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

������
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5XQQLQJ�+HDG��
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$EVWUDFW�� 3RVW�RSHUDWLYH� SDLQ� UHVXOWV� LQ� PDQ\� FRPSOLFDWLRQV�� 6WXGLHV�VXJJHVW� EHWD� EORFNHUV� WR� EH� HIIHFWLYH� LQ�GHFUHDVLQJ� SRVWRSHUDWLYH� SDLQ� DQG� DQDOJHVLF� UHTXLUHPHQWV�� 7KLV� VWXG\� HYDOXDWHG� WKH� LQIOXHQFH� RI� SHULRSHUDWLYH�DGPLQLVWUDWLRQ� RI� ��PJ� RUDOO\� SURSUDQRORO� RQ� SDWLHQWV¶� SRVW�RSHUDWLYH� SDLQ� VFRUH� DQG� DQDOJHVLF� FRQVXPSWLRQ�IROORZLQJ�DEGRPLQDO�K\VWHUHFWRP\�� ,Q� WKLV�GRXEOH�EOLQG� UDQGRPL]HG� FOLQLFDO� WULDO�����ZRPHQ�ZKR�KDG� UHIHUUHG� IRU�HOHFWLYH� DEGRPLQDO� K\VWHUHFWRP\� VXUJHU\�GXULQJ� \HDUV�����������ZHUH� UHYLHZHG��3DWLHQWV�ZHUH� UDQGRPO\� GLYLGHG�LQWR�FDVH��UHFHLYLQJ����PJ�RUDOO\�SURSUDQRORO�WDEOHW����PLQ�EHIRUH�VXUJHU\��DQG�FRQWURO��UHFHLYLQJ�RUDOO\�SODFHER����PLQ� EHIRUH� VXUJHU\��� *HQHUDO� DQHVWKHVLD� ZDV� GRQH� WKH� VDPH� IRU� ERWK� JURXSV�� 3RVWRSHUDWLYH� WLPH� RI� ILUVW� QHHG� WR�PRUSKLQH��WRWDO�PRUSKLQH�FRQVXPSWLRQ�GRVH�DQG�SDLQ�VHYHULW\�GXULQJ�WKH�ILUVW����KRXUV�DIWHU�VXUJHU\�ZDV�PHDVXUHG�DPRQJ�ERWK� JURXSV�� DJH� DQG�K\VWHUHFWRP\� LQGLFDWLRQ�ZDV� QRW� VWDWLVWLFDOO\� GLIIHUHQW� EHWZHHQ� WZR�JURXSV� �S!�������7RWDO�PRUSKLQH�FRQVXPSWLRQ�LQ�WKH�SURSUDQRORO�JURXS�����������PJ��ZDV�ORZHU�WKDQ�FRQWURO�JURXS������������PJ���S���������7KH�,QLWLDO�PRUSKLQH�DGPLQLVWUDWLRQ�WLPH��PLQ��LQ�WKH�SURSUDQRORO�JURXS�ZDV�VLJQLILFDQWO\�ORQJHU�WKDQ�WKH�FRQWURO�JURXS�������������YV������������������S���������7KH�3DLQ�6FRUH��9$6�VFRULQJ���0HDQ�6'��LQ�SURSUDQRORO�JURXS� ZDV� ORZHU� WKDQ� WKH� FRQWURO� JURXS� �����������YV�� ����� ������ �S�� �������� DGPLQLVWUDWLRQ� RI� ��PJ� RUDOO\�SURSUDQRORO����PLQXWHV�EHIRUH�DEGRPLQDO�K\VWHUHFWRP\�LV�HIIHFWLYH� LQ�GHFUHDVLQJ�SDWLHQWV¶�SRVW�RSHUDWLYH�SDLQ�DQG�PRUSKLQH� DGPLQLVWUDWLRQ� GRVDJH�� ,W� DOVR� HORQJDWHV� WKH� ,QLWLDO� PRUSKLQH� DGPLQLVWUDWLRQ� WLPH� LQ� WKH� ILUVW� ��� KRXUV�IROORZLQJ�DEGRPLQDO�K\VWHUHFWRP\��>%DWRRO�7HLPRRUL���0DVRXP�.KRVKIHWUDW��)DUDQDN�%H\UDPL����1DKLG�6DNKDYDU����=DKUD�'HKEDVKL��%HK]DG�1DURXLH�DQG� $OL� 'DYDULDQ�� 3URSUDQRORO� GHFUHDVHV� WKH� SRVW�RSHUDWLYH� SDLQ� DQG� DQDOJHVLF� DGPLQLVWUDWLRQ� IROORZLQJ�DEGRPLQDO� K\VWHUHFWRP\�� /LIH� 6FL� -� �������������������@�� �,661�� ������������ KWWS���ZZZ�OLIHVFLHQFHVLWH�FRP�����.H\ZRUGV��3RVWRSHUDWLYH�SDLQ��DEGRPLQDO�K\VWHUHFWRP\��SURSUDQRORO�

,QWURGXFWLRQ��+\VWHUHFWRP\� LV� RQH� RI� WKH� PRVW� FRPPRQ�J\QHFRORJLFDO�RSHUDWLRQV�ZLWK�DQQXDO�UDWHV�RI����������LQ�86$�������3RVW�K\VWHUHFWRP\�DFXWH�SDLQ�PD\�OHDG�WR�ZRXQG� KHDOLQJ� GHOD\�� LQFUHDVH� R[\JHQ� FRQVXPSWLRQ�DQG� K\SHUFRDJXODELOLW\� VWDWH�� ,W� DOVR� VXSSUHVVHV� WKH�LPPXQH� V\VWHP�DQG�E\�FKDQJLQJ� WKH�EUHDWKLQJ� SDWWHUQ�FDQ� FDXVH� UHWHQWLRQ� RI� SXOPRQDU\� VHFUHWLRQV� DQG�DWHOHFWDVLV������6R��KLJK�TXDOLW\�SDLQ�PDQDJHPHQW�DIWHU���

K\VWHUHFWRP\� LV� D� PDMRU� FKDOOHQJH�� $OWKRXJK� RSLRLGV�VXFK�DV�PRUSKLQH�VXOIDWH�KDYH�EHHQ�WKH�FRUQHU�VWRQH�RI�SRVWRSHUDWLYH�SDLQ�PDQDJHPHQW���WKH\�KDYH�VRPH�VLGH�HIIHFWV��6R��D�PXOWLPRGDO�DSSURDFK�VXFK� DV� FRPELQLQJ� ORFDO� DQHVWKHVLD� DQG� QRQ�RSLRLG�DQDOJHVLFV�RU�XVLQJ�RWKHU�GUXJV�LQ�RUGHU�WR�PLQLPL]H�WKH�QHHG� IRU� � RSLRLG� DQG� WKHLU� � VLGH� HIIHFWV�� KDV� UHFHQWO\�EHFRPH�PRUH��SRSXODU���������
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,Q�DQ�H[SHULPHQWDO�VWXG\��WKH�E�DQWDJRQLVW�SURSUDQRORO�VLJQLILFDQWO\�SURORQJHG�VFLDWLF�QHUYH�EORFNDGH�����VRPH�&OLQLFDO� VWXGLHV� GHPRQVWUDWHG� WKDW� SDWLHQWV� UHFHLYLQJ�SUH�RSHUDWLYH� PHWRSURORO� KDG� VLJQLILFDQWO\� PRUH� UDSLG�UHFRYHU\�� UHGXFHG� SRVW�RSHUDWLYH� DQDOJHVLF�DGPLQLVWUDWLRQ� DQG� PRUH� VWDEOH� RI� LQWUDRSHUDWLYH�KHPRG\QDPLFV� ����� 2Q� WKH� RWKHU� KDQG�� VRPH� VWXGLHV�VXJJHVWHG� WKDW� E�DQWDJRQLVWV� FRXOG� EH� EHQHILFLDO� LQ�UHGXFLQJ� SRVW�WUDXPDWLF� VWUHVV� GLVRUGHU� �376'��� ,W� KDV�EHHQ�VXJJHVWHG�WKDW�WKHVH�V\PSWRPV�DUH�WKH�SV\FKLDWULF�VHTXHO�RI�LQWUDRSHUDWLYH�DZDUHQHVV��������$OVR��DQRWKHU�VWXG\� KDV� UHFHQWO\� GHPRQVWUDWHG� WKDW� DGPLQLVWUDWLRQ� RI�LQWUDYHQRXV� HVPRORO� GXULQJ� HOHFWLYH� DEGRPLQDO�K\VWHUHFWRP\� PD\� UHGXFH� PRUSKLQH� FRQVXPSWLRQ� IRU�WKH�ILUVW���SRVWRSHUDWLYH�GD\V�������7KHUHIRUH�� ZH� K\SRWKHVL]H� WKDW� SUHRSHUDWLYH� EHWD�EORFNHU� DGPLQLVWUDWLRQ� PD\� EH� EHQHILFLDO� LQ� UHGXFLQJ�SDWLHQW¶V� SRVW�RSHUDWLYH� SDLQ� DQG� DQDOJHVLF�DGPLQLVWUDWLRQ� GRVH�� 6R�� GXH� WR� /RZ� FRVW� DQG� HDV\�DGPLQLVWUDWLRQ� RI� SURSUDQRORO�� ZH� GHVLJQHG� WKLV� VWXG\�WR� LQYHVWLJDWH� WKH� HIILFDF\� RI� ��� PJ� RUDOO\�DGPLQLVWUDWLRQ� RI� SURSUDQRORO�� ��� PLQXWHV� EHIRUH�RSHUDWLRQ�� RQ� GHFUHDVLQJ� SDWLHQW¶V� SDLQ� DQG� PRUSKLQH�FRQVXPSWLRQ� GRVH� DIWHU� HOHFWLYH� DEGRPLQDO�K\VWHUHFWRP\��
�0DWHULDO�	�0HWKRGV��7KLV�GRXEOH�EOLQGHG�FOLQLFDO�WULDO�LV�GRQH� LQ�$OL�(EQ�H�$ELWDOHE� KRVSLWDO�� =DKHGDQ�� ,5$1� GXULQJ� �����������$SSURYDO� E\� WKH� +XPDQ� ,QYHVWLJDWLRQ� &RPPLWWHH� DQG�ZULWWHQ�� LQIRUPHG� FRQVHQW� IURP� HDFK� SDWLHQW� ZHUH�REWDLQHG��$� WRWDO� RI� ���SDWLHQWV�ZHUH� LQLWLDOO\� VHOHFWHG�IURP� WKH� SDWLHQWV� XQGHUJRLQJ� HOHFWLYH� DEGRPLQDO� WRWDO�K\VWHUHFWRP\��3DWLHQWV�ZHUH�UDQGRPO\�VHOHFWHG��XVLQJ�D�WDEOH� RI� UDQGRP� GLJLWV�� DQG� GLYLGHG� LQWR� WZR� JURXSV����3URSUDQRORO� �Q ���� DQG� ��&RQWURO� �Q ����� 7KUHH�SDWLHQWV�ZHUH�H[FOXGHG�IURP�WKH�VWXG\��7ZR�SDWLHQWV�LQ�3URSUDQRORO� JURXS� GXH� WR�SURORQJHG� VXUJLFDO� WLPH� DQG�PDVVLYH� EOHHGLQJ� DQG� RQH� RI� WKH� SDWLHQWV� LQ� FRQWURO�JURXS� GXH� WR� QRQ�FRRSHUDWLQJ� WR� FRPSOHWH� WKH� HQWLUH�VWXG\�� � 