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,Q� GHVLJQLQJ�ZHLJKW� ORVV� SURJUDPV�

IRU�WKH�HOGHUO\��VRPH�KDYH�H[SUHVVHG�
FRQFHUQ� WKDW� ZHLJKW� ORVV� FRXOG�
ZRUVHQ� IUDLOW\� E\� DFFHOHUDWLQJ�
VDUFRSHQLD� DQG� RVWHRSHQLD�� 7KLV�
VWXG\� ZDV� GHVLJQHG� WR� GHWHUPLQH�
ZKHWKHU� DHURELF� DQG�RU� UHVLVWDQFH�
H[HUFLVHV�� FRPELQHG� ZLWK� ZHLJKW�
ORVV��ZRXOG�UHVXOW�LQ�EHWWHU�RXWFRPHV�
LQ� SK\VLFDO� SHUIRUPDQFH� DQG� WKH�
SUHVHUYDWLRQ�RI�PXVFOH�DQG�ERQH� 
7KLV� UDQGRPL]HG�� FRQWUROOHG� WULDO�

LQFOXGHG�����DGXOWV�����\HDUV�RI�DJH�
RU� ROGHU�� ZLWK� D� ERG\� PDVV� LQGH[�
�%0,�� RI� ��� NJ�P�� RU� JUHDWHU�� ZKR�
ZHUH� VHGHQWDU\�� DQG� KDG� PLOG� WR�
PRGHUDWH� IUDLOW\�� 7KH� VXEMHFWV� ZHUH�
UDQGRPL]HG� WR� RQH� RI� IRXU� JURXSV��
LQFOXGLQJ�D�FRQWURO�JURXS�ZLWK�QHLWKHU�
ZHLJKW� PDQDJHPHQW� QRU� H[HUFLVH�
LQWHUYHQWLRQ�� 7KH� RWKHU� JURXSV�
UHFHLYHG�D�GLHW�ZLWK�DQ�HQHUJ\�GHILFLW�
RI�����WR�����FDO�SHU�GD\��SOXV�HLWKHU 
���PLQXWHV�RI�DHURELF�RU�UHVLVWDQFH�

H[HUFLVH� RU� ��� WR� ��� PLQXWHV� RI�
DHURELF� SOXV� UHVLVWDQFH� H[HUFLVH��
WKUHH� WLPHV� SHU� ZHHN�� )UDLOW\� ZDV�
DVVHVVHG� ZLWK� WKH� 3K\VLFDO�
3HUIRUPDQFH� 7HVW� �337��� ZLWK�
PHDVXUHPHQWV� RI� ERG\� FRPSRVLWLRQ��
ERQH� PLQHUDO� GHQVLW\� DQG� TXDOLW\� RI�
OLIH�� ZLWK� DVVHVVPHQWV� UHSHDWHG� DW�
VL[�PRQWKV� 
6FRUHV� RQ� WKH� 337� LPSURYHG� E\�

���� LQ� WKH� FRPELQDWLRQ� JURXS�� E\�
����LQ�WKH�RWKHU�WZR�H[HUFLVH�JURXSV�
�S ����� DQG� S ������� DQG� E\� IRXU�
SHUFHQW�LQ�WKH�FRQWURO�JURXS��S�������
IRU� DOO� FRPSDULVRQV��� %RG\� ZHLJKW�
GHFUHDVHG� E\� QLQH� SHUFHQW� LQ� DOO�
WKUHH� H[HUFLVHV� JURXSV�� /HDQ� PDVV�
GHFUHDVHG� E\� WKUHH� SHUFHQW� LQ� WKH�
FRPELQDWLRQ� JURXS�� WZR� SHUFHQW� LQ�
WKH�UHVLVWDQFH�JURXS�DQG�ILYH�SHUFHQW�
LQ� WKH� DHURELF� JURXS�� %RQH� PLQHUDO�
GHQVLW\� DW� WKH� WRWDO� KLS� GHFUHDVHG�
LQVLJQLILFDQWO\� ��RQH� SHUFHQW�� LQ� WKH�
UHVLVWDQFH� JURXS�� ����� LQ� WKH�
DHURELF� JURXS� DQG� ����� LQ� WKH�
FRPELQHG� JURXS�� 3HDN� R[\JHQ�

FRQVXPSWLRQ� LQFUHDVHG� PRUH� LQ� WKH�
FRPELQDWLRQ� ������ DQG� DHURELF�
JURXSV� ������ WKDQ� LQ� WKH� UHVLVWDQFH�
�����JURXS��S�������� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI� HOGHUO\�

DGXOWV� IRXQG� WKDW� ZHLJKW� ORVV� SOXV�
UHVLVWDQFH� WUDLQLQJ� FRPELQHG� ZLWK�
DHURELF� WUDLQLQJ� UHVXOWV� LQ� JUHDWHU�
LPSURYHPHQW�LQ�SK\VLFDO�IXQFWLRQ�DQG�
UHGXFWLRQ� RI� IUDLOW\� WKDQ� GRHV� HLWKHU�
H[HUFLVH�UHJLPHQ�DORQH� 

 
9LOODUHDO�� '��� HW� DO�� $HURELF� RU�
5HVLVWDQFH� ([HUFLVHV�� RU� %RWK�� LQ�
'LHWLQJ��2EHVH��2OGHU�$GXOWV��1�(QJO�
-�0HG��������0D\������������������-
����� 

 
%('6,'(�8/75$6281'�72�
',$*126(�1(852*(1,&�

+(7(52723,&�266,),&$7,21 
 
1HXURJHQLF KHWHURWRSLF�

RVVLILFDWLRQ��1+2��LV�DVVRFLDWHG�ZLWK�
VWURNH�� WUDXPDWLF� EUDLQ� LQMXU\�� VSLQDO�
FRUG� LQMXU\�� HQFHSKDOLWLV� DQG� EXUQV��
7KLV� VWXG\� LQYHVWLJDWHG� WKH� UROH� RI�
XOWUDVRXQG��86��IRU� WKH�HYDOXDWLRQ�RI�
SDWLHQWV�ZLWK�VXVSHFWHG�1+2� 
6XEMHFWV� ZHUH� ���� FRQVHFXWLYH�

SDWLHQWV� WUHDWHG� LQ� WKH� ,&8� IRU�
DFTXLUHG� EUDLQ� LQMXU\�� (DFK� GD\�� WKH�
PDMRU� MRLQWV� ZHUH� HYDOXDWHG� E\� D�
SK\VLFDO� WKHUDSLVW� IRU� D� GHFUHDVH� LQ�
UDQJH� RI� PRWLRQ�� 7KRVH� ZLWK�
GHFUHDVHG� 520� ZHUH� DVVHVVHG�
GDLO\�WKHUHDIWHU��E\�86��$Q�[-UD\�ZDV�
XVHG� WR� FRQILUP� DQ\� 86� LGHQWLILHG�
1+2� 
2I�WKH�����SDWLHQWV�LGHQWLILHG�ZLWK�D�

GHFUHDVHG� UDQJH� RI� PRWLRQ�� 86�
HYLGHQFH� RI� 1+2� ZDV� LGHQWLILHG� LQ�
���� DOO� RI� ZKRP� GHPRQVWUDWHG� WKH�
ODWWHU� VWDJH� ]RQH� SKHQRPHQRQ��
������ WKDW� GHPRQVWUDWHG� GLVWRUWHG��
PXVFOH� DUFKLWHFWXUH� DQG� ���� WKDW�
GHPRQVWUDWHG� K\SHUHPLD��
&RPSDULQJ�WKH�[-UD\�ILQGLQJV�DQG�WKH�
86��ILQGLQJV��[-UD\�HYLGHQFH�RI�1+2�
ZDV�IRXQG�WR�EH�GHOD\HG�E\���ZHHNV�
DV� FRPSDUHG� ZLWK� WKH� 86� ILQGLQJV��
7KH�KLS�ZDV� WKH�PRVW� FRPPRQ� MRLQW�
LGHQWLILHG�� LQ� ������� IROORZHG� E\� WKH�
NQHH� DQG� WKH� HOERZ�� � 2I� WKRVH�

VXUYLYLQJ�IRU����PRQWKV�����RI�WKH����
KDG� D� UHVROXWLRQ� E\� [-UD\�� 86� DQG�
FOLQLFDO�H[DPLQDWLRQ� 
&RQFOXVLRQ�� 7KLV� SLORW� VWXG\�

GHPRQVWUDWHV� WKDW� XOWUDVRXQG� PD\�
EH� XVHG� WR� GHWHFW� KHWHURWRSLF�
RVVLILFDWLRQ� WZR� ZHHNV� HDUOLHU� WKDQ�
FDQ�FRQYHQWLRQDO�[-UD\� 

 
6WHIDQLGLV�� .��� HW� DO�� %HGVLGH�
8OWUDVRXQG� WR� )DFLOLWDWH� (DUO\�
'LDJQRVLV�DQG�(DVH�RI�)ROORZ-8S� LQ�
1HXURJHQLF�+HWHURWRSLF�2VVLILFDWLRQ��
$�3LORW�6WXG\�IURP�WKH�,QWHQVLYH�&DUH�
8QLW�� -� +HDG� � 7UDXPD� � 5HKDELO��
����� '2,����������
+75������������������ 

 
%(7$�$/$1,1(�$1'�-8'2�

3(5)250$1&( 
 
$V�PXVFOH�DFLGRVLV�LV�FRQVLGHUHG�D�

PDMRU� FDXVH� RI� IDWLJXH� GXULQJ� KLJK�
LQWHQVLW\�� LQWHUPLWWHQW� H[HUFLVH��
QXWULWLRQDO� VWUDWHJLHV� DLPHG� DW�
DWWHQXDWLQJ� PXVFOH� DFLGRVLV� KDYH�
EHHQ� D� IRFXV� RI� LQWHUYHQWLRQ�� 7KLV�
VWXG\� UHYLHZHG� WKH� HIIHFW� RI� DPLQR�
DFLG�EHWD-DODQLQH��ZKLFK��SDUWLFLSDWHV�
LQ� WKH� V\QWKHVLV� RI� FDUQRVLQH�� ZKLFK�
DFWV�DV�D�K\GURJHQ�EXIIHU�ZLWKLQ� WKH�
PXVFOH�S+�WUDQVLW�UDQJH� 
7ZHQW\-WKUHH�� ZHOO-WUDLQHG�� PDOH�

MXGR�FRPSHWLWRUV�ZHUH�UDQGRPL]HG�WR�
UHFHLYH� HLWKHU� EHWD� DODQLQH� DW� WZR��
����PJ� WDEOHWV�� IRXU� WLPHV� SHU� GD\��
RU� D� SODFHER�� IRU� IRXU� ZHHNV��
3HUIRUPDQFH�RI� WKH�FRPSHWLWRUV�ZDV�
DVVHVVHG� EHIRUH� �35(�� DQG� DIWHU�
�3267�� VXSSOHPHQWDWLRQ�� EHJLQQLQJ�
ZLWK� D� ILYH� PLQXWH� VSDUULQJ� PDWFK��
IROORZHG�E\�WKUHH�VXFFHVVLYH�WHVWV�RI�
WKH� QXPEHU� RI� WKURZV� SHUIRUPHG� LQ�
WKH� 6SHFLDO� -XGR� )LWQHVV� 7HVW�
�6-)7��� %ORRG� VDPSOHV� ZHUH�
FROOHFWHG�� LPPHGLDWHO\� DIWHU� ZDUP-
XS�� DIWHU� WKH� VSDUULQJ� PDWFK�� DQG�
DIWHU�WKH�6)-7� 
$WKOHWHV� LQ� WKH� VXSSOHPHQW� JURXS�

KDG�D�JUHDWHU� QXPEHU�RI� WKURZV�SHU�
6-)7�WHVW��DV�ZHOO�DV�WRWDO�QXPEHU�RI�
WKURZV� WKURXJKRXW� WKH� WKUHH� 6-)7V�
�S��������%ORRG�S+�DQG�+&2��ZHUH�
UHGXFHG� DIWHU� H[HUFLVH�� ZLWK� QR�

9ROXPH����1XPEHU�� -XO\�������� 
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EHWZHHQ� JURXS� GLIIHUHQFHV�� 3RVW-KRF�
DQDO\VLV�UHYHDOHG�D�ZLWKLQ-JURXS�HIIHFW�
IRU� %$�ZLWK�HYHU\�6-)7� �S��������� ,Q�
FRQWUDVW��WKH�QXPEHU�RI�WKURZV�SHU�VHW�
LQ� WKH� SODFHER� JURXS� GLG� QRW� FKDQJH�
IURP�35(�WR�3267�LQ�DQ\�RI�WKH�6-)7�
PHDVXUHPHQWV��DOO�S!������ 
&RQFOXVLRQ�� 7KLV� VWXG\� � IRXQG�

WKDW� IRXU-ZHHN� VXSSOHPHQWDWLRQ� ZLWK�
EHWD�DODQLQH�FDQ�LPSURYH�MXGR�UHODWHG�
SHUIRUPDQFH� LQ� ZHOO-WUDLQHG� MXGR�
DWKOHWHV� 

