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6SLURPHWULF�LQGLFHV�RI�SDWLHQWV�IROORZLQJ�ODSDURWRPLF�RU�ODSDURVFRSLF�FKROHF\VWHFWRP\��$�&RPSDULVRQ�6WXG\��
0RVWDID�'DKPDUGHKHL�� $OLUH]D�.KD]DHL
�� %HK]DG�1DURXLH�� =DKUD�=DNHUL�� *KRODPUH]D�.RPHLOL�� $UDVK�5DMDEL��$OL�'DYDULDQ�
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&RUUHVSRQGLQJ�$XWKRU��$OLUH]D�.KD]DHL��0'���'HSDUWPHQW�RI��6XUJHU\$OL��(EQH��$ELWDOHE�+RVSLWDO�=DKHGDQ�8QLYHUVLW\�RI�0HGLFDO�6FLHQFHV=DKHGDQ���,UDQ�(PDLO��$OLUH]DBNKD]DHL#\DKRR�FRP��7HO��������������������

$EVWUDFW��&KROHF\VWHFWRP\�� GXH� WR� DFXWH� FKROHF\VWLWLV� RU� ELOLDU\� FROLF� SDLQ�� LV� RQH� RI� WKH�PRVW� FRPPRQ� JHQHUDO�VXUJLFDO�RSHUDWLRQV��3XOPRQDU\�FRPSOLFDWLRQV�RFFXU�LQ��������RI�SDWLHQWV�ZKR�DUH�XQGHUJRLQJ�DEGRPLQDO�VXUJHU\��/XQJ� LV� WKH� RUJDQ� PRVW� DW� ULVN� RI� SRVWRSHUDWLYH� FRPSOLFDWLRQV�� 7KH� SXUSRVH� RI� WKLV� VWXG\� LV� WKH� FRPSDULVRQ� RI�VSLURPHWULF�SDUDPHWHUV�LQ�SDWLHQWV�IROORZLQJ�ODSDURVFRSLF�RU�ODSDURWRPLF�FKROHF\VWHFWRP\��WKLV�GHVFULSWLYH�DQDO\WLF�VWXG\� GRQH� RQ� ��� SDWLHQWV� UHIHUUHG� WR� KRVSLWDO� IRU� FKROHF\VWHFWRP\�� 3DWLHQWV� UDQGRPO\� GLYLGHG� LQWR� WZR� JURXSV��ODSDURVFRSLF�FKROHF\VWHFWRP\��Q ����DQG�ODSDURWRPLF�FKROHF\VWHFWRP\��Q �����6SLURPHWULF�LQGLFHV�ZHUH�FROOHFWHG�EHIRUH�DQG����KRXUV�DIWHU�RSHUDWLRQV��'DWD�ZHUH�DQDO\]HG�XVLQJ�6366�VRIWZDUH��'DWD�FRQVLGHUHG�VLJQLILFDQW�DW� WKH�OHYHO� RI� S������� WKH� PHDQ� RI� VSLURPHWULF� LQGLFHV� LQFOXGLQJ� )(9��� )9&� DQG� 3()������� RI� ERWK� JURXSV� ZHUH�GHFUHDVHG�DIWHU�VXUJHU\�LQ�FRPSDULVRQ�WR�DPRXQWV�EHIRUH�VXUJHU\�ZKLFK�ZHUH�VLJQLILFDQW�RQO\�LQ�ODSDURVFRSLF�JURXS��3�������� 6HYHUDO� PHFKDQLVPV� FDXVH� UHGXFHG� SXOPRQDU\� IXQFWLRQ� DIWHU� XSSHU� DEGRPLQDO� VXUJHU\�� 5HGXFWLRQV� LQ�VSLURPHWULF�LQGLFHV�ZHUH�VLJQLILFDQWO\�ORZHU�LQ�ODSDURVFRSLF�JURXS�DQG�SDWLHQW¶V�SXOPRQDU\�IXQFWLRQ�ZDV�EHWWHU�DIWHU�ODSDURVFRSLF�FKROHF\VWHFWRP\����>0RVWDID�'DKPDUGHKHL��$OLUH]D�.KD]DHL��%HK]DG�1DURXLH��=DKUD�=DNHUL���*KRODPUH]D�.RPHLOL��$UDVK�5DMDEL��$OL�'DYDULDQ�� 6SLURPHWULF� LQGLFHV� RI� SDWLHQWV� IROORZLQJ� ODSDURWRPLF� RU� ODSDURVFRSLF� FKROHF\VWHFWRP\��$�&RPSDULVRQ�6WXG\��/LIH�6FL�-��������������������@��,661�������������KWWS���ZZZ�OLIHVFLHQFHVLWH�FRP� ����.H\ZRUGV��FKROHF\VWHFWRP\��ODSDURWRP\��ODSDURVFRS\��SXOPRQDU\�IXQFWLRQ�
�
,QWURGXFWLRQ��&KROHF\VWLWLV�LV� WKH�LQIODPPDWLRQ�RI�JDOOEODGGHU��ZKLFK�FRPPRQO\� RFFXUV� GXH� WR� VWRQH�LQGXFHG� ELOH� GXFW�REVWUXFWLRQ� ���� ���� &KROHF\VWHFWRP\� GXH� WR� DFXWH�FKROHF\VWLWLV� RU� ELOLDU\� FROLF� SDLQ� LV� RQH� WKH� PRVW�FRPPRQ� RSHUDWLRQV� GRQH� E\� JHQHUDO� VXUJHRQV� ���� ����3XOPRQDU\� FRPSOLFDWLRQV� UDWH� IROORZLQJ� DEGRPLQDO��VXUJHU\� LV� ������� DQG� SXOPRQDU\� IXQFWLRQ� WHVWV�GHFUHDVH� DSSDUHQWO\� DIWHU� XSSHU� DEGRPLQDO� VXUJHU\� ������� /DSDURWRPLF� FKROHF\VWHFWRP\� OHDGV� WR� LQHIILFLHQF\�RI� SXOPRQDU\� IXQFWLRQ�� ZKLFK� LQFUHDVHV� WKH� ULVN� RI�SQHXPRQLD� DQG� DWHOHFWDVLV�� /DSDURVFRSLF�FKROHF\VWHFWRP\� LV� WKH�PHWKRG�RI�FKRLFH� IRU� WUHDWPHQW�RI� V\PSWRPDWLF� FKROHF\VWLWLV�� LQ� ZKLFK� WKH� SDWLHQW�WROHUDWHV�OHVV�SDLQ�DQG�GXUDWLRQ�RI�KRVSLWDO�VWD\��VPDOOHU��VNLQ� LQFLVLRQV� DQG� IDVWHU� UHFRYHU\� LQ� FRPSDULVRQ� WR�ODSDURWRPLF�FKROHF\VWHFWRP\��2Q�WKH�RWKHU�KDQG���

�DGPLQLVWUDWLRQ� RI� FDUERQ� GLR[LGH� �&2�� JDV� LQ�ODSDURVFRS\� PD\� LQFUHDVH� WKH� DEGRPLQDO� SUHVVXUH��ZKLFK� PD\� ILQDOO\� OHDG� WR� LPSDLUPHQW� RI� SXOPRQDU\�IXQFWLRQ�� 6R�� WKLV� PHWKRG� LV� QRW� UHFRPPHQGHG� LQ�SDWLHQWV�ZLWK� LPSDLUHG� SXOPRQDU\� IXQFWLRQ� ����� 6R�� DV�ERWK�RI� WKH� WKH�VR�FDOOHG�VXUJLFDO�PHWKRGV�PD\� OHDG� WR�VRPH� H[WHQWV� RI� SXOPRQDU\� IXQFWLRQ� LPSDLUPHQW�� ZH�GHVLJQHG� WKLV� VWXG\� WR� FRPSDUH� VSLURPHWULF� LQGLFHV� RI�SDWLHQWV� IROORZLQJ� ODSDURWRPLF� RU� ODSDURVFRSLF�FKROHF\VWHFWRP\��
�
0DWHULDO�	�0HWKRGV��,Q�RXU�GHVFULSWLYH�DQDO\WLF�VWXG\��ZH�VWXGLHG����SDWLHQWV�UHIHUUHG� WR� $OL�(EQH�$ELWDOHE� KRVSLWDO� IRU�FKROHF\VWHFWRP\� GXULQJ� \HDUV� ����������� 6SLURPHWU\�ZDV� GRQH� EHIRUH� DQG� ���KRXUV� DIWHU� VXUJHU\� DQG� GDWD�



/LIH�6FLHQFH�-RXUQDO����������� KWWS���ZZZ�OLIHVFLHQFHVLWH�FRP

������

ZHUH�FROOHFWHG��:H�H[SODLQHG�WKH�DLP�RI�VWXG\�IRU�HDFK�SDWLHQW� E\� FODULILFDWLRQ� RI� EHQHILWV� DQG� VLGH� HIIHFWV� RI�WZR�VXUJLFDO�PHWKRGV��ODSDURWRP\�DQG�ODSDURVFRS\��IRU�FKROHF\VWHFWRP\��:H�H[SODLQHG�IRU�WKH�SDWLHQWV�WKDW�WKH�VHOHFWLRQ� RI� VXUJLFDO� PHWKRG� ZRXOG� EH� EDVHG� RQ�UDQGRPL]DWLRQ��$IWHU� VLJQLQJ� RXW� WKH�ZULWWHQ� LQIRUPHG�FRQVHQW��VXUJLFDO�RSHUDWLRQ�ZDV�GRQH��%DVHG� RQ� UDQGRPO\� VHOHFWHG� TXDWHUQDU\� EORFN� VL]HV�PHWKRG�� SDWLHQWV� ZHUH� UDQGRPO\� GLYLGHG� LQWR� WZR�JURXSV�� ��� ODSDURVFRS\� �Q ���� DQG� ��� /DSDURWRP\��Q ����� 6H[� DQG� DJH� PDWFKLQJ� ZDV� GRQH� IRU� ERWK�JURXSV��'DWD�ZHUH�DQDO\]HG�XVLQJ�6366�VRIWZDUH�9�����6WXGHQW�7�WHVW� XVHG� IRU� GHWHUPLQDWLRQ� RI� UHODWLRQ� EHWZHHQ� WZR�YDULDEOHV�� 'HVFULSWLYH� GDWD� ZHUH� H[SUHVVHG� DV� PHDQ� ��6'�� 7KH� VWDWLVWLFDO� VLJQLILFDQFH� OHYHO� FRQVLGHUHG� DV�3��������6SLURPHWULF� LQGLFHV� WKDW� ZHUH� FRQVLGHUHG� LQ� RXU� VWXG\�LQFOXGLQJ� )(9� )RUFHG� H[SLUDWRU\� YROXPH� LQ� RQH�VHFRQG� )9& � )RUFHG� YLWDO� FDSDFLW\ �� 3() 3HDN�H[SLUDWRU\� IORZ� UDWH� DQG� ��)()������ � )RUFHG�H[SLUDWRU\� IORZ�DW����� WR������6SLURPHWU\�SHUIRUPHG�E\� VRPHRQH� ZKR� ZDV� QRW� DZDUH� RI� LWV� REMHFWLYHV��6WDQGDUG� JHQHUDO� DQHVWKHVLD�ZDV� GRQH� IRU� ERWK� JURXSV�DQG� WKHQ�� ODSDURWRP\� RU� ODSDURVFRS\� ZDV� GRQH��/DSDURVFRSLF� FKROHF\VWHFWRP\� VWDUWHG�ZLWK� DQ� LQFLVLRQ�EHQHDWK� WKH� XPELOLFXV�� WKHQ� D� WURFDU� LQVHUWHG� LQWR�SHULWRQHXP�FDYLW\� DQG� FDUERQH� GLR[LGH�JDV� LQMHFWHG� LQ�RUGHU�WR�LQFUHDVH�WKH�DEGRPLQDO�SUHVVXUH�WR����PP+J��7KHQ�SRUW�1R����DQG�ODSDURVFRSH�FDPHUD� LQVHUWHG��DQG�WKHQ� WKUHH� �� FP� OHQJWK� LQFLVLRQV� FUHDWHG� RQ� WKH� ULJKW�FRVWDO�PDUJLQ�IRU�LQVHUWLRQ�RI�ODSDURVFRSH�WURFDUV��$W�WKH�HQG� RI� FKROHF\VWHFWRP\�� DOO� WURFDUV� EURXJKW� RXW�� &2��JDV� HYDFXDWHG�� DQG� WKHQ� WKH� DEGRPLQDO� ZDOO� LQFLVLRQV�ZHUH� FORVHG�� ,Q� ODSDURWRP\� PHWKRG�� FKROHF\VWHFWRP\�GRQH� WKURXJK� D� ������ FP� OHQJWK� DEGRPLQDO� LQFLVLRQ�XQGHU�ULJKW�FRVWDO�PDUJLQ��.RFKHU�LQFLVLRQ��DQG�WKHQ�WKH�LQFLVLRQ�ZDV�VXWXUHG�����KRXU�DIWHU�VXUJHU\�� VSLURPHWU\�ZDV� GRQH� IRU� DOO� SDWLHQWV� DQG� GDWD� LQVHUWHG� LQWR� 6366�VRIWZDUH�9����IRU�IXUWKHU�DQDO\VLV���:H�LQFOXGHG� WKH�SDWLHQWV�DJHG����\HDUV�DQG�ROGHU�ZLWK�V\PSWRPV� RI� FKROHF\VWLWLV� ZKLFK� ZDV� DSSURYHG� E\�VRQRJUDSK\� DQG� FDQGLGDWHG� IRU� HOHFWLYH�FKROHF\VWHFWRP\� WR� RXU� VWXG\��([FOXVLRQ� FULWHULD�ZHUH��DJH� RI� ��� \HDUV� RU� ROGHU� DQG� OHVV� WKDQ���� \HDUV��%RG\�0DVV�,QGH[��%0,��PRUH�WKDQ�����SDVW�PHGLFDO�KLVWRU\�RI�FDUGLRSXOPRQDU\� GLVHDVHV�� DEQRUPDO� 3)7� �� �����SURSRUWLRQDWH� WR� DJH�� VH[� DQG�ZHLJKW�� DQG� VPRNLQJ� RI�PRUH�WKDQ����FLJDUHWWHV�SHU�GD\��
�5HVXOWV��)URP� ��� SDWLHQWV¶� FDQGLGDWH� RI� FKROHF\VWHFWRP\�� ���ZHUH� WROHUDWHG� ODSDURVFRS\� DQG� ��� ZHUH� WROHUDWHG�ODSDURWRP\��7KH�PHDQ�FKDQJH�RI�)(9��LQ�ODSDURVFRSLF�PHWKRG� ZDV� VLJQLILFDQWO\� OHVV� WKDQ� ODSDURWRP\������������ YHUVXV� ��������� UHVSHFWLYHO\�� �3�������

�7DEOH����� 7KH� PHDQ� FKDQJH� RI� )9&� SDUDPHWHU� LQ�ODSDURWRP\�WROHUDWHG� SDWLHQWV� ZDV� VLJQLILFDQWO\� PRUH�WKDQ� FKDQJHV� RI� WKLV� SDUDPHWHU� LQ� SDWLHQWV� WROHUDWHG�ODSDURVFRS\� ����������� YHUVXV� ��������� UHVSHFWLYHO\���3��������7DEOH������:H�DOVR�IRXQG�WKDW�WKH�PHDQ�FKDQJH�RI�)()��������LQ�ODSDURWRP\� PHWKRG� LV� VLJQLILFDQWO\� PRUH� WKDQ�ODSDURVFRS\� PHWKRG� ����������� YHUVXV� ����������UHVSHFWLYHO\�� �S�������� �7DEOH����� $ERXW� WKH� PHDQ�FKDQJH� RI� 3()�� LW� ZDV� VLJQLILFDQWO\� KLJKHU� LQ� SDWLHQWV�DIWHU� ODSDURWRP\� ������������ LQ� FRPSDULVRQ� WR�ODSDURVFRS\� PHWKRG� ������������ �3�������� �7DEOH�����7KH� PHDQ� FKDQJHV� RI� )(9��)9&� LQ� ODSDURVFRS\� ZDV�����������ZKLFK�ZDV�VLJQLILFDQWO\�OHVV�WKDQ�WKLV�DPRXQW�LQ�ODSDURWRP\�JURXS�������������3���������7DEOH�����
�'LVFXVVLRQ��,Q� WKH� VWXG\� RI� � 6DQGHHS� DQG� FROOHDJXHV� LQ� ������ ���SDWLHQWV�ZHUH�WROHUDWHG�FKROHF\VWHFWRP\�HTXDOO\�GLYLGHG�LQWR�WZR�JURXSV��ODSDURVFRS\�DQG�ODSDURWRP\��3)7�ZLWK�VSLURPHWHU� EHIRUH� DQG� DIWHU� VXUJHU\� UHYHDOHG� EHWWHU�IXQFWLRQ�RI� OXQJ� LQ� ODSDURVFRS\�PHWKRG� LQ�FRPSDULVRQ�WR� ODSDURWRP\� ����� ,Q� DQRWKHU� VWXG\�� 5DYLPRKDQ� DQG�FROOHDJXHV� LQ������� FRPSDUHG�3)7�� FKHVW� [�UD\� �&;5��DQG� DUWHULDO� EORRG� JDV� �$%*�� RI� ��� SDWLHQWV� WROHUDWHG�ODSDURVFRSLF� FKROHF\VWHFWRP\� ZLWK� ��� ODSDURWRPLF�RQHV�� 7KH� UHVXOW� RI� WKHLU� VWXG\� UHFRPPHQGHG� WKDW� WKH�DERYH�PHQWLRQHG� WHVWV� KDG� EHWWHU� YDOXHV� LQ� SDWLHQWV�WROHUDWHG�ODSDURVFRSLF�FKROHF\VWHFWRP\������$ VWXG\�LQ������E\�%DEOHNRV�DQG�FROOHDJXHV�FRQGXFWHG�D FOLQLFDO�WULDO�RI����SDWLHQWV�WROHUDWHG�FKROHF\VWHFWRP\����� ZLWK� ODSDURVFRS\� PHWKRG� DQG� ��� ZLWK� ODSDURWRP\�PHWKRG�� &RPSDULVRQ� RI� 3)7� ��� KRXUV� DIWHU� VXUJHU\�UHYHDOHG�D�GHFUHDVH�LQ�ERWK�JURXSV�ZKLOH�WKHVH�FKDQJHV�ZHUH� DSSDUHQW� RQO\� LQ� ODSDURWRP\� JURXS� DIWHU� �� GD\V�SRVW�VXUJHU\������ ,Q�DQRWKHU� VLPLODU�VWXG\��+DVXNLü�DQG�FROOHDJXHV� LQ� ����� FRQGXFWHG� D� FOLQLFDO� WULDO� ZLWK� ���SDWLHQWV�FDQGLGDWH�RI�FKROHF\VWHFWRP\�ZKR�ZHUH�HTXDOO\�GLYLGHG�LQWR�WZR�JURXSV�RI�ODSDURVFRS\�DQG�ODSDURWRP\��3)7�� &;5� DQG� $%*� GRQH� IRU� ERWK� JURXSV� DQG� WKHLU�YDOXHV�FRPSDULVRQ�UHYHDOHG�D�VLJQLILFDQWO\�EHWWHU�)(9��DQG�)9&�LQ�SDWLHQWV�WROHUDWHG�ODSDURVFRS\�������,Q�DQRWKHU�FOLQLFDO�WULDO�LQ�������0LPLFD�DQG�FROOHDJXHV�IRXQG� WKDW� 3)7� DQG� $%*� RI� WKH� SDWLHQWV� WROHUDWHG�ODSDURVFRSLF�FKROHF\VWHFWRP\��Q ����ZHUH�VLJQLILFDQWO\�EHWWHU�WKDQ�SDWLHQWV�WROHUDWHG�ODSDURWRPLF�PHWKRG��������,Q�WKH�FOLQLFDO�WULDO�RI�+HQGROLQ�DQG�FROOHDJXHV�LQ���������� SDWLHQWV� WROHUDWHG� FKROHF\VWHFWRP\� GLYLGHG� LQWR�ODSDURVFRS\��Q ����DQG�ODSDURWRP\��Q �����7KH\�IRXQG�WKDW�SRVW�VXUJLFDO�SDLQ�DQG� OHQJWK�RI�KRVSLWDO�VWD\�ZHUH�VLJQLILFDQWO\�OHVV�LQ�ODSDURVFRS\�JURXS�LQ�FRPSDULVRQ�WR�ODSDURWRP\�JURXS�ZKLOH�SDWLHQWV� WROHUDWHG� ODSDURVFRSLF�FKROHF\VWHFWRP\� KDG� EHWWHU� SXOPRQDU\� IXQFWLRQ� DIWHU�VXUJHU\� ����� 6LPLODUO\��&RVNXQ� DQG� FROOHDJXHV� LQ� �����LQ�D�FOLQLFDO�WULDO�RQ����SDWLHQWV�IRXQG�WKDW�ODSDURVFRSLF�
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FKROHF\VWHFWRP\� OHDGV� WR� EHWWHU� SXOPRQDU\� IXQFWLRQ�DIWHU� VXUJHU\� LQ� FRPSDULVRQ� WR� ODSDURWRPLF�FKROHF\VWHFWRP\�������8SSHU� DEGRPLQDO� VXUJHU\� DSSDUHQWO\� FKDQJHV� WKH�SXOPRQDU\� IXQFWLRQ� WKDW� FRXOG�EH� DWWULEXWHG� WR�JHQHUDO�DQHVWKHVLD�RU�WKH�VXUJLFDO�SURFHVV���'XH� WR� GHFUHDVLQJ� OXQJ� YROXPH�� GHYHORSLQJ� D�SXOPRQDU\� VKXQW� DQG� FKDQJLQJ� RI� OXQJ� PHFKDQLFV��JHQHUDO�DQHVWKHVLD�FDQ�OHDG�WR�FKDQJHV�LQ�UHVSLUDWRU\�JDV�H[FKDQJH�� $OWKRXJK�� UHVXOW� RI� UHFHQW� VWXGLHV� UHYHDOHG�WKDW�WKLV�HIIHFW�LV�WHPSRUDULO\�DQG�ZRXOG�EH�IDGH�GXULQJ�WKH����KRXUV�DIWHU�VXUJLFDO�SURFHVV��%XW�XSSHU�DEGRPLQDO�VXUJHU\� KDV� PRUH� DSSDUHQW� DQG� SURORQJHG� HIIHFW� RQ�SXOPRQDU\� IXQFWLRQ� ZKLFK� PD\� SURORQJV� HYHQ� IRU� ���GD\V�DIWHU�VXUJHU\��������
�&RQFOXVLRQ��,Q� WKLV� VWXG\�� WKH�PHDQ�FKDQJHV� LQ�)(9��)9&�3()������� RI� DOO� SDWLHQWV� ��� KRXUV� SRVW�VXUJHU\� LQ� ERWK�ODSDURVFRS\� DQG� ODSDURWRP\� JURXSV� ZHUH� UHGXFHG� LQ�FRPSDULVRQ�WR�WKH�DPRXQWV�RI�EHIRUH�VXUJHU\��+RZHYHU��WKH� PHDQ� FKDQJHV� LQ� DOO� WKHVH� SDUDPHWHUV� ZHUH�VLJQLILFDQWO\� ORZHU� LQ� ODSDURVFRS\� JURXS�� 7KLV� LV�FRQVLVWHQW�ZLWK�SUHYLRXV�VWXGLHV��6HYHUDO� PHFKDQLVPV� FDQ� FDXVH� SXOPRQDU\� IXQFWLRQ� WR�GLPLQLVK� DSSDUHQWO\� DIWHU� XSSHU� DEGRPLQDO� VXUJHU\�LQFOXGLQJ� VXUJLFDO� LQFLVLRQV� DQG� SRVW�RSHUDWLYH� SDLQ��'XULQJ� WKH� VXUJLFDO� LQFLVLRQ� RI� ULJKW� FRVWDO�PDUJLQ� IRU�FKROHF\VWHFWRP\��DEGRPLQDO�ZDOO�PXVFOHV�DUH�FXW��6LQFH�WKH� DEGRPLQDO� PXVFOHV� KDYH� DQ� HIIHFWLYH� UROH� LQ� GHHS�EUHDWKLQJ� DQG� HIIHFWLYH� FRXJK�� FXW� RII� WKHVH� PXVFOHV�FRXOG� EH� RQH� RI� WKH� OHDGLQJ� FDXVHV� RI� FKDQJHV� LQ�SXOPRQDU\� IXQFWLRQ� WHVWV� DIWHU� VXUJHU\�� 1DWXUDOO\�� WKH�GLIIHUHQFH�LQ�OHQJWK�RI�VXUJLFDO� LQFLVLRQ�LQ� ODSDURVFRS\�PHWKRG� LQ� FRPSDULVRQ� WR� ODSDURWRP\� PD\� OHDG� WR� D�VLJQLILFDQW� EHWWHU� SXOPRQDU\� IXQFWLRQ� LQ� SDWLHQWV� RI�ODSDURVFRS\�JURXS��,QVWHDG�RI�D�ODUJH�LQFLVLRQ��VXUJHRQV�FUHDWH� RQO\� IRXU� VPDOO� LQFLVLRQV� IRUE� ODSDURVFRS\��7KHUHIRUH�� WKH� DEGRPLQDO�ZDOO�PXVFOH�G\VIXQFWLRQ�DQG�SDLQ� DIWHU� ODSDURVFRSLF� VXUJHU\� LV� WKH� OHDVW�� $QRWKHU�UHDVRQ� IRU� WKHVH�FKDQJHV� LV�GLDSKUDJPDWLF�G\VIXQFWLRQ��'LDSKUDJPDWLF� G\VIXQFWLRQ� FRXOG� EH� GXH� WR� SDLQ��LQFUHDVHG�WRQLFLW\�RI�DEGRPLQDO�ZDOO�RU�PDQLSXODWLRQ�RI�SKUHQLF� QHUYH� GXULQJ� FKROHF\VWHFWRP\�� ZKLFK� LV� PRUH�DSSDUHQW�LQ�ODSDURWRP\�PHWKRG��WKH�PHDQ�FKDQJHV�RI�)(9��)9&�UDWLR�GHFUHDVHG�LQ�ERWK�JURXS�EXW�LQ�ODSDURVFRS\�JURXS��LW�ZDV�VLJQLILFDQWO\�OHVV�WKDQ� ODSDURWRP\� JURXS� �S��������� )(9��)9&� UDWLR� LV�KHOSIXO�LQ�GLIIHUHQWLDWLRQ�RI�REVWUXFWLYH�IURP�UHVWULFWLYH�OXQJ�GLVHDVHV��7KLV�UDWLR�LV�GHFUHDVHG�LQ�REVWUXFWLYH�OXQJ�GLVHDVHV�ZKLOH�LV�QRUPDO�RU�LQFUHDVHG�LQ�UHVWULFWLYH�RQHV����������,Q� RXU� VWXGLHG� SRSXODWLRQ�� PHDQ� 3()� YDULDWLRQ�GHFUHDVHG�FRPSDUHG�WR�EHIRUH�VXUJHU\�LQ�ERWK�JURXSV�RI�SDWLHQWV��EXW�WKLV�FKDQJH�LQ�WKH�ODSDURVFRSLF�JURXS�ZDV�VLJQLILFDQWO\� ORZHU� �S��������� 3()� GHFUHDVH� FRXOG� EH�

H[SODLQHG�E\�LPSDLUPHQW� LQ�FRXJK�PHFKDQLVP��$PRQJ�WKH�ODSDURWRP\�JURXS�SDWLHQWV��WKLV�G\VIXQFWLRQ�LV�PRUH�SURQRXQFHG� GXH� WR� LPSDLUHG� DEGRPLQDO� PXVFOH�G\VIXQFWLRQ� DQG� ODUJHU� LQFLVLRQV¶� LQGXFHG� SDLQ�� ZKLFK�FRXOG�OHDG�WR�D�VLJQLILFDQW�GLIIHUHQW�SXOPRQDU\�IXQFWLRQ�DPRQJ�ODSDURWRP\�DQG�ODSDURVFRS\�JURXSV��
�$FNQRZOHGJPHQW���7KH� DXWKRUV� RI� WKLV� DUWLFOH� LQGHEWHG� VXUJHU\� ZDUG�SHUVRQQHO�RI�$OL�(EQH�$ELWDOHE�KRVSLWDO�RI�]DKHGDQ�,UDQ�IRU� WKHLU�KHOS� DQG� DOVR�&OLQLFDO�5HVHDUFK�'HYHORSPHQW�&HQWHU� RI� $OL�(EQH�$ELWDOHE� +RVSLWDO�� =DKHGDQ�8QLYHUVLW\� RI� 0HGLFDO� 6FLHQFHV� IRU� WKHLU� OHDGLQJ�VXJJHVWLRQV�RQ�WKLV�PDQXVFULSW��7KLV� DUWLFOH� LV� ZULWWHQ� EDVHG� RQ� WKH� UHVXOWV� RI� WKHVLV�1R�����7��VXEPLWWHG�WR�=DKHGDQ�8QLYHUVLW\�RI�0HGLFDO�6FLHQFHV� LQ� IXOILOOPHQW� RI� WKH� UHTXLUHPHQWV� RI� VXUJHU\�PHGLFDO�VSHFLDOW\�RI�'U�$UDVK�5DMDEL���
5HIHUHQFHV�����%UXQLFDUGL� )���$QGHUVHQ� '���%LOOLDU� 7�DQG� HW� DO��*DOOEODGGHU� DQG� � WKH� � ([WUD� KHSDWLF� � %LOLDU\� � 6\VWHP��6FKZDUW]� 3ULQFLSOHV� RI� 6XUJHU\�� 0F*UDZ�+LOO�� �WK�(GLWLRQ��������������������� 6KDUPD� 5�� 6DQWHQ� 6� �� &KROHF\VWLWLV� � DQG� � %LOOLDU\��&ROLF��H0HGLFLQH��������������������������6DQGHHS�%KDW� ��.DWRFK�$��.DOVRWUD�/� ��&KUXQJRR�5�.�� $� SURVSHFWLYH� � FRPSDUDWLYH� � RI� � SRVWRSHUDWLYH��SXOPRQDU\� � IXQFWLRQ�� ODSDURVFRSLF� � YHUVXV� � RSHQ��FKROHF\VWHFWRP\��-.��6&,(1&(�������������������������5DYLPRKDQ� 60�� /LOHVZDU� � .DPDQ�� 5DYXO� -LQGDO��5DMLQGHU� 6LQJK�� 6.� -LQGDO�� 3RVWRSHUDWLYH� SXOPRQDU\�IXQFWLRQ�LQ�ODSDURVFRSLF�YHUVXV�RSHQ�FKROHF\VWHFWRP\��D�SURVSHFWLYH�� FRPSDUDWLYH� VWXG\�� ,QGLDQ� -RXUQDO� RI�*DVWURHQWHURORJ\������������������%DEOHNRV� *'�� 0LFKDHOLGHV� 6$�� 5RXVVRX� 7��&KDUDODERSRXORV� .$��&KDQJHV� � LQ� � EUHDWKLQJ� � FRQWURO��DQG� � PHFKDQLFV� � DIWHU� � ODSDURVFRSLF� � YHUVXV� � RSHQ�FKROHF\VWHFWRP\��$UFK��6XUJ���������������������������� +DVXNLü� 6��0HVLü� '��'L]GDUHYLü� (��.HVHU�'��+DG]LVHOLPRYLü� 6��%D]DUG]DQRYLü� 0�� 3XOPRQDU\��IDQFWLRQ� � DIWHU� � ODSDURVFRSLF� � YHUVXV� � RSHQ��FKROHF\VWHFWRP\��6XUJ��(QGRVF�������������������������0LPLFD� =��%LRFLü� 0��%DFLü� $��%DQRYLü� ,��7RFLOM�-��5DGRQLü�9��,OLü�1��3HWULFHYLü�$�� � /DSDURVFRSLF� � DQG��ODSDURWRPLF� � FKROHF\VWHFWRP\�� D� UDQGRPL]HG��FRPSDULQJ� � SRVWRSHUDWLYH� � UHVSLUDWRU\� � IXQFWLRQ��5HVSLUDWLRQ������������������������+HQGROLQ�+,��3DDNNRQHQ�0(��$OKDYD�(0�7DUYDLQHQ�5�� .HPSSLQHQ� 7�� /DKWLQHQ� 3�� /DSDURVFRSLF� RU� RSHQ�FKROHF\VWHFWRP\�� D� SURVSHFWLYH� UDQGRPLVHG� WULDO� WR�FRPSDUH� SRVWRSHUDWLYH� SDLQ�� SXOPRQDU\� IXQFWLRQ�� DQG�VWUHVV��(XU�-�6XUJ������������������±�������� &RVNXQ� � ,�� +DWLSRJOX� � $5�7RSDORJOX� $�� <RUXN� <��<DOFLQND\D� � 6��&DJODU� � 7��/DSDURVFRSLF� � YHUVXV� � RSHQ��FKROHF\VWHFWRP\��HIIHFW��RQ��SXOPRQDU\��IXQFWLRQ��WHVWV��



/LIH�6FLHQFH�-RXUQDO����������� KWWS���ZZZ�OLIHVFLHQFHVLWH�FRP

������

+HSDWRJDVWURHQWHURORJ\� ������ 0DU�� $SU�� ��������������������=DKRRU��$KPDG��6KDK��$OWDI��6XOWDQ��3XUL��%DVKDUDW�$KDG��OTEDO��6DOHHP��0LU��&RPSDUDWLYH��HYDOXDWLRQ��RI��

SXOPRQDU\��IXQFWLRQ��WHVWV��LQ� �ODSDUDVFRSLF��DQG��RSHQ��FKROHF\VWHFWRP\��-.��3UDFWLWLRQHU�������������������������
����������

�

7DEOH����&RPSDULVRQ�RI�)(9� LQ�ODSDURVFRSLF�YHUVXV�ODSDURWRPLF�FKROHF\VWHFWRP\�
0HDQ�FKDQJHV��PHDQ�6'��$IWHU�VXUJHU\��PHDQ�6'��%HIRUH�VXUJHU\��PHDQ�6'��7\SH�RI�VXUJHU\�

����������D��������������������/DSDURVFRS\�

���������E��������������������/DSDURWRP\�
$OO�GDWD�DUH�UHSUHVHQWHG�PHDQ�6'� D�E�'DWD�FRQVLGHUHG�VLJQLILFDQW�DW�WKH�OHYHO�RI�S�������

7DEOH����&RPSDULVRQ�RI�)9&�LQ�ODSDURVFRSLF�YHUVXV�ODSDURWRPLF�FKROHF\VWHFWRP\�
0HDQ�FKDQJHV��PHDQ�6'��$IWHU�VXUJHU\��PHDQ�6'��%HIRUH�VXUJHU\��PHDQ�6'��7\SH�RI�VXUJHU\�

����������D��������������������/DSDURVFRS\�

����������E��������������������/DSDURWRP\�
$OO�GDWD�DUH�UHSUHVHQWHG�PHDQ�6'� D�E�'DWD�FRQVLGHUHG�VLJQLILFDQW�DW�WKH�OHYHO�RI�S�������



/LIH�6FLHQFH�-RXUQDO����������� KWWS���ZZZ�OLIHVFLHQFHVLWH�FRP

������

7DEOH����&RPSDULVRQ�RI�)()��������LQ�ODSDURVFRSLF�YHUVXV�ODSDURWRPLF�FKROHF\VWHFWRP\�
0HDQ�FKDQJHV��PHDQ�6'��$IWHU�VXUJHU\��PHDQ�6'��%HIRUH�VXUJHU\��PHDQ�6'��7\SH�RI�VXUJHU\�

����������D��������������������/DSDURVFRS\�

����������E��������������������/DSDURWRP\�
$OO�GDWD�DUH�UHSUHVHQWHG�PHDQ�6'� D�E�'DWD�FRQVLGHUHG�VLJQLILFDQW�DW�WKH�OHYHO�RI�S�������

7DEOH����&RPSDULVRQ�RI�3()�LQ�ODSDURVFRSLF�YHUVXV�ODSDURWRPLF�FKROHF\VWHFWRP\�
0HDQ�FKDQJHV��PHDQ�6'��$IWHU�VXUJHU\��PHDQ�6'��%HIRUH�VXUJHU\��PHDQ�6'��7\SH�RI�VXUJHU\�

���������D���������������������/DSDURVFRS\�

����������E��������������������/DSDURWRP\�
$OO�GDWD�DUH�UHSUHVHQWHG�PHDQ�6'� D�E�'DWD�FRQVLGHUHG�VLJQLILFDQW�DW�WKH�OHYHO�RI�S�������

7DEOH����&RPSDULVRQ�RI�)(9��)9&�UDWLR�LQ�ODSDURVFRSLF�YHUVXV�ODSDURWRPLF�FKROHF\VWHFWRP\�
0HDQ�FKDQJHV��PHDQ�6'��$IWHU�VXUJHU\��PHDQ�6'��%HIRUH�VXUJHU\��PHDQ�6'��7\SH�RI�VXUJHU\�

����������D�������������������/DSDURVFRS\�

���������E�������������������/DSDURWRP\�
$OO�GDWD�DUH�UHSUHVHQWHG�PHDQ�6'� D�E�'DWD�FRQVLGHUHG�VLJQLILFDQW�DW�WKH�OHYHO�RI�S�������


