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2%-(&7,9(�� 7R� FRPSDUH� EHWZHHQ� GRXEOH� OD\HU� FORVXUH� DQG� EXFFDO� DGYDQFHPHQW� IODS� LQ� WKH�
PDQDJHPHQW�RI�2UR-DQWUDO�ILVWXOD 
0(7+2'2/2*<��7KLV�&RPSDUDWLYH�FURVV�VHFWLRQDO�VWXG\�ZDV�FRQGXFWHG�RQ����SDWLHQWV�ZLWK�RUDO�DQWUDO�
ILVWXOD�LQ�0D[LOORIDFLDO�6XUJHU\�'HSDUWPHQW��/LDTXDW�8QLYHUVLW\�RI�0HGLFDO�	�+HDOWK�VFLHQFHV�+\GHUDEDG��
7KH� VWXG\� ZDV� FRQGXFWHG� IURP� 0DUFK� ����� WR� )HEUXDU\� ������ 6HOHFWLRQ� RI� SDWLHQWV� ZDV� PDGH� RQ�
LQFOXVLRQ�FULWHULD�RI�SDWLHQW�KDYLQJ�2$)�IRU�PRUH�WKDQ����GD\V��LUUHVSHFWLYH�RI�ORFDWLRQ�DQG�VLGH��3DWLHQWV�
ZKR�GHYHORSHG�2UR-DQWUDO� ILVWXOD� �2$)��EHFDXVH�RI�DQ\�SDWKRORJ\�RU� LWV� WUHDWPHQW�� DQG�SDWLHQW�KDYLQJ�
EOHHGLQJ�WHQGHQF\�ZHUH�H[FOXGHG��'LYLVLRQ�RI�WZR�JURXSV�WR�DYRLG�DQ\�ELDV�LQ�WKLV�VWXG\�ZDV�GRQH�E\�
XVLQJ� UDQGRP� QXPEHU� WDEOH�� *URXS-,� ZDV� WUHDWHG� ZLWK� EXFFDO� DGYDQFHPHQW� IODS� ZKLOH� JURXS-,,� ZLWK�
³GRXEOH� OD\HU�FORVXUH�³ZLWK�EXFFDO� IDW�SDG´�DQG��QG� OD\HU�ZLWK�EXFFDO�DGYDQFHPHQW��7KH�RXWFRPH�ZDV�
HYDOXDWHG�IRU�DQ\�SRVWRSHUDWLYH�FRPSOLFDWLRQV�OLNH�ZRXQG�GHKLVFHQFH��QHFURVLV��LQIHFWLRQ� 
5(68/76��0DOHV� DQG� IHPDOHV� ZHUH� ���� DQG� ���� UHVSHFWLYHO\�� 7KH�PHDQ� DJH� ZDV� ����������� \HDUV��
0D[LOODU\�PRODUV�ZHUH�WKH�FRPPRQ�VLWH�IRU�2$)��0D[LOODU\�ILUVW�PRODU�IROORZHG�E\�VHFRQG�PRODU�VLWH�ZDV�
UDQNHG�DFFRUGLQJ�WR�IUHTXHQF\�RI�WKLV�FRQGLWLRQ��%XFFDO�DGYDQFHPHQW�SURFHGXUH�ZDV�XVHG�LQ�JURXS�$�
DQG� LQ� WKLV�FOXVWHU�������FDVHV�ZHUH�VXFFHVVIXO�� ,Q�*URXS�%��D�GRXEOH� OD\HUHG�FORVXUH�SURFHGXUH�ZDV�
XVHG�DQG�WKH�VXFFHVV�UDWH�ZDV�������ZKLFK�LV�VWDWLVWLFDOO\�QRW�VLJQLILFDQW� 
&21&/86,21�� 'RXEOH-OD\HUHG� FORVXUH� XVLQJ�%)3�ZLWK� EXFFDO� DGYDQFHPHQW� IODS� VKRXOG� EH� NHSW� DV� D�
YDOXDEOH�RSWLRQ�LQ�PLQG�LQ�WKH�PDQDJHPHQW�RI�2$)� 