 
'H� $QGUDGH� .UDW]�� &��� HW� DO�� %HWD-�
$ODQLQH� 6XSSOHPHQWDWLRQ� (QKDQFHV�
-XGR-5HODWHG� 3HUIRUPDQFH� LQ� +LJKO\�
7UDLQHG� $WKOHWHV�� -� 6FL� 0HG� 6SRUW��
������$SULO������������-���� 

 

&(59,&$/�63,1(�685*(5<�
&203/,&$7,216�,1�7+(�(/'(5/< 

 
7KH� IUHTXHQF\� RI� VXUJLFDO� VSLQDO�

SURFHGXUHV� LQ� WKH� 8QLWHG� 6WDWHV�
FRQWLQXHV� WR�JURZ�� SDUWLFXODUO\� IRU� WKH�
HOGHUO\�� 7KLV� VWXG\� ZDV� GHVLJQHG� WR�
EHWWHU� XQGHUVWDQG� WKH� LQFLGHQFH� RI�
FRPSOLFDWLRQV� DQG� DVVRFLDWHG� ULVN�
IDFWRUV�RI�FHUYLFDO�VSLQH�VXUJHU\� LQ�DQ�
HOGHUO\�FRKRUW� 
8VLQJ�D�ILYH�SHUFHQW�UDQGRP�VDPSOH�

RI� 0HGLFDUH� SK\VLFLDQ�FDUULHU� FODLPV�
GDWD� IURP� ����� WR� ������ SDWLHQWV�
XQGHUJRLQJ� FHUYLFDO� GHFRPSUHVVLRQ�
DQG� SRVWHULRU� FHUYLFDO� IXVLRQ� ZHUH�
LGHQWLILHG�� 7KH� ��-GD\�� SRVWRSHUDWLYH�
UDWH� RI� � QHZO\� GLDJQRVHG� DGYHUVH�
HYHQWV� ZDV� DVVHVVHG�� $� PXOWLYDULDWH�
&R[� UHJUHVVLRQ�ZDV�XVHG� WR�HYDOXDWH�
ULVN�IDFWRUV�IRU�FRPSOLFDWLRQV��DGMXVWHG�
IRU� DJH�� VRFLRHFRQRPLF� VWDWXV��

 

&KDUOHVWRQ� FRPRUELGLW\� LQGH[�� UDFH��
FHQVXV� UHJLRQ�� JHQGHU� DQG� \HDU� RI�
VXUJHU\� 
$�WRWDO�RI��������SDWLHQWV�XQGHUZHQW�

FHUYLFDO� GHFRPSUHVVLRQ� �&'�� DQG�
������ XQGHUZHQW� FHUYLFDO� IXVLRQ�
�&)��5HVSLUDWRU\� FRPSOLFDWLRQV�
RFFXUUHG� LQ�������RI�&'��DQG�������
RI�&)�SDWLHQWV��2WKHU�FRPSOLFDWLRQV�RI�
&'�DQG�&)�ZHUH� XULQDU\� UHWHQWLRQ� LQ�
����� DQG� ������ UHVSHFWLYHO\�� DFXWH�
GHOLULXP� LQ� ����� DQG� �������
UHVSHFWLYHO\� DQG� SRVWRSHUDWLYH�
QDXVHD� DQG� YRPLWLQJ� RFFXUUHG� LQ�
����� DQG� ������ UHVSHFWLYHO\�� 2OGHU�
SDWLHQWV� � DQG� WKRVH� ZLWK� D� KLVWRU\� RI�
VPRNLQJ� KDG� KLJKHU� ULVNV� RI�
UHVSLUDWRU\�FRPSOLFDWLRQV� 3DWLHQWV�
ZLWK�GHPHQWLD�ZHUH�DW�D�KLJKHU�ULVN�RI�
DFXWH� GHOLULXP�DIWHU� ERWK�&'�DQG�&)�
�S�������IRU�ERWK�FRPSDULVRQV�� 
&RQFOXVLRQ�� 7KLV� VWXG\�� XVLQJ� D�

QDWLRQDOO\� UHSUHVHQWDWLYH� FRKRUW� RI�
HOGHUO\� SDWLHQWV� XQGHUJRLQJ� FHUYLFDO�
GHFRPSUHVVLRQ�DQG�SRVWHULRU�FHUYLFDO�
IXVLRQ�� GHPRQVWUDWHG� WKDW� UHVSLUDWRU\�
FRPSOLFDWLRQV�� XULQDU\� UHWHQWLRQ��
SRVWRSHUDWLYH� QDXVHD� DQG� � YRPLWLQJ��
DV� ZHOO� DV� DFXWH� GHOLULXP�� ZHUH� WKH�
PRVW� FRPPRQ� SRVWRSHUDWLYH�
FRPSOLFDWLRQV� 

 
5DGFOLII�� .��� HW� DO�� &HUYLFDO� 6SLQH�
6XUJHU\� &RPSOLFDWLRQV� DQG� 5LVNV� LQ�
WKH�(OGHUO\��6SLQH��������0DUFK���� 
�������(���-(���� 
 
())(&7�2)�'$<7,0(�6/((3,1(66�
21�%$/$1&(�$1'�02%,/,7<�,1�

7+(�(/'(5/< 
 
'LPLQLVKHG� DELOLW\� WR� PDLQWDLQ�

EDODQFH� LV� DVVRFLDWHG� ZLWK� D� IHDU� RI�
IDOOLQJ�DQG�DQ�LQFUHDVHG�ULVN�RI�IDOOLQJ��
$V� EDODQFH� LV� VHQVLWLYH� WR� VOHHS�
GHSULYDWLRQ�� WKH� SUHYDOHQFH� RI� VOHHS�
GHSULYDWLRQ� ZLWK� DJLQJ� PD\� ZRUVHQ�
WKLV� ULVN�� 7KLV� VWXG\� UHYLHZHG� WKH�
DVVRFLDWLRQ� EHWZHHQ� VHOI-UHSRUWHG��
GD\WLPH� VOHHSLQHVV� DQG� EDODQFH�
DPRQJ� FRPPXQLW\� GZHOOLQJ�� HOGHUO\�
DGXOWV� 
6XEMHFWV� ZHUH� FRJQLWLYHO\� LQWDFW��

FRPPXQLW\� GZHOOLQJ� DGXOWV�� ��� \HDUV�
RI� DJH� RU� ROGHU�� DQG� DEOH� WR� ZDON�
KRXVHKROG�����GLVWDQFHV� 3DWLHQW�
VOHHSLQHVV� ZDV� DVVHVVHG� XVLQJ� WKH�
(SZRUWK� 6OHHSLQHVV� 6FDOH� �(66��� $�
VFRUH� RI� QLQH� RU� PRUH� ZDV� XVHG� WR�
LQGLFDWH� GD\WLPH� VOHHSLQHVV���
6XEMHFWV� ZHUH� DVVHVVHG� IRU� JDLW�
VSHHG� DQG� JDLW� FKDUDFWHULVWLFV�� DQG�
IRU� EDODQFH�� ZLWK� VHOI-UHSRUWHG�
PHDVXUHV� RI� EDODQFH� DQG� PRELOLW\�
DOVR�DSSOLHG� 
3DUWLFLSDQWV�ZHUH�����DGXOWV�ZLWK�D�

PHDQ�DJH�RI����\HDUV��DPRQJ�ZKRP�

���� UHSRUWHG� GD\WLPH� VOHHSLQHVV��
7KRVH�ZLWK�GD\WLPH�VOHHSLQHVV�KDG�D�
VLJQLILFDQWO\� KLJKHU� ERG\�PDVV� LQGH[��
DQG�PRUH�FRPRUELG� LOOQHVVHV��$PRQJ�
WKRVH� QRW� UHSRUWLQJ� GD\WLPH�
VOHHSLQHVV�� ���� UHSRUWHG� KDYLQJ�
IDOOHQ� LQ� WKH�SUHYLRXV�\HDU��FRPSDUHG�
WR� ���� RI� WKRVH� ZLWK� GD\WLPH�
VOHHSLQHVV� �S ������� 7KRVH� ZLWK�
GD\WLPH�VOHHSLQHVV�KDG�D�VORZHU�JDLW�
VSHHG�� D� ZLGHU� VWHS�ZLGWK� DQG� ORZHU�
$FWLYLWLHV� 6SHFLILF� %DODQFH�
&RQILGHQFH�6FDOH�VFRUHV� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

FRPPXQLW\� GZHOOLQJ�� HOGHUO\�
LQGLYLGXDOV� IRXQG� WKDW� ���� UHSRUWHG�
GD\WLPH� VOHHSLQHVV�� ZLWK� JDLW� VSHHG�
DQG� VHOI-UHSRUWHG� EDODQFH� FRQILGHQFH�
ORZHU� DPRQJ� WKRVH� ZLWK� GD\WLPH�
VOHHSLQHVV�WKDQ�DPRQJ�WKRVH�ZLWKRXW� 

 
7\DJL��6���HW�DO��0RELOLW\�LQ�&RPPXQLW\
-'ZHOOLQJ� 2OGHU� $GXOWV�� (IIHFW� RI�
'D\WLPH�6OHHSLQHVV��-�$P�*HU� �6RF�����
������0D\���������������-����� 

 
())(&76�2)�,%8352)(1�$1'�

5(6,67$1&(�75$,1,1*�21�%21(�
$1'�086&/( 

 
&KURQLF� LQIODPPDWLRQ� LV� WKRXJKW� WR�

EH�D�FRQWULEXWLQJ� IDFWRU� WR� WKH� ORVV�RI�
ERQH� DQG� PXVFOH� PDVV� ZLWK� DJLQJ��
7KLV� VWXG\� DVVHVVHG� WKH� FRPELQHG�
HIIHFWV� RI� SURJUHVVLYH� UHVLVWDQFH�
WUDLQLQJ DQG LEXSURIHQ�
VXSSOHPHQWDWLRQ� RQ� ERQH� VWUHQJWK�
DQG�GHQVLW\� 
6XEMHFWV�ZHUH� UDQGRPL]HG� LQWR�RQH�

RI�IRXU�JURXSV��LQFOXGLQJ����UHVLVWDQFH�
WUDLQLQJ� FRPELQHG�ZLWK� LEXSURIHQ�����
PJ� DIWHU� H[HUFLVH�� ��� UHVLVWDQFH�
WUDLQLQJ� FRPELQHG� ZLWK� SODFHER�� ���
IOH[LELOLW\� WUDLQLQJ� FRPELQHG� ZLWK�
LEXSURIHQ� RU� ��� IOH[LELOLW\� WUDLQLQJ�
FRPELQHG� ZLWK� SODFHER�� $OO�
SDUWLFLSDQWV� ZHUH� SURYLGHG�
VXSSOHPHQWV� RI� FDOFLXP� DQG� YLWDPLQ�����
'�� 7KH� UHVLVWDQFH� VWUHQJWKHQLQJ�
SURJUDP�LQFOXGHG�WZR�VHWV�RI�HLJKW� WR�
��� UHSHWLWLRQV� WR� IDWLJXH� IRU� D� WRWDO�RI�
���PDFKLQH�DQG�GXPEEHOO�H[HUFLVHV� 
([HUFLVHV�ZHUH� IRFXVHG�RQ� WKH�KLS��

OXPEDU� VSLQH�� GLVWDO� UDGLXV� DQG� WLELD��
$W� EDVHOLQH�� WKH� SDUWLFLSDQWV�
XQGHUZHQW� HYDOXDWLRQV� RI� ERQH�
VWUXFWXUH� DQG� YROXPHWULF� GHQVLW\� E\�
SHULSKHUDO� TXDQWLWDWLYH� FRPSXWHG�
WRPRJUDSK\� �S4&7��� WKURXJK�
DQWKURSRPHWULF� PHDVXUHPHQWV�� DQG�
E\� DVVHVVLQJ� FURVV-VHFWLRQDO� DUHD�
FRQWHQW� DQG� GHQVLW\� IRU� WRWDO� DQG�
WUDEHFXODU� ERQH� DQG� HVWLPDWHV� � RI�
ERQH�VWUHQJWK�LQ�FRPSUHVVLRQ� 
6XEMHFWV�ZHUH����ZRPHQ��([HUFLVH�

ZLWK�LEXSURIHQ�GHFUHDVHG�WKH�DYHUDJH�
WRWDO� ERQH� FRQWHQW� LQ� FRPSDULVRQ� WR�



 

3DJH�� �����������������-XO\�������� 9ROXPH����1XPEHU��  

H[HUFLVH� RQO\� �S�  � ������� DQG�
LEXSURIHQ�RQO\��S� ���������5HVLVWDQFH�
WUDLQLQJ�ZLWK� LEXSURIHQ�GHFUHDVHG� WRWDO�
ERQH� FRQWHQW� �-������ DW� WKH� GLVWDO�
UDGLXV� DV� FRPSDUHG� WR� UHVLVWDQFH�
WUDLQLQJ�DORQH� � �S ������ DQG� LEXSURIHQ�
DORQH��S �������7KH�UHVLVWDQFH�WUDLQLQJ�
JURXS� KDG� SUHVHUYHG� PXVFOH� GHQVLW\�
PRUH�WKDQ�GLG�WKH�VWUHWFKLQJ�JURXS� 
&RQFOXVLRQ��7KLV�VWXG\��IRXQG�WKDW�

LEXSURIHQ� WDNHQ� LPPHGLDWHO\� DIWHU�
H[HUFLVH�KDV�D�QHJDWLYH�HIIHFW�RQ�GLVWDO�
UDGLXV� ERQH� PLQHUDO� PDVV�� ZKLOH�
UHVLVWDQFH�WUDLQLQJ�DQG�LEXSURIHQ�WDNHQ�
DORQH�SUHYHQW�ERQH�ORVV� 

 
'XII��:��� HW� DO�� (IIHFWV� RI� ,EXSURIHQ� LQ�
5HVLVWDQFH� 7UDLQLQJ� RQ� %RQH� DQG�
0XVFOH�� $� 5DQGRPL]HG�� &RQWUROOHG�
7ULDO� LQ�2OGHU�:RPHQ��0HG�6FL�6SRUWV�
([HU��������$SULO������������-���� 
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0DOH� DWKOHWHV� LQ� FHUWDLQ� HOLWH� OHYHO�

VSRUWV�DSSHDU�WR�EH�DW�DQ�LQFUHDVHG�ULVN�
RI�KLS�RVWHRDUWKULWLV��2$��ODWHU�LQ�OLIH��7KLV�
SKHQRPHQRQ� GLIIHUV� IURP� NQHH� 2$�� DV�
WKHUH�LV�RIWHQ�QR�KLVWRU\�RI�DQ\�SUHFHGLQJ�
DVVRFLDWHG� � KLS� LQMXU\�� 7KLV� V\VWHPDWLF�
UHYLHZ� LQYHVWLJDWHG� WKH� DVVRFLDWLRQ� RI�
VSRUWLQJ�DFWLYLW\�ZLWK�WKH�GHYHORSPHQW�RI�
KLS�2$� 
0HGLFDO� GDWDEDVHV� ZHUH� UHYLHZHG� IRU�

VWXGLHV� LQYROYLQJ� PDOH� SDUWLFLSDQWV� LQ�
FRPSHWLWLYH� VSRUWV� DFWLYLWLHV� ZKR� ZHUH�
GLDJQRVHG� ZLWK� KLS� 2$�� )URP� WKHVH�
VWXGLHV��SRROHG�UDWHV�RI�RXWFRPHV�RI�KLS�
2$�ZHUH�FDOFXODWHG��(OHYHQ�VWXGLHV�ZHUH�
FKRVHQ��DOO�LQYHVWLJDWLQJ�WKH�UDWH�RI�2$�LQ�
PDOH�SDUWLFLSDQWV� UHODWLYH� WR�FRQWUROV��2I�
WKHVH�� VRFFHU� ZDV� PRVW� FRPPRQO\�
LQYHVWLJDWHG� VSRUW� DORQJ� ZLWK� ORQJ�
GLVWDQFH�UXQQLQJ� 
3DUWLFLSDWLRQ�LQ�HOLWH-OHYHO�LPSDFW�VSRUWV�

ZDV� DVVRFLDWHG� ZLWK� D� WZR-� WR� QLQH-IROG�
LQFUHDVHG� ULVN� RI� KLS� 2$�� 7KH� VWXGLHV�
LQYHVWLJDWLQJ� FRPSHWLWLYH� ORQJ� GLVWDQFH�
UXQQLQJ� GHPRQVWUDWHG� LQFRQVLVWHQW�
UHVXOWV 
&RQFOXVLRQ�� 7KLV�V\VWHPDWLF�UHYLHZ�

GHPRQVWUDWHG�WKDW�SDWLHQWV�ZLWK�D�KLVWRU\�
RI� SDUWLFLSDWLRQ� LQ� FHUWDLQ� HOLWH� OHYHO�
LPSDFW� VSRUWLQJ� DFWLYLWLHV� DUH� DW� D�
VLJQLILFDQWO\�KLJKHU�ULVN�RI�GHYHORSLQJ�KLS�
RVWHRDUWKULWLV� 

 
9LJGLUFKLFN�� -��� HW� DO�� &�� :KDW� LV� WKH�
$VVRFLDWLRQ� RI� (OLWH� 6SRUWLQJ� $FWLYLWLHV�
ZLWK� WKH� 'HYHORSPHQW� RI� +LS�
2VWHRDUWKULWLV"� $P� -� 6SRUWV� 0HG��
������$SULO������������-���� 
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3UHYLRXV VWXGLHV KDYH�

GHPRQVWUDWHG� IDYRUDEOH� PRUWDOLW\�
RXWFRPHV� DPRQJ� HOLWH� DWKOHWHV�� ZKHQ�
FRPSDUHG� WR� WKH� JHQHUDO� SRSXODWLRQ��
+RZHYHU�� WKLV� KDV� QRW� KHOG� WUXH� IRU� DOO�
VSRUWV�� 7KLV� VWXG\� ZDV� GHVLJQHG� WR�
GHWHUPLQH� ZKHWKHU� VXUYLYDO� GLIIHUV�
EHWZHHQ� HOLWH� HFWRPRUSK� DQG�
PHVRPRUSK�DWKOHWHV� 
3XEOLFO\� DYDLODEOH� GDWD�ZHUH�XVHG� WR�

LGHQWLI\� WKH� WRS� WHQ� PDOH� DQG� IHPDOH�
DWKOHWHV� LQ�2O\PSLF�KLJK� MXPS��GLVFXV��
PDUDWKRQ�DQG�����P�UXQV�IURP������WR�
������ ,QWHUQHW� VHDUFKHV� ZHUH� XVHG� WR�
LGHQWLI\� DJH� DW� FRPSHWLWLRQ�� KHLJKW��
ZHLJKW�� FRXQWU\� RI� RULJLQ� DQG� GDWH� RI�
GHDWK��2XWFRPH�PHDVXUHV�LQFOXGHG�DOO-
FDXVH�PRUWDOLW\�� H[SHFWHG�VXUYLYDO� DQG�
FRXQWU\�RI�RULJLQ� 
2I� WKH� ���� DWKOHWHV� IROORZHG�� WKH�

GDWH� RI� GHDWK� ZDV� LGHQWLILHG� IRU� �����
7KH�REVHUYHG�YHUVXV�H[SHFWHG�VXUYLYDO�
ZDV� JUHDWHVW� IRU� KLJK� MXPSHUV� �����
\HDUV� IRU� ZRPHQ� DQG� ���� \HDUV� IRU�
PHQ��� DQG� ORZHVW� IRU� VSULQWHUV� �-����
\HDUV� IRU� ZRPHQ� DQG� ���� \HDUV� IRU�
PHQ��� $� PXOWLYDULDWH� DQDO\VLV�
GHPRQVWUDWHG�WKDW�WKH�JUHDWHVW�VXUYLYDO�
ZDV� IRU� KLJK� MXPSHUV� DQG� PDUDWKRQ�
UXQQHUV�� DV� FRPSDUHG� ZLWK� GLVFXV�
WKURZHUV� DQG� VSULQWHUV� �S ��������
&RQWUROOLQJ� IRU� ZHLJKW� UHGXFHG� WKH�
VXUYLYDO� EHQHILW� RI� KLJK� MXPSHUV� RYHU�
GLVFXV� WKURZHUV�� EXW�KDG� OLWWOH�HIIHFW�RQ�
WKH�VXUYLYDO�EHQHILW�RI�PDUDWKRQ�UXQQHUV�
YHUVXV�VSULQWHUV�� 
&RQFOXVLRQ� 7KLV VWXG\ RI�

2O\PSLF�DWKOHWHV�IRXQG�WKDW�KLJK�MXPSHUV�
DQG� PDUDWKRQ� UXQQHUV� OLYH� ORQJHU� WKDQ�
WKH� JHQHUDO� SRSXODWLRQ��ZKLOH� ����PHWHU�
UXQQHUV�GR�QRW� 

 
/HH-+HLGHQUHLFK��-���HW�DO��'LIIHUHQFHV�LQ�
/LIH� ([SHFWDQF\� EHWZHHQ� 2O\PSLF� +LJK�
-XPSHUV�� 'LVFXV� 7KURZHUV�� 0DUDWKRQ�
DQG� ���� 0� 5XQQHUV�� %0&� 6SRUWV� 6FL�
0HG�5HKDELO������������� 
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%DUHIRRW� UXQQLQJ� �%5�� LV� � D� JURZLQJ�

SUDFWLFH�LQ�WKH�UXQQLQJ�FRPPXQLW\��:KLOH�
WKH� VKRUW-WHUP� HIIHFWV� RI� %5�KDYH� EHHQ�
VWXGLHG��WKH�ORQJ-WHUP�HIIHFWV�DUH�QRW�DV�
ZHOO� XQGHUVWRRG�� 7KLV� VWXG\� ZDV�
GHVLJQHG� WR�EHWWHU�XQGHUVWDQG� WKH� ORQJ-
WHUP� HIIHFWV� RI� %5� DQG� ZDONLQJ� RQ�
DQWKURSRPHWULFV�� ELRPHFKDQLFV� DQG�
SHUIRUPDQFH� 

7KLV� PHWD-DQDO\VLV� LQFOXGHG� UDQGRPO\�
FRQWUROOHG� WULDOV�� FDVH� FRQWUROV�� FRKRUWV�
DQG� FURVV� VHFWLRQDO� VWXGLHV� IURP� SHHU�
UHYLHZHG� MRXUQDOV�� )LIWHHQ� VWXGLHV� ZHUH�
LQFOXGHG� LQ� WKH� ILQDO� DQDO\VLV�� 7KUHH�
VWXGLHV� UHYHDOHG� HYLGHQFH� RI� UHGXFHG�
DQNOH� GRUVLIOH[LRQ� DW� IRRW� VWULNH� LQ� %5�
�S���������� 7KHUH�ZDV� OLPLWHG� HYLGHQFH�
VKRZLQJ� UHGXFHG� FRQWDFW� WLPH�� VWULGH�
OHQJWK�� VWULGH� WLPH� DQG� LQFUHDVHG�
FDGHQFH� LQ� %5�� )LYH� VWXGLHV� DVVHVVHG�
PRUSKRORJ\��VKRZLQJ�%5�WR�KDYH�ZLGHU��
EXW� QRW� VKRUWHU�� IHHW� FRPSDUHG� WR�
QRQEDUHIRRW� UXQQLQJ�� 7ZR� VWXGLHV��
VKRZHG� UHGXFHG� KDOOX[� DQJOH�� /LPLWHG�
HYLGHQFH� VKRZHG� UHGXFHG� LQFLGHQFH� RI�
IODW� IHHW� LQ� %5� FKLOGUHQ�� EXW� FRQIOLFWLQJ�
HYLGHQFH�LQ�DGXOWV��9HU\�OLPLWHG�HYLGHQFH�
VXJJHVWV� WKDW� LQMXU\� SDWWHUQV� DUH�
GLIIHUHQW�� ZLWK� SODQWDU� VXUIDFH� LQMXULHV�
PRUH�FRPPRQ�LQ�%5� 
&RQFOXVLRQV� 7KLV� ODUJH� OLWHUDWXUH�

UHYLHZ� DQG� PHWD-DQDO\VLV� IRXQG�
LQVXIILFLHQW� HYLGHQFH� LQ� WKH� OLWHUDWXUH� WR�
GUDZ� VLJQLILFDQW� FRQFOXVLRQV� FRQFHUQLQJ�
WKH� HIIHFWV� RI� EDUHIRRW� UXQQLQJ� DV�
FRPSDUHG�ZLWK�VKRG�UXQQLQJ� 

 
+ROODQGHU��.���HW�DO��/RQJ-7HUP�(IIHFWV�
RI� +DELWXDO� %DUHIRRW� 5XQQLQJ� DQG�
:DONLQJ�� $� 6\VWHPDWLF� 5HYLHZ�� 0HG�
6FL�6SRUWV�([HU����������������-���� 

 

/2:-/(9(/�/$6(5�7+(5$3<�)25�
/,0%�)5$&785( 

 
'HOD\HG� XQLRQ� RI� IUDFWXUHV� RFFXUV�

ZKHQ� WKHUH� DUH� QR� VLJQV� RI� ERQH�
KHDOLQJ�ZLWKLQ��WKH�H[SHFWHG�WLPHIUDPH��
:KLOH� RSHUDWLYH� LQWHUYHQWLRQ� LV� DQ�
RSWLRQ� DIWHU� GHOD\HG�XQLRQ��PDQ\� ORRN�
IRU� PRUH� FRQVHUYDWLYH� PHDQV� RI�
DFFHOHUDWLQJ� KHDOLQJ�� 7KH� XVH� RI� ORZ-
OHYHO�ODVHU�WUHDWPHQW��///7��WR�SURPRWH�
KHDOLQJ� KDV� EHHQ� UHSRUWHG� LQ� � KXPDQ�
IUDFWXUHV�� DOWKRXJK� QRQH� KDYH�
SUHYLRXVO\�UHSRUWHG�LWV�XVH�LQ�D��FOLQLFDO�
VHWWLQJ�� 7KLV� FDVH� VHULHV� UHSRUWHG� RQ�
FRQVHFXWLYH� SDWLHQWV� ZLWK� GHOD\HG�
XQLRQ� RI� IUDFWXUH� ZKR� ZHUH� FOLQLFDOO\�
WUHDWHG�ZLWK�///7� 
6XEMHFWV� LQFOXGHG� FRQVHFXWLYH�

SDWLHQWV�ZLWK� D�PHDQ� DJH� RI� ��� \HDUV�
SUHVHQWLQJ�ZLWK�GHOD\HG�XQLRQ�RI�XSSHU�
RU� ORZHU� H[WUHPLW\� OLPE� IUDFWXUH�� ZKR�
KDG� EHHQ� RIIHUHG�� EXW� KDG� UHIXVHG�
VXUJLFDO�LQWHUYHQWLRQ��$OO�UHFHLYHG�///7�
HYHU\� RWKHU� GD\�� HLJKW� ZHHNV� IRU� 8(�
DQG� ��� ZHHNV� IRU� /(� IUDFWXUHV�� 7KH�
SDWLHQWV� ZHUH� IROORZHG� IRU� FOLQLFDO� DQG�
UDGLRORJLF� ILQGLQJV� RI� IUDFWXUH� KHDOLQJ��
DV� ZHOO� DV� VDWLVIDFWLRQ� ZLWK� WKH�
SURFHGXUH� 
$W� SUHVHQWDWLRQ�� WKH� DJH� RI� WKH�

IUDFWXUHV� UDQJHG� IURP� VL[� WR� HLJKW�
ZHHNV��2I� WKH�SDWLHQWV�ZKR�FRPSOHWHG�
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WKH�VWXG\�����RI����DFKLHYHG�XQLRQ��
7KH� WLPH� WR� FOLQLFDO� DQG� UDGLRORJLF�
IUDFWXUH�XQLRQ�ZDV�VHYHQ�ZHHNV� IRU�
8(� DQG� ���ZHHNV� IRU� /(� IUDFWXUHV��
7KH�PHDQ�VDWLVIDFWLRQ�RI� WKRVH�ZLWK�
8(�IUDFWXUHV�ZDV�������ZKLOH�WKDW�IRU�
WKRVH�ZLWK�/(�IUDFWXUHV�ZDV������ 
&RQFOXVLRQ�� 7KLV�FDVH�VHULHV�RI�

SDWLHQWV� ZLWK� GHOD\HG� XQLRQ� RI�
IUDFWXUHV� IRXQG� WKDW�� DIWHU� LQLWLDWLQJ��
ORZ� OHYHO� ODVHU� WKHUDS\�� VROLG� XQLRQ�
ZDV�DFKLHYHG�LQ�VHYHQ�WR����ZHHNV� 

 
,S�� '��� 8VH� RI� /RZ-/HYHO� /DVHU�
7KHUDS\� LQ� &RQVHUYDWLYH� 7UHDWPHQW�
RI� 'HOD\HG� 8QLRQ� RI� +XPDQ� 8SSHU�
DQG� /RZHU� /LPE� )UDFWXUHV�� ,QWHUQHW�
-�2UWKR�6XUJ����������������-�� 

 
0<2)$6&,$/�5(/($6(�)25�
&+521,&�/2:�%$&.�3$,1 

 
/RZ�EDFN�SDLQ��/%3��LV�D�FRPPRQ�

FRQGLWLRQ� ZLWK� QHJDWLYH� HFRQRPLF�
DQG� VRFLDO� FRQVHTXHQFHV��$V� VRPH�
KDYH� VXJJHVWHG� WKDW� OXPEDU� IDVFLD�
PLJKW� EH� LQYROYHG� LQ� FKURQLF� ORZ�
EDFN� SDLQ� �&/%3��� WKLV� VWXG\�
DVVHVVHG� � WKH� HIIHFW� P\RIDVFLDO�
UHOHDVH��0)5�� 
7KLV� GRXEOH-EOLQG�� SDUDOOHO�

FRQWUROOHG� WULDO� LQYROYHG� DGXOWV� ��-�
��� \HDUV� RI� DJH� GLDJQRVHG� ZLWK�
QRQVSHFLILF�� FKURQLF� �!�PRQWKV��
/%3�� 7KRVH� ZKR� ZHUH� UDQGRPL]HG�
WR� DQ� 0)5� JURXS� UHFHLYHG� IRXU�
VHVVLRQV�RI�P\RIDVFLDO�WUHDWPHQW�����
PLQXWHV� SHU� VHVVLRQ�� WZLFH� SHU�
ZHHN��7KH�0)5�WHFKQLTXHV�LQFOXGHG�
ORQJLWXGLQDO� VOLGLQJ� RI� OXPEDU�
SDUDYHUWHEUDO� PXVFOHV�� 0)5� RI� WKH�
WKRUDFROXPEDU� IDVFLD�� 0)5� RI�
TXDGUDWXV� OXPERUXP� DQG� 0)5� RI�
WKH� SVRDV� PXVFOH�� $� FRQWURO� JURXS�
UHFHLYHG� VKDP� 0)5�� 7KH� SULPDU\�
RXWFRPH� PHDVXUH� ZDV� SDLQ��
DVVHVVHG� ZLWK� WKH� 6SDQLVK� YHUVLRQ�
RI� WKH� 6KRUW� )RUP� 0F*LOO� 3DLQ�
4XHVWLRQQDLUH� �6)-034�� DQG� D�
YLVXDO�DQDORJ�VFDOH��9$6��RI�SDLQ� 
%RWK� JURXSV� GHPRQVWUDWHG�

VLJQLILFDQW� LPSURYHPHQW� DW� WZR�
ZHHNV� LQ� 6)-034� VFRUHV�� ZLWK�
VLJQLILFDQWO\� EHWWHU� VFRUHV� DW� ���
ZHHNV�LQ�WKH�0)5�JURXS�LQ�WKH�SDLQ�
�S ������� DQG� VHQVRU\� VXEVFDOHV�
�S ������� WKDQ� LQ� WKH�FRQWURO�JURXS��
$� VLJQLILFDQW� LPSURYHPHQW� RQ� WKH�
9$6�ZDV�IRXQG�IRU�ERWK�JURXSV�ZLWK�
QR� VLJQLILFDQW� GLIIHUHQFH� EHWZHHQ�
WKH� � WZR� � JURXSV�� ,Q� DGGLWLRQ��
GLVDELOLW\�� DV� PHDVXUHG� ZLWK� WKH�
5RODQG� 0RUULV� 4XHVWLRQQDLUH� DQG�
)HDU� � $YRLGDQFH� %HOLHIV�
4XHVWLRQQDLUH� VFRUHV� ZHUH�

VLJQLILFDQWO\�EHWWHU�LQ�WKH�0)5�JURXS�
WKDQ�LQ�WKH�VKDP�JURXS��S������� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� QRQVSHFLILF� ORZ� EDFN�
SDLQ� IRXQG� WKDW� P\RIDVFLDO� UHOHDVH�
WHFKQLTXHV� KHOS� LPSURYH� SDLQ� DQG�
GLVDELOLW\� 

 
$UJXLVXHODV�� 0��� HW� DO�� (IIHFWV� RI�
0\RIDVFLDO�5HOHDVH�DQG�1RQVSHFLILF�
&KURQLF� /RZ� %DFN� 3DLQ�� $�
5DQGRPL]HG�� &OLQLFDO� 7ULDO�� 6SLQH��
������0D\��������������-���� 

 
25$/�&2175$&(37,9(6�$1'�
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6WXGLHV� KDYH� VKRZQ� WKDW� QHDU�

PD[LPDO�WR�PD[LPDO�LQWHUYDO�WUDLQLQJ�
����� WR� ����� SHDN� KHDUW� UDWH�� RU�
VSULQW� LQWHUYDO� WUDLQLQJ� �6,7�� FDQ�
UDSLGO\� LPSURYH� SHDN� DHURELF�
FDSDFLW\� DQG� HQGXUDQFH�
SHUIRUPDQFH� LQ� DV� OLWWOH� DV� WZR�
ZHHNV�� $V� SUHYLRXV� VWXGLHV� KDYH�
IRXQG� WKDW� RUDO� FRQWUDFHSWLYH� �2&��
XVH� PD\� LQIOXHQFH� DWKOHWLF�
SHUIRUPDQFH�� WKLV� VWXG\� DVVHVVHG�
WKH� LQIOXHQFH� RI� WKHVH� PHGLFDWLRQV�
RQ�SHUIRUPDQFH�DGDSWDWLRQV�WR�6,7� 
+HDOWK\�� UHFUHDWLRQDOO\� DFWLYH�

ZRPHQ� ZKR� ZHUH� HLWKHU� 2&� XVHUV�
RU� H[SHULHQFHG� UHJXODU� � QDWXUDO�
PHQVWUXDO� F\FOHV� ZHUH� VWXGLHG�� $W�
EDVHOLQH�� WKH� VXEMHFWV� ZHUH�
DVVHVVHG�IRU�VHUXP�KRUPRQH�OHYHOV�
DQG� 92�SHDN�� SHDN� SRZHU� RXWSXW�
�332��� SHDN� FDUGLDF� RXWSXW�
�4SHDN��� SHDN� VWURNH� YROXPH�
�69SHDN���SHDN�+5��+5SHDN���SHDN�
UDWLQJ� RI� SHUFHLYHG� H[HUWLRQ�
�53(SHDN��� SHDN� UHVSLUDWRU\�
TXRWLHQW��54��DQG�PLQXWH�YHQWLODWLRQ�
�9ā(9ā&2�VORSH��� (DFK� SDUWLFLSDQW�
WKHQ� FRPSOHWHG� WKUHH� VXSHUYLVHG�
6,7�VHVVLRQV��DW�����WR������332��
SHU� ZHHN� IRU� IRXU� ZHHNV�� ZLWK� D�
PLQLPXP� RI� ��� KRXUV� EHWZHHQ�
VHVVLRQV�� $VVHVVPHQWV� ZHUH� DJDLQ�
PDGH� LPPHGLDWHO\� DIWHU� FRPSOHWLQJ�
DQG� IRXU� ZHHNV� DIWHU� FRPSOHWLRQ� RI�
WKH� SURJUDP�� 7KRVH� WDNLQJ� RUDO�
FRQWUDFHSWLYHV� ZHUH� FRPSDUHG� WR�
WKRVH�ZKR�ZHUH�QRW� 
7KH� 0&� JURXS� VKRZHG� JUHDWHU�

LPSURYHPHQW�WKDQ�GLG�WKH�2&�JURXS�
LQ� 9ā2�SHDN� �S�  � �������� DQG�
4āSHDN� �S�  � �������� 7KH� 69SHDN�
LQFUHDVHG� LQ� WKH� 0&� JURXS� �S�  �
��������DQG�UHPDLQHG�HOHYDWHG�IURP�
SUH-WUDLQLQJ�DW�IROORZ-XS��3� ���������
EXW�GLG�QRW�FKDQJH�LQ�WKH�2&�JURXS��
7KH� 0&� JURXS� KDG� D� KLJKHU� 54�
FRPSDUHG� ZLWK� WKH� 2&� JURXS� DW� DOO�
WLPH� SRLQWV� LQFOXGLQJ� EDVHOLQH� �S�  �

��������SRVW-WUDLQLQJ� �S ��������DQG�
IROORZ-XS��S �������� 
�&RQFOXVLRQ�� 7KLV� VWXG\� RI�

UHFUHDWLRQDOO\� DFWLYH� ZRPHQ�
LQYROYHG� LQ� VSULQW� LQWHUYDO� WUDLQLQJ�
IRXQG� WKDW� RUDO� FRQWUDFHSWLYHV� FDQ�
UHGXFH� JDLQV� LQ� 92�SHDN� DQG�
4SHDN� 

 
6FKDXPEHUJ�� 0��� HW� DO�� 2UDO�
&RQWUDFHSWLYH� 8VH� 'DPSHQV�
3K\VLRORJLFDO� $GDSWDWLRQV� WR� 6SULQW�
,QWHUYDO� 7UDLQLQJ�� 0HG� 6FL� 6SRUWV�
([HU��������$SULO�������������-���� 
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:KLOH�LW�KDV�EHHQ�ZHOO�HVWDEOLVKHG�

WKDW� SK\VLFDO� DFWLYLW\� LV� � DVVRFLDWHG�
ZLWK� GHFUHDVHG� FDUGLRYDVFXODU�
PRUELGLW\� DQG� PRUWDOLW\�� WKH�
PHFKDQLVPV� RI� WKLV� DUH� QRW�
FRPSOHWHO\� XQGHUVWRRG�� 6RPH� KDYH�
VXJJHVWHG�WKDW�WKH�DQWL-LQIODPPDWRU\�
HIIHFW� RI� SK\VLFDO� DFWLYLW\� PD\� EH�
DPRQJ� WKH� IDFWRUV�� 7KLV� VWXG\�
HYDOXDWHG� WKH� DVVRFLDWLRQ� EHWZHHQ�
SK\VLFDO� DFWLYLW\� DQG� REHVLW\-UHODWHG�
LQIODPPDWRU\�PDUNHUV� 
'DWD�ZHUH�REWDLQHG�IURP�WKH�0XOWL-

