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6RFFHU�,QMXULHV�LQ�)HPDOH�<RXWK�3OD\HUV���
&RPSDULVRQ�RI�,QMXU\�6XUYHLOODQFH�E\�
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7ZR�,QFLVLRQ�0LQLPDOO\�,QYDVLYH�7+$�5HGXFHV�
&RVWV�DQG�/HQJWK�RI�6WD\�:LWKRXW�,QFUHDVHG�

&RPSOLFDWLRQV

&RPSDULVRQ�RI�2QH�YV�7ZR�6WDJH�5HYLVLRQ�
IRU�WKH�,QIHFWHG�7RWDO�+LS�$UWKURSODVW\��$�
0DUNRY�([SHFWHG�8WLOLW\�'HFLVLRQ�$QDO\VLV
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-RKQ�5��*UHHQ�,,,��0�'��
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(ZLQJ¶V�6DUFRPD��7LVVXH�6SHFL¿F�([SUHVVLRQ
�RI�(:6�)OL��LQ�7UDQVJHQLF�0LFH

7UDXPD

&RPSOLFDWLRQV�RI�3URYLVLRQDOO\�6WDELOL]HG�
7LELDO�3LORQ�)UDFWXUHV�5HIHUUHG�IURP�2XWVLGH�

,QVWLWXWLRQV

)OXRURVFRSLFDOO\�*XLGHG�+LS�&DSVXORWRP\��
(IIHFWLYH�RU�1RW"�$�&DGDYHULF�6WXG\

7LELDO�7XEHUFOH�)UDFWXUHV�$VVRFLDWHG�
ZLWK�%LFRQG\ODU�7LELDO�3ODWHDX�)UDFWXUHV��
,QFLGHQFH��7UHDWPHQW�DQG�&RPSOLFDWLRQV

%LRPHFKDQLFDO�&RPSDULVRQ�RI�/HVV�,QYDVLYH�
6WDELOL]DWLRQ�6\VWHP�IRU�0HFKDQLFDOO\�

8QVWDEOH�)UDFWXUHV�RI�WKH�'LVWDO�)HPXU��
)L[DWLRQ�ZLWK�7LWDQLXP�YHUVXV�6WDLQOHVV�6WHHO�

DQG�%LFRUWLFDO�YHUVXV�8QLFRUWLFDO�)L[DWLRQ

&OLQLFDO�$QDO\VLV�2I�/HVV�,QYDVLYH
�6WDELOL]DWLRQ�6\VWHP�)RU�0HFKDQLFDOO\�

8QVWDEOH�)UDFWXUHV�2I�7KH�'LVWDO�)HPXU��
$�&RPSDULVRQ�2I�5HRSHUDWLRQ��8QLRQ�$QG�
,PSODQW�)DLOXUH�5DWHV�%HWZHHQ�6WDLQOHVV�

6WHHO�$QG�7LWDQLXP�,PSODQWV

6HQLRU�3DWLHQWV�ZLWK�$FHWDEXODU�)UDFWXUHV��
(SLGHPLRORJ\�DQG�5LVN

&ORVHG�6XEWURFKDQWHULF�)HPXU�)UDFWXUHV�
7UHDWHG�ZLWK�2SHQ�5HGXFWLRQ�DQG�5HDPHG�

$QWHJUDGH�,QWUDPHGXOODU\�1DLOLQJ���
7HFKQLTXH�DQG�&RPSOLFDWLRQV

6HSWLF�&RPSOLFDWLRQV�RI�25,)�LQ�&RPPLQXWHG�
%LFRQG\ODU�7LELDO�3ODWHDX�)UDFWXUHV�ZLWK�

&RPSDUWPHQWDO�6\QGURPH��7KH�$VVRFLDWLRQ�
ZLWK�6XUJLFDO�6HTXHQFLQJ

)RRW�DQG�$QNOH
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���
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6SLQH

,PPXQRKLVWRFKHPLFDO�'HWHFWLRQ�RI�
7\SH�,;�&ROODJHQ�LQ�WKH�,QWHUYHUWHEUDO�

'LVFV�RI�6XUJLFDO�3DWLHQWV�*HQRW\SHG�IRU�
'HJHQHUDWLRQ�$VVRFLDWHG�613V

/RUGRVLV�5HVWRUDWLRQ�LQ�WKH�/XPEDU�6SLQH�
DIWHU�6PLWK�3HWHUVHQ�2VWHRWRPLHV�:LWKRXW�

DQG�:LWK�,QWHUERG\�6WUXW�3ODFHPHQW

'LDJQRVLV�DQG�7UHDWPHQW�RI�&UDQLRFHUYLFDO�
'LVVRFLDWLRQ�LQ����&RQVHFXWLYH�6XUYLYRUV
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'HDU� )ULHQGV� RI� 8:�
2UWKRSDHGLFV� DQG�
6SRUWV�0HGLFLQH�

$GDSWDWLRQ� RU� HYROXWLRQ��
UHVSRQGLQJ�WR�FKDQJHV

&K D Q J H � K D V � F RPH�
XSRQ� RXU� 'HSDUWPHQW� LQ�
PDQ\� DQG� UDWKHU� VXGGHQ�
ZD\V� RYHU� WKH� SDVW� \HDU��
,QWHUQDOO\�� D�PDMRU� FKDQJH�
RFFXUUHG�ZLWK�RXU�&KDLUPDQ�
RI�DQ�XQSUHFHGHQWHG�QHDUO\�

TXDUWHU�FHQWXU\�WHQXUH��)UHGHULFN�$��0DWVHQ�,,,��
0�'��VWHSSLQJ�GRZQ�DQG�FRQWLQXLQJ�RQ�DV�IXOO�WLPH�
IDFXOW\�PHPEHU�RQ�RXU�6KRXOGHU�	�(OERZ�6HUYLFH��:H�
KDYH�DWWHPSWHG�WR�FDSWXUH�WKH�WUHPHQGRXV�LPSDFW�RI�
KLV�WHQXUH�RQ�RXU�'HSDUWPHQW��PXVFXORVNHOHWDO�SDWLHQW�
FDUH�DQG�PHGLFDO�FDUHHUV�GHYHORSPHQW�LQ�RXU�UHJLRQ�
LQ�WKH�QH[W�DUWLFOH��6RPH�H[DPSOHV�RI�WKH�GUDPDWLF�
GHYHORSPHQWV�RI�RXU�GHSDUWPHQW�GXULQJ�'U��0DWVHQ¶V�
WHQXUH�DV�FKDLU�FDQ�EH�VHHQ�LQ�WKH�GHYHORSPHQW�RI�
VXUJLFDO� YROXPHV� �)LJXUH� ��� DQG� UHVHDUFK� IXQGLQJ�
�)LJXUH����RYHU�WLPH��

([WHUQDOO\�� WKHUH� DUH� ZHOO� SXEOLFL]HG� VHLVPLF�
VKLIWV� LQ� WKH� KHDOWK� FDUH� HQYLURQPHQW� XQGHU�ZD\��
IRU� LQVWDQFH� LQ� IRUP� RI� WKH� 3DWLHQW� 3URWHFWLRQ� DQG�
$IIRUGDEOH�&DUH�$FW�RI�������DOVR�SXEOLFL]HG�DV�³+HDOWK�
&DUH�5HIRUP �́��5HJDUGOHVV�RI�LWV�¿QDO�PDQLIHVWDWLRQV�
LWV� ODVWLQJ� LPSULPDWXU�ZLOO� FRQVLVW� RI� DQ� LQFUHDVLQJ�
DSSOLFDWLRQ�RI�PHWULFV�DQG�WKH�FRQFHSW�RI�UHZDUGLQJ�
PHDVXUDEOH� LPSURYHPHQWV� LQ� TXDOLW\� RI� FDUH� DQG�
SDWLHQW�VDIHW\��,Q�OLJKW�RI�WKLV��8:0HGLFLQH�KDV�UROOHG�
RXW� D� FRPSUHKHQVLYH� 6WUDWHJLF� 3ODQ� RI� ZKLFK� RXU�
'HSDUWPHQW� LV� D� YLWDO� SDUW�� 7KH� HYROYLQJ� H[WHUQDO�
FLUFXPVWDQFHV�RI�KHDOWK�FDUH�SROLWLFV�SURYLGH�XV�ZLWK�
WKH�FKDOOHQJH�WR�DGDSW�LQ�WKH�VKRUW�WHUP�WR�VHW�WKH�
VWDJH�IRU�ORQJ�WHUP�HYROXWLRQ�LQ�RUGHU�WR�EHWWHU�SXUVXH�
RXU�PLVVLRQ� RI� H[FHOOHQFH� LQ� UHVHDUFK�� HGXFDWLRQ��
DQG� SDWLHQW� FDUH�� 8QGRXEWHGO\�� $FDGHPLF�0HGLFLQH�
LV� HQWHULQJ� µXQFKDUWHG�ZDWHUV� LQ� D� VHD� RI� FKDQJH¶��
:KLOH�WURXEOLQJ�WR�VRPH��WKH�YHU\�IDFW�WKDW�WKHUH�DUH�
VR�PDQ\�XQNQRZQV�RIIHUV�D�PDMRU�RSSRUWXQLW\�IRU�XV�
WR�SURYLGH�FULWLFDO�FRQWULEXWLRQV�WR�KRZ�DQG�ZK\�ZH�
EHVW�GHOLYHU�PHGLFDO�FDUH�DQG�WKXV�µOHDG�WKH�ZD\¶�LQWR�
D�EHWWHU�IXWXUH�RI�KHDOWK�FDUH��7UDQVODWLRQDO�UHVHDUFK�
DQG� LQWHJUDWLRQ� RI� SDWLHQW� UHSRUWHG� RXWFRPHV� DQG�
VDIHW\�GDWD�LQWR�RXU�URXWLQH�SDWLHQW�LQWHUDFWLRQV�DUH�
REYLRXV�PDMRU�RSSRUWXQLWLHV�HPLQHQWO\�DYDLODEOH� WR�
RXU�'HSDUWPHQW�WR�JXLGH�KHDOWK�FDUH�GHOLYHU\�RI�WKH�
IXWXUH�

$ORQJ� WKHVH� OLQHV�ZH� DUH� LQWHQGLQJ� WR� SRVLWLRQ�
RXUVHOYHV�WR�EH�DFWLYH�SDUWLFLSDQWV�LQ�D�FKDQJLQJ�+HDOWK�
FDUH�HQYLURQPHQW�E\�XQGHUJRLQJ�D�V\VWHPDWLF�VHOI�
DVVHVVPHQW�DQG�LQLWLDWLQJ�D�SURFHVV�RI�µUHLQYHQWLRQ¶�

WKURXJK� D� FRPELQDWLRQ� RI� DGDSWDWLRQV� OHDGLQJ� WR�
VXEVHTXHQW�HYROXWLRQ��)RUWXQDWHO\�ZH�KDYH�VR�PDQ\�
VWUHQJWKV�WR�GUDZ�IURP�WKDW�D�QXPEHU�RI�SDWKZD\V�
WR�UHRUJDQL]DWLRQ�FRPH�DV�UHODWLYHO\�VWUDLJKWIRUZDUG�
LQLWLDWLYHV�� ZKLFK� ,� ZLOO� GHVFULEH� LQ� �� RYHUDUFKLQJ�
LQLWLDWLYHV�GXEEHG�WKH�µ7KUHH�OLQNHG�5¶V¶�

�� 5HLQWHJUDWLRQ�� 2XU� 'HSDUWPHQW� LQ� LWV�
PXOWLSOH�RSHUDWLRQDO�VLWHV�ZLOO�EHQH¿W�IURP�HQKDQFHG�
FRPPXQLFDWLRQ� WKURXJK� DSSOLFDWLRQ� RI� D� YDULHW\� RI�
HOHFWURQLF�PHGLD�DQG�WRROV�DV�ZHOO�DV�GHYHORSPHQW�
RI�V\VWHP�ZLGH�RYHUDUFKLQJ�SURMHFWV�

��5HVHDUFK�� 7KLV� LV� RQH� RI� WKH�PDLQ� GULYLQJ�
IRUFHV� WKDW� GLVWLQJXLVK� DFDGHPLF� SUDFWLFHV� IURP�
SXUHO\�FOLQLFDOO\�GULYHQ�HQWHUSULVHV��%\�WUDQVFHQGLQJ�
DOO�PHGLFDO�DQG�EDVLF�VFLHQFHV�VXEVSHFLDOWLHV�UHVHDUFK�
KDV�WKH�XQLTXH�SRZHU�WR�LQVSLUH�DQG�WR�XQLWH�DOO�RI�
WKRVH�LQYROYHG�

��5HVSRQVLELOLW\��,Q�WKH�QHZ�PRGHO�RI�KHDOWK�FDUH�
GHOLYHU\�WUDGLWLRQDO�LQGXVWULDO�SURGXFWLYLW\�SDUDPHWHUV�
ZLOO�EH�UHSODFHG�E\�PHDVXUHV�WKDW�TXDQWLI\�KRZ�ZHOO�
RXU�SDWLHQWV�DUH�DFWXDOO\�GRLQJ�DQG�KRZ�ZLVHO\�ZH�
KDYH�XVHG�DYDLODEOH�UHVRXUFHV�DQG�WHFKQRORJLHV��:H�
QHHG�WR�SURYLGH�DOO�WKRVH�DURXQG�XV�ZLWK�D�QHZ�VHW�
RI�GDWD�WKDW�UHSUHVHQWV�RXU�HIIRUWV�PRUH�IDLUO\�DQG�
WUDQVSDUHQWO\�

5HLQWHJUDWLRQ�LQ�D�SK\VLFDO�VHQVH�LV�LPSUDFWLFDO�
LQ�RXU�UHJLRQ�ZLWK�GHQVH�SRSXODWLRQ�FHQWHUV�DQG�KLJK�
SULFHG�UHDO�HVWDWH�DQG�LV�DOVR�XQGHVLUDEOH�GXH�WR�ODFN�
RI�FURVVSROOLQDWLRQ��7KH�WDVN�DW�KDQG��KRZHYHU��LV�WR�
UHFRQQHFW�EHWZHHQ���DQG����GLIIHUHQW�VLWHV�RI�SUDFWLFH�
RU�UHVHDUFK��GHSHQGLQJ�KRZ�\RX�GH¿QH�µVLWHV¶��LQ�WKLV�
HQYLURQPHQW��6LQFH�GLUHFW�FROORFDWLRQ�LV�QRW�IHDVLEOH��
DQ�LQFUHDVHG�HPSKDVLV�QHHGV�WR�EH�SODFHG�RQ�HIIHFWLYH�
FRPPXQLFDWLRQV�WR�IDFLOLWDWH�FRQQHFWLRQV�ZLWKLQ�RXU�
'HSDUWPHQW� DQG� SURYLGH� FU\VWDOOL]DWLRQ� SRLQWV� IRU�
HQJDJHPHQW��

2XU� UHVSRQVH� WR� WKLV� QHHG� IRU� UHLQWHJUDWLRQ� RI�
RXU� 'HSDUWPHQW� KDV� EHHQ� WR� XVH� LQIRUPDWLRQDO�
WHFKQRORJLHV�WR�KHOS�XV�UHFRQQHFW���2QH�H[DPSOH�LV�RXU�
QHZ�SHULRGLF�HOHFWURQLF�QHZVOHWWHU��ZKLFK�UHSUHVHQWV�
DOO�JURXSV�RI�RXU�'HSDUWPHQW�UDQJLQJ�IURP�RXU�VWDII�
WR�RXU�VXUJHRQV�DQG�FROOHDJXHV�LQ�RWKHU�VSHFLDOWLHV�
WR� NHHS� HYHU\RQH� DSSUDLVHG� RI� WKH�PXOWLIDFHWHG�
GHYHORSPHQWV� DQG�PDQ\� DFFRPSOLVKPHQWV�� ,W� DOVR�
KHOSV� XV� VWD\� LQ� WRXFK�ZLWK� RXU� LQFUHGLEOH� $OXPQL�
DQG�WKHLU�PDQ\�DFFRPSOLVKPHQWV�DQG�UHFRJQL]H�WKHLU�
XQZDYHULQJ�VXSSRUW��KWWS���ZZZ�RUWKRS�ZDVKLQJWRQ�
HGX�8VHU)LOHV�)LOH�H1HZV�H1HZV�SGI���7KLV�HIIRUW�KDV�
EHHQ�YHU\�FDSDEO\�OHG�E\�RXU�8:0&�PDQDJHU�&DOLQD�
%URZQ�*DUFLD� DQG� KDV� XQFRYHUHG�PDQ\� KLWKHUWR�
XQNQRZQ�KLGGHQ�WDOHQWV�LQ�RXU�'HSDUWPHQW��VXFK�DV�
VFUHHQZULWHUV��SKRWRJUDSKHUV�DQG�HYHQ�SDLQWHUV��VXFK�
DV�VHHQ�LQ�WKH�FRYHU�DUW�RI�WKLV�\HDU¶V�2UWKRSDHGLF�
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'LVFRYHULHV�FUHDWHG�E\�/L]�.UHQJHO��WKH�ZLIH�RI�RXU�
RZQ�:DOO\�.UHQJHO��-U�

$QRWKHU� H[DPSOH� RI� XVLQJ� LQIRUPDWLRQ� V\VWHPV�
IRU� UHLQWHJUDWLRQ� LV� RXU� HIIRUW� DW� UHPRGHOLQJ� RXU�
'HSDUWPHQWDO�:HEVLWH� WKURXJK� RXU� QHZO\� FUHDWHG�
µ,QWHUQHW� )RUXP¶� WR� EHWWHU� VHUYH� GLYHUVH� SXEOLF�
LQIRUPDWLRQDO�QHHGV��HQKDQFH�LQWHUQDO�OLQNV�DV�ZHOO�DV�
SURYLGH�DFFHVV�IRU�UHVLGHQWV�DQG�IHOORZV��7KLV�SURMHFW�
VHHNV�WR�LPSURYH�RQ�ZKDW�PDQ\�SHUFHLYH�WR�EH�RQH�
RI� WKH� WUHQGVHWWLQJ�ZHEVLWHV� LQ� $FDGHPLF� VXUJLFDO�
SURJUDPV�E\�VKRZFDVLQJ�RXU�PXOWLSOH�VXEVSHFLDOWLHV�
DQG�E\�RIIHULQJ�LQWULJXLQJ�LQVLJKWV�LQ�HGXFDWLRQ�DQG�
UHVHDUFK�DV�ZHOO�DV�LQWHUDFWLYH�FRPPXQLFDWLRQ�IHDWXUHV��
:H�DUH�DOVR�HGXFDWLRQDOO\� UHLQWHJUDWLQJ�E\�RIIHULQJ�

D� QHZ� PRQWKO\� *UDQG�
5RXQGV�IRUPDW�LQ�IRUP�RI�
0LQL�V\PSRVLD�ZKLFK�ZLOO�
IHDWXUH� D� FRPELQDWLRQ�
RI� UHVLGHQWV� DQG� IDFXOW\�
IURP�ZLWKLQ� DQG� RXWVLGH�
RXU� 'HSDUWPHQWV� WR�
FUHDWH� D� KLJK� YDOXH�
UHJLRQDO� PDJQHW� HYHQW�
IRU� DQ\RQH� LQWHUHVWHG�
L Q � PXV FX O R V NH O H W D O�
PHGLFLQH��0DQ\�RI�WKHVH�
HYHQWV� DUH� DYDL ODEOH�
WKURXJK� 8:79� DQG� WKH�
5HVHDUFK� &KDQQHO� RQ�
79�� RQOLQH� DQG� WKURXJK�
3RGFDVWV� �KWWS���ZZZ�
R U W KRS �ZDVK L QJ WRQ �
HGX�XZ�WDE,'BB�����
'HIDXOW�DVS[��� 7KH� QHHG�
IRU� UHLQWHJUDWLRQ� LV� DOVR�
EHLQJ� DSSOLHG� LQ� RXU�

UHQHZHG�IRFXV�RQ�RXU�5HVHDUFK�HIIRUWV�
5HVHDUFK�KDV�EHHQ�LGHQWL¿HG�DV�RXU�VLQJOH�PRVW�

WUDQVIRUPDWLYH� TXDOLW\�� ,Q� RUGHU� WR� HQKDQFH� WKLV�
DQG�LQFXEDWH�QHZ�ODUJHU�LGHDV�EH\RQG�VXEVSHFLDOW\�
EDUULHUV� ZH� KDYH� IRUPHG� �� 3URMHFW� 7DVN� )RUFHV�
�37)¶V��ZKLFK�DUH�SRLVHG�WR�EULQJ�WRJHWKHU�H[SHUWV�
IURP�GLIIHUHQW�EDFNJURXQGV��FDPSXVHV�DQG� LQFOXGH�
PHPEHUV�RI�RWKHU�'HSDUWPHQWV��(DFK�RI�WKHVH�37)¶V�
LV�WDVNHG�WR�LGHQWLI\�PDMRU�SUREOHPV��IRUPXODWH�YLVLRQV�
DQG�WKHQ�HVWDEOLVK�UHDOLVWLF�JRDOV�WR�PDNH�VLJQL¿FDQW�
PHDVXUDEOH�SURJUHVV�LQ�WKH�WDUJHWHG�DUHDV��

&RRUGLQDWLRQ� RI� RXU� LQGLYLGXDOO\� HPLQHQWO\�
VXFFHVVIXO�%DVLF�6FLHQFHV�ODEV�DQG�&OLQLFDO�2XWFRPHV�

5HVHDUFK� HIIRUWV� LQWR�
ODUJHU�VWUDWHJLF�LQLWLDWLYHV�
WKDW� FDQ� VXSSRUW� WKH�
37)¶V� IURP� D� VFLHQWLILF�
SHUVSHFWLYH� ZLOO� EH� D�
JUHDW� FKDOOHQJH��:H� DUH�
IRUWXQDWH� WR� KDYH� EHHQ�
DEOH�WR�FUHDWH�D�SRVLWLRQ�
RI�9LFH�&KDLU�RI�5HVHDUFK�
DQG�¿OO�WKLV�SRVLWLRQ�ZLWK�
3HWHU�&DYDQDJK��3K�'��
IURP� RXU� 2UWKRSDHGLF�
%LRPRWRU� ODE�� +H� ZLOO�
FRRUGLQDWH� RXU� UHVHDUFK�
H I I R U W V � DPRQJ � RX U�
YDULRXV�ODEV�DQG�GLIIHUHQW�
FDPSXVHV� DQG� WKHUHE\�
LPSURYH� FRQQHFWLRQV�
EHWZHHQ� UHVHDUFKHUV��
FOLQLFLDQV�� VWXGHQWV� DQG�
RXU�UHVLGHQWV�IHOORZV�DQG�
$&(¶V�� 7KLV� LQ� WXUQ� ZLOO�
FUHDWH�PDQ\�QHZ�UHVHDUFK�
RSSRUWXQLWLHV�WKURXJKRXW�

)LJXUH����7RWDO�6XUJLFDO�$FWLYLW\����������

)LJXUH����7RWDO�$ZDUGHG�5HVHDUFK����������
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)LJXUH����3URMHFW�7DVN�)RUFHV��37)��

RXU� 'HSDUWPHQW� DQG� EH\RQG� E\� QHWZRUNLQJ� ZLWK�
RWKHU�OLNHPLQGHG�JURXSV��&UHDWLRQ�RI�DQ�DWPRVSKHUH�
WKDW� IRVWHUV� WUDQVODWLRQDO� UHVHDUFK�ZLOO�PDNH� XV� D�
FRPSHWLWLYH�IRUFH�IRU�WKH�IXWXUH��$�¿UVW�VWHS�LQ�WKLV�
GLUHFWLRQ�DUH�WKH�PRQWKO\�5HVHDUFK�PHHWLQJV�RI�WKH�
37)� %RQH�)UDFWXUH� JURXS� FKDLUHG� E\�0��%UDGIRUG�
+HQOH\��0�'��DW�RXU�+DUERUYLHZ�VLWH��6XFK�UREXVW�
UHVHDUFK�LQLWLDWLYHV�QRW�RQO\�VWDQG�RQ�WKHLU�RZQ�PHULWV��
EXW�DOVR�SURYLGH�FULWLFDO�EDODQFH�WR�WKH�'HSDUWPHQW¶V�
UHYHQXH� FRPSRVLWLRQ� ZKLOH� HVWDEOLVKLQJ� DFDGHPLF�
SUHVWLJH�WKDW�GLVWLQJXLVKHV�WKH�8:�SURJUDP�IURP�RXU�
ORFDO�DQG�QDWLRQDO�FRPSHWLWRUV�DOLNH�
5HVSRQVLELOLW\��2QH�RI�WKH�IXQGDPHQWDO�FKDQJHV�

RI�RXU�µLQIRUPDWLRQ�DJH¶�WKDW�DIIHFWV�VRFLHW\�LQ�JHQHUDO�
KDV�EHHQ�WKH�KHLJKWHQHG�HPSKDVLV�RQ�RUJDQL]DWLRQDO�
DQG� LQGLYLGXDO� WUDQVSDUHQF\� DQG� DFFRXQWDELOLW\��
'RFXPHQWDWLRQ�DQG�FROOHFWLRQ�RI�PHDQLQJIXO�PHWULFV�
LV� NH\� IRU� DQ\� RUJDQL]DWLRQ� WR� EH� DEOH� WR� UHVSRQG�
WR� QHZ� VHWV� RI� H[SHFWDWLRQV��:LWK� WKH� KHOS� RI� RXU�
FDSDEOH� &HQWUDO� $GPLQLVWUDWLYH� WHDP� XQGHU�.HQ�
.DUERZVNL��0�3�+��DQG�.DUO�(QJGDKO��0�%�$��ZH�
KDYH�VHW�XSRQ�D�FRXUVH�RI�FUHDWLQJ�D�&RPSUHKHQVLYH�
)DFXOW\�5HSRUW���&)5��ZKLFK�VHHNV�WR�UHSUHVHQW�WKH�
FRPSOH[LW\� RI� RXU�PXOWLPRGDO� OLYHV� DV� VXUJHRQV��
UHVHDUFKHUV� DQG� WHDFKHUV� LQ� D� VLQJOH� UHSRVLWRU\�
DQG�SURYLGHV�SURGXFWLYLW\�QXPEHUV�DQG�DFWLYLWLHV�RI�
LQGLYLGXDOV�DQG�WHDPV�LQ�D�WUDQVSDUHQW�DQG�IDLU�JUDSKLF�
IDVKLRQ��$�NH\�DVSHFW�RI�DQ\�RUJDQL]DWLRQ�LV�WKDW�RI�
EHLQJ�DEOH�WR�LPSURYH�LWV�HI¿FLHQF\�WKURXJK�SHULRGLF�
UHYLHZ��7R�KHOS�XV�LQ�WKLV�LPSRUWDQW�HIIRUW�ZH�KDYH�
IRUPHG�D�)LQDQFH�&RPPLWWHH�FKDLUHG�E\�0��%UDGIRUG�
+HQOH\��0�'��DQG�LV�FRPSRVHG�RI�ERWK�IDFXOW\�DQG�
DGPLQLVWUDWLYH� OHDGHUVKLS�� WR� FULWLFDOO\� HYDOXDWH�
ERWK�UHYHQXH�VWUHDPV�DQG�WKH�FRVW�RI�RXU�EXVLQHVV�
RSHUDWLRQV��2XU�'HSDUWPHQW�LV�WUXO\�EOHVVHG�ZLWK�DQ�
HQRUPRXV�ZHDOWK�RI�NQRZOHGJH�RI�RXU�PHPEHUV�DV�
FDQ�EH�UHDGLO\�ZLWQHVVHG�E\�ORRNLQJ�DW�WKH�H[SHULHQFHV�
RI�RXU�FRPPLWWHH�PHPEHUV�RXWVLGH�RI�WKH�WUDGLWLRQDO�
FRQ¿QHPHQWV�RI�0HGLFLQH�

8OWLPDWHO\�RXU�UHVSRQVLELOLW\�KDV�WR�EH�GLUHFWHG�DW�

RXU� FRUH�PLVVLRQ� ±� SDWLHQW�
FDUH�� � �8:�2UWKRSDHGLFV� LV�
DQ�DFWLYH�SDUW�RI�WKH�PDMRU�
RUJDQL]DWLRQDO� FKDQJH� RI�
8:0HGLFLQH�WR�PDNH�+HDOWK�
&DUH� LQ� RXU� UHJLRQ� HDVLHU�
DQG� EHWWHU� E\� GHFUHDVLQJ�
REVWDFOHV� WR� SDWLHQW� DFFHVV�
DQG�LPSURYLQJ�DOO�DVSHFWV�RI�
FRPPXQLFDWLRQ�IRU�SDWLHQWV�
DQG� SURYLGHUV� DOLNH��:LWKLQ�
RXU� RUJDQL]DWLRQ� RXU� 9LFH�
&KDLU�DW�8:�0HGLFDO�&HQWHU�
DQG� WKH� 9$� 3XJHW� 6RXQG�
+HDOWKFDUH�6\VWHP��+RZDUG�
&KDQVN\��0�'��KDV�WDNHQ�RQ�
D�SLYRWDO� UROH�RI� LGHQWLI\LQJ�
DQG� UHPRYLQJ� EDUULHUV� WR�
SDWLHQW�DFFHVV�DQG�LPSURYLQJ�

GLUHFWHG�FDUH�ÀRZ�WR�RXU�SUDFWLWLRQHUV�VR�WKDW�HYHU\�
SDWLHQW� HQWHULQJ� RXU� V\VWHP� IRU� D�PXVFXORVNHOHWDO�
SUREOHP�ZLOO�HQG�XS�ZLWK� WKH�EHVW�SRVVLEOH�FDUH� LQ�
WKH� OHDVW� WLPH�QHFHVVDU\��2XU�SDUWQHUVKLS�ZLWK�RXU�
FROOHDJXHV�IURP�3XJHW�6RXQG�6SRUWV�DQG�6SLQH�XQGHU�
GLUHFWLRQ� RI�6WDQ�+HUULQJ��0�'�� KDV� SURYLGHG� XV�
ZLWK�D�SLYRWDO�DGYDQWDJH�WR�LPSURYHG�SDWLHQW�DFFHVV�
WKURXJK�LQWHJUDWHG�HIIRUWV�DFURVV�GHSDUWPHQWDO�OLQHV�

&KDQJH�QHYHU�FRPHV�HDV\�XQGHU�DQ\�FLUFXPVWDQFHV��
5HVSRQGLQJ�WR�FKDQJHV�FDQ�WDNH�PDQ\�IRUPV�UDQJLQJ�
IURP�VXEWOH�DGDSWDWLRQV�WR�RXWULJKW�UHYROXWLRQ�ZLWK�
LWV�SHQFKDQW�IRU�LQÀLFWLQJ�WUDXPD��2XU�'HSDUWPHQW¶V�
ODWHVW�LQLWLDWLYHV�WR�UH�HQJLQHHU�DUH�SURPSWHG�E\�PDMRU�
WUDQVIRUPDWLRQV�RXU�VRFLHW\�DW�ODUJH�LV�H[SHULHQFLQJ��
%DVHG� XSRQ� RXU� VROLG� IRXQGDWLRQ� ,� VHH� QR� UHDVRQ�
IRU� D� UHYROXWLRQ� ZLWKLQ� RXU� 'HSDUWPHQW�� EXW� D�
VWURQJ�QHHG�IRU�D�VHULHV�RI�VWUDWHJLF�DGDSWDWLRQV��%\�
IRFXVLQJ�RQ�WKH�µ��OLQNHG�5¶V¶��5HLQWHJUDWLRQ�WKURXJK�
FRPPXQLFDWLRQ��5HVHDUFK� WKURXJK� WUDQVIRUPDWLRQ�
DQG�5HVSRQVLELOLW\� WKURXJK� FKDQJHV� LQ� DWWLWXGHV��
ZH� FDQ� HYROYH� WKURXJK� UHRUJDQL]DWLRQ� DQG� VHW� WKH�
VWDJH� WR� WKH� ODXQFK� RI� QHZ� LQLWLDWLYHV� DQG� FUHDWH�
VWUDWHJLF�SDUWQHUVKLSV�WR�IXO¿OO�RXU�PLVVLRQ�HYHQ�EHWWHU��
,Q�GRLQJ�VR�ZH�DUH�VWURQJO\�SRVLWLRQHG�WR�QRW�RQO\�
UHVSRQG�WR�WKH�PDQ\�WKUHDWV�WR�$FDGHPLF�0HGLFLQH�
EXW�FDQ�DFWXDOO\�WKULYH�DQG�FRQWULEXWH�WR�VRFLHW\� LQ�
XQSUHFHGHQWHG�IDVKLRQ�

7KDQN�\RX�IRU�\RXU�LQWHUHVW�LQ�DQG�VXSSRUW�RI�8:�
2UWKRSDHGLFV�DQG�6SRUWV�0HGLFLQH�

-HQV�5��&KDSPDQ��0�'�
3URIHVVRU�DQG�$FWLQJ�&KDLU
+DQV-|HUJ�:\VV�(QGRZHG�&KDLU
'HSDUWPHQW�RI�2UWKRSDHGLFV�DQG�6SRUWV�0HGLFLQH�
$GMXQFW�3URIHVVRU�RI�1HXURORJLFDO�6XUJHU\
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:LWK� WKH� WUDQVLWLRQ� RI� 'U��
)UHGHULFN� $�� 0DWVHQ� ,,,�
LQWR� WKH�VWDWXV�RI�&KDLUPDQ�

(PHULWXV� 'HFHPEHU� ����� LW� VHHPV�
DSSURSULDWH�WR�WU\�WR�VXP�XS�WKH�LPSDFW�
RI�KLV�WHQXUH�DV�&KDLUPDQ�RYHU�WKH�ODVW�
QHDU�TXDUWHU� FHQWXU\�� 8QGRXEWHGO\��
'U�� 0DWVHQ� TXDOLILHV� IRU� WKH� ORIW\�
FDWHJRU\� RI� µJUHDW¶� LQ� KLV� LPSDFW� RQ�
RXU�'HSDUWPHQW�RI�2UWKRSDHGLFV�DQG�
6SRUWV�0HGLFLQH��WKH�¿HOG�RI�6KRXOGHU�
DQG�(OERZ� VXUJHU\�ZLWK� KLV� SUDFWLFH��
UHVHDUFK�DQG� WHDFKLQJV�DQG� WKH�¿HOG�
RI� 2UWKRSDHGLF� 6XUJHU\� WKURXJK�
FRXQWOHVV� LQWHUDFWLRQV�ZLWK� VWXGHQWV��
UHVLGHQWV�� IHOORZV�� $&(¶V�� IDFXOW\��
YLVLWRUV�DQG�JXHVWV�DQG�IXUWKHU�WKURXJK�
KLV�SXEOLFDWLRQV�VXFK�DV�VRPH�RI� WKH�
VHPLQDO�WH[WERRNV�LQ�VKRXOGHU�VXUJHU\��
%XW�KRZ�GR�\RX�TXDQWLI\�JUHDWQHVV�LQ�
KLV� FDVH�±�ZLWK� VR�PDQ\�GRPDLQV�RI�
DFWLYLWLHV�WR�FRQVLGHU�DQG�VXFK�D�ULFK�
RXWSXW�E\�VR�PDQ\"

,� IRXQG� WKUHH�SRSXODU�TXRWDWLRQV��

)UHGHULFN�$��0DWVHQ�,,,��0�'�

$�0HDVXUH�RI�*UHDWQHVV���

ZKLFK�FDQ�JXLGH�XV�LQ�µPHDVXULQJ�KLV�
JUHDWQHVV¶�
���0DQ¶V� JUHDWQHVV� OLHV� LQ� KLV�

SRZHU�RI�WKRXJKW��%ODLVH�3DVFDO
'U��0DWVHQ�HQYLVLRQHG�2UWKRSDHGLF�

6XUJHU\�WR�EH�D�SRZHUKRXVH�VSHFLDOW\�
DW� D� WLPH� ZKHQ� MRNHV� DERXW� WKH�
VHOHFWLRQ� FULWHULD� WR� RXU� VSHFLDOW\�
ZHUH� FRPPRQ� DQG� XVXDOO\� WLHG� WR�
ZHLJKWOLIWLQJ�DQG�RWKHU�PDQLIHVWDWLRQV�
RI�EUDZQ�UDWKHU�WKDQ�FHUHEUDO�DFXPHQ��
7KURXJK� FRQYHUJHQW� DSSOLFDWLRQ� RI�
FOLQLFDO� SUDFWLFH�� GRFXPHQWDWLRQ� RI�
UHVXOWV� SUHVHQWHG� WKURXJK� TXDOLW\�
UHVHDUFK� DQG� FRQFLVH� HGXFDWLRQ�
WKURXJK� FOHDU� GHOLYHU\� RI� FRQWHQW� KH�
ZDV�RQH�RI�WKH�SLRQHHUV�LQ�HVWDEOLVKLQJ�
2UWKRSDHGLFV� DV� D� VHULRXV� VSHFLDOW\�
FDSDEOH�RI�LPSURYLQJ�SDWLHQW¶V�TXDOLW\�
RI�OLIH��+H�DVVHPEOHG�D�IDFXOW\�DW�WKH�
8:�'HSDUWPHQW�RI�2UWKRSDHGLFV�DQG�
6SRUWV� 0HGLFLQH� ZLWK� UHPDUNDEOH�
RXWSXW� LQ� DOO� PHDVXUDEOH� ZD\V� ±�
FOLQLFDO�SURGXFWLYLW\��UHVHDUFK�IXQGLQJ��

SUHVHQWDWLRQV� DQG� UHSUHVHQWDWLRQ� LQ�
QDWLRQDO�DQG�LQWHUQDWLRQDO�DVVRFLDWLRQV��
7KURXJK�KLV�ZRUN�WKLV�'HSDUWPHQW�KDV�
EHHQ� D� WRS� WHQ� SURJUDP� LQ� YLUWXDOO\�
DOO��DVSHFWV�±�KRVSLWDOV��1,+�UHVHDUFK�
IXQGLQJ��SURJUDP� UDQNLQJV��HQGRZHG�
FKDLUV�� HWF�� ,W� ZDV� DOVR� GXH� WR� WKH�
OHDGHUVKLS�RI�FROOHDJXHV�OLNH�'U��0DWVHQ�
WKDW�2UWKRSDHGLF�6XUJHU\�KDV�EHFRPH�
RQH� RI� WKH� UHVSHFWHG�PDMRU� FOLQLFDO�
VSHFLDOWLHV� WKDW�PHGLFDO� FHQWHUV� UHO\�
RQ�IRU�WKHLU�¿VFDO�VXFFHVV�
���7R�EH�VLPSOH�LV�WR�EH�JUHDW��

5DOSK�:DOGR�(PHUVRQ
'HYHORSPHQWV�LQ�DQ\�¿HOG�JHQHUDOO\�

WHQG� WR� EHFRPH�PRUH� FRPSOH[� DQG�
XQZLHOG\�RYHU�WLPH��&HUWDLQO\�0HGLFLQH�
DQG� 2UWKRSDHGLFV� DUH� QR� H[FHSWLRQ�
LQ� WKLV�� $JDLQ�� 'U�� 0DWVHQ� VKRZHG�
JUHDWQHVV�E\�FRXQWHULQJ�FRQYHQWLRQDO�
WUHQGV� DQG� DGYDQFLQJ�PHGLFLQH� E\�
VLPSOLI\LQJ� WKLQJV��&ODULW\� RI� WKRXJKW�
SHUYDGHV�KLV�ZULWLQJV��VWUDLJKWIRUZDUG�
SUHFLVLRQ�RI�GHOLYHU\�FKDUDFWHUL]HV�KLV�

$W�D�WULEXWH�IRU�'U��0DWVHQ�VXSSRUWHG�E\�9DOOH\�2UWKRSDHGLF�$VVRFLDWHV��VHYHUDO�JHQHUDWLRQV�RI�VKRXOGHU�VXUJHRQV�FDQ�EH�VHHQ�
WRJHWKHU� IURP� OHIW� WR� ULJKW��&DUROLQH�&KHEOL��0�'��6KRXOGHU�	�(OERZ�$&(� µ����&KDUOHV�5RFNZRRG��0�'��876:�6DQ$QWRQLR��
)UHGHULFN�$�0DWVHQ�,,,��&UDLJ�$UQW]��0�'���6KRXOGHU�	�(OERZ�$&(�¶���
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WHDFKLQJV�� +RZHYHU�� WDNH� D� ORRN� DW�
WKHVH�RWKHU�H[DPSOHV�DV�ZHOO��

�� ,Q� WKH� DUHD� RI� WRWDO� VKRXOGHU�
DUWKURSODVWLHV� UHSODFLQJ� WKH� JOHQRLG�
IRVVD�ZLWK�DQ� LPSODQW�KDG� IRU�D� ORQJ�
WLPH� SURGXFHG� PDMRU� FKDOOHQJHV��
,W� WRRN� D�PDQ� RI� KLV� H[WUDRUGLQDU\�
YLVLRQ�WR�LGHQWLI\�WKDW�D�PXFK�VLPSOHU�
DQVZHU�±�QRW�XVLQJ�D�JOHQRLG�LPSODQW�
EXW� LQVWHDG� UHO\LQJ� RQ� WKH� SDWLHQW¶V�
RZQ� UHFRQWRXUHG� VFDSXODU� ERQH� ±�
ZRXOG�DFWXDOO\�UHQGHU�VXSHULRU�UHVXOWV�
ZLWK� OHVV� FRPSOLFDWLRQV�� +HQFH� WKH�
µUHDP� DQG� UXQ¶� FRQFHSW� IRU� VKRXOGHU�
UHSODFHPHQW� VXUJHU\�ZDV� ERUQH� DQG�
UHPDLQV�D�YDOLG�RSWLRQ�IRU�SDWLHQWV�WR�
GDWH��

�� 0HDVXULQJ� VKRXOGHU� IXQFWLRQ�
KDG� VW\PLHG� D� JRRG�PDQ\� VKRXOGHU�
VXUJHRQV� WKURXJKRXW� WKH� KLVWRU\� RI�
WKH�VXEVSHFLDOW\��'U��0DWVHQ�GHYHORSHG�

7DEOH����)UHGHULFN�$��0DWVHQ�,,,��0�'��&KDLUPDQVKLS�0HWULFV��,W�EHDUV�PHQWLRQ�WKDW�ZHOO�RYHU�KDOI�RI�8:�2UWKRSDHGLF�UHVLGHQWV�
UHFHLYHG�WKHLU�WUDLQLQJ�ZLWK�'U��0DWVHQ�DV�&KDLUPDQ��,I�KLV�\HDUV�DV�$FWLQJ�&KDLU�DUH�LQFOXGHG������RI�����2UWKRSDHGLF�UHVLGHQWV�
KDG�'U��0DWVHQ�OLVWHG�DV�WKHLU�&KDLU�

5LFN�DQG�$QQH�0DWVHQ�ZLWK�WKHLU�¿UVW�JUDQGFKLOG�±�0DGHOLQH�

DQG�RU� YDOLGDWHG� D� VLPSOH� VHULHV�
RI� UHSURGXFLEOH� WHVWV� XVLQJ� VKRUW�
TXHVWLRQQDLUHV�DQG�ORZ�WHFK�WRROV�VXFK�
DV� D� UXOHU� WR� YHU\� FRPSUHKHQVLYHO\�
UHSRUW�RQ�UHVXOWV�RI�VKRXOGHU�VXUJHU\�
LQ� D� PRVW� PHDQLQJIXO� ZD\�� 7KHVH�
WHVWV� KDYH� EHFRPH� WKH� VWDQGDUG� IRU�
VKRXOGHU�HOERZ�IXQFWLRQDO�DVVHVVPHQWV�
DURXQG�WKH�ZRUOG�

�� 5HSRUWLQJ� UHVXOWV� RI� VXUJHULHV�
KLVWRULFDOO\� KDG� EHHQ� D� SULYLOHJH� RI�
VHQLRU�VXUJHRQV���ZLWK�OLWWOH�RU�QR�LQSXW�
IURP�SDWLHQWV��(DUO\� LQ�KLV�FDUHHU�'U��
0DWVHQ� LGHQWLILHG� WKH� ZHOO�EHLQJ� RI�
SDWLHQWV�IROORZLQJ�D�SURFHGXUH�DV�EHLQJ�
WKH�DFWXDOO\�UHOHYDQW�UHVXOW�±�DQG�QRW�D�
VXUJHRQ¶V�SHUFHSWLRQ��,Q�WKLV�FXUUHQW�HUD�
RI�µ(YLGHQFH�%DVHG�0HGLFLQH¶�VSHDNLQJ�
RI� µSDWLHQW� RXWFRPHV¶� KDV� EHFRPH�
FRPPRQSODFH��EXW�WKLV�VLPSOH�FRQFHSW�
RI�ORRNLQJ�DW�SDWLHQW¶V�SHUVSHFWLYH�ZDV�

WUXO\� UHYROXWLRQDU\�ZKHQ�'U��0DWVHQ��
LQVSLUHG�E\�'U��(�$�&RGPDQ¶V�RULJLQDO�
(QG�5HVXOWV�LGHD��ZDV�LQVWUXPHQWDO�LQ�
EULQJLQJ�LW� LQWR�2UWKRSDHGLFV�WKURXJK�
KLV�XVH�LQ�VKRXOGHU�DQG�HOERZ�VXUJHU\��
��� 7KH�PHDVXUH� RI� D� PDQ¶V�

JUHDWQHVV� LV� QRW� WKH� QXPEHU� RI�
VHUYDQWV�KH�KDG��EXW�WKH�QXPEHU�RI�
SHRSOH�KH�VHUYHV��8QNQRZQ

7KHUH� LV� SUREDEO\� QR� EHWWHU� ZD\�
WR�GHVFULEH�'U��0DWVHQ¶V�DSSURDFK� WR�
WKRVH�DURXQG�KLP�LQ�RXU�'HSDUWPHQW�
WKDQ�FRPSOHWH�GHGLFDWLRQ�WR�DQ\�DQG�
DOO� DVVRFLDWHG� ZLWK� LW�� +H� KDV� EHHQ�
LQVWUXPHQWDO�LQ�ODXQFKLQJ�JHQHUDWLRQV�
RI� 2UWKRSDHGLF� FDUHHUV� WKURXJK� KLV�
JXLGDQFH� DQG� SHUVRQDO� VXSSRUW��
7KURXJKRXW�KLV�FDUHHU�'U��0DWVHQ�KDV�
VHUYHG�DV�LQVSLUDWLRQ�DQG�H[DPSOH�WR�DOO�
RI�XV�DURXQG�KLP��+LV�GHGLFDWLRQ�WR�KLV�
'HSDUWPHQW�KDV�EHHQ�OLPLWOHVV�DQG�KLV�
HIIRUWV� WR�PD[LPL]H�RSSRUWXQLWLHV� IRU�
RXU�'HSDUWPHQW� WLUHOHVV�� 3OHDVH� WDNH�
D�EULHI� ORRN�DW�VRPH�RI� WKH�QXPEHUV�
LQ�7DEOH���

/DVWLQJ�,PSDFW�
8OWLPDWHO\�WKH�PHDVXUH�RI�D�PDQ¶V�

JUHDWQHVV� OLHV� LQ� KLV� OHJDF\��:LWKRXW�
D� GRXEW� WKH� PDQ\� GLVFLSOHV� RI� 'U��
0DWVHQ¶V�YLVLRQ�DUH�OLYLQJ�WHVWDPHQW�WR�
KLV�LPSDFW��UHÀHFWLQJ�KLV�GHGLFDWLRQ�WR�
H[FHOOHQFH�LQ�SDWLHQW�FDUH��DV�ZHOO�DV��
DSSUHFLDWLRQ�RI�UHVHDUFK�DQG�HGXFDWLRQ��
:LWKLQ�KLV�RZQ�IDPLO\�5LFN�DQG�$QQH�
0DWVHQ� FDQ�EH� SURXG�RI� WKHLU� OHJDF\�
ZLWK�WKUHH�HPLQHQWO\�VXFFHVVIXO�FKLOGUHQ�
GHVWLQHG� WR� OHDYH� WKHLU�PDUN� LQ� WKHLU�
UHVSHFWLYH�¿HOGV��7R�SUHVHUYH�WKH�QDPH�
DQG�VSLULW�RI�'U��0DWVHQ�DQG�KLV�LPSDFW�
RQ� 2UWKRSDHGLF� 6XUJHU\� UHVLGHQF\�
WUDLQLQJ�� WKH� 8:�$OXPQL� $VVRFLDWLRQ�
KDV�UHFHQWO\� ODXQFKHG�D�FDPSDLJQ�WR�
IXQG� D� FKDLU� WHQWDWLYHO\� WLWOHG� ³7KH�
$QQH� DQG�5LFN�0DWVHQ� (QGRZHG�
&KDLU�IRU�5HVLGHQF\�(GXFDWLRQ �́�)RU�

Acting Chairman:   1983 - 1984 
Chairman:   1986 – 2009 

Category 1985 and before 2009 
Residency positions 4-5/yr 8/yr 

Total residents trained 115 (’52-’85) 133 (’86-’09) 
Faculty (including 
Research Faculty) 

12 48 

Endowed Chairs 1 8 
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IXUWKHU�LQIRUPDWLRQ�SOHDVH�FRQWDFW�-RGL�
0LQHU�DW�KHU�8:0HGLFLQH�(QGRZPHQW�
RIILFH� �MRPLQHU#X�ZDVKLQJWRQ�HGX��
�����������������,Q�W\SLFDOO\�VHOÀHVV�
IDVKLRQ�'U��0DWVHQ�ZLVKHV�WKLV�&KDLU�WR�
EH�WLHG�WR�WKH�SRVLWLRQ�RI�WKH�5HVLGHQF\�
3URJUDP� 'LUHFWRU� WR� SURYLGH� VRPH�
VXSSRUW�IRU�WKH�FRXQWOHVV�KRXUV�VSHQW�
E\� WKH� LQGLYLGXDO� KROGLQJ� WKLV� RI¿FH�
WU\LQJ� WR� DGYDQFH� RXU� 2UWKRSDHGLF�
5HVLGHQF\��:H�YHU\�PXFK�KRSH�WR�EH�
DEOH�WR�FRXQW�XSRQ�\RXU�DFWLYH�VXSSRUW�
LQ� WKLV�PRVW�PHDQLQJIXO� HQGHDYRU� LQ�
UHÀHFWLRQ�RI�ZKDW�WKH�JUHDWQHVV�RI�WKLV�
PDQ�KDV�EURXJKW�IRU�VR�PDQ\�RI�XV�

-HQV�5��&KDSPDQ��0�'���3URIHVVRU�
DQG�$FWLQJ�&KDLU

)XUWKHU� UHDGLQJ� RQ� 'U��
0DWVHQ¶V�PDQ\�DFFRPSOLVKPHQWV�
FDQ�EH�IRXQG�DW�WKHVH�VLWHV�

ZZZ�RUWKRS�ZDVKLQJWRQ�
HGX�IDFXOW\�0DWVHQ

U\RUWKR�FRP�ODUJH-RLQWV�
SKS"DUWLFOH ���B)DLOXUH�8S�
IRU�WKH�&KDOOHQJH

ZZZ�RUWKRS�ZDVKLQJWRQ�
HGX�VKRXOGHUBHOERZ

)UHGHULFN�$��0DWVHQ�,,,��0�'�� LV�RQH�RI�WKH�IRXQGLQJ�PHPEHUV�RI�WKH�$PHULFDQ�
6KRXOGHU�DQG�(OERZ�6XUJHRQV��+H�LV�SLFWXUHG�KHUH�ZLWK�WKH�RWKHU�IRXQGHUV��OHIW�
WR� ULJKW�� /RX� %LJOLDQL�� &KDUOHV� 5RFNZRRG�� &KDUOHV�1HHU�� )UHGHULFN�0DWVHQ�� %RE�
&R¿HOG��DQG�0HO�3RVW�

'XULQJ�KLV����\HDUV�RI�WHQXUH��'U��0DWVHQ�DWWUDFWHG�D�PRVW�DFFRPSOLVKHG�JURXS�RI�UHVHDUFKHUV�DQG�FOLQLFLDQV��7KHUH�ZDV�UHPDUNDEO\�
OLWWOH�WXUQRYHU�GXULQJ�KLV�FKDLUPDQVKLS�

3LFWXUHG�KHUH�DUH�RXU�WZR�PRVW�UHFHQW�FKDLUV�RI� WKH�'HSDUWPHQW�RI�2UWKRSDHGLFV�
DQG�6SRUWV�0HGLFLQH�
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%URGLH�:RRG��0�'�
�����*UDWHIXO�$OXPQXV

8QLYHUVLW\�RI�:DVKLQJWRQ�6FKRRO�RI�0HGLFLQH

%RUQ�DQG�UDLVHG�LQ�6HDWWOH��%URGLH�:RRG��0�'���¿UVW�EHFDPH�LQWHUHVWHG�LQ�PHGLFLQH�DW�WKH�DJH�RI�����ZKHQ�KLV�\RXQJHU�
EURWKHU�GLHG�DW�+DUERUYLHZ�0HGLFDO�&HQWHU�DIWHU�D�WUDJLF�DFFLGHQW���$IWHU�WKDW�GD\��'U��:RRG�EHJDQ�YROXQWHHULQJ�
DW�+DUERUYLHZ�DQG�DW�8QLYHUVLW\�RI�:DVKLQJWRQ�0HGLFDO�&HQWHU�DV�RIWHQ�DV�KH�FRXOG�DQG�JUHZ�WR�EH�LQVSLUHG�E\�

WKH�VXUJHRQV�KH�ZRUNHG�ZLWK���,W�ZDV�DW�+DUERUYLHZ�WKDW�KH�¿UVW�PHW�'U��6LJYDUG�³6LJ´�+DQVHQ�ZKR�HQFRXUDJHG�KLP�WR�
SXUVXH�RUWKRSDHGLFV�VD\LQJ�³LI�\RX�OLNH�PHGLFLQH�EXW�SUHIHU�KDSS\�HQGLQJV��FKRRVH�RUWKRSDHGLFV �́��'U��:RRG�DWWHQGHG�
WKH�8QLYHUVLW\�RI�:DVKLQJWRQ�ZKHUH�KH�UHFHLYHG�D�%DFKHORU�RI�6FLHQFH�LQ�%LRORJ\��DQG�DWWHQGHG�PHGLFDO�VFKRRO�DW�WKH�
8QLYHUVLW\�RI�3HQQV\OYDQLD����:KHQ�KH�UHWXUQHG�WR�WKH�8:�IRU�KLV�2UWKRSDHGLFV�5HVLGHQF\��'U��:RRG�VD\V�KH�IHOW�EOHVVHG�
DQG�UHPHPEHUV�KLV�\HDUV�DV�D�UHVLGHQW�DV�D�KDUG��EXW�ZRQGHUIXO�WLPH����'U��:RRG�PHW�KLV�ZLIH��&LQGL��ZKLOH�LQ�FROOHJH�DQG�
WRGD\�WKH\�OLYH�LQ�2O\PSLD�ZLWK�WKHLU�VL[�FKLOGUHQ��DJHV�������

�(DUOLHU�WKLV�\HDU��'U��:RRG�FRQWDFWHG�WKH�GHSDUWPHQW�DERXW�PDNLQJ�D�VXEVWDQWLDO�JLIW�WR�VXSSRUW�WKH�5HVLGHQW�(GXFDWLRQ�
'LVFUHWLRQDU\�)XQG���+H�VDLG�WKDW�KH�ZDQWHG�WR�JLYH�EDFN�EHFDXVH�KH�UHPHPEHUHG�EHLQJ�WKH�EHQH¿FLDU\�RI�WKH�JHQHURVLW\�
RI�WKH�UHVLGHQWV�ZKR�JDYH�EHIRUH�KLP�DQG�KH�ZDQWHG�WR�SDVV�LW�RQ���³2UWKRSDHGLFV�DQG�PHGLFLQH�JDYH�PH�P\�OLIH�EDFN��
JDYH�PH�D�SXUSRVH�WR�OLYH �́�KH�VD\V��DQG�WKLV�LV�ZK\�KH�IHHOV�LW�LV�VR�LPSRUWDQW�WR�JLYH�EDFN�HYHQ�PRUH�WKDQ�KH�UHFHLYHG���
+H�KRSHV�WKDW�WRGD\¶V�UHVLGHQWV�KDYH�WKH�VDPH�NLQG�RI�H[SHULHQFH�KH�KDG�ZKLOH�KH�ZDV�KHUH�

)URP�OHIW��FORFNZLVH��6RSKLH��&KDVH��&LQGL��0RP���4XLQQ��+XQWHU��*DOHQ��DQG�/RJDQ�7KDWFKHU�
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/\OH�6RUHQVHQ��0�'�
�����'LVWLQJXLVKHG�$OXPQXV

8QLYHUVLW\�RI�:DVKLQJWRQ�6FKRRO�RI�0HGLFLQH

'U��/\OH�6RUHQVHQ�¿UVW�JUHZ�LQWHUHVWHG�LQ�RUWKRSDHGLFV�ZRUNLQJ�DV�DQ�RSHUDWLQJ�URRP�DVVLVWDQW�DW�6HDWWOH¶V�9LUJLQLD�
0DVRQ�+RVSLWDO��:KLOH�VWXG\LQJ�IRU�KLV�%6�LQ�0LFURELRORJ\�DQG�,PPXQRORJ\�DW�WKH�8QLYHUVLW\�RI�:DVKLQJWRQ��KH�
FRQWLQXHG�KLV�HPSOR\PHQW�DW�9LUJLQLD�0DVRQ���QRZ�DV�D�UHVHDUFK�WHFKQLFLDQ�LQ�WKH�7XPRU�,PPXQRORJ\�/DE��:KHQ�WKH�

WLPH�FDPH�WR�DSSO\�WR�PHGLFDO�VFKRRO��WKH�8QLYHUVLW\�RI�:DVKLQJWRQ�ZDV�WKH�REYLRXV�FKRLFH��+H�FRPSOHWHG�KLV�UHVLGHQF\�DW�
WKH�8QLYHUVLW\�RI�:DVKLQJWRQ�DV�ZHOO�DV�D�IHOORZVKLS�LQ�0XVFXORVNHOHWDO�2QFRORJ\�DQG�7XPRU�6XUJHU\�DW�&KLOGUHQ¶V�+RVSLWDO�

'U��6RUHQVHQ�LV�D�KLJKO\�YDOXHG�PHPEHU�RI�RXU�RUWKRSDHGLF�FRPPXQLW\��2Q�WKH�ERDUG�RI�GLUHFWRUV�RI�WKH�:DVKLQJWRQ�6WDWH�
2UWKRSDHGLF�$VVRFLDWLRQ��:62$��VLQFH�������'U��6RUHQVHQ�KDV�FKDPSLRQHG�WKH�SURIHVVLRQ�RI�RUWKRSDHGLF�VXUJHU\�DQG�SDWLHQW�
HGXFDWLRQ��5HFHQWO\��WKH�:62$�UHFHLYHG�WKH������DZDUG�DV�WKH�VWDWH�DVVRFLDWLRQ�RI�WKH�\HDU�IURP�WKH�$PHULFDQ�$FDGHP\�
RI�2UWKRSDHGLF�6XUJHRQV���+H�KDV�VHUYHG�DV�&KDLUPDQ�RI�WKH�8QLYHUVLW\�RI�:DVKLQJWRQ�2UWKRSDHGLF�$OXPQL�VLQFH�������

$FWLYH�QDWLRQDOO\�DV�ZHOO��/\OH�KDV�FRQWULEXWHG�WR�YDULRXV�FRPPLWWHHV�IRU�WKH�$PHULFDQ�$FDGHP\�RI�2UWKRSDHGLF�6XUJHRQV��
+H�KDV�ZRUNHG�ZLWK�WKH�$PHULFDQ�2UWKRSDHGLF�$VVRFLDWLRQ�5HVLGHQWV�&RQIHUHQFH�ZKHUH�KH�ZDV�&KDLUPDQ�LQ������

/\OH�LV�WKH�VHFWLRQ�KHDG�IRU�2UWKRSDHGLF�6XUJHU\�DW�9LUJLQLD�0DVRQ�0HGLFDO�&HQWHU�
:H�DUH�SURXG�WR�KRQRU�/\OH�DV�RXU������DOXPQXV�HPHULWXV�
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'HSDUWPHQW�RI�2UWKRSDHGLFV�DQG�6SRUWV�0HGLFLQH�)DFXOW\

+RZDUG�$��&KDQVN\��0�'�

3URIHVVRU

9$�3XJHW�6RXQG�+HDOWK�&DUH�6\VWHP

7XPRU�6HUYLFH�

FKDQVN\#X�ZDVKLQJWRQ�HGX

&KULVWRSKHU�+��$OODQ��0�'�

$VVRFLDWH�3URIHVVRU

+DUERUYLHZ�0HGLFDO�&HQWHU

+DQG�DQG�:ULVW�� ����������

FDOODQ#X�ZDVKLQJWRQ�HGX�

'DYLG�3��%DUHL��0�'�

$VVRFLDWH�3URIHVVRU

+DUERUYLHZ�0HGLFDO�&HQWHU

7UDXPD

EDUHL#X�ZDVKLQJWRQ�HGX�

&DUOR�%HOODEDUED��0�'�

$VVRFLDWH�3URIHVVRU

+DUERUYLHZ�0HGLFDO�&HQWHU

6SLQH�DQG�7UDXPD�� ����������

FEHOOD#X�ZDVKLQJWRQ�HGX�

'DSKQH�0��%HLQJHVVQHU��0�'�

$VVLVWDQW�3URIHVVRU

+DUERUYLHZ�0HGLFDO�&HQWHU

7UDXPD�� ����������

GDSKQHE#X�ZDVKLQJWRQ�HGX�

6WHSKHQ�.��%HQLUVFKNH��0�'�

3URIHVVRU

+DUERUYLHZ�0HGLFDO�&HQWHU

)RRW�DQG�$QNOH������������

EHQLVNE#X�ZDVKLQJWRQ�HGX�

5LFKDUG�-��%UDQVIRUG��0�'�

$VVLVWDQW�3URIHVVRU

+DUERUYLHZ�0HGLFDO�&HQWHU

6SLQH������������

UEUDQVIR#X�ZDVKLQJWRQ�HGX�

(UQHVW�8��&RQUDG�,,,��0�'�

3URIHVVRU

&KLOGUHQ¶V�+RVSLWDO�DQG�5HJLRQDO�0HGLFDO��
&HQWHU

7XPRU�6HUYLFH����������

FKDSSLH�FRQUDG#VHDWWOHFKLOGUHQV�RUJ�

5REHUW�3��'XQEDU��0�'�

$VVLVWDQW�3URIHVVRU

+DUERUYLHZ�0HGLFDO�&HQWHU

7UDXPD�� ����������

GXQEDU#X�ZDVKLQJWRQ�HGX�

'DYLG�5��(\UH��3K�'�

3URIHVVRU

8QLYHUVLW\�RI�:DVKLQJWRQ�0HGLFDO�&HQWHU

5HVHDUFK�� ����������

GH\UH#X�ZDVKLQJWRQ�HGX�

3HWHU�5��&DYDQDJK��3K�'�

3URIHVVRU

8QLYHUVLW\�RI�:DVKLQJWRQ�0HGLFDO�&HQWHU

5HVHDUFK�

FDYDQDJK#X�ZDVKLQJWRQ�HGX

6WHYHQ�'��%DLQ��3K�'�

5HVHDUFK�$VVRFLDWH�3URIHVVRU

+DUERUYLHZ�0HGLFDO�&HQWHU

5HVHDUFK

VGEDLQ#X�ZDVKLQJWRQ�HGX�

5XVVHOO�-��)HUQDQGHV��3K�'�

5HVHDUFK�$VVRFLDWH�3URIHVVRU

8QLYHUVLW\�RI�:DVKLQJWRQ�0HGLFDO�&HQWHU

5HVHDUFK��� ����������

UMI#X�ZDVKLQJWRQ�HGX�

-HQV�5��&KDSPDQ��0�'�

3URIHVVRU�DQG�$FWLQJ�&KDLU

+DUERUYLHZ�0HGLFDO�&HQWHU

6SLQH��

MHQVFKDS#X�ZDVKLQJWRQ�HGX�
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'HSDUWPHQW�RI�2UWKRSDHGLFV�DQG�6SRUWV�0HGLFLQH�)DFXOW\

-HUU\�,��+XDQJ��0�'�

$VVLVWDQW�3URIHVVRU

8QLYHUVLW\�RI�:DVKLQJWRQ�0HGLFDO�&HQWHU

+DQG�DQG�:ULVW�� ����������

MLKXDQJ#X�ZDVKLQJWRQ�HGX�

7HG�6��*URVV��3K�'�

3URIHVVRU

+DUERUYLHZ�0HGLFDO�&HQWHU

5HVHDUFK�� ����������

WJURVV#X�ZDVKLQJWRQ�HGX�

'RXJODV�3��+DQHO��0�'�

3URIHVVRU

+DUERUYLHZ�0HGLFDO�&HQWHU

+DQG�DQG�:ULVW�� ����������

GKDQHO#X�ZDVKLQJWRQ�HGX�

6LJYDUG�7��+DQVHQ��-U���0�'�

3URIHVVRU

+DUERUYLHZ�0HGLFDO�&HQWHU

)RRW�DQG�$QNOH

KDQVHWPG#X�ZDVKLQJWRQ�HGX�

0��%UDGIRUG�+HQOH\��0�'�

3URIHVVRU

+DUERUYLHZ�0HGLFDO�&HQWHU

7UDXPD�� ����������

EKHQOH\#X�ZDVKLQJWRQ�HGX�

-RKQ�5��*UHHQ�,,,��0�'�

$VVRFLDWH�3URIHVVRU

8QLYHUVLW\�RI�:DVKLQJWRQ�0HGLFDO�&HQWHU

6SRUWV�0HGLFLQH�� ����������

MJUHHQ�#X�ZDVKLQJWRQ�HGX�

0LFKDHO�-��*ROGEHUJ��0�'�

&OLQLFDO�3URIHVVRU

&KLOGUHQ¶V�+RVSLWDO�DQG�5HJLRQDO�0HGLFDO��
&HQWHU

3HGLDWULF�2UWKRSDHGLFV���������

PLFKDHO�JROGEHUJ#VHDWWOHFKLOGUHQV�RUJ�

6HWK�6��/HRSROG��0�'�

3URIHVVRU

8QLYHUVLW\�RI�:DVKLQJWRQ�0HGLFDO�&HQWHU

+LS�DQG�.QHH��

OHRSROG#X�ZDVKLQJWRQ�HGX

:DOWHU�)��.UHQJHO�,,,��0�'�

&OLQLFDO�$VVRFLDWH�3URIHVVRU

&KLOGUHQ¶V�+RVSLWDO�DQG�5HJLRQDO�0HGLFDO�
&HQWHU

6SLQH������������

ZDOO\�NUHQJHO#VHDWWOHFKLOGUHQV�RUJ�

-DPHV�&��.ULHJ��0�'�

$VVRFLDWH�3URIHVVRU

+DUERUYLHZ�0HGLFDO�&HQWHU

7UDXPD�� ����������

MFNULHJ#X�ZDVKLQJWRQ�HGX�

5RJHU�9��/DUVRQ��0�'�

$VVRFLDWH�3URIHVVRU

8QLYHUVLW\�RI�:DVKLQJWRQ�0HGLFDO�&HQWHU

6SRUWV�0HGLFLQH�� ����������

GUODUVRQ#X�ZDVKLQJWRQ�HGX�

3DXO�$��0DQQHU��0�'�

$VVRFLDWH�3URIHVVRU

8QLYHUVLW\�RI�:DVKLQJWRQ�0HGLFDO�&HQWHU

+LS�DQG�.QHH

SPDQQHU#X�ZDVKLQJWRQ�HGX�

0LFKDHO�-��/HH��0�'�

$VVLVWDQW�3URIHVVRU

8QLYHUVLW\�RI�:DVKLQJWRQ�0HGLFDO�&HQWHU

6SLQH������������

PMO����#X�ZDVKLQJWRQ�HGX�

)UHGHULFN�$��0DWVHQ�,,,��0�'�

3URIHVVRU

8QLYHUVLW\�RI�:DVKLQJWRQ�0HGLFDO�&HQWHU

6KRXOGHU�DQG�(OERZ�� ����������

PDWVHQ#X�ZDVKLQJWRQ�HGX�
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9LQFHQW�6��0RVFD��0�'�

$VVRFLDWH�3URIHVVRU

&KLOGUHQ¶V�+RVSLWDO�DQG�5HJLRQDO�0HGLFDO��
&HQWHU

3HGLDWULF�2UWKRSDHGLFV���������

YLQFHQW�PRVFD#VHDWWOHFKLOGUHQV�RUJ�

-RKQ�:��2¶.DQH��0�'�

$VVRFLDWH�3URIHVVRU

8QLYHUVLW\�RI�:DVKLQJWRQ�0HGLFDO�&HQWHU

6SRUWV�0HGLFLQH� ����������

MRNDQH#X�ZDVKLQJWRQ�HGX�

'HSDUWPHQW�RI�2UWKRSDHGLFV�DQG�6SRUWV�0HGLFLQH�)DFXOW\

%UXFH�-��6DQJHRU]DQ��0�'�

3URIHVVRU

+DUERUYLHZ�0HGLFDO�&HQWHU

)RRW�DQG�$QNOH������������

EVDQJHRU#X�ZDVKLQJWRQ�HGX�

&DURO�&��7HLW]��0�'�

3URIHVVRU

8QLYHUVLW\�RI�:DVKLQJWRQ�0HGLFDO�&HQWHU

6SRUWV�0HGLFLQH

WHLW]#X�ZDVKLQJWRQ�HGX

*UHJRU\�$��6FKPDOH��0�'�

$VVRFLDWH�3URIHVVRU

&KLOGUHQ¶V�+RVSLWDO�DQG�5HJLRQDO�0HGLFDO��
&HQWHU

3HGLDWULF�2UWKRSDHGLFV�� ����������

*UHJRU\�6FKPDOH#VHDWWOHFKLOGUHQV�RUJ�

-RKQ�$��6LGOHV��3K�'�

3URIHVVRU

8QLYHUVLW\�RI�:DVKLQJWRQ�0HGLFDO�&HQWHU

5HVHDUFK

VLGOHV#X�ZDVKLQJWRQ�HGX�

'RXJODV�*��6PLWK��0�'�

3URIHVVRU

+DUERUYLHZ�0HGLFDO�&HQWHU

)RRW�DQG�$QNOH�����������

GJVPLWK#X�ZDVKLQJWRQ�HGX�

.LW�0��6RQJ��0�'�

$VVRFLDWH�3URIHVVRU

&KLOGUHQ¶V�+RVSLWDO�DQG�5HJLRQDO�0HGLFDO��
&HQWHU

3HGLDWULF�2UWKRSDHGLFV�� ����������

.LW�6RQJ#VHDWWOHFKLOGUHQV�RUJ�

6XQGDU�6ULQLYDVDQ��3K�'�

5HVHDUFK�$VVRFLDWH�3URIHVVRU

+DUERUYLHZ�0HGLFDO�&HQWHU

5HVHDUFK�� ����������

VXQGDUV#X�ZDVKLQJWRQ�HGX�

$OODQ�)��7HQFHU��3K�'�

3URIHVVRU

+DUERUYLHZ�0HGLFDO�&HQWHU

5HVHDUFK

DWHQFHU#X�ZDVKLQJWRQ�HGX�

7KRPDV�(��7UXPEOH��0�'�

3URIHVVRU

8QLYHUVLW\�RI�:DVKLQJWRQ�0HGLFDO�&HQWHU

+DQG�DQG�:ULVW����������

WUXPEOH#X�ZDVKLQJWRQ�HGX�

0LOWRQ�/��5RXWW��-U���0�'�

3URIHVVRU

+DUERUYLHZ�0HGLFDO�&HQWHU

7UDXPD�� ����������

POURXWW#X�ZDVKLQJWRQ�HGX�

/LVD�$��7DLWVPDQ��0�'���0�3�+�

$VVRFLDWH�3URIHVVRU

+DUERUYLHZ�0HGLFDO�&HQWHU

7UDXPD� ����������

WDLWVPDQ#X�ZDVKLQJWRQ�HGX�

6HDQ�(��1RUN��0�'�

$VVRFLDWH�3URIHVVRU

+DUERUYLHZ�0HGLFDO�&HQWHU

7UDXPD����������

QRUN#X�ZDVKLQJWRQ�HGX�
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'HSDUWPHQW�RI�2UWKRSDHGLFV�DQG�6SRUWV�0HGLFLQH�)DFXOW\

-LDQQ�-LX�:X��3K�'�

5HVHDUFK�3URIHVVRU

8QLYHUVLW\�RI�:DVKLQJWRQ�0HGLFDO�&HQWHU

5HVHDUFK�� ����������

ZXMM#X�ZDVKLQJWRQ�HGX�

(PHULWXV�)DFXOW\
6WDQOH\�-��%LJRV��0�'�
3URIHVVRU�(PHULWXV

7KHRGRUH�.��*UHHQOHH��-U���0�'�
$VVRFLDWH�3URIHVVRU�(PHULWXV

/\QQ�7��6WDKHOL��0�'�
3URIHVVRU�(PHULWXV

$GMXQFW�)DFXOW\
%DVLD�5��%HO]D��5�1���3K�'�
3URIHVVRU��3K\VLRORJLFDO�1XUVLQJ

-DFN�:��%HUU\PDQ��3K�'�
3URIHVVRU��0HGLFDO�+LVWRU\�	�(WKLFV

&RUD�%UHXQHU��0�'�
$VVRFLDWH�3URIHVVRU��)DPLO\�0HGLFLQH

&KDUOHV�+��&KHVQXW��0�'�
3URIHVVRU��1XFOHDU�0HGLFLQH

5DQGDO�3��&KLQJ��3K�'�
$VVRFLDWH�3URIHVVRU��0HFKDQLFDO�(QJLQHHULQJ

-HIIUH\�%��)ULHGULFK��0�'�
$VVLVWDQW�3URIHVVRU��6XUJHU\

*UHJRU\�&��*DUGQHU��0�'��
3URIHVVRU��5KHXPDWRORJ\

'DQLHO�2��*UDQH\��3K�'�
3URIHVVRU��%LRORJLFDO�6WUXFWXUH

6XVDQ�0��2WW��0�'�
$VVRFLDWH�3URIHVVRU��'LYLVLRQ�RI��
0HWDEROLVP

:HQG\�5DVNLQG��0�'���3K�'�
3URIHVVRU��*HQHUDO�,QWHUQDO�0HGLFLQH

0LFKDHO�/��5LFKDUGVRQ��0�'��
3URIHVVRU��5DGLRORJ\

0LTLQ�=KDQJ��3K�'�
3URIHVVRU��0DWHULDOV�6FLHQFH�DQG�(QJLQHHULQJ

-RLQW�)DFXOW\
$QWKRQ\�0��$YHOOLQR��0�'�
3URIHVVRU��1HXURORJLFDO�6XUJHU\

5DQG\�0��&KHVWQXW��0�'�
3URIHVVRU��1HXURORJLFDO�6XUJHU\

-DQHW�)��(DU\��0�'�
3URIHVVRU��5DGLRORJ\

-RKQ�(��2OHUXG��0�'�
3URIHVVRU��'LYLVLRQ�RI�'HUPDWRORJ\

1DWKDQ�-��6PLWK��0�'�
3URIHVVRU�(PHULWXV��3HGLDWULFV

1LFKRODV�%��9HGGHU��0�'�
3URIHVVRU��3ODVWLF�6XUJHU\

&OLQLFDO�)DFXOW\
6DUDK�(��-DFNLQV��5�3�7�
$VVLVWDQW�3URIHVVRU��5HKDELOLWDWLRQ�0HGLFLQH

.ODQH�.��:KLWH��0�'���0�6F�

$VVLVWDQW�3URIHVVRU

&KLOGUHQ¶V�+RVSLWDO�DQG�5HJLRQDO�0HGLFDO��
&HQWHU

3HGLDWULF�2UWKRSDHGLFV�� ����������

NODQH�ZKLWH#VHDWWOHFKLOGUHQV�RUJ�

:LQVWRQ�-��:DUPH��0�'�

$VVRFLDWH�3URIHVVRU

8QLYHUVLW\�RI�:DVKLQJWRQ�0HGLFDO�&HQWHU

6KRXOGHU�DQG�(OERZ����������

ZDUPHZM#X�ZDVKLQJWRQ�HGX�

&KULVWRSKHU�-��:DKO��0�'�

$VVLVWDQW�3URIHVVRU

8QLYHUVLW\�RI�:DVKLQJWRQ�0HGLFDO�&HQWHU

6SRUWV�0HGLFLQH����������

ZDKOF#X�ZDVKLQJWRQ�HGX�

7KHRGRUH�:DJQHU��0�'�

&OLQLFDO�3URIHVVRU

8QLYHUVLW\�RI�:DVKLQJWRQ�0HGLFDO�&HQWHU

6SLQH

ZDJQHU#X�ZDVKLQJWRQ�HGX�
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9LVLWLQJ�/HFWXUHUV

&KULVWRSKHU�
+DUQHU��0�'�

�����/H&RFT�/HFWXUHU

7KLV� \HDU� DW � RXU�
D QQXD O � / H&R F T�
OHFWXUH�RQ�)HEUXDU\��

��WK� DQG� ��WK��ZH�ZHUH�
KRQRUHG� WR� KDYH� 'U��
&KULVWRSKHU�+DUQHU�DV�RXU�
�����/H&RFT�/HFWXHUHU�

&KULVWRSKHU�'��+DUQHU��
0�'�� LV� WKH� %OXH� &URVV�
RI�:HVWHUQ� 3HQQV\OYDQLD�
3URIHVVRU� RI�2UWKRSDHGLF�
6XUJHU\�DW�WKH�8QLYHUVLW\�

RI�3LWWVEXUJK�6FKRRO�RI�0HGLFLQH��'U��+DUQHU� LV�DOVR�&KLHI�
RI�WKH�'LYLVLRQ�RI�6SRUWV�0HGLFLQH��)HOORZVKLS�'LUHFWRU��DQG�
0HGLFDO�'LUHFWRU�DW�WKH�830&�&HQWHU�IRU�6SRUWV�0HGLFLQH�

'U�� +DUQHU� VSHFLDOL]HV� LQ� VSRUWV�PHGLFLQH�� HVSHFLDOO\�
NQHH��OLJDPHQW�DQG�FDUWLODJH�LQMXULHV��+LV�UHVHDUFK�IRFXVHV�
RQ� KHDOLQJ� VXFK� LQMXULHV�� HVSHFLDOO\� WKRVH� RI� WKH� DQWHULRU�
DQG� SRVWHULRU� FUXFLDWH� OLJDPHQWV�� WKURXJK� QHZ� VXUJLFDO�
WHFKQLTXHV�

'U�� +DUQHU¶V� OHDGHUVKLS� FOLQLFDOO\� DQG� DFDGHPLFDOO\� LQ�
6SRUWV�0HGLFLQH�LV�HYLGHQFHG�E\�QXPHURXV�JUDQWV��DZDUGV�
DQG� GR]HQV� RI� SXEOLVKHG� VFLHQWL¿F� DUWLFOHV� LQ� FOLQLFDO� DQG�
UHVHDUFK�MRXUQDOV��$ZDUGV�IRU�KLV�UHVHDUFK�LQFOXGH�WKH�&DEDXG�
$ZDUG�������	�������DQG�WKH�([FHOOHQFH�LQ�5HVHDUFK�$ZDUG�
������	�������IURP�WKH�$PHULFDQ�2UWKRSDHGLF�6RFLHW\�IRU�
6SRUWV�0HGLFLQH��WKH�+XJKVWRQ�%HVW�3DSHU�$ZDUG�E\�$-60�
��������DQG�WKH�-RKQ�-R\FH�$ZDUG�������DQG�������IURP�
,6$.26� �7KH� ,QWHUQDWLRQDO� 6RFLHW\� RI� $UWKURVFRS\�� .QHH�
6XUJHU\�DQG�2UWKRSHGLF�6SRUWV�0HGLFLQH��

'U�� +DUQHU¶V� GHGLFDWLRQ� WR� 2UWKRSDHGLFV� DQG� 6SRUWV�
0HGLFLQH� LV�PDUNHG� E\� KLV� FRPPLWPHQW� WR� UHVHDUFK� DQG�
HGXFDWLRQ��+H�LV�DFNQRZOHGJHG�DV�D�0DVWHU�,QVWUXFWRU�E\�WKH�
$UWKURVFRS\�$VVRFLDWLRQ�RI�1RUWK�$PHULFD�DQG�D�UHYLHZHU�IRU�
WKH�3URJUDP�&RPPLWWHH�RI�WKH�2UWKRSDHGLF�5HVHDUFK�6RFLHW\��
+H�ZDV�SUHVLGHQW�RI�WKH�3HQQV\OYDQLD�2UWKRSDHGLF�6RFLHW\�
�326��IURP������WR������DQG�FRQWLQXHV�WR�VHUYH�RQ�LWV�ERDUG�
RI� GLUHFWRUV�� +H� VHUYHV� RQ� WKH� HGXFDWLRQ� FRPPLWWHHV� IRU�
ERWK�WKH�$PHULFDQ�2UWKRSDHGLF�6RFLHW\�IRU�6SRUWV�0HGLFLQH�
DQG�WKH�$UWKURVFRS\�$VVRFLDWLRQ�RI�1RUWK�$PHULFD��DQG�RQ�
WKH� H[HFXWLYH� FRPPLWWHH�RI� WKH�8QLYHUVLW\� RI� 3LWWVEXUJK¶V�
0XVFXORVNHOHWDO�5HVHDUFK�&HQWHU�

'U��+DUQHU�ZDV�DSSRLQWHG�D����\HDU�WHUP�RQ�WKH�ERDUG�
RI�GLUHFWRUV�RI�WKH�$PHULFDQ�%RDUG�RI�2UWKRSDHGLF�6XUJHU\�
���������� DQG� LV� FXUUHQWO\� DQ� 2I¿FHU� RQ� WKH� ERDUG� RI�
GLUHFWRUV��������������'U��+DUQHU�DOVR�LV�D�PHPEHU�RI�WKH�
HGLWRULDO� UHYLHZ� ERDUGV� IRU� WKUHH� RUWKRSDHGLF� DQG� VSRUWV�
PHGLFLQH� MRXUQDOV� DQG� LV� D� UHYLHZHU� IRU� WKUHH� DGGLWLRQDO�
VFLHQWL¿F� MRXUQDOV�� )XUWKHUPRUH�� 'U�� +DUQHU� VHUYHV� DV� D�
SK\VLFLDQ�IRU�PDQ\�ORFDO�VSRUWV�WHDPV�LQFOXGLQJ�WKH�8QLYHUVLW\�
RI�3LWWVEXUJK��5REHUW�0RUULV�8QLYHUVLW\�DQG�:RRGODQG�+LOOV�
+LJK�6FKRRO��+H�UHVLGHV�LQ�WKH�)R[�&KDSHO�DUHD�RI�3LWWVEXUJK�
ZLWK�KLV�ZLIH��&LQG\�DQG�WKHLU�WKUHH�FKLOGUHQ�

-HIIUH\�
1��.DW]��0�'�
�����25()�+DUN�

/HFWXUHU��5HVLGHQW�
5HVHDUFK�'D\

7KLV�VSULQJ�ZH�ZHUH�
KRQRUHG� WR� KDYH�
'U��-HIIUH\�.DW]�DV�

RXU�25()�+DUN�/HFWXUHU�
IRU� 5HVLGHQW� 5HVHDUFK�
'D\��-XQH���WK��

-HIIUH\� .DW]�� 0�'��
LV� WKH� &R�GLUHFWRU� RI�
WKH � %U LJKDP� 6S LQH�
&HQWHU� DW� WKH� %ULJKDP�
DQG�:RPHQ¶V� +RVSLWDO�

LQ� %RVWRQ�� +H� ZRUNV� LQ� WKH� 'LYLVLRQ� RI� 5KHXPDWRORJ\��
,PPXQRORJ\�DQG�$OOHUJ\�ZKHUH�LV�KH�DQ�$VVRFLDWH�3URIHVVRU�

'U��.DW]�JUDGXDWHG�IURP�3ULQFHWRQ�8QLYHUVLW\�LQ������ZLWK�
D�GHJUHH�LQ�%LRFKHPLVWU\��$W�<DOH�0HGLFDO�6FKRRO�LQ�������
KH�FRPSOHWHG�KLV�0'��+H�ZDV�D�IHOORZ�LQ�5KHXPDWRORJ\�DW�
%ULJKDP�DQG�:RPHQ¶V�+RVSLWDO�IURP������WR�������'U��.DW]�
DOVR�FRPSOHWHG�D�.HOORJJ�)HOORZVKLS�LQ�&OLQLFDO�(IIHFWLYHQHVV�
DW�WKH�+DUYDUG�6FKRRO�RI�3XEOLF�+HDOWK�LQ������

6LQFH� ������ KH� KDV� EHHQ� D� 6WDII� 5KHXPDWRORJLVW� DW�
%ULJKDP�DQG�:RPHQ¶V�+RVSLWDO���+H�LV�DOVR�FXUUHQWO\�WKH�
'LUHFWRU�RI�WKH�5REHUW�%ULJKDP�$UWKULWLV�DQG�0XVFXORVNHOHWDO�
&OLQLFDO� 5HVHDUFK� &HQWHU� DV�ZHOO� DV� WKH� 'LUHFWRU� RI� WKH�
2UWKRSDHGLF�DQG�$UWKULWLV�&HQWHU� IRU�2XWFRPHV�5HVHDUFK�
DW�%ULJKDP�DQG�:RPHQ¶V�+RVSLWDO�

'U�� .DW]� KDV� UHFHLYHG�PDQ\� DFFRODGHV� VXFK� DV� WKH�
$PHULFDQ�&ROOHJH�RI�5KHXPDWRORJ\�6HQLRU�5KHXPDWRORJ\�
)HOORZ�$ZDUG�� WKH�$UWKULWLV� ,QYHVWLJDWRU�$ZDUG�� IURP�WKH�
$UWKULWLV�)RXQGDWLRQ��WKH�+HQU\�.XQNHO�<RXQJ�,QYHVWLJDWRU�
$ZDUG�� $PHULFDQ� &ROOHJH� RI� 5KHXPDWRORJ\�� WKH� $UWKULWLV�
+HUR�$ZDUG�IURP�WKH�1DWLRQDO�$UWKULWLV�)RXQGDWLRQ��DQG�WKH�
&OLIIRUG�%DUJHU�([FHOOHQFH�LQ�0HQWRULQJ�$ZDUG�IURP�+DUYDUG�
0HGLFDO�6FKRRO��

)RU� KLV� UHVHDUFK�� KH� LV� D� SK\VLFLDQ� LQYHVWLJDWRU�ZLWK�
H[WHQVLYH�FOLQLFDO�H[SHULHQFH�LQ�PXVFXORVNHOHWDO�GLVRUGHUV�
RI� DOO� NLQGV� LQFOXGLQJ� GHJHQHUDWLYH�� WUDXPDWLF� DQG�
LQÀDPPDWRU\�� 'U�� .DW]� KDV� DGYDQFHG� WUDLQLQJ� LQ� FOLQLFDO�
UHVHDUFK�PHWKRGRORJ\� DQG� KDV� SXEOLVKHG� H[WHQVLYHO\��
+LV�ZRUN� KDV� LQFRUSRUDWHG� D� UDQJH� RI� GHVLJQV� LQFOXGLQJ�
UDQGRPL]HG� WULDOV�� FRKRUW� DQG� FDVH� FRQWURO� VWXGLHV��
TXDOLWDWLYH�UHVHDUFK�DQG�TXDQWLWDWLYH�OLWHUDWXUH�V\QWKHVLV��

�����
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8QLYHUVLW\�RI�:DVKLQJWRQ�0HGLFDO�&HQWHU

