6HDUFK� VWUDWHJ\��7KH� UHYLHZ� IRFXVHG� RQ� UHVRXUFHV�
WKDW� GHVFULEHG� DQG� H[SOLFDWH� LVVXHV� WKDW� DUH� UHODWHG� WR�
:LGDO�WHVW�DQG�LWV�SHUIRUPDQFH�DV�FRPSDUHG�WR�FXOWXUH��
'DWDEDVHV� WKDW� ZHUH� VHDUFKHG� IRU� UHVRXUFHV� LQFOXGHG�
0('/,1(��3XE�0HG��DQG�*RRJOH�VFKRODU��DQG�UHIHU�
HQFH�OLVWV�RI�UHOHYDQW�SDSHUV��7KH�VHDUFK�WHUPV�LQFOXG�
HG�³:LGDO´��³:LGDO�WHVWV´���³W\SKRLG´�´�W\SKRLG�IHYHU´��
³(WKLRSLD´� LQ� DOO� ILHOGV� RI� WKH� GDWDEDVHV� WR� HVWDEOLVK�
SUHYLRXV� OLWHUDWXUH� RQ� :LGDO� WHVWV� IRU� GLDJQRVLQJ� W\�
SKRLG�IHYHU��$OO�UHOHYDQW�DUWLFOHV�ZLWK�QR�UHVWULFWLRQ�RQ�
WKH�WLPH�RI�SXEOLFDWLRQ�ZHUH�LQFOXGHG�LQ�WKLV�VWXG\��7KH�
VHDUFK� WHUPV�XVHG� LQFOXGHG�EXW�QRW� OLPLWHG� WR�µ:LGDO¶�
$1'�25� µ7\SKRLG¶� $1'� µ(WKLRSLD¶�� µ:LGDO� WHVWV¶�
$1'�25�µW\SKRLG�IHYHU¶�$1'�µ(WKLRSLD¶��DQG�µ:LGDO�
WHVWV¶�$1'�25�µW\SKRLG¶�$1'�µ(WKLRSLD¶� 
8VLQJ� WKH�DERYH�PHQWLRQHG�VHDUFK� WHUPV�ZH�VHDUFKHG�
IRU�HOLJLEOH�DUWLFOHV��5HIHUHQFHV�IRU�WKH�DSSOLFDEOH�FLWD�
WLRQV�DQG�UHYLHZV�ZHUH�PDQXDOO\�VHDUFKHG�IRU�DSSOLFD�
EOH� FLWDWLRQV� DQG� SURIHVVLRQDOV� LQ� WKH� ILHOG� ZHUH� FRQ�
VXOWHG� WR�HQULFK� WKH� VHDUFK��7KH� WLWOHV�DQG�DEVWUDFWV�RI�
DOO� UHFRYHUHG�VWXGLHV�ZHUH� LQGHSHQGHQWO\�HYDOXDWHG�E\�
WZR�DXWKRUV��2$�DQG�6*���7KH�VDPH�UHYLHZHUV�MXGJHG�
WKH�IXOO�WH[WV�RI�WKH�UHWDLQHG�VWXGLHV��$W�HDFK�VWHS�GLVD�
JUHHPHQWV�ZHUH� UHVROYHG�E\� GLVFXVVLRQ�ZLWK� WKH�SUHV�
HQFH�RI�D�WKLUG�UHYLHZHU��.6���7KH�ODVW�VHDUFK�ZDV�FRQ�
GXFWHG�RQ�6HSWHPEHU����������� 
,QFOXVLRQ�DQG�H[FOXVLRQ�FULWHULD 
,QFOXVLRQ�FULWHULD��$OO�KXPDQ�VWXGLHV� WKDW� KDYH�FRP�
SDUHG�:LGDO�DJJOXWLQDWLRQ�WHVW�ZLWK�FXOWXUH�LQ�(WKLRSLD� 
([FOXVLRQ� FULWHULD͖�6WXGLHV� ZLWK� VDPSOH� VL]H� OHVV� ����
VWXGLHV�WKDW�GLG�QRW�SXEOLVK�IXOO�DUWLFOHV�RU�WKH�IXOO�DUWL�
FOH� QRW� DYDLODEOH�� DQG� VWXGLHV� GRQH� RQ� DV\PSWRPDWLF�
SDUWLFLSDQWV�ZHUH�H[FOXGHG� 

5LVN�RI�ELDV�LQ�LQGLYLGXDO�VWXGLHV 
7ZR�UHYLHZHUV� �2$��6*�� LQGHSHQGHQWO\�HYDOXDWHG� WKH�
ULVN�RI�ELDV�LQ�WKH�VWXGLHV�XVLQJ�WKH�4XDOLW\�$VVHVVPHQW�
RI� 'LDJQRVWLF� $FFXUDF\� 6WXGLHV� �48$'$6-��� WRRO��
'LVDJUHHPHQWV�ZHUH�UHVROYHG�E\�D�WKLUG�UHYLHZHU��.6���
7KH� UHVXOWV� RI� WKH� ULVN� RI� ELDV� DVVHVVPHQW� ZHUH� GH�
VFULEHG�DV�SDUW�RI�WKH�QDUUDWLYH�V\QWKHVLV� 
'DWD�([WUDFWLRQ� 
(DFK� VWXG\� ZDV� VXEMHFWHG� WR� WKH� IROORZLQJ� VHDUFK��
VWXG\�DXWKRU��\HDU�RI�SXEOLFDWLRQ��SODFH�RI�VWXG\��LQGH[�
WHVW��:LGDO���VWXG\�GHVLJQ��VDPSOH�VL]H��DQG�WKH�FKDUDF�
WHULVWLFV�RI�WKH�VDPSOH�SRSXODWLRQ��&RPSUHKHQVLYH�GDWD�
DERXW�WKH�:LGDO�WHVW�ZDV�H[WUDFWHG�IURP�WKH�VWXGLHV�WKDW�
ZHUH�LQFOXGHG��WKH�WHVW�EUDQG��FRXQWU\�DQG�QDPH�RI�WKH�
PDQXIDFWXUHU��WKH�SURFHGXUH�RI�WKH�:LGDO�WHVW��6LPLODU�
O\��ZH� WRRN� WKH� WUXH�SRVLWLYH� �73��� IDOVH�SRVLWLYH��)3���
IDOVH� QHJDWLYH� �)1��� DQG� WUXH� QHJDWLYH� �71�� RI� WKH�
:LGDO�DJJOXWLQDWLRQ�DV�FRPSDUHG�WR�FXOWXUH��2WKHU�LP�
SRUWDQW�YDULDEOHV�ZHUH�DOVR�H[WUDFWHG� 



���� 

 

 
 

 

'DWD�V\QWKHVLV�SURFHVV 
:H� KDYH� XVHG� WKH� WZR� E\� WZR� WDEOH� YDULDEOHV�� WUXH�
SRVLWLYHV�� IDOVH� QHJDWLYHV�� IDOVH� QHJDWLYHV� DQG� WUXH�
QHJDWLYHV� IRU� SURGXFLQJ�SRROHG� VHQVLWLYLW\�� VSHFLILFL�
W\�� QHJDWLYH� SUHGLFWLYH� YDOXH� DQG� SRVLWLYH� SUHGLFWLYH�
YDOXH��:H�H[WUDFWHG�WKHVH�LPSRUWDQW�YDULDEOHV�LQ�0L�
FURVRIW� H[FHO�� 7KH� TXDQWLWDWLYH� V\QWKHVLV� ZDV� SHU�
IRUPHG�XVLQJ�67$7$�YHUVLRQ������)RU�HVWLPDWLQJ�WKH�
DFFXUDF\�ZH�XVHG�ELYDULDWH�PRGHO� WR�FDOFXODWH�VHQVL�
WLYLW\� 	� VSHFLILFLW\�� SRVLWLYH� 	� QHJDWLYH� SUHGLFWLYH�
YDOHV� DORQJ� ZLWK� ��� SHUFHQW� FRQILGHQFH� LQWHUYDOV�
�&,V���7KHVH�PHDVXUHV�ZHUH�SRROHG�XVLQJ�WKH�UDQGRP�
HIIHFWV� PRGHO�� 6HQVLWLYLW\� �WUXH� SRVLWLYH� UDWH�� ZDV�
GHILQHG� DV� WKH� SUREDELOLW\� WKDW� D� WHVW� UHVXOW� ZLOO� EH�
SRVLWLYH�ZKHQ� WKH� GLVHDVH� H[LVWV� DQG� FDOFXODWHG� DV�  �
73�� �73�)1��� 6LPLODUO\�� VSHFLILFLW\� �WUXH� QHJDWLYH�
UDWH��ZDV�GHILQHG� DV� WKH�SUREDELOLW\� WKDW� D� WHVW� UHVXOW�
ZLOO�EH�QHJDWLYH�ZKHQ� WKH�GLVHDVH� LV�QRW�SUHVHQW�DQG�
FDOFXODWHG� DV�  � 71�� �71�)3��� +HWHURJHQHLW\�
�GLIIHUHQFHV�LQ�UHSRUWHG�HVWLPDWHV�DPRQJ�VWXGLHV��ZDV�
HYDOXDWHG�E\�D�4�WHVW�VWDWLVWLF��&KL�VTXDUH�YDOXH�ZLWK�
S�YDOXHV��DQG�,��YDOXHV�� 
4XDOLW\�$VVHVVPHQW� 
7KH� VWXGLHV� TXDOLW\� DVVHVVPHQW�ZDV� FRQGXFWHG� XVLQJ�
4XDOLW\�$VVHVVPHQW�RI�'LDJQRVWLF�$FFXUDF\�6WXGLHV��
WRRO� �48$'$6-�������� 7KH� 48$'$6-�� WRRO� ZDV�
FRPSOHWHG�E\�IROORZLQJ�VWHSZLVH�JXLGHOLQHV� WR� MXGJH�
ULVN� RI� ELDV� �IRXU� GRPDLQV�� DQG� FRQFHUQV� DERXW� DS�

 

SOLFDELOLW\��WKUHH�GRPDLQV��IRU�HDFK�VWXG\�� 
5HVXOWV� 
6HDUFK�UHVXOWV 
7KH� HOHFWURQLF� VHDUFKHV� \LHOGHG� ��� DUWLFOHV�� 7KLUW\-
IRXU�RI� WKHVH�SDSHUV�ZHUH�H[FOXGHG�IURP�WKLV� UHYLHZ�
DQG�PHWD-DQDO\VLV��HOHYHQ�RI�WKH�VWXGLHV�ZHUH�H[FOXG�
HG� EHFDXVH� RI� GXSOLFDWLRQ�� ���ZHUH� H[FOXGHG� GXH� WR�
QRQ-UHOHYDQFH� DIWHU� UHYLHZLQJ� WKHLU� WLWOHV�� �� DUWLFOHV�
H[FOXGHG� EHFDXVH� WKH\� ZHUH� GRQH� RQ� DV\PSWRPDWLF�
SDUWLFLSDQWV�� WZR� RI� WKH� DUWLFOHV� ZHUH� QRW� DFFHVVHG�
�WKHVH�DUWLFOHV�UHTXLUHG�IHH�DQG�WKH�DXWKRUV�FRXOG�QRW�
DIIRUG���DQG�RQH�DUWLFOH�ZDV�GRQH�RQ�QRQ-KXPDQ�SDU�
WLFLSDQWV��� 7KH� GHWDLOV� RI� WKH� DUWLFOH� LQFOXVLRQ� DQG�
H[FOXVLRQ�DUH�VKRZQ�LQ�ILJXUH���EHORZ� 
:H�LQFOXGHG���FURVV-VHFWLRQDO�VWXGLHV�LQ�WKLV�V\VWHP�
DWLF� UHYLHZ� DQG� PHWD-DQDO\VLV� ���-����� $OO� HLJKW� RI�
WKH�LQFOXGHG�VWXGLHV�ZHUH�XVHG�LQ�WKH�TXDOLWDWLYH�V\Q�
WKHVLV�ZKLOH���RI�WKHP�ZHUH�XWLOL]HG�IRU�WKH�TXDQWLWD�
WLYH�V\QWKHVLV����-�����7KH�VWXGLHV�XVHG�IRU�TXDQWLWD�
WLYH�V\QWKHVLV�KDG�D�WRWDO�VDPSOH�VL]H�RI������SDUWLFL�
SDQWV�� 7KH� VWXGLHV�ZHUH� FRQGXFWHG� LQ� VL[� UHJLRQV� RI�
WKH� FRXQWU\�� $GGLV� $EDED� ��������� 2URPLD� ���������
6RXWK� QDWLRQV� DQG� QDWLRQDOLWLHV� ������ 7LJUD\� ������
$PKDUD� ������ DQG� 6RPDOL������ 1R� VWXG\� ZDV� UH�
WULHYHG�UHJDUGLQJ�WKH�:LGDO�VWXG\�IURP�WKH�UHPDLQLQJ�
UHJLRQV� RI� WKH� FRXQWU\� �+DUDU�� %HQLVKDQJO-*XPX]��
*DPEHOOD��$IDU��DQG�'LUH�'DZD��7DEOH���� 

7DEOH�����&KDUDFWHU LVWLFV�WKH�LQFOXGHG�VWXGLHV� 

A�1�$-�QRW�DYDLODEOH��AA�61135-�6RXWKHUQ�1DWLRQV��1DWLRQDOLWLHV�DQG�3HRSOHV�5HJLRQ 

7KH�QXPEHUV�SUHVHQWHG�KHUH�UHJDUGLQJ�:LGDO�WHVW�DUH�IRU�WKH�6OLGLQJ�DJJOXWLQDWLRQ�WHFKQLTXH� 

$XWKRU��\HDU 5HJLRQ�RI�
WKH�FRXQWU\ 

6DPSOH��
SDUWLFL�
SDQWV 

:LGDO�WHVW
�
SRVLWLYLW\�Q�
��� 

&XOWXUH�SRVLWLY�
LW\�Q���� 

5HPDUN 

$�*��:DVLKXQ�HW�DO��
���� 

7LJUD\ ��� ���������� �������   

$QGXDOHP�HW�DO��
���� 

$GGLV�$EDED ��� ��������� ��������   

/HJHVVH�*DUHGHZ�HW�
DO������ 

$GGLV�$EDED ��� ����������� �������� ����RI�WKH�
:LGDO�UHDFWLYH�
SDWLHQWV�ZHUH�
SUHVFULEHG�
DQWLELRWLFV 

0HVHUHW�%LUKDQLH�HW�
DO������ 

$PKDUD ��� ������� �������   

'HNVLVVD�DQG�*H�
EUHPHGKLQ������� 

2URPLD ��� ���������� ��������   

$PH\D�HW�DO������ 61135AA �� ��������� �������   

'DZLW�HW�DO������ 6RPDOL ��� 1�$A �������   

+DEWH�HW�DO������ 2URPLD ��� 1�$A ������   



���� 

 

���� 

)LJXUH���$�IORZ�GLDJUDP�RI�WKH�VHOHFWLRQ�RI�HOLJLEOH�VWXGLHV 



���� 

 

 
 
 

 

 

§�/RZ�ULVN��F+LJK�ULVN���
�8QFOHDU�ULVN 
 
4XDOLWDWLYH�V\QWKHVLV 
$OO�WKH�VWXGLHV�LQFOXGHG�LQ�WKLV�UHYLHZ�KDYH�DQDO\]HG�
IHEULOH�LQGLYLGXDOV�ZLWK�D�FOLQLFDO�VXVSLFLRQ�RI�W\SKRLG�
IHYHU�� $PRQJ� WKH� �� VWXGLHV� FRQWDLQHG�ZLWKLQ� LQ� WKLV�
UHYLHZ�� �� RI� WKHP� KDYH� FRPSDUHG� WKH� LQGH[� :LGDO�
DJJOXWLQDWLRQ� WHVW� WR� D� UHIHUHQFH� EORRG� ���-���� RU�
VWRRO� �������� FXOWXUH��2Q� WKH� RWKHU� KDQG�� WZR� RI� WKH�
VWXGLHV���������MXVW�GLG�EORRG�FXOWXUH�DORQH��7KH�VHQ�
VLWLYLW\�� VSHFLILFLW\�� QHJDWLYH� SUHGLFWLYH� YDOXH�� DQG�
SRVLWLYH� SUHGLFWLYH� YDOHV� RI� WKH� :LGDO� WHVW� UDQJHG�
IURP� ����-������ ����-������� ��-������ DQG� ���-
������� UHVSHFWLYHO\�� 7KH� FXOWXUH� SRVLWLYLW\� UDWH�
UDQJHG�IURP������-������ 
4XDQWLWDWLYH�V\QWKHVLV 
7KH�PDLQ� RXWFRPHV� RI� FRQFHUQ�ZHUH� WKH� VHQVLWLYLW\��
VSHFLILFLW\�� QHJDWLYH� SUHGLFWLYH� DQG� SRVLWLYH� YDOXHV�
SUHGLFWLYH�YDOXHV�RI�:LGDO�DJJOXWLQDWLRQ�DV�FRPSDUHG�
WR�WKH�UHIHUHQFH�WHVW��FXOWXUH�LQ�WKLV�FDVH�� 
7KH�SRROHG� VHQVLWLYLW\�RI�:LGDO� DJJOXWLQDWLRQ� WHVW� LQ�
WKH�GLDJQRVLV������������&,������-��������6LPLODU�
O\�� WKH� SRROHG� VSHFLILFLW\� RI� :LGDO� WHVW� ZDV� GHWHU�
PLQHG� WR� EH� ������ ����� &,�� ����-�������� 7KH�
SRROHG�QHJDWLYH�DQG�SRVLWLYH�SUHGLFWLYH�YDOXHV�RI�WKH�
:LGDO� WHVW� ZHUH� ������ ����� &,�� ����-������� DQG�
����� ����� &,�� ���-������ UHVSHFWLYHO\�� 7KH� SRROHG�
:LGDO�DQG�FXOWXUH�SRVLWLYLW\� LQ�RXU� VWXG\�ZDV�������
�����&,������-�������DQG�����������&,�����-�������
7KH� IRUHVW� SORWV� RI� WKH� SRROHG� QHJDWLYH� DQG� SRVLWLYH�
SUHGLFWLYH�YDOXHV�DUH�GHSLFWHG�EHORZ��)LJXUH���DQG����� 

 

6WXG\ 5LVN�RI�ELDV $SSOLFDELOLW\�FRQFHUQV 
3DWLHQW�
VHOHFWLRQ 

,QGH[�
WHVW 

5HIHUHQFH�
VWDQGDUG 

)ORZ� DQG�
WLPLQJ 

3DWLHQW�
VHOHFWLRQ 

  

,QGH[�WHVW 5HIHUHQFH�
VWDQGDUG 

$�*�� :DVL�
KXQ�HW�DO 

F F F F F F F 

$QGXDOHP�
HW�DO 

§ § �
 § § § § 

/HJHVVH�
*DUHGHZ� HW�
DO 

F F F F F F F 

0HVHUHW�
%LUKDQLH� HW�
DO 

F F �
 F F F �
 

'HNVLVVD�
DQG� *H�
EUHPHGKLQ 

�
 § § § �
 § § 

$PH\D�HW�DO �
 § § �
 �
 § § 
                

7DEOH���6XPPDU\�RI�WKH�TXDOLW\�DVVHVVPHQW�RI�WKH�LQFOXGHG�VWXGLHV� 
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)LJXUH���)RUHVW�SORW�IRU �WKH�SRROHG�HVWLPDWH�RI�WKH�QHJDWLYH�SUHGLFWLYH�YDOXH�RI�:LGDO�WHVW 

)LJXUH���)RUHVW�SORW�IRU �WKH�SRROHG�HVWLPDWH�RI�SRVLWLYH�SUHGLFWLYH�YDOXH�RI�WKH�:LGDO�WHVW 
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'LVFXVVLRQ 
,Q�RXU� UHYLHZ��ZH�KDYH�SRROHG� WKH�VHQVLWLYLW\��VSHFL�
ILFLW\��QHJDWLYH�DQG�SRVLWLYH�SUHGLFWLYH�YDOXH�RI� VOLG�
LQJ�:LGDO�DJJOXWLQDWLRQ� WHVW� XVLQJ�FXOWXUH�DV�D� UHIHU�
HQFH� WHVW�� 7KH� SRROHG� HVWLPDWH� IURP� WKLV� UHYLHZ� KDV�
UHYHDOHG� WKDW� WKH�VOLGLQJ�:LGDO�DJJOXWLQDWLRQ� WHVW�KDV�
JRRG� VHQVLWLYLW\� DQG� H[FHOOHQW� QHJDWLYH� SUHGLFWLYH�
YDOXH��+RZHYHU�� LW�KDV�D�ORZ�VSHFLILFLW\���������DQG�
SRVLWLYH�SUHGLFWLYH�YDOXH�������� 
7KH�SRROHG�VHQVLWLYLW\�RI�6OLGLQJ�:LGDO�DJJOXWLQDWLRQ�
WHVW� LQ� WKLV� VWXG\� ZDV� ������ ����&,�� ����-�������
DQG� WKH� QHJDWLYH� SUHGLFWLYH� YDOXH�ZDV� �������� ���
&,������-��������7KH�VHQVLWLYLW\�ZDV�FRPSDUDEOH�WR�D�
UHYLHZ� FRQGXFWHG� E\� 0HQJLVW� DQG� 7LODKXQ�
�61 ������� ����� DQG� 5�� %XQGDOLDQ� HW� DO� �61 ��-
����������ZKLOH�WKH�QHJDWLYH�SUHGLFWLYH�YDOXH�RI�RXU�
VWXG\� ��������ZDV�PXFK�KLJKHU�DV�FRPSDUHG� WR� WKDW�
UHSRUWHG� E\� 0HQJLVW� DQG� 7LODKXQ� �139 ����� �����
DQG�%HJXP�HW�DO��139 �������������7KH�139�RI�RXU�
VWXG\�ZDV�FRPSDUDEOH�WR�WKDW�UHSRUWHG�E\�7DLZR�HW�DO�
�������������DQG�/H\�HW�DO������������ 

 
7KH� SRROHG� VSHFLILFLW\� DQG� SRVLWLYH� SUHGLFWLYH� YDOXH�
RI�:LGDO� WHVW� LQ� WKLV�VWXG\�ZHUH�������DQG������UH�
VSHFWLYHO\��7KLV�SRVLWLYH�SUHGLFWLYH�YDOXH�LV�H[WUHPHO\�
ORZ�DV�FRPSDUHG�WR�GLIIHUHQW�RWKHU�VWXGLHV����������-
�����2QH� RI� WKH� UHDVRQV�PD\� EH� WKH� ORZHU� FXWV� –RII�
IRU�WKH�2��������DQG�+��������DQWLERGLHV�XVHG�LQ�RXU�
VWXG\�LQ�FRQWUDU\�WR�WKDW�E\�:LOONH�HW�DO���������������
7KH�RWKHU�UHDVRQ�PLJKW�EH�WKH�ORZHU�FXOWXUH�SRVLWLYLW\�
UDWH�RI�RXU�VWXG\� 
7KH�VHURORJLF��VOLGLQJ�DJJOXWLQDWLRQ�:LGDO��GLDJQRVLV�
RI�W\SKRLG�IHYHU�RFFXUUHG�LQ�XS�WR�D�WKLUG�RI�WKH�VWXG\�
SDUWLFLSDQWV���������LQ�WKLV�VWXG\��2Q�WKH�RWKHU�KDQG��
WKH�FXOWXUH�FRQILUPHG� W\SKRLG� IHYHU�ZDV�REVHUYHG� LQ�
�����RI�WKH�SDUWLFLSDQWV�LQ�RXU�VWXG\��7KHUH�LV�VLPLODU�
UHSRUW�RI�VHURORJLF�GLDJQRVLV�UDWH�LQ�1LJHULD������DQG�
D� KLJKHU� UDWH� ������ LQ� 7DQ]DQLD� ������ 7KH� FXOWXUH�
SURYHQ�GLDJQRVLV�UDWH�RI�W\SKRLG�IHYHU�ZDV�FRPSDUD�
EOH� WR� WKDW� RI�&RQJR� ������� �����EXW� ORZHU� DV� FRP�
SDUHG�WR�WKDW�LQ�1LJHULD���������DQG�7DQ]DQLD�������
�������� 

 
$V�PHQWLRQHG�HDUOLHU�WKLV�VWXG\�KDV�VKRZQ�D�YHU\�ORZ�
339���������3RVLWLYH�SUHGLFWLYH�YDOXH LV�WKH�SUREDELO�
LW\� WKDW� VXEMHFWV� ZLWK� D� SRVLWLYH� VFUHHQLQJ� WHVW� WUXO\�
KDYH� WKH� GLVHDVH�� 7KXV�� VOLGLQJ� :LGDO� DJJOXWLQDWLRQ�
WHVW� LV� SRRUO\� UHOLDEOH� LQ� LGHQWLI\LQJ� WKRVH� WUXO\� GLV�
HDVHG� E\� W\SKRLG� IHYHU�� 1HYHUWKHOHVV�� WKLV� WHVW� KDV�
KLJK�139���������WKDW�PHDQV�D�VXEMHFW�ZLWK�D�QHJD�
WLYH� 6OLGLQJ�:LGDO� DJJOXWLQDWLRQ� WHVW� LV� KLJKO\� OLNHO\�
QRW�WR�KDYH�7\SKRLG�IHYHU� 
 
7KH�VWUHQJWKV�RI�RXU�VWXG\�LQFOXGH�WKH�UHODWLYHO\�ODUJ�
HU� WRWDO� VDPSOH� VL]H� DV� FRPSDUHG� WR�SUHYLRXV� VWXGLHV�
GRQH� LQ�(WKLRSLD�DQG� WKH�DVVHVVPHQW�RI�DQ� LPSRUWDQW�
UHVHDUFK� TXHVWLRQ�� $PRQJ� WKH� OLPLWDWLRQV� RI� WKLV�
VWXG\�DUH�RXU�XVH�RI�D�UHIHUHQFH�WHVW��EORRG�DQG�VWRRO��
WKDW� KDV� ORZHU� VHQVLWLYLW\� DQG� WKH� VWXGLHV� UHWULHYHG�
FRYHUHG�RQO\�VRPH�SRUWLRQ�RI�(WKLRSLD� 

 

 
&RQFOXVLRQ�DQG�UHFRPPHQGDWLRQV�� 
2XU� VWXG\� LV� WKH� ILUVW� V\VWHPDWLF� UHYLHZ� DQG� PHWD-
DQDO\VLV� WR� HYDOXDWH� WKH� DFFXUDF\� RI� :LGDO� WHVW� LQ�
(WKLRSLD��:LGDO�DJJOXWLQDWLRQ�WHVW�KDV�DYHUDJH�VSHFL�
ILFLW\�� YHU\� JRRG� QHJDWLYH� SUHGLFWLYH� YDOXH� DQG� YHU\�
SRRU� SRVLWLYH� SUHGLFWLYH� YDOXH� IRU� WKH� GLDJQRVLV� RI�
W\SKRLG�IHYHU��5HO\LQJ�RQ�:LGDO�IRU�WKH�GLDJQRVLV�RI�
W\SKRLG� IHYHU�PD\� OHDG� WR�RYHU-GLDJQRVLV�RI� W\SKRLG�
IHYHU�DQG�UHODWHG�FRPSOLFDWLRQV�LQFOXGLQJ�LQDSSURSUL�
DWH�XVH�RI�DQWLELRWLFV��7KHUH�LV�DQ�XUJHQW�QHHG�RI�UDSLG�
DQG� UHOLDEOH� WHVWV� IRU� WKH� GLDJQRVLV� RI� W\SKRLG� IHYHU�
SDUWLFXODUO\� LQ� VHWWLQJV� OLNH� (WKLRSLD� ZKHUH� GRLQJ�
WLPHO\�FXOWXUH�LV�QRW�IHDVLEOH� 
 
'HFODUDWLRQV 
(WKLFV�FRQVLGHUDWLRQ 
7KLV� VWXG\� LV� D� V\VWHPDWLF� UHYLHZ�DQG�PHWD-DQDO\VLV�
DQG�REWDLQLQJ�DQ�HWKLFDO�DSSURYDO�ZDV�QRW�QHFHVVDU\�� 
$YDLODELOLW\�RI�GDWD�DQG�PDWHULDOV 
$OO�GDWD�JHQHUDWHG�RU�DQDO\]HG�GXULQJ� WKLV� VWXG\�DUH�
LQFOXGHG� LQ� WKH� PDQXVFULSW�� +RZHYHU�� WKH� UDZ� GDWD�
DUH� DYDLODEOH� IURP� WKH� FRUUHVSRQGLQJ� DXWKRU� RQ� UHD�
VRQDEOH�UHTXHVW� 
&RPSHWLQJ�LQWHUHVWV 
7KH�DXWKRUV�GHFODUH� WKDW� WKH\�KDYH�QR�FRPSHWLQJ� LQ�
WHUHVWV� 
)XQGLQJ 
7KLV�VWXG\�UHFHLYHG�QR�IXQGLQJ�IURP�DQ\�VRXUFH� 
$XWKRUV
�FRQWULEXWLRQV 
2$0�DQG�6*�FDUULHG�RXW�WKLV�VWXG\��GUDIWHG�WKH�PDQ�
XVFULSW�DQG�FRRUGLQDWHG�WKH�VWXG\��.6�SDUWLFLSDWHG�LQ�
WKH�GHVLJQ�RI� WKH� VWXG\�DQG�SHUIRUPHG� WKH� VWDWLVWLFDO�
DQDO\VLV� DQG� HGLWHG� FULWLFDOO\� WKH� PDQXVFULSW�� 2$0�
DQG� 6*� VXJJHVWHG� WKH� WLWOH� RI� WKH� UHVHDUFK�� $OO� WKH�
DXWKRUV� UHDG� DQG� DSSURYHG� WKH� ILQDO� PDQXVFULSW� IRU�
VXEPLVVLRQ�WR�(0-�� 



���� 

 

 
 
 

 

 

5HIHUHQFHV 
��� &UXPS�-$��/XE\�63��0LQW]�('��7KH�JOREDO�EXUGHQ�RI�W\SKRLG�IHYHU��%XOO�:RUOG�+HDOWK�2UJDQ������ 
��� 6DSRULWR� /�� &RORPED� &�� 7LWRQH� /�� 7\SKRLG� )HYHU�� ,Q�� ,QWHUQDWLRQDO� (QF\FORSHGLD� RI� 3XEOLF� +HDOWK��

���� 
��� %XFNOH�*&��:DONHU�&/)��%ODFN�5(��7\SKRLG�IHYHU�DQG�SDUDW\SKRLG�IHYHU��6\VWHPDWLF�UHYLHZ�WR�HVWL�

PDWH�JOREDO�PRUELGLW\�DQG�PRUWDOLW\�IRU�������-�*ORE�+HDOWK������� 
��� %H\HQH�*��$VUDW�'��0HQJLVWX�<��$VHIID�$��:DLQ�-��7\SKRLG�IHYHU�LQ�(WKLRSLD��-RXUQDO�RI�LQIHFWLRQ�LQ�

GHYHORSLQJ�FRXQWULHV�������� 
��� 9RQ�.DOFNUHXWK�9��.RQLQJV�)��$DE\�3��$GX-6DUNRGLH�<��$OL�0��$VHIID�$��HW�DO��7KH�7\SKRLG�)HYHU�

6XUYHLOODQFH� LQ� $IULFD� 3URJUDP� �76$3��� &OLQLFDO�� 'LDJQRVWLF�� DQG� (SLGHPLRORJLFDO� 0HWKRGRORJLHV��
&OLQ�,QIHFW�'LV������� 

��� %KXWWD�=$��&XUUHQW�FRQFHSWV�LQ�WKH�GLDJQRVLV�DQG�WUHDWPHQW�RI�W\SKRLG�IHYHU��%ULWLVK�0HGLFDO�-RXUQDO��
����� 

��� 7KULHPHU�.��/H\�%��0HQWHQ�-��-DFREV�-��9DQ�'HQ�(QGH�-��$�V\VWHPDWLF�UHYLHZ�DQG�PHWD-DQDO\VLV�RI�WKH�
SHUIRUPDQFH� RI� WZR� SRLQW� RI� FDUH� W\SKRLG� IHYHU� WHVWV�� WXEH[� 7)� DQG� W\SKLGRW�� LQ� HQGHPLF� FRXQWULHV��
3/R6�21(������ 

��� ,VODP�.��6D\HHG�0$��+RVVHQ�(��.KDQDP�)��&KDUOHV�5&��$QGUHZV�-��HW�DO��&RPSDULVRQ�RI�WKH�3HUIRU�
PDQFH�RI� WKH�737HVW��7XEH[��7\SKLGRW� DQG�:LGDO� ,PPXQRGLDJQRVWLF�$VVD\V� DQG�%ORRG�&XOWXUHV� LQ�
'HWHFWLQJ�3DWLHQWV�ZLWK�7\SKRLG�)HYHU�LQ�%DQJODGHVK��,QFOXGLQJ�8VLQJ�D�%D\HVLDQ�/DWHQW�&ODVV�0RG�
HOLQJ�$SSURDFK��3/R6�1HJO�7URS�'LV������ 

��� 2ORSRHQLD�/$��.LQJ�$/��:LGDO�DJJOXWLQDWLRQ�WHVW�-�����\HDUV�ODWHU��6WLOO�SODJXHG�E\�FRQWURYHUV\��3RVW�
JUDGXDWH�0HGLFDO�-RXUQDO������� 

��� ������5DKPDQ�$)06��&RZDQ�0(��7\SKRLG�DQG�LWV�VHURORJ\��%ULWLVK�0HGLFDO�-RXUQDO������� 
���� +RIIPDQ�6/��)ODQLJDQ�73��.ODXFNH�'��/HNVDQD�%��5RFNKLOO�5&��3XQMDEL�1+��HW� DO��7KH�ZLGDO� VOLGH�

DJJOXWLQDWLRQ� WHVW�� D�YDOXDEOH� UDSLG�GLDJQRVWLF� WHVW� LQ� W\SKRLG� IHYHU�SDWLHQWV�DW� WKH� LQIHFWLRXV�GLVHDVHV�
KRVSLWDO�RI�MDNDUWD��$P�-�(SLGHPLRO������� 

��� ����/DOUHPUXDWD�5��&KDGKD�6��%KDOOD�3��5HWURVSHFWLYH�DXGLW�RI�WKH�ZLGDO�WHVW�IRU�GLDJQRVLV��RI�W\SKRLG�IHYHU�
LQ�SHGLDWULF�SDWLHQWV�LQ�DQ�HQGHPLF�UHJLRQ��-�&OLQ�'LDJQRVWLF�5HV������� 

���� /H\�%��0WRYH�*��7KULHPHU�.��$PRV�%��YRQ�6HLGOHLQ�/��+HQGULNVHQ�,��HW�DO��(YDOXDWLRQ�RI�WKH�:LGDO�
WXEH�DJJOXWLQDWLRQ�WHVW�IRU�WKH�GLDJQRVLV�RI�W\SKRLG�IHYHU�DPRQJ�FKLOGUHQ�DGPLWWHG�WR�D�UXUDO�KGRVSLWDO�
LQ�7DQ]DQLD�DQG�D�FRPSDULVRQ�ZLWK�SUHYLRXV�VWXGLHV��%0&�,QIHFW�'LV������ 

���� 2OVHQ�6-��3UXFNOHU�-��%LEE�:��7KDQK�170��7ULQK�70��0LQK�17��HW�DO��(YDOXDWLRQ�RI�5DSLG�'LDJQRVWLF�
7HVWV�IRU�7\SKRLG�)HYHU��-�&OLQ�0LFURELRO������ 

��� :LOONH�$��(UJRQXO�2��%D\DU�%��:LGDO�WHVW�LQ�GLDJQRVLV�RI�W\SKRLG�IHYHU�LQ�7XUNH\��&OLQ�'LDJQ�/DE�,PPX�
QRO������ 

���� 5H\QROGV� ':�� &DUSHQWHU� 5/�� 6LPRQ�:+�� 'LDJQRVWLF� 6SHFLILFLW\� RI�:LGDO¶V� 5HDFWLRQ� IRU� 7\SKRLG�
)HYHU��-$0$�-�$P�0HG�$VVRF������ 

���� 0RKHU�'��/LEHUDWL�$��7HW]ODII�-��$OWPDQ�'*��$OWPDQ�'��$QWHV�*��HW�DO��3UHIHUUHG�UHSRUWLQJ�LWHPV�IRU�
V\VWHPDWLF�UHYLHZV�DQG�PHWD-DQDO\VHV��7KH�35,60$�VWDWHPHQW��&KLQHVH�HGLWLRQ���-RXUQDO�RI�&KLQHVH�
,QWHJUDWLYH�0HGLFLQH������ 



���� 

 

  
 ���� 7LWOH�7��35,60$������&KHFNOLVW�35,60$������&KHFNOLVW��3/R6�0HG������� 
���� :KLWLQJ�3)��5XWMHV�$:6��:HVWZRRG�0(��0DOOHWW�6��'HHNV�--��5HLWVPD�-%��HW�DO��4XDGDV-���$�UHYLVHG�

WRRO�IRU�WKH�TXDOLW\�DVVHVVPHQW�RI�GLDJQRVWLF�DFFXUDF\�VWXGLHV��$QQDOV�RI�,QWHUQDO�0HGLFLQH������ 
���� ZDVLKXQ�$*��:OHNLGDQ�/1��*HEUHPDULDP�6$��:HOGHUXIDHO�$/��0XWKXSDQGLDQ�6��+DLOH�7'��HW�DO��'L�

DJQRVLV�DQG�7UHDWPHQW�RI�7\SKRLG�)HYHU�DQG�$VVRFLDWHG�3UHYDLOLQJ�'UXJ�5HVLVWDQFH�LQ�1RUWKHUQ�(WKL�
RSLD��,QW�-�,QIHFW�'LV������ 

���� $QGXDOHP�*��$EHEH�7��.HEHGH�1��*HEUH-6HODVVLH�6��0LKUHW�$��$OHPD\HKX�+��$�FRPSDUDWLYH�VWXG\�RI�
:LGDO� WHVW�ZLWK�EORRG� FXOWXUH� LQ� WKH�GLDJQRVLV� RI� W\SKRLG� IHYHU� LQ� IHEULOH� SDWLHQWV��%0&�5HV�1RWHV��
���� 

���� *DUHGHZ�/��6RORPRQ�6��:RUNX�<��:RUNX�+��*HPHGD�'��/HOLVVD�*��HW�DO��'LDJQRVLV�DQG�7UHDWPHQW�RI�
+XPDQ�6DOPRQHOORVLV�LQ�$GGLV�$EDED�&LW\��(WKLRSLD��%LRPHG�5HV�,QW������ 

���� %LUKDQLH�0��7HVVHPD�%��)HUHGH�*��(QGULV�0��(QDZJDZ�%��0DODULD��7\SKRLG�)HYHU��DQG�7KHLU�&RLQIHF�
WLRQ�DPRQJ�)HEULOH�3DWLHQWV�DW�D�5XUDO�+HDOWK�&HQWHU�LQ�1RUWKZHVW�(WKLRSLD��$�&URVV-6HFWLRQDO�6WXG\��
$GY�0HG������ 

���� $PH\D�*��$WDOHO�(��.HEHGH�%��<RKDQQHV�%��&RPSDUDWLYH�VWXG\�RI�:LGDO�WHVW�DJDLQVW�VWRRO�FXOWXUH�IRU�
W\SKRLG�IHYHU�VXVSHFWHG�FDVHV�LQ�VRXWKHUQ�(WKLRSLD��3DWKRO�/DE�0HG�,QW������ 

���� 'HNVLVVD�7��*HEUHPHGKLQ�(=��$�FURVV-VHFWLRQDO�VWXG\�RI�HQWHULF�IHYHU�DPRQJ�IHEULOH�SDWLHQWV�DW�$PER�
KRVSLWDO��3UHYDOHQFH�� ULVN� IDFWRUV�� FRPSDULVRQ�RI�:LGDO� WHVW� DQG�VWRRO�FXOWXUH�DQG�DQWLPLFURELDOV� VXV�
FHSWLELOLW\�SDWWHUQ�RI�LVRODWHV��%0&�,QIHFW�'LV������ 

���� +DEWH�/��7DGHVVH�(��)HUHGH�*��$PVDOX�$��7\SKRLG�IHYHU��&OLQLFDO�SUHVHQWDWLRQ�DQG�DVVRFLDWHG�IDFWRUV�
LQ�IHEULOH�SDWLHQWV�YLVLWLQJ�6KDVKHPHQH�5HIHUUDO�+RVSLWDO��VRXWKHUQ�(WKLRSLD��%0&�5HV�1RWHV������ 

���� $GPDVVX�'��(JDWD�*��7HNOHPDULDP�=�� �3UHYDOHQFH�DQG�DQWLPLFURELDO�VXVFHSWLELOLW\�SDWWHUQ�RI�6DOPR�
QHOOD�HQWHULFD�VHURYDU�7\SKL�DQG�6DOPRQHOOD�HQWHULFD�VHURYDU�3DUDW\SKL�DPRQJ�IHEULOH�SDWLHQWV�DW�.DUD�
PDUD�+RVSLWDO��-LJMLJD��HDVWHUQ�(WKLRSLD���6$*(�2SHQ�0HG������ 

���� 0HQJLVW�+0��7LODKXQ�.��'LDJQRVWLF�9DOXH�RI�:LGDO�7HVW�LQ�WKH�'LDJQRVLV�RI�7\SKRLG�)HYHU��$�6\V�
WHPDWLF�5HYLHZ��-�0HG�0LFURELRO�'LDJQRVLV������ 

���� %XQGDOLDQ�5��9DOHQ]XHOD�0��7LRQJFR�5(��$FKLHYLQJ�DFFXUDWH�ODERUDWRU\�GLDJQRVLV�RI�W\SKRLG�IHYHU��D�
UHYLHZ�DQG�PHWD-DQDO\VLV�RI�78%(;��7)�FOLQLFDO�SHUIRUPDQFH��3DWKRJHQV�DQG�*OREDO�+HDOWK������ 

���� %HJXP�=��+RVVDLQ�0$��0XVD�$.��6KDPVX]]DPDQ�$.��0DKPXG�0&��$KVDQ�00��HW�DO��&RPSDULVRQ�
EHWZHHQ�'27�(,$�,J0�DQG�:LGDO�7HVW�DV�HDUO\�GLDJQRVLV�RI�W\SKRLG�IHYHU��0\PHQVLQJK�0HG�-������ 

���� 7DLZR�66��)DGLRUD�62��2SDULQGH�'3��2ORZH�2$��:LGDO�DJJOXWLQDWLRQ�WLWUHV�LQ�WKH�GLDJQRVLV�RI�W\SKRLG�
IHYHU��:HVW�$IU�-�0HG������ 

���� .HGG\�.+�� 6RRND�$�� /HWVRDOR�0(��+R\ODQG�*��&KDLJQDW�&/��0RUULVVH\�$%�� HW� DO�� 6HQVLWLYLW\� DQG�
VSHFLILFLW\�RI� W\SKRLG� IHYHU� UDSLG� DQWLERG\� WHVWV� IRU� ODERUDWRU\�GLDJQRVLV� DW� WZR� VXE-6DKDUDQ�$IULFDQ�
VLWHV��%XOO�:RUOG�+HDOWK�2UJDQ������ 

���� %DNU�:0��(O�$WWDU�/$��$VKRXU�06��(O�7RNK\�$0��78%(;��7HVW�9HUVXV�:LGDO�7HVW�,Q�7KH�'LDJQRVLV�
2I�7\SKRLG�)HYHU�,Q�.DIU�(O�-6KHNK��(J\SW��-�(J\SW�3XEOLF�+HDOWK�$VVRF�������� 

���� $]L]�7��+DTXH�66��5ROH�RI�:LGDO�7HVW�LQ�WKH�'LDJQRVLV�RI�7\SKRLG�)HYHU�LQ�&RQWH[W�WR�2WKHU�7HVW��$P�
-�%LRFKHP������ 

���� (QDEXOHOH�2��$ZXQRU�6��7\SKRLG�IHYHU� LQ�D�7HUWLDU\�+RVSLWDO� LQ�1LJHULD��$QRWKHU� ORRN�DW� WKH�:LGDO�
DJJOXWLQDWLRQ�WHVW�DV�D�SUHIHUUHG�RSWLRQ�IRU�GLDJQRVLV��1LJHU�0HG�-�������� 

���� 0DZD]R�$��%ZLUH�*0��0DWHH�0,1��3HUIRUPDQFH�RI�:LGDO� WHVW�DQG�VWRRO�FXOWXUH� LQ� WKH�GLDJQRVLV�RI�
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SKRLG�IHYHU�LQ�WKH�'HPRFUDWLF�5HSXEOLF�RI�WKH�&RQJR��7UDQV�5�6RF�7URS�0HG�+\J�������� 
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6\VWHPDWLF�5HYLHZ� 
 
&RPSDUDWLYH� HIILFDF\� DQG� VDIHW\� RI� DQWL-LQIHFWLYH� GUXJV� IRU� SDWLHQWV�ZLWK�PLOG� WR� VHYHUH�
&29,'-����$�V\VWHPDWLF�UHYLHZ�DQG�QHWZRUN�PHWD-DQDO\VLV�RI�UDQGRPL]HG�FRQWUROOHG�WUL�
DOV 
 
'HMHQH�7RORVVD�'HEHOD�����7VHJDKXQ�0DQ\D]HZDO���0HUJD�%HOLQD���.DVVDKXQ�+DEWDPX���$EHEDZ�)HNDGX� 

 
 �&HQWHU�IRU�,QQRYDWLYH�'UXJ�'HYHORSPHQW�DQG�7KHUDSHXWLF�7ULDOV�IRU�$IULFD��&'7-$IULFD���&ROOHJH�RI�
 ��+HDOWK�6FLHQFHV��$GGLV�$EDED�8QLYHUVLW\��$GGLV�$EDED��(WKLRSLD 
 �4XDOLW\�,PSURYHPHQW�8QLW��6KHQHQ�*LEH�*HQHUDO�+RVSLWDO��-LPPD��(WKLRSLD 
 �'HSDUWPHQW�RI�6WDWLVWLFV��$GGLV�$EDED�8QLYHUVLW\��$GGLV�$EDED��(WKLRSLD 
 �6FKRRO�RI�3V\FKRORJ\��$GGLV�$EDED�8QLYHUVLW\��$GGLV�$EDED��(WKLRSLD 
 
&RUUHVSRQGLQJ�DXWKRUV
��GHMHQHWRORVVD�#JPDLO�FRP� 
 
$EVWUDFW� 
%DFNJURXQG��'LIIHUHQW�DQWL-LQIHFWLYH�GUXJV�KDYH�EHHQ�SURSRVHG�IRU�WKH�WUHDWPHQW�RI�SDWLHQWV�ZLWK�&29,'-����:H�
FDUULHG�RXW�D�QHWZRUN�PHWD-DQDO\VLV�WR�DVVHVV�WKHLU�UHODWLYH�HIILFDF\�DQG�VDIHW\� 
0HWKRGV��:H�VHDUFKHG�UHOHYDQW�GDWDEDVHV�IRU�DOO�UDQGRPL]HG�FRQWUROOHG�WULDOV�WKDW�UHSRUWHG�WKH�HIILFDF\�DQG�RU�
VDIHW\�RI�DQ\�DQWL-LQIHFWLYH�GUXJV�SXEOLVKHG�XS�WR�$SULO����������IRU�GLIIHUHQW�RXWFRPHV��:H�GLG�ERWK�SDLUZLVH�DQG�
QHWZRUN�PHWD-DQDO\VLV�ZLWK�����FRQILGHQFH�LQWHUYDOV�XVLQJ�D�IL[HG-HIIHFW�PRGHO��:H�DVVHVVHG�VWXGLHV�IRU�TXDOLW\�RI�
HYLGHQFH�XVLQJ�DQ�H[WHQVLRQ�RI�WKH�VWDQGDUG�*UDGLQJ�RI�5HFRPPHQGDWLRQV��$VVHVVPHQW��'HYHORSPHQW�DQG�(YDOXD�
WLRQ�DSSURDFK�FRQVLGHULQJ�3������WR�EH�VWDWLVWLFDOO\�VLJQLILFDQW� 
5HVXOWV��:H�LQFOXGHG����5&7V�IRU��������SDUWLFLSDQWV�RQ����DQWL-LQIHFWLYH�GUXJV��)RU�FOLQLFDO�UHFRYHU\�DW����GD\V�
,YHUPHFWLQ� �25 � ������ ���&,�� >������ ����@�� S� �� �������� PRGHUDWH� FHUWDLQW\� HYLGHQFH��� %DUL�
FLWLQLE SOXV 5HPGHVLYLU� �25 � ������ ���&,�� >������ ����@�� S�  � ������� ORZ� FHUWDLQW\� HYLGHQFH��� DQG� )DYLSLUDYLU�
�25 ����������&,��>����������@��S� ��������PRGHUDWH�FHUWDLQW\�HYLGHQFH��ZHUH�VWDWLVWLFDOO\�HIIHFWLYH�WKDQ�VWDQG�
DUG�RI�FDUH��7KHUH�ZDV�QR�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�WUHDWPHQWV�IRU�WKH�YLUDO�FOHDUDQFH�DW����GD\V�
RXWFRPH�DQG�VWDQGDUG�RI�FDUH�� ,Q� WHUPV�RI�GHDWK�RXWFRPH��RQO\�FRPELQHG� WKHUDS\�RI�%DULFLWLQLE�DQG�5HPGHVLYLU�
VKRZHG�VWDWLVWLFDOO\�VLJQLILFDQW�ULVNV�RI�UDWLR��55 ����������&,��>����������@��S� ��������$UELGRO��55 ����������
&,��>����������@��S� �������ZDV�VWDWLVWLFDOO\�VDIH�GUXJ�WKDQ�VWDQGDUG�RI�FDUH�� 
&RQFOXVLRQ��7KLV�1HWZRUN�0HWD-DQDO\VLV�VXJJHVWV�WKDW�%DULFLWLQLE�SOXV�5HPGHVLYLU�LV�PRUH�HIIHFWLYH�WKDQ�WKH�RWKHU�
DQWL-LQIHFWLYH�GUXJV�LQ�WUHDWLQJ�SDWLHQWV�ZLWK�&29,'-���LQ�WHUPV�RI�FOLQLFDO�UHFRYHU\�DW����GD\V��PRUWDOLW\�DQG�DG�
YHUVH�HYHQWV�RXWFRPHV� 
 
.H\ZRUGV��&29,'-����6$56-&R9-���WUHDWPHQW��QHWZRUN�PHWD-DQDO\VLV��V\VWHPDWLF�UHYLHZ��UDQGRPL]HG�FRQWUROOHG�
 ������WULDOV� 
&LWDWLRQ���'HEHOD�7'�0DQ\D]HZDO�7�%HOLQD0��HW�DO�&RPSDUDWLYH�HIILFDF\�DQG�VDIHW\�RI�DQWL-LQIHFWLYH�GUXJV�IRU�
 SDWLHQWV�ZLWK�PLOG� WR� VHYHUH�&29,'-����$� V\VWHPDWLF� UHYLHZ�DQG�QHWZRUN�PHWD-DQDO\VLV� RI� UDQGRPL]HG�
 FRQWUROOHG�WULDOV��(WKLRS�0HG��-������������-��� 
6XEPLVVLRQ�GDWH�������-XO\��������$FFHSWHG�������0DUFK�����3XEOLVKHG�����0DUFK������ 

(WKLRSLDQ�0HGLFDO�-RXUQDO������������� ��
2SHQ�DFFHVV�DUWLFOHV�GLVWULEXWHG�LQ�WHUPV�RI� 
&UHDWLYH�&RPPRQV�$WWULEXWLRQ�/LFHQFH�>&&�E\����@ 

,661�����-������������H,661�����-�����  'HEHOD�HW�DO�� 

,QWURGXFWLRQ� 
&29,'-��� LV�D� UHVSLUDWRU\� LOOQHVV�FDXVHG�E\�D�QRYHO�
FRURQDYLUXV�QDPHG�VHYHUH�DFXWH�UHVSLUDWRU\�V\QGURPH�
FRURQDYLUXV����6$56�&R9-������DQG�LW�ZDV�ODEHOHG�D�
SDQGHPLF� RI� LQWHUQDWLRQDO� FRQFHUQ� E\� WKH� :RUOG�
+HDOWK�2UJDQL]DWLRQ�RQ�0DUFK��������������,WV�PDMRU�
PRGH� RI� WUDQVPLVVLRQ� LV� IURP� KXPDQ� WR� KXPDQ�
WKURXJK� UHVSLUDWRU\� GURSOHWV��-��� DQG� LWV� FOLQLFDO�
SUHVHQWDWLRQV� FDQ� EH� IURP� VXEFOLQLFDO� ZLWK� PLOG� WR�
VHYHUH�LQIHFWLRQV��-����$V�RI����-XO\�������WKHUH�ZHUH�
������������FRQILUPHG�FDVHV�DQG�������������������

GHDWKV�JOREDOO\������&XUUHQWO\��PDQ\�DQWL-LQIHFWLYH�
GUXJV� DUH� EHLQJ� UHSXUSRVHG� IRU� SDWLHQWV� ZLWK�
&29,'-��� LQFOXGLQJ� UHPGHVLYLU� �XVHG� WR� WUHDW�
(EROD� YLUXV� GLVHDVH� DQG�0DUEXUJ� YLUXV� LQIHFWLRQV�
������ ORSLQDYLU� DQG� ULWRQDYLU� �XVHG� WR� WUHDW� +,9�
$,'6�������FKORURTXLQH�SKRVSKDWH�RU�K\GUR[\FKOR�
URTXLQH� �XVHG� WR� WUHDW� PDODULD� ������ WRFLOL]XPDE�
�XVHG�WR�WUHDW�UKHXPDWRLG�DUWKULWLV�������FRUWLFRVWHU�
RLGV��VWHP�FHOOV��DPRQJ�RWKHUV� 



���� 

 

 
 

 

$QWL-LQIHFWLYH�GUXJV�DFW�RQ�6$56-&R9-��E\� LQKLELW�
LQJ� LWV� UHSOLFDWLRQ������ 7KHLU� HIIHFW� LV� KLJKHU� LQ� WKH�
HDUO\� VWDJHV�RI� WKH�GLVHDVH�EHFDXVH�RI�DFWLYH� UHSOLFD�
WLRQ�RI�WKH�YLUXV�LQ�WKH�HDUO\�FRXUVHV�RI�LQIHFWLRQ������
5HPGHVLYLU��D�EURDG-VSHFWUXP�DQWLYLUDO�PHGLFDWLRQ�RI�
QXFOHRWLGH� SURGUXJ� DGHQRVLQH� DQDORJ�� LQKLELWV� YLUDO�
UHSOLFDWLRQ� E\� ELQGLQJ� WR� WKH� YLUDO� 51$-GHSHQGHQW�
51$�SRO\PHUDVH�DQG� WHUPLQDWLQJ�51$�WUDQVFULSWLRQ
������&KORURTXLQH�DQG�K\GUR[\FKORURTXLQH�LQKLELWLQJ�
WKH� IXVLRQ� RI� 6$56-&R9-�� DQG� WKH� KRVW� FHOO� PHP�
EUDQHV� E\� LQFUHDVLQJ� WKH� HQGRVRPDO� S+������ %RWK�
KDYH� LPPXQRPRGXODWRU\� HIIHFWV� ZKLFK� DUH� SRWHQWLDO�
PHFKDQLVPV� RI� DFWLRQ� IRU� WKH� WUHDWPHQW������ /RS�
LQDYLU�ULWRQDYLU�� D� SURWHDVH� LQKLELWRU� WKDW�PD\� LQKLELW�
WKH� DFWLRQ� RI� �&/SUR�� OHDGV� WR� GLVUXSWLRQ� RI� 6$56-
&R9-��UHSOLFDWLRQ�DQG�DSSHDUV�WR�EH�KLJKO\�FRQVHUYHG
������,YHUPHFWLQ��D�ZHOO-NQRZQ�DQWL-KHOPLQWKLF�DJHQW�
IURP� WKH� ODWH-����V�� HOLPLQDWH� 6$56-&R9-�� E\� LQ�
KLELWLQJ� LPSRUWLQ� Į�ȕ�� PHGLDWHG� WUDQVSRUW� RI� YLUDO�
SURWHLQV�LQ�DQG�RXW�RI�WKH�QXFOHXV����� 

6HYHUDO� UDQGRPL]HG� FOLQLFDO� WULDOV� DUH� XQGHUZD\� DQG�
FXUUHQWO\��WKHUH�DUH�DERXW������WULDOV�UHJLVWHUHG�ZRUOG�
ZLGH� IRU� WKH� WUHDWPHQW� RI� &29,'-�������� <HW�� WKH�
RQO\� 86� )RRG� DQG� 'UXJ� $GPLQLVWUDWLRQ� �)'$�-
DSSURYHG� DQWL-LQIHFWLYH� GUXJ� LV� 5HPGHVLYLU�� ,W� KDV�
EHHQ� DSSURYHG� IRU� WKH� WUHDWPHQW� RI� KRVSLWDOL]HG� SD�
WLHQWV��DJHG�����\HDUV�DQG�ZHLJKLQJ�����NJ�������,WV�
DGPLQLVWUDWLRQ�ZDV� DVVRFLDWHG�ZLWK� FOLQLFDO� LPSURYH�
PHQWV����� DQG� VLJQLILFDQWO\� ORZHU� VHULRXV� DGYHUVH�
GUXJ� UHDFWLRQV� �$'5V�� ZKHQ� FRPSDUHG� WR� FRQWURO�
JURXSV������ 0RUWDOLW\� ZDV� GHFUHDVHG� LQ� KRVSLWDOL]HG�
&29,'-���SDWLHQWV�WUHDWHG�ZLWK�RQO\�K\GUR[\FKORUR�
TXLQH� FRPELQHG� ZLWK� D]LWKURP\FLQ������ 5HPGHVLYLU��
K\GUR[\FKORURTXLQH��DQG�ORSLQDYLU�UHJLPHQV�KDG�OLWWOH�
RU�QR�HIIHFW�RQ�KRVSLWDOL]HG�SDWLHQWV�ZLWK�&29,'-���
LQ� GHFUHDVLQJ� RYHUDOO� PRUWDOLW\������ 5HFHQW� VWXGLHV�
VKRZHG� WKDW� ,YHUPHFWLQ� KDG� EHQHILFLDO� HIIHFWV� LQ�
&29,'-���E\�UHGXFWLRQ�RI�PRUWDOLW\��KLJKHU�QHJDWLYL�
W\� UDWH�� DQG� KLJKHU� V\PSWRPV� DOOHYLDWLRQV� UDWH������
2QH�QHWZRUN�PHWD-DQDO\VLV�GRQH�E\�PL[LQJ�REVHUYD�
WLRQDO� DQG� 5&7� VWXGLHV� UHYHDOHG� WKDW� DQWL-
LQIODPPDWRU\� DJHQWV� DQG� UHPGHVLYLU�ZHUH� DVVRFLDWHG�
ZLWK� LPSURYHG� RXWFRPHV� RI� KRVSLWDOL]HG� &29,'-���
SDWLHQWV������ 

7KHUH� KDYH� EHHQ� HIIRUWV� XQGHUZD\� WR� LGHQWLI\� HIIHF�
WLYH�GUXJV�IRU�WKH�WUHDWPHQW�RI�&29,'-���WKHUH�ZHUH�
D�FRXSOH�RI�V\VWHPDWLF� UHYLHZV�FRPELQHG�ZLWK�PHWD-
DQDO\VLV� DQG�RU� QHWZRUN�PHWD-DQDO\VLV� FDUULHG� RXW� WR�
V\VWHPDWLFDOO\� V\QWKHVLV� WKH� HIILFDF\� DQG� VDIHW\� RI�
VXFK�GUXJV��+RZHYHU��FXUUHQWO\�DYDLODEOH�UHYLHZV�GLG�
QRW� UHFRPPHQG� WKH� EHVW� GUXJV� LQ� WHUPV� RI� FOLQLFDO�
UHFRYHU\�� YLUDO� FOHDUDQFH�� DQG� WROHUDELOLW\�� EHVLGHV��
VRPH�DUH�DOUHDG\�RXWGDWHG�DV�QHZ�ILQGLQJV�DUH�HPHUJ�
LQJ��7KHUH�ZHUH�WZR�VXFK�SRWHQWLDO�UHYLHZV��2QH�ZDV�
SXEOLVKHG� LQ� $SULO� ����� WKDW� UHYLHZHG� ��� DUWLFOHV�
SXEOLVKHG� XS� WR� )HEUXDU\� ���������� DQG� WKH� VHFRQG�
ZDV� D� OLYLQJ� UHYLHZ� SXEOLVKHG� LQ�0D\� ����� WKDW� LQ�

 

FOXGHG�DUWLFOHV�SXEOLVKHG�XS�WR�'HFHPEHU���������� 

7KHUHIRUH��RXU�V\VWHPDWLF� UHYLHZ�DQG�QHWZRUN�PHWD-
DQDO\VLV�DLPHG�WR�FRPSDUH�WKH�HIILFDF\�DQG�VDIHW\�RI�
DQWL-LQIHFWLYH� GUXJV� IRU� SDWLHQWV� ZLWK�PLOG� WR� VHYHUH�
&29,'-��� 

0HWKRGV 
7KH� V\VWHPDWLF� UHYLHZ� DQG� QHWZRUN� PHWD-DQDO\VLV�
ZDV� FRQGXFWHG� DQG� UHSRUWHG� IROORZLQJ� WKH� 3UHIHUUHG�
5HSRUWLQJ� ,WHPV� IRU� 6\VWHPDWLF� 5HYLHZV� DQG�0HWD-
DQDO\VHV� ([WHQVLRQ� IRU� QHWZRUN� PHWD-DQDO\VLV�
�35,60$-10$������ �6XSSOHPHQWDU\� PDWHULDO� ����
7KH� SURWRFRO� ZDV� SURVSHFWLYHO\� UHJLVWHUHG� ZLWK�
35263(52������,'��&5'����������������� 

(OLJLELOLW\ 

7KH�3,&26��SDUWLFLSDQWV��LQWHUYHQWLRQV��FRPSDULVRQ��
RXWFRPHV��DQG�VWXG\�GHVLJQV��GHVFULSWLRQ�PRGHO�ZDV�
XVHG�WR�VHW�HOLJLELOLW\�FULWHULD�RI�WKH�VWXG\ 
· 3DUWLFLSDQWV��SDWLHQWV�ZLWK�PLOG��PRGHUDWH�DQG�

VHYHUH�&29,'�����FRQILUPHG�E\�ODERUDWRU\�57-
3&5�RU�LPDJLQJ��FKHVW�&7�VFDQ�RU�FKHVW�[-UD\��� 
 

· ,QWHUYHQWLRQ��DQ\�DQWL-LQIHFWLYH�GUXJ�WHVWHG�WR�
HYDOXDWH�LWV�HIILFDF\�RU�VDIHW\�LQ�SDWLHQWV�GLDJ�
QRVHG�ZLWK�&29,'-����'LIIHUHQW�GRVDJHV�DQG�
GXUDWLRQV�RI�DQWL-LQIHFWLYH�GUXJV�ZHUH�WDNHQ�DV�
LQGLYLGXDO�WUHDWPHQWV�EXW�VHSDUDWHO\�HYDOXDWHG�
IRU�VXEJURXS�DQDO\VLV�� 

· &RPSDUDWRU��VWDQGDUG�RI�FDUH�RU�SODFHER�� 
· 2XWFRPHV��3ULPDU\�RXWFRPHV�ZHUH�WLPH�WR�FOLQL�

FDO�UHFRYHU\�DQG�WUHDWPHQW-HPHUJHQW�VHULRXV�
DGYHUVH�HYHQWV��6HFRQGDU\�RXWFRPHV�ZHUH�UDWH�RI�
YLUDO�FOHDUDQFH��DOO-FDXVH�PRUWDOLW\��DQG�DGYHUVH�
HYHQWV� 

· 6WXG\�GHVLJQ��5&7V��SXEOLVKHG�LQ�WKH�(QJOLVK�
ODQJXDJH��� 

 
6HDUFK�VWUDWHJ\�DQG�VWXG\�VHOHFWLRQ 
 
:H�VHDUFKHG�3XE0HG��&RFKUDQH�&HQWUDO�5HJLVWHU�RI�
&RQWUROOHG� 7ULDOV�� &29,'-HYLGHQFH�� &RFKUDQH�
&29,'-���6WXG\�5HJLVWHU��(PEDVH��DQG�FOLQLFDO�WULDO�
UHJLVWUDWLRQ� VLWHV� LQ� WKH�86� �&OLQLFDO7ULDOV�JRY��� (X�
URSH� �FOLQLFDOWULDOVUHJLVWHU�HX��� DQG� &KLQD�
�FKLFWU�RUJ�FQ��XS�WR����$SULO������IRU�DOO�5&7V�WKDW�
HYDOXDWHG� WKH�HIILFDF\�RU�VDIHW\�RI�DQ\�DQWL-LQIHFWLYH�
GUXJV��)RU�WKH�3XE0HG�GDWDEDVH��ZH�XVHG�WKH�0H6+�
WHUPV� ³$QWLYLUDO�$JHQWV´�25�³VSHFLILF� GUXJV´�$1'�
³&29,'-��´�25�³6$56-&29-�´� OLPLWHG� WR�KXPDQ�
VWXGLHV� DQG� SXEOLVKHG� LQ� (QJOLVK� ODQJXDJHV�� 3DSHU�
ZDV�LQFOXGHG�LI�LW� LV�5&7�LQYHVWLJDWLQJ�DQWL-LQIHFWLYH�
GUXJ� WUHDWPHQW� DQG� FOLQLFDO� RXWFRPHV� LQ� FRQILUPHG�
&29,'-���GLVHDVH�ZLWK�DW�OHDVW�RQH�RI�WKH�RXWFRPHV��
$GGLWLRQDO� SRWHQWLDO� SDSHUV� ZHUH� FRQVLGHUHG� IURP�
UHIHUHQFH�OLVWV�RI�LQFOXGHG�DUWLFOHV�DQG�RWKHU�UHOHYDQW�



���� 

 

V\VWHPDWLF� UHYLHZV�� 7KH� WLWOH�DEVWUDFW� ZDV� LQLWLDOO\� DV�
ZHOO�DV�IXOO�WH[W�VFUHHQHG�E\�WZR�LQGHSHQGHQW�UHYLHZHUV�
DQG�GLVDJUHHPHQWV�ZHUH�UHVROYHG�E\�WKLUG�DXWKRUV�� 

 
7DEOH�����6XPPDU\�FKDUDFWHULVWLFV�RI�VWXGLHV�LQFOXGHG�LQ�WKH�V\VWHPDWLF�UHYLHZ�DQG�QHWZRUN�PHWD-DQDO\VLV 
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5HPGHVLYLU�LQWUDYHQRXVO\�
���-PJ�ORDGLQJ�GRVH�RQ�
GD\����IROORZHG�E\�D����-
PJ�PDLQWHQDQFH�GRVH�DG�
PLQLVWHUHG�GDLO\�RQ�GD\V���
WKURXJK��� 

%DULFLWLQLE��-
PJ�GDLO\�GRVH�
�HLWKHU�RUDOO\�
>WZR��-PJ�
WDEOHWV@�RU�
WKURXJK�D�
QDVRJDVWULF�
WXEH��IRU����
GD\ 

WLPH�WR�UHFRYHU\��
FOLQLFDO�VWDWXV�DW�
GD\��� 

�� /RX�
<����� 

&KLQD��
&KL&75
�������
��� 

5&7
�����
�
�����
�� 

��������
������
�������
� 

���%DOR[DYLU�PDUER[LO����
PJ�RQFH�D�GD\�RUDOO\�RQ�
'D\���DQG�'D\����IRU�SD�
WLHQWV�ZKR�DUH�VWLOO�SRVLWLYH�
LQ�YLURORJLFDO�WHVW��WKH\�FDQ�
EH�JLYHQ�DJDLQ�RQ�'D\�����������������������������������������������������������������
����)DYLSLUDYLU������PJ�RU�
����PJ�RUDOO\��IROORZHG�E\�
����PJ�HDFK�WLPH��WKUHH�
WLPHV�D�GD\��DQG�WKH�GXUD�
WLRQ�RI�DGPLQLVWUDWLRQ�ZDV�
QRW�PRUH�WKDQ����GD\V 

6WDQGDUG�RI�
FDUH 

SHUFHQWDJH�RI�VXE�
MHFWV�ZLWK�YLUDO�
QHJDWLYH�E\�'D\����
DQG�WKH�WLPH�IURP�
UDQGRPL]DWLRQ�WR�
FOLQLFDO�LPSURYH�
PHQW��DGYHUVH�
HYHQWV��GHDWK 

�� 0HGLQD�
(����� 

VLQJOH�
FHQWHU�
&RORP�
ELD��
1&7���
����� 

5&7
����
���
����� 

�����
��
������� 

,YHUPHFWLQ�����ȝJ�NJ�SHU�
GD\�IRU���GD\V 

3ODFHER WLPH�WR�UHVROXWLRQ�
RI�V\PSWRPV�ZLWKLQ�
D���-GD\��DGYHUVH�
HYHQW 

'DWD�H[WUDFWLRQ 
 
'DWD� H[WUDFWLRQ� ZDV� SHUIRUPHG� E\� WZR� LQGHSHQGHQW�
UHYLHZHUV� DQG�GLVDJUHHPHQWV�ZHUH� UHVROYHG�E\� WKLUG�
DXWKRUV��7KH�GDWD�FROOHFWLRQ�IRUPDW�ZDV�DGDSWHG�IURP�
WKH�&RFKUDQH� GDWD� H[WUDFWLRQ� WRRO������ ([WUDFWHG� LQ�
IRUPDWLRQ� ZDV� LQFOXGHG� WKH� ILUVW� DXWKRU¶V� QDPH� DQG�
\HDU� RI� SXEOLFDWLRQ�� VHWWLQJ�� FRXQWU\�� VWXG\� GHVLJQ��
IROORZ-XS� GXUDWLRQ�� DJH� �PHDQ�PHGLDQ��� WKH� SURSRU�
WLRQ� RI� PDOH� SDUWLFLSDQWV�� WUHDWPHQW� FKDUDFWHULVWLFV�
�QDPH��GRVH��URXWH��IUHTXHQF\��GXUDWLRQ���VDPSOH�VL]H��
VWXG\� IXQGHU�� W\SH� RI� VWDWLVWLFDO� DQDO\VLV�� SURSRUWLRQ�
RU�QXPEHU�RI�SDUWLFLSDQWV�ZLWK�FOLQLFDO�LPSURYHPHQW��
SURSRUWLRQ�RU�QXPEHU�RI�SDUWLFLSDQWV�ZLWK�YLUDO� 

FOHDUDQFH��GHDWK��DQG�DGYHUVH�HYHQWV 
 
'DWD�V\QWKHVLV�DQG�DQDO\VLV 
 
:H�VXPPDUL]HG� WKH� LQFOXGHG�DUWLFOHV�ZLWK�D�GHVFULSWLYH�
WDEOH��:H�GLG�GLUHFW�SDLUZLVH�PHWD-DQDO\VHV�XVLQJ�VWDQG�
DUG� LQYHUVH-YDULDQFH� IL[HG-HIIHFW� E\� PHWD� FRPPDQG� RI�
56WXGLR�9HUVLRQ����������IRU�VWXGLHV�UHSRUWHG�LQ�KHDG-WR
-KHDG� FRPSDULVRQV� IRU� DOO� VXSSRVHG� SULPDU\� RXWFRPHV��
:H�FRPSXWHG� WKH�RGGV� UDWLR� �25�� DQG� ULVNV� UDWLR� �55��
DQG�LWV����FRQILGHQFH�LQWHUYDO��&,��IRU�WKH�GLFKRWRPRXV�
YDULDEOHV�DQG�PHDQ�GLIIHUHQFH��0'��IRU�FRQWLQXRXV�RXW�
FRPHV�� :H� WHVWHG� EHWZHHQ-VWXG\� KHWHURJHQHLW\� LQ�
HDFK�SDLUZLVH�XVLQJ�,���VWDWLVWLFV������ 



���� 

 

 
 

 

$�QHWZRUN�PHWD-DQDO\VLV� �10$��ZDV�SHUIRUPHG�XV�
LQJ� WKH� QHWPHWD� FRPPDQGV� LQ� WKH� 56WXGLR� 9HUVLRQ�
��������� WR� FRPELQH� DOO� GLUHFW� DQG� LQGLUHFW� FRPSDUL�
VRQV�������7KH�JHRPHWU\�QHWZRUN�PDSV�ZHUH�GUDZQ�WR�
JLYH� DQ� RYHUYLHZ� RI� WKH� UHODWLRQVKLSV� EHWZHHQ� HDFK�
SDLU� RI� WUHDWPHQWV� ������:H�KDYH� FKHFNHG� WKH�PDMRU�
DVVXPSWLRQV�� ���� VLPLODULW\�� ���� LQFRQVLVWHQF\
�GLVDJUHHPHQW� EHWZHHQ� WKH� GLIIHUHQW� VRXUFHV� RI� HYL�
GHQFH��� DQG� ���� LQWUDQVLWLYLW\� ����� ����� 7KH� QHWZRUN�
IRUHVW� WR�VXPPDUL]H�DQ�HIIHFW�VL]H�DV�SRROHG�25�DQG�
55�ZLWK�D�����FRQILGHQFH� LQWHUYDO� �&,�� VHWWLQJ�D�S-
YDOXH�RI�OHVV�WKDQ�������:H�XVHG�WKH�OHDJXH�WDEOHV�WR�
GLVSOD\�WKH�UHODWLYH�HIILFDF\�DQG�VDIHW\�RXWFRPHV������
,QFRQVLVWHQF\�ZDV�TXDQWLILHG�XVLQJ� WKH�JOREDO�4� WHVW�
DQG� ORFDOO\� XVLQJ� WKH� VR-FDOOHG� QRGH-VSOLWWLQJ�
�6,''(�� ����������7KH�VXUIDFH�XQGHU� WKH�FXPXODWLYH�
UDQNLQJ� DUHD� �68&5$�� DQG� 3-VFRUH� ZHUH� XVHG� WR�
VKRZ� WKH� KLHUDUFK\� RI� VXSHULRULW\� DPRQJ� LQWHUYHQ�
WLRQV������ 

4XDOLW\�DVVHVVPHQW 

:H�XVHG� WKH�YHUVLRQ��� ULVN�RI�ELDV�&RFKUDQH�DVVHVV�
PHQW� WRRO� �5R%��� IRU� HYDOXDWLQJ� HDFK� VHOHFWHG�5&7�
�����DQG�IRU�HDFK�RXWFRPH��7KH�WRRO�LV�VWUXFWXUHG�LQWR�
ILYH� GRPDLQV�� WKH� UDQGRPL]DWLRQ� SURFHVV�� GHYLDWLRQV�
IURP� LQWHQGHG� LQWHUYHQWLRQV�� PLVVLQJ� RXWFRPH� GDWD��
PHDVXUHPHQW� RI� WKH� RXWFRPH� DQG� VHOHFWLRQ� RI� WKH�
UHSRUWHG� UHVXOW��:H� DVVHVVHG� WKH� TXDOLW\� RI� HYLGHQFH�
XVLQJ� DQ� H[WHQVLRQ� RI� WKH� VWDQGDUG� *5$'(-10$�

 

�*UDGLQJ� RI� 5HFRPPHQGDWLRQV�� $VVHVVPHQW�� 'HYHO�
RSPHQW� DQG� (YDOXDWLRQ� H[WHQVLRQ� WR� QHWZRUN� PHWD-
DQDO\VLV�� DSSURDFK� ZKLFK� LV� EDVHG� RQ� WKH� FRQWULEX�
WLRQV� RI� WKH� GLUHFW� FRPSDULVRQV� WR� WKH� HVWLPDWLRQ� LQ�
WKH�QHWZRUN�PHWD-DQDO\VLV������:H�GRZQJUDGHG�HYL�
GHQFH� EDVHG� RQ� WKH� ILYH� *5$'(� FRQVLGHUDWLRQV�
�VWXG\�OLPLWDWLRQV��FRQVLVWHQF\�RI�HIIHFW��LPSUHFLVLRQ��
LQGLUHFWQHVV�� DQG� SXEOLFDWLRQ� ELDV�� DQG� FDWHJRUL]HG�
LQWR�IRXU�OHYHOV��KLJK��PRGHUDWH��ORZ��DQG�YHU\�ORZ�� 

6HQVLWLYLW\�DQG�VXEJURXS�DQDO\VLV�DQG�SXEOLFDWLRQ�
ELDV 
:H�SHUIRUPHG�D�VHQVLWLYLW\�DQDO\VLV�RQ�WKH�LPSDFW�RI�
KLJK�ULVN�RI�ELDV�VWXGLHV��6XEJURXS�DQDO\VLV�ZDV�GRQH�
DPRQJ� GLIIHUHQW� VHYHULW\� RI� GLVHDVH� �PLOG��PRGHUDWH�
DQG� VHYHUH� &29,'� ����� 7KH� SXEOLFDWLRQ� ELDV� ZDV�
DVVHVVHG� E\� D� FRPSDULVRQ-DGMXVWHG� IXQQHO� SORW� WR�
LGHQWLI\�VPDOO�VWXG\�SXEOLFDWLRQ�ELDV��� 
 
5HVXOWV 
 
6WXG\�FKDUDFWHULVWLFV 
)URP�WKH�WRWDO�������DUWLFOHV�UHWULHYHG�����VWXGLHV�PHW�
WKH�HOLJLELOLW\�FULWHULD��RI�ZKLFK����H[FOXGHG�IURP�WKH�
PDLQ� DQDO\VLV� EHFDXVH� RI� ULVN� RI� ELDV��$� WRWDO� RI� ���
VWXGLHV� �ZHUH� LQFOXGHG� LQ� WKH� V\VWHPDWLF� UHYLHZ�DQG�
QHWZRUN�PHWD-DQDO\VLV��)LJXUH�����7KH�VHOHFWHG�VWXG�
LHV� LQYROYHG� D� WRWDO� RI� ������� SDUWLFLSDQWV�� ZLWK� D�
PHDQ�DJH�RI�����\HDUV�DQG�����PDOH��7KH�GHWDLOV�RI�
VWXG\�FKDUDFWHULVWLFV�DUH�JLYHQ�LQ��7DEOH����� 

 

)LJXUH����35,60$�IORZ�FKDUW�RI�VWXG\�VHOHFWLRQ�IRU�LQFOXVLRQ�LQ�WKH�V\VWHPDWLF�UHYLHZ�DQG�QHWZRUN�PHWD-DQDO\VLV� 



���� 

 

 

 

 

 

 

 

 

7KH� JHRPHWU\� QHWZRUN� PDSV� SUHVHQWDWLRQ� RI� DOO� WUHDW�
PHQW� FRPSDLVRQV� IRU� HDFK� RXWFRPH� LV� SUHVHQWHG� EHORZ�
�)LJXUH����� 
7KHUH� ZHUH�PRUH� WKDQ� ��� GLIIHUHQW� DQWL-LQIHFWLYH� GUXJV�
LQFOXGLQJ� $UELGRO�� $]LWKURP\FLQ�� %DOR[DYLU� 0DUER[LO��
%DULFLWLQLE�� &KORURTXLQH�� 'DFODWDVYLU�� )DYLSLUDYLU�� +\�
GUR[\FKORURTXLQH�� ,YHUPHFWLQ�� /RSLQDYLU–5LWRQDYLU��
5LEDYLULQ��6RIRVEXYLU��5HPGHVLYLU��3ODFHER��6WDQGDUG�RI�
FDUH�DQG� WKHLU�FRPELQDWLRQV��6WDQGDUG�RI�FDUH� WUHDWPHQW�
LV�VHOHFWHG�DV�UHIHUHQFH�WKHUDS\�IRU�WKH�DQDO\VLV�RI�10$� 

)LJXUH����1HWZRUN�JUDSK�RI�HOLJLEOH�DUWLFOHV�RI�DQWL-LQIHFWLYH�GUXJV�IRU�SDWLHQWV�ZLWK�PLOG�WR�VHYHUH�&29,'-
�����$��&OLQLFDO�UHFRYHU\�UDWH�DW����GD\V���%��9LUDO�FOHDUDQFH�UDWH�DW����GD\V���&��0RUWDOLW\�UDWH���'��$GYHUVH�
HYHQWV��7KH�WKLFNQHVV�RI�WKH�OLQHV�SURSRUWLRQDO�WR�WKH�QXPEHU�RI�VWXGLHV�HYDOXDWLQJ�HDFK�GLUHFW�FRPSDULVRQ�DQG�
VKDGHG�WULDQJOH�UHSUHVHQWV�PXOWL-DUP�WULDO�� 
�UHP��UHPGHVLYLU�IRU���GD\V��DUE��DUELGRO��D��D]LWKURP\FLQ��EDO��EDOR[LYLU��EDUHP��EDULFLQLE�SOXV�UHPGHVLYLU��FKO��FKORUR�
TXLQH��IDY��IDYLSLUDYLU��K\G��K\GUR[\FKORURTXLQH��K\G]��K\GUR[\FKORURTXLQH�SOXV�D]LWKURP\FLQ��LYH��LYHUPHFWLQ��LYHUG��
LYHUPHFWLQ�SOXV�GR[\F\FOLQH��OSU��ORSLQDYLU-ULWRQDYLU��SOD��SODFHER��UHP��UHPGHVLYLU��VG��VRIRVEXYLU�SOXV�GDFODWDVYLU��VGU��
VRIRVEXYLU��GDFODWDVYLU��ULEDYLULQ��VRF��VWDQGDUG�RI�FDUH� 
 
 

$V�SHU�5R%��ULVN�RI�ELDV�HYDOXDWLRQ�XVLQJ�WKH�([FHO�
WRRO� 52%�B,53*BEHWDBY��� ��� VWXGLHV� KDG� VRPH�
FRQFHUQ�RI�ULVN�RI�ELDV�����������VWXGLHV�ZHUH�IRXQG�
WR�KDYH�D�ORZ�ULVN�RI�ELDV��������ZKLOH�WKH�UHPDLQ�
LQJ� HLJKW� VWXGLHV� KDG� D� KLJK� ULVN� RI� ELDV� ������
�)LJXUH���� 

)LJXUH����U LVNV�RI�ELDV�GLDJUDP�IRU �DOO�HOLJLEOH�VWXGLHV�DVVHVVHG� 



���� 

 

 
 

 

0HWD-DQDO\VLV 
 
3DLUZLVH�PHWD-DQDO\VLV�KDG�VKRZQ�KLJKHU�VWDWLVWLFDOO\�
VLJQLILFDQFH�RGGV�RI�FOLQLFDO�UHFRYHU\�UDWH�DW����GD\V�
ZKHQ� )DYLSLUDYLU� �25 � ������ ���&,�� ������� �������
�5&7��WKDQ�VWDQGDUG�RI�FDUH�EXW�+\GUR[\FKORURTXLQH�
�25 ���������&,����������������5&7V��KDV�ORZ�RGGV�
RI� FOLQLFDO� UHFRYHU\� UDWH� DW� ��� GD\V� WKDQ� VWDQGDUG� RI�
FDUH� �6XSSOHPHQWDU\� PDWHULDO� ��� 7DEOH� ����1R� GUXJ�
KDG� QR� VWDWLVWLFDOO\� VLJQLILFDQW� GLIIHUHQFH� LQ� GLUHFW�
FRPSDULVRQ� WR� WKH� VWDQGDUG� RI� FDUH� WUHDWPHQWV� IRU�
YLUDO� FOHDUDQFH� UDWH� DW� ��� GD\V�� )DYLSLUDYLU� �25�
 ���������&,�����������������5&7V���+\GUR[\FKORUR�
TXLQH� �25 ������� ���&,�� ������� ������� �5&7V�� DQG�
/RSLQDYLU�5LWRQDYLU��25 ����������&,����������������
�5&7V���6XSSOHPHQWDU\�PDWHULDO����7DEOH�����5HGXF�
WLRQ�LQ�GHDWK�UDWH�GXH�WR�&29,'-���ZDV�QRW�EHWWHU�IRU�
6RIRVEXYLU� SOXV� 'DFODWDVYLU� �25 � ������ ���&,��
������� ������� �5&7V�� DQG� /RSLQDYLU�5LWRQDYLU� �25 �
������ ���&,�� ������� ������� �5&7V�� WKDQ� VWDQGDUG� RI�
FDUH��6XSSOHPHQWDU\�PDWHULDO����7DEOH�����)DYLSLUDYLU�
�25 ����������&,�����������������5&7V���/RSLQDYLU�
5LWRQDYLU� �25 ������� ���&,�� ������� ������� �5&7V���
DQG� +\GUR[\FKORURTXLQH� �25 � ������ ���&,�� �������
������� �5&7V�� ZHUH� OHVV� WROHUDEOH� WKDQ� VWDQGDUG� RI�
FDUH� LQ� WUHDWLQJ� &29,'-��� �6XSSOHPHQWDU\� PDWHULDO�
���7DEOH���� 
 
1HWZRUN�PHWD-DQDO\VLV 
&OLQLFDO�UHFRYHU\�UDWH�DW����GD\V 

7KH�QHWZRUN�PHWD-DQDO\VLV�ZLWK����SDSHUV�LQYHVWLJDW�
LQJ����WUHDWPHQW�GUXJV�LQ�������SDUWLFLSDQWV�LGHQWLILHG�

 

PRUH� WKDQ� ILYH� GUXJV� VWDWLVWLFDOO\� VLJQLILFDQW� LQ� LQ�
FUHDVLQJ� WKH�FOLQLFDO� UHFRYHU\�DW����GD\V� WKDQ�VWDQG�
DUG� RI� FDUH� �6XSSOHPHQWDU\�PDWHULDO� ��� 7DEOH� ���� ,Q�
JHQHUDO�� QHWZRUN� IRUHVW� SORW� E\� IUHTXHQWLVW� DSSURDFK�
KDV�VKRZQ�WKDW�,YHUPHFWLQ��25 ����������&,���������
������� S-YDOXH� �� �������� PRGHUDWH� FHUWDLQW\� RI� HYL�
GHQFH��� 5HPGHVLYLU� IRU� �� GD\V� �25 � ������ ���&,��
������� ������� S-YDOXH� �������� ORZ� FHUWDLQW\� RI� HYL�
GHQFH��� FRPELQHG� 5HPGHVLYLU� DQG� %DULFLQLE� IRU� ���
GD\V� �25 � ������ ���&,�� ������ ������ S-YDOXH� �������
ORZ� FHUWDLQW\� RI� HYLGHQFH��� )DYLSLUDYLU� �25 � ������
���&,����������������S-YDOXH���������5HPGHVLYLU� IRU�
��� GD\V� �25 � ������ ���&,��� ������ ������� S-YDOXH�
������ORZ�FHUWDLQW\�RI�HYLGHQFH���DQG�6RIRVEXYLU�SOXV�
'DFODWDVYLU� �25� ������ ���&,� ������ ������� S-YDOXH�
������ ORZ�FHUWDLQW\�RI�HYLGHQFH��ZHUH�PRUH�HIIHFWLYH�
WKDQ�VWDQGDUG�RI�FDUH� LQ�FOLQLFDO� UHFRYHU\�DW����GD\V�
�)LJXUH� ���� +LHUDUFK� E\� IUHTXHQWLVW� 3-VFRUH� UDQNHG�
,YHUPHFWLQ�GUXJ���������DV�WKH�EHVW� WRS�IROORZHG�E\�
6RIRVEXYLU� SOXV� 'DFODWDVYLU� ��������� FRPELQHG�
5HPGHVLYLU� DQG� %DULFLQLE� IRU� ��� GD\V� �������� DQG�
)DYLSLUDYLU��������)LJXUH�����7KH�WRWDO�JOREDO�KHWHUR�
JHQHLW\�IRU�WKLV�QHWZRUN�RYHUDOO�ZDV�VWDWLVWLFDOO\�VLJ�
QLILFDQW�ORZ�KHWHURJHQHLW\��,�� ���������������������
S� YDOXH�  � ��� ������ 7KHQ� WKH� QRGH� VSOLWWLQJ� PHWKRG�
�6HSDUDWH� LQGLUHFW� IURP� GLUHFW� GHVLJQ� HYLGHQFH�
�6,''(��� UHYHDOHG� WKDW� WKHUH� ZDV� HYLGHQFH� RI� ORFDO�
LQFRQVLVWHQF\� LGHQWLILHG� LQ� VHYHUDO� SDLU� RI� FORVHG�
ORRSV�RI�QHWZRUNV�FRPSDULVRQ�LQ�FOLQLFDO�UHFRYHU\�DW�
���GD\V�RXWFRPH� 

 

)LJXUH����+LHUDUFK\� UDQN�SORW� RI� QHWZRUN�PHWD-DQDO\VLV� RI�$QWL-LQIHFWLYH�GUXJV� IRU� FOLQLFDO� UHFRYHU\� DW� ���
GD\V��3-VFRUH��$��DQG�68&5$��%�� 
�UHP��UHPGHVLYLU�IRU���GD\V��DUE��DUELGRO��D��D]LWKURP\FLQ��EDO��EDOR[LYLU��EDUHP��EDULFLQLE�SOXV�UHPGHVLYLU��FKO��FKORURTXLQH��
IDY�� IDYLSLUDYLU�� K\G�� K\GUR[\FKORURTXLQH��K\G]�� K\GUR[\FKORURTXLQH�SOXV� D]LWKURP\FLQ�� LYH�� LYHUPHFWLQ�� LYHUG�� LYHUPHFWLQ�
SOXV� GR[\F\FOLQH�� OSU�� ORSLQDYLU-ULWRQDYLU�� SOD�� SODFHER�� UHP�� UHPGHVLYLU�� VG�� VRIRVEXYLU� SOXV� GDFODWDVYLU�� VGU�� VRIRVEXYLU��
GDFODWDVYLU��ULEDYLULQ��VRF��VWDQGDUG�RI�FDUH� 

$ ��� 
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)LJXUH����)RUHVW�SORW��1HWZRUN�PHWD-DQDO\VLV�HVWLPDWHV�RI�GUXJ-OHYHO�YHUVXV�VWDQGDUG�RI�FDUH�IRU�WKH�FOLQLFDO�
UHFRYHU\�DW���GD\V�RXWFRPHV�� 

 

 

 

 

 

 

 

 

9LUDO�FOHDUDQFH�UDWH�DW����GD\V 

��� SDSHUV� UHSRUWLQJ� RQ� ��� WUHDWPHQW� GUXJV� LQYROYHG�
������ SDUWLFLSDQWV� ZHUH� SUHVHQWHG� E\� IUHTXHQWLVW� DS�
SURDFK� QHWZRUN� JUDSK� �)LJXUH� ��� DQG� UHODWLYH� HVWL�
PDWHV�RI�HIIHFWLYH�E\�1HWOHDJXH�WDEOH��6XSSOHPHQWDU\�
PDWHULDO����7DEOH�����7KHUH�ZDV�QR�VWDWLVWLFDOO\�VLJQLI�
LFDQW� GLIIHUHQFH� EHWZHHQ� DQ� DQWL-LQIHFWLYH� GUXJ� LQ�
WHUPV� RI� YLUDO� FOHDUDQFH� DW� ��GD\V� FRPSDULQJ� WR� WKH�
VWDQGDUG� RI� FDUH�� $UELGRO� �25� ������ ���&,� ������
������� )DYLSLUDYLU� HDUO\� WUHDWPHQW� �25� ������ ���&,�
������������� 

/RSLQDYLU�� 5LWRQDYLU� �25� ������ ���&,� ������ ������
DQG�6RIRVEXYLU��25����������&,��������������)LJXUH�
���� 6XUIDFH� XQGHU� WKH� FXPXODWLYH� UDQNLQJ� FXUYH�
�68&5$�� KLHUDUFK\� UDQNHG� $UELGRO� EHVW� WRS� VDIH�
GUXJ� �68&5$�  � ������� IROORZHG� E\� 6RIRVEXYLU�
�68&5$� ������DQG�)DYLSLUDYLU��68&5$� ��������
DV� WKLUG� EHVW� GUXJ� �)LJXUH� ���� *OREDO� KHWHURJHQHLW\�
LQFRQVLVWHQF\� ZDV� UHYHDOHG� ZLWK� ZLGH� FRQILGHQFH�
LQWHUYDO��KHWHURJHQHLW\��,�� ����������������������4�
 �������S-YDOXH� ������� 

)LJXUH� ���)RUHVW� SORW��1HWZRUN� PHWD-DQDO\VLV� HVWLPDWHV� RI� GUXJ-OHYHO� YHUVXV� VWDQGDUG� RI� FDUH� IRU� WKH� YLUDO�
FOHDUDQFH�DW����GD\V�RXWFRPHV 



���� 

 

)LJXUH����6XFUD�SORW�RI�QHWZRUN�PHWD-DQDO\VLV�RI�$QWL-LQIHFWLYH�GUXJV�IRU�YLUDO�FOHDUDQFH�DW���� 

0RUWDOLW\�UDWH 

7KH� QHWZRUN� PHWD-DQDO\VLV� RI� ��� VWXGLHV� H[DPLQLQJ�

��� WUHDWPHQW� GUXJV� LQYROYHG��������SDUWLFLSDQWV�ZDV�

SORWWHG� E\� QHWZRUN� JUDSK� �)LJXUH� ��� DQG� WKHLU� UHOD�

WLRQVKLS�E\�D�OHDJXH�WDEOH��6XSSOHPHQWDU\�PDWHULDO����

7DEOH�����6WDWLVWLFDOO\�VLJQLILFDQW� ORZHU�ULVNV�RI�PRU�

WDOLW\� ZHUH� VKRZQ� IRU� FRPELQHG� %DULFLWLQLE� ZLWK�

5HPGHVLYLU� WKHUDS\� WKDQ� VWDQGDUG� RI� FDUH� WKHUDS\�

�55 ������� ���&,�� ������� ������� 3-YDOXH� ������ YHU\�

ORZ�FHUWDLQW\�RI�HYLGHQFH���5HPGHVLYLU� IRU� ILYH�GD\V�

�55 � ������ ���&,�� ������� ������� 3-YDOXH� ������ ORZ�

FHUWDLQW\� RI� HYLGHQFH��� ,YHUPHFWLQ� �55 � ������ ���

&,�� ������� ������� 3-YDOXH� ������ ORZ� FHUWDLQW\� RI� HYL�

GHQFH��� 5HPGHVLYLU� IRU� ��� GD\V� �55 � ������ ���&,��

��������������3-YDOXH�������ORZ�FHUWDLQW\�RI�HYLGHQFH��

DQG� +\GUR[\FKORURTXLQH� SOXV� $]LWKURP\FLQ� �55 �

���������&,����������������3-YDOXH�������YHU\�ORZ� 

FHUWDLQW\�RI�HYLGHQFH��GHFUHDVH�GHDWK�EXW�VWDWLVWLFDOO\�

QRW�VLJQLILFDQW� �)LJXUH�����5DQNLQJ�DQDO\VLV� IRU�PRU�

WDOLW\� SHUIRUPHG� ZLWK� VXUIDFH� XQGHU� WKH� FXPXODWLYH�

UDQNLQJ� FXUYHV� �68&5$�� VWURQJO\� VXJJHVWHG� WKDW�

FRPELQHG� %DULFLWLQLE� ZLWK� 5HPGHVLYLU� WKHUDS\� ZDV�

WKH� ILUVW� WRS� EHVW� �HIIHFWLYH�� WUHDWPHQW� �68&5$�

 ������� IROORZHG� E\� UHPGHVLYLU� IRU� �� GD\V� VHFRQG�

EHVW� GUXJ� �68&5$�  � �������� DQG� ,YHUPHFWLQ� WKLUG�

EHVW� GUXJ� �68&5$�  � ����� LQ� GHFUHDVLQJ� PRUWDOLW\�

DQG�3-VFRUH�RI� IUHTXHQWLVWV�DOVR�VXJJHVW� VLPLODU�KLHU�

DUFK\� �)LJXUH� ����7KH� KHWHURJHQHLW\� WDX� IRU� WKLV� QHW�

ZRUN�RYHUDOO�ZDV�������ZKLFK�ZH�FRQVLGHUHG�ORZ�KHW�

HURJHQHLW\� �+HWHURJHQHLW\� ,�� � ����� ������� ��������

DQG�4�VWDWLVWLF�ZDV�XVHG� WR�DVVHVV�FRQVLVWHQF\�XQGHU�

WKH� DVVXPSWLRQ� RI� D� IXOO� GHVLJQ-E\-WUHDWPHQW�

�FRQVLVWHQF\� EHWZHHQ� GHVLJQV�� UHYHDOHG� QR� LQFRQ�

VLVWHQF\�VHHQ�ZLWK�4� ��������S�YDOXH������� 

 

)LJXUH����)RUHVW�SORW��1HWZRUN�PHWD-DQDO\VLV�HVWLPDWHV�RI�GUXJ-OHYHO�YHUVXV�VWDQGDUG�RI�FDUH�IRU�WKH�0RUWDOLW\�
RXWFRPHV���5HPGHVLYLU-5HPGHVLYLU�IRU�ILYH�GD\V��5HPGHVLYLU-�5HPGHVLYLU�IRU�WHQ�GD\V 



���� 

 

)LJXUH�����68&5$�RI�QHWZRUN�PHWD-DQDO\VLV�RI�$QWL-LQIHFWLYH�GUXJV�IRU�PRUWDOLW\� 

$GYHUVH�HYHQWV 

$Q�DGYHUVH�HYHQW�RXWFRPH�ZDV�UHSRUWHG�E\����VWXGLHV�
LQYROYLQJ����WUHDWPHQW�DJHQWV�RQ�������SDWLHQWV�ZLWK�
&29,'���LQIHFWLRQ�DQG�KDYH�EHHQ�VKRZQ�E\�QHWZRUN�
JHRPHWU\� �)LJXUH�����$UELGRO� WKHUDS\� UHVXOWV� VWDWLVWL�
FDOO\� VLJQLILFDQW� ORZ� ULVNV� UDWLR� WKDQ� WKH� VWDQGDUG� RI�
FDUH�WKHUDS\��55 ����������&,����������������S-YDOXH�
������YHU\�ORZ�FHUWDLQW\�RI�HYLGHQFH���DQG�6RIRVEXYLU�
'DFODWDVYLU��55 ����������&,����������������S-YDOXH�
��������EXW�+\GUR[\FKORURTXLQH� �25 ����������&,��
������� ������� S-YDOXH� �������� ORSLQDYLU-ULWRQDYLU� YHU�
VXV�VWDQGDUG�RI�FDUH��25 ����������&,����������������
S-YDOXH������������DQG�UHPGHVLYLU�YHUVXV�VWDQGDUG�RI�
FDUH��25 ����������&,����������������S-YDOXH�������� 

