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'RQ�%HOO�6RXGHU����6DWX�/DPPLQP¥NL��3K'������*HR�.DUWKHLVHU���0DWW�'\H���DQG�$QX�6KDUPD�3K'��
��8QLYHUVLW\�RI�&RORUDGR�%RXOGHU����+HOVLQNL�8QLYHUVLW\�+RVSLWDO�DQG�WKH�8QLYHUVLW\�RI�+HOVLQNL����1DWLRQDO�7HFKQLFDO�,QVWLWXWH�IRU�WKH�'HDI

7KH� WUDQVLHQW� QDWXUH� RI� VSRNHQ� ODQJXDJH� FDQ� UHQGHU� WKH� WDVN� RI�
FRPSUHKHQGLQJ�ODQJXDJH�LQWR�D�GDXQWLQJ�WDVN�IRU�LQGLYLGXDOV�ZLWK�W\SLFDO�
KHDULQJ���)RU�LQGLYLGXDOV�ZLWK�KHDULQJ�ORVV��WKLV�WDVN�PD\�EHFRPH�GLIILFXOW�
RU�HYHQ�LPSRVVLEOH���0RVW�GHDI�FKLOGUHQ�LQ�GHYHORSHG�FRXQWULHV��DV�ZHOO�DV�
PDQ\�SRVW�OLQJXDOO\�GHDIHQHG�DGXOWV��DUH�QRZ�DEOH�WR�UHFHLYH�EHQHILWV�WR�
WKHLU�KHDULQJ�WKURXJK�WKH�LQWHUYHQWLRQ�RI�FRFKOHDU�LPSODQWV��&,����+RZHYHU��
VSHHFK�SHUFHSWLRQ�RXWFRPHV�VKRZ�ZLGHO\�YDU\LQJ�RXWFRPHV��LQGHSHQGHQW�
RI�DXGLRORJLFDO�DQG�GHPRJUDSKLF�EDFNJURXQG�

7R� LPSURYH� WKH� RXWFRPHV� RI� SRRU� &,� XVHUV�� D� EHWWHU� XQGHUVWDQGLQJ� RI�
FRUWLFDO� SURFHVVLQJ� RI� &,�SURGXFHG� VSHHFK�� WKH� XQGHUO\LQJ� FRJQLWLYH�
IUDPHZRUN�� DQG� SRVVLEOH� FRPSHQVDWRU\� QHXURSODVWLFLW\� LV� UHTXLUHG��
6SHHFK� SURFHVVLQJ� LQ� &,� XVHUV� KDV� WUDGLWLRQDOO\� EHHQ� PRGHOHG� XVLQJ�
YRFRGHG�VSHHFK��6KDQQRQ�HW�DO����������0RUH�UHFHQW�ZRUN��'RUPDQ�HW�DO���
������ KDV� SURYLGHG� HYLGHQFH� WKDW� EDQGSDVV� ILOWHULQJ� DQG� VSHFWUDO�
VPHDULQJ�PD\�SURGXFH�D�PRUH�DFFXUDWH�UHSUHVHQWDWLRQ���7KH�HIIHFW�RI�WKLV�
VLJQDO�GLVWRUWLRQ�RQ�FRPSUHKHQVLRQ�LV�QRW�ZHOO�XQGHUVWRRG�

+E2�FRQFHQWUDWLRQ�FKDQJHV��GLIIHUHQFHV�EHWZHHQ�WKH�FRQGLWLRQV

%RRWKUR\G� $�� +DQLQ� /�� +QDWK� 7� ������� $� 6HQWHQFH� 7HVW� RI� 6SHHFK�
3HUFHSWLRQ�� 5HOLDELOLW\�� 6HW� (TXLYDOHQFH�� DQG� 6KRUW� 7HUP� /HDUQLQJ��&81<�
$FDGHPLF�:RUNV�

'RUPDQ�0���1DWDOH�6���%XWWV�$���=HLWOHU�'���	�&DUOVRQ�0����������7KH�6RXQG�
4XDOLW\� RI� &RFKOHDU� ,PSODQWV�� 6WXGLHV� :LWK� 6LQJOH�VLGHG� 'HDI� 3DWLHQWV��
2WRO�1HXURWRO��������H���ŜH����

)ULHGHULFL�� $��� 	� *LHUKDQ�� 6�� �������� 7KH� ODQJXDJH� QHWZRUN�� &XUU� 2SLQ�
1HXURELRO�����������������

6DQWRVD��+��� =KDL�� ;��� )LVKEXUQ�� )��� 	�+XSSHUW�� 7�� �������� 7KH�1,56�%UDLQ�
$QDO\],5�7RROER[��$OJRULWKPV������������

6KDQQRQ�5�9��� =HQJ� )��*��� .DPDWK�9���:\JRQVNL� -��� DQG� (NHOLG�0�� �������
6SHHFK�UHFRJQLWLRQ�ZLWK�SULPDULO\�WHPSRUDO�FXHV��6FLHQFH��������Ŝ����

,Q�UHVSRQVH�WR�WKH�XQILOWHUHG�VHQWHQFHV��ZH�IRXQG�WKDW�WKHUH�ZHUH�PDQ\�
SHULV\OYLDQ� ODQJXDJH� DUHDV� VKRZLQJ� DFWLYDWLRQ�� � 7KLV� LV� DV� RQH� PLJKW�
H[SHFW� JLYHQ� WKH� QDWXUH� RI� WKH� VWLPXOL�� � )XUWKHU�� XQILOWHUHG� VSHHFK�
SURGXFHG� VWURQJHU� DFWLYDWLRQ� WKDQ� XQLQWHOOLJLEOH� VSHHFK� LQ� ERWK� OHIW� DQG�
ULJKW�SUHIURQWDO�FRUWLFHV�

:KHQ� WKH� VSHHFK� VWLPXOL� ZHUH� ILOWHUHG� WR� VLPXODWH� WKH� H[SHULHQFH� RI� D�
PRGHUDWHO\� VXFFHVVIXO� XVHU� RI� D� &,�� ZH� IRXQG� DQ� LQFUHDVHG� DFWLYDWLRQ�
DURXQG� ULJKW� LQIHULRU� IURQWDO�DUHD�� �7KLV�FRXOG�EH�FDXVHG�E\�DQ� LQFUHDVHG�
UHOLDQFH�RQ� VSHFWUDO� FXHV�� � ,W� VKRXOG�EH�QRWHG� WKDW� SDUWLFLSDQWV� UHSRUWHG�
WKDW�WKHVH�VHQWHQFHV�ZHUH�RQO\�PDUJLQDOO\�KDUGHU�WR�XQGHUVWDQG�WKDQ�WKH�
XQILOWHUHG�VSHHFK�

)RU�WKH�VHQWHQFHV�ILOWHUHG�WR�VLPXODWH�WKH�H[SHULHQFH�RI�D�SRRU�XVHU�RI�D�
&,��SDUWLFLSDQWV�UHSRUWHG�DIWHU�OLVWHQLQJ�WKDW�WKHVH�VHQWHQFHV�ZHUH�QHDUO\�
XQLQWHOOLJLEOH�� � 5LJKW� LQIHULRU� IURQWR�WHPSRUDO� DUHD� ZDV� PRUH� DFWLYDWHG�
WKDQ�GXULQJ�QRUPDO�VSHHFK��DQG�WKH�OHIW�LQIHULRU�PLGGOH�IURQWDO�DUHD��QHDU�
%URFDşV� DUHD�� VKRZHG� VWURQJHU� DFWLYDWLRQ� WKDQ� GXULQJ� PRGHUDWHO\�
PRGLILHG�VSHHFK���

7KH�PDMRULW\�RI�WKH�ODQJXDJH�DUHDV�ZHUH�VLJQLILFDQWO\�OHVV�DFWLYDWHG�WKDQ�
ZKHQ� WKH� VWLPXOXV� ZDV� PRUH� LQWHOOLJLEOH�� � 7KLV� FRXOG� EH� FDXVHG� E\� DQ�
LQFUHDVHG�UHOLDQFH�RQ�SRURVLW\��SHULRGLFLW\��DQG�SKRQHWLF�FXHV�� �+RZHYHU��
ZH�DOVR�SURSRVH�WKH�SRVVLELOLW\�WKDW�WKLV�HIIHFW�PD\�EH�DQ�XS�UHJXODWLRQ�RI�
FRJQLWLYH�FRQWURO�PHFKDQLVPV�UHODWHG�WR�HIIRUWIXO�OLVWHQLQJ�

���KHDOWK\��W\SLFDO�KHDULQJ�DGXOWV��DJHV��������
� ���&81<�VHQWHQFHV��%RRWKUR\G�HW�DO����������ZLWK����LQWHUOHDYHG�ILOOHUV�
� 8QILOWHUHG� 5HFRUGLQJ� YV�� 6LPXODWHG� LQSXW� RI� D� &RFKOHDU� ,PSODQW� XVHU�
ZLWK�HLWKHU�PRGHUDWH�RU�SRRU�RUDO�ODQJXDJH�FRPSUHKHQVLRQ�

� &,�VLPXODWLRQ�EDVHG�RQ�'RUPDQ��HW�DO��������

+HPRG\QDPLF� UHVSRQVHV� ZHUH� UHFRUGHG� XVLQJ� D� 1,5[� 1,56FRXW� I1,56�
V\VWHP��ZLWK���[����RSWRGHV�DQG���VKRUW�FKDQQHOV��ZLWK�WKH�OD\RXW�EHORZ�

$PCN[UKU�YKVJ��0Ͳ45�6QQNDQZ��5CPVQUC�GV�CN���������CP�QRGP�UQWTEG�
CPCN[UKU�UQHVYCTG�DWKNV�KP�/$6.$%�

5HVHDUFK�VXSSRUWHG�E\�
86�1DWLRQDO�,QVWLWXWHV�RI�+HDOWK�
6LJULG�-XVªOLXV�)RXQGDWLRQ
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&RORUHG�EDUV�UHSUHVHQW�WKH�W�YDOXHV�RI�IRU�WKH�GLIIHUHQFHV�EHWZHHQ�FRQGLWLRQV��ZLWK�VROLG�OLQHV�
UHSUHVHQWLQJ�FKDQQHOV�ZKLFK�VXUYLYHG�PXOWLSOH�FRPSDULVRQ�FRUUHFWLRQ�XVLQJ�)'5�

���8QILOWHUHG
���0RGHUDWH�OLVWHQLQJ�FRPSUHKHQVLRQ�VLPXODWLRQ
���3RRU�OLVWHQLQJ�FRPSUHKHQVLRQ�VLPXODWLRQ

$YHUDJH�HVWLPDWHG�KHPRG\QDPLF�IXQFWLRQ�
UHVSRQVH�WR�HDFK�FRQGLWLRQ�DW�OHIW�LQIHULRU�IURQWDO��
ULJKW�LQIHULRU�IURQWDO��DQG�OHIW�SUHIURQWDO�ORFDWLRQV��
DYHUDJHG�ZLWK�D�UHJLRQ�RI�LQWHUHVW�
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