:H�DUH� ILQLVKLQJ� D� \HDU� RI�
FKDQJH� DW� WKH�8QLYHUVLW\� RI�
:DVKLQJWRQ�0HGLFDO� &HQWHU�

DQG� 6FKRRO� RI� 0HGLFLQH�� )UHGHULFN�
$�� 0DWVHQ�� ,,,�� 0'�� RXU� HVWHHPHG�
FKDLUPDQ� IRU� WKH� SDVW� ��� \HDUV�
KDV� VWHSSHG� GRZQ� DV� FKDLUPDQ� RI�
RXU� GHSDUWPHQW�� 7KRXJK� ORVLQJ� 'U��
0DWVHQ¶V�VWHDG\�KDQG�DW� WKH�KHOP�RI�
RXU�GHSDUWPHQW��ZH�DUH�YHU\�H[FLWHG�
WKDW�KH�ZLOO�QRZ�EH�DEOH�WR�GHYRWH�HYHQ�
PRUH� WLPH� WR� RUWKRSDHGLF� UHVHDUFK��
FOLQLFDO�FDUH�DQG�UHVLGHQW�HGXFDWLRQ��

7KH�8QLYHUVLW\�FRQWLQXHV�WR�UHPDLQ�
DQ�H[WUHPHO\�EXV\�FHQWHU�IRU�WHUWLDU\�
RUWKRSDHGLF�FDUH��7KHUH�DUH�SURMHFWHG�

WR� EH� QHDUO\� ������ FDVHV� SHUIRUPHG�
LQ� ¿VFDO� \HDU� ������ 7KLV� UHSUHVHQWV�
D� VOLJKW� LQFUHDVH� RYHU� WKH� SUHYLRXV�
\HDU�DQG�DERXW�D�����LQFUHDVH�IURP�
)<�������7KLV�LQFUHDVH�LQ�YROXPH�KDV�
RFFXUUHG�ZKLOH� WKH�DYHUDJH� OHQJWK�RI�
DQ�LQSDWLHQW�VWD\�FRQWLQXHV�WR�GHFUHDVH�
DQG�LV�QRZ�XQGHU�IRXU�GD\V��,Q�DGGLWLRQ��
RXU� LQSDWLHQW� XQLW�� �� 6(�� XQGHU� WKH�
PDQDJHPHQW� RI� 6XVDQ� 7KHLOHU�� 51��
KDV� VHHQ� D� UHPDUNDEOH� UHGXFWLRQ� LQ�
IDOOV� UHVXOWLQJ� LQ� LQMXU\�� 'XULQJ� KLV�
WLPH�DV�&KLHI�RI�2UWKRSDHGLFV�	�6SRUWV�
0HGLFLQH�DQG�0HGLFDO�'LUHFWRU�RI��6(��
6HWK�6��/HRSROG��0'��ZRUNHG�FORVHO\�
ZLWK� 0V�� 7KHLOHU� LQ� GHYHORSLQJ� WKLV�

SURJUDP� WR� GHFUHDVH� WKH� QXPEHU� RI�
IDOOV�E\�RUWKRSDHGLF�SDWLHQWV��0LFKDHO�
-��/HH��0'��RQH�RI�RXU�WDOHQWHG�VSLQH�
VXUJHRQV�� LV� WKH� QHZO\� DSSRLQWHG�
0HGLFDO� 'LUHFWRU� IRU� �6(� DQG� ORRNV�
IRUZDUG� WR� FRQWLQXLQJ� SDWLHQW� VDIHW\�
SURJUDPV� GHYHORSHG� E\� 'U�� /HRSROG�
DQG�0V��7KHLOHU�DQG�H[SDQGLQJ�RQ�WKHP�
ZLWK�VRPH�QHZ�LQLWLDWLYHV��

:H� FRQWLQXH� WR� KDYH� YHU\� EXV\�
RXWSDWLHQW� VXUJLFDO� SUDFWLFHV� DW� WKH�
5RRVHYHOW�%RQH�DQG�-RLQW�&HQWHU��WKH�
6SRUWV�0HGLFLQH�&OLQLF��DQG�WKH�(DVWVLGH�
6SHFLDOW\�&HQWHU�� -HUU\�+XDQJ��0'� LV�
FXUUHQWO\� UXQQLQJ� WKH� +DQG� 6HUYLFH�
DQG�KDV�D�SUHVHQFH�DW�ERWK�WKH�%RQH�

2XU�5RERWLFV�/DE��RSHUDWHG�E\�3HWHU�5��&DYDQDJK��3K�'���SLFWXUHG�KHUH�FHQWHU���RSHQHG�RQ�0DUFK����������
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DQG� -RLQW� &HQWHU� DQG� WKH� (DVWVLGH�
6SHFLDOW\� &OLQLF�� 'DQ� 3DW]NHU�� 3$&�
DQG�0DJHH�6DHZHUW��3$&�DVVLVW�-HUU\�
LQ�PDQDJLQJ�WKLV�EXV\�VHUYLFH�� �6HWK�
/HRSROG��0'�FRQWLQXHV�WR�UXQ�WKH�WRWDO�
MRLQW� VHUYLFH�DQG�PDLQWDLQV� FOLQLFV�DW�
WKH�%-&�DQG�WKH�(6&��3DXO�0DQQHU��0'��
DOVR�D�OLQFKSLQ�RI�WKH�WRWDO�MRLQW�VHUYLFH�
KDV� MXVW�EHHQ�SURPRWHG�WR�$VVRFLDWH�
3URIHVVRU�LQ�2UWKRSDHGLFV�DQG�6SRUWV�
0HGLFLQH�ZKLOH� +RZDUG� &KDQVN\� KDV�
DVVXPHG�WKH�SRVLWLRQ�RI�$FWLQJ�&KLHI�
RI�2UWKRSDHGLFV�DW�WKH�8:0&���7KUHH�
SK\VLFLDQ�DVVLVWDQWV��7LP�&RJORQ��3HWH�
+DOO��DQG�'DQ�6WDPSHU��URXQG�RXW�WKH�
WRWDO�MRLQW�VHUYLFH�

'U�� 0DWVHQ� DQG�:LQVWRQ�:DUPH�
FRQVWLWXWH� RXU� VKRXOGHU� DQG� HOERZ�
VHUYLFH� ZLWK� WKH� DVVLVWDQFH� RI� $OH[�
%HUWHOVHQ�� 3$&�� 2XU� 6SLQH� 6HUYLFH�

UHPDLQV� LQ� WKH� FDSDEOH� KDQGV� RI�
0LFKDHO�/HH��0'��-HQV�&KDSPDQ��0'�
DQG�7HG�:DJQHU��0'��6XH�(DUOV��3$&�
DQG�(FKLQJ�9��%HUWHOVHQ��3$&�DUH�FULWLFDO�
PHPEHUV�RI�WKH�VSLQH�WHDP��:H�ZHUH�
DOO�H[FLWHG�RYHU�WKH�UHFHQW�ELUWK�RI�WKH�
YHU\�FXWH�$OH[DQGHU�-U��WR�(FKLQJ�DQG�
$OH[�%HUWHOVHQ�

7KHUH� DUH� D� ZLGH� YDULHW\� RI�
UHVHDUFK�LQWHUHVWV�DW�WKH�8QLYHUVLW\�RI�
:DVKLQJWRQ�0HGLFDO�&HQWHU�DQG�WKHVH�
DUH�VWURQJO\�UHÀHFWHG�LQ�WKH�SXEOLFDWLRQ�
RI�WKLV�\HDU¶V�UHVHDUFK�UHSRUW��:H�DUH�
YHU\� H[FLWHG� WR� DQQRXQFH� WKH� IRUPDO�
RSHQLQJ� RI� WKH�2UWKRSDHGLF� 5RERWLFV�
/DERUDWRU\� XQGHU� WKH� GLUHFWRUVKLS� RI�
3HWHU�5��&DYDQDJK��3K'��7KLV�ODERUDWRU\�
LV�WKH�¿UVW�RI�LWV�NLQG�LQ�RXU�GHSDUWPHQW�
DQG�ZLOO�SHUPLW�'U��&DYDQDJK�DQG�KLV�
WHDP�WR�FRQWLQXH�WKHLU�LQWHUQDWLRQDOO\�
UHQRZQHG� ELRPHFKDQLFV� UHVHDUFK��
7KH�ODE�KDV�DOUHDG\�EHFRPH�D�KXE�RI�
DFWLYLW\�DV�VHYHUDO�IDFXOW\�PHPEHUV�DQG�
UHVLGHQWV� KDYH� VWDUWHG� FROODERUDWLYH�
SURMHFWV� ZLWK� 'U�� &DYDQDJK��:H� DUH�
DOVR� SOHDVHG� WR� DQQRXQFH� WKDW� 'U��
&DYDQDJK� KDV� DFFHSWHG� RXU� ILUVW�
DSSRLQWPHQW�DV�9LFH�&KDLU�RI�5HVHDUFK�
IRU� WKH� 'HSDUWPHQW� RI� 2UWKRSDHGLFV�
DQG�6SRUWV�0HGLFLQH��

:H� DUH� YHU\� H[FLWHG� DERXW� RXU�
IXWXUH�DW�WKH�8QLYHUVLW\�RI�:DVKLQJWRQ�
0HGLFDO�&HQWHU��:H�DQWLFLSDWH�D�IXUWKHU�
LQFUHDVH� LQ� WKH� QXPEHU� RI� LQSDWLHQW�
SURFHGXUHV�� DV� ZHOO� DV� RXWSDWLHQW�
FOLQLF� YLVLWV�� 7KHVH� HQGHDYRUV� VKRXOG�
EH� DLGHG� ZLWK� WKH� UHFUXLWPHQW� RI�
QHZ� IDFXOW\� DQG� WKH� VWUHQJWKHQLQJ�
RI� RXU� UHODWLRQVKLSV� ZLWK� RXU� IDPLO\�
SUDFWLW LRQHUV� DQG� UHKDELO LWDWLRQ�
PHGLFLQH�SDUWQHUV��:H�DUH�HPEDUNLQJ�

RQ� SODQV� WR� IXUWKHU� LQFUHDVH� DFFHVV�
WR�DOO�RI�RXU�FOLQLFV��,Q�WKH�SURFHVV�RI�
HQKDQFLQJ� DFFHVV��ZH� DLP� WR� UHDOL]H�
VWURQJHU�WLHV�ERWK�WR�RXU�RUWKRSDHGLF�
FROOHDJXHV�LQ�JUHDWHU�6HDWWOH��DV�ZHOO�DV�
WR�RXU�8QLYHUVLW\�RI�:DVKLQJWRQ�IDPLO\�
SUDFWLFH�DQG�UHKDELOLWDWLRQ�SK\VLFLDQV��
:H� DUH� SOHDVHG� WKDW� 1HOVRQ� +DJHU��
0'�� D� PHPEHU� RI� WKH� 'HSDUWPHQW�
RI� 5HKDELOLWDWLRQ� KDV� MRLQHG� .DULQ�
+ROPEHUJ��51��*DU\�%DUQHWW��51�DQG�
'U� &KDQVN\� LQ�PDQDJLQJ� WKH� %RQH�
DQG� -RLQW� &OLQLF�� 1HOVRQ� EULQJV� D�
XQLTXH� SHUVSHFWLYH� JOHDQHG� IURP�KLV�
H[SHULHQFH�EXLOGLQJ�D�EXV\�SUDFWLFH�LQ�
WKH�SULYDWH�VHFWRU��

8QGHU� WKH� OHDGHUVKLS� RI� RXU� QHZ�
DFWLQJ� FKDLUPDQ�� -HQV� 5�� &KDSPDQ��
0'��ZH�DUH�DOVR�ORRNLQJ�WR�FRQWLQXH�WR�
GHYHORS�WKH�IDFXOW\�DW�WKH�8QLYHUVLW\�RI�
:DVKLQJWRQ�0HGLFDO�&HQWHU��7KHUH�DUH�
FXUUHQWO\�DFWLYH�UHFUXLWPHQWV�IRU�D�IRRW�
DQG�DQNOH�VXUJHRQ��DV�ZHOO�DV�D�QHZ�
RUWKRSDHGLF�RQFRORJLVW�WR�DVVLVW�(UQHVW�
³&KDSSLH´�&RQUDG��0'��LQ�PDQDJLQJ�KLV�
UHQRZQHG�WXPRU�SUDFWLFH��

:H� DUH� H[FLWHG� DERXW� WKH�PDQ\�
GHYHORSPHQWV�XQGHUZD\�RQ�RXU�VHUYLFH�
DW�8:0&�DQG�KRSH�WKDW�PDQ\�RI�WKH�
UHDGHUV� ZLOO� MRLQ� XV� LQ� WRXU� RI� RXU�
5HVHDUFK� DFWLYLWLHV� DQG� HGXFDWLRQDO�
DFWLYLWLHV�SODQQHG�DURXQG�WKH�\HDU�

+RZDUG�$��&KDQVN\��0�'�
3URIHVVRU�DQG�9LFH�&KDLU

8:0&�LV�VHW�WR�H[SDQG�LQ�)DOO������

2XU�GHSDUWPHQW�RZHV�D�JUHDW�GHDO�RI�
JUDWLWXGH� WR� .HQ� .DUERZVNL��0�3�+���
'LUHFWRU� �ULJKW�� DQG� 3DWULFN� *UHHQ��
0�%�$���$VVLVWDQW�$GPLQLVWUDWRU��OHIW��
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6SRUWV�0HGLFLQH

7KH� 8QLYHUVLW\� RI� :DVKLQJWRQ�
6SRUWV� 0HGLFLQH� &OLQLF� KDV� D�
SURXG�KLVWRU\�RI�WUHDWLQJ�DWKOHWLF�

LQMXULHV�QRW�RQO\�LQ�WKH�+XVN\�VWXGHQW�
DWKOHWH� EXW� DWKOHWLFDO O\� PLQGHG�
PHPEHUV�RI�RXU�FRPPXQLW\�DQG�ORFDO�
5HJLRQ�RI�WKH�FRXQWU\�DV�ZHOO��6WDUWHG�
LQ� ������ 7KH� 6SRUWV�0HGLFLQH� &OLQLF�
FRQWLQXHV� WR� SURYLGH� FRPSUHKHQVLYH�
FDUH�IRU�LQMXULHV�VXVWDLQHG�DW�DOO�OHYHOV�
RI�SK\VLFDO�DFWLYLW\�ZLWK�D�IRFXV�RQ�WKH�
SDWLHQW¶V� FXUUHQW� DQG� IXWXUH� DWKOHWLF�
JRDOV��

2XU�FOLQLFDO�VHUYLFHV�LQFOXGH�
�� (YDOXDWLRQ�� SUHYHQWLRQ� DQG�

WUHDWPHQW�RI�VSRUWV�RU�H[HUFLVH�UHODWHG�
LQMXULHV

��6XUJLFDO�DQG�VSHFLDOW\�FDUH�RI�WKH�
VKRXOGHU��HOERZ��KLS��EDFN��NQHH��DQNOH�
DQG�IRRW

�� $UWKURVFRSLF� DQG� PLQLPDOO\�
LQYDVLYH�VXUJHU\

�� ([HUFLVH� WUDLQLQJ� SURJUDPV� DQG�
SK\VLFDO� WKHUDS\�UHKDELOLWDWLRQ� IRU�
UHWXUQLQJ�WR�DFWLYLW\

�� %UDFH�¿WWLQJ�� FXVWRP� RUWKRWLFV��
VSOLQWLQJ��FDVWLQJ�DQG�ELNH�¿WWLQJ

'U�� -RKQ�2¶.DQH�KDV�EHHQ�QDPHG�
E\�6HDWWOH�PDJD]LQH�DV�RQH�RI�WKH�³7RS�
'RFV´�LQ�6SRUWV�0HGLFLQH��,Q�������'U��
2¶.DQH�ZDV�DOVR�GLVWLQJXLVKHG�DV�EHLQJ�
WKH�¿UVW�UHFLSLHQW�RI�WKH�%RE�DQG�6DOO\�
%HKQNH�(QGRZHG�&KDLU�IRU�WKH�+HDOWK�
RI�WKH�6WXGHQW�$WKOHWH�

&XUUHQW�UHVHDUFK�DPRQJ�RXU�IDFXOW\�
LQFOXGHV�H[DPLQLQJ�LQMXULHV�LQ�IHPDOH�
\RXWK� VRFFHU� SOD\HUV�� H[DPLQLQJ�
-RQHV� IUDFWXUHV� LQ� 8QLYHUVLW\� RI�
:DVKLQJWRQ�IRRWEDOO�SOD\HUV��VWXG\LQJ�

WKH�ELRPHFKDQLFDO�SURSHUWLHV�RI�WLELDO�
DQWHULRU� WHQGRQV�DQG�SDWHOODU� WHQGRQ�
DOORJUDIW��DQG�VWXG\LQJ�WKH�RXWFRPH�RI�
LQIHFWHG�$&/�UHFRQVWUXFWLRQV��$FWLYHO\�
IXQGHG�SURMHFWV�LQFOXGH�FROODERUDWLRQV�
ZLWK� 6PLWK��� 1HSKHZ�5LFKDUGV� DQG�
'H3X\�0LWHN� IRU� WKH� GHYHORSPHQW�
DQG�PDLQWHQDQFH�RI�WKH�8QLYHUVLW\�RI�
:DVKLQJWRQ�$UWKURVFRS\��5HVHDUFK�DQG�
7UDLQLQJ�/DERUDWRU\��$57�ODE���$�SLORW�
SURMHFW�ORRNLQJ�DW�LQMXULHV�LQ�JLUOV�FOXE�
J\PQDVWLFV�LV�DOVR�XQGHUZD\�

2Q�WKH�FOLQLFDO�VLGH�RXU�SUDFWLFH�KDV�
HQMR\HG�UREXVW�JURZWK�ZLWK�RYHU�������
SDWLHQW� YLVLWV�PRQWK� DQG� RYHU� ����

)LJXUH����(DUOLHU�WKLV�\HDU�6SRUWV�0HGLFLQH�YROXPHV�KDYH�UHDFKHG�
KLVWRULF�KHLJKWV�LQ�QXPEHU�RI�PRQWKO\�RXWSDWLHQWV�HFOLSVLQJ�������
DQG�VXUJLFDO�FDVHV�UHDFKLQJ�DERYH�����PRQWK�

)LJXUH����'U��-RKQ�µ7UH\¶�*UHHQ�ORRNLQJ�RXW�RYHU�+XVN\�VWDGLXP��
+RSHIXOO\��D�+XVN\�)RRWEDOO�VWDGLXP�UHPRGHO�ZLOO�SURYLGH�D�QHZ�
RSSRUWXQLW\�IRU�FRORFDWLRQ�ZLWK�6SRUWV�0HGLFLQH�

)LJXUH�����7KH�FXUUHQW�ORFDWLRQ�RI�WKH�6SRUWV�0HGLFLQH�&OLQLF��UHVLGHV�ZLWKLQ�WKH�EDFNVLGH�
RI� WKH�%DQN�RI�$PHULFD�$UHQD�DQG�RIIHUV�DWKOHWHV�DQG�DWKOHWLFDOO\� LQFOLQHG�SDWLHQWV�
LPPHGLDWH�SUR[LPLW\�WR�KLJK�OHYHO�GLUHFWHG�SDWLHQW�FDUH��

VXUJLFDO� FDVHV�PRQWK�KDYLQJ�EHFRPH�
WKH�QRUP��

)XWXUH�JRDOV�IRU�WKH�6SRUWV�0HGLFLQH�
&OLQLF� LQFOXGH� WKH� IRUPDWLRQ� RI� DQ�
DFFUHGLWHG�6SRUWV�0HGLFLQH�)HOORZVKLS��
GHYHORSPHQW� RI� D� SUHPLHU� IXO O�
VHUYLFH�VSRUWV�SUDFWLFH� IRU�WKH�3DFL¿F�
1RUWKZHVW�� EHFRPLQJ� D� FRUQHUVWRQH�
IRU�WKH�GHYHORSPHQW�RI�WKH�1HZ�+XVN\�
6WDGLXP�ZKLOH� FRQWLQXLQJ� WR� SURYLGH�
WKH�EHVW�SRVVLEOH�FDUH�WR�RXU�SDWLHQWV�
VR�WKH\�FDQ�OHDG�DQ�DFWLYH�OLYHV�

-RKQ�5��*UHHQ�,,,��0�'��DQG�&ODXGLD�
+DSSH�+DUWVHOO��5�1�
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,I�1RW�:K\�1RW"

³$OUHDG\� LQ� ����� ,� KDG� EHFRPH�
LQWHUHVWHG� LQ�ZKDW� ,� KDYH� FDOOHG� WKH�
(QG� 5HVXOW� ,GHD�� ZKLFK� ZDV�PHUHO\�
WKH�FRPPRQ�VHQVH�QRWLRQ�WKDW�HYHU\�
KRVSLWDO� VKRXOG� IROORZ� HYHU\� SDWLHQW�
LW� WUHDWV�� ORQJ� HQRXJK� WR� GHWHUPLQH�
ZKHWKHU� RU� QRW� WKH� WUHDWPHQW� KDV�
EHHQ� VXFFHVVIXO�� DQG� WKHQ� WR� LQTXLUH�
CLI� QRW�� ZK\� QRW"¶���� :H� KDG� IRXQG�
WKDW� WKLV� URXWLQH� WUDFLQJ� RI� HYHU\�
FDVH�� LQWHUHVWLQJ� RU� XQLQWHUHVWLQJ��
KDG� EURXJKW� WR� RXU� QRWLFH� PDQ\�
WKLQJV� LQ� ZKLFK� RXU� NQRZOHGJH�� RXU�
WHFKQLTXH��RXU�RUJDQL]DWLRQ��RXU�RZQ�
VNLOO� RU� ZLVGRP�� DQG� SHUKDSV� HYHQ�
RXU�FDUH�DQG�RXU�FRQVFLHQFHV��QHHGHG�
DWWHQWLRQ�́

:KHQ�KH�SUHVHQWHG�WKLV�LGHD�LQ������
LQ� WKH� JUHDW� KDOO� RI� WKH� 3KLODGHOSKLD�
$FDGHP\� RI� 0HGLFLQH�� (�� $PRU\�
&RGPDQ� SRLQWHG� RXW� WKDW� DQVZHULQJ�
WKHVH�TXHVWLRQV�LV�RI�SULPDU\�LQWHUHVW�
WR�WKH�SDWLHQW��WKH�SXEOLF��DQG�WKRVH�LQ�
WKH�PHGLFDO�¿HOG��+H�WKHQ�DVNHG��³:KR�
UHSUHVHQWV�RU�DFWV�IRU�WKHVH�LQWHUHVWV"´�
DQG�DQVZHUHG��³6WUDQJHO\�HQRXJK�WKH�
DQVZHU� LV�� 1R� RQH�́ � ,Q� KLV� LQIDPRXV�
FDUWRRQ�RI�WKH�³%DFN�%D\�*ROGHQ�*RRVH�
2VWULFK�́ �KH�VKRZHG�WKH�ELUG�SURGXFLQJ�
JROGHQ�HJJV�RI�SUR¿W�ZKLOH�KLGLQJ�KHU�
KHDG�LQ�WKH�VDQG�VR�VKH�FRXOG�QRW�VHH�
KRZ�PXFK��RU�KRZ�OLWWOH��WKH�FDUH�ZDV�
EHQH¿WLQJ�WKH�SDWLHQW��)RU�KLV�LQWHJULW\��
KH�ZDV�¿UHG�IURP�WKH�KRVSLWDO��KPP���

&RGPDQ�GLHG����\HDUV�DJR�DQG�ZDV�
EXULHG� LQ� D� QDPHOHVV� JUDYH� QHDU� KLV�
ZLIH¶V� IDPLO\�PDXVROHXP�� $� FHQWXU\�
ODWHU�ZH�DUH�VWUXJJOLQJ�ZLWK�WKH�VDPH�
LVVXHV�

,I�ZH�DUH�WR�KDYH�D�YDOLG�DVVHVVPHQW�
RI�WKH�HIIHFWLYHQHVV�RI�DQ�RSHUDWLRQ��ZH�

¿UVW�QHHG�D�PHWKRG�IRU�GHWHUPLQLQJ�WKH�
UHVXOW�LQ�D�UHDVRQDEOH�VWDWLVWLFDO�VDPSOH�
RI�SDWLHQWV�KDYLQJ�WKLV�SURFHGXUH��$V�DQ�
H[DPSOH�RI�WKH�GLI¿FXOW\�LQ�DFKLHYLQJ�
WKLV� REMHFWLYH�� +DVDQ� HW� DO�� VKRZHG�
WKDW� WKH� JUHDW�PDMRULW\� RI� VKRXOGHU�
DUWKURSODVWLHV�LQ�1HZ�<RUN�DUH�GRQH�E\�
VXUJHRQV�ZKR�SHUIRUP�IHZHU�WKDQ�IRXU�
SHU�\HDU��%HFDXVH�WKH�SUHSRQGHUDQFH�
RI�WKHVH�FDVHV�DUH�QRW�LQFOXGHG�LQ�WKH�
VWXGLHV� RI� RXWFRPHV� �ZKLFK� HPLQDWH�
IURP�DFDGHPLF�FHQWHUV��� WKH�VXUJLFDO�
UHVXOWV� GDWD� SXEOLVKHG� LQ� WKH� SHHU�
UHYLHZHG� OLWHUDWXUH� DUH� QRW� JHQHUDOO\�
UHOHYDQW� WR� FRPPXQLW\� RUWKRSDHGLF�
SUDFWLFH�� EHFDXVH� WKH\� ODFN� H[WHUQDO�
YDOLGLW\²WKDW�LV��WKH\�FDQQRW�EH�DSSOLHG�
WR� WKH� FRPPRQ� VXUJLFDO� H[SHULHQFH��
:H� DUH� VXUHO\� D� ORQJ� ZD\� IURP�
FRPSO\LQJ� ZLWK� &RGPDQ¶V� QRWLRQ� RI�
IROORZLQJ� ³HYHU\´� SDWLHQW�� 7KH� LVVXH��
DV� KH� SRLQWHG� RXW�� LV� WKDW� QR� RQH� LV�
UHSUHVHQWLQJ�RU�DFWLQJ�LQ�WKH�LQWHUHVW�RI�
WKH�DYHUDJH�SDWLHQW�KDYLQJ�WKH�VXUJHU\�

$V�WKH�H[SHQVH�RI�PHGLFLQH�EHFRPHV�
SURJUHVVLYHO\� XQDIIRUGDEOH�� WKH� QHHG�
IRU� H[WHUQDOO\� YDOLG�� JHQHUDOL]DEOH�
DQDO\VHV�RI�VXUJLFDO�HIIHFWLYHQHVV�ZLOO�
EH� SUHVVHG� RQ� XV� E\� WKH� HPSOR\HUV��
ZKR� DUH� UHVSRQVLEOH� IRU� WKH�PHGLFDO�
EHQH¿WV� RI� WKHLU� HPSOR\HHV�� DQG� E\�
WKH�JRYHUQPHQW��ZKLFK�LV�UHVSRQVLEOH�
IRU� WKH� PHGLFDO� EHQHILWV� RI� WKRVH�
ZLWKRXW�PHGLFDO� EHQH¿WV� IURP� WKHLU�
HPSOR\HUV��,W�LV�LQ�WKHLU�LQWHUHVW��7KH�
WZR�NH\�VWHSV�WKDW�ZLOO�KHOS�XV�WR�REWDLQ�
YDOLG�GDWD�RQ�WKH�FRPPRQ�H[SHULHQFH�
DUH������WR�GH¿QH�DQG�DSSO\�URXWLQHO\�
WKH�PRVW�SUDFWLFDO�WRRO�IRU�PHDVXULQJ�
WKH� UHVXOW� RI� WUHDWPHQW� �VXFK� DV� D�
VHULHV�RI�³\HV�RU�QR´�TXHVWLRQV�DERXW�

FRPIRUW�DQG�IXQFWLRQ�WKDW�WKH�SDWLHQW�
FDQ�FRPSOHWH�EHIRUH�DQG�VHTXHQWLDOO\�
DIWHU�WKH�SURFHGXUH��VR�WKDW�FRVW�LV�QRW�
DQ�REVWDFOH�WR�LWV�XVH�LQ�HYHU\�SUDFWLFH��
DQG�����WR�H[HUW�OHDGHUVKLS�DW�DOO�OHYHOV�
IRU� WKH� EURDG� FROOHFWLRQ� DQG� DQDO\VLV�
RI� WKHVH�GDWD�VR�ZH�FDQ�VHH�ZKDW� LV�
DQG�ZKDW� LV� QRW� ZRUNLQJ� DFURVV� RXU�
VSHFLDOW\��

:KLOH�,¶YH�EHHQ�KHDYLO\�FULWLFL]HG�E\�
WKRVH�DGYRFDWLQJ�³REMHFWLYH´�PHDVXUHV��
P\�LQFOLQDWLRQ�KDV�EHHQ�WRZDUG�WRROV�
IRXQGHG� LQ� SDWLHQW� VHOI�DVVHVVPHQW�
EHFDXVH�VXFK�D�WRRO�FDQ�EH�SUDFWLFDOO\�
DSSOLHG� LQ� D� FRQVLVWHQW� PDQQHU�
ZLWKRXW�ZRUU\� DERXW� VWDQGDUGL]DWLRQ�
RI� H[DPLQHUV� LQ� WKH� GRFXPHQWDWLRQ�
RI� UDQJH� RI� PRWLRQ� DQG� VWUHQJWK��
EHFDXVH� VHOI�DVVHVVPHQW� LV� UHODWLYHO\�
LPPXQH�IURP�WKH�ELDV�RI�WKH�H[DPLQHU��
EHFDXVH� LW� LV� PXFK� OHVV� H[SHQVLYH�
WR� KDYH� WKH� SDWLHQW� UHSRUW� RQ� WKH�
SDWLHQW�WKDQ�WR�KLUH�VRPHRQH�HOVH�WR�
GR�LW��DQG��XOWLPDWHO\��EHFDXVH�LW�LV�WKH�
SDWLHQW¶V�RSLQLRQ�WKDW�LV�PRVW�LPSRUWDQW�
UHJDUGLQJ�WKH�FRPIRUW�DQG�IXQFWLRQ�RI�
WKHLU� OLPEV�DQG�VSLQH�� �7R�SXW�D�¿QH�
SRLQW�RQ�LW��LW�VHHPV�D�UHDFKDEOH�JRDO�
WR� H[SHFW� HYHU\RQH� GRLQJ� VKRXOGHU�
SURFHGXUHV� WR� KDYH� HDFK� RI� WKHLU�
SDWLHQWV�UHSRUW�³\HV´�RU�³QR´�UHJDUGLQJ�
��� EDVLF� VKRXOGHU� IXQFWLRQV� EHIRUH�
DQG� DW� D� \HDU� DIWHU� VXUJHU\�� WKH�
VDPH� FDQQRW� EH� VDLG� IRU� WKH�PRUH�
FRPSOH[� µREMHFWLYH¶� LQVWUXPHQWV� WKDW�
UHTXLUH� SK\VLFDO� H[DPLQDWLRQ�� � ,I� DQ�
HYDOXDWLRQ�PHWKRG� LV� LPSUDFWLFDO� LQ�
FRPPXQLW\�SUDFWLFH��LW�V\VWHPDWLFDOO\�
DQG� VHOHFWLYHO\� H[FOXGHV� WKH� ODUJHVW�
DQG�PRVW�LPSRUWDQW�JURXSV�RI�SDWLHQWV�
DQG�VXUJHRQV�IURP�WKH�VDPSOH²WKRVH�



��� �����257+23$(',&�5(6($5&+�5(3257

LQ�JHQHUDO�RUWKRSDHGLF�SUDFWLFHV�
7KH� EHQHILW � IURP� D� VXUJLFDO�

SURFHGXUH� FDQ� RQO\� EH� GHWHUPLQHG�
LI�ZH�DVVHVV� WKH�SDWLHQW� LQ� WKH�VDPH�
ZD\� EHIRUH� DQG� DIWHU� WKH� WUHDWPHQW��
7KHUH�LV�LQFRQVLVWHQW�XVH�RI�WKH�ZRUG�
³RXWFRPH´�LQ�RXU�OLWHUDWXUH��&RPPRQ�
VHQVH�LQGLFDWHV�WKDW�µRXWFRPH¶�PHDQV�
ZKDW� ³FRPHV� RXW´� RI� WKH� WUHDWPHQW�
LQ�WHUPV�RI�WKH�FKRVHQ�PHDVXUHPHQW�
WRRO�DSSOLHG�DW�D�UHDVRQDEOH�WLPH�DIWHU�
VXUJHU\�� ,Q� RUGHU� WR� GHWHUPLQH� WKH�
HIIHFWLYHQHVV� RI� WKH� WUHDWPHQW�� ZH�
QHHG� DOVR� WR� NQRZ�ZKDW� ³JRHV� LQWR´�
WKH� WUHDWPHQW� RU� WKH� ³LQJR�́ � 7KXV��
WKH� EHQH¿W� RI� WKH� WUHDWPHQW� LV� WKH�
GLIIHUHQFH�EHWZHHQ� WKH�RXWFRPH�DQG�
WKH�LQJR�DV�LQGLFDWHG�E\�WKH�VDPH�VHOI�
DVVHVVPHQW� DSSOLHG� EHIRUH� DQG� DIWHU�
WKH�SURFHGXUH�

:H� UHFRJQL]H� WKDW� WKH� UHVXOW� RI�
VXUJHU\�LV�GHWHUPLQHG�E\�WKUHH�PDMRU�
IDFWRUV��WKH�SDWLHQW��WKH�VXUJHRQ��DQG�
WKH� LPSODQW�� LI� RQH� LV� XVHG�� /HW� XV�
FRQVLGHU�WKHVH�GHWHUPLQDQWV�LQ�UHYHUVH�
RUGHU��7KH�¿UVW� IDFWRU� LV� WKH� LPSODQW��
7KHUH� DUH� IHZ� GDWD� LQGLFDWLQJ� WKDW�
³LPSURYHPHQWV´� LQ� SURVWKHWLF� GHVLJQ�
KDYH�D�VLJQL¿FDQW�HIIHFW�RQ�WKH�EHQH¿W�
RI�DQ�DUWKURSODVW\�WR�WKH�SDWLHQW��)RU�
H[DPSOH��WZR�UHFHQW�DUWLFOHV�E\�0LOHWL�
HW� DO�� DQG� &KXUFKLOO� HW� DO�� IRXQG� QR�
GLIIHUHQFH�EHWZHHQ�³¿UVW´�DQG�³VHFRQG´�

JHQHUDWLRQ� KXPHUDO� FRPSRQHQWV�� ,Q�
WKLV� OLJKW�� LW� LV�RI� FRQFHUQ� WKDW�PDQ\�
WHQV�RI�PLOOLRQV�RI�GROODUV�KDYH�EHHQ�
VSHQW� RQ� WU\LQJ� WR� ³LPSURYH´� WKH�
KXPHUDO�SURVWKHVHV�XVHG� LQ�VKRXOGHU�
DUWKURSODVW\��)RU�VXUH��WKH�FKDUJHV�IRU�
LPSODQWV�DUH�ULVLQJ�IDVWHU�WKDQ�HLWKHU�
WKH�HVWDEOLVKHG�EHQH¿W�WR�WKH�SDWLHQW�
IURP�WKHLU�XVH�RU�WKH�IXQGV�DYDLODEOH�
LQ�WKH�KHDOWK�FDUH�V\VWHP�WR�FRYHU�WKH�
LQFUHDVHG�FKDUJHV��7KLV�LV�LQ�FRQWUDVW�
WR� WKH�DSSOLFDWLRQ�RI�YDVFXODU� VWHQWV��
ZKLFK� ERWK� LQFUHDVHG� WKH� TXDOLW\� RI�
WKH� UHVXOW� DQG� UHGXFHG� WKH� FRVW� RI�
WUHDWLQJ� DUWHULDO� RFFOXVLYH� GLVHDVH��
:HUH� KH� DOLYH� WRGD\�� &RGPDQ�PLJKW�
DVN��³,Q�ZKRVH�LQWHUHVW� LV�WKH�GHVLJQ�
RI� DGGLWLRQDO� DQG� PRUH� H[SHQVLYH�
YDULHWLHV�RI�RUWKRSDHGLF�SURVWKHVHV"´

7KH�VHFRQG�IDFWRU� LV�WKH�VXUJHRQ��
,W�KDV�EHHQ�GHWHUPLQHG�WKDW�SDWLHQWV�
FDUHG�IRU�E\�VXUJHRQV�ZKR�SHUIRUPHG�
IHZHU�WKDQ�WZR�VKRXOGHU�DUWKURSODVWLHV�
SHU� \HDU� ZHUH� PRUH� OLNHO\� WR� GLH�
SRVWRSHUDWLYHO\�DQG�KDG�PRUH�VXUJLFDO�
FRPSOLFDWLRQV� DQG� ORQJHU� OHQJWKV� RI�
VWD\�WKDQ�WKRVH�PDQDJHG�E\�VXUJHRQV�
ZLWK� D� YROXPH� RI� ¿YH� SURFHGXUHV� RU�
PRUH� SHU� \HDU�� ,Q� RQH� VWXG\�� -DLQ�
HW� DO�� FRQFOXGHG� WKDW� ³SDWLHQWV� ZKR�
KDYH� D� WRWDO� VKRXOGHU� DUWKURSODVW\�
RU� KHPLDUWKURSODVW\� SHUIRUPHG� E\� D�
KLJK�YROXPH� VXUJHRQ� RU� LQ� D� KLJK�

YROXPH�KRVSLWDO�DUH�PRUH�OLNHO\�WR�KDYH�
D� EHWWHU� RXWFRPH�́ � +DPPRQG� HW� DO��
IRXQG� WKDW� ³WKH�SDWLHQWV� RI� VXUJHRQV�
ZLWK�KLJKHU�DYHUDJH�DQQXDO�FDVH�ORDGV�
RI� WRWDO� VKRXOGHU� DUWKURSODVWLHV� DQG�
KHPLDUWKURSODVWLHV� KDYH� GHFUHDVHG�
FRPSOLFDWLRQ�UDWHV�DQG�KRVSLWDO�OHQJWKV�
RI� VWD\� FRPSDUHG� ZLWK� WKH� SDWLHQWV�
RI� VXUJHRQV� ZKR� SHUIRUP� IHZHU� RI�
WKHVH� SURFHGXUHV�́ � ³:KR� KROGV´� WKH�
NQLIH�DSSHDUV�WR�KDYH�D�VWURQJ�HIIHFW�
RQ� WKH� UHVXOW� RI� D� SURFHGXUH�� LQ� WKH�
VDPH�ZD\� WKDW� ³ZKR� KROGV´� WKH� À\�
URG��WKH�SDLQW�EUXVK��RU�WKH�YLROLQ�ERZ�
GHWHUPLQHV� WKH� UHVXOW�� 7KH� HIIHFWV�
RI� LQWHUVXUJHRQ� GLIIHUHQFHV� H[WHQG�
EH\RQG� WKH�VXUJLFDO� WHFKQLTXH� LQ� WKH�
RSHUDWLQJ�URRP��0\�ODWH�SDUWQHU��'RXJ�
+DUU\PDQ� GHPRQVWUDWHG� WKDW� JURXSV�
RI� SDWLHQWV�ZLWK� WKH� VDPH� GLDJQRVLV�
LQ�WKH�SUDFWLFHV�RI�GLIIHUHQW�VXUJHRQV�
ZHUH�TXLWH�GLIIHUHQW�IURP�HDFK�RWKHU��
7KXV��WKH�JHQHUDOL]DELOLW\�RI�WKH�UHVXOWV�
REWDLQHG�E\�D�JLYHQ�VXUJHRQ�WUHDWLQJ�
KLV�RU�KHU�RZQ�SDWLHQWV�PD\�QRW�EH�DQ\�
PRUH�JHQHUDOL]DEOH�WR�DOO�SDWLHQWV�WKDQ�
WKH� UHVXOWV� REWDLQHG� E\� D� SDUWLFXODU�
PDWK�SURIHVVRU� LQ� DQ� HOLWH� XQLYHUVLW\�
ZRXOG� EH� JHQHUDOL]DEOH� WR� DOO� FROOHJH�
VWXGHQWV��$V�,�OLNH�WR�VD\��³7KH�VXUJHRQ�
LV�WKH�PHWKRG�́ �

7KH� WKLUG� IDFWRU� LV� WKH� SDWLHQW²
WKH� FRPSOH[� RI� WKH� VSHFL¿F� VXUJLFDO�

)URP�7KH�6KRXOGHU��E\�(��$PRU\�&RGPDQ��������5HSXEOLVKHG�E\�5��(��.ULHJHU������
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)URP�(UPHVW�$PRU\�&RGPDQ��WKH�(QG�5HVXOW�RI�D�/LIH�LQ�0HGLFLQH��E\�%LOO�0DOORQ��
:�%��6DXQGHUV�������

SUREOHP� DQG� WKH� KXPDQ� EHLQJ� ZKR�
LV� DIIHFWHG� E\� LW�� :LOOLDP� 2VOHU� LV�
FUHGLWHG�ZLWK�WKH�VWDWHPHQW��³,W�LV�PRUH�
LPSRUWDQW�WR�NQRZ�ZKDW�VRUW�RI�SDWLHQW�
KDV�WKH�GLVHDVH�WKDQ�WR�NQRZ�ZKDW�VRUW�
RI�GLVHDVH�KDV�WKH�SDWLHQW�́ �$OWKRXJK�
LW�ZRXOG�VHHP�LQWXLWLYH�WKDW�D�SDWLHQW¶V�
SK\VLFDO��HPRWLRQDO��DQG�VRFLDO�ZHOIDUH�
ZRXOG� DOO� KDYH� D� SRZHUIXO� HIIHFW� RQ�
KLV� RU� KHU� DELOLW\� WR� EHQH¿W� IURP� D�
VXUJLFDO� UHFRQVWUXFWLRQ�� WKHUH� KDV�
EHHQ�OLWWOH�UHVHDUFK�RQ�WKLV�LPSRUWDQW�
GHWHUPLQDQW�RI�VXUJLFDO�HIIHFWLYHQHVV��
<HW�� DV� VKRZQ� E\� 5R]HQFZDLJ� HW� DO���
WKH�WRROV�IRU�WKLV�FULWLFDO�UHVHDUFK��VXFK�
DV�WKH�6KRUW�)RUP�����6)�����SDWLHQW�
VHOI�DVVHVVPHQW��DUH�DW�KDQG�SURYLGLQJ�
D� FRPSHOOLQJ� DQG� SUDFWLFDO� DSSURDFK�
IRU� H[SORULQJ� WKH� UHODWLRQVKLS� RI� WKH�
SDWLHQW¶V�SHUFHLYHG�SK\VLFDO�DQG�PHQWDO�
KHDOWK� WR� WKH� UHVXOW� RI� RUWKRSDHGLF�
SURFHGXUHV�

$V� ZH� FRQVLGHU� WKH� YDOLGLW\� RI�
DSSURDFKHV� WR� FOLQLFDO� UHVHDUFK� LQ�
RUWKRSDHGLF� VXUJHU\�� ZH�PXVW� DVN��
³:KDW� TXHVWLRQ� DUH� ZH� WU\LQJ� WR�
DQVZHU"´�DQG�³:LOO�WKH�DQVZHU�ZH�JHW�
IURP�RXU�VWXG\�DSSO\�JHQHUDOO\�DFURVV�
RXU�VSHFLDOW\��RU�RQO\�WR�D�UHODWLYHO\�IHZ�
SDWLHQWV��SUDFWLFHV��RU�VXUJHRQV"´�,I�ZH�
DUH�ORRNLQJ�IRU�D�ZD\�WR�GHWHUPLQH�WKH�
DQVZHU�WR�WKH�TXHVWLRQ�³,V�SURVWKHVLV�
$�RU�SURVWKHVLV�%�EHWWHU�LQ�WKH�KDQGV�
RI� D� VXUJHRQ�ZKR� GRHV� QRWKLQJ� EXW�
WKLV� W\SH� RI� VXUJHU\"´� ZH� ZRXOG�
ZDQW� D� VRSKLVWLFDWHG� VHW� RI� WRROV� IRU�
FRQWUROOLQJ� WKH� YDULDELOLW\� LQ� SDWLHQWV�
DQG� WKHLU� SDWKRORJ\� DV� ZHOO� DV� IRU�
GRFXPHQWLQJ�WKH�IXQFWLRQ��PHFKDQLFV��

DQG�UDGLRJUDSKLF�DQDWRP\�EHIRUH�DQG�
VHTXHQWLDOO\�DIWHU�VXUJHU\��

,I�ZH�DUH�DVNLQJ�� ³'R�FRPPXQLW\�
VXUJHRQV� LQ� JHQHUDO� SUDFWLFH� JHW�
WKH� VDPH� UHVXOWV� DV� VXUJHRQV� ZLWK�
KLJK� YROXPHV�� VSHFLDO� WUDLQLQJ�� RU�
PHPEHUVKLSV� LQ� VSHFLDOW\� VRFLHWLHV"´�
ZH� QHHG� D�PHWKRG� IRU� LQFOXGLQJ� DV�
PDQ\�SDWLHQWV�DQG�DV�PDQ\�VXUJHRQV�DV�
SRVVLEOH�VR�WKDW�ZH�KDYH�D�VWDWLVWLFDOO\�
DQG�H[WHUQDOO\�YDOLG�VDPSOH��7KLV�ZLOO�
UHTXLUH�WKH�VLPSOHVW�DQG�OHDVW�WD[LQJ�
PHWKRGRORJLHV�LI�LW�LV�WR�KDYH�D�FKDQFH�
RI� VXFFHHGLQJ�� )LQDOO\�� LI� ZH�ZDQW� WR�
NQRZ�ZKLFK� SDWLHQWV� KDYH� WKH� EHVW�
UHVXOWV� DQG� ZKLFK� SDWLHQWV� IDLO� WR�
EHQH¿W� IURP� D� SURFHGXUH�� ZH� QHHG�
WR� FDSWXUH� GDWD� IURP� WKH� EURDGHVW�
SRVVLEOH� VDPSOH� RI� ZKDW� LV� UHDOO\�
KDSSHQLQJ�� ,W� LV� QRW� D� TXHVWLRQ� RI�
VXEMHFWLYH�YHUVXV�REMHFWLYH�PHDVXUHV��
YDOLGLW\�FRPHV�IURP�PDWFKLQJ�WKH�WRRO�
WR�WKH�WDVN�

,Q�FRQFOXVLRQ��,�ZRXOG�UHVSHFWIXOO\�
VXJJHVW� WKDW�� LQ� &RGPDQ¶V� SDUODQFH��
HDFK� VXUJHRQ� VKRXOG� DFW� IRU� WKH�
LQWHUHVW�RI�KHU�RU�KLV�SDWLHQWV�E\�XVLQJ�
VLPSOH� SDWLHQW� VHOI� DVVHVVPHQWV� WR�
SUDFWLFDOO\� ³IROORZ� HYHU\� SDWLHQW� «��
ORQJ�HQRXJK�WR�GHWHUPLQH�ZKHWKHU�RU�
QRW�WKH�WUHDWPHQW�KDV�EHHQ�VXFFHVVIXO��
DQG�WKHQ�WR�LQTXLUH�CLI�QRW��ZK\�QRW"¶��
*HQHUDOV��IRRWEDOO�FRDFKHV��DQG�1$6$�
KDYH�PRUH�WR�OHDUQ�IURP�WKHLU�IDLOXUHV�
WKDQ�IURP�WKHLU�VXFFHVVHV��$V�VXUJHRQV�
ZH�FDQ�RQO\�OHDUQ�IURP�RXU�IDLOXUHV�LI�
ZH�VWULYH�WR�LGHQWLI\�WKHP�

5HIHUHQFHV
��� &RGPDQ� ($�� 7KH� VKRXOGHU��

UXSWXUH� RI� WKH� VXSUDVSLQDWXV� WHQGRQ�
DQG� RWKHU� OHVLRQV� LQ� RU� DERXW� WKH�
VXEDFURPLDO� EXUVD�� %RVWRQ�� 7KRPDV�
7RGG��������3UHIDFH�

���+DVDQ�66��/HLWK�-0��6PLWK�./��
0DWVHQ� )$� �UG�� 7KH� GLVWULEXWLRQ� RI�
VKRXOGHU�UHSODFHPHQW�DPRQJ�VXUJHRQV�
DQG�KRVSLWDOV�LV�VLJQL¿FDQWO\�GLIIHUHQW�
IURP�WKDW�RI�KLS�RU�NQHH�UHSODFHPHQW��-�
6KRXOGHU�(OERZ�6XUJ����������������

���0LOHWL�-��6SHUOLQJ�-:��&R¿HOG�5+��
+DUULQJWRQ�-5��+RVNLQ�7/��0RQREORFN�
DQG�PRGXODU�WRWDO�VKRXOGHU�DUWKURSODVW\�
IRU� RVWHRDUWKULWLV�� -� %RQH� -RLQW� 6XUJ�
%U������������������

���&KXUFKLOO�56��.RSMDU�%��)HKULQJHU�
(9�� %RRUPDQ� 56�� 0DWVHQ� )$� �UG��
+XPHUDO� FRPSRQHQW�PRGXODULW\�PD\�
QRW� EH� DQ� LPSRUWDQW� IDFWRU� LQ� WKH�
RXWFRPH�RI� VKRXOGHU�DUWKURSODVW\� IRU�
JOHQRKXPHUDO� RVWHRDUWKULWLV�� $P� -�
2UWKRS����������������

��� -DLQ�1��3LHWURERQ�5��+RFNHU�6��
*XOOHU�8��6KDQNDU�$��+LJJLQV�/'��7KH�
UHODWLRQVKLS� EHWZHHQ� VXUJHRQ� DQG�
KRVSLWDO� YROXPH� DQG� RXWFRPHV� IRU�
VKRXOGHU� DUWKURSODVW\�� -� %RQH� -RLQW�
6XUJ�$P������������������

���+DPPRQG�-:��4XHDOH�:6��.LP�
7.��0F)DUODQG�(*��6XUJHRQ�H[SHULHQFH�
DQG� FOLQLFDO� DQG� HFRQRPLF� RXWFRPHV�
IRU�VKRXOGHU�DUWKURSODVW\��-�%RQH�-RLQW�
6XUJ�$P������������������

��� +DUU\PDQ� '7� �QG�� +HWWULFK�
&0�� 6PLWK� ./�� &DPSEHOO� %�� 6LGOHV�
-$�� 0DWVHQ� )$� �UG�� $� SURVSHFWLYH�
PXOWLSUDFWLFH�LQYHVWLJDWLRQ�RI�SDWLHQWV�
ZLWK� IXOO�WKLFNQHVV� URWDWRU�FXII� WHDUV��
WKH� LPSRUWDQFH� RI� FRPRUELGLWLHV��
SUDFWLFH��DQG�RWKHU�FRYDULDEOHV�RQ�VHOI�
DVVHVVHG�VKRXOGHU�IXQFWLRQ�DQG�KHDOWK�
VWDWXV�� -� %RQH� -RLQW� 6XUJ� $P�������
���������

��� 5R]HQFZDLJ� 5�� YDQ� 1RRUW� $��
0RVNDO�0-��6PLWK�./��6LGOHV�-$��0DWVHQ�
)$��UG��7KH�FRUUHODWLRQ�RI�FRPRUELGLW\�
ZLWK� IXQFWLRQ� RI� WKH� VKRXOGHU� DQG�
KHDOWK� VWDWXV� RI� SDWLHQWV� ZKR� KDYH�
JOHQRKXPHUDO� GHJHQHUDWLYH� MRLQW�
GLVHDVH��-�%RQH�-RLQW�6XUJ�$P�������
�����������
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7KH�3RO\PHULF�&ROODJHQ�3KHQRW\SH�RI�&DUWLODJH�&UHDWHG�
IURP�+XPDQ�%RQH�0DUURZ�6WHP�&HOOV

$EVWUDFW��7\SHV�,,��,;�DQG�;,�FROODJHQ�H[LVW� LQ�QRUPDO�FDUWLODJH�PDWUL[�DV�KHWHUR¿EULOODU�SRO\�
PHULF�DVVHPEOLHV��9HULI\LQJ�VLPSO\�WKHLU�H[SUHVVLRQ�RU�SUHVHQFH� LQ�WKH�PDWUL[�PD\�QRW�EH�DG�
HTXDWH� WR�HQVXUH� WKH�TXDOLW\�RI� HQJLQHHUHG� FDUWLODJH��:KHWKHU� WKHVH�PROHFXOHV�DVVRFLDWH�DQG�
FURVV�OLQN�FRUUHFWO\� LQ�WKH�H[WUDFHOOXODU�PDWUL[� LV�PRUH� LPSRUWDQW�DV�D�IXQFWLRQDO�PHDVXUH��8V�
LQJ� QHZO\� GHYHORSHG�PHWKRGRORJ\� IRU� VFUHHQLQJ� FROODJHQ� FR�SRO\PHULF� DVVHPEO\�� WKH� TXDOLW\�
RI� WKH� FROODJHQRXV�PDWUL[� GHSRVLWHG� E\�KXPDQ�ERQH�PDUURZ� VWHP� FHOOV� XQGHUJRLQJ� FKRQGUR�
JHQHVLV�ZDV� VWXGLHG��7KH� UHVXOWV�SURYLGH�QHZ�HYLGHQFH� WKDW�XQGHU� VXLWDEOH� FRQGLWLRQV�KXPDQ�
PHVHQFK\PDO� VWHP� FHOOV� FDQ� GLIIHUHQWLDWH� LQWR� FKRQGUREODVWV� DQG� V\QWKHVL]H� W\SH� ,,� FROODJHQ�
WKDW� IRUPV� D� FURVV�OLQNHG� KHWHUR¿EULOODU� IUDPHZRUN� FKDUDFWHULVWLF� RI� GHYHORSLQJ� FDUWLODJH��

6WXG\�5DWLRQDOH
$�FRQWLQXRXV�FKDOOHQJH�LQ�WKH�¿HOG�

RI� FDUWLODJH� WLVVXH� HQJLQHHULQJ� KDV�
EHHQ�WR�LQFUHDVH�WKH�FROODJHQ�FRQWHQW�
RI�QHR�FDUWLODJH�WR�OHYHOV�REVHUYHG�LQ�
QDWLYH�DUWLFXODU�RU�GHYHORSLQJ�FDUWLODJH��
6LQFH�WKH�FROODJHQ�KHWHURSRO\PHU�LV�D�
FUXFLDO�WHPSODWH�RI�WKH�PDWXUH�¿EULOODU�
DUFKLWHFWXUH� DQG� IRU� WKH� RQJRLQJ�
VWDELOLW\� RI� WKH� PDWXUH� WLVVXH�� ZH�
UDWLRQDOL]H�WKDW�D�FURVV�OLQNHG�WHPSODWH�
RI�W\SH�,,�,;�;,�FROODJHQ�KHWHUR¿EULOV�
PXVW�DVVHPEOH�LQ�WKH�PDWUL[�RI�QHZO\�
IRUPLQJ� FDUWLODJH� WR� DOORZ� W\SH� ,,�
FROODJHQ� ¿EULO� JURZWK�� DQ� LQFUHDVHG�
FROODJHQ� FRQWHQW� DQG� VR� DFKLHYH� WKH�
ELRPHFKDQLFDO�SURSHUWLHV�RI�IXQFWLRQDO�
FDUWLODJH�

2EMHFWLYH
7KLV� VWXG\� LQYHVW LJDWHG� WKH�

DELOLW\� RI� KXPDQ� ERQH�PDUURZ� VWHP�
FHOOV� XQGHUJRLQJ� FKRQGURJHQHVLV� WR�
DVVHPEOH� D� W\SH� ,,� FROODJHQ�EDVHG�
FURVV�OLQNHG�QHWZRUN�FKDUDFWHULVWLF�RI�
FDUWLODJH�PDWUL[�LQ�YLYR��

0HWKRGV
0HVHQFK\PDO� VWHP� FHOO� FXOWXUH�

DQG� FKRQGURJHQLF� GLIIHUHQWLDWLRQ��
+XPDQ� ERQH�PDUURZ�PHVHQFK\PDO�
FHOOV� ZHUH� LVRODWHG� E\� DGKHUHQFH� WR�
WLVVXH� FXOWXUH� SODVWLF� DQG� H[SDQGHG�
LQ�PRQROD\HU� FXOWXUH� LQ�06&�*URZWK�
0HGLXP� VXSSOHPHQWHG� ZLWK� )*)��
>�@��&HOOV�ZHUH�GHWDFKHG�ZLWK�WU\SVLQ�
DQG� WUDQVIHUUHG� WR� VHUXP�IUHH�
FKRQGURJHQLF� PHGLXP� FRQWDLQLQJ�
7*)ǃ���GH[DPHWKDVRQH��DVFRUELF�DFLG�
��SKRVSKDWH��VRGLXP�S\UXYDWH��SUROLQH�
DQG�,76����DV�GHVFULEHG�LQ�>�@��$OLTXRWV�
RI� FHOOV� ZHUH� FHQWULIXJHG� LQ� &RUQLQJ�
7UDQVZHOO��¿OWHU�XQLWV��&XOWXUHV�ZHUH�
PDLQWDLQHG�DW���Û&�����&2��IRU�������
�������GD\V�DQG�PHGLD�FKDQJHG�HYHU\�
WZR�GD\V��1HR�FDUWLODJH�VDPSOHV�ZHUH�
IUR]HQ�IRU�IXWXUH�ELRFKHPLFDO�DQDO\VLV�

7RWDO� &ROODJHQ� $QDO\VLV�� 6DPSOHV�
ZHUH�WKDZHG��GUDLQHG�RI�H[FHVV�OLTXLG�
DQG�ZHLJKHG��7KH\�ZHUH�K\GURO\]HG�LQ�
�0�+&O�DW����Û&�IRU����KUV��$Q�DOLTXRW�
RI�WKH�K\GURO\VDWH�ZDV�FRORULPHWULFDOO\�
DVVD\HG� IRU� K\GUR[\SUROLQH� >�@��
&ROODJHQ� FRQWHQW� ZDV� H[SUHVVHG� DV�
�� FROODJHQ�ZHW�ZHLJKW��+XPDQ� IHWDO�
FDUWLODJH� ���� ZHHN�� ZDV� XVHG� DV�
FRQWURO�

&ROODJHQ� FURVV�O LQN� DQDO\VLV��

6DPSOHV� ZHUH� DFLG� K\GURO\]HG� DV�
DERYH�� 3\ULGLQROLQH� FURVV�OLQNV� ZHUH�
TXDQWL¿HG�E\�&����UHYHUVH�SKDVH�+3/&�
DQG�ÀXRURPHWU\�>�@�DQG�H[SUHVVHG�DV�
PROHV� SHU�PROH� RI� FROODJHQ�� +XPDQ�
IHWDO�FDUWLODJH�ZDV�XVHG�DV�D�FRQWURO�

0DVV�6SHFWURPHWU\��)ROORZLQJ�6'6�
3$*(� DQG� &RRPDVVLH� EOXH� VWDLQLQJ��
LQ�JHO�WU\SVLQ�GLJHVWV�RI�FROODJHQ�FKDLQV�
IURP�K06&V�HQJLQHHUHG�FDUWLODJH�ZHUH�
DQDO\]HG�WR�HVWDEOLVK�WKHLU�LGHQWLW\��

&ROODJHQ�+HWHURSRO\PHU�'HWHFWLRQ��
7KH� FROODJHQ� QHWZRUN� ODLG� GRZQ� E\�
K06&V� XQGHUJRLQJ� FKRQGURJHQHVLV��
ZDV� GHSRO\PHUL]HG� DQG� H[WUDFWHG�
XVLQJ� SHSVLQ�� 7KH� YDULRXV� FROODJHQ�
FKDLQV� DQG� FKDLQ� IUDJPHQWV� ZHUH�
UHVROYHG�E\�/DHPPOL�6'6�3$*(��7KH�
FROODJHQ� FKDLQV� ZHUH� WUDQVIHUUHG� WR�
39')� DQG� SUREHG� ZLWK�PRQRFORQDO�
DQWLERG\��P$E����)���ZKLFK�UHFRJQL]HV�
D� FOHDYDJH� VLWH� �QHR�HSLWRSH�� LQ� D�
VHTXHQFH� LQ� WKH�&�WHORSHSWLGH� FURVV�
OLQNLQJ�GRPDLQ�RI�W\SH�,,�FROODJHQ��:KHQ�
QHFHVVDU\�WKH�EORWV�ZHUH�WKHQ�SUREHG�
ZLWK�P$E��&���ZKLFK�UHFRJQL]HV�W\SH�
,,�FROODJHQ�FKDLQV�>�@���$�FRORULPHWULF�
RU�OXPLQHVFHQFH�GHWHFWLRQ�V\VWHP�ZDV�
XVHG��$�SHSVLQ�H[WUDFW�RI�IHWDO�FDUWLODJH�
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FRQWDLQLQJ�W\SH�,,�FROODJHQ�ZDV�XVHG�
DV�D�VWDQGDUG��

5HVXOWV
0DVV�VSHFWURPHWU\�RI�LQ�JHO�WU\SVLQ�

GLJHVWHG�FROODJHQ�FKDLQV��VKRZHG�WKDW�
W\SH�,,�FROODJHQ�DQG�W\SH�;,�FROODJHQ�
DUH�V\QWKHVL]HG�DQG�GHSRVLWHG�LQ�WKH�
H[WUDFHOOXODU�PDWUL[�DV�HDUO\�DV�GD\���
LQ�FXOWXUH�

) L JX UH � � � VKRZV � WKH � J URVV�
DSSHDUDQFH� RI� JORVV\�� FDUWLODJLQRXV�
WLVVXH� DIWHU� ��� GD\V� LQ� WUDQVZHOO�
VFDIIROG�IUHH� FXOWXUH�� +LVWRORFKHPLFDO�
�6DIUDQLQ�2��DQG�LPPXQRKLVWRFKHPLFDO�
�W\SH�,,�FROODJHQ��DQDO\VLV�RI�WKH�WLVVXH�
VKRZHG� LQWHQVH�� XQLIRUP� VWDLQLQJ� RI�
D� W\SH� ,,� FROODJHQ� DQG� SURWHRJO\FDQ�
FRQWDLQLQJ� H[WUDFHOOXODU�PDWUL[� >�@��
$�¿UP�FRQVLVWHQF\�ZDV�QRWHG�E\�GD\�
���� %\� GD\� ��� WKH� ULJLG� GLVF� KDV� D�
FRQVLVWHQF\�OLNH�FDUWLODJH�

$�SURJUHVVLYH�LQFUHDVH�LQ�FROODJHQ�
FRQWHQW� IURP�ZHHN� �� WR� ZHHN� �� LQ�
FKRQGURJHQLF� FXOWXUH� ZDV� REVHUYHG�
�7DEOH� ���� 7KH� FROODJHQ� FRQWHQW� ����
RI�ZHW�ZW���E\�ZHHN���FRPSDUHV�ZHOO�
ZLWK�KXPDQ�IHWDO�FDUWLODJH�����RI�ZHW�
ZW��DW����ZHHNV�LQ�XWHUR��

+LJK� OHYHOV� RI� K\GUR[\O\V\O�
S\ULGLQROLQH� �+3�� FURVV�OLQNV� DUH� D�
FKDUDFWHULVWLF� RI� FDUWLODJH� FROODJHQ��

$W� �� ZN� +3� FURVV�OLQNV� ZHUH� EDUHO\�
GHWHFWDEOH� �7DEOH� ���� $W� �� ZHHNV�
WKH� +3� FRQWHQW� RI� WKH� QHR�FDUWLODJH�
DSSURDFKHG� WKDW� RI� KXPDQ� IHWDO�
FDUWLODJH�DQG�ZDV�PDLQWDLQHG�RYHU�WKH�
QH[W����GD\V�

7KH � K LJK � FRQFHQ W UD W L RQ � R I�
SURWHRJO\FDQV� >�@� LQ� WKH� VDPSOHV�
DIIHFWHG�WKH�PLJUDWLRQ�SDWWHUQ�RI� WKH�
FROODJHQ� FKDLQV� RQ� HOHFWURSKRUHVLV�
�)LJXUH�����+RZHYHU�LW�ZDV�FOHDU�WKDW�WKH�
DQWLERG\���)��UHDFWHG�ZLWK�WKH�_��,,��
FKDLQ�RQ�ZHVWHUQ�EORWV�DV�H[SHFWHG�IRU�
D�FURVV�OLQNHG�W\SH�,,�FROODJHQ�SRO\PHU��
���)�� UHFRJQL]HV� WKH� &�WHORSHSWLGH�
RI� W\SH� ,,� FROODJHQ� FURVV�OLQNHG� WR�
_��,,��FROODJHQ�FKDLQV��LQGLFDWLQJ�WKDW�
D� FURVV�OLQNHG� FROODJHQ� QHWZRUN� KDG�
DVVHPEOHG� LQ� WKH�QHRFDUWLODJH�ZLWKLQ�
D�ZHHN�� $� SHSVLQ� H[WUDFW� RI� QRUPDO�
FDUWLODJH� UHYHDOHG� D� VLPLODU� SDWWHUQ��
7KH�DQWLERG\�DOVR�UHDFWHG�ZLWK�_��;,��
FROODJHQ� FKDLQV� DV� ZH� SUHYLRXVO\�
GHVFULEHG� >�@�� � �VHHQ�KHUH�PLJUDWLQJ�
VOLJKWO\�VORZHU�WKDQ�WKH�_��,,��FKDLQV�
RQ�GD\V����DQG�����LPSO\LQJ�WKLV�FKDLQ�
ZDV�FURVV�OLQNHG�WR�WKH�&�WHORSHSWLGH�
RI� W\SH� ,,� FROODJHQ� DQG� WKDW� W\SH�
;,� FROODJHQ� ZDV� FRSRO\PHUL]HG� DQG�
FURVV�OLQNHG�WR�&�WHORSHSWLGHV�RI�W\SH�
,,� FROODJHQ��$�KHWHURSRO\PHU�RI� W\SH�
,,�DQG�;,�FROODJHQ�KDG�IRUPHG�LQ�WKH�

QHRFDUWLODJH�� 7KH� VDPH� FURVV�OLQNLQJ�
VLWHV� RFFXU� LQ� QRUPDO� DUWLFXODU� DQG�
HSLSK\VHDO�FDUWLODJHV�

'LVFXVVLRQ
7KH� FDUWLODJH� IRUPHG� LQ� WUDQVZHOO�

FXOWXUHV� KDG� D� UHODWLYHO\� PDWXUH�
FURVV�OLQNHG� FROODJHQ� QHWZRUN� E\�
GD\����LQ�FXOWXUH��7KLV�LV�UHÀHFWHG�LQ�
WKH� RULJLQDO� FKDUDFWHUL]DWLRQ� RI� WKH�
WUDQVZHOO�FXOWXUH�V\VWHP�E\�0XUGRFK�HW�
DO���>�@��7KH\�REVHUYHG�RQO\�D�PRGHVW�
JDLQ� LQ� WRWDO� ZHW� ZHLJKW� EHWZHHQ�
GD\V� ��� DQG� ��� GHVSLWH� RI� D� ����
LQFUHDVH�LQ�SURWHRJO\FDQ�FRQWHQW��7KH�
KHWHURSRO\PHULF�FURVV�OLQNHG�FROODJHQ�
IUDPHZRUN� UHVWULFWHG� SURWHRJO\FDQ�
VZHOOLQJ� LQ� WKH� QHR�FDUWLODJH�PDWUL[��
ZKLFK�FDQ�H[SODLQ�WKH�OLPLWHG�JDLQ�LQ�
ZHW�ZHLJKW�

&RQFOXVLRQ�����
7KH� UHVXOWV� LQGLFDWH� WKDW� XQGHU�

FXOWXUH� FRQGLWLRQV� ILUVW� UHSRUWHG�
E\� 0XUGRFK� HW� DO��� >�@�� KXPDQ�
PHVHQFK\PDO� VWHP�FHOOV� LQ� YLWUR� FDQ�
GLIIHUHQWLDWH� LQWR� FKRQGUREODVWV� DQG�
V\QWKHVL]H�W\SH�,,�DQG�W\SH�;,�FROODJHQ�
WKDW� IRUP� D� KHWHURSRO\PHULF� FURVV�
OLQNHG�¿EULOODU�IUDPHZRUN�FKDUDFWHULVWLF�
RI�GHYHORSLQJ�FDUWLODJH���:KHWKHU�WKH�
IRUPDWLRQ�RI�WKLV�IUDPHZRUN�WUDQVODWHV�

)LJXUH����0DFURVFRSLF�YLHZ�RI�VFDIIROG�IUHH�KXPDQ�PHVHQFK\PDO�VWHP�FHOO�GHULYHG�WLVVXH�HQJLQHHUHG�FDUWLODJH�VKRZLQJ�JURZWK�DQG�
GLIIHUHQWLDWLRQ�LQWR�D�FDUWLODJH�OLNH�GLVF�

7DEOH����,QFUHDVH�LQ�FROODJHQ�DQG�S\ULGLQROLQH�FURVV�OLQN�FRQWHQWV�RI�FDUWLODJH�GLVFV�ZLWK�WLPH�LQ�FXOWXUH�
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WR� D�PRUH� IXQFWLRQDO� QHRFDUWLODJH� LV�
LPSRUWDQW� WR� GHWHUPLQH� DQG� LV� QRZ�
EHLQJ�LQYHVWLJDWHG�

5HIHUHQFHV
���0XUGRFK�� $�� '��� *UDG\�� /�� 0���

$EOHWW��0��3���.DWRSRGL�� 7���0HDGRZV��
5�� 6�� 	� +DUGLQJKDP�� 7�� (�� �������
&KRQGURJHQLF�GLIIHUHQWLDWLRQ�RI�KXPDQ�
ERQH�PDUURZ� VWHP� FHOOV� LQ� WUDQVZHOO�
FXOWXUHV�� JHQHUDWLRQ� RI� VFDIIROG�IUHH�
FDUWLODJH��6WHP�&HOOV��������������

��� 5XVVHOO� -�� )HUQDQGHV�� 0�$��
+DUNH\�� 0$�:HLV�� -�:�� $VNHZ�� '�5��
(\UH�� 3RVW�WUDQVODWLRQDO� SKHQRW\SH�
RI� FROODJHQ� V\QWKHVL]HG� E\� 6$26���
RVWHRVDUFRPD�FHOOV��%RQH�������������
�����������

���5XVVHOO�-��)HUQDQGHV��7�0��6FKPLG��
'�5��(\UH��$VVHPEO\�RI�FROODJHQ�W\SHV�
,,��,;�DQG�;,�LQWR�QDVFHQW�KHWHUR�¿EULOV�
E\�D�UDW�FKRQGURF\WH�FHOO� OLQH��(XU��-��
%LRFKHP�����������������������

)LJXUH����7KH�FURVV�OLQNHG��FROODJHQ�KHWHURSRO\PHU�DVVHPEOHG�RYHU�WLPH�LQ�KXPDQ�PHVHQFK\PDO�VWHP�FHOO�GHULYHG�HQJLQHHUHG�FDUWLODJH�
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6RFFHU�,QMXULHV�LQ�)HPDOH�<RXWK�3OD\HUV���&RPSDULVRQ�RI�,QMXU\�
6XUYHLOODQFH�E\�&HUWL¿HG�$WKOHWLF�7UDLQHUV�DQG�(PDLO

$EVWUDFW��,Q�WKLV�SURVSHFWLYH�FRKRUW�VWXG\�ZH�VRXJKW�WR�GHWHUPLQH�ZKHWKHU�XWLOL]DWLRQ�RI�FHUWL¿HG�
DWKOHWLF�WUDLQHUV�YV��SDUHQW� LQWHUQHW�EDVHG�VXUYH\�ZRXOG�EH�FRPSDUDEOH�IRU� LQGHQWLI\LQJ�VRFFHU�
LQMXULHV�LQ�������\HDU�ROG�IHPDOH�SOD\HUV�SDUWLFLSDWLQJ�LQ�6HDWWOH��:$���:H�IRXQG�DFXWH�LQMXU\�UDWHV�
RI���������$(����������$(��DQG���������$(�DQG�RYHUXVH�LQMXU\�UDWHV�RI���������$(����������$(��
DQG���������$(�IRU�$7&�RQO\��LQWHUQHW�EDVHG�VXUYH\�RQO\��DQG�HLWKHU�V\VWHP��UHVSHFWLYHO\���7KH�
LQMXU\�UDWH�EDVHG�RQ�WKH�ZHHNO\�SDUHQW�LQWHUQHW�EDVHG�VXUYH\�ZDV�VLPLODU�WR�WKH�UDWH�EDVHG�RQ�
WKH�$7&�UHSRUWLQJ�DQG�KDG�FRPSDUDEOH�FODVVL¿FDWLRQ�RI�LQMXUHG�ERG\�UHJLRQ�DQG�ODWHUDOLW\�RI�LQMXU\��

6WXG\�5DWLRQDOH�DQG�&RQWHQW
6RFFHU�LV�RQH�RI�WKH�PRVW�SRSXODU�

VSRUWV�LQ�WKH�ZRUOG�DQG�LV�LQFUHDVLQJ�LQ�
SRSXODULW\�LQ�WKH�86�HVSHFLDOO\�DPRQJVW�
JLUOV�� � $V�PRUH� JLUOV� SOD\�� SK\VLFLDQV�
DUH�VHHLQJ�PRUH�LQMXULHV�EXW�OLWWOH�GDWD�
H[LVWV�UHJDUGLQJ�WKH�UDWH�DQG�W\SH�RI�
LQMXULHV�VXVWDLQHG�E\�\RXQJ�WHHQDJHUV�
DQG�QR�ODUJH�VWXGLHV�KDYH�SURVSHFWLYHO\�
DVVHVVHG�LQMXU\�ULVN�IDFWRUV�LQ�WKLV�DJH�
JURXS���7KHVH�VWXGLHV�DUH�QHHGHG�EXW�
DSSURSULDWH�PHWKRGRORJ\�IRU�FROOHFWLQJ�
LQMXU\�GDWD�LQ�WKLV�DJH�JURXS�LV�QRW�ZHOO�
GH¿QHG���

&OLQLFDO�4XHVWLRQ
7KLV� SLORW� VWXG\� ZDV� SHUIRUPHG�

WR� GHWHUPLQH� LI� D� SDUHQW� LQWHUQHW�
EDVHG�VXUYH\�FRXOG�LGHQWLI\�LQMXULHV�DV�
DFFXUDWHO\�DQG�HIIHFWLYHO\�DV�FHUWL¿HG�
DWKOHWLF�WUDLQHUV��$7&��DVVLJQHG�WR�HDFK�
WHDP�WR�FROOHFW�LQMXU\�GDWD���

0HWKRGV
6WXG\�GHVLJQ���3URVSHFWLYH�&RKRUW�

6WXG\��,5%�DSSURYHG�
6WXG\�SRSXODWLRQ������IHPDOH�\RXWK�

VRFFHU�SOD\HUV�DJHV����WR����\HDUV�IURP�
IRXU�HOLWH�DQG�IRXU�UHFUHDWLRQDO�VRFFHU�
WHDPV�IURP�WKH�6HDWWOH�<RXWK�6RFFHU�
$VVRFLDWLRQ�

,QMXU\� VXUYHL O ODQFH� V\VWHPV�
FRPSDUHG���

3DUHQW� LQWHUQHW�EDVHG� VXUYH\����
3DUHQWV� ZHUH� SURYLGHG� GH¿QLWLRQ� RI�
RYHUXVH� DQG� DFXWH� LQMXU\�� � 3DUHQWV�
FRPSOHWHG� DQ� LQWHUQHW� EDVHG�ZHHNO\�
UHSRUW�RI�VRFFHU�SUDFWLFH�KRXUV�DQG�DQ\�
LQMXULHV�VXVWDLQHG���,QFRPSOHWH�LQMXU\�
IRUPV� UHFHLYHG� IROORZ�XS�SKRQH� FDOOV�
IRU�DGGLWLRQDO�LQIRUPDWLRQ�DQG�SDUHQWV�
ZHUH�FDOOHG�LI�WKH�ZHHNO\�IRUP�ZDV�QRW�
FRPSOHWHG�

� &HUWLILHG� DWKOHWLF� WUDLQHUV�� $7&�
DWWHQGHG�ZHHNO\� SUDFWLFH� WR� LGHQWLI\�
DQ\� LQMXULHV� VXVWDLQHG� DQG� FRPSOHWH�
WKH� TXHVWLRQQDLUH� WKDW�PDWFKHG� WKH�
LQWHUQHW�EDVHG�TXHVWLRQQDLUH���

,QMXU\�GH¿QLWLRQ��
$FXWH�LQMXU\���1HZ��VXGGHQ�RQVHW�

LQMXU\� UHVXOWLQJ� IURP� SDUWLFLSDWLRQ� LQ�
FOXE�VRFFHU�WKDW�UHVXOWHG�LQ�PLVVLQJ�D�
VXEVHTXHQW�JDPH�RU�SUDFWLFH�

2YHUXVH� LQMXU\�� � 'HYHORSPHQW�
RI� QHZ� RQVHW� RI� SDLQ� LQ� D� VSHFLILF�
ERG\� UHJLRQ� UHVXOWLQJ� IURP� VRFFHU�
SDUWLFLSDWLRQ�SHUVLVWLQJ�IRU�WZR�ZHHNV�
RU�PRUH�QRW� UHVXOWLQJ� IURP�DQ�DFXWH�
HYHQW��

$WKOHWLF�H[SRVXUH�WLPH�DVVHVVPHQW���
3UDFWLFH� WLPH� ZDV� UHFRUGHG� E\� WKH�

SDUHQWV� LQ� WKH�ZHHNO\� TXHVWLRQQDLUH���
*DPH� WLPH�ZDV� NHSW� E\� D� YROXQWHHU�
SDUHQW�RU�PDQDJHU�

6WDWLVWLFDO� DQDO\VLV�� %DVHOLQH�
GHPRJUDSKLF�DQG�VRFFHU�GDWD�DPRQJ�
WKH�XQLQMXUHG�DQG�XQLQMXUHG�VXEMHFWV�
ZHUH� FRPSDUHG� XVLQJ� )LVKHU¶V� H[DFW�
WHVW� IRU� FDWHJRULFDO� YDULDEOHV�� DQG�
RUGLQDO� YDULDEOHV� ZHUH� FRPSDUHG�
XVLQJ�:LOFR[RQ�UDQN�VXP�WHVW���$PRQJ�
WKH� WRWDO� RI� LQMXULHV� UHSRUWHG� E\� RQH�
RU� ERWK� RI� WKH� $7&� DQG� LQWHUQHW�
EDVHG� V\VWHPV� ZH� FDOFXODWHG� WKH�
SURSRUWLRQ�FDSWXUHG�E\�HDFK�V\VWHP��
WKH� SURSRUWLRQ� FDSWXUHG� XQLTXHO\� E\�
HDFK� V\VWHP� DQG� WKH� SURSRUWLRQ� RI�
LQMXULHV�FDSWXUHG�LQ�FRPPRQ����

5HVXOWV
$FXWHO\�LQMXUHG�SOD\HUV�ZHUH�PRUH�

OLNHO\� WR�SOD\� IRUZDUG��PRUH� OLNHO\� WR�
KDYH�KDG�D�SULRU�LQMXU\�DQG�PRUH�OLNHO\�
WR� XVH� D� SHUVRQDO� WUDLQHU� GXULQJ� WKH�
VRFFHU�VHDVRQ�� �3OD\HUV�ZLWK�RYHUXVH�
LQMXULHV�ZHUH�PRUH�OLNHO\�WR�EH�\RXQJHU��
SOD\� DW� WKH� HOLWH� OHYHO� DQG� WR� SOD\�
IRUZDUG��7DEOH����

���VXEMHFWV�H[SHULHQFHG����DFXWH�
LQMXULHV�ZKLFK�ZHUH� UHSRUWHG� E\� RQH�
RU�ERWK�VXUYHLOODQFH�PHWKRGV��$PRQJ�
WKH�����������������ZHUH�UHSRUWHG�E\�
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LQWHUQHW�EDVHG� VXUYH\�� ���� ��������
ZHUH�UHSRUWHG�E\�$7&�

7KH�DFXWH�LQMXU\�LQFLGHQFH�UDWH�ZDV�
��������� $(� KRXUV� XVLQJ� UHSRUWLQJ�
IURP�HLWKHU�WKH�LQWHUQHW�EDVHG�RU�$7&�
V\VWHP�� ��������� $(� KRXUV� XVLQJ�
UHSRUWLQJ� IURP� WKH� LQWHUQHW�EDVHG�
V\VWHP��DQG���������$(�KRXUV�XVLQJ�
UHSRUWLQJ�IURP�WKH�$7&�V\VWHP���

7KH�PRVW�FRPPRQ�DFXWHO\�LQMXUHG�
ERG\� UHJLRQV�ZHUH� WKH�DQNOH� �������
WKH�NQHH��������DQG�WKH�KLS�������

���VXEMHFWV�H[SHULHQFHG����RYHUXVH�
LQMXULHV�ZLWK��������������UHSRUWHG�E\�
WKH�LQWHUQHW�EDVHG�VXUYH\�������������
UHSRUWHG�E\�$7&

7KH�RYHUXVH� LQMXU\� LQFLGHQFH� UDWH�
ZDV����������$(�KRXUV�XVLQJ�UHSRUWLQJ�
IURP�HLWKHU�WKH�LQWHUQHW�EDVHG�VXUYH\�
RU� $7&� V\VWHP�� ��������� $(� KRXUV�
XVLQJ� UHSRUWLQJ� IURP� WKH� LQWHUQHW�
EDVHG�VXUYH\�V\VWHP��DQG���������$(�
KRXUV� XVLQJ� UHSRUWLQJ� IURP� WKH� $7&�
V\VWHP��

7KH�PRVW�FRPPRQ�ERG\�UHJLRQV�IRU�
RYHUXVH�LQMXULHV�ZHUH�WKH�NQHH�������
DQG�ORZHU�OHJ�������

)RU�DOO�LQMXULHV��WKH�.DSSD�VWDWLVWLF�
LQGLFDWHG�WKH�DJUHHPHQW�ZDV�YHU\�JRRG�
IRU�ERG\�UHJLRQ�LQMXUHG�DQG�ODWHUDOLW\�
RI�LQMXU\�

'LVFXVVLRQ
7KH�UDWH�RI�LQMXU\�LQ�WKLV�SRSXODWLRQ�

����������$(�RYHUXVH�DQG����������$(�
DFXWH��LV�FRQVLVWHQW�ZLWK�RWKHU�VWXGLHV�

RI�LQMXU\�UDWHV�LQ�\RXWK�VRFFHU�
3OD\LQJ�IRUZDUG��D�KLVWRU\�RI�D�SULRU�

LQMXU\�� DQG�ZRUNLQJ�ZLWK� D� SHUVRQDO�
WUDLQHU��IRU�UHDVRQV�WKDW�DUH�XQFOHDU��
LQFUHDVH�WKH�ULVN�RI�DFXWH�LQMXU\�

<RXQJHU� HOLWH� SOD\HUV� ZHUH�PRUH�
OLNHO\� WR� KDYH� RYHUXVH� LQMXULHV� DQG�
SOD\LQJ�IRUZDUG�ZDV�DOVR�D�ULVN�IDFWRU�

7KH�LQWHUQHW�EDVHG�V\VWHP�LGHQWL¿HG�
D�JUHDWHU�SHUFHQWDJH�RI�WRWDO� LQMXULHV�
DQG�SHUIRUPHG�FRPSDUDEO\�WR�WKH�$7&�
PRGHO�UHJDUGLQJ�ERG\�UHJLRQ�LQMXUHG���

6XPPDU\�DQG�&RQFOXVLRQV
3DUHQWV� DUH� IHDVLEOH� DV� FROOHFWRUV�

RI�EDVLF�LQMXU\�GDWD�IRU�WKHLU�FKLOGUHQ�
,QWHUQHW�EDVHG� LQMXU\� VXUYHLOODQFH�

V\VWHPV� WKDW� XVH� SDUHQW� UHSRUWLQJ�
VKRXOG� EH� FRQVLGHUHG� IRU� IXWXUH�
VWXGLHV� RI� VSRUWV� LQMXULHV� LQ� \RXWK�
SRSXODWLRQV�ZKHUH�DWKOHWLF�WUDLQHUV�DUH�
QRW� DYDLODEOH�� VXFK� DV� DW� WKH�PLGGOH�
VFKRRO� OHYHO� DQG� QRQ�VFKRRO�EDVHG�
VSRUWV�FOXEV����
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5HIHUHQFHV
����-XQJH�$��&KRPLDN�-��'YRUDN�-��

7KH� LQFLGHQFH� � RI� IRRWEDOO� LQMXULHV� LQ�
\RXWK�SOD\HUV��&RPSDULVRQ�RI�SOD\HUV�
IURP�WZR�(XURSHDQ�UHJLRQV��$P�-�6SRUWV�
0HG������������VXSSOHPHQW��6�������

��� /H� *DOO� )�� &DUOLQJ� &�� 5HLOO\� 7��
,QMXULHV� LQ�\RXQJ�HOLWH� IHPDOH� VRFFHU�
SOD\HUV�� DQ� ��VHDVRQ� SURVSHFWLYH�
VWXG\��$P�-�6SRUWV�0HG�������������
�����

��� <DUG� ((�� 6FKURHGHU�0-�� )LHOGV�
6.��HW�DO��7KH�HSLGHPLRORJ\�RI�8QLWHG�

6WDWHV� KLJK� VFKRRO� VRFFHU� LQMXULHV��
����������� $P� -� 6SRUWV�0HG� ������
���������������

��� (PHU\� &$�� 0HHXZLVVH� :+��
+DUWPDQQ� 6(�� (YDOXDWLRQ� RI� ULVN�
IDFWRUV�IRU�LQMXU\�LQ�DGROHVFHQW�VRFFHU��
LPSOHPHQWDWLRQ� DQG� YDOLGDWLRQ� RI� DQ�
LQMXU\�VXUYHLOODQFH�V\VWHP��$P�-�6SRUWV�
0HG��������������������

)XQGLQJ�
7KLV�SXEOLFDWLRQ�ZDV�PDGH�SRVVLEOH�

E\� JUDQW� �� 5��$5������� IURP� WKH�

7DEOH����'HPRJUDSKLF�DQG�6RFFHU�,QIRUPDWLRQ�DPRQJ�)HPDOH�<RXWK�6RFFHU�3OD\HUV�������<HDUV�RI�$JH��6HDWWOH��:DVKLQJWRQ�������
D�&RPSDULQJ�DFXWHO\�LQMXUHG�WR�XQLQMXUHG�SOD\HUV�S�����
E�&RPSDULQJ�RYHUXVH�LQMXUHG�WR�XQLQMXUHG�SOD\HUV�S�����

   
Players with 

acute injuries 
(N=22) 

%   

Players with 
overuse  injuries 

(N=17) 
% 

 
 

Uninjured players 
(N=49) 

% 
 Age (years)  b  

 11 9 6 4 
 12 36 47 22 
 13 23 35 29 
 14 32 12 45 

 Menarchal 77 47 73 
 Length of soccer           
career (years) 

   

 1-4 9 0 10 
 5-6 18 6 14 
 7-8 46 71 43 
 9+ 27 23 33 

 Play on school team 36 35 43 
 Position a  b  

 Defender 18 35 31 
 Forward 50 53 18 
 Midfielder 27 12 47 
 Goalie 5 0 4 

 Level of play a  b  
 Elite 77 82 53 
 Recreational 23 18 47 

 Number of other sports 
played 

   

 1 32 29 29 
 2 27 29 29 
 3 23 20 20 
 4+ 18 22 22 

 Ever injured 77a 53 43 
Using a personal trainer 32 a 24 10 
Participating in injury 
prevention program 

9 6 12 

1DWLRQDO� ,QVWLWXWH� RI� $UWKULWLV� DQG�
0XVFXORVNHOHWDO� DQG� 6NLQ� 'LVHDVHV��
%HWKHVGD��0'���

6WXG\� ZDV� DSSURYHG� E\� WKH�
8QLYHUVLW\�RI�:DVKLQJWRQ�,QVWLWXWLRQDO�
5HYLHZ�%RDUG�

5HSURGXFHG� LQ� FRQGHQVHG� IRUPDW�
ZLWK� SHUPLVVLRQ� IRU� WKH� -RXUQDO� RI�
$WKOHWLF�7UDLQLQJ���)XOO�DUWLFOH�FLWDWLRQ��
0$�6FKLII�� &'�0DFN��1/� 3ROLVVDU��05�
/HY\��63�'RZ��DQG�-:�2¶.DQH��-�$WKO�
7UDLQ��0D\������������������������
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/DWHUDO�7LELDO�3ODWHDX�/HQJWK�DQG�5DGLDO�&RQYH[LW\�DV�$QWHULRU�
&UXFLDWH�/LJDPHQW�,QMXU\�5LVN�)DFWRUV���,V�LW�*HQGHU�RU�*HRPHWU\"

