
9ROXPH�����,VVXH�� 
-DQXDU\����� 

,661������-���� 



3$7521-�,1�–�&+,() 

0DM�*HQ�&KDQJH]�'LO�.KDQ��5HWG� 
5HFWRU 

)RXQGDWLRQ�8QLYHUVLW\�,VODPDEDG�� 

3$7521 

0DM�*HQ�'U��-DZDG�.KDOLT�$QVDUL 
3URIHVVRU�RI�3XOPRQRORJ\ 
'HDQ�)DFXOW\�RI�0HGLFLQH 

)RXQGDWLRQ�8QLYHUVLW\�0HGLFDO�&ROOHJH�,VODPDEDG 

$'9,625<�%2$5'� 

0DM�*HQ�'U��7DVVDZDU�+XVVDLQ 
3URIHVVRU�RI�0HGLFLQH 

)RXQGDWLRQ�8QLYHUVLW\�0HGLFDO�&ROOHJH�
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'HDQ�)DFXOW\�RI�5HKDELOLWDWLRQ�DQG�$OOLHG�
+HDOWK�6FLHQFHV 
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'U��0XKDPPDG�8PDU��3K�' 
+HDG�RI��3K\VLRWKHUDS\�'HSDUWPHQW 
+RO\�)DPLO\�+RVSLWDO�5DZDOSLQGL 

'U��)DURRT�$]DP�5DWKRUH 
+HDG�RI�5HKDELOLWDWLRQ�PHGLFLQH�DQG�

3K\VLFDO�7KHUDS\�'HSDUWPHQW 
316�6KLID�+RVSLWDO�.DUDFKL 

'U��:DTDU�$ZDQ��3K�' 
$VVRFLDWH�3URIHVVRU�RI�3K\VLFDO�7KHUDS\ 
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'U��,PUDQ�$PMDG��3K�' 
$VVRFLDWH�3URIHVVRU�RI�3K\VLFDO�7KHUDS\ 
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'U��6DOPDQ�%DVKLU��3K�' 
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'U��$EGXO�0DQDQ��3K�' 
$VVLVWDQW�3URIHVVRU�RI�3K\VLFDO�7KHUDS\ 
6KDKHHG�=XOILTDU�$OL�%KXWWR�0HGLFDO�

8QLYHUVLW\�,VODPDEDG� 

'U��+XPDLUD�6KDPLP�.L\DQL��3K�' 
+HDG�RI�6SHHFK�DQG�/DQJXDJH�3DWKRORJ\�
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)RXQGDWLRQ�8QLYHUVLW\�,QVWLWXWH�RI�5HKDELOLWDWLRQ�6FLHQFHV 

)RXQGDWLRQ�8QLYHUVLW\�,VODPDEDG 
'HIHQVH�$YHQXH�'+$�3KDVH�,��,VODPDEDG��7HO����-��������([W��������� 



³)RXQGDWLRQ�8QLYHUVLW\�-RXUQDO�RI�5HKDELOLWDWLRQ�6FLHQFHV��)8-56�´�LV�WKH�RIILFLDO�MRXUQDO�RI�)RXQGDWLRQ�
8QLYHUVLW\�,QVWLWXWH�RI�5HKDELOLWDWLRQ�6FLHQFHV��)8,56���,VODPDEDG��)8,56�LV�DIILOLDWHG�ZLWK�)RXQGDWLRQ�
8QLYHUVLW\�,VODPDEDG�DQG�ORFDWHG�DW�'HIHQVH�$YHQXH��'+$�3KDVH-,��,VODPDEDG�3DNLVWDQ� 

 

 

)8-56� LV� D� SHHU� UHYLHZHG� MRXUQDO� DQG� IROORZV� WKH� XQLIRUP� UHTXLUHPHQWV� IRU�PDQXVFULSWV� VXEPLWWHG� WR�
ELRPHGLFDO� MRXUQDOV��)8-56�KDV�D� ODUJH�UHDGHUVKLS� WKDW� LQFOXGHV�DFDGHPLFLDQV��FOLQLFLDQV�� UHKDELOLWDWLRQ�
SURIHVVLRQDOV��KHDOWKFDUH�SURIHVVLRQDOV�DQG�UHVHDUFKHUV�� 

 

 

$OO� FRS\ULJKWV �� DUH� UHVHUYHG� ZLWK� )8-56 XQGHU� &UHDWLYH� &RPPRQV �$WWULEXWLRQ-1RQ&RPPHUFLDO-
1R'HULYDWLYHV� ���� ,QWHUQDWLRQDO� /LFHQVH�� )8-56� LV� DQ� RSHQ� DFFHVV� MRXUQDO�� KRZHYHU� UHSURGXFWLRQ� RI�
DQG� DGDSWDWLRQV� WR� WKH� DUWLFOHV� SXEOLVKHG� LQ� )8-56� LQ� DQ\� IRUP� LV� QRW� SHUPLWWHG� ZLWKRXW� WKH� ZULWWHQ�
SHUPLVVLRQ� RI� WKH� (GLWRU� LQ� &KLHI�� )8-56� GRHV� QRW� DOORZ� FRPPHUFLDO� XVH� RI� WKH� DUWLFOHV� SXEOLVKHG� LQ�
)8-56��$OO�DUWLFOHV�SXEOLVKHG�UHSUHVHQW�WKH�YLHZ�RI�WKH�DXWKRUV�DQG�GR�QRW�UHIOHFW� WKH�RIILFLDO�SROLF\�RI�
)8-56�  

&255(6321'(1&(�$''5(66� 
(GLWRULDO�2IILFH 
)RXQGDWLRQ�8QLYHUVLW\�-RXUQDO�RI�5HKDELOLWDWLRQ�6FLHQFHV��)8-56� 
)RXQGDWLRQ�8QLYHUVLW\�,QVWLWXWH�RI�5HKDELOLWDWLRQ�6FLHQFHV��)8,56� 
)RXQGDWLRQ�8QLYHUVLW\�,VODPDEDG�&DPSXV��)8,&���'HIHQVH�$YHQXH��'+$�3KDVH-,��,VODPDEDG�3DNLVWDQ 
7HO�����-��-�������-�����(PDLO��IXMUV#IXL�HGX�SN 

)RU�2QOLQH�,VVXH�$YDLODEOH�DQG�0DQXVFULSW�6XEPLVVLRQ�YLVLW��IXMU V�IXL�HGX�SN 
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)8-56� LV� D� EL-DQQXDO�� QRQ-SROLWLFDO�5HKDELOLWDWLRQ� 6FLHQFHV� -RXUQDO�� EHLQJ� SXEOLVKHG� IRU� LPSURYHPHQWV�
DQG� VKDULQJ� RI� WKH� NQRZOHGJH� ZLWK� WKH� DLP� WR� SXEOLVK� HYLGHQFH� EDVHG� UHVHDUFKHV� LQ� WKH� GRPDLQ� RI�
5HKDELOLWDWLRQ�DQG�SURYLGLQJ�EDUULHU� IUHH�DFFHVV� WR�TXDOLW\� OLWHUDWXUH� WR� VWLPXODWH� ODWHVW� LGHDV�� LQQRYDWLRQ�
DQG� FULWLFDO� WKLQNLQJ� DPRQJ� UHVHDUFKHUV�� (YHU\ERG\� LV� DOORZHG� IUHH� DFFHVV� WR� DOO� SDUWV� RI� SXEOLVKHG�
PDWHULDO��,W�LV�KRSHG�WR�LPSURYH�WKH�XQGHUVWDQGLQJ�RI�KHDOWK�FRQGLWLRQV�	�FDUH�RI�LOO�DQG�DLOLQJ�SHRSOH� 
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7$%/(�2)�&217(17 

(',725,$/� 

�� (OGHUO\�DQG�%DODQFH�5HKDELOLWDWLRQ��&XUUHQW�'\QDPLFV�DQG�)XWXUH�3RVVLELOLWLHV�
IRU�3DNLVWDQ 
)XUTDQ�$KPHG�6LGGLTL��0XKDPPDG�(KDE�$]LP 

 � 

�� $� 3DUDGLJP� 6KLIW� 'XH� WR� 3DQGHPLF�� )URP� &RQYHQWLRQDO� &DUH� WR�
7HOHUHKDELOLWDWLRQ 
0XKDPPDG�1DYHHG�%DEXU 

 � 

5HVHDUFK�$UWLFOHV 

�� 3RVWXUDO� (UJRQRPLF� 5LVN� $VVHVVPHQW� DQG� :RUN-UHODWHG� 0XVFXORVNHOHWDO�
6\PSWRPV�$PRQJ�6XUJHRQV 
+XPD�5LD]��+XPD�.KDQ��4XUDWXODLQ 

 � 

�� (YDOXDWLRQ�RI�3LULIRUPLV�6\QGURPH�LQ�3DWLHQWV�ZLWK�/RZ�%DFN�3DLQ�5HSRUWLQJ�
WR�3XEOLF�0HGLFDO�7HDFKLQJ�,QVWLWXWHV�LQ�3HVKDZDU 
)DUKDQ�+DOHHP��$TVD�<DVPLQ�� )L]DK�0DKQRRU�.KDQ��0XKDPPDG�.DVKLI��0DULD� -DPVKHG��0XKDPPDG�
-DIIDU 

 �� 

�� )UHTXHQF\�RI�'H-4XHUYDLQ�6\QGURPH� LQ�0RELOH�8VHUV�$PRQJ�8QGHUJUDGXDWH�
6WXGHQWV�RI�$OOLHG�+HDOWK�6FLHQFHV�3HVKDZDU 
6RKDLO�,TEDO��+DIVDK�*XO�.KDWWDN��6DED�$PDQ��.LQ]D�$QZDU��%DEDU�$OL��+D]UDW�%LODO�0DODNDQGL 

 �� 

�� &RPSDULVRQ�RI�6WDWLF�6WUHWFKLQJ�DQG�0XVFOH�(QHUJ\�7HFKQLTXHV�RQ�+DPVWULQJ�
7LJKWQHVV�LQ�$V\PSWRPDWLF�)HPDOHV 
$\HVKD�0DMHHG��6\HGD�5DILD�0DQVRRU��$KPDG�%LODO�$ULI��0XKDPPDG�0XGDVVDU�<DVLQ��0LQDKLO�:DVLP��
)DUDK�1DHHP 

 �� 

�� (IIHFWV� RI� 6WDWLRQDU\�&\FOLQJ� RQ� 6SDVWLFLW\� DQG�5DQJH� RI�0RWLRQ� LQ�&KLOGUHQ�
ZLWK�'LSOHJLF�&HUHEUDO�3DOV\��$�4XDVL�,QWHUYHQWLRQDO�6WXG\ 
+DIL]D�0XULDP�*KDQL��0DULD�5D]]DT��1DEHHOD�6DIGDU��%LODO�8PHU��)DWLPD�7DULT 

 �� 

5HYLHZ�$UWLFOH 

�� %LRPDWHULDOV�LQ�5HJHQHUDWLYH�0HGLFLQH 
5HHP�-DYHG�0DOLN 

 �� 

�� 5ROH�RI�3K\VLFDO�7KHUDS\�LQ�&29,'-���3DQGHPLF 
6DPHHUD�*XO��+DIL]D�1RRU-XO-KXGD��0LVKD�5D]D�6KHUD]L 

 �� 



 

)RXQGDWLRQ�8QLYHUVLW\� 
-RXUQDO�RI�5HKDELOLWDWLRQ�6FLHQFHV 9ROXPH�����,VVXH�����-DQ����� 

 
�� 

(OGHUO\� DQG� %DODQFH� 5HKDELOLWDWLRQ�� &XUUHQW� '\QDPLFV� DQG�

)XWXUH�3RVVLELOLWLHV�IRU�3DNLVWDQ 
)XUTDQ�$KPHG�6LGGLTL���0XKDPPDG�(KDE�$]LP� 

������7KH� SURSRUWLRQ� RI� HOGHUO\� SRSXODWLRQ� LV� RQ� WKH�
ULVH�ZRUOGZLGH��,Q�������LW�ZDV�UHSRUWHG�WKDW����RI�
WKH�FRXQWU\¶V�SRSXODWLRQ�ZDV�HOGHUO\�DQG�WKLV�ILJXUH�
LV�H[SHFWHG�WR�EHFRPH�WULSOH�RI�WKH�FXUUHQW�VWDWH�E\�
��������� 7KLV� VKRZV� WKDW� DQ� LQFUHDVLQJ� WUHQG� RI�
HOGHUO\�LV�EHLQJ�REVHUYHG�ZRUOGZLGH�DQG�WKLV�WUHQG�
LV�QR�GLIIHUHQW�LQ�3DNLVWDQ��6XFK�KLJK�SURSRUWLRQ�RI�
FKURQLFDOO\� LOO� DQG� IUDLO� WHQG� WR� SXW� LQFUHDVHG�
GHPDQG�DQG�SUHVVXUH�RQ�KHDOWK�FDUH�V\VWHP���� 
������3DNLVWDQ� EHLQJ� D� ORZ-PLGGOH� LQFRPH� FRXQWU\�
ZLWK�OLPLWHG�KLJK-HQG�KHDOWK�FDUH�IDFLOLWLHV��LW�LV�QR�
KLGGHQ� IDFW� WKDW� HOGHUO\� DUH� RQH� RI� WKH� PRVW-
QHJOHFWHG� SRSXODWLRQ�� 7KLV� QHJOHFW� UHVXOWV� LQ�
LQFUHDVHG� LVRODWLRQ� RU� VRFLDO� UHVWULFWLRQ�� GHFUHDVHG�
FRJQLWLYH�IXQFWLRQ�DQG�RYHUDOO�GHFOLQH�LQ�KHDOWK�����
7KLV�KDV�EHHQ�IXUWKHU�DJJUDYDWHG��E\�FXUUHQW�FULVLV�
RI�&29,'����SDQGHPLF�	�ORFNGRZQV�ZRUOGZLGH�� 
������6XFK� DJH-UHODWHG� GHFOLQH� DOVR� DIIHFWV� WKH�
EDODQFH� DQG� SRVWXUDO� VWDELOLW\� V\VWHP� RI� HOGHUO\�
SHUVRQV�UHVXOWLQJ�LQ�LQFUHDVHG�ULVN�RI�IDOO��ZKLFK�LQ�
LWVHOI� � UHVWULFWV� DFWLYLW\� DQG� FDXVHV� VHFRQGDU\�
GHFRQGLWLRQLQJ����� 2YHU� WKH� SDVW� IHZ� \HDUV�� D�
FRQVLGHUDEOH� DPRXQW� RI� UHVHDUFK� KDV� EHHQ�
FRQGXFWHG� WR� H[SORUH� WKH� SRVVLEOH� FDXVHV� RI� IDOOV�
DQG�WR�GHWHUPLQH�WKH�UHODWLRQVKLS�DQG�LQWHJUDWLRQ�RI�
PRWRU� RU� VHQVRU\� V\VWHPV� IRU� EDODQFH� FRQWURO� DQG�
GHYHORS� VRPH� VWUDWHJLHV� RU� WHFKQLTXHV� IRU� WKH�
SUHYHQWLRQ� RI� IDOOV� LQ� HOGHUO\�� /LWHUDWXUH� UHYHDOV� D�
KLJK�IDOO�ULVN�DPRQJ�HOGHUO\�SRSXODWLRQ�RI�3DNLVWDQ
�����UHVXOWLQJ�LQ�KRVSLWDOL]DWLRQ��VHYHUH�OLPE�WUDXPD�
LQ� ���� RI� FDVHV� DQG� GHDWK� LQ� ����� FDVHV������
$GGLWLRQDOO\�� D� SRVLWLYH� KLVWRU\� RI� IDOO� LWVHOI�
FRQWULEXWHV� WR� SRVVLELOLW\� RI� IDOOV� LQ� IXWXUH�����
&RQVLGHULQJ�WKLV�LPSDLUHG�EDODQFH�DQG�IDOO�ULVN�KDV�
DOZD\V�EHHQ�D�PDMRU�FRQFHUQ�IRU�HOGHUO\�DQG�KHDOWK�
SURIHVVLRQDOV�� KHQFH�� HPSKDVLV� KDV� DOZD\V� EHHQ�
ODLG� RQ� HDUO\� DQG� DSSURSULDWH� IDOO� ULVN� VFUHHQLQJ�
LQFOXGLQJ� VHOI-UHSRUWHG� PHDVXUHV� OLNH� DFWLYLW\�
VSHFLILF� EDODQFH� FRQILGHQFH� 	� IDOO� HIILFDF\� VFDOH�
HWF�� RU� SHUIRUPDQFH� EDVHG� PHDVXUHV� OLNH� EHUJ�
EDODQFH� VFDOH�� IXQFWLRQDO� UHDFK� WHVW� DQG� WLPHG� XS�
DQG� JR� WHVW� HWF�� 6LPLODUO\�� HDUO\� IDOO� SUHYHQWLRQ�
VWUDWHJLHV����� LQFOXGLQJ� HUJRQRPLF� PRGLILFDWLRQ���
DSSURSULDWH� DVVLVWLYH� GHYLFHV� DQG� HYLGHQFH� EDVHG�

EDODQFH� WUDLQLQJ� UHJLPHV� LQFOXGLQJ� IOH[LELOLW\�
WUDLQLQJ�� VWUHQJWK� WUDLQLQJ� DQG� ZREEOH� ERDUG�
WUDLQLQJ�HWF��KDYH�EHHQ�XVHG����� 
������8QIRUWXQDWHO\�� WKH� WUDGLWLRQDO� EDODQFH�
DVVHVVPHQW� DQG� WUDLQLQJ� PHWKRG� KDYH� FHUWDLQ�
OLPLWDWLRQV�� 0RVW� EDODQFH� LQWHUYHQWLRQ� ODFN� DFWLYH�
SDUWLFLSDWLRQ�RI�LQGLYLGXDO��KHQFH�OLPLWHG�FKDOOHQJH�
WR� FRJQLWLYH� DVSHFWV� RI� EDODQFH� LQ� DGGLWLRQ� WR�
GHFUHDVHG� DGKHUHQFH� WR� VXFK� SURJUDPV�� 6LPLODUO\��
FRQYHQWLRQDO� EDODQFH� DVVHVVPHQW� DQG� IDOO� ULVN�
VFUHHQLQJ� WRROV� ODFN� DELOLW\� WR� LGHQWLI\�PHFKDQLVP�
RI�G\VIXQFWLRQ�DQG�RWKHU�ELRPHFKDQLFDO�SDUDPHWHUV�
VXFK� DV� JURXQG� UHDFWLRQ� IRUFHV�� LQGLYLGXDO� ERGLO\�
PRYHPHQWV� HWF������ 6XFK� OLPLWDWLRQV� FDQ� QRZ� EH�
FXUEHG� E\� LQWHJUDWLQJ� ODWHVW� WHFKQRORJ\� LQWR��
EDODQFH� UHKDELOLWDWLRQ�� ,Q� SUHYLRXV� GHFDGHV��
QXPHURXV� KLJK-WHFK� EDODQFH� DVVHVVPHQW� DQG�
WUDLQLQJ�V\VWHPV�VXFK�DV��SRVWXUDO�VWDELOLW\�V\VWHPV��
FRPSXWHUL]HG� SRVWXURJUDSK\� V\VWHPV�� IRUFH� SODWH�
EDVHG� EDODQFH� V\VWHPV�� YLUWXDO� UHDOLW\� DQG�
H[HUJDPLQJ� EDVHG� EDODQFH� V\VWHP�� LQFRUSRUDWLQJ�
PXOWLSOH� SDUDPHWHUV� RI� EDODQFH� WDUJHWLQJ� WKH�
PXOWLVHQVRU\� PRWRU-FRJQLWLYH�� LQWHJUDWLYH� DQG�
FRPSOH[�QDWXUH�RI�EDODQFH�KDYH�EHHQ�LQWURGXFHG�� 
������8WLOL]DWLRQ�RI�VXFK�V\VWHPV�LQ�RXU�HQYLURQPHQW�
FDQ�SURYLGH�KHDOWK�FDUH�SURIHVVLRQDOV�ZLWK�WRROV� WR�
GUDVWLFDOO\� LPSURYH� EDODQFH� UHKDELOLWDWLRQ�
DSSURDFKHV� DQG� FDQ�� LQ� ORQJ� WHUP�� UHVXOW� LQ�
LPSURYLQJ� WKH� TXDOLW\� RI� OLIH� LQ� HOGHUO\�� UHGXFLQJ�
KHDOWK� HFRQRPLF� EXUGHQ� E\� ORZLQJ� IDOO� LQFLGHQFH�
GXH� WR� HDUO\� DQG� DFFXUDWH� IDOO� VFUHHQLQJ� DQG�
LQWHUYHQWLRQ��&RQVLGHULQJ�WKH�VWDUW�RI�QHZ�GHFDGH��LW�
LV�KLJK� WLPH� WR�LQFRUSRUDWH�VXFK�G\QDPLF�SUDFWLFHV�
LQWR� PDLQVWUHDP� UHKDELOLWDWLRQ� DQG� KHDOWK� IRU� D�
GUDVWLF� VKLIW� IURP� FRQYHQWLRQDO� SUDFWLFHV� DQG�
GHYHORS� FRPSUHKHQVLYH� EDODQFH� FDUH� SURJUDPV� IRU�
HOGHUO\�SRSXODWLRQ�RI�RXU�FRXQWU\��6XFK�FKDQJH�ZLOO�
RQO\� EH� SRVVLEOH� LI� JRYHUQPHQW� DQG� SULYDWH� VHFWRU�
DFWLYHO\�SDUWLFLSDWH�WR�GHYHORS�SROLFLHV�WR�SURYLGH�D�
KROLVWLF� DQG� FRPSUHKHQVLYH� EDODQFH� FDUH� DQG� IDOO�
VFUHHQLQJ� IDFLOLWLHV� WR� YXOQHUDEOH� \HW� LPSRUWDQW�
VHFWLRQ�RI�RXU�VRFLHW\������ 
5HIHUHQFHV� 
�� 6DE]ZDUL� 65�� ,TEDO� 5�� )DWPL� =�� $]DP� ,-3R��

)DFWRUV�DVVRFLDWHG�ZLWK�JHULDWULF�PRUELGLW\�DQG�
LPSDLUPHQW� LQ� D� PHJDFLW\� RI� 3DNLVWDQ�� 3OR6�
RQH�������������H�������� 

�� %HUQWVHQ� *�� 6WULVODQG� )�� 0DOP-1LFRODLVHQ� .��
6PDUDGRWWLU� %�� )HQVOL� 5�� 5¡KQH� 0�� 7KH�

$IILOLDWLRQV�� )RXQGDWLRQ� 8QLYHUVLW\� ,QVWLWXWH� RI�
5HKDELOLWDWLRQ� 6FLHQFHV�� )RXQGDWLRQ� 8QLYHUVLW\�
,VODPDEDG� 
&RUUHVSRQGHQFH���'U ��0XKDPPDG�(KDE�$]LP�37 
(PDLO���HKDE���#JPDLO�FRP 

��/dKZ/�> 
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)RXQGDWLRQ�8QLYHUVLW\� 
-RXUQDO�RI�5HKDELOLWDWLRQ�6FLHQFHV �� 

HYLGHQFH� EDVH� IRU� DQ� LGHDO� FDUH� SDWKZD\� IRU�
IUDLO� PXOWLPRUELG� HOGHUO\�� FRPELQHG� VFRSLQJ�
DQG� V\VWHPDWLF� LQWHUYHQWLRQ� UHYLHZ�� -RXUQDO� RI�
PHGLFDO�,QWHUQHW�UHVHDUFK�������������H������ 

�� /HH� -�� 6XQ� )�� &KLPD� (�� 5LVNV� IRU� DEXVH� DQG�
QHJOHFW�RI�HOGHUV�ZLWK�FRJQLWLYH� LPSDLUPHQW�RU�
GHPHQWLD�� LQVLJKWV� IURP� WKUHH� JURXSV��
,QQRYDWLRQ�LQ�$JLQJ���������6XSSO�������� 

�� 6LGGLTL� )$��0DVRRG�7��2VDPD�0��$]LP�0(��
%DEXU�01��&RPPRQ�EDODQFH�PHDVXUHV�DQG�IDOO�
ULVN� VFRUHV� DPRQJ� ROGHU� DGXOWV� LQ� 3DNLVWDQ��
1RUPDWLYH�YDOXHV�DQG�FRUUHODWLRQ��-30$�-�3DN�
0HG�$VVRF������� 

�� 0HKPRRG� 0�� 0XVKWDT� 0�� $QVD� 1�� -LODQL�
$--13�� 3UHYDOHQFH� RI� 5LVN� RI� )DOO� LQ�
&RPPXQLW\� 'ZHOOLQJ� 3DNLVWDQL� 0DOH�
3RSXODWLRQ�RYHU�WKH�$JH�RI����\HDUV��-RXUQDO�RI�
1RYHO�3K\VLRWKHUDSLHV���������������� 

�� )D\\D]� -��:DGKZDQL\D� 6�� 6KDK]DG� +�� )HUR]H�
$��=LD�1��0LU�08��HW�DO��3DWWHUQ�RI�IDOO�LQMXULHV�
LQ� 3DNLVWDQ�� WKH� 3DNLVWDQ� QDWLRQDO� HPHUJHQF\�
GHSDUWPHQW� VXUYHLOODQFH� �3DN-1('6�� VWXG\��
%0&�HPHUJHQF\�PHGLFLQH��������������-�� 

�� 7LQHWWL� 0(�� .XPDU� &�� 7KH� SDWLHQW� ZKR�
IDOOV�³,W
V�DOZD\V�D�WUDGH-RII´��-$0$����������
�������-��� 

�� /XVDUGL�00��)ULW]�6��0LGGOHWRQ�$��$OOLVRQ�/��
:LQJRRG�0��3KLOOLSV�(��HW�DO��'HWHUPLQLQJ�ULVN�
RI� IDOOV� LQ� FRPPXQLW\�GZHOOLQJ�ROGHU�DGXOWV�� D�
V\VWHPDWLF� UHYLHZ� DQG� PHWD-DQDO\VLV� XVLQJ�
SRVWWHVW� SUREDELOLW\�� -RXUQDO� RI� JHULDWULF�
SK\VLFDO�WKHUDS\��������������� 

�� /HVLQVNL� 0�� +RUWREiJ\L� 7�� 0XHKOEDXHU� 7��
*ROOKRIHU�$��*UDQDFKHU�8�� (IIHFWV� RI� EDODQFH�
WUDLQLQJ� RQ� EDODQFH� SHUIRUPDQFH� LQ� KHDOWK\�
ROGHU� DGXOWV�� D� V\VWHPDWLF� UHYLHZ� DQG� PHWD-
DQDO\VLV�� 6SRUWV� PHGLFLQH�� ����� 'HF� ����
���������-��� 

��� 3UDGKDQ� $�� .XUXJDQWL� 8�� &KHVWHU� 9��
%LRPHFKDQLFDO� 3DUDPHWHUV� DQG� &OLQLFDO�
$VVHVVPHQW� 6FRUHV� IRU� ,GHQWLI\LQJ� (OGHUO\�
)DOOHUV�%DVHG�RQ�%DODQFH�DQG�'\QDPLF�7DVNV��
,(((�$FFHVV���������������-��� 

��� 4LGZDL� 'U� :�� $JHLQJ� SRSXODWLRQ�� VWDWXV��
FKDOOHQJHV� DQG� RSSRUWXQLWLHV� IRU� KHDOWK� FDUH�
SURYLGHUV�LQ�3DNLVWDQ������� 



 

)RXQGDWLRQ�8QLYHUVLW\� 
-RXUQDO�RI�5HKDELOLWDWLRQ�6FLHQFHV 9ROXPH�����,VVXH�����-DQ����� 

 
�� 

$�3DUDGLJP�6KLIW�'XH�WR�3DQGHPLF��)URP�&RQYHQWLRQDO�&DUH�

WR�7HOHUHKDELOLWDWLRQ 
0XKDPPDG�1DYHHG�%DEXU 

������5HKDELOLWDWLRQ� VFLHQFHV� DQG� KHDOWK� SURIHVVLRQ�
KDYH� QRW� ORRNHG� WKH� VDPH� VLQFH� WKH� &29,'-���
SDQGHPLF�VWDUWHG�WR�DIIHFW�3DNLVWDQ�LQ�ODWH�)HEUXDU\�
������ $� &RXQWU\� ZLWK� VFDUFH� WHUWLDU\-� FDUH� KHDOWK�
IDFLOLWLHV�� JURZLQJ� HOGHUO\� SRSXODWLRQ�� YDVW� VXP� RI�
SHUVRQV� ZLWK� GLVDELOLW\� DQG� PDMRULW\� OLYLQJ� LQ�
UHPRWH� UXUDO� DUHD� ZLWK� OLPLWHG� ORJLVWLFV�� WKH�
VXSHULPSRVHG� ORFNGRZQV�� IHDU� RI� FRQWUDFWLQJ�
&29,'-���DQG�FORVXUH�RI�2XWSDWLHQW�'HSDUWPHQWV�
KDYH� UHVXOWHG� LQ� OLPLWHG� DFFHVV� WR� KHDOWK� FDUH� DQG�
UHKDELOLWDWLRQ� IDFLOLWLHV�� HVSHFLDOO\� WR� WKH� RQHV�
SUHVHQW�LQ�UHPRWH�DUHDV�RI�WKH�FRXQWU\���,Q�DGGLWLRQ��
LW�KDV�DOVR�UHVXOWHG�LQ�WKH�GHFUHDVH�RI�FRQWDFW�KRXUV�
DQG� UHYHQXH� RI� DOPRVW� DOO� KHDOWK� SURIHVVLRQV� DQG�
IDFLOLWLHV���5HKDELOLWDWLRQ�FOLQLFV�KDG�IHZHU�SDWLHQWV�
ZDONLQJ�WKURXJK�WKHLU�GRRUV�GXULQJ�WKH�HDUO\�VWDJHV�
RI�SDQGHPLF��0DQ\�UHKDELOLWDWLRQ�SURIHVVLRQDOV�OLNH�
SK\VLFDO� WKHUDSLVWV�� VSHHFK-ODQJXDJH� WKHUDSLVWV��
RFFXSDWLRQDO� WKHUDSLVWV�� RUWKRWLFV� DQG� SURVWKHWLFV�
DUH� IDFLQJ� DQ� LQFUHDVH� LQ� WKHLU� ILQDQFLDO� KDUGVKLSV��
DOWKRXJK� WKH� SDQGHPLF� LV� PRUH� OLNHO\� WR� KDYH�
DXJPHQWHG�FDUHHU�SULGH�WKDQ�GHFOLQLQJ�LW�����,Q�VXFK�
D�VLWXDWLRQ��XVH�RI�WHOHKHDOWK�DQG�RWKHU�YLGHR-EDVHG�
FRQVXOWDWLRQV�KDYH�LQFUHDVHG���� 
������(DUOLHU� WR� WKH� SDQGHPLF�� WHOHKHDOWK� ZDV� DQ�
H[FHSWLRQ� WR� WKH� UROH� RI� UHKDELOLWDWLRQ� VFLHQFHV��
+RZHYHU�� VLQFH� WKHQ� 7HOHUHKDELOLWDWLRQ� VHUYLFHV�
KDYH� VLJQLILFDQWO\� LPSURYHG� EXW� WHFKQRORJ\�
FKDOOHQJHV� DPRQJ� SDWLHQWV� DQG� FOLQLFV� UHPDLQ� D�
EDUULHU�WR�LWV�EURDGHU�XVH���� 
������$V�7HOHUHKDELOLWDWLRQ�LV�GHILQHG�DV�³WKH�GHOLYHU\�
RI� UHKDELOLWDWLRQ� VHUYLFHV� E\� LQIRUPDWLRQ� DQG�
FRPPXQLFDWLRQ� WHFKQRORJLHV´ DW� D� GLVWDQFH�� LW�
RIIHUV�D�SRVVLEOH�DOWHUQDWLYH�RU�VXSSOHPHQW�WR�FHQWHU
-EDVHG� UHKDELOLWDWLRQ� VHUYLFHV�� +RPH-EDVHG�
LQWHUYHQWLRQV� WKDW� FDQ� EH� SUHVFULEHG� WKURXJK�
WHOHUHKDELOLWDWLRQ� IRU� SDLQ�PDQDJHPHQW�� LPSURYLQJ�
SK\VLFDO� IXQFWLRQV�� TXDOLW\� RI� OLIH�����PDQDJHPHQW�
RI�PXVFXORVNHOHWDO�DQG�RWKHU�UHODWHG�LVVXHV��LQFOXGH�
VWUHWFKLQJ�� UHVLVWDQFH� WUDLQLQJ�� FRUH� VWDELOLW\�
WUDLQLQJ��7(16��DQG�EDODQFH�WUDLQLQJ�HWF��� 
�������7HOHUHKDELOLWDWLRQ� VHUYLFHV� LQFOXGH� WKHUDSHXWLF�
LQWHUYHQWLRQV��HGXFDWLRQ��FRQVXOWDWLRQ��WUDLQLQJ��DQG�

PHDQV�RI�QHWZRUNLQJ�IRU�D�SHUVRQ�ZLWK�GLVDELOLWLHV��
8VLQJ� WHFKQRORJ\� WR�GHOLYHU� UHKDELOLWDWLRQ� VHUYLFHV�
RIIHUV�PDQ\� EHQHILWV� WR� QRW� RQO\� WKH� UHKDELOLWDWLRQ�
H[SHUWV� EXW� DOVR� WR� WKH� SDWLHQWV� WKHPVHOYHV�� ,W�
SURYLGHV� WKH� SDWLHQW� ZLWK� D� VHQVH� RI� SHUVRQDO�
DXWRQRP\� DQG� HPSRZHUPHQW�� DOORZLQJ� WKHP� WR�
WDNH� FRQWURO� LQ� WKH�PDQDJHPHQW�RI� WKHLU� GLVRUGHUV�
���� GHFUHDVLQJ� SDLQ�� LPSURYLQJ� HUJRQRPLFV��
PRYHPHQWV��DQG�H[HUFLVLQJ�DW�KRPH�� 
������$V� WHOHUHKDELOLWDWLRQ� H[SDQGV� SDWLHQW¶V�
FRQWLQXLW\� RI� FDUH�� LPSURYHV� DQ� RSSRUWXQLW\� WR�
FRQWLQXH�UHKDELOLWDWLRQ�VHUYLFHV�ZLWKLQ�WKH�SDWLHQW¶V�
RZQ� VRFLDO� DQG� YRFDWLRQDO� HQYLURQPHQW�� LW� VKRXOG�
OHDG� WR� EHWWHU� IXQFWLRQDO� RXWFRPHV��:LWK� WKH� HYHU-
LQFUHDVLQJ� UHDOP� RI� WHFKQRORJ\�� WKH� IXWXUH�
JHQHUDWLRQ�RI� UHKDELOLWDWLRQ� H[SHUWV�PXVW� EH� DZDUH�
RI� WKH� HYROYLQJ� FKDQJHV� LQ� WHFKQRORJ\� WR� PDNH�
UHKDELOLWDWLRQ� DQ� LQWHUDFWLYH� HQYLURQPHQW� ZLWK� WKH�
SDWLHQW�� � 5HVHDUFKHV�ZLWK� IRFXV� RQ� H[SORULQJ� VXFK�
WHOHUHKDELOLWDWLRQ�WRROV�DQG�WKHLU�HIIHFWV�RQ�SDWLHQW¶V�
FRQGLWLRQ�� H[SHULHQFH�� DQG� LWV� FURVV� FXOWXUDO�
DGDSWDWLRQ� DUH� QHFHVVDU\�� )XWXUH� FKDOOHQJHV� PLJKW�
LQFOXGH� WHOHKHDOWK� DGRSWLRQ�� HGXFDWLRQDO� FRVWV��
H[HPSODU\� SDWLHQW� FDUH�� VWUHVV� PDQDJHPHQW� DQG�
QHZ�UHIHUUDO�VRXUFHV�����$OWKRXJK�PDQ\�FKDOOHQJHV�
KDYH� EHHQ� VHW� LQWR� PRWLRQ� IRU� WKH� UHKDELOLWDWLRQ�
FRPPXQLW\�� LW� ZRXOG� EH� GLVDSSRLQWLQJ� QRW� WR� XVH�
WKLV�WLPH�DV�DQ�RSSRUWXQLW\�WR�HPEUDFH�FKDQJHV�DQG�
H[SORUH� LQQRYDWLRQ�� ,Q� WKH� UHKDELOLWDWLRQ� VFLHQFHV��
WHOHUHKDELOLWDWLRQ�DQG�YLUWXDO�SODWIRUPV�KDYH�SODFHG�
JUHDWHU�HPSKDVLV�RQ�VHOI�DQG��KRPH-FDUH�RSWLRQV�IRU�
SDWLHQWV����� 

5HIHUHQFHV� 
�� 5LFKDUGVRQ�(��$LVVDW�'��:LOOLDPV�*$��)DK\�1��

.HHSLQJ� ZKDW� ZRUNV�� UHPRWH� FRQVXOWDWLRQV�
GXULQJ� WKH� &29,'-��� SDQGHPLF�� (XURKHDOWK��
�������������-�� 

�� .RRQLQ� /0�� +RRWV� %�� 7VDQJ� &$�� /HUR\� =��
)DUULV�.�� -ROO\� %�� HW� DO�� 7UHQGV� LQ� WKH� 8VH� RI�
7HOHKHDOWK� 'XULQJ� WKH� (PHUJHQFH� RI� WKH�
&29,'-��� 3DQGHPLF—8QLWHG� 6WDWHV�� -DQXDU\
–0DUFK�������0RUELGLW\�DQG�0RUWDOLW\�:HHNO\�
5HSRUW������������������� 

�� 0RQDJKHVK� (�� +DML]DGHK� $�� 7KH� UROH� RI�
WHOHKHDOWK� GXULQJ� &29,'-��� RXWEUHDN�� D�
V\VWHPDWLF� UHYLHZ� EDVHG� RQ� FXUUHQW� HYLGHQFH��
%0&�3XEOLF�+HDOWK������������������ 

�� 'LDV� -)�� 2OLYHLUD� 9&�� %RUJHV� 357�� 'XWUD�
)&06�� 0DQFLQL� 0&�� .LUNZRRG� 51�� HW� DO��

$IILOLDWLRQV�� ,VUD� ,QVWLWXWH� RI� UHKDELOLWDWLRQ� VFLHQFHV��
,VUD�8QLYHUVLW\��,VODPDEDG 
&RUUHVSRQGHQFH�� 
3URI��'U��0XKDPPDG�1DYHHG�%DEXU 
3K�'��5HKDELOLWDWLRQ�6FLHQFHV 
(PDLO��QDYHHGSK\VLR#JPDLO�FRP 

��/dKZ/�> 
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)RXQGDWLRQ�8QLYHUVLW\� 
-RXUQDO�RI�5HKDELOLWDWLRQ�6FLHQFHV �� 

(IIHFWLYHQHVV�RI� H[HUFLVHV�E\� WHOHUHKDELOLWDWLRQ�
RQ�SDLQ��SK\VLFDO�IXQFWLRQ�DQG�TXDOLW\�RI�OLIH�LQ�
SHRSOH� ZLWK� SK\VLFDO� GLVDELOLWLHV�� D� V\VWHPDWLF�
UHYLHZ� RI� UDQGRPLVHG� FRQWUROOHG� WULDOV� ZLWK�
*5$'(� UHFRPPHQGDWLRQV�� %ULWLVK� -RXUQDO� RI�
6SRUWV�0HGLFLQH�������EMVSRUWV-����-������� 

�� %XUGHD�*&��*UDPSXURKLW�1��.LP�1��3ROLVWLFR�
.�� .DGDUX� $�� 3ROODFN� 6�� HW� DO�� )HDVLELOLW\� RI�
LQWHJUDWLYH� JDPHV� DQG� QRYHO� WKHUDSHXWLF� JDPH�
FRQWUROOHU� IRU� WHOHUHKDELOLWDWLRQ� RI� LQGLYLGXDOV�
FKURQLF� SRVW-VWURNH� OLYLQJ� LQ� WKH� FRPPXQLW\��

7RSLFV� LQ� 6WURNH� 5HKDELOLWDWLRQ�� �������
�������-��� 

�� &OLQLF� 61�� /HDUQ� DERXW� QHXUR� SK\VLRWKHUDS\�
WHOHUHKDELOLWDWLRQ� 6XUUH\�� &DQDGD����� >FLWHG�
�����'HFHPEHU���WK@��$YDLODEOH� IURP��KWWSV���
VQSF�WHFK�VHUYLFHV�WHOHUHKDELOLWDWLRQ�� 

�� &RWWUHOO� 0$�� 5XVVHOO� 7*�� 7HOHKHDOWK� IRU�
PXVFXORVNHOHWDO� SK\VLRWKHUDS\��
0XVFXORVNHOHWDO� VFLHQFH� 	� SUDFWLFH��
��������������-� 
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�� 

