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�IRUDQNUHW�DNWLYLWHW��PHG�IRNXV�Sn�KYRUGDQ�PHGOHPPHQH�L�GHW�PDWHPDWLVNH�IHOOHVVNDSHW�
�KnQGKHYHU�HW�DUJXPHQW�VRP�EHYLV���IRU�HNVHPSHO�%DODFKHII�����������'HW�HU�DOWVn�PDQJH�
�IRUVNMHOOLJH�PnWHU�n�IRUVWn�©EHYLVª�Sn�RJ�EHJUHSVEUXNHQ�L�PDWHPDWLNNGLGDNWLVN�IRUVNQLQJ��

�9LGHUH�HU�GHW�JRGW�GRNXPHQWHUW�DW�GHW�ILQQHV�PDQJH�XWIRUGULQJHU�WLONQ\WWHW�O ULQJ�RJ�
�XQGHUYLVQLQJ�DY�EHYLV����RJ�DW�EHYLV�IRUWVDWW�KDU�HQ�OLWHQ�SODVV�L�VNROHQ���6W\OLDQLGHV�HW�DO���
�������V����������(W�HNVHPSHO�Sn�XWIRUGULQJHU�NQ\WWHW�WLO�EHYLV�HU�DW�GH�IOHVWH�HOHYHU�

���



�IRUHWUHNNHU�HPSLULVNH�DUJXPHQWHU��RJ�Y��XUGHUHU�GLVVH�VRP�PHU�RYHUEHYLVHQGH�HQQ�
�PDWHPDWLVNH�EHYLV���-DKQNH�	�:DPEDFK��������V����������'HWWH�HU�SUREOHPDWLVN�GD�
�HPSLULVNH�DUJXPHQWHU�LNNH�HU�J\OGLJH�EHYLV��,�WLOOHJJ��WLO�GHWWH��VOLWHU�HOHYHU�RIWH�PHG�
�RYHUJDQJHQ�IUD�XIRUPHOOH�DUJXPHQWHU�WLO�EHYLV���6W\OLDQLGHV�HW�DO���������V����������(OHYHU�
�RJ�O UHUH�EOLU�RIWH�RYHUEHYLVW�DY�HPSLULVNH�DUJXPHQWHU�VRP�HW�EHYLV�Sn�JHQHUDOLVHULQJ�
�VRP�RJVn�RIWH�JMHQVSHLOHV�L�GHUHV�HJQH�NRQVWUXNVMRQ�HOOHU�YXUGHULQJ�DY�DUJXPHQWHU���IRU�
�HNVHPSHO�+HDO\�	�+R\OHV��������0RUULV�����������%HYLV�HU�DOWVn�HW�YLNWLJ�WHPD�VRP�HU�
�XWIRUGUHQGH�IRU�O UHUH�n�XQGHUYLVH��

�'HW�ILQQHV�GHW�UHODWLYW�OLWH�IRUVNQLQJ�VRP�IRNXVHUHU�Sn�n�O¡VH�SUREOHPHQH���6W\OLDQLGHV�HW�
�DO���������6W\OLDQLGHV�	�6W\OLDQLGHV�����������)RU�n�ILQQH�O¡VQLQJHU�Sn�XWIRUGULQJHU�VRP�
�RSSVWnU�L�XQGHUYLVQLQJHQ�IRUHVOnU�6W\OLDQLGHV�RJ�6W\OLDQLGHV��������VWXGLHU�VRP�VDPOHU�
�HPSLUL�IUD�IDNWLVNH�NODVVHURPVVLWXDVMRQHU��JMHQQRP��GHW�GH�NDOOHU�©FODVVURRP�EDVHG�
�LQWHUYHQWLRQVª��'HWWH�EHJUHSHW��VRP�YL�KDU�YDOJW�n�RYHUVHWWH�WLO�
�NODVVHURPVLQWHUYHQVMRQHU���HU�VHQWUDOW�L�YnU�VWXGLH��%HJUHSHW�NODVVHURPVLQWHUYHQVMRQHU�
�GHILQHUHU�GH�JMHQQRP�WUH�DVSHNWHU��

��� �)RUVNQLQJ�VRP�JM¡UHV�L�IDNWLVNH�NODVVHURP�L�HW�WHWW�VDPDUEHLG�PHOORP�IRUVNHUH�RJ�
�O UHUH��EUHG�EHW\GQLQJ�DY�NODVVHURP��IRUPHOO�XQGHUYLVQLQJVVLWXDVMRQ�XDQVHWW�
�DOGHU���

��� �)RUVNQLQJ�VRP�DGUHVVHUHU�XWIRUGULQJHU�PHG�HOHYHQHV�O ULQJ�JMHQQRP�
�XQGHUYLVQLQJ�RJ�VW¡WWH��EUHG�EHW\GQLQJ�DY�O ULQJ��Vn�EnGH�NRJQLWLYH�RJ�DIIHNWLYH�
�DVSHNWHU�LQNOXGHUHV���

��� �)RUVNQLQJ�VRP�V¡NHU�n�XWYLNOH�HPSLULVN�WHVWHW�O¡VQLQJHU�EDVHUW�Sn�WHRUL��IRU�n�
�NXQQH�IRUNODUH�KYRUIRU�LQWHUYHQVMRQHQ�KDGGH�SRVLWLY�HIIHNW��GHUVRP�GHWWH�YDU�
�WLOIHOOHW�

��6W\OLDQLGHV�	�6W\OLDQLGHV�����������

�(WWHU�n�KD�NRQNOXGHUW�PHG�DW�GHW�ILQQHV�UHODWLYW�OLWH�IRUVNQLQJ�VRP�KDU�XWYLNOHW�ORYHQGH�
�LQWHUYHQVMRQHU�IRU�XQGHUYLVQLQJ�RJ�O ULQJ�DY�EHYLV��DQEHIDOHU�6W\OLDQLGHV�HW�DO���������V�
������IRUVNQLQJVIHOWHW�n�IRNXVHUH�Sn�GHWWH�L�WLGHQ�IUHPRYHU���6W\OLDQLGHV�HW�DO���������V��
���������6W\OLDQLGHV�RJ�6W\OLDQLGHV��������V�������XWWU\NNHU�HW�KnS�RP�DW�IDJJHOWHW�LQQHQ�
�������nU�KDU�XWYLNOHW�HQ�VWRU�RJ�VROLG�NXQQVNDSVEDVH�RP�KYRUGDQ�XQGHUYLVQLQJHQ�NDQ�
�IUHPPH�HOHYHUV�O ULQJ�DY��EHYLV��RJ�RSSPXQWUHU�W��LO�¡NW�IRNXV�Sn�GHWWH�L�IRUVNQLQJHQ��

�3HUVRQOLJ�YDU�YL�Q\VJMHUULJH�Sn�RP�GHW�KDU�EOLWW�XWYLNOHW�LQWHUYHQVMRQHU�GH�VLVWH�nUHQH��
�VRP�XWIRUVNHU�PXOLJKHWHU�IRU�n�VW¡WWH�JUXQQVNROHHOHYHUV�O ULQJ�DY�EHYLV��'HUIRU�¡QVNHW�YL�
�n�SURGXVHUH�HQ�RSSGDWHUW�RYHUVLNW�RYHU�VOLNH�VWXGLHU�SXEOLVHUW�L�K¡\W�UDQJHUWH�WLGVVNULIW�GH�
�VLVWH�nUHQH��6W\OLDQLGHV�HW�DO���������V�����������SnSHNHU�DW�GH�DOOHUHGH�KDU�VHWW�HQ�
�¡NQLQJ�L�DQWDOO�LQWHUYHQVMRQVVWXGLHU��PHQ�GHQ�Q\HVWH�VWXGLHQ�GH�SUHVHQWHUHU�HU�XWJLWW�
�������9L�YDOJWH�GHUIRU�n�JMHQQRPI¡UH�HW�V\VWHPDWLVN�OLWWHUDWXUVWXGLH��)RU�n�IUHPVWLOOH�HQ�
�VOLN�RYHUVLNW�KDU�YL�IXOJW��35,60$������VRP�YHLOHGQLQJ�IRU�UDSSRUWHULQJ�DY�V\VWHPDWLVNH�
�OLWWHUDWXUVWXGLHU��'HQQH�YHLOHGQLQJHQ�GHILQHUHU�V\VWHPDWLVNH�OLWWHUDWXUVWXGLHU�VRP�HW��
�RYHUVLNWVVWXGLH�VRP�EUXNHU�HNVSOLVLWWH��V\VWHPDWLVNH�PHWRGHU�IRU�n�VRUWHUH�RJ�V\QWHWLVHUH�
�IXQQ�IUD�VWXGLHU�PHG�W\GHOLJ�IRUPXOHUW�IRUVNQLQJVVS¡UVPnO���3DJH�HW�DO���������V��������

�9L�VNDO�Qn�SUHVHQWHUH�HQ�WLGOLJHUH�OLWWHUDWXUVWXGLH�PHG�RYHUODSSHQGH�IRNXV��RJ�KYRUGDQ�YL�
�VNLOOHU�RVV�IUD�GHWWH���&DPSEHOO�HW�DO���������JLU�HQ�RYHUVLNW�RYHU�IRUVNQLQJ�Sn�EHYLV�IRUGHOW�
�HWWHU�DOGHUVWULQQ��9��nU�VWXGLH�VNLOOHU�VHJ�IUD�GHQQH�YHG�DW�YL�IRNXVHUHU�Sn�

���



�NODVVHURPVLQWHUYHQVMR��QHU��9nUW�XWY��DOJ�LQNOXGHUHU�VWXGLHU�SXEOLVHUW�L�IUD������WLO�RJ�PHG�
�������KYRU�&DPSEHOO�HW�DO���������KDU�LQNOXGHUW��LQWHUYHQVMRQVVWXGLHU�IUD������WLO�RJ�PHG�
�PDL���������,�YnU�VWXGLH�SUHVHQWHUHU�YL�HQ�VDPOLQJ�NODVVHURPLQWHUYHQVMRQHU�JMHQQRPI¡UW�
�PHG�HOHYHU�L�DOGHUVVSHQQHW������nU��VRP�WLOVYDUHU�QRUVN�JUXQQVNROH��'HW�ILQQHV�LQJHQ�
�OLJQHQGH�RYHUVLNWVVWXGLH�Sn�QRUVN�LQQHQIRU�GHWWH�WHPD��9nU�RYHUVLNW�HU�VSLVVHW�LQQ�PRW�
�VWXGLHU�VRP�V¡NHU�n�XWYLNOH�O¡VQLQJHU�Sn�XWIRUGULQJHU�NQ\WWHW�WLO�O ULQJ�DY�EHYLV�L�
�JUXQQVNROHQ��2YHUVLNWHQ�NDQ�Y UH�WLOJMHQJHOLJ�VRP�HW�VWDUWSXQNW�IRU�O UHUH�RJ�
�O UHUVWXGHQWHU�VRP�YLO�XWIRUVNH�PHU�RP�KYD�PDQ�NDQ�JM¡UH�IRU�n�IUHPPH�O ULQJ�DY�EHYLV�
�L�VLQH�NODVVHURP��

�6RP�RSSVXPPHULQJ�DY�EDNJUXQQ�IRU�VWXGLHQ�NDQ�YL�VL�DW�EHYLV�HU�HW�YLNWLJ��PHQ�HW�
�XQGHUUHSUHVHQWHUW�WHPD�L�VNROHQ��%nGH�O UHUH�RJ�HOHYHU�KDU�VWRUH�XWIRUGULQJHU�PHG�
�EHYLV��9LGHUH�KDU�GHW�EOLWW�¡NW�IRNXV�Sn�n�I\OOH�PDQJHOHQ�Sn�NODVVHURPVVWXGLHU�VRP�
�DGUHVVHUHU�XWIRUGULQJHQH�NQ\WWHW�WLO�EHYLV��'HW�YLO�GHUIRU�Y UH�LQWHUHVVDQW�n�NDUWOHJJH�
�KYRUYLGW�GHWWH�IRNXVHW�KDU�I¡UW�WLO�XWYLNOLQJ�DY�IOHUH�O¡VQLQJHU�IRU�n�IUHPPH�O ULQJ�DY�
�EHYLV�L�JUXQQVNROHQ��

�����)RUVNQLQJVVS¡UVPnO�

�0HG�GHQ�RYHQQHYQWH�EDNJUXQQHQ�RJ�PRWLYDVMRQ�KDU�YL�JMHQQRPI¡UW�HW�V\VWHPDWLVN�
�OLWWHUDWXUVWXGLH�IRU�n�EHVNULYH�Q\HUH�NODVVHURPVLQWHUYHQVMRQHU�RJ�KYD�GLVVH�VLHU�RP�
�PXOLJKHWHU�IRU�n�VW¡WWH�O ULQJ�DY�EHYLV�L�JUXQQVNROHQ��9L�KDU�NDUWODJW�RJ�SUHVHQWHUW�
�NODVVHURPVLQWHUYHQVMRQHU�SXEOLVHUW�L�XWYDOJWH�WLGVVNULIW�GH�WL�VLVWH�nUHQH��0HG�
�XWJDQJVSXQNW�L��6W\OLDQLGHV�RJ�6W\OLDQLGHV��������VLQ�EHVNULYHOVH�DY�
�NODVVHURPVLQWHUYHQVMRQHU��KDU�YL�IRUPXOHUW�I¡OJHQGH�IRUVNQLQJVVS¡UVPnO��

�)RUVNQLQJVVS¡UVPnO����
�+YD�NDUDNWHULVHUHU�NODVVHURPVLQWHUYHQVMRQHU�L�JUXQQVNROHQ�NQ\WWHW�WLO�O ULQJ�DY�EHYLV�GH�
�VLVWH����nUHQH"�

�+HQVLNWHQ�PHG�GHW�I¡UVWH�IRUVNQLQJVVS¡UVPnOHW�HU�n�NDUWOHJJH�XOLNH�NDUDNWHULVWLNNHU�YHG�
�GH�XWYDOJWH�VWXGLHQH��DOWVn�n�EHVNULYH�GH�XOLNH�UDPPHQH�VWXGLHQH��.DUDNWHULVWLNNHQH�VRP�
�EOLU�XQGHUV¡NW�HU��RYHURUGQHW�GHVLJQ�RJ�SXEOLNDVMRQ��PHWRGHU�IRU�GDWDLQQVDPOLQJ��
�PDWHPDWLVN�LQQKROG��WULQQ�RJ�DOGHU��LQWHUYHQVMRQHQV�OHQJGH�RJ�DQWDOO�XQGHUYLVQLQJV¡NWHU��
�KYLONHW�ODQG�LQWHUYHQVMRQHQ�HU�JMHQQRPI¡UW�L��DQWDOO�GHOWDNHUH��DUEHLGVIRUP�RJ�
�GHOWDNHUQHV�IRUNXQQVNDSHU��,�VYDUHW�Sn�GHWWH�IRUVNQLQJVVS¡UVPnOHW�NRPPHU�GHW�IUHP�
�VWDWLVWLNN�VRP�YLVHU�KYRUGDQ�XWYDOJHW�IRUGHOHU�VHJ�PHG�WDQNH�Sn�GH�QHYQWH�
�NDUDNWHULVWLNNHQH��

�)RUVNQLQJVVS¡UVPnO����
�+YLONH�WHRUHWLVNH�SHUVSHNWLYHU�IRU��RJ�IRUVWnHOVH�DY��EHYLV�KDU�IRUVNHUQH�EDVHUW�VLQ�
�LQWHUYHQVMRQ�Sn"�

�0HG�GHW�DQGUH�IRUVNQLQJVVS¡UVPnOHW�V¡NHU�YL�n�NDUWOHJJH�KYLONH�SHUVSHNWLYHU�IRU��RJ�
�GHILQLVMRQHU�DY�EHYLV�GH�XOLNH�VWXGLHQH�OHJJHU�WLO�JUXQQ�IRU�LQWHUYHQVMRQHQ���'HWWH�
�IRUVNQLQJVVS¡UVPnOHW�VYDUHU�WLO�SXQNWHW�RP�DW�NODVVHURPVLQWHUYHQVMRQHU�E¡U�WHRUHWLVHUH�
�VLQH�IRUHVOnWWH�O¡VQLQJHU��IRU�n�NXQQH�PHQLQJVIXOOW�VL�QRH�RP�KYRUIRU�LQWHUYHQVMRQHQ�
�IXQJHUWH��KYLV�GHW�YDU�WLOIHOOHW��

���



�)RUVNQLQJVVS¡UVPnO����
�+YD�VLHU�LQWHUYHQVMRQVVWXGLHQH�RP�PXOLJKHWHU�IRU�n�VW¡WWH�JUXQQVNROHHOHYHUV�O ULQJ�DY�
�EHYLV"�

�'HW�WUHGMH�IRUVNQLQJVVS¡UVPnOHW�HU�IRUPXOHUW�IRU�n�XQGHUV¡NH�RJ�VDPPHQIDWWH�KYLONH�
�JUHS��L�SODQOHJJLQJ�RJ�OHGHOVH�DY�XQGHUYLVQLQJ��O UHUH�NDQ�LPSOHPHQWHUH�IRU�n�IUHPPH�
�O ULQJ�DY�EHYLV�L�HJQH�NODVVHURP��0HG�RUGHW��O ULQJ��PHQHU�YL�VRP�6W\OLDQLGHV�	�
�6W\OLDQLGHV��������HQ�EUHG�IRUVWnHOVH�DY�EHJUHSHW��VOLN�DW�DIIHNWLYH�DVSHNWHU�RJVn�
�LQNOXGHUHV��$NWLY�GHOWDNHOVH�L�EHYLVUHODWHUWH�SUDNVLVHU�HOOHU�HQGULQJ�DY�KROGQLQJHU�NQ\WWHW�
�WLO�EHYLV��NDQ�GHUIRU�L�QRHQ�VWXGLHU�UHJQHV�XQGHU�HQ�VOLN�IRUVWnHOVH�DY��O ULQJ���9DOJHW�DY�
�RUGHW��PXOLJKHWHU��nSQHU�RJVn�IRU�n�GLVNXWHUH�RYHUI¡ULQJVYHUGL�DY�LQWHUYHQVMRQHQH�L�O\V�DY�
�EHJUHQVQLQJHQH�RJ�IRUXWVHWQLQJHQH�VRP�OLJJHU�L�GH�XWYDOJWH�VWXGLHQH��

�����6WXGLHWV�RSSE\JJLQJ�

�+HU�VNDO�YL�NRUW�EHVNULYH�VWXGLHQV�RSSE\JQLQJ��9L�JMHQQRPI¡UHU�HW�RYHUVLNWVVWXGLH�RJ�
�V\QWHWLVHUHU�XWHQ�HJHW�UDPPHYHUN��RJ�GHW�HU�GHUIRU�LNNH�HW�WUDGLVMRQHOW�WHRULNDSLWWHO�L�YnU�
�RSSJDYH��%HJUHSHU�VRP�EHQ\WWHV�L�VWXGLHQ�HU�UHGHJMRUW�IRU�L�LQQOHGQLQJHQ�HOOHU�L�DQGUH�
�NDSLWOHU�KYRU�GHW�HU�DNWXHOW��,�NDSLWWHO�QXPPHU�WR�EHVNULYHV�YnU�PHWRGH��+HU�EOLU�
�LQVWUXPHQW�IRU�V¡N�RJ�XWYHOJHOVHVSURVHVVHQ�EHVNUHYHW�JUXQGLJ��VDPW�EHJUXQQHOVH�IRU�
�YDOJ�DY����WLGVVNULIWHU���0HWRGHEHVNULYHOVHQ�HU�QRNVn�GHWDOMHUW��GD�HW�DY�SRHQJHQH�PHG�
�V\VWHPDWLVNH�OLWWHUDWXUVWXGLHU�HU�DW�GH�VNDO�NXQQH�JMHQVNDSHV�DQGUH���9LGHUH�YLO�YL�L�
�NDSLWWHO�WUH�SUHVHQWHUH�UHVXOWDWHW�DY�GHQ�V\VWHPDWLVNH�OLWWHUDWXUVWXGLHQ���$YVOXWWQLQJVYLV�
�YLO�YL�GU¡IWH�RYHUVLNWHQ�VRP�HQ�KHOKHW�RJ�EHJUHQVLQJ�YHG�YnU�VWXGLH��VDPW�SUHVHQWHUH�
�PXOLJKHWHU�IRU�YLGHUH�IRUVNLQJ��

�����0HWRGH�
�,�GHWWH�NDSLWWHOHW�VNDO�YL�UHGHJM¡UH�IRU�PHWRGHQ�L�YnUW�V\VWHPDWLVN�OLWWHUDWXUVWXGLH���9L�KDU�
�YDOJW�n�JMHQQRPI¡UH�HW�V\VWHPDWLVN�OLWWHUDWXUVWXGLH�IRU�n�NDUWOHJJH��ILQQH�RJ�EHVNULYH�
�LQWHUYHQVMRQVVWXGLHU�VRP�RPKDQGOHU�EHYLV�L�JUXQQVNROHQ�GH�VLVWH�WL�nUHQH���.DSLWWHOHW�HU�
�GHOW�RSS�L�IOHUH�XQGHUNDSLWOHU�VRP�EHVNULYHU�DUEHLGVJDQJHQ�L�YnUW�VWXGLH��9L�YLO�I¡UVW�
�LQWURGXVHUHU�YL�KYLONH�DVSHNWHU�PHWRGHQ�LQQHKROGHU��Vn�SUHVHQWHUH�YnUW�V¡NHLQVWUXPHQW��
�9LGHUH�SUHVHQWHUHV�GDWDLQQVDPOLQJHQ��HWWHUIXOJW�DY�PHWRGHNULWLNN��7LO�VOXWW�SUHVHQWHUHU�YL�
�GDWDDQDO\VHQ��VRP�HU�XWJDQJVSXQNWHW�IRU�GH�UHVXOWDWHU�YL�SUHVHQWHUHU�L�UHVXOWDWNDSLWWHOHW��

�����6\VWHPDWLVN�OLWWHUDWXUVWXGLH�

�(W��V\VWHPDWLVN�OLWWHUDWXUVWXGLH�EOLU�GHILQHUW�VRP��HQ�OLWWHUDWXUJMHQQRPJDQJ�VRP�EUXNHU�
�HNVSOLVLWWH��V\VWHPDWLVNH�PHWRGHU�IRU�n�VRUWHUH�RJ�V\QWHWLVHUH�IXQQ�IUD�VWXGLHU�VRP�KDU�
�W\GHOLJ�IRUPXOHUW�IRUVNQLQJVVS¡UVPnO���3DJH�HW�DO���������V���������(W�VOLNW�VWXGLH�LQQHKROGHU�
�IOHUH�DVSHNWHU��V¡NHLQVWUXPHQW��GDWDLQQVDPOLQJ��RJ�GDWDDQDO\VH��6¡NHLQVWUXPHQW�HU�
�VDPOHEHWHJQHOVHQ�IRU�V¡NHRUG�RJ�GDWDLQQVDPOLQJ��,QVWUXPHQWHW�VNDO�ILQQH�EnGH�
�SRWHQVLHOOH�VWXGLHU�JMHQQRP�V¡NHRUG�RJ�HNVNOXGHUH�LUUHOHYDQWH�VWXGLHU��VNDO�DW�PDQ�VWnU�
�LJMHQ�PHG�HW�VHWW�LQNOXGHUWH�VWXGLHU�WLO�YLGHUH�GDWDDQDO\VH��6¡NHRUGHQH�HU�GH�RUGHQH�PDQ�
�EUXNHU�IRU�n�OHWH�HWWHU�GDWD�LQQHQ�HW�EHVWHPW�RPUnGH��IRU�HNVHPSHO�©SURRI�2*�
�FODVVURRPª�L�GDWDEDVHQ�6SULQJHU/LQN��,�GDWDLQQVDPOLQJSURVHVVHQ�EOLU�SRWHQVLHOOH�VWXGLHU�
�LQNOXGHUW�RJ�HNVNOXGHUW�EDVHUW�Sn�IRUKnQGVEHVWHPWH�NULWHULHU��'HWWH�HU�DOWVn�NULWHULHU�
�VRP��KYRU�PDQ�V¡NHU�RJ�KYD�PDQ�V¡NHU�HWWHU��,�GDWDDQDO\VHQ�WUHNNHV�UHOHYDQW�
�LQIRUPDVMRQ�XW�IUD�GH�LQNOXGHUWH�VWXGLHQH��IRU�n�VYDUH�Sn�IRUKnQGVEHVWHPWH�
�IRUVNQLQJVVS¡UVPnO��

���



�����6¡NHLQVWUXPHQW�

�9L�KDU�YDOJW����K¡\W�UDQJHUWH�PDWHPDWLVNH�WLGVVNULIWHQH�VRP�UDPPHU�IRU�YnU�
�GDWDLQQVDPOLQJ��7LGVVNULIWHQH�HU�HQ�VHQWUDO�GHO�DY�V¡NHLQVWUXPHQWHW��GD�GH�DYJUHQVHU�
�KYRU�P\H�GDWD�YL�NDQ�VDPOH�LQQ��'H����XWYDOJWH�PDWHPDWLVNH�WLGVVNULIWHQH�OLVWHV�RSS�
�QHGHQIRU��RJ�EOLU�KHUHWWHU�UHIHUHUW�PHG�IRUNRUWHOVHQH��

�-RXUQDO�IRU�5HVHDUFK�LQ�0DWKHPDWLFV�(GXFDWLRQ� ��-50(��
�(GXFDWLRQDO�6WXGLHV�LQ�0DWKHPDWLFV� ��(60��
�-RXUQDO�RI�0DWKHPDWLFDO�%HKDYLRU� ��-0%��
�7KH�LQWHUQDWLRQDO�-RXUQDO�RQ�0DWKHPDWLFV�(GXFDWLRQ� ��='0��
�-RXUQDO�RI�0DWKHPDWLFV�7HDFKHU�(GXFDWLRQ� ��-07(��
�0DWKHPDWLFDO�7KLQNLQJ�DQG�/HDUQLQJ� ��07/��
�)RU�WKH�/HDUQLQJ�RI�0DWKHPDWLFV� ��)/0��
�5HVHDUFK�LQ�0DWKHPDWLFV�(GXFDWLRQ� ��50(��
�0DWKHPDWLFV�(GXFDWLRQ�5HVHDUFK�-RXUQDO� ��0(5-��
�,QWHUQDWLRQDO�-RXUQDO�RI�6FLHQFH�DQG�0DWKHPDWLFV�(GXFDWLRQ� ��,-60(��
�,QWHUQDWLRQDO�-RXUQDO�RI�0DWK�(GXFDWLRQ�LQ�6FLHQFH�DQG�7HFKQRORJ\� ��,-0(67��
�&DQDGLDQ�-RXUQDO�RI�6FLHQFH�0DWKHPDWLFV�DQG�7HFKQRORJ\�HGXFDWLRQ� ��&-607(��

�9DOJHW�DY�GH����PDWHPDWLVNH�WLGVVNULIWHQH�EDVHUHV�Sn�VWXGLHQ�WLO�:LOOLDPV�RJ�/HDWKDP�
���������VRP�KHWHU�©-RXUQDO�4XDOLW\�LQ�PDWKHPDWLFV�HGXFDWLRQª��'H�SUHVHQWHUHU�
�UHVXOWDWHW�DY�WR�VWXGLHU��HQ�VLWHULQJVEDVHUW�VWXGLH�RJ�HQ�PHQLQJVEDVHUW�VWXGLH��VRP�
�UDQJHUHU�GHQ�UHODWLYH�NYDOLWHWHQ�DY����HQJHOVN�VSUnNOLJH�PDWHPDWLVNH�WLGVVNULIW���:LOOLDPV�
�	�/HDWKDP��������V����������'H�OHGHQGH����PDWHPDWLVNH�WLGVVNULIWHQH�LQQHKROGW�FD�����DY�
�VLWHULQJHQ�LQQHQIRU�GH����¡YHUVWH�WLGVVNULIWHQH��$OOH�GH����WLGVVNULIWHQHV�NYDOLWHW�EOH�
�YXUGHUW�VRP�©KLJKª��©PHGLXP�KLJKª�HOOHU�©PHGLXPª��'HW�DW�YL�YDOJWH����DY�GH�PHVW�
�DQHUNMHQWH�WLGVVNULIWHQH�IUD�GHQQH�VWXGLHQ��JD�RVV�HQ�IRUP�IRU�NYDOLWHWVYXUGHULQJ�DY�
�LQQKROGHW�WLO�GDWDLQQVDPOLQJHQ�Sn�IRUKnQG��'HQQH�NYDOLWHWVVLNULQJHQ�HU�Q\WWLJ�IRU�RVV��GD�
�YL�VRP�IRUVNHUH�HU�IHUVNH�L�IHOWHW��5HVXOWDWHW�IUD�GH����DQHUNMHQWH�WLGVVNULIWHQH�YLO�L�WLOOHJJ�
�JL�HQ�LQGLNDVMRQ�RP�KYD�VRP�KDU�Y UW�L�IRNXV�L�PDWHPDWLNNGLGDNWLNN�GH�VLVWH�WL�nUHQH��
�(WWHU�DW�YL�KDGGH�EHVWHPW�RVV�IRU�n�EUXNH�GH����WLGVVNULIWHQH��DQYHQGH�YL�GLVVH�L�
�SLORWXQGHUV¡NHOVHQ��

�)¡U�YL�JLNN�L�JDQJ�PHG�GHW�RIILVLHOOH�OLWWHUDWXU�V¡NHW��JMHQQRPI¡UWH�YL�HQ�
�SLORWXQGHUV¡NHOVHQ��,�GHQQH�XQGHUV¡NHOVHQ�WHVWHW�YL�XW�XOLNH�NRPELQDVMRQHU�DY�V¡NHRUG��L�
�DOOH�GH����WLGVVNULIWHQH��,�I¡UVWH�RPJDQJ�Vn�YL�NXQ�Sn�DQWDOO�UHVXOWDWHU�SHU�V¡NHRUG��+HU�
�WHVWHW�YL�V¡NHRUGHQH�3URRI���3URRI�25�3URYLQJ��$1'��&ODVVURRP�25�LQWHUYHQWLRQ���3URRI�
�$1'��LQWHUYHQWLRQ�RU�FODVVURRP���3URRI�$1'�LQWHUYHQWLRQ��RJ�WLO�VOXWW��3URRI�25�3URYLQJ��
�$1'�LQWHUYHQWLRQ��'HWWH�JD�RVV�HQ�GHO�XOLNH�DQWDOO�V¡NHUHVXOWDWHU��)RU�HNVHPSHO�JD��3URRI�
�25�3URYLQJ��$1'��,QWHUYHQWLRQ�RU�&ODVVURRP��ODQJW�IOHUH�UHVXOWDWHU�HQQ�3URRI�$1'�
��LQWHUYHQWLRQ�RU�FODVVURRP���9L�WHVWHW�I¡UVW��3URRI�25�3URYLQJ��$1'��LQWHUYHQWLRQ�RU�
�FODVVURRP���GD�YL�KDGGH�WUR�Sn�DW�GHWWH�YLOOH�JL�RVV�PDQJH�SRWHQVLHOW�UHOHYDQWH�VWXGLHU��
�'HWWH�WHVWHW�YL�L�WLGVVNULIWHW�(60��KYRU�YL�HQGWH�RSS�PHG�VMX�VWXGLHU�HWWHU�VDPPHQGUDJ�
�OHVLQJ��'HQQH�XWYHOJHOVHQ�VNMHGGH�PHG�GH�GDY UHQGH�NULWHULHQH�IRU�LQNOXGHULQJ�RJ�
�HNVNOXGHULQJ��(W�V\VWHPDWLVN�V¡N�EHJ\QQHU�PHG�n�LGHQWLILVHUH�Q¡NNHORUG�RJ�V¡NHEHJUHS�
�EDVHUW�Sn�SLORWVWXGLHQ��WLGOLJHUH�OLWWHUDWXU�RJ�GLVNXVMRQ�PHOORP�IRUIDWWHUQH���7UDQILHOG�HW�
�DO���������V����������1RH�VRP�EULQJHU�RVV�YLGHUH�WLO�GHW�HQGHOLJH�V¡NHW��9L�VMHNNHW�GHUPHG�
�KYLONH�EHYLVUHODWHUWH�RUG�VRP�GXNNHW�RSS�L�GH�VMX�VWXGLHQH��RJ�NRQNOXGHUWH�GD�PHG�DW�YL�
�NXQQH�IMHUQH�©3URYLQJª�IUD�V¡NHRUGHW��9HG�n�RSWLPDOLVHUH�V¡NH�WLO�3URRI�$1'��LQWHUYHQWLRQ�
�RU�FODVVURRP��VRP�V¡NHRUG��IDQW�YL�IRUWVDWW�GH�VDPPH�VMX�UHOHYDQWH�VWXGLHQH�IUD�(60��

���



�PHQ�ILNN�ó�PLQGUH�V¡NHUHVXOWDWHU��%DVHUW�Sn�HUIDULQJHU�YL�JMRUGH�RVV�XQGHU�V¡NLQJHQ�RJ�
�GDWDJMHQQRPJDQJ��RSWLPDOLVHUWH�RJ�IHUGLJVWLOW�YL�NULWHULHQH��

�0HG�XWJDQJVSXQNW�L�SLORWVWXGLHQ��YDOJWH�YL�n�EUXNH�©3URRI�$1'��LQWHUYHQWLRQ�RU�
�FODVVURRP�ª�VRP�V¡NHRUG�L�GHW�HQGHOLJH�V¡NHLQVWUXPHQWHW��'H�VDPPH�V¡NHRUGHQH�EOH�
�EUXNW�L�DOOH�V¡NHQH��'HW�HQGHOLJH�OLWWHUDWXUV¡NHW�EOH�JMHQQRPI¡UW�����PDUV��������,�WLOOHJJ�
�WLO�GHW�RYHUQHYQWH�V¡NHW��JLNN�YL�PDQXHOW�JMHQQRP�VDPWOLJH�DUWLNOHU�SXEOLVHUW�L�
�WLGVVNULIWHQH�)/0�RJ�-50(�LQQHQIRU�YnUW�YDOJWH�WLGVURP��9L�YDOJWH�n�OHWH�PDQXHOW�IRUGL�
�)/0�VLQ�V¡NHIXQNVMRQ�NXQ�V¡NHU�L�VDPPHQGUDJHW�L�DUWLNOHQH��RJ��L�-50(�UHVXOWHUWH�V¡NHW�L�
�HW�RYHUUDVNHQGH�ODYW�DQWDOO�SRWHQVLHOOH�VWXGLHU�VDPPHQOLJQHW�PHG�DQWDOO�SXEOLNDVMRQHU����

�����'DWDLQQVDPOLQJ�

�6¡NHRUGHQH�RJ�LQNOXGHULQJV�RJ�HNVNOXGHULQJVNULWHULHQH��HU�DYJM¡UHQGH�IRU�
�GDWDLQQVDPOLQJHQ��6¡NHRUGHQH�VNDO�DYJUHQVH�V¡NHW�Vn�JRGW�VRP�PXOLJ��VOLN�DW�IOHVW�PXOLJ�
�VWXGLHU�L�UHVXOWDWHW�HU�UHOHYDQWH�IRU�YnU�RSSJDYH��)RU�n�DYJM¡UH�RP�GH�SRWHQVLHOOH�
�VWXGLHQH�YDU�UHOHYDQW�IRU�YnU�VWXGLH��PnWWH�YL�DQYHQGH�GH�IRUKnQGVODJGH�LQNOXGHULQJV�RJ�
�HNVNOXGHULQJVNULWHULHQH��VH�WDEHOO�����QHGHQIRU���.XQ�VWXGLHU�VRP�P¡WHU�DOOH�
�LQNOXGHULQJVNULWHULHQH��RJ�LQJHQ�DY�HNVNOXGHULQJVNULWHULHQH�EOLU�LQNOXGHUW�L�OLWWHUDWXUV¡NHW�
��7UDQILHOG�HW�DO���������V����������,�I¡UVWH�RPJDQJ�DQYHQGWH�YL�LQNOXGHULQJVNULWHULHQH��,.��
�RJ�HNVNOXGHULQJVNULWHULHQH��(.��NXQ�Sn�WLWWHO��DEVWUDNW�RJ�HYHQWXHOOH�Q¡NNHORUG��+HU�JLNN�
�EHJJH�IRUIDWWHUH�JMHQQRP�DOOH�WLGVVNULIWHQH��,QNOXGHULQJV��RJ�HNVNOXGHULQJVNULWHULHQH�HU�
�nSHQ�IRU�WRONQLQJ�RJ�UHODWLYW�VXEMHNWLYH��RJ�GHUIRU�NDQ�GHWWH�VWHJHW�DY�GHW�V\VWHPDWLVNH�
�OLWWHUDWXUVWXGLH�EOL�XWI¡UW�DY�IOHUH�HQQ�HQ�IRUVNHU���7UDQILHOG�HW�DO���������V����������'HUIRU�
�YDU�GHW�YLNWLJ�DW�YL�VRP�YXUGHUWH�UHOHYDQVHQ�DY�VWXGLHQH�SU¡YGH�n�VNDIIH�RVV�PHVW�PXOLJ�
�IHOOHV�IRUVWnHOVH�DY�NULWHULHQH��)RU�n�RSSQn�GHWWH�JMHQQRPI¡UWH�YL�IOHUH�UXQGHU�PHG�
�GLVNXVMRQ�DY�NULWHULHQH��%nGH�KYD�GH�EHW\GGH�RJ�KYD�GH�IDNWLVN�LQNOXGHUWH�RJ�
�HNVNOXGHUWH��,�DQGUH�RPJDQJ�JMHQQRPI¡UWH�EHJJH�IRUIDWWHUH�IXOOWHNVW�OHVLQJ�WLO�YL�HQWHQ�
�NXQQH�HNVNOXGHUH�WHNVWHQH�EDVHUW�Sn�(.��HOOHU�WLO�YL�LNNH�IDQW�QRH�VRP�HNVNOXGHUWH�GH��RJ�
�GHUPHG�LQNOXGHUWH�GH�YLGHUH��,�WUHGMH�UXQGH�EOH�VWXGLHQH�GLVNXWHUW�L�IHOOHVVNDS�DOOH�YnUH�
�SRWHQVLHOOH�VWXGLHU��'LVNXVMRQHQ�LQQHE U�RJ�DUJXPHQWHUH�IRU�KYRUIRU�HQ�WHNVW�YDU�
�LQNOXGHUW�HOOHU�LNNH��RJ�IRU�n�IDQJH�RSS�HYHQWXHOOH�LQGLYLGXHOW�RYHUVHWWH�DUWLNOHU��6RP�IRU�
�HNVHPSHO�HQ�VWXGLH�VRP�I¡UVW�YLUNHW�VRP�HQ�NDUWOHJJLQJ�DY�HOHYHUV�UHVRQQHULQJ�VWUDWHJLHU�
��VRP�YLOOH�KD�Y UW�QRN�IRU�HNVNOXVMRQ���PHQ�JMHQQRP�YLGHUH�OHVQLQJ�YLVWH�VHJ�n�
�LQQHKROGH�HQ�LQWHUYHQVMRQ�Sn�EHYLV��$UJXPHQWHQH�L�GLVNXVMRQHQ�YDU�EDVHUW�Sn�YnU�
�VXEMHNWLYH�IRUVWnHOVH�DY�NULWHULHQH�KYRU�YL�YLVWH�WLO�VSHVLILNNH�GHOHU�L�GH�SRWHQVLHOOH�
�VWXGLHQH��

�)RU�n�ILQQH�GH�VWXGLHQH�VRP�HU�UHOHYDQW�IRU�YnUH�IRUVNQLQJVVS¡UVPnO�KDU�YL�NRPPHW�IUHP�
�WLO�I¡OJHQGH�LQNOXGHULQJV��RJ�HNVNOXGHULQJVNULWHULHU��7DEHOO������

�,QNOXGHULQJVNULWHULHU�,.�� �(NVNOXVMRQVNULWHULHU�(.��

�,.���6WXGLHU�SXEOLVHUW�L�GH����XWYDOJWH�PDWHPDWLVNH�
�WLGVVNULIWHQH��

�(.���6WXGLHU�VRP�LNNH�HU�SXEOLVHUW�L�GH����XWYDOJWH�
�PDWHPDWLVNH�WLGVVNULIWHQH��

�,.���6WXGLHU�Sn�HQJHOVN�VRP�HU�SXEOLVHUW�L�WLGVURPPHW�
������������

�(.���6WXGLHU�Sn�DQQHW�VSUnN�HQQ�HQJHOVN�RJ�HOOHU�SXEOLVHUW�
�XWHQIRU�WLGVURPPHW��

�,.���6WXGLHU�PHG�HOHYHU�Sn�DOGHUVWULQQ�WLOVYDUHQGH�
�QRUVN�JUXQQVNROH�������nU��

�(.���6WXGLHU�PHG�GHOWDNHUH�NXQ�Sn�DQGUH�nUVWULQQ�HQQ�GHW�
�VRP�WLOVYDUHU�QRUVN�JUXQQVNROH��

�,.���'RNXPHQWW\SHQ��IDJIHOOHYXUGHUWH�DUWLNOHU�� �(���'RNXPHQWW\SHU�VRP�LNNH�HU�IDJIHOOHYXUGHUWH�DUWLNOHU��VRP�
�©HGLWRULDOVª���©ERRN�UHYLHZVª�RJ�©FODVVURRP�QRWHVª��

���



�,.���.ODVVHURPVEDVHUWH�VWXGLHU�VRP�HU�UHODWHUW�WLO�n�
�IUHPPH�O ULQJ�DY�EHYLV���WLO�IRUVNMHOO�IUD�HW�VWXGLH�VRP�
�EDUH�KDU�IRNXV�Sn�n�DYGHNNH�SUREOHPHU�NQ\WWHW�WLO�
�O ULQJ�DY�EHYLV��

�$YNODULQJ�DY�EHYLVUHODWHUWH�DNWLYLWHW��
��� �SURRI�SURYH�
��� �MXVWLILFDWLRQ�
��� �JHQHUDOLVDWLRQ�
��� �UHDVRQLQJ�
��� �DUJXPHQWDWLRQ�
��� �FRQMHFWXULQJ�

�(.�D��6WXGLHU�XWHQIRU�NODVVHURPVVLWXDVMRQ��
�(.�E��6WXGLHU�L�NODVVHURP�VRP�LNNH�IRNXVHUHU�Sn�n�IUHPPH�
�O ULQJ�DY�EHYLV�

�7DEHOO�����,QNOXGHULQJV��RJ�HNVNOXGHULQJVNULWHULHU�

�9nU�YLNWLJVWH�LQNOXGHULQJVNULWHULHU�HU�,.���RJ�YL�YLO�Qn�NODUJM¡UH�KYD�YL�OHJJHU�
�©NODVVHURPVEDVHUWH�VWXGLHU�VRP�HU�UHODWHUW�WLO�n�IUHPPH�O ULQJ�DY�EHYLVª��9L�IRUVWnU�
�EHYLV�L�VDPVYDU�PHG��6W\OLDQLGHV��������GHILQLVMRQ��VRP�SHNHU�Sn�WUH�DVSHNWHU�YHG�EHYLV��
�'HW�EUXNHV�SnVWDQGHU�VRP�HU�DNVHSWHUW�DY�GHQ�JLWWH�NODVVHQ�HOHYJUXSSHQ�XWHQ�YLGHUH�
�EHJUXQQHOVH��'HW�EUXNHV�HQ�IRUP�IRU�UHVRQQHULQJ�VRP�HU�J\OGLJ��NMHQW�RJ�LQQHQIRU�GHQ�
�JLWWH�HOHYJUXSSDV�NRQVHSWXHOOH�IRUVWnHOVH��3nVWDQGHQ�HU�NRPPXQLVHUW�JMHQQRP�NMHQWH�RJ�
�SDVVHQGH�IRUPHU�IRU�XWWU\NNHOVH�VRP�HU�LQQHQIRU�GHQ�JLWWH�HOHYJUXSSDV�NRQVHSWXHOOH�
�IRUVWnHOVH���6W\OLDQLGHV��������V����������*LWW�GHQQH�GHILQLVMRQHQ�DY�EHYLV��GHILQHUHU�GH�
�©SURYLQJª�EUHWW�VRP�DNWLYLWHWHQ�DY�n�OHWH�HWWHU�EHYLV��'HQQH�DNWLYLWHWHQ�NDQ�LQNOXGHUH�HQ�
�KHO�GHO�DQGUH�DNWLYLWHWHU�VRP�RIWH�LQQOHGHU�WLO�©SURYLQJª��VRP�JHQHUDOLVHULQJ�HOOHU�
�K\SRWHVH�VHWWLQJ���6W\OLDQLGHV�HW�DO���������V����������'HWWH�KDU�YL�YDOJW�n�NDOOH�EHYLVUHODWHUW�
�DNWLYLWHWHU��RJ�KDU�GHUIRU�LQNOXGHUW�VWXGLHU�VRP�KDU�IRNXV�EnGH�Sn�EHYLV�L�VHJ�VHOY��PHQ�
�RJVn�EHYLVUHDOWHUWH�DNWLYLWHWHU�VRP�JHQHUDOLVHULQJ��UHVRQQHULQJ�RJ�DUJXPHQWDVMRQ��
�%HYLVUHODWHUW�DNWLYLWHW�NDQ�VHV�L�VDPPHQKHQJ�PHG�LQWHUYHQVMRQHU��6RP�HU��IRUVNQLQJ�VRP�
�JM¡UHV�L�IDNWLVNH�NODVVHURP�PHG�IRNXV�Sn�DGUHVVHUH�XWIRUGULQJ�PHG�HOHYHQHV�O ULQJ�
�JMHQQRP�XQGHUYLVQLQJ�EDVHUW�Sn�WHRUL���6W\OLDQLGHV�	�6W\OLDQLGHV�����������(Q�LQWHUYHQVMRQ�
�NDQ�IRU�HNVHPSHO�DGUHVVHUH�HOHYHQHV�XWIRUGULQJHU�PHG�EHYLV�JMHQQRP�DUJXPHQWDVMRQV�
�DNWLYLWHWHU��

�9LGHUH�KDU�YL�RJVn�YDOJW�n�LQNOXGHUH�VWXGLHU�VRP�JMHQQRPI¡UHU�GHW�GH�NDOOHU�IRU�©WHDFKLQJ�
�HNVSHULPHQWª��9L�KDU�YDOJW�n�RYHUVHWWH�GHWWH�WLO��HNVSHULPHQW����)HOWHW�KDU�LQJHQ�NODU�
�GLVWLQNVMRQ�PHOORP�HNVSHULPHQW�RJ�LQWHUYHQVMRQ��VHOY�RP�HNVSHULPHQW�JMHUQH�NQ\WWHV�WLO�
�HQ�VSHVLILNN�PHWRGH���<RSS��������V��������8DQVHWW�GLVWLQNVMRQHQH�HU�GHW�PXOLJ�n�ILQQH�
�VLWXDVMRQHU�KYRU�GH�WR�PHWRGRORJLHQH�VDPPHQIDOOHU���<RSS��������V��������'HWWH�HU�QRH�YL�
�RJVn�NMHQQHU�LJMHQ�L�GH�LQNOXGHUWH�VWXGLHQH�VRP�NDOOHU�VHJ�VHOY�HNVSHULPHQW��'LVVH�
�LQQHKROGHU�RJVn�HPSLUL�IUD�NODVVHURP��VOLN�VRP�LQWHUYHQVMRQHU��'H�KDU�RJVn�HW�IRNXV�Sn�
�IUHPPLQJ�DY�O ULQJ�DY�EHYLV��

�3UHVHQWHUW�L�WDEHOO�����QHGHQIRU�HU�GDWDLQQVDPOLQJVSURVHVVHQV�XOLNH�IDVHU�RJ�UHVXOWDWHU��,�
�YnU�RSSJDYH�KDU�YL�LQNOXGHUW����VWXGLHU�Sn�EHYLV��SOXNNHW�XW�DY������SRWHQVLHOOH�VWXGLHU��

���



�)LJXU�����8WYHOJHOVHVSURVHVV�

�'H����VWXGLHQH�LQNOXGHUW�L�YnUW�V\VWHPDWLVNH�OLWWHUDWXUVWXGLH�SUHVHQWHUHV�KHU�L�WDEHOO������
�6RP�GD�DOWVn�HU�©VWXGLHU�LQNOXGHUW�HWWHU�HQGHOLJ�JMHQQRPOHVLQJ�RJ�GLVNXVMRQª�L�WDEHOO������

�.RUW�UHIHUDQVH� �7LWWHO�

�$\DOD�$OWDPLUDQR�
�	�0ROLQD�������

�)RXUWK�JUDGHUV¶�MXVWLILFDWLRQV�LQ�HDUO\�DOJHEUD�WDVNV�LQYROYLQJ�D�IXQFWLRQDO�UHODWLRQVKLS��

�%DOGU\��HW�DO���
�������

�7KH�XVH�RI�FDUHIXOO\�SODQQHG�ERDUG�ZRUN�WR�VXSSRUW�WKH�SURGXFWLYH�GLVFXVVLRQ�RI�
�PXOWLSOH�VWXGHQW�UHVSRQVHV�LQ�D�-DSDQHVH�SUREOHP�VROYLQJ�OHVVRQ��

�%DUQHV������� �3HUVHYHUDQFH�LQ�PDWKHPDWLFDO�UHDVRQLQJ��7KH�UROH�RI�FKLOGUHQ¶V�FRQDWLYH�IRFXV�LQ�WKH�
�SURGXFWLYH�LQWHUSOD\�EHWZHHQ�FRJQLWLRQ�DQG�DIIHFW��

�%ODQWRQ�HW�DO���
������

�*URZWK�LQ�FKLOGUHQ¶V�XQGHUVWDQGLQJ�RI�JHQHUDOL]LQJ�DQG�UHSUHVHQWLQJ�PDWKHPDWLFDO�
�VWUXFWXUH�DQG�UHODWLRQVKLSV��

�&KHQ�	�+HUEVW��
������

�7KH�LQWHUSOD\�DPRQJ�JHVWXUHV��GLVFRXUVH��DQG�GLDJUDPV�LQ�VWXGHQWV¶�JHRPHWULFDO�
�UHDVRQLQJ��

���



�&XVL�	�2OVKHU��
������

�'HVLJQ�RI�&ODVVURRP�'LVFXVVLRQV�DQG�WKH�5ROH�RI�WKH�([SHUW�LQ�)RVWHULQJ�DQ�(IIHFWLYH�
�DQG�$ZDUH�8VH�RI�([DPSOHV�DV�D�0HDQV�RI�$UJXPHQWDWLRQ��

�)DQ��HW�DO�������� �'RHV�D�WUDQVIRUPDWLRQ�DSSURDFK�LPSURYH�VWXGHQWV¶�DELOLW\�LQ�FRQVWUXFWLQJ�DX[LOLDU\�
�OLQHV�IRU�VROYLQJ�JHRPHWULF�SUREOHPV"�$Q�LQWHUYHQWLRQ�EDVHG�VWXG\�ZLWK�WZR�&KLQHVH�
�FODVVURRPV��

�)LDOOR�	�*XWLHUUH]��
������

�$QDO\VLV�RI�WKH�FRJQLWLYH�XQLW\�RU�UXSWXUH�EHWZHHQ�FRQMHFWXUH�DQG�SURRI�ZKHQ�OHDUQLQJ�
�WR�SURYH�RQ�D�JUDGH����WULJRQRPHWU\�FRXUVH��

�)XMLWD��HW�DO�������� �/HDUQHUV¶�XVH�RI�GRPDLQ�VSHFLILF�FRPSXWHU�EDVHG�IHHGEDFN�WR�RYHUFRPH�ORJLFDO�
�FLUFXODULW\�LQ�GHGXFWLYH�SURYLQJ�LQ�JHRPHWU\��

�-DKQNH�RJ�
�:DPEDFN�������

�8QGHUVWDQGLQJ�ZKDW�D�SURRI�LV��$�FODVVURRP�EDVHG�DSSURDFK��

�.LP�	�-X������� �$�FKDQJLQJ�WUDMHFWRU\�RI�SURRI�OHDUQLQJ�LQ�WKH�JHRPHWU\�LQTXLU\�FODVVURRP��

�.RPDWVX������� �)RVWHULQJ�HPSLULFDO�H[DPLQDWLRQ�DIWHU�SURRI�FRQVWUXFWLRQ�LQ�VHFRQGDU\�VFKRRO�JHRPHWU\��

�.RPDWVX�	�-RQHV��
������

�*HQHUDWLQJ�PDWKHPDWLFDO�NQRZOHGJH�LQ�WKH�FODVVURRP�WKURXJK�SURRI��UHIXWDWLRQ��DQG�
�DEGXFWLYH�UHDVRQLQJ��

�.RPDWVX��HW�DO���
������

�3URRI�YDOLGDWLRQ�DQG�PRGLILFDWLRQ�LQ�VHFRQGDU\�VFKRRO�JHRPHWU\��

�.RPDWVX�HW�DO���
�����D�JHRPHWUL�

�5HWKLQNLQJ�WKH�GLVFRYHU\�IXQFWLRQ�RI�SURRI�ZLWKLQ�WKH�FRQWH[W�RI�SURRIV�DQG�UHIXWDWLRQV��

�.RPDWVX�HW�DO���
�����E�

�3URRI�SUREOHPV�ZLWK�GLDJUDPV��$Q�RSSRUWXQLW\�IRU�H[SHULHQFLQJ�SURRIV�DQG�UHIXWDWLRQV��

�/HKUHU�HW�DO�������� �&XOWLYDWLQJ�LQTXLU\�DERXW�VSDFH�LQ�D�PLGGOH�VFKRRO�PDWKHPDWLFV�FODVVURRP��

�0DNDU�HW�DO�������� �6FDIIROGLQJ�QRUPV�RI�DUJXPHQWDWLRQ�EDVHG�LQTXLU\�LQ�D�SULPDU\�PDWKHPDWLFV�
�FODVVURRP��

�0DULRWWL������� �3URRI�DQG�SURYLQJ�LQ�WKH�FODVVURRP��'\QDPLF�*HRPHWU\�6\VWHPV�DV�WRROV�RI�VHPLRWLF�
�PHGLDWLRQ��

�0DULRWWL������� �,QWURGXFLQJ�VWXGHQWV�WR�JHRPHWULF�WKHRUHPV��+RZ�WKH�WHDFKHU�FDQ�H[SORLW�WKH�VHPLRWLF�
�SRWHQWLDO�RI�D�'*6��

�0DUWLQH]�	�&DVWUR�
�6XSHUILQH�������

�,QWHJUDWLQJ�$OJHEUD�DQG�3URRI�LQ�+LJK�6FKRRO��6WXGHQWV¶�:RUN�ZLWK�0XOWLSOH�9DULDEOHV�
�DQG�D�6LQJOH�3DUDPHWHU�LQ�D�3URRI�&RQWH[W��

�0DUWLQH]�	�
�3HGHPRQWH�������

�5HODWLRQVKLS�EHWZHHQ�LQGXFWLYH�DULWKPHWLF�DUJXPHQWDWLRQ�DQG�GHGXFWLYH�DOJHEUDLF�
�SURRI��

�0DWD�3HUHULD�	�GD�
�3RQWH�������

�(QKDQFLQJ�VWXGHQWV¶�PDWKHPDWLFDO�UHDVRQLQJ�LQ�WKH�FODVVURRP��7HDFKHU�DFWLRQV�
�IDFLOLWDWLQJ�JHQHUDOL]DWLRQ�DQG�MXVWLILFDWLRQ��

�0F)HHWRUV�	�3DOI\��
������

�(GXFDWLYH�H[SHULHQFHV�LQ�D�JDPHV�FRQWH[W��6XSSRUWLQJ�HPHUJLQJ�UHDVRQLQJ�LQ�
�HOHPHQWDU\�VFKRRO�PDWKHPDWLFV��

�0L\D]DNL�	�-RQHV��
������

�)ORZ�FKDUW�SURRIV�ZLWK�RSHQ�SUREOHPV�DV�VFDIIROGV�IRU�OHDUQLQJ�DERXW�JHRPHWULFDO�
�SURRIV��

�0L\D]DNL�HW�DO���
������

�6WXGHQWV¶�XQGHUVWDQGLQJ�RI�WKH�VWUXFWXUH�RI�GHGXFWLYH�SURRI��

���



�0RXWVLRV�5HQW]RV�
�HW�DO��������

�7KH�REMHFWLILFDWLRQ�RI�WKH�ULJKW�DQJOHG�WULDQJOH�LQ�WKH�WHDFKLQJ�RI�WKH�3\WKDJRUHDQ�
�7KHRUHP��$Q�HPSLULFDO�LQYHVWLJDWLRQ��

�1J�	�6LQFODLU������� �©$UHD�:LWKRXW�1XPEHUVª��8VLQJ�7RXFKVFUHHQ�'\QDPLF�*HRPHWU\�WR�5HDVRQ�$ERXW�
�6KDSH��

�6KLQQR�	�)XMLWD��
������

�&KDUDFWHUL]LQJ�KRZ�DQG�ZKHQ�D�ZD\�RI�SURYLQJ�GHYHORSV�LQ�D�SULPDU\�PDWKHPDWLFV�
�FODVVURRP��D�FRPPRJQLWLYH�DSSURDFK��

�<RSS������� �(OLPLQDWLQJ�FRXQWHUH[DPSOHV��$�*UDGH���VWXGHQW¶V�OHDUQLQJ�WUDMHFWRU\�IRU�
�FRQWUDSRVLWLYH�SURYLQJ��

�<RSS������� �(OLPLQDWLQJ�FRXQWHUH[DPSOHV��$Q�LQWHUYHQWLRQ�IRU�LPSURYLQJ�DGROHVFHQWV¶�
�FRQWUDSRVLWLYH�UHDVRQLQJ��

�<RSS�HW�DO�������� �(OLPLQDWLQJ�FRXQWHUH[DPSOHV��$�FDVH�VWXG\�LQWHUYHQWLRQ�IRU�LPSURYLQJ�DGROHVFHQWV¶�
�DELOLW\�WR�FULWLTXH�GLUHFW�DUJXPHQWV��

�7DEHOO�����,QNOXGHUWH�VWXGLHU�

�����0HWRGHNULWLNN�

�1nU�GHW�NRPPHU�WLO�V\VWHPDWLVNH�OLWWHUDWXUVWXGLHU��HU�GHW�EnGH�EHJUHQVQLQJHU�RJ�VW\UNHU�
�YHG�PHWRGHQ��%U\PDQ��������V������SnSHNHU�DW�GH�VRP�WDOHU�IRU�V\VWHPDWLVN�
�OLWWHUDWXUVWXGLH��PHQHU�DW�HW�V\VWHPDWLVN�OLWWHUDWXUVWXGLH�LNNH�JHQHUHUHU�IRUXWLQQWDWWKHW��
�RJ�SUHVHQWHUHU�HQ�KHOKHWOLJ�GHNNLQJ�DY�OLWWHUDWXU��'HWWH�HU�VSHVLHOW�DNWXHOW�L�IHOW�VRP�KDU�
�VRP�IRUPnO�n�IRUVWn�RP�HQ�EHVWHPW�LQWHUYHQVMRQ�KDU�EHVWHPWH�IRUGHOHU���%U\PDQ��������
�V���������'HWWH�WDOHU�IRU�DW�GHQQH�PHWRGHQ�HU�KHQVLNWVPHVVLJ�IRU�RVV��GD�YL�XQGHUV¡NHU�
�NODVVHURPVLQWHUYHQVMRQHU�RP�EHYLV��

�6HOY�RP�V\VWHPDWLVN�OLWWHUDWXUVWXGLH�VRP�PHWRGH�NDQ�RSSIDWWHV�YHOGLJ�REMHNWLY�RJ�PHG�
�OLWH��IRUXWLQQWDWWKHW��SHNHU�HQNHOWH�Sn�XOLNH�EHJUHQVQLQJHU�YHG�PHWRGHQ��1RHQ�PHQHU�DW�
�IRNXVHW�L�HW�V\VWHPDWLVN�OLWWHUDWXU�RIWH�IDOOHU�PHU�PRW�GH�WHNQLVNH�DVSHNWHQH�UXQGW�
�JMHQQRPI¡ULQJHQ�DY�OLWWHUDWXUJMHQQRPJDQJHQ��HQQ�GH�DQDO\WLVNH�WRONQLQJHQH�VRP�
�JHQHUHV���%U\PDQ��������V����������'HWWH�LOOXVWUHUHU�DW�DQDO\VHSURVHVVHQ�NDQ�Y UH�
�XWIRUGUHQGH��6HOY�RP�OLWWHUDWXUVWXGLHU�DY�HQNHOWH�EOLU�IUHPKHYHW�VRP�REMHNWLYH��HU�GHW�
�OLNHYHO�PXOLJ�PHG�PHQQHVNHOLJH�IHLO�L�VFUHHQLQJ�RJ�XWYHOJHOVHQ��VRP�NDQ�XWJM¡UH�IHLONLOGHU�
�L�VWXGLHQ��'HW�HU�GHUIRU�HQ�VWRU�IRUGHO�DW�GHW�HU�IOHUH�IRUIDWWHUH�VRP�JMHQQRPJnU�GHQ�
�VDPPH�XWYHOJHOVHVSURVHVVHQ��RJ�DW�IRUIDWWHUQH�V¡NHU�UnG�RP�V¡NHRUG�RJ�NULWHULHU�IRU�
�XWYHOJHOVH�DY�DQGUH�L�IHOWHW��'HW�VLVWH�KDU�YL�JMRUW�JMHQQRP�VDPWDOHU�PHG�YHLOHGHU��

�(Q�DQQHQ�EHJUHQVQLQJ�YHG�PHWRGHQ�HU�YXUGHULQJHQ�DY�NYDOLWHWHQ�DY�NYDOLWDWLYH�VWXGLHU��
�VSHVLHOW�L�IRUELQGHOVH�PHG�LQNOXGHULQJ�HOOHU�HNVNOXGHULQJ�DY�VWXGLHU�L�OLWWHUDWXUV¡NHW�
��%U\PDQ��������V����������0HWRGHQ�©DQWDUª�WUDGLVMRQHOW�DW�HQ�REMHNWLY�YXUGHULQJ�DY�
�NYDOLWHWHQ�Sn�HQ�DUWLNNHO�NDQ�JM¡UHV�L�XWYHOJHOVHQ�DY�GDWDJUXQQODJ���%U\PDQ��������V��
���������'HWWH�HU�SUREOHPDWLVN�L�P¡WH�PHG�NYDOLWDWLYH�VWXGLHU��KYRU�GHW�LNNH�HU�QRH�W\GHOLJ�
�NRQVHQVXV�Sn�KYRUGDQ�GHQQH�NYDOLWHWVYXUGHULQJHQ�VNDO�IRUHJn���%U\PDQ��������V����������
�1RH�VRP�YLGHUH�VW¡WWHV�DY�&DUUROO�	�%RRWK����������VRP�SnSHNHU�DW�GHW�LNNHV�ILQQHV�
�VWDQGDUG�NULWHULHU�IRU�KYRUGDQ�PDQ�VNDO�DGUHVVHUH�NYDOLWHWVYXUGHULQJ�DY�NYDOLWDWLYH�
�VWXGLHU���&DUUROO�	�%RRWK��������V����������)RUVNHUH�NDQ�G¡PPH�HW�HQNHOW�PHWRGLVN�
�NULWHULXP�VRP�GHW�YLNWLJVWH�IRU�IXQQHQH��Vn�NDQ�GHWWH�DOHQH�EOL�EUXNW�VRP�WHUVNHO�IRU�
�HNVNOXVMRQ�IUD�DQDO\VHQ���&DUUROO�	�%RRWK��������V����������

����



�'HW�YLO�DOOWLG�Y UH�XWIRUGULQJHU�NQ\WWHW�WLO�REMHNWLYLWHW��RJ�QRH�DY�SUREOHPHW�OLJJHU�L�
�QDWXUHQ�WLO�NYDOLWDWLYH�VWXGLHU��GD�VLWXDVMRQHQH�DOOWLG�HU�IRUVNMHOOLJH��'HW�HU�SUREOHPDWLVN�n�
�KHYGH�DW�XWYHOJHOVHVSURVHVVHQ�HU�KHOW�REMHNWLY��QnU�NULWHULHQH�IRU�XWYHOJHOVH�LQQHKROGHU�
�NYDOLWDWLYH�DVSHNW��

�����'DWDDQDO\VH�

�,�DQDO\VHQ�NQ\WWHW�WLO�IRUVNQLQJVVS¡UVPnO���KDGGH�YL�DOOHUHGH�PDQJH�IRUKnQGVEHVWHPWH�
�NRGHU�IUD�I¡U��NDUDNWHULVWLNNHQH�QHYQW�L�LQQOHGQLQJHQ���6LGHQ�YL�NRGHW�PDQXHOW�EHVWHPWH�
�YL�RVV�IRU�n�EHQ\WWH�RVV�DY�UHIHUDQVHSURJUDPPHW�=RWHUR��,�GHWWH�SURJUDPPHW�PDUNHUWH�YL�
�PHG�IDUJHU�IRU�SRWHQVLHOOH�NRGHU�L�VWXGLHQH��VRP�YDU�UHOHYDQW�IRU�IRUVNQLQJVVS¡UVPnOHW��
�,QIRUPDVMRQHQ�L�GLVVH�NRGHQH�EOH�Vn�I¡\HW�LQQ�L�JRRJOH�UHJQHDUN�L�HQ�SUHRUJDQLVHUW�WDEHOO��
�)RU�KYHUW�LQGLYLGXHOOH�WHPD�Pn�PDQ�JMHQQRPI¡UH�HQ�GHWDOMHUW�DQDO\VH�RJ�GHW�HU�YLNWLJ�n�
�WHQNH�RYHU�KYRUGDQ�GHW�SDVVHU�LQQ�L�GHQ�KHOKHWOLJH�DQDO\VHQ���%UDXQ�	�&ODUNH��������V��
��������,�GHQQH�IDVHQ�ILNN�WHPDHQH�NODUH�JUXSSHU�RJ�GHILQHUWH�UDPPHU�IRU�n�VDPOH�GH�
�VDPPHQ�Sn�HQ�ORJLVN�RJ�RYHUVLNWOLJ�PnWH��)RU�HNVHPSHO�EOH�WULQQ�RJ�DOGHU�VDWW�VDPPHQ�L�
�JUXSSH�PHG�PDWHPDWLVN�LQQKROG��VOLN�DW�GH�NXQQH�DQDO\VHUHV�L�VDPPHQKHQJ��,�
�SUHVHQWDVMRQ�DY�UHVXOWDWHW�WUDNN�YL�XW�LQIRUPDVMRQ�DY�DQDO\VHQ�VRP�SUHVHQWHUW�L�SDVVHQGH�
�GLDJUDPPHU�RJ�IRUNODUHQGH�WHNVW��8OLNH�WHPDHU�VRP�YDU�KHQVLNWVPHVVLJH�n�DQDO\VHUH�RSS�
�PRW�KYHUDQGUH�EOH�SUHVHQWHUW�XQGHU�VDPPH�XQGHUNDSLWWHO��

�,�DUEHLG�PHG�DQDO\VHQ�WLONQ\WWHW�IRUVNQLQJVVS¡UVPnO���EHQ\WWHW�YL�HQ�EODQGLQJ�DY�
�IRUKnQGVEHVWHPWH�NDWHJRULHU�RJ�WHPDWLVN�DQDO\VH��)¡UVW�DQDO\VHUWH�YL�DUWLNOHQH�IRU�n�
�ILQQH�XW�KYLONHW�EHJUHS�VRP�YDU�GHW�VHQWUDO�EHYLVUHODWHUWH�EHUJUHSHW��'HWWH�JMRUGH�YL�YHG�
�n�YXUGHUH�IRUIDWWHUQHV�XWVDJQ�RP�KHQVLNWHQ�PHG�VWXGLHQ��GHUHV�EHJUHSVDYNODULQJHU�RJ�
�EHVNULYHOVHU�DY�GHQ�EHYLVUHODWHUWH�DNWLYLWHWHQ��'H�IRUKnQGVEHVWHPWH�NDWHJRULHQH�XWJMRUGH�
�GH�RYHURUGQHGH�SHUVSHNWLYHQH�IRU�EHYLV�SUHVHQWHUW�L�LQQOHGQLQJHQ��7LO�VOXWW�PDUNHUWH�YL�
�DOOH�XWVDJQ�RP��SHUVSHNWLYHU�IRU��RJ�IRUVWnHOVH�DY�EHYLV�VRP�NRP�IUHP�L�GH�VWXGLHQH�KYRU�
�EHYLV�YDU�GHW�VHQWUDOH�EHJUHSHW�

�,�DQDO\VHQ�DY�GDWDHQ�WLONQ\WWHW�IRUVNQLQJVVS¡UVPnO���EOH�GH�LQNOXGHUWH�DUWLNOHQH�OHVW�IOHUH�
�JDQJHU�L�O¡SHW�DY�DUEHLGHW��RJ�DQDO\VHUW�L�VLQ�KHOKHW��6HOY�RP�YL�YXUGHUWH�DUWLNOHQH�L�VLQ�
�KHOKHW�IRU�n�In�VDPPHQKHQJ�L�DUWLNOHQHV�KRYHGDUJXPHQWHU��OD�YL�VSHVLHOW�YHNW�Sn�XWVDJQ�
�NQ\WWHW�WLO�UHVXOWDW��GLVNXVMRQ�DY�UHVXOWDW�RJ�HYHQWXHOW�IRUIDWWHUQHV�NRQNOXVMRQ��+HU�OHVWH�
�YL�Sn�HQ�DNWLY�PnWH��PHG�IDUJHOHJJLQJ�RJ�RUJDQLVHULQJ�DY�VLWDW�L�UHJQHDUN��KYRU�YL�OHWWH�
�HWWHU�PHQLQJ�RJ�P¡QVWUH��'HWWH�YLVWH�VHJ�n�Y UH�KHQVLNWVPHVVLJ�IRU�n�WUHNNH�XW�
�LQIRUPDVMRQ��RJ�IRU�n�IRUVWn�DUWLNOHQH�L�VLQ�KHOKHW��6OLN�VRP�L�)6��RJ�)6��EHQ\WWHW�YL�RVV�
�DY�UHIHUDQVHSURJUDPPHW�=RWHUR�IRU�NRGLQJ���)UD�PHQJGHQ�DY�UHOHYDQW�GDWD�WLO�)6��
�EHJ\QWH�QRHQ�WHPDHU�n�IRUPH�VHJ���(Q�GHO�DY�WHPDWLNNHQ�L�VWXGLHQH�HU�QDWXUOLJYLV�
�RYHUODSSHQGH��Vn�VNLOOHOLQMHQH�IRU�GH�HQGHOLJH�WHPDHQH�YDU�XWIRUGUHQGH�n�VHWWH��(WWHU�n�
�KD�NRPPHW�IUHP�WLO�HNVSOLVLWWH�UDPPHU�JMHQQRP�GLVNXVMRQ�HQGWH�YL�WLO�VOXWW�RSS�PHG�n�
�VRUWHUH�DOO�GDWD�LQQHQIRU�ILUH�WHPD��,�GLVVH�WHPDHQH�EOH�DOW�DY�UHOHYDQW�GDWD�IUD�VDPPH�
�VWXGLH�VDPOHW�Sn�HW�VWHG��'HWWH�EOH�LJMHQ�JnWW�RYHU�IOHUH�JDQJHU�IRU�n�WUHNNH�XW�HJQHGH�
�HNVHPSOHU�VRP�LOOXVWUHUWH�WHPDHQH�VRP�NRP�IUHP�L�DQDO\VHQ��

�����5HVXOWDW�
�,�GHWWH�NDSLWWHOHW�SUHVHQWHUHV�UHVXOWDWHQH�WLONQ\WWHW�GH�WUH�IRUVNQLQJVVS¡UVPnOHQH��
�5HVXOWDWHU�NQ\WWHW�WLO�IRUVNQLQJVVS¡UVPnO����NDSLWWHO������GHOHV�LQQ��GH�PDQJH�
�NDUDNWHULVWLNNHQH�VRP�YL�YDU�XWH�HWWHU�n�EHVNULYH��'HU�GHW�HU�QDWXUOLJ�HU�NDUDNWHULVWLNNHQH�

����



�VOnWW�VDPPHQ�RJ�SUHVHQWHUW�YHG�VLGHQ�DY�KYHUDQGUH��5HVXOWDWHU�NQ\WWHW�WLO�
�IRUVNQLQJVVS¡UVPnO����NDSLWWHO������YLVHU�HQ�IRUGHOLQJ�DY�EHJUHSVEUXN�RJ�SHUVSHNWLY�L�
�VWXGLHQH��RJ�KYRUGDQ�VWXGLHQH�GHILQHUHU�EHYLV��GHUVRP�GHWWH�HU�HNVSOLVLWW�DYNODUW���
�5HVXOWDWHU�NQ\WWHW�WLO�IRUVNQLQJVVS¡UVPnO����NDSLWWHO������EHVNULYHV�L�WHPD�VRP�NRP�IUHP�
�HWWHU�HQ�KHOKHWOLJ�WHPDWLVN�DQDO\VHUHV��+HU�SUHVHQWHUHV�PXOLJKHWHU�IRU�n�VW¡WWH�
�JUXQQVNROHHOHYHU�O ULQJ�DY�EHYLV��LQQGHOW�L�GH�LGHQWLILVHUWH�WHPDHQH��1RHQ�HNVHPSOHU�IRU�
�KYHUW�WHPD�HU�IUHPKHYHW�IRU�n�LOOXVWUHUH�GLVVH�PXOLJKHWHQH�W\GHOLJHUH��0HG�KMHOS�DY�
�GHQQH�RYHUVLNWHQ�NDQ�YL�VYDUH�Sn�KYD�VWXGLHQH�VLHU�RP�PXOLJKHWHU�IRU�n�VW¡WWH�O ULQJ�DY�
�EHYLV�L�JUXQQVNROHQ��

�����.DUDNWHULVWLNNHU�YHG�VWXGLHQH�

�)RUVNQLQJVVS¡UVPnO�����+YD�NDUDNWHULVHUHU�NODVVHURPVLQWHUYHQVMRQHU�L�JUXQQVNROHQ�
�NQ\WWHW�WLO�O ULQJ�DY�EHYLV�GH�VLVWH����nUHQH"�

�'HWWH�NDSLWWHOHW�HU�LQQGHOW�L�IHP�XQGHUNDSLWWHO�VRP�LQQHKROGHU�WR�WLO�WUH�NDUDNWHULVWLNNHU�
�KYHU��'LVVH�EHVNULYHU�NRQWHNVWHQ�IRU�GH�VWXGLHQH�VRP�HU�LQNOXGHUW�L�YnU�RSSJDYH��RJ�
�KYRUGDQ�GH�XOLNH�UDPPHQH�IRU�LQWHUYHQVMRQHQH�IRUGHOHU�VHJ�L�XWYDOJHW��

�������2YHURUGQHW�GHVLJQ�RJ�SXEOLNDVMRQ�DY�VWXGLHQH�

�)RUGHOLQJHQ�DY�GH�LQNOXGHUWH�VWXGLHQH�YDULHUWH�QRH��%ODQW�GH����DUWLNOHQH�LQNOXGHUW�L�YnUW�
�VWXGLH�YDU�GHW����LQWHUYHQVMRQVVWXGLHU��L�GHQ�IRUVWDQG�DW�IRUIDWWHUQH�VHOY�EUXNWH�RUGHW�
�LQWHUYHQVMRQ�IRU�n�EHVNULYH�RSSOHJJHW�VRP�HOHYHQH�GHOWRN�L��+HU�UHIHUHUHU����DY�GLVVH�
�VWXGLHQH�RJVn�WLO��HOOHU�NDQ�NQ\WWHV�WLO��JMHQQRP�SXEOLNDVMRQ�L�VDPPH�©6SHFLDO�,VVXH©��
�HQWHQ�WLO��6W\OLDQLGHV�	�6W\OLDQLGHV¶����������EHVNULYHOVH�DY�©FODVVURRP�EDVHG�
�LQWHUYHQWLRQVª��RJ�HOOHU�RSSIRUGULQJ�WLO�n�XWI¡UH�VOLNH�VWXGLHU���6W\OLDQLGHV�HW�DO���������
�6W\OLDQLGHV�	�6W\OLDQLGHV�����������'H�IOHVWH�DY�GLVVH�VWXGLHQH�KDGGH�JUXQGLJ�WHRUHWLVHULQJ��
�WHWW�VDPDUEHLG�PHOORP�IRUVNHUH�RJ�O UHUQH�Sn�VWHGHW�KYRU�LQWHUYHQVMRQHQ�IRUHJLNN��RJ�
�W\GHOLJ�IRUVNQLQJVVS¡UVPnO�RJ�XWWDOW�PnO�PHG�LQWHUYHQVMRQHQ��,�WLOOHJJ�KDU�YL�LQNOXGHUW�QL�
�VWXGLHU�VRP��KDU�HPSLUL�IUD�NODVVHURP��HW�EHYLVUHODWHUW�IRNXV�RJ�VRP�DGUHVVHUHU�
�XWIRUGULQJHU�NQ\WWHW�WLO�EHYLV��'H�IOHVWH�DY�GLVVH�KDU��EHWHJQHW�VHJ�VHOY�VRP�©WHDFKLQJ�
�H[SHULPHQWª�HOOHU�©FODVVURRP�WHDFKLQJ�H[SHULPHQWª��'LVVH�KDU�IOHUH�OLNKHWVWUHNN�PHG�HQ�
�LQWHUYHQVMRQ��VDPW�HNVSOLVLWWH�IRUVNQLQJVVS¡UVPnO��(W�XQQWDN�HU�IRU�HNVHPSHO�%DOGU\�HW�
�DO����������KYRU�GHW�HU�HQ��VSHVLHOW�HUIDUHQ��O UHU�VRP�OHGHU�HQ�GHPRQVWUDVMRQV¡NW��
�8QGHUYLVQLQJVHQKHWHQ�HU�GHULPRW�Vn�JUXQGLJ�EHVNUHYHW��EnGH�L�SODQOHJJLQJ�RJ�
�JMHQQRPI¡ULQJ��DW�GHQ�HQNHOW�NDQ�DGRSWHUHV�VRP�HW�©WHDFKLQJ�H[SHULPHQWª�L�HW�VWXGLH�
�PHG�OLJQHQGH�IRNXV��

�6WXGLHQH�LQNOXGHUW�L�YnU�RYHUVLNW�EOH�KHQWHW�XW�IUD�WL�DY�GH����WLGVVNULIWHQH��2YHU�HQ�
�WUHGMHGHO�DY�LQNOXGHUWH�VWXGLHU�EOH�SXEOLVHUW�L�(60��Q� �����RJ�VDPPHQ�PHG�-0%��Q� ����
�RJ�='0��Q� ����VWnU�GLVVH�IRU�PDMRULWHWHQ�DY�XWYDOJHW��FD�������,-0(67�RJ�50(�VWnU��IRU�
�KHQKROGVYLV�WUH�RJ�WR�VWXGLHU��PHQV�-07(��07/��)/0���,-60(�RJ�&-607(�VWnU�IRU�HQ�KYHU��
�0(5-�JD�LQJHQ�LQNOXGHUWH�VWXGLHU��-50(�DYJD�����SRWHQVLHOOH�VWXGLHU�HWWHU�VFUHHQLQJ�DY�
�WLWWHO�RJ�DEVWUDFW��RJ�GHUHWWHU�XWHODWW�IUD�SURVHVVHQ�IRUGL�YL�LNNH�KDGGH�WLOJDQJ�WLO�IXOOWHNVW��

����



�)LJXU�����6WXGLHU�IRUGHOW�HWWHU�WLGVVNULIW�
�-50(�DYJD�QXOO�LQNOXGHUWH�VWXGLHU�IRUGL�YL�LNNH�KDGGH�WLOJDQJ��

�1nU�GHW�JMHOGHU�nUVWDOO�IRU�SXEOLNDVMRQ�HU�VWXGLHQH�QRNVn�MHYQW�IRUGHOW��PHG�XQQWDN�DY�
�������KYRU�nWWH�DY�DUWLNOHQH�EOH�SXEOLVHUW��(60�XWJD�GHWWH�nUHW�HW�©6SHFLDO�,VVXHª�RP�
�QHWWRSS�LQWHUYHQVMRQHU�NQ\WWHW�WLO�EHYLV��RJ�ILUH�DY�YnUH�VWXGLHU�NRPPHU�IUD�GHQQH�
�SXEOLNDVMRQHQ��9HUGW�n�SHNH�Sn�HU�RJVn�©6SHFLDO�,VVXHª��YROXPH�������L�='0��SXEOLVHUW�
�������VRP�RPKDQGOHW�LQWHUYHQVMRQHU�JHQHUHOW��7UH�DY�VWXGLHQH�L�GHQQH�SXEOLNDVMRQHQ�HU�
�LQNOXGHUW�L�YnUW�VWXGLH��'HW�YDU����LQWHUYHQVMRQVVWXGLHU�SXEOLVHUW�L�GLVVH�WLGVVNULIWHQH�HWWHU�
�������RJ����VWXGLHU�I¡U�������

�)LJXU�����6WXGLHU�IRUGHOW�HWWHU�SXEOLNDVMRQVnU�

�������0HWRGH�IRU�GDWDLQQVDPOLQJ�L�VWXGLHQH�

�'HW�YDU�KRYHGVDNHOLJ�VMX�IRUVNMHOOLJH�PHWRGHU�IRU�GDWDLQQVDPOLQJ��'HWWH�YDU�YLGHR��RJ�
�O\GRSSWDN��SUH�SRVW�WHVW��LQWHUYMX��VS¡UUHXQGHUV¡NHOVH��IHOWQRWDWHU��WUDQVNULSVMRQHU�RJ�
�HOHYDUEHLG��KRYHGVDNHOLJ�VNULIWOLJ���0DQJH�DY�VWXGLHQH�KDU�IOHUH�GDWDLQQVDPOLQJVPHWRGHU��

����



�VRP�IRU�HNVHPSHO�EnGH�YLGHR��RJ�O\GRSSWDN�RJ�WUDQVNULSVMRQHU�DY�HOHYHUV�VDPWDOHU��
�7DOOHQH�SUHVHQWHUW�KHU�HU�KYD�IRUVNHUQH�VHOY�KDU�UDSSRUWHUW�VRP�VLQ�GDWDLQQVDPOLQJ�
�PHWRGH��'HQ�GHVLGHUW�YDQOLJVWH�IRUPHQ�IRU�GDWDLQQVDPOLQJ�YDU�YLGHR��RJ�O\GRSSWDN��RJ�
����DY����VWXGLHU�EUXNWH�GHWWH�VRP�PHWRGH��QRH�VRP�WLOVYDUHU�FD������'HQ�QHVW�PHVW�
�EUXNWH�GDWDLQQVDPOLQJ�PHWRGH�YDU�LQWHUYMX��QRH����DY�LQWHUYHQVMRQHQH�EUXNWH�HQWHQ�I¡U��
�XQGHUYHLV��HOOHU�HWWHU�LQWHUYHQVMRQ��HOOHU�HQ�NRPELQDVMRQ�DY�GLVVH��6S¡UUHXQGHUV¡NHOVH�
�YDU�GH�PLQVW�EUXNWH�IRUPHQ�IRU�GDWDLQQVDPOLQJ��RJ�EOH�EHQ\WWHW�L�NXQ�WUH�JDQJHU��'H�
�UHVWHUHQGH�GDWDLQQVDPOLQJ�PHWRGH�YDU�EUXNW��SUH��SRVW�WHVW������IHOWQRWDWHU��VMX���
�WUDQVNULSVMRQHU��QL��RJ�VNULIWOLJ�HOHYDUEHLG�������

�)LJXU�����2YHUVLNW�RYHU�GDWDLQQVDPOLQJVPHWRGHU�EUXNW�L�VWXGLHQH�

�������0DWHPDWLVN�LQQKROG�RJ�WULQQ�DOGHU�

�,�GH����VWXGLHQH�YDU�GHW�KRYHGVDNHOLJ�WUH�IRUVNMHOOLJH�PDWHPDWLVNH�LQQKROG��0HG�
�PDWHPDWLVN�LQQKROG�PHQHU�YL�JUHQHU�LQQHQIRU�PDWHPDWLNNHQ�VRP�IRU�HNVHPSHO�DOJHEUD�
�RJ�DULWPHWLNN��)RUVNHUQH�L����DY�6WXGLHQH�RSSJD�DW�GH�KDGGH�JHRPHWUL�VRP�VLWW�
�PDWHPDWLVNH�LQQKROG��'HWWH�HU�GHW�NODUW�PHVW�GRPLQHUHQGH�WHPDWLNNHQ�L�VWXGLHQH��RJ�
�XWJMRUGH�FD������DY�VWXGLHQH��'H�WR�DQGUH�PDWHPDWLVNH�LQQKROGHQH�YDU�DOJHEUD�RJ�
�DULWPHWLNN��cWWH�VWXGLHU�IRNXVHUWH�Sn�DOJHEUD�RJ�WUH�VWXGLHU�IRNXVHUWH�Sn�DULWPHWLNN��,�
�WLOOHJJ�YDU�GHW�WR�VWXGLHU�VRP�LNNH�KDGGH�HW�VSHVLILVHUW�IRNXV��PHQ�IOHUH�L�O¡SHW�DY�
�VNROHnUHW��'HQQH�ILNN�HQ�HJHQ�JUXSSH�NDOW�©DQQHWª��'H�UHVWHUHQGH�VWXGLHQH��LNNH�
�JHRPHWUL��XWJMRUGH�WLO�VDPPHQ������DY�VWXGLHQH��6XPPHQ�DY�SURVHQWDQGHOHQ�DY�DQWDOO�
�VWXGLHUV�PDWHPDWLVNH�WHPDHU�HU�RYHU�WRWDOH�SURVHQWHQ�DY�DQWDOO�VWXGLHU�YL�KDU�LQNOXGHUW��
�VH�GLDJUDP�ILJXU�����QHGHQIRU��'HWWH�HU�Sn�JUXQQ�DY�DW�QRHQ�VWXGLHQH�KDGGH�IOHUH�
�PDWHPDWLVNH�WHPDWLNNHU�L�IRNXV��(Q�VWXGLH�KDGGH�IRU�HNVHPSHO�EnGH�JHRPHWUL�RJ�DOJHEUD�
�VRP�PDWHPDWLVN�LQQKROG�L�VLQ�LQWHUYHQVMRQ��

����



�)LJXU�����6WXGLHU�IRUGHOW�HWWHU�PDWHPDWLVN�WHPDWLNN�

�(WWHU�n�KD�DQDO\VHUW�PDWHPDWLVN�LQQKROG�RJ�WULQQ�DOGHU�YDU�GHW�KHQVLNWVPHVVLJ�n�VH�GLVVH�
�L�VDPPHQKHQJ��6WXGLHQH�HU�GHOW�LQQ�L�WULQQ�HWWHU�KYRUGDQ�GH�VHOY�KDU�GHILQHUW�GHWWH��'H�
�YLO�QDWXUOLJYLV�LNNH�DOOWLG�VWHPPH�RYHUHQV�PHG�QRUVN�WULQQIRUGHOLQJ��$OOH�WULQQHQH�HU�
�LQQHQIRU�DOGHUHQ������nU��QRUVN�JUXQQVNROH���'HW�HU�nWWH�VWXGLHU�VRP�KDGGH�EHYLVUHODWHUW�
�DNWLYLWHW�WLONQ\WWHW�DOJHEUD��$Y�GLVVH�nWWH��EOH�VHNV�DY�GHP�JMHQQRPI¡UW�L�JUXSSHQ�
�����WULQQ�HOOHU�K¡\HUH��VH�ILJXU������'HQQH�JUXSSHQ�XWJMRUGH�����DY�DOJHEUD�VWXGLHQH��
�)LUH�DY�GH�nWWH�VWXGLHU�VRP�KDGGH�DOJHEUD�VRP�PDWHPDWLVN�LQQKROG�JMHQQRPI¡UWH�VLQ�
�LQWHUYHQVMRQ�L�JUXSSHQ������WULQQ��QRH�VRP�XWJMRUGH�����DY�VWXGLHQH��'HW�YDU����DY����
�VWXGLHQH�VRP�KDGGH�JHRPHWUL�VRP�PDWHPDWLVN�LQQKROG�PHG�HOHYHU�L����WULQQ�HOOHU�HOGUH���
�VH�ILJXU������'HWWH�WLOVYDUHU�DOWVn�RPWUHQW�����DY�VWXGLHQH��(Q�LQWHUYHQVMRQVVWXGLH�RP�
�JHRPHWUL�EOH�JMHQQRPI¡UW�L�JUXSSHQ������.ODVVH��'H�ILUH�DQGUH�VWXGLHQH�SnSHNWH�LNNH�
�KYLONHW�WULQQ�GH�JMHQQRPI¡UWH�VLQ�LQWHUYHQVMRQVVWXGLH�L��+HU�YDU�GHW�RJVn�NODUW�IOHVW�
�VWXGLHU�VRP�EOH�JMHQQRPI¡UW�L������NODVVH��'LVVH�XWJMRUGH����DY����VWXGLHU��HOOHU�����DY�
�GH�VRP�RSSJD�KYLONHW�WULQQ�LQWHUYHQVMRQHQ�EOH�JMHQQRPI¡UW�L��7R�DY�GH�WUH�
�LQWHUYHQVMRQVVWXGLHQH�VRP�KDGGH�DULWPHWLNN�VRP�PDWHPDWLVN�WHPD�JMHQQRPI¡UWH�VLQ�
�LQWHUYHQVMRQ�L�JUXSSHQ������NODVVH��PHQV�GHQ�VLVWH�LQWHUYHQVMRQHQ�JMHQQRPI¡UWH�VLQ�
�LQWHUYHQVMRQ�L�JUXSSHQ�������NODVVH��%DVHUW�Sn�YnUW�XWYDOJ��NDQ�YL�VL�DW�GHW�HU�W\GHOLJ�
�RYHUYHNW�DY�VWXGLHU�PHG�EHYLVUHODWHUW�DNWLYLWHW�Sn�XQJGRPVVNROHQ��RJ�GD�VSHVLHOW�
�WLONQ\WWHW�JHRPHWUL��

�)LJXU�����$OJHEUD�IRUGHOW�HWWHU�WULQQ�

����



�)LJXU�����*HRPHWUL�IRUGHOW�HWWHU�WULQQ�
��(Q�VWXGLH�JMHQQRPI¡UWH�VLQ�LQWHUYHQVMRQ�L�EnGH����RJ����WULQQ��GHQQH�WHOW�L�JUXSSHQ�����NODVVH��

�)LJXU�����0DWHPDWLVN�LQQKROG�IRUGHOW�Sn�WULQQ�

�,�ILJXU�����SUHVHQWHUHV�KYLONH�WULQQ�VRP�LQWHUYHQVMRQHQH�HU�JMHQQRPI¡UW�L��XDQVHWW�
�PDWHPDWLVN�LQQKROG���)OHUH��DY�VWXGLHU�IRUHJLNN�RYHU�IOHUH�nU�RJ�WULQQ��HOOHU�GHQ�VDPPH�
�LQWHUYHQVMRQHQ�L�XOLNH�WULQQ��'LVVH�EOH�VRUWHUW�HWWHU�KYLONHW�WULQQ�GH�I¡UVW�VWDUWHW�VLQ�
�LQWHUYHQVMRQVVWXGLH��VOLN�DW�GLVVH�VWXGLHQH�LNNH�EOH�WHOW�WR�JDQJHU���(W�HNVHPSHO�Sn�HQ�
�VWXGLH�VRP�YLOOH�KD�KDYQHW�L�WR�JUXSSHU��YDU�%ODQWRQ�HW�DO����������VRP��IRUHJLNN�RYHU�WR�
�nU�PHG�GHQ�VDPPH�NODVVHQ��7RWDOW�HU�GHW�IOHVW�LQWHUYHQVMRQHU�L�JUXSSHQ������WULQQ�RJ�
�������.ODVVH��'LVVH�JUXSSHQH�XWJMRUGH�FD�����DY�DOOH�LQWHUYHQVMRQVVWXGLHQ�Sn�EHYLV��

����



�)LJXU�����6WXGLHU�IRUGHOW�HWWHU�WULQQ�

�9LGHUH�IRNXVHUHV�GHW�Sn�PDWHPDWLVN�LQQKROG�L�LQWHUYHQVMRQVVWXGLHQH�JMHQQRPI¡UW�L�86$�
�RJ�-DSDQ��,QWHUYHQVMRQHQH�JMHQQRPI¡UW�L�GLVVH�WR�ODQGHQH�XWJMRUGH�RPWUHQW�KDOYSDUWHQ�
��-DSDQ�nWWH�RJ�86$�VMX��DY�DOOH�LQNOXGHUWH�VWXGLHQH��'H�UHVWHUHQGH�LQWHUYHQVMRQVVWXGLHQH�
�EOH�JMHQQRPI¡UW�L����IRUVNMHOOLJH�ODQG��VH�WDEHOO�����$OOH�GLVVH�ODQGHQH�KDGGH�HQWHQ�HQ�
�HOOHU�WR�VWXGLHU�KYHU��,�WUH�DY�VWXGLHU�YDU�GHW�LNNH�RSSJLWW�KYRU�LQWHUYHQVMRQHQ�EOH�
�JMHQQRPI¡UW��

�/DQG� �$QWDOO�VWXGLHU�

�-DSDQ� ���
�86$� ���
�(QJODQG� ���
�,WDOLD� ���
�&DQDGD� ���
�6SDQLD� ���
�.LQD� ���
�3RUWXJDO� ���
�&RORPELD� ���
�+HOODV� ���
�7\VNODQG� ���
�6¡U�.RUHD� ���
�$XVWUDOLD� ���
�,NNH�RSSJLWW� ���

�7DEHOO�����6WXGLHU�IRUGHOW�HWWHU�ODQG�

�)RUGHOLQJHQ�DY�PDWHPDWLVN�LQQKROG�L�-DSDQ�RJ�86$�YDU�VY UW�XOLNW��$OOH�GH�nWWH�MDSDQVNH�
�VWXGLHQH�KDGGH�NXQ�JHRPHWUL�VRP�PDWHPDWLVNH�WHPD��'H�MDSDQVNH�VWXGLHQH�EOH�
�XWHOXNNHQGH�JMHQQRPI¡UW�L����RJ����WULQQ��(Q�DY�GH�MDSDQVNH�VWXGLHQH�KDGGH�HQ�
�LQWHUYHQVMRQ�VRP�EOH�JMHQQRPI¡UW�L�EnGH����RJ����WULQQ��'H�DPHULNDQVNH�
�LQWHUYHQVMRQVVWXGLHQH�YDU�PHU�IRUGHOW�L�XWRYHU�WULQQHQH��,�PRWVHWQLQJ�WLO�-DSDQ�KDU�WR�DY�
�GH�DPHULNDQVNH�LQWHUYHQVMRQVVWXGLHU�GHW�PDWHPDWLVNH�LQQKROGHW�JHRPHWUL��VHNV�VWXGLHU�
�KDGGH�DOJHEUD�RJ�HWW�L�DULWPHWLNN��7R�DY�GLVVH�VMX�VWXGLHQH�KDGGH�GH�IRNXV�Sn�WR�XOLNH�
�PDWHPDWLVNH�LQQKROG��

����



�)LJXU�����6WXGLHU�IRUGHOW�HWWHU�WULQQ��86$�RJ�-DSDQ��

�������/HQJGH�Sn�LQWHUYHQVMRQ�RJ�DQWDOO�GHOWDNHUH�

�/HQJGHQ�Sn�LQWHUYHQVMRQHQH�YDULHUWH�DOW�IUD�HQ�XQGHUYLVQLQJV¡NW�WLO�QHVWHQ����
�XQGHUYLVQLQJV¡NWHU��VH�ILJXU��������,�WLOOHJJ�YDULHUWH�XQGHUYLVQLQJVWLGHQH�L�OHQJGH�SHU�¡NW��
�'H�IOHVWH�¡NWHQH�YDU�HQWHQ����PLQXWWHU�����PLQXWWHU�HOOHU����PLQXWWHU��'HW�YDQOLJVWH�
�DQWDOOHW�XQGHUYLVQLQJV¡NWHU�YDU�����RJ�����XQGHUYLVQLQJV¡NWHU��'LVVH�VWnU�IRU����DY����
�VWXGLHQH�RJ�XWJMRUGH��������*UXSSHQ�����XQGHUYLVQLQJV¡NWHU�LQQHKROGW�QL�VWXGLHU��PHQV�
�JUXSSHQ�����XQGHUYLVQLQJV¡NWHU�LQQHKROGW����VWXGLHU��)LJXU������UHSUHVHQWHUHU�DQWDOO�
�XQGHUYLVQLQJV¡NWHU��GHW�HU�GHULPRW�IOHUH�WLQJ�VRP�Pn�SnSHNHV�VRP�LNNH�NRPPHU�IUHP�L�
�ILJXUHQ��6MX�DY�LQWHUYHQVMRQVVWXGLHQH�VNLOWH�VHJ�XW�IUD�UHVWHQ�VWXGLHQH��'HQ�I¡UVWH�DY�
�GLVVH�YDU�HW�SURVMHNW�VRP�YDUWH�L�VHNV�PnQHGHU��PHQ�KDGGH�ILUH�XQGHUYLVQLQJV¡NWHU�
��$\DOD�$OWDPLUDQR�	�0ROLQD�����������'HQ�DQGUH�VWXGLHQ�KDGGH�WUH�XQGHUYLVQLQJV¡NWHU�L�
�XNHQ��L�ILUH�PnQHGHU��Vn�FD����XQGHUYLVQLQJV¡NWHU�WRWDOW�L�SURVMHNWHW���)LDOOR�	�*XWLpUUH]��
����������'HQ�WUHGMH�RJ�GHQ�OHQJVWH�LQWHUYHQVMRQHQ�DY�DOOH�KDGGH����XQGHUYLVQLQJV¡NWHU�
�IRUGHOW�OLNW�Sn�WUH�nU���%ODQWRQ�HW�DO������������'HQ�IMHUGH�VWXGLHQ�KDGGH����
�XQGHUYLVQLQJV¡NWHU�WRWDOW�IRUGHOW�Sn�WR�nU���.LP�	�-X�����������'HQ�IHPWH�VWXGLHQ�KDGGH�
�WRWDOW����XQGHUYLVQLQJV¡NWHU�L�O¡SHW�DY�VHNV�PnQHGHU���/HKUHU�HW�DO������������'HQ�VMHWWH�
�VWXGLHQ�KDGGH�WUH�IRUVNMHOOLJH�NODVVHU�RYHU�WR�nU��XWHQ�n�RSSJL�KYRU�PDQJH�
�XQGHUYLVQLQJV¡NWHU�GH�JMHQQRPI¡UWH���0DULRWWL�����������GHQQH�KDU�EOLWW�SODVVHUW�L�JUXSSHQ�
�©LNNH�RSSJLWWª�L�ILJXU�������'HQ�VMXHQGH�VWXGLHQ�HU�VWXGLHQ�WLO���0DUWLQH]�	�&DVWUR�
�6XSHUILQH������������'HUHV�VWXGLH�HU�HW�JRGW�HNVHPSHO�Sn�HQ�HQNHOWWLPH�LQWHUYHQVMRQ�VRP�
�HU�GHO�DY�HW�VW¡UUH�SURVMHNW��QRH�GHW�HU�IOHUH�DY��$NNXUDW�GHQQH�LQWHUYHQVMRQVVWXGLHQ�
�YDUWH�EDUH�HQ�WLPH��PHQ�HU�¡NW�QXPPHU����DY����L�HW�VW¡UUH�SURVMHNW�PHG�P\H�GHQ�
�VDPPH�WHPDWLNNHQ��

����



�)LJXU������6WXGLHU�IRUGHOW�HWWHU�DQWDOO�¡NWHU�

�)LJXU������YLVHU�KYRU�PDQJH�GHOWDNHUH�GHW�YDU�PHG�L�LQWHUYHQVMRQVVWXGLHQH��'HWWH�
�YDULHUWH�IUD�DOW�PHOORP���RJ�����GHOWDNHUH��'H�IOHVWH�DY�VWXGLHQH�KDGGH�HNVSHULPHQW�HOOHU�
�LQWHUYHQVMRQ�PHG������GHOWDNHUH�HOOHU�PHG�������HOHYHU��'LVVH�WR�JUXSSHQH�LQQHKROGW�
�VHNV�LQWHUYHQVMRQVVWXGLHU�KYHU��RJ�XWJMRUGH�������DY�DOOH�LQWHUYHQVMRQHQH��6HNV�VWXGLHU�
�KDGGH�LNNH�RSSJLWW�HNVSOLVLWW�VNUHYHW�KYRU�PDQJH�GHOWDNHUH�VRP�YDU�PHG��6OLN�VRP�L�
�NDUDNWHULVWLNNHQ�LQWHUYHQVMRQV�OHQJGH��HU�GHW�RJVn�VWXGLHU�VRP�VNLOOHU�VHJ�XW�L�
�NDUDNWHULVWLNNHQ��DQWDOO�¡NWHU���,�HQ�DY�VWXGLHQH�EOH�LQWHUYHQVMRQHQ�JMHQQRPI¡UW�IRU�HQ�
�HOHY��GHWWH�YDU�GHQ�HQHVWH�VWXGLHQ�PHG�HQ�HOHY��7R�DY�GH�DQGUH�VWXGLHQH�KDGGH�PHOORP�
��������GHOWDNHQGH�HOHYHU��RJ�DWWHU�WR�DQGUH�VWXGLHU�LJMHQ�PHG�EHJJH�RYHU�����
�GHOWDNHQGH�HOHYHU��

�)LJXU������6WXGLHU�IRUGHOW�HWWHU�DQWDOO�GHOWDNHUH�

�������)RUNXQQVNDSHU�RJ�DUEHLGVIRUP�

�(OHYHQV�IRUNXQQVNDSHU�L�LQWHUYHQVMRQHQH�YDU�HQ�DY�NDUDNWHULVWLNNHQH�YL�IRNXVHUWH�Sn�L�YnU�
�RSSJDYH��0HG�IRUNXQQVNDS�PHQHV�GHW�KYLONH�PDWHPDWLVN�NRPSHWDQVH�HOHYJUXSSHQ�
�KDGGH�L�IRUNDQW�DY�LQWHUYHQVMRQHQ�DNNXUDW�GHQQH�HOHYJUXSSD�GHOWRN�L��)RUNXQQVNDS�HU�
�VRUWHUW�HWWHU�JUXSSHQH��LQJHQ�IRUNXQQVNDS��QRH�IRUNXQQVNDS��P\H�IRUNXQQVNDS�RJ�LNNH�
�RSSJLWW��VH�ILJXU��������)RU�DW�HQ�HOHYJUXSSH�VNDO�EOL�SODVVHUW�L�JUXSSHQ�©LQJHQ�
�IRUNXQQVNDSª�Pn�IRUVNHUQH�VHOY�HNVSOLVLWW�VNULYH�DW�HOHYHQH�LNNH�KDU�DUEHLGHW�PHG�HQ�VOLN�

����



�WHPDWLNN�Sn�IRUKnQG��(W�HNVHPSHO�Sn�GHWWH�HU��$\DOD�$OWDPLUDQR�	�0ROLQD��������V���������
�VRP�VNULYHU��)¡U�GLVVH�DUEHLGVWLPHQH��KDGGH�HOHYHQH�InWW�LQJHQ�XQGHUYLVQLQJ�RP�
�JHQHUDOLVHULQJ�HOOHU�L�n�XWWU\NNH�DOJHEUDLVNH�LGHHU��,�WLOOHJJ�WLO�$\DOD�$OWDPLUDQR�	�PROLQD�
���������HU�RJVn�ILUH�DQGUH�VWXGLHU�SODVVHUW�L�JUXSSHQ�©LQJHQ�IRUNXQQVNDSª�QHPOLJ��
�%DUQHV���������1J�RJ�6LQFODLU���������0DNDU�HW�DO����������RJ�.LP�RJ�-X���������
�*UXSSHQ�PHG�LQJHQ�IRUNXQQVNDS�YDU�GHQ�PLQVWH�JUXSSHQ��

�*UXSSHQ�©QRH�IRUNXQQVNDSª�RJ�©LNNH�RSSJLWWª�YDU�GH�WR�QHVWH��'H�LQQHKROGHU�EHJJH�VMX�
�VWXGLHU��(OHYHU�L�JUXSSHQ�QRH�IRUNXQQVNDS�EOLU�JMHUQH�EHVNUHYHW�VRP�JMHQQRPVQLWWOLJ�DY�
�IRUVNHUQH�O UHUQH�HOOHU�VRP�KDU�QRH�HUIDULQJHU�PHG�WHPDWLNNHQ�L�LQWHUYHQVMRQHQ�IUD�I¡U��
�(W�HNVHPSHO�Sn�HOHYHU�WLOK¡UHQGH�JUXSSHQ�QRH�IRUNXQQVNDS�HU�.RPDWVX�HW�DO����������V��
����VRP�VNULYHU��I¡U�GHQQH�XQGHUYLVQLQJV¡NWHQ��KDGGH�HOHYHQH�O UW�JHRPHWULVN�EHYLV�VRP�
�LQYROYHUWH�NRQJUXHQWH�RJ�OLJQHQGH�WUHNDQWHU��GH�KDGGH�EOLWW�NMHQW�PHG�LQQVNUHYHW�YLQNHO�
�WHRUHPHW�RJ�LQQVNUHYHW�ILUNDQW�WHRUHPHW��*UXSSHQ�LNNH�RSSJLWW�LQQHKROGW�VWXGLHU�KYRU�
�IRUVNHUQH�LNNH�JD�QRHQ�EHWHJQHOVH�Sn�KYLONHW�QLYn�HOHYHQH�YDU�I¡U�LQWHUYHQVMRQHQ�EOH�
�JMHQQRPI¡UW��'HQ�WUHGMH�RJ�VW¡UVWH�JUXSSHQ�HU�©P\H�IRUNXQQVNDSª��'HQ�LQQHKROGW����DY�
�VWXGLHQH��'HWWH�YDU�HOHYHU�VRP�EOH�EHVNUHYHW�VRP�RYHU�JMHQQRPVQLWWOLJ�JRGH�DY�
�IRUVNHUQH�L�VWXGLHQH��(W�HNVHPSHO�Sn�GHWWH�HU�.RPDWVX��������V��������VRP�VNULYHU��GHQ�
�PDWHPDWLVNH�NRPSHWDQVHQ�WLO�HOHYHQH�YDU�RYHU�JMHQQRPVQLWW��'H����DQGUH�
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�KRYHGJUXSSHU�DY�DUEHLGVIRUPHU�L�GH����VWXGLHQH��KHONODVVH�GLVNXVMRQ��LQGLYLGXHOW�DUEHLG��
�LQVWUXNVMRQ��SDU�DUEHLG��JUXSSHDUEHLG��GLJLWDOW�GJV��RJ�SUHVHQWDVMRQ��VH�ILJXU��������+HU�
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����



�6WXGLH� �,QQKROG� �7ULQQ��/DQG��
�$QWDOO�HOHYHU�

�/HQJGH� �)RUNXQQVNDSHU� �%HYLVUHODWHUW�
�DNWLYLWHW�L�IRNXV�

��$\DOD�$OWDP�
�LUDQR�	�
�0ROLQD��
�������

�$OJHEUD� ���WULQQ��6SDQLD��
����HOHYHU�

�VHNV�PnQHGHU��
�ILUH�¡NWHU�

�,QJHQ�
�IRUNXQQVNDSHU��

�-XVWLILFDWLRQ�
�JHQHUDOLVHULQJ�
�)XQNVMRQVRSSJDYHU�
�RJ�UHODVMRQHU�

��%DOGU\�HW�
�DO���������

�*HRPHWUL� ����WULQQ��-DSDQ��
�,NNH�RSSJLWW�
�DQWDOO�HOHYHU�

�HQ�¡NW� �0\H�IRUNXQQVNDS�� �+HONODVVHGLVNXVMRQ�
�RP�JHQHUDOLVHUWH�
�HJHQVNDSHU�

��%DUQHV��
�������

�$ULWPHWLNN� ����WULQQ�
��(QJODQG��
�cWWH�HOHYHU�

�WR�¡NWHU� �,QJHQ�
�IRUNXQQVNDS��

�)LQQH�WDOOP¡QVWHU��RJ�
�JHQHUDOLVHUH��

��%ODQWRQ�HW�
�DO���������

�$OJHEUD� ���������WULQQ�
��86$��
�����HOHYHU�

�WUH�nU�
����¡NWHU�

�,NNH�RSSJLWW�
�IRUNXQQVNDS�QLYn��

�$OJHEUDLVN�WHQNQLQJ���
�JHQHUDOLVHUH�RJ�
�EHJUXQQH�

��&KHQ�	�
�+HUEVW��
�������

�*HRPHWUL� �,NNH�RSSJLWW�
�WULQQ�HOOHU�ODQG�
�,NNH�RSSJLWW�
�DQWDOO�HOHYHU�

�)HP�¡NWHU� �,NNH�RSSJLWW�
�IRUNXQQVNDS�QLYn��

�5HVRQQHUH��ODJH�
�K\SRWHVHU�RP�YLQNOHU�
�RJ�SDUDOOHOOH�OLQMHU��

��&XVL�	�
�2OVKHU��
�������

�*HRPHWUL� �����WULQQ��,WDOLD��
����HOHYHU�

�HQ�¡NW� �1RH�IRUNXQQVNDS�� �%UXN�DY�HNVHPSHO�
�VRP�LQQOHGQLQJ�DY�
�EHYLV��

��)DQ�HW�DO���
�������

�*HRPHWUL� ����WULQQ��.LQD��
����HOHYHU�

�WR�XNHU�
�ILUH�¡NWHU�

�1RH�IRUNXQQVNDS�� �.RQVWUXNVMRQ�RJ�
�KMHOSHOLQMHU�IRU�n�O¡VH�
�JHRPHWULVN�EHYLV�

��)LDOOR�	�
�*XWLpUUH]��
�������

�*HRPHWUL� �����WULQQ�
��&RORPELD��
����HOHYHU�

�ILUH�XNHU�
�FD�����¡NWHU�

�0\H�IRUNXQQVNDS� �'*6�RJ�EHYLV��ODJH�
�RJ�EHJUHXQQH�
�K\SRWHVHU��

��)XMLWD�HW�DO���
�������

�*HRPHWUL� �,NNH�RSSJLWW�
�WULQQ�HOOHU�ODQG�
�7R�HOHYHU�

�ILUH�¡NWHU� �1RH�IRUNXQQVNDS�� �'*6��VLUNHO�ORJLNN�RJ�
�GHGXNWLY�EHYLV�

��-DKQNH�	�
�:DPEDFK��
�������

�*HRPHWUL� ����WULQQ�
��7\VNODQG��
����HOHYHU�

�nWWH�¡NWHU� �1RH�IRUNXQQVNDS�� �$VWURQRPL�RJ�
�K\SRWHVHU�

��.LP�	�-X��
�������

�*HRPHWUL� ����WULQQ�
��6¡U�.RUHD��
�1L�HOHYHU�

�WR�nU�
����¡NWHU�

�,QJHQ�
�IRUNXQQVNDS��

�XWIRUVNH�PHQLQJHQ�
�DY�PDWHPDWLVNH�
�EHYLV��PDQJH�
�EHYLVUHODWHUW�
�DNWLYLWHWHU��

��.RPDWVX��
�������

�*HRPHWUL� ����WULQQ�����VWN���
����WULQQ�����VWN���
�-DSDQ�

�WR�¡NWHU� �0\H�IRUNXQQVNDS�� �%HYLV��
�NRQVWUXNVMRQ�RJ�
�EHYLV�JMHQQRP�
�GLDJUDPPHU��

��.RPDWVX�	�
�-RQHV��������

�*HRPHWUL� ����WULQQ��-DSDQ��
����HOHYHU�

�WUH�¡NWHU��
�VRP�GHO�DY�HW�
�WUH�nU�SURVMHNW�
��GLVVH�YDU�L�
�VOXWWHQ���

�0\H�IRUNXQQVNDS�� �%HYLV��PRWEHYLV�RJ�
�IRUPOLNKHW��

����



��.RPDWVX�HW�
�DO���������

�*HRPHWUL� ����WULQQ��-DSDQ��
����HOHYHU�

�WR�¡NWHU� �1RH�IRUNXQQVNDS�� �YDOLGHULQJ�RJ�
�PRGLILVHULQJ�DY�EHYLV�

��.RPDWVX�HW�
�DO�������D��

�*HRPHWUL� ����WULQQ��-DSDQ��
����HOHYHU�

�WUH�¡NWHU� �0\H�IRUNXQQVNDS�� �+\SRWHVH�RJ�
�PRWEHYLV�

��.RPDWVX�HW�
�DO�������E��

�*HRPHWUL� ����WULQQ��-DSDQ��
����HOHYHU�

�WUH�¡NWHU� �0\H�)RUNXQQVNDS�� �3nVWDQGHU��K\SRWHVH�
�RJ�PRWHNVHPSHO�

��/HKUHU�HW�
�DO���������

�*HRPHWUL� ����WULQQ�86$��
����HOHYHU�

�VHNV�PnQHGHU��
����¡NWHU�

�,NNH�RSSJLWW�
�IRUNXQQVNDS�QLYn��

�'HILQHULQJ�DY�ILJXUHU��
�YULGQLQJ��S\WDJRUDV��
�WHRUHPHU��

��0DNDU�HW�DO���
�������

�,NNH�
�VSHVLILVHUW�
�PDWHPDWLV�
�N�LQQKROG�

����WULQQ�
��$XVWUDOLD��
����HOHYHU�

�QL�PnQHGHU��
����¡NWHU�

�,QJHQ�
�IRUNXQQVNDS��

�$UJXPHQWDVMRQ��
�QRUPHU�

��0DULRWWL��
�������

�*HRPHWUL� �,NNH�RSSJLWW�
�WULQQ��,WDOLD��
�,NNH�RSSJLWW�
�DQWDOO�HOHYHU�

�HQ�¡NW� �0\H�IRUNXQQVNDS�� �+\SRWHVH��'*6�RJ�
�GUD�IXQNVMRQ��

��0DULRWWL��
�������

�*HRPHWUL� ����������WULQQ�
��LNNH�RSSJLWW�
�ODQG��
����HOHYHU�

�WR�nU�
�XWGUDJ�KHU�IUD�
�ILUH�WLO�VHNV�
�¡NWHU�

�0\H�IRUNXQQVNDS�� �.RQVWUXNVMRQ�DY�
�EHYLV��

��0DUWLQH]�	�
�&DVWUR�
�6XSHUILQH��
�������

�$OJHEUD� ����������WULQQ�
��86$��
�1L�HOHYHU�

�HQ�¡NW��PHQ�
�HU�QU����DY����
�L�HW�VW¡UUH�
�SURVMHNW�

�0\H�IRUNXQQVNDS�� �9DULDEOHU��DOJHEUD�RJ�
�EHYLV�

��0DUWLQH]�	�
�3HGHPRQWH��
�������

�$ULWPHWLNN�
�RJ�DOJHEUD�

����������WULQQ�
��86$��
�1L�HOHYHU�

�ILUH�¡NWHU�
�I¡UVWH�DY�
�WRWDOW����

�,NNH�RSSJLWW�
�IRUNXQQVNDS�QLYn��

�IUD�LQGXNWLY�
�DULWPHWLNN�WLO�
�GHGXNWLY�DOJHEUDLVN�
�EHYLV�

��0DWD�3HUHLU�
�D�	�GD�
�3RQWH��������

�$OJHEUD� ����WULQQ�
��3RUWXJDO��
�,NNH�RSSJLWW�
�DQWDOO�HOHYHU�

�QL�¡NWHU� �1RH�IRUNXQQVNDS�� �5HVRQQHULQJ�VRP�
�JHQHUDOLVHULQJ�RJ�
�MXVWLILFDWLRQ�

��0F)HHWRUV�	�
�3DOI\��������

�LNNH�
�RSSJLWW�
�PDWHPDWLV�
�N�LQQKROG�

���������WULQQ�
��&DQDGD��
����HOHYHU�

�WUH�¡NWHU� �,NNH�RSSJLWW�
�IRUNXQQVNDS�QLYn��

�6SLOO��UHIOHNVMRQ��
�UHVRQQHULQJ�

��0L\D]DNL�HW�
�DO���������

�*HRPHWUL� ����WULQQ��-DSDQ��
�,NNH�RSSJLWW�
�DQWDOO�HOHYHU�

�QL�¡NWHU� �,NNH�RSSJLWW�
�IRUNXQQVNDS�QLYn��

�)O\WGLDJUDP�EHYLV��
�GHGXNWLY�EHYLVI¡ULQJ��

��0L\D]DNL�HW�
�DO���������

�*HRPHWUL� ����WULQQ��-DSDQ��
����HOHYHU�

�QL�¡NWHU� �1RH�IRUNXQQVNDS�� �)O\WGLDJUDP�EHYLV��
�GHGXNWLY�EHYLVI¡ULQJ�

��0RXWVLRV�5H�
�QW]RV�HW�DO���
�������

�*HRPHWUL� ����WULQQ��+HOODV��
����HOHYHU�

�HQ�¡NW� �,NNH�RSSJLWW�
�IRUNXQQVNDS�QLYn��

�WHRUHP��3\WDJRUDV��

��1J�	� �*HRPHWUL� ����WULQQ� �WR�¡NWHU� �,QJHQ� �JHRPHWULVN�

����



�6LQFODLU��
�������

��&DQDGD��
�,NNH�RSSJLWW�
�DQWDOO�HOHYHU�

�IRUNXQQVNDS�� �UHVRQQHULQJ�

��6KLQQR�	�
�)XMLWD��������

�$ULWPHWLNN� ����WULQQ�
��(QJODQG��
�6MX�HOHYHU�

�HQ�¡NW� �0\H�IRUNXQQVNDS�� �8WIRUVNH�RJ�IRUNODUH�
�P¡QVWHU��
�JHQHUDOLVHULQJ��

��<RSS�������� �*HRPHWUL�
�RJ�DOJHEUD�

����WULQQ��86$��
�(Q�HOHY�

�HQ�¡NW� �0\H�IRUNXQQVNDS�� �,I�WKDQ�SnVWDQGHU��
�DUJXPHQWDVMRQ��

��<RSS�������� �$OJHEUD� ����WULQQ��86$��
����HOHYHU�

����¡NWHU� �0\H�IRUNXQQVNDS�� �,I�WKDQ�SnVWDQGHU��
�DUJXPHQWHULQJ��
�NULWLVHUH�GLUHNWH�RJ�
�LQGLUHNWH�
�DUJXPHQWHU��

��<RSS�HW�DO���
�������

�$OJHEUD� ����WULQQ��86$��
�7L�HOHYHU�

�WUH�¡NWHU��PHQ�
�GHO�DY�HW�
�VW¡UUH�
�SURVMHNW�
�JHQHUHOW�
��//$0$��

�0\H�IRUNXQQVNDS�� �(OLPLQHUH�
�PRWHNVHPSHO�RJ�
�ILQQH�PRWHNVHPSHO��

�7DEHOO�����2SSVXPHULQJ�DY�LQNOXGHUWH�VWXGLHUV�NDUDNWHULVWLNNHU�

�����5HVXOWDWHU�NQ\WWHW�WLO�SHUVSHNWLYHU�IRU��RJ�IRUVWnHOVHU�DY��EHYLV�

�)RUVNQLQJVVS¡UVPnO�����+YLONH�WHRUHWLVNH�SHUVSHNWLYHU�IRU��RJ�IRUVWnHOVH�DY��EHYLV�KDU�
�IRUVNHUQH�EDVHUW�VLQ�LQWHUYHQVMRQ�Sn"�

�,QQOHGQLQJVYLV��YLO�YL�SUHVHQWHUH�HQ�RYHUVLNW�RYHU�VWXGLHQH�IRUGHOW�HWWHU�GHW�VHQWUDOH�
�EHYLVUHODWHUWH�EHJUHSHW�VRP�IRUIDWWHUQH�KDU�EUXNW���'HUHWWHU�SUHVHQWHUHU�YL�KYRUGDQ�
�VWXGLHQH�IRUGHOHU�VHJ�HWWHU�GH�RYHURUGQHGH�SHUVSHNWLYHQH�IRU�EHYLV�QHYQW�L�LQQOHGQLQJHQ��
�EHYLV�VRP�SUREOHPO¡VQLQJ��EHYLV�VRP�RYHUEHYLVQLQJ�RJ�EHYLV�VRVLDOW�IRUDQNUHW�DNWLYLWHW��
�$YVOXWQLQJVYLV�SUHVHQWHUHU�YL�XOLNH�IRUVWnHOVHU�IRU�EHYLV�VRP�NRP�IUHP�JMHQQRP�HQ�
�WHPDWLVN�DQDO\VH�DY�IRUIDWWHUQHV�EHJUHSVEUXN�RJ�EHJUHSVDYNODULQJ��

�������'H�VHQWUDOH�EHYLVUHODWHUWH�EHJUHSHQH�L�VWXGLHQH�

�%DVHUW�Sn�YnU�DQDO\VH�DY�EHJUHSVEUXN��IRNXV�IRU�VWXGLHQ�RJ�KYRUGDQ�GHQ�VHQWUDOH�
�DNWLYLWHWHQ�L�VWXGLHW�EHVNULYHV��YLO�YL�Qn�SUHVHQWHUH�KYRUGDQ�VWXGLHQH�L�XWYDOJHW�IRUGHOHU�
�VHJ�HWWHU��VHQWUDO�EHYLVUHODWHUW�EHJUHS����,�DQDO\VHQ�Vn�YL�Sn�IRUVNQLQJVVS¡UVPnOHQH�L�
�VWXGLHQH��WLWWHO��IRUPnO�PHG�VWXGLHQ��RP�XWWDOW���DYNODULQJHQ�DY�GHUHV�WHRUHWLVNH�
�UDPPHYHUN�RJ�EHVNULYHOVH�DY�GHQ�VHQWUDOH�EHYLVUHODWHUWH�DNWLYLWHWHQ��,�ILJXU������KDU�YL�
�WLOHJQHW�KYHUW�VWXGLH�HWW�EHJUHS��VHOY�RP�PDQJH�DY�VWXGLHQH�EUXNHU�IOHUH�DY�GLVVH�
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����������DY�VWXGLHQH�KDGGH��EHYLV��VRP�VHQWUDOW�EHJUHS��PHQV�GH�UHVWHUHQGH�YDU�QRNVn�
�MHYQW�IRUGHOW�L�XWYDOJHW��

����



�)LJXU������6WXGLHU�IRUGHOW�HWWHU�VHQWUDOW�EHYLVUHODWHUW�EHJUHS�

�������%HYLV�VRP�SUREOHPO¡VQLQJ�RJ�VRP�HQ�VRVLDOW�IRUDQNUHW�DNWLYLWHW�

�6WXGLHU�RP��EHYLV�NDQ�L�I¡OJH�6W\OLDQLGHV�HW�DO���������NDWHJRULVHUHV�L�WUH�SHUVSHNWLYHU��
�EHYLV�VRP�SUREOHPO¡VLQJ��EHYLV�VRP�RYHUEHYLVQLQJ���RJ��EHYLV�VRP�HQ�VRVLDOW�IRUDQNUHW�
�DNWLYLWHW���)RUVNHUH�VRP�LPSOHPHQWHUHU�NODVVHURPVLQWHUYHQVMRQHU�Pn�YXUGHUH�HW�EUHGW�
�VSHNWHU�DY�IDNWRUHU�RJ�PnOVHWQLQJHU�VRP�JnU�Sn�WYHUV�DY�GLVVH�SHUVSHNWLYHQH���6W\OLDQLGHV�
�HW�DO���������V����������'HUIRU�YLO�YL�SnSHNH�DW�IRUGHOLQJHQ�L�)LJXU������LNNH�Pn�VHHV�Sn�VRP�
�HQ�HNVNOXGHUHQGH�LQQGHOLQJ��GH�IOHVWH�VWXGLHQH�L�XWYDOJHW�VSDQW�RYHU�PHU�HQQ�HWW�
�SHUVSHNWLY��'HW�HU�OLNHYHO�PXOLJ�n�GHOH�LQQ�VWXGLHQH�HWWHU�KYLONHW�SHUVSHNWLY�GH�OLJJHU�
�Q UPHVW��QRH�YL�KDU�DQDO\VHUW�EDVHUW�Sn�WUH�DVSHNW�YHG�VWXGLHQH��KYLONHW�RYHURUGQHW�
�UDPPHYHUN�VWXGLHQ�KDGGH��KYD�VRP�YDU�IRNXV�L�VWXGLHQ��RJ�KYRUGDQ�GHQ�EHYLVUHODWHUW�
�DNWLYLWHWHQ�YDU�ODJW�RSS��,�DQDO\VHQ�LGHQWLILVHUWH�YL����VWXGLHU�VRP�XQGHU�SHUVSHNWLYHW�
�EHYLV�VRP�SUREOHPO¡VQLQJ���9L�VHU�DQVHU�IRU�HNVHPSHO�.RPDWVX��������VRP�HW�VWXGLH�
�Q UPHVW�GHWWH�SHUVSHNWLYHW�����VHOY�RP�VWXGLHQ�RJVn�KDU�IRNXV�Sn�O UHUHQV�UROOH�L�n�YHLOHGH�
�RSSJDYHMREELQJHQ�RJ�GLVNXVMRQHQH�UXQGW�DUEHLGHW��9LGHUH�LGHQWLILVHUWH�YL����VWXGLHU�
�XQGHU�SHUVSHNWLYHW��EHYLV�VRP�VRVLDOW�IRUDQNUHW�DNWLYLWHW���(W�HNVHPSHO�Sn�HW�VWXGLH�VRP�
�OLJJHU�Q UPHVW�GHWWH�SHUVSHNWLYHW�6KLQQR�RJ�)XMLWD���������VHOY�RP�GH�RJVn�YLHW�
�EHW\GHOLJ�RSSPHUNVRPKHW�WLO�RSSJDYHGHVLJQ��9L�KDU�LNNH�SODVVHUW�QRHQ�DY�GH�LQNOXGHUWH�
�VWXGLHQH�LQQHQIRU�SHUVSHNWLYHW��EHYLV�VRP�RYHUEHYLVQLQJ���VHOY�RP�IOHUH�QHYQHU�
�EHWUDNWQLQJHU�VRP�NDQ�NQ\WWHV�WLO�GHWWH�SHUVSHNWLYHW��

�)LJXU������6WXGLHU�IRUGHOW�HWWHU�SHUVSHNWLY�Sn�EHYLV�

����



�������8OLNH�IRUVWnHOVHU�DY�EHYLV�

�'HW�HU����VWXGLHU�L�XWYDOJHW�VRP�KDU��EHYLV��VRP�GHW�VHQWUDOH�EHJUHSHW��VH�)LJXU�������RJ�
�IRUVWnHOVHQ�DY�EHYLV�EODQW�GLVVH�HU�YDULHUW��RJ�L�QRHQ�WLOIHOOHU�XW\GHOLJ�DYNODUW��$Y�GH����
�VWXGLHQH�HU�GHW����VRP�KDU�W\GHOLJ�DYNODUW�VLQ�EUXN�RJ�IRUVWnHOVH�DY��EHYLV���'H�XOLNH�
�IRUVWnHOVHVUDPPHQH�VSHQQHU�HW�YLGW�VSHNWHU��IUD�HQ�WHRUHWLVN�RJ�IRUPHOO�IRUVWnHOVH�DY�
�EHYLV��WLO�n�EUXNH�RUGHW�EHYLV�RJVn�RP�HPSLULVNH�DUJXPHQWHU��

�(W�W\GHOLJ�HNVHPSHO�Sn�GHW�I¡UVWH�\WWHUSXQNWHW�HU�0DULRWWL��������V�������VRP�IUHPPHU�
�HQ�IRUHVWLOOLQJ�DY��WHRUHP����EHVWnHQGH�DY�WUH�GHOHU��HQ��SnVWDQG���HW��EHYLV��RJ�HQ��WHRUL��KYRU�
�GHWWH�EHYLVHW�JLU�PHQLQJ��+XQ�SnSHNHU�DW�PDQJH��©EHYLVª�SUHVHQWHUW�L�VNROHPDWHPDWLNNHQ�
�HJHQWOLJ�E¡U�NODVVLILVHUH��V�VRP�©DUJXPHQWDVMRQª��VLGHQ�GH�LNNH�JM¡U�HNVSOLVLWW�UHIHUDQVH�WLO�
�GHW�DNVLRPDWLVNH�V\VWHPHW��0DULRWWL��������V��������

�(W�JRGW�HNVHPSHO�Sn�GHW�DQGUH�\WWHUSXQNWHW�HU��)LDOOR�RJ�*XWLpUUH]��������V��������VRP�
�EUXNHU�EHJUHSHW�RP�DOO�PDWHPDWLVN�DUJXPHQWDVMRQ�VRP�HW�LQGLYLG�NDQ�WD�L�EUXN�IRU�n�
�RYHUEHYLVH�VHJ�VHOY�HOOHU�DQGUH�RP�HQ�PDWHPDWLVN�SnVWDQG�HU�VDQQ�HOOHU�LNNH��'H�VNLOOHU�
�YLGHUH�PHOORP��HPSLULVN�EHYLV��RJ��GHGXNWLY��H��EHYLV���KYRU�GHQ�VLVWQHYQWH�EHVNULYHV�VRP�
�EHVWnHQGH�DY�ORJLVNH�VOXWQLQJHU�VRP�NREOHU�SUHPLVV�RJ�NRQNOXVMRQ��

�6HOY�RP�PDMRULWHWHQ�DY�IRUIDWWHUQH�DYNODUWH�VLQ�IRUVWnHOVH�DY�EHYLV��YDU�GHW�HW�EHW\GHOLJ�
�DQWDOO�VWXGLHU��VHNV��VRP�PDQJOHW�W\GHOLJ�EHJUHSVDYNODULQJ�NQ\WWHW�WLO�EHYLV��

�����0XOLJKHWHU�IRU�n�VW¡WWH�JUXQQVNROHHOHYHUV�O ULQJ�DY�EHYLV�

�)RUVNQLQJVVS¡UVPnO�����+YD�VLHU�LQWHUYHQVMRQVVWXGLHQH�RP�PXOLJKHWHU�IRU�n�VW¡WWH�
�JUXQQVNROHHOHYHUV�O ULQJ�DY�EHYLV"�

�,�GHQQH�GHOHQ�SUHVHQWHUHV�GHW�WHPDHU�YL�NRP�IUHP�WLO�JMHQQRP�KHOKHWOLJ�OHVLQJ�RJ�
�DQDO\VH�DY�VWXGLHQH�L�XWYDOJHW��,�DQDO\VHQ�OD�YL�VSHVLHOW�YHNW�Sn�UHVXOWDW�DY�VWXGLHQ��RJ�
�IRUIDWWHUQHV�GLVNXVMRQ�RJ�NRQNOXVMRQ�NQ\WWHW�WLO�UHVXOWDWHW��9L�LGHQWLILVHUWH�ILUH�KRYHGWHPD�
�L�DQDO\VHQ���RSSJDYHGHVLJQ��EHYLV�VRP�YHUNW¡\�IRU�n�JHQHUHUH�RJ�NRPPXQLVHUH�
�NXQQVNDS��O ULQJVPXOLJKHWHU�NQ\WWHW�WLO�PHWD�NXQQVNDS�RP�EHYLV��RJ�O UHUV�UROOH�VRP�
�YHLOHGHU�L�GHQ�EHYLVUHODWHUWH�DNWLYLWHW�����'HVLJQ�DY�HJQHGH�DNWLYLWHWHU�HU�QDWXUOLJ�QRN�
�VHQWUDOW�L�LQWHUYHQVMRQVVWXGLHU��RJ�PDQJH�DY�VWXGLHQH�SHNHU�Sn�VSHVLILNNH�DVSHNWHU�YHG�
�RSSJDYHQ�GHVLJQHW�VRP�NULWLVNH�VXNVHVVIDNWRUHU�L�LQWHUYHQVMRQHQ��6LGHQ�RSSJDYHGHVLJQ�
�NRP�IUHP�VRP�HW�RYHURUGQHW�WHPD�L�DQDO\VHQ�KDU�YL�YLGHUH�YDOJW�n�GHOH�LQQ�NDWHJRULHQ�
�RSSJDYHGHVLJQ�HWWHU�WUH�IUHPWUHGHQGH�DVSHNWHU�YHG�GHVLJQHW���RSSJDYHU�PHG�GLDJUDP�
�VRP�KDU�LPSOLVLWW�LQIRUPDVMRQ��RSSJDYHU�VRP�XWQ\WWHU�GUD�IXQNVMRQHQ�L�GLJLWDOH�
�JHRPHWULVNH�V\VWHP��RJ��RSSJDYHU�VRP�WDU�L�XWQ\WWHU�DOJHEUDLVN�QRWDVMRQ��

�'H�QHVWH�XQGHUNDSLWOHQH�WDU�IRU�VHJ�WHPD�VRP�KDQGOHU�RP�NODVVHURPVNXOWXU��QRUPHU��
�PHWD�NXQQVNDS��'HW�I¡UVWH�DY�GLVVH�WHPDHQH�HU��EHYLV�VRP��YHUNW¡\�IRU�n�JHQHUHUH�RJ�
�NRPPXQLVHUH�NXQQVNDS�L�NODVVHURPVIHOOHVVNDSHW���9LGHUH�YDU�GHW�IOHUH�DY�VWXGLHQH�VRP�
�EHVNUHY��PXOLJKHWHU�IRU�n�O UH�PHWD�NXQQVNDS��RP�EHYLV���0XOLJKHWHQH�VRP�SHNHV�Sn�L�GH�
�KLWWLO�QHYQWH�WHPDHQH��Pn�VHHV�L�VDPPHQKHQJ�PHG�O UHUHQV�UROOH�VRP�YHLOHGHU�DY�GHQ�
�EHYLVUHODWHUWH�DNWLYLWHWHQ��,�DQDO\VHQ�NRP�GHWWH�IUHP�VRP�HW�RYHURUGQHW�WHPD�QHVWHQ�DOOH�
�IRUVNHUQH�SHNWH�Sn��'HUIRU�YLO�YL�WLO�VOXWW�SUHVHQWHUH��PXOLJKHWHU�O UHU�KDU�IRU�n�YHLOHGH�
�GHQ�EHYLVUHODWHUWH�DNWLYLWHWHQ����VRP�HW�RYHURUGQHW�WHPD�L�O\V�DY�GH�¡YULJH�WHPDHQH��

����



�������2SSJDYHGHVLJQ�

�0DQJH�DY�VWXGLHQH�YHNWOHJJHU�EHW\GQLQJHQ�DY�RSSJDYHGHVLJQ�VRP�VHQWUDOH�PXOLJKHWHU�
�IRU�n�VW¡WWH�HOHYHUV�O ULQJ�DY�EHYLV��'HWWH�NRP�IUHP�VRP�HW�RYHURUGQHW�WHPD�L�DQDO\VHQ�
�RJ�YL�KDU�YDOJW�n�YLGHUH�GHOH�NDWHJRULHQ�LQQ�L�WUH�IUHPWUHGHQGH�DVSHNW�YHG�
�RSSJDYHGHVLJQHW��

������D�2SSJDYHU�VRP�XWQ\WWHU�JHRPHWULVNH�GLDJUDP�PHG�LPSOLVLWW�LQIRUPDVMRQ�

�)OHUH�DY�VWXGLHQH�RPWDOHU�EHYLVUHODWHUW�DNWLYLWHW�NQ\WWHW�WLO�JHRPHWULVNH�ILJXUHU�KYRU�QRH�
�DY�LQIRUPDVMRQHQ�HU�LPSOLVLWW�HOOHU�VNMXOW��RJ�SHNHU�Sn�QHWWRSS�GHQQH�HJHQVNDSHQ�VRP�HQ�
�VHQWUDO�IDNWRU�L�RSSJDYHGHVLJQHW���&KHQ�	�+HUEVW��������.RPDWVX��������.RPDWVX�HW�DO���
�������.RPDWVX�HW�DO�������D������E��.RPDWVX�	�-RQHV�����������&KHQ�RJ�+HUEVW��������
�YLVHU�KYRUGDQ�HOHYHQH�ODJGH�RJ�EHJUXQQHW�K\SRWHVHU�YHG�n�WD�L�EUXN�JHVWHU�
��KnQGEHYHJHOVHU��L�DUJXPHQWDVMRQHQ�NQ\WWHW�WLO�GLDJUDPPHW��7LO�IRUVNMHOO�IUD�RSSJDYHQH�L�
�GHQ�YDQOLJH�XQGHUYLVQLQJHQ��KDGGH�GLDJUDPPHQH�L�LQWHUYHQVMRQHQ�EHJUHQVHW�
�LQIRUPDVMRQ��)RUIDWWHUQH�DUJXPHQWHUHU�IRU�DW�GHWWH�DVSHNWHW�YHG�RSSJDYHQ�ELGUR�WLO�DW�
�HOHYHQH�ODJGH�VLQH�HJQH�K\SRWHVHU���&KHQ�	�+HUEVW��������V����������

�.RPDWVX�RJ�NROOHJDHU�XWYLNOHW�JHRPHWULVNH�EHYLVRSSJDYHU�VRP�OD�RSS�WLO�DW�HOHYHQH�
�NXQQH�PRGLILVHUH�RJ�XWYLGH�HJQH�EHYLV��JMHQQRP�n�ILQQH�PRWEHYLV�WLO�GHQ�LQLWLHOOH�
�K\SRWHVHQ���.RPDWVX�HW�DO�������D���.RPDWVX�HW�DO�������E������(Q�DYJM¡UHQGH�IDNWRU�YHG�
�GLVVH�RSSJDYHQH�YDU�DW�GLDJUDPPHQH�NXQQH�HQGUHV�Sn�HQ�VOLN�PnWH�DW�GHW�NRP�W\GHOLJ�
�IUHP�DW�GHQ�I¡UVWH�SnVWDQGHQ�LNNH�JMHOGHU�IRU�DOOH�WLOIHOOHU�DY�GHQ�DNWXHOOH�W\SHQ�ILJXUHU�
��.RPDWVX�HW�DO�������D�����(OHYHQH�NRQVWUXHUWH�I¡UVW�EHYLV�IRU�HQ�SULPLWLY�SnVWDQG�NQ\WWHW�
�WLO�GLDJUDPPHW��I¡U�GH�NXQQH�HQGUH�Sn�GLDJUDPPHW�IRU�n�ILQQH�PRWHNVHPSHO�HOOHU�
�LNNH�HNVHPSHO��'HW�VLVWQHYQWH�InU�PDQ�GHUVRP�SUHPLVVHW�IRU�SnVWDQGHQ�IDOOHU�ERUW�YHG�
�HQGULQJ�DY�ILJXUHQ��,�EHJJH�WLOIHOOHQH�NXQQH�HOHYHQH�ODJH�Q\H�K\SRWHVHU�VRP�LQNOXGHUWH�
�WLOIHOOHQH�VRP�On�XWHQIRU�GHQ�RSSULQQHOLJH�SnVWDQGHQ���.RPDWVX�HW�DO�������D��V����±�������
�3n�GHQQH�PnWHQ�JLU�VOLNH�RSSJDYHU�HOHYHQH�PXOLJKHW�WLO�n�HUIDUH�
�©RSSGDJHOVHVIXQNVMRQHQª�WLO�EHYLV���.RPDWVX�HW�DO�������D��V���������.RPDWVX��������
�EUXNWH�VDPPH�W\SH�RSSJDYHU�IRU�n�YLVH�DW�HOHYHU�NDQ�O\NNHV�PHG�n�I¡UVW�WLOEDNHYLVH�HQ�
�SnVWDQG��YHG�n�SURGXVHUH�YDULDQWHU�DY�GLDJUDPPHW�KYRU�SnVWDQGHQ�LNNH�JMDOGW��IRU�
�GHUHWWHU�n�UHYLGHUH�SnVWDQGHQ�WLO�n�LQNOXGHUH�PRWHNVHPSHOHW���.RPDWVX�����������
�)RUIDWWHUHQ�SUHVLVHUHU�DW�LNNH�DOOH�W\SHU�EHYLVRSSJDYHU�PHG�GLDJUDP�NDQ�EUXNHV�WLO�GHWWH��
�DW�GHW�IDQWHV�LPSOLVLWWH�DQWDNHOVHU�L�RSSJDYHQH�JMRUGH�GHW�PXOLJ�IRU�HOHYHQH�n�O\NNHV�
��.RPDWVX��������V�����±��������

������E�2SSJDYHU�VRP�XWQ\WWHU�GUD�YHUNW¡\HW�L�GLJLWDOH�JHRPHWULVNH�V\VWHPHU�

�)OHUH�VWXGLHU�WUHNNHU�IUHP�PXOLJKHWHQH�IRU�n�O UH�RP�EHYLV�JMHQQRP�EUXN�DY�
�©GUDª�YHUNW¡\HW�L�GLJLWDOH�JHRPHWULVNH�V\VWHPHU�VRP�&DEUL�RJ�*HRJHEUD���)LDOOR�	�
�*XWLpUUH]��������.RPDWVX�	�-RQHV��������0DULRWWL��������������1J�	�6LQFODLU�����������,�HW�
�VWXGLH�PHG�������nULQJHU�IDQW�)LDOOR�	�*XWLpUUH]��������V�������DW�HOHYHQH�YDU�L�VWDQG�WLO�
�n�SURGXVHUH�GHGXNWLYH�EHYLV�L�WULJRQRPHWUL�HWWHU�HQ�ODQJYDULJ�LQWHUYHQVMRQ�PHG�RSSJDYHU�
�NQ\WWHW�WLO�GUDLQJ��,�GLVVH�RSSJDYHQH�IDVLOLWHUWH�GUD�IXQNVMRQHQ�HOHYHQV�XWIRUVNLQJ��RJ�OD�
�WLO�UHWWH�IRU�DW�GH�NXQQH�ODJH�RJ�YHULILVHUH�HJQH�K\SRWHVHU���)LDOOR�	�*XWLpUUH]��������V��
���������)RUIDWWHUQH�EHPHUNHU�DW�HQ�GUD�WHVW�KYRU�GHQ�NRQVWUXHUWH�ILJXUHQ�KROGHU�VHJ�VWDELO��
�L�VHJ�VHOY�HU�HQ�RYHUEHYLVHQGH��HPSLULVN��EHNUHIWHOVH��'HWWH�NDQ�EOL�HQ�KLQGULQJ�IRU�
�HOHYHQH�L�GHUHV�XWYLNOLQJ�IUD�HPSLULVN�WLO�GHGXNWLYW�EHYLV��'HUIRU�IRUHVOnU�IRUIDWWHUQH�n�

����



�HNVSOLVLWW�HWWHUO\VH�DW�HOHYHQH�EUXNHU�WHRUHWLVNH�SnVWDQGHU�RP�HJHQVNDSHU�HOOHU�
�GHILQLVMRQHU��VRP�HQ�GHO�DY�GHUHV�EHYLV���)LDOOR�	�*XWLpUUH]��������V����������

�0HG�GDWD�IUD�HW�WLGOLJHUH�&DEUL�EDVHUW�HNVSHULPHQW�PHG�����NODVVLQJHU�L�,WDOLD�XWG\SHU�
�0DULRWWL��������������RP�KYRUGDQ�GUD�IXQNVMRQHQ�NDQ�JL�HOHYHQH�PXOLJKHW�WLO�n�XWYLNOH�
�IRUVWnHOVH�IRU�VDPPHQKHQJ�PHOORP�EHWLQJHOVHU�RJ�NRQNOXVMRQ��.RQVWUXNVMRQVRSSJDYHQH�
�NUHYGH�IRU�GHW�I¡UVWH�DW�HOHYHQH�VNXOOH�SURGXVHUH�HQ�VSHVLILNN�ILJXU�L�&DEUL�VRP�YDU�VWDELO�
�YHG�GUDLQJ��RJ�VNULYH�EHVNULYHOVHQ�DY�IUHPJDQJVPnWHQ�IRU�n�ODJH�GHQQH�ILJXUHQ��'HW�
�DQGUH�NUDYHW�YDU�DW�HOHYHQH�VNXOOH�SURGXVHUH�HQ�VNULIWOLJ�EHJUXQQHOVH�IRU�KYRUIRU�
�NRQVWUXNVMRQHQ�YDU�ULNWLJ���0DULRWWL��������V����������'HQ�I¡UVWH�GHOHQ�DY�RSSJDYHQH�
�UHODWHUHV�GHUIRU�WLO�KDQGOLQJHU�RJ�XWIRUVNLQJ�PHG�GHW�GLJLWDOH�YHUNW¡\HW��PHQV�GHQ�DQGUH�
�GHOHQ�KDQGOHU�RP�n�VNULIWOLJ�EHVNULYH�GHWWH�DUEHLGHW��.UDYHW�RP�n�YDOLGHUH�O¡VQLQJHQ�
�NRUUHVSRQGHUHU�PHG�n�IRUNODUH�KYRUIRU�ILJXUHQ�EHVWnU��©GUD�WHVWHQª��G��HW�YLO�VL�DW�GHQ�
�KROGHU�VHJ�VWDELO�YHG�GUDLQJ����0DULRWWL��������V����������'UD�YHUNW¡\HW�OD�WLO�UHWWH�IRU�DW�
�HOHYHQH�O\NWHV�L�n�O¡VH�NRQVWUXNVMRQVRSSJDYHQH��RJ�0DULRWWL��������V�������KHYGHU�
�YHUNW¡\HW�NDQ�XWQ\WWHV�DY�O UHUH�WLO�n�LQWURGXVHUH�HOHYHQH�IRU�HW�WHRUHWLVN�SHUVSHNWLY��
�6SHVLHOW�NDQ�GUD�YHUNW¡\HW�ELGUD�WLO�DW�HOHYHQH�XWYLNOHU�HQ�PHQLQJVIXOO�IRUVWnHOVH�DY�
�KYRUGDQ�PDWHPDWLVNH�SnVWDQGHU�HU�EHWLQJHW�DY�SUHPLVVHQH���0DULRWWL��������V����������
�'HUVRP�HQ�VSHVLHOO�ILJXU�NRQVWUXHUHV�ULNWLJ�L�&DEUL��YLO�HJHQVNDSHU�YHG�ILJXUHQ�KROGHV�
�VWDELO�YHG�GUDLQJ��'HUPHG�NDQ�HOHYHQH�XWIRUVNH�ILJXUHQV�HJHQVNDSHU�YHG�GUDLQJ�RJ�IRUPH�
�K\SRWHVHU�RP�KYLONH�HJHQVNDSHU�VRP�DYKHQJHU�DY�SUHPLVVHQH���0DULRWWL��������V����������
�3n�GHQQH�PnWHQ�NDQ�GUD�YHUNW¡\HW�KMHOSH�HOHYHQH�WLO�n�E\JJH�HQ�IRUVWnHOVH�DY�GHQ�
�ORJLVNH�VDPPHQKHQJHQ�PHOORP�SUHPLVV�RJ�NRQNOXVMRQ�L�PDWHPDWLVNH�SnVWDQGHU�
��0DULRWWL��������V����������

������F�2SSJDYHU�VRP�XWQ\WWHU�DOJHEUDLVN�QRWDVMRQ�
�6HOY�RP�JHRPHWUL�IRUWVDWW�HU�GHW�GRPLQHUHQGH�PDWHPDWLVNH�GRPHQHW�QnU�GHW�NRPPHU�WLO�
�EHYLVUHODWHUW�DNWLYLWHW�L�VNROHQ���0DUWLQH]�HW�DO���������V���������IDQW�YL�L�XWYDOJHW�QRHQ�
�LQWHUYHQVMRQHU�VRP�XWQ\WWHW�DOJHEUDLVN�QRWDVMRQ�IRU�n�IUHPPH�O ULQJ�DY�EHYLV�RJ�
�JHQHUDOLVHULQJ���%ODQWRQ�HW�DO���������0DUWLQH]�	�&DVWUR�6XSHUILQH��������0DUWLQH]�	�
�3HGHPRQWH�����������0DUWLQH]�RJ�NROOHJDHU�XWYLNOHW�HQ�WLOQ UPLQJ�VRP�LQWHJUHUHU�DOJHEUD�
�RJ�EHYLV�IRU�XQJGRPVVNROHHOHYHU��YHG�KMHOS�DY�VDPVSLOOHW�PHOORP�DULWPHWLVN�
�DUJXPHQWDVMRQ�RJ�DOJHEUDLVN�QRWDVMRQ���0DUWLQH]�HW�DO���������0DUWLQH]�	�&DVWUR�
�6XSHUILQH�����������%nGH�DOJHEUD�RJ�EHYLV�HU�HPQHU�VRP�WUDGLVMRQHOW�NRPPHU�VHQW�L�
�JUXQQVNROHO¡SHW�RJ�DUEHLG�PHG�DOJHEUD�EODQW�GH�\QJUH�HOHYHQH�L�JUXQQVNROHQ�IRUHJnU�
�W\SLVN�XWHQ�DOJHEUDLVN�QRWDVMRQ���%ODQWRQ�HW�DO���������V�������6W\OLDQLGHV�	�6W\OLDQLGHV��
�������V����������

�6RP�NRQWUDVW�WLO�GHWWH�IDQW�%ODQWRQ�HW�DO���������V�������DW�HOHYHU�DOOHUHGH�L����WULQQ�L�86$�
�HU�IXOOW�L�VWDQG�WLO�n�EUXNH�DOJHEUDLVN�QRWDVMRQ�PHG�YDULDEOHU�L�EHYLVUHODWHUW�DNWLYLWHW��
�7HVWHU�LQGLNHUWH�DW�QRWDVMRQVEUXNHQ�LNNH�EDUH�YDU�PXOLJ��PHQ�DW�GHQ�RJVn�L�QRHQ�WLOIHOOHU�
�YDU�PHU�Q\WWLJ�IRU�HOHYHQH�HQQ�QDWXUOLJ�VSUnN��%ODQWRQ�HW�DO���������V��������)RUIDWWHUQH�
�WUHNNHU�RJVn�IUHP�WUHNNHU�IUHP�YLNWLJKHWHQ�DY�HQ�KHOKHWOLJ�WDQNHJDQJ�L�LPSOHPHQWDVMRQ�
�DY�DOJHEUD�Sn�EDUQHVNROHQ��VHQWUHUW�UXQGW�SUDNVLVHU�IRU�DOJHEUDLVN�WHQNQLQJ�VRP�IRU�
�HNVHPSHO�JHQHUDOLVHUH�RJ�EHJUXQQH��%ODQWRQ�HW�DO���������V��������'HQQH�VWXGLHQ�YLVHU�
�DW�GHW�HU�PXOLJ�n�LQWURGXVHUH�EDUQHVNROHHOHYHU�IRU�DOJHEUDLVNH�SUDNVLVHU�VRP�n�
�UHSUHVHQWHUH��EHJUXQQH�RJ�JHQHUDOLVHUH��RJVn�PHG�EUXN�DY�DOJHEUDLVN�QRWDVMRQ��

�9L�YLO�YLGHUH�WUHNNH�IUHP�0DUWLQH]�RJ�3HGHPRQWH���������VRP�HU�HW�HNVHPSHO�Sn�KYRUGDQ�
�VDPVSLOOHW�PHOORP�DULWPHWLVN�DUJXPHQWDVMRQ�RJ�DOJHEUDLVN�QRWDVMRQ�NDQ�KMHOSH�HOHYHU�WLO�

����



�n�EHYLVH�VLQ�K\SRWHVH���0DUWLQH]�RJ�KHQQHV�NROOHJHU�XWYLNOHW�HW�RSSJDYHVHWW�VHQWUHUW�UXQGW�
�n�ILQQH�RJ�YLVH�UHODVMRQHQ�PHOORP�WDOOYHUGLHQH�L�HW�©GDWRNYDGUDWª�L�HQ�NDOHQGHU���0DUWLQH]�
�	�&DVWUR�6XSHUILQH��������0DUWLQH]�	�3HGHPRQWH�����������'H�IDQW�DW�GLVVH�RSSJDYHQH�JD�
�HOHYHQH�HQ�JRG�PXOLJKHW�WLO�n�O UH�RP�DVSHNWHU�EnGH�YHG�EHYLV�RJ�DOJHEUD���0DUWLQH]�	�
�&DVWUR�6XSHUILQH��������V����������2SSJDYHQH�EOH�GHVLJQHW�EODQW�DQQHW�IRU�n�IUHPPH�
�HOHYHQHV�HJQH�K\SRWHVHU�RJ�IRU�n�LQWHJUHUH�DOJHEUDLVN�QRWDVMRQ�L�RSSJDYHU�PHG�EHYLV�
��0DUWLQH]�	�&DVWUR�6XSHUILQH��������V����������

�,�O¡SHW�DY�HNVSHULPHQWHW�EHYHJGH�VDPWOLJH�HOHYHU�VHJ�IUD�LQGXNWLY�DUJXPHQWDVMRQ�PHG�
�WDOOP¡QVWHU�WLO�GHGXNWLYW�DOJHEUDLVN�EHYLV���0DUWLQH]�	�&DVWUR�6XSHUILQH��������V����������
�(OHYHQH�YDU�IUD�VWDUW�L�VWDQG�WLO�n�VHWWH�RSS�HQ�DOJHEUDLVN�OLJQLQJ�XW�IUD�WDOOP¡QVWHUHW�GH�
�IDQW��PHQ�NXQQH�LNNH�IRUVWn�KYRUGDQ�GHW�n�O¡VH�OLNQLQJHQ�EHYLVWH�K\SRWHVHQ��+HU�RSSVWRG�
�GHW�HW�NRJQLWLYW�EUXGG�PHOORP�GHQ�LQGXNWLYH�DUJXPHQWDVMRQHQ�VRP�EUXNWH�DULWPHWLVNH�
�UHIHUDQVHU��RJ�GHW�GHGXNWLYH�EHYLVHW�VRP�EUXNWH�HW�DQQHW�UHIHUDQVHV\VWHP��DOJHEUD��
��0DUWLQH]�	�3HGHPRQWH��������V����������'HW�YDU�I¡UVW�GD�HOHYHQH�VNUHY�GH�DOJHEUDLVNH�
�V\PEROHQH�GLUHNWH�LQQ�L�NDOHQGHUHQ��YHG�VLGHQ�DY�GDWRHQH���DW�GH�EOH�L�VWDQG�WLO�n�
�PRGHOOHUH�JHQHUDOLVHULQJHQ�Sn�HQ�VOLN�PnWH�DW�GH�VHOY�Vn�OLQNHQ�PHOORP�GHW�DULWPHWLVNH�
�P¡QVWHUHW�RJ�GHQ�DOJHEUDLVNH�OLJQLQJHQ���0DUWLQH]�	�3HGHPRQWH��������V����������%HJJH�
�UHIHUDQVHV\VWHPHQH�HNVLVWHUWH�VDPWLGLJ�VRP�VW¡WWH�IRU�DUJXPHQWDVMRQHQ��RJ�IXQJHUWH�
�VRP�HQ�EUR�WLO�GHQ�NRJQLWLYH�XWIRUGULQJHQ�VRP�OLJJHU�PHOORP�LQGXNWLY�DUJXPHQWDVMRQ�RJ�
�GHGXNWLYW�EHYLV���0DUWLQH]�	�3HGHPRQWH��������V����������

�'HWWH�PDUNHUHU�VOXWWHQ�Sn�GH�WUH�GHONDSLWOHQH�VRP�IRNXVHUHU�HNVSOLVLWW�Sn�RSSJDYHGHVLJQ��
�(W�RYHURUGQHW�IHOOHVWUHNN�YHG�GH�QHYQWH�RSSJDYHQH�HU�DW�GH�OHJJHU�RSS�WLO�DW�HOHYHQH�
�DUEHLGHU�PHG�HJQH�K\SRWHVHU��'HW�HU�DOWVn�HW�PDQJIROG�DY�XOLNH�RSSJDYHU�VRP�JLU�
�HOHYHQH�PXOLJKHW�WLO�n�ODJH�RJ�YDOLGHUH�HJQH�K\SRWHVHU��,�XWYDOJHW�HU�GHW�HQ�W\GHOLJ�
�RYHUYHNW�DY�JHRPHWULRSSJDYHU�VRP�HU�GHVLJQHW�IRU�n�IUHPPH�GHWWH��PHQ�DQDO\VHQ�
�DYVO¡UWH�RJVn�RSSJDYHU�LQQHQIRU�DOJHEUD�VRP�VW¡WWHW�HOHYHQHV�DUEHLG�PHG�n�ODJH�RJ�
�EHYLVH�HJQH�K\SRWHVHU��

�������%HYLV�VRP�YHUNW¡\�IRU�n�JHQHUHUH�RJ�NRPPXQLVHUH�NXQQVNDS�
�,�IOHUH�DY�VWXGLHQH�GHVLJQHW�IRUVNHUQH��PLOM¡��KYRU�EHYLV�NDQ�VHHV�Sn�VRP�HW�YHUNW¡\�IRU�n�
�JHQHUHUH�RJ�NRPPXQLVHUH�PDWHPDWLVN�NXQQVNDS�L�NODVVHURPVIHOOHVVNDSHW���.LP�	�-X��
�������.RPDWVX�	�-RQHV��������/HKUHU�HW�DO���������0DULRWWL�����������������6OLNH�
�LQWHUYHQVMRQHU�HU�L�VLQ�QDWXU�RPIDWWHQGH�RJ�LQQHE UHU�PnOUHWWHW�DUEHLG�RYHU�WLG��,�GHVLJQ�
�DY�HW�VOLNW�PLOM¡�IUHPKHYHU�/HKUHU�HW�DO���������V�������HQ�XQGHUV¡NHQGH�WLOQ UPLQJ�WLO�
�XQGHUYLVQLQJ��VRP�NDQ�JL�HOHYHQH�PXOLJKHW�WLO�n�Y UH�DJHQWHU�L�HJHQ�PDWHPDWLVN�O ULQJ��
�/HKUHU�HW�DO���������SHNHU�Sn�DW�O UHUHQ�VSLOOHU�HQ�NULWLVN�UROOH�L�n�NXOWLYHUH�GHQQH�
�XQGHUV¡NHQGH�WLOQ UPLQJHQ��QRH�VRP�XWG\SHV�Q UPHUH�L�NDSLWWHO��������(W�YLNWLJ�
�UHVXOWDW�L�VWXGLHQ�YDU�DW��NODVVHQ�VDPDUEHLGHW�RP�n�VDPOH�HQ�OLVWH�DY��HOHYSURGXVHUWH�
�NULWHULHU�IRU�JRGH�VS¡UVPnO�RJ�K\SRWHVHU��/HKUHU�HW�DO��������V��������3n�GHQ�HQH�VLGHQ�
�UHIOHNWHUWH�NULWHULHQH�YLNWLJKHWHQ�DY�SHUVRQOLJ�DQVYDU��DW�VS¡UVPnOHQH�RJ�K\SRWHVHQH�Pn�
�JL�PHQLQJ�RJ�NXQQH�IRUVWnV�DY�UHVWHQ�DY�NODVVHQ��3n�GHQ�DQGUH�VLGHQ�UHIOHNWHUWH�
�NULWHULHQH�HQ�NROOHNWLY�RULHQWHULQJ�PRW�n�E\JJH�Q\�NXQQVNDS�L�NODVVHQ��/HKUHU�HW�DO��������
�V��������

�0HG�WLOVYDUHQGH�WLOQ UPLQJ�JMHQQRPI¡UWH�.LP�RJ�-X��������HW�ODQJYDULJ�SURVMHNW�PHG�
�.RUHDQVNH�XQJGRPVVNROHHOHYHU��VRP�YLVWH�DW�HOHYHU�NDQ�GHOWD�DNWLYW�L�n�SURGXVHUH�
�PDWHPDWLVN�NXQQVNDS�JMHQQRP�EHYLV��)RUIDWWHUQH�EHVNULYHU�KYRUGDQ�HOHYHQH�JLNN�IUD�n�
�VH�Sn�EHYLV�VRP�HW�IHUGLJ�SURGXNW�GH�PRWWRN�SDVVLYW��WLO�n�VHOY�GHOWD�DNWLYW�L�GHQ�

����



�PDWHPDWLVNH�SUDNVLVHQ��)RUIDWWHUQH�KHYGHU�YLGHUH�DW�GHQQH�HQGULQJHQ�NDQ�Y UH�PXOLJ�n�
�UHDOLVHUH�L�HQ�UHNNH�OLJQHQGH�NODVVHURP��GD�RSSJDYHQH�RJ�DNWLYLWHWHQH�NRUUHVSRQGHUHU�WLO�
�GHW�PDQ�NDQ�ILQQH�L�HW�YDQOLJ�NODVVHURP���.LP�	�-X��������V����������'HW�YLNWLJVWH�DVSHNWHW�
�PHG�RSSJDYHQH��L�I¡OJH�IRUIDWWHUQH��HU�DW�GH�OHJJHU�RSS�WLO�DW�KHOH�NODVVHQ�NDQ�GHOWD�L�n�
�ODJH�RJ�WHVWH�HQ�PDWHPDWLVN�K\SRWHVH���.LP�	�-X��������V����������*MHQQRP�DNWLYLWHWHQH�
�IRUPHW�HOHYHQH�VLQ�HJHQ�NXOWXU�RJ�MREEHW�VDPPHQ�L�HQ�NROOHNWLY�O ULQJVSURVHVV��1RUPHU�
�VRP�XWYLNOHW�VHJ�L�NODVVHQ�YDU�EDVHUW�Sn�DQWDNHOVHQ�RP�DW�DOOH�GHOWDNHUH�HU�L�VDPPH�
�SRVLVMRQ��.LP�	�-X��������V��������,�NODVVHURPVGLVNXVMRQHQ�YDU�GHW�HNVSOLVLWW�IRUYHQWHW�DW�
�GHQ�VRP�I¡UWH�DUJXPHQWHW�VNXOOH�IRUNODUH�VOLN�DW�O\WWHUQH�IRUVWRG��$Y�O\WWHU�EOH�GHW�
�IRUYHQWHW�n�LNNH�WUHNNH�VHJ�IUD�VDPWDOHQ�I¡U�DUJXPHQWHW�EOH�WLOVWUHNNHOLJ�IRUNODUW��'HQQH�
�LQGLYLGXHOOH�DQVYDUOLJJM¡ULQJHQ�L�VDPVSLOO�PHG�NROOHNWLYH�RULHQWHULQJHQ�PRW�n�V¡NH�Q\�
�NXQQVNDS��YDU�HQ�VHQWUDO�IDNWRU�L�HOHYHQHV�HQGULQJ�WLO�n�EOL��HQ�SHUVRQ�VRP�JM¡U�
�PDWHPDWLNN���.LP�	�-X��������V��

�9L�NDQ�RSSVXPPHUH�PHG�DW�IRU�DW�HQ�NODVVH�VNDO�NXQQH�EUXNH�EHYLV�VRP�HW�YHUNW¡\�IRU�n�
�JHQHUHUH�RJ�NRPPXQLVHUH�NXQQVNDS��Pn�GHW�NXOWLYHUHV�HW�PLOM¡�KYRU�GHQ�HQNHOWH�HOHY�
�DQVYDUOLJJM¡UHV�VDPWLGLJ�VRP�NODVVHQ�RULHQWHUHV�PRW�n�XQGHUV¡NH�K\SRWHVHU�L�IHOOHVVNDS��

�������0XOLJKHWHU�IRU�n�O UH�PHWD�NXQQVNDS�RP�EHYLV�
�)OHUH�DY�VWXGLHQH�KDU�HQ�WLOQ UPLQJ�KYRU�EHYLV�HNVSOLVLWW�XQGHUYLVHV�VRP�HQ�GHO�DY�HQ�
�WHRUHWLVN�KHOKHW��VRP�JLU�HOHYHQH�PXOLJKHW�WLO�n�O UH�PHWD�NXQQVNDS�RP�EHYLV��-DKQNH�	�
�:DPEDFK��������0DULRWWL��������������0L\D]DNL�HW�DO���������0L\D]DNL�HW�DO����������
�0DULRWWL��������V�������KHYGHU�DW�EHYLV�LNNH�NDQ�JL�PHQLQJ�IRU�HOHYHQH�XWHQ�DW�GHW�
�DNVLRPDWLVNH�V\VWHPHW�HU�HNVSOLVLWW�XQGHUYLVW��+XQ�LQWURGXVHUHU�GHUIRU�IRUHVWLOOLQJHQ�DY�
�WHRUHP��L�VLQ�WLOQ UPLQJ��EHVWnHQGH�DY�HQ��SnVWDQG��RJ�HW��EHYLV��LQQHQIRU�HQ��WHRUL��KYRU�
�GHWWH�EHYLVHW�JLU�PHQLQJ��0DULRWWL��������V��������'HQQH�WLOQ UPLQJHQ�JMHQVSHLOHV�L�
�HNVSHULPHQWHW�PHG�XQJGRPVVNROHHOHYHU�KYRU�HOHYHQH��XQGHU�YHLOHGQLQJ�IUD�O UHUHQ��
�E\JJHU�XW�HW�V\VWHP�DY�NRPPDQGRHU�L�&DEUL��VRP�HQ�SDUDOOHOO�WLO�JHRPHWUL�VRP�V\VWHP�DY�
�WHRUHPHU��0DULRWWL�������V��������(OHYHQH�VWDUWHW�PHG�&DEUL�YHUNW¡\�VRP�NRUUHVSRQGHUHU�
�PHG�XWJDQJVSXQNWHW�WLO�(XNOLGV�JHRPHWUL��OLQMDO�XWHQ�HQKHWHU��NRPSDVV�RJ�WLOK¡UHQGH�
�DQWDNHOVHU�RP�SXQNW�RJ�OLQMH��'LVVH�YHUNW¡\HQH�EOH�EUXNW�WLO�n�NRQVWUXHUH�Q\H�ILJXUHU��
�VRP�IRU�HNVHPSHO�KDOYHULQJ�DY�HQ�YLQNHO��(OHYHQH�MREEHW�GHUHWWHU��XQGHU�YHLOHGQLQJ�IUD�
�O UHU��PHG�n�YDOLGHUH�GHQQH�NRQVWUXNVMRQHQ�VOLN�DW�GHW�NRUUHVSRQGHUHQGH�WHRUHPHW�
�NXQQH�OHJJHV�WLO�NODVVHQV�RSSE\JGH�WHRUL��'HQQH�Q\H�NRQVWUXNVMRQHQ�NXQQH�GHUHWWHU�
�OHJJHV�WLO�V\VWHPHW�VRP�HQ�HW�WLOJMHQJHOLJ�YHUNW¡\�L�YLGHUH�NRQVWUXNVMRQVDUEHLG��3n�GHQQH�
�PnWHQ�ILNN�HOHYHQH�HUIDUH�RJ�GHOWD�L�WR�SDUDOOHOOH�SURVHVVHU��Sn�GHQ�HQH�VLGHQ��XWYLGHOVH�
�DY�&DEUL�PHQ\HQ�YHG�n�OHJJH�WLO�Q\H�YHUNW¡\��RJ�Sn�GHQ�DQGUH�VLGHQ�HQ�
�NRUUHVSRQGHUHQGH�XWYLNOLQJ�DY�HQ�JHRPHWULVN�WHRUL�YHG�n�OHJJH�WLO�Q\H�DNVHSWHUWH�WHRUHP�
��0DULRWWL��������V������������0DULRWWL��������V�������NRQNOXGHUHU�PHG�DW�&DEUL�V\VWHPHW�
�NDQ�EUXNHV�WLO�n�LQWURGXVHUH�HOHYHU�IRU�HW�WHRUHWLVN�SHUVSHNWLY��RJ�GD�VSHVLHOW�
�IRUHVWLOOLQJHQ�RP�WHRUHP��&DEUL�YHUNW¡\HQH�NDQ�EUXNHV�WLO�n�XWYLNOH�HOHYHQHV�IRUVWnHOVH�DY�
�GHQ�ORJLVNH�DYKHQJLJKHWHQ�PHOORP�SUHPLVV�RJ�NRQNOXVMRQ��UHODWHUW�WLO�EHW\GQLQJHQ�DY�
�WHRUHP��0DULRWWL��������V��������

�,�OLNKHW�PHG�0DULRWWL�KHYGHU�-DKQNH�RJ�:DPEDFK��������V�������DW�GHQ�DNVLRPDWLVNH�
�RUJDQLVHULQJHQ�L�PDWHPDWLNN�Pn�JM¡UHV�WLO�HW�HNVSOLVLWW�WHPD�L�XQJGRPVVNROHPDWHPDWLNN��
�(OHYHU�HU�RIWH�LNNH�NODU�RYHU�DQWDNHOVHQH�VRP�OLJJHU�WLO�JUXQQ�IRU�GHGXNWLYH�DUJXPHQWHU��
�RJ�GHWWH�KLQGUHU�HOHYHQHV�IRUVWnHOVH�DY�EHYLV��-DKQNH�	�:DPEDFK��������V��������)RU�n�
�DGUHVVHUH�GHQQH�XWIRUGULQJHQ�JMHQQRPI¡UWH�IRUIDWWHUQH�HQ�LQWHUYHQVMRQ�PHG�HOHYHU�Sn����
�WULQQ�L�7\VNODQG��'H�XQGHUV¡NWH�RP�HOHYHQH�JMHQQRP�GHOWDNHOVH�L�LQWHUYHQVMRQHQ�ILNN�¡NW�

����



�IRUVWnHOVH�DY�KYRUGDQ�HQ�PDWHPDWLVN�SnVWDQG�HU�EHWLQJHW��-DKQNH�	�:DPEDFK��������V��
�������)RUVNHUQH�LQWURGXVHUWH�HOHYHQH�IRU�NRQVHSWHW��K\SRWHVH�VRP�HQ�VHQWUDO�
�HSLVWHPRORJLVN�LGp��RJ�NRQNOXGHUHU�PHG�DW�GHWWH�YDOJHW�YDU�IUXNWEDUW��-DKQNH�	�
�:DPEDFK��������V��������0\H�DY�DUEHLGHW�RJ�GLVNXVMRQHQ�L�LQWHUYHQVMRQHQ�YDU�VHQWUHUW�
�UXQGW�GH�DQWLNNH�K\SRWHVHQH�NQ\WWHW�WLO�GH�JUHVNH�DVWURQRPHQHV�RYHUEHYLVQLQJ�RP�DW�
�VROHQ�JLNN�L�EDQH�UXQGW�MRUGD��,�DUEHLGHW�PHG�GLVVH�K\SRWHVHQH�RJ�GHUHV�LPSOLNDVMRQHU��
�EOH�HOHYHQH�EHYLVVW�Sn�KYRUGDQ�DQWDNHOVHU�VSLOOHU�LQQ�L�XWYLGHOVHQ�DY�HQ�GHGXNWLY�WHRUL�
��-DKQNH�	�:DPEDFK��������V��������'HW�YDU�W\GHOLJ�DW�PDQJH�DY�HOHYHQH�YDU�LQWHUHVVHUW�
�L�HSLVWHPRORJLVNH�GLVNXVMRQHU�RP�VDQQKHWVYHUGLHQ�L�HQ�SnVWDQG��RJ�DW�GH�KDGGH�QRN�
�EDNJUXQQVNXQQVNDS�WLO�n�XWYLNOH�PHQLQJVIXOOH�LGHHU�L�GLVVH�GLVNXVMRQHQH��)RUIDWWHUQH�VHU�
�GHUIRU�LQJHQ�JUXQQ�WLO�n�XWHOXNNH�VOLNH�VDPWDOHU�RP�WHRULE\JJLQJ�IUD�
�PDWHPDWLNNXQGHUYLVQLQJHQ�Sn�XQJGRPVVNROHQ��-DKQNH�	�:DPEDFK��������V��������

�������/ UHUV�UROOH�VRP�YHLOHGHU�L�GHQ�EHYLVUHODWHUWH�DNWLYLWHW�

�0DQJH�DY�VWXGLHQH�WUHNNHU�IUHP�GHQ�XYXUGHUOLJH�UROOHQ�HNVSHUWHQ��GHW�YLO�VL�O UHUHQ��KDU�L�
�n�YHLOHGH�GHQ�EHYLVUHODWHUWH�DNWYLWHWHQ��'H�¡YULJH�WHPDHQH�SUHVHQWHUW�L�GHWWH�NDSLWWHOHW�
�NDQ�VHHV�L�O\V�DY�GHWWH�RYHURUGQHGH�WHPD��0DULRWWL��������V�������RSSVXPPHUHU�
�O UHUHQV�UROOH�VRP�NULWLVN�L�KYHUW�VWHJ�DY�GHQ�GLGDNWLVNH�V\NOXVHQ��O UHUHQ�Pn�GHVLJQH�
�HJQHGH�RSSJDYHU��REVHUYHUH�RJ�DQDO\VHUH�HOHYHQV�DUEHLG��RJ�PHG�XWJDQJVSXQNW�L�GHWWH�
�GHVLJQH�RJ�OHGH�NODVVHURPVGLVNXVMRQHQ�PRW�GHW�¡QVNHGH�O ULQJVPnOHW��

�2SSJDYHGHVLJQ�HU��VRP�QHYQW��HW�NULWLVN�HOHPHQW�IRU�n�VW¡WWH�HOHYHUV�O ULQJ�DY�EHYLV��RJ�
�IOHUH�DY�IRUIDWWHUQH�SnSHNHU�O UHUHQV�UROOH�L�LPSOHPHQWHULQJ�DY�RSSJDYHQH��.RPDWVX��
�������0DULRWWL��������0DUWLQH]�	�3HGHPRQWH���������.RPDWVX��������V�������
�NRQNOXGHUHU�PHG�DW�XWRYHU�RSSJDYHGHVLJQHW��YDU�O UHUHQV�UROOH�L�n�LPSOHPHQWHUH�
�EHYLVRSSJDYHQH�PHG�GLDJUDP�HQ�NULWLVN�VXNVHVVIDNWRU�L�LQWHUYHQVMRQHQ��)RUIDWWHUHQ�
�WUHNNHU�IUHP�WUH�VHQWUDOH�PXOLJKHWHU�IRU�O UHU�L�n�LPSOHPHQWHUH�EHYLVRSSJDYHU�PHG�
�GLDJUDP��.RPDWVX��������V��������)RU�GHW�I¡UVWH�E¡U�O UHUHQ�VS¡UUH�HOHYHQH�RP�n�WHJQH�
�GLDJUDP�VRP�HU�XOLN�GH�JLWWH�GLDJUDPPHQH�L�RSSJDYHQ��QRH�VRP�YLVWH�VHJ�n�Y UH�
�XXQQY UOLJ�GD�LQJHQ�DY�HOHYHQH�VWDUWHW�n�XQGHUV¡NH�HOOHU�WHJQH�Q\H�GLDJUDP�XWHQ�
�O UHUHQV�HWWHUVS¡UVHO��.RPDWVX��������V��������)RU�GHW�DQGUH�Pn�O UHUHQ�VWLOOH�VS¡UVPnO�
�VRP�UHWWHU�HOHYHQHV�RSSPHUNVRPKHW�PRW�n�YXUGHUH�SnVWDQGHU�RJ�EHYLV��QRH�VRP�JMRUGH�
�HOHYHQH�L�VWDQG�WLO�n�DUWLNXOHUH�VNMXOWH�EHWLQJHOVHU�L�RSSJDYHQ�RJ�JHQHUDOLVHUH�SnVWDQGHQ�
��.RPDWVX��������V��������)RU�GHW�WUHGMH�NDQ�O UHUHQ�YHOJH�XW�EHVWHPWH�HOHYHU�PHG�JRGH�
�LGHHU��RJ�LQYLWHUH�GLVVH�WLO�n�GHOH�VLQH�LGHHU�IRU�NODVVHQ��'HWWH�JMRUGH�DW�HOHYHU�VRP�LNNH�
�KDGGH�NRPPHW�L�JDQJ�PHG�n�PRGLILVHUH�VLQH�EHYLV��ILNN�GHOWD�L�n�PRGLILVHUH�HW�EHYLV��
�JMHQQRP�DW�HOHYHQ�VRP�GHOWH�VLQH�LGHHU�RJ�VDPWDOHQ�VRP�IXOJWH��.RPDWVX��������V��
�������'LDJUDPRSSJDYHU�PHG�VNMXOWH�DQWDNHOVHU�YDU�DOWVn�LNNH�WLOVWUHNNHOLJ�WLO�n�VSRQWDQW�
�HQJDVMHUH�HOHYHQH�L�n�PRGLILVHUH�VLQH�EHYLV��PHQ�GH�JD�O UHUHQ�ULNH�PXOLJKHWHU�WLO�n�
�VW¡WWH�GHQ�EHYLVUHODWHUWH�DNWLYLWHWHQ�WLO�HOHYHQH��

�0DUWLQH]�RJ�3HGHPRQWH��������V�������SnSHNHU�RJVn�DW�O UHUHQ�VSLOWH�HQ�XXQQY UOLJ�
�UROOH�L�HW�NULWLVN�SXQNW�L�HOHYHQHV�DUEHLG�PHG�n�EHYLVH�UHODVMRQHQ�PHOORP�GDWRHU�L�
�NDOHQGHURSSJDYHQH��'HW�YDU�LQJHQ�DY�HOHYHQH�VRP�NRP�YLGHUH�WLO�n�EHYLVH�OLNQLQJHQ�GH�
�KDGGH�VDWW�RSS�L�I¡UVWH�RSSJDYH��XWHQ�O UHUHQV�LQWHUYHQVMRQ���0DUWLQH]�	�3HGHPRQWH��
�������V����������9LGHUH�L�DUEHLGHW�JUHLGH�HOHYHQH�VHOYVWHQGLJ�n�NRQVWUXHUH�EHYLV�IRU�VLQ�
�K\SRWHVH��PHQ�O UHUHQV�LQLWLHOOH�LQWHUYHQVMRQ�YDU�KHOW�DYJM¡UHQGH�IRU�n�In�HOHYHQH�Sn�
�ULNWLJ�VSRU��

����



�)OHUH�DY�VWXGLHQH�WUHNNHU�IUHP�JUHS�VRP�O UHUH�NDQ�EHQ\WWH�VHJ�DY�IRU�n�IUHPPH�O ULQJ�
�DY�EHYLV�L�NODVVHURPVGLVNXVMRQHU��RJ�IRU�n�NXOWLYHUH�QRUPHU�IRU�DUJXPHQWDVMRQ�L�
�NODVVHURPPHW���%DOGU\�HW�DO���������&XVL�	�2OVKHU��������.LP�	�-X��������/HKUHU�HW�DO���
�������0DNDU�HW�DO���������0DWD�3HUHLUD�	�GD�3RQWH�����������0DWD�3HUHLUD�	�GD�3RQWHV�
��������XQGHUV¡NHU�JUHS�O UHU�NDQ�JM¡UH�IRU�n�IUHPPH�HOHYHUV�UHVRQQHULQJ�L�
�NODVVHURPVGLVNXVMRQ�XWO¡VW�DY�XWIRUVNHQGH�RSSJDYHU��'H�OLVWHU�RSS�HQ�UHNNH�JUHS�O UHUH�
�NDQ�WD�L�EUXN��VS¡UUH�HOHYHU�RP�n�IRUNODUH��KYRUIRU����EH�RP�DOWHUQDWLYH�EHJUXQQHOVHU��SHNH�
�Sn�YDOLGHULQJVNULWHULHU�RJ�EH�HOHYHQH�YXUGHUH�EHJUXQQHOVHU��RSSPXQWUH�WLO�n�GHOH�LGHHU��
�WUHNNH�IUHP�HOHYHUV�IRUVODJ��IUHPKHYH�JHQHUDOLVHULQJ��RJ�XWIRUGUH�HOHYHQH�WLO�n�ODJH�Q\H�
�VS¡UVPnO�RJ�K\SRWHVHU�XW�IUD�RSSJDYHQ���0DWD�3HUHLUD�DQG�3RQWH��������S����������'H�
�NRQNOXGHUHU�PHG�DW�HW�HQNHOWH�JUHS�LNNH�HU�QRN�WLO�n�IRVWUH�HOHYHQHV�PDWHPDWLVNH�
�UHVRQQHULQJ��PHQ�DW�HW�VDPVSLOO�PHOORP�IOHUH�JUHS�YLO�Y UH�Q\WWLJ��

�1RUPHU�IRU�DUJXPHQWDVMRQ�E¡U�NRPPH�HNVSOLVLWW�IUHP�L�NRPPXQLNDVMRQ�PHOORP�
�GHOWDNHUQH�L�NODVVHURPPHW��RJ�GHWWH�HU�GHW�O UHUHQ�VRP�Pn�IDVLOLWHUH���.LP�	�-X��������
�/HKUHU�HW�DO���������0DNDU�HW�DO���������V�����������1nU�.LP�RJ�-X��������V��������EHVNULYHU�
�NODVVHURPVNXOWXUHQ�VRP�ORW�HOHYHQH�NROOHNWLYW�EUXNH�EHYLV�VRP�HW�YHUNW¡\�IRU�n�
�SUDNWLVHUH�RJ�O UH�PDWHPDWLNN��SnSHNHU�GH�DW�GHQQH�NXOWXUHQ�HU�HW�SURGXNW�DY�
�IRUKDQGOLQJHU��9LGHUH�IUHPKHYHU�GH�DW�GHQ�YLNWLJVWH�IRUKDQGOLQJHQ�YDU�O UHUHQV�XWWU\NWH�
�IRUYHQWQLQJHU�WLO��RJ�PnOVHWQLQJHU�IRU�NODVVHQ��/ UHUHQV�XWWU\NWH�IRUYHQWQLQJHU�RJ�
�PnOVHWQLQJHU�DQVYDUOLJJM¡U�GHQ�LQGLYLGXHOOH�HOHYHQ�RJ�RULHQWHUHU�IHOOHVVNDSHW�PRW�
�NROOHNWLYH�O ULQJVPnO��7LOVYDUHQGH�IDQW�/HKUHU�HW�DO���������V�������DW�O UHUHQV�JUHS�YDU�
�KHOW�VHQWUDO�IRU�n�NXOWLYHUH�XQGHUV¡NHQGH�QRUPHU�EODQW�HOHYJUXSSHQ��/ UHUHQ�
�LPSOHPHQWHUWH�HQ�UHNNH�JUHS�IRU�n�IUHPPH�GHQQH�XWYLNOLQJHQ��RSSIRUGULQJ�WLO�
�HOHYVS¡UVPnO��RULHQWHUH�HOHYHQH�PRW�JHQHUDOLVHULQJ��IUHPKHYH�GHUHV�JRGH�VS¡UVPnO�RJ�
�K\SRWHVHU��SHNH�HNVSOLVLWW�Sn�DOOHUHGH�NMHQW�NXQQVNDS�VRP�NDQ�EHQ\WWHV�L�YLGHUH�
�XQGHUV¡NHOVHU��/HKUHU�HW�DO���������V������������

�/ UHUV�UROOH�L�n�YHLOHGH�GHQ�EHYLVUHODWHUWH�DNWLYLWHWHQ�HU�DOWVn�VHQWUDO�L�DOOH�OHGG�DY�
�XQGHUYLVQLQJHQ��RSSJDYHGHVLJQ��LPSOHPHQWDVMRQ�DY�RSSJDYHQH��YXUGHULQJ�DY�HOHYHQHV�
�DUJXPHQW��RULHQWHULQJ�DY�NODVVHQ�PRW�IHOOHV�NXQQVNDSVE\JJLQJ�RJ�OHGH�GLVNXVMRQHU�VRP�
�IUHPPHU�SURGXNWLYH�QRUPHU�IRU�EHYLV��/ UHUH�KDU�IOHUH�PXOLJKHWHU�WLO�n�OHGH�
�NODVVHURPVGLVNXVMRQHU�VRP�VW¡WWHU�O ULQJ�DY�EHYLV��RJ�NXOWLYHUH�QRUPHU�IRU�
�DUJXPHQWDVMRQ�L�VLQH�NODVVHURP��

�����'LVNXVMRQ�
�,�GHW�I¡OJHQGH�NDSLWWHOHW�YLO�YL�VDPPHQIDWWH�VYDU�Sn�IRUVNQLQJVVS¡UVPnOHQH�RJ�GU¡IWH�
�RYHUVLNWHQ�L�VLQ�KHOKHW��9L�KDU�XWYDOJW�RJ�DQDO\VHUW�DUWLNOHU�L����DY�GH�PHVW�DQHUNMHQWH�
�WLGVVNULIWHQH�LQQHQIRU�PDWHPDWLNNGLGDNWLNN��SXEOLVHUW�GH�VLVWH�WL�nUHQH��9L�PLQQHU�RP�DW�
�QnU�YL�GLVNXWHUHU�RYHUVLNWHQ��PHG�NDUDNWHULVWLNNHU�IRU�NODVVHURPVVWXGLHU�RJ�PXOLJKHWHU�
�IRU�n�VW¡WWH�O ULQJ�DY�EHYLV��HU�GHWWH�LQQHQIRU�KYD�GLVVH�WLGVVNULIWHQH�KDU�LQNOXGHUW�L�VLQH�
�SXEOLNDVMRQHU��,�GHQ�JUDG�GH�K¡\HVW�UDQJHUWH�WLGVVNULIWHQH�UHIOHNWHUHU�IRUVNQLQJVIHOWHW�
�VRP�KHOKHW��NDQ�YL�PHG�GHQQH�RYHUVLNWHQ�LQGLNHUH�KYLONH�W\SH�PXOLJKHWHU�IRUVNQLQJHQ�KDU�
�IUHPEUDNW�GH�VLVWH�WL�nUHQH��

�'HW�YDU�WRWDOW����VWXGLHU�VRP�EOH�LQNOXGHUW�L�RYHUVLNWHQ��KYRU����DY�GH����WLGVVNULIWHQH�L�
�V¡NHW�DYJD�UHOHYDQWH�DUWLNOHU���9L�NDQ�LNNH�VH�HQ�XWYLNOLQJ�L�DQWDOO�DNWXHOOH�VWXGLHU�SXEOLVHUW�
�L�WLGVURPPHW�IRU�YnUW�V¡N����(60�RJ�='0��VWRG�WLO�VDPPHQ�IRU����DY�VWXGLHQH�L�XWYDOJHW��
�VRP�XWJM¡U�RYHU�KDOYSDUWHQ��'HWWH�HU�LNNH�RYHUUDVNHQGH�WDWW�L�EHWUDNWQLQJ�WLGVVNULIWHQHV�

����



�YHNWOHJJLQJ�DY�NODVVHURPVLQWHUYHQVMRQHU�JMHQQRP�KYHU�VLQ�GHGLNHUWH�VSHVLDOXWJDYH��9L�
�KDGGH�LNNH�WLOJDQJ�WLO�n�OHVH�DUWLNOHU�L�WLGVVNULIWHW�-50(��VRP�HU�UDQJHUW�VRP�HQ�DY�GH�WR�
�GHVLGHUW�K¡\HVW�DQHUNMHQWH�WLGVVNULIWHQH��VDPPHQ�PHG�(60��/LNHYHO��JMHQQRPI¡UWH�YL�
�OHVLQJ�DY�WLWWHO��VDPPHQGUDJ�RJ�Q¡NNHORUG�IRU�DOOH�DUWLNOHQH�SXEOLVHUW�KHU�L�WLGVURPPHW�
������������6HOY�RP�YL�JM��HUQH�VNXOOH�KDWW�WLOJDQJ�WLO�IXOOWHNVW��NDQ�YL�UDSSRUWHUH�DW�GHQ�
�LQLWLHOOH�VFUHHQLQJHQ�EDUH�DYJD�WR�SRWHQVLHOOH�DUWLNOHU��

�����'LVNXVMRQ�DY�VWXGLHQHV�NDUDNWHULVWLNNHU�

�2YHUVLNWHQ�YLVHU�DW�GHW�HU�VWRU�YDULDVMRQ�L�KYD�VRP�NDUDNWHULVHUHU�
�NODVVHURPVLQWHUYHQVMRQHU�RP�EHYLV�GH�VLVWH�WL�nUHQH��9L�YLO�VDPPHQIDWWH�RJ�GLVNXWHUH�
�QRHQ�DY�GH�YLNWLJVWH�IXQQHQH�NQ\WWHW�WLO�IRUVNQLQJVVS¡UVPnO����1RHQ�DY�NDUDNWHULVWLNNHQH�
�WUHNNHV�RJVn�IUHP�L������VRP�UDPPHEHWLQJHOVHU�L�GLVNXVMRQ�DY�PXOLJKHWHU�IRU�n�VW¡WWH�
�JUXQQVNROHHOHYHUV�O ULQJ�DY�EHYLV��

�*HRPHWUL�HU�KHOW�W\GHOLJ�GHW�GRPLQHUHQGH�PDWHPDWLVNH�WHPD�IRU�GHQ�EHYLVUHODWHUWH�
�DNWLYLWHWHQ�L�XWYDOJHW��RJ�PDMRULWHWHQ�DY�VWXGLHQH�KDU�GHOWDNHUH�L�XQJGRPVVNROHDOGHU��
�,QQHQIRU�GLVVH�YDU�GHW�nWWH�VWXGLHU�VRP�EOH�JMHQQRPI¡UW�L�-DSDQ��KYRU�VDPWOLJH�KDQGOHW�
�EHYLV�L�JHRPHWUL�PHG�HOHYHU�L�������WULQQ���'HWWH�HU�LNNH�RYHUUDVNHQGH�WDWW�L�EHWUDNWQLQJ�
�GHQ�MDSDQVNH�O UHSODQHQ��KYRU�GH�EHYLVUHODWHUWH�NRPSHWDQVHPnOHQH�HU�RULHQWHUW�PRW�
�JHRPHWUL�L�EHJ\QQHOVHQ�DY�XQJGRPVVNROHQ���.RPDWVX��������V�����������%DVHUW�Sn�YnUW�
�XWYDOJ�NDQ�YL�VL�DW�GHW�HU�EHKRY�IRU�IOHUH�LQWHUYHQVMRQVVWXGLHU�VRP�LPSOHPHQWHUHU�
�EHYLVUHODWHUWH�DNWLYLWHW�LQQHQIRU�DQGUH�WHPD�HQQ�JHRPHWUL�RJ�PHG�\QJUH�HOHYHU��

�'HW�HU�W\GHOLJ�RYHUYHNW�DY�VWXGLHU�PHG�����XQGHUYLVQLQJV¡NWHU��PHQ�GHW�YDU�RJVn�QRHQ�
�LQWHUYHQVMRQHU�VRP�JLNN�RYHU�IOHUH�nU��6W\OLDQLGHV�RJ�6W\OLDQLGHV��������WUHNNHU�IUHP�
�NRUWH�RJ�DYJUHQVHGH�LQWHUYHQVMRQHU�VRP�VSHVLHOW�Q\WWLJ�PHG�WDQNH�Sn�DQYHQGEDUKHW�RJ�
�RSSVNDOHULQJ���6W\OLDQLGHV�	�6W\OLDQLGHV��������V��������'HW�YLO�Y UH�NUHYHQGH�n�
�LPSOHPHQWHUH�RPIDWWHQGH�LQWHUYHQVMRQHU�L�HW�W\SLVN�NODVVHURP��KYRU�WLGVSUHVV�RJ�
�UHVVXUVKHQV\Q�HU�HQ�GHO�DY�O UHUKYHUGDJHQ��3n�GHQ�DQGUH�VLGHQ�KDU�NRUWH�LQWHUYHQVMRQHU�
�RJVn�VLQH�EHJUHQVQLQJHU��VRP�)DQ�HW�DO���������SnSHNHU��'HWWH�YDU�HQ�DY�GH�PDQJH�
�LQWHUYHQVMRQHQH�L�XWYDOJHW�VRP�KDQGOHW�RP�JHRPHWUL��RJ�IRUIDWWHUQH�VNULYHU�DW�GH�LNNH�
�IDQW�HQ�VLJQLILNDQW�HIIHNW�DY�LQWHUYHQVMRQHQ��RJ�WUHNNHU�IUHP�LQWHUYHQVMRQHQV�NRUWH�
�WLGVSHULRGH�VRP�HQ�PXOLJ�IRUNODULQJ�)DQ�HW�DO���������V��������

�7LO�VOXWW�YLO�YL�WUHNNH�IUHP�HQ�UDPPHEHWLQJHOVH�VRP�VNLOOHU�VHJ�IUD�HW�W\SLVN�NODVVHURP��
�PDQJH�DY�VWXGLHQH������NDUDNWHULVHUHV�DY�DW�GHOWDNHUQH�KDU�P\H�IRUNXQQVNDS�NQ\WWHW�WLO�
�GHQ�DNWXHOOH�EHYLVUHODWHUWH�DNWLYLWHWHQ��'HWWH�VWnU�L�NRQWUDVW�WLO�HQ�W\SLVN�HOHYJUXSSH��L�O\V�
�DY�GHW�YL�YHW�RP�HOHYHUV�XWEUHGWH�YDQVNHOLJKHWHU�NQ\WWHW�WLO�EHYLV� ��6W\OLDQLGHV�	�
�6W\OLDQLGHV��������

�����'LVNXVMRQ�DY�SHUVSHNWLYHU�RJ�IRUVWnHOVHVUDPPH�IRU�EHYLV�

�%ODQW�GH����VWXGLHQH�VRP�KDU��EHYLV��VRP�GHW�VHQWUDOH�EHJUHSHW�VHU�YL�HW�EUHGW�VSHNWHU�DY�
�EUXN�RJ�IRUVWnHOVH�DY�EHJUHSHW��'H����VWXGLHQH�VRP�HNVSOLVLWW�DYNODUHU�EHJUHSVEUXNHQ�
�VSHQQHU�PHOORP�WR�\WWHUSXQNWHU��IUD�HQ�WHRUHWLVN�RJ�IRUPHOO�IRUVWnHOVH��IRU�HNVHPSHO�
��0DULRWWL��������RJ�WLO�n�EUXNH�RUGHW�RJVn�RP�HPSLULVNH�DUJXPHQWHU����)LDOOR�RJ�*XWLpUUH]��
��������'H�SUHVHQWHUWH�HNVHPSOHQH�LOOXVWUHUHU�EHKRYHW�IRU�W\GHOLJ�EHJUHSVDYNODULQJ�
�NQ\WWHW�WLO��EHYLV��L�PDWHPDWLNNGLGDNWLNN��)LDOOR�RJ�*XWLpUUH]��������EUXN�DY�EHJUHSHW�EHYLV�
�L�GHW�GH�NDOOHU��HPSLULVN�EHYLV��NDQ�YLUNH�KHOW�XIRUHQOLJ�PHG�HQ�IRUPHOO�IRUVWnHOVH��VNLOOHU�GH�
�W\GHOLJ�RJ�HNVSOLVLWW�PHOORP�GHWWH�RJ�GHW�GH�NDOOHU��GHGXNWLYH�EHYLV���'HUIRU�HU�GHW�PXOLJ�n�

����



�IRUVWn�GH�WR�HNVHPSOHQH�L�VDPPHQKHQJ��IRUGL�EHJJH�DYNODUHU�W\GHOLJ�KYD�GH�OHJJH�L�L�
�EUXN�DY�RUGHW��EHYLV���'HWWH�

�6WXGLHQH�IRUGHOHU�VHJ�XOLNW�XWRYHU�GHW�RYHUQHYQWH�VSHNWHUHW��RJ�GHQ�YDULHUWH�
�EHJUHSVEUXNHQ�XWYDOJHW�NDQ�Y UH�IRUYLUUHQGH��'HWWH�IRUVWHUNHV�DY�DW�VHNV�VWXGLHU�L�
�XWYDOJHW�LNNH�KDU�DYNODUW�W\GHOLJ�VLQ�EUXN�DY�EHJUHSHW�EHYLV��%DODFKHII��������V�������
�KHYGHU�UHWW�XW�DW�VLWXDVMRQHQ�L�GHW�PDWHPDWLNNGLGDNWLVNH�IHOWHW�HU�IRUYLUUHQGH��PHG�
�G\SWJnHQGH�IRUVNMHOOHU�L�IRUVWnHOVH�DY�EHYLV�L�HQ�XQGHUYLVQLQJVVDPPHQKHQJ��3n�GHWWH�
�SXQNWHW�JMHQVSHLOHU�GHUPHG�RYHUVLNWHQ�L�YnU�VWXGLH�VLWXDVMRQHQ�L�IHOWHW�IRU�¡YULJ��

�����'LVNXVMRQ�DY�PXOLJKHWHU�IRU�n�VW¡WWH�JUXQQVNROHHOHYHUV�O ULQJ�DY�EHYLV�

�1nU�GHW�JMHOGHU�IRUVNQLQJVVS¡UVPnO����LGHQWLILVHUWH�YL�ILUH�WHPDHU�IRU�n�VW¡WWH�O ULQJ�DY�
�EHYLV�L�JUXQQVNROHQ���RSSJDYHGHVLJQ��EHYLV�VRP�YHUNW¡\�IRU�n�JHQHUHUH�RJ�NRPPXQLVHUH�
�NXQQVNDS��O ULQJVPXOLJKHWHU�NQ\WWHW�WLO�PHWD�NXQQVNDS�RP�EHYLV��RJ��O UHUV�YHLOHGQLQJ�DY�
�GHQ�EHYLVUHODWHUWH�DNWLYLWHWHQ���,�GHW�I¡OJHQGH�YLO�YL�VDPPHQIDWWH�QRHQ�DY�IXQQHQH�RJ�
�GU¡IWH�PXOLJKHWHU�IRU�n�VW¡WWH�JUXQQVNROHHOHYHUV�O ULQJ�DY�EHYLV��)6���L�O\V�DY�
�EHJUHQVQLQJHU�NQ\WWHW�WLO�NDUDNWHULVWLNNHU��)6���GLVNXWHUW�L������

�,�RYHUVLNWHQ�SUHVHQWHUHV�HW�PDQJIROG�DY�XOLNH�RSSJDYHU�VRP�JLU�HOHYHQH�PXOLJKHW�WLO�n�
�ODJH�RJ�YDOLGHUH�HJQH�K\SRWHVHU��,�XWYDOJHW�HU�GHW�HQ�W\GHOLJ�RYHUYHNW�DY�
�JHRPHWULRSSJDYHU�VRP�HU�GHVLJQHW�IRU�n�IUHPPH�GHWWH��PHQ�DQDO\VHQ�DYVO¡UWH�RJVn�
�RSSJDYHU�LQQHQIRU�DOJHEUD�VRP�VW¡WWHW�HOHYHQHV�DUEHLG�PHG�HJQH�K\SRWHVHU��'HWWH�VWnU�L�
�NRQWUDVW�WLO�RSSJDYHU�KYRU�EnGH�SUHPLVVHW�RJ�NRQNOXVMRQHQ�EOLU�JLWW�Sn�IRUKnQG�WLO�HOHYHQH�
��IRU�HNVHPSHO�WR�NRORQQHEHYLV���IRU�n�WHVWH�HOHYHQHV�HYQH�WLO�n�WUHNNH�VOXWQLQJHU�IUD�
�SUHPLVVHW�WLO�NRQNOXVMRQHQ��6OLNH�RSSJDYHU�VHWWHU�EHJUHQVLQJHU�IRU�HOHYHQHV�PXOLJKHWHU�WLO�
�n�ODJH�HJQH�K\SRWHVHU���+HUEVW�	�%UDFK�����������,�PRWVHWQLQJ�WLO�GHWWH�IUHPKHYHV�
�XWIRUVNHQGH�RSSJDYHU�VRP�HQ�PXOLJKHW�WLO�n�JHQHUHUH�Q\H�LGHHU��NRQVWUXHUH�HJQH�GLDJUDP�
�RJ�ODJH�HJQH�K\SRWHVHU�YHG�n�VHOY�ILQQH�SUHPLVVHU�RJ�NRQNOXVMRQHU��(Q�IRUXWVHWQLQJ�IRU�
�GHQQH�XWIRUVNHQGH�DNWLYLWHWHQ�HU�DW�RSSJDYHQH�LQQHKROGHU�VNMXOWH�DQWDNHOVHU�VRP�
�HOHYHQH�NDQ�RSSGDJH�PHG�YHLOHGQLQJ�IUD�O UHUHQ���.RPDWVX�HW�DO�������D��.RPDWVX�	�
�-RQHV��������0DULRWWL�����������

�'HW�YDU�IOHUH�VWXGLHU�L�XWYDOJHW�VRP�XWIRUVNHW�PXOLJKHWHU�IRU�n�NXOWLYHUH�QRUPHU�IRU�
�DUJXPHQWDVMRQ�RJ�XWYLNOH�PLOM¡�KYRU�EHYLV�NDQ�VHHV�Sn�VRP�HW��YHUNW¡\�IRU�n�JHQHUHUH�RJ�
�NRPPXQLVHUH�PDWHPDWLVN�NXQQVNDS�L�NODVVHURPPHW���(Q�W\GHOLJ�EHJUHQVQLQJ�PHG�
�RYHUI¡UEDUKHWHQ�DY�PXOLJKHWHU�VRP�UDSSRUWHUHV�RP�L�GLVVH�VWXGLHQH�HU�GHUHV�RPIDQJ��
�VRP�Q¡GYHQGLJYLV�HU�VWRUW�QnU�GHW�HU�VQDNN�RP�n�HQGUH�NODVVHURPVNXOWXU�RJ�RULHQWHUH�
�NODVVHQ�PRW�NROOHNWLYH�PnO��(Q�DQQHQ�YLNWLJ�UDPPHEHWLQJHOVH�PHG�GLVVH�VWXGLHQH�HU�GHQ�
�LPSOHPHQWHUHQGH�O UHUHQV�HNVSHUWLVH��2IWH�EOH�LQWHUYHQVMRQHQ�OHGHW�DY�HQ�DY�IRUVNHUQH�
�HOOHU�DY�HQ�VY UW�NRPSHWHQW�O UHU�L�WHWW�VDPDUEHLG�PHG�O UHUQH��(QNHOWH�VWXGLHU�YLVHU�DW�
�VHOY�O UHUH�VRP�HU�NRPSHWHQW�L�EHYLV��YLO�L�HQ�VSRQWDQW�XQGHUYLVQLQJVVLWXDVMRQ�OLNH�RIWH�JL�
�SRVLWLY�HYDOXHULQJ�WLO�XJ\OGLJH�EHYLV��VRP�J\OGLJH���6W\OLDQLGHV�HW�DO���������V����������'HWWH�
�XQGHUVWUHNHU�EHKRYHW�IRU�PnOUHWWHW�RJ�JUXQGLJ�DUEHLG�KYLV�HQ�O UHU�YLO�NXOWLYHUH�
�SURGXNWLYH�QRUPHU�IRU�EHYLV�L�NODVVHURPPHW�RJ�VWLOOHU�K¡\H�NUDY�WLO�O UHUHQV�SHGDJRJLVNH�
�RJ�UHODVMRQHOOH�NRPSHWDQVH��

�(Q�DQQHQ�IDNWRU�VRP�SnYLUNHU�RYHUI¡UEDUKHW�DY�GH�UDSSRUWHUWH�PXOLJKHWHQH�IRU�O ULQJ��HU�
�GHOWDNHUQHV�IRUNXQQVNDSHU��'HW�YDU����DY�VWXGLHQH�VRP�KDGGH�GHOWDNHUH�PHG�P\H�
�IRUNXQQVNDSHU��)OHUH�DY�IRUIDWWHUQH�NRPPHQWHUH�RJVn�DW�PXOLJKHWHQH�VRP�NRPPHU�IUHP�
�L�VWXGLHQ�LNNH�NDQ�JHQHUDOLVHUHV��PHG�HNVSOLVLWW�UHIHUDQVH�WLO�HOHYHQHV�IRUNXQQVNDSHU��

����



�<RSS��������������XWYLNOHW�HQ�VSHQQHQGH�WLOQ UPLQJ�WLO�XQGHUYLVQLQJ�DY�NRQWUDSRVLWLYW�
�EHYLV��VRP�JLNN�XW�Sn�n�XWIRUVNH�RJ�HOLPLQHUH�PXOLJH�PRWHNVHPSHO���<RSS��������������
�<RSS�HW�DO������������<RSS�IDQW�DW�WLOQ UPLQJHQ�KDU�SRWHQVLDOH�WLO�n�IRUEHGUH�HOHYHQHV�HYQH�
�WLO�n�NRQVWUXHUH�RJ�YXUGHUH�NRQWUDSRVLWLYH�EHYLV��PHQ�DW�HOHYHQH�L�VWXGLHQ�KDGGH�W\GHOLJH�
�XWIRUGULQJHU�PHG�DUEHLGHW��WLO�WURVV�IRU�GHQ�RPIDWWHQGH�WUHQLQJHQ�GH�KDGGH�L�n�VNULYH�
�EHYLV�IUD�GHOWDNHOVH�L�IRUHJnHQGH�IRUVNQLQJVSURVMHNW���<RSS��������V�������<RSS�HW�DO���
�������V����±�������,�O\V�DY�GHWWH�VWLOOHU�<RSS��������VS¡UVPnOVWHJQ�YHG�KYRU�P\H�LQGLUHNWH�
�UHVRQQHULQJVDNWLYLWHW�XQJGRPVVNROHHOHYHU�Pn�XWVHWWHV�IRU�I¡U�GH�NDQ�IRUEHGUH�VLQ�
�NRQWUDSRVLWLYH�UHVRQQHULQJ���<RSS��������V���������7DWW�L�EHWUDNWQLQJ�DW�IOHUH�HOHYHU�XQGHU�
�RPIDWWHQGH�RJ�PnOUHWWHW�WUHQLQJ�KDGGH�OLWH�HOOHU�LQJHQ�IRUEHGULQJ�L�VLQ�NRQWUDSRVLWLYH�
�EHYLVI¡ULQJ��NDQ�YL�VWLOOH�VS¡UVPnOVWHJQ�YHG�PXOLJKHWHQ�IRU�n�O UH�LQGLUHNWH�UHVRQQHULQJ�L�
�HQ�W\SLVN�XQJGRPVVNROHNODVVH��

�9L�YLO�DYUXQGH�GLVNXVMRQVNDSLWWHOHW�Sn�HQ�SRVLWLY�WRQH��L�GHW�YL�XQGHUVWUHNHU�DW�PDQJH�DY�
�VWXGLHQH�L�XWYDOJHW�YLVHU�DW�GHQ�¡QVNHGH�HIIHNWHQ�L�LQWHUYHQVMRQHQ�HU��PXOLJ��PHG�HQ�
�HOHYJUXSSH�L�HQ�JLWW�DOGHU��6HOY�RP�IRUIDWWHUQH�QDWXUOLJYLV�HU�IRUVLNWLJ�PHG�n�JHQHUDOLVHUH��
�HU�GHW�OLNHYHO�RSSPXQWUHQGH�DW�JUXQQVNROHHOHYHU�KDU��PXOLJKHW��WLO�n�O UH�RP�EHYLV��
�0DULRWW��������YLVHU�DW�GHW�HU�PXOLJ�n�LQWURGXVHUH�XQJGRPVVNROHHOHYHU�IRU�HW�WHRUHWLVN�
�SHUVSHNWLY�IRU�EHYLV�RJ�HOHYHU�Sn����WULQQ�NDQ�XWYLNOH�HQ�IRUVWnHOVH�IRU�UHODVMRQHQ�PHOORP�
�SUHPLVV�RJ�NRQNOXVMRQ� ��-DKQNH�	�:DPEDFK�������������%ODQWRQ�HW�DO����������IDQW�DW�HOHYHU�
�Sn����WULQQ�HU�L�VWDQG�WLO�n�JHQHUDOLVHUH�RJ�EHJUXQQH��RJVn�YHG�EUXN�DY�YDULDEHOQRWDVMRQ��
�.LP�RJ�-X��������V�������UDSSRUWHUWH�IOHUH�SRVLWLYH�HQGULQJHU�L�HOHYHQHV�KROGQLQJHU�RJ�
�NRPSHWDQVH�NQ\WWHW�WLO�EHYLV��KYRU�HOHYHQH�HWWHU�WUH�nU�KDGGH�YRNVW�WLO�n�EOL�GHW�
�IRUIDWWHUQH�NDOOHU��PHQQHVNHU�VRP�EHYLVHU����2PIDQJHW�RJ�UDPPHQH�WLO�GHWWH�HNVSHULPHQWHW�
�NRUUHVSRQGHUHU�PHG�GH�WUH�XQJGRPVVNROHnUHQH�L�QRUVN�VNROHJDQJ��'HUPHG�NDQ�
�LQWHUYHQVMRQHQ�VHHV�Sn�VRP�HQ�EHNUHIWHOVH�DY�DW�GHW�HU��PXOLJ��n�NXOWLYHUH�HW�IHOOHVVNDS�
�KYRU�JUXQQVNROHHOHYHU�InU�HUIDUH�KYRUGDQ�GHW�HU�n�Y UH��SHUVRQHU�VRP�JM¡U�PDWHPDWLNN��

�����$YVOXWQLQJ�
�6RP�QHYQW�LQQOHGQLQJVYLV�HU�GHW�JRGW�GRNXPHQWHUW�DW�EHYLV�L�JUXQQVNROHQ�HU��DQVHWW�VRP�
�YLNWLJ��XQGHUUHSUHVHQWHUW�RJ�XWIRUGUHQGH�IRU�EnGH�HOHYHU�RJ�O UHUH��9LGHUH�HU�GHW�UHODWLYW�
�OLWH�IRUVNQLQJ�VRP�DGUHVVHUHU�XWIRUGULQJHU�NQ\WWHW�WLO�O ULQJ�RJ�XQGHUYLVQLQJ�DY�EHYLV��9L�
�KDU�L�GHQQH�VWXGLHQ�IUHPEUDNW�HQ�RYHUVLNW�RYHU�Q\HUH�VWXGLHU�VRP�XWIRUVNHU�PXOLJKHWHU�
�IRU�n�VW¡WWH�JUXQQVNROHHOHYHUV�O ULQJ�DY�EHYLV��VDPW�KYD�VRP�NDUDNWHULVHUHU�UDPPHQH�
�IRU�GLVVH�VWXGLHQH��1nU�YL�VHU�Q UPHUH�Sn�UDPPHQH�VRP�OLJJHU�WLO�JUXQQ�IRU�PDQJH�DY�
�VWXGLHQH��PHG�WDQNH�Sn�RPIDQJ��GHOWDNHUQHV�IRUNXQQVNDSHU�RJ�O UHUHQV�HNVSHUWLVH��HU�
�GHW�W\GHOLJ�DW�XQGHUYLVQLQJ�DY�EHYLV�L�JUXQQVNROHQ�LNNH�HU�HQ�OLWHQ�RSSJDYH���0XOLJKHWHQH�
�VRP�EHVNULYHV�L�XWYDOJHW�LOOXVWUHUHU�L�IOHUH�WLOIHOOHU�KYRU�NUHYHQGH�GHW�HU�n�XQGHUYLVH�RP�
�EHYLV�L�JUXQQVNROHQ��6HOY�RP�GLVVH�LNNH�Q¡GYHQGLJYLV�VLHU�QRH�RP�KYD�VRP�HU�UHDOLVWLVN�L�
�HQ�W\SLVN�HOHYJUXSSH��YLO�YL�IUHPKHYH��DW�PDQJH�DY�NODVVHURPVVWXGLHQH�YLVHU�DW�O ULQJ�DY�
�EHYLV�HU��PXOLJ��IRU�JUXQQVNROHHOHYHU���'HW�IDNWXP�DW�GHW��HNVLVWHUHU��PXOLJKHWHU�IRU�IUXNWEDU�
�XQGHUYLVQLQJ�NQ\WWHW�WLO�EHYLV�HU�RSSPXQWUHQGH��RJ�YL�VOXWWHU�RVV�WLO�6W\OLDQLGHV�RJ�
�6W\OLDQLGHV��������XWWU\NWH�KnS�RP�HQ�VROLG�NXQQVNDSVEDVH�RP�GHWWH�WHPD�L�IUHPWLGHQ��

�%DVHUW�Sn�VWXGLHQV�UHVXOWDWHU�YLO�YL�SHNH�Sn�WR�PXOLJH�WLOWDN�PHG�SRWHQVLHOW�K¡\�JHYLQVW��
�)RU�GHW�I¡UVWH�YLO�YL�DQEHIDOH�n�XWYLNOH�O UHYHUN�VRP�NDQ�VW¡WWH�O UHUH�L�YDOJ�RJ�GHVLJQ�DY�
�HJQHGH�EHYLVUHODWHUWH�DNWLYLWHWHU��%HW\GQLQJHQ�DY�RSSJDYHGHVLJQ�NRP�IUHP�VRP�HW�
�RYHURUGQHW�WHPD�L�RYHUVLNWHQ��RJ�HW�NULWLVN�HOHPHQW�L�n�VW¡WWH�HOHYHUV�O ULQJ�DY�EHYLV��)RU�
�GHW�DQGUH�YLO�YL�DQEHIDOH�n�OHJJH�PHU�YHNW�Sn�n�XWYLNOH�O UHUVWXGHQWHUV�KROGQLQJHU�RJ�

����



�NXQQVNDS�RP�EHYLV��RJ�GHWV�UROOH�L�O ULQJ�DY�PDWHPDWLNN�L�JUXQQVNROHQ��/ UHUV�UROOH�L�n�
�IDVLOLWHUH�RJ�YHLOHGH�GHQ�EHYLVUHODWHUWH�DNWLYLWHWHQ��L�DOOH�OHGG�DY�O ULQJVSURVHVVHQ��HU�GHW�
�W\GHOLJVWH�WHPDHW�VRP�NRP�IUHP�L�YnU�DQDO\VH��9L�YHW�DW�O UHUH�RIWH�KDU�VYDN�NXQQVNDS�
�RP�EHYLV�RJ�NRQWUDSURGXNWLYH�KROGQLQJHU�NQ\WWHW�WLO�EHYLV�RJ�GHWV�UROOH�L�HOHYHUV�
�PDWHPDWLVNH�O ULQJ��6W\O�HW�DO�������V��������'HUIRU�IUHPVWnU�GHW�VRP�V UGHOHV�YLNWLJ�n�
�IRUEHUHGH�O UHUVWXGHQWHU�Sn�GHUHV�IUHPWLGLJH�UROOH�VRP�HNVSHUW�L�GHW�PDWHPDWLVNH�
�NODVVHURPVIHOOHVVNDSHW��

�9L�YLO�KHYGH�DW�HW�QRUVN�OLWWHUDWXUVWXGLH��VRP�W\GHOLJ�WUHNNHU�IUHP�VHQWUDOH�PXOLJKHWHU�IRU�
�n�VW¡WWH�JUXQQVNROHHOHYHUV�O ULQJ�DY�EHYLV��NDQ�IXQJHUH�VRP�HW�XWJDQJVSXQNW�IRU�
�O UHUVWXGHQWHU�VRP�¡QVNHU�n�XWIRUVNH�GLVVH�PXOLJKHWHQH��'HWWH�VLHU�YL�XWHQ�n�KHYGH�DW�
�YnU�VWXGLH�XWJM¡U�HW�VOLNW�XWJDQJVSXQNW��GD�GHQQH�VWXGLHQ�KDU�EHJUHQVQLQJHU�QnU�GHW�
�JMHOGHU�PHWRGHYDOJ�RJ�RPIDQJ��)RU�GHW�I¡UVWH�YDOJWH�YL�n�EDUH�EUXNH�EHJUHSHW�©SURRIª�
��VDPPHQ�PHG�©FODVVURRPª�25�©LQWHUYHQWLRQª��L�YnUW�V¡N��GD�YL�DQWRN�DW�IRUIDWWHUH�DY�
�UHOHYDQWH�VWXGLHU�L�GHW�PLQVWH�QHYQWH�EHJUHSHW��RP�LNNH�DQQHW�IRU�n�VNLOOH�VLQ�
�EHYLVUHODWHUWH�DNWLYLWHW�IUD�HQ�IRUPHOO�IRUVWnHOVH�DY�EHYLV��'HUPHG�NDQ�YL�KD�JnWW�JOLSS�DY�
�QRHQ�VWXGLHU�VRP�XWHOXNNHQGH�EUXNWH�DQGUH�RUG�VRP�©DUJXPHQWDWLRQª�HOOHU�
�©PDWKHPDWLFDO�UHDVRQLQJª��RUG�VRP�NDQVNMH�HU�PHU�YDQOLJ�n�EUXNH�RP�XQJH�HOHYHUV�
�EHYLVUHODWHUWH�DNWLYLWHW��)RU�GHW�DQGUH�YDOJWH�YL�n�DYJUHQVH�RVV�WLO�IDJYHOOHYXUGHUWH�
�DUWLNOHU�SXEOLVHUW�L�K¡\W�UDQJHUWH�WLGVVNULIW�GH�VLVWH����nUHQH��'HWWH�JMRUGH�YL�WLO�GHOV�DY�
�KHQV\Q�WLO�UHVVXUVHU�RJ�HW�¡QVNH�RP�n�SULRULWHUH�K¡\�NYDOLWHW�LQQHQIRU�UDPPHQ�DY�
�VWXGLHQ��8QGHUYHLV�L�VWXGLHQ�IDQW�YL�PDQJH�HOOHUV�UHOHYDQWH�NODVVHURPVLQWHUYHQVMRQHU��
�EnGH�L�WLGOLJHUH�RYHUVLNWVVWXGLHU�RJ�L�KHQYLVQLQJHU�L�XWYDOJHW��VRP�LNNH�EOH�LQNOXGHUW�Sn�
�JUXQQ�DY�YnUH�UDPPHU��'HW�ILQQHV�DQWDJHOLJ�HQ�UHNNH�LQWHUYHQVMRQVVWXGLHU�NQ\WWHW�WLO�
�O ULQJ�DY�EHYLV�SXEOLVHUW�L�DQGUH�WLGVVNULIW��VDPOLQJHU�DY�NRQIHUDQVHSDSLUHU�HOOHU�L�E¡NHU��
�9L�YLO�GHUIRU�RSSIRUGUH�WLO�DW�IRUIDWWHUH�DY�IUHPWLGLJH�OLWWHUDWXUVWXGLHU�RP�VDPPH�WHPD�
�YXUGHUHU�HW�XWYLGHW�V¡N�HWWHU�SRWHQVLHOOH�VWXGLHU��9nU�VWXGLH�EHO\VHU�HW�PDQJIROG�DY�
�PXOLJKHWHU�IRU�n�IUHPPH�O ULQJ�DY�HW�YLNWLJ�RJ�XWIRUGUHQGH�HPQH�LQQHQIRU�
�JUXQQVNROHPDWHPDWLNNHQ��9LGHUH�IRUVNQLQJ�L�IRUP�DY�HW�XWYLGHW�OLWWHUDWXUVWXGLH�PHG�
�WLOVYDUHQGH�IRNXV��NDQ�JL�HQ�HQGD�EHGUH�RYHUVLNW�RYHU�PXOLJKHWHU�IRU�n�VW¡WWH�
�JUXQQVNROHHOHYHUV�O ULQJ�DY�EHYLV��
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�����/LWWHUDWXUOLVWH�

�$\DOD�$OWDPLUDQR��&���	�0ROLQD��0����������)RXUWK�JUDGHUV¶�MXVWLILFDWLRQV�LQ�HDUO\�DOJHEUD�

�WDVNV�LQYROYLQJ�D�IXQFWLRQDO�UHODWLRQVKLS���(GXFDWLRQDO��6WXGLHV�LQ�0DWKHPDWLFV����

��������������±�����KWWSV���GRL�RUJ���������V������������������

�%DODFKHII��1���������QRYHPEHU������$�VWXG\�RI�VWXGHQWV¶�SURYLQJ�SURFHVVHV�DW�WKH�MXQLRU�

�KLJK�VFKRRO�OHYHO����

�%DOGU\��)���0DQQ��-���+RUVPDQ��5���.RLZD��'���	�)RVWHU��&����������7KH�XVH�RI�FDUHIXOO\�

�SODQQHG�ERDUG�ZRUN�WR�VXSSRUW�WKH�SURGXFWLYH�GLVFXVVLRQ�RI�PXOWLSOH�VWXGHQW�

�UHVSRQVHV�LQ�D�-DSDQHVH�SUREOHP�VROYLQJ�OHVVRQ���-RXUQDO�RI�0DWKHPDWLFV�7HDFKHU�

�(GXFDWLRQ����KWWSV���GRL�RUJ���������V������������������

�%DUQHV��$����������3HUVHYHUDQFH�LQ�PDWKHPDWLFDO�UHDVRQLQJ��7KH�UROH�RI�FKLOGUHQ¶V�

�FRQDWLYH�IRFXV�LQ�WKH�SURGXFWLYH�LQWHUSOD\�EHWZHHQ�FRJQLWLRQ�DQG�DIIHFW���5HVHDUFK�

�LQ�0DWKHPDWLFV�(GXFDWLRQ�����������������±�����

�KWWSV���GRL�RUJ�������������������������������

�%ODQWRQ��0���,VOHU�%D\NDO��,���6WURXG��5���6WHSKHQV��$���.QXWK��(���	�*DUGLQHU��$��0��

���������*URZWK�LQ�FKLOGUHQ¶V�XQGHUVWDQGLQJ�RI�JHQHUDOL]LQJ�DQG�UHSUHVHQWLQJ�

�PDWKHPDWLFDO�VWUXFWXUH�DQG�UHODWLRQVKLSV���(GXFDWLRQDO�6WXGLHV�LQ�0DWKHPDWLFV����

��������������±�����KWWSV���GRL�RUJ���������V������������������

�%UDXQ��9���	�&ODUNH��9����������8VLQJ�WKHPDWLF�DQDO\VLV�LQ�SV\FKRORJ\���4XDOLWDWLYH�

�5HVHDUFK�LQ�3V\FKRORJ\������������±�����

�KWWSV���GRL�RUJ�������������������TS���RD�

�%U\PDQ��$�����������6RFLDO�UHVHDUFK�PHWKRGV������XWJ����

�&DUUROO��&���	�%RRWK��$����������4XDOLW\�DVVHVVPHQW�RI�TXDOLWDWLYH�HYLGHQFH�IRU�V\VWHPDWLF�

�UHYLHZ�DQG�V\QWKHVLV��,V�LW�PHDQLQJIXO��DQG�LI�VR��KRZ�VKRXOG�LW�EH�SHUIRUPHG"�

�5HVHDUFK�6\QWKHVLV�0HWKRGV����������������±�����KWWSV���GRL�RUJ���������MUVP������

�&KHQ��&��/���	�+HUEVW��3����������7KH�LQWHUSOD\�DPRQJ�JHVWXUHV��GLVFRXUVH��DQG�GLDJUDPV�

�LQ�VWXGHQWV¶�JHRPHWULFDO�UHDVRQLQJ���(GXFDWLRQDO�6WXGLHV�LQ�0DWKHPDWLFV��������������

����±�����KWWSV���GRL�RUJ���������V�����������������
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�&XVL��$���	�2OVKHU��6����������'HVLJQ�RI�&ODVVURRP�'LVFXVVLRQV�DQG�WKH�5ROH�RI�WKH�([SHUW�

�LQ�)RVWHULQJ�DQ�(IIHFWLYH�DQG�$ZDUH�8VH�RI�([DPSOHV�DV�D�0HDQV�RI�

�$UJXPHQWDWLRQ���,QWHUQDWLRQDO�-RXUQDO�RI�6FLHQFH�DQG�0DWKHPDWLFV�(GXFDWLRQ����

�KWWSV���GRL�RUJ���������V������������������

�'H�9LOOLHUV��0����������7KH�5ROH�DQG�)XQFWLRQ�RI�3URRI�LQ�0DWKHPDWLFV���3\WKDJRUDV�����������

���±����

�)DQ��/���4L��&���/LX��;���:DQJ��<���	�/LQ��0����������'RHV�D�WUDQVIRUPDWLRQ�DSSURDFK�

�LPSURYH�VWXGHQWV¶�DELOLW\�LQ�FRQVWUXFWLQJ�DX[LOLDU\�OLQHV�IRU�VROYLQJ�JHRPHWULF�

�SUREOHPV"�$Q�LQWHUYHQWLRQ�EDVHG�VWXG\�ZLWK�WZR�&KLQHVH�FODVVURRPV���(GXFDWLRQDO�

�6WXGLHV�LQ�0DWKHPDWLFV�����������������±�����

�KWWSV���GRL�RUJ���������V�����������������

�)LDOOR��-���	�*XWLpUUH]��$����������$QDO\VLV�RI�WKH�FRJQLWLYH�XQLW\�RU�UXSWXUH�EHWZHHQ�

�FRQMHFWXUH�DQG�SURRI�ZKHQ�OHDUQLQJ�WR�SURYH�RQ�D�JUDGH����WULJRQRPHWU\�FRXUVH��

�(GXFDWLRQDO�6WXGLHV�LQ�0DWKHPDWLFV�����������������±�����

�KWWSV���GRL�RUJ���������V�����������������

�)XMLWD��7���-RQHV��.���	�0L\D]DNL��0����������/HDUQHUV¶�XVH�RI�GRPDLQ�VSHFLILF�

�FRPSXWHU�EDVHG�IHHGEDFN�WR�RYHUFRPH�ORJLFDO�FLUFXODULW\�LQ�GHGXFWLYH�SURYLQJ�LQ�

�JHRPHWU\���='0�����������������±�����KWWSV���GRL�RUJ���������V�����������������

�+DQQD��*���	�%DUEHDX��(����������3URRIV�DV�%HDUHUV�RI�0DWKHPDWLFDO�.QRZOHGJH���='0����

����������±�����KWWSV���GRL�RUJ���������V�����������������

�+DQQD��*���	�-DKQNH��+��1����������3URRI�DQG�3URYLQJ��,�$��-��%LVKRS��.��&OHPHQWV��&��

�.HLWHO��-��.LOSDWULFN��	�&��/DERUGH��5HG�����,QWHUQDWLRQDO�+DQGERRN�RI�0DWKHPDWLFV�

�(GXFDWLRQ��3DUW�����V�����±������6SULQJHU�1HWKHUODQGV��

�KWWSV���GRL�RUJ��������������������������B���

�+DUHO��*���	�6RZGHU��/����������7RZDUG�FRPSUHKHQVLYH�SHUVSHFWLYHV�RQ�WKH�OHDUQLQJ�DQG�

�WHDFKLQJ�RI�SURRI���6HFRQG�KDQGERRN�RI�UHVHDUFK�RQ�PDWKHPDWLFV�WHDFKLQJ�DQG�

�OHDUQLQJ�������������±�����

�+HDO\��/���	�+R\OHV��&����������$�6WXG\�RI�3URRI�&RQFHSWLRQV�LQ�$OJHEUD���-RXUQDO�IRU�

�5HVHDUFK�LQ�0DWKHPDWLFV�(GXFDWLRQ�����������������±�����
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