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�DGYDQWDJH� RI� UHGXFHG� V\VWHPLF� VLGH� HIIHFWV� EXW� DUH� VLJQLILFDQWO\� PRUH�H[SHQVLYH��DV�FRPSDUHG�WR�PHWURQLGD]ROH��� DQG DUH�QRW�DYDLODEOH�LQ�7KDLODQG�+\GURJHQ� SHUR[LGH� �+�2��� SURGXFWLRQ� KDV� EHHQ� SURSRVHG� DV� D�PHFKDQLVP� E\� ZKLFK� ODFWREDFLOOL� PD\� LQKLELW� WKH� JURZWK� RI� RWKHU� YDJLQDO�RUJDQLVPV��� 6WXGLHV� DERXW� DVVRFLDWLRQ� EHWZHHQ� YDJLQDO� PLFURIORUD� DQG�EDFWHULDO� YDJLQRVLV� VXSSRUWHG� WKH� K\SRWKHVLV� WKDW� +�2��SURGXFLQJ� YDJLQDO�ODFWREDFLOOL� SURWHFW� DJDLQVW� DFTXLVLWLRQ� RI EDFWHULDO� YDJLQRVLV��� )URP� WKLV�HYLGHQFH�� WKHUH� LV� D� TXHVWLRQ� WKDW�ZKHWKHU�+�2� LV� HIIHFWLYH� IRU� WUHDWPHQW� RI�SDWLHQWV�ZLWK�WKLV�FRQGLWLRQ�RU�QRW��,I�LW�LV�HIIHFWLYH�LQ�WKH�WUHDWPHQW�RI�EDFWHULDO�YDJLQRVLV��LW�PLJKW�EH�ZLGHO\�DSSOLFDEOH�LQ�FOLQLFDO�SUDFWLFH�EHFDXVH�LW�LV�FKHDS��HDVLO\�DYDLODEOH�DQG�DPHQGDEOH�WR�WRSLFDO�XVH�7KHUH� LV�RQH�VWXG\�WKDW�UHSRUWHG�WKH�HIILFDF\�RI�XVLQJ�D�VLQJOH�YDJLQDO�ZDVKRXW�ZLWK����+�2� IRU� WUHDWPHQW�RI�EDFWHULDO�YDJLQRVLV����KRZHYHU�� LW ZDV�QRW�D�FRQWUROOHG� WULDO��)RU� WHVWLQJ� WKH�HIIHFWLYHQHVV�RI�VLQJOH�YDJLQDO�GRXFKLQJ�ZLWK� ���+�2� LQ� WKH� WUHDWPHQW� RI� EDFWHULDO� YDJLQRVLV�� WKLV� UDQGRPL]HG� VWXG\�ZDV�FRQGXFWHG�WR�FRPSDUH�WKH�HIIHFWLYHQHVV�EHWZHHQ�VLQJOH�YDJLQDO�GRXFKLQJ�ZLWK����+�2� DQG�VLQJOH�GRVH�RUDO�PHWURQLGD]ROH�
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����(SLGHPLRORJ\
������3UHYDOHQFH
%DFWHULDO�YDJLQRVLV� LV� WKH�PRVW�FRPPRQ�FDXVH�RI�YDJLQDO�GLVFKDUJH� LQ�UHSURGXFWLYH�DJH�ZRPHQ�� 7KH�SUHYDOHQFH�RI�EDFWHULDO�YDJLQRVLV�YDULHV�ZLGHO\�DPRQJ�WKH�GLIIHUHQW�SRSXODWLRQV�VWXGLHG��:RPHQ�VHHQ�LQ�VH[XDOO\�WUDQVPLWWHG�GLVHDVH�FOLQLFV�KDYH�WKH�KLJKHVW�SUHYDOHQFH�RI�EDFWHULDO�YDJLQRVLV�UDQJLQJ�XS�WR� ��������� )RU� FROOHJH� VWXGHQWV�� HVWLPDWHV� RI� SUHYDOHQFH� LV ��� LI� WRWDOO\�ZLWKRXW� V\PSWRPV� WR� ���� IRU� WKRVH� ZLWK� J\QHFRORJLF� V\PSWRPV��� $PRQJ�ZRPHQ� DWWHQGLQJ� IDPLO\� SODQQLQJ� FOLQLFV� DQG� J\QHFRORJLF� FOLQLFV�� WKH�SUHYDOHQFH�RI�EDFWHULDO�YDJLQRVLV�DOVR�YDULHV�IURP����WR����������6WXGLHV� RI� SUHJQDQW� ZRPHQ� GHPRQVWUDWH� SUHYDOHQFH� IRU� EDFWHULDO�YDJLQRVLV� VLPLODU� WR� WKRVH� IRXQG� DPRQJ� WKH� QRQSUHJQDQW� SRSXODWLRQ�� $PRQJ�SUHJQDQW� UHVHDUFK� YROXQWHHU� LQ� 8�6� VWXGLHV�� WKH� SUHYDOHQFH� RI� EDFWHULDO�YDJLQRVLV�YDULHV�IURP�����WR������� 7KH�SUHYDOHQFH�LQ�7KDL�SUHJQDQW�ZRPHQ�ZDV��������



�������5LVN�IDFWRUV
��������5DFH
:KHQ� JURXSV� RI� 8�6�� ZRPHQ� DUH� H[DPLQHG� LQ� JUHDWHU� GHWDLO�� WKH�SUHYDOHQFH�RI�EDFWHULDO�YDJLQRVLV� LV�KLJKHVW�DPRQJ�$IULFDQ�$PHULFDQ�ZRPHQ��+RZHYHU�� LQ� WKH� VWXG\� RI�*UDYHWW�� HW� DO��� RI� ���� SUHJQDQW�ZRPHQ�� EDFWHULDO�YDJLQRVLV� ZDV� GLDJQRVHG� LQ� ���� RI� ZKLWH� SDWLHQWV� DQG� ���� RI� QRQ�ZKLWH�SDWLHQWV��D�VWDWLVWLFDOO\�LQVLJQLILFDQW�GLIIHUHQW�
��������6H[XDO�DFWLYLW\
:KHWKHU� EDFWHULDO� YDJLQRVLV� LV� VH[XDOO\� WUDQVPLWWHG� FRQWLQXHG� WR� EH�GHEDWHG��7KHUH�DUH�D�QXPEHU�RI�IDFWRUV�WKDW�OLQN�EDFWHULDO�YDJLQRVLV�WR�VH[XDO�DFWLYLW\��%DFWHULDO� YDJLQRVLV�PRVW�RIWHQ�RFFXUV�DPRQJ�VH[XDOO\�DFWLYH�ZRPHQ�DQG�PD\� EH� UHODWHG� WR� DFTXLULQJ� D� QHZ�PDOH� SDUWQHU��� ,Q� JHQHUDO�� EDFWHULDO�YDJLQRVLV� RFFXUV� PRUH� IUHTXHQWO\� DPRQJ� ZRPHQ� ZKR� KDYH� LQLWLDWHG� VH[XDO�DFWLYLW\� DW� HDUOLHU� DJHV�� DPRQJ� ZRPHQ� UHSRUWLQJ� PRUH� VH[XDO� SDUWQHUV�� DQG�DPRQJ�ZRPHQ�ZLWK�FRQFXUUHQW�RU�SULRU�VH[XDOO\�WUDQVPLWWHG�LQIHFWLRQV������&RQYHUVHO\��GHWHFWLRQ�RI�EDFWHULDO�YDJLQRVLV�DPRQJ�YLUJLQDO�ZRPHQ�DQG�FKLOGUHQ��DOWKRXJK WKH�RFFXUUHQFH� LV� ORZ��ZHLJKV�DJDLQVW�VH[XDO� WUDQVPLVVLRQ�DV� WKH� H[FOXVLYH� PHDQV� IRU� DFTXLVLWLRQ� RI� EDFWHULDO� YDJLQRVLV��� 6WURQJ�HYLGHQFH� FRQWUDGLFWLQJ� H[FOXVLYH� KHWHURVH[XDO� WUDQVPLVVLRQ� RI� EDFWHULDO�



�YDJLQRVLV� FRPHV� IURP� D� QXPEHU� RI� UDQGRPL]HG� FRQWUROOHG� WULDOV�GHPRQVWUDWLQJ�WKH�UHFXUUHQFH�RI�EDFWHULDO�YDJLQRVLV�DPRQJ�ZRPHQ�GHVSLWH�WKH�WUHDWPHQW�RI�PDOH�FRQWDFWV������
��������&RQWUDFHSWLYH�WHFKQLTXHV
%DFWHULDO� YDJLQRVLV� KDV� EHHQ� GHWHFWHG�PRUH� RIWHQ� DPRQJ�ZRPHQ� QRW�XVLQJ� DQ\�PHWKRG� RI� FRQWUDFHSWLRQ� DQG� DPRQJ�ZRPHQ�XVLQJ�DQ� LQWUDXWHULQH�FRQWUDFHSWLYH� GHYLFH������ %DFWHULDO� YDJLQRVLV� KDV� QRW� EHHQ� UHODWHG� WR� RUDO�FRQWUDFHSWLYH� XVH�� 7KH� LQFLGHQFH� RI� EDFWHULDO� YDJLQRVLV� LV� UHGXFHG� DPRQJ�ZRPHQ�XVLQJ�WKH�VSHUPLFLGH�QRQR[LQRO�����

����0LFURELRORJ\
0LFURELRORJLFDOO\�� EDFWHULDO� YDJLQRVLV� LV� FKDUDFWHUL]HG� E\� D� VKLIW� RI� WKH�YDJLQDO�IORUD�IURP�WKH�QRUPDO�SHUR[LGH�SURGXFLQJ�ODFWREDFLOOL WR�D�SRO\PLFURELDO�JURXS� FRQVLVWLQJ� RI� DQDHUREHV� �%DFWHURLGHV VSHFLHV� 3UHYRWHOOD VSHFLHV��3RUSK\URPRQDV VSHFLHV�� 3HSWRVWUHSWRFRFFXV VSHFLHV�� 0RELOXQFXV VSHFLHV���*DUGQHUHOOD�YDJLQDOLV DQG 0\FRSODVPD�KRPLQLV����7KH�SURGXFWLRQ�RI�+�2� E\�ODFWREDFLOOL�KDV�EHHQ�SURSRVHG�WR�UHSUHVHQW�D� QRQVSHFLILF� DQWLPLFURELDO� GHIHQVH� PHFKDQLVP� RI� WKH� QRUPDO� YDJLQDO�HFRV\VWHP�� ,Q� RQH� VWXG\�� WKH� YDJLQD� RI� ���� RI� QRUPDO� ZRPHQ� FRQWDLQHG�+�2��SURGXFLQJ� ODFWREDFLOOL�� DQG� ��� FRQWDLQHG� DQDHURELF� ODFWREDFLOOL� WKDW� GLG�



�QRW� SURGXFH� +�2��� ,Q� FRQWUDVW�� ��� RI� ZRPHQ� ZLWK� EDFWHULDO� YDJLQRVLV�FRQWDLQHG� +�2��SURGXFLQJ� ODFWREDFLOOL� LQ� WKHLU� YDJLQD�� ZKLOH� ���� FRQWDLQHG�+�2��QRQSURGXFLQJ� ODFWREDFLOOL��� ,Q� YLWUR� VWXG\�� +�2��SURGXFLQJ� ODFWREDFLOOL�ZHUH� VKRZQ� WKH� EDFWHULFLGDO� HIIHFW� WR� ERWK� *DUGQHUHOOD� YDJLQDOLV DQG�%DFWHURLGHV� ELYLXV��� $� VWXG\� LQ� -DSDQHVH� DQG� 7KDL� SUHJQDQW� ZRPHQ� IRXQG�WKH� DVVRFLDWLRQ� EHWZHHQ� 3UHYRWHOOD VSHFLHV�� 3RUSK\URPRQDV VSHFLHV��3HSWRVWUHSWRFRFFXV VSHFLHV��0RELOXQFXV VSHFLHV��*DUGQHUHOOD�YDJLQDOLV��+�2��QRQSURGXFLQJ� ODFWREDFLOOL�DQG�EDFWHULDO�YDJLQRVLV��7KHVH�RUJDQLVPV�ZHUH� OHVV�DVVRFLDWHG�ZLWK�+�2��SURGXFLQJ� ODFWREDFLOOL��ZLWK�ZHUH�SUHGRPLQDQW� LQ�ZRPHQ�ZLWK� QRUPDO� IORUD�� $QRWKHU� FRKRUW� VWXG\� RI� ����ZRPHQ�DWWHQGLQJ�D� VH[XDOO\�WUDQVPLWWHG�GLVHDVH� FOLQLF� DOVR�VXSSRUWHG� WKH�K\SRWKHVLV� WKDW�+�2��SURGXFLQJ�YDJLQDO� ODFWREDFLOOL�SURWHFW�DJDLQVW�DFTXLVLWLRQ�RI�EDFWHULDO�YDJLQRVLV��KRZHYHU��GR�QRW�SURWHFW�DJDLQVW�YXOYRYDJLQDO�FDQGLGLDVLV�DQG�YDJLQDO�WULFKRPRQLDVLV���
����&OLQLFDO ,PSOLFDWLRQV�DQG�0RUELGLW\

%DFWHULDO� YDJLQRVLV� LV� DVVRFLDWHG� ZLWK� DQ� LQFUHDVHG� ULVN� RI� VHYHUDO�J\QHFRORJLF� FRQGLWLRQV�� LQFOXGLQJ� SRVWRSHUDWLYH� LQIHFWLRQ� IROORZLQJ�K\VWHUHFWRP\� DQG� SRVWDERUWLRQ� SHOYLF� LQIODPPDWRU\� GLVHDVH�� 7KH� ULVN� RI�SODVPD�FHOO�HQGRPHWULWLV�LQ�ZRPHQ�ZLWK�EDFWHULDO�YDJLQRVLV�KDV�EHHQ�UHSRUWHG�WR�EH����WLPHV�KLJKHU�WKDQ�WKH�ULVN�LQ�ZRPHQ�ZLWKRXW�EDFWHULDO�YDJLQRVLV���,Q�SUHJQDQW�ZRPHQ��EDFWHULDO�YDJLQRVLV�LV�DVVRFLDWHG�ZLWK�WKH�SUHVHQFH�RI� IHWDO� ILEURQHFWLQ��:RPHQ� ZLWK� IHWDO� ILEURQHFWLQ� KDYH� D� ���IROG� LQFUHDVH� LQ�



�FOLQLFDO� FKRULRDPQLRQLWLV� DQG� D� VL[IROG� LQFUHDVH� LQ� QHRQDWDO� VHSVLV�� 7KH�PLFURRUJDQLVPV� IRXQG� LQ�EDFWHULDO� YDJLQRVLV�DUH�DOVR�FRPPRQO\� IRXQG� LQ� WKH�DPQLRWLF� IOXLG� RI� ZRPHQ� ZLWK� DPQLRWLF� IOXLG� LQIHFWLRQ��� 7KH� RGGV� UDWLR� IRU�SUHPDWXUH� UXSWXUH� RI� WKH� PHPEUDQHV� LV� ���� LQ� ZRPHQ� ZLWK� EDFWHULDO�YDJLQRVLV��� %DFWHULDO� YDJLQRVLV� KDV� EHHQ� DVVRFLDWHG� ZLWK� ORZ� ELUWK� ZHLJKW�DQG�SUHWHUP�ELUWK��ZLWK�RGGV�UDWLRV�IRU�SUHWHUP�ELUWK�HVWLPDWHG�WR�EH��������
����'LDJQRVLV

&OLQLFDO�GLDJQRVLV�FDQ�EH�SHUIRUPHG�E\�XVLQJ� WKH�FULWHULD�SURSRVHG�E\�$PVHO�DQG�FROOHTXHV��� ,W�ZDV�FRQVLGHUHG�SUHVHQW�LI�WKUHH�RI�WKH�IRXU�IROORZLQJ�FULWHULD� ZHUH� IRXQG�� ���� KRPRJHQHRXV� YDJLQDO� GLVFKDUJH� ���� YDJLQDO� S+�JUHDWHU� WKDQ� ����� ���� ILVK\� DPLQH� RGRU� ZLWK� PL[WXUH� RI� GLVFKDUJH� ZLWK� ����.2+�DQG����� WKH�SUHVHQFH�RI�FOXH�FHOOV�PRUH�WKDQ�����RI�HSLWKHOLDO�FHOOV�RQ�VDOLQH� ZHW� PRXQW� RU� *UDP� VWDLQ�� $Q� DOWHUQDWLYH� GLDJQRVWLF� FULWHULRQ� XWLOL]HV�*UDP� VWDLQLQJ RI� YDJLQDO� VHFUHWLRQV�� 7KH� ORVV� RI� ODFWREDFLOOXV� PRUSKRW\SHV�DQG� LQFUHDVH� LQ�*DUGQHUHOOD�DQG�%DFWHURLGHV�PRUSKRW\SHV�DQG�FXUYHG�JUDP�YDULDEOH� URGV�� ZKHQ� FRPELQHG� ZLWK� WKH� S+�� FRUUHODWHG� ZHOO� ZLWK� $PVHOuV�FULWHULD��� *UDP� VWDLQ� PD\� QRW� EH� XVHIXO� LQ� GHWHUPLQLQJ� HUDGLFDWLRQ� RI� WKH�LQIHFWLRQ�EHFDXVH�RI�LWV�KLJK�SURSRUWLRQ�RI�LQWHUPHGLDWH�UHVXOWV��



�����7UHDWPHQW
2UDO� PHWURQLGD]ROH� ����� PJ� WZLFH� GDLO\� IRU� �� GD\V�� LV� WKH� SUHIHUUHG�WUHDWPHQW� IRU� EDFWHULDO� YDJLQRVLV�� 2WKHU� HIIHFWLYH� WUHDWPHQW� UHJLPHQV� LQFOXGH�VLQJOH�GRVH�PHWURQLGD]ROH� ��� J� RUDOO\��� RUDO� FOLQGDP\FLQ� �����PJ� WZLFH� GDLO\�IRU���GD\V������FOLQGDP\FLQ�YDJLQDO�FUHDP��RQFH�GDLO\�IRU���GD\V��DQG�������PHWURQLGD]ROH� YDJLQDO� JHO� �WZLFH� GDLO\� IRU� �� GD\V������ 7KH� UDWH� RI� FXUH� IRU� D�VHYHQ�GD\� FRXUVH� RI� PHWURQLGD]ROH� KDV� EHHQ� UHSRUWHG� WR� EH� IURP� ���� WR�������� 2UDO� FOLQGDP\FLQ� UHVXOWV� LQ� D� FOLQLFDO� FXUH� UDWH� RI� RYHU� ����� ,Q� DFRPSDUDWLYH�VWXG\�ZLWK�RUDO�PHWURQLGD]ROH��WKH�FRUUHVSRQGLQJ�FXUH�UDWHV�ZHUH����� IRU� VHYHQ�GD\ FRXUVH� FOLQGDP\FLQ� DQG� ���� IRU� VHYHQ�GD\ FRXUVH�PHWURQLGD]ROH��$GYHUVH�UHDFWLRQV�RFFXUUHG�LQ�����RI�WKRVH�WDNLQJ FOLQGDP\FLQ�DQG�����RI� WKRVH� WDNLQJ�PHWURQLGD]ROH��� 6LQJOH�GRVH�PHWURQLGD]ROH�PD\�EH�XVHG� WR� WUHDW�EDFWHULDO�YDJLQRVLV�HVSHFLDOO\�ZKHQ�FRPSOLDQFH�ZLWK� WKH�VHYHQ�GD\� UHJLPHQ� LV SRRU�� +RZHYHU�� WKH� HIILFDF\� RI� WKH� VLQJOH�GRVH� UHJLPHQ� LV�VOLJKWO\� ORZHU WKDQ WKH� VHYHQ�GD\� UHJLPHQ�� ,Q� D� PHWD�DQDO\VLV�� WKH� RYHU� DOO�FXUH� UDWHV� ZLWK� WKH� VHYHQ�GD\� UHJLPHQ� LV� ���� DQG� WKDW� RI� WKH� VLQJOH� GRVH�UHJLPHQ� LV� ���� ZLWK QR� VWDWLVWLFDO� GLIIHUHQFH��� &OLQGDP\FLQ� YDJLQDO� FUHDP�DQG� PHWURQLGD]ROH� YDJLQDO� JHO� VHHP� WR� EH� HIIHFWLYH� WUHDWPHQWV� IRU� WKLV�V\QGURPH��WKH\�KDYH�WKH�DGYDQWDJH�RI�UHGXFLQJ�V\VWHPLF�VLGH�HIIHFWV�EXW�DUH�VLJQLILFDQWO\�PRUH�H[SHQVLYH��DV�FRPSDUHG� WR�RUDO�PHWURQLGD]ROH�� $ERXW�VH[�SDUWQHU��DYDLODEOH�GDWD�GR�QRW�VXSSRUW�WKH�SUDFWLFH�RI�URXWLQH�WUHDWPHQW�RI�PDOH�VH[�SDUWQHUV�RI�LQIHFWHG�IHPDOHV���������



�7KHUH� LV�RQH�VWXG\�XVLQJ�D�VLQJOH�YDJLQDO�ZDVKRXW�ZLWK����+�2� IRU�WUHDWPHQW� RI� UHFXUUHQW� EDFWHULDO� YDJLQRVLV��$� WRWDO� RI� ��� V\PSWRPDWLF�ZRPHQ�ZLWK� FOLQLFDOO\� FRQILUPHG� EDFWHULDO� YDJLQRVLV� LQ� WKH� DEVHQFH� RI� RWKHU� JHQLWDO�LQIHFWLRQV�ZHUH�UHFUXLWHG��7KUHH�SHUFHQW +�2� ZDV�LQVWLOOHG�LQWR�WKH�YDJLQD��OHIW�IRU� �� PLQXWHV� DQG� GUDLQHG�� 7ZHQW\� WKUHH� ZRPHQ� ZKR� FRPSOHWHG� WKH� VWXG\�ZHUH�UHDVVHVVHG�DW���ZHHNV�DIWHU�WUHDWPHQW��6\PSWRPV�FOHDUHG�FRPSOHWHO\�LQ�������������� LPSURYHG�LQ������������DQG�UHPDLQHG�XQFKDQJHG�LQ������������$OO�WKH���ZRPHQ�ZLWK�LPSURYHG�V\PSWRPV�KDG�D�PLOG�YDJLQDO�GLVFKDUJH��ZLWK�RQH� RI� WKHP� ZDV� VWLOO� DEOH� WR� SHUFHLYH� WKH� PDORGRU�� 7KH� DPLQH� WHVW� ZDV�QHJDWLYH� LQ� DOO� ��� ZRPHQ� LQFOXGLQJ� WKH� �� ����� ZKR� IHOW� QR� FKDQJH� LQ� WKHLU�V\PSWRPV�IROORZLQJ�WUHDWPHQW��0L[HG�DQDHUREHV�LVRODWHG�LQ�DOO�ZRPHQ�EHIRUH�WUHDWPHQW�ZHUH�QRW�UH�LVRODWHG��DQG�PLFURVFRS\�GLG�QRW�VKRZ�FOXH�FHOOV�LQ�WKH�YDJLQDO�GLVFKDUJH� IROORZLQJ� WUHDWPHQW��9DJLQDO�DFLGLW\�ZDV�UHVWRUHG� WR�QRUPDO�LQ�DOO�EXW�RQH��������1R�VLGH�HIIHFWV�ZHUH�REVHUYHG�LQ�WKH�WUHDWHG�ZRPHQ���
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����5HVHDUFK�4XHVWLRQV�DQG�2EMHFWLYHV
������5HVHDUFK�TXHVWLRQV

��������3ULPDU\�UHVHDUFK�TXHVWLRQ�,Q� FDVHV� RI� V\PSWRPDWLF� EDFWHULDO� YDJLQRVLV�� GRHV� D� VLQJOH�YDJLQDO�GRXFKLQJ�ZLWK�+�2� UHVXOW�LQ�D�����UHODWLYH�GLIIHUHQFH�LQ�WKH�FXUH�UDWH�FRPSDUHG�WR�D�VLQJOH�GRVH RUDO PHWURQLGD]ROH�"��������6HFRQGDU\�UHVHDUFK�TXHVWLRQ,V� WKHUH� DQ\� GLIIHUHQFH� LQ� WKH� VLGH� HIIHFWV� EHWZHHQ� D� VLQJOH�YDJLQDO�GRXFKLQJ�ZLWK�+�2� DQG�D�VLQJOH�GRVH RUDO PHWURQLGD]ROH�"
������5HVHDUFK�REMHFWLYHV

�������� 7R FRPSDUH� WKH� HIIHFWLYHQHVV� LQ� WHUP� RI� FXUH� UDWH�EHWZHHQ VLQJOH� YDJLQDO� GRXFKLQJ� ZLWK� +�2� DQG VLQJOH�GRVH� RUDO�PHWURQLGD]ROH�IRU�WKH�WUHDWPHQW�RI�SDWLHQWV�ZLWK�EDFWHULDO�YDJLQRVLV��������� 7R� HYDOXDWH� WKH� VLGH� HIIHFWV� RI� WUHDWPHQW� FRPSDULQJ�VLQJOH�YDJLQDO�GRXFKLQJ�ZLWK�+�2� DQG�VLQJOH�GRVH�RUDO�PHWURQLGD]ROH�



������5HVHDUFK�+\SRWKHVLV
7KHUH� LV� D� ���� UHODWLYH� GLIIHUHQFH� EHWZHHQ� WKH� FXUH� UDWH� RI� D� VLQJOH�YDJLQDO�GRXFKLQJ�ZLWK�+�2� FRPSDUHG� WR�D�VLQJOH�GRVH�RUDO�PHWURQLGD]ROH� LQ�WKH�WUHDWPHQW�RI�SDWLHQWV�ZLWK�EDFWHULDO�YDJLQRVLV�

����.H\ZRUGV
+\GURJHQ� SHUR[LGH�� PHWURQLGD]ROH�� EDFWHULDO� YDJLQRVLV�� UDQGRPL]HG�FRQWUROOHG�WULDO

����2SHUDWLRQDO�'HILQLWLRQ
� 'LDJQRVWLF�FULWHULD�IRU�EDFWHULDO�YDJLQRVLV��$PVHOuV�FULWHULD���$W�OHDVW�WKUHH�RI�WKH�IROORZLQJ�IRXU�VLJQV�UHTXLUHG�IRU�GLDJQRVLV���+RPRJHQHRXV�YDJLQDO�GLVFKDUJH���S+�RI�YDJLQDO�GLVFKDUJH�JUHDWHU�WKDQ�������)LVK\�DPLQH�RGRU�ZLWK�PL[WXUH�RI�GLVFKDUJH�ZLWK�����.2+��� 3UHVHQFH� RI� FOXH� FHOOV�PRUH� WKDQ� ����RI� HSLWKHOLDO� FHOOV� RQ�VDOLQH�ZHW�PRXQW� &ULWHULD�IRU�FXUH��7KH�DEVHQFH�RI�DW�OHDVW�WKUHH�RI�$PVHOuV�FULWHULD�GHILQHG�DV�vFXUHw�



��� +RPRJHQHRXV�GLVFKDUJH7KH� FKDUDFWHULVWLF� RI� YDJLQDO� GLVFKDUJH� LQ� EDFWHULDO� YDJLQRVLV� LV� D�KRPRJHQHRXV�� QRQLQIODPPDWRU\� GLVFKDUJH� WKDW� DGKHUHV� WR� WKH� YDJLQDO� ZDOO��7KH�FRORU�DQG�DPRXQW�RI�GLVFKDUJH�YDULHV�JUHDWO\�IURP�SDWLHQW�WR�SDWLHQW�� 9DJLQDO�S+7KH� S+� RI� YDJLQDO� VHFUHWLRQ� WKDW� DGKHUHV� WR� WKH� YDJLQDO� ZDOO� ZLOO� EH�GHWHUPLQHG�E\�XVLQJ�D�FRWWRQ�VZDE� WDNLQJ� WKH�VHFUHWLRQ�DSSOLHG� WR�D�VWULS�RI�S+�SDSHU�� 3RVLWLYH�ZKLII�WHVW$Q�DPLQH�RU�vILVK\w�RGRU�LV�VPHOW�ZKHQ�����.2+�VROXWLRQ�LV�DGGHG�WR�YDJLQDO�VHFUHWLRQV�� &OXH�FHOO9DJLQDO� HSLWKHOLDO� FHOOV� WKDW� KDYH� D� VWULSSHG� DSSHDUDQFH� GXH� WR�DGKHUHQW�FRFFREDFLOOL��7KH�HGJHV�RI� WKH�FHOOV�DUH�REVFXUHG�DQG�DSSHDU�IX]]\�FRPSDUHG�ZLWK�WKH�QRUPDOO\�VKDUS�HGJHV�RI�YDJLQDO�HSLWKHOLDO�FHOOV�� *DVWUR�LQWHVWLQDO�VLGH�HIIHFWV,QFOXGLQJ�QDXVHD��YRPLWLQJ�DQG�XQSOHDVDQW�WDVWH�� 9DJLQDO�LUULWDWLRQ,QFOXGLQJ�YDJLQDO�LWFKLQJ��EXUQLQJ��LUULWDWLRQ�DQG�VRUHQHVV�



������5HVHDUFK�'HVLJQ
7KLV� VWXG\� ZDV� FDUULHG� RXW� DV� D� UDQGRPL]HG� GRXEOH�EOLQG� FRQWUROOHG�WULDO�� %HFDXVH� RI� D� GLIIHUHQFH� LQ� URXWH� RI� GUXJ� DGPLQLVWUDWLRQ�� WKH� GRXEOH�GXPPLHV� ZHUH� XVHG� IRU� EOLQGLQJ� WKH� WUHDWPHQW� DUP�� 7KH� UDQGRPL]DWLRQ� FDQ�DYRLG� DOORFDWLRQ� ELDV�� WHQGV� WR� SURGXFH� FRPSDUDEOH� JURXSV� DQG� DVVXUHV� WKH�YDOLGLW\�RI�VWDWLVWLFDO�WHVWV�RI�VLJQLILFDQFH�

)LJXUH���5HVHDUFK�GHVLJQ�PRGHO
7DUJHW�3RSXODWLRQ
6DPSOHG�3RSXODWLRQ

6LQJOH�GRVH�RUDO�PHWURQLGD]ROH���SODFHER�GRXFKLQJ
+�2� VLQJOHYDJLQDO�GRXFKLQJ��RUDO�SODFHER

2XWFRPH�0HDVXUHPHQW

5DQGRPL]DWLRQ
,QWHUYHQWLRQ



������7KH�6DPSOH
������7DUJHW�SRSXODWLRQ
7KH�SDWLHQWV�ZLWK�V\PSWRPDWLF�EDFWHULDO�YDJLQRVLV�
������6DPSOH SRSXODWLRQ�
7KH� SDWLHQWV� GLDJQRVHG� DV� KDYLQJ� EDFWHULDO� YDJLQRVLV� DW� RXWSDWLHQW�J\QHFRORJLF� FOLQLF� LQ� .LQJ� &KXODORQJNRUQ� 0HPRULDO� +RVSLWDO� DQG� PHW� WKH�HOLJLELOLW\�FULWHULD�
������(OLJLELOLW\�FULWHULD

��������,QFOXVLRQ�FULWHULD7KH� SDWLHQWV� ZKR� VDWLVILHG� DOO� RI� WKH� IROORZLQJ� FULWHULD� ZHUH�HQUROOHG�LQWR�WKH�VWXG\������$JH�EHWZHHQ����DQG����\HDUV��� 'LDJQRVHG�DV�KDYLQJ�EDFWHULDO�YDJLQRVLV�E\�$PVHOuV�FULWHULD��� ,QIRUPHG� DERXW� WKH� VWXG\� DQG� KDYLQJ� VLJQHG� WKH� LQIRUPHG�FRQVHQW�IRUP



����������([FOXVLRQ�FULWHULD7KH�SDWLHQWV�ZKR�PHW�RQH�RU�PRUH�RI�WKH�IROORZLQJ�FULWHULD�ZHUH�H[FOXGHG�� ����+LVWRU\�RI�+�2��RU�PHWURQLGD]ROH�DOOHUJ\���� +DYLQJ� WDNHQ�DQWLELRWLF� WUHDWPHQW�ZLWKLQ� WKH� WZR�ZHHNV�SULRU�WR�WULDO�HQWU\�RU�QHHG�WR�UHFHLYH�DQWLELRWLFV�IRU�RWKHU�GLVHDVHV��� 3UHJQDQF\��� ,PPXQR�FRPSURPLVHG�KRVW�LQFOXGHG�+,9�LQIHFWHG�SDWLHQWV��� 'LDEHWHV�PHOOLWXV��� &XUUHQW�XVH�RI�LQWUDXWHULQH�GHYLFH��� 3UHPDWXUH�PHQRSDXVH��� 9DJLQDO�RU�FHUYLFDO�XOFHUDWLRQ�RU�FRLQIHFWLRQV
������6DPSOH�VL]H�HVWLPDWLRQ
6LQFH� WKH�SULPDU\�RXWFRPH� LV�SURSRUWLRQ�RI�SDWLHQWV�ZKR�DFKLHYH�FXUH�DIWHU� WUHDWPHQW�� WKH� IRUPXOD� IRU� VDPSOH� VL]H� HVWLPDWLRQ RI� WZR� LQGHSHQGHQW�SURSRUWLRQV�ZDV�XVHG�
Q�JURXS� �>�=D��� � ��3�����3 ������=E � 3� ����3��� ��3� ����3����@����3� � 3� ���7KH�FXUH�UDWH�XVLQJ�VLQJOH�GRVH�PHWURQLGD]ROH�KDV�SUHYLRXVO\�UHSRUWHG�DV������

* *


* *


* *




��)URP� UHVHDUFK� K\SRWKHVLV�� +�2� VLQJOH YDJLQDO� GRXFKLQJ� VKRXOG�UHVXOW�LQ�����FXUH�UDWH��7R�XVH�D HTXDO�WR�������WZR�WDLO��DQG�SRZHU�RI�VWXG\�LV�����1XPEHU�RI�VXEMHFWV�SHU�JURXS�LV�HTXDO�WR�
>������� ��[������[�������������� �����[��������������[������ @�������� ����� � ����6DPSOH�VL]H�LQ�HDFK�JURXS�ZLOO�EH�����FDVHV�
������5DQGRPL]DWLRQ�SURFHGXUH
6LPSOH� UDQGRPL]DWLRQ� ZDV� FRQGXFWHG� LQ� WKLV� VWXG\�� 7KH� UDQGRP�QXPEHU� ZDV� JHQHUDWHG� E\� FRPSXWHU� VRIWZDUH� �6366� IRU� :LQGRZV��� 7KH�VXEMHFWV�ZKR�PHW�WKH�HOLJLELOLW\�FULWHULD�ZHUH�UDQGRPO\�DOORFDWHG�LQWR�HLWKHU�WKH�+�2� JURXS RU� WKH�PHWURQLGD]ROH�JURXS��7KH� LQYHVWLJDWRUV�DQG�VXEMHFWV�ZHUH�EOLQGHG�IRU WKH�WUHDWPHQW DUP��7KH�FRGH�ZDV�NHSW�EOLQGHG�XQWLO�WKH�VWXG\�ZDV�FRPSOHWHG�

* *


* *


* *




������([SHULPHQWDO�0DQHXYHU
������3UHSDUDWLRQ�RI�WKH�PHGLFDWLRQ
0HWURQLGD]ROH�DQG�SODFHER
7KH�PHWURQLGD]ROH�XVHG�LQ�WKLV�VWXG\�ZDV�����PJ�WDEOHW��%�-��/LPLWHG��7KDLODQG���7KH�SODFHER��SURGXFHG�E\�WKH�GUXJ�FRPSDQ\��KDG VLPLODU�FRORU�DQG�VKDSH� DV� WKH� PHWURQLGD]ROH�� 5HVHDUFK� DVVLVWDQWV� SUHSDUHG� IRXU�WDEOHW�SDFNDJHV� DQG� ODEHOHG� WKH� QXPEHUV�� (DFK� SDFNDJH� FRQWDLQHG� HLWKHU�PHWURQLGD]ROH�RU�SODFHER�GHSHQGLQJ�RQ�WKH�FRGHV�IURP�UDQGRP�QXPEHUV�
+�2��DQG�SODFHER
'RXFKLQJ�VROXWLRQ�ZHUH HLWKHU���+�2��RU�SODFHER��'LVWLOOHG ZDWHU�ZDV�XVHG� DV� SODFHER� 5HVHDUFK� DVVLVWDQWV� SUHSDUHG� D� SDFNDJH� DQG� ODEHOHG� WKH�QXPEHUV�RQ����PLOOLOLWHU�ERWWOHV��(DFK�ERWWOH�FRQWDLQHG�HLWKHU�+�2��RU�SODFHER�GHSHQGLQJ�RQ�WKH�FRGHV�IURP�UDQGRP�QXPEHUV�



��������3URFHGXUH
7KH� SURWRFRO� ZDV� DSSURYHG� E\� WKH� ,QVWLWXWLRQDO� 5HYLHZ� %RDUG� 7KH�VWXG\ ZDV FRQGXFWHG� DW� RXWSDWLHQW� J\QHFRORJLF� FOLQLF� LQ� .LQJ� &KXODORQJNRUQ�0HPRULDO�+RVSLWDO��7KH� HOLJLEOH� SDWLHQWV� ZHUH� UDQGRPO\� DOORFDWHG� LQWR� +�2� JURXS RU� WKH�PHWURQLGD]ROH� JURXS�� 7KH� +�2� JURXS UHFHLYHG� RUDO� SODFHER� DQG� ZHUH�GRXFKHG� ZLWK� K\GURJHQ� SHUR[LGH�� 7KH� PHWURQLGD]ROH� JURXS UHFHLYHG� RUDO�PHWURQLGD]ROH�DQG�ZHUH�GRXFKHG�ZLWK�SODFHER��2UDO�PHGLFDWLRQV�KDG���WDEOHWV������PJ�PHWURQLGD]ROH�WDEOHW�RU�YLVXDOO\�LGHQWLFDO�SODFHER��DQG�WKH�SDWLHQWV�KDG�WR�WDNH�WKHP�DW�WKH�FOLQLF�'RXFKLQJ� ZDV SHUIRUPHG� E\� LQYHVWLJDWRU XVLQJ� YDJLQDO� VSHFXOXP� DQG�VWHULOH�V\ULQJH�ZKLOH� WKH�SDWLHQWV�ZHUH LQ� OLWKRWRP\�SRVLWLRQ��7ZHQW\�PLOOLOLWHUV�RI� IOXLG� ���+�2� RU� SODFHER�� ZHUH� XVHG�� $IWHU� GRXFKLQJ�� WKH� VXEMHFWV� ZHUH�DVNHG WR�ZDLW�DERXW�WKUHH�PLQXWHV�EHIRUH�FKDQJLQJ�SRVLWLRQV�%HFDXVH� ERWK� LQWHUYHQWLRQV� ZHUH� XVHG� LQ� VLQJOH� WLPH�� WKHUH� ZDV� QR�SUREOHP� DERXW� FRPSOLDQFH�� 7R� DYRLG� FR�LQWHUYHQWLRQ� DQG� FRQWDPLQDWLRQ�� WKH�VXEMHFWV� ZHUH� LQVWUXFWHG� QRW� WR� WDNH� WKH� RWKHU� DQWLELRWLFV� RU� RWKHU� YDJLQDO�SUHSDUDWLRQV�GXULQJ�VWXG\�SHULRG�� ,I� WKH\�KDG�SUREOHPV�� WKH\�FDQ�FRQWDFW� WKH�LQYHVWLJDWRU� E\� WHOHSKRQH� RU� ZHUH� DOORZHG� IUHHO\� WR� FRPH� WR� PHHW� WKH�LQYHVWLJDWRUV�DW�WKH�KRVSLWDO��7KH�FR�LQWHUYHQWLRQ�ZHUH�DVVHVVHG�E\�DVNLQJ�WKH�SDWLHQWV�DW�IROORZ�XS�YLVLW�



��7KH�SDWLHQWV�ZHUH�DVNHG�WR�DYRLG�VH[XDO�LQWHUFRXUVH IRU���ZHHNV�DQG�WR�REVHUYH�DQ\�V\PSWRPV�UHODWHG� WR� WKH�VLGH�HIIHFWV�WKDW�RFFXU�EHIRUH�IROORZ�XS�YLVLW��7KH\�ZHUH�IROORZHG�XS�DW���ZHHNV�DIWHU�WUHDWPHQW��
����2XWFRPH�0HDVXUHPHQW

������3ULPDU\�RXWFRPH
7KH� SULPDU\� RXWFRPH�ZDV� WKH� FXUH� UDWH��&XUH�ZHUH�DVVHVVHG�E\� WKH�LQYHVWLJDWRU ZKR� GLG� QRW� NQRZ� WKH� WUHDWPHQW� DUP� DQG� PHDVXUHG� E\� XVLQJ�$PVHOuV�FULWHULD��7KH�FULWHULD�FRPSRVHG�RI�IRXU�FOLQLFDO�VLJQV�WKDW�DOVR�EH�XVHG�IRU� GLDJQRVLV�� 7KH� DEVHQFH� RI� DW� OHDVW� WKUHH� RI� $PVHOuV� FULWHULD� GHILQHG� DV�FXUH�
�������6HFRQGDU\�RXWFRPH
7KH� VHFRQGDU\� RXWFRPH� ZDV� WKH� VLGH� HIIHFW UDWH�� 6\PSWRPV� DIWHU�WUHDWPHQW�ZHUH�PHDVXUHG�IRU�HYDOXDWLRQ�WKH�VLGH�HIIHFWV��*DVWUR�LQWHVWLQDO�VLGH�HIIHFWV�LQFOXGHG�QDXVHD��YRPLWLQJ�DQG�XQSOHDVDQW�WDVWH��7KH�VXEMHFWV�ZKR�KDG�WKH� V\PSWRP WKDW� UHGXFHG� HDWLQJ� RU� KDG� YRPLWLQJ� ZHUH� GHILQHG� DV� KDYLQJ�JDVWUR�LQWHVWLQDO�VLGH�HIIHFWV��)RU�YDJLQDO�LUULWDWLRQ�V\PSWRPV��WKH�VXEMHFWV�ZKR�UHTXLUHG�WUHDWPHQW�ZHUH�GHILQHG�DV�KDYLQJ�YDJLQDO�LUULWDWLRQ�



������'DWD�&ROOHFWLRQ
$Q\�GDWD�ZDV�IXOO\�GRFXPHQWHG�LQ�WKH�FDVH�UHFRUG�IRUPV��$SSHQGL[�$��E\� WKH� LQYHVWLJDWRU�� $OO� WKH� YDULDEOHV� ZHUH� UHFRUGHG� DFFRUGLQJ� WR� WKH�RSHUDWLRQDO� GHILQLWLRQ VSHFLILHG�� 7KH� LQYHVWLJDWRU� �WKH� DXWKRU�� KDG� FKHFNHG�ZKHWKHU� WKH�GDWD�ZHUH�FRUUHFW�DQG�FRPSOHWH�RU�QRW� 'DWD�HQWU\�ZDV�GRQH�E\�WKH�LQYHVWLJDWRU�

�����'DWD�$QDO\VLV
'HVFULSWLYH�VWDWLVWLFV�ZHUH�XVHG�IRU�GHPRJUDSKLF�DQG�EDVHOLQH�GDWD�DQG�VXPPDUL]HG� DV� PHDQ� RU� SURSRUWLRQ� ZLWK� ���� FRQILGHQFH� LQWHUYDO�� 7KH�RXWFRPH�YDULDEOHV�ZHUH�GHVFULEHG�DV�SURSRUWLRQ�ZLWK�����FRQILGHQFH�LQWHUYDO�DQG� FRPSDUHG� EHWZHHQ� JURXS� XVLQJ� =�WHVW� IRU� SURSRUWLRQ�� ,QWHQWLRQ�WR�WUHDW�DQDO\VLV�ZDV�DSSOLHG� LQ�DQDO\]LQJ� WKH�RXWFRPH�YDULDEOHV��6WDWLVWLFDO� WHVWV�DUH���WDLOHG� DQG� EH� FRQVLGHUHG� VLJQLILFDQW� RQO\� LI� S� �� ������ � 'DWD� DQDO\VLV� ZDV�VXPPDUL]HG�LQ�7DEOH���



��7DEOH����'DWD�VXPPDU\�DQG�VWDWLVWLFDO�DQDO\VLV
'DWD 7\SH 'DWD�VXPPDU\ 6WDWLVWLFV'HPRJUDSKLF�DQG�EDVHOLQH�GDWD &RQWLQXRXV�� DJH&DWHJRULFDO� PDULWDO�VWDWXV� SDULW\� FRQWUDFHSWLRQ� VH[XDO�DFWLYLW\� V\PSWRPV

0HDQ�����&,
3HUFHQW�����&,

�
�

2XWFRPH&XUH�UDWH*,�6LGH�HIIHFWV9DJLQDO�LUULWDWLRQ
&DWHJRULFDO&DWHJRULFDO&DWHJRULFDO

3HUFHQW�����&,3HUFHQW�����&,3HUFHQW�����&,
=�WHVW�IRU�SURSRUWLRQ=�WHVW�IRU�SURSRUWLRQ=�WHVW�IRU�SURSRUWLRQ

�S�YDOXH�RI� OHVV�WKDQ������ZDV�FRQVLGHUHG�DV�EHLQJ�D�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFH
�����(WKLFDO�&RQVLGHUDWLRQV

���� 6LQJOH�GRVH� RUDO� PHWURQLGD]ROH� LV� RQH� RI� VWDQGDUG� WUHDWPHQW� IRU�EDFWHULDO�YDJLQRVLV��KDV�DFFHSWHG�HIILFDF\�DQG�IHZ�VLGH�HIIHFWV��7KUHH�SHUFHQW�



��+�2� LV� ZLGHO\� XVHG� DV� PRXWK� ZDVK� DQWLVHSWLF� ZLWK� QR� VHULRXV� DGYHUVH�HIIHFW�� 7KH� UHVXOW� IURP� RQH� VWXG\� DOVR� VKRZHG� WKH� WKHUDSHXWLF� HIILFDF\� IRU�WUHDWPHQW� RI� EDFWHULDO� YDJLQRVLV� ZLWKRXW� VLGH� HIIHFWV�� ,I� WKH� SDWLHQWV� GLG� QRW�FXUH� DW� ��ZHHNV�DIWHU� WUHDWPHQW�ZLWK�SURWRFRO� GUXJV�� WKH\�ZRXOG� UHFHLYHG���GD\�FRXUVH�RUDO�PHWURQLGD]ROH�DQG�IXUWKHU�IROORZHG�XS����� 7KH� UHVHDUFK� SURSRVDO� ZHUH� DSSURYHG� E\� WKH� ,QVWLWXWLRQDO�5HYLHZ�%RDUG� ����(DFK�SDWLHQW�ZDV�UHTXLUHG�WR�JLYH�ZULWWHQ�FRQVHQW�SULRU�WR HQWU\�LQWR�WKH� VWXG\�� $� IXOO� H[SODQDWLRQ� RI� WKH� QDWXUH� DQG� SXUSRVHV� RI� WKH� VWXG\� ZDV�SURYLGHG�E\� WKH� LQYHVWLJDWRU�� ERWK�YHUEDOO\�DQG� LQ� WKH� IRUP�RI�DQ� LQIRUPDWLRQ�VKHHW� ZKLFK� ZDV� LQFRUSRUDWHG� LQWR� WKH� FRQVHQW� IRUP�� 7KH� SDWLHQW� ZDV�FRPSOHWHO\�IUHH�WR�UHIXVH�SDUWLFLSDWLRQ�RU�ZLWKGUDZ�IURP�WKH�VWXG\�DW�DQ\�WLPH�����$OO�LQIRUPDWLRQ�REWDLQHG�GXULQJ�WKH�FRQGXFW�RI�WKH�VWXG\�ZLWK�UHJDUG�WR�WKH�SDWLHQWuV�VWDWH�RI�KHDOWK�ZDV�UHJDUGHG�DV�FRQILGHQWLDO�
�����/LPLWDWLRQV

6LQFH�+�2� FDQ�SURGXFH�IRDP��WKH�LQYHVWLJDWRU PD\�NQRZ�WKH�WUHDWPHQW�DUP�DQG� LW�PLJKW�FDXVH�ELDV��7R�PLQLPL]H�ELDV�� WKH�HYDOXDWRU�ZKR�DVVHVVHG�WKH�RXWFRPH�ZDV�EOLQGHG WR�WKH�WUHDWPHQW�DUP�7KH� JHQHUDOL]DELOLW\� RI� WKLV� VWXG\� LV� OLPLWHG� WR� SDWLHQWV� ZLWK� RQO\�V\PSWRPDWLF� EDFWHULDO� YDJLQRVLV�� )XUWKHU� VWXG\� LV� UHTXLUHG� WR� GHWHUPLQH� WKH�HIILFDF\�RI�GUXJV�LQ�FDVHV�ZLWK�FRPELQHG�YDJLQDO�LQIHFWLRQV��



�������%HQHILWV�RI�WKH�6WXG\
%DFWHULDO�YDJLQRVLV� LV� WKH�PRVW�FRPPRQ�FDXVH�RI�YDJLQDO�GLVFKDUJH� LQ�UHSURGXFWLYH�DJH�ZRPHQ��6WDQGDUG�RUDO�PHGLFDWLRQV�PD\�FDXVH�V\VWHPLF�VLGH�HIIHFWV�� EXW� FXUUHQW� WRSLFDO� WKHUDS\� LV� PXFK� PRUH� H[SHQVLYH�� ,I� ��� +�2�YDJLQDO�GRXFKLQJ�KDV�HIIHFWLYHQHVV�LQ�WUHDWPHQW�RI�EDFWHULDO�YDJLQRVLV��LW�PLJKW�EH� D� JRRG� WKHUDS\� EHFDXVH� LW� LV� FKHDS�� HDVLO\� DYDLODEOH� DQG� DEOH� WR� DYRLG�V\VWHPLF�VLGH�HIIHFWV�

�����2EVWDFOHV
7KHUH� ZHUH� SUREOHPV� RI� ORVV� WR� IROORZ� XS� FDVHV�� EHFDXVH� ZKHQ� WKH�SDWLHQWV�ZHUH�WUHDWHG�DQG�WKH�V\PSWRPV�GLVDSSHDU��WKH\�GLG�QRW�FRPH�EDFN�WR�WKH�KRVSLWDO��7R�PLQLPL]H� WKLV�SUREOHP��SDWLHQWV�ZHUH� LQIRUPHG�FOHDUO\�RI� WKH�LPSRUWDQFH� RI� WKH� IROORZ� XS�� ,Q� FDVHV� ZKR GLG� QRW� FRPH� WR IROORZ� XS�� WKH\ZHUH FRQWDFWHG�E\�WHOHSKRQH�RU�PDLO�7KH� RWKHU� REVWDFOH� ZDV� QXPEHU� RI� VXEMHFWV�� )URP� FDOFXODWLRQ�� WKLV�VWXG\�QHHG�����HOLJLEOH�FDVHV��%HFDXVH�RI�WKH�XQFHUWDLQW\�RI�WKH�HIIHFWLYHQHVVRI +�2� YDJLQDO� GRXFKLQJ�DQG� WLPH� OLPLWDWLRQ�� WKH�DXWKRU� SODQ� WR�GR�DQDO\VLV�ZKHQ VHYHQW\�SHUFHQW�RI�WRWDO�VXEMHFWV ZHUH�FRPSOHWHG IROORZ�XS���



&+$37(5��
5(68/76

7KH� DQDO\VLV�ZDV� SHUIRUPHG�ZKHQ� WKHUH�ZHUH� D� WRWDO� RI� ���� SDWLHQWV�HQUROOHG� LQ WKH� VWXG\�� %HFDXVH� WKH� VLJQLILFDQW� GLIIHUHQFH� ZDV� IRXQG� LQ� WKH�SULPDU\� RXWFRPH�� WKLV� WULDO� ZDV� HDUO\� WHUPLQDWHG�� 7KH� HOLJLEOH� SDWLHQWV� ZHUH�UDQGRPO\� DOORFDWHG� LQWR� WZR� JURXSV�� 7KH� +�2� JURXS� �Q ���� ZHUH� GRXFKHG�ZLWK� ��� PLOOLOLWHUV� RI� ��+�2�� DQG� UHFHLYHG� RUDO� SODFHER�� 7KH� PHWURQLGD]ROH�JURXS� �Q ���� UHFHLYHG� RUDO� PHWURQLGD]ROH� �� JUDPV� DQG� ZHUH� GRXFKHG� ZLWK�SODFHER��
����'HPRJUDSKLF�'DWD

7KH� GHPRJUDSKLF� GDWD� RI� WKH� SDWLHQWV� LV� VKRZQ� LQ� 7DEOH� ��� 7KH�EDVHOLQH�FKDUDFWHULVWLFV�RI� WZR�JURXSV�ZHUH�FRPSDUDEOH�ZLWK UHVSHFW� WR�DJH��PDULWDO�VWDWXV��SDULW\��VH[XDO�DFWLYLW\�DQG�FRQWUDFHSWLYH�PHWKRGV�$OO�FDVHV�SUHVHQWHG�ZLWK�LQFUHDVLQJ�YDJLQDO�GLVFKDUJH�EXW�QRQH�RI�WKHP�KDG� JDVWURLQWHVWLQDO� V\PSWRPV� EHIRUH� WUHDWPHQW� �7DEOH� ���� 'HWDLOV� RI�V\PSWRPV�DQG�VLJQV EHIRUH�WUHDWPHQW�DUH�SUHVHQWHG�LQ�7DEOH���



��7DEOH����'HPRJUDSKLF�FKDUDFWHULVWLFV
&KDUDFWHULVWLFV +�2� JURXS�Q ��� 0HWURQLGD]ROH�JURXS�Q ���$JH��\U�0HDQ��5DQJH�>����&,@ ������������>����������@ ������������>����������@0DULWDO�VWDWXV�6LQJOH�0DUULHG'LYRUFHG�6HSDUDWHG

��������>���������@����������>����������@��������>���������@
��������>���������@����������>����������@��������>���������@3DULW\��WLPH�������
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7KH�FXUH�UDWH�IRU�WUHDWPHQW�RI�EDFWHULDO�YDJLQRVLV�ZHUH�����������LQ����SDWLHQWV�� DQG� ������ ���� LQ� ��� SDWLHQWV� LQ� +�2� JURXS� DQG� PHWURQLGD]ROH�JURXS��UHVSHFWLYHO\��7KH�UHVXOW�ZDV�FRQVLGHUHG�VWDWLVWLFDOO\�VLJQLILFDQW��S�YDOXH� ��������ZLWK�GLIIHUHQFH�RI�FXUH�UDWH�HTXDO�WR������������&,�������������



������6HFRQGDU\�2XWFRPH�$QDO\VLV
������*DVWUR�LQWHVWLQDO�VLGH�HIIHFWV
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6WDQGDUG� WUHDWPHQW IRU� EDFWHULDO� YDJLQRVLV� DUH� ���� RUDO� PHWURQLGD]ROH�����PJ�WZLFH�GDLO\�IRU���GD\V������VLQJOH�GRVH�RUDO�PHWURQLGD]ROH���J������RUDO�FOLQGDP\FLQ�����PJ�WZLFH�GDLO\�IRU���GD\V���������FOLQGDP\FLQ�YDJLQDO�FUHDP�RQFH�GDLO\�IRU���GD\V��DQG�����������PHWURQLGD]ROH�YDJLQDO�JHO�WZLFH�GDLO\�IRU��� GD\V����� 7RSLFDO� DQWLPLFURELDO� WKHUDS\� KDV� VLPLODU� HIILFDF\� DV� RUDO�PHGLFDWLRQV� EXW� KDV� OHVV� V\VWHPLF� VLGH� HIIHFWV�� +RZHYHU�� LW� FRVW� PRUH�H[SHQVLYH�WKDQ�RUDO�PHWURQLGD]ROH� DQG�QRW�DYDLODEOH�LQ�7KDLODQG�:LQFHVODXV� DQG� FROOHDJXH�� KDG� FRQGXFWHG� RQH� VWXG\� XVLQJ� D� VLQJOH�YDJLQDO�ZDVKRXW�ZLWK����+�2� IRU� WUHDWPHQW�RI� UHFXUUHQW�EDFWHULDO�YDJLQRVLV��7ZHQW\�WKUHH�V\PSWRPDWLF�ZRPHQ�ZLWK�FOLQLFDOO\�FRQILUPHG�EDFWHULDO�YDJLQRVLV�ZHUH�UHFUXLWHG��$IWHU� WUHDWPHQW��V\PSWRPV�FOHDUHG�FRPSOHWHO\�LQ�������������DQG�ODERUDWRU\�ILQGLQJV�FRQILUPHG�WKH�HIILFDF\��1R�VLGH�HIIHFWV�ZHUH�REVHUYHG�LQ�WKH�WUHDWHG�ZRPHQ�)RU� WHVWLQJ� WKH�HIIHFWLYHQHVV�RI�VLQJOH�YDJLQDO�GRXFKLQJ ZLWK����+�2�LQ�WKH�WUHDWPHQW�RI�EDFWHULDO�YDJLQRVLV��WKH�PRVW�DSSURSULDWHG�UHVHDUFK�GHVLJQ�LV� UDQGRPL]HG� FRQWUROOHG� FOLQLFDO� WULDO�� 5DQGRPL]HG� FRQWUROOHG� VWXG\� FDQ�PLQLPL]H�WKH�VHOHFWLRQ�ELDV��PHDVXUHPHQW�ELDV�DQG�RWKHU�FRQIRXQGHUV��6LQJOH�GRVH� RUDO� PHWURQLGD]ROH� ZDV� VHOHFWHG� WR� EH� D� FRQWURO� EHFDXVH� LW� LV� RQH� RI�VWDQGDUG�WUHDWPHQW��ORZ�FRVW�DQG�WDNHQ�RQO\�RQH�WLPH��� 7KLV�VWXG\�FDQ�DYRLG�



��WKH�FRPSOLDQFH�SUREOHP�EHFDXVH�ERWK�H[SHULPHQWDO�DQG�FRQWURO�JURXSV DUH�DEOH� WR� FRPSOHWH� WUHDWPHQW� DW� LQLWLDO� YLVLW�� 7R� EOLQG� WKH� VXEMHFWV� DQG� WKH�LQYHVWLJDWRUV�� GRXEOH� GXPPLHV� �SODFHER� IRU� PHWURQLGD]ROH� DQG� SODFHER� IRU�+�2���ZHUH�XVHG��7KH� QXPEHUV� RI�+�2� JURXS� �Q ����DQG�PHWURQLGD]ROH�JURXS� �Q� ����ZHUH�QRW HTXDO�EHFDXVH�VLPSOH�UDQGRPL]DWLRQ�FRXOG�QRW�JXDUDQWHH�WKH�HTXDO�QXPEHU� LQ� HDFK� JURXS�� +RZHYHU�� WKH� EDVHOLQH� GDWD� UHYHDOHG� QR� VLJQLILFDQW�GLIIHUHQFHV� EHWZHHQ� WZR� JURXSV� ZLWK� UHJDUG� WR� GHPRJUDSKLF� FKDUDFWHULVWLFV��7DEOH����DQG�SDWLHQWVu�V\PSWRPV�DQG�VLJQV�EHIRUH� WUHDWPHQW� �7DEOH�����7KH�FRPSDUDEOH� EDVHOLQH� GDWD� RI� WUHDWPHQW� JURXSV� VKRXOG� DOORZ� YDOLG� EHWZHHQ�JURXS�FRPSDULVRQV�,Q� WKLV VWXG\�� LW� ZDV� GHPRQVWUDWHG� WKDW� WKH� FXUH� UDWH� RI� WUHDWPHQW� RI�EDFWHULDO� YDJLQRVLV� ZLWK� VLQJOH� YDJLQDO� GRXFKLQJ� ZLWK� ��� +�2� ZDVVLJQLILFDQWO\� ORZHU WKDQ� ZLWK� VLQJOH� GRVH� RUDO� PHWURQLGD]ROH� �� ������ YHUVXV������� �S�YDOXH� ���������7KH�GLIIHUHQFH�RI� FXUH� UDWH�HTXDOHG� WR�������ZLWK����� FRQILGHQFH� LQWHUYDO� ���� WR� ������&XUH� UDWH�ZLWK VLQJOH� YDJLQDO� GRXFKLQJZLWK����+�2� LQ�WKLV�VWXG\�LV�RQO\ ������ZKLFK�LV�QRW�DSSURSULDWH�IRU�FOLQLFDO�DSSOLFDWLRQ��7KH�UHDVRQ�PD\�EH�HLWKHU�YDJLQDO�GRXFKLQJ ZLWK����+�2� LV�QRW�HIIHFWLYH�IRU�WUHDWPHQW�RI�EDFWHULDO�YDJLQRVLV�RU�D�VLQJOH�WLPH�LV�QRW�DGHTXDWH��7KH�UHVXOW�ZDV�PXFK�GLIIHU� IURP�SUHYLRXV�VWXG\�� ZKLFK�ZDV�QRW D FRQWUROOHG�VWXG\��,W�PD\�FDXVH�IURP�GLIIHUHQW�SRSXODWLRQ�DQG�XVLQJ�GLIIHUHQW�FULWHULD��



��7KH�HIIHFWLYHQHVV�RI� D� VLQJOH�GRVH�RUDO�PHWURQLGD]ROH� IRU� WUHDWPHQW�RI�EDFWHULDO�YDJLQRVLV�LQ�WKLV�VWXG\�ZDV ������FXUH�UDWH��7KH�UHVXOW� LV�VLPLODU�ZLWK�SUHYLRXV�VWXGLHV WKDW�VKRZQ�FXUH�UDWH�EHWZHHQ������ �����7DEOH����
7DEOH����&XUH�UDWH�IURP�XVLQJ�VLQJOH�GRVH�RUDO�PHWURQLGD]ROH

$XWKRUV Q &XUH�UDWH����7KLV�VWXG\%ODFNZHOO�HW�DO��,VRQ�HW�DO��0HQJHO�HW�DO��6ZHGEHUJ�HW�DO��3XUGRQ�HW�DO��
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��������������
7KLV� VWXG\� GLG� QRW� IRXQG� VHYHUH� DGYHUVH� HIIHFWV�� 7KH� SDWLHQWV� LQ�PHWURQLGD]ROH� JURXS� KDG� PRUH� JDVWUR�LQWHVWLQDO� VLGH� HIIHFWV� ZKLFK� LQFOXGHG�QDXVHD��YRPLWLQJ�DQG�PHWDOOLF�WDVWH��WKDQ�LQ�+�2� JURXS�VWDWLVWLFDOO\�VLJQLILFDQW�������� DQG� ������� S� YDOXH� �� �������� 7KLV� LV� D� GLVDGYDQWDJH� RI� RUDO�PHWURQLGD]ROH��KRZHYHU��PRVW�RI�WKH�SDWLHQWV�KDG�RQO\�QDXVHD�DQG�V\PSWRPV�FOHDU� ZLWKLQ� WZR� GD\V�� ,W� LV� LPSRUWDQW� WR� LQVWUXFW� WKH� SDWLHQWV� WR� WDNH� GUXJ�LPPHGLDWHO\ DIWHU� PHDO� DQG� QRW� WDNLQJ� DOFRKRO� ZLWKLQ� ��� KRXUV�� 7R� UHFRUG�WKHVH�VLGH�HIIHFWV� LQ� WKH� IXWXUH�VWXG\�� WKH�DXWKRU�VXJJHVW� WR�GLYLGH� LQWR�HDFK�V\PSWRP��



��1R�SDWLHQW�ZKR�SDUWLFLSDWHG�LQ�WKLV�VWXG\�KDG�VHYHUH�YDJLQDO�LUULWDWLRQ��0LOG� LUULWDWLRQ�� IRXQG� GXULQJ� GRXFKLQJ� SURFHVV�� RFFXUUHG� LQ� +�2� JURXS�VLJQLILFDQWO\�PRUH�IUHTXHQW�WKDQ�LQ�PHWURQLGD]ROH�JURXS��������YHUVXV��������S� YDOXH�  � �������� 7KLV� ILQGLQJ� VXSSRUW� WKH� SUHYLRXV� VWXG\�� WKDW� QR� VHULRXV�DGYHUVH�HIIHFW�DIWHU�GRXFKLQJ�ZLWK����+�2��
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%\�FRQGXFWLQJ�D�UDQGRPL]HG�GRXEOH�EOLQG�FRQWUROOHG�WULDO�FRPSDULQJ�WKH�HIIHFWLYHQHVV� LQ� WHUP�RI� FXUH� UDWH� LQ�����SDWLHQWV�GLDJQRVHG�DV�V\PSWRPDWLF�EDFWHULDO�YDJLQRVLV�ZKR�ZHUH� WUHDWHG�ZLWK D�VLQJOH�YDJLQDO�GRXFKLQJ�ZLWK����+�2� �Q� �����YHUVXV�WKRVH�ZKR�UHFHLYHG�D�VLQJOH�GRVH�RUDO�PHWURQLGD]ROH��Q� � ����� WKH� UHVXOWV� VKRZQ� WKDW�� EDVH� RQ� WKH� EDVLV� RI� WKH� LQWHQWLRQ�WR�WUHDW�DQDO\VLV�� WKH� FXUH� UDWH� LQ� SDWLHQWV� ZKR� ZHUH� WUHDWHG� ZLWK D� VLQJOH� YDJLQDO�GRXFKLQJ� ZLWK� ��� +�2� ZDV� VLJQLILFDQWO\� OHVV� WKDQ� ZLWK� D� VLQJOH� GRVH� RUDO�PHWURQLGD]ROH���������YHUVXV��������S�YDOXH� ���������7KH�GLIIHUHQFH�RI�FXUH�UDWH�HTXDOHG�WR�������ZLWK�����FRQILGHQFH�LQWHUYDO�����WR ������+RZHYHU��WKH�SDWLHQWV� ZKR� UHFHLYHG PHWURQLGD]ROH� KDG� PRUH� JDVWUR�LQWHVWLQDO� VLGH� HIIHFWV�WKDQ� WKRVH� ZKR� ZHUH� +�2� YDJLQDO� GRXFKHG� ������� DQG� ������� S� YDOXH� ���������� 0LOG� YDJLQDO� LUULWDWLRQ�� IRXQG� GXULQJ� GRXFKLQJ� SURFHVV�� RFFXUUHG� LQ�WKRVH� ZKR� ZHUH� +�2� YDJLQDO� GRXFKHG� VLJQLILFDQWO\� PRUH� IUHTXHQW� WKDQ� LQ�PHWURQLGD]ROH�JURXS��������YHUVXV��������S�YDOXH� ��������



5()(5(1&(6
�� 0DMHURQL� %$�� %DFWHULDO� YDJLQRVLV�� DQ� XSGDWH�� $P� )DP� 3K\VLFLDQ����������������������
�� 3XDSHUPSRRQVLUL� 6��.DWR�1��:DWDQDEH�.��8HQR�.��&KRQJVRPFKDL�&��/XPELJDQRQ� 3�� 9DJLQDO� PLFURIORUD� DVVRFLDWHG� ZLWK� EDFWHULDO�YDJLQRVLV�LQ�-DSDQHVH�DQG�7KDL�SUHJQDQW�ZRPHQ��&OLQ�,QIHFW�'LV����������������
�� +LOO�*%��7KH�PLFURELRORJ\�RI�EDFWHULDO�YDJLQRVLV��$P�-�2EVWHW�*\QHFRO����������������
�� (VFKHQEDFK� '$�� %DFWHULDO� YDJLQRVLV� DQG� DQDHUREHV� LQ� REVWHWULF�J\QHFRORJLF�LQIHFWLRQ��&OLQ�,QIHFW�'LV���������6XSSO���6������
�� +LOOLHU� 6/�� .LYLDW� 1%�� +DZHV� 6(�� +DVVHOTXLVW� 0%�� +DQVVHQ� 3:��(VFKHQEDFK� '$�� HW� DO�� 5ROH� RI� EDFWHULDO� YDJLQRVLV�DVVRFLDWHG�PLFURRUJDQLVPV� LQ HQGRPHWULWLV�� $P� -� 2EVWHW� *\QHFRO�����������������
�� 6ZHHW�5/��5ROH� RI� EDFWHULDO� YDJLQRVLV� LQ� SHOYLF� LQIODPPDWRU\�GLVHDVH��&OLQ�,QIHFW�'LV���������6XSSO���6������
�� &ROOL� (�� %HUWXOHVVL� &�� /DQGRQL� 0�� 3DUD]]LQL� )�� %DFWHULDO� YDJLQRVLV� LQ�SUHJQDQF\�DQG�SUHWHUP�ELUWK��HYLGHQFH� IURP� WKH� OLWHUDWXUH��-� ,QW�0HG�5HV����������������



���� *ROGHQEHUJ�5/��7KRP�(��0RDZDG�$+��-RKQVRQ�)��5REHUWV�-��&DULWLV�61�� 7KH� SUHWHUP� SUHGLFWLRQ� VWXG\�� IHWDO� ILEURQHFWLQ�� EDFWHULDO�YDJLQRVLV�� DQG� SHULSDUWXP� LQIHFWLRQ�� 1,&+'� 0DWHUQDO� )HWDO�0HGLFLQH�8QLWV�1HWZRUN��2EVWHW�*\QHFRO����������������
�� +LOOLHU�6/��1XJHQW�53��(VFKHQEDFK�'$��.URKQ�0$��*LEEV�56��0DUWLQ�'+��HW�DO��$VVRFLDWLRQ�EHWZHHQ�EDFWHULDO� YDJLQRVLV�DQG�SUHWHUP�GHOLYHU\�RI�D�ORZ� ELUWK�ZHLJKW�LQIDQW��7KH�9DJLQDO�,QIHFWLRQV�DQG�3UHPDWXULW\�6WXG\�*URXS��1�(QJO�-�0HG������������������
��� 0HLV�3-��*ROGHQEHUJ�5/��0HUFHU�%��0RDZDG�$��'DV�$��0F1HOOLV�'��HW�DO�� 7KH� SUHWHUP� SUHGLFWLRQ� VWXG\�� VLJQLILFDQFH� RI� YDJLQDO�LQIHFWLRQV�� 1DWLRQDO� ,QVWLWXWH� RI� &KLOG� +HDOWK� DQG� +XPDQ�'HYHORSPHQW� 0DWHUQDO�)HWDO� 0HGLFLQH� 8QLWV� 1HWZRUN�� $P� -�2EVWHW�*\QHFRO�����������������
��� $PVHO� 5�� 7RWWHQ� 3$�� 6SLHJHO� &$�� &KHQ� .&�� (VFKHQEDFK�'�� +ROPHV�..�� 1RQVSHFLILF� YDJLQLWLV�� 'LDJQRVWLF� FULWHULD� DQG�PLFURELDO� DQG�HSLGHPLRORJLF�DVVRFLDWLRQV��$P�-�0HG���������������
��� 1XJHQW� 53�� .URKQ� 0$� +LOOLHU� 6/�� 5HOLDELOLW\� RI� GLDJQRVLQJ� EDFWHULDO�YDJLQRVLV� LV� LPSURYHG� E\� D� VWDQGDUGL]HG�PHWKRG� RI� JUDP�VWDLQ�LQWHUSUHWDWLRQ��-�&OLQ�0LFURELRO�����������������



����� -RHVRHI� 05�� 6FKPLG� *3�� %DFWHULDO� YDJLQRVLV�� UHYLHZ� RI� WUHDWPHQW�RSWLRQV� DQG� SRWHQWLDO� FOLQLFDO LQGLFDWLRQV� IRU� WKHUDS\��&OLQ� ,QIHFW�'LV���������6XSSO���6�����
��� (VFKHQEDFK�'$��'DYLFN�35��:LOOLDPV�%/��.OHEDQRII�6-��<RXQJ�6PLWK�.�� &ULWFKORZ� &0�� HW� DO�� 3UHYDOHQFH� RI� K\GURJHQ� SHUR[LGH�SURGXFLQJ� /DFWREDFLOOXV� VSHFLHV� LQ� QRUPDO� ZRPHQ� DQG� ZRPHQ�ZLWK�EDFWHULDO�YDJLQRVLV��-�&OLQ�0LFURELRO���������������
��� +DZHV�6(��+LOOLHU�6/��%HQHGHWWL� -�� 6WHYHQV�&(��.RXWVN\�/$��:ROQHU�+DQVVHQ� 3� HW� DO�� +\GURJHQ� SHUR[LGH�SURGXFLQJ� ODFWREDFLOOL� DQG�DFTXLVLWLRQ�RI�YDJLQDO�LQIHFWLRQV��-�,QIHFW�'LV������������������
��� :LQFHVODXV� 6-�� &DOYHU� *�� 5HFXUUHQW� EDFWHULDO� YDJLQRVLV��DQ� ROG�DSSURDFK�WR�D�QHZ�SUREOHP��,QW�-�67'�$,'6��������������
��� (VFKHQEDFK�'$��+LOOLHU�6��&ULWFKORZ�&��6WHYHQV�&��'H5RXHQ�7��+ROPHV�..��'LDJQRVLV�DQG�FOLQLFDO�PDQLIHVWDWLRQV�RI�EDFWHULDO�YDJLQRVLV��$P�-�2EVWHW�*\QHFRO ����������������
��� (PEUHH�-��&DOLDQGR�--��0F&RUPDFN�:0��1RQVSHFLILF�YDJLQLWLV�DPRQJ�ZRPHQ� DWWHQGLQJ� D� VH[XDOO\� WUDQVPLWWHG� GLVHDVHV� FOLQLF�� 6H[�7UDQVP�'LV��������������



����� 0RL� +�� 3UHYDOHQFH� RI� EDFWHULDO� YDJLQRVLV� DQG� LWV� DVVRFLDWLRQ� ZLWK�JHQLWDO� LQIHFWLRQV�� LQIODPPDWLRQ�� DQG� FRQWUDFHSWLYH� PHWKRGV� LQ�ZRPHQ� DWWHQGLQJ� VH[XDOO\� WUDQVPLWWHG� GLVHDVH� DQG� SULPDU\�KHDOWK�FOLQLFV��,QW�-�67'�$,'6��������������
��� 6DLGL� 6$�� 0DQGDO� '�� &XUOHVV� (�� %DFWHULDO� YDJLQRVLV� LQ� D� GLVWULFW�JHQLWRXULQDU\� PHGLFLQH� GHSDUWPHQW�� VLJQLILFDQFH� RI� YDJLQDO�PLFURELRORJ\�DQG�DQDHUREHV��,QW�-�67'�$,'6��������������
��� 0HDG� 3%�� (SLGHPLRORJ\� RI� EDFWHULDO� YDJLQRVLV�� $P� -�2EVWHW�*\QHFRO����������������
��� *XHUUHLUR�'��*LJDQWH�0$��7HOHV�/&��6H[XDOO\�WUDQVPLWWHG�GLVHDVHV�DQG�UHSURGXFWLYH� WUDFW� LQIHFWLRQV� DPRQJ FRQWUDFHSWLYH� XVHUV�� ,QW� -�*\QDHFRO�2EVWHW���������6XSSO���6�������
��� +D\� 3(�� 7D\ORU�5RELQVRQ� '�� /DPRQW� 5)�� 'LDJQRVLV� RI� EDFWHULDO�YDJLQRVLV� LQ� D� J\QDHFRORJ\� FOLQLF�� %U� -� 2EVWHW� *\QDHFRO��������������
��� 6FKZHENH�-5��+LOOLHU�6/��6REHO�-'��0F*UHJRU�-$��6ZHHW�5/��9DOLGLW\�RI�WKH� YDJLQDO� JUDP� VWDLQ� IRU� WKH� GLDJQRVLV� RI� EDFWHULDO� YDJLQRVLV��2EVWHW�*\QHFRO���������������



����� *UDYHWW�0*��1HOVRQ�+3��'H5RXHQ�7��&ULWFKORZ�&��(VFKHQEDFK�'$��+ROPHV�..��,QGHSHQGHQW�DVVRFLDWLRQV�RI�EDFWHULDO�YDJLQRVLV�DQG�&KODP\GLD� WUDFKRPDWLV� LQIHFWLRQ� ZLWK� DGYHUVH� SUHJQDQF\�RXWFRPH��-$0$�������������������
��� %DUERQH� )�� $XVWLQ� +�� /RXY�:&�� $OH[DQGHU�:-�� $� IROORZ�XS� VWXG\� RI�PHWKRGV� RI� FRQWUDFHSWLRQ�� VH[XDO� DFWLYLW\�� DQG� UDWHV� RI�WULFKRPRQLDVLV��FDQGLGLDVLV��DQG�EDFWHULDO�YDJLQRVLV��$P�-�2EVWHW�*\QHFRO����������������
��� +LOO�/9��/XWKHU�(5��<RXQJ�'��3HUHLUD�/��(PELO�-$��3UHYDOHQFH�RI�ORZHU�JHQLWDO�WUDFW�LQIHFWLRQV�LQ�SUHJQDQF\��6H[�7UDQVP�'LV��������������
��� %XPS� 5&�� %XHVFKLQJ� :-� �G�� %DFWHULDO� YDJLQRVLV� LQ� YLUJLQDO� DQG�VH[XDOO\� DFWLYH� DGROHVFHQW� IHPDOHV�� HYLGHQFH� DJDLQVW� H[FOXVLYH�VH[XDO�WUDQVPLVVLRQ��$P�-�2EVWHW�*\QHFRO����������������
��� 9XW\DYDQLFK� 7�� 3RQJVXWKLUDN� 3�� 9DQQDUHXPRO� 3�� 5XDQJVUL� 5$��/XDQJVRRN� 3�� $� UDQGRPL]HG� GRXEOH�EOLQG� WULDO� RI� WLQLGD]ROH�WUHDWPHQW� RI� WKH� VH[XDO� SDUWQHUV� RI� IHPDOHV� ZLWK� EDFWHULDO�YDJLQRVLV��2EVWHW�*\QHFRO���������������



����� 9HMWRUS�0��%ROOHUXS�$&��9HMWRUS�/��)DQRH�(��1DWKDQ�(��5HLWHU�$��HW�DO�� %DFWHULDO� YDJLQRVLV�� D� GRXEOH�EOLQG� UDQGRPL]HG� WULDO� RI� WKH�HIIHFW�RI� WUHDWPHQW�RI� WKH�VH[XDO�SDUWQHU��%U�-�2EVWHW�*\QDHFRO���������������
��� 7KRPDVRQ� -/�� *HOEDUW� 60�� :LOFRVNL� /0�� 3HWHUVRQ� $.�� -LOO\� %-��+DPLOWRQ� 35�� 3UROLQH� DPLQRSHSWLGDVH� DFWLYLW\� DV� D� UDSLG�GLDJQRVWLF� WHVW� WR� FRQILUP� EDFWHULDO� YDJLQRVLV�� 2EVWHW� *\QHFRO����������������
��� .OHEDQRII�6-��+LOOLHU�6/��(VFKHQEDFK�'$��:DOWHUVGRUSK�$0��&RQWURO�RI�WKH�PLFURELDO�IORUD�RI�WKH�YDJLQD�E\�+�2��JHQHUDWLQJ�ODFWREDFLOOL��-�,QIHFW�'LV�����������������
��� .RUQ�$3��%RODQ�*��3DGLDQ�1��2KP�6PLWK�0��6FKDFKWHU�-��/DQGHUV�'9��3ODVPD� FHOO� HQGRPHWULWLV� LQ� ZRPHQ� ZLWK� V\PSWRPDWLF� EDFWHULDO�YDJLQRVLV��2EVWHW�*\QHFRO����������������
��� *LEEV� 56�� &KRULRDPQLRQLWLV� DQG� EDFWHULDO� YDJLQRVLV�� $P� -� 2EVWHW�*\QHFRO����������������
��� 0F*UHJRU�-$��)UHQFK�-,��6HR�.��3UHPDWXUH�UXSWXUH�RI�PHPEUDQHV�DQG�EDFWHULDO�YDJLQRVLV��$P�-�2EVWHW�*\QHFRO����������������
��� *UHDYHV� :/�� &KXQJDIXQJ� -�� 0RUULV� %�� +DLOH� $�� 7RZQVHQG� -/��&OLQGDP\FLQ� YHUVXV�PHWURQLGD]ROH� LQ� WKH� WUHDWPHQW� RI� EDFWHULDO�YDJLQRVLV��2EVWHW�*\QHFRO�����������������



����� /XJR�0LUR� 9,�� *UHHQ� 0�� 0D]XU� /�� &RPSDULVRQ� RI� GLIIHUHQW�PHWURQLGD]ROH� WKHUDSHXWLF� UHJLPHQV� IRU� EDFWHULDO� YDJLQRVLV�� $�PHWD�DQDO\VLV��-$0$���������������
��� +D\� 3(�� 7KHUDS\� RI� EDFWHULDO� YDJLQRVLV�� -� $QWLPLFURE� &KHPRWKHU�������������
��� %ODFNZHOO�$/��)R[�$5��3KLOOLSV� ,��%DUORZ�'��$QDHURELF�YDJLQRVLV� �QRQ�VSHFLILF� YDJLQLWLV��� FOLQLFDO�� PLFURELRORJLFDO�� DQG� WKHUDSHXWLF�ILQGLQJV��/DQFHW����������������
��� ,VRQ�&$��7D\ORU�5)��/LQN�&��%XFNHWW�3��+DUULV�-5��(DVPRQ�&6��/RFDO�WUHDWPHQW�IRU�EDFWHULDO�YDJLQRVLV��%U�0HG�-��������������
��� 0HQJHO�0%��%HUJ�$2��:HDYHU�&+��+HUPDQ�'-��+HUPDQ�6-��+XJKHV�9/�� HW� DO�� 7KH� HIIHFWLYHQHVV� RI� VLQJOH�GRVH� PHWURQLGD]ROH�WKHUDS\�IRU�SDWLHQWV�DQG�WKHLU�SDUWQHUV�ZLWK�EDFWHULDO�YDJLQRVLV��-�)DP�3UDFW����������������
��� 6ZHGEHUJ�-��6WHLQHU�-)��'HLVV�)��6WHLQHU�6��'ULJJHUV�'$��&RPSDULVRQ�RI� VLQJOH�GRVH� YV� RQH�ZHHN� FRXUVH� RI� PHWURQLGD]ROH� IRU�V\PSWRPDWLF�EDFWHULDO�YDJLQRVLV��-$0$�����������������
��� 3XUGRQ� $� -U�� +DQQD� -+�� 0RUVH� 3/�� 3DLQH� ''�� (QJHONLUN� 3*�� $Q�HYDOXDWLRQ� RI� VLQJOH�GRVH� PHWURQLGD]ROH� WUHDWPHQW� IRU�*DUGQHUHOOD�YDJLQDOLV�YDJLQLWLV��2EVWHW�*\QHFRO���������������
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��$33(1',;�$
&KHFN�/LVW�IRU�(OLJLELOLW\�&ULWHULD&DVH�5HFRUG�)RUP ,�'��1XPEHU

(OLJLELOLW\�&ULWHULD <HV 1R,QFOXVLRQ�FULWHULD��� $JH�EHWZHHQ����DQG����\HDUV��� 'LDJQRVHG�DV�KDYLQJ�EDFWHULDO�YDJLQRVLV�E\�$PVHO¶V�FULWHULD��� ,QIRUPHG�DERXW�WKH�VWXG\�DQG�KDYLQJ�VLJQHG����WKH�LQIRUPHG�FRQVHQW�IRUP([FOXVLRQ�FULWHULD��� +LVWRU\�RI�+�2��RU�PHWURQLGD]ROH�DOOHUJ\��� +DYLQJ�WDNHQ�DQWLELRWLF�WUHDWPHQW�ZLWKLQ�WKH��WZR�ZHHNV�SULRU�WR�WULDO�HQWU\�RU QHHG�WR��UHFHLYH�DQWLELRWLFV�IURP�RWKHU�GLVHDVHV��� 3UHJQDQF\��� ,PPXQR�FRPSURPLVHG�KRVW�LQFOXGHG�+,9�LQIHFWHG�SDWLHQWV��� 'LDEHWHV�PHOOLWXV��� &XUUHQW�XVH�RI�LQWUDXWHULQH�GHYLFH��� 3UHPDWXUH�PHQRSDXVH��� 9DJLQDO�RU�FHUYLFDO�XOFHUDWLRQ�RU�FRLQIHFWLRQV



��)LUVW�9LVLW����SDJH���RI��&DVH�5HFRUG�)RUP ,�'��1XPEHU
'DWH�««��«�«�«�«����1DPH««««««««««««�««««������+�1� «««««�««���'DWH�RI�ELUWK ««��«�«�«�«���0DULWDO�VWDWXV 6LQJOH «««0DUULHG «««'LYRUFHG�:LGRZ «««���3$5$ ««��««�««�««����/DVW�FKLOG�DJH «««\HDU��V����/DVW�DERUWLRQ «««\HDU��V����&XUUHQW�FRQWUDFHSWLRQ 1RQH «««2UDO�SLOOV «««,QMHFWDEOH «««,PSODQW «««,8' «««2WKHUV «««�����VSHFLI\�««««���$YHUDJH�QXPEHU�RI�VH[XDO�DFWV�SHU�ZHHNQRQH «««��� «««��� «««!�� «««����/DVW�PHQVWUXDO�SHULRG� ««��«�«�«�«����+LVWRU\�RI�PHGLFDO�GLVHDVHV�RU�GUXJ�DOOHUJ\ QRQH «««<HV��VSHFLI\�«««



��)LUVW�9LVLW����SDJH���RI��&DVH�5HFRUG�)RUP ,�'��1XPEHU
����6\PSWRPV������,QFUHDVH�GLVFKDUJH 3UHVHQW «««$EVHQW «««�����9DJLQDO�PDORGRU 3UHVHQW «««$EVHQW «««�����9DJLQDO�LUULWDWLRQ 3UHVHQW «««$EVHQW «««�����1DXVHD�DQG�YRPLWLQJ� 3UHVHQW «««$EVHQW «««����6LJQV �����'LVFKDUJH +RPRJHQHRXV� «««2WKHUV «««�����S+� !���� «««����� «««�����:KLII�WHVW 3RVLWLYH «««1HJDWLYH «««�����&OXH�FHOO���� 3RVLWLYH «««1HJDWLYH «««����'LDJQRVLV�RI�%DFWHULDO�YDJLQRVLV <HV «««1R «««
,QWHUYHQWLRQ 7DNH�RUDO�PHGLFDWLRQ 'RQH «««9DJLQDO�GRXFKLQJ 'RQH «««1RWH««««««««««««««««««««««««�



��)ROORZ�XS�9LVLW&DVH�5HFRUG�)RUP ,�'��1XPEHU
'DWH�««��«�«�«�«���6\PSWRPV�����,QFUHDVH�GLVFKDUJH 3UHVHQW «««$EVHQW «««����9DJLQDO�PDORGRU 3UHVHQW «««$EVHQW «««����9DJLQDO�LUULWDWLRQ 3UHVHQW «««$EVHQW «««����1DXVHD�DQG�YRPLWLQJ� 3UHVHQW «««$EVHQW «««���6LJQV ����'LVFKDUJH +RPRJHQHRXV «««2WKHUV «««����S+� !���� «««����� «««����:KLII�WHVW 3RVLWLYH «««1HJDWLYH «««����&OXH�FHOO���� 3RVLWLYH «««1HJDWLYH «««���'LDJQRVLV &XUHG «««1RW�FXUHG «««
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