3RVWXUDO� (UJRQRPLF� 5LVN� $VVHVVPHQW� DQG� :RUN-UHODWHG�

0XVFXORVNHOHWDO�6\PSWRPV�$PRQJ�6XUJHRQV 
+XPD�5LD]���+XPD�.KDQ���4XUDWXODLQ� 

$%675$&7� 
%DFNJURXQG��:RUN-UHODWHG�PXVFXORVNHOHWDO� GLVRUGHUV� �:06'V��GHYHORS�PDLQO\� EHFDXVH� RI� SRRU�ZRUN�
HUJRQRPLFV��6XUJHRQV�DUH�PXFK�SURQH�WR�GHYHORS�WKH�PXVFXORVNHOHWDO�V\PSWRPV�GXH�WR�QDWXUH�RI�WKHLU�SUH�
FLVH�ZRUN�OLQNHG�ZLWK�SURORQJ�SRVWXUHV� 
2EMHFWLYHV�� 7R�DVVHVV� WKH� OHYHO�RI�SRVWXUDO� HUJRQRPLF� U LVN�H[SRVXUH� DQG� IUHTXHQF\�RI�ZRUN-UHODWHG�
PXVFXORVNHOHWDO�V\PSWRPV�DPRQJ�6XUJHRQV�� 
0HWKRGV�� 7KLV� ZDV� DQ� REVHUYDWLRQDO�� GHVFU LSWLYH� FURVV-VHFWLRQDO� VXUYH\� FRQGXFWHG� DPRQJ� VXUJHRQV�
�Q �����ZRUNLQJ�LQ�KRVSLWDOV�RI�5DZDOSLQGL�DQG�,VODPDEDG��3DNLVWDQ��&RQYHQLHQW�VDPSOLQJ�WHFKQLTXH�ZDV�
XVHG��6WUXFWXUHG�VXUYH\�TXHVWLRQQDLUH�ZDV�XVHG�WR�FROOHFW�GHPRJUDSKLF�GDWD�DQG�ZRUN�GHWDLOV�RI�VXUJHRQV��
3UH-YDOLGDWHG�WRROV�VXFK�DV�4XLFN�([SRVXUH�&KHFN��4(&��DQG�%RG\�0DSSLQJ�7RRO�ZHUH�DOVR�XVHG��6366�
YHUVLRQ����ZDV�XVHG�IRU�GDWD�HQWU\�DQG�DQDO\VLV� 
5HVXOWV��0RUH�WKDQ�KDOI�RI�WKH�VXUJHRQV¶�ZRUNLQJ�SRVWXUH�H[SRVHG�WKHP�WR�KLJK���������DQG�YHU\�KLJK�
HUJRQRPLF� ULVN����������7KH�PHDQ�RI�4XLFN�([SRVXUH�&KHFN�VFRUH�ZDV�����������0DMRULW\�RI� WKH� VXU�
JHRQV��������� UHTXLUHV�XUJHQW� DQG� LPPHGLDWH� FKDQJH�RI� WKHLU�ZRUN�SRVWXUH��$� VLJQLILFDQW�GLIIHUHQFH�RI�
4(&�VFRUH��S ��������EHWZHHQ�PDOHV�DQG�IHPDOHV�ZDV�IRXQG��6WDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFH��S �������
RI�4(&�VFRUH�DPRQJ�6XUJHRQV����������RI�WKH�SDUWLFLSDQWV�KDYH�UHSRUWHG�ZRUN-UHODWHG�ERG\�SDLQ�LQ�ORZHU�
EDFN����������QHFN����������VKRXOGHU����������ZULVW����������DQNOH����������XSSHU�EDFN����������KLS�
SDLQ��������NQHH�������DQG�HOERZV������� 
&RQFOXVLRQ�� ,W�LV�FRQFOXGHG�WKDW�ZRUN-�UHODWHG�SRVWXUH�SXWV�VXUJHRQV�DW�KLJKHU�HUJRQRPLF�ULVN��0RVW�RI�
WKHP�ZHUH�H[SHULHQFLQJ�ZRUN-UHODWHG�PXVFXORVNHOHWDO�SDLQ�LQ�VRPH�RI�WKHLU�ERG\�UHJLRQV�� 
.H\�ZRUGV��(UJRQRPLF�$VVHVVPHQW��3RVWXUH��5LVN��:RUN-UHODWHG�GLVRUGHUV��6XUJHRQV 

'2,��KWWSV���GRL�RUJ����������IXMUV�Y�L����� 

,QWURGXFWLRQ� 

������(UJRQRPLFV� LV� D� VFLHQFH� WKDW� GHDOV� ZLWK� VDIH�
DQG�HIIHFWLYH�LQWHUDFWLRQ�DPRQJ�ZRUNHUV��WRROV�DQG�
WKHLU�ZRUN-UHODWHG� HQYLURQPHQW����� ,W� LV� FRQFHUQHG�
ZLWK�GHVLJQLQJ�DQG�DUUDQJLQJ�ZRUNSODFH�DFFRUGLQJ�
WR� D� MRE� QDWXUH�� 0DLQWDLQLQJ� JRRG� HUJRQRPLFV� DW�
ZRUN� KHOSV� HQKDQFH� SK\VLFDO� ILWQHVV� RI� ZRUNHUV��
(UJRQRPLF�WUDLQLQJ�UHGXFHV�WKH�LQFLGHQFH�RI�ZRUN-
UHODWHG� PXVFXORVNHOHWDO� GLVRUGHUV� �:06'V������
7KHVH�DUH�LQMXULHV�RU�G\VIXQFWLRQV�DIIHFWLQJ�ERQHV��
WHQGRQV�� QHUYHV�� PXVFOHV�� OLJDPHQWV�� MRLQWV��
FDUWLODJHV� DQG� VSLQDO� GLVFV� DV� D� UHVXOW� RI� ZRUN� -
UHODWHG� DFWLYLW\����� $� YDULHW\� RI� ULVN� IDFWRUV�
DVVRFLDWHG� ZLWK� :06'V� KDV� EHHQ� UHSRUWHG� LQ�
QXPHURXV�SXEOLVKHG�VWXGLHV��7KH\�DUH�H[SODLQHG�DV�
EHLQJ� RFFXSDWLRQDO�ZRUNSODFH-� UHODWHG�� SHUVRQDO�
LQGLYLGXDOLVWLF�DQG�SV\FKRVRFLDO�������� 

������6XUJHRQV� DUH� D� GLVWLQFWLYH� JURXS� RI� KHDOWKFDUH�

SURIHVVLRQDOV� ZKR� DUH� DW� ULVN� RI� GHYHORSLQJ�
:06'V����� 7KHLU� KHDOWK� DQG� ZHOOEHLQJ� LV� DQ�
HVVHQWLDO� IDFWRU� WKDW� QHHGV� FRQVLGHUDWLRQ�����
:RUNSODFH-UHODWHG� ULVN� IDFWRUV� PDMRUO\� FRQWULEXWH�
LQ� GHYHORSLQJ�:06'V� OLNH�PHFKDQLFDO� VWUHVV� GXH�
WR� SRRU� HUJRQRPLF� DGDSWDWLRQV� RI� VXUJLFDO�
LQVWUXPHQWV� DQG� RSHUDWLQJ� URRP� �25�� WKDW� PD\�
KDYH�D�QHJDWLYH�HIIHFW�RQ� VXUJHRQV¶�KHDOWK�DV�ZHOO�
DV�TXDOLW\�RI�OLIH��������&RQWUDU\�WR�LW��HYHQ�LQ�ZHOO-
GHVLJQHG� RSHUDWLQJ� URRPV�� KDYLQJ� DYDLODELOLW\� RI�
UHPRWH-FRQWUROOHG�RSHUDWLQJ� WDEOHV��HUJRQRPLFDOO\-
GHVLJQHG� RSHUDWLQJ� FKDLUV� DQG� SDWLHQW� VOLGLQJ�
GHYLFHV�� IUHTXHQW� DQG� UHSHWLWLYH� DFWLYLWLHV� ZLWK�
SURORQJHG� DZNZDUG� SRVWXUHV� ZKLOH� SHUIRUPLQJ�
VXUJHU\� H[HUW� PHFKDQLFDO� ORDG� RQ� WKHLU� ERG\�����
/LWHUDWXUH� VXJJHVWV� WKDW� GHVSLWH� DGYDQFHPHQW� LQ�
GHVLJQLQJ� RI� VXUJLFDO� LQVWUXPHQWV� DQG� RSHUDWLQJ�
URRP��WKHUH�DUH�GLIIHUHQW�PHFKDQLFDO�ULVNV�DWWDFKHG�
WR� YDULRXV� W\SHV� RI� VXUJLFDO� SURFHGXUHV� OLNH�
SURORQJHG� VWDWLF� SRVWXUH� DQG� H[HUWLQJ� H[FHVVLYH�
IRUFH� ZKLOH� KDQGOLQJ� KHDY\� VXUJLFDO� LQVWUXPHQWV��
���� ���� %HVLGHV�� PXVFOH� IDWLJXH� FDQ� UHVXOW� IURP�
SHUIRUPLQJ� VDPH� VXUJLFDO� WDVNV� UHSHWLWLYHO\��
ORFDOL]HG�SUHVVXUH�RQ�VRPH�ERG\�SDUWV�ZKLOH�XVLQJ�
YLEUDWLQJ� VXUJLFDO� WRROV� DQG� UHGXFHG� GHJUHH� RI�

$IILOLDWLRQV�� ��� )DFXOW\� RI� 5HKDELOLWDWLRQ� DQG� $OOLHG�
+HDOWK� 6FLHQFHV�� 5LSKDK� ,QWHUQDWLRQDO� 8QLYHUVLW\��
,VODPDEDG��3DNLVWDQ 
&RUUHVSRQGHQFH��'U ��+XPD�5LD]�37 
(PDLO��KXPDU VK��#OLYH�FRP 
5HFHLYHG��2FWREHU ���WK�������5HYLVLRQ��1RYHPEHU ���VW�
������$FFHSWDQFH��'HFHPEHU ��WK������ 

Z�^��Z�,��Zd/�>� 
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ERGLO\�PRYHPHQW�������� 
������1HFN�� XSSHU� EDFN�� ORZHU� EDFN�� VKRXOGHU� DQG�
DUP� KDYH� KLJK� SUHYDOHQFH� RI� PXVFXORVNHOHWDO�
GLVRUGHUV�DQG�V\PSWRPV�DPRQJ�VXUJLFDO�VSHFLDOLVWV�
���� ��� ��-���� %RWK� SV\FKRVRFLDO� DQG� SK\VLFDO�
IDFWRUV� FRQWULEXWH� WR� LW����� 0RVW� H[SHULHQFHG�
VXUJHRQV� SHUIRUPLQJ�PLQLPDOO\� LQYDVLYH� VXUJHULHV�
DUH� DOVR� VXIIHUHUV� RI�:06'V�����3K\VLFDO� ORDGLQJ�
LQ� GHQWLVWU\� SURFHGXUHV� FDXVHV� PXVFXORVNHOHWDO�
FRPSODLQWV� FRPPRQO\� LQ� XSSHU� OLPE� GXH� WR�
UHSHWLWLYH�PRYHPHQWV�RI�KDQGV�� ���������5DPEDEX�
7� HW�DO� UHSRUWHG� ���� PXVFXORVNHOHWDO� GLVRUGHUV�
DPRQJ� GHQWDO� VXUJHRQV� DV� FRPSDUHG� WR� RWKHU�
VSHFLDOW\� VXUJHRQV� ������ DQG� SK\VLFLDQV� �������
6WUHVVIXO�� SURORQJHG� ERG\� SRVWXUHV� DQG� UHSHWLWLYH�
WDVNV� LQ� ODERU� URRP� LQFUHDVH� HUJRQRPLF� ULVN�
H[SRVXUH� WR� EDFN� DQG� VKRXOGHU� DPRQJ�
J\QHFRORJLVWV������ $FFRUGLQJ� WR� VXUYH\� UHSRUW� RI�
9LMHQGUHQ� $� HW�� DO�� ������ (17� VXUJHRQV�
H[SHULHQFHG� :06'V� DQG� ���� RI� WKHP� VRXJKW�
WUHDWPHQW����� /RZHU� EDFN� SDLQ� DQG� ODWHUDO�
HSLFRQG\OLWLV� KDYH� EHHQ� UHSRUWHG� LQ� SHGLDWULF�
RUWKRSHGLF� VXUJHRQV� RI� 1RUWK� $PHULFD� GXH� WR�
UHSHWLWLYH� DQG� IRUFHIXO� QDWXUH� RI� WKHLU� ZRUN������
,QFUHDVLQJ� DJH� DQG� ORQJ� H[SHULHQFH� DUH� DVVRFLDWHG�
ZLWK�RUWKRSHGLF�WUDXPD�VXUJHRQV������ 
������(UJRQRPLFV� ULVN� DVVHVVPHQWV� FDQ� EH� XVHG� WR�
LGHQWLI\�SK\VLFDO� ULVN� IDFWRUV� DQG�ZKLFK�ERG\�SDUW�
LV� DW� KLJKHU� ULVN�� WKLV� DVVHVVPHQW� FDQ� GHWHUPLQH�
VRPH� ULVN� PRQLWRULQJ� DQG� DGHTXDWH� SUHYHQWLYH�
PHDVXUHV����� *OREDOO\�� WKHUH� DUH� PDQ\� VWXGLHV�
DYDLODEOH� WKDW� KDYH� GHWHUPLQHG� PXVFXORVNHOHWDO�
V\PSWRPDWRORJ\� DPRQJ� VXUJHRQV�� +RZHYHU�� YHU\�
OLPLWHG� QDWLRQDO� OLWHUDWXUH� LV� DYDLODEOH� RQ� OHYHO� RI�
HUJRQRPLF� ULVNV� H[SRVXUH� EDVHG� RQ� VXUJLFDO�
SRVWXUHV��2Q� WKHVH�JURXQGV�� WKH� FXUUHQW� VWXG\�ZDV�
GHVLJQHG� ZLWK� REMHFWLYHV� WR� DVVHVV� OHYHOV� RI�
SRVWXUDO� HUJRQRPLF� ULVN� H[SRVXUH� DORQJ� ZLWK�
IUHTXHQF\� RI� ZRUN-UHODWHG� PXVFXORVNHOHWDO�
V\PSWRPV� DPRQJ� VXUJHRQV� RI� 5DZDOSLQGL� DQG�
,VODPDEDG� 
0HWKRGV� 

������7KLV� ZDV� DQ� REVHUYDWLRQDO�� GHVFULSWLYH� FURVV-
VHFWLRQDO� VXUYH\�� ,W� ZDV� FRQGXFWHG� IURP� $XJXVW�
����� WR� -DQXDU\� ����� LQ� GLIIHUHQW� VXUJLFDO�
VSHFLDOWLHV� RI� WZR� SXEOLF� DQG� WKUHH� SULYDWH� VHFWRU�
KRVSLWDOV� RI� WKH� WZLQ� FLWLHV�� $IWHU� UHFHLYLQJ� DQ�
DSSURYDO� IURP� WKH� UHVHDUFK� HWKLFDO� FRPPLWWHH� RI�
5LSKDK� LQWHUQDWLRQDO� XQLYHUVLW\� ,VODPDEDG�
�5,3+$+�5&56�5(&�/HWWHU-������� �� WKH� SURFHVV�
RI�GDWD�FROOHFWLRQ�ZDV�VWDUWHG��3ULRU�SHUPLVVLRQ�IRU�
GDWD�FROOHFWLRQ�ZDV� WDNHQ�IURP�KRVSLWDO�DXWKRULWLHV�
RI�&DSLWDO�KRVSLWDO�,VODPDEDG��,VODPLF�LQWHUQDWLRQDO�
'HQWDO� +RVSLWDO� ,VODPDEDG�� ,,0&7� 3DNLVWDQ�
5DLOZD\� *HQHUDO� +RVSLWDO� 5DZDOSLQGL�� 4XDLG� H�
$]DP� ,QWHUQDWLRQDO� +RVSLWDO� ,VODPDEDG� DQG�

0DU\DP�0HPRULDO�+RVSLWDO��5DZDOSLQGL�� 
������7KH� VWXG\� SRSXODWLRQ� FRQVLVWHG� RI� VXUJHRQV�
ZRUNLQJ� LQ� 5DZDOSLQGL� DQG� ,VODPDEDG�� 7KH�
³5DRVRIW´� VDPSOH� VL]H� FDOFXODWRU� ZDV� XVHG� IRU�
VDPSOH�VL]H�FDOFXODWLRQ�ZLWK�����FRQILGHQFH�OHYHO��
���PDUJLQ�RI�HUURU������UHVSRQVH�GLVWULEXWLRQ�DQG�
DVVXPHG� SRSXODWLRQ� VL]H� RI� ����� 7KH� FDOFXODWHG�
VDPSOH� VL]H�ZDV����������$� WRWDO� RI� ���� VXUJHRQV�
ZHUH�FRQWDFWHG��RI�ZKLFK�����DJUHHG�WR�EH�SDUW�RI�
VWXG\��6R��WKH�DFWXDO�VDPSOH�VL]H�ZDV�Q ���� 
������7KH� SXUSRVH�RI� VWXG\�ZDV�ZHOO� H[SODLQHG�� DQG�
LQIRUPHG� FRQVHQW� ZDV� WDNHQ� IURP� WKH� VXUJHRQV��
1RQ-SUREDELOLW\�� FRQYHQLHQW� VDPSOLQJ� WHFKQLTXH�
ZDV�XVHG��%RWK�PDOH�DQG�IHPDOH�VXUJHRQV��ZRUNLQJ�
DW� OHDVW� VLQFH� ODVW� �� PRQWKV� LQ� VDPH� SK\VLFDO�
HQYLURQPHQW�� ZLOOLQJ� WR� EH� LQWHUYLHZHG� DQG� SKRWR�
VKRW� WKHLU� PRVW� VXVWDLQHG� SRVWXUH� GXULQJ� VXUJLFDO�
SURFHGXUH�ZHUH�LQFOXGHG�LQ�WKH�VWXG\��:KLOH�WKRVH�
ZLWK� SUHYLRXV� �-PRQWK� KLVWRU\� RI� URDG� WUDIILF�
DFFLGHQW�WUDXPD�� SUHJQDQW� IHPDOH� VXUJHRQ� RU� ZKR�
UHIXVHG�WR�EH�SDUW�RI�VWXG\��ZHUH�H[FOXGHG� 
������6WUXFWXUHG� VXUYH\� TXHVWLRQQDLUH� ZDV� JLYHQ� WR�
WKH� VXUJHRQV� �Q ������ KDYLQJ� WKUHH� VHFWLRQV�� 7KH�
ILUVW� VHFWLRQ� FRQVLVWHG� RI� LQGLYLGXDO� FKDUDFWHULVWLFV�
RI� VXUJHRQV� DQG� WKHLU� ZRUN-UHODWHG� KLVWRU\�� ,W�
LQFOXGHG� TXHVWLRQV� RQ� DJH�� JHQGHU�� \HDUV� RI�
H[SHULHQFH�� HPSOR\PHQW� VWDWXV�� MRE� VHFWRU�� SULRU�
HUJRQRPLF� NQRZOHGJH�� VSHFLDOW\�� ZRUNLQJ� KRXUV�
SHU�GD\��DYHUDJH� WLPH�GXUDWLRQ�GXULQJ�VXUJHU\�DQG�
QXPEHU�RI�VXUJHULHV�SHUIRUPHG�SHU�GD\�� 
������7KH� VHFRQG� VHFWLRQ� FRQVLVWHG� RI� SUH-YDOLGDWHG�
ERG\� PDSSLQJ� WRRO�� ZLWK� WKH� DLP� RI� GHWHUPLQLQJ�
ZRUN-UHODWHG� PXVFXORVNHOHWDO� V\PSWRPV�� ,W�
FRQWDLQHG� TXHVWLRQV� DERXW� ERG\� UHJLRQV� WKDW�
H[SHULHQFHG� SDLQ� DQG� GLVFRPIRUW� GXULQJ� WKH� ODVW�
WKUHH�PRQWKV�DQG�VHYHQ�GD\V��DIIHFWLQJ�DFWLYLWLHV�RI�
WKHLU� GDLO\� OLYLQJ�� 7KH� DERYH� LQIRUPDWLRQ� ZDV�
FROOHFWHG� E\� WKH� UHVHDUFKHUV� WKHPVHOYHV� ZKLOH�
GRLQJ� VWUXFWXUHG� LQWHUYLHZLQJ� RI� WKH� VXUJHRQV�
RXWVLGH�WKH�RSHUDWLQJ�URRPV� 
������$IWHU� FRQGXFWLQJ� 06.� V\PSWRPDWRORJ\�
DVVHVVPHQW�� H[SRVXUH� WR� HUJRQRPLF� ULVNV� GXH� WR�
VXVWDLQHG� DQG� UHSHDWHG� ZRUNLQJ� SRVWXUHV� RQ�
GLIIHUHQW�ERG\�SDUWV�ZKLOH�SHUIRUPLQJ��VXUJHU\��ZDV�
DQDO\]HG� LQ� WKLUG� VHFWLRQ� RI� VWXG\� TXHVWLRQQDLUH�
WKURXJK� SUH-YDOLGDWHG� 4XLFN� ([SRVXUH� &KHFN�
�4(&�������7KH�4(&�V\VWHP�IRFXVHV�PDLQO\�RQ�WKH�
DVVHVVPHQW� RI� ZRUNSODFH� ULVN� IDFWRUV� FRQWULEXWLQJ�
WR� :06'V������ ,W� FRPELQHV� DVVHVVPHQW� GRQH� E\�
ERWK� REVHUYHU� DQG� ZRUNHU�� 'LUHFW� REVHUYDWLRQ� RI�
VXUJLFDO� WDVNV� ZDV� GRQH� E\� WKH� UHVHDUFKHU��
3KRWRJUDSKV�RI�PRVW�UHSHWLWLYH�WDVNV�DQG�VXVWDLQHG�
SRVWXUHV� DGRSWHG� GXULQJ� VXUJHU\�ZHUH� WDNHQ� XVLQJ�
PRELOH� FDPHUD� �6DPVXQJ� -���� 7KHVH� SKRWRJUDSKV�
ZHUH�XVHG�ODWHU�IRU�REVHUYDWLRQDO�SRVWXUDO�DQDO\VLV��
7KH� SDWLHQW� FRQILGHQWLDOLW\� ZDV� QRW� EUHHFKHG� DV�
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RQO\� VXUJHRQV¶�ZRUNLQJ� SRVWXUH�ZDV� FDSWXUHG� DQG�
VDYHG�ZLWK�WKHLU�SHUPLVVLRQV��5LVN�H[SRVXUH�VFRUHV�
IRU� EDFN�� VKRXOGHU�DUP�� ZULVW�KDQG�� DQG� QHFN� LQ�
UHODWLRQ� WR� SDUWLFXODU� WDVN�ZHUH� ODWHU� FDOFXODWHG� RQ�
4(&� WRRO�� 2WKHU� ZRUNSODFH� ULVN� IDFWRUV� OLNH� MRE�
VWUHVV��YLEUDWLRQ�H[SRVXUH�DQG�ZRUN�SDFH�ZHUH�DOVR�
VFRUHG�� %DVHG� RQ� WKHVH� FDOFXODWHG� 4(&� VFRUH��
SDUWLFLSDQWV¶� SRVWXUHV� ZHUH� FDWHJRUL]HG� RQ�
SUHGHWHUPLQHG� DFWLRQ� OHYHOV� DV������ DFFHSWDEOH��
��-���� LQYHVWLJDWH� IXUWKHU�� ��-���� LQYHVWLJDWH�
IXUWKHU� DQG� FKDQJH� VRRQ�!���� LQYHVWLJDWH� DQG�
FKDQJH�LPPHGLDWHO\���������� 
������$OO� WKH� GDWD� ZDV� HQWHUHG� DQG� DQDO\]HG� LQ�
6WDWLVWLFDO� 3DFNDJH� IRU� 6RFLDO� 6FLHQFHV� �6366��
YHUVLRQ� ���� 7KH� GDWD� RI�4(&� VFRUH�ZDV� QRUPDOO\�
GLVWULEXWHG� DV� FKHFNHG� E\� SORWWLQJ� KLVWRJUDP� DQG�
YDOXH�RI�6KDSLUR-:LON� WHVW� �S ��������7R�FRPSDUH�
PHDQ� HUJRQRPLF� ULVN� VFRUH� EHWZHHQ� PDOH� DQG�
IHPDOH�VXUJHRQV��LQGHSHQGHQW�W-WHVW�ZDV�HPSOR\HG��
7R� DVVHVV� GLIIHUHQFH� RI� HUJRQRPLF� ULVN� VFRUH�
DPRQJ� VXUJHRQV� RI� GLIIHUHQW� VSHFLDOWLHV� DQG� \HDUV�
RI� H[SHULHQFH�� RQH-ZD\� $129$� WHVW� ZDV� XVHG��
3������ZDV�WDNHQ�DV�VWDWLVWLFDOO\�VLJQLILFDQW� 

5HVXOWV� 
�������7KH� PHDQ� DJH� RI� SDUWLFLSDQWV� ZDV� ���������
\HDUV��(PSOR\PHQW�VWDWXV�ZDV�IXOOWLPH�LQ���������
DQG�SDUW�WLPH�LQ����������&OLQLFDO�IDFLOLW\�LQ�ZKLFK�
VXUJHRQV� ZHUH� ZRUNLQJ� ZDV� VHFRQGDU\� FDUH� ��
������ DQG� WHUWLDU\� FDUH� ��������� 7KHLU� PHDQ�
ZRUNLQJ� H[SHULHQFH� ZDV� ���������� \HDUV�� 7KH�
ZRUNLQJ� KRXUV� SHU� GD\� DQG� QXPEHU� RI� VXUJHULHV�
SHUIRUPHG� SHU� GD\�� ���������� DQG� �����������
UHVSHFWLYHO\�� 3ULRU� HUJRQRPLF� NQRZOHGJH� ZDV�
UHSRUWHG� E\� �������� VXUJHRQV� ZKHUHDV� ��������
KDG�QR�IRUPDO�HUJRQRPLF�LQIRUPDWLRQ� 

�������7KH� PHDQ� RI� FDOFXODWHG� 4(&� VFRUH� ZDV�
����������7KH�PLQLPXP�4(&�VFRUH�ZDV�����DQG�
PD[LPXP� ZDV� ����� $V� SHU� WRRO� SURWRFRO�� DFWLRQ�
OHYHOV� ZHUH� GHWHUPLQHG� EDVHG� RQ� LQGLYLGXDO�
HUJRQRPLF�ULVN�H[SRVXUH�VFRUH��$PRQJVW� WKHP����
������ ZHUH� SUHVHQWHG� ZLWK� ORZ-ULVN� H[SRVXUH�
ZKLFK� LV�FRQVLGHUHG� DQ�DFFHSWDEOH�YDOXH�� ��������
ZLWK� PRGHUDWH� H[SRVXUH� WKDW� QHHGV� IXUWKHU�
LQYHVWLJDWLRQ� RI� WKHLU�ZRUN� SRVWXUH�� ��������ZLWK�
KLJK� ULVN� H[SRVXUH� WKDW� UHTXLUHV� XUJHQW� FKDQJH� LQ�
ZRUNLQJ� SRVWXUHV� DQG� �������� VXUJHRQV� ZHUH�
H[SRVHG�WR�YHU\�KLJK�ULVN��VR�LPPHGLDWH�FKDQJH�RI�
WKHLU�ZRUN�SRVWXUH�QHHGHG� 
������*HQGHU� ZLVH� HUJRQRPLF� ULVN� DVVHVVPHQW� ZDV�
IRXQG� VWDWLVWLFDOO\� VLJQLILFDQW� �S ������� FDOFXODWHG�
E\� LQGHSHQGHQW� VDPSOH� W-WHVW� DV� PDOH� VXUJHRQV¶�
4(&�VFRUH�ZDV�KLJKHU�DV�FRPSDUHG�WR�WKHLU�IHPDOH�
FRXQWHUSDUWV�� 7KH� DQDO\VLV� GRQH� E\� $129$�
VKRZHG� VWDWLVWLFDOO\� VLJQLILFDQW� GLIIHUHQFH�
�S ������� RI� 4(&� VFRUH� DPRQJ� VXUJHRQV¶�
EHORQJLQJ� WR� GLIIHUHQW� 6SHFLDOWLHV�� %XW� $129$�
DQDO\VLV� EHWZHHQ� 4(&� VFRUH� DQG� 6XUJHRQV¶� \HDUV�
RI� ZRUN� H[SHULHQFH� VKRZHG� QRQ-VLJQLILFDQW�
GLIIHUHQFH��S!������ZLWK�DOPRVW�VLPLODU�4(&�PHDQ�
VFRUH� EHWZHHQ� QRYLFH� DQG� H[SHULHQFHG�
SURIHVVLRQDOV�� 7KHLU� UHVSHFWLYH� 4(&� VFRUHV� KDYH�
EHHQ� PHQWLRQHG� LQ� 7DEOH� ��� 7DEOH� �� VKRZHG�
H[SRVXUH� OHYHO� RI� GLIIHUHQW� ERG\� UHJLRQV� WR�
HUJRQRPLF� ULVN�� 1HFN�� VKRXOGHU�DUP� DUH� PRUH�
H[SRVHG� WR�ULVNV�IROORZHG�E\�ZULVW�KDQG�DQG�EDFN��
5LVN�H[SRVXUH�WR�YLEUDWLQJ�WRROV�RI�VXUJHU\�ZDV�ORZ�
���������PRGHUDWH� �������� DQG� KLJK� ������� -RE�
VWUHVV� ULVN� ZDV� ORZ� ��������� PRGHUDWH� ���������
KLJK� �������� DQG� YHU\� KLJK� ��������� 7KH�
VXUJHRQV���������IRXQG�WR�EH�DW�ORZ�ULVN�RI�KDYLQJ�

7DEOH����4XLFN�([SRVXUH�&KHFN��4(&��VFRUH�DPRQJ�*HQGHU��6SHFLDOW\��DQG�\HDUV�RI�H[SHULHQFH�LQ�VXUJHRQV 

9DULDEOHV 6XEFDWHJRULHV 1���� 
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����� 
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GLIILFXOW\� LQ� NHHSLQJ� XS�ZLWK� WKHLU�ZRUN�� ��������
PRGHUDWH� DQG� RQO\� ������ KDYH� KLJK� ZRUN� SDFH�
ULVN��$FFRUGLQJ�WR�UHVSRQVH�RI�ERG\�PDSSLQJ�WRRO��
�������� VXUJHRQV� KDG� VRPH� VRUW� RI� SDLQ��
GLVFRPIRUW�� RU� DFKH� LQ� RQH� RU�PRUH� ERG\� UHJLRQV��
ZKLOH� �������� GLG� QRW� KDYH� VXFK� V\PSWRPV��
'XULQJ�WKH�ODVW�VHYHQ�GD\V¶�ZRUN�UHODWHG�SDLQ�DFKH�
GLVFRPIRUW� DQG�RU� QXPEQHVV� DPRQJ� VXUJHRQV�ZDV�
KLJK� LQ� ORZHU�EDFN���������� IROORZHG�E\�QHFN���
�������VKRXOGHU����������ZULVW����������DQNOH���
�������XSSHU�EDFN����������KLS�SDLQ��������NQHH�
������DQG�HOERZV������� �)LJ����'XULQJ� ODVW� WKUHH�
PRQWKV� ZRUN-UHODWHG� SDLQ�DFKH�GLVFRPIRUW� DQG�RU�
QXPEQHVV� ZDV� UHSRUWHG� LQ� ORZHU� EDFN� ���������
IROORZHG� E\� QHFN� ��������� VKRXOGHU� ���������
XSSHU� EDFN� ��������� DQNOH� ��������� NQHH� ��
������� KLS� ������� HOERZ� ������ DQG� ZULVW� ������
�)LJ���� 

'LVFXVVLRQ� 

������,Q� WKH� FXUUHQW� SDSHU�� HUJRQRPLF� ULVN� H[SRVXUH�
ZDV� HYDOXDWHG� E\� DQDO\]LQJ� VXUJHRQV¶� ZRUN�
SRVWXUHV�� DORQJ�ZLWK� LQYHVWLJDWLRQ� RI�ZRUN-UHODWHG�
PXVFXORVNHOHWDO�V\PSWRPV��2Q�DYHUDJH�WKLV�VWXG\¶V�
SDUWLFLSDQWV� VFRUHG� PRGHUDWH� OHYHO� RI� HUJRQRPLF�
ULVN�� EXW� D� ODUJH� SURSRUWLRQ� ZDV� H[SRVHG� WR� KLJK�
DQG� YHU\� KLJK� ULVNV��1HFN�� VKRXOGHU�DUP� DUH�PRUH�
H[SRVHG�WR�ULVNV�IROORZHG�E\�ZULVW�KDQG�DQG�EDFN� 
������3UHYLRXV� V\VWHPDWLF� UHYLHZV� FRQGXFWHG� WR�
HYDOXDWH�HYLGHQFH�RI�ELRPHFKDQLFDO�ULVN�IDFWRUV�IRU�
FDXVLQJ� ZRUN-UHODWHG� PXVFXORVNHOHWDO� GLVRUGHUV��

UHSRUWHG� QRQ-QHXWUDO� ERG\� SRVWXUHV�� H[FHVVLYH�
UHSHWLWLRQ�DQG�KHDY\�OLIWLQJ�WR�FRQWULEXWH�WKH�PRVW�
���� ���� 7KH� SRVWXUDO� ULVN� H[SRVXUH� DVVHVVPHQW� RI�
FXUUHQW� VWXG\� VXSSRUWV� FODLP� RI� D� VWXG\� GRQH� LQ�
6WDQIRUG� 8QLYHUVLW\� 0HGLFDO� &HQWHU�� 6RXWK�
$PHULFD�� ZKLFK� UHSRUWHG� PHGLXP� WR� KLJK� OHYHO�
H[SRVXUH� ULVN� DPRQJ� ODSDURVFRSLF�� RSHQ� DQG�
URERWLF� VXUJHRQV� GHVSLWH� XVLQJ� ZHOO-GHVLJQHG�
VXUJLFDO� LQVWUXPHQWV������ %DWKDP� &� HW� DO�� GLG�
SRVWXUDO� HUJRQRPLF� ULVN� H[SRVXUH� DVVHVVPHQW�
WKURXJK�4(&�RQ� ,QGLDQ� GHQWLVWV� DQG� IRXQG� �������
ZHUH� H[SRVHG� WR� PRGHUDWH� DQG� KLJK� OHYHO� RI�
SRVWXUDO� HUJRQRPLF� ULVN������ $QRWKHU� GHVFULSWLYH�
VWXG\�IRXQG�KLJK�HUJRQRPLF�ULVN�H[SRVXUH�VFRUH�LQ�
RSHQ��ODSDURVFRSLF�DQG�PLFURVFRSLF�VXUJHU\�DPRQJ�
VXUJHRQV�LQ�7HKUDQ�KRVSLWDO�����5HVXOWV�RI�SUHYLRXV�
OLWHUDWXUH� VKRZHG� FRQJUXHQF\� ZLWK� ILQGLQJV� RI�
FXUUHQW� VWXG\� LQ� WKDW� PRUH� WKDQ� ILIW\� SHUFHQW�
SDUWLFLSDQWV������ DUH� H[SRVHG� WR� SRVWXUDO�
HUJRQRPLF� ULVNV� DW� KLJK� DQG�YHU\�KLJK� OHYHO� �����
DQG�����UHVSHFWLYHO\�� 
�����$� UHYLHZ� RQ� HSLGHPLRORJLFDO� HYLGHQFH� RI�
:06'V�DOVR�DGGHG�UDSLG�ZRUN�SDFH�DQG�YLEUDWLRQ�
LQ�SK\VLFDO�HUJRQRPLF�ZRUN�IDFWRUV������6SHFLILF�WR�
VXUJHRQ�SRSXODWLRQ��D�SUHYLRXV�VWXG\�E\�3DUN�+6�HW�
DO� KDG� FRPPHQWHG� WKDW� GHQWLVWV� ZHUH� FRQVWDQWO\�
H[SRVHG� WR� ZHDN� YLEUDWLRQ� ZKLOH� KDQGOLQJ� GHQWDO�
KDQG� SLHFH������ $QRWKHU� VWXG\� FRQGXFWHG� RQ�
RUWKRSHGLF�VXUJHRQV�WR�PHDVXUH�KDQG-DUP�YLEUDWLRQ�
ULVN� E\� XVLQJ� KDQG� RSHUDWHG� VDZV�� WKH\� DOVR� KDG�
UHSRUWHG� QHJOHFWHG� ULVN� GXH� WR� YLEUDWLRQ������
$OWKRXJK� FXUUHQW� VWXG\� IRFXVHG� RQ� PXOWLSOH�
VSHFLDOWLHV�EXW�YLEUDWLRQ�DQG�ZRUN�SDFH�ULVNV�ZHUH�
IRXQG�WR�EH�ODUJHO\�ORZ�������DQG�PRGHUDWH�������
UHVSHFWLYHO\�DPRQJ�VXUJHRQV� 
������([FHVVLYH� DQG� DZNZDUG� SRVWXUDO� GHPDQG� RQ�
QHFN��VKRXOGHU�DQG�DUP�SODFH�KLJKHU�PXVFXODU�DQG�
MRLQW� IRUFHV������ ,Q� SDVW� VWXGLHV�� LW� KDV� EHHQ�
FRPPRQO\� UHSRUWHG� WKDW� SUHYDOHQFH� RI�
PXVFXORVNHOHWDO�V\PSWRPV�LV�KLJK�DPRQJ�VXUJHRQV�
GXH� WR� SURORQJ� SRRU� SRVWXUHV����� ��� ���� ��-����
6LPLODU�UHVXOWV�KDYH�EHHQ�UHSRUWHG�LQ�FXUUHQW�VWXG\��
$� YHU\� UHFHQW� UHVHDUFK� UHSRUW� E\� *XWLHUUH]-'LH]�
0&�HW�DO�FRQFOXGHG�ORZHU�EDFN��������QHFN�������
DQG�VKRXOGHU�������DV�PRUH�DIIHFWHG�ERG\�]RQHV�LQ�

7DEOH�1R���VKRZV�OHYHO�RI�ULVN�H[SRVXUH�RI�GLIIHUHQW�ERG\�UHJLRQV�RI�VXUJHRQV�FDOFXODWHG�IURP�

4XLFN�([SRVXUH�&KHFN��4(&� 

([SRVXUH�6FRUH /RZ 0RGHUDWH +LJK 9HU\�+LJK 

%DFN��VWDWLF� ��� ��� ��� �� 

%DFN��0RYLQJ� ��� ��� ��� �� 

6KRXOGHU�$UP ��� ��� ��� ��� 

:ULVW�+DQG ��� ��� ��� �� 

1HFN �� ��� ��� ��� 

)LJXUH����:RUN�-UHODWHG�0XVFXORVNHOHWDO�V\PSWRPV�

RI�VXUJHRQV�GXULQJ�ODVW���'D\V�DQG�ODVW���0RQWKV 
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PLQLPDO� LQYDVLYH� VXUJLFDO� SURFHGXUHV����/LNHZLVH��
EDFN� DQG� VKRXOGHUV� SDLQ� ZDV� DOVR� IUHTXHQWO\�
SUHVHQWHG�PXVFXORVNHOHWDO�SUREOHP�LQ�REVWHWULF�DQG�
J\QHFRORJLFDO�VXUJHRQV������$QRWKHU�VWXG\�E\�6DDG�
0�HW�DO� UHSRUWHG�ORZ�EDFN�SDLQ�WR�EH�D�FRPPRQO\�
DIIHFWHG� DUHD� �������� DPRQJ� RUWKRSHGLF� WUDXPD�
VXUJHRQV������ 7KHUHIRUH� �� UHVXOWV� RI� FXUUHQW� VWXG\�
GHGXFHG� E\� ERG\� PDSSLQJ� WRRO� DUH� IRXQG� WR� EH�
FRQVLVWHQW� ZLWK� WKRVH� RI� SUHYLRXV� OLWHUDWXUH�� ,W� LV�
UHSRUWHG� LQ� WKH� FXUUHQW� VWXG\� WKDW� ORZHU� EDFN�
V\PSWRPV� ZHUH� IUHTXHQW� L�H�� ����� IROORZHG� E\�
QHFN� ����� VKRXOGHU� �����ZULVW� ����� DQNOH� �����
XSSHU�EDFN������KLS�SDLQ�����NQHH����DQG�HOERZV�
���DPRQJ�VXUJHRQV� 
������6RPH�OLPLWDWLRQV�RI�WKH�FXUUHQW�VWXG\�QHHG�WR�EH�
DFNQRZOHGJHG�� 7KLV� ZDV� DQ� REVHUYDWLRQDO� FURVV-
VHFWLRQDO�VWXG\�ZKLFK�HYDOXDWHG�VXUJHRQV¶�SRVWXUDO�
HUJRQRPLF� ULVN�H[SRVXUH�DW�D� VLQJOH�SRLQW�RI� WLPH��
2WKHU� LPSRUWDQW� DVSHFWV� RI� HUJRQRPLFV� OLNH�
SK\VLFDO�LQIUDVWUXFWXUH�RI�ZRUNVWDWLRQ��EXLOGLQJ�DQG�
KDQGOLQJ� RI� VXUJLFDO� WRROV� RU� HTXLSPHQW� ZHUH�
PLVVHG�� $V� PXOWLSOH� VXUJLFDO� VSHFLDOWLHV� ZHUH�
FKRVHQ�GXH�WR�ODFN�RI�VXIILFLHQW�QXPEHU�RI�VXUJHRQV�
RI�VLQJOH�VSHFLDOW\�LQ�WZLQ�FLWLHV�RI�5DZDOSLQGL�DQG�
,VODPDEDG�� JHQHUDOL]DWLRQ� RI� VWXG\¶V� ILQGLQJV� LV�
UDWKHU� XQFHUWDLQ�� ,Q� VXUJLFDO� ILHOG�� DSSOLFDWLRQ� RI�
SRVWXUDO� HUJRQRPLF� JXLGHOLQHV� ZRXOG� EH� D� JUHDW�
EHQHILW� IRU� ERWK� VXUJHRQV� DQG� SDWLHQWV�� 6R��
HUJRQRPLF�JXLGHOLQHV�IRU�RSHUDWLQJ�URRP�VKRXOG�EH�
UHYLVHG� DQG� LPSOHPHQWHG� WR� DYRLG� IXWXUH� ULVNV� RI�
GHYHORSLQJ� PXVFXORVNHOHWDO� GLVRUGHUV�� (UJRQRPLF�
WUDLQLQJ�DQG�SRVWXUDO�DZDUHQHVV�SURJUDPV�PXVW�EH�
LQWURGXFHG� DV� UHJXODU� SDUW� RI� WUDLQLQJ��
6WUHQJWKHQLQJ�H[HUFLVHV�IRU�KLJK-ULVN�DUHDV�RI�ERG\�
VKRXOG� EH� SUDFWLFHG�� HQKDQFLQJ� WKHLU� FDSDFLW\� WR�
ZRUN�LQ�SDLQ�IUHH�HQYLURQPHQW��DQG�IDFLOLWDWLQJ�WKH�
GHOLYHU\�RI�TXDOLW\�FDUH�WR�SDWLHQWV��)XUWKHU�VWXGLHV�
DUH� UHFRPPHQGHG� ZLWK� SURSHU� LPSOHPHQWDWLRQ� RI�
HUJRQRPLF�WUDLQLQJ�DORQJ�ZLWK�DQDO\VLV�RI�RSHUDWLQJ�
URRP� 
&RQFOXVLRQ� 

������,Q� FRQFOXVLRQ�� PDMRULW\� RI� WKH� VXUJHRQV� ZHUH�
H[SRVHG� WR� PRGHUDWH� DQG� KLJK� OHYHO� RI� SRVWXUDO�
HUJRQRPLF� ULVNV�� 0DOH� VXUJHRQV� ZHUH� PRUH�
H[SRVHG�WR�SRVWXUDO�HUJRQRPLF�ULVNV�DV�WKH\�VFRUHG�
KLJK�LQ�4(&��0DQ\�RI�WKHP�UHSRUWHG�ZRUN-UHODWHG�
SDLQ� RU� GLVFRPIRUW� LQ� RQH� RU� PRUH� ERG\� UHJLRQV��
7KH� PRVW� DIIHFWHG� PXVFXORVNHOHWDO� ]RQH� VKRZLQJ�
ERWK�DFXWH�DQG�FKURQLF�V\PSWRPV�ZDV�XSSHU�EDFN��
IROORZHG� E\� ORZHU� EDFN�� QHFN�� VKRXOGHU� DQG� DUP��
9LEUDWLQJ� WRRO�� ZRUN� SDFH� DQG� MRE� VWUHVV� ULVNV¶�
VFRUHV�ZHUH�ORZ��PRGHUDWH��DQG�KLJK��UHVSHFWLYHO\�� 

'LVFODLPHU�� 7KLV� DU WLFOH� LV� SDU W� RI� 'RFWRU � RI�
3K\VLFDO�7KHUDS\�WKHVLV�SURMHFW� 

&RQIOLFW�RI�LQWHUHVW��1RQH 

)XQGLQJ�VRXUFH��1RQH 

5HIHUHQFHV� 

�� 3RUFKLODPEDQ� 6��5DMD�9%��.XPDU� 66��.XPDU�
66�� HGLWRUV�� 5HYLHZ� RQ� VFRSH� DQG� WUHQGV� LQ�
HUJRQRPLF� HYDOXDWLRQ� RI� ZRUN� SRVWXUH� LQ�
GHQWLVWU\�� )URQWLHUV� LQ� $XWRPRELOH� DQG�
0HFKDQLFDO�(QJLQHHULQJ-������������,(((� 

�� 6WRQH�5��0F&OR\�5�� (UJRQRPLFV� LQ�PHGLFLQH�
DQG�VXUJHU\��%PM���������������������-�� 

�� GD�&RVWD�%5��9LHLUD�(5��5LVN�IDFWRUV�IRU�ZRUNဨ
UHODWHG�PXVFXORVNHOHWDO�GLVRUGHUV��D�V\VWHPDWLF�
UHYLHZ�RI�UHFHQW�ORQJLWXGLQDO�VWXGLHV��$PHULFDQ�
MRXUQDO�RI�LQGXVWULDO�PHGLFLQH����������������-
���� 

�� +RXWPDQ� ,/�� %RQJHUV� 30�� 6PXOGHUV� 3*��
.RPSLHU� 0$�� 3V\FKRVRFLDO� VWUHVVRUV� DW� ZRUN�
DQG� PXVFXORVNHOHWDO� SUREOHPV�� 6FDQGLQDYLDQ�
MRXUQDO� RI� ZRUN�� HQYLURQPHQW� 	� KHDOWK��
��������-��� 

�� 6]HWR� *3�� +R� 3�� 7LQJ� $&�� 3RRQ� -7�� &KHQJ�
6:��7VDQJ�5&��:RUN-UHODWHG�PXVFXORVNHOHWDO�
V\PSWRPV�LQ�VXUJHRQV��-RXUQDO�RI�RFFXSDWLRQDO�
UHKDELOLWDWLRQ����������������-��� 

�� $JKLOLQHMDG� 0�� (KVDQL� $$�� 7DOHEL� $��
.RRKSD\HK]DGHK� -�� 'HKJKDQ� 1�� (UJRQRPLF�
ULVN� IDFWRUV� DQG�PXVFXORVNHOHWDO� V\PSWRPV� LQ�
VXUJHRQV� ZLWK� WKUHH� W\SHV� RI� VXUJHU\�� 2SHQ��
ODSDURVFRSLF�� DQG� PLFURVXUJHU\�� 0HGLFDO�
MRXUQDO� RI� WKH� ,VODPLF� 5HSXEOLF� RI� ,UDQ��
������������ 

�� *OLFNVRQ� -�� 6XUJHRQV� H[SHULHQFH� PRUH�
HUJRQRPLF� VWUHVV� LQ� WKH� 25�� %XOO� $P� &ROO�
6XUJ���������������-�� 

�� *XWLHUUH]-'LH]� 0&�� %HQLWR-*RQ]DOH]� 0$��
6DQFLEULDQ� 5�� *DQGDULOODV-*RQ]DOH]� 0$��
5HGRQGR-)LJXHUR�&��0DQXHO-3DOD]XHORV�-&��$�
VWXG\� RI� WKH� SUHYDOHQFH� RI� PXVFXORVNHOHWDO�
GLVRUGHUV� LQ� VXUJHRQV� SHUIRUPLQJ� PLQLPDOO\�
LQYDVLYH� VXUJHU\�� ,QWHUQDWLRQDO� -RXUQDO� RI�
2FFXSDWLRQDO�6DIHW\�DQG�(UJRQRPLFV���������
�������-�� 

�� 9LMHQGUHQ�$��<XQJ�0��6DQFKH]�-��'XIILHOG�.��
2FFXSDWLRQDO� PXVFXORVNHOHWDO� SDLQ� DPRQJVW�
(17�VXUJHRQV–DUH�ZH� ORRNLQJ�DW� WKH� WLS�RI�DQ�
LFHEHUJ"� 7KH� -RXUQDO� RI� /DU\QJRORJ\� 	�
2WRORJ\�����������������-�� 

��� 3pUH]-'XDUWH� )�� 6iQFKH]-0DUJDOOR� )�� 'tD]-
*�HPHV� ,0-3�� 6iQFKH]-+XUWDGR� 0�� /XFDV-
+HUQDQGH]� 0�� 8VyQ� -*�� (UJRQRPLFV� LQ�
ODSDURVFRSLF� VXUJHU\� DQG� LWV� LPSRUWDQFH� LQ�
VXUJLFDO� WUDLQLQJ�� &LUXJLD� HVSDQROD�� �������
�������-��� 

��� 2UGyxH]-5tRV� 0�� -DUD-'tD]� 2�� 6DODPHD� -&��
5REOHV-%\NEDHY� 9�� HGLWRUV�� (UJRQRPLF�
$VVHVVPHQW� DQG�$QDO\VLV� RI� 3RVWXUDO� /RDG� RI�
6XUJHRQV� 3HUIRUPLQJ� /DSDURVFRSLF� 6XUJHULHV�
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)RXQGDWLRQ�8QLYHUVLW\� 
-RXUQDO�RI�5HKDELOLWDWLRQ�6FLHQFHV ��� 

LQ� &XHQFD�� (FXDGRU�� ,QWHUQDWLRQDO� &RQIHUHQFH�
RQ� $SSOLHG� +XPDQ� )DFWRUV� DQG� (UJRQRPLFV��
������6SULQJHU� 

��� (VSRVLWR� &�� (O� *KRQHLPL� $�� <DPDWDND� $��
5RWKHQEHUJ�6��%DLOH]�0��)HUUR�0��HW�DO��:RUN-
UHODWHG�XSSHU�OLPE�PXVFXORVNHOHWDO�GLVRUGHUV�LQ�
SDHGLDWULF� ODSDURVFRSLF� VXUJHU\��$�PXOWLFHQWHU�
VXUYH\�� -RXUQDO� RI� SHGLDWULF� VXUJHU\�� �������
��������-�� 

��� /LDQJ� &$�� /HYLQH� 9-�� 'XV]D� 6:�� +DOH� (.��
1HKDO� .6�� 0XVFXORVNHOHWDO� 'LVRUGHUV� DQG�
(UJRQRPLFV� LQ� 'HUPDWRORJLF� 6XUJHU\�� $�
6XUYH\� RI� 0� RKV� 6XUJHRQV� LQ� ������
'HUPDWRORJLF�6XUJHU\����������������-�� 

��� $OH[RSRXORV� (&�� 6WDWKL� ,-&�� &KDUL]DQL� )��
3UHYDOHQFH� RI� PXVFXORVNHOHWDO� GLVRUGHUV� LQ�
GHQWLVWV�� %0&� PXVFXORVNHOHWDO� GLVRUGHUV��
������������� 

��� 'RQJ� +�� %DUU� $�� /RRPHU� 3�� 5HPSHO� '�� 7KH�
HIIHFWV�RI�ILQJHU�UHVW�SRVLWLRQV�RQ�KDQG�PXVFOH�
ORDG� DQG� SLQFK� IRUFH� LQ� VLPXODWHG� GHQWDO�
K\JLHQH� ZRUN�� -RXUQDO� RI� 'HQWDO� (GXFDWLRQ��
��������������-��� 

��� 2NX\XFX� .$�� -HYH� <�� 'RVKDQL� $�� :RUN-
UHODWHG� PXVFXORVNHOHWDO� LQMXULHV� DPRQJVW�
REVWHWULFV� DQG� J\QDHFRORJ\� WUDLQHHV� LQ� (DVW�
0LGODQG� UHJLRQ� RI� WKH� 8.�� $UFKLYHV� RI�
J\QHFRORJ\� DQG� REVWHWULFV�� ���������������-
��� 

��� $O]DKUDQL� 00�� $OTDKWDQL� 60�� 7DQ]HU� 0��
+DPG\�5&��0XVFXORVNHOHWDO� GLVRUGHUV� DPRQJ�
RUWKRSHGLF� SHGLDWULF� VXUJHRQV�� DQ� RYHUORRNHG�
HQWLW\�� -RXUQDO� RI� FKLOGUHQ
V� RUWKRSDHGLFV��
��������������-�� 

��� $O4DKWDQL� 60�� $O]DKUDQL� 00�� +DUYH\� (-��
3UHYDOHQFH�RI�PXVFXORVNHOHWDO�GLVRUGHUV�DPRQJ�
RUWKRSHGLF� WUDXPD� VXUJHRQV�� DQ� 27$� VXUYH\��
&DQDGLDQ�-RXUQDO�RI�6XUJHU\���������������� 

��� 5DRVRIW�FRP�� 6DPSOH� VL]H� FDOFXODWRU� E\�
5DRVRIW�,QF�� ������>FLWHG�-XO\�������$YDLODEOH�
IURP��KWWS���ZZZ�UDRVRIW�FRP�VDPSOHVL]H�KWPO� 

��� 'DYLG� *�� :RRGV� 9�� /L� *�� %XFNOH� 3�� 7KH�
GHYHORSPHQW� RI� WKH� 4XLFN� ([SRVXUH� &KHFN�
�4(&��IRU�DVVHVVLQJ�H[SRVXUH�WR�ULVN�IDFWRUV�IRU�

ZRUN-UHODWHG� PXVFXORVNHOHWDO� GLVRUGHUV��
$SSOLHG�HUJRQRPLFV���������������-��� 

��� %URZQ� 5�� /L� *�� 7KH� 'HYHORSPHQW� RI� $FWLRQ�
/HYHOV�IRU�WKH�³4XLFN�([SRVXUH�&KHFN�³�4(&��
6\VWHP��&RQWHPSRUDU\�(UJRQRPLFV�����������
-�� 

��� 3XQQHWW� /�� :HJPDQ� '+�� :RUN-UHODWHG�
PXVFXORVNHOHWDO� GLVRUGHUV�� WKH� HSLGHPLRORJLF�
HYLGHQFH� DQG� WKH� GHEDWH�� -RXUQDO� RI�
HOHFWURP\RJUDSK\� DQG� NLQHVLRORJ\�� �������
������-��� 

��� %DWKDP� &�� <DVREDQW� 6�� $� ULVN� DVVHVVPHQW�
VWXG\� RQ� ZRUN-UHODWHG� PXVFXORVNHOHWDO�
GLVRUGHUV� DPRQJ� GHQWLVWV� LQ� %KRSDO�� ,QGLD��
,QGLDQ� -RXUQDO� RI� 'HQWDO� 5HVHDUFK�� �������
�������� 

��� 3DUN� +-6�� .LP� -�� 5RK� +-/�� 1DPNRRQJ� 6��
$QDO\VLV�RI�WKH�ULVN�IDFWRUV�RI�PXVFXORVNHOHWDO�
GLVHDVH� DPRQJ� GHQWLVWV� LQGXFHG� E\� ZRUN�
SRVWXUH�� -RXUQDO� RI� SK\VLFDO� WKHUDS\� VFLHQFH��
����������������-�� 

��� 0DKPRRG� )�� )HUJXVRQ� .�� &ODUNH� -�� +LOO� .��
0DFGRQDOG� (�� 0DFGRQDOG� '�� +DQG–DUP�
YLEUDWLRQ� LQ� RUWKRSDHGLF� VXUJHU\�� D� QHJOHFWHG�
ULVN�� 2FFXSDWLRQDO� 0HGLFLQH�� ��������������-
�� 

��� 0DJQXVVRQ� 0�� 3RSH� 0�� $� UHYLHZ� RI� WKH�
ELRPHFKDQLFV� DQG� HSLGHPLRORJ\� RI� ZRUNLQJ�
SRVWXUHV� �LW� LVQ
W� DOZD\V� YLEUDWLRQ� ZKLFK� LV� WR�
EODPH���� -RXUQDO� RI� VRXQG� DQG� YLEUDWLRQ��
���������������-��� 

$XWKRU�&RQWULEXWLRQ� 

5LD]� +�� &RQFHSWLRQ�� 'DWD� DQDO\VLV�� 'DWD�
LQWHUSUHWDWLRQ�� &ULWLFDO� 5HYLHZ� DQG� )LQDO�
$SSURYDO� 
.KDQ� +�� 'DWD� &ROOHFWLRQ�� 'DWD� $QDO\VLV��
'UDIWLQJ�RI�0DQXVFULSW� 
0DOLN� 4�� 'DWD� $FTXLVLWLRQ�� 'DWD� $QDO\VLV��
'UDIWLQJ�RI�0DQXVFULSW� 
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(YDOXDWLRQ�RI�3LULIRUPLV�6\QGURPH�LQ�3DWLHQWV�ZLWK�/RZ�%DFN�3DLQ�

5HSRUWLQJ�WR�3XEOLF�0HGLFDO�7HDFKLQJ�,QVWLWXWHV�LQ�3HVKDZDU 

)DUKDQ� +DOHHP��� $TVD� <DVPLQ��� )L]DK� 0DKQRRU� .KDQ��� 0XKDPPDG� .DVKLI��� 0DULD� -DPVKHG���
0XKDPPDG�-DIIDU� 

$%675$&7� 
%DFNJURXQG��3LU LIRUPLV�6\QGURPH� LV�D�FRQGLWLRQ� LQ�ZKLFK�GDPDJH� WR� WKH�SLU LIRUPLV�PXVFOH�FDXVHV�
SDLQ�LQ�EXWWRFN�DQG�OHJ��5RELQVRQ�GHVFULEHG�WKH�V\QGURPH�DV�KDYLQJ�VL[�NH\�FKDUDFWHULVWLFV��%HIRUH�������LW�
ZDV� FRQVLGHUHG� WKDW� WKH� VFLDWLFD� FDQ� EH� FDXVHG� E\� LPSLQJHPHQW� RI� VFLDWLF� QHUYH� LQ� SHOYLF�� EXW� QHZ�
GLDJQRVWLF� WHFKQRORJ\� VXJJHVWV� WKDW� LW� FDQ� DOVR� EH� FDXVHG� E\� GLVWDO� IRUDPLQDO� HQWUDSPHQW� DQG�3LULIRUPLV�
6\QGURPH��3LULIRUPLV�V\QGURPH�LV�XQGHUUDWHG�DQG�PRVWO\�QHJOHFWHG�E\�FOLQLFLDQ�WKRXJK�LW�FDQ�EH�D�FDXVH�RI�
ORZ�EDFN�SDLQ�� 
2EMHFWLYHV��7R�HYDOXDWH�WKH�SLU LIRUPLV�V\QGURPH�LQ�SDWLHQWV�FRPSODLQLQJ�RI�ORZ�EDFN�SDLQ�� 
0HWKRGV��7KLV�VWXG\�ZDV�FDU U LHG�RXW�DW�WKUHH�GLIIHUHQW�3XEOLF�0HGLFDO�7HDFKLQJ�,QVWLWXWHV��'XUDWLRQ�
RI�VWXG\�ZDV���PRQWKV�L�H���IURP�0DUFK������WR�$XJXVW�������6DPSOH�VL]H�RI�WKH�VWXG\�ZDV�����DQG�IRXU�
GLIIHUHQW�SK\VLFDO�WHVWV�ZHUH�SHUIRUPHG�RQ�SDWLHQWV�IRU�GLDJQRVLV�RI�3LULIRUPLV�V\QGURPH�� 
5HVXOWV��3LU LIRUPLV�6\QGURPH�ZDV�GLDJQRVHG�DPRQJ���������� ��VWXG\�SDU WLFLSDQWV�DPRQJ�ZKLFK����
ZHUH�PDOH�DQG����ZHUH�IHPDOHV�� 
&RQFOXVLRQ��(YHU\�WKLUG�SDWLHQW�RI�ORZ�EDFN�SDLQ�ZDV�GLDJQRVHG�ZLWK�3LU LIRUPLV�6\QGURPH��0DOH�WR�
IHPDOH�UDWLR�RI�3LULIRUPLV�6\QGURPH�ZDV������� 
.H\�ZRUGV��*OXWHDO�5HJLRQ��/RZ�EDFN�SDLQ��3LU LIRUPLV�0XVFOH�6\QGURPH��6FLDWLF�1HUYH� 

'2,��KWWSV���GRL�RUJ����������IXMUV�Y�L����� 

,QWURGXFWLRQ 

������3LULIRUPLV�6\QGURPH� LV�D�FRQGLWLRQ� WKDW�RFFXUV�
GXH� WR� LUULWDWLRQ� RI� VFLDWLF� QHUYH� E\� SLULIRUPLV�
PXVFOH�ZKLFK� FDXVHV� EXWWRFN� DQG� KLS� SDLQ�� ,Q� WKH�
ORZHU� OLPE�� WKHUH� LV� QXPEQHVV� LQ� WKH� SRVWHULRU�
PHGLDO� DVSHFW�� 7KLV� FRQGLWLRQ� LV� VLPLODU� LQ�
SUHVHQWDWLRQ�WR�D�WUXH�UDGLFXORSDWK\�RI�/��RU�6������
,W�LV�VDLG�WR�EH�WKH�VHFRQGDU\�FDXVH�IRU�WKH�VFLDWLFD��
ORZ� EDFN�� DQG� EXWWRFN� SDLQ�� 7KLV� 6\QGURPH� LV�
XVXDOO\�GHVFULEHG�DV�D�GHHS��DFKLQJ� W\SH�SDLQ�ZLWK�
RU� ZLWKRXW� VLJQV� DQG� V\PSWRPV� RI� VFLDWLFD� DORQJ�
ZLWK� QXPEQHVV�� SDLQ�� DQG� ORFDOL]HG� WHQGHUQHVV� LQ�
WKH�DUHD�RI�SLULIRUPLV�PXVFOH��3LULIRUPLV�V\QGURPH�
FDQ� KDYH� FRPSDUDWLYH� SUHVHQWDWLRQV� DV� RWKHU�
VRPDWLF�SDLQ�LVVXH��IRU�H[DPSOH��LQWHUYHUWHEUDO�GLVN�
SDWKRORJ\�� OXPERVDFUDO� UDGLFXORSDWK\� �VFLDWLFD���
VDFURLOLDF� GLVDUUDQJHV�� DQG� WURFKDQWHULF� SDWKRORJ\��
��� 
������7KH� SLULIRUPLV� PXVFOH� LV� D� OHYHO�� WULDQJXODU�
PROGHG�� DQG� SURIRXQG� VLWXDWHG� JOXWHDO� PXVFOH�����
7KH� SLULIRUPLV� PXVFOH� JRHV� DERXW� DV� DQ� RXWHU�
URWDWRU��SRZHUOHVV�DEGXFWRU��DQG�ZHDN�IOH[RU�RI�WKH�
KLS�� JLYLQJ� SRVWXUDO� VWDELOLW\� DPLG� DPEXODWLRQ� DQG�

VWDQGLQJ�� 7KH� SLULIRUPLV� PXVFOH� LV� LQQHUYDWHG� E\�
VSLQDO�QHUYHV�6��DQG�6��DQG�RFFDVLRQDOO\� OLNHZLVH�
E\�/���������,Q�PRVW�SDWLHQWV��WKH�VFLDWLF�QHUYH�OLHV�
EHORZ�WKH�SLULIRUPLV�PXVFOH��VFLDWLF�QHUYH�ELIXUFDWH�
SLULIRUPLV�LQ�����RI�SRSXODWLRQ���� 
������3LULIRUPLV� 6\QGURPH� ZDV� ILUVW� SRUWUD\HG� E\�
<HRPHQ� LQ� ��������� 7KH� WHUP� 

3LULIRUPLV�
6\QGURPH

�ZDV� ILUVW�XWLOL]HG�E\�5RELQVRQ� LQ������
ZKHQ�KH�GHVFULEHG�WKH�V\QGURPH�DV�KDYLQJ�VL[�NH\�
DWWULEXWHV��D�EDFNJURXQG�PDUNHG�E\�LQMXU\�RU�GLUHFW�
WXPEOH� WR� WKH� EXWWRFN�� JOXWHDO� RU� VDFURLOLDF� SDLQ�
WUDQVPLWWLQJ�GRZQ�WKH� OHJ� WKDW� UHJXODUO\�FRQVWUDLQV�
DPEXODWLRQ�� JOXWHDO� GHFD\�� D� VXEVWDQWLDO� VDXVDJH�
IRUPHG� PDVV�� SRVLWLYH� /DVqJXH� VLJQ�� DQG�
FRPSRXQGLQJ�ZLWK�ERZLQJ�RU� OLIWLQJ�����7HQ�\HDUV�
DIWHU�5RELQVRQ��D�VSHFLDOLVW�E\�WKH�QDPH�RI�)UHLEHUJ�
EXLOW�XS�D�PRUH�FRPSDFW�DUUDQJHPHQW�RI�FULWHULD�IRU�
FKDUDFWHUL]LQJ� 3LULIRUPLV� LQLWLDWHG� VFLDWLFD��
)UHLEHUJ
V� WKUHH� VLJQV� IRU� SLULIRUPLV-LQVWLJDWHG�
VFLDWLFD� LQFOXGHG� WKH� VFLDWLF� QRWFK� WHQGHUQHVV��
SRVLWLYH� /DVqJXH� �VWUDLJKW� OHJ� UDLVH�� VLJQ�� DQG�
FKDQJH�ZLWK�QRQVXUJLFDO�WUHDWPHQW�����%HIRUH�������
LW�ZDV�FRQVLGHUHG�WKDW�WKH�VFLDWLFD�FDQ�EH�FDXVHG�E\�
LPSLQJHPHQW�RI�VFLDWLF�QHUYH�LQ�WKH�SHOYLV�EXW�QHZ�
GLDJQRVWLF� WHFKQRORJ\� VXJJHVWV� WKDW� LW� FDQ� DOVR� EH�
FDXVHG� E\� GLVWDO� IRUDPLQDO� HQWUDSPHQW� DQG�
SLULIRUPLV�V\QGURPH���� 
�����&OLQLFDO� VLJQV� UHODWH�� HLWKHU� VSHFLILFDOO\� RU� E\�
LPSOLFDWLRQ�� WR�PXVFOH� VSDVP��FRPLQJ�DERXW�QHUYH�

$IILOLDWLRQV�� ��� 5DLOZD\� *HQHUDO� +RVSLWDO�
5DZDOSLQGL�����.K\EHU�0HGLFDO�8QLYHUVLW\ 
&RUUHVSRQGHQFH��'U ��)L]DK�0DKQRRU �.KDQ�37 
(PDLO��GU IL]DKSW#JPDLO�FRP 
5HFHLYHG�� 2FWREHU � �WK� ������5HYLVLRQ�� 'HFHPEHU � �UG��
������$FFHSWDQFH��'HFHPEHU ���QG������ 

Z�^��Z�,��Zd/�>� 
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)RXQGDWLRQ�8QLYHUVLW\� 
-RXUQDO�RI�5HKDELOLWDWLRQ�6FLHQFHV ��� 

SUHVVXUH�� RU� ERWK�� WHQGHUQHVV� DW� SDOSDWLRQ� RYHU� WKH�
JUHDWHU� WURFKDQWHU��$� IHZ�SDWLHQWV�KDYH�D��VDXVDJH�
IRUPHG�� PDVV� LQ� WKH� EXWWRFN� FDXVHG� E\�
FRPSUHVVLRQ�RI�WKH�3LULIRUPLV�PXVFOH���� 
������7KH� PRVW� FRPPRQ� V\PSWRPV� RI� 3LULIRUPLV�
6\QGURPH�LQFOXGH�SDLQ�LQFUHDVLQJ�DIWHU�VLWWLQJ�IRU�D�
SURORQJ� WLPH�XVXDOO\�PRUH� WKDQ���� WR� ���PLQXWHV��
0RVWO\� SDWLHQWV� KDYH� EXWWRFN� SDLQ�� GLIILFXOW\� LQ�
DPEXODWLRQ� DQG� SDLQ� LQ� LQWHUQDO� URWDWLRQ�� KLS�
IOH[LRQ�� DGGXFWLRQ�RI� WKH� VDPH� VLGH� OHJ�� SLULIRUPLV�
PXVFOH� VSDVP� DQG� G\VIXQFWLRQ� RI� VDFUDO� UHJLRQ��
&RPSUHVVLRQ� RI� WKH� ILEXODU� EUDQFK� RI� WKH� VFLDWLF�
QHUYH� IUHTXHQWO\� FDXVHV� SDLQ� RU� SDUHVWKHVLD� LQ� WKH�
EDFN�RI�WKLJK������� 
������&OLQLFDO� VLJQV� UHODWH�� HLWKHU� VSHFLILFDOO\� RU� E\�
LPSOLFDWLRQ�� WR�PXVFOH� VSDVP��FRPLQJ�DERXW�QHUYH�
SUHVVXUH�� RU� ERWK�� WHQGHUQHVV� DW� SDOSDWLRQ� RYHU� WKH�
JUHDWHU� WURFKDQWHU��$� IHZ�SDWLHQWV�KDYH�D��VDXVDJH�
IRUPHG�� PDVV� LQ� WKH� EXWWRFN� FDXVHG� E\�
FRPSUHVVLRQ�RI�WKH�SLULIRUPLV�PXVFOH���� 
������,Q� 3DNLVWDQ�� WKHUH� LV� D� OLPLWHG� OLWHUDWXUH� RQ�
SUHYDOHQFH� RI� SLULIRUPLV� V\QGURPH� LQ� /%3�� 7KH�
SXUSRVH� RI� WKLV� VWXG\� LV� WR� UDLVH� DZDUHQHVV� WKDW�
SLULIRUPLV� V\QGURPH� FDQ� EH� D� FDXVH� RI� WKH� ORZHU�
EDFN�SDLQ��VR�LW�FDQ�EH�FRQVLGHUHG�LQ�GLDJQRVLV�DQG�
SUHYHQWLYH�PHDVXUHV�FRXOG�EH�WDNHQ�RQ�WLPH� 
0HWKRGV� 

������7KLV� GHVFULSWLYH� VWXG\�ZDV� FDUULHG� RXW� DW� WKUHH�
0HGLFDO� 7HDFKLQJ�+RVSLWDOV� L�H�� .K\EHU� 7HDFKLQJ�
+RVSLWDO�� /HDG\� 5HDGLQJ� +RVSLWDO� DQG� +D\DWDEDG�
0HGLFDO� &RPSOH[�� 7RWDO� GXUDWLRQ� RI� VWXG\� ZDV� ��
PRQWKV� �IURP�0DUFK� WR�$XJXVW� ������ DQG� VDPSOH�
VL]H� FDOFXODWHG� IRU� WKH� VWXG\�ZDV������7KH� VDPSOH�
VL]H�ZDV� FDOFXODWHG� E\� VDPSOH� FDOFXODWRU� LQ�ZKLFK�
WKH�SUHYDOHQFH�RI�SLULIRUPLV� V\QGURPH� L�H���������
ZDV� WDNHQ� IURP� D� OLWHUDWXUH� ZLWK� D� FRQILGHQFH�
LQWHUYDO�RI�����DQG����PDUJLQDO�HUURU��%RWK�PDOH�
DQG� IHPDOH� SDWLHQWV� ZLWK� ORZ� EDFN�EXWWRFN� SDLQ�
DJHG� EHWZHHQ� ��-��� \HDUV�� ZLOOLQJ� WR� SDUWLFLSDWH��
ZHUH� LQFOXGHG� LQ� WKH� FXUUHQW� VWXG\��ZKLOH� SDWLHQWV�
ZLWK� UHFHQW� GLVFHFWRP\�� ZLWK� KLS�NQHH� SDWKRORJ\��
ZLWK� IUDFWXUHG� KLS�NQHH��ZLWK�PDOLJQDQF\�� SDWLHQWV�
GR� QRW� PHHW� WKH� DERYH� PHQWLRQHG� FULWHULD� ZHUH�
H[FOXGHG� IURP� WKH� VWXG\�� &RQYHQLHQFH� VDPSOLQJ�
PHWKRG�ZDV�XVHG�ZKLFK�PHDQV�HYHU\�SHUVRQ��ERWK�
PDOH� DQG� IHPDOH�� PHHWLQJ� WKH� LQFOXVLRQ� FULWHULD��
ZDV�LQFOXGHG��7RWDO�IRXU�VSHFLDO�WHVWV�VXFK�DV�)$,5�
WHVW��3DFH�6LJQ��%HDWW\�6LJQ�DQG�)UHLEHUJ�WHVW�ZHUH�
XVHG�IRU�WKH�GLDJQRVLV�RI�SLULIRUPLV�V\QGURPH��$Q\�
��SRVLWLYH�WHVWV�DPRQJ�WKHVH���FRQILUPHG�GLDJQRVLV�
RI�SLULIRUPLV�V\QGURPH��(WKLFDO�DSSURYDO�ZDV�WDNHQ�
IURP�,QVWLWXWLRQDO�5HVHDUFK�DQG�(WKLFDO�&RPPLWWHH�
RI� 1&6� 8QLYHUVLW\� 6\VWHP�� 3HVKDZDU� �1&6�
37	5��������� ��3HUPLVVLRQ�RI�GDWD�FROOHFWLRQ�ZDV�
DOVR� WDNHQ� IURP� WKH� UHVSRQVLEOH� DXWKRULWLHV� RI� WKH�
VDLG� KRVSLWDOV�� )RU� GDWD� FROOHFWLRQ� SURFHGXUH��

UHVHDUFKHUV¶� WHDP� ZHQW� WR� WKH� FRQFHUQHG�
GHSDUWPHQW� RI� WKH� DERYH-PHQWLRQHG� 3XEOLF�
7HDFKLQJ� +RVSLWDOV� DQG� H[DPLQHG� DOO� WKH� SDWLHQWV�
PDWFKLQJ�WKH�LQFOXVLRQ�FULWHULD��9HUEDO�FRQVHQW�ZDV�
DOVR� WDNHQ� IURP�SDUWLFLSDQWV� DQG� WKHLU� SULYDF\� DQG�
FRQILGHQWLDOLW\� ZDV� FRPSOHWHO\� HQVXUHG�� 'DWD� ZDV�
DQDO\VLV�E\�6366�����'HVFULSWLYH�DQDO\VLV�ZDV�GRQH�
DQG�IRU�DVVRFLDWLRQ�FKL�VTXDUH�ZDV�DSSOLHG��3�YDOXH�
RI�������ZDV�FRQVLGHUHG�VLJQLILFDQW�� 
5HVXOWV� 

������7KLV� VWXG\� FRQFOXGHV� WKDW� WKH� IUHTXHQF\� RI�
SLULIRUPLV�V\QGURPH�LQ�SDWLHQWV�ZLWK�ORZ�EDFN�SDLQ�
ZDV������������ZKHUH� DV������������ZHUH� WHVWHG�
QHJDWLYH�IRU�SLULIRUPLV�V\QGURPH��7RWDO�QXPEHUV�RI�
PDOH�SDUWLFLSDQWV�LQ�WKH�FXUUHQW�VWXG\�ZHUH�����DQG�
IHPDOHV� ZHUH� ����� )HPDOHV� ZHUH� PRUH� DIIHFWHG�
WKDQ�PDOH� DV� VKRZQ� LQ�7DEOH� �� DQG�PRVW� DIIHFWHG�
DJH� JURXS� ZDV� ��-��� \HDUV�� $PRQJ� VSHFLDO� WHVWV��
WKH� )$,5� DQG� )UHLEHUJ� WHVW� ZDV� UHODWLYHO\� PRUH�
VSHFLILF� WKDQ� %HDWW\� DQG� 3DFH� 6LJQ� DV� VKRZQ� LQ�
7DEOH��� 

'LVFXVVLRQ� 

������3LULIRUPLV�6\QGURPH�LV�D�FRQGLWLRQ�RFFXUUHG�E\�
LUULWDWLRQ� RI� VFLDWLF� QHUYH� E\� SLULIRUPLV� PXVFOH�
ZKLFK� FDXVHV� EXWWRFN� DQG� KLS� SDLQ�� ,Q� WKH� ORZHU�
OLPE�� WKHUH� LV� QXPEQHVV� LQ� WKH� SRVWHURPHGLDO�
DVSHFW��7KLV�FRQGLWLRQ�LV�VLPLODU�LQ�SUHVHQWDWLRQ�WR�D�
WUXH�UDGLFXORSDWK\�RI�/��RU�6��� ����7KH�3LULIRUPLV�
PXVFOH� LV� D� OHYHO� DQG� WULDQJXODU�PROGHG�� SURIRXQG�
VLWXDWHG� JOXWHDO�PXVFOH�� ,W� VWDUWV� IURP� WKH� IURQW� RI�

9DULDEOHV 
  *HQGHU�RI�WKH�3DUWLFLSDQWV 3-
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��� 

WKH� VDFUXP�� VDFURLOLDF� MRLQW� FRQWDLQHU�� VDFUR�
WXEHURXV� WHQGRQ�� SUHGRPLQDQW� HGJH� RI� PRUH�
SURPLQHQW� VFLDWLF� VFRUH�� DQG� HPEHGV� DW� WKH� XSSHU�
SDUW� RI� JUHDWHU� WURFKDQWHU����� 3LULIRUPLV� 6\QGURPH�
LV� D� FRQGLWLRQ� ZKLFK� GDPDJHV� WR� WKH� 3LULIRUPLV�
PXVFOH��FDXVHV�SDLQ�LQ�EXWWRFN�DQG�OHJ��,W�ZDV�ILUVW�
SRUWUD\HG� E\� <HRPHQ����� %HIRUH� ������ LW� ZDV�
FRQVLGHUHG� WKDW� WKH� VFLDWLFD� FDQ� EH� FDXVHG� E\�
LPSLQJHPHQW�RI�VFLDWLF�QHUYH�LQ�WKH�SHOYLV��EXW�QHZ�
GLDJQRVWLF� WHFKQRORJ\� VXJJHVWV� WKDW� LW� FDQ� DOVR� EH�
FDXVHG� E\� GLVWDO� IRUDPLQDO� HQWUDSPHQW� DQG�
3LULIRUPLV�6\QGURPH�����$PRQJ�WKH�ORZ�EDFN�SDLQ�
SDWLHQWV�� SUHYDOHQFH� RI� 3LULIRUPLV� 6\QGURPH� ZDV�
���������� $FFRUGLQJ� WR� %HUQDUG� HW� DO��� WKH�
SUHYDOHQFH� RI� 3LULIRUPLV� 6\QGURPH� LQ� ORZ� EDFN�
SDLQ� SDWLHQWV� ZDV� ������� 3DFH� DQG� 1DJOH� DV� ���
DQG�3DU]LDOH�DV��������� 
������5HVHDUFK� RQ� 3LULIRUPLV� 6\QGURPH� LV� OLYHO\� DOO�
RYHU� WKH� ZRUOG�� EXW� WKH� NQRZOHGJH� KDV� VWLOO� QRW�
GHYHORSHG�WKDW�PXFK�LQ�3DNLVWDQ��7KHUH�LV�D�OLPLWHG�
OLWHUDWXUH� DERXW� WKH� SUHYDOHQFH� RI� 3LULIRUPLV�
6\QGURPH�LQ�3DWLHQWV�ZLWK�ORZ�EDFN�SDLQ�LQ�.K\EHU�
3DNKWRRQ� .KZD�� 2XU� VWXG\� ZDV� GHVLJQHG� WR�
LGHQWLI\� WKH� SUHYDOHQFH� RI� SLULIRUPLV� V\QGURPH� LQ�
SDWLHQWV� ZLWK� ORZ� EDFN� SDLQ�� UHSRUWLQJ� WR�
*RYHUQPHQW� 0HGLFDO� 7HDFKLQJ� ,QVWLWXWH� �07,��
3HVKDZDU�� .K\EHU� 3DNKWRRQ�.KZD�� 3DNLVWDQ�� 7KH�
VLPSOH� VL]H� ZDV� FDOFXODWHG� DV� ���� LQ� ZKLFK� ����
ZHUH�PDOH� DQG� ����ZHUH� IHPDOH� SDUWLFLSDQWV�� 7KH�
UHVXOWV� RI� RXU� GDWD� UHYHDO� WKDW� DPRQJ� DOO� ����
SDUWLFLSDQWV� ������������ UHSRUWHG� SRVLWLYH�
UHVSRQVH� WRZDUG� SLULIRUPLV� V\QGURPH� ZKLOH� WKH�
UHPDLQLQJ� SDUWLFLSDQWV� ������������ RXW� RI� ����
SDUWLFLSDQWV� ZHUH� QRW� DIIHFWHG� E\� SLULIRUPLV�
V\QGURPH�� *HQHUDOO\�� ZH� WRRN� D� UDQJH� RI� ���-
�����D�SUHYLRXV�VWXG\�IDOOLQJ� LQ� WKLV� UDQJH�ZLOO�EH�
LQ�IDYRU�RI�WKH�FXUUHQW�VWXG\��ZKLOH�EHORZ�����ZLOO�
QRW� VXSSRUW� WKH� FXUUHQW� VWXG\�� $� VWXG\� ZDV�
FRQGXFWHG� E\� 0RQGDO� 0� HW� DO�� DW� 'HSDUWPHQW� RI�
3K\VLRWKHUDS\�� 1DWLRQDO� ,QVWLWXWH� IRU� /RFRPRWRU�
'LVDELOLWLHV��7KH�VWXG\�SHULRG�ZDV�IURP�$SULO������
WR� 'HFHPEHU� ������ $FFRUGLQJ� WR� WKLV� VWXG\�� WKH�
SUHYDOHQFH� RI� 3LULIRUPLV� 6\QGURPH� ZDV� ������
ZKLFK� VWURQJO\� VXSSRUWV� WKH� UHVXOWV� RI� WKH� FXUUHQW�
VWXG\������ $QRWKHU� VWXG\� ZDV� FRQGXFWHG� E\� .HDQ�
&KHQ� &�� DQG� 1L]DU� $-� LQ� +RVSLWDO� 8QLYHUVLW\� RI�
6FLHQFH� LQ� 0DOD\VLD�� .HODQWDQ�� 7KH� SUHYDOHQFH�
DFFRUGLQJ� WR� WKLV� VWXG\�ZDV�������ZKLFK�VXSSRUWV�
WKH� UHVXOWV� RI� RXU� VWXG\����� $QRWKHU� VWXG\� ZDV�
FRQGXFWHG�DW�WKH�GHSDUWPHQW�RI�RUWKRSHGLFV�DQG�WKH�
GHSDUWPHQW�RI�SK\VLFDO�PHGLFLQH�DQG�UHKDELOLWDWLRQ��
5,06� LQ� ,PSKDO� E\�6LQJK�86� HW� DO��$FFRUGLQJ� WR�
WKLV�VWXG\��WKH�SUHYDOHQFH�ZDV������ZKLFK�GRHV�QRW�
VXSSRUW� WKH� UHVXOWV� RI� WKH� FXUUHQW� VWXG\������ 7KLV�
GLIIHUHQFH� FDQ� EH� GXH� WR� GLIIHUHQW� VDPSOLQJ�
WHFKQLTXH�� GLIIHUHQW� VWXG\� VHWWLQJV� DQG� SRSXODWLRQ�

DQG�FDQ�DOVR�EH�GXH�WR�GLIIHUHQW�GLDJQRVWLF�FULWHULD��
7KRXJK� WKH� RFFXUUHQFH� RI� SLULIRUPLV� V\QGURPH� LV�
QRWRULRXV�� EXW� 3DFH� DQG� 1DJOH�� -DZLVK� HW� DO��
.HVNXOD� DQG� 7DPEXUHOOR�� %R\DMLDQ-2¶1HLOO� HW� DO�
PHQWLRQHG� D� UDQJH� ZKLFK� LV� �-���������
(SLGHPLRORJLFDO�ILJXUHV�RI�WKH�SUHYDOHQFH�ZHUH�QRW�
ZHOO-�GHILQHG��EXW�DUH�DVVHVVHG�WR�EH�DURXQG�������
WR� ��������� DV� VXSSRUWHG� E\� 8VKDP� HW� DO�� LQ� KLV�
VWXG\�� XVLQJ� VDPH� �� VSHFLDO� WHVWV� IRU� GLDJQRVLV� RI�
SLULIRUPLV� V\QGURPH�� +H� UHSRUWHG� WKH� SUHYDOHQFH�
DURXQG�����7KLV�FRQIOLFW�LQ�WKH�UHVXOWV�PD\�EH�GXH�
WR� GLIIHUHQW� SRSXODWLRQ�� )XUWKHU�� KH� UHSRUWHG� WKDW�
)$,5� WHVW� LV� PRVW� UHOLDEOH� WHVW� IRU� GLDJQRVLV� RI�
SLULIRUPLV� V\QGURPH�DV� LWV� SHUFHQWDJH�ZDV����� LQ�
DIIHFWHG� SRSXODWLRQ� ZKLFK� LV� DOPRVW� VDPH� DV� RXU�
UHVXOWV������2Q�RWKHU�KDQG��D� OLWHUDWXUH�UHYLHZ�ZDV�
GRQH� E\� +RSL\DQ� HW� DO� ZKLFK� DOVR� UHSRUWHG� WKH�
)$,5� WHVW� WR� EH� PRUH� HIIHFWLYH� DQG� GLDJQRVWLF� RI�
SLULIRUPLV� V\QGURPH�ZKLFK� HYLGHQWO\� VXSSRUWV� RXU�
UHVXOWV������ 7KH� PDLQ� OLPLWDWLRQV� RI� WKH� FXUUHQW�
VWXG\�ZHUH�WKH�QDWXUH�RI�WKH�FURVV-VHFWLRQDO�VXUYH\�
DQG�WKH�FRQYHQLHQFH�VDPSOLQJ�WHFKQLTXH�XVHG� 
&RQFOXVLRQ�� 

������0RVW� RI� WKH� SDWLHQWV�ZLWK� ORZ� EDFN� SDLQ�ZHUH�
GLDJQRVHG� ZLWK� 3LULIRUPLV� 6\QGURPH�� 0DOH� WR�
IHPDOH�UDWLR�RI�3LULIRUPLV�6\QGURPH�ZDV����� 

'LVFODLPHU���1RQH 

&RQIOLFW� RI� LQWHUHVW��$XWKRUV�GHFODUH�QR�FRQIOLFW�
RI�LQWHUHVW� 

)XQGLQJ�VRXUFH��1RQH 

5HIHUHQFHV� 

�� %R\DMLDQ-2
1HLOO� /$�� 0F&ODLQ� 5/�� &ROHPDQ�
0.�� 7KRPDV� 33�� 'LDJQRVLV� DQG� PDQDJHPHQW�
RI� SLULIRUPLV� V\QGURPH�� DQ� RVWHRSDWKLF�
DSSURDFK�� 7KH� -RXUQDO� RI� WKH� $PHULFDQ�
2VWHRSDWKLF� $VVRFLDWLRQ�� ����� 1RY� �����
��������-��� 

�� .HDQ� &KHQ� &�� 1L]DU� $-�� 3UHYDOHQFH� RI�
SLULIRUPLV� V\QGURPH� LQ� FKURQLF� ORZ� EDFN� SDLQ�
SDWLHQWV�� $� FOLQLFDO� GLDJQRVLV� ZLWK� PRGLILHG�
)$,5� WHVW�� 3DLQ�3UDFWLFH�� �����$SU����������-
��� 

�� 6LGGLT�0$��+RVVDLQ�06��8GGLQ�00��-DKDQ�,��
.KDVUX�05��+DLGHU�10��5DVNHU�--��3LULIRUPLV�
V\QGURPH�� D� FDVH� VHULHV� RI� ��� %DQJODGHVKL�
SHRSOH�ZLWK�OLWHUDWXUH�UHYLHZ��(XURSHDQ�-RXUQDO�
RI�2UWKRSDHGLF�6XUJHU\�	�7UDXPDWRORJ\�������
)HE������������-���� 

�� &DVVLG\� /�� :DOWHUV� $�� %XEE� .�� 6KRMD� 00��
7XEEV� 56�� /RXNDV� 0�� 3LULIRUPLV� V\QGURPH��
LPSOLFDWLRQV� RI� DQDWRPLFDO� YDULDWLRQV��
GLDJQRVWLF� WHFKQLTXHV�� DQG� WUHDWPHQW� RSWLRQV��
6XUJLFDO� DQG� UDGLRORJLF� DQDWRP\�� ����� $XJ�
�����������-��� 
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)RXQGDWLRQ�8QLYHUVLW\� 
-RXUQDO�RI�5HKDELOLWDWLRQ�6FLHQFHV ��� 

�� 0XUSK\�%3��3LULIRUPLV�V\QGURPH�PLPLFV�VXUDO�
QHUYH� HQWUDSPHQW�� -RXUQDO� RI� WKH� $PHULFDQ�
3RGLDWULF� 0HGLFDO� $VVRFLDWLRQ�� ����� $SU���
�������-�� 

�� %DUWRQ� 30�� 3LULIRUPLV� V\QGURPH�� D� UDWLRQDO�
DSSURDFK�WR�PDQDJHPHQW��3DLQ�������'HF�����
�������-���� 

�� &XPPLQJV� 0�� 3LULIRUPLV� V\QGURPH��
$FXSXQFWXUH�LQ�PHGLFLQH�������'HF����������-
���� 

�� )LOOHU� $*�� +D\QHV� -�� -RUGDQ� 6(�� 3UDJHU� -��
9LOODEODQFD� -3�� )DUDKDQL� .�� 0FEULGH� '4��
7VXUXGD� -6��0RULVROL� %�� %DW]GRUI� 8�� -RKQVRQ�
-3�� 6FLDWLFD� RI� QRQGLVF� RULJLQ� DQG� SLULIRUPLV�
V\QGURPH�� GLDJQRVLV� E\� PDJQHWLF� UHVRQDQFH�
QHXURJUDSK\� DQG� LQWHUYHQWLRQDO� PDJQHWLF�
UHVRQDQFH� LPDJLQJ� ZLWK� RXWFRPH� VWXG\� RI�
UHVXOWLQJ� WUHDWPHQW�� -RXUQDO� RI� 1HXURVXUJHU\��
6SLQH�������)HE����������-���� 

�� +XOEHUW� $�� 'H\OH� *'�� 'LIIHUHQWLDO� GLDJQRVLV�
DQG� FRQVHUYDWLYH� WUHDWPHQW� IRU� SLULIRUPLV�
V\QGURPH�� D� UHYLHZ� RI� WKH� OLWHUDWXUH�� &XUUHQW�
2UWKRSDHGLF�3UDFWLFH�������-XQ������������-�� 

��� 3DUODN� $�� $\WHNLQ� $�� 'HYHOL� 6�� (NLQFL� 6��
3LULIRUPLV� V\QGURPH�� $� FDVH� ZLWK� QRQ-
GLVFRJHQLF�VFLDWDOJLD��7XUN�1HXURVXUJ���������
�������–��� 

��� 0RQGDO�0��6DUNDU�%��$ODP�6��'DV�6��0DOLN�.��
.XPDU� 3�� HW� DO�� 3UHYDOHQFH� RI� SLULIRUPLV�
WLJKWQHVV� LQ� KHDOWK\� VHGHQWDU\� LQGLYLGXDOV�� D�
FURVV-VHFWLRQDO�VWXG\���������������-�� 

��� 6LQJK� 86�� 0HHQD� 5.�� 6LQJK� &$�� 6LQJK� $-��
6LQJK� $0�� /DQJVKRQJ� 5�� 3UHYDOHQFH� RI�
SLULIRUPLV� V\QGURPH� DPRQJ� WKH� FDVHV� RI� ORZ�
EDFN�EXWWRFN� SDLQ�ZLWK� VFLDWLFD��$�SURVSHFWLYH�
VWXG\�� -RXUQDO� RI� 0HGLFDO� 6RFLHW\�� �����0D\�
����������� 

��� .QXGVHQ�-6��0HL-'DQ�2��%ULFN�0-��3LULIRUPLV�
V\QGURPH� DQG� HQGRVFRSLF� VFLDWLF� QHXURO\VLV��
6SRUWV�PHGLFLQH�DQG�DUWKURVFRS\� UHYLHZ�������
0DU���������H�-�� 

��� +RSD\LDQ� .�� 'DQLHO\DQ� $�� )RXU� V\PSWRPV�
GHILQH� WKH� SLULIRUPLV� V\QGURPH�� DQ� XSGDWHG�
V\VWHPDWLF� UHYLHZ� RI� LWV� FOLQLFDO� IHDWXUHV��
(XURSHDQ� -RXUQDO� RI� 2UWKRSDHGLF� 6XUJHU\� 	�
7UDXPDWRORJ\�������)HE������������-��� 

 

$XWKRU�&RQWULEXWLRQ� 

+DOHHP� )�� 'HVLJQ�� H[HFXWLRQ� DQG� ZU LWLQJ� RI�
WKH�PDQXVFULSW 
<DVPLQ�$��,QWHUSUHWDWLRQ�RI�GDWD�DQG�ZULWLQJ�
RI�WKH�PDQXVFULSW 
.KDQ�)0��$QDO\VLV�RI�GDWD�DQG�ZU LWLQJ�RI�WKH�
PDQXVFULSW 
.DVKLI�0��,QWHUSUHWDWLRQ�RI�GDWD�DQG�DQDO\VLV 
-DPVKHG�0��([HFXWLRQ�DQG�GHVLJQLQJ�RI�VWXG\ 
-DIIDU�0��'DWD�&ROOHFWLRQ�DQG�DQDO\VLV 
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-RXUQDO�RI�5HKDELOLWDWLRQ�6FLHQFHV 9ROXPH�����,VVXH�����-DQ����� 

 
��� 

)UHTXHQF\�RI�'H-4XHUYDLQ�6\QGURPH�LQ�0RELOH�8VHUV�$PRQJ�

8QGHUJUDGXDWH�6WXGHQWV�RI�$OOLHG�+HDOWK�6FLHQFHV�3HVKDZDU 
6RKDLO� ,TEDO��� +DIVDK� *XO� .KDWWDN��� 6DED� $PDQ��� .LQ]D� $QZDU��� %DEDU� $OL��� +D]UDW� %LODO�
0DODNDQGL� 

$%675$&7� 
%DFNJURXQG��5HSHWLWLYH�VWUDLQ�LQMXU LHV�DUH�PRUH�FRPPRQ�LQ�PRELOH�SKRQH�XVHUV�GXH�WR�UHSHWLWLYH�XVH�
RI�SKRQH� IRU�PRELOH� WH[WLQJ� DQG�JDPHV��'H�4XHUYDLQ� V\QGURPH� LV� DV� D�SDLQIXO�FRPSODLQ�RI� WKH�ZULVW�DV�
VWHQRVLQJ� WHQRV\QRYLWLV� LQYROYLQJ�DEGXFWRUV�RI� WKXPE�DW�UDGLDO�VW\ORLG�SURFHVV��7KH� LQIODPPDWLRQ�RI� ILUVW�
GRUVDO�FRPSDUWPHQW�RI�ZULVW�WULJJHUV�SDLQ�LQ�'H�4XHUYDLQ�V\QGURPH��&HOO�SKRQH�XVHUV�ZKR�DUH�LQYROYHG�LQ�
UHSHWLWLYH�DFWLYLWLHV�RI�WKXPE�GXULQJ�WH[W�PHVVDJHV�DUH�PRUH�SURQH�WR�GHYHORS�UHSHWLWLYH�VWUDLQ�LQMXULHV�� 
2EMHFWLYHV�� 7R� GHWHUPLQH� WKH� IUHTXHQF\� RI� 'H�4XHUYDLQ� V\QGURPH� LQ�PRELOH� XVHUV� DPRQJ� XQGHU �
JUDGXDWH�VWXGHQWV�RI�DOOLHG�KHDOWK�VFLHQFHV�3HVKDZDU�� 
0HWKRGV��$�FURVV-VHFWLRQDO�VWXG\�ZDV�FRQGXFWHG�DPRQJ�XQGHUJUDGXDWH�VWXGHQWV�LQ�GLIIHUHQW�LQVWLWXWHV�RI�
DOOLHG� KHDOWK� VFLHQFHV�3HVKDZDU�� 6DPSOH� VL]H� RI� ����ZDV� VHOHFWHG� XVLQJ� FRQYHQLHQW� VDPSOLQJ� WHFKQLTXH��
'DWD�ZDV�FROOHFWHG�WKURXJK�VHOI-DGPLQLVWHUHG�TXHVWLRQQDLUH�DQG�8QLYHUVDO�3DLQ�$VVHVVPHQW�7RRO�ZDV�XVHG�
WR�DVVHVV�WKH�VHYHULW\�RI�SDLQ��)LQNHOVWHLQ�WHVW�ZDV�SHUIRUPHG�WR�GLDJQRVH�'H�4XHUYDLQ¶V�V\QGURPH��'DWD�
ZDV�DQDO\]HG�E\�XVLQJ�6366�YHUVLRQ����� 
5HVXOWV��0HDQ�DJH�RI�WKH�SDU WLFLSDQWV�ZDV������������\HDUV��2XW�RI�����SDU WLFLSDQWV���������� ��ZHUH�
PDOH�DQG����������ZHUH�IHPDOHV��ZLWK�PDOH�WR�IHPDOH�UDWLR�����UHVSHFWLYHO\��)LQNHOVWHLQ�WHVW�ZDV�SRVLWLYH�
LQ�������������SDUWLFLSDQWV�DQG�QHJDWLYH�LQ�������������SDUWLFLSDQWV�� 
&RQFOXVLRQ�� 7KH� VWXG\� FRQFOXGHG� WKDW�PRELOH� SKRQH� XVHUV� DUH� DW� D� JUHDWHU � U LVN� RI� GHYHORSLQJ�'H�
4XHUYDLQ¶V�V\QGURPH�GXH�WR�UHSHWLWLYH�PRYHPHQW�RI�WKXPE�ZKLOH�PRELOH�WH[WLQJ��SOD\LQJ�JDPHV�ZLWKRXW�
WDNLQJ�UHVW�LQ�-EHWZHHQ�DFWLYLWLHV�� 
.H\�ZRUGV��'H�4XHUYDLQ�V\QGURPH��)LQNHOVWHLQ�WHVW��5HSHWLWLYH�VWUDLQ�LQMXU\��:ULVW�SDLQ� 

'2,��KWWSV���GRL�RUJ����������IXMUV�Y�L����� 

,QWURGXFWLRQ� 

������'H� 4XHUYDLQ¶V� WHQRV\QRYLWLV� ZDV� ILUVW� GHILQHG�
E\� )ULW]�'H�4XHUYDLQ� LQ� ������+H� GHILQHG� LW� DV� D�
SDLQIXO� FRPSODLQ� RI� WKH� ZULVW� DV� VWHQRVLQJ�
WHQRV\QRYLWLV� LQYROYLQJ� DEGXFWRUV� RI� WKXPE� DW�
UDGLDO�VW\ORLG�SURFHVV�����7KH�LQIODPPDWLRQ�RI�ILUVW�
GRUVDO� FRPSDUWPHQW� RI� ZULVW� WULJJHUV� SDLQ� LQ� 'H�
4XHUYDLQ� V\QGURPH�� 7KH� ILUVW� GRUVDO� FRPSDUWPHQW�
FRQWDLQV� WHQGRQV� RI� H[WHQVRU� SROOLFLV� EUHYLV� DQG�
DEGXFWRU� SROOLFLV� ORQJXV����� &HOO� SKRQH� XVHUV�
LQYROYHG� LQ� UHSHWLWLYH� DFWLYLWLHV� RI� WKXPE� GXULQJ�
WH[W�PHVVDJHV�DUH�PRUH�SURQH�WR�GHYHORS�UHSHWLWLYH�
VWUDLQ� LQMXULHV�� 5HSHWLWLYH� VWUDLQ� LQMXU\� LV� D� WHUP�
XVHG� IRU� LQMXU\� RFFXUULQJ� GXH� WR� WKH� VDPH�
PRYHPHQWV� SHUIRUPHG� UHSHDWHGO\� OHDGLQJ� WR� SDLQ�
DQG�LQIODPPDWLRQ�LQ�VRIW�WLVVXHV��PXVFOHV��WHQGRQV��
OLJDPHQWV������ ,W� LV� VHHQ� WKDW� VPDUW�SKRQH�XVDJH� LV�

PRUH� FRPPRQ� LQ� \RXQJ� SRSXODWLRQ� GXH� WR� LWV�
QXPHURXV� DWWUDFWLYH� DQG� LQWHUHVWLQJ� DSSOLFDWLRQV��
$SDUW� IURP� LWV� EHQHILFLDO� HIIHFWV� RI� XVDJH�� VPDUW�
SKRQHV� OHDG� WR� PXVFXORVNHOHWDO� GLVRUGHUV����� 7KH�
WUHPHQGRXV� LQFUHDVH� RI� FHOO� SKRQHV� LQ� FXUUHQW� HUD�
SULPDULO\� LQYROYHV� WKH� GH[WHURXVQHVV� RI� WKXPE�
IXQFWLRQV�� 7KH� XVH� RI� WH[W� PHVVDJHV� RQ� PRELOH�
SKRQHV� KDV� D� JUHDW� FRQFHUQ� RQ� PXVFXORVNHOHWDO�
GLVRUGHUV� IRU� WKH� XVHUV��%HVLGH� VRIW� WLVVXH� LQMXULHV��
FDUSRPHWDFDUSDO� MRLQW� RI� WKXPE� DOVR� VKRZV�
VXEOX[DWLRQ� DQG� DUWKULWLV� LQ� SHUVRQV� ZKR�
H[FHVVLYHO\�XVH�FHOO�SKRQHV�IRU�WH[WLQJ���� 
������7KH�KLVWRU\�DQG�FOLQLFDO�H[DPLQDWLRQ�FDQ�HDVLO\�
GLDJQRVH�WKLV�GLVHDVH��3DWLHQW�UHSRUWLQJ�ZLWK�SDLQ�DW�
WKH� VLWH� RI� UDGLDO� VW\ORLG� KDYH� VKRZQ� D� ORFDO�
WHQGHUQHVV� DQG� ORFDO� VZHOOLQJ� LQ� VRPH� FDVHV� XSRQ�
WKHLU� FOLQLFDO�H[DPLQDWLRQ�����7KH� VWDQGDUG� ILQGLQJ�
LQ� 'H� 4XHUYDLQ¶V� WHQRV\QRYLWLV� LV� D� SRVLWLYH�
)LQNHOVWHLQ�WHVW��)LQNHOVWHLQ�WHVW�LV�SHUIRUPHG�ZKHQ�
WKH�WKXPE�LV�IOH[HG�LQWR�WKH�SDOP�DQG�ZULVW�LV�XOQDU�
GHYLDWHG�� 7KH� WHVW� LV� FRQVLGHUHG� SRVLWLYH� LI� SHUVRQ�
FRPSODLQV� RI� SDLQ� DW� GRUVRODWHUDO� DVSHFW� RI� ZULVW�
MRLQW�� )RU� EHWWHU� FRPSDULVRQ�� WKH� WHVW� VKRXOG� EH�
SHUIRUPHG�RQ�ZULVW� MRLQWV�ELODWHUDOO\�����$FFRUGLQJ�
WR�D�UHSRUW�SXEOLVKHG�LQ�����������ELOOLRQ�PHVVDJHV�

$IILOLDWLRQV�� ���5LSKDK�&ROOHJH�RI�5HKDELOLWDWLRQ�6FL�
HQFHV��5LSKDK�,QWHUQDWLRQDO�8QLYHUVLW\�6ZDW�����8QLYHU�
VLW\� RI� /DKRUH�� ,VODPDEDG� &DPSXV�� ��� 1&6� XQLYHUVLW\��
3HVKDZDU� 
&RUUHVSRQGHQFH��'U ��.LQ]D�$QZDU �37 
(PDLO��NLQ]D�DQZDU��#JPDLO�FRP 
5HFHLYHG��2FWREHU ���UG�������5HYLVLRQ��1RYHPEHU ���WK�
������$FFHSWDQFH��'HFHPEHU ���WK������ 

Z�^��Z�,��Zd/�>� 
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)RXQGDWLRQ�8QLYHUVLW\� 
-RXUQDO�RI�5HKDELOLWDWLRQ�6FLHQFHV ��� 

ZHUH� VHQW� WKURXJK� ILYH� PRELOH� QHWZRUNV� LQ�
3DNLVWDQ��$OWKRXJK� IUHTXHQW� XVH� RI�PRELOH� SKRQHV�
DQG� WKXPE� SDLQ� GXH� WR� UHSHWLWLYH� VWUDLQ� KDV� D�
SRVLWLYH� UHODWLRQ�� QR� VLJQLILFDQW� UHVHDUFK� VWXGLHV�
KDYH�EHHQ�FRQGXFWHG�WR�FUHDWH�DZDUHQHVV�DERXW�WKH�
FRQVHTXHQFHV� RI� H[FHVVLYH� XVH� RI� PRELOH� SKRQHV�
DPRQJ� JHQHUDO� SRSXODWLRQ����� 7KH� FXUUHQW� VWXG\�
ZLOO�PDNH�SHRSOH�DZDUH�DERXW�WKH�RFFXUUHQFH�RI�'H�
TXHUYDLQ�V\QGURPH�GXH�WR�H[FHVVLYH�PRELOH�SKRQH�
XVH�� 7KH� REMHFWLYH� RI� WKH� VWXG\� ZDV� WR� GHWHUPLQH�
WKH�IUHTXHQF\�RI�'H�4XHUYDLQ�V\QGURPH�LQ�PRELOH�
XVHUV� DPRQJ� XQGHU-JUDGXDWH� VWXGHQWV� RI� $OOLHG�
+HDOWK�6FLHQFHV��3HVKDZDU� 
0HWKRGV� 

������$� FURVV-VHFWLRQDO� VWXG\� GHVLJQ� ZDV� XVHG� WR�
FRQGXFW� WKH� UHVHDUFK�� &RQYHQLHQW� VDPSOLQJ�
WHFKQLTXH�IRU�FROOHFWLRQ�RI�VDPSOH�ZDV�XVHG��ZKLFK�
LV�D�W\SH�RI�QRQ-SUREDELOLW\�VDPSOLQJ��7KH�GDWD�ZDV�
FROOHFWHG� IURP�GLIIHUHQW� LQVWLWXWHV�RI�$OOLHG�+HDOWK�
6FLHQFHV� LQ� 3HVKDZDU�� ���� SDUWLFLSDQWV� ZHUH�
VHOHFWHG� DFFRUGLQJ� WR� LQFOXVLRQ� DQG� H[FOXVLRQ�
FULWHULD��7KH� VWXG\� LQFOXGHG� ERWK�PDOH� DQG� IHPDOH�
VWXGHQWV��ZKR�ZHUH�XVLQJ�PRELOH�SKRQHV�DQG�ZHUH�
ZLOOLQJ� WR� SDUWLFLSDWH� LQ� WKH� VWXG\�� 7KH� VWXG\�
H[FOXGHG� SHUVRQV� ZKR� KDG� WUDXPDWLF� ZULVW� LQMXU\��
KDG� JRQH� WKURXJK� DQ\� NLQG� RI� ZULVW� VXUJHU\� DQG�
SHUVRQ� ZLWK� GH� TXHUYDLQ� GLVHDVH� EXW� QRW� XVLQJ�
PRELOH�SKRQH� 
������$IWHU�DSSURYDO�IURP�UHVHDUFK�HWKLFDO�FRPPLWWHH�
RI� 1&6� XQLYHUVLW\� �1&6�3(6�5(&�/HWWHU-��������
����PRELOH�SKRQH�XVHUV�IXOILOOLQJ�WKH�LQFOXVLRQ�DQG�
H[FOXVLRQ� FULWHULD� ZHUH� VHOHFWHG�� 3DUWLFLSDQWV� ZHUH�
LQIRUPHG�YHUEDOO\�DERXW�WKH�DLPV�DQG�REMHFWLYHV�RI�
WKH�FXUUHQW�VWXG\��,QIRUPHG�FRQVHQW�ZDV�WDNHQ�IURP�
HYHU\�SDUWLFLSDQW�PHHWLQJ�WKH�LQFOXVLRQ�FULWHULD��7KH�
FRQILGHQWLDOLW\� RI� SDUWLFLSDQW¶V� LQIRUPDWLRQ� ZDV�
HQVXUHG� 
������6HOI-DGPLQLVWHUHG� TXHVWLRQQDLUH� ZDV� XVHG� IRU�
GDWD�FROOHFWLRQ��+DUG�FRS\�RI�WKH�TXHVWLRQQDLUH�ZDV�
GLVWULEXWHG� DPRQJ� WKH� SDUWLFLSDQWV�� 4XHVWLRQQDLUH�
KDG� WZR�VHFWLRQV��'HPRJUDSKLF�FKDUDFWHULVWLFV�DQG�
4XHVWLRQV� UHODWHG� WR� 'H� 4XHUYDLQ� WHQRV\QRYLWLV��
'DWD� ZDV� DQDO\]HG� E\� XVLQJ� 6366� YHUVLRQ� ����
'HVFULSWLYH� VWDWLVWLFV� ZHUH� DSSOLHG� WR� FDOFXODWH�
PHDQ�DQG�VWDQGDUG�GHYLDWLRQ�RI�DJH�RI�SDUWLFLSDQWV�
DQG� GXUDWLRQ� RI� V\PSWRPV�� )UHTXHQFLHV� DQG�
SHUFHQWDJHV� ZHUH� FDOFXODWHG� IRU� TXDOLWDWLYH�
YDULDEOHV� OLNH�JHQGHU� DQG�SUHVHQFH� DQG�DEVHQFH�RI�
'H�4XHUYDLQ�V\QGURPH��&KL-VTXDUH�ZDV�DSSOLHG�WR�
GHWHUPLQH� DVVRFLDWLRQ� EHWZHHQ� GLIIHUHQW� YDULDEOHV�
DQG�)LQNHOVWHLQ�WHVW��3�YDOXH�������ZDV�FRQVLGHUHG�
VLJQLILFDQW� 
5HVXOWV� 

������0HDQ� DJH� RI� WKH� SDUWLFLSDQWV� ZDV� �����������
\HDUV��2XW�RI�����SDUWLFLSDQWV�����������ZHUH�PDOH�

DQG� �������� ZHUH� IHPDOHV�� ZLWK� PDOH� WR� IHPDOH�
UDWLR�����UHVSHFWLYHO\��)LQNHOVWHLQ�WHVW�ZDV�SRVLWLYH�
LQ� ����������� SDUWLFLSDQWV� ZKLOH� WKH� WHVW� ZDV�
QHJDWLYH�LQ�������������SDUWLFLSDQWV� 
������1R� VLJQLILFDQW� DVVRFLDWLRQ� �7DEOH� ��� EHWZHHQ�
ILQNHOVWHLQ� WHVW� DQG� W\SH� RI� PRELOH� SKRQH� ZDV�
REVHUYHG��5HVXOWV�VKRZHG�WKDW�LQ�NH\�SDG�RU�UHJXODU�
PRELOH� SKRQH� XVHUV� WKH� WHVW� ZDV� SRVLWLYH� LQ� ��
�������DQG�QHJDWLYH�LQ����������ZLWK�D�WRWDO�RI���
�������� ZKLOH� LQ� WRXFK� VFUHHQ� PRELOH� XVHUV� WHVW�
ZDV� SRVLWLYH� LQ� ����������� DQG� QHJDWLYH� LQ� ���
�������� WRWDO� RI� ������������7KH� SDUWLFLSDQW�ZKR�
ZHUH� XVLQJ� ERWK� WRXFK� VFUHHQ� DQG� NH\SDG� WKH� WHVW�
ZDV�SRVLWLYH�LQ����������DQG�QHJDWLYH�LQ����������
WRWDO� RI� ���������� ,W� ZDV� DOVR� QRWHG� WKDW� PRELOH�
SKRQHV� ZHUH� IUHTXHQWO\� XVHG� E\� VWXGHQWV� IRU�
WH[WLQJ��$PRQJ� ���� VWXGHQWV� ����������� VWXGHQWV�
WH[WHG� ���� WH[WV� SHU� GD\�� ���������� VWXGHQWV� VHQW�
��-����WH[WV�����������VWXGHQWV�VHQW�WH[WV�EHWZHHQ�
���-���� DQG� ������ VWXGHQWV� VHQW� PRUH� WKDQ� ����
WH[WV�SHU�GD\���7DEOH��� 

'LVFXVVLRQ� 

������'H� 4XHUYDLQ� V\QGURPH� LV� VWHQRVLQJ�
WHQRV\QRYLWLV� RI� ILUVW� GRUVDO� FRPSDUWPHQW�RI�ZULVW��
7KH� ILUVW� GRUVDO� FRPSDUWPHQW� RI� ZULVW� LQFOXGHV�
H[WHQVRU� SROOLFLV� EUHYLV� DQG� DEGXFWRU� SROOLFLV�
ORQJXV��,Q�WKLV�V\QGURPH��WHQGRQV�EHFRPH�LQIODPHG�
DQG�SHUVRQ�H[SHULHQFHV�SDLQ�DW�GRUVRODWHUDO�VLGH�RI�
ZULVW� VRPHWLPHV� UDGLDWLQJ� WR� ODWHUDO� IRUHDUP��
5HSHWLWLYH� DFWLYLWLHV� RI� WKXPE� LV� FRQVLGHUHG� WKH�
FDXVH� RI� WKLV� V\QGURPH�� $FWLYLWLHV� RI� WKXPE� OLNH�
XVLQJ�PRELOH�SKRQH�ZKLOH�WH[WLQJ�LQYROYHV�D�ORW�RI�
UHSHWLWLRQ� RI� WKXPE� PDNLQJ� WKH� WHQGRQV� LQ� ILUVW�
GRUVDO�FRPSDUWPHQW�LQIODPPHG���� 
7KH�ILQGLQJV�RI�RXU�VWXG\�VXJJHVW�WKDW�'H�4XHUYDLQ�
V\QGURPH� LV�PRUH� FRPPRQ� LQ�PRELOH�SKRQH�XVHUV�
GXH� WR� IUHTXHQW� XVH� RI� PRELOH� SKRQH� IRU� PXOWLSOH�
SXUSRVH� �H�J�� WH[WLQJ�� JDPHV�� LQWHUQHW�� EXW�PRVW� RI�
WKH� FRPPRQ� LV� VHQGLQJ� WH[W� PHVVDJHV�� 3HZ�
UHVHDUFK�&HQWUH�UHSRUWHG�WKDW�XVH�RI�PRELOH�SKRQHV�
KDV� LQFUHDVHG� DPRQJ� WHHQ�DQG�\RXQJ�DGXOWV� LQ� WKH�
SDVW�IHZ�\HDUV������0HDQ�DJH�RI�WKH�SDUWLFLSDQWV�LQ�
WKH�FXUUHQW�VWXG\�ZDV������������\HDUV��2XW�RI�WKH�

9DULDEOHV   )LQNHOVWHLQ�WHVW   
3-YDOXH $WWULEXWHV 3RVLWLYH 1HJDWLYH 

7\SH�RI�
PRELOH�
XVH 

.H\SDG �����Q ��� �����Q ��� 

���� 
7RXFK�
VFUHHQ 

������Q ���� ������Q ���� 

%RWK ������Q ��� �����Q ��� 

1XPEHU�
RI�WH[W�
SHU�GD\ 

/HVV�WKDQ�
�� 

�����Q ���� ������Q ���� 

���� 
��-��� ������Q ��� ������Q ��� 

���-��� �����Q ��� ������Q ��� 

0RUH�
WKDQ���� 

����Q ��� �����Q ��� 

7DEOH����$VVRFLDWLRQ�RI�)LQNHOVWHLQ�WHVW�ZLWK�W\SH�RI�
PRELOH�SKRQH�XVHG�DQG�QXPEHU�RI�WH[W�SHU�GD\ 
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��� 

WRWDO� QXPEHU� RI� VWXGHQWV� ZKR� SDUWLFLSDWHG� LQ� WKH�
VWXG\�����������ZHUH�PDOHV�DQG� WKH�UHVW���������
ZHUH� IHPDOHV�� )LQNHOVWHLQ� WHVW� ZDV� SRVLWLYH� LQ� ��
��������IHPDOHV�DQG�QHJDWLYH�LQ����������IHPDOHV��
,Q� FRQWUDVW�� WKH� WHVW� ZDV� SRVLWLYH� LQ� �����������
PDOHV�DQG�QHJDWLYH�LQ������������ 
������$�UHFHQW�VWXG\�FRQFOXGHG�WKDW�LQFUHDVLQJ�XVH�RI�
PRELOH� SKRQHV� ZDV� DVVRFLDWHG� ZLWK� LQFUHDVHG� ULVN�
RI�GHYHORSLQJ�'H�4XHUYDLQ�V\QGURPH�����VWXGHQWV�
VKRZHG� SRVLWLYH� ILQNHOVWHLQ� WHVW� DQG� ZKR� ZHUH�
IUHTXHQW�PRELOH�SKRQH�XVHUV����� 
������$FFRUGLQJ� WR� D� VXUYH\� FRQGXFWHG�E\�3ULQFHWRQ�
VXUYH\� UHVHDUFK� DVVRFLDWHV�� $PHULFDQ� WHHQV� DUH�
VHQGLQJ� HQRUPRXV� QXPEHU� RI� WH[W� PHVVDJHV� WR�
IULHQGV� DQG� FROOHDJXHV�� 6HQGLQJ� WH[W� PHVVDJHV� LQ�
FXUUHQW� HUD� LV� WKH� HDVLHVW� � DQG� IDVWHVW� ZD\� RI�
FRPPXQLFDWLRQ� VXUSDVVLQJ� IDFH� WR� IDFH� FRQWDFWV�
���� 
������$�VWXG\�FRQGXFWHG�RQ�([WHQVRU�SROOLFLV� ORQJXV�
LQMXU\� LQ� DGGLWLRQ� WR� 'H� 4XHUYDLQ¶V� ZLWK� WH[W�
PHVVDJLQJ�RQ�PRELOH�SKRQHV�VKRZHG� WKDW�FKDQJHV�
ZHUH�QRWHG�FOLQLFDOO\�DQG�E\�XOWUDVRXQG�RI�WKXPE�LQ�
SHUVRQV� XVLQJ� PRELOH� SKRQH� UHSHWLWLYHO\�� 7KH\�
UHSRUWHG� WKDW� RQ� FOLQLFDO� H[DPLQDWLRQ�� ILQNHOVWHLQ�
WHVW� ZDV� SRVLWLYH� LQ� ���� RI� FDVHV�� 0RUHRYHU��
FKDQJHV�ZHUH�IRXQG�LQ�ILUVW�DQG�WKLUG�FRPSDUWPHQWV�
WKURXJK�XOWUDVRXQG�H[DPLQDWLRQ����� 
������3UHYDOHQFH� VWXG\� RQ� FXPXODWLYH� WUDXPD�
GLVRUGHU�LQ�FHOO�SKRQH�XVHUV�LQ������VXJJHVWHG�WKDW�
XVH�RI�PRELOH�SKRQH�KDV�EHFRPH�YHU\�FRPPRQ� LQ�
\RXQJ� JHQHUDWLRQ�� SUHGLVSRVLQJ� WKHP� WR�
PXVFXORVNHOHWDO� GLVRUGHUV� RI� KDQG�� &XPXODWLYH�
WUDXPDWLF� GLVRUGHUV� ZHUH� IRXQG� WR� EH� ������ LQ�
XSSHU� OLPE�ZLWK�JUHDWHU�SUHYDOHQFH�RI�06.�LVVXHV�
LQ�WKXPE����������� 
������$� VLPLODU� VWXG\� FRQGXFWHG� LQ� ����� WR� HYDOXDWH�
SUHYDOHQFH�RI�'H�4XHUYDLQ�V\QGURPH�DPRQJ�\RXQJ�
PRELOH� XVHUV� KDG� D� PHDQ� DJH� RI� ����������� 7KH�
ILQGLQJV�RI�WKLV�VWXG\�DUH�FRQVLVWHQW�ZLWK�WKH�UHVXOWV�
RI� WKH� FXUUHQW� VWXG\� WKDW�'H�4XHUYDLQ� LV� FRPPRQ�
DPRQJ�\RXQJ�PRELOH�XVHUV����� 
������,Q� WKH� ZRUOG� RI� WHFKQRORJ\�� XVH� RI� PRELOH�
SKRQHV� LV� LQFUHDVLQJ� GD\� E\� GD\� DQG� LW� LV� DPRQJ�
RQH� WKH� QHFHVVLWLHV� RI� OLIH�����<RXQJHU� JHQHUDWLRQ�
LV� XVLQJ� PRELOH� SKRQH� IRU� WH[WLQJ� DQG� JDPLQJ�
SXUSRVH�� $SDUW� IURP� LWV� XVHIXO� LPSOLFDWLRQ� LQ�
DGYDQFHPHQW��WKH�XVH�RI�PRELOH�PDNHV�WKH�\RXQJHU�
JHQHUDWLRQ�SURQH� WR�PXVFXORVNHOHWDO� DQG� UHSHWLWLYH�
VWUDLQ�LQMXULHV������)UHTXHQW�XVH�RI�PRELOH�SKRQH�LV�
D� WULJJHU� IRU� GH� TXHUYDLQ� V\QGURPH�� ,Q� RUGHU� WR�
SUHYHQW�KDQG�G\VIXQFWLRQ��DSSURSULDWH�EUHDN�VKRXOG�
EH�WDNHQ�EHWZHHQ�PRELOH�SKRQH�XVDJH� 
&RQFOXVLRQ�� 

 7KH� VWXG\� FRQFOXGHG� WKDW� PRELOH� SKRQH�
XVHUV� IURP� GLIIHUHQW� LQVWLWXWHV� RI� 3HVKDZDU� DUH�
SURQH� WR� GHYHORS�'H�4XHUYDLQ¶V� V\QGURPH� GXH� WR�

UHSHWLWLYH� PRYHPHQW� RI� WKXPE� ZKLOH� PRELOH�
WH[WLQJ�� SOD\LQJ� JDPHV� ZLWKRXW� WDNLQJ� UHVW� LQ�
EHWZHHQ�DFWLYLWLHV� 
'LVFODLPHU���1RQH 

&RQIOLFW�RI�LQWHUHVW��/DVW�DXWKRU �LV�DOVR�VHFUHWDU\��
RI� UHVHDUFK� HWKLFDO� FRPPLWWHH� LVVXLQJ� HWKLFDO�
DSSURYDO�DQG�VLJQLQJ�SHUVRQ�RI�HWKLFDO�DSSURYDO� 

)XQGLQJ�VRXUFH��1RQH 

5HIHUHQFHV� 

�� 9XLOOHPLQ� 9�� *XHULQL� +�� %DUG� +�� 0RUYDQ� *��
6WHQRVLQJ� WHQRV\QRYLWLV��-RXUQDO�RI�XOWUDVRXQG��
�������������-�� 

�� 0RRUH� ./�� 'DOOH\� $)�� &OLQLFDOO\� RULHQWHG�
DQDWRP\��:ROWHUV� NOXZHU� LQGLD� 3YW� /WG�� �����
-XO���� 

�� .HOO\� ,�� 56,� -� 5HSHWLWLYH� 6WUDLQ� ,QMXU\� ������
$YDLODEOH� IURP�� KWWSV���SK\VLRZRUNV�FRP�DX�
SDLQ-LQMXU\�DUP-SDLQ�UVL-UHSHWLWLYH-VWUDLQ-
LQMXU\�� 

�� -HRQJ� +�� /HH� <�� 6PDUWSKRQH� DGGLFWLRQ� DQG�
HPSDWK\� DPRQJ� QXUVLQJ� VWXGHQWV�� $GYDQFHG�
6FLHQFH�7HFKQRORJ\�/HWWHUV�������������-�� 

�� 0LQJ�=��3LHWLNDLQHQ�6��+lQQLQHQ�2��([FHVVLYH�
WH[WLQJ� LQ� SDWKRSK\VLRORJ\� RI� ILUVW�
FDUSRPHWDFDUSDO� MRLQW� DUWKULWLV��
3DWKRSK\VLRORJ\�������'HF������������-��� 

�� 3DOPHU�.��:DONHU-%RQH�.��/LQDNHU�&��5HDGLQJ�
,�� .HOOLQJUD\� 6�� &RJJRQ� '�� &RRSHU� &�� 7KH�
6RXWKDPSWRQ� H[DPLQDWLRQ� VFKHGXOH� IRU� WKH�
GLDJQRVLV� RI� PXVFXORVNHOHWDO� GLVRUGHUV� RI� WKH�
XSSHU� OLPE��$QQDOV� RI� WKH� UKHXPDWLF� GLVHDVHV��
�����-DQ����������-��� 

�� 'DYLG� -�� 0DJHH� 0�� 5REHUW� &�� 2UWKRSHGLF�
3K\VLFDO�$VVHVVPHQW��6DXQGHUV������� 

�� 6LYDSUDJDVDP� 1�� 7KH� IXWXUH� RI� WKH� SXEOLF�
SKRQH�� )LQGLQJV� IURP� D� VL[-FRXQWU\� $VLDQ�
VWXG\� RI� WHOHFRP� XVH� DW� WKH� %23�� ,Q� �WK�
&RPPXQLFDWLRQ� 3ROLF\� 5HVHDUFK�� 6RXWK�
&RQIHUHQFH��1HJRPER��6UL�/DQND������'HF��� 

�� 0H]HL� *�� %HQ\L� 0�� 0XOOHU� $�� 0RELOH� SKRQH�
RZQHUVKLS� DQG� XVH� DPRQJ� VFKRRO� FKLOGUHQ� LQ�
WKUHH� +XQJDULDQ� FLWLHV�� %LRHOHFWURPDJQHWLFV��
-RXUQDO� RI� WKH� %LRHOHFWURPDJQHWLFV� 6RFLHW\��
7KH�6RFLHW\�IRU�3K\VLFDO�5HJXODWLRQ�LQ�%LRORJ\�
DQG� 0HGLFLQH�� 7KH� (XURSHDQ�
%LRHOHFWURPDJQHWLFV�$VVRFLDWLRQ�������0D\���
�������-��� 

��� /HQKDUW� $�� 3XUFHOO� .�� 6PLWK� $�� =LFNXKU� .��
6RFLDO� 0HGLD� 	� 0RELOH� ,QWHUQHW� 8VH� DPRQJ�
7HHQV� DQG� <RXQJ� $GXOWV�� 0LOOHQQLDOV�� 3HZ�
LQWHUQHW�	�$PHULFDQ�OLIH�SURMHFW�������)HE��� 

��� +HWDLPLVK�%��%RVVHL�$��7XUNVWDQL�*��$O--H]DQL�
.��$O-0RWDLUL�.��3UHYDOHQFH�RI�'H-4XHUYDLQ¶V�
7HQRV\QRYLWLV� $PRQJ� 0HGLFDO� 3URIHVVLRQDOV��
0LGGOH�(DVW�-RXUQDO�RI�)DPLO\�0HGLFLQH�������
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)RXQGDWLRQ�8QLYHUVLW\� 
-RXUQDO�RI�5HKDELOLWDWLRQ�6FLHQFHV ��� 

-DQ������������� 
��� /HQKDUW� $�� /LQJ� 5�� &DPSEHOO� 6�� 3XUFHOO� .��

7HHQV� DQG� PRELOH� SKRQHV�� 7H[W� PHVVDJLQJ�
H[SORGHV�DV�WHHQV�HPEUDFH�LW�DV�WKH�FHQWHUSLHFH�
RI�WKHLU�FRPPXQLFDWLRQ�VWUDWHJLHV�ZLWK�IULHQGV��
3HZ� LQWHUQHW� 	� $PHULFDQ� OLIH� SURMHFW�� �����
$SU����� 

��� (DSHQ� &�� .XPDU� %�� %KDW� $.�� 9HQXJRSDO� $��
([WHQVRU� SROOLFLV� ORQJXV� LQMXU\� LQ� DGGLWLRQ� WR�
'H�4XHUYDLQ¶V�ZLWK� WH[W�PHVVDJLQJ� RQ�PRELOH�
SKRQHV�� -RXUQDO� RI� FOLQLFDO� DQG� GLDJQRVWLF�
UHVHDUFK��-&'5�������1RY�������/&���� 

��� (DSHQ� &�� .XPDU� %�� %KDW� $.�� 3UHYDOHQFH� RI�
FXPXODWLYH� WUDXPD� GLVRUGHUV� LQ� FHOO� SKRQH�
XVHUV�� -RXUQDO� RI� 0XVFXORVNHOHWDO� UHVHDUFK��
�����6HS�����������-��� 

��� 1LVD�=��8PHU�%��+DVVDQ�7�� 3UHYDOHQFH� RI�'H�
4XHUYDLQ
V� 6\QGURPH� $PRQJ� <RXQJ� 0RELOH�
3KRQH� 8VHUV�� -RXUQDO� RI� 5LSKDK� &ROOHJH� RI�
5HKDELOLWDWLRQ�6FLHQFHV��������������-�� 

��� *RUGRQ�6��%HZDUH� WKH
%ODFNEHUU\�7KXPE
1HZ�
5HSHWLWLYH�6WUHVV�,QMXU\�&DXVHG�E\�7\SLQJ�RQO\�
ZLWK�WKXPEV�RQ�KDQG-KHOG�GHYLFHV��86�1HZV�	�
:RUOG�5HSRUW������� 

��� *XVWDIVVRQ� (�� -RKQVRQ� 3:�� +DJEHUJ� 0��
7KXPE� SRVWXUHV� DQG� SK\VLFDO� ORDGV� GXULQJ�
PRELOH� SKRQH� XVH–$� FRPSDULVRQ� RI� \RXQJ�
DGXOWV� ZLWK� DQG� ZLWKRXW� PXVFXORVNHOHWDO�
V\PSWRPV�� -RXUQDO� RI� (OHFWURP\RJUDSK\� DQG�
.LQHVLRORJ\�������)HE������������-��� 

$XWKRU�&RQWULEXWLRQ� 

,TEDO� 6�� $FTXLVLWLRQ� RI� 'DWD�� 'DWD� DQDO\VLV�
DQG�LQWHUSUHWDWLRQ 
.KDWWDN� +*�� &RQFHSWLRQ� 	� GHVLJQ� RI� VWXG\��
'DWD� DQDO\VLV� 	� LQWHUSUHWDWLRQ�� 'UDIWLQJ� RI�
PDQXVFULSW�� FULWLFDO� UHYLVLRQ�� $SSURYDO� IRU� ILQDO�
YHUVLRQ�RI�PDQXVFULSW� 
$PDQ� 6�� $FTXLVLWLRQ� RI� 'DWD�� 'DWD� DQDO\VLV�
DQG�LQWHUSUHWDWLRQ 
$QZDU� .�� 'DWD� DQDO\VLV� DQG� LQWHUSUHWDWLRQ��
'UDIWLQJ� RI� PDQXVFULSW�� &ULWLFDO� UHYLVLRQ� DQG�
$SSURYDO�IRU�ILQDO�YHUVLRQ�RI�PDQXVFULSW 
$OL�%��$FTXLVLWLRQ�RI�'DWD 
0DODNDQGL� +%�� 'DWD� DQDO\VLV� DQG�
LQWHUSUHWDWLRQ� 
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&RPSDULVRQ�RI�6WDWLF�6WUHWFKLQJ�DQG�0XVFOH�(QHUJ\�7HFKQLTXHV�

RQ�+DPVWULQJ�7LJKWQHVV�LQ�$V\PSWRPDWLF�)HPDOHV 
$\HVKD� 0DMHHG��� 6\HGD� 5DILD� 0DQVRRU��� $KPDG� %LODO� $ULI��� 0XKDPPDG� 0XGDVVDU� <DVLQ���
0LQDKLO�:DVLP���)DUDK�1DHHP� 

$%675$&7� 
%DFNJURXQG��+DPVWU LQJ�IOH[LELOLW\�LV�DQ�HVVHQWLDO�YDU LDEOH�EHFDXVH�GHFUHDVHG�H[WHQVLELOLW\�FDQ�FDXVH�
LQMXULHV��QRQ-VSHFLILF� ORZ�EDFN�SDLQ�DQG�DOWHUHG� OXPERSHOYLF�UK\WKP��)OH[LELOLW\� WUDLQLQJ� LV�DQ� LPSRUWDQW�
FRPSRQHQW�LQ�SUHYHQWLQJ�RU�UHKDELOLWDWLRQ�RI�LQMXULHV�DQG�DOVR�D�PHWKRG�RI�LPSURYLQJ�RQH¶V�SHUIRUPDQFH�LQ�
HYHU\GD\�DFWLYLWLHV�DQG�VSRUWV� � 
2EMHFWLYHV�� 7R� FRPSDUH� WKH� HIIHFWV� RI� VWDWLF� VWUHWFKLQJ�	�PXVFOH� HQHUJ\� WHFKQLTXHV� RQ� KDPVWU LQJ�
VKRUWQHVV�LQ�IHPDOHV�� 
0HWKRGV�� $� UDQGRPL]HG� FRQWUROOHG� WU LDO� FRQGXFWHG� DW� 'HSDU WPHQW� RI� +HDOWK� 6FLHQFHV�� .KDZDMD�
)DUHHG� 8QLYHUVLW\� RI� (QJLQHHULQJ� 	� ,QIRUPDWLRQ� 7HFKQRORJ\� 5DKLP� <DU� .KDQ� RQ� ��� DV\PSWRPDWLF�
IHPDOHV��,Q�WKLV�VWXG\�����IHPDOHV�ZHUH�UDQGRPO\�DOORFDWHG�LQ�WZR�JURXSV�VWULFWO\�IROORZLQJ�WKH�LQFOXVLRQ�
H[FOXVLRQ�FULWHULD��*URXS�$�UHFHLYHG�KDPVWULQJ�VWDWLF�VWUHWFKLQJ��ZKLOH�JURXS�%�PXVFOH�HQHUJ\�WHFKQLTXHV�
�$XWRJHQLF�LQKLELWLRQ���,QIRUPHG�ZULWWHQ�FRQVHQW�ZDV�WDNHQ�IURP�HDFK�SDUWLFLSDQW����-���WHVW��6/5��6LW�DQG�
UHDFK� WHVW�ZHUH� XVHG� DV� RXWFRPH�PHDVXUHPHQW� WRROV�RI� KDPVWULQJ� WLJKWQHVV�� �� VHVVLRQV� LQ� ��ZHHNV�ZHUH�
JLYHQ�WR�HDFK�SDUWLFLSDQW��%DVHOLQH�DV�ZHOO�DV�IROORZ-XS�GDWD�DIWHU���FRQVHFXWLYH�ZHHNV�ZDV�UHFRUGHG�� 
5HVXOWV��0HDQ�DJH�RI�SDU WLFLSDQWV�RI�*URXSV�$�	�%�ZHUH����������������\HDUV�UHVSHFWLYHO\��*URXS�%�
SDUWLFLSDQWV� VKRZHG�PDUNHG� LPSURYHPHQW� DW� ��-��� WHVW��6/5��6LW� DQG� UHDFK�RXWFRPH�PHDVXUHPHQW� WRROV�
FRPSDUHG�WR�JURXS�$�DV�S-YDOXH�ZDV�IRXQG�OHVV�WKDQ������ZKLFK�LV�FRQVLGHUHG�VLJQLILFDQW�� 
&RQFOXVLRQ�� 0XVFOH� HQHUJ\� WHFKQLTXHV� SDU WLFXODU O\� DXWRJHQLF� LQKLELWLRQ� KDYH� EHWWHU � WUHDWPHQW�
RXWFRPH� DV� FRPSDUHG� WR� KDPVWULQJ� VWDWLF� VWUHWFKLQJ� DORQH� LQ� DV\PSWRPDWLF� IHPDOHV� ZLWK� KDPVWULQJ�
VKRUWQHVV�� 
.H\ZRUGV��$XWRJHQLF�,QKLELWLRQ��+DPVWU LQJ�0XVFOH���0DQXDO�7KHUDS\��0XVFOH�(QHUJ\�7HFKQLTXHV��
6WUHWFKLQJ� 

'2,��KWWSV���GRL�RUJ����������IXMUV�Y�L����� 

,QWURGXFWLRQ� 

������)OH[LELOLW\� KDV� EHHQ�GHILQHG� DV� WKH� DELOLW\� RI� D�
PXVFOH� WR� OHQJWKHQ� DQG� DOORZV� RQH� MRLQW� �RU�PRUH�
WKDQ�RQH�MRLQW�LQ�D�VHULHV��WR�PRYH�WKURXJK�D�UDQJH�
RI� PRWLRQ����� $� GHFUHDVH� LQ� PXVFXODU� IOH[LELOLW\�
UHGXFHV� QRW� RQO\� IXQFWLRQDO� OHYHO� RI� DQ� LQGLYLGXDO�
EXW� DOVR� KDUPV� WKH�PXVFXORVNHOHWDO� V\VWHP� GXH� WR�
RYHUXVH����� 0XVFOH� WLJKWQHVV� LV� FDXVHG� E\� D�
GHFUHDVH�LQ�WKH�DELOLW\�RI�D�PXVFOH�WR�GHIRUP�ZKLFK�
UHVXOWV� LQ� GHFUHDVHG� UDQJH� RI�PRWLRQ� DW� WKH� DFWLQJ�
MRLQW��+DPVWULQJV�DUH�WZR�MRLQW�DFWLQJ�PXVFOHV�DQG�
PRVW� IUHTXHQWO\� GDPDJHG� LQ� ERG\����� 6WDWLF�
VWUHWFKLQJ�KHOSV� LQ�UHGXFLQJ�PXVFOH�VWLIIQHVV�ZKLOH�

HQKDQFLQJ�UDQJH�RI�PRWLRQ�ZLWKLQ�D�GXUDWLRQ�RI���WR�
��� VHFRQGV� VWUHWFK� FRPPRQO\� VXLWDEOH� IRU� DWKOHWHV�
RU� JHQHUDO� SRSXODWLRQ�� 0XVFOH� (QHUJ\� 7HFKQLTXH�
�0(7�� LV� D� PDQXDO� WHFKQLTXH� GHYHORSHG� E\�
RVWHRSDWKV� DQG� LV� QRZ� XVHG� LQ� PDQ\� GLIIHUHQW�
PDQXDO�WKHUDS\�SURIHVVLRQV���� 
������2QH� VXFK� DSSURDFK� ZKLFK� WDUJHWV� WKH� VRIW�
WLVVXHV� SULPDULO\� �DOWKRXJK� LW� PDNHV� D� PDMRU�
FRQWULEXWLRQ� WRZDUGV� MRLQW� PRELOL]DWLRQ�� KDV� EHHQ�
WHUPHG� DV� PXVFOH� HQHUJ\� WHFKQLTXH� ZKLFK� LV� DOVR�
NQRZQ�DV�DFWLYH�PXVFXODU�UHOD[DWLRQ�WHFKQLTXH��,W�LV�
FODLPHG� WR� EH� HIIHFWLYH� IRU� D� YDULHW\� RI� SXUSRVHV�
LQFOXGLQJ� OHQJWKHQLQJ� D� VKRUWHQHG� PXVFOHV�� DV� D�
O\PSKDWLF� RU� YHQRXV� SXPS� WR� DLG� WKH� GUDLQDJH� RI�
IOXLG�RU�EORRG�DQG� LQFUHDVLQJ� WKH� UDQJH�RI�PRWLRQ�
���� $Q� LQFUHDVHG� VWUHWFK� WROHUDQFH� LV� D� SRVVLEOH�
PHFKDQLVP� EHKLQG� WKH� LQFUHDVHG� 520� DIWHU� WKH�
FRQWUDFW-UHOD[�H[HUFLVH�SURJUDP���� 
������+DPVWULQJV�KDYH�SUR[LPDO�DWWDFKPHQW�WR�LVFKLDO�
WXEHURVLW\� ZLWK� H[FHSWLRQ� RI� VKRUW� KHDG� RI� ELFHSV�
IHPRULV�� 'XH� WR� WKLV� DWWDFKPHQW�� KDPVWULQJV�
LQIOXHQFH�SHOYLF�SRVWXUH��3HOYLF�LV�WKH�EDVH�RI�VSLQH�
DQG� LWV� WLOWLQJ�GRHV�DIIHFW� WKH�VDJLWWDO�FXUYDWXUHV�RI�
VSLQH��+DPVWULQJ�IOH[LELOLW\�LV�DQ�HVVHQWLDO�YDULDEOH�

$IILOLDWLRQV�� ��� 8QLYHUVLW\� RI� 0DQDJHPHQW� 	�
7HFKQRORJ\� �807��� /DKRUH�� ��� )DWLPD� 0HPRULDO�
+RVSLWDO� /DKRUH�� ��� 'HSDUWPHQW� RI� +HDOWK� 6FLHQFHV�
.KDZDMD� )DUHHG� 8QLYHUVLW\� RI� (QJLQHHULQJ� 	�
,QIRUPDWLRQ� 7HFKQRORJ\� 5DKLP\DU� .KDQ�� ��� &KLOGUHQ�
+RVSLWDO�	� ,QVWLWXWH�RI�&KLOG¶V�+HDOWK��/DKRUH�����6KLID�
7DPHU-H-0LOODW� 8QLYHUVLW\� ,VODPDEDG�� ��� 3K\VLRWKHUDS\�
'HSDUWPHQW��&RPELQHG�0LOLWDU\�+RVSLWDO��&0+���2NDUD 
&RUUHVSRQGHQFH��'U ��$KPDG�%LODO�$U LI�37 
(PDLO��DKPDG�ELODO#NIXHLW�HGX�SN 
5HFHLYHG��2FWREHU ���WK�������5HYLVLRQ��'HFHPEHU ���WK�
������$FFHSWDQFH��'HFHPEHU ���WK������ 

Z�^��Z�,��Zd/�>� 
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)RXQGDWLRQ�8QLYHUVLW\� 
-RXUQDO�RI�5HKDELOLWDWLRQ�6FLHQFHV ��� 

EHFDXVH� GHFUHDVHG�H[WHQVLELOLW\� FDQ� FDXVH� LQMXULHV��
QRQ-VSHFLILF�/%3�DQG�DOWHUHG�/XPERSHOYLF�UK\WKP�
��� 
������)OH[LELOLW\� WUDLQLQJ� LV� DQ� LPSRUWDQW� FRPSRQHQW�
LQ� SUHYHQWLQJ� DQG� UHKDELOLWDWLRQ� RI� LQMXULHV�� ,W� LV� D�
PHWKRG� RI� LPSURYLQJ� RQH¶V� SHUIRUPDQFH� LQ�
HYHU\GD\� DFWLYLWLHV� DQG� VSRUWV����� 6HYHUDO�
UHVHDUFKHUV� KDYH� FRPSDUHG� GLIIHUHQW� VWUHWFKLQJ�
WHFKQLTXHV� WR� GHWHUPLQH� ZKLFK� WHFKQLTXH� LV� PRUH�
HIIHFWLYH� IRU� LQFUHDVLQJ� UDQJH� RI�PRWLRQ� RI� MRLQWV��
6WUHWFKLQJ� KDV� � PDQ\� SK\VLFDO� EHQHILWV� LQFOXGLQJ��
LPSURYHG� DWKOHWLF� SHUIRUPDQFH�� IOH[LELOLW\��
GHFUHDVHG� HQHUJ\� H[SHQGLWXUH�� LQMXU\� SUHYHQWLRQ��
GHFUHDVHG�'206��DQG�SURPRWLRQ�RI�KHDOLQJ����� 
������6WUHWFKLQJ� LV�DOVR�XVHG�DV�SUH-H[HUFLVH� WUDLQLQJ�
SURWRFRO�� ,W� KDV� EHHQ� VXJJHVWHG� WKDW� LW� HQKDQFHV�
IOH[LELOLW\� RI� PXVFOHV�� LQFUHDVHV� SK\VLFDO�
SHUIRUPDQFH� DQG� SUHYHQWV� LQMXU\������ 6WUHWFKLQJ�
LQFUHDVHV� IOH[LELOLW\� RI� PXVFOHV� DURXQG� KLS�� NQHH��
DQG� WUXQN��$���-��V�VWUHWFK� LV�PRUH�HIIHFWXDO� WKDQ�
VKRUWHU�GXUDWLRQ�VWUHWFK�� ,W� LV�DV�HIIHFWLYH�DV� ORQJHU�
GXUDWLRQ� VWUHWFK�� 3DVVLYH� VWUHWFKLQJ� KDV� PRUH�
SURIRXQG�UHVXOWV�WKDQ�G\QDPLF�VWUHWFKLQJ��$���V�WR�
��V� RI� VWUHWFK� UHVXOWV� LQ� VLJQLILFDQW� LQFUHDVH� LQ�
520��7KH�DXWKRUV�FRQFOXGHG� WKDW�D���V�RI� VWUHWFK�
LV� LGHDO������ $PRQJ� DOO� WKH� PXVFOH� VWUDLQV�
DVVRFLDWHG� ZLWK� VSRUWV�� WKH� PRVW� FRPPRQ� DUH� WKH�
KDPVWULQJ� VWUDLQV�� ���� RI� WKH� LQMXULHV� KDV� EHHQ�
UHSRUWHG� LQ� $XVWUDOLDQ� 5XOHV� IRRWEDOO������ 7KH�
DW\SLFDO� IHDWXUH� RI� KDPVWULQJ� LV� WKDW� LW� LV� EL-
DUWKURGLDO��PDGH� SULPDULO\� RI� W\SH� ,,� ILEHUV�� ,W� KDV�
OHVV� DPRXQW� RI� WLWDQ� SURWHLQV�� 7KDW� LV� ZK\� LW� KDV�
KLJKHU� ULVNV� RI� VWUDLQV�� 7KHVH� DUH� VORZ� LQ�
UHKDELOLWDWLRQ� SURFHVV� DQG� KLJKHU� LQ� LQMXU\� UDWHV�
����� &RQVHUYDWLYH� PDQDJHPHQW� VWUDWHJLHV� DUH�
KHOSIXO� LQ� WUHDWLQJ� ORZ� EDFN� SDLQ�� 7KHVH� LQFOXGH�
PDQLSXODWLRQ��H[HUFLVH�WKHUDS\��PRGDOLWLHV��NLQHVLR�
WDSLQJ� DQG� P\RIDVFLDO� UHOHDVH� DQG� IOH[LELOLW\�
UHJLPHQ�HVSHFLDOO\�RI�KDPVWULQJV������ 
0HWKRGV� 

������$� SDUDOOHO� GHVLJQ� UDQGRPL]HG� FRQWUROOHG� WULDO�
ZDV� FRQGXFWHG� RQ� ��� IHPDOHV� SUHVHQWHG� ZLWK�
KDPVWULQJ�WLJKWQHVV�VWULFWO\�IROORZLQJ�WKH�LQFOXVLRQ�
DQG�H[FOXVLRQ�FULWHULD��7KH�VWXG\�ZDV�FRQGXFWHG�DW�
'HSDUWPHQW� RI� +HDOWK� 6FLHQFHV�� .KDZDMD� )DUHHG�
8QLYHUVLW\� RI� (QJLQHHULQJ� 	� ,QIRUPDWLRQ�
7HFKQRORJ\� �.)8(,7�� 5DKLP� <DU� .KDQ� IURP�
6HSWHPEHU� ����� WR� $SULO� ������ 7KH� LQFOXVLRQ�
FULWHULD�RI�VWXG\�ZDV�KHDOWK\�IHPDOHV�DJHG�EHWZHHQ�
��� -� ��� \HDUV� KDYLQJ� VFRUHV� RI� ��-��� WHVW���� 	�
6/5����� )HPDOHV� ZLWK� DQ\� NQRZQ� PHQWDO�
GLVDELOLW\�� SUHJQDQW� IHPDOHV�� KDYLQJ� DQ\� DFWLYH�
FRPSODLQW� RI� ORZ�EDFN� SDLQ� RU� RI� ORZHU� H[WUHPLW\�
ZHUH� H[FOXGHG� IURP� WKLV� VWXG\�� 1RQ-SUREDELOLW\�
SXUSRVLYH� VDPSOLQJ� WHFKQLTXH� ZDV� XVHG� 	� JURXS�
DOORFDWLRQ�ZDV� UDQGRPO\� GRQH� LQWR� WZR� UHVSHFWLYH�

JURXSV�� 7RWDO� ��� SDUWLFLSDQWV� ZHUH� VFUHHQHG� RXW��
2XW�RI�ZKLFK���GLG�QRW�PHHW�WKH�LQFOXVLRQ�FULWHULD�	�
��ZHUH�XQDEOH�WR�FRQWLQXH�WKH�WUHDWPHQW�GXH�WR�WKHLU�
GRPHVWLF�UHDVRQV�� 
������(WKLFDO� DSSURYDO� IRU� VWXG\� ZDV� REWDLQHG� IURP�
5HVHDUFK� (WKLFV� FRPPLWWHH� RI� .)8(,7� �.IXHLW�
KHVF�5-����� ,QIRUPHG� ZULWWHQ� FRQVHQW� ZDV� WDNHQ�
IURP� HDFK� SDUWLFLSDQW�� 'HPRJUDSKLF� GHWDLOV�
LQFOXGLQJ� DJH�� KHLJKW�� ZHLJKW�� %0,�ZHUH� QRWHG� DV�
SHU� VWXG\� UHTXLUHPHQWV�� *URXS� $� �Q ���� UHFHLYHG�
VWDWLF� KDPVWULQJ� VWUHWFKLQJ� 	� *URXS� %� �Q ����
SDUWLFLSDQWV� WUHDWHG�ZLWK�PXVFOH�HQHUJ\� WHFKQLTXHV�
�$XWRJHQLF� LQKLELWLRQ�� )LJXUH� ��� (DFK� JURXS� ZDV�
WUHDWHG� IRU� �� ZHHNV� RQ� DOWHUQDWH� GD\V� PDNLQJ� ��
WUHDWPHQW� VHVVLRQV� LQ� WRWDO�� 7KH� JURXS� ZLVH�
WUHDWPHQW� EUHDNGRZQ� RI� VHVVLRQ� ZDV� DV� IROORZ��
*URXS� $� ZDV� WUHDWHG� ZLWK� KDPVWULQJ� VWDWLF�
VWUHWFKLQJ�RI����VHFRQGV�î���WLPHV� ���VHVVLRQ�DQG�
*URXS� %� ZDV� WUHDWHG� ZLWK� PXVFOH� HQHUJ\�
WHFKQLTXHV� �$XWRJHQLF� LQKLELWLRQ�� ZLWK� WLPH�
GXUDWLRQ� RI� ��� VHFRQGV� î� �� WLPHV�  � �� VHVVLRQ��
7UHDWPHQW� SURJQRVLV� ZDV� PHDVXUHG� LQ� WHUPV� RI�
RXWFRPHV� XVLQJ�6/5�� VLW� DQG� UHDFK� WHVW� DQG� ������
WHVW� �NQRZQ� DV� WKH�$FWLYH�.QHH� ([WHQVLRQ� �$.(��
+DPVWULQJ� )OH[LELOLW\� 7HVW��� 'DWD� DQDO\VLV� ZDV�
GRQH� XVLQJ� ,%0�6366� YHUVLRQ� ���� 6KDSLUR-:LON�
WHVW� RI� QRUPDOLW\� VKRZHG� GDWD� WR� EH� QRQ-QRUPDOO\�
GLVWULEXWHG� KDYLQJ� S� YDOXH� OHVV� WKDQ� ����� VR�0DQ�
:KLWQH\� 8� WHVW� ZDV� DSSOLHG� IRU� LQWHU� JURXS�
FRPSDULVRQV� 

5HVXOWV� 
������7RWDO����IHPDOHV�ZLWK�KDPVWULQJ�WLJKWQHVV�ZHUH�
UHFUXLWHG� LQ� WKLV� VWXG\�� 7KH� GHPRJUDSKLF� GDWD�
GHWDLOV� DUH� VKRZQ� LQ� 7DEOH-��� 6WDWLVWLFDO� DQDO\VLV�
VKRZHG� *URXS� %� SDUWLFLSDQWV� KDYLQJ� VLJQLILFDQW�
LPSURYHPHQW� FRPSDUHG� WR� JURXS� $� RQ� VLW� DQG�
UHDFK�� 6/5�� DQG� ��-��� WHVW� DV� S-YDOXH� ZDV� IRXQG�

)LJXUH����&216257�'LDJUDP 
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��� 

OHVV� WKDQ� ����� ZKLFK� LV� FRQVLGHUHG� VLJQLILFDQW� DV�
VKRZQ�LQ�7DEOH-�� 

'LVFXVVLRQ� 
������$�SDUDOOHO�GHVLJQ� UDQGRPL]HG�FRQWUROOHG� WULDO�RQ�
ILIW\� VXEMHFWV� ZDV� FRQGXFWHG� WR� ILQG� WKH� HIIHFWV� RI�
WZR� GLIIHUHQW� VWDWLF� VWUHWFKLQJ� DQG� PXVFOH� HQHUJ\�
WHFKQLTXHV�RQ�520��EDODQFH�DQG�PXVFOH�DFWLYDWLRQ��
%RWK� WKH� WHFKQLTXHV� VKRZHG� VLJQLILFDQW� LQFUHDVH� LQ�
NQHH� H[WHQVLRQ� DQJOH������ $� V\VWHPDWLF� UHYLHZ� RQ�
LPSDFW�RI�VWUHWFKLQJ�RQ�VSRUWV� LQMXU\�FRQFOXGHG� WKDW�
VWUHWFKLQJ� HQKDQFHV� PXVFOH� IOH[LELOLW\� ZKLFK� LV� DQ�
LPSRUWDQW� FRPSRQHQW� IRU�DWKOHWH¶V� SHUIRUPDQFH������
6RPH� VWXGLHV� DOVR� VKRZHG� WKDW� WKHUH� LV� QR� HIIHFW� RI�
VWUHWFKLQJ�RQ�WLJKWQHVV�DQG�IOH[LELOLW\�RI�WKH�PXVFOHV�� 
*LZRQ�.LP� HW� DO� FDUULHG� RXW� D� UDQGRPL]HG� FOLQLFDO�
WULDO� GHWHUPLQLQJ� HIILFDF\� RI� VWUHWFKLQJ-EDVHG�
UHKDELOLWDWLRQ� RQ� SDLQ�� IOH[LELOLW\�� DQG� PXVFOH�
VWUHQJWK�� 7KH\� FRQFOXGHG� WKDW� VWUHWFKLQJ� HIIHFWLYHO\�
HOLPLQDWHV� SDLQ� DQG� HQKDQFHV� IOH[LELOLW\� LQ� SDWLHQWV�
ZLWK�KDPVWULQJ�LQMXU\������$�V\VWHPDWLF�UHYLHZ�GRQH�
E\� 'LXOLDQ� 0�� 0HGHLURV� HW� DO� XQGHU� WKH� WLWOH� RI�
³LQIOXHQFH� RI� VWDWLF� VWUHWFKLQJ� RQ� KDPVWULQJ�
IOH[LELOLW\� LQ�KHDOWK\�\RXQJ�DGXOWV´�FRQFOXGHG�VWDWLF�
VWUHWFKLQJ� WR� EH� HIIHFWLYH� LQ� LQFUHDVLQJ� KDPVWULQJ�
IOH[LELOLW\� LQ� KHDOWK\� \RXQJ� DGXOWV������ 6LPLODUO\�

DQRWKHU�VWXG\�REVHUYHG�VXVWDLQHG�VWUHWFKLQJ�UHVXOWHG�
LQ� LQFUHDVHG� UDQJH�RI�PRWLRQ� LQ�KDPVWULQJ�VKRUWQHVV�
LQGLYLGXDOV����� 
������'DYLV� HW� DO� FRQGXFWHG� D� VLQJOH� EOLQGHG�
UDQGRPL]HG�WULDO�WR�VHH�WKH�HIIHFWV�RI�VWDWLF�VWUHWFKLQJ�
RI� PXVFOHV�� VXUURXQGLQJ� WKH� NQHH-RQ-NQHH� MRLQW�
SRVLWLRQ� VHQVH´�� 7KUHH� GLIIHUHQW� WHFKQLTXHV� RI�
VWUHWFKLQJ�ZHUH�FRQGXFWHG�WR�VHH�WKH�HIIHFWV�RQ�520�
DQG� IOH[LELOLW\� RI� KDPVWULQJV�� 6HOI-VWUHWFKLQJ�� VWDWLF�
VWUHWFKLQJ� DQG� 31)� ZHUH� LQFOXGHG�� 2XW� RI� DOO� WKH�
WKUHH�� VWDWLF� VWUHWFKLQJ� VKRZHG� SURIRXQG� HIIHFWV� RQ�
IOH[LELOLW\� RI� KDPVWULQJV������ $KPHG� HW� DO� VKRZHG�
WKDW� WKHUH� LV� DQ� HTXDO� HIIHFW� RI� VWDWLF� VWUHWFKLQJ� DQG�
KROG� UHOD[�RQ�KDPVWULQJV��6LPLODUO\��31)�VWUHWFKLQJ�
KDV� DOVR� DQ� HIIHFW� RQ� KDPVWULQJV�� $OO� WKH� WKUHH�
WHFKQLTXHV� KDYH� VDPH� HIIHFW� EXW� DPRQJ� DOO� VWDWLF�
VWUHWFKLQJ� KDV� PRUH� SURQRXQFHG� HIIHFW������
6KDGPHKU�HW�DO�FRQFOXGHG�LQ�WKHLU�UHVHDUFK�ZRUN�WKDW�
WKDW� WKHUH� LV� QR� FRQVLGHUDEOH� GLIIHUHQFH� EHWZHHQ�
SDVVLYH� VWUHWFK� DQG� PXVFOH� HQHUJ\� WHFKQLTXHV������
0RKDPHG� 6HUDJ� HW� DO� DIWHU� UXQQLQJ� D� UDQGRPL]HG�
FRQWUROOHG� WULDO�� UHYHDOHG� DXWRJHQLF� LQKLELWLRQ� WR� EH�
PRUH� HIIHFWLYH� WKDQ� UHFLSURFDO� LQKLELWLRQ� WHFKQLTXH�
RQ� UHGXFLQJ� KHPLSOHJLF� FKLOGUHQ� VSDVWLFLW\������
0DULDQD� 2OLYHLUD� %RUJHV� HW� DO� FRQFOXGHG� LQ� WKHLU�
UHVHDUFK� ZRUN� WKDW� ERWK� VWDWLF� KDPVWULQJ� VWUHWFKLQJ�
DQG� SURSULRFHSWLYH� QHXURPXVFXODU� IDFLOLWDWLRQ� KDYH�
HTXDO�HIILFDF\�LQ�UHGXFLQJ�KDPVWULQJ�VKRUWQHVV����� 
&RQFOXVLRQ� 
�������,Q� FRQFOXVLRQ�� PXVFOH� HQHUJ\� WHFKQLTXHV�
SDUWLFXODUO\� DXWRJHQLF� LQKLELWLRQ� PXVFOH� HQHUJ\�
WHFKQLTXH�KDV�EHWWHU�WUHDWPHQW�RXWFRPH�DV�FRPSDUHG�WR�
KDPVWULQJV� VWDWLF� VWUHWFKLQJ� DORQH� LQ� DV\PSWRPDWLF�
IHPDOHV�RI�KDPVWULQJ�WLJKWQHVV� 

'LVFODLPHU��1RQH 

9DULDEOH 
*URXS�$��Q ��� 
0HDQ���6�' 

*URXS�%��Q ��� 
0HDQ���6�' 

$JH ����������� ����������� 

+HLJKW ����������� ����������� 

:HLJKW ������������� ������������� 

%0, ������������ ������������ 

7DEOH���'HPRJUDSKLF�'HWDLOV 

2XWFRPH�0HDVXUHPHQW�9DULDEOHV *URXS�RI�7UHDWPHQW 
0HGLDQ�
�,45� 

0HDQ�
UDQN 

S-YDOXH 

$FWLYH�.QHH�([WHQVLRQ�7HVW�DW�%DVHOLQH�  
*URXS�$ �������� ����� 

�����  
*URXS�% �������� ����� 

$FWLYH�.QHH�([WHQVLRQ�7HVW��DW���WK��VHVVLRQ�  
*URXS�$ �������� ����� 

�������  
*URXS�% �������� ����� 

6WUDLJKW�/HJ�5DLVH�7HVW�DW���EDVHOLQH�  
*URXS�$ �������� ����� 

�����  
*URXS�% �������� ����� 

6WUDLJKW�/HJ�5DLVH�7HVW�DW���WK��VHVVLRQ�  
*URXS�$ �������� ����� 

�����  
*URXS�% �������� ����� 

6LW�	�5HDFK�7HVW�DW�EDVHOLQH�  
*URXS�$ �������� ����� 

�����  
*URXS�% �������� ����� 

*URXS�$ �������� ����� 
�������  

*URXS�% �������� ����� 
6LW�	�5HDFK�7HVW�DW���WK�VHVVLRQ�  

7DEOH����0DQ�:KLWQH\�8�7HVW�IRU�%HWZHHQ�*URXS�&RPSDULVRQ�DW�%DVHOLQH�	�)ROORZ-XS�VHVVLRQV� 
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)RXQGDWLRQ�8QLYHUVLW\� 
-RXUQDO�RI�5HKDELOLWDWLRQ�6FLHQFHV ��� 

&RQIOLFW�RI�,QWHUHVW��1RQH 

)XQGLQJ�6RXUFH��1RQH 

5HIHUHQFHV� 
�� 0DQ]L�9�� ,HOODPR� )��$ODVKUDP�$5��'
RQRIULR�

5��3DGXD�(��&DVDVFR�0��HW�DO��(IIHFWV�RI�WKUHH�
GLIIHUHQW� VWUHWFKLQJ� SURWRFROV� RQ� KDPVWULQJ�
PXVFOH� IOH[LELOLW\� LQ� SURIHVVLRQDO� VRFFHU�
SOD\HUV�� D� UDQGRPL]HG� VWXG\�� 7KH� -RXUQDO� RI�
6SRUWV�0HGLFLQH�DQG�3K\VLFDO�)LWQHVV���������
�������-������ GRL�� ���������V����-
�������������-� 

�� :DQ� ;�� /L� 6�� %HVW� 70�� /LX� +�� /L� +�� <X� %��
(IIHFWV� RI� IOH[LELOLW\� DQG� VWUHQJWK� WUDLQLQJ� RQ�
SHDN� KDPVWULQJ� PXVFXORWHQGLQRXV� VWUDLQV�
GXULQJ� VSULQWLQJ�� -RXUQDO� RI� VSRUW� DQG� KHDOWK�
VFLHQFH�6����-���� ����� �����-��� GRL���������
M�MVKV������������ 

�� 'H�5LGGHU�5��'H�%ODLVHU�&��9HUUHOVW�5��'H�6DHU�
5�� 'HVPHW� $�� 6FKXHUPDQV� -�� 1HXURG\QDPLF�
VOLGHUV� SURPRWH� IOH[LELOLW\� LQ� WLJKW� KDPVWULQJ�
V\QGURPH�� (XURSHDQ� MRXUQDO� RI� VSRUW� VFLHQFH��
��������������-����
GRL������������������������������ 

�� 6ULYDVWDYD�6��.8�'.��0LWWDO�+��'L[LW�6��1DLU�
$�� 6KRUW-WHUP� HIIHFW� RI� PXVFOH� HQHUJ\�
WHFKQLTXH� DQG� PHFKDQLFDO� GLDJQRVLV� DQG�
WKHUDS\� LQ� VDFURLOLDF� MRLQW�G\VIXQFWLRQ��$�SLORW�
UDQGRPL]HG�FOLQLFDO�WULDO��-RXUQDO�RI�%RG\ZRUN�
DQG� 0RYHPHQW� 7KHUDSLHV�� �������������-����
GRL����������M�MEPW������������ 

�� 2VDPD� 0�� (IIHFWV� RI� VWDWLF� VWUHWFKLQJ� DV�
FRPSDUHG� WR� DXWRJHQLF� LQKLELWLRQ� DQG�
UHFLSURFDO� LQKLELWLRQ�PXVFOH�HQHUJ\� WHFKQLTXHV�
LQ�WKH�PDQDJHPHQW�RI�PHFKDQLFDO�QHFN�SDLQ��D�
UDQGRPL]HG�FRQWUROOHG�WULDO��-30$�7KH�-RXUQDO�
RI� WKH� 3DNLVWDQ�0HGLFDO� $VVRFLDWLRQ�� �������
�������-����GRL����������-30$����� 

�� 2VDPD� 0�� 7DVVDGDT� 1�� 0DOLN� 5-�� (IIHFW� RI�
PXVFOH� HQHUJ\� WHFKQLTXHV� DQG� IDFHW� MRLQW�
PRELOL]DWLRQ� RQ� VSLQDO� FXUYDWXUH� LQ� SDWLHQWV�
ZLWK� PHFKDQLFDO� QHFN� SDLQ�� $� SLORW� VWXG\��
-30$� 7KH� -RXUQDO� RI� WKH� 3DNLVWDQ� 0HGLFDO�
$VVRFLDWLRQ�� ��������������-��� GRL�� ��������
-30$������ 

�� 0HQGLJXFKLD� -�� *RQ]DOH]� 'H� OD� )ORU� $��
0HQGH]-9LOODQXHYD�$��0RULQ� --%��(GRXDUG�3��
*DUUXHV� 0$�� 7UDLQLQJ-LQGXFHG� FKDQJHV� LQ�
DQWHULRU� SHOYLF� WLOW�� SRWHQWLDO� LPSOLFDWLRQV� IRU�
KDPVWULQJ� VWUDLQ� LQMXULHV�PDQDJHPHQW�� -RXUQDO�
RI� 6SRUWV� 6FLHQFHV�� ������-��� GRL��
����������������������������� 

�� %RRQVRP�1��(IIHFWV� RI� D� FRPELQHG� VWUHWFKLQJ�
WUDLQLQJ� RQ� IOH[LELOLW\� RI� VWXGHQWV� LQ� VSRUWV�
VFLHQFH� SURJUDP� 6LOSDNRUQ� 8QLYHUVLW\�� -XUQDO�
63257,)�� -XUQDO� 3HQHOLWLDQ� 3HPEHODMDUDQ��

�������������-����� GRL�� ���������
MVBXQSJUL�Y�L������� 

�� *yPH]-+HUQiQGH]� 0�� *DOOHJR-,]TXLHUGR� 7��
0DUWtQH]-0HULQHUR� 3�� 3HFRV-0DUWtQ� '��
)HUUDJXW-*DUFtDV� $�� +LWD-&RQWUHUDV� )�� HW� DO��
%HQHILWV� RI� DGGLQJ� VWUHWFKLQJ� WR� D� PRGHUDWH-
LQWHQVLW\� DHURELF� H[HUFLVH� SURJUDPPH� LQ�
ZRPHQ� ZLWK� ILEURP\DOJLD�� D� UDQGRPL]HG�
FRQWUROOHG� WULDO�� &OLQLFDO� 5HKDELOLWDWLRQ��
��������������-���� GRL��
������������������������ 

��� 6KDUPD�.��(IILFDF\�RI�6WUHWFKLQJ�([HUFLVHV�2Q�
'DLO\� $FWLYLW\� RI� 2OG� $JH� 3HRSOH� ZLWK�
2VWHRDUWKULWLV�$PRQJ�(OGHUO\�LQ�6HOHFWHG�$JHG�
&DUH� 6HWWLQJV�� $� 4XDVL� ([SHULPHQWDO� 6WXG\��
,QWHUQDWLRQDO� -RXUQDO� RI� 3URJUHVVLYH� 5HVHDUFK�
LQ�6FLHQFH�DQG�(QJLQHHULQJ��������������-��� 

��� 7KRPDV� (�� %LDQFR�$�� 3DROL� $�� 3DOPD�$�� 7KH�
UHODWLRQ� EHWZHHQ� VWUHWFKLQJ� W\SRORJ\� DQG�
VWUHWFKLQJ� GXUDWLRQ�� WKH� HIIHFWV� RQ� UDQJH� RI�
PRWLRQ�� ,QWHUQDWLRQDO� MRXUQDO� RI� VSRUWV�
PHGLFLQH�� ���������������-���� GRL�� ��������V-
����-������ 

��� 'DGHER� %�� :KLWH� -�� *HRUJH� .�� $� VXUYH\� RI�
IOH[LELOLW\� WUDLQLQJ� SURWRFROV� DQG� KDPVWULQJ�
VWUDLQV� LQ� SURIHVVLRQDO� IRRWEDOO� FOXEV� LQ�
(QJODQG�� %ULWLVK� MRXUQDO� RI� VSRUWV� PHGLFLQH��
��������������-���� GRL�� ��������
EMVP������������ 

��� �.H\DQL� 6�� *RQGDO� -�� 5DVRRO� $�� :DTDV� 06��
8EDLGXOODK�40��&RPSDUDWLYH�(൵HFWLYHQHVV� RI�
0XVFOH� )DFLOLWDWLRQ� .LQHVLR� 7DSLQJ� DQG�
&RUUHFWLYH� .LQHVLR� 7DSLQJ� 7HFKQLTXHV� DORQJ�
ZLWK� &RQYHQWLRQDO� 3K\VLRWKHUDS\� LQ� WKH�
7UHDWPHQW� RI� 1RQ-VSHFL¿F� /RZ� %DFN� 3DLQ��
$QQDOV� RI� .LQJ� (GZDUG� 0HGLFDO� 8QLYHUVLW\��
��������������-��� GRL�� KWWS���
G[�GRL�RUJ����������
MRXUQDO�DNHPX�������������-�� 

��� /LP� .-,�� 1DP� +-&�� -XQJ� .-6�� (IIHFWV� RQ�
KDPVWULQJ�PXVFOH�H[WHQVLELOLW\��PXVFOH�DFWLYLW\��
DQG� EDODQFH� RI� GLIIHUHQW� VWUHWFKLQJ� WHFKQLTXHV��
-RXUQDO� RI� SK\VLFDO� WKHUDS\� VFLHQFH�� �������
�������-���� GRL�� KWWSV���GRL�RUJ���������
MSWV������� 

��� 7KDFNHU�6%��*LOFKULVW�-��6WURXS�')��.LPVH\�-U�
&'��7KH� LPSDFW� RI� VWUHWFKLQJ� RQ� VSRUWV� LQMXU\�
ULVN�� D� V\VWHPDWLF� UHYLHZ� RI� WKH� OLWHUDWXUH��
0HGLFLQH� 	� 6FLHQFH� LQ� 6SRUWV� 	� ([HUFLVH��
��������������-��� GRL��
�����������066������������������)� 

��� .LP� *�� .LP� +�� .LP� :.�� .LP� -�� (IIHFW� RI�
VWUHWFKLQJ-EDVHG� UHKDELOLWDWLRQ� RQ� SDLQ��
IOH[LELOLW\�DQG�PXVFOH�VWUHQJWK� LQ�GDQFHUV�ZLWK�
KDPVWULQJ� LQMXU\�� D� VLQJOH-EOLQG�� SURVSHFWLYH��
UDQGRPL]HG�FOLQLFDO�WULDO��7KH�MRXUQDO�RI�VSRUWV�
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PHGLFLQH�DQG�SK\VLFDO�ILWQHVV�����������������-
����GRL�����������V����-�������������-� 

��� 0HGHLURV� '0�� &LQL� $�� 6EUX]]L� *�� /LPD� &6��
,QIOXHQFH� RI� VWDWLF� VWUHWFKLQJ� RQ� KDPVWULQJ�
IOH[LELOLW\� LQ� KHDOWK\� \RXQJ� DGXOWV�� 6\VWHPDWLF�
UHYLHZ� DQG�PHWD-DQDO\VLV��3K\VLRWKHUDS\� WKHRU\�
DQG� SUDFWLFH�� ��������������-���� GRL�� KWWSV���
GRL�RUJ������������������������������ 

��� 'DYLV�'6��$VKE\�3(��0F&DOH�./��0F4XDLQ�-$��
:LQH� -0�� 7KH� HIIHFWLYHQHVV� RI� �VWUHWFKLQJ�
WHFKQLTXHV� RQ� KDPVWULQJ� IOH[LELOLW\� XVLQJ�
FRQVLVWHQW� VWUHWFKLQJ� SDUDPHWHUV��7KH� MRXUQDO� RI�
VWUHQJWK�	�FRQGLWLRQLQJ�UHVHDUFK���������������-
����GRL����������������� 

��� $KPHG�+��,TEDO�$��$QZHU�6��$OJKDGLU�$��(IIHFW�
RI� PRGLILHG� KROG-UHOD[� VWUHWFKLQJ� DQG� VWDWLF�
VWUHWFKLQJ� RQ� KDPVWULQJ� PXVFOH� IOH[LELOLW\��
-RXUQDO� RI� SK\VLFDO� WKHUDS\� VFLHQFH�� �������
�������-��� GRL�� KWWSV���GRL�RUJ���������
MSWV������� 

��� 6KDGPHKU�$��+DGLDQ�05��1DLHPL�66�� -DODLH�6��
+DPVWULQJ�IOH[LELOLW\�LQ�\RXQJ�ZRPHQ�IROORZLQJ�
SDVVLYH� VWUHWFK� DQG� PXVFOH� HQHUJ\� WHFKQLTXH��
-RXUQDO� RI� EDFN� DQG� PXVFXORVNHOHWDO�
UHKDELOLWDWLRQ�� ��������������-��� GRL�� ��������
%05-����-���� 

��� (O�06��0RVWDID�'00��(OVKDIH\�0$��$XWRJHQLF�
LQKLELWLRQ�YHUVXV�UHFLSURFDO�LQKLELWLRQ�WHFKQLTXHV�
RQ� VSDVWLF� FKLOGUHQ�� ������ GRL�� ���������
3'�������� 

��� %RUJHV�02��0HGHLURV� '0��0LQRWWR� %%�� /LPD�
&6�� &RPSDULVRQ� EHWZHHQ� VWDWLF� VWUHWFKLQJ� DQG�
SURSULRFHSWLYH� QHXURPXVFXODU� IDFLOLWDWLRQ� RQ�
KDPVWULQJ� IOH[LELOLW\�� V\VWHPDWLF� UHYLHZ� DQG�
PHWD-DQDO\VLV�� (XURSHDQ� -RXUQDO� RI�
3K\VLRWKHUDS\�� �������������-��� GRL�� KWWSV���
GRL�RUJ������������������������������ 

$XWKRU�&RQWULEXWLRQ� 

0DMHHG� $�� 6XEVWDQWLDO� FRQWU LEXWLRQV� WR� WKH�
FRQFHSWLRQ�RU�GHVLJQ�RI�WKH�ZRUN� 
0DQVRRU� 65��)LQDO�DSSURYDO�RI�WKH�YHUVLRQ�WR�
EH�SXEOLVKHG� 
$ULI� $%�� 6XEVWDQWLDO� FRQWU LEXWLRQV� WR� WKH�
FRQFHSWLRQ� RU� GHVLJQ� RI� WKH� ZRUN�� 'DWD�
FROOHFWLRQ��,QWHUSUHWDWLRQ�RI�GDWD�IRU�WKH�ZRUN� 
<DVLQ� 00�� $QDO\VLV�� ,QWHUSUHWDWLRQ� RI� GDWD�
IRU�WKH�ZRUN� 
:DVLP� 0�� 'UDIWLQJ� WKH� ZRUN� RU � UHYLVLQJ� LW�
FULWLFDOO\�IRU�LPSRUWDQW�LQWHOOHFWXDO�FRQWHQW� 
1DHHP�)��$JUHHPHQW�WR�EH�DFFRXQWDEOH�IRU �DOO�
DVSHFWV� RI� WKH� ZRUN� LQ� HQVXULQJ� WKDW� TXHVWLRQV�
UHODWHG�WR�WKH�DFFXUDF\�RU�LQWHJULW\�RI�DQ\�SDUW�RI�
WKH� ZRUN� DUH� DSSURSULDWHO\� LQYHVWLJDWHG� DQG�
UHVROYHG� 
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(IIHFWV� RI� 6WDWLRQDU\�&\FOLQJ� RQ� 6SDVWLFLW\� DQG�5DQJH� RI�0RWLRQ� LQ�

&KLOGUHQ�ZLWK�'LSOHJLF�&HUHEUDO�3DOV\��$�4XDVL�,QWHUYHQWLRQDO�6WXG\ 

+DIL]D�0XULDP�*KDQL���0DULD�5D]]DT���1DEHHOD�6DIGDU���%LODO�8PHU���)DWLPD�7DULT� 

$%675$&7� 
%DFNJURXQG��/LWHUDWXUH�VKRZV�WKDW�FHUHEUDO�SDOV\�EHFRPHV�FKDOOHQJLQJ�GLVDELOLW\�ZLWK�WKH�SDVVDJH�RI�
WLPH��9DULRXV�WUHDWPHQW�SURWRFROV�DUH�XVHG�WR�WUHDW�EDODQFH�DQG�FRRUGLQDWLRQ�SUREOHPV�GXULQJ�UHKDELOLWDWLRQ�
SURJUDPV�KRZHYHU�HIIHFWLYH�WHFKQLTXHV�DUH�VWLOO�QHHGHG�WR�DGGUHVV�VSDVWLFLW\�DQG�OLPLWHG�UDQJH�RI�PRWLRQ�� 
2EMHFWLYHV�� 7R� GHWHUPLQH� WKH� HIIHFWV� RI� VWDWLRQDU\� F\FOLQJ� RQ� VSDVWLFLW\� DQG� UDQJH� RI� PRWLRQ� LQ�
GLSOHJLF�FHUHEUDO�SDOV\�FKLOGUHQ�� 
0HWKRGV�� $Q� LQWHUYHQWLRQDO� VWXG\� GHVLJQ� �4XDVL� VWXG\� GHVLJQ�� ZDV� FRQGXFWHG� LQ� 5LVLQJ� 6XQ�
0XJKDOSXUD�EUDQFK�DQG�&RPSDVV�6FKRROV�IRU�6SHFLDO�(GXFDWLRQ�/DKRUH�LQ���PRQWKV�IURP�)HE������WR�$XJ�
������DIWHU�DSSURYDO�RI�V\QRSVLV����FKLOGUHQ�ZLWK�6SDVWLF�'LSOHJLF�&HUHEUDO�3DOV\�PHHWLQJ�LQFOXVLRQ�FULWHULD�
ZHUH� HQUROOHG� LQ� WKH� VWXG\�� 6DPSOH� VL]H�ZDV� HVWLPDWHG� XVLQJ� IRUPXOD� IRU� 6DPSOH� 6L]H� GHWHUPLQDWLRQ� LQ�
KHDOWK�VWXGLHV�YHUVLRQ��������:+2��7KH�VWDWLF�ELF\FOH�ZDV�XVHG�DV�DQ�LQWHUYHQWLRQ�WRRO��7ZR�UHDGLQJV�ZHUH�
WDNHQ�EHIRUH�DQG�DIWHU�WUHDWPHQW��7KH�GDWD�ZDV�DQDO\]HG�E\�XVLQJ�,%0�6366�����4XDOLWDWLYH�YDULDEOHV�DJH��
ZHLJKW�� JHQGHU� DQG� KHLJKW� ZHUH� H[SUHVVHG� DV� SHUFHQWDJHV�� $V� WKH� GDWD� IRXQG� ZDV� SDUDPHWULF� ZLWK� D�
KRPRJHQRXV� LPSUHVVLRQ�� SDLUHG� VDPSOH� W� WHVW� ZDV� XVHG� WR� FRPSDUH� PHDQ� VFRUH� DW� SUH-SRVW� OHYHOV� IRU�
DVKZRUWK� VFDOH� DQG� UDQJH� RI� PRWLRQ� DW� NQHH� DQG� DQNOH� MRLQWV�� $� S� YDOXH� OHVV� WKDQ� ����� ZHUH� WDNHQ� DV�
VLJQLILFDQW��$VKZURWK�6FDOH�ZDV�XVHG�IRU�VSDVWLFLW\�DQG�IRU�5DQJH�RI�0RWLRQ�JRQLRPHWHU�ZDV�XVHG� 
5HVXOWV��7KH�SDLUHG�VDPSOH�VWDWLVWLFV�RI�SUH-SRVW�WHVWLQJ�RI�$VKZRUWK�6FDOH�6FRUH�IRU�FDOI�PXVFOHV��0 �
������6' ��������ZKLOH�IRU�KDPVWULQJ�PXVFOHV��0 ������6' �������ZLWK�WKH�VLJQLILFDQW�S�YDOXH�������.QHH�
DQG�DQNOH�UDQJH�ZDV��0 ������6' �������DQG��0 ������6' �������UHVSHFWLYHO\��ZLWK�D�VLJQLILFDQW�S�YDOXH�
�����IRU�ERWK� 
&RQFOXVLRQ�� ,W� LV�FRQFOXGHG� WKDW�VWDWLRQDU\�F\FOLQJ�KDV�VLJQLILFDQW� UROH� LQ�GHFUHDVLQJ�VSDVWLFLW\�DQG�
LQFUHDVLQJ�UDQJH�RI�PRWLRQ�LQ�FKLOGUHQ�ZLWK�GLSOHJLF�VSDVWLF�FHUHEUDO�SDOV\�DIGDU 
.H\�ZRUGV��$VKZRU WK�6FDOH��'LSOHJLF�6SDVWLF�&HUHEUDO�3DOV\��3K\VLFDO�7KHUDS\��6WDWLRQDU\�&\FOLQJ� 

'2,��KWWSV���GRL�RUJ����������IXMUV�Y�L������ 

,QWURGXFWLRQ� 

������&HUHEUDO�SDOV\�LV�FDWHJRUL]HG�DV�D�JURXS�RI�QRQ-
SURJUHVVLYH� GDPDJH� WR� LPPDWXUH� EUDLQ� OHDGLQJ� WR�
PRYHPHQW� DQG� SRVWXUH� GLVRUGHUV� UHVXOWLQJ� LQ�
DFWLYLW\� OLPLWDWLRQ����� ,W� LV� FKDUDFWHUL]HG� E\�
LPSDLUPHQW� LQ� SHUFHSWLRQ�� VHQVDWLRQ��
FRPPXQLFDWLRQ�� FRJQLWLRQ�� EHKDYLRU� DQG� YDULRXV�
PXVFXORVNHOHWDO� GLVRUGHUV�� ,Q� (XURSHDQ� FRXQWULHV��
WKH�LQFLGHQFH�LV�DV�KLJK�DV��-�������OLYH�ELUWKV�DQG�
DPRQJ� WKLV�����LV�GXH� WR� ORZ�ZHLJKW�DQG�SUHWHUP�
EDELHV����� 
������$� VWXG\� FRQGXFWHG� LQ� 3DNLVWDQ�� UHJDUGLQJ�
SUHYDOHQFH� RI� &3� FKLOGUHQ� YLVLWLQJ� SK\VLRWKHUDS\�
FHQWHU�VKRZHG���-������GLDJQRVHG�ZLWK�V\PSWRPV�
RI�GLVWXUEHG�WRQH��SRVWXUH�DQG�ORFRPRWLRQ��7KHUH�LV�
QR� VLQJOH� VSHFLILF� FDXVH� RI� FRQVWHOODWLRQ� RI�

V\PSWRPV� NQRZQ� DV� &3�� 0RVW� LPSRUWDQW� IDFWRUV�
PD\� LQFOXGH� ELUWK� DVSK\[LD� �WKDW� LV� KDYLQJ� KLVWRU\�
RI�ODWH�FU\�IRU�!���PLQXWHV�DIWHU�ELUWK���ELUWK�WUDXPD��
GUXJ� DEXVH�� DQG� PDWHUQDO� LQIHFWLRQV�� SUHPDWXULW\�
DQG�LQWUDFUDQLDO�LQIHFWLRQV��7KH�PRVW�FRPPRQ�W\SH�
RI�&3�LV�6SDVWLF�&HUHEUDO�3DOV\��ZKLFK�LV�LQ�DOPRVW�
���� RI� WKH� WRWDO� FDVHV�� LQFOXGLQJ� LQ� TXDGULSOHJLF�
�������KHPLSOHJLF��������DQG�GLSOHJLF�������� 
������&KLOGUHQ�ZLWK�FHUHEUDO�SDOV\�VKRZ�ORZ�OHYHO�RI�
SK\VLFDO� ILWQHVV�� $VVRFLDWHG� LPSDLUPHQWV� WKDW� DUH�
VHHQ� ZLWK� FHUHEUDO� SDOV\� DUH� EDODQFH� LVVXHV��
FRRUGLQDWLRQ�� HQGXUDQFH�� FDUGLRYDVFXODU� FDSDFLW\��
SXOPRQDU\� FDSDFLW\� DQG� RYHUDOO� IXQFWLRQDO� OHYHO�
GHFOLQH�� &OLQLFDO� VSHFLDOLVWV� DQG� RWKHU�
SK\VLRWKHUDSLVWV� DJUHH� WKDW� WR� PDLQWDLQ� PXVFOH�
VWUHQJWK� DQG� FDUGLRSXOPRQDU\� FDSDFLW\� RI� FHUHEUDO�
SDOV\�FKLOGUHQ��LW�LV�LPSRUWDQW�WR�SURYLGH�PD[LPXP�
OHYHO� RI� FLUFXODWLRQ� WR� FKLOGUHQ� IRU� WKHLU� SK\VLFDO�
DFWLYLW\� DQG� IXQFWLRQ�����$OWKRXJK� WKHUH� LV� OLPLWHG�
HYLGHQFH� UHJDUGLQJ� LQWHQVLW\�RI�H[HUFLVH�� VWLOO��QRZ�
D� GD\V�� WRXJK� DQG� DJJUHVVLYH� H[HUFLVH� LV�
GLVFRXUDJHG�LQ�SDWLHQWV�ZLWK�FHUHEUDO�SDOV\��5HFHQW�
VFLHQWLILF� GHEDWH� LV� RQ� WKH�XVH� RI� FDUGLRSXOPRQDU\�
ILWQHVV� IRU� WUHDWPHQW� RI� DIRUHPHQWLRQHG�

$IILOLDWLRQV�� ��� %DNKWDZDU � $PLQ� 0HGLFDO� 	� 'HQWDO�
&ROOHJH�� %DNKWDZDU� $PLQ� FROOHJH� RI� 5HKDELOLWDWLRQ�
6FLHQFHV� 0XOWDQ�� ��� $EDV\Q� 8QLYHUVLW\� ,VODPDEDG�
&DPSXV�� ��� /DKRUH�0HGLFDO�	�'HQWDO�&ROOHJH��/DKRUH��
���0DUV�,QVWLWXWH�RI�+HDOWK�6FLHQFHV�/DKRUH 
&RUUHVSRQGHQFH��'U ��0DU LD�5D]]DT�37 
(PDLO��PDU LD�UD]]DT#DEDV\Q�HGX�SN� 
5HFHLYHG�� 2FWREHU � ��QG� ������ 5HYLVLRQ�� 'HFHPEHU �
��WK��������$FFHSWDQFH��- DQXDU\���WK����� 

Z�^��Z�,��Zd/�>� 
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LPSDLUPHQWV�LQ�FHUHEUDO�SDOV\�FKLOGUHQ�����7KHUH�LV�
UXQQLQJ� GHEDWH� WKDW� LI� WKHVH� ILWQHVV� W\SH� H[HUFLVH�
FDQ� SOD\� UROH� LQ� UHGXFLQJ� VSDVWLFLW\� DQG� UDQJH� DV�
ZHOO�� EHFDXVH� WKHVH� WZR� IDFWRUV� DUH� LPSRUWDQW� WR�
ERRVW�IXQFWLRQ���� 
������6WDWLRQDU\�F\FOLQJ�LV�RQH�DIRUHPHQWLRQHG�FDUGLR�
H[HUFLVH�WKDW�PD\�KDYH�LPSDFW�RQ�IXQFWLRQ�RYHUDOO��
6WDWLRQDU\� F\FOLQJ� GRHV� QRW� UHTXLUH� VRSKLVWLFDWHG�
FRRUGLQDWLRQ�DQG�EDODQFH��7KLV�FDQ�HQDEOH�FKLOGUHQ�
WR� ZRUN� RQ� KLJK� GHPDQG� H[HUFLVH� RI� KLJKHU�
LQWHQVLWLHV�EHFDXVH� WKH�HQHUJ\�UHTXLUHG�IRU�EDODQFH�
DQG�FRRUGLQDWLRQ�LV�FXW�RII�����&\FOLQJ�FDQ�LQYROYH�
PXOWLSOH� JURXS� RI� PXVFOH� DW� D� VLQJOH� WLPH�� )RU�
H[DPSOH��SULPDU\�PRYHUV�DQG�DQWDJRQLVWV�RI�DQNOH��
NQHH�DQG�KLS�FDQ�EH�LQYROYHG�DW� WKH�VDPH�WLPH�IRU�
VWUHQJWK� DQG� HQGXUDQFH� WUDLQLQJ����� $OWKRXJK�
FKLOGUHQ� RI� FHUHEUDO� SDOV\� FDQ� LQFRUSRUDWH� F\FOLQJ�
LPPHGLDWHO\� DQG� LQGHSHQGHQWO\�� KRZHYHU�� WKH�
GLIIHUHQFH� FRPHV� LQ� SDWWHUQ� RI� PXVFOH� DFWLYDWLRQ��
7KHUH� PD\� DOVR� EH� GLIIHUHQFH� LQ� MRLQW� PHFKDQLFV�
DQG�SHGDO�SDWWHUQV�DV�FRPSDUHG�WR�WKRVH�ZKR�KDYH�
QRW� FHUHEUDO� SDOV\�� 7KHUH� ZLOO� EH� GLIIHUHQFH� LQ�
UHVSRQVH�� FDUU\LQJ� RXW� DQG� WHUPLQDWLRQ� SDWWHUQ� RI�
FKLOGUHQ� ZLWK� FHUHEUDO� SDOV\� DQG� WKRVH� RI� ZLWKRXW�
FHUHEUDO�SDOV\���� 
������$� VWXG\� WULDO� LQ� ����� RQ� WDVN� VSHFLILF� WUDLQLQJ�
LPSDFWV� DQG� IXQFWLRQDO� HIIHFWV� LQ� FKLOGUHQ� ZLWK�
FHUHEUDO� SDOV\� ZDV� GRQH�ZLWK� F\FOH� DQG� HOOLSWLFDO��
&KLOGUHQ� ERWK� WKH� XQLODWHUDO� DQG� ELODWHUDO�
LPSDLUPHQWV�ZHUH� LQFOXGHG��7KH� LPSURYHPHQW�ZDV�
PHDVXUHG�E\�JDLW�VSHHG�DQG�FDGHQFH� OHQJWK�EHIRUH�
DQG� DIWHU� WKH� FRPSOHWH� VHVVLRQV� RI� F\FOLQJ� RU�
HOOLSWLFDO�� 7KHUH� ZDV� RYHUDOO� LPSURYHPHQW� LQ�
VSHFLILF� PHDVXUHV� VXFK� DV� WRQH� RI� PXVFOHV�� UDQJH�
DQG� IXQFWLRQ�� KRZHYHU�� JDLW� ZDV� QRW� VLJQLILFDQWO\�
GLIIHUHQW��7KLV�ZRXOG�EH�GXH� WR� WKH�GHILFLW�RI�GRVH�
DQG� WUDLQLQJ����� ,Q� ������ FRQGXFWHG� DQ�
H[SHULPHQWDO�VWXG\�FRQFOXGLQJ�WKDW�µ¶5K\WKPLF�DUP�
F\FOLQJ� VXSSUHVVHV� K\SHUDFWLYH� VROHXV� +-UHIOH[�
DPSOLWXGH� DIWHU� VWURNH�¶¶ � +RZHYHU� WKH\� REVHUYHG�
WKDW� WKLV� VXSSUHVVLYH� HIIHFW� LV� PRUH� REYLRXV� LQ�
QHXURORJLFDOO\� LQWDFW� SDUWLFLSDQWV� DQG� LV� JUHDWHU�
ZKHQ� WKH� PRYHPHQW� QXPEHUV� LV� LQFUHDVHG�� 7KH\�
SURSRVHG�WKDW�UK\WKPLF�DUP�F\FOLQJ�PD\�SRWHQWLDOO\�
EH� XVHG� DV� D� UHKDELOLWDWLRQ� WHFKQLTXH� WR� UHGXFH�
H[DJJHUDWHG� UHIOH[HV� VXFK� DV� WKRVH� RFFXUULQJ� LQ�
VSDVWLFLW\������ 
������0DQ\� OLWHUDWXUHV� KDG� VKRZQ� WKH� UHVXOWV� LQ� WKH�
IRUP� RI� SHGDOV� RI� VWDWLRQDU\� F\FOLQJ� XVDJH� DV�
VWUHQJWKHQLQJ� H[HUFLVH� DIWHU� FRQYHQWLRQDO� SK\VLFDO�
WKHUDS\� WUHDWPHQW� WKDW� LW� LQFUHDVHG� ORZHU� OLPE�
PXVFXODU� VWUHQJWK�� ZDONLQJ� DELOLW\�� FDUGLRYDVFXODU�
ILWQHVV�HQGXUDQFH�� H\H-KDQG� FR-RUGLQDWLRQ� DQG�
RYHUDOO� LPSURYHPHQW� LQ� JURVV� PRWRU� IXQFWLRQV� LQ�
VSDVWLF� &3� FKLOGUHQ�� 7KHVH� VWXGLHV� VXJJHVWHG� WKDW�
VWUHQJWKHQLQJ� H[HUFLVHV�� DV� VWDWLRQDU\� F\FOLQJ�� GLG�

QRW�KDYH�QHJDWLYH�HIIHFW�RQ�VSDVWLFLW\�RI�PXVFOHV�LQ�
VSDVWLF�&3�FKLOGUHQ����������5DWLRQDOH�RI�WKLV�VWXG\�
ZDV� WR� ILQG� RXW� VWDWLRQDU\� F\FOLQJ� DV� D� SK\VLFDO�
WKHUDS\�LQWHUYHQWLRQ�DV�DQ�DGGLWLRQDO�WRRO�WR�ZHGJH�
VWDQGLQJ� DQG� PDQXDO� VWUHWFKLQJ� UHKDELOLWDWLRQ� WR�
GHFUHDVH� VSDVWLFLW\� DQG� LQFUHDVH� MRLQW� UDQJH� RI�
PRWLRQ� LQ� VSDVWLF� GLSOHJLF� FHUHEUDO� SDOV\� FKLOGUHQ��
VR� WKDW� &3� FKLOG� FDQ� XVH� WKLV� LQWHUYHQWLRQ� DV� D�
SOD\IXO� DFWLYLW\� DQG� FDQ� PDQDJH� KLPVHOI� KLV�
VSDVWLFLW\�DQG�MRLQW�UDQJH�RI�PRWLRQ�RI�ORZHU�OLPEV�
ZLWKRXW� H[SHULHQFLQJ� DQ\� SDLQ� RI� ZHGJH� VWDQGLQJ�
RU�PDQXDO�VWUHWFKLQJ� 
0HWKRGV� 

������7KLV� VWXG\� ZDV� FDUULHG� RXW� DW� 5LVLQJ� 6XQ�
�0XJKDOSXUD� EUDQFK�� DQG� &RPSDVV� 6FKRROV� IRU�
6SHFLDO�(GXFDWLRQ��/DKRUH�&DQWW��LQ���PRQWKV�IURP�
)HE������WR�$XJ�������7RWDO����FKLOGUHQ�DJHG��-���
\HDUV�ZLWK�6SDVWLF�'LSOHJLF�&HUHEUDO�3DOV\�VFRULQJ�
RQ�$VKZRUWK�6FDOH�RI����������ZHUH�HQUROOHG�LQ�WKH�
VWXG\� E\� FRQYHQLHQW� VDPSOLQJ� WHFKQLTXH�� 6XEMHFWV�
ZLWK�FRPPDQG� IROORZLQJ�SUREOHPV�DQG�VLJQLILFDQW�
ORZHU� OLPE� FRQWUDFWXUHV� ZHUH� H[FOXGHG�� 6DPSOH�
VL]H�ZDV�FDOFXODWHG�E\�XVLQJ�IRUPXOD 

   
������ZKHUH� PDUJLQ� RI� HUURU� ZDV� ����� DQG�
VLJQLILFDQFH� OHYHO� ZDV� ����� �6DPSOH� 6L]H�
GHWHUPLQDWLRQ� LQ� KHDOWK� VWXGLHV� YHUVLRQ� �������
:+2��� � 3R� LV� WKH� SURSRUWLRQ� RI� FKLOGUHQ� ZLWK�
VSDVWLF� GLSOHJLF� FHUHEUDO� SDOV\�  � ����� ����� 7KH�
VWDWLF� ELF\FOH� ZDV� XVHG� DV� DQ� LQWHUYHQWLRQ�� 7ZR�
UHDGLQJV� ZHUH� WDNHQ� EHIRUH� DQG� DIWHU� WUHDWPHQW��
:ULWWHQ� LQIRUPHG� FRQVHQW� ZDV� REWDLQHG� IURP� WKH�
SDUHQWV�DQG�LQVWLWXWH��(WKLFDO�DSSURYDO�IRU�WKH�VWXG\�
ZDV� REWDLQHG� IURP� 5HVHDUFK� HWKLFV� FRPPLWWHH� RI�
8QLYHUVLW\� RI� +HDOWK� 6FLHQFHV� �8+6�W�'37�������
7KHUDS\�ZDV� JLYHQ� IRU� ���PLQXWHV� RQH� VHVVLRQ� WR�
HDFK� UHODWHG� VSDVWLF�&3� FKLOG� IRU� �� GD\V� SHU�ZHHN�
IRU���ZHHNV��7KH�GDWD�ZDV�HQWHUHG�DQG�DQDO\]HG�E\�
XVLQJ� ,%0� 6366� ���� 4XDOLWDWLYH� YDULDEOHV� DJH��
ZHLJKW�� JHQGHU� DQG� KHLJKW� ZHUH� H[SUHVVHG� LQ�
IUHTXHQF\�DQG�SHUFHQWDJHV��7R�FKHFN�WKH�QRUPDOLW\�
RI�GDWD��6KDSLUR�-�ZLON�WHVW�ZDV�DSSOLHG��DQG�DOO�GDWD�
ZDV�IRXQG�QRUPDO�EHFDXVH�S-YDOXH�ZDV�JUHDWHU�WKDQ�
����� IRU� DOO� YDULDEOHV�� $V� WKH� GDWD� IRXQG� ZDV�
SDUDPHWULF� ZLWK� D� KRPRJHQRXV� LPSUHVVLRQ�� SDLUHG�
VDPSOH� W� WHVW� ZDV� XVHG� WR� FRPSDUH�PHDQ� VFRUH� DW�
SUH-SRVW� OHYHOV� IRU� $VKZRUWK� 6FDOH� DQG� 5DQJH� RI�
0RWLRQ�DW�.QHH�DQG�$QNOH�MRLQWV� 
5HVXOWV� 

�������,Q� RXU� VWXG\�� WDEOH� �� VKRZV� RXW� RI� ��� &3�
FKLOGUHQ�������������RI�SDUWLFLSDQWV�ZHUH�PDOH�DQG�
��� �������� ZHUH� IHPDOHV�� ZLWK� KLJKHVW� IUHTXHQF\�
��-���\HDUV�RI�DJH�JURXS�ZDV������������ZKLOH�WKH�
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PRVW� FRPPRQ� FDXVH� RI� FHUHEUDO� SDOV\� ZDV� ELUWK�
DVSK\[LD� DV� ��� �������� ZHUH� SUH-PDWXUH� GHOLYHU\�
WKH� UHVW� RI� DERYH� PHQWLRQHG� YDULDEOH¶V� GHWDLO� LV�
JLYHQ�WDEOH�1R��� 
������7DEOH� �� VKRZV� $VKZRUWK� VFDOH� VFRUH� IRU� FDOI��
DQG� KDPVWULQJ� PXVFOHV� EHIRUH� DQG� DIWHU� F\FOLQJ�
ZLWK� PHDQ� DQG� VWDQGDUG� GHYLDWLRQ� YDOXHV� ����� ��
����� �� ������� ����� DQG� ����� �� ����� �� ������� ������
7KH�VDPH�WDEOH�DOVR�VKRZV�UDQJH�RI�PRWLRQ�YDOXHV�
�*RQLRPHWHU�� RI� PHDQ� DQG� VWDQGDUG� GHYLDWLRQ� IRU�
NQHH� WHUPLQDO� H[WHQVLRQ� DQG� DQNOH� GRUVLIOH[LRQ�
EHIRUH�DQG�DIWHU�F\FOLQJ�DV��������������������DQG�
�������������������UHVSHFWLYHO\� 

'LVFXVVLRQ� 

������,W� ZDV� HYDOXDWHG� WKH� HIIHFW� RI� VWDWLF� F\FOLQJ�
LQWHUYHQWLRQ�DIWHU�FRQYHQWLRQDO�SK\VLFDO�WKHUDS\�RQ�
���VSDVWLF�GLSOHJLF�FHUHEUDO�SDOV\�FKLOGUHQ� LQ������
E\� FRQGXFWLQJ� 5&7�� 5HVXOWV� SURYHV� WKDW� VWDWLF�
ELF\FOH� LV� D� VDIH� DQG� HIIHFWLYH� PHDQV� RI�
VWUHQJWKHQLQJ� H[HUFLVH� IRU� FHUHEUDO� SDOV\� FKLOGUHQ��
LW� LPSURYHV� VWUHQJWK� RI� DQWL-JUDYLW\� PXVFOHV� DQG�
LQFUHDVH� FDUGLRYDVFXODU� HQGXUDQFH� ZLWKRXW�

LQFUHDVLQJ� WKH�PXVFOH� WRQH� LQ� WKHVH� FKLOGUHQ��7KLV�
VWXG\�VXSSRUWV�RXU�UHFHQW�VWXG\�DV�RXU�VWXG\�VKRZV�
WKDW� LPSURYHPHQW� LQ� UDQJH�RI�PRWLRQ��/RZHU� OLPE�
PXVFOHV� HVSHFLDOO\� FDOI� DQG� KDPVWULQJ� PXVFOHV�
IXUWKHU�PRUH�OHYHO�RI�VSDVWLFLW\�ZDV�GHFUHDVHG�LQ�DOO�
ORZHU�OLPE�MRLQWV�DQG�UDQJH�RI�PRWLRQ�VLJQLILFDQWO\�
LPSURYHG� DV� WKH� UHVXOWV� VKRZV� WKDW� S� YDOXH� ZDV�
���������� 
������3ULPDU\�RXWFRPH�ZDV�VKRUW�WHUP�DQG�VHFRQGDU\�
RXWFRPH� ZDV� ORQJ� WHUP� LPSURYHPHQW� GDWD� ZDV�
DQDO\]HG� DIWHU� WKUHH�PRQWKV� DQG�ZDV�EDVHG�RQ� WKH�
DELOLW\�RI�SDUWLFLSDWLQJ� LQ�SK\VLFDO�DFWLYLW\�RI�GDLO\�
OLYLQJ�� ELF\FOLQJ� RU� LQYROYHPHQW� LQ� UHFUHDWLRQDO�
DFWLYLWLHV� RU� FRPSOLDQFH� ZLWK� WUHDWPHQW� PHDVXUHG�
E\�DWWHQGDQFH������$�VWXG\�ZDV�GRQH�E\�7RRYH\�5��
6SLWWOH� $-�� HW� DO� LQ� ����� DQG� WKH\� FRQFOXGHG� WKDW�
&XUUHQW� WZR� ZKHHO� ELF\FOH� DELOLWLHV� SUHSDULQJ� IRU�
NLGV� ZLWK� &3� LQ� $XVWUDOLD� VKRZV� KLJKO\� YDULDEOH��
'HYHORSPHQW� DQG� WHVWLQJ� RI� ELF\FOH� DELOLWLHV�
VSHFLILF� UHVXOW� PHDVXUHV� DQG� LQWHUYHQWLRQV� DQG�
JXLGDQFH�IRU�WKHUDSLVWV�RQ�WKRXJKW�RI�HQYLURQPHQWDO�
DQG� LQGLYLGXDO� YDULDEOHV� DUH� MXVWLILHG� UHVXOWV� DUH�
VRPHKRZ� VXSSRUWHG� WR� FXUUHQW� VWXG\� DV� ELF\FOH�
LPSURYH� UDQJH� RI� PRWLRQ� LQ� VSDVWLF� &3� FKLOG�
KRZHYHU� ZH� GLG� QRW� LQFOXGHG� HQYLURQPHQWDO�
YDULDEOHV�LQ�UHFHQW�VWXG\����� 
������$�VWXG\�ZDV�FRQGXFWHG�E\�7RRYH\�5��5HLG�60�
HW�DO�RQ�DELOLW\�RI�LQGHSHQGHQWO\�DPEXODQW�FKLOGUHQ�
ZLWK� FHUHEUDO� SDOV\� WR� ULGH� D� WZRဨZKHHO�ELF\FOH� LQ��
ZKLFK� WKH\� FRQFOXGHG� WKDW� DQ� H[WHQW� RI� IUHHO\�
DPEXODQW� \RXQJVWHUV� ZLWK� &3� GR� JDLQ� FRPSOH[�
PRWRU� VNLOO� DELOLW\� RI� ULGLQJ� D� WZRဨZKHHO� ELNH��
KRZHYHU� D� VLJQLILFDQWO\� OLWWOH� SURSRUWLRQ� RI� DW� DQ\�
DJH� FDQ� ULGH� DV� FRPSDUHG� WR� WKHLU� UHJXODUO\�
GHYHORSLQJ� SHHUV�� ,Q� WKH� HYHQW� WKDW� WKH\� GR� ILJXUH�
RXW�KRZ�WR�ULGH��WKH\�GR�DV�VXFK�DW�D�ODWHU�DJH��)RU�
IXUWKHU� H[DPLQDWLRQ� LQWR� PRWRUဨVNLOO� OHDUQLQJ�
DSSURDFKHV� IRU� DPEXODQW� FKLOGUHQ� ZLWK� &3�� ZKLOH�
ZRUNLQJ� LQWLPDWHO\� ZLWK� IDPLOLHV� WR� HQJDJH� NLGV�
DQG� WKHLU�JXDUGLDQV��DQG�XQGHUVWDQG� WKHLU�SRLQWV�RI�
YLHZ� RQ� ZKDW� LPSDFWV� ILJXULQJ� RXW� KRZ� WR� ULGH� D�
ELNH�WKLV�VWXG\�VWURQJO\�FRUUHODWH�ZLWK�RXU�VWXG\�DV�
WKLV�VWXG\�SURYHG�FKLOG�ZHUH�DEOH�WR�ULGH�D�ELF\FOH�
ZLWK�PLQLPDO�OLPLWHG�UDQJH�RI�PRWLRQ�DQG�GHFUHDVH�
LQ�OHYHO�RI�VSDVWLFLW\����� 
�������$QRWKHU� VWXG\� ZDV� GRQH� LQ� ����� E\� $I]DO� )��
0DQ]RRU� 6� HW� DO� DQG� WKH\� FRQFOXGHG� WKDW� JURVV�
PRWRU� IXQFWLRQ� PHDVXUH�� WUXQN� VWDELOLW\�� VWDQGLQJ�
WLPH� DQG�ZDONLQJ� GLVWDQFH� KDYH� VLJQLILFDQW� HIIHFWV�
RI� DFWLYLW\� LQ� FRPELQDWLRQ� VXFK� DV� 7UHDGPLOO��
6WDWLRQDU\� F\FOLQJ� ZLWK� PRGLILDEOH� VHDW� DQG�
UHVLVWDQFH�� VWUHQJWKHQLQJ� H[HUFLVHV� ZLWK� PDQXDO�
UHVLVWDQFH��)XQFWLRQDO�WUDLQLQJ��TXDGULFHSV�EXLOG�XS�
WUDLQLQJ�� VWDQGLQJ� DFWLYLW\� DQG�ZDONLQJ� WUDLQLQJ� RQ�
FKLOGUHQ� ZLWK� DWKHWRLG� FHUHEUDO� SDOV\� UHVXOWV�
VWURQJO\� FRUUHODWH� ZLWK� WKH� UHFHQW� VWXG\� EXW� WKH�

9DULDEOHV $WWULEXWHV 
3HUFHQWDJH�
�)UHT� 

$JH�*URXS�RI�
&KLOGUHQ 

�-��\HDUV ��������Q ��� 

��-���\HDUV ��������Q ��� 

��-���\HDUV ������Q ��� 

%LUWK�$VSK\[LD 

3UHPDWXUH ��������Q ��� 

7HUP ��������Q ��� 

3RVW�0DWXUH �������Q ��� 

7DEOH�QR����VKRZV�WKH�IUHTXHQF\�DQG�SHUFHQWDJHV�RI�

DJH�JURXS�RI�FKLOGUHQ�DQG�ELUWK�DVSK\[LD�� 
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7DEOH�QR����&KDQJH�LQ�$VKZRUWK�VFDOH�FDOI�DQG�

+DPVWULQJ�PXVFOHV��DQG�5DQJH�RI�0RWLRQ�YDOXHV�IRU�

NQHH�WHUPLQDO�H[WHQVLRQ�DQG�DQNOH�GRUVLIOH[LRQ��EHIRUH�

DQG�DIWHU�F\FOLQJ 
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��� 

WHFKQLTXHV�ZHUH� GLIIHUHQW� DV�ZHOO� DV� SRSXODWLRQ� LV�
GLIIHUHQW��7KLV�UHIHUHQFH�VWXG\�LQFOXGHG�DWKHWRLG�&3�
FKLOG� ZKLOH� ZH� LQFOXGHG� RQO\� GLSOHJLF� &3� FKLOG��
���� 
������/LWHUDWXUH�VKRZV�WKDW�D�VWXG\�ZDV�FRQGXFWHG�LQ�
����� E\� 3ULWFKDUG-:LDUW� /� ZLWK� WKH� &XUUHQW�
UHKDELOLWDWLRQ� SUDFWLFHV� IRU� WLWOH� RI� ³FKLOGUHQ� ZLWK�
FHUHEUDO� SDOV\� IRFXV� DQG� JDSV´� 3XEOLVKHG� LQ�
3K\VLFDO�	� RFFXSDWLRQDO� WKHUDS\� LQ� SHGLDWULFV� DQG�
WKH\�FRQFOXGHG�WKDW�&\FOLQJ�KDV�EHHQ�DFFRXQWHG�IRU�
WR�EH�D� IDPRXV� DFWLRQ� DPRQJ�\RXQJVWHUV�ZLWK�DQG�
ZLWKRXW� KDQGLFDSV�� $� QRWLFHDEOH� HOHPHQW� RI� WKH�
ZULWLQJ� DERXW� ILJXULQJ� RXW� KRZ� WR� ULGH� D� ELF\FOH�
ZDV� QXPHURXV� \RXQJVWHUV� ZLWK� LQDELOLWLHV� KDG�
SLFNHG�ULGLQJ�D�ELF\FOH�DV�DQ�REMHFWLYH�RI�WUHDWPHQW��
7KH�ZD\�WKDW�HYHU\�RQH�RI�WKH�NLGV�KDG�SLFNHG�WKH�
REMHFWLYH� WKHPVHOYHV� ZDV� WKRXJKW� WR� DVVXPH� D�
VLJQLILFDQW� MRE� LQ� WKH� DFFRPSOLVKPHQW� RI� WKH�
JDWKHULQJ�� 7KLV� VWXG\� FRUUHODWH� ZLWK� WKH� UHFHQW�
VWXG\�KRZHYHU�ZLWK�OLWWOH�FRQIOLFW�RXU�VWXG\�VXSSRUW�
VSDVWLF�DQG�UDQJH�RI�PRWLRQ�RQ�D�VLQJOH�FKLOG�ZKLOH�
SUHYLRXV� VWXG\� SURYHG� VRFLDO�� IXQFWLRQDO� DQG�
UHFUHDWLRQDO� DFWLYLWLHV� EHWZHHQ� WKH� JURXSV� RI�
FKLOGUHQ������ )XWXUH� VWXGLHV� VKRXOG� IRFXV� RQ�
HYDOXDWH� ORQJ� WHUP� HIIHFWV� RI� WKHVH� WHFKQLTXHV��
$GGLWLRQDOO\��WKHUH�LV�QHHG�WR�UHSODFH�RU�DW�OHDVW�DGG�
UHFUHDWLRQDO�DQG�VSRUWV�UHODWHG�DFWLYLWLHV�LQ�RUGHU�WR�
DFKLHYH�UHVXOWV� LQ�FHUHEUDO�SDOV\�FKLOGUHQ��7KLV�FDQ�
LQFUHDVH�FRPSOLDQFH�RI�FKLOGUHQ�ZLWK�WUHDWPHQW�SODQ�
DQG� FDQ� EH� UHDVRQ� RI� RYHUDOO� PHQWDO� DQG�
SV\FKRVRFLDO� VXSSRUW� LQ� FHUHEUDO� FKLOGUHQ��
)XUWKHUPRUH�� 3URPRWLRQDO� VHPLQDUV� VKRXOG� EH�
FRQGXFWHG� E\� WDUJHWLQJ� DXGLHQFH� VXFK� DV� SDUHQWV�
KDYLQJ� FHUHEUDO� SDUDO\VHV� FKLOGUHQ� VR� WKDW� WKH\�
WKHPVHOYHV� FDQ� VXSSRUW� DQG� HQFRXUDJH� WKHLU�
FKLOGUHQ� WR� WDNH� SDUW� LQ� XVHIXO� UHFUHDWLRQDO�
DFWLYLWLHV� 
&RQFOXVLRQ� 

������,W� LV� FRQFOXGHG� WKDW� WKH� VWDWLF� F\FOLQJ� KDV�
VLJQLILFDQWO\� UROH� LQ� GHFUHDVLQJ� VSDVWLFLW\� DQG�
LQFUHDVLQJ� UDQJH� RI� PRWLRQ� LQ� GLSOHJLF� VSDVWLF�
FHUHEUDO�SDOV\�FKLOGUHQ�� 

'LVFODLPHU��7KH�VWXG\�LV�SDU W�RI�UHVHDUFK�SURMHFW�
FDUULHG� RXW� IRU� W�'37� GHJUHH� SURJUDP� LQ� 8+6�
/DKRUH� 

&RQIOLFW�RI�,QWHUHVW��1RQH 

)XQGLQJ�6RXUFH��1RQH 

5HIHUHQFHV�� 
�� %ODLU�(��&DQV�&��6HOOLHU�(��(SLGHPLRORJ\�RI�WKH�

FHUHEUDO�SDOVLHV��,Q&HUHEUDO�3DOV\�������SS����-
�����6SULQJHU��&KDP� 

�� 0|OOHU� 0�� +RDO� (*�� &XUUHQW� ILQGLQJV��
FKDOOHQJHV� DQG� QRYHO� DSSURDFKHV� LQ� KXPDQ�
JHQHWLF� VXVFHSWLELOLW\� WR� WXEHUFXORVLV��

7XEHUFXORVLV�������0DU�����������-��� 
�� &KR� &�� +ZDQJ� :�� +ZDQJ� 6�� &KXQJ� <��

7UHDGPLOO�WUDLQLQJ�ZLWK�YLUWXDO�UHDOLW\�LPSURYHV�
JDLW�� EDODQFH�� DQG� PXVFOH� VWUHQJWK� LQ� FKLOGUHQ�
ZLWK� FHUHEUDO� SDOV\�� 7KH� 7RKRNX� MRXUQDO� RI�
H[SHULPHQWDO�PHGLFLQH�����������������-�� 

�� 'DO\�&��0RRUH� &/�� -RKDQQHV� 6��0LGGOHWRQ� -��
.HQ\RQ� /.�� 3LORW� (YDOXDWLRQ� RI� D� 6FKRRO-
%DVHG� 3URJUDPPH� )RFXVHG� RQ� $FWLYLW\��
)LWQHVV�� DQG� )XQFWLRQ� DPRQJ� &KLOGUHQ� ZLWK�
&HUHEUDO� 3DOV\� DW� *0)&6� /HYHO� ,9�� 6LQJOH-
6XEMHFW� 5HVHDUFK� 'HVLJQ�� 3K\VLRWKHUDS\�
&DQDGD�������-XO����DRS���-�� 

�� 0DOWDLV�'%��:LDUW�/��)RZOHU�(��9HUVFKXUHQ�2��
'DPLDQR� '/�� +HDOWK-UHODWHG� SK\VLFDO� ILWQHVV�
IRU� FKLOGUHQ� ZLWK� FHUHEUDO� SDOV\�� -RXUQDO� RI�
FKLOG�QHXURORJ\�������$XJ�����������-���� 

�� %DGDZ\� :0�� ,EUDKLP� 0%�� %DODQFH� WUDLQLQJ�
YHUVXV�UHFLSURFDO�HOHFWULFDO�VWLPXODWLRQ�RQ�NQHH�
MRLQW� DOLJQPHQW� LQ� VSDVWLF� GLSOHJLF� FHUHEUDO�
SDOV\� FKLOGUHQ��%XOOHWLQ�RI�)DFXOW\�RI�3K\VLFDO�
7KHUDS\�������-XO������������� 

�� 0DWXUDQD� &6�� 6LOYD� /6�� *DHWDQ� (6�� 5LEHLUR�
'&�� 3ODQWDU� SUHVVXUH� GLVWULEXWLRQ� LQ� FKLOGUHQ�
ZLWK� KHPLSDUHWLF� DQG� GLSDUHWLF� FHUHEUDO� SDOV\��
FDVH�FRQWURO�VWXG\��7HU�0DQ�����������������-
�� 

�� *DOOL�0��&LPROLQ�9��3DX�0��/HEDQ�%��%UXQQHU�
5�� $OEHUWLQL� *�� )RRW� SUHVVXUH� GLVWULEXWLRQ� LQ�
FKLOGUHQ� ZLWK� FHUHEUDO� SDOV\� ZKLOH� VWDQGLQJ��
5HVHDUFK� LQ� GHYHORSPHQWDO� GLVDELOLWLHV�� �����
-XQ��������-�� 

�� 'DPLDQR�'/��6WDQOH\�&-��2KOULFK�/��$OWHU�.(��
7DVN-VSHFLILF� DQG� IXQFWLRQDO� HIIHFWV� RI� VSHHG-
IRFXVHG� HOOLSWLFDO� RU� PRWRU-DVVLVWHG� F\FOH�
WUDLQLQJ� LQ� FKLOGUHQ� ZLWK� ELODWHUDO� FHUHEUDO�
SDOV\�� UDQGRPL]HG� FOLQLFDO� WULDO��
1HXURUHKDELOLWDWLRQ� DQG� QHXUDO� UHSDLU�� �����
$XJ����������-��� 

��� .XUW� ((�� 'HILQLWLRQ�� (SLGHPLRORJ\�� DQG�
(WLRORJLFDO� )DFWRUV� RI� &HUHEUDO� 3DOV\��
,Q&HUHEUDO� 3DOV\-&XUUHQW� 6WHSV� ����� 6HS� ����
,QWHFK2SHQ� 

��� 5RVLH� -$�� 5XKHQ� 6�� +LQJ� :$�� /HZLV� *1��
9LUWXDO� UHKDELOLWDWLRQ� LQ� D� VFKRRO� VHWWLQJ�� LV� LW�
IHDVLEOH� IRU� FKLOGUHQ� ZLWK� FHUHEUDO� SDOV\"��
'LVDELOLW\� DQG� 5HKDELOLWDWLRQ�� $VVLVWLYH�
7HFKQRORJ\�������-DQ�����������-��� 

��� 0ROOHH� -6�� 0LGGHOZHHUG� $�� 9HOGH� 6-�� .OHLQ�
0&�� (YDOXDWLRQ� RI� D� SHUVRQDOL]HG� FRDFKLQJ�
V\VWHP�IRU�SK\VLFDO�DFWLYLW\��8VHU�DSSUHFLDWLRQ�
DQG�DGKHUHQFH�� ,Q3URFHHGLQJV�RI� WKH���WK�($,�
,QWHUQDWLRQDO� &RQIHUHQFH� RQ� 3HUYDVLYH�
&RPSXWLQJ� 7HFKQRORJLHV� IRU� +HDOWKFDUH� �����
0D\�����SS�����-������$&0� 

��� 7RRYH\�5��+DUYH\�$5��0F*LQOH\�-/��/HH�.-��
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)RXQGDWLRQ�8QLYHUVLW\� 
-RXUQDO�RI�5HKDELOLWDWLRQ�6FLHQFHV ��� 

6KLK� 67�� 6SLWWOH� $-�� %LNH� VNLOOV� WUDLQLQJ� IRU�
FKLOGUHQ� ZLWK� FHUHEUDO� SDOV\�� SURWRFRO� IRU� D�
UDQGRPLVHG� FRQWUROOHG� WULDO�� %0-� RSHQ�� �����
)HE��������H������� 

��� 7RRYH\� 5�� 6SLWWOH� $-�� 1LFRODRX� $��0F*LQOH\�
-/��+DUYH\�$5��7UDLQLQJ�WZR-ZKHHO�ELNH�VNLOOV�
LQ� FKLOGUHQ� ZLWK� FHUHEUDO� SDOV\�� D� SUDFWLFH�
VXUYH\� RI� WKHUDSLVWV� LQ� $XVWUDOLD�� 3K\VLFDO� 	�
RFFXSDWLRQDO� WKHUDS\� LQ� SHGLDWULFV�� ����� 0DU�
����-�� 

��� 7RRYH\�5��5HLG� 60��5DZLFNL�%��+DUYH\�$5��
:DWW� .�� $ELOLW\� RI� LQGHSHQGHQWO\� DPEXODQW�
FKLOGUHQ�ZLWK�FHUHEUDO�SDOV\�WR�ULGH�D�WZRဨZKHHO�
ELF\FOH�� D� FDVH–FRQWURO� VWXG\�� 'HYHORSPHQWDO�
0HGLFLQH� 	� &KLOG� 1HXURORJ\�� ����� $SU���
�������-���� 

��� $I]DO� )�� 0DQ]RRU� 6�� (IIHFWV� RI� SK\VLFDO�
WKHUDS\� WUHDWPHQW� LQ� FKLOGUHQ� ZLWK� DWKHWRLG�

FHUHEUDO�SDOV\��3DNLVWDQ�$UPHG�)RUFHV�0HGLFDO�
-RXUQDO�������-XQ�������������-��� 

��� 3ULWFKDUG-:LDUW�/��)RFXVLQJ�RQ�SDUWLFLSDWLRQ��$�
FRPPHQWDU\� RQ� ³&XUUHQW� UHKDELOLWDWLRQ�
SUDFWLFHV�IRU�FKLOGUHQ�ZLWK�FHUHEUDO�SDOV\��IRFXV�
DQG�JDSV´��3K\VLFDO�	�RFFXSDWLRQDO� WKHUDS\� LQ�
SHGLDWULFV�������-DQ�����������-�� 

$XWKRU�&RQWULEXWLRQ� 

*KDQL�+0��&RQFHSWLRQ�RU �GHVLJQ�RI�WKH�ZRUN� 
5D]]DT�0��&ULWLFDO� UHYLVLRQ�RI� WKH�DU WLFOH� IRU �
LPSRUWDQW�,QWHOOHFWXDO� 
6DIGDU�1��6WDWLVWLFDO�H[SHU WLVH 
8PHU�%LODO��6WDWLVWLFDO�H[SHU WLVH 
7DULT�)��'DWD�FROOHFWLRQ� 



 

)RXQGDWLRQ�8QLYHUVLW\� 
-RXUQDO�RI�5HKDELOLWDWLRQ�6FLHQFHV 9ROXPH�����,VVXH�����-DQ����� 

 
��� 

%LRPDWHULDOV�LQ�5HJHQHUDWLYH�0HGLFLQH 
5HHP�-DYHG�0DOLN 

$%675$&7� 
3K\VLRORJLFDO� UHJHQHUDWLYH� V\VWHP� RI� KXPDQ� ERG\� LV� LQFDSDEOH� RI� UHVWRULQJ� WKH� IXQFWLRQ�ZKHQ� DQ� LQMXU\�
H[FHHGV� LWV� QRUPDO� OLPLWV�� &RQYHQWLRQDO� PHWKRGV� SUHYLRXVO\� EHLQJ� XVHG� IRU� UHSDLU� DQG� UHMXYHQDWLRQ� RI�
WLVVXHV�KDG�FHUWDLQ�OLPLWDWLRQV�WKDW�KDYH�EURXJKW�WKH�ELRPDWHULDOV�WR�WKH�IRUHIURQW�LQ�WKH�DUHD�RI�UHJHQHUDWLYH�
PHGLFLQH��%LRPDWHULDOV�SURYLGH�RSWLPDO�VXSSRUW�WR�WKH�WLVVXH�GXULQJ�WKH�SURFHVV�RI�KHDOLQJ�DQG�UHPRGHOLQJ��
1XPHURXV� FODVVHV�RI�ELRPDWHULDOV�DUH� IRFXVHG�RQ� VSHFLILF� DSSOLFDWLRQV��PRVW�SURPLQHQW� DPRQJ� WKHP�DUH�
SRO\PHUV��%LRPDWHULDOV�DUH�QRZ�EHLQJ�XVHG�LQ�VHYHUDO�DUHDV�VXFK�DV�IDEULFDWLRQ��KHPDWRORJ\�DQG�EORRG�FHOO�
VXEVWLWXWHV�� WLVVXH�HQJLQHHULQJ��H[WUDFRUSRUHDO�DUWLILFLDO�RUJDQV��ERQH�DQG�YDVFXODU� UHJHQHUDWLRQ�� VWHP�FHOO�
GLIIHUHQWLDWLRQ�DQG�VRIW� WLVVXH�UHSDLU��+RZHYHU�� IRU� WKH�VXFFHVV�RI�ELRPDWHULDOV� LQ�UHJHQHUDWLYH�PHGLFLQH���
WKH�IRFXV�VKRXOG�QRW�RQO\�EH�RQ�WKH�SK\VLFDO��PHFKDQLFDO�DQG�FKHPLFDO�SURSHUWLHV�RI�WKH�PDWHULDOV�EXW�DOVR�
WKH�IXQGDPHQWDO�SULQFLSOHV�RI�ELRORJLFDO�LQWHUDFWLRQV�DQG�ELRFRPSDWLELOLW\� 
.H\ZRUGV��%LRPDWHU LDOV��3RO\PHUV��5HJHQHUDWLRQ��5HJHQHUDWLYH�PHGLFLQH��7LVVXH�HQJLQHHU LQJ 

'2,��KWWSV���GRL�RUJ����������IXMUV�Y�L������ 

,QWURGXFWLRQ� 

������7KH�WHUP�³UHJHQHUDWLRQ´�UHIHUV�WR�WKH�SURFHVV�RI�
UHSODFHPHQW� RI� ORVW� QRQ-IXQFWLRQDO� VSHFLDOL]HG�
WLVVXHV�ZLWK�KHDOWK\�VSHFLDOL]HG�FHOOV�����1DWXUDOO\��
KXPDQ� ERG\� IXQFWLRQV� WR� UHJHQHUDWH� ZKHQHYHU� DQ�
LQMXU\� RFFXUV�� +RZHYHU�� WKH� UHJHQHUDWLYH� FDSDFLW\�
LV� OLPLWHG� E\� QXPHURXV� IDFWRUV� VXFK� DV� W\SH� RI�
WLVVXH� RU� DQ\� VWUXFWXUDO� GHIHFW� �SK\VLFDO� VL]H� RI�
WLVVXH��� 1HHG� RI� DQ� H[WHUQDO� VXSSRUW� LV� QHFHVVDU\�
ZKHQHYHU� WKH� W\SH� RI� LQMXU\� UHDFKHV� EH\RQG� WKH�
QRUPDO� SK\VLRORJLFDO� FDSDFLW\� RI� WKH� LQWHUQDO�
UHJHQHUDWLYH� V\VWHP����� &RQYHQWLRQDO� PHWKRGV� LQ�
UHJHQHUDWLYH� PHGLFLQH� KDYH� QXPHURXV� OLPLWDWLRQV�
DQG� IRU� WKLV� UHDVRQ� JUHDW� HPSKDVLV� KDV� EHHQ� ODLG�
GRZQ� RQ� WKH� QHHG� RI� ELRPDWHULDOV� LQ� UHSDLU� DQG�
UHJHQHUDWLRQ� RI� WLVVXHV����� )RU� H[DPSOH� LQ� WKH�
WUDQVSODQWDWLRQ� RI� FHOOV�� WLVVXHV� DQG� RUJDQV�� PDMRU�
OLPLWDWLRQV� ZHUH� LQDGHTXDWH� DYDLODELOLW\� RI� GRQRU�
WLVVXHV� DQG� FXOWLYDWLRQ� RI� H[WUD� WLVVXH� LQ� KXPDQ�
ERG\����� &RPELQLQJ� WKH� FRQFHSWV� RI� FHOOXODU�
ELRORJ\�� ELRPDWHULDOV� DQG� PROHFXODU� VLJQDOLQJ� OHG�
WR� WKH� DGYDQFHPHQW� RI� WLVVXH� HQJLQHHULQJ� ILHOG� DV�
ZHOO� DV� GH-QRYR� V\QWKHVLV� RI� RUJDQV� DQG� OLPEV�����
/LNHZLVH�� GDPDJHG� DUWLFXODU� FDUWLODJH� ZDV�
SUHYLRXVO\� UHSODFHG� ZLWK� PHWDO� DQG� SODVWLF�
LPSODQWV�� 6RPH� RI� WKH� PDMRU� GUDZEDFNV� RI� WKLV�
WUHDWPHQW� VWUDWHJ\� ZHUH� ZHDU� SDUWLFOH� IRUPDWLRQ��
LQIODPPDWLRQ�� DQG� OLPLWHG� OLIH-WLPH�� :LWK� WKH�
LPSURYHPHQW� LQ� ILHOG� RI� ELRPDWHULDOV�� DXWRORJRXV�
FKRQGURF\WH� WUDQVSODQWDWLRQ� ZDV� GHYHORSHG� ZLWK�
SURYHQ�EHQHILWV�LQ�KHDOLQJ�����7KHUHIRUH��LQ�RUGHU�WR�

UHJHQHUDWH� KXPDQ� WLVVXHV� DQG� RUJDQV� ZLWK� EHWWHU�
IXQFWLRQLQJ�� UHJHQHUDWLYH� PHGLFLQH� XWLOL]HV� WKH�
EDVLF� FRQFHSWV� RI� YDULRXV� GLVFLSOLQHV� LQFOXGLQJ�
PDWHULDOV�VFLHQFH��OLIH�VFLHQFHV�DQG�PHGLFLQH���� 
������0DWHULDOV�XVHG�LQ�WKH�UHJHQHUDWLYH�PHGLFLQH�DUH�
FKDUDFWHUL]HG� E\� QXPHURXV� SURSHUWLHV� LQFOXGLQJ�
GHQVLW\�� WHQVLOH� VWUHQJWK�� GHJUDGDELOLW\�� PRGXOXV�
DQG� SRURVLW\� DORQJ� ZLWK� PDQ\� RWKHU� PDWHULDO� DQG�
PHFKDQLFDO� SURSHUWLHV����� &HUWDLQ� SUHUHTXLVLWHV�
KDYH�EHHQ�SURSRVHG�E\�YDULRXV�VFLHQWLVWV�WKDW�PXVW�
EH�NHSW� LQ�IRFXV�ZKLOH�XWLOL]LQJ�DQ\�ELRPDWHULDO� LQ�
UHJHQHUDWLYH�PHGLFLQH�� WKH�PRVW�LPSRUWDQW�RI�WKHP�
LV�WKH�ELRFRPSDWLELOLW\�RI�WKH�PDWHULDO�XQGHU�LQ-YLYR�
DQG� LQ-YLWUR� FRQGLWLRQV����� 7KH� PDWHULDO� PXVW� EH�
DEOH� HQRXJK� WR� FDUU\� RXW� RSWLPDO� FHOOXODU� DFWLYLW\�
IRU� WLVVXH� UHJHQHUDWLRQ� ZLWKRXW� VWLPXODWLQJ� DQ\�
LQIODPPDWLRQ�RU�DGYHUVH� V\VWHPLF� UHVSRQVHV� LQ� WKH�
KRVW� ERG\����� )XUWKHUPRUH�� DVVHVVPHQW� RI� D�
F\WRWR[LFLW\�RI�WKH�ELRPDWHULDO�LV�DOVR�D�NH\�SRLQW�WR�
FRQVLGHU�LQ�UHJHQHUDWLYH�PHGLFLQH���� 
��������7KH� REMHFWLYH� RI� WKH� FXUUHQW� VWXG\� LV� WR�
KLJKOLJKW� QXPHURXV�DSSOLFDWLRQV�RI�ELRPDWHULDOV� LQ�
WKH� ILHOG� RI� UHJHQHUDWLYH� PHGLFLQH�� $GGLWLRQDOO\��
UROH�RI�FDUERK\GUDWH�SRO\PHUV�LQ�WLVVXH�HQJLQHHULQJ�
ZLOO�DOVR�EH�GLVFXVVHG� 
0HWKRGV�	�5HVXOWV� 

������$�PLQL� UHYLHZ�ZDV� FRQGXFWHG� E\� FDUU\LQJ� RXW�
DQ� RQOLQH� VHDUFK� XVLQJ� NH\� ZRUGV� VXFK� DV�
UHJHQHUDWLYH� PHGLFLQH�� ELRPDWHULDOV�� DGYDQFHG�
ELRPDWHULDOV�� WLVVXH� HQJLQHHULQJ�� LPSODQWV��
SRO\PHUV� HWF�� %RROHDQ� RSHUDWRUV� ZHUH� XVHG� WR�
FRPELQH�WKH�NH\�ZRUGV��/LWHUDWXUH�VHDUFK�ZDV�GRQH�
XVLQJ� VHDUFK� HQJLQHV� DQG� GDWDEDVHV� LQFOXGLQJ�
3XE0HG�� *RRJOH� 6FKRODU�� &RFKUDQH� DQG�
3DNPHGLQHW� DQG� WKH� VWXGLHV� UHODWHG� WR� WKH� WRSLF�
ZHUH�LGHQWLILHG� 

$IILOLDWLRQV�� 1DWLRQDO� 8QLYHUVLW\� RI� 6FLHQFH� 	�
7HFKQRORJ\�,VODPDEDG� 
&RUUHVSRQGHQFH��'U ��5HHP�-DYHG�0DOLN�37 
(PDLO��U HHP�M�PDOLN#KRWPDLO�FRP 
5HFHLYHG��2FWREHU ���QG�������5HYLVLRQ��'HFHPEHU ���WK��
������$FFHSWDQFH��'HFHPEHU ���WK������ 

^,KZd��KDDhE/��d/KE 
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/DWHVW�DSSURDFKHV�LQ�UHJHQHUDWLYH�PHGLFLQH��� 

������$UWLILFLDO� UHG� EORRG� FHOOV� VXEVWLWXWHV� DUH� QRZ�
XVHG� FOLQLFDOO\� IRU� SUH-RSHUDWLYH� EORRG� GLOXWLRQ� RU�
IRU� SRVW� KHPRUUKDJH� UHVXVFLWDWLRQ������ 'LIIHUHQW�
W\SHV� RI� UDZ� PDWHULDOV� DUH� XVHG� IRU� WKLV� SXUSRVH�
GHSHQGLQJ� XSRQ� WKH� W\SH� RI� DUWLILFLDO� EORRG� EHLQJ�
PDGH�� )RU� H[DPSOH�� 3HUIOXRURFDUERQV� �3)&�� DUH�
XVHG� DV� EORRG� VXEVWLWXWH� DQG� DUH� FKHPLFDOO\� LQHUW��
$OVR�� WKHLU� SURGXFWV� LQYROYH� SRO\PHUL]DWLRQ�
UHDFWLRQ�� (YLGHQFH� VXJJHVWV� VRPH� SURYHQ� EHQHILWV�
RI�3)&V�WR�EH�XVHG�DV�DUWLILFLDO�EORRG�VXEVWLWXWH�DV�
WKH\�GR�QRW�DOORZ�WKH�R[\JHQ�WR�UHDFW�ZLWK�WKH�RWKHU�
JDVHV� DQG� DOVR� DOORZV� VPRRWK� JDVHRXV� H[FKDQJH�
EHWZHHQ�FHOOV�DQG�WLVVXHV������%LRPDWHULDOV�DUH�DOVR�
EHLQJ� XVHG� LQ� WKH� GHYHORSPHQW� RI�PHFKDQLFDO� DQG�
ELRORJLFDO� FDUGLRYDVFXODU� YDOYHV� DQG� DOVR� LQ�
FDUGLRYDVFXODU� VWHQWV������ ���� 'HYLFHV� XVHG� DV�
H[WUDFRUSRUHDO� DUWLILFLDO� RUJDQV� OLNH� ELR� DUWLILFLDO�
OLYHUV�� DUH� XVHG� WR� DVVLVW� WKH� SDWLHQWV� ZLWK� DFXWH�
KHSDWLF�IDLOXUH������,Q�FDVH�RI�KROORZ�ILEHU�V\VWHP��
6\QWKHWLF� RU� QDWXUDO� SRO\PHUV� OLNH� FROODJHQ� DUH�
XVHG�WR�GHVLJQ�VXFK�NLQG�RI�GHYLFHV����� 

������,Q� FDVH� RI� VNHOHWDO�PXVFOH� UHSDLU�� HOHFWUR� VSXQ�
FKLWRVDQ� PLFURILEHUV� DUH� XVHG� DV� ELRPDWHULDOV������
7KHVH�WKUHH�GLPHQVLRQDO�VFDIIROGV�KHOS�WKH�PXVFOHV�
WR� UHJDLQ� WKHLU� QRUPDO� IXQFWLRQ� WKDW� DUH� RWKHUZLVH�
VXEMHFWHG� WR� VFDU� WLVVXH� IRUPDWLRQ� DV� D� UHVXOW� RI�
QRUPDO� KHDOLQJ� SURFHVV������ 7LVVXH� HQJLQHHULQJ� LV�
DQRWKHU� DUHD� RI� UHJHQHUDWLYH�PHGLFLQH� WKDW� XWLOL]HV�
FRPELQDWLRQ� RI� FHOOV� ZLWKLQ� ELRPDWHULDOV� ZLWK� WKH�
RYHUDOO� JRDO� WR� JHQHUDWH� YLDEOH� DQG� ORQJ� ODVWLQJ�
WLVVXHV�ZLWK�IDVW�QHRYDVFXODUL]DWLRQ��6HYHUDO�QDWXUDO�
DQG�V\QWKHWLF�SRO\PHUV�DUH�XVHG� LQ�FDUWLODJH� WLVVXH�
HQJLQHHULQJ�VXFK�DV�VLON��FRO�DQG�FRO�HWF������%RWK�
V\QWKHWLF� DQG� QDWXUDOO\� RFFXUULQJ� SRO\PHUV� FDQ� EH�
XVHG� LQ� UHJHQHUDWLYH� PHGLFLQH�� DQG� VFDIIROG�
IDEULFDWLRQ�IURP�QDWXUDO�SRO\PHUV�VXFK�DV�DOJLQDWH��
FROODJHQ��DJDURVH��K\DOXUDQRQ��ILEULQ�HWF��DV�ZHOO�DV�
V\QWKHWLF�SRO\PHUV� LQFOXGH�SRO\JO\FROLF� DFLG�� SRO\�
K\GUR[\� HVWHU�� SRO\ODFWLF� DFLG� �3/$�� DQG� WKHLU�
FRSRO\PHUV� LV� XVHG������ 6WXGLHV� KDYH� VKRZQ�
VLJQLILFDQW� UHJHQHUDWLYH� UHVXOWV�RI�FRUQHDO� LPSODQWV�
FRPSRVHG� RI� PHWKDFU\OR\OR[\HWK\O�
SKRVSKRU\OFKROLQH� �03&��FURVV� OLQNHG�FROODJHQ� LQ�
FRUQHDO� WLVVXH� UHJHQHUDWLRQ� DV� ZHOO������
)XUWKHUPRUH�� VXEVWDQWLDO� UROH� RI� ELRPDWHULDOV� FDQ�
DOVR� EH� VHHQ� LQ� QHUYH� UHJHQHUDWLRQ� IRU� D[RQDO�
JURZWK����������KHSDWRF\WHV�UHJHQHUDWLRQ������ERQH�
DQG�YDVFXODU�UHJHQHUDWLRQ��VWHP�FHOO�GLIIHUHQWLDWLRQ��
DQG�VRIW�WLVVXH�UHJHQHUDWLRQ����� 
&DUERK\GUDWH� SRO\PHUV� LQ� UHJHQHUDWLYH�
PHGLFLQH� 

������7LVVXH� HQJLQHHULQJ� LV� RQH� RI� WKH� PRVW�
SURPLQHQW� WRROV� DQG� DQ� DFWLYH� ILHOG� RI� UHVHDUFK� LQ�
UHJHQHUDWLYH�PHGLFLQH������0RUHRYHU��SRO\PHUV�DUH�

WKH�PRVW� SRSXODU� ELRPDWHULDO� XVHG� IRU� WKH� SXUSRVH�
RI� UHJHQHUDWLRQ� RI� WKH� GDPDJHG� WLVVXHV�� (YLGHQFH�
VXJJHVWV� WKDW�FDUERK\GUDWH�SRO\PHUV�QRW�RQO\�SOD\�
DQ� DFWLYH� UROH� LQ� GUXJ� GHOLYHU\� DQG� K\GURJHOV� EXW�
DOVR� LQ� WLVVXH� HQJLQHHULQJ������ /LQHDU�
JO\FRVDPLQRJO\FDQ� K\DOXURQLF� DFLG� KDV� D�
VLJQLILFDQW�UROH�LQ�H[WUDFHOOXODU�PDWUL[�IRUPDWLRQ�DV�
ZHOO� DV� LQ� WLVVXH�PRUSKRJHQHVLV������ 6WXGLHV� KDYH�
VKRZQ� WKDW� K\DOXURQLF� DFLG� LV� HIIHFWLYH� IRU� WKH�
SURSK\ODFWLF� WUHDWPHQW� RI� NQHH� SDLQ� DQG� DOVR� IRU�
VXUJLFDO�DGKHVLRQV������6HYHUDO�PRGLILFDWLRQV�LQ�WKH�
VWUXFWXUHV� RI� UHODWLYHO\� VLPSOH� FDUERK\GUDWH�
SRO\PHUV� FDQ� HQKDQFH� WKHLU� DFWLYLW\� WR� SURPRWH�
HIILFLHQW�PLJUDWLRQ��VSUHDGLQJ�DQG�PXOWLSOLFDWLRQ�RI�
FHOOV��������� 
)XWXUH�&KDOOHQJHV� 

������1XPHURXV� LVVXHV� DUH� LPSHUDWLYH� IRU�
FRQVLGHUDWLRQ� UHJDUGLQJ� WKH� SURJUHVVLRQ� RI�
UHJHQHUDWLYH� PHGLFLQH� DV� D� ILHOG�� &UHDWLRQ� RI� ELJ�
HQJLQHHUHG� UHSODFHPHQW� WLVVXHV� ZLOO� QHFHVVLWDWH�
HTXLSPHQW� DQG� WHFKQRORJ\� WKDW� DOORZV� IXOO\�
YDVFXODUL]HG�JUDIWV�WR�EH�DQDVWRPRVHG�ZLWK�WKH�KRVW�
YDVFXODWXUH� DW� WKH� LQVWDQFH� RI� WUDQVSODQWDWLRQ��
SHUPLWWLQJ� RSWLPXP� JUDIW� VXUYLYDO������
)XUWKHUPRUH�� HQKDQFHG� NQRZOHGJH� RI� WKH� UROH� RI�
WKH�KRVW� LPPXQH�V\VWHP�LV�LQWHJUDO�IRU�WKH�VXFFHVV�
RI�UHJHQHUDWLYH�PHGLFLQH��$Q�LPSURYHG�NQRZOHGJH�
RI� WKH� UROH�RI� DJH� DQG�VWDWH�RI� GLVHDVH� VWDWH�RI� WKH�
KRVW�LV�DOVR�LPSRUWDQW�LQ�WHUPV�RI�SURJUHVVLQJ�LQ�WKH�
ILHOG� RI� UHJHQHUDWLYH� PHGLFLQH����-���� /DVWO\�� WKH�
XVH� RI� WKUHH� GLPHQVLRQDO� KXPDQ� WLVVXH� FXOWXUH�
PRGHOV� DUH� YHU\� LQWHJUDO� DV� WKH\� ZRXOG� DOORZ�
H[SHULPHQWDWLRQ� ZLWK� SRO\PHUV� DQG� RWKHU�
ELRPDWHULDOV�LQ�D�KXPDQ�ELRORJLFDO�HQYLURQPHQW� LQ�
FRQWUDVW�WR�DQLPDO�PRGHOV�WKDW�DUH�FRPPRQO\�XVHG��
EXW� WKH� WZR� HQYLURQPHQWV� PD\� KDYH� LPSRUWDQW�
GLIIHUHQFHV����� 
&RQFOXVLRQ� 

������,W� LV� HYLGHQW� IURP� WKH� DERYH� PHQWLRQHG�
H[DPSOHV� WKDW� WKH� UROH� RI� ELRPDWHULDOV� LQ�
UHJHQHUDWLYH� PHGLFLQH� LV� LPPHQVH�� +RZHYHU�� IRU�
WKH� VXFFHVV� RI� WKH� XVH� RI� ELRPDWHULDOV� LQ�
UHJHQHUDWLYH�PHGLFLQH��WKH�IRFXV�VKRXOG�QRW�RQO\�EH�
RQ� WKH� SK\VLFDO�� PHFKDQLFDO� DQG� FKHPLFDO�
SURSHUWLHV�RI�WKH�PDWHULDOV�EXW�DOVR�WKH�IXQGDPHQWDO�
SULQFLSOHV� RI� ELRORJLFDO� LQWHUDFWLRQV� DQG�
ELRFRPSDWLELOLW\� 

'LVFODLPHU��1RQH� 

&RQIOLFW� RI� LQWHUHVW�� 1R� FRQIOLFW� RI� LQWHUHVW� WR�
UHSRUW� 

)XQGLQJ�6RXUFH��1RQH� 

5HIHUHQFHV� 
�� +DVHOWLQH�:$��7KH�HPHUJHQFH�RI� UHJHQHUDWLYH�
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PHGLFLQH�� D� QHZ� ILHOG� DQG� D� QHZ� VRFLHW\�� H-
ELRPHG�� WKH� MRXUQDO� RI� UHJHQHUDWLYH� PHGLFLQH��
������������-��� 

�� -DPPDODPDGDND� 8�� 7DSSD� .�� 5HFHQW� DGYDQFHV�
LQ� ELRPDWHULDOV� IRU� �'� SULQWLQJ� DQG� WLVVXH�
HQJLQHHULQJ��-�IXQFW�ELRPDWHU��������������� 

�� %KDW� 6��.XPDU�$�� %LRPDWHULDOV� LQ� UHJHQHUDWLYH�
PHGLFLQH�� -RXUQDO� RI� 3RVWJUDGXDWH� 0HGLFLQH�
(GXFDWLRQ�DQG�5HVHDUFK���������������-�� 

�� 6DGWOHU�.��6LQJK�$��:ROI�07��:DQJ�;��3DUGROO�
'0�� (OLVVHHII� -+�� 'HVLJQ�� FOLQLFDO� WUDQVODWLRQ�
DQG� LPPXQRORJLFDO� UHVSRQVH� RI� ELRPDWHULDOV� LQ�
UHJHQHUDWLYH� PHGLFLQH�� 1DWXUH� 5HYLHZV�
0DWHULDOV�������������-��� 

�� /DQJHU� 5�� 9DFDQWL� -3�� 7LVVXH� HQJLQHHULQJ��
6FLHQFH� �1HZ�<RUN��1<���������������������-
�� 

�� %ULWWEHUJ�0��/LQGDKO�$��1LOVVRQ�$��2KOVVRQ�&��
,VDNVVRQ� 2�� 3HWHUVRQ� /�� 7UHDWPHQW� RI� GHHS�
FDUWLODJH� GHIHFWV� LQ� WKH� NQHH� ZLWK� DXWRORJRXV�
FKRQGURF\WH� WUDQVSODQWDWLRQ�� 1HZ� (QJODQG�
-RXUQDO�RI�0HGLFLQH������������������-��� 

�� 6XQ� -�� 7DQ� +�� $OJLQDWH-EDVHG� ELRPDWHULDOV� IRU�
UHJHQHUDWLYH� PHGLFLQH� DSSOLFDWLRQV�� 0DWHULDOV��
��������������-���� 

�� %URZQ�%1��5DWQHU�%'��*RRGPDQ�6%��$PDU�6��
%DG\ODN� 6)�� 0DFURSKDJH� SRODUL]DWLRQ�� DQ�
RSSRUWXQLW\� IRU� LPSURYHG� RXWFRPHV� LQ�
ELRPDWHULDOV� DQG� UHJHQHUDWLYH� PHGLFLQH��
%LRPDWHULDOV������������������-���� 

�� =KDQJ�;��5HDJDQ�05��.DSODQ�'/��(OHFWURVSXQ�
VLON� ELRPDWHULDO� VFDIIROGV� IRU� UHJHQHUDWLYH�
PHGLFLQH�� $GYDQFHG� GUXJ� GHOLYHU\� UHYLHZV��
���������������-����� 

��� 0RUDGL� 6�� -DKDQLDQ-1DMDIDEDGL� $�� 5RXGNHQDU�
0+�� $UWLILFLDO� EORRG� VXEVWLWXWHV�� ILUVW� VWHSV� RQ�
WKH� ORQJ� URXWH� WR� FOLQLFDO� XWLOLW\�� &OLQLFDO�
0HGLFLQH� ,QVLJKWV�� %ORRG� 'LVRUGHUV��
�������&0%'��6������ 

��� *RRUKD� <�� 'HE� 3�� &KDWWHUMHH� 7�� 'KRW� 3�� 960�
53�� $UWLILFDO� EORRG�� 0HGLFDO� -RXUQDO� $UPHG�
)RUFHV�,QGLD���������������-��� 

��� 9RQJSDWDQDVLQ� :�� +LOOLV� /'�� /DQJH� 5$��
3URVWKHWLF�KHDUW�YDOYHV��1HZ�(QJODQG�-RXUQDO�RI�
0HGLFLQH�����������������-��� 

��� %RQRZ� 52�� &DUDEHOOR� %$�� &KDWWHUMHH� .�� 'H�
/HRQ� $&�� )D[RQ� '3�� )UHHG� 0'�� HW� DO�� $&&�
$+$� ����� JXLGHOLQHV� IRU� WKH� PDQDJHPHQW� RI�
SDWLHQWV�ZLWK� YDOYXODU� KHDUW� GLVHDVH�� D� UHSRUW� RI�
WKH� $PHULFDQ� &ROOHJH� RI� &DUGLRORJ\�$PHULFDQ�
+HDUW� $VVRFLDWLRQ� 7DVN� )RUFH� RQ� 3UDFWLFH�
*XLGHOLQHV� �ZULWLQJ� &RPPLWWHH� WR� 5HYLVH� WKH�
�����JXLGHOLQHV� IRU� WKH�PDQDJHPHQW�RI�SDWLHQWV�
ZLWK� YDOYXODU� KHDUW� GLVHDVH�� GHYHORSHG� LQ�
FROODERUDWLRQ�ZLWK�WKH�6RFLHW\�RI�&DUGLRYDVFXODU�
$QHVWKHVLRORJLVWV� HQGRUVHG� E\� WKH� 6RFLHW\� IRU�

&DUGLRYDVFXODU� $QJLRJUDSK\� DQG� ,QWHUYHQWLRQV�
DQG�WKH�6RFLHW\�RI�7KRUDFLF�6XUJHRQV��-RXUQDO�RI�
WKH� $PHULFDQ� &ROOHJH� RI� &DUGLRORJ\�� �������
����H�-H���� 

��� $OVKDPVL� )�� $OVKDPPDUL� .�� %HOOH\-&RWH� (��
'LRQQH� -�� $OEUDKLP� 7�� $OEXGRRU� %�� HW� DO��
([WUDFRUSRUHDO� OLYHU� VXSSRUW� LQ� SDWLHQWV� ZLWK�
OLYHU� IDLOXUH�� D� V\VWHPDWLF� UHYLHZ� DQG� PHWD-
DQDO\VLV� RI� UDQGRPL]HG� WULDOV�� ,QWHQVLYH� FDUH�
PHGLFLQH��������-��� 

��� &DUSHQWLHU� %�� $VK� 65�� 6RUEHQW-EDVHG� DUWLILFLDO�
OLYHU� GHYLFHV�� SULQFLSOHV� RI� RSHUDWLRQ�� FKHPLFDO�
HIIHFWV� DQG� FOLQLFDO� UHVXOWV�� ([SHUW� UHYLHZ� RI�
PHGLFDO�GHYLFHV���������������-��� 

��� /LX�<��=KRX�*��/LX�=��*XR�0��-LDQJ�;��7DVNLQ�
0%�� HW� DO�� 0XVVHO� LQVSLUHG� SRO\QRUHSLQHSKULQH�
IXQFWLRQDOL]HG� HOHFWURVSXQ� SRO\FDSURODFWRQH�
PLFURILEHUV� IRU� PXVFOH� UHJHQHUDWLRQ�� 6FLHQWLILF�
UHSRUWV�������������-��� 

��� 5RVHOOLQL� (�� 9R]]L� *�� %DUEDQL� 1�� *LXVWL� 3��
&ULVWDOOLQL�&��7KUHH-GLPHQVLRQDO�PLFURIDEULFDWHG�
VFDIIROGV� ZLWK� FDUGLDF� H[WUDFHOOXODU� PDWUL[-OLNH�
DUFKLWHFWXUH�� 7KH� ,QWHUQDWLRQDO� MRXUQDO� RI�
DUWLILFLDO�RUJDQV�����������������-��� 

��� =KDQJ�<��/LX�;��=HQJ�/��=KDQJ�-��=XR�-��=RX�-��
HW� DO�� 3RO\PHU� ILEHU� VFDIIROGV� IRU� ERQH� DQG�
FDUWLODJH� WLVVXH� HQJLQHHULQJ�� $GYDQFHG�
)XQFWLRQDO�0DWHULDOV���������������������� 

��� 1RODQ� .�� 0LOOHW� <�� 5LFRUGL� &�� 6WDEOHU� &/��
$UWLFOH� &RPPHQWDU\�� 7LVVXH� (QJLQHHULQJ� DQG�
%LRPDWHULDOV� LQ� 5HJHQHUDWLYH� 0HGLFLQH�� &HOO�
WUDQVSODQWDWLRQ����������������-�� 

��� 0F/DXJKOLQ� &5�� $FRVWD�0&�� /XQD� &�� /LX�:��
%HOPRQWH� &��*ULIILWK�0�� HW� DO�� 5HJHQHUDWLRQ� RI�
IXQFWLRQDO�QHUYHV�ZLWKLQ�IXOO�WKLFNQHVV�FROODJHQ–
SKRVSKRU\OFKROLQH�FRUQHDO�VXEVWLWXWH�LPSODQWV�LQ�
JXLQHD�SLJV��%LRPDWHULDOV������������������-�� 

��� :DQJ� 6�� :DQ� $&�� ;X� ;�� *DR� 6�� 0DR� +-4��
/HRQJ� .:�� HW� DO�� $� QHZ� QHUYH� JXLGH� FRQGXLW�
PDWHULDO� FRPSRVHG� RI� D� ELRGHJUDGDEOH� SRO\�
�SKRVSKRHVWHU���%LRPDWHULDOV������������������-
��� 

��� ;X�;��<HH�:-&��+ZDQJ� 3<��<X�+��:DQ�$&��
*DR�6��HW�DO��3HULSKHUDO�QHUYH�UHJHQHUDWLRQ�ZLWK�
VXVWDLQHG� UHOHDVH� RI� SRO\� �SKRVSKRHVWHU��
PLFURHQFDSVXODWHG� QHUYH� JURZWK� IDFWRU� ZLWKLQ�
QHUYH� JXLGH� FRQGXLWV�� %LRPDWHULDOV�� �������
���������-��� 

��� 7DWVXPL� .�� 2KDVKL� .�� 7HUDPXUD� <�� 8WRK� 5��
.DQHJDH�.��:DWDQDEH�1��HW�DO��7KH�QRQ-LQYDVLYH�
FHOO� VXUIDFH� PRGLILFDWLRQ� RI� KHSDWRF\WHV� ZLWK�
3(*-OLSLG� GHULYDWLYHV�� %LRPDWHULDOV�� �������
�������-�� 

��� :DWVRQ� %0�� .DVSHU� ).�� 0LNRV� $*��
3KRVSKRURXV-FRQWDLQLQJ� SRO\PHUV� IRU�
UHJHQHUDWLYH� PHGLFLQH�� %LRPHGLFDO� PDWHULDOV�
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�%ULVWRO��(QJODQG�������������������� 
��� )XUWK� 0(�� $WDOD� $�� 9DQ� '\NH� 0(�� 6PDUW�

ELRPDWHULDOV� GHVLJQ� IRU� WLVVXH� HQJLQHHULQJ� DQG�
UHJHQHUDWLYH� PHGLFLQH�� %LRPDWHULDOV�� �������
���������-��� 

��� &RYLHOOR� 7�� 0DWULFDUGL� 3�� 0DULDQHFFL� &��
$OKDLTXH� )�� 3RO\VDFFKDULGH� K\GURJHOV� IRU�
PRGLILHG� UHOHDVH� IRUPXODWLRQV�� -RXUQDO� RI�
FRQWUROOHG�UHOHDVH���������������-��� 

��� 6SLFHU� $3�� 7LHQ� -<�� +\DOXURQDQ� DQG�
PRUSKRJHQHVLV�� %LUWK� 'HIHFWV� 5HVHDUFK� 3DUW� &��
(PEU\R�7RGD\��5HYLHZV���������������-���� 

��� :DGGHOO�'��%ULFNHU�'��+\ODQ�*)����WROHUDELOLW\�
ZLWK� UHSHDW� WUHDWPHQW� LQ� D� ODUJH� RUWKRSHGLF�
SUDFWLFH�� D� UHWURVSHFWLYH� UHYLHZ�� -RXUQDO� RI�
VXUJLFDO�RUWKRSDHGLF�DGYDQFHV���������������-�� 

��� :DGGHOO� ''�� %ULFNHU� '&�� &OLQLFDO� H[SHULHQFH�
ZLWK� WKH� HIIHFWLYHQHVV� DQG� WROHUDELOLW\� RI� K\ODQ�
*)����LQ������SDWLHQWV�ZLWK�RVWHRDUWKULWLV�RI�WKH�
NQHH�� 7KH� MRXUQDO� RI� NQHH� VXUJHU\�� �������
�������-��� 

��� 0DR� $6�� 0RRQH\� '-�� 5HJHQHUDWLYH� PHGLFLQH��
FXUUHQW� WKHUDSLHV� DQG� IXWXUH� GLUHFWLRQV��

3URFHHGLQJV� RI� WKH� 1DWLRQDO� $FDGHP\� RI�
6FLHQFHV��������������������-�� 

��� 2K� -�� /HH� <'�� :DJHUV� $-�� 6WHP� FHOO� DJLQJ��
PHFKDQLVPV�� UHJXODWRUV� DQG� WKHUDSHXWLF�
RSSRUWXQLWLHV��1DWXUH�PHGLFLQH����������������-
��� 

��� (PLQJ� 6$�� 0DUWLQ� 3�� 7RPLF-&DQLF� 0��:RXQG�
UHSDLU� DQG� UHJHQHUDWLRQ��PHFKDQLVPV�� VLJQDOLQJ��
DQG� WUDQVODWLRQ�� 6FLHQFH� WUDQVODWLRQDO� PHGLFLQH��
���������������VU�-VU�� 

��� 6FDOHV� %6�� +XIIQDJOH� *%�� 7KH� PLFURELRPH� LQ�
ZRXQG�UHSDLU�DQG�WLVVXH�ILEURVLV��7KH�-RXUQDO�RI�
SDWKRORJ\�����������������-��� 

��� %KDWLD� 61�� ,QJEHU�'(��0LFURIOXLGLF� RUJDQV-RQ-
FKLSV��1DWXUH�ELRWHFKQRORJ\����������������-��� 

� 

$XWKRU�&RQWULEXWLRQ� 

0DOLN� 5-�� &RQFHSWLRQ� RI� WKH� LGHD�� OLWHUDWXUH�
VHDUFK�DQG�PDQXVFULSW�ZULWLQJ� 
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5ROH�RI�3K\VLFDO�7KHUDS\�LQ�&29,'-���3DQGHPLF 
6DPHHUD�*XO���+DIL]D�1RRU-XO-KXGD���0LVKD�5D]D�6KHUD]L� 

$%675$&7� 
&RURQDYLUXV� GLVHDVH� ����� �&29,'-����� D� SDQGHPLF�� LV� DQ� LQIHFWLRXV� FRQGLWLRQ� FDXVHG� E\� VHYHUH� DFXWH�
UHVSLUDWRU\� V\QGURPH� FRURQDYLUXV� �� �6$56-&29-��� �� ZKLFK� KDV� FDXVHG� DQ� LQFUHDVHG� QXPEHU� RI�
KRVSLWDOL]DWLRQV�ZRUOGZLGH��3HRSOH�LQIHFWHG�ZLWK�&29,'-���H[SHULHQFH�D�YDULDWLRQ�LQ�V\PSWRPV�LQFOXGLQJ�
FRXJK�� IHYHU�� PXVFOH� SDLQ�� IDWLJXH�� WLUHGQHVV�� DQG� VKRUWQHVV� RI� EUHDWK�� $SSUR[LPDWHO\� ���� RI� SDWLHQWV�
H[SHULHQFH� D� VHYHUH� IRUP� RI� &29,'-��� DQG� WKXV� UHTXLULQJ� KRVSLWDOL]DWLRQ�� DQG� ��� RI� SDWLHQWV� UHTXLUH�
DGPLVVLRQ�WR�DQ�,&8��(IIHFWLYH�VFUHHQLQJ�RI�LQIHFWHG�SDWLHQWV�LV�QHFHVVDU\�IRU�HDUO\�GHWHFWLRQ�DQG�WKH�SURSHU�
WUHDWPHQW� DQG� FDUH� RI� WKH� SDWLHQW�� 3RO\PHUDVH� &KDLQ� 5HDFWLRQ� �3&5�� DQG� DQWLJHQ-DQWLERG\� WHVWV� DUH� WKH�
VFUHHQLQJ�PHWKRGV�IRU�YLUXV�GHWHFWLRQ��7KH�VDPSOH�LV�WDNHQ�HLWKHU�IURP�WKH�QDVRSKDU\Q[�RU�WKH�WKURDW��6LQFH�
WKH�YDFFLQH�IRU�WKH�WUHDWPHQW�RI�FRURQDYLUXV�LV�XQGHU�SURGXFWLRQ��VXSSRUWLYH�PDQDJHPHQW�LV�UHFRPPHQGHG�
IRU�PLQLPL]LQJ� V\PSWRPV�� 6RFLDO� GLVWDQFLQJ�� KDQG� K\JLHQH�� DQG�ZHDULQJ� IDFH�PDVNV� DUH� WKH� SUHYHQWLYH�
PHDVXUHV�DJDLQVW�WKLV�YLUXV��5HKDELOLWDWLYH�DQG�SK\VLFDO�WKHUDS\�LQWHUYHQWLRQV�KDYH�D�VLJQLILFDQW�LPSDFW�RQ�
SDWLHQWV�LQ�UHVROYLQJ�SUREOHPV�DVVRFLDWHG�ZLWK�EUHDWKLQJ�DQG�IRU�DFWLYH�PRELOL]DWLRQ�WR�LPSURYH�TXDOLW\�RI�
OLIH��7KLV� OLWHUDWXUH� UHYLHZ� VRXJKW� WR� GHWHUPLQH� WKH� HIIHFWV� RI�&29,'-��� DQG� WR� GLVFXVV�ZKDW� LV� NQRZQ�
UHJDUGLQJ�WKH�UROH�RI�3K\VLFDO�7KHUDS\�RQ�&29,'-���SDWLHQWV� 

.H\ZRUGV�� %UHDWKLQJ� H[HUFLVHV�� &29,'-���� 3K\VLFDO� WKHUDS\�� 5HVSLUDWRU\� WKHUDS\�� :RUOG� +HDOWK�
2UJDQL]DWLRQ 

'2,��KWWSV���GRL�RUJ����������IXMUV�Y�L������ 

,QWURGXFWLRQ� 

�����$FFRUGLQJ� WR� WKH� :RUOG� +HDOWK� 2UJDQL]DWLRQ�
�:+2���&RURQDYLUXV�GLVHDVH������ �&29,'-���� LV�
DQ� LQIHFWLRXV� FRQGLWLRQ� FDXVHG� E\� D� QHZO\�
GLVFRYHUHG�FRURQDYLUXV��7KH�ILUVW�FDVH�RI�WKH�QRYHO�
FRURQDYLUXV� ����� �&29,'-���� ZDV� UHSRUWHG� DQG�
FRQILUPHG� LQ� :XKDQ�� +XEHL� 3URYLQFH�� &KLQD� LQ�
'HFHPEHU� ������ 2Q� 0DUFK� ���� ������ :+2�
GHFODUHG� &29,'-��� D� SDQGHPLF�� � $IWHUZDUG�� WKH�
:RUOG� +HDOWK� 2UJDQL]DWLRQ� UHSRUWHG� �����������
FDVHV�RI�&29,'-����LQFOXGLQJ�����������GHDWKV��DV�
RI�'HFHPEHU������������$�%HWD�FRURQDYLUXV�QDPHG�
6$56-&RY-�� LV� WKH� FDXVH� RI� &29,'-��� WKDW� KDV�
GUDVWLF�FRQVHTXHQFHV�RQ�WKH�ORZHU�UHVSLUDWRU\�WUDFW�
ZKLFK� UHVXOWV� LQ� SQHXPRQLD����� &RURQDYLUXV� DOVR�
DIIHFWV� GLIIHUHQW� RUJDQV� VXFK� DV� KHDUW�� OLYHU��
NLGQH\V�� JDVWURLQWHVWLQDO� WUDFW�� EUDLQ�� DQG� RUJDQ�
V\VWHPV� VXFK� DV� EORRG� DQG� LPPXQH� V\VWHP�����
0RVW� SHRSOH� DIIHFWHG� ZLWK� &29,'-��� H[SHULHQFH�
PLOG� WR� PRGHUDWH� V\PSWRPV� VXFK� DV� IHYHU��
FRQWLQXRXV� FRXJK�� P\DOJLD�� DQG� G\VSQHD�� ZKLOH�
HOGHUO\� SHRSOH� DQG� WKRVH� ZLWK� XQGHUO\LQJ� KHDOWK�
FRQGLWLRQV� VXFK� DV� FDUGLRYDVFXODU� FRQGLWLRQV��
GLDEHWHV�� DQG� FKURQLF� UHVSLUDWRU\� GLVHDVHV� KDYH�
V\PSWRPV�YDU\LQJ�IURP�SHUVRQ�WR�SHUVRQ�DQG�DUH�DW�
JUHDWHU� ULVN� RI� KDYLQJ� VHYHUH� V\PSWRPV� DQG� WKXV�
UHTXLUH� KRVSLWDOL]DWLRQ����� ��� $OVR�� PXOWLRUJDQ�

IDLOXUH��VKRFN��DFXWH�UHVSLUDWRU\�GLVWUHVV�V\QGURPH��
FDUGLDF�IDLOXUH��DUUK\WKPLDV��DQG�UHQDO�IDLOXUH�RFFXU�
LQ� GLIIHUHQW� SHRSOH� DQG� XOWLPDWHO\� FDXVH� WKH� GHDWK�
RI� WKH� SHUVRQ����� ���0RUHRYHU�� VRPH� DUWLFOHV� VWDWH�
WKDW� WKH� VXUYLYDO� RI� &29,'-��� SDWLHQWV� LV� ORZHU�
ZKHQ� DVVRFLDWHG� ZLWK� $FXWH� 5HVSLUDWRU\� 'LVWUHVV�
6\QGURPH��$5'6��DV�FRPSDUHG�WR�ZKHQ�DVVRFLDWHG�
ZLWK�RWKHU�HWLRORJLHV��,Q�RWKHU�FDVHV��LW�PD\�DOVR�EH�
DVVRFLDWHG�ZLWK�DFXWH�NLGQH\�LQMXULHV������� 
�����7KH�VSUHDG�RI�WKH�&29,'-���RFFXUV�WKURXJK�WKH�
UHVSLUDWRU\� GURSOHWV� SURGXFHG� ZKHQHYHU� WKH�
LQIHFWHG�SHUVRQ�FRXJKV��VQHH]HV��WDONV��RU�EUHDWKHV�
���� ��� )XUWKHU� UHVHDUFK� FRQILUP� DLUERUQH�
WUDQVPLVVLRQ� WR�EH�WKH�PDLQ�FDXVH�RI� WKH�VSUHDG� LQ�
LQGRRU�SODFHV�EHFDXVH�WKH�FRPSRVLWLRQ�RI�WKH�YLUXV�
LV� VXFK� WKDW� LW� FRQWDLQV� ZDWHU�� VDOW�� DQG� RUJDQLF�
PDWHULDO��:KHQHYHU��WKH�ZDWHU�HYDSRUDWHV��WKH�YLUXV�
EHFRPHV�VR� OLJKWZHLJKW� WKDW� LW� VXVSHQGV� LQ� WKH�DLU��
PXOWLSO\LQJ�WKH�ULVN�RI�LQIHFWLRQ��������� 
������6R��WKH�HDUO\�GHWHFWLRQ�RI�WKH�YLUXV�LV�QHFHVVDU\�
IRU� FRQWUROOLQJ� WKH� VSUHDG� DQG� WUDQVPLVVLRQ�� 7KH�
YLUXV� LV� GHWHFWHG� E\� 3RO\PHUDVH� &KDLQ� 5HDFWLRQ�
�3&5��DQG�DQWLJHQ-DQWLERG\�WHVW������7KH�VDPSOH�LV�
WDNHQ� IURP� WKH� QDVRSKDU\Q[� DQG� WKURDW� DQG� YLD�
ODERUDWRU\� WHVWLQJ�� $� KLJK� &-UHDFWLYH� SURWHLQ��
HU\WKURF\WH� VHGLPHQWDWLRQ� UDWH�� ODFWDWH�
GHK\GURJHQDVH�� FUHDWLQLQH�� DQG� SURORQJHG�
SURWKURPELQ� WLPH�PD\� EH� SUHVHQW� LQ� SDWLHQWV�ZLWK�
&29,'-������� ��� 7KH� RWKHU� PHWKRG� IRU� GHWHFWLQJ�
&29,'-��� LV� E\� WKH� UDGLRORJLFDO� H[DPLQDWLRQ� RI�
WKH�FKHVW�ZKLFK�LQFOXGHV�D�FKHVW�;-UD\�DQG�&7�VFDQ�
VKRZLQJ� JURXQG-JODVV� RSDFLWLHV� DQG� FRQVROLGDWLRQ�

$IILOLDWLRQV��)DXML�)RXQGDWLRQ�+RVSLWDO��5DZDOSLQGL� 
&RUUHVSRQGHQFH��'U ��6DPHHUD�*XO�37 
(PDLO��VDPHHUD�JXO��#KRWPDLO�FRP 
5HFHLYHG�� 1RYHPEHU � ��WK� ������5HYLVLRQ�� 'HFHPEHU �
��QG��������$FFHSWDQFH��'HFHPEHU ���WK������ 

1DUUDWLYH�5HYLHZ 
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LQ� WKH� OXQJ� SHULSKHU\��ZKLOH� WKH�QRUPDO� OXQJ� GRHV�
QRW�KDYH�WKHVH�FKDUDFWHULVWLFV����� 
������7KH� ILUVW� DQG� IRUHPRVW� WKLQJ� WR� SURWHFW� DJDLQVW�
&29,'-��� LV� WR� WDNH� SURSHU� PHDVXUHV��
)XQGDPHQWDO� KDQG� VDQLWL]DWLRQ� LQFOXGLQJ� UHJXODU�
KDQG�ZDVKLQJ� DIWHU� HYHU\� ILYH�PLQXWHV� IRU� DW� OHDVW�
��-���VHFRQGV�DQG� WKH�ZHDULQJ�RI� IDFH�PDVNV�ZLOO�
KHOS�DJDLQVW� WKH�VSUHDG�RI�WKH�YLUXV��0DLQWDLQLQJ�D�
VDIH� GLVWDQFH� RI� DW� OHDVW� �� IHHW�� DYRLGDQFH� RI�
FURZGHG�SODFHV��DQG�GLVLQIHFWLQJ� WKH�PRVW� WRXFKHG�
SODFHV�DUH�DOO�GHIHQVLYH�WHFKQLTXHV�DJDLQVW�&29,'-
������ 
������7KH� SULPDU\� REMHFWLYH� RI� WKLV� VWXG\� ZDV� WR�
GHWHUPLQH�WKH�HIIHFW�RI�SK\VLFDO�WKHUDS\�LQ�SDWLHQWV�
LQIHFWHG� ZLWK� &29,'-��� DV� WKLV� SDQGHPLF� KDV�
SODFHG�DQ�HQRUPRXV�DPRXQW�RI�VWUHVV�RQ�KHDOWK�FDUH�
SURIHVVLRQDOV�� 6R�� D� SURSHU� UHVSRQVH� LV� QHHGHG� WR�
GHFUHDVH� WKH� VHYHULW\� RI� V\PSWRPV�� 7KH�
PDQDJHPHQW� RI� V\PSWRPV� LV� D� PXOWLGLVFLSOLQDU\�
DSSURDFK� FRPSULVLQJ� RI� KHDOWK� FDUH� SURIHVVLRQDOV�
IURP� GLIIHUHQW� ILHOGV� ZRUNLQJ� HIIRUWOHVVO\�
WKURXJKRXW�WKH�GD\�DQG�QLJKW�HQVXULQJ�WKDW�SDWLHQWV�
UHFHLYH�HIIHFWLYH�UHKDELOLWDWLYH�DQG�SK\VLFDO�WKHUDS\�
VHUYLFHV�������� 
0HWKRGV�	�5HVXOWV� 

6HDUFK�VWUDWHJ\� 

������$Q�RQOLQH�VHDUFK�ZDV�FDUULHG�RXW�XVLQJ�GLIIHUHQW�
VHDUFK�HQJLQHV�LQFOXGLQJ�*RRJOH�6FKRODU��3XEPHG��
DQG� &RFKUDQH� IURP� 2FWREHU� ����� WR� 'HFHPEHU�
�����WR�ORRN�IRU�WKH�UROH�RI�SK\VLFDO�WKHUDS\�DQG�LWV�
HIIHFWV�RQ�&29,'-���SDWLHQWV� 
7UHDWPHQW�VWUDWHJLHV� 
������6LQFH� WKH� YDFFLQHV� DUH� XQGHU� SURGXFWLRQ� DQG�
WKHUH� LV� QR� HIIHFWLYH� YDFFLQH� DYDLODEOH� IRU� WKH�

WUHDWPHQW�RI�D�PDQ\��SDWLHQWV�\HW��VRFLDO�GLVWDQFLQJ�
LV� WKH�SULPDU\� WRRO� WR� VWRS� WKH� WUDQVPLVVLRQ�RI� WKH�
YLUXV����� )XUWKHUPRUH�� VXSSRUWLYH� WKHUDSLHV�
LQFOXGLQJ� R[\JHQ� WKHUDS\�� SKDUPDFRORJLFDO�
WKHUDS\��DQG�SK\VLFDO� WKHUDS\�VXFK�DV�DFWLYH� UDQJH�
RI�PRWLRQ��F\FOH�HUJRPHWU\��SUH-JDLW�H[HUFLVHV��DQG�
DPEXODWLRQ� KHOS� UHGXFH� WKH� VHYHULW\� RI� V\PSWRPV�
��� 
3K\VLFDO�WKHUDS\�5ROH� 
������,Q� DVVLVWLQJ� KRVSLWDOL]HG� SDWLHQWV� WKURXJK�
UHVSLUDWRU\� VXSSRUW� DQG� PRELOL]DWLRQ�� WKH� SK\VLFDO�
WKHUDSLVW�SOD\V�D�VLJQLILFDQW� UROH��7KH�PDQDJHPHQW�
RI� SK\VLFDO� WKHUDS\� LQWHUYHQWLRQ� VKRXOG� EH�
FXVWRPL]HG� WR� WKH�QHHG�RI� WKH�SDWLHQW�DFFRUGLQJ� WR�
WKHLU� OHYHO� RI� VHYHULW\� RI� WKH� GLVHDVH� VR� WKDW�
DSSURSULDWH� WLPH� DQG� WUHDWPHQW� VKRXOG� EH� JLYHQ� WR�
WKH�SDWLHQW�WR�LPSURYH�WKHLU�TXDOLW\�RI�OLIH��3K\VLFDO�
WKHUDS\� PDQDJHPHQW� FRPSULVHV� RI� WZR�
FRPSRQHQWV�� 5HVSLUDWRU\� WUDLQLQJ� DQG� DFWLYH�
PRELOL]DWLRQ��5HVSLUDWRU\� WUDLQLQJ� FDQ� EH� GRQH� IRU�
DLUZD\�RSHQLQJ��WR�LPSURYH�WKH�YLWDO�FDSDFLW\�RI�WKH�
OXQJV�� PRELOL]H� VHFUHWLRQV�� DQG� WR� VWUHQJWKHQ� WKH�
PXVFOHV�RI�UHVSLUDWLRQ��%UHDWKLQJ�H[HUFLVHV�VXFK�DV�
GLDSKUDJPDWLF� EUHDWKLQJ�� DFWLYH� F\FOH� RI� EUHDWKLQJ�
WHFKQLTXHV��$&%7V��� WKRUDFLF�H[SDQVLRQ�H[HUFLVHV��
DQG� LQVSLUDWRU\� DQG� H[SLUDWRU\�PXVFOH� WUDLQLQJ� DUH�
GLIIHUHQW� WHFKQLTXHV� RI� UHVSLUDWRU\� VXSSRUW�� /HVV�
DIIHFWHG�SDWLHQWV� VKRXOG�EH� HQFRXUDJHG� WR�SHUIRUP�
EUHDWKLQJ� H[HUFLVHV� LQGHSHQGHQWO\�� 0RUHRYHU��
SURQH� SRVLWLRQLQJ� IRU� DW� OHDVW� ��-��� KRXUV� D� GD\�
HQKDQFHV�YHQWLODWLRQ�LQ�DGXOW�SDWLHQWV�DIIHFWHG�ZLWK�
VHYHUH�$5'6����� 
������2Q� WKH� RWKHU� KDQG�� DFWLYH� PRELOL]DWLRQ�
FRPSULVLQJ� RI� EHG� PRELOLW\�� SHOYLF� UROOLQJ�
H[HUFLVHV�� EULGJLQJ�� DQNOH� SXPSV�� DOO� FDQ� EH�

5(63,5$725<�6833257 $&7,9(�02%,/,=$7,21 
',6&285$*(�
3(5,2'�2)�
,1$&7,9,7< 

9LWDO�PRQLWRULQJ 
$YRLG� PXVFOH� FRQWUDFWXUHV� DQG�
DWURSK\��SRVLWLRQLQJ��520V��3520V� 

3URORQJ�EHG�UHVW 

3RVLWLRQLQJ 
(QFRXUDJH� UHPRGHOLQJ� RI� WKH� SDWLHQW�
�SUH� JDLW� H[HUFLVHV�� DPEXODWLRQ�� JDLW�
WUDLQLQJ��LVRPHWULFV��EDODQFH�WUDLQLQJ� 

,PPRELOLW\ 

3RVWXUDO�GUDLQDJH   
3RVLWLRQLQJ� DIWHU� HYHU\�
�� KRXUV� WR� SUHYHQW�
SUHVVXUH�VRUHV 

5HVSLUDWRU\�PXVFOHV�VWUHQJWKHQLQJ     

7UDLQLQJ� RI� UHVSLUDWRU\� PXVFOHV� YLD�
GLIIHUHQW� EUHDWKLQJ� WHFKQLTXHV�
�DFWLYH� F\FOH� RI� EUHDWKLQJ�
WHFKQLTXHV��GLDSKUDJPDWLF�EUHDWKLQJ��
VHJPHQWDO� EUHDWKLQJ� WHFKQLTXH��
SHUFXVVLRQV��YLEUDWLRQV� 

    

7DEOH����7KH�UROH�RI�3K\VLFDO�7KHUDS\�LQ�SDWLHQWV�LQIHFWHG�ZLWK�WKH�FRURQDYLUXV����� 
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��� 

SHUIRUPHG� WR� RYHUFRPH� WKH� SUREOHPV�� UHVWULFWLQJ�
DFWLYLWLHV�RI�GDLO\�OLYLQJ�DQG�IRU�WKH�LPSURYHPHQW�RI�
SK\VLFDO�IXQFWLRQ�DV�VKRZQ�LQ�WKH�WDEOH��7DEOH���������
��� 3DWLHQWV� VKRXOG� EH� HQFRXUDJHG� WR� SHUIRUP� OLJKW�
LQWHQVLW\� WUDLQLQJ� WR� LPSURYH� PXVFOH� VWUHQJWK� DQG�
IXQFWLRQDO� RXWFRPH�� ,QWHUYHQWLRQV� WR� LPSURYH�
HQGXUDQFH� DQG� EDODQFH� VKRXOG� EH� SURJUHVVHG�
JUDGXDOO\� DQG� JDLW� WUDLQLQJ� VKRXOG� EH� VWDUWHG� XVLQJ�
GLIIHUHQW�ZDONLQJ�DLGV��IRU�H[DPSOH��SDUDOOHO�EDUV�DQG�
ZDONHUV������ $OO� WKHVH� HDUO\� UHKDELOLWDWLYH�
LQWHUYHQWLRQV� KDYH� D� VLJQLILFDQW� LPSDFW� RQ� SDWLHQW�
RXWFRPH�WKXV�PLQLPL]LQJ�VHYHULW\�RI�V\PSWRPV�DQG�
WKHUHIRUH��UHGXFLQJ�WKH�GXUDWLRQ�RI�WKH�KRVSLWDO�VWD\�
���� 
������7KH�SK\VLFDO�WKHUDSLVW�PXVW�WDNH�SURSHU�PHDVXUHV�
WR� HQVXUH� WKHLU� RZQ� VDIHW\� DV� WKH\� DUH� DW� ULVN� RI�
JHWWLQJ�LQIHFWHG�GXH�WR�FORVH�FRQWDFW�ZLWK�SDWLHQWV�RI�
&29,'-���� 6R�� XQQHFHVVDU\� FRQWDFW� ZLWK� &29,'-
���SDWLHQWV�VKRXOG�EH�DYRLGHG��,Q�FDVHV�ZKHUH�GLUHFW�
GHOLYHU\� RI� H[HUFLVH� SURJUDPV� LV� QRW� UHTXLUHG�� WKH�
SK\VLFDO� WKHUDSLVW� PXVW� XVH� WHOHKHDOWK�� ZKLFK� LV�
DEVROXWH�PDQDJHPHQW�IRU�FRPPXQLFDEOH�GLVHDVHV��WR�
GHOLYHU� FDUH� ZKLOH� PLQLPL]LQJ� WKHLU� FRQWDFW� ZLWK�
LQIHFWHG�SHRSOH����� 
&RQFOXVLRQ� 

������&29,'-���LV�DQ�LQIHFWLRXV�FRQGLWLRQ�WKDW�VSUHDGV�
IURP� SHUVRQ� WR� SHUVRQ� E\� UHVSLUDWRU\� GURSOHWV� DQG�
KDV� FDXVHG� PDQ\� GHDWKV� ZRUOGZLGH�� 3URWHFWLYH�
VWUDWHJLHV�LQFOXGLQJ�WKH�XVH�RI�IDFH�PDVNV��JRRG�KDQG�
K\JLHQH�� DQG� VRFLDO� GLVWDQFLQJ� VKRXOG� EH� SUDFWLFHG�
PLQLPL]LQJ� WKH� VSUHDG� RI� WKH� YLUXV�� 7KH� SK\VLFDO�
WKHUDSLVW� SOD\V� D� VLJQLILFDQW� UROH� LQ� PDQDJLQJ�
V\PSWRPV� RI� UHVSLUDWLRQ� DQG� LPSURYLQJ� WKH� RYHUDOO�
TXDOLW\�RI�OLIH��(DUO\�UHKDELOLWDWLYH�FDUH�KDV�D�SRVLWLYH�
HIIHFW� RQ� FULWLFDOO\� LOO� SDWLHQWV� DQG� LW� JLYHV� PRUH�
EHQHILW� WR� WKH� SDWLHQW� DQG� UHGXFHV� WKH� OHQJWK� RI� WKH�
KRVSLWDO�VWD\� 

'LVFODLPHU��1RQH� 

&RQIOLFW�RI�LQWHUHVW��1RQH 

)XQGLQJ�'LVFORVXUH��1RQH 

5HIHUHQFHV� 
�� :HLOO� -$�� 6WLJOHU�0�� 'HVFKHQHV� 2�� 6SULQJERUQ�

05�� 6RFLDO� GLVWDQFLQJ� UHVSRQVHV� WR� &29,'-���
HPHUJHQF\� GHFODUDWLRQV� VWURQJO\� GLIIHUHQWLDWHG�
E\� LQFRPH�� 3URFHHGLQJV� RI� WKH� 1DWLRQDO�
$FDGHP\�RI�6FLHQFHV��������������������-��� 

�� &XFLQRWWD�'��9DQHOOL�0��:+2�GHFODUHV�&29,'-
��� D� SDQGHPLF�� $FWD� %LR� 0HGLFD�� $WHQHL�
3DUPHQVLV����������������� 

�� 5RRQH\� 6�� :HEVWHU� $�� 3DXO� /�� 6\VWHPDWLF�
5HYLHZ� RI� &KDQJHV� DQG� 5HFRYHU\� LQ� 3K\VLFDO�
)XQFWLRQ� DQG� )LWQHVV� $IWHU� 6HYHUH� $FXWH�
5HVSLUDWRU\� 6\QGURPH–5HODWHG� &RURQDYLUXV�

,QIHFWLRQ�� ,PSOLFDWLRQV� IRU� &29,'-���
5HKDELOLWDWLRQ�� 3K\VLFDO� 7KHUDS\�� ��������
���������-��� 

�� )HOWHQ-%DUHQWV]�.0�� YDQ�2RUVRXZ�5�� .ORRVWHU�
(��.RHQGHUV�1��'ULHKXLV�)��+XO]HERV�(+-��HW�DO��
5HFRPPHQGDWLRQV� IRU� +RVSLWDO-%DVHG� 3K\VLFDO�
7KHUDSLVWV�0DQDJLQJ� 3DWLHQWV�:LWK�&29,'-����
3K\VLFDO�7KHUDS\������������������-��� 

�� +XDQJ�&��:DQJ�<��/L�;��5HQ�/��=KDR�-��+X�<��
HW� DO�� &OLQLFDO� IHDWXUHV� RI� SDWLHQWV� LQIHFWHG�ZLWK�
����� QRYHO� FRURQDYLUXV� LQ� :XKDQ�� &KLQD�� 7KH�
ODQFHW���������������������-���� 

�� :RHOIHO� 5�� &RUPDQ� 90�� *XJJHPRV� :��
6HLOPDLHU� 0�� =DQJH� 6�� 0XHOOHU� 0$�� HW� DO��
&OLQLFDO�SUHVHQWDWLRQ�DQG�YLURORJLFDO�DVVHVVPHQW�
RI� KRVSLWDOL]HG� FDVHV� RI� FRURQDYLUXV� GLVHDVH�
����� LQ�D� WUDYHO-DVVRFLDWHG� WUDQVPLVVLRQ�FOXVWHU��
0HG5[LY������� 

�� &XUWLV� -5�� .URVV� (.�� 6WDSOHWRQ� 5'�� 7KH�
,PSRUWDQFH� RI� $GGUHVVLQJ� $GYDQFH� &DUH�
3ODQQLQJ� DQG� 'HFLVLRQV� $ERXW� 'R-1RW-
5HVXVFLWDWH� 2UGHUV� 'XULQJ� 1RYHO� &RURQDYLUXV�
����� �&29,'-����� -$0$�� �����������������-
�� 

�� 6RKUDEL� &�� $OVDIL� =�� 2¶1HLOO� 1�� .KDQ� 0��
.HUZDQ� $�� $O--DELU� $�� HW� DO�� :RUOG� +HDOWK�
2UJDQL]DWLRQ� GHFODUHV� JOREDO� HPHUJHQF\�� $�
UHYLHZ�RI� WKH������QRYHO�FRURQDYLUXV��&29,'-
�����,QWHUQDWLRQDO�-RXUQDO�RI�6XUJHU\������� 

�� )DJEXOH�2�������1RYHO�&RURQDYLUXV��$QQDOV�RI�
,EDGDQ� 3RVWJUDGXDWH�0HGLFLQH�� ��������������-
��� 

��� 0RUDZVND� /�� &DR� -�� $LUERUQH� WUDQVPLVVLRQ� RI�
6$56-&R9-���7KH�ZRUOG�VKRXOG�IDFH�WKH�UHDOLW\��
(QYLURQPHQW�,QWHUQDWLRQDO�������������� 

��� .XPDU� 3�� .HW]HO� 0�� 9DUGRXODNLV� 6�� 3LUMROD� /��
%ULWWHU�5��'\QDPLFV�DQG�GLVSHUVLRQ�PRGHOOLQJ�RI�
QDQRSDUWLFOHV� IURP� URDG� WUDIILF� LQ� WKH� XUEDQ�
DWPRVSKHULF� HQYLURQPHQW—D� UHYLHZ�� -RXUQDO� RI�
$HURVRO�6FLHQFH����������������-���� 

��� :DQJ�:��;X�<��*DR�5��/X�5��+DQ�.��:X�*��HW�
DO��'HWHFWLRQ�RI�6$56-&R9-�� LQ�GLIIHUHQW� W\SHV�
RI�FOLQLFDO�VSHFLPHQV��-DPD�������������������-
�� 

��� 1J�0-<��/HH�(<��<DQJ�-��<DQJ�)��/L�;��:DQJ�
+�� HW� DO�� ,PDJLQJ� SURILOH� RI� WKH� &29,'-���
LQIHFWLRQ�� UDGLRORJLF� ILQGLQJV� DQG� OLWHUDWXUH�
UHYLHZ�� 5DGLRORJ\�� &DUGLRWKRUDFLF� ,PDJLQJ��
����������H������� 

��� 9LWDFFD�0�� &DURQH�0�� &OLQL� (0�� 3DQHURQL�0��
/D]]HUL�0��/DQ]D�$��HW�DO��-RLQW�6WDWHPHQW�RQ�WKH�
5ROH� RI� 5HVSLUDWRU\� 5HKDELOLWDWLRQ� LQ� WKH�
&29,'-��� &ULVLV�� 7KH� ,WDOLDQ� 3RVLWLRQ� 3DSHU��
5HVSLUDWLRQ����������������-�� 

��� 5LJKHWWL� 5)�� 2QRXH� 0$�� 3ROLWL� )9$�� 7HL[HLUD�
'7��6RX]D�31G��.RQGR�&6��HW�DO��3K\VLRWKHUDS\�
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FDUH� RI� SDWLHQWV� ZLWK� FRURQDYLUXV� GLVHDVH� �����
�&29,'-���-D� %UD]LOLDQ� H[SHULHQFH�� &OLQLFV��
�������� 

��� .RUXSROX�5�� )UDQFLVFR�*(�� /HYLQ�+��1HHGKDP�
'0-7-RW,6R3�� 0HGLFLQH� 5�� 5HKDELOLWDWLRQ� RI�
FULWLFDOO\�LOO�&29,'-���VXUYLYRUV��������������� 

��� <X� 3�� :HL� 4�� +H� &-$-R30�� 5HKDELOLWDWLRQ��
(DUO\� 5HKDELOLWDWLRQ� IRU� &ULWLFDOO\� ,OO� 3DWLHQWV�
:LWK� &29,'-���� 0RUH� %HQHILWV� 7KDQ� 5LVNV��
��������������� 

��� 6PLWK�$&��7KRPDV�(��6QRVZHOO�&/��+D\GRQ�+��
0HKURWUD� $�� &OHPHQVHQ� -�� HW� DO�� 7HOHKHDOWK� IRU�
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$XWKRU�&RQWULEXWLRQ� 

*XO� 6��&RQFHSWLRQ��GHVLJQ��GUDIWLQJ� WKH�ZRUN�
DQG� DJUHHPHQW� WR� EH� DFFRXQWDEOH� IRU� DOO� DVSHFWV�
RI�WKH�ZRUN� 
1RRU-XO-+XGD�+��5HYLVLQJ�WKH�DU WLFOH�FU LWLFDOO\�
IRU� LPSRUWDQW� LQWHOOHFWXDO� FRQWHQW�� ILQDO� DSSURYDO�
RI� WKH�YHUVLRQ� WR�EH�SXEOLVKHG� DQG�DJUHHPHQW� WR�
EH�DFFRXQWDEOH�IRU�DOO�DVSHFWV�RI�WKH�ZRUN� 
6KHUD]L�05��5HYLVLQJ�WKH�DU WLFOH�FU LWLFDOO\�IRU�
LPSRUWDQW� LQWHOOHFWXDO� FRQWHQW�� ILQDO� DSSURYDO� RI�
WKH�YHUVLRQ� WR�EH�SXEOLVKHG�DQG�DJUHHPHQW� WR�EH�
DFFRXQWDEOH�IRU�DOO�DVSHFWV�RI�WKH�ZRUN� 
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