KDG� VWDWLVWLFDOO\� VLJQLILFDQW� KLJK� ULVNV� UDWLR� LQ� GHYHO�
RSLQJ� DGYHUVH� HYHQWV� )LJXUH� ���� )LJXUH� ���� 6XSSOH�
PHQWDU\� PDWHULDO� ���� �5DQNLQJ� DQDO\VLV� IRU� DGYHUVH�
HYHQW�ZDV�SHUIRUPHG�ZLWK�3-6FRUH�SUREDELOLW\�VWURQJ�
O\� VXJJHVWHG� WKDW� 6RIRVEXYLU�'DFODWDVYLU� �3-6FRUH�  �
������� DV� WRS� VDIH� GUXJ� DQG� $UELGRO� �3-6FRUH�  �
�������WKH�VHFRQG�VDIH�GUXJ�DQG�VWDQGDUG�RI�FDUH��3-
6FRUH�  � ������� DV� WKLUG� VDIH� GUXJ� LQ� WUHDWPHQW� RI�
&29,'-����:H� TXDQWLILHG� WKH� KHWHURJHQHLW\� ZLWK� ,��

DV� PRGHUDWH� �KHWHURJHQHLW\� ,��  � ������ ��������
�������DQG�JOREDO� LQFRQVLVWHQF\�ZDV�IRXQG�DVVHVVHG�
E\� 4� VWDWLVWLF� DIWHU� GHWDFKLQJ� RI� VLQJOH� GHVLJQV� DQG�
6,''(� DSSURDFK� �&RFKUDQ¶V� 4 � ������� S-YDOXH� ��
��������DQG�LGHQWLILHG�RQ�VHYHUDO�QHWZRUN�ORRSV�FRP�
SDULVRQ� 

 

)LJXUH�����)RUHVW�SORW��1HWZRUN�PHWD-DQDO\VLV�HVWLPDWHV�RI�GUXJ-OHYHO�YHUVXV�VWDQGDUG�RI�FDUH�IRU�WKH�DG�
YHUVH�HYHQW�RXWFRPHV���&,��&UHGLEOH�LQWHUYDO��62&��VWDQGDUG�RI�FDUH��55��5LVN�5DWLR 



���� 

 

 

)LJXUH�����1HWPHWD�3-6FRUH�KLHUDUFK\�SUREDELOLW\�RI�QHWZRUN�PHWD-DQDO\VLV�RI�$QWL-LQIHFWLYH�GUXJV�IRU�DQ\�DG�
YHUVH�HYHQWV�� 

6HQVLWLYLW\�DQG�VXEJURXS�DQDO\VLV 
 
7KH� UHVXOW�RI� VHQVLWLYLW\�DQDO\VLV�RQ� WKH� ORZ� ULVNV�RI�
ELDV� DUWLFOHV� IRXQG� WKDW� ,YHUPHFWLQ� �25 � ������ ���
&,�� ������� ��������S-YDOXH����������� ORZ�FHUWDLQW\�RI�
HYLGHQFH���5HPGHVLYLU�IRU���GD\V��25 ����������&,��
������� ������� S-YDOXH� ������� ORZ� FHUWDLQW\� RI� HYL�
GHQFH��� FRPELQHG� 5HPGHVLYLU� DQG� %DULFLQLE� IRU� ���
GD\V��25 ����������&,����������������S-YDOXH��������
ORZ� FHUWDLQW\� RI� HYLGHQFH��� 5HPGHVLYLU� IRU� ��� GD\V�
�25 � ������ ���&,�� ������� ������� S-YDOXH� ������ ORZ�
FHUWDLQW\�RI�HYLGHQFH���DQG�6RIRVEXYLU�SOXV�'DFODWDV�
YLU��25 ����������&,���������������S-YDOXH�������ORZ�
FHUWDLQW\�RI�HYLGHQFH��ZHUH�PRUH�HIIHFWLYH�WKDQ�VWDQG�
DUG� RI� FDUH� LQ� FOLQLFDO� UHFRYHU\� DW� ��� GD\V�
�6XSSOHPHQWDU\� ILOH��� 6XEJURXS� DQDO\VLV� IRXQG�
5HPGHVLYLU�IRU����GD\V�FDXVHG�VWDWLVWLFDOO\�VLJQLILFDQW�
VHULRXV� DGYHUVH� HYHQWV� �55 � ������ ���&,�� �������
������� S-YDOXH� ��������� /RSLQDYLU-5LWRQDYLU� �55 �
������ ���&,�� ������ ������� S-YDOXH� ��������� +\�
GUR[\FKORURTXLQH��55 ����������&,����������������S-
YDOXH� ������� DQG� 3ODFHER� �55 � ������ ���&,�� �������
�������S-YDOXH�����������6XSSOHPHQWDU\�ILOH��� 
 
3XEOLFDWLRQ�ELDV� 
 
$FFRUGLQJ� WR� WKH� FRPSDULVRQ-DGMXVWHG� IXQQHO� SORWV��
WKHUH�ZDV� QR� VLJQ� RI� DV\PPHWU\� IRXQG� LQ� WKUHH� RXW�
FRPHV�� %XW�� � ZH� LGHQWLILHG� SXEOLFDWLRQ� ELDV� IRU� DG�
YHUVH� HYHQWV� RXWFRPH� ZKLFK� LQGLFDWHV� WKDW� WKHUH� DUH�
VPDOO-VWXG\� HIIHFWV� LQ� RXU� QHWZRUN� �S�  � ������
�6XSSOHPHQWDU\�ILOH��'��� 
 
'LVFXVVLRQ 
,Q� WKLV� ODWHVW� V\VWHPDWLF� UHYLHZ� DQG� QHWZRUN� PHWD-
DQDO\VLV�� ZH� KDYH� DQDO\]HG� ��DQWL-LQIHFWLYH� GUXJV�
SRROHG�IURP����5&7V�XS�WR����$SULO�������:H�IRXQG�
WKDW� RXU�10$� VKRZHG� VHYHUDO� GUXJV� LQFOXGLQJ� ,YHU�
PHFWLQ��5HPGHVLYLU�� FRPELQHG�5HPGHVLYLU� DQG�%DUL�
FLQLE��)DYLSLUDYLU�DQG�6RIRVEXYLU�SOXV�'DFODWDVYLU�DUH�
VWDWLVWLFDOO\�VLJQLILFDQW�LQ�LQFUHDVLQJ�WKH�UDWH�RI�FOLQL�
FDO�UHFRYHU\�DW����GD\V�WKDQ�VWDQGDUG�RI�FDUH��+RZHY�
HU�� WKHUH� ZDV� QR� VWDWLVWLFDOO\� VLJQLILFDQW� GLIIHUHQFH�
EHWZHHQ� DVVHVVHG� GUXJV� YHUVXV� VWDQGDUG� RI� FDUH� LQ�
WHUPV�RI�FOLQLFDO�UHFRYHU\�UDWH�EXW�WKHUH�DUH�GUXJV�OLNH�
$UELGRO�� )DYLSLUDYLU�� /RSLQDYLU�5LWRQDYLU� DQG�6RIRV�
EXYLU�UHYHDOHG�KLJK�RGGV�RI�LQFUHDVHG�YLUDO�FOHDUDQFH�
DW����GD\V��7KLV� UHYLHZ�DOVR�IRXQG� WKDW� WUHDWLQJ�ZLWK�
FRPELQHG� %DULFLWLQLE� ZLWK� 5HPGHVLYLU�� 5HPGHVLYLU��
,YHUPHFWLQ�� DQG� +\GUR[\FKORURTXLQH� SOXV� $]LWKUR�

P\FLQ� KDG� ORZHU� ULVNV� RI� UDWLR� LQ� WHUPV� RI�PRUWDOLW\�
WKDQ�WUHDWLQJ�ZLWK�VWDQGDUG�RI�FDUH��:H�UHYHDOHG�IURP�
WKLV� 10$� $UELGRO� DQG� 6RIRVEXYLU�'DFODWDVYLU� ZHUH�
WKH�KLJKO\�WROHUDEOH�GUXJV��VWDWLVWLFDOO\�VLJQLILFDQW�ORZ�
ULVNV�UDWLR��WKDQ�WKH�VWDQGDUG�RI�FDUH�WKHUDS\� 
 
:H� KDYH� HYDOXDWHG� IURP� RXU� 10$� WKDW� LYHUPHFWLQ�
ZDV� WKH�EHVW� WRS�GUXJ� LQ� WHUPV�RI� LQFUHDVLQJ�FOLQLFDO�
UHFRYHU\� UDWH� DW� ��� GD\V�� ZKLOH� VRIRVEXYLU� SOXV�
GDFODWDVYLU� ZDV� VHFRQG-EHVW� DQG� D� FRPELQDWLRQ� RI�
UHPGHVLYLU� DQG� EDULFLQLE�ZDV� WKLUG-EHVW� FRPSDUHG� WR�
WKH�VWDQGDUG�RI�FDUH�WKHUDS\�� 

$�V\VWHPDWLF�UHYLHZ�DQG�PHWD-DQDO\VLV�RQ�LYHUPHFWLQ�
ZLWK� UDQGRP� HIIHFW� PRGHO� UHYHDOHG� WKDW� LYHUPHFWLQ�
OHG� WR� VLJQLILFDQW� FOLQLFDO� LPSURYHPHQW� FRPSDUHG� WR�
XVXDO� WKHUDS\� �25 ������ ���� &,�� ������� �������
3 ������ VLPLODU� WR� D� SUHYLRXV� PHWD-DQDO\VLV� �25 �
���������&,�� ��������������S-YDOXH�������������+RZ�
HYHU��WKH�PHWD-DQDO\VLV�RQO\�LQFOXGHG�WKUHH�VWXGLHV�LQ�
WKH�PHWD-DQDO\VLV�DQG�DOO�ZHUH�GHHPHG�WR�SURYLGH�ORZ�
FHUWDLQW\�HYLGHQFH���$�SUHYLRXV�V\VWHPDWLF�UHYLHZ�DQG�
PHWD-DQDO\VLV� RQ� HIILFDF\� RI� UHPGHVLYLU� IRXQG�
WKDW�  UHPGHVLYLU� GLG� QRW� GHFUHDVH� DOO-FDXVH� PRUWDOLW\�
�55 � ������ ���&,�� ������ WR� ������� ,�  � ���������
ZKLFK�FRQWUDGLFWV�RXU�UHVXOW��25 ���������&�,��������
������� S-YDOXH� ������� ,� � ������ +RZHYHU�� DQRWKHU�
PHWD-DQDO\VLV�SXEOLVKHG� LQ�-XQH������UHSRUWHG�D�VLJ�
QLILFDQWO\� UHGXFHG� PRUWDOLW\� UDWH� ZLWK� WKH� XVH� RI�
UHPGHVLYLU� �55 � ������ ���� &,�� ������� ������� S� ��
��������������� 

$� SUHYLRXV� V\VWHPDWLF� UHYLHZ� DQG� PHWD-DQDO\VLV� RQ�
IDYLSLUDYLU� JURXS� IRU� WKH� WUHDWPHQW� RI� SDWLHQWV� ZLWK�
&29,'-���UHYHDOHG�VLJQLILFDQW�FOLQLFDO�LPSURYHPHQW�
RQ�GD\�����25ௗ���������&,ௗ������������EXW�QR�GLIIHU�
HQFH� IRU� UDWH� RI� YLUDO� FOHDUDQFH� �25 ௗ������ ���&,�
������������������DQG�RXU�UHVXOW�LV�LQ�DJUHHPHQW��25 �
���������&,����������������S-YDOXH���������,�� ������ 
$Q� XSGDWHG� V\VWHPDWLF� UHYLHZ� DQG� QHWZRUN� PHWD-
DQDO\VLV� RI� ��� 5&7V� SXEOLVKHG� LQ� -DQXDU\� ����� UH�
SRUWHG�WKDW�UHPGHVLYLU�IRU���-GD\�FRPSDUHG�WR�VWDQG�
DUG� FDUH� ZHUH� DVVRFLDWHG� ZLWK� D� KLJKHU� FOLQLFDO� LP�
SURYHPHQW�UDWH������2XU�ILQGLQJ�LV�VLPLODU�WR�WKH�SUH�
YLRXV�ILQGLQJ�LQ�WKDW�UHPGHVLYLU�VKRZHG�DQ�LQFUHDVHG�
FOLQLFDO� UHFRYHU\� UDWH� E\� ���� �25 � ������ ���&,��
������� ������� S-YDOXH� ������� $QRWKHU� XSGDWHG� DUWLFOH�
ZLWK� ���� WULDOV� HQUROOLQJ� ���� ���� SDWLHQWV� UHSRUWHG�
UHGXFHV�GHDWKV�ZLWK�UHPGHVLYL�FRPSDUHG�ZLWK� 
 



���� 

 

 �VWDQGDUG� FDUH� �25 � ������ ���&,�� ������������� ORZ�
FHUWDLQW\�� ������ ZKLFK� LV� FRPSDUDEOH� WR� RXU� ILQGLQJ�
�25 � ������ ���&,�� ������������� ORZ� FHUWDLQW\�
�6XSSOHPHQWDU\�PDWHULDO���� 

7KLV�UHYLHZ�PD\�KDYH�SRVVLEOH�OLPLWDWLRQV�WKDW�ZRXOG�
VHUYH�DV�DQ�LPSRUWDQW�RSSRUWXQLW\�IRU�IXWXUH�UHYLHZV��
7KRXJK� ZH� LQFOXGHG� PRUH� WKDQ� VHYHQ� GDWDEDVHV� LQ�
RXU� VHDUFK� WR� PDNH� WKH� PHWD-DQDO\VLV� WKH� ODUJHVW��
WKHUH�ZHUH�VWLOO�VRPH�GDWDEDVHV�WKDW�WKH�UHYLHZ�GLG�QRW�
LQFOXGH�DQG�WKLV�PD\�DIIHFW�WKH�FRPSUHKHQVLYHQHVV�RI�
WKH�VWXG\��:H�LQFOXGHG����DUWLFOHV�WKDW�KDG�VXIILFLHQW�
HYLGHQFH� IRU� DQDO\VLV�� 7KH� &29,'-��� WKHUDSHXWLF�
RSWLRQV� DUH� PRYLQJ� YHU\� TXLFNO\� DQG� DFWLYH� FDQGL�
GDWHV�DUH�HPHUJLQJ�WKDW�WKLV�UHYLHZ�PD\�QRW�KDYH�FRY�
HUHG�� $QWL-LQIODPPDWRU\� GUXJV� RU� PRQRFORQDO� DQWL�
ERGLHV�DUH�VKRZQ�WR�KDYH�SURPLVLQJ�HIIHFWV��WKDW�WKLV�
UHYLHZ�GLG�QRW�LQFOXGH� 
 
&RQFOXVLRQV 
 
%DULFLWLQLE�SOXV�5HPGHVLYLU�LV�PRUH�HIIHFWLYH�WKDQ�WKH�
RWKHU� ��� DQWL-LQIHFWLYH� GUXJV� LQ� WKH� UDWH� RI� FOLQLFDO�
UHFRYHU\� DW� ��� GD\V� DQG� PRUWDOLW\� RXWFRPHV� RI� SD�
WLHQWV�ZLWK�&29,'-����ZKLOH� QR� VWDWLVWLFDOO\� VLJQLIL�
FDQW�GLIIHUHQFH�LQ�YLUDO�FOHDUDQFH�DW����GD\V�DQG�VDIH�
W\� RXWFRPHV��$UELGRO� GUXJ� LV� WKH� WROHUDEOH� WUHDWPHQW�

DQG�,YHUPHFWLQ�KDG�VWDWLVWLFDOO\�VLJQLILFDQW�LQ�FOLQLFDO�
UHFRYHU\� DW� ��� GD\V�� :H� UHFRPPHQG� WKHUH� ZLOO� EH�
PRUH� DQG�PXOWLQDWLRQDO� VWXGLHV� WR� LGHQWLI\� WKH� HIIHFW�
RI� ,YHUPHFWLQ� DQG� $UELGRO� RQ� WUHDWPHQW� RI� &29,'-
��� 
 
&RQIOLFW�RI�,QWHUHVW��7KH�DXWKRUV�GHFODUH�QR�FRQ�
IOLFWV�RI�LQWHUHVW� 
)XQGLQJ�6RXUFH��1R�IXQGLQJ�VRXUFH�ZDV�XVHG�LQ�
WKH�GHYHORSPHQW�RI�WKLV�PDQXVFULSW 
(WKLFDO�$SSURYDO�VWDWHPHQW��1RW�DSSOLFDEOH 
$FNQRZOHGJPHQWV��7KH�DXWKRUV�ZRXOG�OLNH�WR�
DFNQRZOHGJH�WKH�&HQWHU�IRU�,QQRYDWLYH�'UXJ�'HYHO�
RSPHQW�DQG�7KHUDSHXWLF�7ULDOV�IRU�$IULFD��&'7-
$IULFD���&ROOHJH�RI�+HDOWK�6FLHQFHV��$GGLV�$EDED�
8QLYHUVLW\��$OO�DXWKRUV�KDYH�HTXDO�FRQWULEXWLRQV�WR�
WKLV�UHVHDUFK� 
 
6XSSOHPHQWDU\�PDWHULDOV 
6XSSOHPHQWDU\�PDWHULDO���KWWSV���ELW�O\��=X�%�8 
6XSSOHPHQWDU\�PDWHULDO���KWWSV���ELW�O\��-7�$=J 
6XSSOHPHQWDU\�PDWHULDO���KWWSV���ELW�O\��O9.WR= 

5HIHUHQFH� 
 
���*XDQ�:-M��1L�=-\��+X�<��/LDQJ�:-K��2X�&-T��+H�--[��HW�DO��&OLQLFDO�&KDUDFWHULVWLFV�RI�&RURQDYLUXV�'LVHDVH�

�����LQ�&KLQD��1HZ�(QJODQG�-RXUQDO�RI�0HGLFLQH�������������������-��� 
��2UJDQL]DWLRQ�:+��1RYHO�&RURQDYLUXV��������-Q&R9����VLWXDWLRQ�UHSRUW���������� 
��&RYLG�&��&29,'�&��&29,'�&��%LDOHN�6��*LHUNH�5��+XJKHV�0��HW�DO��&RURQDYLUXV�'LVHDVH������LQ�&KLOGUHQ—

8QLWHG�6WDWHV��)HEUXDU\���–$SULO����������0RUELGLW\�DQG�0RUWDOLW\�:HHNO\�5HSRUW������������������ 
��$OL�0��6KDK�67+��,PUDQ�0��.KDQ�$��7KH�UROH�RI�DV\PSWRPDWLF�FODVV��TXDUDQWLQH�DQG�LVRODWLRQ�LQ�WKH�WUDQVPLV�

VLRQ�RI�&29,'-����-RXUQDO�RI�%LRORJLFDO�'\QDPLFV����������������-���� 
�� 2UJDQL]DWLRQ�:+��5HSRUW�RI�WKH�:+2-&KLQD�-RLQW�0LVVLRQ�RQ�FRURQDYLUXV�GLVHDVH�������&29,'-�����������

6LJQLILFDQW�DFFRXQW�RI�IDWDOLW\�UDWHV�DQG�FRPRUELGLWLHV�LQ�UHSRUWV�IURP�&KLQD�UHODWHG�WR�&29,'-���LQIHFWLRQ��
����� 

�� &DR�%��:DQJ�<��:HQ�'��/LX�:��:DQJ�-��)DQ�*��HW�DO��$�WULDO�RI�ORSLQDYLU–ULWRQDYLU�LQ�DGXOWV�KRVSLWDOL]HG�
ZLWK�VHYHUH�&RYLG-����1HZ�(QJODQG�-RXUQDO�RI�0HGLFLQH������� 

�� +XDQJ�&��:DQJ�<��/L�;��5HQ�/��=KDR�-��+X�<��HW�DO��&OLQLFDO�IHDWXUHV�RI�SDWLHQWV�LQIHFWHG�ZLWK������QRYHO�
FRURQDYLUXV�LQ�:XKDQ��&KLQD��7KH�ODQFHW���������������������-���� 

�� &KHQ�1��=KRX�0��'RQJ�;��4X�-��*RQJ�)��+DQ�<��HW�DO��(SLGHPLRORJLFDO�DQG�FOLQLFDO�FKDUDFWHULVWLFV�RI����
FDVHV�RI������QRYHO�FRURQDYLUXV�SQHXPRQLD�LQ�:XKDQ��&KLQD��D�GHVFULSWLYH�VWXG\��7KH�/DQFHW����������
�����������-��� 

�� :DQJ�'��+X�%��+X�&��=KX�)��/LX�;��=KDQJ�-��HW�DO��&OLQLFDO�FKDUDFWHULVWLFV�RI�����KRVSLWDOL]HG�SDWLHQWV�ZLWK�
�����QRYHO�FRURQDYLUXV–LQIHFWHG�SQHXPRQLD�LQ�:XKDQ��&KLQD��-DPD�������������������-�� 

���2UJDQL]DWLRQ�:+��&RURQDYLUXV�GLVHDVH��&29,'-����RXWEUHDN��������85/�KWWSV���ZZZ�ZKR�LQW�HPHUJHQFLHV�
GLVHDVHV�QRYHO-FRURQDYLUXV-����������� 

���6LHJHO�'��+XL�+&��'RHUIIOHU�(��&ODUNH�02��&KXQ�.��=KDQJ�/��HW�DO��'LVFRYHU\�DQG�V\QWKHVLV�RI�D�SKRVSKR�
UDPLGDWH�SURGUXJ�RI�D�S\UUROR�>����-I@>WULD]LQ-�-DPLQR@�DGHQLQH�&-QXFOHRVLGH��*6-������IRU�WKH�WUHDWPHQW�RI�
(EROD�DQG�HPHUJLQJ�YLUXVHV��$&6�3XEOLFDWLRQV������� 

���&KDQGZDQL�$��6KXWHU�-��/RSLQDYLU�ULWRQDYLU�LQ�WKH�WUHDWPHQW�RI�+,9-��LQIHFWLRQ��D�UHYLHZ��7KHUDSHXWLFV�DQG�
FOLQLFDO�ULVN�PDQDJHPHQW����������������� 

���7DQHQEDXP�/��7XIIDQHOOL�'/��$QWLPDODULDO�DJHQWV��FKORURTXLQH��K\GUR[\FKORURTXLQH��DQG�TXLQDFULQH��$U�
FKLYHV�RI�'HUPDWRORJ\�����������������-��� 



���� 

 

���6FRWW�/-��7RFLOL]XPDE��D�UHYLHZ�LQ�UKHXPDWRLG�DUWKULWLV��'UXJV������������������-��� 
���6DQGHUV�-0��0RQRJXH�0/��-RGORZVNL�7=��&XWUHOO�-%��3KDUPDFRORJLF�WUHDWPHQWV�IRU�FRURQDYLUXV�GLVHDVH������

�&29,'-�����D�UHYLHZ��-DPD�������������������-��� 
��� 6LGGLTL�+.��0HKUD�05��&29,'-���LOOQHVV�LQ�QDWLYH�DQG�LPPXQRVXSSUHVVHG�VWDWHV��$�FOLQLFDO–WKHUDSHXWLF�VWDJ�

LQJ�SURSRVDO��7KH�MRXUQDO�RI�KHDUW�DQG�OXQJ�WUDQVSODQWDWLRQ����������������� 
��� 0DOLQ�--��6XiUH]�,��3ULHVQHU�9��)lWNHQKHXHU�*��5\EQLNHU�-��5HPGHVLYLU�DJDLQVW�&29,'-���DQG�RWKHU�YLUDO�GLV�

HDVHV��&OLQLFDO�PLFURELRORJ\�UHYLHZV�������������H�����-��� 
��� :DQJ�0��&DR�5��=KDQJ�/��<DQJ�;��/LX�-��;X�0��HW�DO��5HPGHVLYLU�DQG�FKORURTXLQH�HIIHFWLYHO\�LQKLELW�WKH�UH�

FHQWO\�HPHUJHG�QRYHO�FRURQDYLUXV������-Q&R9��LQ�YLWUR��&HOO�UHVHDUFK����������������-��� 
��� 0DLVRQQDVVH�3��*XHGM�-��&RQWUHUDV�9��%HKLOOLO�6��6RODV�&��0DUOLQ�5��HW�DO��+\GUR[\FKORURTXLQH�XVH�DJDLQVW�

6$56-&R9-��LQIHFWLRQ�LQ�QRQ-KXPDQ�SULPDWHV��1DWXUH��������������������-�� 
��� XO�4DPDU�07��$OTDKWDQL�60��$ODPUL�0$��&KHQ�/-/��6WUXFWXUDO�EDVLV�RI�6$56-&R9-���&/SUR�DQG�DQWL-

&29,'-���GUXJ�GLVFRYHU\�IURP�PHGLFLQDO�SODQWV��-RXUQDO�RI�SKDUPDFHXWLFDO�DQDO\VLV����������������-�� 
��� *XSWD�'��6DKRR�$.��6LQJK�$��,YHUPHFWLQ��SRWHQWLDO�FDQGLGDWH�IRU�WKH�WUHDWPHQW�RI�&RYLG�����%UD]LOLDQ�-RXUQDO�

RI�,QIHFWLRXV�'LVHDVHV����������������-��� 
��� *OREDO�&RURQDYLUXV�&29,'-���&OLQLFDO�7ULDO�7UDFNHU�>,QWHUQHW@�������>FLWHG��������@��$YDLODEOH�IURP��KWWSV���

ZZZ�FRYLG��-WULDOV�RUJ�� 
��� )RRG�8��$GPLQLVWUDWLRQ�'��)'$�$SSURYHV�)LUVW�7UHDWPHQW�IRU�&29,'-��������� 
��� -LDQJ�<��&KHQ�'��&DL�'��<L�<��-LDQJ�6��(IIHFWLYHQHVV�RI�UHPGHVLYLU�IRU�WKH�WUHDWPHQW�RI�KRVSLWDOL]HG�&RYLGဨ���

SHUVRQV��D�QHWZRUN�PHWDဨDQDO\VLV��-RXUQDO�RI�PHGLFDO�YLURORJ\�����������������-�� 
��� 5H]DJKROL]DGHK�$��.KLDOL�6��6DUEDNKVK�3��(QWH]DUL-0DOHNL�7��5HPGHVLYLU�IRU�WUHDWPHQW�RI�&29,'-����DQ�XS�

GDWHG�V\VWHPDWLF�UHYLHZ�DQG�PHWD-DQDO\VLV��(XURSHDQ�MRXUQDO�RI�SKDUPDFRORJ\������������������ 
��� )LROHW�7��*XLKXU�$��5HEHDXG�0��0XORW�0��3HLIIHU-6PDGMD�1��0DKDPDW-6DOHK�<��(IIHFW�RI�K\GUR[\FKORURTXLQH�

ZLWK�RU�ZLWKRXW�D]LWKURP\FLQ�RQ�WKH�PRUWDOLW\�RI�&29,'-���SDWLHQWV��D�V\VWHPDWLF�UHYLHZ�DQG�PHWD-DQDO\VLV��
&OLQLFDO�0LFURELRORJ\�DQG�,QIHFWLRQ������� 

��� &RQVRUWLXP�:+267��3DQ�+��3HWR�5��+HQDR-5HVWUHSR�$-0��3UH]LRVL�0-3��6DWKL\DPRRUWK\�9��HW�DO��5HSXU�
SRVHG�$QWLYLUDO�'UXJV�IRU�&RYLG-���-�,QWHULP�:+2�6ROLGDULW\�7ULDO�5HVXOWV��7KH�1HZ�(QJODQG�MRXUQDO�RI�PHGL�
FLQH�����������������-���� 

��� +DUL\DQWR�7,��+DOLP�'$��5RVDOLQG�-��*XQDZDQ�&��.XUQLDZDQ�$��,YHUPHFWLQ�DQG�RXWFRPHV�IURP�&RYLGဨ���
SQHXPRQLD��$�V\VWHPDWLF�UHYLHZ�DQG�PHWDဨDQDO\VLV�RI�UDQGRPL]HG�FOLQLFDO�WULDO�VWXGLHV��5HYLHZV�LQ�0HGLFDO�
9LURORJ\�������H����� 

��� .LP�06��$Q�0+��.LP�:-��+ZDQJ�7-+��&RPSDUDWLYH�HIILFDF\�DQG�VDIHW\�RI�SKDUPDFRORJLFDO�LQWHUYHQWLRQV�IRU�
WKH�WUHDWPHQW�RI�&29,'-����$�V\VWHPDWLF�UHYLHZ�DQG�QHWZRUN�PHWD-DQDO\VLV��3/R6�PHGLFLQH���������
�����H�������� 

��� 4LX�5��/L�-��;LDR�<��*DR�=��:HQJ�<��=KDQJ�4��HW�DO��7KH�WKHUDSHXWLF�HIIHFW�DQG�VDIHW\�RI�WKH�GUXJV�IRU�&29,'-
����$�V\VWHPDWLF�UHYLHZ�DQG�PHWD-DQDO\VLV��0HGLFLQH���������������H������ 

��� 'H�&UHVFHQ]R�)��$PDWR�/��&UXFLDQL�)��0R\QLKDQ�/3��'¶$Oz�*/��9HFFKL�6��HW�DO��&RPSDUDWLYH�(IIHFWLYHQHVV�RI�
3KDUPDFRORJLFDO�,QWHUYHQWLRQV�IRU�&RYLG-����$�6\VWHPDWLF�5HYLHZ�DQG�1HWZRUN�0HWD-$QDO\VLV��)URQWLHUV�LQ�
3KDUPDFRORJ\���������������� 

��� +XWWRQ�%��6DODQWL�*��&DOGZHOO�'0��&KDLPDQL�$��6FKPLG�&+��&DPHURQ�&��HW�DO��7KH�35,60$�H[WHQVLRQ�VWDWH�
PHQW�IRU�UHSRUWLQJ�RI�V\VWHPDWLF�UHYLHZV�LQFRUSRUDWLQJ�QHWZRUN�PHWD-DQDO\VHV�RI�KHDOWK�FDUH�LQWHUYHQWLRQV��
FKHFNOLVW�DQG�H[SODQDWLRQV��$QQDOV�RI�LQWHUQDO�PHGLFLQH������������������-��� 

��� 'HMHQH�7RORVVD�.'��&RPSDULQJ�WKH�HIIHFWLYHQHVV�RI�DQWL-LQIHFWLRXV�GUXJV�IRU�WKH�WUHDWPHQW�RI�ODERUDWRU\-
FRQILUPHG�&RYLG-���SDWLHQWV��D�V\VWHPDWLF�UHYLHZ�DQG�QHWZRUN�PHWD-DQDO\VLV�RI�UDQGRPL]HG�FOLQLFDO�WULDOV��
35263(52������� 

��� &RFKUDQH�&��'DWD�FROOHFWLRQ�IRUP�IRU�LQWHUYHQWLRQ�UHYLHZV��5&7V�RQO\��7KH�&RFKUDQH�&ROODERUDWLRQ��FRPPXQL�
W\�FRFKUDQH�RUJ������� 

��� +LJJLQV�-3��7KRPSVRQ�6*��4XDQWLI\LQJ�KHWHURJHQHLW\�LQ�D�PHWDဨDQDO\VLV��6WDWLVWLFV�LQ�PHGLFLQH���������
���������-��� 

��� 6KLP�65��.LP�6--��/HH�-��5�FNHU�*��1HWZRUN�PHWD-DQDO\VLV��DSSOLFDWLRQ�DQG�SUDFWLFH�XVLQJ�5�VRIWZDUH��(SLGH�
PLRORJ\�DQG�KHDOWK���������� 

��� 6DODQWL�*��$GHV�$��,RDQQLGLV�-3��*UDSKLFDO�PHWKRGV�DQG�QXPHULFDO�VXPPDULHV�IRU�SUHVHQWLQJ�UHVXOWV�IURP�PXOWL�
SOH-WUHDWPHQW�PHWD-DQDO\VLV��DQ�RYHUYLHZ�DQG�WXWRULDO��-RXUQDO�RI�FOLQLFDO�HSLGHPLRORJ\����������������-��� 

��� 'LDV�6��:HOWRQ�1-��&DOGZHOO�'��$GHV�$(��&KHFNLQJ�FRQVLVWHQF\�LQ�PL[HG�WUHDWPHQW�FRPSDULVRQ�PHWDဨDQDO\VLV��
6WDWLVWLFV�LQ�PHGLFLQH�����������ဨ������-��� 

��� %ULJQDUGHOOR-3HWHUVHQ�5��0XVWDID�5$��6LHPLHQLXN�5$��0XUDG�0+��$JRULWVDV�7��,]FRYLFK�$��HW�DO��*5$'(�
DSSURDFK�WR�UDWH�WKH�FHUWDLQW\�IURP�D�QHWZRUN�PHWD-DQDO\VLV��DGGUHVVLQJ�LQFRKHUHQFH��-RXUQDO�RI�FOLQLFDO�HSLGH�
PLRORJ\�������������-��� 

��� <HSHV-1XxH]�--��/L�6-$��*X\DWW�*��-DFN�60��%UR]HN�-/��%H\HQH�-��HW�DO��'HYHORSPHQW�RI�WKH�VXPPDU\�RI�ILQG�
LQJV�WDEOH�IRU�QHWZRUN�PHWD-DQDO\VLV��-RXUQDO�RI�FOLQLFDO�HSLGHPLRORJ\������������-��� 
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��� 6FKZDU]HU�*��&DUSHQWHU�-5��5�FNHU�*��0HWD-DQDO\VLV�ZLWK�5��6SULQJHU������� 
��� YDQ�9DONHQKRHI�*��'LDV�6��$GHV�$��:HOWRQ�1-��$XWRPDWHG�JHQHUDWLRQ�RI�QRGHဨVSOLWWLQJ�PRGHOV�IRU�DVVHVVPHQW�

RI�LQFRQVLVWHQF\�LQ�QHWZRUN�PHWDဨDQDO\VLV��5HVHDUFK�V\QWKHVLV�PHWKRGV��������������-��� 
��� 5�FNHU�*��6FKZDU]HU�*��5DQNLQJ�WUHDWPHQWV�LQ�IUHTXHQWLVW�QHWZRUN�PHWD-DQDO\VLV�ZRUNV�ZLWKRXW�UHVDPSOLQJ�

PHWKRGV��%0&�PHGLFDO�UHVHDUFK�PHWKRGRORJ\��������������-�� 
��� (OGULGJH�6��&DPSEHOO�0��&DPSEHOO�0��'UDKRWD-7RZQV�$��*LUDXGHDX�%��+LJJLQV�-��HW�DO��5HYLVHG�&RFKUDQH�ULVN�

RI�ELDV�WRRO�IRU�UDQGRPL]HG�WULDOV��5R%�������DGGLWLRQDO�FRQVLGHUDWLRQV�IRU�FOXVWHU-UDQGRPL]HG�WULDOV������� 
��� 3XKDQ�0$��6FK�QHPDQQ�+-��0XUDG�0+��/L�7��%ULJQDUGHOOR-3HWHUVHQ�5��6LQJK�-$��HW�DO��$�*5$'(�:RUNLQJ�

*URXS�DSSURDFK�IRU�UDWLQJ�WKH�TXDOLW\�RI�WUHDWPHQW�HIIHFW�HVWLPDWHV�IURP�QHWZRUN�PHWD-DQDO\VLV��%PM����������� 
��� 3DGK\�%0��0RKDQW\�55��'DV�6��0HKHU�%5��7KHUDSHXWLF�SRWHQWLDO�RI�LYHUPHFWLQ�DV�DGG�RQ�WUHDWPHQW�LQ�&29,'�

����$�V\VWHPDWLF�UHYLHZ�DQG�PHWD-DQDO\VLV��-RXUQDO�RI�SKDUPDF\�	�SKDUPDFHXWLFDO�VFLHQFHV���D�SXEOLFDWLRQ�RI�
WKH�&DQDGLDQ�6RFLHW\�IRU�3KDUPDFHXWLFDO�6FLHQFHV��6RFLHWH�FDQDGLHQQH�GHV�VFLHQFHV�SKDUPDFHXWLTXHV��
�����������-�� 

��� 3LVFR\D�$��1J-6XHQJ�/)��(IILFDF\�DQG�KDUPV�RI�UHPGHVLYLU�IRU�WKH�WUHDWPHQW�RI�&29,'-����$�V\VWHPDWLF�UH�
YLHZ�DQG�PHWD-DQDO\VLV��������������H�������� 

��� 7LPRWLXV�,YDQ�+��)HOL[�.��.DUXQLD�9DOHULDQL�-��9LND�'��$QGUHH�.��7KH�(IIHFWLYHQHVV�DQG�6DIHW\�RI�5HPGHVLYLU�
IRU�WKH�7UHDWPHQW�RI�3DWLHQWV�:LWK�&29,'-����$�6\VWHPDWLF�5HYLHZ�DQG�0HWD-$QDO\VLV��$QWL-,QIHFWLYH�
$JHQWV����������������-��� 

��� 0DQDEH�7��.DPED\DVKL�'��$NDWVX�+��.XGR�.��)DYLSLUDYLU�IRU�WKH�WUHDWPHQW�RI�SDWLHQWV�ZLWK�&29,'-����D�V\V�
WHPDWLF�UHYLHZ�DQG�PHWD-DQDO\VLV��%0&�LQIHFWLRXV�GLVHDVHV����������������� 

��� 'LDOOR�$��&DUORV-%ROXPEX�0��7UDRUp�0��'LDOOR�0+��-HGUHF\�&��$Q�XSGDWHG�V\VWHPDWLF�UHYLHZ�DQG�QHWZRUN�
PHWD-DQDO\VLV�RI����UDQGRPL]HG�WULDOV�DVVHVVLQJ�WKH�HIILFDF\�DQG�VDIHW\�RI�WUHDWPHQWV�LQ�&29,'-���GLVHDVH��
-RXUQDO�RI�3XEOLF�+HDOWK�5HVHDUFK������������� 

��� 6LHPLHQLXN�5$��%DUWRV]NR�--��*H�/��=HUDDWNDU�'��,]FRYLFK�$��.XP�(��HW�DO��'UXJ�WUHDWPHQWV�IRU�FRYLG-����OLY�
LQJ�V\VWHPDWLF�UHYLHZ�DQG�QHWZRUN�PHWD-DQDO\VLV��%0-��&OLQLFDO�UHVHDUFK�HG�������E�����P����� 
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5HYLHZ�$UWLFOH� 
 
0RQNH\SR[��6FLHQWRPHWULFV�RI����\HDUV�RI�JOREDO�VFLHQWLILF�SXEOLFDWLRQV 
 
0HLVDP�'DVWDQL���5H]D�$KPDGL���-DODO�0DUGDQHK�
� 

 
�,QIHFWLRXV�'LVHDVHV�5HVHDUFK�&HQWHU��*RQDEDG�8QLYHUVLW\�RI�0HGLFDO�6FLHQFHV��*RQDEDG��,UDQ� 
�6FKRRO�RI�0HGLFLQH��,QIHFWLRXV�'LVHDVHV�5HVHDUFK�&HQWHU��*RQDEDG�8QLYHUVLW\�RI�0HGLFDO�6FLHQFHV�� 
��*RQDEDG��,UDQ� 
�'HSDUWPHQW�RI�0LFURELRORJ\��6FKRRO�RI�0HGLFLQH��,QIHFWLRXV�'LVHDVHV�5HVHDUFK�&HQWHU��*RQDEDG�8QLYHUVLW\�
RI�0HGLFDO�6FLHQFHV��*RQDEDG��,UDQ�� 
 

&RUUHVSRQGLQJ�DXWKRUV
��(PDLO��MDODOPDUGDQHK#\DKRR�FRP� 

$EVWUDFW� 
%DFNJURXQG��6FLHQWLILF�SXEOLFDWLRQV�UHODWHG� WR�HSLGHPLF�GLVHDVHV�DUH�FUXFLDO� IRU�FRQWUROOLQJ�DQG� WUHDWLQJ�VXFK�
GLVHDVHV��7KH�SUHVHQW�VWXG\�DLPHG�WR�H[SORUH�DQG�DQDO\]H�LQWHUQDWLRQDO�SXEOLFDWLRQV�RQ�PRQNH\SR[�WKURXJK�VFLHQ�
WRPHWULF�PHWKRGV� 
0HWKRGV��7KLV�UHYLHZ�LV�DQ�DSSOLHG�UHVHDUFK�FRQGXFWHG�XVLQJ�WKH�VFLHQWRPHWULF�PHWKRG�ZLWK�DQ�DQDO\WLFDO�PHWK�
RG��$OO�ZRUOG�VFLHQWLILF�SXEOLFDWLRQV�RQ�PRQNH\SR[�ZHUH�H[WUDFWHG�IURP�WKH�:HE�2I�6FLHQFH��:26��FLWDWLRQ�GDWD�
EDVH�IURP�-DQXDU\������WR�0D\������WKURXJK�DQ�DSSURSULDWH�VHDUFK�VWUDWHJ\��0RUHRYHU��([FHO�DQG�WKH�926�YLHZ�
HU�%LEOLRPHWUL[�SDFNDJH�RI�WKH�5�SURJUDPPLQJ�ODQJXDJH�ZHUH�XVHG�IRU�GDWD�DQDO\VLV�� 
5HVXOWV��,Q�WRWDO�������SXEOLFDWLRQV�UHODWHG�WR�PRQNH\SR[�ZHUH�H[WUDFWHG�IURP�WKH�:26�FLWDWLRQ�GDWDEDVH��0RVW�
RI�WKH�SXEOLFDWLRQV�ZHUH�RULJLQDO�SDSHUV�SXEOLVKHG�LQ�������7KH�8QLWHG�6WDWHV��*HUPDQ\��DQG�WKH�&RQJR�KDG�WKH�
PRVW�SXEOLFDWLRQV�RQ�PRQNH\SR[��7KH�WRSLF�FOXVWHUV�RI�VFLHQWLILF�SXEOLFDWLRQV�RQ�PRQNH\SR[�KDYH�EHHQ�LQ�IRXU�WRS�
LF�RULHQWDWLRQV��SUHYHQWLRQ��HSLGHPLRORJ\��WUHDWPHQW��DQG�LPPXQH�UHVSRQVH� 
&RQFOXVLRQ��7KH�ILQGLQJV�RI�WKH�SUHVHQW�LQYHVWLJDWLRQ�SURYLGHG�D�FOHDU�SLFWXUH�RI�WKH�SXEOLFDWLRQV�DQG�VFLHQWLILF�
SURGXFWLRQV�RI�ZRUOG�UHVHDUFKHUV�LQ�WKH�ILHOG�RI�PRQNH\SR[��$FFRUGLQJO\��UHVHDUFKHUV�DQG�SROLF\PDNHUV�RQ�PRQ�
NH\SR[�FDQ�EHWWHU�XQGHUVWDQG�WKH�VFLHQWLILF�SXEOLFDWLRQV�RQ�WKLV�GLVHDVH�DQG�LWV�GLPHQVLRQV� 

.H\ZRUGV��0RQNH\SR[��6FLHQWLILF�SXEOLFDWLRQV��6FLHQWRPHWULF��%LEOLRPHWULF��7RSLF�FOXVWHUV� 
&LWDWLRQ��'DVWDQL�0��$KPDGL�5��0DUGDQHK�-��0RQNH\SR[��6FLHQWRPHWULFV�RI����\HDUV�RI�JOREDO�VFLHQWLILF�SXEOL�
FD ��WLRQV��(WKLRS�0HG��-�����������-��� 
6XEPLVVLRQ�GDWH�������6HSWHPEHU�������$FFHSWHG������0DUFK������3XEOLVKHG�����0DUFK������� 

(WKLRSLDQ�0HGLFDO�-RXUQDO������������� ��
2SHQ�DFFHVV�DUWLFOHV�GLVWULEXWHG�LQ�WHUPV�RI� 
&UHDWLYH�&RPPRQV�$WWULEXWLRQ�/LFHQFH�>&&�E\����@ 

,661�����-������������H,661�����-�����  'DVWDQL�HW�DO�� 

,QWURGXFWLRQ� 
,Q�DGGLWLRQ�WR�EHLQJ�VWLOO�RQH�RI�WKH�JOREDO�KHDOWK�FKDO�
OHQJHV� UHFHQWO\�� LQIHFWLRXV� GLVHDVHV� DUH� RQH� RI� WKH�
OHDGLQJ� FDXVHV� RI� GHDWK� ZRUOGZLGH� ����� 6FLHQWLVWV�
KDYH�PDGH� VLJQLILFDQW� SURJUHVV� LQ� UHFHQW� GHFDGHV� LQ�
WUHDWLQJ� DQG� SUHYHQWLQJ� LQIHFWLRXV� GLVHDVHV� VXFK� DV�
+,9��YLUDO�KHSDWLWLV�� DQG� WXEHUFXORVLV� ����� �+RZHYHU��
PDQ\� RWKHU� LQIHFWLRXV� GLVHDVHV�� VXFK� DV� +�1�� DQG�
+�1�� ELUG� IOX�� 0LGGOH� (DVW� 5HVSLUDWRU\� 6\QGURPH��
(EROD� YLUXV�� =LND� YLUXV�� DQG� &29,'-���� KDYH�
HPHUJHG� LQ� UHFHQW� \HDUV�� WKHUHIRUH�� KXPDQV� DUH� DO�
ZD\V�DW�ULVN�RI�HPHUJLQJ�LQIHFWLRXV�GLVHDVHV������� 
0RQNH\SR[��D�FRPPRQ�GLVHDVH�EHWZHHQ�KXPDQV�DQG�
DQLPDOV�� LV� FDXVHG� E\� WKH� PRQNH\SR[� YLUXV�� ZKLFK�
EHORQJV�WR�WKH�3R[YLULGDH�IDPLO\��WKH�&KRUGRSR[YLUL�
QDH� VXEIDPLO\�� DQG� WKH� 2UWKRSR[YLUXV� JHQXV�� ,W� LV�

FORVHO\� UHODWHG� WR� WKH� YDULROD� YLUXV� �VPDOOSR[�� DQG�
OHDGV�WR�VPDOOSR[-OLNH�GLVHDVH������ 
0RQNH\SR[� KDV� EHHQ� D� UDUH� GLVHDVH� QDWLYH� WR�$IULFD�
EXW� LV� QRZ� VSUHDGLQJ� WR� ZHVWHUQ� DQG� FHQWUDO� $IULFD��
&RQILUPHG�FDVHV�RI�PRQNH\SR[�KDYH�EHHQ�PRUH�FRP�
PRQ� VLQFH� ����� WKDQ� LQ� WKH� ODVW� ��� \HDUV� ����� WKH�
:RUOG� +HDOWK� 2UJDQL]DWLRQ� �:+2�� UHSRUWHG� RQ� WKH�
PRQNH\SR[�RXWEUHDN�LQ�VRPH�FRXQWULHV������ 

,Q� RUGHU� WR� FRQWURO� DQG� WUHDW� WKH� GLVHDVH�� GLDJQRVWLF�
WHVW� NLWV�� PHGLFDWLRQV�� YDFFLQHV�� DQG� RWKHU� KHDOWK�
PHDVXUHV� VKRXOG� EH� GHYHORSHG� EDVHG� RQ� D� WKRURXJK�
XQGHUVWDQGLQJ�RI� WKH�ELRORJLFDO�SURSHUWLHV�DQG�SDWKR�
JHQLF� PHFKDQLVPV� RI� WKLV� LQIHFWLRXV� GLVHDVH�� WKHUH�
IRUH��H[WHQVLYH�UHVHDUFK�LV�QHHGHG�LQ�WKLV� ILHOG������,Q�
DGGLWLRQ��RQH�ZD\�WR�UHVSRQG�WR�WKLV�GLVHDVH�DQG�FRQ�



���� 

 

 
 

 

WURO� LWV� RXWEUHDN� LV� WR� FRQGXFW� UHOHYDQW� UHVHDUFK�RQ� DOO�
LWV�GLPHQVLRQV������$FFRUGLQJO\��UHVHDUFKHUV�KDYH�SXE�
OLVKHG� YDULRXV� VWXGLHV� LQ� GLIIHUHQW� VFLHQWLILF� ILHOGV� LQ�
VFLHQWLILF� GDWDEDVHV�� HVSHFLDOO\� LQ� KHDOWK�� IRU� ZKLFK�
TXDQWLWDWLYH� DQG� TXDOLWDWLYH� HYDOXDWLRQV� DUH� QHFHVVDU\�
���� 
6FLHQWRPHWULFV� LV� DQ�HIIHFWLYH�DQG�HIILFLHQW�ZD\� WR�DV�
VHVV� VFLHQWLILF�SURJUHVV�DQG� LGHQWLI\�YDULRXV�DVSHFWV�RI�
VFLHQWLILF�SXEOLFDWLRQV������ 
7KHVH�PHWKRGV� DUH�XVHG� WR�TXDQWLI\� WKH� JURZWK�RI� UH�
VHDUFK�SURGXFWLYLW\�� GHWHUPLQH� WKH� FRXQWULHV� DQG� LQVWL�
WXWLRQV� ZLWK� KLJK� QXPEHUV� RI� SXEOLFDWLRQV�� GHYHORS�
UHVHDUFK� PDWHULDOV�� DQG� GHWHUPLQH� VLJQLILFDQW� UHVHDUFK�
JDSV�������%\�WDNLQJ�LQWR�DFFRXQW�WKH�VWDWLVWLFDO�GDWD�RI�
VFLHQWRPHWULF� VWXGLHV�� LW� LV� SRVVLEOH� WR� UHDFK� D� JHQHUDO�
XQGHUVWDQGLQJ� RI� JOREDO� SXEOLFDWLRQV� LQ� D� SDUWLFXODU�
ILHOG��VXFK�DV�WKH�QXPEHU�RI�VWXGLHV��UHVHDUFK�FDSDFLWLHV�
RI�GLIIHUHQW�FRXQWULHV�� OHDGLQJ�UHVHDUFK�LQVWLWXWHV��PDLQ�
MRXUQDOV�� DQG�RWKHU� UHVHDUFK�SDUDPHWHUV��ZKLFK� FDQ�EH�
XVHG� WR� LGHQWLI\� WKH� UHVHDUFK� VWDWXV�� GRPLQDQW� DUHDV��
DQG�PDLQ�JDSV� IRU�VWUDWHJLF�SODQQLQJ�DQG�VFLHQWLILF� UH�
VHDUFK����� 

