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'DWD�KDYH�VKRZQ� WKDW� SHRSOH�ZLWK�

GHPHQWLD�DUH�VL[�WLPHV�PRUH�OLNHO\�WR�
EH� DGPLWWHG� WR� WKH� KRVSLWDO� ZLWK�
GHOLULXP�� )XUWKHU�� GHOLULXP� LV�
DVVRFLDWHG�ZLWK� DQ� LQFUHDVHG� ULVN� RI�
GHDWK�RU�IXUWKHU�KRVSLWDOL]DWLRQ�ZLWKLQ�
WKH� QH[W� ��� PRQWKV�� 7KLV� VWXG\�
DVVHVVHG� WKH� UHODWLRQVKLS� EHWZHHQ�
SDLQ� DQG� GHOLULXP� LQ� SDWLHQWV� ZLWK�
GHPHQWLD� LQ� DQ� DFXWH� KRVSLWDO�
VHWWLQJ� 
$OO�KRVSLWDOL]HG�SDWLHQWV�ZLWK�D�SUH-

H[LVWLQJ��GRFXPHQWHG�GHPHQWLD�ZHUH�
HOLJLEOH� WR� SDUWLFLSDWH�� 3DWLHQWV� ZHUH�
VFUHHQHG� DW� KRVSLWDO� DGPLVVLRQ� ZLWK�
WKH� &RQIXVLRQ� $VVHVVPHQW� 0HWKRG�
�&$0��� 7KRVH� ZLWKRXW� GHOLULXP�
FRPSOHWHG�D�0LQL-0HQWDO�6WDWH�([DP�
�006(��� 'DWD� ZHUH� JDWKHUHG� HYHU\�
IRXU� GD\V�� LQFOXGLQJ� DVVHVVPHQWV� RI�
GHPHQWLD�� VHOI-UHSRUWHG� DQG�
REVHUYDWLRQDO�HVWLPDWHV�RI�SDLQ� 
2I� WKH� ���� SDUWLFLSDQWV�� ����

H[SHULHQFHG� SDLQ� DW� UHVW� DQG� ����
H[SHULHQFHG�SDLQ�GXULQJ�DFWLYLW\��7KH�
RGGV� RI� GHOLULXP� ZHUH� ����� WLPHV�
KLJKHU�DPRQJ�WKRVH�ZLWK�SDLQ�DW�UHVW�
�S�  � �������� ZLWK� QR� LQFUHDVHG� ULVN�
DPRQJ� WKRVH� ZLWK� SDLQ� GXULQJ�
DFWLYLW\�� 2YHU� KDOI� RI� WKRVH� ZLWK�
GHOLULXP� ZKR� ZHUH� XQDEOH� WR� UHSRUW�
SDLQ�ZHUH�MXGJHG�WR�EH�LQ�SDLQ�GXULQJ�
DFWLYLW\��1R�VLJQLILFDQW�GLIIHUHQFH�ZDV�
VHHQ� LQ� WKH� RFFXUUHQFH� RI� GHOLULXP�
EHWZHHQ� WKRVH�ZKR�ZHUH�SUHVFULEHG�
DQDOJHVLFV�DQG�WKRVH�ZKR�ZHUH�QRW� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� GHPHQWLD� IRXQG� WKDW��
GXULQJ� KRVSLWDOL]DWLRQ�� WKH� RGGV� RI�
GHOLULXP�ZHUH�RYHU�WKUHH�WLPHV�KLJKHU�
DPRQJ� WKRVH� H[SHULHQFLQJ� SDLQ� DW�
UHVW� 

)HDVW��$���HW�DO��3DLQ�DQG�'HOLULXP�LQ�
3HRSOH� ZLWK� 'HPHQWLD� LQ� WKH� $FXWH�
*HQHUDO� +RVSLWDO� 6HWWLQJ�� � $JH�
$JLQJ�� ������1RYHPEHU������������
-���� 
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$FFRUGLQJ� WR� WKH� FDUERK\GUDWH-�

LQVXOLQ� PRGHO� RI� REHVLW\�� DQ�
LQFUHDVHG�UDWLR�RI�LQVXOLQ�WR�JOXFDJRQ�
DIWHU� D� PHDO� ZLWK� D� KLJK� JO\FHPLF�
ORDG� GLUHFWV� PHWDEROLF� IXHOV� DZD\�
IURP�R[LGDWLRQ�DQG�WRZDUG�VWRUDJH�LQ�
DGLSRVH�WLVVXH��6WXGLHV�H[SORULQJ�WKLV�
PRGHO�KDYH�QRW�SURGXFHG�FRQFOXVLYH�
UHVXOWV�� 7KLV� VWXG\� FRPSDUHG� WKH�
HIIHFWV� RI� GLHWV� YDU\LQJ� LQ�
FDUERK\GUDWH� WR� IDW� UDWLRV�RQ�HQHUJ\�
H[SHQGLWXUH� GXULQJ� ZHLJKW� ORVV�
PDLQWHQDQFH� 
7KLV� UDQGRPL]HG�� FRQWUROOHG� WULDO�

LQFOXGHG�DGXOWV�DW�)UDPLQJKDP�6WDWH�
8QLYHUVLW\�� VWXGLHG� EHWZHHQ� $XJXVW�
RI� ����� DQG�0D\� RI� ������ 'XULQJ� D�
UXQ-� LQ� SKDVH�� HQHUJ\� LQWDNH� ZDV�
UHVWULFWHG� WR� SURPRWH� ���� ZHLJKW�
ORVV� RYHU� QLQH� WR� WHQ� ZHHNV�� 7KH�
VXEMHFWV� ZKR� VXFFHVVIXOO\� ORVW� WKLV�
ZHLJKW� ZHUH� UDQGRPL]HG� WR� KLJK��
PRGHUDWH� RU� ORZ� FDUERK\GUDWH� WHVW�
GLHWV� IRU� D� ��-ZHHN� SKDVH�� 'XULQJ�
WKLV� SKDVH�� HQHUJ\� LQWDNH� ZDV�
DGMXVWHG�WR�PDLQWDLQ�ZHLJKW�ORVV��7KH�
GLHWV�DOO�FRQWDLQHG�SURWHLQ�DW�����RI�
WRWDO� FDORULHV�� YDU\LQJ� WKH� HQHUJ\�
FRQWULEXWLRQV� RI� FDUERK\GUDWHV� DW�
����� ���� RU� ����� ZLWK� WKH�
UHPDLQLQJ� FDORULHV� REWDLQHG� WKURXJK�
IDW�� 2XWFRPH� YDULDEOHV� ZHUH� HQHUJ\�
H[SHQGLWXUH�� SK\VLFDO� DFWLYLW\� DQG�
PHWDEROLF�KRUPRQHV� 
2I� WKH� ���� SDUWLFLSDQWV� LQ� WKH�

ZHLJKW�ORVV�SKDVH������DFKLHYHG�WKH�
WDUJHW� ���� UHGXFWLRQ� LQ� ZHLJKW� ORVV�
DQG� ZHUH� LQFOXGHG� LQ� WKLV�
UDQGRPL]HG� WULDO��&RPSDUHG�ZLWK� WKH�
KLJK� FDUERK\GUDWH� GLHW�� FKDQJH� LQ�
WRWDO� HQHUJ\� H[SHQGLWXUHV� ZHUH� ���
NFDO�SHU�GD\�JUHDWHU�RQ�WKH�PRGHUDWH�
FDUERK\GUDWH� GLHW� DQG� ���� NFDO� SHU�
GD\�JUHDWHU�RQ�WKH� ORZ�FDUERK\GUDWH�
GLHW�� 7KH� GDWD� UHYHDOHG� WKDW� HQHUJ\�
H[SHQGLWXUH� LQFUHDVHG� E\� ��� NFDO�G�
IRU� HYHU\� ���� GHFUHDVH� LQ� WKH�
FRQWULEXWLRQ� RI� FDUERK\GUDWH� WR� WRWDO�

HQHUJ\� LQWDNH� �S �������� 7KLV� HIIHFW�
ZDV�PRVW� SURQRXQFHG� DPRQJ� WKRVH�
ZLWK� KLJK� LQVXOLQ� VHFUHWLRQ�� DV�
PHDVXUHG�DW�SUH-ZHLJKW�ORVV� 
&RQFOXVLRQ�� 7KLV� UDQGRPL]HG��

FRQWUROOHG�WULDO�IRXQG�WKDW��ZLWK�VLPLODU�
FDORULHV� DQG� VLPLODU� SURWHLQ� LQWDNH��
SDWLHQWV� ZKR� FRQVXPH� ORZ�
FDUERK\GUDWH�GLHWV�KDYH� VLJQLILFDQWO\�
JUHDWHU�WRWDO�HQHUJ\�H[SHQGLWXUH� 

(EEHOLQJ��&��� HW� DO��(IIHFWV�RI� D�/RZ�
&DUERK\GUDWH� 'LHW� RQ� (QHUJ\�
([SHQGLWXUH� 'XULQJ� :HLJKW� /RVV�
0DLQWHQDQFH�� 5DQGRPL]HG� 7ULDO��
%0-������������N����� 
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,Q�FDVHV�RI�UHFDOFLWUDQW�GHSUHVVLRQ��

UHSHWLWLYH� WUDQVFUDQLDO� PDJQHWLF�
VWLPXODWLRQ� �U706�� KDV� EHHQ� VKRZQ�
WR� EH� RI� YDOXH� DV� DQ� DGGLWLRQDO�
WUHDWPHQW� RSWLRQ�� 7KH� GXUDELOLW\� RI�
WKH�DQWLGHSUHVVDQW�HIIHFWV�RI�U706�LV�
QRW�\HW�FOHDU��7KLV�PHWD-DQDO\VLV�ZDV�
GHVLJQHG� WR� EHWWHU� XQGHUVWDQG� WKH�
HIILFDF\�RI�U706�RYHU�WLPH� 
$� OLWHUDWXUH� UHYLHZ� ZDV� FRPSOHWHG�

IRU�VWXGLHV�RI�U706�IRU�WKH�WUHDWPHQW�
RI� GHSUHVVLRQ�� )URP� WKLV� VHDUFK�� ���
DUWLFOHV�� SXEOLVKHG� EHWZHHQ� �����
DQG�������ZHUH�FKRVHQ�IRU� LQFOXVLRQ�
LQ�WKH�UHYLHZ��)URP�WKH�VWXGLHV�ZHUH�
H[WUDFWHG�UHVSRQVH�UDWHV�DW�WKUHH��VL[�
DQG����PRQWKV� 
$IWHU� VXFFHVVIXO� U706� LQGXFWLRQ��

DPRQJ�����SDWLHQWV�IURP����VWXGLHV��
������ GHPRQVWUDWHG� D� VXVWDLQHG�
UHVSRQVH�DW�PRQWK�WKUHH��$PRQJ�WKH�
SDWLHQWV�IROORZHG�WKURXJK�VL[�PRQWKV��
������ ZHUH� VWLOO� UHVSRQGHUV�� ZKLOH��
DW� ��� PRQWKV�� ������ ZHUH� VWLOO�
UHVSRQGHUV��$�SRVLWLYH�SUHGLFWRU�RI�D�
SRVLWLYH� UHVSRQVH� DW� ERWK� WKUHH� DQG�
VL[� PRQWKV� ZDV� WKH� LQFOXVLRQ� RI�
PDLQWHQDQFH� WUHDWPHQW�� &RPSDUHG�
WR� WKRVH� ZKR� GLG� QRW� UHFHLYH�
PDLQWHQDQFH� WUHDWPHQW�� WKH�

9ROXPH����1XPEHU�� 0D\�������� 
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UHVSRQVH�UDWHV�RI� WKRVH�ZKR�UHFHLYHG�
PDLQWHQDQFH� WUHDWPHQW� ZHUH� ������
KLJKHU� DW� WKUHH� PRQWKV� DQG� ������
KLJKHU�DW�VL[�PRQWKV� 
&RQFOXVLRQ�� 7KLV� V\VWHPDWLF�

UHYLHZ�DQG�PHWD-DQDO\VLV�RI�VWXGLHV�RI�
SDWLHQWV� ZLWK� GHSUHVVLRQ� WUHDWHG� ZLWK�
UHSHWLWLYH� WUDQVFUDQLDO� PDJQHWLF�
VWLPXODWLRQ�IRXQG�WKDW�������ZHUH�VWLOO�
UHVSRQGHUV� DW� WKUHH� PRQWKV� DQG�
������ZHUH�UHVSRQGHUV�DW����PRQWKV��
ZLWK� WKHVH� UHVXOWV� HQKDQFHG� E\�
PDLQWHQDQFH�WKHUDS\� 

6HQRYD�� 6��� HW� DO�� 'XUDELOLW\� RI�
$QWLGHSUHVVDQW� 5HVSRQVH� WR�
5HSHWLWLYH� 7UDQVFUDQLDO� 0DJQHWLF�
6WLPXODWLRQ�� 6\VWHPLF� 5HYLHZ� DQG�
0HWD-$QDO\VLV��%UDLQ� 6WLP��������-DQ-
)HE������������-���� 
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:KLOH� FRPSUHVVLRQ� JDUPHQWV� KDYH�

EHHQ� XVHG� WR� LPSURYH� FLUFXODWLRQ��
VLPLODU� JDUPHQWV� DUH� ZRUQ� GXULQJ�
VSRUWV� WR� LPSURYH� SHUIRUPDQFH�� 7KLV�
VWXG\� DVVHVVHG� WKH� HIIHFW� RI�
FRPSUHVVLRQ�VRFNV�ZRUQ�GXULQJ�D�ILYH�
NP�UXQ� 
7KLV� FRXQWHUEDODQFHG�� FURVVRYHU�

GHVLJQ� VWXG\� LQFOXGHG� ���� ZHOO-�
WUDLQHG��PDOH� UXQQHUV��$OO�ZHUH�DVNHG�
WR� PDLQWDLQ� FRQVWDQW� GLHWDU\� SDWWHUQV�
SULRU� WR� HDFK� RI� WKUHH� VHVVLRQV�� $W�
HDFK� VHVVLRQ�� WKH� UXQQHUV� SHUIRUPHG�
D�VWDQGDUGL]HG�ZDUPXS��IROORZHG�E\�D�
ILYH� NP� WLPHG� WULDO� DQG� D� RQH-KRXU�
UHFRYHU\� EHIRUH� D� VHFRQG� ZDUPXS�
DQG�ILYH�NP�WLPHG�WULDO� 

 

7KH�UXQQHUV�FRPSOHWHG�RQH�VHVVLRQ�
ZHDULQJ� FRPSUHVVLRQ� VRFNV� IRU� WKH�
ILUVW� ZDUPXS� DQG� WLPHG� WULDO� DQG� RQH�
VHVVLRQ� ZLWK� QR� FRPSUHVVLRQ� VRFNV��
%ORRG� ODFWDWH� FRQFHQWUDWLRQ� ZDV�
PHDVXUHG�� ZLWK� VDPSOHV� FROOHFWHG� DW�
FRPSOHWLRQ� RI� HDFK� VWDJH� RI� WKH�
ZDUPXS� SURWRFRO�� DV� ZHOO� DV� WKUHH�
PLQXWHV�DIWHU�FRPSOHWLRQ�RI�WKH�UXQV� 
7KH� GHFOLQHV� LQ� UXQ� SHUIRUPDQFH�

EHWZHHQ� WKH� ILUVW� DQG� VHFRQG� UXQV�
ZHUH� PRGHUDWH� LQ� WKH� FRQWURO� JURXS�
DQG� VLJQLILFDQWO\� JUHDWHU� WKDQ� LQ� WKH�
FRPSUHVVLRQ� VWRFNLQJV� JURXS�
�S�������� 1R� VLJQLILFDQW� GLIIHUHQFH�
ZDV�IRXQG�EHWZHHQ�WKH�FRQGLWLRQV�RQ�
PHDVXUHV� RI� R[\JHQ� FRQVXPSWLRQ��
EORRG�ODFWDWH�RU�FDOI�YROXPH� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI� ZHOO-�

WUDLQHG� UXQQHUV� IRXQG� WKDW� ZHDULQJ�
FRPSUHVVLRQ� VWRFNLQJV� ZKLOH� UXQQLQJ�
FDQ� UHGXFH� GHWHULRUDWLRQ� LQ�
SHUIRUPDQFH�RQH�KRXU�ODWHU� 

:LOOLDPV�� 1��� HW� DO�� :HDULQJ�
&RPSUHVVLRQ� 6WRFNLQJV� 'XULQJ�
([HUFLVH� $LGV� 6XEVHTXHQW�
3HUIRUPDQFH��-� 6FLHQFH� 0HG� 6SRUW��
����������������-���� 
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7KH� &HQWHUV� IRU� 'LVHDVH� &RQWURO�

DQG�3UHYHQWLRQ�HVWLPDWHV�WKDW�XS�WR 

���� PLOOLRQ� FRQFXVVLRQV� RFFXU�
DQQXDOO\�LQ�WKH�8QLWHG�6WDWHV��6WXGLHV�
KDYH� VKRZQ� WKDW� D� KLVWRU\� RI�
FRQFXVVLRQ�LQFUHDVHV�DQ�DWKOHWH¶V�ULVN�
RI� VXVWDLQLQJ� D� VXEVHTXHQW�
FRQFXVVLRQ�� 7KLV� VWXG\� LQYHVWLJDWHG�
WKH� DVVRFLDWLRQ� EHWZHHQ� G\QDPLF�
EDODQFH�SHUIRUPDQFH�DQG�FRQFXVVLRQ�
LQMXU\�� 6XEMHFWV� ZHUH� ���� HOLWH� � ,ULVK�
UXJE\� SOD\HUV�� $OO� SDUWLFLSDQWV�
XQGHUZHQW�D�EDVHOLQH�<�%DODQFH�7HVW�
�<%7��� ZLWK� DQ� LQHUWLDO� VHQVRU�� 7KH�
RXWFRPH� YDULDEOH� RI� LQWHUHVW� ZDV� WKH�
GLDJQRVLV� RI� FRQFXVVLRQ� GXULQJ� WKH�
HQVXLQJ� VHDVRQ�� ZLWK� WKDW� GLDJQRVLV�
PDGH� XVLQJ� WKH� +HDG� ,QMXU\�
$VVHVVPHQW�7RRO��+,$��LQ�FRPSOLDQFH�
ZLWK� WKH� ZRUOG� UXJE\� JXLGHOLQHV��
5HFRUGHG�IRU�HDFK�SOD\HU�ZDV�D�VHOI-�
UHSRUWHG� FRQFXVVLRQ� KLVWRU\�� SOD\LQJ�
SRVLWLRQ�� DJH� JURXS� DQG� G\QDPLF�
EDODQFH�YDULDEOHV� 
$W� EDVHOLQH�� ���� RI� WKH� SOD\HUV�

UHSRUWHG� RI� KLVWRU\� RI� FRQFXVVLRQ��
ZKLOH�������RI� WKH�SOD\HUV�VXVWDLQHG�
D� FRQFXVVLRQ� GXULQJ� WKH� VWXG\�
VHDVRQ�� 7KHUH� ZDV� QR� VLJQLILFDQW�
GLIIHUHQFH� LQ� EDVHOLQH� WHVWLQJ� UHVXOWV�
EHWZHHQ� WKRVH� ZKR� KDG� D� KLVWRU\� RI�

FRQFXVVLRQ� DQG� WKRVH� ZKR� GLG� QRW��
7KRVH� ZKR� VXVWDLQHG� D� QHZ�
FRQFXVVLRQ GHPRQVWUDWHG�
VLJQLILFDQWO\� ZRUVH� G\QDPLF� EDODQFH�
ZKHQ� UHDFKLQJ� LQ� WKH� DQWHULRU�
GLUHFWLRQ�� DV� FRPSDUH� WR� WKH� QRQ-�
FRQFXVVHG�JURXS��$�UHJUHVVLRQ�PRGHO�
UHYHDOHG� WKDW�� ZKHQ� FRQWUROOLQJ� IRU�
FRQFXVVLRQ� KLVWRU\�� WKRVH� ZLWK� SRRU�
EDODQFH� SHUIRUPDQFH� ZHUH� DW� D� �����
JUHDWHU� ULVN� RI� VXVWDLQLQJ� D�
FRQFXVVLRQ�� DV� FRPSDUHG� ZLWK� WKRVH�
ZLWK�RSWLPDO�EDODQFH�SHUIRUPDQFH� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI� HOLWH�

UXJE\� SOD\HUV� IRXQG� DQ� DVVRFLDWLRQ�
EHWZHHQ� UHGXFHG� G\QDPLF� EDODQFH�
SHUIRUPDQFH� DQG� WKH� ULVN� RI�
VXVWDLQLQJ�DQRWKHU�FRQFXVVLRQ� 

-RKQVWRQ�� :��� HW� DO�� $VVRFLDWLRQ� RI�
'\QDPLF�%DODQFH�ZLWK�6SRUWV-5HODWHG�
&RQFXVVLRQ��$P� -� 6SRUW� 0HG�� ������
-DQXDU\������������-���� 
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,Q� WKH� \HDU� ������ VHYHQ�SHUFHQW� RI�

WKH� 8QLWHG� 6WDWHV� SRSXODWLRQ� ZDV�
KRVSLWDOL]HG�� ZLWK� RQH� LQ� ��� DGXOWV�
UHDGPLWWHG�ZLWKLQ����GD\V��,W�KDV�EHHQ�
HVWLPDWHG�WKDW�RQH�IRXUWK�RI�DOO���-GD\�
KRVSLWDO� UHDGPLVVLRQV� DUH�
SUHYHQWDEOH�� ZLWK� PDQ\� WUDFHDEOH� WR�
LQDGHTXDWH� SRVW-GLVFKDUJH� IROORZ-XS��
7KLV� VWXG\� UHYLHZHG� WKH� HIIHFW� RI� D�
SULPDU\� FDUH� SK\VLFLDQ� IROORZ-XS�
ZLWKLQ�VHYHQ�GD\V�RI�GLVFKDUJH�RQ�WKH�
UHDGPLVVLRQ� UDWHV� RI� SDWLHQWV� ZLWK�
0HGLFDLG� 
7KLV� VWXG\� ZDV� FRQGXFWHG� LQ�

&DPGHQ�� 1HZ� -HUVH\�� ZKHUH�
0HGLFDLG� FRYHUV� ���� RI� WKH�
UHVLGHQWV�� 7KLV� SURJUDP� HQJDJHG�
SDWLHQWV� ZKLOH� WKH\� ZHUH� VWLOO�
KRVSLWDOL]HG�� LQ� RUGHU� WR� IDFLOLWDWH� D�
SULPDU\� FDUH� DSSRLQWPHQW� ZLWKLQ�
VHYHQ�GD\V�RI�GLVFKDUJH��'XULQJ� WKDW�
YLVLW�� WKH� SDWLHQWV�ZHUH� DOHUWHG� WR� WKH�
EHQHILWV� RI� SULPDU\� FDUH� IROORZ-XS��
9LVLWV� ZHUH� VFKHGXOHG�� WUDQVSRUWDWLRQ�
RIIHUHG� DQG� D� ��-GROODU� JLIW� FDUG�
SUHVHQWHG� DIWHU� DSSRLQWPHQW�
FRPSOHWLRQ�� ,Q� DGGLWLRQ�� WKH� SULPDU\�
FDUH� SUDFWLFHV� ZHUH� RIIHUHG� DQ�
HQKDQFHG� UHLPEXUVHPHQW�RI������ IRU�
YLVLWV� ZLWKLQ� ��� GD\V� DQG� ����� IRU�
YLVLWV� ZLWKLQ� VHYHQ� GD\V�� )RU� HDFK�
SDWLHQW� LQYROYHG� LQ� WKH� WUHDWPHQW�
JURXS�� ILYH�� PDWFKHG� SDWLHQWV� ZHUH�
LGHQWLILHG� IRU� D� FRQWURO� JURXS�� 7KH�
JURXSV� ZHUH� FRPSDUHG� IRU� UDWHV� RI�
UHKRVSLWDOL]DWLRQ� ZLWKLQ� ��� GD\V� RI�
GLVFKDUJH� 



 

3DJH�� �������0D\�������� 9ROXPH����1XPEHU��  

%HWZHHQ������DQG�������WKHUH�ZHUH�
������KRVSLWDOL]DWLRQV�RI�DGXOW�SDWLHQWV��
2I� WKHVH�� ���� GLVFKDUJHV� ZHUH�
IROORZHG� E\� SULPDU\� FDUH�ZLWKLQ� VHYHQ�
GD\V�� DQG� ���� ZLWKLQ� ��� GD\V�� 2I� WKH�
KRVSLWDOL]DWLRQV� LQ� WKH� LQWHUYHQWLRQ�
JURXS��������KDG�D�UHDGPLVVLRQ�ZLWKLQ�
��� GD\V�� DV� FRPSDUHG� ZLWK� ������
DPRQJ� WKH�PDWFKHG�FRQWUROV��S �������
$W����GD\V�SRVW-GLVFKDUJH������LQ�WKH�
WUHDWPHQW� JURXS� ZHUH� UHDGPLWWHG�� DV�
FRPSDUHG� ZLWK� ������ LQ� WKH�PDWFKHG�
FRQWUROV��S ������� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

0HGLFDLG� UHFLSLHQWV� IRXQG� WKDW�� DIWHU�
KRVSLWDOL]DWLRQ�� WKRVH� VHHQ� IRU� IROORZ�
XS� E\� D� SULPDU\� FDUH� SK\VLFLDQ�ZLWKLQ�
VHYHQ�GD\V�KDG�D�VLJQLILFDQW�UHGXFWLRQ�
LQ� ��-� DQG� ��-GD\� KRVSLWDO�
UHDGPLVVLRQ� 

:LHVW�� '��� HW� DO�� 2XWFRPHV� RI� D�
&LW\ZLGH� &DPSDLJQ� WR� 5HGXFH�
0HGLFDLG� +RVSLWDO� 5HDGPLVVLRQV� ZLWK�
&RQQHFWLRQ� WR� 3ULPDU\� &DUH� ZLWKLQ�
6HYHQ� 'D\V� RI� +RVSLWDO� 'LVFKDUJH��
-$0$� 2SHQ�� ������-DQXDU\����������
�-��� 

/2:(5�(;75(0,7<�,1-85<�21�
6<17+(7,&�9(5686�1$785$/�

785) 
 
*UDVV� WXUI� KDV� EHHQ� VKRZQ� WR� DOORZ�

WKH� UHOHDVH� RI� WKH� FOHDW� IURP� WKH�
VXUIDFH� DW� KLJKHU� IRUFHV�� 7KLV� LV�
WKRXJKW� WR� EH� D� SURWHFWLRQ� DJDLQVW�
FHUWDLQ�LQMXULHV��6\QWKHWLF�WXUI�GRHV�QRW�
KDYH� WKLV� FDSDFLW\�� 7KLV� VWXG\�
FRPSDUHG� WKH� LQMXU\� UDWHV� EHWZHHQ�
DWKOHWHV�ZKR�FRPSHWH�RQ�V\QWKHWLF�WXUI�
DQG�WKRVH�ZKR�FRPSHWH�RQ�QDWXUDO�WXUI� 
,QMXU\� GDWD� ZHUH� FROOHFWHG�

SURVSHFWLYHO\�E\�PHGLFDO�VWDII�IRU�DOO 
��� WHDPV� LQ� WKH� 1DWLRQDO� )RRWEDOO�

/HDJXH�� 'DWD� IRU� LQMXULHV� RI� WKH� ORZHU�
H[WUHPLWLHV� ZHUH� FRPSDUHG� EHWZHHQ�
WKRVH� ZKLFK� RFFXUUHG� RQ� ILHOGV� ZLWK�
QDWXUDO� VXUIDFHV� DQG� WKRVH� ZKLFK�
RFFXUUHG� RQ� ILHOGV� ZLWK� V\QWKHWLF�
VXUIDFHV�� 7KHVH� GDWD� ZHUH� UHYLHZHG�
IRU� ILYH� VHDVRQV�� 'DWD� ZDV� FROOHFWHG�
IRU� ������ JDPHV�� ���� ZKLFK� RFFXUUHG�
RQ� V\QWKHWLF� VXUIDFHV� DQG� ���� ZKLFK�
RFFXUUHG�RQ�QDWXUDO�VXUIDFHV� 
)RU� WRWDO� LQMXULHV�� SOD\� RQ� V\QWKHWLF�

WXUI� UHVXOWHG� LQ� D� ���� KLJKHU� UDWH� RI�
LQMXULHV� DV� FRPSDUHG� WR� QDWXUDO� WXUI��
:KHQ� WKH� DQDO\VLV� ZDV� UHVWULFWHG� WR�
QRQFRQWDFW�VXUIDFH�FRQWDFW�LQMXULHV��WKH�
KD]DUG� UDWLRV� RI� V\QWKHWLF� VXUIDFH��
QDWXUDO� VXUIDFH� ZHUH� ����� IRU� NQHH�
LQMXULHV�DQG������IRU�DQNOH�IRRW�LQMXULHV� 
&RQFOXVLRQ��7KLV�VWXG\�RI�1DWLRQDO�

)RRWEDOO� /HDJXH� DWKOHWHV� IRXQG� KLJKHU�
UDWHV�RI� LQMXULHV� WR� WKH� ORZHU�H[WUHPLW\�

ZKHQ�FRPSHWLQJ�RQ�V\QWKHWLF� WXUI� WKDQ�
ZKHQ�SOD\LQJ�RQ�QDWXUDO�WXUI� 

0DFN��&���HW�DO��+LJKHU�5DWHV�RI�/RZHU�
([WUHPLW\� ,QMXU\� RQ� 6\QWKHWLF� 7XUI�
&RPSDUHG� ZLWK� 1DWXUDO� 7XUI� DPRQJ�
1DWLRQDO� )RRWEDOO� /HDJXH� $WKOHWHV��
(SLGHPLRORJLF� &RQILUPDWLRQ� RI� D�
%LRPHFKDQLFDO� +\SRWKHVLV�� $P� -�
6SRUWV� 0HG�� ������ -DQXDU\�� ���
�������-���� 

 

,17(5/(8.,1-��5(&(3725�
$17$*21,67�)25�7(1',123$7+< 

 

7KH�F\WRNLQH�� LQWHUOHXNLQ-���,/����KDV�
EHHQ� IRXQG� LQ� HOHYDWHG� OHYHOV� LQ�
SDWLHQWV�ZLWK�WHQGLQRSDWK\���7KLV�VWXG\�
ZDV� GHVLJQHG� WR� GHWHUPLQH� ZKHWKHU�
$QDNLQUD�� DQ� ,/�� UHFHSWRU� DQWDJRQLVW�
�,/�� 5$��� FDQ� HIIHFWLYHO\� WUHDW�
WHQGLQRSDWK\� 
7KLV� DQLPDO� VWXG\� LQFOXGHG� ����

IHPDOH�� 6SUDJXH� 'DZOH\� UDWV�� DOO�
H[SRVHG� WR� FDUUDJHHQDQ� �&$5��� D�
UHSURGXFLEOH� PHDQV� RI� GHYHORSLQJ�
LQIODPPDWLRQ�� 7KH� DQLPDOV� ZHUH�
UDQGRPL]HG� WR� RQH� RI� WKUHH� JURXSV�� D�
FRQWURO�JURXS��&21���D�&$5�JURXS�RU�D�
&$5� SOXV� $QDNLQUD� JURXS� �&$5�$���
7KH�&21�JURXS�UHFHLYHG�����P/�VDOLQH�
IRU�VL[�ZHHNV��7KH� LQWHUYHQWLRQ�JURXSV�
ZHUH�WUHDWHG�ZLWK�FDUUDJHHQDQ�IRU�IRXU�
ZHHNV�� %HJLQQLQJ� DW� ZHHN� WKUHH�� WKH�
&$5�$�JURXS�UHFHLYHG�$QDNLQUD�DW�����
PJ�NJ� DGGHG� WR� WKH� FDUUDJHHQDQ� DQG�
�����PJ� RI� WKH� FDUUDJHHQDQ�DORQH� IRU�
WKH� ILQDO� WZR� ZHHNV�� ZKLOH� WKH� &$5�
JURXS� UHFHLYHG�VDOLQH� IRU� WKH� ILQDO� WZR�
ZHHNV� 
7KH� &$5�$� JURXS� GHPRQVWUDWHG�

IHZHU� SODTXH-OLNH� OHVLRQV� WKDQ� GLG� WKH�
&$5�JURXS��,Q�DGGLWLRQ��WKH�&$5�JURXS�
GHPRQVWUDWHG� VKRUWHU� WHQGRQ� OHQJWKV�
WKDQ� WKH�RWKHU� WZR� JURXSV� �S������ IRU�
ERWK��� 7KH� &$5� JURXS� GHPRQVWUDWHG�
VLJQLILFDQWO\�JUHDWHU�KLVWRORJLF�FKDQJHV�
WKDQ� GLG� WKH� &$5�$� JURXS�� )RU� DOO�
KLVWRORJLF� IDFWRUV� VWXGLHG�� PRUH�
SDWKRORJ\�ZDV� QRWHG� LQ� WKH�&$5� WKDQ�
LQ� WKH� &$5�$� JURXS� �S�������� 7KH�
WHQVLOH�ORDGV�GLG�QRW�GLIIHU�EHWZHHQ�WKH�
WKUHH�JURXSV� 
&RQFOXVLRQ�� 7KLV� DQLPDO� VWXG\� RI�

WHQGLQRSDWK\� IRXQG� WKDW� DQ� DQWDJRQLVW�
WR� WKH� ,/�� UHFHSWRU� PD\� UHGXFH�
SDWKRORJLFDO�VLJQV�RI�WHQGLQRSDWK\� 

(VNLOGVHQ��6���HW�DO��7KH�8VH�RI�DQ�,/��
5HFHSWRU� $QWDJRQLVW� WR� 5HYHUVH� WKH�
&KDQJHV� $VVRFLDWHG� ZLWK� (VWDEOLVKHG�
7HQGLQRSDWK\�LQ�D�5DW�0RGHO��6FDQG� -�
0HG� 6FL� 6SRUWV�� �������-DQXDU\�����
�������-��� 

62',80�+<$/8521$7(�$1'�
3/$7(/(7�5,&+�3/$60$�)25�

527$725�&8))�7($56 
 
7KH� WUHDWPHQW� RI� SDUWLDO� WKLFNQHVV�

URWDWRU� FXII� WHDUV� FDQ� LQFOXGH�
FRQVHUYDWLYH DQG VXUJLFDO�
LQWHUYHQWLRQV�� $PRQJ� WKH� QRQVXUJLFDO�
RXWFRPHV�� VRGLXP� K\DOXURQDWH� �6+��
DQG� SODWHOHW� ULFK� SODVPD� �353�� DUH�
UHODWLYHO\� QHZ�� 7KLV� VWXG\� LQYHVWLJDWHG�
WKH� HIIHFWV� RI� 6+� FRPELQHG�ZLWK� 353�
IRU� WKH� WUHDWPHQW� RI� SDUWLDO� WKLFNQHVV�
URWDWRU�FXII�WHDUV� 
6XEMHFWV�ZHUH�����SDWLHQWV�����WR����

\HDUV� RI� DJH�� GLDJQRVHG� ZLWK� SDUWLDO�
WKLFNQHVV� URWDWRU� FXII� WHDUV�� FRQILUPHG�
E\� PDJQHWLF� UHVRQDQFH� LPDJLQJ�� 7KH�
SDUWLFLSDQWV� ZHUH� UDQGRPL]HG� WR�
UHFHLYH� QRUPDO� VDOLQH� ��� P/��� 6+� ���
P/���353����P/��RU�6+�SOXV�353���P/�
��P/���LQMHFWHG�RQFH�SHU�ZHHN�IRU�IRXU�
ZHHNV��7KH�SULPDU\�RXWFRPH�PHDVXUH�
ZDV� WKH� &RQVWDQW� VFRUH�� 6HFRQGDU\�
PHDVXUHV� LQFOXGHG� WKH� $PHULFDQ�
6KRXOGHU�DQG�(OERZ�6XUJHRQV��$6(6��
DQG�WKH�9$6�SDLQ�VFRUHV� 
$W�RQH�DQG� WKUHH�PRQWKV��FRPSDUHG�

ZLWK� WKH� FRQWURO� JURXS�� WKH� &RQVWDQW�
DQG� $6(6� VFRUHV� ZHUH� VLJQLILFDQWO\�
LPSURYHG� LQ� WKH� 6+� DQG� WKH�6+�353�
JURXSV�� $W� RQH� PRQWK�� 9$6� SDLQ�
VFRUHV� ZHUH� VLJQLILFDQWO\� ORZHU� LQ� WKH�
6+� DQG� 6+�353� JURXSV� WKDQ� LQ� WKH�
QRUPDO�VDOLQH�DQG�353�JURXSV��$W�VL[�
DQG� ��� PRQWKV�� 9$6� VFRUH�
LPSURYHPHQWV� ZHUH� EHVW� LQ� WKH�
6+�353� JURXS�� $W� RQH� \HDU��
FRPSDUHG� ZLWK� WKH� RWKHU� JURXSV�� WKH�
6+�353� JURXS� VKRZHG� WKH� PRVW�
LPSURYHPHQW�LQ�WKH�&RQVWDQW��9$6�DQG�
$6(6� VFRUHV�� DQG� URWDWRU� FXII� WHDU�
VL]H� 
&RQFOXVLRQ�� 7KLV�VWXG\�IRXQG�WKDW�

353� FDQ� HQKDQFH� WKH� UHFRYHU\� RI�
VPDOO� WR� PHGLXP� SDUWLDO� WKLFNQHVV�
URWDWRU� FXII� WHDUV�� ZLWK� EHWWHU�
LPSURYHPHQW� ZKHQ� FRPELQHG� ZLWK�
VRGLXP�K\DOXURQDWH� 

&DL��<���HW�DO��6RGLXP�+\DOXURQDWH�DQG�
3ODWHOHW� 5LFK� 3ODVPD� IRU� 3DUWLDO�
7KLFNQHVV�5RWDWRU�&XII�7HDUV��0HG� 6FL�
6SRUWV�([HUF��������)HEUXDU\����������
���-���� 

0(/$721,1�)25�75$80$7,&�
%5$,1�,1-85< 

 
$IWHU�D�WUDXPDWLF�EUDLQ�LQMXU\���7%,���D�

FRPSOH[� FDVFDGH� RI� SURFHVVHV� RIWHQ�
UHVXOWV� LQ� IXUWKHU� VLJQLILFDQW�
�VHFRQGDU\�� EUDLQ� LQMXU\�� $V� SUHYLRXV�
VWXGLHV�KDYH�VXJJHVWHG�WKDW�PHODWRQLQ�
PD\� KDYH� QHXURSURWHFWLYH� TXDOLWLHV��
WKLV�OLWHUDWXUH�UHYLHZ�DQG�PHWD-DQDO\VLV�



3DJH�� 0D\�������� 9ROXPH����1XPEHU�� 

 

H[SORUHG� WKH� HIILFDF\� RI� PHODWRQLQ�
IRU�WKH�WUHDWPHQW�RI�DFXWH�7%,� 
$� OLWHUDWXUH� UHYLHZ�ZDV�FRPSOHWHG�

IRU� UDQGRPL]HG�� SODFHER-FRQWUROOHG�
WULDOV� LQYROYLQJ� SDWLHQWV� ZLWK� 7%,�
WUHDWHG� ZLWK� PHODWRQLQ�� )URP� WKH�
UHYLHZ��HLJKW�DUWLFOHV�ZHUH� LGHQWLILHG�
ZKLFK�KDG� LQIRUPDWLRQ�VXLWDEOH�IRU�D�
PHWD-DQDO\VLV�� 7KH� UDQJH� RI� WKH�
PHODWRQLQ�GRVH�ZDV������ௗPJ�NJ� WR�
���ௗPJ�NJ�� DOWKRXJK� WKH� PRVW�
IUHTXHQW�GRVH�ZDV��ௗPJ�NJ� 
'DWD� UHYHDOHG� WKDW� PHODWRQLQ�

GHFUHDVHG� DFXWH� FRQWXVLRQ� YROXPH�
E\� D� VWDQGDUGL]HG� PHDQ� GLIIHUHQFH�
�60'�� RI� ������ GHFUHDVHG� FHUHEUDO�
HGHPD�E\�D�60'�RI������DQG�KDG�D�
IDYRUDEOH� HIIHFW� RQ� QHXURORJLFDO�
VWDWXV�E\�D�60'�RI�������,Q�DGGLWLRQ��
WKRVH� WDNLQJ� PHODWRQLQ� KDG� DQ�
LPSURYHG� SHUIRUPDQFH� LQ� FRJQLWLYH�
WDVNV�� E\� D� 60'� ������ DQG�
GHPRQVWUDWHG� LPSURYHG�PHPRU\� E\�
D�60'�RI�������7KH�RYHUDOO�RXWFRPH�
ZKHQ�HIIHFWV�ZHUH�FRPELQHG�ZDV�D�
60'�RI������ 
&RQFOXVLRQ�� 7KLV� OLWHUDWXUH��

UHYLHZ�DQG�PHWD-DQDO\VLV�� LQFOXGLQJ�
GDWD� IURP� DQLPDO� VWXGLHV��
FRQFHUQLQJ� DFXWH� EUDLQ� LQMXU\��
VXJJHVWV�WKDW�PHODWRQLQ�PD\�KDYH�D�
SURWHFWLYH� HIIHFW� RQ� EHKDYLRUDO� DQG�
SDWKRORJLFDO�RXWFRPHV� 

%DUORZ�� .��� HW� DO�� 0HODWRQLQ� DV� D�
7UHDWPHQW� DIWHU� 7UDXPDWLF� %UDLQ�
,QMXU\�� $� 6\VWHPDWLF� 5HYLHZ� DQG�
0HWD-$QDO\VLV� RI� WKH� 3UH-&OLQLFDO�
DQG� &OLQLFDO� /LWHUDWXUH�� -�
1HXURWUDXPD�� ������ )HEUXDU\�� ���
�������-���� 

 

,1-(&7$%/(�&$57,/$*(�)25�
)2&$/�&+21'5$/�/(6,21 

 
$PRQJ� WLVVXH� HQJLQHHULQJ�

DSSURDFKHV� WR� FKRQGUDO� UHSDLU� DUH�
LQMHFWDEOH�K\GURJHOV�ZKLFK�FDQ�IRUP�
WKUHH-GLPHQVLRQDO� QHWZRUNV�� 7KHVH�
FDQ�EH�GHOLYHUHG�DV�D�OLTXLG�VROXWLRQ�
DQG� WKHQ� SRO\PHUL]HG� LQ� YLYR�� 7KLV�
DQLPDO� VWXG\� DVVHVVHG� WKH� HIILFDF\�
RI� D� QRYHO� FDUWLODJH� PLPHWLF�
K\GURJHO� IRU� WKH� UHSDLU� RI� FKRQGUDO�
GHIHFWV� 
$� K\GURJHO� ZDV� FRQVWUXFWHG��

GHVLJQHG� WR� SRO\PHUL]H� ZLWKLQ�
PLQXWHV�� %RQH� PDUURZ� GHULYHG�
PHVHQFK\PDO� VWHP� FHOOV� �06&��
ZHUH�LVRODWHG�DQG�FXOWXUH�H[SDQGHG��
ZLWK� WKRVH� FHOOV� WKHQ� HQFDSVXODWHG�
LQ� WKH� SKRWRSRO\PHUL]HG� K\GURJHO��
7HQ� UDEELWV� XQGHUZHQW� ELODWHUDO��
VXUJLFDO� FKRQGUDO� OHVLRQV�� ZLWK� WKH�
OHVLRQV� UDQGRPO\� DVVLJQHG� IRU�

WUHDWPHQW� ZLWK� K\GURJHO� �+���
K\GURJHO� SOXV� 06&V� �+��� RU� D�
SODFHER� �3��� ,Q� WKH� +� DQG� +��
JURXSV�� ��� WR� ��� PLOOLOLWHUV� RI�
SRO\PHU� VROXWLRQ�ZHUH� LQMHFWHG�� DQG�
WKHQ�SKRWRSRO\PHUL]HG��XVLQJ�D�����
QP�EOXH� OLJKW� IRU����VHFRQGV��$W�VL[�
PRQWKV�� WKH� DQLPDOV� ZHUH�
HXWKDQL]HG�IRU�DQDO\VLV� 
$W� VL[� PRQWKV�� WKH� PDFURVFRSLF�

HYDOXDWLRQ� VKRZHG� QHDUO\� QRUPDO�
WLVVXH� UHSDLU� LQ� WKH� +� DQG� +��
JURXSV�� 7KH� DGGLWLRQ� RI�
PHVHQFK\PDO� VWHP� FHOOV� GLG� QRW�
HQKDQFH�FDUWLODJH�UHSDLU��ZLWK�VRPH�
FDVHV� VXJJHVWLYH� RI� SRRUHU�
RXWFRPHV�� ,Q�ERWK�K\GURJHO�JURXSV��
UHSDLUHG� WLVVXHV� ZHUH� VFRUHG� DV� D�
PL[� RI� K\DOLQH� DQG� ILEURFDUWLODJH�
WLVVXH�� 7KH� +� JURXS� KDG� WKH� EHVW�
ERQGLQJ� WR� DGMDFHQW� DUWLFXODU�
FDUWLODJH�� ZLWK� EHWWHU� FHOOXODULW\� DQG�
GHIHFW�ILOOLQJ�VFRUHV� 
&RQFOXVLRQ�� 7KLV� DQLPDO� VWXG\�

GHPRQVWUDWHG� WKDW� D� FDUWLODJH�
PLPHWLF� K\GURJHO� FDQ� EH� LQMHFWHG�
DQG� WKHQ� SRO\PHUL]HG� GXULQJ�
VXUJHU\�� ZLWK� LPPHGLDWH� ZHLJKW�
EHDULQJ�� UHVXOWLQJ� LQ� JRRG� GHIHFW�
UHSDLU��7KH�DGGLWLRQ�RI�PHVHQFK\PDO�
VWHP� FHOOV� GLG� QRW� HQKDQFH� WKH�
UHSDLU� 

3DVFXDO-*DUULGR�� &��� HW� DO��
3KRWRSRO\PHUL]DEOH� ,QMHFWDEOH�
&DUWLODJH� 0LPHWLF� +\GURJHO� IRU� WKH�
7UHDWPHQW� RI� )RFDO� &KRQGUDO�
/HVLRQV�� $� 3URRI� RI� &RQFHSW� 6WXG\�
LQ� D� 5DEELW� $QLPDO� 0RGHO�� $P� -�
6SRUW� 0HG��������-DQXDU\����������
���-���� 

(1*,1((5('�*/29(�72�
'(7(&7�5$',2/2*,&$//<�
,62/$7('�6<1'520( 

 
$� JORYH� HQJLQHHUHG� WR� PHDVXUH�

PRWRU� SHUIRUPDQFH� RI� WKH� ILQJHUV�
KDV� EHHQ� VKRZQ� WR� GLVFULPLQDWH�
LQGLYLGXDOV� ZLWK� HDUO\-VWDJH�PXOWLSOH�
VFOHURVLV��06��IURP�KHDOWK\�FRQWUROV��
7KLV� VWXG\� DVVHVVHG� ZKHWKHU� WKLV�
JORYH�FRXOG�EH�XVHIXO� LQ�GLDJQRVLQJ�
LQGLYLGXDOV� ZLWK� UDGLRJUDSKLFDOO\�
LVRODWHG� V\QGURPH� �5,6��� ZKR� DUH�
DV\PSWRPDWLF� ZLWK� 05,� ILQGLQJV�
VXJJHVWLYH�RI�06� 

6XEMHFWV� ZHUH� ��� DGXOWV� ZLWK� D�
GLDJQRVLV� RI� 5,6� DQG� WKH� SUHVHQFH�
RI� ZKLWH� PDWWHU� OHVLRQV�� DOO� ZLWK� QR�
SUHYLRXV� UHPLWWLQJ� FOLQLFDO�
V\PSWRPV��$�FRQWURO�JURXS�LQFOXGHG�
��� DJH� DQG� JHQGHU� PDWFKHG��
KHDOWK\� FRQWUROV�� $OO� SDUWLFLSDQWV�
ZHUH� DVNHG� WR� SHUIRUP� D� ELODWHUDO�

UHSHWLWLYH�ILQJHU�WR�WKXPE�RSSRVLWLRQ�
VHTXHQFH�DW�PD[LPXP�YHORFLW\��DQG�
WKHQ� DW� WZR� +]�� ZKLOH� SDFHG� E\� D�
PHWURQRPH�� $OO� XQGHUZHQW� EUDLQ�
05,� H[DPLQDWLRQ� RQ� WKH� GD\� RI� WKH�
JORYH� H[SHULPHQW�� 2XWFRPH�
PHDVXUHV� ZHUH� PD[LPXP� YHORFLW\�
DQG� FRRUGLQDWLRQ� RI� PRYHPHQW�
EHWZHHQ�WKH�KDQGV� 
&RPSDUHG� WR� WKDW� RI� KHDOWK\�

FRQWUROV�� WKH� UDWH� RI� PD[LPXP�
YHORFLW\� LQ� SDWLHQWV� ZLWK� 5,6� ZDV�
ORZHU� �S �������� ,Q� DGGLWLRQ�� WKH�
KDQG� PRYHPHQWV� ZHUH� OHVV�
V\QFKURQL]HG� LQ� WKH� 5,6� JURXS�
�S ������� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� DV\PSWRPDWLF�
UDGLRORJLFDOO\� LVRODWHG� V\QGURPH�
IRXQG�WKDW�ILQJHU�PRWRU�SHUIRUPDQFH�
DQG� ELPDQXDO� FRRUGLQDWLRQ�
LPSDLUPHQW� FRXOG� EH� GHWHFWHG� ZLWK�
DQ�HQJLQHHUHG�JORYH� 

%RQ]DQR��/���HW�DO��6XEFOLQLFDO�0RWRU�
,PSDLUPHQW� $VVHVVHG� ZLWK� DQ�
(QJLQHHUHG� *ORYH� &RUUHODWHV� ZLWK�
0DJQHWLF� 5HVRQDQFH� ,PDJLQJ�
7LVVXH� 'DPDJH� LQ� 5DGLRORJLFDOO\�
,VRODWHG�6\QGURPH��(XURS� -� 1HXURO��
����������������-���� 

 

,03$&7�/2&$7,21�$1'� 
%5$,1�675$,1 

 
:KLOH� WKH� SUHYDOHQFH� RI�

FRQFXVVLRQ� LV� QRW� FOHDUO\�
XQGHUVWRRG�� HVWLPDWHV� � UDQJHG��
EHWZHHQ�������DQG�����PLOOLRQ�VSRUWV�
UHODWHG� FRQFXVVLRQV� LQ� � � 8QLWHG���
6WDWHV�HDFK��\HDU�  
7KLV� VWXG\� FRPSDUHG� � WKH�
UHODWLRQVKLS� EHWZHHQ� WKH� LPSDFW�
PDJQLWXGH� DQG� GLUHFWLRQ� WR� WKH�
VXEVHTXHQW� YDULDWLRQ�RI�VWUDLQ�OHYHOV�
LQ� UHJLRQV� RI� WKH� EUDLQ�� 8VLQJ� D�
PRGHO� RI� WKH� KXPDQ� KHDG� DQG�
EUDLQ�� OLQHDU� DFFHOHUDWLRQ� ZDV�
UHFRUGHG� XVLQJ� DQ� DFFHOHURPHWHU��
ZKLOH� URWDWLRQDO� YHORFLW\� ZDV�
PHDVXUHG�XVLQJ D� WKUHH-D[LV�
J\URVFRSH��7ZHOYH WHVWV�
ZHUH�FRQGXFWHG ZLWK FRQVWDQW�
HQHUJ\� LPSDFWV� UDQJLQJ� IURP���J� WR�
���� J�� 7KHVH� LPSDFWV� ZHUH�
SURYLGHG�IURP�WKH�IURQWDO��ODWHUDO�DQG�
UHDU� GLUHFWLRQ�� 6WUDLQV� DQG�
SUHVVXUHV�ZHUH�PHDVXUHG�DW�YDULRXV�
SRUWLRQV�RI� WKH�EUDLQ��DQG�FRPSDUHG�
E\�GLUHFWLRQ�RI�LPSDFW� 
7KH� HIIHFW� RI� WKH� LPSDFW� RQ�

GLIIHUHQW� UHJLRQV�RI� WKH� EUDLQ� YDULHG�
E\� GLUHFWLRQ� RI� WKH� LPSDFW�� %RWK�
DQJXODU� DQG� OLQHDU� DFFHOHUDWLRQV�
ZHUH� KLJKHU� LQ� ODWHUDO� DQG� UHDU�
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LPSDFWV� DV� FRPSDUHG� WR� IURQWDO�
LPSDFWV�� :LWK� WKH� DFFHOHUDWLRQ�
SURILOH� KHOG� FRQVWDQW�� IURQWDO� LPSDFW�
SURGXFHG� WKH� KLJKHVW� VWUDLQV� LQ� WKH�
PLGEUDLQ� DV� FRPSDUHG� WR� RWKHU�
UHJLRQV� RI� WKH� EUDLQ�� ,Q� FRQWUDVW��
VWUDLQV� LQ� WKH� FRUSXV� FDOORVXP�ZHUH�
JUHDWHVW� ZKHQ� WKH� LPSDFW� ZDV� IURP�
D�ODWHUDO�GLUHFWLRQ� 
&RQFOXVLRQ�� 7KLV� VWXG\��

PRGHOLQJ� WKH� KXPDQ� EUDLQ�� IRXQG�
WKDW� DQJXODU� DFFHOHUDWLRQV�DUH�XS� WR�
���� KLJKHU� LQ� ODWHUDO� DQG� UHDU�
LPSDFWV� DV� FRPSDUHG� WR� IURQWDO�
LPSDFWV��)URQWDO�LPSDFWV�VHHP�PRUH�
OLNHO\� WR� GDPDJH� WKH�PLGEUDLQ�ZKLOH�
ODWHUDO� LPSDFWV� DUH� PRUH� OLNHO\� WR�
LPSDFW�WKH�FRUSXV�FDOORVXP� 

7LHUQDQ��6�HW�DO��7KH�(IIHFW�RI�,PSDFW�
/RFDWLRQ� RQ� %UDLQ� 6WUDLQ��%UDLQ� ,QM��
���������������������� 
 

*5$18/2&<7(�&2/21<�
67,08/$7,1*�)$&725�)25�

63,1$/�&25'�,1-85< 
 
)RU�SDWLHQWV�ZKR�KDYH�D�WUDXPDWLF�

VSLQDO� FRUG� LQMXU\� �W6&,��� VHFRQGDU\�
PHFKDQLVPV� XQIROG� LQ� GLIIHUHQW�
SKDVHV�� ZKLFK� FDQ� UHVXOW� LQ� IXUWKHU�
FOLQLFDO� GDPDJH�� $PRQJ� WKH� WDUJHWV�
IRU�EORFNLQJ�WKLV�VHFRQGDU\�FDVFDGH��
JUDQXORF\WH�FRORQ\�VWLPXODWLQJ�IDFWRU�
�*-&6)�� KDV� EHHQ� VWXGLHG� IRU� LWV�
SRWHQWLDO�QHXURSURWHFWLYH�HIIHFW��7KLV�
SURVSHFWLYH�� SODFHER-FRQWUROOHG� WULDO�
DVVHVVHG�WKH�QHXURORJLF�HIIHFWV�RI�*
-� &6)� DPRQJ� SDWLHQWV� ZLWK�
LQFRPSOHWH�W6&,� 
6XEMHFWV�ZHUH�EHWZHHQ����DQG����

\HDUV�RI�DJH��DOO�ZLWK�DQ� LQFRPSOHWH�
�W6&,�� RI� EHWZHHQ� RQH-� DQG� VL[-�
PRQWKV¶� GXUDWLRQ�� 7KH� SDUWLFLSDQWV�
ZHUH� UDQGRPL]HG� WR� UHFHLYH� VHYHQ�
GDLO\� LQMHFWLRQV� RI� HLWKHU� SODFHER�
�Q ����RU�����PLFURJUDPV�RI�*-&6)�
�Q �����$�QHXURORJLF�HYDOXDWLRQ�ZDV�
PDGH� DW� EDVHOLQH� DQG� DW� IROORZ-XS��
XVLQJ�WKH�,QWHUQDWLRQDO�6WDQGDUGV�IRU�
1HXURORJLFDO�&ODVVLILFDWLRQ�RI�6SLQDO�
&RUG� ,QMXU\� �,61&6&,��� ZLWK� RWKHU�
PHDVXUHV� LQFOXGLQJ� WKH� $PHULFDQ�
6SLQDO�,QMXU\�$VVRFLDWLRQ��$6,$��DQG�
WKH� ,QWHUQDWLRQDO� $VVRFLDWLRQ� RI�
1HXURUHVWRUDWRORJ\� 6SLQDO� &RUG�
,QMXU\�)XQFWLRQDO�5DWLQJ�6FDOH��,$15
-� 6&,)56�� DQG� WKH� 6SLQDO� &RUG�
,QGHSHQGHQFH�0HDVXUH�,,,��6&,0-,,,��
IRU�DVVHVVPHQW�RI�LPSDLUPHQW� 
$IWHU� VL[� PRQWKV�� WKH� $,6� JUDGH�

UHPDLQHG�XQFKDQJHG� LQ� WKH�SODFHER�
JURXS��ZLWK����SDWLHQWV�LPSURYLQJ�E\�
DW� OHDVW� RQH� JUDGH� LQ� WKH� WUHDWPHQW�

JURXS�� 7KH� PHDQ� FKDQJHV� LQ� WKH�
,61&6&,� PRWRU� VFRUHV� ZHUH� �����
SRLQWV� LQ� WKH� WUHDWPHQW� JURXS� DQG�
���� SRLQWV� LQ� WKH� SODFHER� JURXS�
�S��������� &RPSDUHG� ZLWK� WKH�
WUHDWPHQW� JURXS�� ,$15-6&,)56�
IXQFWLRQDO� VFRUHV� ZHUH� VLJQLILFDQWO\�
EHWWHU� LQ� WKH� WUHDWPHQW� JURXS�
�S��������� ,QFUHDVHG� QHXURSDWKLF�
SDLQ� ZDV� H[SHULHQFHG� LQ� ������ RI�
WKH� WUHDWPHQW� JURXS�� ZLWK� �����
GHPRQVWUDWLQJ�LQFUHDVHG�VSDVWLFLW\� 
�&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV�ZLWK� LQFRPSOHWH�VSLQDO� FRUG�
LQMXU\� IRXQG� WKDW� VHYHQ� GDLO\�
LQMHFWLRQV� RI� ���� PLFURJUDPV� RI� *-�
&6)�FDQ�VLJQLILFDQWO\�LPSURYH�PRWRU�
DQG�VHQVRU\�IXQFWLRQ� 

'HUDNKVKDQUDG�� 1��� HW� DO��
6XEFXWDQHRXV� *UDQXORF\WH� &RORQ\�
6WLPXODWLQJ�)DFWRU�$GPLQLVWUDWLRQ�IRU�
6XEDFXWH� 7UDXPDWLF� 6SLQDO� &RUG�
,QMXULHV�� 5HSRUW� RI� 1HXURORJLFDO� DQG�
)XQFWLRQDO� 2XWFRPHV�� $� 'RXEOH-�
%OLQG�� 5DQGRPL]HG�� &RQWUROOHG��
&OLQLFDO� 7ULDO�� -� 1HXURVXUJ� 6SLQH��
������-DQXDU\�����������-��� 
 

'<1$0,&�%$/$1&(�$1'�5,6.�
2)�&21&866,21 

 
$IWHU�D�FRQFXVVLRQ��DWKOHWHV�DUH�DW�

D� KLJKHU� ULVN� RI� VXVWDLQLQJ� D� UHSHDW�
FRQFXVVLRQ�� 7KLV� VWXG\� LQYHVWLJDWHG�
WKH� DVVRFLDWLRQ� EHWZHHQ� G\QDPLF�
EDODQFH�SHUIRUPDQFH�DQG�WKH�ULVN�RI�
IXWXUH�FRQFXVVLRQ� 
6XEMHFWV� ZHUH� ����� HOLWH�� PDOH��

UXJE\�XQLRQ�SOD\HUV�IURP�IRXU�VHQLRU�
,ULVK� WHDPV�� $OO� XQGHUZHQW� EDVHOLQH�
WHVWLQJ� VHVVLRQV� DQG� UHFHLYHG� D�
VLQJOH�� LQHUWLDO�VHQVRU� WR�ZHDU�DW� WKH�
OHYHO�RI�WKH�IRXUWK�OXPEDU�YHUWHEUD�WR�
PDWFK� WKH� ERG\¶V� FHQWHU� RI� PDVV��
:KLOH� ZHDULQJ� WKH� VHQVRU�� WKH�
VXEMHFWV� FRPSOHWHG� IRXU� SUDFWLFH�
WULDOV�DQG�WKUHH�UHFRUGHG�WULDOV�RI�WKH�
SUH-� GHILQHG� GLUHFWLRQV� RI� WKH� <-
EDODQFH�WHVW��<%7�� 
5HDFK� GLVWDQFHV� ZHUH� QRUPDOL]HG�

WR� HDFK� LQGLYLGXDO� DFFRUGLQJ� WR� OHJ�
OHQJWK�� 7KH� VXEMHFWV� ZHUH� IROORZHG�
GXULQJ� WKH� HQVXLQJ� UXJE\� VHDVRQ��
ZLWK� WKH� LQFLGHQFH� RI� FRQFXVVLRQV�
GRFXPHQWHG�� ,QGHSHQGHQW� YDULDEOHV�
LQFOXGHG� VHOI-UHSRUWHG� FRQFXVVLRQ�
KLVWRU\�� SOD\LQJ� SRVLWLRQ�� DJH�JURXS��
G\QDPLF� EDODQFH� YDULDEOHV� DQG� WKH�
HQWURS\�RI� WKH�J\URVFRSH�PDJQLWXGH�
VLJQDO�GXULQJ�HDFK�<%7�H[FXUVLRQ� 
2I� WKH� ���� SOD\HUV�� ��� KDG� D�

KLVWRU\� RI� FRQFXVVLRQ�� ZLWK� ���
VXVWDLQLQJ�D�FRQFXVVLRQ�LQ�WKH�IROORZ

-�XS�VHDVRQ��7KRVH�ZLWK�VXERSWLPDO�
EDODQFH�DW�EDVHOLQH�ZHUH������WLPHV�
PRUH� OLNHO\� WR� VXVWDLQ� D� FRQFXVVLRQ�
GXULQJ� WKH� IROORZLQJ� VHDVRQ�� HYHQ�
DIWHU� FRQWUROOLQJ� IRU� FRQFXVVLRQ�
KLVWRU\� 
��&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SURIHVVLRQDO� UXJE\� SOD\HUV� IRXQG�
WKDW� WKRVH� ZLWK� VXERSWLPDO� EDODQFH�
DW� EDVHOLQH� KDG� D� VLJQLILFDQWO\�
LQFUHDVHG� ULVN� RI� FRQFXVVLRQ� GXULQJ�
WKH�IROORZLQJ�VHDVRQ� 

-RKQVWRQ�� :��� HW� DO�� $VVRFLDWLRQ� RI�
'\QDPLF� %DODQFH� ZLWK� 6SRUWV-
5HODWHG�&RQFXVVLRQ��$�3URVSHFWLYH��
&RKRUW� 6WXG\�� $P� -� 6SRUW� 0HG�
������-DQXDU\�������������-���� 
 

%/22'�)/2:�5(675,&7('�
(;(5&,6(�)25�32:(5�/,)7(56 
 
)RU� VWUHQJWKHQLQJ�� WKH� WUDGLWLRQDO�

IRUPXOD� LQYROYHV� WUDLQLQJ� ZLWK�
ZHLJKWV�JUHDWHU�WKDQ�����RI�WKH�RQH
-� UHSHWLWLRQ� PD[LPXP� ��50���
+RZHYHU�� VLPLODU� HIIHFWV� KDYH� EHHQ�
IRXQG� ZLWK� UHGXFHG� ZHLJKWV� XVLQJ�
EORRG� IORZ� UHVWULFWLRQ� �%)5��� 7KLV�
VWXG\� DVVHVVHG� WKH� HIIHFW� RI� %)5�
WUDLQLQJ� GXULQJ� VL[� ZHHNV� RI�
VWUHQJWKHQLQJ�E\�HOLWH�SRZHU�OLIWHUV� 
$� JURXS� RI� SRZHU� OLIWHUV� ZHUH�

DVVHVVHG� IRU� WKHLU� �50�� 7KH�
VXEMHFWV� ZHUH� UDQGRPL]HG� WR� D�
FRQYHQWLRQDO�WUDLQLQJ�JURXS�RU�D�%)5�
JURXS�� 7KH� FRQYHQWLRQDO� WUDLQLQJ�
JURXS� SHUIRUPHG� IURQW� VTXDWV� DW� ���
WR�����RI�WKHLU��50��7KH�%)5�JURXS�
SHUIRUPHG�VLPLODU� WUDLQLQJ��ZLWK�%)5�
VHVVLRQV�LQVHUWHG�DW�ZHHNV�RQH�DQG�
WKUHH�� LQFOXGLQJ� IRXU� VHWV� DW� ����RI�
WKH��50��ZLWK�D�EORRG�SUHVVXUH�FXII�
DW� WKHLU� SUR[LPDO� WKLJK� LQIODWHG� WR�
���PP+J�� $IWHU� ���� ZHHNV� RI�
WUDLQLQJ�� VWUHQJWK� ZDV� DVVHVVHG��
PXVFOH� ELRSVLHV� WDNHQ� DQG� 86�
PHDVXUHPHQWV� PDGH� WR� GHWHUPLQH�
WKH�P\RILEHU�DUHDV��0)$��DQG�FURVV-�
VHFWLRQDO� DUHD� �&6$�� RI� P�� UHFWXV�
IHPRULV� �5)��� P�� YDVWXV� ODWHUDOLV�
�9/��P��YDVWXV�PHGLDOLV��90��DQG�P��
YDVWXV�LQWHUPHGLXV��9,�� 
7KH�%)5�H[HUFLVH��%)55(��JURXS�

LQFUHDVHG�VWUHQJWK�LQ�NQHH�H[WHQVLRQ�
�S ������ ZLWK� QR� VLJQLILFDQW� FKDQJH�
LQ� WKH� FRQYHQWLRQDO� JURXS�� 7KH�
GLIIHUHQFH� EHWZHHQ� JURXSV� GLG� QRW�
UHDFK� VWDWLVWLFDO� VLJQLILFDQFH��7\SH� ,�
ILEHUV� LQFUHDVHG� PRUH� LQ� WKH� %)5�
JURXS� WKDQ� LQ� WKH� FRQWURO� JURXS�
�S ��������ZLWK�QR�LQFUHDVH�LQ�W\SH�,,�
ILEHUV�� 0XVFOH� WKLFNQHVV� �PHDVXUHG�
DV�WKH�VKRUWHVW�GLVWDQFH�EHWZHHQ�WKH�
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XSSHU�DQG� ORZHU�DSRQHXURVHV��ZDV�
DOVR�VLJQLILFDQWO\�JUHDWHU�LQ�WKH�%)5�
JURXS� WKDQ� LQ� WKH� FRQWURO� JURXS� IRU�
WKH� 5)�� 9/� DQG� 90� �S ������ ������
DQG�������UHVSHFWLYHO\���7KH�QXPEHU�
RI� P\RQXFOHL� LQ� W\SH� ,� ILEHUV�
LQFUHDVHG� VLJQLILFDQWO\� PRUH� LQ� WKH�
%)5�JURXS�WKDQ�LQ�WKH�FRQWURO�JURXS�
�S ������ 
&RQFOXVLRQ�� 7KLV� VWXG\� RI� HOLWH�

SRZHU� OLIWHUV� LV� IRXQG� WKDW� DGGLQJ�
WZR� EORFNV� RI� IURQW� VTXDWV� ZLWK� ORZ�
ORDG�� EORRG� IORZ� UHVWULFWLRQ� H[HUFLVH�
UHVXOWHG� LQ�DQ� LQFUHDVHG�TXDGULFHSV�
FURVV-VHFWLRQDO� DUHD�� DQG� D�
SUHIHUHQWLDO� K\SHUWURSK\� RI� W\SH� ,�
ILEHUV� 

%MRUQVHQ�� 7��� HW� DO�� 7\SH� �� 0XVFOH�
)LEHU� +\SHUWURSK\� DIWHU� %ORRG� )ORZ�
5HVWULFWHG� 7UDLQLQJ� LQ� 3RZHUOLIWHUV��
0HG� 6FL� 6SRUWV� ([HUF�� ������
)HEUXDU\������������-���� 

'85$7,21�2)�685*(5<�$1'�
326723(5$7,9(�'(/,5,80�

$)7(5�+,3�)5$&785(�5(3$,5 
 

5HVHDUFK� KDV� VKRZQ� WKDW� HOGHUO\�
SDWLHQWV� ZLWK� IUDFWXUHV� DUH�
YXOQHUDEOH� WR� SRVW-RSHUDWLYH�
GHOLULXP��ZLWK� WKH� LQFLGHQFH� UDQJLQJ�
IURP� ILYH� SHUFHQW� WR� ����� 7KLV�
SURVSHFWLYH� VWXG\� DGGUHVVHG� WKH�
DVVRFLDWLRQ�EHWZHHQ� WKH�GXUDWLRQ�RI�
KLS� IUDFWXUH�VXUJHU\�DQG�WKH� ULVN� IRU�
SRVWRSHUDWLYH� GHOLULXP� LQ� HOGHUO\�
DGXOWV��7KLV�SRSXODWLRQ-EDVHG�FRKRUW�
VWXG\�XVHG�DGPLQLVWUDWLYH�GDWD�IURP�
2QWDULR� &DQDGD�� 6XEMHFWV� ZHUH�
SDWLHQWV�ZKR�UHFHLYHG�DFXWH�VXUJLFDO�
PDQDJHPHQW� IRU� KLS� IUDFWXUH�
EHWZHHQ� $SULO� ��� ������ DQG� 0DUFK�
���� ������ 3URFHGXUHV� VKRUWHU� WKDQ�
��� PLQXWHV� RU� ORQJHU� WKDQ� ����
PLQXWHV�ZHUH�H[FOXGHG��'LDJQRVHV��
FRPRUELGLWLHV� DQG�
VRFLRGHPRJUDSKLF� GDWD� ZHUH�
UHFRUGHG�� 7KH� SULPDU\� RXWFRPH�
YDULDEOH� ZDV� WKH� RFFXUUHQFH� RI�
SRVWRSHUDWLYH� GHOLULXP� GXULQJ�
KRVSLWDOL]DWLRQ� 
2I� WKH� ������� SDWLHQWV� LGHQWLILHG��

������ ZHUH� GLDJQRVHG� ZLWK�
SRVWRSHUDWLYH� GHOLULXP�� &RPSDUHG�
ZLWK� WKRVH�ZKR� UHFHLYHG� D� UHJLRQDO�
DQHVWKHWLF�� WKRVH� UHFHLYLQJ� D�
JHQHUDO� DQHVWKHWLF� KDG� D� VOLJKWO\�
KLJKHU�UDWH�RI�SRVWRSHUDWLYH�GHOLULXP�
�����YHUVXV��������S ��������$IWHU�
FRQWUROOLQJ� IRU� FRPRUELGLWLHV��
LQFUHDVHG� VXUJLFDO� GXUDWLRQ� ZDV�
DVVRFLDWHG�ZLWK�DQ�LQFUHDVHG�ULVN�RI�
GHOLULXP��ZLWK�DQ�DGMXVWHG�RGGV�UDWLR�
RI� ����� SHU� ��� PLQXWHV� RI� VXUJHU\�
�S��������� 7KLV� DVVRFLDWLRQ� ZDV�

VWURQJHU� DPRQJ� WKRVH� UHFHLYLQJ�
JHQHUDO� DQHVWKHVLD� WKDQ� DPRQJ�
WKRVH� UHFHLYLQJ� D� UHJLRQDO�
DQHVWKHWLF� 
&RQFOXVLRQ�� 7KLV� FRKRUW� VWXG\�

RI� HOGHUO\� SDWLHQWV� XQGHUJRLQJ� KLS�
IUDFWXUH� VXUJHU\� IRXQG� D� VLJQLILFDQW�
DVVRFLDWLRQ� EHWZHHQ� OHQJWK� RI�
VXUJHU\� DQG� ULVN� RI� SRVWRSHUDWLYH�
GHOLULXP� 

5DYL�� %��� HW� DO�� $VVRFLDWLRQ� RI�
'XUDWLRQ� RI� 6XUJHU\� ZLWK�
3RVWRSHUDWLYH� 'HOLULXP� DPRQJ�
3DWLHQWV� 5HFHLYLQJ� +LS� )UDFWXUH�
5HSDLU��-$0$� 2SHQ��������)HE������
�-��� 

5(6,67$1&(�(;(5&,6(�$1'�
&$5',29$6&8/$5�',6($6( 
 
:KLOH� WKH� FDUGLRYDVFXODU� EHQHILWV�

RI� DHURELF� H[HUFLVH� KDYH� EHHQ�ZHOO�
GRFXPHQWHG�� PRVW� VWXGLHV� RI�
UHVLVWDQFH� H[HUFLVH� KDYH� IRFXVHG�
RQ� ERQH� KHDOWK�� SK\VLFDO� IXQFWLRQ�
DQG� TXDOLW\� RI� OLIH�� 7KLV� VWXG\�
LQYHVWLJDWHG� WKH�HIIHFW�RI� UHVLVWDQFH�
H[HUFLVH� RQ� WKH� ULVN� RI�
FDUGLRYDVFXODU�GLVHDVH��&9'�� 
7KH�$HURELFV�&HQWHU� /RQJLWXGLQDO�

6WXG\� LQFOXGHG� ������� SDUWLFLSDQWV��
���WR����\HDUV�RI�DJH��$OO�XQGHUZHQW�
EDVHOLQH�� FRPSUHKHQVLYH� PHGLFDO�
H[DPLQDWLRQV�� ZLWK�
VRFLRGHPRJUDSKLF�DQG�OLIHVW\OH�GDWD�
DOVR� JDWKHUHG�� 7KH� VXEMHFWV�
DQVZHUHG� TXHVWLRQV� DERXW� WKHLU�
DHURELF� DQG� UHVLVWDQFH� H[HUFLVH�
GXULQJ� WKH� SUHYLRXV� WKUHH� PRQWKV��
)RXU� FDWHJRULHV� RI� UHVLVWDQFH�
H[HUFLVH�H[SRVXUH�ZHUH�HVWDEOLVKHG�
E\�WRWDO�WLPH��LQFOXGLQJ�]HUR��RQH�WR 
��� PLQXWHV�� ��� WR� ���� PLQXWHV�

DQG� PRUH� WKDQ� ���� PLQXWHV� SHU�
ZHHN�� 7KH� SULPDU\� HQGSRLQW� ZDV�
&9'�PRUWDOLW\� 
$W�����-\HDU�IROORZ-XS��DPRQJ�WKH�

�������SDUWLFLSDQWV�� WKHUH�ZHUH�����
DOO-FDXVH�GHDWKV��&RPSDUHG�ZLWK�QR�
UHVLVWDQFH� H[HUFLVH�� XS� WR� ���
PLQXWHV�ZDV�DVVRFLDWHG�ZLWK�D����WR�
���� GHFUHDVHG� ULVN� RI� WRWDO� &9'�
HYHQWV�� LQGHSHQGHQW� RI� DHURELF�
H[HUFLVH��1R�IXUWKHU�UHGXFWLRQV�ZHUH�
IRXQG� ZLWK� UHVLVWDQFH� H[HUFLVH� RI�
JUHDWHU�WKDQ����PLQXWHV�SHU�ZHHN� 
&RQFOXVLRQ�� 7KLV� SURVSHFWLYH�

VWXG\�RI�DGXOWV�XS�WR����\HDUV�RI�DJH�
IRXQG�WKDW�XS�WR�RQH�KRXU�SHU�ZHHN�
RI� UHVLVWDQFH�H[HUFLVH� LV�DVVRFLDWHG�
ZLWK� D� VLJQLILFDQWO\� UHGXFHG� ULVN� RI�
FDUGLRYDVFXODU�HYHQWV� 

/LX�� <��� HW� DO�� $VVRFLDWLRQV� RI�
5HVLVWDQFH ([HUFLVH ZLWK�

&DUGLRYDVFXODU� 'LVHDVH� 0RUELGLW\�
DQG� 0RUWDOLW\�� 0HG� 6FL� 6SRUWV�
([HUF�� ������ 0DUFK�� ������� ���-
���� 

7+(5$3(87,&�(/(&75,&$/�
67,08/$7,21�2)�,1-85('�
3(5,3+(5$/�1(59(�7,668( 
 
3UHYLRXV� VWXGLHV� KDYH� IRXQG� WKDW�

WKLQ-ILOP�ZLUHOHVV� UHFHLYHUV�DUH�DEOH�
WR�UHOLDEO\�GHOLYHU�HOHFWULFDO�LPSXOVHV�
WR� UHFUXLW� SHULSKHUDO� QHUYH� WLVVXH�
DQG� DFWLYDWH� GLVWDO� PXVFXODWXUH� IRU�
WKH� SXUSRVH� RI� WUDFNLQJ�
SRVWRSHUDWLYH� IXQFWLRQDO� UHFRYHU\��
7KLV� VWXG\� H[DPLQHG� WKH� HIIHFW� RI�
HOHFWURVWLPXODWLRQ� E\� DQ� LPSODQWHG�
VWLPXODWRU� RQ� WKH� UHFRYHU\� RI� DQ�
LQMXUHG�VFLDWLF�QHUYH� 
6XEMHFWV� ZHUH� ��� PDOH� UDWV�� DOO�

XQGHUJRLQJ� VXUJLFDO� LPSODQWDWLRQ� RI�
D�ZLUHOHVV�QHUYH�VWLPXODWRU�DGMDFHQW�
WR� WKH� VFLDWLF� QHUYH�� *URXS� RQH�
VHUYHG� DV� D� FRQWURO� DQG� XQGHUZHQW�
VXUJLFDO� H[SRVXUH� ZLWK� QR� LQMXU\��
*URXSV� WZR� DQG� WKUHH� UHFHLYHG� D�
FUXVK� LQMXU\�� ZKLOH� JURXSV� IRXU� DQG�
ILYH� XQGHUZHQW� D� WUDQVHFWLRQ� DQG�
UHSDLU�� *URXSV� WKUHH� DQG� ILYH�
UHFHLYHG� RQH� KRXU� RI� WKHUDSHXWLF�
VWLPXODWLRQ� LPPHGLDWHO\� DIWHU�
VXUJHU\�� $OO� DQLPDOV� XQGHUZHQW�
ZHHNO\� DVVHVVPHQW� RI� IXQFWLRQDO�
UHFRYHU\�� PHDVXUHG� DW� WKH� JOXWHXV�
PD[LPXV��*0���WLELDOLV�DQWHULRU��7$���
JDVWURFQHPLXV� �*6�� DQG� SODQWDULV�
�3/��PXVFOHV� 
$W�IRXU�ZHHNV��(0*�UHFRUGLQJV�LQ�

7$�� *6� DQG� 3/� PXVFOHV� UHYHDOHG�
UHFRYHU\� RI�� UHVSHFWLYHO\�� �������
������DQG�������RI�QDWLYH�IXQFWLRQ�
ZLWK� HOHFWULFDO� VWLPXODWLRQ�� LQ�
FRQWUDVW� WR� ������� ������ DQG�
������ LQ� LWV� DEVHQFH�� $W� ZHHN� ���
SRVW-VXUJHU\�� WKH� 7$�� *6�� DQG� 3/�
PXVFOHV� GHPRQVWUDWHG� UHFRYHU\� RI��
UHVSHFWLYHO\�� ������� ������ DQG�
������ RI� QDWLYH� IXQFWLRQ� LQ� WKH�
SUHVHQFH� RI� WKHUDSHXWLF� HOHFWULFDO�
VWLPXODWLRQ�� DQG� ������� ������ DQG�
������LQ�LWV�DEVHQFH� 
&RQFOXVLRQ�� 7KLV� VWXG\� IRXQG�

WKDW� D�ZLUHOHVV� LPSODQW� VXFFHVVIXOO\�
GHOLYHULQJ WKHUDSHXWLF�
HOHFWURVWLPXODWLRQ� WR� LQMXUHG�
SHULSKHUDO� QHUYH� WLVVXH� FDQ�
DFFHOHUDWH�IXQFWLRQDO�UHFRYHU\� 

0DF(ZDQ�� 0��� HW� DO�� 7KHUDSHXWLF�
(OHFWULFDO� 6WLPXODWLRQ� RI� ,QMXUHG�
3HULSKHUDO� 1HUYH� 7LVVXH� 8VLQJ�
,PSODQWDEOH� 7KLQ� )LOP� :LUHOHVV�
1HUYH� 6WLPXODWRUV�� -�
1HXURVXUJ�������
)HEUXDU\����������-���� 
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&DUSDO�WXQQHO�V\QGURPH��&76��LV�D�
FRPPRQ�QHUYH�HQWUDSPHQW� WKDW� FDQ�
EH� WUHDWHG� E\� FRQVHUYDWLYH� RU�
VXUJLFDO� LQWHUYHQWLRQ��
+\GURGLVVHFWLRQ� LV� D� SURFHGXUH�
LQYROYLQJ� WKH� LQMHFWLRQ� RI� IOXLG� LQWR�
DQDWRPLF� VSDFH� WR� IDFLOLWDWH�
GLVVHFWLRQ� DQG� DGKHVLRO\VLV�� 7KLV�
VWXG\�ZDV�GHVLJQHG�WR�GHWHUPLQH�WKH�
FOLQLFDO� HIILFDF\� RI� QHUYH�
K\GURGLVVHFWLRQ�IRU�PLOG�WR�PRGHUDWH�
&76� 
7KLV�SURVSHFWLYH�VWXG\�LQFOXGHG����

SDWLHQWV�ZLWK�PLOG� WR�PRGHUDWH�&76�
RI�DW�OHDVW�WKUHH�PRQWKV¶�GXUDWLRQ� �
$OO XQGHUZHQW�
HOHFWURGLDJQRVWLF� WHVWLQJ�� ZLWK� WKH�
HYDOXDWLRQV� SHUIRUPHG� DW� EDVHOLQH�
DQG� DW� RQH�� WZR�� WKUHH� DQG� VL[�
PRQWKV� DIWHU� LQWHUYHQWLRQ�� 7KH�
WUHDWPHQW� JURXS� UHFHLYHG� DQ�
LQMHFWLRQ� RI� WKUHH� P/� RI� QRUPDO�
VDOLQH� �16�� WR� GHWDFK� WKH� PHGLDQ�
QHUYH� IURP� WKH� WUDQVYHUVH� FDUSDO�
OLJDPHQW�� $Q� DGGLWLRQDO� � WZR� P/� RI�
16� ZDV� LQMHFWHG� WR� VHSDUDWH� WKH�
PHGLDQ� QHUYH� IURP� WKH� IOH[RU�
WHQGRQV�� ,Q� WKH� FRQWURO� JURXS�� ILYH�
P/� RI� QRUPDO� VDOLQH� ZDV� GHOLYHUHG�
LQWR� WKH� VXEFXWDQHRXV� UHJLRQ�
EH\RQG� WKH� FDUSDO� WXQQHO�� 7KH�
SULPDU\� RXWFRPH� PHDVXUHV� ZHUH�
VFRUHV�RQ�WKH�%RVWRQ�&DUSDO�7XQQHO�
6\QGURPH�TXHVWLRQQDLUH�DQG� LWV� WZR�
VXEWHVWV�� WKH� 6\PSWRP� 6HYHULW\�
6FDOH� �666�� DQG� WKH� )XQFWLRQDO�
6WDWXV� 6FDOH� �)66��� 7KH� VHFRQGDU\�
RXWFRPH� ZDV� WKH� FURVV-VHFWLRQDO�
DUHD��&6$��RI�WKH�PHGLDQ�QHUYH� 
7KH WUHDWPHQW JURXS�

GHPRQVWUDWHG� EHWWHU� LPSURYHPHQW�
WKDQ� WKH� FRQWURO� JURXS� RQ� WKH� 666��
EHJLQQLQJ� DW� RQH� PRQWK� �S �������
DQG� FRQWLQXLQJ� WKURXJK� VL[� PRQWKV�
�S ��������7KH�WUHDWPHQW�JURXS�DOVR�
KDG� VXSHULRU� UHVXOWV� RQ� WKH� )66��
EHJLQQLQJ� DW� PRQWK� WKUHH� �S �������
DQG� FRQWLQXLQJ� WKURXJK� PRQWKV� VL[�
�S ��������7KH� WUHDWPHQW�JURXS�KDG�
EHWWHU� UHFRYHU\� DW� RQH-� DQG� WKUHH-�
PRQWKV¶� IROORZ-XS� LQ� VHQVRU\� QHUYH�
YHORFLWLHV� �S ������ DQG� S �������
UHVSHFWLYHO\���ZLWK� WKH� UHVXOWV� IDOOLQJ�
DW�PRQWK�VL[�WR�PDUJLQDOO\�VLJQLILFDQW�
�S ������� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI� SDWLHQWV�

ZLWK�PLOG� WR�PRGHUDWH� FDUSDO� WXQQHO�
V\QGURPH� IRXQG� WKDW�
K\GURGLVVHFWLRQ� ZLWK� QRUPDO� VDOLQH�
PD\� LPSURYH� IXQFWLRQDO� RXWFRPH�

DQG� UHVXOWV� RQ� HOHFWURGLDJQRVWLF�
PHDVXUHV� 

:X��<���HW�DO��1HUYH�+\GURGLVVHFWLRQ�
IRU� &DUSDO� 7XQQHO� 6\QGURPH�� $�
3URVSHFWLYH�� 5DQGRPL]HG�� 'RXEOH-�
%OLQG�� &RQWUROOHG� 7ULDO�� 0XVFOH�
1HUYH�� ������ )HEUXDU\�� ������� ���-
���� 
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'DWD� KDYH� VKRZQ� WKDW� ���� RI�

DQNOH� IUDFWXUHV� DUH� :HEHU� W\SH� %�
ILEXOD� IUDFWXUHV�� 7UDGLWLRQDO� QRQ-�
RSHUDWLYH� WUHDWPHQW�RI�VWDEOH�:HEHU�
%� IUDFWXUHV� LQYROYHV�EHORZ� WKH�NQHH�
FDVWLQJ�IRU�VL[�ZHHNV��+RZHYHU��DIWHU�
FDVW� UHPRYDO�� FRPPRQ� VHTXHODH�
LQFOXGH� DQNOH� VWLIIQHVV� DQG� GHHS�
YHLQ� WKURPERVLV�� 7KLV� VWXG\�
FRPSDUHG� WKH� RXWFRPHV� RI� SDWLHQWV�
LPPRELOL]HG� E\� FDVWLQJ� IRU� WKUHH�
YHUVXV�VL[�ZHHNV� 
6XEMHFWV� ZLWK� VWDEOH� :HEHU� %�

IUDFWXUHV�ZHUH�UDQGRPL]HG�LQ�D�������
UDWLR� WR� UHFHLYH� VL[-ZHHN� FDVWLQJ��
WKUHH-ZHHN� FDVWLQJ� RU� WKUHH-ZHHN�
LPPRELOL]DWLRQ�ZLWK�DQ�RUWKRVLV��7KH�
SULPDU\� RXWFRPH� PHDVXUH� ZDV� WKH�
2OHUXG-0RODQGHU� $QNOH� 6FRUH�
�20$6���DV�PHDVXUHG�DW����ZHHNV��
6HFRQGDU\� RXWFRPH� PHDVXUHV�
LQFOXGHG� WKH� )RRW� DQG� $QNOH�
2XWFRPH�6FRUH�� WKH�5$1'� ��-,WHP�
+HDOWK� 6XUYH\� DQG� UDQJH� RI�PRWLRQ�
RI�WKH�DQNOH� 
6XEMHFWV� LQFOXGHG� ���� SDWLHQWV��

ZLWK�����DYDLODEOH�DW���-ZHHN�IROORZ
-�XS��$W����ZHHNV��WKH�PHDQ�20$6�
VFRUHV� ZHUH� ����� IRU� WKH� VL[-ZHHN�
FDVW� JURXS�� ����� IRU� WKH� WKUHH-ZHHN�
FDVW� JURXS� DQG� ����� IRU� WKH� WKUHH-�
ZHHN� RUWKRVLV� JURXS�� $V\PSWRPDWLF�
GHHS� YHLQ� WKURPERVLV� ZDV�
GLDJQRVHG� LQ� HLJKW� SDWLHQWV�� ILYH� LQ�
WKH�VL[-ZHHN�FDVW�JURXS��WKUHH�LQ�WKH�
WKUHH-ZHHN� FDVW� JURXS� DQG� QRQH� LQ�
WKH� RUWKRVLV� JURXS�� 7ZR� FDVHV� RI�
QRQXQLRQ� ZHUH� IRXQG�� ERWK� LQ� WKH�
WKUHH-ZHHN�FDVW�JURXS� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� VWDEOH� :HEHU� %� W\SH�
ILEXODU� IUDFWXUHV� IRXQG� WKDW� WKUHH-�
ZHHN� LPPRELOL]DWLRQ�� HLWKHU� LQ� D�
WUDGLWLRQDO�FDVW� RU�D� VLPSOH�RUWKRVLV��
UHVXOWV� LQ�DQNOH�IXQFWLRQ�DQG�KHDOLQJ�
WKDW� LV� QRQLQIHULRU� WR� FRQYHQWLRQDO�
FDVW�LPPRELOL]DWLRQ�RI�VL[�ZHHNV� 

.RUWHNDQJDV�� 7��� HW� DO�� 7KUHH-:HHN�
YHUVXV� 6L[-:HHN� ,PPRELOL]DWLRQ� IRU�
6WDEOH� :HEHU� %� 7\SH� $QNOH�
)UDFWXUHV��5DQGRPL]HG��0XOWLFHQWHU��

1RQLQIHULRULW\� &OLQLFDO� 7ULDO�� %0-��
����������.����� 
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&HQWUDO� VHQVLWL]DWLRQ� GXH� WR�

FKURQLF� NQHH� SDLQ� FDQ� RFFXU� LQ� WKH�
��� WR� ���� RI� WKRVH� ZLWK� DGYDQFHG�
RVWHRDUWKULWLV� RI� WKH� NQHH�� 7KLV� LV� D�
NQRZQ� ULVN� IDFWRU� IRU�SHUVLVWHQW�SDLQ�
DIWHU� WRWDO� NQHH� DUWKURSODVW\� �7.$���
7KLV� VWXG\� LQYHVWLJDWHG� WKH� HIIHFW�RI�
GXOR[HWLQH� IRU�SDLQ� UHGXFWLRQ�DPRQJ�
SDWLHQWV� ZLWK� FHQWUDOL]HG� SDLQ�
XQGHUJRLQJ�7.$� 
7KLV SURVSHFWLYH�� UDQGRPL]HG��

FOLQLFDO WULDO� HQUROOHG� SDWLHQWV�
VFKHGXOHG� IRU� 7.$�� $OO� ZHUH�
VFUHHQHG�SUHRSHUDWLYHO\ ZLWK� WKH�
&HQWUDO� 6HQVLWL]DWLRQ� ,QYHQWRU\�
�&6,��� 7KRVH� ZLWK� VFRUHV� RI� ��� RU�
JUHDWHU� ZHUH� LQYLWHG� WR� SDUWLFLSDWH��
(LJKW\� SDWLHQWV�ZHUH� UDQGRPL]HG� WR�
HLWKHU�D�GXOR[HWLQH�JURXS�RU�D�FRQWURO�
JURXS��7KH� WUHDWPHQW�JURXS� WRRN����
PJ� RI� RUDO� GXOR[HWLQH� WKH� QLJKW�
EHIRUH�VXUJHU\��DQG� WKHQ����PJ�SHU�
GD\� IRU� VL[� ZHHNV��$OO� UHFHLYHG� ����
PJ� RI� FHOHFR[LE� DQG� ���� PJ� RI�
SUHJDEDOLQ�WZR KRXUV�
SUHRSHUDWLYHO\ IRU� SUHHPSWLYH�
SDLQ� FRQWURO�� 7KH� SULPDU\� RXWFRPH�
PHDVXUH� ZDV� D� YLVXDO� DQDORJXH�
VFDOH �9$6� IRU SDLQ�
VHYHULW\�� DV� DVVHVVHG� E\� WKH�
VHQVRU\�GLPHQVLRQ�RI� WKH�%ULHI�3DLQ�
,QYHQWRU\�� 7KRVH� LQ� WKH� WUHDWPHQW�
JURXS� KDG�EHWWHU�DYHUDJH�DQG�ZRUVW�
9$6� SDLQ� VFRUHV� GXULQJ�
SRVWRSHUDWLYH� ZHHNV� WZR� WKURXJK�
VL[�� �S������� DQG� ZHHN� �����
�S �������� � � 3DLQ� � � ZKLOH� � ZDONLQJ��
UHVWLQJ� DQG� DW� QLJKWWLPH� ZDV�
VXSHULRU� LQ� WKH� GXOR[HWLQH� JURXS�
EHJLQQLQJ� DW� WZR� ZHHNV� DQG�
FRQWLQXLQJ� WKURXJK� ��� ZHHNV�
�S ������ IRU� UHVWLQJ� SDLQ� DW� ���
ZHHNV� DQG� S������ IRU� DOO� RWKHU�
FRPSDULVRQV��� 7KHUH� ZDV� QR�
VLJQLILFDQW� GLIIHUHQFH� LQ� DGYHUVH�
PHGLFDO� UHDFWLRQV� EHWZHHQ� WKH�
JURXSV� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� FHQWUDOL]HG� SDLQ�� HDFK�
XQGHUJRLQJ� WRWDO� NQHH� DUWKURSODVW\��
IRXQG� WKDW� WUHDWPHQW�ZLWK�GXOR[HWLQH�
EHJLQQLQJ� WKH� GD\� EHIRUH� VXUJHU\�
DQG�FRQWLQXLQJ�IRU����ZHHNV�UHVXOWHG�
LQ�VLJQLILFDQWO\�OHVV�SDLQ�EHJLQQLQJ�DW�
WZR�ZHHNV�SRVW-VXUJHU\� 

.RK�� -��� HW� DO�� 'XOR[HWLQH� 5HGXFHV�
3DLQ� DQG� ,PSURYHV� 4XDOLW\� RI�



 

 

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  

5HFRYHU\� IROORZLQJ� 7RWDO� .QHH�
$UWKURSODVW\� LQ� &HQWUDOO\� 6HQVLWL]HG�
3DWLHQWV��-� %RQH� -RLQW� 6XUJ�� ������
-DQXDU\���������������-��� 

0(7$/�&+$3(521(6�)25�
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7UDXPDWLF� EUDLQ� LQMXU\� �7%,��

OLWHUDWXUH� VXJJHVWV� WKDW� ]LQF�
KRPHRVWDVLV� PD\� EH� DQ� LPSRUWDQW�
IDFWRU� LQ� WKH� SDWKRELRORJ\� RI� EUDLQ�
LQMXU\�� )OXFWXDWLRQV� LQ� ]LQF� DUH�
K\SRWKHVL]HG� WR� EH� QHXURWR[LF��
SRWHQWLDOO\� WKURXJK� H[FLWRWR[LFLW\��
DQG� DUH� WKRXJKW� WR� FRQWULEXWH� WR�
QHXURGHJHQHUDWLRQ�� 7KLV� DQLPDO�
VWXG\� DVVHVVHG� WKH� HIIHFW� RI� D� ]LQF�
FKHODWRU��3%7��� IRU� WKH� WUHDWPHQW�RI�
DFXWH�EUDLQ�LQMXU\� 
7KH� VXEMHFWV� ZHUH� PDOH�PLFH�� DOO�

RI� ZKRP� XQGHUZHQW� FRQWUROOHG�
FRUWLFDO�LPSDFW��GHVLJQHG�WR�SURGXFH�
D� 7%,�� 7KH� DQLPDOV� ZHUH� WKHQ�
UDQGRPL]HG� WR� EH� JDYDJHG� ZLWK�
YHKLFOH� RU� 3%7�� ��PJ�NJ� RQFH� SHU�
GD\�IRU�WKH�GXUDWLRQ�RI�WKH�VWXG\��$OO�
XQGHUZHQW� EHKDYLRUDO� DVVHVVPHQW��
IROORZHG� E\�SRVWPRUWHP�KLVWRORJLFDO�
DVVHVVPHQW� 

$W� ��� KRXUV�� QR� VLJQLILFDQW�
GLIIHUHQFH� LQ� OHVLRQ� YROXPH� ZDV�
VHHQ� EHWZHHQ� WKH� WUHDWPHQW� DQG�
FRQWURO� JURXSV�� $W� VHYHQ� GD\V��
KRZHYHU�� WKH� 3%7�� JURXS� KDG� D�
VLJQLILFDQWO\� VPDOOHU� OHVLRQ� DUHD�
�S ������� +LVWRORJLFDO� DVVHVVPHQW�
GHPRQVWUDWHG�D�JUHDWHU�GHFUHDVH�LQ�
OHVLRQ� DUHD� DQG� D� JUHDWHU� LQFUHDVH�
LQ� WKH� QXPEHUV� RI� QHXURQV� LQ� WKH�
WUHDWPHQW�JURXS��DV�FRPSDUHG�WR�WKH�
FRQWURO� JURXS�� ,Q� DGGLWLRQ�� FRJQLWLYH�
DVVHVVPHQW��XVLQJ�WKH�<-PD]H�WHVW��
DQG� PRWRU� DVVHVVPHQW�� XVLQJ� D�
URWDURG�WHVW��ZHUH�QRUPDOL]HG� LQ� WKH�
WUHDWPHQW� JURXS� DQG� PDLQWDLQHG�
WKURXJKRXW�WKH����GD\V�RI�WKH�VWXG\� 
&RQFOXVLRQ�� 7KLV� DQLPDO� VWXG\�

SURYLGHV� HYLGHQFH� WKDW� D� PHWDO�
FKDSHURQH� PD\� EH� HIIHFWLYH� LQ�
UHGXFLQJ� WKH� HIIHFWV� RI� D� WUDXPDWLF�
EUDLQ�LQMXU\� 

3RUWEXU\�� 6��� HW� DO�� 0HWDO�
&KDSHURQHV�� $� 1RYHO� 7KHUDSHXWLF�
6WUDWHJ\� IRU�%UDLQ� ,QMXU\"�%UDLQ� ,QM��
����������������-���� 

 
 