.(<�:25'6�� %XFFDO� $GYDQFHPHQW� )ODS�� 2UR-$QWUDO� )LVWXOD�� %XFFDO� )DW� 3DG�� 'RXEOH� /D\HUHG� &ORVHG�
7HFKQLTXH�� 

,1752'8&7,21 

2UR-DQWUDO� ILVWXOD� �2$)�� LV� D� SHUVLVWHQW� DEQRUPDO�
FRPPXQLFDWLRQ� RI� RUDO� FDYLW\� ZLWK� PD[LOODU\� VLQXV���
7KH� LQFLGHQFH� RI� 2$)� UDQJHV� IURP� IRXU� WR� VHYHQ�
SHUFHQW�RI�FDVHV�DIWHU�H[WUDFWLRQ�RI�PD[LOODU\�SRVWHULRU�
WHHWK���0DOHV�DUH�PRUH�FRPPRQO\�GHYHORS�2$)� WKDQ�
IHPDOHV�DV�VXJJHVWHG�E\�OLWHUDWXUH�� 
7KH�PRVW� IUHTXHQW� FDXVH� XQGHUO\LQJ�2$)� LV� VXUJLFDO�
H[WUDFWLRQ�RI�WKH�VHFRQG�SUHPRODU�DQG�RI�WKH�ILUVW�DQG�
VHFRQG�PRODUV�RI� WKH�XSSHU� MDZ��WKH� ODWWHU�DOVR�EHLQJ�
UHIHUUHG� WR� DV� ³DQWUDO� WHHWK´�� 7KLV� LV� GXH� WR� WKH�
SUR[LPLW\�EHWZHHQ� WKH�DSH[HV�RI� WKHVH� WHHWK�DQG� WKH�
PD[LOODU\�VLQXV��ZLWK�D�GLVWDQFH�RI��-��PP��RU� WR� URRW�
SURWUXVLRQ� LQWR� WKH� IORRU� RI� WKH� PD[LOODU\� VLQXV�
VHFRQGDU\� WR� LPSRUWDQW� SQHXPDWL]DWLRQ� RI� WKH� ODWWHU���
2$)�PD\�DULVHV�GXH�WR�DQ\���SDWKRORJLFDO�SURFHVV�OLNH�
DIWHU� HQXFOHDWLRQ� RI� F\VWV�� UHVHFWLRQ� RI� WXPRU� RU� SRVW�
WUDXPDWLF� GHIHFWV�� GHQWDO� LQIHFWLRQ�� DQG�
RVWHRP\HOLWLV���� 
2$)� WKDW� IDFLOLWDWH� PLFURELDO� FRQWDPLQDWLRQ� IURP� WKH�
RUDO� FDYLW\� WRZDUGV� WKH� PD[LOODU\� VLQXV� WR� DYRLG�
EDFWHULDO�LQIHFWLRQ�DQG�FKURQLF�VLQXVLWLV�LW�LV�QHFHVVDU\�
WR� FORVH� 2$)� DV� VRRQ� DV� SRVVLEOH����� 0LQRU�

FRPPXQLFDWLRQV� RI� �PP� RU� OHVV� WKDQ� WKDW� XVXDOO\�
KHDOV� VSRQWDQHRXVO\� ZLWK� SDVVDJH� RI� WLPH� ZLWKRXW�
LQIHFWLRQ�� LI�VLQXV�SUHFDXWLRQV�DUH�DGYLVHG�DW� WKH� WLPH�
RI� H[WUDFWLRQ� RI� WRRWK�� /DUJHU� GHIHFWV� RI� PRUH� WKDQ�
�PP� RU� FKURQLF� 2$)� QHHG� DOPRVW� DOZD\V� VXUJLFDO�
UHSDLU��� 3DUDSLFDO�;� UD\V��23*��&7� VFDQ�&%&7�PD\�
VXJJHVW�GLIIHUHQW�ILQGLQJV�DFFRUGLQJ�WR�FDXVH�RI�ILVWXOD�
OLNH� VLQXV� IORRU� GLV-FRQWLQXLW\� DIWHU� IDXOW\� H[WUDFWLRQ��
RSDFLW\� RI� DIIHFWHG� PD[LOODU\� VLQXV� PD\� VXJJHVW�
VLQLVLWXV�� DOYHRODU� ERQH� UHVRUSWLRQ� RU� ZHOO-GHILQHG�
UDGLROXFHQW� OHVLRQ� FRXOG�EH�D� F\VW���&ORVXUHV�RI�2$)�
FDQ�EH�SHUIRUPHG�ZLWK�'LIIHUHQW�PXFRSHULRVWHDO�IODSV��
$V� HYHU\� IODS� KDYH� FHUWDLQ� LQGLFDWLRQV�� DGYDQWDJHV�
DQG� GLVDGYDQWDJHV�� $SSURSULDWH� VXUJLFDO� SURFHGXUH�
KDV� WR� EH� WDNHQ� ZKLOH� FRQVLGHULQJ� WKH� ZLGWK��
HSLWKHOL]DWLRQ� DQG� H[LVWHQFH� RI� LQIHFWLRQV� RU� QRW��
,QIHFWLRQ�RI�PD[LOODU\�VLQXV�PXVW�EH�DGGUHVVHG�EHIRUH�
FORVXUH�WR�DYRLG�LPSDLUHG�ZRXQG�KHDOLQJ���� 

%XFFDO� DGYDQFHPHQW�� SDODWDO� DGYDQFHPHQW� RU�
URWDWLRQDO� IODS�� QDVR-ODELDO� IODS�� WRQJXH� IODS� DUH�
FRPPRQO\�XVHG�PHWKRGV�WR�FORVH�2$)���%XFFDO�IDW�RI�
SDG�ZLWK� YDULRXV�DGYDQWDJHV�DUH� EHLQJ� LQWURGXFHG� WR�
UHSDLU�RI�RUR-DQWUDO�ILVWXOD��2$)��DQG�RWKHU�RUDO�GHIHFW�
FUHDWHG�E\�DQ\�OHVLRQ�HVSHFLDOO\�DW�EXFFDO�PXFRVD�� 
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,Q�������(J\HGL�3�������XVH�%)3� WR�FORVH�RUR-DQWUDO�
GHIHFWV�DV�D�SHGLFOHG�IODS�IRU�WKH��VW�WLPH�LQ�KLVWRU\�DV�
DQ� LQQRYDWLYH� PHWKRG� WR� FORVHG� 2$)� DQG� VKRZHG�
VXFFHVVIXO� FDVHV�� 7KH� %)3� LV� D� ELFRQYH[� GLVF� RI�
YDVFXODUL]HG� IDW� O\LQJ� EHKLQG� WKH� ]\JRPDWLF� DUFK��
7KHUH� DUH� IRXU� SURFHVVHV�� WKH� EXFFDO�� WKH� SWHU\JRLG��
WKH� VXSHUILFLDO� DQG� WKH� GHHS� WHPSRUDO�� 7KHVH�
SURFHVVHV� EURDGHQ� IURP� WKH� SWHU\JR-PDQGLEXODU�
VSDFH�DQG� WKH� LQIUD-WHPSRUDOVSDFH���7KLV� IODS�FDQ�EH�
XVHG� IRU�FORVXUH�RI�RUR-DQWUDO�FRPPXQLFDWLRQV�DQG� LQ�
WKH� UHFRQVWUXFWLRQ� RI� PLQRU� RUDO� GHIHFWV�� 7KLV� )ODS�
XVXDOO\�KDYH�KLJKHVW�VXFFHVV�UDWH�DV�FRPSDUH�WR�RWKHU�
IODSV� ZLWK� RQO\� PLQRU� SRVW-RSHUDWLYH� FRPSOLFDWLRQV�
REVHUYHG��� $V� LQ� URXWLQH� GHQWLVWU\� ZH� PXVW� KDYH�
NQRZOHGJH� UHJDUGLQJ� GHYHORSPHQW� RI� 2$)�� (IIHFWLYH�
FORVXUH� LV� SDUDPRXQW� LPSRUWDQW� WR� RYHUFRPH� WKLV�
FRQGLWLRQ�VR�WKH�SXUSRVH�RI�WKLV�VWXG\�ZDV�WR�FRPSDUH�
WKH� RXWFRPH� EHWZHHQ� VLQJOH� OD\HU� FORVXUH� �%XFFDO�
DGYDQFHPHQW� IODS�� DQG� GRXEOH� OD\HU� �%XFFDO�
DGYDQFHPHQW�DQG�EXFFDO�IDW�SDG�IODS��WHFKQLTXHV� 

0(7+2'2/2*< 

7KLV� &RPSDUDWLYH� FURVV� VHFWLRQDO� VWXG\� ZDV�
FRQGXFWHG� RQ� ��� SDWLHQWV� ZLWK� RUDO� DQWUDO� ILVWXOD� LQ�
0D[LOORIDFLDO� 6XUJHU\� 'HSDUWPHQW�� /LDTXDW� 8QLYHUVLW\�
RI�0HGLFDO�	�+HDOWK�VFLHQFHV�+\GHUDEDG� IURP�0DUFK�
����� WR� )HEUXDU\� ������ 1RQ� SUREDELOLW\� SXUSRVLYH�
VDPSOLQJ� WHFKQLTXH� ZDV� XVHG� IRU� GDWD� FROOHFWLRQ��
6HOHFWLRQ�RI�SDWLHQWV�ZDV�PDGH�RQ�LQFOXVLRQ�FULWHULD�RI�
SDWLHQW� KDYLQJ� 2$)� IRU� PRUH� WKDQ� ��� GD\V��
LUUHVSHFWLYH� RI� ORFDWLRQ� DQG� VLGH�� 3DWLHQWV� ZKR�
GHYHORSHG� 2$)� EHFDXVH� RI� DQ\� SDWKRORJ\� RU� LWV�
WUHDWPHQW�DQG�SDWLHQWV�KDYLQJ�EOHHGLQJ�WHQGHQF\�ZHUH�
H[FOXGHG�� 3DWLHQWV� ZHUH� GLYLGHG� LQWR� WZR� JURXSV� E\�
UDQGRPL]DWLRQ� RI� HYHQ� DQG� RGG�PHWKRGV�� 3DWLHQWV� LQ�
*URXS-$�ZHUH� WUHDWHG�ZLWK� EXFFDO� DGYDQFHPHQW� IODS��
*URXS-%� SDWLHQWV� ZHUH� WUHDWHG� ZLWK� GRXEOH� OD\HU�
FORVXUH�ZLWK�EXFFDO� IDW� SDG�DQG� �QG� OD\HU�ZLWK�EXFFDO�
DGYDQFHPHQW� 
3DWHQWV� LQ� JURXS� $� ZHUH� WUHDWHG� ZLWK� EXFFDO�
DGYDQFHPHQW�IODS��$IWHU�LQILOWUDWLRQ�RI�ORFDO�DQHVWKHVLD�
;\ORFDLQH� ��� ZLWK� DGUHQDOLQH� �������� DW� WKH� EXFFDO�
DQG� SDODWDO� VLGH� RI� ILVWXOD�� ILVWXOD� OLQLQJ�ZDV� UHPRYHG�
DQG� WKH� IODS� ZDV� UDLVHG� E\� PDNLQJ� WZR� EXFFDO�
GLYHUJHQW� YHUWLFDO� LQFLVLRQV� H[WHQGLQJ� LQWR� WKH� EXFFDO�
YHVWLEXOH�IURP�ILVWXOD�ZLWK�EODGH�QR�����7KH�WUDSH]RLGDO�
EXFFDO� IODS� ZDV� HOHYDWHG� DQG� EURXJKW� DFURVV� WKH�
GHIHFW� DQG� VXWXUHG� WR� WKH� SDODWDO� VLGH� ZLWK� 9LFU\O�
�(WKLFRQ�������%URDG�EDVH�ZDV�NHSW�LQ�FRQVLGHUDWLRQ�WR�
HQVXUH�DGHTXDWH�EORRG�VXSSO\� 
:KLOH�LQ�*URXS�%�EXFFDO�DGYDQFHPHQW�IODS�ZDV�GRQH�
DORQJ� ZLWK� EXFFDO� )DW� SDG�� %XFFDO� IDW� SDG� LV� ORFDWHG�
EHWZHHQ� EXFFLQDWRUV� PXVFOH� DQG� PDVVHWHU��
]\JRPDWLFXV�PLQRU�PXVFOH��7KH� ORZHU�SDUW� RI�%)3� LV�
HQFORVHG� WR� EXFFDO� VSDFH�� $IWHU� UHIOHFWLRQ� RI� EXFFDO�
DGYDQFHPHQW� IODS� DV� PHQWLRQHG� LQ� JURXS� $�� D�
PRVTXLWR�IRUFHS�ZDV�XVHG�LQ�XSZDUG�GLUHFWLRQ�WKURXJK�
EXFFDO� VSDFH� WR� UHWULHYH� EXFFDO� IDW� SDG�� 7KH� WLVVXHV�

ZHUH�JHQWO\� WHDVHG�RXW�RI�VXIILFLHQW�VL]H�WLOO� LW�UHDFKHG�
WR� SDODWDO� VLGH� WR� FORVH� WKH� GHIHFW� DV� �VW� OD\HU� DQG�
VXWXUHV� ZHUH� DSSOLHG� WKDQ� EXFFDO� DGYDQFHPHQW� IODS�
ZHUH� WDNHQ�RYHU� WKH�EXFFDO� IDW�SDG�DV��QG� OD\HU�DQG�
VWLWFKHG�ZLWK�VXWXUH�RQ�SDODWDO�VLGH� 
7KH� RXWFRPH� RI� SURFHGXUH� ZDV� HYDOXDWHG� IRU� DQ\�
SRVWRSHUDWLYH� FRPSOLFDWLRQV� OLNH� ZRXQG� GHKLVFHQFH��
QHFURVLV�� LQIHFWLRQ�� &RPSOHWH� HSLWKHOL]DWLRQ� DQG�
KHDOLQJ�REVHUYHG�ZLWK�QR�SRVWRSHUDWLYH�FRPSOLFDWLRQV�
OLNH�SDLQ��EORZLQJ� WKH�QRVH��VZHOOLQJ��HWF��ZDV�NQRZQ�
DV�VXFFHVVIXO�WHFKQLTXH� 
$OO� LQIRUPDWLRQ� RI� YDULDEOHV� ZDV� GRFXPHQWHG� LQ� D�
VWUXFWXUHG� SURIRUPD�� 'DWD� ZDV� DQDO\]HG� E\� 6366�
YHUVLRQ� ���� 0HDQ� DQG� VWDQGDUG� GHYLDWLRQ� ZDV�
FDOFXODWHG� IRU� FRQWLQXRXV� YDULDEOHV� OLNH� DJH��
)UHTXHQF\� DQG� SHUFHQWDJH� ZHUH� FDOFXODWHG� IRU�
FDWHJRULFDO� YDULDEOHV� OLNH� JHQGHU�� DJH� JURXSV�� VLWH� RI�
GLVWULEXWLRQ��JURXSV�RI�VWXG\� OLNH�EXFFDO�$GYDQFHPHQW�
IODS�DQG�GRXEOH�OD\HUHG�FORVXUHG��7KH�FKL�VTXDUH�WHVW�
ZDV�DSSOLHG�EHWZHHQ�WKH�VWXG\�JURXSV�DQG�SHUIRUPHG�
SURFHGXUHV� WR� FKHFN� WKH� VWDWLVWLFDO� GLIIHUHQFH� DQG�
VLJQLILFDQFH��7KH�VLJQLILFDQFH�ZDV�VHW�DW�S-YDOXH�������
DW�����FRQILGHQFH�LQWHUYDO� 

5(68/76 

7KLUW\�SDWLHQWV�ZHUH�VHOHFWHG�IRU�WKLV�VWXG\�GXULQJ�WKLV�
VWXG\�� 0DOHV� DQG� IHPDOHV� ZHUH� ���� DQG� ����
UHVSHFWLYHO\��7KH�PDOH�WR�IHPDOH�UDWLR�ZDV�����)LJXUH�
,���7KH�DJH�RI�WKH�SDWLHQWV�UDQJHG�IURP����WR����\HDUV�
ZLWK�WKH�PHDQ�DJH�RI������������6'�\HDUV��2XW�RI�WKH�
���SDWLHQWV���������SDWLHQWV�ZHUH�LQ�WKH�WKLUG�GHFDGH�
RI�OLIH�IROORZHG�E\���������LQ�IRXUWK�GHFDGH�DV�VKRZQ�
LQ�7DEOH�,�� 
%XFFDO� DGYDQFHPHQW� IODSV�ZHUH� XVHG� LQ� JURXS� ,� DQG�
������ FDVHV� ZHUH� VXFFHVVIXO�� ,Q� *URXS� %�� GRXEOH�
OD\HUHG�FORVXUH�SURFHGXUH�ZDV�XVHG�DQG�WKH�VXFFHVV�
UDWH�ZDV�������ZKLFK�LV�VWDWLVWLFDOO\�QRW�VLJQLILFDQW��S-
YDOXH �������DV�VKRZQ�7DEOH�,,�� 

),*85(�,��'(6&5,37,21�2)�*(1'(5 

0DQDJHPHQW�RI�2URDQWUDO�)LVWXOD 
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7KLV� VWXG\� IRXQG� WKDW� 2$)� KDG� D� JUHDWHU� PDOH�
SUHSRQGHUDQFH�WKHQ�IHPDOH�ZLWK�����EHLQJ�WKH�PDOH�WR�
IHPDOH� UDWLR�� 6HYHUDO� VWXGLHV� UHSRUWHG� VLPLODU� UHVXOWV��
'HOJDGR� UHYHDOHG� WKDW� RXW� RI� ��� SDWLHQWV�� ���� ZHUH�
PDOHV�DQG�����ZHUH� IHPDOHV��ZLWK�D�PDOH� WR� IHPDOH�
UDWLR�RI����������+LUDWD�<�HW�DO���GHPRQVWUDWHG�WKDW�WKH�
LQFLGHQFH� RI�2$)� LV� HVVHQWLDOO\� KLJKHU� LQ�PHQ�ZLWK� D�
PDOH�WR�IHPDOH�UDWLR�RI��������%\�DQG�ODUJH�WKH�DJH�RI�
SDWLHQWV� DW� WKH� WLPH� RI� UHSRUWLQJ� ZDV� ��� WR� ��� \HDUV�
ZLWK� WKH�PHDQ�EHLQJ�����������\HDUV��,Q�D�WRWDO�RI����
SDWLHQWV�����ZHUH�LQ�WKH��UG�GHFDGH�RI�OLIH�ZKLOH�����
LQ�WKH��WK�GHFDGH� 
*XYHQ�2��������DQG�(ODUEL�06��������VKRZHG�VLPLODU�
UHVXOWV� WR� WKLV� VWXG\� L�H�� 2$)� ZDV�PRUH� SUHYDOHQW� LQ�
WKH� �UG� DQG� �WK� GHFDGH�� $FFRUGLQJ� WR� $UFKHU�� WKUHH�
IDFWRUV� DUH� LPSHUDWLYH� IRU� WKH� VXFFHVVIXO� VXUYLYDO� RI�
IODS� LQ� WKH� VXUJLFDO� FORVXUH� RI� 2$)� ZKLFK� DUH� WKH�
SHUIXVLRQ� RI� WKH� IODS�� WKH� E\SDVV� RI� WKH� VLQXV¶�
VHFUHWLRQV�� WKH� VLQXV� VKRXOG� EH� LQIHFWLRQ� IUHH� GXULQJ�
WKH� FRXUVH� RI� WKH� SURFHGXUH�� )RU� WKH� YHU\� VDPH�
UHDVRQ� LW� LV� FUXFLDO� WR� XVH� DQWLELRWLFV� SUH� DQG� SRVW-
RSHUDWLYHO\�� 
,W� KDV� EHHQ� REVHUYHG� E\� PDQ\� LQYHVWLJDWRUV� WKDW�
EXFFDO� IDW� SDG� LV� D� WLPH� FRQVXPDEOH� SURFHGXUH� DQG�
WHFKQLTXH� VHQVLWLYH�� SHUIRUDWLRQ� RU� VKULQNDJH� DUH�
FRPSOLFDWLRQV� LI� XVHG� DORQH����� (J\HGL� 3� ������
HPSKDVL]HG� WR�XVH�VNLQ�JUDIW� WR�FRYHU�EXFFDO� IDW�SDG�

KRZHYHU� 7LGHPDQ� +� ������� UHSRUWHG� WKDW� %)3�
EHFRPH� VHOI-HSLWKHOLDOL]HG� LQ� FRXSOH� RI� ZHHNV� RI� LWV�
LQVHW�� /DUJHU�GHIHFWV�FDQ�EH�DGHTXDWHO\�PDQDJHG�E\�
FRYHULQJ� WKH� %)3� ZLWK� EXFFDO� DGYDQFHPHQW� IODS��
&RPELQH� WHFKQLTXH� KDV� DGGHG� DGYDQWDJH� RI� VWDELOLW\�
RI�WLVVXH�DW�VXUJLFDO�VLWH�DQG�LW�FDQ�DOVR�KHOS�IRU�IXWXUH�
ERQH�JUDIWLQJ������ 
&RPSDULVRQ� EHWZHHQ� WKH� UHODWLRQVKLS� RI� WKH� EXFFDO�
IODS� DQG� VLQXVLWLV� ZDV� GRQH� E\� '\P� +� ������� ZKR�
VKRZHG� WKDW� LI� PD[LOODU\� VLQXV� ZDV� LQIHFWLRQ� IUHH� WKH�
ULVN� RI� IODS� IDLOXUH� EHIRUH� DQG� DIWHU� FORVXUH� EHFDPH�
FORVH�WR�]HUR� 
*URXS�$�EXFFDO�DGYDQFHPHQW� IODS�ZHUH�XVHG�� ,Q� WKLV�
JURXS�� ���� FDVHV� ZHUH� WHUPHG� DV� VXFFHVVIXO� DQG�
���� XQVXFFHVVIXO�� 7KH� IDLOXUHV� RI� WKH� �� FDVHV� ZHUH�
LQYHVWLJDWHG��2QH�IDLOHG�GXH�WR�SRVWRSHUDWLYH�LQIHFWLRQ�
ZKLOH� LQ� RWKHU� IODS� GHKLVFHQFH� GXH� WR� LPSURSHU�
SRVWRSHUDWLYH�FDUH�ZDV�WR�EH�EODPHG��=LGH�0)��������
QRWHG�WKDW�WKH�UHGXFWLRQ�LQ�VXOFXODU�GHSWK�ZDV�D�GLUHFW�
LPSOLFDWLRQ� RI� XVLQJ� EXFFDO� DGYDQFHPHQW� IODS�
SURFHGXUH��(ODUEL�06��������RQ�WKH�RWKHU�KDQG��IRXQG�
WKDW�WKLV�UHGXFHG�VXOFXODU�GHSWK�ZDV�WUDQVLHQW��0RGHOV�
RI�SDWLHQW�EHIRUH�DQG�DIWHU�VXUJHU\� IROORZLQJ���ZHHNV�
FRQILUPHG� WKDW� WKLV� UHGXFHG� GHSWK� LQFUHDVHG� WR� D�
QRUPDO� KHLJKW�� ,Q� *URXS� %� EXFFDO� DGYDQFHPHQW� ZLWK�
EDFFDO�IDW�SDG��%)3��ZDV�XVHG�WR�FORVH�WKH�2$)������
FDVHV� ZHUH� VXFFHVVIXO�� 2QH� FDVH� ZDV� IDLOHG� ZKLFK�
ZDV�ODWHU�LQYHVWLJDWHG�DQG�WKH�UHDVRQ�ZDV�RVWHRP\OLWLV�
RI�PD[LOOD���/LPLWHG�VWXGLHV�EHHQ�SXEOLVKHG�LQ�OLWHUDWXUH�
IRU�GRXEOH� OD\HU�FORXVUH��-���� ,W�SURYLGHV�PRUH� UHOLDEOH�
UHVXOWV�DQG�VWDELOLW\�RI�IODS��6WDMFLV�=��������DGYRFDWHG�
WKH�XVH�RI�WKH�EXFFDO�IDW�SDG�IRU�2$)�FORVXUH��,Q�RWKHU�
VWXG\� &DQGDPRXUW\� 5� ������� XVHG� GRXEOH� OD\HUHG�
FORVXUH� DQG� IRXQG� WKDW� LW� LV� YHU\� XVHIXO� IRU� 2$)�
FORVXUH� 
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:LWK� WKLV�VPDOO�VDPSOH�VL]H��ZH�FDQQRW�FRQFOXGH�DQ\�
WHFKQLTXH� LV� VXSHULRU� WR� RWKHU�� 6XUJHRQ¶V� H[SHULHQFH�
DQG� SUHIHUHQFH� LV� DOVR� LPSRUWDQW� FRQVLGHUDWLRQ� WR�
FKRRVH� WKH� WHFKQLTXH�� � )XUWKHU� EURDG� EDVHG� VWXGLHV�
DUH�UHFRPPHQGHG�IRU�FRPSDULVRQ�RI�ERWK�WHFKQLTXHV�� 

(WKLFDO� SHUPLVVLRQ�� 'HDQ� )DFXOW\� RI� 'HQWLVWU\��
/LDTXDW� 8QLYHUVLW\� RI� 0HGLFDO� 	� +HDOWK� 6FLHQFHV��
'HSDUWPHQWDO�,5%�OHWWHU�1R��)'������GDWHG���-�-����� 
&RQIOLFW� RI� ,QWHUHVW�� 7KHUH�ZDV�QR�DQ\�FRQIOLFW�RI�
LQWHUHVW� 
)XQGLQJ��7KHUH�ZDV�QR�DQ\�IXQGLQJ�DJHQF\ 
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&KDQQDU�.$��7RSLF�VHOHFWLRQ��VHOHFWLRQ�RI�VXEMHFWV 
6KDLNK�,$��+HOS�LQ�VFLHQWLILF�UHVHDUFK�DQG�UHYLHZ 
0HPRQ�$%��'DWD�DQDO\VLV� 
6RRPUR�61��'DWD�LQWHUSUHWDWLRQ 
%DORFK�$-��5HIHUHQFHV�VHWWLQJ 
1DMDP�6��'DWD�FROOHFWLRQ� 

.DVKLI�$OL�&KDQQDU��,UIDQ�$KPHG�6KDLNK��6HHPD�1D]�6RRPUR��$EGXO�%DUL�0HPRQ��$EGXO�-DEEDU��6KDKZDU�1DMDP 

�� 
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-�/LDTXDW�8QL�0HG�+HDOWK�6FL�-$18$5<�-�0$5&+�������9RO�����1R���� 

5()(5(1&(� 

�� &DQND\D� $%�� (UGHP� 0$�� &DNDUHU� 6�� ,VOHU� 6&��
'HPLUFDQ� 6�� 2UDO� &.�� 5HOLDELOLW\� RI� WZR� VXUJLFDO�
PHWKRGV� IRU� RURDQWUDO� FRPPXQLFDWLRQ� FORVXUH�� D�
FOLQLFDO�VWXG\�RI����SDWLHQWV��2WRODU\QJRORJ\��������
���������� 

�� GHO� 5H\-6DQWDPDUtD� 0�� 9DOPDVHGD-&DVWHOOyQ� (��
%HULQL-$\WpV� /�� *D\-(VFRGD� &�� ,QFLGHQFH� RI� RUDO�
VLQXV� FRPPXQLFDWLRQV� LQ� ���� XSSHU� WKLUG� PRODU�
H[WUDFWLRQ��0HG�2UDO� 3DWRO� 2UDO� &LU� %XFDO�� ������
����������-��� 

�� <DOoÕQ�6��2QFX�%��(PHV�<��6XUJLFDO� WUHDWPHQW�RI�
RURDQWUDO� ILVWXODV�� D� FOLQLFDO� VWXG\� RI� ��� FDVHV�� -�
2UDO� 0D[LOORIDF� 6XUJ� ������ ������� ���-��� GRL��
��������M�MRPV������������� 

�� )HQJ� +(�� .DL-MLQ� +X�� =KRX� +=�� &DXVHV� DQG�
SUHYHQWLRQ� RI� RURDQWUDO� SHUIRUDWLRQ� DQG� RURDQWUDO�
ILVWXOD�� -� $FWD� 0HWDOOXUJLFD� 6LQLFD�� ������ �������
���-���� 

�� 'HVDL�50��3UDNDVK�9-��&KDXKDQ�5��0DKDMDQ�5��
%XFFDO�IDW�SDG�IRU�WKH�FORVXUH�RI�RUR-DQWUDO�ILVWXOD��
-�+HDOWK�5HV�5HY�������������-��  

�� .UDXW�5$��6PLWK�59��7HDP�DSSURDFK� IRU� FORVXUH�
RI� RURDQWUDO� DQG� RURQDVDOILVWXOH�� $WODV� 2UDO�
0D[LOORIDF�6XUJ�&OLQ�1RUWK�$P������� �� ��-��� 

�� $VODP�$��<XQXV�0��5DKPDQ�3��/XTPDQ�8��6KDK�
6$�� %XFFDO� IDW� SDG� IODS� LQ� PDQDJHPHQW� RI�
RURDQWUDO�ILVWXOD��3DN�2UDO��'HQW�-����������������-
��� 

�� (J\HGL� 3�� 8WLOL]DWLRQ� RI� WKH� EXFFDO� IDW� SDG� IRU�
FORVXUH� RI� RURDQWUDO� DQG�RU� RUR-QDVDO�
FRPPXQLFDWLRQ� -�0D[LOORIDF�6XUJ�������������-�� 

�� 'HOJDGR� *DOLQGH]� %�� *RQ]DOH]� 6DQFKH]� 2-��
9LOODOSDQGR� &DUUFRQ� 0�� $OERUHV]XQLJD�� 6XUJLFDO�
FRUUHFWLRQ� RI� RURDQWUDO� ILVWXODV� ZLWK� LQWHJUDWLRQ� RI�
PDQGLEXODU�ERQH��5HY�0HG�,QVW�0H[�6HJXUR�6RF��
�������������-��� 

��� +LUDWD�<��.LQR�.��1DJDRND�6��0L\DPRWR�5��<RVKL-
PDVX�+��$PDJDVD�7��$�FOLQLFDO�LQYHVWLJDWLRQ�RI�RUR
-PD[LOODU\� VLQXV� IRUDWLRQ� GXH� WR� WRRWK� H[WUDFWLRQ��
.RNXE\R�*NNL]DVVKL���������������-��� 

��� *XYHQ�2��$�FOLQLFDO� VWXG\� RQ�RURDQWUDO� ILVWXODH�� -�
&UDQLRPD[LOORIDF�6XUJ���������������-��� 

��� (ODUEL� 06�� 7KH� PDQDJHPHQW� RI� DQ� 2URDQWUDO�
ILVWXOD-$� FOLQLFDO� VWXG\� RI� ��� FDVHV�� -� 3DN� 2UD�
'HQW��������������-�� 

��� �$UFKHU� :�� &RPSOLFDWLRQ� DVVRFLDWHG� ZLWK� RUDO�
VXUJHU\��,Q��2UDO�DQG�0D[LOORIDFLDO�6XUJHU\���WK�HG��
3KLODGHOSKLD��:�%��6DXQGHUV������������-����� 

��� 7LGHPDQ� +�� %RVDQTXHW� $�� 6FRWW� -�� 8VH� RI� WKH�
EXFFDO� IDW� SDG� DV� D� SHGLFOHG� JUDIW� -� 2UDO�
0D[LOORIDF�6XUJ���������������-��� 

��� '\P� +�� 2JOH� 2(�� &ORVXUH� RI� RUDO� DQWUDO�
FRPPXQLFDWLRQV�DQG� WUHDWPHQW�RI�VLQXV� LQIHFWLRQ��
,Q�� $WODV� RI� PLQRU� RUDO� VXUJHU\�� �VW� HG��
3KLODGHOSKLD��:�%��6DXQGHUV�&RPSDQ\����������
-��� 

��� =LGH� 0)�� .DUDV� .'�� +\GUR[\DSDWLWH� EORFNV�
FORVXUH� RI� RURDQWUDO� ILVWXODV�� -� 2UDO� 0D[LOORIDF�
6XUJ��������������-��� 

��� 6WDMFLV� =�� 7KH� EXFFDO� IDW� SDG� LQ� WKH� FORVXUH� RI�
RURDQWUDO� FRPPXQLFDWLRQ�� -� &UDQLR� 0D[LOORIDF�
6XUJ��������������-�� 

��� &DQGDPRXUW\� 5�� -DLQ� 0.�� 6DQNDU� .�� 'RXEOH-
OD\HUHG�FORVXUH�RI�RURDQWUDO�ILVWXOD�XVLQJ�EXFFDO�IDW�
SDG�DQG�EXFFDO�DGYDQFHPHQW�IODS���-�1DW�6FL�%LRO�
0HG�����������������–�� 

��� 5LWXO�3DWHO��3UXWKD�3DWHO��9LUDO�.DODUL\D��+HW�3DWHO��
&KHWDQ� &KDYGD�� &ORVXUH� RI� 2UR-$QWUDO�
&RPPXQLFDWLRQ�8VLQJ�%XFFDO�$GYDQFHPHQW�)ODS��
:RUOG�-�3ODVW�6XUJ� ����� ���������-�� 

��� .KDQGHOZDO� 3�� +DMLUD� 1�� 0DQDJHPHQW� RI� 2UR-
DQWUDO� &RPPXQLFDWLRQ� DQG� )LVWXOD�� 9DULRXV�
6XUJLFDO�2SWLRQV� :RUOG�-�3ODVW�6XUJ��������������
�-��� 

0DQDJHPHQW�RI�2URDQWUDO�)LVWXOD 

�� 
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'U��.DVKLI�$OL�&KDQQDU��&RUUHVSRQGHQFH�$XWKRU� 
$VVRFLDWH�3URIHVVRU 
'HSDUWPHQW�RI�2UDO�	�0D[LOORIDFLDO�6XUJHU\ 
/LDTXDW�8QLYHUVLW\�RI�0HGLFDO�DQG�+HDOWK�6FLHQFHV� 
�/80+6���-DPVKRUR��6LQGK-3DNLVWDQ� 
(PDLO��NDVKLIBRPIV#\DKRR�FRP� 

'U��,UIDQ�$KPHG�6KDLNK 
$VVRFLDWH�3URIHVVRU 
'HSDUWPHQW�RI�3URVWKRGRQWLFV 
/80+6��-DPVKRUR��6LQGK-3DNLVWDQ� 

'U��6HHPD�1D]�6RRPUR 
$VVRFLDWH�3URIHVVRU 
'HSDUWPHQW�RI�2UDO�%LRORJ\� 
/80+6��-DPVKRUR��6LQGK-3DNLVWDQ� 

 
 

'U��$EGXO�%DUL�0HPRQ 
$VVLVWDQW�3URIHVVRU 
%LEL�$VHHID�'HQWDO�&ROOHJH�#�60%%08� 
/DUNDQD��6LQGK-3DNLVWDQ� 
 
'U��$EGXO�-DEEDU 
$VVLVWDQW�3URIHVVRU 
'HSDUWPHQW�RI�2UWKRGRQWLFV 
/80+6��-DPVKRUR��6LQGK-3DNLVWDQ�� 
 
'U��6KDKZDU�1DMDP 
)&36�7UDLQHH 
'HSDUWPHQW�RI�RUDO�	�PD[LOORIDFLDO�VXUJHU\ 
/80+6��-DPVKRUR��6LQGK-3DNLVWDQ�� 


