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7KH� JUDP� QHJDWLYH�� VSLUDO� VKDSHG� RUJDQLVP� FDOOHG�
+HOLFREDFWHU�3\ORUL��+��3\ORUL��ZDV�GLVFRYHUHG�LQ������
E\� 5RELQ� :DUUHQ� DQG� %DUU\� 0DUVKDOO�� DQG� ZDV�
UHFRJQL]HG�DV�DQ� LPSRUWDQW�FDXVH�RI�FKURQLF�JDVWULWLV�
ZLWK� WKH�KHOS�RI� LWV�KHOLFDO�VKDSH�� WKLV�RUJDQLVP�JDLQV�
HQWU\� LQWR� WKH� VWRPDFK� E\� SLHUFLQJ� LWV� PXFRLG� OLQLQJ�
DQG� HVWDEOLVKLQJ� LQIHFWLRQ�� +HOLFREDFWHU� S\ORUL� LV�
WUDQVPLWWHG�WKURXJK�WKH�IHFDO–RUDO�URXWH�DQG�FDQ�LQIHFW�
LQGLYLGXDOV�RI�DOO�DJH�JURXSV�DURXQG� WKH�ZRUOG�����7KH�
SUHYDOHQFH�RI�+��S\ORUL� LQIHFWLRQ� YDULHV�GHSHQGLQJ� RQ�
WKH� OLYLQJ� HQYLURQPHQW� L�H�� KRPH� RU� QXUVLQJ� KRPH���
DQG� FDQ� UDQJH� IURP� ���� WR� ���� LQ� GHYHORSLQJ�
FRXQWULHV��� 
,Q� DGGLWLRQ� WR� FDXVLQJ� JDVWURLQWHVWLQDO� GLVHDVHV� VXFK�
DV�SHSWLF�XOFHU�GLVHDVH�DQG�DWURSKLF�JDVWULWLV��+��S\ORUL�
LQIHFWLRQ� LV� DOVR� DVVRFLDWHG� ZLWK� PDOLJQDQW� GLVHDVHV��
LQFOXGLQJ� JDVWULF� DGHQRFDUFLQRPD� DQG� O\PSKRPD��
'LVHDVHV�OLQNHG�WR�+��S\ORUL�LQIHFWLRQ�DUH�QRW�OLPLWHG�WR�
WKH� JDVWURLQWHVWLQDO� V\VWHP�� ,W� LV� DOVR� DVVRFLDWHG�ZLWK�
YDULRXV� V\VWHPLF� GLVHDVHV�� VXFK� DV� FRURQDU\� DUWHU\�
GLVHDVH��$O]KHLPHU¶V�GLVHDVH�� LURQ-GHILFLHQF\�DQHPLD��
DQG� FREDODPLQ� GHILFLHQF\�� /RFDO� DQG� V\VWHPLF�
LQIODPPDWLRQ�FDXVHG�E\�+��S\ORUL� LQIHFWLRQ�PD\�EH�DW�

OHDVW�SDUWO\� UHVSRQVLEOH� IRU� WKH�V\VWHPLF�HIIHFWV�RI�+��
S\ORUL�-�� 
9LWDPLQ� '� FRQWUROV� KXQGUHGV� RI� JHQHV� GLUHFWO\� RU�
LQGLUHFWO\� WKDW� DUH� UHODWHG� WR� FHOO� SUROLIHUDWLRQ��
GLIIHUHQWLDWLRQ�� DSRSWRVLV�� DQG� DQJLRJHQHVLV�� $ORQJ�
ZLWK� RVWHRSRURVLV�� PXVFOH� ZHDNQHVV�� DQG� LQFUHDVHG�
ULVN� RI� IUDFWXUHV�� YLWDPLQ� '� GHILFLHQF\� KDV� DOVR� EHHQ�
VKRZQ�WR�EH�DVVRFLDWHG�ZLWK�LQFUHDVHG�ULVN�RI�YDULRXV�
LQIHFWLRQV� DQG� DXWRLPPXQH�� PDOLJQDQW�� DQG� FKURQLF�
GLVHDVHV�� 5HFHQW� GDWD� VXJJHVW� WKDW� ULVN� RI� LQIHFWLRQ�
VXFK� DV� XULQDU\� WUDFW� LQIHFWLRQV�� WXEHUFXORVLV�� DQG�
RWKHU� UHVSLUDWRU\� LQIHFWLRQV� LQFUHDVHV� ZLWK� YLWDPLQ� '�
GHILFLHQF\�� +RZHYHU�� WKH� HIIHFW� RI� YLWDPLQ�'� OHYHO� RQ�
+��S\ORUL�LQIHFWLRQ�UHPDLQV�WR�EH�GHWHUPLQHG�-��� 
7KHUH� DUH� VHYHUDO� LQYHVWLJDWLRQDO� WRROV� WR� GHWHFW� WKH�
SUHVHQFH�RI�+��S\ORUL�LQ�DQ�LQGLYLGXDO��DQG�LQFOXGH�ERWK�
LQYDVLYH�DV�ZHOO�DV�QRQLQYDVLYH�WHVWV��7R�HUDGLFDWH�WKH�
+�� S\ORUL� VXFFHVVIXOO\�� D� SRSXODU� FRPELQDWLRQ� RI� WZR�
DQWLELRWLFV�� QDPHO\� DPR[LFLOOLQ� DQG� FODULWKURP\FLQ� LV�
XVHG� DORQJ� ZLWK� D� SURWRQ� SXPS� LQKLELWRU� IRU� ��� GD\V�
DQG�LV�FRQVLGHUHG�DV�D�ILUVW�OLQH�WKHUDS\��� 
7KH�HUDGLFDWLRQ� WKHUDS\� LV�QRW�DOZD\V�VXFFHVVIXO�DQG�
OHDGV�WR� IDLOXUH� LQ�VHYHUDO� LQVWDQFHV�� ,Q�VRPH�SDUWV�RI�
WKH� ZRUOG� WKH� HIILFDF\� LV� GHFOLQLQJ���� 6LQFH� VHUXP�
YLWDPLQ� '� OHYHO� LV� DVVRFLDWHG� ZLWK� VHYHUDO� KHDOWK�
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UHODWHG� SUREOHPV�� DQG� WKHUH� LV� QRW� HQRXJK� HYLGHQFH�
DQG� GDWD� VKRZLQJ� LQIOXHQFH� RI� ORZ� VHUXP� YLWDPLQ� '�
OHYHOV� LQ� WKH�PDQDJHPHQW� RI� HUDGLFDWLRQ� RI� +�� S\ORUL�
LQIHFWLRQ� HUDGLFDWLRQ� LQ� SDWLHQWV� WUHDWHG� DW� PHGLFDO�
ZDUGV�RI�/LDTXDW�8QLYHUVLW\�+RVSLWDO��-DPVKRUR� 

0(7+2'2/2*< 

'XULQJ�WKH�LQLWLDO�VWDJH�RI�VWXG\��D�WRWDO�RI�����SDWLHQWV�
ZHUH� UHFUXLWHG� WKURXJK� UHWURVSHFWLYH� VWXG\� GHVLJQ� E\�
XVLQJ� FRQVHFXWLYH� VDPSOLQJ� WHFKQLTXH� IURP�0DUFK�–�
6HSWHPEHU� ����� SUHVHQWHG� DQG� RU� DGPLWWHG� LQ� WKH�
PHGLFDO� ZDUG� RI� /LDTXDW� 8QLYHUVLW\� +RVSLWDO��
-DPVKRUR��,Q�WKLV�VWXG\��ZH�LQFOXGHG�SDWLHQWV�EHWZHHQ�
WKH�DJHV�RI����DQG����\HDUV�RI�HLWKHU�JHQGHU�UHFHLYLQJ�
+�� S\ORUL� HUDGLFDWLRQ� WKHUDS\�� $Q\� SDWLHQW� ZKR� ZDV�
DOUHDG\� RQ� DQWLELRWLFV�� SURWRQ� SXPS� LQKLELWRUV� RU�
YLWDPLQ�'�VXSSOHPHQWV�ZHUH�H[FOXGHG�IURP�WKH�VWXG\� 
7KH� LQFOXGHG� SDWLHQWV� ZHUH� GLDJQRVHG� DV� KDYLQJ�
JDVWULWLV� GXH� WR� +�� S\ORUL� LQIHFWLRQ�� RQ� WKH� EDVLV� RI�
KLVWRU\�� H[DPLQDWLRQ� DQG� ODERUDWRU\� ILQGLQJV� XVLQJ�
VWDQGDUG�SURWRFRO�E\�KLVWRSDWKRORJLFDO�H[DPLQDWLRQ�RI�
*LHPVD-VWDLQHG� JDVWULF� ELRSV\� VSHFLPHQV�� $� ��FF�
GLVSRVDEOH� V\ULQJH� ZDV� XVHG� IRU� WKH� FROOHFWLRQ� RI�
EORRG� VDPSOH� DQG� HVWLPDWLRQ� RI� VHUXP� YLWDPLQ� '�
OHYHOV�� 9LWDPLQ� '� OHYHOV� RI� OHVV� WKDQ� ��� QJ�PO� LV�
FRQVLGHUHG� DV� YLWDPLQ� '� LQVXIILFLHQF\� DQG� DERYH� ���
QJ�PO� LV� FRQVLGHUHG� DV� VXIILFLHQW� VHUXP� YLWDPLQ� '�
OHYHO�� 7KH� FXW� RII� YDOXH� RI� YLWDPLQ�'� OHYHO� ZDV� WDNHQ�
IURP�WKH�'LDJQRVWLF�	�5HVHDUFK�ODERUDWRU\�RI�/LDTXDW�
8QLYHUVLW\�+RVSLWDO� 
3DWLHQWV� ZLWK� SRVLWLYH� +�� S\ORUL� LQIHFWLRQ� ZHUH�
SUHVFULEHG� WKH� ILUVW� OLQH� WULSOH� HUDGLFDWLRQ� WKHUDS\����
LQFOXGLQJ� RPHSUD]ROH�� DPR[LFLOOLQ�� DQG� FODULWKURP\FLQ�
IRU����GD\V��DQG�ZHUH�IROORZHG�XS�ZLWK�+��3\ORUL�VWRRO�
DQWLJHQ� WR� DVFHUWDLQ� HUDGLFDWLRQ�� $� VWUXFWXUHG�
TXHVWLRQQDLUH�ZDV�XVHG�WR�UHFRUG�WKH�GDWD�RI�SDWLHQWV�
LQFOXGLQJ� DJH�� JHQGHU�� DQG� VHUXP� YLWDPLQ� '� OHYHOV��
7KH� 6WDWLVWLFDO� 3DFNDJH� IRU� WKH� 6RFLDO� 6FLHQFHV�
�6366�YHUVLRQ������ZDV�XVHG�WR�DQDO\]H�WKH�FROOHFWHG�
GDWD� 