$EVWUDFW��7KH�DUWLFXODU�VXUIDFH�JHRPHWU\�RI�WKH�WLELDO�SODWHDX�DQG�LWV�UHODWLRQVKLS�WR�WKH�IHPRUDO�
VXUIDFH�PD\�SUHGLVSRVH�LQGLYLGXDOV�WR�DQWHULRU�FUXFLDWH�OLJDPHQW��$&/��LQMXU\>���@��:H�UHWURVSHF�
WLYHO\�HYDOXDWHG�05,V�SHUIRUPHG� LQ�����DJH��DQG�DFWLYLW\�PDWFKHG�XQLQMXUHG�DQG�QRQ�FRQWDFW�
XQLODWHUDO��X$&/����ELODWHUDO��E$&/����DQG�UHYLVLRQ��U$&/��LQMXUHG�SHUVRQV�WR�HYDOXDWH�JHRPHWULF�
GLIIHUHQFHV�LQ�WKH�ODWHUDO�WLELDO�SODWHDX�GLVWDO�IHPXU�WR�DVFHUWDLQ�IDFWRUV�WKDW�FRXOG�DVVRFLDWHG�ZLWK�
$&/�LQMXU\�RU�UHLQMXU\���:H�IRXQG�WKDW�DOO�IHPDOHV��XQLQMXUHG�RU�LQMXUHG��GHPRQVWUDWH�D�UHODWLYHO\�
VKRUWHU�WLELDO�SODWHDX�WR�GLVWDO�IHPRUDO�EHDULQJ�VXUIDFH�DQG�D�FRPSDUDWLYHO\�VWHHSHU�ODWHUDO�SODWHDX�
FRQYH[LW\�FRPSDUHG�WR�XQLQMXUHG�PDOHV���,Q�IHPDOHV��WKHUH�LV�OLWWOH�YDULDWLRQ�LQ�WKLV�JHRPHWU\�UH�
JDUGOHVV�RI�ZKHWKHU�WKH\�KDYH�RU�KDYH�QRW�VXIIHUHG�DQ�$&/�LQMXU\���,Q�FRQWUDVW��PDOHV�ZKR�VXIIHUHG�
$&/�LQMXULHV�RU�UHLQMXULHV�GHPRQVWUDWHG�D�WLELDO�SODWHDX�JHRPHWU\�WKDW�FORVHO\�DSSUR[LPDWHG�WKDW�
RI�WKH�IHPDOH�NQHH���,Q�DGGLWLRQ��LQ�PDOHV�D�VKRUWHU�DQG�PRUH�FRQYH[�SODWHDX�JHRPHWU\�FRUUHODWHG�
ZLWK�D�JUHDWHU�SURSHQVLW\�IRU�ELODWHUDO�RU�UHFXUUHQW�LQMXULHV��7KHVH�GDWD�VXJJHVW�WKDW�WKH�SUHGLOHFWLRQ�
IRU�$&/�LQMXU\�LV�LQ�SDUW�UHODWHG�DV�PXFK�WR�WKH�VKDSH�RI�WKH�ODWHUDO�NQHH�EHDULQJ�VXUIDFHV�UDWKHU�
WKDQ�JHQGHU���7KH�GDWD�DOVR� LQGLFDWH�D�SRWHQWLDO�H[SODQDWLRQ�IRU�WKH�PHFKDQLVP�RI�$&/�LQMXU\�

6WXG\�5DWLRQDOH�$QG�&RQWH[W�
$QWHULRU� &UXFLDWH� /LJDPHQW� �$&/��

LQMXULHV�DUH�DPRQJ�WKH�PRVW�FRPPRQO\�
RFFXUULQJ� DQG� GLVDEOLQJ� RI� DWKOHWLF�
LQMXULHV�� � 7KH\� DIIHFW� DSSUR[LPDWHO\�
�������SHUVRQV�DQQXDOO\�DW�D�FRVW�RI�
RQH�ELOOLRQ�GROODUV>�@���)HPDOHV�DUH�D�
JUHDWHU�ULVN�RI�$&/�LQMXU\�WKDQ�PDOHV��
ZLWK�D����WR���IROG�JUHDWHU�LQMXU\�ULVN�
WR�IHPDOH�DWKOHWHV�FRPSDUHG�WR�VDPH�
VSRUW�PDOH�DWKOHWHV>���@��7KH�UHDVRQV�
IRU� WKLV� DUH� FRQWURYHUVLDO�� &RQWUDU\�
WR� SRSXODU� RSLQLRQ�� WKH�PDMRULW\� RI�
$&/� LQMXULHV� DUH� WKH� UHVXOW� RI� QRQ�
FRQWDFW�PHFKDQLVPV�� UHVXOWLQJ� IURP�
UDSLG� GHFHOHUDWLRQ� DQG�RU� µFXWWLQJ¶�
ZLWKRXW�SK\VLFDO�FROOLVLRQ�ZLWK�DQRWKHU�
SDUWLFLSDQW���&HUWDLQ�LQGLYLGXDOV��PDOH�
DQG� IHPDOH��DSSHDU� WR�EH�DW� ULVN� IRU�
UHFXUUHQW�WHDUV��UH�WHDULQJ�D�SUHYLRXVO\�
UHFRQVWUXFWHG� $&/�� RU� ELODWHUDO� WHDUV�
�WHDULQJ� WKH� RSSRVLWH�OHJ� $&/�� ZLWK�
FRQWLQXHG� SDUWLFLSDWLRQ�� � 7R� SUHYHQW�
$&/�LQMXULHV��LW�LV�QHFHVVDU\�WR�EHWWHU�

LGHQWLI\�IDFWRUV�WKDW�SXW�LQGLYLGXDOV�DW�
JUHDWHU� ULVN� IRU�$&/� LQMXU\�� UH�LQMXU\��
RU�ELODWHUDO�LQMXULHV��DQG�WR�XQGHUVWDQG�
PRUH� FRPSOHWHO\� WKH�PHFKDQLVPV� RI�
DQ�$&/�WHDU�

&OLQLFDO�4XHVWLRQ
,V� WKH� VKDSH� RI� WKH� ODWHUDO� NQHH�

DUWLFXODWLQJ� VXUIDFH� �SUR[LPDO� WLELDO�
SODWHDX�DQG�GLVWDO�IHPXU��GLIIHUHQW�LQ�
SHUVRQV�ZKR�VXIIHU�$&/�LQMXULHV��DQG�GR�
JHQGHU�GLIIHUHQFHV�LQ�WKLV�VKDSH�KHOS�
WR�H[SODLQ�WKH�IHPDOH�SUHGLVSRVLWRQ�IRU�
DQWHULRU�FUXFLDWH�OLJDPHQW�LQMXU\�LQ�DQ�
DJH��DQG�DFWLYLW\�PDWFKHG�SRSXODWLRQ"�
:H� K\SRWKHVL]HG� WKDW� WKH� IHPDOHV�
ZRXOG�KDYH�D� UHODWLYHO\�VKRUWHU� WLELDO�
SODWHDX�DQG�VPDOOHU�UDGLXV�RI�FXUYDWXUH�
WKDQ�PDOHV��DQG�WKDW�SDWLHQWV�ZKR�ZHUH�
µDW�ULVN¶��VXIIHUHG�ELODWHUDO�RU�UHFXUUHQW�
$&/� WHDUV��ZRXOG� GHPRQVWUDWH�PRUH�
SURQRXQFHG�JHRPHWULF�GLIIHUHQFHV�

0HWKRGV
05,�LPDJHV�LQ�����DJH��DQG�DFWLYLW\�

PDWFKHG� XQLQMXUHG� DQG� $&/�LQMXUHG�
SDWLHQWV�SUHVHQWLQJ�WR�WKH�8QLYHUVLW\�RI�
:DVKLQJWRQ�6SRUWV�0HGLFLQH�&OLQLF�ZHUH�
HYDOXDWHG���7KHVH�ZHUH�GLYLGHG�LQWR�WKH�
IROORZLQJ�JURXSV�IRU�FRPSDULVRQ�

��8QLQMXUHG����)���0����QR�KLVWRU\�
RI�$&/�LQMXU\�RU�NQHH�LQVWDELOLW\��

��8QLODWHUDO�$&/��X$&/����)���0����
SHUVRQV�ZKR�ZHUH�WUHDWHG�IRU�D�VLQJOH�
QRQ�FRQWDFW�$&/�LQMXU\�DQG�KDYH�QRW�
KDG�D�UHLQMXU\�RU�RWKHU�VLGHG�LQMXU\��

��%LODWHUDO�$&/� �E$&/����)���0����
SHUVRQV�ZKR¶YH�VXVWDLQHG�QRQ�FRQWDFW�
$&/� LQMXULHV� LQ�ERWK�NQHHV� �VHSDUDWH�
LQMXULHV���

�� 5HYLVLRQ� $&/� �U$&/�� �)��0����
SHUVRQV�ZKR�VXVWDLQHG�D�QRQ�FRQWDFW�
$&/� DQG� VXEVHTXHQWO\� UH�WRUH� WKHLU�
UHFRQVWUXFWHG�JUDIW�YLD�D�QRQ�FRQWDFW�
PHFKDQLVP

$IWHU� WKH� FROOHFWLRQ�RI� LQMXU\�GDWD�
DQG� WKH� DVVLJQPHQW� RI� WKH�05,¶V� WR�
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JURXSV����VHSDUDWH�REVHUYHUV��EOLQGHG�
WR�JURXS�DQG�JHQGHU�DQDO\]HG�LPDJHV�
RI�WKH�PLGGOH�ZHLJKW�EHDULQJ�VDJLWWDO�
SODQH� RI� WKH� MRLQW� XVLQJ� VSHFLDOL]HG�
VRIWZDUH� �2VLUL;� Y������� IRU� WKH�
IROORZLQJ�YDULDEOHV��)LJXUH������

��7LELDO�3ODWHDX�5DGLXV�RI�&XUYDWXUH�

�73U��� �7KH� UDGLXV�RI�D�SHUIHFW� FLUFOH�
FLUFXPVFULEHG� RQ� WKH�ZHLJKW�EHDULQJ�
DUWLFXODU�VXUIDFH�RI�WKH�WLELDO�SODWHDX���

��'LVWDO�)HPRUDO�5DGLXV�RI�&XUYDWXUH�
�)U����7KH�UDGLXV�RI�D�ORJDULWKPLF�FXUYH�
�)LERQDFFL�VHULHV��WKDW�PDSV�WKH�VKDSH�
RI�WKH�ODWHUDO�IHPRUDO�FRQG\OH�DUWLFXODU�

VXUIDFH�WDNHQ�DW�WKH�SRLQW�RI�FRQWDFW�
ZLWK�WKH�WLELDO�SODWHDX���

��/DWHUDO�7LELDO�3ODWHDX�$QWHULRU�WR�
3RVWHULRU�/HQJWK��73$3����WKH�OHQJWK�RI�
WKH�MRLQW�VXUIDFH�RI�WKH�GLVWDO�IHPXU���

�� 'LVWDO� )HPRUDO� $QWHULRU�WR�
3RVWHULRU�/HQJWK��)$3����WKH�OHQJWK�RI�
WKH�MRLQW�VXUIDFH�RI�WKH�SUR[LPDO�WLELD���

��7R�HOLPLQDWH�ELDV�GXH�WR�LQGLYLGXDO�
YDULDWLRQV�LQ�VL]H��WKH�UDWLRV�RI�)U�73U�
DQG�)$3�73$3�ZHUH�XWLOL]HG���

'DWD�IURP���EOLQGHG�REVHUYHUV�ZDV�
DYHUDJHG�DQG�VWDWLVWLFDO�DQDO\VLV�ZDV�
SHUIRUPHG� XVLQJ� 6WXGHQW¶V� 7�7HVW���
$GGLWLRQDO� VWDWLVWLFDO� DQDO\VLV�� SRZHU�
DQDO\VLV�� DQG� DVVHVVPHQW� RI� RGGV�
UDWLR�ZLOO�EH�DYDLODEOH�LQ�WKH�SXEOLVKHG�
YHUVLRQ�RI�WKLV�PDQXVFULSW�

5HVXOWV�
7LELDO�3ODWHDX�'LVWDO�)HPXU�/HQJWK�

�7DEOH���
�� 6LJQLILFDQW� GLIIHUHQFHV� LQ� WKH�

UHODWLYH� OHQJWK� RI� WKH� WLELDO� SODWHDX�
DQG�GLVWDO� IHPXU�EHWZHHQ�PDOHV�DQG�
IHPDOHV��

��8QLQMXUHG�IHPDOHV�GHPRQVWUDWHG�
D�UHODWLYHO\�VKRUWHU�SODWHDX�FRPSDUHG�
WR�IHPXU�OHQJWK��KLJKHU�)$3�73$3�UDWLR��
WKDQ�XQLQMXUHG�PDOHV���

�� 7KH� SODWHDX� OHQJWK� UHODWLYH� WR�
IHPRUDO� OHQJWK�ZDV� QRW� VLJQL¿FDQWO\�
GLIIHUHQW� EHWZHHQ� $&/�LQMXUHG�PDOHV�

7DEOH����/HQJWK�UHODWLRQVKLSV�LQ�WKH�ODWHUDO�WLELRIHPRUDO�FRPSDUWPHQW�LQ�XQLQMXUHG�DQG�
$&/�LQMXUHG�PDOHV�DQG�IHPDOHV��)$3� �)HPRUDO�$�3�/HQJWK��73$3� �7LELDO�3ODWHDX�$�3�
/HQJWK��)$3�73$3� �UDWLR�RI�IHPRUDO�WR�WLELDO�OHQJWK�

7DEOH����5DGLXV�RI�FXUYDWXUH�UHODWLRQVKLSV�LQ�WKH�ODWHUDO�WLELRIHPRUDO�FRPSDUWPHQW�LQ�
XQLQMXUHG�DQG�$&/�LQMXUHG�PDOHV�DQG�IHPDOHV��73U� �7LELDO�3ODWHDX�5DGLXV�RI�&XUYDWXUH��
)U� �)HPRUDO�)LERQDFFL�5DGLXV�RI�&XUYDWXUH��73U�)U� �UDWLR�RI�WLELDO�SODWHDX�DQG�IHPRUDO�
UDGLL�RI�FXUYDWXUH�

)LJXUH�����0LG�ZHLJKW�EHDULQJ�VDJLWWDO�SODQH�PHDVXUHPHQWV�RI�WKH�ODWHUDO�WLELDO�IHPRUDO�FRPSDUWPHQW����$���/LQH�'�)�UHSUHVHQWV�
WKH�)HPRUDO�$QWHUR�3RVWHULRU� OHQJWK��)$3��� �/LQH�7�3�UHSUHVHQWV� WKH�7LELDO�3ODWHDX�$QWHUR�SRVWHULRU� OHQJWK��73$3��� � �%��$�FLUFOH�
LV�FLUFXPVFULEHG�WR�IROORZ�WKH�DUWLFXODU�FDUWLODJH�VXUIDFH�RI�WKH�WLELDO�SODWHDX���7KH�UDGLXV�RI�WKLV�FLUFOH��5�7��UHSUHVHQWV�WKH�7LELDO�
3ODWHDX�5DGLXV�RI�&XUYDWXUH��73U�����&��7KH�)LERQDFFL�VHULHV�WHPSODWH�LV�FLUFXPVFULEHG�RYHU�WKH�GLVWDO�IHPRUDO�DUWLFXODU�VXUIDFH���$�
PHDVXUHPHQW�LV�PDGH�RI�WKH�UDGLXV�RI�WKH�)LERQDFFL�VHULHV�WKDW�EHVW�FRUUHVSRQGV��WR�WKH�ZHLJKW�EHDULQJ�UHJLRQ�RI�WKH�NQHH�LQ�ÀH[LRQ���
7KLV�UDGLXV�OLQH��)�6��UHSUHVHQWV�WKH�)HPRUDO�)LERQDFFL�UDGLXV�RI�FXUYDWXUH��)U���
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DQG�XQLQMXUHG�IHPDOHV���
��1R�VLJQL¿FDQW�GLIIHUHQFHV�H[LVWHG�

EHWZHHQ�LQMXU\�PDWFKHG��X$&/��E$&/��
RU� U$&/��PDOHV� DQG� LQMXU\�PDWFKHG�
IHPDOHV���

�� )HPDOHV�� XQLQMXUHG� RU� LQMXUHG��
GHPRQVWUDWHG�YHU\� OLWWOH�YDULDELOLW\� LQ�
WKH�UHODWLYH�OHQJWK�RI�WKH�WLELDO�SODWHDX��

��&RQYHUVHO\��XQLQMXUHG�PDOHV�KDG�
D� VLJQLILFDQWO\� ORQJHU� UHODWLYH� WLELDO�
SODWHDX�OHQJWK��VPDOOHU�)$3�73$3�UDWLR��
WKDQ�X$&/��DQG�E$&/�LQMXUHG�PDOHV��

7LELDO� DQG� )HPRUDO� 5DGLXV� RI�
&XUYDWXUH��7DEOH���

�� &RPSDULVRQ� RI� 73U�)U� UDWLRV�
LQGLFDWHG� WKDW� WKH� FRQYH[LW\� RI� WKH�
ODWHUDO�WLELDO�SODWHDX�ZDV�VLJQL¿FDQWO\�
VWHHSHU� �VPDOO� UDGLXV� RI� FXUYDWXUH�
UHODWLYH� WR� WKH� IHPXU�� LQ� XQLQMXUHG�
RU� XQLODWHUDO�$&/�LQMXUHG� IHPDOHV�
FRPSDUHG�WR�WKHLU�PDOH�FRXQWHUSDUWV���

��1R�VLJQL¿FDQW�JHQGHU�GLIIHUHQFHV�
LQ�WKH�UHODWLYH�SODWHDX�UDGLXV��73U�)U��
ZHUH�REVHUYHG�LQ�SHUVRQV�ZKR�VXIIHUHG�
ELODWHUDO�$&/�LQMXULHV�RU�UHFXUUHQW�$&/�
LQMXULHV���

�� 7KH� UHODWLYH� SODWHDX� UDGLXV� RI�
FXUYDWXUH� IHOO� ZLWKLQ� D� YHU\� QDUURZ�
UDQJH�LQ�IHPDOHV�UHJDUGOHVV�RI�ZKHWKHU�
WKH\�ZHUH�XQLQMXUHG�RU�LQMXUHG��X$&/��
E$&/��U$&/����

��&RQYHUVHO\��XQLQMXUHG�PDOHV�KDG�
VWDWLVWLFDOO\�VLJQL¿FDQWO\�VPDOOHU�73U�)U�
UDWLRV��D�UHODWLYHO\�ODUJHU�ODWHUDO�WLELDO�

SODWHDX�FRPSDUHG�WR�WKH�IHPXU��WKDQ�
LQMXUHG�PDOHV��X$&/��E$&/��U$&/����

��:KHQ�FRPSDULQJ�LQMXU\�PDWFKHG�
IHPDOHV� DQG�PDOHV�� WKHUH� ZHUH� QR�
VWDWLVWLFDOO\�VLJQL¿FDQW� GLIIHUHQFHV� LQ�
FRQYH[LW\�RI�WKH�WLELDO�SODWHDX�UHODWLYH�
WR�WKH�IHPXU�

'LVFXVVLRQ
��2XU�UHVXOWV�LQGLFDWH�WKDW�WKHUH�LV�D�

FKDUDFWHULVWLF�JHRPHWU\�WKDW�PD\�EH�D�
UHODWLYH�ULVN�IDFWRU�IRU�QRQ�FRQWDFW�$&/�
LQMXU\�� ELODWHUDO� LQMXU\�� DQG� UHFXUUHQW�
LQMXU\�

��7KLV�JHRPHWU\�LV�PRUH�FRPPRQO\�
IRXQG�LQ�SHUVRQV�RI�WKH�IHPDOH�JHQGHU��
DQG�WKXV�FRXOG�DW�OHDVW�SDUWLDOO\�H[SODLQ�
WKH�KLJKHU�IHPDOH�SUHGLOHFWLRQ�IRU�$&/�
LQMXULHV��)LJXUH����

�� 0DOHV� ZKR� VXIIHU� $&/� LQMXULHV�
G HPRQ V W D W H � W L E L D O � J H RPH W U \�
FKDUDFWHUL]HG�E\�D�VKRUWHU�WLELDO�SODWHDX�
UHODWLYH�WR�WKH�GLVWDO�IHPXU�ZLWK�VWHHS�
FRQYH[LW\��VPDOO� UDGLXV�RI�FXUYDWXUH��
ZKHQ� FRPSDUHG� WR� XQLQMXUHG�PDOHV���
7KHUHIRUH��WKLV�JHRPHWU\�PD\�UHSUHVHQW�
DQ�LGHQWL¿DEOH�ULVN�IDFWRU�IRU�$&/�LQMXU\�
LQ�PDOHV�

�� 6WUHQJWKV�� �:H� KDYH� LGHQWL¿HG�
D� QRYHO�PHDQV� RI�PHDVXUHPHQW� DQG�
FKDUDFWHUL]DWLRQ� RI� WKH� WLELDO� SODWHDX�
�PLG�VDJLWWDO� UDGLXV� RI� FXUYDWXUH��
DQG�GLVWDO� IHPXU��)LERQDFFL� UDGLXV�RI�
FXUYDWXUH��DQG�VWXGLHG�LW�LQ�DQ�DJH��DQG�

DFWLYLW\�PDWFKHG� FRKRUW� RI� VXEMHFWV�
�)LJXUH����

��/LPLWDWLRQV���7KLV�LV�D�UHWURVSHFWLYH�
VWXG\���7KH�SRZHU�RI�WKH�VWXG\�LV�OLPLWHG�
LQ�WKH�UHYLVLRQ��U$&/��SRSXODWLRQ�GXH�
WR�ORZ�QXPEHUV�

��$� ODWHUDO�NQHH�DUFKLWHFWXUH�ZLWK�
D�VKRUWHU��PRUH�FRQYH[�WLELDO�EHDULQJ�
VXUIDFH�PD\�EH�LQKHUHQWO\�OHVV�VWDEOH�
WR�WUDQVODWLRQDO�DQG�URWDWLRQDO�IRUFHV���
,Q�WKHRU\��D[LDO�ORDGLQJ�RI�D�WUDQVODWHG��
LQWHUQDOO\� URWDWHG� MRLQW� ZLWK� WKLV�
JHRPHWU\� FRXOG� OHDG� WR� FRQGLWLRQV�
WKDW�H[FHHG�WKH�$&/�WHQVLOH�VWUHQJWK��
DQG�UHSUHVHQWV�D�SRWHQWLDO�PHFKDQLVP�
IRU�QRQ�FRQWDFW�$&/�WHDUV��)LJXUH����

��3URVSHFWLYH�FOLQLFDO�HYDOXDWLRQ�DQG�
FDGDYHULF�ELRPHFKDQLFDO�HYDOXDWLRQ�DUH�
SODQQHG�WR�IXUWKHU�HYDOXDWH�WKH�UROH�RI�
ODWHUDO�WLELDO�IHPRUDO�JHRPHWU\�DQG�WKH�
ULVN�RI�$&/�LQMXULHV��

6XPPDU\�$QG�&RQFOXVLRQ
��3HUVRQV�ZKR�VXIIHU�QRQ�FRQWDFW�

DQWHULRU� FUXFLDWH� OLJDPHQW� �$&/��
LQMXULHV�RU�UH�LQMXULHV�DSSHDU�WR�VKDUH�
D� FRPPRQ� WLELDO� JHRPHWU\� WKDW�PD\�
SXW�WKHP�DW�ULVN

��7KH� IHPDOH�SUHGLOHFWLRQ� IRU�$&/�
LQMXULHV�PD\� EH� SDUWLDOO\� H[SODLQHG�
E\� WKH� IDFW� WKDW� WKLV� JHRPHWU\�PD\�
EH�PRUH�FRPPRQ� LQ�DOO� IHPDOHV��EXW�
XQFRPPRQ�LQ�XQLQMXUHG�PDOHV�

)LJXUH������/HIW���&RPSDULVRQ�RI�WLELDO�SODWHDX�JHRPHWULF�FXUYDWXUH��GDVKHG�ZKLWH�OLQH��LQ�D�W\SLFDO�XQLQMXUHG�PDOH��$���$&/�LQMXUHG�PDOH�
�%���XQLQMXUHG�IHPDOH��&���DQG�$&/�LQMXUHG�IHPDOH��'����,Q�LPDJHV�$�'��LQGLYLGXDO�VL]H�GLIIHUHQFHV�FDQ�EH�QHJDWHG�E\�VWDQGDUGL]LQJ�
WKH�GLVWDO�IHPRUDO�DQWHULRU�WR�SRVWHULRU�OHQJWK�WR�D�XQLIRUP�)LERQDFFL�ORJDULWKPLF�FXUYH��(�����5LJKW���7KH�)LERQDFFL�FXUYH�VLWV�DWRS�
WKH���VXSHULPSRVHG�SODWHDX�FXUYDWXUHV���1RWH�WKDW�WKH�ODUJHVW�FXUYDWXUH��UHSUHVHQWLQJ�WKH�XQLQMXUHG�PDOH��LV�UHPDUNDEO\�GLIIHUHQW�
WKDQ�WKH�FXUYHV�RI�WKH�XQLQMXUHG�IHPDOH��$&/�LQMXUHG�IHPDOH��DQG�$&/�LQMXUHG�PDOH�
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5HIHUHQFHV
���*LI¿Q�-5��9RJULQ�70��=DQWRS�7��

:RR�6/��+DUQHU�&'��(IIHFWV�RI�LQFUHDVLQJ�
WLELDO� VORSH� RQ� WKH� ELRPHFKDQLFV� RI�
WKH� NQHH�� $P� -� 6SRUWV� 0HG�� 0DU�
�������������������

��� +DVKHPL� -�� &KDQGUDVKHNDU� 1��
*LOO� %�� HW� DO�� 7KH� JHRPHWU\� RI� WKH�
WLELDO� SODWHDX� DQG� LWV� LQIOXHQFH� RQ�
WKH� ELRPHFKDQLFV� RI� WKH� WLELRIHPRUDO�
MRLQW�� -� %RQH� -RLQW� 6XUJ� $P�� 'HF�
����������������������

��� +DVKHPL� -�� &KDQGUDVKHNDU� 1��
0DQVRXUL� +�� HW� DO�� 6KDOORZ�PHGLDO�
WLELDO� SODWHDX� DQG� VWHHS�PHGLDO� DQG�
ODWHUDO�WLELDO�VORSHV��QHZ�ULVN�IDFWRUV�IRU�
DQWHULRU�FUXFLDWH�OLJDPHQW�LQMXULHV��$P�
-�6SRUWV�0HG��-DQ������������������

���+HZHWW�7(��)RUG�.5��0\HU�*'��
$QWHULRU� FUXFLDWH� OLJDPHQW� LQMXULHV� LQ�
IHPDOH�DWKOHWHV��3DUW����D�PHWD�DQDO\VLV�
RI�QHXURPXVFXODU�LQWHUYHQWLRQV�DLPHG�
DW�LQMXU\�SUHYHQWLRQ��$P�-�6SRUWV�0HG��
0DU��������������������

)LJXUH�����3URSRVHG�PHFKDQLVP�IRU�DQWHULRU�FUXFLDWH�OLJDPHQW��$&/��LQMXU\�EDVHG�RQ�WLELDO�SODWHDX�JHRPHWULF�YDULDWLRQ���*LYHQ�WKH�
VDPH�IHPRUDO�JHRPHWU\��UHSUHVHQWHG�E\�WKH�)LERQDFFL�ORJDULWKPLF�FXUYH��DQG�D�VWDQGDUG�DPRXQW�RI�DQWHULRU�WLELDO�GLVSODFHPHQW��D�
ODUJHU�WLELDO�UDGLXV�RI�FXUYDWXUH��OHIW��ZLOO�UHVXOW�LQ�D�OHVV�VWHHS�WDQJHQW�DQJOH��Ǉ���WKDQ�WKDW�RI�D�VPDOOHU�WLELDO�UDGLXV�RI�FXUYDWXUH��Ǉ�����
:KHQ�DQ�D[LDO�ORDG�LV�DSSOLHG��ODUJH�DUURZ���WKLV�ZRXOG�UHVXOW�LQ�KLJKHU�UHVXOWDQW�VDJLWWDO�WUDQVODWLRQDO�IRUFHV�WKDW�FRXOG�RYHUFRPH�
WKH�WHQVLOH�VWUHQJWK�RI�WKH�$&/�

���5HQVWURP�3��/MXQJTYLVW�$��$UHQGW�
(�� HW� DO�� 1RQ�FRQWDFW� $&/� LQMXULHV�
LQ� IHPDOH� DWKOHWHV�� DQ� ,QWHUQDWLRQDO�
2O\PSLF�&RPPLWWHH�FXUUHQW�FRQFHSWV�
VWDWHPHQW�� %U� -� 6SRUWV� 0HG�� -XQ�
�������������������
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$GXOW�5HFRQVWUXFWLYH�6XUJHU\�6HUYLFH

2VWHRDUWKULWLV� DIIHFWV� PRUH�
SHRSOH� WKDQ� DQ\� RWKHU� MRLQW�
GLVHDVH� DQG� LV� WKH� PRVW�

FRPPRQ�FDXVH�RI�ORQJ�WHUP�GLVDELOLW\�
LQ�PRVW�SRSXODWLRQV�RYHU�WKH�DJH�RI����
\HDUV��$�UHSRUW�IURP�WKH�7KLUG�1DWLRQDO�
+HDOWK� DQG� 1XWULWLRQ� ([DPLQDWLRQ�
6XUYH\�HVWLPDWHG�WKDW�������RI�DGXOWV�
LQ�WKH�8QLWHG�6WDWHV�ZKR�DUH����\HDUV�
RI� DJH� RU� ROGHU� KDYH� UDGLRJUDSKLF�
HYLGHQFH� RI� WKH� FRQGLWLRQ�� $OWKRXJK�
RVWHRDUWKULWLV�LV�QRW�D�OLIH�WKUHDWHQLQJ�
GLVHDVH��WKH�PRUELGLW\�DVVRFLDWHG�ZLWK�
WKLV� FRQGLWLRQ� LV� FRQVLGHUDEOH�� ����
RI� SDWLHQWV� ZLWK� RVWHRDUWKULWLV� KDYH�
OLPLWDWLRQ�RI�PRYHPHQW��DQG�����KDYH�
GLI¿FXOW\�SHUIRUPLQJ�PDMRU�DFWLYLWLHV�RI�
GDLO\� OLYLQJ�� 7KH� HFRQRPLF� EXUGHQ� RI�
RVWHRDUWKULWLV�PD\�H[FHHG�����ELOOLRQ�
SHU�\HDU�LQ�WKH�8QLWHG�6WDWHV��

$OWKRXJK� RVWHRDUWKULWLV� LV� PRVW�
FRPPRQO\�PDQDJHG�ZLWKRXW�VXUJHU\��
VRPH�SDWLHQWV� KDYH� VHYHUH� SDLQ� DQG�
OLPLWDWLRQV� RI� WKHLU� GDLO\� DFWLYLWLHV��
IRU� WKHVH�SDWLHQWV�� MRLQW� UHSODFHPHQW�
VXUJHU\� LV� RIWHQ� WKH� LQWHUYHQWLRQ� RI�
FKRLFH�� 7KH� NQHH� DQG� KLS� DUH� WKH�
ODUJH� MRLQWV� WKDW�DUH�PRVW�FRPPRQO\�
DIIHFWHG�E\�DUWKULWLV��DFFRUGLQJ�WR������
VWDWLVWLFV�IURP�WKH�1DWLRQDO�,QVWLWXWH�RI�
$UWKULWLV�DQG�0XVFXORVNHOHWDO�DQG�6NLQ�
'LVHDVHV�� QHDUO\� WKUHH�TXDUWHUV� RI� D�
PLOOLRQ� SHRSOH�ZLOO� JHW� D� NQHH�RU� KLS�
UHSODFHPHQW�HDFK�\HDU� LQ� WKH�8QLWHG�
6WDWHV�

7KH� -RLQW� 5HSODFHPHQW� IDFXOW\� DW�
WKH�8QLYHUVLW\�RI�:DVKLQJWRQ�0HGLFDO�
&HQWHU� DUH� LQWHUQDWLRQDOO\� NQRZQ� IRU�
WKHLU� FRQWULEXWLRQV� WR� WKH� VFLHQFH�
RI� VXUJHU\� IRU� DUWKULWLV�� DQG� WKHLU�
GLVFRYHULHV� FRQWLQXH� WR� VKDSH� WKH�
ILHOG�� 7KHLU� FOLQLFDO� SUDFWLFHV� FRYHU�
WKH� ZDWHUIURQW� LQ� WHUPV� RI� VHUYLFHV�
UHODWHG�WR�SDWLHQWV�ZLWK�DUWKULWLV��SRVW�
WUDXPDWLF�MRLQW�FRQGLWLRQV��IDLOHG�MRLQW�
UHSODFHPHQWV��DQG�ERQH�WXPRUV��7KH�
WZR�IXOO�WLPH�8:0&�MRLQW�UHSODFHPHQW�
VXUJHRQV� �3DXO� $�� 0DQQHU�� 0'� DQG�
6HWK�6��/HRSROG��0'��KDYH�SDUWLFXODU�
LQWHUHVW� DQG� H[SHUWLVH� LQ�PLQLPDOO\�
LQYDVLYH� VXUJLFDO� WHFKQLTXHV� IRU� KLS�
UHSODFHPHQW�DQG�NQHH�UHSODFHPHQW�

+RZDUG�$��&KDQVN\��0'��3URIHVVRU��
LV� HQJDJHG� LQ� DQ� RQJRLQJ� UHVHDUFK�
SURJUDP�LQYHVWLJDWLQJ�FOLQLFDO�RXWFRPHV�
RI� KLS� IUDFWXUH� VXUJHU\� LQ� D� ODUJH�
SRSXODWLRQ�RI�86�YHWHUDQV��'U��&KDQVN\�
DOVR� KDV� ERWK� UHVHDUFK� DQG� FOLQLFDO�

LQWHUHVW�LQ�WKH�WUHDWPHQW�RI�ORQJ�ERQH�
IUDFWXUHV�DURXQG�MRLQW�UHSODFHPHQWV�

(UQHVW � 8� � &RQUDG� � , , , � � 0'�
�3URIHVVRU��FRPHV�DW�WKH�VSHFLDOW\�IURP�
KLV�EDFNJURXQG�DV�D�PXVFXORVNHOHWDO�
WXPRU� VXUJHRQ��KLV� UHVHDUFK� IRFXVHV�
RQ� WKH� GXUDELOLW\� RI� DQG� VXUJLFDO�
DOWHUQDWLYHV� WR� WKH� VSHFLDO� NLQGV� RI�
LPSODQWV� UHTXLUHG� E\� SDWLHQWV� ZKR�
KDYH� ORVW� ODUJH� VHJPHQWV� RI� ERQH�
WR�PDOLJQDQW� WXPRUV��0RVW� UHFHQWO\��
'U�� &RQUDG� KDV� SXEOLVKHG� D� VHULHV�
FRPSDULQJ� FRQG\OH�VSDULQJ� DOORJUDIW�
VXUJHU\� WR� ODUJH�VHJPHQW� MRLQW�
UHSODFHPHQWV� LQ� SDWLHQWV� ZKR� KDYH�
PDOLJQDQW�WXPRUV�DERXW�WKH�NQHH��WKH�
UHVXOWV�RI�WKLV�DSSURDFK�WR�XVLQJ�ERQH�
JUDIWV�DSSHDU�YHU\�SURPLVLQJ�DQG�WUXO\�
UHSUHVHQW�D�OLPE�VSDULQJ�DSSURDFK�WR�
D�YHU\�GHVSHUDWH�SUREOHP�

6HWK� 6�� /HRSROG�� 0'� �3URIHVVRU��
IRFXVHV� KLV� UHVHDUFK� DQG� FOLQLFDO�
LQWHUHVWV� RQ�PLQLPDOO\�LQYDVLYH� WRWDO�
NQHH�DUWKURSODVW\��+H�DOVR�HQJDJHV�LQ�
HGLWRULDO�ZRUN�IRU�D�QXPEHU�RI�QDWLRQDO�
DQG�LQWHUQDWLRQDO�MRXUQDOV��DQG�IRU�WKH�
ODVW����\HDUV�KDV�PDLQWDLQHG�D�UHVHDUFK�
SURJUDP� RQ� XQXVXDO� VRXUFHV� RI� ELDV�
LQ� WKH� SHHU�UHYLHZHG� OLWHUDWXUH�� 'U��
/HRSROG�ZDV�WKH�SULQFLSDO�LQYHVWLJDWRU�
RQ�D�SURMHFW�DERXW�WUHDWLQJ�LQIHFWHG�KLS�
UHSODFHPHQWV�

3DXO� $�� 0DQQHU�� 0'� �$VVRFLDWH�
3URIHVVRU��KDV�D�QDWLRQDO�UHSXWDWLRQ�IRU�
ERWK�KLV�FOLQLFDO�ZRUN�DQG�KLV�UHVHDUFK�
UHODWHG�WR�PLQLPDOO\�LQYDVLYH�VXUJHU\�
IRU�KLS�UHSODFHPHQWV��+LV�UHVHDUFK�RQ�

WKLV�VXEMHFW�SHUWDLQV�ERWK�WR�WKH�FOLQLFDO�
RXWFRPHV� DQG� PHGLFDO�HFRQRPLF�
EHQH¿WV� DVVRFLDWHG�ZLWK� WKLV� NLQG� RI�
VXUJHU\�� ,Q� DGGLWLRQ� WR� KLV� RQJRLQJ�
VWXGLHV� LQ� ERWK� RI� WKRVH� DUHDV�� 'U��
0DQQHU� ZDV� D� FR�LQYHVWLJDWRU� RQ� D�
VWXG\�WKDW�XVHG�D�YHU\�SDWLHQW�FHQWHUHG�
DSSURDFK�WR�VXUJLFDO�GHFLVLRQ�PDNLQJ��
+H� DOVR� PDLQWDLQV� D� EDVLF� VFLHQFH�
ODERUDWRU\�RQ�WKH�VXEMHFW�RI�FDUWLODJH�
ELRORJ\�

6HWK�6��/HRSROG��0'
3UR IHVVR U � DQG � &K LH I � $GX O W�

5HFRQVWUXFWLYH�6HUYLFH

3DXO�$��0DQQHU��0�'��ZDV�SURPRWHG�WR�$VVRFLDWH�3URIHVVRU�
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(6(7�+LVWRQH�0HWK\OWUDQVIHUDVH�LV�(VVHQWLDO�
IRU�&KRQGURJHQLF�'LIIHUHQWLDWLRQ

$EVWUDFW��7KH�(6(7�SURWHLQ��D�KLVWRQH�PHWK\OWUDQVIHUDVH��LV�H[SUHVVHG�LQ�HDUO\�K\SHUWURSKLF�FKRQ�
GURF\WHV�GXULQJ�HPEU\R�GHYHORSPHQW��7R�LQYHVWLJDWH�WKH�HIIHFWV�RI�(6(7�RQ�6R[��SURWHLQ�GXULQJ�FKRQ�
GURJHQHVLV��ZH�HVWDEOLVKHG�D�GR[\F\FOLQH�LQGXFLEOH�VL51$�V\VWHP�WR�DFKLHYH�VXVWDLQHG�(6(7�NQRFN�
GRZQ�LQ�FKRQGURSURJHQLWRU�FHOOV��:KLOH�GRZQ�UHJXODWLRQ�RI�(6(7�GLG�QRW�DIIHFW�H[SUHVVLRQ�RI�6R[��DW�
WKH�SURWHLQ�OHYHO��WKHVH�FHOOV�QR�ORQJHU�SRVVHVVHG�WKH�DELOLW\�WR�XQGHUJR�FKRQGURJHQLF�GLIIHUHQWLDWLRQ�
LQ�UHVSRQVH�WR�JURZWK�IDFWRU�WUHDWPHQW��,Q�DGGLWLRQ��ZH�REVHUYHG�WKDW�6R[��WDUJHW�JHQHV�VXFK�DV�
&RO��ZHUH�GRZQ�UHJXODWHG�WRJHWKHU�ZLWK�(6(7�NQRFNGRZQ��7KURXJK�FKURPDWLQ�LPPXQRSUHFLSLWDWLRQ�
DVVD\��ZH�IRXQG�WKDW�LQ�FHOOV�ZLWK�(6(7�NQRFNGRZQ��6R[��ZDV�XQDEOH�WR�JDLQ�DFFHVV�WR�&RO��HQKDQFHU�
UHJLRQ��7DNHQ�WRJHWKHU��WKHVH�¿QGLQJV�VXJJHVW�WKDW�(6(7�KLVWRQH�PHWK\OWUDQVIHUDVH�LV�UHTXLUHG�IRU�
ELQGLQJ�RI�6R[��WR�LWV�WDUJHW�VHTXHQFH�DQG�LV�HVVHQWLDO�IRU�GLIIHUHQWLDWLRQ�RI�FKRQGURJHQLF�FHOOV�

,QWURGXFWLRQ
7KH� SURFHVV� RI� FKRQGURF\WH�

GLIIHUHQWLDWLRQ�DQG�FDUWLODJH�IRUPDWLRQ�
LV�FRQWUROOHG�E\�LPSRUWDQW�WUDQVFULSWLRQ�
IDFWRUV�VXFK�DV�6R[��>�@���(YHQ�WKRXJK�
WUDQVFULSWLRQ�IDFWRUV�VXFK�DV�6R[��DUH�
NQRZQ�WR�EH�FULWLFDO�WR�WKH�DFWLYDWLRQ�
RI�FKRQGURJHQLF�JHQHV��D�IXQGDPHQWDO�
TXHVWLRQ� LQ� FDUWLODJH� ELRORJ\� LV� KRZ�
WKHVH�WUDQVFULSWLRQ�IDFWRUV�JDLQ�DFFHVV�
WR� WKHLU� WDUJHW� JHQHV�ZLWKLQ� VSHFL¿F�
FKURPDWLQ� UHJLRQV�� &KURPDWLQ� LV� WKH�
FRPSOH[� FRPELQDWLRQ� RI� '1$� DQG�
SURWHLQV�WKDW�PDNHV�XS�FKURPRVRPHV��
&KURPDWLQ� DFFHVVLELOLW\� FDQ� YDU\�
GXULQJ� GHYHORSPHQW�� UHJXODWHV� JHQH�
H[SUHVVLRQ� DQG� LV� GHWHUPLQHG� E\�
HQ]\PDWLF�PRGLILFDWLRQV� RI� KLVWRQH�
SURWHLQV�� 7R� LQYHVWLJDWH� KRZ� KLVWRQH�
PRGL¿FDWLRQV� UHJXODWH� GLIIHUHQWLDWLRQ�
RI� FKRQGURJHQLF� FHOOV�� ZH� KDYH�
IRFXVHG�RQ�D�KLVWRQH�PHWK\OWUDQVIHUVH�
GLVFRYHUHG� E\� RXU� ODERUDWRU\� DQG�
QDPHG�(6(7��(6(7�PHWK\ODWHV�O\VLQH�
��UHVLGXH�ZLWKLQ�KLVWRQH�+��>�@��+HUH�
ZH�VKRZ�WKDW�(6(7�LV�WUDQVLHQWO\�XS�
UHJXODWHG� GXULQJ� FKRQGURJHQHVLV� LQ�
PRXVH� HPEU\RV�� 7R� LQYHVWLJDWH� WKH�

HIIHFWV�RI�(6(7�RQ�6R[��SURWHLQ�GXULQJ�
FKRQGURJHQHVLV�� ZH� HVWDEOLVKHG� D�
GR[\F\FOLQH�LQGXFLEOH�VL51$�V\VWHP�WR�
DFKLHYH�VXVWDLQHG�(6(7�NQRFNGRZQ�LQ�
FKRQGURJHQLF�FHOOV�

0HWKRGV
,QGXFLEOH�(6(7�VL51$�NQRFNGRZQ��

,QGXFLEOH� VL51$� NQRFNGRZQ� RI� (6(7�
ZDV�DFKLHYHG�XVLQJ�WKH�S6/,.��VLQJOH�
OHQWLYHFWRU� IRU� LQGXFLEOH� NQRFNGRZQ��
SODWIRUP�� ,Q� WKLV� V\VWHP�� WKH� (6(7�
PLFUR51$�OLNH�VKRUW�KDLUSLQ�LV�LQVHUWHG�
GRZQVWUHDP�RI�WKH�JUHHQ�ÀXRUHVFHQFH�
SURWHLQ� �*)3�� WR� DOORZ� FRQFRPLWDQW�
H[SUHVVLRQ� RI� D� KHWHURORJRXV�P51$�
GXULQJ� WHWUDF\FOLQH�GHSHQGHQW� VL51$�
NQRFNGRZQ��

&KURPDWLQ� LPPXQRSUHFLSLWDWLRQ�
�&+,3��DVVD\��&URVV�OLQNHG�FKURPDWLQV�
IURP���[�����$7'&��FHOOV�ZHUH�FROOHFWHG�
DQG�VXEMHFWHG� WR� VRQLFDWLRQ� WR� VKHDU�
'1$�LQWR����������EDVH�SDLUV��$QWLERG\�
ELQGLQJ�ZDV�FDUULHG�RXW�RYHUQLJKW�ZLWK�
���� ǋJ� RI� FKURPDWLQ�� �� ǋJ� RI� UDEELW�
DQWL�6R[��DQWLERG\����ǋJ�RI�PRXVH�DQWL��
51$�SRO\PHUDVH�,,�RU�QRUPDO�PRXVH�
,J*��DQG����ǋO�RI�SUH�EORFNHG�SURWHLQ�

*�DJDURVH� EHDGV�� $IWHU� H[WHQVLYH�
ZDVKHV� ZLWK� EXIIHUV� IURP� WKH� (=�
&KLS70�NLW��0LOOLSRUH���ERXQG�'1$�ZDV�
HOXWHG� IURP� WKH� EHDGV�� FURVV�OLQNLQJ�
ZDV� UHYHUVHG� E\� LQFXEDWLRQ� DW� ���&�
RYHUQLJKW��'1$�ZDV�SXUL¿HG�XVLQJ�WKH�
VSLQ�FROXPQ�DQG�¿QDOO\�FROOHFWHG�LQ����
ǋO�HOXWLRQ�EXIIHU�IRU�3&5�DPSOL¿FDWLRQ�
ZLWK�VSHFL¿F�SULPHUV��

5HVXOWV
,PPXQRKLVWRVWDLQLQJ� RI� PRXVH�

HPEU\RV� UHYHDOHG� WKDW� (6(7� SURWHLQ�
LV�PRVW� DEXQGDQW� LQ� SUH�� DQG� HDUO\�
K\SHUWURSKLF� FKRQGURF\WHV� IRXQG� LQ�
GHYHORSLQJ� YHUWHEUDH�� JURZWK� SODWHV�
RI� ORQJ� ERQHV� DQG� GLJLWV� �)LJXUH� �����
+LJK�OHYHOV�RI�(6(7�SURWHLQ�ZHUH�DOVR�
GHWHFWHG�LQ�QHZO\�IRUPHG�ERQHV�DQG�LQ�
WKH�VNLQV�RI�PRXVH�HPEU\RV�

:H�XVHG�D�OHQWLYLUDO�YHFWRU�WR�DFKLHYH�
GR[\F\FOLQH�LQGXFHG�VL51$�NQRFNGRZQ�
RI� (6(7� LQ� $7'&V� FKRQGURSURJHQLWRU�
FHOOV��'R[\F\FOLQH� OHG�WR�D�VLJQL¿FDQW�
DQG�VSHFL¿F�UHGXFWLRQ�RI�(6(7�SURWHLQ�
LQ�FHOOV�KDUERULQJ�VSHFL¿F�VL51$V�EXW�
6R[��SURWHLQ�ZDV�QRW�DIIHFWHG��)LJXUH�
�$��� 7KLV� HI¿FLHQW� VL51$� NQRFNGRZQ�
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RI�(6(7�FRXOG�EH�VXVWDLQHG�IRU�DV�ORQJ�
DV� GR[\F\FOLQH� ZDV� SUHVHQW� LQ� WKH�
PHGLXP��8VLQJ�57�3&5��ZH�IRXQG�WKDW�
VL51$� NQRFNGRZQ� RI� (6(7� UHVXOWHG�
LQ� GRZQ�UHJXODWLRQ� RI� FKRQGURF\WH�
VSHFL¿F�JHQHV�VXFK�DV�&RO���)LJXUH��%���
$IWHU����GD\V�RI�FXOWXUH�LQ�LQVXOLQ��$OFLDQ�
EOXH�VWDLQLQJ�UHYHDOHG�D�FDUWLODJH�OLNH�
H[WUDFHOOXODU�PDWUL[�E\�FHOOV�H[SUHVVLQJ�
QRUPDO� OHYHOV� RI� (6(7� EXW� QRW� E\�
WKRVH�ZLWK�GR[\F\FOLQH�LQGXFHG�(6(7�
NQRFNGRZQ�

(6(7� NQRFNGRZQ� GHFUHDVHG�
H[SUHVVLRQ� RI� WKH� &RO�� JHQH�ZLWKRXW�
DIIHFWLQJ� 6R[�� SURWHLQ� OHYHOV�� 7R�
LQYHVWLJDWH�ZKHWKHU�WUDQVDFWLYDWLRQ�RI�
&RO��E\�6R[��QRUPDOO\�UHTXLUHV�(6(7�
SURWHLQ�LQ�FKRQGURF\WHV��ZH�GHYHORSHG�
D�V\VWHP�XVLQJ�$7'&��FHOOV� LQ�ZKLFK�
6R[��LQGXFHG�DFWLYDWLRQ�RI�WKH�PRXVH�
&RO�� SURPRWHU�HQKDQFHU� LV� LQGLFDWHG�
E\� H[SUHVVLRQ� RI� HDVLO\� GHWHFWDEOH�
OXFLIHUDVH��,Q�FHOOV�ZLWK�QRUPDO�OHYHOV�

RI� (6(7� SURWHLQ�� FR�H[SUHVVLRQ� RI�
6R[��LQFUHDVHG�WKH�OXFLIHUDVH�DFWLYLW\�
E\�PRUH�WKDQ����[�IROG��,Q�FHOOV�ZLWK�
GR[\F\FOLQH�LQGXFHG�(6(7�NQRFNGRZQ��
WKH�WUDQVDFWLYDWLQJ�DELOLW\�RI�6R[��ZDV�
GHFUHDVHG�E\�DV�PXFK�DV������7KLV�
UHVXOW�SURPSWHG�XV�WR�FDUU\�RXW�DQ�LQ�
YLYR�VWXG\�UHIHUUHG�WR�DV�D�&K,3�DVVD\�
WR� DVVHVV� WKH� DELOLW\� RI� 6R[��SURWHLQ�
WR�ELQG�WR�LWV�QDWXUDO�WDUJHW�VHTXHQFH�
ZLWKLQ� WKH� HQKDQFHU� UHJLRQ� RI� WKH�
&RO��JHQH��:KLOH�6R[��ELQGV�GLUHFWO\�
WR� &RO�� HQKDQFHU� HOHPHQW� LQ� $7'&��
FHOOV�ZLWK�QRUPDO�OHYHOV�RI�(6(7��6R[��
ELQGLQJ�WR�WKH�&RO��HQKDQFHU�HOHPHQW�
LV�VLJQL¿FDQWO\�GLPLQLVKHG�LQ�FHOOV�ZLWK�
ORZHU�OHYHOV�RI�(6(7�SURWHLQ��7R�FRQ¿UP�
WKDW�WKHVH�¿QGLQJV�DUH�QRW�OLPLWHG�WR�
$7'&��FHOOV��ZH�DOVR� FDUULHG�RXW� WKH�
H[SHULPHQWV� LQ�PHVHQFK\PDO� VWHP�
FHOOV�DQG�REWDLQHG�VLPLODU�UHVXOWV����

'LVFXVVLRQ
(SLJHQHWLF� UHJXODWLRQ� RI� JHQH�

H[SUHVVLRQ� SOD\V� DQ� LQFUHDVLQJO\�
UHFRJQL]HG� UROH� LQ� WKH� FRQWURO� RI�
GLIIHUHQWLDWLRQ�DQG�GHYHORSPHQW��$V�D�
KLVWRQH�PHWK\OWUDQVIHUDVH�NQRZQ�WR�EH�
DVVRFLDWHG�ZLWK�HXFKURPDWLF�UHJLRQV��D�
QRUPDO�OHYHO�RI�(6(7�SURWHLQ�DSSHDUV�
WR� EH� UHTXLUHG� IRU� WKH�PDLQWHQDQFH�
RI� FKURPDWLQ� VWUXFWXUH� WKDW� SHUPLWV�
DFFHVV� WR� 6R[�� SURWH LQ� � (6(7�
H[SUHVVLRQ� LV�PRVW� DEXQGDQW� LQ� SUH��
DQG� HDUO\�K\SHUWURSKLF� FKRQGURF\WHV�
DQG� SDUWO\� RYHUODSV�ZLWK� H[SUHVVLRQ�
RI� +'$&��� D� KLVWRQH� PRGLILFDWLRQ�
HQ]\PH�WKDW�LV�LQYROYHG�LQ�FKRQGURF\WH�
K\SHUWURSK\�>�@���6LQFH�(6(7�LV�NQRZQ�
WR� LQWHUDFW� ZLWK� D� YDULHW\� RI� '1$�
DQG� KLVWRQH� PRGLILFDWLRQ� HQ]\PHV�
LQFOXGLQJ� VHYHUDO� +'$&V� >�@�� LW� ZLOO�
EH� LQWHUHVWLQJ� WR� H[DPLQH� ZKHWKHU�
+'$&�� IXQFWLRQDOO\� LQWHUDFWV� ZLWK�
(6(7� WR� HQVXUH� DQ�RUGHUO\� WUDQVLWLRQ�

)LJXUH���$��([SUHVVLRQ�RI�(6(7�KLVWRQH�PHWK\OWUDQVIHUDVH�
LQ�HDUO\�K\SHUWURSKLF�FHOOV���*URZWK�SODWHV�RI�GLJLWV�IURP�DQ�
(�����PRXVH�HPEU\R�ZHUH�VWDLQHG�ZLWK�KHPDWR[\OLQ±HRVLQ�
�+�	(��WR�VKRZ�FHOO�PRUSKRORJ\��WRS�SDQHO���ZLWK�DQ�DQWL�
(6(7�DQWLERG\�WR�VKRZ�(6(7�H[SUHVVLRQ��PLGGOH�SDQHO���
RU�ZLWK�'$3,�WR�VKRZ�QXFOHL��ERWWRP�SDQHO���

)LJXUH���%��([SUHVVLRQ�RI�(6(7�KLVWRQH�PHWK\OWUDQVIHUDVH�
LQ�HDUO\�K\SHUWURSKLF�FHOOV��9HUWHEUDV�IURP�DQ�(�����PRXVH�
HPEU\R�ZHUH�VWDLQHG�ZLWK�KHPDWR[\OLQ±HRVLQ��+�	(���WRS�
SDQHO���ZLWK�DQ�DQWL�(6(7�DQWLERG\��PLGGOH�SDQHO���RU�ZLWK�
'$3,��ERWWRP�SDQHO��
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IURP� SUH�K\SHUWURSKLF� FKRQGURF\WHV�
WR� K\SHUWURSKLF� FKRQGURF\WHV� GXULQJ�
VNHOHWDO� GHYHORSPHQW�� � 8OWLPDWHO\��
XVLQJ� WLVVXH� UHJHQHUDWLRQ� WHFKQRORJ\�
WR� WUHDW� GLVHDVHV� VXFK� DV� DUWKULWLV�
ZLOO�UHTXLUH�GHWDLOHG�XQGHUVWDQGLQJ�RI�
PROHFXODU�SDWKZD\V�RI�QDWXUDO� WLVVXH�
GHYHORSPHQW��:H� EHOLHYH� WKDW� (6(7�
LV� DQ� LPSRUWDQW� FRPSRQHQW� RI� WKHVH�
SDWKZD\V�

5HIHUHQFHV
��� $NL\DPD�� +��� &KDERLVVLHU��

0�� &��� 0DUWLQ�� -�� )��� 6FKHGO�� $�� DQG�
GH� &URPEUXJJKH�� %�� ������� 7KH�
WUDQVFULSWLRQ�IDFWRU�6R[��KDV�HVVHQWLDO�
UROHV� LQ� VXFFHVVLYH� VWHSV� RI� WKH�
FKRQGURF\WH� GLIIHUHQWLDWLRQ� SDWKZD\�
DQG�LV�UHTXLUHG�IRU�H[SUHVVLRQ�RI�6R[��
DQG�6R[���*HQHV�'HY���������������

���<DQJ��/���;LD��/���:X��'��<���:DQJ��
+���&KDQVN\��+��$���6FKXEDFK��:��+���
+LFNVWHLQ��'��'��DQG�=KDQJ��<���������
0ROHFXODU� FORQLQJ� RI� (6(7�� D� QRYHO�

KLVWRQH�+��VSHFL¿F�PHWK\OWUDQVIHUDVH�
WKDW� LQWHUDFWV�ZLWK� (5*� WUDQVFULSWLRQ�
IDFWRU��2QFRJHQH�������������

��� 9HJD�� 5�� %��� 0DWVXGD�� .��� 2K��
-���%DUERVD��$��&���<DQJ��;���0HDGRZV��
(���0F$QDOO\��-���3RPDM]O��&���6KHOWRQ��
-�� 0��� 5LFKDUGVRQ�� -�� $��� .DUVHQW\��
*�� DQG�2OVRQ�� (�� 1�� ������� +LVWRQH�
GHDFHW\ODVH� �� FRQWUROV� FKRQGURF\WH�
K\SHUWURSK\� GXULQJ� VNHOHWRJHQHVLV��
&HOO��������������

��� <DQJ�� /��� 0HL�� 4��� =LHOLQVND�
.ZLDWNRZVND��$���0DWVXL��<���%ODFNEXUQ��
0�� /��� %HQHGHWWL�� '��� .UXPP�� $�� $���
7DERUVN\�� *�� -��� -U�� DQG� &KDQVN\�� +��
$���������$Q�(5*��HWV�UHODWHG�JHQH��
DVVRFLDWHG� KLVWRQH�PHWK\OWUDQVIHUDVH�
LQWHUDFWV� ZLWK� KLVWRQH� GHDFHW\ODVHV�
���� DQG� WUDQVFULSWLRQ� FR�UHSUHVVRUV�
P6LQ�$�%��%LRFKHP�-��������������

)LJXUH� ��� (IIHFWV� RI� GR[\F\FOLQH�LQGXFLEOH� VL51$� NQRFNGRZQ� RI� (6(7� LQ� $7'&��
FKRQGURSURJHQLWRU� FHOOV�� � �$�� $7'&�� FHOOV� H[SUHVVLQJ� GR[\F\FOLQH�LQGXFLEOH� VL51$�
DJDLQVW� OXFLIHUDVH��ODQHV� �������RU�VL51$�DJDLQVW�GLIIHUHQW� UHJLRQV�RI�(6(7� � �ODQHV�
�����ZHUH� EORWWHG�ZLWK� DQWL�(6(7� DQG� DQWL�6R[�� DQWLERGLHV�� � �%�� 57�3&5� DQDO\VLV�
ZHUH�SHUIRUPHG�ZLWK�51$V�IURP�FHOOV�H[SUHVVLQJ�GR[\F\FOLQH�LQGXFLEOH�VL51$�DJDLQVW�
OXFLIHUDVH��ODQHV�������RU�VL51$�DJDLQVW�GLIIHUHQW�UHJLRQV�RI�(6(7���ODQHV������WR�VKRZ�
VSHFL¿F�LQKLELWLRQ�RI�&RO��JHQH���&��&KURPDWLQ�LPPXQRSUHFLSLWDWLRQ���&+,3��DVVD\�ZDV�
SHUIRUPHG�ZLWK�DQWLERGLHV�DJDLQVW�6R[��DQG�51$�SRO\PHUDVH�,,��&RO��HQKDQFHU�UHJLRQ�
ZDV�WKHQ�DPSOL¿HG�E\�3&5�WR�VKRZ�GLUHFW�LQWHUDFWLRQ�EHWZHHQ�6R[��DQG�&RO��HQKDQFHU�
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7ZR�,QFLVLRQ�0LQLPDOO\�,QYDVLYH�7+$�5HGXFHV�&RVWV�
DQG�/HQJWK�RI�6WD\�:LWKRXW�,QFUHDVHG�&RPSOLFDWLRQV

$EVWUDFW�����FRQVHFXWLYH�SDWLHQWV�XQGHUJRLQJ�WZR�LQFLVLRQ�WRWDO�KLS�DUWKURSODVW\�ZHUH�PDWFKHG�E\�
DJH��JHQGHU��%0,��DQG�FRPRUELGLW\�WR�SDWLHQWV�XQGHUJRLQJ�D�VWDQGDUG�ODWHUDO�DSSURDFK���+RVSLWDO�FRVWV�
DQG�FKDUJHV�ZHUH�FRPSDUHG��DORQJ�ZLWK�OHQJWK�RI�VWD\��FRPSRQHQW�SRVLWLRQ��DQG�FRPSOLFDWLRQ�UDWHV���
&RPSRQHQW�SRVLWLRQ�DQG�FRPSOLFDWLRQ�UDWHV�ZHUH�LGHQWLFDO�IRU�WKH�WZR�JURXSV��KRZHYHU��KRVSL�
WDO�FRVWV�DQG�FKDUJHV�ZHUH�VLJQL¿FDQWO\�ORZHU�IRU�WKH�WZR�LQFLVLRQ�JURXS��DV�ZDV�OHQJWK�RI�VWD\�

� �
������3$8/�$��0$11(5��0�'��

� � � � �
� � � � � $662&,$7(�352)(6625�� � � � � �
� � � � � 81,9(56,7<�2)�:$6+,1*721�0(',&$/�&(17(5�
� � � � � +,3�$1'�.1((
� � � � � :::�257+23�:$6+,1*721�('8�)$&8/7<�0$11(5

� � � � � 6($1�$0$11��0�'���$0<�&,=,.��0�3�+���
� � � � � $1'�6(7+�6��/(232/'��0�'�
� � � � �
� � � � �

6WXG\�5DWLRQDOH�DQG�&RQWH[W��
0LQLPDOO\� LQYDVLYH� WHFKQLTXHV� IRU�

WRWDO� MRLQW� DUWKURSODVW\� KDYH� EHHQ�
ZLGHO\� SXEOLFL]HG� DQG� FULWLFL]HG�ZLWK�
OLWWOH�GDWD�WR�VXSSRUW�RU�UHIXWH�WKHLU�XVH����
:KLOH� DQHFGRWDO� HYLGHQFH� VXJJHVWV�
WKDW�OHQJWK�RI�VWD\��/26��DQG�KRVSLWDO�
FRVWV� FDQ�EH� UHGXFHG�ZLWK�PLQLPDOO\�
LQYDVLYH�WHFKQLTXHV��IHZ�VWXGLHV�KDYH�
EHHQ�SXEOLVKHG���)UHTXHQW�FULWLFLVP�RI�
WKHVH� VWXGLHV� FHQWHUV�RQ�SUHIHUHQWLDO�
VHOHFWLRQ� RI� RSWLPDO� SDWLHQWV�� ZKR�
ZRXOG�GR�ZHOO�ZLWK�DQ\�WHFKQLTXH��

2EMHF W LYH�D LP� �RU � F O LQ L FD O�
TXHVWLRQ���

:H�K\SRWKHVL]HG�WKDW�WKH�DSSDUHQW�
VDYLQJV� LQ� FRVW� DQG� UHGXFHG� /26��
DWWULEXWHG�WR�XVH�RI�PLQLPDOO\�LQYDVLYH�
WHFKQLTXHV��UHVXOW�SXUHO\�IURP�SDWLHQW�
VHOHFWLRQ�

0DWHULDO�DQG�0HWKRGV�
0HGLFDO� UHFRUGV�� KRVSLWDO� FKDUJHV�

DQG� FRVWV� IRU� FRQVHFXWLYH� SDWLHQWV�
XQGHUJRLQJ� WZR�LQFLVLRQ� PLQLPDOO\�
LQYDVLYH� WRWDO� KLS� DUWKURSODVW\� �0,6��
EHWZHHQ� 6HSWHPEHU� ����� DQG�
6HSWHPEHU� ����� ZHUH� REWDLQHG���
5HFRUGV� DQG� KRVSLWDO� FKDUJHV� DQG�
FRVWV� IRU� SDWLHQWV� XQGHUJRLQJ� 7+$�
YLD�D�VWDQGDUG�DSSURDFK��67'��LQ�WKH�
VDPH� WLPH� SHULRG�ZHUH� UHYLHZHG� WR�

¿QG� SDWLHQWV�ZKR�PDWFKHG� WKH� WZR�
LQFLVLRQ�SDWLHQWV�IRU�DJH��JHQGHU��%0,�
DQG�PHGLFDO�FRPRUELGLW\���3DWLHQWV�IRU�
ZKRP�D�PDWFK�FRXOG�QRW�EH�PDGH�ZHUH�
H[FOXGHG��

5HVXOWV��
0HDQ� /26� IRU� 0,6� SWV� ZDV� �����

GD\V�FRPSDUHG�WR������GD\V�IRU�67'���
$OO� 0,6� SDWLHQWV� ZHUH� GLVFKDUJHG�
KRPH��RQO\����RI����67'�SDWLHQWV�ZHUH�
GLVFKDUJHG�KRPH�

7RWDO��GLUHFW�DQG�LQGLUHFW��25��DQG�
WKHUDS\� FRVWV� ZHUH� DOO� VLJQLILFDQWO\�
ORZHU�IRU�0,6�WKDQ�IRU�67'�DSSURDFKHV���
)RU� ODE��PDWHULDOV�PDQDJHPHQW�� DQG�
SKDUPDF\��0,6� DQG� 67'� SURFHGXUHV�
KDG�HTXDO�FRVWV��7KH�RQO\�FRVW�FHQWHU�
ZKHUH�67'�SURFHGXUHV�ZHUH�OHVV�FRVWO\�
ZDV�LPDJLQJ�����&RPSOLFDWLRQ�UDWHV�DQG�
FRPSRQHQW�SRVLWLRQ�ZHUH�QR�GLIIHUHQW�

'LVFXVVLRQ��
�� 2XU� LQLWLDO� K\SRWKHVLV� WKDW�

PDWFKLQJ�RI�SDWLHQWV�E\�DJH��JHQGHU��
%0,�DQG�FRPRUELGLW\�ZRXOG�HOLPLQDWH�
DQ\� GLIIHUHQFH� LQ� FRVW� DQG� OHQJWK� RI�
VWD\�EHWZHHQ�SDWLHQW�JURXSV�ZDV�QRW�
SURYHG��

��:H� IRXQG� VWURQJ� VXSSRUW� IRU� D�
VLJQL¿FDQW�GLIIHUHQFH��LQ�NHHSLQJ�ZLWK�
RXU� DOWHUQDWH� K\SRWKHVLV� WKDW� 0,6�
SURFHGXUHV�ZRXOG�EH�OHVV�FRVWO\�WKDQ�

WUDGLWLRQDO�SURFHGXUHV���
�� ,Q� HYHU\� LQVWDQFH�� ZLWK� WKH�

H[FHSWLRQ�RI�LPDJLQJ��FRVWV�DVVRFLDWHG�
ZLWK� 0,6� SURFHGXUHV� ZHUH� HTXDO� RU�
ORZHU� WKDQ� WKH� FRVWV�DVVRFLDWHG�ZLWK�
WUDGLWLRQDO�SURFHGXUHV���

��$QDO\VLV�VKRZHG�WKDW�WRWDO�FRVWV��
GLUHFW�FRVWV��LQGLUHFW�FRVWV��25�FRVWV��
DQG�WKHUDS\�FRVWV�ZHUH�ORZHU�IRU�0,6�
SURFHGXUHV� WKDQ� IRU� WUDGLWLRQDO� RU�
VWDQGDUG�DSSURDFKHV���

� � )RU � ODERUDWRU\� � PDWHU LD OV�
PDQDJHPHQW��DQG�SKDUPDF\��0,6�DQG�
WUDGLWLRQDO�SURFHGXUHV�KDG�HTXDO�FRVWV��

�� 7KH� RQO\� FRVW� FHQWHU� ZKHUH�
WUDGLWLRQDO�SURFHGXUHV�ZHUH�OHVV�FRVWO\�
ZDV�LPDJLQJ��VLQFH�WKH�0,6�SURFHGXUHV�
UHTXLUHG� ÀXRURVFRSLF� LPDJLQJ� LQ� WKH�
25�

6XPPDU\�DQG�&RQFOXVLRQ��
1RW� HYHU\� SDWLHQW� LV� D� FDQGLGDWH�

IRU�PLQLPDOO\� LQYDVLYH� DUWKURSODVW\��
DQG�QRW�HYHU\�VXUJHRQ�VKRXOG�SHUIRUP�
WKHVH�SURFHGXUHV���+RZHYHU��KRVSLWDO�
FRVWV� DQG� OHQJWK� RI� VWD\� FDQ� EH�
VLJQL¿FDQWO\� UHGXFHG� LQ�DSSURSULDWHO\�
VHOHFWHG�SDWLHQWV�LQ�WKH�SURSHU�VHWWLQJ�

5HIHUHQFHV�
��� :LO O LDPV� 6/�� %DFKLVRQ� &��

0LFKHOVRQ�-'��0DQQHU�3$��&RPSRQHQW�
SRVLWLRQ�LQ���LQFLVLRQ�PLQLPDOO\�LQYDVLYH�
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)LJXUH����7RWDO�FKDUJHV�

)LJXUH����'LUHFW�FRVWV�

)LJXUH����$FXWH�FDUH�FRVWV�

WRWDO� KLS� DUWKURSODVW\� FRPSDUHG� WR�
VWDQGDUG� WRWDO� KLS� DUWKURSODVW\�� -�
$UWKURSODVW\�� ����� )HE�����������
�����

��� %HUJHU� 5$�� 'XZHOLXV� 3-�� � 7KH�
WZR�LQFLVLRQ�PLQLPDOO\� LQYDVLYH� WRWDO�
KLS� DUWKURSODVW\�� � WHFKQLTXH� DQG�
UHVXOWV���2UWKRS�&OLQ�1RUWK�$P�������
$SU���������������

���%HUU\�'-��%HUJHU�5$��&DOODJKDQ�
--�� 'RUU� /'�� 'XZHOLXV� 3-�� +DUW]EDQG�
0$�� /LEHUPDQ� -5�� DQG� 0HDUV� '&���
6\PSRVLXP���0LQLPDOO\�,QYDVLYH�7RWDO�
+LS�$UWKURSODVW\��'HYHORSPHQW��(DUO\�
UHVXOWV��DQG�D�&ULWLFDO�DQDO\VLV���-%-6�
$P��������1RY����$�����������������

��� 7DQ]HU� 0�� � 7ZR�LQFLVLRQ� 7RWDO�
+LS� $UWKURSODVW\�� 7HFKQLTXHV� DQG�
3LWIDOOV�� �&OLQ�2UWKRS�5HODW�5HV�������
'HF����������

���.OHLQ�*5��3DUYL]L�-��6KDUNH\�3)��
5RWKPDQ�5+�� +R]DFN�0-�� �0LQLPDOO\�
LQYDVLYH�WRWDO�KLS�DUWKURSODVW\��LQWHUQHW�
FODLPV�PDGH�E\�PHPEHUV�RI� WKH�+LS�
6RFLHW\���&OLQ�2UWKRS�5HODW�5HV�������
'HF�����������

���3DJQDQR�0:��/HRQH�-��/HZDOOHQ�
'*�� +DQVVHQ� $'�� 7ZR�LQFLVLRQ� 7+$�
KDG� PRGHVW� RXWFRPHV� DQG� VRPH�
VXEVWDQWLDO�FRPSOLFDWLRQV��&OLQ�2UWKRS�
5HODW�5HV�������'HF�����������

���%DO�%6��+DOWRP�'��$OHWR�7��%DUUHWW�
0���(DUO\�FRPSOLFDWLRQV�RI�SULPDU\�WRWDO�
KLS�UHSODFHPHQW�SHUIRUPHG�ZLWK�D�WZR�
LQFLVLRQ�PLQLPDOO\�LQYDVLYH�WHFKQLTXH��
-%-6�$P�������1RY���������������

��� GH� %HHU� -�� 3HWUXFFHO O L � '��
=DO]DO� 3�� :LQHPDNHU� 0-�� � 6LQJOH�
LQFLVLRQ��PLQLPDOO\� LQYDVLYH� WRWDO� KLS�
DUWKURSODVW\���OHQJWK�GRHVQ¶W�PDWWHU���-�
$UWKURSODVW\��������'HF��������������

���:RROVRQ��67��0RZ�&6��6\TXLD�-)��
6FKXUPDQ�'-���&RPSDULVRQ�RI�SULPDU\�
WRWDO� KLS� UHSODFHPHQWV� SHUIRUPHG�
ZLWK� D� VWDQGDUG� LQFLVLRQ� RU� D�PLQL�
LQFLVLRQ���-�%RQH�-RLQW�6XUJ�$P��������
-XO����$�����������
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&RPSDULVRQ�RI�2QH�YV�7ZR�6WDJH�5HYLVLRQ�IRU�WKH�,QIHFWHG�7RWDO�+LS�
$UWKURSODVW\��$�0DUNRY�([SHFWHG�8WLOLW\�'HFLVLRQ�$QDO\VLV

$EVWUDFW��7ZR�VWDJH�UHYLVLRQV�IRU�LQIHFWHG�WRWDO�KLS�DUWKURSODVW\��7+$��KDYH�ORZHU�UH�LQIHFWLRQ�UDWHV�
WKDQ�VLQJOH�VWDJH�GLUHFW�H[FKDQJH�UHYLVLRQV��KRZHYHU��WKH�WZR�VWDJH�DSSURDFK�PD\�UHVXOW�LQ�LQFUHDVHG��
EXW�SRRUO\�TXDQWL¿HG��VXUJLFDO�PRUELGLW\��8VLQJ�D�GHFLVLRQ�DQDO\VLV�ZH�FRPSDUHG�WKH�VLQJOH�VWDJH��
GLUHFW�H[FKDQJH�WR�WKH�WZR�VWDJH�UHYLVLRQ�IRU�WUHDWLQJ�WKH�LQIHFWHG�7+$�E\�H[DPLQLQJ�WKH�KHDOWK�
VWDWHV�H[SHULHQFHG�E\�SDWLHQWV�WUHDWHG�ZLWK�HDFK�DSSURDFK��DV�ZHOO�DV�XWLOLW\�YDOXHV�UHSRUWHG�IRU�WKRVH�
KHDOWK�VWDWHV��7KH�0DUNRY�PRGHO�IDYRUHG�GLUHFW�H[FKDQJH�UHYLVLRQ�RYHU�WKH�WZR�VWDJH�DSSURDFK�
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� � � � �
� � � � �

�6WXG\�5DWLRQDOH�DQG�&RQWH[W�
$OWKRXJK�WKH�UDWH�RI�LQIHFWLRQ�DIWHU�

SULPDU\� 7+$� LV� XQGHU� RQH� SHUFHQW��
WKH�YROXPH�RI�7+$V�SHUIRUPHG�LQ�WKLV�
FRXQWU\�VWLOO� UHVXOWV� LQ�PDQ\�SDWLHQWV�
ZKRVH� KLS� UHSODFHPHQWV� EHFRPH�
LQIHFWHG���2SWLPDO�WUHDWPHQW�RI�WKHVH�
LQIHFWLRQV� ZRXOG� UHVWRUH� D� SDWLHQW¶V�
KHDOWK�DQG�IXQFWLRQ�UDSLGO\�ZLWK�DV�OLWWOH�
ULVN�DV�SRVVLEOH�

2EMHF W LYH�D LP� �RU � F O LQ L FD O�
TXHVWLRQ���

7KH� SUHVHQW� VWXG\� FRPSDUHV� WKH�
GLUHFW�H[FKDQJH� WUHDWPHQW� RI� WKH�
LQIHFWHG� 7+$� ZLWK� WKH� WZR�VWDJH�
UHYLVLRQ� XVLQJ� D� WHFKQLTXH� FDOOHG�
H[SHFWHG�XWLOLW\�GHFLVLRQ�DQDO\VLV���:H�
WHVWHG� WKH� K\SRWKHVLV� WKDW� WKH� WZR�
VWDJH�UHYLVLRQ�LV�WKH�VXSHULRU�WUHDWPHQW�
IRU�WKH�LQIHFWHG�7+$��

0DWHULDO�DQG�0HWKRGV�
7KH� DSSURDFK� WDNHQ� LQ� GHFLVLRQ�

DQDO\VLV� LV� WR� KDYH� SDWLHQWV� DVVLJQ�
XWLOLW\� YDOXHV� WR� SRVVLEOH� RXWFRPHV�
�WKH�KHDOWK�VWDWHV�WKDW�FDQ�DULVH�LQ�WKH�
FRXUVH� RI� WUHDWPHQW� RI� WKH� LQIHFWHG�
7+$��� WR� XVH� D� V\VWHPDWLF� UHYLHZ� RI�
WKH�OLWHUDWXUH�WR�GHWHUPLQH�WKH�UHODWLYH�
OLNHOLKRRGV�RI�HDFK�RI�WKRVH�RXWFRPHV�
RFFXUULQJ�� DQG� WKHQ� WR� FDOFXODWH� WKH�
RYHUDOO�³PHULW´�RI�D�WUHDWPHQW�

7KH� XWLOLW\� YDOXHV� IRU� WKH� KHDOWK�
VWDWHV�UHSUHVHQWHG�LQ�WKH�PRGHO�ZHUH�
DWWDLQHG� IURP�D�SUHYLRXVO\�SXEOLVKHG�
DQDO\VLV� RI� SDWLHQW�� DQG� VXUJHRQ�
GHULYHG�UHVSRQVHV��,Q�EULHI��WKH�XWLOLW\�
SDSHU� LQYROYHG� GHVLJQLQJ� VXUYH\V�
IRU� ERWK� RXWSDWLHQWV� DQG� RUWKRSHGLF�
VXUJHRQV�HOLFLWLQJ�SUHIHUHQFH�PHDVXUHV�
EDVHG�RQ�WUDGH�RIIV�EHWZHHQ�LPSDLUHG�
KHDOWK�YHUVXV�IXOO�KHDOWK�ZLWK�VKRUWHQHG�
OLIH��DV�ZHOO�DV�EHWZHHQ�WZR�LPSDLUHG�
WHPSRUDU\�KHDOWK�VWDWHV��,Q�WKLV�VWXG\��
ZH�IRXQG�WKDW�SDWLHQWV�DUH�VLJQL¿FDQWO\�
OHVV�ZLOOLQJ� WR� WUDGH� OHQJWK�RI� OLIH� IRU�
TXDOLW\�RI�OLIH�WKDQ�DUH�VXUJHRQV�

7KH�VWDWHV�SUHVHQWHG�LQ�WKLV�PRGHO�
DV� ZHOO� DV� WKH� SUREDELOLWLHV� RI� HDFK�
VWDWH�ZHUH�GHULYHG�IURP�WKH�DYDLODEOH�
PHGLFDO�OLWHUDWXUH���:H�UHYLHZHG������
DUWLFOHV��DQG�IRXQG�HOHYHQ�DSSURSULDWH�
DUWLFOHV�LQYROYLQJ�D�WZR�VWDJH�SURWRFRO�
DQG�HLJKW�LQYROYLQJ�D�GLUHFW�H[FKDQJH�
SURWRFRO�

$� 0DUNRY�PRGHO� ZDV� FRPSOHWHG�
ZLWK�WKH�SDWLHQW�GHULYHG�XWLOLW\�YDOXHV�
DQG� WKHQ� DJDLQ� XVLQJ� WKH� VXUJHRQ�
GHULYHG�XWLOLW\�YDOXHV�WR�FRPSDUH�WKH�
PHULW�RI�HDFK�WUHDWPHQW�

5HVXOWV��
)RU�WKH�WZR�VWDJH�DUP�SUREDELOLWLHV�

ZHUH� FDOFXODWHG� DV� IROORZV�� � VXFFHVV�
�������� � UH� LQIHFW LRQ� ���������

PHFKDQLFDO� FRPSOLFDWLRQ� ���������
GHDWK� ��������� VHFRQG� VWDJH� QRW�
FRPSOHWHG����������,Q�FRQWUDVW��GLUHFW�
H[FKDQJH�DUP�SUREDELOLWLHV�ZHUH�IRXQG�
WR� EH�� VXFFHVV� ��������� UH�LQIHFWLRQ�
��������� PHFKDQLFDO� FRPSOLFDWLRQ�
���������GHDWK�����������VHFRQG�VWDJH�
QRW� FRPSOHWHG� ��������� 7KH� DQDO\VLV�
GHWHUPLQHG� WKH� GLUHFW�H[FKDQJH�
SURWRFRO�WR�EH�WKH�GRPLQDQW�VWUDWHJ\�
UHJDUGOHVV� RI� ZKHWKHU� SDWLHQW�� RU�
VXUJHRQ�GHULYHG�XWLOLWLHV�ZHUH�DSSOLHG��
DQG� UHJDUGOHVV�RI�ZKHWKHU�D�RQH��RU�
WHQ�\HDU�KRUL]RQ�ZDV�FRQVLGHUHG���)LQDO�
SD\RIIV� IDYRUHG� WKH� GLUHFW�H[FKDQJH�
RYHU� WKH� WZR�VWDJH�PRGHO� IRU� ERWK�
WKH�RQH�\HDU�PRGHO�DQG�WKH�WHQ�\HDU�
PRGHO���,Q�RUGHU�WR�DFKLHYH�HTXLYDOHQFH�
EHWZHHQ�WKH�DSSURDFKHV�E\�YDU\LQJ�WKH�
GHDWK� UDWHV�� WKH� SUREDELOLW\� RI� GHDWK�
KDG�WR�GRXEOH�LQ�WKH�GLUHFW�H[FKDQJH�
DSSURDFK�� � (TXLYDOHQFH� RQ� WKH� EDVLV�
RI� UH�LQIHFWLRQ� RFFXUUHG� RQO\� ZKHQ�
LQIHFWLRQ�UDWHV�LQ�WKH�GLUHFW�H[FKDQJH�
ZHUH�¿YH�WLPHV�KLJKHU�WKDQ�UHSRUWHG�

'LVFXVVLRQ��
�� � ,QIHFWLRQ�DIWHU�7+$� LV� UDUH�EXW�

FDXVHV� WUHPHQGRXV� PRUELGLW\� DQG�
KLJK�FRVW�

���2SWLPDO�WUHDWPHQW�RI�WKH�LQIHFWHG�
7+$� LV� XQFOHDU�� UHFRPPHQGDWLRQV�
GLIIHUV� DFURVV� WKH� GHYHORSHG� ZRUOG��
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)LJXUH����([DPSOH�RI�GHFLVLRQ�WUHH�IRU�WKH�VWDJHG�UHYLVLRQ�DUP���,W�LV�IDLUO\�FRPSOH[�DV�
ZH�DWWHPSWHG�WR�DSSUR[LPDWH�UHDO�FOLQLFDO�SUDFWLFH�DV�FORVHO\�DV�SRVVLEOH���

7KHUH�KDV�EHHQ�D�ZLGHVSUHDG�UHOXFWDQFH�
WR� SHUIRUP� D� VLQJOH� VWHS� H[FKDQJH�
VXUJHU\�RI�DQ�LQIHFWHG�KLS�DUWKURSODVW\�
GXH� WR� WKH� IHDU� RI� QRW� EHLQJ� DEOH� WR�
FOHDU�LQIHFWLRXV�WLVVXHV�RXW�RI�WKH�ERG\�
DGHTXDWHO\�� 7KHUHIRUH� D� WZR�VWDJH�
DSSURDFK�±�FRQVLVWLQJ�RI�UHPRYDO�RI�WKH�
LPSODQW��UHVHFWLRQ�RI�LQIHFWHG�WLVVXHV��
SODFHPHQW�RI�DQWLELRWLF�FDUULHUV�VXFK�DV�
$QWLELRWLF�EHDGV��DQG�WKHQ�HYHQWXDOO\�
UHSODFHPHQW�RI� WKH� MRLQW�DUWKURSODVW\�
��DIWHU� VRPH� WLPH�SHULRG� ��KDV�EHHQ�
ZLGHO\� UHFRPPHQGHG�� +RZHYHU� WKH�
WUDQVLWLRQ� WLPH� LV� RQH� RI� VLJQL¿FDQW�
GRZQ�WLPH�IRU�DIIHFWHG�SDWLHQWV�±�ZKR�
DUH� XVXDOO\� XQDEOH� WR� EHDU� ZHLJKW�
RQ� WKHLU� DIIHFWHG� OLPE�� 7KH� YHQWXDO�

UHYLVLRQ�VXUJHU\�FDQ�EH�TXLWH�FRPSOH[�
GXH�WR�H[WHQVLYH�VFDUULQJ��+HQFH��WKH�
VLQJOH� VWDJH� H[FKDQJH� VXUJHU\� ZLWK��
DGHTXDWH� VXUJLFDO� GHEULGHPHQW� DQG�
SODFHPHQW�RI�D�QHZ�LPSODQW�KDV�IRXQG�
VRPH�SURSRQHQWV�DV�ZHOO��

�� � 7KLV� VWXG\� XVHG� D� WLPH�WUDGH�
RII� WHFKQLTXH�� WKH� µJROG� VWDQGDUG�¶� WR�
DVVHVV� XWLOLW\� YDOXH� IRU� ERWK� SDWLHQWV�
DQG�VXUJHRQV�

�� � /LPLWDWLRQV� LQFOXGH� WKH� ODFN� RI�
UDQGRPL]HG� FRQWUROOHG� WULDOV� LQ� WKH�
H[LVWLQJ� OLWHUDWXUH� RQ�ZKLFK� WR� EDVH�
GHFLVLRQ�PDNLQJ�� WKH� LQFRQVLVWHQF\�
RI� WKH�H[LVWLQJ� OLWHUDWXUH� LQ� UHSRUWLQJ�
FRPSOLFDWLRQV�� DQG� WKH� LQKHUHQW�
OLPLWDWLRQV�LQ�DSSO\LQJ�D�PRGHO�WR�WKH�

UHDO�ZRUOG�
���:H�ZHUH�VXUSULVHG�E\�WKH�VWUHQJWK�

RI�GRPLQDQFH�RI� WKH�GLUHFW�H[FKDQJH�
DSSURDFK�� DV� WKLV� KDV� QRW� EHHQ� RXU�
FOLQLFDO�SUDFWLFH�

���7KH�WUHDWPHQW�VHOHFWHG�±�ZKHWKHU�
VLQJOH�VWDJH�GLUHFW� H[FKDQJH�RU� WZR�
VWDJH� UHYLVLRQ�7+$�±�PXVW� WKHUHIRUH�
¿QG�D�VDIH�DQG�DQ�DSSURSULDWH�EDODQFH�
EHWZHHQ�RXWFRPH�DQG�RYHUDOO�ULVN��QRW�
MXVW�WKH�ULVN�RI�SHUVLVWHQW�LQIHFWLRQ�

��)XUWKHU�UHVHDUFK�VKRXOG�HPSKDVL]H�
WKH�XVH� RI� GHFLVLRQ� DQDO\VLV� WR� DOORZ�
FOLQLFLDQV� WR�PDNH� LQIRUPHG� FKRLFHV��
DQG� SURYLGH� UHDOLVWLF� DVVHVVPHQW� RI�
ULVNV�DQG�EHQH¿WV�

6XPPDU\�DQG�&RQFOXVLRQ��
'HFLVLRQ� DQDO\VLV� ZDV� XVHG� WR�

HYDOXDWH� WKH� ULVNV� RI� WZR� GLIIHUHQW�
DSSURDFKHV� WR� WUHDWPHQW� RI� LQIHFWHG�
WRWDO�KLS�DUWKURSODVW\��FRPSDULQJ�VLQJOH�
VWDJH� GLUHFW� H[FKDQJH� WR� D� VWDJHG�
SURFHGXUH�� $OWKRXJK� ZH� H[SHFWHG�
WKDW� WKH� VWDJHG� DSSURDFK� ZRXOG� EH�
VXSHULRU�� RXU� DQDO\VLV� VKRZHG� WKDW�
WKH�VLQJOH�VWDJH�SURFHGXUH�UHVXOWHG�LQ�
OHVV�PRUELGLW\��DW�WKH�FRVW�RI�D�KLJKHU�
LQIHFWLRQ�UDWH�

5HIHUHQFHV
��� %ORP�� $�� :��� 7D\ORU�� $�� +���

3DWWLVRQ�� *��� :KLWHKRXVH�� 6��� DQG�
%DQQLVWHU��*��&���,QIHFWLRQ�DIWHU�WRWDO�
KLS�DUWKURSODVW\��7KH�$YRQ�H[SHULHQFH��
-� %RQH� -RLQW� 6XUJ� %U�� ������� �������
�����

���&XL��4���0LKDONR��:��0���6KLHOGV��
-�� 6��� 5LHV�� 0��� DQG� 6DOHK�� .�� -���
$QWLELRWLF�LPSUHJQDWHG�FHPHQW�VSDFHUV�
IRU�WKH�WUHDWPHQW�RI�LQIHFWLRQ�DVVRFLDWHG�
ZLWK� WRWDO�KLS�RU�NQHH�DUWKURSODVW\��-�
%RQH� -RLQW�6XUJ�$P�����������������
�����

��� %DXHU�� 7�� :��� 3DUYL]L�� -���
.RED\DVKL��1���DQG�.UHEV��9���'LDJQRVLV�
RI�SHULSURVWKHWLF�LQIHFWLRQ��-�%RQH�-RLQW�
6XUJ�$P����������������������

���+DGGDG��)��6���0XLUKHDG�$OOZRRG��
6��.���0DQNWHORZ��$��5���DQG�%DFDUHVH�
+DPLOWRQ�� ,��� 7ZR�VWDJH� XQFHPHQWHG�
UHYLVLRQ�KLS�DUWKURSODVW\�IRU�LQIHFWLRQ��
-�%RQH�-RLQW�6XUJ�%U�����������������
�����

)LJXUH����6HDPOHVV�VWDJH���LQ�FRQWUDVW���
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(ZLQJ¶V�6DUFRPD��7LVVXH�6SHFL¿F�([SUHVVLRQ�
RI�(:6�)OL��LQ�7UDQVJHQLF�0LFH

$EVWUDFW��(ZLQJ¶V�VDUFRPD�LV�D�SRWHQWLDOO\�IDWDO�FDQFHU�RI�ERQH�WKDW�SULPDULO\�DIIHFWV�FKLOGUHQ�
DQG�\RXQJ�DGXOWV��7KH�JHQHWLF�PXWDWLRQ�WKDW�FDXVHV�(ZLQJ¶V�VDUFRPD�KDV�EHHQ�NQRZQ�IRU�PDQ\�
\HDUV�EXW�WKLV�NQRZOHGJH�KDV�QRW�\HW�UHVXOWHG�LQ�PRUH�HIIHFWLYH�WUHDWPHQWV��2XU�ODERUDWRU\�KDV�
EHHQ�DFWLYH�LQ�XQGHUVWDQGLQJ�KRZ�WKH�PXWDWLRQ�DFWXDOO\�IXQFWLRQV�DQG�LQ�GHYHORSLQJ�PROHFXODU�
VWUDWHJLHV�WR�WUHDW�(ZLQJ¶V�VDUFRPD�E\�LQKLELWLQJ�WKH�FDXVDWLYH�PXWDWLRQ��,Q�WKLV�UHSRUW�ZH�GH�
VFULEH�RXU�HDUO\�DWWHPSWV�WR�GHYHORS�DQ�DQLPDO�PRGHO�WKDW�DFFXUDWHO\�PRGHOV�WKH�GHYHORSPHQW�
RI�(ZLQJ¶V�VDUFRPD�LQ�KXPDQV��,GHDOO\�WKLV�ZLOO�SHUPLW�XV�WR�VWXG\�GLIIHUHQW�WUHDWPHQW�VWUDWHJLHV�
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6WXG\�5DWLRQDOH
:KLOH�WKH�(:6�)OL��FKLPHULF�IXVLRQ�

SURWHLQ� LV� WKH� KDOOPDUN� RI� (ZLQJ¶V�
IDPLO\�WXPRUV��LW�KDV�EHHQ�GLI¿FXOW�WR�
UHFDSLWXODWH� WKH� WXPRU� SKHQRW\SH� LQ�
YLWUR�E\�IRUFHG�H[SUHVVLRQ�RI�WKH�(:6�
)OL��� 2XU� ODERUDWRU\� SLRQHHUHG� DQ� LQ�
YLWUR�DSSURDFK�XVLQJ�51$�LQWHUIHUHQFH�
WR� VWXG\� (ZLQJ¶V� VDUFRPD� FHOO� OLQHV�
LQ� ZKLFK� (:6�)OL�� H[SUHVVLRQ� ZDV�
NQRFNHG� GRZQ�� 7KLV� SHUPLWWHG� XV� WR�
VWXG\�(:6�)OL��LQ�DFWXDO�(ZLQJ¶V�FHOOV�
DV�RSSRVHG�WR�LQ�VXUURJDWH�QRQ�(ZLQJ¶V�
FHOOV� ZLWK� IRUFHG� H[SUHVVLRQ� RI� WKH�
IXVLRQ�SURWHLQ��+RZHYHU��LGHDOO\�(ZLQJ¶V�
VDUFRPD�PXVW�EH�VWXGLHG�LQ�DQ�DQLPDO�
DV�RSSRVHG�WR�DQ�LQ�YLWUR�PRGHO��

7R�VWXG\�WKH�IXQFWLRQV�RI�(:6�)OL��LQ�
YLYR��ZH�LQLWLDOO\�IRFXVHG�RQ�[HQRJUDIWV�
RI�(ZLQJ¶V�VDUFRPD�LQ�LPPXQH�GH¿FLHQW�
PLFH��$V�WKH�[HQRJUDIW�H[SHULPHQW�ZDV�
LQ� SURJUHVV�� ZH� DOVR� H[SORUHG� RWKHU�
SRVVLELOLWLHV� RI� H[SUHVVLQJ� (:6�)OL��
LQ� WUDQVJHQLF�PLFH� ZLWK� WKH� JRDO� RI�
GHYHORSLQJ� D� PRUH� UHDOLVWLF� PRGHO�
RI� WXPRU� GHYHORSPHQW�� ,W� KDV� EHHQ�
NQRZQ� IRU� VRPH� WLPH� WKDW� (:6�)OL��
LV� WR[LF� WR�PRVW�SULPDU\�PRXVH�FHOOV�
DQG� WKXV� OHWKDO� LQ� HPEU\RQLF�PLFH��
:H�UHDVRQHG�WKDW�LQ�RUGHU�WR�H[SUHVV�
(:6�)OL��LQ�WUDQVJHQLF�PLFH��WKH�IXVLRQ�

JHQH� KDV� WR� EH� VLOHQFHG� XQWLO� DIWHU�
HPEU\RQLF�GHYHORSPHQW��7KH�DSSURDFK�
ZH�FKRVH�XVHV�FRQGLWLRQDO�H[SUHVVLRQ�
RI�WKH�(:6�)OL��DOOHOH�ZLWK�WKH�/R[3�
&UH�V\VWHP��,Q�WKLV�V\VWHP�(:6�)OL��
H[SUHVVLRQ� LV� QRUPDOO\� VLOHQFHG� LQ�
WUDQVJHQLF�PLFH�WKXV�SHUPLWWLQJ�QRUPDO�
GHYHORSPHQW�� 0DWLQJ� WKH� WUDQVJHQLF�
PLFH�ZLWK�&UH�PLFH�DFWLYDWHV�(:6�)OL��
H[SUHVVLRQ��7KH�&UH�H[SUHVVLQJ�PRXVH�
VWUDLQ� ZLOO� VSHFLI\� WKH� WLVVXH� RU� FHOO�
W\SH�LQ�ZKLFK�WKH�(:6�)OL��WUDQVJHQH�
LV�H[SUHVVHG�

:H�KDYH�FKRVHQ�WKH�W\SH�,,�IXVLRQ�
IRU�RXU�VWXG\�VLQFH�WKHUH� LV�HYLGHQFH�
WKDW�(ZLQJ¶V�VDUFRPD�SDWLHQWV�ZLWK�WKLV�
IXVLRQ� VXEW\SH� KDYH� D�ZRUVH� FOLQLFDO�
RXWFRPH� WKDQ� WKRVH�ZLWK� WKH� W\SH� ,�
IXVLRQ��/RJDQ�HW�DO����������,Q�DGGLWLRQ��
WZR�SUHYLRXV�WUDQVJHQLF�VWXGLHV�KDYH�
XVHG�WKH�W\SH�,�(:6�)OL��IXVLRQ�JHQH�
DQG� ERWK� KDYH� IDLOHG� WR� JHQHUDWH�
VDUFRPD�ZKHQ� H[SUHVVLQJ� WKH� IXVLRQ�
JHQH�DORQH��/LQ�HW�DO���������7RUFKLD�
HW� DO��� �������:H� K\SRWKHVL]H� WKDW�
H[SUHVVLRQ�RI�W\SH�,,�(:6�)OL��IXVLRQ�
JHQH�LQ�WUDQVJHQLF�PLFH�PD\�UHVXOW�LQ�
D�PRUH�RYHUW�WXPRU�SKHQRW\SH�

0HWKRGV��
*HQHUDWLRQ�RI�PLFH�IRU�FHOO�W\SH��RU�

WLVVXH�VSHFL¿F� H[SUHVVLRQ� RI� W\SH� ,,�
(:6�)OL��

:H�57�3&5�DPSOL¿HG�W\SH�,,�(:6�
)OL�� WUDQVFULSW� IURP� 6.�(6� FHOOV� DQG�
VXE�FORQHG� WKH� F'1$� LQWR� WKH�S&/(��
YHFWRU� �/LQ�HW� DO��� ������ WR�JHQHUDWH�
S&/(��(:6�)OL�� �)LJXUH� �$��� (YHQ�
WKRXJK� WKH�*)3� JHQH� DQG� WKH� (:6�
)OL�� IXVLRQ� JHQH� FDQ� EH� WUDQVFULEHG�
DV� D� VLQJOH� P51$� E\� WKH� FKLFNHQ�
ǃ�DFWLQ� SURPRWHU� LQ� WKLV� FRQVWUXFW��
RQO\�*)3�SURWHLQ�LV�H[SUHVVHG�VLQFH�WKH�
WUDQVODWLRQ�ZLOO�HQG�DW�WKH�VWRS�FRGRQ�
EHIRUH�WKH�(:6�)OL��VHTXHQFH��

5HVXOWV�
7R� FRQ¿UP� DFWLYDWLRQ� RI� (:6�)OL��

DIWHU�&UH�PHGLDWHG�GHOHWLRQ�RI�WKH�*)3�
JHQH��ZH�FR�WUDQVIHFWHG�S&/(��(:6�
)OL�� DQG� S()�_�&UH� LQWR� ���7� FHOOV��
:HVWHUQ� EORWWLQJ� LQGLFDWHG� WKDW� WKH�
(:6�)OL��IXVLRQ�SURWHLQ�ZDV�LQGHHG�RQO\�
GHWHFWDEOH�ZLWK� FR�H[SUHVVLRQ� RI� WKH�
&UH�UHFRPELQDVH��)LJXUH��%���:KHQ�WKH�
WUDQVJHQH�'1$�FDVVHWWH�IURP�S&/(��
(:6�)OL�� ZDV� XVHG� IRU� SURQXFOHDU�
PLFURLQMHFWLRQ�WR�JHQHUDWH�WUDQVJHQLF�
DQLPDOV��ZH�REWDLQHG����IRXQGHUV�WKDW�
ZHUH�FRQ¿UPHG�E\�JHQRW\SLQJ�WR�FDUU\�
WKH�WUDQVJHQH�FDVVHWWH��2IIVSULQJ�IURP�
WKHVH� IRXQGHUV� DUH� GHYHORSPHQWDOO\�
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QRUPDO�� IHUWLOH�� DQG� QRW� SURQH� WR�
WXPRU�IRUPDWLRQ��)LJXUH��&���7KXV��WKH�
FRQGLWLRQDO�(:6�)OL��DOOHOH�LV�LQDFWLYH�
LQ� WKHVH� WUDQVJHQLF� DQLPDOV� DQG�ZLOO�
EH�DFWLYDWHG�LQ�D�FHOO�W\SH��RU�WLVVXH�
VSHFLILF� PDQQHU� LQ� RIIVSULQJ� DIWHU�
PDWLQJ�ZLWK�YDULRXV�&UH�PLFH�

'LVFXVVLRQ�DQG�)XWXUH�3ODQV�
6LQFH�WKHUH�LV�VXEVWDQWLDO�HYLGHQFH�

WKDW�(ZLQJ¶V�VDUFRPD�RULJLQDWHV�IURP�
FHOOV� RI�PHVHQFK\PDO� RULJLQ�� LQ� RXU�
LQLWLDO� H[SHULPHQW� ZH� SODQ� WR�PDWH�
WKH� 3UU[��&UH� VWUDLQ� ZLWK� (:6�)OL��
WUDQVJHQLF� PLFH�� 3UU[��&UH� PLFH�
H[SUHVV� &UH� UHFRPELQDVH� XQGHU� WKH�
FRQWURO�RI�WKH�SDLUHG�UHODWHG�KRPHRER[�
���3UU[���HQKDQFHU��:KHQ�FURVVHG�ZLWK�
D�VWUDLQ�FRQWDLQLQJ�D�OR[3�VLWH�ÀDQNHG�
VHTXHQFH� RI� LQWHUHVW�� &UH�PHGLDWHG�
UHFRPELQDWLRQ�LQ�WKH�RIIVSULQJ�UHVXOWV�
LQ� GHOHWLRQ� RI� WKH� ÀDQNHG� VHTXHQFH�
LQ� HDUO\� OLPE� EXG�PHVHQFK\PH� DQG�
FUDQLRIDFLDO�PHVHQFK\PH�ZKLOH�VSDULQJ�
WKH�FHQWUDO�YLWDO�RUJDQV��7KLV�&UH�PRXVH�
VWUDLQ�WKHUHIRUH�UHSUHVHQWV�DQ�HIIHFWLYH�
WRRO� IRU� VSHFLILFDOO\� H[SUHVVLQJ� D�
³ÀR[HG´�(:6�)OL��WUDQVJHQH�VSHFL¿FDOO\�
LQ�PHVHQFK\PDO�VWHP�FHOOV�

7KH� SUHSRQGHUDQFH� RI� HYLGHQFH�
VXJJHVWV� WKDW� (ZLQJ¶V� VDUFRPD�

DULVHV� IURP�PHVHQFK\PDO� FHOOV� EXW�
WKHUH� LV� DOVR� HYLGHQFH� WKDW� (ZLQJ¶V�
VDUFRPD� PLJKW� DULVH� IURP� QHXUDO�
FHOOV��7KLV�FRQWHQWLRQ�LV�VXSSRUWHG�E\�
REVHUYDWLRQV� WKDW� (ZLQJ¶V� VDUFRPD�
FHOOV�FDQ�EH�IRUFHG�LQ�YLWUR�WR�XQGHUJR�
QHXURQDO� GLIIHUHQWLDWLRQ�� DQG� WKDW�
(:6�)OL��FDQ�UHJXODWH�FULWLFDO�JHQHV�LQ�
QHXUDO�FUHVW�GHYHORSPHQW��,Q�DGGLWLRQ��
(ZLQJ¶V�FHOOV�VWDLQ�SRVLWLYH�IRU�QHXURQ�
VSHFL¿F�HQRODVH��16(���D�JHQH�WKDW�LV�
H[SUHVVHG� LQ� QHXURQDO� WLVVXHV�� 0LFH�
ZLWK�&UH�H[SUHVVLRQ�GULYHQ�E\�WKH�16(�
SURPRWHU�DUH�FRPPHUFLDOO\�DYDLODEOH��
0LFH� KHPL]\JRXV� IRU� WKLV� 16(�&UH�
WUDQVJHQH�DUH�YLDEOH��IHUWLOH��DQG�GR�QRW�
GLVSOD\�DQ\�JURVV�SK\VLFDO�RU�EHKDYLRUDO�
DEQRUPDOLWLHV�� 7KHVH� 16(�&UH�PLFH�
KDUERU� D� WUDQVJHQLF� LQVHUW� FRQVLVWLQJ�
RI� WKH� &UH� UHFRPELQDVH� JHQH� XQGHU�
WKH�FRQWURO�RI�WKH�SURPRWHU�UHJLRQ�RI�
WKH�UDW�QHXURQ�VSHFL¿F�HQRODVH�JHQH��
$V� VXFK�� &UH� UHFRPELQDVH� DFWLYLW\� LV�
GLUHFWHG�VSHFL¿FDOO\�WR�QHXURQDO�FHOOV��
$IWHU� FRQILUPDWLRQ� RI� &UH�PHGLDWHG�
DFWLYDWLRQ�RI�W\SH�,,�(:6�)OL��LQ�GRXEOH�
SRVLWLYH� IHWXVHV�� ZH�ZLOO� LQYHVWLJDWH�
ZKHWKHU�H[SUHVVLRQ�RI�QHXURQ�VSHFL¿F�
(:6�)OL��FDQ�OHDG�WR�WXPRULJHQHVLV�

6XPPDU\�DQG�&RQFOXVLRQV�
7UDQVJHQLF�PLFH� ZLWK� FRQGLWLRQDO�

DQG�WLVVXH�VSHFL¿F�H[SUHVVLRQ�RI�(:6�
)OL��PD\� \LHOG� NH\� LQVLJKWV� LQWR� WKH�
PROHFXODU� SDWKZD\V� WKDW� GHWHUPLQH�
GHYHORSPHQW�RI�(ZLQJ¶V�VDUFRPD��7KH\�
PD\�DOVR�EH�WKH�EHVW�DYDLODEOH�PRGHO�
WR� VWXG\� QHZ� WKHUDSLHV� IRU� (ZLQJ¶V�
VDUFRPD�

5HIHUHQFHV�
��� &KDQVN\� +$�� %DUDKPDQG�3RXU�

)�� 0HL� 4�� .DKQ�)DURRTL� :�� HW�� DO��
������� 7DUJHWLQJ� RI� (:6�)/,��� E\�
51$�LQWHUIHUHQFH�DWWHQXDWHV�WKH�WXPRU�
SKHQRW\SH�RI�(ZLQJ¶V�VDUFRPD�FHOOV�LQ�
YLWUR��-�2UWKRS�5HV��-XO�������������

��� )UXJLHU�� 7��� 7L]LDQR�� )�� '���
&LIXHQWHV�'LD]�� &��HW�� DO�� ��������
1XFOHDU�WDUJHWLQJ�GHIHFW�RI�601�ODFNLQJ�
WKH�&�WHUPLQXV� LQ�D�PRXVH�PRGHO�RI�
VSLQDO� PXVFXODU� DWURSK\�� +XP� 0RO�
*HQHW������������

���+X��+��0���=LHOLQVND�.ZLDWNRZVND��
$���0XQUR��.���HW��DO����������(:6�)/,��
VXSSUHVVHV� UHWLQREODVWRPD� SURWHLQ�
IXQFWLRQ� DQG� VHQHVFHQFH� LQ� (ZLQJ¶V�
VDUFRPD�FHOOV��-�2UWKRS�5HV���������
����

��� /LQ�� 3�� 3��� 3DQGH\�� 0�� .��� -LQ��
)��� HW�� DO�� �������� (:6�)/,�� LQGXFHV�
GHYHORSPHQWDO� DEQRUPDOLWLHV� DQG�
DFFHOHUDWHV� VDUFRPD� IRUPDWLRQ� LQ� D�
WUDQVJHQLF�PRXVH�PRGHO��&DQFHU�5HV�
��������������

��� /RJDQ��0���0DUWLQ�� -�� )��� 1DJ\��
$���/REH��&���HW��DO����������([SUHVVLRQ�
RI�&UH�5HFRPELQDVH�LQ�WKH�GHYHORSLQJ�
PRXVH� OLPE� EXG� GULYHQ� E\� D� 3U[O�
HQKDQFHU��*HQHVLV�����������

)LJXUH� ���*HQHUDWLRQ� RI�PLFH�ZLWK� FRQGLWLRQDO� (:6�)OL�� DOOHOH�� �$�� 7KH� WUDQVJHQH�
FDVVHWWH�FRQWDLQV�ERWK�WKH�ÀR[HG�*)3�DQG�W\SH�,,�(:6�)OL����%��/\VDWHV�IURP����7�
FHOOV�DIWHU�WUDQVIHFWLRQ�ZLWK�S&/(��(:6�)OL��DQG�RU�S()�D�&UH�ZHUH�EORWWHG�ZLWK�DQ�
DQWL�)OL�� DQWLERG\� IRU� GHWHFWLRQ� RI� (:6�)OL�� SURWHLQ�� �&�� /LWWOH� GLIIHUHQFH� FRXOG� EH�
REVHUYHG�EHWZHHQ�WUDQVJHQH�FDUULHU�DQG�QRQ�FDUULHU�OLWWHUPDWHV���GD\V��OHIW�SDQHO��
DQG���PRQWKV��ULJKW�SDQHO��DIWHU�ELUWK�

&�
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7KRXJK�LW�LV�RQH�RI�WKH�WZR�SULPDU\�
WHDFKLQJ� KRVSLWDOV� RI� WKH� 8:�
6FKRRO�RI�0HGLFLQH��+DUERUYLHZ�

EHJDQ� LWV� WHQXUH�DV�D���EHG�PHGLFDO�
IDFLOLW\� LQ������DV�SDUW�RI�WKH�FRXQW\�
SRRU� IDUP�� 7KH� FXUUHQW� FDPSXV�ZDV�
EXLOW�LQ����������,W�LV�RZQHG�E\�.LQJ�
&RXQW\�EXW�PDQDJHG�E\�WKH�8QLYHUVLW\�
RI�:DVKLQJWRQ�DQG�VWDIIHG�E\�IXOO�WLPH�
SK\VLFLDQ� IDFXOW\� RI� WKH� 8:� 6FKRRO�
RI� 0HGLFLQH�� � ,W� KDV� HYROYHG� DV� DQ�
LQWHUQDWLRQDOO\� UHFRJQL]HG� FHQWHU� IRU�
SDWLHQW�FDUH��UHVHDUFK�DQG�WHDFKLQJ�LQ�
WUDXPD� FDUH��2UWKRSDHGLFV� KDV� EHHQ�
D� NH\� SDUW� RI� WKDW� SURFHVV� IURP� WKH�
EHJLQQLQJ�� 2UWKRSDHGLFV� KDV�PDGH�
D� WUDQVLWLRQ� IURP� WKH� SODFH� ZKHUH�
LQGLJHQW� SDWLHQWV� UHFHLYH� JHQHUDO�
RUWKRSHGLF�FDUH�WR�D�VSHFLDOW\�SURJUDP�
FRYHULQJ�WKH�RUWKRSHGLF�SUREOHPV�WKDW�
UHTXLUH� VSHFLDO� H[SHUWLVH� LQ� LQWHUQDO�
¿[DWLRQ���WUDXPD��VSLQH��KDQG�DQG�IRRW�
DQG�DQNOH��7KH�SK\VLFDO�SODQW�H[SDQGHG�
DJDLQ�LQ������ZLWK���DGGLWLRQDO�25V�DQG�
D�QHZ�LQSDWLHQW�DQG�RXWSDWLHQW�IDFLOW\�
WR�DOOHYLDWH�\HDUV�RI�RYHUFURZGLQJ�

&OLQLFDO�FDUH
,Q� VSLWH� RI� WKH� HQRUPLW\� RI� WKH�

HFRQRPLF� FROODSVH� LQ� :DVKLQJWRQ��
WKH�+DUERUYLHZ�GLYLVLRQ� LV�GRZQ�RQO\�
VOLJKWO\� LQ� WRWDO� ZRUN� SHUIRUPHG��
:KLOH� WKH� WUDXPD� DQG� KDQG� VHUYLFHV�
KDYH� UHGXFHG� YROXPH� SDUDOOHOLQJ�
WKH� GHFUHDVH� LQ� WKH� (5� YROXPH�� WKH�
)RRW� VHUYLFH� KDV� KHOG� LWV� JURXQG�
DQG� WKH� VSLQH� VHUYLFH� KDV� JURZQ��
+RZHYHU�D�FRPELQDWLRQ�RI�D����GURS�
LQ� FRPPHUFLDO� VSRQVRUVKLS� DQG� DQ�
HTXDO�LQFUHDVH�LQ�XQVSRQVRUHG�FDUH�KDV�
FRQWULEXWHG�WR�D�FKDOOHQJLQJ�HFRQRPLF�
HQYLURQPHQW��

7HDFKLQJ�UHVHDUFK
7KH� IDFXOW\� DQG� WUDLQHHV� UHPDLQ�

FRPPLWWHG� WR� DFDGHPLF� SURGXFWLYLW\�
ZLWK�D�YHU\�KLJK�SUR¿OH�DW�WKH�UHFHQW�
DQQXDO� PHHWLQJ� RI� WKH� $PHULFDQ�
$FDGHP\� RI� 2UWKRSHGLF� 6XUJHU\�� ,Q�
DGGLWLRQ� WR�SULPDU\�VFLHQWL¿F�SDSHUV��
WKH�+0&� IDFXOW\� VWDIIHG� ,QVWUXFWLRQDO�
&RXUVH� /HFWXUHV� DQG� 6\PSRVLD� LQ�
WUDXPD�� VSLQH�� KDQG� DQG� IRRW�� +0&�
IDFXOW\� KDYH� SXEOLVKHG� QXPHURXV�
SDSHUV� LQ� SHHU� UHYLHZHG� RUWKRSHGLF�
MRXUQDOV�WKLV�DFDGHPLF�\HDU�LQFOXGLQJ�
WKH�-RXUQDO�RI�%RQH�DQG�-RLQW�6XUJHU\��

,QMXU\�� -RXUQDO� RI� 1HXURVXUJHU\� DQG�
6SLQH��6SLQH��-RXUQDO�RI�7UDXPD�-RXUQDO�
RI� $SSOLHG� %LRPHFKDQLFV�� )RRW� $QNOH�
,QWHUQDWLRQDO�� 7KH� -RXUQDO� RI� +DQG�
VXUJHU\�� 2UWKRSHGLFV� DQG� &OLQLFDO�
2UWKRSHGLFV�DQG�5HODWHG�5HVHDUFK��

$FDGHPLF�IXQGLQJ
+DUERUYLHZ� 0HGLFDO� &HQWHU� ZLOO�

VHUYH�DV�RQH�RI����FRUH�FOLQLFDO�FHQWHUV�
LQ� D� QHZO\� HVWDEOLVKHG� � ([WUHPLW\�
7UDXPD�&OLQLFDO�5HVHDUFK�&RQVRUWLXP���
)XQGHG�E\�WKH�2UWKRSDHGLF�([WUHPLW\�
7UDXPD�5HVHDUFK�3URJUDP��2(753��RI�
WKH�'HSDUWPHQW�RI�'HIHQVH�IRU�������
PLOOLRQ�RYHU���\HDUV�� WKH�&RQVRUWLXP�
ZLOO� ZRUN� FORVHO\�ZLWK� VHYHUDO�PDMRU��
PLOLWDU\�WUHDWPHQW�FHQWHUV�DQG�WKH�8�6��
$UP\� ,QVWLWXWH� RI� 6XUJLFDO� 5HVHDUFK��
�86$,65�� � WR� FRQGXFW�PXOWL�FHQWHU�
FOLQLFDO� UHVHDUFK� VWXGLHV� UHOHYDQW� WR�
WKH�WUHDWPHQW�DQG�RXWFRPHV�RI�VHYHUH�
RUWKRSDHGLF�WUDXPD�VXVWDLQHG�RQ�WKH�

7UDXPD

EDWWOH¿HOG�� � 7KHVH� VWXGLHV� ZLOO� KHOS�
HVWDEOLVK� WUHDWPHQW� JXLGHOLQHV� DQG�
IDFLOLWDWH� WKH� WUDQVODWLRQ� RI� QHZ� DQG�
HPHUJLQJ� WHFKQRORJLHV� LQWR� FOLQLFDO�
SUDFWLFH��

,Q� DGGLWLRQ� +0&� LV� RQH� RI� ILYH�
FHQWHUV� IXQGHG� E\� WKH� 'HSDUWPHQW�
RI� 9HWHUDQV� DIIDLUV� WR� VWXG\� WKH�
FRPSDUDWLYH� HIIHFWLYHQHVV� RI� DQNOH�
DUWKURGHVLV�DQG�DQNOH�DUWKURSODVW\��7KH�
RWKHU�FHQWHUV�DUH�LQ�0LFKLJDQ��2UHJRQ��
&RORUDGR�DQG�1HZ�=HDODQG�

'XH� WR� WKH� HIIRUWV� RI� 'DYLG�
%DUHL�� 0�'��� $VVRFLDWH� 3URIHVVRU� RI�
2UWKRSDHGLFV� DQG� 6SRUWV� 0HGLFLQH��
+0&�UHFHLYHG�IXQGLQJ�WKH�WUDXPD�$&(�
�$GYDQFHG�&OLQLFDO�([SHULHQFH��3URJUDP�
IURP� 25()� &OLQLFLDQ� 'HYHORSPHQW�
3URJUDP� 7UDXPD� )HOORZVKLS� *UDQW��
7KH� &HQWHU� IRU� 2UWKRSDHGLF� 7UDXPD�
$GYDQFHPHQW � DQG� WKH� 20H*$�
JUDQW�� 7KH� JUDQWV� RIIVHW� WKH� FRVW� RI�
HGXFDWLRQ�DQG�WUDLQLQJ�RI�RUWKRSHGLFV�
VXUJHRQV�VHHNLQJ�DGYDQFHG�WUDLQLQJ�LQ�
PDQDJHPHQW�RI�FKDOOHQJLQJ�IUDFWXUHV�

1DWLRQDO�/HDGHUVKLS
0��%UDG�+HQOH\��0�'���3URIHVVRU�RI�

2UWKRSHGLFV�DQG�6SRUWV�0HGLFLQH��ZDV�
DSSRLQWHG�DV�D�GLUHFWRU�RI�WKH�$PHULFDQ�
$FDGHP\�RI�2UWKRSDHGLF�6XUJHRQV��LWV�
SROLWLFDO�DVVRFLDWLRQ�DQG�DV�&KDLU�RI�WKH�
%RDUG�RI�6SHFLDOW\�6RFLHWLHV�

%UXFH�-��6DQJHRU]DQ��0�'�

+DUERUYLHZ� 0HGLFDO� &HQWHU� KDV�
H[SDQGHG�LWV�VSHFLDOW\�VHUYLFHV�DQG�
LV� FRQWLQXLQJ� LWV�PLVVLRQ� WKURXJK�
WKH�QHZ�1LQWK�	�-HIIHUVRQ�%XLOGLQJ�
�1-%���D����VWRU\�EXLOGLQJ�ORFDWHG�
DFURVV� WKH� VWUHHW� IURP� WKH�PDLQ�
PHGLFDO�FHQWHU��3RVLWLRQHG�RQ�WKH�
HDVWHUQ�FUHVW�RI�WKH�KLOO�DORQJ�1LQWK�
$YHQXH��WKH�EXLOGLQJ�LV�ERUGHUHG�E\�
7HUU\��-DPHV�DQG�-HIIHUVRQ�VWUHHWV�
DQG�VHUYHV�DV�D�QHZ�JDWHZD\�WR�WKH�
+DUERUYLHZ�FDPSXV���1-%�KRXVHV�
H[SDQGHG�VSHFLDOW\�VHUYLFHV�VXFK�
DV�� WKH� (\H� ,QVWLWXWH�� *OREDO�
+HDOWK��,QVWLWXWH�IRU�6LPXODWLRQ�DQG�
,QWHUSURIHVVLRQDO� 6WXGLHV� �,6,6���
1HXURVFLHQFHV�� 2WRODU\QJRORJ\��
2UWKRSDHGLFV��8:�0HGLFLQH�6SRUWV�
DQG� 6SLQH� &HQWHU� DQG� WKH� 6OHHS�
,QVWLWXWH�
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&RPSOLFDWLRQV�RI�3URYLVLRQDOO\�6WDELOL]HG�7LELDO�3LORQ�)UDFWXUHV�
5HIHUUHG�IURP�2XWVLGH�,QVWLWXWLRQV

$EVWUDFW��7KH�SXUSRVH�RI�WKLV�UHWURVSHFWLYH�FOLQLFDO�UHYLHZ�ZDV�WR�HYDOXDWH�WKH�WUHDWPHQW�FRXUVH�
RI�WLELDO�SLORQ�IUDFWXUHV�SURYLVLRQDOO\�VWDELOL]HG�DW�RXWVLGH�LQVWLWXWLRQV�DQG�VXEVHTXHQWO\�WUDQVIHUUHG��
IRFXVLQJ� RQ� WKH� LQFLGHQFH� DQG� UHDVRQV� IRU� UHYLVLRQ� SURFHGXUHV�� DQG� VXEVHTXHQW� FRPSOLFDWLRQ�
UDWHV��2XU� LQVWLWXWLRQDO� WUDXPD�GDWDEDVH�GHPRQVWUDWHG� WKDW�RI� WKH�����SLORQ� IUDFWXUHV� WUHDWHG�
DW�+DUERUYLHZ�0HGLFDO�&HQWHU�EHWZHHQ�-DQXDU\������DQG�6HSWHPEHU����������SDWLHQWV�ZLWK����
IUDFWXUHV�KDG�D�WHPSRUL]LQJ�VXUJLFDO�SURFHGXUH�SULRU�WR�UHIHUUDO��$OPRVW�����RI�SDWLHQWV�UHTXLUHG�
UHYLVLRQ� RI� WKHLU� SUH�WUDQVIHU� ¿[DWLRQ� DQG�XOWLPDWHO\� LQFXUUHG� D� VXEVWDQWLDOO\� KLJKHU� FRPSOLFD�
WLRQ�UDWH�WKDQ�UHFHQW�FRQWHPSRUDU\�FRQWUROV��SURPSWLQJ�XV�WR�FRQFOXGH�WKDW��ZKHQ�SRVVLEOH��WKH�
LQLWLDO� DQG�GH¿QLWLYH�PDQDJHPHQW� RI� WKHVH� LQMXULHV� EH�SHUIRUPHG�DW� WKH� DFFHSWLQJ� LQVWLWXWLRQ�

6WXG\�5DWLRQDOH�DQG�&RQWH[W
7LELDO�SLORQ� IUDFWXUHV�GHPRQVWUDWH�

VLJQL¿FDQW�VRIW�WLVVXH�LQMXU\��DQG�WZR�
VWDJHG�SURWRFROV�SURPRWLQJ�VRIW�WLVVXH�
UHFRYHU\�SULRU�WR�GH¿QLWLYH�¿[DWLRQ�DUH�
IDYRUHG� >���@�� 8VLQJ� LQWHUQDO� ¿EXODU�
¿[DWLRQ�DQG�WHPSRUDU\�WLELDO�H[WHUQDO�
¿[DWLRQ��WKH�¿UVW�VWDJH�VKRXOG�UHVWRUH�
DQDWRPLF�WLELDO�OHQJWK��DOLJQPHQW��DQG�
URWDWLRQ�� ,I� QRW�� UHYLVLRQ� SURFHGXUHV�
PD\�EH�UHTXLUHG��SRWHQWLDOO\�UHVXOWLQJ�
LQ�LQFUHDVHG�FRPSOLFDWLRQV��

&OLQLFDO�4XHVWLRQ
'R�SDWLHQWV�ZLWK�WLELDO�SLORQ�IUDFWXUHV�

WUHDWHG�ZLWK�SURYLVLRQDO�VWDELOL]DWLRQ�DW�
RXWVLGH� IDFLOLWLHV� DQG� VXEVHTXHQWO\�
WUDQVIHUUHG� WR� RXU� LQVWLWXWLRQ� IRU�
GH¿QLWLYH� WUHDWPHQW�� UHTXLUH� UHYLVLRQ�
RI� WKHLU� SURYLVLRQDO� ¿[DWLRQ� DQG� GR�
WKH\�KDYH�D�KLJKHU�FRPSOLFDWLRQ�UDWH�
WKDQ�FRQWHPSRUDU\�SXEOLVKHG�FRQWUROV�
DQG�WKRVH�ZLWKLQ�WKH�VDPH�LQVWLWXWLRQ"

0HWKRGV
6WXG\� 'HVLJQ�� � 5HWURVSHFWLYH�

FOLQLFDO�VWXG\��,5%�DSSURYHG�

,QFOXVLRQ�&ULWHULD�
$OO� SDWLHQWV� VXVWDLQLQJ� D� WLELDO�

SLORQ� IUDFWXUH�EHWZHHQ�-DQXDU\������
DQG�6HSWHPEHU������� WUHDWHG�ZLWK�D�
WHPSRUL]LQJ�VXUJLFDO�SURFHGXUH��¿EXODU�
DQG�RU� WLELDO� LQWHUQDO� RU� H[WHUQDO�
¿[DWLRQ���DW�DQ�RXWVLGH�IDFLOLW\�SULRU�WR�
WUDQVIHU�WR�RXU�LQVWLWXWLRQ�

([FOXVLRQ�&ULWHULD�
'LVWDO�WLELDO�SLORQ�IUDFWXUHV�WUHDWHG�

GH¿QLWLYHO\�DW�RXWVLGH�LQVWLWXWLRQV�DQG�
UHIHUUHG�VHFRQGDU\�WR�FRPSOLFDWLRQV���

3 D W L H Q W � 3 R S X O D W L R Q � D Q G�
,QWHUYHQWLRQV�&RPSDUHG�

��7KLUW\�QLQH�FRQVHFXWLYH�SDWLHQWV�
ZLWK� ��� WLELDO� SLORQ� IUDFWXUHV� KDG�
D� WHPSRUL]LQJ� VXUJLFDO� SURFHGXUH�
SHUIRUPHG�DW�DQ�RXWVLGH�IDFLOLW\�SULRU�
WR�WUDQVIHU�

�� 'XULQJ� WKH� VWXG\�� WLELDO� SLORQ�
IUDFWXUHV�ZHUH�PDQDJHG�XVLQJ�VWDJHG�
RSHQ� UHGXFWLRQ� DQG� LQWHUQDO� ¿[DWLRQ�
�25,)��IROORZLQJ�WKHVH�SULQFLSOHV��

R�,QLWLDO�6WDJH��
�� $QDWRPLF� ¿EXODU� 25,)� XVLQJ� D�

SRVWHURODWHUDO� DSSURDFK� DQG� DQNOH�

MRLQW�VSDQQLQJ�WLELRFDOFDQHDO�H[WHUQDO�
¿[DWLRQ�

��$YRLGDQFH�RI�6FKDQ]�SLQV�ZLWKLQ�
DUHDV�RI�DQWLFLSDWHG�VXUJLFDO�LQFLVLRQV�
DQG�GH¿QLWLYH�LPSODQWV�

R�'H¿QLWLYH�6WDJH��
�� $IWHU� VRIW� WLVVXH� UHFRYHU\��

DQWHURPHGLDO�RU�DQWHURODWHUDO�DSSURDFK�
ZLWK�FRQYHQWLRQDO�VFUHZ�SODWH�LPSODQWV�
WR�VHFXUH�DQDWRPLF�DUWLFXODU�UHGXFWLRQ��
DQG�WLELDO�DOLJQPHQW�

2XWFRPHV�DQG�$QDO\VLV
�� 3ULPDU\� RXWFRPH�� IUHTXHQF\�

DQG� UDWLRQDOH� IRU� UHYLVLRQ� RI� LQLWLDO�
VWDELOL]DWLRQ�

��6HFRQGDU\�RXWFRPH��GHHS�VHSWLF�
FRPSOLFDWLRQV���

��6WDQGDUG� WHFKQLTXHV�ZHUH�XVHG�
WR� FRPSDUH� GHPRJUDSKLF� DQG� LQMXU\�
FKDUDFWHULVWLFV�� DQG� FRPSOLFDWLRQ�
UDWHV�EHWZHHQ� WKH�VWXG\�DQG�HOLJLEOH�
SRSXODWLRQV���

5HVXOWV
�� )RUW\� RI� ��� ������ IUDFWXUHV�

UHTXLUHG� UHYLVLRQ� RI� WKH� SUH�WUDQVIHU�
IL[DWLRQ� SULRU� WR� GHILQLWLYH� IL[DWLRQ��
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7DEOH� ��� 5HDVRQ� IRU� 5HYLVLRQ� DQG� 7RWDO� )UDFWXUHV�� � SLQ�PDOSRVLWLRQ�� WDODU� QHFN�
SODFHPHQW��ORRVH��H[WUDRVVHRXV�SODFHPHQW

7DEOH����6WXG\�*URXS��,QVWLWXWLRQDO�&RQWURO��DQG�S�YDOXH��YV�$JH��&�W\SH�,QMXU\��2SHQ�
)UDFWXUH��DQG�'HHS�,QIHFWLRQ�

Reason for Revision Total Fractures  = 42 

Tibial Malreduction 33 fractures (83%) 

Fibular Malreduction 4 fractures (10%) 

Tibial Pins Within Anticipated ORIF Zone 5 fractures (13%) 

Loose Tibial Pins 3 fractures (8%) 

  

Foot Pins Requiring Revision* 24 (71%) 
!

 Study Group 
(n=42) 

Institutional 
Control 
(n=758) 

p-Value 

Age 41 years 42 years p=0.31 

C-type Injury 36 (90%) 459 (61%) p=0011 

Open Fracture 22 (52%) 192 (25%) p=0.00025 

Deep Infection 10 (24%) 63 (8%) p=0.0029 

7DEOH����6WXG\�3RSXODWLRQ�DQG�'HHS�:RXQG�6HSVLV�5DWH�

Study 
Study Population 
n=total fractures 

(percent open) 
Deep Wound Sepsis 

Rate 

Grose, JOT 2007(3) 44 (41%) 2 (4.5%) 

Sirkin, JOT 1999(2) 56 (39%) 3 (5.3%) 

Patterson, JOT 
1999(1) 22 (27%) 0 (0%) 

Chen, JOT 2007(4) 65 (14%) 5 (8%) 

Boraiah, JBJSA 
2010(5) 59 (100%) 2 (3%) 

�7DEOH����
�� /DWH� FRPSOLFDWLRQV� RFFXUUHG�

LQ� IRXUWHHQ� IUDFWXUHV� ������� ZKLFK�
LQFOXGHG�GHHS�LQIHFWLRQ�LQ�WHQ��������
QRQXQLRQ�LQ�WKUHH�������DQG�D�GHOD\HG�

LVFKHPLF� IRRW� WKDW� ZD\V� GHHPHG�
QRQ�UHYDVFXODUL]DEOH�� � 7ZHQW\�WKUHH�
SDWLHQWV� ������XQGHUZHQW�DGGLWLRQDO�
SURFHGXUHV�IROORZLQJ�GH¿QLWLYH�¿[DWLRQ��
LQFOXGLQJ� QLQH� VRIW� WLVVXH� FRYHUDJH�

SURFHGXUHV�DQG�WKUHH�DPSXWDWLRQV���
� � & R P S D U H G � Z L W K � R X U�

LQVWLWXWLRQDO� FRQWUROV�� WKH� UHIHUUHG�
SLORQV� GHPRQVWUDWHG� D� VWDWLVWLFDOO\�
VLJQL¿FDQWO\� KLJKHU� GHHS� VHSVLV� UDWH���
:KLOH� WKH� UHIHUUHG� SLORQ� JURXS� DOVR�
GHPRQVWUDWHG� D� VLJQL¿FDQWO\� KLJKHU�
SURSRUWLRQ� RI� &�W\SH� LQMXULHV� DQG�
RSHQ�IUDFWXUHV�DV�FRPSDUHG�ZLWK�WKH�
LQVWLWXWLRQDO�FRQWURO�JURXS��QHLWKHU�RI�
WKHVH� YDULDEOHV� ZDV� LQGHSHQGHQWO\�
DVVRFLDWHG�ZLWK� WKH� RFFXUUHQFH� RI� D�
GHHS�ZRXQG�LQIHFWLRQ��7DEOH����

�� &RPSDUHG� ZLWK� FRQWHPSRUDU\�
SXEOLVKHG� OLWHUDWXUH� XVLQJ� VWDJHG�
SURWRFROV�IRU�WLELDO�SLORQ�25,)�KRZHYHU�
WKH� GHHS� LQIHFWLRQ� UDWH� RI� WKH� VWXG\�
JURXS�ZDV�VXEVWDQWLDOO\�KLJKHU��7DEOH�
���

'LVFXVVLRQ
��:KLOH� VWDJHG� SURWRFROV� IRU� WKH�

PDQDJHPHQW�RI�WLELDO�SLORQ�IUDFWXUHV�DUH�
ZHOO�DFFHSWHG��WKH�HIIHFW�RI�SURYLVLRQDO�
�VWDJH����¿[DWLRQ�SULRU�WR�WUDQVIHU�WR�
DQ�LQVWLWXWLRQ�WKDW�ZLOO�SURYLGH�GH¿QLWLYH�
¿[DWLRQ�KDV�QHYHU�EHHQ�HYDOXDWHG�

�� 2XU� UHVXOWV� VKRZ� WKDW� D� KLJK�
SHUFHQWDJH�RI�WKRVH�SDWLHQWV�UHIHUUHG�
DIWHU� VXUJLFDO� DWWHPSW� DW� SURYLVLRQDO�
¿[DWLRQ�UHTXLUH�UHYLVLRQ�RI�WKH�¿[DWLRQ��
ZLWK� WLELDO�PDOUHGXFWLRQ�DQG�H[WHUQDO�
¿[DWLRQ�HUURUV�EHLQJ�WKH�PRVW�FRPPRQ�
SUHVHQWDWLRQ�

��:KHQ� FRPSDUHG� ZLWK� RXU� RZQ�
LQVWLWXWLRQDO� FRQWURO� DQG� UHFHQW�
SXEOLVKHG� OLWHUDWXUH�� D� KLJKHU� WKDQ�
H[SHFWHG�SHUFHQWDJH�RI�WKHVH�SDWLHQWV�
GHYHORSHG�GHHS�ZRXQG�FRPSOLFDWLRQV�
DQG�UHTXLUHG�D�QXPEHU�RI�VHFRQGDU\�
SURFHGXUHV�� � 7KH� FDXVDWLRQ� RI� WKHVH�
FRPSOLFDWLRQV� FDQQRW� EH� LQWHUSUHWHG�
ZLWK� FHUWDLQW\� EHFDXVH� RI� WKH� KLJKHU�
SURSRUWLRQ�RI�&�W\SH�DQG�RSHQ�LQMXULHV�
SUHVHQW�LQ�WKH�VWXG\�SRSXODWLRQ�

�� )XWXUH� VWXGLHV�PD\� EH� DEOH� WR�
PRUH�SUHFLVHO\�GHWHUPLQH�D�FDXVDWLYH�
IDFWRU�V��DVVRFLDWHG�ZLWK�RXU�¿QGLQJV���
$GGLWLRQDOO\�� WKH� LQIRUPDWLRQ� LQ� WKLV�
PDQXVFULSW�PD\�IDFLOLWDWH�HGXFDWLRQDO�
FXUULFXOD� WKDW� PD\� DPHOLRUDWH� WKLV�
SUREOHP�

6XPPDU\�DQG�&RQFOXVLRQ
�� 7KH�PDMRULW\� RI� SLORQ� IUDFWXUHV�

WUHDWHG�ZLWK� SURYLVLRQDO� VWDELOL]DWLRQ�
IROORZHG�E\�UHIHUUDO�WR�RXU�LQVWLWXWLRQ��
UHTXLUHG� UHYLVLRQ� SULRU� WR� GH¿QLWLYH�
¿[DWLRQ�� � 7KLV� UHVXOWHG� LQ� DYRLGDEOH�
DGGLWLRQDO� SURFHGXUHV�� DQG� KLJKHU�
FRPSOLFDWLRQ� UDWHV� WKDQ� UHFHQW�
SXEOLVKHG�OLWHUDWXUH���
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)LJXUH����7KLV����\HDU�ROG�IHPDOH�ZDV�LQYROYHG�LQ�D�KLJK�VSHHG�PRWRU�YHKLFOH�FROOLVLRQ�DQG�VXVWDLQHG�DQ�RSHQ�FRPPLQXWHG�ULJKW�
GLVWDO�WLELDO�SLORQ�IUDFWXUH���6KH�ZDV�LQLWLDOO\�WUHDWHG�DW�DQ�RXWVLGH�IDFLOLW\�ZLWK�RSHUDWLYH�GHEULGHPHQW��¿EXODU�¿[DWLRQ��DQG�VSDQQLQJ�
H[WHUQDO�¿[DWLRQ���6KH�ZDV�WUDQVIHUUHG�WR�+DUERUYLHZ�0HGLFDO�&HQWHU�IRU�GH¿QLWLYH�WUHDWPHQW��$QWHURSRVWHULRU��$��DQG��%��ODWHUDO�SODLQ�
UDGLRJUDSKV�XSRQ�SUHVHQWDWLRQ�WR�+DUERUYLHZ�GHPRQVWUDWH�VHYHUDO�WHFKQLFDO�VKRUWFRPLQJV���7KH�ODWHUDO�YLHZ�LGHQWL¿HV�DQ�H[WHQVLRQ�
PDOUHGXFWLRQ�RI�WKH�¿EXOD�UHVXOWLQJ�LQ�DQWHULRU�WUDQVODWLRQ�RI�WKH�WDOXV�IURP�EHQHDWK�WKH�DQDWRPLF�D[LV�RI�WKH�WLELD���%HFDXVH�RI�WKH�
¿EXODU�PDOUHGXFWLRQ��WKH�GLVWDO�WLELD�LV�REOLJDWRULO\�H[WHQGHG�DQG�VKRUWHQHG���7KH�DQWHURSRVWHULRU�YLHZ�GHPRQVWUDWHV�ODWHUDO�WR�PHGLDO�
WLELDO�6FKDQ]�SLQ�SODFHPHQW�WKDW�UHVXOWHG�LQ�D�VXEVWDQWLDO�DPRXQW�RI�VRIW�WLVVXH�FRPSUHVVLRQ��QHFURVLV��DQG�GUDLQDJH�IURP�WKH�SLQ�VLWHV���
$GGLWLRQDOO\��WKH�SLQ�VLWHV�DUH�ORFDWHG�ZLWKLQ�WKH�DQWLFLSDWHG�]RQH�RI�GH¿QLWLYH�RSHUDWLYH�H[SRVXUHV�DQG�LPSODQWV��SRWHQWLDOO\�LQFUHDVLQJ�
WKH�ULVN�RI�LQIHFWLRQ���7KH�WDOXV�UHPDLQV�WUDQVODWHG�ODWHUDO�UHODWLYH�WR�WKH�PHFKDQLFDO�D[LV�RI�WKH�WLELD��DQG�WKH�ODFN�RI�PHGLDO�H[WHUQDO�
¿[DWRU�VXSSRUW�DOORZV�WKH�WDOXV�WR�OLH�LQ�D�PDOUHGXFHG�YDUXV�DOLJQPHQW��7KH�SURYLVLRQDO�VWDELOL]DWLRQ�ZDV�UHYLVHG�XSRQ�SUHVHQWDWLRQ���
0RUWLVH��&��DQG�ODWHUDO��'��SODLQ�UDGLRJUDSKV�QRZ�GHPRQVWUDWH�DSSURSULDWH�PHGLDO�WR�ODWHUDO�6FKDQ]�SLQ�SODFHPHQW�ZHOO�RXW�RI�WKH�
DQWLFLSDWHG�DUHD�RI�GH¿QLWLYH�LPSODQWV�DQG�H[SRVXUHV���7KH�¿EXOD�KDV�EHHQ�UHYLVHG�WR�DQDWRPLF�OHQJWK��DOLJQPHQW��DQG�URWDWLRQ���7KH�
WDOXV�QRZ�OLHV�LQ�DQ�LPSURYHG�SRVLWLRQ�UHODWLYH�WR�WKH�DQDWRPLF�D[LV�RI�WKH�WLELD��DQG�DGHTXDWH�WLELDO�OHQJWK�LV�QRZ�UHVWRUHG����$OO�RI�WKHVH�
FKDQJHV�JUHDWO\�IDFLOLWDWH�VXEVHTXHQW�GH¿QLWLYH�WLELDO�25,)��6HYHUDO�ZHHNV�DIWHU�KHU�LQMXU\��WKH�VRIW�WLVVXH�HQYHORSH�ZDV�DPHQDEOH�WR�
GH¿QLWLYH�WLELDO�25,)���6L[�PRQWKV�DIWHU�KHU�¿QDO�SURFHGXUH��DQWHURSRVWHULRU��(��DQG�ODWHUDO��)��SODLQ�UDGLRJUDSKV�GHPRQVWUDWH�XQLRQ�
ZLWK�H[FHOOHQW�UHVWRUDWLRQ�RI�D[LDO�DOLJQPHQW�DQG�DUWLFXODU�FRQJUXHQF\��

$� %� &� '�

(� )�
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)LJXUH����7KUHH�UHSUHVHQWDWLYH�H[DPSOHV�RI�WLELDO�PDOUHGXFWLRQV�LQ�WKUHH�VHSDUDWH�SDWLHQWV���
�$���6XEVWDQWLDO�UHVLGXDO�FHSKDODG�GLVSODFHPHQW�RI�WKH�WDOXV�LV�HYLGHQW���
�%���0DUNHG�VKRUWHQLQJ�WKURXJK�WKH�WLELDO�GLDSK\VLV�LV�DSSUHFLDWHG�RQFH�WKH�UHVLGXDO�¿EXODU�GLVSODFHPHQW�LV�QRWHG����7KH�ODWHUDO�
PDOOHROXV�LV�LGHQWL¿HG�E\�WKH�ZKLWH�DUURZ�
�&���1HDU������WUDQVODWLRQDO�PDOUHGXFWLRQ�FDQ�EH�LGHQWL¿HG�RQ�WKH�ODWHUDO�YLHZ�

)LJXUH� ��� )LEXODU�PDOUHGXFWLRQ�
FDQ�EH� LGHQWL¿HG�RQ�WKLV� ODWHUDO�
UDGLRJUDSK� DIWHU� SURYLVLRQDO�
¿EXODU� UHGXFWLRQ� DQG� ¿[DWLRQ��
IROORZHG� E\� WLELRWDODU� VSDQQLQJ�
H[WHUQDO�¿[DWLRQ���7KH�����¿EXODU�
H[WHQVLRQ� GHIRUPLW\� DIIHFWV�
UHGXFWLRQ� RI� WKH� WLELDO� DUWLFXODU�
VXUIDFH�� �$GGLWLRQDOO\�� WKH� WDOXV�
LV�PDOUHGXFHG� DQWHULRU� WR� WKH�
PLG�GLDSK\VHDO�OLQH�RI�WKH�WLELD�

)LJXUH����$[LDO�&7�VFDQ�RI�D�WLELDO�SODIRQG�IUDFWXUH�WUHDWHG�ZLWK�RSHQ�UHGXFWLRQ�DQG�
¿[DWLRQ�RI�WKH�DVVRFLDWHG�¿EXOD�IUDFWXUH�DQG�VSDQQLQJ�H[WHUQDO�¿[DWLRQ�RI�WKH�WLELDO�
IUDFWXUH�FRPSRQHQW���3ULRU�WR�UHYLVLRQ��DQ�H[WHUQDO�¿[DWLRQ�6FKDQ]�SLQ�LV�LGHQWL¿HG�
HUURQHRXVO\�WUDYHUVLQJ�WKH�PLGGOH�IDFHW�RI�WKH�VXEWDODU�MRLQW�
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�� 7KH� DXWKRUV� UHFRPPHQG� WKDW��
ZKHQ�SRVVLEOH��WKH�LQLWLDO�DQG�GH¿QLWLYH�
PDQDJHPHQW� RI� WKHVH� LQMXULHV� EH�
SHUIRUPHG�DW�WKH�DFFHSWLQJ�LQVWLWXWLRQ�

5HIHUHQFHV
��� 3DWWHUVRQ� 0-�� &ROH� -'�� 7ZR�

VWDJHG� GHOD\HG� RSHQ� UHGXFWLRQ� DQG�
LQWHUQDO� IL[DWLRQ� RI� VHYHUH� SLORQ�
IUDFWXUHV�� -� 2UWKRS� 7UDXPD�� �����
)HE�������������

���6LUNLQ�0��6DQGHUV�5��'L3DVTXDOH�
7��+HUVFRYLFL�'��-U��$�VWDJHG�SURWRFRO�
IRU� VRIW� WLVVXH�PDQDJHPHQW� LQ� WKH�
WUHDWPHQW�RI�FRPSOH[�SLORQ�IUDFWXUHV��
-�2UWKRS�7UDXPD�������)HE����������
���

���*URVH�$��*DUGQHU�0-��+HWWULFK�&��
)LVKPDQ�)��/RULFK�'*��$VSULQLR�'(��HW�
DO��2SHQ�UHGXFWLRQ�DQG�LQWHUQDO�¿[DWLRQ�
RI�WLELDO�SLORQ�IUDFWXUHV�XVLQJ�D�ODWHUDO�
DSSURDFK�� -� 2UWKRS� 7UDXPD�� �����
6HS�������������

��� &KHQ� /�� 2¶6KHD� .�� (DUO\� -6��
7KH�XVH�RI�PHGLDO�DQG�ODWHUDO�VXUJLFDO�
DSSURDFKHV�IRU�WKH�WUHDWPHQW�RI�WLELDO�
SODIRQG� IUDFWXUHV�� -� 2UWKRS� 7UDXPD��
�����0DU��������������

���%RUDLDK�6��.HPS�7-��(UZWHPDQ�
$�� /XFDV� 3$�� $VSULQLR� '(�� 2XWFRPH�
IROORZLQJ�RSHQ�UHGXFWLRQ�DQG�LQWHUQDO�
¿[DWLRQ�RI�RSHQ�SLORQ�IUDFWXUHV��-�%RQH�
-RLQW�6XUJ�$P���)HE��������������
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)OXRURVFRSLFDOO\�*XLGHG�+LS�&DSVXORWRP\��
(IIHFWLYH�RU�1RW"�$�&DGDYHULF�6WXG\

$EVWUDFW��7HQ�SDLUHG�FDGDYHULF�KLSV�ZHUH�XWLOL]HG�IRU�D�ÀXRURVFRSLFDOO\�JXLGHG�FDSVXORWRP\�VWXG\�WR�
DVVHVV�WKH�HI¿FDF\�DQG�WKH�VDIHW\�RI�SHUFXWDQHRXV�KLS�FDSVXORWRP\��,Q�DOO�VSHFLPHQV��WKH�LQWUD�FDSVXODU�
SUHVVXUHV�ZHUH�VLJQL¿FDQWO\�GHFUHDVHG�DQG�QR�PDMRU�VWUXFWXUHV�ZHUH�LQMXUHG��:H�FRQFOXGH�WKDW�ÀRXURV�
FRSLFDOO\�JXLGHG�KLS�FDSVXORWRP\�LV�D�VDIH�SURFHGXUH�UHVXOWLQJ�LQ�GHFUHDVHG�LQWUD�FDSVXODU�SUHVVXUHV��

6WXG\�5DWLRQDOH��
&OLQLFDO� UHVHDUFK� KDV� VKRZQ� WKDW�

IHPRUDO� QHFN� IUDFWXUHV� FDQ� GLVUXSW�
UHWLQDFXODU� DUWHULHV�� JHQHUDWLQJ� DQ�
LQWUD�FDSVXODU� KHPDWRPD� WKDW�� LI� OHIW�
XQWUHDWHG��PD\�FRQWULEXWH�WR�DYDVFXODU�
QHFURVLV��$91��RI�WKH�IHPRUDO�KHDG�E\�
FRPSURPLVLQJ�ÀRZ�WR�WKH�IHPRUDO�KHDG��
6XUJHRQV�KDYH�UHFRPPHQGHG�DQ�RSHQ�
FDSVXORWRP\� WR� UHOLHYH� LQWUDDUWLFXODU�
IOXLG� SUHVVXUH� LQ� DGGLWLRQ� WR� RSHQ�
UHGXFWLRQ� DQG� LQWHUQDO� ¿[DWLRQ�� 7KLV�
KRZHYHU� DGGV� VXUJLFDO� PRUELGLW\�
E\� QHFHVVLWDWLQJ� IXUWKHU� VXUJLFDO�
GLVVHFWLRQ�LQ�DQ�DOUHDG\�FRPSURPLVHG�
DUHD��0RUH� UHFHQWO\�� ÀXRURVFRSLFDOO\�
JXLGHG� KLS� FDSVXORWRP\� IROORZLQJ�
RSHUDWLYH�¿[DWLRQ�RI�HYHQ�PLQLPDOO\�
GLVSODFHG� IHPRUDO� QHFN� IUDFWXUH� KDV�
EHHQ� UHFRPPHQGHG� WR� DOORZ� IRU�
GHFRPSUHVVLRQ� RI� WKH� KHPDWRPD��
4XHVWLRQV�KDYH�EHHQ�UDLVHG�UHJDUGLQJ�
WKH�HIIHFWLYHQHVV�DQG�VDIHW\�RI�VXFK�D�
SURFHGXUH��

2EMHFWLYH��
7KH�SXUSRVH�RI� WKLV� VWXG\�ZDV� WR�

H[DPLQH�WKH�HI¿FDF\�RI�D�ÀXRURVFRSLFDOO\�
JXLGHG� KLS� FDSVXORWRP\� WKURXJK� D�
VPDOO� ODWHUDO� LQFLVLRQ� DQG� WR� EHWWHU�
XQGHUVWDQG� LWV� DQDWRPLF� UHODWLRQVKLS�
WR� QHDUE\� QHXURYDVFXODU� VWUXFWXUHV��
2XU�K\SRWKHVLV�ZDV�WKDW�WKLV�SURFHGXUH�
ZRXOG�UHOLDEO\�GHFUHDVH�LQWUD�DUWLFXODU�

SUHVVXUH� ZKLOH� PDLQWDLQLQJ� D� VDIH�
GLVWDQFH�IURP�FULWLFDO�VWUXFWXUHV�

0HWKRGV��
7HQ� IUHVK�IUR]HQ� SDLUHG� FDGDYHULF�

KLSV�ZHUH�LQMHFWHG�XQGHU�ÀXRURVFRSLF�
JXLGDQFH� ZLWK� VDOLQH� VXIILFLHQW� WR�
JHQHUDWH� DQ� LQWUD�DUWLFXODU� SUHVVXUH�
JUHDWHU�WKDQ����PP�+J��7KH�SUHVVXUH�
ZDV� PRQLWRUHG� FRQWLQXRXVO\� XVLQJ�
D� SHUFXWDQHRXV� WUDQVGXFHU� �)LJXUH�
���� $� OLPLWHG� ODWHUDO� DSSURDFK� WR� WKH�
SUR[LPDO� IHPXU� ZDV� SHUIRUPHG� E\�
RQH�RI�WZR�VHQLRU�RUWKRSDHGLF�WUDXPD�
VXUJHRQV��8VLQJ�D�VFDOSHO�SODFHG�XQGHU�
ÀXRURVFRSLF� JXLGDQFH�� HDFK� VXUJHRQ�
PDGH� RQH� DWWHPSW� DW� DQ� DQWHULRU�
FDSVXORWRP\� �)LJXUH� ���� &KDQJHV�
LQ� LQWUD�DUWLFXODU� SUHVVXUH� ZHUH�
PRQLWRUHG� DQG� UHFRUGHG� WKURXJKRXW�
WKH� SURFHGXUH�� 7KH� VSHFLPHQV�ZHUH�
WKHQ�GLVVHFWHG�WR�PHDVXUH�WKH�H[WHQW�
RI� HDFK� FDSVXORWRP\� DV�ZHOO� DV� WKH�
GLVWDQFH�IURP�FDSVXORWRP\�WR�QHDUE\�
QHXURYDVFXODU�VWUXFWXUHV��)LJXUH����

5HVXOWV��
2Q�DWWHPSWHG�FDSVXORWRP\��D�UDSLG�

DQG� VXEVWDQWLDO� GHFUHDVH� LQ� LQWUD�
DUWLFXODU�SUHVVXUH�ZDV�VHHQ�LQ�DOO�KLSV��
7KH�PHDQ�LQWUD�DUWLFXODU�SUHVVXUH�SRVW�
FDSVXORWRP\�ZDV�����PP�+J��,Q�QLQH�
KLSV�WKH�¿QDO�SUHVVXUH�ZDV� OHVV�WKDQ�
���PP�+J��,Q�WKH�UHPDLQLQJ�VSHFLPHQ�

WKH� SUHVVXUH� VWDELOL]HG� DW� ��� PP�
+J�� EXW� VXFFHVVIXO� FDSVXORWRP\�ZDV�
YHUL¿HG� WKURXJK� GLUHFW� YLVXDOL]DWLRQ�
GXULQJ� VXEVHTXHQW� GLVVHFWLRQ�� 7KH�
FDSVXORWRPLHV� DYHUDJHG� ����� PP�
LQ� OHQJWK� �UDQJH������PP���1RQH�RI�
WKH� DWWHPSWV� DW� FDSVXORWRP\� ODVWHG�
ORQJHU�WKDQ����VHFRQGV��7KH�DYHUDJH�
GLVWDQFH� EHWZHHQ� FDSVXORWRP\� DQG�
WKH�ODWHUDO�PRVW�EUDQFK�RI�WKH�IHPRUDO�
QHUYH�ZDV������PP��UDQJH�������PP���
7KH� IHPRUDO� DUWHU\� ZDV� RQ� DYHUDJH�
�����PP��UDQJH�������PP��IURP�WKH�
VLWH� RI� FDSVXORWRP\�� 7KHUH� ZDV� QR�
FRUUHODWLRQ�EHWZHHQ�WKH�VLGH�RQ�ZKLFK�
FDSVXORWRP\�ZDV� SHUIRUPHG� DQG� LWV�
H[WHQW� RU� SUR[LPLW\� WR�QHXURYDVFXODU�
VWUXFWXUHV�

'LVFXVVLRQ��
0LQLPDOO\�GLVSODFHG�IUDFWXUHV�PD\�

QRW� GLVUXSW� UHWLQDFXODU� YHVVHOV�� EXW�
FDQ�UHVXOW�LQ�$91�RI�WKH�IHPRUDO�KHDG��
7KH� VLJQL¿FDQFH� RI� WKH� LQWUDFDSVXODU�
KHPDWRPD� FRQWLQXHV� WR� EH� GHEDWHG��
&UDZIXUG� HW� DO��PHDVXUHG� WKH� LQWUD�
DUWLFXODU� SUHVVXUHV� LQ� SDWLHQWV� ZLWK�
PLQLPDOO\� GLVSODFHG� IHPRUDO� QHFN�
IUDFWXUHV>�@��7KH�DYHUDJH�SUHVVXUH�ZDV�
�����PP�+J�� %HFN� HW� DO��PRQLWRUHG�
IHPRUDO� KHDG� SHUIXVLRQ� LQ� SDWLHQWV�
DV� VDOLQH� ZDV� LQMHFWHG� LQWR� WKH� KLS�
FDSVXOH>�@��&HVVDWLRQ�RI�SXOVDWLOH�EORRG�
ÀRZ�WR�WKH�IHPRUDO�KHDG�RFFXUUHG�DW�
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7DEOH����6SHFLPHQ�UHVXOWV�UH�SUHVVXUH�

7DEOH����6SHFLPHQ�UHVXOWV�UH�GLVWDQFH�

D�PHDQ�SUHVVXUH�RI����PP�+J��ZHOO�
EHORZ� WKH� DYHUDJH� LQWUD�DUWLFXODU�
SUHVVXUH�VHHQ�E\�&UDZIXUG��

6HYHUDO� VWXGLHV� KDYH� VKRZQ�
WKDW� LQWUD�FDSVXODU� SUHVVXUHV� FDQ�
EH� GHFUHDVHG� DQG� EORRG� IORZ� WR�
WKH� IHPRUDO� KHDG� FDQ� EH� LPSURYHG�
ZLWK� GHFRPSUHVVLRQ� RI� WKH� LQWUD�
FDSVXODU�KHPDWRPD��PDNLQJ�D�VWURQJ�
DUJXPHQW�IRU�FDSVXODU�GHFRPSUHVVLRQ�
LQ�IHPRUDO�QHFN�IUDFWXUHV�WUHDWHG�ZLWK�
FORVHG� UHGXFWLRQ� DQG� SHUFXWDQHRXV�
¿[DWLRQ>���@��$OWKRXJK�DVSLUDWLRQ�RI�DQ�
LQWUD�FDSVXODU�KHPDWRPD�PD\�UHGXFH�
LQWUD�DUWLFXODU� SUHVVXUH� DQG� LPSURYH�
IHPRUDO� KHDG� SHUIXVLRQ�� WKH� EHQH¿WV�
PD\�EH�WUDQVLHQW��$V�WKH�KHPDWRPD�UH�
DFFXPXODWHV��EORRG�ÀRZ�WR�WKH�IHPRUDO�
KHDG� LV� DJDLQ� FRPSURPLVHG�� 7KXV��
VRPH� VXUJHRQV� FKRRVH� WR� SHUIRUP� D�
FDSVXORWRP\��ZKLFK� LV�PRUH� OLNHO\� WR�
UHVXOW�LQ�ODVWLQJ�GHFRPSUHVVLRQ�RI�WKH�
LQWUD�FDSVXODU�VSDFH>���@�

�&RQFOXVLRQV��
) OXRURVFRS LFD O O\�JX LGHG� K LS�

FDSVX OR WRP\� WKURXJK� D � VPDO O�
ODWHUDO� LQFLVLRQ� LV� D� VDIH�� HIIHFWLYH�
DQG� H[SHGLHQW�PHWKRG� E\� ZKLFK� WR�
VXEVWDQWLDOO\� UHGXFH� LQWUD�DUWLFXODU�
SUHVVXUH�IROORZLQJ�PLQLPDOO\�GLVSODFHG�
IHPRUDO�QHFN�IUDFWXUHV�

5HIHUHQFHV
���&UDZIXUG�(-3��(PHU\�5-+��+DQVHOO�

'0��3KHODQ�0��$QGUHZV�%*��&DSVXODU�
GLVWHQVLRQ�DQG�LQWUDFDSVXODU�SUHVVXUH�
LQ�VXEFDSLWDO�IUDFWXUHV�RI�WKH�IHPXU��-�
%RQH�-RLQW�6XUJ���%�����±����������

���%HFN�0��6LHEHQURFN�.$��$IIROWHU�
%��1RW]OL�+��3DUYL]L�-��*DQ]�5��,QFUHDVHG�
LQWUDDUWLFXODU� SUHVVXUH� UHGXFHV� EORRG�
ÀRZ�WR�WKH�IHPRUDO�KHDG��&OLQ�2UWKRS�
5HODW�5HV�������-XO��������������

��� +DUSHU�:0�� %DUQHV�05�� *UHJ�
3-��)HPRUDO�KHDG�EORRG�ÀRZ�LQ�IHPRUDO�
QHFN� IUDFWXUHV�� $Q� DQDO\VLV� XVLQJ�
LQWUD�RVVHRXV�SUHVVXUH�PHDVXUHPHQW��
-�%RQH�-RLQW�6XUJ���%���±���������

���6WURPTYLVW�%��1LOVVRQ�/7��(JXQG�
1�� 7KRUQJUHQ� .�� :LQJVWUDQG� +��
,QWUDFDSVXODU�SUHVVXUHV�LQ�XQGLVSODFHG�
IUDFWXUHV�RI�WKH�IHPRUDO�QHFN��-�%RQH�
-RLQW�6XUJ���%����±����������

���%RQQDLUH�)��6FKDHIHU�'-��.XQHU�
(+��+HPDUWKURVLV�DQG�KLS�MRLQW�SUHVVXUH�
LQ�IHPRUDO�QHFN�IUDFWXUHV��&OLQ�2UWKRS�
�������±����������

���6ZLRQWNRZVNL�0)��:LQTXLVW�5$��
+DQVHQ�67�� )UDFWXUHV� RI� WKH� IHPRUDO�
QHFN�LQ�SDWLHQWV�EHWZHHQ�WKH�DJHV�RI�
WZHOYH� DQG� IRUW\�QLQH� \HDUV�� -� %RQH�

Specimen Side Gender Capsulotomy 
length (mm) 

Distance from 
capsulotomy to 
femoral artery 

(mm) 
1 R Male 5 52 
1 L Male 3 48 
2 R Female 35 41 
2 L Female 10 39 
3 R Male 25 36 
3 L Male 15 41 
4 R Male 23 50 
4 L Male 12 45 
5 R Female 8 51 
5 L Female 15 49 

Distance from 
capsulotomy to 

femoral nerve (mm) 

30 
20 
17 
18 
15 
16 
15 
16 
22 
26 

!

)LJXUH�����&DGDYHU�KLS�DIWHU�G\H�LQMHFWHG�DQG�SUHVVXUH�PRQLWRU�LQ�SODFH�

Specimen Side Gender 
Starting 

pressure (mm 
Hg) 

Post-
capsulotomy 
pressure (mm 

Hg) 

Decrease in 
pressure (mm 

Hg) 

1 R Male 58 7 51 (87.9%) 
1 L Male 107 10 97 (90.7%) 
2 R Female 112 7 105 (93.8%) 
2 L Female 60 0 60 (100%) 
3 R Male 115 0 115 (100%) 
3 L Male 65 0 65 (100%) 
4 R Male 60 40 20 (33.3%) 
4 L Male 58 8 50 (86.2%) 
5 R Female 100 2 98 (98%) 
5 L Female 100 10 90 (90%) 
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)LJXUH�����$QWHULRU�KLS�GLVVHFWLRQ�IROORZLQJ�FDSVXORWRP\�ZLWK�ZLUH�LQGLFDWLQJ�SDWK��'LVWDQFH�IURP�QHXURYDVFXODU�VWUXFWXUHV�PHDVXUHG�

-RLQW�6XUJ���$����±����������

)LJXUH�����)ORXURVFRSLF�DVVLVWHG�FDSVXORWRP\�EHLQJ�SHUIRUPHG�ZLWK�VFDOSHO�
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7LELDO�7XEHUFOH�)UDFWXUHV�$VVRFLDWHG�ZLWK�%LFRQG\ODU�7LELDO�3ODWHDX�
)UDFWXUHV��,QFLGHQFH��7UHDWPHQW�DQG�&RPSOLFDWLRQV

$EVWUDFW�� ,Q� WKLV� UHWURVSHFWLYH� UHYLHZ�� ZH� SUHVHQW� WKH� ILUVW� NQRZQ� UHSRUW� RQ� WKH� LQFL�
GHQFH� DQG� FRPSOLFDWLRQV� VHHQ� LQ� WKH� VHWWLQJ� RI� WLELDO� WXEHUFOH� IUDFWXUHV�H[WHQVRU�PHFKD�
QLVP� GLVUXSWLRQV� �77)V�� DVVRFLDWHG� ZLWK� KLJK� HQHUJ\� ELFRQG\ODU� WLELDO� SODWHDX� IUDFWXUHV��
77)V� ZHUH� VHHQ� LQ� JUHDWHU� WKDQ� ���� ��������� RI� DOO� ELFRQG\ODU� WLELDO� SODWHDX� IUDFWXUHV�
WUHDWHG� EHWZHHQ� ����� DQG� ������ ZLWK� KLJK�HQHUJ\�PHFKDQLVPV� SUHGRPLQDWLQJ�� 7KRXJK�
FRPSOLFDWLRQV� UDWHV� DUH� KLJK�� VWDELOL]DWLRQ� UHPDLQHG� GXUDEOH�� ZLWK� QR� ORVV� RI� IL[DWLRQ�

6WXG\�5DWLRQDOH�DQG�&RQWH[W
77)V�PD\�RFFXU�LQ�DVVRFLDWLRQ�ZLWK�

KLJK�HQHUJ\� ELFRQG\ODU� WLELDO� SODWHDX�
IUDFWXUHV��WKRXJK�WKH�DFWXDO�LQFLGHQFH�
RI� WKLV� DVVRFLDWHG� SDWWHUQ� UHPDLQV�
XQUHSRUWHG��)LJXUHV��D�DQG��E�>�@��7KH�
DGGLWLRQ� RI� D� WLELDO� WXEHUFOH� IUDFWXUH��
ZKLFK� GLVUXSWV� WKH� NQHH� H[WHQVRU�
PHFKDQLVP�� FRPSOLFDWHV� ERWK� WKH�
WUHDWPHQW�DQG�WKH�DIWHUFDUH�RI�D�WLELDO�
SODWHDX�IUDFWXUH�

2EMHFWLYH�&OLQLFDO�4XHVWLRQ
7KH� DLP� IRU� WKLV� SURMHFW� ZDV� WR�

GHWHUPLQH� KRZ� RIWHQ� SDWLHQWV� ZLWK�
ELFRQG\ODU�WLELDO�SODWHDX�IUDFWXUHV�KDG�
DQ� DVVRFLDWHG� 77)�� WR� GHVFULEH� RXU�
WUHDWPHQW�VWUDWHJ\�DQG�WR�DVVHVV�WKH�
LQFLGHQFH�RI�FRPSOLFDWLRQV�VHHQ�LQ�WKLV�
FRPELQHG�LQMXU\�SDWWHUQ�

0DWHULDOV�	�0HWKRGV
� � 5H W URVSHF W L YH � U HY L HZ � R I�

D� SURVSHFWLYHO\� REWDLQHG� WUDXPD�
GDWDEDVH�DW�+DUERUYLHZ�0HGLFDO�&HQWHU�
D�UHJLRQDO�OHYHO�RQH�WUDXPD�FHQWHU�

�� ���� FRQVHFXWLYHO\� WUHDWHG� $2�
27$� ���&�� ELFRQG\ODU� WLELDO� SODWHDX�
IUDFWXUHV�LQ�����SDWLHQWV�����ELODWHUDO�
LQMXULHV�� EHWZHHQ� -DQXDU\� ����� DQG�
'HFHPEHU������

�� $OO� UDGLRJUDSKV� UHYLHZHG� E\�
DXWKRUV� �050�� 53'�� WR� GHWHUPLQH�
SUHVHQFH�RI�D�77)�

�� ,QFOXVLRQ� &ULWHULD�� $OO� SDWLHQWV�
ZLWK� ERWK� ELFRQG\ODU� WLELDO� SODWHDX�
IUDFWXUHV� 	� WLELDO� WXEHUFOH� IUDFWXUHV�
H[WHQVRU� PHFKDQLVP� GLVUXSWLRQV�
WUHDWHG� EHWZHHQ� -DQXDU\� ����� DQG�
'HFHPEHU�������([FOXVLRQDU\�FULWHULD�
LQFOXGHG� IDLOXUH� WR�PHHW� LQFOXVLRQDU\�
FULWHULD�

���$OO�SDWLHQWV�XQGHUZHQW�LQLWLDO�NQHH�
VSDQQLQJ�XQLSODQDU�H[WHUQDO�¿[DWLRQ�DV�
WKH�¿UVW�SDUW�RI�WKHLU�WUHDWPHQW�

��$OO�SDWLHQWV�XQGHUZHQW�GH¿QLWLYH�
IL[DWLRQ� RI� WKHLU� ELFRQG\ODU� WLELDO�
SODWHDX� IUDFWXUH� ZLWK� SODWH�VFUHZ�
FRQVWUXFWV�RQFH�VRIW�WLVVXH�FRQGLWLRQV�
SHUPLWWHG��7KH�77)�FRPSRQHQW�RI�WKH�
IUDFWXUH�VWDELOL]HG�ZLWK�D�RQH�WKLUG�RU�
RQH�TXDUWHU� WXEXODU� SODWH� DQG� VFUHZ�
EXWWUHVV�FRQVWUXFW�RU�VWDELOL]DWLRQ�ZLWK�
WZR�RU� WKUHH� LQGHSHQGHQW�����RU�����
PP�ODJ�VFUHZV��)LJXUHV��D���E�	��F��

��2XWFRPHV��
R��0HFKDQLVPV�RI�LQMXU\�
R��3HUFHQW�RSHQ�IUDFWXUHV�
R� ,QFLGHQFH� RI� FRPSDUWPHQW�

V\QGURPH
R�,QFLGHQFH�RI�DVVRFLDWHG�LQMXULHV
R�5DWHV�RI�FRPSOLFDWLRQV�LQFOXGLQJ�

��/RVV�RI�¿[DWLRQ�
��,QIHFWLRQ
��1RQXQLRQ�
��)DLOXUH�WR�UHJDLQ�UDQJH�RI�PRWLRQ�

5HVXOWV�
�����77)V���������LQ�����ELFRQG\ODU�

WLELDO�SODWHDX�IUDFWXUHV��
�� +LJK�HQHUJ\� PHFKDQLVPV� RI�

LQMXU\�SUHGRPLQDWHG��ZLWK�PRWRUF\FOH�
FROOLVLRQV� PRVW� FRPPRQ� ����� RI�
FDVHV���IROORZHG�E\�SHGHVWULDQ�VWUXFN�E\�
PRWRU�YHKLFOHV�������DQG�DXWRPRELOH�
FROOLVLRQV��������

����������������RI�IUDFWXUHV�ZHUH�
��&�� LQMXULHV�� ZKLOH� ������ ������
ZHUH� ��&���� W\SH�� WKH�PRVW� KLJKO\�
FRPPLQXWHG�FDWHJRU\�RI� WKH�$2�27$�
FODVVL¿FDWLRQ>�@��

����������������RI�77)V�ZHUH�RSHQ�
IUDFWXUHV>�@�

�� 7\SH� ,,,� LQMXULHV� UHSUHVHQWHG�
��������������RI�WKH�RSHQ�IUDFWXUHV

��7\SH�,,,$�ZDV�WKH�PRVW�FRPPRQ�
W\SH��DFFRXQWLQJ� IRU�������������RI�
WKH�RSHQ�LQMXULHV

�� 7\SH� ,,,%� LQMXULHV�ZHUH� VHHQ� LQ�
VHYHQ� SDWLHQWV� �������� DOO� RI� ZKRP�
UHTXLUHG�VRIW�WLVVXH�ÀDS�FRYHUDJH�

�� 7\SH� ,,,&� LQMXULHV�ZHUH� VHHQ� LQ�
WZR� SDWLHQWV� �������� ERWK� RI� ZKRP�
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UHTXLUHG�YDVFXODU�UHSDLU��
�� 7ZHOYH� RI� ��� �������� SDWLHQWV�

GHYHORSHG�OHJ�FRPSDUWPHQW�V\QGURPH�
ZKLFK�UHTXLUHG�IDVFLRWRPLHV��

�� ������ �������� SDWLHQWV� KDG� D�
PHQLVFDO� LQMXU\� QRWHG� DW� WKH� WLPH�RI�
RSHUDWLYH�¿[DWLRQ��

�� ������ SDWLHQWV� ������ ZLWK�
WKLV� LQMXU\� FRPELQDWLRQ� KDG� RWKHU�
RUWKRSDHGLF�LQMXULHV�UHTXLULQJ�¿[DWLRQ��

&RPSOLFDWLRQV
����������������SDWLHQWV�GHYHORSHG�

D�GHHS�LQIHFWLRQ�

�� 7HQ� SDWLHQWV� �������� KDG�
QRQXQLRQV� DW� WKH� OHYHO � RI � WKH�
PHWDGLDSK\VLV�� 6HYHQ� RI� WKHVH� KDG�
EHHQ� DIWHU� RSHQ� IUDFWXUHV�� $OO� WHQ�
UHTXLUHG�UHYLVLRQ�VXUJHU\��

�� 7KHUH� ZHUH� QR� QRQXQLRQV� RI�
WKH� WLELDO� WXEHUFOH� FRPSRQHQW� RI� WKH�
IUDFWXUHVDQG� DOO� ZHUH� KHDOHG� E\� VL[�
PRQWKV�SRVW�RSHUDWLYHO\��

��������RI�SDWLHQWV�GLG�QRW�UHJDLQ�
IXOO�H[WHQVLRQ��WKRXJK�DOO�EXW�RQH�KDG�
ORVW�����GHJUHHV�RI�H[WHQVLRQ�

�� ����� GLG� QRW� REWDLQ� !����� RI�
ÀH[LRQ�

�� 2QO\� IRXU� SDWLHQWV� ������� KDG�
V\PSWRPDWLF�WLELDO�WXEHUFOH�KDUGZDUH��

'LVFXVVLRQ
���([WUHPHO\�OLWWOH�KDV�EHHQ�UHSRUWHG�

RQ�WKLV�FRPELQHG�LQMXU\�SDWWHUQ>�@�%XW�
%DUHL� HW� DO�� GHVFULEHG� FRPSOLFDWLRQV�
LQ� KLJK� HQHUJ\� ELFRQG\ODU� SODWHDX�
IUDFWXUHV>�@�

�� ,Q� WKH� %DUHL� SDSHU�� ���� RI�
IUDFWXUHV� ZHUH� RSHQ�� ZKLOH� LQ� RXU�
JURXS�� RSHQ� IUDFWXUHV�ZHUH� WZLFH� DV�
FRPPRQ���������

�� 7KH� LQFLGHQFH� RI� FRPSDUWPHQW�
V\QGURPH� VHHQ� E\� %DUHL� �������� LV�
VLPLODU� WR� WKDW� QRWHG� LQ� WKLV� VWXG\�
��������

��7KH�UDWH�RI�LQIHFWLRQV�LQ�WKLV�JURXS�
��������LV�KLJKHU�WKDQ�WKDW�UHSRUWHG�
LQ� WKH� %DUHL� VWXG\� �������� EXW�PD\�

)LJXUHV��D�	��E��,QMXU\�DQWHURSRVWHULRU�DQG� ODWHUDO� UDGLRJUDSKV�RI�FRPPLQXWHG�WLELDO�
SODWHDX�IUDFWXUH�ZLWK�DVVRFLDWHG�WLELDO�WXEHUFOH�IUDFWXUH�DIWHU�KLJK�VSHHG�PRWRUF\FOH�LQMXU\�

)LJXUHV��D���E�	��F��7UHDWPHQW�RI�WLELDO�WXEHUFOH�IUDFWXUH�ZLWK�����WXEXODU�SODWH���D�������WXEXODU�SODWH���E��DQG�LQGHSHQGHQW�����PP�
ODJ�VFUHZV���F��
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FRUUHODWH�ZLWK�WKH�KLJKHU�UDWH�RI�RSHQ�
LQMXULHV�DQG���&����IUDFWXUHV�

�� 6WUHQJWKV� RI� WKLV� VWXG\� LQFOXGH�
WKH�¿UVW� UHSRUW�RI�D� ODUJH�QXPEHU�RI�
WKHVH�KLJK�HQHUJ\�LQMXULHV�WUHDWHG�E\�D�
VLQJOH�JURXS�RI�H[SHULHQFHG�IHOORZVKLS�
WUDLQHG�RUWKRSDHGLF�WUDXPDWRORJLVWV

�� :HDNQHVVHV� RI� WKLV� VWXG\�
LQFOXGH� WKH� LQKHUHQW� OLPLWDWLRQV� RI� D�
UHWURVSHFWLYH� VWXG\� DQG� WKH� XVH� RI�
KLVWRULFDO�FRQWUROV�UDWKHU�WKDQ�D�GLUHFW�
FRPSDULVRQ�JURXS�

�� )URP� D� FOLQLFDO� SHUVSHFWLYH��
VXUJHRQV�VKRXOG�UHDOL]H�WKDW�77)V�RFFXU�
QRW� LQIUHTXHQWO\� LQ� DVVRFLDWLRQ� ZLWK�
KLJK�HQHUJ\�WLELDO�SODWHDX�IUDFWXUHV�

��7KH�KLJK�HQHUJ\�QDWXUH�RI�WKHVH�
LQMXULHV�LV�OLNHO\�WKH�GULYHU�IRU�WKH�KLJK�
UDWH�RI�FRPSOLFDWLRQV�VHHQ�

�� 5HPDLQLQJ� TXHVWLRQV��'RHV� WKH�
77)� IUDFWXUH� LWVHOI� RU� LWV� WUHDWPHQW�
FRQWULEXWH� WR� D� KLJKHU�PHWDSK\VHDO�
QRQXQLRQ� UDWH� DQG� UDWH� RI� LQIHFWLRQ"�
&DQ� LPPHGLDWH� DFWLYH� H[WHQVLRQ�
H[HUFLVHV�EH�LQLWLDWHG"�

6XPPDU\�DQG�&RQFOXVLRQV
��77)V�DUH�WHOOWDOHV�RI�D�KLJK�HQHUJ\�

PHFKDQLVP�LQ�ELFRQG\ODU�WLELDO�SODWHDX�
IUDFWXUHV�

��77)V�FDQ�EH�VXFFHVVIXOO\�WUHDWHG�
ZLWK�VWDQGDUG�LPSODQWV�DSSOLHG�WKURXJK�
WKH�VDPH�LQFLVLRQ�W\SLFDOO\�XWLOL]HG�IRU�
WLELDO�SODWHDX�¿[DWLRQ�

�� &RPSOLFDWLRQ� UDWHV� LQFOXGLQJ�
LQIHFWLRQ��OLPLWHG�UDQJH�RI�PRWLRQ�DQG�
QRQXQLRQ� DUH� FRPPRQ�� WKRXJK� WKH\�
OLNHO\�UHODWHG�PRUH�WR�WKH�KLJK�HQHUJ\�
PHFKDQLVP� WKDQ� WR� WKH� SUHVHQFH� RI�
WKH�77)�LWVHOI�

5HIHUHQFHV
��� &KDNUDYHUW\� -.�� :HDYHU� 0-��

6PLWK� 50�� 9UDKDV� 06�� 6XUJLFDO�
PDQDJHPHQW�RI�WLELDO�� W X E H U F O H�
IUDFWXUHV� LQ� DVVRFLDWLRQ� ZLWK� WLELDO�
SODWHDX� IUDFWXUHV� IL[HG� E\� GLUHFW�
ZLULQJ�� WR� D� ORFNLQJ� SODWH�� -�2UWKRS�
7UDXPD�������������������

��� 0DUVK� -/� HW� DO � � )UDFWXUH�
DQG� ' LV ORFDW LRQ� & ODVV L I L FDW LRQ�
&RPSHQGLXP�±�������-�2UWKRS��
7UDXPD�������6XSSO��6������

���*XVWLOR�5%��0HQGR]D�50��:LOOLDPV�
'1��3UREOHPV� LQ� WKH�PDQDJHPHQW�RI�
W\SH�,,,��VHYHUH��RSHQ�IUDFWXUHV��D�QHZ�
FODVVL¿FDWLRQ�RI�W\SH�,,,�RSHQ�IUDFWXUHV��
-�7UDXPD�������������������

��� %DUHL � '3�� 1RUN� 6(�� 0L O OV�
:-�� +HQOH\� 0%�� %HQLUVFKNH� 6.��
&RPSOLFDWLRQV�DVVRFLDWHG�ZLWK�LQWHUQDO�
IL[DWLRQ� RI� KLJK�HQHUJ\� ELFRQG\ODU�
WLELDO�SODWHDX�IUDFWXUHV�XWLOL]LQJ�D�WZR�
LQFLVLRQ� WHFKQLTXH�� -�2UWKRS�7UDXPD��
�������������������
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%LRPHFKDQLFDO�&RPSDULVRQ�RI�/HVV�,QYDVLYH�6WDELOL]DWLRQ�6\VWHP�
IRU�0HFKDQLFDOO\�8QVWDEOH�)UDFWXUHV�RI�WKH�'LVWDO�)HPXU��

)L[DWLRQ�ZLWK�7LWDQLXP�YHUVXV�6WDLQOHVV�6WHHO�
DQG�%LFRUWLFDO�YHUVXV�8QLFRUWLFDO�)L[DWLRQ

$EVWUDFW�� ,Q� WKLV�ELRPHFKDQLFDO� VWXG\��RXU�SXUSRVH�ZDV� WR� WHVW� WKH�HIIHFW�RI���� WLWDQLXP��7L��
YHUVXV� VWDLQOHVV� VWHHO� �66��PHWDO� DQG� ��� ORFNHG� XQLFRUWLFDO� YHUVXV� ELFRUWLFDO� VKDIW� ¿[DWLRQ� RQ�
VWLIIQHVV� RI� /HVV� ,QYDVLYH� 6WDELOL]DWLRQ� 6\VWHP� �/,66�� FRQVWUXFWV� LQ� D�PHFKDQLFDOO\� XQVWDEOH�
GLVWDO� IHPXU� IUDFWXUH�PRGHO�� � 1R� GLIIHUHQFH�ZDV� IRXQG� LQ� VWLIIQHVV� LQ� D[LDO� ORDGLQJ� RU� SODVWLF�
DQG� WRWDO� GHIRUPDWLRQ� EHWZHHQ� 7L� XQLFRUWLFDO� /,66� ¿[DWLRQ�� 66� XQLFRUWLFDO� /,66� ¿[DWLRQ�� DQG�
ELFRUWLFDO�66�/,66�¿[DWLRQ�ZLWK�RQO\�D�VPDOO�GHFUHDVH�LQ�VWLIIQHVV�LQ�WRUVLRQDO�ORDGLQJ�LQ�WKH�WL�
WDQLXP�JURXS�FRPSDUHG�WR�WKH�VWDLQOHVV�VWHHO�JURXSV��S���������DQG�D�VPDOO�LQFUHDVH�LQ�VWLII�
QHVV� LQ�WRUVLRQDO� ORDGLQJ�ZLWK�ELFRUWLFDO�YHUVXV�XQLFRUWLFDO�SUR[LPDO�¿[DWLRQ��S� �������� �:KLOH�
WKHUH� DUH� QXPHURXV� FRQVLGHUDWLRQV�ZKHQ� VHOHFWLQJ� LPSODQWV� IRU� WKHVH� IUDFWXUHV�� RXU� UHVXOWV�
LQGLFDWH� WKDW� VWLIIQHVV� LV� QRW� D� VLJQL¿FDQW� IDFWRU� LQ� FKRRVLQJ� EHWZHHQ� WKH� FRQVWUXFWV� WHVWHG����

6WXG\�5DWLRQDOH
66�PHWDO� DQG� ELFRUWLFDO� ORFNLQJ�

VFUHZV� LQ� /,66� FRQVWUXFWV�PD\� KDYH�
LPSRUWDQW� LPSOLFDWLRQV� IRU� ERQH�
KHDOLQJ�� �:KLOH� UHODWLYH� LQVWDELOLW\� LQ�
ODUJH� HIIHFWLYH� IUDFWXUH� JDSV� SUHVHQW�
LQ�PHFKDQLFDOO\�XQVWDEOH�GLVWDO�IHPXU�
IUDFWXUHV�DUH�GHVLUDEOH�>�@��WKH�LPSDFW�
RI�LQFUHDVHG�ULJLGLW\�ZLWK�66�PHWDO�DQG�
ELFRUWLFDO� ORFNHG�¿[DWLRQ�RI� WKH� VKDIW�
DUH�XQNQRZQ���

5HVHDUFK�4XHVWLRQ
,V� WKHUH� D� GLIIHUHQFH� LQ� WLWDQLXP�

YHUVXV�VWDLQOHVV�VWHHO�PHWDO�DQG�ORFNHG�
XQLFRUWLFDO� YHUVXV� ELFRUWLFDO� VKDIW�
¿[DWLRQ�RQ�VWLIIQHVV�RI�/,66�FRQVWUXFWV�
LQ�D�PHFKDQLFDOO\�XQVWDEOH�GLVWDO�IHPXU�
IUDFWXUH�PRGHO"

�0HWKRGV
6WXG\� GHVLJQ�� � %LRPHFKDQLFDO�

EHQFKWRS�H[SHULPHQW
)UDFWXUH�0RGHO
�� ��� �WK�JHQHUDWLRQ� IHPRUDO�

V\QWKHWLF�FRPSRVLWH�VDZERQHV�
��1LQH�KROH�/,66�SODWHV��)LJXUH����
��*URXS����7L�SODWHV�ZLWK�XQLFRUWLFDO�

ORFNLQJ�VFUHZV��)LJXUH���
��*URXS�����66�SODWHV�ZLWK�XQLFRUWLFDO�

ORFNLQJ�VFUHZV���)LJXUH���
��*URXS� ��� � 66� VWHHO� SODWHV�ZLWK�

ELFRUWLFDO�ORFNLQJ�VFUHZV��)LJXUH���
�� 8QLFRUWLFDO� GLVWDO� VFUHZV� SHU�

PDQXIDFWXUHU�UHFRPPHQGDWLRQV�>�@�
��$2�27$����$��IUDFWXUH�
0HFKDQLFDO�7HVWLQJ�>�@
��6HUYRK\GUDXOLF�PDWHULDOV�WHVWLQJ�

PDFKLQH�
��$[LDO�/RDGLQJ��)LJXUH���
R� &RPSUHVVLRQ� DW� ��PP�PLQ���

6WRSSHG�DW�����1�
��7RUVLRQDO�/RDGLQJ��)LJXUH���
R�7RUTXHG�WR�PD[LPXP����1P�DW�

���GHJUHHV�PLQ���
��&\FOLF�$[LDO�/RDGLQJ�
R�,QFUHPHQWV�RI����F\FOHV�VWDUWLQJ�

ZLWK� ���� 1�� � /RDG� LQFUHDVHG� E\�
���� 1�� WR� PD[LPXP� ORDG� RI� �����

1�� � 'LVSODFHPHQW� FRQWURO� PRGH� DW�
����PP�VHF��

'DWD�5HFRUGLQJ
��/RDG�GLVSODFHPHQW�FXUYH�SORWWHG�

IRU�HDFK�FRQVWUXFW�
�� 6WLIIQHVV� FDOFXODWHG� DV� VORSH� RI�

LQLWLDO�UHJLRQ�RI�FXUYH���
��3ODVWLF�GHIRUPDWLRQ� �GLVSODFHPHQW�

SUHVHQW�DIWHU�WKH�¿QDO�F\FOH���DPRXQW�
RI�GLVSODFHPHQW�SUHVHQW�DW�WKH�VWDUW�RI�
WKH�¿UVW�F\FOH�����1����

��7RWDO�GHIRUPDWLRQ�UHFRUGHG�DIWHU�
ODVW�WHVWLQJ�F\FOH�

6WDWLVWLFDO�$QDO\VLV
��2QH�ZD\�DQDO\VLV�RI�YDULDQFH�ZLWK�

D�7XNH\�SRVW�KRF�WHVW
��6LJQL¿FDQFH�GH¿QHG�DW�S���������

5HVXOWV
��6HH�7DEOH���
�� 1RQH� RI� WKH� FRQVWUXFWV� IDLOHG�

GXULQJ�PHFKDQLFDO�WHVWLQJ���
��1R�GLIIHUHQFH�LQ�VWLIIQHVV�LQ�D[LDO�

ORDGLQJ�EHWZHHQ�WKH�JURXSV�UHJDUGOHVV�
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RI�SUHVHQFH�RI�XQLFRUWLFDO�RU�ELFRUWLFDO�
ORFNLQJ�VFUHZV��S� ���������

��1R�GLIIHUHQFH�LQ�WRWDO�GHIRUPDWLRQ�
�S ������DQG�SODVWLF�GHIRUPDWLRQ��S� �
������EHWZHHQ�WKH�JURXSV�

� �� 7KHUH� ZDV� D� GLIIHUHQFH� LQ�
WRUVLRQDO�VWLIIQHVV�EHWZHHQ�WKH�JURXSV�
�S����������

R� 7KHUH�ZDV� GHFUHDVHG� WRUVLRQDO�
VWLIIQHVV�LQ�WKH�WLWDQLXP�JURXS�FRPSDUHG�
WR�WKH�VWDLQOHVV�VWHHO�XQLFRUWLFDO�JURXS�
�S��������� DQG� WKH� VWDLQOHVV� VWHHO�
ELFRUWLFDO�JURXS� �S���������� � �7KHUH�
ZDV�LQFUHDVHG�WRUVLRQDO�VWLIIQHVV�ZKHQ�
FRPSDULQJ� ELFRUWLFDO� WR� XQLFRUWLFDO�
SUR[LPDO�¿[DWLRQ�LQ�WKH�VWDLQOHVV�VWHHO�
JURXS��S� �������

'LVFXVVLRQ
�� 7KLV� ELRPHFKDQLFDO� VWXG\� RI�

XQVWDEOH�GLVWDO�IHPXU�IUDFWXUHV�WUHDWHG�
ZLWK� WKH� /,66� FRPSDULQJ� VWDLQOHVV�
VWHHO� WR� WLWDQLXP� DQG� XQLFRUWLFDO� WR�

ELFRUWLFDO�¿[DWLRQ�VKRZHG�FRPSDUDEOH�
VWLIIQHVV� LQ� DOO� FRQVWUXFWV� WHVWHG� LQ�
D[LDO� ORDGLQJ�� �2QO\� WRUVLRQDO� ULJLGLW\�
GLIIHUHG� VLJQLILFDQWO\� EHWZHHQ� WKH�
WLWDQLXP�DQG�VWDLQOHVV�VWHHO�JURXSV�DQG�
WKH�XQLFRUWLFDO�DQG�ELFRUWLFDO�SUR[LPDO�
ORFNLQJ�FRQ¿JXUDWLRQ���

��7KH�HIIHFWV�RI�VPDOO�GLIIHUHQFHV�LQ�
WRUVLRQDO�VWLIIQHVV�RQ�ERQH�KHDOLQJ�DUH�
SUHVHQWO\�XQNQRZQ�DQG�OLNHO\�RI�OLPLWHG�
FOLQLFDO�VLJQL¿FDQFH�

�� 7KHUH� DUH� VHYHUDO� DGYDQWDJHV�
RI� VWDLQOHVV� VWHHO� RYHU� WLWDQLXP� /,66�
LPSODQWV� LQFOXGLQJ� HDVLHU� UHPRYDO�
RI� VWDLQOHVV� VWHHO� LPSODQWV�� HDVLHU�
LQWUDRSHUDWLYH� IOXRURVFRS\� GXH� WR�
JUHDWHU�UDGLRGHQVLW\�RI�VWDLQOHVV�VWHHO��
DQG�WKH�DELOLW\�WR�HDVLO\�SODFH�ELFRUWLFDO�
ORFNHG� VFUHZV� LQ� WKH� VWDLQOHVV� VWHHO�
SODWH�>�@��

�� 6WUHQJWKV�� � :HOO� HVWDEOLVKHG�
WHVWLQJ� SURWRFRO� ZLWK� LPSURYHG� WHVW�
VHW�XS�IURP�SUHYLRXV�VWXGLHV�

�� /LPLWDWLRQV�� � 6DZERQHV�PRGHO�
RQO\�PLPLFV� \RXQJ� ERQH� DQG� UHVXOWV�
PD\� QRW� H[WUDSRODWH� WR� RVWHRSHQLF�
ERQH�>�@�

&RQFOXVLRQV
��7KHUH�ZDV�QR�GLIIHUHQFH�LQ�D[LDO�

VWLIIQHVV�� WRWDO�RU�SODVWLF�GHIRUPDWLRQ�
EHWZHHQ� 7L� DQG� 66� /,66� SODWHV� DQG�
XQLFRUWLFDO� DQG� ELFRUWLFDO� ORFNLQJ�
VFUHZV� LQ� 66� FRQVWUXFWV�� � 1XPHURXV�
FRQVLGHUDWLRQV� H[LVW� ZKHQ� VHOHFWLQJ�
LPSODQWV�EXW�RXU�UHVXOWV�LQGLFDWH�WKDW�
VWLIIQHVV� LV� QRW� D� VLJQLILFDQW� IDFWRU�
LQ� FKRRVLQJ� EHWZHHQ� WKH� FRQVWUXFWV�
WHVWHG��

5HIHUHQFHV
��� 3HUUHQ� 60�� (YROXWLRQ� RI� WKH�

LQWHUQDO�¿[DWLRQ�RI�ORQJ�ERQH�IUDFWXUHV��
7KH�VFLHQWL¿F�EDVLV�RI�ELRORJLFDO�LQWHUQDO�
IL[DWLRQ�� FKRRVLQJ� D� QHZ� EDODQFH�
EHWZHHQ�VWDELOLW\�DQG�ELRORJ\��-�%RQH�

)LJXUH����7LWDQLXP�DQG� VWDLQOHVV� VWHHO�
/,66�SODWHV�

)LJXUH� ��� 7L� SODWHV� ZLWK� XQLFRUWLFDO�
ORFNLQJ�VFUHZV�

)LJXUH� ��� 66� SODWHV� ZLWK� XQLFRUWLFDO�
ORFNLQJ�VFUHZV�

7DEOH����5HVXOWV�RI�%LRPHFKDQLFDO�7HVWLQJ�

Torsion 
(Nm/degree) 
2.27 ± 0.19 

3.43 ± 0.19 

3.77 ±0.36 

 Axial Load  
(N/mm) 

Total Deformation 
(mm) 

Plastic Deformation 
(mm) 

Titanium 
 

1335.8 ± 280.6 1.20 ± 0.25 0.39 ± 0.10 

Stainless Steel 
Unicortical 

1226.1 ± 177.6 1.36 ± 0.25 0.53 ±0.18 

Stainless Steel 
Bicortical 

1194.1 ± 275.9 1.32 ± 0.21 0.52 ± 0.14 
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-RLQW�6XUJ�%U���������������������
��� /HVV� ,QYDVLYH� 6WDELOL]DWLRQ�

6\VWHP��/,66����7HFKQLTXH�*XLGH�'LVWDO�
)HPXU��6\QWKHV�86$��3DROL��3$�

���.KDOD¿�$��&XUWLVV�6��+D]HOZRRG�
6�� :ROLQVN\� 3�� 7KH� HIIHFW� RI� SODWH�
URWDWLRQ� RQ� WKH� VWLIIQHVV� RI� IHPRUDO�
/,66�� D�PHFKDQLFDO� VWXG\�� -� 2UWKRS�
7UDXPD������������������

�� � .UHJRU� 3-� � 6WDQQDUG� -$��
=ORZRG]NL�0�� &ROH� 3$�� 7UHDWPHQW� RI�
GLVWDO� IHPXU� IUDFWXUHV� XVLQJ� WKH� OHVV�
LQYDVLYH�VWDELOL]DWLRQ�V\VWHP��VXUJLFDO�
H[SHULHQFH� DQG� HDUO\� FOLQLFDO� UHVXOWV�
LQ� ���� IUDFWXUHV�� -� 2UWKRS� 7UDXPD��
�����������������

�� � &U L V WR IR O LQ L � / � � 9 LFHFRQW L�
0�� &DSSHOOR� $�� 7RQL� $�� 0HFKDQLFDO�
YDOLGDWLRQ� RI� ZKROH� ERQH� FRPSRVLWH�
IHPXU�PRGHOV�� -� %LRPHFK�� ��������
���������

)XQGLQJ�6RXUFH���6\QWKHV�8�6�$�
$FNQRZOHGJHPHQWV�� � -XOLH� $JHO��

3KLOOLSH�+XEHU��7HG�*URVV

)LJXUH����66�VWHHO�SODWHV�ZLWK�ELFRUWLFDO�
ORFNLQJ�VFUHZV�

)LJXUH����6HW�XS�IRU�D[LDO�ORDGLQJ���'LVWDO�
VHJPHQW�PRXQWHG�RQ�SODWIRUP�ZLWK�EDOO�
EHDULQJV� WR� HOLPLQDWH� WRUTXH� GXULQJ�
ORDGLQJ�

)LJXUH�����6HW�XS�IRU�WRUVLRQDO�ORDGLQJ���
'LVWDO� VHJPHQW� FODPSHG� LQWR� YLFH� WR�
LQWURGXFH�WRUTXH�
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&OLQLFDO�$QDO\VLV�2I�/HVV�,QYDVLYH�6WDELOL]DWLRQ�6\VWHP�
)RU�0HFKDQLFDOO\�8QVWDEOH�)UDFWXUHV�2I�7KH�'LVWDO�)HPXU�

$�&RPSDULVRQ�2I�5HRSHUDWLRQ��8QLRQ�$QG�,PSODQW�)DLOXUH�5DWHV�
%HWZHHQ�6WDLQOHVV�6WHHO�$QG�7LWDQLXP�,PSODQWV

$EVWUDFW��,Q�WKLV�UHWURVSHFWLYH�VWXG\��ZH�FRPSDUHG�FOLQLFDO�RXWFRPHV�IRU�VXEMHFWV�WUHDWHG�ZLWK�VWDLQ�
OHVV�VWHHO�YHUVXV�WLWDQLXP�YHUVLRQV�RI�WKH�/HVV�,QYDVLYH�6WDELOL]DWLRQ�6\VWHP��/,66���6\QWKHV�8�6�$���
3DROL��3$��LQ�DGXOW�SDWLHQWV�WUHDWHG�IRU�27$���$�DQG���&�DW�D�VLQJOH�DFDGHPLF�OHYHO���WUDXPD�FHQWHU�
ZLWK�D�PHDQ�IROORZ�XS�RI������PRQWKV���7KHUH�ZDV�QR�GLIIHUHQFH�LQ�QRQ�XQLRQV�EHWZHHQ�WLWDQLXP�
DQG�VWDLQOHVV�VWHHO�LPSODQWV�DQG�LQ�D�PXOWLYDULDEOH�DQDO\VLV��RSHQ�IUDFWXUH�ZDV�DQ�LQGHSHQGHQW�ULVN�
IDFWRU�IRU�UHRSHUDWLRQ��DQG�PHWDO�W\SH�ZDV�QRW�DVVRFLDWHG�ZLWK�DQ\�RXWFRPH�DVVHVVHG����:H�GLG�QRW�
¿QG�D�GLIIHUHQFH�LQ�XQLRQ�UDWHV�RI�GLVWDO�IHPRUDO�IUDFWXUHV�DWWULEXWDEOH�WR�PHWDO�FRPSRVLWLRQ�RI�WKH�
ODWHUDO�ORFNHG�SODWH�EXW�IXUWKHU�SURVSHFWLYH�WULDOV�ZLOO�EH�UHTXLUHG�WR�VXEVWDQWLDWH�WKHVH�¿QGLQJ�DQG�
VWXG\�WKH�UHODWLYH�LPSRUWDQFH�RI�RWKHU�WHFKQLFDO�IDFWRUV�VXFK�DV�SODWH�OHQJWK�DQG�VFUHZ�FRQ¿JXUDWLRQ���

6WXG\�5DWLRQDOH
7KH�/,66�ZDV�RULJLQDOO\�GHYHORSHG�

XVLQJ� WLWDQLXP� DOOR\>���@�� � ,Q� 1RUWK�
$PHULFD�� PDQ\� VXUJHRQV� TXHVWLRQ�
WKH� WKHRUHWLFDO� EHQHILWV� RI� OHVV�
VWUHVV�VKLHOGLQJ� DQG� LQFUHDVHG�
ELRFRPSDWLELOLW\� DQG� SUHIHU� VWDLQOHVV�
VWHHO>���@���6WDLQOHVV�/,66�SODWHV�DUH�
XVHG� H[FOXVLYHO\� DW� RXU� LQVWLWXWLRQ�
EXW� QR� VWXGLHV� H[LVW� WKDW� H[DPLQH�
GLIIHUHQFHV�LQ�FOLQLFDO�RXWFRPH�GXH�WR�
PHWDO�FRPSRVLWLRQ��)LJXUH����

&OLQLFDO�4XHVWLRQ
,V�WKHUH�D�GLIIHUHQFH�LQ�XQLRQ�UDWHV�

DQG� LPSODQW� IDLOXUH� LQ� SDWLHQWV� ZLWK�
XQVWDEOH�GLVWDO�IHPXU�IUDFWXUHV�WUHDWHG�
ZLWK�WLWDQLXP��7L��YHUVXV�VWDLQOHVV�VWHHO�
�66��/,66�SODWHV"

0HWKRGV
6WXG\�GHVLJQ���3URVSHFWLYH�FRKRUW�

VWXG\��,5%�DSSURYHG��
,QFOXVLRQ�FULWHULD���*UHDWHU�WKDQ����

\HDUV�ZLWK� H[WUD�DUWLFXODU� �27$� ��$��

DQG�FRPSOHWH�DUWLFXODU��27$���&��GLVWDO�
IHPRUDO�IUDFWXUHV�WUHDWHG�HLWKHU�WKH�7L�
RU�VWDLQOHVV�66�/,66�EHWZHHQ�-DQXDU\�
��������DQG�-XQH������������

([FOXVLRQ� FULWHULD�� )ROORZ�XS� OHVV�
WKDQ� VL[� PRQWKV�� � 1RQ�/,66� GLVWDO�
IHPRUDO�ORFNHG�LPSODQWV�

3DWLHQW�SRSXODWLRQ�DQG�LQWHUYHQWLRQV�
FRPSDUHG�

�� ���� DGXOWV� ZLWK� 27$� ��$� DQG�
��&� IUDFWXUHV� ZHUH� WUHDWHG� DW� RXU�
LQVWLWXWLRQ���

������ZHUH�WUHDWHG�ZLWK�WKH�/,66
������PHW�LQFOXVLRQ�FULWHULD�RI�ZKLFK�

���ZHUH�WUHDWHG�ZLWK�WKH�WLWDQLXP�/,66��
DQG����ZHUH�WUHDWHG�ZLWK�WKH�VWDLQOHVV�
VWHHO�/,66�

,PSODQWV
��/,66�¿[DWRUV�ZHUH�LPSODQWHG�SHU�

PDQXIDFWXUHU¶V�WHFKQLFDO�VSHFL¿FDWLRQV�
DQG�66�RU�7L�ZDV�FKRVHQ�DW�VXUJHRQ¶V�
GLVFUHWLRQ�

��,I�WKHUH�ZDV�UDGLRJUDSKLF�HYLGHQFH�
RI� KHDOLQJ� SDWLHQWV� ZHUH� JUDGXDOO\�
DGYDQFHG�WR�IXOO�ZHLJKW�EHDULQJ�E\����

���ZHHNV�SRVW�RSHUDWLRQ���
6WDWLVWLFDO�$QDO\VLV�
�� 0HDQV� RI� SDWLHQW� DQG� VXUJLFDO�

YDULDEOHV� ZHUH� FRPSDUHG� EHWZHHQ�
WUHDWPHQW�JURXSV��66�YHUVXV�7L��XVLQJ�
DSSURSULDWH� QRQ�SDUDPHWULF� WHVWV� RI�
VLJQL¿FDQFH�����

�� 8QDGMXVWHG� GLIIHUHQFHV� LQ� WKH�
LQFLGHQFH� RI� SULPDU\� DQG� VHFRQGDU\�
RXWFRPHV�ZHUH� WHVWHG� XVLQJ� )LVKHU¶V�
([DFW�WHVW����

��0XOWLYDULDEOH� ORJLVWLF� UHJUHVVLRQ�
DQDO\VLV�ZDV�SHUIRUPHG�ZLWK�VLJQL¿FDQW�
GH¿QHG�DW�S�����

5HVXOWV
��3DWLHQWV�LQ�WKH�WUHDWPHQW�JURXSV�

ZHUH�VLPLODU�LQ�DJH��JHQGHU�DQG�UDWHV�
RI�REHVLW\��7DEOH����

�����SDWLHQWV�LQ�WKH�7L�FRKRUW�DQG�
�� SDWLHQWV� LQ� WKH�66� FRKRUW� UHTXLUHG�
DGGLWLRQDO�VXUJHULHV��7DEOH������$�ODUJH�
SURSRUWLRQ� RI� WKHVH� SURFHGXUHV�ZHUH�
SODQQHG� ERQH� JUDIWLQJ� IRU� VHJPHQWDO�
ERQH� ORVV� DV� WKH� UHVXOW� RI� D� VHYHUH�
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7DEOH����3DWLHQW�DQG�LQMXU\�FKDUDFWHULVWLFV� 7DEOH����$GGLWLRQDO�6XUJHULHV�

7DEOH����&UXGH�(VWLPDWHV��SDWLHQWV�ZLWK�SODQQHG�ERQH�JUDIWLQJ�H[FOXGHG�IURP�DQDO\VLV��

Variable 
Ti  

(n=80) 

SS 

(n=24) 
P-value 

Age 50 53 0.48 

Gender 58% male 63% male 0.81 

Obese 25% 42% 0.13 

Diabetes 5% 21% 0.03 

Smoker 34% 25% 0.47 

Follow-up(mo) 13 8 0.01 

Mechanism of Injury MVC MVC 0.11 

OTA Class 33C2 33C2 0.19 

Open Fracture 59% 33% 0.04 

Procedure 
Ti 

(n=80) 

SS 

(n=24) 
Total 

Bone Graft (Planned) 12 2 14 

Bone Graft (Unplanned) 2 1 3 

I&D (Infection) 1 2 3 

Knee Manipulation 8 0 8 

Nonunion Repair / Hardware Removal 4 0 4 

Hardware removal for pain 4 0 4 

Other 1 0 1 

Total 32 5 37 

Outcome 
Ti 

(n=80) 

SS 

(n=24) 
P-value P-value* 

Additional 
Surgery 

40% 21% 0.10 0.25 

Non-union 10% 13% 0.71 1.0 

Implant 
Failure 

9% 0% 0.2 0.19 

RSHQ�LQMXU\���
� � 8QDG M X V W H G � F RPSD U L V R Q�

GHPRQVWUDWHG�QR�VLJQL¿FDQW�GLIIHUHQFHV�
LQ�QHHG�IRU�DGGLWLRQDO�VXUJHU\��XQLRQ��RU�
LPSODQW�IDLOXUH��EHWZHHQ�JURXSV��7DEOH�
���

��2SHQ�IUDFWXUH�ZDV�DQ�LQGHSHQGHQW�
ULVN� IDFWRU� IRU� QHHG� IRU� IXUWKHU�
VXUJHU\� �

��$OO�LPSODQW�IDLOXUHV��Q ���RFFXUUHG�
LQ� 7L� JURXS�� � �� IDLOXUHV� RI� SUR[LPDO�
¿[DWLRQ�LQ�SDWLHQWV�ZKR�KHDOHG�ZLWKRXW�
IXUWKHU� LQWHUYHQWLRQ�� � 7KHUH� ZHUH�
�� IDLOXUHV� RI� SUR[LPDO� DQG� �� IDLOXUH�
RI� GLVWDO� � IL[DWLRQ� LQ� SDWLHQWV� ZKR�
GHYHORSHG� QRQ�XQLRQ� DQG� UHTXLUHG�
IXUWKHU�SURFHGXUHV����

'LVFXVVLRQ
��:H�IRXQG�QR�VLJQL¿FDQW�GLIIHUHQFH�

LQ�QRQXQLRQ�RU�LPSODQW�IDLOXUH�EHWZHHQ�
VXEMHFWV�WUHDWHG�ZLWK�WKH�66�RU�7L�/,66�
IRU�XQVWDEOH�GLVWDO�IHPXU�IUDFWXUHV�

��6WUHQJWKV���:H�XVHG�WKH�³QDWXUDO�
H[SHULPHQW´� WKDW� RFFXUUHG� DW� RXU�
LQVWLWXWLRQ� ZLWK� WKH� H[FKDQJH� RI� 7L�
IRU�66�WR�PDNH�RXU�WUHDWPHQW�JURXSV�
VLPLODU� DQG� FRQWUROOHG� IRU� UHPDLQLQJ�
FRQIRXQGLQJ� ELDV� LQ� RXU� DQDO\VLV���
7KLV�LV�WKH�RQO\�FOLQLFDO�VWXG\�WKDW�KDV�
EHHQ�DEOH� WR�VR�FORVHO\� LVRODWH�PHWDO�
FRPSRVLWLRQ� GLIIHUHQFHV� LQ� DVVHVVLQJ�
RXWFRPHV�RI�WKLV�IUDFWXUH�

��/LPLWDWLRQV���'UDZEDFNV� LQFOXGH�
XQNQRZQ�RU�XQPHDVXUHG�FRQIRXQGLQJ��
SRWHQWLDO� IRU� PHDVXUHPHQW� ELDV��
DQG� GLIIHUHQFHV� LQ� IROORZ�XS�� �:KLOH�

GXUDWLRQ� RI� IROORZ�XS�ZDV� FRQWUROOHG�
IRU�LQ�WKH�PXOWLYDULDEOH�DQDO\VLV��WKHUH�
LV�QR�ZD\�WR�DVVXUH�WKDW�WKLV�GLG�QRW�
LQWURGXFH�VHOHFWLRQ�ELDV��WKH�GLUHFWLRQ�
RI�ZKLFK�FDQQRW�EH�GHWHUPLQHG�>�@���

�� $� ODUJHU� 66� FRKRUW�ZLWK� ORQJHU�
IROORZ�XS�PD\� FKDQJH� WKH� RXWFRPHV�
QRWHG�DQG�ZH�ZLOO� FRQWLQXH� WR� IROORZ�
WKHVH�SDWLHQWV�SURVSHFWLYHO\�

6XPPDU\�DQG�&RQFOXVLRQV
��7KLV�REVHUYDWLRQDO�VWXG\�RI�ORFNHG�

GLVWDO� IHPRUDO�SODWLQJ�ZLWK�66�YHUVXV�
7L�/,66�IRXQG�QR�VLJQL¿FDQW�GLIIHUHQFH�
LQ�QHHG�IRU�IXUWKHU�VXUJHU\��XQLRQ��RU�
LPSODQW�IDLOXUH���

� � 7KH� SUHY LRXV O\ � GHVFU LEHG�
ULVN� RI� RSHQ� IUDFWXUH� ZDV� IRXQG�
WR� EH� DVVRFLDWHG� ZLWK� RXWFRPH� LQ�
PXOWLYDULDEOH�UHJUHVVLRQ�DQDO\VLV���

5HIHUHQFHV
�� � )U LJJ� 5� � $SSHQ]H O OHU � $��

&KULVWHQVHQ� 5�� )UHQN� $�� *LOEHUW� 6��
6FKDYDQ� 5�� 7KH� GHYHORSPHQW� RI� WKH�
GLVWDO�IHPXU�/HVV�,QYDVLYH�6WDELOL]DWLRQ�
6\VWHP��/,66���,QMXU\���������6XSSO�
��6&������

���.UHJRU�3-��6WDQQDUG�-��=ORZRG]NL�
0�� &ROH� 3$�� $ORQVR� -�� 'LVWDO� IHPRUDO�
IUDFWXUH� IL[DWLRQ� XWLOL]LQJ� WKH� /HVV�
,QYDV LYH� 6WDE L O L ]DW LRQ� 6\VWHP�
�/�,�6�6���� WKH� WHFKQLTXH� DQG� HDUO\�
UHVXOWV��,QMXU\���������6XSSO���6&���
���

���9RJJHQUHLWHU�*��/HLWLQJ�6��%UDXHU�
+��HW�DO��,PPXQR�LQÀDPPDWRU\�WLVVXH�
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)LJXUH����5DGLRJUDSKV�RI�D�VXSUDFRQG\ODU�LQWHUFRQG\ODU�GLVWDO�IHPXU�IUDFWXUH��D��E����&7�VFDQ�IXUWKHU�GHOLQHDWHV�IUDFWXUH�SDWWHUQ��F��
G����7KH�IUDFWXUH�ZDV�WUHDWHG�ZLWK�D�VWDLQOHVV�VWHHO�/,66�SODWH�DQG�ZHQW�RQ�WR�KHDO��H��I��J��K��

)LJXUH����)UHTXHQF\�RI�/RFNHG�'LVWDO�)HPRUDO�3ODWHV�8VHG��+0&��

UHDFWLRQ�WR�VWDLQOHVV�VWHHO�DQG�WLWDQLXP�
SODWHV�XVHG�IRU�LQWHUQDO�¿[DWLRQ�RI�ORQJ�
ERQHV��%LRPDWHULDOV����������������
���

���8KWKRII�+.��%DUGRV�',��/LVNRYD�
.LDU� 0�� 7KH� DGYDQWDJHV� RI� WLWDQLXP�
DOOR\� RYHU� VWDLQOHVV� VWHHO� SODWHV� IRU�
WKH� LQWHUQDO� ¿[DWLRQ� RI� IUDFWXUHV�� $Q�
H[SHULPHQWDO� VWXG\� LQ� GRJV�� -� %RQH�
-RLQW�6XUJ�%U���������%�����������

���0RUVKHG�6��&RUUDOHV�/��*HQDQW�+��
0LFODX�7���UG��2XWFRPH�DVVHVVPHQW�LQ�
FOLQLFDO�WULDOV�RI�IUDFWXUH�KHDOLQJ��-�%RQH�
-RLQW�6XUJ�$P���������6XSSO��������

$� %� &� '�

(� )� +�*�
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6HQLRU�3DWLHQWV�ZLWK�$FHWDEXODU�)UDFWXUHV��(SLGHPLRORJ\�DQG�5LVN

$EVWUDFW��,Q�WKLV�UHWURVSHFWLYH�FOLQLFDO�UHYLHZ��ZH�IRFXVHG�RQ�SDWLHQWV�DJHG����\HDUV�DQG�ROGHU�
ZLWK�DFHWDEXODU�IUDFWXUHV��2XU�WUDXPD�GDWDEDVH�LGHQWL¿HG�����SDWLHQWV�WUHDWHG�IURP������WKURXJK�
������6LPLODU�WR�\RXQJHU�SDWLHQWV�ZLWK�DFHWDEXODU�IUDFWXUHV�����ZHUH�PDOHV��EXW�GLIIHUHQW�IURP�
\RXQJHU�SDWLHQWV�����RI�RXU�VHQLRU�DFHWDEXODU�IUDFWXUHV�ZHUH�FDXVHG�E\�ORZ�HQHUJ\�WUDXPDWLF�
HYHQWV�VXFK�DV�IDOOV�IURP�VWDQGLQJ��7ZR�VSHFL¿F�IUDFWXUH�SDWWHUQV�GRPLQDWHG�WKHVH�VHQLRU�DFHWDEX�
ODU�IUDFWXUHV�DV�����ZHUH�HLWKHU�DVVRFLDWHG�ERWK�FROXPQ�RU�DQWHULRU�FROXPQ�DVVRFLDWHG�SRVWHULRU�
KHPLWUDQVYHUVH� �$&�3+7�� SDWWHUQV�� 1RW� VXUSULVLQJO\�� ����RI� RXU� SDWLHQWV� KDG� GLDJQRVHG� DQG�
UHOHYDQW�PHGLFDO�FRPRUELGLWLHV��2SHUDWLYH�WUHDWPHQW�ZDV�VHOHFWHG�LQ�RQO\�������RI�WKH�SDWLHQWV���
2YHUDOO�PRUWDOLW\�UDWH�IRU�WKHVH�SDWLHQWV�ZDV�����ZLWKLQ�RQH�\HDU�DIWHU�LQMXU\��DQG�����RI�WKRVH�
SDWLHQWV�GLHG�ZLWKLQ���PRQWKV�DIWHU�LQMXU\��7KH�RQH�\HDU�PRUWDOLW\�UDWH�IRU�WKRVH�WUHDWHG�ZLWKRXW�
VXUJHU\�ZDV�����ZKLOH� WKRVH�XQGHUJRLQJ�RSHUDWLYH� FDUH�KDG�D�����RQH�\HDU�PRUWDOLW\� UDWH�

6WXG\�5DWLRQDO�DQG�&RQWH[W
$FHWDEXODU� IUDFWXUHV� LQ� VHQLRU�

SDWLHQWV�DUH�SRRUO\�XQGHUVWRRG��'HWDLOV�
VXFK�DV�LQFLGHQFH��DVVRFLDWHG�LQMXULHV��
FR�PRUELGLW\�� DQG�PRUWDOLW\� UDWH� DUH�
EXW�D�IHZ�RI�WKH�FOLQLFDO�XQNQRZQV�IRU�
WKLV� SDWLHQW� SRSXODWLRQ�� 7KHVH� VHQLRU�
SDWLHQWV� SHUKDSV� KDYH� LQFUHDVHG�
RYHUDOO�FOLQLFDO�ULVNV�GXH�WR�VXFK�LVVXHV�
DV�PHGLFDO� FRQGLWLRQV�� ERQH� TXDOLW\��
DQG�RWKHUV��

&OLQLFDO�4XHVWLRQ�
:KDW� LV� WKH� HSLGHPLRORJ\� DQG�

PRUWDOLW\�UDWH�IRU�VHQLRU�SDWLHQWV�ZLWK�
DFHWDEXODU�IUDFWXUHV"

0HWKRGV
6WXG\�GHVLJQ���5HWURVSHFWLYH�FOLQLFDO�

UHYLHZ��,5%�DSSURYHG�
,QFOXVLRQ� FULWHULD�� $OO� SDWLHQWV�

DJHG� ��� \HDUV� DQG� ROGHU� DGPLWWHG�
WR� +DUERUYLHZ�0HGLFDO� &HQWHU� IURP�
����� WKURXJK� �����ZLWK� DFHWDEXODU�
IUDFWXUHV�

([FOXVLRQ�FULWHULD��1RQH

3 D W L H Q W � S R S X O D W L R Q � D Q G�
LQWHUYHQWLRQV��

�� ���� FRQVHFXWLYH� SDWLHQWV� WKDW�
KDG�HLWKHU�RSHUDWLYH�RU�QRQ�RSHUDWLYH�
WUHDWPHQW�IRU�WKHLU�DFHWDEXODU�IUDFWXUHV�
ZHUH� LGHQWLILHG� DQG� HYDOXDWHG� IRU�
GHPRJUDSKLF� GDWD�� PHFKDQLVP� RI�
LQMXU\��SUH�LQMXU\�VWDWXV��IUDFWXUH�W\SH��
WUHDWPHQW�GHWDLOV��DQG�VXUYLYDO�DW�RQH�
\HDU�SRVW�LQMXU\��

��2SHUDWLYH�GHWDLOV�ZHUH�UHFRUGHG�
IRU�SDWLHQWV�WKDW�KDG�XQGHUJRQH�RSHQ�
UHGXFWLRQ�DQG�LQWHUQDO�¿[DWLRQ��25,)����

��3DWLHQW�PRUWDOLW\�ZDV�FRQ¿UPHG�LQ�
WKUHH�ZD\V��GLUHFW�NQRZOHGJH�RI�SDWLHQW�
GHDWK� E\� WKH� DXWKRUV��PHGLFDO� FKDUW�
GDWD�LQGLFDWLQJ�SDWLHQW�GHDWK��DQG�WKH�
6RFLDO�6HFXULW\�'HDWK�,QGH[��,I�WKHUH�
ZDV�QR�LQGLFDWLRQ�RI�SDWLHQW�GHDWK�E\�
DQ\�RQH�RI�WKH�WKUHH�PHWKRGV�DERYH��
WKH�SDWLHQW�ZDV�SUHVXPHG�WR�EH�OLYLQJ�

5DGLRJUDSKV�ZHUH� UHYLHZHG� IURP�
WKH� GDWH� RI� LQMXU\� DQG�PRVW� UHFHQW�
IROORZ�XS���'DWD�SRLQWV�ZHUH�DQDO\]HG�
XWLO L]LQJ� 6366� ����� �6366� ,QF���
&KLFDJR��,/���2XU� LQVWLWXWLRQDO�UHYLHZ�
ERDUG�DSSURYHG�WKLV�VWXG\���1R�RXWVLGH�

VRXUFHV�RI�IXQGLQJ�ZHUH�XVHG�IRU�WKLV�
VWXG\�

�� 7KH� DYHUDJH� DJH� RI� WKH� VWXG\�
SRSXODWLRQ� ZDV� ����� \HDUV� ���� ±�
����� � 7KH� DYHUDJH� DJHV� RI� SDWLHQWV�
WUHDWHG� RSHUDWLYHO\�ZDV� ����� ��� ����
DQG� ����� ��� ����� IRU� WKRVH� WUHDWHG�
QRQRSHUDWLYHO\��S� ���������

�� 7KHUH� ZHUH� ����PDOH� DQG� ���
IHPDOH�SDWLHQWV��

�� 3UH�LQMXU\� VWDWXV� GHPRQVWUDWHG�
DQ�DFWLYH�SRSXODWLRQ�ZLWK�����EHLQJ�
FRPPXQLW\� DPEXODWRUV�� )RU� WKRVH�
SDWLHQWV� WUHDWHG� ZLWK� 25,)� DQG�RU�
H[DP�XQGHU�DQHVWKHVLD� �(8$��� WKHUH�
ZDV� DQ� DYHUDJH� GHOD\� RI� ���� GD\V�
�UDQJH���WR����GD\V���

�� 7KH� DYHUDJH� KRVSLWDO� VWD\�ZDV�
����� GD\V� ��� ����� IRU� SDWLHQWV� WKDW�
XQGHUZHQW� VXUJLFDO� LQWHUYHQWLRQ� DQG�
��������������IRU�WKRVH�WKDW�KDG�QRQ�
RSHUDWLYH�PDQDJHPHQW��3� �������

��3RVW�KRVSLWDO�GLVSRVLWLRQ�VKRZHG�
WKDW� ����ZHUH� GLVFKDUJHG� WR� KRPH�
DQG�����ZHUH�GLVFKDUJHG�WR�D�VNLOOHG�
QXUVLQJ�IDFLOLW\���

�� 3DWLHQW� FRPRUELGLWLHV� ZHUH�
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FRPPRQ�ZLWK�����RI�WKH�JURXS�KDYLQJ�
DQ�DYHUDJH�RI���PHGLFDO�FRPRUELGLWLHV�
�UDQJH�IURP���WR������7KH�PRVW�FRPPRQ�
FRPRUELGLWLHV� ZHUH� K\SHUWHQVLRQ�
������ DQG� GLDEHWHV� ������� ,Q� WKH�
RSHUDWLYH�JURXS������RI�WKH�SDWLHQWV�
KDG�FRPRUELGLWLHV�ZLWK�DQ�DYHUDJH�RI�
����FRPRUELGLWLHV���������SHU�SDWLHQW��

,Q� WKH� QRQRSHUDWLYH� JURXS�� ���� RI�
WKH� SDWLHQWV� KDG� FRPRUELGLWLHV� �3�!�
������ZLWK�DQ�DYHUDJH�RI�������������
FRPRUELGLWLHV�SHU�SDWLHQW��3� �������

�� 0HFKDQLVPV� RI� LQMXU\� LQFOXGHG�
������ IDOOV�� ������PRWRU� YHKLFOH�
FUDVKHV��09&��������ELF\FOH�DFFLGHQWV��
����� SHGHVWULDQV� VWUXFN� E\� FDUV��

DQG� ����� IURP� RWKHUV�PHFKDQLVPV��
6LPSOH�IDOOV�XVXDOO\�DW�KRPH�DQG�IURP�
D� VWDQGLQJ� KHLJKW�ZHUH� FDXVDWLYH� LQ�
���SDWLHQWV��������5HODWHG�WUDXPDWLF�
LQMXULHV�LQ�WKHVH�SDWLHQWV�ZHUH�FRPPRQ�
RFFXUULQJ� LQ� ���� RI� WKH� FRKRUW���
,QWHUHVWLQJO\�� DSSUR[LPDWHO\� ���� RI�
WKH� IDOOV� ZHUH� IURP� ODGGHUV� ZLWK� DQ�
DYHUDJH�KHLJKW�RI����IHHW�DQG�LQFOXGHG�
D�IHZ�SDWLHQWV�WKDW�IHOO�IURP�WKHLU�KRXVH�
URRIV��

��)UDFWXUH�W\SHV�ZHUH�YDULDEOH�EXW�
FRQVLVWHG� SUHGRPLQDQWO\� RI� 27$�$2�
��%�������DQG���&�������RU�/HWRXUQHO�
DQG�-XGHW�$VVRFLDWHG�$QWHULRU�&ROXPQ�
3RVWHULRU� +HPLWUDQVYHUVH� DQG� %RWK�
&ROXPQ�SDWWHUQV���

�� 7UHDWPHQW� IRU� WKHVH� SDWLHQWV�
LQFOXGHG�������QRQRSHUDWLYH�ZLWKRXW�
H[DP� XQGHU� DQHVWKHVLD� �(8$���
������WKDW�XQGHUZHQW�(8$�DQG�ZHUH�
XOWLPDWHO\�WUHDWHG�QRQ�RSHUDWLYHO\��DQG�
������WKDW�XQGHUZHQW�25,)�� � ,Q� WKH�
QRQRSHUDWLYH� SDWLHQW� JURXS�� ������
ZHUH� WUHDWHG� ZLWK� SURWHFWHG� ZHLJKW�
EHDULQJ�RQO\��ZHLJKW�RI�OHJ�RQO\��DQG�
������ZHUH�WUHDWHG�ZLWK�WUDFWLRQ�IRU�
����ZHHNV��

�� 6WDQGDUG� SURWRFROV� DW� RXU�
LQVWLWXWLRQ�IRU�DOO�DFHWDEXODU�IUDFWXUHV�
SDWLHQWV�FRQVLVW�RI���ZHHNV�SURWHFWHG�
³ZHLJKW�RI�OLPE´�EHDULQJ�IROORZHG�E\�D�
��WR���ZHHN�SDUWLDO�SURJUHVVLYH�ZHLJKW�
EHDULQJ� UHJLPHQ�� $OO� SDWLHQWV� DUH�
W\SLFDOO\� IXOO�ZHLJKW�EHDULQJ�E\� WKUHH�
PRQWKV�SRVW�LQMXU\��

��$YHUDJH�RSHUDWLYH�WLPH�ZDV�����
PLQXWHV��UDQJH�����WR�����PLQXWHV���
7KUHH�PDLQ�DSSURDFKHV�ZHUH�XWLOL]HG�IRU�
WKH����SDWLHQWV�WKDW�XQGHUZHQW�25,)��
WKH�LOLRLQJXLQDO�DSSURDFK�ZLWK�6WRSSD�
LQWHUYDO�����SDWLHQWV���WKH�LOLRLQJXLQDO�
DSSURDFK� ZLWK� RQO\� WKH� ODWHUDO� DQG�
PLGGOH� ZLQGRZV� GHYHORSHG� ����
SDWLHQWV���DQG�WKH�.RFKHU�/DQJHQEHFN�
LQFLVLRQ�����SDWLHQWV���7ZR�SDWLHQWV�KDG�
D� 6PLWK�3HWHUVHQ� DSSURDFK� DQG� RQH�
SDWLHQW�KDG�FRPELQHG�DSSURDFKHV��1R�
H[WHQGHG�LOLRIHPRUDO�DSSURDFKHV�ZHUH�
XVHG��,W�LV�RXU�URXWLQH�WR�GHYHORS�WKH�
6WRSSD�LQWHUYDO�LQVWHDG�RI�WKH�PHGLDO�
ZLQGRZ� RI� WKH� LOLRLQJXLQDO� H[SRVXUH��
(VWLPDWHG� LQWUDRSHUDWLYH� EORRG� ORVV�
DPRXQWV�ZHUH� ����PLOOLOLWHUV� �UDQJH�
���±������PLOOLOLWHUV����,QWUDRSHUDWLYH�
EORRG� FROOHFWLRQ� ZLWK� D� FHOO�VDYLQJ�
GHYLFH�ZDV�XVHG�LQ�DOO�DFHWDEXODU�FDVHV���
,Q�DGGLWLRQ�WR�DXWRORJRXV�EORRG�UHWXUQ��
����RI�SDWLHQWV�UHFHLYHG�LQWUDRSHUDWLYH�
EORRG� DGPLQLVWUDWLRQ� DYHUDJLQJ� �����
XQLWV��UDQJH�����XQLWV����

� � ) L[DW LRQ� FRQVWUXFWV � ZHUH�

)LJXUH��$��7KLV����\HDUV�ROG�IHPDOH�SDWLHQW�ZLWK�PXOWLSOH�PHGLFDO�FRPRUELG�FRQGLWLRQV�
LQFOXGLQJ�VLJQL¿FDQW�3DUNLQVRQ¶V�GLVHDVH�ORVW�KHU�EDODQFH�DQG�IHOO�ZKLOH�ZDONLQJ�LQ�
KHU�KRPH��6KH�FRPSODLQHG�RI�ULJKW�VLGHG�KLS�SDLQ�DQG�ZDV�UHIHUUHG�WR�RXU�LQVWLWXWLRQ�
DIWHU� EHLQJ� VHHQ� DW� KHU� ORFDO� HPHUJHQF\� URRP��+HU� SODLQ� SHOYLF� DQWHURSRVWHULRU�
LQMXU\�UDGLRJUDSK�GHPRQVWUDWHV�SULRU�VXUJLFDO�SURFHGXUHV��SRRU�ERQH�TXDOLW\��DQG�D�
GLVSODFHG�DVVRFLDWHG�ERWK�FROXPQ�DFHWDEXODU�IUDFWXUH��

)LJXUH��%��7KUHH�GD\V�DIWHU� LQMXU\�KHU�PHGLFDO�FRQGLWLRQ�ZDV�RSWLPL]HG�DQG�VKH�
XQGHUZHQW�RSHUDWLYH�UHSDLU�XVLQJ�WKH�ODWHUDO�LOLDF�DQG�PLGGOH�YDVFXODU�ZRXQG�LQWHUYDOV�
RI�DQ�LOLRLQJXLQDO�H[SRVXUH��7KH�IUDFWXUH�UHGXFWLRQ�ZDV�VWDELOL]HG�ZLWK�D�SHOYLF�EULP�
SODWH�DQG�VXSSRUWLQJ�FROXPQDU�VFUHZV��+HU�VRQ�DQG�GDXJKWHU�KHOSHG�KHU�UHFRYHU�DW�
KRPH�XQHYHQWIXOO\��+HU�KLS�LV�ZLWKRXW�FRPSODLQW�DQG�VKH�DPEXODWHV�DV�EHIRUH�EXW�
QRZ�ZLWK�D�³EDODQFH�VWDELOL]LQJ´�ZDONHU�
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SUHGLFWDEO\�FRQVWDQW�DFURVV�WKH�VWXG\���
:LWK�WKH�WZR�SULPDU\�IUDFWXUH�SDWWHUQV�
QRWHG�� �$2�27$���%�� DQG���&��� WKH�
FRQVWUXFWV� FRQVLVWHG� SUHGRPLQDQWO\�
RI� SHOYLF� EULP� SODWHV� ZLWK� SRVWHULRU�
FROXPQ�VWDELOL]DWLRQ�XVLQJ�ORQJ�VFUHZV�
SODFHG� ERWK� WKURXJK� WKH� EULP� SODWH�
DQG�LQGHSHQGHQW�IURP�WKH�SODWH���7KH�
EULP�SODWH�ZDV�VXSSOHPHQWHG�ZLWK�DQ�
LQWUDSHOYLF�SODWH�LQ�WKRVH�SDWLHQWV�ZLWK�
VLJQL¿FDQW�LQWUXVLRQ�RI�WKH�TXDGULODWHUDO�
VXUIDFH�� $YHUDJH� SODWH� OHQJWK�ZDV� ��
WR���KROHV� IRU� WKH�EULP�SODWH�DQG����
KROHV�IRU�WKH�LQWUDSHOYLF�SODWH��6WDQGDUG�
PDOOHDEOH�SHOYLF�����PLOOLPHWHU��PP��
UHFRQVWUXFWLRQ� SODWHV� ZHUH� XVHG� LQ�
DOO� SDWLHQWV�� � 0RVW� RIWHQ�� WUDQVYHUVH�
SDWWHUQV����%��DQG�%���ZHUH�WUHDWHG�
ZLWK� D� .RFKHU�/DQJHQEHFN� DSSURDFK�
DQG�RQH�RU�WZR�SRVWHULRU�FROXPQ�SODWHV���
7KH� DQWHULRU� FROXPQ� ZDV� VWDELOL]HG�
PRVW� RIWHQ� ZLWK� ����PP�PHGXOODU\�
VFUHZV� LQVHUWHG� HLWKHU� UHWURJUDGH� RU�
DQWHJUDGH�GHSHQGLQJ�RQ� WKH� IUDFWXUH�
GHWDLOV� DQG� QRUPDO� RVWHRORJ\�� 7ZR�
PHGXOODU\�VFUHZV�ZHUH�XVHG�ZKHQHYHU�
SRVVLEOH�

�� 3DWLHQW� PRUWDOLW\� DW� RQH�\HDU�
SRVW�LQMXU\�ZDV��������ZLWK�������RI�
WKHVH�SDWLHQWV�H[SLULQJ�ZLWKLQ����GD\V�
IURP� LQMXU\�� ,Q�SDWLHQWV� WUHDWHG�QRQ�
RSHUDWLYHO\�� RQH�\HDU�PRUWDOLW\� ZDV�
�����,Q�WKH�RSHUDWLYH�JURXS��RQH�\HDU�
PRUWDOLW\�ZDV� ����� ,W� LV� LQWHUHVWLQJ�
WR� QRWH� WKDW� RQH�\HDU�PRUWDOLW\� DQG�
��� GD\� PRUWDOLW\� ZHUH� ���� DQG�
���� UHVSHFWLYHO\� IRU� SDWLHQW� WUHDWHG�
ZLWK� WUDFWLRQ� DORQH�� 7KH� PRUWDOLW\�
GDWD� ZDV� VWUDWL¿HG� E\� DJH� DQG� RXU�
GDWD� GHPRQVWUDWHG� D� UHODWLYHO\� HYHQ�
GLVWULEXWLRQ� DPRQJ� ��\HDU� JURXSV��
8WLOL]LQJ� D� FKL�VTXDUH� DQDO\VLV�� WKHUH�
ZHUH�QR�VLJQL¿FDQW�GLIIHUHQFHV�DPRQJ�
WKH� JURXSV� ZLWK� ���GD\�� ���GD\�� RU�
RQH�\HDU�PRUWDOLW\���

'LVFXVVLRQ
��$V�RXU�SRSXODWLRQ�DJHV�DQG�WKH�

QXPEHU� RI� JHULDWULF� JURXS� IUDFWXUHV�
LQFUHDVH�� HYLGHQFH�EDVHG� WUHDWPHQW�
UHJLPHQV�DUH�UHOHYDQW�WR�PDQDJHPHQWV�
DV�ZH�VWULYH�IRU�FRVW�FRQWDLQPHQW�DQG�
RSWLPDO�WUHDWPHQWV��

�� ,QWHUHVWLQJO\��PDOHV� FRPSULVHG�
���� RI� WKH� SDWLHQWV� LQ� WKLV� VWXG\��
7KLV� JHQGHU� GLVWULEXWLRQ� LV� VLPLODU�
WR� \RXQJHU� SDWLHQWV� ZLWK� DFHWDEXODU�
IUDFWXUHV� FDXVHG� E\� KLJK� HQHUJ\�
WUDXPDWLF� HYHQWV�� $OPRVW� DOO� RI� RXU�
VHQLRU� SDWLHQWV� ZHUH� LQMXUHG� LQ� ORZ�
HQHUJ\�HYHQWV��

�� 7KH� IUDFWXUH� SDWWHUQV� LGHQWL¿HG�

LQ� RXU� VWXG\� GHPRQVWUDWH� WKDW� ����
RI� VHQLRU� SDWLHQWV� ZLWK� DFHWDEXODU�
IUDFWXUHV� ZLOO� VXVWDLQ� DVVRFLDWHG�
SDWWHUQV� DFFRUGLQJ� WR� /HWRXUQHO��
H L WKHU� DVVRFLDWHG� ERWK�FROXPQ�
IUDFWXUHV�RU�DQWHULRU�FROXPQ�SRVWHULRU�
KHPLWUDQVYHUVH��$&�3+7���

� � :H� D OVR� QRWHG� � G L I IHUHQW�
IURP� WKH� \RXQJHU� WUDXPD� SDWLHQW�
SRSXODWLRQ�ZKHUH� DVVRFLDWHG� LQMXULHV�
DUH� FRPPRQ�� WKDW� OHVV� WKDQ� ����RI�
WKHVH� VHQLRU� SDWLHQWV� KDG� DVVRFLDWHG�
WUDXPDWLF� LQMXULHV�� 7KLV� LV� YHU\� OLNHO\�
GXH� WR� WKH� ORZ�HQHUJ\� QDWXUH� RI�
LQMXU\�PHFKDQLVPV� VXVWDLQHG� LQ� WKH�
VHQLRU� SRSXODWLRQ�� 7KHVH�ZHUH�PRVW�
RIWHQ� JURXQG�OHYHO� IDOOV� RU� IDOOV� IURP�
ODGGHUV� DW� ORZ� KHLJKWV�� KLJKOLJKWLQJ�
HQYLURQPHQWDO� VDIHW\� FRQFHUQV� IRU�
VHQLRU�SDWLHQWV�

�� 0DQDJHPHQW� GHSHQGHG� RQ�
QXPHURXV� IDFWRUV� LQFOXGLQJ� WKH�
DSSURSULDWH�DQG�WLPHO\�HYDOXDWLRQ�DQG�
WUHDWPHQW� RI�PHGLFDO� FRPRUELGLWLHV�
VXFK� DV� K\SHUWHQVLRQ� DQG� GLDEHWHV�
�WKH�PRVW�FRPPRQ�LQ�RXU�VHULHV����2QO\�
������RI�RXU�����SDWLHQWV�XQGHUZHQW�
25,)��:H�XWLOL]HG�URXWLQH�LPSODQWV�DV�
ZHOO�DV�SUHGLFWDEOH�DQG�UHOLDEOH�¿[DWLRQ�
FRQVWUXFWV��:H�DGMXVWHG�RXU�LQFLVLRQV�
DV� QHFHVVDU\� EDVHG� XSRQ� SUHYLRXV�
VXUJHULHV�WKH�SDWLHQWV�KDG�XQGHUJRQH�
�L�H��K\VWHUHFWRP\��FDHVDUHDQ�VHFWLRQ��
HWF����'HVSLWH�RXU�FRQFHUQV�UHJDUGLQJ�
SRRU� ERQH� TXDOLW\� DW� RSHUDWLRQ�� QR�
VSHFLDO�VXUJLFDO�HTXLSPHQW�RU�LPSODQWV�
ZHUH�QHHGHG�IRU�VXFFHVVIXO�UHGXFWLRQ�
DQG�VWDEOH�¿[DWLRQ�LQ�VHQLRU�DFHWDEXODU�
RSHUDWLYH�FDUH�

��$PRQJ�SDWLHQWV�WKDW�GLHG�GXULQJ�
WKH� VWXG\� SHULRG�� ZH� LQWHUYHQHG�
VXUJLFDOO\� LQ� RQO\� ����RI� WKH� FDVHV���
,Q�WKH�JURXS�WKDW�VXUYLYHG�WKURXJKRXW�
WKH�VWXG\�SHULRG��ZH�RSHUDWHG�RQ�����
RI�WKRVH�SDWLHQWV��7KHVH�GDWD�LQGLFDWH�
RQH� RI� WZR� WKLQJV� WKDW� DUH� GLI¿FXOW�
WR� LQWHUSUHW� ZLWK� RXU� VWXG\� GHVLJQ��
QDPHO\�� ZH� DUH� DFFXUDWHO\� VHOHFWLQJ�
WKRVH�SDWLHQWV�ZKLFK�ZH�DUH�FRQ¿GHQW�
ZLOO�EHQH¿W�IURP�VXUJLFDO�LQWHUYHQWLRQ��
RU�FRQYHUVHO\��ZH�DUH�XQGHU�RSHUDWLQJ�
RQ�D� ODUJH�QXPEHU�RI�SDWLHQWV��$IWHU�
DJH�VWUDWLI\LQJ�WKH�GDWD�VHW��ZH�IRXQG�
QR� VLJQL¿FDQW� GLIIHUHQFHV� LQ� DQ\� RQH�
JURXS� �������� ������� HWF� WR� ��� DQG�
JUHDWHU��LQ�UHJDUGV�WR�KLJKHU�PRUWDOLW\�
UDWHV�DW�DQ\�WLPH�SHULRG�

6XPPDU\�DQG�&RQFOXVLRQV
��$FHWDEXODU�IUDFWXUHV�LQ�WKH�VHQLRU�

SRSXODWLRQ� DUH� QRW� XQFRPPRQ� DQG�
RFFXU� SUHGRPLQDQWO\� LQ�PDOH� GXH� WR�

ORZ�HQHUJ\�WUDXPDWLF�HYHQWV��
�� 7KHVH� SDWLHQWV� DUH� GLI¿FXOW� WR�

PDQDJH� VXFFHVVIXOO\� QRW� QHFHVVDULO\�
GXH� WKHLU� IUDFWXUH�� EXW� UDWKHU� GXH�
WR� WKHLU� RYHUDOO� PHGLFDO�FOLQLFDO�
FRPSOH[LW\��

��7KH�WZR�PRVW�FRPPRQ�IUDFWXUH�
SDWWHUQV� ZHUH� WKH� DVVRFLDWHG� ERWK�
FROXPQ� DQG� $&�3+7� PDNLQJ� WKHLU�
RSHUDWLYH�WHFKQLFDO�UHSDLUV�SUHGLFWDEOH��

��,W�LV�YHU\�FRPPRQ�IRU�WKLV�SDWLHQW�
SRSXODWLRQ� WR� SUHVHQW� ZLWK�PHGLFDO�
FRPRUELGLWLHV� DQG� WKH� XWLOL]DWLRQ� RI�
D� PXOWLGLVFLSOLQDU\� WHDP� PD\� EH�
EHQH¿FLDO�LQ�WKHLU�FDUH���

5HFRPPHQGHG�5HDGLQJ�
��� +HOIHW� '/�� %RUUHO O L � -�� -U���

'L3DVTXDOH� 7�� HW� DO�� 6WDELOL]DWLRQ� RI�
DFHWDEXODU�IUDFWXUHV�LQ�HOGHUO\�SDWLHQWV��
-�%RQH�-RLQW�6XUJ�$P��������������
����

���$QJOHQ�-2��%XUG�7$��+HQGULFNV�
.-��HW�DO��7KH�³*XOO�6LJQ´��D�KDUELQJHU�RI�
IDLOXUH�IRU�LQWHUQDO�¿[DWLRQ�RI�JHULDWULF�
DFHWDEXODU�IUDFWXUHV��-�2UWKRS�7UDXPD��
����������������

���&ROH�-��%ROKRIQHU�%��$FHWDEXODU�
)UDFWXUH� )L[DWLRQ� 9LD� D� 0RGLILHG�
6WRSSD� /LPLWHG� ,QWUDSHOYLF� $SSURDFK�
'HVFULSWLRQ�RI�2SHUDWLYH�7HFKQLTXH�DQG�
3UHOLPLQDU\�7UHDWPHQW�5HVXOWV��&OLQLFDO�
RUWKRSDHGLFV� DQG� UHODWHG� UHVHDUFK��
�������������

���0HDUV�'&��6XUJLFDO�WUHDWPHQW�RI�
DFHWDEXODU�IUDFWXUHV�LQ�HOGHUO\�SDWLHQWV�
ZLWK� RVWHRSRURWLF� ERQH�� -� $P� $FDG�
2UWKRS�6XUJ�����������������

��� 7|UQNYLVW� +�� 6FKDW]NHU� -��
$FHWDEXODU� IUDFWXUHV� LQ� WKH� HOGHUO\��
DQ�HDVLO\�PLVVHG�GLDJQRVLV��-RXUQDO�RI�
RUWKRSDHGLF�WUDXPD�����������������

���6SHQFHU�5)��$FHWDEXODU�IUDFWXUHV�
LQ�ROGHU�SDWLHQWV��-�%RQH�-RLQW�6XUJ�%U��
����������������
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&ORVHG�6XEWURFKDQWHULF�)HPXU�)UDFWXUHV�7UHDWHG�ZLWK�
2SHQ�5HGXFWLRQ�DQG�5HDPHG�$QWHJUDGH�,QWUDPHGXOODU\�1DLOLQJ���

7HFKQLTXH�DQG�&RPSOLFDWLRQV

$EVWUDFW��7KH�SXUSRVH�RI�WKLV�UHWURVSHFWLYH�FOLQLFDO�UHYLHZ�ZDV�WR�HYDOXDWH�WKH�FRPSOLFDWLRQV�DQG�
VXFFHVVHV�LQ�D�FRQVHFXWLYH�VHULHV�RI�SDWLHQWV�ZLWK�FORVHG�VXEWURFKDQWHULF�IHPXU�IUDFWXUHV�WUHDWHG�
ZLWK�DQ�RSHQ�UHGXFWLRQ�FRPELQHG�ZLWK�UHDPHG�DQWHJUDGH�VWDWLFDOO\�ORFNHG�LQWUDPHGXOODU\�QDLOLQJ���
2XU�LQVWLWXWLRQDO�WUDXPD�GDWDEDVH�GHPRQVWUDWHG�WKDW�RI�WKH�����VXEWURFKDQWHULF�IUDFWXUHV�WUHDWHG�
ZLWK�DQ�DQWHJUDGH�QDLO�DW�+DUERUYLHZ�0HGLFDO�&HQWHU�EHWZHHQ�-DQXDU\������DQG�-XO\����������
SDWLHQWV�FRXOG�QRW�EH�UHGXFHG�ZLWK�FORVHG�PHWKRGV�DQG�UHTXLUHG�DQ�RSHQ�UHGXFWLRQ�SULRU�WR�QDLO�
SODFHPHQW���7KLV�SURFHGXUH�LQFOXGHG�GLUHFW�YLVXDOL]DWLRQ��PDQLSXODWLRQ��UHGXFWLRQ�DQG�SURYLVLRQDO�
VWDELOL]DWLRQ�RI�WKH�IUDFWXUH�IUDJPHQWV�SULRU�WR�QDLOLQJ���2I�WKH����IUDFWXUHV������GHPRQVWUDWHG�
VRPH�KHDOLQJ�DW�WKHLU�¿UVW�IROORZ�XS�YLVLW�DQG�DOO�KHDOHG�E\�DQ�DYHUDJH�����GD\V���7KHUH�ZHUH�
QR�GHHS�LQIHFWLRQV�RU�ZRXQG�FRPSOLFDWLRQV�DVVRFLDWHG�ZLWK�WKH�RSHQ�DSSURDFK���7KH�SRVWRSHUD�
WLYH�DOLJQPHQW�PDWFKHG�WKH�¿QDO�DOLJQPHQW�LQGLFDWLQJ�QR�ORVV�RI�¿[DWLRQ���$�¿QDO�GHIRUPLW\�RI����
GHJUHHV�ZDV�REVHUYHG�LQ�����ZLWK�RQO\�RQH�PDOUHGXFWLRQ�RI���GHJUHHV�RI�YDUXV���,Q�FRQFOXVLRQ��
D�FDUHIXO�RSHQ�UHGXFWLRQ�FRPELQHG�ZLWK�LQWUDPHGXOODU\�QDLOLQJ�RI�FRPSOH[�VXEWURFKDQWHULF�IHPXU�
IUDFWXUHV�ZDV�DVVRFLDWHG�ZLWK�DQ�DFFXUDWH�UHGXFWLRQ��D�KLJK�UDWH�RI�XQLRQ��DQG�UDUH�FRPSOLFDWLRQV�

6WXG\�5DWLRQDOH�DQG�&RQWH[W
7KH� WUHDWPHQW� RI� VXEWURFKDQWHULF�

IHPXU�IUDFWXUHV�KDV�EHHQ�D�VRXUFH�RI�
GLI¿FXOW\�IRU�VXUJHRQV�DQG�D�FKDOOHQJH�
IRU�LPSODQW�PDQXIDFWXUHUV��HVSHFLDOO\�
JLYHQ� WKH� KLJK� FRPSUHVVLYH�� WHQVLOH��
DQG� WRUVLRQDO� IRUFHV� LQ� WKH� UHJLRQ���
3ODWHV�DQG�QDLOV�KDYH�EHHQ�XVHG�ZLWK�
VRPH�VXFFHVV� LQ� WKH�SDVW�� �+RZHYHU��
PDOUHGXFWLRQ�LQ�WKLV�UHJLRQ�IUHTXHQWO\�
OHDGV� WR�PDOXQLRQ� RU� QRQXQLRQ�� $Q�
RSHQ� DSSURDFK� WR� LQWUDPHGXOODU\�
QDLOLQJ�LV�LQLWLDOO\�FRXQWHULQWXLWLYH�DV�LW�
DSSHDUV�WR�UXQ�RSSRVLWH�WKH�SKLORVRSK\�
RI� VRIW� WLVVXH� SUHVHUYDWLRQ� ZLWK�
FORVHG�QDLOLQJ��+RZHYHU��EHFDXVH�WKH�
DFFXUDWH�UHGXFWLRQ�RI� WKHVH� IUDFWXUHV�
LV� VR� LPSRUWDQW� IRU�PD[LPL]LQJ� WKH�
VXUJLFDO� VXFFHVV�� DQ� RSHQ� UHGXFWLRQ�
FDQ� SRWHQWLDOO\� EH� FRPELQHG� ZLWK�
LQWUDPHGXOODU\�QDLOLQJ���

&OLQLFDO�4XHVWLRQ
,Q� SDWLHQWV� ZLWK� VXEWURFKDWHULF�

IHPXU�IUDFWXUHV�ZKRVH�LQMXULHV�FDQQRW�
EH�VXFFHVVIXOO\�UHGXFHG�ZLWK�FORVHG�RU�
SHUFXWHQRXV�PHWKRGV�DQG�UHTXLUH�DQ�
RSHQ�UHGXFWLRQ�SULRU�WR�QDLOLQJ��LV�WKHUH�
DQ�DFFHSWDEOH�UDWH�RI�FRPSOLFDWLRQV�DQG�
SUHGLFWDEOH� IUDFWXUH� KHDOLQJ� LQ� JRRG�
DOLJQPHQW"�

0HWKRGV
6WXG\� 'HVLJQ�� � 5HWURVSHFWLYH�

FOLQLFDO�VWXG\��,5%�DSSURYHG�

,QFOXVLRQ�&ULWHULD�
$ O O � S D W L H Q W V � V X V W D L Q L Q J � D�

VXEWURFKDQWHULF� IHPXU� IUDFWXUH�
EHWZHHQ�-DQXDU\������DQG�-XO\�������
WUHDWHG�ZLWK�DQ�RSHQ�UHGXFWLRQ�IROORZHG�
E\� UHDPHG� DQWHJUDGH� QDLOLQJ�� � 7KLV�
SDWLHQW�JURXS�ZDV�VHOHFWHG�DV�D�VXEVHW�

RI�DOO�VXEWURFKDQWHULF�IHPXU�IUDFWXUHV�
WUHDWHG���,QFOXGHG�ZHUH�FORVHG�LQMXULHV��
VNHOHWDOO\�PDWXUH�SDWLHQWV�RYHU�WKH�DJH�
RI�����DQG�DPEXODWRU\�SDWLHQWV�

([FOXVLRQ�&ULWHULD�
6XEWURFKDQWHULF� IHPXU� IUDFWXUHV�

WUHDWHG�ZLWK�SODWHV�
6XEWURFKDWHULF� IHPXU� IUDFWXUHV�

VXFFHVVIXOO\� WUHDWHG� ZLWK� FORVHG�
UHGXFWLRQ� RU� SHUFXWDQHRXV�PHWKRGV�
SULRU�WR�LQWUDPHGXOODU\�QDLOLQJ���:KLOH�
WKHVH�SDWLHQWV�ZHUH�H[FOXGHG�IURP�WKH�
VWXG\�SRSXODWLRQ��WKH\�ZHUH�VLPLODUO\�
IROORZHG� WR� XQLRQ� WR� FRQILUP� WKDW�
DQ� RSHQ� UHGXFWLRQ� GLG� SURGXFH� DQ�
XQDFFHSWDEOH�QRQXQLRQ�RU�FRPSOLFDWLRQ�
UDWH�
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3 D W L H Q W � 3 R S X O D W L R Q � D Q G�
,QWHUYHQWLRQV�&RPSDUHG�

� � 2 I � ��� � SD W L HQ W V � Z L W K � D�
VXEWURFKDQWHULF�IHPXU�IUDFWXUH�WUHDWHG�
ZLWK�DQ�DQWHJUDGH�QDLO�����KDG�IROORZ�
XS�WR�XQLRQ�

�� 2I� WKHVH�� ���ZHUH� VXFFHVVIXOO\�
UHGXFHG�DQG�QDLOHG�LQ�D�FORVHG�IDVKLRQ��
ZLWK�RU�ZLWKRXW�SHUFXWDQHRXV�UHGXFWLRQ�
WRROV�

�� 7KH� UHPDLQLQJ� ��� IUDFWXUHV�
UHTXLUHG�DQ�RSHQ�DSSURDFK�IRU�GLUHFW�
YLVXDOL]DWLRQ��PDQLSXODWLRQ��UHGXFWLRQ��
DQG� SURYLVLRQDO� VWDELOL]DWLRQ� SULRU� WR�
QDLOLQJ�� � $OO� IUDFWXUHV� ZHUH� WUHDWHG�
XQGHU�WKH�VXSHUYLVLRQ�RI�D�IHOORZVKLS�
WUDLQHG�RUWKRSDHGLF�WUDXPD�VXUJHRQ�

�� 7KHVH�ZHUH�SUHGRPLQDWHO\�KLJK�
HQHUJ\�LQMXULHV�ZLWK����PRWRU�YHKLFOH�
FUDVKHV�� ��� IDOOV� IURP�KHLJKW�� �� IDOOV�
IURP�VWDQGLQJ����PRWRUF\FOH�DFFLGHQWV��
��SHGHVWULDQV�VWUXFN��DQG�D�YDULHW\�RI�
RWKHU�PHFKDQLVPV�LQ�WKH�UHPDLQGHU�

�� 7KHUH� ZHUH� ���PDOHV� DQG� ���
IHPDOHV� ZLWK� DQ� DYHUDJH� DJH� RI� ���
\HDUV��WKH���SDWLHQWV�ZKR�ZHUH�LQMXUHG�
LQ�D�IDOO�ZHUH����\HDUV�RI�DJH��

�� 2I� WKH� IUDFWXUHV�� ��� ZHUH�
FRPSOHWHO\� ORFDWHG� EHORZ� WKH� OHVVHU�
WURFKDQWHU� DQG� ��� KDG� IUDFWXUH�
H[WHQVLRQV�SUR[LPDOO\�

�� 2SHUDWLYH� 7HFKQLTXH�� � 3DWLHQWV�
ZHUH� SRVLWLRQHG� VXSLQH�� D� JHQHURXV�
ODWHUDO� VXUJLFDO� DSSURDFK�ZDV� XVHG��
DQG� DGGLWLRQDO� PXVFXODU� GLVVHFWLRQ�
ZDV� PLQLPL]HG�� � ([WUDSHULRVWHDO�
H[SRVXUH�RI�WKH�PLQLPXP�DPRXQW�RI�
WKH� IUDFWXUH� QHFHVVDU\� IRU� UHGXFWLRQ�
ZDV�SHUIRUPHG�DQG�VRIW�WLVVXH�IULHQGO\�

FODPSV�ZHUH� XVHG�� � 5HDPHG� QDLOLQJ�
ZDV�SHUIRUPHG�ZLWK�D�WURFKDQWHULF�RU�
SLULIRUPLV�FHSKDORPHGXOODU\�QDLO�LQ�WKH�
YDVW�PDMRULW\�����RI�����

2XWFRPHV�DQG�$QDO\VLV
��3ULPDU\�RXWFRPH��IUDFWXUH�XQLRQ
� � 6 H F R Q G D U \ � R X W F R P H V ��

FRPSOLFDWLRQV� LQFOXGLQJ� DOLJQPHQW��
ZRXQG� KHDOLQJ�� GHHS� LQIHFWLRQ��
VHFRQGDU\�RSHUDWLYH�SURFHGXUHV����

��6WDQGDUG� WHFKQLTXHV�ZHUH�XVHG�
WR� FRPSDUH� GHPRJUDSKLF� DQG� LQMXU\�
FKDUDFWHULVWLFV��DQG�FRPSOLFDWLRQ�UDWHV�
EHWZHHQ� WKH� VWXG\� SRSXODWLRQ� �RSHQ�
UHGXFWLRQ��DQG�WKRVH�SDWLHQWV�PDQDJHG�
ZLWK�FORVHG�WHFKQLTXHV���

5HVXOWV
��$OO����IUDFWXUHV�WKDW�ZHUH�WUHDWHG�

ZLWK�DQ�RSHQ�DSSURDFK�XQLWHG�
��6RPH� IUDFWXUH�FDOOXV� �VLJQLI\LQJ�

SURJUHVVLYH� KHDOLQJ�� ZDV� REVHUYHG�
UDGLRJUDSKLFDOO\� LQ� ����DW� WKHLU� ¿UVW�
UDGLRORJLFDO�IROORZ�XS�

��7KH�DYHUDJH�WLPH�WR�XQLRQ��KHDOLQJ�
RQ�WKUHH�RI�IRXU�FRUWLFHV��ZDV�����GD\V�
�UDQJH�����WR����ZHHNV��

��7KHUH�ZHUH�QR�GHHS�LQIHFWLRQ�QRU�
ZRXQG� FRPSOLFDWLRQV� DVVRFLDWHG�ZLWK�
WKH�RSHQ�DSSURDFK�IRU�UHGXFWLRQ�

��2QH�SDWLHQW�KDG�VFUHZ�ORRVHQLQJ�
RI� WKH� FHSKDODG� RI� WKH� WZR� SUR[LPDO�
VFUHZV�� � 7KLV� ZDV� WUHDWHG�ZLWK� EROW�
H[FKDQJH� DQG� KHDOLQJ� SURJUHVVHG�
ZLWKRXW�FRPSOLFDWLRQ�

��)LYH�DGGLWLRQDO�SDWLHQWV�UHTXLUHG�
UHPRYDO�RI�V\PSWRPDWLF�KDUGZDUH�

��7KH�¿QDO�DOLJQPHQW�ZDV�ZLWKLQ���

GHJUHHV�LQ�������2QH�SDWLHQW�KDG�D���
GHJUHH�YDUXV�GHIRUPLW\�

�� ,Q� WKH� ��� SDWLHQWV� WKDW� GLG�
QRW� UHTXLUH� DQG� RSHQ� DSSURDFK� IRU�
UHGXFWLRQ�� ��� ZHUH� VXFFHVVIXOO\�
UHGXFHG�ZLWK�D�FORVHG�PDQLSXODWLRQ�DQG�
���UHTXLUHG�SHUFXWDQHRXV�PDQLSXODWLRQ�
SULRU� WR� QDLOLQJ�� 7KHUH� ZDV� RQH�
QRQXQLRQ�� +HDOLQJ� ZDV� XQHYHQWIXO�
LQ�WKH�UHPDLQLQJ����SDWLHQWV�ZLWK�DQ�
DYHUDJH�WLPH�WR�KHDOLQJ�RI�����WR�����
GD\V��

'LVFXVVLRQ
��%RWK�ODWHUDO�SODWH�FRQVWUXFWV�DQG�

LQWUDPHGXOODU\� QDLOV� KDYH� EHHQ� XVHG�
ZLWK�VRPH�VXFFHVV�LQ�WKH�WUHDWPHQW�RI�
WKHVH�GLI¿FXOW\�VXEWURFKDQWHULF�IHPXU�
IUDFWXUHV�� �(DUO\�ZHLJKW�EHDULQJ�PD\�
QRW�EH�SRVVLEOH�ZLWK�SODWHV��DQG�WKHLU�
HFFHQWULF� ORFDWLRQ�PD\�PDNH� WKHP�
ELRPHFKDQLFDOO\� LQIHULRU�� � 1DLOV� KDYH�
D� ELRPHFKDQLFDO� DGYDQWDJH�� DOORZ�
HDUO\� ZHLJKW� EHDULQJ�� EXW� DUH� RIWHQ�
DVVRFLDWHG�ZLWK�PDOUHGXFWLRQ� RI� WKH�
IUDFWXUH� ZKHQ� FORVHG�PHWKRGV� DUH�
XVHG���$Q�RSHQ�UHGXFWLRQ�RI�D�IUDFWXUH�
WUHDWHG�ZLWK�DQ�LQWUDPHGXOODU\�QDLO�LV�
GLVUXSWV� WKH� IUDFWXUH� KHPDWRPD� DQG�
PD\�FRQWULEXWH�WR�FRPSOLFDWLRQV�VXFK�
DV�LQIHFWLRQ�RU�QRQXQLRQ���+RZHYHU��WKH�
LPSURYHG� UHGXFWLRQ�PD\� DVVLVW� ZLWK�
PDLQWHQDQFH�RI�UHGXFWLRQ�

��2XU�UHVXOWV�VKRZ�WKDW�DOO�IUDFWXUH�
KHDOHG� GHVSLWH� DQ� RSHQ� DSSURDFK���
)XUWKHU��WKH�YDVW�PDMRULW\�������KHDOHG�
ZLWK� H[FHOOHQW� DOLJQPHQW� �GH¿QHG� DV�
OHVV�WKDQ���GHJUHHV�RI�GHIRUPLW\����2QO\�
RQH�SDWLHQW�KHDOHG�ZLWK�D�PDOUHGXFWLRQ�

)LJXUH����7KLV�LV�D�W\SLFDO�EXW�VLPSOH�VXEWURFKDQWHULF�IHPXU�IUDFWXUH�LQ�WKH�$3��$��DQG�/DWHUDO��%��SODQHV���&ORVHG�UHGXFWLRQ�ZLWK�
SHUFXWDQHRXV�PHDVXUHZ�ZDV�XQVXFFHVVIXO�LQ�DOORZLQJ�IRU�SODFHPHQW�RI�DQ�LQWUDPHGXOODU\�GHYLFH��
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ZKLFK�ZDV���GHJUHHV�RI�YDUXV���:RXQG�
FRPSOLFDWLRQV�ZHUH�QRW�REVHUYHG�

��:KHQ� FRPSDUHG� ZLWK� RXU� RZQ�
LQVWLWXWLRQDO� FRQWURO� �SDWLHQWV� WUHDWHG�
ZLWK� D� FORVHG� UHGXFWLRQ�� DQG� UHFHQW�
SXEOLVKHG�OLWHUDWXUH��DQ�RSHQ�UHGXFWLRQ�
ZDV�DVVRFLDWHG�ZLWK�H[FHOOHQW�UHVXOWV���

�� &HSKDORPHGXOODU\� QDLOV� ZLWK�
¿[DWLRQ� LQWR� WKH� IHPRUDO� KHDG�ZHUH�
XVHG�LQ�WKH�PDMRULW\�RI�LQVWDQFHV�ZLWK�
JRRG�KDUGZDUH�SODFHPHQW���

6XPPDU\�DQG�&RQFOXVLRQ
�� 7KH� XVH� RI� DQ� RSHQ� UHGXFWLRQ�

IRU � WKH� W UHDWPHQW� RI � FRPSOH[�
VXEWURFKDQWHULF�IHPXU�IUDFWXUHV�WKDW�GR�
QRW�UHVSRQG�WR�FORVHG�DQG�SHUFXWDQHRXV�

UHGXFWLRQ�PHWKRGV�LV�DVVRFLDWHG�ZLWK�
KLJK� VXFFHVV� UDWHV�� � 7KLV� LQFOXGHV�
KLJK� UDWHV� RI� IUDFWXUH� XQLRQ�� JRRG�
PDLQWHQDQFH�RI�DOLJQPHQW��QR�ZRXQG�
RU�GHHS�LQIHFWLRQV��DQG�IHZ�VHFRQGDU\�
SURFHGXUHV�� � &HSKDORPHGXOODU\� QDLOV�
DSSHDU� WR� EH� D� JRRG� FKRLFH� IRU� WKH�
WUHDWPHQW�RI�WKHVH�IUDFWXUHV�

��7KH�DXWKRUV�VXJJHVW�WKDW�DQ�RSHQ�
UHGXFWLRQ�FRPELQHG�ZLWK�SODFHPHQW�RI�
D�UHDPHG�DQWHJUDGH�FHSKDORPHGXOODU\�
QDLO� LV� DQ� DSSURSULDWH� WUHDWPHQW�

VWUDWHJ\� IRU� VXEWURFKDQWHULF� IHPXU�
IUDFWXUHV�� � 7KLV� VWXG\� VXSSRUWV� WKH�
VXSSRVLWLRQ� WKDW� WKH� UHGXFWLRQ� LV� DQ�
LQWHJUDO�SDUW�RI�IUDFWXUH�KHDOLQJ�LQ�WKLV�
KLJK�VWUHVV�UHJLRQ�

)LJXUH� ��� $Q� RSHQ� UHGXFWLRQ� WKURXJK�
D� GLUHFW� ODWHUDO� LQFLVLRQ�ZLWK� D� FDUHIXO�
VXEYDVWXV� DSSURDFK� ZDV� SHUIRUPHG���
6WUDWHJLF�FODPS�SODFHPHQWV�DOORZHG�IRU�
UHGXFWLRQ�DV�ZHOO�DV�PDQLSXODWLRQ�RI�WKH�
IHPXU�WR�DOORZ�IRU� LGHQWL¿FDWLRQ�RI�WKH�
QDLO�HQWU\�VLWH��$��%���

)LJXUH����7KH�IUDFWXUH�ZDV�PDLQWDLQHG�LQ�
D�UHGXFHG�SRVLWLRQ�GXULQJ�UHDPLQJ�DQG�
QDLO� SODFHPHQW� WR� HQVXUH� DQ� DFFXUDWH�
UHGXFWLRQ��$��%��

)LJXUH����7KH�¿QDO�LPSODQW�SODFHPHQW�
DQG�UHGXFWLRQ��$��%��
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5HIHUHQFHV�
��� 6WDUU� $-�� +D\�07�� 5HLQHUW� &0��

HW� DO�� &HSKDORPHGXOODU\� QDLOV� LQ� WKH�
WUHDWPHQW� RI� KLJK�HQHUJ\� SUR[LPDO�
IHPXU� IUDFWXUHV� LQ� \RXQJ�SDWLHQWV�� D�
SURVSHFWLYH�� UDQGRPL]HG� FRPSDULVRQ�
RI� WURFKDQWHULF� YHUVXV� SLULIRUPLV�
IRVVD�HQWU\�SRUWDO�� -�2UWKRS�7UDXPD��
����������������

��� 2VWUXP� 5)�� 0DUFDQWRQLR� $��
0DUEXUJHU�5��$��FULWLFDO�DQDO\VLV�RI�WKH�
HFFHQWULF�VWDUWLQJ�SRLQW�IRU�WURFKDQWHULF�
LQWUDPHGXOODU\� IHPRUDO� QDLOLQJ�� -�
2UWKRS�7UDXPD������������������

���5REHUWV�&6��1DZDE�$��:DQJ�0��
HW�DO��6HFRQG�JHQHUDWLRQ�LQWUDPHGXOODU\�
QDLOLQJ� RI� VXEWURFKDQWHULF� IHPXU�
IUDFWXUHV�� D� ELRPHFKDQLFDO� VWXG\� RI�
IUDFWXUH�VLWH�PRWLRQ��-�2UWKRS�7UDXPD��
����������������

���$IVDUL�$��/LSRUDFH�)��/LQGYDOO�(��
HW�DO��&ODPS�DVVLVWHG�UHGXFWLRQ�RI�KLJK�
VXEWURFKDQWHULF�IUDFWXUHV�RI�WKH�IHPXU��
-�%RQH�-RLQW�6XUJ�$P���������������
�����

���.LQDVW�&��%ROKRIQHU�%5��0DVW�-:��
HW�DO��6XEWURFKDQWHULF�IUDFWXUHV�RI�WKH�
IHPXU��5HVXOWV� RI� WUHDWPHQW�ZLWK� WKH�
���GHJUHHV�FRQG\ODU�EODGH�SODWH��&OLQ�
2UWKRS�5HODW�5HV���������������
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6HSWLF�&RPSOLFDWLRQV�RI�25,)�LQ�&RPPLQXWHG�%LFRQG\ODU�
7LELDO�3ODWHDX�)UDFWXUHV�ZLWK�&RPSDUWPHQWDO�6\QGURPH��

7KH�$VVRFLDWLRQ�ZLWK�6XUJLFDO�6HTXHQFLQJ

6WXG\�5DWLRQDOH�DQG�&RQWH[W
&XUUHQW� WUHDWPHQW� VWUDWHJLHV� IRU�

KLJK�HQHUJ\� WLELDO� SODWHDX� IUDFWXUHV�
XWLOL]H� D� EULHI� SHULRG� RI� VSDQQLQJ�
H[WHUQDO�¿[DWLRQ�WR�DOORZ�UHVROXWLRQ�RI�
VRIW�WLVVXH�LQMXU\�SULRU�WR�GH¿QLWLYH�25,)�
>����@���$Q�DVVRFLDWHG�FRPSDUWPHQWDO�
V\QGURPH� KRZHYHU�� PDQGDWHV� DQ�
HPHUJHQW�VXUJLFDO�LQWHUYHQWLRQ�WKURXJK�
WKH�LQMXUHG�VRIW�WLVVXH�HQYHORSH��,Q�WKLV�
VHWWLQJ��WKH�WLPLQJ�RI�25,)�UHODWLYH�WR�
VRIW�WLVVXH�UHFRYHU\�UHPDLQV�XQFOHDU���

&OLQLFDO�4XHVWLRQ
'RHV�WKH�WLPLQJ�RI�IDVFLRWRP\�ZRXQG�

FORVXUH�UHODWLYH�WR�GH¿QLWLYH�25,)�KDYH�
DQ�HIIHFW�RQ�GHHS�ZRXQG�VHSVLV�UDWHV�LQ�
WKH�VHWWLQJ�RI�FRPPLQXWHG�ELFRQG\ODU�
WLELDO�SODWHDX�IUDFWXUHV�SUHVHQWLQJ�ZLWK�
FRPSDUWPHQWDO�V\QGURPH�WUHDWHG�ZLWK�
IDVFLRWRP\"

0HWKRGV
6WXG\� 'HVLJQ�� � 5HWURVSHFWLYH�

FOLQLFDO�VWXG\��,5%�DSSURYHG�

,QFOXVLRQ�&ULWHULD�
%HWZHHQ� -DQXDU\� ����� DQG�

'HFHPEHU������LQFOXVLYH��ZH�LGHQWL¿HG�
���� DGXOWV� ZLWK� ���� FRPPLQXWHG�
ELFRQG\ODU� WLELDO� SODWHDX� IUDFWXUHV�
WUHDWHG� ZLWK� 25,)�� � 2I� WKHVH�� ���
SDWLHQWV�ZLWK����IUDFWXUHV�KDG�FOLQLFDO�
DQG�RU� PDQRPHWULF� HYLGHQFH� RI�
FRPSDUWPHQWDO�V\QGURPH�WUHDWHG�ZLWK�
D�IRXU�FRPSDUWPHQW�IDVFLRWRP\��

([FOXVLRQ�&ULWHULD�
���� )DVFLRWRP\� SHUIRUPHG� DW� DQ�

RXWVLGH�IDFLOLW\��Q ��SDWLHQWV��
���� 1RQ�VDOYDJHDEOH� OLPE� WUHDWHG�

ZLWK� DPSXWDWLRQ� GXULQJ� WKH� LQLWLDO�
KRVSLWDOL]DWLRQ��Q ��SDWLHQWV��

���� )UDFWXUH� WUHDWHG� HQWLUHO\�ZLWK�
H[WHUQDO�¿[DWLRQ��Q ��SDWLHQWV��

���� &OLQLFDO� IROORZ�XS� OHVV� WKDQ�
��� ZHHNV� XQOHVV� D� VHSWLF� ZRXQG�
FRPSOLFDWLRQ�RFFXUUHG��Q ���SDWLHQWV��

3 D W L H Q W � 3 R S X O D W L R Q � D Q G�
,QWHUYHQWLRQV�&RPSDUHG�

�� )LIW\�RQH� SDWLHQWV� VXVWDLQLQJ�

��� FRPPLQXWHG� ELFRQG\ODU� WLELDO�
SODWHDX� IUDFWXUHV�ZLWK� DQ� DVVRFLDWHG�
FRPSDUWPHQWDO�V\QGURPH�ZHUH�WUHDWHG�
ZLWK� DQ� HPHUJHQW� IRXU�FRPSDUWPHQW�
IDVFLRWRP\� DQG� WHPSRUDU\� NQHH�
VSDQQLQJ� H[WHUQDO� ¿[DWLRQ�� IROORZHG�
E\�GHOD\HG�25,)�

��)DVFLRWRPLHV�ZHUH�PDQDJHG�ZLWK�
UHSHDWHG� GHEULGHPHQWV�� DQG� FORVXUH�
ZLWK�VNLQ�JUDIWLQJ�RU�GHOD\HG�SULPDU\�
FORVXUH�

��$OO�IUDFWXUHV�ZHUH�VWDELOL]HG�XVLQJ�
SODWH� DQG� VFUHZ� LPSODQWV�� � � /DWHUDO�
SODWHV�ZHUH�DSSOLHG�YLD�DQ�DQWHURODWHUDO�
H[SRVXUH�� DQG�PHGLDO� LPSODQWV�ZHUH�
DSSOLHG� YLD� SRVWHURPHGLDO� VXUJLFDO�
H[SRVXUHV�

��3DWLHQWV� WKDW� UHFHLYHG�GH¿QLWLYH�
ZRXQG� FORVXUH� IROORZHG� E\� GH¿QLWLYH�
25,)� ZHUH� FRPSDUHG� ZLWK� SDWLHQWV�
WKDW�UHFHLYHG�GH¿QLWLYH�25,)�IROORZHG�
E\�GH¿QLWLYH�ZRXQG�FORVXUH�

2XWFRPHV�DQG�$QDO\VLV
� � $ � G H H S � V H S W L F � Z R X Q G�

FRPSOLFDWLRQ� ZDV� GHILQHG� DV�� ����

$EVWUDFW��7KH�SXUSRVH�RI�WKLV�UHWURVSHFWLYH�FOLQLFDO�UHYLHZ�ZDV�WR�HYDOXDWH�WKH�HIIHFW�RI�VXUJLFDO�
VHTXHQFLQJ�RQ�VHSWLF�FRPSOLFDWLRQV�DVVRFLDWHG�ZLWK�RSHQ�UHGXFWLRQ�DQG�LQWHUQDO�¿[DWLRQ��25,)��
RI�KLJK�HQHUJ\�FRPPLQXWHG�ELFRQG\ODU� WLELDO� SODWHDX� IUDFWXUHV�SUHVHQWLQJ�ZLWK� FRPSDUWPHQWDO�
V\QGURPH���2YHU�D����\HDU�SHULRG��RXU�LQVWLWXWLRQDO�WUDXPD�GDWDEDVH�LGHQWL¿HG����SDWLHQWV�WKDW�
VXVWDLQHG����FRPPLQXWHG�ELFRQG\ODU�WLELDO�SODWHDX�IUDFWXUHV�SUHVHQWLQJ�ZLWK�FRPSDUWPHQWDO�V\Q�
GURPH�WKDW�ZHUH�WUHDWHG�ZLWK�IRXU�FRPSDUWPHQW�IDVFLRWRP\�DQG�NQHH�VSDQQLQJ�H[WHUQDO�¿[DWLRQ�
IROORZHG�E\�GH¿QLWLYH�25,)���(LJKW�SDWLHQWV�������GHYHORSHG�GHHS�VHSWLF�ZRXQG�FRPSOLFDWLRQV��
DOO�RI�ZKLFK�RFFXUUHG�LQ�IUDFWXUHV�PDQDJHG�ZLWK�GH¿QLWLYH�IDVFLRWRP\�ZRXQG�FORVXUH�IROORZHG�E\�
GHOD\HG�25,)��VXJJHVWLQJ�WKDW�LQIHFWLRQ�UDWHV�IRU�WKLV�FRPSOH[�LQMXU\�SDWWHUQ�PD\�EH�PLQLPL]HG�
E\�HDUO\�GH¿QLWLYH�IUDFWXUH�VWDELOL]DWLRQ��IROORZHG�E\�VXEVHTXHQW�IDVFLRWRP\�FRYHUDJH�RU�FORVXUH���
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D� VXUJLFDO� VLWH� UHTXLULQJ� RSHUDWLYH�
GHEULGHPHQW�� ���� EDFWHULDO� JURZWK�
IURP� LQWUDRSHUDWLYH�FXOWXUHV�DQG������
DQWLELRWLF� DGPLQLVWUDWLRQ� GLUHFWHG� E\�
WKH�,QIHFWLRXV�'LVHDVH�VHUYLFH��

��$�PXOWLYDULDWH�DQDO\VLV�GHWHUPLQHG�
WKH�HIIHFW�RI�SUHGHWHUPLQHG�YDULDEOHV�
RQ�WKH�LQFLGHQFH�RI�LQIHFWLRQ�

5HVXOWV
�� (LJKW� RI� WKH� ��� FDVHV� ��������

ZHUH� FRPSOLFDWHG� E\� LQIHFWLRQ� �7DEOH�
����

�� 8VLQJ� YDULDEOHV� GHWHUPLQHG� D�
SULRUL��PXOWLYDULDWH�DQDO\VLV� LGHQWL¿HG�
VLJQL¿FDQW�DVVRFLDWLRQV�ZLWK� LQIHFWLRQ�
�7DEOH�����

��%HFDXVH�WLPH�WR�25,)�ZDV�VWURQJO\�
DVVRFLDWHG�ZLWK�DQ�LQIHFWLRQ��S ��������
WKLV� YDULDEOH� ZDV� PRUH� FORVHO\�
LQYHVWLJDWHG�� � 7KH� ��� SDWLHQWV�ZHUH�
WKHUHIRUH� JURXSHG� RQ� WKH� VHTXHQFH�
RI�GH¿QLWLYH�25,)�DQG�ZRXQG�FORVXUH�

�� $OO� ZHUH� LQLWLDOO\� WUHDWHG� ZLWK�
IDVFLRWRP\�DQG�NQHH�VSDQQLQJ�H[WHUQDO�
¿[DWLRQ�� � 6XEVHTXHQWO\�� ��� IUDFWXUHV�
XQGHUZHQW�IDVFLRWRP\�FORVXUH��GHOD\HG�
SULPDU\�FORVXUH�DQG�RU�VNLQ�JUDIWLQJ���
IROORZHG� E\� GHILQLWLYH� 25,)�� � 7KH�
UHPDLQLQJ� ��� IUDFWXUHV� XQGHUZHQW�

GH¿QLWLYH�25,)�DW�WKH�WLPH�RI�GH¿QLWLYH�
IDVFLRWRP\�FORVXUH�RU�EHIRUH����$�JURXS�
7�WHVW� GHPRQVWUDWHG� D� VLJQLILFDQW�
DVVRFLDWLRQ� ZLWK� GHHS� LQIHFWLRQ�
LQ� WKRVH� PDQDJHG� ZLWK� GHILQLWLYH�
IDVFLRWRP\� FORVXUH� IROORZHG� E\�25,)�
FRPSDUHG� ZLWK� WKRVH� WUHDWHG� ZLWK�
GH¿QLWLYH�25,)� IROORZHG�E\�GH¿QLWLYH�
IDVFLRWRP\�FORVXUH��S ���������,Q�IDFW��
DOO�HLJKW�LQIHFWLRQV�RFFXUUHG�LQ�SDWLHQWV�
PDQDJHG� ZLWK� GH¿QLWLYH� IDVFLRWRP\�
FORVXUH�IROORZHG�E\�GH¿QLWLYH�IUDFWXUH�
¿[DWLRQ��7DEOH����

'LVFXVVLRQ
�� 6WDJHG� SURWRFR OV � IRU � WKH�

PDQDJHPHQ W � R I � K L JK � HQH UJ\�
ELFRQG\ODU� WLELDO� SODWHDX� IUDFWXUHV�
DUH�ZHOO� DFFHSWHG�� � +RZHYHU�� LQ� WKH�
VHWWLQJ�RI�DQ�DVVRFLDWHG�FRPSDUWPHQWDO�
V\QGURPH��WUHDWPHQW�GHFLVLRQV�EHFRPH�
DGGLWLRQDOO\�FRPSOH[����:KLOH�SUHYLRXV�
VWXGLHV�KDYH�LQGLFDWHG�WKDW�WKLV�LQMXU\�
FRQVWHOODWLRQ�PD\�EH�DW�DQ� LQFUHDVHG�
ULVN� IRU� VXUJLFDO�ZRXQG� LQIHFWLRQ�� DQ�
DVVHVVPHQW� RI� IDFWRUV� WKDW�PD\� EH�
UHVSRQVLEOH� IRU� WKLV� KDV� QRW� EHHQ�
H[DPLQHG>����@�

�� 7KH� ¿QGLQJV� RI� WKLV� VWXG\� DUH�
VWUHQJWKHQHG� E\� WKH� LGHQWLILFDWLRQ�

RI� D� VXEVWDQWLDO� QXPEHU� RI� SDWLHQWV�
LQFXUULQJ�DQ�RWKHUZLVH�XQXVXDO�LQMXU\�
FRQVWHOODWLRQ� WUHDWHG� LQ� XQLIRUP�
IDVKLRQ�� RWKHU� WKDQ� WKDW� UHODWHG� WR�
ZRXQG�FORVXUH�

�� %HFDXVH� RI� WKH� UHWURVSHFWLYH�
QDWXUH� RI� WKH� VWXG\�� RWKHU� YDULDEOHV�
WKDW�PD\�EH�LQ�SDUW�UHVSRQVLEOH�IRU�RXU�
¿QGLQJV�PD\�KDYH�EHHQ�XQDSSUHFLDWHG��
SDUWLFXODUO\� WKRVH� UHODWHG� WR� ZLGH�
YDULDQFHV�LQ�WKH�GHJUHH�RI�VRIW�WLVVXH�
LQMXU\� GHVSLWH� D� ODFN� RI� GLIIHUHQFH� LQ�
WKH� ,QMXU\� 6HYHULW\� 6FRUHV�� UDWHV� RI�
RSHQ�IUDFWXUHV��DQG�UDWHV�RI�YDVFXODU�
LQMXULHV����

�� $� ODUJHU� SURVSHFWLYH� DQDO\VLV�
RI� D� JURXS� RI� WKHVH� LQMXULHV� WUHDWHG�
SULRULWL]LQJ� GHILQLWLYH� IL[DWLRQ� DQG�
DYRLGLQJ� RSHUDWLQJ� QHDU� RU� WKURXJK�
LPPDWXUH� VNLQ� JUDIWV� ZRXOG� KHOS�
WR� VXEVWDQWLDWH� WKH� ¿QGLQJV� RI� WKLV�
UHWURVSHFWLYH�UHYLHZ>�@�

6XPPDU\�DQG�&RQFOXVLRQ
�� 6LPLODU� WR� WKH� WUHDWPHQW� RI�

RSHQ� IUDFWXUHV>�@�� LQIHFWLRQ� UDWHV�
IRU� ELFRQG\ODU� IUDFWXUHV� WUHDWHG�ZLWK�
IRXU� FRPSDUWPHQW� IDVFLRWRPLHV� DUH�
PLQLPL]HG� E\� HDUO\� GH¿QLWLYH� 25,)��
IROORZHG�E\�HDUO\�VRIW�WLVVXH�FRYHUDJH�
RU�FORVXUH���6XUJHRQV��ZKHQ�IDFHG�ZLWK�
D�GHHS�LQIHFWLRQ�LQ�WKLV�FOLQLFDO�VHWWLQJ�
VKRXOG� FRQVLGHU� HPSLULF� DQWLELRWLF�
WUHDWPHQW�DSSURSULDWH�IRU�PHWKLFLOOLQ�
UHVLVWDQW� VWDSK\ORFRFFXV� VSHFLHV� DQG�
JUDP�QHJDWLYH�EDFWHULD��ZKLOH�DZDLWLQJ�
GH¿QLWLYH�RUJDQLVP�LGHQWL¿FDWLRQ��

5HIHUHQFHV
��� %DUHL � '3�� 1RUN� 6(�� 0L O OV�

:-�� +HQOH\� 0%�� %HQLUVFKNH� 6.��
&RPSOLFDWLRQV�DVVRFLDWHG�ZLWK�LQWHUQDO�
IL[DWLRQ� RI� KLJK�HQHUJ\� ELFRQG\ODU�
WLELDO�SODWHDX�IUDFWXUHV�XWLOL]LQJ�D�WZR�
LQFLVLRQ� WHFKQLTXH�� -�2UWKRS�7UDXPD��
�����1RY�'HF���������������

��� (JRO� .$�� 7HMZDQL� 1&�� &DSOD�
(/�� :ROLQVN\� 3/�� .RYDO� .-�� 6WDJHG�
PDQDJHPHQW�RI�KLJK�HQHUJ\�SUR[LPDO�
WLELD� IUDFWXUHV� �27$� W\SHV� ����� WKH�
UHVXOWV�RI�D�SURVSHFWLYH��VWDQGDUGL]HG�
SURWRFRO�� -� 2UWKRS� 7UDXPD�� �����
$XJ���������������GLVFXVVLRQ����

��� %DUHL� '3�� 1RUN� 6(�� 0LOOV� :-��
&ROHV� &3�� +HQOH\� 0%�� %HQLUVFKNH�
6.�� )XQFWLRQDO� RXWFRPHV� RI� VHYHUH�
ELFRQG\ODU� WLELDO� SODWHDX� IUDFWXUHV�
WUHDWHG�ZLWK�GXDO�LQFLVLRQV�DQG�PHGLDO�
DQG� ODWHUDO�SODWHV�� -�%RQH� -RLQW�6XUJ�
$P�������$XJ���������������

��� -HUD\� .-�� %DQNV� '0�� 3KLHIIHU�
/6��0LGGOHEURRNV�(6��)UDQNHQEXUJ�.3��

7DEOH����,QIHFWLRQV

Patient Bacteria 

1 Enterobacter cloacae 
Pseudomonas aeruginosa, 

Enterobacter cloacae 2 
 

3 Methicillin-resistant Staphylococcus aureus 

4 Enterobacter cloacae 

5 Methicillin-resistant Staphylococcus aureus 

6 Enterobacter cloacae 

7 Staphylococcus aureus 

8 Enterococcus species 
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+XGVRQ�0&��HW�DO��(YDOXDWLRQ�RI�VWDQGDUG�
VXUJLFDO� SUHSDUDWLRQ� SHUIRUPHG� RQ�
VXSHU¿FLDO�GHUPDO�DEUDVLRQV��-�2UWKRS�
7UDXPD�������0DU�$SU��������������

���%HQLUVFKNH�6.��$JQHZ�6*��0D\R�
.$��6DQWRUR�90��+HQOH\�0%��,PPHGLDWH�
LQWHUQDO�¿[DWLRQ�RI�RSHQ��FRPSOH[�WLELDO�
SODWHDX� IUDFWXUHV�� WUHDWPHQW� E\� D�
VWDQGDUG� SURWRFRO�� -� 2UWKRS� 7UDXPD��
����������������

7DEOH����9DULDEOHV�ZLWK�VWDWLVWLFDOO\�VLJQL¿FDQW�GLIIHUHQFHV��DOO����IUDFWXUHV��VWDWLVWLFDO�VLJQL¿FDQFH�����WDLOHG��HTXDO�YDULDQFHV�QRW�
DVVXPHG��(' (PHUJHQF\�'HSDUWPHQW��25 2SHUDWLQJ�5RRP��SDUHQWKHVHV�LQGLFDWH�VWDQGDUG�GHYLDWLRQ��1R�GLIIHUHQFHV�ZHUH�REVHUYHG�
IRU��WLPH�IURP�LQMXU\�WR�IDVFLRWRP\��VLQJOH�YHUVXV�WZR�LQFLVLRQ�IRXU�FRPSDUWPHQW�IDVFLRWRP\��VSOLW�WKLFNQHVV�VNLQ�JUDIW�YHUVXV�GHOD\HG�
SULPDU\�FORVXUH��VL]H�RI�VSOLW�WKLFNQHVV�VNLQ�JUDIW�LQ�FXELF�FHQWLPHWHUV��W\SH�RI�LQWHUQDO�¿[DWLRQ�XVHG�IRU�IUDFWXUH�VWDELOL]DWLRQ��RSHQ�YHUVXV�
FORVHG�IUDFWXUH��JHQGHU��,QMXU\�6HYHULW\�6FRUH��RU�LI�WKH�SDWLHQW�ZDV�LQLWLDOO\�VHHQ�DW�DQRWKHU�KRVSLWDO�DQG�WUDQVIHUUHG�IRU�GH¿QLWLYH�FDUH��

Fractures without 
infection 

Fractures with 
infection 

Fractures (n) 43 8 n=51 

Time ED-OR (hours) 11.8 (13.5) 4.8 (1.1) 0.002* 

Time to Fixation (days) 2.6 (11.1) 12.8 (5.2) 0.001* 

Age (years) 44.4 (11.1) 37.1 (6.9) 0.028* 

7DEOH����'H¿QLWLYH�&ORVXUH�)LUVW�YHUVXV�'H¿QLWLYH�)L[DWLRQ�)LUVW��VWDWLVWLFDO�VLJQL¿FDQFH����WDLOHG��HTXDO�YDULDQFHV�QRW�DVVXPHG��
3DUHQWKHVHV�LQGLFDWH�VWDQGDUG�GHYLDWLRQ�

Definitive Closure 
then Definitive 

Fixation 

Definitive Fixation 
followed by 

Definitive Closure 

Fractures (n) 30 21 n=51 

Delay to fixation (days 
from the time of 

definitive closure) 
11.33 (5.5) -6.00 (8.5) 0* 

Infection 8 0 0.006* 
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7ZR�SLRQHHUV�VWDQGLQJ�VLGH�E\�VLGH��'U��6LJYDUG�³7HG´�+DQVHQ�8:�5HVLGHQW�¶����OHIW��
DQG�%RE�:LQTXLVW�8:�5HVLGHQW�¶���KDYH�JUHDWO\�LQÀXHQFHG�WUDXPD�FDUH�GXULQJ�WKHLU�
\HDUV�DW�+DUERUYLHZ�DQG�KDYH�FRQWLQXHG�WR�SOD\�PDMRU�UROHV�LQ�HOHFWLYH�2UWKRSDHGLF�
VXEVSHFLDOWLHV�

)RRW�DQG�$QNOH

2XU�)RRW�DQG�$QNOH�JURXS�ZRUNV�
RXW� RI� WKH� 6LJYDUG� 7�� +DQVHQ�
)RRW� 	� $QNOH� ,QVWLWXWH��ZKLFK�

KDV�UHORFDWHG�LQWR�WKH�QHZ�1LQWK�DQG�
-DPHV� %XLOGLQJ� RYHU� WKH� SDVW� \HDU�
LQ� RUGHU� WR� LPSURYH� DFFHVV� IRU� RXU�
SDWLHQWV�� 2XU� JURXS� RI� SUDFWLWLRQHUV�
FRQWLQXHV� WR� FRQVLVW� RI� WKH� IROORZLQJ�
IDFXOW\�

R� 6WHSKHQ�.��%HQLUVFKNH
R� 6LJYDUG�7��+DQVHQ
R� %UXFH�6DQJHRU]DQ
R� 'RXJ�6PLWK
:H� DOVR� FRQWLQXH� WR� HGXFDWH� ��

SRVWUHVLGHQF\�&OLQLFDO� ,QVWUXFWRUV�SHU�
\HDU�DQG�GHOLYHU�D�ZLGH�UDQJH�RI�IRRW�
DQG� DQNOH� VXUJHU\� IRU� SDWLHQWV� ZLWK�
WUDXPDWLF��GHJHQHUDWLYH�DQG�G\VSODVWLF�
FRQGLWLRQV��

2XU�PDLQ�FKDOOHQJH�ZLOO�FRQVLVW�RI�
WKH�WUDQVLWLRQ�RI�RQH�RI�RXU�LFRQV��'U��
+DQVHQ� LQWR� D� VHPL�UHWLUHG� VWDWXV� DW�
WKH�HQG�RI�WKLV�\HDU��
6LJYDUG�³7HG´�+DQVHQ�KDV�EHHQ�

DQ� LFRQ� LQ� RUWKRSDHGLFV� IRU� RYHU� ���
\HDUV�� ,QLWLDOO\� KLV� IRFXV�ZDV� RQ� WKH�
PDQDJHPHQW� RI� SRO\WUDXPDWL]HG�
SDWLHQWV�� /HDGLQJ� WKH� RWKHU� IDFXOW\�
DW� +DUERUYLHZ�� KH� SURSRVHG� DQG�
LPSOHPHQWHG� D�PHWKRG� IRU� WUHDWLQJ�
PXOWLSOH� WUDXPD� SDWLHQWV�� XWLOL]LQJ�
WKH� HPHUJHQF\� WUDQVSRUW� IDFLOLWLHV�
GHYHORSHG�LQ�.LQJ�&RXQW\�IRU�FDUGLDF�
YLFWLPV�

$IWHU�HVWDEOLVKLQJ�D�VWDEOH� IDFXOW\�
WR�GHOLYHU�XQSDUDOOHOHG�WUDXPD�FDUH�WR�
SDWLHQWV�IURP�WKH�::$0,��:DVKLQJWRQ��
:\RPLQJ�� $ODVND�� 0RQWDQD�� ,GDKR��
UHJLRQ��KH�WXUQHG�KLV�IXOO�DWWHQWLRQ�WKH�
IRRW�DQG�DQNOH��

+LV� WUDLQLQJ� SURYLGHG� D� QDWXUDO�
VHJXH� WR� WKLV� SUDFWLFH�� XWLO L]LQJ�
WHFKQLTXHV�PDQDJLQJ� SDWLHQWV� ZLWK�
QHXURPXVFXODU� GLVHDVH�� � 7KH� IRRW�
DQG� DQNOH� SUDFWLFH� GHYHORSHG� IURP�
PDQDJLQJ�FRPSOH[�IRRW�UHFRQVWUXFWLRQ�
SUREOHPV� VXFK� DV� UHVLGXDO� FOXE� IRRW�
GHIRUPLWLHV�� FDYXV� IHHW�� DQG� D� KRVW�
RI� QHXURORJLF� SUREOHPV� LQFOXGLQJ�
&KDUFRW� DQG� LGLRSDWKLF� DUWKURSDWK\��
WR� DQ� RQJRLQJ� LQ�GHSWK� VWXG\� RI� WKH�
FRPSUHKHQVLYH�PDQDJHPHQW�RI�DQNOH�
DUWKURVLV�� $IWHU� UHFRJQL]LQJ� WKDW� WKH�
FODVVLF�PDQDJHPHQW�RI�DQNOH�DUWKURVLV�
RIWHQ�OHG�WR�KRVW�RI�DGGLWLRQDO�SUREOHPV�
ZLWKLQ� WKH� IRRW�� KH� SRSXODUL]HG� WRWDO�
DQNOH� DUWKURSODVW\� DV� D� WUHDWPHQW�
DOWHUQDWLYH�LQ�VHOHFWHG�SDWLHQWV��XWLOL]LQJ�

D�SURVWKHVLV�GHYHORSHG�E\�DQRWKHU�8:�
RUWKRSDHGLF�DOXPQXV��)UDQN�$OYLQH��
8:�5HV�µ�����

7KH� UHFRQVWUXFWLRQ� DOJRULWKP� IRU�
DQNOH� DUWKURVLV� LV� QRZ�PXFK�PRUH�
VRSKLVWLFDWHG�� UDQJLQJ� IURP� DQNOH�
FKHLOHFWRP\� WR� SULPDU\� DUWKURSODVW\��
DQG� DUWKURGHVLV� WDNH�GRZQ� IRU�
DUWKURSODVW\� WR� UHYLVLRQ� DUWKURSODVW\��
DOO� LQ�DQ�HIIRUW�WR�PDLQWDLQ�PRWLRQ� LQ�
WKH� HVVHQWLDO� KLQGIRRW� MRLQWV��:KLOH�
DUWKURGHVLV�LV�DQ�DSSURSULDWH�WUHDWPHQW�
IRU� WKH� \RXQJ�� DFWLYH� SDWLHQW�� 'U��
+DQVHQ� KDV� VWUHVVHG� WKH� LPSRUWDQFH�
RI�DQDWRPLFDO�UHDOLJQPHQW�RI�WKH�DQNOH�
LQ�WKLV�HQGHDYRU��DQG�KDV�LGHQWL¿HG�WKH�
QHFHVVLW\�RI�D�SODQWLJUDGH�IRRW�EHQHDWK�
DQ\�DQNOH�UHFRQVWUXFWLRQ��

'U�� +DQVHQ¶V� SUDFWLFH� FRQWLQXDOO\�
UHD I I L UPV � WKH � QDWXUD O � K L V WR U\�
RI� JDVWURFQHPLXV� HTXLQXV� DQG� LWV�
VHTXHODH�� DQG� WKH� LPSRUWDQFH� RI�
UHFRJQL]LQJ�WKLV�HQWLW\�DV�WKH�SULPDU\�
SDWKRJQRPRQLF� IHDWXUH� LQ� QHDUO\� DOO�
IRRW� SDWKRORJ\�� �+LV� OHJDF\� LV� D�KRVW�
RI� WUDLQHHV�ZRUNLQJ� DV� KLV� GLVFLSOHV��
GHOLYHULQJ� WKHLU� LQWHUSUHWDWLRQ� RI� KLV�

WHDFKLQJV�� LQ� DFDGHPLF� DQG� FOLQLFDO�
FHQWHUV�DOO�RYHU�WKH�ZRUOG��

:H� ORRN� IRUZDUG� WR� KDYLQJ� KLP�
FRQWLQXH� DORQJ� VLGH�E\�VLGH�ZLWK� XV�
IRU�PDQ\�\HDUV�WR�FRPH�DV�3URIHVVRU�
(PHULWXV�

6WHSKHQ�.��%HQLUVFKNH��0�'��
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$QNOH�$UWKULWLV�2FFXUV�LQ�$QNOHV�ZLWK�$OWHUHG�0RUSKRORJ\

,QWURGXFWLRQ�
2VWHRDUWKULWLV� �2$�� LV� WKH�PRVW�

FRPPRQ� MRLQW� GLVHDVH� DQG� LV� WKH�
OHDGLQJ� FDXVH� RI� FKURQLF� GLVDELOLW\� LQ�
WKH�8QLWHG� 6WDWHV� >���@�� ,W� LV� NQRZQ�
WR� IUHTXHQWO\� DIIHFW� ZHLJKW�EHDULQJ�
MRLQWV�� EXW� V\PSWRPDWLF� DQNOH� 2$�
RFFXUV�DSSUR[LPDWHO\�QLQH�WLPHV�OHVV�
WKDQ� DW� WKH� NQHH� DQG� KLS� >�@�� 7KLV�
GLVSDULW\�LV�QRW�FRPSOHWHO\�XQGHUVWRRG�
FRQVLGHULQJ�WKH�DQNOH�MRLQW�EHDUV�PRUH�
SUHVVXUH� DQG� LV� WKH�PRVW� FRPPRQO\�
LQMXUHG� MRLQW� LQ� WKH�KXPDQ�ERG\�>�@��
7KH� PRWLYDWLRQ� IRU� WKH� VWXG\� ZDV�
WKH� FOLQLFDO� REVHUYDWLRQ� WKDW� DQNOH�
DUWKULWLV�LV�FRPPRQO\�DVVRFLDWHG�ZLWK�
DQWHULRU�VXEOX[DWLRQ�DQG�ZLWK�UHFXUUHQW�
LQVWDELOLW\��:H�SRVWXODWHG�DQ�DQDORJRXV�
DQDWRPLF� VLWXDWLRQ� DV� WKH� UHGXFHG�
FHQWHU�HGJH� DQJOH� RI�:LEHUJ� LQ� WKH�

SHGLDWULF�G\VSODVWLF�KLS�
,Q�WKLV�VWXG\�ZH�DQDO\]HG�FRPSXWHU�

WRPRJUDSK\��&7��VFDQV�RI�SDWLHQWV�ZLWK�
DQNOH� 2$� SDWLHQWV� ZLWK� QR� SUHYLRXV�
WUDXPD�WR�GHWHUPLQH�WKH�HIIHFW�RI�IRRW�
VKDSH� LQ� WKH� GHYHORSPHQW� RI� DQNOH�
2$��:H�XVHG�SHV� FDYXV� �KLJK� DUFK���
QHXWUDOO\� DOLJQHG� �QRUPDO� DUFK��� SHV�
SODQXV��ÀDW�DUFK��DV�D�UHIHUHQFH�JURXS��
:H� K\SRWKHVL]HG� WKDW�PHDVXUHDEOH�
FKDUDFWHULVWLFV� RI� WKH� WLELDO� SODIRQG�
DQG� WKH� WDODU� GRPH�� DORQJ�ZLWK� WKH�
DOLJQPHQW� RI� WKH� WZR� MRLQW� VXUIDFHV��
ZRXOG� EH� GLIIHUHQW� LQ� SDWLHQWV� ZLWK�
DQNOH�2$�YHUVXV�WKRVH�ZLWKRXW�$2��$�
VHFRQGDU\�SXUSRVH�ZDV�WR�GHWHUPLQH�
LI�SHV�SODQXV�DQG�SHV�FDYXV�IHHW�KDG�D�
GLIIHUHQW�WLELDO�DQG�WDODU�MRLQW�VXUIDFH�
PRUSKRPHWU\� DQG� DOLJQPHQW� WKDQ�
QHXWUDO�IHHW��VXFK�WKDW�WKHVH�IHHW�PLJKW�

EH�SUHGLVSRVHG�WR�GHYHORS�DQNOH�2$�

0HWKRGV�
6XEMHFWV�ZHUH� UHFUXLWHG� IURP� WKH�

8QLYHUVLW\�RI�:DVKLQJWRQ�DQG�WKH�9$�
3XJHW�6RXQG�+HDOWK�&DUH�6\VWHP�ZLWK�
,QVWLWXWLRQDO� 5HYLHZ� %RDUG� DSSURYDO��
$OO� VXEMHFWV� JDYH� LQIRUPHG� FRQVHQW��
,QFOXVLRQ�FULWHULD�ZHUH�VHOI�DPEXODWLRQ��
EHWZHHQ�WKH�DJHV�RI����DQG�����DQG�
KDYLQJ�HLWKHU�QRQ�WUDXPDWLF�DQNOH�2$�
RU�RQH�RI�WKH�IROORZLQJ�IRRW�W\SHV�IUHH�
RI�RWKHU�ORZHU�H[WUHPLW\�SDWKRORJ\��SHV�
FDYXV��QHXWUDOO\�DOLJQHG��RU�SHV�SODQXV��
7KH�SHV�SODQXV� IHHW�ZHUH�VXEGLYLGHG�
LQWR� DV\PSWRPDWLF� �QRQ�SDLQIXO�� DQG�
V\PSWRPDWLF��SDLQIXO��IHHW��([FOXVLRQ�
FULWHULD�ZHUH�D�SDUWLDO�IRRW�DPSXWDWLRQ�
RU�SULRU� IRRW�VXUJHU\�WKDW�FRXOG�KDYH�
FKDQJHG�ERQH�VKDSH��

$EVWUDFW�� 2VWHRDUWKULWLV� RFFXUV� DSSUR[LPDWHO\� QLQH� WLPHV� OHVV� IUHTXHQWO\� LQ� WKH� DQNOH�
WKDQ� DW� WKH� NQHH� DQG� KLS� LQ� VSLWH� RI� D� VPDOO� VXUIDFH� DQG� IUHTXHQW� LQMXU\�� ,Q� WKH� DEVHQFH�
RI� LQMXU\� RU� GHIRUPLW\�� GHJHQHUDWLYH� DUWKULWLV� LQ� WKH� DQNOH� LV� XQFRPPRQ��:H� VWXGLHG� VXU�
IDFH� DQDWRP\� RI� WKH� DQNOH� MRLQW� WR� EHWWHU� XQGHUVWDQG� WKH� QDWXUH� RI� WKH� GLVHDVH�� 0HWKRGV��
7KUHH�GLPHQVLRQDO� &RPSXWHU�PRGHOV� ZHUH� FUHDWHG� RI� WKH� DQNOH� VXUIDFHV� IURP� &7� VFDQV� LQ�
SDWLHQWV� ZLWK� DQG� ZLWKRXW� DQNOH� DUWKULWLV� WR� DOORZ�PRUSKRORJLF� FRPSDULVRQV�� ,Q� WKH� QRQ�
DUWKULWLV� JURXS�ZH� LQFOXGHG� SDWLHQWV� ZLWK� KLJK� DUFK� �FDYXV��� ORZ� DUFK� �SODQXV�� ERWK� V\PS�
WRPDWLF� DQG�QRQ� V\PSWRPDWLF�� DQG�SDWLHQWV�ZLWK� QHXWUDO� IHHW� DV� WUXH� FRQWUROV��:H�PHDVXUHG�
WKH� UDGLXV� RI� DUWLFXODU� VXUIDFH� RI� WKH� WLELD� DQG� WDOXV�� DQG� ¿W� WKH� MRLQW� VXUIDFHV� WR� D� F\OLQGHU��
:H� FDOFXODWHG� WKH� RULHQWDWLRQ� RI� WKHVH� FXUYHG� VXUIDFHV� UHODWLYH� WR� RQH� DQRWKHU��:H� FDOFX�
ODWHG�WLELDO�FRYHUDJH�RI�WKH�WDOXV��GH¿QHG�DV�WKH�DQJOH�EHWZHHQ�WZR�SODQHV�VKDULQJ�WKH�D[LV�RI�
WKH� WDODU� F\OLQGHU� DQG� WRXFKLQJ� WKH� DQWHULRU� DQG� SRVWHULRU�PDUJLQV� RI� WKH� WLELDO� MRLQW� VXUIDFH�
5HVXOWV��0HDQ� WLELDO� DQG� WDODU� UDGLL� ZHUH� VLJQL¿FDQWO\� KLJKHU� DQG�PHDQ� FRYHUDJH� DQJOH�ZDV�
VLJQL¿FDQWO\� ORZHU� LQ�2$� IHHW� WKDQ� LQ�DOO� RWKHU� IRRW� FDWHJRULHV�DQG� WKH�2$�VXEMHFWV�ZHUH�DOVR�
ROGHU� �S������� ,Q� DGGLWLRQ� WKH�2$� DQNOH� KDG� LQFUHDVHG�PLVDOLJQPHQW� EHWZHHQ� WKH� WLELD� DQG�
WDOXV� LQ� WKH� WUDQVYHUVH� SODQH� �URWDWLRQ�� &RQFOXVLRQV�� )LQGLQJV� LQFOXGHG� OHVV� FRQJUXHQFH�� D�
ODUJHU�UDGLXV��ÀDWWHU�VXUIDFH��DQG�OHVV�FRYHUDJH�LQ�WKH�JURXS�RI�SDWLHQWV�ZLWK�2$��7KHVH�SDUDP�
HWHUV�DUH�DOO� FRQVLVWHQW�ZLWK� OHVV� FRQWDLQPHQW�DQG�PRUH�SRWHQWLDO� VKHDU� LQ� WKH�VDJLWWDO�SODQH�
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&7� LPDJHV� ZHUH� FROOHFWHG� RI�
HDFK� IRRW� DQG� SURFHVVHG� LQWR� WKUHH�
GLPHQVLRQDO� ��'�� FRPSXWHU�PRGHOV�
XVLQJ� VSHFLDOL]HG� VRIWZDUH�� 7KH� WLELD�
DQG�WDOXV�ZHUH�VHJPHQWHG�IURP�WKH�&7�
GDWD�LQ�0XOWL�5LJLG��D�FXVWRP�GHYHORSHG�

SURJUDP�� ,7.�61$3� �DQ� RSHQ� VRXUFH�
VHJPHQWDWLRQ� DSSOLFDWLRQ�� ZDV� WKHQ�
XVHG�WR�VHOHFW�RXW�WKH�WLELR�WDODU�MRLQW�
VXUIDFH��2XWSXW� IURP�0XOWL�5LJLG�DQG�
,7.�61$3�ZHUH�WKHQ�DOLJQHG�LQ�%OHQGHU�
�DQ�RSHQ�VRXUFH��'�JUDSKLFV�SURJUDP��
VR� WKDW� WKH� MRLQW� VXUIDFH� VHOHFWHG� LQ�
,7.�61$3� FRXOG� EH� WUDQVIHUUHG� RQWR�
WKH�VXUIDFH�RI�WKH�ERQHV�VHJPHQWHG�LQ�
0XOWL�5LJLG��7KH�UHVXOW�ZDV�D��'�UHSOLFD�
RI� WKH� RULJLQDO� DQNOH� VFDQ� LQFOXGLQJ�
WKH� WLELD�� WKH� WLELDO� MRLQW� VXUIDFH�� WKH�
WDOXV�DQG�WKH�WDODU�MRLQW�VXUIDFH�YLVLEO\�
GHOLQHDWHG� DQG� DQDWRPLFDOO\� VFDOHG��
-RLQW� VXUIDFHV� ZHUH� H[SRUWHG� LQWR�
0$7/$%�IRU�GDWD�¿WWLQJ�DQG�DQDO\VLV��

:H� FDOFXODWHG� WKH� UDGLXV� RI� WKH�
WLELD� DQG� WDOXV�� GHWHUPLQHG� XVLQJ�
D� OHDVW� VTXDUHV� PHWKRG� �*DXVV�
1HZWRQ�DOJRULWKP�� WR�¿W� WKH�%OHQGHU�
MRLQW� VXUIDFHV� WR� D� F\OLQGHU��:H� DOVR�
FDOFXODWHG�WKH�VNHZ�DQJOH�EHWZHHQ�WKH�
WZR� F\OLQGHUV�� XVLQJ� WKH� GRW� SURGXFW�

RI� WKH� WLELDO� DQG� WDODU� F\OLQGHU� D[HV�
LQFOXGLQJ� WKH� SURMHFWHG� IURQWDO� DQG�
WUDQVYHUVH� VNHZ� DQJOHV�� :H� WKHQ�
FUHDWHG�D�FRYHUDJH�DQJOH�IRU�WKH�WDOXV�
VLPLODU� WR� WKH� &HQWHU�(GJH� DQJOH� RI�
:LEHUJ�IRU�WKH�KLS�MRLQW��7KH�FRYHUDJH�
DQJOH�LV�WKH�WLELDO�FRYHUDJH�RI�WKH�WDOXV�
GHILQHG� DV� WKH� DQJOH� EHWZHHQ� WZR�
SODQHV� VKDULQJ� WKH� D[LV� RI� WKH� WDODU�
F\OLQGHU�DQG�WRXFKLQJ�WKH�DQWHULRU�DQG�
SRVWHULRU�PDUJLQV� RI� WKH� WLELDO� MRLQW�
VXUIDFH��)LJXUH�����

/LQHDU� PL[HG� HIIHFWV� UHJUHVVLRQ�
ZDV�XVHG� WR�GHWHUPLQH� LI� WKHUH�ZHUH�
GLIIHUHQFHV�LQ�PHDQ�SODIRQG�DQDWRP\�
PHDVXUHV�E\�IRRW�W\SH��ZLWK�IRRW�DV�WKH�
HOHPHQWDU\� XQLW� RI� DQDO\VLV� �Q �����
DQG� VXEMHFW� PRGHOHG� DV� D� UDQGRP�
HIIHFW��$OO�PRGHOV�LQFOXGHG�DJH��JHQGHU�
DQG�%0,�DV�DGMXVWPHQW�FRYDULDWHV��7KH�
VLJQL¿FDQW�OHYHO�ZDV�S�����

5HVXOWV�
2YHUDO O � GL I IHUHQFHV� LQ� PHDQ�

PHDVXUHV� E\� IRRW� W\SH� JURXS� ZHUH�
IRXQG�IRU�DJH��WLELDO�DQG�WDODU�UDGLXV��
IURQWDO� VNHZ� DQG� FRYHUDJH� DQJOH�
�S�������DV�ZHOO�DV�%0,��S �����ZLWK�
ERUGHUOLQH� GLIIHUHQFHV� IRU� WUDQVYHUVH�
VNHZ��S �������7DEOH�����0HDQ�WLELDO�
DQG� WDODU� UDGLL� ZHUH� VLJQLILFDQWO\�
KLJKHU��D�OHVV�FXUYHG�MRLQW��DQG�PHDQ�
FRYHUDJH� DQJOH� ZDV� VLJQLILFDQWO\�
ORZHU�LQ�2$�IHHW�WKDQ�LQ�DOO�RWKHU�IRRW�
FDWHJRULHV���7KH�2$�VXEMHFWV�ZHUH�DOVR�
ROGHU� �S�������0HDQ� IURQWDO� VNHZ� LQ�
2$�IHHW�ZDV�VLJQL¿FDQWO\�KLJKHU�WKDQ�
LQ�QHXWUDO�IHHW�RU�HLWKHU�ÀDW�IRRW�JURXS��
&RPSDULVRQV�ZLWK�QHXWUDO�IHHW�\LHOGHG�
VLJQL¿FDQWO\� ORZHU�PHDQ� WUDQVYHUVH�
VNHZV� DQG� VLJQL¿FDQWO\� KLJKHU�PHDQ�
IURQWDO� VNHZ� IRU� SHV� FDYXV� IHHW�� 1R�
VLJQL¿FDQW�GLIIHUHQFHV�LQ�IRRW�DQDWRP\�
PHDVXUHV�IRU�QHXWUDO�YV��ÀDWIHHW�ZHUH�
IRXQG��

'LVFXVVLRQ�
7KLV� VWXG\� FRQILUPV� WKDW� DQNOHV�

WKDW�GHYHORS�DUWKULWLV�LQ�WKH�DEVHQFH�RI�
WUDXPD��KDYH�OHVV�FRYHUDJH�RI�WKH�WDOXV�
WKDQ�GR�QRQ�DUWKULWLF�DQNOHV��D�VLWXDWLRQ�
DQDORJRXV�WR�WKH�KLS�LQ�G\VSODVLD��7KH�
DQNOH�MRLQWV�ZLWK�DUWKULWLV�ZHUH�LQ�ROGHU�
SDWLHQWV��KDG�D�ODUJHU�UDGLXV�DQG�OHVV�
FRYHUDJH� RI� WKH� WDOXV� E\� WKH� WLELD� LQ�
WKH�JURXS�RI�SDWLHQWV�ZLWK�2$��7KHVH�
SDUDPHWHUV�DUH�DOO�FRQVLVWHQW�ZLWK�OHVV�
FRQWDLQPHQW�DQG�PRUH�SRWHQWLDO�VKHDU�
LQ�WKH�VDJLWWDO�SODQH��7KLV�VWXG\�LV�RQH�
RI�WKH�¿UVW�WR�H[SORUH�WKH�FRPSOH[��'�
VXUIDFH�WRSRJUDSK\�RI�WKH�DQNOH�MRLQW�
DQG�LWV�UHODWLRQVKLS�WR�WKH�GHYHORSPHQW�

)LJXUH��$�DQG��%��7KH�MRLQW�VXUIDFH�ZDV�PDSSHG�RQ�
WKH�WDOXV�DQG�WLELDO�SODIRQG�XVLQJ��'�&7�LPDJHV��7KH�
VXUIDFHV�IURP�WKH��'�LPDJHV�ZHUH�WKHQ�DSSHQGHG�
RQWR�WKH��'�PRGHO��7KH��'�PRGHO�LQFOXGHV�WKH�WLELD��
WKH�WDOXV��DQG�WKH�MRLQW�VXUIDFH�

)LJXUH����7KH�MRLQW�VXUIDFHV�ZHUH�¿WWHG�
WR�F\OLQGHUV�WKDW�SURYLGHG�D�UDGLXV�RI�
FXUYDWXUH�� 7KH� UDGLXV� RI� WKH� WLELD� LV�
JUHDWHU� WKDQ� WKDW�RI� WKH� WDOXV� LQ� WKLV�
LPDJH�

)LJXUH����$QNOH�MRLQW�ZLWK�¿WWHG�F\OLQGHUV��OHIW��DQWHUR�PHGLDO�YLHZ��DQG�FRYHUDJH�DQJOH�
SODQHV��ULJKW��ODWHUDO�YLHZ���7KH�FRYHUDJH�DQJOH��VKRZQ�RQ�WKH�ULJKW��ZDV�DQ�DQJOH�
IRUPHG�E\�WKH�FHQWHU�RI�WKH�WDODU�F\OLQGHU�DQG�WKH�DQWHULRU�DQG�SRVWHULRU�PDUJLQV�RI�
WKH�WLELDO�SODIRQG��7KH�JUHDWHU�WKH�DQJOH�WKH�PRUH�WKH�WLELD�FRYHUHG�WKH�WDOXV�



 �����257+23$(',&�5(6($5&+�5(3257� ��

RI�RVWHRDUWKULWLV� LQ�SDWLHQWV��$� ODUJHU�
WLELDO� DQG�RU� WDODU� UDGLXV�� ZKLFK�
LQGLFDWHV� D� ÀDWWHU� ERQH�� FRXOG� DIIHFW�
WKH� VWDELOLW\�� GHSWK� DQG� FRQWDLQPHQW�
RI� WKH� MRLQW�� /DUJHU� VNHZ� DQJOHV�
UHIOHFW� OHVV� MRLQW� DOLJQPHQW�� 7KHVH�
SDUDPHWHUV�FRQWULEXWH�WR�DQ�XQVWDEOH�
MRLQW� DQG� DUH� VLJQL¿FDQWO\� FRUUHODWHG�
ZLWK�SULPDU\�RVWHRDUWKULWLV�DQG�FRXOG�
EH�FRQVLGHUHG�LQWULQVLF�ULVN�IDFWRUV�RI�
GHYHORSLQJ� DQNOH� 2$�� +RZHYHU�� RXU�
VWXG\�GLG�QRW�DGGUHVV�ZKHWKHU� WKHVH�
FKDUDFWHULVWLFV� GHYHORSHG� EHIRUH� RU�
DIWHU� WKH� DQNOH� 2$�� $OVR�� ZH� IRXQG�
PLQLPDO� UHODWLRQVKLSV� EHWZHHQ� IRRW�
W\SHV� DQG� WKHVH� SDUDPHWHUV�� EXW�
WKLV� VWXG\� ZDV� FURVV� VHFWLRQDO�� QRW�
ORQJLWXGLQDO�

5HIHUHQFHV�
���7KRPDV��5�+��HW�DO���-��%RQH�-RLQW�

6XUJ�$P�����������������������
���6DOW]PDQ��&��HW�DO���,RZD�2UWKRS�

-�������������������

foot type 
(n) 

sex 
(M:F) age* 

BMI 
(kg/m )* 

tibial rd. 
(mm)* 

talar rd. 
(mm)* 

ankle OA 
(13) 

8:5 
65.15  

(8.97) a 
28.15 

(4.37) c 
39.10 

(8.68) a 
27.93 

(4.75) a 

pes cavus 
(23) 

14:9 
43.78 

(10.85) 
28.37 
(4.94) 

30.23 
(5.51) 

21.36 
(3.08) 

neutrally  
aligned (29) 

14:15 
50.17 
(6.39) 

24.72 
(2.85) 

30.39 
(4.23) 

20.30 
(1.72) 

asymp. pes 

planus (22) 
13:9 

49.64 

(7.97) 

28.82 

(6.60) 

29.49 

(5.55) 

20.88 

(3.13) 

symp. pes 
planus (21) 

11:10 
54.43 

(12.40) 
29.67 
(6.19) 

29.11 
(5.54) 

21.15 
(3.39) 

 
tibia/ 

talus  

cylin. 

skew (!) 
frontal 

skew (!)* 

trans. 

skew (!)* 

cover. 

(!)* 

ankle OA 

(13) 

1.42 

(0.31) 

10.92 

(8.89) 

5.53 

(4.99) b,d 

9.03 

(8.35) b 

69.98 

(8.57) a 

pes cavus 
(23) 

1.42 
(0.24) 

4.79 
(3.83) 

3.51 
(3.70) 

3.26 
(2.67) 

76.22 
(7.01) 

neutrally  
aligned (29) 

1.50 
(0.21) 

6.06 
(2.95) 

1.01 
(0.89) 

5.85 
(3.09) 

75.27 
(3.94) 

asymp. pes 
planus (22) 

1.41 
(0.18) 

5.95 
(3.36) 

0.99 
(0.84) 

5.79 
(3.43) 

75.66 
(6.27) 

symp. pes 
planus (21) 

1.38 
(0.15) 

6.56 
(3.44) 

1.49 
(1.03) 

6.30 
(3.49) 

75.76 
(5.36) 

*overall significant difference (sig. diff.) 

a = sig. diff. btwn OA and neutral, cavus, asymp. planus and symp. planus 
b = sig. diff. between neutral and cavus 
c = sig. dietween neutral and  cavus, asymp. planus and symp. planus 
d = sig. diff. between OA and neutral,  asymp. planus and symp. planus  
rad. = radius, asymp. = asymptomatic, symp. = symptomatic, cylin. = 

cylinder, trans. = transverse, cover. = coverage  

7DEOH����'HPRJUDSKLFV��DQNOH�PRUSKRORJ\�DQG�DOLJQPHQW�>PHDQ��6'�@

$FNQRZOHGJHPHQWV�
9$� 55	'� JUDQW� $����&� DQG� WKH�

8QLYHUVLW\�RI�:DVKLQJWRQ�06573
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7UHDWPHQW�2I�*DVWURFQHPLXV�(TXLQXV���6WUHWFKLQJ�:RUNV

6WXG\�5DWLRQDOH�$QG�&RQWH[W
,Q�RUGHU�WR�GHWHUPLQH�DQ�DSSURSULDWH�

WUHDWPHQW� SURWRFRO� IRU� SDWLHQW� ZLWK�
FKURQLF�IRRW�DQG�DQNOH�SDLQ�DQG�OLPLWHG�
DQNOH� GRUVLIOH[LRQ�� ZH� FRQGXFWHG� D�
UHWURVSHFWLYH� UHYLHZ� RI� WKH� FOLQLFDO�
QRWHV� RI� SDWLHQWV� ZKR� SUHVHQWHG� WR�
RXU� IRRW�DQG�DQNOH�FOLQLF�� �6WUHWFKLQJ�
LV� DVVRFLDWHG� ZLWK� D� UHGXFWLRQ� LQ�
V\PSWRPV�>�@�DQG�ZH�ZRQGHUHG� LI� LW�
ZDV�DOVR�DVVRFLDWHG�ZLWK�DQ� LQFUHDVH�
LQ�DQNOH�GRUVLÀH[LRQ���

&OLQLFDO�4XHVWLRQV
�� 'RHV� VWUHWFKLQJ� LQFUHDVH� DQNOH�

GRUVLÀH[LRQ"�
��,Q�WKRVH�SDWLHQWV�ZKRVH�V\PSWRPV�

GR� QRW� UHVROYHG� DIWHU� FRQVHUYDWLYH�
WUHDWPHQW�� GRHV� JDVWURFQHPLXV�
UHFHVVLRQ�LQFUHDVH�DQNOH�GRUVLÀH[LRQ"

0HWKRGV�
6WXG\�'HVLJQ���5HWURVSHFWLYH�UHYLHZ�

RI�FOLQLFDO�UHFRUGV��,5%�DSSURYHG�

,QFOXVLRQ�H[FOXVLRQ�FULWHULD���
�� 2XU� SDWLHQW� GDWDEDVH� IRU� ZDV�

VHDUFKHG� IRU� SDWLHQWV�ZKR�SUHVHQWHG�
LQ� ����� WR� WKH� IRRW� DQG� DQNOH� FOLQLF�
IRU� WUHDWPHQW� RI� FKURQLF� IRRW� DQG�RU�
DQNOH�SDLQ��

�� ,QFOXVLRQ� FULWHULD� IRU� WKLV� VWXG\�
LQFOXGH�WKRVH�SDWLHQWV�ZKR�KDG�D�SUH�

VWUHWFKLQJ� DQG� SRVW�VWUHWFKLQJ� DQNOH�
GRUVLÀH[LRQ�DVVHVVPHQW�E\�WKH�VDPH�
SK\VLFDO�WKHUDSLVW�DQG�ZKRVH�SDLQ�ZDV�
QRW�DVVRFLDWHG�ZLWK�D�WUDXPDWLF�LQMXU\��

��7KLV�\LHOGHG���� LQGLYLGXDOV�ZLWK�
GDWD�RQ�����DQNOHV�����ULJKW�����OHIW���

0HDVXUHPHQWV���
��$QNOH�UDQJH�RI�PRWLRQ��GRUVLÀH[LRQ�

DQG�SODQWDU�ÀH[LRQ��ZDV�DVVHVVHG�ZLWK�
WKH�NQHH�H[WHQGHG�DQG�ÀH[HG�!�����
E\�D�VLQJOH�REVHUYHU�GXULQJ�WKH�LQLWLDO�
FOLQLFDO� YLVLW� DQG� DIWHU� ��PRQWKV� RI�
VWUHWFKLQJ��

,QWHUYHQWLRQ���
�� 3DWLHQWV� ZLWK� JDVWURFQHPLXV�

HTXLQXV�DUH�LQVWUXFWHG�LQ�WZR�W\SHV�RI�
JDVWURFQHPLXV� VWUHWFKHV� SHUIRUPHG�
ZKLOH� VKRG�� 2QH� LV� VLPLODU� WR� WKH�
VWDQGDUG� WRZHO� W\SH� VWUHWFK� DQG� WKH�
RWKHU� LQYROYHV� VWDQGLQJ� ZLWK� WKH�
PLGIRRW� RQ� WKH� HGJH� RI� D� VWDLU� DQG�
ORZHULQJ�WKH�KHHO�ZLWK�WKH�IXOFUXP�QHDU�
WDORQDYLFXODU� MRLQW��$�FULWLFDO�HOHPHQW�
LQ�ERWK�VWUHWFKHV�LV�WR�UHGXFH�WRUVLRQDO�
VWUHVV� LQ� WKH�PLGIRRW� E\�PDLQWDLQLQJ�
WKH�VXEWDODU�MRLQW�LQ�D�QHXWUDO�SRVLWLRQ��
3DWLHQWV� FRPSOHWH� WZR� ��� VHFRQG�
UHSHWLWLRQV�SHU�GD\��

��3DWLHQWV�IRU�ZKRP�VWUHWFKLQJ�GRHV�
QRW� SURGXFH� LQFUHDVH� LQ� DQNOH� UDQJH�
RI�PRWLRQ�DUH�FRQVLGHUHG�IRU�VXUJLFDO�

³OHQJWKHQLQJ´�RI�WKH�PXVFOH�FRPSOH[��
D�JDVWURFQHPLXV�UHFHVVLRQ��DOVR�NQRZQ�
DV� D� 6WUD\HU� SURFHGXUH� RU� ³JDVWURF�
VOLGH´��� WKDW� UHOHDVHV� WKH� WHQGRQ�
WKDW� FRQQHFWV� WKH� JDVWURFQHPLXV�
WR� WKH� $FKLOOHV� WHQGRQ�� DOORZLQJ� WKH�
JDVWURFQHPLXV� WR� VOLGH� SUR[LPDOO\�
DFURVV�WKH�XQGHUO\LQJ�VROHXV�IDVFLD�

5HVXOWV
��$IWHU�VWUHWFKLQJ�IRU�DQ�DYHUDJH�RI�

���GD\V��WKH�DYHUDJH�DQNOH�GRUVLÀH[LRQ�
YDOXH�ZLWK�DQ�H[WHQGHG�NQHH�LQFUHDVHG�
�Û�IURP������Û�WR�����Û��7DEOH���DQG�
)LJXUH�����

�� $QNOH� GRUVLI OH[LRQ� ZLWK� DQ�
H[WHQGHG�NQHH�ZDV�VLJQL¿FDQWO\�ORZHU�
WKDQ� GRUVLÀH[LRQ�ZLWK� D� ÀH[HG� NQHH�
�S����������� GXULQJ� WKH� LQLWLDO� FOLQLF�
YLVLW� LQ� DOO� LQGLYLGXDOV�� LQGLFDWLQJ� WKH�
SUHVHQFH�RI�JDVWURFQHPLXV�HTXLQXV��

��'RUVLÀH[LRQ� DQG� SODQWDU� ÀH[LRQ�
YDOXHV�ZHUH�QRW�GLIIHUHQW�EHWZHHQ�WKH�
OHIW�DQG�ULJKW�DQNOHV��S�!���������1R�
SDWLHQW� DGPLWWHG� WR� QRQ�DGKHUHQFH�
WR�WKH�VWUHWFKLQJ�UHJLPH�DW�WKH�LQLWLDO�
IROORZ�XS��

��)RU����SDWLHQWV�����ULJKW�DQG����
OHIW� IHHW�� RI� WKH� ��� SDWLHQWV� �������
VWUHWFKLQJ�ZDV�XQVXFFHVVIXO�DQG�GLG�QRW�
UHVROYH�WKHLU�SDLQ�DQG�WKH\�UHTXLUHG�D�
JDVWURFQHPLXV�UHFHVVLRQ��

�� 7KUHH� RI� WKH� SDWLHQWV�ZKR� KDG�

$EVWUDFW��3UH��DQG�SRVW�VWUHWFKLQJ�DQNOH�UDQJH�RI�PRWLRQ�ZDV�PHDVXUHG�LQ����SDWLHQWV������IHHW��
ZKR�SUHVHQWHG�WR�RXU�FOLQLF�ZLWK�FKURQLF�IRRW�DQG�RU�DQNOH�SDLQ�LQ��������$QNOH�GRUVLÀH[LRQ��PHDVXUHG�
ZLWK�WKH�NQHH�VWUDLJKW��LQFUHDVHG�RQ�DYHUDJH��Û�DIWHU���ZHHNV�RI�VWUHWFKLQJ�DQG�����RI�SDWLHQWV�KDG�
VXI¿FLHQW�UHOLHI�IURP�WKHLU�SDLQ�WR�UHTXLUH�QR�DGGLWLRQDO�LQWHUYHQWLRQ��ZKLOH�����ZHQW�RQ�WR�JDVWURF�
QHPLXV�UHOHDVH��7DUJHWHG��FRQVLVWHQW�VWUHWFKLQJ�VKRXOG�EH�WKH�¿UVW�FRXUVH�RI�WUHDWPHQW�LQ�SDWLHQWV�
ZLWK�FKURQLF�IRRW�DQG�RU�DQNOH�SDLQ�EHFDXVH�VLJQL¿FDQW�LQFUHDVHV�LQ�DQNOH�GRUVLÀH[LRQ�DUH�SRVVLEOH���



 �����257+23$(',&�5(6($5&+�5(3257� ��

7DEOH����$YHUDJH�DQNOH�UDQJH�RI�PRWLRQ�YDOXHV�

)LJXUH����$QNOH�GRUVLÀH[LRQ�LQ�����IHHW�PHDVXUHG�SUH��DQG�SRVW�VWUHWFKLQJ���9DOXHV�
DERYH�DQG�WR�WKH�OHIW�RI�WKH�OLQH�LQGLFDWH�LQFUHDVHV�LQ�GRUVLÀH[LRQ�

Variable   Time  All 
patients 

Non-
recession 

Recession  

# patients 
(feet) 

 62 (107) 42 (74) 20 (33) 

Initial  -12.4 -11.5 -14.3 

Stretching   -4.3 -2.2 -8.9 

Dorsiflexion,  
Extended 
knee (˚)* 

Recession --- --- 5.6 

     

Initial 6.1 7.2 3.3 

Stretching 8.5 9.6 5.4 

Dorsiflexion, 
Flexed knee 
(˚)* 

Recession --- --- 10.8 

     
Initial 53.6 54.3 43.7 

Stretching 52.0 53.6 42.2 

Plantar 
flexion,  
Extended 
knee (˚) Recession --- --- 41.4 

7KHVH� DQWHURSRVWHULRU� DQG� ODWHUDO�
VWDQGLQJ� UDGLRJUDSKV� GHPRQVWUDWH� D�
PLGGOH� DJHG� IHPDOH�ZLWK� VLJQL¿FDQW�
IRUHIRRW� SDLQ�� 7KH� ODWHUDO� VWDQGLQJ�
LPDJH�VKRZV�WKH�KHHO�WR�EH�RII� OHYHO�
JURXQG� DQG� WKH� DQNOH� MRLQW� WR� EH�
LQ� SODQWDU� FRQWUDFWHG� SRVLWLRQ� ���
GHJUHHV�VKRUW�RI�QHXWUDO��7KH�IRUHIRRW�
KDV� VSOD\HG� VOLJKWO\� LQ� UHVSRQVH� WR�
WKH�DEQRUPDO�UHVXOWDQW� ORDGLQJ��+HHO�
FRUG� VWUHWFKLQJ� DV� GHVFULEHG� LQ� WKLV�
SDSHU� KHOSHG� DOOHYLDWH� WKH� SDWLHQW¶V�
V\PSWRPV�ZLWKRXW�IXUWKHU�VXUJHU\�

UHFHVVLRQV�DOVR�KDG�DGGLWLRQDO�VXUJLFDO�
SURFHGXUHV�� LQFOXGLQJ� FKHLOHFWRPLHV�
DQG�RU�PLGIRRW�UHFRQVWUXFWLRQ���

��1R�FRPSOLFDWLRQV�RFFXUUHG�LQ�WKH�
VXUJLFDO�SDWLHQWV��

'LVFXVVLRQ
�� *DVWURFQHPLXV� UHFHVVLRQ� KDV�

EHHQ� UHSRUWHG� WR� LQFUHDVH� DQNOH�
GRUVLÀH[LRQ�E\�DSSUR[LPDWHO\���Û�DQG�
WR� DOORZ� H[WHQGHG� NQHH� GRUVLÀH[LRQ�
WR� HTXDO� EHQW� NQHH� GRUVLIOH[LRQ� LQ�
VKRUW�WHUP�IROORZ�XS�>�@���:H�REWDLQHG�
VLPLODU� LQFUHDVHV� LQ� DQNOH� UDQJH� RI�
PRWLRQ�������Û�WR�����Û�����

�� &RQVHUYDWLYH� WUHDWPHQW� WKDW�

LQFOXGHV� VWUHWFKLQJ� DSSHDUV� WR� EH�
DQ� HIIHFWLYH� WUHDWPHQW� LQ� SHRSOH�
ZLWK� FKURQLF� IRRW� DQG�RU� DQNOH� SDLQ��
ZLWK�PDQ\�SDWLHQWV�UHFHLYLQJ�HQRXJK�
UHOLHYH� IURP� WKHLU� V\PSWRPV� WR� QRW�
VHHN� IXUWKHU�PHGLFDO� FDUH�� � ,Q� WKRVH�
SDWLHQWV�ZKR�GR�QRW�REWDLQ�UHOLHI�IURP�
WKHLU� V\PSWRPV� ZLWK� FRQVHUYDWLYH�
WUHDWPHQW�� JDVWURFQHPLXV� UHFHVVLRQ�
GRHV� VLJQLILFDQWO\� LQFUHDVH� DQNOH�
GRUVLÀH[LRQ���

�� :H� UHFRPPHQG� WKLV� WZR�WLHU�
DSSURDFK�� � FRQVHUYDWLYH� WUHDWPHQW�
WKDW� LQFOXGHV� WKH� VWUHWFKLQJ� UHJLPH�
GHVFULEHG� KHUHLQ� IRU� DOO� SDWLHQWV��
IROORZHG� E\� JDVWURFQHPLXV� UHFHVVLRQ�

IRU� WKRVH� IRU� ZKRP� FRQVHUYDWLYH�
WUHDWPHQW�IDLOV�WR�DOOD\�WKHLU�V\PSWRPV�

&RQFOXVLRQV
�� 7DUJHWHG�� FRQVLVWHQW� VWUHWFKLQJ�

VKRXOG�EH�WKH�¿UVW�FRXUVH�RI�WUHDWPHQW�
LQ� SDWLHQWV� ZLWK� FKURQLF� IRRW� DQG�
RU� DQNOH� SDLQ� EHFDXVH� VLJQLILFDQW�
LQFUHDVHV� LQ� DQNOH� GRUVLIOH[LRQ� DUH�
SRVVLEOH�

�� 3DWLHQWV� WKDW� GR� QRW� REWDLQ�
VXEVWDQWLDO� LPSURYHPHQW� LQ� DQNOH�
GRUVLIOH[LRQ� ZLWK� VWUHWFKLQJ� VKRXOG�
EH� FRQVLGHUHG� IRU� JDVWURFQHPLXV�
UHFHVVLRQ��

5HIHUHQFHV
���3LQQH\��6��-���+DQVHQ��6��7���-U���

DQG�6DQJHRU]DQ��%��-���7KH�HIIHFW�RQ�
DQNOH� GRUVLÀH[LRQ� RI� JDVWURFQHPLXV�
UHFHVVLRQ��)RRW�$QNOH�,QW������������
��������
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6SLQH

2XU�8:0HGLFLQH�6SLQH�6HUYLFH�LV�
FRPSULVHG�RI�D�PXOWLGLVFLSOLQDU\�
HIIRUW� WR� SURYLGH� WKH� EHVW�

SRVVLEOH�HYLGHQFH�EDVHG�FDUH� IRU� WKH�
IXOO�UDQJH�RI�VSLQDO�GLVRUGHUV�DIIHFWLQJ�
SDWLHQWV� RI� DOO� DJHV�� :H� SURYLGH�
VHUYLFHV�DW�+DUERUYLHZ�0HGLFDO�&HQWHU��
WKH�8QLYHUVLW\�RI�:DVKLQJWRQ�0HGLFDO�
&HQWHU��6HDWWOH�&KLOGUHQV�+RVSLWDO�DQG�
WKH�(DVWVLGH�6SHFLDOW\�&HQWHU��

2XU� FRUH� VHUYLFH� O LQH� KDV� ��
VXUJHRQV� ZLWK� SULPDU\� 2UWKRSDHGLF�
DSSRLQWPHQWV� � �� ZLWK� SU LPDU\�
1HXURVXUJLFDO� DSSRLQWPHQWV� DQG� ��
FROOHDJXHV�ZLWK�SULPDU\�DSSRLQWPHQWV�
LQ� WKH� 'HSDUWPHQW� RI� 5HKDELOLWDWLRQ�
0HGLFLQH��:H�DOVR�HQMR\�D�FORVH�ZRUNLQJ�
UHODWLRQVKLS�ZLWK�RXU�FROOHDJXHV�LQ�WKH�
8:� 3DLQ� &HQWHU� DQG� DUH� SULYLOHJHG�
WR� KDYH� FRQVXOWDWLRQ� UHVRXUFHV� WKDW�
HQFRPSDVV� DOO�PHGLFDO� DQG� VXUJLFDO�
VSHFLDOWLHV�ZLWKLQ�8:0HGLFLQH��

2XU�3RVWUHVLGHQF\�SURJUDP�RIIHUV���
SRVW�UHVLGHQF\�WUDLQLQJ��$&(��SRVLWLRQV�
IRU� 2UWKRSDHGLF� DQG� �� SRVLWLRQV� IRU�
1HXURVXUJLFDO�FROOHDJXHV��,Q�DGGLWLRQ��
ZH� KDYH� EHFRPH� RQH� RI� WKH�PRUH�
SRSXODU� URWDWLRQV� DPRQJ� WKH� �� WRWDO�
UHVLGHQWV� ZKR� URWDWH� RQ� WKH� 6SLQH�
VHUYLFH� IURP� ERWK�2UWKRSDHGLFV� DQG�

1HXURVXUJHU\�
:H� SURYLGH� D� UHJXODU� LQ�KRXVH�

GLGDFWLF� DQG� � SHHU� UHYLHZ� SURFHVV�
WKURXJK� ZHHN O\ � SUH�RSHUDW LYH�
LQGLFDWLRQV� FRQIHUHQFHV�� ZHHNO\�
UDGLRORJ\� FDVH� GLVFXVVLRQV��PRQWKO\�
TXDOLW\� LPSURYHPHQW� FRQIHUHQFHV�
DQG� D�PRQWKO\�6SLQH�*UDQG�5RXQGV��
$� VSHFLDO�PHHWLQJ� KLJKOLJKW� DUH� RXU�
PRQWKO\� 6SLQH� -RXUQDO� &OXEV� ZKLFK�
DUH�JHQHURXVO\�RUJDQL]HG�DQG�KRVWHG�
E\�7KHRGRUH�DQG�,ULV�:DJQHU�LQ�WKHLU�
KRPH�� 7KH\� DUH� GHVLJQHG� WR� SURYLGH�
DQ�LQIRUPDO�LQWHUGLVFLSOLQDU\�NQRZOHGJH�
IRUXP� IRU� UHVLGHQWV�� $&(¶V�� IHOORZV��
8:�IDFXOW\�DQG�FRPPXQLW\�FROOHDJXHV��
:H�DUH�DOVR�SURXG�RI�RXU�RYHU����\HDU�
WUDFN�UHFRUG�RI�KRVWLQJ�WKH�$QQXDO�+0&�
VSLQH� V\PSRVLXP�� ZKLFK� KDV� EHHQ�
IXOO\� VXEVFULEHG� VLQFH� LWV� LQFHSWLRQ�
DQG� KDV� GUDZQ� QRWDEOH� LQWHUQDWLRQDO�
OHFWXUHUV� DV� ZHOO� DV� DWWHQGHHV� IURP�
D� ZLGH� JHRJUDSKLF� GUDZLQJ� DUHD��
0DQ\�RI� WKHVH� OHFWXUHV�KDYH�EHFRPH�
YHU\�SRSXODU�RQ�D�YDULHW\�RI�H�PHGLD�
RXWOHV��,I�\RX�DUH�LQWHUHVWHG�LQ�WKHVH�
VKRZV� SOHDVH� FKHFN� WKHP� RXW� XQGHU�
ZZZ��XZWY�RUJ�VFKHGXOH��HQWHU�VSLQH�
RU�VSLQH�UHODWHG�WRSLF�RU�ZZZ�RUWKRS�
ZDVKLQJWRQ�HGX�XZ�WDE,'BB�����

'HIDXOW�DVS[� RU� GRZQORDG� WKHP�DV� D�
3RGFDVW�IURP�,�7XQHV��3RGFDVWV!,WXQHV�
8!5HVHDUFK� &KDQQHO!+HDOWK� DQG�
0HGLFLQH��

2XU�UHVHDUFK�HIIRUWV�DUH�KLJKOLJKWHG�
E\� D� VWURQJ� HPSKDVLV� RQ� SDWLHQW�
RXWFRPHV� LQ� SDWLHQWV�ZLWK� WUDXPDWLF�
DQG� GHJHQHUDWLYH� VSLQDO� FRQGLWLRQV��
,Q� DGGLWLRQ�� ELRPHFKDQLFDO� VWXGLHV�
KDYH� DVVHVVHG� WKH� LPSDFW� RQ� VSLQDO�
VWDELOLW\�RI�YDULRXV�VXUJLFDO�DSSURDFKHV�
WR� FRPPRQ� GHJHQHUDWLYH� VSLQDO�
FRQGLWLRQV���:H�KDYH�DOVR�SDUWLFLSDWHG�
LQ� D� QXPEHU� RI� ODUJH� PXOWLFHQWHU�
VWXGLHV�RQ�JHULDWULF�RGRQWRLG�IUDFWXUHV�
DQG�FHUYLFDO�VSRQG\ORWLF�P\HORSDWK\�

)HDWXUHG�&OLQLFDO�3UDFWLFH�
$PRQJ� RXU� PRUH� WUDGLWLRQDOO\�

DUUDQJHG� VSLQH� FDUH� VLWHV� ZLWKLQ�
8:0HGLFLQH�DQG�6HDWWOH�&KLOGUHQV��WKH�
6SLQH�&HQWHU�DW�+DUERUYLHZ�SUHVHQWV�D�
QRYHO�LQWHJUDWHG�PXOWLVSHFLDOW\�VHUYLFH�
OLQH�GHOLYHULQJ�VWDWH�RI�WKH�DUW�FOLQLFDO�
FDUH��WHDFKLQJ�DQG�UHVHDUFK��

7KLV�SDWLHQW�IULHQGO\��FRVW�HIIHFWLYH�
PXOWLGLVFLSOLQDU\�DSSURDFK�WR�VSLQH�FDUH�
EULQJV�WRJHWKHU�DQ�DUUD\�RI�VSHFLDOLVWV��
UHVXOWLQJ� LQ� D� XQLTXH� SDUWQHUVKLS�
RI� SK\VLDWULVWV�� QHXURVXUJHRQV��
RUWKRSDHGLF�VXUJHRQV��UDGLRORJLVWV��DQG�
DQHVWKHVLRORJLVWV�� ZRUNLQJ� WRJHWKHU�
WR� HYDOXDWH� HDFK� LQGLYLGXDO� SDWLHQW¶V�
VSLQDO�FRQGLWLRQ�LQ�RUGHU�WR�GHFLGH�WKH�
EHVW�FRXUVH�RI�VXUJLFDO�RU�QRQ�VXUJLFDO�
WUHDWPHQW��:H� SURYLGH� SHUVRQDOL]HG��
H[SHUW� FDUH� IRU� SDWLHQWV� ZLWK� ERWK�
VLPSOH� DQG� FRPSOH[� GLVRUGHUV� RI�
WKH� VSLQH�� 2XU� SKLORVRSK\� RI� KDYLQJ�
SDWLHQWV� DFWLYHO\� SDUWLFLSDWH� LQ� WKHLU�
RZQ� KHDOWK�FDUH� GHFLVLRQV� LV� HYLGHQW�
WKURXJKRXW� WKH� FRQWLQXXP� RI� FDUH��
:H� DFNQRZOHGJH� DQG� UHVSHFW� WKH�
LQGLYLGXDOLW\�RI�HDFK�SDWLHQW�DQG�WUHDW�
HDFK�RQH�DFFRUGLQJO\�

+0&�6XUJLFDO�6SLQH�&OLQLF�
'XULQJ� WKH� ILYH� \HDUV� VLQFH� WKH�

LQFHSWLRQ� RI� WKH� +DUERUYLHZ� 6SLQH�
&HQWHU�

��2YHUDOO�FOLQLF�YLVLWV�KDYH�LQFUHDVHG�
E\�QHDUO\�����

�� 1HZ� SDWLHQW� UHIHUUDOV� KDYH�
SURJUHVVLYHO\� LQFUHDVHG� WR� FXUUHQW�
OHYHOV�RI�RYHU�����SHU�PRQWK��UHVXOWLQJ�
LQ�D�PRQWKO\�QHZ�SDWLHQW�DYHUDJH�RI�
����

2YHU�WKH�\HDUV�RXU�UHVLGHQWV�DQG�6SLQH�$&(¶V�KDYH�EHFRPH�SURPLQHQWO\�UHSUHVHQWHG�
LQ�:DVKLQJWRQ�6WDWH�VSLQH�FDUH��)URP�OHIW�WR�ULJKW��0DUN�)UHHERUQ�$&(�µ���±�(YHUJUHHQ�
0&��-DVRQ�7KRPSVRQ�$&(�µ���±�9DOOH\�2UWKRSDHGLF�$VVRFLDWHV��$OH[LV�)DOLNRY�5HV�µ���
±�6ZHGLVK�0&��-RHO�+RHNHPD�5HV�µ���±�%HOOLQJKDP��-HQV�5��&KDSPDQ�
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��6XUJLFDO�YROXPHV��ERWK�HPHUJHQW�
DQG�HOHFWLYH��KDYH�LQFUHDVHG�E\�RYHU�
����

��,QLWLDO�DSSRLQWPHQWV�DUH�DYDLODEOH�
ZLWKLQ�WZR�ZHHNV�RI�UHIHUUDO��UHÀHFWLQJ�
WKH� SULRULW\� SODFHG� RQ� DFFHVV� WR�
VHUYLFHV��

��7KH�QR�VKRZ�UDWH�KDV�GHFUHDVHG�
WR�����FRQVLVWHQWO\�RQH�RI�WKH�ORZHVW�
DW�+0&�

�� $� PRYH� WR� D� QHZ� ORFDWLRQ� LQ�
WKH� QHZO\� RSHQHG�1LQWK� 	� -HIIHUVRQ�
%XLOGLQJ�� )LIWK� ÀRRU�� WRRN� SODFH� ODVW�
\HDU�� LQ� RUGHU� WR� DFFRPPRGDWH� IRU�
JURZWK�

$FNQRZOHGJHPHQWV
+DUERUYLHZ�0HGLFDO�&HQWHU¶V�&DUHV�

DZDUG� LV� JLYHQ� WR� RQH� 'HSDUWPHQW�
DQG� WZR� SK\VLFLDQV� TXDUWHUO\� IRU�
GHPRQVWUDWLQJ�WKH�6HUYLFH�([FHOOHQFH�
0RGHO��%RWK�'U��&DUOR�%HOODEDUED�DQG�
'U�� 5LFKDUG� %UDQVIRUG� KDYH� UHFHLYHG�
WKLV�DZDUG�LQGLYLGXDOO\�DV�KDV�WKH�6SLQH�
&OLQLF�DV�D�ZKROH��

,Q� ������ ZH� ZHUH� DZDUGHG� WKH�
%OXH�'LVWLQFWLRQ�&HQWHU� RI� ([FHOOHQFH�
IRU�6XUJLFDO�6SLQH�GHVLJQDWLRQ�E\�%OXH�
&URVV�%OXH�6KLHOG��

'U�� 0LFKDHO� -�� /HH� ZRQ� WKH� $2�
6SLQH�<RXQJ�,QYHVWLJDWRU�$ZDUG�IRU�KLV�
SURSRVDO�RQ�LGHQWLI\LQJ�ULVN�SUR¿OHV�LQ�

6SLQH� VXUJHU\� SDWLHQWV�� +H�ZDV� DOVR�
HOHFWHG�WR�VHUYH�DV�8:0&���6(�0HGLFDO�
&HQWHU�GLUHFWRU�ZLWK�WKH�JRDO�WR�DGYDQFH�
SDWLHQW�VDIHW\�DQG�HIIHFWLYH�GHOLYHU\�RI�
FDUH��'U��$ELOLR�5HLV��6SLQH�$&(�������
ZRQ� WKH� $26SLQH� &OLQLFDO� 5HVHDUFK�
3UL]H�IRU�KLV�ZRUN�RQ�FRPSDULQJ�VXUYLYDO�
UDWHV� RI� FUDQLR�FHUYLFDO� GLVVRFLDWLRQV�
EHIRUH�DQG�DIWHU�FKDQJHV�LQ�GLDJQRVWLF�
DOJRULWKPV���3OHDVH�ORRN�IRU�DQ�H[FHUSW�
RI�WKLV�SURMHFW�LQ�WKH�VSLQH�VHFWLRQ�RI�
WKLV�UHSRUW��

&DUOR�%HOODEDUED��0�'�
'LUHFWRU�� 8:� 2UWKRSDHGLF� 6SLQH�

)HOORZVKLS�3URJUDP
&KLHI�� +0&� 2UWKRSDHGLF� 6SLQH�

6HUYLFH

Name Title Practice  
Locations 

Special Functions 

Carlo Bellabarba Associate Prof / OS HMC Director, UW Ortho Spine Fellowship & HMC Ortho Spine 
Eching Bertelsen-Voon PA-C UWMC – R2  

Kirk Butler PA-C HMC  
Richard J Bransford Assistant Prof /OS HMC Director Ortho Spine Residency Education 

Jens R. Chapman Professor / OS HMC, UWMC – 
R2 Chief UWSpine 

Randy Chesnut Professor / NS HMC Chief Neurotrauma and Neurosurgical Spine 
Sue Earls PA-C UWMC – R2  

Nelson Hager Clin Assoc Prof / RM UWMC Chief B&J Center 
Mark Harrast Clin Assoc Prof / RM HMC, ESC Co-Director of the UW Medicine SSP Fellowship Program 

Stan Herring Clin Prof / RM HMC Chair MSK – Spine Committee 
Medical Director of UW Medicine Spine Care 

Virany Hillard Assistant Prof / NS UWMC, ESC  
Marla Kaufman Clin Assist Prof / RM UWMC  
Brian Krabak Clin Assoc Prof / RM UWMC, Sports 

Medicine  

Wally Krengel III Clin Assoc Prof / OS SCH Chief Pediatric Spine  
Scott Laker Clin Assist Prof / RM HMC  

