
���������������� 
��������� 

 

 

̹�������������������������� 
 

�� 

  

 

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

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

WHQGRQ� UXSWXUHV�� VXUJLFDO� UHSDLU�
VHHPV� WR� EH� WKH� RSWLPDO� WUHDWPHQW��
$V�ERWXOLQXP�WR[LQ�KDV�EHHQ�IRXQG�WR�
EH�DQ�HIIHFWLYH�WUHDWPHQW�RSWLRQ�IRU�D�
YDULHW\� RI� RUWKRSHGLF� FRQGLWLRQV�� WKLV�
VWXG\� DVVHVVHG� WKH� RXWFRPHV� RI�
SDWLHQWV�ZKR�XQGHUZHQW�GLVWDO�ELFHSV�
WHQGRQ� UHSDLU�� ZLWK� WKH� XVH� RI�
ERWXOLQXP� WR[LQ� $� DV� DQ�
LQWUDPXVFXODU�DGMXQFW� 
'XULQJ� VXUJLFDO� UHSDLU� RI� ELFHS�

WHQGRQV��ERWXOLQXP�WR[LQ�$������XQLWV�
GLOXWHG� LQ� ��� P/� RI� QRUPDO� VDOLQH��
ZDV� LQMHFWHG� LQWR� WKH�ELFHSV� WHQGRQ��
3RVW-� VXUJLFDOO\�� WKH� SDWLHQW� ZDV�
WUDQVLWLRQHG� LQWR� D� VOLQJ�� ZLWK� D� ILYH-�
SRXQG�ZHLJKW�UHVWULFWLRQ�IRU�OLIWLQJ��$W�
RQH� PRQWK�� DFWLYLW\� ZDV� SURJUHVVHG�
WR� IXOO� DFWLYH� DQG� SDVVLYH� UDQJH� RI�
PRWLRQ�� ZLWK� WKH� ZHLJKW� OLPLW�
UHVWULFWLRQ�UHPRYHG� 
$SSURSULDWH� SDUDO\VLV� ZDV�

GHWHUPLQHG�LQ����RI����SDWLHQWV��7KH�
DYHUDJH�ILQDO�SRVWRSHUDWLYH�IROORZ-XS�
RFFXUUHG� DW� ����� PRQWKV�� $W� ILQDO�
IROORZ-XS�� ������ UHSRUWHG� QR� SDLQ��
ZLWK� '$6+� VFRUHV� DYHUDJLQJ� �����
7ZR� SDWLHQWV� KDG� ZRXQG� LQIHFWLRQV�
UHTXLULQJ� WUHDWPHQW�� ZLWK� RQH�
GHYHORSLQJ� KHWHURWRSLF� RVVLILFDWLRQ�
UHTXLULQJ�VXUJLFDO�GHEULGHPHQW�DW�VL[�
PRQWKV�DIWHU�WKH�UHSDLU� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� GLVWDO� ELFHSV� WHQGRQ�
UHSDLU� IRXQG�WKDW�SURWHFWLYH�SDUDO\VLV�
XVLQJ� ERWXOLQXP� WR[LQ� FDQ� EH� DQ�
HIIHFWLYH� DGMXQFW� WR� WKH� VXUJLFDO�
SURFHGXUH� 

.KDOLO�� /��� HW� DO�� 7KH� 8WLOLW\� RI�
%RWXOLQXP�7R[LQ�$�LQ�5HSDLU�RI�'LVWDO�
%LFHSV 7HQGRQ 5XSWXUHV��
0XVFXORVNHO� 6XUJ�� ������ $XJXVW��
�����������-���� 
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2VWHRDUWKULWLV� �2$�� LV� WKH� PRVW�

FRPPRQ� FDXVH� RI� PXVFXORVNHOHWDO�
GLVDELOLW\� LQ� WKH� HOGHUO\��:KLOH� PDQ\�
VWXGLHV�KDYH�LQYHVWLJDWHG�WKH�IDFWRUV�
DIIHFWLQJ� MRLQWV�� IHZ� KDYH�
LQYHVWLJDWHG�WKH�HIIHFW�RI�GLHW�RQ�2$��
7KLV� VWXG\� LQYHVWLJDWHG� WKH�
DVVRFLDWLRQ� EHWZHHQ� WKH�
0HGLWHUUDQHDQ� GLHW� DQG�PRUSKRORJLF�
SDUDPHWHUV�RI�WKH�MRLQW�FDUWLODJH� 
'DWD� IRU� WKLV� VWXG\� ZHUH� JDWKHUHG�

IURP� WKH� 2VWHRDUWKULWLV� ,QLWLDWLYH�
GDWDEDVH�� FRQWDLQLQJ� LQIRUPDWLRQ�
IURP� SDUWLFLSDQWV� UHVLGLQJ� LQ� IRXU�
FLWLHV� LQ� WKH� 8QLWHG� 6WDWHV�� $OO� KDG�
V\PSWRPDWLF� NQHH� 2$� RU� ZHUH� DW�
KLJK� ULVN� IRU� GHYHORSLQJ�2$��'LHWDU\�
SDWWHUQV� ZHUH� DQDO\]HG�� ZLWK�
DGKHUHQFH�WR� WKH�0HGLWHUUDQHDQ�GLHW�
�D0('�� HYDOXDWHG� XVLQJ� WKH�
0HGLWHUUDQHDQ�'LHW� 6FRUH��0DJQHWLF�
UHVRQDQFH� LPDJLQJ� ZDV� FRPSOHWHG��
ZLWK� WKRVH� ILQGLQJV� FRPSDUHG� ZLWK�
VFRUHV�RQ�WKH�D0('� 
6XEMHFWV� ZHUH� ���� DGXOWV� ZLWK� D�

PHDQ� DJH� RI� ����� \HDUV�� 6WULFWHU�
DGKHUHQFH�WR� WKH�0HGLWHUUDQHDQ�GLHW�
FRUUHVSRQGHG�WR�EHWWHU�05,�ILQGLQJV��
LQFOXGLQJ�D�VLJQLILFDQW�LQFUHDVH�LQ�WKH�
FHQWUDO� PHGLDO� IHPRUDO� FDUWLODJH�
YROXPH��S����������WKH�PHDQ�FHQWUDO�
PHGLDO�IHPRUDO�FDUWLODJH�WKLFNQHVV 
�S��������� WKH� PHDQ� FDUWLODJH�

WKLFNQHVV� RI� WKH� FHQWUDO� PHGLDO�
WLELRIHPRUDO�FRPSDUWPHQW��S���������
DQG� WKH� FDUWLODJH� YROXPH� RI� WKH�
PHGLDO� WLELRIHPRUDO� FRPSDUWPHQW�
�S�������� 
&RQFOXVLRQ�� 7KLV� VWXG\� � IRXQG�

WKDW� KLJKHU� DGKHUHQFH� WR� WKH�
0HGLWHUUDQHDQ� GLHW� ZDV� DVVRFLDWHG�
ZLWK� VLJQLILFDQWO\� EHWWHU� NQHH�
FDUWLODJH� VFRUHV�� DV� DVVHVVHG� E\�
PDJQHWLF� UHVRQDQFH� LPDJLQJ�� HYHQ�
DIWHU� DGMXVWLQJ� IRU� FRQIRXQGLQJ�
IDFWRUV� 

9HURQHVH��1���HW�DO��7KH�$VVRFLDWLRQ�
EHWZHHQ�WKH�0HGLWHUUDQHDQ�'LHW�DQG�
0DJQHWLF�5HVRQDQFH�3DUDPHWHUV�IRU�
.QHH� 2VWHRDUWKULWLV�� 'DWD� IURP� WKH�
2VWHRDUWKULWLV� ,QLWLDWLYH��&OLQ� 5KHXP��
������$XJXVW�������������-���� 
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7KLV�VWXG\��WKH�(IILFDF\�DQG�6DIHW\�

RI�05,-%DVHG�7KURPERO\VLV�LQ�:DNH
-8S� 6WURNH� �:$.(-83�� WULDO� ZDV�
GHVLJQHG� WR� GHWHUPLQH� ZKHWKHU�
WUHDWPHQW� ZLWK� DOWHSODVH� LPSURYHV�
IXQFWLRQDO� RXWFRPHV� DPRQJ� SDWLHQWV�
ZLWK� XQNQRZQ� WLPH� RI� VWURNH� RQVHW�
DQG� D� PLVPDWFK� EHWZHHQ� GLIIXVLRQ-�
ZHLJKWHG� LPDJLQJ� DQG� )/$,5�
ILQGLQJV� RQ� PDJQHWLF� UHVRQDQFH�
LPDJLQJ��05,�� 
6XEMHFWV� ZHUH� ��� WR� ��� \HDUV� RI�

DJH��DOO�RI�ZKRP�FRXOG�QRW�UHSRUW�WKH�
WLPLQJ� RI� WKH� RQVHW� RI� VWURNH�
V\PSWRPV�� EXW� ZDV� WKRXJKW� WR� EH�
PRUH� WKDQ� ���� KRXUV�� 3DWLHQWV� ZHUH�
HOLJLEOH� ZKR� KDG� DQ� DGPLVVLRQ� 05,�
UHYHDOLQJ� D� PLVPDWFK� EHWZHHQ� WKH�
SUHVHQFH� RI� DQ� DEQRUPDO� VLJQDO� RQ�
05,� GLIIXVLRQ-ZHLJKWHG� LPDJLQJ� DQG�
QR�YLVLEOH�VLJQDO�FKDQJH�RQ�)/$,5�LQ�
WKH�UHJLRQ�RI�WKH�DFXWH�VWURNH� 
7KRVH�UDQGRPL]HG�WR�WKH�WUHDWPHQW�

JURXS� UHFHLYHG� ���� PJ� RI� DOWHSODVH�
SHU� NLORJUDP� RI� ERG\� ZHLJKW� RU� D�
SODFHER�� &OLQLFDO� DVVHVVPHQWV� ZHUH�
FRPSOHWHG�DW�EDVHOLQH��DQG�XS� WR����
GD\V� DIWHU� UDQGRPL]DWLRQ�� 7KH�
SULPDU\� HIILFDF\� HQGSRLQW� ZDV� D�
³IDYRUDEOH´� FOLQLFDO� RXWFRPH�� GHILQHG�
DV� D� PRGLILHG� 5DQNLQ� VFDOH� �056��
VFRUH�DW����GD\V�RI�]HUR�WR�RQH��7KH�
SULPDU\�VDIHW\�HQGSRLQWV�ZHUH�GHDWK�
DQG� D� FRPSRVLWH� RXWFRPH� RI� GHDWK�
RU� GHSHQGHQFH�� GHILQHG� DV� DQ�056�
RI�IRXU�WR�VL[�DW����GD\V� 
$W� ��� GD\V�� IDYRUDEOH� RXWFRPHV�

ZHUH�QRWHG�LQ�������RI�WKH�WUHDWPHQW�
JURXS� DQG� ������ RI� WKH� SODFHER�

9ROXPH����1XPEHU�� 6HSWHPEHU�������� 
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JURXS��S �������7KH�PHGLDQ�VFRUHV�RQ�
WKH�056�DW� ���GD\V�ZHUH� RQH� LQ� WKH�
DOWHSODVH� JURXS� DQG� WZR� LQ� WKH�
SODFHER� JURXS� �S �������� 'HDWK� RU�
LQDELOLW\�WR�OLYH�LQGHSHQGHQWO\�RFFXUUHG�
LQ�������RI�WKH�DOWHSODVH�JURXS�DQG�LQ�
������RI� WKH� SODFHER�JURXS��S �������
6\PSWRPDWLF� LQWUDFUDQLDO� KHPRUUKDJH�
ZDV� IRXQG� LQ� WZR� SHUFHQW� RI� WKH�
WUHDWPHQW� JURXS� DQG� LQ� ����� LQ� WKH�
SODFHER�JURXS��S ������ 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� DFXWH� VWURNH� ZLWK� DQ�
XQNQRZQ� WLPH� RI� RQVHW� IRXQG� WKDW�
LQWUDYHQRXV� DOWHSODVH�� JXLGHG� E\� D�
PLVPDWFK� EHWZHHQ� GLIIXVLRQ-ZHLJKWHG�
LPDJLQJ� DQG� )/$,5� LQ� WKH� UHJLRQ� RI�
LVFKHPLD�� UHVXOWHG� LQ� VLJQLILFDQWO\�
EHWWHU�IXQFWLRQDO�RXWFRPH�DW����GD\V� 