5(68/76 

$�WRWDO�RI�����SDWLHQWV�ZHUH�HQUROOHG�IRU�WKH�VWXG\�DIWHU�
PHHWLQJ� WKH� DOUHDG\� PHQWLRQHG� LQFOXVLRQ� DQG�
H[FOXVLRQ�FULWHULD��RXW�RI�ZKLFK�PDMRULW\�ZHUH� IHPDOHV�
�1� ����� �����DV�FRPSDUHG� WR�PDOHV� �1� ����������
DQG�PRVW� RI� WKHP�EHORQJHG� WR� UXUDO� DUHD� WKDQ� XUEDQ�
����DQG������UHVSHFWLYHO\� 
7KH�PDLQ�REMHFWLYH�RI�RXU� VWXG\�ZDV� WR�DVFHUWDLQ� WKH�
DVVRFLDWLRQ� RI� VHUXP� YLWDPLQ� '� OHYHOV� ZLWK� WKH�
WUHDWPHQW� RI� +�� S\ORUL� LQIHFWLRQ�� ,Q� SDWLHQWV� ZKR�
UHFHLYHG� WULSOH� UHJLPH� IRU� WKH� HUDGLFDWLRQ� RI� +�� S\ORUL�
LQIHFWLRQ�DQG�KDYLQJ�VXIILFLHQW� OHYHOV�RI�VHUXP�YLWDPLQ�
'�OHYHOV������QJ�PO��ZHUH�VLJQLILFDQWO\�DVVRFLDWHG�ZLWK�
WUHDWPHQW�VXFFHVVIXO�UDWHV��VXFFHVVIXO�UDWH� ������DV�
FRPSDUHG� WR� SDWLHQWV� KDYLQJ� LQVXIILFLHQW� OHYHOV� RI�
VHUXP�YLWDPLQ�'�OHYHOV��WUHDWPHQW�IDLOXUH�UDWH� �������

7KLV�GHVFULSWLRQ�LV�VKRZQ�LQ�*UDSK�,� 
7KH�PHDQ�YLWDPLQ�'�OHYHO�ZDV�UHPDUNDEO\�ORZHU�LQ�WKH�
+�� S\ORUL� HUDGLFDWLRQ� WUHDWPHQW� IDLOXUH� SDWLHQWV� DV�
FRPSDUHG� WR� WKH� VXFFHVVIXO� +�� S\ORUL� HUDGLFDWLRQ�
WUHDWPHQW�SDWLHQWV������������YV��������������3�������
�7DEOH�,�� 
)XUWKHUPRUH��PRUH� WKDQ�����RI� WKH�SDWLHQWV� �1� ����
RXW�RI�����ZKR�GLG�QRW�UHVSRQG�WR�ILUVW�OLQH�WKHUDS\�IRU�
WKH�HUDGLFDWLRQ�RI�+��S\ORUL� LQIHFWLRQ�ZHUH�GHILFLHQW� RI�
YLWDPLQ� '� OHYHOV� ��� ��QJ�PO��� 5HVW� RI� WKH� GHWDLOHG�
GHVFULSWLRQ�KDV�VKRZQ�LQ�*UDSK�,,�	�,,,�� 
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+HOLFREDFWHU�3\ORUL�LV�D�KHOLFDO�VKDSHG��JUDP�QHJDWLYH�
EDFWHULXP� WKDW� FRORQL]HV� LQ� WKH� GLJHVWLYH� WUDFW�� 2QFH�
WKHUH�� LW� EHJLQV� WKH� GLVHDVH� SURFHVV� E\� FDXVLQJ�
FKURQLF� LQIODPPDWLRQ� DQG� LPPXQH� UHVSRQVHV���
,QWHUHVWLQJO\�� PDMRULW\� RI� LQGLYLGXDOV� LQIHFWHG� ZLWK� +��
S\ORUL�UHPDLQ�V\PSWRPOHVV��EXW�WKH�ULVN�RI�GHYHORSLQJ�
SHSWLF�XOFHU�LQ�WKHLU�HQWLUH�OLIHWLPH�LV�DURXQG����WR������
+RZHYHU��WKRVH�ZKR�GR�KDYH�V\PSWRPV��SUHVHQW�ZLWK�
G\VSHSVLD��DEGRPLQDO�SDLQ��QDXVHD�DQG�YRPLWLQJ��-��� 
$OWKRXJK� LQIHFWLRQ� UDWHV� IRU�PDOH�DQG� IHPDOH�FKLOGUHQ�
DUH�VLPLODU�WKHUH�PD\�EH�D�VOLJKW�PDOH�SUHSRQGHUDQFH�
RI� WKH� LQIHFWLRQ� LQ� DGXOWKRRG�� ,Q� D� PHWD-DQDO\VLV� RI�
REVHUYDWLRQDO�� SRSXODWLRQ-EDVHG� VWXGLHV�� PHQ� ZHUH�
VOLJKWO\� PRUH� OLNHO\� WR� EH +�� S\ORUL-SRVLWLYH� WKDQ�
ZRPHQ�� 25 ����� ����� &,� ����–��������� 7KLV� ZDV�
FRQILUPHG� LQ�D�VWXG\�RI�DGXOWV� LQ�2QWDULR��&DQDGD�� LQ�
ZKLFK� WKH� RYHUDOO� VHURSUHYDOHQFH� ZDV� ������ EXW�
KLJKHU� LQ� PHQ� �������� WKDQ� ZRPHQ� ����������� 2QH�
H[SODQDWLRQ� WKDW� KDV� EHHQ� SURSRVHG� IRU� WKH� ORZHU�
VHURSUHYDOHQFH� LQ� ZRPHQ� LV� WKDW� WKH\� PD\� EH� PRUH�
OLNHO\� WR� FOHDU +�� S\ORUL LQIHFWLRQ� EHFDXVH� RI� KLJKHU�
UDWHV� RI� LQFLGHQWDO� DQWLELRWLF� XVH� IRU� RWKHU� LQGLFDWLRQ��
2Q� WKH� RWKHU� KDQG�� RXU� VWXG\� KDV� VKRZQ� JHQGHU�
GLIIHUHQFHV�LQ�WKH�GLVWULEXWLRQ�RI�+��S\ORUL�LQIHFWLRQ�DQG�
LQ� RXU� VWXG\� IHPDOHV� DUH� SUHGRPLQDQWO\� DVVRFLDWHG�
ZLWK�+��S\ORUL�LQIHFWLRQ�WKDQ�PDOHV 
+HOLFREDFWHU� S\ORUL LQIHFWLRQ� UHPDLQV�RQH�RI� WKH�PRVW�
FRPPRQ�FKURQLF�EDFWHULDO�LQIHFWLRQV�DIIHFWLQJ�KXPDQV��
6LQFH� SXEOLFDWLRQ� RI� WKH� ODVW� $PHULFDQ� &ROOHJH� RI�
*DVWURHQWHURORJ\� �$&*�� &OLQLFDO� *XLGHOLQH� LQ� ������
VLJQLILFDQW� VFLHQWLILF� DGYDQFHV� KDYH� EHHQ� PDGH�
UHJDUGLQJ�WKH�PDQDJHPHQW�RI +��S\ORUL LQIHFWLRQ�DQG�LW�
LV� FRQVLGHUHG� WR� EH� WKH� PRVW� FRPPRQ� FDXVH� RI�
JDVWULWLV�DQG�WKH�HUDGLFDWLRQ�RI�+��S\ORUL�PD\�UHVXOW� LQ�
GHFUHDVHG�UDWH�RI�UHFXUUHQFH�RI�SHSWLF�XOFHU�WKHUHIRUH��
DOO�SDWLHQWV�ZLWK�WKH�LQIHFWLRQ�VKRXOG�EH�WUHDWHG��� 
8QIRUWXQDWHO\�� WKH� WKHUDS\� LV� QRW� DOZD\V� VXFFHVVIXO��
6HYHUDO� VWXGLHV� KDYH� EHHQ� FDUULHG� RXW� RQ� YDULRXV�

DVSHFWV�RI�+�� S\ORUL�� HVSHFLDOO\� UHJDUGLQJ� IDFWRUV� WKDW�
UHVXOW�LQ�IDLOXUH�RI�HUDGLFDWLRQ�WKHUDS\��2QH�VXFK�IDFWRU�
LV� ORZ� VHUXP� YLWDPLQ� '� OHYHOV���� 1XPHURXV� UHVHDUFK�
VWXGLHV� KDYH� VXJJHVWHG� 9LWDPLQ '� SRVVHVVHV� DQWL-
LQIODPPDWRU\� DQG� LPPXQRUHJXODWRU\� SURSHUWLHV��
SURYLGLQJ� SURWHFWLRQ� IURP� D� QXPEHU� RI� FKURQLF�
GLVHDVHV��VXFK�DV�LQIHFWLRXV�SURFHVVHV��PDOLJQDQFLHV��
FDUGLRYDVFXODU�SUREOHPV�DQG�DXWRLPPXQH�GLVRUGHUV����
,Q� RQH� VXFK� UHWURVSHFWLYH� VWXG\�� WKH� UHODWLRQVKLS�
EHWZHHQ� ORZ� VHUXP� YLWDPLQ� '� OHYHOV� DQG� UDWH� RI� +��
S\ORUL�HUDGLFDWLRQ�ZDV�REVHUYHG��,W�ZDV�VXJJHVWHG�WKDW�
VHUXP� YLWDPLQ� '� GHILFLHQF\� KLQGHUV� FOHDUDQFH� RI� +��
3\ORUL�LQIHFWLRQ�DQG�PD\�UHVXOW�LQ�HUDGLFDWLRQ�IDLOXUH���  
,Q� WKLV�VWXG\��ZH�IRXQG�WKH +��S\ORUL HUDGLFDWLRQ�UDWHV�
WR�EH�VLJQLILFDQWO\� ORZHU�LQ�SDWLHQWV�ZLWK�ORZ�YLWDPLQ�'�
OHYHOV�� ,Q� DGGLWLRQ�� WKH� QXPEHU� RI� SDWLHQWV� ZLWK�
GHILFLHQW� YLWDPLQ� '� OHYHOV� ZDV� VLJQLILFDQWO\� KLJKHU� LQ�
WKH� HUDGLFDWLRQ� IDLOXUH� JURXS� FRPSDUHG� WR� WKH�
VXFFHVVIXO� JURXS�� $� SRWHQWLDO� SDWKRJHQLF�PHFKDQLVP�
H[SODLQLQJ� WKH� REVHUYHG� DVVRFLDWLRQ� EHWZHHQ� YLWDPLQ�
'�VWDWXV�DQG�HUDGLFDWLRQ�UDWHV�LV�WKH�LPSDLUPHQW�RI�WKH�
YLWDPLQ�'�VLJQDO� LPPXQH� IXQFWLRQ��ZKLFK�PD\� OHDG� WR�
LQDGHTXDWH� LPPXQH� UHVSRQVH�� 9LWDPLQ� '� GHILFLHQF\�
PD\�EH�D�ULVN�IDFWRU�DVVRFLDWHG�ZLWK +��S\ORUL LQIHFWLRQ�
WUHDWPHQW� IDLOXUH� DQG� PD\� OHDG� WR� D� QHHG� IRU�
VXSSOHPHQWDWLRQ� RI� YLWDPLQ� '� EHIRUH +�� S\ORUL�
HUDGLFDWLRQ�WKHUDS\�� 
7KH� OLQN� EHWZHHQ� YLWDPLQ� '� GHILFLHQF\� DQG�
VXVFHSWLELOLW\� WR� LQIHFWLRQ� KDV� EHHQ� VXJJHVWHG� IRU�
ORQJHU� WKDQ�D�FHQWXU\��ZLWK� WKH�HDUO\�REVHUYDWLRQ� WKDW�
FKLOGUHQ� ZLWK� QXWULWLRQDO� ULFNHWV� ZHUH� PRUH� OLNHO\� WR�
H[SHULHQFH� LQIHFWLRQV� RI� WKH� UHVSLUDWRU\� V\VWHP��
OHDGLQJ� WR� WKH� FRLQLQJ� RI� WKH� SKUDVH� ³UDFKLWLF� OXQJ´��
5HFHQWO\�� RQH� RI� WKH� PRVW� LQWHUHVWLQJ� UHSRUWV� RQ�
YLWDPLQ�'�E\�*XR /�HW�DO���� KDV�VKRZQ�WKDW�YLWDPLQ�'�
GHPRQVWUDWHV�DQ�DQWLPLFURELDO�HIIHFW�DJDLQVW +��S\ORUL� 
 *XR /�HW�DO���IRXQG�WKDW�YLWDPLQ�'�SOD\V�DQ� LPSRUWDQW�
UROH� LQ� JDVWULF� PXFRVD� KRPHRVWDVLV� DQG� KRVW�
SURWHFWLRQ� IURP +�� S\ORUL LQIHFWLRQ�� 6HYHUDO� VWXGLHV�
DURXQG� WKH� ZRUOG� KDYH� VKRZQ� YLWDPLQ� '� WR� EH�
SURWHFWLYH�DJDLQVW�WKH�EDFWHULXP��7KHUHIRUH��ORZ�OHYHOV�
RI� YLWDPLQ� '� DUH� QRW� VXIILFLHQW� HQRXJK� WR� SURWHFW�
DJDLQVW� WKLV� JUDP� QHJDWLYH� EDFWHULXP����� ZKLFK� RXU�
VWXG\�KDV�DOVR�SURYHG� 
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,Q�FRQFOXVLRQ��RXU�VWXG\�VKRZHG�WKDW�WKH�VXFFHVV�UDWH�
RI� +�� 3\ORUL� HUDGLFDWLRQ� WKHUDS\� LV� ORZHU� LQ� SDWLHQWV�
ZKR� DUH� GHILFLHQW� LQ� YLWDPLQ� '�� )XUWKHU� VWXGLHV� DUH�
UHTXLUHG�WR�VHH�HIILFDF\�RI�YLWDPLQ�'�VXSSOHPHQWDWLRQ�
DORQJ�ZLWK�+� S\ORUL HUDGLFDWLRQ�WKHUDS\ 

(WKLFDO� SHUPLVVLRQ�� /LDTXDW�8QLYHUVLW\�RI�0HGLFDO�
	�+HDOWK�6FLHQFHV�(5&�SHUPLVVLRQ�OHWWHU�1R��/80+6�
5(&�-�����GDWHG����-��-����� 

&RQIOLFW�RI�,QWHUHVW��7KHUH�LV�QR�FRQIOLFW�RI�LQWHUHVW� 
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)XQGLQJ��7KHUH�ZDV�QR�DQ\�IXQGLQJ�DJHQF\� 

$87+25�&2175,%87,216 

$OPDQL�6$� 'UDIWLQJ�RI�PDQXVFULSW��H[SHUW�RSLQLRQ�� 
1D]LD�6�� &RQFHSW��'DWD�FROOHFWLRQ�	�LQWHUSUHWDWLRQ� 
6KDK�0,�� 'DWD�FROOHFWLRQ�	�DQDO\VLV��
LQWHUSUHWDWLRQ�RI�GDWD 
.XPDU�6�� )LQDO�SURRI�UHDGLQJ��OLWHUDWXUH�UHYLHZ 
6KDLNK�)�� &RQFHSW�� LQWHUSUHWDWLRQ� DQG� DQDO\VLV� RI�
GDWD 

5()(5(1&(6 

�� <HH� -.&�� $UH� WKH� YLHZ� RI� +HOLFREDFWHU� S\ORUL�
FRORQL]HG� LQ� WKH� RUDO� FDYLW\� DQ� LOOXVLRQ"� ([S� 0RO�
0HG����������������H���� 

�� 'XTXH� ;�� 9LOFKLV� -�� 0HUD� 5�� 7UHMR-9DOGLYLD� %��
*RRGPDQ�.-��0HQGR]D�0(��HW�DO��1DWXUDO�KLVWRU\�
RI� +HOLFREDFWHU� S\ORUL� LQIHFWLRQ� LQ� 0H[LFDQ�
VFKRROFKLOGUHQ�� LQFLGHQFH� DQG� VSRQWDQHRXV�
FOHDUDQFH��-�3HGLDWU�*DVWURHQWHURO�1XWU����������
����� ���-���� GRL� ��������03*��E���H�
���������I� 

�� .KRGHU�*��0XKDPPDG� -6��0DKPRXG� ,�� 6ROLPDQ�
660�� %XUXFRD� &�� 3UHYDOHQFH� RI� +HOLFREDFWHU�
S\ORUL� DQG� ,WV� $VVRFLDWHG� )DFWRUV� DPRQJ�+HDOWK\�
$V\PSWRPDWLF� 5HVLGHQWV� LQ� WKH� 8QLWHG� $UDE�
(PLUDWHV�� 3DWKRJHQV�� ������ ������ ���� 
GRL����������SDWKRJHQV�������� 

�� 'DVK�15��.KRGHU�*��1DGD�$0��$O�%DWDLQHK�07��
([SORULQJ�WKH�LPSDFW�RI�+HOLFREDFWHU�S\ORUL�RQ�JXW�
PLFURELRPH�FRPSRVLWLRQ��3/R6�2QH���������������
H���������GRL����������MRXUQDO�SRQH��������� 

�� %HUQDUGH� &�� .KRGHU� *�� /HKRXUV� 3�� %XUXFRD� &��
)DXFKHUH� -/�� 'HOFKLHU� -&�� HW� DO�� 3URWHRPLF�
+HOLFREDFWHU� S\ORUL� ELRPDUNHUV� GLVFULPLQDWLYH� RI�
ORZ-JUDGH�JDVWULF�0$/7� O\PSKRPD�DQG�GXRGHQDO�
XOFHU�� 3URWHRPLFV� &OLQ� $SSO�� ������ ������ ���-����
GRL����������SUFD����������� 