,Q�WKLV�UHVSHFW��VFLHQWRPHWULF�PHWKRGV�ZHUH�H[WHQVLYHO\�
DSSOLHG� WR� HYDOXDWH� WKH� NQRZOHGJH� JURZWK� LQ� UHVHDUFK�
UHODWHG� WR�KHDOWK�VFLHQFH�DQG�GLVHDVHV�� LQFOXGLQJ� LQIOX�
HQ]D�������FRURQDYLUXVHV�DQG�&29,'-�������������EUX�
FHOORVLV�����������WXEHUFXORVLV�������DQG�RWKHU�LQIHFWLRXV�
GLVHDVHV����������� 
0D\WD-7RYDOLQR�HW�DO��������������DQDO\]HG�WKH�WUHQG�RI�
VFLHQWLILF�SURGXFWLRQ�RQ�PRQNH\SR[�EHWZHHQ������DQG�
�����XVLQJ�ELEOLRPHWULF� LQGLFDWRUV��7KH� UHVXOWV� RI� WKLV�
VWXG\� LQGLFDWHG� WKH� PRVW� LPSRUWDQW� MRXUQDOV�� LQVWLWX�
WLRQV�� DQG� DXWKRUV� LQ� WKLV� ILHOG� ��=HHVKDQ� HW� DO�� �������
�����KDYH�DOVR�XVHG�ELEOLRPHWULF�WHFKQLTXHV�WR�DQDO\]H�
WKH� UHVHDUFK� WUHQG� RI� PRQNH\SR[� EHWZHHQ� ����� DQG�
������7KH� UHVXOWV� RI� WKLV� VWXG\� VKRZHG� WKH� JURZWK� RI�
GRFXPHQWV�� GLVWULEXWLRQ� RI� VRXUFHV�� DQG� FROODERUDWLRQV�
DW� WKH� QDWLRQDO� DQG� LQWHUQDWLRQDO� OHYHOV�� DV�ZHOO� DV� WKH�
UHODWLRQVKLS�EHWZHHQ�DXWKRUV�DQG�FR-DXWKRUV���,Q�DQRWK�
HU� VWXG\�� /LQ� HW� DO�� ������� ����� GHPRQVWUDWHG� WKDW� WKH�
QXPEHU� RI� VFLHQWLILF� SXEOLFDWLRQV� RQ� KXPDQ-UHODWHG�
PRQNH\SR[�KDV� LQFUHDVHG�VLQFH������ WKURXJK�DQDO\VLV�
RI� VFLHQWLILF�SXEOLFDWLRQV�RQ�PRQNH\SR[� IURP������ WR�
������ ,QIHFWLRQ�� YDFFLQH�� DQG� HIILFDF\� KDYH� EHHQ� WKH�
PDLQ�WRSLFV�RI�WKHVH�SXEOLFDWLRQV�� 
*LYHQ� WKH� LPSRUWDQFH�RI� WKH�VXEMHFW�� WKH�SUHVHQW�VWXG\�
KDV� DOVR� DQDO\]HG� WKH� VFLHQWLILF� SXEOLFDWLRQV� RQ� PRQ�
NH\SR[� XVLQJ� ELEOLRPHWULF� DQG� VFLHQWRPHWULF� WHFK�
QLTXHV� 

5HVHDUFK�TXHVWLRQV 
7KLV� VWXG\� DSSOLHG� VFLHQWRPHWULF� WHFKQLTXHV� ZLWK� DQ�
DQDO\WLFDO�DSSURDFK�WR�DQVZHU�WKH�IROORZLQJ�TXHVWLRQV� 
:KDW�DUH�WKH�W\SHV�RI�VFLHQWLILF�SXEOLFDWLRQV�LQ�WKH�ILHOG�
RI�PRQNH\SR[" 
:KDW� LV� WKH� WUHQG�RI� SXEOLVKLQJ� VFLHQWLILF� SXEOLFDWLRQV�
RQ�WKH�VXEMHFW�RI�PRQNH\SR[" 
:KLFK� FRXQWULHV� KDYH� WKH�PRVW� VFLHQWLILF� SXEOLFDWLRQV�
LQ�WKH�ILHOG�RI�PRQNH\SR[" 
:KDW� LV� WKH� VFLHQWLILF� FRRSHUDWLRQ� RI� FRXQWULHV� LQ� WKH�

 

ILHOG�RI�PRQNH\SR[" 
,Q�ZKDW� WRSLFV�KDYH� VFLHQWLILF�SXEOLFDWLRQV�UHODWHG� WR�
PRQNH\SR[�GLVHDVH�EHHQ�SXEOLVKHG" 
 
0HWKRGV� 

6HDUFK�VWUDWHJ\�DQG�LQFOXVLRQ�FULWHULD� 

7KH�VWDWLVWLFDO�SRSXODWLRQ�LV�DOO�WKH�VFLHQWLILF�SXEOLFD�
WLRQV�RQ� WKH�VXEMHFW�DUHD�RI�PRQNH\SR[� LQ� WKH�:26�
GDWDEDVH�� 7KH� PDLQ� NH\ZRUGV� IRU� GHVLJQLQJ� WKH�
VHDUFK� VWUDWHJ\� ZHUH� LGHQWLILHG� XVLQJ� WKH� 0HGLFDO�
6XEMHFW� +HDGLQJV� 'DWDEDVH� �0H6+�� DQG� FRQVXOWLQJ�
ZLWK� VSHFLDOLVWV� LQ� WKH� ILHOG� RI� LQIHFWLRXV� GLVHDVHV��
$IWHUZDUG��LQ�WKH�DGYDQFHG�VHDUFK�RI�WKH�:26�GDWD�
EDVH�� SXEOLFDWLRQV� RQ� PRQNH\SR[� GLVHDVH� ZHUH� H[�
WUDFWHG�XVLQJ� WKH� IROORZLQJ� VHDUFK� VWUDWHJ\�E\� ILOWHU�
LQJ�WKH�(QJOLVK�ODQJXDJH�RQ�0D\����������� 
,W� VKRXOG� EH� QRWHG� WKDW� WKH� VHDUFK� VWUDWHJ\� ZDV� UH�
YLHZHG�DQG�DSSURYHG�E\�VXEMHFW�PDWWHU�H[SHUWV�ZKR�
ZHUH� DOVR� DXWKRUV� RI� WKH� SUHVHQW� VWXG\�� 7KH� VHDUFK�
RSHUDWLRQ�ZDV�SHUIRUPHG�E\�RQH�DXWKRU�DQG� WKHQ�UH�
YLHZHG�DQG�DSSURYHG�E\�WKH�RWKHU�DXWKRUV��ZKR�ZHUH�
VXEMHFW�PDWWHU�H[SHUWV�LQ�WKH�ILHOG� 
7KH�WLPHIUDPH�FRQVLGHUHG�LQ�WKH�VHDUFK�VWUDWHJ\�ZDV�
IURP�-DQXDU\������XQWLO�WKH�GDWH�RI�H[WUDFWLRQ�RI�WKH�
SXEOLFDWLRQV��DQG�WKH�VHDUFK�VWUDWHJ\�LQ�WRSLF�ILHOGV�LQ�
DOO�:26�GDWDEDVHV�ZDV�DV�IROORZV���0RQNH\SR[�25�
0RQNH\SR[�25�PRQNH\SR[�YLULGDH�25�PRQNH\SR[�
YLULGDH�� 
0RUHRYHU��HOLJLELOLW\�FULWHULD� IRU�VFLHQWRPHWULFV�DQDO�
\VLV�ZHUH�DOO� W\SHV�RI�GRFXPHQWV�H[WUDFWHG�EDVHG�RQ�
WKH� VHDUFK� VWUDWHJ\�� 7KH� UHDVRQ� IRU� XVLQJ� WKH�:26�
GDWDEDVH�ZDV� WKDW� LW� LV� WKH�PRVW�DXWKRULWDWLYH�� H[WHQ�
VLYHO\�XVHG��DQG�ROGHVW�FLWDWLRQ�GDWDEDVH������� 
&RQVLGHULQJ�WKDW� WKH�REMHFWLYH�RI�WKH�SUHVHQW�LQYHVWL�
JDWLRQ� ZDV� WKH� VFLHQWRPHWULF� DQDO\VLV� RI� VFLHQWLILF�
SXEOLFDWLRQV�LQ�WKH�ILHOG�RI�PRQNH\SR[��WKHUHIRUH��DOO�
WKH�PRQNH\SR[�VFLHQWLILF�SXEOLFDWLRQV�LQGH[HG�LQ�WKH�
:26� LQ� WKH� VHDUFK� VWUDWHJ\�ZHUH� LQFOXGHG� DV� LQFOX�
VLRQ�FULWHULD�� 

'DWD�H[WUDFWLRQ�DQG�GDWD�DQDO\VLV 
$IWHU�FRQGXFWLQJ�D� VHDUFK� LQ� WKH�:26�GDWDEDVH�� WKH�
UHVXOWV� REWDLQHG� ZHUH� H[WUDFWHG� LQ� WKH� IRUP� RI� D�
SODLQWH[W� ILOH�� 7KH� H[FHO� DQG� 926� YLHZHU� VRIWZDUH�
ZHUH� DSSOLHG� WR� SHUIRUP� VFLHQWRPHWULF� DQDO\VLV� DQG�
YLVXDOL]DWLRQ��7KH�926�YLHZHU�VRIWZDUH�LV�RQH�RI�WKH�
PRVW� SRZHUIXO� DQG� VWDQGDUG� VRIWZDUH� IRU� DQDO\]LQJ�
GDWD�IURP�FLWDWLRQ�GDWDEDVHV��ZKLFK�FOXVWHUV�WKH�PRVW�
UHOHYDQW� GRFXPHQWV� DQG� WKHLU� UHODWLRQVKLSV� ������
0RUHRYHU�� WKLV� VRIWZDUH� DOORZV�GUDZLQJ�PDSV�EDVHG�
RQ�WHUPV� 
$� WHUP�PDS� LV� D� WZR-GLPHQVLRQDO�PDS� LQ�ZKLFK� WKH�
QXPEHU�RI�WHUP�RFFXUUHQFHV�LV�GHILQHG�E\�ODEHO�VL]H��
DQG�WKH�GLVWDQFH�EHWZHHQ�WZR�WHUPV�FDQ�EH�LQWHUSUHW�
HG�DV�DQ� LQGLFDWLRQ�RI� WKH� UHODWHGQHVV�RI� WKHVH� WHUPV�
EDVHG� RQ� WKH� QXPEHU� RI� WHUP� FR-RFFXUUHQFHV� LQ� WKH�
VWXGLHG�FRUSXV�ILOH������ 
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The Biblioshiny graphical interface tool based on the 
Bibliometrix package in R programming language was 
employed to analyze the data. Bibliometrix is a tool for 
visualizing information in bibliometric analyses based 
on scientific productions and publications in nations and 
regions, journals, authors, articles, keywords, and re-
search institutes (25). It should be noted that KeyWords 
Plus has been applied to draw conceptual maps in each 
of the publications. 
The thematic map uses the Keywords Plus field. The 
Keywords Plus is associated with Thomson Reuters edi-
torial experts supported by a semi-automated algorithm. 
Keywords Plus terms can capture an article's content 
with greater depth and variety (26). 

Results 
What are the types of scientific publications in the 
field of monkeypox? 
A total of 1,130 scientific publications on monkeypox 
over the past 50 years were extracted from the WOS 
database. Table (1) indicates the types of scientific pub-
lications conducted on monkeypox. According to Table 
(1), original articles, reviews, editorials, and other publi-
cations accounted for 71.95%, 10.53%, 5.22%, and 
5.22% of scientific publications on monkeypox, respec-
tively. 

Table 1. Most types of scientific publications con-
ducted on monkeypox. 

 

 
 
 
 

Which countries have the most scientific pub-
lications in the field of monkeypox?  
Table 2. Number of publications of countries 
in the global publications on monkeypox 1972-

2022  

 
According to Table (2), the United States has the 
most publications related to monkeypox, with 
687 patients accounting for 60.80%, followed by 
Germany with 97 publications (8.58%), and the 
Republic of Congo with 59 publications (6.64%). 
Moreover, Figure (3) indicates the trend of publi-
cations in the ten countries with the most scien-
tific productions on monkeypox. 

Since 2000, the United States has had the highest 
growth rate in global scientific publications on 
monkeypox, as demonstrated in Figure (2). 
Moreover, there has been a consistent trend in 
scientific publications on monkeypox in Germa-
ny and the Congo. Since 2017, Nigeria has also 
published scientific publications on monkeypox.  

What is the scientific collaboration of coun-
tries in the field of monkeypox? 
Figure (3) depicts the international collaboration 
network of different countries in publications on 
monkeypox when it comes to scientific collabo-
ration between countries. 

 

Article Type 
Number of 
Publications 

Percentage 

Original Article 813 71.95% 

Review Article 119 10.53% 

Editorial Material 59 5.22% 

Meeting Abstract 56 4.96% 

Letter 31 2.74% 

Book Chapter 26 2.30% 

Proceeding Paper 24 2.12% 

News Item 22 1.95% 

Note 8 0.71% 

Correction 7 0.62% 

Countries/
Regions 

Number of 
Publications 

Percentage 

USA 687 60.80% 

Germany 97 8.58% 

Dem Rep 
Congo 

75 6.64% 

England 59 5.22% 

Switzerland 53 4.69% 

Russia 48 4.25% 

France 42 3.72% 

Belgium 37 3.27% 

Canada 36 3.19% 

Nigeria 28 2.48% 
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)LJXUH����7UHQG�RI�VFLHQWLILF�SXEOLFDWLRQV�RQ�PRQNH\SR[�IURP�����-������� 

)LJXUH�����LQGLFDWHV�WKDW�WKH�KLJKHVW�QXPEHU�RI�SXEOLFDWLRQV�ZDV�LQ�������������DQG������� 



���� 

 

 

)LJXUH����7UHQG�RI�SXEOLFDWLRQV�LQ�WHQ�FRXQWULHV�ZLWK�WKH�PRVW�VFLHQWLILF�SURGXFWLRQV�RQ�PRQNH\SR[�ĨƌŽŵ�����-
����� 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
)LJXUH����&ROODERUDWLRQ�RI�FRXQWULHV�LQ�
WKH�JOREDO�SXEOLFDWLRQV�RQ�PRQNH\SR[ 
 



���� 

 

,Q�ZKDW�WRSLFV�KDYH�VFLHQWLILF�SXEOLFDWLRQV�UHODWHG�WR�
PRQNH\SR[�GLVHDVH�EHHQ�SXEOLVKHG" 
)LJXUH�����VKRZV�WKH�WRSLF�FOXVWHUV�RI�PRQNH\SR[�SXEOL�
FDWLRQV�EDVHG�RQ�WKH�NH\ZRUG�FR-RFFXUUHQFH� 

)LJXUH����1HWZRUN�YLVXDOL]DWLRQ�EDVHG�RQ�WKH�FR-

RFFXUUHQFH�RI�PRQNH\SR[�SXEOLFDWLRQV� 

7KH�IUDPH�VL]HV�LQ�)LJXUH�����UHSUHVHQW�WKH�IUHTXHQF\�RI�
HDFK� NH\ZRUG�� /DUJHU� IUDPHV� DUH� UHODWHG� WR� KLJKHU� IUH�
TXHQFLHV��7KH�IUDPHV�DQG�FRQQHFWLRQV�EHWZHHQ�WKHP�DUH�
GHSLFWHG�LQ�IRXU�GLIIHUHQW�FRORUV�LQ�WKLV�ILJXUH��(DFK�FRO�
RU� UHSUHVHQWV� D� NH\ZRUG� FOXVWHU� WKDW� IUHTXHQWO\� DSSHDUV�
LQ�PRQNH\SR[�SXEOLFDWLRQV�� 
 
$V�D�UHVXOW��WKH�UHG�FRORU�GHQRWHV�WKH�VXEMHFW�RI�SUHYHQ�
WLRQ��EOXH� LQGLFDWHV� WKH�HSLGHPLRORJ\��JUHHQ� LPSOLHV� WKH�
WUHDWPHQW��DQG�\HOORZ�UHSUHVHQWV�WKH�LPPXQH�UHVSRQVH� 
7KH� GHQVLW\� RI� DXWKRUV
� NH\ZRUGV� LQ� VFLHQWLILF� SXEOLFD�
WLRQV�RQ�PRQNH\SR[�LV�DOVR�GLVSOD\HG�LQ�)LJXUH��� 

)LJXUH����'HQVLW\�YLVXDOL]DWLRQ�EDVHG�RQ�RFFXU UHQFHV�
RI�PRQNH\SR[�SXEOLFDWLRQV 

 

7KH�GHQVLW\�RI� WKH�NH\ZRUG�QHWZRUN� LV� GHSLFWHG�
E\� WKH� \HOORZ-WR-EOXH� FRORU� VSHFWUXP� LQ� )LJXUH�
�����7KH�ZHLJKW�GHQVLW\�LV�UHSUHVHQWHG�E\�\HOORZ��
JUHHQ�� DQG� EOXH� IURP� WRS� WR� ERWWRP�� 7KH� PRVW�
FRPPRQO\� XVHG�NH\ZRUGV� DUH� VKRZQ� LQ� WKH� \HO�
ORZ� VHFWLRQV�� 7KH� KLJKHU� WKH� GHQVLW\�� WKH� PRUH�
\HOORZ�WKH�PDS�ZRXOG�EH��7KH�VFLHQWLILF�SXEOLFD�
WLRQV�RQ�VPDOOSR[�KDG� WKH�KLJKHVW� FR-RFFXUUHQFH�
RI� FORVHO\� UHODWHG� NH\ZRUGV�� $V� D� UHVXOW�� WKH�
WHUPV�0RQNH\SR[��6PDOOSR[��DQG�2UWKRSR[YLUXV�
ZHUH�PRVW�IUHTXHQWO\�XVHG�DQG�UHSHDWHG�LQ�VFLHQ�
WLILF�SXEOLFDWLRQV�UHJDUGLQJ�PRQNH\SR[� 
0RUHRYHU�� )LJXUH� ���� LQGLFDWHV� WKH� IUHTXHQF\� RI�
ZRUGV�DQG� WKHLU� FR-RFFXUUHQFH�RYHU� WLPH�� ,Q� WKLV�
ILJXUH�� OLJKWHU-FRORUHG� IUDPHV� LQGLFDWH� WKH� PRVW�
FRPPRQO\� XVHG� NH\ZRUGV� LQ� UHFHQW� VFLHQWLILF�
SXEOLFDWLRQV� RQ� PRQNH\SR[�� ZKLOH� GDUNHU-
FRORUHG�IUDPHV�GHSLFW�ROGHU�NH\ZRUGV�LQ�PRQNH\�
SR[-UHODWHG�DUWLFOHV� 

� 

)LJXUH����2YHU OD\�YLVXDOL]DWLRQ�EDVHG�RQ�WKH�
RFFXUUHQFHV�RI�PRQNH\SR[�SXEOLFDWLRQV� 

 
7KHUHIRUH�� �2XWEUHDN��� �,QIHFWLRQ��� �1LJHULD���
�$IULFD���DQG��&RQJR��KDYH�EHHQ�WKH�NH\ZRUGV�LQ�
VFLHQWLILF� SXEOLFDWLRQV� RQ� PRQNH\SR[� LQ� UHFHQW�
\HDUV�DQG�DIWHU������ 
0RUHRYHU�� )LJXUH� ���� GHPRQVWUDWHV� WKH� WKHPDWLF�
HYROXWLRQ� WUHQGV� LQ� WKH� PRQNH\SR[� SXEOLFDWLRQV�
RYHU�WLPH�LQ�IRXU�WLPH�SHULRGV������-����������-
����������-������DQG�����-����� 



���� 

 

 

 

)LJXUH����7KHPDWLF�HYROXWLRQ�WUHQGV�LQ�UHVHDUFK�RI�WKH�
PRQN\SR[�SXEOLFDWLRQV� 

)LJXUH�����LQGLFDWHV�WKDW�WKH�SURWHLQ��KXPDQ�PRQNH\SR[��
PRQNH\SR[�� KXPDQ� WUDQVPLVVLRQ�� DVVD\�� FRQJR�� WUDQV�
PLVVLRQ�� QHXWUDOL]LQJ� DQWLERGLHV�� DQG� HPHUJHQFH� ZHUH�
LPSRUWDQW�WRSLFV�LQ�����-������0RUHRYHU��WKH�FRQJR�KDV�
DOVR�EHHQ�DQ� LPSRUWDQW� WRSLF� UHFHQWO\�UHSHDWHG� LQ�����-
�����DQG�����-����� 
)LJXUH�����LQGLFDWHV�WKH�VWUDWHJLF�GLDJUDP�RI�WKH�WKHPDWLF�
PDS�WR�GHPRQVWUDWH�WKH�VLJQLILFDQFH�DQG�GHYHORSPHQW�RI�
UHVHDUFK� WRSLFV�� 0RUHRYHU�� LW� VKRZV� WKH� WKHPDWLF� PDS�
EDVHG� RQ� GHQVLW\� �\-D[LV�� DQG� FHQWUDOLW\� �[-D[LV��� 7KH�
FHQWUDOLW\� PHDVXUHV� WKH� LPSRUWDQFH� RI� WKH� VHOHFWHG�
WKHPH�� DQG� GHQVLW\� PHDVXUHV� WKH� GHYHORSPHQW� RI� WKH�
FKRVHQ�WKHPH� 

 

)LJXUH����7KHPDWLF�PDS�EDVHG�RQ�GHQVLW\��\-D[LV��DQG�
FHQWUDOLW\��[-D[LV�� 

 

,Q�)LJXUH� ����� WKH�XSSHU-ULJKW�TXDGUDQW� LQGLFDWHV�
WKH� PRWRU� WKHPHV�� 7KH\� DUH� FKDUDFWHUL]HG� E\�
ERWK�KLJK�FHQWUDOLW\�DQG�GHQVLW\��0RUHRYHU��WKHUH�
LV�QRW�DQ\�WRSLF�LQ�WKLV�TXDGUDQW��,Q�WKH�XSSHU�OHIW�
TXDGUDQW�� WKH� QLFKH� WKHPHV� DUH� REVHUYHG��ZKLFK�
DUH�SHULSKHUDO�DQG�VSHFLILF�WRSLFV�IRU�WKH�UHVHDUFK�
ILHOG�� �6PDOOSR[� YDFFLQH��� �QRQKXPDQ-� SUL�
PDWHV���DQG��SURWHFWLRQ��DUH� LQ� WKLV�TXDGUDQW�� ,Q�
DGGLWLRQ���HPHUJHQFH���VXUYHLOODQFH���DQG��ZHVW-
QLOH-YLUXVH��DUH�LQ�WKLV�TXDGUDQW� 
7KH�EDVLF� WKHPHV�DUH�GHPRQVWUDWHG� LQ� WKH� ORZHU�
ULJKW� TXDGUDQW�� 7KHVH� DUH� EDVLF�� JHQHUDO�� DQG�
WUDQVYHUVDO� WKHPHV� LQ� WKH� UHVHDUFK� ILHOG��
�PRQNH\SR[����YDFFLQLD�YLUXV���DQG��PRQNH\SR[�
YLUXV�� NH\ZRUGV� DUH� EDVLF� WKHPHV�� DOVR�
�LQIHFWLRQ��� �VPDOOSR[��� DQG� �KXPDQ� PRQNH\�
SR[�� DUH� LQ� WKLV� TXDGUDQW�� � )LQDOO\�� WKHUH� DUH�
HPHUJLQJ� RU� GHFOLQLQJ� WKHPHV� LQ� WKH� ORZHU� OHIW�
TXDGUDQW�� 7KHUH� LV� QRW� DQ\� WRSLFV� LQ� WKLV� TXDG�
UDQW� 

'LVFXVVLRQ 
6FLHQWRPHWULF� PHWKRGV� DUH� KHOSIXO� LQ� GHWHUPLQ�
LQJ� LQFUHDVHG� VFLHQWLILF� DFWLYLW\� DQG� RUJDQL]LQJ�
WKH� LQWHOOHFWXDO� DQG� VFLHQWLILF� VWUXFWXUH� WKDW�
PDNHV�XS�D� WRSLF�DUHD� ������7KLV� VWXG\� UHYHDOHG�
WKH� VWUXFWXUH� RI� VFLHQWLILF� SXEOLFDWLRQV� RQ� PRQ�
NH\SR[�XVLQJ�VFLHQWRPHWULF�PHWKRGV�RYHU�WKH�ODVW�
���\HDUV� 
$FFRUGLQJ�WR�WKH�ILQGLQJV��VFLHQWLILF�SXEOLFDWLRQV�
RQ�PRQNH\SR[�KDYH�LQFUHDVHG�VLJQLILFDQWO\�VLQFH�
������ZLWK�PRVW�SXEOLFDWLRQV�RFFXUULQJ� LQ�������
������ DQG� ������ )XUWKHUPRUH�� WKH� PDMRULW\� RI�
VFLHQWLILF�SXEOLFDWLRQV�ZHUH�RULJLQDO�DUWLFOHV��/LQ�
HW� DO�� DOVR� VKRZHG� WKDW� WKH� LQFUHDVH� LQ� SXEOLFD�
WLRQV�RQ�PRQNH\SR[�KDV�EHHQ�VLQFH����������� 
7KH� LQFUHDVH� LQ� LQIHFWLRQV� LQ� HQGHPLF� DUHDV� RI�
WKH�GLVHDVH�DQG�KXPDQV
�FORVH�FRQWDFW�ZLWK�PRQ�
NH\V�FRXOG�H[SODLQ�WKH�XSZDUG�WUHQG�LQ�VFLHQWLILF�
SXEOLFDWLRQV�RQ�PRQNH\SR[�LQIHFWLRXV�GLVHDVH��D�
FRPPRQ� GLVHDVH� EHWZHHQ� KXPDQV� DQG� DQLPDOV�
�]RRQRWLF�GLVHDVH�� ����� VLQFH�������&RQVHTXHQW�
O\�� VWXGLHV� KDYH� LQGLFDWHG� WKDW� WKH� PRQNH\SR[�
YLUXV�ZDV�ILUVW�GLVFRYHUHG�LQ�PRQNH\V�LQ�D�'DQ�
LVK�ODERUDWRU\�LQ������������,Q�������D��-PRQWK-
ROG�EDE\�ER\� LQ� WKH�'HPRFUDWLF�5HSXEOLF�RI� WKH�
&RQJR� ZDV� GLDJQRVHG� ZLWK� WKH� GLVHDVH� IRU� WKH�
ILUVW�WLPH�������5HFHQW�VWXGLHV�KDYH�DOVR�LQGLFDWHG�
WKDW� WKH� KLJKHVW� LQFLGHQFH� RI� WKLV� GLVHDVH� KDV�
EHHQ� LQ� $IULFDQ� FRXQWULHV�� DOWKRXJK� LW� KDV� EHHQ�
UHSRUWHG� LQ� RWKHU� SDUWV� RI� WKH� ZRUOG� LQ� UHFHQW�
\HDUV��������� 



���� 

 

 

 

)XUWKHUPRUH��WKH�SUHVHQFH�RI�WKH�SURWHLQ��KXPDQ�PRQ�
NH\SR[� YLUXV�� DQG� PRQNH\SR[� LWVHOI�� DORQJ� ZLWK� WKH�
SRWHQWLDO� IRU� KXPDQ� WUDQVPLVVLRQ�� KDYH� EHHQ� PDMRU�
IRFXV� RI� WKH� UHVHDUFK� FRPPXQLW\� LQ� ����-������ 7KLV�
LQGLFDWHV� WKDW� UHVHDUFKHUV� KDYH� EHHQ� ZRUNLQJ� WR�
GHYHORS� LPSURYHG� DVVD\V� IRU� GHWHFWLQJ� WKH� YLUXV� DQG�
QHXWUDOL]LQJ� DQWLERGLHV�� DV�ZHOO� DV� VWXG\LQJ� WKH� HPHU�
JHQFH�RI�PRQNH\SR[�LQ�DUHDV�VXFK�DV�WKH�&RQJR� 
7KH� NH\ZRUGV� �PRQNH\SR[��� �YDFFLQLD� YLUXV��� DQG�
�PRQNH\SR[�YLUXV��DUH�VLJQLILFDQW�LQ�WKH�UHVHDUFK�ILHOG�
RI� PRQNH\SR[�� 0RQNH\SR[� LV� D� UDUH� EXW� SRWHQWLDOO\�
IDWDO� YLUDO� GLVHDVH� WKDW� LV� VLPLODU� WR� VPDOOSR[�� FDXVHG�
E\� WKH� PRQNH\SR[� YLUXV�� 2QH� RI� WKH� WUHDWPHQWV� IRU�
PRQNH\SR[�LV�WKH�VPDOOSR[�YDFFLQH��ZKLFK�LV�EDVHG�RQ�
WKH�YDFFLQLD�YLUXV����������6PDOOSR[�YDFFLQDWLRQ�XVLQJ�
WKH� YDFFLQLD� YLUXV� KDV� EHHQ� VKRZQ� WKURXJK� KLVWRULFDO�
GDWD� WR� EH� DSSUR[LPDWHO\� ���� HIIHFWLYH� DJDLQVW�PRQ�
NH\SR[������ 
7KHVH� NH\ZRUGV� DUH� DOVR� WUDQVYHUVDO� WKHPHV�� ZKLFK�
PHDQV�WKDW�WKH\�DUH�UHOHYDQW�DQG�DSSOLFDEOH�DFURVV�GLI�
IHUHQW�UHVHDUFK�ILHOGV��VXFK�DV�YLURORJ\��HSLGHPLRORJ\��
DQG�LQIHFWLRXV�GLVHDVHV� 

&RQFOXVLRQ 
7KH� SUHVHQW� LQYHVWLJDWLRQ� SURYLGHV� D� FRPSUHKHQVLYH�
DQG�FOHDU�SLFWXUH�RI�PRQNH\SR[�VFLHQWLILF�SXEOLFDWLRQV�
RYHU� WKH� ODVW����\HDUV��$FFRUGLQJ� WR� WKH� ILQGLQJV��VFL�
HQWLILF� SXEOLFDWLRQV� RQ� PRQNH\SR[� KDYH� LQFUHDVHG��
)XUWKHUPRUH��VLQFH�������WKH�JURZWK�LQ�VFLHQWLILF�SXE�
OLFDWLRQV�LQ�WKLV�ILHOG�KDV�EHHQ�DW�LWV�KLJKHVW�UDWH��0RQ�
NH\SR[�KDV�EHHQ� WKH� VXEMHFW�RI� VFLHQWLILF�SXEOLFDWLRQV�
LQ� IRXU� DUHDV� RI� HSLGHPLRORJ\�� SUHYHQWLRQ�� WUHDWPHQW��
DQG� LPPXQH� UHVSRQVH�� )XUWKHUPRUH�� $PHULFDQ�� $IUL�
FDQ�� DQG�(XURSHDQ� FRXQWULHV� KDYH� WKH� KLJKHVW� SDUWLFL�
SDWLRQ�LQ�VFLHQWLILF�SXEOLFDWLRQV�RQ�WKLV�GLVHDVH� 
)XUWKHUPRUH��DFFRUGLQJ� WR� WKH�UHVXOWV�� UHVHDUFKHUV�DQG�
SROLF\PDNHUV�JDLQ�D�EHWWHU�XQGHUVWDQGLQJ�RI� VFLHQWLILF�
SXEOLFDWLRQV�RQ�PRQNH\SR[�E\�KDYLQJ�DFFHVV�WR�VRPH�
LQIRUPDWLRQ�VXFK�DV� WKH�PRVW� LPSRUWDQW�FRXQWULHV��DX�
WKRUV��NH\ZRUGV��DQG�WRSLFV�RI�VFLHQWLILF�SXEOLFDWLRQV� 
)XUWKHUPRUH�� E\� DQDO\]LQJ� WKH� UHVXOWV� REWDLQHG� IURP�
VWXGLHV� WKDW� XVH� WKHVH� NH\ZRUGV�� UHVHDUFKHUV� FDQ� JDLQ�
YDOXDEOH�LQVLJKWV�LQWR�WKH�HSLGHPLRORJ\��SDWKRJHQHVLV��
GLDJQRVLV�� WUHDWPHQW�� DQG� SUHYHQWLRQ� RI� PRQNH\SR[��
ZKLFK�FDQ�XOWLPDWHO\�FRQWULEXWH�WR�WKH�GHYHORSPHQW�RI�
HIIHFWLYH�VWUDWHJLHV�IRU�FRQWUROOLQJ�WKLV�GLVHDVH� 
&RQIOLFW�RI�LQWHUHVW��7KH�DXWKRUV�GHFODUH�QR�FRQIOLFW�
RI�LQWHUHVW� 
$FNQRZOHGJPHQW��7KH�DXWKRUV�H[SUHVV�WKHLU�JUDWLWXGH�
WR�WKH�,QIHFWLRXV�'LVHDVHV�5HVHDUFK�&HQWHU�RI�*RQDEDG�
8QLYHUVLW\�RI�0HGLFDO�6FLHQFHV�IRU�WKHLU�ILQDQFLDO�VXS�
SRUW�LQ�WKH�UHVHDUFK�SURMHFW�ZLWK�,'������ZKLFK�OHG�WR�
WKH�SXEOLFDWLRQ�RI�WKLV�DUWLFOH� 

)URP������ WR� ������ IRU� WKUHH� \HDUV� LQ� D� URZ�� SXE�
OLVKHG�DUWLFOHV�DERXW�PRQNH\SR[�ZHUH�KLJKHU�WKDQ�LQ�
SDVW�\HDUV��2QH�RI� WKH�UHDVRQV�IRU� WKLV�FRXOG�EH� WKH�
GLVHDVH
V� SHULRGLF� RXWEUHDN� DQG� VSUHDG� LQ� HQGHPLF�
DUHDV�� 6LQFH� ������ WKH� RYHUDOO� WUHQG� RI� VWXGLHV� KDV�
EHHQ�XSZDUG��$OWKRXJK� WKH�RXWEUHDN�RI� WKH�GLVHDVH�
KDV�IOXFWXDWHG�VOLJKWO\�RYHU�WKH�\HDUV��WKH�QXPEHU�RI�
VWXGLHV�RQ� WKLV�YLUXV�KDV� UHPDLQHG�KLJK��7KLV�SURE�
OHP�KLJKOLJKWV�WKH�LPSRUWDQFH�RI�SD\LQJ�DWWHQWLRQ�WR�
WKH� PRQNH\SR[� GLVHDVH�� DV� D� ODFN� RI� DWWHQWLRQ� KDV�
UHVXOWHG� LQ� D� VWHDG\� LQFUHDVH� LQ� GLVHDVH� FDVHV� RYHU�
WKH� \HDUV�� 7KH� LQFUHDVH� LQ� WKH� QXPEHU� RI� SXEOLFD�
WLRQV�LQGLFDWHV�WKH�SURJUHVV�RI�WKH�VFLHQWLILF�FRPPX�
QLW\� RQ� WKH� VXEMHFW�� 0RUHRYHU�� WKH� LQFUHDVH� LQ� WKH�
QXPEHU� RI� PRQNH\SR[� SXEOLFDWLRQV� VKRZV� WKH� LP�
SRUWDQFH�RI�WKH�LVVXH������� 
2Q� WKH� RQH� KDQG�� PRGHUQ� WUDQVSRUWDWLRQ� DQG� LQ�
FUHDVHG� FRPPXQLFDWLRQ� EHWZHHQ� GLIIHUHQW� SDUWV� RI�
WKH�ZRUOG��DV�ZHOO�DV�WKH�UDSLG�PRYHPHQW�RI�KXPDQV�
EHWZHHQ�FRXQWULHV�DQG�HYHQ�FRQWLQHQWV��KDYH�UHVXOW�
HG� LQ� WKH� UDSLG� DQG� HDV\� WUDQVPLVVLRQ� RI� YLUXVHV��
ZKLOH�RQ�WKH�RWKHU�KDQG��D�ODFN�RI�DWWHQWLRQ�WR�PRQ�
NH\SR[�GLVHDVH�LQ�UHFHQW�\HDUV�DQG�D�UHGXFHG�IRFXV�
RQ�WKH�GLVHDVH�KDV�UHVXOWHG�LQ�WKH�RXWEUHDN�WKLV�]RRQ�
RWLF� GLVHDVH��2Q� WKH� FRQWUDU\�� VLQFH� WKH� JOREDO� RXW�
EUHDN�RI�WKH�FRURQDYLUXV�SDQGHPLF��DOO�RI�WKH�ZRUOG
V�
DWWHQWLRQ� DQG�PHGLFDO� UHVRXUFHV� KDYH� EHHQ� IRFXVHG�
RQ� WKLV� GLVHDVH�� 2WKHU� GLVHDVHV�� RQ� WKH� RWKHU� KDQG��
KDYH�KDG�PRUH�WLPH�WR�VSUHDG��DQG�PRQNH\SR[�FDVHV�
KDYH�QRZ�EHHQ�UHSRUWHG�DOO�RYHU�WKH�ZRUOG� 
7KH� 8QLWHG� 6WDWHV�� *HUPDQ\�� &RQJR�� WKH� 8QLWHG�
.LQJGRP�� DQG� 6ZLW]HUODQG� KDYH� WKH� PRVW� SXEOLFD�
WLRQV� LQ� WKLV� ILHOG�� DFFRUGLQJ� WR� WKH� UHVXOWV� RI� WKH�
SUHVHQW� VWXG\�� )XUWKHUPRUH�� LQ� WHUPV� RI� VFLHQWLILF�
SXEOLFDWLRQV�RQ�WKLV�GLVHDVH��WKHVH�FRXQWULHV�KDYH�WKH�
KLJKHVW� OHYHO� RI� VFLHQWLILF� FRPPXQLFDWLRQ� DQG� FRO�
ODERUDWLRQ�� $FFRUGLQJ� WR� 3KRREDQH� HW� DO�� � ����� RQ�
LQIHFWLRXV�GLVHDVHV� LQ�$IULFD�� WKH�8QLWHG�6WDWHV�� WKH�
8QLWHG� .LQJGRP�� 6RXWK� $IULFD�� 6ZLW]HUODQG�� DQG�
.HQ\D� KDYH� WKH� PRVW� SXEOLFDWLRQV� LQ� WKLV� DUHD��
0RUHRYHU�� LQ� WKLV� ILHOG�� WKHVH� FRXQWULHV� KDYH� WKH�
PRVW� LQWHUQDWLRQDO� VFLHQWLILF� FROODERUDWLRQ�� 'XH� WR�
WKH� VLJQLILFDQW� LQYHVWPHQW� LQ� YDULRXV� GLVHDVH� UH�
VHDUFK� LQ� WKH�8QLWHG�6WDWHV�� WKH� VWXG\�RI� WKHLU�YDUL�
RXV�DVSHFWV�LV�DW�WKH�IRUHIURQW��7KH�8QLWHG�6WDWHV��IRU�
H[DPSOH��KDV�WKH�PRVW�JOREDO�SXEOLFDWLRQV�RQ�WXEHU�
FXORVLV����������DQG�&29,'-���������,Q�WKLV�UHJDUG��
VWXGLHV� KDYH� IRXQG� WKDW� D� KLJKHU� OHYHO� RI� WKH� RXW�
EUHDN� RI� GLVHDVHV� LQFUHDVHV� UHVHDUFKHUV
� LQWHUHVW� LQ�
UHVHDUFK� DQG� SXEOLFDWLRQ� LQ� WKRVH� FRXQWULHV� ������
)XUWKHUPRUH�� FRXQWU\� LQFRPH� LV� DQRWKHU� UHDVRQ� IRU�
LQFUHDVHG�VFLHQWLILF�SXEOLFDWLRQV��$FFRUGLQJO\��KLJK-
LQFRPH�FRXQWULHV�KDYH�PRUH�VFLHQWLILF�SXEOLFDWLRQV��
DQG�ORZ-LQFRPH�FRXQWULHV�KDYH�IHZHU�VFLHQWLILF�SUR�
GXFWLRQ���������� 
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�����WR������DQG�QRYHO�SUHYHQWLRQ�DQG�FRQWURO�VWUDWHJLHV��)URQW�3XEOLF�+HDOWK������������ 

��� %LUNOH�&��3HQGOHEXU\�'$��6FKQHOO�-��$GDPV�-��:HE�RI�6FLHQFH�DV�D�GDWD�VRXUFH�IRU�UHVHDUFK�RQ�VFLHQWLILF�
DQG�VFKRODUO\�DFWLYLW\��4XDQW��VFL��VWXG���������������-��� 

��� YDQ�(FN�1-��:DOWPDQ�/��6RIWZDUH�VXUYH\��926YLHZHU��D�FRPSXWHU�SURJUDP�IRU�ELEOLRPHWULF�PDSSLQJ��
VFLHQWRPHWULFV����������������-��� 

��� &DUGRQD�*��6DQ]�-3��3XEOLFDWLRQ�DQDO\VLV�RI�WKH�FRQWDFW�OHQV�ILHOG��:KDW�DUH�WKH�FXUUHQW�WRSLFV�RI�LQWHU�
HVW"��-��2SWRP��������������-�� 

��� 0�KO� ''�� GH� 2OLYHLUD� /�� $� ELEOLRPHWULF� DQG� WKHPDWLF� DSSURDFK� WR� DJULFXOWXUH� ����� +HOL\RQ�� ������
����H������ 

��� 'HOOD�&RUWH�9��'HO�*DXGLR�*��6HSH�)��6FLDUHOOL�)��6XVWDLQDEOH�WRXULVP�LQ�WKH�RSHQ�LQQRYDWLRQ�UHDOP��$�
ELEOLRPHWULF�DQDO\VLV��6XVWDLQDELOLW\������������������� 

��� 'DQHVK�)��*KDYL'HO�6��9LVXDOL]LQJ�WKH�&OXVWHUV�DQG�'\QDPLFV�RI�+39�5HVHDUFK�$UHD��,UDQ�-�0LFURELRO��
��������������-��� 

��� *HRUJHV�$--��0DWWRQ�7��&RXUERW-*HRUJHV�0-&��/H�PRQNH\-SR[��XQ�SDUDGLJPH�GH�PDODGLH�pPHUJHQWH�
SXLV�UppPHUJHQWH��0HG�0DO�,QIHFW���������������-�� 



���� 

 

 
 

 

 

��� 0DJQXV�3Y��$QGHUVHQ�(.��3HWHUVHQ�.%��%LUFKဨ$QGHUVHQ�$��$�SR[ဨOLNH�GLVHDVH�LQ�F\QRPROJXV�PRQNH\V��
$30,6����������������-��� 

��� %UHPDQ�-*��.DOLVD-5XWL�0��=DQRWWR�(��*URP\NR�$��$ULWD�,��+XPDQ�PRQNH\SR[������-����%XOO��:RUOG�
+HDOWK�2UJDQ����������������� 

��� <RQJ�6()��1J�27��+R�=-0��0DN�70��0DULPXWKX�.��9DVFR�6��HW�DO��,PSRUWHG�0RQNH\SR[��6LQJDSRUH��
(PHUJ�,QIHFW�'LV������������������ 

��� 5DPRV�-��3DGLOOD�6��0DVLD�0��*XWLHUUH]�)��$�ELEOLRPHWULF�DQDO\VLV�RI�WXEHUFXORVLV�UHVHDUFK�LQGH[HG�LQ�
3XE0HG������–������,QW�-�7XEHUF�/XQJ�'LV������������������-�� 

��� 6DKRR�6��3DQGH\�6��(YDOXDWLQJ�UHVHDUFK�SHUIRUPDQFH�RI�&RURQDYLUXV�DQG�&RYLG-���SDQGHPLF�XVLQJ�VFL�
HQWRPHWULF�LQGLFDWRUV��2QOLQH�,QI��5HY������� 

��� +DVVDQ�0'��&DVWDQKD�5&*��:ROIUDP�'��6FLHQWRPHWULF�DQDO\VLV�RI�JOREDO�WU\SDQRVRPLDVLV�UHVHDUFK��
����–������-��,QIHFW��3XEOLF�+HDOWK����������������-��� 

��� 1DURWVN\�'��*UHHQ�3+5��/HEZRKO�%��7HPSRUDO��DQG�JHRJUDSKLF�WUHQGV�LQ�FHOLDF�GLVHDVH�SXEOLFDWLRQV��D�
ELEOLRPHWULF�DQDO\VLV��(XU�-�*DVWURHQWHURO�+HSDWRO�����������������-�� 

��� 'HPLU�(��&RPED�$��7KH�HYROXWLRQ�RI�FHOLDF�GLVHDVH�SXEOLFDWLRQV��D�KROLVWLF�DSSURDFK�ZLWK�ELEOLRPHWULF�
DQDO\VLV��,U��-��0HG��6FL���������������-��� 

��� 3HWHUVHQ�(��.DQWHOH�$��.RRSPDQV�0��$VRJXQ�'��<LQND-2JXQOH\H�$��,KHNZHD]X�&��HW�DO��+XPDQ�PRQ�
NH\SR[��HSLGHPLRORJLF�DQG�FOLQLFDO�FKDUDFWHULVWLFV��GLDJQRVLV��DQG�SUHYHQWLRQ��,QIHFWLRXV�'LVHDVH�&OLQLFV��
���������������-��� 

��� &KDNUDERUW\�6��0RKDSDWUD�5.��&KDQGUDQ�'��$ODJDZDQ\�0��6Y�3��,VODP�0$��&KDNUDERUW\�&��'KDPD�.��
0RQNH\SR[�YDFFLQHV�DQG�YDFFLQDWLRQ�VWUDWHJLHV��&XUUHQW�NQRZOHGJH�DQG�DGYDQFHV��$Q�XSGDWH-
&RUUHVSRQGHQFH��,QW�-�6XUJ�������������������� 

��� )LQH�3(0��-H]HN�=��*UDE�%��'L[RQ�+��7KH�WUDQVPLVVLRQ�SRWHQWLDO�RI�PRQNH\SR[�YLUXV�LQ�KXPDQ�SRSXOD�
WLRQV��,QW�-�(SLGHPLRO�������� 

 



���� 

 

 
 
 
 

&DVH�VHULHV� 
 
&29,'-���UHODWHG�PXOWLV\VWHP�LQIODPPDWRU\�V\QGURPH�LQ�FKLOGUHQ��0,6-&���$�FDVH�VH�
ULHV�IURP�(WKLRSLD 

7LQVDH�$OHPD\HKX����
��.DOHDE�7HVID\H����6HODPDZLW�7DULNX����'HPHNH�0HNRQQHQ����(GHQ�'HPHVVLH�)LUHZ����&DOHE�
*HWDFKHZ�*HEUX����1DWQDHO�$WOH�%HQWL����$QWHQHK�7LUXVHZ����0RKDPPDG�$EGXVHPHG�<DK\D����1DWKDQ�7HNOX����
0DKOHW�*HEUHKLZRW�7ROHUD����$ODQ�.DULELDQ��� 

 ��$PHULFDQ�PHGLFDO�FHQWHU��$GGLV�$EDED��(WKLRSLD 
 ��6W��3DXO
V�KRVSLWDO�PLOOHQQLXP�PHGLFDO�FROOHJH��$GGLV�$EDED��(WKLRSLD 
 ��6W��3HWHU
V�UHIHUUDO�KRVSLWDO��$GGLV�$EDED��(WKLRSLD 
 ��1HZ�OHDI�IHUWLOLW\�FHQWHU��$GGLV�$EDED��(WKLRSLD� 
 �6XLVVH�&OLQLF��$GGLV�$EDED��(WKLRSLD 
 

&RUUHVSRQGLQJ�DXWKRUV
��WLJLVWWLQVDH#JPDLO�FRP 

 
$EVWUDFW� 
%DFNJURXQG��2QH�LQ�WZHQW\�RI�SHRSOH�DIIHFWHG�E\�WKH�RQJRLQJ�&29,'-���SDQGHPLF�KDYH�EHHQ�FKLOGUHQ�DQG�DGR�
OHVFHQWV��$�XQLTXH�FRPSOLFDWLRQ�LQ�WKLV�DJH�JURXS�LV�WKH�0XOWL-LQIODPPDWRU\�V\QGURPH�DVVRFLDWHG�ZLWK�&29,'-���
�0,6-&���:H�UHSRUW�D�VLQJOH-FHQWHU�FDVH�VHULHV�RI�FKLOGUHQ�GLDJQRVHG�ZLWK�0,6-&�IURP�$GGLV�$EDED��(WKLRSLD� 
&DVH�GHVFULSWLRQV��7KLV�FDVH�VHULHV�GHVFULEHV�WKH�FOLQLFDO�SUHVHQWDWLRQ�DQG�WUHDWPHQW�RXWFRPHV�RI�IRXU�PDOH�SD�
WLHQWV�SUHVHQWLQJ�DW�D�PHDQ�DJH�RI���\HDUV�DQG����PRQWKV��$OO�IXOILOOHG�WKH�:RUOG�+HDOWK�2UJDQL]DWLRQ�FDVH�GHILQL�
WLRQ�FULWHULD�IRU�WKH�0XOWL-LQIODPPDWRU\�V\QGURPH�DVVRFLDWHG�ZLWK�&29,'-����$OO�ZHUH�QRW�HOLJLEOH�IRU�YDFFLQD�
WLRQV�DJDLQVW�VHYHUH�DFXWH�UHVSLUDWRU\�V\QGURPH�FRURQDYLUXV����6$56�&R9-���DW�WKH�WLPH�RI�WKHLU�GLDJQRVLV��7KH\�
ZHUH�WUHDWHG�ZLWK�YDU\LQJ�FRPELQDWLRQV�RI�LQWUDYHQRXV�LPPXQRJOREXOLQ��DVSLULQ��DQG�FRUWLFRVWHURLGV��DQG�DOO�UH�
FRYHUHG�XSRQ�FRPSOHWLRQ�RI�WKHLU�IROORZ-XS�SHULRG�� 
&RQFOXVLRQ��&DVHV�RI�0XOWL-LQIODPPDWRU\�V\QGURPH�DVVRFLDWHG�ZLWK�&29,'-���DUH�RIWHQ�PLVGLDJQRVHG��7KLV�FDVH�
VHULHV�KLJKOLJKWV�ZKHQ�WR�FRQVLGHU�VXFK�D�GLDJQRVLV�DQG�LWV�WKHUDSHXWLF�RSWLRQV��� 
 