7KRPDOOD�� *��� HW� DO�� 05,-*XLGHG�
7KURPERO\VLV� IRU� 6WURNH� ZLWK�
8QNQRZQ� 7LPH� RI� 2QVHW�� 1� (QJO� -�
0HG�� ������ $XJXVW� ���� �������� ���- 
���� 

3/$17$5�)$6&,,7,6� 
35(9$/(1&(�$1'�75($70(17 
 
3ODQWDU� IDVFLLWLV� �3)�� LV� DVVRFLDWHG�

ZLWK�KHHO�SDLQ��SRRU�TXDOLW\�RI� OLIH�DQG�
GLVDELOLW\��7KLV�VWXG\�ZDV�GHVLJQHG� WR�
EHWWHU�XQGHUVWDQG�WKH�HSLGHPLRORJ\�RI�
3)� DQG� WR� GHVFULEH� FRPPRQ�
WUHDWPHQWV� 
'DWD� ZHUH� REWDLQHG� IURP� WKH� �����

1DWLRQDO�+HDOWK�DQG�:HOOQHVV�6XUYH\��
D� VHOI-DGPLQLVWHUHG�� LQWHUQHW-EDVHG�
TXHVWLRQQDLUH� FRPSOHWHG� E\� �������
VXEMHFWV��:LWKLQ�WKH�TXHVWLRQQDLUH��WKH�
SDUWLFLSDQWV� ZHUH� TXHULHG� FRQFHUQLQJ�

 

GLDJQRVHV� IRU� SDLQ�� ZKLFK� LQFOXGHG�
3)�� $OO� ZHUH� WKHQ� DVNHG� DERXW�
LQWHUYHQWLRQV� IRU� SDLQ�� LQFOXGLQJ�
PHGLFDWLRQV�� DV� ZHOO� DV�
GHPRJUDSKLFV�� SDLQ� FKDUDFWHULVWLFV�
DQG� RWKHU� KHDOWK� VWDWXV�
FKDUDFWHULVWLFV� 
2I� WKH� DGXOWV� TXHULHG�� �����

UHSRUWHG�D�GLDJQRVLV�RI�3)�LQ�WKH�SDVW�
\HDU�� 2I� WKRVH� ZLWK� 3)�� SDLQ� ZDV�
UHSRUWHG� DV� VHYHUH� LQ� ��������
PRGHUDWH� LQ� ������ DQG� PLOG� LQ�
������� 0RVW� UHSRUWHG� SDLQ� HYHU\��
GD\�� 5HSRUWV� RI� 3)� ZHUH� ���� WLPHV�
PRUH� SUHYDOHQW� LQ� ZRPDQ� WKDQ� LQ�
PHQ�� ZLWK� WKH� KLJKHVW� SUHYDOHQFH�
DPRQJ�WKRVH����WR����\HDUV�RI�DJH� 
7KRVH�ZLWK�D�ERG\�PDVV�LQGH[�RI����

NJ�PJ� RU�PRUH�ZHUH� ILYH� WLPHV�PRUH�
OLNHO\�WR�KDYH�3)�WKDQ�ZHUH�WKRVH�ZLWK�
D�ERG\�PDVV�LQGH[�RI�OHVV�WKDQ����NJ�
PJ��2QH�WKLUG�RI�WKH�SDWLHQWV�UHSRUWHG�
KDYLQJ� EHHQ� GLDJQRVHG� DW� OHDVW� ILYH�
\HDUV� SUHYLRXVO\�� $SSUR[LPDWH� ����
XVHG� RYHU-WKH-FRXQWHU� DQDOJHVLFV� IRU�
SDLQ� PDQDJHPHQW�� ZLWK� DQWL-
LQIODPPDWRU\� PHGLFDWLRQV� XVHG� E\�
����DQG�DFHWDPLQRSKHQ�E\����� 
&RQFOXVLRQ�� 7KLV� ODUJH� VWXG\�

VXJJHVWV� WKDW� SODQWDU� IDVFLLWLV� KDV� D�
SUHYDOHQFH� RI� ����� LQ� WKH� JHQHUDO�
SRSXODWLRQ�� ZLWK� WKH� KLJKHVW�
SUHYDOHQFH�RFFXUULQJ�DPRQJ�WKRVH����
WR����\HDUV�RI�DJH� 

1DKLQ�� 5��� HW� DO�� 3UHYDOHQFH� DQG�
3KDUPDFHXWLFDO� 7UHDWPHQW� RI� 3ODQWDU�
)DVFLLWLV� LQ� 8QLWHG� 6WDWHV� $GXOWV�� -�
3DLQ��������$XJXVW�������������-���� 
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75$80$7,&�,175$&5$1,$/�

,1-85,(6 
 
3ULRU� VWXGLHV� KDYH� VKRZQ� WKH�

SRWHQWLDO� IRU� EORRG-EDVHG� EUDLQ� LQMXU\�
ELRPDUNHUV� WR�SUHGLFW� WKH�DEVHQFH�RI�
LQWUDFUDQLDO�LQMXU\�DIWHU�WUDXPDWLF�EUDLQ�
LQMXU\� �7%,��� 1R� ELRPDUNHUV� DUH�
DSSURYHG� E\� WKH� 86)'$� IRU� FOLQLFDO�
XVH��7KLV�VWXG\�DVVHVVHG�WKH�DELOLW\�RI�
D� ELRPDUNHU� WHVW� FRPELQLQJ� WZR�
SURWHLQV�� XELTXLWLQ� &-WHUPLQDO�
K\GURODVH-/�� �8&+-/��� DQG� JOLDO�
ILEULOODU\� DFLGLF� SURWHLQ� �*)$3��� WR�
SUHGLFW� &7-GHWHFWHG� WUDXPDWLF�
LQWUDFUDQLDO�LQMXULHV�ZLWKLQ����KRXUV�RI�
LQMXU\� 
7KLV� ��-VLWH�� LQWHUQDWLRQDO� VWXG\�

LQFOXGHG� SDWLHQWV� ��� \HDUV� RI� DJH� RU�
ROGHU� SUHVHQWLQJ� WR� WKH� HPHUJHQF\�

GHSDUWPHQW� ZLWK� D� VXVSHFWHG� 7%,��
9HQRXV� EORRG� ZDV� WDNHQ�� ZLWK�
VDPSOHV� DQDO\]HG� IRU� 8&+-/�� DQG�
*)$3��7KHVH� UHVXOWV�ZHUH� FRPELQHG�
LQWR�D� VLQJOH� WHVW� UHVXOW��ZLWK� WKH� WHVW�
FRQVLGHUHG� YDOLG� LI� LW� VDWLVILHG� WKH�
³%RROHDQ�FULWHULD´�DV�HLWKHU�SRVLWLYH�RU�
QHJDWLYH�� $� KHDG� &7� VFDQ� ZDV�
FRPSOHWHG� IRU� HDFK� LQGLYLGXDO�� ZLWK�
WKHVH� UHVXOWV�FRPSDUHG�ZLWK� WKRVH�RI�
WKH� VHUXP� DQDO\VLV�� 7KH� SULPDU\�
RXWFRPH� YDULDEOH� ZDV� WKH� QHJDWLYH�
SUHGLFWHG� YDOXH�DQG� VHQVLWLYLW\� RI� WKH�
WHVW� IRU� LQWUDFUDQLDO� LQMXU\� YLVLEOH� RQ�
&7� 
'DWD� IURP� ������ SDWLHQWV� ZHUH�

UHYLHZHG��2I� WKHVH�������VL[�SHUFHQW��
KDG� &7� GHWHFWHG� LQWUDFUDQLDO�
KHPRUUKDJHV�� ZLWK� HLJKW� UHTXLULQJ�
QHXURVXUJLFDO� LQWHUYHQWLRQ��,Q�WKUHH�RI�
WKH� ������ SDWLHQWV�� WKH�&7� VFDQ�ZDV�
SRVLWLYH� ZKHQ� WKH� VHUXP� WHVW� ZDV�
QHJDWLYH��)RU�GHWHFWLRQ�RI� LQWUDFUDQLDO�
LQMXU\�� WKH� WHVW� KDG� D� VHQVLWLYLW\� RI�
������DQG�D�QHJDWLYH�SUHGLFWLYH�YDOXH�
RI������� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV�ZLWK�D� UHFHQW� WUDXPDWLF�EUDLQ�
LQMXU\� GHPRQVWUDWHV� WKH� KLJK�
VHQVLWLYLW\� DQG� QHJDWLYH� SUHGLFWLYH�
YDOXH� RI� WKH� FRPELQDWLRQ� RI� VHUXP�
OHYHOV� RI� 8&+-/�� DQG�*)$3� WHVWLQJ��
VXJJHVWLQJ�D�FOLQLFDO�UROH�IRU�UXOLQJ�RXW�
WKH�QHHG�IRU�&7�VFDQ� 

%D]DULDQ��-���HW�DO��6HUXP�*)$3�DQG�
8&+-/�� IRU�3UHGLFWLRQ�RI�$EVHQFH�RI�
,QWUDFUDQLDO� ,QMXULHV� RQ� +HDG� &7�
�$/(5(7-7%,��� $� 0XOWLFHQWHU��
2EVHUYDWLRQDO� 6WXG\�� /DQFHW� 1HXURO��
������-XO\������������-���� 

 

75$16&5$1,$/�',5(&7�
&855(17�67,08/$7,21�)25�

32676752.(�$3+$6,$ 
 

 
$V� VHYHUDO� SLORW� VWXGLHV� KDYH�

LQGLFDWHG� D� SRWHQWLDO� UROH� RI�
WUDQVFUDQLDO� GLUHFW� FXUUHQW� VWLPXODWLRQ�
�W'&6�� IRU� WKH� WUHDWPHQW� RI� DSKDVLD��
WKLV� VWXG\� ZDV� GHVLJQHG� WR� EHWWHU�
XQGHUVWDQG� WKH� XWLOLW\� RI� WKLV�
LQWHUYHQWLRQ�LQ�SDWLHQWV�ZLWK�VWURNH� 
(OLJLEOH� SDUWLFLSDQWV� ZHUH� EHWZHHQ�

WKH�DJHV�RI����DQG����\HDUV��DOO�ZLWK�D�
VLQJOH�HYHQW�LVFKHPLF�VWURNH�UHVXOWLQJ�
LQ� DSKDVLD�� DV� FRQILUPHG� XVLQJ� WKH�
:HVWHUQ� $SKDVLD� %DWWHU\-� 5HYLVHG�
�:$%-5��� 7KH� � VXEMHFWV� ZHUH�
UDQGRPL]HG� WR� UHFHLYH� HLWKHU� DFWLYH�
W'&6� RU� VKDP� W'&6�� FRXSOHGZLWK�



 

3DJH�� �����������������6HSWHPEHU�������� 9ROXPH����1XPEHU��  

FRPSXWHUL]HG� EHKDYLRUDO� WUHDWPHQW� RI�
DQRPLD�� 6HVVLRQV� ZHUH� ��� PLQXWHV�
HDFK�� WRWDOLQJ� ��� VHVVLRQV� RYHU� WKUHH�
ZHHNV�� $W� RQH� ZHHN� SRVW-� WUHDWPHQW��
WKH� VXEMHFWV� ZHUH� WHVWHG� IRU� WKH�
QXPEHU� RI� FRUUHFWO\� QDPHG� FRPPRQ�
REMHFWV� 
$W� RQH� ZHHN� IROORZ-XS� WKH� PHDQ�

FKDQJH� LQ� VFRUHV� RQ� WKH� QDPLQJ� WDVN�
ZHUH������ LQ� WKH�DFWLYH�JURXS�DQG�����
LQ� WKH� VKDP� JURXS�� UHIOHFWLQJ� D� ����
LQFUHDVH� LQ� FRUUHFW� QDPLQJ� LQ� WKH�
DFWLYH�� DV� FRPSDUHG� ZLWK� WKH� VKDP�
JURXSV�� 1R� DGYHUVH� HYHQWV� ZHUH�
DVVRFLDWHG�ZLWK�WKH�DFWLYH�WUHDWPHQW� 
&RQFOXVLRQ��7KLV�VWXG\�RI�SDWLHQWV�

ZLWK� SRVW-VWURNH� DSKDVLD� IRXQG� WKDW�
WUDQVFUDQLDO� GLUHFW� FXUUHQW� VWLPXODWLRQ�
FDQ�LPSURYH�DSKDVLD� 

)ULGULNVVRQ�� -��� HW� DO�� 7UDQVFUDQLDO�
'LUHFW� &XUUHQW� 6WLPXODWLRQ� YHUVXV�
6KDP� 6WLPXODWLRQ� WR� 7UHDW� $SKDVLD�
DIWHU� 6WURNH�� $� 5DQGRPL]HG�� &OLQLFDO�
7ULDO��-$0$� 1HXURO�� 3XEOLVKHG�RQOLQH��
$XJXVW� ���� ������ GRL����������
MDPDQHXURO���������� 
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7KH� $FKLOOHV� WHQGRQ�� ZKLOH� WKH�

VWURQJHVW�WHQGRQ�LQ�WKH�KXPDQ�ERG\��LV�
VXVFHSWLEOH� WR� FRPSOHWH� UXSWXUH��
RFFXUULQJ�PRVW�IUHTXHQWO\�LQ�PHQ����WR�
��� \HDUV� RI� DJH��:KLOH� WKH� WUHDWPHQW�
IRU� WKHVH�UXSWXUHV�FDQ� LQYROYH�VXUJLFDO�
RU�QRQVXUJLFDO�UHSDLU��D�FRQVHQVXV�KDV�
QRW� EHHQ� UHDFKHG� UHJDUGLQJ� WKH�
RSWLPDO� LQWHUYHQWLRQ�� )RU� ERWK�
LQWHUYHQWLRQV� WKH� OHQJWK� RI� WKH� WHQGRQ�
PD\� HORQJDWH�� ZLWK� WKLV� RFFXUULQJ�
ZLWKLQ� �-��� ZHHNV� DIWHU� VXUJHU\�� 7KLV�
VWXG\� ZDV� GHVLJQHG� WR� EHWWHU�
XQGHUVWDQG�WKLV�SKHQRPHQRQ� 
6XEMHFWV�ZHUH����SDWLHQWV�ZLWK�DFXWH�

WHQGRQ� UXSWXUH�� DOO� SUHVHQWLQJ� IRU�
VXUJLFDO� UHSDLU��'XULQJ� WKDW� SURFHGXUH��
PHWDO� EHDGV�ZHUH� LPSODQWHG�RQ�HLWKHU�
VLGH� RI� WKH� UXSWXUH�� $IWHU� VXUJHU\�� DQ�
RUWKRVLV� ZDV� XVHG� IRU� WKH� ILUVW� VL[�
ZHHNV��ZLWK� WKUHH�KHHO�ZHGJHV�SODFHG�
ZLWKLQ� WKH� RUWKRVLV�� ZLWK� RQH� ZHGJH�
UHPRYHG� HDFK� ZHHN� WR� DOORZ� IRU�
LQFUHDVHG�GRUVLIOH[LRQ��7KH�SDUWLFLSDQWV�
ZHUH� UDQGRPL]HG� WR� RQH� RI� WKUHH�
VHSDUDWH� UHKDELOLWDWLRQ� UHJLPHQV��
LQFOXGLQJ� ODWH� ZHLJKWEHDULQJ� ZLWK�
LPPRELOL]DWLRQ� �/:%� �� ,002%��� ODWH�
ZHLJKWEHDULQJ� ZLWK� PRELOL]DWLRQ� �/:%�
�� 02%�� RU� HDUO\� ZHLJKWEHDULQJ� ZLWK�

PRELOL]DWLRQ� �(:%� �� 02%��� ZKLFK�
LQYROYHG�SDUWLDO�ZHLJKWEHDULQJ�IURP�GD\�
RQH� DQG� IXOO� ZHLJKWEHDULQJ� IURP�ZHHN�
ILYH�� 7KH� SULPDU\� RXWFRPH� YDULDEOH�
ZDV�WLVVXH�HORQJDWLRQ�DW�UHVW� 
(ORQJDWLRQ� LQFUHDVHG� IURP� VL[� WR� ���

ZHHNV� �S������� DQG� IURP� ��� WR� ���
ZHHNV� �S��� ������� EXW� QRW� IURP� ��� WR�
��� ZHHNV�� 7KHUH� ZDV� QR� JURXS�
GLIIHUHQFH� LQ� WKH�DPRXQW�RI�HORQJDWLRQ�
WKDW� RFFXUUHG�� )RU� WHQGRQ� FURVV-�
VHFWLRQDO�DUHD��QR� LQWHUDFWLRQ�RU�JURXS�
HIIHFW� ZDV� IRXQG�� EXW� D� VLJQLILFDQW�
HIIHFW�RI�WLPH�ZDV�QRWHG��S��������� 

&RQFOXVLRQ��7KLV�VWXG\�RI�SDWLHQWV�
XQGHUJRLQJ� VXUJLFDO� UHSDLU� RI� D�
UXSWXUHG� $FKLOOHV� WHQGRQ� IRXQG� WKDW�
HORQJDWLRQ� RFFXUV� RYHU� WKH� ILUVW� VL[�
PRQWKV��ZLWKRXW�EHLQJ� LQIOXHQFHG�E\�D�
SDWLHQW¶V ZHLJKWEHDULQJ RU�
PRELOL]DWLRQ�SURWRFRO� 

(OLDVVRQ�� 3��� HW� DO�� 7KH� 5XSWXUHG�
$FKLOOHV� 7HQGRQ� (ORQJDWHV� IRU� 6L[�
0RQWKV� DIWHU� 6XUJLFDO� 5HSDLU��
5HJDUGOHVV� RI� (DUO\� RU� /DWH�
:HLJKWEHDULQJ� LQ� &RPELQDWLRQ� ZLWK�
$QNOH�0RELOL]DWLRQ��$P� -� 6SRUW� 0HG��
������$XJXVW��������������-����� 
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2YHU�����RI�FDIIHLQH� LV�PHWDEROL]HG�
E\� WKH� &<3�$�� HQ]\PH� ZKLFK� LV�
HQFRGHG� E\� WKH� &<3�$�� JHQH�� ,Q�
DGGLWLRQ��WKH����$!&�VLQJOH�QXFOHRWLGH�
SRO\PRUSKLVP�� KDV� EHHQ� VKRZQ� WR�
DOWHU� WKH� &<3�$�� HQ]\PH� LQGXFLELOLW\�
DQG� DFWLYLW\�� 7KLV� VWXG\� H[SORUHG� WKH�
UHODWLRQVKLS� EHWZHHQ� YDULDWLRQV� LQ�
&<3�$�� JHQRW\SH� DQG� WKH� HUJRJHQLF�
HIIHFWV�RI�FDIIHLQH� 
7KLV� UDQGRPL]HG�� GRXEOH-EOLQGHG��

SODFHER-FRQWUROOHG�VWXG\� UHFUXLWHG�����
FRPSHWLWLYH�DWKOHWHV� WR�FRPSOHWH�D���-
NP� F\FOLQJ� WLPH� WULDO�� $W� ZHHN� RQH��
VDOLYD� VDPSOHV� ZHUH� FROOHFWHG� WR�
GHWHUPLQH� IDVW� FDIIHLQH� PHWDEROL]HUV�
�$$� JHQRW\SH�� DQG� VORZ� FDIIHLQH�
PHWDEROL]HUV� �$&� RU� &&� JHQRW\SH���
'XULQJ� ZHHNV� WZR� WKURXJK� IRXU�� WKH�
DWKOHWHV� ZHUH� UDQGRPO\� DVVLJQHG� WR�
LQJHVW�FDIIHLQH�DW�D�ORZ�GRVH����PJNJ-

���D��PRGHUDWH��GRVH�����PJNJ-���RU���D�
SODFHER� 
7KH� JHQRW\SHV� RI� WKH� SDUWLFLSDQWV�

ZHUH������$$�������$&�DQG����&&��
)RU� WKH� $$� JHQRW\SH�� F\FOLQJ� WLPH�
LPSURYHG�E\������DW�D�FDIIHLQH�GRVH�RI�

��PJNJ-���S ���������DQG�E\������DW���
PJNJ-�� �S��������� ,Q� FRQWUDVW�� DPRQJ�
WKRVH�ZLWK� WKH�&&�JHQRW\SH����PJNJ-��
RI� FDIIHLQH� ZRUVHQHG� F\FOLQJ� WLPH� E\�
������ �S �������ZLWK� QR� FKDQJH� VHHQ�
ZLWK� �� PJNJ-�� RU� SODFHER�� 1R�
VLJQLILFDQW� HIIHFWV� ZHUH� REVHUYHG�
DPRQJ� WKRVH�ZLWK� WKH�$&�JHQRW\SH�DW�
DQ\�FDIIHLQH�ORDG� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

FRPSHWLWLYH� DWKOHWHV� IRXQG� WKDW� WKH�
HUJRJHQLF� HIIHFW� RI� FDIIHLQH� LV� JUHDWO\�
LQIOXHQFHG� E\� WKH� ���$!&� VLQJOH�
QXFOHRWLGH� SRO\PRUSKLVP�� ZLWK� WKH�
JUHDWHVW�SRVLWLYH�HUJRJHQLF�HIIHFW�VHHQ�
DPRQJ�WKRVH�ZLWK�WKH�$$�JHQRW\SH� 

 
*XHVW�� 1��� HW� DO�� &DIIHLQH�� &<3�$��
*HQRW\SH DQG (QGXUDQFH�
3HUIRUPDQFH� LQ� $WKOHWHV�� 0HG� 6FL�
6SRUWV�([HUF��������$XJXVW�������� 
����-����� 

 

&21'2/,$6(�)25�/80%$5� 
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&RQGROLDVH LV D�

PXFRSRO\VDFFKDULGDVH�� ZLWK� D� KLJK�
VSHFLILFLW\� IRU� FKRQGURLWLQ� VXOIDWH� DQG�
K\DOXURQLF� DFLG� RI� WKH� QXFOHXV�
SXOSRVXV�� 7KLV� SKDVH� WKUHH��
UDQGRPL]HG��FOLQLFDO�WULDO�ZDV�GHVLJQHG�
WR� YHULI\� WKH� HIILFDF\� DQG� VDIHW\� RI�
FRQGROLDVH� IRU� WKH� WUHDWPHQW�RI� OXPEDU�
GLVF�KHUQLDWLRQ��/'+�� 
6XEMHFWV� ZHUH� ���� SDWLHQWV�� UDQJLQJ�

LQ�DJH� IURP���� WR����\HDUV��HDFK�ZLWK�
V\PSWRPDWLF� /'+�� 7KH� VXEMHFWV� ZHUH�
UDQGRPL]HG� WR� UHFHLYH� HLWKHU� �� P/� RI�
FRQGROLDVH� RU� D� SODFHER�� GHOLYHUHG�
XQGHU� IOXRURVFRS\� LQWR� WKH� QXFOHXV�
SXOSRVXV�� DQG� WKHQ� IROORZHG� WKURXJK�
ZHHN� ���� 7KH� SULPDU\� HQGSRLQW� ZDV�
WKH� UHGXFWLRQ� LQ� SDWLHQW-DVVHVVHG� OHJ�
SDLQ� DW� ZHHN� ���� XVLQJ� D� ���� PP�
YLVXDO�DQDORJXH�VFDOH��9$6�� 
6HFRQGDU\� HQGSRLQWV� LQFOXGHG� WKH�

³UHVSRQGHU� UDWH´� �GHILQHG� DV� DW� OHDVW�
���� LPSURYHPHQW� LQ� ZRUVW� OHJ� SDLQ���
DQG�FKDQJHV�DW�ZHHN����RQ� WKH�9$6��
WKH� 2VZHVWU\� 'LVDELOLW\� ,QGH[� �2',���
WKH� ��-3RLQW� +HDOWK� 6XUYH\� )RUP��
QHXURORJLF� H[DP� UHVXOWV�� YROXPH� RI�
GLVF� KHUQLDWLRQ�� GLVF� KHLJKW� DQG� WKH�
QHHG�IRU�OXPEDU�VXUJHU\� 

6LJQLILFDQW� UHGXFWLRQV� LQ�9$6�VFRUHV�
ZHUH�QRWHG� LQ�ERWK�JURXSV��ZLWK�PHDQ�
LPSURYHPHQWV� RI� ����PP� DIWHU�
FRQGROLDVH� DQG� ����PP� DIWHU� SODFHER�
�S �������� 7KH� UHVSRQGHU� UDWH� ZDV�
KLJKHU� LQ� WKH� FRQGROLDVH� JURXS� DW�



3DJH�� 6HSWHPEHU�������� 9ROXPH����1XPEHU�� 

 

ZHHNV� ��� DQG� ��� �S ������ DQG�
S ������� UHVSHFWLYHO\��� $OVR�� DW�
ZHHN����� WKH� FRQGROLDVH�JURXS�KDG�
VXSHULRU� UHVXOWV� LQ� WKH� FKDQJH� LQ�
GLVF� KHLJKW� DQG� YROXPH��
K\SHVWKHVLD��VWUDLJKW�OHJ�WHVW�UHVXOWV�
DQG� WKH�SK\VLFDO� FRPSRQHQW�VFRUHV�
RQ�WKH�6)�-��� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� V\PSWRPDWLF� OXPEDU�
GLVF� KHUQLDWLRQ� IRXQG� WKDW�
FKHPRQXFOHRO\WLF� WUHDWPHQW� ZLWK�
FRQGROLDVH� PD\� LPSURYH� SDLQ� DQG�
IXQFWLRQ� 

 
&KLED�� .��� HW� DO�� &RQGROLDVH� IRU� WKH�
7UHDWPHQW� RI� /XPEDU� 'LVF�
+HUQLDWLRQ�� $� 5DQGRPL]HG��
&RQWUROOHG�7ULDO��6SLQH�� �����$XJ����
�����������-���� 

 

0$*1(7,&�5(621$1&(�
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+LS� RVWHRDUWKULWLV� �2$�� OHDGV� WR�

DSSUR[LPDWHO\� �������� DQQXDO� WRWDO�
KLS� UHSODFHPHQWV� LQ� WKH� 8QLWHG�
6WDWHV�� $V� PDJQHWLF� UHVRQDQFH�
LPDJLQJ� �05,�� LV� VHQVLWLYH� WR� HDUO\��
VXEWOH� WLVVXH� DEQRUPDOLWLHV�� WKLV�
VWXG\� XVHG� 05,� WR� DVVHVV� WKH�
UHVSRQVH� RI� KLS� 2$� WR� K\DOXURQLF�
DFLG� �+$�� LQMHFWLRQV�� XVLQJ� WKH� KLS�
05,� LQIODPPDWRU\� VFRULQJ� V\VWHP�
�+,05,66�� 
6XEMHFWV� ZHUH� ��� DGXOWV� ZLWK�

V\PSWRPDWLF� KLS� 2$�� ZLWK� DQ�
LQDGHTXDWH� UHVSRQVH� WR� 16$,'V� RU�
RUDO� DQDOJHVLFV�� HDFK� RI� ZKRP� KDG�
XQGHUJRQH�D�SHOYLF�05,�EHIRUH�D�+$�
KLS� LQMHFWLRQ�� 3DLQ�� VWLIIQHVV�� DQG�
IXQFWLRQ� ZHUH� DVVHVVHG� ZLWK� WKH�
:HVWHUQ� 2QWDULR� DQG� 0F0DVWHU�
�:20$&��TXHVWLRQQDLUH�ZLWK�JOREDO�
KHDOWK� DVVHVVHG� XVLQJ� D� 9LVXDO�
$QDORJLF� 6FDOH� �9$6�� DW� EDVHOLQH�
DQG� DW� WKUHH� PRQWKV� SRVW-+$�
LQMHFWLRQ�� ,QIODPPDWLRQ� ZDV�
DVVHVVHG� ZLWK� WKH� +LS� 05,�
,QIODPPDWRU\� 6FRULQJ� 6\VWHP�
�+,05,66��� EHIRUH� DQG� DIWHU� WKH�
LQMHFWLRQ��$�SRVLWLYH�UHVSRQVH�WR� WKH�
LQMHFWLRQV� ZDV� GHILQHG� DV� DQ�
LPSURYHPHQW� RI�:20$&� SDLQ� DQG�
RU�:20$&�IXQFWLRQ�VFRUHV�E\�PRUH�
WKDQ������:20$&����� 
$W� EDVHOLQH�� :20$&� IXQFWLRQ�

VFRUHV�ZHUH�IRXQG�WR�EH�VLJQLILFDQWO\�
UHODWHG�WR�+,05,66�V\QRYLWLV�VFRUHV�
�S ��������$W�WKUHH�PRQWKV��������RI�

WKH� SDWLHQWV� DFKLHYHG� D�
:20$&�����1R�EDVHOLQH�:20$&�
YDOXHV� RU� FOLQLFDO� SDUDPHWHUV� ZHUH�
DVVRFLDWHG� ZLWK� D� :20$&� ����
UHVSRQVH� DW� WKUHH� PRQWKV�� $�
PXOWLYDULDWH� DQDO\VLV� UHYHDOHG� WKDW�
SDWLHQWV� ZKR� KDG� ORZ� +,05,66-
ERQH�PDUURZ� OHVLRQ� IHPRUDO� VFRUHV�
DQG�ORZ�+,05,66�WRWDO�VFRUHV�ZHUH�
PRUH� OLNHO\� WR� DFKLHYH� D�
:20$&���� UHVSRQVH� WR� +$�
�S �����DQG� S �������UHVSHFWLYHO\�� 
&RQFOXVLRQ�� 7KLV� VWXG\�

VXJJHVWV� WKDW� LQIODPPDWLRQ�� DV�
PHDVXUHG� E\� PDJQHWLF� UHVRQDQFH�
LPDJLQJ��PD\�EH�XVHIXO�LQ�SUHGLFWLQJ�
WKH� UHVSRQVH� WR� K\DOXURQLF� DFLG�
LQMHFWLRQ� LQ� SDWLHQWV� ZLWK�
V\PSWRPDWLF�KLS�RVWHRDUWKULWLV� 

 
'HVH\QH��1���HW�DO��+LS�,QIODPPDWLRQ�
05,� 6FRULQJ� 6\VWHP� �+,05,66�� WR�
3UHGLFW� 5HVSRQVH� WR� +\DOXURQLF�
$FLG� ,QMHFWLRQ� LQ� +LS� 2VWHRDUWKULWLV��
-RLQW� %RQH� 6SLQH�� ������ -XO�� ��
��������-���� 
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$V�PHVHQFK\PDO� VWHP� FHOOV� KDYH�
WKH� FDSDFLW\� WR� GLIIHUHQWLDWH� LQWR� D�
YDULHW\�RI�FHOOV��PDQ\�KDYH�H[SORUHG�
WKH� XVH� RI� WKRVH� FHOOV� IRU� WKH�
WUHDWPHQW� RI� FKRQGUDO� GHIHFWV�� 7KLV�
VWXG\�XVHG� VXFK�FHOOV� WR�GHYHORS� D�
WKUHH-GLPHQVLRQDO�� WLVVXH-
HQJLQHHUHG� FRQVWUXFW� �7(&���
FRQWDLQLQJ� XQGLIIHUHQWLDWHG�� V\QRYLDO
-GHULYHG� PHVHQFK\PDO� FHOOV��
VXUURXQGHG�E\�H[WUDFHOOXODU�PDWULFHV�
V\QWKHVL]HG�E\�WKH�FHOOV� 
6XEMHFWV�ZHUH� ILYH� SDWLHQWV�� ��� WR�

��� \HDUV� RI� DJH� ZLWK� LVRODWHG�� IXOO-�
WKLFNQHVV� FDUWLODJH� GHIHFWV� RI� WKH�
NQHH�� $IWHU� DQ� DUWKURVFRSLF� ELRSV\��
D� YROXPH� RI� 7(&�ZDV� FUHDWHG�� DQG�
ODWHU� LPSODQWHG�RQWR� WKH�GHIHFW�VLWH��
3DUWLDO� ZHLJKW� EHDULQJ� ZDV� DOORZHG�
DW�VL[�ZHHNV��DQG�IXOO�ZHLJKW�EHDULQJ�
DW� HLJKW� ZHHNV�� $VVHVVPHQWV�
RFFXUUHG�RQ� WKH�GDWH�RI�VXUJHU\��RQ�
SRVWRSHUDWLYH� GD\� RQH�� DQG� WKHQ� DW�
ZHHNV� RQH�� WZR�� IRXU�� VL[�� ���� ���
DQG� ���� 7KH� SDUWLFLSDQWV� ZHUH�
IROORZHG� ZLWK� 05,� IRU� XS� WR� WZR�
\HDUV�SRVWRSHUDWLYHO\� 7KH�
SULPDU\� RXWFRPH� ZDV� WKH� VDIHW\� RI�
WKH�SURFHGXUH� 
1R� VHULRXV� DGYHUVH� HYHQWV� ZHUH�

QRWHG� ZLWKLQ� WKH� ILUVW� WZR� \HDUV�� $W�
WZR� \HDUV�� WKH� GHIHFW� ILOOLQJ� UDWH�
UHDFKHG������FRYHUDJH��ZLWK�JRRG�
LQWHJUDWLRQ� WR� DGMDFHQW� FDUWLODJH� LQ�
DOO� FDVHV�� $OO� RXWFRPHV� VFRUHV��
LQFOXGLQJ� SDLQ� DQG� IXQFWLRQ� VFRUHV��
ZHUH� VLJQLILFDQWO\� LPSURYHG� DQG�
UHPDLQHG�KLJK�DW����ZHHNV� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

DGXOWV� ZLWK� NQHH� FKRQGUDO� GHIHFWV�
IRXQG�WKDW��E\�XVLQJ�D�QHZ��VFDIIROG-
IUHH�� WLVVXH-HQJLQHHUHG�
PHVHQFK\PDO� VWHP� FHOO� UHSDLU��
SDWLHQWV�FRXOG�KDYH�FRPSOHWH�GHIHFW�
UHSDLU� FRPELQHG� ZLWK� VLJQLILFDQW�
LPSURYHPHQW� LQ� IXQFWLRQ� DQG�
V\PSWRPV� 

