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6\VWHPDWLF�5HYLHZ� 
 
&RPSDUDWLYH� HIILFDF\� DQG� VDIHW\� RI� DQWL-LQIHFWLYH� GUXJV� IRU� SDWLHQWV�ZLWK�PLOG� WR� VHYHUH�
&29,'-����$�V\VWHPDWLF�UHYLHZ�DQG�QHWZRUN�PHWD-DQDO\VLV�RI�UDQGRPL]HG�FRQWUROOHG�WUL�
DOV 
 
'HMHQH�7RORVVD�'HEHOD�����7VHJDKXQ�0DQ\D]HZDO���0HUJD�%HOLQD���.DVVDKXQ�+DEWDPX���$EHEDZ�)HNDGX� 

 
 �&HQWHU�IRU�,QQRYDWLYH�'UXJ�'HYHORSPHQW�DQG�7KHUDSHXWLF�7ULDOV�IRU�$IULFD��&'7-$IULFD���&ROOHJH�RI�
 ��+HDOWK�6FLHQFHV��$GGLV�$EDED�8QLYHUVLW\��$GGLV�$EDED��(WKLRSLD 
 �4XDOLW\�,PSURYHPHQW�8QLW��6KHQHQ�*LEH�*HQHUDO�+RVSLWDO��-LPPD��(WKLRSLD 
 �'HSDUWPHQW�RI�6WDWLVWLFV��$GGLV�$EDED�8QLYHUVLW\��$GGLV�$EDED��(WKLRSLD 
 �6FKRRO�RI�3V\FKRORJ\��$GGLV�$EDED�8QLYHUVLW\��$GGLV�$EDED��(WKLRSLD 
 
&RUUHVSRQGLQJ�DXWKRUV
��GHMHQHWRORVVD�#JPDLO�FRP� 
 
$EVWUDFW� 
%DFNJURXQG��'LIIHUHQW�DQWL-LQIHFWLYH�GUXJV�KDYH�EHHQ�SURSRVHG�IRU�WKH�WUHDWPHQW�RI�SDWLHQWV�ZLWK�&29,'-����:H�
FDUULHG�RXW�D�QHWZRUN�PHWD-DQDO\VLV�WR�DVVHVV�WKHLU�UHODWLYH�HIILFDF\�DQG�VDIHW\� 
0HWKRGV��:H�VHDUFKHG�UHOHYDQW�GDWDEDVHV�IRU�DOO�UDQGRPL]HG�FRQWUROOHG�WULDOV�WKDW�UHSRUWHG�WKH�HIILFDF\�DQG�RU�
VDIHW\�RI�DQ\�DQWL-LQIHFWLYH�GUXJV�SXEOLVKHG�XS�WR�$SULO����������IRU�GLIIHUHQW�RXWFRPHV��:H�GLG�ERWK�SDLUZLVH�DQG�
QHWZRUN�PHWD-DQDO\VLV�ZLWK�����FRQILGHQFH�LQWHUYDOV�XVLQJ�D�IL[HG-HIIHFW�PRGHO��:H�DVVHVVHG�VWXGLHV�IRU�TXDOLW\�RI�
HYLGHQFH�XVLQJ�DQ�H[WHQVLRQ�RI�WKH�VWDQGDUG�*UDGLQJ�RI�5HFRPPHQGDWLRQV��$VVHVVPHQW��'HYHORSPHQW�DQG�(YDOXD�
WLRQ�DSSURDFK�FRQVLGHULQJ�3������WR�EH�VWDWLVWLFDOO\�VLJQLILFDQW� 
5HVXOWV��:H�LQFOXGHG����5&7V�IRU��������SDUWLFLSDQWV�RQ����DQWL-LQIHFWLYH�GUXJV��)RU�FOLQLFDO�UHFRYHU\�DW����GD\V�
,YHUPHFWLQ� �25 � ������ ���&,�� >������ ����@�� S� �� �������� PRGHUDWH� FHUWDLQW\� HYLGHQFH��� %DUL�
FLWLQLE SOXV 5HPGHVLYLU� �25 � ������ ���&,�� >������ ����@�� S�  � ������� ORZ� FHUWDLQW\� HYLGHQFH��� DQG� )DYLSLUDYLU�
�25 ����������&,��>����������@��S� ��������PRGHUDWH�FHUWDLQW\�HYLGHQFH��ZHUH�VWDWLVWLFDOO\�HIIHFWLYH�WKDQ�VWDQG�
DUG�RI�FDUH��7KHUH�ZDV�QR�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�WUHDWPHQWV�IRU�WKH�YLUDO�FOHDUDQFH�DW����GD\V�
RXWFRPH�DQG�VWDQGDUG�RI�FDUH�� ,Q� WHUPV�RI�GHDWK�RXWFRPH��RQO\�FRPELQHG� WKHUDS\�RI�%DULFLWLQLE�DQG�5HPGHVLYLU�
VKRZHG�VWDWLVWLFDOO\�VLJQLILFDQW�ULVNV�RI�UDWLR��55 ����������&,��>����������@��S� ��������$UELGRO��55 ����������
&,��>����������@��S� �������ZDV�VWDWLVWLFDOO\�VDIH�GUXJ�WKDQ�VWDQGDUG�RI�FDUH�� 
&RQFOXVLRQ��7KLV�1HWZRUN�0HWD-DQDO\VLV�VXJJHVWV�WKDW�%DULFLWLQLE�SOXV�5HPGHVLYLU�LV�PRUH�HIIHFWLYH�WKDQ�WKH�RWKHU�
DQWL-LQIHFWLYH�GUXJV�LQ�WUHDWLQJ�SDWLHQWV�ZLWK�&29,'-���LQ�WHUPV�RI�FOLQLFDO�UHFRYHU\�DW����GD\V��PRUWDOLW\�DQG�DG�
YHUVH�HYHQWV�RXWFRPHV� 
 
.H\ZRUGV��&29,'-����6$56-&R9-���WUHDWPHQW��QHWZRUN�PHWD-DQDO\VLV��V\VWHPDWLF�UHYLHZ��UDQGRPL]HG�FRQWUROOHG�
 ������WULDOV� 
&LWDWLRQ���'HEHOD�7'�0DQ\D]HZDO�7�%HOLQD0��HW�DO�&RPSDUDWLYH�HIILFDF\�DQG�VDIHW\�RI�DQWL-LQIHFWLYH�GUXJV�IRU�
 SDWLHQWV�ZLWK�PLOG� WR� VHYHUH�&29,'-����$� V\VWHPDWLF� UHYLHZ�DQG�QHWZRUN�PHWD-DQDO\VLV� RI� UDQGRPL]HG�
 FRQWUROOHG�WULDOV��(WKLRS�0HG��-������������-��� 
6XEPLVVLRQ�GDWH�������-XO\��������$FFHSWHG�������0DUFK�����3XEOLVKHG����$SULO������� 

(WKLRSLDQ�0HGLFDO�-RXUQDO������������� ��
2SHQ�DFFHVV�DUWLFOHV�GLVWULEXWHG�LQ�WHUPV�RI� 
&UHDWLYH�&RPPRQV�$WWULEXWLRQ�/LFHQFH�>&&�E\����@ 

,661�����-������������H,661�����-�����  'HEHOD�HW�DO�� 

,QWURGXFWLRQ� 
&29,'-��� LV�D� UHVSLUDWRU\� LOOQHVV�FDXVHG�E\�D�QRYHO�
FRURQDYLUXV�QDPHG�VHYHUH�DFXWH�UHVSLUDWRU\�V\QGURPH�
FRURQDYLUXV����6$56�&R9-������DQG�LW�ZDV�ODEHOHG�D�
SDQGHPLF� RI� LQWHUQDWLRQDO� FRQFHUQ� E\� WKH� :RUOG�
+HDOWK�2UJDQL]DWLRQ�RQ�0DUFK��������������,WV�PDMRU�
PRGH� RI� WUDQVPLVVLRQ� LV� IURP� KXPDQ� WR� KXPDQ�
WKURXJK� UHVSLUDWRU\� GURSOHWV��-��� DQG� LWV� FOLQLFDO�
SUHVHQWDWLRQV� FDQ� EH� IURP� VXEFOLQLFDO� ZLWK� PLOG� WR�
VHYHUH�LQIHFWLRQV��-����$V�RI����-XO\�������WKHUH�ZHUH�
������������FRQILUPHG�FDVHV�DQG�������������������

GHDWKV�JOREDOO\������&XUUHQWO\��PDQ\�DQWL-LQIHFWLYH�
GUXJV� DUH� EHLQJ� UHSXUSRVHG� IRU� SDWLHQWV� ZLWK�
&29,'-��� LQFOXGLQJ� UHPGHVLYLU� �XVHG� WR� WUHDW�
(EROD� YLUXV� GLVHDVH� DQG�0DUEXUJ� YLUXV� LQIHFWLRQV�
������ ORSLQDYLU� DQG� ULWRQDYLU� �XVHG� WR� WUHDW� +,9�
$,'6�������FKORURTXLQH�SKRVSKDWH�RU�K\GUR[\FKOR�
URTXLQH� �XVHG� WR� WUHDW� PDODULD� ������ WRFLOL]XPDE�
�XVHG�WR�WUHDW�UKHXPDWRLG�DUWKULWLV�������FRUWLFRVWHU�
RLGV��VWHP�FHOOV��DPRQJ�RWKHUV� 



���� 

 

 
 

 

$QWL-LQIHFWLYH�GUXJV�DFW�RQ�6$56-&R9-��E\� LQKLELW�
LQJ� LWV� UHSOLFDWLRQ������ 7KHLU� HIIHFW� LV� KLJKHU� LQ� WKH�
HDUO\� VWDJHV�RI� WKH�GLVHDVH�EHFDXVH�RI�DFWLYH� UHSOLFD�
WLRQ�RI�WKH�YLUXV�LQ�WKH�HDUO\�FRXUVHV�RI�LQIHFWLRQ������
5HPGHVLYLU��D�EURDG-VSHFWUXP�DQWLYLUDO�PHGLFDWLRQ�RI�
QXFOHRWLGH� SURGUXJ� DGHQRVLQH� DQDORJ�� LQKLELWV� YLUDO�
UHSOLFDWLRQ� E\� ELQGLQJ� WR� WKH� YLUDO� 51$-GHSHQGHQW�
51$�SRO\PHUDVH�DQG� WHUPLQDWLQJ�51$�WUDQVFULSWLRQ
������&KORURTXLQH�DQG�K\GUR[\FKORURTXLQH�LQKLELWLQJ�
WKH� IXVLRQ� RI� 6$56-&R9-�� DQG� WKH� KRVW� FHOO� PHP�
EUDQHV� E\� LQFUHDVLQJ� WKH� HQGRVRPDO� S+������ %RWK�
KDYH� LPPXQRPRGXODWRU\� HIIHFWV� ZKLFK� DUH� SRWHQWLDO�
PHFKDQLVPV� RI� DFWLRQ� IRU� WKH� WUHDWPHQW������ /RS�
LQDYLU�ULWRQDYLU�� D� SURWHDVH� LQKLELWRU� WKDW�PD\� LQKLELW�
WKH� DFWLRQ� RI� �&/SUR�� OHDGV� WR� GLVUXSWLRQ� RI� 6$56-
&R9-��UHSOLFDWLRQ�DQG�DSSHDUV�WR�EH�KLJKO\�FRQVHUYHG
������,YHUPHFWLQ��D�ZHOO-NQRZQ�DQWL-KHOPLQWKLF�DJHQW�
IURP� WKH� ODWH-����V�� HOLPLQDWH� 6$56-&R9-�� E\� LQ�
KLELWLQJ� LPSRUWLQ� Į�ȕ�� PHGLDWHG� WUDQVSRUW� RI� YLUDO�
SURWHLQV�LQ�DQG�RXW�RI�WKH�QXFOHXV����� 

6HYHUDO� UDQGRPL]HG� FOLQLFDO� WULDOV� DUH� XQGHUZD\� DQG�
FXUUHQWO\��WKHUH�DUH�DERXW������WULDOV�UHJLVWHUHG�ZRUOG�
ZLGH� IRU� WKH� WUHDWPHQW� RI� &29,'-�������� <HW�� WKH�
RQO\� 86� )RRG� DQG� 'UXJ� $GPLQLVWUDWLRQ� �)'$�-
DSSURYHG� DQWL-LQIHFWLYH� GUXJ� LV� 5HPGHVLYLU�� ,W� KDV�
EHHQ� DSSURYHG� IRU� WKH� WUHDWPHQW� RI� KRVSLWDOL]HG� SD�
WLHQWV��DJHG�����\HDUV�DQG�ZHLJKLQJ�����NJ�������,WV�
DGPLQLVWUDWLRQ�ZDV� DVVRFLDWHG�ZLWK� FOLQLFDO� LPSURYH�
PHQWV����� DQG� VLJQLILFDQWO\� ORZHU� VHULRXV� DGYHUVH�
GUXJ� UHDFWLRQV� �$'5V�� ZKHQ� FRPSDUHG� WR� FRQWURO�
JURXSV������ 0RUWDOLW\� ZDV� GHFUHDVHG� LQ� KRVSLWDOL]HG�
&29,'-���SDWLHQWV�WUHDWHG�ZLWK�RQO\�K\GUR[\FKORUR�
TXLQH� FRPELQHG� ZLWK� D]LWKURP\FLQ������ 5HPGHVLYLU��
K\GUR[\FKORURTXLQH��DQG�ORSLQDYLU�UHJLPHQV�KDG�OLWWOH�
RU�QR�HIIHFW�RQ�KRVSLWDOL]HG�SDWLHQWV�ZLWK�&29,'-���
LQ� GHFUHDVLQJ� RYHUDOO� PRUWDOLW\������ 5HFHQW� VWXGLHV�
VKRZHG� WKDW� ,YHUPHFWLQ� KDG� EHQHILFLDO� HIIHFWV� LQ�
&29,'-���E\�UHGXFWLRQ�RI�PRUWDOLW\��KLJKHU�QHJDWLYL�
W\� UDWH�� DQG� KLJKHU� V\PSWRPV� DOOHYLDWLRQV� UDWH������
2QH�QHWZRUN�PHWD-DQDO\VLV�GRQH�E\�PL[LQJ�REVHUYD�
WLRQDO� DQG� 5&7� VWXGLHV� UHYHDOHG� WKDW� DQWL-
LQIODPPDWRU\� DJHQWV� DQG� UHPGHVLYLU�ZHUH� DVVRFLDWHG�
ZLWK� LPSURYHG� RXWFRPHV� RI� KRVSLWDOL]HG� &29,'-���
SDWLHQWV������ 

7KHUH� KDYH� EHHQ� HIIRUWV� XQGHUZD\� WR� LGHQWLI\� HIIHF�
WLYH�GUXJV�IRU�WKH�WUHDWPHQW�RI�&29,'-���WKHUH�ZHUH�
D�FRXSOH�RI�V\VWHPDWLF� UHYLHZV�FRPELQHG�ZLWK�PHWD-
DQDO\VLV� DQG�RU� QHWZRUN�PHWD-DQDO\VLV� FDUULHG� RXW� WR�
V\VWHPDWLFDOO\� V\QWKHVLV� WKH� HIILFDF\� DQG� VDIHW\� RI�
VXFK�GUXJV��+RZHYHU��FXUUHQWO\�DYDLODEOH�UHYLHZV�GLG�
QRW� UHFRPPHQG� WKH� EHVW� GUXJV� LQ� WHUPV� RI� FOLQLFDO�
UHFRYHU\�� YLUDO� FOHDUDQFH�� DQG� WROHUDELOLW\�� EHVLGHV��
VRPH�DUH�DOUHDG\�RXWGDWHG�DV�QHZ�ILQGLQJV�DUH�HPHUJ�
LQJ��7KHUH�ZHUH�WZR�VXFK�SRWHQWLDO�UHYLHZV��2QH�ZDV�
SXEOLVKHG� LQ� $SULO� ����� WKDW� UHYLHZHG� ��� DUWLFOHV�
SXEOLVKHG� XS� WR� )HEUXDU\� ���������� DQG� WKH� VHFRQG�
ZDV� D� OLYLQJ� UHYLHZ� SXEOLVKHG� LQ�0D\� ����� WKDW� LQ�

 

FOXGHG�DUWLFOHV�SXEOLVKHG�XS�WR�'HFHPEHU���������� 

7KHUHIRUH��RXU�V\VWHPDWLF� UHYLHZ�DQG�QHWZRUN�PHWD-
DQDO\VLV�DLPHG�WR�FRPSDUH�WKH�HIILFDF\�DQG�VDIHW\�RI�
DQWL-LQIHFWLYH� GUXJV� IRU� SDWLHQWV� ZLWK�PLOG� WR� VHYHUH�
&29,'-��� 

0HWKRGV 
7KH� V\VWHPDWLF� UHYLHZ� DQG� QHWZRUN� PHWD-DQDO\VLV�
ZDV� FRQGXFWHG� DQG� UHSRUWHG� IROORZLQJ� WKH� 3UHIHUUHG�
5HSRUWLQJ� ,WHPV� IRU� 6\VWHPDWLF� 5HYLHZV� DQG�0HWD-
DQDO\VHV� ([WHQVLRQ� IRU� QHWZRUN� PHWD-DQDO\VLV�
�35,60$-10$������ �6XSSOHPHQWDU\� PDWHULDO� ����
7KH� SURWRFRO� ZDV� SURVSHFWLYHO\� UHJLVWHUHG� ZLWK�
35263(52������,'��&5'����������������� 