Michael J. Lee Assistant Prof / OS UWMC, ESC Chief UWSpine Research and Chief UWMC 6SE 
Patricia O’Leary Crutcher Director HMC Service Line Manager 

Pat Merenda ARNP HMC  
Dena Pruitt PA-C HMC  

Chris Standaert Clin Assoc Prof / RM HMC Member HTA, HCA 
Trent Tredway Assistant Prof / NS UWMC Fellowship Director NS-Spine 

Chief Minimally Invasive spine surgery 
Theodore Wagner Clin Prof / OS UWMC, SCH Chief of UWMC Orthopaedic Spine Service 

Stuart Weinstein Clin Assoc Prof / RM HMC Liaison WA State L&I program 
Co-Director of the UW Medicine SSP Fellowship Program 

Fangyi Zhang Associate Professor HMC  
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,PPXQRKLVWRFKHPLFDO�'HWHFWLRQ�RI�7\SH�,;�&ROODJHQ�
LQ�WKH�,QWHUYHUWHEUDO�'LVFV�RI�6XUJLFDO�3DWLHQWV�*HQRW\SHG�

IRU�'HJHQHUDWLRQ�$VVRFLDWHG�613V

$EVWUDFW��'LVF� WLVVXH� UHPRYHG� DW� VSLQDO� IXVLRQ� VXUJHU\�ZDV� DQDO\]HG� LPPXQRKLVWRFKHPLFDOO\�
WR� GHWHUPLQH� LI� FROODJHQ� W\SH� ,;�ZDV� SUHVHQW� LQ� DGXOW� DQQXOXV� ¿EURVXV� DQG� QXFOHXV� SXOSRVXV�
DQG� LI� DEQRUPDO� DFFXPXODWLRQ� RI� FROODJHQ� W\SH� ,;�ZDV� DVVRFLDWHG� HLWKHU�ZLWK� VHYHULW\� RI� GH�
JHQHUDWLRQ�RU� LQFLGHQFH�RI�D�FROODJHQ�,;�WU\SWRSKDQ�VLQJOH�QXFOHRWLGH�SRO\PRUSKLVP�JHQRW\SH�

6WXG\�5DWLRQDOH�DQG�&RQWH[W�
*HQHWLF� IDFWRUV� DUH� VWURQJO\�

DVVRFLDWHG�ZLWK� ULVN� RI� GHYHORSPHQW�
D Q G � R U � S U R J U H V V L R Q � R I � G L V F�
GHJHQHUDWLRQ�� 7ZR� VLQJOH� QXFOHRWLGH�
SRO\PRUSKLVPV��613V��WKDW�LQWURGXFH�
WU\SWRSKDQ�SRO\PRUSKLVPV�LQ�GLIIHUHQW�
FROODJHQ�W\SH�,;�JHQHV��*OQ���7US�LQ�
&2/�$��DQG�$UJ���7US�LQ�&2/�$���DUH�
LQGHSHQGHQWO\�OLQNHG�WR�DQ�LQFUHDVHG�ULVN�
RI�OXPEDU�GLVF�GLVHDVH�>���@��$OWKRXJK�
WU\SWRSKDQ� YDULDQWV� DUH� DVVRFLDWHG�
ZLWK�DFFHOHUDWHG�GHJHQHUDWLRQ��LW�LV�QRW�
NQRZQ�LI�FROODJHQ�,;�FDQ�EH�GHWHFWHG�
LQ�DGXOW�GLVF�WLVVXH��

2EMHFWLYH�
7R� GHWHUPLQH� LI� FROODJHQ� ,;� FDQ�

EH� GHWHFWHG� LQ� DGXOW� GLVF� WLVVXH�
UHPRYHG�DW�VSLQDO�IXVLRQ�VXUJHU\�IURP�
SDWLHQWV�JHQRW\SHG�IRU�GHJHQHUDWLRQ�
DVVRF LD WHG � W U\S WRSKDQ � V LQJ OH�
QXFOHRWLGH� SRO\PRUSKLVPV� �613V��
DQG� ZKHWKHU� WKH� GLVWULEXWLRQ� FDQ�
VKHG�OLJKW�RQ�WKH�PHFKDQLVP�WKURXJK�
ZKLFK�WU\SWRSKDQ�HQFRGLQJ�613V�FDQ�
DFFHOHUDWH�GHJHQHUDWLRQ��

0DWHULDO�DQG�0HWKRGV
8QGHU� LQIRUPHG� FRQVHQW� DV� SDUW�

RI� DQ� ,5%� DSSURYHG� VWXG\�� GLVF�

WLVVXH� ZDV� REWDLQHG� IURP� SDWLHQWV�
XQGHUJRLQJ� VSLQDO� IXVLRQ� VXUJHU\�
IRU� OXPEDU� GHJHQHUDWLYH� GLVHDVH� RU�
OXPEDU�IUDFWXUH�>�@��:H�VHOHFWHG�DJH�
PDWFKHG�GLVF�VDPSOHV�IURP�¿YH�FOLQLFDO�
JURXSV��)UDFWXUH�ZLWK�7US�������FDVHV���
+HUQLDWLRQ����FDVHV���'HJHQHUDWLRQ����
FDVHV��� 6SRQG\OROLVWKHVLV� ZLWK� 7US��
�� ��� FDVHV�� DQG� 6SRQG\OROLVWKHVLV�
+HUQLDWLRQ�)UDFWXUH� ZLWK� 7US���� ���
FDVHV��� $� WRWDO� RI� ��� VHFWLRQV� IURP�
��� SDWLHQWV� ZHUH� DQDO\]HG� E\� +	(�
VWDLQLQJ� DQG� LPPXQRKLVWRFKHPLFDO�
VWDLQLQJ��FROODJHQ�,;�DQG�FROODJHQ�,,$���
6HOHFWHG� GLVF� WLVVXHV� ZHUH� DVVD\HG�
ELRFKHPLFDOO\�IRU�W\SH�,;�FROODJHQ�>�@�

5HVXOWV
)RFDO� GHSRVLWLRQ� RI� FROODJHQ� ,;�

ZDV� REVHUYHG� LQ� UHJLRQV� RI� DGXOW�
KXPDQ�GLVF�WLVVXH�IURP�VSLQHV�VKRZLQJ�
GHJHQHUDWLYH� FKDQJHV� LQ� SDWLHQWV�
ZKHWKHU�RU�QRW�WKH\�ZHUH�SRVLWLYH�IRU�
D� WU\SWRSKDQ� 613�� +RZHYHU�� LQ� QRQ�
GHJHQHUDWLYH�FRQWURO�GLVF�WLVVXH�IURP�
IUDFWXUH� FDVHV�� OLWWOH� RU� QR� FROODJHQ�
,;� ZDV� GHWHFWHG�� 7KH� ODWWHU� ¿QGLQJ�
ZDV� FRQ¿UPHG� E\� GLUHFW� ELRFKHPLFDO�
DQDO\VHV� IRU� FROODJHQ� ,;� LQ� SRROHG�
VDPSOHV� RI� QRUPDO� DGXOW� KXPDQ�
DQQXOXV�¿EURVXV�RU�QXFOHXV�SXOSRVXV�

'LVFXVVLRQ
�� 6WURQJ� VWDLQLQJ� IRU� W\SH� ,,$�

SURFROODJHQ�DQG�W\SH�,;�FROODJHQ�ZDV�
VHHQ�LQ�GLVF�VDPSOHV�IURP�SDWLHQWV�ZLWK�
GLVF� GHJHQHUDWLRQ� EXW� QRW� IURP� WKH�
FRQWURO�IUDFWXUH�JURXS��7KH�PRVW�OLNHO\�
H[SODQDWLRQ�IRU�WKLV�LV�WKH�H[SUHVVLRQ�RI�
W\SH�,,$�DQG�W\SH�,;�FROODJHQ�LQ�UHJLRQV�
RI�GLVF�WLVVXH�XQGHUJRLQJ�GHJHQHUDWLYH�
FKDQJHV�LQ�UHVSRQVH�WR�LQMXU\��

�� 7KH� DPRXQW� RI� FROODJHQ� ,;�
GHSRVLWHG� LQ� GHJHQHUDWH� GLVFV� GRHV�
QRW�DSSHDU�WR�EH�UHODWHG�WR�WKH�SDWLHQW¶V�
7US� 613� JHQRW\SH� VWDWXV�� 7KH�PDLQ�
GHWHUPLQDQW� DSSHDUV� WR� EH�ZKHWKHU�
GHJHQHUDWLYH� FKDQJHV� KDYH� RFFXUUHG�
RU�QRW��DQG�KHUQLDWLRQ�VHHPV�WR�UHVXOW�
LQ�WKH�JUHDWHVW�DPRXQW�

�� $� SRVVLEOH� PHFKDQLVP� IRU�
DFFHOHUDWHG� GLVF� GHJHQHUDWLRQ� LQ�
JHQHWLFDOO\� VXVFHSWLEOH� LQGLYLGXDOV�
LV� WKURXJK� FKURQLF� DFWLYDWLRQ� RI�
PDFURSKDJHV�E\�WKH�QHZO\�H[SUHVVHG�
WU\SWRSKDQ�FRQWDLQLQJ�FROODJHQ�,;�

&RQFOXVLRQV
'XULQJ� JURZWK� DQG� PDWXUDWLRQ�

RI� WKH� GLVF�� FROODJHQ� ,;� LV� UHPRYHG�
FRPSOHWHO\�GXULQJ�PDWUL[� UHPRGHOLQJ�
VR� WKDW� WKH� SURWHLQ� GLVDSSHDUV� IURP�
DGXOW� DQQXOXV� DQG� QXFOHXV� EXW� FDQ�
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)LJXUH����'LDJUDP�VKRZLQJ�W\SH�,;�FROODJHQ�PROHFXOHV�FRYDOHQWO\�OLQN�WR�WKH�VXUIDFH�
RI�W\SH�,,�FROODJHQ�¿EULOV���$OVR�VKRZQ�DUH�WKH�WZR�LGHQWL¿HG�VLWHV�RI�WU\SWRSKDQ�
SRO\PRUSKLVPV�LQ�W\SH�,;�FROODJHQ�

7DEOH����3DWLHQW�FKDUDFWHULVWLFV�DQG�¿QGLQJV�IRU�WKH�IUDFWXUH�JURXS��7US���DQG�OXPEDU�
GHJHQHUDWLYH�VSRQG\OROLVWKHVLV�GLVF�KHUQLDWLRQ�IUDFWXUH�JURXS��7US��

)��)HPDOH��0��0DOH��D��$VLDQ��E��$IULFDQ�$PHULFDQ��F��&DXFDVLDQ��)[��)UDFWXUH��+��
'LVF�+HUQLDWLRQ��63��6SRQG\OROLVWKHVLV��:���7U\SWRSKDQ�SRO\PRUSKLVP�DW�UHVLGXH�
���� RI� WKH�_��,;�� FKDLQ��:��� 7U\SWRSKDQ� SRO\PRUSKLVP� DW� UHVLGXH� ���� RI� WKH�
_��,;��FKDLQ��,,$��W\SH�,,$�SURFROODJHQ��_��,;��1&���ORQJ�IRUP�RI�Į��,;��FKDLQ��
13��QXFOHXV�SXOSRVXV��(3��HQG�SODWH��,$��LQQHU�DQQXOXV���±���QHJDWLYH�������ZHDN�
SRVLWLYH�VWDLQLQJ�������&OHDU�SRVLWLYH�VWDLQLQJ��������VWURQJ�SRVLWLYH�VWDLQLQJ��Q�D��
WLVVXH�LV�QRW�DYDLODEOH����3RVLWLYH�VWDLQLQJ�RQ�DQQXOXV�MXVW�DGMDFHQW�WR�(3�

UHDSSHDU� DW� VLWHV� RI� GHJHQHUDWLRQ� DV�
SDUW�RI�D�UHSDLU�UHVSRQVH�WR�PHFKDQLFDO�
LQMXU\�

5HIHUHQFHV
���$OD�.RNNR�/��*HQHWLF�ULVN�IDFWRUV�

IRU�OXPEDU�GLVF�GLVHDVH��$QQ�0HG�������
���������

���0DWVXL�<��0LU]D�6.��:X�--��&DUWHU�
%��%HOODEDUED�&��6KDIIUH\�&,��&KDSPDQ�
-5��(\UH�'5��7KH�DVVRFLDWLRQ�RI�OXPEDU�
VSRQG\OROLVWHVLV� ZLWK� FROODJHQ� ,;�
WU\SWRSKDQ�DOOHOHV��-�%RQH�-RLQW�6XUJ�
%U����������%�����������

��� -LP� --�� 1RSRQHQ�+LHWDOD� 1��
&KHXQJ� .0�� 2WW� -�� .DUSSLQHQ� -��

6DKUDUDYDQG�$��HW�DO��7KH�753��DOOHOH�
RI� &2/�$�� LV� DQ� DJH�GHSHQGHQW� ULVN�
IDFWRU�IRU�WKH�GHYHORSPHQW�DQG�VHYHULW\�
RI� LQWHUYHUWHEUDO� GLVF� GHJHQHUDWLRQ��
6SLQH��������������������

��� +LJDVKLQR� .��0DWVXL� <�� <DJL� 6��
7DNDWD� <�� *RWR� 7�� 6DNDL� 7�� .DWRK� 6��
<DVXL�1��7KH�DOSKD��W\SH�,;�FROODJHQ�
WU\SWRSKDQ�SRO\PRUSKLVP�LV�DVVRFLDWHG�
ZLWK�WKH�VHYHULW\�RI�GLVF�GHJHQHUDWLRQ�
LQ� \RXQJHU� SDWLHQWV� ZLWK� KHUQLDWHG�
QXFOHXV�SXOSRVXV�RI�WKH�OXPEDU�VSLQH��
,QW�2UWKRS������������������

��� ,FKLPXUD� 6��:X� --�� (\UH� '5��
7ZR�GLPHQVLRQDO� SHSWLGH�PDSSLQJ� RI�
FURVV�OLQNHG�W\SH�,;�FROODJHQ�LQ�KXPDQ�
FDUWLODJH��$UFK�%LRFKHP�%LRSK\V�������
����������

7KLV� ZRUN�ZDV� VXSSRUWHG� LQ� SDUW�
E\�8�6��1DWLRQDO� ,QVWLWXWHV� RI�+HDOWK�
JUDQWV� $5������ DQG� $5������ DQG�
WKH�%XUJHVV�&KDLU�(QGRZPHQW�RI�WKH�
8QLYHUVLW\�RI�:DVKLQJWRQ��
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/RUGRVLV�5HVWRUDWLRQ�LQ�WKH�/XPEDU�6SLQH�DIWHU�6PLWK�3HWHUVHQ�
2VWHRWRPLHV�:LWKRXW�DQG�:LWK�,QWHUERG\�6WUXW�3ODFHPHQW

$EVWUDFW��,Q�WKLV�FDGDYHULF�VWXG\��ZH�H[DPLQHG�WKH�ORUGRVLV�LQ�OXPEDU�VSLQH�VSHFLPHQV�LQ�WKH���LQWDFW�
VSHFLPHQ�����DIWHU�6PLWK�3HWHUVRQ�RVWHRWRPLHV�DQG�����6PLWK�3HWHUVHQ�2VWHRWRPLHV�ZLWK�,QWHUERG\�
6WUXW�3ODFHPHQW���:H�FRPSDUHG�WKH�DPRXQW�RI�ORUGRVLV�UHVWRUDWLRQ�LQ�WKHVH�WKUHH�FRQGLWLRQV�XVLQJ�ODWHUDO�
[�UD\�DQG�,PDJH-�VRIWZDUH�LQ����KXPDQ�OXPEDU�VSLQHV�IURP�/��/����7KH�DYHUDJH�ORUGRVLV�LQ�DQ�LQWDFW�
VSHFLPHQ�ZDV������GHJUHHV��V�G��������DIWHU�6PLWK�3HWHUVHQ�2VWHRWRPLHV�������GHJUHHV��V�G��������
DQG�DIWHU�6PLWK�3HWHUVHQ�2VWHRWRPLHV�DQG�LQWHUERG\�VWUXW�SODFHPHQW��������GHJUHHV��V�G���������
7KLV�VWXG\�SUHVHQWV�DQ�DOWHUQDWLYH�WHFKQLTXH�LQ�WKH�UHVWRUDWLRQ�RI�ORUGRVLV�RI�WKH�OXPEDU�VSLQH�

6WXG\�5DWLRQDOH�DQG�%DFNJURXQG�
9DU\LQJ� VWUDWHJLHV� KDYH� EHHQ�

GHVFULEHG� WR� UHVWRUH� ORUGRVLV� LQ� D�
N\SKRWLF� VSLQH�� � ,Q� ������ 6PLWK�
3HWHUVHQ�GHVFULEHG�DQ�RVWHRWRP\�ZKLFK�
KDV�EHHQ�UHSRUWHG�UHVWRUH�URXJKO\����
GHJUHHV� RI� ORUGRVLV� SHU� OHYHO>���@�� $�
SHGLFOH� VXEWUDFWLRQ� RVWHRWRP\� KDV�
EHHQ� VXJJHVWHG� WR� UHVWRUH� DW� OHDVW�
��� GHJUHHV�� EXW� WKLV� WHFKQLTXH� LV�
DVVRFLDWHG�ZLWK�VXEVWDQWLDO�EORRG�ORVV�
DQG�WHFKQLFDO�GLI¿FXOW\>�������@���7KH�
SXUSRVH� RI� WKH� SUHVHQW� VWXG\� ZDV�
WR� DVVHVV� WKH� H[WHQW� RI� VHJPHQWDO�
ORUGRVLV�UHVWRUDWLRQ�LQ�KXPDQ�OXPEDU�
FDGDYHULF� VSHFLPHQV� ZLWK� 6PLWK�
3HWHUVHQ�2VWHRWRPLHV� DQG� D� OXPEDU�
LQWHUERG\�VWUXW�SODFHPHQW

&OLQLFDO�4XHVWLRQ�
�� +RZ�PXFK� VHJPHQWDO� OXPEDU�

ORUGRVLV�FDQ�EH�DFKLHYHG�ZLWK�6PLWK�
3HWHUVHQ� 2VWHRWRPLHV� DQG� OXPEDU�
LQWHUERG\�VWUXW�SODFHPHQW"

0HWKRGV�
6WXG\�'HVLJQ
&DGDYHULF�UDGLRJUDSKLF�VWXG\
,QFOXVLRQ�DQG�([FOXVLRQ�FULWHULD�
�� �� KXPDQ� OXPEDU� FDGDYHULF�

VSHFLPHQV�����OXPEDU�VHJPHQWV�

2XWFRPHV�DQG�$QDO\VLV�
�� 6HJPHQWDO� OXPEDU� ORUGRVLV�

PHDVXUHG� RQ� ODWHUDO� [�UD\V� XVLQJ�
,PDJH-� VRIWZDUH� LQ� WKUHH� VHSDUDWH�
FRQGLWLRQV�

�� ��� :LWKRXW� RVWHRWRP\� DQG�
GLVFHFWRP\� LQ� PD[LPDO� H[WHQVLRQ��
�)LJXUH��$�

�����$IWHU�ELODWHUDO�SDUV�DQG�LQIHULRU�
IDFHW� UHVHFWLRQ�RI�/���/��DQG�/��DQG�
LQ� PD[LPDO� H[WHQVLRQ� ZLWK� SHGLFOH�
VFUHZ�¿[DWLRQ�IURP�/��/����)LJXUH��%�
�2VWHRWRP\��

�����$IWHU�ELODWHUDO�SDUV�DQG�LQIHULRU�
IDFHW� UHVHFWLRQ� RI� /��� /��� DQG� /���
ELODWHUDO� GLVFHFWRP\� DQG� LQWHUERG\�
VWUXW� SODFHPHQW� DW� /����� /����� /�����
DQG�LQ�PD[LPDO�H[WHQVLRQ�ZLWK�SHGLFOH�
VFUHZ�¿[DWLRQ�IURP�/��/�����)LJXUH��&�
�2VWHRWRP\����,QWHUERG\��

5HVXOWV�
��7KH�DYHUDJH�VHJPHQWDO� ORUGRVLV�

RI�WKH���VSHFLPHQV�����VHJPHQWV��ZDV�
HYDOXDWHG�ZLWKRXW�RVWHRWRP\�ZDV������
GHJUHHV��V�G��������

��$IWHU�6PLWK�3HWHUVHQ�RVWHRWRPLHV��
WKH�DYHUDJH�ORUGRVLV�LQFUHDVHG�WR�������
GHJUHHV��V�G����������

��$IWHU�6PLWK�3HWHUVHQ�RVWHRWRPLHV�
DQG� LQWHUERG\� VWUXW� SODFHPHQW�� WKH�

DYHUDJH� ORUGRVLV� LQFUHDVHG� WR� ������
GHJUHHV��V�G�������

�� 8VLQJ� WKH� SDLUHG� WZR� VDPSOH� W�
WHVW��WKH�XVH�RI�LQWHUERG\�VWUXW�\LHOGHG�
D� VWDWLVWLFDOO\� VLJQL¿FDQW� LQFUHDVH� LQ�
ORUGRVLV��S��������)LJXUH���

'LVFXVVLRQ�
�� 7KLV� VWXG\� GHPRQVWUDWHV� WKDW�

6PLWK�3HWHUVRQ�2VWHRWRP\�FRPELQHG�
ZLWK�LQWHUERG\�VWUXW�\LHOGV�RQ�DYHUDJH�
���GHJUHHV�RI�ORUGRVLV�UHVWRUDWLRQ

�� 2XU� GDWD� IRU� DYHUDJH� ORUGRVLV�
FRUUHFW LRQ� IRU � 6PLWK� 3HWHUVHQ�
2VWHRWRPLHV� ������� GHJUHHV�� LV�
FRQVLVWHQW�ZLWK�ZKDW�KDV�EHHQ�UHSRUWHG�
WR�WKH�OLWHUDWXUH

��7KRXJK�ZH�GLG�QRW�WHVW�WKLV�DJDLQVW�
D�SHGLFOH�VXEWUDFWLRQ�RVWHRWRP\�LQ�WKLV�
VWXG\��RU�FOLQLFDOO\��WKH�6PLWK�3HWHUVHQ�
2VWHRWRP\�ZLWK� ,QWHUERG\� WHFKQLTXH�
�)LJXUH����GRQH�DW���OHYHOV�PD\�\LHOG�
FRPSDUDEOH� FRUUHFWLRQ� DV� FRPSDUHG�
WR� D� SHGLFOH� VXEWUDFWLRQ� RVWHRWRP\�
�)LJXUH����

�� 7KH� SURSRVHG� K\SRWKHWLFDO�
DGYDQWDJHV� RI� WKH� VWXGLHG� WHFKQLTXH�
RYHU�D�SHGLFOH�VXEWUDFWLRQ�RVWHRWRP\�
LV� ��� OLNHO\� VXEVWDQWLDOO\� OHVV� EORRG�
ORVV� WKDQ� 362�� ��� PDLQWHQDQFH� RI�
DQWHULRU�FROXPQ�OHQJWK�DQG�OLNHO\�OHVV�
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)LJXUH�����$��WKH�LQWDFW�VSHFLPHQ���%��$IWHU�6PLWK�3HWHUVHQ�2VWHRWRPLHV�IURP�/��/����&���$IWHU�6PLWK�3HWHUVHQ�2VWHRWRPLHV�DQG�
,QWHUERG\�6WUXW�3ODFHPHQW�IURP�/���/�

)LJXUH����'HJUHHV�RI�/RUGRVLV� LQ�WKH���� LQWDFW�VSHFLPHQ�����DIWHU�6PLWK�3HWHUVHQ�
2VWHRWRP\�����DIWHU�6PLWK�3HWHUVHQ�2VWHRWRP\�DQG�LQWHUERG\�VWUXW�SODFHPHQW�

GXUDO�UHGXQGDQF\�DQG�SRWHQWLDOO\�OHVV�
QHXURORJLFDO�LQMXU\�

��)XWXUH�VWXGLHV�FRPSDULQJ� WKHVH�
WHFKQLTXHV� FOLQLFDOO\� DUH� QHHGHG� WR�
IXUWKHU� DVVHVV� WKH� DGYDQWDJHV� DQG�
GLVDGYDQWDJHV�RI�YDULRXV�WHFKQLTXHV�

&RQFOXVLRQV�
��7KH�SUHVHQW�VWXG\�VXJJHVWV�WKDW�

XS� WR� ��� GHJUHHV� RI� ORUGRVLV� FDQ� EH�
UHVWRUHG� VHJPHQWDOO\� ZLWK� 6PLWK�
3HWHUVHQ� 2VWHRWRP\� DQG� OXPEDU�
LQWHUERG\�VWUXW�SODFHPHQW���

5HIHUHQFHV
� � � % U L GZH O O � � . �+ �� � H W � D O ���

&RPSOLFDWLRQV�DQG�RXWFRPHV�RI�SHGLFOH�
VXEWUDFWLRQ� RVWHRWRPLHV� IRU� IL[HG�
VDJLWWDO� LPEDODQFH�� 6SLQH�� ������
��������S�����������

��� %ULGZHOO�� .�+��� HW� DO��� 3HGLFOH�
VXEWUDFW LRQ� RVWHRWRP\� IRU� WKH�
WUHDWPHQW�RI�¿[HG�VDJLWWDO�LPEDODQFH��
-�%RQH�-RLQW�6XUJ�$P�����������$�����
S���������

��� 6PLWK�3HWHUVHQ�� 0�1��� &�%��
/DUVRQ��DQG�2�(��$XIUDQF��2VWHRWRP\�
RI� WKH� VSLQH� IRU� FRUUHFWLRQ� RI� ÀH[LRQ�
GHIRUPLW\�LQ�UKHXPDWRLG�DUWKULWLV��&OLQ�
2UWKRS�5HODW�5HV������������S������

�� � 7KRPDVHQ�� (�� � 9HUWHEUD O�
RVWHRWRP\� IRU� FRUUHFWLRQ� RI� N\SKRVLV�
LQ�DQN\ORVLQJ�VSRQG\OLWLV��&OLQ�2UWKRS�
5HODW�5HV�������������S���������

�
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)LJXUH����;�UD\V�RI�SDWLHQW�EHIRUH�DQG�DIWHU�SHGLFOH�VXEWUDFWLRQ�RVWHRWRP\�GHPRQVWUDWLQJ�
WKH� VXEVWDQWLDO� ORUGRVLV� FRUUHFWLRQ�� 7KH� SHGLFOH� VXEWUDFWLRQ� RVWHRWRP\� KDV� EHHQ�
DVVRFLDWHG�ZLWK�VXEVWDQWLDO�EORRG�ORVV�DQG�VXUJLFDO�PRUELGLW\�>����@�

)LJXUH����&7�VFDQ�RI�SDWLHQW�EHIRUH��$��DQG�DIWHU��%��6PLWK�3HWHUVHQ�2VWHRWRPLHV�ZLWK�
LQWHUERG\�VWUXW�SODFHPHQW�GHPRQVWUDWLQJ�LPSURYHPHQW�RI�ORUGRVLV�
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'LDJQRVLV�DQG�7UHDWPHQW�RI�&UDQLRFHUYLFDO�'LVVRFLDWLRQ�
LQ����&RQVHFXWLYH�6XUYLYRUV

$EVWUDFW�� ,Q� WKLV� FDVH� VHULHV� ZH� ZDQWHG� WR� GHWHUPLQH� LI� DQ\� LPSURYHPHQWV� KDYH� EHHQ�
PDGH� LQ� WKH� WLPLQJ� WR� GLDJQRVLV� DQG� WKH� QHXURORJLFDO� RXWFRPH� RI� SDWLHQWV� ZLWK� FUDQLRFHU�
YLFDO� GLVVRFLDWLRQ�� � 8VLQJ� RXU� LQVWLWXWLRQDO� WUDXPD� GDWDEDVH�� ��� FRQVHFXWLYH� &&'� VXUYL�
YRUV�ZHUH� LGHQWL¿HG� EHWZHHQ� ����� DQG� ������ � 7KH� LQLWLDO� ��� SDWLHQWV� ZHUH� FRPSDUHG�ZLWK�
WKH� ODWWHU� ��� SDWLHQWV�� � 'HVSLWH� VLJQL¿FDQW� LPSURYHPHQW� EHLQJ�PDGH� LQ� WLPH� WR� GLDJQRVLV�
WKHUH� ZDV� QR� VLJQL¿FDQW� GLIIHUHQFH� LQ� WKH� ¿QDO� QHXURORJLF� IXQFWLRQ� DW� WKH� ODWHVW� IROORZ�XS��

6WXG\�5DWLRQDOH�$QG�&RQWH[W
&UDQLRFHUYLFDO�GLVVRFLDWLRQ��&&'��LV�

D�UDUH�DQG�IUHTXHQWO\�IDWDO�FRQGLWLRQ��
'HVSLWH�EHLQJ� UDWKHU�GUDPDWLF�� WKHVH�
LQMXULHV� DUH� XQIRUWXQDWHO\� IUHTXHQWO\�
PLVVHG�� /DFN� RI� IDPLOLDULW\� ZLWK� WKH�
DQDWRP\�� SUHRFFXSDWLRQ� ZLWK� RWKHU�
RUJDQ� V\VWHPV� LQ� WKHVH� FRPPRQO\�
SRO\WUDXPDWL]HG� SDWLHQWV�� GLVUXSWLRQ�
RI� WKH� HVWDEOLVKHG� VSLQH� FOHDUDQFH�
DOJRULWKP� DQG� WKH� UHODWLYH� UDULW\� RI�
WKHVH� LQMXULHV� DOO� FRQWULEXWH� WR� WKLV�
FLUFXPVWDQFH��2XU�SUHYLRXV�VWXG\�KDG�
UHSRUWHG� ��� VXUYLYRUV�� ZKLFK� DW� WKH�
WLPH�ZDV�WKH�ODUJHVW�UHSRUWHG�VHULHV�RI�
&&'�SDWLHQWV��:H�KDG�LGHQWL¿HG�D����
��UDWH�RI�PLVVHG�LQMXULHV�LQ�WKDW�VWXG\��
ZKLFK�ZDV�IUHTXHQWO\�DVVRFLDWHG�ZLWK�
VHFRQGDU\� QHXURORJLF� GHWHULRUDWLRQ���
7KLV�VWXG\�UHSUHVHQWV�WKH�ODUJHVW�VHULHV�
LQ�WKH�OLWHUDWXUH�DQG�SURYLGHV�JXLGHOLQHV�
IRU�WUHDWPHQW�DQG�GHVFULELQJ�RXWFRPHV�

&OLQFDO�4XHVWLRQ
��'R�FKDQJHV�LQ�WULDJLQJ�RI�SDWLHQWV�

DQG�VSLQH�FOHDUDQFH�ZLWK�&7�SURWRFROV�
FKDQJH�WKH�UDWH�RI�GHWHFWLRQ�RI�XQVWDEOH�
&&'"

�� 'R� &&'� VXUYLYRUV� XQGHUJRLQJ�
ULJLG� LQWHUQDO� ¿[DWLRQ� KDYH� LPSURYHG�
QHXURORJLF�RXWFRPHV�ZKHQ�GLDJQRVHG�
HDUOLHU"

0HWKRGV
6WXG\� GHVLJQ�� &DVH� VHULHV� �,5%�

DSSURYHG�
,QFOXVLRQ�FULWHULD
$OO�&&'�VXUYLYRUV�XQGHUJRLQJ�ULJLG�

LQWHUQDO� ¿[DWLRQ� IURP� RFFLSXW� WR� &��
EHWZHHQ������DQG�����

([FOXVLRQ�FULWHULD
$Q\� &&'� SDWLHQW� GHFHDVHG� SULRU�

WR�VXUJLFDO�WUHDWPHQW�RU�QRW�UHTXLULQJ�
VXUJHU\�

3DWLHQW�SRSXODWLRQ�DQG�LQWHUYHQWLRQV
��)RUW\�HLJKW�FRQVHFXWLYH�VXUYLYRUV�

ZHUH�LGHQWL¿HG�
��7KLUW\�RQH�SDWLHQWV�WUHDWHG�IURP�

����� WR� �����ZHUH� FRPSDUHG� WR� ���
SDWLHQWV�ZKR�ZHUH�WUHDWHG�IURP������
WR������DQG�UHSRUWHG�SUHYLRXVO\>�@�

��$OO�SDWLHQWV�VXVWDLQHG�KLJK�HQHUJ\�
LQMXULHV�DQG�ZHUH�HYDOXDWHG�DFFRUGLQJ�
WR�VWDQGDUG�$7/6�SURWRFROV��

�� 2QFH� &&'� ZDV� LGHQWLILHG� RU�
VXVSHFWHG��)LJXUHV���	�����SURYLVLRQDO�
VWDELOL]DWLRQ� ZDV� DSSOLHG� DQG� 05,�
HYDOXDWLRQ�SHUIRUPHG��)LJXUH�����

��'H¿QLWLYH� VXUJLFDO�PDQDJHPHQW�
ZLWK� ULJLG� SRVWHULRU� LQVWUXPHQWDWLRQ�
DQG�IXVLRQ�ZDV�SHUIRUPHG�DV�VRRQ�DV�
SK\VLRORJLFDOO\�SRVVLEOH��)LJXUHV���	����

2XWFRPHV
��3ULPDU\�RXWFRPHV��$YHUDJH�WLPH�

WR�GLDJQRVLV��PHDQ�LQLWLDO�DQG�¿QDO�$6,$�

PRWRU�VFRUHV�
�� 6HFRQGDU\� RXWFRPHV��0RGDOLW\�

XVHG� IRU� GLDJQRVLV�� FOLQLFDO� HIIHFW� RI�
GHOD\HG�GLDJQRVLV��SRWHQWLDO�FOLQLFDO�RU�
LPDJLQJ�ZDUQLQJ�VLJQV��DQG�UHVSRQVH�
WR� WUHDWPHQW��0HDQV�ZHUH� FRPSDUHG�
XVLQJ�WKH�VWXGHQW�W�WHVW�

5HVXOWV
��&UDQLRFHUYLFDO�GLVVRFLDWLRQ��&&'��

ZDV�LGHQWL¿HG�RQ�LQLWLDO�FHUYLFDO�VSLQH�
LPDJLQJ� LQ� ��� SDWLHQWV� ������� 7KH�
UHPDLQLQJ� �� SDWLHQWV� ������ ZHUH�
GLDJQRVHG�E\�FHUYLFDO�VSLQH�05,��

�� 7ZHQW\�VL[� SDWLHQWV� ��������
ZHUH� GLDJQRVHG� ZLWKLQ� ��� KRXUV�
RI� SUHVHQWDWLRQ�� �� �������� ZHUH�
GLDJQRVHG�EHWZHHQ����DQG����KRXUV��
DQG����������H[SHULHQFHG�D�GHOD\�RI�
JUHDWHU�WKDQ����KRXUV��7DEOH�����

�� %\� FRPSDULVRQ�� �� ������ RI�
WKH� SUHYLRXVO\� WUHDWHG� ��� SDWLHQWV�
ZHUH� GLDJQRVHG� RQ� LQLWLDO� FHUYLFDO�
VSLQH� LPDJLQJ�� )RXU� SDWLHQWV� ������
ZHUH� GLDJQRVHG� ZLWKLQ� ��� KRXUV� RI�
SUHVHQWDWLRQ����������ZHUH�GLDJQRVHG�
EHWZHHQ����DQG����KRXUV��DQG���������
H[SHULHQFHG� D� GHOD\� RI� JUHDWHU� WKDQ�
���KRXUV�

� � 7KHUH � ZHUH � QR � FDVHV � R I�
FUDQLRFHUYLFDO� SVHXGDUWKURVLV� RU�
KDUGZDUH� IDLOXUH� GXULQJ� D� PHDQ�
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)LJXUH����,QLWLDO�ODWHUDO�&�VSLQH�UDGLRJUDSK�REWDLQHG�DV�SDUW�
RI� WKH� LQLWLDO� $7/6� VXUYH\� GHPRQVWUDWLQJ� DQ� RFFLSXW±&��
GLVWUDFWLYH�LQMXU\�

)LJXUH����6DJLWWDO�&�VSLQH�&7�VFDQ�REWDLQHG�DV�SDUW�RI�
WKH� LQLWLDO� $7/6� VXUYH\� GHPRQVWUDWLQJ� DQ� RFFLSXW±&��
GLVWUDFWLYH�LQMXU\�

)LJXUH� ��� 3UH�RSHUDWLYH� FRURQDO� DQG� VDJLWWDO� 7��05,� VHTXHQFHV� GHPRQVWUDWLQJ�
LQFUHDVHG�VLJQDO�LQWHQVLW\�RQ�WKH�RFFLSXW�&��DQG�&����MRLQWV�

��PRQWK�IROORZ�XS�SHULRG��
��7KH�PHDQ�$PHULFDQ�6SLQDO�,QMXU\�

$VVRFLDWLRQ��$6,$��PRWRU�VFRUH�RI����
LPSURYHG� WR� ���� DQG� WKH� QXPEHU� RI�
SDWLHQWV� ZLWK� XVHIXO�PRWRU� IXQFWLRQ�
�$6,$�*UDGH�'�RU� (�� LQFUHDVHG� IURP�
��������SUHRSHUDWLYHO\� WR����������
SRVWRSHUDWLYHO\��7DEOH����

'LVFXVVLRQ
� � 'HVS L WH � GHPRQVWUDW LQJ� D�

VLJQLILFDQW� LPSURYHPHQW� LQ� WLPH� WR�
GLDJQRVLV�� WKH� VWXG\� ZDV� XQDEOH� WR�
GHPRQVWUDWH�D�VLJQL¿FDQW�LPSURYHPHQW�
LQ�¿QDO�$6,$�PRWRU�VFRUH�

�� 7KLV� VLJQL¿FDQW� LPSURYHPHQW� LQ�
WLPH� WR� GLDJQRVLV� FDQ� EH� H[SODLQHG�
LQ�SDUW�E\�WKH�URXWLQH�XVH�RI�FHUYLFDO�
VSLQH�&7�VFDQV�XVLQJ�UDSLG�DFTXLVLWLRQ�
WHFKQRORJ\� DV� SDUW� RI� WKH� $7/6�
HYDOXDWLRQ���

�� 'LIIHUHQFHV� LQ� OHQJWK� RI� IROORZ�
XS� PD\� DFFRXQW� IRU� WKH� ODFN� RI�
LPSURYHPHQW�LQ�¿QDO�$6,$�PRWRU�VFRUH�

�� 6WUHQJWKV�� 7KLV� LV� WKH� ODUJHVW�
VHULHV�RI�&&'�VXUYLYRUV�HYHU�UHSRUWHG�
LQ�WKH�OLWHUDWXUH�

�� /LPLWDWLRQV�� &DVH� FRQWURO� VWXG\�
GHVLJQ� DQG� UDUH� SDWKRORJ\� OLPLWV�
RXU� FDSDFLW\� WR� GHWHFW� VLJQLILFDQW�
GLIIHUHQFHV�EHWZHHQ�JURXSV�

&RQFOXVLRQ
��,PSURYHPHQWV�KDYH�EHHQ�PDGH�

LQ� WKH� WLPH� WR� GLDJQRVLV� RI� &&'� LQ�
UHFHQW�\HDUV�

�� ,QFUHDVHG� DZDUHQHVV� DQG� WKH�
URXWLQH� XVH� RI� &7� VFDQ� DV� SDUW� RI�
WKH� LQLWLDO� $7/6� HYDOXDWLRQ� DUH� OLNHO\�
UHVSRQVLEOH�IRU�WKLV�SURJUHVV��

� � ([SHG L WHG � G LDJQRV L V � KDV�

7DEOH����7LPH�WR�GLDJQRVLV�

7DEOH����0HDQ�$6,$�PRWRU�VFRUHV�
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)LJXUH� ��� 3RVW�RSHUDWLYH� ODWHUDO� &�VSLQH� UDGLRJUDSK�
VKRZLQJ�ULJLG�SRVWHULRU�LQVWUXPHQWHG�IXVLRQ�IURP�RFFLSXW�
WR�&��

GHFUHDVHG� SUHRSHUDWLYH� QHXURORJLFDO�
GHWHULRUDWLRQ��+RZHYHU��GLIIHUHQFHV�LQ�
OHQJWK� RI� IROORZ�XS� EHWZHHQ� WKH� WZR�
JURXSV� SUHFOXGH� FRQFOXVLRQV� DERXW�
LWV� HIIHFW� RQ� ORQJ�WHUP� QHXURORJLFDO�
RXWFRPH�

�� :RUN� WKDW� UHPDLQV� WR� EH�
GRQH� LQFOXGHV� HVWDEOLVKLQJ� QHZ�
&&'� FODVVLILFDWLRQ� V\VWHP�� ZKLFK�
G L I I H U H Q W L D W H V � D QD W RP L F � D QG�
ELRPHFKDQLFDO� FRQVLGHUDWLRQV� DQG�
JXLGHV�WUHDWPHQWV�DQG�RXWFRPHV�

5HIHUHQFHV�
���%HOODEDUED�&��0LU]D�6.��:HVW�*$��

HW�DO��������'LDJQRVLV�DQG�WUHDWPHQW�
RI�FUDQLRFHUYLFDO�GLVORFDWLRQ�LQ�D�VHULHV�
RI� ��� FRQVHFXWLYH� VXUYLYRUV� GXULQJ�
DQ���\HDU�SHULRG��-�1HXURVXUJ�6SLQH��
�������������

)LJXUH� ��� 3RVW�RSHUDWLYH� VDJLWWDO� &�VSLQH� UDGLRJUDSK�
VKRZLQJ�ULJLG�SRVWHULRU�LQVWUXPHQWHG�IXVLRQ�IURP�RFFLSXW�
WR�&���
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5LVN�)DFWRUV�IRU�6XUJLFDO�6LWH�,QIHFWLRQ�$IWHU�6SLQH�6XUJHU\

$EVWUDFW��,Q�WKLV�SURVSHFWLYH�FRKRUW�VWXG\��ZH�SHUIRUPHG�D�XQLYDULDWH�DQG�PXOWLYDULDWH�DQDO\VLV�RI�
ULVN�IDFWRUV�IRU�VXUJLFDO�VLWH�LQIHFWLRQ��66,��DIWHU�VSLQH�VXUJHU\���7KH�6SLQH�(QG�5HVXOWV�5HJLVWU\��6(55��
LV�DQ�,5%�DSSURYHG��SURVSHFWLYH�UHJLVWU\�RI�SDWLHQWV�ZKR�KDYH�XQGHUJRQH�VSLQH�VXUJHU\�LQ�WKH�8QL�
YHUVLW\�RI�:DVKLQJWRQ�0HGLFDO�&HQWHU�RU�+DUERUYLHZ�0HGLFDO�&HQWHU����:H�DQDO\]HG�WKH�GDWD�RI������
SDWLHQWV�ZKR�XQGHUZHQW�VSLQH�VXUJHU\�IURP������WR��������7KH�RXWFRPH�RI�PHDVXUH�ZDV�VXUJLFDO�VLWH�
LQIHFWLRQ�UHTXLULQJ�UHWXUQ�WR�WKH�RSHUDWLQJ�WKHDWUH�IRU�GHEULGHPHQW�DQG�LUULJDWLRQ���2XU�PXOWLYDULDWH�
DQDO\VLV�VXJJHVWHG�WKDW�UHYLVLRQ�VXUJHU\��REHVLW\��XQGHUO\LQJ�GLDJQRVLV��WUDXPD��QHRSODVP���VXUJL�
FDO�OHYHO��WKRUDFR�OXPEDU���DQG�VXUJLFDO�LQYDVLYHQHVV�ZHUH�ULVN�IDFWRUV�IRU�WKH�GHYHORSPHQW�RI�66,���

6WXG\�5DWLRQDOH�DQG�%DFNJURXQG�
1XPHURXV� VWXGLHV� KDYH� DQDO\]HG�

ULVN� IDFWRUV� IRU� 66,>���@�� � 5LVN�
IDFWRUV� VXJJHVWHG� KDYH� LQFOXGHG��
GLDEHWHV��VPRNLQJ��REHVLW\��GLDJQRVLV��
VXUJLFDO� OHYHO�� DSSURDFK� DQG� VXUJLFDO�
LQYDVLYHQHVV���3ULRU�VWXGLHV�H[DPLQLQJ�
WKLV�VXEMHFW�ZHUH�GRQH�UHWURVSHFWLYHO\�
DQG�ZLWK�UDQGRPO\�JHQHUDWHG�PDWFKHG�
FRQWURO�JURXSV�IRU�FRPSDULVRQ����7KH�
SXUSRVH�RI� WKH�SUHVHQW�VWXG\�ZDV� WR�
HYDOXDWH�ULVN�IDFWRUV�DQG�WKHLU�UHODWLYH�
ULVNV�IRU�66,�DIWHU�VSLQH�VXUJHU\�XVLQJ�
SURVSHFWLYH� FROOHFWHG� GDWD� IURP� WKH�
6(55�

&OLQLFDO�4XHVWLRQ�
��:KDW� DUH� ULVN� IDFWRUV� DQG� WKHLU�

UHODWLYH� ULVNV� IRU� 66,� DIWHU� VSLQH�
VXUJHU\"

0HWKRGV�
6WXG\�'HVLJQ
3URVSHFWLYH�FRKRUW�VWXG\

,QFOXVLRQ�DQG�([FOXVLRQ�&ULWHULD�
���$OO�SDWLHQWV�ZKR�XQGHUZHQW�VSLQH�

VXUJHU\�DW�8:0&�RU�+0&�IURP�-DQ��VW�
�����WR�'HF���VW������RYHU����\HDUV�
RI�DJH���

���:H�H[FOXGHG�SDWLHQWV�ZLWK�KLVWRU\�
RU�SULRU�VSLQDO�LQIHFWLRQ��DQG�SDWLHQWV�
ZKR� ZHUH� WDNHQ� WR� WKH� RSHUDWLQJ�
WKHDWUH� IRU�D�QRQ�LQYDVLYH�SURFHGXUH�
�L�H��FDVWLQJ��

2XWFRPHV�DQG�$QDO\VLV�
���7KH�SULPDU\�PHDVXUH�RI�RXWFRPH�

ZDV�VXUJLFDO�VLWH�LQIHFWLRQ�UHTXLULQJ�,9�
DQWLELRWLFV�ZLWK� RU�ZLWKRXW� UHWXUQ� WR�
WKH�RSHUDWLQJ�WKHDWUH�IRU�LUULJDWLRQ�DQG�
GHEULGHPHQW���

�� 8QLYDULDWH� DQDO\VLV� H[DPLQLQJ�
DJH�� GLDEHWHV�� VPRNLQJ�� REHVLW\��
JHQGHU�� DOFRKRO�� GUXJ� XVH�� &KDUOVRQ�
&R�0RUELGLW\� VFRUH�� UHYLVLRQ� VXUJHU\��
VXUJLFDO� OHYHO�� VXUJLFDO� DSSURDFK��
GLDJQRVLV�� DQGVXUJLFDO� LQYDVLYHQHVV�
ZDV�SHUIRUPHG���

� � 0XOW LYDU LDWH� DQDO\V LV � ZDV�
SHUIRUPHG� DQDO\]LQJ� ULVN� IDFWRUV� LQ�
WKH�XQLYDULDWH�DQDO\VLV�WKDW�VXJJHVWHG�
VWDWLVWLFDO�VLJQL¿FDQFH��DQG�ULVN�IDFWRUV�
LGHQWL¿HG�E\�SUHYLRXV�OLWHUDWXUH���

��:H� XWLOL]HG� WKH� XQSDLUHG� WZR�
VDPSOH� W� WHVW� IRU� FRPSDULVRQ� RI�
FRQWLQXRXV� YDULDEOHV� DQG� SURSRUWLRQ�
DQDO\VLV�IRU�FRPSDULVRQ�RI�FDWHJRULFDO�
YDULDEOHV�

5HVXOWV�
�� 7KH� LQFLGHQFH� RI� 66,� UHTXLULQJ�

UHWXUQ�WR�WKH�25�IRU�ZDVKRXW�ZDV����
�����SDWLHQWV��

�� ,Q� WKH� XQLYDULDWH� DQDO\VLV�� ZH�
LGHQWL¿HG� UHYLVLRQ� VXUJHU\�� VXUJLFDO�
OHYHO� �WKRUDFR�OXPEDU�VDFUDO��� DQG�
VXUJLFDO� LQYDVLYHQHVV� DV� VWDWLVWLFDOO\�
VLJQL¿FDQW�ULVN�IDFWRUV�IRU�66,���2EHVLW\��
GLDJQRVLV� �WUDXPD�� QHRSODVP�� DQG�
&KDUOVRQ� FR�PRUELGLW\� DSSURDFKHG�
VWDWLVWLFDO�VLJQL¿FDQFH��7DEOH����

�� ,Q� WKH� PXOWLYDULDWH� DQDO\VLV��
GLDJQRVLV� �WUDXPD��� VXUJLFDO� OHYHO�
�WKRUDFR�OXPEDU�VDFUDO�� DQG� VXUJLFDO�
LQYDVLYHQHVV� ZHUH� LGHQWLILHG� DV�
VWDWLVWLFDOO\� VLJQLILFDQW� ULVN� IDFWRUV���
5HYLVLRQ�VXUJHU\��REHVLW\�DQG�D�WXPRU�
GLDJQRVLV� WUHQGHG� WRZDUGV� VWDWLVWLFDO�
VLJQL¿FDQFH��7DEOH����

��'LDEHWHV�DQG�VPRNLQJ�ZHUH�QRW�
VLJQL¿FDQW�ULVN�IDFWRUV�LQ�WKH�XQLYDULDWH�
RU�PXOWLYDULDWH�DQDO\VLV�

'LVFXVVLRQ�
���7KH�SUHVHQW�VWXG\¶V�PXOWLYDULDWH�

DQDO\VLV�LGHQWL¿HV�VXUJLFDO�LQYDVLYHQHVV��
VXUJLFDO�OHYHO��DQG�D�WUDXPD�GLDJQRVLV�
DV�VWDWLVWLFDOO\�VLJQL¿FDQW�ULVN�IDFWRUV

�� � :KLOH� REHVLW\�� GLDJQRVLV� RI�
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WXPRU��DQG�UHYLVLRQ�VXUJHU\�ZHUH�QRW�
REVHUYHG�WR�EH�VWDWLVWLFDOO\�VLJQL¿FDQW�
ULVN�IDFWRUV��WKHLU�UHODWLRQVKLS�ZLWK�66,�
WUHQGHG� WRZDUGV� VLJQL¿FDQFH�� �:LWK�
ODUJHU�QXPEHUV�WKLV�DVVRFLDWLRQ�PD\�EH�
EHWWHU�GH¿QHG���&OLQLFDOO\��EDVHG�RQ�RXU�
H[SHULHQFH�DQG�SULRU�VWXGLHV�ZH�UHJDUG�
WKHVH�DV�ULVN�IDFWRUV�IRU�66,>���@�

���'LDEHWHV�DQG�VPRNLQJ�KDYH�EHHQ�
VXJJHVWHG�WR�EH�ULVN�IDFWRUV�IRU�66,��EXW�
WKLV�ZDV�QRW�REVHUYHG�LQ�WKH�SUHVHQW�
VWXG\���7KLV�PD\�EH�UHÀHFWLYH�RI�RQH�
RI�WKH�ZHDNQHVVHV�RI�WKLV�VWXG\�LQ�WKDW�
WKHVH�GDWD�ZHUH�UHFRUGHG�DV�%RROHDQ�
YDULDEOHV� �\HV�QR��� � 7KH� VHYHULW\�
RI� GLDEHWHV� DQG� H[WHQW� RI� VPRNLQJ�
ZHUH� QRW� SURVSHFWLYHO\� UHFRUGHG���
)XUWKHU� DQDO\VLV� H[DPLQLQJ� SHUL�
RSHUDWLYH�JOXFRVH� OHYHOV��+HPRJORELQ�
$�&���H[WHQW�RI�FLJDUHWWH�VPRNLQJ�PD\�
SURYLGH�D�PRUH�DFFXUDWH�DVVHVVPHQW�
RI�WKH�UHODWLRQVKLS�EHWZHHQ�VPRNLQJ��
GLDEHWHV�DQG�66,���&OLQLFDOO\��ZH�UHJDUG�
GLDEHWHV�DQG�VPRNLQJ�WR�EH�ULVN�IDFWRUV�
IRU�66,�

&RQFOXVLRQV�
�� 7KH� SUHVHQW� VWXG\� LGHQWLILHV�

VXUJLFDO�OHYHO��GLDJQRVLV�RI�WUDXPD��DQG�

7DEOH���DQG��������OHIW��8QLYDULDWH�$QDO\VLV�RI�5HODWLYH�5LVN�IRU�6XUJLFDO�6LWH�,QIHFWLRQ������ULJKW��0XOWLYDULDWH�$QDO\VLV�RI�5HODWLYH�5LVN�
IRU�6XUJLFDO�6LWH�,QIHFWLRQ�

VXUJLFDO� LQYDVLYHQHVV� DV� VWDWLVWLFDOO\�
VLJQL¿FDQW�ULVN�IDFWRUV�IRU�66,�

���2EHVLW\��GLDJQRVLV�RI�WXPRU��DQG�
UHYLVLRQ� VXUJHU\� LV� OLNHO\� DVVRFLDWHG�
ZLWK�66�

5HIHUHQFHV
���2OVHQ��0�$���HW�DO���5LVN�IDFWRUV�

IRU� VXUJLFDO� VLWH� LQIHFWLRQ� DIWHU� ORZ�
WUDQVYHUVH� FHVDUHDQ� VHFWLRQ�� ,QIHFW�
&RQWURO�+RVS�(SLGHPLRO���������������
S����������GLVFXVVLRQ�������

��� )ULHGPDQ�� 1�'��� HW� DO��� 5LVN�
IDFWRUV� IRU� VXUJLFDO� VLWH� LQIHFWLRQ�
FRPSOLFDWLQJ� ODPLQHFWRP\�� ,QIHFW�
&RQWURO�+RVS�(SLGHPLRO���������������
S���������

���)DQJ��$���HW�DO���5LVN�IDFWRUV�IRU�
LQIHFWLRQ� DIWHU� VSLQDO� VXUJHU\�� 6SLQH�
�3KLOD� 3D� ������� ������ �������� S��
�������

���%URZQH��-�$���HW�DO���'LDEHWHV�DQG�
HDUO\�SRVWRSHUDWLYH�RXWFRPHV�IROORZLQJ�
OXPEDU�IXVLRQ��6SLQH��3KLOD�3D��������
��������������S���������

���%ODP��2�*���HW�DO���5LVN� IDFWRUV�
IRU�VXUJLFDO�VLWH�LQIHFWLRQ�LQ�WKH�SDWLHQW�
ZLWK� VSLQDO� LQMXU\�� 6SLQH� �3KLOD� 3D�
���������������������S����������
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9HWHUDQV

7KH� 3XJHW� 6RXQG� 9HWHUDQ¶V�
$GPLQLVWUDWLRQ� 0HGLFDO� &HQWHU�
�9$�� FRQWLQXHV� WR� EH� D� YHU\�

SRSXODU� URWDWLRQ� IRU� WKH�2UWKRSDHGLF�
UHVLGHQWV��:H�KDYH�D�JHQHUDO�WHUWLDU\�
FDUH� RUWKRSDHGLF� SUDFWLFH� DW� WKH� 9$�
DQG�ZH� VHH� SDWLHQWV� IURP� WKH� HQWLUH�
QRUWKZHVW�LQFOXGLQJ�$ODVND�DV�ZHOO�DV�
VWDWHV� RXWVLGH� RI� WKH�1RUWKZHVW��:H�
VHH� D� ZLGH� YDULHW\� RI� ERWK� JHQHUDO�
RUWKRSDHGLFV�� DV� ZHOO� DV� FRPSOH[�
RUWKRSDHGLF� SUREOHPV�� 7KLV� SDVW�
\HDU� ZH� SHUIRUPHG� DSSUR[LPDWHO\�
������FDVHV�DQG�UHPDLQHG�RQH�RI�WKH�
EXVLHVW� 9$� RUWKRSDHGLF� SURJUDPV� LQ�
WKH�FRXQWU\��

2XU� 8QLYHUVLW\� RI� :DVKLQJWRQ�
UHVLGHQWV� FRQWLQXH� WR� UDWH� WKH� 9$�
URWDWLRQ�DV�RQH�RI�WKHLU�IDYRULWHV��:KLOH�
FORVHO\� VXSHUYLVHG�� WKH\� DUH� JLYHQ�
JUDGXDWHG� UHVSRQVLELOLW\� WKURXJKRXW�
WKHLU� WUDLQLQJ� DW� WKH�9$��2XU� JRDO� DW�
WKH� 9$� LV� WR� WUDLQ� UHVLGHQWV� WKDW� DUH�
GHGLFDWHG� WR� FDULQJ� IRU� SDWLHQWV�ZLWK�
SRWHQWLDOO\� GLIILFXOW� VRFLRHFRQRPLF�
LVVXHV��DV�ZHOO�DV�UHVLGHQWV�ZKR�LI�WKH\�
VR�FKRRVH��ZRXOG�EH�DEOH�WR�JUDGXDWH�
IURP� RXU� UHVLGHQF\� DQG� DFKLHYH� D�
KLJK� OHYHO� RI� H[SHUWLVH� LQ� D� JHQHUDO�
RUWKRSDHGLF�SUDFWLFH�

5HVHDUFK�DW�WKH�9$�FRQWLQXHV�WR�EH�
UREXVW�� 7KH� 9$� &HQWHU� RI� ([FHOOHQFH�
IRU� /LPE� /RVV� DQG� 3UHYHQWLRQ� DQG�
3URVWKHWLF� (QJLQHHULQJ� LV� GLUHFWHG� E\�
%UXFH�6DQJHRU]DQ��0'��DQG�FR�GLUHFWHG�
E\�-RH�&]HUQLHFNL��0'��D�PHPEHU�RI�WKH�
'HSDUWPHQW�RI�5HKDELOLWDWLRQ�0HGLFLQH��
/LX�<DQJ��3K'��DQG�+RZDUG�$��&KDQVN\��
0'�GLUHFW�WKH�6DUFRPD�DQG�&DUWLODJH�
%LRORJ\�/DERUDWRU\�DQG�KDYH�GHYHORSHG�
XQLTXH� DQLPDO�PRGHOV� WR� VWXG\� WKH�
(:6�)/,�� VDUFRPD� IXVLRQ� SURWHLQ�
DQG� (6(7�� D� SURWHLQ� WKDW� DSSHDUV� WR�
SOD\� DQ� LPSRUWDQW� UROH� LQ� VNHOHWDO�
GHYHORSPHQW���5HVLGHQWV�DUH�LQYROYHG�
LQ� YDULRXV� SURMHFWV� LQ� ERWK� RI� WKHVH�
ODERUDWRULHV�� DV�ZHOO� DV�RWKHU� FOLQLFDO�
RXWFRPH�VWXGLHV�RI�SDWLHQWV�DW�WKH�9$

$V� WKH� FOLQLFDO� GHPDQGV� RQ� RXU�
VHUYLFH� KDYH� JURZQ� ZH� KDYH� EHHQ�
IRUWXQDWH�WR�KLUH�DQG�UHWDLQ�H[FHOOHQW�
VWDII��6WHYH�&DVRZLW]��3$�KDV�UHFHQWO\�
MRLQHG� 'XVWLQ� +LJEHH�� 3$&� DV� WKH�
SK\VLFLDQ�DVVLVWDQW� VWDOZDUWV� RI� RXU�
VXUJLFDO�VHUYLFH��-HQQ\�&KHQ�/DX��13��
6XH�*ULVFKRWW��13��0RQHWWH�0DQLR��51�
DQG�$QQHWWH�7HVWD��/31��PDQDJH�RXU�
EXV\� RXWSDWLHQW� FOLQLFV�� 2YHUVHHLQJ�

$�ELUG¶V�H\H�YLHZ�RI�3XJHW�6RXQG�9HWHUDQ¶V�$GPLQLVWUDWLRQ�0HGLFDO�&HQWHU�

WKH� HQWLUH� RUWKRSDHGLFV� HQWHUSULVH� LV�
RXU�$GPLQLVWUDWLYH�2I¿FHU�DQG�DUPHG�
IRUFHV� YHWHUDQ�� 5LFKPRQG� 6DQGHUV��
-RKQ� 6DFN�� 0'� VRPHKRZ� VWLOO� ¿QGV�
WLPH� WR� SUDFWLFH� KDQG� VXUJHU\� DW�
VHYHUDO�GLIIHUHQW�KRVSLWDOV��RQH�RI�WKHP�
IRUWXQDWHO\�EHLQJ�WKH�9$��)UHG�+XDQJ��
0'�DQG�0LNH�0F$GDP��0'�WZR�RI�RXU�
VWHOODU� IRUPHU� UHVLGHQWV� FRQWLQXH� WR�
PDLQWDLQ�D�SUHVHQFH�DW�WKH�9$�DQG�ZH�
DUH�IRUWXQDWH�WR�KDYH�WKHLU�LQYROYHPHQW�
LQ�WHDFKLQJ�DQG�FOLQLFDO�FDUH��$�SHUHQQLDO�
IDYRULWH�RI�RXU�UHVLGHQWV��SDWLHQWV�DQG�
VXUJLFDO�DWWHQGLQJV�LV�RXU�RUWKRSDHGLF�
FKDUJH�QXUVH�$QQH�'LQVPRUH��51���:H�
KDYH�EHHQ�IRUWXQDWH�WR�KDYH�$QQH�RQ�
RXU�VLGH�WR�NHHS�RXU�FRPSOH[�VXUJLFDO�
RSHUDWLRQ� UXQQLQJ� DV� VPRRWKO\� DV�
SRVVLEOH�

7KH� 3XJHW� 6RXQG� 9$� 0HGLFDO�
&HQWHU� LWVHOI� LV� XQGHUJRLQJ� D�PDMRU�
H[SDQVLRQ�ZLWK�WKH�DGGLWLRQ�RI�D�QHZ�
UHVHDUFK�EXLOGLQJ��DV�ZHOO�DV�H[WHQVLYH�
DGGLWLRQV� WR� WKH� FOLQLFDO� WRZHU� DQG�
WKH� DGGLWLRQ� RI� H[WHQVLYH� DERYH� DQG�
XQGHUJURXQG�SDUNLQJ�IDFLOLWLHV���$OO�RI�
WKLV� FRQVWUXFWLRQ� VKRXOG� LPSURYH� WKH�
TXDOLW\� RI� FDUH� IRU� RXU� YHWHUDQV� DQG�
WKHLU� IDPLOLHV� DQG� WKH� TXDOLW\� RI� WKH�
ZRUN�HQYLURQPHQW�

/DVW�EXW�FHUWDLQO\�QRW�OHDVW��ZH�DUH�
YHU\�H[FLWHG�DERXW�WKH�UHFUXLWPHQW�RI�
-DVRQ�:LOFR[��0'��WR�D�IXOO�WLPH�SRVLWLRQ�
DW�WKH�9$�EHJLQQLQJ�WKLV�$XJXVW��-DVRQ�
JUDGXDWHG� IURP� WKH� 8QLYHUVLW\� RI�
:DVKLQJWRQ� 2UWKRSDHGLF� 5HVLGHQF\�
LQ� ����� DQG� LV� FXUUHQWO\� HQUROOHG� LQ�

D� 6SRUWV�0HGLFLQH� )HOORZVKLS� DW� WKH�
8QLYHUVLW\�RI�8WDK��:H�KDYH�QHYHU�KDG�
D� IHOORZVKLS� WUDLQHG� VSRUWV� VXUJHRQ�
EDVHG� DW� WKH�9$� DQG� WKXV� -DVRQ�ZLOO�
EULQJ�D�QHZ�GLPHQVLRQ�RI�RUWKRSDHGLF�
FDUH�WR�WKH�YHWHUDQV�RI�WKH�QRUWKZHVW��
'U�� :LOFR[� DOVR� KDV� DQ� LQWHUHVW� LQ�
RUWKRSDHGLF�RXWFRPH�VWXGLHV��DV�ZHOO�
DV�LQ�LVVXHV�SHUWDLQLQJ�WR�WKH�WUDLQLQJ�
RI� RUWKRSDHGLF� UHVLGHQWV�� -DVRQ� ZLOO�
EULQJ�IUHVK�LQVLJKWV�DQG�HQHUJ\�WR�RXU�
SURJUDP�DV�ZH�PRYH�IRUZDUG��)LQDOO\��
ZH� KDYH� DFWLYH� SODQV� WR� UHFUXLW� LQ�
FRQMXQFWLRQ�ZLWK�RXU�DFDGHPLF�SDUWQHUV�
DQ� DGGLWLRQDO� VXUJHRQ� WR� GHYHORS� D�
VSLQH�SURJUDP�DW�WKH�9$�

+RZDUG�$��&KDQVN\��0�'�
3URIHVVRU�DQG�9LFH�&KDLU
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3HGLDWULFV

7KH�'HSDUWPHQW� RI� 2UWKRSHGLFV�
VSHFLDOL]HV� LQ� SURYLGLQJ� WKH�
KLJKHVW�TXDOLW\� SHGLDWULF� FDUH�

IRU� ERWK� JHQHUDO� DQG� VSHFLDOL]HG�
SHGLDWULF� RUWKRSHGLF� SUREOHPV� WR�
SDWLHQWV�LQ�WKH�1RUWKZHVW��2XU�VLWHV�RI�
FOLQLFDO�FDUH�LQFOXGH�6HDWWOH�&KLOGUHQ¶V�
+RVSLWDO� DQG� ORFDWLRQV� LQ� %HOOHYXH��
)HGHUDO�:D\��2O\PSLD�DQG�(YHUHWW�DV�
ZHOO� DV� RXWUHDFK� IDFLOLWLHV� LQ� <DNLPD��
:HQDWFKHH�� DQG� WKH� 7UL�&LWLHV� LQ�
:DVKLQJWRQ�DQG�LQ�$QFKRUDJH��$ODVND��
2XU� FOLQLFDO� YROXPHV� KDYH� LQFUHDVHG�
���� LQ� WKH� SDVW� ¿YH� \HDUV�� DQG� RXU�
DFFHVV� WLPH�KDV�GHFUHDVHG� IURP�RQH�
PRQWK� WR� RQH� ZHHN�� $FFRUGLQJ� WR�
SDWLHQW�IDPLO\� VXUYH\V�� RXU� TXDOLW\�
RI� FDUH� KDV� LPSURYHG� DQG� KDV� EHHQ�
LQWHJUDWHG�LQWR�DOO�DVSHFWV�RI�FDUH�ZLWK�
RXU�9DOXH�6WUHDP�ZRUN�DW�WKH�KRVSLWDO��
2XU�IDFXOW\��LQFOXGLQJ�VRPH�RI�WKH�PRVW�
DFFRPSOLVKHG� SHGLDWULF� RUWKRSHGLF�
VXUJHRQV�LQ�1RUWK�$PHULFD��LV�GHGLFDWHG�
WR�SURYLGLQJ�LPPHGLDWH�DFFHVV�DQG�FDUH�
WR�DOO�FKLOGUHQ�LQ�RXU�UHJLRQ��(DFK�\HDU��
ZH� WUHDW� ������ SHGLDWULF� IUDFWXUHV�
LQ� DGGLWLRQ� WR� VSLQDO� GHIRUPLWLHV��
SHGLDWULF�IRRW�DQG�KDQG�GHIRUPLWLHV�DQG�
PXVFXORVNHOHWDO�WXPRUV�DQG�LQIHFWLRQV��

:H� FROODERUDWH� ZLWK� RXU� SHGLDWULF�
FROOHDJXHV� RQ� WUHDWLQJ� FRPSOLFDWHG�
QHXURPXVFXODU� GLVRUGHUV�� LQFOXGLQJ�
FHUHEUDO�SDOV\�DQG�P\HORPHQLQJRFHOH��
FRQJHQLWDO� GHIRUPLWLHV�� DQG� VNHOHWDO�
G\VSODVLDV�� LQFOXGLQJ� DFKRQGURSODVLD��
2XU� SHGLDWULF� VSRUWV� SURJUDP� KDV�
GHYHORSHG� D�PXOWLGLVFLSOLQDU\� VSRUWV�
VHUYLFH� GHGLFDWHG� WR� WKH� KHDOWKFDUH�
RI�DOO�SHGLDWULF�DWKOHWHV��3HGLDWULFLDQV��
UHKDELOLWDWLRQ� VSHFLDOLVWV�� SHGLDWULF�
FDUGLRORJLVWV�DQG�VSRUWV�SV\FKRORJLVWV�
SDUWLFLSDWH�LQ�RXU�SHGLDWULF�RUWKRSHGLF�
WHDP�� 2XU� JUHDWHVW� UHVRXUFH� LQ�
WKH� VSRUWV� SURJUDP� FRQVLVWV� RI� RXU�
&KLOGUHQ¶V�VSRUWV�WUDLQHUV��ZKR�SURYLGH�
VSRUWV�KHDOWKFDUH�WR����KLJK�VFKRROV�LQ�
WKH�6HDWWOH�%HOOHYXH�DUHD� LQ� DGGLWLRQ�
WR� PDQ\� FRPPXQLW\�EDVHG� VSRUWV�
SURJUDPV�� &KLOGUHQ¶V� WUDLQHUV� DOORZ�
RXU�SURJUDP�WR�FRQQHFW�ZHOO�ZLWK�WKH�
QHHGV�RI�RXU�FKLOGUHQ�DQG�WKHLU�IDPLOLHV��
:H�DUH�H[FLWHG� WR�EH�SDUW� RI�6HDWWOH�
&KLOGUHQ¶V� +RVSLWDO¶V� FRPSUHKHQVLYH�
LQLWLDWLYH�WR�LPSURYH�WKH�KHDOWK�RI�WKH�
\RXQJ�LQ�RXU�UHJLRQ�

(UQHVW�8��&RQUDG��0�'�
3URIHVVRU�DQG�9LFH�&KDLU

2XU�&KLOGUHQ¶V�6SRUWV�7UDLQHUV�DUH�SLFWXUHG�KHUH�ZLWK�EHQHIDFWRU�-DPDO�&UDZIRUG��FHQWHU���5DQLHU�%HDFK�+LJK�6FKRRO���1DWLRQDO�%DVNHWEDOO�
$VVRFLDWLRQ¶V�$WODQWD�+DZNV��DQG�0RQLTXH�%XUWRQ��IDU�ULJKW���RXU�3HGLDWULF�6SRUWV�0HGLFDO�'LUHFWRU�
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2XU�)DFLOLWLHV

7KH�8QLYHUVLW\�RI�:DVKLQJWRQ�'HSDUWPHQW�RI�2UWKRSDHGLFV�DQG�6SRUWV�0HGLFLQH�XVHV�PDQ\�IDFLOLWLHV�DURXQG�
WKH�3XJHW�6RXQG�5HJLRQ��&KLHI�DPRQJ� WKHP� LV� WKH�8QLYHUVLW\�RI�:DVKLQJWRQ�0HGLFDO�&HQWHU� �8:0&���$�
����EHG�IDFLOLW\�ZLWK�RYHU������HPSOR\HHV��RXU�GHSDUWPHQW�RSHUDWHV�RQ�WKH�PDMRULW\�RI�RXU�SDWLHQWV�DW�WKLV�

ORFDWLRQ��8:0&�UHFHQWO\�H[SDQGHG�ZLWK�D�QHZ�6XUJHU\�3DYLOLRQ��ZKHUH�PDQ\�RI�RXU�KDQG��VKRXOGHU��HOERZ��KLS��DQG�
NQHH�RSHUDWLRQV�DUH�SHUIRUPHG���7KLV�IDFLOLW\�ZLOO�H[SDQG�DJDLQ�LQ�WKH�IDOO�RI������ZLWK�D�ODUJHU�QHRQDWDO�LQWHQVLYH�
FDUH�XQLW�WKDW�ZLOO�FDUH�IRU�XS�WR����QHZERUQV��D����EHG�DGXOW�DFXWH�FDUH�XQLW��DQG�DGGLWLRQDO�VSDFH�IRU�WKH�PRVW�
DGYDQFHG�GLDJQRVWLF�LPDJLQJ�WHFKQRORJ\��

7KH�%RQH�DQG�-RLQW�&HQWHU�LV�RXU�PDLQ�FOLQLF�DQG�RXW�SDWLHQW�XQLW��/RFDWHG�RQ�5RRVHYHOW�:D\��SDWLHQWV�DUH�VHHQ�
IRU�D�YDULHW\�RI�DLOPHQWV�IURP�VKRXOGHU�SDLQ�WR�EURNHQ�¿QJHUV�WR�DUWKULWLF�FRQGLWLRQV��0DQ\�RI�RXU�SDWLHQWV�VXIIHULQJ�
IURP�KDQG�LQMXULHV�DUH�WUHDWHG�DW�WKLV�ORFDWLRQ�ZLWK�VXUJHU\�DQG�SK\VLFDO�WKHUDS\��

+DUERUYLHZ� 0HGLFDO� &HQWHU� SURYLGHV� QXPHURXV�
RUWKRSHGLF�VHUYLFHV�LQFOXGLQJ�VNHOHWDO�UHDOLJQPHQWV�
DQG� VWDELOL]DWLRQV� XVLQJ� FORVHG�� SHUFXWDQHRXV��

H[WHUQDO�� DQG� LQWHUQDO� ¿[DWLRQ� WHFKQLTXHV�� 6LPLODUO\��
+DUERUYLHZ�WUHDWV�DVVRFLDWHG�VRIW�WLVVXH�LQMXULHV�XVLQJ�D�
YDULHW\�RI�PHWKRGV�

$V� D� /HYHO� ,� DGXOW� DQG� SHGLDWULF� WUDXPD� FHQWHU��
+DUERUYLHZ�FDUHV�IRU�VRPH�RI�WKH�PRVW�FRPSOH[�RUWKRSHGLF�
LQMXULHV�LQ�WKH�3DFL¿F�1RUWKZHVW��6HUYLFHV�LQFOXGH�FRPSOH[�
SHOYLF�DQG�DFHWDEXODU�IUDFWXUHV��D�OLPE�YLDELOLW\�VHUYLFH�IRU�
LQGLYLGXDOV�ZLWK�DPSXWDWLRQV��D�VSRUWV�PHGLFLQH�SURJUDP��
DV�ZHOO�DV�D�KDQG�FOLQLF��

7KH� 6LJYDUG� 7�� +DQVHQ� )RRW� DQG� $QNOH� ,QVWLWXWH�
SURYLGHV�FRQVXOWDWLRQ�DQG�VXUJLFDO�SURFHGXUHV�IRU�FRPSOH[�
IRRW�DQG�DQNOH�UHFRQVWUXFWLRQ�LQFOXGLQJ�JHQHWLF�DQRPDOLHV�
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$V�WHDP� SK\VLFLDQV� IRU� WKH� 8:� +XVNLHV�� RXU�
H[SHUWLVH�LV�LQ�WUHDWLQJ�DWKOHWLF�LQMXULHV�

:H�DUH�FRPPLWWHG�WR�SURYLGLQJ�FDUH�WR�LQMXULHV�
VXVWDLQHG� DW� DOO� OHYHOV� RI� SK\VLFDO� DFWLYLW\«ZKHWKHU�
D� ZHHNHQG� EDVNHWEDOO�ZDUULRU�� UHFUHDWLRQDO� VNLHU��
H[SHULHQFHG�PRXQWDLQHHU��RU�SURIHVVLRQDO�DWKOHWH���$W�WKH�
8:�6SRUWV�0HGLFLQH�&OLQLF�ZH�RIIHU�LQQRYDWLYH��DGYDQFHG�
DQG�PLQLPDOO\�LQYDVLYH�WUHDWPHQW�RSWLRQV�WR�JHW�DFWLYH�
LQGLYLGXDOV�³EDFN�LQ�WKH�JDPH �́

,Q�%HOOHYXH��ZH�KDYH�RXU�(DVWVLGH�6SHFLDOW\�&HQWHU���
7KLV� FOLQLF� LV� WKH� ¿UVW� RI� LWV� NLQG�� D� D�PXOWL�VSHFLDOW\�
RXWSDWLHQW�FDUH�FOLQLF�IHDWXULQJ�VRPH�RI�WKH�PRVW�KLJKO\�
TXDOLILHG�� H[SHULHQFHG� SK\VLFLDQV� WKH� 8QLYHUVLW\� RI�
:DVKLQJWRQ�KDV�WR�RIIHU�

:H� SURYLGH� FRPSUHKHQVLYH� FDUH� IRU� RUWKRSDHGLF�
LQMXULHV�WR�YHWHUDQV�RI�RXU�PLOLWDU\�DW�WKH�9HWHUDQ¶V�$IIDLUV�
3XJHW�6RXQG�+HDOWKFDUH�6\VWHP�6HDWWOH�'LYLVLRQ�

7KH�6HDWWOH�&DQFHU�&DUH�$OOLDQFH�XQLWHV�WKH�GRFWRUV�
IURP� )UHG� +XWFKLQVRQ� &DQFHU� 5HVHDUFK� &HQWHU�� 8:�
0HGLFLQH��DQG�6HDWWOH�&KLOGUHQ¶V�WR�IRUP�D�ZRUOG�FODVV�
WUHDWPHQW�FHQWHU�WKDW��SURYLGHV�DGYDQFHG�WKHUDSLHV�DQG�
FOLQLFDO�VWXGLHV�IRU�FDQFHUV�DQG�RWKHU�UHODWHG�GLVHDVHV��
2XU�VDUFRPD�VHUYLFH�VHHV�WKH�PDMRULW\�RI�WKHLU�SDWLHQWV�
DW�WKLV�IDFLOLW\�

,Q�DGGLWLRQ��RUWKRSDHGLF�FDUH� LV�SURYLGHG�DW�VHYHQ�
8:�0HGLFLQH�1HLJKERUKRRG�&OLQLFV��%HOOWRZQ��)DFWRULD��
)HGHUDO�:D\�� ,VVDTXDK�� .HQW�'HV�0RLQHV�� 6KRUHOLQH��
DQG�:RRGLQYLOOH��

DQG�WUDXPDWLF�LQMXU\��,QQRYDWLRQV�LQ�DQNOH�UHFRQVWUXFWLRQ�
KDYH�EHHQ�SLRQHHUHG�KHUH��$�SRGLDWU\� VHUYLFH� LV� DOVR�
DYDLODEOH�WKURXJK�WKH�LQVWLWXWH��

$�FRPSOH[�VSLQH�VHUYLFH�LV�RIIHUHG�LQ�FRQMXQFWLRQ�ZLWK�
+DUERUYLHZ¶V�'HSDUWPHQW�RI�1HXURORJLFDO�6XUJHU\��7KLV�
VHUYLFH�WUHDWV�LQMXULHV�WKDW�UHVXOW�LQ�VHYHUH�GDPDJH�WR�WKH�
VSLQDO�FROXPQ��ZKLFK�RIWHQ�FUHDWHV��FRPSUHVVHG�QHUYHV��
SDLQIXO�GLVF�GHJHQHUDWLRQ�RU�DEQRUPDO�PRYHPHQW�DQG�
DOLJQPHQW�RI�WKH�VSLQDO�FROXPQ�

0XOWLGLVFLSOLQDU\�UHVHDUFK�LQWR�LPSURYHG�RUWKRSDHGLF�
FDUH�FRQWLQXHV�DW�DOO�RXU�IDFLOLWLHV�DQG�IRFXVHV�RQ�QHFN�
LQMXULHV��RVWHRSRURVLV��DQG�DUWKULWLV�DW�WKLV�IDFLOLW\��

&KLOGUHQ¶V�RIIHUV�D�OHYHO�RI�GHGLFDWHG�SHGLDWULF�
H[SHUWLVH�WKDW�LV�XQPDWFKHG�LQ�WKH�UHJLRQ��
&KLOGUHQ¶V�+RVSLWDO�KDV�D�PHGLFDO�VWDII�RI�

DOPRVW�������SK\VLFLDQV�WKDW�LQFOXGHV�DOPRVW�����
KRVSLWDO�EDVHG� SK\VLFLDQV� DQG� ���� FRPPXQLW\�
SK\VLFLDQV�ZKR�UHIHU�DQG�FDUH�IRU�SDWLHQWV��7KHVH�
GRFWRUV�UHSUHVHQW�D�XQLTXH�WDOHQW�SRRO� WKDW�KDV�
HDUQHG�QDWLRQDO�UHFRJQLWLRQ�IRU�WKH�KRVSLWDO�DQG�
IRU�WKH�'HSDUWPHQW�RI�3HGLDWULFV�RI�WKH�8QLYHUVLW\�
RI�:DVKLQJWRQ�6FKRRO�RI�0HGLFLQH��ZKLFK�LV�EDVHG�
DW� &KLOGUHQ¶V�� 7KH�+RVSLWDO¶V� DI¿OLDWLRQ�ZLWK� WKH�
8:� KDV� KHOSHG� &KLOGUHQ¶V� EHFRPH� D� UHQRZQHG�
UHVHDUFK� FHQWHU� DQG� WR� VHUYH� DV� DQ� DFDGHPLF�
UHVRXUFH�IRU�WHDFKLQJ�IXWXUH�KHDOWK�FDUH�SURYLGHUV�
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5HVLGHQF\

:KR�$UH�7KH�2UWKRSDHGLF�6XUJHRQV�2I�7KH�7ZHQW\�)LUVW�&HQWXU\"

$V�ZH� HQWHU� WKLV� ³QHZ� HUD´� RI�
ZHOO� LQWHQGHG� EXW� ³LOO� GH¿QHG´�
KHDOWK� FDUH�� ,� DP� FRPIRUWHG�

NQRZLQJ� WKDW� DW� WKH� 8QLYHUVLW\� RI�
:DVKLQJWRQ�� WKH� W\SLFDO� RUWKRSDHGLF�
UHVLGHQW� UHSUHVHQWV� DQ� HQHUJHWLF��
HQWKXVLDVWLF� LQGLYLGXDO� ZKR� ORRNV�

IRUZDUG� WR� D� SURPLVLQJ� IXWXUH�� $�
IXWXUH�WKDW�DOORZV�WKHP�WR�SXUVXH�WKH�
PRVW�VLJQL¿FDQW�PRWLYDWLQJ�IDFWRUV�LQ�
FKRRVLQJ� 2UWKRSDHGLF� 6XUJHU\� DV� D�
OLYHOLKRRG��$�SURIHVVLRQ�WKDW�SURPSWV�
WKHP�WR�UHFRJQL]H�SUREOHPV��LGHQWL¿HV�
VROXWLRQV�DQG�DOORZV�WKHP�WR�H[HFXWH�

)LJXUH����2XU�3URJUDP�GLUHFWRU�'U��'RXJ�+DQHO�DQG�3URJUDP�&RRUGLQDWRU�$QJHOD�:HLVV�
FHOHEUDWH�D�YHU\�VXFFHVVIXO�PDWFK������

WKRVH�VROXWLRQV���7KH\��DV�D�JURXS��DUH�
PRUH� LQQDWHO\� WDOHQWHG� WKDQ� DW� DQ\�
WLPH�LQ�WKH�KLVWRU\�RI�WKLV�SURIHVVLRQ��
2XU� W\SLFDO� UHVLGHQW� QRZ� UHSUHVHQWV�
WKH� WRS� ���� RI� PHGLFDO� VFKRRO�
SHHUV�� DFKLHYHG� KRQRUV� LQ� VXUJLFDO�
DQG�PHGLFLQH� FOHUNVKLSV� DQG� VFRUHG�
DERYH� WKH� ��� SHUFHQWLOH� LQ� QDWLRQDO�
PHGLFDO� ERDUG� H[DPLQDWLRQV�� 7KH\�
DFWLYHO\�SDUWLFLSDWHG�LQ�WHDP�VSRUWV�RU�
VLPLODU�WLPH�FRQVXPLQJ�H[WUDFXUULFXODU�
DFWLYLWLHV� WKURXJKRXW�� KLJK� VFKRRO��
FROOHJH� DQG� PHGLFDO� VFKRRO�� 7KH\�
DVVXPHG�OHDGHUVKLS�DQG�WHDP�EXLOGLQJ�
SRVLWLRQV�DQG�ZHUH�UHFRJQL]HG�IRU�WKHLU�
DFKLHYHPHQWV��2QH�LQ�¿YH�DUH�ZRPHQ��
7KH\�DUH�D�JURXS�ZKR��ZKHQ�JLYHQ�D�
JRDO�DQG�WKH�WRROV�WR�DFKLHYH�WKDW�JRDO��
GR�VR��$�UHFHQW�H[DPSOH�RI�WKLV�LQ�RXU�
SURJUDP� LV� WKH� LPSURYHPHQW�VHHQ� LQ�
WKH��³2UWKRSDHGLF�,Q�7UDLQLQJ�([DP �́�
WKH� 2,7(�� 7KLV� DQQXDO� H[DPLQDWLRQ��
JLYHQ� WR� DOO� OHYHOV� RI� RUWKRSHGLF�
UHVLGHQWV��UHÀHFWV�DVVLPLODWLRQ�RI�EDVH�
NQRZOHGJH�LQ�PXVFXORVNHOHWDO�GLVHDVH�
DQG�WUHDWPHQW��$W�RXU�LQVWLWXWLRQ�LW�LV�
D�FORVHG�ERRN��SURFWRUHG�H[DPLQDWLRQ��
WDNHQ� E\� DOO� UHVLGHQWV� RQ� WKH� VDPH�
GD\� LQ� 1RYHPEHU�� $V� GLUHFWRU� RI�
WKLV� UHVLGHQF\� LW� LV� P\� EHOLHI� WKDW�
WKH� H[DPLQDWLRQ� UHÀHFWV� D� UHVLGHQWV�
SXUVXLW� RI� NQRZOHGJH� EH\RQG� WKH�
LPPHGLDWH�FOLQLFDO�VHWWLQJ��DQG�UHÀHFWV�
D�UHVLGHQWV�HIIRUWV�WR�UHDG�DQG�SXUVXH�
WKDW� NQRZOHGJH� RQ� WKHLU� RZQ�� 7KLV�
GLVFLSOLQHG�DSSURDFK�WR�VHOI�HGXFDWLRQ�
LV�DQ�HVVHQWLDO�WRRO�IRU�WKH�DGXOW�OHDUQHU��
DQG�HVWDEOLVKLQJ�WKRVH�SUDFWLFHV�QRZ�LV�
HVSHFLDOO\�LPSRUWDQW�IRU�FRQWLQXLQJ�VHOI�
HGXFDWLRQ�EH\RQG� UHVLGHQF\� WUDLQLQJ��
$QVZHULQJ�WKH�FKDOOHQJH��RXU�UHVLGHQWV�
KDYH�VWHDGLO\�UDLVHG�WKHLU�2,7(�VFRUHV��
ZKHQ� FRPSDUHG� DV� D� JURXS� WR� RWKHU�
RUWKRSDHGLF�UHVLGHQF\�SURJUDPV�LQ�WKH�
FRXQWU\��7KLV�\HDU�RXU�UHVLGHQWV�DV�D�
JURXS�VFRUHG�LQ�WKH���WK�SHUFHQWLOH��

7KLV� SXUVXLW� RI� NQRZOHGJH� LV�
UHÀHFWHG�LQ�WKH�VXFFHVV�DQG�XQHYHQWIXO�
SDVVDJH� RI� SDUW� �� RI� WKH� $PHULFDQ�
%RDUG� RI� 2UWKRSDHGLF� 6XUJHRQV�� WKH�
HVVHQWLDO� DFFUHGLWDWLRQ� H[DPLQDWLRQ�
LQ�WKLV�SURIHVVLRQ�����RI����UHVLGHQWV��
FRPSOHWLQJ� WKHLU� WUDLQLQJ� LQ� WKH� ODVW�
���\HDUV��VXFFHVVIXOO\�SDVVHG�RQ�WKH�
¿UVW� DWWHPSW� DQG� WKH� LQGLYLGXDO�ZKR�

)LJXUH����7KH�QHZ�+DUERUYLHZ�,6,6�ODE�KDV�SURYLGHG�D�QHZ�KRPH�IRU�RXU�FXVWRPDU\�
0RQGD\�PRUQLQJ�UHVLGHQW�FRQIHUHQFHV��,W�SURYLGHV�D�PRGHUQ�FRQIHUHQFH�VSDFH�GLUHFWO\�
QH[W�WR�D�JHQHURXV�KDQGV�RQ�WUDLQLQJ�DUHD��'U��$DURQ�&KDPEHUODLQ��3*<����DQG�'U��
%DUHL�RUJDQL]HG�WKH�LQDXJXUDO�VHVVLRQ�WKDW�WRRN�SODFH�$SULO��WK�������
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)LJXUH����2UWKRSDHGLF�UHVLGHQWV�SHUIRUPLQJ�FDGDYHU�GLVVHFWLRQV�LQ�WKH�QHZ�+0&�,6,6�
ODE�GXULQJ�0RQGD\�PRUQLQJ�WUDLQLQJ��)URP�OHIW�WR�ULJKW��-RVK�/LQGVH\�3*<����'HUHN�
5DLQV��3*<����-HQQLIHU�+DJHQ�3*<����*UDQW�/RKVH�3*<���

IDLOHG�RQ�KLV�¿UVW�DWWHPSW� VXFFHHGHG�
D�\HDU�ODWHU�

:KR� GLG� WKHVH� \RXQJ� VXUJHRQV�
EHFRPH"

)RXU�HQWHUHG�SULYDWH�JURXS�SUDFWLFH�
DIWHU� UHVLGHQF\�� ZKLOH� ��� SXUVXHG�
DQRWKHU�\HDU�RI�IRUPDO�HGXFDWLRQ��GRLQJ�
)HOORZVKLSV� WKURXJKRXW� WKH� FRXQWU\��
LQ�DOO�DVSHFWV�RI�2UWKRSDHGLFV���6SRUWV�
PHGLFLQH�� VSLQH�� VKRXOGHU� DQG� KDQG�
ZHUH� WKH�PRVW� FRPPRQO\� FRPSOHWHG�
IHOORZVKLSV��2I�WKHVH�����VHYHQ�MRLQHG�
DFDGHPLF� SURJUDPV�ZKLOH� WKH� RWKHUV�
HQWHUHG� SULYDWH� SUDFWLFH� DQG� KDYH�
EHFRPH� UHFRJQL]HG� OHDGHUV� LQ� WKHLU�
FRPPXQLWLHV�

0RVW�LPSRUWDQWO\�WR�WKLV�UHVLGHQF\�
SURJUDP�� RXU� IRUPHU� UHVLGHQWV�
UHFRJQL]LQJ� WKH� LPSRUWDQFH� RI� WKHLU�
³ERRN� NQRZOHGJH´� FRQW LQXH� WR�
JHQHURXVO\� VXSSRUW� WKH� UHVLGHQW¶V�
ERRN� DQG� HGXFDWLRQ� IXQG�� $V� IHGHUDO�
UHJXODWLRQ� RI� WKH�PHGLFDO� HTXLSPHQW�
LQGXVWU\� FRQWULEXWLRQ� WR� UHVLGHQW�
HGXFDWLRQ�LV�FXUWDLOHG��WKH�¿QDQFLQJ�RI�
UHVLGHQW� HGXFDWLRQ� DQG� UHVHDUFK� KDV�
EHFRPH�LQFUHDVLQJO\�EXUGHQVRPH��7KLV�
PDNHV�FRQWLQXHG�VXSSRUW�RI�RXU�IRUPHU�
UHVLGHQWV�DOO�WKH�PRUH�LPSRUWDQW��7KHLU�
KHOS�LV�GHHSO\�DSSUHFLDWHG��

:KDW�QH[W"
2XU� JRDO� UHPDLQV� XQFKDQJHG��

SURGXFLQJ�WKH�EHVW�WUDLQHG�2UWKRSDHGLF�
VXUJHRQV��QRW�RQO\�ZLWK�WKH�WRROV�ZH�

JLYH�WKHP�QRZ��EXW�E\�SURYLGLQJ�WKHP�
ZLWK� WKH� WRROV� WKDW� ZLOO� DOORZ� WKHP�
WR� FRQWLQXH� WR�PHHW� WKH� JRDOV� DQG�
FKDOOHQJHV�WKH�FRPLQJ�GHFDGHV�

'RXJ�3��+DQHO��0�'�
'LUHFWRU�RI�2UWKRSDHGLF�(GXFDWLRQ
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*UDGXDWLQJ�5HVLGHQWV

6HDQ�$PDQQ��0�'�
)ROORZLQJ� UHVLGHQF\�� 6HDQ� ZLOO� FRPSOHWH� DQ� DGXOW�

UHFRQVWUXFWLRQ� IHOORZVKLS� DW� &RORUDGR� -RLQW� 5HSODFHPHQW� LQ�
'HQYHU��&RORUDGR���+H�SODQV�WR�SUDFWLFH�LQ�WKH�0RXQWDLQ�:HVW�
UHJLRQ�

-HUHP\�%DXHU��0�'�
1H[W�\HDU�� -HUHP\�ZLOO� FRPSOHWH�D�3HGLDWULF�2UWKRSHGLFV�

)HOORZVKLS�DW� WKH�3RUWODQG�6KULQHUV�+RVSLWDO�� � )ROORZLQJ�KLV�
IHOORZVKLS�KH�DQG�KLV�ZLIH�6X]DQQH�SODQ�RQ�PRYLQJ�WR�HLWKHU�
XSVWDWH�1HZ�<RUN�RU�EDFN�WR�:DVKLQJWRQ�

$ULF�&KULVWDO��0�'�
)ROORZLQJ� UHVLGHQF\�� $ULF� ZLOO� FRPSOHWH� D� WRWDO�

MRLQW� DUWKURSODVW\� IHOORZVKLS� DW� 2UWKR&DUROLQD� LQ�
&KDUORWWH�� 1RUWK� &DUROLQD�� � 1H[W� \HDU� KH� DQG� KLV�ZLIH�
ZLOO� UHWXUQ�WR�SULYDWH�SUDFWLFH� LQ�(GPRQGV��:DVKLQJWRQ��

:HQG\�(PHUVRQ��0�'�
$IWHU� JUDGXDWLRQ��*ZHQGRO\Q�ZLOO� FRPSOHWH� D� VSRUWV�

PHGLFLQH� IHOORZVKLS� LQ�0LQQHDSROLV��0LQQHVRWD� DW� 75,$�
2UWKRSDHGLF�&HQWHU���$IWHU�FRPSOHWLRQ�RI�KHU�IHOORZVKLS��
VKH�SODQV� WR�SUDFWLFH� LQ� WKH�0LGZHVW� WR�EH�QHDU� IDPLO\�
DQG�IULHQGV�
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*UDGXDWLQJ�5HVLGHQWV

0LFKDHO�+ZDQJ��0�'�
)ROORZLQJ� UHVLGHQF\�� 0LFKDHO� ZLOO� FRPSOHWH� D� VSRUWV�

PHGLFLQH�IHOORZVKLS�DW�WKH�7DRV�2UWKRSDHGLF�,QVWLWXWH�LQ�1HZ�
0H[LFR���$IWHUZDUGV��KH�SODQV�WR�PRYH�WR�WKH�3RUWODQG�DUHD�ZLWK�
KLV�ZLIH�(ULFD�DQG�GDXJKWHU�(PLOLD�WR�SUDFWLFH�RUWKRSDHGLFV��

/HH�3DFH��0�'�
1H[W� \HDU� /HH� ZLOO� FRPSOHWH� D� IHOORZVKLS� LQ� SHGLDWULF�

RUWKRSHGLFV�DW�&KLOGUHQ¶V�+RVSLWDO�/RV�$QJHOHV�IROORZHG�E\�D�
IHOORZVKLS� LQ�VSRUWV�PHGLFLQH�DW�%RVWRQ�&KLOGUHQ¶V�+RVSLWDO���
$IWHU�FRPSOHWLRQ�RI�WKHVH�IHOORZVKLSV�KH�SODQV�WR�EH�D�SDUW�RI�
D�SHGLDWULF�VSRUWV�PHGLFLQH�SURJUDP�DW�D�FKLOGUHQ¶V�KRVSLWDO�
RQ�WKH�:HVW�&RDVW�

&KULVWRSKHU�:ROI��0�'�
$IWHU�JUDGXDWLRQ��&KULVWRSKHU�SODQV�WR�FRPSOHWH�D�VSLQH�

IHOORZVKLS�DW�8&/$�DQG�WKHQ�HQWHU�LQWR�SULYDWH�SUDFWLFH���

9LQNR�=ORPLVOLF��0�'�
)ROORZLQJ�UHVLGHQF\��9LQNR�ZLOO�FRPSOHWH�D�IHOORZVKLS�LQ�

VSLQH�VXUJHU\�DW�WKH�8QLYHUVLW\�RI�&DOLIRUQLD��6DQ�'LHJR�
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6LG�%DXFRP
6LG�%DXFRP�LV�IURP�6DOW�/DNH�&LW\��8WDK��+H�FRPSOHWHG�KLV�

XQGHUJUDGXDWH�HGXFDWLRQ�DQG�PHGLFDO�WUDLQLQJ�DW�WKH�8QLYHUVLW\�
RI�8WDK��$ZD\�IURP�ZRUN��KH�HQMR\V�¿VKLQJ��KLNLQJ��JROI��DQG�
VSHQGLQJ�WLPH�ZLWK�KLV�ZLIH�DQG�NLGV�

1DWKDQ�&ROHPDQ
1DWKDQ� &ROHPDQ� LV� IURP�*UDQG� 5DSLGV�� 0LQQHVRWD�� +H�

DWWHQGHG�FROOHJH�DW�WKH�8QLYHUVLW\�RI�6W��7KRPDV��)RU�PHGLFDO�
6FKRRO��KH�ZHQW�WR�-RKQ�+RSNLQV�LQ�%DOWLPRUH��0DU\ODQG��+H�LV�
PRVW�LQWHUHVWHG�LQ�VSRUWV�PHGLFLQH��,Q�KLV�IUHH�WLPH�KH�HQMR\V�
UXQQLQJ��F\FOLQJ��VQRZERDUGLQJ��DQG�SOD\LQJ�WKH�SLDQR��

-DFTXHV�+DFTXHERUG
-DFTXHV�+DFTXHERUG�LV�IURP�0DGLVRQ��:LVFRQVLQ��+H�

DWWHQGHG�FROOHJH�DW�/DZUHQFH�8QLYHUVLW\�DQG�FRPSOHWHG�
PHGLFDO�VFKRRO�DW�WKH�8QLYHUVLW\�RI�:LVFRQVLQ��+LV�PDLQ�
DUHDV�RI�FOLQLFDO�LQWHUHVW�DW�WKLV�WLPH�DUH�VSLQH�DQG�KDQG�
LQMXULHV�� 2XWVLGH� RI� KLV�PHGLFDO� LQWHUHVWV�� KH� HQMR\V�
ZLQGVXU¿QJ��VNLLQJ��KLNLQJ��DQG�WUDYHOLQJ�

1LFKRODV�,DQQX]]L
1LFKRODV�,DQQX]]L� LV� IURP�/HZLVYLOOH��1RUWK�&DUROLQD��

+H�DWWHQGHG�FROOHJH�DW�3ULQFHWRQ�8QLYHUVLW\��)RU�PHGLFDO�
VFKRRO��KH�DWWHQGHG�WKH�8QLYHUVLW\�RI�1RUWK�&DUROLQD�DW�
&KDSHO�+LOO��+LV�RUWKRSDHGLF�LQWHUHVWV�LQFOXGH�WUDXPD�DQG�
KDQG�LQMXULHV��,Q�KLV�VSDUH�WLPH��KH�OLNHV�UXQQLQJ��KLNLQJ��
UHDGLQJ��DQG�SKRWRJUDSK\�
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,QFRPLQJ�5HVLGHQWV

3DXO�.LP
)URP�2DNODQG��&DOLIRUQLD��3DXO�.LP�DWWHQGHG�WKH�8QLYHUVLW\�

RI�&DOLIRUQLD��,UYLQH��)RU�PHGLFDO�VFKRRO��KH�DWWHQGHG�:D\QH�
6WDWH�8QLYHUVLW\��&XUUHQWO\��KLV�RUWKRSDHGLF�LQWHUHVWV�LQFOXGH�
IRRW� DQG� DQNOH�� XSSHU� H[WUHPLW\� LQMXULHV�� DQG� WKH� KDQG��
:KHQ� DZD\� IURP� WKH�8QLYHUVLW\� RI�:DVKLQJWRQ�� KH� HQMR\V�
VQRZERDUGLQJ��ZRUNLQJ�RXW��WUDYHOLQJ��%%4�LQJ��PLFUREUHZV�	�
ZLQH��SOD\LQJ�7H[DV�+ROG�µHP�DQG�VSHQGLQJ�WLPH�ZLWK�KLV�ZLIH�

7HG�6RXVD
7HG�6RXVD�LV�IURP�0LVVRXOD��0RQWDQD��)RU�KLV�XQGHUJUDGXDWH�

HGXFDWLRQ��KH�DWWHQGHG�WKH�8QLYHUVLW\�RI�6RXWKHUQ�&DOLIRUQLD��
)RU�PHGLFDO� VFKRRO�� KH� JUDGXDWHG� IRUP� WKH� 8QLYHUVLW\� RI�
:DVKLQJWRQ��7UDXPD� LQMXULHV��DV�ZHOO�DV�VDUFRPD�DQG� UXUDO�
RUWKRSDHGLFV�� DUH� KLV�PDMRU� ¿HOGV� RI� FOLQLFDO� DQG� UHVHDUFK�
LQWHUHVWV��+H�HQMR\V�KRUVHEDFN�ULGLQJ��À\¿VKLQJ��VHD�ND\DNLQJ��
JROI��FRRNLQJ��DQG�JHWWLQJ�RXWVLGH�WR�HQMR\�WKH�RXWGRRUV�DQ\ZD\�
KH�FDQ�

1LFKRODV�:HJQHU
1LFKRODV� :HJQHU� LV� IURP� 2PDKD�� 1HEUDVND�� +H�

DWWHQGHG�FROOHJH�DW�WKH�8QLYHUVLW\�RI�6RXWKHUQ�&DOLIRUQLD�
DQG�PHGLFDO�VFKRRO�DW�1RUWKZHVWHUQ�8QLYHUVLW\��+LV�FOLQLFDO�
DQG�UHVHDUFK� LQWHUHVWV� LQFOXGH�WUDXPD��WRWDO� MRLQWV��DQG�
SHGLDWULFV�� +H� OLNHV� WR� VSHQG� KLV� IUHH� WLPH� WUDYHOLQJ��
UXQQLQJ�� WU\LQJ� RXW� QHZ� UHVWDXUDQWV�ZLWK� KLV�ZLIH�� DQG�
VSHQGLQJ�WLPH�ZLWK�IDPLO\�DQG�IULHQGV�

'DYLG�=HOWVHU
'DYLG� =HOWVHU� LV� IURP� 9DOHQFLD�� &DOLIRUQLD�� )RU� KLV�

XQGHUJUDGXDWH� HGXFDWLRQ�� KH� DWWHQGHG� WKH� 8QLYHUVLW\�
RI�&DOLIRUQLD��%HUNHOH\��)RU�PHGLFDO�VFKRRO��KH�DWWHQGHG�
:DVKLQJWRQ� 8QLYHUVLW\�� +DQG�� VKRXOGHU�� DQG� WUDXPD�
LQMXULHV�DUH�KLV�FXUUHQW�RUWKRSDHGLF�LQWHUHVWV��$ZD\�IURP�
KLV�UHVLGHQF\��KH�HQMR\V�PXVLF��VRFFHU��WKH�EHDFK��JRRG�
IRRG��DQG�ZLQH�DQG�EHHU�ZLWK�IULHQGV�
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)227�$1./(

63,1(

'DYLG�-��'DOVWURP��0�'� 6DUDK�6��+DQVORZ��0%%6

5RODQG�6��.HQW��0�'� 0D[LPLOLDQ�5HLQKROG��0�'�

%HQMDPLQ�:��6WHYHQV��0�'�

75$80$

-XOLXV�$��%LVKRS��0�'� :LOOLDP�:��&URVV��0�'� *UHJRU\�'��'LNRV��0�'�

'RQDOG�/��*ODVJRZ��0�'� 5��$OODQ�0DSOHV��0�'� &KULVWRSKHZ�0��0F$QGUHZ��0�'�

$ELOLR�$��5HLV��0�'�
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$&(V

(ULFD�0��%XUQV��0�'�

6+28/'(5�(/%2:

'DQLHO�5��+HDVWRQ��0�'�

21&2/2*<

.HYLQ�0��0DF'RQDOG��0�'�

3(',$75,&6

&UDLJ�6KDQN��0�'�
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)HOORZV
+$1'

'DYLG�*HUODFK��0�'� 'DYLG�+LRVKL�.DZDPXUD��0�'� 1LOSHVK�0DKHVK�3DWHO��0�'�

/HH�0��5HLFKHO��0�'�
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*UDQG�5RXQGV

7KH�1HZ�8:�2UWKRSDHGLF�*UDQG�5RXQGV�)RUPDW��
³'H¿QLQJ�6WDWH�2I�7KH�$UW��

0RQWKO\�8:�2UWKRSDHGLF�0LQL�6\PSRVLD´

7KH� 8QLYHUVLW\� RI� :DVKLQJWRQ�
'HSDUWPHQW�RI�2UWKRSDHGLFV�DQG�
6SRUWV� 0HGLFLQH� LV� SOHDVHG� WR�

DQQRXQFH�D�QHZ�IRUPDW�IRU�RXU�*UDQG�
5RXQGV� IRU� WKH� ���������� DFDGHPLF�
\HDU�� �$V�DQ� LQFRPLQJ�&KLHI� UHVLGHQW�
,� KDYH� EHHQ� LQYROYHG� ZLWK� ORRNLQJ�
LQWR�ZD\V�WR�HQKDQFH�GHOLYHU\�RI�RXU�
HGXFDWLRQDO� *UDQG� 5RXQGV� FRQWHQW�
WR� WKH� ODUJHVW� SRVVLEOH� DXGLHQFH��
,Q� UHVSRQVH� WR� WKLV� WDVN�� D� JURXS�
FRQVLVWLQJ�RI�P\VHOI��RXU�$FWLQJ�&KDLU�
'U�� -HQV� &KDSPDQ�� RXU� 3URJUDP�
'LUHFWRU�'U�� 'RXJ� +DQHO� DQG� RXU�
3URJUDP�&RRUGLQDWRU�$QJHOD�:HLVV�LQ�
FRQMXQFWLRQ�ZLWK�&RQQLH�5REHUWVRQ��
6HFUHWDU\�6HQLRU��FUHDWHG�D�QHZ�IRUPDW��
LGHQWL¿HG�D�QHZ�ORFDWLRQ�DQG�VRXJKW�WR�
HQJDJH�FRPPXQLW\�FROOHDJXHV�DV�ZHOO�
DV� DXGLHQFH� HQJDJHPHQW� E\� XWLOL]LQJ�
WKH�KHOS�RI�8:79��

,QYLWHG� H[SHUWV� LQFOXGH� 8:� DQG�
&RPPXQLW\� 2UWKRSDHGLF� 6XUJHRQV��
5HVHDUFK�)DFXOW\��9LVLWLQJ�3URIHVVRUV��
DQG�VSHFLDOLVWV�ZLWK�LQWHUHVWV�RI�PXWXDO�
FRQFHUQ��

2XU�NLFNRII�VHVVLRQ�WRRN�SODFH�$SULO�
�WK�������ZLWK�D�VSHFLDO�SUHVHQWDWLRQ�
FRQFHUQLQJ� WKH� WRSLF� RI� � ³'HOLYHULQJ�
2UWKRSDHGLF� FDUH� LQ� WLPHV� RI� D�
FDWDVWURSK\��7KH�+DLWL�H[SHULHQFH´�ZLWK�
OHFWXUHV�E\�'U��6DPLU�0HKWD��9LVLWLQJ�
$VVLVWDQW�3URIHVVRU�IURP�WKH�8QLYHUVLW\�
RI� 3HQQV\OYDQLD� DQG�'U�� -LP�.ULHJ�
IURP�RXU�RZQ�GHSDUWPHQW��3DUWLFLSDQWV�
LQFOXGHG�'UV��7RP�*UHHQ�DQG�/\OH�

*RDO��%LJ�SLFWXUH�WRSLFV�ZLWK�FRPPXQLW\�
DQG�LQWHUGLVFLSOLQDU\�DSSHDO
/RFDWLRQ�� )RHJH� $XGLWRULXP�� 8:�
*HQRPLFV�%XLOGLQJ��*URXQG�)ORRU
7LPH���VW�:HGQHVGD\�RI�PRQWK�������
������DP
)RUPDW��
��3*<���,QWURGXFWLRQ��FDVH�SUHVHQWDWLRQ�
DQG�VXEMHFW�HSLGHPLRORJ\
��([SHUWV�SURYLGH�WKHLU�YLHZ�SRLQWV
��,QWHUDFWLYH�&DVH�GLVFXVVLRQV
�� 8:79�*UDQG� 5RXQGV� WDSLQJ� �WRSLF�
EDVHG�

'U��-DPHV�.ULHJ�SUHVHQWV�KLV�H[SHULHQFHV�ZLWK�HPHUJHQF\�RUWKRSDHGLF�FDUH�LQ�+DLWL
GXULQJ�WKH�NLFN�RII�LQDXJXUDO�8:�2UWKRSDHGLF�0LQL�V\PSRVLD�RQ�$SULO��WK�
������7R�YLHZ�WKLV�HYHQW�SOHDVH�JR�WR�
KWWS���XZWY�RUJ�SURJUDPV�GLVSOD\HYHQW�DVS["U,' �����
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6RUHQVHQ� IURP� 9LUJLQLD� 0DVRQ� DQG�
'U��/HZ�=LUNOH�IURP�5LFKODQG��:$�ZKR�
UHÀHFWHG�RQ� WKHLU�RZQ�SHUVRQDO�+DLWL�
H[SHULHQFHV�

3OHDVH� VHH� WKH� VFKHGXOH� RQ� WKLV�
SDJH�IRU�VRPH�H[DPSOHV�RI�SDVW�DQG�
SODQQHG�IXWXUH�WRSLFV�

7KH�QHZ�YHQXH�SURYLGHV�HDV\�DFFHVV�
DQG�HJUHVV�IURP�,���LQ�D�VRSKLVWLFDWHG�
DQG� LQYLWLQJ� HQYLURQPHQW�� �:H� KRSH�
WKDW� ZLWK� WKLV� QHZ�PLQL�V\PSRVLXP�
IRUPDW�DQG�LWV�PRUH�GLUHFW�LQYROYHPHQW�
RI� WKH� PDQ\� H[SHUW� 2UWKRSDHGLF�
VXUJHRQV� LQ� RXU� UHJLRQ� DV� ZHOO� DV�
LQYLWHG�*XHVW�6SHDNHUV�ZLOO�SURYH�DQ�
HQJDJLQJ� DQG� YDOXDEOH� OHDUQLQJ� DQG�
FRQWLQXHG� HGXFDWLRQ� UHVRXUFH� IRU� DOO�
WKRVH� LQWHUHVWHG� LQ�PXVFXORVNHOHWDO�
PHGLFLQH� DQG� DOVR� SURYLGH� D� UHJXODU�
FRPPXQLW\�IRUXP�IRU�PHPEHUV�RI�RXU�
SURIHVVLRQ��)URP�D�UHVLGHQW�SHUVSHFWLYH�
ZH�ORRN�IRUZDUG�WR�FROODERUDWLQJ�ZLWK�
DQG�OHDUQLQJ�IURP�WKH�PDQ\�JLDQWV�RI�
2UWKRSDHGLFV�WKDW�VXUURXQG�XV�ZLWK�WKLV�
QHZ� IRUPDW�� �$OVR��DOO�*UDQG�5RXQGV�
V\PSRVLD� KDYH� EHHQ� DSSURYHG� IRU�
0HGLFDO� &RQWLQXLQJ� (GXFDWLRQ� FUHGLWV�
IRU�WKRVH�LQWHUHVWHG�LQ�UHFHLYLQJ�&0(�
FUHGLW�IRU�DWWHQGDQFH���:H�DSSUHFLDWH�
\RXU�VXSSRUW�

$DURQ�&KDPEHUODLQ��0�'�

'U��6DPLU�0HKWD��$VVLVWDQW�3URIHVVRU��'HSDUWPHQW�RI�2UWKRSDHGLF�6XUJHU\�
8QLYHUVLW\�RI�3HQQV\OYDQLD��UHÀHFWV�RQ�KLV�H[SHULHQFHV�ZLWK�3DUWQHUV�LQ
+HDOWK�GXULQJ�KLV�WLPH�LQ�+DLWL�

3OHDVH�DOVR�ORRN�IRU�VSHFLDO�DQQRXQFHPHQWV�IRU�QRWHG�YLVLWLQJ�*XHVW�/HFWXUHUV�RQ�1RYHPEHU��UG�������DQG�-DQXDU\��WK�DQG�$SULO�
�WK�������

Date 
Resident 
Organizer 

Experts Topic area Topic 

May 5, 
2010 

B. Daines 
H. Chansky, 

 D. Barei 
Adult Recon and Trauma Periprosthetic fractures 

June 2, 
2010 

B. Wiater 
S.K.Benirschke, 

W. Warme 
Trauma and 

Shoulder/Elbow 
Clavicle fractures: Controversies 

July 7, 
2010 

D. Rains 
K. Smith, 
C.J.Wahl 

Shoulder/Elbow Rotator Cuff Tears: update on controversies 

Aug. 4, 
2010 

G. Lohse 
L.Taitsman,  

I Abrass,  
W. McCormack 

Bone 
metabolism/epidemiology 

Fragility fracture: how to counter an epdiemic 

Sept. 1, 
2010 

J. Lindsay 
M. Neff,  

D. Beingessner 
Adult Recon Lung and Long bones 

Oct. 6, 
2010 

B. Amis 
M.B.Henley & 

L. Zirkle 
Trauma IM Nails: High or ‘low tech’? 

Dec. 1, 
2010 

A. Merritt 
S.T.Hansen 

TBD 
Foot & Ankle 

Comparative effectiveness: Ankle replacement or 
fusion? 

Feb. 2, 
2010 

M. Lyons 
D. Hanel, 
N.Vedder 

Hand 
Contemporary Perspectives in Distal Radius 

Fixation 
March 
2, 2010 

N. Sampatacos 
C.J.Wahl, 

TBD 
Sports Management of Cartilage injuries 

May 4, 
2010 

A. Bakker 
V. Mosca 
R. Vieth 

Pediatric Orthopaedics Clubfoot 

June 1, 
2010 

G. Blaisdell 
Tentative 

E.U. Conrad 
and H. Chansky 

Orthopaedic Oncology Tumors for the General Orthopaedist 
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5HVHDUFK�*UDQWV

1DWLRQDO�,QVWLWXWHV�RI�+HDOWK��1,+�

$JLQJ�5HODWHG�'HJUDGDWLRQ�LQ�%RQH�
0HFKDQRWUDQVGXFWLRQ
6XQGHU�6ULQLYDVDQ��3K�'�
7HG�6��*URVV��3K�'�

%ULHI�5HVW�,QWHUYDOV�$PSOLI\�WKH�5HVSRQVH�RI�%RQH�
0HFKDQLFDO�/RDGLQJ
7HG�6��*URVV��3K�'�
6WHYHQ�'��%DLQ��3K�'�
6XQGHU�6ULQLYDVDQ��3K�'�

&ROODJHQ�$VVHPEO\�LQ�7LVVXH�(QJLQHHUHG�&DUWLODJH
5XVVHOO�-��)HUQDQGHV��3K'

&ROODJHQV�RI�&DUWLODJH�DQG�WKH�,QWHUYHUWHEUDO��'LVF
'DYLG�5��(\UH��3K�'�

&ROODJHQ�&URVV�/LQNLQJ�LQ�6NHOHWDO�$JLQJ�DQG�'LVHDVHV
'DYLG�5��(\UH��3K�'�

'HVLJQ�&ULWHULD�IRU�7KHUDSHXWLF�)RRWZHDU�LQ�'LDEHWHV�
3HWHU�5��&DYDQDJK��3K�'��'�6F�

'LVXVH�,QGXFHG�2VWHRF\WH�+\SR[LD
7HG�6��*URVV��3K�'�
6WHYHQ�'��%DLQ��3K�'�
6XQGHU�6ULQLYDVDQ��3K�'�

6NHOHWDO�'\VSODVLDV
'DYLG�5��(\UH��3K�'�
5XVVHOO�-��)HUQDQGHV��3K�'�

1DWLRQDO�$HURQDXWLFV�DQG�6SDFH�$GPLQLVWUDWLRQ

$�4XDQWLWDWLYH�7HVW�RI�2Q�2UELW�([HUFLVH�
&RXQWHUPHDVXUHV�IRU�%RQH�'HPLQHUDOL]DWLRQ�8VLQJ�D�
%HGUHVW�$QDORJ
3HWHU�5��&DYDQDJK��3K�'��'�6F�

1DWLRQDO�6SDFH�%LRPHGLFDO�5HVHDUFK�,QVWLWXWH

0RQLWRULQJ�%RQH�+HDOWK�E\�'DLO\�/RDG�6WLPXOXV�
0HDVXUHPHQW�'XULQJ�/XQDU�0LVVLRQV
3HWHU�5��&DYDQDJK��3K�'��'�6F�

$Q�,QWHJUDWHG�0XVFXORVNHOHWDO�&RXQWHUPHDVXUH�
%DWWHU\�IRU�/RQJ�'XUDWLRQ�/XQDU�0LVVLRQ
3HWHU�5��&DYDQDJK��3K�'��'�6F

$�4XDQWLWDWLYH�7HVW�RI�2Q�2UELW�([HUFLVH�
&RXQWHUPHDVXUHV�IRU�%RQH�'HPLQHUDOL]DWLRQ�8VLQJ�D�
%HGUHVW�$QDORJ
3HWHU�5��&DYDQDJK��3K�'��'�6F�

([WHQW��&DXVHV��DQG�&RXQWHU�PHDVXUHV�RI�,PSDLUHG�
)UDFWXUH�+HDOLQJ�LQ�+\SRJUDYLW\
3HWHU�5��&DYDQDJK��3K�'��'�6F�

9HWHUDQV�$IIDLUV�5HKDELOLWDWLRQ�5HVHDUFK�DQG�
'HYHORSPHQW�6HUYLFH

(ZLQJ¶V�6DUFRPD�)XVLRQ�3URWHLQV�DQG�P51$�6SOLFLQJ�
)DFWRUV
+RZDUG�$��&KDQVN\��0�'�

5HGXFLQJ�,QWHUQDO�6WUHVVHV�LQ�'HIRUPHG�'LDEHWLF�)HHW
%UXFH�-��6DQJHRU]DQ��0�'�
3HWHU�5��&DYDQDJK��3K�'��'�6F�

6XUJLFDOO\�5HHVWDEOLVKLQJ�)RRW�6KDSH�LQ�6HYHUHO\�
'HIRUPHG�)ODWIHHW
%UXFH�-��6DQJHRU]DQ��0�'�

7UHDWPHQW�2XWFRPHV�IRU�$QNOH�$UWKULWLV
%UXFH�-��6DQJHRU]DQ��0�'�

9$�&HQWHU�RI�([FHOOHQFH�LQ�$PSXWDWLRQ�3UHYHQWLRQ�DQG�
3URVWKHWLF�(QJLQHHULQJ
%UXFH�-��6DQJHRU]DQ��0�'�

9$�0HULW�5HYLHZ�)XQFWLRQDO�$QDO\VLV�RI�(:6�)/,��
+RZDUG�$��&KDQVN\��0�'�

$�2��1RUWK�$PHULFD

$Q�2EVHUYDWLRQDO�6WXG\�$VVHVVPHQW�RI�6XUJLFDO�
7HFKQLTXHV�IRU�7UHDWLQJ�&HUYLFDO�6SRQG\ORWLF�
0\HORSDWK\��&60�
-HQV�5��&KDSPDQ��0�'�

$Q�2EVHUYDWLRQDO�6WXG\�&RPSDULQJ�6XUJLFDO�WR�
&RQVHUYDWLYH�0DQDJHPHQW�LQ�WKH�7UHDWPHQW�RI�7\SH�,,�
2GRQWRLG�)UDFWXUHV�$PRQJ�WKH�(OGHUO\
-HQV�5��&KDSPDQ��0�'�

$2�1RUWK�$PHULFD�2UWKRSDHGLF�7UDXPD�)HOORZVKLS
%UXFH�-��6DQJHRU]DQ��0�'��

$2�6SLQH�1RUWK�$PHULFD�)HOORZVKLS
&DUOR�%HOODEDUED��0�'�

'RHV�7UDQVLHQW�0XVFOH�3DUDO\VLV�$OWHU�7UDEHFXODU�%RQH�
'HYHORSPHQW�LQ�*URZLQJ�0LFH"
7HG�6��*URVV��3K�'�

$VFHQVLRQ�2UWKRSHGLFV��,QF�

6DIHW\�DQG�(IIHFWLYHQHVV�6WXG\�RI�$VFHQVLRQ¶V�
3\UR&DUERQ�5DGLDO�+HDG�&RPSDUHG�WR�$VFHQVLRQ¶V�
0HWDO�5DGLDO�+HDG�WR�7UHDW�$UWKULWLV��)UDFWXUHV�RI�WKH�
5DGLDO�+HDG��5HOLHI�RI�6\PSWRPV�$IWHU�5DGLDO�+HDG�
5HVHFWLRQ��RU�5HYLVLRQ�RI�D�)DLOHG�5DGLDO�+HDG�,PSODQW
7KRPDV�(��7UXPEOH��0�'�

%LR$[RQH�7KHUDSHXWLTXH��,QF�

&HWKULQ�7ULDO
-HQV�5��&KDSPDQ��0�'�
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5HVHDUFK�*UDQWV

%RVWRQ�0HGLFDO�&HQWHU

,QWUDPHGXOODU\�1DLOV�YHUVXV�3ODWH�)L[DWLRQ�
5H�(YDOXDWLRQ�6WXG\�LQ�3UR[LPDO�7LELD�)UDFWXUHV�D�
0XOWL�&HQWHU�5DQGRPL]HG�7UDLO�&RPSDULQJ�1DLOV�DQG�
3ODWHO�)L[DWLRQ
5REHUW�3��'XQEDU��0�'�

'H3X\�6SLQH��,QF���-RKQVRQ�	�-RKQVRQ��,QF��

&OLQLFDO�6SLQH�)HOORZVKLS�*UDQW
7KHRGRUH�$��:DJQHU��0�'�

.\SKRVLV�&RUUHFWLRQ�)URP�&RPELQHG�6PLWK�3HWHUVRQ
2VWHRWRP\�DQG�DQ�,QWHUERG\�6WUXW
0LFKDHO�-��/HH��0�'�

-RKQV�+RSNLQV�8QLYHUVLW\��-+8�

7KH�0DMRU�([WUHPLW\�7UDXPD�5HVHDUFK�&RQVRUWLXP
%UXFH�-��6DQJHRU]DQ��0�'��

1DWLRQDO�6FLHQFH�)RXQGDWLRQ

8QLYHUVLW\�RI�:DVKLQJWRQ�(QJLQHHUHG�%LRPDWHULDOV
3DXO�$��0DQQHU��0�'�

2UWKRSDHGLF�5HVHDUFK�DQG�(GXFDWLRQ�)RXQGDWLRQ�
�25()�

&OLQLFDO�(I¿FDF\�DQG�&RVW�,PSOLFDWLRQV�RI�$FXWH�%03��
'DYLG�3��%DUHL��0�'�

25()�7UDXPD�)HOORZVKLS�*UDQW
'DYLG�3��%DUHL��0�'�

2UWKRSDHGLF�5HVHDUFK�	�(GXFDWLRQ�)RXQGDWLRQ�
)HOORZVKLS�*UDQW
(UQHVW�8��&RQUDG�,,,��0�'�

3HULRSHUDWLYH�(FRQRPLF�$QDO\VLV�RI�0LQLPDOO\�,QYDVLYH�
9HUVXV�7UDGLWLRQDO�7RWDO�.QHH�$UWKURSODVW\�
6HWK�6��/HRSROG��0�'�

2UWKRSDHGLF�7UDXPD�$VVRFLDWLRQ��27$�

'HYHORSPHQW�RI�)UDFWXUH�6SHFL¿F�0)$
%UDG�0��+HQOH\��0�'�

2VWH[�,QWHUQDWLRQDO��,QF�

0ROHFXODU�0DUNHUV�RI�&RQQHFWLYH�7LVVXH�'HJUDGDWLRQ
'DYLG�5��(\UH��3K�'�

3DUDGLJP�6SLQH�//&

$�0XWL�&HQWHU��3URVSHFWLYH��5DQGRPL]HG��&OLQLFDO�7ULDO�
&RPSDULQJ�6WDELOL]DWLRQ�ZLWK�&RÀH[�YV��3HGLFOH�6FUHZ�
)L[DWLRQ�DQG�)XVLRQ�DIWHU�'HFRPSUHVVLRQ�IRU�DW�/HDVW�
0RGHUDWH�/XPEDU�6SLQDO�6WHQRVLV
-HQV�5��&KDSPDQ��0�'�

6PLWK�	�1HSKHZ��,QF�

8QLYHUVLW\�RI�:DVKLQJWRQ�$UWKURVFRS\��5HVHDUFK�DQG�
7UDLQLQJ��$57��/DE
&KULVWRSKHU�-��:DKO��0�'�

6<17+(6

%LRPHFKDQLFDO�$QDO\VLV�RI�WKH�/HVV�,QYDVLYH�
6WDELOL]DWLRQ�6\VWHP�IRU�0HFKDQLFDOO\�8QVWDEOH�
)UDFWXUHV�RI�WKH�'LVWDO�)HPXU��&RPSDULVRQ�RI�
7LWDQLXP�YHUVXV�6WDLQOHVV�6WHHO�DQG�%LFRUWLFDO
YHUVXV�8QLFRUWLFDO�)L[DWLRQ
'DSKQH�0��%HLQJHVVQHU��0�'�

&OLQLFDO�([SHULHQFH�ZLWK�+LQGIRRW�$UWKURGHVLV�1DLO�IRU�
WKH�6XUJLFDO�7UHDWPHQW�RI�$QNOH�DQG�+LQGIRRW�
3DWKRORJLHV
6LJYDUG�7��+DQVHQ�-U���0�'�

352',6&�&�9HUVXV�$QWHULRU�&HUYLFDO�'LVFHFWRP\�DQG�
)XVLRQ��$&')�
-HQV�5��&KDSPDQ��0�'�
6WHYHQ�'��%DLQ��3K�'�
7HG�6��*URVV��3K�'�

5HJXODWLRQ�RI�%RQH�5HSDLU�E\�3K\VLRORJLF�/RDGLQJ
6WHYHQ�'��%DLQ��3K�'�
7HG�6��*URVV��3K�'�

6SLQH�(QG�5HVXOWV�5HVHDUFK�)XQG
)UHGHULFN�$��0DWVHQ�,,,��0�'�

7KH�5ROH�RI�0XVFOH�)XQFWLRQ�LQ�)UDFWXUH�+HDOLQJ��
'HYHORSPHQW�RI�D�7UDQVODWLRQDO�0RGHO
6HDQ�(��1RUN��0�'�
6WHYHQ�'��%DLQ��3K�'�
7HG�6��*URVV��3K�'�

7KH�%RHLQJ�&RPSDQ\

5DQGRPL]HG�&OLQLFDO�7ULDO�RI�2SHQ�YHUVXV�(QGRVFRSLF�
&DUSDO�7XQQHO�5HOHDVH�DQG�+DQG�7KHUDS\�&RPSDULQJ�
3DWLHQW�6DWLVIDFWLRQ��)XQFWLRQDO�2XWFRPH�DQG
&RVW�(IIHFWLYHQHVV
7KRPDV�(��7UXPEOH��0�'�

86�$UP\�5HVHDUFK�2I¿FH

'LJLW�5HJHQHUDWLRQ�LQ�0DPPDOV
&KULVWRSKHU�+��$OODQ��0�'�

8:�7HDP�$GYDQFH�RQ�6LQJOH�1XFOHDU�'HWHFWLRQ�DQG�
$WRPLF�6FDOH�,PDJLQJ
-RKQ�$��6LGOHV��3K�'�

86�'HSDUWPHQW�RI�(GXFDWLRQ�
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'HSDUWPHQW�3XEOLFDWLRQV����������

��� $ODQD\��<��HW�DO���0XWDWLRQV�LQ�WKH�JHQH�HQFRGLQJ�WKH�5(5�SURWHLQ�).%3���FDXVH�DXWRVRPDO�UHFHVVLYH�
RVWHRJHQHVLV�LPSHUIHFWD��$P�-�+XP�*HQHW���������������

��� $PLQLDQ��$���+RZH��&��5���6DQJHRU]DQ��%��-���%HQLUVFKNH��6��.���1RUN��6��(���DQG�%DUHL��'��3���,SVLODWHUDO�
WDODU�DQG�FDOFDQHDO�IUDFWXUHV��D�UHWURVSHFWLYH�UHYLHZ�RI�FRPSOLFDWLRQV�DQG�VHTXHODH��,QMXU\����������������������

��� %DPIRUG��1��6���:KLWH��.��.���5RELQHWW��6��$���2WWR��5��.���DQG�*RVSH��6��0���-U���1HXURPXVFXODU�KLS�
G\VSODVLD�LQ�&KDUFRW�0DULH�7RRWK�GLVHDVH�W\SH��$��'HY�0HG�&KLOG�1HXURO����������������������

��� %DUHL��'��3���6KDIHU��%��/���%HLQJHVVQHU��'��0���*DUGQHU��0��-���1RUN��6��(���DQG�5RXWW��0��/���7KH�LPSDFW�
RI�RSHQ�UHGXFWLRQ�LQWHUQDO�¿[DWLRQ�RQ�DFXWH�SDLQ�PDQDJHPHQW�LQ�XQVWDEOH�SHOYLF�ULQJ�LQMXULHV��-�7UDXPD���������
�������

��� %DUQHV��$��0��HW�DO���/DFN�RI�F\FORSKLOLQ�%�LQ�RVWHRJHQHVLV�LPSHUIHFWD�ZLWK�QRUPDO�FROODJHQ�IROGLQJ��1�(QJO�
-�0HG����������������

��� %HLQJHVVQHU��'���$GXOW�0RQWHJJLD�IUDFWXUHV��VXUJLFDO�WUHDWPHQW�DQG�PDQDJHPHQW�RI�FRPSOLFDWLRQV��&XUUHQW�
2UWKRSDHGLF�3UDFWLFH�������������������

��� %LJOLDQL��/��8���&R¿HOG��5��+���)ODWRZ��(��/���)XNXGD��+��$���+DZNLQV��5��-���0DWVHQ��)��$����UG��0RUULVRQ��
'��6���5RFNZRRG��&��$���-U���DQG�:DUUHQ��5��)���&KDUOHV�1HHU��RQ�WKH�JLDQW�RI�WKH�VKRXOGHU��-�6KRXOGHU�(OERZ�6XUJ��
�������������������

��� %ODFNPDQ��$��-���%OHYLQV��-��-���6DQJHRU]DQ��%��-���DQG�/HGRX[��:��5���&DGDYHULF�ÀDWIRRW�PRGHO��/LJDPHQW�
DWWHQXDWLRQ�DQG�$FKLOOHV�WHQGRQ�RYHUSXOO��-�2UWKRS�5HV������������������������

��� %UDQVIRUG��5���DQG�&KDQVN\��+���7URFKDQWHULF�FDEOH�PLJUDWLRQ�WKURXJK�WKH�SHULQHXP��(XURSHDQ�-RXUQDO�
RI�2UWKRSDHGLF�6XUJHU\�	�7UDXPDWRORJ\���������������������

���� %UDQVIRUG��5���)DOLFRY��$���1JX\HQ��4���DQG�&KDSPDQ��-���8QLODWHUDO�&���ODWHUDO�PDVV�VDJLWWDO�VSOLW�IUDFWXUH��
DQ�XQVWDEOH�-HIIHUVRQ�IUDFWXUH�YDULDQW��-�1HXURVXUJ�6SLQH����������������������

���� %UDQVIRUG��5���=KDQJ��)���%HOODEDUED��&���.RQRGL��0���DQG�&KDSPDQ��-��5���(DUO\�H[SHULHQFH�WUHDWLQJ�
WKRUDFLF�GLVF�KHUQLDWLRQV�XVLQJ�D�PRGL¿HG�WUDQVIDFHW�SHGLFOH�VSDULQJ�GHFRPSUHVVLRQ�DQG�IXVLRQ��-�1HXURVXUJ�6SLQH��
��������������

���� %UDQVIRUG��5���=KDQJ��)���%HOODEDUED��&���DQG�/HH��0���7UHDWLQJ�7KRUDFLF�'LVF�+HUQLDWLRQV��'R�:H�$OZD\V�
+DYH�WR�*R�$QWHULRUO\"�(YLGHQFH�%DVHG�6SLQH�&DUH�-RXUQDO��������������������

���� %UDQVIRUG��5��-���6WHYHQV��'��:���8\HML��6���%HOODEDUED��&���DQG�&KDSPDQ��-��5���+DOR�YHVW�WUHDWPHQW�RI�
FHUYLFDO�VSLQH�LQMXULHV��D�VXFFHVV�DQG�VXUYLYRUVKLS�DQDO\VLV��6SLQH��3KLOD�3D�����������������������������

���� %U\DQW��*��.���0RUVKHG��6���$JHO��-���+HQOH\��0��%���%DUHL��'��3���7DLWVPDQ��/��$���DQG�1RUN��6��(���,VRODWHG�
ORFNHG�FRPSUHVVLRQ�SODWLQJ�IRU�9DQFRXYHU�7\SH�%��SHULSURVWKHWLF�IHPRUDO�IUDFWXUHV��,QMXU\�����������������������

���� %XVKQHOO��%��'���0D\��5���&DPSLRQ��(��5���6FKPDOH��*��$���DQG�+HQGHUVRQ��5��&���+HPLHSLSK\VHRGHVLV�
IRU�ODWH�RQVHW�WLELD�YDUD��-�3HGLDWU�2UWKRS���������������������

���� &DOD¿��/��$���DQG�5RXWW��0��/���'LUHFW�KLS�MRLQW�GLVWUDFWLRQ�GXULQJ�DFHWDEXODU�IUDFWXUH�VXUJHU\�XVLQJ�WKH�
$2�XQLYHUVDO�PDQLSXODWRU��-�7UDXPD���������������

���� &DURQ��7���%UDQVIRUG��5���1JX\HQ��4���$JHO��-���&KDSPDQ��-���DQG�%HOODEDUED��&���6SLQH�)UDFWXUHV� LQ�
3DWLHQWV�:LWK�$QN\ORVLQJ�6SLQDO�'LVRUGHUV��6SLQH��3KLOD�3D�������

���� &DYDQDJK��3��5���*RSDODNULVKQDQ��5���5LFH��$��-���*HQF��.��2���0DHQGHU��&��&���1\VWURP��3��*���-RKQVRQ��
0��-���.XNOLV��0��0���DQG�+XPSKUH\V��%��7���$Q�DPEXODWRU\�ELRPHFKDQLFDO�GDWD�FROOHFWLRQ�V\VWHP�IRU�XVH�LQ�VSDFH��
GHVLJQ�DQG�YDOLGDWLRQ��$YLDW�6SDFH�(QYLURQ�0HG�����������������������

���� &KDPEHUODLQ��$��0���$QGHUVRQ��.��/���+RFK��%���7UXPEOH��7��(���DQG�:HLVVWHLQ��-��6���%HQLJQ�3DURVWHDO�
2VWHRFKRQGURPDWRXV�3UROLIHUDWLRQ�RI�WKH�+DQG�2ULJLQDOO\�'LDJQRVHG�DV�2VWHRFKRQGURPD��$�5HSRUW�RI�7ZR�&DVHV�
DQG�5HYLHZ��+DQG��1�<��������

���� &KDSPDQ��-��5���&ODVVL¿FDWLRQV�LQ�VSLQH��D�WHFWRQLF�VKLIW��6SLQH�-��������������������

���� &KULVWLDQVHQ��+��(��HW�DO���+RPR]\JRVLW\�IRU�D�PLVVHQVH�PXWDWLRQ�LQ�6(53,1+���ZKLFK�HQFRGHV�WKH�FROODJHQ�
FKDSHURQH�SURWHLQ�+63����UHVXOWV�LQ�VHYHUH�UHFHVVLYH�RVWHRJHQHVLV�LPSHUIHFWD��$P�-�+XP�*HQHW����������������

���� &OLQWRQ��-���)UDQWD��$���3ROLVVDU��1��/���1HUDGLOHN��%���0RXQFH��'���)LQN��+��$���6FKRXVERH��-��7���DQG�
0DWVHQ��)��$����UG��3UR[LPDO�KXPHUDO�IUDFWXUH�DV�D�ULVN�IDFWRU�IRU�VXEVHTXHQW�KLS�IUDFWXUHV��-�%RQH�-RLQW�6XUJ�$P��
��������������������

���� &RQUDG��(���%XUIRUG��1���0F'RQDOG��5���DQG�)HUJXVRQ��0��-���&RRUGLQDWLRQ�RI�DUVLQH�OLJDQGV�DV�D�JHQHUDO�
V\QWKHWLF�DSSURDFK�WR�UDUH�H[DPSOHV�RI�DUVHQLF�DQWLPRQ\�DQG�DUVHQLF�ELVPXWK�ERQGV��-�$P�&KHP�6RF�����������
�������������

���� 'DKO��0��&���$QDQWKDNULVKQDQ��'���1LFDQGUL��*���&KDSPDQ��-��5���DQG�&KLQJ��5��3���+HOPHW�DQG�VKRXOGHU�
SDG�UHPRYDO�LQ�IRRWEDOO�SOD\HUV�ZLWK�XQVWDEOH�FHUYLFDO�VSLQH�LQMXULHV��-�$SSO�%LRPHFK����������������������
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���� 'DKO��0��&���.UDPHU��3��$���5HLQKDOO��3��*���%HQLUVFKNH��6��.���+DQVHQ��6��7���DQG�&KLQJ��5��3���7KH�HI¿FDF\�
RI�XVLQJ�YLEURPHWU\�WR�GHWHFW�RVWHRLQWHJUDWLRQ�RI�WKH�$JLOLW\�WRWDO�DQNOH��-�%LRPHFK�

���� 'DLQHV��6��%���5RKU��(��6���3DFH��$��3���)DVVELQG��0��-���6DQJHRU]DQ��%��-���DQG�/HGRX[��:��5���&DGDYHULF�
VLPXODWLRQ�RI�D�SHV�FDYXV�IRRW��)RRW�$QNOH�,QW���������������������

���� 'HOOD�5RFFD��*��-���1RUN��6��(���%DUHL��'��3���7DLWVPDQ��/��$���DQG�%HQLUVFKNH��6��.���)UDFWXUHV�RI�WKH�
VXVWHQWDFXOXP�WDOL��LQMXU\�FKDUDFWHULVWLFV�DQG�VXUJLFDO�WHFKQLTXH�IRU�UHGXFWLRQ��)RRW�$QNOH�,QW�������������������
�����

���� 'LOORQ��(��5���%MRUQVRQ��.��)���-DIIH��.��0���+DOO��-��*���DQG�6RQJ��.���$PEXODWRU\�DFWLYLW\�LQ�\RXWK�ZLWK�
DUWKURJU\SRVLV��D�FRKRUW�VWXG\��-�3HGLDWU�2UWKRS���������������������

���� 'XQEDU��5��3���-U���*DUGQHU��0��-���&XQQLQJKDP��%���DQG�5RXWW��0��/���-U���6FLDWLF�QHUYH�HQWUDSPHQW�LQ�
DVVRFLDWHG�ERWK�FROXPQ�DFHWDEXODU�IUDFWXUHV��D�UHSRUW�RI���FDVHV�DQG�UHYLHZ�RI�WKH�OLWHUDWXUH��-�2UWKRS�7UDXPD��
������������������

���� (OJDI\��+���%UDQVIRUG��5���0F*XLUH��5���'HWWRUL��-���DQG�)LVFKHU��'���%ORRG�/RVV�LQ�0DMRU�6SLQH�6XUJHU\��
$UH�7KHUH�(IIHFWLYH�0HDVXUHV�WR�'HFUHDVH�0DVVLYH�+HPRUUKDJH�LQ�0DMRU�6SLQH�)XVLRQ�6XUJHU\"�6SLQH������6���
6���

���� (\UH��'��5���DQG�:HLV��0��$���7KH�+HOL[�,,�HSLWRSH��D�FDXWLRQDU\�WDOH�IURP�D�FDUWLODJH�ELRPDUNHU�EDVHG�
RQ�DQ�LQYDOLG�FROODJHQ�VHTXHQFH��2VWHRDUWKULWLV�&DUWLODJH���������������������

���� (\UH��'��5���:HLV��0��$���DQG�:X��-��-���&ROODJHQ�FURVV�OLQNLQJ��0DWXUDWLRQ�RI�GLYDOHQW�NHWR�LPLQHV�E\�DQ�
DOWHUQDWLYH�PHFKDQLVP�WR�S\ULGLQROLQH�IRUPDWLRQ�LQ�FDUWLODJH��-�%LRO�&KHP�

���� *DUGQHU��0��-���(YDQV��-��0���DQG�'XQEDU��5��3���)DLOXUH�RI�IUDFWXUH�SODWH�¿[DWLRQ��-�$P�$FDG�2UWKRS�6XUJ��
���������������������

���� *DUGQHU��0��-���)DUUHOO��(��'���1RUN��6��(���6HJLQD��'��1���DQG�5RXWW��0��/���-U���3HUFXWDQHRXV�SODFHPHQW�
RI�LOLRVDFUDO�VFUHZV�ZLWKRXW�HOHFWURGLDJQRVWLF�PRQLWRULQJ��-�7UDXPD����������������������

���� *DUGQHU��0��-���1RUN��6��(���+XEHU��3���DQG�.ULHJ��-��&���/HVV�ULJLG�VWDEOH�IUDFWXUH�¿[DWLRQ�LQ�RVWHRSRURWLF�
ERQH�XVLQJ�ORFNHG�SODWHV�ZLWK�QHDU�FRUWLFDO�VORWV��,QMXU\�

���� *DUGQHU��0��-���1RUN��6��(���+XEHU��3���DQG�.ULHJ��-��&���6WLIIQHVV�PRGXODWLRQ�RI�ORFNLQJ�SODWH�FRQVWUXFWV�
XVLQJ�QHDU�FRUWLFDO�VORWWHG�KROHV��D�SUHOLPLQDU\�VWXG\��-�2UWKRS�7UDXPD���������������������

���� *DUGQHU��0��-���2VJRRG��*���0ROQDU��5���DQG�&KLS�5RXWW��0��/���-U���3HUFXWDQHRXV�SHOYLF�¿[DWLRQ�XVLQJ�
ZRUNLQJ�SRUWDOV�LQ�D�FLUFXPIHUHQWLDO�SHOYLF�DQWLVKRFN�VKHHW��-�2UWKRS�7UDXPD����������������������

���� *HQF��.��2���+XPSKUH\V��%��7���DQG�&DYDQDJK��3��5���(QKDQFHG�GDLO\�ORDG�VWLPXOXV�WR�ERQH�LQ�VSDFHÀLJKW�
DQG�RQ�HDUWK��$YLDW�6SDFH�(QYLURQ�0HG�����������������������

���� *URVV��7��6���3ROLDFKLN��6��/���3UDVDG��-���DQG�%DLQ��6��'���7KH�HIIHFW�RI�PXVFOH�G\VIXQFWLRQ�RQ�ERQH�PDVV�
DQG�PRUSKRORJ\��-�0XVFXORVNHOHW�1HXURQDO�,QWHUDFW���������������

���� *X��1��<���:ROI��&���/HRSROG��6���0DQQHU��3��$���DQG�'RFWRU��-��1���$�FRPSDULVRQ�RI�SK\VLFLDQ�DQG�SDWLHQW�
WLPH�WUDGH�RIIV�IRU�SRVWRSHUDWLYH�KLS�RXWFRPHV��9DOXH�+HDOWK����������������������

���� +DWOHQ��7���6RQJ��.���6KXUWOHII��'���DQG�'XJXD\��6���&RQWULEXWRU\�)DFWRUV�WR�3RVWRSHUDWLYH�6SLQDO�)XVLRQ�
&RPSOLFDWLRQV�IRU�&KLOGUHQ�:LWK�0\HORPHQLQJRFHOH��6SLQH��3KLOD�3D�������

���� +DZNLQV��'��6���&RQUDG��(��8����UG��%XWU\QVNL��-��(���6FKXHW]H��6��0���DQG�(DU\��-��)���>)���@�ÀXRURGHR[\�
'�JOXFRVH�SRVLWURQ�HPLVVLRQ�WRPRJUDSK\�UHVSRQVH� LV�DVVRFLDWHG�ZLWK�RXWFRPH�IRU�H[WUHPLW\�RVWHRVDUFRPD� LQ�
FKLOGUHQ�DQG�\RXQJ�DGXOWV��&DQFHU�������������������������

���� +HLQHPDQ��'��-���3RROPDQ��5��:���1RUN�6HDQ��6��(���3RQVHQ��.��-���DQG�%KDQGDUL��0���3ODWH�¿[DWLRQ�RU�
LQWUDPHGXOODU\�¿[DWLRQ�RI�KXPHUDO�VKDIW�IUDFWXUHV��$FWD�2UWKRS����������������

���� +RZH��&���+XEHU��3���:ROI��)��0���DQG�0DWVHQ��)����UG��'LIIHUHQWLDO�VXWXUH�ORDGLQJ�LQ�DQ�H[SHULPHQWDO�URWDWRU�
FXII�UHSDLU��$P�-�6SRUWV�0HG���������������������

���� +RZOHWW��-��3���0RVFD��9��6���DQG�%MRUQVRQ��.���7KH�DVVRFLDWLRQ�EHWZHHQ�LGLRSDWKLF�FOXEIRRW�DQG�LQFUHDVHG�
LQWHUQDO�KLS�URWDWLRQ��&OLQ�2UWKRS�5HODW�5HV�����������������������

���� +ZDQJ��0��'���3HWWURQH��6���DQG�7UXPEOH��7��(���:RUN�RI�ÀH[LRQ�UHODWHG�WR�GLIIHUHQW�VXWXUH�PDWHULDOV�DIWHU�
ÀH[RU�GLJLWRUXP�SURIXQGXV�DQG�ÀH[RU�GLJLWRUXP�VXSHU¿FLDOLV�WHQGRQ�UHSDLU�LQ�]RQH�,,��D�ELRPHFKDQLFDO�VWXG\��-�
+DQG�6XUJ�$P���������������������

���� -HQVH��5��-���+RZH��&��5���%UDQVIRUG��5��-���:DJQHU��7��$���DQG�'XQEDU��3��-���8QLYHUVLW\�RI�:DVKLQJWRQ�
RUWKRSHGLF�UHVLGHQW�H[SHULHQFH�DQG�LQWHUHVW�LQ�GHYHORSLQJ�DQ�LQWHUQDWLRQDO�KXPDQLWDULDQ�URWDWLRQ��$P�-�2UWKRS�
�%HOOH�0HDG�1-����������(������������

���� .ULHJ��-��&���DQG�0LU]D��$���&DVH�UHSRUW��3DWHOOD�EDMD�DIWHU�UHWURJUDGH�IHPRUDO�QDLO�LQVHUWLRQ��&OLQ�2UWKRS�
5HODW�5HV�����������������������

���� /DLQJ��$���DQG�6DQJHRU]DQ��%���3RVW�WUDXPDWLF�5HFRQVWUXFWLRQ�RI�WKH�IRRW�DQG�DQNOH�3ULQFLSOHV�RI�FRUUHFWLRQ��
)X�	6SUXQJJHOHQN��������������������

���� /HH��0��-���'XPRQVNL��0���&KLOO��3���6WDQOH\��7���3DUN��'���DQG�6LQJK��.���3HUFXWDQHRXV� WUHDWPHQW�RI�
YHUWHEUDO�FRPSUHVVLRQ�IUDFWXUHV��D�PHWD�DQDO\VLV�RI�FRPSOLFDWLRQV��6SLQH��3KLOD�3D������������������������������
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���� /HH��0��-���DQG�/LQ��(��/���7KH�XVH�RI�WKH�WKUHH�SURQJHG�0D\¿HOG�KHDG�FODPS�UHVXOWLQJ�LQ�DQ�LQWUDFUDQLDO�
HSLGXUDO�KHPDWRPD�LQ�DQ�DGXOW�SDWLHQW��(XU�6SLQH�-�

���� /HH��0��-���DQG�5LHZ��.��'���7KH�SUHYDOHQFH�FHUYLFDO� IDFHW�DUWKURVLV��DQ�RVVHRXV�VWXG\� LQ�D�FDGYHULF�
SRSXODWLRQ��6SLQH�-��������������������

���� /HRSROG��6��6���0LQLPDOO\� LQYDVLYH� WRWDO�NQHH�DUWKURSODVW\� IRU�RVWHRDUWKULWLV��1�(QJO� -�0HG�����������
��������������

���� /LQNV��$��&���*UDXQNH��.��6���:DKO��&���*UHHQ��-��5����UG��DQG�0DWVHQ��)��$����UG��3URQDWLRQ�FDQ�LQFUHDVH�
WKH�SUHVVXUH�RQ�WKH�SRVWHULRU�LQWHURVVHRXV�QHUYH�XQGHU�WKH�DUFDGH�RI�)URKVH��D�SRVVLEOH�PHFKDQLVP�RI�SDOV\�DIWHU�
WZR�LQFLVLRQ�UHSDLU�IRU�GLVWDO�ELFHSV�UXSWXUH��FOLQLFDO�H[SHULHQFH�DQG�D�FDGDYHULF�LQYHVWLJDWLRQ��-�6KRXOGHU�(OERZ�
6XUJ��������������������

���� /LVOH��-��:���(DU\��-��)���2¶6XOOLYDQ��-���DQG�&RQUDG��(��8���5LVN�DVVHVVPHQW�EDVHG�RQ�)'*�3(7�LPDJLQJ�LQ�
SDWLHQWV�ZLWK�V\QRYLDO�VDUFRPD��&OLQ�2UWKRS�5HODW�5HV������������������������

���� /RZH��-��$���'HOOD�5RFFD��*��-���0XUWKD��<���/LSRUDFH��)��$���6WRYHU��0��'���1RUN��6��(���DQG�&ULVW��%��'���
&RPSOLFDWLRQV�DVVRFLDWHG�ZLWK�QHJDWLYH�SUHVVXUH�UHDPLQJ�IRU�KDUYHVWLQJ�DXWRORJRXV�ERQH�JUDIW��D�FDVH�VHULHV��-�
2UWKRS�7UDXPD���������������

���� /XULD��6���:DLWD\DZLQ\X��7���&RQQLII��-���0RUWRQ��+��-���1HPHFKHN��1��0���6RQQHQ��-��$���.DWROLN��/��,���
DQG�7UXPEOH��7��(���*ODWLUDPHU�DFHWDWH�LPPXQH�V\VWHP�DXJPHQWDWLRQ�IRU�SHULSKHUDO�QHUYH�UHJHQHUDWLRQ�LQ�UDW�
FUXVKHG�VFLDWLF�QHUYH�PRGHO��-�%RQH�-RLQW�6XUJ�$P�����������������

���� /\QFK��-��5���&OLQWRQ��-��0���'HZLQJ��&��%���:DUPH��:��-���DQG�0DWVHQ��)��$����UG��7UHDWPHQW�RI�RVVHRXV�
GHIHFWV�DVVRFLDWHG�ZLWK�DQWHULRU�VKRXOGHU�LQVWDELOLW\��-�6KRXOGHU�(OERZ�6XUJ����������������������

���� 0DKHVKZDUL��5���0DFN��&��'���.DXIPDQ��5��3���)UDQFLV��'��2���%XOJHU��(��0���1RUN��6��(���DQG�+HQOH\��0��
%���6HYHULW\�RI�LQMXU\�DQG�RXWFRPHV�DPRQJ�REHVH�WUDXPD�SDWLHQWV�ZLWK�IUDFWXUHV�RI�WKH�IHPXU�DQG�WLELD��D�FUDVK�
LQMXU\�UHVHDUFK�DQG�HQJLQHHULQJ�QHWZRUN�VWXG\��-�2UWKRS�7UDXPD���������������������

���� 0DUWLQ��%��,���7XUQHU��-��$���0LU]D��6��.���/HH��0��-���&RPVWRFN��%��$���DQG�'H\R��5��$���7UHQGV�LQ�KHDOWK�
FDUH�H[SHQGLWXUHV��XWLOL]DWLRQ��DQG�KHDOWK�VWDWXV�DPRQJ�86�DGXOWV�ZLWK�VSLQH�SUREOHPV�������������6SLQH��3KLOD�
3D������������������������������

���� 0DWVHQ��)��$����UG��2SHQ�URWDWRU�FXII�UHSDLU�ZLWKRXW�DFURPLRSODVW\��-�%RQH�-RLQW�6XUJ�$P��������������
�����

���� 0HKWD��6���0LU]D��$��-���'XQEDU��5��3���%DUHL��'��3���DQG�%HQLUVFKNH��6��.���$�VWDJHG�WUHDWPHQW�SODQ�IRU�
WKH�PDQDJHPHQW�RI�7\SH�,,�DQG�7\SH�,,,$�RSHQ�FDOFDQHXV�IUDFWXUHV��-�2UWKRS�7UDXPD���������������

���� 0RVFD��9���)OH[LEOH�)ODWIRRW�DQG�6NHZIRRW��'UHQQDQ¶V�7KH�&KLOG¶V�)RRW�DQG�$QNOH����������������

���� 0RVFD��9���&XUUHQW�&RQFHSWV�5HYLHZ��)OH[LEOH�ÀDWIRRW�LQ�FKLOGUHQ�DQG�DGROHVFHQWV��-�&KLOG�2UWKRS�������
��������������

���� 0RVFD��9���&DOFDQHDO�OHQJWKHQLQJ�RVWHRWRP\�IRU�WKH�WUHDWPHQW�RI�KLQGIRRW�YDOJXV�GHIRUPLW\��2SHUDWLYH�
7HFKQLTXHV�LQ�2UWKRSDHGLF�6XUJHU\�������

���� 0RVFD��9��6���5DJDE�$$��6WHZDUW�6/��&RRSHUPDQ�'5��,PSOLFDWLRQV�RI�6XEWDODU�-RLQW�$QDWRPLF�9DULDWLRQ�
LQ�&DOFDQHDO�/HQJWKHQLQJ�2VWHRWRP\��-�3HGLDWU�2UWKRS�����������������-�3HGLDWU�2UWKRS���������������������

���� 1LFDQGUL��*��7���&KDPEHUODLQ��$��0���DQG�:DKO��&�� -���3UDFWLFDO�PDQDJHPHQW�RI�NQHH�GLVORFDWLRQV��D�
VHOHFWLYH�DQJLRJUDSK\�SURWRFRO�WR�GHWHFW�OLPE�WKUHDWHQLQJ�YDVFXODU�LQMXULHV��&OLQ�-�6SRUW�0HG���������������������

���� 1LFDQGUL��*��7���'XQEDU��5��3���DQG�:DKO��&��-���$UH�HYLGHQFH�EDVHG�SURWRFROV�ZKLFK�LGHQWLI\�YDVFXODU�
LQMXU\�DVVRFLDWHG�ZLWK�NQHH�GLVORFDWLRQ�XQGHUXWLOL]HG"�.QHH�6XUJ�6SRUWV�7UDXPDWRO�$UWKURVF�������

���� 1LFDQGUL��*��7���7UXPEOH��7��(���DQG�:DUPH��:��-���/HVVRQV�OHDUQHG�IURP�D�FDVH�RI�SUR[LPDO�KXPHUDO�
ORFNHG�SODWLQJ�JRQH�DZU\��-�2UWKRS�7UDXPD����������������������

���� 3DFH��-��/���DQG�:DKO��&��-���$UWKURVFRS\�RI�WKH�SRVWHULRU�NQHH�FRPSDUWPHQWV��QHXURYDVFXODU�DQDWRPLF�
UHODWLRQVKLSV�GXULQJ�DUWKURVFRSLF�WUDQVYHUVH�FDSVXORWRP\��$UWKURVFRS\����������������

���� 3DUDGD��6��$���%HLQJHVVQHU��'��0���DQG�%DUHL��'��3���&DOFDQHXV�IUDFWXUH�UHGXFWLRQ�XVLQJ�D�QRYHO�WKUHDGHG�
ZLUH�WHFKQLTXH��WHFKQLTXH�WLS��)RRW�$QNOH�,QW���������������������

���� 3DUN��'��.���/HH��0��-���/LQ��(��/���6LQJK��.���$Q��+��6���DQG�3KLOOLSV��)��0���7KH�5HODWLRQVKLS�RI�,QWUDSVRDV�
1HUYHV�'XULQJ�D�7UDQVSVRDV�$SSURDFK�WR�WKH�/XPEDU�6SLQH��$QDWRPLF�6WXG\��-�6SLQDO�'LVRUG�7HFK�

���� 3ROLDFKLN��6��/���%DLQ��6��'���7KUHHW��'���+XEHU��3���DQG�*URVV��7��6���7UDQVLHQW�PXVFOH�SDUDO\VLV�GLVUXSWV�
ERQH�KRPHRVWDVLV�E\�UDSLG�GHJUDGDWLRQ�RI�ERQH�PRUSKRORJ\��%RQH���������������

���� 3XQW��6��(���(DU\��-��)���2¶6XOOLYDQ��-���DQG�&RQUDG��(��8���)OXRURGHR[\JOXFRVH�SRVLWURQ�HPLVVLRQ�WRPRJUDSK\�
LQ�OHLRP\RVDUFRPD��LPDJLQJ�FKDUDFWHULVWLFV��1XFO�0HG�&RPPXQ���������������������

���� 5LKQ��-��$���$QGHUVRQ��'��7���6DVVR��5��&���=GHEOLFN��7��$���/HQNH��/��*���+DUULV��0��%���&KDSPDQ��-��5���
DQG�9DFFDUR��$��5���(PHUJHQF\�HYDOXDWLRQ��LPDJLQJ��DQG�FODVVL¿FDWLRQ�RI�WKRUDFROXPEDU�LQMXULHV��,QVWU�&RXUVH�
/HFW�������������������

���� 5XVVHOO��*��9���*UDYHV��0��/���$UFKGHDFRQ��0��7���%DUHL��'��3���%ULHQ��*��$���-U���DQG�3RUWHU��6��(���7KH�
FODPVKHOO�RVWHRWRP\��D�QHZ�WHFKQLTXH�WR�FRUUHFW�FRPSOH[�GLDSK\VHDO�PDOXQLRQV��-�%RQH�-RLQW�6XUJ�$P���������
�������������
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���� 6DOW]PDQ��0���0HUFHU��'���%HUWHOVHQ��$���:DUPH��:���DQG�0DWVHQ��)���3RVWVXUJLFDO�FKRQGURO\VLV�RI�WKH�
VKRXOGHU��2UWKRSHGLFV�������������������

���� 6DOW]PDQ��0��'���0HUFHU��'��0���:DUPH��:��-���%HUWHOVHQ��$��/���DQG�0DWVHQ��)��$����UG��&RPSDULVRQ�RI�
SDWLHQWV�XQGHUJRLQJ�SULPDU\�VKRXOGHU�DUWKURSODVW\�EHIRUH�DQG�DIWHU�WKH�DJH�RI�¿IW\��-�%RQH�-RLQW�6XUJ�$P���������
�����

���� 6DPGDQL��$��)���6W�+LODLUH��7���(PDQV��-��%���6PLWK��-��7���6RQJ��.���&DPSEHOO��5��-���-U���DQG�%HW]��5��5���
7KH�XVHIXOQHVV�RI�9(375�LQ�WKH�ROGHU�FKLOG�ZLWK�FRPSOH[�VSLQH�DQG�FKHVW�GHIRUPLW\��&OLQ�2UWKRS�5HODW�5HV����������
������

���� 6DVVR��5��&���9DFFDUR��$��5���&KDSPDQ��-��5���%HVW��1��0���=GHEOLFN��7��$���DQG�+DUULV��0��%���6DFUDO�
IUDFWXUHV��,QVWU�&RXUVH�/HFW�������������������

���� 6LGOHV��-���*DUELQL��-���+DUUHOO��/���+HUR��$���-DFN\��-���0DOFRPE��-���1RUPDQ��$���DQG�:LOOLDPVRQ��$���
3UDFWLFDO�UHFLSHV�IRU�WKH�PRGHO�RUGHU�UHGXFWLRQ��G\QDPLFDO�VLPXODWLRQ�DQG�FRPSUHVVLYH�VDPSOLQJ�RI�ODUJH�VFDOH�
RSHQ�TXDQWXP�V\VWHPV��1HZ�-RXUQDO�RI�3K\VLFV�������������������

���� 6LGOHV��-��$���6SLQ�PLFURVFRS\¶V�KHULWDJH��DFKLHYHPHQWV��DQG�SURVSHFWV��3URF�1DWO�$FDG�6FL�8�6�$����������
�������������

���� 6NDJJV��'��/���&KRL��3��'���5LFH��&���(PDQV��-���6RQJ��.��0���6PLWK��-��7���DQG�&DPSEHOO��5��0���-U���
(I¿FDF\�RI�LQWUDRSHUDWLYH�QHXURORJLF�PRQLWRULQJ�LQ�VXUJHU\�LQYROYLQJ�D�YHUWLFDO�H[SDQGDEOH�SURVWKHWLF�WLWDQLXP�ULE�
IRU�HDUO\�RQVHW�VSLQDO�GHIRUPLW\��-�%RQH�-RLQW�6XUJ�$P�����������������������

���� 6RQJ��.��0���%RDWULJKW��.��&���'UDVVOHU��-���6WURP��0��6���1LOVVRQ��:��%���%HYDQ��:���DQG�%XUQV��-��/���7KH�
XVH�RI�SRO\PHUDVH�FKDLQ�UHDFWLRQ�IRU�WKH�GHWHFWLRQ�DQG�VSHFLDWLRQ�RI�EDFWHULDO�ERQH�DQG�MRLQW�LQIHFWLRQ�LQ�FKLOGUHQ��
-�3HGLDWU�2UWKRS���������������������

���� 6XPPHUV��+���.UDPHU��3���DQG�%HQLUVFKNH��6���3HGLDWULF�FDOFDQHDO�IUDFWXUHV��2UWKRSHGLF�5HYLHZV��������
H��������

���� 7DLWVPDQ��/��$���/\QFK��-��5���$JHO��-���%DUHL��'��3���DQG�1RUN��6��(���5LVN�IDFWRUV�IRU�IHPRUDO�QRQXQLRQ�
DIWHU�IHPRUDO�VKDIW�IUDFWXUH��-�7UDXPD�����������������������

���� 9LOHLN\WH��/��HW�DO���3UHGLFWRUV�RI�GHSUHVVLYH�V\PSWRPV�LQ�SHUVRQV�ZLWK�GLDEHWLF�SHULSKHUDO�QHXURSDWK\��
D�ORQJLWXGLQDO�VWXG\��'LDEHWRORJLD�������

���� 9LOHLN\WH��/���5XELQ��5��5���3H\URW��0���*RQ]DOH]��-��6���%RXOWRQ��$��-���8OEUHFKW��-��6���DQG�&DYDQDJK��3��
5���'LDEHWLF�IHHW��%U�-�*HQ�3UDFW���������������������

���� 9LOHOD��0��'���*HOIHQEH\Q��0���DQG�%HOODEDUED��&���8�VKDSHG�VDFUDO�IUDFWXUH�DQG�OXPERVDFUDO�GLVORFDWLRQ�
DV�D�UHVXOW�RI�D�VKRWJXQ�LQMXU\��FDVH�UHSRUW��1HXURVXUJHU\���������(�������GLVFXVVLRQ�(����������

���� :DKO��&��-���7XEEV��5��6���6SHQFHU��'��'���DQG�&RKHQ�*DGRO��$��$���+DUYH\�&XVKLQJ�DV�D�ERRN�FROOHFWRU��
ELEOLRSKLOH�� DQG� DUFKLYLVW�� WKH� SUHFHGHQFH� IRU� WKH� JHQHVLV� RI� WKH� %UDLQ� 7XPRU� 5HJLVWU\�� +LVWRULFDO� YLJQHWWH�� -�
1HXURVXUJ�����������������������

���� :DLWD\DZLQ\X��7���0F&DOOLVWHU��:��9���.DWROLN��/��,���6FKOHQNHU��-��'���DQG�7UXPEOH��7��(���2XWFRPH�DIWHU�
YDVFXODUL]HG�ERQH�JUDIWLQJ�RI�VFDSKRLG�QRQXQLRQV�ZLWK�DYDVFXODU�QHFURVLV��-�+DQG�6XUJ�$P����������������������

���� :DLWD\DZLQ\X��7���3IDHIÀH��+��-���0F&DOOLVWHU��:��9���1HPHFKHN��1��0���DQG�7UXPEOH��7��(���0DQDJHPHQW�
RI�VFDSKRLG�QRQXQLRQV��+DQG�&OLQ����������������

���� :HLV��0��$���+XGVRQ��'��0���.LP��/���6FRWW��0���:X��-��-���DQG�(\UH��'��5���/RFDWLRQ�RI���K\GUR[\SUROLQH�
UHVLGXHV�LQ�FROODJHQ�W\SHV�,��,,��,,,��DQG�9�;,�LPSOLHV�D�UROH�LQ�¿EULO�VXSUDPROHFXODU�DVVHPEO\��-�%LRO�&KHP����������
��������

���� :KHHOHU��-���6DQJHRU]DQ��$���&UDVV��6��0���6DQJHRU]DQ��%��-���%HQLUVFKNH��6��.���DQG�+DQVHQ��6��7���
/RFDOO\�JHQHUDWHG�ERQH�VOXUU\�DFFHOHUDWHG�DQNOH�DUWKURGHVLV��)RRW�$QNOH�,QW���������������������

���� :KLWH��.��.���6WHLQPDQ��6���DQG�0XEDUDN��6��-���&HUYLFDO�VWHQRVLV�DQG�VSDVWLF�TXDGULSDUHVLV�LQ�0RUTXLR�
GLVHDVH��036�,9���$�FDVH�UHSRUW�ZLWK�WZHQW\�VL[�\HDU�IROORZ�XS��-�%RQH�-RLQW�6XUJ�$P����������������������

���� :X��-��-���:HLV��0��$���.LP��/��6���&DUWHU��%��*���DQG�(\UH��'��5���'LIIHUHQFHV�LQ�FKDLQ�XVDJH�DQG�FURVV�
OLQNLQJ�VSHFL¿FLWLHV�RI�FDUWLODJH�W\SH�9�;,�FROODJHQ�LVRIRUPV�ZLWK�DJH�DQG�WLVVXH��-�%LRO�&KHP�������������������
�����

���� :X��-��-���:HLV��0��$���.LP��/��6���DQG�(\UH��'��5���7\SH�,,,�FROODJHQ��$�¿EULO�QHWZRUN�PRGL¿HU�LQ�DUWLFXODU�
FDUWLODJH��-�%LRO�&KHP�

���� <DQJ��/��HW�DO���3URSHU�H[SUHVVLRQ�RI�KHOL[�ORRS�KHOL[�SURWHLQ�,G��LV�LPSRUWDQW�WR�FKRQGURJHQLF�GLIIHUHQWLDWLRQ�
RI�$7'&��FHOOV��%LRFKHP�-�����������������������

���� <DV]D\��%���.XELDN��(���$JHO��-���DQG�+DQHO��'��3���$&*0(�FRUH�FRPSHWHQFLHV��ZKHUH�DUH�ZH"�2UWKRSHGLFV��
�����������������

����� =GHEOLFN��7��$���6DVVR��5��&���9DFFDUR��$��5���&KDSPDQ��-��5���DQG�+DUULV��0��%���6XUJLFDO�WUHDWPHQW�RI�
WKRUDFROXPEDU�IUDFWXUHV��,QVWU�&RXUVH�/HFW�������������������
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&RPPLWWHHV�DQG�8:�2UJDQL]DWLRQDO�:RUN

7KH�ZRUG�µ&RPPLWWHH¶�IUHTXHQWO\�FUHDWHV�YLVLRQV�RI�HQGOHVV�DQG�XQSURGXFWLYH�PHHWLQJV�DQG�FDQ�EH�V\QRQ\PRXV�ZLWK�
EXUHDXFUDWLF�VWDOHPDWHV��+RZHYHU��LI�SXW�WRJHWKHU�ZHOO��FRPPLWWHHV�DOORZ�IRU�SDUWLFLSDWLRQ�RI�D�ODUJH�FURVVHFWLRQ�RI��
D�'HSDUWPHQW�DQG�HQDEOH�WKH�µZLVGRP�RI�FURZGV¶�

:H�DUH�GHHSO\�LQGHEWHG�WR�D�ODUJH�QXPEHU�RI�IDFXOW\�DQG�VWDII�ZKR�DUH�ZLOOLQJ�WR�SDUWLFLSDWH�LQ�FUHDWLQJ�SODWIRUPV�IRU�D�
EHWWHU�IXWXUH�IRU�RXU�'HSDUWPHQW�DQG�RXU�PDQ\�DFWLYLWLHV��

/RFDO�DQG�1DWLRQDO�&RPPLWWHHV
�3OHDVH�QRWH�±�WKHVH�DUH�MXVW�H[FHUSWV�RI�WKH�PDQ\�%RDUG�DQG�&RPPLWWHH�IXQFWLRQV�RXU�'HSDUWPHQW�PHPEHUV�DUH�

HQJDJHG�LQ��)RU�D�PRUH�FRPSOHWH�OLVWLQJ�SOHDVH�IROORZ�RXU�IXWXUH�:HEVLWH�DQG�8:0HGLFLQH�

� � � -XOLH�$JHO� � &RGLQJ�&RPPLWWHH�27$
� � � 'DYLG�%DUHL� � &KDLUPDQ�0HPEHUVKLS�&RPPLWWHH�27$
� � � � � � (GXFDWLRQ�FRPPLWWHH�27$
� � � &DUOR�%HOODEDUED� � $26SLQH�(GXFDWLRQ�&RPPLWWHH
� � � 5LFN�%UDQVIRUG�� � $26SLQH�6FLHQWL¿F�&RPPLWWHH
� � � -HQV�5��&KDSPDQ�� &KDLUPDQ�$26SLQH�1$
� � � (UQHVW�8��&RQUDG�� 0HGLFDO�'LUHFWRU��1RUWKZHVW�7LVVXH�&HQWHU�
� � � %RE�'XQEDU� � 3XEOLF�5HODWLRQV�&RPPLWWHH��27$
� � � 0��%UDGIRUG�+HQOH\� 'LUHFWRU��$PHULFDQ�$FDGHP\�RI�2UWKRSDHGLF�6XUJHRQV
� � � � � � 'LUHFWRU��$PHULFDQ�$VVRFLDWLRQ�RI�2UWKRSDHGLF�6XUJHRQV
� � � � � � &KDLUPDQ��%RDUG�RI�6SHFLDOW\�6RFLHWLHV
� � � � � � 0HPEHU��&37�(GLWRULDO�3DQHO��$0$�
� � � .HQ�.DUERZVNL� � &KDLU��
� � � � � � 0HGLFDO�6FKRRO�$GPLQLVWUDWRUV¶��06$��6WHHULQJ�&RPPLWWHH��$<�����
� � � -LP�.ULHJ� � %RDUG�([DPLQHU��$%26
� � � � � � /)3�3URJUDP��$$26
� � � � � � $21$�7HFKQLFDO�([SHUW�&RPPLVVLRQ
� � � � � � 1RUWK�$PHULFDQ�0XVFXORVNHOHWDO�7UDXPD�
� � � � � � ��(GXFDWLRQ�&RPPLWWHH��1$07(&�
� � � 0LFKDHO�-��/HH�� � )DFXOW\�6HQDWRU�8:
� � � 6HWK�/��/HRSROG� � &RQVXOWLQJ�(GLWRU��-�%�-�6��$
� � � 3DXO�0DQQHU� � 5HJLRQDO�%RDUG�RI�'LUHFWRU�$UWKULWLV�)RXQGDWLRQ
� � � 6HDQ�1RUN� � (GXFDWLRQ�&RPPLWWHH�27$
� � � 0�/�¶&KLS¶�5RXWW� � $21$�7HFKQLFDO�([SHUW�&RPPLVVLRQ
� � � � � � 1RUWK�$PHULFDQ�0XVFXORVNHOHWDO�7UDXPD�
� � � � � � �(GXFDWLRQ�&RPPLWWHH��1$07(&�
� � � %UXFH�6DQJHRU]DQ�� &KLHI�&RPSOLDQFH�2I¿FHU��8QLYHUVLW\�RI�:DVKLQJWRQ�3K\VLFLDQV
� � � /LVD�7DLWVPDQ� � $&*0(�5HVLGHQF\�5HYLHZ�&RPPLWWHH�
� � � � � � *UDGXDWH�0HGLFDO�(GXFDWLRQ�&RXQFLO�8:� �

8:'260�)LQDQFH�&RPPLWWHH
7DVN��7R�DGYLVH�&KDLU�DQG�/HDGHUVKLS�*URXS�RQ�GLVFUHWLRQDU\�H[SHQGLWXUHV��LGHQWLI\�RSSRUWXQLWLHV�IRU�HQKDQFHG�¿QDQFLDO�

SURGXFWLYLW\�ZLWKLQ�WKH�8:�V\VWHP�DQG�HYDOXDWH�RUWKRSDHGLF�RSSRUWXQLWLHV�RXWVLGH�RI�8:0HGLFLQH�WR�¿VFDOO\�VXSSRUW�RXU�
FRUH�PLVVLRQ�RI�LPSURYLQJ�SDWLHQW�OLYHV�WKURXJK�H[FHOOHQFH�LQ�SDWLHQW�FDUH��UHVHDUFK�DQG�HGXFDWLRQ�

0HPEHUV�
� � � 0�%UDG�+HQOH\��0�'��0�%�$���&KDLU�
� � � .HQ�.DUERZVNL��0�3�+���6HQLRU�PHPEHU�
� � � .DUO�(QJGDKO��0�%�$���6HQLRU�PHPEHU�
� � � 6WHYH�%DLQ��3K�'�
� � � -HUU\�+XDQJ��0�'�
� � � :DOO\�.UHQJHO��0�'�
� � � -LP�.ULHJ��0�'�
� � � 3DXO�0DQQHU��0�'�
� � � &KULV�:DKO��0�'�
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3URMHFW�7DVN�)RUFHV��37)V�
0LVVLRQ��WR�IRVWHU�D�EDVLV� IRU�PHDQLQJIXO� IXQGDEOH� LQWHUGLVFLSOLQDU\�WUDQVODWLRQDO�UHVHDUFK�DQG�HGXFDWLRQ�FDSDEOH�RI�

LQÀXHQFLQJ�DQG�JXLGLQJ�PXFXORVNHOHWDO�SDWLHQW�FDUH�RI�WKH�IXWXUH�
'XH�WR�WKH�FRPSOH[LWLHV�DQG�EDQGZLGWK�RI�2UWKRSDHGLFV�ZH�KDYH�IRUPHG���37)¶V��RI�ZKLFK�VRPH�KDYH�VWDUWHG�UHJXODU�
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(QGRZPHQWV

:H�H[SUHVV�RXU�DSSUHFLDWLRQ�WR�DOO�ZKR�KDYH�FRQWULEXWHG�WR� WKH�HQGRZPHQWV�RI� WKH�'HSDUWPHQW�RI�2UWKRSDHGLFV�DQG�
6SRUWV�0HGLFLQH���7KLV�DVVLVWDQFH�PDNHV�SRVVLEOH�VSHFLDO�UHVHDUFK�DFWLYLWLHV��HGXFDWLRQDO�SURJUDPV��DQG�RWKHU�SURMHFWV�
WKDW�ZH�FRXOG�QRW�RIIHU�ZLWKRXW�WKLV�H[WUD�VXSSRUW�IURP�RXU�DOXPQL��IDFXOW\��DQG�IULHQGV�LQ�WKH�FRPPXQLW\��,I�\RX�KDYH�DQ\�
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