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'ULQNLQJ�DQG�GULYLQJ� LV�D�FRPPRQ�SUREOHP� LQ� WKH�8QLWHG�6WDWHV��ZLWK�DSSUR[LPDWHO\�������
RI�$PHULFDQV� UHSRUWLQJ� HQJDJLQJ� LQ� WKH� EHKDYLRU� DW� OHDVW� RQFH� LQ� WKHLU� OLIHWLPH�� � +RZHYHU��
QR� SDSHU� VHOI�UHSRUW� PHDVXUH� RI� DWWLWXGHV� WRZDUG� DQG� OLNHOLKRRG� RI� HQJDJLQJ� LQ� GULQNLQJ�
DQG� GULYLQJ� DSSHDU� WR� H[LVW�� �7KH� FXUUHQW� VWXG\� EXLOGV� XSRQ� D� WHOHSKRQH� TXHVWLRQQDLUH� IURP�
6QRUWXP�	�%HUJHU��������� �5HVXOWV�IURP�DQ�([SORUDWRU\�)DFWRU�$QDO\VLV�RQ�6XEVDPSOH���RI�
WKH�GDWD�VXJJHVW�WKH�SUHVHQFH�RI���IDFWRUV�WKDW�H[SODLQ�URXJKO\�����RI�WRWDO�YDULDQFH���)XUWKHU��
D� &RQ¿UPDWRU\� )DFWRU�$QDO\VLV� RQ� 6XEVDPSOH� �� RI� WKH� GDWD� FRQ¿UPV� WKLV� IDFWRU� VWUXFWXUH�� � �
�
.H\ZRUGV��GULQN��GULYH��H[SORUDWRU\�IDFWRU�DQDO\VLV��FRQ¿UPDWRU\�IDFWRU�DQDO\VLV

$OWKRXJK� WKH� UDWH� RI� DOFRKRO�LQYROYHG� FDU�
DFFLGHQWV�LV�VWHDGLO\�GHFUHDVLQJ��6QRUWXP�	�%HUJHU��
������� GULQNLQJ� DQG� GULYLQJ� LV� VWLOO� D� FRPPRQ�
SUREOHP���0RWRU�YHKLFOH�FUDVKHV�DUH�WKH�OHDGLQJ�FDXVH�
RI�GHDWK�IRU� LQGLYLGXDOV�EHWZHHQ�WKH�DJHV�RI����DQG�
��� �$ULDV� HW� DO��� ������� � &ODUN� 	� 0LGDQLN� �������
UHSRUWHG�WKDW�����RI�XQGHUDJH�\RXWK�UHSRUWHG�ULGLQJ�
ZLWK�DQ�DOFRKRO��LPSDLUHG�GULYHU���,Q�DGGLWLRQ��&KRX�HW�
DO����������UHSRUW�WKDW�D�IXOO�������RI�$PHULFDQ�DGXOWV�
�DERXW� ����� PLOOLRQ� SHRSOH�� UHSRUWHG� GULQNLQJ� DQG�
GULYLQJ�DW�OHDVW�RQFH�LQ�WKHLU�OLIHWLPH���'ULQNLQJ�DQG�
GULYLQJ�LV�D�SUREOHP�QRW�RQO\�IRU�WKH�GDPDJH�LW�FDXVHV��
EXW�DOVR�IRU�WKH�IUHTXHQF\�ZLWK�ZKLFK�LW�RFFXUV���

*LYHQ� WKDW� WKLV� LV� VWLOO� D� SHUYDVLYH� SUREOHP��
DWWLWXGHV� WRZDUG� GULQNLQJ� DQG�GULYLQJ� DUH� LPSRUWDQW�
DV� WKH\�PD\� VHUYH� DV� LPSRUWDQW� LQGLFDWRUV� RI� WKRVH�
WKDW�ZLOO�GULQN�DQG�GULYH�� �2QH�SURSRVHG� UHDVRQ� IRU�
WKH�GHFOLQH�LQ�WKHVH�EHKDYLRUV�LV�WKH�LPSOHPHQWDWLRQ�
RI� PRUH� VHYHUH� ODZV� LQYROYLQJ� GULQNLQJ� DQG�
GULYLQJ�� � :KLOH� LW� LV� W\SLFDOO\� DVVXPHG� WKDW� ODZV�
FDXVH�D� UHGXFWLRQ� LQ�EHKDYLRU�E\� LQVWLOOLQJ�D� IHDU�RI�
SXQLVKPHQW�� WKHUH� LV� HYLGHQFH� VXSSRUWLQJ� WKH� LGHD�
WKDW� ODZV� LQÀXHQFH� SHUVRQDO� SHUFHSWLRQ� DQG� VRFLDO�
QRUPV��6QRUWXP����������7KHVH�QHZ�SHUFHSWLRQV�DQG�
QRUPV�UHVXOW� LQ�FKDQJHG�EHKDYLRUV�� �,W� LV�EHFDXVH�RI�
WKLV� WKDW� DWWLWXGHV� WRZDUGV� GULQNLQJ� DQG� GULYLQJ� DUH�
DQ�LPSRUWDQW�DVSHFW�WR�LQYHVWLJDWLQJ�WKHVH�EHKDYLRUV���
:KLOH�GULQNLQJ�DQG�GULYLQJ�KDV�EHHQ�DFNQRZOHGJHG�

DV�D�VRFLDO�SUREOHP�E\�UHVHDUFKHUV�LQ�PDQ\�FRXQWULHV�
�*XV¿HOG��������6KHHKDQ���������WKHUH�LV�VWLOO�D�QHHG�
WR�H[DPLQH�HYHU\GD\�RSLQLRQV�WRZDUGV�WKLV�EHKDYLRU���

,Q� D� VHULHV� RI� VWXGLHV�� UHVHDUFKHUV� H[DPLQHG�
GULQNLQJ�DQG�GULYLQJ�DWWLWXGHV�WKURXJK�SKRQH�VXUYH\V�
�6QRUWXP� 	� %HUJHU�� ������ %HUJHU� 	� 0DUHOLFK��
������ 0DUHOLFK�� %HUJHU�� 	� 0F.HQQD�� ��������
)RU� WKHVH� VWXGLHV�� UHVHDUFKHUV� XVHG� UDQGRP� GLJLW�
WHOHSKRQH�VXUYH\�PHWKRGV�WR�FRQWDFW�OLFHQVHG�GULYHUV�
WKURXJKRXW�&DOLIRUQLD���:LOOLQJ�SDUWLFLSDQWV�ZHUH�WKHQ�
OHG�WKURXJK�D�VHULHV�RI�TXHVWLRQV�DERXW�GULQNLQJ�DQG�
GULYLQJ�DWWLWXGHV�DQG�EHKDYLRUV���7KHUH�ZHUH�D�WRWDO�RI�
���LWHPV�XVHG�LQ�WKHVH�VWXGLHV�� �+RZHYHU��WKH�IDFWRU�
VWUXFWXUH� DQG� UHOLDELOLW\� RI� WKHVH� TXHVWLRQV� ZDV� QRW�
H[DPLQHG���

$� FRPPRQ� FRQFHUQ� LQ� SV\FKRORJLFDO� VHOI�UHSRUW�
UHVHDUFK� LV� WKH� SRWHQWLDO� IRU� SDUWLFLSDQWV� WR� OLH�ZKHQ�
DVNHG� DERXW� FHUWDLQ� EHKDYLRUV�� � ,Q� IDFW�� WKLV� FRQFHUQ�
LV� VR� VHULRXV� WKDW� VRPH� �L�H��� &URZQH� 	� 0DUORZH��
������KDYH�GHYHORSHG�PHDVXUHV�WR�GHWHFW�WKLV�SDWWHUQ�
RI�UHVSRQGLQJ���,W�VHHPV�OLNHO\�WKDW�SDUWLFLSDQWV�ZRXOG�
EHKDYH�LQ�PRUH�VRFLDOO\�DSSURSULDWH�ZD\V�ZKHQ�LQ�WKH�
SUHVHQFH�RI�D�UHVHDUFKHU��HVSHFLDOO\�ZKHQ�FRPSDUHG�WR�
VLWXDWLRQV�ZKHUH�SDUWLFLSDWLRQ�LV�FRPSOHWHO\�DQRQ\PRXV�
DQG�IURP�WKH�VDIHW\�RI�RQH¶V�RZQ�KRPH���:KLOH�PXOWLSOH�
VWXGLHV�GLVFXVV�PHDVXUHV�RI�GULQNLQJ�DQG�GULYLQJ��WKHVH�
VWXGLHV��H�J���%DXP��6KHHKDQ��)HUJXVRQ��	�6FKRQIHOG��
������ *UHHQ¿HOG� 	� 5RJHUV�� ������ WHQG� WR� UHO\� RQ�
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LQWHUYLHZ�DQG�SKRQH�WHFKQLTXHV���:KLOH�SKRQH�VXUYH\V�
DUH� HIIHFWLYH�� WKH\�PD\� FDXVH� SDUWLFLSDQWV� WR� DQVZHU�
LQ�PRUH�VRFLDOO\�DSSURSULDWH�ZD\V�WKDQ�WKH\�ZRXOG�LI�
DQVZHULQJ�LQ�D�PRUH�FRQ¿GHQWLDO�ZD\���

$V� VXFK�� WKH� SXUSRVH� RI� WKH� FXUUHQW� VWXG\� LV� WR�
DGPLQLVWHU�D�/LNHUW�W\SH��VHOI�UHSRUW�VXUYH\�FRQVLVWLQJ�
RI� WKH� RULJLQDO� �6QRUWXP� 	� %HUJHU�� ������ %HUJHU�
	�0DUHOLFK�� ������ 0DUHOLFK�� %HUJHU�� 	�0F.HQQD��
���������SKRQH�LQWHUYLHZ�LWHPV�LQ�DQ�RQOLQH�IRUPDW���
'DWD� ZHUH� FROOHFWHG� IRU� D� ODUJHU� VWXG\� �VHH� .UDKD�
	� %RDOV�� ������ FRQFHUQLQJ� YHKLFOH� SXUFKDVHV���
+RZHYHU��WKH�FXUUHQW�VWXG\�LV�FRQFHUQHG�RQO\�ZLWK�WKH�
VWUXFWXUH�RI�WKH�'ULQNLQJ�DQG�'ULYLQJ�VFDOH��DQG�ZLOO�
WKXV� IRFXV� RQ� WKRVH� DQDO\VHV�� � )URP� WKHUH�� WKH� GDWD�
ZLOO� EH� UDQGRPO\� VSOLW� LQWR� WZR� 6XEVDPSOHV� WR� ����
SURYLGH�DQ�H[SORUDWRU\�IDFWRU�DQDO\VLV�WR�H[SORUH�WKH�
IDFWRU�VWUXFWXUH�DQG�����SURYLGH�D�FRQ¿UPDWRU\�IDFWRU�
DQDO\VLV�RQ�WKH�H[SORUDWRU\�IDFWRU�DQDO\VLV�IURP�������

0HWKRG
3DUWLFLSDQWV

3DUWLFLSDQWV�FRQVLVWHG�RI�����XQLYHUVLW\�VWXGHQWV�
ZKR� SDUWLFLSDWHG� IRU� SDUWLDO� FRXUVH� FUHGLW� LQ� D�
SV\FKRORJ\� FODVV�� � 2I� WKH� ����� ���� ������� PDOH��

FRPSOHWHG�DOO�PHDVXUHV�LQFOXGHG�LQ�WKH�FXUUHQW�VWXG\���
7KH�PHDQ�DJH�ZDV��������6'� �������ZLWK�D�UDQJH�RI�
��������:KLOH�WKH�PHDQ�DJH�LV�EHORZ�WKH�OHJDO�GULQNLQJ�
DJH�LQ�WKH�8QLWHG�6WDWHV��WKLV�LV�QRW�EHOLHYHG�WR�FDXVH�
D�SUREOHP�GXH�WR�WKH�ODUJH�QXPEHU�RI�FROOHJH�VWXGHQWV�
WKDW�EHJLQ�GULQNLQJ�EHIRUH� WKH�DJH�RI���� �:HFKVOHU��
/HH��1HOVRQ��	�.XR�����������

0DWHULDOV
'ULQNLQJ�DQG�'ULYLQJ�6FDOH��''6����4XHVWLRQV�

IRU� WKLV� VFDOH� DUH� ODUJHO\� PRGHOHG� DIWHU� 6QRUWXP�
DQG� %HUJHU� �������� � )RU� YDOLGLW\� DVVHVVPHQW� RI� WKH�
''6�� WKH� VDPSOH� ZDV� UDQGRPO\� GLYLGHG� LQWR� WZR�
VXEVDPSOHV��6XEVDPSOH����1� ������DQG�6XEVDPSOH�
���1� ��������6WDWLVWLFDO�DQDO\VHV�RQ�WKH�VXEVDPSOHV�
ZHUH�FDUULHG�RXW� LQ� WZR�VWHSV��DQ�H[SORUDWRU\� IDFWRU�
DQDO\VLV� RQ� 6XEVDPSOH� ��� DQG� FRQ¿UPDWRU\� IDFWRU�
DQDO\VLV� �EDVHG� RQ� WKH� H[SORUDWRU\� IDFWRU� VWUXFWXUH�
UHYHDOHG�E\�6XEVDPSOH����RQ�6XEVDPSOH�����

3URFHGXUH
$V� SDUW� RI� D� PDVV� WHVWLQJ� VHVVLRQ�� SDUWLFLSDQWV�

FRPSOHWHG� D� SDFNHW� RI� TXHVWLRQQDLUHV� WKDW� WRRN�
DSSUR[LPDWHO\� RQH� KRXU� WR� FRPSOHWH�� � $V� SDUW� RI�

7DEOH��
&RUUHODWLRQ�0DWUL[�IRU�([SORUDWRU\�)DFWRU�$QDO\VLV

9DU � � � � �� �� �� �� �� �� �� �� ��
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� ��� ��� ����
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�� ��� ��� ��� ���� ���� ���� ���� ��� ��� ��� ��� ��� ����
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7DEOH��
)DFWRU�3DWWHUQ�6WUXFWXUH�0DWUL[�5RWDWHG�WR�WKH�9DULPD[�&ULWHULRQ

)DFWRU

9DU � � � � K�

�� 'XULQJ�WKH�QH[W�\HDU��GR�\RX�WKLQN�WKDW�DW�OHDVW�RQFH�\RX�ZLOO�GULYH�DIWHU�
GULQNLQJ���RU���GULQNV�LQ�DERXW���KRXUV"

��� ���� ��� ���� ���

�� 'XULQJ�WKH�QH[W�\HDU��GR�\RX�WKLQN�WKDW�DW�OHDVW�RQFH�\RX�ZLOO�GULYH�VRRQ�
DIWHU�GULQNLQJ���RU�PRUH�GULQNV�LQ�DERXW���KRXUV"

��� ���� ��� ���� ���

�� 'XULQJ�WKH�QH[W�\HDU��GR�\RX�WKLQN�WKDW�DW�OHDVW�RQFH�\RX�ZLOO�GULYH�DIWHU�
GULQNLQJ���RU���GULQNV�LQ�DERXW���KRXUV"