7KH� SDWLHQWV� ZKR� FRQVXPHG� DQDOJHVLFV� GXULQJ�WKH� ODVW� WKUHH� GD\V� EHIRUH� VXUJHU\� �LQFOXGLQJ�16$,'V��DFHWDPLQRSKHQ�DQG�RSLRLG�GUXJV���DOVR�ZKRP�ZLWK�SDVW�PHGLFDO�KLVWRU\�RI� LVFKHPLF�KHDUW�GLVHDVH��KHDUW�EORFN��UHQDO��+HSDWLF�RU� �SXOPRQDU\�GLVHDVH�RU�ZHUH�DGGLFWHG�WR� RSLRLG� GUXJV� ZHUH� QRW� LQFOXGHG� WR� RXU� VWXG\��$OWKRXJK�� ZH� H[FOXGHG� WKH� SDWLHQWV� ZKR� KDG� PDVVLYH�EOHHGLQJ� GXULQJ� VXUJHU\�� DOOHUJLF� WR� DQHVWKHWLF� GUXJV��IDLOHG� WR� FRPSOHWH� WKH� VWXG\� GXH� WR� SHUVRQDO� FDXVHV��SURORQJHG� VXUJLFDO� WLPH� DQG� FDQFHOHG� VXUJLFDO�SURFHGXUH�GXH�WR�PHGLFDO�SUREOHPV�LQ�RSHUDWLRQ�URRP���$OO�RI�WKH�SDWLHQWV�ZHUH�WUDLQHG�UHJDUGLQJ�WKH�XVH�RI�WKH�YLVXDO� DQDORJXH� VFDOH� �9$6�� � QR� SDLQ�� �� ZRUVW�SRVVLEOH�SDLQ��EHIRUH�WKH�VXUJHU\���7KLUW\�PLQXWHV� EHIRUH� WKH� VXUJHU\�� ���PJ� SURSUDQRORO�ZDV�DGPLQLVWHUHG�RUDOO\�E\� WKH�SDWLHQWV� RI� SURSUDQRORO�

JURXS�ZKLOH�FRQWURO�JURXS�SDWLHQWV� UHFHLYHG�SODFHER�DW�WKH�VDPH�WLPH��0XOWLYLWDPLQ�FDSVXOHV��7ROLGGDUX�� ,UDQ��ZHUH� HYDFXDWHG� IRU� XVLQJ� DV� SODFHER� RU� FRQWDLQHU� RI�SURSUDQRORO� WDEOHWV�� *HQHUDO� DQHVWKHVLD� ZDV� WKH� VDPH�IRU�ERWK�JURXSV�DQG�LQGXFHG�E\�LQMHFWLRQ�RI�PLGD]RODP������� PJ�NJ��� SKHQWDQ\O� ��� �J�NJ��� VRGLXP� WKLRSHQWDO������ PJ�NJ��� OLGRFDLQH� ��PJ�NJ�� DQG� DWUDFXULXP� �����PJ�NJ��� $IWHU� WUDFKHDO� LQWXEDWLRQ�� DQHVWKHVLD�PDLQWDLQHG� E\� LQMHFWLRQ� RI� SURSRIRO� ����� PJ�NJ�� DQG�UHPLIHQWDQLO� ����� PJ�NJ�KU�� DQG� LQKDODWLRQ� RI� 1�2������� DQG� 2�� ������� $IWHU� KHPRG\QDPLF� VWDELOLW\��V\VWROLF�EORRG�SUHVVXUH�����PP+J���D�EXOORXV�GRVH�RI�PRUSKLQH������PJ�NJ��ZDV�LQMHFWHG�LQWUDYHQRXVO\���'XULQJ�RSHUDWLRQ��DQ�DQHVWKHWLVW��ZKR�ZDV�QRW�LQYROYHG�ZLWK� SRVWRSHUDWLYH� SDWLHQW� HYDOXDWLRQ� ZLWK� QR� SULRU�FRQWDFW� WR� WKH� SDWLHQWV��PRQLWRUHG� WKH� HQWLUH� FRXUVH� RI�DQHVWKHVLD�� +\SRWHQVLRQ� GXULQJ� RSHUDWLRQ�ZDV� GHILQHG�DV�0HDQ�$UWHULDO� 3UHVVXUH� OHVV� WKDQ� ���PP�+J�ZKLFK�ZDV� WUHDWHG� ZLWK� LQWHUPLWWHQW� HSKHGULQH� ��� PJ�� RU�DWURSLQH������PJ����$IWHU� WKH� SDWLHQW¶V� UHFRYHU\� DQG� WUDQVPLVVLRQ� WR� WKH�ZDUG�� WKH� YLVXDO� DQDORJXH� VFDOH� �9$6�� VFRUH� RI� SDLQ�ZDV� PHDVXUHG� DW� WKH� ILUVW� UHTXHVW� RI� WKH� SDWLHQWV� IRU�DQDOJHVLFV�� 3DWLHQWV� RI� ERWK� JURXSV� ZHUH� YLVLWHG� E\� D�QXUVH�� ,Q� FDVH� RI� UHFXUUHQW� SDLQ�� EDVHG� RQ� WKH� 9$6�VFRUH� RI� SDLQ�� D� SURSRUWLRQDWH� LQWUDYHQRXV� GRVH� RI�PRUSKLQH� ZDV� DGPLQLVWHUHG� IRU� WKH� SDWLHQWV� RI� ERWK�JURXSV� �7DEOH����� 3DWLHQWV� RI� ERWK� JURXSV� ZHUH�PRQLWRUHG�IRU�D�SHULRG�RI����KRXUV�LQ�WKLV�VWXG\��,QLWLDO�DQDOJHVLF� UHTXHVW� DQG� WRWDO� GRVH� RI� PRUSKLQH�DGPLQLVWUDWLRQ�ZHUH�UHFRUGHG��$OO� GDWD� DUH� DQDO\]HG� XVLQJ� 6366� VRIWZDUH�� YHU�����,%0� &R�� 86$� DQG� SUHVHQWHG� DV� PHDQ�6'�� 3DWLHQW¶V�FKDUDFWHULVWLFV�� LQLWLDO� PRUSKLQH� DGPLQLVWUDWLRQ� WLPH��PLQ�� DQG� WRWDO� PRUSKLQH� FRQVXPSWLRQ� GRVH� ZHUH�DQDO\]HG� XVLQJ� RQH�ZD\� DQDO\VLV� RI� YDULDQFH��$129$��ZLWK�3RVW�KRF�%RQIHUURQL¶V�DGMXVWPHQW��3DLQ�VFRUHV�ZHUH�DQDO\]HG�XVLQJ� WKH�0DQQ±:KLWQH\�8�WHVW��'DWD� ZHUH� FRQVLGHUHG� VWDWLVWLFDOO\� VLJQLILFDQW� DW� WKH�OHYHO�RI�3������� �
5HVXOWV��)URP����SDWLHQWV�� ��ZHUH� IDLOHG� WR� FRQWLQXH� WKH� VWXG\��)LQDOO\� ��� SDWLHQWV� ZHUH� VWXGLHG� LQ� WZR� JURXSV��SURSUDQRORO�DQG�FRQWURO���'XULQJ�WKH�VWXG\��QRQH�RI�WKH�SDWLHQWV�ZHUH� HQFRXQWHUHG�GUXJ� VLGH� HIIHFWV�� � 3DWLHQW¶V�FKDUDFWHULVWLFV�� VXUJLFDO� LQGLFDWLRQ� DQG� PRUSKLQH�DGPLQLVWUDWLRQ�WLPH�DQG�GRVDJH�RI�ERWK�SURSUDQRORO�DQG�FRQWURO�JURXSV�DUH�VKRZQ�LQ�WDEOH�����3DLQ� 6FRUH� �EDVHG� RQ� 9$6� VFRULQJ� V\VWHP�� ZDV�VLJQLILFDQWO\� KLJKHU� LQ� FRQWURO� JURXS� LQ� FRPSDULVRQ� WR�SURSUDQRORO�JURXS��S���������7KHUH� ZDV� QR� VWDWLVWLFDOO\� VLJQLILFDQW� GLIIHUHQFH�EHWZHHQ�ERWK�JURXSV� IURP� WKH� DVSHFW� RI� DJH� �S �������$EQRUPDO�XWHULQH�EOHHGLQJ�DQG�P\RPHFWRP\�ZHUH�WZR�LQGLFDWLRQV� IRU� HOHFWLYH� K\VWHUHFWRP\� RI� WKH� SDWLHQWV�
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LQYROYHG� LQ� WKLV� VWXG\�� $OWKRXJK� $8%� ZDV� PRUH�SUHYDOHQW� DPRQJ� ERWK� JURXSV�� EXW� WKHUH� ZDV� QR�VLJQLILFDQW�GLIIHUHQFH��S ������:H�IRXQG�WKDW�WRWDO�PRUSKLQH�DGPLQLVWUDWLRQ�GRVH��PJ��DPRQJ� WKH� SDWLHQWV� RI� SURSUDQRORO� JURXS� ZDV�VLJQLILFDQWO\� ORZHU� WKDQ� WKRVH� RI� FRQWURO� JURXS� ��3������� ��� $OVR�� ,QLWLDO� PRUSKLQH� DGPLQLVWUDWLRQ� WLPH��PLQ�� LQ� FRQWURO� JURXS� ZDV� VLJQLILFDQWO\� ORZHU� WKDQ�SURSUDQRORO�JURXS�ZKLFK�PHDQV�WKDW�SDLQ�FRQWURO�JURXS�SDWLHQWV��3����������,Q� ERWK� SURSUDQRORO� DQG� FRQWURO� JURXSV�� WKHUH� ZDV� D�VLJQLILFDQW� FRUUHODWLRQ� EHWZHHQ� 9$6� SDLQ� VFRUH� DQG�7RWDO� PRUSKLQH� DGPLQLVWUDWLRQ� LQ� ILUVW� ��� K� �PJ���S��������� 9$6� SDLQ� VFRUH� DQG� LQLWLDO� PRUSKLQH�DGPLQLVWUDWLRQ�WLPH�ZHUH�QRW�VLJQLILFDQWO\�FRUUHODWHG�LQ�SURSUDQRORO� JURXS� �S!������ ZKLOH� WKH\� ZHUH�VLJQLILFDQWO\� FRUUHODWHG� LQ� FRQWURO� JURXS� �S���������$OVR��LQ�ERWK�SURSUDQRORO�DQG�FRQWURO�JURXSV��ZH�IRXQG�QR� VLJQLILFDQW� FRUUHODWLRQ� EHWZHHQ� WKH� K\VWHUHFWRP\�LQGLFDWLRQ� DQG� 9$6� SDLQ� VFRUH�� ,QLWLDO� PRUSKLQH�DGPLQLVWUDWLRQ� WLPH� �PLQ�� RU� WRWDO� PRUSKLQH�DGPLQLVWUDWLRQ�LQ�ILUVW����K��PJ���3!�������
�'LVFXVVLRQ��,Q� WKLV�VWXG\��ZH�IRXQG� WKDW����PJ�RUDOO\�DGPLQLVWHUHG�SURSUDQRORO�� ��� PLQXWHV� EHIRUH� RQVHW� RI� HOHFWLYH�DEGRPLQDO� K\VWHUHFWRP\�FDQ� VLJQLILFDQWO\�GHFUHDVH� WKH�3DLQ� 6FRUH� �,QLWLDO� PRUSKLQH� DGPLQLVWUDWLRQ� WLPH� DQG�7RWDO� PRUSKLQH� DGPLQLVWUDWLRQ� GRVH� LQ� ILUVW� ��� KRXUV�DIWHU� RSHUDWLRQ� LQ� SURSUDQRORO� JURXS� LQ� FRPSDULVRQ� WR�FRQWURO�JURXS��S����������$OWKRXJK� LQ�PDQ\�SUHYLRXV� VWXGLHV�� LW�KDV�EHHQ� VKRZQ�WKDW� �DGUHQHUJLF� UHFHSWRU� EORFNHUV� VLJQLILFDQWO\� SOD\�DQ� LPSRUWDQW� DQWLQRFLFHSWLRQ� UROH� IROORZLQJ�H[SHULPHQWDOO\� LQGXFHG�K\SHUDOJHVLD� ��������� WKHUH�DUH�IHZ� VWXGLHV� RQ� WKH� HIIHFW� RI� �DGUHQHUJLF� UHFHSWRU�EORFNDGH� RQ� DFXWH� SRVW�RSHUDWLYH� SDLQ� PDQDJHPHQW�IROORZLQJ�K\VWHUHFWRP\���,Q� D� VWXG\� LQ� ������<��<�� &KLD� DQG� FROOHDJXHV� IRXQG�WKDW� E�EORFNHU� �(VPRORO�� DGPLQLVWUDWLRQ� EHIRUH� DQG�GXULQJ� DEGRPLQDO� K\VWHUHFWRP\� UHGXFHG� WKH�LQWUDRSHUDWLYH� XVH� RI� LQKDODWLRQ� DQDHVWKHWLF� DQG��PRUSKLQH�FRQVXPSWLRQ�GXULQJ��WKH�ILUVW���SRVWRSHUDWLYH�GD\V������ 