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�������������0XVFXORVNHOHWDOLQUHYLHZ�FRP� 

3XEOLVKHG�E\�3K\VLFLDQV�6SHFLDOL]LQJ��,Q 
0XVFXORVNHOHWDO�0HGLFLQH� 

3/$7(/(7�5,&+�3/$60$�)25�
+$0675,1*�,1-85,(6 

$FXWH� KDPVWULQJ� LQMXU\� RIWHQ�
UHVXOWV� LQ� D� ORVV� RI� WUDLQLQJ� DQG�
FRPSHWLWLRQ� WLPH�� 7KH� EHVW� FOLQLFDO�
WUHDWPHQW�IRU�WKHVH�LQMXULHV�LV�QRW�\HW�
FOHDU�� $V� DXWRORJRXV� SODWHOHW� ULFK�
SODVPD� �353�� LQMHFWLRQV� KDYH�
UHFHLYHG�DWWHQWLRQ�DV�D�WUHDWPHQW�IRU�
RWKHU� PXVFXORVNHOHWDO� FRQGLWLRQV��
WKLV� VWXG\� H[SORUHG� WKH� HIIHFWV� RI�
WKHVH� LQMHFWLRQV� RQ� SDWLHQWV� ZLWK�
JUDGH���KDPVWULQJ�LQMXULHV� 
7KLV� VLQJOH-� EOLQG�� UDQGRPL]HG��

FRQWUROOHG�WULDO�LQFOXGHG�SDWLHQWV�RYHU�
��� \HDUV� RI� DJH� SUHVHQWLQJ� ZLWK� D�
JUDGH� �� KDPVWULQJ� LQMXU\�� 7KH�
SDUWLFLSDQWV� ZHUH� UDQGRPL]HG� WR�
UHFHLYH� HLWKHU� D� 353� LQMHFWLRQ�
FRPELQHG� ZLWK� D� UHKDELOLWDWLRQ�
SURJUDP�RU� D� UHKDELOLWDWLRQ� SURJUDP�
DORQH�� 7KH� UHKDELOLWDWLRQ� SURJUDP�
IRFXVHG� RQ� DJLOLW\� DQG� WUXQN�
VWDELOL]DWLRQ� H[HUFLVHV�� 6XEMHFWV� LQ�
ERWK� JURXSV� ZHUH� IROORZHG� XQWLO� IXOO�
UHFRYHU\� RU� WKH� HQG� RI� WKH� VWXG\��
7KH� SULPDU\� RXWFRPH�PHDVXUH�ZDV�
WLPH�WR�UHWXUQ�WR�SOD\� 
2I� WKH� SDWLHQWV� HOLJLEOH� IRU�

LQFOXVLRQ� LQ� WKLV� VWXG\�� ��� ZHUH�
LQFOXGHG� LQ� WKH� ILQDO� DQDO\VLV�� 7KH�
SDUWLFLSDQWV¶� PHGLDQ� DJH� ZDV� ���
\HDUV�� ZLWK� D� PHDQ� GXUDWLRQ� RI�
LQMXU\��EHIRUH�HQUROOPHQW�RI�����GD\V��
7KH� PHDQ� WLPHV� WR� UHWXUQ� WR� SOD\�
ZHUH� ����� GD\V� LQ� WKH� WUHDWPHQW�
JURXS� �DQG������GD\V� LQ� WKH�FRQWURO�
JURXS�� +DOI� RI� WKH� SDWLHQWV� LQ� WKH�
353�JURXS�DFKLHYHG�IXOO�UHFRYHU\�DW�
ZHHN� ���� ZKLOH� KDOI� RI� WKRVH� LQ� WKH�
FRQWURO�JURXS�DFKLHYHG� IXOO� UHFRYHU\�
DW� ZHHN� ���� 3DWLHQWV� LQ� WKH�
WUHDWPHQW� JURXS� KDG� VLJQLILFDQWO\�
ORZHU� SDLQ� VHYHULW\� VFRUHV� WKDQ�
FRQWUROV�DW�DOO�WLPH�SRLQWV��S ������� 
&RQFOXVLRQ�� 7KLV� UDQGRPL]HG��

FRQWUROOHG�WULDO�RI�SDWLHQWV�ZLWK�JUDGH 
�� KDPVWULQJ� LQMXULHV� IRXQG� WKDW�

SODWHOHW� ULFK� SODVPD� LQMHFWLRQV��
FRPELQHG� ZLWK� UHKDELOLWDWLRQ�� ZHUH�

PRUH� HIIHFWLYH� WKDQ� UHKDELOLWDWLRQ�
DORQH�IRU�UHWXUQLQJ�DWKOHWHV�WR�SOD\� 
 
+DPLG�� 0��� HW� DO�� 3ODWHOHW� 5LFK�
3ODVPD� ,QMHFWLRQV� IRU� WKH�7UHDWPHQW�
RI�+DPVWULQJ�,QMXULHV��$PHU�-�6SRUWV�
0HG��������2FWREHU��������������- 
����� 

3+<6,&$/�7+(5$3<�)25�727$/�
-2,17�5(3/$&(0(17 

7RWDO� MRLQW� UHSODFHPHQW� KDV�
HPHUJHG�DV� WKH� WUHDWPHQW�RI�FKRLFH�
IRU� HQG-VWDJH� DUWKULWLV� RI� WKH� KLS� RU�
NQHH�� 3RVW-DFXWH� FDUH� VSHQGLQJ�
DFFRXQWV� IRU�����RI� WKH�YDULDWLRQ� LQ�
VSHQGLQJ�DFURVV�JHRJUDSKLF�UHJLRQV�
RI� WKH� 8QLWHG� 6WDWHV�� DQG�� WKXV��
SUHVHQWV� DV� DQ� RSSRUWXQLW\� WR�
GHFUHDVH� WRWDO� FRVWV� RI� MRLQW�
UHSODFHPHQW��7KLV�VWXG\�LQYHVWLJDWHG�
WKH� DVVRFLDWLRQ� EHWZHHQ�
SUHRSHUDWLYH� SK\VLFDO� WKHUDS\� DQG�
SRVW-DFXWH�FDUH�XWLOL]DWLRQ�DQG�FRVW� 
7KLV� REVHUYDWLRQDO�� FRKRUW��

FRPSDULVRQ�VWXG\�XVHG� WKH�&HQWHUV�
IRU�0HGLFDUH�DQG�0HGLFDLG�6HUYLFHV¶�
OLPLWHG� GDWD� VHW� ILOHV�� 7KHVH� ILOHV�
LQFOXGH� DOO� FODLPV� IRU� SD\PHQWV�
UHODWHG�WR�LQSDWLHQW��RXWSDWLHQW��KRPH�
KHDOWK� DJHQF\�� VNLOOHG� QXUVLQJ�
IDFLOLW\�� FDUULHU� DQG� GXUDEOH� PHGLFDO�
HTXLSPHQW� ZLWKLQ� D� GHILQHG� UHIHUUDO�
FOXVWHU� LQ� 2KLR�� 7KH� XVH� RI�
SUHRSHUDWLYH� SK\VLFDO� WKHUDS\� ZDV�
LGHQWLILHG� IRU� ��� GD\V� SULRU� WR�
DGPLVVLRQ� IRU� VXUJHU\�� &RVWV� ZHUH�
FRPSDUHG�EHWZHHQ�WKH�SUHRSHUDWLYH�
SK\VLFDO�WKHUDS\�JURXS�DQG�WKH�QRQ-�
SUHRSHUDWLYH�SK\VLFDO�WKHUDS\�JURXS� 
$� WRWDO� RI� ������ FDVHV� ZHUH�

DYDLODEOH�ZLWKLQ� WKH� WDUJHWHG� FOXVWHU�
IRU� ����� DQG� ������ $� VLJQLILFDQWO\�
ORZHU� UDWH� RI� SRVW-DFXWH� FDUH�
�S��������� ZDV� IRXQG� IRU� SDWLHQWV�
UHFHLYLQJ� SUHRSHUDWLYH� SK\VLFDO�
WKHUDS\� �������� DV� FRPSDUHG� WR�
WKRVH� ZLWKRXW� SUHRSHUDWLYH� WKHUDS\�
��������� 7KLV� ILQGLQJ� LQFOXGHG� D�
ORZHU� UDWH� RI� VNLOOHG� QXUVLQJ� IDFLOLW\�
DGPLVVLRQ�� KRPH� KHDOWK� VHUYLFH�
ZLWKLQ� ��� GD\V� RI� GLVFKDUJH� DQG�

LQSDWLHQW� UHKDELOLWDWLRQ� IDFLOLW\�
DGPLVVLRQ� �S��������� S ��������
S�������� DQG� S �������
UHVSHFWLYHO\��� 7KH� DGMXVWHG��
DEVROXWH�GLIIHUHQFH�LQ�FRVWV�EHWZHHQ�
WKH�JURXSV� ZDV��������� 

&RQFOXVLRQ�� 7KLV� VWXG\� RI�
SDWLHQWV� XQGHUJRLQJ� KLS� RU� NQHH�
UHSODFHPHQW� VXJJHVWV� WKDW�
SUHRSHUDWLYH� SK\VLFDO� WKHUDS\� FDQ�
VLJQLILFDQWO\� GHFUHDVH� WKH� XVH� RI�
SRVW-� DFXWH� FDUH� VHUYLFHV� DQG�
RYHUDOO�FRVWV� 
 
6QRZ�� 5��� HW� DO�� $VVRFLDWLRQV�
EHWZHHQ� 3UHRSHUDWLYH� 3K\VLFDO�
7KHUDS\� DQG� 3RVW-DFXWH� &DUH�
8WLOL]DWLRQ� 3DWWHUQV� DQG� &RVWV� LQ�
7RWDO� -RLQW� 5HSODFHPHQW�� -� %RQH�
-RLQW� 6XUJ� �$P��� ������2FW� ��� ��
������H���� 

5(7851�72�63257�$)7(5�
9$/*86�267(2720< 

9DOJXV� RVWHRWRP\� LV� FRQVLGHUHG�
WKH�VXUJLFDO�RSWLRQ�RI�FKRLFH� IRU� WKH�
WUHDWPHQW� RI� HDUO\-VWDJH�� PHGLDO�
FRPSDUWPHQWDO�RVWHRDUWKULWLV��2$��RI�
WKH� NQHH� DPRQJ� SDWLHQWV� DJHV� ���
\HDUV�RU�OHVV��$V�UHWXUQ�WR�VSRUW�DIWHU�
RVWHRWRP\� LV� SRRUO\� GRFXPHQWHG� LQ�
WKH� OLWHUDWXUH�� WKLV� VWXG\� HYDOXDWHG�
UHFRYHU\� RI� SK\VLFDO� DQG� VSRUWLQJ�
DFWLYLW\�DIWHU�WKLV�VXUJHU\� 
6XEMHFWV� ZHUH� ��� SDWLHQWV� ZLWK� D�

PHDQ� DJH� RI� ����� \HDUV�� HDFK� RI�
ZKRP� XQGHUZHQW�PHGLDO� RVWHRWRP\�
IRU� V\PSWRPDWLF� 2$� RI� WKH� NQHH��
7KH� SDWLHQWV� ZHUH� DVVHVVHG� ZLWK�
.226��/\VKROP��7HJQHU�DQG�8&/$�
VFRUHV�� 6SRUWV� OHYHOV� EHIRUH� DQG�
DIWHU� WKH� VXUJHU\� ZHUH� FRPSDUHG��
7KH� SDUWLFLSDQWV� ZHUH� IROORZHG� IRU�
DQ�DYHUDJH�RI������\HDUV� 
$W� IROORZ-XS�� ������ RI� WKH� SDWLHQWV�
KDG� UHVXPHG� VSRUWLQJ� DFWLYLW\�� ZLWK�
������QRWLQJ�WKDW�WKHLU�VSRUWLQJ�OHYHO�
KDG� QRW� GHFOLQHG� SRVWRSHUDWLYHO\��
0HDQ� /\VKROP� VFRUHV� LPSURYHG�
VLJQLILFDQWO\� DIWHU� VXUJHU\�� ZKLOH�
7HJQHU� DQG� 8&/$� VFRUHV� GLG� QRW�

9ROXPH����1XPEHU��� -DQXDU\��������� 
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�7+$�� RU� WRWDO� NQHH� DUWKURSODVW\�
�7.$�� 
3DWLHQWV�UHFHLYLQJ�SULPDU\�XQLODWHUDO�

7+$�RU�7.$�EHWZHHQ������DQG������
ZHUH�LQFOXGHG��ZKR�UHTXLUHG�EULGJLQJ�
WKHUDS\� DFFRUGLQJ� WR� WKH� SURWRFRO�
EDVHG� RQ� WKH� $&&3� JXLGHOLQHV��
%OHHGLQJ� FRPSOLFDWLRQV� LQ� WKLV� JURXS�
ZHUH� FRPSDUHG� ZLWK� D� SUHYLRXVO\�
SHUIRUPHG� FRKRUW� VWXG\� XQGHUJRLQJ�
VXUJHU\� E\� WKH� VDPH� JURXS� RI�
VXUJHRQV� 
0DMRU�VXUJLFDO�EOHHGLQJ�RFFXUUHG�LQ�

��� RI� WKH� ��� EULGJHG� SDWLHQWV�� 2I�
WKRVH�� QLQH� GHYHORSHG� D� KHPDWRPD��
OHDGLQJ� WR� SURORQJHG� LPPRELOL]DWLRQ��
%OHHGLQJ� FRPSOLFDWLRQV� UHVXOWHG� LQ�
LQWHUYHQWLRQ� LQ� QLQH� SDWLHQWV�� ZLWK�
VHYHQ� ������ UHFHLYLQJ� EORRG�
WUDQVIXVLRQV�� FRPSDUHG� WR� ����� LQ�
WKH� WRWDO� JURXS� �S�������� 7KH� PHDQ�
OHQJWKV�RI�VWD\�ZHUH������GD\V�LQ�WKH�
EULGJLQJ� JURXS� DQG� ���� GD\V� LQ� WKH�
FRQWURO�JURXS��S������ 
&RQFOXVLRQ�� 7KLV� VWXG\�

GHPRQVWUDWHV� D� KLJK� UDWH� RI�
FRPSOLFDWLRQV� DPRQJ� SDWLHQWV�
XQGHUJRLQJ� KLS� RU� NQHH� UHSODFHPHQW�
VXUJHU\� ZKR� UHFHLYHG� ORZ� PROHFXODU�
ZHLJKW�KHSDULQ�EULGJLQJ� WKHUDS\�SULRU�
WR�VXUJHU\� 
 
/HLMWHQV��%���HW�DO��+LJK�&RPSOLFDWLRQ�
5DWH� DIWHU� 7RWDO� .QHH� DQG� +LS�
5HSODFHPHQW� 'XH� WR� 3HULRSHUDWLYH�
%ULGJLQJ� RI� $QWLFRDJXODQW� 7KHUDS\�
%DVHG�RQ� WKH������$&&3�*XLGHOLQH�
$UFK� 2UWKRS� 7UDXPD� 6XUJ�� ������
6HSWHPEHU�������������-����� 
 

727$/�.1((�5(3/$&(0(17�,1�
<281*�$&7,9(�3$7,(176 

$V� WRWDO� NQHH�DUWKURSODVW\� �7.$�� LV�
PRUH� IUHTXHQWO\� EHLQJ� SHUIRUPHG� LQ�
\RXQJHU� SDWLHQWV� LW� LV� LPSRUWDQW� WR�
XQGHUVWDQG� WKH� ORQJ-WHUP� RXWFRPHV�
RI�WKHVH�SDWLHQWV��7KLV�VWXG\�IROORZHG�
D� FRKRUW� RI� ��� SDWLHQWV�� ZLWK� DQ�
DYHUDJH� DJH� RI� ��� \HDUV�� HDFK� RI�
ZKRP� XQGHUZHQW� DUWKURSODVW\�
EHWZHHQ������DQG������ 
$OO� ���� 7.$V� LQ� ��� SDWLHQWV��

RULJLQDOO\� UHYLHZHG� LQ� D� SDSHU�
SXEOLVKHG� LQ�������ZHUH�DVVHVVHG�DW�
ORQJ-WHUP�IROORZ-XS��$W�WKH�WLPH�RI�WKH�
LQLWLDO�UHYLHZ��VL[�7.$V�LQ�VL[�SDWLHQWV�
KDG� EHHQ� UHYLVHG�� DQG� WZR� SDWLHQWV�
KDG� GLHG� ZLWKRXW� UHYLVLRQ�� )RU� WKH�
UHPDLQLQJ� ��� SDWLHQWV�� FOLQLFDO� GDWD�
ZHUH� REWDLQHG�� LQFOXGLQJ�� ZKHQ�
SRVVLEOH��D�SK\VLFDO�H[DPLQDWLRQ��)RU�
WKRVH� XQDEOH� WR� YLVLW� D� SK\VLFLDQ��
WHOHSKRQH� LQWHUYLHZV� ZHUH�
FRQGXFWHG�� 3DWLHQWV� ZHUH� DVVHVVHG�

ZLWK�WKH�7HJQHU�DQG�/\VKROP�DFWLYLW\�
VFRUHV�� D� +RVSLWDO� IRU� 6SHFLDOW\�
6XUJHU\� �+66�� VFRUH� DQG� D� .QHH�
6RFLHW\�6FRUH��.66�� 
)ROORZ-XS� GDWD� ZHUH� REWDLQHG� IRU�

����RI� WKH�����7.5V��ZLWK� WKH� ODWHVW�
IROORZ-XS�DW������\HDUV��7KH�DYHUDJH�
+66� VFRUHV� IRU� WKRVH� DYDLODEOH� IRU�
IROORZ-XS� ZHUH� ����� DW� WKH�
SUHRSHUDWLYH�H[DPLQDWLRQ�����LQ������
DQG� ����� DW� WKH� ORQJ-WHUP� IROORZ-XS��
7KH��.66V��ZHUH��������LQ��������DQG�
����� DW� ORQJ-WHUP� IROORZ-XS�� 7KHUH�
ZHUH�VLJQLILFDQW� LPSURYHPHQWV� LQ� WKH�
DFWLYLW\� VFRUHV� ERWK� LQ� �����
�S��������� DQG� DW� ORQJ-WHUP� IROORZ-
XS� �S���������� DV� FRPSDUHG� WR�
SUHRSHUDWLYH� VFRUHV�� $W� WKH� PRVW�
UHFHQW� IROORZ-XS�� ������ UHSRUWHG� WKH�
VDPH���DFWLYLW\���OHYHOV���DV���WKH\���GLG�
SUHRSHUDWLYHO\�� DQG� ������ KDG�
LPSURYHG�DFWLYLW\�OHYHOV� 
&RQFOXVLRQ�� 7KLV� IROORZ-XS� RI�

PLGGOH-DJHG� LQGLYLGXDOV� XQGHUJRLQJ�
WRWDO� NQHH� DUWKURSODVW\� IRXQG�
FRQWLQXHG� LPSURYHG� DFWLYLW\� DQG�
IXQFWLRQ� VFRUHV� ��� \HDUV� SRVW-�
VXUJHU\� 
 
/RQJ�� :��� HW� DO�� 7RWDO� .QHH�
5HSODFHPHQW� LQ� <RXQJ�� $FWLYH�
3DWLHQWV�� /RQJ-7HUP� )ROORZ-8S� DQG�
)XQFWLRQDO� 2XWFRPH�� -� %RQH� -RLQW�
6XUJ��������6HSWHPEHU������(������
-��� 

75($70(17�2)�����������
2/(&5$121�%856,7,6 

2OHFUDQRQ� EXUVLWLV� FDQ� EH�
FKDUDFWHUL]HG� DV� DVHSWLF� RU� VHSWLF��
ZLWK� WKH� PRVW� FRPPRQ� FDXVDO�
RUJDQLVP� RI� LQIHFWLRQ� EHLQJ�
6WDSK\ORFRFFXV� DXUHXV�� 7KH� RSWLPDO�
WUHDWPHQW� IRU� WKLV� FRQGLWLRQ� ODFNV�
FRQVHQVXV�� 7KLV� V\VWHPDWLF� UHYLHZ�
DVVHVVHG�FOLQLFDO�RXWFRPHV� IROORZLQJ�
WKH� WUHDWPHQW� RI� ERWK� DVHSWLF� DQG�
VHSWLF�EXUVLWLV� 
'DWD� IURP� HOLJLEOH� VWXGLHV� ZHUH�

H[WUDFWHG�� LQFOXGLQJ� SDWLHQW�
FKDUDFWHULVWLFV�� WUHDWPHQW� SURWRFROV�
DQG�FOLQLFDO�RXWFRPHV��7KH� UHVXOWV� RI�
YDULRXV�LQWHUYHQWLRQV�ZHUH�FRPSDUHG��
7ZHQW\-QLQH� VWXGLHV� UHSRUWLQJ� RQ�
������SDWLHQWV�ZHUH� LQFOXGHG� LQ� WKLV�
V\VWHPDWLF� UHYLHZ�� 3DWLHQWV�
H[FOXVLYHO\� UHFHLYHG� QRQVXUJLFDO�
PDQDJHPHQW� LQ� ��� RI� ��� VWXGLHV��
LQFOXGLQJ� DQWLELRWLF� WKHUDS\��
DVSLUDWLRQ� FRUWLFRVWHURLG� LQMHFWLRQ�
DQG�RU� QRQVWHURLGDO� DQWL-
LQIODPPDWRU\� GUXJV� DORQH�� 3DWLHQWV�
H[FOXVLYHO\� UHFHLYHG� VXUJLFDO�
PDQDJHPHQW� LQ� � VHYHQ� VWXGLHV��
7UHDWPHQWV� IRU� VHSWLF� EXUVLWLV�

UHDFK� VLJQLILFDQFH� LQ� FKDQJH�� 7KH�
IUHTXHQF\�RI�ZHHNO\�VSRUW�DFWLYLW\�GLG�
QRW� GHFUHDVH� VLJQLILFDQWO\�� DOWKRXJK�
WKH�GXUDWLRQ�RI�DFWLYLW\�GHFOLQHG�IURP 
�����KRXUV�WR������KRXUV��S �������2I�
WKH� ��� SDWLHQWV� ZKR� UDQ� EHIRUH�
VXUJHU\�� ���� ZHUH� DEOH� WR� UHWXUQ� WR�
UXQQLQJ� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� PRGHUDWH� PHGLDO�
FRPSDUWPHQW� RVWHRDUWKULWLV� RI� WKH�
NQHH� IRXQG� WKDW� D� YDOJXV� RVWHRWRP\�
DOORZHG� PRVW� WR� UHWXUQ� WR� WKHLU�
VSRUWLQJ� DFWLYLW\�� ZLWK�PRVW� DOVR� DEOH�
WR� UHWXUQ� DW� WKH� OHYHO� DW� ZKLFK� WKH\�
KDG� EHHQ� SDUWLFLSDWLQJ� EHIRUH�
GHYHORSLQJ�RVWHRDUWKULWLV�� 
 
6DUDJDJOLD��'���HW�DO��5HWXUQ�WR�6SRUWV�
DIWHU� 9DOJXV� 2VWHRWRP\� RI� WKH� .QHH�
-RLQW� LQ� 3DWLHQWV� ZLWK� 0HGLDO�
8QLFRPSDUWPHQWDO� 2VWHRDUWKULWLV��
,QWHUQ� 2UWKR�� ������ 2FWREHU�� ��
���������-����� 

727$/�-2,17�5(3/$&(0(17�
&203/,&$7,216�$1'�

$17,&2$*8/$17�7+(5$3<�
%5,'*,1* 

7R� UHGXFH� WKH� ULVN� RI� SHULRSHUDWLYH�
EOHHGLQJ�� RUDO� DQWL-FRDJXODWLRQ� LV�
RIWHQ� LQWHUUXSWHG� SULRU� WR� PDMRU�
VXUJHU\�� ,Q� ������ WKH� $PHULFDQ�
&ROOHJH� RI� &KHVW� 3K\VLFLDQV� �$&&3��
XSGDWHG�SUDFWLFH�JXLGHOLQHV�WR�LQFOXGH�
VXJJHVWLRQV� IRU� EULGJLQJ� WKHUDS\� RI�
SDWLHQWV� XQGHUJRLQJ� HOHFWLYH� VXUJHU\��
7KLV�VWXG\�ZDV�GHVLJQHG�WR�GHWHUPLQH�
ZKHWKHU� EOHHGLQJ� FRPSOLFDWLRQ� UDWHV�
DUH� KLJKHU� DPRQJ� SDWLHQWV� UHTXLULQJ�
EULGJLQJ�SULRU� WR� WRWDO�KLS�DUWKURSODVW\�
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LQFOXGHG� DQWLELRWLFV� LQ� ������
DVSLUDWLRQ� LQ� ���� DQG� VXUJHU\� LQ�
������� :KHQ� VHSWLF� DQG� DVHSWLF�
EXUVLWLV� ZHUH� DQDO\]HG� WRJHWKHU��
FOLQLFDO�UHVROXWLRQ�ZDV�PRUH�FRPPRQ�
DIWHU� QRQVXUJLFDO� WKDQ� VXUJLFDO�
PDQDJHPHQW �S ��������� 
&RPSOLFDWLRQV�ZHUH�PRUH�FRPPRQ�

LQ� SDWLHQWV� WUHDWHG� IRU� DVHSWLF�
EXUVLWLV�� DV� FRPSDUHG� WR� WKRVH�
WUHDWHG�IRU�VHSWLF�EXUVLWLV��S ���������
,Q� SDWLHQWV� ZLWK� DVHSWLF� EXUVLWLV��
SHUVLVWHQW� LQIHFWLRQ� ZDV� PRUH� OLNHO\�
DIWHU� VXUJLFDO� WKDQ� QRQVXUJLFDO�
WUHDWPHQW��S ������� 
&RQFOXVLRQ�� 7KLV� OLWHUDWXUH��

UHYLHZ� VXJJHVWV� WKDW� QRQVXUJLFDO�
PDQDJHPHQW� RI� ROHFUDQRQ� EXUVLWLV�
OHDGV�WR�EHWWHU�FOLQLFDO�UHVROXWLRQ�DQG�
ORZHU� UDWHV� RI� FRPSOLFDWLRQV� WKDQ�
GRHV�VXUJLFDO�PDQDJHPHQW� 
 
6D\HJK�� (��� HW� DO�� 7UHDWPHQW� RI�
2OHFUDQRQ� %XUVLWLV�� $� 6\VWHPDWLF�
5HYLHZ�� $UFK� 2UWKR� 7UDXPD� 6XUJ��
������ 1RYHPEHU�� ���������
��������� 

$/&2+2/�&2168037,21�������
$1'�0257$/,7< 

3UHYLRXV�VWXGLHV KDYH�
GHPRQVWUDWHG� DQ� DVVRFLDWLRQ�
EHWZHHQ� DOFRKRO� FRQVXPSWLRQ� DQG�
RYHUDOO� PRUWDOLW\�� RIWHQ� GHVFULEHG� DV�
D� ³-´� VKDSHG� FXUYH�� +RZHYHU�� QR�
FRQVHQVXV�\HW�H[LVWV�FRQFHUQLQJ� WKH�
RSWLPDO�GRVH�DW�ZKLFK�PDMRU�EHQHILWV�
DFFUXH��7KLV�VWXG\�SHUIRUPHG�D�GRVH�
UHVSRQVH� DQDO\VLV�� HYDOXDWLQJ�
VXUYLYDO� OHYHOV�DFFRUGLQJ� WR� OHYHOV�RI�
DOFRKRO�FRQVXPSWLRQ� 
7KLV� VWXG\� LQFOXGHG� �������

SDUWLFLSDQWV� LQ� WKH� SRSXODWLRQ� EDVHG�
&RKRUW�RI�6ZHGLVK�PHQ��&260��DQG�
WKH� 6ZHGLVK� 0DPPRJUDSK\� &RKRUW�
�60&��� 6XEMHFWV� ZHUH� DVVHVVHG� IRU�
EDVHOLQH� DJH�� ERG\� PDVV� LQGH[��
VPRNLQJ� VWDWXV�� HGXFDWLRQDO� OHYHO�
DQG�OLIHVW\OH�IDFWRUV��LQFOXGLQJ�DOFRKRO�
FRQVXPSWLRQ�� 0RUWDOLW\� ZDV�
FRPSDUHG� E\� DOFRKRO� FRQVXPSWLRQ�
FDWHJRULHV� 
$PRQJ� ZRPHQ�� DIWHU� DGMXVWLQJ� IRU�

SRWHQWLDO� FRQIRXQGHUV�� DQ\� FDWHJRU\�
RI�DOFRKRO�FRQVXPSWLRQ�ZDV�IRXQG�WR�
EH� DVVRFLDWHG� ZLWK� VXEVWDQWLDOO\�
LPSURYHG� VXUYLYDO�� $� UDSLG� LQFUHDVH�
LQ� VXUYLYDO� ZDV� IRXQG� IRU� ZRPHQ� XS�
WR� VL[� J� SHU� GD\�� ZKHUH� WKH�
LPSURYHPHQW� LQ� VXUYLYDO� ZDV� DERXW�
���� \HDUV� DV� FRPSDUHG� WR� OLIHWLPH�
DEVWDLQHUV�� $PRQJ� PHQ�� WKRVH� ZLWK�
DQ�LQWDNH�RI����WR����J�SHU�GD\�OLYHG�
���� \HDUV� ORQJHU� WKDQ� OLIHWLPH�

DEVWDLQHUV�� ZLWK� VXUYLYDO� WLPH�
LPSURYLQJ� XS� WR� ��� J� SHU� GD\�� 7KH�
LQFUHDVH� LQ� VXUYLYDO� VHHPHG� UHODWHG�
WR�D�GHFUHDVHG�ULVN�RI�FDUGLRYDVFXODU�
GLVHDVH� IRU� PHQ� DQG� RI� ERWK�
FDUGLRYDVFXODU� GLVHDVH� DQG� FDQFHU�
IRU�ZRPHQ� 
&RQFOXVLRQ�� 7KLV� VWXG\� IRXQG�

WKDW�DOFRKRO�FRQVXPSWLRQ�RI�XS�WR�WZR�
GULQNV� SHU� GD\� RQ� DYHUDJH� ZDV�
DVVRFLDWHG� ZLWK� ORQJHU� VXUYLYDO� LQ�
ERWK� PHQ� DQG� ZRPHQ�� ZLWK� WKH�
JUHDWHVW�EHQHILWV�DFKLHYHG�ZLWK�����WR�
RQH� GULQN� SHU� GD\� IRU� ZRPHQ� DQG�
RQH�WR�WZR�GULQNV�SHU�GD\�IRU�PHQ� 
 
%HOODYLD�� $��� HW� DO�� $OFRKRO�
&RQVXPSWLRQ� DQG� 0RUWDOLW\�� $� 'RVH�
5HVSRQVH� $QDO\VLV� LQ� 7HUPV� RI�
7LPH�� $QQ� (SLGHP�� '2,����������
M�DQQHSLGHP������������������� 

$/&2+2/�&2168037,21�������
$1'�0257$/,7< 

3UHYLRXV� VWXGLHV� KDYH�
GHPRQVWUDWHG� WKDW� EUDLQ� GHULYHG�
QHXURWURSLF� IDFWRU� �%'1)�� LV� KLJKO\�
H[SUHVVHG� WKURXJKRXW� WKH� FHQWUDO�
QHUYRXV� V\VWHP�� 5HGXFHG� OHYHOV�
KDYH� EHHQ� REVHUYHG� LQ� WKH�
KLSSRFDPSXV� DQG� SDULHWDO� OREH�� DV�
ZHOO� DV� WKH� VHUXP�� RI� SHRSOH� ZLWK�
PLOG� FRJQLWLYH� LPSDLUPHQW� DQG�
$O]KHLPHU
V�GLVHDVH��$'���7KLV�VWXG\�
ZDV� GHVLJQHG� WR� GHWHUPLQH� ZKHWKHU�
VHUXP� %'1)� OHYHOV� DUH� DVVRFLDWHG�
ZLWK� WKH� ULVN� IRU� LQFLGHQW� GHPHQWLD�
DQG�$'� 
'DWD� ZHUH� REWDLQHG� IURP� WKH�

)UDPLQJKDP�+HDUW�6WXG\��LQLWLDWHG�LQ�
������ DQG� WKH� RIIVSULQJ� VWXG\�
LQLWLDWHG� LQ� ������ 6HUXP� %'1)�
FRQFHQWUDWLRQV� ZHUH� PHDVXUHG� RQ�
SUHYLRXVO\� IUR]HQ�EORRG� VDPSOHV��$V�
DOO� )UDPLQJKDP� +HDUW� 6WXG\�
SDUWLFLSDQWV� DUH� XQGHU� FRQWLQXRXV�
VXUYHLOODQFH� IRU� LPSDLUHG� FRJQLWLYH�
IXQFWLRQ��WKHVH�GDWD�ZHUH�DYDLODEOH�WR�
GHWHUPLQH� WKH� DVVRFLDWLRQV� EHWZHHQ�
%'1)� DQG� LQFLGHQW� GHPHQWLD� DQG�
$'� 
'XULQJ�D�PHGLDQ�RI����\HDUV¶�IROORZ

-XS�� ���� SDUWLFLSDQWV� GHYHORSHG�
GHPHQWLD�� ZLWK� ���� GHYHORSLQJ� $'��
$IWHU�FRQWUROOLQJ� IRU�DJH��JHQGHU�DQG�
FRKRUW�� HDFK� VWDQGDUG� GHYLDWLRQ�
LQFUHPHQW�RI�VHUXP�%'1)�OHYHOV�ZDV�
DVVRFLDWHG�ZLWK�D����� ORZHU� ULVN� IRU�
IXWXUH� GHPHQWLD� �S ������� DQG� 3'�
�S ������� &RPSDUHG� ZLWK� WKH� ORZHVW�
TXLQWLOH�� WKH� WRS� TXLQWLOH� RI� %'1)�
OHYHOV�ZDV�DVVRFLDWHG�ZLWK� OHVV� WKDQ�
KDOI� WKH� ULVN� IRU� GHYHORSLQJ� $'� DQG�
RWKHU� GHPHQWLDV�� +RZHYHU�� WKH�

DVVRFLDWLRQ�EHWZHHQ�%'1)�OHYHO�DQG�
ULVN� IRU� GHPHQWLD� DQG� 3'� ZDV�
VLJQLILFDQW� RQO\� LQ� ZRPHQ�� SHRSOH�
DJH� ��� \HDUV� RU� ROGHU�� DQG�
SDUWLFLSDQWV�ZLWK�D�FROOHJH�GHJUHH� 
&RQFOXVLRQ�� 7KLV� FRPPXQLW\�

EDVHG�FRKRUW�VWXG\�RI�GHPHQWLD� IUHH�
LQGLYLGXDOV�IRXQG�WKDW�KLJKHU�OHYHOV�RI�
%'1)�DUH�DVVRFLDWHG�ZLWK�D�UHGXFHG�
ULVN� RI� GHYHORSLQJ� $O]KHLPHU
V�
GLVHDVH�DQG�RWKHU�IRUPV�RI�GHPHQWLD��
ZLWK�WKLV�DVVRFLDWLRQ�RQO\�DSSDUHQW�LQ�
ZRPHQ��WKRVH�ROGHU�WKDQ����\HDUV�RI�
DJH�DQG�WKRVH�ZLWK�D�FROOHJH�GHJUHH� 
 
:HLQVWHLQ�� *��� HW� DO�� 6HUXP� %UDLQ�
'HULYHG� 1HXURWURSLF� )DFWRU� DQG� WKH�
5LVN� IRU�'HPHQWLD��7KH�)UDPLQJKDP�
+HDUW� 6WXG\�� ������ -DQXDU\�� -$0$�
1HXURO�� ������ -DQXDU\�� ������� ��-
��� 

&2*1,7,9(�$&7,9,7<�$1'�
'85$7,21�2) 

3267&21&866,9(�6<037206 

:KLOH� FRJQLWLYH� UHVW� LV� RIWHQ�
UHFRPPHQGHG� DIWHU� D� FRQFXVVLRQ��
OLPLWHG� GDWD� DUH� DYDLODEOH� WR� VXSSRUW�
WKLV� UHFRPPHQGDWLRQ�� 7KLV� VWXG\�
DVVHVVHG� WKH� LQGHSHQGHQW� HIIHFW� RI�
FRJQLWLYH� DFWLYLW\� RQ� V\PSWRP�
GXUDWLRQ� 
7KLV� VLQJOH� FHQWHU�� SURVSHFWLYH�

FRKRUW� VWXG\� LQFOXGHG� SDWLHQWV�
SUHVHQWLQJ� WR� WKH�6SRUWV�&RQFXVVLRQ�
&OLQLF�RI�%RVWRQ
V�&KLOGUHQ
V�+RVSLWDO�
EHWZHHQ� ����� DQG� ������ 7KH�
SDUWLFLSDQWV� ZHUH� DVVHVVHG� IRU�
FRJQLWLYH�DFWLYLW\��XVLQJ�WKH�&RJQLWLYH�
$FWLYLW\� 6FDOH�� DQG� IRU� FRQFXVVLRQ��
XVLQJ� WKH� 3RVW-&RQFXVVLRQ� 6FDOH�
6FRUH� �3&66��� 3DWLHQWV� ZHUH�
FRQVLGHUHG� UHFRYHUHG� ZKHQ� WKH\�
ZHUH� V\PSWRP� IUHH� DQG� QR� ORQJHU�
WDNLQJ� PHGLFDWLRQV� SUHVFULEHG� IRU�
FRQFXVVLRQ� V\PSWRPV�� 7KH� SULPDU\�
RXWFRPH�YDULDEOH�ZDV�WKH�GXUDWLRQ�RI�
FRQFXVVLRQ�V\PSWRPV� 
'XULQJ� WKH� VWXG\� SHULRG�� ����

SDUWLFLSDQWV� TXDOLILHG� IRU� LQFOXVLRQ� LQ�
WKH� DQDO\VLV�� 7KH� PHDQ� GXUDWLRQ� RI�
V\PSWRPV� ZDV� ��� GD\V�� 8QLYDULDWH�
PRGHOLQJ� LQGLFDWHG� WKDW� SDWLHQWV� LQ�
WKH� KLJKHVW� TXDUWLOH� RI� FRJQLWLYH�
DFWLYLW\�GD\V� WRRN�VLJQLILFDQWO\� ORQJHU�
WR� UHFRYHU� WKDQ�GLG� WKRVH� LQ� WKH� ILUVW�
WR� WKLUG� TXDUWLOHV�� 0XOWLYDULDWH� &R[�
SURSRUWLRQDO� KD]DUGV� PRGHOLQJ�
UHYHDOHG� WKDW� WKH� WRWDO� VFRUH� RQ� WKH�
3&66�DW�WKH�LQLWLDO�YLVLW�DQG�FRJQLWLYH�
DFWLYLW\� GD\V� ZHUH� LQGHSHQGHQWO\�
DVVRFLDWHG� ZLWK� WKH� GXUDWLRQ� RI�
V\PSWRPV�� ,QWHUHVWLQJO\�� JHQGHU��
DJH�� ORVV� RI� FRQVFLRXVQHVV��
DPQHVLD�� DQG� QXPEHU� RI� SUHYLRXV�



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

 

FRQFXVVLRQV�ZHUH�QRW� LQGHSHQGHQWO\�
DVVRFLDWHG� ZLWK� WLPH� WR� V\PSWRP�
UHVROXWLRQ� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

FKLOGUHQ�ZLWK�FRQFXVVLRQV�IRXQG� WKDW�
H[WHQVLYH� FRJQLWLYH� DFWLYLW\� DIWHU�
FRQFXVVLRQ� LV� DVVRFLDWHG� ZLWK� D�
ORQJHU�WLPH�WR�UHFRYHU� 

 
%URZQ�� 1��� HW� DO�� (IIHFW� RI� &RJQLWLYH�
$FWLYLW\� /HYHO� RQ� 'XUDWLRQ� RI� 3RVW-�
&RQFXVVLRQ� 6\PSWRPV�� 3HGLDWULFV��
������ )HEUXDU\� ��� �������� H���-
H���� 

0(16758$/�3+$6(�$1'�
287&20(�$)7(5�0,/'�

75$80$7,&�%5$,1�,1-85< 

6RPH� GDWD� VXJJHVW� WKDW� ZRPHQ�
KDYH� D� KLJKHU� LQFLGHQFH� RI� PLOG�
WUDXPDWLF� EUDLQ� LQMXU\� �07%,�� WKDQ�
PHQ� ZKR� SOD\� VLPLODU� VSRUWV�� 2WKHU�
VWXGLHV� KDYH� IRXQG� EHWWHU� SRVW--7%,�
RXWFRPHV� IRU� ZRPHQ� WKDQ� PHQ�
DPRQJ� SUHPHQDUFKH� RU�
SRVWPHQRSDXVDO� ZRPHQ�� 7KLV� VWXG\�
FRPSDUHG� WKH� RXWFRPHV� RI� ZRPHQ�
E\� WKH� SKDVH� RI� PHQVWUXDO� F\FOH� DW�
WKH�WLPH�RI�LQMXU\� 
)HPDOH�SDWLHQWV�EHWZHHQ�WKH�DJHV�

RI����DQG����\HDUV�ZKR�SUHVHQWHG�WR�
WKH� HPHUJHQF\� GHSDUWPHQW� ZLWKLQ�
IRXU�KRXUV�RI�07%,�ZHUH�FRQVLGHUHG�
IRU� WKLV� VWXG\�� $GPLVVLRQ� VHUXP�
SURJHVWHURQH� OHYHO� ZDV� XVHG� WR�
GHWHUPLQH�WKH�PHQVWUXDO�F\FOH�SKDVH�
DW�WKH�WLPH�RI�LQMXU\��)RU�FRPSDULVRQ��
WKH� SDWLHQWV� ZHUH� GLYLGHG� LQWR� D�
V\QWKHWLF� SURJHVWLQ� �63�� JURXS�� D�
IROOLFXODU� SKDVH� �)3�� JURXS�� DQG� D�
OXWHDO�SKDVH� �/3��JURXS�� ,Q�DGGLWLRQ��
&7� UHVXOWV� ZHUH� REWDLQHG�� DQG� RQH-�
PRQWK� RXWFRPH� ZDV� DVVHVVHG� E\�
SKRQH� XVLQJ� WKH� 5LYHUPHDGH�
3RVWFRQFXVVLRQ� 4XHVWLRQQDLUH�
�53&4�� DQG� TXDOLW\� RI� OLIH� ZLWK� WKH�
(XUR4RO�(4�'�� 7KH� SULPDU\�
RXWFRPH� PHDVXUH� RI� LQWHUHVW� ZDV�
SRVW-FRQFXVVLYH� V\PSWRPV� DW� RQH�
PRQWK� XVLQJ� WKH� 53&4�� 2XWFRPHV�
ZHUH�FRPSDUHG�E\�PHQVWUXDO�SKDVH� 
7KH� (XUR4RO�(4�'� LQGH[� GLIIHUHG�

VLJQLILFDQWO\� EHWZHHQ� JURXSV�� ZLWK�
WKH� 63� JURXS� REWDLQLQJ� WKH� KLJKHVW�
VFRUHV�DQG� WKH�/3�JURXS� WKH� ORZHVW�
VFRUHV��7KH�/3�JURXS�ZDV� WKH�PRVW�
V\PSWRPDWLF��DV�PHDVXUHG�E\�53&4�
VFRUHV�� DOWKRXJK�� DFURVV� DOO�
PHDVXUHV�� QRQH� RI� WKH� GLIIHUHQFHV�
ZHUH� VWDWLVWLFDOO\� VLJQLILFDQW�� )RU� DOO�
RXWFRPHV�� VXEMHFWV� LQ� WKH� /3� JURXS�
KDG�DSSUR[LPDWHO\� WZLFH� WKH�RGGV�RI�
VFRULQJ�ZRUVH�RQ� WKH�RXWFRPH�VFDOH�
WKDQ� GLG� VXEMHFWV� LQ� WKH� )3� JURXS��

7KH� DXWKRUV� VXJJHVW� WKDW� WKHVH�
ILQGLQJV� VXSSRUW� WKH� K\SRWKHVLV� WKDW�
WKH�DFXWH�ZLWKGUDZDO�RI�SURJHVWHURQH�
DIWHU�PLOG� WUDXPDWLF� EUDLQ� LQMXU\�PD\�
ZRUVHQ�WKH�RXWFRPH� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

ZRPHQ����WR����\HDUV�RI�DJH�ZLWK�D�
PLOG�WUDXPDWLF�EUDLQ�LQMXU\�IRXQG�WKDW�
WKRVH� LQ� WKH� JOXWHDO� SKDVH� RI� WKH�
PHQVWUXDO� F\FOH�DW� WKH� WLPH�RI� LQMXU\�
KDYH� ZRUVH� RXWFRPHV� WKDQ� GR�
ZRPHQ�LQ�WKH�IROOLFXODU�SKDVH��RU�ZKR�
ZHUH�WDNLQJ�V\QWKHWLF�SURJHVWLQV� 
 
:XQGHUOH��.���HW�DO��0HQVWUXDO�3KDVH�
DV�D�3UHGLFWRU�RI�2XWFRPH�DIWHU�0LOG�
7UDXPDWLF� %UDLQ� ,QMXU\� LQ�:RPHQ��-�
+HDG� 7UDXPD� 5HKDE�� ������ '2,��
�����+75����������������� 

&<7,6,1(�9(5686�1,&27,1(�)25�
&-5($&7,9(�3527(,1�$1'�
+(0255+$*,&�6752.( 

$IWHU� VSRQWDQHRXV� LQWUDFHUHEUDO�
KHPRUUKDJH��V,&+���HDUO\�KHPDWRPD�
JURZWK� �(+*�� RFFXUV� LQ� ��� WR� ���
SHUFHQW� RI� SDWLHQWV�� UHVXOWLQJ� LQ� D�
ZRUVH�SURJQRVLV��$V� LQIODPPDWLRQ� LV�
D� PDMRU� IHDWXUH� RI� LQWUDFHUHEUDO�
KHPRUUKDJH� SDWKRORJ\�� &-UHDFWLYH�
SURWHLQ� �&53�� KDV� EHHQ� DVVRFLDWHG�
ZLWK� ��-GD\� PRUWDOLW\� DPRQJ� WKHVH�
SDWLHQWV��+RZHYHU�� LWV� UHODWLRQVKLS� WR�
HDUO\� KHPDWRPD� JURZWK� �(+*�� LV�
XQNQRZQ�� 7KLV� VWXG\� ZDV� GHVLJQHG�
WR� GHWHUPLQH� WKH� UHODWLRQVKLS�
EHWZHHQ�&53�DQG�(+*�DIWHU�V,&+� 
7KLV� SURVSHFWLYH�� PXOWL-FHQWHU�

REVHUYDWLRQDO�VWXG\�LQFOXGHG�SDWLHQWV�
��� \HDUV� RI� DJH� RU� ROGHU�� ZLWK� D�
GLDJQRVLV� RI� V,&+�� 3DWLHQWV� ZHUH�
LQFOXGHG� LQ� WKH� DQDO\VLV� LI� WKH\�
SUHVHQWHG�ZLWKLQ� VL[� KRXUV� RI� RQVHW��
KDG� &53� GHWHUPLQHG� DW� VWXG\� HQWU\�
DQG� FRPSOHWHG� FOLQLFDO� DQG� LPDJLQJ�
GDWD�� $Q� LQLWLDO� &7� ZDV� REWDLQHG� DW�
DGPLVVLRQ�� ZLWK� D� VHFRQG� &7� DW� ���
KRXUV� �RU� HDUOLHU� LI� FOLQLFDOO\�
LQGLFDWHG��� 7KH� SULPDU\� RXWFRPH�
YDULDEOH� ZDV� (+*�� DV� GHILQHG� E\�
DEVROXWH�JURZWK�RI�JUHDWHU�WKDQ������
FP��� RU� UHODWLYH� JURZWK� RI� JUHDWHU�
WKDQ�����DV�PHDVXUHG� E\� D� IROORZ-
XS�&7� 
$PRQJ� WKH� ���� PHQ� DQG� ����

ZRPHQ�LQFOXGHG�LQ�WKH�ILQDO�DQDO\VLV��
(+*� RFFXUUHG� LQ� ������� RFFXUULQJ�
PRUH� RIWHQ� DPRQJ� WKRVH� ZLWK� HDUO\�
QHXURORJLF� ZRUVHQLQJ� �S��������� $�
XQLYDULDWH� DQDO\VLV� UHYHDOHG� WKDW�
(+*�DQG�HDUO\�QHXURORJLF�ZRUVHQLQJ�
ZHUH� VLJQLILFDQW� PRUH� IUHTXHQW�� DQG�
KHPRUUKDJLF� JURZWK� VLJQLILFDQWO\�

JUHDWHU��DPRQJ�WKRVH�ZLWK�D�&53�RI�
DERYH����PJ�PO� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� VSRQWDQHRXV�
LQWUDFHUHEUDO� KHPRUUKDJH� IRXQG� WKDW�
HOHYDWHG� SODVPD� &-UHDFWLYH� SURWHLQ�
ZLWKLQ� WKH� ILUVW� IHZ� KRXUV� RI�
KHPRUUKDJH� LV� DVVRFLDWHG� ZLWK� ERWK�
HDUO\� KHPRUUKDJLF� JURZWK� DQG� HDUO\�
QHXURORJLF�ZRUVHQLQJ� 
 
1DSROL��0���HW�DO��&-5HDFWLYH�3URWHLQ�
3UHGLFWV� +HPDWRPD� *URZWK� LQ�
,QWUDFHUHEUDO� +HPRUUKDJH�� 6WURNH��
������-DQXDU\�����������-��� 

+,*+�&+2/(67(52/�$1'�/21*-
7(50�6859,9$/�$)7(5�

,6&+(0,&�6752.( 

7UHDWPHQW� ZLWK� VWDWLQ� PHGLFDWLRQV�
LV� DVVRFLDWHG� ZLWK� D� UHGXFHG�
UHFXUUHQFH� RI� LVFKHPLF� VWURNH�� ZLWK�
LPSURYHPHQW� LQ� VXUYLYDO� DQG�
IXQFWLRQDO� RXWFRPH� XS� WR� RQH� \HDU�
DIWHU� VWURNH�� +RZHYHU�� RWKHU� VWXGLHV�
KDYH� DOVR� LQGLFDWHG� D� SRVLWLYH�
DVVRFLDWLRQ� EHWZHHQ� HOHYDWHG�
FKROHVWHURO� DW� LVFKHPLF� VWURNH� RQVHW�
DQG� LPSURYHG� VKRUW-WHUP� IXQFWLRQDO�
RXWFRPHV�DQG���-\HDU�VXUYLYDO��7KLV�
VWXG\� VRXJKW� WR� IXUWKHU� FODULI\� WKH�
HIIHFWV� RI� FKROHVWHURO� OHYHOV� DQG� WKH�
LPSDFW� RI� VWDWLQ� WUHDWPHQW� RQ� VKRUW�
DQG� ORQJ-WHUP� VXUYLYDO� DIWHU� DFXWH�
LVFKHPLF�LQMXU\� 
7KLV� UHWURVSHFWLYH� VWXG\� LQFOXGHG�

SDWLHQWV�DGPLWWHG�WR�WKH�VWURNH�XQLW�RI�
WKH� .DUROLQVND� 8QLYHUVLW\� +RVSLWDO��
&OLQLFDO� DQG� ELRFKHPLFDO� GDWD� ZHUH�
REWDLQHG� E\� UHFRUG� UHYLHZ�� $OO�
SDUWLFLSDQWV� XQGHUZHQW� DGPLVVLRQ�
FRPSXWHG� WRPRJUDSK\� DQG�RU�
PDJQHWLF� UHVRQDQFH� WRPRJUDSK\� RI�
WKH� EUDLQ�� HFKRFDUGLRJUDP�� FDURWLG�
XOWUDVRXQG� DQG� ODE� ZRUN�� DQG� ZHUH�
IROORZHG�IRU�XS�WR�VHYHQ�\HDUV� 
2I��WKH�������RQH-PRQWK�VXUYLYRUV��

���� KDG� DYDLODEOH� GDWD� UHJDUGLQJ�
DGPLVVLRQ� FKROHVWHURO�� 7KUHH-PRQWK�
VXUYLYDO�UDWHV�ZHUH�����DQG������LQ�
WKH� ORZ�DQG�KLJK�FKROHVWHURO�JURXSV��
UHVSHFWLYHO\��7KH�RQH�� WZR��DQG�ILYH-�
\HDU� � VXUYLYDO� � UDWHV� � ZHUH� � �����
����DQG�����LQ� WKH� ORZ�FKROHVWHURO�
JURXS�� DQG� ����� ���� DQG� ���� LQ�
WKH�KLJK�FKROHVWHURO�JURXS��S ������� 
7KH� DQQXDO� PRUWDOLW\� UDWH� LQ�

SDWLHQWV� ZLWK� ORZ� FKROHVWHURO� ZDV�
DSSUR[LPDWHO\� VHYHQ� SHUFHQW� DIWHU�
WKH� ILUVW� \HDU�� UHDFKLQJ� ���� E\� WKH�
HQG�RI� WKH�REVHUYDWLRQ�SHULRG� LQ� WKH�
ORZ� FKROHVWHURO� JURXS�� ,Q� FRQWUDVW��
WKH� KLJK� FKROHVWHURO� JURXS� KDG� DQ�
DQQXDO� PRUWDOLW\� RI� WKUHH� SHUFHQW��
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UHDFKLQJ� ���� DIWHU� VHYHQ� \HDUV�� $�
PXOWLYDULDWH� DQDO\VLV� UHYHDOHG� WKDW�
ORZ� DGPLVVLRQ� FKROHVWHURO� ZDV� DQ�
LQGHSHQGHQW� SUHGLFWRU� RI� ORQJ-WHUP�
PRUWDOLW\� DIWHU� DGMXVWLQJ� IRU� DJH� DW�
DGPLVVLRQ�DQG�1,+66�VFRUHV� 
&RQFOXVLRQ�� 7KLV� UHWURVSHFWLYH�

VWXG\� IRXQG� WKDW�� LQ� SDWLHQWV� ZLWK�
DFXWH� LVFKHPLF� VWURNH�� KLJKHU�
DGPLVVLRQ� FKROHVWHURO� OHYHOV� ZHUH�
DVVRFLDWHG� ZLWK� LPSURYHG� ORQJ-WHUP�
VXUYLYDO� 
 
0DUNDNL�� ,��� HW� DO�� +LJK� &KROHVWHURO�
/HYHOV�DUH�$VVRFLDWHG�ZLWK� ,PSURYHG�
/RQJ-7HUP� 6XUYLYDO� DIWHU� $FXWH�
,VFKHPLF� 6WURNH�� -� 6WURNH�
&HUHEURYDV� 'LV��������-DQXDU\�����
�����(���-(���� 

'8/2;(7,1(�)25�1(8523$7+,&�
3$,1�,1�08/7,3/(�6&/(526,6 

,QGLYLGXDOV� ZLWK� PXOWLSOH� VFOHURVLV�
�06�� RIWHQ� UHSRUW� QHXURSDWKLF� SDLQ��
'HVSLWH� H[WHQVLYH� WKHUDSLHV� WR� WUHDW�
WKLV�SDLQ��IHZ�FRQWUROOHG�VWXGLHV�KDYH�
IRFXVHG� RQ� WKH� WUHDWPHQW� RI� WKLV�
FRQGLWLRQ�� 7KLV� VWXG\� DVVHVVHG� WKH�
HIILFDF\� DQG� WROHUDELOLW\� RI� GXOR[HWLQH�
IRU� UHGXFLQJ�SDLQ� VHYHULW\� LQ� SDWLHQWV�
ZLWK�06� 
7KLV� UDQGRPL]HG�� GRXEOH-EOLQG��

SODFHER-FRQWUROOHG� WULDO� LQFOXGHG�
������ DGXOW� SDWLHQWV� ZLWK� 06� ZKR�
FRPSODLQHG�RI� QHXURSDWKLF� SDLQ�RI� DW�
OHDVW� WKUHH� PRQWKV¶� GXUDWLRQ�� 7KRVH�
UDQGRPL]HG� WR� WKH� GXOR[HWLQH�
WUHDWPHQW� JURXS� UHFHLYHG� ��� PJ� IRU�
RQH� ZHHN�� DQG� WKHQ� ��� PJ� IRU� ILYH�
ZHHNV�� 7KRVH� LQ� WKH� SODFHER� JURXS�
UHFHLYHG� SODFHER� RQFH� GDLO\� IRU� VL[�
ZHHNV��7KH�SULPDU\�HIILFDF\�PHDVXUH�
ZDV� FKDQJH� IURP� EDVHOLQH� DYHUDJH�
SDLQ�LQWHQVLW\��$3,��DW�VL[�ZHHNV�DIWHU�
UDQGRPL]DWLRQ�� 6HFRQGDU\� PHDVXUHV�
LQFOXGHG�FKDQJH�IURP�EDVHOLQH� LQ� WKH�
ZHHNO\� PHDQ� RI� QLJKW� SDLQ� LQWHQVLW\�
�13,�� UDWLQJV�� &OLQLFDO� *OREDO�
,PSUHVVLRQ� RI�6HYHULW\�6FDOH� VFRUHV��
%ULHI� 3DLQ� ,QYHQWRU\� VFRUHV�� DQG�
VFRUHV� RQ� WKH� 0XOWLSOH� 6FOHURVLV�
4XDOLW\-2I-/LIH�-����LQVWUXPHQW� 
7KH� PHDQ� FKDQJH� LQ� ZHHNO\� $3,�

UDWLQJV�IURP�EDVHOLQH�WR�ZHHN�VL[�ZDV�
JUHDWHU� LQ� WKH� GXOR[HWLQH� JURXS� WKDQ�
LQ� WKH�SODFHER�JURXS� �S ��������7KLV�
GLIIHUHQFH�ZDV�VLJQLILFDQW�DV�HDUO\�DV�
ZHHN� RQH� �S �������� DQG� UHPDLQHG�
VLJQLILFDQW� DW� HDFK� VXEVHTXHQW� ZHHN�
RI� DFXWH� SKDVH� WKHUDS\� �S������ IRU�
HDFK���0RUH�SDWLHQWV�LQ�WKH�WUHDWPHQW�
JURXS�ZLWKGUHZ�IURP�WKH�VWXG\�GXH�WR�
DGYHUVH� HYHQWV�� ZLWK� WKH� PRVW�
FRPPRQ� EHLQJ� GL]]LQHVV� DQG�
VRPQROHQFH� 

&RQFOXVLRQ��7KLV�VWXG\�RI� 
SDWLHQWV� ZLWK� PXOWLSOH� VFOHURVLV�
DFFRPSDQLHG� E\� QHXURSDWKLF� SDLQ�
IRXQG� GXOR[HWLQH� WR� EH� DQ� HIIHFWLYH�
LQWHUYHQWLRQ�IRU�WKLV�SDLQ� 
 
9ROOPHU�� 5��� HW� DO�� $� 5DQGRPL]HG��
'RXEOH-%OLQG�� 3ODFHER-&RQWUROOHG�
7ULDO� RI�'XOR[HWLQH� IRU� WKH� 7UHDWPHQW�
RI� 3DLQ� LQ� 3DWLHQWV� ZLWK� 0XOWLSOH�
6FOHURVLV�� 3DLQ� 3UDFWLFH�� ������
1RYHPEHU������������–���� 

)/8,'�&2//(&7,216��
$0387$7,216�$1'�,1)(&7,21 

&RPEDW� UHODWHG� DPSXWDWLRQV� DUH�
RIWHQ� FRPSOLFDWHG� E\� JURVV�
FRQWDPLQDWLRQ�� EDFWHULDO� FRORQL]DWLRQ�
DQG� IUHTXHQW� LQIHFWLRQV��
3RVWRSHUDWLYH� IOXLG� FROOHFWLRQV� LQ�
DPSXWDWLRQV� KDYH� EHHQ� WKH� IRFXV� RI�
SUHYLRXV� VWXGLHV�� +RZHYHU�� WKHUH� LV�
OLWWOH� JXLGDQFH� LQ� WKH� OLWHUDWXUH�
UHJDUGLQJ�WKH�PDQDJHPHQW�RU�FOLQLFDO�
UHOHYDQFH� RI� SRVW-DPSXWDWLRQ� IOXLG�
FROOHFWLRQV�� 7KLV� VWXG\�ZDV� GHVLJQHG�
WR� EHWWHU� XQGHUVWDQG� WKH� IUHTXHQF\�
DQG� FOLQLFDO� DSSOLFDWLRQV� RI�
SRVWRSHUDWLYH� IOXLG� FROOHFWLRQV� LQ�
FRPEDW�UHODWHG�DPSXWDWLRQV� 
7KLV�UHWURVSHFWLYH�VWXG\�LQFOXGHG 
���� FRQVHFXWLYH�� PDMRU� ORZHU�

H[WUHPLW\� DPSXWDWLRQV� WUHDWHG� EHIRUH�
������ $OO� SDWLHQWV� ZHUH� LQMXUHG� LQ�
FRPEDW�RSHUDWLRQV�DQG�KDG�VXVWDLQHG�
DW� OHDVW� RQH� PDMRU� ORZHU� H[WUHPLW\�
DPSXWDWLRQ�� 'DWD� FROOHFWHG� LQFOXGHG�
GHPRJUDSKLFV��GHVFULSWLRQ�RI�VXUJHU\��
DQG� FOLQLFDO� SDUDPHWHUV�� LQFOXGLQJ�
ZKLWH� EORRG� FHOO� FRXQW�� PD[LPXP�
WHPSHUDWXUH��SUHVHQFH�RI�EDFWHUHPLD��
WDFK\FDUGLD�DQG�R[\JHQ�GHVDWXUDWLRQ��
DV�ZHOO�DV�H[WUHPLW\�H[DPLQDWLRQ�DQG�
UDGLRJUDSKLF� ILQGLQJV�� :RXQG�
LQIHFWLRQ�ZDV� GHILQHG� DV� UHWXUQLQJ� WR�
WKH� RSHUDWLQJ� URRP� ZLWK� D� SRVLWLYH�
GHHS�ZRXQG�FXOWXUH� 
2I�WKH�VXEMHFWV�LQFOXGHG�LQ�WKH�ILQDO�

DQDO\VLV�� ���� GHPRQVWUDWHG� IOXLG�
FROOHFWLRQ� LQ� WKH� HDUO\� SRVWRSHUDWLYH�
SHULRG�� 7KH� SUHVHQFH� RI� D� IOXLG�
FROOHFWLRQ� RQ� FURVV-VHFWLRQDO� LPDJLQJ�
ZDV�QRW�DVVRFLDWHG�ZLWK�LQIHFWLRQ�� $Q�
DVVRFLDWLRQ� ZDV� IRXQG� EHWZHHQ�
REMHFWLYH� FOLQLFDO� VLJQV� RI� LQIHFWLRQ��
LQFOXGLQJ� HU\WKHPD� DQG�RU� GUDLQDJH��
DQG� WKH� SUHVHQFH� RI� LQIHFWLRQ�
�S��������� 7KH� RQO\� UDGLRORJLF� RU�
LPDJLQJ� SDUDPHWHU� VLJQLILFDQWO\�
DVVRFLDWHG� ZLWK� LQIHFWLRQ� ZDV� WKH�
SUHVHQFH�RI�DLU��S� ������� 
&RQFOXVLRQ�� 7KLV� VWXG\�

GHPRQVWUDWHG� WKDW� IOXLG� FROOHFWLRQV�
DUH� FRPPRQ� LQ� FRPEDW-UHODWHG�
DPSXWDWLRQV�� HVSHFLDOO\� LQ� WKH� HDUO\�

SRVWRSHUDWLYH� SHULRG�� DQG� ZHUH� QRW�
IRXQG� WR� EH� DVVRFLDWHG� ZLWK� DQ�
LQFUHDVHG�ULVN�RI�ZRXQG�LQIHFWLRQ� 
 
3ROIHU�� (��� HW� DO�� )OXLG� &ROOHFWLRQV� LQ�
$PSXWDWLRQV� $UH� 1RW� ,QGLFDWLYH� RU�
3UHGLFWLYH� RI� ,QIHFWLRQ�� &OLQ� 2UWKR�
5HODWHG�5HV��������2FWREHU������ 
����-����� 

+<3(5&+2/(67(52/(0,$�$1'�
)52=(1�6+28/'(5 

)UR]HQ� VKRXOGHU� LV� D� FRPPRQ�
GLVRUGHU� ZLWK� PDQ\� NQRZQ� ULVN�
IDFWRUV�� 7KHVH� LQFOXGH� V\VWHPLF�
GLVHDVHV� VXFK� DV� WK\URLG� GLVRUGHUV�
DQG� GLDEHWHV� PHOOLWXV�� 6RPH� KDYH�
VXJJHVWHG� K\SHUOLSLGHPLD� DV� D�
SRVVLEOH� ULVN� IDFWRU� IRU� IUR]HQ�
VKRXOGHU�� QRWLQJ� VLPLODULWLHV� LQ�
SDWKRORJLF� ILQGLQJV� EHWZHHQ� WKLV�
GLVRUGHU� DQG� WKRVH� RI� 'XSX\WUHQ
V�
FRQWUDFWXUH�� 7KLV� VWXG\� WHVWHG� WKH�
K\SRWKHVLV� WKDW� HOHYDWHG� VHUXP� OLSLG�
OHYHOV� DUH� DVVRFLDWHG� ZLWK� IUR]HQ�
VKRXOGHU� 
6XEMHFWV� ZHUH� ���� SDWLHQWV�

GLDJQRVHG� ZLWK� SULPDU\� IUR]HQ�
VKRXOGHU� EHWZHHQ� 2FWREHU� RI� �����
DQG�$SULO� RI� ������7KH�FRQWURO� JURXS�
FRPSULVHG� ���� DJH-� DQG� JHQGHU-�
PDWFKHG� DGXOWV� ZKR� SUHVHQWHG� IRU�
JHQHUDO�FKHFNXSV��7KH�VXEMHFWV�ZHUH�
H[FOXGHG�LI�WKH\�KDG�GLDEHWHV��WK\URLG�
G\VIXQFWLRQ�� SUHYLRXV� VKRXOGHU�
VXUJHU\� RU� WUDXPD�� $OO� XQGHUZHQW�
ODERUDWRU\� HYDOXDWLRQV�� LQFOXGLQJ� D�
VHUXP�OLSLG�SURILOH� 
$�XQLYDULDWH�DQDO\VLV�RI�VHUXP� OLSLG�

OHYHOV� UHYHDOHG� WKDW� SULPDU\� IUR]HQ�
VKRXOGHU� LV� VLJQLILFDQWO\� DVVRFLDWHG�
ZLWK� WRWDO� FKROHVWHURO� OLSRSURWHLQ�
�S �������� KLJK� GHQVLW\� OLSRSURWHLQ�
�S �������� DQG� QRQ-KLJK-� GHQVLW\�
OLSRSURWHLQ� FKROHVWHURO� �S��������� 1R�
DVVRFLDWLRQV� ZHUH� IRXQG� EHWZHHQ�
VHUXP� WULJO\FHULGH� OHYHOV� DQG� IUR]HQ�
VKRXOGHU�� ,Q� DGGLWLRQ�� PHDVXUHG�
K\SHU� ORZ-GHQVLW\� OLSRSURWHLQHPLD�
�S��������� K\SHU� KLJK� GHQVLW\�
OLSRSURWHLQHPLD� �S�������� DQG� K\SHU�
QRQ-KLJK-GHQVLW\� OLSRSURWHLQ�
FKROHVWHUROHPLD� �S�������� ZHUH�
VLJQLILFDQWO\� DVVRFLDWHG� ZLWK� SULPDU\�
IUR]HQ�VKRXOGHU� 
&RQFOXVLRQ�� 7KLV� VWXG\� IRXQG�

WKDW� K\SHUFKROHVWHUROHPLD� DQG�
LQIODPPDWRU\� OLSRSURWHLQHPLD� DUH�
DVVRFLDWHG� ZLWK� SULPDU\� IUR]HQ�
VKRXOGHU� 
6XQJ�� &��� HW� DO�� $UH� 6HUXP� /LSLGV�
,QYROYHG�LQ�3ULPDU\�)UR]HQ�6KRXOGHU"�
$� &DVH� &RQWURO� 6WXG\�� -� %RQH� -RLQW�
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6XUJ� �$P��� ������ 2FWREHU�� ��
���������-������ 

23,2,'�86(�$1'�$1'52*(1�
'(),&,(1&< 

3UHYLRXV VWXGLHV KDYH�
GHPRQVWUDWHG� DQ� DVVRFLDWLRQ�
EHWZHHQ� RSLRLG� XVH� DQG� DQGURJHQ�
GHILFLHQF\� LQ�PHQ�ZLWK� FKURQLF� SDLQ��
7KLV�VWXG\�H[DPLQHG� WKH�DVVRFLDWLRQ�
EHWZHHQ�WKH�RSLRLG�GXUDWLRQ�RI�DFWLRQ�
DQG� WKH� ULVN� RI� GHYHORSPHQW� RI�
DQGURJHQ�GHILFLHQF\� 
7KLV� UHWURVSHFWLYH� FRKRUW� LQFOXGHG�

������PHQ�����WR����\HDUV�RI�DJH��$OO�
KDG� EHHQ� GLVSHQVHG� ��� GD\V� RI�
RSLRLG�SUHVFULSWLRQV��DQG�KDG�DW�OHDVW�
RQH� WHVWRVWHURQH� OHYHO� PHDVXUHG�
EHWZHHQ� -DQXDU\� ��� ������ DQG�
'HFHPEHU� ���� ������ 7KH� RSLRLGV�
ZHUH�GHILQHG�DV�HLWKHU�ORQJ�DFWLQJ�RU�
VKRUW�DFWLQJ��7KRVH�WDNLQJ�PRUH�WKDQ�
WZR�GLIIHUHQW�RSLRLGV�GXULQJ�WKH�VWXG\�
SHULRG�ZHUH�H[FOXGHG��'DLO\�GRVHV�RI�
RSLRLGV� ZHUH� FRQYHUWHG� WR� D�
PRUSKLQH� VWDQGDUGL]HG� HTXLYDOHQW�
�06(�� 
%LYDULDWH� DQDO\VLV� UHYHDOHG� WKDW�

PHQ� ZKR� XVHG� ORQJ-DFWLQJ� RSLRLGV�
ZHUH� PRUH� OLNHO\� WR� EH� DQGURJHQ�
GHILFLHQW�WKDQ�ZHUH�PHQ�WDNLQJ�VKRUW-�
DFWLQJ�RSLRLGV� �S��������� ,Q�DGGLWLRQ��
PHQ� ZLWK� GLDEHWHV� �S���������
K\SHUWHQVLRQ �S���������
K\SHUOLSLGHPLD� �S �������� WKRVH�
WDNLQJ� VWDWLQV� �S��������� RU� WKRVH�
ZLWK�D�ERG\�PDVV�LQGH[�RI�DW�OHDVW����
�S��������� ZHUH�PRUH� OLNHO\� WR� KDYH�
DQ�DQGURJHQ�GHILFLHQF\��7KH�PHGLDQ�
06(�IRU�DQGURJHQ�GHILFLHQW�PHQ�ZDV�
��� PJ�� ZKLOH� WKH� PHGLDQ� 06(� IRU�
WKRVH�QRW�DQGURJHQ�GHILFLHQW�ZDV����
PJ� 
&RQFOXVLRQ�� 7KLV� VWXG\� IRXQG�

WKDW�� DPRQJ�PHQ� WDNLQJ�RSLRLGV�� WKH�
GXUDWLRQ� RI� DFWLRQ� RI� WKH� RSLRLG� LV�
LQYHUVHO\� UHODWHG� WR� WHVWRVWHURQH�
OHYHO�� 

 
5XEHQVWHLQ�� $��� HW� DO�� (OXFLGDWLQJ�
5LVN�)DFWRUV�IRU�$QGURJHQ�'HILFLHQF\�
$VVRFLDWHG� ZLWK� 'DLO\� 2SLRLG� 8VH��
$P�-�0HG��������'HFHPEHU����� 
����������-����� 

,1-(&7,21�6$)(7<�,1����
3$7,(176�21�:$5)$5,1 

:KLOH� VRPH� VWXGLHV� VXJJHVW� WKDW�
MRLQW� RU� VRIW� WLVVXH� LQMHFWLRQV� DUH�
UHODWLYHO\� VDIH� IRU� SDWLHQWV�
XQGHUJRLQJ� DQWL-FRDJXODWLRQ�� PDQ\�
UHFRPPHQG� UHYHUVLQJ� DQWL-
FRDJXODWLRQ� EHIRUH� DGPLQLVWHULQJ�

WKHVH� SURFHGXUHV�� 7KLV� VWXG\� ZDV�
GHVLJQHG� WR� IXUWKHU� XQGHUVWDQG� WKH�
VDIHW\� RI� WKHVH� MRLQW� LQMHFWLRQV� LQ�
SDWLHQWV�SUHVFULEHG�ZDUIDULQ� 

7KLV� VWXG\� UHYLHZHG� WKH� RXWFRPHV�
RI� SDWLHQWV� EHIRUH� DQG� DIWHU� D�
SURWRFRO�FKDQJH�LQ�D UKHXPDWRORJ\�
GHSDUWPHQW�� 7KH� SURWRFRO� SULRU� WR�
6HSWHPEHU�RI������ZDV� WR� ZLWKKROG�
ZDUIDULQ� IRU� ILYH� GD\V� SULRU� WR� DQ�
HOHFWLYH� MRLQW�RU�VRIW� WLVVXH� LQMHFWLRQ��
$W� WKDW� WLPH�� ZDUIDULQ� ZDV� UHSODFHG�
ZLWK� ORZ� PROHFXODU� ZHLJKW� KHSDULQ��
ZKLFK� ZDV� QRW� JLYHQ� RQ� WKH� GD\� RI�
WKH� SURFHGXUH�� $IWHU� 6HSWHPEHU� RI�
������ WKH� QHZ� SURWRFRO� DOORZHG�
ZDUIDULQ� WR� EH� FRQWLQXHG�� ZLWK� WKH�
SURFHGXUH� SHUIRUPHG� LI� WKH� ,15�ZDV�
OHVV� WKDQ� WKUHH�� $OO� SURFHGXUDO�
FRPSOLFDWLRQV�ZLWKLQ�IRXU�ZHHNV�ZHUH�
LGHQWLILHG� WKURXJK� FRQWDFW� ZLWK� WKH�
WHOHSKRQH� KHOSOLQH� RU� ZLWK� D�PHGLFDO�
SUDFWLWLRQHU�� ,Q� WKH� LQLWLDO� FRKRUW�� ���
SURFHGXUHV� ZHUH� SHUIRUPHG� LQ� ���
SDWLHQWV�� 1R�FOLQLFDO�KHPDUWKURVHV�RU�
RWKHU� FRPSOLFDWLRQV� RFFXUUHG�� ,Q� WKH�
ODWHU� FRKRUW�� ��� SURFHGXUHV� ZHUH�
SHUIRUPHG� LQ� ��� SDWLHQWV�� $PRQJ�
WKHVH� SDWLHQWV�� WKHUH� ZHUH� DOVR� QR�
FOLQLFDO� KHPDUWKURVHV� RU� RWKHU�
FRPSOLFDWLRQV�� 2QH� SDWLHQW�� ZLWK� D�
KLVWRU\� RI� GHHS� YHQRXV� WKURPERVLV��
H[SHULHQFHG� � D� � UHFXUUHQFH� ZKHQ�
ZDUIDULQ� ZDV� ZLWKKHOG� IRU� D� MRLQW�
LQMHFWLRQ� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� XQGHUJRLQJ� MRLQW� RU� VRIW�
WLVVXH� LQMHFWLRQV� IRXQG� QR� VLJQLILFDQW�
EOHHGLQJ�HYHQWV�DPRQJ�SDWLHQWV�ZKR�
UHFHLYHG� LQMHFWLRQV� ZKLOH� WDNLQJ�
ZDUIDULQ� DQG� ZLWK� WKH� LQWHUQDWLRQDO�
QRUPDOL]HG� UDWLR� ZLWKLQ� WKHUDSHXWLF�
UDQJH� 
 
+RR��-���HW�DO��6DIHW\�RI�-RLQW�DQG�6RIW�
7LVVXH� ,QMHFWLRQV� LQ� 3DWLHQWV� RQ�
:DUIDULQ� $QWLFRDJXODQW� $FWLRQ��
&OLQLFDO� 5KHXP�� ������ 'HFHPEHU��
������������-����� 