��� ���� ��� ���� ���

� +DYH�\RX�HYHU�GULYHQ�D�FDU�DIWHU�GULQNLQJ���RU�PRUH�GULQNV" ��� ���� ��� ���� ���
� 'XULQJ�WKH�SDVW����PRQWKV��KRZ�PDQ\�WLPHV�GLG�\RX�GULYH�D�FDU�RU�RWKHU�

YHKLFOH�ZKHQ�\RX�KDG�EHHQ�GULQNLQJ�DOFRKRO�RU�ZHUH�XQGHU�WKH�LQÀXHQFH�
RI�GUXJV"

��� ���� ��� ���� ���

� 'R�\RX�GULQN�DOFRKROLF�EHYHUDJHV" ��� ���� ���� ���� ���
�� ,�ZRXOG�IHHO�JXLOW\�LI�,�GURYH�LQWR[LFDWHG��HYHQ�LI�QR�RQH�IRXQG�RXW� ���� ��� ���� ��� ���
�� ,W�LV�MXVW�ZURQJ�WR�GULYH�ZKLOH�VOLJKWO\�LQWR[LFDWHG� ���� ��� ���� ��� ���
�� ,�ZRXOG�EH�HPEDUUDVVHG�LI�SHRSOH�IRXQG�RXW�,�ZDV�DUUHVWHG��IRU�GULYLQJ�

VOLJKWO\�LQWR[LFDWHG��
���� ��� ���� ��� ���

�� +RZ�PXFK�ZRXOG�\RXU�IHHOLQJV�RI�JXLOW�KXUW�\RX" ���� ��� ���� ��� ���
�� ,�ZRXOG�ORVH�UHVSHFW�IURP�P\�ORYHG�RQH�V��LI�,�GURYH�ZKLOH�VOLJKWO\�

LQWR[LFDWHG�
���� ��� ���� ��� ���

�� +RZ�PXFK�ZRXOG�ORVW�UHVSHFW�KXUW�\RX" ���� ��� ���� ��� ���
�� +RZ�PDQ\�WUDI¿F�DFFLGHQWV�KDYH�\RX�EHHQ�LQ��HLWKHU�DV�GULYHU�RU�

SDVVHQJHU"
���� ���� ��� ���� ���

�� ,Q�\RXU�RSLQLRQ��ZKDW�LV�WKH�PD[LPXP�QXPEHU�RI�GULQNV�WKDW�D�SHUVRQ�
\RXU�DJH�DQG�EXLOG�FDQ�GULQN�LQ�D�WZR�KRXU�SHULRG�DQG�VWLOO�EH�DEOH�WR�
GULYH�VDIHO\"

��� ���� ��� ���� ���

�� +RZ�PDQ\�DFFLGHQWV�KDYH�\RX�EHHQ�LQ�ZKHUH�DW�OHDVW�RQH�RI�WKH�GULYHUV�
KDG�EHHQ�GULQNLQJ"

��� ���� ��� ��� ���

�� 'ULYHUV�FRQYLFWHG�RI�GUXQN�GULYLQJ�VKRXOG�EH�MDLOHG�RQ�D�¿UVW�FRQYLFWLRQ� ���� ��� ���� ��� ���
�� 'ULYHUV�FRQYLFWHG�RI�GUXQN�GULYLQJ�VKRXOG�ORVH�WKHLU�OLFHQVH�RQ�D�¿UVW�

FRQYLFWLRQ�
���� ��� ���� ��� ���

�� ,�VXSSRUW�UDQGRP�EUHDWK�WHVWLQJ�RI�GULYHUV�IRU�DOFRKRO� ���� ��� ���� ��� ���
� ,W�LV�PRUDOO\�ZURQJ�WR�GULYH�DIWHU����GULQNV� ���� ��� ���� ��� ���

7UDFH ���� ���� ���� ���� �����

��RI�YDULDQFH ���� ���� ���� ���� �����

1RWH���&RHI¿FLHQWV�JUHDWHU�WKDQ�_���_�DUH�EROG�DQG�ZHUH�UHWDLQHG�IRU�WKDW�IDFWRU���3HUFHQWDJH�YDULDQFH�LV�DIWHU�URWDWLRQ��DQG�SHUFHQWDJH�
RI�YDULDQFH�HTXDOV�WUDFH�GLYLGHG�E\�WKH�QXPEHU�RI�YDULDEOHV�LQ�RXU�DQDO\VLV��ZKLFK�LV������$OO�QXPEHUV�URXQGHG�WR�WZR�GHFLPDO�SRLQWV�
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D� ODUJHU� VWXG\�� SDUWLFLSDQWV� FRPSOHWHG� YDULRXV�
PHDVXUHV�� LQFOXGLQJ� WKH� GULQNLQJ� DQG� GULYLQJ� VFDOH�
DQG� D� GHPRJUDSKLFV� TXHVWLRQQDLUH�� � )RU� IXOO� UHVXOWV�
RI�WKDW�VWXG\��VHH�.UDKD�	�%RDOV����������7KH�FXUUHQW�
VWXG\�� KRZHYHU�� LV� FRQFHUQHG� RQO\� ZLWK� WKH� IDFWRU�
VWUXFWXUH�RI�GULQNLQJ�DQG�GULYLQJ� VFDOH²ZKLFK�ZDV�
QRW�SUHYLRXVO\�UHSRUWHG²DQG�WKXV�LV�WKH�IRFXV�RI�DOO�
DQDO\VHV���

5HVXOWV
([SORUDWRU\�)DFWRU�$QDO\VLV

7KH� ��� LWHPV� RI� WKH� ''6� ZHUH� VXEMHFWHG� WR�
PD[LPXP�OLNHOLKRRG�H[WUDFWLRQ�DQG�YDULPD[�URWDWLRQ�
RQ� 6XEVDPSOH� �� GDWD�� � 'DWD� ZHUH� H[DPLQHG� IRU�
VXLWDELOLW\�RI�IDFWRULQJ�SULRU�WR�DQ\�DQDO\VHV���%DVHG�
RQ�H[DPLQDWLRQ�RI� WKH�FRUUHODWLRQ�PDWUL[� �VHH�7DEOH�
���� ��� YDULDEOHV� ZHUH� GURSSHG� SULRU� WR� DQDO\VLV��
UHVXOWLQJ�LQ����WRWDO�LWHPV�WR�EH�IDFWRUHG��,WHPV�������
�����������������������������������7KH�.DLVHU��0H\HU��
2NOLQ�YDOXH�ZDV������DQG�%DUWOHWW¶V�7HVW�RI�6SKHULFLW\�
ZDV�VWDWLVWLFDOO\�VLJQL¿FDQW��VXJJHVWLQJ�VXLWDELOLW\�IRU�
IDFWRU�DQDO\VLV���

$�PLQLPXP� DYHUDJH� SDUWLDO� DQDO\VLV� �=ZLFN� 	�
9HOLFHU��������ZDV�FRQGXFWHG�WR�GHWHUPLQH�WKH�QXPEHU�
RI� IDFWRUV� WR� UHWDLQ�� � %DVHG� RQ� WKH� UHVXOWV� RI� WKLV�
DQDO\VLV�DQG�UHVXOWV�IURP�D�SDUDOOHO�DQDO\VLV��3UHDFKHU�
	�0DF&DOOXP���������IRXU�IDFWRUV�ZHUH�UHWDLQHG���7KH�
URWDWHG� VROXWLRQ� \LHOGHG� D� VLPSOH� VWUXFWXUH��ZLWK� DOO�
IDFWRUV�VKRZLQJ�D�QXPEHU�RI�VWURQJ�ORDGLQJV��DW������
RU�DERYH����7KH�IRXU��IDFWRU�VROXWLRQ�H[SODLQHG�D�WRWDO�
RI�������RI�WKH�YDULDQFH��ZLWK�)DFWRU���FRQWULEXWLQJ�
������ �Į�  � ������ )DFWRU� �� FRQWULEXWLQJ� ������ �Į� �
������)DFWRU���FRQWULEXWLQJ��������Į� �������DQG�)DFWRU�
��FRQWULEXWLQJ��������Į� ��������7KH�IRXU�IDFWRUV�ZHUH�
QDPHG�'ULQNLQJ� DQG�'ULYLQJ�%HKDYLRUV� �)DFWRU� ����
0RUDO�5HSHUFXVVLRQV��)DFWRU�����$FFLGHQWV��)DFWRU�����
DQG�6XSSRUW�IRU�3XQLVKPHQW��)DFWRU������7KH�UHVXOWLQJ�
IRXU�IDFWRU�PRGHO�FDQ�EH�VHHQ�LQ�7DEOH�����

&RQ¿UPDWRU\�)DFWRU�$QDO\VLV
7R�WHVW�WKH�YDOLGLW\�RI�WKH�IRXU�IDFWRU�PRGHO�IRXQG�

LQ�WKH�()$��D�FRQ¿UPDWRU\�IDFWRU�DQDO\VLV�ZDV�FDUULHG�
RXW�RQ�6XEVDPSOH�����7KH�WKHRUHWLFDO�PRGHO�SURYLGHG�
D�JRRG�¿W�WR�WKH�REVHUYHG�GDWD���7KH�FKL�VTXDUH�ZDV�
VWDWLVWLFDOO\�VLJQL¿FDQW��Ȥ��������1� ������ ���������S�
��������EXW�WKLV�ZDV�OLNHO\�GXH�WR�WKH�ODUJH�VDPSOH�VL]H���

2WKHU�LQGLFHV��506($� ������6505� ������11),� �
�����&),� ������$*),� ������SRLQW�WR�JRRG�PRGHO�¿W���
7KH�IXOO�PRGHO�FDQ�EH�VHHQ�LQ�)LJXUH�����

'LVFXVVLRQ
7KH�FXUUHQW�VWXG\�EXLOW�XSRQ�D�WHOHSKRQH�VXUYH\�

E\�6QRUWXP�	�%HUJHU��������WR�FUHDWH�D�VHOI��UHSRUW�
PHDVXUH� RI� GULQNLQJ� DQG� GULYLQJ� EHKDYLRUV�� � $Q�
H[SORUDWRU\� IDFWRU� DQDO\VLV� VXJJHVWHG� IRXU� IDFWRUV�
ZLWK� JRRG� UHOLDELOLW\�� ZKLFK� ZDV� FRQ¿UPHG� E\� D�
FRQ¿UPDWRU\�IDFWRU�DQDO\VLV���

7KH� FXUUHQW� VWXG\� LQYHVWLJDWHG� D� PHDVXUH� ZLWK�
ZKLFK� WR� H[DPLQH� WKHVH� DWWLWXGHV� WRZDUGV� GULQNLQJ�
DQG� GULYLQJ�� � 7KHUH� DUH� VHYHUDO� ZHDNQHVVHV� RI� WKH�
FXUUHQW� VWXG\�� LQFOXGLQJ� WKH� VHOHFWLRQ� RI� FROOHJH�
XQGHUJUDGXDWHV� DV� D� VDPSOH�� � 7KLV� VDPSOH� LV� DQ�
LPSRUWDQW� ¿UVW� VWHS� LQ� LQYHVWLJDWLQJ� WKH� IDFWRU�
VWUXFWXUH� RI� WKLV�PHDVXUH�� EXW� IXWXUH� VWXGLHV� VKRXOG�
WHVW� WKLV� IDFWRU� VWUXFWXUH� RQ� YDULRXV� VDPSOHV�� � 7KH�
FXUUHQW� VWXG\� SURYLGHV� DQ� LPSRUWDQW� WRRO� EHFDXVH� LW�
DOORZV�UHVHDUFKHUV�WR�FROOHFW�GDWD�DERXW�WKHVH�DWWLWXGHV�
ZLWKRXW� KDYLQJ� WR� DVN� WKH� TXHVWLRQV� IDFH�WR�IDFH��
ZKLFK�FRXOG�DIIHFW�WKH�YDOLGLW\�RI�GDWD�EHLQJ�FROOHFWHG���
,Q� DGGLWLRQ�� WKH� PHDVXUH� FDQ� EH� XVHG� WR� HYDOXDWH�
HIIHFWLYHQHVV�RI�HGXFDWLRQDO�SURJUDPV�DGGUHVVLQJ�WKH�
LVVXH�RI�GULQNLQJ�DQG�GULYLQJ�� �*LYHQ�SUH�� DQG�SRVW�
±�LQWHUYHQWLRQ��WKLV�PHDVXUH�FDQ�KLJKOLJKW�FKDQJHV�LQ�
DWWLWXGHV�DV�D�UHVXOW�RI�DQ\�RI�D�PXOWLWXGH�RI�HGXFDWLRQ�
HIIRUWV���

*LYHQ�WKH�ODUJH�LQFLGHQFH�RI�GULQNLQJ�DQG�GULYLQJ�
�&KRX�HW�DO���������DQG�WKH�KLJK�IDWDOLW\�UDWHV�RI�PRWRU�
YHKLFOH�FUDVKHV��$ULDV�HW�DO�����������WKH�LQYHVWLJDWLRQ�RI�
DWWLWXGHV�WRZDUGV�GULQNLQJ�DQG�GULYLQJ�LV�LQFUHDVLQJO\�
LPSRUWDQW�� � 2QFH� EDVHOLQH� DWWLWXGHV� DUH� LGHQWL¿HG��
UHVHDUFKHUV�PD\�WKHQ�VKLIW�IRFXV�RQ�PHWKRGV�WR�FKDQJH�
WKHVH� DWWLWXGHV� IXUWKHU� DJDLQVW� GULQNLQJ� DQG� GULYLQJ�
EHKDYLRUV���

8QIRUWXQDWHO\�� OLNHO\� GXH� WR� WKH� UHFRJQLWLRQ� RI�
GULQNLQJ� DQG�GULYLQJ� DV� D� VRFLDO� SUREOHP� �*XV¿HOG��
������E\�WKRVH�LQ�DXWKRULW\��WKHUH�DUH�PDQ\�GLI¿FXOWLHV�
DVVRFLDWHG� ZLWK� PHDVXULQJ� GULQNLQJ� DQG� GULYLQJ�
DWWLWXGHV���3DUWLFLSDQWV�PD\�QRW�ZLVK�WR�GLVFORVH�WUXH�
IHHOLQJV� WR�VRPHRQH�LQ�DQ�DXWKRULW\�SRVLWLRQ��H�J���D�
XQLYHUVLW\�UHVHDUFKHU��ZKLFK�FRXOG�OHDG�WR�VLJQL¿FDQW�
PHDVXUHPHQW�HUURU���%HFDXVH�RI�WKHVH�GLI¿FXOWLHV��WKH�
FXUUHQW� VWXG\� LQYHVWLJDWHG� WKH� IDFWRU� VWUXFWXUH�RI� DQ�
RQOLQH�VXUYH\�GHVLJQHG�WR�SURYLGH�PRUH�DQRQ\PRXVO\�
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WKDQ� LWV� WHOHSKRQH�EDVHG� SUHGHFHVVRU�� �7KH�PHDVXUH�
H[KLELWHG� JRRG� ¿W� IRU� WKH� VDPSOH� FKRVHQ� LQ� ERWK�
H[SORUDWRU\� DQG� FRQ¿UPDWRU\� LQYHVWLJDWLRQV�� ZKLFK�
VXSSRUWV�LWV�XVH�LQ�DQ�RQOLQH�IRUPDW���
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