(OLJLELOLW\ 

7KH�3,&26��SDUWLFLSDQWV��LQWHUYHQWLRQV��FRPSDULVRQ��
RXWFRPHV��DQG�VWXG\�GHVLJQV��GHVFULSWLRQ�PRGHO�ZDV�
XVHG�WR�VHW�HOLJLELOLW\�FULWHULD�RI�WKH�VWXG\ 
· 3DUWLFLSDQWV��SDWLHQWV�ZLWK�PLOG��PRGHUDWH�DQG�

VHYHUH�&29,'�����FRQILUPHG�E\�ODERUDWRU\�57-
3&5�RU�LPDJLQJ��FKHVW�&7�VFDQ�RU�FKHVW�[-UD\��� 
 

· ,QWHUYHQWLRQ��DQ\�DQWL-LQIHFWLYH�GUXJ�WHVWHG�WR�
HYDOXDWH�LWV�HIILFDF\�RU�VDIHW\�LQ�SDWLHQWV�GLDJ�
QRVHG�ZLWK�&29,'-����'LIIHUHQW�GRVDJHV�DQG�
GXUDWLRQV�RI�DQWL-LQIHFWLYH�GUXJV�ZHUH�WDNHQ�DV�
LQGLYLGXDO�WUHDWPHQWV�EXW�VHSDUDWHO\�HYDOXDWHG�
IRU�VXEJURXS�DQDO\VLV�� 

· &RPSDUDWRU��VWDQGDUG�RI�FDUH�RU�SODFHER�� 
· 2XWFRPHV��3ULPDU\�RXWFRPHV�ZHUH�WLPH�WR�FOLQL�

FDO�UHFRYHU\�DQG�WUHDWPHQW-HPHUJHQW�VHULRXV�
DGYHUVH�HYHQWV��6HFRQGDU\�RXWFRPHV�ZHUH�UDWH�RI�
YLUDO�FOHDUDQFH��DOO-FDXVH�PRUWDOLW\��DQG�DGYHUVH�
HYHQWV� 

· 6WXG\�GHVLJQ��5&7V��SXEOLVKHG�LQ�WKH�(QJOLVK�
ODQJXDJH��� 

 
6HDUFK�VWUDWHJ\�DQG�VWXG\�VHOHFWLRQ 
 
:H�VHDUFKHG�3XE0HG��&RFKUDQH�&HQWUDO�5HJLVWHU�RI�
&RQWUROOHG� 7ULDOV�� &29,'-HYLGHQFH�� &RFKUDQH�
&29,'-���6WXG\�5HJLVWHU��(PEDVH��DQG�FOLQLFDO�WULDO�
UHJLVWUDWLRQ� VLWHV� LQ� WKH�86� �&OLQLFDO7ULDOV�JRY��� (X�
URSH� �FOLQLFDOWULDOVUHJLVWHU�HX��� DQG� &KLQD�
�FKLFWU�RUJ�FQ��XS�WR����$SULO������IRU�DOO�5&7V�WKDW�
HYDOXDWHG� WKH�HIILFDF\�RU�VDIHW\�RI�DQ\�DQWL-LQIHFWLYH�
GUXJV��)RU�WKH�3XE0HG�GDWDEDVH��ZH�XVHG�WKH�0H6+�
WHUPV� ³$QWLYLUDO�$JHQWV´�25�³VSHFLILF� GUXJV´�$1'�
³&29,'-��´�25�³6$56-&29-�´� OLPLWHG� WR�KXPDQ�
VWXGLHV� DQG� SXEOLVKHG� LQ� (QJOLVK� ODQJXDJHV�� 3DSHU�
ZDV�LQFOXGHG�LI�LW� LV�5&7�LQYHVWLJDWLQJ�DQWL-LQIHFWLYH�
GUXJ� WUHDWPHQW� DQG� FOLQLFDO� RXWFRPHV� LQ� FRQILUPHG�
&29,'-���GLVHDVH�ZLWK�DW�OHDVW�RQH�RI�WKH�RXWFRPHV��
$GGLWLRQDO� SRWHQWLDO� SDSHUV� ZHUH� FRQVLGHUHG� IURP�
UHIHUHQFH�OLVWV�RI�LQFOXGHG�DUWLFOHV�DQG�RWKHU�UHOHYDQW�



���� 

 

V\VWHPDWLF� UHYLHZV�� 7KH� WLWOH�DEVWUDFW� ZDV� LQLWLDOO\� DV�
ZHOO�DV�IXOO�WH[W�VFUHHQHG�E\�WZR�LQGHSHQGHQW�UHYLHZHUV�
DQG�GLVDJUHHPHQWV�ZHUH�UHVROYHG�E\�WKLUG�DXWKRUV�� 

 
7DEOH�����6XPPDU\�FKDUDFWHULVWLFV�RI�VWXGLHV�LQFOXGHG�LQ�WKH�V\VWHPDWLF�UHYLHZ�DQG�QHWZRUN�PHWD-DQDO\VLV 
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��5%9�ORDGLQJ�GRVH�RI��J��
IROORZHG�E\�RUDO�GRVHV�RI�
���–���PJ�7,'�GHSHQGLQJ�
RQ�SDWLHQWV¶�ERG\�ZHLJKW��
IRU����GD\V�����������������������
/39�U�RUDOO\�DW�D�GRVH�RI�
����PJ�����PJ�SHU�GRVH�
%,'�IRU����GD\V 

  

5%9�SOXV�
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PHGLDQ�LQWHUYDO�WR�
6$56-&R9-��QX�
FOHLF�DFLG�QHJDWLYL�
W\��WKH�SURSRUWLRQ�
RI�SDWLHQWV�ZLWK�
6$56-&R9-��QX�
FOHLF�DFLG�QHJDWLYLW\�
DW�GD\�����WKH�PRU�
WDOLW\�DW�GD\�����WKH�
SURSRUWLRQ�RI�SD�
WLHQWV�UH-FODVVLILHG�
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5HPGHVLYLU�LQWUDYHQRXVO\�
���-PJ�ORDGLQJ�GRVH�RQ�
GD\����IROORZHG�E\�D����-
PJ�PDLQWHQDQFH�GRVH�DG�
PLQLVWHUHG�GDLO\�RQ�GD\V���
WKURXJK��� 

%DULFLWLQLE��-
PJ�GDLO\�GRVH�
�HLWKHU�RUDOO\�
>WZR��-PJ�
WDEOHWV@�RU�
WKURXJK�D�
QDVRJDVWULF�
WXEH��IRU����
GD\ 
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���%DOR[DYLU�PDUER[LO����
PJ�RQFH�D�GD\�RUDOO\�RQ�
'D\���DQG�'D\����IRU�SD�
WLHQWV�ZKR�DUH�VWLOO�SRVLWLYH�
LQ�YLURORJLFDO�WHVW��WKH\�FDQ�
EH�JLYHQ�DJDLQ�RQ�'D\�����������������������������������������������������������������
����)DYLSLUDYLU������PJ�RU�
����PJ�RUDOO\��IROORZHG�E\�
����PJ�HDFK�WLPH��WKUHH�
WLPHV�D�GD\��DQG�WKH�GXUD�
WLRQ�RI�DGPLQLVWUDWLRQ�ZDV�
QRW�PRUH�WKDQ����GD\V 

6WDQGDUG�RI�
FDUH 

SHUFHQWDJH�RI�VXE�
MHFWV�ZLWK�YLUDO�
QHJDWLYH�E\�'D\����
DQG�WKH�WLPH�IURP�
UDQGRPL]DWLRQ�WR�
FOLQLFDO�LPSURYH�
PHQW��DGYHUVH�
HYHQWV��GHDWK 

�� 0HGLQD�
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VLQJOH�
FHQWHU�
&RORP�
ELD��
1&7���
����� 

5&7
����
���
����� 

�����
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������� 

,YHUPHFWLQ�����ȝJ�NJ�SHU�
GD\�IRU���GD\V 

3ODFHER WLPH�WR�UHVROXWLRQ�
RI�V\PSWRPV�ZLWKLQ�
D���-GD\��DGYHUVH�
HYHQW 

'DWD�H[WUDFWLRQ 
 
'DWD� H[WUDFWLRQ� ZDV� SHUIRUPHG� E\� WZR� LQGHSHQGHQW�
UHYLHZHUV� DQG�GLVDJUHHPHQWV�ZHUH� UHVROYHG�E\� WKLUG�
DXWKRUV��7KH�GDWD�FROOHFWLRQ�IRUPDW�ZDV�DGDSWHG�IURP�
WKH�&RFKUDQH� GDWD� H[WUDFWLRQ� WRRO������ ([WUDFWHG� LQ�
IRUPDWLRQ� ZDV� LQFOXGHG� WKH� ILUVW� DXWKRU¶V� QDPH� DQG�
\HDU� RI� SXEOLFDWLRQ�� VHWWLQJ�� FRXQWU\�� VWXG\� GHVLJQ��
IROORZ-XS� GXUDWLRQ�� DJH� �PHDQ�PHGLDQ��� WKH� SURSRU�
WLRQ� RI� PDOH� SDUWLFLSDQWV�� WUHDWPHQW� FKDUDFWHULVWLFV�
�QDPH��GRVH��URXWH��IUHTXHQF\��GXUDWLRQ���VDPSOH�VL]H��
VWXG\� IXQGHU�� W\SH� RI� VWDWLVWLFDO� DQDO\VLV�� SURSRUWLRQ�
RU�QXPEHU�RI�SDUWLFLSDQWV�ZLWK�FOLQLFDO�LPSURYHPHQW��
SURSRUWLRQ�RU�QXPEHU�RI�SDUWLFLSDQWV�ZLWK�YLUDO� 