5HVXOWV� RI� WKLV� UHFHQW� VWXG\� FRQILUPV� RXU�ILQGLQJV� DERXW� SURSUDQRORO� LQ� GHFUHDVLQJ� WKH� SRVW�RSHUDWLYH�SDLQ��KRZHYHU�WKHLU�SDWLHQWV�UHFHLYHG�WKH�GUXJ�LQWUDYHQRXVO\�DQG�DOVR�GXULQJ� WKH�RSHUDWLRQ�ZKLFK�ZDV�GLIIHUHQW�IURP�RXU�VWXG\�SURWRFRO��,W� KDV� SUHYLRXVO\� VKRZQ� WKDW� 3UHRSHUDWLYH� FXWDQHRXV�DQG�YDJLQDO�PHFKDQRVHQVLWLYLW\�LV�UHODWHG�WR�DFXWH�SRVW�K\VWHUHFWRP\� SDLQ� ������ ,Q� ������ -DNREVHQ� DQG�FROOHDJXHV� IRXQG� WKDW� FRQVXPSWLRQ� RI� PHWRSURORO� LQ�FRPELQDWLRQ� ZLWK� GLD]HSDP� ���� KRXUV� EHIRUH� HOHFWLYH�K\VWHUHFWRP\�VLJQLILFDQWO\�GHFUHDVHG�DQ[LHW\�HYDOXDWHG�E\� YLVXDO� DQDORJXH� VFRULQJ�� 7KH� SDWLHQWV� DOVR� ZHUH�VLJQLILFDQWO\� EHWWHU� VHGDWHG� DQG� PRUH� FDOP� FRPSDUHG�

ZLWK�SODFHER�SOXV�GLD]HSDP�JURXS������6LPLODUO\��'\FN�-��%�DQG�FROOHDJXHV�LQ������IRXQG�WKH�DQ[LRO\WLF�HIIHFWV�RI� RUDO� FRQVXPSWLRQ� RI� ���PJ� SURSUDQRORO� LQ� SDWLHQWV�XQGHUJRLQJ� RXWSDWLHQW� GLODWDWLRQ� DQG� FXUHWWDJH� �'	&��IRU� WKHUDSHXWLF� DERUWLRQ�����7KHVH� ILQGLQJV� VXSSRUW�SUHYLRXV� VWXGLHV� WKDW� SUHRSHUDWLYH� SDLQ� LV� UHODWHG� WR�LPPHGLDWH� SRVWRSHUDWLYH� SDLQ� DPRQJ� RSHUDWLRQV� GRQH�RQ� XWHUXV� �LQFOXGLQJ� FDHVDUHDQ� VHFWLRQ� DQG�K\VWHUHFWRP\��������� DQG� DOVR� VXSSRUW� WKDW�SUHRSHUDWLYH�DGPLQLVWUDWLRQ�RI�E�EORFNHUV� DUH�XVHIXO� LQ�SDLQ�PDQDJHPHQW�DIWHU�WKHVH�RSHUDWLRQV��2QH�RI� WKH�PDMRU� ILQGLQJV�RI�RXU�VWXG\� LV� WKH�HIIHFW�RI�SURSUDQRORO� RQ� UHGXFWLRQ� RI� WRWDO� PRUSKLQH�FRQVXPSWLRQ� IRU� ILUVW� ���KRXUV� SRVW�RSHUDWLRQ�DQDOJHVLD�� )HZ� VWXGLHV� GHPRQVWUDWHG� WKDW� �DGUHQHUJLF�UHFHSWRU� EORFNHUV� FDQ� VLJQLILFDQWO\� SRWHQWLDWH� DQG�OHQJWKHQ� WKH� DFWLRQ� RI� PRUSKLQH����� RU� UHGXFH� WKH�UHTXLUHPHQWV�RI�PRUSKLQH�DV�DQ�DQDHVWKHWLF�����������,Q�RXU� VWXG\�� ZH� IRXQG� WKDW� WKH� LQLWLDO� PRUSKLQH�DGPLQLVWUDWLRQ� WLPH�ZDV� VLJQLILFDQWO\� GHFUHDVHG� ZKLFK�ZDV� QRW� HYDOXDWHG� EHIRUH� LQ� SUHYLRXV� VWXGLHV�� ,W� KDV�EHHQ�VKRZQ�WKDW�SURSUDQRORO�DGPLQLVWUDWLRQ�FDQ�UHGXFH�KHSDWLF�EORRG�IORZ������ZKLFK�FRXOG�DIIHFW�DQG�SURORQJ�WKH� PHWDEROLVP� RI� IHQWDQ\O�� 6R�� WKLV� OHDGV� WR�SURORQJDWLRQ� RI� WKH� DQDOJHVLF� HIIHFW� RI� IHQWDQ\O� DQG�FRQVHTXHQWO\� D� UHGXFWLRQ� LQ� SRVW�RSHUDWLYH�FRQVXPSWLRQ� RI� DQDOJHVLFV� VXFK� DV� PRUSKLQH� ����� ���������,Q� RXU� VWXG\�� WUHDWPHQW� RI� DEQRUPDO� XWHULQH� EOHHGLQJ��$8%�� DQG� P\RPHFWRP\� ZHUH� WKH� PDMRU� LQGLFDWLRQV�IRU� K\VWHUHFWRP\� ZKLFK� DUH� LQ� DJUHHPHQW� WR� RWKHU�VWXGLHV� ������ %HVLGHV�� ZH� IRXQG� WKDW� K\VWHUHFWRP\�LQGLFDWLRQ�W\SH� LV�QRW�FRUUHODWHG�WR�9$6�SDLQ�VFRUH�� LQ�WKH� ILUVW� ��� KRXUV� RI� SRVW�RSHUDWLRQ� SHULRG� �S!������ZKLFK� LV� VXSSRUWHG�E\� WKH� ILQGLQJV�RI�SUHYLRXV� VWXGLHV�����������
�
&RQFOXVLRQ��:H� IRXQG� WKDW� SUHRSHUDWLYH� XVH� RI� SURSUDQRORO�DWWHQXDWHG� SRVW�RSHUDWLYH� QRFLFHSWLYH� VWLPXODWLRQ�UHVSRQVHV� DQG� UHGXFHG� SRVWRSHUDWLYH� PRUSKLQH�FRQVXPSWLRQ��7KLV�ZLOO�KHOS� WKH�SDWLHQWV� WR� H[SHULHQFH�OHVV�SDLQ��OHVV�DQDOJHVLF�VLGH�HIIHFWV�DQG�IDVWHU�UHFRYHU\�IURP�DQHVWKHVLD��7KHVH�ILQGLQJV�DOVR�KHOS�WR�FRQVLGHU�E�DGUHQHUJLF� UHFHSWRU� EORFNHUV� DV� D� SDUW� RI� PXOWL�PRGDO�DSSURDFKHV� WR� SDLQ� PDQDJHPHQW� DIWHU� K\VWHUHFWRP\��+RZHYHU�� ZH� UHFRPPHQG� IXUWKHU� VWXGLHV� ZLWK� LQWUD�YHQRXV� IRUP� RI� SURSUDQRORO� RU� RWKHU� E�DGUHQHUJLF�UHFHSWRU� EORFNHUV� WR� HYDOXDWH� WKH� H[DFW� PHFKDQLVP� RI�DQWL�QRFLFHSWLYH�WKHVH�GUXJV��
�
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$FNQRZOHGJPHQW��7KH� DXWKRUV� DUH� DSSUHFLDWLYH� RI� WKH� ILQDQFLDO� VXSSRUW�SURYLGHG�E\�WKH�GHSXW\�RI�UHVHDUFK��=DKHGDQ�8QLYHUVLW\�RI� 0HGLFDO� 6FLHQFHV� IRU� WKLV� UHVHDUFK� SURMHFW�� 7KLV�DUWLFOH� LV� ZULWWHQ� EDVHG� RQ� WKH� UHVXOWV� RI� WKHVLV�1R�����7��VXEPLWWHG�WR�=DKHGDQ�8QLYHUVLW\�RI�0HGLFDO�6FLHQFHV� LQ� IXOILOPHQW� RI� WKH� UHTXLUHPHQWV� RI�*\QDHFRORJ\�PHGLFDO�VSHFLDOLW\��RI�'U�=DKUD�'HKEDVKL��

ZH� ZRXOG� OLNH� WR� DFNQRZOHGJH� RXU� FROOHDJXHV� LQ�&OLQLFDO� 5HVHDUFK� 'HYHORSPHQW� &HQWHU� RI� $OL�(EQH�$ELWDOHE� +RVSLWDO�� =DKHGDQ� 8QLYHUVLW\� RI� 0HGLFDO�6FLHQFHV� IRU� WKHLU� OHDGLQJ� VXJJHVWLRQV� RQ� WKLV�PDQXVFULSW���

7DEOH����,QWUDYHQRXV�PRUSKLQH�DGPLQLVWUDWLRQ�GRVH��PJ��EDVHG�RQ�9$6�VFRUH�RI�SDLQ��9$6��9LVXDO�DQDORJXH�VFDOH�
3DLQ�LQWHQVLW\��9$6�VFRUH�� ���� ���� ���� �����
0RUSKLQH�GRVH�DGPLQLVWUDWLRQ��PJ���,9��

1R�PRUSKLQH��-XVW�LQGRPHWKDFLQ�VXSSRVLWRU\��DV�QHHGHG� ���� �� ����

7DEOH���� 3DWLHQWV� FKDUDFWHULVWLFV�� VXUJLFDO� LQGLFDWLRQ� DQG� PRUSKLQH� DGPLQLVWUDWLRQ� WLPH� DQG� GRVDJH� RI� ERWK�SURSUDQRORO�DQG�FRQWURO�JURXSV��9DOXHV�DUH�0HDQ�6'�RU�QXPEHU��3�������VLJQLILFDQW�LQWHU�JURXS�GLIIHUHQFHV��7KHUH�ZDV� QR� VLJQLILFDQW� GLIIHUHQFH� DPRQJ� JURXSV� IRU� DJH� DQG� VXUJLFDO� LQGLFDWLRQ�� %XW� SDLQ� VFRUH�� LQLWLDO� PRUSKLQH�DGPLQLVWUDWLRQ� WLPH� DQG� 7RWDO� PRUSKLQH� DGPLQLVWUDWLRQ� ZHUH� VLJQLILFDQW� EHWZHHQ� JURXSV��
D�E�F� VLJQLILFDQW�LQWUD�JURXS�GLIIHUHQFHV��
� 3URSUDQRORO�JURXS��Q ���� &RQWURO�JURXS��Q ���� S�YDOXH�

$JH��\HDU���0HDQ�6'�� ����������� ��������� �����
+\VWHUHFWRP\�LQGLFDWLRQ��� $8%�� 0\RPHFWRP\� �������������������� ���������������������� ����
3DLQ� 6FRUH� �9$6� VFRULQJ���0HDQ�6'�� ����������D ���������E�F� ��������
,QLWLDO� PRUSKLQH� DGPLQLVWUDWLRQ�WLPH��PLQ���0HDQ�6'�� ��������� ����������F � ������
7RWDO� PRUSKLQH� DGPLQLVWUDWLRQ� LQ�ILUVW����K��PJ���0HDQ�6'�� ��������D ����������E � ������

5HIHUHQFHV���
��� 0HUULOO� 50�� +\VWHUHFWRP\� VXUYHLOODQFH� LQ� WKH�8QLWHG� 6WDWHV�� ����� WKURXJK� ������0HGLFDO� VFLHQFH�PRQLWRU� �� LQWHUQDWLRQDO� PHGLFDO� MRXUQDO� RI�H[SHULPHQWDO� DQG� FOLQLFDO� UHVHDUFK�� ������������ �������

��� 0LOOHU� 5'�� (ULNVVRQ� /,�� )OHLVKHU� /$�� :LHQHU�.URQLVK� -3�� <RXQJ� :/�� 0LOOHU
V� $QHVWKHVLD��3KLODGHOSKLD��&KXUFKLOO�/LYLQJVWRQH�(OVHYLHU����������� +HLQ� $�� 5RVEODG� 3�� *LOOLV�+DHJHUVWUDQG� &��6FKHGYLQV� .�� -DNREVVRQ� -�� 'DKOJUHQ� *�� /RZ� GRVH�LQWUDWKHFDO� PRUSKLQH� HIIHFWV� RQ� SRVW�K\VWHUHFWRP\�SDLQ�� D� UDQGRPL]HG� SODFHER�FRQWUROOHG� VWXG\�� $FWD�DQDHVWKHVLRORJLFD�6FDQGLQDYLFD������������������������ :RROI� &-�� &KRQJ� 06�� 3UHHPSWLYH� DQDOJHVLD��WUHDWLQJ� SRVWRSHUDWLYH� SDLQ� E\� SUHYHQWLQJ� WKH�
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HVWDEOLVKPHQW� RI� FHQWUDO� VHQVLWL]DWLRQ�� $QHVWKHVLD�DQG�DQDOJHVLD������������������������� .RKDQH�'6��/X�17��&URVD�*$��.XDQJ�<��%HUGH�&%��+LJK� FRQFHQWUDWLRQV� RI� DGUHQHUJLF� DQWDJRQLVWV�SURORQJ�VFLDWLF�QHUYH�EORFNDGH�E\�WHWURGRWR[LQ��$FWD�DQDHVWKHVLRORJLFD� 6FDQGLQDYLFD�� ����������������������� =DXJJ�0��7DJOLHQWH�7��/XFFKLQHWWL�(��-DFREV�(��.URO�0�� %RGLDQ� &�� HW� DO�� %HQHILFLDO� HIIHFWV� IURP� EHWD�DGUHQHUJLF� EORFNDGH� LQ� HOGHUO\� SDWLHQWV� XQGHUJRLQJ�QRQFDUGLDF� VXUJHU\�� $QHVWKHVLRORJ\������������������������� /DUNLQ�0��&DQ�SRVW�WUDXPDWLF�VWUHVV�GLVRUGHU�EH�SXW�RQ�KROG"�/DQFHW��������������������������� 6DQGLQ� 5+�� (QOXQG� *�� 6DPXHOVVRQ� 3�� /HQQPDUNHQ�&��$ZDUHQHVV�GXULQJ�DQDHVWKHVLD��D�SURVSHFWLYH�FDVH�VWXG\��/DQFHW����������������������������� 2VWHUPDQ� -(�� YDQ� GHU� .RON� %$�� $ZDUHQHVV� GXULQJ�DQHVWKHVLD�DQG�SRVWWUDXPDWLF�VWUHVV�GLVRUGHU��*HQHUDO�KRVSLWDO�SV\FKLDWU\������������������������� &KLD�<<��&KDQ�0+��.R�1+��/LX�.��5ROH�RI� EHWD�EORFNDGH� LQ� DQDHVWKHVLD� DQG� SRVWRSHUDWLYH� SDLQ�PDQDJHPHQW� DIWHU� K\VWHUHFWRP\�� %ULWLVK� MRXUQDO� RI�DQDHVWKHVLD��������������������������� )DYDUR�0RUHLUD� 1&�� 3DUDGD� &$�� 7DPEHOL� &+��%ORFNDGH� RI� EHWD���� ��� EHWD���� �� DQG� EHWD���� �DGUHQRFHSWRUV� LQ� WKH� WHPSRURPDQGLEXODU� MRLQW�LQGXFHV� DQWLQRFLFHSWLRQ� HVSHFLDOO\� LQ� IHPDOH� UDWV��(XU�-�3DLQ������������� .KDVDU� 6*�� 0F&DUWHU� *�� /HYLQH� -'�� (SLQHSKULQH�SURGXFHV� D� EHWD�DGUHQHUJLF� UHFHSWRU�PHGLDWHG�PHFKDQLFDO�K\SHUDOJHVLD�DQG�LQ�YLWUR�VHQVLWL]DWLRQ�RI�UDW� QRFLFHSWRUV�� -RXUQDO� RI� QHXURSK\VLRORJ\����������������������������� 2]WXUN� 7�� .D\D� +�� $UDQ� *�� $NVXQ� 0�� 6DYDFL� 6��3RVWRSHUDWLYH�EHQHILFLDO�HIIHFWV�RI�HVPRORO�LQ�WUHDWHG�K\SHUWHQVLYH� SDWLHQWV� XQGHUJRLQJ� ODSDURVFRSLF�FKROHF\VWHFWRP\�� %ULWLVK� MRXUQDO� RI� DQDHVWKHVLD�������������������������� 3HOHJULQL�GD�6LOYD� $�� 2OLYHLUD� 0&�� 3DUDGD� &$��7DPEHOL� &+�� 1HUYH� JURZWK� IDFWRU� DFWV� ZLWK� WKH�EHWD��DGUHQRFHSWRU� WR� LQGXFH� VSRQWDQHRXV�QRFLFHSWLYH� EHKDYLRU� GXULQJ� WHPSRURPDQGLEXODU�MRLQW� LQIODPPDWRU\� K\SHUDOJHVLD�� /LIH� VFLHQFHV�������������������������������� &KX� /)�� &XQ� 7�� 1JDL� /.