(WKQLF� 6WXG\� RI� $WKHURVFOHURVLV�
�0(6$��� D� ORQJLWXGLQDO� VWXG\� RI�
DGXOWV� ��� WR� ��� \HDUV� RI� DJH� ZKR�
ZHUH�IUHH�IURP FOLQLFDOO\ DSSDUHQW�
FDUGLRYDVFXODU� GLVHDVH� DW� WKH� WLPH�
RI� HQUROOPHQW� ������ WR� �������
3DUWLFLSDQWV� UHWXUQHG� IRU� IROORZ-XS�
FOLQLF�YLVLWV�DW�WZR��IRXU�DQG�VL[�\HDUV�
DIWHU� WKH� EDVHOLQH� � YLVLW�� � 'DWD�
FROOHFWHG� DW� DOO� YLVLWV� LQFOXGHG�
VWDQGDUG� TXHVWLRQQDLUHV� FRQFHUQLQJ�
VRFLRGHPRJUDSKLFV�� HWKQLFLW\� DQG�
KHDOWK� KLVWRU\�� %RG\� PDVV� � LQGH[�
�%0,�� ZDV� GHWHUPLQHG�� ZLWK� ZDLVW�
DQG� KLS� FLUFXPIHUHQFH� DQG� EORRG�
SUHVVXUH� DOVR� PHDVXUHG�� 'DWD�
FROOHFWHG� DOVR� LQFOXGHG� SK\VLFDO�
DFWLYLW\�DVVHVVPHQWV��EORRG�VDPSOHV�
DQG� &7� GHWHUPLQHG� YLVFHUDO� DQG�
VXEFXWDQHRXV� DGLSRVLW\�� 7KH� GDWD�
ZHUH� � UHYLHZHG� WR� GHWHUPLQH�
DVVRFLDWLRQV� EHWZHHQ� SK\VLFDO�
DFWLYLW\�DQG�DGLSRNLQHV� 
6XEMHFWV� ZHUH� ������ DGXOWV� ZLWK�

DQ� DYHUDJH� DJH� RI� ����� \HDUV�� DQG�
DQ�DYHUDJH�%0,�RI������NJ�Pð��ZLWK�
RQH� WKLUG� KDYLQJ� D� %0,� RI� JUHDWHU�
WKDQ� ��� NJ�Pð�� 0XOWLYDULDEOH�
DGMXVWHG� OLQHDU� UHJUHVVLRQ� UHYHDOHG�
WKDW� D� RQH� VWDQGDUG� GHYLDWLRQ�
LQFUHPHQW� LQ� � PRGHUDWH-WR-YLJRURXV�
SK\VLFDO�DFWLYLW\�ZDV�DVVRFLDWHG�ZLWK�
KLJKHU�DGLSRQHFWLQ���������EXW�ORZHU�
OHSWLQ���������UHVLVWLQ���������71)-Į�
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������� DQG� ,/-�� �S� �� ����� IRU� DOO�
FRPSDULVRQV��� 7KH� DVVRFLDWLRQ� ZLWK�
DGLSRQHFWLQ� ZDV� DWWHQXDWHG� E\�
FHQWUDO�DGLSRVLW\� 
&RQFOXVLRQ�� 7KLV� ODUJH� VWXG\�

IRXQG� WKDW� PRGHUDWH� WR� YLJRURXV�
SK\VLFDO�DFWLYLW\�LV�DVVRFLDWHG�ZLWK�D�
PRUH� IDYRUDEOH� SURILOH� RI�
LQIODPPDWRU\� PDUNHUV�� LQGHSHQGHQW�
RI� ULVN� IDFWRUV� IRU� FDUGLRYDVFXODU�
GLVHDVH�� LQFOXGLQJ� DEGRPLQDO�
VXEFXWDQHRXV� DQG� YLVFHUDO�
DGLSRVLW\� 

 
9HOOD��&���HW�DO��3K\VLFDO�$FWLYLW\�DQG�
$GLSRVLW\-5HODWHG�,QIODPPDWLRQ��7KH�
0(6$��0HG�6FL�6SRUWV�([HU��������
0D\������������-���� 
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3ULRU� VWXGLHV� KDYH� GHPRQVWUDWHG�

WKDW� LQGLYLGXDOV� XQGHUJRLQJ� DQWHULRU�
FUXFLDWH� OLJDPHQW� �$&/�� UHSDLU� FDQ�
H[SHFW� QRUPDO� RU� QHDU�QRUPDO� NQHH�
IXQFWLRQ� ZLWKLQ� RQH� \HDU�� 'HVSLWH�
WKHVH� H[SHFWDWLRQV�� RQH� RI� WKUHH�
UHSRUW� NQHH� GLIILFXOWLHV� VL[� \HDUV�
IROORZLQJ� WKH� UHSDLU�� � 7KLV� VWXG\�
DVVHVVHG� TXDOLW\� RI� OLIH� �42/�� DQG�
SV\FKRORJLFDO� KHDOWK� RXWFRPHV� RI�
SDWLHQWV����\HDUV�DIWHU�$&/�UHSDLU� 
$OO� LQGLYLGXDOV� XQGHUJRLQJ� D�

KDPVWULQJ� RU� SDWHOOD� WHQGRQ�
DXWRJUDIW�$&/�UHSDLU�ILYH�WR����\HDUV�
SUHYLRXVO\� ZHUH� LGHQWLILHG� IURP� WKH�
VXUJLFDO� UHFRUGV� RI� IRXU� RUWKRSHGLF�
VXUJHRQV�� 7KH� SDUWLFLSDQWV� ZHUH�
DVNHG� WR� FRPSOHWH� D� EDWWHU\� RI�
SDWLHQW�UHSRUWHG�RXWFRPH�PHDVXUHV��
LQFOXGLQJ� WKH� .QHH� ,QMXU\� DQG�
2VWHRDUWKULWLV� 2XWFRPHV� 6FRUH�
�.226��� WKH� $&/-� 42/� DQG� WKH�
$VVHVVPHQW�RI�42/��$4R/-�'���WKH�
:RUNSODFH� $FWLYLW\� /LPLWDWLRQ� 6FDOH�
�:$/6�� DQG� WKH� +RVSLWDO� $Q[LHW\�
DQG� 'HSUHVVLRQ� 6FDOH� �+$'6���
.QHH�GLIILFXOWLHV�ZHUH�UHFRUGHG��DQG�
ZHUH� GHILQHG� DV� NQHH� SDLQ��
V\PSWRPV�DQG�IXQFWLRQDO�OLPLWDWLRQV� 
3DUWLFLSDQWV� ZHUH� ���� LQGLYLGXDOV�

ZKR�ZHUH�DQ�DYHUDJH�RI�QLQH�\HDUV�
SRVW-VXUJHU\� DQG� VRXJKW� PHGLFDO�
DWWHQWLRQ� IRU� NQHH� GLIILFXOWLHV�� 7KH�
SDWLHQWV� UHSRUWHG� D� PHDQ� .226-
42/� VFRUH� RI� ���� VXJJHVWLQJ�
LPSDLUHG�� NQHH-UHODWHG� 42/�� $�
PXOWLYDULDEOH� DQDO\VLV� UHYHDOHG� WKDW�
QRQ-UHWXUQ� WR�VSRUW��KLJKHU�%0,�DQG�
VXEVHTXHQW� VXUJHU\� ZHUH�
LQGHSHQGHQWO\� DVVRFLDWHG� ZLWK�
ZRUVH� .226-42/� VFRUHV�� 5HWXUQ�
WR� VSRUW� H[SODLQHG� WKH� JUHDWHVW�

SURSRUWLRQ� RI� YDULDQFH� RI� .226-
42/��S ���������DQG�UHVXOWHG�LQ�DQ�
HVWLPDWHG� ��-SRLQW� KLJKHU� $&/-�
42/� VFRUH� FRPSDUHG� WR� WKDW� RI�
WKRVH�ZKR�GLG�QRW�UHWXUQ��S�������� 
&RQFOXVLRQ�� 5HWXUQLQJ� WR�VSRUW�

DIWHU� DQ� DQWHULRU� FUXFLDWH� OLJDPHQW��
WHDU� LV� DVVRFLDWHG�ZLWK�EHWWHU�NQHH-�
UHODWHG� DQG� JHQHUDO� KHDOWK-UHODWHG�
TXDOLW\� RI� OLIH� DPRQJ� SHRSOH� ZLWK�
NQHH� GLIILFXOWLHV� ILYH� WR� ��� \HDUV�
DIWHU�$&/�UHSDLU� 

 
)LED\�� 6��� HW� DO�� 5HWXUQ� WR� 6SRUW�
0DWWHUV-/RQJHU�7HUP�4XDOLW\�RI�/LIH�
DIWHU�$&/�5HFRQVWUXFWLRQ� LQ�3HRSOH�
ZLWK�.QHH�'LIILFXOWLHV��6FDQG�-�0HG�
6FL� 6SRUWV�� ������ 0D\�� ������� ���-
���� 
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3UHYLRXV� VWXGLHV� KDYH� VXJJHVWHG�

WKDW� VDXQD� EDWKLQJ� LV� DVVRFLDWHG�
ZLWK� EHWWHU� FDUGLRYDVFXODU� DQG�
FLUFXODWRU\� IXQFWLRQ�� 7KLV� VWXG\�
LQYHVWLJDWHG� WKH� DVVRFLDWLRQ�
EHWZHHQ�VDXQD�EDWKLQJ�DQG�WKH�ULVN�
RI� $O]KHLPHU¶V� GLVHDVH� �$'�� DQG�RU�
RWKHU�GHPHQWLDV� 
6XEMHFWV� ZHUH� ������ UDQGRPO\�

VHOHFWHG�PHQ����WR����\HDUV�RI�DJH��
ZKR XQGHUZHQW� EDVHOLQH�
H[DPLQDWLRQV� EHWZHHQ� ����� DQG�
������$OO�ZHUH�DVVHVVHG�IRU�WREDFFR�
XVH�� EORRG� SUHVVXUH�� DOFRKRO� XVH��
ERG\� PDVV� LQGH[�� VHUXP� OLSLGV��
GLDEHWHV�� SK\VLFDO� DFWLYLW\� DQG�
VDXQD� XVH�� 7KH� SDWLHQWV� ZHUH�
IROORZHG�IRU�D�PHGLDQ�RI������\HDUV�
IRU� QHZ� � FDVHV� RI� $'� DQG�RU� RWKHU�
GHPHQWLDV� 
2I� WKH� SDUWLFLSDQWV�� ���� UHSRUWHG�

KDYLQJ�D�VDXQD�EDWK�RQFH�SHU�ZHHN��
������DW�D�UDWH�RI�WZR�WR�WKUHH�WLPHV�
SHU�ZHHN��DQG�����DW�D� UDWH�RI� IRXU�
RU�PRUH�WLPHV�SHU�ZHHN��&RPSDUHG�
WR� WKRVH� XVLQJ� VDXQD� RQFH� SHU�
ZHHN�� WKH� UHODWLYH� ULVN�RI� �GHPHQWLD�
ZDV� ����� IRU� WKRVH� LQ� WKH� WZR� WR�
WKUHH� WLPHV� SHU� ZHHN� � JURXS� DQG�
����� IRU� WKRVH� LQ� WKH� IRXU� WR� �VHYHQ�
WLPHV� SHU� ZHHN� JURXS�� 7KH� KD]DUG�
UDWLRV� IRU�$'�FRPSDUHG� WR� WKH�RQFH�
SHU�ZHHN�JURXS�ZHUH�����IRU�WKH�WZR�
WR� WKUHH�WLPHV�SHU�ZHHN��JURXS�DQG�
�����IRU� WKH�IRXU� WR�VHYHQ�WLPHV�SHU�
ZHHN� JURXS��0XOWLYDULDEOH� � DQDO\VLV�
UHYHDOHG� WKDW� WKRVH� LQ� WKH� IRXU� WR�
VHYHQ� WLPHV� SHU�ZHHN� JURXS�KDG�D�
���� UHGXFWLRQ� RI� GHPHQWLD� DQG� D�
����UHGXFWLRQ�RI�$'��DV� FRPSDUHG�

WR�WKRVH�H[SHULHQFLQJ�D�VDXQD�RQFH�
SHU�ZHHN� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

PLGGOH-DJHG� )LQQLVK� PHQ� IRXQG� D�
VWURQJ��LQYHUVH�DVVRFLDWLRQ�EHWZHHQ�
VDXQD� EDWKLQJ� DQG� WKH� ULVN� RI�
$O]KHLPHU¶V� GLVHDVH� DQG� RWKHU�
GHPHQWLDV�� 7KLV� DVVRFLDWLRQ�
RFFXUUHG� LQGHSHQGHQWO\� RI� NQRZQ�
ULVN�IDFWRUV� 
� 

/DXNNDQHQ��7���HW�DO��6DXQD�%DWKLQJ�
LV� ,QYHUVHO\� $VVRFLDWHG� ZLWK�
'HPHQWLD� DQG� $O]KHLPHU¶V� 'LVHDVH�
LQ�0LGGOH-� $JHG�)LQQLVK�0HQ�� � $JH��
$JLQJ���������������-���� 