�� 3DQDUHVH�$��*DODWROD�*��$UPHQWDQR�5��3LPHQWHO-
1XQHV�3��,HUDUGL�(��&DUXVR�0/��HW�DO��+HOLFREDFWHU�
S\ORUL-LQGXFHG� LQIODPPDWLRQ�PDVNV� WKH�XQGHUO\LQJ�
SUHVHQFH� RI� ORZ-JUDGH� G\VSODVLD� RQ� JDVWULF�
OHVLRQV�� :RUOG� -� *DVWURHQWHURO�� ������ ��������
����-����GRL� ��������ZMJ�Y���L�������� 

�� +DQ�&��1L�=��<XDQ�7��=KDQJ�-��:DQJ�&��:DQJ�;��
HW� DO�� ,QIOXHQFH� RI� VHUXP� YLWDPLQ� '� OHYHO� RQ�
+HOLFREDFWHU� S\ORUL� HUDGLFDWLRQ�� $� PXOWL-FHQWHU��
REVHUYDWLRQDO��SURVSHFWLYH�DQG�FRKRUW�VWXG\��-�'LJ�
'LV�� ������ ������� ���-��� GRL�� ������������-
����������� 

�� (O�6KDKDZ\�06��+HPLGD�0+��(O�0��,��6KDG\�=0��
7KH� HIIHFW� RI� YLWDPLQ�'�GHILFLHQF\� RQ� HUDGLFDWLRQ�
UDWHV� RI�+HOLFREDFWHU� S\ORUL� LQIHFWLRQ�� -*+�2SHQ��
���������������-���GRL����������MJK�������� 

�� 0XW�6'��6XUPHOL�=*��%DKVL�5��7XUJXW�7��6HOYL�2+��
$WPLV� 9�� HW� DO�� 9LWDPLQ� '� GHILFLHQF\� DQG� ULVN� RI�

+HOLFREDFWHU� S\ORUL� LQIHFWLRQ� LQ� ROGHU� DGXOWV�� D�
FURVV-VHFWLRQDO� VWXG\��$JLQJ�&OLQ�([S�5HV��������
����������-����GRL����������V�����-���-����-�� 

��� <LOGLULP�2��<LOGLULP�7��6HFNLQ�<��2VDQPD]�3��%LOJLF�
<��0HWH�5��7KH� LQIOXHQFH� RI� YLWDPLQ�'�GHILFLHQF\�
RQ� HUDGLFDWLRQ� UDWHV� RI� +HOLFREDFWHU� S\ORUL�� $GY�
&OLQ� ([S� 0HG�� ������ ������� ����-���� GRL��
���������DFHP������� 

��� &KH\�:'��/HRQWLDGLV�*,��+RZGHQ�&:��0RVV�6)��
$&*�&OLQLFDO�*XLGHOLQH��7UHDWPHQW�RI�+HOLFREDFWHU�
S\ORUL�,QIHFWLRQ��$P�-�*DVWURHQWHURO����������������
���-����GRL����������DMJ���������� 

��� &KH\�:'��/HRQWLDGLV�*,��+RZGHQ�&:��0RVV�6)��
&RUUHFWLRQ�� $&*�&OLQLFDO� *XLGHOLQH�� 7UHDWPHQW� RI�
+HOLFREDFWHU�S\ORUL� ,QIHFWLRQ��$P�-�*DVWURHQWHURO��
������ �������� ������ '2,�� ��������V�����-���-
����-�� 

��� $PLQL� 0�� .DUEDVL� $�� .KHGPDW� +�� (YDOXDWLRQ� RI�
HDWLQJ�KDELWV� LQ�G\VSHSWLF�SDWLHQWV�ZLWK�RU�ZLWKRXW�
+HOLFREDFWHU� S\ORUL� LQIHFWLRQ�� 7URS� *DVWURHQWHURO��
����������������-�� 

��� 1LVKLVH�<��)XNDR�$��7DNDKDVKL�7��5LVN�IDFWRUV�IRU�
+HOLFREDFWHU� S\ORUL� LQIHFWLRQ� DPRQJ� D� UXUDO�
SRSXODWLRQ�LQ�-DSDQ��UHODWLRQ�WR�OLYLQJ�HQYLURQPHQW�
DQG�PHGLFDO�KLVWRU\��-�(SLGHPLRO������������������
-����GRL����������MHD�������� 

��� *LDQQX]]L�)��*LDQQX]]L�8��%LDQFLDUGL�/��*LDQQDFH�
5��&DPSDJQD�6��)UDQFL�0%��HW�DO��5LVN�IDFWRUV�IRU�
DFTXLULQJ� +HOLFREDFWHU� S\ORUL� LQIHFWLRQ� LQ� D� JURXS�
RI�7XVFDQ�WHHQDJHUV��1HZ�0LFURELRO���������������
���-��� 

