
)DFWRUV�$VVRFLDWHG�ZLWK�WKH�2FFXUUHQFH�RI�0HGLFDO�(UURUV�DPRQJ�3UDFWLFLQJ�
3K\VLFLDQV�LQ�3XEOLF�+HDOWK�)DFLOLWLHV�LQ�$EXMD�1LJHULD

� ���<DOPD�5�0 ��$VX]X�0�&�
�'HSDUWPHQW�RI�&RPPXQLW\�0HGLFLQH��&ROOHJH�RI�+HDOWK�6FLHQFHV��8QLYHUVLW\�RI�$EXMD��1LJHULD�
��'HSDUWPHQW�RI�&RPPXQLW\�0HGLFLQH��&ROOHJH�RI�0HGLFLQH��8QLYHUVLW\�RI�,EDGDQ��1LJHULD�

5HVXOWV��6RPH�����SK\VLFLDQV�ZHUH�VWXGLHG��7HUWLDU\�OHYHO�YHUVXV�VHFRQGDU\�OHYHO�HUURUV�RFFXUUHQFHV�ZHUH�QHDU�PLVVHV�
�������YV���������PLVWDNHV��������YV���������VOLSV�RU�ODSVHV��������YV��������DQG�WHFKQLFDO�HUURUV��������YV�
���������S�!��������7KH�RYHUDOO�HUURU�UDWHV�DW�WKH�WHUWLDU\�DQG�WKH�VHFRQGDU\�OHYHOV�ZHUH��������YV��������S� �!��������
$W�ERWK�OHYHOV��WKHVH�HUURU�RFFXUUHQFHV�ZHUH�ODUJHO\�DWWULEXWHG�WR�SRRU�FRPPXQLFDWLRQ��������YV��������S� ��������
DQG�ODFN�RI�PHGLFDO�HTXLSPHQWV��������YV���������S� ���������

2EMHFWLYH��7R�FRPSDUH�WKH�RFFXUUHQFH�RI�PHGLFDO�HUURUV�DQG�DVVRFLDWHG�IDFWRUV�DPRQJ�SK\VLFLDQV�LQ�JRYHUQPHQW�
VHFRQGDU\�DQG�WHUWLDU\�KHDOWK�IDFLOLWLHV�LQ�$EXMD��1LJHULD�

&RQFOXVLRQ��7KLV�VWXG\�UHYHDOHG�WKDW�SRRU�FRPPXQLFDWLRQ�DQG�ODFN�RI�PHGLFDO�HTXLSPHQWV�DUH�WKH�OHDGLQJ�IDFWRUV�
DVVRFLDWHG�ZLWK�WKH�RFFXUUHQFH�RI�PHGLFDO�HUURUV��7KHUHIRUH��LPSURYHG�FRPPXQLFDWLRQ�LQ�WKH�PHGLFDO�WHDP�DV�ZHOO�DV�
WKH�SURYLVLRQ�RI�PHGLFDO�HTXLSPHQWV�ZRXOG�UHGXFH�WKH�EXUGHQ�RI�PHGLFDO�HUURUV���

$%675$&7

0HWKRGRORJ\��$�FURVV�VHFWLRQDO�VXUYH\�RI�SK\VLFLDQV�LQ�VHYHQ�RXW�RI�IRXUWHHQ�KRVSLWDOV�ZDV�FRQGXFWHG��$�FOXVWHU�
VDPSOLQJ�WHFKQLTXH�RI�WKH�KRVSLWDOV�ZDV�XVHG�WR�REWDLQ�D�WRWDO�VDPSOH�VL]H�RI�����SK\VLFLDQV������IRU�HDFK�OHYHO��$�VHPL�
VWUXFWXUHG�TXHVWLRQQDLUH�ZDV�XVHG�WR�FROOHFW�WKH�GDWD��'DWD�ZDV�DQDO\]HG�XVLQJ�6366�YHUVLRQ������DQG�VXPPDULVHG�DV�
SURSRUWLRQV��&KL�VTXDUH�WHVW�ZDV�XVHG�WR�DVVHVV�DVVRFLDWLRQV�EHWZHHQ�YDULDEOHV�DW�D�VLJQLILFDQFH�OHYHO�RI�����

.H\�ZRUGV��0HGLFDO�HUURUV��2FFXUUHQFH��3K\VLFLDQV��)DFWRUV�

,Q�1LJHULD��D�UHFHQW�VWXG\�FRQGXFWHG�DW� WKH�8QLYHUVLW\�
&ROOHJH� +RVSLWDO� ,EDGDQ� UHYHDOHG� DQ� RYHUDOO� PHGLFDO�

����� �HUURU�UDWH�RI��������DQG����� 3UHVFULSWLRQ�IDXOWV�DQG�
HUURUV� DUH� IDLOXUHV� LQ� WKH� GHFLVLRQ� PDNLQJ� DQG�

��SUHVFULSWLRQ�ZULWLQJ�SURFHVV�UHVSHFWLYHO\� ��
*HQHUDO�REMHFWLYH
7KH�EURDG�REMHFWLYH�RI� WKLV� VWXG\�ZDV� WR�FRPSDUH� WKH�
RFFXUUHQFH�RI�PHGLFDO�HUURUV�DQG�WKH�IDFWRUV�DVVRFLDWHG�
ZLWK�WKHLU�RFFXUUHQFHV�DPRQJ�SK\VLFLDQV�LQ�JRYHUQPHQW�
VHFRQGDU\� DQG� WHUWLDU\� KHDOWK� IDFLOLWLHV� LQ� $EXMD�� WKH�
)HGHUDO�&DSLWDO�7HUULWRU\��)&7���
6SHFLILF�REMHFWLYHV

��� 7R�LGHQWLI\�WKH�IDFWRUV�DVVRFLDWHG�ZLWK�WKH�
RFFXUUHQFH�RI�PHGLFDO�HUURUV�DPRQJ�WKH�
SK\VLFLDQV

0$7(5,$/6�$1'�0(7+2'6

��� 7R�DVVHVV�WKH�SHUFHSWLRQV�RI�SK\VLFLDQV�RQ�
PHGLFDO�HUURU�RFFXUUHQFH�UDWHV�DW�WKH�WHUWLDU\�
DQG�VHFRQGDU\�KHDOWK�IDFLOLWLHV�DQG�WKH�RYHUDOO�
PHGLFDO�HUURU�RFFXUUHQFH�UDWHV�DW�ERWK�OHYHOV

6WXG\�DUHD��7KH�VWXG\�ZDV�FDUULHG�RXW� LQ� WKH�)HGHUDO�
&DSLWDO�7HUULWRU\�$EXMD��)&7���$EXMD�RIILFLDOO\�EHFDPH�
1LJHULD
V�FDSLWDO�RQ���WK�'HFHPEHU�������%DVHG�RQ�WKH�

�������FHQVXV��WKH�SRSXODWLRQ�RI�WKH�)&7�ZDV������������ �
&XUUHQWO\��WKH�SRSXODWLRQ�RI�$EXMD�LV�HVWLPDWHG�WR�EH�RYHU�

�����PLOOLRQ�SHRSOH�

��� 7R�FRPSDUH�WKH�SK\VLFLDQV
�SHUFHSWLRQV�RI�
PHGLFDO�HUURU�RFFXUUHQFH�UDWHV�E\�FDGUHV�DQG�
E\�VXE�VSHFLDOWLHV

6WXG\�GHVLJQ��$�FRPSDUDWLYH�FURVV�VHFWLRQDO�VXUYH\�RI�

&RUUHVSRQGHQFH�WR��'U�<DOPD�5DPVH\�0VKHOL]D��'HSDUWPHQW�RI�&RPPXQLW\�0HGLFLQH��&ROOHJH�RI�+HDOWK�6FLHQFHV�
���(PDLO��\UPVKHOL]D#\DKRR�FRP

7KH�&DQDGLDQ�6DIHW\�,QVWLWXWH�GHILQHV�DQ�HUURU�DV�D�IDLOXUH�
RI� D�SODQQHG�DFWLRQ� WR�EH� FRPSOHWHG� DV� LQWHQGHG� �L�H���
HUURU�RI�H[HFXWLRQ��RU�WKH�XVH�RI�D�ZURQJ�SODQ�WR�DFKLHYH�

��DQ�DLP��L�H���HUURU�RI�SODQQLQJ�� ���$Q�HUURU�RIWHQ�UHVXOWV�WR�
DQ�DGYHUVH�HYHQW�WR�WKH�SDWLHQW��$GYHUVH�HYHQWV�DUH�WKH�
LQMXULHV�RU�KDUPV�WKDW�UHVXOW�IURP�DQ�HUURU�LQ�WKH�FRXUVH�RI�
WKH�PDQDJHPHQW�RI�WKH�SDWLHQW�UDWKHU�WKDQ�WKH�XQGHUO\LQJ�
FRQGLWLRQ�RI�WKH�SDWLHQW��XVXDOO\�DV�DQ�XQLQWHQWLRQDO�DQG�
XQH[SHFWHG� RFFXUUHQFH�� 0HGLFDO� HUURUV� DUH� WKHUHIRUH�

�GHILQHG�DV�SUHYHQWDEOH�DGYHUVH�PHGLFDO�HYHQWV��

³1HDU� PLVVHV´� DUH� HUURUV� WKDW� GR� QRW� FDXVH� KDUP� WR�
SDWLHQWV�E\�FKDQFH�RU�EHFDXVH� WKH�HUURU�ZDV�FRUUHFWHG�
EHIRUH�KDUP�FRXOG�RFFXU��³0LVWDNHV´�DUH�HUURUV�LQ�WKH�
SODQQLQJ�RI�DQ�DFWLRQ���
³6OLSV�RU�ODSVHV´�DUH�HUURUV�LQ�WKH�H[HFXWLRQ�RI�DQ�DFWLRQ�
WKDW�RIWHQ�RFFXU�DV�D�UHVXOW�RI�GLVWUDFWLRQ�RU�PRPHQWDU\�
IDLOXUH�RI�FRQFHQWUDWLRQ��³7HFKQLFDO�HUURUV´�RFFXU�ZKHQ�
WKHUH�LV�D�IDLOXUH�WR�FDUU\�RXW�DQ�DFWLRQ�VXFFHVVIXOO\�HYHQ�
LI�WKH�SODQ�RI�DFWLRQ�DQG�WHFKQLTXH�DUH�DSSURSULDWH�

,1752'8&7,21

7KH�PDJQLWXGH�RI�WKH�PHGLFDO�HUURU�SUREOHP�IURP�UHFHQW�
VWXGLHV� VXJJHVWV� WKDW� PHGLFDO� HUURUV� FDXVH� WHQV� RI�
WKRXVDQGV� RI� DYRLGDEOH� LPSDLUPHQWV�� GLVDELOLWLHV��
KDQGLFDSV� DQG� GHDWKV� DQQXDOO\� DV� HYLGHQFHG� E\� WKH�

�� �IROORZLQJ�VWXGLHV� ,Q�8WDK�DQG�&RORUDGR��86$��VXUYH\�
�GDWD� UHYHDOHG� D� PHGLFDO� HUURU� UDWH� RI� ���� � ZKLOH� D�

PHGLFDO�SUDFWLFH�VWXG\�LQ�2QWDULR��&DQDGD�VKRZHG�WKDW�
�����RI�SDWLHQWV�LQ�KRVSLWDOV�VXIIHUHG�SURORQJHG�KRVSLWDO�
VWD\�RU�GLVDELOLW\�RU�ERWK�DV�D�UHVXOW�RI�PHGLFDO�HUURUV��

�������RI�ZKLFK�ZHUH�FRQVLGHUHG�SUHYHQWDEOH��

$� UHFRJQL]HG� FODVVLILFDWLRQ� RI� PHGLFDO� HUURUV� DOVR�
GHYHORSHG�E\�WKH�&DQDGLDQ�6DIHW\�,QVWLWXWH�LGHQWLILHV�WKH�

�IROORZLQJ�EURDG�FDWHJRULHV�RI�HUURUV��

�
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ʌ��  ���� PHDQ�RI�WZR�SURSRUWLRQV�3� �DQG�3�� �

����Q��  �� ������������ �î�������î�������

���3� �  �� ���� ������

���ʌ�  �� ���������� ������� ������� ������

� SRZHU�� FRUUHVSRQGLQJ� WR� WKH� SUREDELOLW\� RI�
� PDNLQJ�D�W\SH���HUURU�

3�� � � � � � � � � � �SUHYLRXV�HVWLPDWH�RI�PHGLFDO�HUURUV�
DPRQJ�SK\VLFLDQV

3  �� SUHYLRXV� HVWLPDWH� RI� PHGLFDO� HUURUV���
������DPRQJ�SK\VLFLDQV�

G�  �� � � � � � � �WKH�GHVLUHG�OHYHO�RI�GLIIHUHQFH�EHWZHHQ�
���WKH�WZR�JURXSV�

6WXGLHV� FRQGXFWHG� LQ� WKH� 86$� DQG� &DQDGD�
GRFXPHQWHG� ���� SUHYDOHQFH� RI� QRQ�GLVFORVXUH� RI�

�����PHGLFDO�HUURUV�DPRQJ�SK\VLFLDQV� �DQG�WKLV�ZDV�XVHG�LQ�
���WKLV� VWXG\� WR�GHWHFW�D�GLIIHUHQFH�RI������ RI�PHGLFDO�

HUURUV�EHWZHHQ�SK\VLFLDQV�DW�WKH�VHFRQGDU\�DQG�WHUWLDU\�
OHYHOV�RI�WKH�KHDOWK�V\VWHP�LQ�WKH�)&7�$EXMD�

���3� �  �� ���� ������

5HVHDUFK� LQVWUXPHQW�� 7KH� VWXG\� XVHG� D� VXUYH\�
TXHVWLRQQDLUH�ZKLFK�ZDV�DGPLQLVWHUHG�WR�WKH�SK\VLFLDQV��
7KH�LQVWUXPHQW�ZDV�D�VHPL�VWUXFWXUHG��VHOI�DGPLQLVWHUHG�
TXHVWLRQQDLUH�� 7KH� TXHVWLRQV� ZHUH� D� PL[� RI� WKRVH�
FRQVWUXFWHG�DQG�GHYHORSHG�E\�WKH�UHVHDUFKHUV�DQG�WKRVH�
FXOOHG�DQG�PRGLILHG�IURP�D�VWDQGDUGL]HG�TXHVWLRQQDLUH�
VXUYH\�RQ�PHGLFDO�HUURUV�DPRQJ�SK\VLFLDQV�LQ�WKH�86$��D�
SURMHFW� IXQGHG� E\� WKH� 5REHUW� :RRG� -RKQVRQ� � � �

��IRXQGDWLRQ��

 �� ����

7KHUHIRUH���

�����ʌ��  �� ��²������� ������
���������������������������������������

���Q��  �� ����  �PLQLPXP� VDPSOH� VL]H� IRU� HDFK�
JURXS

6RPH�����QRQ�UHVSRQVH�UDWH�ZDV�DGGHG� ������L�H��������
����� ������� �DSSUR[LPDWHO\�����SK\VLFLDQV�SHU�JURXS��
7KHUHIRUH� WRWDO� VDPSOH� VL]H�  � ���� î� �� JURXSV�  �
DSSUR[LPDWHO\�����SK\VLFLDQV�

'DWD� PDQDJHPHQW�� 'DWD� IURP� WKH� TXHVWLRQQDLUH� ZHUH�
HQWHUHG�DQG�DQDO\]HG�XVLQJ�6366�YHUVLRQ����VRIWZDUH��
7KH� VRFLR�GHPRJUDSKLF� FKDUDFWHULVWLFV� VXFK� DV� DJH��
JHQGHU�� QDWLRQDOLW\�� SURIHVVLRQDO� UDQNV� HWF�� DQG� RWKHU�
UHOHYDQW� ILQGLQJV� ZHUH� VXPPDUL]HG� DQG� GLVSOD\HG� LQ�
DSSURSULDWH� WDEOHV� DQG� FKDUWV�� )RU� WKH� DQDO\VLV� RI� WKH�
RFFXUUHQFH� RI� PHGLFDO� HUURUV�� UHVSRQVHV� ZHUH�
GLFKRWRPL]HG�DV�IROORZV��
9HU\�RIWHQ
��
VRPHWLPHV
��DQG�

QRW� WRR�RIWHQ
�ZHUH�FDWHJRUL]HG�DV� 
\HV
� UHVSRQVHV�DQG�

QHYHU
� DV� 
QR
� UHVSRQVHV�� 7KH� RYHUDOO� PHGLFDO� HUURU�
RFFXUUHQFH�UDWHV�IRU�WKH�WHUWLDU\�DQG�WKH�VHFRQGDU\�OHYHOV�
ZHUH�HVWLPDWHG�DV�WKH�WRWDO�RI�WKH�
\HV
�UHVSRQVHV�WR�WKH�
RFFXUUHQFH�RI�WKH�YDULRXV�HUURU�FDWHJRULHV�VXUYH\HG�L�H��
QHDU�PLVVHV��PLVWDNHV��VOLSV�ODSVHV��WHFKQLFDO�HUURUV�DQG�
RWKHUV��$OVR�IRU�WKH�DQDO\VLV�RI�IDFWRUV�DVVRFLDWHG�ZLWK�WKH�
RFFXUUHQFH� RI� PHGLFDO� HUURUV�� UHVSRQVHV� ZHUH� DOVR�

� ���� ��������
���Q��  �� ��������î�������î�������

�

,QFOXVLRQ�FULWHULD��$OO�FRQVHQWLQJ�SK\VLFLDQV�LQ�WKH�
VHOHFWHG�IDFLOLWLHV�ZHUH�VWXGLHG��1R�UHSRUWHG�FDVHV�RI�
ODZVXLWV�RU�PHGLFR�OHJDO�DFWLRQV�ZHUH�UHSRUWHG�DW�WKDW�
WLPH��,I�SUHVHQW�WKHLU�H[SHULHQFHV�PD\�KDYH�HQULFKHG�
WKH�VWXG\�ILQGLQJV�

�L�H��FOXVWHUV��ZHUH�VWXGLHG��1RWH�WKDW�WKH�HVWLPDWHG�
QXPEHUV�RI�SK\VLFLDQV�RI�DOO�FDGUHV�L�H��FRQVXOWDQWV��
UHVLGHQW�GRFWRUV��PHGLFDO�RIILFHUV�DQG�KRXVH�RIILFHUV�
LQ�WKH�JRYHUQPHQW�KHDOWK�IDFLOLWLHV�ZHUH�DV�IROORZV��
2QH�WHUWLDU\�KHDOWK�IDFLOLW\� �����WR�����SK\VLFLDQV�DQG�
RQH�VHFRQGDU\�KHDWK�IDFLOLW\� ����WR����SK\VLFLDQV�

([FOXVLRQV���1RQH��H[FHSW�SK\VLFLDQV�ZRUNLQJ�LQ�
IDFLOLWLHV�WKDW�ZHUH�QRW�SLFNHG�E\�WKH�FOXVWHU�VDPSOLQJ�
WHFKQLTXH�DSSOLHG�RU�WKRVH�ZKR�UHIXVHG�WR�SDUWLFLSDWH�
LQ�WKH�VHOHFWHG�IDFLOLWLHV�

7KH�IRUPXOD�IRU�FDOFXODWLQJ�VDPSOH�VL]H�IRU�WKH�
��FRPSDULVRQ�RI�WZR�LQGHSHQGHQW�SURSRUWLRQV�ZDV�XVHG�

6DPSOLQJ�7HFKQLTXH��$�FOXVWHU�VDPSOLQJ�WHFKQLTXH�ZDV�
XVHG�LQ�WKLV�VWXG\��(DFK�KHDOWK�IDFLOLW\�ZDV�VWXGLHG�DV�RQH�
FOXVWHU�

:KHUH�

=Į� ��VWDQGDUG�QRUPDO�GHYLDWH�FRUUHVSRQGLQJ�WR�WKH�
� ���SUREDELOLW\�RI�Į�

=ȕ� �� VWDQGDUG� QRUPDO� GHYLDWH� DW� ���� VWDWLVWLFDO�

6WXG\� SRSXODWLRQ��$OO� FDGUHV� RI� PHGLFDO� DQG� GHQWDO�
SUDFWLWLRQHUV�UHJDUGOHVV�RI�QXPEHU�RI�\HDUV�LQ�SUDFWLFH�
L�H�� FRQVXOWDQWV�� UHVLGHQW�GRFWRUV��PHGLFDO�RIILFHUV� DQG�
KRXVH�RIILFHUV�LQ�WKH�VHOHFWHG�JRYHUQPHQW�VHFRQGDU\�DQG�
WHUWLDU\�KHDOWK�IDFLOLWLHV�LQ�WKH�)HGHUDO�&DSLWDO�7HUULWRU\�
$EXMD�ZHUH� VWXGLHG�� ,Q� DGGLWLRQ�� FRQVXOWDQWV�� UHVLGHQW�
GRFWRUV�� PHGLFDO� RIILFHUV� DQG� KRXVH� RIILFHUV� DW� WKH�
WHUWLDU\� OHYHO�ZHUH�FRPSDUHG�ZLWK� WKHLU�FRUUHVSRQGLQJ�
FDGUHV�DW�WKH�VHFRQGDU\�OHYHO��

6WHS����$OO�FDGUHV�RI�FRQVHQWLQJ�PHGLFDO�DQG�GHQWDO�
SUDFWLWLRQHUV��L�H��FRQVXOWDQWV��UHVLGHQW�GRFWRUV��
PHGLFDO�RIILFHUV�DQG�KRXVH�RIILFHUV��LQ�DOO�WKH�
VHOHFWHG�KHDOWK�IDFLOLWLHV�

�Q���JURXS� ����=�Į���=�ȕ�� �ʌ�����ʌ�������

�6DPSOH�VL]H�GHWHUPLQDWLRQ

�G

L�H���WKH�SUREDELOLW\�RI�PDNLQJ�D�W\SH���HUURU�DW���� �����

Q�  ��PLQLPXP�VDPSOH�VL]H�SHU�JURXS

SK\VLFLDQV�LQ�WKH�WHUWLDU\�DQG�VHFRQGDU\�KHDOWK�IDFLOLWLHV�
ZDV�FRQGXFWHG�WR�REWDLQ�TXDQWLWDWLYH�GDWD��

6WHS� ��� 7KH� ��� VHFRQGDU\� DQG� WZR� WHUWLDU\� KHDOWK�
IDFLOLWLHV� ZHUH� LGHQWLILHG� XVLQJ� DYDLODEOH� LQIRUPDWLRQ�
IURP�WKH�)HGHUDO�&DSLWDO�7HUULWRU\�DGPLQLVWUDWLRQ��(DFK�
KHDOWK�IDFLOLW\�ZDV�FODVVLILHG�DV�RQH�FOXVWHU��WKHUHIRUH�RQH�
JRYHUQPHQW� WHUWLDU\� KHDOWK� IDFLOLW\� � � �� FOXVWHU�� ZDV�
VHOHFWHG� E\� EDOORWLQJ� RXW� RI� WKH� WZR� WHUWLDU\� KHDOWK�
IDFLOLWLHV�DQG�VL[�JRYHUQPHQW�VHFRQGDU\�KHDOWK�IDFLOLWLHV�
� ���FOXVWHUV��ZHUH�DOVR�VHOHFWHG�E\�EDOORWLQJ�RXW�RI�WKH����
KHDOWK�IDFLOLWLHV��

*RPE H�0 H G L F D O� - R X U Q D O



�� �����������������������������������������������/HYHO� ����������/HYHO� �����������1 ����� ����;

7DEOH���6RFLR�GHPRJUDSKLF�FKDUDFWHULVWLFV�RI�SK\VLFLDQV

����������������������������������������� ��������Q����� ����������Q�����
� �����������������������������������������������������������������������������������������������1 ����� �����������Q ����� ����������1���

��������������������9DULDEOHV������������������������7HUWLDU\���� ����������6HFRQGDU\��������7RWDO�� ����6WDWLVWLF����S�YDOXH

  S�YDOXHV��������DUH�VLJQLILFDQW��2WKHUV � �IRUHLJQHUV��2WKHUV �� �:LGRZV�ZLGRZHUV��FRKDELWLQJ��VHSDUDWHG��
����GLYRUFHG��2WKHUV  �QR�VSHFLDOW\�RI�LQWHUHVW��Ș� �W�WHVW�

GLFKRWRPL]HG� DV� IROORZV�� 
YHU\�ZHDN
�� 
ZHDN
�� 
VOLJKWO\�
ZHDN
�DQG�
QHXWUDO
�ZHUH�FDWHJRUL]HG�DV�
ZHDN
�UHVSRQVHV�
ZKLOH�
VOLJKWO\�VWURQJ
��
VWURQJ
�DQG�
YHU\�VWURQJ
� �ZKHUH�
FDWHJRUL]HG�DV�
VWURQJ
�UHVSRQVHV��7KH�DQDO\WLF�IRFXV�ZDV�
WKHUHIRUH�RQ�SRVLWLYH�UHVSRQVHV��7HVW�VWDWLVWLFV�VXFK�DV�FKL�

�VTXDUH��Ȥ ���W�WHVW�DQG�)LVKHU
V�H[DFW�WHVWV�ZHUH�XVHG�WR�WHVW�
VLJQLILFDQW� GLIIHUHQFHV� EHWZHHQ� WKH� YDULDEOHV� DV�
DSSURSULDWH�
&RQIOLFW�RI�LQWHUHVW���1RQH
'XUDWLRQ�RI�VWXG\����\HDU��0DUFK�������)HEUXDU\�����

5(68/76�
$� WRWDO� RI� ���� GRFWRUV� ZHUH� LQWHUYLHZHG�� ZLWK� ����
��������IURP�WKH�WHUWLDU\�OHYHO�DQG�������������IURP�WKH�
VHFRQGDU\�OHYHO��5HVSRQGHQWV�IURP�WKH�VHFRQGDU\�OHYHO�
ZHUH�ROGHU�WKDQ�WKRVH�IURP�WKH�WHUWLDU\�OHYHO�ZLWK�PHDQ�
DJH�RI��������\HDUV�FRPSDUHG�WR��������\HDUV��7KLV�ZDV�
VWDWLVWLFDOO\�VLJQLILFDQW��S����������7KH�VH[�GLVWULEXWLRQ�RI�
WKH� UHVSRQGHQWV� ZDV� DOVR� GLIIHUHQW� ZLWK� D� KLJKHU�
SURSRUWLRQ� RI� PDOH� UHVSRQGHQWV�� ���� �������� WKDQ�
IHPDOH� UHVSRQGHQWV�� ���� �������� DV� VKRZQ� LQ� WDEOH� ��
EHORZ�� ,Q� DGGLWLRQ� PRVW� UHVSRQGHQWV� EHORQJ� WR� WKH�
VXUJLFDO�VXE�VSHFLDOWLHV������������DV�FRPSDUHG�WR�WKH�
SK\VLFLDQV�������������7KLV�ZDV�VWDWLVWLFDOO\�VLJQLILFDQW�
�S���������

$JH��\HDUV�
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�����
!����
0HDQ�DJH����6'�����
\HDUV�
6H[�����0DOH
�����������)HPDOH�
1DWLRQDOLW\
1LJHULDQV

2WKHUV �
0DULWDO�VWDWXV
0DUULHG
6LQJOH

2WKHUV �
0HDQ�QXPEHU�RI�
\HDUV�LQ�SUDFWLFH
�
3URIHVVLRQDO�UDQNV
&RQVXOWDQWV
5HVLGHQW�GRFWRUV
+RXVH�RIILFHUV
0HGLFDO�RIILFHUV�

6XE�VSHFLDOWLHV�RI�WKH�
SK\VLFLDQV

6XUJLFDO


1RQ��VXUJLFDO


�2WKHUV
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)LJXUH���VKRZV�WKDW�WKH�PHGLFDO�HUURUV�RFFXUUHQFH�UDWHV�ZHUH�PRVWO\�KLJKHU�DW�WKH�VHFRQGDU\�OHYHO�RYHU�WKH�SUHYLRXV�
WKUHH�PRQWKV�WKDQ�DW�WKH�WHUWLDU\�OHYHO��)RU�H[DPSOH��QHDU�PLVVHV��������YV��������DQG�PLVWDNHV��������YV���������
7KHUH�ZDV�KRZHYHU�QR�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFH��S�!�������

3HUFHSWLRQV�RI�SK\VLFLDQV�RQ�PHGLFDO�HUURU�RFFXUUHQFH�UDWHV�DW�WKH�WHUWLDU\�DQG�VHFRQGDU\�OHYHOV

7KH�PHGLFDO�HUURU�UDWHV�DPRQJ�SK\VLFLDQV�EHORZ�WKH�UDQN�RI�FRQVXOWDQW�ZHUH�JHQHUDOO\�KLJKHU�WKDQ�DPRQJ�FRQVXOWDQWV�
DW�ERWK�WHUWLDU\�DQG�VHFRQGDU\�OHYHOV��IRU�H[DPSOH��VOLSV�ODSVHV�������!�������DQG�������!���������7KH�GLIIHUHQFHV�
EHWZHHQ� WKH�FRUUHVSRQGLQJ�FDGUHV�DW�ERWK� WKH� WHUWLDU\�DQG�VHFRQGDU\� OHYHOV�ZHUH�QRW�VWDWLVWLFDOO\�VLJQLILFDQW�H�J��
PLVWDNHV��������YV���������DQG�������YV���������S�!������IRU�ERWK�FRPSDULVRQ�JURXSV��DV�VKRZQ�LQ�WKH�WDEOH���EHORZ�

7DEOH����&RPSDULVRQ�RI�WKH�SK\VLFLDQV
�SHUFHSWLRQV�RI�PHGLFDO�HUURU�RFFXUUHQFH�UDWHV�E\�FDGUHV

)LJXUH������3HUFHSWLRQV�RI�SK\VLFLDQV�RQ�PHGLFDO�HUURU�RFFXUUHQFH�UDWHV�DW�WKH�WHUWLDU\�DQG�VHFRQGDU\�OHYHOV

� � � � � ���/HYHO�� ���OHYHO

������������&DWHJRU\�RI�HUURU� � ���������0HGLFDO�HUURU�UDWHV� ��7RWDO� � 6WDWLVWLF������S�YDOXH�
�������������3K\VLFLDQV
�FDGUH� ���� � � � � ���1 ����� ; �

� � � � � ����Q ����� ����Q ����

� � � � � ���7HUWLDU\�� ���6HFRQGDU\

� � � � � ����Q����� ���Q���

��������
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������ ������
6OLSV�/DSVHV
&RQVXOWDQWV
1RQ�FRQVXOWDQWV�
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1HDU�PLVV
&RQVXOWDQWV
1RQ�FRQVXOWDQWV�

0LVWDNHV
&RQVXOWDQWV
1RQ�FRQVXOWDQWV�
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1HDU�0LVVHV�2FFXUUHQFH
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6HFRQGDU\�OHYHO

7HUWLDU\�OHYHO

0LVWDNHV

��������

6OLSV�/DSVHV�

���� ����

7HFKQLFDO�HUURUV

�� ���� ����

'UXJ�RPLVVLRQ�HUURUV�

���� �����

'UXJ�RPLVVLRQ�HUURUV�

����



7DEOH����&RPSDULVRQ�RI� WKH�SK\VLFLDQV
�SHUFHSWLRQV�RI�PHGLFDO� HUURU�RFFXUUHQFH�UDWHV� � �E\� VXE�
VSHFLDOWLHV�

����������������6XE�VSHFLDOO\� � � �������0HGLFDO�HUURU�UDWHV� ������������������������������������6WDWLVWLF� �S�YDOXH�

� � � � � ���7HUWLDU\�� 6HFRQGDU\��������7RWDO�

�6WDWLVWLFDOO\�VLJQLILFDQW�

� � �� � � ����Q ����� �Q ������������������1� �����
� � � � � ���Q���� � Q���� ������������1����

�� � � ���� � � � � ������������������������������������; �

7KH�VXE�VSHFLDOW\�ZLWK�WKH�KLJKHVW�RYHUDOO�PHGLFDO�HUURU�UDWH�ZDV�VXUJHU\����������7KLV�ZDV�IROORZHG�E\�
UDGLRORJ\����������REVWHWULFV�DQG�J\QDHFRORJ\����������IDPLO\�PHGLFLQH����������SDHGLDWULFV���������DQG�
(17���������DV�VKRZQ�LQ�WDEOH���EHORZ��7KH�VXE�VSHFLDOWLHV�ZLWK�WKH�OHDVW�PHGLFDO�HUURU�UDWHV�ZHUH�GHQWLVWU\�
��������FRPPXQLW\�KHDOWK���������DQG�RSKWKDOPRORJ\����������S�YDOXHV�!������
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1RQ�FRQVXOWDQWV�
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�
5DGLRORJ\
�
2EVWHWULFV	�*\QDHFRORJ\
�
)DPLO\�0HGLFLQH
�
3DHGLDWULFV
�
(17
�
,QWHUQDO�0HGLFLQH�

$QDHVWKHVLD
�
/DERUDWRU\�0HGLFLQH
�
2SKWKDOPRORJ\
�
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�
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��������� ��������� ��������� ���������������2WKHU�IDFWRUV�H�J���DJH��JHQGHU��
PDULWDO�VWDWXV��SURIHVVLRQDO�UDQN���

���������� ���������� ����������� ��������������,QFUHDVLQJ�FRPSOH[LW\�RI�
PHGLFDO�SUDFWLFH�

7DNLQJ�DOO�WKH�FDWHJRULHV�RI�HUURUV�VXUYH\HG��WRJHWKHU��L�H��QHDU�PLVVHV��PLVWDNHV��VOLSV�ODSVHV��WHFKQLFDO�HUURUV��GUXJ�
RPLVVLRQ�HUURUV�DQG�ZURQJ�GUXJ�URXWH�HUURUV���WKH�HVWLPDWHG�RYHUDOO�PHGLFDO�HUURU�UDWH�DW�WKH�VHFRQGDU\�OHYHO�ZDV�
KLJKHU�WKDQ�DW�WKH�WHUWLDU\�OHYHO���������!���������DV�VKRZQ�LQ�)LJXUH���EHORZ�

��; � ��������S� �������

)LJXUH���&RPSDULVRQ�RI�WKH�SK\VLFLDQV
�RYHUDOO�SHUFHSWLRQV�RI�PHGLFDO�HUURU�RFFXUUHQFH�UDWHV�DW�WKH�WHUWLDU\�
DQG�VHFRQGDU\�OHYHOV�

)DFWRUV�DVVRFLDWHG�ZLWK�WKH�RFFXUUHQFH�RI�PHGLFDO�HUURUV
$W�ERWK�WKH�WHUWLDU\�DQG�WKH�VHFRQGDU\�OHYHOV��WKH�HUURU�RFFXUUHQFHV�ZHUH�PDLQO\�DWWULEXWHG�WR�WKH�IROORZLQJ�IDFWRUV��
SRRU�FRPPXQLFDWLRQ�H�J��ZLWK�FROOHDJXHV��SDWLHQWV��������YV��������S� �������DQG�ODFN�RI�PHGLFDO�HTXLSPHQWV�RU�
PDWHULDOV��������YV��������S� ��������SRRU�FRPPXQLFDWLRQ�LQ�UHODWLRQ�WR�WKH�PHGLFDO�WHDPV��������YV��������S� �
������DV�VKRZQ�LQ�WDEOH���EHORZ��

7DEOH���)DFWRUV�DVVRFLDWHG�ZLWK�WKH�RFFXUUHQFH�RI�PHGLFDO�HUURUV�DPRQJ�SK\VLFLDQV�

7HUWLDU\�
OHYHO
�Q� �����
Q�����
����������
�����������
�����������

�����������

6HFRQGDU\�
OHYHO
�Q� �����
Q�����
����������
�����������
�����������

�����������

7RWDO

�1� �����
1�����
����������
�����������
�����������

����������

������������������; S�YDOXH�

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

���������������

)DFWRUV�

,QDGHTXDWH�FRPPXQLFDWLRQ�
/DFN�RI�PDWHULDOV�HTXLSPHQW�
3RRU�FRPPXQLFDWLRQ�LQ�UHODWLRQ�WR�
WKH�PHGLFDO�WHDP�
3RRU�GRFXPHQWDWLRQ�RI�PHGLFDO�
UHFRUGV�

��
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2YHUDOO�PHGLFDO�HUURU�UDWH������7HUWLDU\�OHYHO�

�����

2YHUDOO�PHGLFDO�HUURU�UDWH������6HFRQGDU\�OHYHO

�����

����������� ����������� ����������� ����������������3RRU�LQWHUSHUVRQDO�UHODWLRQVKLSV�LQ�
WKH�PHGLFDO�WHDPV�

6WDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFH



2WKHU�VWXGLHV�RQ�PHGLFDO�HUURUV�IURP�$IULFDQ�FRXQWULHV�
VXFK�DV�6RXWK�$IULFD��*KDQD��6XGDQ�DQG�1LJHULD�VXJJHVW�
WKDW�RYHUDOO�PHGLFDO�HUURU�RFFXUUHQFH�UDWHV�LQ�$IULFD�ZHUH�

� �����������������PRVWO\� YHU\� KLJK� )RU� H[DPSOH� D� FOLQLF�
SDWKRORJLF� VWXG\� RQ� PLVVHG� IDWDO� ILUHDUP� ZRXQGV� LQ�
������E\�%KDQD�DQG�FROOHDJXHV��LQ�'XUEDQ��6RXWK�$IULFD��
UHSRUWHG� HUURU� UDWHV� UDQJLQJ� IURP������� WR� �������
���$QRWKHU�VWXG\�E\�&ODUNH�DQG�FROOHDJXHV�LQ�.ZD�=XOX�
1DWDO�SURYLQFH�LQ�6RXWK�$IULFD��DPRQJ�VXUJLFDO�SDWLHQWV�

,Q�$IULFD��PHGLFDO�HUURUV�ZHUH�VDLG�WR�DFFRXQW�IRU�DW�OHDVW�
���PLOOLRQ�GHDWKV�DQG�1LJHULD�ZLWK�D�SRSXODWLRQ�DERYH�
����PLOOLRQ�SHRSOH�UHSUHVHQWV�WKH�SHRSOH�RI�$IULFD�PRVW�

��DIIHFWHG� E\� WKLV� SUREOHP�� �0DQ\� RI� WKH� YLFWLPV� DQG�
VXIIHUHUV�RI�WKHVH�HUURUV�LQFOXGH�FKLOGUHQ�DV�UHYHDOHG�E\�D�
VWXG\�DW� WKH�/DJRV�6WDWH�8QLYHUVLW\�7HDFKLQJ�+RVSLWDO�

��DPRQJ�SDHGLDWULF�RXW�SDWLHQWV� �,W�ZDV�UHSRUWHG�WKDW�XS�WR�
����RI� WKH� FKLOGUHQ� VXIIHUHG� IURP�GUXJ� UHODWHG�HUURUV�
DORQH�� LQFOXGLQJ� RPLVVLRQ� RI� FKLOG
V� DJH� DQG�

��LGHQWLILFDWLRQ�QXPEHU�RQ�SUHVFULSWLRQ�VKHHWV�� �7KLV� LV�
VLPLODU�WR�RXU�ILQGLQJV�RQ�GUXJ�UHODWHG�HUURUV�DPRQJ�WKH�
JHQHUDO� SRSXODWLRQ� RI� SDWLHQW�ZKHUH� LW�ZDV� IRXQG� WKDW�
GUXJ�UHODWHG�HUURUV�DIIHFW�QHDUO\�KDOI�RI�DOO�SDWLHQWV�DW�ERWK�
WKH�WHUWLDU\�DQG�VHFRQGDU\�OHYHOV�RI� WKH�KHDOWK�V\VWHP��
7KH�VWXG\�FRQGXFWHG�LQ�/DJRV�ZDV�DW�WKH�WHUWLDU\�OHYHO�
DORQH�ZKHUH�WKH�RYHUDOO�TXDOLW\�RI�KHDOWKFDUH�VHUYLFH�PD\�
EH�H[SHFWHG�WR�EH�EHWWHU�KHQFH�WKH�VPDOOHU�PDJQLWXGH�RI�

��WKH�SUREOHP�DW�WKDW�OHYHO��

',6&866,21
7KLV� VWXG\� UHYHDOHG� WKDW� WKH� SK\VLFLDQV
� RYHUDOO�
SHUFHSWLRQ�RQ�PHGLFDO�HUURU�RFFXUUHQFH�UDWHV�DW�ERWK�WKH�
WHUWLDU\�DQG�VHFRQGDU\�OHYHOV�ZHUH�YHU\�KLJK��������YV�
���������2XU�ILQGLQJV�RI�WKH�KLJK�UDWHV�RI�RFFXUUHQFH�RI�
HUURUV�GR�QRW�FRPSDUH�IDYRXUDEO\�ZLWK�ILQGLQJV� LQ� WKH�
8QLWHG�6WDWHV� RI�$PHULFD�ZKHUH�RQO\����� WR�����RI�
SDWLHQWV� UHSRUWHG�SHUVRQDO� H[SHULHQFH�ZLWK� DQ� HUURU� LQ�
WKHLU� KHDOWKFDUH� � RU� LQ� *HUPDQ\� ZKHUH� RQO\� ���� RI�

��SDWLHQWV�UHSRUWHG�HUURUV�LQ�WKHLU�SHUVRQDO�KHDOWK�FDUH�� � �
+RZHYHU�� GHVSLWH� WKH� ORZHU� HUURU� UDWHV� LQ� WKH� 86$��
DQQXDO� GHDWKV� GXH� WR� PHGLFDO� HUURUV� LQ� WKH� 86$�ZDV�
UHSRUWHG�WR�EH�DERXW���������GHDWKV�DQG�WKLV�ZDV�UDQNHG�
WKH�ILIWK�OHDGLQJ�FDXVH�RI�GHDWK�DKHDG�RI�GHDWKV�GXH�WR�DOO�

���IRUPV�RI�DFFLGHQWV�FRPELQHG� ,Q�$XVWUDOLD��D�VWXG\�RQ�
WKH�TXDOLW\�RI�WKH�KHDOWKFDUH�V\VWHP�DOVR�UHSRUWHG�ORZHU�
UDWHV�RI�PHGLFDO�HUURU�RFFXUUHQFHV� 7KH�$XVWUDOLDQ�VWXG\���

UHYLHZHG� ������� KRVSLWDO� DGPLVVLRQV�� DQG� IRXQG� WKDW�
������RI�DOO�DGPLVVLRQV�ZHUH�DVVRFLDWHG�ZLWK�PHGLFDO�
HUURUV��������RI�WKHP�OHG�WR�SHUPDQHQW�GLVDELOLWLHV�DQG�
������UHVXOWHG�WR�GHDWKV��7KH�VWXG\�IXUWKHU�UHYHDOHG�WKDW�

�����RI�WKHVH�DGYHUVH�HYHQWV�ZHUH�SUHYHQWDEOH� �7KH�KLJK�
UDWHV� RI� WKH� RFFXUUHQFH� RI� PHGLFDO� HUURUV� LQ� PHGLFDO�
SUDFWLFH� VXJJHVW� WKDW� VRPH� RI� RXU� SDWLHQWV� PD\� KDYH�
VXIIHUHG�LPSDLUPHQWV��GLVDELOLWLHV��KDQGLFDSV�RU�GHDWKV�
DV�D�UHVXOW�RI�PHGLFDO�HUURUV��

UHSRUWHG� D� KLJK� RYHUDOO� PRUWDOLW\� UDWH� RI� ���������
��DWWULEXWHG�GLUHFWO\�RU�LQGLUHFWO\�WR�PHGLFDO�HUURUV�� �7KHVH�

KLJK�PHGLFDO�HUURU�RFFXUUHQFH�UDWHV�DUH�YHU\�VLPLODU�WR�
WKH�ILQGLQJV�RI�RXU�VWXG\�
$�GHVFULSWLYH�VWXG\�WR�HYDOXDWH�WKH�OHYHO�RI�FRPSOHWLRQ�RI�
KDHPDWRORJ\� UHTXHVW� IRUPV� DW� D� *KDQDLDQ� WHUWLDU\�
KRVSLWDO� E\� 2OD\HPL� DQG� FROOHDJXHV�� UHYHDOHG� RYHUDOO�

��HUURU�UDWHV�RI��������WR�������� ��(YHQ�WKRXJK�WKLV�ZDV�D�
ZLGH� UDQJH�� LW� VWLOO�GRHV�VXJJHVW� WKDW� WKH�HUURU� UDWHV� LQ�

��*KDQD�DUH�DOVR�YHU\�KLJK�� �,Q�DGGLWLRQ��D�FURVV�VHFWLRQDO�
VWXG\�E\�<RXVLI�DQG�FROOHDJXHV��DLPHG�DW�DQDO\]LQJ�WKH�
DSSURSULDWHQHVV� RI� SUHVFULSWLRQ� ZULWLQJ� LQ� GLIIHUHQW�
KHDOWK� IDFLOLWLHV� LQ� :DG� 0HGDQL�� 6XGDQ�� UHYHDOHG�

��SUHVFULSWLRQ�HUURU�UDWHV�RI�������WR���������

7KLV�VWXG\�DOVR�UHYHDOHG�WKDW�WKH�VXE�VSHFLDOWLHV�ZLWK�WKH�
KLJKHVW�RYHUDOO�PHGLFDO�HUURU�UDWHV� �LQ�GHVFHQGLQJ�RUGHU�
ZHUH� VXUJHU\�� UDGLRORJ\�� REVWHWULFV� DQG� J\QDHFRORJ\��
IDPLO\�PHGLFLQH��SDHGLDWULFV��WKHQ�(17��7KHVH�KLJK�HUURU�
UDWHV�PD\�EH�DWWULEXWHG� WR� WKH�YHU\� LQWUXVLYH�QDWXUH�RI�
VXUJLFDO�SURFHGXUHV��$�+DUYDUG�PHGLFDO�SUDFWLFH�VXUYH\�
RQ�WKH�UDWH�RI�PHGLFDO�HUURUV�E\�VSHFLDOWLHV�DOVR�UHYHDOHG�
WKDW� WKH� VXUJLFDO� VSHFLDOWLHV� UDQNHG� KLJKHU� WKDQ� RWKHU�
VSHFLDOWLHV� RQ� PHGLFDO� HUURU� UDWHV�� 7KHLU� ILQGLQJV� LQ�
GHVFHQGLQJ� RUGHU� ZHUH� YDVFXODU� VXUJHU\�� WKRUDFLF� DQG�
FDUGLDF� VXUJHU\�� QHXURVXUJHU\�� REVWHWULFV�� DQG� WKHQ�

��QHRQDWRORJ\��

,Q�DGGLWLRQ��WKLV�VWXG\�UHYHDOHG�WKDW�WKH�OHYHO�RI�WKH�KHDOWK�
IDFLOLW\� LV� D� IDFWRU� DVVRFLDWHG� ZLWK� WKH� RFFXUUHQFH� RI�
PHGLFDO�HUURUV��7KLV�VWXG\�VKRZHG�WKDW�D�KHDOWK�IDFLOLW\�DW�
WKH�VHFRQGDU\�OHYHO�KDV�D�KLJKHU�RGGV�RI�EHLQJ�LQYROYHG�
LQ�DQ�HUURU�ZKHQ�FRPSDUHG�ZLWK�WKH�WHUWLDU\�OHYHO��LQ�WKLV�
VWXG\�VHWWLQJ��25� �������S� ��������

2Q� WKH� RFFXUUHQFH� RI� PHGLFDO� HUURUV� E\� SK\VLFLDQV
�
FDGUH��WKLV�VWXG\�VKRZHG�WKDW�PHGLFDO�HUURU�UDWHV�DPRQJ�
SK\VLFLDQV� EHORZ� WKH� UDQN� RI� FRQVXOWDQW� DW� ERWK� WKH�
WHUWLDU\�DQG�WKH�VHFRQGDU\�OHYHOV�ZHUH�JHQHUDOO\�KLJKHU��
,Q�6RXWK�$IULFD��&ODUNH�DQG�FROOHDJXHV�DOVR�UHSRUWHG�WKDW�
PHGLFDO� HUURU� UDWHV� ZHUH� KLJKHVW� DPRQJ� UHVLGHQWV� LQ�

��WUDLQLQJ� ZKHQ� FRPSDUHG� ZLWK� FRQVXOWDQWV�� $OVR� LQ�
NHHSLQJ� ZLWK� WKH� ILQGLQJV� RI� WKLV� VWXG\�� (]H� DQG�
FROOHDJXHV�RI�WKH�'HSDUWPHQW�RI�5DGLRORJ\��8QLYHUVLW\�
RI�%HQLQ�7HDFKLQJ�+RVSLWDO�%HQLQ�&LW\�� IRXQG� KLJKHU�

��PHGLFDO�HUURU�UDWHV�DPRQJ�WUDLQHH�UDGLRORJLVWV�� �7KHVH�
ILQGLQJV�VXJJHVW�WKDW�PHGLFDO�HUURU�RFFXUUHQFHV�UHGXFH�

������ZLWK�LQFUHDVLQJ�OHYHO�RI�SURIHVVLRQDO�WUDLQLQJ��

7KLV�VWXG\�LGHQWLILHG�VHYHUDO�LPSRUWDQW�IDFWRUV�WKDW�ZHUH�
DVVRFLDWHG�ZLWK�WKH�RFFXUUHQFH�RI�PHGLFDO�HUURUV��7KH\�
LQFOXGH� SRRU� FRPPXQLFDWLRQ� ZLWK� SDWLHQWV�� ODFN� RI�
HTXLSPHQW�RU�PDWHULDOV�WR�ZRUN�ZLWK�DQG�WKH�LQFUHDVLQJ�
FRPSOH[LW\� RI� PRGHUQ� PHGLFDO� SUDFWLFH�� RYHUZRUN� DV�
ZHOO� DV� SRRU� LQWHUSHUVRQDO� UHODWLRQVKLSV� DQG�
GRFXPHQWDWLRQ��6LPLODU� IDFWRUV�KDYH�EHHQ� UHSRUWHG�E\�

��&OLQWRQ�DQG�FROOHDJXH�LQ�WKH�8QLWHG�6WDWHV�RI�$PHULFD��
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��$QRWKHU�VWXG\�VKRZHG�WKDW� �PRVW�GHDWKV�DVVRFLDWHG�ZLWK�
PHGLFDO�HUURUV� LQYROYHG�FHQWUDO�QHUYRXV�V\VWHP�GUXJV��
FDUGLRYDVFXODU� V\VWHP� GUXJV� RU� DQWL�QHRSODVWLF� GUXJV��

��$FFRUGLQJ� WR� WKLV� VWXG\� � WKH� GHDWKV� LQYROYHG�PDLQO\�
ZURQJ� GUXJ� GRVH� DQG� ZURQJ� GUXJ� URXWHV� HUURUV��

��5REHUWVRQ �DOVR� UHSRUWHG�VLPLODU�FRQGLWLRQV� WKDW�RIWHQ�
SUHGLFDWH� HUURUV�� IRU� H[DPSOH�� HUURU�SURGXFLQJ�
FRQGLWLRQV�� (UURU�SURGXFLQJ� FRQGLWLRQV� DFFRUGLQJ� WR�

� �5REHUWVRQ � LQFOXGHG� LQGLYLGXDO � � WHDP� DQG�
HQYLURQPHQWDO�IDFWRUV�LQ�UHODWLRQ�WR�WKH�DVVLJQHG�WDVN�WKDW�
RIWHQ�DIIHFW�SHUIRUPDQFH�VXFK�DV�PRPHQWDU\�GLVWUDFWLRQV�
DQG�LQWHUUXSWLRQV�LQ�WKH�SURFHVV�RI�FDUU\LQJ�RXW�WKH�WDVNV��

��,Q� VOLJKW� FRQWUDVW��$EGRXO�)DWRXK� DQG� FROOHDJXHV � LQ�
&DLUR�(J\SW��UHSRUWHG�ODFN�RI�WHDP�ZRUN�DV�DQ�LPSRUWDQW�

��IDFWRU� LQ� WKH� RFFXUUHQFH� RI� PHGLFDO� HUURUV� � 1RWH�
KRZHYHU� WKDW� ODFN� RI� WHDP�ZRUN� RIWHQ� HPDQDWHV� IURP�
SRRU�FRPPXQLFDWLRQ�LQ�WKH�WHDP�DV�UHSRUWHG�LQ�RXU�VWXG\��
&RQFOXVLRQ
0HGLFDO� HUURU�RFFXUUHQFH� UDWHV�ZHUH� IRXQG� WR�EH�YHU\�
KLJK�DV�UHYHDOHG�E\�WKLV�VWXG\��$W�ERWK�WKH�WHUWLDU\�DQG�WKH�
VHFRQGDU\� OHYHOV�� WKH� HUURU� RFFXUUHQFHV� ZHUH� PDLQO\�
DWWULEXWHG�WR�SRRU�FRPPXQLFDWLRQ�H�J��ZLWK�FROOHDJXHV�RU�
SDWLHQWV��DQG�ODFN�RI�PHGLFDO�HTXLSPHQW�
5HFRPPHQGDWLRQV
� ,QVWLWXWLRQV� VKRXOG� SURYLGH� DQG� PDLQWDLQ� DQ� �
� RSWLPXP�ZRUNLQJ�HQYLURQPHQW�IRU�WKH�GRFWRU��
� 3K\VLFLDQV� VKRXOG� HQVXUH� JRRG� LQWHUSHUVRQDO�
� � UHODWLRQVKLSV� ZLWKLQ� DQG� EHWZHHQ� WKH�
KHDOWKFDUH�� WHDPV��
� 7HDP�ZRUN�ZLOO� UHGXFH� WKH� ZRUN� RYHUORDG� RQ� DQ� �
LQGLYLGXDO� SK\VLFLDQ�� 7KLV� FRXSOHG� ZLWK� DGHTXDWH�
� GRFXPHQWDWLRQ� ZLOO� UHGXFH� EUHDNGRZQ� LQ� �
� FRPPXQLFDWLRQ�DQG�PLQLPL]H�HUURUV�LQ�SDWLHQW�FDUH�

5()(5(1&(6
��� %DNHU�*5��1RUWRQ�3*��7KH�&DQDGLDQ�$GYHUVH�(YHQWV�
� VWXG\�� WKH� LQFLGHQFH� RI� DGYHUVH� HYHQWV� DPRQJ�
� � KRVSLWDO� SDWLHQWV� LQ� &DQDGD�� &0$-�
������������������ ���
��� 6WXGGHUW�'0��%UHQQDQ�7$��1R�IDXOW�FRPSHQVDWLRQ�
� IRU�PHGLFDO�LQMXULHV��WKH�SURVSHFW�RI�HUURU�SUHYHQWLRQ��
� -$0$�������������������
��� *DZDQGH�$��7KRPDV�(��7KH� LQFLGHQFH� DQG� QDWXUH�
� RI�VXUJLFDO�DGYHUVH�HYHQWV�LQ�&RORUDGR�DQG�8WDK�LQ� �
������6XUJHU\�����������������͘
��� 6WXGGHUW�'0�� �0HOOR�00�� �%UHQQDQ�7$�� �0HGLFDO�
� PDOSUDFWLFH���1�(QJO��-�0HG����������������������
��� :LOVRQ� 5� 0�� 5XQFLPDQ� :%�� 7KH� TXDOLW\� LQ� �
� $XVWUDOLDQ� KHDOWK� FDUH� VWXG\�� 0HG� -� $XVW�� ������
� ������������
��� 2OXZROH�.6�� 3UHVFULELQJ� DQG� GLVSHQVLQJ� SUDFWLFHV�
� DW� WKH� 8QLYHUVLW\� &ROOHJH� +RVSLWDO� ,EDGDQ�� :HVW�
� $IU�-�0HG�������0D\�-XQH���������������

����.DOGMLDQ�/&��-RQHV�(:��'LVFORVLQJ�0HGLFDO�HUURUV�WR�
� SDWLHQWV�� DWWLWXGHV� DQG� SUDFWLFHV� RI� SK\VLFLDQV� DQG�
� WUDLQHHV��-�*HQ�,QWHUQ�0HG�������-XO\�����������������
� 3XEOLVKHG�RQOLQH������0D\�

����.UDPDQ� 6�� +DPP� *�� 5LVN� PDQDJHPHQW�� H[WUHPH�

����*DOODJKHU�7�+��:DWHUPDQ�$�'��86� DQG�&DQDGLDQ� �
SK\VLFLDQV
� DWWLWXGH� DQG� H[SHULHQFHV� UHJDUGLQJ� �
� GLVFORVLQJ� PHGLFDO� HUURUV� WR� SDWLHQWV�� $UFK� ,QWHUQ�
� 0HG��������������������

����5HSRUW�RI�1LJHULD¶V�1DWLRQDO�3RSXODWLRQ�FRPPLVVLRQ�
� RQ� WKH� ����� &HQVXV�� 3RSXO� 'HY� 5HY� ������ ��� �
� � � � � � � � � � � � � � $ Y D L O D E O H � I U R P � � � �
� KWWS���ZZZ�MVWRU�RUJ�VWDEOH���������

����$ERXO�� )RWRXK� $0�� ,VPDLO� 1$�� (]�(ODUDE� +6��
� :DVVLI� *2�� $VVHVVPHQW� RI� SDWLHQW� VDIHW\� FXOWXUH�
� DPRQJ�KHDOWK�FDUH�SURYLGHUV�DW�D�WHDFKLQJ�KRVSLWDO�LQ��
&DLUR� (J\SW�� (DVW� 0HGLWHUU� +HDOWK� -�� ����� $SU�� ��� �
�����������

��� 8WVXPL�7��&UHDWLQJ�*OREDO�8QLYHUVLW\��
� 6\VWHP͕�*OREDO�SHDFH�WKURXJK�WKH�JOREDO�XQLYHUVLW\�
� V\VWHP��8QLYHUVLW\�RI�7DPSHUH�3UHVV��7DPSHUH��
� )LQODQG���������$YDLODEOH�� � �
� RQKWWS���PDNHDVKRUWHUOLQN�FRP��$FFHVVHG�������
� 6HSW����
��� :HLVVPDQ� �-6��$QQDV�&/�� �(SVWHLQ�$0�� �6FKQHLGHU�
� (&����&ODUULGJH��%��.LUOH�/��*DWVRQLV�&��)HLEHOPDQQ�
6����5LGOH\�1�� (UURU� UHSRUWLQJ� DQG� GLVFORVXUH� V\VWHPV��
� Y L HZ V � I U RP � K R V S L W D O � O H D G H U V � � -$0$ � � � �
� ����������������
��� .DFKDOLD�$��6KRMDQLD�.*��+RIHU�73��3LRWURZVNL�0��
� 6DLQW� 6�� 'RHV� IXOO� GLVFORVXUH� RI� PHGLFDO� HUURUV�
� DIIHFW�� PDOSUDFWLFH�OLDELOLW\"�-W�&RPP�-�4XDO�
� ,PSURY��������� ����������
����+LFNVRQ�*%��&OD\WRQ�(:��*LWKHQV�3%��6ORDQ�)$��
� )DFWRUV� WKDW� SURPSWHG� IDPLOLHV� WR� ILOH� PHGLFDO�
� � PDOSUDFWLFH�FODLPV�IROORZLQJ�SHULQDWDO�
LQMXULHV��� -$0$��������������������
����$SRORJ\�$FW��56%&�������%LOO������ �
� $YDLODEOH�ZZZ�OHJ�EF�FD���WK�QG�DPHQG�JRY���
� ��KWP��DFFHVVHG�������'HF����
����6WDPRV�Y��'DYLHV������������'DLO\�/DZ�5HSRUW���WK���
���� �2QW� +&��� $YDLODEOH�� ZZZ�FPD�FD�FPDM�YRO��
����LVVXH��������KWP��DFFHVVHG������)HE���
����&OLQWRQ� +5�� 2EDPD� %��0DNLQJ� SDWLHQW� VDIHW\� WKH�
� FHQWHU� SLHFH� RI�PHGLFDO� OLDELOLW\� UHIRUP��1�(QJO� -� �
0HG�����������������
����5REHUWVRQ� *%�� )UDXGXOHQW� FRQFHDOPHQW� DQG� WKH�
� GXW\�WR�GLVFORVH�PHGLFDO�PLVWDNHV��$OEHUWD�/DZ�5HY�
� �����������������
����6WXGGHUW�'��7KRPDV�(��%XUVWLQ�+��=EHU�%��'UDY�-�� �
%UHQQDQ� 7�� 1HJOLJHQW� FDUH� DQG� PDOSUDFWLFH� �
� FODLPLQJ� EHKDYLRXU� LQ� 8WDK� DQG� &RORUDGR�� 0HG�
� FDUH�����������������
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� KRQHVW\� PD\� EH� WKH� EHVW� SROLF\��$QQ� ,QWHUQ� 0HG�
� ����������������
����&ODUNH�2/��*RXYHLD� -��7KRPVRQ�65��0XFNDUW�'-��
� $SSO\LQJ� 0RGHUQ� HUURU� WKHRU\� WR� WKH� SUREOHP� RI�
� PLVVHG� LQMXULHV� LQ� WUDXPD��3KDUP�:RUOG�6FL�� �����
� 2FW���������������������(SXE������0DU����

����2NRMLH� (�� 3URIHVVLRQDO� PHGLFDO� QHJOLJHQFH� LQ�
� � 1 L J H U L D � � ) H E � � � � � � �
�ZZZ�FPD�FD�FPDM�YRO����� � � � � � L V V X H �
�������KWP��$FFHVVHG�$SULO���������

����%DUNHU� .1�� 0F&RQQHOO� :(�� 7KH� SUREOHP� RI� �
� GHWHFWLQJ�PHGLFDWLRQ�HUURUV�LQ�KRVSLWDOV��$0�-�+RVS�
� 3KDUP�������������������

����7KH� .DLVHU� )DPLO\� )RXQGDWLRQ�� $JHQF\� IRU� �
� +HDOWKFDUH� 5HVHDUFK� DQG� 4XDOLW\�� +DUYDUG� �
� 6FKRRO� RI� 3XEOLF� +HDOWK�� 1DWLRQDO� VXUYH\� RQ� �
� FRQVXPHUV
� H[SHULHQFHV� ZLWK� SDWLHQW� VDIHW\� DQG�
� TXDOLW\� LQIRUPDWLRQ�� 6XPPDU\� DQG� FKDUW� SDFN��
� � >'HFHPEHU� ��� ����@�� $YDLODEOH� DW�
� � �
KWWS���ZZZ�NII�RUJ�NDLVHUSROOV������FIP�� $FFHVVHG�
� $SULO������

����&RKHQ� 05�� 0HGLFDWLRQ� (UURUV�� &DXVHV� DQG� �
� S UHYHQW LRQ � � :DVKLQJWRQ � � '&� � $PHU LFDQ � �
� 3KDUPDFHXWLFDO�$VVRFLDWLRQ�������

����$URQVRQ� -� .�� 0HGLFDWLRQ� HUURUV�� GHILQLWLRQV� DQG�
� FODVVLILFDWLRQ��%U�-�&OLQ��3KDUPDFRORJ\�������-XQH��
� ��������������

����(]H� .&�� 0DUFKLH� 77�� (]H� &8�� $Q� DXGLW� RI� � �
XOWUDVRQRJUDSK\� SHUIRUPHG� DQG� UHSRUWHG� E\� WUDLQHH�
� UDGLRORJLVWV�� :HVW� $IU� -� 0HG�� ����� -XO�$XJ�� �
� �������������

����2VKLNR\D� .$�� 2MR� 2,�� 0HGLFDWLRQ� HUURUV� LQ� �
� SDHGLDWULF� RXWSDWLHQW� SUHVFULSWLRQV� RI� D� WHDFKLQJ�
� KRVSLWDO�LQ�1LJHULD��1LJ�4�-�+RVS�0HG�������$SULO��
-XQH�������������

����(UDK� 32�� 2QZXUDK� 2�� 2VDKRQ� 37�� ,UUDWLRQDO� �
� SUHVFULELQJ� RI� FDOFLXP� FKDQQHO� EORFNHUV� IRU� WKH�
� HOGHUO\�LQ�KHDOWK�IDFLOLWLHV��D�TXDOLWDWLYH�VWXG\�LQ�IRXU��
KRVSLWDOV� LQ�%HQLQ�&LW\��1LJHULD��1LJ�4� -�+RVS�0HG��
� �����$SU�-XQ���������������

����2OD\HPL�(��$VLDPDK�%URQL�5��(YDOXDWLRQ�RI�UHTXHVW�
� IRUPV�VXEPLWWHG�WR�WKH�KDHPDWRORJ\�ODERUDWRU\�LQ�D�
� *KDQDLDQ� WHUWLDU\� KRVSLWDO�� 3DQ�$IU� 0HG� -�� ������
������� (SXE�������0DUFK����
����<RXVLI�0$��1L]DU�6��(OPXVWDID�02��0XVWDID�0,��
� %HOOD�00��,QYHVWLJDWLRQ�RI�0HGLFDWLRQ�3UHVFULELQJ�
� HUURUV�LQ�:DG�0HGDQL��*H]LUD��6XGDQ��,QW�-�5LVN�6DIH��
0HG�������������������

����.LUZRRG� %5� DQG� 6WHUQH� -$&� ������� (VVHQWLDO�
QG� � 0HGLFDO�6WDWLVWLFV��� �HGLWLRQ�%ODFNZHOO�

6FLHQFH�� /WG�� ����� *DUVLQJWRQ� 5RDG�� 2[IRUG�
4;���'4�� 8.�

����0HOOR� 00�� 6WXGGHUW� '0�� %UHQQDQ� 7$�� 7KH� QHZ�
� PHGLFDO� PDOSUDFWLFH� FULVLV�� 1� (QJO� -� 0HG� ������
� ���������
����%KDQD� %2�� .LUN� *0�� 'DGD� 0$�� )DWDO� ILUHDUP�
� � ZRXQGV��D�FOLQLF�SDWKRORJLF�VWXG\��$P�-�
)RUHQVLF�� 0HG�3DWKRO�������6HS�����������������

)XQGLQJ��)XQGHG�E\�WKH�UHVHDUFKHU�ZLWK�VXSSRUW�IURP�
WKH�8QLYHUVLW\�RI�$EXMD�7HDFKLQJ�+RVSLWDO�
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