 
6KLPRPXUD�� .��� HW� DO�� )LUVW� ,Q-
+XPDQ� 3LORW� 6WXG\� RI� ,PSODQWDWLRQ�
RI� D� 6FDIIROG-)UHH� 7LVVXH-
(QJLQHHUHG� &RQVWUXFW� *HQHUDWHG�
IURP� $XWRORJRXV� 6\QRYLDO�
0HVHQFK\PDO�6WHP�&HOOV�IRU�5HSDLU�
RI� .QHH� &KRQGUDO� /HVLRQV�� $P� -��
6SRUWV� 0HG�� ������ $XJXVW�� ���
����������-����� 
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$PRQJ�WKH�RYHU����PLOOLRQ�UHJXODU�

UXQQHUV� LQ� WKH� 8QLWHG� 6WDWHV�� ����
UHSRUW� UXQQLQJ� LQMXULHV� HDFK� \HDU��
7KLV� VWXG\� LQYHVWLJDWHG� WKH� IDFWRUV�
DVVRFLDWHG�ZLWK�RYHUXVH�LQMXULHV� 
7KLV�SURVSHFWLYH�� ORQJLWXGLQDO� WULDO��

7KH�5XQQHUV�DQG�,QMXU\�/RQJLWXGLQDO�
6WXG\��75$,/6���LQYROYHG������LQMXU\�
IUHH�UXQQHUV�����WR����\HDUV�RI�DJH��
$OO� UHSRUWHG� UXQQLQJ� D� PLQLPXP� RI�
ILYH�PLOHV�SHU�ZHHN�DQG�ZHUH�IUHH�RI�
LQMXU\� IRU� WKH� SULRU� VL[� PRQWKV��
4XHVWLRQQDLUHV� ZHUH� DGPLQLVWHUHG�
DW� EDVHOLQH� DQG� DW� VL[� DQG� ���
PRQWKV¶� IROORZ-XS�� 7KH� SDWLHQWV�
ZHUH�FRQWDFWHG�HYHU\�WZR�ZHHNV�IRU�
D� SHULRG� RI� WZR� \HDUV� WR� LQTXLUH�
DERXW�LQMXULHV��2YHUXVH�LQMXULHV�ZHUH�
JUDGHG� DV� ³PDLQWDLQLQJ� IXOO� DFWLYLW\�
GHVSLWH� V\PSWRPV´� �JUDGH� ,���
³UHGXFLQJ�ZHHNO\�PLOHDJH´��JUDGH�,,��
RU�³LQWHUUXSWHG�DOO�WUDLQLQJ�IRU�DW�OHDVW�
WZR�ZHHNV´��JUDGH�,,,�� 
2I� WKH� ���� SDUWLFLSDQWV�� ����

VXVWDLQHG� DW� OHDVW� RQH� RYHUXVH�
UXQQLQJ� LQMXU\�� LQFOXGLQJ�����RI� WKH�
ZRPHQ� DQG� ���� RI� WKH�PHQ��0RVW�
RI� WKH� LQLWLDO� LQMXULHV�RFFXUUHG�GXULQJ�
WKH� ILUVW� \HDU�� ZLWK� DSSUR[LPDWHO\�
KDOI� FKDUDFWHUL]HG� DV� JUDGH� ,�� $�
XQLYDULDWH� DQDO\VLV� UHYHDOHG� WKDW�

 



 

3DJH�� �����������������6HSWHPEHU�������� 9ROXPH����1XPEHU�� 

 

 

IDFWRUV� DW� EDVHOLQH� ZKLFK� ZHUH�
VLJQLILFDQWO\� DVVRFLDWHG� ZLWK� DQ�
LQFUHDVHG� FKDQFH� RI� LQMXU\� ZHUH�
ORZHU�PHQWDO� KHDOWK-� UHODWHG� TXDOLW\�
RI� OLIH�� PRUH� QHJDWLYH� HPRWLRQV�
HQGRUVHG� RQ� WKH� 3RVLWLYH� DQG�
1HJDWLYH� $IIHFW� 6FDOH�� IHPDOH�
JHQGHU�DQG�JUHDWHU�NQHH�VWLIIQHVV��$�
PXOWLYDULDEOH� DQDO\VLV� IRXQG� RQO\�
NQHH� VWLIIQHVV� WR� EH� SUHGLFWLYH� RI�
LQMXU\��RGGV�UDWLR������� 
&RQFOXVLRQ� 7KLV� SURVSHFWLYH�

VWXG\� RI� DGXOW� UXQQHUV� IRXQG� WKDW�
RYHUXVH� LQMXULHV� DUH� JUHDWHU� DPRQJ�
ZRPHQ� DQG� DPRQJ� WKRVH� ZLWK�
JUHDWHU�NQHH�VWLIIQHVV� 

 
0HVVLHU�� 6��� HW� DO�� $� 7ZR-<HDU��
3URVSHFWLYH�� &RKRUW� 6WXG\� RI�
2YHUXVH� 5XQQLQJ� ,QMXULHV�� 7KH�
5XQQHUV� DQG� ,QMXU\� /RQJLWXGLQDO�
6WXG\� �75$,/6���$P� -� 6SRUW� 0HG��
������-XO\�������������-����� 

 

326723(5$7,9(�%/22'�
*/8&26(�$1'�,1)(&7,21�

$)7(5�-2,17�$57+523/$67< 

 
+\SHUJO\FHPLD�� LQGHSHQGHQW� RI�

GLDEHWHV�� LV� D� NQRZQ� ULVN� IDFWRU� IRU�
SRVWRSHUDWLYH� FRPSOLFDWLRQV� LQ�
RUWKRSHGLF� SURFHGXUHV�� +RZHYHU��
WKH�LQIOXHQFH RI� SHULRSHUDWLYH�
K\SHUJO\FHPLD� RQ� SHULSURVWKHWLF�
MRLQW� LQIHFWLRQV� LV�QRW�\HW�FOHDU��7KLV�
VWXG\�ZDV�GHVLJQHG� WR�EHWWHU�FODULI\�
WKLV�UHODWLRQVKLS� 
7KLV� VLQJOH-FHQWHU�� UHWURVSHFWLYH��

FDVH-FRQWUROOHG� WULDO� LQFOXGHG�
�������� HOHFWLYH�� SULPDU\� WRWDO� MRLQW�
DUWKURSODVWLHV� SHUIRUPHG� RYHU� ���
\HDUV��3RVW-RSHUDWLYH�GD\�RQH�EORRG�
JOXFRVH�OHYHOV�ZHUH�REWDLQHG�EHIRUH�
EUHDNIDVW� DQG� FRPSDUHG� ZLWK�
RXWFRPHV� IRU� D� PLQLPXP� RI� RQH�
\HDU�� 'HPRJUDSKLF�� PHGLFDO� DQG�
VXUJLFDO� YDULDEOHV� ZHUH� FROOHFWHG�
GXULQJ� KRVSLWDOL]DWLRQ�� $OO�
SDUWLFLSDQWV� UHFHLYHG� VWDQGDUGL]HG�
SHULRSHUDWLYH�PDQDJHPHQW �IRU�
LQIHFWLRQ� SURSK\OD[LV�� ,QWUDYHQRXV�
DQWLERGLHV� ZHUH� JLYHQ� ZLWKLQ� RQH�
KRXU�EHIRUH� WKH� LQFLVLRQ��DQG� IRU����
KRXUV�SRVWRSHUDWLYHO\� 
7KH� SHULSURVWKHWLF� MRLQW� LQIHFWLRQ�

UDWH�RI�WKH�HQWLUH�FRKRUW�ZDV��������
$� VLJQLILFDQW� DQG� OLQHDU� LQFUHDVH� LQ�
WKH� UDWH� RI� SHULSURVWKHWLF� MRLQW�
LQIHFWLRQV� ZDV� QRWHG� EHJLQQLQJ� DW�
JOXFRVH� OHYHOV� RI� ���� PJ�G/�

�S �������� 7KRVH� ZLWK� EORRG�
JOXFRVH� OHYHOV� RI� ���� PJ�� G/� KDG�
����� JUHDWHU� RGGV� RI� GHYHORSLQJ�
SHULSURVWKHWLF� MRLQW� LQIHFWLRQ�� DV�
FRPSDUHG� WR� WKRVH� ZLWK� D� EORRG�
JOXFRVH�OHYHO�RI�����PJ�G/� 
&RQFOXVLRQ�� 7KLV� VWXG\� IRXQG�

WKDW� SRVWRSHUDWLYH� K\SHUJO\FHPLD��
ZLWK� EORRG� VXJDUV� RI� DERYH� �����
ZDV� DVVRFLDWHG� ZLWK� DQ� LQFUHDVHG�
ULVN�RI�SHULSURVWKHWLF�MRLQW�LQIHFWLRQ� 

 
.KHLU��0���HW�DO��3RVWRSHUDWLYH�%ORRG�
*OXFRVH� /HYHOV� 3UHGLFW� ,QIHFWLRQ�
DIWHU� 7RWDO� -RLQW� $UWKURSODVW\�� -�
%RQH� -RLQW� 6XUJ� $P�� ������
$XJXVW���������������-����� 

 

5,6.�)$&7256�)25�
+$0675,1*�,1-85<�,1�
352)(66,21$/�62&&(5 

 
 
,Q� HOLWH� VRFFHU� SOD\�� KDPVWULQJ�

LQMXULHV� DUH� WKH� PRVW� FRPPRQ�
QRQFRQWDFW� LQMXU\�� $V� WKH� HYLGHQFH�
VXSSRUWLQJ� WKH� XVH� RI� VWUHWFKLQJ�
H[HUFLVHV�IRU�WKH�SUHYHQWLRQ�RI�WKHVH�
LQMXULHV� LV� OLPLWHG�� WKLV� VWXG\�
H[DPLQHG� WKH� UHODWLRQVKLS� EHWZHHQ�
KDPVWULQJ� LQMXULHV� DQG� WKH� IOH[LELOLW\�
RI�WKH�KDPVWULQJ�DQG�DQNOH� 
2YHU� WZR� FRQVHFXWLYH� VRFFHU�

VHDVRQV�� SOD\HUV� LQ� DOO� ��� WHDPV� LQ�
WKH� 4DWDU� 6WDUV� OHDJXH� ZHUH�
DVVHVVHG�IRU�LQMXULHV��'DWD�FROOHFWHG�
DOVR� LQFOXGHG� DJH�� SOD\LQJ� VHDVRQ��
WHDP�� OHJ� GRPLQDQFH�� SOD\LQJ�
SRVLWLRQ��HWKQLFLW\��ERG\�PDVV�LQGH[��
DV�ZHOO�DV�DQNOH�DQG�NQHH�UDQJH�RI�
PRWLRQ�� +DPVWULQJ� LQMXU\� ZDV�
GHILQHG� DV� DFXWH� SDLQ� LQ� WKH�
SRVWHULRU� WKLJK�� RFFXUULQJ� GXULQJ�
WUDLQLQJ�RU�PDWFK�SOD\��DQG�UHVXOWLQJ�
LQ� DQ� LPPHGLDWH� FHVVDWLRQ� RI�
SDUWLFLSDWLRQ� 
2I�WKH�����SOD\HUV�FRPSOHWLQJ�WKH�

VWXG\�� ��� VXVWDLQHG� DQ� LQGH[�
KDPVWULQJ� LQMXU\��*RDONHHSHUV�ZHUH�
VLJQLILFDQWO\� OHVV� OLNHO\� WR� VXVWDLQ� D�
KDPVWULQJ� LQMXU\� WKDQ� ZHUH� RWKHU�
SOD\HUV�� ,Q� DGGLWLRQ�� LQMXUHG� SOD\HUV�
ZHUH�� RQ�DYHUDJH�� ���PRQWKV�ROGHU�
WKDQ� WKH� XQLQMXUHG�� $� PXOWLYDULDWH�
UHJUHVVLRQ� DQDO\VLV� UHYHDOHG� WKDW�
DJH� �S �������� SOD\HU� SRVLWLRQ�
�S ������� SDVVLYH� NQHH� H[WHQVLRQ�
WHVW� UHVXOWV� �S ������� DQG�
GRUVLIOH[LRQ� OXQJH� WHVW� UHVXOWV�
�S ������ZHUH�VLJQLILFDQWO\�UHODWHG�WR�
KDPVWULQJ�LQMXU\� 