.H\ZRUGV��0,6-&��(WKLRSLD��&29,'��6$56-&R9-���FKLOGUHQ� 
&LWDWLRQ���$OHPD\HKX�7��7HVID\H�.��7DULNX�6��HW�DO���(WKLRS�0HG��-�������������–���� 
6XEPLVVLRQ�GDWH�������0D\��������$FFHSWHG������0DUFK������3XEOLVKHG�����0DUFK������ 

(WKLRSLDQ�0HGLFDO�-RXUQDO������������� ��
2SHQ�DFFHVV�DUWLFOHV�GLVWULEXWHG�LQ�WHUPV�RI� 
&UHDWLYH�&RPPRQV�$WWULEXWLRQ�/LFHQFH�>&&�E\����@ 

,661�����-������������H,661�����-�����  $OHPD\HKX��HW�DO�� 

,QWURGXFWLRQ� 
7KH� 0XOWL-LQIODPPDWRU\� V\QGURPH� DVVRFLDWHG� ZLWK�
&29,'-��� �0,6-&�� LV� D� SRVW-LQIHFWLRQ� K\SHU-
LQIODPPDWRU\� UHVSRQVH� SULPDULO\� UHFRJQL]HG� DPRQJ�
SDWLHQWV� DJHG� ��� \HDUV� DQG� OHVV� ����� ,W� KDV� DQ� LQFL�
GHQFH�RI�����SHUVRQV�SHU���������6$56-&R9-�� LQ�
IHFWLRQV� LQ�SHUVRQV�\RXQJHU� WKDQ����\HDUV� �����7KHUH�
LV� PLQLPDO� GDWD� IURP� $IULFDQ� FRXQWULHV� FRQFHUQLQJ�
VHYHUH�&29,'-���LQIHFWLRQV�DQG�0,6-&�DPRQJ�FKLO�
GUHQ�� ,Q� D� UHFHQWO\� SXEOLVKHG� UHWURVSHFWLYH� FRKRUW�
VWXG\� IURP� VL[� $IULFDQ� FRXQWULHV�� VXVSHFWHG� RU� FRQ�
ILUPHG� 0,6-&� ZDV� GLDJQRVHG� LQ� ����� RI� FKLOGUHQ�
KRVSLWDOL]HG�ZLWK�&29,'-�������� 
 
)ROORZLQJ�WKH�UHSRUWLQJ�RI�WKH�ILUVW�FKLOG�ZLWK�0,6-&�
LQ�(WKLRSLD� LQ�0DUFK������� WKHUH�KDV�EHHQ� OLWWOH�GDWD�
RQ�IXUWKHU�GHVFULSWLRQV�RI�FKLOGUHQ�GLDJQRVHG�ZLWK�WKH�
V\QGURPH�LQ�WKH�FRXQWU\��EDUULQJ�D�VHFRQG�FDVH�UHSRUW�
LQ� -XO\� ����� ������� :H� UHSRUW� D� VLQJOH-FHQWHU� FDVH�
VHULHV�RI�IRXU�FKLOGUHQ�GLDJQRVHG�ZLWK�0,6-&�� 

&DVH�VHULHV 
7KH� SDUHQWV� RI� WKUHH� FKLOGUHQ� FRXOG� UHFDOO� WKHLU�
FKLOG�FRPLQJ�LQWR�FRQWDFW�ZLWK�D�FRQILUPHG�FDVH�RI�
&29,'-��� LQIHFWLRQ� ZLWKLQ� WKH� SUHFHGLQJ� �� WR� ��
ZHHNV��7KHLU�ODE�ZRUN-XS�UHYHDOHG�O\PSKRSHQLD�LQ�
RQH� FKLOG�� QHXWURSKLOD� DQG� HOHYDWHG� FUHDWLQLQH� LQ�
WZR� FKLOGUHQ� HDFK� DQG� QRUPDO� SODWHOHW� FRXQWV�� VH�
UXP� DOEXPLQ�� OLYHU� HQ]\PHV�� FRDJXODWLRQ� SURILOH��
XULQDO\VLV�DQG�FKHVW�LPDJLQJ�LQ�DOO�IRXU��7HVWV�VSH�
FLILF� WR� WKHLU�GLDJQRVLV�DQG� WKHLU�PDQDJHPHQW�SUR�
WRFROV�DUH�VXPPDUL]HG�LQ�WDEOH������� 
 
1RQH�KDG�D�SRVLWLYH�DQWLJHQ�RU�3&5�WHVW�IRU�6$56�
&R9-���1RQH� RI� WKHP� KDG� FRURQDU\� DUWHU\� GLODWD�
WLRQV�RU�DQHXU\VPV�LQ�WKHLU�HFKRFDUGLRJUDSK\�VWXG�
LHV� EXW� WZR� KDG� DFXWH� PLWUDO� UHJXUJLWDWLRQV� DQG�
PLQLPDO�SHULFDUGLDO�HIIXVLRQ�ZKLFK�UHVROYHG�GXULQJ�
IROORZ-XS� VWXGLHV� DW� WZR� DQG� VL[�ZHHNV� IROORZLQJ�
GLVFKDUJH� IURP� KRVSLWDO��$OO� RI� WKHP�ZHUH� KDYLQJ�
QRUPDO�OHIW�YHQWULFXODU�V\VWROLF�IXQFWLRQ�DV�GHSLFWHG�



���� 

 

 
 

 

E\�QRUPDO�HMHFWLRQ�IUDFWLRQ�DQG�IUDFWLRQDO�VKRUWHQLQJ� 
 

7KH� PHDQ� GXUDWLRQ� RI� WKHLU� KRVSLWDO� DGPLVVLRQ� ZDV�
�����GD\V��$OO�ZHUH�PDQDJHG�ZLWK�LQWUDYHQRXV�LPPX�
QRJOREXOLQ� �,9,*�� DQG� DVSLULQ� DQG� GLG� QRW� UHTXLUH�
DGPLVVLRQ�WR�DQ�LQWHQVLYH�FDUH�XQLW��2QH�FKLOG�GHYHO�
RSHG� DGYHUVH� UHDFWLRQ� WR� WKH� LQWUDYHQRXV� LPPXQR�

 
7DEOH����6XPPDU\�RI�WKH�0,6-&�VSHFLILF�GLDJQRVLV�WHVWV�DQG�WUHDWPHQW�IRU�DOO�FDVHV 

JOREXOLQ� ZLWK� KLJK� JUDGH� IHYHU�� FKLOOV�� ULJRU� DQG� KLV�
UHJLPHQ� ZDV� FKDQJHG� WR� D� KLJK� GRVH� ��� PJ�NJ�GD\��
RUDO�3UHGQLVRORQH� 

/DE�SDUDPHWHU &DVH�$ &DVH�% &DVH�& &DVH�' 
$JH�DW�SUHVHQWDWLRQ ��\\���PR ��\\����PR ��\\���PR ��\\����PR 
*HQGHU 0DOH 0DOH 0DOH 0DOH 
(OHYDWHG�&-UHDFWLYH�SURWHLQ <HV <HV <HV <HV 
(OHYDWHG�6$56�&R9-��VSHFLILF�,J0�
DQG�RU�,J* 

<HV��,J0�DQG�
,J*� 

<HV��,J*� <HV��,J0� <HV��,J*� 

6$56�&R9-��3&5 1HJDWLYH 1HJDWLYH 1HJDWLYH 1HJDWLYH 
6$56�&R9-��DQWLJHQ�WHVW 1HJDWLYH 1HJDWLYH 1HJDWLYH 1HJDWLYH 

&ULWHULD�PHW�IRU�.DZDVDNL�GLVHDVH <HV�
�FRPSOHWH� 

1R <HV�
�LQFRPSOHWH� 

<HV�
�LQFRPSOHWH� 

(FKRFDUGLRJUDSKLF�DEQRUPDOLWLHV $FXWH�0LWUDO�
UHJXUJLWDWLRQ 

1RQH $FXWH�0LWUDO�
UHJXUJLWDWLRQ 

1RQH 

(OHYDWHG�WURSRQLQ 1RW�GRQH 1RW�GRQH 1RW�GRQH <HV 
$GPLVVLRQ�WR�LQWHQVLYH�FDUH�XQLW 1R 1R 1R 1R 
9DVRDFWLYH�DJHQWV�JLYHQ 1R 1R 1R 1R 
&RUWLFRVWHURLGV�JLYHQ 1R 1R 1R <HV�
 
,9,*�JLYHQ <HV <HV <HV <HV 
$VSLULQ�JLYHQ <HV <HV <HV <HV 
/HQJWK�RI�VWD\�LQ�KRVSLWDO ��GD\V ��GD\V ���GD\V ��GD\V 
3DWLHQW�RXWFRPH ,PSURYHG ,PSURYHG ,PSURYHG ,PSURYHG 

�2UDO�3UHGQLVRORQH 

IOHFWHG� LQ� RXU� FDVH� VHULHV� ����� $� GHFUHDVHG� V\VWROLF�
YHQWULFXODU� IXQFWLRQ� LV� WKH� FRPPRQHVW� FDUGLRORJLF�
DEQRUPDOLW\� ZLWK� PLOG� PLWUDO� UHJXUJLWDWLRQ� DQRWKHU�
ZHOO-GHVFULEHG� IHDWXUH�� &RURQDU\� DQHXU\VPV� DUH� XQ�
FRPPRQ� LQ� 0,6-&� ��������� $� UDLVHG� &53� �������
QHXWURSKLOLD� ������ DQG� O\PSKRSHQLD� DUH� WKH� FRP�
PRQHVW�KHPDWRORJLF�DQG�LQIODPPDWRU\�PDUNHU�DEQRU�
PDOLWLHV� DV� DOVR� HYLGHQFHG� LQ� RXU� FDVH� VHULHV� ����� $�
UHFHQWO\�SXEOLVKHG�VWXG\�KDV�QRWHG�SDWLHQWV�ZLWK�0,6-
&� WR� EH� DW� D� KLJKHU� ULVN� IRU� FRDJXORSDWKLHV� DPRQJ�
FKLOGUHQ�DQG�DGROHVFHQWV������ 
 
,QWUDYHQRXV� LPPXQRJOREXOLQ� ��� J�NJ� RYHU� ��� KRXUV��
DQG�DVSLULQ�ZLWK�DQ� LQLWLDO� DQWL-LQIODPPDWRU\�GRVH�RI�
���WR����PJ�NJ�GD\�WLOO�DIHEULOH�DQG�ODWHU�D�ORZHU�GRVH�
RI� �� WR� �� PJ�NJ�GD\� IRU� VL[� ZHHNV� �LI� HFKRFDUGLRJ�
UDSK\� LV� QRUPDO� DW� IROORZ-XS� DW� �� ZHHNV�� RU� LQGHIL�
QLWHO\� �LI� FRURQDU\� DUWHU\� DEQRUPDOLWLHV� DUH�GHWHFWHG��
FDQ�EH�XVHG�WR�WUHDW�FKLOGUHQ�SUHVHQWLQJ�ZLWK�FRPSOHWH�
RU� LQFRPSOHWH� .DZDVDNL� GLVHDVH� ������ $OWHUQDWLYH�
WKHUDSLHV�LQFOXGH�FRUWLFRVWHURLGV�DORQH�RU�LQWUDYHQRXV�
LPPXQRJOREXOLQ� DORQH� RU� D� FRPELQDWLRQ� RI� WKH� WZR�
�������� 
 
,Q� FRQFOXVLRQ�� ZH� GHVFULEH� WKH� PXOWL-LQIODPPDWRU\�
V\QGURPH� DVVRFLDWHG�ZLWK�&29,'-��� LQ� IRXU� \RXQJ�

'LVFXVVLRQ 
7KH� GLDJQRVLV� RI� WKH� IRXU� FDVHV� ZH� SUHVHQWHG� ZHUH�
PDGH�EDVHG�RQ�WKH�:+2�GLDJQRVWLF�UHFRPPHQGDWLRQ�
IRU�0,6-&�IRU�FKLOGUHQ�DQG�DGROHVFHQWV�DJHG����\HDUV�
RU�OHVV������7KHVH�FULWHULD�DUH�EDVHG�RQ�D�IHYHU�RI�PRUH�
WKDQ���GD\V�DQG� WZR�RU�PRUH�RI�VXJJHVWLYH�GHUPDWR�
ORJLF�� FDUGLRYDVFXODU� RU� JDVWURLQWHVWLQDO� IHDWXUHV� DQG�
FRDJXORSDWKLHV�� *DVWURLQWHVWLQDO� PDQLIHVWDWLRQV� OLNH�
GLDUUKHD�� DEGRPLQDO� SDLQ�� YRPLWLQJ� DQG� PHVHQWHULF�
DGHQLWLV� DUH� WKH� FRPPRQHVW� IHDWXUHV� RI� 0,6-&� �����
7KLV�VKRXOG�EH�DFFRPSDQLHG�E\�HOHYDWHG�LQIODPPDWR�
U\� PDUNHUV� �&53�� (65� HWF��� DEVHQFH� RI� DOWHUQDWLYH�
GLDJQRVHV�� DQG� HYLGHQFH� RI� &29,'-��� LQIHFWLRQ�
�XVXDOO\�SRVLWLYH�6$56-&R9-��VHURORJ\�DQG�D�QHJD�
WLYH�3&5�DQG�DQWLJHQ� WHVW��RU�D� OLNHO\�FRQWDFW�ZLWK�D�
SDWLHQW�ZLWK�FRQILUPHG�&29,'-��� 
 
'HOD\HG� RU� H[FHVV� F\WRNLQH� VWRUP� DQG� DQ� DEHUUDQW�
LPPXQH� UHVSRQVH� PHGLDWHG� E\� QRQ-QHXWUDOL]LQJ� ,J*�
DQWLERGLHV� DUH� VRPH� RI� WKH� FRQWULEXWLQJ� IDFWRUV� IRU�
0,6-&� ����� 7KH� SUHVHQWDWLRQ� RI� 0,6-&� PD\� YDU\�
IURP�PLOG� GLVHDVH� �D� OHVV� FRPPRQ� RXWFRPH� WKDQ� LQ�
DFXWH� &29,'-���� WR� IHDWXUHV� UHVHPEOLQJ� .DZDVDNL�
GLVHDVH�ZLWK�RU�ZLWKRXW�VKRFN��WR[LF�VKRFN�V\QGURPH�
DQG�PDFURSKDJH� DFWLYDWLRQ� V\QGURPH� �����7KHUH� LV� D�
VOLJKW� PDOH� SUHSRQGHUDQFH� ������ IRU� 0,6-&� DV� UH�



���� 

 

(WKLRSLDQ�FKLOGUHQ��)XUWKHU�VWXGLHV�DUH�QHHGHG�WR�FKDUDF�
WHUL]H�WKLV�SDWLHQW�SRSXODWLRQ�DQG�LQVWLWXWH�HDUO\�UHFRJQL�
WLRQ� DQG� WKHUDS\�� $V�PRUH� FDVHV� DUH� GLDJQRVHG�� HIIRUWV�

IRU�SURYLVLRQ�RI�WUHDWPHQW�RSWLRQV�OLNH�LQWUDYHQRXV�
LPPXQRJOREXOLQ�DW�D�ZLGHU�VFDOH�LQ�UHIHUUDO�KRVSL�
WDO�VKRXOG�EH�HPSKDVL]HG�� 

�� $FHYHGR��/���3LxHUHV-2ODYH��%�(���1LxR-6HUQD��/�)� HW�DO� 0RUWDOLW\�DQG�FOLQLFDO�FKDUDFWHULVWLFV�RI�PXOWLV\V�
WHP�LQIODPPDWRU\�V\QGURPH�LQ�FKLOGUHQ��0,6-&��DVVRFLDWHG�ZLWK�FRYLG-���LQ�FULWLFDOO\�LOO�SDWLHQWV��DQ�REVHU�
YDWLRQDO�PXOWLFHQWHU�VWXG\��0,6&2�VWXG\�� %0&�3HGLDWU ��� ������������KWWSV���GRL�RUJ���������V�����-���
-�����-�� 

�� 3D\QH�$%��*LODQL�=��*RGIUHG-&DWR�6��HW�DO��,QFLGHQFH�RI�0XOWLV\VWHP�,QIODPPDWRU\�6\QGURPH�LQ�&KLOGUHQ�
$PRQJ�86�3HUVRQV�,QIHFWHG�:LWK�6$56-&R9-�� -$0$�1HWZ�2SHQ� ����������H���������GRL���������
MDPDQHWZRUNRSHQ������������ 

�� 1DFKHJD�-%��6DP-$JXGX�1$��0DFKHNDQR�51��HW�DO��$VVHVVPHQW�RI�&OLQLFDO�2XWFRPHV�$PRQJ�&KLOGUHQ�DQG�
$GROHVFHQWV�+RVSLWDOL]HG�:LWK�&29,'-���LQ���6XE-6DKDUDQ�$IULFDQ�&RXQWULHV� -$0$�3HGLDWU� 3XEOLVKHG�
RQOLQH�-DQXDU\�����������GRL���������MDPDSHGLDWULFV���������� 

�� $OHPD\HKX�7��.DULELDQ�$��0HNRQQHQ�'��3HGLDWULF�,QIODPPDWRU\�0XOWLV\VWHP�6\QGURPH�7HPSRUDOO\�$VVR�
FLDWHG�ZLWK�6$56�&R9����3,06-76���$�&DVH�5HSRUW�IURP�(WKLRSLD�DQG�D�5HYLHZ�RI�/LWHUDWXUH��(WKLRSLDQ�
0HGLFDO�-RXUQDO�������������������–������KWWSV���HPMHPD�RUJ�LQGH[�SKS�(0-�DUWLFOH�YLHZ����� 

�� 'HPLVVLH�0��'HULEHVVD�6-��%DFKD�7��$�7\SLFDO�&DVH�RI�0XOWLV\VWHP�,QIODPPDWRU\�6\QGURPH�LQ�D���-
\HDUROG�*LUO�ZLWK�&29,'-����$�&DVH�5HSRUW�IURP�(WKLRSLD��(WKLRS�-�+HDOWK�6FL�������-XO����������-�����
GRL����������HMKV�Y��L����� 

�� :+2�VFLHQWLILF�EULHI�-�0XOWLV\VWHP�LQIODPPDWRU\�V\QGURPH�LQ�FKLOGUHQ�DQG�DGROHVFHQWV�ZLWK�&29,'-����
��WK�0D\�������:+2�����-Q&R9�6FLB%ULHI�0XOWLV\VWHPB6\QGURPHB&KLOGUHQ�������� 

�� 5DGLD�7��:LOOLDPV�:��$JUDZDO�3��+DUPDQ�.��:HDOH�-��&RRN�-�HW�DO��0XOWL-V\VWHP�LQIODPPDWRU\�V\QGURPH�
LQ�FKLOGUHQ�	�DGROHVFHQWV��0,6-&���$�V\VWHPDWLF�UHYLHZ�RI�FOLQLFDO�IHDWXUHV�DQG�SUHVHQWDWLRQ��3DHGLDWULF�
5HVSLUDWRU\�5HYLHZV��9ROXPH�����������3DJHV���-����,661�����-������KWWSV���GRL�RUJ���������
M�SUUY������������� 

�� 5RZOH\��$�+��8QGHUVWDQGLQJ�6$56-&R9-�-UHODWHG�PXOWLV\VWHP�LQIODPPDWRU\�V\QGURPH�LQ�FKLOGUHQ��1DW�
5HY�,PPXQRO��������–������������KWWSV���GRL�RUJ���������V�����-���-����-� 

�� )HOGVWHLQ�/5��5RVH�(%��+RUZLW]�60��&ROOLQV�-3��1HZKDPV�00��6RQ�0%)��HW�DO��0XOWLV\VWHP�LQIODPPDWRU\�
V\QGURPH�LQ�8�6��FKLOGUHQ�DQG�DGROHVFHQWV��1�(QJO�-�0HG�����������������–����KWWSV���GRL�RUJ���������
1(-0RD�������� 

��� /RNH�<+��%HUXO�&,��+DUDKVKHK�$6��0XOWLV\VWHP�LQIODPPDWRU\�V\QGURPH�LQ�FKLOGUHQ��LV�WKHUH�D�OLQNDJH�WR�
.DZDVDNL�GLVHDVH"�7UHQGV�&DUGLRYDVF�0HG�����������������–����KWWSV���GRL�RUJ���������M�WFP������������� 

��� +DVDQ�05��$O�=XEDLGL�.��'LDE�.��+HMD]L�<��%RXW-7DEDNX�6��$O-$GED�% HW�DO� &29,'-���UHODWHG�PXOWLV\V�
WHP�LQIODPPDWRU\�V\QGURPH�LQ�FKLOGUHQ��0,6-&���D�FDVH�VHULHV�IURP�D�WHUWLDU\�FDUH�SHGLDWULF�KRVSLWDO�LQ�4D�
WDU� %0&�3HGLDWU ��� ������������KWWSV���GRL�RUJ���������V�����-���-�����-�� 

��� :KLWZRUWK�+��6DUWDLQ�6(��.XPDU�5��$UPVWURQJ�.��%DOOHVWHU�/��%HWHQVN\�0�HW�DO��5DWH�RI�WKURPERVLV�LQ�FKLO�
GUHQ�DQG�DGROHVFHQWV�KRVSLWDOL]HG�ZLWK�&29,'-���RU�0,6-&� %ORRG ������������������–�����GRL� KWWSV���
GRL�RUJ���������EORRG����������� 

��� 5LIH�(��*HGDOLD�$��.DZDVDNL�'LVHDVH��DQ�8SGDWH� &XUUHQW�UKHXPDWRORJ\�UHSRUWV������ ������������KWWSV���
GRL�RUJ���������V�����-���-�����-�� 

��� 0F$UGOH�$-��9LWR�2��3DWHO�+��6HDE\�(*��6KDK�3��:LOVRQ�&�HW�DO��7UHDWPHQW�RI�PXOWL-LQIODPPDWRU\�V\Q�
GURPH�LQ�FKLOGUHQ��1�(QJO�-�0HG�������������-����'2,����������1(-0RD������� 

��� 6RQ�0��0XUUD\�1��)ULHGPDQ�.��<RXQJ�&&��1HZKDPV�00��)HOGVWHLQ�/5�HW�DO��0XOWLV\VWHP�,QIODPPDWRU\�
6\QGURPH�LQ�&KLOGUHQ�—�,QLWLDO�7KHUDS\�DQG�2XWFRPH��1�(QJO�-�0HG�������������-����'2,����������
1(-0RD������� 
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5HYLHZ��$UWLFOH� 

+LVWRU\�DQG�HYROXWLRQ�RI�DFDGHPLF�SXEOLVKLQJ�IURP�WKH�SHUVSHFWLYH�RI����\HDUV�RI�WKH�(WKL�
RSLDQ�0HGLFDO�-RXUQDO 

<D\HK\LUDG�.LWDZ���7HJEDU�<LJ]DZ���0LUNX]LH�:ROGLH���6LOHVKL�/XOVHJHG�
 

 

 �,QGHSHQGHQW�&RQVXOWDQW�LQ�+HDOWK�'HYHORSPHQW��$GGLV�$EDED��(WKLRSLD� 
 �86$,'�+HDOWK�:RUNIRUFH�,PSURYHPHQW�3URJUDP��-KSLHJR��$GGLV�$EDED��(WKLRSLD 
 ��0LQLVWU\�RI�+HDOWK��$GGLV�$EDED��(WKLRSLD� 
 �
)DFXOW\�RI�0HGLFLQH��&ROOHJH�RI�+HDOWK�6FLHQFHV��$GGLV�$EDED�8QLYHUVLW\��(WKLRSLD 
 

 &RUUHVSRQGLQJ�DXWKRUV
��VLOHVKLOXOVHJHG#JPDLO�FRP 
 

$EVWUDFW 
2Q�WKH�RFFDVLRQ�RI� WKH���WK�$QQLYHUVDU\�RI� WKH�(WKLRSLDQ�0HGLFDO�-RXUQDO��(0-��� WKH�DXWKRUV�EULHIO\�H[SORUH�WKH�
KLVWRU\�DQG�FXUUHQW�WUHQGV�LQ�DFDGHPLF�SXEOLVKLQJ�JOREDOO\�DQG�LQ�(WKLRSLD��1RWDEOH�LQFUHDVHV�LQ�DFDGHPLF�SXE�
OLVKLQJ�DUH�UHFRUGHG�HYHQ�WKRXJK��DV�SDUW�RI�WKH�JOREDO�DV\PPHWU\�LQ�UHVHDUFK�DQG�DFDGHPLF�SXEOLVKLQJ��WKH�VKDUH�
RI�(WKLRSLD�DQG�$IULFD� LQ�JHQHUDO� UHPDLQV� UHODWLYHO\� VPDOO��&KDOOHQJHV�DQG�RSSRUWXQLWLHV�DQG�KRZ� WKH�(0-�KDV�
KDQGOHG�WKHP�DUH�DVVHVVHG��7KH�VHYHUDO�YROXQWDU\�HGLWRUV�RYHU�WKH�\HDUV�DUH�FRPPHQGHG�IRU�VXVWDLQLQJ�WKH�TXDOLW\��
FRQVLVWHQF\�DQG�FRQWLQXLW\�RI�WKH�MRXUQDO�XQGHU�TXLWH�GLIILFXOW�FLUFXPVWDQFHV�ZKLFK�SRUWHQGV�ZHOO�IRU�WKH�IXWXUH�RI�
WKH�-RXUQDO�DQG�DFDGHPLF�SXEOLVKLQJ�LQ�(WKLRSLD� 
 
 
.H\ZRUGV��$FDGHPLF�SXEOLVKLQJ��+LVWRU\��(WKLRSLD 
&LWDWLRQ���.LWDZ�<��<LJ]DZ�7��:ROGLH�0��/XOVHJHG�6��+LVWRU\�DQG�HYROXWLRQ�RI�DFDGHPLF�SXEOLVKLQJ�IURP�WKH����
  SHUVSHFWLYH�RI����\HDUV�RI�WKH�(WKLRSLDQ�0HGLFDO�-RXUQDO���(WKLRS�0HG��-����������-��� 
6XEPLVVLRQ�GDWH�������1RYHPEHU��������$FFHSWHG����0DUFK�������3XEOLVKHG�����0DUFK������ 

(WKLRSLDQ�0HGLFDO�-RXUQDO������������� ��
2SHQ�DFFHVV�DUWLFOHV�GLVWULEXWHG�LQ�WHUPV�RI� 
&UHDWLYH�&RPPRQV�$WWULEXWLRQ�/LFHQFH�>&&�E\����@ 

,661�����-������������H,661�����-�����  .LWDZ�HW�DO�� 

,QWURGXFWLRQ� 
$FDGHPLF�3XEOLFDWLRQ 
$�JURZLQJ�QXPEHU�RI�DFDGHPLF�ZRUNV� LV�EHLQJ�SXE�
OLVKHG�ZLWK�WKH�FRQWLQXLQJ�H[SDQVLRQ�RI�KLJKHU�HGXFD�
WLRQ� LQVWLWXWLRQV� ����� LQ�$IULFD� LQ�SDUWLFXODU� �����$FD�
GHPLF�SXEOLFDWLRQ�EDVHG�RQ�UHVHDUFK�LV�LPSRUWDQW�QRW�
RQO\�IRU�WKH�VWDWXV�UHSXWDWLRQ�RI�LQGLYLGXDOV�DQG�LQVWL�
WXWLRQV� EXW� DOVR� IRU� VRFLR-HFRQRPLF� GHYHORSPHQW� LQ�
JHQHUDO����� 
$FDGHPLF�SXEOLVKLQJ��D�VXEILHOG�RI�SXEOLVKLQJ�ZKLFK�
GLVWULEXWHV� DFDGHPLF� UHVHDUFK� DQG� SURPRWHV� VFKRODU�
VKLS�� LV� FRQVLGHUHG� WKH� SULPDU\� YHKLFOH� IRU� WKH� DG�
YDQFHPHQW�RI�VFLHQWLILF�NQRZOHGJH������9DULRXV�GHIL�
QLWLRQV� H[LVW� DQG� IXWXUH� UHYLHZV� ZRXOG� EH� H[SHFWHG�
³WR� WDNH� DFFRXQW� RI� FKDQJLQJ� DFDGHPLF�� VRFLDO� DQG�
SROLWLFDO�UHDOLWLHV´������,Q�WKH�(WKLRSLDQ�FRQWH[W��LW�KDV�
EHHQ�GHILQHG�E\� WKH�0LQLVWU\�RI�6FLHQFH�DQG�+LJKHU�
(GXFDWLRQ�DV�³³3XEOLFDWLRQ´�VKDOO�PHDQ�D�ERRN��ERRN�
FKDSWHU��WH[WERRN��MRXUQDO�DUWLFOH��UHYLHZ�DUWLFOH��FRQ�
IHUHQFH� SURFHHGLQJV�� WHDFKLQJ� PDWHULDO� RU� D� EULHI��
VKRUW� FRPPXQLFDWLRQ� RU� WHFKQLFDO� QRWH� WKDW� KDYLQJ�
�VLF�� EHHQ� DXWKRUHG� VROHO\� RU� MRLQWO\� E\� DFDGHPLF�
UHVHDUFK� VWDII«³$FDGHPLF� SXEOLVKLQJ´� VKDOO� PHDQ�

SXEOLVKLQJ� RI� UHVHDUFK� DUWLFOHV� ZLWK� WKH� UHTXLUHG�
OHYHO� RI� UHYLHZ� DQG� HGLWRULDO� VHUYLFHV� DV� ZHOO� DV�
WUDFHDEOH� HGLWRULDO� WHDP� DQG� SXEOLFDWLRQ� KLVWR�
U\´����� 
7KH�ILUVW�DFDGHPLF�MRXUQDO��³-RXUQDO�GHV�6oDYDQV´��
ZDV�SXEOLVKHG� LQ�)UDQFH�RQ�-DQXDU\����������7KLV�
ZDV� IROORZHG� E\� WKH� SXEOLFDWLRQ�� RQ� 0DUFK� ���
������ RI� WKH� ³3KLORVRSKLFDO� 7UDQVDFWLRQV� RI� WKH�
5R\DO�6RFLHW\�RI�/RQGRQ´��������,Q�(WKLRSLD��³7KH�
HDUOLHVW� NQRZQ� PHGLFLQDO� WH[WV� DUH� WKH� *HH]�
³0HWVKDID�)DZV´��መጽሐፈ ፈውስ) PLG-��WK�FHQWXU\�
DQG� ³0HWVKDID� 0HGKDQLW´� �መጽሐፈ መድሃኒት) RI�
WKH�HDUO\���WK�FHQWXU\´������$IWHU�WKLV�HDUO\�VWDUW��WKH�
LPSRUWDQFH� RI� DFDGHPLF� MRXUQDOV� DV� YHKLFOHV� IRU�
UHVHDUFK�ILQGLQJV�KDV�JURZQ�VXEVWDQWLDOO\�����������
*OREDOO\��WKHUH�DUH�QRZ�PRUH�WKDQ����መ000 SHHU-
UHYLHZHG� -� L�H�� JRQH� WKURXJK� D� FRPSOH[� DQG�GLIIL�
FXOW� TXDOLW\� DVVHVVPHQW� SURFHVV� ����� -� VFKRODUO\�
MRXUQDOV��JURZLQJ�DW�DSSUR[LPDWHO\����D�\HDU� �����
0RVW� DFDGHPLF�ZRUN�ZDV� SUHYLRXVO\� SXEOLVKHG� LQ�
DFDGHPLF� MRXUQDOV� RZQHG� E\� QRQSURILW� DFDGHPLF�



���� 

 

 VRFLHWLHV�� QRZ�PRUH� DQG�PRUH� DUH�RZQHG�E\�SULYDWH�
µPXOWLQDWLRQDO� SXEOLVKHUV¶��7KH�GULYH� WR� FRPPHUFLDO�
L]H�VFLHQWLILF�SXEOLVKLQJ�KDV�D�ORQJ�KLVWRU\�EXW�DFFHO�
HUDWHG�LQ�WKH�����V�DQG�����V�ZKHQ�FRPPHUFLDO�SXE�
OLVKHUV�� PRVWO\� LQ� WKH� 8QLWHG� 6WDWHV� RI� $PHULFD� DQG�
8QLWHG� .LQJGRP�� EHJDQ� WR� VHOHFWLYHO\� DFTXLUH� �WRS-
TXDOLW\��MRXUQDOV�DQG�QRZ�RZQ�DOPRVW�DOO�WRS�SXEOLFD�
WLRQV����� 
 
5HVHDUFK�DQG�3XEOLFDWLRQ 
5HVHDUFK� LV� UHFRJQL]HG� DV� LPSRUWDQW� IRU� KHDOWK� DQG�
GHYHORSPHQW�� 7KH� :RUOG� +HDOWK� 2UJDQL]DWLRQ�
�:+2�������HPSKDVL]HV�WKDW�³$OO�QDWLRQV�VKRXOG�EH�
FRPH� FRQVXPHUV� DQG� SURGXFHUV� RI� UHVHDUFK�
NQRZOHGJH´�� ,WV� LPSRUWDQFH� LV� UHFRJQL]HG� JOREDOO\�
���������LQ�$IULFD�������DQG�(WKLRSLD���������LQFOXGLQJ�
LQ� SURJUDP� VSHFLILF� GRFXPHQWV�� )XWXUH� GHPDQGV� IRU�
UHVHDUFK�VFLHQFH� DQG� WHFKQRORJ\-EDVHG� PHDVXUHV�
DJDLQVW�PDMRU�FKDOOHQJHV�VXFK�DV�FOLPDWH�FKDQJH��SXE�
OLF�KHDOWK�HPHUJHQFLHV�SDQGHPLFV�DQG�RWKHU�HPHUJLQJ�
RU�UHHPHUJLQJ�FULVLV�DUH�ERXQG�WR�LQFUHDVH�� 

 

5HVHDUFK� LV� H[SHFWHG� WR� EH� ³«PXFK� PRUH� FRP�
SOH[��PXOWLGLVFLSOLQDU\��FROODERUDWLYH��DQG�WUDQVQD�
WLRQDO�—DQG�RIWHQ�RFFXU�>«@�DW�D�PXFK�PRUH�UDS�
LG� SDFH—WKDQ� LQ� WKH� SDVW«� FKDOOHQJLQJ�«� JRY�
HUQPHQWV� «� WR� GHYHORS� DQG� LPSOHPHQW� SROLFLHV�
WKDW�HQDEOH�FRXQWULHV�WR�EHQHILW�IURP�WKH�DVVLPLOD�
WLRQ�RI�QHZ�NQRZOHGJH´�������� 
*OREDOO\�� WKH� RXWSXW� LQ� SXEOLFDWLRQV� LV� LQFUHDVLQJ�
������������ +RZHYHU�� LQ� WHUPV� RI� DFDGHPLF� SXE�
OLVKLQJ�� WKHUH� LV� D� PDMRU� DV\PPHWU\� EHWZHHQ� WKH�
JOREDO�1RUWK�DQG�6RXWK�������,Q�RQH�H[DPSOH������
RI�SULPDU\�GDWD�IRU�UHVHDUFK�ZHUH�FROOHFWHG�LQ�/RZ
-�DQG�0LGGOH-�,QFRPH�&RXQWULHV��/,&�	�0,&��EXW�
���� RI� ILUVW� DXWKRUV� ZHUH� EDVHG� LQ�+LJK� ,QFRPH�
&RXQWULHV� �+,&��� FRPSDUHG� WR� RQO\� ��� LQ� /,&�
������ $� PRUH� UHFHQW� VWXG\� WKDW� DQDO\]HG� DUWLFOHV�
SXEOLVKHG� EHWZHHQ� ����� DQG� ����� DFURVV� WKH�
ZRUOG�%DQN� UHJLRQV� ����� VKRZV� WKDW� LQ� VWXGLHV� LQ�
/,&��RQO\�����RI�ILUVW�DXWKRUV�DUH�IURP�/,&�FRP�
SDUHG� WR����� LQ� VWXGLHV� LQ�+,&�EHLQJ� IURP�VDPH�
FRXQWULHV��7DEOH���� 

&ODVVLILFDWLRQ�D� 
1R����� 

)LUVW�$XWKRU�:%�,QFRPH�&ODVVLILFDWLRQ 7RWDO 
�1R�� /,& /0,& 80,& +,& 

/,& ��������� ������� ������� ��������� �� 

/0,& ������� ���������� ������� ��������� ��� 

80,& ������� ������� ��������� ��������� ��� 

+,& ������� ������� ������� ��������� �� 

7RWDO �� ��� �� ��� ��� 

127(��%ROG-LWDOLF�QXPEHUV�UHSUHVHQW�WKH�DUWLFOHV�ZLWK�DXWKRUV�IURP�WKH�VDPH�UHJLRQ�DV�WKH�
VWXGLHG�FRXQWU\� 
$EEUHYLDWLRQV��+,&��KLJK-LQFRPH�FRXQWU\��/,&��ORZ-LQFRPH�FRXQWU\��/0,&��ORZHU-PLGGOH-
LQFRPH�FRXQWU\��80,&��XSSHU-PLGGOH-LQFRPH�FRXQWU\��:%��:RUOG�%DQN� 
D�,QFOXGHV�RQO\�DUWLFOHV�WKDW�VWXGLHG�D�VLQJOH�FRXQWU\� 
6RXUFH��DGDSWHG�IURP��� 
  

O7DEOH����)LUVW�$XWKRU �,QFRPH�&ODVVLILFDWLRQ�&RPSDUHG�ZLWK�6WXGLHG�&RXQWU\�,QFRPH�&ODVVLILFDWLRQ�
H����7DEOH����)LUVW�$XWKRU�,QFRPH�&ODVVLILFDWLRQ�&RPSDUHG 

 

 

 7KH� SDWWHUQ� LV� UHSHDWHG� LQ� VSHFLDOW\� DUHDV� WRR�� )RU�
HPHUJHQF\�PHGLFLQH�� IRU� H[DPSOH�� D� ODUJH�SURSRUWLRQ�
������RI� VWXGLHV�ZHUH�GRQH� LQ�/,&�RU�0,&�EXW�PRUH�
��������RI�WKH�ILUVW�DXWKRUV� VWXGLHV� IURP�/,&�ZHUH�
IURP� +,&�� )RU� LQIHFWLRXV� GLVHDVH� UHVHDUFK�� D� VWXG\�
VKRZHG� WKDW� RQO\� ����KDG� HLWKHU� D� ILUVW� RU� ODVW� /,&-
DIILOLDWHG�DXWKRU��$PRQJ� WKHVH�/,&�DIILOLDWHG�DXWKRUV��
���� RI� ILUVW� DXWKRUV� DQG� ���� RI� ODVW�VHQLRU� DXWKRUV�
DOVR� UHSRUWHG� D� QRQ-/,&� LQVWLWXWLRQDO� DIILOLDWLRQ�� 7KH�
DV\PPHWU\� LV� GXH� WR� VHYHUDO� UHDVRQV�� LQFOXGLQJ�
³LQHTXLWLHV� LQ�SRZHU�DQG� LQIOXHQFH� LQKHUHQW� LQ� WKH� UH�
VHDUFK� HFRV\VWHP´� ������ ODFN� RI� FRXQWU\� RZQHUVKLS�
������HQWDQJOHPHQW�LQ�FRPSOH[��86$��(XURSHDQ�8QLRQ�
>(8@��5XVVLD��&KLQD«�� 

JHRSROLWLFDO� PDQHXYHULQJ� ������ ³DOJRULWKPLF� ORJ�
LF´� ������ DQG� OLPLWHG� IXQGLQJ� DQG� KLJK� DUWLFOH� SUR�
FHVVLQJ�FKDUJHV������ 
 
.H\�WR� OD\LQJ� WKH�JURXQG�IRU� LQVWLWXWLRQV¶�WHDPV¶�DQG�
UHVHDUFKHUV¶�OHYHO�VXFFHVV�DQG�DGGUHVVLQJ�WKH�LVVXH�RI�
µGHFRORQL]H¶� ��������UHFWLI\� WKH� SRZHU� DV\PPHWU\�
����� LV� IDLU� UHVHDUFK� FRQWUDFWLQJ�� ZKLFK� FOHDUO\� DG�
GUHVVHV�LVVXHV�VXFK�DV�³���,QWHOOHFWXDO�SURSHUW\�ULJKWV��
���2ZQHUVKLS�RI�GDWD�DQG�VDPSOHV�����&DSDFLW\�EXLOG�
LQJ� DQG� WHFKQRORJ\� WUDQVIHU�� ��� &RPSHQVDWLRQ� IRU�
LQGLUHFW� FRVWV�� DQG� ��� 5HVHDUFK� FRQWUDFWV� LQ�
�OHJLVODWLYH�� FRQWH[W´� EXW� OHJDO� DQG� QHJRWLDWLRQ� UH�
VRXUFHV�LQ�/,&�DUH�OLPLWHG������ 
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([WHUQDO� UHVRXUFHV� IRU� UHVHDUFK� LQ� $IULFD� KDYH� DOVR�
EHHQ�OLPLWHG��ZLWK�HYHQ�WKH�OLPLWHG�DYDLODEOH�WHQGLQJ�
WR�EH�VNHZHG��)RU�H[DPSOH��QRQH�RI�WKH�VHYHQ�LQVWLWX�
WLRQV�JUDQWHG�����PLOOLRQ�E\� WKH�86�3UHVLGHQW¶V�0D�
ODULD� ,QLWLDWLYH� LQ� ����� WR� KHOS�$IULFDQ� JRYHUQPHQWV�
LPSURYH�GDWD� IRU� GHFLVLRQ�PDNLQJ� LQ�PDODULD� FRQWURO�
DQG�HOLPLQDWLRQ�ZHUH�LQ�$IULFD��DOO�IURP�86��WKH�8.��
DQG�$XVWUDOLD���2YHUDOO��RQO\����RI�UHVHDUFK�IXQGLQJ�
IRU� PDODULD� ZHQW� WR� $IULFDQ� LQVWLWXWLRQV� ������ ,W� LV�
FOHDU� WKDW� D� PDMRU� UHIRUP� LV� UHTXLUHG�� LQFOXGLQJ� ³«�
FUHDWLQJ�D�PRUH�HTXDO�DQG�HTXLWDEOH�UHSUHVHQWDWLRQ�RI�
UHVHDUFKHUV�LQ�/0,&V�LQ�GHFLVLRQ-PDNLQJ��OHDGHUVKLS�
UROHV��DXWKRUVKLS��DQG�IXQGLQJ�DOORFDWLRQV´������� 
 
$V�IRU�$IULFD�LQ�JHQHUDO��WKHUH�LV�D�ORQJ�ZD\�WR�JR�\HW��
,Q� VSLWH� RI� QRWDEOH� LQFUHDVHV�� VFLHQWLILF� SXEOLFDWLRQV�
UHPDLQ� ORZ� LQ�$IULFD� �VHH� EHORZ��ZKLFK�� LQ� VSLWH� RI�
KDYLQJ�������RI�WKH�ZRUOG�SRSXODWLRQ��KDV�RQO\������
RI� WKH� ZRUOG¶V� UHVHDUFKHUV� ����� DQG� RQO\� ��� RI�
ZRUOG¶V�VFLHQWLILF�SXEOLFDWLRQV�������5HVHDUFK�RXWSXWV�
DUH� DOVR� GRPLQDWHG� E\� D� IHZ� FRXQWULHV� ����� �)LJ� ����
DQG� $IULFDQ� DXWKRUV� DUH� KLJKO\� XQGHUUHSUHVHQWHG� LQ�
DFDGHPLF� SXEOLVKLQJ� ������0RUH� UHFHQWO\�� LQ� UHODWLRQ�
WR� &RURQD� 9LUXV� 'LVHDVH� -����� �&29,'-����� DERXW�
����RI� VWXGLHV�XQGHUWDNHQ� LQ�$IULFD�KDG�QR�$IULFDQ�
DXWKRU� DQG� ���� RI� DXWKRUV� RQ� $IULFDQ� SDSHUV� ZHUH�
QRW�IURP�$IULFD����������,W�LV�FOHDU�WKDW�µWULFNOH-GRZQ�
VFLHQFH¶�LV�SUREOHPDWLF������DQG�WKLV�UHTXLUHV�UHIRUPV�
DW�DOO�OHYHOV���������� 

 
)LJ� ��� 5HVHDUFK� RXWSXW� RI� WRS� $IU LFDQ� FRXQWU LHV�
��RI�WRWDO������-���� 
 
,Q�IDFW��DV�QRWHG�E\�WKH 8QLWHG�1DWLRQV�&RQIHUHQFH�RQ�
7UDGH�DQG�'HYHORSPHQW��81&7$'��������³2Q�SDSHU��
(WKLRSLD� KDV�PRVW� RI� WKH� SROLFLHV�� UHJXODWLRQV�� EDFN�
JURXQG�VWXGLHV�DQG�URDG�PDSV�QHFHVVDU\�WR�NLFN-VWDUW�
D� VXFFHVVIXO� SURFHVV�RI� WHFKQRORJLFDO� OHDUQLQJ�� LQQR�
YDWLRQ� DQG� WHFKQRORJLFDO� XSJUDGLQJ�� ,Q� UHDOLW\�� KRZ�
HYHU��WKHUH�LV�D�VHULRXV�LPSOHPHQWDWLRQ�JDS�DFURVV� 

SXEOLF� LQVWLWXWLRQV� HLWKHU� EHFDXVH� RI� FDSDFLW\� FRQ�
VWUDLQWV�RU�PLVDOORFDWLRQ�RI�HIIRUWV�DQG�UHVRXUFHV´�� 
 
$� UHFHQW� DVVHVVPHQW� ����� GHSLFWV� D� SDUWLFXODU� FRQ�
FHUQ� DV� WKHUH�ZDV� UHSRUWHGO\� QR� VSHFLILF� KHDOWK� UH�
VHDUFK�SROLF\�EXW�RQO\�DV�SDUW�RI�WKH������1DWLRQDO�
6FLHQFH�DQG�7HFKQRORJ\�3ROLF\�������WKH�JXLGHOLQHV�
IURP� (WKLRSLDQ )RRG� DQG� 'UXJ� $GPLQLVWUDWLRQ�
�()'$�������DQG�WKH�1DWLRQDO�5HVHDUFK� (WKLFV�
&RPPLWWHH�������ZKLFK�SURYLGH�FOLQLFDO� SURFH�
GXUHV�� GRFXPHQWDWLRQ�� SXEOLFDWLRQ�� DJUHHPHQWV� IRU�
FURVV�FRXQWU\� � 
7KHUH� LV� D� FULWLFDO� QHHG� WR�EXLOG�EULGJHV� IRU� KHDOWK�
UHVHDUFK�LQ�(WKLRSLD�������6RPH�RI�WKH�JDSV�DUH�DW�
WULEXWHG�WR�RYHUODSSLQJ�PDQGDWHV�EHWZHHQ�WKH�0LQ�
LVWU\�RI�+HDOWK��02+��DQG�0LQLVWU\�RI�6FLHQFH�DQG�
7HFKQRORJ\� �0267��� DQG� WKH� ODFN� RI� D� FRRUGLQD�
WLRQ� XQLW� DW� WKH� 02+�� ODFN� RI UHVHDUFK� ODZV�
DQG OHJLVODWLRQ��ODFN�RI VWUDWHJLF�GRFXPHQWV�WR JXLGH�
KHDOWK�UHVHDUFK��DQG�D�UHVHDUFK�SULRULW\�OLVW�WKDW�RQO\�
DGGUHVVHG� WKH� UHVHDUFK�QHHGV�RI� VRPH�SURJUDPV� DV�
RSSRVHG� WR� VHFWRU� SULRULWLHV�� :KHQ� WKHUH� LV� VXFK�
ODFN� RI� WDUJHWHG� FRRUGLQDWLRQ� RI� KHDOWK� UHVHDUFK�
HYLGHQFH�JHQHUDWLRQ�DQG�XVH��LW�LV�QRW�VXUSULVLQJ�WKDW�
³HYLGHQFH� LV� QRW� D� PDMRU� LQSXW� LQWR� KHDOWK-UHODWHG�
GHFLVLRQV� LQ� WKH� FRXQWU\´� ����� HYHQ� WKRXJK� KHDOWK�
UHVHDUFK� LQWHQWLRQV� DUH� YRLFHG� LQ�PDMRU� GRFXPHQWV�
VXFK� DV� WKH� +HDOWK� 3ROLF\� DQG� WKH� +HDOWK� 6HFWRU�
7UDQVIRUPDWLRQ�3ODQ� 
 
