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/LPLWHG�GDWD�H[LVW�WR�VXEVWDQWLDWH�WKH�FODLP�WKDW�WKH�FXUYHG�EULVWOH�WRRWKEUXVK�LV�DQ�HIIHFWLYH�SODTXH�
FRQWURO�GHYLFH��HVSHFLDOO\�IRU�WKDW�VHJPHQW�RI�WKH�SRSXODWLRQ�LQFDSDEOH�RI�RU�UHTXLULQJ�DVVLVWDQFH�WR�
DFFRPSOLVK�WRRWK�EUXVKLQJ��)LJXUH���$FFRUGLQJ�WR�1RZDN��GHQWDO�KHDOWK�FDUH�LV�WKH�JUHDWHVW�XQPHW�
QHHG�RI�WKH�LQVWLWXWLRQDOL]HG�SRSXODWLRQ�
�$�FRQWLQXLQJ�FKDOOHQJH�IRU�WKH�GHQWDO�SURIHVVLRQDO�WR�
HQFRXUDJH�DGHTXDWH�SODTXH�FRQWURO�PHDVXUHV��LQ�DQ�HIIRUW�WR�SUHYHQW�SHULRGRQWDO�GLVHDVH��WKH�PRVW�
VHULRXV�GHQWDO�SUREOHP�DIIHFWLQJ�WKH�LQVWLWXWLRQDOL]HG�SRSXODWLRQ��7KH�HWLRORJ\�RI�WKLV�GLVHDVH�VWHPV�
IURP�EDFWHULDO�DFWLYLW\�DQG�ORFDO�LUULWDQWV�SUHVHQW�LQ�SODTXH�DQG�FDOFXOXV��

7KH�SXUSRVH�RI�WKLV�VWXG\�ZDV�WR�FRPSDUH�WKH�HIIHFWLYHQHVV�RI�WKH�FXUYHG�EULVWOH�WRRWKEUXVK�WR�WKDW�RI�
D�FRQYHQWLRQDO�WRRWKEUXVK�LQ�SODTXH�UHGXFWLRQ�DPRQJ�LQVWLWXWLRQDOL]HG��SURIRXQGO\�UHWDUGHG�
LQGLYLGXDOV�ZKR�DUH�GHSHQGHQW�RQ�RWKHUV�IRU�RUDO�K\JLHQH�FDUH�
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$�UHYLHZ�RI�WKH�OLWHUDWXUH�UHYHDOHG�QXPHURXV�SXEOLFDWLRQV�RQ�WKH�VXEMHFW�RI�PHFKDQLFDO�SODTXH�
UHPRYDO��)HZHU�DUWLFOHV�H[LVWHG�RQ�WKH�VXEMHFW�RI�PHFKDQLFDO�SODTXH�UHPRYDO�LQ�D�KDQGLFDSSHG�
SRSXODWLRQ��KRZHYHU��DQG�D�YHU\�OLPLWHG�QXPEHU�ZHUH�DYDLODEOH�RQ�WKH�XVH�RI�WKH�FXUYHG�EULVWOH�
WRRWKEUXVK��UHJDUGOHVV�RI�W\SH�RI�SRSXODWLRQ�LQYHVWLJDWHG�

$FFRUGLQJ�WR�$YHU\��D�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFH��S�������LQ�SODTXH�UHPRYDO�ZLWK�WKH�FXUYHG�
EULVWOH�WRRWKEUXVK�ZDV�GHPRQVWUDWHG�LQ�D�JURXS�RI�QRUPDO�WKLUG�JUDGHUV�LQ�D�:HVW�9LUJLQLD�VFKRRO�
V\VWHP��

0HFNVWURWK�DQG�:HOOHU�HYDOXDWHG�WKH�FXUYHG�EULVWOH�WRRWKEUXVK�DFFRUGLQJ�WR�LWV�HIIHFWLYHQHVV�LQ�WKH�
UHPRYDO�RI�SODTXH�DQG�DFFRUGLQJ�WR�WKH�XVHU
V�DWWLWXGHV�WRZDUG�WKH�FXUYHG�EULVWOH�WRRWKEUXVK�ZLWK�
ERWK�DVVLVWHG�EUXVKLQJ�DQG�FRPSOHWHO\�GHSHQGHQW�SDWLHQWV���5HVXOWV�UHYHDOHG�D�UHGXFWLRQ�LQ�SODTXH��
HVSHFLDOO\�LQ�WKH�SRVWHULRU�OLQJXDO�DUHDV��$FFHSWDQFH�RI�WKLV�W\SH�RI�WRRWKEUXVK�E\�ORQJ�WHUP�JHULDWULF�
SDWLHQWV�DQG�IDFLOLW\�SHUVRQQHO�XSRQ�HYDOXDWLRQ�ZDV�IDYRUDEOH�

,Q�D������VWXG\�E\�$OOHQ�DQG�(YDQV�RI�HLJKW\�VHYHQ�IRXU�\HDU�ROG�VXEMHFWV��EUXVKLQJ�ZLWK�HLWKHU�
FXUYHG�EULVWOH�RU�FRQYHQWLRQDO�WRRWKEUXVKHV��D�VLJQLILFDQW�GLIIHUHQFH�LQ�WKH�UHPRYDO�RI�SODTXH�IURP�
WKH�SRVWHULRU�OLQJXDO�DUHDV�IDYRUHG�WKH�FXUYHG�EULVWOH�WRRWKEUXVK��

$������VWXG\�E\�WKH�&ROOLV�&XUYH��5HVHDUFK�WHDP�DW�D�7H[DV�%R\V
�+RPH���Q�����HYDOXDWHG�WKH�
HIIHFWLYHQHVV�RI�WKH�FXUYHG�EULVWOH�WRRWKEUXVK��XVLQJ�WKH�VLPXOWDQHRXV�UDQGRP�VFUXE�WHFKQLTXH��DQG�
WKH�FRQYHQWLRQDO�WRRWKEUXVK��XVLQJ�WKH�0RGLILHG�6WLOOPDQ�0HWKRG��,W�ZDV�UHSRUWHG�WKDW�DIWHU�RQH�
ZHHN��WKH�FXUYHG�EULVWOH�WRRWKEUXVK�SURGXFHG�D�VLJQLILFDQWO\�JUHDWHU�UHGXFWLRQ�LQ�SODTXH�DV�FRPSDUHG�
WR�WKH�FRQYHQWLRQDO�WRRWKEUXVK��
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$Q�DEVWUDFW�E\�0DLWD�UHSRUWHG�XVH�RI�WKH�DLU�GULYHQ�YLEUDWRU\�WRRWKEUXVK�ZLWK�FXUYHG�EULVWOH�WLSV�IRU�
SODTXH�FRQWURO�LQ�WKH�KRVSLWDOL]HG�KDQGLFDSSHG�SRSXODWLRQ��5HVXOWV�UHYHDOHG�D�GHFUHDVH�LQ�SODTXH��EXW�
WKH�UHSRUW�IDLOHG�WR�VKRZ�ZKHWKHU�WKH�VFRUHV�ZHUH�VWDWLVWLFDOO\�VLJQLILFDQW��

)LQGLQJV�RI�D������VWXG\�E\�:LOOLDPV�VXJJHVWHG�WKDW�WKH�FXUYHG�EULVWOH�WRRWKEUXVK�ZDV�DV�HIIHFWLYH�DV�
WKH�FRQYHQWLRQDO�WRRWKEUXVK�LQ�UHGXFLQJ�WKH�DPRXQW�RI�SODTXH�SUHVHQW�RQ�WKH�WHHWK�RI�
LQVWLWXWLRQDOL]HG��SURIRXQGO\�UHWDUGHG�LQGLYLGXDOV��ZKHQ�EUXVKHG�E\�WUDLQHG�SHUVRQQHO��Q����
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)URP�DQ�LQVWLWXWLRQDOL]HG�SRSXODWLRQ�RI�D�VWDWH�IDFLOLW\�IRU�WKH�PHQWDOO\�UHWDUGHG��LQGLYLGXDOV�ZHUH�
VHOHFWHG�DFFRUGLQJ�WR�WKH�IROORZLQJ�FULWHULD��

z ,QFDSDEOH�RI�EUXVKLQJ�RQH
V�RZQ�WHHWK��
z 3URIRXQGO\�PHQWDOO\�UHWDUGHG��
z 3RRU�RUDO�K\JLHQH�DV�PHDVXUHG�E\�WKH�',�6�RI�WKH�2+,�6�

7KH\�ZHUH�WKHQ�HTXDOO\�GLYLGHG�LQWR�FRQWURO�DQG�H[SHULPHQWDO�JURXSV��Q�����7DEOH�����%DVHOLQH�GDWD�
ZHUH�FROOHFWHG�WKURXJK�XWLOL]DWLRQ�RI�WKH�'O�6�RI�WKH�2+�,�6�E\�WKH�IDFLOLW\
V�GHQWLVW���7KH�SXUSRVH�RI�
WKLV�LQGH[�ZDV�WR�TXDQWLWDWH�RUDO�FOHDQOLQHVV�E\�HVWLPDWLQJ�WKH�WRRWK�VXUIDFH�DUHD�FRYHUHG�E\�GHEULV��
$OO�VL[�SUHVHOHFWHG�WHHWK��QXPEHUV���������������DQG�����ZHUH�H[DPLQHG�LQ�WKLV�VWXG\��2QFH�GDLO\�
GXULQJ�WKH�QH[W�WKUHH��PRQWKV�VWXGHQWV�LQ�GHQWDO�DVVLVWLQJ�SURYLGHG�WUHDWPHQWV�IRU�WKH�FRQWURO�DQG�
H[SHULPHQWDO�JURXSV�ZLWK�WKH�FRQYHQWLRQDO�DQG�FXUYHG�EULVWOH�WRRWKEUXVKHV��UHVSHFWLYHO\��7KH�WRRWK�
EUXVKLQJ�PHWKRG�XWLOL]HG�IL�U�WKH�FRQWURO�JURXS�ZDV�WKH�0RGLILHG�6WLOOPDQ�0HWKRG��7KH�WUDGLWLRQDO�
&ROOLV�&XUYH��6FUXE�0HWKRG�ZDV�XWLOL]HG�IRU�WKH�H[SHULPHQWDO�JURXS�)RU�IROORZ�XS�GDWD�ZHUH�
FROOHFWHG�E\�WKH�VDPH�H[DPLQHU�
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$W�WKH�HQG�RI�WKH�WKUHH�PRQWK�VWXG\�HYDOXDWLRQ�DQG�DQDO\VLV�RI�WKH�GDWD�ZHUH�DFFRPSOLVKHG�E\�XVH�RI�
DQ�LQGHSHQGHQW�,�WHVW�RQ�WKH�GLIIHUHQFH�EHWZHHQ�WKH�EDVH�OLQH�DQG�IROORZ�XS�VFRUHV��1R�VWDWLVWLFDOO\�
VLJQLILFDQW�GLIIHUHQFH�ZDV�IRXQG�LQ�WKH�DPRXQW�RI�SODTXH�UHGXFWLRQ�EHWZHHQ�WKH�WZR�WRRWKEUXVKHV��W�
����S�������7KH�FXUYHG�EULVWOH�WRRWKEUXVK�ZDV�IRXQG�WR�EH�DV�HIIHFWLYH�DV�WKH�FRQYHQWLRQDO�WRRWKEUXVK�
LQ�DFKLHYLQJ�VLPLODU�UHVXOWV�IRU�SODTXH�UHPRYDO��
WDEOH����
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:KHQ�ZRUNLQJ�ZLWK�LQGLYLGXDOV�ZKR�DUH�GHSHQGHQW�RQ�RWKHUV�IRU�WKHLU�FDUH��LW�LV�PRVW�LPSRUWDQW�IRU�
WKH�KHDOWK�FDUH�SURYLGHU�WR�WDNH�WKH�LQLWLDWLYH�WR�FUHDWH�RU�LQYHVWLJDWH�RWKHU�GHYLFHV�WKDW�ZRXOG�DOORZ�
WKHVH�SDWLHQWV�RSWLPXP�RUDO�FDUH�WKDW�LV�SUDFWLFDO�ERWK�IRU�WKH�SDWLHQW�DQG�IRU�WKH�SHUVRQ�ZKR�SURYLGHV�
WKLV�VHUYLFH��7KH�FXUYHG�EULVWOH�WRRWKEUXVK��E\�LWV�GHVLJQ��EUXVKHV�WKH�EXFFDO��OLQJXDO��DQG�RFFOXVDO�
VXUIDFHV�VLPXOWDQHRXVO\��,W�KDV�EHHQ�VKRZQ��E\�WKLV�VWXG\��WR�DFKLHYH�VLPLODU�UHGXFWLRQV�LQ�SODTXH�
ZLWK�KDOI�WKH�WLPH�UHTXLUHG�ZLWK�FRQYHQWLRQDO�WRRWKEUXVKHV��0HQWDOO\�RU�SK\VLFDOO\�KDQGLFDSSHG�
SDWLHQWV��RU�DQ\�SDWLHQW�ZLWK�D�ZHDN�RU�OLPLWHG�JUDVS�ZKR�UHTXLUHV�YDU\LQJ�GHJUHHV�RI�DVVLVWDQFH�LQ�
WRRWKEUXVKLQJ��PD\�EHQHILW�IURP�WKH�GHVLJQ�RI�WKLV�WRRWKEUXVK��DV�WKH�OLWHUDWXUH�VXJJHVWV��%HFDXVH�WKH�
FDUHWDNHU�FDQ�EUXVK�DV�HIIHFWLYHO\�ZLWK�WKLV�EUXVK�LQ�WKH�VDPH�DPRXQW�RI�WLPH�DV�ZLWK�WKH�
FRQYHQWLRQDO�WRRWKEUXVK�VXJJHVWV�D�SRVVLELOLW\�RI�ERWK�PDQSRZHU�DQG�ILQDQFLDO�VDYLQJV�WR�WKH�
LQVWLWXWLRQ��7KH�GHFUHDVH�LQ�WLPH�UHTXLUHG�WR�EUXVK�WKH�UHVLGHQWV
�WHHWK�PD\�DOVR�HQFRXUDJH�EHWWHU�RUDO�
K\JLHQH�IRU�WKH�SDWLHQW�ZKR�UHFHLYHG�OLWWOH�RU�QR�DVVLVWDQFH�IURP�WKH�IDFLOLW\
V�SHUVRQQHO��VLQFH�WKH\�
ZHUH�SUHYLRXVO\�QHLWKHU�LQFOLQHG�QRU�HQFRXUDJHG�WR�GR�VR��GXH�WR�RWKHU�WLPH�UHVWUDLQWV�UHTXLUHG�IRU�
RWKHU�VHOI�KHOS�VNLOOV�LQ�WKH�LQVWLWXWLRQDOL]HG�VHWWLQJ��)LQGLQJV�RI�WKLV�VWXG\�VKRXOG�SURYH�EHQHILFLDO�WR�
WKH�DGYDQFHPHQW�RI�WKH�GHQWDO�SURIHVVLRQ��WKURXJK�WKH�GLVFRYHU\�DQG�DSSOLFDWLRQ�RI�QHZ�NQRZOHGJH�
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LQ�WKH�GHOLYHU\�RI�FDUH�WR�WKH�KDQGLFDSSHG�SRSXODWLRQ�LQ�DOWHUQDWLYH�SUDFWLFH�VHWWLQJV�
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$GHTXDWH�SODTXH�FRQWURO�IRU�WKH�LQVWLWXWLRQDOL]HG�SRSXODWLRQV�SUHVHQWV�D�FRQWLQXRXV�FKDOOHQJH�WR�
GHQWDO�SURIHVVLRQDOV��7KH�ILQGLQJV�RI�WKLV�VWXG\�LQGLFDWH�WKDW�DQ�HIIHFWLYH��WLPH�HIILFLHQW�PHWKRG�IRU�
SODTXH�FRQWURO�H[LVWV�LQ�WKH�FXUYHG�EULVWOH�WRRWKEUXVK��,QVWLWXWLRQV�PD\�FRQVLGHU�DGRSWLRQ�RI�WKLV�
WRRWKEUXVK�IRU�SDWLHQWV�LQFDSDEOH�RI�VHOI�EUXVKLQJ�

5HIHUHQFHV

���1RZDN��$�-��'HQWLVWU\�IRU�WKH�KDQGLFDSSHG�SDWLHQW��6W��ORXLV��&�9��0RVE\�&R��� ������
S���
���2¶'RQQHOO��-�3�DQG�&RKHQ��0�0���'HQWDO�FDUH�IRU�WKH�LQVWLWXWLRQDOL]HG�UHWDUGHG�
LQGLYLGXDO��-�3HGRGRQW�������O����
���$YHU\��.��'��*LYH�\RXU�WHHWK�D�KXJ��$�VLPSOLOLHG�EUXVKLQJ�WHFKQLTXHIaaUFKLOGUHQ��-�
'HQW�&KLOG��������������6HSWHPEHU�2FWREHU�������
���0HFNVWUXWK��5�/��DQG�:HOOHU��0�$��a�&RPSDULVRQ�RI�WKH�SODTXH�UHPRYDO�
FKDUDFWHULVWLFV�FL�DQG�XVHU�DWWLWXGHV�WRZDUG�WKH�FXUYHGDQG�VWUDLJKW�EULVWOH�WRRWKEUXVK��
6XEPLWWHG�WR�6SHFLDO�&DUW��LQ�'HQWLVWU\�
���$OOHQ��.�%��DQG�(YDQV��0���&RPSDULVRQ�RI�WKH�SODTXH�UHPRYLQJ�DELOLWY�RID�WRRWKEUXVK�
ZLWK�FXUYHG�EULVWOHV�DQG�VWUDLJKW�KULVWOH�WRRWKEUXVK��3UHVHQWDWLRQ�PDGH�DW�WKH�$QQXDO�
0HHWLQJ�RI�WKH�$PHU�$aDG�3HGLDWU�'HQW��&RORUDGR�6SULQJV��&2��0DY�������
���&ROOLV�&XUYHa�5HVHDUFK�7HDP��&ROOLV�&XUYH��,QF��1HZVOHWWHU��������'U��*HRUJH�
&ROOLV��0LQQHDSROLV��01�
���0DLWD��(��DQG�6DVDNL��6���$XWRPDWLF�RUDO�FOHDQLRJ�DSSDUDWXV�DQG�FOLQLFDO�HYDOXDWLRQ��
-DSDQHVH�$66RF�3HULRGRQWRO�����LO���0DUFK������
���:LOOLDPV��1�-��DQG�6FKXPDQ��1�-���&ROOLV�&XUYHa�YHUVXV�L
RQYHQWLRQDO�WRRWKEUXVK��$Q�
LQVWLWXWLRQDO�VWXG\��,�'HQW�5HV�������6SHFLDO�,VVXH��0DUFK�������
���:LONLQV��(��0���&OLQLFDO�SUDFWLFH�RI�WKH�	QWDO�K\JLHQLVW���WK�HG�����3KLODGHOSKLD��OHD�	�
)HELJHU�������

(55$780
,Q�WKH�DUWLFOH���7KH�UROH�RI�FRSLQJ�LQ�FKLOGUHQ
V�DGMXVWPHQW�WR�WKH�GHQWDO�YLVLW���E\�6DQGUD�/��&XUUY�HW�
DO��WKH�QDPH�RI�RQH�RI�WKH�DXWKRUV�ZDV�VXEPLWWHG�DV�6DQGUD�:��)XVV��3K'��7KH�QDPH�VKRXOG�EH�
VKRZQ�DV�6DQGUD�:�5XVV��3K'�

0V��:LOOLDPV�LV�$VVLVWDQW�3URIHVVRU��'HSDUWPHQW�RI�'HQWDO�+
�a,HQH�&ROOHJH�RI�$OOLHG�+HDOWK�
6FLHQFHV�7KH�8QLYHUVLWY�RI�7HQQHVVHH�
����0DGLVRQ�$YHQXH��0HPSKLV��71�������

'U�6FKXPDQ�LV�$VVRFLDWH�3URIHVVRU�DQG�,QWHULP�&KDLUPDQ��'HSDUW�PHQW�RI�3HGLDWULF�'HQWLVWU�a��7KH�
8QLYHUVLW\�RI�7HQQHVVHH��&ROOHJH�RI�'HQWLVWU\��0HPSKLV��71�������
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