FOHDUDQFH��GHDWK��DQG�DGYHUVH�HYHQWV 
 
'DWD�V\QWKHVLV�DQG�DQDO\VLV 
 
:H�VXPPDUL]HG� WKH� LQFOXGHG�DUWLFOHV�ZLWK�D�GHVFULSWLYH�
WDEOH��:H�GLG�GLUHFW�SDLUZLVH�PHWD-DQDO\VHV�XVLQJ�VWDQG�
DUG� LQYHUVH-YDULDQFH� IL[HG-HIIHFW� E\� PHWD� FRPPDQG� RI�
56WXGLR�9HUVLRQ����������IRU�VWXGLHV�UHSRUWHG�LQ�KHDG-WR
-KHDG� FRPSDULVRQV� IRU� DOO� VXSSRVHG� SULPDU\� RXWFRPHV��
:H�FRPSXWHG� WKH�RGGV� UDWLR� �25�� DQG� ULVNV� UDWLR� �55��
DQG�LWV����FRQILGHQFH�LQWHUYDO��&,��IRU�WKH�GLFKRWRPRXV�
YDULDEOHV�DQG�PHDQ�GLIIHUHQFH��0'��IRU�FRQWLQXRXV�RXW�
FRPHV�� :H� WHVWHG� EHWZHHQ-VWXG\� KHWHURJHQHLW\� LQ�
HDFK�SDLUZLVH�XVLQJ�,���VWDWLVWLFV������ 
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$�QHWZRUN�PHWD-DQDO\VLV� �10$��ZDV�SHUIRUPHG�XV�
LQJ� WKH� QHWPHWD� FRPPDQGV� LQ� WKH� 56WXGLR� 9HUVLRQ�
��������� WR� FRPELQH� DOO� GLUHFW� DQG� LQGLUHFW� FRPSDUL�
VRQV�������7KH�JHRPHWU\�QHWZRUN�PDSV�ZHUH�GUDZQ�WR�
JLYH� DQ� RYHUYLHZ� RI� WKH� UHODWLRQVKLSV� EHWZHHQ� HDFK�
SDLU� RI� WUHDWPHQWV� ������:H�KDYH� FKHFNHG� WKH�PDMRU�
DVVXPSWLRQV�� ���� VLPLODULW\�� ���� LQFRQVLVWHQF\
�GLVDJUHHPHQW� EHWZHHQ� WKH� GLIIHUHQW� VRXUFHV� RI� HYL�
GHQFH��� DQG� ���� LQWUDQVLWLYLW\� ����� ����� 7KH� QHWZRUN�
IRUHVW� WR�VXPPDUL]H�DQ�HIIHFW�VL]H�DV�SRROHG�25�DQG�
55�ZLWK�D�����FRQILGHQFH� LQWHUYDO� �&,�� VHWWLQJ�D�S-
YDOXH�RI�OHVV�WKDQ�������:H�XVHG�WKH�OHDJXH�WDEOHV�WR�
GLVSOD\�WKH�UHODWLYH�HIILFDF\�DQG�VDIHW\�RXWFRPHV������
,QFRQVLVWHQF\�ZDV�TXDQWLILHG�XVLQJ� WKH�JOREDO�4� WHVW�
DQG� ORFDOO\� XVLQJ� WKH� VR-FDOOHG� QRGH-VSOLWWLQJ�
�6,''(�� ����������7KH�VXUIDFH�XQGHU� WKH�FXPXODWLYH�
UDQNLQJ� DUHD� �68&5$�� DQG� 3-VFRUH� ZHUH� XVHG� WR�
VKRZ� WKH� KLHUDUFK\� RI� VXSHULRULW\� DPRQJ� LQWHUYHQ�
WLRQV������ 

4XDOLW\�DVVHVVPHQW 

:H�XVHG� WKH�YHUVLRQ��� ULVN�RI�ELDV�&RFKUDQH�DVVHVV�
PHQW� WRRO� �5R%��� IRU� HYDOXDWLQJ� HDFK� VHOHFWHG�5&7�
�����DQG�IRU�HDFK�RXWFRPH��7KH�WRRO�LV�VWUXFWXUHG�LQWR�
ILYH� GRPDLQV�� WKH� UDQGRPL]DWLRQ� SURFHVV�� GHYLDWLRQV�
IURP� LQWHQGHG� LQWHUYHQWLRQV�� PLVVLQJ� RXWFRPH� GDWD��
PHDVXUHPHQW� RI� WKH� RXWFRPH� DQG� VHOHFWLRQ� RI� WKH�
UHSRUWHG� UHVXOW��:H� DVVHVVHG� WKH� TXDOLW\� RI� HYLGHQFH�
XVLQJ� DQ� H[WHQVLRQ� RI� WKH� VWDQGDUG� *5$'(-10$�

 

�*UDGLQJ� RI� 5HFRPPHQGDWLRQV�� $VVHVVPHQW�� 'HYHO�
RSPHQW� DQG� (YDOXDWLRQ� H[WHQVLRQ� WR� QHWZRUN� PHWD-
DQDO\VLV�� DSSURDFK� ZKLFK� LV� EDVHG� RQ� WKH� FRQWULEX�
WLRQV� RI� WKH� GLUHFW� FRPSDULVRQV� WR� WKH� HVWLPDWLRQ� LQ�
WKH�QHWZRUN�PHWD-DQDO\VLV������:H�GRZQJUDGHG�HYL�
GHQFH� EDVHG� RQ� WKH� ILYH� *5$'(� FRQVLGHUDWLRQV�
�VWXG\�OLPLWDWLRQV��FRQVLVWHQF\�RI�HIIHFW��LPSUHFLVLRQ��
LQGLUHFWQHVV�� DQG� SXEOLFDWLRQ� ELDV�� DQG� FDWHJRUL]HG�
LQWR�IRXU�OHYHOV��KLJK��PRGHUDWH��ORZ��DQG�YHU\�ORZ�� 

6HQVLWLYLW\�DQG�VXEJURXS�DQDO\VLV�DQG�SXEOLFDWLRQ�
ELDV 
:H�SHUIRUPHG�D�VHQVLWLYLW\�DQDO\VLV�RQ�WKH�LPSDFW�RI�
KLJK�ULVN�RI�ELDV�VWXGLHV��6XEJURXS�DQDO\VLV�ZDV�GRQH�
DPRQJ� GLIIHUHQW� VHYHULW\� RI� GLVHDVH� �PLOG��PRGHUDWH�
DQG� VHYHUH� &29,'� ����� 7KH� SXEOLFDWLRQ� ELDV� ZDV�
DVVHVVHG� E\� D� FRPSDULVRQ-DGMXVWHG� IXQQHO� SORW� WR�
LGHQWLI\�VPDOO�VWXG\�SXEOLFDWLRQ�ELDV��� 
 
5HVXOWV 
 
6WXG\�FKDUDFWHULVWLFV 
)URP�WKH�WRWDO�������DUWLFOHV�UHWULHYHG�����VWXGLHV�PHW�
WKH�HOLJLELOLW\�FULWHULD��RI�ZKLFK����H[FOXGHG�IURP�WKH�
PDLQ� DQDO\VLV� EHFDXVH� RI� ULVN� RI� ELDV��$� WRWDO� RI� ���
VWXGLHV� �ZHUH� LQFOXGHG� LQ� WKH� V\VWHPDWLF� UHYLHZ�DQG�
QHWZRUN�PHWD-DQDO\VLV��)LJXUH�����7KH�VHOHFWHG�VWXG�
LHV� LQYROYHG� D� WRWDO� RI� ������� SDUWLFLSDQWV�� ZLWK� D�
PHDQ�DJH�RI�����\HDUV�DQG�����PDOH��7KH�GHWDLOV�RI�
VWXG\�FKDUDFWHULVWLFV�DUH�JLYHQ�LQ��7DEOH����� 

 