0,/.�,17$.(�$1'�5,6.�2)�
0257$/,7<�$1'�)5$&785(6 

,QFUHDVHG� PLON� LQWDNH� KDV� EHHQ�
SURPRWHG� WR� SUHYHQW� RVWHRSRURVLV�
DQG�IUDFWXUHV��+RZHYHU��DV�WKH�PDLQ�
GLHWDU\� VRXUFH� RI� '-JDODFWRVH�� PLON�
KDV� EHHQ� IRXQG� WR� KDYH� QHJDWLYH�
HIIHFWV� RQ� KHDOWK�� $QLPDO� VWXGLHV�
KDYH� LQ� IDFW� GHPRQVWUDWHG� WKDW� '-�
JDODFWRVH�PD\�DFFHOHUDWH�DJLQJ��7KLV�
VWXG\� H[DPLQHG� WKH� HIIHFW� RI� PLON�
LQWDNH� RQ� PRUWDOLW\� DQG� IUDFWXUH� ULVN�
LQ�ZRPHQ�DQG�PHQ� 

,Q� WZR� ODUJH� 6ZHGLVK� FRKRUWV��
������� ZRPHQ� DQG� ������� PHQ�
DQVZHUHG IRRG IUHTXHQF\�
TXHVWLRQQDLUHV�� )URP� WKRVH� ZHUH�
REWDLQHG� FRQVXPSWLRQ� SDWWHUQV�
FRQFHUQLQJ� PLON�� IHUPHQWHG� PLON��
\RJXUW� DQG� FKHHVH�� ,Q� DGGLWLRQ�� D�
FOLQLFDO� VXEFRKRUW� IURP� HDFK� RI� WKH�
WZR� VWXGLHV� XQGHUZHQW� XULQH� DQG�
VHUXP� DQDO\VLV� IRU� PDUNHUV� RI�
R[LGDWLYH� VWUHVV� DQG� LQIODPPDWLRQ��
7KRVH� GDWD� ZHUH� FRPSDUHG� ZLWK�
PRUWDOLW\� IURP�DOO� FDXVHV�� DV�ZHOO� DV�
IUDFWXUH�HYHQWV� 
7KH� PHGLDQ� IROORZ-XS� IRU� ZRPHQ�

ZDV� ��� \HDUV�� DQG� IRU� PHQ� ZDV� ���
\HDUV�� $PRQJ� ZRPHQ�� FRPSDUHG�
ZLWK� WKH� FRQVXPSWLRQ� RI� OHVV� WKDQ�
RQH� JODVV� SHU� GD\�� FRQVXPSWLRQ� RI�
WKUHH�RU�PRUH�JODVVHV�SHU�GD\�KDG�D�
JUHDWHU� ULVN�RI� WRWDO�PRUWDOLW\� �KD]DUG�
UDWLR ������ IRU� DQ\� IUDFWXUH� �KD]DUG�
UDWLR ������ DQG� IRU� KLS� IUDFWXUH�
�KD]DUG� UDWLR ������� &RQYHUVHO\��
ZRPHQ�ZLWK�D�KLJK� LQWDNH�RI�FKHHVH�
RU�IHUPHQWHG�PLON�SURGXFWV�KDG�ORZHU�
PRUWDOLW\� DQG� IUDFWXUH� UDWHV�
FRPSDUHG� WR� WKRVH� ZLWK� ORZ� LQWDNH�
�S��������� )RU�PHQ�� WKH� H[FHVV� ULVN�
ZDV� OHVV� SURQRXQFHG� IRU� PRUWDOLW\��
ZLWK� QR� UHGXFWLRQ� LQ� IUDFWXUHV� QRWHG�
ZLWK� LQFUHDVHG� PLON� LQWDNH� E\� PHQ��
0LON�LQWDNH�ZDV�SRVLWLYHO\�DVVRFLDWHG�
ZLWK� �-LVR-3*)�� DOSKD� LQ� ERWK�
JHQGHUV�� DQG� ZLWK� LQWHUOHXNLQ� VL[� LQ�
PHQ� 
&RQFOXVLRQ�� 7KLV� VWXG\� IRXQG�

WKDW� KLJKHU� FRQVXPSWLRQ� RI� PLON� LQ�
ZRPHQ�DQG�PHQ�LV�QRW�DFFRPSDQLHG�
E\� D� ORZHU� ULVN� RI� IUDFWXUH�� DQG�PD\�
EH� DVVRFLDWHG� ZLWK� D� KLJKHU� ULVN� RI�
GHDWK� 
 
0LFKDHOVVRQ�� .��� HW� DO�� 0LON� ,QWDNH�
DQG� 5LVN� RI� 0RUWDOLW\� DQG� )UDFWXUHV�
LQ�:RPHQ�DQG�0HQ��&RKRUW�6WXGLHV��
%0-�������������J���� 

0(',&$7,216�)25�',$%(7,&�
1(8523$7+< 

'LDEHWLF� QHXURSDWK\� LV� D� FRPPRQ��
ORQJ-WHUP� FRPSOLFDWLRQ� WKDW� FDQ�
GHFUHDVH�TXDOLW\�RI�OLIH��:KLOH�YDULRXV�
QHXURSDWKLF� DJHQWV� DUH� XVHIXO� IRU�
WUHDWLQJ� WKLV� SDLQ�� FKRRVLQJ� RQH� RU�
WKH� RWKHU� FDQ� EH� FKDOOHQJLQJ�� 7KLV�
V\VWHPDWLF� UHYLHZ� LQYHVWLJDWHG� WKH�
UHODWLYH� HIIHFWLYHQHVV� RI� YDULRXV�
PHGLFDWLRQV�XVHG�IRU�WKH�WUHDWPHQW�RI�
GLDEHWLF�QHXURSDWK\� 
'DWDEDVHV� ZHUH� UHYLHZHG� IRU�

UDQGRPL]HG�� FRQWUROOHG� WULDOV�
SXEOLVKHG� EHWZHHQ� -DQXDU\� RI� �����
DQG� $SULO� RI� ������ 7KH� WULDOV�



 

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

 

 

DVVHVVHG� WKH�HIILFDF\�RI�PHGLFDWLRQV�
IRU� WUHDWLQJ� GLDEHWLF� QHXURSDWK\�� DQG�
FRPSDUHG� WKH�PHGLFDWLRQ� WR� SODFHER�
RU�WR�DQRWKHU�PHGLFDWLRQ� 
6L[W\-ILYH�� UDQGRPL]HG�� FRQWUROOHG�

WULDOV�� LQFOXGLQJ� ��� PHGLFDWLRQV� ZLWK�
������� SDWLHQWV� DQDO\]HG�� %\� GUXJ�
FODVV�� 615,V�� WRSLFDO� FDSVDLFLQ��
7&$V�� DQG� DQWLFRQYXOVDQWV� DOO�
UHVXOWHG� LQ� ODUJHU� DQG� VWDWLVWLFDOO\�
VLJQLILFDQW� UHGXFWLRQV� LQ� SDLQ�� DV�
FRPSDUHG� ZLWK� SODFHER�� +HDG-WR-�
KHDG� WULDOV� VKRZHG� WKDW� 615,V� DQG�
7&$V� UHGXFHG� SDLQ� PRUH� WKDQ� GLG�
DQWLFRQYXOVDQWV�DQG�WRSLFDO�FDSVDLFLQ��
6WXGLHV� WKDW� HYDOXDWHG� ORQJ-WHUP�
HIILFDF\� IRXQG� WKDW� WKH� DOGRVH�
UHGXFWDVH� LQKLELWRUV� ILGDUHVWDW��
GXOR[HWLQH�DQG�R[FDUED]HSLQH�DUH�DOO�
PRUH� HIIHFWLYH� WKDQ� SODFHER�� ,QGLUHFW�
DQG� GLUHFW� FRPSDULVRQV� DPRQJ�
VSHFLILF�PHGLFDWLRQV� UHYHDOHG�JUHDWHU�
SDLQ� FRQWURO� ZLWK� FDUEDPD]HSLQH��
YHQODID[LQH�� GXOR[HWLQH� DQG�
DPLWULSW\OLQH� DV� FRPSDUHG� ZLWK�
SODFHER� 
&RQFOXVLRQ�� 7KLV� V\VWHPDWLF�

UHYLHZ� DQG� PHWD-DQDO\VLV� RI�
SKDUPDFRORJLF� LQWHUYHQWLRQV� IRU�
SDLQIXO�GLDEHWLF�QHXURSDWK\�IRXQG�WKDW�
FDUEDPD]HSLQH� YHQODID[LQH��
GXOR[HWLQH� DQG� DPLWULSW\OLQH� DUH�
VLJQLILFDQWO\� EHWWHU� WKDQ� SODFHER� IRU�
FRQWUROOLQJ�SDLQ� 
 
*ULHEHOHU�� 0��� HW� DO�� 3KDUPDFRORJLF�
,QWHUYHQWLRQV� IRU� 3DLQIXO� 'LDEHWLF�
1HXURSDWK\�� $QQ� ,QWHUQ� 0HG�� ������
1RYHPEHU���������������-���� 

129(/�25$/�$17,&2$*8/$176�
$1'�,175$&5$1,$/�

+(0255+$*( 

,QGLYLGXDO� WULDOV� KDYH� VKRZQ� D�
GHFUHDVHG� ULVN� RI� LQWUDFUDQLDO�
KHPRUUKDJH� �,&+�� ZLWK� XVH� RI� QRYHO�
RUDO� DQWLFRDJXODQWV� �12$&V���
&XUUHQWO\��WKUHH�VXFK�PHGLFDWLRQV�DUH�
DSSURYHG� IRU� VWURNH� SUHYHQWLRQ� LQ�
SDWLHQWV� ZLWK� DWULDO� ILEULOODWLRQ�� 7KHVH�
LQFOXGH� GDELJDWURQ�� ULYDUR[DEDQ� DQG�
DSL[DEDQ��7KLV�VWXG\�ZDV�GHVLJQHG�WR�
EHWWHU� XQGHUVWDQG� WKH� UHODWLYH� ULVN� RI�
HDFK�RI�WKHVH�PHGLFDWLRQV�IRU�,&+� 
7KLV� PHWD-DQDO\VLV� UHYLHZHG�

GDWDEDVHV�IRU�UDQGRPL]HG�WULDOV�ZKLFK�
FRQWDLQHG� VWXGLHV� RI� WKH� UHOHYDQW�
12$&V�� 6L[�� UDQGRPL]HG� WULDOV�
FRPSDUHG� RQH� RI� WKHVH� 12$&V� ZLWK�
FRQYHQWLRQDO� ZDUIDULQ� RU� DVSLULQ��
(QGSRLQWV�DEVWUDFWHG�IURP�WKH�VWXGLHV�
LQFOXGHG� ,&+� DQG�RU� KHPRUUKDJLF�
VWURNH� 

7KH� DXWKRUV� LGHQWLILHG� VL[� VWXGLHV�
ZLWK� 12$&V� FRPSDUHG� ZLWK� ZDUIDULQ�
DQG�DVSLULQ��HQUROOLQJ�D�WRWDO�RI��������
SDWLHQWV�� 7KH� PHDQ� WLPH� LQ� WKH�
WKHUDSHXWLF� UDQJH� ZDV� ������ IRU�
ZDUIDULQ�� ZLWK� D�PLQLPXP� GXUDWLRQ� RI�
IROORZ-XS� RI� ��� ZHHNV�� DQG� D�
PD[LPXP�RI� WZR�\HDUV��7KH�DEVROXWH�
ULVN�RI�,&+�ZDV�������IRU�GDELJDWUDQ��
������ IRU� ULYR[DEDQ� DQG� ������ IRU�
DSL[DEDQ�� DV� FRPSDUHG� WR� ������ IRU�
ZDUIDULQ��7KH�GLIIHUHQFHV�EHWZHHQ�WKH�
12$&V� GLG� QRW� UHDFK� VWDWLVWLFDO�
VLJQLILFDQFH� 
&RQFOXVLRQ�� 7KLV� UHYLHZ� DQG�

PHWD-DQDO\VLV�IRXQG�D�UHGXFHG�ULVN�RI�
LQWUDFUDQLDO� KHPRUUKDJH�ZLWK� WKH� XVH�
RI� QRYHO� RUDO� DQWLFRDJXODQW�
PHGLFDWLRQV�� DV� FRPSDUHG� ZLWK�
ZDUIDULQ�RU�DVSLULQ� 
 
&KDWWHUMHH�� 6��� HW� DO�� 1HZ� 2UDO�
$QWLFRDJXODQWV� DQG� WKH� 5LVN� RI�
,QWUDFUDQLDO� +HPRUUKDJH�� 7UDGLWLRQDO�
DQG� %D\HVLDQ� 0HWD-$QDO\VLV� DQG�
0L[HG� 7UHDWPHQW� &RPSDULVRQV� RI�
5DQGRPL]HG� 7ULDOV� RI� 1HZ� 2UDO�
$QWLFRDJXODQWV� LQ� $WULDO� )LEULOODWLRQ��
-$0$-1HXURO��������'HFHPEHU���� 
����������-����� 