3XEOLFDWLRQ�RXWSXW�LQ�$IULFD�DQG�(WKLRSLD 
³7KHUH�H[LVWV�D�ELJ�NQRZOHGJH�JDS�LQ�$IULFD��ZKLFK�
FDQ�EH�DWWULEXWHG�WR�WKH�ODFN�RI�DFDGHPLF�SXEOLVKLQJ�
E\� $IULFDQ� DFDGHPLFV´� ������ 7KXV�� $IULFD¶V� UH�
VHDUFK�RXWSXW�LV�OHVV�WKDQ����RI�WKH�JOREDO�RXWSXW�RI�
DURXQG�������SDSHUV�D�\HDU�–� L�H��URXJKO\�HTXDO� WR�
WKDW�RI�7KH�1HWKHUODQGV��$IULFDQ�DFDGHPLFV��������
,Q� ������ RQO\� ��� $IULFDQ� FRXQWULHV� KDG� PHGLFDO�
MRXUQDOV�� PRVW� RQO\� RQH� IRU� WKH� FRXQWU\�� (WKLRSLD�
KDG� WKUHH� DQG�� WKH� KLJKHVW� ZDV�1LJHULD� ZKLFK� KDG�
����,Q�������WKHUH�ZHUH�RQO\����,QVWLWXWH�IRU�6FLHQ�
WLILF�,QIRUPDWLRQ��,6,��LQGH[HG�MRXUQDOV�IURP�$IULFD�
RI�ZKLFK�WZR�ZHUH�IURP�(WKLRSLD������ 
 
$V�PRVW�FRXQWULHV��(WKLRSLD�XVHV�YDULRXV�DFWLYLWLHV�
IRUXPV� WR� GLVVHPLQDWH� KHDOWK� UHODWHG� UHVHDUFK� RXW�
SXWV��7KHVH� LQFOXGH��DQQXDO�FRQIHUHQFHV�RI�� IRU�H[�
DPSOH�� SURIHVVLRQDO� DVVRFLDWLRQV� �(WKLRSLDQ� 0HGL�
FDO� $VVRFLDWLRQ� >(0$@�� (WKLRSLDQ� 3XEOLF� +HDOWK�
$VVRFLDWLRQ� >(3+$@� HWF��� RU� XQLYHUVLWLHV� �*RQGDU��
-LPPD��HWF����GLVHDVH�EDVHG�FRQIHUHQFHV�H�J��7XEHU�
FXORVLV� 5HVHDUFK� $GYLVRU\� &RPPLWWHH� �75$&��
FRQIHUHQFHV� LQ� YDULRXV� XQLYHUVLWLHV�� $EVWUDFWV�
H[WUDFWV�RI� UHVHDUFK�ZRUN�UHODWHG� WR�FRQIHUHQFHV�RU�
LQGHSHQGHQWO\��GLJHVWV�QHZVOHWWHUV�H�J��02+��$50�
%XOOHWLQ��+DUDU�%XOOHWLQ�RI�+HDOWK�6FLHQFHV��(WKLR�
SLDQ� 3XEOLF� +HDOWK� ,QVWLWXWH� �(3+,�� 1HZVOHWWHU��
(3+$�� 3XEOLF� +HDOWK� 'LJHVW� HWF�� +RZHYHU�� WKH�
PDLQ� IRUXPV� IRU� GLVVHPLQDWLRQ� DUH� DFDGHPLF� MRXU�
QDOV�DQG�(WKLRSLD�KDV��LQ�UHFHQW�\HDUV�DFKLHYHG�D� 
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7DEOH����/LVW�RI�0HGLFDO�+HDOWK�-RXUQDOV�LQ�(WKLRSLD�������E\�<HDU �(VWDEOLVKHG�DQG�3XEOLVKHU  

 

   

QRWDEOH�LQFUHDVH�LQ�ORFDOO\�SXEOLVKHG�DFDGHPLF�MRXU�
QDOV� ZLWK� FORVH� WR� ��� DGGLWLRQV� VLQFH� ����� DQG� D�
WRWDO�RI�DERXW����LQ�����������RI�ZKLFK�DERXW�HLJKW�
DUH�RQ�PHGLFLQH�DQG�KHDOWK��7DEOH���� 
 
7KH�(WKLRSLDQ�0HGLFDO�-RXUQDO��(0-��FRXOG��WKXV�EH�
FRQVLGHUHG�WKH�ILUVW�DFDGHPLF�MRXUQDO�LQ�(WKLRSLD�� 
 
7KH�8QLYHUVLW\�&ROOHJH�RI�$GGLV�$EDED�VWDUWHG� WKH�
VKRUW�OLYHG�³$$8&�%XOOHWLQ´�LQ������EXW��DV�XQGHU�
VFRUHG�E\�LWV�3UHVLGHQW��LW�ZDV�HVVHQWLDOO\�D�PHDQV�RI�
FRPPXQLFDWLRQ� WR� WKH� SXEOLF� ³,W� LV� OHDYHQ� DQG� IHU�
PHQW� ZKLFK� HQULFKHV� DQG� HQOLYHQV� WKH� RWKHUZLVH�
DPRUSKRXV�DQG�OLIHOHVV�PDVV�DURXQG�LW´������ 
 
$FDGHPLF�SXEOLVKLQJ�LQ�(WKLRSLD��&KDOOHQJHV�DQG�
2SSRUWXQLWLHV 
7KHUH� DUH� LQGLFDWLRQV� WKDW� (WKLRSLD� KDV� D� UHODWLYHO\�
KLJK�SURGXFWLRQ�RI�UHVHDUFK�OLWHUDWXUH�LQ�FRPSDULVRQ�
WR� RWKHU� VXE-6DKDUDQ� FRXQWULHV�� ,W� SURGXFHG� ������
����SHU�PLOOLRQ�SHRSOH�� LQ������ L�H��������RI�$IUL�
FD¶V� DQG� ������ RI� WKH� JOREDO� WRWDO�� ³$FFRUGLQJ� WR�
6FLPDJR��(WKLRSLD�UDQNHG����UG�RXW�RI�����FRXQWULHV�
LQ�WHUPV�RI�WKH�QXPEHU�RI�FLWDWLRQV�SHU�SDSHU��,QWHU�
QDWLRQDO�FROODERUDWLRQV�DFFRXQWHG�IRU�����RI�(WKLR�
SLD¶V�UHVHDUFK�RXWSXWV�LQ�������>D@�GHFUHDVH«�IURP�
����LQ�WKH�SUHYLRXV�\HDU�DQG�DUH�VXEVWDQWLDOO\�ORZHU�
WKDQ� PDQ\� RWKHU� VXE-6DKDUDQ� $IULFDQ� FRXQ�
WULHV´������ 
 

1DPH <HDU 3XEOLVKHU 

(WKLRSLDQ�0HGLFDO�-RXUQDO��� ���� (WKLRSLDQ�0HGLFDO�$VVRFLDWLRQ 

(WKLRSLDQ�-RXUQDO�RI�+HDOWK�'HYHORS�
PHQW��� 

���� 6FKRRO�RI�3XEOLF�+HDOWK��$GGLV�$EDED�8QLYHU�
VLW\��	�(WKLRSLDQ�3XEOLF�+HDOWK�$VVRFLDWLRQ 

(WKLRSLDQ�-RXUQDO�RI�+HDOWK�6FLHQFHV��� ���� -LPPD�8QLYHUVLW\ 

(WKLRSLDQ�-RXUQDO�RI�3HGLDWULFV�	�
&KLOG�+HDOWK 

���� (WKLRSLDQ�3HGLDWULFV�6RFLHW\ 

(WKLRSLDQ�-RXUQDO�RI�5HSURGXFWLYH�
+HDOWK 

���� (WKLRSLDQ�6RFLHW\�RI�2EVWHWULFV�	�*\QHFRORJ\ 

(WKLRSLDQ�-RXUQDO�RI�+HDOWK�	�%LR�
PHGLFDO�6FLHQFHV 

���� *RQGDU�8QLYHUVLW\ 

(WKLRSLDQ�-RXUQDO�3XEOLF�+HDOWK�	�
1XWULWLRQ� 

���� (WKLRSLDQ�3XEOLF�+HDOWK�,QVWLWXWH 

(WKLRSLDQ�3KDUPDFHXWLFDO�-RXUQDO� ���� (WKLRSLDQ�3KDUPDFHXWLFDO�$VVRFLDWLRQ 
�6FRSXV�,QGH[HG��5HIHUHQFHG�LQ�WKH�1&%,�'DWDEDVHV 

QRWDEOH� LQFUHDVH� LQ� ORFDOO\�SXEOLVKHG� DFDGHPLF� MRXUQDOV�
ZLWK�FORVH�WR����DGGLWLRQV�VLQFH������DQG�D�WRWDO�RI�DERXW�
��� LQ� ����� ����� RI� ZKLFK� DERXW� HLJKW� DUH� RQ�PHGLFLQH�
DQG�KHDOWK��7DEOH���� 

(WKLRSLD�� DV� PRVW� /,&V�� IDFHV� VHYHUDO� FKDOOHQJHV�
DW� WKH� LQGLYLGXDO�DFDGHPLF�UHVHDUFKHU�DQG�RUJDQL�
]DWLRQDO�LQVWLWXWLRQDO�OHYHOV��$W�WKH�LQGLYLGXDO�OHY�
HO�� WKH� PRVW� LPSRUWDQW� FKDOOHQJH� LV� WKDW� QRW� DOO�
DFDGHPLFV�SXEOLVK�LQ�ORFDO�MRXUQDOV��)DFWRUV�OHDG�
LQJ� WR� WKLV� ORZ� OHYHO� RI� SXEOLFDWLRQV� LQFOXGH� ODFN�
RI� FRPPLWPHQW� DQG� PRWLYDWLRQ�� ODFN� RI� H[SHUL�
HQFH� DQG� H[SRVXUH� WR� SXEOLVKLQJ�� MRXUQDO� ODQ�
JXDJH�� LQDGHTXDWH� LQIRUPDWLRQ�� NQRZOHGJH� DQG�
VNLOOV� WR� DFFHVV� DFFUHGLWHG� MRXUQDOV�� OHQJWK\�ORQJ�
SXEOLFDWLRQ�SURFHVV��KHDY\�ZRUN�RYHUORDG��ODFN�RI�
VXSSRUW�IURP�WKH�XQLYHUVLWLHV������ 
 
$W�WKH�RUJDQL]DWLRQ�LQVWLWXWLRQ�OHYHO��VHYHUDO�EDUUL�
HUV� KDYH� EHHQ� LGHQWLILHG�� /DFN� RI� LQIUDVWUXFWXUH�
DQG� HTXLSPHQW� –� IRU� H[DPSOH�� OHVV� WKDQ� ���� RI�
WKH�SRSXODWLRQ�KDG�DFFHVV� WR� LQWHUQHW�DQG� WKHUH� LV�
DQ�RYHUDOO�XQGHULQYHVWPHQW�LQ�UHVHDUFK�LQIUDVWUXF�
WXUH������–�LV�DQ�HQGXULQJ�SUREOHP������H[DFHUEDW�
HG�E\�ODFN�RI�FRRUGLQDWLRQ�DPRQJ�LQVWLWXWLRQV������
HYHQ�WKRXJK�WKH\�WHQG�WR�FRQFHQWUDWH�LQ�IHZ�JHR�
JUDSKLFDO�ORFDWLRQV������ 
 
$XWKRUV� DQG� HGLWRUV� WHQG� WR� DJUHH� RQ� DVVHVVLQJ�
LQVWLWXWLRQDO� FKDOOHQJHV� EXW� GLIIHU� RQ� LQGLYLGXDO�
VNLOOV� DV� EDUULHUV� �7DEOH� ��� ������ /DFN� RI�OLPLWHG�
IXQGLQJ�LV�D�EDUULHU������HYHQ�WKRXJK�WKHUH�LV�VXE�
VWDQWLDO� LQFUHDVH�LQ�UHFHQW�\HDUV�DQG�ZLWK�D�*URVV�
GRPHVWLF� ([SHQGLWXUH� LQ� 5HVHDUFK� DQG� 'HYHORS�
PHQW��*(5'��RI������LQ������PXFK�KLJKHU�WKDQ�
WKH�DYHUDJH�IRU�66$�RU�/,&������� 
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�3RRU�UHVHDUFK�FXOWXUH��ODFN�RI�QDWLRQDO�TXDOLW\�DVVXUDQFH�
V\VWHP� ������ VKRUWDJH�RI� VNLOOHG�� H[SHULHQFHG� DQG�PRWL�
YDWHG�UHYLHZHUV�HWF��FRPSRXQG�WKH�FKDOOHQJHV��$OO�WKHVH�
FKDOOHQJHV� WHQG� WR� VWDQGRXW� LQ� FOLQLFDO� WULDOV� LQ� /,&� LQ�
FOXGLQJ�(WKLRSLD� �����7KHUH�DUH�DOVR�D�JURZLQJ�QXPEHU�
RI� RSSRUWXQLWLHV�� 7KH� UHFRJQLWLRQ� RI� WKH� LPSRUWDQFH� RI�
HYLGHQFH-EDVHG�GHFLVLRQV����������VXSSRUWHG�E\�LQFUHDVH�
LQ�GLVVHPLQDWLRQ�DQG�LPSOHPHQWDWLRQ�UHVHDUFK��LQFOXGLQJ�
LQ�(WKLRSLD� ���������7KLV�� LQ� WKH� FRQWH[W� RI� UDSLG� VRFLDO�
DQG�HFRQRPLF�JURZWK�–�³/LRQV�RQ�WKH�0RYH´������-�KDV�
WKH� SRWHQWLDO� WR� VWUHQJWKHQ� UHVHDUFK� FDSDFLW\� LQ� /,&V��
LQFOXGLQJ�WKRVH�LQ�FRQIOLFW�VLWXDWLRQV������� 
 
7KH�QHFHVVLW\�RI�LQFUHDVLQJ�WKH�UROH�RI�IHPDOH�UHVHDUFK�
HUV�LQ�LQFUHDVLQJ�UHVHDUFK�SURGXFWLYLW\��D�FKDOOHQJH�JORE�
DOO\� ����� DQG� LQ� (WKLRSLD� ������ LV� JDLQLQJ� UHFRJQLWLRQ��
7KHUH�LV�DOVR�LPSURYHPHQW�LQ�UHVHDUFK�HWKLFV�������JURZ�
LQJ� UHFRJQLWLRQ� RI� DFDGHPLF� SXEOLVKLQJ� DV� WKH� SULPDU\�
YHKLFOH� IRU� WKH� DGYDQFHPHQW� RI� VFLHQWLILF� NQRZOHGJH�
�����DQG�VFKRODUO\�DUWLFOHV�DV�GHFLVLYH�LQ�LQGLFDWLQJ�VRFL�
HWDO� SUREOHPV� DQG� ILOOLQJ� WKH� JDSV� ZKHQ�� LQ� SDUWLFXODU��
FRXSOHG�ZLWK� LQWHJUDWHG� NQRZOHGJH� WUDQVODWLRQ�SODWIRUP�
�,.7�3�� LQLWLDWLYHV� ���-����� ,Q� WKLV� FRQQHFWLRQ�� WKHUH�
KDYH� EHHQ� LQFUHDVLQJ� FDOOV� IRU� VFLHQWLILF� DFDGHPLHV� DQG�
LQGLYLGXDO�UHVHDUFKHUV�WR�ZRUN�KDUGHU�WR�HQJDJH�WKH�SXE�
OLF��³,I�\RXU�VFLHQFH�GRHVQ¶W�DIIHFW� WKH� OLIH�RI�\RXU�SHR�
SOH��QRERG\�FDUHV�DERXW�\RX´����� 
 
�7DEOH����$XWKRUV�DQG�HGLWRUV�UDWLQJ�RI�FKDOOHQJHV�LQ�
SXEOLVKLQJ�DUWLFOHV 
�$GDSWHG�IURP���� 

�����7KH� LPSRUWDQFH�RI� VXFK� FROODERUDWLRQV� ORRPV�
SURPLQHQWO\�LQ�WLPHV�RI�FULVLV�VXFK�DV�WKH�&29,'-
��� SDQGHPLF� ����� ZLWK� VRPH� ZRQGHULQJ� ³ZK\� LW�
KDG�WR�WDNH�VXFK�D�JLJDQWLF�KXPDQ�WUDJHG\�IRU�XV�WR�
ZRUN�WRJHWKHU´�������7KHVH�FROODERUDWLRQV�FRXOG�EH�
EHWZHHQ�FRXQWULHV�–�(WKLRSLD��IRU�H[DPSOH��FROODE�
RUDWLQJ�ZLWK� RYHU� ��� FRXQWULHV� LQ� ����� ������ FRQ�
VRUWLD�� UHJLRQDO� RUJDQL]DWLRQV� VXFK� DV� (XURSHDQ�
8QLRQ� �(8�� DQG�$IULFDQ�8QLRQ� �$8��RU� WKH�GLDV�
SRUD�DQG�FRXOG��SRWHQWLDOO\��EH�IDFLOLWDWHG�E\� WHFK�
QRORJLFDO�GHYHORSPHQW�LQ�GDWD�KDQGOLQJ�LQ�SDUWLFX�
ODU��*XLGHOLQHV�IRU�ULJRU�LQ�GHVLJQ��LPSOHPHQWDWLRQ�
DQG� UHSRUWLQJ� ����� DQG� PHDVXUHV� WR� UHGXFH� ZDVWH�
DQG� ELDV� ����� DUH� DOVR� SURPLVLQJ�� 7KHUH� DUH� DOVR�
DWWHPSWV� WR� DFKLHYH�JUHDWHU� DFFHVVLELOLW\�� WUDQVSDU�
HQF\� DQG� DFFRXQWDELOLW\� IRU� UHVHDUFK� VWXGLHV� GH�
VLJQHG�WKURXJK�GLJLWDO�REMHFW�LGHQWLILHUV��'2,V��DQG�
RWKHUV� VXFK� DV� WKH� ,QLWLDWLYH� IRU� 2SHQ� $EVWUDFWV�
�,�2$�������JOREDOO\�DQG� WR� LQFUHDVH� WKH�YLVLELOLW\�
RI� (WKLRSLDQ�$IULFDQ� NQRZOHGJH� SURGXFWLRQ� DQG�
UHVHDUFK�RXWSXWV�DW�WKH�JOREDO�OHYHO������ 
7KH� SRWHQWLDO� RI� WKH� UDSLGO\� LQFUHDVLQJ� QXPEHU� RI�
DFDGHPLF� FHQWHUV� FRXOG� EH� SURPLVLQJ� IRU�
NQRZOHGJH� DFTXLVLWLRQ� DQG� DFDGHPLF� SXEOLVKLQJ��
(WKLRSLD� LV� D� UHODWLYHO\� ODWH� VWDUWHU� LQ� WKH� KLJKHU�
HGXFDWLRQ� µPDVVLILFDWLRQ¶� ZKLFK� VWDUWHG� LQ� WKH�
����V� LQ� WKH�86$� DQG� (XURSH� ������ (WKLRSLD� KDG�
RQO\�WZR�XQLYHUVLWLHV�LQ�������LQFUHDVHG�WKHP�WR����
E\� ����� DQG� ��� E\� ����� ����� DQG� VRPH� ��� DQG�
FRXQWLQJ� E\� ����� ������ µ0DVVLILFDWLRQ¶�� FRQVLG�
HUHG�LQHYLWDEOH�DV�³LW�DOORZV�VROYLQJ�WKH�SUREOHP�RI�
NQRZOHGJH� JHQHUDWLRQ� DQG� GLVVHPLQDWLRQ� «�
>DQG@�����KHOSV�LQGLYLGXDOV�WR�DFKLHYH�WKH�VXEMHFWLYH�
ZHOOEHLQJ�DQG��SURIHVVLRQDO�DQG�LQGLYLGXDO�RULHQWD�
WLRQ��DQG�DOORZV�D�ZLGH�UDQJH�RI�GHYHORSPHQW�DQG�
UHVHDUFK�SURMHFWV� WR�EH�KDQGOHG�E\�PRUH�TXDOLILHG�
VWDII´� ������+RZHYHU�� LW� FRXOG� OHDG� WR�PDMRU� FKDO�
OHQJHV�LQ�TXDOLW\�RI�UHVHDUFK�DQG�NQRZOHGJH�JHQHU�
DWLRQ� ����� XQOHVV� VXSSRUWHG� E\� H[SDQGHG� DQG� LQ�
FUHDVHG�IXQGLQJ�VXSSRUW���������� 
$� QXPEHU� RI� PHDVXUHV�� LQ� DGGLWLRQ� WR� H[SDQGLQJ�
DQG� LQFUHDVLQJ� IXQGLQJ�� KDYH� EHHQ� VXJJHVWHG� WR�
DOOHYLDWH�WKH�TXDOLW\�SUREOHPV��LQFOXGLQJ�WKH�HVWDE�
OLVKPHQW�RI�µUHVHDUFK�XQLYHUVLWLHV¶��,W�KDV�EHHQ�VXJ�
JHVWHG�WKDW�SULRULW\�EH�JLYHQ�WR�FROODERUDWLRQV�ZLWK�
HVWDEOLVKHG�XQLYHUVLWLHV�WKDW�DUH�DOUHDG\�HQJDJHG�LQ�
UHVHDUFK�� ZLWK� D� YLHZ� WR� FUHDWLQJ� QDWLRQDO� UROH�
PRGHOV� IRU� UHVHDUFK� SURGXFWLRQ� DQG� PDQDJHPHQW�
������ 7KHUH� DUH� DOVR� LQFUHDVLQJ� FDOOV� WR� LPSURYH�
VXSSRUW� WR� HDUO\-FDUHHU� VFLHQWLVWV� ZLWK�� LQ� SDUWLFX�
ODU��DSSURSULDWH�PHQWRUVKLS������ 
 
&RQWULEXWLRQV�RI�WKH�(WKLRSLDQ�0HGLFDO�-RXUQDO�
�(0-� 
 
(0-�KDV��WKURXJK�WKLFN�DQG�WKLQ��OHYHUDJLQJ�RSSRU�
WXQLWLHV� DQG� PLWLJDWLQJ� FKDOOHQJHV�� VXUYLYHG� –� LQ�
IDFW�WKULYHG�–�IRU����\HDUV��7KH�(WKLRSLDQ�0HGLFDO�
$VVRFLDWLRQ��(0$��DQG�LWV�PHPEHUV��$GGLV�$EDED�
8QLYHUVLW\��$$8��DQG�RWKHU�XQLYHUVLWLHV��D�QXPEHU�

&KDOOHQJH $XWKRUV (GLWRUV 

,QVXIILFLHQW�EXGJHW ���� ���� 

/DFN�RI�LQFHQWLYH�PRWLYDWLRQ ���� ���� 

/HQJWK\�ORQJ�SXEOLFDWLRQ�SUR�
FHVV 

���� ���� 

&KRRVLQJ�ZKHUH�WR�SXEOLVK ���� ���� 

/LPLWHG�ODQJXDJH�FRPSHWHQFH�
LQ�ZULWLQJ�DUWLFOHV 

���� ���� 

/DFN�RI�UHVHDUFK�VNLOOV ���� ���� 

1RWHV��� 1RW�DW�DOO��� /HVVHU�H[WHQW��� 8QFHUWDLQ��
� 6RPH�H[WHQW��� *UHDW�H[WHQW� 

 ,W� KDV� EHHQ� GHPRQVWUDWHG� WKDW� ORFDO� LQYHVWLJDWRU-
LQLWLDWHG� VWXGLHV� DUH� PRUH� OLNHO\� WR� EH� LPSOHPHQWHG�
HYHQ� WKRXJK� VRPH� LQGLFDWH� SHUFHLYHG� SUHIHUHQFH� WR�
HYLGHQFH� JHQHUDWHG� E\� LQWHUQDWLRQDO� H[SHUWV� ������
7KHUH�DUH�QRWDEOH�LQFUHDVHV�LQ�VSHFLDOL]DWLRQ������DQG�
FROODERUDWLYH�UHVHDUFK���������RI�WKH�WUDQV-GLVFLSOLQDU\�
UHVHDUFK� DQG� FRPPXQLW\-EDVHG� SDUWLFLSDWRU\� UHVHDUFK�
W\SHV�������7KLV�WUHQG�LV�ERXQG�WR�DFFHOHUDWH�GULYHQ�E\�
FRQWLQXRXV�FKDOOHQJHV�WR�DGDSW�WR�FKDQJHV�LQ�WKH�JORE�
DO� DQG� ORFDO� HQYLURQPHQW� -� ³7R� PDNH� JOREDO� KHDOWK�
WUXO\�JOREDO�LV� WR�PDNH�JOREDO�KHDOWK�WUXO\� ORFDO´����-



���� 

 

 
 

RI�JRYHUQPHQW�DQG�QRQ-JRYHUQPHQW��KHDOWK��RUJDQL�
]DWLRQV�KDYH�PDGH�HQRUPRXV�FRQWULEXWLRQV�� 
 
+RZHYHU�� WKH� PDMRU� EXUGHQ� ZDV� RQ� WKH� (GLWRULDO�
%RDUG�PHPEHUV�DQG�(GLWRUV-LQ-&KLHI��$OO�ZHUH�YRO�
XQWHHUV�ZLWK� KHDY\� DFDGHPLF� DQG�RU� VHUYLFH�GXWLHV��
FRQWULEXWLQJ� LQ� WKHLU� VSDUH� WLPH� ZLWKRXW� DQ\� FRP�
SHQVDWLRQ� H[FHSW� WKH� VDWLVIDFWLRQ� RI� FRQWULEXWLQJ� WR�
WKH�GHYHORSPHQW�RI�WKHLU�SURIHVVLRQ�DQG�UHFRJQLWLRQ�
E\�WKHLU�SHHUV� 
�7KH�%RDUG�KDG��RQ�DYHUDJH��DERXW����PHPEHUV�ZLWK�
VRPH�VHUYLQJ�IRU�VHYHUDO�WHUPV��7KXV��VRPH����SUR�
IHVVLRQDOV� IURP� YDULRXV� PHGLFDO� DQG� KHDOWK� ILHOGV�
KDYH�VHUYHG�RQ�WKH�%RDUG��:KLOH�PRVW�ZHUH�IRUHLJQ�
HUV� LQ� WKH� ILUVW� IHZ� \HDUV�� (WKLRSLDQV� SUHGRPLQDWHG�
LQ�ODWHU�GHFDGHV�������7DEOH������ 
 
7DEOH����(0-��$YHUDJH�1XPEHU �5DQJH�RI 
(GLWRULDO�%RDUG�0HPEHUV�E\�'HFDGH�����-���� 

  
'HFDGH  

1XPEHU 

7RWDO (WKLRSL�
DQ 

)RUHLJQHU 

����V �� � � 

����V �-� � �-� 

����V �-�� �-� �-� 

����V �-�� � �-� 

����V �-�� �� �-� 

6RXUFH��$GDSWHG�IURP��� 

7KH� KHDY\� EXUGHQ� RI� HQVXULQJ� WKH� UHOHYDQFH�� TXDOLW\�
DQG�WLPHOLQHVV�RI�WKH�MRXUQDO�GHSHQGHG�RQ�WKH�(GLWRU-
LQ-&KLHI��7KLV��XQGHU�DQ\�FLUFXPVWDQFHV�EXW�WKH�PRUH�
VR�LQ�WKH�(WKLRSLDQ�FRQWH[W�� LV�D�GDXQWLQJ�WDVN�DQG�DOO�
��� (GLWRU-LQ-&KLHIV� RI� WKH� ODVW� ��� \HDUV� �7DEOH� ���
VKRXOG� EH� DSSUHFLDWHG� IRU� WKHLU� GHGLFDWLRQ� DQG� UHVLOL�
HQFH� DV� EHQHIDFWRUV� RI� WKH� GHYHORSPHQW� RI� PRGHUQ�
PHGLFLQH�LQ�(WKLRSLD��6SHFLDO�PHQWLRQ�VKRXOG�EH�PDGH�
RI�'U��2VFDU�%DUU\�ZKR��QRW�RQO\�SOD\HG�D�PDMRU�UROH�
LQ� ODXQFKLQJ� WKH�-RXUQDO��EXW��DV�(GLWRU-LQ-&KLHI��VDZ�
LW�WKURXJK�WKH�GLIILFXOW�ILUVW�\HDUV��DQG�ODLG�D�VROLG�EDVLV�
IRU� LWV� UHFRJQLWLRQ� DQG�GHYHORSPHQW��3URI�1HELDW�7H�
IHUL��DV�WKH�ILUVW�(WKLRSLDQ�DQG�3URIHVVRUV�/HLWKHDG�DQG�
6LOHVKL� /XOVHJHG�� WKH� ORQJHVW� VHUYLQJ�� DOVR� GHVHUYH�
VSHFLDO�UHFRJQLWLRQ 
&RQFOXVLRQ 
7KHUH� LV�D�FOHDU� LPEDODQFH� LQ� WKH�UHVHDUFK�RXWSXW�DQG�
SXEOLFDWLRQV�EHWZHHQ� WKH�JOREDO�QRUWK�DQG�VRXWK��7KH�
FKDOOHQJHV�IDFHG�E\�UHVHDUFKHUV�DQG�DFDGHPLFV�DFURVV�
/0,&V� KDYH� D� FRPSOH[� LQWHUSOD\� RI� LQGLYLGXDO� DQG�
LQVWLWXWLRQDO�OHYHO�IDFWRUV��,QIUDVWUXFWXUH�DQG�UHVRXUFH-
UHODWHG�FRQVWUDLQWV�XQGHUOLH�WKH�FKDOOHQJHV�IDFHG�ZKLOH�
LQGLYLGXDO�FDSDFLW\�DQG�VNLOO�IXHO�WKH�GLIILFXOWLHV�IDFHG��
2Q�WKH�RWKHU�KDQG��DFDGHPLF�UHVHDUFK�FHQWHUV��VFLHQFH�
OLWHUDF\�� DQG� HYLGHQFH-EDVHG� GHFLVLRQ-PDNLQJ DUH� LQ�
FUHDVLQJ�UDSLGO\��7KH�LQFUHDVLQJ�QXPEHU�RI�ORFDO�SODW�
IRUPV�IRU�GLVVHPLQDWLRQ�DQG�DGYRFDF\�RI�UHVHDUFK�DQG�
LQQRYDWLRQ� -� ORFDO� PHGLFDO�KHDOWK� MRXUQDOV� -�� DQ� LQ�
FUHDVLQJ�QXPEHU�RI�DFDGHPLF�WUDLQLQJ�FHQWHUV��LPSURY�
LQJ�DYDLODELOLW\�RI�IXQGLQJ�DQG�RWKHU�UHVRXUFHV�WR�VXS�
SRUW�UHVHDUFKHUV��DQG�RSHQ�DFFHVV�WR�SXEOLVKHG�DUWLFOHV�
DUH� VRPH� RI� WKH� SRVLWLYH� GHYHORSPHQWV� IRVWHULQJ� WKH�
JURZWK�RI�UHVHDUFK�DQG�DFDGHPLF�SXEOLVKLQJ�LQ�(WKLR�
SLD�� 6XVWDLQLQJ� DQ� DFDGHPLF� SXEOLFDWLRQ� E\� (0-� IRU�
��� \HDUV� LQ� WKH� FRPSOH[� FRQWH[W� RI�(WKLRSLD� LV� QRW� D�
VPDOO�IHDW��$V�REVHUYHG�RYHU����\HDUV�DJR��³,Q�DOO�WKLV�
IOX[�>KLJK�WXUQRYHU�RI�HGLWRUV@� 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
�������������������������������������������������������������������������������������

7DEOH����(0-��(GLWRU -LQ-&KLHI�&KDLUSHUVRQ������-���� 

'U�%�2VFDU�%DUU\ ����-���� 'U�&KDUOHV�/DUVRQ ����-���� 

3URI�&KDUOHV�6�/HLWKHDG ����-���� 'U�+DJRV�%H\HQH ����-����� 

'U�&UDLJ�.�:DOODFH ����-���� 3URI�.HEHGH�2OL ����-���� 

3URI�1HELDW�7HIDUL ����-���� 3URI�6LOHVKL�/XOVHJHG ����-���� 

3URI�-HPDO�$EGXONDGLU ����-���� 'U�0HVILQ�$UD\D ����-���� 

3URI�'HPLVVLH�+DEWH ����-���� 3URI�'HPLVVLH�+DEWH ����-���� 

3URI�0RUWHQ�+DUERH ���� 3URI�6LOHVKL�/XOVHJHG ����-���� 

'U�7HNHOHPDULDP�$\HOH ����-���� 3URI�0LUNX]LH�:ROGLH ����-3UHVHQW 

'U�)UDQFHV�7�/HVWHU ����-����       



���� 

 

 LW� LV�KDUG�HQRXJK� WR�EXLOG�VWHDGLO\�DQG�SURJUHVVLYHO\��
KDUGHU�VWLOO�WR�EXLOG�ZLWK�ZLVGRP�DQG�IRUHVLJKW��+DUG�
DV� LW� PD\� EH�� KRZHYHU�� WKH� DWWHPSW� PXVW� EH�
PDGH´�������,Q�VSLWH�RI�PDQ\�FKDOOHQJHV��D�QXPEHU�RI�
PHDVXUHV� KDYH� EHHQ� WDNHQ� WR� LQFUHDVH� DQG� HQ�
VXUH VWHDG\� JURZWK� DQG� LQWHJULW� RI� WKH� SXEOLFDWLRQ��
7KH� UROH� RI� YROXQWHHUV� VHUYLQJ� DV� HGLWRUV-LQ-FKLHI��
HGLWRULDO� ERDUG�PHPEHUV�� DQG� SHHU� UHYLHZHUV� LQ� SUR�
PRWLQJ� DQG� UHDOL]LQJ� DFDGHPLF� SXEOLVKLQJ� FDQQRW� EH�
RYHUVWDWHG�� (QKDQFLQJ� (0-¶V� RUJDQL]DWLRQDO�� LQVWLWX�

WLRQDO� FDSDFLW\�� LQFUHDVLQJ� LWV� QDWLRQDO� DQG� LQWHUQD�
WLRQDO� UHFRJQLWLRQ�� DQG� LQFUHDVLQJ� WKH� TXDOLW\�� IUH�
TXHQF\�� DFFHVVLELOLW\�� DQG� LPSDFW� RI� SXEOLVKHG� DUWL�
FOHV� ZLOO� UHTXLUH� LQIRUPHG� DWWHQWLRQ� IURP� WKH� QH[W�
JHQHUDWLRQ�RI�HGLWRUV��(0-�VKRXOG�SUHSDUH�DQG�VWULYH�
WR� H[SORLW� HPHUJLQJ� RSSRUWXQLWLHV� WR� H[SDQG� DQG�
WKULYH� SURDFWLYHO\�� 5HVXOWV� REWDLQHG� LQ� WKH� ODVW� ���
\HDUV� LQ� YHU\� FKDOOHQJLQJ� FLUFXPVWDQFHV� DXJXU� ZHOO�
IRU�WKH�IXWXUH� 

� 
5HIHUHQFHV 
 
�� 0LOOV�'��5RELQVRQ�1��'HPRFUDWLVLQJ�0RQRJUDSK�3XEOLVKLQJ�RU�3UH\LQJ�RQ�5HVHDUFKHUV"�6FKRODUO\�5HFRJ�

QLWLRQ�DQG�*OREDO�µ&UHGLELOLW\�(FRQRPLHV¶��6FLHQFH�DV�&XOWXUH��������������-�����
'2,�������������������������������� 

�� /XHVFKHU�70��YDQ�6FKDONZ\N��$IULFDQ�XQLYHUVLW\�SUHVVHV�DQG�WKH�LQVWLWXWLRQDO�ORJLF�RI�WKH�NQRZOHGJH�FRP�
PRQV��/HDUQHG�3XEOLVKLQJ��������������–���� 

�� 6DODPHK�3���.RORNRWURQL�4��&RQVWDQWLQRX�&��5HVHDUFK��UDQNLQJ��DQG�XQLYHUVLW\�EUDQGLQJ��,QYHVWPHQW�IRU�
H[FHOOHQFH�LQ�KHDOWK�SURIHVVLRQV¶�HGXFDWLRQ��3KDUPDF\�(GXFDWLRQ���������������-����KWWSV���
GRL�RUJ����������SH����������������� 

�� %XUDQ\L�6��,V�WKH�VWDJJHULQJO\�SURILWDEOH�EXVLQHVV�RI�VFLHQWLILF�SXEOLVKLQJ�EDG�IRU�VFLHQFH"�7KH�*XDUGLDQ�
7XH����-XQ������ 

�� %UDVVLQJWRQ�/��(G���5HVHDUFK�(YDOXDWLRQ��3DVW��SUHVHQW�DQG�IXWXUH��+(3,�5HSRUW������+LJKHU�(GXFDWLRQ�
3ROLF\�,QLWLDWLYH������� 

�� 0LQLVWU\�RI�6FLHQFH�DQG�+LJKHU�(GXFDWLRQ��026+(���*XLGHOLQH�IRU�$FDGHPLF�3XEOLVKLQJ�DQG�3URPRWLRQ��
0R6+(��-XO\�����������$GGLV�$EDED� 

�� /DULYLqUH�9��+DXVWHLQ�6��0RQJHRQ�3��7KH�2OLJRSRO\�RI�$FDGHPLF�3XEOLVKHUV�LQ�WKH�'LJLWDO�(UD��3/R6�21(�
������������H���������GRL����������MRXUQDO�SRQH�������� 

�� &RXQFLO�RQ�+HDOWK�5HVHDUFK��&2+5('���+HDOWK�5HVHDUFK�LQ�(WKLRSLD�-�$�FRXQWU\�RYHUYLHZ��������KWWSV���
ZZZ�FRKUHG�RUJ�GRZQORDGV�����SGI 

�� /XOVHJHG�6��+RZH�5��(YDOXDWLRQ�RI�VFKRODUO\�SXEOLFDWLRQV��3UDFWLFH�DQG�SURVSHFWV�IRU�(WKLRSLD��(WKLRS�0HG�
-�������������-�� 

��� 6DOHK�6��0DVHNHOD�5��+HLQ]�(��$ELPEROD�6��RQ�%HKDOI�RI�WKH�(TXLWDEOH�$XWKRUVKLS�&RQVHQVXV�6WDWHPHQW�
*URXS��0RUWRQ�%��HW�DO��(TXLW\�LQ�JOREDO�KHDOWK�UHVHDUFK��$�SURSRVDO�WR�DGRSW�DXWKRU�UHIOH[LYLW\�VWDWHPHQWV��
3/26�*ORE�3XEOLF�+HDOWK������������H���������KWWSV���GRL�RUJ���������MRXUQDO��SJSK�������� 

��� ,&0-(��5HFRPPHQGDWLRQV�IRU�WKH�&RQGXFW��5HSRUWLQJ��(GLWLQJ��DQG�3XEOLFDWLRQ�RI�6FKRODUO\�:RUN�LQ�
0HGLFDO�-RXUQDOV��8SGDWHG�0D\�������KWWSV���ZZZ�LFPMH�RUJ�LFPMH-UHFRPPHQGDWLRQV�SGI 

��� :RUOG�+HDOWK�2UJDQL]DWLRQ��:+2���,QYHVWLQJ�LQ�+HDOWK�5HVHDUFK�DQG�'HYHORSPHQW��5HSRUW�RI�WKH�$G�+RF�
&RPPLWWHH�RQ�+HDOWK�DQG�5HVHDUFK�5HODWLQJ�WR�)XWXUH�,QWHUYHQWLRQ�2SWLRQV��:+2�������*HQHYD��KWWSV���
ZZZ�VFLUS�RUJ����6������MPEQWYQVMW�DDGNR]MH�������UHIHUHQFH�UHIHUHQFHVSDSHUV�DVS["
UHIHUHQFHLG ������� 

��� $J\HSRQJ�,$��6HZDQNDPER�1��%LQDJZDKR�$��&ROO-6HFN�0��&RUUDK�7��(]HK�$��HW�DO��7KH�SDWK�WR�ORQJHU�
DQG�KHDOWKLHU�OLYHV�IRU�DOO�$IULFDQV�E\�������WKH�/DQFHW�&RPPLVVLRQ�RQ�WKH�IXWXUH�RI�KHDOWK�LQ�VXE-6DKDUDQ�
$IULFD��/DQFHW����������������–����$FFHVVHG�DW�KWWS���G[�GRL�RUJ����������6����-�������������-;� 

��� :RUOG�%DQN��:%��DQG�(OVHYLHU��$�GHFDGH�RI�GHYHORSPHQW�LQ�VXE-6DKDUDQ�$IULFDQ�VFLHQFH��WHFKQRORJ\��
HQJLQHHULQJ�	�PDWKHPDWLFV�UHVHDUFK��$�5HSRUW�E\�WKH�:RUOG�%DQN�DQG�(OVHYLHU������ZRUOGEDQN�RUJ�DIULFD�
VWHP�UHVHDUFK�UHSRUW��� 

��� :HOGHJLRUJLV�.$��$QDO\VLV�RI�VFLHQFH��WHFKQRORJ\��DQG�LQQRYDWLRQ�SROLF\�DQG�LWV�FKDOOHQJHV�LQ�(WKLRSLD��DQ�
HPSKDVLV�RQ�WKH�UROH�RI�+(,6��,QWHUQ�-�&XU�5HV�����������������-������ 

��� &RQQ�5:��&URZ�00��)ULHQG�&0��0F1XWW�0��7KH�1H[W����<HDUV�RI�86�6FLHQFH�DQG�,QQRYDWLRQ�3ROLF\��
$Q�,QWURGXFWLRQ��$�GLVFXVVLRQ�RI�7KH�1H[W����<HDUV�RI�6FLHQFH�3ROLF\��,VVXHV�LQ�6FLHQFH�DQG�7HFKQRORJ\��
-XO\�����������KWWSV���LVVXHV�RUJ�WKH-QH[W-��-\HDUV-RI-XV-VFLHQFH-DQG-LQQRYDWLRQ-SROLF\-DQ-LQWURGXFWLRQ� 

��� 6RRU\DPRRUWK\�5��6FLHQFH�LQ�$IULFD��&RQWHPSRUDU\�7UHQGV�LQ�5HVHDUFK��-RXUQDO�RI�6FLHQWRPHWULF�5HV��
���������������-���� 

��� +DVQLGD�$���%RUVW�5$���-RKQVRQ�$0���5DKPDQL�15���YDQ�(OVODQG�6/���.RN�02��0DNLQJ�KHDOWK�V\VWHPV�
UHVHDUFK�ZRUN��WLPH�WR�VKLIW�IXQGLQJ�WR�ORFDOO\�OHG�UHVHDUFK�LQ�WKH�6RXWK��7KH�/DQFHW�*OREDO�+HDOWK����������
H��-H��� 



���� 

 

 ��� 7X\LVKLPH�+�HW�DO��$XWKRUVKLS�'LVWULEXWLRQ�DQG�8QGHU-5HSUHVHQWDWLRQ�RI�6XE-6DKDUDQ�$IULFDQ�$XWKRUV�LQ�
*OREDO�2QFRORJ\�3XEOLFDWLRQV��-&2�*OREDO�2QFRORJ\���������H�������� 

��� 1RRU�$0��������&RXQWU\�RZQHUVKLS�LQ�JOREDO�KHDOWK��3/26�*ORE�3XEOLF�+HDOWK�������H���������KWWSV���
GRL�RUJ���������MRXUQDO��SJSK�������� 

��� 0DDVVHQ�3��6WUDWHJLF�SDUWQHUVKLS�RIIHUV�D�QHZ�HUD�LQ�FROODERUDWLRQ��8QLYHUVLW\�:RUOG�1HZV�����0DUFK������ 
��� 0LOOV�'��6RPH�WKRXJKWV�RQ�KRZ�WR�FRQIURQW�ELEOLRPHWULF�FRORQLDOLW\��8QLYHUVLW\�:RUOG�1HZV����-���2FWREHU�

����� 
��� -LPRK�$��6PLW�/\QQH��1HZ�LQLWLDWLYH�FRQWULEXWHV�WR�HQVXULQJ�HTXLW\�LQ�UHVHDUFK��6XSSRUW�IRU�DXWKRUV�IURP�

RYHU����FRXQWULHV�WR�SXEOLVK�2SHQ�$FFHVV�DW�QR�FRVW��1DWXUH�������GRL��KWWSV���GRL�RUJ���������G�����-���-
�����-� 

��� &KDXGKXUL 00��0NXPED /��5DYHHQGUDQ <��6PLWK�5'��'HFRORQLVLQJ�JOREDO�KHDOWK��EH\RQG�µUHIRUPDWLYH¶�
URDGPDSV�DQG�WRZDUGV�GHFRORQLDO�WKRXJKW��%0-�*OREDO�+HDOWK��������H��������GRL����������EPMJK-����-
������ 

��� 3DUNKXUVW�-��/HLU�6��:DOOV�+� �9HFFKLRQH�(� �/LYHUDQL�0��(YLGHQFH�DQG 3ROLF\�LQ $LG-'HSHQGHQW�6HWWLQJV��,Q�
-��3DUNKXUVW�HW�DO���HGV����(YLGHQFH�8VH�LQ�+HDOWK�3ROLF\�0DNLQJ��,QWHUQDWLRQDO�6HULHV�RQ�3XEOLF�3ROLF\��������
S���-����KWWSV���GRL�RUJ������������-�-���-�����-�B�� 

��� 'HPLU�,��+RZ�DQG�:K\�6KRXOG�:H�'HFRORQL]H�*OREDO�+HDOWK�(GXFDWLRQ�DQG�5HVHDUFK"�$QQ�*ORE�+HDOWK��
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WHUPLQDWHV�RI�&29,'-���9DFFLQH�$FFHSWDQFH�$PRQJ�$GXOW�3RSXODWLRQ�LQ�(WKLRSLD��,QIHFW�'UXJ�5HVLVW������
-XQH����������–������GRL����������,'5�6������� 

��� 6HO\XWLQ�$$��.DODVKQLNRYD�79��'DQLORYD�1(��)URORYD�19��0DVVLILFDWLRQ�RI�WKH�+LJKHU�(GXFDWLRQ�DV�D�:D\�
WR�,QGLYLGXDO�6XEMHFWLYH�:HOOEHLQJ��:(/,62������-�,,,�,QWHUQDWLRQDO�6FLHQWLILF�6\PSRVLXP�RQ�/LIHORQJ�:HOO�
EHLQJ�LQ�WKH�:RUOG��KWWS���G[�GRL�RUJ����������HSVEV������������ 

��� 5HLVEHUJ�/��5XPEOH\�/(��&KDOOHQJHV�)DFLQJ�(WKLRSLDQ�+LJKHU�(GXFDWLRQ��:(1(5�-XQH�������$FFHVVHG�DW�
ZHQU�ZHV�RUJ����������ZHQU-MXQH-����-SUDFWLFDO-LQIRUPDWLRQ� 

��� *OREDO�(GXFDWLRQ�0RQLWRULQJ�5HSRUW�7HDP��3ODFH��,QFOXVLYH�DQG�VXVWDLQDEOH�FLWLHV��*OREDO�(GXFDWLRQ�0RQLWRU�
LQJ�5HSRUW��81(6&2�������3DULV��$FFHVVHG�DW�KWWSV���XQHVGRF�XQHVFR�RUJ�DUN��������SI���������� 

��� 'HUHVR�&:��5HYLHZ�RQ�,PSRUWDQFH�RI�+LJKHU�(GXFDWLRQ�,Q�(WKLRSLD��,PSOLFDWLRQ�)RU�1DWLRQDO�3URVSHULW\��
7XUNLVK�-RXUQDO�RI�&RPSXWHU�DQG�0DWKHPDWLFV�(GXFDWLRQ��78520$7������������������-����� 

��� 0RQWJRPHU\�%/���6DQFKH]QLHWR�)��'DKOEHUJ�/��$FDGHPLF�0HQWRUVKLS�1HHGV�D�0RUH�6FLHQWLILF�$SSURDFK��
,VVXHV�LQ�6FLHQFH�DQG�7HFKQRORJ\����������������-��� 

��� (QTXHVHODVVLH�)��(WKLRSLDQ�0HGLFDO�-RXUQDO��DQ�RYHUYLHZ�DVVHVVPHQW�RI�WKH�ODVW����\HDUV��(WKLRS�0HG�- ������
���6XSSO�����-��� 

��� (GLWRULDO��,QWR�WKH�\HDUV�WR�EH��(WKLRS�0HG�-������������-� 
 

 



���� 

(',725,$/�32/,&< 
 
)2&86�$1'�6&23( 
 
7KH�(WKLRSLDQ�0HGLFDO�-RXUQDO��(0-��LV�WKH�RIILFLDO�-RXUQDO�RI�WKH (WKLRSLDQ�0HGLFDO�$VVRFLDWLRQ��(0$��DQG�GH�
YRWHG� WR� WKH�DGYDQFHPHQW�DQG�GLVVHPLQDWLRQ�RI� NQRZOHGJH�SHUWDLQLQJ� WR� WKH�EURDG� ILHOG�RI�PHGLFLQH� LQ�(WKLRSLD�
DQG� RWKHU� GHYHORSLQJ� FRXQWULHV�� (0-� LV� DQ� RSHQ� DFFHVV�� GRXEOH� EOLQG� SHHU-UHYLHZHG�PHGLFDO� MRXUQDO� SXEOLVKLQJ�
VFLHQWLILFDOO\�YDOXHG�DQG�LQIOXHQWLDO�UHVHDUFK�RXWSXWV�LQ�WKH�DUHD�RI�FOLQLFDO�PHGLFLQH��FRQYHQWLRQDO�PRGHUQ�PHGL�
FLQH��ELRPHGLFDO�UHVHDUFK��3UHYHQWLYH�PHGLFLQH��WUDGLWLRQDO�PHGLFLQH��DQG�RWKHU�UHODWHG�UHVHDUFKHV�LQ�WKH�EURDG�DUHD�
RI�0HGLFLQH��3URVSHFWLYH�FRQWULEXWRUV�WR�WKH�-RXUQDO�VKRXOG�WDNH QRWH�RI�WKH�LQVWUXFWLRQV�RI�0DQXVFULSW�SUHSDUDWLRQ�
DQG�VXEPLVVLRQ�WR�(0-�ZKLFK�LV�DYDLODEOH�RQ�WKH�MRXUQDO�ZHEVLWH�  
 

