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�
$FFHSWHG�IRU�SXEOLFDWLRQ�LQ��$XJXVW������������

�
$EVWUDFW��

%DFNJURXQG��9LWLOLJR�LV�D�FRPPRQ�LGLRSDWKLF�DFTXLUHG�
GHSLJPHQWDWLRQ�GLVRUGHU�WKDW�FDQ�EH�FODVVLILHG�LQWR�VHJPHQWDO�DQG�QRQ��
VHJPHQWDO�YDULHWLHV��5HSRUWV�RQ�WKH�HSLGHPLRORJ\�RI�YLWLOLJR�LQ�7KH�0LGGOH�
(DVW�FRPSDULQJ�WKH�WZR�YDULHWLHV�DUH�IHZ��

$LP��7R�GHILQH�DQG�DQDO\VH�WKH�FOLQLFDO�SURILOHV�RI�YLWLOLJR�LQ�$O��
0LQ\D��(J\SW�DV�D�UHSUHVHQWDWLYH�RI�7KH�0LGGOH�(DVW�KLJKOLJKWLQJ�WKH�
GLIIHUHQFH�EHWZHHQ�WKH�VHJPHQWDO�DQG�WKH�QRQ��VHJPHQWDO�YDULHWLHV��

0HWKRGV��7KLV�VWXG\�LQFOXGHG������SDWLHQWV�ZLWK�YLWLOLJR�SUHVHQWHG�WR�
WKH�'HSDUWPHQW�RI�'HUPDWRORJ\�DW�$O��0LQ\D�8QLYHUVLW\�+RVSLWDO�DQG�$O��
0LQ\D�&HQWUH�IRU�9LWLOLJR�3KRWRWKHUDS\�DQG�6XUJHU\�RYHU�D�SHULRG�RI���
\HDUV��

5HVXOWV��2I�WKH������(J\SWLDQ�YLWLOLJR�SDWLHQWV��IHPDOHV�UHSUHVHQWHG�
������RI�SDWLHQWV�LQ�WKH�QRQ��VHJPHQWDO�YLWLOLJR�JURXS�DQG�������LQ�WKH�
VHJPHQWDO�YLWLOLJR�JURXS��7KH�FRPPRQHVW�W\SH�RI�YLWLOLJR�ZDV�WKH�
JHQHUDOL]HG�>�����@�IROORZHG�E\�WKH�IRFDO�>�����@�DQG�WKHQ�WKH�VHJPHQWDO�
W\SH�>����@��7KH�PHDQ�DJH�DW�RQVHW�RI�WKH�VHJPHQWDO�DQG�QRQ��VHJPHQWDO�
JURXSV�ZHUH�����DQG������\HDUV�DQG�WKH�PHDQ�DJH�DW�SUHVHQWDWLRQ�ZHUH������
DQG�������\HDUV�UHVSHFWLYHO\��

7KH�FRPPRQHVW�DIIHFWHG�VLWH�LQ�WKH�QRQ��VHJPHQWDO�JURXS�ZDV�WKH�
OLPEV�ZKLOH�LQ�WKH�VHJPHQWDO�JURXS�LW�ZDV�WKH�IDFH��3RVLWLYH�IDPLO\�KLVWRU\��
GHWHFWLRQ�RI�DVVRFLDWHG�GLVRUGHUV�DQG�VLGH�HIIHFWV�RI�SUHYLRXV�WKHUDS\�ZHUH�
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UHSRUWHG�LQ�WKH�QRQ��VHJPHQWDO�JURXS�RQO\��
&RQFOXVLRQV��7KH�PHDQ�DJH�DW�RQVHW�DQG�DW�SUHVHQWDWLRQ��VH[�

SUHGLOHFWLRQ��SRVLWLYH�IDPLO\�KLVWRU\�DQG�DVVRFLDWHG�GLVHDVHV�DUH�
VLJQLILFDQWO\�GLIIHUHQW�EHWZHHQ�WKH�VHJPHQWDO�DQG�QRQ��VHJPHQWDO�(J\SWLDQ�
YLWLOLJR�JURXSV��7KHVH�ILQGLQJV�VWUHVVHV�WKH�YLHZ�WKDW�VHJPHQWDO�DQG�QRQ��
VHJPHQWDO�YLWLOLJR�DV�WZR�FRPSOHWHO\�GLIIHUHQW�VXEW\SHV��

,QWURGXFWLRQ��
9LWLOLJR�LV�D�FRPPRQ�LGLRSDWKLF�DFTXLUHG�GHSLJPHQWDWLRQ�GLVRUGHU��

DIIHFWLQJ������RI�WKH�ZRUOG�SRSXODWLRQ�>�@�&OLQLFDOO\��VHYHUDO�W\SHV�RI�
YLWLOLJR�DUH�GLVWLQJXLVKHG�DFFRUGLQJ�WR�WKH�GLVWULEXWLRQ�RI�WKH�DFKURPLF�
OHVLRQV��2QH�RU�PRUH�OHVLRQV�LQ�D�GHUPDWRPDO�SDWWHUQ�DUH�FKDUDFWHULVWLF�IRU�
VHJPHQWDO�YLWLOLJR��69��ZKLOH�WKLV�VHJPHQWDO�GLVWULEXWLRQ�LV�DEVHQW�LQ�QRQ�
VHJPHQWDO�YLWLOLJR��169���7KH�ODWWHU�YDULHW\�LQFOXGHV�ERWK�WKH�IRFDO�W\SH�
DQG�WKH�JHQHUDOL]HG�W\SH�>�@�7KH�69�XVXDOO\�KDV�DQ�HDUO\�RQVHW�DQG�VSUHDGV�
UDSLGO\�LQ�WKH�DIIHFWHG�GHUPDWRPDO�DUHD�WKHQ�SHUVLVW�XQFKDQJHG�IRU�WKH�UHVW�
RI�WKH�SDWLHQW
V�OLIH�>�@�2Q�WKH�RWKHU�KDQG��169�FRXOG�RFFXU�DW�DQ\�DJH�>�@�
6RPH�DXWKRUV�VXJJHVWHG�D�GLIIHUHQW�SDWKRJHQHVLV�IRU�HDFK�>�����@�

7KHUH�LV�D�SDXFLW\�RI�ZHOO��GHVLJQHG�HSLGHPLRORJLFDO�VWXGLHV�RQ�
YLWLOLJR�>�@�DQG�VWXGLHV�WKDW�FDWHJRULVH�YLWLOLJR�LQWR�W\SHV�DUH�IHZ��

$LP�RI�WKH�ZRUN��
7R�GHILQH�DQG�DQDO\]H�WKH�FOLQLFDO�SURILOHV�RI�YLWLOLJR�DQG�WR�LGHQWLI\�

WKH�UHODWLRQVKLS�EHWZHHQ�WKHP��KLJKOLJKWLQJ�WKHLU�DVVRFLDWLRQ�ZLWK�V\VWHPLF�
DQG�GHUPDWRORJLF�GLVHDVHV��

3DWLHQWV�DQG�PHWKRGV��
3DWLHQWV��$�SURVSHFWLYH�VWXG\�LQFOXGHG������YLWLOLJR�SDWLHQWV�ZKR�

DWWHQGHG�WKH�'HSDUWPHQW�RI�'HUPDWRORJ\�DW�$O��0LQ\D�8QLYHUVLW\�+RVSLWDO�
DQG�$O��0LQ\D�&HQWHU�IRU�9LWLOLJR�3KRWRWKHUDS\�DQG�6XUJHU\�RYHU�D�SHULRG�
RI���\HDUV��

'DWD�FRPSOLHG�ZHUH�VH[��DJH�DW�LQLWLDO�YLVLW��DJH�DW�RQVHW��DIIHFWHG�VLWHV��
GHUPDWRPDO�GLVWULEXWLRQ��IDPLO\�KLVWRU\��WKH�VLGH�HIIHFWV�RI�SUHYLRXV�WKHUDS\�
IRU�YLWLOLJR��DQG�DQ\�DVVRFLDWHG�PHGLFDO�GLVHDVHV�RU�VNLQ�GLVRUGHUV��

7KH�W\SHV�RI�YLWLOLJR�ZHUH�FDWHJRUL]HG�DV�VHJPHQWDO��IRFDO�RU�
JHQHUDOL]HG��

(WKLFDO�FRQVLGHUDWLRQ��(DFK�SDWLHQW�RU�JXDUGLDQ�VLJQHG�D�ZULWWHQ�
FRQVHQW�IRUP�WR�EH�LQFOXGHG�LQ�WKH�VWXG\�DQG�WR�EH�SKRWRJUDSKHG�LI�QHHGHG��

6WDWLVWLFDO�DQDO\VLV��'DWD�ZHUH�DQDO\]HG�E\�WKH�6WDWLVWLFDO�3DFNDJH�IRU�
WKH�6RFLDO�6FLHQFHV��6366�IRU�ZLQGRZV�YHUVLRQ�������6366�,QF����
'HVFULSWLYH�VWDWLVWLFV�LQ�WKH�IRUP�RI�WKH�IUHTXHQF\��SHUFHQWDJH��UDQJH��PHDQ�
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DQG�VWDQGDUG�GHYLDWLRQ�ZHUH�FDOFXODWHG��&RPSDULVRQ�EHWZHHQ�SDWLHQWV�DQG�
FRQWUROV�ZDV�GRQH�E\�WKH�6WXGHQW
V�W�WHVW�IRU�SDLUHG�REVHUYDWLRQV��

5HVXOWV��
$�WRWDO�QXPEHU�RI������SDWLHQWV�ZHUH�HQUROOHG�LQ�WKLV�VWXG\��3DWLHQWV�

ZHUH�FODVVLILHG�DFFRUGLQJ�WR�WKHLU�W\SHV�RI�OHVLRQV�LQWR�WZR�JURXSV��
VHJPHQWDO�YLWLOLJR��69��JURXS�^)LJ��`�DQG�QRQ��VHJPHQWDO�YLWLOLJR��169��
JURXS�^)LJ��`��

�

�
)LJ����6HJPHQWDO�YLWLOLJR�OHVLRQV��
OHVLRQV�DIIHFW�GLIIHUHQW�ERG\�VLWHV��

�

�
)LJ����1RQ��VHJPHQWDO�YLWLOLJR�
OHVLRQV��
�$���)RFDO�OHVLRQ�RQ�IRUHDUP��
�%���JHQHUDOL]HG�WUXQN�OHVLRQV��
�&�DQG�'���OHVLRQV�RQ�IHHW�RI�
WKH�VDPH�SDWLHQW�LQ�%��
�1RWH�WKH�V\PPHWULFLW\�LQ�%��&�
DQG�'� �

7KH�69�JURXSV�LQFOXGHG����SDWLHQWV��������DQG�WKH�169�JURXS�
LQFOXGHG������SDWLHQWV����������7KH�169�JURXS�ZDV�IXUWKHU�VXEGLYLGHG�
LQWR�IRFDO�W\SH������SDWLHQWV�UHSUHVHQWLQJ���������DQG�JHQHUDOL]HG�W\SH�
�����SDWLHQWV�UHSUHVHQWLQJ����������

1R�VLJQLILFDQW�GLIIHUHQFH�ZDV�IRXQG�EHWZHHQ�PDOHV�DQG�IHPDOHV��
QHLWKHU�LQ�WKH�ZKROH�VWXG\�QRU�LQ�WKH�169�JURXS��2Q�WKH�RWKHU�KDQG��
IHPDOHV�ZHUH�SUHGRPLQDQW�LQ�WKH�69�JURXS��7DEOH������

�� 0DOHV� )HPDOHV�
69�� ����������� �����������
169� ������������ ������������

7DEOH����6H[�GLVWULEXWLRQ�LQ�YLWLOLJR�JURXSV�
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$JH�DW�RQVHW�DQG�DJH�DW�SUHVHQWDWLRQ��
7KH�PHDQ�DJH�DW�RQVHW�DQG�PHDQ�DJH�DW�SUHVHQWDWLRQ�ZHUH�VLJQLILFDQWO\�

HDUOLHU�LQ�WKH�69�JURXS�WKDQ�WKH�169�JURXS��3�YDOXH������������7DEOH����
��

$JH�DW�RQVHW� $JH�DW�SUHVHQWDWLRQ�
�� 0LQLPXP�0D[LPXP�0HDQ���

6'� 0LQLPXP�0D[LPXP�0HDQ���
6'�

169� �� ��� ��������
������ �� ��� ��������

������
69� �� ��� ���������� �� ��� �������
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7DEOH����$JH�RI�RQVHW�DQG�DJH�DW�SUHVHQWDWLRQ�LQ�YLWLOLJR�JURXSV��
6LWHV�RI�LQYROYHPHQW��
,Q�WKH�169�JURXS��WKH�OLPEV�ZHUH�WKH�FRPPRQHVW�DIIHFWHG�VLWH�

IROORZHG�E\�WKH�DFUDO�DUHDV�WKHQ�WKH�WUXQN�DQG�WKH�OHDVW�DIIHFWHG�VLWH�ZDV�WKH�
IDFH�ZKLOH�LQ�WKH�69�JURXS��WKH�IDFH�ZDV�WKH�FRPPRQHVW�VLWH�DIIHFWHG�
IROORZHG�E\�WKH�OLPEV�DQG�WKHQ�WKH�WUXQN��7KH�DFUDO�DUHDV�ZHUH�QRW�DIIHFWHG�
LQ�DQ\�RI�WKH�SDWLHQWV�LQ�WKLV�JURXS��7DEOH�����

��
�� /LPEV� 7UXQN� )DFH� $FUDO�$UHDV� $IIHFWLRQ�RI�

!RQH�VLWH�
���

SDWLHQWV� ���SDWLHQWV����SDWLHQWV� �� ���SDWLHQWV�69�
��������� ��������� ��������� ����� ���������

����
SDWLHQWV�

����
SDWLHQWV�

����
SDWLHQWV� ����SDWLHQWV� ����SDWLHQWV�169�

��������� ��������� ��������� ��������� ���������
7DEOH����6LWHV�RI�LQYROYHPHQW�DQG�H[WHQVLRQ�RI�OHVLRQV�
([WHQVLRQ�RI�WKH�OHVLRQV��
$IIHFWLRQ�RI�PRUH�WKDQ�RQH�VLGH�ZDV�GHWHFWHG�LQ��������RI�WKH�169�

SDWLHQWV�DQG�LQ�RQO\�������RI�WKH�69�SDWLHQWV��7DEOH�����
)DPLO\�+LVWRU\��
1LQHW\��QLQH�SDWLHQWV��FRQVWLWXWLQJ����RI�WKH�ZKROH�VWXG\�JURXS�DQG�

������RI�WKH�169�JURXS��UHSRUWHG�D�SRVLWLYH�IDPLO\�KLVWRU\�RI�WKH�GLVHDVH�
ZKLOH�QRQH�RI�WKH�SDWLHQWV�RI�WKH�VHJPHQWDO�JURXS�UHSRUWHG�DQ\�IDPLO\�
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KLVWRU\�ZKLFK�ZDV�VWDWLVWLFDOO\�VLJQLILFDQW���3�YDOXH� ��������
6LGH�HIIHFWV�RI�SUHYLRXV�WKHUDS\��
$OO�WKH�VLGH�HIIHFWV�ZHUH�UHSRUWHG�LQ�WKH�169�JURXS�^)LJ��`��7KH�

SUHYLRXV�XVH�RI�WRSLFDO�RU�LQWUD��OHVLRQDO�VWHURLGV�UHVXOWHG�LQ�ORFDOL]HG�DUHDV�
RI�DWURSK\�LQ����SDWLHQWV�������RI�WKH�VWXG\�JURXS�DQG������RI�WKH�169�
JURXS��DQG�WHODQJLHFWDVLD�LQ���SDWLHQWV�������RI�WKH�VWXG\�JURXS�DQG�������
RI�WKH�169�JURXS���2WKHU�VLGH�HIIHFWV�RI�SUHYLRXV�WKHUDS\�GHWHFWHG�LQFOXGHG�
IDLOHG�PHGLFDO�WDWWRR�LQ����SDWLHQWV�������RI�WKH�VWXG\�JURXS�DQG�������RI�
WKH�169�JURXS��DQG�SRVW��SVRUDOHQV�K\SHU�SLJPHQWDWLRQ�LQ�RQH�SDWLHQW�
�������RI�WKH�VWXG\�JURXS�DQG������RI�WKH�169�JURXS���

�

�
)LJ����$GYHUVH�HIIHFWV�RI�SUHYLRXV�WKHUDS\��
�$��WHODQJLHFWDVLD�
�%��DWURSK\�DQG��
�&��IDLOHG�PHGLFDO�WDWWRR���

$VVRFLDWHG�PHGLFDO�GLVHDVHV��
7KHVH�ZHUH�LQ�WKH�IRUP�RI�GLDEHWHV�PHOOLWXV�LQ����SDWLHQWV���������DQG�

K\SHUWK\URLGLVP�LQ�WKUHH�SDWLHQWV����������0HDQZKLOH��LI�WKHVH�ILJXUHV�DUH�
UHODWHG�WR�WKH�169�JURXS�WKH\�ZLOO�EH�������DQG�������UHVSHFWLYHO\��1RQH�
RI�WKH�69�SDWLHQWV�UHSRUWHG�DQ\�DVVRFLDWHG�DXWRLPPXQH�GLVHDVHV��

$VVRFLDWHG�VNLQ�GLVHDVHV��
/LFKHQ�SODQXV�ZDV�GHWHFWHG�LQ����SDWLHQWV���������^)LJ��`��+DOR�QHYL�

LQ����SDWLHQWV����������DORSHFLD�DUHDWD�LQ����SDWLHQWV���������^)LJ��`��
SVRULDVLV�LQ���SDWLHQWV���������^)LJ��`�DQG�FDSLOODU\�KHPDQJLRPD�^)LJ��`��
VTXDPRXV�FHOO�FDUFLQRPD�^)LJ��`�DQG�NHORLG�^)LJ��`�ZHUH�DVVRFLDWHG�ZLWK�
YLWLOLJR�LQ�RQH�SDWLHQW�HDFK����������7KHVH�ILJXUHV�ZLOO�EH���������������
��������������DQG������UHVSHFWLYHO\�RQ�FRQVLGHULQJ�WKH�169�JURXS��
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$JDLQ��QRQH�RI�WKH�69�SDWLHQWV�UHSRUWHG�DQ\�DVVRFLDWHG�VNLQ�GLVRUGHUV��
��

�

�
)LJ����9LWLOLJR�
DVVRFLDWHG�ZLWK�OLFKHQ�
SODQXV��1RWH�WKDW�WKH�
/3�OHVLRQV�DUH�
HU\WKHPDWRXV�ZKHQ�
LQYROYLQJ�WKH�
YLWLOLJLQRXV�VNLQ�DQG�
YLRODFHRXV�HOVHZKHUH���

�

�
)LJ����9LWLOLJR�
DVVRFLDWHG�ZLWK�
DORSHFLD�DUHDWD���

�

�
)LJ����9LWLOLJR�
DVVRFLDWHG�ZLWK�
SVRULDVLV�LQ�WZR�
GLIIHUHQW�FDVHV���

�

�
)LJ����9LWLOLJR�
DVVRFLDWHG�ZLWK�
QDHYXV�IODPHRXV���

�

�
)LJ����9LWLOLJR�
DVVRFLDWHG�ZLWK�
VTXDPRXV�FHOO�
FDUFLQRPD���

�

�
)LJ����9LWLOLJR�
DVVRFLDWHG�ZLWK�
NHORLG��� �

'LVFXVVLRQ��
0RVW�VWXGLHV�UHSRUWHG�WKDW�YLWLOLJR�DIIHFWV�ERWK�VH[HV�QHDUO\�

HTXDOO\�>������������@�6RPH�RWKHU�VWXGLHV�UHSRUWHG�D�IHPDOH�SUHGRPLQDQFH�
LQ�WKHLU�SDWLHQWV��+RZHYHU��LQ�DOO�WKH�DERYH�PHQWLRQHG�VWXGLHV�YLWLOLJR�ZDV�
QRW�FDWHJRUL]HG�LQWR�W\SHV��>�����@�

$O�.KDWHHE�HW�DO�������>��@�LQ�KLV�VWXG\�RQ�169�SDWLHQWV�UHSRUWHG�
HTXDO�DIIHFWLRQ�RI�ERWK�VH[HV�ZKLFK�JRHV�LQ�DFFRUGDQFH�ZLWK�RXU�UHVXOWV��

)HPDOH�SUHGRPLQDQFH�LQ�RXU�69�SDWLHQWV�LV�LQ�DJUHHPHQW�ZLWK�WKH�
VWXG\�RI�%DURQD�HW�DO���������>�@�EXW�QRW�LQ�DJUHHPHQW�ZLWK�WKH�VWXG\�RI�
+DQQ�DQG�/HH��������>�@�6RPH�DXWKRUV�H[SODLQHG�WKLV�IHPDOH�SUHGRPLQDQFH�
E\�WKH�KLJK�FRVPHWLF�FRQFHUQ�LQ�IHPDOHV�>�����@�:H�DJUHH�ZLWK�WKLV�
H[SODQDWLRQ�HVSHFLDOO\�WKDW�WKH�GLVILJXUHPHQW�RI�WKH�IDFH��WKH�FRPPRQHVW�
LQYROYHG�VLWH�LQ�69��FDQ�QRW�EH�LJQRUHG�E\�IHPDOHV��
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$JH�DW�RQVHW��
.RJD�DQG�7DQJR������UHSRUWHG�WKDW�WKH�RQVHW�RI�169�FRXOG�RFFXU�DW�

DQ\�DJH�ZKHUHDV�69�JHQHUDOO\�DIIHFWHG�WKH�\RXQJ�>�@�
,Q�WKH�SUHVHQW�VWXG\��WKH�PHDQ�DJH�DW�RQVHW�LQ�WKH�169�JURXS�ZDV�

������\HDUV�ZKLFK�LV�LQ�DJUHHPHQW�ZLWK�WKH�VWXGLHV�RI�$O�.KDWHHE�HW�DO���
����>��@�DQG�%DURQD�HW�DO��������>�@�

'RJUD�HW�DO��������>�@�DQDO\]HG�WKH�SHDN�RQVHW�RI�69�LQ�VRPH�SUHYLRXV�
VWXGLHV�>����������@�DQG�FRQFOXGHG�WKDW�PRVW�FDVHV�DUH�DFTXLUHG�HDUO\�LQ�OLIH�
EHWZHHQ���DQG����\HDUV��7KLV�LV�LQ�DJUHHPHQW�ZLWK�RXU�UHVXOWV�LQ�ZKLFK�WKH�
PHDQ�DJH�DW�RQVHW�LQ�WKH�69�SDWLHQWV�ZDV�����\HDUV�

$JH�DW�SUHVHQWDWLRQ��
,Q�WKH�SUHVHQW�VWXG\�WKH�PHDQ�DJH�DW�ILUVW�SUHVHQWDWLRQ�ZDV�������\HDUV�

LQ�169�ZKLFK�LV�ORZHU�WKDQ�WKDW�UHSRUWHG�E\�%DURQD�HW�DO�������>�@�DQG�$O�
.KDWHHE�HW�DO��������>��@�

,Q�WKH�69�JURXS��WKH�PHDQ�DJH�DW�SUHVHQWDWLRQ�ZDV������\HDUV�ZKLFK�LV�
LQ�DJUHHPHQW�ZLWK�WKDW�UHSRUWHG�E\�+DQQ�DQG�/HH������>�@�����\HDUV��DQG�
%DURQD�HW�DO�������>�@������\HDUV���2WKHU�DXWKRUV�GLG�QRW�FDWHJRUL]H�YLWLOLJR�
LQWR�W\SHV�>�������@�

6LWHV�RI�LQYROYHPHQW��
7KH�SUHGRPLQDQFH�RI�IDFH�DIIHFWLRQ�LQ�WKH�69�JURXS�LQ�RXU�VWXG\�LV�LQ�

DJUHHPHQW�ZLWK�WKH�UHVXOWV�RI�+DQQ�DQG�/HH�������>�@�
,Q�WKH�169�JURXS��WKH�OLPEV�ZHUH�WKH�FRPPRQHVW�DIIHFWHG�VLWH�ZKLFK�

LV�LQ�DJUHHPHQW�ZLWK�RWKHU�VWXGLHV�>��������������@�+RZHYHU�LQ�WKRVH�
UHSRUWV��YLWLOLJR�ZDV�QRW�FDWHJRUL]HG�DV�VHJPHQWDO�DQG�QRQ��VHJPHQWDO��

([WHQVLRQ�RI�WKH�OHVLRQV��
,Q�WKH�SUHVHQW�VWXG\��WKH�PDMRULW\�RI�WKH�SDWLHQWV�LQ�WKH�69�JURXS�

��������VKRZHG�VLQJOH�VLWH�DIIHFWLRQ��7KLV�LV�LQ�DJUHHPHQW�ZLWK�WKH�UHVXOWV�
RI�/HUQHU�������>��@�DQG�+DQQ�DQG�/HH�������>�@�ZKR�UHSRUWHG�WKDW�����
DQG�����RI�WKHLU�69�SDWLHQWV�KDG�VLQJOH�OHVLRQV�UHVSHFWLYHO\��2Q�WKH�RWKHU�
KDQG�LQ�WKH�169��OHVLRQV�DUH�VFDWWHUHG�DOO�RYHU�WKH�ERG\�XVXDOO\�LQ�D�
V\PPHWULFDO�GLVWULEXWLRQ�>����@�7KLV�JRHV�LQ�DFFRUG�ZLWK�RXU�UHVXOWV�LQ�
ZKLFK��������RI�169�SDWLHQWV�VKRZHG�DIIHFWLRQ�RI�PRUH�WKDQ�RQH�ERG\�
VLWH��

7\SH�RI�YLWLOLJR��
,DFRYHOOL�HW�DO��������UHSRUWHG�WKDW�169�ZDV�WKH�PRVW�FRPPRQ�IRUP�RI�

WKH�GLVHDVH�LQ�����ZKLFK�LV�LQ�DJUHHPHQW�ZLWK�RXU�UHVXOWV�>��@�69�OHVLRQV�
DUH�UHSRUWHG�WR�EH�WKH�OHDVW�IUHTXHQW�W\SH�RI�YLWLOLJR�LQ�RXU�SDWLHQWV�ZKLFK�LV�
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LQ�DJUHHPHQW�ZLWK�RWKHU�UHSRUWV�>��������@�
)DPLO\�KLVWRU\��
1LQHW\��QLQH�SDWLHQWV��FRQVWLWXWLQJ����RI�WKH�ZKROH�VWXG\�JURXS�DQG�

������RI�WKH�169�JURXS��UHSRUWHG�D�SRVLWLYH�IDPLO\�KLVWRU\�RI�WKH�GLVHDVH�
7KLV�UHVXOW�LV�VLPLODU�WR�WKH�ILQGLQJV�RI�$O�.KDWHHE�HW�DO��������>��@�2QXQX�
DQG�.XEH\LQMH�������>��@�'RJUD�HW�DO�������>�@�DQG�,DFRYHOOL�HW�DO���
����>��@�UHSRUWHG�IDPLO\�KLVWRU\�LQ������������DQG�������RI�WKHLU�SDWLHQWV�
UHVSHFWLYHO\��+RZHYHU��WKHVH�VWXGLHV�GLG�QRW�FDWHJRUL]H�YLWLOLJR�LQWR�W\SHV��

1RQH�RI�WKH�69�SDWLHQWV�LQ�RXU�VWXG\�UHSRUWHG�D�IDPLO\�KLVWRU\�RI�
YLWLOLJR��7KLV�LV�QRW�LQ�DJUHHPHQW�ZLWK�WKH�VWXG\�RI�+DQQ�DQG�/HH������>�@�
ZKR�UHSRUWHG�SRVLWLYH�IDPLO\�KLVWRU\�LQ�������RI�WKHLU�69�SDWLHQWV�DQG�WKH�
VWXG\�RI�%DURQD�HW�DO�������>�@�ZKR�IRXQG�WKDW�IDPLO\�KLVWRU\�LV�HTXDOO\�
IUHTXHQW�LQ�HLWKHU�W\SHV�RI�YLWLOLJR��

$VVRFLDWHG�PHGLFDO�GLVHDVHV��
(O�0RIW\�DQG�(O�0RIW\������>��@�DQG�+DOGHU��1DQGHGNDU�DQG�1HDO��

����>��@�UHSRUWHG�WKDW�69�LV�QRW�DVVRFLDWHG�ZLWK�RWKHU�DXWRLPPXQH�
GLVHDVHV��$OWKRXJK�.RJD�DQG�7DQJR������>�@�DQG�%DURQD�HW�DO�������>�@�
IRXQG�WKDW�GLVHDVHV�ZLWK�DQ�DXWRLPPXQH�SDWKRJHQHVLV�RFFXUUHG�LQ�WKHLU�69�
SDWLHQWV��\HW�WKH\�UHSRUWHG�WKHP�PRUH�IUHTXHQWO\�ZLWK�169�WKDQ�LQ�WKRVH�
ZLWK�69��

,Q�WKH�SUHVHQW�VWXG\��DVVRFLDWHG�DXWRLPPXQH�GLVHDVHV�ZHUH�UHSRUWHG�LQ�
������RI�WKH�SDWLHQWV��7KLV�ILJXUH�ZLOO�EH������DQG����RQ�FRQVLGHULQJ�WKH�
169�DQG�69�JURXSV�UHVSHFWLYHO\��2WKHU�VWXGLHV��ZKLFK�ZHUH�QRW�
FDWHJRUL]LQJ�YLWLOLJR�LQWR�W\SHV��VKRZHG�FRQWUDGLFWLYH�UHVXOWV�UDQJLQJ�IURP�
�����>��@�WR������>��@�

$VVRFLDWHG�VNLQ�'LVRUGHUV��
/LFKHQ�SODQXV�DQG�YLWLOLJR�DUH�FRPPRQ�VNLQ�GLVRUGHUV��ZKLFK�PD\�

UDUHO\�FRH[LVW�>��@�$Q�DVVRFLDWLRQ�EHWZHHQ�WKH�WZR�PD\�EH�
FRLQFLGHQWDO�>��@�$�FRQFRPLWDQW�LPPXQRORJLF�PHFKDQLVP�LV�RQH�SRVVLEOH�
H[SODQDWLRQ�IRU�WKLV�DVVRFLDWLRQ�>��@�0RUHRYHU��389$�WKHUDS\�LV�D�ZHOO�
NQRZQ�WR�JLYH�ULVH�WR�OLFKHQRLG�FKDQJHV�LQ�YLWLOLJLQRXV�VNLQ�>��@�+RZHYHU��
QRQH�RI�RXU�SDWLHQWV�VKRZLQJ�WKLV�DVVRFLDWLRQ�UHFHLYHG�389$�WKHUDS\��

7KH�DVVRFLDWLRQ�EHWZHHQ�YLWLOLJR�DQG�SVRULDVLV�KDV�EHHQ�NQRZQ�VLQFH�
�����>��@�+HOOJUHQ������IRXQG�D�KLJKHU�SHUFHQWDJH�RI�SVRULDVLV�DPRQJ�
YLWLOLJR�SDWLHQWV�WKDQ�DPRQJ�D�QRUPDO�FRQWURO�SRSXODWLRQ�>��@�(O��0RIW\�
����>��@�QRWHG�IRXU�SDWLHQWV�ZLWK�SVRULDVLV�DPRQJ�����SDWLHQWV�ZLWK�
YLWLOLJR�DQG�%RLVVHDX��*DUVDXG�HW�DO��������>��@�UHSRUWHG�SVRULDVLV�LQ����RI�
WKHLU�YLWLOLJR�SDWLHQWV��

+DQGD�DQG�'RUJD������>��@�UHSRUWHG�DORSHFLD�DUHDWD�LQ�������RI�WKHLU�
����YLWLOLJR�SDWLHQWV��,Q�WKH�SUHVHQW�VWXG\��DORSHFLD�DUHDWD�ZDV�UHSRUWHG�LQ�
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���SDWLHQWV����������$�WKHRUHWLFDO�H[SODQDWLRQ�IRU�WKH�UHODWLRQVKLS�EHWZHHQ�
DORSHFLD�DUHDWD�DQG�YLWLOLJR�KDG�EHHQ�RIIHUHG�E\�/HUQHU������>��@�,Q�WKHLU�
VWXG\�RQ�69�SDWLHQWV��+DQQ�DQG�/HH������>�@�UHSRUWHG�KDOR�QHYL�LQ���
SDWLHQWV���������ZKLOH�&KR�HW�DO��������>��@�UHSRUWHG�KDOR�QHYL�LQ������RI�
FKLOGUHQ�DQG����RI�DGXOW�SDWLHQWV�ZLWK�YLWLOLJR��2XU�UHVXOWV�UHSRUWHG�WKH�
DVVRFLDWLRQ�RI�+DOR�QHYL�ZLWK�169�LQ����SDWLHQWV����������

5HSRUWHG�FDVHV�RI�VNLQ�FDQFHU�LQ�FKURQLFDOO\�OLJKW�H[SRVHG�YLWLOLJR�
SDWFKHV�KDYH�EHHQ�UDUH��6HR�DQG�.LP������>��@�UHSRUWHG�ILYH�FDVHV�DQG�
/DVVXV�HW�DO��������>��@�UHSRUWHG�DQRWKHU�WZR�FDVHV�RI�YLWLOLJR�DQG�VNLQ�
FDQFHU�EXW�LW�ZDV�QRW�VSHFLILHG�ZKHWKHU�WKH�WXPRU�RFFXUUHG�LQ�YLWLOLJR�
OHVLRQV�RU�QRUPDOO\�SLJPHQWHG�VNLQ��2XU�VWXG\�DGGV�DQRWKHU�FDVH�RI�
VTXDPRXV�FHOO�FDUFLQRPD�RFFXUULQJ�RQ�WRS�RI�YLWLOLJLQRXV�DUHD��

8OWUDYLROHW�UDGLDWLRQ�LV�WKH�PDMRU�ULVN�IDFWRU�IRU�WKH�GHYHORSPHQW�RI�
FXWDQHRXV�VTXDPRXV�FHOO�FDUFLQRPD��2QH�ZRXOG�H[SHFW�WKDW�WKH�FRPSOHWH�
DEVHQFH�RI�PHODQLQ�SLJPHQW�LQ�YLWLOLJR�LQFUHDVHV�WKH�GHOHWHULRXV�HIIHFWV�RI�
89�OLJKW�WKXV�LQFUHDVLQJ�WKH�LQFLGHQFH�RI�VNLQ�FDQFHU��+RZHYHU��WKH�
UDUHQHVV�RI�UHSRUWHG�VNLQ�FDQFHU�LQ�YLWLOLJR�VHHPV�WR�LQGLFDWH�WKDW�WKH�
DEVHQFH�RI�PHODQLQ�GRHVQ
W�HQKDQFH�WKH�GHYHORSPHQW�RI�6&&�LQ�YLWLOLJR�
SDWLHQWV�>��@�

,W�LV�ZRUWK\�WR�QRWH�WKDW�DOO�WKH�DVVRFLDWHG�PHGLFDO�DQG�VNLQ�GLVHDVHV�LQ�
RXU�VWXG\�ZHUH�UHSRUWHG�LQ�WKH�169�JURXS�RQO\��

&RQFOXVLRQ��
,Q�WKH�VWXGLHG�(J\SWLDQ�JURXS��YLWLOLJR�DIIHFWV�ERWK�VH[HV�DOPRVW�

HTXDOO\�LQ�WKH�QRQ��VHJPHQWDO�YLWLOLJR�JURXS�ZKLOH�IHPDOHV�DUH�SUHGRPLQDQW�
LQ�WKH�VHJPHQWDO�YLWLOLJR�JURXS��7KH�PHDQ�DJHV�DW�RQVHW�DQG�DW�SUHVHQWDWLRQ�
DUH�PXFK�HDUOLHU�LQ�WKH�69�SDWLHQWV��3RVLWLYH�IDPLO\�KLVWRU\�DQG�DVVRFLDWHG�
GLVHDVHV�DUH�UHSRUWHG�RQO\�LQ�SDWLHQWV�ZLWK�QRQ��VHJPHQWDO�YLWLOLJR�RQO\��
7KHVH�ILQGLQJV�VWUHVV�WKH�YLHZ�FRQVLGHULQJ�WKH�VHJPHQWDO�DQG�QRQ��
VHJPHQWDO�YLWLOLJR�DV�WZR�FRPSOHWHO\�GLIIHUHQW�W\SHV��$UWLFOHV�GHDOLQJ�ZLWK�
YLWLOLJR�HLWKHU�LWV�SDWKRJHQHVLV�RU�WKHUDS\�VKRXOG�FDWHJRULVH�YLWLOLJR�LQWR�
VHJPHQWDO�DQG�QRQ��VHJPHQWDO�W\SHV�RWKHUZLVH��DOO�UHVXOWV�ZLOO�EH�ELDVHG��

5HIHUHQFHV�
���+RZLW]�-��%URGWKDJHQ�+��6FKZDUW]�0��3UHYDOHQFH�RI�YLWLOLJR��$UFK�
'HUPDWRO������������������
�
���1MRR�0'��:HVWHUKRI�:��9LWLOLJR��3DWKRJHQHVLV�DQG�WUHDWPHQW��$P�-�&OLQ�
'HUPDWRO������������������
�
���+DQQ�6.�DQG�/HH�+-��6HJPHQWDO�YLWLOLJR��FOLQLFDO�ILQGLQJV�LQ�����
SDWLHQWV��-�$P�$FDG�'HUPDWRO����������������������
�
���.RJD�0��7DQJR�7��&OLQLFDO�IHDWXUHV�DQG�FRXUVH�RI�W\SH�$�DQG�W\SH�%�
YLWLOLJR��%U�-�'HUPDWRO��������������������
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�
���.RJD�0��9LWLOLJR��D�QHZ�FODVVLILFDWLRQ�DQG�WKHUDS\��%U�-�'HUPDWRO��
������������������
�
���%DURQD�0,��$UUXQDWHJXL�$��)DODEHOOD�5��$O]DWH�$��$Q�HSLGHPLRORJLF�
FDVH��FRQWURO�VWXG\�LQ�D�SRSXODWLRQ�ZLWK�YLWLOLJR��-�$P�$FDG�'HUPDWRO��
�����������������
�
���'RJUD�6��3DUVDG�'��+DQGD�6��.DQZDU�$-��/DWH�RQVHW�YLWLOLJR��D�VWXG\�RI�
����SDWLHQWV��,QW�-�'HUPDWRO�������������������
�
���0HKWD�15��6KDK�.&��7KHRGRUH�&��9\DV�93��3DWHO�$%��(SLGHPLRORJLFDO�
VWXG\�RI�YLWLOLJR�LQ�6XUDW�DUHD��,QGLDQ�-�0HG�5HV�������������������
�
���'DV�6.��0DMXPGHU�33��&KDNUDERUW\�5��0DMXQGHU�7.��+DOGHU�%��6WXGLHV�
RQ�YLWLOLJR��,��(SLGHPLRORJLFDO�SURILOH�LQ�&DOFXWWD��,QGLD��*HQHW�(SLGHPLRO��
��������������
�
����'DV�6.��0DMXPGHU�33��0DMXQGHU�7.��+DOGHU�%��6WXGLHV�RQ�YLWLOLJR��,,��
)DPLOLDO�DJJUHJDWLRQ�DQG�JHQHWLFV��*HQHW�(SLGHPLRO������������������
�
����%RLVVHDX��*DUVDXG�$0��*DUVDXG�3��&DOHV��4XLVW�'��+HOHQRQ�5��
4XHQHKHUYH�&�DQG�&ODLUH�5&6��(SLGHPLRORJ\�RI�YLWLOLJR�LQ�WKH�)UHQFK�
:HVW�,QGLHV�>,VOH�RI�0DUWLQLTXH@��,QW�-�'HUPDWRO�������������������
�
����/LX�-%��/L�0��<DQJ�6��*XL�-3��:DQJ�+3��'X�:+��=KDR��;<��5HQ�<4��
=KX�<*��=KDQJ�;-��&OLQLFDO�SURILOHV�RI�YLWLOLJR�LQ�&KLQD��DQ�DQDO\VLV�RI�
�����SDWLHQWV��&OLQ�([S�'HUPDWRO�������������������
�
����0DMXQGHU�33��1RUGOXQG�--��1DWK�6.��3DWWHUQ�RI�)DPLOLDO�DJJUHJDWLRQ�RI�
YLWLOLJR��$UFK�'HUPDWRO��������������������
�
����2QXQX�$1�DQG�.XEH\LQMH�(3��9LWLOLJR�LQ�WKH�1LJHULDQ�$IULFDQ��D�VWXG\�
RI�����SDWLHQWV�LQ�%HQLQ�&LW\��1LJHULD��,QW�-�'HUPDWRO����������������������
�
����$O�.KDWHHE�$��)DLQ�35��7KRG\�$��%HQQHWW�'&��6SULW]�5$��
(SLGHPLRORJ\�RI�YLWLOLJR�DQG�DVVRFLDWHG�DXWRLPPXQH�GLVHDVHV�LQ�&DXFDVLDQ�
SUREDQGV�DQG�WKHLU�IDPLOLHV��3LJPHQW�&HOO�5HV�������������������
�
����+DOGHU�50��1DQGHGNDU�0$�DQG�1HDO�.:��3LJPHQWDU\�GLVRUGHUV�LQ�
HWKQLF�VNLQ��'HUPDWRO�&OLQ��������������������
�
����=KDQJ�;-��/LX�-%��*XL�-3��/L�P��;LRQJ�4*��:X�+%��/L�-;��<DQJ�6��
:DQJ�+<��*DR�0��<DQJ�-��<DQJ�4��&KDUDFWHULVWLFV�RI�JHQHWLF�
HSLGHPLRORJ\�DQG�JHQHWLF�PRGHOV�IRU�YLWLOLJR��-�$P�$FDG�'HUPDWRO��
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�
����,DFRYHOOL�3��6LQJDUD�-/0��9LGROLQ�$3��0DUHQGD�6��&DSLWDQLR�%��/HRQH�
*��3LFDUGR�0��3UHYDOHQFH�RI�WK\URLGLWLV�DQG�RI�RWKHU�DXWRLPPXQH�GLVHDVHV�
LQ�FKLOGUHQ�ZLWK�YLWLOLJR��'HUPDWRORJ\������������������
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�
����+DQGD�6��.DXU�,��9LWLOLJR��FOLQLFDO�ILQGLQJV�LQ������SDWLHQWV��-�'HUPDWRO��
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