 
6+2&.:$9(�75($70(17�:,7+�

(&&(175,&�75$,1,1*�)25�
3$7(//$5�7(1',123$7+< 

 
3DWHOODU�WHQGLQRSDWK\�LV�FDXVHG�E\�

DQ� RYHUORDG� RI� WKH� NQHH� H[WHQVRU�
PHFKDQLVP�� DQG� LV� RIWHQ� FKURQLF�
DQG� GLIILFXOW� WR� WUHDW�� � (FFHQWULF�
WUDLQLQJ� LV� � D� VWDQGDUG� WUHDWPHQW�
PHWKRG�IRU�SDWHOODU�WHQGLQRSDWK\��$V�
H[WUD�FRUSRUHDO�VKRFNZDYH�� WKHUDS\�
�(6:7�� KDV� VKRZQ� VRPH� SURPLVH�
IRU� WKH� WUHDWPHQW� RI� WHQGLQRSDWK\��
WKLV� VWXG\� DVVHVVHG� WKH� HIIHFW� RI�
FRPELQLQJ� (6:7� DQG� HFFHQWULF�
WUDLQLQJ� IRU� WKH� WUHDWPHQW�RI�SDWHOODU�
WHQGLQRSDWK\ 
7KLV� UDQGRPL]HG�� SODFHER�

FRQWUROOHG� WULDO� LQFOXGHG� SDWLHQWV� ���
WR� ��� \HDUV� RI� DJH� ZLWK� SDWHOODU�
WHQGLQRSDWK\�� ZLWK� V\PSWRPV�
SHUVLVWLQJ� IRU� DW� OHDVW� HLJKW� ZHHNV��
$OO� VXEMHFWV� ZHUH� LQVWUXFWHG� WR�
SHUIRUP� HFFHQWULF� H[HUFLVHV� WZLFH�
GDLO\�� ZLWK� WKUHH� VHWV� RI� ���
UHSHWLWLRQV� SHU� VHVVLRQ� IRU� ���
ZHHNV�� 7KRVH� UDQGRPL]HG� WR� WKH�
WUHDWPHQW� JURXS� UHFHLYHG� (6:7�
DSSOLHG� LQ� WKUHH� VHVVLRQV� DW� RQH-
ZHHN� LQWHUYDOV�� ZKLOH� WKH� FRQWURO�
JURXS� UHFHLYHG� VKDP� VKRFNZDYH�
WUHDWPHQW�� 7KH� SULPDU\� RXWFRPH�
PHDVXUH�ZDV� WKH�9LFWRULDQ� ,QVWLWXWH�
RI�6SRUW�$VVHVVPHQW-3DWHOOD� �9,6$-
3��� 6HFRQGDU\� RXWFRPH� PHDVXUHV�
ZHUH� SDLQ� VFRUHV� GXULQJ� IXQFWLRQDO�
NQHH� ORDGLQJ� WHVWV�� DV� UDWHG�ZLWK� D�
QXPHULF�UDWLQJ�VFDOH���-���� 
7KH�PHDQ�LPSURYHPHQWV�LQ�9,6$-�

3� VFRUHV� IURP� EDVHOLQH� RYHU� WLPH�
ZHUH������LQ�WKH�SODFHER�JURXS�DQG 
����� LQ� WKH� WUHDWPHQW� JURXS�

�S ������� 1R� VLJQLILFDQW� GLIIHUHQFHV�
ZHUH�IRXQG�EHWZHHQ�JURXSV�LQ��SDLQ���
H[FHSW�GXULQJ�WKUHH�PD[LPDO�YHUWLFDO��
MXPSV� DW� VL[� ZHHNV�� ZKLFK� IDYRUHG�
WKH�VKDP�JURXS� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� FKURQLF� SDWHOOD�
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WHQGLQRSDWK\� IRXQG� QR� DGGLWLRQDO�
EHQHILW� ZKHQ� DGGLQJ� VKRFNZDYH�
WUHDWPHQW� WR� WUDGLWLRQDO� HFFHQWULF�
H[HUFLVH� 

 
7KLMV�� .��� HW� DO�� (IIHFWLYHQHVV� RI�
6KRFNZDYH� 7UHDWPHQW� &RPELQHG�
ZLWK� (FFHQWULF� 7UDLQLQJ� IRU� 3DWHOODU�
7HQGLQRSDWK\�� $� 'RXEOH-%OLQGHG��
5DQGRPL]HG� 6WXG\�� &OLQ� -� 6SRUW�
0HG��������0DUFK�����������-��� 
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3ULRU� WR� VXUJHU\�� � VHYHUDO�

FRQVHUYDWLYH� WKHUDSLHV� DUH�
UHFRPPHQGHG�IRU�SDWLHQWV�ZLWK�FDUSDO�
WXQQHO� V\QGURPH� �&76��� $V� SUHYLRXV�
QHXURLPDJLQJ�VWXGLHV�RI�SDWLHQWV�ZLWK�
&76� KDYH� GHPRQVWUDWHG� FKDQJHV� LQ�
WKH� SULPDU\� VRPDWRVHQVRU\� FRUWH[� RI�
WKH�EUDLQ�� WKLV�VWXG\�ZDV�GHVLJQHG� WR�
IXUWKHU� XQGHUVWDQG� WKH� HIIHFWV� RI�
DFXSXQFWXUH� RQ� WKH� V\PSWRPV�� WKH�
SHULSKHUDO� FRQGXFWLRQ� DQG� WKH�
VRPDWRVHQVRU\�FRUWH[�RI�SDWLHQWV�ZLWK�
&76� 
6XEMHFWV�ZHUH�SDWLHQWV�ZLWK�&76�����

WR� ��� \HDUV� RI� DJH�� $OO� XQGHUZHQW�
EDVHOLQH� FOLQLFDO� DQG� 05,�
DVVHVVPHQWV� DQG� ZHUH� � UDQGRPL]HG�
WR� RQH� RI� WKUHH� VWXG\� DUPV�� 7KHVH�
LQFOXGHG�YHUXP�DFXSXQFWXUH�ORFDOL]HG�
WR� WKH�PRUH�DIIHFWHG�KDQG��/���YHUXP�
DFXSXQFWXUH� DW� GLVWDO� ERG\� VLWHV�
FRQWUDOHVLRQDOO\� �'�� DQG� VKDP�
DFXSXQFWXUH� XVLQJ� QRQSHQHWUDWLQJ�
QHHGOHV�� $OO� DFXSXQFWXUH� WUHDWPHQWV�
LQFOXGHG� ��� VHVVLRQV� RYHU� HLJKW�
ZHHNV�� XVLQJ� D� WDSHULQJ� VFKHGXOH��
%UDLQ� 05,� DQG� QHUYH� FRQGXFWLRQ�
VWXGLHV�ZHUH�REWDLQHG�DW�EDVHOLQH�DQG�
DIWHU� WKHUDS\�� 6\PSWRPV� ZHUH�
DVVHVVHG� XVLQJ� WKH� %RVWRQ� &DUSDO�
7XQQHO� 6\QGURPH� 4XHVWLRQQDLUH�
�%&74��DW�EDVHOLQH��SRVW-WKHUDS\�DQG�
DW�WKUHH-PRQWK�IROORZ-XS� 
$�WRWDO�RI����SDWLHQWV�ZHUH�HQUROOHG��

$OO� WKUHH� JURXSV� GHPRQVWUDWHG�
LPSURYHPHQW� LQ� %&74� V\PSWRP�
VHYHULW\� VFRUHV� LPPHGLDWHO\� DIWHU�
WKHUDS\��ZLWK�LPSURYHPHQW�UHWDLQHG�DW�
WKUHH� PRQWKV� LQ� WKH� DFWLYH� JURXSV�
�S���������DQG�QR�GLIIHUHQFH�EHWZHHQ�
WKH�/�DQG�'�DFWLYH�JURXSV��%RWK�ZHUH�
VLJQLILFDQWO\� EHWWHU� WKDQ� WKH� VKDP�
JURXS� �S�������� $� VLJQLILFDQW�
LPSURYHPHQW� LQ� PHGLDQ� VHQVRU\�
QHUYH� ODWHQF\� ZDV� IRXQG� LQ� WKH�
DFXSXQFWXUH� JURXSV� �S ������� EXW�
QRW�LQ�WKH�VKDP�JURXS� 
$� VLJQLILFDQW� UHODWLRQVKLS� ZDV�

IRXQG� EHWZHHQ� ODWHQF\� IROORZLQJ�
DFXSXQFWXUH� DQG� %&74� DW� WKUHH-�
PRQWK� IROORZ-XS�� 'DWD� IURP�

VRPDWRVHQVRU\� FRUWLFDO� PDSSLQJ�
ZLWK� IXQFWLRQDO� 05,� IRXQG� WKDW� '��
'��VHSDUDWLRQ�GLVWDQFH�ZDV�JUHDWHU�
IRU� WKH�DFXSXQFWXUH�JURXSV� WKDQ� IRU�
WKH�VKDP�JURXS��S ������ 
&RQFOXVLRQ�� 7KLV� VWXG\� � IRXQG�

WKDW�DFXSXQFWXUH�UHGXFHV�V\PSWRPV�
RI� FDUSDO� WXQQHO� V\QGURPH� DQG�
LPSURYHV� SHULSKHUDO� DQG� EUDLQ-
UHODWHG� QHXURSK\VLRORJLFDO�
RXWFRPHV� 

 
0DHGD�� <��� HW� DO�� 5HZLULQJ� � WKH�
3ULPDU\� 6RPDWRVHQVRU\� &RUWH[� LQ�
&DUSDO� 7XQQHO� 6\QGURPH� ZLWK�
$FXSXQFWXUH��%UDLQ��������$SULO������
��������-���� 
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7KH� PRVW� FRPPRQ� LQMXU\� LQ�

RUJDQL]HG�VSRUWV�LQ�8QLWHG�6WDWHV�LV�
WKH� ODWHUDO� DQNOH� VSUDLQ�� 7KRXJK�
RIWHQ� SHUFHLYHG� DV� D� PLQRU� LQMXU\��
ORQJ-WHUP�V\PSWRPV�DUH�UHSRUWHG�LQ�
QHDUO\� ���� RI� WKHVH� LQGLYLGXDOV��
3DWLHQWV� ZLWK� FKURQLF� DQNOH�
LQVWDELOLW\� �&$,�� PD\� SUHVHQW� ZLWK�
LQVXIILFLHQFLHV� LQFOXGLQJ� ERWK�
PHFKDQLFDO� DQG� � VHQVRULPRWRU�� $V�
FRPSUHVVLRQ� VWRFNLQJV� KDYH� EHHQ�
VKRZQ� WR� LPSURYH� MRLQW� � SRVLWLRQ�
VHQVH�� WKLV� VWXG\� ZDV� GHVLJQHG� WR�
GHWHUPLQH�ZKHWKHU�VWRFNLQJ�XVH�FDQ�
LQIOXHQFH� WDFWLOH� SHUFHSWLRQ� DPRQJ�
SDWLHQWV�ZLWK�&$,� 
6XEMHFWV� ZHUH� ��� \RXQJ� DGXOWV��

LQFOXGLQJ� ��� ZLWKRXW� LQMXU\�� ��� ZLWK�
&$,�DQG����ZLWK�D�KLVWRU\�RI�VSUDLQ�
ZLWKRXW� FKURQLF� V\PSWRPV� �D� FRSHU�
JURXS��� )RU� DOO� LQGLYLGXDOV�� DIWHU�
IRRWZHDU� UHPRYDO�� OLJKW� WRXFK� ZDV�
HYDOXDWHG� DW� WKUHH� VLWHV� RQ� WKH�
SODQWDU� VXUIDFH� XVLQJ� ��� FDOLEUDWHG�
6HPPHV-�:HLQVWHLQ� PRQRILODPHQWV��
�6:0��� 7KH� OLJKW� WRXFK� WKUHVKROG�
ZDV� HYDOXDWHG� DW� WKH� KHDG� RI� WKH�
ILUVW� PHWDWDUVDO� ��07��� WKH� EDVH� RI�
WKH� ILIWK� PHWDWDUVDO� ��07�� DQG� WKH�
FDOFDQHXV��&$/���7HVWLQJ�FRQGLWLRQV�
ZHUH� FRPSDUHG� ZLWK� DQG� ZLWKRXW�
VWRFNLQJ�XVH� 
7KUHVKROGV� ZHUH� LQFUHDVHG� DW� DOO�

WKUHH���VLWHV���ZLWK���VWRFNLQJ���XVH��Sௗ
�ௗ������� ,Q� WKH� &$,� JURXS��
VLJQLILFDQWO\� KLJKHU� WKUHVKROGV� ZHUH�
LGHQWLILHG�GXULQJ�VWRFNLQJ�XVH�DW� WKH�
&$/��EXW�QRW� WKH��07�RU� WKH���07��
,Q� WKH� FRQWURO� JURXSV�� 6:0�
WKUHVKROGV�ZHUH�KLJKHU�DW� WKH��07��
EXW� QRW� WKH� �07� RU� &$/�� ZLWK�
VWRFNLQJ�XVH��,Q�DGGLWLRQ��WKUHVKROGV�
ZHUH�KLJKHU�ZKHQ�SDUWLFLSDQWV�LQ�WKH��

FRSHU� JURXS� ZRUH� VWRFNLQJV� DW� WKH�
�07�DQG�WKH�&$/��EXW�QRW�WKH��07� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� DQNOH� VSUDLQV� IRXQG�
WKDW�� HYHQ� WKRXJK� DQNOH�
FRPSUHVVLRQ� DQG� WDSLQJ� KDYH� EHHQ�
VKRZQ� WR� LPSURYH� MRLQW� SRVLWLRQ�
VHQVH� DQG� SRVWXUDO� FRQWURO�� D� OLJKW�
VWRFNLQJ� RQ� WKH� IRRW� UHVXOWV� LQ�
GHWHULRUDWLRQ� RI� OLJKW� WRXFK�
WKUHVKROGV� 

