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$EVWUDFW

2EMHFWLYHV� 7R�GHWHUPLQH�WKH�DVVRFLDWLRQV�EHWZHHQ�YHUWLFDO�MXPS�KHLJKW�DQG�DQWKURSRPHWULF�FKDUDFWHULVWLFV�LQ�QRQ�
DWKOHWH� FROOHJH� VWXGHQWV��3DUWLFLSDQWV� &ROOHJH� VWXGHQWV� �Q�  � ����� DJHG� ����� �� ���� \HDUV� SDUWLFLSDWHG� LQ� D� VWXG\�
PHDVXULQJ� FRXQWHUPRYHPHQW� YHUWLFDO� MXPSV� DQG� VHYHUDO� DQWKURSRPHWULF� YDULDEOHV�� 2XWFRPH� PHDVXUHV�
$QWKURSRPHWULF�YDULDEOHV�ZHUH�UHFRUGHG��DJH��KHLJKW��ERG\�ZHLJKW��ERG\�PDVV�LQGH[��ERG\�IDW�SHUFHQWDJH�� IDW�IUHH�
PDVV�� DQG�ERG\� VXUIDFH� DUHD��9HUWLFDO� MXPS�ZDV� DVVHVVHG� XVLQJ� D�9(57(&� MXPS� V\VWHP��5HVXOWV��9HUWLFDO� MXPS�
KHLJKW� ZDV� VLJQLILFDQWO\� GLIIHUHQW� EHWZHHQ� JHQGHU� DQG� JURXS� FODVVLILFDWLRQ� E\� ERG\� IDW� �S� �� ������� %RG\� IDW�
SHUFHQWDJH�GLVSOD\HG�VWURQJ�QHJDWLYH�FRUUHODWLRQV��U� ��������S���������DQG�IDW�IUHH�PDVV�GLVSOD\HG�VWURQJ�SRVLWLYH��U�
 �������S ��������FRUUHODWLRQV�ZLWK�YHUWLFDO�MXPS�IRU�DOO�WKH�VXEMHFWV��%RWK�RI�WKHVH�ILQGLQJV�ZHUH�FRQVLVWHQW�DFURVV�
JURXS� FDWHJRUL]DWLRQV� �ERG\� IDW� SHUFHQW� DQG� ERG\� PDVV� LQGH[�� ZLWK� ERG\� IDW� SHUFHQW� \LHOGLQJ� WKH� VWURQJHVW�
FRUUHODWLRQV�ZLWK� MXPS�SHUIRUPDQFH��&RQFOXVLRQ� 7KLV� VWXG\�VXJJHVWV�ERG\� IDW�SHUFHQWDJH�DQG� IDW�IUHH�PDVV�KDYH�
VWURQJ�DVVRFLDWLRQV�ZLWK�YHUWLFDO�MXPS�KHLJKW�LQ�QRQ�DWKOHWH�FROOHJH�DJHG�VWXGHQWV�

.H\ZRUGV� %RG\�FRPSRVLWLRQ��-XPS�GLVSODFHPHQW��%RG\�IDW�SHUFHQW��)DW�IUHH�PDVV

,QWURGXFWLRQ

9HUWLFDO� MXPS� LV� D� PRYHPHQW� ZKHUH� LQGLYLGXDOV� MXPS� YHUWLFDOO\� ZLWK� WKH� HQG� JRDO� RI� FUHDWLQJ� WKH� JUHDWHVW�
GLVSODFHPHQW�EHWZHHQ�WKHLU�IHHW�DQG�WKH�JURXQG��-XPS�SHUIRUPDQFH�LV�PHDVXUHG�E\�WKH�YHUWLFDO�GLVSODFHPHQW�RI�WKH�
FHQWUH�RI�PDVV�EHWZHHQ�ZKHQ�RQH�LV�VWDQGLQJ�RQ�WKH�JURXQG�DQG�ZKLOH�DW�WKH�DSH[�RI�WKH�MXPS��%REEHW�	�9DQ�6RHVW��
�������9HUWLFDO� MXPS�ZDV� ILUVW� GHVFULEHG� LQ������ �6DUJHQW�� ������ DQG� LV� D� IXQGDPHQWDO� DFWLYLW\� IRU�PDQ\�DWKOHWLF�
SK\VLFDO� DFWLYLW\� SDWWHUQV�� +HDOWK� FDUH� SURIHVVLRQDOV�� DWKOHWLF� FRDFKHV� DQG� VWUHQJWK� DQG� FRQGLWLRQLQJ� WUDLQHUV�
LQFRUSRUDWH�YHUWLFDO�MXPS�DV�DQ�REMHFWLYH�IXQFWLRQDO�PRYHPHQW�LQ�WKHLU�WUDLQLQJ�SDUDGLJPV��:DJJHQHU�HW�DO����������
9HUWLFDO� MXPS� LV� DQ� DFFHSWHG� PHDVXUHDEOH� IXQFWLRQDO� PRYHPHQW� RI� DQ� DWKOHWH¶V� DELOLW\� IRU� SK\VLFDO� SHUIRUPDQFH�
�%DUNHU�HW�DO���������'DYLV�HW�DO���������)U\�HW�DO���������&DUORFN�HW�DO���������%ODFN�HW�DO���������.UDVND�HW�DO���������
DQG�0DUNRYLF�HW�DO����������7ZR�RI�WKH�PRVW�FRPPRQ�MXPSV�XVHG�DUH�WKH�VTXDW�MXPS��6-��DQG�WKH�FRXQWHUPRYHPHQW�
MXPS� �&0-�� 7KH� &0-� KDV� EHHQ� GHPRQVWUDWHG� WR� KDYH� D� KLJK� FRUUHODWLRQ� ZLWK� ORZHU� OLPE� H[SORVLYH� SRZHU�
�0DUNRYLF�HW�DO���������DQG�LV�D�UHOLDEOH�DQG�YDOLG�ILHOG�WHVW�IRU�HVWLPDWLRQ�RI�SRZHU��7KH�&0-�FRQVLVWV�RI�DQ�LQLWLDO�
GRZQZDUG�PRYHPHQW� �FRXQWHUPRYHPHQW�� WKDW�HQGV�ZLWK�D� VTXDW�SRVLWLRQ�� IROORZHG�E\�DQ� LPPHGLDWH�DQG� IRUFHIXO�
KLS�� NQHH� DQG� DQNOH� H[WHQVLRQ� WKDW� SURSHOV� WKH� DWKOHWH� XSZDUG�� UHVXOWLQJ� LQ� WDNHRII� �5HLVHU� HW� DO��� ������� 7KH�
SURSXOVLRQ�SKDVH�EHJLQV�ZKHQ�WKH�FRQFHQWULF�FRQWUDFWLRQ�IROORZV�WKH�HFFHQWULF�FRQWUDFWLRQ��5HLVHU�HW�DO���������/L�,�
HW� DO��� �������7KH� FKDQJH� LQ�PRYHPHQW�SRVLWLRQ�� IURP� WKH� HFFHQWULF� WR� WKH� FRQFHQWULF� FRQWUDFWLRQV�� DOORZV� IRU� WKH�
JHQHUDWLRQ�RI�PD[LPDO�YHORFLW\� IRU� WKH� WDNH�RII�SKDVH��7KH�6-�FRQVLVWV�RI�KLS��NQHH��DQG�DQNOH�H[WHQVLRQ�DQG�DOVR�
UHVXOWV� LQ� WDNHRII�� EXW� WKH� PRYHPHQW� EHJLQV� IURP� D� VWDWLF� SRVLWLRQ� DQG� GRHV� QRW� SURYLGH� WKH� VDPH� MXPS� KHLJKW�
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�%REEHUW�HW�DO���������%REEHUW�HW�DO���������7KH�SHUIRUPDQFH�RI�WKH�DWKOHWH�LQ�WKH�YHUWLFDO�MXPS�LV�FORVHO\�UHODWHG�WR�
ELRPHFKDQLFV� DQG� YHORFLW\�� IRUFH�� DFFHOHUDWLRQ��PRPHQWXP� DQG� DUH� WKH� ELRPHFKDQLFDO� SULQFLSOHV� LQYROYHG� LQ� DQ\�
W\SH�RI�YHUWLFDO� MXPS� �%REEHUW� HW� DO��� ������5HLVHU� HW� DO����������%HVLGHV�PHFKDQLFDO� SULQFLSOHV�� UHVHDUFK�KDV� DOVR�
H[DPLQHG�LQGLYLGXDOLVWLF�IDFWRUV�ZKLFK�PD\�KDYH�WKH�JUHDWHVW�SUHGLFWLRQ�IRU�YHUWLFDO�MXPS�SHUIRUPDQFH��7KH�PDMRULW\�
RI� WKH� SUHYLRXV� VWXGLHV� KDYH� IRFXVHG� RQ� PRGLILDEOH� YDULDEOHV� LQ� DWKOHWHV�� VXFK� DV� PXVFOH� VWUHQJWK�� PXVFOH� VL]H��
VHJPHQWDO�PHDVXUHV��IOH[LELOLW\��EDODQFH��ERG\�FRPSRVLWLRQ��DQG�MXPSLQJ�WHFKQLTXH��&DUORFN�HW�DO���������0DUNRYLF�
HW�DO���������5HHYHV�HW�DO���������$VKOH\�HW�DO���������%DUNHU�HW�DO���������%ODFN�HW�DO���������+DUPHQ�HW�DO���������
6DKD�HW�DO����������$VLGH�IURP�WKHVH�SXEOLVKHG�VWXGLHV��ERG\�FRPSRVLWLRQ�DQG�DQWKURSRPHWULFV�KDYH�EHHQ�VKRZQ�WR�
SOD\�D�UROH�LQ�YHUWLFDO�MXPS�SHUIRUPDQFH��1XPHURXV�UHVHDUFKHUV�KDYH�FRQGXFWHG�VWXGLHV�RQ�DQWKURSRPHWULF�DQG�ERG\�
FRPSRVLWLRQ�YDULDEOHV��$VODQ�HW�DO���������'DYLV�HW�DO���������:\RQ�HW�DO���������5HHYHV�HW�DO���������0DUNRYLF�HW�DO���
������� KRZHYHU�� DOPRVW� DOO� RI� WKH� SXEOLVKHG� UHVHDUFK� KDV� EHHQ� FRQGXFWHG� RQ� DWKOHWHV� RU� UHFUHDWLRQDO� DWKOHWHV� RI�
YDU\LQJ�DJHV��7KHUHIRUH�WKH�SXUSRVH�RI�WKLV�VWXG\�ZDV�WR�GHWHUPLQH�WKH�DVVRFLDWLRQ�RI�DQWKURSRPHWULF�FKDUDFWHULVWLFV�
RQ�YHUWLFDO�MXPS�GLVSODFHPHQW�LQ�QRQ�DWKOHWH FROOHJH�VWXGHQWV��

0HWKRGV
3DUWLFLSDQWV

7ZR�KXQGUHG�DQG� WHQ�VXEMHFWV�ZHUH�DVNHG� WR�SDUWLFLSDWH� LQ� WKLV�VWXG\�DQG�RQH�KXQGUHG�VHYHQW\� VXEMHFWV�DJUHHG� WR�
WDNH�SDUW� LQ� WKLV� UHVHDUFK�SURMHFW��)RUW\�VXEMHFWV�GLG�QRW�ZDQW� WR�SDUWLFLSDWH�GXH� WR� WLPH� FRQVWUDLQWV��6XEMHFWV�ZHUH�
WDNLQJ�SDUW�LQ�D�EL�\HDUO\�YROXQWDU\�ILWQHVV�WHVWLQJ�SURMHFW�FRQGXFWHG�E\�WKH�([HUFLVH�DQG�6SRUW�6FLHQFH�GHSDUWPHQW��
:DOO�YHUWLFDO�MXPS�DVVHVVPHQW�ZDV�SDUW�RI�WKH�ILWQHVV�WHVWLQJ�SURWRFRO��6WXGHQWV�ZHUH�DOVR�DVNHG�LI�WKH\�ZRXOG�OLNH�WR�
YROXQWHHU�DW� WKLV�VWDWLRQ� WR�SHUIRUP�D�YHUWLFDO� MXPS�RQ� WKH�9(57(&�MXPS�V\VWHP��6WXGHQWV�ZHUH�H[FOXGHG� LI� WKH\�
ZHUH�FODVVLILHG�DV�D�FROOHJLDWH�DWKOHWH�ZKR�KDG�SUHYLRXV�WUDLQLQJ�RQ�WKH�9(57(&�MXPS�V\VWHP��7KLV�UHVHDUFK�SURMHFW�
ZDV�DSSURYHG�E\�WKH�,QVWLWXWLRQDO�5HYLHZ�%RDUG�IRU�+XPDQ�VXEMHFWV�DQG�DOO�VXEMHFWV�FRPSOHWHG�DQG�VLJQHG�D�ZULWWHQ�
FRQVHQW�GHWDLOLQJ�WKH�SXUSRVH�DQG�ULVN�RI�WKH�VWXG\�EHIRUH�WHVWLQJ�EHJDQ�

3URWRFRO
$QWKURSRPHWULF�PHDVXUHV
6XEMHFW¶V� KHLJKW� ZDV� DVVHVVHG� XVLQJ� VWDQGDUG� VWDGLRPHWHU DQG� DQWKURSRPHWULF� PHDVXUHV� ZHUH� FROOHFWHG� XVLQJ� D�
7DQLWD�ELRLPSHGDQFH�VFDOH�PRGHO� W����� �7DQLWD�&RSRUDWLRQ�RI�$PHULFD��$UOLQJWRQ�+HLJKWV�� ,/���%RG\�PDVV� LQGH[�
ZDV�FDOFXODWHG�DV��%0,� �ZHLJKW��NJ��KHLJKW��FP����7KH�0RVWHOODU�IRUPXOD��0RVWHOODU��������ZDV�XVHG�WR�FDOFXODWH�
ERG\�VXUIDFH�DUHD��%6$� ����������î�:��� î�+������6XEMHFWV�ZHUH�FODVVLILHG�E\�JHQGHU��%0,��XQGHUZHLJKW�QRUPDO�
����� NJ�P��� DQG� RYHUZHLJKW� �!��� NJ�P��� DQG� E\� ERG\� IDW� SHUFHQWDJH� �)LWQHVV� PHQ� ������� ZRPHQ� ��������
DFFHSWDEOH�PHQ���������ZRPHQ���������DQG�REHVH�PHQ�������ZRPHQ��������

9HUWLFDO�MXPS
9HUWLFDO�MXPS�DVVHVVPHQW�ZDV�FRQGXFWHG�XVLQJ�D�9HUWHF�YHUWLFDO�MXPS�WRZHU��6SRUWV�,PSRUWV��+LOODUG��2+���6XEMHFWV�
ZHUH� LQVWUXFWHG� RQ� KRZ� WR� SHUIRUP� D� FRXQWHUPRYHPHQW� MXPS� �&0-�� IRU� WKH� WKUHH� SKDVHV� RI� WKH� PRYHPHQW��
FRXQWHUPRYHPHQW�� SURSXOVLRQ� DQG� WDNH�RII�� 7KH� FRXQWHUPRYHPHQW� SKDVH� VWDUWV� LQ� D� VWDQGLQJ� SRVLWLRQ� DQG� EHJLQV�
ZLWK� GRZQZDUG�PRYHPHQW� E\� IOH[LQJ� WKH� NQHHV� DQG� KLSV� WR� D� FRPIRUWDEOH� SRVLWLRQ�� 7KH� SURSXOVLRQ� SKDVH� VWDUWV�
ZKHQ�WKH�KLSV�DQG�NQHHV�DUH�H[WHQGHG�LQ�D�KLJK�YHORFLW\�DQG�WKH�VXEMHFW�WKHQ�OHDSV�RII�WKH�IORRU��WDNH�RII�SKDVH��DQG�
UHDFKLQJ� ZLWK� WKHLU� SUHIHUUHG� KDQG� WR� WRXFK� WKH� GLVSODFHPHQW� PDUNHUV� 7KH� VXEMHFWV� ZHUH� DVNHG� WR� SHUIRUP� ILYH�
VWDQGLQJ� VTXDW� UHSHWLWLRQV� IRU� D� ZDUPXS� DQG� WKHQ� WZR� SUDFWLFH� MXPSV� DW� D� PRGHUDWH� YHORFLW\� WR� SUDFWLFH� WKH�
PRYHPHQW� SDWWHUQ�� )RU� WKH� 9HUWHF� MXPS� V\VWHP� VXEMHFWV� SRVLWLRQHG� WKHPVHOYHV� EHORZ� DQG� RQH� VWHS� EHKLQG� WKH�
PDUNHUV�WR�DOORZ�IRU�WKHLU�DUP�VZLQJ�WR�UHDFK�WKH�PDUNHUV��7KH\�ZHUH�DOORZHG�RQH�SUDFWLFH�MXPS�DQG�WKHQ�SHUIRUPHG�
WZR� PD[LPDO� YHORFLW\� MXPSV� DQG� ERWK� PHDVXUHV� ZHUH� UHFRUGHG�� 7KH� VXEMHFWV� PD[LPDO� MXPS� GLVSODFHPHQW� ZDV�
UHFRUGHG�DV�WKH�PD[LPDO�MXPS�KHLJKW�IRU�HDFK�WHVW�DQG�WKHLU�EHVW�DFKLHYHG�MXPS�ZDV�XVHG�IRU�VWDWLVWLFDO�DQDO\VLV�

6WDWLVWLFDO�$QDO\VLV
7KUHH�VHSDUDWH�RQH�ZD\�$129$�ZDV�XVHG� WR�DVVHVV�VLJQLILFDQW�DQWKURSRPHWULF�GLIIHUHQFHV�EHWZHHQ�JHQGHU��ERG\�
PDVV� LQGH[� FODVVLILFDWLRQ�� DQG� ERG\� IDW� SHUFHQW� FODVVLILFDWLRQ�� 6WDWLVWLFDO� VLJQLILFDQFH�ZDV� DFFHSWHG� DW� WKH� S� �� ����
OHYHO�� %LYDULDWH� 3HDUVRQ� FRUUHODWLRQV� ZHUH� HYDOXDWHG� XVLQJ� 6366� ����� IRU� :LQGRZV� �6366� ,QF��� &KLFDJR�� ,/���
6WDWLVWLFDO�VLJQLILFDQFH�ZDV�DFFHSWHG�DW�WKH�S�������OHYHO��
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5HVXOWV
$QWKURSRPHWULF�PHDVXUHV

2QH�KXQGUHG�VHYHQW\�VXEMHFWV������PDOH�����IHPDOH��DJUHHG�WR�SDUWLFLSDWH�LQ�WKLV�UHVHDUFK�SURMHFW��$YHUDJH�DJH�ZDV�
�����������\HDUV�ROG� IRU�DOO� VXEMHFWV�DQG� WKHUH�ZDV� VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�PDOHV� �������������DQG� IHPDOHV�
��������������S� �������7KH PDOH�VXEMHFWV�ZHUH�DOVR�WDOOHU�LQ�VWDWXUH�LQ�FHQWLPHWHUV��PDOH��������������IHPDOH���������
����� DQG� WKHUH� ZDV� D� VLJQLILFDQW� GLIIHUHQFH� EHWZHHQ� WKH� JURXSV¶� KHLJKW� �S� �� ������� 7DEOH� �� GLVSOD\V� WKH�
GHPRJUDSKLFDO� GDWD� E\� VXEMHFW� FODVVLILFDWLRQ�� 7KH� PDOH� VXEMHFWV� GLVSOD\HG� VLJQLILFDQW� GLIIHUHQFHV� IRU� ZHLJKW�� IDW�
SHUFHQWDJH��IDW�PDVV��)0���IDW�IUHH�PDVV��))0��DQG�ERG\�VXUIDFH�DUHD��%6$���DOO�VLJQLILFDQW��S����������ERG\�PDVV�
LQGH[��%0,��ZDV�QRW�VLJQLILFDQW�EHWZHHQ�WKH�JHQGHU�JURXSV��S� ��������&ODVVLILFDWLRQ�E\�%0,�GHPRQVWUDWHG�WKDW�WKH�
RYHUZHLJKW� VXEMHFWV�� KDG� VLJQLILFDQWO\� KLJKHU� YDOXHV� IRU� DOO� DQWKURSRPHWULF� YDULDEOHV� �S� �� ������ FRPSDUHG� WR� WKH�
QRUPDO� ZHLJKW� VXEMHFWV� �VHH� 7DEOH� ���� &ODVVLILFDWLRQ� E\� ERG\� IDW� SHUFHQWDJH� FRQILUPHG� VLJQLILFDQW� GLIIHUHQFHV�
EHWZHHQ WKH� RYHUZHLJKW� DQG� DFFHSWDEOH� JURXSV� IRU� DOO� YDULDEOHV� �S� �� ������ H[FHSW� IRU� ))0� �S�  � ������� 6LPLODU�
ILQGLQJV�ZHUH�REVHUYHG�EHWZHHQ�WKH�RYHUZHLJKW�DQG�DFFHSWDEOH�JURXSV��S���������))0�S� �������DQG�WKH�ILWQHVV�DQG�
DFFHSWDEOH�JURXSV��S���������))0�S� �������

7DEOH��� 'HPRJUDSKLF���DQWKURSRPHWULF�VWDWLVWLFV
:HLJKW��FP� %0, )DW�0DVV�� )DW�PDVV )DW�IUHH�PDVV %6$

$OO�VXEMHFWV ���������� ���������� ���������� ����������� ���������� ����������

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

)HPDOH ���������� ���������� ���������� ����������� �������� ����������

%0,
1RUPDO�ZHLJKW ����������
 ����������
 ����������
 �����������
 ����������
 ����������

2YHUZHLJKW� ����������� ���������� ���������� ����������� ���������� ����������

%RG\�IDW�
)LWQHVV ������������ ����������� ����������� ����������� ���������� �����������
$FFHSWDEOH �����������Á ����������Á ����������Á ����������Á ���������� ����������Á
2YHUZHLJKW ���������� ���������� ���������� ���������� ���������� ����������

1RWH��PHDQ�6'��
S��� ������ �VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�ILWQHVV�DQG�RYHUZHLJKW�JURXSV�S��� �����
Á �VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�DFFHSWDEOH�DQG�RYHUZHLJKW�JURXSV�S��� ����

9HUWLFDO�MXPS�+HLJKW
7KH� DYHUDJH� YHUWLFDO� MXPS� KHLJKW� IRU� DOO� VXEMHFWV� ZDV� ������ �� ����� FHQWLPHWHUV�� $� VLJQLILFDQW� GLIIHUHQFH� ZDV�
REVHUYHG�IRU�YHUWLFDO� MXPS�KHLJKW�EHWZHHQ�PDOHV���������������DQG�IHPDOHV���������������S��� ������1R�VLJQLILFDQW�
GLIIHUHQFH�IRU�YHUWLFDO�MXPS�KHLJKW�ZDV�VHHQ�IRU�WKH�%0,�JURXSLQJ�EHWZHHQ�WKH�RYHUZHLJKW�REHVH���������������DQG�
QRUPDO�VXEMHFWV����������������S� �������$�VLJQLILFDQW�GLIIHUHQFH�ZDV�REVHUYHG�EHWZHHQ�WKH�ILWQHVV���������������DQG�
DFFHSWDEOH�JURXSV����������������/LNHZLVH�WKHUH�ZDV�D VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�WKH�DFFHSWDEOH�DQG�RYHUZHLJKW�
JURXSV���������������S� ��������DQG�WKH�ILWQHVV�DQG�RYHUZHLJKW�JURXSV��S����������

5HODWLRQVKLS�EHWZHHQ�YHUWLFDO�MXPS�DQG�ERG\�FRPSRVLWLRQ�
)RU�DOO� WKH�VXEMHFWV� LW�ZDV�REVHUYHG� WKDW�))0�GLVSOD\HG� WKH�VWURQJHVW�SRVLWLYH�FRUUHODWLRQ��S��� ������ZLWK�YHUWLFDO�
MXPS� DQG� IDW� PDVV� SHUFHQWDJH� \LHOGHG� WKH� VWURQJHVW� QHJDWLYH� FRUUHODWLRQ� �� S� �� ������� 7DEOH� ��� 1R� VLJQLILFDQW�
FRUUHODWLRQV�ZHUH�REVHUYHG�IRU�DQ\�RI�WKH�LQGHSHQGHQW�YDULDEOHV�IRU�WKH�IHPDOH�VXEMHFWV�DQG�PDOHV�GLVSOD\HG�D�ZHDN�
QHJDWLYH�FRUUHODWLRQ�IRU�IDW�PDVV����S��������DQG�)0��S���������7KH�QRUPDO�ZHLJKW�VXEMHFWV�GLVSOD\HG�WKH�VWURQJHVW�
SRVLWLYH�FRUUHODWLRQ�ZLWK�))0��S���������DQG�%6$��S����������&RQYHUVHO\��WKH�RYHUZHLJKW�VXEMHFWV�FODVVLILHG�E\ %0,�
GLVSOD\HG�D�VWURQJ�QHJDWLYH�FRUUHODWLRQ�ZLWK�IDW�PDVV����S���������DQG�D�VWURQJ�SRVLWLYH�FRUUHODWLRQ�ZLWK�))0��S���
�������6XEMHFWV�LQ�WKH�ILWQHVV�JURXS�E\�ERG\�IDWQHVV�SUHVHQWHG�VWURQJ�WR�PRGHUDWH�SRVLWLYH�FRUUHODWLRQV�ZLWK�))0��S�
��������DQG�%6$��S�� �������7KH�DFFHSWDEOH�JURXS�UHYHDOHG�WKH�VWURQJHVW�FRUUHODWLRQV�ZLWK�IDW�PDVV����S���������DQG�
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))0��S����������/DVWO\�� WKH�RYHUZHLJKW�JURXS�GLVSOD\HG�PRGHUDWH�SRVLWLYH�FRUUHODWLRQ�ZLWK�))0��S���������DQG�D�
QHJDWLYH�FRUUHODWLRQ�ZLWK�IDW�PDVV����S����������

7DEOH����3HDUVRQ�FRHIILFLHQW��YHUWLFDO�MXPS�FHQWLPHWHUV��
Q :HLJKW %0, )DW� )0 ))0 %6$
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'LVFXVVLRQ

