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$GDP�5�1LFKROOV�DQG�/XFDV�5��:��)DLUV�DUH�ZLWK�WKH�'HSDUWPHQW�RI�6SRUW��+HDOWK��DQG�

([HUFLVH�6FLHQFH��8QLYHUVLW\�RI�+XOO��8.��'DQLHO�-��0DGLJDQ LV�ZLWK�WKH�6FKRRO�RI�6SRUW��

<RUN�6W��-RKQ�8QLYHUVLW\��8.��/LQGVD\�'XQFDQ�DQG /DXUD�+DOOZDUG DUH�ZLWK�WKH�'HSDUWPHQW�

RI�.LQHVLRORJ\�DQG�3K\VLFDO�(GXFDWLRQ��0F*LOO�8QLYHUVLW\��&DQDGD��/DPEURV�/D]XUDV�LV�ZLWK�

WKH�'HSDUWPHQW�RI�3V\FKRORJ\��6RFLRORJ\�DQG�3ROLWLFV��6KHIILHOG�+DOODP�8QLYHUVLW\��8.��

.HYLQ�%LQJKDP LV�ZLWK�WKH�$FDGHP\�RI�6SRUW�DQG�3K\VLFDO�$FWLYLW\��6KHIILHOG�+DOODP�

8QLYHUVLW\��8.��

1LFKROOV��$��5���0DGLJDQ��'��-���'XQFDQ��/���+DOOZDUG��/���/D]XUDV��/���%LQJKDP��.���	�
)DLUV��/��5��:���LQ�SUHVV���&KHDWHU��FKHDWHU��SXPSNLQ�HDWHU��7KH�GDUN�WULDG��DWWLWXGHV�
WRZDUGV�GRSLQJ��DQG�FKHDWLQJ�EHKDYLRU�DPRQJ�DWKOHWHV� (XURSHDQ�-RXUQDO�RI�6SRUW�
6FLHQFH�
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$EVWUDFW

:H�H[DPLQHG WKH�UHODWLRQVKLSV EHWZHHQ�WKH�'DUN�7ULDG�SHUVRQDOLW\ WUDLWV �0DFKLDYHOOLDQLVP��

QDUFLVVLVP��DQG�SV\FKRSDWK\���DWWLWXGHV�WRZDUGV�GRSLQJ��DQG�FKHDWLQJ�EHKDYLRU DPRQJ

DWKOHWHV��2QH�KXQGUHG�DQG�VL[W\�IRXU�DWKOHWHV�FRPSOHWHG�D�TXHVWLRQQDLUH�WKDW�DVVHVVHG�WKH�

'DUN�7ULDG�DQG�WKHLU DWWLWXGHV�WRZDUGV�GRSLQJ��)ROORZLQJ�WKLV��DWKOHWHV FRPSOHWHG�D�PDWUL[�

VROYLQJ�WDVN ZLWKLQ�D�VSHFLILF�WLPH�OLPLW��3DUWLFLSDQWV ZHUH�WROG�WKH\�ZRXOG�UHFHLYH�D�ILQDQFLDO�

UHZDUG�IRU�WKH�WRWDO�QXPEHU�PDWULFHV�WKH\�FRXOG�VROYH��EXW�RQO\����RI�WKH����PDWULFHV�ZHUH�

VROYDEOH��7KLV�SURYLGHG�WKH�LQFHQWLYH�DQG�DQ�RSSRUWXQLW\�IRU�WKH�DWKOHWHV�WR�FKHDW��$OO�WKUHH�

'DUN�7ULDG�SHUVRQDOLW\�WUDLWV�FRUUHODWHG�SRVLWLYHO\�ZLWK�DWWLWXGHV�WRZDUGV�GRSLQJ�DQG�FKHDWLQJ�

EHKDYLRU��,Q�UHJUHVVLRQ�DQDO\VHV��SV\FKRSDWK\�HPHUJHG�DV�D�VLJQLILFDQW�SRVLWLYH�SUHGLFWRU�RI�

DWWLWXGHV�WRZDUGV�GRSLQJ��DQG�QDUFLVVLVP�HPHUJHG�DV�D�VLJQLILFDQW�SRVLWLYH�SUHGLFWRU�RI�

FKHDWLQJ�EHKDYLRU��$WWLWXGHV�WRZDUGV�GRSLQJ�FRUUHODWHG�SRVLWLYHO\�ZLWK�FKHDWLQJ�EHKDYLRU��

7KH�'DUN�7ULDG�DSSHDUV WR�EH�LPSRUWDQW�LQ�UHODWLRQ�WR�ERWK�DWWLWXGHV�WRZDUGV�GRSLQJ�DQG�

FKHDWLQJ�EHKDYLRU DPRQJ�DWKOHWHV��,Q�DGGLWLRQ��RXU ILQGLQJV�LOOXVWUDWH WKDW�IDYRUDEOH DWWLWXGHV�

WRZDUGV�GRSLQJ ZHUH OLQNHG ZLWK�DFWXDO�FKHDWLQJ DPRQJ�DWKOHWHV� 1DWLRQDO�$QWL�'RSLQJ�

2UJDQL]DWLRQV��VSRUWV�IHGHUDWLRQV��DQG�FRDFKHV�FRXOG�DVVHVV�DWKOHWHV¶�'DUN�7ULDG�VFRUHV DQG�

DWWLWXGHV�WRZDUGV�GRSLQJ LQ�RUGHU�WR�LGHQWLI\�ZKR�PD\�EH�PRUH�OLNHO\�WR�FKHDW�

.H\ZRUGV�0DFKLDYHOOLDQLVP��1DUFLVVLVP��3HUIRUPDQFH�(QKDQFLQJ�'UXJV��3HUVRQDOLW\��

3V\FKRSDWK\�



'$5.�75,$'��'23,1*��$1'�&+($7,1* �

&KHDWHU��&KHDWHU��3XPSNLQ�(DWHU��7KH�'DUN�7ULDG��$WWLWXGHV�7RZDUGV�'RSLQJ��DQG�

&KHDWLQJ�%HKDYLRU DPRQJ�$WKOHWHV

7KH�LQWHQWLRQDO�XVH�RI�EDQQHG�SHUIRUPDQFH�HQKDQFLQJ�GUXJV��3('V��RU�PHWKRGV��

UHIHUUHG�WR�DV�GRSLQJ� UHSUHVHQWV�D�IRUP�RI�FKHDWLQJ�LQ�VSRUW �.DYXVVDQX���������$�UHFHQW�

VWXG\�IRXQG�WKDW�XS�WR�������RI�HOLWH�DWKOHWHV�UHSRUWHG�GRSLQJ��8OULFK�HW�DO����������ZKLFK�LV�

PXFK�KLJKHU�WKDQ������RI�DWKOHWHV�ZKR�DUH�W\SLFDOO\ FDXJKW FRPPLWWLQJ�DQ�DQWL�GRSLQJ�UXOH�

YLRODWLRQ�RQ�D�\HDUO\�EDVLV �:RUOG�$QWL�'RSLQJ�$JHQF\� :$'$���������,W�LV�LPSRUWDQW�WR�

XQGHUVWDQG�WKH�IDFWRUV�WKDW�SUHGLFW�ZK\�VRPH�DWKOHWHV�WDNH�3('V��LQ�RUGHU�WR�UHGXFH�WKH�

SUHYDOHQFH�RI�GRSLQJ��

5HVHDUFKHUV ZLWK�DQ�LQWHUHVW�LQ�GRSLQJ�KDYH�H[DPLQHG�IDFWRUV WKDW�PD\�H[SODLQ�ZK\�

DWKOHWHV�NQRZLQJO\�FKHDW�E\�WDNLQJ�3('V��7KHVH�LQFOXGHG�FRQWUROOLQJ FRDFK�EHKDYLRUV��WKH�

XVH�RI�QXWULWLRQDO�VXSSOHPHQWV��DQG�WKH�HQJDJHPHQW�LQ�KHDOWK�KDUPLQJ�EHKDYLRUV��1LFKROOV��

&RSH��HW�DO� ������1WRXPDQLV� 1J��%DUNRXNLV��	�%DFNKRXVH� �������2I�WKH�SRVVLEOH�IDFWRUV��

UHVHDUFK�VXJJHVWV�WKDW�DWKOHWHV¶ DWWLWXGHV�WRZDUGV�GRSLQJ�PD\�EH�SDUWLFXODUO\�LPSRUWDQW��)RU�

H[DPSOH��D PHWD�DQDO\VLV E\�1WRXPDQLV�HW�DO���������IRXQG�WKDW�IDYRUDEOH�DWWLWXGHV WRZDUGV�

GRSLQJ�DUH�RQH�RI�WKH�VWURQJHVW�SUHGLFWRUV�RI GRSLQJ�EHKDYLRUV��7KHUHIRUH��XQGHUVWDQGLQJ�

PRUH�DERXW�WKH�IDFWRUV�WKDW�XQGHUSLQ�DWWLWXGHV WRZDUGV�GRSLQJ LV�LPSRUWDQW�

7KH�'DUN�7ULDG�DQG�$WWLWXGHV�7RZDUGV�'RSLQJ

3HUVRQDOLW\ KDV�EHHQ�WKHRUHWLFDOO\�DQG�HPSLULFDOO\�OLQNHG�WR�DWWLWXGHV�WRZDUGV�GRSLQJ

�'RQRYDQ��(JJDU��.DSHUQLFN��	 0HQGR]D� ������1LFKROOV��0DGLJDQ��%DFNKRXVH��	�/HY\��

�������,Q�WKHLU�6SRUW�'UXJ�&RQWURO�0RGHO �6'&0���'RQRYDQ�HW�DO���������SXUSRUWHG�WKDW�

SHUVRQDOLW\�ZDV�RQH�RI�VL[�IDFWRUV�WKDW�VKDSHG�DWWLWXGHV�WRZDUGV�GRSLQJ���1LFKROOV HW�DO��

�����E��ZHUH�DPRQJ�WKH�ILUVW�VFKRODUV�WR�H[DPLQH WKH UHODWLRQVKLS�EHWZHHQ�SHUVRQDOLW\�DQG�

GRSLQJ�DWWLWXGHV��7KH\�H[DPLQHG�WKH�UHODWLRQVKLS�EHWZHHQ 'DUN�7ULDG�FRQVWHOODWLRQ�RI�

SHUVRQDOLW\�DQG�DWWLWXGHV�WRZDUGV�GRSLQJ� 7KH�'DUN�7ULDG�FRQWDLQV�WKUHH�UHODWHG��EXW�GLVWLQFW
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SHUVRQDOLW\�WUDLWV �0DFKLDYHOOLDQLVP��QDUFLVVLVP��DQG�SV\FKRSDWK\�� 0DFKLDYHOOLDQLVP�LV�

FKDUDFWHUL]HG�E\�LQGLYLGXDOV�PDQLSXODWLQJ�RWKHUV�DQG EHLQJ�ERWK�FRUUXSW�DQG�LPPRUDO��

1DUFLVVLVWLF�SHRSOH�KDYH DQ�RYHU�LQIODWHG�YLHZ�RI�WKH�VHOI��YDQLW\� DQG D�VWURQJ�VHQVH�RI�VHOI�

HQWLWOHPHQW��)LQDOO\��LQGLYLGXDOV�ZKR�VFRUH�KLJKO\�RQ�SV\FKRSDWK\�WHQG�WR�KDYH�OLWWOH�HPSDWK\�

DQG�DUH�DQWL�VRFLDO��3DXOKXV�	 :LOOLDPV���������1LFKROOV��0DGLJDQ� HW�DO�������� UHSRUWHG�WKDW

0DFKLDYHOOLDQLVP��QDUFLVVLVP��DQG�SV\FKRSDWK\ DOO FRUUHODWHG SRVLWLYHO\ ZLWK�IDYRUDEOH

DWWLWXGHV�WRZDUGV�GRSLQJ��)XUWKHU��D OLQHDU�FRPELQDWLRQ�RI�DOO�WKUHH�WUDLWV H[SODLQHG�����RI�

WKH�YDULDQFH�LQ�DWWLWXGHV�WRZDUGV�GRSLQJ��DOWKRXJK�QDUFLVVLVP�ZDV�QRW�D VLJQLILFDQW�SUHGLFWRU�

7KHVH�ILQGLQJV�UHTXLUH�UHSOLFDWLRQ�DQG�WKH�PRGHO�UHTXLUHV�WHVWLQJ�DPRQJ�RWKHU�DWKOHWHV��,Q�

DGGLWLRQ��EHFDXVH�UHVHDUFK�RQ�WKH�'DUN�7ULDG�LQ�VSRUW�LV�LQ�LWV�LQIDQF\��WKHUH�LV�OLWWOH�

XQGHUVWDQGLQJ�DERXW�ZKDW�RWKHU�LPPRUDO�XQDFFHSWDEOH�EHKDYLRUV�LW�PD\�SUHGLFW�DPRQJ�

DWKOHWHV��,W VHHPV�ORJLFDO�WR�SUHVXPH�WKDW�D�VLPLODU�UHODWLRQVKLS�PD\�H[LVW�EHWZHHQ�WKH�'DUN�

7ULDG�DQG�FKHDWLQJ�EHKDYLRUV��.DYXVVDQX���������

7KH�'DUN�7ULDG�DQG�&KHDWLQJ %HKDYLRU

7KHUH�DUH�VRPH�LQFRQVLVWHQW�ILQGLQJV�UHJDUGLQJ�WKH�DVVRFLDWLRQ�EHWZHHQ�WKH�'DUN�7ULDG�

DQG�FKHDWLQJ�EHKDYLRUV��:LOOLDPV��1DWKDQVRQ��DQG 3DXOKXV �������H[SORUHG�WKH�UHODWLRQVKLS�

EHWZHHQ WKH�'DUN�7ULDG�DQG�VFKRODVWLF�FKHDWLQJ��$OWKRXJK�WKHVH�DXWKRUV�UHSRUWHG�WKDW�

0DFKLDYHOOLDQLVP��QDUFLVVLVP��DQG�SV\FKRSDWK\�ZHUH�DVVRFLDWHG�ZLWK�VHOI�UHSRUWHG�FKHDWLQJ��

RQO\�SV\FKRSDWK\�UHPDLQHG�D�VLJQLILFDQW�SUHGLFWRU�DIWHU�FRQWUROOLQJ�IRU�WKH�RWKHU�WUDLWV� ,Q�

DQRWKHU�VWXG\��5RHVHU�HW�DO���������H[SORUHG�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�'DUN�7ULDG�DQG�

VFRUHV�RQ�D�QXPEHU�PDWUL[�WDVN��,Q�WKLV�WDVN��SDUWLFLSDQWV�FRXOG�PDNH�PRUH�PRQH\�E\�

FKHDWLQJ�DQG� WKXV� UHSRUWLQJ�WKDW WKH\�VROYHG�VRPH�PDWUL[�WDVNV�WKDW�ZHUH�XQVROYDEOH��,Q�

SDUWLDO�DJUHHPHQW�ZLWK :LOOLDPV�HW�DO����������SV\FKRSDWK\�SUHGLFWHG�FKHDWLQJ�RQ�WKH�QXPEHU�

PDWUL[�WDVN��DOWKRXJK�0DFKLDYHOOLDQLVP�DQG�QDUFLVVLVP�GLG�QRW��

5HFHQW�UHVHDUFK�DGGV�WR�WKH�FRPSOH[LW\�RI�WKHVH�UHODWLRQVKLSV��)RU�H[DPSOH� -RQHV�DQG�
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3DXOKXV��������IRXQG�WKDW�0DFKLDYHOOLDQLVP��QDUFLVVLVP��DQG�SV\FKRSDWK\ DOO�SUHGLFWHG�

FKHDWLQJ�ZKHQ�SDUWLFLSDQWV�WKRXJKW�WKHUH�ZDV�OLWWOH�FKDQFH�RI�EHLQJ�FDXJKW��+RZHYHU��ZKHQ�

WKHUH�ZDV�D�FKDQFH�RI�SXQLVKPHQW��RQO\�WKRVH�ZKR�VFRUHG�KLJK�RQ�SV\FKRSDWK\�FKHDWHG��

)XUWKHU��LQ�KLJK�ULVN�VLWXDWLRQV�LQGLYLGXDOV�ZKR�VFRUHG�KLJK�RQ�0DFKLDYHOOLDQLVP�DQG�ZHUH�

HJR�GHSOHWHG��L�H���XQGHUJRLQJ�D�WD[LQJ�WDVN�WKDW�GLVDEOHV�UHVRXUFHV�XVHG�IRU�VWUDWHJLF�WKLQNLQJ��

H[KLELWHG�FKHDWLQJ�EHKDYLRUV��

$OWKRXJK�WKH�ILQGLQJV�UHJDUGLQJ�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�'DUN�7ULDG�DQG�FKHDWLQJ�

DUH�VRPHZKDW�HTXLYRFDO��LW�DSSHDUV�WKDW�SV\FKRSDWK\�LV�WKH�VWURQJHVW�SUHGLFWRU�RI�FKHDWLQJ��

EXW�ERWK�0DFKLDYHOOLDQLVP�DQG�QDUFLVVLVP�PD\�SUHGLFW�FKHDWLQJ�LQ�FHUWDLQ�FLUFXPVWDQFHV��

1RQH�RI�WKH�DIRUHPHQWLRQHG�VWXGLHV�WKDW�H[DPLQHG�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�'DUN�7ULDG�

DQG�FKHDWLQJ�DPRQJ�DWKOHWHV��7KLV�LV LPSRUWDQW�EHFDXVH�ZLQQLQJ�LQ�VSRUW�LV�DVVRFLDWHG�ZLWK�

VHOI�JDLQ��H�J�� SUDLVH�IURP�FRDFKHV��IDPLO\�RU�WHDPPDWHV��SUHVWLJH��PRQHWDU\�JDLQV��DQG�HYHQ�

DGXODWLRQ���DQG�WKH�'DUN�7ULDG�SHUVRQDOLW\�WUDLWV�KDYH�EHHQ�SRVLWLYHO\�DVVRFLDWHG�ZLWK�VHOI�

JDLQ��-RQDVRQ��/\RQV��%DXJKPDQ��	 9HUQRQ� ������

$WWLWXGHV�7RZDUGV�'RSLQJ�DQG�&KHDWLQJ�%HKDYLRU

&KHDWLQJ�PD\�DOVR�EH�LPSRUWDQW�LQ�UHJDUG�WR WUDQVJUHVVLRQDO�EHKDYLRUV�LQ�D�VSRUWLQJ�

FRQWH[W��VXFK�DV�GRSLQJ��.DYXVVDQX���������7KLV�LV�EHFDXVH LQWHQWLRQDO GRSLQJ�UHSUHVHQWV�D�

IRUP�RI�FKHDWLQJ �:$'$���������7KXV� DWKOHWHV ZKR�DUH�SUHGLVSRVHG�WR�FKHDW�PD\�EH�DW�D�

JUHDWHU�ULVN�RI�GRSLQJ��EHFDXVH�WDNLQJ�3('V�LV�D�FKHDWLQJ�EHKDYLRU �.DYXVVDQX��������

:$'$���������6XUSULVLQJO\��VFKRODUV�KDYH�QRW�H[DPLQHG�KRZ�FKHDWLQJ�PD\�EH�DVVRFLDWHG�

ZLWK�GRSLQJ�SUHYDOHQFH��QRU�FRQVWUXFWV�WKDW�DUH�DVVRFLDWHG�ZLWK�GRSLQJ�SUHYDOHQFH��VXFK�DV�

DWWLWXGHV�WRZDUGV�GRSLQJ �1WRXPDQLV�HW�DO����������

7KH�3UHVHQW�6WXG\

,Q�VXPPDU\��WKH�SUHVHQW�VWXG\ KDG�WKUHH DLPV��)LUVW��WR�UH�H[DPLQH�WKH�UHODWLRQVKLS�

EHWZHHQ�WKH�'DUN�7ULDG�DQG�DWWLWXGHV�WRZDUGV�GRSLQJ��1LFKROOV��0DGLJDQ� HW�DO���������
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VHFRQG� WR�H[DPLQH�ZKHWKHU�WKH�'DUN�7ULDG�SUHGLFWV�FKHDWLQJ�EHKDYLRU�LQ�DWKOHWHV��DQG�ILQDOO\��

WR�H[DPLQH�WKH�UHODWLRQVKLS�EHWZHHQ�DWWLWXGHV�WRZDUGV�GRSLQJ�DQG�FKHDWLQJ�EHKDYLRU��%DVHG�

RQ�SUHYLRXV�ILQGLQJV��ZH�K\SRWKHVL]HG�WKDW�DOO�WKUHH�SHUVRQDOLW\�WUDLWV�RI�'DUN�7ULDG�ZRXOG�

FRUUHODWH�ZLWK�IDYRUDEOH�DWWLWXGHV�WRZDUGV�GRSLQJ DQG�FKHDWLQJ�EHKDYLRU��)XUWKHUPRUH�

EHFDXVH�EHLQJ�LQ�IDYRU�RI�3('V�UHSUHVHQWV�VXSSRUWLQJ�FKHDWLQJ�EHKDYLRU��.DYXVVDQX���������

ZH�DOVR�K\SRWKHVL]HG�WKDW IDYRUDEOH�DWWLWXGHV�WRZDUGV�GRSLQJ�ZRXOG�EH�DVVRFLDWHG�ZLWK

FKHDWLQJ EHKDYLRU�

0HWKRG

3DUWLFLSDQWV

2QH�KXQGUHG�DQG�VL[W\�IRXU�DWKOHWHV��ZKR�DOO�WRRN�SDUW�LQ�FRPSHWLWLYH�VSRUW�

SDUWLFLSDWHG�LQ�WKLV VWXG\��IHPDOH Q� ����PDOH�Q  ������3DUWLFLSDQWV ZHUH�DJHG�EHWZHHQ����

DQG����\HDUV��0 DJH� ��������6'� ��������7KH�DWKOHWHV�FRPSHWHG�EHJLQQHU��Q� ������FOXE��Q� �

�����FRXQW\��Q� ������QDWLRQDO��Q� ������RU�LQWHUQDWLRQDO�VWDQGDUG��Q� ������

0HDVXUHV

7KH�'DUN�7ULDG��:H�XVHG�WKH ���LWHP�6KRUW�'DUN�7ULDG��6'���-RQHV�	 3DXOKXV��������

WR�PHDVXUH0DFKLDYHOOLDQLVP��H�J���³,�OLNH�WR�XVH�PDQLSXODWLRQ�WR�JHW�P\�ZD\´�DQG�³PDNH�

VXUH�\RXU�SODQV�EHQHILW�\RX��DQG�QRW�RWKHUV´���QDUFLVVLVP��H�J���³SHRSOH�VHH�PH�DV�D�QDWXUDO�

OHDGHU´�DQG�³,�KDYH�EHHQ�FRPSDUHG�WR�IDPRXV�SHRSOH´���DQG�SV\FKRSDWK\��³LW¶V�WUXH�WKDW ,�FDQ�

EH�PHDQ�WR�RWKHUV´�DQG�³SD\EDFN�QHHGV�WR�EH�TXLFN�DQG�QDVW\´���$OO�TXHVWLRQV�ZHUH�DQVZHUHG�

RQ�D���SRLQW�/LNHUW�W\SH�VFDOH��ZKLFK�ZDV�DQFKRUHG�DW��� �µQRW�DW�DOO¶�DQG��� �µH[WUHPHO\�¶

3UHYLRXV�UHVHDUFK�SURYLGHG�HYLGHQFH�IRU�WKH�YDOLGLW\�RI�WKH�6'� ZLWK�DQ�DWKOHWLF�VDPSOH �L�H���

9DXJKDQ��0DGLJDQ��&DUWHU� 	�1LFKROOV� ������

'RSLQJ�$WWLWXGHV��:H�XVHG�WKH���LWHP�6KRUW�)RUP�3HUIRUPDQFH�(QKDQFHPHQW�

$WWLWXGH�6FDOH��6)�3($6��1LFKROOV��0DGLJDQ��	�/HY\� ������WR�PHDVXUH�DWKOHWHV¶�DWWLWXGHV

WRZDUGV�GRSLQJ��7KH�6)�3($6�LQFOXGHG�LWHPV�VXFK�DV�³GRSLQJ�LV�QRW�FKHDWLQJ�VLQFH�HYHU\RQH�
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GRHV�LW´�DQG�³GRSLQJ�LV�XQDYRLGDEOH�SDUW�RI�WKH�FRPSHWLWLYH�VSRUW�´�$���SRLQW�/LNHUW�W\SH�

VFDOH��DQFKRUHG�DW��� �µVWURQJO\�GLVDJUHH¶ DQG��� �µVWURQJO\�DJUHH�¶ ZDV�XVHG�WR�DQVZHU�HDFK�

TXHVWLRQ��3UHYLRXV�UHVHDUFK�SURYLGHG�HYLGHQFH�IRU�WKH�YDOLGLW\�RI�WKH�6)�3($6 ZLWK�DGXOW�

DWKOHWHV��H�J���1LFKROOV��0DGLJDQ��	�/HY\��������

&KHDWLQJ�%HKDYLRUV��,Q�RUGHU�WR�DVVHVV�FKHDWLQJ�EHKDYLRU��ZH�HPSOR\HG�WKH�QXPEHU�

PDWUL[�WDVN�WKDW�.RXFKDNL�DQG�6PLWK��������DQG�5RHVHU�HW�DO���������XVHG��3DUWLFLSDQWV�ZHUH�

SUHVHQWHG�ZLWK����PDWULFHV�DQG�UHFHLYHG�WKH�IROORZLQJ�LQVWUXFWLRQV��³7KH�SXUSRVH�RI�WKLV�WDVN�

LV�WR�VHH�ZKHWKHU�QXPEHU�VROYLQJ�FRUUHODWHV�WR����DWKOHWLF�DELOLW\�����W\SH�RI�VSRUW��DQG����

SRVLWLRQ�SOD\HG��<RX�ZLOO�EH�SUHVHQWHG�ZLWK����PDWUL[HV�DQG�KDYH����VHFRQGV�WR�VROYH�HDFK�

PDWUL[��<RX�VROYH�WKH�PDWUL[�E\�ILQGLQJ���QXPEHUV�WKDW�DGG�XS�WR����´�3DUWLFLSDQWV�ZHUH�

LQIRUPHG�WKDW�WKH\�ZRXOG�UHFHLYH�D�ILQDQFLDO�UHZDUG�IRU�HDFK�QXPEHU�PDWUL[�WKH\�VROYHG��

7KLV��KRZHYHU��ZDV�QRW�WUXH��$WKOHWHV�LQGLFDWHG�ZKHWKHU�WKH\�VROYHG�HDFK�QXPEHU�JULG�E\�

FLUFOLQJ�µ\HV¶�RU�µQR¶�RQ�WKH�IROORZLQJ�SDJH��6HYHQ�RI�WKH�PDWULFHV�ZHUH�XQVROYDEOH��DQG�WKXV�

SURYLGHG�WKH�RSSRUWXQLW\�IRU�WKH�DWKOHWHV�WR�FKHDW�

3URFHGXUH

$IWHU�REWDLQLQJ�HWKLFDO�DSSURYDO�IURP�D�XQLYHUVLW\�GHSDUWPHQWDO�HWKLFV�FRPPLWWHH��ZH�

DGYHUWLVHG�WKH�VWXG\�WR�DWKOHWHV��7KH�VWXG\�DGYHUWLVHPHQW�LQIRUPHG SRWHQWLDO SDUWLFLSDQWV�WKDW�

ZH�ZHUH�LQWHUHVWHG�LQ�WKH�UHODWLRQVKLS�EHWZHHQ�QXPEHU�VROYLQJ�DELOLWLHV�DQG�DWKOHWLF�DELOLW\��

VSRUW�W\SH��DQG�SRVLWLRQ�SOD\HG� $WKOHWHV�ZKR�ZDQWHG�WR�SDUWLFLSDWH UHFHLYHG�DQ�LQIRUPDWLRQ�

OHWWHU�DQG�VLJQHG�DQ�LQIRUPHG FRQVHQW�IRUP��EDVHG�RQ�WKH�LQLWLDO�DGYHUWLVHPHQW��7KH�

H[SHULPHQWDO�SURWRFRO�LQYROYHG DOO DWKOHWHV�FRPSOHWLQJ WKH�6'���-RQHV 	 3DXOKXV��������DQG�

WKH�6)�3($6��1LFKROOV��0DGLJDQ��	�/HY\�������� $WKOHWHV�WKHQ�FRPSOHWHG WKH�QXPEHU�

PDWUL[�WDVN��VHH�.RXFKDNL�	 6PLWK��������5RHVHU�HW�DO��������� XQGHU�WKH�SUHWHQVH�WKDW�

SUREOHP�VROYLQJ�ZRXOG�EH�OLQNHG�WR�VNLOO�OHYHO� 7KLV�LV�EHFDXVH�ZH�ZDQWHG�WR�FRQFHDO�WKH�IDFW�

ZH�ZHUH�LQWHUHVWHG�LQ�KRZ�FKHDWLQJ�LV�OLQNHG�WR�WKH�'DUN�7ULDG�DQG�DWWLWXGHV�WRZDUGV�GRSLQJ��
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)ROORZLQJ�WKLV��ZH�LQIRUPHG�WKH�SDUWLFLSDQWV ZH�ZHUH�FRQGXFWLQJ�DQRWKHU�VWXG\�DQG�DVNHG�

SDUWLFLSDQWV�ZKHWKHU�WKH\�ZRXOG�EH�LQWHUHVWHG�LQ�FRPSOHWLQJ�WZR�DGGLWLRQDO�TXHVWLRQQDLUHV��

UHODWLQJ�WR�WKHLU�SHUVRQDOLW\�DQG�IHHOLQJV�DERXW�3('V��$OO�SDUWLFLSDQWV�DJUHHG��)ROORZLQJ�WKH�

FRPSOHWLRQ�RI�DOO�WKUHH�FRPSRQHQWV��D�WUDLQHG�UHVHDUFKHU�GHEULHIHG�HDFK�SDUWLFLSDQW DERXW�WKH�

UHDO�DLP�RI�WKH�VWXG\� 7KDW�LV��DWKOHWHV�ZHUH�LQIRUPHG�WKDW�ZH�ZHUH�QRW�LQWHUHVWHG�LQ�WKH�

UHODWLRQVKLS�EHWZHHQ�QXPEHU�VROYLQJ�DELOLWLHV�DQG�DWKOHWLF�DELOLW\��VSRUW�W\SH��DQG�SRVLWLRQ�

SOD\HG��:H�DOVR�WROG�SDUWLFLSDQWV�WKDW�RQO\����RI�WKH�PDWULFHV�FRXOG�EH�VROYHG�DQG�WKHUH�ZDV�

QR�ILQDQFLDO�UHZDUG�IRU�WKH�QXPEHU�RI�PDWULFHV�WKH\�FRPSOHWHG��3DUWLFLSDQWV�ZHUH�LQIRUPHG�RI�

D�SUL]H�GUDZ�DQG�JLYHQ�WKH�RSWLRQ�RI�UHPRYLQJ�WKHLU�GDWD��1R�RQH�RSWHG�WR�UHPRYH�WKHLU�GDWD��

)LQDOO\��HDFK�SDUWLFLSDQW�ZDV�DVNHG�WR�QRW�WR�PHQWLRQ�WKH�GHFHSWLRQ�SDUW�RI�WKH�VWXG\�WR�RWKHU�

SHRSOH���

'DWD�6FUHHQLQJ

)LUVW��ZH�LQVSHFWHG�WKH�GDWD�IRU�PLVVLQJ�YDOXHV��7KHUH�ZHUH�QR�PLVVLQJ�YDOXHV��:H�

WKHQ�FRPSXWHG�&URQEDFK¶V�DOSKDV�IRU�RXU�YDULDEOHV��$OO�DOSKDV�ZHUH�DFFHSWDEOH��VHH�7DEOH�����

)LQDOO\��IROORZLQJ�UHFRPPHQGDWLRQV�E\�7DEDFKQLFN�DQG�)LGHOO���������ZH�VFUHHQHG�GDWD�IRU�

PXOWLYDULDWH�RXWOLHUV��2QH�SDUWLFLSDQW�VKRZHG�D�0DKDODQRELV�GLVWDQFH�ODUJHU�WKDQ�WKH�FULWLFDO�

YDOXH�RI�Ȥ����� ��������S ������� 7KHUHIRUH� WKLV�GDWD�ZDV UHPRYHG�IURP�IXUWKHU�DQDO\VHV���

7KLV�UHVXOWHG�LQ�D�ILQDO�VDPSOH�VL]H�RI���� DWKOHWHV�

5HVXOWV

%LYDULDWH�&RUUHODWLRQV

1H[W��ZH�LQVSHFWHG�WKH�ELYDULDWH�FRUUHODWLRQV�EHWZHHQ�DOO�YDULDEOHV��VHH�7DEOH�����$V�

LQ�SUHYLRXV�UHVHDUFK��H�J���-RQHV�	 3DXOKXV���������WKH�'DUN�7ULDG�GLPHQVLRQV�VKRZHG�VWURQJ�

LQWHU�FRUUHODWLRQV��0RUHRYHU��DOO�WKH�'DUN�7ULDG�GLPHQVLRQV�VKRZHG�VLJQLILFDQW SRVLWLYH�

FRUUHODWLRQV�ZLWK�DWWLWXGHV�WRZDUGV�GRSLQJ DQG�FKHDWLQJ�EHKDYLRU��&KHDWLQJ�EHKDYLRU�VKRZHG�

D�VLJQLILFDQW�SRVLWLYH�FRUUHODWLRQ�ZLWK�DWWLWXGHV�WRZDUGV�GRSLQJ� $OO�FRUUHODWLRQV�ZHUH�
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PHGLXP�WR�ODUJH�VL]HG��

0XOWLSOH�5HJUHVVLRQ�$QDO\VHV

:H�WKHQ�FRQGXFWHG�WZR�PXOWLSOH�UHJUHVVLRQ�DQDO\VHV��VHH�7DEOH�����7KHVH�DQDO\VHV�

FRQWUROOHG�IRU�WKH�RYHUODS�EHWZHHQ�'DUN�7ULDG�GLPHQVLRQV�DQG�H[DPLQHG�WKH�GLPHQVLRQV¶�

XQLTXH�UHODWLRQVKLSV�ZLWK�DWWLWXGHV�WRZDUGV�GRSLQJ�DQG�FKHDWLQJ EHKDYLRU UHVSHFWLYHO\��)RU�

WKLV��DOO�WKUHH�'DUN�7ULDG�GLPHQVLRQV�ZHUH�HQWHUHG�VLPXOWDQHRXVO\�LQWR�WKH�UHJUHVVLRQ�PRGHOV��

5HVXOWV�VKRZHG�WKDW�WKH�PRGHO�H[SODLQHG�����RI�WKH�YDULDQFH�LQ�DWWLWXGHV�WRZDUGV�GRSLQJ��

3V\FKRSDWK\�HPHUJHG�DV�D�VLJQLILFDQW�SRVLWLYH�SUHGLFWRU�RI�DWWLWXGHV�WRZDUGV�GRSLQJ��5HVXOWV�

VKRZHG�WKDW�WKH�PRGHO�H[SODLQHG�����RI�WKH�YDULDQFH�LQ�FKHDWLQJ�EHKDYLRU��1DUFLVVLVP�

HPHUJHG�DV�D�VLJQLILFDQW�SRVLWLYH�SUHGLFWRU�RI�FKHDWLQJ EHKDYLRU�

'LVFXVVLRQ

:H�H[DPLQHG WKH�UHODWLRQVKLS�EHWZHHQ�WKH�'DUN�7ULDG�DQG�DWWLWXGHV WRZDUGV�GRSLQJ�

DQG�FKHDWLQJ�EHKDYLRU��:H�DOVR H[DPLQHG ZKHWKHU�DWWLWXGHV�WRZDUGV�GRSLQJ�ZHUH�DVVRFLDWHG�

ZLWK�FKHDWLQJ�EHKDYLRU��$OO�WKUHH�WUDLWV�FRPSULVLQJ�WKH�'DUN�7ULDG�FRUUHODWHG�SRVLWLYHO\�ZLWK�

DWWLWXGHV�WRZDUGV�GRSLQJ DQG�FKHDWLQJ�EHKDYLRU��:KHQ�FRQWUROOLQJ�IRU�WKH�RYHUODS�EHWZHHQ�

WUDLWV��RQO\ SV\FKRSDWK\ HPHUJHG�DV�D�SRVLWLYH�SUHGLFWRU�RI�DWWLWXGHV�WRZDUGV�GRSLQJ��DQG�RQO\�

QDUFLVVLVP�HPHUJHG�DV�D�SRVLWLYH�SUHGLFWRU�RI�FKHDWLQJ�EHKDYLRU��)LQDOO\��DWWLWXGHV�WRZDUGV�

GRSLQJ�ZHUH�SRVLWLYHO\�DVVRFLDWHG�ZLWK�FKHDWLQJ�EHKDYLRU�

7KH�'DUN�7ULDG�DQG�$WWLWXGHV�7RZDUGV�'RSLQJ

,Q�DJUHHPHQW�ZLWK�1LFKROOV��0DGLJDQ�HW�DO����������WKH�SUHVHQW�ILQGLQJV�UHLWHUDWH�WKDW�

WKH�'DUN�7ULDG�LV�LPSRUWDQW�LQ�UHODWLRQ�WR DWKOHWHV¶�DWWLWXGHV�WRZDUGV�GRSLQJ��7KH\�DOVR�

UHLWHUDWH�WKDW�SV\FKRSDWK\�PD\�EH�WKH�PRVW�LPSRUWDQW�RI�WKH�WKUHH�WUDLWV��$WKOHWHV�ZKR�VFRUH�

KLJK�RQ�SV\FKRSDWK\�PD\�KDYH�PRUH�IDYRUDEOH�DWWLWXGHV EHFDXVH�WKH\ ILQG�LW�GLIILFXOW�WR�UHVLVW�

DQ�LPPHGLDWH�UHZDUG��HYHQ�ZKHQ�WKHUH�LV�D�ULVN�RI�SXQLVKPHQW��&U\VHO��&URVLHU��	�:HEVWHU�
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������-RQHV������� DQG�DUH�OHVV�OLNHO\�WR�IHHO�JXLOW\�DERXW�WUDQVJUHVVLYH�EHKDYLRUV��7URXW��

�������$V�3('V�PD\ HQKDQFH�SHUIRUPDQFH��ZLWK�DOPRVW�LPPHGLDWH�HIIHFW�LQ�VRPH�LQVWDQFHV��

LW�LV XQVXUSULVLQJ�WKDW�VXFK�LQGLYLGXDOV�YLHZ�3('V�IDYRUDEO\�DQG�ZLWK�OHVV�JXLOW�JLYHQ�WKH�

SRVVLEOH�UHZDUGV�IRU�VXFFHVV�LQ�VSRUW��H�J���SUHVWLJH��SUL]H�PRQH\��VFKRODUVKLSV���

,Q�FRQWUDVW�WR�SUHYLRXV�ZRUN �1LFKROOV��0DGLJDQ�HW�DO����������ZKLFK�IRXQG�WKDW�

0DFKLDYHOOLDQLVP�ZDV�WKH�VWURQJHVW�SUHGLFWRU�RI�IDYRUDEOH�DWWLWXGHV�WRZDUGV�GRSLQJ� WKH�SDWK�

EHWZHHQ�WKHVH�FRQVWUXFWV�ZDV�QRQVLJQLILFDQW LQ�WKH�FXUUHQW�VWXG\��7KLV�ILQGLQJ�PD\�EH�UHODWHG�

WR�SDUWLDOOLQJ��ZKLFK�LV�WKH SDUWLWLRQLQJ�VKDUHG�YDULDQFH��7KLV�LV�D�FRPPRQ�LVVXH�WKDW�DULVHV�

ZLWKLQ�UHVHDUFK�H[SORULQJ�WKH�'DUN�7ULDG� DQG�KDV�EHHQ�WKH�VXEMHFW�RI�FRQWLQXHG�GLVFXVVLRQ�LQ�

WKH�ZLGHU�DFDGHPLF�OLWHUDWXUH��9L]H��&ROOLVRQ��0LOOHU��	�/\QDP���������7KHVH�HTXLYRFDO�

ILQGLQJV�WKHUHIRUH�LQGLFDWH�WKDW�DGGLWLRQDO�UHVHDUFK�LV�UHTXLUHG�WR�IXOO\�H[SORUH�WKH�'DUN�7ULDG�

DQG�DWWLWXGHV�WRZDUGV�GRSLQJ�UHODWLRQVKLS��DQG�WR�LGHQWLI\�IDFWRUV�WKDW�PD\�H[SODLQ�WKHVH�

HTXLYRFDO�ILQGLQJV��

7KH�'DUN�7ULDG�DQG�&KHDWLQJ�%HKDYLRU

:H�SURYLGHG�WKH�ILUVW�H[DPLQDWLRQ�RI�WKH�UHODWLRQVKLSV�EHWZHHQ�WKH�'DUN�7ULDG�DQG�

FKHDWLQJ�EHKDYLRU�DPRQJ DWKOHWHV��%XLOGLQJ�RQ H[LVWLQJ�UHVHDUFK�DPRQJ�QRQ�DWKOHWLF�VDPSOHV�

WKDW�IRXQG�WKH�'DUN�7ULDG�ZDV�DQ�LPSRUWDQW�SUHGLFWRU�RI�FKHDWLQJ��H�J���:LOOLDPV�HW DO���������

ZH�IRXQG�WKDW�DOO�WKUHH�WUDLWV�ZHUH�LPSRUWDQW�DW�D�ELYDULDWH�OHYHO��,Q�DGGLWLRQ��RQFH�WKH�RYHUODS�

ZDV�FRQWUROOHG��QDUFLVVLVP�HPHUJHG�DV�WKH�PRVW�LPSRUWDQW�SUHGLFWRU��7KLV�LV�VRPHZKDW�DW�

RGGV�ZLWK�SUHYLRXV�UHVHDUFK DPRQJ�D�QRQ�DWKOHWLF�VDPSOH��ZKLFK VXJJHVWV�SV\FKRSDWK\�LV�WKH�

PRVW�LPSRUWDQW�SUHGLFWRU�LQ�QRQ�DWKOHWH�VDPSOHV �-RQHV�	�3DXOKXV���������*LYHQ WKDW�DWKOHWHV�

VSHQG�QXPHURXV�KRXUV�WUDLQLQJ��WKLV�PD\�UHVXOW�LQ�WKHP�GHYHORSLQJ�D�VWURQJ�VHQVH�RI�VHOI�

HQWLWOHPHQW�DERXW�ZLQQLQJ��$V�VXFK��QDUFLVVLVWLF�DWKOHWHV�DSSHDU�SUHSDUHG�WR�FKHDW��LQ�RUGHU�WR�

ZLQ��

$WWLWXGHV�7RZDUGV�'RSLQJ�DQG�&KHDWLQJ�%HKDYLRU
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7KH�SUHVHQW�VWXG\�UHSUHVHQWV�RQH�RI�WKH�ILUVW�DWWHPSWV�WR�H[DPLQH�WKH�UHODWLRQVKLS�

EHWZHHQ�DWWLWXGHV�WRZDUGV�GRSLQJ DQG�DQ�REMHFWLYH�PHDVXUH�RI�FKHDWLQJ��)XUWKHU��WKH�

H[SHULPHQWDO�SURWRFRO�ZH�XWLOL]HG�JDYH�SDUWLFLSDQWV�DQ�LQFHQWLYH�WR�FKHDW DQG�ZDV�SHUIRUPHG�

LQ�D�WLPH�SUHVVXUHG VLWXDWLRQ��ZKLFK�LV�VLPLODU�WR�FRPSHWLWLYH�VSRUW��*LYHQ�WKDW�GRSLQJ�

UHSUHVHQWV�D�VHULRXV�EUHDFK�RI WKH UXOHV DQG�LV�D�FOHDU�H[DPSOH�RI�FKHDWLQJ �.DYXVVDQX��������

:$'$���������LW�LV�XQVXUSULVLQJ�WKDW�WKH�WZR�ZHUH�UHODWHG��$OWKRXJK�UHVHDUFKHUV KDYH�

DVVHVVHG�KRZ�DWWLWXGHV�WRZDUGV�GRSLQJ DUH�UHODWHG�WR�VHOI�UHSRUWHG�GRSLQJ�XVH��H�J���/D]XUDV�

%DUNRXNLV��	 7VRUEDW]RXGLV���������WKH\�KDYH�QRW�DVVHVVHG ZKHWKHU�DWKOHWHV�ZLWK�IDYRUDEOH�

DWWLWXGHV WRZDUGV GRSLQJ�ZRXOG�FKHDW�DFURVV�RWKHU�GRPDLQV��+HUH��ZH�VKRZ�WKDW�WKH\�DUH�

LQGHHG�UHODWHG��3XUVXLQJ�WKLV�OLQH�RI�UHVHDUFK�DQG�IXUWKHU�XQGHUVWDQGLQJ�ZK\�DWKOHWHV�FKHDW�

PD\�EH�LPSRUWDQW�LQ�WU\LQJ�WR�UHGXFH�WKH�IUHTXHQF\�RI�GLVKRQHVW�EHKDYLRUV LQ�VSRUW��

/LPLWDWLRQV�DQG�)XWXUH�5HVHDUFK

7KH�SUHVHQW�VWXG\�KDV�VHYHUDO�OLPLWDWLRQV��)LUVW��ZH�GLG�QRW�H[DPLQH GRSLQJ�

SUHYDOHQFH�LQ�UHODWLRQ�WR�HLWKHU�WKH�'DUN�7ULDG�RU�FKHDWLQJ�EHKDYLRU��*LYHQ�WKLV�FRQVWHOODWLRQ�

RI�SHUVRQDOLW\�WUDLWV�LV�DVVRFLDWHG�ZLWK�VXEVWDQFH�DEXVH�LQ�RWKHU�VWXGLHV��H�J���$]L]LO�HW�DO���

������ LW�ZRXOG�EH�LQWHUHVWLQJ�WR�HVWDEOLVK�ZKHWKHU�WKH�'DUN�7ULDG�LV�DVVRFLDWHG�ZLWK�SDVW�RU�

FXUUHQW�XVH�RI�3('V�DQG�LQWHQWLRQV�WR�GRSH�LQ�WKH�IXWXUH��6HFRQG��ZH�GLG QRW�LQFOXGH IDFWRUV�

WKDW�KDYH�EHHQ�IRXQG�WR�PRGHUDWH�FKHDWLQJ�EHKDYLRU��)RU�H[DPSOH��-RQHV�DQG�3DXOKXV��������

IRXQG�WKDW�ULVN�OHYHO�RI�EHLQJ�SXQLVKHG��HJR�GHSOHWLRQ��DQG�WKH�WDUJHW�RI�GHFHSWLRQ�DOO�

LQIOXHQFHG WKH�HIIHFWV�RI�WKH�'DUN�7ULDG�RQ�FKHDWLQJ�EHKDYLRU��,W�ZRXOG�EH�LQWHUHVWLQJ�WR�VHH�

ZKHWKHU�WKHVH�IDFWRUV�LQIOXHQFH�GRSLQJ DWWLWXGHV��)LQDOO\��RXU VWXG\� DQG�RWKHU�VWXGLHV �H�J���

-RQHV�	 3DXOKXV��������5RHVHU�HW�DO�������� WKDW�KDYH�H[SORUHG�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�

'DUN�7ULDG�DQG�FKHDWLQJ�EHKDYLRUV� XVHG�WKH�6'��WR�DVVHVV�WKH�'DUN�7ULDG��7KH�6'��GRHV�QRW�

DOORZ�IRU�WKH�H[DPLQDWLRQ�RI�VSHFLILF�ORZHU�RUGHU�WUDLWV�ZLWKLQ�QDUFLVVLVP �QDUFLVVLVWLF

JUDQGLRVLW\�DQG�QDUFLVVLVWLF�YXOQHUDELOLW\��&DLQ� 3LQFXV��	 $QVHOO� ������ *LYHQ�WKDW�
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QDUFLVVLVP�ZDV�LPSRUWDQW�LQ�WKLV�VWXG\��IXWXUH�VFKRODUO\�DFWLYLW\�FRXOG�H[SORUH�ZKHWKHU�ORZHU�

RUGHU�WUDLWV�DUH�GULYHUV�RI�FKHDWLQJ�EHKDYLRU�DQG�DWWLWXGHV�WRZDUGV�GRSLQJ�

&RQFOXVLRQV

7KH�'DUN�7ULDG DSSHDUV WR�EH�LPSRUWDQW�LQ�UHODWLRQ�WR�DWWLWXGHV�WRZDUGV�GRSLQJ�DQG�

FKHDWLQJ�EHKDYLRU DPRQJ�DWKOHWHV��3V\FKRSDWK\�PD\�EH�HVSHFLDOO\�LPSRUWDQW�LQ�FRQWH[W�RI�

GRSLQJ��,Q�DGGLWLRQ��DWWLWXGHV�WRZDUGV�GRSLQJ�ZHUH�IRXQG�WR�EH�VLJQLILFDQWO\�DVVRFLDWHG�ZLWK�

FKHDWLQJ�EHKDYLRUV��7KH�'DUN�7ULDG�DQG�DWWLWXGHV�WRZDUGV�GRSLQJ�FRXOG�WKHUHIRUH�EH�FHQWUDO�WR

IXWXUH�UHVHDUFK DQG�WKH�GHYHORSPHQW�RI DQWL�GRSLQJ�HGXFDWLRQ LQWHUYHQWLRQV�
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5HIHUHQFHV

&DLQ��1��0���3LQFXV��$��/���DQG $QVHOO��(��%����������1DUFLVVLVP�DW�WKH�FURVVURDGV��

3KHQRW\SLF�GHVFULSWLRQ�RI�SDWKRORJLFDO�QDUFLVVLVP�DFURVV�FOLQLFDO�WKHRU\��

VRFLDO�SHUVRQDOLW\�SV\FKRORJ\��DQG�SV\FKLDWULF�GLDJQRVLV��&OLQLFDO�3V\FKRORJ\�5HYLHZ��

����������±�����GRL���������M�FSU������������

&U\VHO��/��&���&URVLHU��%��6���DQG�:HEVWHU��*��'����������7KH�'DUN�7ULDG�DQG�ULVN�EHKDYLRU��

3HUVRQDOLW\�DQG�,QGLYLGXDO�'LIIHUHQFHV��������±����GRL���������M�SDLG������������

'RQRYDQ��5�-���(JJDU��*���.DSHUQLFN��9���DQG 0HQGR]D��-����������$�FRQFHSWXDO�IUDPHZRUN�

IRU�DFKLHYLQJ�SHUIRUPDQFH�HQKDQFLQJ�GUXJ�FRPSOLDQFH�LQ�VSRUW��6SRUWV�0HGLFLQH� �������

���������GRL���������������������������������

+D\HV��$��)����������,QWURGXFWLRQ�WR�PHGLDWLRQ��PRGHUDWLRQ��DQG�FRQGLWLRQDO�SURFHVV�

DQDO\VLV��$�UHJUHVVLRQ�EDVHG�DSSURDFK��/RQGRQ��*XLOIRUG�

-RQDVRQ��3��.���/\RQV��0���%DXJKPDQ��+��0���DQG 9HUQRQ��3��$����������:KDW�D�WDQJOHG�ZHE�

ZH�ZHDYH��7KH�'DUN�7ULDG�WUDLWV�DQG�GHFHSWLRQ��3HUVRQDOLW\�DQG�,QGLYLGXDO�'LIIHUHQFHV��

��� ���±�����GRL���������M�SDLG������������

-RQHV��'��1����������3UHGDWRU\�SHUVRQDOLWLHV�DV�EHKDYLRUDO�PLPLFV�DQG SDUDVLWHV��0LPLFU\�

'HFHSWLRQ�7KHRU\��3HUVSHFWLYHV�RQ�3V\FKRORJLFDO�6FLHQFH��������±����

GRL�������������������������

-RQHV��'��1���DQG 3DXOKXV��'��/����������,QWURGXFLQJ�WKH�VKRUW�GDUN�WULDG��6'��� $�EULHI�

PHDVXUH�RI�GDUN�SHUVRQDOLW\�WUDLWV��$VVHVVPHQW� �������������

GRL�������������������������

-RQHV��'��1���DQG 3DXOKXV��'��/����������'XSOLFLW\�DPRQJ�WKH�GDUN�WULDG��7KUHH�IDFHV�RI�

GHFHLW��-RXUQDO�RI�3HUVRQDOLW\�DQG�6RFLDO�3V\FKRORJ\��������� ���������

GRL���������SVSS�������
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.DYXVVDQX��0����������8QGHUVWDQGLQJ�DWKOHWHV¶ WUDQVJUHVVLYH�EHKDYLRU��3URJUHVV�DQG�

SURVSHFWV��3V\FKRORJ\�RI�6SRUW�DQG�([HUFLVH� GRL���������M�SV\FKVSRUW������������

.RXFKDNL��0���DQG 6PLWK��,��+����������7KH�PRUQLQJ�PRUDOLW\�HIIHFW��7KH�LQIOXHQFH�RI�WLPH�RI�

GD\�RQ�XQHWKLFDO�EHKDYLRU��3V\FKRORJLFDO�6FLHQFH�����������±�����

GRL�������������������������

/D]XUDV��/���%DUNRXNLV��9���DQG�7VRUEDW]RXGLV��+����������7RZDUG�DQ�LQWHJUDWLYH�PRGHO�RI�

GRSLQJ�XVH��$Q�HPSLULFDO�VWXG\�ZLWK�DGROHVFHQW�DWKOHWHV��-��6SRUW��3V\FK������������

1LFKROOV��$��5���&RSH��(���%DLOH\��5���.RHQHQ��.���'XPRQ��'���&RQVWDQWLQ�7KHRGRURX��1���«�

/DXUHQW��-�)�������D���&KLOGUHQ¶V�ILUVW�H[SHULHQFH�RI�WDNLQJ�DQDEROLF�DQGURJHQLF�

VWHURLGV�FDQ�RFFXU�EHIRUH�WKHLU���WK�ELUWKGD\��$�V\VWHPDWLF�UHYLHZ�LGHQWLI\LQJ���IDFWRUV�

WKDW�SUHGLFW�GRSLQJ�DPRQJ�\RXQJ�SHRSOH��)URQWLHUV�LQ�3V\FKRORJ\�����������GRL��

��������ISV\J�����������

1LFKROOV��$��5���0DGLJDQ��'��-���%DFNKRXVH��6��+���DQG /HY\��$��5�������E���3HUVRQDOLW\�WUDLWV�

DQG�SHUIRUPDQFH�HQKDQFLQJ�GUXJV��7KH�'DUN�7ULDG�DQG�GRSLQJ�DWWLWXGHV DPRQJ�

FRPSHWLWLYH�DWKOHWHV��3HUVRQDOLW\�DQG�,QGLYLGXDO�'LIIHUHQFHV� ��������±�����

GRL���������M�SDLG������������

1LFKROOV��$��5���0DGLJDQ��'��-���DQG /HY\��$��5�������F���$�FRQILUPDWRU\�IDFWRU�DQDO\VLV�RI�

WKH�3HUIRUPDQFH�(QKDQFHPHQW�$WWLWXGH�6FDOH�IRU�DGXOW�DQG�DGROHVFHQW�DWKOHWHV��

3V\FKRORJ\�RI�6SRUW�DQG�([HUFLVH�������������� GRL���������M�SV\FKVSRUW������������

1WRXPDQLV��1���1J��-��<��<���%DUNRXNLV��9���DQG %DFNKRXVH��6����������3HUVRQDO�DQG�

SV\FKRVRFLDO�SUHGLFWRUV�RI�GRSLQJ�XVH�LQ�SK\VLFDO�DFWLYLW\�VHWWLQJV��$�PHWD�DQDO\VLV��

6SRUWV�0HGLFLQH��������� ����±������GRL���������V����������������

3DXOKXV��'��/���DQG :LOOLDPV��.��0����������7KH�'DUN�7ULDG�RI�SHUVRQDOLW\��1DUFLVVLVP��

0DFKLDYHOOLDQLVP��DQG�SV\FKRSDWK\��-RXUQDO�RI�5HVHDUFK�LQ�3HUVRQDOLW\�������� ���±

�����GRL���������V��������������������



'$5.�75,$'��'23,1*��$1'�&+($7,1* ��

5RHVHU��.���0F*UHJRU��9��(���6WHJPDLHU��6���0DWKHZ��-���.�EOHU��$���DQG 0HXOH��$����������

7KH�'DUN�7ULDG�RI�SHUVRQDOLW\�DQG�XQHWKLFDO�EHKDYLRU�DW�GLIIHUHQW�WLPHV�RI�GD\��

3HUVRQDOLW\�DQG�,QGLYLGXDO�'LIIHUHQFHV�������� ��±����GRL���������M�SDLG������������

7DEDFKQLFN��%��*���DQG )LGHOO��/��6����������8VLQJ�PXOWLYDULDWH�VWDWLVWLFV ��WK�HG����%RVWRQ��

0$��3HDUVRQ�

7URXW��-��'����������:K\�HPSDWK\�PDWWHUV��7KH�VFLHQFH�DQG�SV\FKRORJ\�RI�EHWWHU�MXGJPHQW��

1HZ�<RUN��1<��3HQJXLQ�ERRNV�

8OULFK��5���3RSH��+��*���&OpUHW��/���3HWUyF]L��$���1HSXV]��7���6FKDIIHU��-���«�6LPRQ��3����������

'RSLQJ�LQ�WZR�HOLWH�DWKOHWLFV�FRPSHWLWLRQV�DVVHVVHG�E\�UDQGRPL]HG�UHVSRQVH�VXUYH\V��

6SRUWV�0HGLFLQH������������±�����GRL���������V����������������

9DXJKDQ��5���0DGLJDQ��'��-���&DUWHU��/��&��DQG 1LFKROOV��$�5����������7KH�'DUN�7ULDG�LQ�PDOH�

DQG�IHPDOH�DWKOHWHV�DQG QRQ�DWKOHWHV��*URXS�GLIIHUHQFHV�DQG�SV\FKRPHWULF�SURSHUWLHV�RI�

WKH�6KRUW�'DUN�7ULDG��6'����3V\FKRORJ\�RI�6SRUW�DQG�([HUFLVH������������ GRL��

��������M�SV\FKVSRUW�������������

:LOOLDPV��.��0���1DWKDQVRQ��&���DQG 3DXOKXV��'��/����������,GHQWLI\LQJ�DQG�SURILOLQJ�

VFKRODVWLF�FKHDWHUV��7KHLU�SHUVRQDOLW\��FRJQLWLYH�DELOLW\��DQG�PRWLYDWLRQ��-RXUQDO�RI�

([SHULPHQWDO�3V\FKRORJ\��$SSOLHG� ����������±�����GRL���������D�������

9L]H��&��(���&ROOLVRQ��.��/���0LOOHU��-��'���	�/\QDP��'��5����������([DPLQLQJ�WKH�HIIHFWV�RI�

FRQWUROOLQJ�IRU�VKDUHG�YDULDQFH�DPRQJ�WKH�GDUN�WULDG�XVLQJ�PHWDǦDQDO\WLF�VWUXFWXUDO�

HTXDWLRQ�PRGHOOLQJ��(XUR��-� 3HUV������������� GRL���������SHU�����

:RUOG�$QWL�'RSLQJ�$JHQF\� ��������:RUOG�$QWL�'RSLQJ�&RGH��0RQWUHDO��&DQDGD�
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7DEOH��

'HVFULSWLYH�6WDWLVWLFV��&URQEDFK¶V�$OSKDV��DQG�%LYDULDWH�&RUUHODWLRQV�

9DULDEOH � � � � �

���0DFKLDYHOOLDQLVP

���1DUFLVVLVP ���

���3V\FKRSDWK\ ��� ���

���&KHDWLQJ EHKDYLRU ��� ��� ���

���$WWLWXGHV�WRZDUGV�GRSLQJ ��� ��� ��� ���

0 ����� ����� ����� ���� �����

6' ���� ���� ���� ���� ����

&URQEDFK¶V�DOSKD ��� ��� ��� � ���

1RWH� 1  �����

S �������
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7DEOH��

6XPPDU\�RI�0XOWLSOH�5HJUHVVLRQ�$QDO\VLV

5� ȕ

'9� �$WWLWXGHV�WRZDUGV�GRSLQJ ����

0DFKLDYHOOLDQLVP ���

1DUFLVVLVP ���

3V\FKRSDWK\ ���

'9� �&KHDWLQJ�EHKDYLRU ����

0DFKLDYHOOLDQLVP ���

1DUFLVVLVP ���

3V\FKRSDWK\ ���

1RWH� 1  ������'9� �GHSHQGHQW�YDULDEOH��ȕ� �VWDQGDUGL]HG�UHJUHVVLRQ�ZHLJKW�

S �������

9LHZ�SXEOLFDWLRQ�VWDWV9LHZ�SXEOLFDWLRQ�VWDWV