 
%XUFDO�� &��� HW� DO�� (IIHFWV� RI� D�
6WRFNLQJ� RQ� 3ODQWDU� 6HQVDWLRQ� LQ�
,QGLYLGXDOV� ZLWK� DQG� ZLWKRXW� $QNOH�
,QVWDELOLW\�� 0XVFOH� 1HUYH�� ������
$SULO�����������-���� 
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3UHYLRXV� UHVHDUFK� KDV� VXJJHVWHG�
WKDW� ILEURP\DOJLD� LV� D�
V\PSDWKHWLFDOO\-�GULYHQ��QHXURSDWKLF�
SDLQ� V\QGURPH�� RIWHQ� LQYROYLQJ�
VPDOO�� XQP\HOLQDWHG�� SHULSKHUDO�
QHUYH� ILEHUV�� ,Q� VPDOO-ILEHU�
QHXURSDWKLHV�� VSHFLILF� VRGLXP�
FKDQQHOV� LQ� WKH� GRUVDO� URRW� JDQJOLD�
DUH� LQYROYHG� LQ� SDLQ� WUDQVPLVVLRQ��
$PEUR[RO��D�VHFUHWRO\WLF�DJHQW�XVHG�
IRU� GHFDGHV� WR� WUHDW� DLUZD\�
GLVRUGHUV�� KDV� UHFHQWO\� EHHQ� IRXQG�
WR� EH� D� VWURQJ� 1DY���� VRGLXP�
FKDQQHO� EORFNHU�� ZKLFK� LV�
DVVRFLDWHG� ZLWK� VPDOO� ILEHU�
QHXURSDWK\�� 7KLV� RSHQ-� ODEHO� VWXG\�
ĞǆĂŵŝŶĞĚ� ƚŚĞ� ĞīĞĐƚ� ŽĨ� ĂŵďƌŽǆŽů�
IRU�WKH�WUHDWPHQW�RI�ILEURP\DOJLD� 
7KH� VXEMHFWV� ZHUH� WZHQW\-ILYH�

ZRPHQ� ZKR� PHW� ����� $PHULFDQ�
&ROOHJH�RI�5KHXPDWRORJ\�GLDJQRVWLF�
FULWHULD� IRU� ILEURP\DOJLD�� 2UDO�
DPEUR[RO�ZDV� DGPLQLVWHUHG� IRU� RQH�
PRQWK� DW� ��� PJ�� WKUHH� WLPHV� SHU�
GD\�� 3DWLHQWV� FRPSOHWHG� SUH-� DQG�
SRVW-� WUHDWPHQW� TXHVWLRQQDLUHV��
LQFOXGLQJ� WKH� 5HYLVHG� )LEURP\DOJLD�
,PSDFW� 4XHVWLRQQDLUH� �),4-5��� D�
+RVSLWDO� $Q[LHW\� DQG� 'HSUHVVLRQ�
6FDOH�� DQG� WKH� $PHULFDQ� &RQJUHVV�
RI� 5KHXPDWRORJ\� GLDJQRVWLF� FULWHULD�
LQFOXGLQJ�� WKH� :LGHVSUHDG� 3DLQ�
,QGH[��:3,���WKH�6\PSWRPV�6HYHULW\�
6FDOH� �666��� WKH� 3RO\V\PSWRPDWLF�
'LVWUHVV�6FDOH �3'6�� WKH�
&RPSRVLWH� $XWRQRPLF� 6\PSWRP�
6FRUH��6HOI-�UHSRUW /HHGV�
$VVHVVPHQW RI� 1HXURSDWKLF�
6\PSWRPV� DQG� 6LJQV� SDLQ� VFDOH�
�V/$166�� DQG� WKH� 3DWLHQW� *OREDO�
,PSUHVVLRQ�RI�&KDQJH��3*,&���$IWHU�
WUHDWPHQW�� VFRUHV� RQ� WKH� ),4-5�
GHFUHDVHG� IURP� ��� WR� ��� �S�  �
�������� ZLWK� VFRUHV� RQ� WKH� 9$6�



 

3DJH�� -XO\�������� 9ROXPH����1XPEHU�� 

 

 

LPSURYLQJ�IURP����WR�����S� ���������
DQG��WKRVH��RQ��WKH�:3,��IURP�������
WR� ����� �S�  � �������� ,Q� DGGLWLRQ��
VLJQLILFDQW�LPSURYHPHQWV�ZHUH�IRXQG�
RQ�WKH�666��S� ��������DQG�WKH�3'6�
�S�  � �������� 1R� VLJQLILFDQW� FKDQJHV�
ZHUH� IRXQG� LQ�DQ[LHW\�RU�GHSUHVVLRQ�
VFRUHV� 
&RQFOXVLRQ�� 7KLV� VPDOO��

XQEOLQGHG�� XQFRQWUROOHG� VWXG\� RI�
SDWLHQWV�ZLWK� ILEURP\DOJLD� IRXQG�WKDW�
DPEUR[RO��D�1DY����VRGLXP�FKDQQHO�
EORFNHU�� PD\� EH� D� QHZ� WKHUDSHXWLF�
RSWLRQ�WR�DVVLVW�ZLWK�SDLQ�FRQWURO� 

 

0DUWLQH]-0DUWLQH]� /��� HW� DO��
$PEUR[RO� IRU� )LEURP\DOJLD�� 2QH�
*URXS� 3UH-7HVW-3RVW-7HVW�� � � 2SHQ-
/DEHO� � �3LORW�6WXG\��&OLQ�5KHXPDWRO��
������ GRL�� ��������V�����-���-
����-]� 
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3DWLHQWV� ZLWK� KLJK� FHUYLFDO� VSLQDO�
FRUG� LQMXU\� �6&,�� HYHQWV� KDYH�
GLIILFXOW\� SHUIRUPLQJ� WKH� UHDFKLQJ�
DQG� JUDVSLQJ� PRYHPHQWV� UHTXLUHG�
IRU� PDQ\� DFWLYLWLHV� RI� GDLO\� OLYLQJ��
7KLV�VWXG\�H[SORUHG� WKH�DELOLW\�RI�DQ�
LQWUDFRUWLFDO�EUDLQ-FRPSXWHU�LQWHUIDFH�
WR� UHFRJQL]H� FRUWLFDO� VLJQDOV�
VXIILFLHQWO\� WR� FRPPDQG� IXQFWLRQDO�
HOHFWULFDO� VWLPXODWRUV� �)(6�� IRU� DUP�
PRYHPHQW� 
7KH� VXEMHFW� ZDV� D� ��-\HDU-ROG�

PDQ�ZLWK� D�&-�� $6,$-$� LQMXU\�� 7ZR�
��� FKDQQHO� PLFURHOHFWURGH� DUUD\V�
ZHUH� LPSODQWHG� LQWR� WKH� KDQG� DUHD�
RQ� WKH�SUHFHQWUDO�J\UXV�RI�KLV�PRWRU�
FRUWH[�� 7KH� SDWLHQW� SUDFWLFHG�
PRYHPHQWV� RI� D� WKUHH-GLPHQVLRQDO�
YLUWXDO�DUP�IRU�IRXU�PRQWKV��DQG�WKHQ�
UHFHLYHG� ��� SHUFXWDQHRXV� PXVFOH�
VWLPXODWLQJ�HOHFWURGHV�DSSOLHG� WR�KLV�
ULJKW� DUP�� 7KHVH� ZHUH� SODFHG� WR�
UHVWRUH� ILQJHU� DQG� WKXPE�� ZULVW��
HOERZ� DQG� VKRXOGHU� PRYHPHQWV��
7KH� VXEMHFW� ZDV� WKHQ� WHVWHG� IRU�
FRUWLFDOO\� FRPPDQGHG�� VLQJOH-MRLQW�
DQG� FRRUGLQDWHG�� PXOWL-MRLQW� DUP�
PRYHPHQWV�IRU�WDUJHW�DFTXLVLWLRQ� 
7KH� VLQJOH-MRLQW� DQG� FRRUGLQDWHG��

PXOWLSOH-MRLQW� DUP� PRYHPHQWV� ZHUH�
FRPSOHWHG� XVLQJ� WKH� )(6� DW� ��� WR�
����� DFFXUDF\�� $W� ���� GD\V� DIWHU�
LPSODQWDWLRQ��WKH�VXEMHFW�ZDV�DEOH�WR�
VXFFHVVIXOO\� UHDFK� DQG�GULQN�D�PXJ�
RI� FRIIHH� RQ� ��� RI� ��� DWWHPSWV� DQG�
E\�GD\�����ZDV�DEOH�WR�IHHG�KLPVHOI� 
&RQFOXVLRQ�� 7KLV� FDVH� VWXG\� RI�

D� WHWUDSOHJLF� SDWLHQW� IRXQG� WKDW� DQ�
LQWUDFRUWLFDO�EUDLQ�FRPSXWHU�LQWHUIDFH�
FRXOG� EH� XVHG� WR� HIIHFWLYHO\� SURYLGH�

FRPPDQGV� WR� SHULSKHUDO� IXQFWLRQDO�
HOHFWULFDO� VWLPXODWLRQ� GHYLFHV��
DOORZLQJ� IRU� IXQFWLRQDO� XVH� RI� WKH�
KDQG� 
� 

$MLER\H�� $��� HW� DO�� 5HVWRUDWLRQ� RI�
5HDFKLQJ�DQG�*UDVSLQJ�0RYHPHQWV�
WKURXJK� %UDLQ-&RQWUROOHG� 0XVFOH�
6WLPXODWLRQ� LQ� D� 3HUVRQ� ZLWK�
7HWUDSOHJLD�� $� 3URRI� RI� &RQFHSW�
'HPRQVWUDWLRQ�� /DQFHW�� ������ 0D\��
����������������-����� 

 

%5$&,1*�2)�5(&216758&7('�
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5DGLRJUDSKLF� NQHH� RVWHRDUWKULWLV�

�2$��LV�HYLGHQW�LQ�PRUH�WKDQ�����RI�
SHRSOH�DW� ��-��� \HDUV� DIWHU� DQWHULRU�
FUXFLDWH OLJDPHQW �$&/��
UHFRQVWUXFWLRQ��7KLV�VWXG\�FRPSDUHG�
WKH� HIILFDF\� RI� DQ� XQORDGHU� EUDFH��
HLWKHU� ZLWK� RU� ZLWKRXW� YDUXV�
UHDOLJQPHQW� IRU� SDWLHQWV� DIWHU� $&/�
UHFRQVWUXFWLRQ� 
6XEMHFWV� ZHUH� ��� SDWLHQWV� ZLWK� D�

SULPDU\� $&/� UHFRQVWUXFWLRQ� �-���
\HDUV� SULRU� WR� UHFUXLWPHQW� ZKR�
GHPRQVWUDWHG� YDOJXV� � PDODOLJQPHQW�
DV� ZHOO� DV� V\PSWRPDWLF� DQG�
UDGLRJUDSKLF� 2$� RI� WKH� NQHH���
6XEMHFWV� SHUIRUPHG� KRSSLQJ�� VWDLU�
DVFHQW�DQG�VWDLU�GHVFHQW�WDVNV�XQGHU�
WKUHH�FRQGLWLRQV� LQFOXGLQJ��QR�EUDFH��
XQDGMXVWHG� EUDFH� ZLWK� D� VDJLWWDO�
SODQH� VXSSRUW� DQG� QR� YDUXV�
DOLJQPHQW�� DQG� DQ� DGMXVWHG� EUDFH�
ZLWK�VDJLWWDO�SODQH�VXSSRUW�DQG�YDUXV�
UHDOLJQPHQW�� 4XDQWLWDWLYH� PRWLRQ�
DQDO\VLV�ZDV�SHUIRUPHG�GXULQJ�HDFK�
H[DPLQDWLRQ�� ZLWK� NLQHPDWLF� DQG�
H[WHUQDO�MRLQW�PRYHPHQWV�FRPSXWHG� 
7KHUH� ZDV� QR� GLIIHUHQFH� LQ� SDLQ�

GXULQJ� KRSSLQJ� RU� VWDLU� FOLPELQJ�
EHWZHHQ� DQ\� RI� WKH� WKUHH� WHVW�
FRQGLWLRQV��&RPSDUHG�ZLWK�QR�EUDFH��
WKH� EUDFH� FRQGLWLRQV� LQFUHDVHG� WKH�
PD[LPXP� NQHH� IOH[LRQ� DQJOH�
RFFXUULQJ� DW� LQLWLDO� JURXQG� FRQWDFW�
�S��������� 7KH� DGMXVWHG� EUDFH�
FRQGLWLRQ� LQFUHDVHG� WKH� PD[LPXP�
H[WHUQDO� NQHH� IOH[LRQ� PRPHQW�
�S ��������7KHUH�ZHUH�QR�VLJQLILFDQW�
GLIIHUHQFHV� LQ� NLQHWLFV� RU� PRPHQWV�
EHWZHHQ�WKH�DGMXVWHG�DQG�XQDGMXVWHG�
EUDFH�FRQGLWLRQV� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV�ZLWK�$&/�UHFRQVWUXFWLRQ�DQG�
RVWHRDUWKULWLV�RI�WKH�NQHH�IRXQG�WKDW��
FRPSDUHG� ZLWK� QR� EUDFLQJ�� DQ�
XQORDGHU� EUDFH� FDQ� SRVLWLYHO\�
PRGXODWH� WKH� NLQHPDWLFV� DQG�
H[WHUQDO� MRLQW� PRPHQWV� GXULQJ�
DFWLYLW\�� ZLWK� QR� DGGLWLRQDO� SRVLWLYH�
HIIHFW� IRXQG� ZLWK� WKH� XVH� RI� YDUXV�
UHDOLJQPHQW� 