&RQFOXVLRQ�� 7KLV� SURVSHFWLYH�
VWXG\�RI�SURIHVVLRQDO�VRFFHU�SOD\HUV�
IRXQG�WKDW�PRGLILDEOH�IDFWRUV�UHODWHG�
WR� DQ� LQFUHDVHG� ULVN� RI� KDPVWULQJ�
LQMXU\�DUH�GHFUHDVHG�NQHH�H[WHQVLRQ�
DQG� DQNOH� GRUVLIOH[LRQ� SDVVLYH�
UDQJH�RI�PRWLRQ� 

 
YDQ� '\N�� 1��� HW� DO�� +DPVWULQJ� DQG�
$QNOH� )OH[LELOLW\� 'HILFLWV� DUH� :HDN�
5LVN�)DFWRUV� IRU�+DPVWULQJ� ,QMXU\� LQ�
3URIHVVLRQDO� 6RFFHU� 3OD\HUV�� $�
3URVSHFWLYH�� &RKRUW� 6WXG\� RI� ����
3OD\HUV��,QFOXGLQJ����,QMXULHV��$P� -�
6SRUW� 0HG�� ������ -XO\�� ��� �����
����-����� 

 

9(57(%523/$67<�)25�
9(57(%5$/�)5$&785(6 

 
3HUFXWDQHRXV� YHUWHEURSODVW\� LV�

ZLGHO\� XVHG� WR� WUHDW� RVWHRSRURWLF�
YHUWHEUDO� FRPSUHVVLRQ� IUDFWXUHV��
3ULRU� UHVHDUFK� KDV� SURGXFHG�
FRQIOLFWLQJ�GDWD�FRQFHUQLQJ�WKH�XWLOLW\�
RI� YHUWHEURSODVW\� IRU� UHGXFLQJ� SDLQ��
GLVDELOLW\�� DQG� LPSURYLQJ� TXDOLW\� RI�
OLIH��7KLV�VWXG\�ZDV�GHVLJQHG�WR�KHOS�
FODULI\�WKH�HIILFDF\�RI�WKLV�SURFHGXUH� 
7KLV� UDQGRPL]HG�� � GRXEOH-EOLQG�

WULDO� LQFOXGHG� SDWLHQWV� DW� OHDVW� ���
\HDUV� RI� DJH� ZLWK� RQH� WR� WKUHH�
RVWHRSRURWLF� FRPSUHVVLRQ� IUDFWXUHV��
7KH� VXEMHFWV� ZHUH� UDQGRPL]HG� WR�
UHFHLYH SRO\PHWK\OPHWKDFU\ODWH�
FHPHQW� LQMHFWLRQV� RU� WR� XQGHUJR� D�
VKDP� SURFHGXUH� ZLWK� SHULRVWHDO�
QHHGOH� SODFHPHQW�� EXW� QR� FHPHQW�
LQMHFWLRQ�� 7KH� SULPDU\� RXWFRPH�
PHDVXUH� ZDV� D� WHQ-SRLQW� YLVXDO�
DQDORJXH� VFDOH� �9$6�� IRU� SDLQ��
6HFRQGDU\� RXWFRPH� PHDVXUHV�
LQFOXGHG� WKH� 4XDOLW\� RI� /LIH�
4XHVWLRQQDLUH� RI� WKH� (XURSHDQ�
)RXQGDWLRQ� IRU� 2VWHRSRURVLV�
�48$/())2�� DQG� WKH� 5RODQG-
0RUULV� 'LVDELOLW\� 4XHVWLRQQDLUH�
�50'4��� $VVHVVPHQWV� ZHUH� PDGH�
DW� RQH� GD\�� RQH� ZHHN�� DQG� RQH��
WKUHH�� VL[� DQG� ��� PRQWKV� DIWHU� WKH�
SURFHGXUH� 
%RWK� WKH� YHUWHEURSODVW\� �Q ����

DQG�VKDP� �Q ����JURXSV�VKRZHG�D�
VLJQLILFDQW� UHGXFWLRQ� LQ� 9$6� VFRUHV�
DW� DOO� WLPHV�� ZLWK� QR� VLJQLILFDQW�
GLIIHUHQFH� EHWZHHQ� WKH� JURXSV� DW�
DQ\� IROORZ-XS�� 6WDWLVWLFDOO\�
VLJQLILFDQW�SDLQ�UHGXFWLRQ�EHJDQ�RQH�
GD\� SRVW-SURFHGXUH� LQ� ERWK� JURXSV��
6LPLODU� SDWWHUQV� ZHUH� IRXQG� IRU�
48$/())2� DQG� 50'4� VFRUHV�� $�



3DJH�� 6HSWHPEHU�������� 9ROXPH����1XPEHU�� 

 

 

SRVW� KRF� DQDO\VLV� GLG� UHYHDO� PRUH�
SDWLHQWV�LQ�WKH�VKDP�JURXS�ZLWK�9$6�
VFRUHV� RI� DERYH� ILYH� DIWHU� ���
PRQWKV� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� SDLQIXO� RVWHRSRURWLF�
YHUWHEUDO� IUDFWXUHV� IRXQG� QR�
VLJQLILFDQW� GLIIHUHQFH� LQ� SDLQ�
UHGXFWLRQ� EHWZHHQ� JURXSV� WUHDWHG�
ZLWK� YHUWHEURSODVW\� DQG� WKRVH�
WUHDWHG�ZLWK�D�VKDP�SURFHGXUH� 

 
)LUDQHVFX�� &��� HW� DO�� 9HUWHEURSODVW\�
YHUVXV�6KDP�3URFHGXUH�IRU�3DLQIXO��
$FXWH�� 2VWHRSRURWLF�� 9HUWHEUDO��
&RPSUHVVLRQ� )UDFWXUHV� �9(5726�
,9���5DQGRPL]HG��6KDP�&RQWUROOHG��
&OLQLFDO� 7ULDO�� %0-�� ������
����N����� 

 

685*(5<�9(5686�%5$&(�)25�
3$7(//$5�',6/2&$7,21 

 
 /DWHUDO�SDWHOODU�GLVORFDWLRQ��/3'��

LV� HVWLPDWHG� WR� RFFXU� ZLWK� DQ�
LQFLGHQFH� RI� XS� WR� ���� SHU� ������
FKLOGUHQ� QLQH� WR� ��� \HDUV� RI� DJH��
7KLV� VWXG\� FRPSDUHG� WKH� RXWFRPHV�
RI� WKRVH� SDWLHQWV� ZLWK� /3'� WUHDWHG�
ZLWK� VXUJLFDO� UHSDLU� ZLWK� WKRVH� RI�
FKLOGUHQ�WUHDWHG�ZLWK�EUDFLQJ� 
7KLV� SURVSHFWLYH� VWXG\� UHFUXLWHG�

SDWLHQWV�EHWZHHQ�QLQH�DQG����\HDUV�
RI� DJH�ZLWK�DQ�DFXWH�� SULPDU\�/3'��
7KH� VXEMHFWV� ZHUH� UDQGRPL]HG�
ZLWKLQ� WZR�ZHHNV� RI� WKH� LQMXU\�� DQG�
DIWHU� GLDJQRVWLF� DUWKURVFRSLF�
VXUJHU\�� 7KRVH� UDQGRPL]HG� WR� D�
NQHH�EUDFH�JURXS�UHFHLYHG�D� ODWHUDO�
VWDELOL]LQJ� VRIW� NQHH� EUDFH�� DSSOLHG�
��� KRXUV� SHU� GD\� IRU� RQH� PRQWK��
FRPELQHG� ZLWK� SK\VLFDO� WKHUDS\��
7KH� RSHUDWLYH� JURXS� XQGHUZHQW�
DUWKURVFRSLF-DVVLVWHG� UHSDLU� RI� WKH�
PHGLDO�SDWHOORIHPRUDO� OLJDPHQW��7KH�
PDLQ� RXWFRPH� YDULDEOH� ZDV� D�
UHGLVORFDWLRQ�DW�WZR�\HDUV� 
$W� WZR-\HDU� IROORZ-XS�� WKH�

UHGLVORFDWLRQ� UDWHV�ZHUH����� LQ� WKH�
VXUJLFDO� JURXS� DQG� ���� LQ� WKH�
EUDFLQJ�JURXS��'XULQJ� WKDW� WLPH��VL[�
SDWLHQWV� IURP� WKH� EUDFLQJ� JURXS�
ZHUH�VXUJLFDOO\�VWDELOL]HG��:LWKLQ�WKH�
WZR� \HDUV�� ���� VXIIHUHG� D�
GLVORFDWLRQ�RI�WKH�FRQWUDODWHUDO�NQHH��
.QHH� ,QMXU\� DQG� 2VWHRDUWKULWLV�
2XWFRPH� 6FRUH� IRU� &KLOGUHQ¶V-
6SRUWV� 3OD\� DQG� 4XDOLW\� RI� /LIH�
6XEVFDOH� VFRUHV�ZHUH� EHWWHU� LQ� WKH�
VXUJLFDO� JURXS� WKDQ� LQ� WKH� EUDFLQJ�
JURXS�� 2I� WKRVH� ZLWKRXW�

UHGLVORFDWLRQ�� REMHFWLYH� DQG�
VXEMHFWLYH� NQHH� IXQFWLRQ� ZDV�
FRPSDUDEOH�EHWZHHQ�JURXSV� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

FKLOGUHQ� ZLWK� D� SULPDU\� SDWHOODU�
GLVORFDWLRQ�IRXQG�WKDW�VXUJLFDO�UHSDLU�
UHVXOWHG� LQ� D� UHGXFHG� UHGLVORFDWLRQ�
UDWH� DV� FRPSDUHG� WR� FRQVHUYDWLYH�
WUHDWPHQW�ZLWK�EUDFLQJ�DQG�37� 

  
$VNHQEHUJHU�� 0��� HW� DO�� 2SHUDWLYH�
5HSDLU� RI� 0HGLDO� 3DWHOORIHPRUDO�
/LJDPHQW� ,QMXU\� YHUVXV�.QHH�%UDFH�
LQ� &KLOGUHQ� ZLWK� DQ� $FXWH�� )LUVW-
7LPH�� 7UDXPDWLF� 3DWHOODU�
'LVORFDWLRQ�� $� 5DQGRPL]HG��
&RQWUROOHG�7ULDO��$P� -� 6SRUWV� 0HG��
������$XJXVW��������������-����� 

 

 63,1(�0$1,38/$7,21�)25�
/2:�%$&.�3$,1�,1�
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/RZ� EDFN� SDLQ� �/%3�� LV� QRZ� WKH�

OHDGLQJ� FDXVH� RI� GLVDELOLW\�
ZRUOGZLGH��:KLOH�PDQ\�VWXGLHV�KDYH�
DGGUHVVHG�/%3�LQ�DGXOWV��VWXGLHV�RI�
FKLOGUHQ� DQG� DGXOWV� DUH� IDU� OHVV�
DEXQGDQW��7KLV�VWXG\�ZDV�GHVLJQHG�
WR� EHWWHU� XQGHUVWDQG� WKH�
HIIHFWLYHQHVV�RI�VSLQDO�PDQLSXODWLRQ�
SOXV� H[HUFLVH� FRPSDUHG� ZLWK�
H[HUFLVH� DORQH� LQ� DQ� DGROHVFHQW�
SRSXODWLRQ� 
7KLV� WZR-VLWH�� SDUDOOHO� JURXS��

UDQGRPL]HG�FRQWUROOHG� WULDO� LQFOXGHG�
SDWLHQWV� ��-��� \HDUV� RI� DJH� ZLWK�
VXEDFXWH� DQG� UHFXUUHQW�� RU� FKURQLF�
QRQVSHFLILF� /%3��&KURQLF�/%3� ZDV�
GHILQHG� DV� ��� RU� PRUH� ZHHNV� RI�
SDLQ��%RWK�JURXSV UHFHLYHG� H[HUFLVH�
WUDLQLQJ� ZLWK� QR� PRUH� WKDQ� WZR�
VHVVLRQV� SHU� ZHHN� IRU� ��� ZHHNV��
7KRVH LQ�WKH�FRPELQHG JURXS�
DWWHQGHG� �-��� FKLURSUDFWLF� YLVLWV��
XS� WR� ��� PLQXWHV� SHU� VHVVLRQ�� QR�
PRUH�WKDQ�WZR�WLPHV�SHU�ZHHN��7KH�
SULPDU\� RXWFRPH� PHDVXUH� ZDV� D�
VHOI-UHSRUWHG� W\SLFDO� OHYHO� RI� /%3�
VHYHULW\� RYHU� WKH� SDVW� ZHHN�� DV�
PHDVXUHG� E\� D� QXPHULFDO� UDWLQJ�
VFDOH�� 7KHVH� ZHUH� FROOHFWHG� DW�
EDVHOLQH� DQG� DW� IRXU�� HLJKW�� ���� ���
DQG����ZHHNV�DIWHU�HQUROOPHQW�� 
6HFRQGDU\� RXWFRPH� PHDVXUHV�

LQFOXGHG �SDWLHQW UDWHG� GLVDELOLW\��
TXDOLW\� RI� OLIH�� LPSURYHPHQW� LQ�
V\PSWRPV�� IUHTXHQF\�RI�PHGLFDWLRQ�
XVH� DQG� SDWLHQW� VDWLVIDFWLRQ� ZLWK�
FDUH�� &RPSDUHG� ZLWK� WKH� H[HUFLVH�
JURXS�� UDWLQJV� RI� /%3� ZHUH� EHWWHU�

LQ�WKH�FRPELQHG�JURXS�RYHU�WKH�� ILUVW�
\HDU� �S��������� )RU� UHGXFWLRQ� LQ�
SDLQ� VHYHULW\�� WKH� FRPELQHG� JURXS�
KDG� EHWWHU� DGMXVWHG� PHDQ� VFRUHV�
WKDQ� GLG� WKH� H[HUFLVH� JURXS� DW� ���
ZHHNV� �S �������� ��� ZHHNV�
�S��������� DQG����ZHHNV��S ��������
,Q�WKH�VHFRQGDU\�DQDO\VHV��TXDOLW\�RI�
OLIH� DQG� PHGLFDWLRQ� XVH� GLG� QRW�
VLJQLILFDQWO\� GLIIHU� EHWZHHQ� JURXSV�
RYHU�WKH� ILUVW�\HDU� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

DGROHVFHQWV�ZLWK�FKURQLF�/%3�IRXQG�
WKDW� FRPELQLQJ� H[HUFLVH� ZLWK� VSLQDO�
PDQLSXODWLRQ� ZDV� PRUH� HIIHFWLYH�
WKDQ� H[HUFLVH� DORQH� IRU� UHGXFLQJ�
SDLQ� 

 
(YDQV��5���HW�DO��6SLQDO�0DQLSXODWLRQ�
DQG� ([HUFLVH� IRU� /RZ�%DFN� 3DLQ� LQ�
$GROHVFHQWV�� $� 5DQGRPL]HG� 7ULDO��
3DLQ�� ������ -XO\�� ���� ��������-
����� 

 

35(23(5$7,9(�23,2,'�86(�
$1'�5($'0,66,21�$)7(5�
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,Q� SUHYLRXV� VWXGLHV�� SUHRSHUDWLYH�

RSLRLG�XVH�KDV�EHHQ�DVVRFLDWHG�ZLWK�
D�ZRUVH�FOLQLFDO�RXWFRPH��7KLV�VWXG\�
ZDV� GHVLJQHG� WR� EHWWHU� XQGHUVWDQG�
WKH� DVVRFLDWLRQ� EHWZHHQ�
SUHRSHUDWLYH�RSLRLG�XVH�DQG�WKH���-
GD\� UHDGPLVVLRQ� UDWHV� DPRQJ�
SDWLHQWV� XQGHUJRLQJ� MRLQW�
UHSODFHPHQW�VXUJHULHV� 
7KLV� UHWURVSHFWLYH� FRKRUW� VWXG\�

XVHG� GDWD� IURP� WKH� 7UXYHQ� +HDOWK�
0DUNHW6FDQ� &RPPHUFLDO� &ODLPV�
DQG� (QFRXQWHUV� �FRPPHUFLDO�
LQVXUDQFH�� DQG� WKH� 0HGLFDUH�
6XSSOHPHQWDO� DQG� &RRUGLQDWLRQ� RI�
%HQHILW� �0HGLFDUH� SOXV� FRPPHUFLDO�
VXSSOHPHQWDO�LQVXUDQFH��GDWDEDVHV��
3DWLHQWV� ZHUH� LQFOXGHG� ZKR�
XQGHUZHQW� WRWDO� NQHH� DUWKURSODVW\
�7.$� RU WRWDO KLS�
DUWKURSODVW\� �7+$��� 'DWD� ZHUH� DOVR�
REWDLQHG� IRU� RSLRLG� XVH� LQ� WKH� VL[�
PRQWKV� EHIRUH� VXUJHU\�� 2SLRLG� XVH�
ZDV� VWUDWLILHG� DV�� QR� SUHRSHUDWLYH�
XVH� �RSLRLG� QDLYH��� �-��� GD\V� RI�
XVH�� ��-��� � GD\V� � RI� � XVH�� � DQG��
PRUH�� WKDQ����GD\V�RI�XVH� �FKURQLF�
XVHUV��� 7KH� SULPDU\� RXWFRPH�
PHDVXUH� ZDV� WKH� ��-GD\�
UHDGPLVVLRQ� UDWH� DIWHU� VXUJHU\��
$PRQJ� � � � WKH�� � ���������� �SDWLHQWV��
FKURQLF� RSLRLG� XVH� ZDV� IRXQG� LQ�
������RI�WKH�7.$�DQG�������RI�WKH�
7+$� SDWLHQWV�� )RU� ERWK� 7.$� DQG�



 

3DJH�� �����������������6HSWHPEHU�������� 9ROXPH����1XPEHU�� 

 

 

7+$� SDWLHQWV�� WKH� ��-GD\�
UHDGPLVVLRQ� UDWHV� ZHUH� JUHDWHU� LQ�
WKH� FKURQLF� RSLRLG� XVHUV� DV�
FRPSDUHG� WR� WKH� RSLRLG� QDwYH�
SDWLHQWV� �S������� IRU� ERWK�
FRPSDULVRQV��� ,Q� D� PXOWLYDULDWH�
ORJLVWLF� UHJUHVVLRQ� DQDO\VLV��
FRPSDUHG� WR� �-��� GD\� XVHUV�� WKH�
RQH-�\HDU�DGMXVWHG�ULVN�IRU�D�UHYLVLRQ�
VXUJHU\� DPRQJ� FKURQLF� XVHUV� ZDV�
����� IRU� WKH� 7.$� DQG� ����� IRU� 7+$�
SDWLHQWV� 
&RQFOXVLRQ�� 7KLV� VWXG\�

LGHQWLILHV�SUHRSHUDWLYH�RSLRLG�XVH�DV�
D�ULVN�IDFWRU�IRU�KRVSLWDO�UHDGPLVVLRQ�
DIWHU� WRWDO� KLS� RU� WRWDO� NQHH�
DUWKURSODVW\� 

 
:HLFN��-���HW�DO��3UHRSHUDWLYH�2SLRLG�
8VH� ,V� $VVRFLDWHG� ZLWK� +LJKHU�
5HDGPLVVLRQ�DQG�5HYLVLRQ�5DWHV� LQ�
7RWDO� .QHH� DQG� 7RWDO� +LS�
$UWKURSODVW\�� -� %RQH� -RLQW� 6XUJ��
������ -XO\� ���� ���-$� ������ ����-
����� 
 

2%(6,7<�$1'�685*,&$/� 
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2EHVLW\�LV�UHFRJQL]HG�DV�D�EXUGHQ�

RQ� KHDOWKFDUH� V\VWHPV�� 2EHVH�
LQGLYLGXDOV� DUH� PRUH� OLNHO\� WR�
GHYHORS�RVWHRDUWKULWLV��2$��UHTXLULQJ�
D�WRWDO�NQHH�DUWKURSODVW\��7.$���7.$�
LV� DQ� LQYDVLYH� VXUJHU\� ZLWK� PDQ\�
DVVRFLDWHG� FRPSOLFDWLRQV�� LQFOXGLQJ�
VXUJLFDO� VLWH� LQIHFWLRQ� �66,��� 7KLV�
VWXG\� H[SORUHG� WKH� DVVRFLDWLRQ�
EHWZHHQ�ERG\�PDVV�LQGH[��%0,��DQG�
VXUJLFDO�VLWH�LQIHFWLRQ� 
7KLV� VWXG\� UHWURVSHFWLYHO\�

HYDOXDWHG� ���� SDWLHQWV� ZKR�
XQGHUZHQW� D� SULPDU\� 7.$�� 7KH�
FKDUWV�ZHUH� UHYLHZHG� IRU�%0,�DW� WKH�
WLPH� RI� VXUJHU\� DQG� 66,� GXULQJ� WKH�
\HDU� DIWHU� VXUJHU\�� 6XSHUILFLDO� 66,�
�666,�� ZDV� FODVVLILHG� DV� DQ\�
LQIHFWLRQ� WKDW� GLG� QRW� UHTXLUH� UH-
KRVSLWDOL]DWLRQ� DQG� ZKLFK� RFFXUUHG�
GXULQJ� WKH� ILUVW� ��� GD\V� SRVW-�
RSHUDWLYHO\�� 'HHS� 66,� �'66,�� ZDV�
FODVVLILHG� DV� DQ\� LQIHFWLRQ� WKDW�
UHTXLUHG� D� UH-DGPLVVLRQ� ZLWKLQ� RQH�
\HDU�SRVW-RSHUDWLYHO\� 
&RPSDUHG� ZLWK� DOO� RWKHU� ZHLJKW�

JURXSV�� WKH� REHVH� FODVV� ,,,� JURXS�
�!��NJ�P���KDG�D������WLPHV�JUHDWHU�
RGGV� RI� 666,� �S ������� DQG�D� �����
WLPHV� JUHDWHU� RGGV� RI� '66,�
�S ������� 

&RQFOXVLRQ�� 7KLV� VWXG\� RI�
SDWLHQWV� XQGHUJRLQJ� WRWDO� NQHH�
DUWKURSODVW\� UHYHDOHG�WKDW�FRPSDUHG�
ZLWK� WKRVH�ZLWK� D� OHVVHU� %0,�� WKRVH�
LQ� REHVH� FODVV� ,,,� KDG� D� KLJKHU�
LQFLGHQFH�RI�VXUJLFDO�VLWH�LQIHFWLRQV� 

 
:LOVRQ�� &��� HW� DO�� 6XUJLFDO� 6LWH�
,QIHFWLRQ� LQ� 2YHUZHLJKW� DQG� 2EHVH�
7RWDO� .QHH� $UWKURSODVW\� 3DWLHQWV�� -�
2UWKR��������-XQH������������-���� 
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$�V\VWHPLF�HIIHFW�RI�JOXFRFRUWLFRLG�

RQ�MRLQW�SDLQ�KDV�EHHQ�GHPRQVWUDWHG�
LQ� SDWLHQWV� ZLWK� VXEDFURPLDO�
LPSLQJHPHQW� RI� WKH� VKRXOGHU�� 7KLV�
VWXG\� ZDV� GHVLJQHG� WR� GHWHUPLQH�
ZKHWKHU� LQWUD-PXVFXODU� UDWKHU� WKDQ�
LQWUD-DUWLFXODU� JOXFRFRUWLFRLG�
LQMHFWLRQV�FDQ�DIIHFW�KLS�SDLQ�DPRQJ�
SDWLHQWV� ZLWK� RVWHRDUWKULWLV� �2$�� RI�
WKH�KLS� 
6XEMHFWV� ZHUH� SDWLHQWV� RYHU� ���

\HDUV�RI�DJH�ZLWK�V\PSWRPDWLF�2$�RI�
WKH�KLS� IRU� DW� OHDVW� VL[�PRQWKV��ZLWK�
KLS�SDLQ�VHYHULW\�RI�DW� OHDVW�WKUHH�RQ�
D� ��-SRLQW� VFDOH�� 7KH� SDWLHQWV� ZHUH�
UDQGRPL]HG� WR� UHFHLYH�HLWKHU����PJ�
RI� WULDPFLQRORQH�DFHWDWH�RU�D�VLPLODU�
YROXPH� ��� P/�� RI� QRUPDO� VDOLQH��
LQMHFWHG�DW�WKH�ODWHUDO�XSSHU�TXDGUDQW�
RI� WKH� JOXWHDO� PXVFXODWXUH�� 3ULPDU\�
RXWFRPH�YDULDEOHV�ZHUH�WKH�VHYHULW\�
RI� KLS� SDLQ� DW� WZR� ZHHNV�� DV�
PHDVXUHG� E\� DQ� ��-SRLQW� QXPHULFDO�
UDWLQJ� VFDOH�� DW� UHVW� DQG� GXULQJ�
ZDONLQJ�� DV� ZHOO� DV� VFRUHV� RQ� WKH�
:HVWHUQ� 2QWDULR� DQG� 0F0DVWHU�
8QLYHUVLW\� 2VWHRDUWKULWLV� ,QGH[�
�:20$&��3DLQ�6XEVFDOH� 
$W� WZR� ZHHNV�� FRPSDUHG� ZLWK� WKH�

SODFHER� JURXS�� WKH� JOXFRFRUWLFRLG�
JURXS� KDG� D� VLJQLILFDQW� UHGXFWLRQ� LQ�
KLS� SDLQ� DW� UHVW�� EXW� QRW� GXULQJ�
ZDONLQJ�� $W� IRXU-�� VL[-� DQG� ��-ZHHN�
IROORZ-XSV�� WKH� JOXFRFRUWLFRLG� JURXS�
KDG�VLJQLILFDQW�KLS�SDLQ�UHGXFWLRQV�DW�
UHVW� DQG� GXULQJ� ZDONLQJ�� 2WKHU�
GLIIHUHQFHV� IDYRULQJ� WKH�
JOXFRFRUWLFRLG� JURXS� LQFOXGLQJ�
:20$&� 3DLQ�� )XQFWLRQ�� 6WLIIQHVV�
VXEVFDOHV�DQG�7RWDO� VFDOH�� $GYHUVH�
HYHQWV�ZHUH�UHSRUWHG�E\����SDWLHQWV�
LQ� WKH� SODFHER� JURXS� DQG� ��� LQ� WKH�
JOXFRFRUWLFRLG�JURXS�� 
&RQFOXVLRQ�� 7KLV� UDQGRPL]HG��

FRQWUROOHG� WULDO� IRXQG� WKDW� DQ�
LQWUDPXVFXODU� JOXFRFRUWLFRLG�

LQMHFWLRQ� FDQ� UHGXFH� SDLQ� DQG�
LPSURYH�IXQFWLRQ�IRU�XS�WR����ZHHNV� 

 
'RUOHLMQ�� '��� HW� DO�� ,QWUDPXVFXODU�
*OXFRFRUWLFRLG� ,QMHFWLRQ� YHUVXV�
3ODFHER� ,QMHFWLRQ� LQ� +LS�
2VWHRDUWKULWLV�� $� ��-:HHN�� %OLQGHG��
5DQGRPL]HG�� &RQWUROOHG� 7ULDO�� $QQ�
5KHXP� 'LV��������-XQH������������
-���� 

$662&,$7,21�%(7:((1�%0,�
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/RZ� EDFN� SDLQ� �/%3�� DQG� REHVLW\�
DUH� WZR� RI� WKH� PRVW� SUHYDOHQW�
PHGLFDO� FRQGLWLRQV� LQ� WKH� 8QLWHG�
6WDWHV�� (DFK� DUH� PDMRU� GULYHUV� RI�
LQFUHDVHG� KHDOWK� FDUH� H[SHQGLWXUHV��
7KLV� VWXG\�H[SORUHG� WKH�SUHYDOHQFH��
VHYHULW\� DQG� IUHTXHQF\� RI� /%3� DQG�
LWV�DVVRFLDWLRQ�ZLWK�ERG\�PDVV�LQGH[�
�%0,�� 
7KLV�VWXG\� LQFOXGHG�������SDWLHQWV�

IURP� WKH� 2VWHRDUWKULWLV� ,QLWLDWLYH�� D�
SURVSHFWLYH� VWXG\� LQLWLDOO\� GHVLJQHG�
WR� UHYLHZ� RVWHRDUWKULWLV� RI� WKH� NQHH��
%0,�ZDV� FODVVLILHG� DFFRUGLQJ� WR� WKH�
:RUOG� +HDOWK� 2UJDQL]DWLRQ¶V�
GHILQLWLRQ�� ZLWK� SUHYDOHQFH�� VHYHULW\�
DQG�IUHTXHQF\�RI�ORZ�EDFN�SDLQ�DOVR�
DVVHVVHG� 
&RPSDUHG� ZLWK� SDWLHQWV� LQ� WKH�

QRUPDO� DQG� XQGHUZHLJKW� FDWHJRULHV��
WKRVH� ZKR� ZHUH� RYHUZHLJKW� DQG�
REHVH�KDG�DQ� LQFUHDVHG�SUHYDOHQFH�
RI� /%3� �S������ IRU� ERWK��� DV� GLG�
WKRVH� ZKR� ZHUH� VHYHUHO\� DQG�
PRUELGO\�REHVH��S������IRU�ERWK���$Q�
DGMXVWHG� DQDO\VLV� LQGLFDWHG� WKDW�
YDULDEOHV� VLJQLILFDQWO\� UHODWHG� WR� DQ�
LQFUHDVHG�SUHYDOHQFH�RI�/%3�ZHUH�D�
%0,� RI� JUHDWHU� WKDQ� ��� NJ�P��
�S �������� GHSUHVVLRQ� �S ��������
VPRNLQJ� �S �������� 2$� RI� WKH� KLS�
�S ������� DQG� 2$� RI� WKH� VSLQH�
�S�������� 
&RQFOXVLRQ�� 7KLV� VWXG\�

VXJJHVWV�WKDW�D�%0,�RI�RYHU���NJ�P��
LV� DVVRFLDWHG� ZLWK� DQ� LQFUHDVHG�
SUHYDOHQFH�RI�ORZ�EDFN�SDLQ� 

 
6X�� &��� HW� DO�� 7KH� $VVRFLDWLRQ�
EHWZHHQ� %RG\� 0DVV� ,QGH[� DQG� WKH�
3UHYDOHQFH��6HYHULW\�DQG�)UHTXHQF\�
RI� /RZ� %DFN� 3DLQ�� 6SLQH�� ������
-XQH�������������-���� 
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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 

([SDQGLQJ� WKH �IURQW LHU �RI �PHGLFLQH � LQ �UHVHDUFK� � WHDFKLQJ� �DQG�SDWLHQW�FDUH  

,1)(&7,21�$1'�%2'<�0$66�
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2EHVLW\� DQG� RYHUZHLJKW� DUH�

ZRUOGZLGH� KHDOWK� HSLGHPLFV�� ZLWK�
REHVLW\� DVVRFLDWHG� ZLWK� HDUOLHU� WRWDO�
MRLQW� DUWKURSODVWLHV� DQG� KLJKHU�
UHYLVLRQ� UDWHV�� 7KLV� UHWURVSHFWLYH�
VWXG\� RI� SDWLHQWV� ZKR� UHFHLYHG� D�
WRWDO� NQHH� DUWKURSODVW\� �7.$�� ZDV�
GHVLJQHG� WR� EHWWHU� XQGHUVWDQG� WKH�
DVVRFLDWLRQ� EHWZHHQ� VXUJLFDO� VLWH�
LQIHFWLRQ��66,��DQG�REHVLW\� 
6XEMHFWV� ZHUH� ���� SDWLHQWV� ZKR�

KDG�XQGHUJRQH�URXWLQH��SULPDU\�7.$�
EHWZHHQ�$SULO�RI������DQG�0DUFK�RI�
������7KH�VXEMHFWV�ZHUH�GLYLGHG�E\�
ERG\�PDVV�LQGH[��%0,��DFFRUGLQJ�WR�
WKH� :RUOG� +HDOWK� 2UJDQL]DWLRQ¶V�
�:+2V�� FODVVLILFDWLRQV� DV� QRUPDO��
RYHUZHLJKW�� REHVH� FODVV� ,�� REHVH�
FODVV�,,�DQG�REHVH�FODVV�,,,��7KH�UDWH�
RI� LQIHFWLRQ� ZDV� DVVHVVHG� IRU� HDFK�
RI�WKHVH�ZHLJKW�FDWHJRULHV� 
2I�WKH�����SDWLHQWV��WKH�PHDQ�%0,�

ZDV� ����NJ�P��� ZLWK� ����� LQ� WKH�
:+2� QRUPDO� %0,� UDQJH�� ������
RYHUZHLJKW�� ������ REHVH� FODVV� ,��
������ FODVV� ,,� DQG� ����� REHVH�
FODVV� ,,,�� $PRQJ� WKH� FRKRUW��

VXSHUILFLDO� 66,� RFFXUUHG� LQ� ������
DQG� GHHS� 66,� LQ� ������ � � :KHQ��
VXEMHFWV� ZHUH� JURXSHG� DV� HLWKHU�
REHVH� RU� QRW� REHVH�� QR� VLJQLILFDQW�
GLIIHUHQFH� ZDV� VHHQ� EHWZHHQ� WKH�
JURXSV�� +RZHYHU�� WKH� ULVNV� RI�
VXSHUILFLDO� DQG� GHHS� 66,� ZHUH� ����
DQG� ����� WLPHV� JUHDWHU� UHVSHFWLYHO\�
LQ� WKH� REHVH� FODVV� ,,,� JURXS�
FRPSDUHG� ZLWK� WKH� RWKHU� ZHLJKW�
JURXSV� �S ������ DQG� S �������
UHVSHFWLYHO\�� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� XQGHUJRLQJ� WRWDO� NQHH�
DUWKURSODVW\�IRXQG�WKDW�D�JUHDWHU�ULVN�
RI�VXSHUILFLDO�DQG�GHHS�VXUJLFDO� VLWH�
LQIHFWLRQV� ZDV� KLJKHU� RQO\� DPRQJ�
WKRVH� ZLWK� D� ERG\� PDVV� LQGH[� RI�
��NJ�P��RU�JUHDWHU� 

 
:LOVRQ�� &��� HW� DO�� 6XUJLFDO� 6LWH�
,QIHFWLRQ� LQ� 2YHUZHLJKW� DQG� 2EHVH�
7RWDO� .QHH� $UWKURSODVW\� 3DWLHQWV�� -�
2UWKRS�� ������ -XQH�� ������� ���-
���� 
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