)LJXUH����35,60$�IORZ�FKDUW�RI�VWXG\�VHOHFWLRQ�IRU�LQFOXVLRQ�LQ�WKH�V\VWHPDWLF�UHYLHZ�DQG�QHWZRUN�PHWD-DQDO\VLV� 
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7KH� JHRPHWU\� QHWZRUN� PDSV� SUHVHQWDWLRQ� RI� DOO� WUHDW�
PHQW� FRPSDLVRQV� IRU� HDFK� RXWFRPH� LV� SUHVHQWHG� EHORZ�
�)LJXUH����� 
7KHUH� ZHUH�PRUH� WKDQ� ��� GLIIHUHQW� DQWL-LQIHFWLYH� GUXJV�
LQFOXGLQJ� $UELGRO�� $]LWKURP\FLQ�� %DOR[DYLU� 0DUER[LO��
%DULFLWLQLE�� &KORURTXLQH�� 'DFODWDVYLU�� )DYLSLUDYLU�� +\�
GUR[\FKORURTXLQH�� ,YHUPHFWLQ�� /RSLQDYLU–5LWRQDYLU��
5LEDYLULQ��6RIRVEXYLU��5HPGHVLYLU��3ODFHER��6WDQGDUG�RI�
FDUH�DQG� WKHLU�FRPELQDWLRQV��6WDQGDUG�RI�FDUH� WUHDWPHQW�
LV�VHOHFWHG�DV�UHIHUHQFH�WKHUDS\�IRU�WKH�DQDO\VLV�RI�10$� 

)LJXUH����1HWZRUN�JUDSK�RI�HOLJLEOH�DUWLFOHV�RI�DQWL-LQIHFWLYH�GUXJV�IRU�SDWLHQWV�ZLWK�PLOG�WR�VHYHUH�&29,'-
�����$��&OLQLFDO�UHFRYHU\�UDWH�DW����GD\V���%��9LUDO�FOHDUDQFH�UDWH�DW����GD\V���&��0RUWDOLW\�UDWH���'��$GYHUVH�
HYHQWV��7KH�WKLFNQHVV�RI�WKH�OLQHV�SURSRUWLRQDO�WR�WKH�QXPEHU�RI�VWXGLHV�HYDOXDWLQJ�HDFK�GLUHFW�FRPSDULVRQ�DQG�
VKDGHG�WULDQJOH�UHSUHVHQWV�PXOWL-DUP�WULDO�� 
�UHP��UHPGHVLYLU�IRU���GD\V��DUE��DUELGRO��D��D]LWKURP\FLQ��EDO��EDOR[LYLU��EDUHP��EDULFLQLE�SOXV�UHPGHVLYLU��FKO��FKORUR�
TXLQH��IDY��IDYLSLUDYLU��K\G��K\GUR[\FKORURTXLQH��K\G]��K\GUR[\FKORURTXLQH�SOXV�D]LWKURP\FLQ��LYH��LYHUPHFWLQ��LYHUG��
LYHUPHFWLQ�SOXV�GR[\F\FOLQH��OSU��ORSLQDYLU-ULWRQDYLU��SOD��SODFHER��UHP��UHPGHVLYLU��VG��VRIRVEXYLU�SOXV�GDFODWDVYLU��VGU��
VRIRVEXYLU��GDFODWDVYLU��ULEDYLULQ��VRF��VWDQGDUG�RI�FDUH� 
 
 

$V�SHU�5R%��ULVN�RI�ELDV�HYDOXDWLRQ�XVLQJ�WKH�([FHO�
WRRO� 52%�B,53*BEHWDBY��� ��� VWXGLHV� KDG� VRPH�
FRQFHUQ�RI�ULVN�RI�ELDV�����������VWXGLHV�ZHUH�IRXQG�
WR�KDYH�D�ORZ�ULVN�RI�ELDV��������ZKLOH�WKH�UHPDLQ�
LQJ� HLJKW� VWXGLHV� KDG� D� KLJK� ULVN� RI� ELDV� ������
�)LJXUH���� 

)LJXUH����U LVNV�RI�ELDV�GLDJUDP�IRU �DOO�HOLJLEOH�VWXGLHV�DVVHVVHG� 



���� 

 

 
 

 

0HWD-DQDO\VLV 
 
3DLUZLVH�PHWD-DQDO\VLV�KDG�VKRZQ�KLJKHU�VWDWLVWLFDOO\�
VLJQLILFDQFH�RGGV�RI�FOLQLFDO�UHFRYHU\�UDWH�DW����GD\V�
ZKHQ� )DYLSLUDYLU� �25 � ������ ���&,�� ������� �������
�5&7��WKDQ�VWDQGDUG�RI�FDUH�EXW�+\GUR[\FKORURTXLQH�
�25 ���������&,����������������5&7V��KDV�ORZ�RGGV�
RI� FOLQLFDO� UHFRYHU\� UDWH� DW� ��� GD\V� WKDQ� VWDQGDUG� RI�
FDUH� �6XSSOHPHQWDU\� PDWHULDO� ��� 7DEOH� ����1R� GUXJ�
KDG� QR� VWDWLVWLFDOO\� VLJQLILFDQW� GLIIHUHQFH� LQ� GLUHFW�
FRPSDULVRQ� WR� WKH� VWDQGDUG� RI� FDUH� WUHDWPHQWV� IRU�
YLUDO� FOHDUDQFH� UDWH� DW� ��� GD\V�� )DYLSLUDYLU� �25�
 ���������&,�����������������5&7V���+\GUR[\FKORUR�
TXLQH� �25 ������� ���&,�� ������� ������� �5&7V�� DQG�
/RSLQDYLU�5LWRQDYLU��25 ����������&,����������������
�5&7V���6XSSOHPHQWDU\�PDWHULDO����7DEOH�����5HGXF�
WLRQ�LQ�GHDWK�UDWH�GXH�WR�&29,'-���ZDV�QRW�EHWWHU�IRU�
6RIRVEXYLU� SOXV� 'DFODWDVYLU� �25 � ������ ���&,��
������� ������� �5&7V�� DQG� /RSLQDYLU�5LWRQDYLU� �25 �
������ ���&,�� ������� ������� �5&7V�� WKDQ� VWDQGDUG� RI�
FDUH��6XSSOHPHQWDU\�PDWHULDO����7DEOH�����)DYLSLUDYLU�
�25 ����������&,�����������������5&7V���/RSLQDYLU�
5LWRQDYLU� �25 ������� ���&,�� ������� ������� �5&7V���
DQG� +\GUR[\FKORURTXLQH� �25 � ������ ���&,�� �������
������� �5&7V�� ZHUH� OHVV� WROHUDEOH� WKDQ� VWDQGDUG� RI�
FDUH� LQ� WUHDWLQJ� &29,'-��� �6XSSOHPHQWDU\� PDWHULDO�
���7DEOH���� 
 
1HWZRUN�PHWD-DQDO\VLV 
&OLQLFDO�UHFRYHU\�UDWH�DW����GD\V 

7KH�QHWZRUN�PHWD-DQDO\VLV�ZLWK����SDSHUV�LQYHVWLJDW�
LQJ����WUHDWPHQW�GUXJV�LQ�������SDUWLFLSDQWV�LGHQWLILHG�

 

PRUH� WKDQ� ILYH� GUXJV� VWDWLVWLFDOO\� VLJQLILFDQW� LQ� LQ�
FUHDVLQJ� WKH�FOLQLFDO� UHFRYHU\�DW����GD\V� WKDQ�VWDQG�
DUG� RI� FDUH� �6XSSOHPHQWDU\�PDWHULDO� ��� 7DEOH� ���� ,Q�
JHQHUDO�� QHWZRUN� IRUHVW� SORW� E\� IUHTXHQWLVW� DSSURDFK�
KDV�VKRZQ�WKDW�,YHUPHFWLQ��25 ����������&,���������
������� S-YDOXH� �� �������� PRGHUDWH� FHUWDLQW\� RI� HYL�
GHQFH��� 5HPGHVLYLU� IRU� �� GD\V� �25 � ������ ���&,��
������� ������� S-YDOXH� �������� ORZ� FHUWDLQW\� RI� HYL�
GHQFH��� FRPELQHG� 5HPGHVLYLU� DQG� %DULFLQLE� IRU� ���
GD\V� �25 � ������ ���&,�� ������ ������ S-YDOXH� �������
ORZ� FHUWDLQW\� RI� HYLGHQFH��� )DYLSLUDYLU� �25 � ������
���&,����������������S-YDOXH���������5HPGHVLYLU� IRU�
��� GD\V� �25 � ������ ���&,��� ������ ������� S-YDOXH�
������ORZ�FHUWDLQW\�RI�HYLGHQFH���DQG�6RIRVEXYLU�SOXV�
'DFODWDVYLU� �25� ������ ���&,� ������ ������� S-YDOXH�
������ ORZ�FHUWDLQW\�RI�HYLGHQFH��ZHUH�PRUH�HIIHFWLYH�
WKDQ�VWDQGDUG�RI�FDUH� LQ�FOLQLFDO� UHFRYHU\�DW����GD\V�
�)LJXUH� ���� +LHUDUFK� E\� IUHTXHQWLVW� 3-VFRUH� UDQNHG�
,YHUPHFWLQ�GUXJ���������DV�WKH�EHVW� WRS�IROORZHG�E\�
6RIRVEXYLU� SOXV� 'DFODWDVYLU� ��������� FRPELQHG�
5HPGHVLYLU� DQG� %DULFLQLE� IRU� ��� GD\V� �������� DQG�
)DYLSLUDYLU��������)LJXUH�����7KH�WRWDO�JOREDO�KHWHUR�
JHQHLW\�IRU�WKLV�QHWZRUN�RYHUDOO�ZDV�VWDWLVWLFDOO\�VLJ�
QLILFDQW�ORZ�KHWHURJHQHLW\��,�� ���������������������
S� YDOXH�  � ��� ������ 7KHQ� WKH� QRGH� VSOLWWLQJ� PHWKRG�
�6HSDUDWH� LQGLUHFW� IURP� GLUHFW� GHVLJQ� HYLGHQFH�
�6,''(��� UHYHDOHG� WKDW� WKHUH� ZDV� HYLGHQFH� RI� ORFDO�
LQFRQVLVWHQF\� LGHQWLILHG� LQ� VHYHUDO� SDLU� RI� FORVHG�
ORRSV�RI�QHWZRUNV�FRPSDULVRQ�LQ�FOLQLFDO�UHFRYHU\�DW�
���GD\V�RXWFRPH� 