29(59,(: 
 
(WKLRSLD¶V�ROGHVW�PHGLFDO�MRXUQDO��7KH�(WKLRSLDQ�0HGLFDO�-RXUQDO��(0-��LV�WKH�RIILFLDO�RUJDQ�RI�WKH�(WKLRSLDQ�0HG�
LFDO�$VVRFLDWLRQ��(0$���7KH�(0-�LV�GHYRWHG�WR�WKH�DGYDQFHPHQW�DQG�GLVVHPLQDWLRQ�RI�NQRZOHGJH�SHUWDLQLQJ�WR�WKH�
EURDG�ILHOG�RI�PHGLFLQH�LQ�(WKLRSLD�DQG�RWKHU�GHYHORSLQJ�FRXQWULHV��7KH�MRXUQDO�ILUVW�DSSHDUHG�LQ�-XO\������DQG�KDV�
EHHQ�SXEOLVKHG�TXDUWHUO\��-DQXDU\��$SULO��-XO\��2FWREHU��ZLWKRXW�LQWHUUXSWLRQ�HYHU�VLQFH�� ,W�KDV�EHHQ�SXEOLVKHG�LQ�
ERWK�RQOLQH��H,661�����-�������ZZZ�HPMHPD�RUJ��DQG�KDUG�FRS\��,661����-������YHUVLRQV��7KH�(0-�FRQWLQXHV�
WR� SOD\� DQ� LPSRUWDQW� UROH� LQ� GRFXPHQWLQJ� DQG� GLVVHPLQDWLQJ� WKH� SURJUHVV� RI�PHGLFDO� VFLHQFHV�� DQG� LQ� SURYLGLQJ�
HYLGHQFH�IRU�KHDOWK�SROLF\�DQG�FOLQLFDO�SUDFWLFH�LQ�(WKLRSLD�DQG�$IULFD�DW�ODUJH��2XU�RQOLQH�MRXUQDO�LV�RSHQ�DFFHVV��
+DUG�FRSLHV�RI�WKH�LVVXHV�RI�WKH�MRXUQDO�DUH�GLVWULEXWHG�WR�LQVWLWXWLRQV�DQG�RUJDQL]DWLRQV��QDWLRQDO�DQG�LQWHUQDWLRQDO��
EDVHG�RQ�RIILFLDO�VXEVFULSWLRQ� 
 
3((5-5(9,(:�32/,&< 
 
7KH�VFLHQWLILF�TXDOLW\�RI�DUWLFOHV�SXEOLVKHG�RQ�(0-�DUH�DVVHVVHG�WKURXJK�D�ULJRURXV�GRXEOH-EOLQG�SHHU�UHYLHZ�V\V�
WHP��7KH�LQWHJULW\�RI�WKH�PDQXVFULSW�ZLWK�UHVSHFW�WR�LWV�RULJLQDOLW\��VFLHQWLILF�VRXQGQHVV��PHWKRGRORJLFDO�UHOHYDQFH�
DQG�VLJQLILFDQFH�WR�WKH�EURDG�ILHOG�RI�PHGLFLQH�LV�GHWHUPLQHG�E\�WKH�KHOS�RI�LQGHSHQGHQW�UHVHDUFKHUV�LQ�WKH�VSHFLILF�
DUHD�RI�WKH�VXEPLWWHG�PDQXVFULSW��7KH�SHHU-UHYLHZHUV�DUH�UHFUXLWHG�IURP�GLIIHUHQW�QDWLRQDO�DQG�LQWHUQDWLRQDO�LQVWLWX�
WLRQV�ZLWK�UHOHYDQW�SURIHVVLRQDO�DQG�UHVHDUFK�H[SHULHQFH��� 
7KH�(WKLRSLDQ�0HGLFDO�-RXUQDO�XVHV�D�GRXEOH-EOLQG�UHYLHZ�V\VWHP�IRU�DOO�PDQXVFULSWV��(DFK�PDQXVFULSW�LV�UHYLHZHG�
E\�DW�OHDVW�WZR�UHYLHZHUV��7KH�UHYLHZHUV�DUH�QRW�DZDUH�RI�WKH�OLVW�RI�DXWKRUV�VXEPLWWLQJ�WKH�PDQXVFULSW�VHQW�IRU�WKHLU�
UHYLHZ��7KH�UHYLHZHUV�DFW�LQGHSHQGHQWO\��DQG�WKH\�DUH�QRW�DZDUH�RI�HDFK�RWKHU¶V�LGHQWLWLHV��7KH�UHYLHZHUV�DUH�VH�
OHFWHG�VROHO\�EDVHG�RQ�WKHLU�UHOHYDQW�H[SHUWLVH�IRU�HYDOXDWLQJ�D�PDQXVFULSW��7KH\�PXVW�QRW�EH�IURP�WKH�VDPH�LQVWLWX�
WLRQ�DV�WKH�DXWKRU�V��RI�WKH�PDQXVFULSW��QRU�EH�WKHLU�FR-DXWKRUV�LQ�WKH�UHFHQW�SDVW��7KH�SXUSRVH�RI�SHHU�UHYLHZ�LV�WR�
DVVLVW�WKH�DXWKRUV�LQ�LPSURYLQJ�SDSHUV�DQG�WKH�(GLWRULDO�%RDUG�LQ�PDNLQJ�GHFLVLRQ�RQ�ZKHWKHU�WR�DFFHSW�RU�UHMHFW�D�
PDQXVFULSW��5HYLHZHUV�DUH�UHTXHVWHG�WR�GHFOLQH�LI�WKH\�KDYH�D�FRQIOLFW�RI�LQWHUHVW�RU�LI�WKH�ZRUN�GRHV�
QRW�IDOO�ZLWKLQ�WKHLU�H[SHUWLVH�� 
 
0$186&5,37�0$1$*(0(17�$1'�3((5-5(9,(:�352&(66� 
 
0DQXVFULSWV�DUH�VHQW�IRU�UHYLHZ�RQO\�LI�WKH\�SDVV�WKH�LQLWLDO�HYDOXDWLRQ��SUH-UHYLHZ�E\�WKH�(GLWRULDO�%RDUG��UHJDUG�
LQJ� WKHLU� VW\OH��PHWKRGRORJLFDO� DFFXUDF\�� WKHPDWLF� VFRSH�� DQG� HWKLFDO� VFLHQWLILF� FRQGXFW��6SHFLDO� FDUH� LV� WDNHQ� WR�
FRPSOHWH�WKH�LQLWLDO��SUH-UHYLHZ��HYDOXDWLRQ�LQ��-��GD\V��7KH�-RXUQDO�SROLF\�LV�WR�PLQLPL]H�WLPH�IURP�VXEPLVVLRQ�WR�
SXEOLFDWLRQ�ZLWKRXW�UHGXFLQJ�SHHU�UHYLHZ�TXDOLW\��&XUUHQWO\�WKH�WRWDO�SHULRG�IURP�WKH�VXEPLVVLRQ�RI�D�PDQXVFULSW�
XQWLO� LWV�SXEOLFDWLRQ� WDNHV�DQ� DYHUDJH�RI� VL[�PRQWKV��3HHU� UHYLHZHUV�DUH� UHTXHVWHG� WR� UHVSRQG�ZLWKLQ� IRXU�ZHHNV��
'XULQJ� WKH� UHYLHZ�SURFHVV�� WKH�(GLWRU-LQ-&KLHI�PD\� UHTXLUH�DXWKRUV� WR�SURYLGH�DGGLWLRQDO� LQIRUPDWLRQ� �LQFOXGLQJ�
UDZ�GDWD��LI�WKH\�DUH�QHFHVVDU\�IRU�WKH�HYDOXDWLRQ�RI�WKH�PDQXVFULSW��7KHVH�PDWHULDOV�VKDOO�EH�NHSW�FRQILGHQWLDO�DQG�
PXVW�QRW�EH�XVHG�IRU�DQ\�RWKHU�SXUSRVHV��7KH�HQWLUH�UHYLHZ�SURFHVV�WDNHV�SODFH�XQGHU�WKH�VXSHUYLVLRQ�RI�WKH�(GLWRU-
LQ-&KLHI� LQ�DQ�RQOLQH�HQYLURQPHQW��ZLWK� WKH�DVVLVWDQFH�RI� WKH� -RXUQDO�6HFUHWDULDW��7KH�RQOLQH� V\VWHP�DOVR�DOORZV�
DXWKRUV�WR�WUDFN�WKH�PDQXVFULSW�UHYLHZ�SURJUHVV� 
 
 
 



���� 

7KH�GHWDLOHG�SURFHGXUHV�IRU�PDQXVFULSW�UHYLHZ�LQFOXGH� 
 
· :LWKLQ�RQH�ZHHN�RI�UHFHLSW�RI�D�PDQXVFULSW��WKH�(GLWRULDO�%RDUG�ZLOO�UHYLHZ�LW�LQ�UHIHUHQFH�WR��L��FRQIRUPLW\�

ZLWK�WKH�-RXUQDO
V��JXLGHOLQHV�WR�DXWKRUV���DYDLODEOH�RQOLQH�RQ�WKH�MRXUQDO�ZHEVLWH�DQG�SXEOLVKHG�ZLWK�DOO�LVVXHV�
VWDUWLQJ�IURP�)HEUXDU\���������LL��UHOHYDQFH�RI�WKH�DUWLFOH�WR�WKH�REMHFWLYHV�RI�WKH�(0-���LLL��FODULW\�RI�SUHVHQWD�
WLRQ��DQG��LY��SODJLDULVP�E\�XVLQJ�DSSURSULDWH�VRIWZDUH�VW\OH�� 

· 7KH�(GLWRULDO�%RDUG�KDV� WKUHH�RSWLRQV�� DFFHSW�PDQXVFULSWV� IRU� H[WHUQDO� UHYLHZ�� UHWXUQ� LW� WR� WKH� DXWKRU�V�� IRU�
UHYLVLRQ�� RU� UHMHFW� LW� �$�PDQXVFULSW� QRW� DFFHSWHG� E\� D� ERDUG�PHPEHU� LV� EOLQGO\� UHYLHZHG� E\� DQRWKHU� ERDUG�
PHPEHU� �,I�QRW�DFFHSWHG�E\�ERWK��WKH�PDQXVFULSW�LV�UHMHFWHG�E\�WKH�(GLWRULDO�%RDUG��'HFLVLRQ�ZLOO�EH�PDGH�E\�
WKH�VXJJHVWLRQ�RI�D�WKLUG�(GLWRULDO�%RDUG�PHPEHU�LI�WKH�GHFLVLRQV�RI�ILUVW�WZR�GR�QRW�FRQFXU� 

· 2QFH�DFFHSWHG�IRU�H[WHUQDO�UHYLHZ��WKH�(GLWRULDO�%RDUG�LGHQWLILHV�RQH�UHYLHZHU�IRU�EULHI�FRPPXQLFD�WLRQ��FDVH�
UHSRUWV�� DQG� WHDFKLQJ� DUWLFOHV� RU� WZR� RU�PRUH� UHYLHZHUV�ZLWK� DSSURSULDWH� H[SHUWLVH� IRU� RULJLQDO� DUWLFOHV�� 7KH�
UHYLHZHUV�ZLOO� EH� DVNHG� WR� UHYLHZ�DQG� UHWXUQ�PDQXVFULSWV�ZLWK� WKHLU� FRPPHQWV�RQOLQH�ZLWKLQ� WZR�ZHHNV�RI�
WKHLU�UHFHLSW��5HYLHZHUV�KDYH�IRXU�RSWLRQV��DFFHSW��DFFHSW�ZLWK�PDMRU�UHYLVLRQ��DFFHSW�ZLWK�PLQRU�UHYLVLRQ��RU�
UHMHFW� 

· $�0DQXVFULSW�DFFHSWHG�VXEMHFW�WR�UHYLVLRQ�DV�VXJJHVWHG�E\�UHYLHZHUV�ZLOO�EH�UHWXUQHG�WR�WKH�FRUUHVSRQGLQJ�
DXWKRU��$XWKRU�V��ZLOO�EH�JLYHQ�IRXU�ZHHNV�WR�UHVSRQG�WR�UHYLHZHUV
�FRPPHQWV��PDNH�QHFHVVDU\�FKDQJHV��DQG�
UHWXUQ�WKH�PDQXVFULSW�WR�WKH�(GLWRULDO�%RDUG��$�PDQXVFULSW�QRW�UHWXUQHG�LQ�WLPH�ZLOO�EH�FRQVLGHUHG�ZLWKGUDZQ�
E\�WKH�DXWKRU�V��  

· 0DQXVFULSWV�ZLWK�PLQRU�UHYLVLRQV�ZLOO�EH�FOHDUHG�E\�WKH�(GLWRULDO�%RDUG�DQG�DFFHSWHG�IRU�SXEOLFDWLRQ��7KRVH�
ZLWK�PDMRU�UHYLVLRQV�ZLOO�EH�UHWXUQHG�WR�H[WHUQDO�UHYLHZHUV�DQG�IROORZ�WKH�SURFHGXUHV�DV�RXWOLQHG�IRU�WKH�LQLWLDO�
UHYLHZ� 

 
5(63216,%,/,7,(6 
 
5HVSRQVLELOLW\�RI�DXWKRUV 
$XWKRUV�DUH�UHTXLUHG� WR�VXEPLW�PDQXVFULSWV�DFFRUGLQJ� WR� WKH�DXWKRU¶V�JXLGHOLQHV�RI�(0-��7KLV� LV�SURYLGHG� LQ� WKH�
µ*XLGHOLQHV�WR�$XWKRUV¶�RQ�WKH�MRXUQDO�ZHEVLWH�DQG�DOVR�DSSHDUV�LQ�HDFK�LVVXH�RI�WKH�-RXUQDO��$XWKRUV�PXVW�JXDU�
DQWHH�WKDW�WKHLU�PDQXVFULSWV�DUH�WKHLU�RULJLQDO�ZRUN��WKDW�WKH\�KDYH�QRW�EHHQ�SXEOLVKHG�EHIRUH��DQG�DUH�QRW�XQGHU�
FRQVLGHUDWLRQ�IRU�SXEOLFDWLRQ�HOVHZKHUH��3DUDOOHO�VXEPLVVLRQ�RI�WKH�VDPH�SDSHU�WR�DQRWKHU�MRXUQDO�FRQVWLWXWHV�PLV�
FRQGXFW�DQG�HOLPLQDWHV�WKH�PDQXVFULSW�IURP�IXUWKHU�FRQVLGHUDWLRQ��:RUN�WKDW�KDV�DOUHDG\�EHHQ�SXEOLVKHG�HOVHZKHUH�
FDQQRW�EH�UHSULQWHG�LQ�WKH�(WKLRSLDQ�0HGLFDO�-RXUQDO��$GGLWLRQDOO\��LI�DQ\�UHODWHG�ZRUN�KDV�EHHQ�VXEPLWWHG�RU�SXE�
OLVKHG�HOVHZKHUH��DXWKRUV�VKRXOG�QRWLI\�WKH�MRXUQDO�DQG�VXEPLW�D�FRS\�RI�LW�ZLWK�WKHLU�VXEPLVVLRQ�DQG�GHVFULEH�LWV�
UHODWLRQ�WR�WKH�VXEPLWWHG�ZRUN��$XWKRUV�DUH�H[FOXVLYHO\�UHVSRQVLEOH�IRU�WKH�FRQWHQWV�RI�WKHLU�VXEPLVVLRQV�DQG�PXVW�
PDNH�VXUH�WKDW�WKH�DXWKRUV�OLVWHG�LQ�WKH�PDQXVFULSW�LQFOXGH�DOO�DQG�RQO\�WKRVH�DXWKRUV�ZKR�KDYH�VLJQLILFDQWO\�FRQ�
WULEXWHG� WR� WKH�VXEPLWWHG�PDQXVFULSW�� ,I�SHUVRQV�RWKHU� WKDQ�DXWKRUV�ZHUH� LQYROYHG� LQ� LPSRUWDQW�DVSHFWV�RI� WKH�UH�
VHDUFK�SURMHFW�DQG�WKH�SUHSDUDWLRQ�RI�WKH�PDQXVFULSW��WKHLU�FRQWULEXWLRQ�VKRXOG�EH�DFNQRZOHGJHG�LQ�WKH�$FNQRZO�
HGJPHQWV�VHFWLRQ�� 
 
,W� LV� WKH� UHVSRQVLELOLW\�RI� WKH� DXWKRUV� WR� VSHFLI\� WKH� WLWOH�DQG�FRGH� ODEHO�RI� WKH� UHVHDUFK�SURMHFW�ZLWKLQ�ZKLFK� WKH�
ZRUN�ZDV�FUHDWHG��DV�ZHOO�DV�WKH�IXOO�WLWOH�RI�WKH�IXQGLQJ�LQVWLWXWLRQ��,Q�FDVH�D�VXEPLWWHG�PDQXVFULSW�KDV�EHHQ�SUH�
VHQWHG�DW� D�FRQIHUHQFH� LQ� WKH� IRUP�RI�DQ�RUDO�SUHVHQWDWLRQ� �XQGHU� WKH� VDPH�RU� VLPLODU� WLWOH���GHWDLOHG� LQIRUPDWLRQ�
DERXW�ZKDW�ZDV�SXEOLVKHG�LQ�SURFHHGLQJV�RI�WKH�FRQIHUHQFH�VKDOO�EH�SURYLGHG�WR�WKH�(GLWRU-LQ-&KLHI�XSRQ�VXEPLV�
VLRQ��$XWKRUV�DUH�UHTXLUHG�WR�SURSHUO\�FLWH�VRXUFHV�WKDW�KDYH�VLJQLILFDQWO\�LQIOXHQFHG�WKHLU�UHVHDUFK�DQG�WKHLU�PDQX�
VFULSW��3DUWV�RI�WKH�PDQXVFULSW��LQFOXGLQJ�WH[W��HTXDWLRQV��SLFWXUHV��WDEOHV�DQG�JUDSKV�WKDW�DUH�WDNHQ�YHUEDWLP�IURP�
RWKHU�ZRUNV�PXVW�EH�FOHDUO\�PDUNHG��H�J��E\�TXRWDWLRQ�PDUNV�DFFRPSDQLHG�E\�WKHLU�ORFDWLRQ�LQ�WKH�RULJLQDO�GRFX�
PHQW��SDJH�QXPEHU���RU��LI�PRUH�H[WHQVLYH��JLYHQ�LQ�D�VHSDUDWH�SDUDJUDSK��)XOO�UHIHUHQFHV�RI�HDFK�TXRWDWLRQ��LQ-WH[W�
FLWDWLRQ��PXVW�EH�OLVWHG�LQ�WKH�VHSDUDWH�UHIHUHQFH�VHFWLRQ�LQ�D�XQLIRUP�PDQQHU��DFFRUGLQJ�WR�WKH�FLWDWLRQ�VW\OH�XVHG�
E\�WKH�MRXUQDO��5HIHUHQFHV�VHFWLRQ�VKRXOG�OLVW�RQO\�TXRWHG�FLWHG��DQG�QRW�DOO�VRXUFHV�XVHG�IRU�WKH�SUHSDUDWLRQ�RI�D�
PDQXVFULSW�� 
 
:KHQ� DXWKRUV� GLVFRYHU� D� VLJQLILFDQW� HUURU� RU� LQDFFXUDF\� LQ� WKHLU� RZQ� SXEOLVKHG� ZRUN�� LW� LV� WKHLU� REOLJDWLRQ� WR�
SURPSWO\�QRWLI\�WKH�(GLWRU-LQ-&KLHI�DQG�FRRSHUDWH�ZLWK�KLP�KHU�WR�UHWUDFW�RU�FRUUHFW�WKH�SDSHU��$XWKRUV�VKRXOG�GLV�
FORVH�LQ�WKHLU�PDQXVFULSW�DQ\�ILQDQFLDO�RU�RWKHU�VXEVWDQWLYH�FRQIOLFW�RI�LQWHUHVW�WKDW�PLJKW�KDYH�LQIOXHQFHG�WKH�SUH�
VHQWHG�UHVXOWV�RU�WKHLU�LQWHUSUHWDWLRQ��%\�VXEPLWWLQJ�D�PDQXVFULSW��WKH�DXWKRUV�DJUHH�WR�DELGH�E\�WKH�(GLWRULDO�3ROL�
FLHV�RI�WKH�(WKLRSLDQ�0HGLFDO�-RXUQDO� 



���� 

 
&RPSODLQWV�DQG�DSSHDOV� 
,Q�FDVH�WKDW� WKH�DXWKRUV�KDYH�VHULRXV�DQG�UHDVRQDEOH�REMHFWLRQV�WR�WKH�UHYLHZV�DQG�GHFLVLRQ�RQ�WKHLU�PDQXVFULSWV��
WKH\� FDQ� DSSHDO� WR� WKH� (GLWRU-LQ-&KLHI� DQG� WKH� (GLWRULDO� %RDUG�ZLOO� DVVHVV� ZKHWKHU� WKH� UHYLHZ� LV� REMHFWLYH� DQG�
ZKHWKHU�LW�PHHWV�DFDGHPLF�VWDQGDUGV��,I�WKHUH�LV�D�GRXEW�DERXW�WKH�REMHFWLYLW\�RU�TXDOLW\�RI�UHYLHZ�DQG�WKH�GHFLVLRQ��
WKH�(GLWRU-LQ-&KLHI�ZLOO�DVVLJQ�DGGLWLRQDO�UHYLHZHU�V���$GGLWLRQDO�UHYLHZHUV�PD\�DOVR�EH�DVVLJQHG�ZKHQ�UHYLHZHUV¶�
GHFLVLRQV��DFFHSW�RU�UHMHFW��DUH�FRQWUDU\�WR�HDFK�RWKHU�RU�RWKHUZLVH�VXEVWDQWLDOO\�LQFRPSDWLEOH��7KH�ILQDO�GHFLVLRQ�RQ�
WKH�DFFHSWDQFH�RI�WKH�PDQXVFULSW�IRU�SXEOLFDWLRQ�UHVWV�VROHO\�ZLWK�WKH�(GLWRU-LQ-&KLHI��7KH�GHFLVLRQ�RQ�DSSHDO�PD\�
WDNH�H[WUD�WLPH�GXH�WR�WKH�UHJXODU�ZRUN�RI�WKH�MRXUQDO�� 
 
5HVSRQVLELOLWLHV�RI�WKH�(GLWRULDO�%RDUG 
7KH�(GLWRU-LQ-&KLHI�LV�UHVSRQVLEOH�IRU�GHFLGLQJ�ZKLFK�DUWLFOHV�VXEPLWWHG�WR�WKH�MRXUQDO�ZLOO�EH�SXEOLVKHG��7KH�GHFL�
VLRQV� DUH�PDGH�EDVHG� H[FOXVLYHO\�RQ� WKH�PDQXVFULSW
V�PHULW��7KH\�PXVW� EH� IUHH� IURP�DQ\� UDFLDO�� JHQGHU�� VH[XDO��
UHOLJLRXV��HWKQLF��RU�SROLWLFDO�ELDV��:KHQ�PDNLQJ�GHFLVLRQV�WKH�(GLWRU-LQ-&KLHI�LV�DOVR�JXLGHG�E\�WKH�HGLWRULDO�SROLF\�
DQG� OHJDO� SURYLVLRQV� UHODWLQJ� WR� GHIDPDWLRQ�� FRS\ULJKW� LQIULQJHPHQW� DQG� SODJLDULVP�� 0HPEHUV� RI� WKH� (GLWRULDO�
%RDUG�LQFOXGLQJ�WKH�(GLWRU-LQ�&KLHI�PXVW�KROG�QR�FRQIOLFW�RI�LQWHUHVW�DERXW�WKH�DUWLFOHV�WKH\�FRQVLGHU�IRU�SXEOLFD�
WLRQ��0HPEHUV�ZKR�IHHO�WKH\�PLJKW�EH�SHUFHLYHG�DV�EHLQJ�LQYROYHG�LQ�VXFK�D�FRQIOLFW�GR�QRW�SDUWLFLSDWH�LQ�WKH�GHFL�
VLRQ�SURFHVV�IRU�D�PDQXVFULSW��7KH�LQIRUPDWLRQ�DQG�LGHDV�SUHVHQWHG�LQ�VXEPLWWHG�PDQXVFULSWV�VKDOO�EH�NHSW�FRQIL�
GHQWLDO��(GLWRUV�DQG�WKH�HGLWRULDO�VWDII�VKDOO�WDNH�DOO�UHDVRQDEOH�PHDVXUHV�WR�HQVXUH�WKDW�WKH�DXWKRUV�UHYLHZHUV�UHPDLQ�
DQRQ\PRXV�GXULQJ�DQG�DIWHU�WKH�HYDOXDWLRQ�SURFHVV�LQ�DFFRUGDQFH�ZLWK�WKH�W\SH�RI�UHYLHZLQJ�LQ�XVH��7KH�(GLWRULDO�
%RDUG�LV�REOLJHG�WR�DVVLVW�UHYLHZHUV�ZLWK�DGGLWLRQDO�LQIRUPDWLRQ�RQ�WKH�PDQXVFULSW��LQFOXGLQJ�WKH�UHVXOWV�RI�FKHFN�
LQJ�PDQXVFULSW�IRU�SODJLDULVP� 
 
5HVSRQVLELOLWLHV�RI�UHYLHZHUV 
5HYLHZHUV�DUH�UHTXLUHG�WR�SURYLGH�TXDOLILHG�DQG�WLPHO\�DVVHVVPHQW�RI�WKH�VFKRODUO\�PHULWV�RI�WKH�PDQXVFULSW��7KH�
UHYLHZHU�WDNHV�VSHFLDO�FDUH�RI�WKH�UHDO�FRQWULEXWLRQ�DQG�RULJLQDOLW\�RI�WKH�PDQXVFULSW��7KH�UHYLHZ�PXVW�EH�IXOO\�RE�
MHFWLYH��DQG�WKH�MXGJPHQW�RI�WKH�UHYLHZHUV�PXVW�EH�FOHDU�DQG�VXEVWDQWLDWHG�E\�DUJXPHQWV��7KH�UHYLHZHUV�DVVHVV�D�
PDQXVFULSW�IRU�WKH�FRPSOLDQFH�ZLWK�WKH�WKH�SURILOH�RI�WKH�MRXUQDO�� WKH�UHOHYDQFH�RI�WKH�LQYHVWLJDWHG�WRSLF�DQG�DS�
SOLHG�PHWKRGV��WKH�VFLHQWLILF�UHOHYDQFH�RI�LQIRUPDWLRQ�SUHVHQWHG�LQ�WKH�PDQXVFULSW��DQG�WKH�SUHVHQWDWLRQ�VW\OH��7KH�
UHYLHZ�KDV�D�VWDQGDUG�IRUPDW��,W�LV�VXEPLWWHG�WKURXJK�WKH�RQOLQH�MRXUQDO�PDQDJHPHQW�V\VWHP�ZKHUH�LW�LV�VWRUHG�SHU�
PDQHQWO\��7KH�UHYLHZHU�PXVW�QRW�EH�LQ�D�FRQIOLFW�RI�LQWHUHVW�ZLWK�WKH�DXWKRUV�RU�IXQGHUV�RI�UHVHDUFK��,I�VXFK�D�FRQ�
IOLFW� H[LVWV�� WKH� UHYLHZHU� LV�REOLJHG� WR�SURPSWO\�QRWLI\� WKH�(GLWRU-LQ-&KLHI��7KH� UHYLHZHU� VKDOO�QRW�DFFHSW� IRU� UH�
YLHZLQJ�SDSHUV�EH\RQG�WKH�ILHOG�RI�KLV�KHU�IXOO�FRPSHWHQFH��5HYLHZHUV�VKRXOG�DOHUW�WKH�(GLWRU-LQ-&KLHI�WR�DQ\�ZHOO-
IRXQGHG�VXVSLFLRQV�RU�WKH�NQRZOHGJH�RI�SRVVLEOH�YLRODWLRQV�RI�HWKLFDO�VWDQGDUGV�E\�WKH�DXWKRUV�LQFOXGLQJ�DQ\�GXSOL�
FDWH�VXEPLVVLRQV�RU�SXEOLFDWLRQV�GXULQJ�WKH�UHYLHZ�SURFHVV��5HYLHZHUV�VKRXOG�UHFRJQL]H�UHOHYDQW�SXEOLVKHG�ZRUNV�
WKDW�KDYH�QRW�EHHQ�FRQVLGHUHG�LQ�WKH�PDQXVFULSW��7KH\�PD\�UHFRPPHQG�VSHFLILF�UHIHUHQFHV�IRU�FLWDWLRQ�EXW�VKDOO�QRW�
UHTXLUH� FLWLQJ�SDSHUV� SXEOLVKHG� LQ� WKH�(WKLRSLDQ�0HGLFDO� -RXUQDO�� RU� WKHLU� RZQ�SDSHUV��XQOHVV� LW� LV� MXVWLILHG��7KH�
UHYLHZHUV�DUH�H[SHFWHG�WR�LPSURYH�WKH�TXDOLW\�RI�WKH�PDQXVFULSW�WKURXJK�WKHLU�VXJJHVWLRQV��,I�WKH\�UHFRPPHQG�FRU�
UHFWLRQ�RI�WKH�PDQXVFULSW�SULRU�WR�SXEOLFDWLRQ��WKH\�DUH�REOLJHG�WR�VSHFLI\�WKH�ZD\�WKLV�FDQ�EH�DFKLHYHG��$Q\�PDQX�
VFULSW�UHFHLYHG�IRU�UHYLHZ�PXVW�EH�WUHDWHG�DV�FRQILGHQWLDO�GRFXPHQW� 
 
(7+,&$/�&216,'(5$7,216 
 
5HVHDUFKHV�,QYROYLQJ�+XPDQ�3DUWLFLSDQWV� 
0DQXVFULSWV�RI�UHVHDUFK�RXWSXWV�FRQGXFWHG�RQ�KXPDQ�SDUWLFLSDQWV�VKRXOG�EH�FDUULHG�RXW�RQO\�E\�RU�VWULFWO\�VXSHU�
YLVHG�E\��VXLWDEO\�TXDOLILHG�DQG�H[SHULHQFHG�LQYHVWLJDWRUV�DQG�LQ�DFFRUGDQFH�ZLWK�D�SURWRFRO�WKDW�FOHDUO\�VWDWHV�WKH�
DLP�RI�WKH�UHVHDUFK��WKH�UHDVRQV�IRU�SURSRVLQJ�WKDW�LW�LQYROYHV�KXPDQ�VXEMHFWV��WKH�QDWXUH�DQG�GHJUHH�RI�DQ\�NQRZQ�
ULVNV�WR�WKH�VXEMHFWV��WKH�VRXUFHV�IURP�ZKLFK�LW�LV�SURSRVHG�WR�UHFUXLW�VXEMHFWV��DQG�WKH�PHDQV�SURSRVHG�IRU�HQVXULQJ�
WKDW�VXEMHFWV¶�FRQVHQW�ZLOO�EH�DGHTXDWHO\�LQIRUPHG�DQG�YROXQWDU\��7KH�SURWRFRO�VKRXOG�EH�VFLHQWLILFDOO\�DQG�HWKLFDO�
O\�DSSURYHG�E\�RQH�RU�PRUH�VXLWDEO\�FRQVWLWXWHG�UHYLHZ�ERGLHV��LQGHSHQGHQW�RI�WKH�LQYHVWLJDWRUV�EDVLFDOO\�RSHUDWLQJ�
ZLWKLQ�WKH�OHJDO� IUDPHZRUN�RI�HDFK�VSHFLILF�FRXQWU\�RU�WHUULWRU\�DW�ZKLFK�WKH�VWXG\�ZDV�FRQGXFWHG�DQG�RSHUDWLQJ�
ZLWK�WKH�LQWHUQDWLRQDOO\�UHSXWHG�HWKLFDO�VWDQGDUGV� 



���� 

([SOLFLWO\�� 
· $Q\�VWXGLHV�LQYROYLQJ�KXPDQ�SDUWLFLSDQWV�VKRXOG�EH�DSSURYHG�E\�OHJDOO\�UHJLVWHUHG�DQG�DFFUHGLWHG�LQVWLWXWLRQDO�

UHYLHZ�ERDUG��,5%��RU�HTXLYDOHQW�UHVHDUFK�HWKLFV�UHYLHZ�FRPPLWWHH� 
· &RPSOLDQFH�ZLWK�WKH�HWKLFDO�SUDFWLFHV�DQG�LWV�DSSURYDO�E\�WKH�UHVSRQVLEOH�,5%�VKRXOG�EH�GHFODUHG�DW�VXEPLV�

VLRQ�DQG�WKH�UHYLHZ�ERDUG�DSSURYDO�GRFXPHQW�VKRXOG�EH�VXEPLWWHG�XSRQ�UHTXHVW�E\�(0- 
· +RZ�WKH�LQIRUPHG�FRQVHQW�ZDV�VRXJKW�VKRXOG�EH�H[SODLQHG�FOHDUO\�ZLWK�UHTXLUHG�GHWDLOV� 
· $Q\�FOLQLFDO� LQYHVWLJDWLRQ�PXVW� EH� FRQGXFWHG� DFFRUGLQJ� WR� WKH�SULQFLSOHV� H[SUHVVHG� LQ� HWKLFDO� SULQFLSOHV� IRU�

PHGLFDO�UHVHDUFK�LQYROYLQJ�KXPDQ�VXEMHFWV�ZLWK�WKH�LQWHUQDWLRQDOO\�UHSXWHG�HWKLFDO�VWDQGDUGV�VSHFLILFDOO\�DF�
FRUGLQJ�WR�'HFODUDWLRQ�RI�+HOVLQNL� 

· &OLQLFDO� WULDOV�VKRXOG�SURYLGH�WULDO�UHJLVWUDWLRQ�GHWDLOV�� WKH�VWXG\�SURWRFRO��DQG�WULDO�VWXG\�UHSRUW�JXLGHOLQH�DF�
FRUGLQJ�WR�WKH�VSHFLILF�VWXG\�GHVLJQ� 

 
'HDOLQJ�ZLWK�XQHWKLFDO�EHKDYLRU 
$Q\RQH�PD\�LQIRUP�WKH�(GLWRU-LQ-&KLHI�DW�DQ\�WLPH�RI�VXVSHFWHG�XQHWKLFDO�EHKDYLRU�RU�DQ\�W\SH�RI�PLVFRQGXFW�E\�
JLYLQJ�WKH�QHFHVVDU\�FUHGLEOH�LQIRUPDWLRQ�HYLGHQFH�WR�VWDUW�DQ�LQYHVWLJDWLRQ� 
· 7KH�(GLWRU-LQ-&KLHI�PDNHV�WKH�GHFLVLRQ�UHJDUGLQJ�WKH�LQLWLDWLRQ�RI�DQ�LQYHVWLJDWLRQ� 
· 'XULQJ�DQ�LQYHVWLJDWLRQ��DQ\�HYLGHQFH�VKRXOG�EH�WUHDWHG�DV�FRQILGHQWLDO�DQG�RQO\�PDGH�DYDLODEOH�WR�WKRVH�VWULFW�

O\�LQYROYHG�LQ�WKH�SURFHVV� 
· 7KH�DFFXVHG�ZLOO�DOZD\V�EH�JLYHQ�WKH�FKDQFH�WR�UHVSRQG�WR�DQ\�FKDUJHV�PDGH�DJDLQVW�WKHP� 
· ,I�LW�LV�MXGJHG�DW�WKH�HQG�RI�WKH�LQYHVWLJDWLRQ�WKDW�PLVFRQGXFW�KDV�RFFXUUHG��WKHQ�LW�ZLOO�EH�FODVVLILHG�DV�HLWKHU�

PLQRU�RU�VHULRXV� 
· 0LQRU�PLVFRQGXFW��ZLWK�QR�LQIOXHQFH�RQ�WKH�LQWHJULW\�RI�WKH�SDSHU�DQG�WKH�MRXUQDO��IRU�H[DPSOH��ZKHQ�LW�FRPHV�

WR�PLVXQGHUVWDQGLQJ�RU�ZURQJ�DSSOLFDWLRQ�RI�SXEOLVKLQJ�VWDQGDUGV��ZLOO�EH�GHDOW�GLUHFWO\�ZLWK�DXWKRUV�DQG�UH�
YLHZHUV�ZLWKRXW�LQYROYLQJ�DQ\�RWKHU�SDUWLHV��2XWFRPHV�LQFOXGH� 

* 6HQGLQJ�D�ZDUQLQJ�OHWWHU�WR�DXWKRUV�DQG�RU�UHYLHZHUV�- 
* �3XEOLVKLQJ�FRUUHFWLRQ�RI�D�SDSHU��H�J��ZKHQ�VRXUFHV�SURSHUO\�TXRWHG�LQ�WKH�WH[W�DUH�RPLWWHG�IURP�WKH�

UHIHUHQFH�OLVW� 
* �3XEOLVKLQJ�DQ�HUUDWXP��H�J��LI�WKH�HUURU�ZDV�PDGH�E\�HGLWRULDO�VWDII� 

·������,Q�WKH�FDVH�RI�PDMRU�PLVFRQGXFW��WKH�(GLWRU-LQ-&KLHI�PD\�DGRSW�GLIIHUHQW�PHDVXUHV� 
* 3XEOLFDWLRQ�RI�D�IRUPDO�DQQRXQFHPHQW�RU�HGLWRULDO�GHVFULELQJ�WKH�PLVFRQGXFW� 
* QIRUPLQJ�RIILFLDOO\�WKH�DXWKRU
V�UHYLHZHU
V�DIILOLDWLQJ�LQVWLWXWLRQ� 
* 7KH�IRUPDO��DQQRXQFHG�UHWUDFWLRQ�RI�SXEOLFDWLRQV�IURP�WKH�MRXUQDO�LQ�DFFRUGDQFH�ZLWK�WKH�5HWUDFWLRQ�

3ROLF\� 
* 7KH�IRUPDO��DQQRXQFHG�UHWUDFWLRQ�RI�SXEOLFDWLRQV�IURP�WKH�MRXUQDO�LQ�DFFRUGDQFH�ZLWK�WKH�5HWUDFWLRQ�

3ROLF\� 
* $�EDQ�RQ�VXEPLVVLRQV�IURP�DQ�LQGLYLGXDO�IRU�D�GHILQHG�SHULRG� 
* 5HIHUULQJ�D�FDVH�WR�D�SURIHVVLRQDO�RUJDQL]DWLRQ�RU�OHJDO�DXWKRULW\�IRU�IXUWKHU�LQYHVWLJDWLRQ�DQG�DFWLRQ 
* 7KH� DERYH� DFWLRQV�PD\�EH� WDNHQ� VHSDUDWHO\�RU� MRLQWO\�� ,I� QHFHVVDU\�� LQ� WKH�SURFHVV�RI� UHVROYLQJ� WKH�

FDVH�UHOHYDQW�H[SHUW�RUJDQL]DWLRQV��ERGLHV��RU�LQGLYLGXDOV�PD\�EH�FRQVXOWHG� 
· :KHQ�GHDOLQJ�ZLWK�XQHWKLFDO�EHKDYLRU�� WKH�(GLWRULDO�%RDUG�ZLOO�UHO\�RQ�WKH�JXLGHOLQHV�DQG�UHFRPPHQGDWLRQV�

SURYLGHG�E\�WKH�&RPPLWWHH�RQ�3XEOLFDWLRQ�(WKLFV��&23(��� 
 

3ODJLDULVP�SUHYHQWLRQ 
7KH�(WKLRSLDQ�0HGLFDO� -RXUQDO� GRHV�QRW� SXEOLVK�SODJLDUL]HG�SDSHUV��7KH�(GLWRULDO�%RDUG�KDV� DGRSWHG� WKH� VWDQFH�
WKDW� SODJLDULVP��ZKHUH� VRPHRQH� DVVXPHV� DQRWKHU
V� LGHDV��ZRUGV�� RU� RWKHU� FUHDWLYH� H[SUHVVLRQ� DV� RQH
V� RZQ�� LV� D�
FOHDU�YLRODWLRQ�RI�VFLHQWLILF�HWKLFV��3ODJLDULVP�PD\�DOVR�LQYROYH�D�YLRODWLRQ�RI�FRS\ULJKW� ODZ��SXQLVKDEOH�E\�OHJDO�
DFWLRQ��3ODJLDULVP�LQFOXGHV�WKH�IROORZLQJ� 

* 6HOI-SODJLDULVP��ZKLFK�LV�XVLQJ�RQH
V�RZQ�SUHYLRXV�ZRUN�LQ�DQRWKHU�FRQWH[W�ZLWKRXW�FLWLQJ�WKDW�LW�ZDV�
XVHG�SUHYLRXVO\� 

* 9HUEDWLP��ZRUG�IRU�ZRUG���RU�DOPRVW�YHUEDWLP�FRS\LQJ��RU�SXUSRVHO\�SDUDSKUDVLQJ�SRUWLRQV�RI�DQRWKHU�
DXWKRU
V� ZRUN� ZLWKRXW� FOHDUO\� LQGLFDWLQJ� WKH� VRXUFH� RU� PDUNLQJ� WKH� FRSLHG� IUDJPHQW� �IRU� H[DPSOH��
XVLQJ�TXRWDWLRQ�PDUNV��LQ�D�ZD\�GHVFULEHG�XQGHU�5HVSRQVLELOLWLHV�RI�DXWKRUV� 
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* &RS\LQJ�HTXDWLRQV��ILJXUHV�RU�WDEOHV�IURP�VRPHRQH�HOVH
V�SDSHU�ZLWKRXW�SURSHUO\�FLW�
LQJ� WKH�VRXUFH�DQG�RU�ZLWKRXW�SHUPLVVLRQ�IURP�WKH�RULJLQDO�DXWKRU�RU� WKH�FRS\ULJKW�
KROGHU� 

$Q\�PDQXVFULSW�ZKLFK�VKRZV�REYLRXV�VLJQV�RI�SODJLDULVP�ZLOO�EH�DXWRPDWLFDOO\�UHMHFWHG��,Q�FDVH�SODJLDULVP�LV�GLV�
FRYHUHG�LQ�D�SDSHU�WKDW�KDV�DOUHDG\�EHHQ�SXEOLVKHG�E\�WKH�MRXUQDO��LW�ZLOO�EH�UHWUDFWHG�LQ�DFFRUGDQFH�ZLWK�WKH�SURFH�
GXUH�GHVFULEHG�XQGHU�5HWUDFWLRQ�SROLF\��LQFOXGLQJ�EODFNOLVWLQJ�WKH�DXWKRU�V���7R�SUHYHQW�SODJLDULVP��VXEPLWWHG�PDQ�
XVFULSWV�ZLOO� JR� WKURXJK� ULJRURXV�SODJLDULVP�GHWHFWLRQ�SURFHVV�XVLQJ� VWDQGDUG� VRIWZDUH��7KH� UHVXOWV� REWDLQHG� DUH�
YHULILHG�E\�WKH�(GLWRULDO�%RDUG�LQ�DFFRUGDQFH�ZLWK�WKH�JXLGHOLQHV�DQG�UHFRPPHQGDWLRQV�RI�WKH�&RPPLWWHH�RQ�3XEOL�
FDWLRQ�(WKLFV��&23(�� 
 
&RQILGHQWLDOLW\ 
(0-�LV�FRPPLWWHG�WR�HQVXULQJ�WKH�LQWHJULW\�RI�WKH�SHHU�UHYLHZ�SURFHVV��LQ�DFFRUGDQFH�ZLWK�&23(�JXLGHOLQHV��8QWLO�
SXEOLFDWLRQ��ZH�VWULFWO\�NHHS�FRQILGHQWLDOLW\�RI�PDQXVFULSWV�RU�PDWHULDOV�VXEPLWWHG��5HYLHZHUV�DUH�DOVR�UHTXLUHG�WR�
WUHDW� DOO� VXEPLWWHG�PDQXVFULSWV� FRQILGHQWLDOO\� WR�PDNH� WKH� UHYLHZ�SURFHVV� VWULFWO\� FRQILGHQWLDO�� 7KH\� VKRXOG� QRW�
VKDUH� LQIRUPDWLRQ� DERXW� WKH�PDQXVFULSW� XQGHU� WKHLU� UHYLHZ�ZLWK� DQ\� WKLUG�SDUWLHV��$Q\�EUHDFK�RI� FRQILGHQWLDOLW\�
GXULQJ�WKH�UHYLHZ�SURFHVV�ZLOO�IROORZ�&23(�JXLGHOLQHV� 
 
&RQIOLFW�RI�LQWHUHVW 
$FFRUGLQJ� WR� WKH�:RUOG�$VVRFLDWLRQ�RI�0HGLFDO�(GLWRUV� �:$0(���H[LVWHQFH�RI�FRQIOLFW�RI� LQWHUHVW�VKRXOG�EH�UH�
SRUWHG�LI�WKHUH�LV�D�GLYHUJHQFH�EHWZHHQ�DQ�LQGLYLGXDO¶V�SULYDWH�LQWHUHVWV��FRPSHWLQJ�LQWHUHVWV��DQG�KLV�RU�KHU�UHVSRQ�
VLELOLWLHV� WR� VFLHQWLILF� DQG� SXEOLVKLQJ� DFWLYLWLHV� VXFK� WKDW� D� UHDVRQDEOH� REVHUYHU�PLJKW�ZRQGHU� LI� WKH� LQGLYLGXDO¶V�
EHKDYLRU�RU�MXGJPHQW�ZDV�PRWLYDWHG�E\�FRQVLGHUDWLRQV�RI�KLV�RU�KHU�FRPSHWLQJ�LQWHUHVWV��,W�LV�WKH�UHVSRQVLELOLW\�RI�
DXWKRUV�WR�GLVFORVH�DQ\�ILQDQFLDO�RWKHU�LQWHUHVW�WKDW�PD\�KDYH�LQIOXHQFHG�WKH�GHYHORSPHQW�RI�WKH�PDQXVFULSW��,I�WKH�
UHYLHZHUV�SHUFHLYH�DQ\�SRVVLEOH�FRQIOLFW�RI�LQWHUHVW� IRU�PDQXVFULSWV�WKH\�DUH�DVVLJQHG�WR�UHYLHZ��WKH\�VKRXOG�GLV�
FORVH�LW�DQG�WKH\�VKRXOG�GHFOLQH�WKH�UHYLHZ�RI�VXFK�PDQXVFULSWV�LI�QHHGHG��7KH�VDPH�DOVR�DSSOLHV�WR�WKH�HGLWRUV� 
 
5HWUDFWLRQ�SROLF\ 
/HJDO�OLPLWDWLRQV�RI�WKH�SXEOLVKHU��FRS\ULJKW�KROGHU�RU�DXWKRU�V���LQIULQJHPHQWV�RI�SURIHVVLRQDO�HWKLFDO�FRGHV��VXFK�
DV�PXOWLSOH�VXEPLVVLRQV��ERJXV�FODLPV�RI�DXWKRUVKLS��SODJLDULVP��IUDXGXOHQW�XVH�RI�GDWD�RU�DQ\�PDMRU�PLVFRQGXFW�
UHTXLUH�UHWUDFWLRQ�RI�DQ�DUWLFOH�DFFRUGLQJ�WR�5HWUDFWLRQ�JXLGHOLQHV�_�&23(��&RPPLWWHH�RQ�3XEOLFDWLRQ�(WKLFV��2FFD�
VLRQDOO\��D�UHWUDFWLRQ�FDQ�EH�XVHG�WR�FRUUHFW�QXPHURXV�VHULRXV�HUURUV��ZKLFK�FDQQRW�EH�FRYHUHG�E\�SXEOLVKLQJ�FRU�
UHFWLRQV��$� UHWUDFWLRQ�PD\� EH� SXEOLVKHG� E\� WKH�(GLWRU-LQ-&KLHI�� WKH� DXWKRU�V��� RU� ERWK� SDUWLHV� FRQVHQVXDOO\�� 7KH�
UHWUDFWLRQ�WDNHV�WKH�IRUP�RI�D�VHSDUDWH�LWHP�OLVWHG�LQ�WKH�FRQWHQWV�DQG�ODEHOHG�DV��5HWUDFWLRQ���7KH�RULJLQDO�DUWLFOH�LV�
UHWDLQHG�XQFKDQJHG��H[FHSW�IRU�D�ZDWHUPDUN�RQ�WKH�3')�LQGLFDWLQJ�RQ�HDFK�SDJH�WKDW�LW�LV�³UHWUDFWHG´� 
 
23(1�$&&(66 
 
2SHQ�DFFHVV�SROLF\ 
7KH�(WKLRSLDQ�0HGLFDO�-RXUQDO� LV�SXEOLVKHG�XQGHU�DQ�2SHQ�$FFHVV� OLFHQVH��$OO� LWV� FRQWHQWV�DUH�DYDLODEOH� IUHH�RI�
FKDUJH��8VHUV� FDQ� UHDG�� GRZQORDG�� FRS\�� GLVWULEXWH�� SULQW�� VHDUFK� WKH� IXOO� WH[W� RI� DUWLFOHV�� DV�ZHOO� DV� WR� HVWDEOLVK�
+70/�OLQNV�WR�WKHP��ZLWKRXW�KDYLQJ�WR�VHHN�WKH�FRQVHQW�RI�WKH�DXWKRU�RU�SXEOLVKHU��7KH�ULJKW�WR�XVH�FRQWHQW�ZLWK�
RXW�FRQVHQW�GRHV�QRW�UHOHDVH�WKH�XVHUV�IURP�WKH�REOLJDWLRQ�WR�JLYH�WKH�FUHGLW�WR�WKH�MRXUQDO�DQG�LWV�FRQWHQW�LQ�D�PDQ�
QHU�GHVFULEHG�XQGHU�&RS\ULJKW�	�/LFHQVLQJ� 
 
$UWLFOH�SURFHVVLQJ�FKDUJH� 
7KH�(WKLRSLDQ�0HGLFDO�-RXUQDO�GRHV�QRW�FKDUJH�DXWKRUV�RU�DQ\� WKLUG�SDUW\�IRU�SXEOLFDWLRQ� LQ� LWV� UHJXODU�TXDUWHUO\�
,VVXHV�� %RWK�PDQXVFULSW� VXEPLVVLRQ� DQG� SURFHVVLQJ� VHUYLFHV�� DQG� DUWLFOH� SXEOLVKLQJ� VHUYLFHV� DUH� IUHH� RI� FKDUJH��
7KHUH�DUH�QR�KLGGHQ�FRVWV�ZKDWVRHYHU� 
 
&23<5,*+7�	�/,&(16,1* 
 
&RS\ULJKW 
$XWKRUV�UHWDLQ�FRS\ULJKW�RI�WKH�SXEOLVKHG�SDSHUV�DQG�JUDQW�WR�WKH�SXEOLVKHU�WKH�QRQ-H[FOXVLYH�ULJKW�WR�SXEOLVK�WKH�
DUWLFOH��WR�EH�FLWHG�DV�LWV�RULJLQDO�SXEOLVKHU�LQ�FDVH�RI�UHXVH��DQG�WR�GLVWULEXWH�LW�LQ�DOO�IRUPV�DQG�PHGLD�� 
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8VHUV�DUH�UHTXLUHG�WR�SURYLGH�IXOO�ELEOLRJUDSKLF�GHVFULSWLRQ�RI�WKH�RULJLQDO�SXEOLFDWLRQ��DXWKRUV��DUWLFOH�WLWOH��MRXUQDO�
WLWOH��YROXPH�� LVVXH��SDJHV��� DV�ZHOO� DV� LWV�'2,�FRGH�� ,Q�HOHFWURQLF�SXEOLVKLQJ��XVHUV�DUH�DOVR� UHTXLUHG� WR� OLQN� WKH�
FRQWHQW�ZLWK�WKH�RULJLQDO�DUWLFOH�SXEOLVKHG�LQ�WKH�(WKLRSLDQ�0HGLFDO�-RXUQDO��$XWKRUV�FDQ�HQWHU�LQWR�VHSDUDWH��DGGL�
WLRQDO�FRQWUDFWXDO�DUUDQJHPHQWV�IRU�WKH�QRQ-H[FOXVLYH�GLVWULEXWLRQ�RI�WKH�MRXUQDO
V�SXEOLVKHG�YHUVLRQ�RI�WKHLU�ZRUN�
�H�J���SRVW�LW�WR�DQ�LQVWLWXWLRQDO�UHSRVLWRU\�RU�SXEOLVK�LW�LQ�D�ERRN���ZLWK�DQ�DFNQRZOHGJHPHQW�RI�LWV�LQLWLDO�SXEOLFD�
WLRQ�LQ�WKLV�MRXUQDO� 
 
6HOI-DUFKLYLQJ�SROLF\ 
$XWKRUV� DUH� SHUPLWWHG� WR� GHSRVLW� SXEOLVKHU
V� YHUVLRQ� �3')�� RI� WKHLU� ZRUN� LQ� DQ� LQVWLWXWLRQDO� UHSRVLWRU\�� VXEMHFW�
EDVHG�UHSRVLWRU\��DXWKRU
V�SHUVRQDO�ZHEVLWH��LQFOXGLQJ�VRFLDO�QHWZRUNLQJ�VLWHV��VXFK�GHSDUWPHQWDO�ZHEVLWHV�DW�DQ\�
WLPH� DIWHU� SXEOLFDWLRQ�� )XOO� ELEOLRJUDSKLF� LQIRUPDWLRQ� �DXWKRUV�� DUWLFOH� WLWOH�� MRXUQDO� WLWOH�� YROXPH�� LVVXH�� SDJHV��
DERXW�WKH�RULJLQDO�SXEOLFDWLRQ�PXVW�EH�SURYLGHG�DQG�OLQNV�PXVW�EH�PDGH�WR�WKH�DUWLFOH
V�'2,�DQG�WKH�OLFHQVH� 
 
'LVFODLPHU 
7KH�YLHZV�H[SUHVVHG�LQ�WKH�SXEOLVKHG�ZRUNV�GR�QRW�H[SUHVV�WKH�YLHZV�RI�WKH�(GLWRUV�DQG�WKH�(GLWRULDO�6WDII�RI�WKH�
(WKLRSLDQ�0HGLFDO�-RXUQDO��7KH�DXWKRUV�WDNH�OHJDO�DQG�PRUDO�UHVSRQVLELOLW\�IRU�WKH�LGHDV�H[SUHVVHG�LQ�WKH�DUWLFOHV��
7KH�3XEOLVKHU��7KH�(WKLRSLDQ�0HGLFDO�$VVRFLDWLRQ��VKDOO�KDYH�QR�OLDELOLW\�LQ�WKH�HYHQW�RI�LVVXDQFH�RI�DQ\�FODLPV�

IRU�GDPDJHV��7KH�3XEOLVKHU�ZLOO�QRW�EH�KHOG�OHJDOO\�UHVSRQVLEOH�VKRXOG�WKHUH�EH�DQ\�FODLPV�IRU�FRPSHQVDWLRQ͘ 
 
� 
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*8,'(/,1(6�)25�$87+256 
 
7KH�(WKLRSLDQ�0HGLFDO�-RXUQDO��(0-��LV�WKH�RIILFLDO�-RXUQDO�RI�WKH (WKLRSLDQ�0HGLFDO�$VVRFLDWLRQ��(0$��GHYRWHG�
WR�WKH�DGYDQFHPHQW�DQG�GLVVHPLQDWLRQ�RI�NQRZOHGJH�SHUWDLQLQJ�WR�WKH�EURDG�ILHOG�RI�PHGLFLQH�LQ�(WKLRSLD�DQG�RWKHU�
GHYHORSLQJ� FRXQWULHV��3URVSHFWLYH� FRQWULEXWRUV� WR� WKH� -RXUQDO� VKRXOG� WDNH QRWH� RI� WKH� LQVWUXFWLRQV� RI�0DQXVFULSW�
SUHSDUDWLRQ�DQG�VXEPLVVLRQ�WR�(0-�DV�RXWOLQHG�EHORZ�� 
 
$UWLFOH�W\SHV�DFFHSWDEOH�E\�(0- 

2ULJLQDO�$UWLFOHV��YLGH�LQIUD��RQ�H[SHULPHQWDO�DQG�REVHUYDWLRQDO�VWXGLHV�ZLWK�FOLQLFDO�UHOHYDQFH� 
%ULHI�&RPPXQLFDWLRQV 
&DVH�6HULHV 
&DVH�5HSRUWV 
(GLWRULDOV��5HYLHZ�RU�7HDFKLQJ�$UWLFOHV��E\�LQYLWDWLRQ�RI�WKH�(GLWRULDO�%RDUG� 
&RUUHVSRQGHQFHV�/HWWHUV�WR�WKH�(GLWRU 
0RQRJUDSKV�RU�VHW�RI�DUWLFOHV�RQ�VSHFLILF�WKHPHV�DSSHDULQJ�LQ�D�6SHFLDO�,VVXHV�RI�WKH�-RXUQDO 
%RRN�UHYLHZV 
3HUVSHFWLYHV� 
9LHZSRLQWV 
+\SRWKHVLV�RU�GLVFXVVLRQ�RI�DQ�LVVXH�LPSRUWDQW�WR�PHGLFDO�SUDFWLFH� 
/HWWHU�WR�WKH�(GLWRU 
&RPPHQWDULHV 
$GYHUWLVHPHQWV 
2ELWXDULHV 

 
1�%�� $UWLFOHV�DUH�QRW�DFFHSWDEOH�LI�SUHYLRXVO\�SXEOLVKHG�RU�VXEPLWWHG�HOVHZKHUH�LQ�SULQW�RU�HOHFWURQLF�IRUPDW��

H[FHSW�LQ�WKH�IRUP�RI�DEVWUDFWV�LQ�SURFHHGLQJV�RI�FRQIHUHQFHV� 
 
&RQWHQW�DQG�IRUPDW�RI�DUWLFOHV� 
7LWOH��7KH�WLWOH�VKRXOG�EH�RQ�D�VHSDUDWH�SDJH��,W�VKRXOG�QRW�KDYH�DFURQ\PV�RU �DEEUHYLDWLRQV��7KH�WLWOH�VKRXOG�

EH�GHVFULSWLYH�DQG�VKRXOG�CQRW�H[FHHG����ZRUGV�RU�����FKDUDFWHUV�LQFOXGLQJ�VSDFH��7KH�WLWOH�SDJH�VKRXOG�LQ�
FOXGH�WKH�QDPH�V��DQG�TXDOLILFDWLRQ�RI�WKH�DXWKRU�V���WKH�GHSDUWPHQW�RU�,QVWLWXWLRQ�WR�ZKLFK�WKH�VWXG\�UHVHDUFK�
LV�DWWULEXWHG�DQG�DGGUHVV�RI�WKH�FRUUHVSRQGLQJ�$XWKRU��,I�WKH�DXWKRU�KDV�PXOWLSOH�DIILOLDWLRQV�RQO\�XVH�WKH�PRVW�
SUHIHUUHG�RQH� 

 
�� 2ULJLQDO�$UWLFOHV 

������ZRUGV��H[FOXGLQJ�$EVWUDFWV��5HIHUHQFHV��)LJXUHV�DQG�7DEOHV� 7KH�PDQXVFULSW�RI�WKH�$UWLFOH��VKRXOG�DS�
SHDU�XQGHU�WKH�IROORZLQJ�KHDGLQJV� 
D�� �$EVWUDFW��7KH�DEVWUDFW�RI�WKH�$U WLFOH�LV�SUHSDUHG�RQ�D�VHSDUDWH�SDSHU ��D�PD[LPXP�RI�����ZRUGV��LW�

VKRXOG�EH VWUXFWXUHG�XQGHU�WKH�WLWOHV��D��%DFNJURXQG��E��0HWKRGV��F��5HVXOWV��G��&RQFOXVLRQV��%ULHIO\�VXP�
PDUL]H�WKH�HVVHQWLDO�IHDWXUHV�RI�WKH�DUWLFOH�XQGHU�DERYH�KHDGLQJV� UHVSHFWLYHO\��0HQWLRQ�WKH�SUREOHP�EHLQJ�
DGGUHVVHG�LQ�WKH�VWXG\��KRZ�WKH�VWXG\�ZDV FRQGXFWHG��WKH�UHVXOWV�DQG�ZKDW�WKH�DXWKRU�V��FRQFOXGHG�IURP�
WKH�UHVXOWV��6WDWLVWLFDO PHWKRG�XVHG�FDQ�DSSHDU�XQGHU�0HWKRGV�SDUDJUDSK�RI�WKH�$EVWUDFW��EXW�GR�QRW LQVHUW�
DEEUHYLDWLRQV�RU�UHIHUHQFHV�LQ�WKH�$EVWUDFW�VHFWLRQ� 
.H\ZRUGV��3URYLGH�WKUHH�WR�VL[�NH\�ZRUGV��RU �VKRU W�SKUDVHV�DW�WKH�HQG�RI�DEVWUDFW�SDJH��8VH�WHUPV�
IURP�PHGLFDO�VXEMHFW�KHDGLQJ�RI�,QGH[�0HGLFXV�WR�DVVLVW�LQ�FURVV�LQGH[LQJ�WKH�$UWLFOH� 

E�� ,QWURGXFWLRQ� �� 6KRXOG� SURYLGH� D� VKRU W� EDFNJURXQG� DQG� FRQWH[W� RI� WKH� VWXG\� DQG� SURYLGH� WKH� UD�
WLRQDOH�IRU�GRLQJ�WKH�VWXG\��,W�VKRXOG�QRW�EH�D�GHWDLOHG�UHYLHZ�RI�WKH�VXEMHFW�DQG�VKRXOG�QRW�LQFOXGH�FRQFOX�
VLRQV�IURP�WKH�SDSHU� 

F�  3DWLHQWV� RU� �0DWHULDOV�� DQG�0HWKRGV��VKRXOG�FRQWDLQ�GHWDLOV�WR�HQDEOH�UHSURGXFLELOLW\�RI�WKH�VWXG\�
E\ RWKHUV��7KLV�VHFWLRQ�PXVW�LQFOXGH�D�FOHDU�VWDWHPHQW�VSHFLI\LQJ�WKDW�D�IUHH�DQG�LQIRUPHG�FRQVHQW�RI�WKH�
VXEMHFWV�RU�WKHLU�OHJDO�JXDUGLDQV�ZDV�REWDLQHG��&RUUHVSRQGLQJ�DXWKRU�VKRXOG�VXEPLW�D�FRS\�RI�LQVWLWXWLRQ�
UHYLHZ�%RDUG� �,5%�� FOHDUDQFH� RU� OHWWHU� RI� SHUPLVVLRQ� IURP� WKH� KRVSLWDO� RU� GHSDUWPHQW� �LI� ,5%� H[HPSW��



���� 

ZLWK� WKH�PDQXVFULSW� )RU�PDQXVFULSWV� RQ� FOLQLFDO� WULDOV�� D� FRS\� RI� HWKLFDO� DSSURYDO� OHWWHU� IURP� WKH� FRQ�
FHUQHG�ERG\�VKRXOG�EH�VXEPLWWHG�ZLWK� WKH�0DQXVFULSW�� ,I�FRQILGHQWLDO�GDWD� LV�EHLQJ�XVHG�IRU�SXEOLFDWLRQ�
�VXFK� DV� VWXGHQW� JUDGHV�� PHGLFDO� ERDUG� GDWD�� RU� IHGHUDO� HWKLFV� ERDUG� GDWD��� WKHQ� DSSURSULDWH� VXSSRUW�
DJUHHPHQW�OHWWHU�VKRXOG�EH�LQFOXGHG��3KRWRV�RI�SDWLHQWV�VKRXOG�GLVJXLVH�WKH�LGHQWLW\�RU�PXVW�KDYH�REWDLQHG�
WKHLU�ZULWWHQ�FRQVHQW��5HIHUHQFH�QXPEHU�IRU�HWKLFDO�DSSURYDO�JLYHQ�E\�HWKLFV�FRPPLWWHH�VKRXOG�EH�VWDWHG��
,Q�JHQHUDO��WKH�VHFWLRQ�VKRXOG�LQFOXGH�RQO\�LQIRUPDWLRQ�WKDW�ZDV�DYDLODEOH�DW�WKH�WLPH�WKH�SODQ�RU�SURWRFRO�
IRU�WKH�VWXG\�ZDV�EHLQJ�ZULWWHQ��DOO�LQIRUPDWLRQ�REWDLQHG�GXULQJ�WKH�VWXG\�EHORQJV�LQ�WKH�5HVXOWV�VHFWLRQ�� 

G�� 5HVXOWV�� 7KLV� VHFWLRQ� VKRXOG�SUHVHQW� WKH H[SHULPHQWDO� RU� REVHUYDWLRQDO� GDWD� LQ� WH[W�� WDEOHV� RU� ILJXUHV��
7KH�GDWD�LQ�7DEOHV�DQG�)LJXUHV�VKRXOG�QRW�EH�GHVFULEHG�H[WHQVLYHO\�LQ�WKH�WH[W� 

H�� 'LVFXVVLRQ�� 7KH� ILU VW� SDUDJUDSK� VKRXOG� SURYLGH� D� VXPPDU\� RI� NH\� ILQGLQJ� WKDW� ZLOO� WKHQ� EH�
GLVFXVVHG�RQH�E\�RQH�LQ�WKH�SDUDJUDSKV�WR�IROORZ��7KH�GLVFXVVLRQ�VKRXOG�IRFXV RQ�WKH�LQWHUSUHWDWLRQ�DQG�
VLJQLILFDQFH�RI�WKH�UHVXOWV�RI�WKH�VWXG\�ZLWK�FRPPHQWV WKDW�FRPSDUH�DQG�GHVFULEH�WKHLU�UHODWLRQ�WR�WKH�ZRUN�
RI�RWKHUV��ZLWK�UHIHUHQFHV� WR�WKH�WRSLF��'R�QRW�UHSHDW�LQIRUPDWLRQ�RI�5HVXOWV�LQ�WKLV�VHFWLRQ��0DNH�VXUH�WKH�
OLPLWDWLRQV�RI�WKH�VWXG\�DUH�FOHDUO\�VWDWHG� 

I� 7DEOHV�DQG�)LJXUHV��7KHVH�VKRXOG�QRW�EH�PRUH�WKDQ�VL[��7DEOHV�VKRXOG�EH�W\SHG�LQ�WULSOLFDWH�RQ�VHSDUDWH�
VKHHWV�DQG�JLYHQ�VHULDO�$UDELF�QXPEHUV��7LWOHV�VKRXOG�EH�FOHDUO\�SODFH�XQGHUQHDWK�7DEOHV�DQG�DERYH�)LJ�
XUHV��8QQHFHVVDU\�DQG�OHQJWK\�WDEOHV�DQG�ILJXUHV�DUH�GLVFRXUDJHG��6DPH�UHVXOWV�VKRXOG�QRW�EH�SUHVHQWHG�LQ�
PRUH�WKDQ�RQH�IRUP��FKRRVH�HLWKHU�ILJXUH�RU�WDEOH���8QLWV�VKRXOG�DSSHDU�LQ�SDUHQWKHVHV�LQ�FDSWLRQV�EXW�QRW�
LQ�WKH�ERG\�RI�WKH�WDEOH��6WDWLVWLFDO�SURFHGXUHV�� LI�QRW�LQ�FRPPRQ�XVH��VKRXOG�EH�GHWDLOHG�LQ� WKH�0(7+�
2'6�VHFWLRQ�RU�VXSSRUWHG�E\�UHIHUHQFHV��/HJHQGV�IRU�ILJXUHV�VKRXOG�EH�W\SHG�RQ�VHSDUDWH�VKHHWV��QRW�VWDSOHG�
WR�WKH�ILJXUHV��7KUHH�GLPHQVLRQDO�KLVWRJUDPV�DUH�GLVFRXUDJHG��5HFRJQL]DEOH�SKRWRJUDSKV�RI�SDWLHQWV�VKRXOG�
EH�GLVJXLVHG��$XWKRUV�VKRXOG�VXEPLW�HGLWDEOH�VRIW�YHUVLRQV�RI�WKH�WDEOHV�DQG�ILJXUHV�� 

J�� �$FNQRZOHGJHPHQW��$SSURSU LDWH�UHFRJQLWLRQ�RI�FRQWU LEXWRUV�WR�WKH�UHVHDUFK��QRW�LQFOXGHG�XQGHU �$X�
WKRUV�VKRXOG�EH�PHQWLRQHG�KHUH��DOVR�DGG�D�QRWH�DERXW�VRXUFH�RI�WKH�ILQDQFLDO�VXSSRUW�RU�UHVHDUFK�IXQGLQJ��
ZKHQ�DSSOLFDEOH� 

K����5HIHUHQFHV� 

· 7KH� WLWOHV� RI� MRXUQDOV� VKRXOG� EH� DEEUHYLDWHG� DFFRUGLQJ� WR� WKH� VW\OH� XVHG� IRU� 0('/,1(�
�ZZZ�QFEL�QOP�QLK�JRY�QOPFDWDORJ�MRXUQDOV�� 

· 5HIHUHQFHV�VKRXOG�EH�QXPEHUHG�FRQVHFXWLYHO\� LQ� WKH�RUGHU�LQ�ZKLFK� WKH\�DUH� ILUVW�PHQWLRQHG� LQ� WKH�
WH[W�DQG�LGHQWLI\�UHIHUHQFHV�LQ�WH[W��WDEOHV��DQG�OHJHQGV�E\�$UDELF�QXPHUDOV�LQ�SDUHQWKHVHV� 

· 7\SH�WKH�5HIHUHQFHV�RQ�D�VHSDUDWH�VKHHW��GRXEOH�VSDFHG�DQG�NH\HG�WR�WKH�WH[W� 

· 3HUVRQDO�FRPPXQLFDWLRQV�VKRXOG�EH�SODFHG�127�LQ�WKH�OLVW�RI�UHIHUHQFHV�EXW�LQ�WKH�WH[W�LQ�SDUHQWKHVHV��
JLYLQJ�QDPH��GDWH�DQG�SODFH�ZKHUH�WKH�LQIRUPDWLRQ�ZDV�JDWKHUHG�RU�WKH�ZRUN�FDUULHG�RXW��H�J��SHUVRQDO�
FRPPXQLFDWLRQ��$ODVHEX�%HUKDQX��0'��������*RQGDU�&ROOHJH�RI�0HGLFDO�6FLHQFHV���8QSXEOLVKHG�GDWD�
VKRXOG�DOVR�EH�UHIHUUHG�WR�LQ�WKH�WH[W� 

· 5HIHUHQFHV�ZLWK� VL[�RU� OHVV�DXWKRUV� VKRXOG�DOO�EH� OLVWHG�� ,I�PRUH� WKDQ�VL[�QDPHV�� OLVW� WKH� ILUVW� WKUHH��
IROORZHG�E\�HW�DO� 

· /LVWLQJ�RI�D�UHIHUHQFH�WR�D�MRXUQDO�VKRXOG�EH�DFFRUGLQJ�WR�WKH�JXLGHOLQHV�RI�WKH�,QWHUQDWLRQDO�&RPPLWWHH�
RI�0HGLFDO�-RXUQDO�(GLWRUV���9DQFRXYHU�6W\OH
��DQG�VKRXOG�LQFOXGH�DXWKRUV
�QDPH�V��DQG�LQLWLDO�V��VHSD�
UDWHG�E\�FRPPDV��IXOO�WLWOH�RI�WKH�DUWLFOH��FRUUHFWO\�DEEUHYLDWHG�QDPH�RI�WKH�MRXUQDO��\HDU��YROXPH�QXPEHU�
DQG�ILUVW�DQG�ODVW�SDJH�QXPEHUV�� 

· 5HIHUHQFH�WR�D�ERRN�VKRXOG�FRQWDLQ�DXWKRU
V�RU�DXWKRUV¶�QDPH�V��DQG�LQLWLDOV��WLWOH�RI�FKDSWHU��QDPHV�RI�
HGLWRUV��WLWOH�RU�ERRN��FLW\�DQG�QDPH�RI�SXEOLVKHU��\HDU��ILUVW�DQG�ODVW�SDJH�QXPEHUV� 

 
7KH�IROORZLQJ�H[DPSOHV�GHPRQVWUDWH�WKH�DFFHSWDEOH�UHIHUHQFH�VW\OHV� 
$UWLFOHV� 

· *LOEHUW�&��)RVWHU�$��&KLOGKRRG�EOLQGQHVV�LQ�WKH�FRQWH[W�RI�9LVLRQ�������WKH�ULJKW WR�VLJKW��%XOO�:RUOG�
+HDOWK�2UJ������������-�� 

· 7HNOX�%��'LVHDVH�SDWWHUQV�DPRQJVW�FLYLO�VHUYDQWV�LQ�$GGLV�$EDED��DQ�DQDO\VLV RI�RXWSDWLHQW�YLVLWV�WR�D�
%DQN�HPSOR\HH¶V�FOLQLF��(WKLRS�0HG�-����������-� 



���� 

· 7VHJD�(��0HQJHVKD�%��1RUGHQIHOW�(��+DQVHQ�%-*��/LQGEHUJ�-��6HURORJLFDO�VXUYH\�RI�KXPDQ�LPPXQR�
GHILFLHQF\�YLUXV�LQIHFWLRQ�LQ�(WKLRSLD� (WKLRS�0HG�-�����������������-�� 

· /DLUG�0��'HHQ�0��%URRNV�6��HW�DO��7HOHPHGLFLQH�GLDJQRVLV�RI�GLDEHWLF�UHWLQRSDWK\ DQG�JODXFRPD�E\�
GLUHFW�RSKWKDOPRVFRS\��$EVWUDFW���,QYHVW�2SKWKDOPRO�9 LV 6FL�������������-� 

%RRNV�DQG�FKDSWHUV�IURP�ERRNV� 

· +HQGHUVRQ�-:��2UELWDO�7XPRUV���UG�HG��5DYHQ�3UHVV�1HZ�<RUN��������3S����-���� 

· &OLSDUG�-3��'U\�(\H�GLVRUGHUV��,Q�$OEHUW�'0��-DNRELHF�)$��(GV���3ULQFLSOHV�DQG 3UDFWLFH�RI�2SKWKDO�
PRORJ\��:�%�6DXQGHUV��3KLODGHOSKLD��3$������SS���-��� 

:HEVLWH� 

· 'DYLG�.�/\QFK��ODVHU�+LVWRU\��0DVHUV�DQG�ODVHUV�� 
  KWWS���KRPH�DFKLOOHV�QHW�MWDOERW�KLVWRU\�PDVVHUV�KWP$FFHVVHG����������� 

������%ULHI�&RPPXQLFDWLRQ 
�������6KRUW�YHUVLRQV�RI�5HVHDUFK�DQG�$SSOLFDWLRQV�DUWLFOHV��RIWHQ�GHVFULELQJ�IRFXVHG�DSSURDFKHV�WR�VROYH�D�KHDOWK�

SUREOHP��RU�SUHOQDU\�HYDOXDWLRQ�RI�D�QRYHO�V\VWHP�RU�PHWKRGRORJ\ 

· :RUG�FRXQW��XS�WR������ZRUGV 

· $EVWUDFW�XS�WR�����ZRUGV��H[FOXGLQJ��$EVWUDFW��7LWOH��7DEOHV�)LJXUHV�DQG�5HIHUHQFHV 

· 7DEOHV�DQG�)LJXUHV�XS�WR�� 

· 5HIHUHQFHV��YLGH�VXSUD�–�2ULJLQDO�$UWLFOH� 
������&DVH�6HULHV 

0LQLPXP�RI�WKUHH�DQG�PD[LPXP�RI����FDVHV 
· 8S�WR�������ZRUGV��H[FOXGLQJ��$EVWUDFW��7LWOH��7DEOHV�)LJXUHV�DQG�5HIHUHQFHV 

· $EVWUDFW�RI�XS�WR�����ZRUGV��VWUXFWXUHG���YLGH�VXSUD� 

· �6WDWLVWLFDO�VWDWHPHQWV�KHUH�DUH�H[SUHVVHG�DV������������ 

· 7DEOHV�DQG�)LJXUHV��QR�PRUH�WKDQ�WKUHH 

· 5HIHUHQFHV��PD[LPXP�RI��� 
�����&DVH�5HSRUW 

5HSRUW�RQ�D�UDUH�FDVH�RU�XQFRPPRQ�PDQLIHVWDWLRQ�RI�D�GLVHDVH�RI�DFDGHPLF�RU�SUDFWLFDO�VLJQLILFDQFH 
· 8S�WR�����ZRUGV��H[FOXGLQJ��$EVWUDFW��7LWOH��7DEOHV�)LJXUHV�DQG�5HIHUHQFHV 

· $EVWUDFW�RI�XS�WR�����ZRUGV��XQVWUXFWXUHG� 

· 7DEOHV�DQG�)LJXUHV��QR�PRUH�WKDQ�WKUHH 

· 5HIHUHQFHV��PD[LPXP�RI��� 
����6\VWHPDWLF�UHYLHZ 

5HYLHZ�RI�WKH�OLWHUDWXUH�RQ�WRSLFV�RI�EURDG�VFLHQWLILF�LQWHUHVW�DQG�UHOHYDQW�WR�(0-�UHDGHUV 

· $EVWUDFW�VWUXFWXUHG�ZLWK�KHDGLQJV�DV�IRU�DQ�2ULJLQDO�$UWLFOH��YLGH�VXSUD� 

· 7H[W�VKRXOG�IROORZ�WKH�VDPH�IRUPDW�DV�ZKDW�LV�UHTXLUHG�RI�DQ�2ULJLQDO�$UWLFOH 

· :RUG�FRXQW��XS�WR�������ZRUGV��H[FOXGLQJ�DEVWUDFW��WDEOHV�)LJXUHV�DQG�UHIHUHQFHV 

· 6WUXFWXUHG�DEVWUDFW�XS�WR�����ZRUGV 

· 7DEOHV�DQG�)LJXUHV�XS�WR�� 
�����7HDFKLQJ�$UWLFOH 
��������$� FRPSUHKHQVLYH� WUHDWLVH� RI� D� VSHFLILF� WRSLF�VXEMHFW�� FRQVLGHUHG� DV� UHOHYDQW� WR� FOLQLFDO�PHGLFLQH� DQG�SXEOLF�

KHDOWK�WDUJHWLQJ�(0-�UHDGHUV 
· %\�LQYLWDWLRQ�RI�WKH�(GLWRULDO�%RDUG��EXW�DQ�RXWOLQH�RI�SURSRVDO�FDQ�EH�VXEPLWWHG 

· :RUG�OLPLW�RI��������H[FOXGLQJ�DEVWUDFW��WDEOHV�)LJXUHV�DQG�UHIHUHQFHV� 

· 8QVWUXFWXUHG�$EVWUDFW�XS�WR�����ZRUGV 
�����(GLWRULDO 

· %\�LQYLWDWLRQ�RI�WKH�(GLWRULDO�%RDUG��EXW�DQ�HGLWRULDO�WRSLF�FDQ�EH�SURSRVHG�DQG�VXEPLWWHG 

· :RUG�OLPLW�RI�������ZRUGV��H[FOXGLQJ�UHIHUHQFHV�DQG�WLWOH��QR�$EVWUDFW 

· 5HIHUHQFHV�XS�WR���� 
����3HUVSHFWLYHV� 



���� 

· %\�LQYLWDWLRQ�RI�WKH�(GLWRULDO�ERDUG��EXW�D�WRSLF�FDQ�EH�SURSRVHG�DQG�VXEPLWWHG� 

· :RUG�OLPLW�RI������� 

· 5HIHUHQFHV�XS�WR�VL[� 
�����2ELWXDULHV� 

· %\�LQYLWDWLRQ�RI�WKH�(GLWRULDO�ERDUG��EXW�UHDGHUV�DUH�ZHOFRPH�WR�VXJJHVW�LQGLYLGXDOV��PHPEHUV�RI�WKH�
(0$��WR�EH�IHDWXUHG�� 

 
��3UHSDUDWLRQ�RI�PDQXVFULSWV� 

· 0DQXVFULSWV�PXVW�EH�SUHSDUHG�LQ�(QJOLVK��WKH�RIILFLDO�ODQJXDJH�RI�WKH�-RXUQDO� 

· 2Q�D�VLQJOH�VHSDUDWH�VKHHW��WKHUH�PXVW�EH�WKH�WLWOH�RI�WKH�SDSHU��ZLWK�NH\�ZRUGV�IRU�LQGH[LQJ�LI�UHTXLUHG��
DQG�HDFK�DXWKRU
V�IXOO�QDPH�DQG�SURIHVVLRQDO�GHJUHHV��GHSDUWPHQW�ZKHUH�ZRUN�ZDV�GRQH��SUHVHQW�DGGUHVV�
RI�DQ\�DXWKRU�LI�GLIIHUHQW�IURP�WKDW�ZKHUH�ZRUN�ZDV�GRQH��WKH�QDPH�DQG�IXOO�PDLOLQJ�DGGUHVV�RI�WKH�FRU�
UHVSRQGLQJ�DXWKRU��LQFOXGLQJ�HPDLO��DQG�ZRUG�FRXQW�RI�WKH�PDQXVFULSW��H[FOXGLQJ�WLWOH�SDJH��DEVWUDFW��
UHIHUHQFHV�� ILJXUHV�DQG� WDEOHV���(DFK�WDEOH�ILJXUHV�ER[HV�RU�RWKHU�LOOXVWUDWLRQV��FRPSOHWH�ZLWK�WLWOH�DQG�
IRRWQRWHV��VKRXOG�EH�RQ�D�VHSDUDWH�SDJH�� 

· $OO� SDJHV� VKRXOG�EH�QXPEHUHG� FRQVHFXWLYHO\� LQ� WKH� IROORZLQJ�RUGHU��7LWOH� SDJH��$EVWUDFW DQG�NH\�
ZRUGV�SDJH��PDLQ�PDQXVFULSW� WH[W� SDJHV��5HIHUHQFHV�SDJHV�� DFNQRZOHGJPHQW SDJH��)LJXUH-OHJHQGV�
DQG�7DEOHV 

· 7KH�0HWULF�V\VWHP�RI�ZHLJKWV�DQG�PHDVXUHV�PXVW�EH�XVHG��WHPSHUDWXUH�LV�LQGLFDWHG�LQ GHJUHHV�&HQWL�
JUDGH� 

· *HQHULF�QDPHV�VKRXOG�EH�XVHG�IRU�GUXJV��IROORZHG�E\�SURSULHW\�EUDQG�QDPH��WKH�PDQXIDFWXUHU�QDPH�
LQ�SDUHQWKHVLV��H�J��GLD]HSDP��9DOLXP��5RFKH�8.� 

· 6WDWLVWLFDO�HVWLPDWHV�H�J��PHDQ��PHGLDQ�SURSRUWLRQV�DQG�SHUFHQWDJHV�VKRXOG�EH�JLYHQ�WR RQH�GHFLPDO�
SODFH��VWDQGDUG�GHYLDWLRQV��RGGV�UDWLRV�RU�UHODWLYH�ULVNV�DQG�FRQILGHQFH�LQWHUYDOV WR�WZR�GHFLPDO�SODF�
HV� 

· $FURQ\PV�$EEUHYLDWLRQV�VKRXOG�EH�XVHG�VSDULQJO\�DQG�PXVW�EH�JLYHQ�LQ�IXOO��DW�ILUVW�PHQWLRQ�LQ�WKH�
WH[W� DQG� DW� WKH� KHDG� RI� 7DEOHV�IRRW� RI� )LJXUH�� LI� XVHG� LQ� WDEOHV�ILJXUHV�HJ�� %ORRG� 8UHD� 1LWURJHQ�
�%81���,QWHUVWLWLDO�OXQJ�GLVHDVH��,/'�� 

· 8VH�WKH�ELQRPLDO�QRPHQFODWXUH��UHIHUHQFH�WR�D�EDFWHULXP�PXVW�EH�JLYHQ�LQ�IXOO�DQG�XQGHUOLQHG�-�XQGHU�
OLQLQJ�LQ�W\SHVFULSW�EHFRPHV�LWDOLFV�LQ�SULQW��H�J��+HPRSKLOXV�LQIOXHQ]DH���DQG�ODWHU�UHIHUHQFH�PD\�VKRZ�
D�FDSLWDOLVHG�LQLWLDO�IRU�WKH�JHQXV��H�J��+��LQIOXHQ]DH� 

· ,Q�WKH�WH[W�RI�DQ�DUWLFOH��WKH�ILUVW�UHIHUHQFH�WR�DQ\�PHGLFDO�SKUDVH�PXVW�EH�JLYHQ�LQ�IXOO��ZLWK�WKH�LQLWLDOV�
IROORZLQJ�LQ�SDUHQWKHVHV��H�J���EORRG�XUHD�QLWURJHQ��%81���LQ�ODWHU�UHIHUHQFHV��WKH�LQLWLDOV�PD\�EH�XVHG� 

· 0DQXVFULSWV�IRU�VXEPLVVLRQ�VKRXOG�EH�SUHSDUHG�LQ�0LFURVRIW�:RUG�GRFXPHQW�ILOH�IRUPDW 
 
6XEPLVVLRQ�RI�PDQXVFULSWV 

· $V�SDUW�RI� WKH� VXEPLVVLRQ�SURFHVV�� DXWKRUV�DUH� UHTXLUHG� WR�FKHFN�RII� WKHLU� VXEPLVVLRQ
V� FRPSOLDQFH�
ZLWK�MRXUQDOV�UHTXLUHPHQWV 

· $OO�PDQXVFULSWV�PXVW�EH�VXEPLWWHG� WR� WKH�(GLWRU-LQ-&KLHI�RI� WKH�-RXUQDO�ZLWK�D�VWDWHPHQW�VLJQHG�E\�
HDFK�DXWKRU� WKDW� WKH�SDSHU�KDV�QRW�EHHQ�SXEOLVKHG�HOVHZKHUH� LQ�ZKROH�RU� LQ�SDUW�DQG� LV�QRW�VXEPLWWHG�
HOVHZKHUH�ZKLOH�RIIHUHG�WR�WKH�(WKLRSLDQ�0HGLFDO�-RXUQDO��7KLV�GRHV�QRW�UHIHU�WR�DEVWUDFWV�RI�RUDO�FRP�
PXQLFDWLRQV�DW�FRQIHUHQFHV�V\PSRVLD�RU�RWKHU�SURFHHGLQJV� 

· ,W� LV� WKH� DXWKRU
V� UHVSRQVLELOLW\� WR� SURRI-UHDG� WKH� W\SHVFULSW� RU� RII-SULQW� EHIRUH� VXEPLWWLQJ� RU� UH-
VXEPLWWLQJ�LW�WR�WKH�-RXUQDO��DQG�WR�HQVXUH�WKDW�WKH�VSHOOLQJ�DQG�QXPHUDOV�LQ�WKH�WH[W�DQG�WDEOHV�DUH�DFFX�
UDWH� 

· $XWKRUV� VKRXOG� VXEPLW� WKHLU� ZRUN� WKURXJK� WKH� (WKLRSLDQ� 0HGLFDO� -RXUQDO� ZHEVLWH��
HPD�HPM#WHOHFRP�QHW�HW� 
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&RQIOLFW�RI�LQWHUHVW� 
$XWKRUV�VKRXOG�GLVFORVH�DW�WKH�WLPH�RI�VXEPLVVLRQ�RI�PDQXVFULSWV�DQ\�FRQIOLFW�RI�LQWHUHVW��ZKLFK��UHIHUV�WR�VLWXDWLRQV�LQ�
ZKLFK� ILQDQFLDO� RU� RWKHU� SHUVRQDO� FRQVLGHUDWLRQV�PD\� FRPSURPLVH�� RU� KDYH� WKH� DSSHDUDQFH� RI� FRPSURPLVLQJ� WKHLU�
SURIHVVLRQDO�MXGJPHQW�LQ�FRQGXFWLQJ�RU�UHSRUWLQJ�WKH�UHVHDUFK�UHVXOWV�7KH\�VKRXOG�GHFODUH�WKDW�WKHUH�LV�QR�FRQIOLFW�RI�
LQWHUHVW�WR�GHFODUH�LI�WKHUH�LV�QRQH�� 
 
0DQXVFULSWV�UHYLHZ�SURFHGXUHV 
7KH�SURFHGXUHV�IRU�PDQXVFULSWV�UHYLHZ�LQFOXGH� 

· :LWKLQ�RQH�ZHHN�RI�UHFHLSW�RI�D�PDQXVFULSW��WKH�(GLWRULDO�%RDUG�ZLOO�UHYLHZ�LW�LQ�UHIHUHQFH�WR��L��FRQIRUPLW\�
ZLWK�WKH�-RXUQDO
V��JXLGHOLQHV�WR�DXWKRUV��UHYLVHG�YHUVLRQ�DYDLODEOH�LQ�DOO�LVVXHV�VWDUWLQJ�-DQXDU\����������LL��
UHOHYDQFH�RI�WKH�DUWLFOH�WR�WKH�REMHFWLYHV�RI�WKH�(0-���LLL��FODULW\�RI�SUHVHQWDWLRQ��DQG��LY��SODJLDULVP�E\�XVLQJ�
DSSURSULDWH�VRIWZDUH 

· 7KH�(GLWRULDO�%RDUG�KDV�WKUHH�RSWLRQV��DFFHSW�PDQXVFULSWV�IRU�H[WHUQDO�UHYLHZ��UHWXUQ�LW�WR�DXWKRU�IRU�UHYLVLRQ��
RU�UHMHFW�LW���$�PDQXVFULSW�QRW�DFFHSWHG�E\�D�ERDUG�PHPEHU�LV�EOLQGO\�UHYLHZHG�E\�DQRWKHU�ERDUG�PHPEHU���,I�
QRW�DFFHSWHG�E\�ERWK��WKH�PDQXVFULSW�LV�UHMHFWHG�E\�WKH�(GLWRULDO�%RDUG���'HFLVLRQ�ZLOO�EH�PDGH�E\�WKH�VXJ�
JHVWLRQ�RI�D�WKLUG�(GLWRULDO�%RDUG�PHPEHU�LI�WKH�GHFLVLRQV�RI�ILUVW�WZR�GR�QRW�FRQFXU� 

· 2QFH�DFFHSWHG�IRU�H[WHUQDO�UHYLHZ��WKH�(GLWRULDO�%RDUG�LGHQWLILHV�RQH��IRU�EULHI�FRPPXQLFDWLRQ��FDVH�UHSRUWV��
DQG�WHDFKLQJ�DUWLFOHV��RU�WZR��IRU�RULJLQDO�DUWLFOHV��UHYLHZHUV�ZLWK�DSSURSULDWH�H[SHUWLVH��7KH�UHYLHZHUV�ZLOO�
EH�DVNHG� WR� UHYLHZ�DQG� UHWXUQ�PDQXVFULSWV�ZLWK� WKHLU� FRPPHQWV�RQOLQH�ZLWKLQ� WZR�ZHHNV�RI� WKHLU� UHFHLSW��
5HYLHZHUV�KDYH�IRXU�RSWLRQV��DFFHSW��DFFHSW�ZLWK�PDMRU�UHYLVLRQ��DFFHSW�ZLWK�PLQRU�UHYLVLRQ��RU�UHMHFW� 

· $�0DQXVFULSW�DFFHSWHG�VXEMHFW�UHYLVLRQ�DV�VXJJHVWHG�E\�UHYLHZHUV�ZLOO�EH�UHWXUQHG�WR�WKH�FRUUHVSRQGLQJ�DX�
WKRU��$XWKRU�V��ZLOO�EH�JLYHQ�IRXU�ZHHNV�WR�UHVSRQG�WR�UHYLHZHUV
�FRPPHQWV��PDNH�QHFHVVDU\�FKDQJHV��DQG�
UHWXUQ� WKH�PDQXVFULSW� WR� WKH�(GLWRULDO�%RDUG��$�0DQXVFULSW�QRW� UHWXUQHG�ZLWKLQ� WKH� VSHFLILHG� WLPH�ZLOO�EH�
FRQVLGHUHG�ZLWKGUDZQ�E\�WKH�DXWKRU�V��� 

· 0DQXVFULSWV�ZLWK�PLQRU�UHYLVLRQV�ZLOO�EH�FOHDUHG�E\�WKH�(GLWRULDO�%RDUG�DQG�DFFHSWHG�IRU�SXEOLFDWLRQ��7KRVH�
ZLWK�PDMRU�UHYLVLRQV�ZLOO�EH�UHWXUQHG�WR�H[WHUQDO�UHYLHZHUV�DQG�IROORZ�WKH�SURFHGXUHV�DV�RXWOLQHG�IRU�WKH�LQL�
WLDO�UHYLHZ� 

 
*HQHUDO�LQIRUPDWLRQ 

7KH�(GLWRULDO�%RDUG�UHVHUYHV�WKH�ULJKW�IRU�ILQDO�DFFHSWDQFH��UHMHFWLRQ�RU�HGLWRULDO�FRUUHFWLRQ�RI�SDSHUV�VXEPLWWHG��
+RZHYHU��DXWKRUV�DUH�HQFRXUDJHG�WR�ZULWH�DQ�DSSHDO�WR�WKH�(GLWRU-LQ-&KLHI�IRU�UHFRQVLGHUDWLRQ�RI��UHMHFWHG�PDQX�
VFULSWV�RU�DQ\�RWKHU�FRPSODLQWV�WKH\�PLJKW�KDYH�� 
 

��������$FFHSWHG�SDSHUV�DUH�VXEMHFW�WR�(GLWRULDO�UHYLVLRQ�DV�UHTXLUHG�DQG�EHFRPH�WKH�FRS\-ULJKW�RI�WKH�(0$�7ZHQW\-
ILYH�UHSULQWV�RI�SXEOLVKHG�DUWLFOHV�DUH�VXSSOLHG�IUHH�WR�WKH�ILUVW�FRUUHVSRQGLQJ�DXWKRU� 

 
���������7KH�(GLWRULDO�%RDUG�ZHOFRPHV�FRPPHQWV�RQ�WKH�JXLGHOLQHV�IURP�-RXUQDO�UHDGHUV� 

 
3ULYDF\�VWDWHPHQW 
7KH�QDPHV�DQG�HPDLO�DGGUHVVHV�HQWHUHG�LQ�WKLV�MRXUQDO�VLWH�ZLOO�EH�XVHG�H[FOXVLYHO\�IRU�WKH�VWDWHG�SXUSRVHV�RI�WKLV�
MRXUQDO�DQG�ZLOO�QRW�EH�PDGH�DYDLODEOH�IRU�DQ\�RWKHU�SXUSRVH�RU�WR�DQ\�RWKHU�SDUW\� 
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7KH�(WKLRSLDQ�0HGLFDO�-RXUQDO��IRXQGHG�LQ�������DSSHDUV�IRXU�WLPHV�D�\HDU�DQG�LV�DYDLODEOH�IURP�WKH�6HFUHWDU\��(0$�
+RXVH��������������$GGLV�$EDED��RU�E\�PDLO�3��2��%R[�������$GGLV�$EDED��(WKLRSLD��5HTXHVW�IRU�SUHYLRXV�LVVXHV�LV�ZHO�
FRPHG��)RU�WKLV�DQG�DQ\�RWKHU�LQIRUPDWLRQ��SOHDVH�FRQWDFW�XV�WKURXJK�� 
  H-PDLO��HPMHGLWRU����#JPDLO�FRP��7HO�����-�-�������RU����-�-��������)D[�����-�-������ 

 
7KH�-RXUQDO�FRQWDLQV�RULJLQDO�DUWLFOHV�DQG�UHVHDUFK�RI�VSHFLDO�UHOHYDQFH�WR�WKH�EURDG�LVVXH�RI�PHGLFLQH�LQ�(WKLRSLD�DQG�
LQ�RWKHU�GHYHORSLQJ�FRXQWULHV��,W�LV�OLVWHG�LQ�WKH�,QGH[�0HGLFXV�DQG�&XUUHQW�&RQWHQWV��,WV�,661�QXPEHU�LV�,661�����–
����� 
 
,I�\RX�ZLVK�WR�VXEVFULEH�WR�WKH�-RXUQDO��SOHDVH�FRPSOHWH�WKH�VHFWLRQ�EHORZ�DQG�UHWXUQ�LW�WR�WKH�6HFUHWDU\��7KH�6XEVFULS�
WLRQ�UDWHV�DUH� 

 
(WKLRSLD��(WK��%LUU��������DQQXDOO\��SRVWDJH�LQFOXGHG��:RUOG-ZLGH��86�������DLUPDLO�SRVWDJH�LQFOXGHG 
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5HTXHVW�WR��7KH�6HFUHWDU\��(WKLRSLDQ�0HGLFDO�-RXUQDO��3��2��%R[�������$GGLV�$EDED��(WKLRSLD��,�ZLVK�WR�VXEVFULEH�WR�
WKH�(WKLRSLDQ�0HGLFDO�-RXUQDO�IRU�WKH�<HDU�V��««««��WR�«««««� 
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,�HQFORVH�P\�VXEVFULSWLRQ�IHH�RI������������������������������������������������������������������������������������ 

6LJQHG��������������������������������� 
 
&KHTXHV�VKRXOG�EH�PDGH�SD\DEOH�WR�WKH�(WKLRSLDQ�0HGLFDO�-RXUQDO��,I�SD\PHQW�LV�PDGH�E\�%DQN�7UDQVIHU��$�&�1R��
���������������&RPPHUFLDO�%DQN�RI�(WKLRSLD��$GGLV�$EDED�%UDQFK���SOHDVH�HQVXUH�WKDW�WKH�6HFUHWDU\�RI�WKH�(WKLR�
SLDQ�0HGLFDO�-RXUQDO�LV�QRWLILHG�RI�WKH�WUDQVIHU� 
 

127,&(�72�0(0%(56�2)�7+(�(7+,23,$1�0(',&$/�$662&,$7,21 
,I�\RX�DUH�D�SDLG–XS�PHPEHU�RI�(0$��DQG�KDYH�QRW�UHFHLYHG�\RXU�FRS\�RI�(0-��SOHDVH�QRWLI\�WKH�VHFUHWDU\��ZLWK�WKH�
VXSSRUW�RI�\RXU�,'�FDUG�RU�OHWWHU�IURP�\RXU�KRVSLWDO��$OVR��LI�\RX�DUH�WUDQVIHUUHG�WR�D�GLIIHUHQW�KRVSLWDO�RU�LQVWLWXWLRQ��
SOHDVH�UHWXUQ�WKH�IROORZLQJ�FKDQJH�RI�DGGUHVV�IRUP�352037/<� 
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