��� GH�0&��3DUVRQQHW�-��+HOLFREDFWHU�S\ORUL� LQIHFWLRQ�
DQG�JHQGHU�� D�PHWD-DQDO\VLV�RI� SRSXODWLRQ-EDVHG�
SUHYDOHQFH� VXUYH\V�� 'LJ� 'LV� 6FL�� ������ ��������
����-�����GRL����������V�����-���-����-�� 

��� 1DMD�)��.UHLJHU�1��6XOOLYDQ�7��+HOLFREDFWHU�S\ORUL�
LQIHFWLRQ� LQ� 2QWDULR�� SUHYDOHQFH� DQG� ULVN� IDFWRUV��
&DQ� -� *DVWURHQWHURO�� ������ ������� ���-��� GRL��
�������������������� 

��� 5RWKHQEDFKHU�'��%RGH�*��:LQ]�7��%HUJ�*��$GOHU�
*�� %UHQQHU� +�� +HOLFREDFWHU� S\ORUL� LQ� RXW-SDWLHQWV�
RI� D� JHQHUDO� SUDFWLWLRQHU�� SUHYDOHQFH� DQG�
GHWHUPLQDQWV�RI�FXUUHQW�LQIHFWLRQ��(SLGHPLRO�,QIHFW��
������ �������� ���-��� GRL�� ��������V������������
������ 

��� $QWLFR� $�� 7R]]ROL� 5�� *LDYDULQD� '�� 7RQXWWL� (��
%L]]DUR� 1�� +\SRYLWDPLQRVLV� '� DV� SUHGLVSRVLQJ�
IDFWRU� IRU�DWURSKLF� W\SH�$�JDVWULWLV��D�FDVH-FRQWURO�
VWXG\� DQG� UHYLHZ� RI� WKH� OLWHUDWXUH� RQ� WKH�
LQWHUDFWLRQ�RI�9LWDPLQ�'�ZLWK� WKH� LPPXQH�V\VWHP��
&OLQ� 5HY� $OOHUJ\� ,PPXQRO�� ������ ������� ���-����
GRL����������V�����-���-����-�� 

��� &KHQ� /:�� &KLHQ� &<�� +VLHK� &:�� &KDQJ� /&��
+XDQJ� 0+�� +XDQJ� :<�� HW� DO�� 7KH� $VVRFLDWLRQV�
%HWZHHQ� +HOLFREDFWHU� S\ORUL� ,QIHFWLRQ�� 6HUXP�
9LWDPLQ� '�� DQG� 0HWDEROLF� 6\QGURPH�� $�

5HVSRQVH�RI�+��3\ORUL�(UDGLFDWLRQ�7UHDWPHQW 

��� 
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&RPPXQLW\-%DVHG� 6WXG\�� 0HGLFLQH� �%DOWLPRUH��
���������������H������GRL����������0'����������
��������� 

��� <DQJ�/��+H�;��/L� /�� /X�&��(IIHFW�RI�YLWDPLQ�'�RQ�
+HOLFREDFWHU� S\ORUL� LQIHFWLRQ� DQG� HUDGLFDWLRQ�� $�
PHWD-DQDO\VLV��+HOLFREDFWHU���������������H�������

GRL����������KHO������� 
��� *XR�/��&KHQ�:��=KX�+��&KHQ�<��:DQ�;��<DQJ�1��

HW� DO�� +HOLFREDFWHU� S\ORUL� LQGXFHV� LQFUHDVHG�
H[SUHVVLRQ� RI� WKH� YLWDPLQ� G� UHFHSWRU� LQ� LPPXQH�
UHVSRQVHV�� +HOLFREDFWHU�� ������ ������� ��-��� 
GRL����������KHO������� 
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'U��6XKDLO�$KPHG�$OPDQL��&RUUHVSRQGLQJ�$XWKRU� 
3URIHVVRU�RI�0HGLFLQH 
/LDTXDW�8QLYHUVLW\�RI�0HGLFDO�	�+HDOWK�6FLHQFHV 
�/80+6���-DPVKRUR��6LQGK-3DNLVWDQ� 
(PDLO��VDDOPDQL���#\DKRR�FRP 
 
'U��6KDIDT�1D]LD 
$VVLVWDQW�3URIHVVRU�RI�0HGLFLQH 
/80+6��-DPVKRUR��6LQGK-3DNLVWDQ� 
 
'U��0XKDPPDG�,TEDO�6KDK 
3URIHVVRU�RI�0HGLFLQH 
/80+6��-DPVKRUR��6LQGK-3DNLVWDQ� 
 
'U��6DQWRVK�.XPDU 
$VVRFLDWH�3URIHVVRU�RI�0HGLFLQH� 
/80+6��-DPVKRUR��6LQGK-3DNLVWDQ� 
 
'U��)DUD]�XO�+DTXH�6KDLNK 
602��5HG�&UHVFHQW�&DUGLRORJ\�+RVSLWDO 
+\GHUDEDG��6LQGK-3DNLVWDQ�� 