 

)LJXUH����+LHUDUFK\� UDQN�SORW� RI� QHWZRUN�PHWD-DQDO\VLV� RI�$QWL-LQIHFWLYH�GUXJV� IRU� FOLQLFDO� UHFRYHU\� DW� ���
GD\V��3-VFRUH��$��DQG�68&5$��%�� 
�UHP��UHPGHVLYLU�IRU���GD\V��DUE��DUELGRO��D��D]LWKURP\FLQ��EDO��EDOR[LYLU��EDUHP��EDULFLQLE�SOXV�UHPGHVLYLU��FKO��FKORURTXLQH��
IDY�� IDYLSLUDYLU�� K\G�� K\GUR[\FKORURTXLQH��K\G]�� K\GUR[\FKORURTXLQH�SOXV� D]LWKURP\FLQ�� LYH�� LYHUPHFWLQ�� LYHUG�� LYHUPHFWLQ�
SOXV� GR[\F\FOLQH�� OSU�� ORSLQDYLU-ULWRQDYLU�� SOD�� SODFHER�� UHP�� UHPGHVLYLU�� VG�� VRIRVEXYLU� SOXV� GDFODWDVYLU�� VGU�� VRIRVEXYLU��
GDFODWDVYLU��ULEDYLULQ��VRF��VWDQGDUG�RI�FDUH� 
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)LJXUH����)RUHVW�SORW��1HWZRUN�PHWD-DQDO\VLV�HVWLPDWHV�RI�GUXJ-OHYHO�YHUVXV�VWDQGDUG�RI�FDUH�IRU�WKH�FOLQLFDO�
UHFRYHU\�DW���GD\V�RXWFRPHV�� 

 

 

 

 

 

 

 

 

9LUDO�FOHDUDQFH�UDWH�DW����GD\V 

��� SDSHUV� UHSRUWLQJ� RQ� ��� WUHDWPHQW� GUXJV� LQYROYHG�
������ SDUWLFLSDQWV� ZHUH� SUHVHQWHG� E\� IUHTXHQWLVW� DS�
SURDFK� QHWZRUN� JUDSK� �)LJXUH� ��� DQG� UHODWLYH� HVWL�
PDWHV�RI�HIIHFWLYH�E\�1HWOHDJXH�WDEOH��6XSSOHPHQWDU\�
PDWHULDO����7DEOH�����7KHUH�ZDV�QR�VWDWLVWLFDOO\�VLJQLI�
LFDQW� GLIIHUHQFH� EHWZHHQ� DQ� DQWL-LQIHFWLYH� GUXJ� LQ�
WHUPV� RI� YLUDO� FOHDUDQFH� DW� ��GD\V� FRPSDULQJ� WR� WKH�
VWDQGDUG� RI� FDUH�� $UELGRO� �25� ������ ���&,� ������
������� )DYLSLUDYLU� HDUO\� WUHDWPHQW� �25� ������ ���&,�
������������� 

/RSLQDYLU�� 5LWRQDYLU� �25� ������ ���&,� ������ ������
DQG�6RIRVEXYLU��25����������&,��������������)LJXUH�
���� 6XUIDFH� XQGHU� WKH� FXPXODWLYH� UDQNLQJ� FXUYH�
�68&5$�� KLHUDUFK\� UDQNHG� $UELGRO� EHVW� WRS� VDIH�
GUXJ� �68&5$�  � ������� IROORZHG� E\� 6RIRVEXYLU�
�68&5$� ������DQG�)DYLSLUDYLU��68&5$� ��������
DV� WKLUG� EHVW� GUXJ� �)LJXUH� ���� *OREDO� KHWHURJHQHLW\�
LQFRQVLVWHQF\� ZDV� UHYHDOHG� ZLWK� ZLGH� FRQILGHQFH�
LQWHUYDO��KHWHURJHQHLW\��,�� ����������������������4�
 �������S-YDOXH� ������� 

)LJXUH� ���)RUHVW� SORW��1HWZRUN� PHWD-DQDO\VLV� HVWLPDWHV� RI� GUXJ-OHYHO� YHUVXV� VWDQGDUG� RI� FDUH� IRU� WKH� YLUDO�
FOHDUDQFH�DW����GD\V�RXWFRPHV 



���� 

 

)LJXUH����6XFUD�SORW�RI�QHWZRUN�PHWD-DQDO\VLV�RI�$QWL-LQIHFWLYH�GUXJV�IRU�YLUDO�FOHDUDQFH�DW���� 

0RUWDOLW\�UDWH 

7KH� QHWZRUN� PHWD-DQDO\VLV� RI� ��� VWXGLHV� H[DPLQLQJ�

��� WUHDWPHQW� GUXJV� LQYROYHG��������SDUWLFLSDQWV�ZDV�

SORWWHG� E\� QHWZRUN� JUDSK� �)LJXUH� ��� DQG� WKHLU� UHOD�

WLRQVKLS�E\�D�OHDJXH�WDEOH��6XSSOHPHQWDU\�PDWHULDO����

7DEOH�����6WDWLVWLFDOO\�VLJQLILFDQW� ORZHU�ULVNV�RI�PRU�

WDOLW\� ZHUH� VKRZQ� IRU� FRPELQHG� %DULFLWLQLE� ZLWK�

5HPGHVLYLU� WKHUDS\� WKDQ� VWDQGDUG� RI� FDUH� WKHUDS\�

�55 ������� ���&,�� ������� ������� 3-YDOXH� ������ YHU\�

ORZ�FHUWDLQW\�RI�HYLGHQFH���5HPGHVLYLU� IRU� ILYH�GD\V�

�55 � ������ ���&,�� ������� ������� 3-YDOXH� ������ ORZ�

FHUWDLQW\� RI� HYLGHQFH��� ,YHUPHFWLQ� �55 � ������ ���

&,�� ������� ������� 3-YDOXH� ������ ORZ� FHUWDLQW\� RI� HYL�

GHQFH��� 5HPGHVLYLU� IRU� ��� GD\V� �55 � ������ ���&,��

��������������3-YDOXH�������ORZ�FHUWDLQW\�RI�HYLGHQFH��

DQG� +\GUR[\FKORURTXLQH� SOXV� $]LWKURP\FLQ� �55 �

���������&,����������������3-YDOXH�������YHU\�ORZ� 

FHUWDLQW\�RI�HYLGHQFH��GHFUHDVH�GHDWK�EXW�VWDWLVWLFDOO\�

QRW�VLJQLILFDQW� �)LJXUH�����5DQNLQJ�DQDO\VLV� IRU�PRU�

WDOLW\� SHUIRUPHG� ZLWK� VXUIDFH� XQGHU� WKH� FXPXODWLYH�

UDQNLQJ� FXUYHV� �68&5$�� VWURQJO\� VXJJHVWHG� WKDW�

FRPELQHG� %DULFLWLQLE� ZLWK� 5HPGHVLYLU� WKHUDS\� ZDV�

WKH� ILUVW� WRS� EHVW� �HIIHFWLYH�� WUHDWPHQW� �68&5$�

 ������� IROORZHG� E\� UHPGHVLYLU� IRU� �� GD\V� VHFRQG�

EHVW� GUXJ� �68&5$�  � �������� DQG� ,YHUPHFWLQ� WKLUG�

EHVW� GUXJ� �68&5$�  � ����� LQ� GHFUHDVLQJ� PRUWDOLW\�

DQG�3-VFRUH�RI� IUHTXHQWLVWV�DOVR�VXJJHVW� VLPLODU�KLHU�

DUFK\� �)LJXUH� ����7KH� KHWHURJHQHLW\� WDX� IRU� WKLV� QHW�

ZRUN�RYHUDOO�ZDV�������ZKLFK�ZH�FRQVLGHUHG�ORZ�KHW�

HURJHQHLW\� �+HWHURJHQHLW\� ,�� � ����� ������� ��������

DQG�4�VWDWLVWLF�ZDV�XVHG� WR�DVVHVV�FRQVLVWHQF\�XQGHU�

WKH� DVVXPSWLRQ� RI� D� IXOO� GHVLJQ-E\-WUHDWPHQW�

�FRQVLVWHQF\� EHWZHHQ� GHVLJQV�� UHYHDOHG� QR� LQFRQ�

VLVWHQF\�VHHQ�ZLWK�4� ��������S�YDOXH������� 

 