+DUW�� +� HW� DO�� %UDFLQJ� RI� WKH�
5HFRQVWUXFWHG� DQG� 2VWHRDUWKULWLF�
.QHH� GXULQJ� +LJK� '\QDPLF� /RDG�
7DVNV�� 0HG� 6FL� � 6SRUWV� � ([HUF��
������-XQH�������������–����� 
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7KH� 'UDYHW� V\QGURPH� LV� D� UDUH�

JHQHWLF� IRUP� RI� HSLOHSWLF�
HQFHSKDORSDWK\�� 6PDOO� VWXGLHV� KDYH�
UHSRUWHG�D�SRVLWLYH�HIIHFW�RQ�VHL]XUH�
IUHTXHQF\� RI� SDWLHQWV� ZLWK� 'UDYHW�
WKURXJK�WKH�XVH�RI�FDQQDELGLRO��7KLV�
VWXG\� ZDV� GHVLJQHG� WR� EHWWHU�
XQGHUVWDQG� WKH� HIILFDF\� RI� WKLV� GUXJ�
IRU� WKH� WUHDWPHQW� RI� GUXJ� UHVLVWDQW�
HSLOHSV\�DPRQJ�SDWLHQWV�ZLWK�'UDYHW� 
(OLJLEOH�VXEMHFWV�KDG�D�GLDJQRVLV�RI�

'UDYHW� V\QGURPH� DQG� ZHUH� WDNLQJ�
RQH�RU�PRUH�DQWLHSLOHSWLF�GUXJV��7KH\�
KDG� H[SHULHQFHG� IRXU� RU� � PRUH�
VHL]XUHV� GXULQJ� D� ��-GD\� EDVHOLQH�
SHULRG�� $IWHU� D� IRXU-ZHHN� EDVHOLQH��
GXULQJ� ZKLFK� D� GDLO\� VHL]XUH� UHFRUG�
ZDV� PDLQWDLQHG�� WKH� VXEMHFWV� ZHUH�
UDQGRPL]HG� WR� UHFHLYH� FDQQDELGLRO�
RU� D� PDWFKLQJ� SODFHER�� 7KH�
FDQQDELGLRO� JURXS� UHFHLYHG� GRVHV�
HVFDODWHG� XS� WR� ���PJ�NJ� SHU� GD\��
&OLQLFDO�DQG� ODERUDWRU\�DVVHVVPHQWV�
ZHUH�SHUIRUPHG�DW�EDVHOLQH�DQG�DIWHU�
WZR�� IRXU��HLJKW� DQG����ZHHNV�� �7KH�
SULPDU\� HQGSRLQW� ZDV� WKH�
SHUFHQWDJH� FKDQJH� LQ� VHL]XUH�
IUHTXHQF\�IURP�EDVHOLQH� 
&RPSDUHG�WR�EDVHOLQH���WKH�PHGLDQ�

UHGXFWLRQ� LQ� FRQYXOVLYH� VHL]XUHV�
EHWZHHQ� WKH� WUHDWPHQW� DQG� WKH�
SODFHER�JURXS�ZDV������SHUFHQWDJH�
SRLQWV� �S ������� $PRQJ� WKH�
VHFRQGDU\�HQGSRLQWV�� D� UHGXFWLRQ� LQ�
VHL]XUH� IUHTXHQF\� E\� ���� RU� PRUH�
ZDV� PRUH� RIWHQ� VHHQ� LQ� WKH�
FDQQDELGLRO�JURXS��S ������DOWKRXJK�
WKDW� ILQGLQJ� ZDV� QRW� VWDWLVWLFDOO\�
VLJQLILFDQW�� )UHHGRP� IURP� VHL]XUHV�
ZDV� DFKLHYHG� E\� WKUHH� LQ� WKH�
WUHDWPHQW� JURXS� DQG� ]HUR� LQ� WKH�
SODFHER� JURXS�� 7KHUH� ZDV� QR�
VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�JURXSV�
LQ� VOHHS� GLVUXSWLRQ� VFRUHV� � RU�
(SVZRUWK�6OHHSLQHVV�6FDOH�6FRUHV� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� GLDJQRVHG� ZLWK� 'UDYHW�
V\QGURPH� IRXQG� WKDW� WUHDWPHQW� ZLWK�
FDQQDELGLRO� UHVXOWHG� LQ� D� VLJQLILFDQW�
UHGXFWLRQ�LQ�VHL]XUH�IUHTXHQF\� 

 
'HYLQVN\�� 2��� HW� DO�� 7ULDO� RI�
&DQQDELGLRO� IRU� 'UXJ-5HVLVWDQW�
6HL]XUHV�LQ�WKH�'UDYHW�6\QGURPH��1�
(QJ� -� 0HG�� ������ 0D\� ���� ����
���������-����� 

 



 

 

0XVFXORVNHOHWDO� LQ� 5HYLHZ� �06.��
LV� SURGXFHG� E\� SK\VLFLDQV�
VSHFLDOL]LQJ� LQ� PXVFXORVNHOHWDO� DQG�
QHXURORJLFDO� PHGLFLQH�� ZLWK� WKH�
FRRSHUDWLRQ� DQG� DVVLVWDQFH� RI�
(PRU\� 8QLYHUVLW\� 6FKRRO� RI�
0HGLFLQH���6XPPDULHV�DSSHDULQJ�LQ�
WKLV� SXEOLFDWLRQ� DUH� LQWHQGHG� DV� DQ�
DLG� LQ� UHYLHZLQJ� WKH� OLWHUDWXUH�
UHOHYDQW� WR� WKH� SUDFWLFH� RI� FOLQLFDO�
PXVFXORVNHOHWDO� PHGLFLQH�� � 7KH�
VXPPDULHV� DSSHDULQJ� LQ� WKLV�
SXEOLFDWLRQ� DUH� LQWHQGHG� DV� DQ� DLG�
LQ� UHYLHZLQJ� WKH� EURDG� EDVH� RI�
OLWHUDWXUH�UHOHYDQW�WR�WKLV�ILHOG������� 
7KHVH�VXPPDULHV�DUH�QRW�LQWHQGHG�

IRU�XVH�DV� WKH� VROH�EDVLV� IRU�FOLQLFDO�
WUHDWPHQW��RU�DV�D�VXEVWLWXWH�IRU�WKH�
UHDGLQJ�RI�WKH�RULJLQDO�UHVHDUFK��� 
06.� LV� DIILOLDWHG� ZLWK� WKH� :RUOG�

+HDOWK� 2UJDQL]DWLRQ� DQG� PXOWLSOH�
QDWLRQDO� PHGLFDO� VRFLHWLHV�
ZRUOGZLGH� 
���3ULYDWH�VXEVFULSWLRQV�DUH�DYDLODEOH�
E\�HPDLO�DW�PVNLQUHYLHZ#DRO�FRP 
RU�E\��SKRQH�DW����������-������ 
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3URGXFHG�E\�WKH�'HSDUWPHQW�RI� 
5HKDELOLWDWLRQ�0HGLFLQH��(PRU\�
8QLYHUVLW\�6FKRRO�RI�0HGLFLQH 

�ǆƉĂŶĚŝŶŐ�ƚŚĞ�ĨƌŽŶƟĞƌ�ŽĨ�ŵĞĚŝĐŝŶĞ�ŝŶ�ƌĞƐĞĂƌĐŚ͕�ƚĞĂĐŚŝŶŐ͕�ĂŶĚ�ƉĂƟĞŶƚ�ĐĂƌĞ 
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3URGXFHG�E\�WKH�'HSDUWPHQW�RI� 
5HKDELOLWDWLRQ�0HGLFLQH��(PRU\�
8QLYHUVLW\�6FKRRO�RI�0HGLFLQH 

� ǆƉĂŶĚ ŝŶŐ � ƚ ŚĞ � Ĩ ƌ ŽŶ ƚ ŝ Ğ ƌ � Ž Ĩ �ŵĞĚ ŝ Đ ŝ Ŷ Ğ � ŝ Ŷ � ƌ Ğ Ɛ ĞĂ ƌ ĐŚ ͕ � ƚ Ğ ĂĐŚ ŝŶ Ő ͕ � ĂŶĚ �Ɖ Ă ƚ ŝ ĞŶ ƚ � Đ Ă ƌ Ğ  
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3DWHOORIHPRUDO� SDLQ� �3)3�� LV� D�
FRPPRQ� VRXUFH� RI� DQWHULRU� NQHH�
SDLQ� DPRQJ� DFWLYH� DGROHVFHQWV��
7KRVH� ZLWK� 3)3� KDYH� SDLQ-OLPLWHG�
GLIILFXOW\�ZLWK�UHVLVWDQFH�H[HUFLVHV�DW�
WKH� UHFRPPHQGHG� ORDG� RI� ��-����
RQH� UHS� PD[LPXP� ��50��� $V� EORRG�
IORZ�UHVWULFWLRQ�DW�WKH�WDUJHWHG�PXVFOH�
KDV� EHHQ� IRXQG� WR� DOORZ� IRU�
VWUHQJWKHQLQJ� DW� ��-���� RI� �50��
WKLV� VWXG\� FRPSDUHG� WKH� HIIHFWV� RI�
WKHVH�WZR�W\SHV�RI�VWUHQJWK�WUDLQLQJ� 
6XEMHFWV�ZHUH�EHWZHHQ����DQG����

\HDUV� RI� DJH�� ZLWK� DWUDXPDWLF� 3)3��
7KRVH� UDQGRPL]HG� WR� D� %)5� JURXS�
ZHUH� DVVHVVHG� ZLWK� DQ� DUWHULDO��
RFFOXVLRQ�SUHVVXUH�FXII�SODFHG�DW�WKH�
SUR[LPDO�WKLJK�LQ�D�VWDQGLQJ�SRVLWLRQ��
7KH� FXII� SUHVVXUH� ZDV� WKHQ�
LQFUHDVHG� XQWLO� WKH� SHGDO� SXOVH� ZDV�
QR� ORQJHU� SDOSDEOH�� 7KH� %)5�
UHVWULFWLRQ�H[HUFLVH�ZDV�SHUIRUPHG�DW�
���� RI� WKLV� SUHVVXUH�� � 7KLV� � JURXS�
H[HUFLVHG�DW�����RI�WKH��50��7KRVH�
UDQGRPL]HG� WR� D� VWDQGDUG� JURXS�
H[HUFLVHG� DW� ���� �50�� ([HUFLVHV�

LQFOXGHG�OHJ�SUHVV��OHJ�H[WHQVLRQ�DQG�
NQHH� IOH[LRQ�� 7KH� SULPDU\� RXWFRPH�
YDULDEOH�ZDV�3)3�DW�HLJKW�ZHHNV� 
2YHU�HLJKW�ZHHNV��WKRVH�LQ�WKH�%)5�

JURXS�KDG�D�����JUHDWHU�UHGXFWLRQ�LQ�
SDLQ�ZLWK�DFWLYLWLHV�RI� GDLO\� OLYLQJ�� DV�
FRPSDUHG� ZLWK� WKH� VWDQGDUG�
WUHDWPHQW� JURXS� �S �������� ZLWK� QR�
VLJQLILFDQW� GLIIHUHQFH� LQ� ZRUVW� SDLQ�
VFRUHV�� $� ����JUHDWHU� LPSURYHPHQW�
LQ� WKH� H[WHQVRU� WRUTXH� ZDV� IRXQG� LQ�
WKH�%)5�JURXS��DOWKRXJK�WKLV�ILQGLQJ�
GLG� QRW� UHDFK� VWDWLVWLFDO� VLJQLILFDQFH�
�S ������� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� SDWHOORIHPRUDO� � SDLQ�
IRXQG� WKDW� EORRG� IORZ� UHVLVWDQFH�
WUDLQLQJ� FDQ� UHGXFH� SDLQ� ZLWK�
DFWLYLWLHV� RI� GDLO\� OLYLQJ� PRUH� WKDQ�
FDQ� WUDGLWLRQDO� VWUHQJWKHQLQJ�
H[HUFLVH� 

 
*LOHV�� /��� HW� DO�� 4XDGULFHSV�
6WUHQJWKHQLQJ� ZLWK� DQG� ZLWKRXW�
%ORRG� )ORZ� 5HVWULFWLRQ� LQ� WKH�
7UHDWPHQW� RI� 3DWHOORIHPRUDO� 3DLQ�� $�
'RXEOH-%OLQG��5DQGRPL]HG�7ULDO��%U�-�
6SRUWV�0HG������������-�� 

 

 