7KH� SXUSRVH� RI� WKLV� VWXG\� ZDV� WR� LQYHVWLJDWH� WKH� UHODWLRQVKLS� EHWZHHQ� YHUWLFDO� MXPS� SHUIRUPDQFH� DQG� VHYHUDO�
DQWKURSRPHWULF� FKDUDFWHULVWLFV�� 7KH� YHUWLFDO� MXPS� LV� DQ� LPSRUWDQW�PDUNHU� IRU� WKH� PHDVXUHPHQW� DQG� HYDOXDWLRQ� RI�
ORZHU�H[WUHPLW\�OHJ�SRZHU�LQ�DWKOHWLF JURXSV��)OHFN�HW�DO���������+DNNLQHQ��������0DUNRYLF�HW�DO����������5HVHDUFK�
KDV�GHPRQVWUDWHG�WKDW�DW�LQGLYLGXDOV¶�DJH��WKH�DELOLW\�WR�JHQHUDWH�H[SORVLYH�SRZHU�GHFUHDVHV��2QH�H[SODQDWLRQ�IRU�WKLV�
GHFUHDVH� LQ� SRZHU� PD\� EH� WKH� LQFUHDVHG� DPRXQW� RI� ERG\� IDW�� ,W� KDV� EHHQ� GHPRQVWUDWHG� WKDW� WKH� SUHVHUYDWLRQ� RI�
PXVFOH�SRZHU�LQWR�ODWH� OLIH�FDQ�JUHDWO\�GHFUHDVH�WKH�ULVN�IRU�GLVDELOLW\�� IDOOV��DQG�HQKDQFH�IXQFWLRQDO� LQGHSHQGHQFH�
�(YDQV���������
7KLV�VWXG\�GHPRQVWUDWHG�WKDW�D�VLJQLILFDQW�FRUUHODWLRQ�H[LVWV�EHWZHHQ�YHUWLFDO�MXPS�KHLJKW�DQG�SHUFHQW�ERG\�IDW��IDW�
IUHH�ERG\�PDVV��ERG\�VXUIDFH�DUHD�DQG�ERG\�ZHLJKW��VHH�7DEOH�����9HUWLFDO�MXPS�KHLJKW�ZDV�VLJQLILFDQWO\�GLIIHUHQW�
EHWZHHQ�PDOHV� DQG� IHPDOHV� DQG� ERG\� IDW� SHUFHQWDJH� DQG� IDW�IUHH�PDVV�PD\� KDYH� SOD\HG� WKH� ODUJHVW� SDUW� LQ� WKHVH�
ILQGLQJV��7KH�PDOH�VXEMHFWV�GLVSOD\HG�D�VLJQLILFDQW�JUHDWHU�TXDQWLW\�RI�IDW�IUHH�PDVV�FRPSDUHG�WR�WKH�IHPDOH�VXEMHFWV��
7KHVH�ILQGLQJV�ZHUH�DOVR�VXSSRUWHG�ZLWK�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�YHUWLFDO� MXPS�KHLJKW��ZKHQ�VXEMHFWV�ZHUH�
FODVVLILHG�DFFRUGLQJ�WR�WKHLU�ERG\�IDW�SHUFHQWDJH��
,QWHUHVWLQJO\�WKH�VWURQJHVW�QHJDWLYH�FRUUHODWLRQ�ZDV�REVHUYHG�IRU�ERG\�IDW�SHUFHQWDJH��VHH�)LJXUH����DQG�WKH�VWURQJHVW�
SRVLWLYH�FRUUHODWLRQ�ZLWK�ERG\�IDW�IUHH�PDVV��VHH�)LJXUH����IRU�DOO�VXEMHFWV�DQG�JURXSLQJ�FODVVLILFDWLRQ�E\�%0,�DQG�
ERG\�IDW�SHUFHQWDJH��7KLV�VWXG\�LV�LQ�DJUHHPHQW�ZLWK�'DYLV�HW�DO����������ZKR�IRXQG�ERG\�IDW�SHUFHQWDJH�WR�EH�KLJKO\�
FRUUHODWHG�ZLWK�YHUWLFDO�MXPS�SHUIRUPDQFH��2I�WKH�YDULDEOHV�WHVWHG�LQ�DOO�VXEMHFWV��IDW�IUHH�PDVV�DQG�ERG\�IDW�SHUFHQW�
HOLFLWHG� WKH�KLJKHVW�FRUUHODWLRQV�ZLWK� MXPS�SHUIRUPDQFH��+RZHYHU��RWKHU� VWXGLHV�KDYH�GHPRQVWUDWHG�QR�VLJQLILFDQW�
FRUUHODWLRQ�EHWZHHQ�ERG\�IDW�SHUFHQWDJH��$VKOH\�HW�DO���������0LVQHU�HW�DO����������VHOHFWHG�DQWKURSRPHWULF�YDULDEOHV�
�8JDUNRYLF�HW�DO����������DQG�YHUWLFDO�MXPS�SHUIRUPDQFH��7KLV�VWXG\�DOVR�GHPRQVWUDWHG�VLPLODU�UHVXOWV�ZKHQ�VXEMHFWV�
ZHUH� H[DPLQHG� IRU� JHQGHU� GLIIHUHQFHV� �VHH� 7DEOH� ���� ,QWHUHVWLQJO\�� ZKHQ� VXEMHFWV� ZHUH� GLYLGHG� E\� JHQGHU� WKH�
IHPDOHV�GLVSOD\HG�QR�VLJQLILFDQW�FRUUHODWLRQV�IRU�DQ\�DQWKURSRPHWULF�YDULDEOHV�ZKLOH� WKH�PHQ�RQO\�\LHOGHG�D�ZHDN�
QHJDWLYH�FRUUHODWLRQ�ZLWK�IDW�SHUFHQWDJH��S��������DQG�IDW�IUHH�PDVV���S���������7DEOH���
:LWK�UHVSHFW�WR�YHUWLFDO�MXPS�SHUIRUPDQFH�DQG�VHOHFWHG�DQWKURSRPHWULF�PHDVXUHV��WKLV�VWXG\�GHPRQVWUDWHG�WKDW�ERG\�
FRPSRVLWLRQ� DQG� ERG\� VL]H� DUH� PRGHUDWH� WR� VWURQJ� SUHGLFWRUV� RI� YHUWLFDO� MXPS� SHUIRUPDQFH� LQ� XQWUDLQHG� FROOHJH�
VWXGHQWV��)XUWKHUPRUH��ZKHQ�VXEMHFWV�ZHUH�FODVVLILHG�DFFRUGLQJ�WR�WKHLU�ERG\�IDW��YHUWLFDO�MXPS�KDG�D�GLUHFW�QHJDWLYH�
DVVRFLDWLRQ�ZLWK�WRWDO�SHUFHQW�ERG\�IDW��7KHVH�ILQGLQJV�VXSSRUW�SUHYLRXV�UHVHDUFK�VKRZLQJ�WKDW�DV�ERG\�IDW�SHUFHQWDJH�
LQFUHDVHV�YHUWLFDO�MXPS�SHUIRUPDQFH�GHFUHDVHV��1DKGL\D�HW�DO���������'DYLV�HW�DO����������7KH�VLJQLILFDQW�GLIIHUHQFH�
LQ� MXPS� KHLJKW� LQ� WKH� RYHUZHLJKW� JURXS� VXSSRUWV� RXU� ILQGLQJV� WKDW� ERG\� IDW� SHUFHQWDJH� PD\� KDYH� WKH� JUHDWHVW�
DVVRFLDWLRQ�ZLWK�ORZHU�OHJ�SRZHU�LQ�FROOHJH�DJHG�VWXGHQWV��6WXGLHV�KDYH�VKRZQ�WKDW�D�SHUVRQ¶V�SRRUHU�SHUIRUPDQFH�
RQ�HYHQWV�WKDW�UHTXLUH�WKH�PRYHPHQW�RI�D�SHUVRQ¶V�ERG\�ZHLJKW�WKURXJK�VSDFH�FDQ�EH�DWWULEXWHG�WR�D�KLJKHU�ERG\�IDW�
SHUFHQWDJH�� 7KLV� VWXG\� FRQILUPHG� WKHVH� ILQGLQJV� WKDW� LQ� QRQ�DWKOHWLF� FROOHJH� DJHG� LQGLYLGXDOV� ZKR� KDYH� D� KLJKHU�
SHUFHQWDJH�RI�ERG\�IDW�WKHUH�LV�D�VWURQJ�QHJDWLYH�DVVRFLDWLRQ�ZLWK�MXPS�SHUIRUPDQFH��:KLOH�IDW�IUHH�PDVV�KDG�VWURQJ�
SRVLWLYH�FRUUHODWLRQV�LW�ZDV�VWLOO� LQWHUHVWLQJ�WKDW�DFURVV�PRVW�VXEMHFWV¶�JURXSLQJV�WRWDO�ERG\�IDW�SHUFHQWDJH�UHYHDOHG�
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WKH� VWURQJHVW�FRUUHODWLRQV�ZLWK�YHUWLFDO� MXPS�KHLJKW�DQG�VXEVHTXHQWO\� WKHLU�DELOLW\� WR�JHQHUDWH� ORZHU� OHJ�H[SORVLYH�
SRZHU���
$�OLPLWDWLRQ�IRU�WKLV�VWXG\�ZDV�WKDW�SRZHU�TXDQWLILFDWLRQ�ZDV�QRW�FROOHFWHG�IURP�WKH�VXEMHFWV��:KLOH�YHUWLFDO�MXPS�LV�
D� UHIOHFWLRQ� RI� ORZHU� OHJ� SRZHU� JHQHUDWLRQ� LW� ZDV� QRW� D� PDLQ� YDULDEOH� FROOHFWHG� IRU� WKLV� SURMHFW� GXH� WR� WLPH�
FRQVWUDLQWV��
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