)LJXUH����)RUHVW�SORW��1HWZRUN�PHWD-DQDO\VLV�HVWLPDWHV�RI�GUXJ-OHYHO�YHUVXV�VWDQGDUG�RI�FDUH�IRU�WKH�0RUWDOLW\�
RXWFRPHV���5HPGHVLYLU-5HPGHVLYLU�IRU�ILYH�GD\V��5HPGHVLYLU-�5HPGHVLYLU�IRU�WHQ�GD\V 



���� 

 

)LJXUH�����68&5$�RI�QHWZRUN�PHWD-DQDO\VLV�RI�$QWL-LQIHFWLYH�GUXJV�IRU�PRUWDOLW\� 

$GYHUVH�HYHQWV 

$Q�DGYHUVH�HYHQW�RXWFRPH�ZDV�UHSRUWHG�E\����VWXGLHV�
LQYROYLQJ����WUHDWPHQW�DJHQWV�RQ�������SDWLHQWV�ZLWK�
&29,'���LQIHFWLRQ�DQG�KDYH�EHHQ�VKRZQ�E\�QHWZRUN�
JHRPHWU\� �)LJXUH�����$UELGRO� WKHUDS\� UHVXOWV� VWDWLVWL�
FDOO\� VLJQLILFDQW� ORZ� ULVNV� UDWLR� WKDQ� WKH� VWDQGDUG� RI�
FDUH�WKHUDS\��55 ����������&,����������������S-YDOXH�
������YHU\�ORZ�FHUWDLQW\�RI�HYLGHQFH���DQG�6RIRVEXYLU�
'DFODWDVYLU��55 ����������&,����������������S-YDOXH�
��������EXW�+\GUR[\FKORURTXLQH� �25 ����������&,��
������� ������� S-YDOXH� �������� ORSLQDYLU-ULWRQDYLU� YHU�
VXV�VWDQGDUG�RI�FDUH��25 ����������&,����������������
S-YDOXH������������DQG�UHPGHVLYLU�YHUVXV�VWDQGDUG�RI�
FDUH��25 ����������&,����������������S-YDOXH�������� 

KDG� VWDWLVWLFDOO\� VLJQLILFDQW� KLJK� ULVNV� UDWLR� LQ� GHYHO�
RSLQJ� DGYHUVH� HYHQWV� )LJXUH� ���� )LJXUH� ���� 6XSSOH�
PHQWDU\� PDWHULDO� ���� �5DQNLQJ� DQDO\VLV� IRU� DGYHUVH�
HYHQW�ZDV�SHUIRUPHG�ZLWK�3-6FRUH�SUREDELOLW\�VWURQJ�
O\� VXJJHVWHG� WKDW� 6RIRVEXYLU�'DFODWDVYLU� �3-6FRUH�  �
������� DV� WRS� VDIH� GUXJ� DQG� $UELGRO� �3-6FRUH�  �
�������WKH�VHFRQG�VDIH�GUXJ�DQG�VWDQGDUG�RI�FDUH��3-
6FRUH�  � ������� DV� WKLUG� VDIH� GUXJ� LQ� WUHDWPHQW� RI�
&29,'-����:H� TXDQWLILHG� WKH� KHWHURJHQHLW\� ZLWK� ,��

DV� PRGHUDWH� �KHWHURJHQHLW\� ,��  � ������ ��������
�������DQG�JOREDO� LQFRQVLVWHQF\�ZDV�IRXQG�DVVHVVHG�
E\� 4� VWDWLVWLF� DIWHU� GHWDFKLQJ� RI� VLQJOH� GHVLJQV� DQG�
6,''(� DSSURDFK� �&RFKUDQ¶V� 4 � ������� S-YDOXH� ��
��������DQG�LGHQWLILHG�RQ�VHYHUDO�QHWZRUN�ORRSV�FRP�
SDULVRQ� 

 

)LJXUH�����)RUHVW�SORW��1HWZRUN�PHWD-DQDO\VLV�HVWLPDWHV�RI�GUXJ-OHYHO�YHUVXV�VWDQGDUG�RI�FDUH�IRU�WKH�DG�
YHUVH�HYHQW�RXWFRPHV���&,��&UHGLEOH�LQWHUYDO��62&��VWDQGDUG�RI�FDUH��55��5LVN�5DWLR 



���� 

 

 

)LJXUH�����1HWPHWD�3-6FRUH�KLHUDUFK\�SUREDELOLW\�RI�QHWZRUN�PHWD-DQDO\VLV�RI�$QWL-LQIHFWLYH�GUXJV�IRU�DQ\�DG�
YHUVH�HYHQWV�� 

6HQVLWLYLW\�DQG�VXEJURXS�DQDO\VLV 
 
7KH� UHVXOW�RI� VHQVLWLYLW\�DQDO\VLV�RQ� WKH� ORZ� ULVNV�RI�
ELDV� DUWLFOHV� IRXQG� WKDW� ,YHUPHFWLQ� �25 � ������ ���
&,�� ������� ��������S-YDOXH����������� ORZ�FHUWDLQW\�RI�
HYLGHQFH���5HPGHVLYLU�IRU���GD\V��25 ����������&,��
������� ������� S-YDOXH� ������� ORZ� FHUWDLQW\� RI� HYL�
GHQFH��� FRPELQHG� 5HPGHVLYLU� DQG� %DULFLQLE� IRU� ���
GD\V��25 ����������&,����������������S-YDOXH��������
ORZ� FHUWDLQW\� RI� HYLGHQFH��� 5HPGHVLYLU� IRU� ��� GD\V�
�25 � ������ ���&,�� ������� ������� S-YDOXH� ������ ORZ�
FHUWDLQW\�RI�HYLGHQFH���DQG�6RIRVEXYLU�SOXV�'DFODWDV�
YLU��25 ����������&,���������������S-YDOXH�������ORZ�
FHUWDLQW\�RI�HYLGHQFH��ZHUH�PRUH�HIIHFWLYH�WKDQ�VWDQG�
DUG� RI� FDUH� LQ� FOLQLFDO� UHFRYHU\� DW� ��� GD\V�
�6XSSOHPHQWDU\� ILOH��� 6XEJURXS� DQDO\VLV� IRXQG�
5HPGHVLYLU�IRU����GD\V�FDXVHG�VWDWLVWLFDOO\�VLJQLILFDQW�
VHULRXV� DGYHUVH� HYHQWV� �55 � ������ ���&,�� �������
������� S-YDOXH� ��������� /RSLQDYLU-5LWRQDYLU� �55 �
������ ���&,�� ������ ������� S-YDOXH� ��������� +\�
GUR[\FKORURTXLQH��55 ����������&,����������������S-
YDOXH� ������� DQG� 3ODFHER� �55 � ������ ���&,�� �������
�������S-YDOXH�����������6XSSOHPHQWDU\�ILOH��� 
 
3XEOLFDWLRQ�ELDV� 
 
$FFRUGLQJ� WR� WKH� FRPSDULVRQ-DGMXVWHG� IXQQHO� SORWV��
WKHUH�ZDV� QR� VLJQ� RI� DV\PPHWU\� IRXQG� LQ� WKUHH� RXW�
FRPHV�� %XW�� � ZH� LGHQWLILHG� SXEOLFDWLRQ� ELDV� IRU� DG�
YHUVH� HYHQWV� RXWFRPH� ZKLFK� LQGLFDWHV� WKDW� WKHUH� DUH�
VPDOO-VWXG\� HIIHFWV� LQ� RXU� QHWZRUN� �S�  � ������
�6XSSOHPHQWDU\�ILOH��'��� 
 
'LVFXVVLRQ 
,Q� WKLV� ODWHVW� V\VWHPDWLF� UHYLHZ� DQG� QHWZRUN� PHWD-
DQDO\VLV�� ZH� KDYH� DQDO\]HG� ��DQWL-LQIHFWLYH� GUXJV�
SRROHG�IURP����5&7V�XS�WR����$SULO�������:H�IRXQG�
WKDW� RXU�10$� VKRZHG� VHYHUDO� GUXJV� LQFOXGLQJ� ,YHU�
PHFWLQ��5HPGHVLYLU�� FRPELQHG�5HPGHVLYLU� DQG�%DUL�
FLQLE��)DYLSLUDYLU�DQG�6RIRVEXYLU�SOXV�'DFODWDVYLU�DUH�
VWDWLVWLFDOO\�VLJQLILFDQW�LQ�LQFUHDVLQJ�WKH�UDWH�RI�FOLQL�
FDO�UHFRYHU\�DW����GD\V�WKDQ�VWDQGDUG�RI�FDUH��+RZHY�
HU�� WKHUH� ZDV� QR� VWDWLVWLFDOO\� VLJQLILFDQW� GLIIHUHQFH�
EHWZHHQ� DVVHVVHG� GUXJV� YHUVXV� VWDQGDUG� RI� FDUH� LQ�
WHUPV�RI�FOLQLFDO�UHFRYHU\�UDWH�EXW�WKHUH�DUH�GUXJV�OLNH�
$UELGRO�� )DYLSLUDYLU�� /RSLQDYLU�5LWRQDYLU� DQG�6RIRV�
EXYLU�UHYHDOHG�KLJK�RGGV�RI�LQFUHDVHG�YLUDO�FOHDUDQFH�
DW����GD\V��7KLV� UHYLHZ�DOVR�IRXQG� WKDW� WUHDWLQJ�ZLWK�
FRPELQHG� %DULFLWLQLE� ZLWK� 5HPGHVLYLU�� 5HPGHVLYLU��
,YHUPHFWLQ�� DQG� +\GUR[\FKORURTXLQH� SOXV� $]LWKUR�

P\FLQ� KDG� ORZHU� ULVNV� RI� UDWLR� LQ� WHUPV� RI�PRUWDOLW\�
WKDQ�WUHDWLQJ�ZLWK�VWDQGDUG�RI�FDUH��:H�UHYHDOHG�IURP�
WKLV� 10$� $UELGRO� DQG� 6RIRVEXYLU�'DFODWDVYLU� ZHUH�
WKH�KLJKO\�WROHUDEOH�GUXJV��VWDWLVWLFDOO\�VLJQLILFDQW�ORZ�
ULVNV�UDWLR��WKDQ�WKH�VWDQGDUG�RI�FDUH�WKHUDS\� 
 
:H� KDYH� HYDOXDWHG� IURP� RXU� 10$� WKDW� LYHUPHFWLQ�
ZDV� WKH�EHVW� WRS�GUXJ� LQ� WHUPV�RI� LQFUHDVLQJ�FOLQLFDO�
UHFRYHU\� UDWH� DW� ��� GD\V�� ZKLOH� VRIRVEXYLU� SOXV�
GDFODWDVYLU� ZDV� VHFRQG-EHVW� DQG� D� FRPELQDWLRQ� RI�
UHPGHVLYLU� DQG� EDULFLQLE�ZDV� WKLUG-EHVW� FRPSDUHG� WR�
WKH�VWDQGDUG�RI�FDUH�WKHUDS\�� 

$�V\VWHPDWLF�UHYLHZ�DQG�PHWD-DQDO\VLV�RQ�LYHUPHFWLQ�
ZLWK� UDQGRP� HIIHFW� PRGHO� UHYHDOHG� WKDW� LYHUPHFWLQ�
OHG� WR� VLJQLILFDQW� FOLQLFDO� LPSURYHPHQW� FRPSDUHG� WR�
XVXDO� WKHUDS\� �25 ������ ���� &,�� ������� �������
3 ������ VLPLODU� WR� D� SUHYLRXV� PHWD-DQDO\VLV� �25 �
���������&,�� ��������������S-YDOXH�������������+RZ�
HYHU��WKH�PHWD-DQDO\VLV�RQO\�LQFOXGHG�WKUHH�VWXGLHV�LQ�
WKH�PHWD-DQDO\VLV�DQG�DOO�ZHUH�GHHPHG�WR�SURYLGH�ORZ�
FHUWDLQW\�HYLGHQFH���$�SUHYLRXV�V\VWHPDWLF�UHYLHZ�DQG�
PHWD-DQDO\VLV� RQ� HIILFDF\� RI� UHPGHVLYLU� IRXQG�
WKDW�  UHPGHVLYLU� GLG� QRW� GHFUHDVH� DOO-FDXVH� PRUWDOLW\�
�55 � ������ ���&,�� ������ WR� ������� ,�  � ���������
ZKLFK�FRQWUDGLFWV�RXU�UHVXOW��25 ���������&�,��������
������� S-YDOXH� ������� ,� � ������ +RZHYHU�� DQRWKHU�
PHWD-DQDO\VLV�SXEOLVKHG� LQ�-XQH������UHSRUWHG�D�VLJ�
QLILFDQWO\� UHGXFHG� PRUWDOLW\� UDWH� ZLWK� WKH� XVH� RI�
UHPGHVLYLU� �55 � ������ ���� &,�� ������� ������� S� ��
��������������� 

$� SUHYLRXV� V\VWHPDWLF� UHYLHZ� DQG� PHWD-DQDO\VLV� RQ�
IDYLSLUDYLU� JURXS� IRU� WKH� WUHDWPHQW� RI� SDWLHQWV� ZLWK�
&29,'-���UHYHDOHG�VLJQLILFDQW�FOLQLFDO�LPSURYHPHQW�
RQ�GD\�����25ௗ���������&,ௗ������������EXW�QR�GLIIHU�
HQFH� IRU� UDWH� RI� YLUDO� FOHDUDQFH� �25 ௗ������ ���&,�
������������������DQG�RXU�UHVXOW�LV�LQ�DJUHHPHQW��25 �
���������&,����������������S-YDOXH���������,�� ������ 
$Q� XSGDWHG� V\VWHPDWLF� UHYLHZ� DQG� QHWZRUN� PHWD-
DQDO\VLV� RI� ��� 5&7V� SXEOLVKHG� LQ� -DQXDU\� ����� UH�
SRUWHG�WKDW�UHPGHVLYLU�IRU���-GD\�FRPSDUHG�WR�VWDQG�
DUG� FDUH� ZHUH� DVVRFLDWHG� ZLWK� D� KLJKHU� FOLQLFDO� LP�
SURYHPHQW�UDWH������2XU�ILQGLQJ�LV�VLPLODU�WR�WKH�SUH�
YLRXV�ILQGLQJ�LQ�WKDW�UHPGHVLYLU�VKRZHG�DQ�LQFUHDVHG�
FOLQLFDO� UHFRYHU\� UDWH� E\� ���� �25 � ������ ���&,��
������� ������� S-YDOXH� ������� $QRWKHU� XSGDWHG� DUWLFOH�
ZLWK� ���� WULDOV� HQUROOLQJ� ���� ���� SDWLHQWV� UHSRUWHG�
UHGXFHV�GHDWKV�ZLWK�UHPGHVLYL�FRPSDUHG�ZLWK� 
 



���� 

 

 �VWDQGDUG� FDUH� �25 � ������ ���&,�� ������������� ORZ�
FHUWDLQW\�� ������ ZKLFK� LV� FRPSDUDEOH� WR� RXU� ILQGLQJ�
�25 � ������ ���&,�� ������������� ORZ� FHUWDLQW\�
�6XSSOHPHQWDU\�PDWHULDO���� 

7KLV�UHYLHZ�PD\�KDYH�SRVVLEOH�OLPLWDWLRQV�WKDW�ZRXOG�
VHUYH�DV�DQ�LPSRUWDQW�RSSRUWXQLW\�IRU�IXWXUH�UHYLHZV��
7KRXJK� ZH� LQFOXGHG� PRUH� WKDQ� VHYHQ� GDWDEDVHV� LQ�
RXU� VHDUFK� WR� PDNH� WKH� PHWD-DQDO\VLV� WKH� ODUJHVW��
WKHUH�ZHUH�VWLOO�VRPH�GDWDEDVHV�WKDW�WKH�UHYLHZ�GLG�QRW�
LQFOXGH�DQG�WKLV�PD\�DIIHFW�WKH�FRPSUHKHQVLYHQHVV�RI�
WKH�VWXG\��:H�LQFOXGHG����DUWLFOHV�WKDW�KDG�VXIILFLHQW�
HYLGHQFH� IRU� DQDO\VLV�� 7KH� &29,'-��� WKHUDSHXWLF�
RSWLRQV� DUH� PRYLQJ� YHU\� TXLFNO\� DQG� DFWLYH� FDQGL�
GDWHV�DUH�HPHUJLQJ�WKDW�WKLV�UHYLHZ�PD\�QRW�KDYH�FRY�
HUHG�� $QWL-LQIODPPDWRU\� GUXJV� RU� PRQRFORQDO� DQWL�
ERGLHV�DUH�VKRZQ�WR�KDYH�SURPLVLQJ�HIIHFWV��WKDW�WKLV�
UHYLHZ�GLG�QRW�LQFOXGH� 
 
&RQFOXVLRQV 
 
%DULFLWLQLE�SOXV�5HPGHVLYLU�LV�PRUH�HIIHFWLYH�WKDQ�WKH�
RWKHU� ��� DQWL-LQIHFWLYH� GUXJV� LQ� WKH� UDWH� RI� FOLQLFDO�
UHFRYHU\� DW� ��� GD\V� DQG� PRUWDOLW\� RXWFRPHV� RI� SD�
WLHQWV�ZLWK�&29,'-����ZKLOH� QR� VWDWLVWLFDOO\� VLJQLIL�
FDQW�GLIIHUHQFH�LQ�YLUDO�FOHDUDQFH�DW����GD\V�DQG�VDIH�
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