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(VWLPDWLRQ�RI�6HOHQLXP�OHYHO�� 6HUXP�� OLYHU�� DQG� NLGQH\V� WLVVXHV�VDPSOHV� ZHUH� GLJHVWHG� DFFRUGLQJ� WR� WKH�PHWKRG�GHVFULEHG�E\�.RK�	�%HQVRQ��������DQG� DQDO\]HG� E\� WKH� PHWKRG� GHVFULEHG� E\�6KLPDG]X� �$WRPLF� DEVRUSWLRQ�VSHFWURSKRWRPHWHU� FRRN� ERRN�� 6KLPDG]X�&RUSRUDWLRQ��� 7KH� LQVWUXPHQW� XVHG� ZDV�$WRPLF� $EVRUSWLRQ� VSHFWURSKRWRPHWHU�PDQXIDFWXUHG� E\� 6KLPDG]X� �0RGHO�$$������ FRQQHFWHG� WR� +\GULGH� 9DSRU�*HQHUDWRU��0RGDO�+9*�������5HVXOWV��&OLQLFDO REVHUYDWLRQ��6HYHQ� FDOYHV� GLHG� ZLWKRXW� SUHPRQLWRU\�VLJQV�� 7KH� RWKHU� ILYH� FDOYHV� GLHG� ������KRXUV� DIWHU� WKH� RQVHW� RI� UHGXFHG� DSSHWLWH�DQG�GXOOQHVV��6WLIIQHVV��WUHPRUV�DQG�VKDOORZ�UHVSLUDWLRQ� ZHUH� SURPLQHQW� LQ� GLVHDVHG�FDVHV�� 6HYHU� GLDUUKHD� DQG� GHK\GUDWLRQ� ZDV�UHSRUWHG� LQ� WZR� FDOYHV�� (LJKW� FDOYHV� GLHG�IURP�D�VLQJOH�IORFN�FRQVLVWHG�RI����FDOYHV���

&OLQLFDO�SDWKRORJ\��� 7KH� ODERUDWRU\� KDV� WKH� RSSRUWXQLW\� WR�DVVD\� FOLQLFDO� KHPDWRORJ\� DQG� FKHPLVWU\�GDWD� IRU� HLJKW� DIIHFWHG� FDVHV� � � SULRU� WR�GHDWK�� 7KH� REWDLQHG� GDWD� FRPSDUHG� ZLWK���WKH� QRUPDO� SK\VLRORJLFDO� SDUDPHWHUV� XVHG�WR� REWDLQ� LQ� D� DSSDUHQWO\�KHDOWK\�JURXS�RI�WKH�VDPH�DJHV�ZDV�OLVWHG�LQ�7DEOH��������7KH� REWDLQHG� GDWD� VKRZHG� UHPDUNDEOH�VLJQV� RI� DQHPLD� LQ� DOO� VWXGLHG� FDVHV�UHSUHVHQWHG� E\� UHGXFWLRQ� RI� KHPRJORELQ�FRQFHQWUDWLRQ�DQG�VOLJKW�GHFOLQH�LQ�3&9��DQG� WRWDO� HU\WKURF\WHV� FRPSDULQJ� WR� WKH�QRUPDO� OHYHOV� XVHG� WR� EH� UHFRUGHG� LQ�DSSDUHQWO\�KHDOWK\�FDVHV�RI� WKH�VDPH�DJH��7KH� HU\WKURF\WHV� SLFWXUH� VKRZHG� VLJQV�RI�LURQ�GHILFLHQF\�DQHPLD��7KH�REWDLQHG�GDWD�VKRZHG� LQFUHDVH� LQ� *OXFRVH� �*OX�� ���&UHDWLQH� SKRVSKRNLQDVH� �&3.��� ODFWDWH��GHK\GURJHQDVH� �/'+��� $VSDUWDWH�DPLQRWUDQVIHUDVH� �$67�� � DQG� /DFWLF� DFLG��/$�� LQ� DOO� FDVHV�� 7KLV� LV� FRLQFLGHG�ZLWK
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ORZ�OHYHOV�RI�FRSSHU�DQG�LURQ�FRPSDULQJ�WR�WKH� QRUPDO� OHYHOV� XVHG� WR� EH� UHFRUGHG� LQ�DSSDUHQWO\� KHDOWK\� FDVHV� �� 7DEOH� ��� �� 7KH�RWKHU� SDUDPHWHU� OLHV� LQ� WKH� QRUPDO�SK\VLRORJLFDO� UDQJHV� WR� DSSDUHQWO\� KHDOWK\�FDVHV���6HOHQLXP�OHYHO�� 7KH� DYHUDJH� VHOHQLXP� OHYHO� ZDV�GHWHFWHG� LQ��� VHUXP�VDPSOHV�SULRU� WR�GHDWK�DQG�LQ��OLYHU�DQG�NLGQH\�RI�����GHDG�FDVHV����7DEOH��������7KH�DYHUDJH�VHOHQLXP�OHYHO��ZDV��OHVV�WKDQ����SSE�LQ�VHUXP�RI�GLVHDVHG�FDPHO�FDOYHV� DQG� OHVV� WKDQ������SSE�� �����SSE� LQ�OLYHU�DQG�NLGQH\�WLVVXHV�UHVSHFWLYHO\����1HFURSV\�ILQGLQJV�� +\GURWKRUD[� DQG� K\GUR�SHULFDUGLXP�ZHUH� REVHUYHG�� 7KH� SHULFDUGLDO� VDF� ILOOHG�ZLWK� VWUDZ� \HOORZ� OLNH� IOXLG� FRQWDLQHG�ZKLWLVK�ILEULQRXV�IODFNV��9DULRXV�GHJUHHV�RI�QHFURVLV�ZHUH� WKH�FRPPRQ�ILQGLQJV�DPRQJ�DOO H[DPLQHG� FDVHV�� 9HU\� ODUJH� LUUHJXODU�ZKLWLVK�QHFURWLF�DUHDV�ZHUH�GLVWULEXWHG�RYHU�WKH� HSLFDUGLDO�ZDOO�RI� OHIW� YHQWULFOH� �)LJ�����7KLV� QHFURVLV� ZDV� UHSUHVHQWHG� ZLWK� OLQHDU�ZKLWLVK� DUHDV� RQ� WKH� OHIW� DWULDO� DQG� ULJKW�YHQWULFOH� ZDOOV�� 7KH� FXW� VHFWLRQ� UHYHDOHG�GLIIHUHQW� GHJUHHV� RI� QHFURVLV� LQ�P\RFDUGLDO�OD\HUV��)LJ�������/XQJ�FRQJHVWLRQ�DQG�HGHPD�ZHUH�VHHQ�LQ�DOO DIIHFWHG� FDOYHV� H[FHSW� WKUHH� FDVHV� WKDW�VKRZHG� KHSDWL]DWLRQ� RI� DSLFDO� DQG� FDUGLDF�OREHV�RI�ERWK�OXQJV��7KH�YHQRXV�FRQJHVWLRQ�ZDV�WKH�FRPPRQ�SDWKRORJLFDO�OHVLRQV�RI�WKH�RWKHU� LQWHUQDO� RUJDQV�� 7KH� FDUGLDF� DSH[� RI�VHYHUHO\�DIIHFWHG�FDVHV������RXW�RI����FDVHV��ZDV�FRPSOHWHO\�ZKLWLVK�\HOORZ�LQ�FRORU��)LJ����� ,Q� DGGLWLRQ�� D� VDQGZLFK�OLNH� �=RQH�QHFURVLV��ZDV�IRXQG�EHWZHHQ�HSLFDUGLDO�DQG�HQGRFDUGLDO�OD\HUV�LQ�WKH�FDUGLDF�ZDOO�RI�WKH�IRXU� KHDUW� FRPSDUWPHQWV� DV� ZHOO� DV� WKH�LQWHUQDO� VHSWXP�� 6PDOO� IRFDO� ZKLWLVK�QHFURWLF� DUHDV� ZHUH� VHHQ� DOVR� RQ� WKH�HQGRFDUGLXP� ZDOO� RI� WKH� OHIW� YHQWULFOH� RI�WKHVH�IRXU�FDVHV��
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)LJXUH����9HU\�ODUJH�LUUHJXODU�ZKLWLVK�QHFURWLF�DUHDV�WKDW�GLVWULEXWHG�DOORYHU�WKH�HSLFDUGLDO�ZDOO�RI�OHIW�YHQWULFXP��+HDUW�RI�FDPHO�FDOI��

)LJ������&XW�VHFWLRQ��LQ�+HDUW�RI�FDPHO�FDOI�VKRZHG�GLIIHUHQW�GHJUHHV�RI�QHFURVLV�LQ�P\RFDUGLDO�OD\HUV��
+LVWRSDWKRORJ\�)LQGLQJ�� &DUGLDF� WLVVXHV� RI� DOO� GHDG� FDVHV� VKRZHG�GLIIHUHQW�SDWKRORJLFDO�DOWHUDWLRQV��)RFDO�DUHDV�RI�QRQ�LQIODPPDWRU\� FRDJXODWLYH� QHFURVLV�GLVWULEXWHG� DOO� RYHU� WKH� OHIW� YHQWULFOH� �)LJ� ����7KHVH�QHFURWLF�DUHDV�VKRZHG�VZROOHQ�P\RFDUGLDO�ILEHUV� ZLWK� JUDQXODU� F\WRSODVP� DQG� ORVV� RI�VWULDWLRQ��7KLV�ZDV�DFFRPSDQLHG�E\�VHYHUH�EORRG�YHVVHOV� FRQJHVWLRQ�� HGHPD�� DQLWVFKNRZ� FHOOV�DFWLYDWLRQ� DQG� O\PSKRF\WLF� LQILOWUDWLRQ��4XLWH� D�IHZ� XQDIIHFWHG�P\RFDUGLDO� ILEHUV�ZHUH� VHHQ� LQ�EHWZHHQ� WKH� QDUFRWL]HG� ILEHUV��9DULRXV� GHJUHHV�RI�FDOFLXP�VDOW�GHSRVLWLRQ�ZHUH�VHHQ�DOO�RYHU�WKH�QHFURWLF� DUHDV� �)LJ� ���� 7KLV� UHSUHVHQWHG� E\�SXUSOLVK�FRORU�JUDQXOHV�RI�GLIIHUHQW�VL]HV�VWDLQHG�EODFN�LQ�FRORU�ZKHQ�YRQNRVVD¶V�VWDLQLQJ�PHWKRG�ZDV� DSSOLHG� �)LJ� ���� 7KH� FDOFLXP� VDOWV� ZHUH�FRPSOHWHO\�UHSODFHG�WKH�P\RFDUGLDO�ILEHUV�LQ�IHZ�IRFDO�DUHDV���
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�)LJXUH����)RFDO�DUHD�RI�QRQ�LQIODPPDWRU\�FRDJXODWLYH�QHFURVLV�WKDW�GLVWULEXWHG�DOORYHU�WKH�OHIW�YHQWULFXODU�ZDOOV����+HDUW�WLVVXHV��FDOI��FDPHO��+	(��;������
�

)LJXUH����'HSRVLWLRQ�RI�FDOFLXP�VDOWV�LQ�QHFURWLF�P\RFDUGLDO�ILEHUV����+HDUW�WLVVXHV��FDOI��FDPHO��+�	�(��;�������

�)LJXUH����&DOFLXP�VDOW�GHSRVLWLRQ��%ODFN�FRORU��DV�VHHQ�LQ�WKH�QHFURWLF�P\RFDUGLDO�ILEHUV�E\�9RQNRVVD
V�VWDLQ���+HDUW�RI�FDOI�FDPHO��;�����

)LJXUH���)LEURXV�DUHDV�WKDW�VHHQ�DOORYHU�WKH�P\RFDUGLDO�WLVVXHV��FDPHO�FDOI�KHDUW�WLVVXHV��+	(��;�����:LGH�ILEURXV���DUHDV�ZHUH�VHHQ�PDLQO\�LQ�WKH� P\RFDUGLXP� �)LJ� ���� 7KH� P\RFDUGLDO�ILEHUV� ZHUH� FRPSOHWHO\� UHSODFHG� E\�SUROLIHUDWHG� ILEURXV� WLVVXHV�� 7KHVH� DUHDV�ZHUH� VXUURXQGHG� ZLWK� FRDJXODWLYH� QHFURWLF�DUHDV��&DOFLXP�VDOW�GHSRVLWLRQ�ZDV�VHHQ�DOVR�LQ�WKHVH�ILEURXV�DUHDV��)LJ������)RUHLJQ�ERG\�PDFURSKDJHV�ZHUH�VHHQ�DURXQG�WKH�FDOFLILHG�DUHDV�LQ�WZR�FDVHV����

)LJXUH����)RUHLJQ�ERG\�PDFURSKDJHV�WKDW�VHHQ�DURXQG�WKH�FDOFLILHG�DUHDV��&DPHO�FDOI�KHDUW�WLVVXHV��+	(��;�������7KH� SUHGRPLQDQW� LQIODPPDWRU\� UHDFWLRQ�ZDV� WKH�SUHVHQFH�RI�KLVWRF\WHV�DQG� ILEUREODVWV�LQ� DGGLWLRQ� WR� O\PSKRF\WLF� DQG� QDXWURSKLOLF�JUDQXORF\WHV� LQILOWUDWLRQ� ZLWK� D� OHVVHU� GHJUHH��0RVW� RI� WKHVH� SDWKRORJLFDO� DOWHUDWLRQV� ZHUH�VHHQ� DW� WKH� RXWHU� DQG� PLGGOH� ]RQH� RI� WKH�P\RFDUGLDO� OD\HUV�� ZKLOH� IHZ� RI� WKHVH�SDWKRORJLFDO� DOWHUDWLRQ� ZHUH� FORVH� WR� WKH�HQGRFDUGLXP���
�
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7DEOH����$YHUDJH�VHOHQLXP�OHYHOV�LQ�WKH�VWXGLHG�FDVHV�
�$YHUDJH�OHYHO�LQ�GLVHDVHG�FDVHV� $YHUDJH�OHYHO�LQ�KHDOWK\�FDVHV�

6HUXP� ������SSE� ������������������/LYHU�WLVVXH� �������SSE� 8QNQRZQ�.LGQH\�WLVVXH� �������SSE� 8QNQRZQ�
'LVFXVVLRQ�
� 0XVFXODU� G\VWURSK\� GXH� WR� WUDFH� HOHPHQW�GLVRUGHUV� KDYH� EHHQ� LPSOLFDWHG� LQ� D� ZLGH�YDULHW\� RI� P\RSDWKLHV� LQ� GLIIHUHQW� IDUP�DQLPDOV� �+XWFKLQVRQ� HW� DO�� ������� 6FDQW\�LQIRUPDWLRQ� LV� DYDLODEOH� FRQFHUQLQJ� WKLV�V\QGURPH� � LQ� FDOYHV�FDPHO� � �=KDQJ� HW�DO��������7KH� GHVFULEHG� FOLQLFDO� VLJQV� LQ� WKH�FXUUHQW� VWXG\� DJUHHG� ZLWK� WKDW� � UHSRUWHG� � IRU�VHOHQLXP� GHILFLHQF\� � LQ� RWKHU� IDUP� DQLPDOV���)RZOHU��������)RZOHU�������+XWFKLQVRQ�HW�DO�������� DQG�2OGILHOG�������� �0XVFXODU� VWLIIQHVV��DWD[LD�� ZHDNQHVV�� SDUDO\VLV�� GLDUUKHD�� RU�VXGGHQ� GHDWK� GXH� WR� FDUGLDF� PXVFOH� QHFURVLV�ZHUH�FRQVLGHUHG�DPRQJ�WKH�PRVW�SUHGRPLQDQW�FOLQLFDO� VLJQV��7KH� UHFRUGHG�KLJK� LQFLGHQFH�RI�GHDWKV� LQ� D� VLQJOH� IORFN�����GXH� WR�VHOHQLXP�GHILFLHQF\� FRXOG� EH� DWWULEXWHG� WR� VHOHQLXP�GHILFLHQF\� LQ� WKH� GDP
V� PLON�� 7KLV�FRQWURYHUVLDOO\�ZLWK� WKH� IDFW� WKDW� FDPHO
V�PLON�LV� FRQVLGHUHG� D� SRWHQWLDO� VRXUFH� RI� VHOHQLXP��$O�� $ZDGL� 	� 6ULNXPDU�� ������� 7KLV� LQ� WXUQ�UDLVH� D� TXHVWLRQ� DERXW� WKH� SRVVLELOLW\� RI�LQDGHTXDWH� GLHWDU\� VXSSOHPHQWDWLRQ� RI� WKH�GDPV� RU� GXH� WR� LQFRUSRUDWLRQ� RI� FHUWDLQ�HOHPHQWV�WKDW�DQWDJRQL]H�VHOHQLXP�DVVLPLODWLRQ�VXFK�DV�FRSSHU�LQ�WKH�GDP
V�IRRGVWXII��6LPLODU�FRQGLWLRQV�ZHUH�GHVFULEHG�LQ�86$��9DQ�9OHHW����������7KH� REWDLQHG� FOLQLFDO� GDWD� VKRZHG� VLJQV�RI�HU\WKURF\WH�DQHPLD�UHSUHVHQWHG�E\�GHFUHDVH�OHYHOV�RI�3&9��HU\WKURF\WH�FRXQW��KHPRJORELQ��FRSSHU�� DQG� LURQ�� 7KH� FOLQLFDO� V\PSWRPV� RI�P\RSDWK\� ZHUH� PDQLIHVWHG� E\� LQFUHDVH�DFWLYLW\� RI� SODVPD� HQ]\PHV� RI� FDUGLDF� DQG�PXVFXODU�RULJLQ��VXFK�DV�$67��$/7��&3.�DQG�/'+� DV�ZHOO� DV� JOXFRVH�� 7KLV� LV� DJUHHG�ZLWK�ZKDW� KDG� EHHQ� UHFRUGHG� LQ� RWKHU� DQLPDOV��%ORRG�DQG�5DGRVWLWV���������
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