267(232527,&�&2035(66,21�
)5$&785(6�75($7('�:,7+�$�
5,*,'�%5$&(��62)7�%5$&(�25�

12�%5$&( 

%HQLJQ� RVWHRSRURWLF� FRPSUHVVLRQ�
IUDFWXUHV� ZLWKRXW� QHXURORJLF� GHILFLWV�
DUH� LQKHUHQWO\� VWDEOH� IUDFWXUHV�� PRVW�
RIWHQ� WUHDWHG� QRQRSHUDWLYHO\�� $V�
WUHDWPHQW� RIWHQ� LQFOXGHV� ZHDULQJ� DQ�
RUWKRVLV�� WKLV� VWXG\� FRPSDUHG� WKH�
RXWFRPHV� RI� SDWLHQWV� WUHDWHG�ZLWK� QR�
EUDFH��D�ULJLG�EUDFH�RU�D�VRIW�EUDFH� 
6L[W\�SDWLHQWV��ZLWK�DQ�DYHUDJH�DJH�

RI�������\HDUV�DQG�ZLWK�DQ�DFXWH��RQH
-OHYHO�� RVWHRSRURWLF� FRPSUHVVLRQ�
IUDFWXUH��ZHUH� UDQGRPL]HG� WR� UHFHLYH�
D� VRIW� EUDFH�� D� ULJLG� EUDFH� RU� QR�
EUDFH��7KH�SDWLHQWV�ZHUH�LQVWUXFWHG�WR�
ZHDU� WKH� EUDFH� DW� DOO� WLPHV� H[FHSW�
ZKHQ� O\LQJ� GRZQ�� IRU� D� WRWDO� RI� HLJKW�
ZHHNV�� 7KH� SULPDU\� RXWFRPH�
PHDVXUH�ZDV� WKH�2VZHVWU\�'LVDELOLW\�
,QGH[� �2',�� VFRUH� DW� ��� ZHHNV� DIWHU�
IUDFWXUH� 
$W� ��� ZHHNV� DIWHU� IUDFWXUH�� 2',�

VFRUHV� ZHUH� ������ SRLQWV� LQ� WKH� QR�
EUDFH� JURXS�� ������SRLQWV� LQ� WKH� VRIW�
EUDFH� JURXS� DQG� ������ SRLQWV� LQ� WKH�
ULJLG� EUDFH� JURXS�� ,Q� DGGLWLRQ�� QR�
VLJQLILFDQW� GLIIHUHQFHV� ZHUH� IRXQG� LQ�
VHFRQGDU\�RXWFRPHV�� LQFOXGLQJ�YLVXDO�
DQDORJXH� VFDOH� VFRUHV� IRU� EDFN� SDLQ�
DQG� ERG\� FRPSUHVVLRQ� UDWLRV�� 1R�

VLJQLILFDQW� GLIIHUHQFHV� ZHUH� QRWHG�
DPRQJ� WKH� WKUHH� JURXSV� LQ� XVH� RI�
RSLRLGV�DW����ZHHNV� 
&RQFOXVLRQ�� 7KLV� SURVSHFWLYH��

UDQGRPL]HG� VWXG\� RI� SDWLHQWV� ZLWK�
RVWHRSRURWLF� FRPSUHVVLRQ� IUDFWXUHV�
IRXQG� QR� GLIIHUHQFH� LQ� SDLQ� RU�
GLVDELOLW\�VFRUHV�DW����ZHHNV�EHWZHHQ�
WKRVH�WUHDWHG�ZLWK�QR�EUDFH�DQG�WKRVH�
WUHDWHG� ZLWK� HLWKHU� D� VRIW� RU� ULJLG�
EUDFH� 
 
.LP��+��� HW� DO�� &RPSDUDWLYH�6WXG\� RI�
WKH� 7UHDWPHQW� 2XWFRPHV� RI�
2VWHRSRURWLF� &RPSUHVVLRQ� )UDFWXUHV�
ZLWKRXW� 1HXURORJLF� ,QMXU\� 8VLQJ� D�
5LJLG� %UDFH�� D� 6RIW� %UDFH� DQG� 1R�
%UDFH��-�%RQH�-RLQW�6XUJ��$0���������
������������-����� 

287&20(6�2)�$�6,1*/(�
&257,&267(52,'�,1-(&7,21�

)25�75,**(5�),1*(5 

7ULJJHU� ILQJHU� LV� RQH� WKH� PRVW�
FRPPRQ� SDLQ� GLVRUGHUV�� ZLWK� DQ�
HVWLPDWHG� OLIHWLPH� ULVN� RI� ����� LQ� WKH�
JHQHUDO�SRSXODWLRQ��3ULRU�VWXGLHV�KDYH�
VKRZQ� WKH� VXFFHVV� RI� FRUWLFRVWHURLG�
LQMHFWLRQV�WR�EH�LQ�WKH�UDQJH�RI�����WR�
����ZLWK�RQH�WR�WKUHH�LQMHFWLRQV��7KLV�
VWXG\� LQYHVWLJDWHG� WKH� ORQJ-WHUP�
HIIHFWLYHQHVV�RI�D�VLQJOH�FRUWLFRVWHURLG�
LQMHFWLRQ�IRU�WULJJHU�ILQJHU� 
7KLV� UHWURVSHFWLYH� FDVH� VHULHV�

LQYROYHG� VXFFHVVLYH� SDWLHQWV� WUHDWHG�
IRU�WULJJHU�ILQJHU�IURP�-DQXDU\�RI������
WR� 'HFHPEHU� RI� ������ 7KH� UHFRUGV�
ZHUH� H[DPLQHG� IRU� SULPDU\� RXWFRPH�
RI� WUHDWPHQW� IDLOXUH�� GHILQHG� DV� D�
VXEVHTXHQW� LQMHFWLRQ� RU� VXUJLFDO�
UHOHDVH�RI� WKH�DIIHFWHG�GLJLW��6XFFHVV�
ZDV� LGHQWLILHG� DV� DQ� DEVHQFH� RI�
V\PSWRPV� DW� VXEVHTXHQW� IROORZ-XS�
YLVLWV��RU�E\�WHOHSKRQH�LQWHUYLHZ� 
2I� WKH� ���� SDWLHQWV�� ���� KDG�

PXOWLSOH�WULJJHU�ILQJHUV��DQG�����ZHUH�
GLDEHWLF�DW�WKH�WLPH�RI�WKH�LQMHFWLRQ��2I�
WKRVH�� ������ KDG� UHSHDW� LQMHFWLRQ� RU�
VXUJLFDO� UHOHDVH�� DQG� ������ KDG� QR�
IXUWKHU� LQWHUYHQWLRQ�� 7UHDWPHQW�
VXFFHVV�RFFXUUHG�LQ�������RI�IHPDOHV�
DQG� ������ RI� PDOHV� �S�������� 2I�
WKRVH� ZLWK� WUHDWPHQW� IDLOXUH�� ����
UHTXLUHG� UHSHDW� LQMHFWLRQ� DQG� ����
XQGHUZHQW� VXUJLFDO� UHOHDVH�� 2I� WKRVH�
ZLWK�VLQJOH�GLJLW� WULJJHU� ILQJHUV��������
KDG� WUHDWPHQW� VXFFHVV�� DV� FRPSDUHG�
ZLWK� ������ RI� WKRVH� ZLWK� PXOWLSOH�
WULJJHU�ILQJHUV��S������� 
&RQFOXVLRQ�� 7KLV� UHWURVSHFWLYH�

VWXG\� RI� SDWLHQWV�XQGHUJRLQJ�D� VLQJOH�
FRUWLFRVWHURLG� LQMHFWLRQ� IRU� WULJJHU�
ILQJHU� IRXQG� WKDW� ���� H[SHULHQFHG�
ORQJ-WHUP�WUHDWPHQW�VXFFHVV� 



 

 

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�ĨƌŽŶƚŝĞƌ�ŽĨ�ŵĞĚŝĐŝŶĞ�ŝŶ�ƌĞƐĞĂƌĐŚ͕�ƚĞĂĐŚŝŶŐ͕�ĂŶĚ�ƉĂƚŝĞŶƚ�ĐĂƌĞ 

:RMDKQ�� 5��� HW� DO�� /RQJ-7HUP�
2XWFRPHV� IROORZLQJ� D� 6LQJOH�
&RUWLFRVWHURLG� ,QMHFWLRQ� IRU� 7ULJJHU�
)LQJHU��-�%RQH�-RLQW�6XUJ��$0���������
1RYHPEHU�����������������- 
����� 

3/$7(/(7�5,&+�3/$60$�)25�
35(6685(�8/&(56 

3UHVVXUH� XOFHUV� DUH� RQH� RI� WKH�
PDMRU�� VHFRQGDU\� FRPSOLFDWLRQV� RI�
VSLQDO�FRUG�LQMXU\��6&,���7KHVH�XOFHUV�
FDQ�EH�GLIILFXOW� WR�KHDO��DQG�FDQ�EH�D�
VRXUFH� RI� PRUELGLW\� DQG� HYHQ�
PRUWDOLW\�� $V� SODWHOHW� ULFK� SODVPD�
�353�� LV� FRQVLGHUHG� WR� EH� DQ�
DGYDQFHG� ZRXQG� WKHUDS\� IRU� ERWK�
FKURQLF�DQG�DFXWH�ZRXQGV�� WKLV�VWXG\�
HYDOXDWHG� WKH�HIIHFW� RI� WKLV� WUHDWPHQW�
RQ� SDWLHQWV� ZLWK� SUHVVXUH� XOFHUV�
UHODWHG�WR�D�6&,� 
7KLV� SURVSHFWLYH� VWXG\� LQFOXGHG� ���

DGXOW�SDWLHQWV�ZLWK�6&,��HDFK�ZLWK�DQ�
LQMXU\�EHORZ�&-��DQG�DW�OHDVW�WZR��QRQ
-KHDOLQJ� SUHVVXUH� XOFHUV�� 7KH� ODUJHU�
RI�WKH�XOFHUV�ZDV�FKRVHQ�IRU�WKH�WZLFH�
ZHHNO\� 353� WUHDWPHQW�� ZKLOH� WKH�
VPDOOHU� XOFHU� XQGHUZHQW� GDLO\� VDOLQH�
GUHVVLQJ�� 3URJUHVV� ZDV� PRQLWRUHG�
RYHU� ILYH� ZHHNV� XVLQJ� WKH� 3UHVVXUH�
8OFHU� 6FDOH� IRU� +HDOLQJ�� ZRXQG�

VXUIDFH� DUHD� DQG� SXQFK� ELRSVLHV� RI�
WKH�ZRXQG�PDUJLQ�IRU�KLVWRSDWKRORJ\� 
:KLOH�VFRUHV�RQ�WKH�3UHVVXUH�8OFHU�

6FDOH� IRU� +HDOLQJ� LPSURYHG� RYHU� ILYH�
ZHHNV� LQ� ERWK� JURXSV�� QR� VLJQLILFDQW�
GLIIHUHQFH�ZDV�VHHQ�EHWZHHQ�WKH�WZR�
JURXSV�� 7KH� GHFUHDVH� LQ� ZRXQG�
VXUIDFH� DUHD� ZDV� VLJQLILFDQW� LQ� WKH�
353� JURXS�� EXW� QRW� LQ� WKH� FRQWURO�
JURXS��$W�ILYH�ZHHNV������RI�WKH�353�
JURXS� VKRZHG� ZHOO-� IRUPHG�
JUDQXODWLRQ� WLVVXH� DQG�
HSLWKHOLDOL]DWLRQ��DV�FRPSDUHG�WR�����
LQ� WKH� FRQWURO� JURXS�� $OVR� DW� ILYH�
ZHHNV������RI� WKH�XOFHUV� LQ� WKH�353�
JURXS�GHPRQVWUDWHG�LPSURYHPHQW��DV�
FRPSDUHG� WR� ���� LQ� WKH� FRQWURO�
JURXS� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� VSLQDO� FRUG� LQMXU\� DQG�
FKURQLF� SUHVVXUH� XOFHUV� IRXQG� WKDW�
SODWHOHW� ULFK� SODVPD�� DSSOLHG� WRSLFDOO\�
WR� WKH� ZRXQG� PD\� EH� VXSHULRU� WR�
VWDQGDUG� VDOLQH� GUHVVLQJV� IRU� XOFHU�
KHDOLQJ� 
 
6LQJK�� 5��� HW� DO�� 5ROH� RI� /RFDO�
$SSOLFDWLRQ� RI� $XWRORJRXV� 3ODWHOHW�
5LFK� 3ODVPD� LQ� WKH� 0DQDJHPHQW� RI�
3UHVVXUH�8OFHUV� LQ�6SLQDO�&RUG�,QMXU\�
3DWLHQWV�� 6SLQDO� &RUG�� ������
1RYHPEHU�������������-���� 
 