�� .LP� -(�� =DPRUD� $.��<RXQJ� &$�� HW� DO�� 0RGXODWLRQ� RI� UHPLIHQWDQLO�LQGXFHG� SRVWLQIXVLRQ� K\SHUDOJHVLD� E\� WKH� EHWD�EORFNHU� SURSUDQRORO� LQ� KXPDQV�� 3DLQ��������������������������� %UDQGVERUJ� %�� 'XHKROP� 0�� .HKOHW� +�� -HQVHQ� 76��1LNRODMVHQ� /�� 0HFKDQRVHQVLWLYLW\� EHIRUH� DQG� DIWHU�K\VWHUHFWRP\��D� SURVSHFWLYH� VWXG\�RQ� WKH�SUHGLFWLRQ�

RI� DFXWH� DQG� FKURQLF� SRVWRSHUDWLYH� SDLQ�� %ULWLVK�MRXUQDO�RI�DQDHVWKHVLD�������������������������� -DNREVHQ� &-�� %ORP� /�� %URQGEMHUJ� 0�� /HQOHU�3HWHUVHQ� 3�� (IIHFW� RI� PHWRSURORO� DQG� GLD]HSDP� RQ�SUH�RSHUDWLYH�DQ[LHW\��$QDHVWKHVLD������������������������ '\FN� -%�� &KXQJ� )�� $� FRPSDULVRQ� RI� SURSUDQRORO�DQG�GLD]HSDP�IRU�SUHRSHUDWLYH�DQ[LRO\VLV��&DQDGLDQ�MRXUQDO� RI� DQDHVWKHVLD�  � -RXUQDO� FDQDGLHQ�G
DQHVWKHVLH������������������������� *UDQRW� 0�� /RZHQVWHLQ� /�� <DUQLWVN\� '�� 7DPLU� $��=LPPHU�(=��3RVWFHVDUHDQ�VHFWLRQ�SDLQ�SUHGLFWLRQ�E\�SUHRSHUDWLYH� H[SHULPHQWDO� SDLQ� DVVHVVPHQW��$QHVWKHVLRORJ\����������������������������� +VX�<:��6RPPD� -��+XQJ�<&��7VDL�36��<DQJ�&+��&KHQ� &&�� 3UHGLFWLQJ� SRVWRSHUDWLYH� SDLQ� E\�SUHRSHUDWLYH� SUHVVXUH� SDLQ� DVVHVVPHQW��$QHVWKHVLRORJ\������������������������� 3DQ� 3+�� &RJKLOO� 5�� +RXOH� 77�� 6HLG�0+�� /LQGHO�:0�� 3DUNHU� 5/�� HW� DO�� 0XOWLIDFWRULDO� SUHRSHUDWLYH�SUHGLFWRUV� IRU� SRVWFHVDUHDQ� VHFWLRQ� SDLQ� DQG�DQDOJHVLF� UHTXLUHPHQW�� $QHVWKHVLRORJ\��������������������������� 6OLYNR� 6)�� 6WHWV� 95�� >,QIOXHQFH� RI� DGUHQHUJLF�EORFNLQJ� DJHQWV� RQ� WKH�SDLQ�DOOHYLDWLQJ� HIIHFW� RI�QDUFRWLF� DQDOJHVLFV@�� )DUPDNRORJLLD� L� WRNVLNRORJLLD������������������������� -RKDQVHQ� -:�� )ODLVKRQ� 5�� 6HEHO� 36�� (VPRORO�UHGXFHV� DQHVWKHWLF� UHTXLUHPHQW� IRU� VNLQ� LQFLVLRQ�GXULQJ� SURSRIRO�QLWURXV� R[LGH�PRUSKLQH� DQHVWKHVLD��$QHVWKHVLRORJ\�������������������������� 6WDQOH\�7+�� GH� /DQJH�6�� %RVFRH�0-�� GH�%UXLMQ�1��7KH� LQIOXHQFH� RI� FKURQLF� SUHRSHUDWLYH� SURSUDQRORO�WKHUDS\� RQ� FDUGLRYDVFXODU� G\QDPLFV� DQG� QDUFRWLF�UHTXLUHPHQWV� GXULQJ� RSHUDWLRQ� LQ� SDWLHQWV� ZLWK�FRURQDU\� DUWHU\� GLVHDVH�� &DQDGLDQ� $QDHVWKHWLVWV
�6RFLHW\�MRXUQDO��������������������������:RRG� $-�� )HHO\� -�� 3KDUPDFRNLQHWLF� GUXJ�LQWHUDFWLRQV� ZLWK� SURSUDQRORO�� &OLQLFDO�SKDUPDFRNLQHWLFV������������������������� %UDQGVERUJ� %�� 3DLQ� IROORZLQJ� K\VWHUHFWRP\��HSLGHPLRORJLFDO�DQG�FOLQLFDO�DVSHFWV��'DQLVK�PHGLFDO�MRXUQDO�������������%����������� 6WRYDOO�7*��/LQJ�):��&UDZIRUG�'$��+\VWHUHFWRP\�IRU�FKURQLF�SHOYLF�SDLQ�RI�SUHVXPHG�XWHULQH�HWLRORJ\��2EVWHWULFV�DQG�J\QHFRORJ\������������������������� .MHUXOII� .+�� /DQJHQEHUJ� 3:�� 5KRGHV� -&�� +DUYH\�/$�� *X]LQVNL� *0�� 6WROOH\� 3'�� (IIHFWLYHQHVV� RI�K\VWHUHFWRP\�� 2EVWHWULFV� DQG� J\QHFRORJ\����������������������
�����������

�


