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

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

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�� $� 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����� 

 
38/6('�5$',2)5(48(1&<�
9(5686�&257,&267(52,'�
,1-(&7,21�)25�1(&.�3$,1 

 
7KH�SUHYDOHQFH�RI�KHDG�DQG��XSSHU�

FHUYLFDO� SDLQ� LQ� WKH� JHQHUDO�
SRSXODWLRQ� UDQJHV� IURP� ��-�����
5HFHQW� VWXGLHV�KDYH� VXJJHVWHG� WKDW�
WKH� DWODQWR-RFFLSLWDO� �$2�� MRLQW� SOD\V�
D� PDMRU� UROH� LQ� WKH� RFFXUUHQFH� RI�
KHDG�SDLQ�DQG�RU�XSSHU�FHUYLFDO�SDLQ��
$V�SXOVHG�UDGLRIUHTXHQF\��35)��KDV�
EHHQ� XVHG� IRU� FKURQLF�
PXVFXORVNHOHWDO� SDLQ�� WKLV� VWXG\�
FRPSDUHG� WKH� HIIHFWLYHQHVV� RI� WKLV�
WHFKQLTXH� ZLWK� WKDW� RI� LQWUD-DUWLFXODU�
VWHURLG�LQMHFWLRQV� 
6XEMHFWV� ZHUH� ��� SDWLHQWV� ZLWK�

VSRQWDQHRXV�� FKURQLF�� VXERFFLSLWDO�
QHFN� SDLQ� ZKR� ZHUH� UHIUDFWRU\� WR�
SK\VLFDO� WKHUDS\� DQG� PHGLFDWLRQ��
'\VIXQFWLRQ� RI� &�-�� LQ� WKH� ORZHU�
FHUYLFDO� IDFHW� ZDV� H[FOXGHG� WKURXJK�
D� WKLUG� RFFLSLWDO� QHUYH� EORFN� DQG� D�
PHGLDO�EUDQFK�EORFN�ZLWK�D�QHJDWLYH�
UHVSRQVH�� 7KRVH� UDQGRPL]HG� WR� DQ�
5)�JURXS�UHFHLYHG�VWLPXODWLRQ�ZLWK�D�
35)�QHHGOH� LQ� WKH�$2� MRLQW��DW���+]�
DQG���PV�SXOVH�ZLGWK�IRU�VL[�PLQXWHV�
DW� ��� 9�� 7KRVH� LQ� WKH� FRUWLFRVWHURLG�
JURXS� UHFHLYHG� DQ� LQWUDDUWLFXODU� MRLQW�
DW� WKH� $2�� RI� ����� P/� RI� ���
OLGRFDLQH� DQG� ����� P/� RI�
WULDPFLQRORQH� ��� PJ�� 3DLQ� ZDV�
DVVHVVHG� EHIRUH� WUHDWPHQW� DQG� DW�
RQH�� WKUHH� DQG� VL[�PRQWKV� DIWHU� WKH�
SURFHGXUH� XVLQJ� D� ��-SRLQW�1XPHULF�
5DWLQJ� 6FDOH� �156��� 6XFFHVV� ZDV�
GHILQHG� DV� JUHDWHU� WKDQ� D� ����
UHGXFWLRQ�LQ�SDLQ� 
&RPSDUHG�ZLWK�EDVHOLQH��WKH�PHDQ�

156� VFRUHV� ZHUH� VLJQLILFDQWO\�
UHGXFHG� LQ� ERWK� JURXSV� �S���������
*UHDWHU� WKDQ����� LPSURYHPHQW�ZDV�
DFKLHYHG�LQ�������RI�WKH�35)�JURXS�
DQG� LQ� ������ RI� WKH� FRUWLFRVWHURLG�
JURXS��S ������� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� FKURQLF� VXERFFLSLWDO�
SDLQ� IRXQG� WKDW� UDGLRIUHTXHQF\� PD\�
EH� FRQVLGHUHG� D� UHDVRQDEOH�
WUHDWPHQW� RSWLRQ� WR� LQWUD-DUWLFXODU�
VWHURLGV�DW�WKH�DWODQWR–RFFLSLWDO�MRLQW� 

6KLQ��6���HW�DO��&OLQLFDO�(IIHFWLYHQHVV�
RI ,QWUD-$UWLFXODU� 3XOVHG�

5DGLRIUHTXHQF\� &RPSDUHG� WR� ,QWUD-�
$UWLFXODU� &RUWLFRVWHURLG� ,QMHFWLRQ� IRU�
0DQDJHPHQW� RI� $WODQWR-2FFLSLWDO�
-RLQW� 3DLQ�� $� 3URVSHFWLYH��
5DQGRPL]HG��&RQWUROOHG�3LORW� 6WXG\��
6SLQH�� ������ -XQH� ��� �������� ���-
���� 

 
5(027(�.,1(0$7,&�75$,1,1*�
)25�&+521,&�1(&.�3$,1 

 
3DWLHQWV�ZLWK�QHFN�SDLQ�RIWHQ�KDYH�

UHGXFHG� PRYHPHQW� HIILFDF\�� ZLWK�
LPSDLUPHQWV� LQ� GULYLQJ� DQG�
V\PSWRPV� VXFK� DV� GL]]LQHVV� RU�
NLQHVHRSKRELD��7KLV�VWXG\�HYDOXDWHG�
WKH�HIILFDF\�RI�WZR�PHWKRGV�RI�KRPH�
GHOLYHU\� IRU� FKURQLF� QHFN� SDLQ��
LQFOXGLQJ� YLUWXDO� UHDOLW\� DQG� ODVHU�
SRLQWHU�IHHGEDFN� 
3DWLHQWV� ZLWK� FKURQLF� QHFN� SDLQ�

ZHUH� UDQGRPL]HG� WR� HLWKHU� D� FRQWURO�
JURXS� RU� RQH� RI� WZR� WUHDWPHQW�
JURXSV�� 7KH� WUHDWPHQW� JURXSV�
LQFOXGHG� NLQHPDWLF� WUDLQLQJ�� ZLWK� WKH�
XVH� RI� YLUWXDO� UHDOLW\� �.795�� RU� D�
ODVHU� SRLQWHU� �DWWDFKHG� WR� IRUHKHDG���
$OO�VXEMHFWV�XQGHUZHQW�IRXU�ZHHNV�RI�
WUDLQLQJ�� ,Q�ERWK� LQWHUYHQWLRQ�JURXSV��
WKH�WUDLQLQJ�ZDV�SURYLGHG�WR�LQFUHDVH�
WKH� UDQJH� RI� PRWLRQ�� YHORFLW\� RI�
PRWLRQ� DQG� WKH� DFFXUDF\� RI� KHDG�
PRWLRQ�� 7KH� SULPDU\� RXWFRPH�
PHDVXUH�ZDV�WKH�FKDQJH�LQ�WKH�QHFN�
GLVDELOLW\� LQGH[�� JOREDO� SHUFHLYHG�
HIIHFW�DQG�FHUYLFDO�PRWLRQ�YHORFLW\� 
2I� WKH� SDWLHQWV� UHFUXLWHG�� ���

FRPSOHWHG� D� RQH� PRQWK�� DQG� ���
FRPSOHWHG� D� WKUHH-PRQWK� IROORZ-XS��
7KH� FRQWURO� JURXS� GHPRQVWUDWHG� QR�
FKDQJH� LQ� DQ\� YDULDEOH�� &RPSDUHG�
ZLWK� WKH� FRQWURO� JURXS�� WKH� QHFN�
GLVDELOLW\� LQGH[� ZDV� VLJQLILFDQWO\�
LPSURYHG�ZLWK�YLUWXDO�UHDOLW\��S��������
DV� ZHOO� DV� ZLWK� ODVHU� WUDLQLQJ�
�S�������� $W� WKUHH-PRQWK� IROORZ-XS��
QHFN� SDLQ� ZDV� UDWHG� DV� PXFK�
LPSURYHG� LQ� ������ RI� WKH� YLUWXDO�
UHDOLW\� JURXS�� DQG� LQ� ������ RI� WKH�
ODVHU�JURXS� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV�ZLWK�FKURQLF�QHFN�SDLQ�IRXQG�
WKDW� D� PLQLPDOO\� VXSHUYLVHG� KRPH�
WUHDWPHQW� XVLQJ� D� ODVHU� SRLQWHU� RU�
YLUWXDO� UHDOLW\� FRXOG� VLJQLILFDQWO\�
GHFUHDVH�GLVDELOLW\�DQG�SDLQ� 

9ROXPH����1XPEHU�� -XO\�������� 



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

������-��-������ 

�������������ǡ��Ǥ�Ǥ 

���������������Ƭ�����������������ǡ�
�������������ǡ�
� 

�������������� 

�������Ǥ�������ǡ�Ǥ�Ǥǡ��Ǥ�Ǥ 
����������������ǡ��������ǡ�
� 

���������������� 

������ǡ��Ǥ�Ǥ 
����������������ǡ��������ǡ�
� 

����������� 

��������Ǥ��������ǡ����� 
�����������������������������������ǡ�
���������ǡ��� 

�������������������� 

���������Ǥ������ǡ��Ǥ�Ǥ 

 

%DKDW�� +��� HW� DO�� 5HPRWH� .LQHPDWLF�
7UDLQLQJ� IRU� 3DWLHQWV� ZLWK� &KURQLF�
1HFN�3DLQ��$�5DQGRPL]HG��&RQWUROOHG�
7ULDO�� (XU� 6SLQH� -�� ������ -XQH�� ����
����-����� 

 

+(7(52723,&�266,),&$7,21�
)2//2:,1*�(/%2:�
$57+523/$67< 

 
+HWHURWRSLF� RVVLILFDWLRQ� �+2�� LV� D�

UHFRJQL]HG� VHTXHOD� RI� ERWK� HOERZ�
WUDXPD� DQG� WRWDO� HOERZ� DUWKURSODVW\�
�7($���+RZHYHU��WKH�WUXH�LQFLGHQFH�RI�
+2� DW� WKH� HOERZ� LV� QRW� ZHOO�
XQGHUVWRRG��7KLV�VWXG\�ZDV�GHVLJQHG�
WR� EHWWHU� XQGHUVWDQG� WKH� LQFLGHQFH� RI�
+2� IROORZLQJ� HOHFWLYH� 7($� DQG�
DUWKURSODVW\� VXUJHU\� IRU� KXPHUDO�
IUDFWXUHV� 
7KLV� UHWURVSHFWLYH�VWXG\� LQFOXGHG�DOO�

SULPDU\� 7($V� SHUIRUPHG� EHWZHHQ�
����� DQG� ������ FRPSDULQJ� WKRVH�
XQGHUJRLQJ� HOHFWLYH� SURFHGXUHV� DQG�
WKRVH� ZLWK� WUDXPD� UHODWHG� 7($V�� $OO�
SDWLHQWV� ZHUH� DVVHVVHG� XVLQJ� HOERZ�
VSHFLILF� RXWFRPH� VFRUHV� DQG� IROORZ-�
XS�[-UD\V�DW�D�PHDQ�RI�����\HDUV� 
$W� WKUHH� \HDUV�� DPRQJ� WKH� ���

SDWLHQWV�� WKH� RYHUDOO� LQFLGHQFH� RI� +2�
ZDV������7KH�LQFLGHQFH�ZDV�KLJKHU�LQ�
WKH� WUDXPD� JURXS� ������ WKDQ� WKH�
HOHFWLYH� DUWKURSODVW\� JURXS� �������
7KHUH� ZHUH� QR� SDWLHQWV� ZLWK� %RRNHU�
FODVV� ,9� �DQN\ORVHV��� ZKLOH� ������ RI�
WKH� WUDXPD� JURXS�� DQG� ����� RI� WKH�
HOHFWLYH�JURXS�ZHUH�%RRNHU�FODVV� ,,– 
,,,�� $W� IROORZ-XS�� WKH� PHDQ� IOH[LRQ��

H[WHQVLRQ� DUFV� ZHUH� ���� LQ� WKH�
HOHFWLYH� JURXS� DQG� ���� LQ� WKH� WUDXPD�
JURXS� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� XQGHUJRLQJ� WRWDO� HOERZ�
DUWKURSODVW\� UHYHDOHG� WKDW� WKH�
LQFLGHQFH�RI�KHWHURWRSLF�RVVLILFDWLRQ�DW�

 

WKUHH-\HDU� IROORZ-XS� ZDV� ����� ZLWK�
KLJKHU� UDWHV� LQ� WKH� WUDXPD� WKDQ� WKH�
HOHFWLYH�VXUJHU\�JURXS� 

5RELQVRQ�� 3��� HW� DO�� +HWHURWRSLF�
2VVLILFDWLRQ� IROORZLQJ� 7RWDO� (OERZ�
$UWKURSODVW\�� %RQH� -RLQW� -�� ������
-XQH�����-%�����-����� 

3267-&21&866,9(�
/,*+7+($'('1(66��9(57,*2��
$1'�6<03720�'85$7,21 

 
'L]]LQHVV� LV� D� IUHTXHQW� FRPSODLQW�

DIWHU� FRQFXVVLRQ� EXW� LV� QRQVSHFLILF�
DQG� LV� RIWHQ� UHSRUWHG� DV� HLWKHU�
OLJKWKHDGHGQHVV�RU�YHUWLJR��7KLV�VWXG\�
ZDV� GHVLJQHG� WR� GHWHUPLQH� WKH�
SUHYDOHQFH� RI� SRVW-FRQFXVVLYH�
OLJKWKHDGHGQHVV��DQG�WR�GHWHUPLQH�LWV�
UHODWLRQVKLS� WR� RYHUDOO� V\PSWRP�
GXUDWLRQ� 
7KLV� SURVSHFWLYH�� FRKRUW� VWXG\�

LQFOXGHG� SDWLHQWV�� DJHV� QLQH� WR� ���
\HDUV�� ZLWK� D� KLVWRU\� RI� FRQFXVVLRQ�
GXULQJ� WKH� SULRU� ��� GD\V�� 6XEMHFWV�
FRPSOHWHG WZR V\PSWRP�
TXHVWLRQQDLUHV��RQH�DW�WKH�WLPH�RI�WKH�
FRQFXVVLRQ� DQG� WKHQ� DQRWKHU� RQ� WKH�
GD\�RI� HYDOXDWLRQ��6XEMHFWV� UDWHG� WKH�
VHYHULW\� RI� ��� SRVW-FRQFXVVLRQ�
V\PSWRPV�� LQFOXGLQJ� OLJKWKHDGHGQHVV�
DQG�YHUWLJR� 
7KH� ���� VXEMHFWV� KDG� D�PHDQ� DJH�

RI� ����� \HDUV� DQG� D� PHDQ� LQWHUYDO�
IURP� FRQFXVVLRQ� WR� HYDOXDWLRQ� RI� ����
GD\V�� )URP� WKH� GD\� RI� LQMXU\�� PRUH�
VXEMHFWV� UHFDOOHG� D� VHQVDWLRQ� RI�
OLJKWKHDGHGQHVV� �������� WKDQ� RI�
YHUWLJR� �������� �S��������� $W� FOLQLF�
HYDOXDWLRQ�� PRUH� VXEMHFWV� DOVR�
UHSRUWHG� OLJKWKHDGHGQHVV� ��������
WKDQ�YHUWLJR����������S���������0HDQ�
V\PSWRP� UDWLQJV� IRU� ERWK�
OLJKWKHDGHGQHVV� DQG� YHUWLJR�
LPSURYHG� IURP� LQMXU\� WR� HYDOXDWLRQ��
3RVW-FRQFXVVLYH� V\PSWRP� GXUDWLRQ�
ZDV� LQIOXHQFHG� E\� UHSRUWV� RI�
GL]]LQHVV�IRJJLQHVV� LQFOXGLQJ�
OLJKWKHDGHGQHVV� �S �������� 7KH�
GXUDWLRQ� RI� SRVW-FRQFXVVLYH�
V\PSWRPV� ZDV� JUHDWHU� DPRQJ�
IHPDOHV� �S ������ DQG� DPRQJ� WKRVH�
ZLWK� HPRWLRQDO� V\PSWRPV� UHFDOOHG�
IURP� WKH� GDWH� RI� FRQFXVVLRQ�
�S ������� GL]]LQHVV�IRJJLQHVV��
V\PSWRPV� ZKLFK� LQFOXGH�
OLJKWKHDGHGQHVV� �S ������� DQG�
FHSKDODOJLF� V\PSWRPV� UHSRUWHG� RQ�
WKH�GD\�RI�WKH�HYDOXDWLRQ��S�������� 
&RQFOXVLRQ�� /LJKWKHDGHGQHVV� LV�

PRUH� IUHTXHQWO\� UHSRUWHG� WKDQ�YHUWLJR�
DIWHU� FRQFXVVLRQ�� /LJKWKHDGHGQHVV��
DORQJ� ZLWK� YHUWLJR� DQG� EDODQFH�
GLIILFXOWLHV�� DUH� DVVRFLDWHG� ZLWK� D�
ORQJHU� GXUDWLRQ� RI� RYHUDOO� SRVW-�
FRQFXVVLYH�V\PSWRPV� 

 
+H\HU�� *��� HW� DO�� /LJKWKHDGHGQHVV�
DIWHU�&RQFXVVLRQ��1RW�$OO�'L]]LQHVV�LV�
9HUWLJR��&OLQ�-�6SRUW�0HG��������0D\��
����������-���� 

 

*/8&2&257,&2,'6�$1'�5,6.�2)�
9(57(%5$/�)5$&785(�,1�
5+(80$72,'�$57+5,7,6 

 
3UHYLRXV� VWXGLHV� KDYH� VKRZQ� WKDW�

SDWLHQWV�ZLWK�UKHXPDWRLG�DUWKULWLV��5$��
H[SHULHQFH� IUDFWXUHV�PRUH� IUHTXHQWO\�
WKDQ� GR� WKRVH� LQ� WKH� JHQHUDO�
SRSXODWLRQ��$PRQJ�WKH�ULVN��IDFWRUV�IRU�
IUDFWXUHV�LV�WKH�XVH�RI�JOXFRFRUWLFRLGV��
ZLGHO\� XVHG� LQ� WKH� WUHDWPHQW� RI� 5$��
7KLV� VWXG\� ZDV� GHVLJQHG� WR� LGHQWLI\�
VSHFLILF� HIIHFWV� RI� JOXFRFRUWLFRLG�
WUHDWPHQW�RQ�IUDFWXUH�W\SHV� 
7KLV�VWXG\�XVHG�D�QDWLRQZLGH�FODLPV�

GDWDEDVH� LQ� .RUHD�� WKH� +HDOWK�
,QVXUDQFH� 5HYLHZ� $VVHVVPHQW�
6HUYLFH�� ZKLFK� FRYHUV� ���� RI� WKH�
.RUHDQ� SRSXODWLRQ�� )URP� WKLV�
GDWDEDVH�� SDWLHQWV� ZLWK� 5$� ZHUH�
LGHQWLILHG��DV�ZHUH�WKH�SUHVFULSWLRQV�RI�
GLVHDVH� PRGLI\LQJ� DQWLUKHXPDWLF�
GUXJV� �'0$5'V��JOXFRFRUWLFRLGV�DQG�
D� GLDJQRVLV� RI� RVWHRSRURVLV�� 5LVN� RI�
IUDFWXUHV�ZDV�FRPSDUHG�WR�WKDW�RI�WKH�
JHQHUDO�SRSXODWLRQ� 
2I� WKH� �������� SDWLHQWV� ZLWK� 5$��

IUDFWXUHV� ZHUH� LGHQWLILHG� LQ� ������� $�
FUXGH� DQDO\VLV� UHYHDOHG� WKDW� WKH�
GXUDWLRQ�RI� JOXFRFRUWLFRLG� VWHURLG�XVH�
ZDV�DVVRFLDWHG�ZLWK�WRWDO�IUDFWXUH�ULVN��
ZLWK� RGGV� UDWLRV� RI� ����� IRU� WKRVH�
WUHDWHG�IURP�WKUHH�WR�VL[�PRQWKV��DQG 
�����IRU�WKRVH�WUHDWHG�IRU�PRUH�WKDQ�

VL[� PRQWKV�� $Q� DGMXVWHG� DQDO\VLV�
UHYHDOHG� DQ� LQFUHDVHG� ULVN� IRU� WKRVH�
WUHDWHG� IRU� PRUH� WKDQ� VL[�PRQWKV�� RI�
DQ\�IUDFWXUH��S�������DQG�RI�YHUWHEUDO�
IUDFWXUHV� �S�������� 7KRVH� WDNLQJ� D�
PHDQ� GRVH� RI� ILYH� WR� ���PJ�ZHUH� DW�
LQFUHDVHG� ULVN� IRU� WRWDO� IUDFWXUH�
�S������� DQG� YHUWHEUDO� IUDFWXUH�
�S�������� DV� FRPSDUHG� WR� WKRVH�
WDNLQJ�OHVV� 
&RQFOXVLRQ��7KLV�.RUHDQ�VWXG\�RI�

SDWLHQWV� ZLWK� UKHXPDWRLG� DUWKULWLV�
IRXQG�WKDW��IRU� WKRVH�WUHDWHG�ZLWK�RUDO�
JOXFRFRUWLFRLGV�� D� KLJKHU� GRVH� DQG�
ORQJHU� WUHDWPHQW� GXUDWLRQ� ZHUH�
VLJQLILFDQWO\� UHODWHG� WR� DQ� LQFUHDVHG�
ULVN�RI�KLS�RU�VSLQH�IUDFWXUH� 

.LP�� '��� HW� DO�� *OXFRFRUWLFRLGV� DUH�
$VVRFLDWHG�ZLWK�DQ�,QFUHDVHG�5LVN�IRU�
9HUWHEUDO� )UDFWXUH� LQ� 3DWLHQWV� ZLWK�
5KHXPDWRLG�$UWKULWLV��-�5KHXP��������
0D\�������������-���� 

 
 

&203/,&$7,216�2)�
$17,&2$*8/$7,21�$)7(5� 

63,1(�75$80$ 
 
3UHYLRXV� VWXGLHV� RI� VSLQH� VXUJHU\�

KDYH� H[DPLQHG� WKH� FRPSOLFDWLRQV� RI�
SURSK\ODFWLF� DQWLFRDJXODWLRQ�� EXW� QRW�
WKHUDSHXWLF� DQWLFRDJXODWLRQ�� 7KLV�
VWXG\� ZDV� GHVLJQHG� WR� EHWWHU�
XQGHUVWDQG� WKH� LQFLGHQFH� RI�
FRPSOLFDWLRQV� DPRQJ� SDWLHQWV�



 

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

UHTXLULQJ� DQ� XQSODQQHG� UHWXUQ� WR�
VXUJHU\ ZLWK WKHUDSHXWLF�
DQWLFRDJXODWLRQ� 
7KLV� UHWURVSHFWLYH� VWXG\� LQFOXGHG�

SDWLHQWV� ZKR� XQGHUZHQW� VXUJHU\� IRU�
WUDXPDWLF�VSLQDO�FROXPQ�LQMXU\�EHWZHHQ�
����� DQG� ����� DQG� ZKR� VXVWDLQHG� D�
WKURPERHPEROLF� HYHQW� �'97�� 3(� RU�
0,���3DWLHQWV�ZKR�ZHUH�WKHQ�SODFHG�RQ�
DQWLFRDJXODWLRQ� ZHUH� FRPSDUHG� WR�
PDWFKHG� SDWLHQWV� ZKR� ZHUH� QRW�� 7KH�
SULPDU\�RXWFRPH�YDULDEOH�ZDV�WKH�UDWH�
RI� FRPSOLFDWLRQV� WKDW� UHTXLUHG�
XQSODQQHG�UHRSHUDWLRQ� 
2I� WKH� ������ SDWLHQWV�� ��� ZHUH�

GLDJQRVHG� ZLWK� D� WKURPERHPEROLF�
HYHQW� DIWHU� VXUJHU\�� 2I� WKHVH�� ����
UHFHLYLQJ� WKHUDSHXWLF� DQWLFRDJXODWLRQ�
UHTXLUHG� DQ� XQSODQQHG� UHWXUQ� WR� WKH�
RSHUDWLQJ� URRP�� FRPSDUHG� WR� ���� RI�
WKRVH� QRW� UHFHLYLQJ� WKHUDSHXWLF�
DQWLFRDJXODWLRQ��S� ��������$�VXEJURXS�
DQDO\VLV� VKRZHG� D� UHRSHUDWLRQ� UDWH�RI�
���� RI� SDWLHQWV� UHFHLYLQJ� KHSDULQ�
LQIXVLRQ��FRPSDUHG�WR������LQ�SDWLHQWV�
UHFHLYLQJ�ORZ�PROHFXODU�ZHLJKW�KHSDULQ�
�S� ������� 
&RQFOXVLRQ�� ,Q� WKLV� VWXG\� RI�

SDWLHQWV� ZLWK� WUDXPDWLF� VSLQDO� LQMXU\�
ZLWK� D� SRVW-VXUJLFDO� WKURPERHPEROLF�
HYHQW�� WKRVH� SODFHG� RQ� DQ�
DQWLFRDJXODQW� KDG� D� KLJKHU� UDWH� RI�
UHWXUQ� WR� VXUJHU\� WKDQ� GLG� WKRVH� QRW�
UHFHLYLQJ� DQ� DQWLFRDJXODQW�� HVSHFLDOO\�
DPRQJ�WKRVH�UHFHLYLQJ�,9�KHSDULQ� 

6KLX�� %��� HW� DO�� 3RVWRSHUDWLYH� 'HHS�
9HLQ� 7KURPERVLV�� 3XOPRQDU\�
(PEROLVP� DQG� 0\RFDUGLDO� ,QIDUFWLRQ��
&RPSOLFDWLRQV� DIWHU� 7KHUDSHXWLF�
$QWLFRDJXODWLRQ� LQ� WKH� 3DWLHQW� ZLWK�
6SLQH�7UDXPD��6SLQH��������-XO\��� 
��������(���-(���� 

 

&/2675,',80�',)),&,/(�$)7(5�
63,1(�685*(5< 

 
&ORVWULGLXP� GLIILFLOH� �&� 'LII�� LQIHFWLRQ�

LV� D�FRPPRQ�FRPSOLFDWLRQ�RI� LQSDWLHQW�
KRVSLWDOL]DWLRQ��DQG�D�VLJQLILFDQW�FDXVH�
RI� PRUELGLW\� DQG� PRUWDOLW\�� 7KLV� VWXG\�
ZDV� GHVLJQHG� WR� GHWHUPLQH� WKH�
LQFLGHQFH�� WLPLQJ� DQG� ULVN� IDFWRUV� RI�
GHYHORSLQJ� &� 'LII� LQ� VSLQH� VXUJHU\�
SDWLHQWV� 
7KLV� UHWURVSHFWLYH�� FRKRUW� VWXG\��

XWLOL]HG� WKH� ����� 1DWLRQDO� 6XUJLFDO�
4XDOLW\� ,PSURYHPHQW� 3URJUDP�
�164,3�� GDWDEDVH�� 6XEMHFWV� ZHUH�
������� SDWLHQWV� ZKR� XQGHUZHQW� VSLQH�
VXUJHU\� LQ� ������ 3DWLHQWV� XQGHUJRLQJ�
HPHUJHQF\� VXUJHULHV� RU� WKRVH� ZLWK�
GLDJQRVLV� FRGHV� LQGLFDWLQJ� WUDXPD��
WXPRU�RU� LQIHFWLRQ�ZHUH�H[FOXGHG��7KH�
UHVHDUFKHUV� GHWHUPLQHG� WKH� UDWH� RI� &�
'LII� FROLWLV� ZLWKLQ� D� ��-GD\� SRVW-�
RSHUDWLYH�SHULRG� 
7KH� LQFLGHQFH�RI�&�'LII� FROLWLV� LQ� WKH�

��-GD\� SRVW-RSHUDWLYH� SHULRG� ZDV�
�������2I�WKHVH������ZHUH�GLDJQRVHG�
SRVW-GLVFKDUJH� DQG� ���� KDG� QR�

SUHYLRXV� GLDJQRVLV� RI� &� 'LII�� 7KH�
GHYHORSPHQW�RI�&�'LII�ZDV�DVVRFLDWHG�
ZLWK� FRPELQHG� DQWHULRU�� SRVWHULRU�
IXVLRQ� SURFHGXUHV� �25� ��������
S ��������LQFUHDVHG��DJH�� �25 
������ S������� IRU� SDWLHQWV� ��� DQG�

ROGHU���K\SRDOEXPLQHPLD��25�������S 
 � ������� DQG�DQHPLD� �25������� S���

������� 
&RQFOXVLRQ�� 7KLV�VWXG\�IRXQG�WKDW�

&� 'LII� LV� GLDJQRVHG� ZLWKLQ� ��� GD\V� LQ�
������ RI� SDWLHQWV� XQGHUJRLQJ� VSLQH�
VXUJHU\��0RVW�RI�WKHVH�FDVHV�RFFXUUHG�
DIWHU�GLVFKDUJH� 

 
%RYRQUDWZHW�3���HW�DO��,QFLGHQFH���5LVN�
)DFWRUV� DQG� ,PSDFW� RI� &ORVWULGLXP�
'LIILFLOH� &ROLWLV� DIWHU� 6SLQH� 6XUJHU\��
6SLQH��������-XQH�����������-���� 

 
 

327(17,$7,1*�3$,5('�
&257,&263,1$/-02721(8521$/�
3/$67,&,7<�$)7(5�63,1$/�&25'�

,1-85< 
 
,W� LV� NQRZQ� WKDW� SDLULQJ� QRQLQYDVLYH�

VWLPXODWLRQ�RI�WKH�SULPDU\�PRWRU�FRUWH[�
DQG� D� SHULSKHUDO� QHUYH�� NQRZQ� DV�
SDLUHG� FRUWLFRVSLQDO� WUDQVPLVVLRQ-
PRWRQHXURQDO� VWLPXODWLRQ� �3&06���
HQKDQFHV�FRUWLFRVSLQDO�WUDQVPLVVLRQ�LQ�
SDWLHQWV�ZLWK�FKURQLF�VSLQDO�FRUG� LQMXU\�
�6&,���7KLV VWXG\� H[DPLQHG
 ZKHWKHU�YROXQWDU\�DFWLYLW\�FDQ�
DOVR� LQFUHDVH� WKH� H[FLWDELOLW\� RI� VSLQDO�
PRWRQHXURQV�� VXEVHTXHQWO\�
SRWHQWLDWLQJ� 3&06� HIIHFWV� RQ�
FRUWLFRVSLQDO� WUDQVPLVVLRQ� LQ� FKURQLF�
6&,�SDWLHQWV� 
6XEMHFWV� ZHUH� ��� SDWLHQWV� ZLWK� 6&,��

DQG� ��� DJH-PDWFKHG� FRQWUROV��
&RUWLFRVSLQDO� YROOH\V� HYRNHG� E\� 706�
RYHU� WKH� KDQG� UHSUHVHQWDWLRQ� RI� WKH�
SULPDU\� PRWRU� FRUWH[� ZHUH� WLPHG� ZLWK�
SHULSKHUDO� HOHFWULFDO� VWLPXODWLRQ� RI� WKH�
XOQDU�QHUYH��7KH�3&06�ZDV�DSSOLHG�DW�
UHVW� �3&06DFWLYH��� DQG� GXULQJ� D� VPDOO�
OHYHO� RI� LVRPHWULF� LQGH[� ILQJHU�
DEGXFWLRQ� �3&06DFWLYH��� 0RWRU� HYRNHG�
SRWHQWLDOV��0(3V��HOLFLWHG�E\�706�DQG�
HOHFWULFDO�VWLPXODWLRQ�ZHUH�PHDVXUHG�LQ�
WKH� ILUVW�GRUVDO� LQWHURVVHRXV�PXVFOH� LQ�
ERWK�FDVH�DQG�FRQWURO�JURXSV� 
,Q� SDWLHQWV� ZLWK� 6&,�� 0(3V� HOLFLWHG�

E\� WKH� FRPELQHG� 706� DQG� SHULSKHUDO�
HOHFWULFDO� VWLPXODWLRQ� ZHUH� LQFUHDVHG�
ZKHQ�FRPSDUHG�WR�FRQWUROV��7KRVH�6&,�
SDWLHQWV� ZKR� GLG� QRW� UHVSRQG� WR�
3&06UHVW� GLG� UHVSRQG� ZLWK� 3&06�
7KRVH� ZKR� UHVSRQGHG� WR� ERWK��
GHPRQVWUDWHG� ODUJHU� LQFUHPHQWV� ZLWK�
DFWLYH�3&06� 
&RQFOXVLRQ�� 0XVFOH� FRQWUDFWLRQ�

GXULQJ� SDLUHG� FRUWLFRVSLQDO�
WUDQVPLVVLRQ-PRWRU QHXURQDO�
VWLPXODWLRQ� SRWHQWLDWHV� FRUWLFRVSLQDO�
WUDQVPLVVLRQ�� VXJJHVWLQJ� D� WHFKQLTXH�
WKDW� PD\� EH� XVHG� WR� LQFUHDVH� VSLQDO�
SODVWLFLW\�DIWHU�VSLQDO�FRUG�LQMXU\� 

%XQGD\�� .��� HW� DO�� 3RWHQWLDWLQJ� 3DLUHG�

&RUWLFRVSLQDO-0RWRQHXURQDO� 3ODVWLFLW\�
DIWHU� 6SLQDO� &RUG� ,QMXU\�� %UDLQ� 6WLP��
$UWLFOH� LQ� 3UHVV�� ������ KWWSV���GRL�RUJ��
��������M�EUV������������� 

 

35(',&7,1*�)81&7,21$/�
287&20(�,1�/2:(5�/,0%�

$0387((6 
 
 
,W� LV� ZHOO� NQRZQ� WKDW� ORZHU� OLPE�

DPSXWDWLRQV�KDYH�D�VXEVWDQWLDO� LPSDFW�
RQ�D�SDWLHQW
V�SK\VLFDO�FDSDELOLWLHV�DQG�
TXDOLW\�RI�OLIH��7KLV�VWXG\�ZDV�GHVLJQHG�
WR�GHYHORS�D�SUHRSHUDWLYH�VFRULQJ� WRRO�
WR�SUHGLFW� WKH�SUREDELOLW\�RI�DPEXODWLRQ�
DPRQJ�SDWLHQWV� UHFHLYLQJ�D� ORZHU� OLPE�
DPSXWDWLRQ� 
7KH� DXWKRUV� LGHQWLILHG� YDULDEOHV�

VXJJHVWHG� LQ� WKH� OLWHUDWXUH� DV� EHLQJ�
LPSRUWDQW�WR�WKH�IXQFWLRQDO�RXWFRPHV�RI�
SDWLHQWV� ZLWK� DPSXWDWLRQV�� (LJKW��
SUHRSHUDWLYH� YDULDEOHV� ZHUH� LGHQWLILHG�
DV� SRWHQWLDOO\� DIIHFWLQJ� WKH� VXFFHVV� RI�
UHKDELOLWDWLRQ��7KHVH�LQFOXGHG��\RXQJHU�
DJH��SURJUHVVLYHO\�VFRUHG�DV�OHVV�OLNHO\�
WR�ZDON� LQ� DJH� FDWHJRULHV�RI���� WR�����
��� WR�������� WR����DQG�RYHU������PDOH�
JHQGHU�� ORZHU� ERG\� PDVV� LQGH[� �ZLWK�
VFRUHV� ZRUVHQLQJ� DW� ��� WR� ��� NJ�P���
����� NJ�P�� RU� OHVV� DQG� ��� NJ�P�� RU�
JUHDWHU��� PRUH� GLVWDO� DPSXWDWLRQ��
WUDXPD�SDWLHQWV��ZLWK�ZRUVH�VFRUHV�IRU�
DPSXWDWLRQV� UHODWHG� WR� FDQFHU��
RUWKRSHGLF� DQG� YDVFXODU��� IHZHU�
PHGLFDO� FRPRUELGLWLHV�� �P\RFDUGLDO�
LQIDUFW��VWURNH��UHQDO�IDLOXUH�DQG�VHYHUH�
UHVSLUDWRU\� GLVHDVH��� KLJKHU� PRELOLW\�
SUH-� DPSXWDWLRQ� DQG� ODFN� RI� FRJQLWLYH�
LPSDLUPHQW�� $� VFRULQJ� V\VWHP� ZDV�
FUHDWHG�WR�UHIOHFW�WKHVH�YDULDEOHV� 
8VLQJ WKH VFRULQJ V\VWHP 
SURSRVHG� LQ� WKLV� WRRO�� QDPHG� WKH�

%/$57� WRRO�� WKRVH�ZLWK� D� VFRUH� RI� ���
RU� DERYH� GLG� QRW� DFKLHYH� D� JRRG�
IXQFWLRQDO� RXWFRPH�� DQG� WKRVH� ZLWK� D�
VFRUH� RI� ��� RU� PRUH� GLG� QRW� DFKLHYH�
DQ\�ZDONLQJ�IXQFWLRQ� 
&RQFOXVLRQ�� 7KLV� WRRO� VXJJHVWV�

WKDW�WKH�%/$57�WRRO�PD\�EH�HIIHFWLYH�LQ�
SURYLGLQJ�DQ�HVWLPDWH�RI� SURJQRVLV� IRU�
SUH-VXUJLFDO�ORZHU�OLPE�DPSXWDWLRQ� 

 
%RZUH\�� 6��� HW� DO�� 'HYHORSPHQW� RI� D�
6FRULQJ�7RRO��%/$57�6FRUH��WR�3UHGLFW�
)XQFWLRQDO� 2XWFRPH� LQ� /RZHU� /LPE�
$PSXWHHV�� 'LVDELO� 5HKDE������
'2,������������������������������ 

 

())(&7�2)�(;(5&,6(�21�3$,1�
6(16,7,9,7< 

 
$HURELF�RU�ZHLJKW�OLIWLQJ�H[HUFLVH�KDV�

EHHQ� QRWHG� WR� UHGXFH� SDLQ� VHQVLWLYLW\��
DQ� HIIHFW� WHUPHG� H[HUFLVH� LQGXFHG�
K\SRDOJHVLD�� 7KLV� VWXG\� HYDOXDWHG�
ZKHWKHU� VKRUW� ERXWV� RI� PD[LPDO�
DQDHURELF� H[HUFLVH� ZRXOG� UHVXOW� LQ�
DQDOJHVLF�HIIHFWV�RQ� LQGXFHG�SDLQ�DQG�



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

 

ZKHWKHU� QR[LRXV� VWLPXOXV� DW� RQH�
ORFDWLRQ� FRXOG� OHDG� WR� UHGXFHG�
SHUFHSWLRQV� RI� SDLQ� LQ� DQRWKHU�
ORFDWLRQ� 
)LIW\� KHDOWK� LQGLYLGXDOV� ZHUH�

UDQGRPL]HG�WR�HLWKHU�D�FRQWURO�JURXS�
RU� WKH� :LQJDWH� $QDHURELF� WHVW�
�:$7��JURXS��7KH�:$7�LQYROYHG����
VHFRQGV�RI�PD[LPXP�HIIRUW�SHGDOLQJ�
RQ� VWDWLRQDU\� ELNHV�� ,PPHGLDWHO\�
DIWHU� SHUIRUPLQJ� WKH� :$7��
SDUWLFLSDQWV� ZHUH� DVNHG� WR� YHUEDOO\�
UDWH� WKHLU� OHJ�PXVFOH�SDLQ�XVLQJ� WKH�
�–���� 136�� DQG� WKHQ� WHVWHG� IRU�
KHDW�� FROG� DQG� SUHVVXUH� LQGXFHG�
SDLQ�� 7KH� HIIHFW� RI� VWLPXOL� DW� WZR�
VLWHV� RQ� SHUFHLYHG� SDLQ� ZDV�
PHDVXUHG� E\� DSSO\LQJ� QR[LRXV�
VWLPXOL� DW� D� UHPRWH� ERG\� SDUW� ZKLOH�
SHUFHLYHG� SDLQ� WR� D� VHSDUDWH�
QR[LRXV� VWLPXOXV� ZDV� PHDVXUHG��
7KH�DHURELF�JURXS�ZDV�FRPSDUHG�WR�
WKH�FRQWURO�JURXS� 
&RPSDUHG�WR�WKH�FRQWUROV�WKRVH�LQ�

WKH�:$7� KDG� GHFUHDVHG� UDWLQJV� RI�
WKHLU�SHUFHLYHG�SDLQ�WR�KHDW�DQG�FROG�
VWLPXOL� � � �S��������� � � KDG� � � KLJKHU�
SDLQ�SUHVVXUH� WKUHVKROGV� �S���������
DQG� KDG� GHFUHDVHG� SDLQ� DW�
PHDVXUHG�VLWHV�ZKHQ�GLVWDO�QR[LRXV�
VWLPXOL�ZHUH�DSSOLHG��S ������� 
&RQFOXVLRQ�� 7KLV� VWXG\�

VXJJHVWV� WKDW� HQJDJHPHQW� LQ� ���
VHFRQGV�RI�PD[LPDO�DQDHURELF�HIIRUW�
ZLOO�OHDG�WR�DFXWH�DQDOJHVLF�HIIHFWV� 

 
6DPXHOO\-/HLFKWDJ��*���HW�DO��$�)DVW�
7UDFN� WR� +\SRDOJHVLD� –� 7KH�
$QDHURELF� ([HUFLVH� (IIHFW� RQ� 3DLQ�
6HQVLWLYLW\��,QW� -� 6SRUWV� 0HG�� ������
������-���� 

685*(5<�$1'�37�)25�
)(025$/�$&(7$%8/$5�

,03,1*(0(17�75($70(17 

 
$UWKURVFRSLF� KLS� VXUJHU\� LV� RIWHQ�

FRQVLGHUHG� WKH� VWDQGDUG� WUHDWPHQW�
IRU� SDWLHQWV� ZLWK� IHPRUDO� DFHWDEXODU�
LPSLQJHPHQW�V\QGURPH��)$,6���7KLV�
VWXG\�FRPSDUHG�VXUJHU\� WR�SK\VLFDO�
WKHUDS\� �37�� IRU� WKH� WUHDWPHQW� RI�
)$,6� 
$W� D� VLQJOH� PLOLWDU\� KRVSLWDO�� ���

SDWLHQWV�ZLWK�)$,6�ZHUH�UDQGRPL]HG�
WR� XQGHUJR� VXUJHU\�
�DFHWDEXORSODVW\�� ODEUDO� UHSDLU�
GHEULGHPHQW� RU� IHPRURSODVW\�� SHU�
WKH�VXUJHRQ¶V�FOLQLFDO� MXGJHPHQW��RU�
D� VXSHUYLVHG� SK\VLFDO� WKHUDS\� �37��
SURJUDP��SHUIRUPHG�WZLFH�ZHHNO\�IRU�
D� WRWDO� RI� ��� VHVVLRQV�� $W� EDVHOLQH��
DOO�SDUWLFLSDQWV�ZHUH�HYDOXDWHG�XVLQJ�
WKH�+LS�2XWFRPH�6FRUH��+26��$'/�
DQG� 6SRUW� VXEVFDOHV� DQG� WKH�
,QWHUQDWLRQDO� +LS� 2XWFRPH� 7RRO�
�L+27-����� ZLWK� WKHVH� UHSHDWHG� DW�
VL[�����DQG����PRQWKV��7KH�SULPDU\�
RXWFRPH� PHDVXUH� ZDV� WKH� +26��
DGPLQLVWHUHG�DW�WZR�\HDUV� 
1R� VLJQLILFDQW� GLIIHUHQFH� ZDV�

IRXQG� EHWZHHQ� WKH� JURXSV� DW� DQ\�
WLPH�SRLQW�RI�WKH�VWXG\�RQ�WKH�+26�-
$'/� VXEVFDOH�� WKH� +26-6SRUW�
VXEVFDOH� RU� WKH� L+27-��� VFDOH��
)XUWKHU�� QR� VLJQLILFDQW� GLIIHUHQFHV�
ZHUH� IRXQG� EHWZHHQ� WKH� JURXSV� LQ�
SHUFHLYHG� FXUUHQW� OHYHO� RI� IXQFWLRQ��
ZLWK� ������ RI� WKH� HQWLUH� FRKRUW�
IDLOLQJ� WR� SHUFHLYH� D� FOLQLFDOO\�
PHDQLQJIXO� FKDQJH� DW� WZR� \HDUV��
DQG� ZLWK� QR� VLJQLILFDQW� GLIIHUHQFH�
EHWZHHQ� JURXSV�� 'HVSLWH� WKLV�� ���
SDWLHQWV�LQ�WKH�37�JURXS�KDG�FKRVHQ�
WR� XQGHUJR� VXUJHU\� ZLWKLQ� WKH� WZR�
\HDUV� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� IHPRUDO� DFHWDEXODU�
LPSLQJHPHQW� IRXQG� QR� VWDWLVWLFDOO\�
VLJQLILFDQW� GLIIHUHQFH� LQ� RXWFRPHV�
EHWZHHQ� VXUJLFDO� DQG� QRQ-VXUJLFDO�
WUHDWPHQW�RI�)$,6� 
 
0DQVHOO�� 1��� HW� DO�� $UWKURVFRSLF�
6XUJHU\� RU� 3K\VLFDO� 7KHUDS\� IRU�
3DWLHQWV� ZLWK� )HPRURDFHWDEXODU�
,PSLQJHPHQW� 6\QGURPH�� $P� -�
6SRUWV� 0HG�� ������ 0D\�� �������
����-����� 

 
 

6<67(0,&�())(&76�2)�
(3,'85$/�67(52,'� 
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63,1$/�67(126,6 

 
(SLGXUDO� VWHURLG� LQMHFWLRQV� �(6,V��

DUH� XVHG� IUHTXHQWO\� IRU� D� YDULHW\� RI�
EDFN�FRQGLWLRQV�DQG�DUH�FRQVLGHUHG�
WR� EH� VDIH� SURFHGXUHV�� +RZHYHU��
VHYHUDO� FDVH� UHSRUWV� KDYH� VKRZQ�
WKDW� HYHQ� D� VLQJOH� GRVH� RI� (6,� FDQ�
FDXVH� DGUHQDO� VXSSUHVVLRQ�� 7KLV�
VWXG\� ZDV� GHVLJQHG� WR� GHWHUPLQH�
ZKHWKHU� D� VLQJOH� HSLGXUDO� LQMHFWLRQ�
ZLWK� FRUWLFRVWHURLGV� SOXV� OLGRFDLQH�
FDXVHV� JUHDWHU� FRUWLVRO� VXSSUHVVLRQ�
WKDQ�GRHV�DQ�HSLGXUDO� LQMHFWLRQ�ZLWK�
OLGRFDLQH�DORQH� 
6XEMHFWV� ZHUH� ���� SDWLHQWV� ZLWK�

ORZ� EDFN�SDLQ�ZKR�ZHUH� VFKHGXOHG�
IRU� DQ� (6,�� 7KH� SDUWLFLSDQWV� ZHUH�
UDQGRPL]HG� WR� UHFHLYH� DQ� HSLGXUDO�
ZLWK� FRUWLFRVWHURLG� SOXV� OLGRFDLQH�
�&/�� RU� OLGRFDLQH� DORQH� �/��� $�
PRUQLQJ� IDVWLQJ�VHUXP�FRUWLVRO� OHYHO�
ZDV� PHDVXUHG� DW� EDVHOLQH� DQG�
DJDLQ�WKUHH�ZHHNV�DIWHU�WKH�HSLGXUDO� 

2YHUDOO�� SDWLHQWV� LQ� WKH� &/� JURXS�
DYHUDJHG� D� ������ UHGXFWLRQ� LQ�
FRUWLVRO�DW�ZHHN� WKUHH�DV� FRPSDUHG�
WR� EDVHOLQH�� ZKLOH� WKH� /� JURXS� KDG�
DQ�DYHUDJH�LQFUHDVH�RI�������2I�WKH�
IRXU� GLIIHUHQW� FRUWLFRVWHURLGV� XVHG��
WKRVH� LQMHFWHG� ZLWK�
PHWK\OSUHGQLVRORQH�RU�WULDPFLQRORQH�
KDG� UHGXFWLRQV� LQ� FRUWLVRO� DW� WKUHH�
ZHHNV� RI� ���� DQG� �������
UHVSHFWLYHO\� �S ������ DQG� S��������
UHVSHFWLYHO\��� 7KRVH� WUHDWHG� ZLWK�
EHWDPHWKDVRQH RU�
GH[DPHWKDVRQH� KDG� DQ� DYHUDJH�

FRUWLVRO� UHGXFWLRQ� RI� ����� DQG�
�������UHVSHFWLYHO\� 
&RQFOXVLRQ�� 7KLV� VWXG\�

FRQILUPV� WKDW� D� VLQJOH� HSLGXUDO�
VWHURLG� LQMHFWLRQ� FDQ� VXSSUHVV�
FRUWLVRO� OHYHOV� IRU�XS�WR� WKUHH�ZHHNV�
DIWHU�WKH�LQMHFWLRQ� 

 
)ULHGO\��-���HW�DO��6\VWHPLF�(IIHFWV�RI�
(SLGXUDO�6WHURLG�,QMHFWLRQV�IRU�6SLQDO�
6WHQRVLV��3DLQ��������0D\����������
-���� 

 

9(5<�/2:�&$5%2+<'5$7(�
',(7�$1'�+,*+�,17(16,7<�

,17(59$/�75$,1,1* 
 
$V� FDUERK\GUDWH� DYDLODELOLW\� DQG�

PXVFOH� JO\FRJHQ� FRQWHQW� DUH�
SULPDU\� FRPSRQHQWV� RI� PHWDEROLVP�
DQG� H[HUFLVH� SHUIRUPDQFH��
UHVWULFWLRQ� RI� HQGRJHQRXV�
FDUERK\GUDWH� DYDLODELOLW\� ZRXOG�
VHHP� WR� DGYHUVHO\� DIIHFW� VWUHQXRXV�
H[HUFLVH� SHUIRUPDQFH�� 7KLV� VWXG\�
H[DPLQHG� WKH� HIIHFWV� RI� D� YHU\� ORZ�
FDUERK\GUDWH� KLJK� IDW� �9/&+)�� GLHW�
RQ� FDUGLRUHVSLUDWRU\� DQG� PHWDEROLF�
UHVSRQVHV� GXULQJ� KLJK� LQWHQVLW\�
LQWHUYDO�WUDLQLQJ��+,,7�� 
(LJKWHHQ�� PRGHUDWHO\� WUDLQHG�

PDOHV� ZHUH� UHFUXLWHG�� 7KH� VXEMHFWV�
ZHUH� UDQGRPL]HG� WR� HLWKHU� UHPDLQ�
RQ�D�ZHVWHUQ�EDVHG�PL[HG�GLHW�RU�WR�
EHJLQ� D� 9/&+)� GLHW� �HLJKW� SHUFHQW�
FDUERK\GUDWHV�� ���� SURWHLQ� DQG�
���� IDW�� IRU� IRXU� ZHHNV�� +,,7�
VHVVLRQV� RFFXUUHG� WKUHH� WLPHV� SHU�
ZHHN�IRU� IRXU�ZHHNV�DQG� LQYROYHG�D�
��-PLQXWH�ZDUP-XS�DW�����92�PD[��
IROORZHG� E\� ILYH�� KLJK-LQWHQVLW\�
UHSHWLWLRQV�� FRQVLVWLQJ� RI� WKUHH�
PLQXWHV�DW������92�PD[��VHSDUDWHG�
E\� ����PLQXWHV� RI� SDVVLYH� UHFRYHU\�
�ZRUN�WR�UHVW�UDWLR��������IRU�D�WRWDO�RI�
��� PLQ�� $� PD[LPDO� LQFUHPHQWDO�
WUHDGPLOO� WHVW� ZDV� SHUIRUPHG� DW�
EDVHOLQH� DQG� DIWHU� WZR� DQG� IRXU�
ZHHNV� RI� WUDLQLQJ�� � +HDUW� UDWH��
R[\JHQ� XSWDNH�� UHVSLUDWRU\�
H[FKDQJH� UDWLR�� WRWDO� WLPH� WR�
H[KDXVWLRQ� DQG� PD[LPDO� 92�PD[�
ZHUH�PHDVXUHG� 
&KDQJHV� LQ� ERG\� PDVV� DYHUDJHG�

����NJ� LQ� WKH�9/&+)�JURXS�DQG�����
LQ� WKH� FRQWURO� JURXS�� ZKLOH� ERG\� IDW�
SHUFHQWDJHV�ZHUH� UHGXFHG�E\������
DQG������� UHVSHFWLYHO\��7KH�9��PD[
LQFUHDVHV� ZHUH� ���PO�NJ�PLQ� LQ� WKH�
9/&+)� JURXS� DQG� ���PO�NJ�PLQ� LQ�
WKH�FRQWURO�JURXS� 
&RQFOXVLRQ�� 7KLV� VWXG\� IRXQG�

QR�DGYHUVH�HIIHFWV�RQ�DQ\�DVSHFW�RI�
SHUIRUPDQFH� LQ� VXEMHFWV� FRQVXPLQJ�
D�KLJK-IDW�GLHW�IRU�IRXU�ZHHNV� 

 
&LSU\DQ�� O��� HW� DO�� (IIHFWV� RI� D� )RXU-�
:HHN��9HU\�/RZ�&DUERK\GUDWH�'LHW�
RQ� +LJK� ,QWHQVLW\� ,QWHUYDO� 7UDLQLQJ�
5HVSRQVHV��-�6SRUWV�6FL�0HG��������
������-���� 
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&$5',25(63,5$725<�
),71(66�7+528*+�(-%,.(�$1'�

&219(17,21$/�%,&<&/(�
&20087,1* 

 
(OHFWULFDOO\� DVVLVWHG� ELF\FOHV� �H-�

ELNHV�� KDYH� EHFRPLQJ� LQFUHDVLQJO\�
SRSXODU� LQ� WKH� SDVW� GHFDGH��
SDUWLFXODUO\� DORQJ� WKH� HOGHUO\� ZKR�
ZRXOG�QRUPDOO\�KDYH�GLIILFXOWLHV�ZLWK�
UHJXODU� ELF\FOHV�� 7KLV� VWXG\�
LQYHVWLJDWHG� WKH� FDUGLRYDVFXODU�
EHQHILWV�RI�H-ELNHV� 
6XEMHFWV� ZHUH� UHFUXLWHG� IURP�

JRYHUQPHQWDO� RIILFHV� ZKR� ZHUH� ���
WR� ��� \HDUV� RI� DJH�� ZLWK� D� ERG\�
PDVV� LQGH[�RI���� WR����NJ�P��� DQG�
ZKR� FRQYH\HG� D� ZLOOLQJQHVV� WR�
FRPPXWH� WR� ZRUN� E\� ELF\FOH�� 7KH�
SDUWLFLSDQWV�ZHUH UDQGRPL]HG� WR�
HLWKHU� D� FRQYHQWLRQDO� ELF\FOH� JURXS�
RU� DQ� H-� ELNH� JURXS�� DQG� ZHUH�
DVNHG� WR�FRPPXWH�WR�ZRUN�DW�D�VHOI-
FKRVHQ� VSHHG� DW� OHDVW� WKUHH� GD\V�
SHU� ZHHN� IRU� IRXU� ZHHNV�� $OO�
VXEMHFWV� ZHUH�DVVHVVHG�DW�EDVHOLQH�
IRU� KHLJKW�� ERG\� PDVV�� EORRG�
SUHVVXUH�� HOHFWURFDUGLRJUDP� UHVXOWV�
DQG� 92�� SHDN�� 7KH� SULPDU\�
RXWFRPH� YDULDEOH�ZDV WKH�
FKDQJH� LQ� 92�PD[�� 6HFRQGDU\�
PHDVXUHV� LQFOXGHG� UHVWLQJ� KHDUW�
UDWH�� V\VWROLF� DQG� GLDVWROLF� EORRG�
SUHVVXUH� DQG� ERG\� PDVV� LQGH[�
�%0,�� 
7KH�92�PD[� LPSURYHG� E\� D�PHDQ�

RI� ���� P/�NJ-PLQ� LQ� WKH� H-ELNH�
JURXS�� DQG� ���� P/�NJ-PLQ� LQ� WKH�
FRQYHQWLRQDO� ELNH� JURXS� �S ��������
,PSURYHPHQWV� ZHUH� VHHQ� LQ� ERWK�
JURXSV� LQ� V\VWROLF� EORRG� SUHVVXUH��
GLDVWROLF� EORRG� SUHVVXUH� DQG� ERG\�
PDVV� LQGH[�� ZLWK� QR� VLJQLILFDQW�
GLIIHUHQFH�EHWZHHQ�WKH�WZR�JURXSV� 
&RQFOXVLRQ�� 7KLV� VWXG\�

GHPRQVWUDWHV�WKDW�WKH�XVH�RI�HOHFWULF�
DVVLVWHG� ELF\FOHV� IRU� GDLO\�
FRPPXWLQJ� WR� ZRUN� FDQ� SURGXFH�
FDUGLRYDVFXODU�JDLQV�VLPLODU�WR�WKRVH�
DFKLHYHG� E\� FRPPXWLQJ� ZLWK� D�
FRQYHQWLRQDO�ELF\FOH� 

 
+|FKVPDQQ�� &��� HW� DO�� (IIHFW� RI� (-
%LNH� YHUVXV� %LNH� &RPPXWLQJ� RQ�
&DUGLRUHVSLUDWRU\� )LWQHVV� LQ�
2YHUZHLJKW� $GXOWV�� $� )RXU-:HHN��
5DQGRPL]HG� 3LORW� 6WXG\�� &OLQ� -��
6SRUW�0HG������������������-���� 

 

$17(5,25�&58&,$7(�
/,*$0(17�5(&216758&7,21�

29(5�$*(�),)7< 
 
$QWHULRU� FUXFLDWH� OLJDPHQW� �$&/��

UHFRQVWUXFWLRQ� LV� RQH� RI� WKH� PRVW�
FRPPRQ� RUWKRSHGLF� VXUJHULHV��
*LYHQ� DQ� DJLQJ� SRSXODWLRQ�� WKLV�
VWXG\�ZDV�GHVLJQHG�WR�FRPSDUH�WKH�
RXWFRPHV� RI� $&/� UHFRQVWUXFWLRQ� LQ�
SDWLHQWV� RYHU� ��� ZLWK� WKRVH� RI�

\RXQJHU�SDWLHQWV� 
7KLV� SURVSHFWLYH� VWXG\� FRPSDUHG�

WKH� RXWFRPHV� RI� ��� FRQVHFXWLYH�
SDWLHQWV�� ��� \HDUV� RI� DJH� RU� ROGHU��
ZLWK� ��� SDWLHQWV� XQGHU� ��� \HDUV� RI�
DJH�� DOO� SUHVHQWLQJ� IRU�
UHFRQVWUXFWLRQ�RI�DQ�$&/�WHDU��'DWD�
FROOHFWHG� DW� EDVHOLQH� DQG� DW� ILYH�
\HDUV¶� IROORZ-XS� LQFOXGHG� VXEMHFWLYH�
IXQFWLRQDO� VWDWXV�� DVVHVVHG� XVLQJ�
WKH� /\VKROP� VFRUH�� DFWLYLW\� OHYHO��
DVVHVVHG� ZLWK� WKH� 7HJQHU� $FWLYLW\�
6FDOH��GHYHORSPHQW�RI�RVWHRDUWKULWLV�
�2$��� DVVHVVHG� E\� UDGLRORJLFDO�
HYDOXDWLRQ� DQG� MRLQW� OD[LW\�
PHDVXUHPHQW� XVLQJ� WKH� .7-�����
DUWKURPHWHU� 
7KH�PHDQ�WLPH�WR�UHWXUQ�WR�DFWLYLW\�

ZDV� ����GD\V� LQ� WKH� ROGHU� VXEMHFWV�
DQG� ��� GD\V� LQ� WKH� \RXQJHU� JURXS�
�S!�������$W� WKH� ILQDO�HYDOXDWLRQ��QR�
GLIIHUHQFH� ZDV� IRXQG� EHWZHHQ� WKH�
\RXQJHU� DQG� ROGHU� JURXSV� LQ�
/\VKROP� VFRUHV� �S ������� 7HJQHU�
$FWLYLW\�6FDOH�VFRUHV��S ������RU�WKH�
GHYHORSPHQW� RI� GHJHQHUDWLYH� 2$��
7KH� PHDQ� VLGH-WR-VLGH� GLIIHUHQFHV�
LQ� WKH� .7-����� DUWKURPHWULF�
HYDOXDWLRQ� RI� OD[LW\� ZHUH� ���PP� LQ�
WKH�LQ�WKH�ROGHU�JURXS�DQG����PP�LQ�
\RXQJHU�JURXS��S ������� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� XQGHUJRLQJ� DQWHULRU�
FUXFLDWH� OLJDPHQW� UHFRQVWUXFWLRQ�
UHSDLU� IRXQG�WKDW� WKRVH�RYHU�DJH����
FDQ� DFKLHYH� FRPSDUDEOH� UHVXOWV� WR�
\RXQJHU�SDWLHQWV� 
 
,RULR�� 5��� HW� DO�� $QWHULRU� &UXFLDWH�
/LJDPHQW�5HFRQVWUXFWLRQ�LQ�3DWLHQWV�
2OGHU� WKDQ� )LIW\� <HDUV�� $�
&RPSDULVRQ� ZLWK� D� <RXQJHU� $JH�
*URXS��,QWHUQ� 2UWKR�� ������0D\����
���������-����� 

 

$17,&+2/,1(5*,&�
0(',&$7,216�$1'�7+(� 

/21*-7(50�5,6.�2)�)$//6 
 

'UXJV� ZLWK� DQWLFKROLQHUJLF�
SURSHUWLHV� LQFOXGH� DQWLVSDVPRGLFV��
DQWLSDUNLQVRQLDQ� GUXJV��
DQWLGHSUHVVDQWV�DQG� DQWLSV\FKRWLFV��
DPRQJ� RWKHUV�� 7KLV� VWXG\� ZDV�
GHVLJQHG� WR� EHWWHU� XQGHUVWDQG� WKH�
DVVRFLDWLRQ� EHWZHHQ� WKH� XVH� RI�
DQWLFKROLQHUJLF� GUXJV� DPRQJ� WKH�
HOGHUO\� DQG� WKH� ULVN�RI� IDOOV�ZLWK�KLS�
IUDFWXUH� 
7KLV� FDVH� FRQWURO� VWXG\� LGHQWLILHG�

LQGLYLGXDOV����\HDUV�RI�DJH�RU�ROGHU�
ZLWK�D�KLS� IUDFWXUH�GLDJQRVLV�GXULQJ�
WKH� \HDU� ������ 7KHVH� LQGLYLGXDOV�
ZHUH�PDWFKHG�ZLWK�WZR�FRQWUROV�ZKR�
KDG� QRW� VXVWDLQHG� D� KLS� IUDFWXUH��
'DWD� FROOHFWLRQ� LQFOXGHG� VRFLR-�
GHPRJUDSKLFV��GLDJQRVHV�DQG�GUXJV�
SUHVFULEHG� ZLWKLQ� WKH� SUHYLRXV�
PRQWK�� 7KHVH� PHGLFDWLRQV� ZHUH�
FDWHJRUL]HG� E\� SKDUPDFRORJLFDO�

JURXSV��ZLWK�WKH�WRWDO�DQWLFKROLQHUJLF�
ORDG� RI� HDFK� PHGLFDWLRQ� FDOFXODWHG�
XVLQJ�WKH�$QWLFKROLQHUJLF�5LVN�6FDOH�
�$56��� 7KH� DVVRFLDWLRQ� EHWZHHQ�
WKLV�ORDG�DQG�WKH�ULVN�RI�D�IDOO�ZLWK�D�
KLS�IUDFWXUH�ZDV�GHWHUPLQHG� 
6XEMHFWV� ZHUH� ���� SDWLHQWV� ZLWK�

KLS�IUDFWXUH�DQG�����FRQWUROV��ZLWK�D�
PHDQ� DJH� RI� ����� \HDUV�� $�
PXOWLYDULDWH� DQDO\VLV� UHYHDOHG� WKDW�
WKH� UHODWLYH� ULVN� RI� IDOOV� ZLWK� KLS�
IUDFWXUHV� LQFUHDVHG� DPRQJ� WKRVH�
UHFHLYLQJ� SURWRQ� SXPS� LQKLELWRUV�
�S �������� V\VWHPLF� FRUWLFRVWHURLGV�
�S�������� RU� FRQYHQWLRQDO
 DQWLSV\FKRWLF� PHGLFDWLRQV�
�S �������� 7KRVH� ZLWK� $56� VFRUHV�
RI� WZR�DQG� WKUHH�KDG�D�VLJQLILFDQWO\�
LQFUHDVHG�ULVN�RI�IUDFWXUH��ZLWK�HDFK�
DGGLWLRQDO� SRLQW� LQFUHDVLQJ� WKH� ULVN�
RI� IUDFWXUH� E\� ������� ,Q� DGGLWLRQ��
WZR� FLWLHV� ZHUH� LGHQWLILHG� DV�
ORFDWLRQV� DVVRFLDWHG� ZLWK� D� JUHDWHU�
ULVN�RI�IUDFWXUH� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ��� \HDUV� RI� DJH� RU� ROGHU�
IRXQG� WKDW� DQWLFKROLQHUJLF�
PHGLFDWLRQV�� ZLWK� FRPELQHG�
DQWLFKROLQHUJLF�ORDGV�RI�WZR�RU�PRUH��
DUH� DVVRFLDWHG� ZLWK� DQ� LQFUHDVHG�
ULVN�RI�IDOOV�ZLWK�KLS�IUDFWXUH� 

 
0DFKDGR-'XTXH�� 0��� HW� DO�� 'UXJV�
ZLWK� $QWLFKROLQHUJLF� 3RWHQWLDO� DQG�
5LVN�RI�)DOOV�ZLWK�+LS�)UDFWXUH�LQ�WKH�
(OGHUO\� 3DWLHQWV�� $�&DVH-&RQWUROOHG�
6WXG\��-� *HULDWU� 3V\FKLDWU\� 1HXURO��
������0DUFK������������-��� 

 

%,2/2*,&�',6($6(-02',)<,1*�
$17,-5+(80$7,&�'58*6�$1'�
7+(�,1&,'(1&(�2)�+,3�$1'�

.1((�5(3/$&(0(17 
 
7XPRU� QHFURVLV� IDFWRU-DOSKD�

LQKLELWRUV� �71)L�� KDYH� EHHQ� WKH�
PDLQVWD\� RI� ELRORJLF� GLVHDVH�
PRGLI\LQJ� DQWL-UKHXPDWLF� GUXJV�
VLQFH� WKHLU� LQWURGXFWLRQ� LQ� WKH� ODWH�
��V�� 7KLV� VWXG\� LQYHVWLJDWHG�
ZKHWKHU� WUHDWPHQW� ZLWK� ELRORJLF�
GLVHDVH-PRGLI\LQJ� DQWL-� UKHXPDWLF�
GUXJV� �'0$5'V��PD\� KDYH� DOWHUHG�
WKH� LQFLGHQFH� RI� KLS� RU� NQHH�
UHSODFHPHQWV� 
7KLV� 'DQLVK� VWXG\� XVHG� WKH�

'DQLVK�1DWLRQDO� 3DWLHQW�5HJLVWHU� WR�
LGHQWLI\� SDWLHQWV� ZLWK� UKHXPDWRLG�
DUWKULWLV� �5$�� WUHDWHG� EHWZHHQ� �����
DQG� ������ )RU� HDFK� RI� WKH� SDWLHQWV�
ZLWK�5$��WKH�DXWKRUV�PDWFKHG�XS�WR 
��� SHUVRQV� IURP� WKH� JHQHUDO�

SRSXODWLRQ�� )URP� WKH� UHFRUGV��
SUHVFULSWLRQV� RI� '0$5'6� ZHUH�
LGHQWLILHG�� ,Q� DGGLWLRQ�� WKH� ILYH-\HDU�
DJH� DQG� JHQGHU� VWDQGDUGL]HG�
LQFLGHQFH� UDWHV� IRU� WRWDO� KLS�
DUWKURSODVW\� �7+$�� DQG� WRWDO� NQHH�
DUWKURSODVW\� �7.$�� ZHUH� HYDOXDWHG�
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DQG�FRPSDUHG�EHWZHHQ�JURXSV� 

6XEMHFWV� ZHUH� ������� SDWLHQWV�
ZLWK� LQFLGHQW� 5$� DQG� ��������
FRQWUROV�� ,Q� ������ WKH� ILYH-\HDU�
LQFLGHQFH� RI� 7+$� ZDV� ����� SHU�
������SDWLHQW� \HDUV�DPRQJ�SDWLHQWV�
ZLWK�5$��DQG������SHU�������SDWLHQW�
\HDUV�IRU�FRQWUROV��)RU�7.$��WKH�ILYH-
\HDU� LQFLGHQFH� ZDV� ����� SHU� ������
SDWLHQW� \HDUV� IRU� SDWLHQWV� ZLWK� 5$�
DQG������SHU�������SDWLHQW�\HDUV�IRU�
FRQWUROV�� %HIRUH� WKH� LQWURGXFWLRQ� RI�
'0$5'V�� WKHUH� ZDV� D� LQFUHDVLQJ�
WUHQG� LQ� WKH� LQFLGHQFH� RI� 7+5�
DPRQJ� SDWLHQWV� ZLWK� 5$�� $IWHU� WKH�
LQWURGXFWLRQ� RI� '0$5'V�� WKH� UDWHV�
RI�7+$�DQG�7.$�GHFUHDVHG�DPRQJ�
SDWLHQWV� ZLWK� 5$� �S ������ DQG�
S ������ UHVSHFWLYHO\��� ZKLOH�
LQFUHDVLQJ� DPRQJ� WKH� JHQHUDO�
SRSXODWLRQ� �S ����� DQG� S ������
UHVSHFWLYHO\��� &RQFOXVLRQ�� 7KLV�
'DQLVK� VWXG\� RI� SDWLHQWV� ZLWK�
UKHXPDWRLG� DUWKULWLV� IRXQG� D�
VLJQLILFDQWO\� KLJKHU� UDWH� RI� KLS� DQG�
NQHH� UHSODFHPHQW� FRPSDUHG� WR� WKH�
JHQHUDO� SRSXODWLRQ�� ZLWK� WKDW� UDWH�
GHFUHDVLQJ� DIWHU� LQWURGXFWLRQ� RI�
GLVHDVH-PRGLI\LQJ� DQWL-UKHXPDWLF�
GUXJV� 

 
&RUGW]�� 5��� HW� DO�� ,QFLGHQFH� RI� +LS�
DQG� .QHH� 5HSODFHPHQW� LQ� 3DWLHQWV�
ZLWK� 5KHXPDWRLG� $UWKULWLV� IROORZLQJ�
WKH� ,QWURGXFWLRQ� RI� %LRORJLF�
'0$5'V�� 8QLQWHUUXSWHG� 7LPH-
6HULHV� $QDO\VLV� 8VLQJ� 1DWLRQZLGH�
'DQLVK� +HDOWKFDUH� 5HJLVWHUV�� $QQ�
5KHXP�'LV��������0D\������������-
���� 

%278/,180�72;,1�)25�� 
7(11,6�(/%2: 

 
/DWHUDO� HSLFRQG\ODU� WHQGLQRSDWK\�

LV� WKRXJKW� WR� EH� LQGXFHG� E\�
UHSHWLWLYH� PRWLRQ� RI� WKH� ZULVW� DQG�
GLJLW� H[WHQVRUV�� 7KLV� VWXG\� DVVHVV�
WKH� DQDOJHVLF� HIIHFWV� RI� ORZ-GRVH�
%RWXOLQXP� WR[LQ� $� �%R17-$��
LQMHFWLRQV� IRU� WKH� WUHDWPHQW� RI�
FKURQLF� ODWHUDO� HSLFRQG\ODU�
WHQGLQRSDWK\� 
6XEMHFWV� ZHUH� ��� DGXOWV� ZLWK�

ODWHUDO� HSLFRQG\ODU� WHQGLQRSDWK\��
UHVLVWDQW� WR� PHGLFDO� WUHDWPHQWV� IRU�
PRUH�WKDQ�VL[�PRQWKV��7KH�VXEMHFWV�
ZHUH� UDQGRPL]HG� WR� UHFHLYH� ���
LQWHUQDWLRQDO� XQLWV� RI� %R17-$�
LQMHFWHG� DW� WKH� H[WHQVRU� FDUSL�
UDGLDOLV�EUHYLV��RU�QRUPDO�VDOLQH��ZLWK�
FRQILUPDWLRQ� XVLQJ�
HOHFWURP\RJUDSKLF� VWLPXODWLRQ�� 3DLQ�
ZDV� PHDVXUHG� DW� ���� ��� DQG� ���
GD\V�XVLQJ�D�����SRLQW�YLVXDO�DQDORJ�
VFDOH� 
$W� ��� DQG� ��� GD\V� IROORZ-XS� D� !�

����UHGXFWLRQ� LQ�SDLQ� LQWHQVLW\�ZDV�
UHSRUWHG� E\� PRUH� LQ� WKH� WUHDWPHQW�
JURXS� ����� DQG� ���� UHVSHFWLYHO\��
WKDQ� LQ� WKH� SODFHER� JURXS� �������
DQG� ���� UHVSHFWLYHO\��� UHDFKLQJ�

VLJQLILFDQFH� RQO\� DW� ��� GD\V�
�S ������ DQG�S ������ UHVSHFWLYHO\���
7KRVH� UHSRUWLQJ� QR� V\PSWRPV� RU�
RQO\� RFFDVLRQDO� SDLQ� DW� ��� GD\V�
LQFOXGHG�������RI�WKH�WUHDWPHQW�DQG�
������ RI� WKH� SODFHER� JURXS�
�S�������� &OLQLFDOO\� DVVHVVHG�
SDUHVLV� SHUVLVWHG� LQ� ���� RI� WKH�
WUHDWPHQW� DQG� ��� RI� WKH� SODFHER�
JURXS�DW����GD\V� 
&RQFOXVLRQ�� 7KLV� UDQGRPL]HG�

FRQWUROOHG� VWXG\� RI� SDWLHQWV� ZLWK�
FKURQLF� ODWHUDO� HSLFRQG\ODU�
WHQGLQRSDWK\�IRXQG�WKDW�DQ� LQMHFWLRQ�
ZLWK� ��� XQLWV� RI� %RWXOLQXP� WR[LQ� $�
FRXOG� VLJQLILFDQWO\� UHGXFH� SDLQ�
LQWHQVLW\� 

 
&UHX]p��$���HW�DO��6KRUW-7HUP�(IIHFW�
2I� /RZ� 'RVH�� (OHFWURP\RJUDSK\�
*XLGHG� %RWXOLQXP� *XLGHG� ,QMHFWLRQ�
,Q�7KH�7UHDWPHQW�2I�&KURQLF�/DWHUDO�
(SLFRQG\ODU� 7HQGLQRSDWK\�� -� %RQH�
-RLQW�6XUJ��������0D\�������� 
��������-���� 
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3UHYLRXV VWXGLHV KDYH�
GHPRQVWUDWHG� WKDW� VKRUW-WHUP�
H[SRVXUH� WR� DPELHQW� SROOXWLRQ� LV�
DFXWHO\� KDUPIXO� WR� DGXOW� OXQJ�
IXQFWLRQ�� 7KLV� VWXG\� H[DPLQHG� WKH�
HIIHFW� RQ� OXQJ� IXQFWLRQ� RI� SUR[LPLW\�
WR� D�PDMRU� URDGZD\� � � DQG� � � DQQXDO���
H[SRVXUH� � � WR� SDUWLFXODWH� PDWWHU�
������ȝP�LQ�GLDPHWHU��30����� 
6XEMHFWV�ZHUH�������SDWLHQWV�IURP�

WKH�)UDPLQJKDP�2IIVSULQJ�DQG�7KLUG�
*HQHUDWLRQ� &RKRUW� ZKR� KDG�
XQGHUJRQH� LQVSLUDWRU\� OXQJ�
FRPSXWHUL]HG� WRPRJUDSK\� �&7��
VFDQV�� DQG� ZKR� ZHUH� QRW� FXUUHQWO\�
VPRNLQJ��$OO�XQGHUZHQW�&7�VFDQ�IRU�
HYDOXDWLRQ� RI� SXOPRQDU\� VWUXFWXUDO�
SDUDPHWHUV� DQG� WKH� SUHVHQFH� RI�
HPSK\VHPD�� 7KH� GLVWDQFH� IURP� D�
SDWLHQW¶V� KRPH� WR� D�PDMRU� URDGZD\�
ZDV� FDOFXODWHG�� DQG� WKH� GHQVLW\� RI�
ILQH� SDUWLFOH� PDWWHU� DW� WKH� KRPH�
DGGUHVV� ZDV� HVWLPDWHG�� 7KH� GDWD�
ZHUH� DGMXVWHG� IRU� DJH�� JHQGHU��
KHLJKW��ZHLJKW��PHGLDQ� YDOXH�RI� WKH�
KRPH��SRSXODWLRQ�GHQVLW\��HGXFDWLRQ�
OHYHO�� VPRNLQJ� KLVWRU\� DQG� GDWH� RI�
&7�VFDQ� 
6XEMHFWV�KDG�D�PHDQ�DJH�RI������

\HDUV�� ZLWK� ���� GHPRQVWUDWLQJ� &7�
HYLGHQFH� RI� HPSK\VHPD�� 3UR[LPLW\�
WR�D�PDMRU� URDGZD\�ZDV�DVVRFLDWHG�
ZLWK� VLJQLILFDQWO\� KLJKHU� LQVSLUDWRU\�
OXQJ� YROXPH� EXW� QR� VLJQLILFDQW�
UHODWLRQVKLSV� ZHUH� IRXQG� EHWZHHQ�
SUR[LPLW\� DQG� OXQJ� PDVV�� OXQJ�
GHQVLW\�� RGGV� RI� HPSK\VHPD� RU�
DLUZD\� OXPHQ��)RUPHU�VPRNHUV�KDG�
D� VLJQLILFDQWO\� LQFUHDVHG� RGGV� RI�
HPSK\VHPD��S ������ 
&RQFOXVLRQ�� 7KLV� VWXG\�� IURP�

WKH� )UDPLQJKDP� FRKRUW�� IRXQG� WKDW�
SHRSOH�OLYLQJ�FORVHU�WR�D�PDMRU�URDG��
ZKLOH� KDYLQJ� KLJKHU� DYHUDJH�
LQVSLUDWRU\� OXQJ� YROXPHV�� KDG� QR�
HYLGHQFH�RI�DQ�DVVRFLDWLRQ�EHWZHHQ�
DPELHQW� SROOXWLRQ� DQG� UDGLRJUDSKLF�
PHDVXUHV� RI� HPSK\VHPD�RU� DLUZD\�
GLVHDVH� 

 
5LFH�� 0��� HW� DO�� ([SRVXUH� WR� 7UDIILF�
(PLVVLRQV� DQG� )LQH� 3DUWLFXODWH�
0DWWHU� DQG� &RPSXWHU� 7RPRJUDSK\�
0HDVXUHV�RI� WKH�/XQJ�DQG�$LUZD\V��
(SLGHP���������������-���� 
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)RU� SDWLHQWV� ZLWK� RVWHRDUWKULWLV�

�2$�� RI� WKH� NQHH�� LQWUD-DUWLFXODU�
LQMHFWLRQV� RI� K\DOXURQLF� DFLG� �+$��
DQG�SODWHOHW�ULFK�SODVPD��353��KDYH�
EHHQ� XVHG� DV� QRQVXUJLFDO�
WUHDWPHQWV��$�QHZ�WHFKQLTXH�RI�353�
LQMHFWLRQ� KDV� EHHQ� LQWURGXFHG��
FRPELQLQJ� LQWUDRVVHRXV� �,2��
LQILOWUDWLRQ�ZLWK�LQWUD 

-DUWLFXODU� �,$�� LQMHFWLRQ��7KLV�VWXG\�
FRPSDUHV� WKH� HIILFDF\� RI� ,2�
LQMHFWLRQV�RI�353�FRPELQHG�ZLWK� ,$�
LQMHFWLRQV�RI�HLWKHU�+$�RU�353� 
6XEMHFWV� ZHUH� ��� SDWLHQWV� ZLWK�

XQLODWHUDO�2$� RI� WKH� NQHH�� DJHV� ���
WR� ��� \HDUV�� ZLWK� DQ� DYHUDJH� ERG\�
PDVV�LQGH[��%0,��RI���-����� NJ�P���
7KH� SDWLHQWV� ZHUH� UDQGRPL]HG� WR�
UHFHLYH� LQMHFWLRQV� RI� 353� �� P/�
SODFHG� ,$� DQG� ,2� DW� WKH� WLELDO�
SODWHDX� DQG�PHGLDO�IHPRUDO�FRQG\OH�
HYHU\� WZR� ZHHNV��JURXS�$���353���
P/�,$��JURXS�%��RU�VHYHQ�ZHHNO\�,$�
LQMHFWLRQV� RI� +$� �� P/� �JURXS� &���
7KH� SULPDU\� RXWFRPH�YDULDEOH�ZDV�
WKH�:HVWHUQ�2QWDULR� DQG�0F0DVWHU�
8QLYHUVLWLHV �:20$&�� VFRUH��
ZLWK� SDWLHQWV� HYDOXDWHG� EHIRUH�
WUHDWPHQW�DQG�DW�RQH�� WKUHH��VL[�� ���
DQG� ��� PRQWKV� IURP� WKH� ODVW�
LQMHFWLRQ��,PSURYHPHQW�RQ�WKH� YLVXDO�
DQDORJ� VFDOH� �9$6�� IRU� SDLQ� ZDV�
QRWHG� LQ� DOO� JURXSV� IURP�
SUHWUHDWPHQW� WR� RQH� DQG� WKUHH�
PRQWKV IROORZ-XS� ZLWK�
VLJQLILFDQWO\� JUHDWHU� SDLQ� UHGXFWLRQ�
LQ�JURXS�$�� DV�FRPSDUHG� WR�JURXSV�
%�DQG�&��7KH�:20$&�WRWDO�VFRUHV�
LQGLFDWHG�VLJQLILFDQW� LPSURYHPHQW� LQ�
JURXS� $� DW� HYHU\� IROORZ-XS� WLPH�
SRLQW��ZKLOH�WKRVH�RI�JURXSV�%�DQG�&�
ZHUH� QRW� VLJQLILFDQWO\� LPSURYHG� DW�
WKH���WK�PRQWK� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� RVWHRDUWKULWLV� RI� WKH�
NQHH� IRXQG� WKDW� FRPELQLQJ� LQWUD-
DUWLFXODU�DQG�LQWUDRVVHRXV�LQMHFWLRQV�
RI�SODWHOHW�ULFK�SODVPD�PD\�EH�PRUH�
HIIHFWLYH� LQ� UHOLHYLQJ� SDLQ� DQG�
LPSURYLQJ� GDLO\� DFWLYLWLHV� WKDQ� DUH�



 

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

 

 

LQWUD-DUWLFXODU� LQMHFWLRQV� RI� 353� RU�
+$� 

 
6X�� .��� HW� DO�� &RPSDULVRQ� RI�
+\DOXURQLF� $FLG� DQG� 353� ,QWUD-�
$UWLFXODU� ,QMHFWLRQ� ZLWK� &RPELQHG�
,QWUD-$UWLFXODU�DQG�,QWUDRVVHRXV�353�
,QMHFWLRQV� WR� 7UHDW� 3DWLHQWV� ZLWK�
.QHH�2VWHRDUWKULWLV��&OLQ� �5KHXPDWRO�
������0D\��������������-����� 
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,W� LV� HVWLPDWHG� WKDW� DSSUR[LPDWHO\�

��� PLOOLRQ� $PHULFDQV� KDYH�
RVWHRDUWKULWLV� �2$��� ZLWK� WKLV�
SUHYDOHQFH� H[SHFWHG� WR� LQFUHDVH� WR�
���PLOOLRQ� LQ�XSFRPLQJ�GHFDGHV��$V�
SKDUPDFRORJLF� WUHDWPHQWV� DUH� RIWHQ�
OHVV� WKDQ� IXOO\� HIIHFWLYH�� DQG� KDYH�
YDULRXV����VLGH-HIIHFWV����� VRPH�KDYH�
ORRNHG� WR� FRPSOHPHQWDU\� WKHUDSLHV�
DV� DQ� DOWHUQDWLYH�� $V� SUHYLRXV�
UHVHDUFK� KDV� VXJJHVWHG� WKDW�
ODYHQGHU� RLO� PD\� EH� KHOSIXO� IRU�
SDWLHQWV� ZLWK� QHFN� SDLQ�� WKLV� VWXG\�
UHYLHZHG� LWV�HIIHFWV�RQ�SDWLHQWV�ZLWK�
2$�RI�WKH�NQHH� 
6XEMHFWV� ZHUH� DGXOW� SDWLHQWV�

UHIHUUHG� WR� RXWSDWLHQW� UKHXPDWRORJ\�
FOLQLFV�ZLWK�D�GLDJQRVLV�RI�2$�RI�WKH�
NQHH�� ZLWK� SDLQ� OHYHOV� RI� IRXU� RU�
JUHDWHU� RQ� D� ��-SRLQW� YLVXDO� DQDORJ�
VFDOH�� 7KH� SDUWLFLSDQWV� ZHUH�
UDQGRPL]HG� WR� UHFHLYH� DURPD�
PDVVDJH�� SODFHER�PDVVDJH� RU� WR� D�
FRQWURO� JURXS�� 7KRVH� LQ� WKH�
DURPDWKHUDS\� JURXS� UHFHLYHG� ��� FF�
RI� D� PL[WXUH� RI� WKUHH� SHUFHQW�
ODYHQGHU�RLO�DQG�����VZHHW�DOPRQG�
RLO�� 7KH� SODFHER� FRQWURO� JURXS�
UHFHLYHG� RQO\� DOPRQG� RLO�� $OO�
VXEMHFWV�ZHUH�DVNHG�WR�PDVVDJH�WKH�
DIIHFWHG�NQHH�QLQH�WLPHV�ZLWKLQ�WKUHH�
ZHHNV��DW�D� IL[HG� WLPH�RI�GD\��ZKLOH�
VLWWLQJ� LQ� D� FKDLU�� 7KH� FRQWURO� JURXS�
UHFHLYHG� QR� PDVVDJH�� $OO� ZHUH�
DVVHVVHG� ZLWK� WKH� :20$&� 2$�
,QGH[��DW�EDVHOLQH�� LPPHGLDWHO\�DIWHU�
WKH� WUHDWPHQW�� WKHQ� RQH� DQG� IRXU�
ZHHNV�DIWHU�WKH�LQWHUYHQWLRQ� 
,PPHGLDWHO\� DQG� DW� RQH� � ZHHN�

DIWHU� LQWHUYHQWLRQ�� WKH� DURPDWKHUDS\�
JURXS� KDG� VLJQLILFDQW� EHWWHU� $'/�
VFRUHV� WKDQ� GLG� WKH� FRQWURO� JURXS�
�S ������ DQG� S ������ UHVSHFWLYHO\���
+RZHYHU�� WKH� VLJQLILFDQFH� ZDV� QRW�
VXVWDLQHG�DW�IRXU�ZHHNV� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� RVWHRDUWKULWLV� RI� WKH�
NQHH� VXJJHVWV� WKDW� ODYHQGHU�
HVVHQWLDO� RLO� PDVVDJH� PD\� KDYH� D�
SRVLWLYH� EXW� VKRUW� WHUP� HIIHFW� RQ�
GLVDELOLW\� 

 
1DVLUL�� $��� HW� DO�� $URPDWKHUDS\�
0DVVDJH� ZLWK� /DYHQGHU� (VVHQWLDO�
2LO� LQ� WKH� 3UHYHQWLRQ� RI� 'LVDELOLW\�

DQG� $'/V� LQ� 3DWLHQWV� ZLWK�
2VWHRDUWKULWLV� RI� WKH� .QHH�� $�
5DQGRPL]HG�� &RQWUROOHG� &OLQLFDO�
7ULDO��&RPSOHPHQW� 7KHU� &OLQ� 3UDFW��
������)HEUXDU\���������-���� 
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+\DOXURQLF�DFLG��+$��LQMHFWLRQV�DUH�

FRPPRQO\� SHUIRUPHG� IRU� SDWLHQWV�
ZLWK� NQHH� RVWHRDUWKULWLV� �2$���
+RZHYHU�� VWXGLHV� RI� WKH�
HIIHFWLYHQHVV� RI� WKHVH� LQMHFWLRQV�
KDYH� SURGXFHG� PL[HG� UHVXOWV�� 7KLV�
VWXG\� ZDV� GHVLJQHG� WR� GHWHUPLQH�
ZKLFK� IDFWRUV� EHVW� SUHGLFW� D�
VXFFHVVIXO� RXWFRPH� DPRQJ� WKRVH�
LQMHFWHG�ZLWK�+$�IRU�2$�RI�WKH�NQHH� 
7KLV� SURVSHFWLYH�� REVHUYDWLRQDO�

VWXG\�LQFOXGHG�����SDWLHQWV�ZLWK�2$�
RI� WKH� NQHH�� 7ZHQW\-VL[� SDWLHQWV�
������KDG�./�JUDGH�,�2$�����������
KDG� JUDGH� ,,�2$� DQG� ��� ������ KDG�
JUDGH� ,,,� 2$�� $OO� SDUWLFLSDQWV�
FRPSOHWHG� VWDQGDUGL]HG� VXUYH\V��
LQFOXGLQJ� D� YLVXDO� DQDORJ� VFDOH�
�9$6�� IRU� SDLQ� DQG� WKH� .QHH� ,QMXU\�
DQG� 2VWHRDUWKULWLV� 2XWFRPH� VFRUH�
�.226��� 7UHDWPHQW� VXFFHVV� ZDV�
GHILQHG� DV� D� PLQLPXP� RI� ��-SRLQW�
LPSURYHPHQW� RQ� WKH� ���-SRLQW� 9$6�
RU�LPSURYHPHQW�LQ�DW�OHDVW�KDOI�RI�WKH�
.QHH� ,QMXU\� DQG� 2VWHRDUWKULWLV�
2XWFRPH� VFRUH� �.226�� FDWHJRULHV�
RI� SDLQ�� V\PSWRPV�� IXQFWLRQ� DQG�
TXDOLW\�RI� OLIH��7KH�VXEMHFWV�UHFHLYHG�
RQH�+$� LQMHFWLRQ�SHU�ZHHN� IRU� WKUHH�
ZHHNV�� ZLWK� VXUYH\V� FRPSOHWHG� DW�
HDFK� LQMHFWLRQ� DQG� DW� WKUHH� PRQWKV�
DIWHU�WKH�ILQDO�LQMHFWLRQ� 
2I� WKH� ���� SDWLHQWV�� ���� KDG� D�

VXFFHVVIXO� UHVSRQVH�� 7KRVH� ZLWK�
JUDGH� ,� RU� JUDGH� ,,� 2$� ZHUH�
VLJQLILFDQWO\� PRUH� OLNHO\� WR� UHVSRQG�
WR� LQMHFWLRQV� WKDQ�ZHUH�SDWLHQWV�ZLWK�
JUDGH� ,,,� 2$� �S �������� 7KRVH� ZKR�
UHVSRQGHG� SRVLWLYHO\� WR� WKH� ILUVW�
LQMHFWLRQ�ZHUH� ���� WLPHV�PRUH� OLNHO\�
WR�KDYH�D�SRVLWLYH�UHVSRQVH�DW�IROORZ
-XS��S ��������$PRQJ�SDWLHQWV��ZLWK�
JUDGH� ,,�2$�� WKRVH�RYHU����\HDUV�RI�
DJH� ZHUH� WZR� WLPHV� PRUH� OLNHO\� WR�
UHVSRQG� WKDQ�ZHUH� WKRVH�ZKR�ZHUH�
\RXQJHU� �S �������� 7KHUH� ZDV� QR�
VLJQLILFDQW� HIIHFW� RQ� UHVSRQVH� WR�
WUHDWPHQW� E\� VPRNLQJ� VWDWXV�� ERG\�
PDVV� LQGH[�� JHQGHU�� UDFH�� EUDQG� RI�
LQMHFWLRQ�RU�LQLWLDO�VXUYH\�VFRUH� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� RVWHRDUWKULWLV� RI� WKH�
NQHH� IRXQG� WKDW� IDFWRUV� DVVRFLDWHG�
ZLWK� D� EHWWHU� ORQJ-WHUP� UHVSRQVH� WR�
K\DOXURQLF� DFLG� LQMHFWLRQV� ZHUH�
JUDGH�,�RU�,,�2$��D�SRVLWLYH�UHVSRQVH�
WR� WKH� ILUVW� RI� WKUHH� LQMHFWLRQV�� DQG�
DJH�RYHU����\HDUV� 

 
%RZPDQ�� (��� HW� DO�� +\DOXURQLF� $FLG�

,QMHFWLRQV� IRU� 2VWHRDUWKULWLV� RI� WKH�
.QHH�� 3UHGLFWRUV� RI� 6XFFHVVIXO�
7UHDWPHQW�� ,QW� 2UWKRS�� ������ $SULO��
����������-���� 
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$IWHU� D� IUDJLOLW\� KLS� IUDFWXUH� �D�

IUDFWXUH� ZKLFK� RFFXUV� ZLWK� PLQLPDO�
WUDXPD���HVWLPDWHV�RI�WKH�ULVN�RI�VNLQ�
SUHVVXUH� LQMXU\� YDU\� IURP� ����� WR�
����� 7KLV� VWXG\� ZDV� GHVLJQHG� WR�
LGHQWLI\�SUHGLFWLYH�IDFWRUV�RI�SUHVVXUH�
XOFHUV� DPRQJ� HOGHUO\� LQGLYLGXDOV�
KRVSLWDOL]HG� ZLWK� IUDJLOLW\� KLS�
IUDFWXUHV� 
7KLV� SURVSHFWLYH� VWXG\� LQFOXGHG�

HOGHUO\� SDWLHQWV� DGPLWWHG� WR� WKH�
HPHUJHQF\� GHSDUWPHQW� ZLWK� D�
GLDJQRVLV� RI� IUDJLOLW\� KLS� IUDFWXUH��
7KH� VXEMHFWV� ZHUH� IROORZHG� IRU� WKH�
RFFXUUHQFH� RI� SUHVVXUH� XOFHUV�� ZLWK�
VHFRQGDU\� RXWFRPHV� LQFOXGLQJ�
PRUWDOLW\� ZLWKLQ� ��� GD\V�� VXUJLFDO�
FRPSOLFDWLRQV�� XULQDU\� WUDFW�
LQIHFWLRQV�� SQHXPRQLD� DQG� ODWHUDO�
SRSOLWHDO� RU� VFLDWLF� QHUYH� SDUDO\VLV��
9DULDEOHV� WKRXJKW� WR� EH� UHODWHG� WR�
WKH� RQVHW� RI� KLS� IUDFWXUHV� ZHUH�
GLYLGHG� LQWR� LQWULQVLF� SURSHUWLHV��
H[WULQVLF� SURSHUWLHV� �WKLFNQHVV� RI�
VWUHWFKHU�PDWWUHVV� LQ� WKH�HPHUJHQF\�
GHSDUWPHQW�� GHJUHH� RI� SDLQ�� W\SH� RI�
VXUJHU\�� ,&8� DGPLVVLRQ� GD\V��
UHVWUDLQWV� XVHG� DQG� KRVSLWDO�
HTXLSPHQW� XVHG� WR� SUHYHQW� XOFHUV���
DQG�KRVSLWDO�RUJDQL]DWLRQ� �WLPH�IURP�
IUDFWXUH� WR� HPHUJHQF\� GHSDUWPHQW��
OHQJWK� RI� VWD\� LQ� WKH� HPHUJHQF\�
GHSDUWPHQW� DQG� WLPH� IURP� DUULYDO� WR�
VXUJHU\�� 
6XEMHFWV� ZHUH� ���� DGXOWV� ����

\HDUV�RI�DJH�DQG�ROGHU�ZLWK�D�PHDQ�
KRVSLWDO� OHQJWK�RI�VWD\�RI�QLQH�GD\V��
2I�WKH�����SDWLHQWV�ZKR�GHYHORSHG�D�
SUHVVXUH�XOFHU�����ZHUH�JUDGH�WZR�RU�
KLJKHU�� ZLWK� D� KLJKHU� LQFLGHQFH�
DPRQJ� WKRVH� ��� \HDUV� RI� DJH� DQG�
ROGHU�� &RUUHFWLQJ� IRU� DJH�� WKH�
PXOWLYDULDWH� DQDO\VLV� IRXQG� WKDW�
IDFWRUV� LQGHSHQGHQWO\� DVVRFLDWHG�
ZLWK� WKH� RQVHW� RI� VNLQ� XOFHUV� ZHUH�
ERQH� IL[DWLRQ�VXUJHU\� �S �������DQG�
SODFLQJ� WKH� OLPE� LQ� D� IRDP� UXEEHU�
VSOLQW� �S���������� 7KH� XVH� RI� DQ�
DOWHUQDWH� SUHVVXUH� PDWWUHVV� ZDV�
DVVRFLDWHG�ZLWK�D�UHGXFHG�ULVN� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� IUDJLOLW\� IUDFWXUH� IRXQG�
WKDW� LVVXHV� DVVRFLDWHG� ZLWK� WKH� ULVN�
RI� SUHVVXUH� XOFHUV� LQFOXGHG� DJH�
JUHDWHU� WKDQ����\HDUV��ERQH� IL[DWLRQ�
VXUJHU\� DQG� DQ� LQFUHDVHG� WLPH�ZLWK�
WKH�XVH�RI�D�UXEEHU�VSOLQW� 

 
)RUQL�� &��� HW� DO�� 3URVSHFWLYH�
3URJQRVWLF�&RKRUW�6WXG\�RI�3UHVVXUH�
,QMXULHV� LQ�2OGHU� $GXOW� 3DWLHQWV� ZLWK�



 

 

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 

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

+LS� )UDFWXUHV�� $GY� 6NLQ� :RXQG�
&DUH��������0D\������������-���� 
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$V� ORZ-JUDGH� ERQH� HGHPD� �%0(��
LQ�WKH�VDFURLOLDF��6,��MRLQWV�KDV�EHHQ�
UHSRUWHG� LQ� XS� WR� ���� RI� KHDOWK\�
DGXOWV� ZLWK� QRQVSHFLILF� ORZ� EDFN�
SDLQ�� WKH� GLDJQRVWLF� XWLOLW\� RI�
PDJQHWLF� UHVRQDQFH� LPDJLQJ� �05,��
WR� GLVFULPLQDWH� WKHVH� IHDWXUHV� IURP�
HDUO\� VSRQG\ORDUWKULWLV� EHFRPHV�
XQFHUWDLQ�� 7KLV� VWXG\� H[SORUHG� WKH�
IUHTXHQF\� DQG� GLVWULEXWLRQ� RI� %0(�
DQG�VWUXFWXUDO�OHVLRQV�LQ�WKH�6,�MRLQWV�
RI�DWKOHWHV�IURP�D�YDULHW\�RI�VSRUWV� 
6XEMHFWV� ZHUH� ��� KHDOWK\��

UHFUHDWLRQDO�UXQQHUV�DQG����KHDOWK\��
SURIHVVLRQDO� KRFNH\� SOD\HUV�� ��� WR�
���\HDUV�RI�DJH��$OO�XQGHUZHQW�05,�
HYDOXDWLRQ� RI� WKH� 6,� MRLQW�� ZLWK�
EOLQGHG� GHWHUPLQDWLRQV� RI� VDFURLOLLWLV�
DV� SURSRVHG� E\� WKH� $VVHVVPHQW� RI�
6SRQG\ORDUWKULWLV� ,QWHUQDWLRQDO�
6RFLHW\� �$6$6��� )RU� WKLV� DQDO\VLV��
HDFK�6,� MRLQW�ZDV� GLYLGHG� LQWR� HLJKW�
MRLQW� TXDGUDQWV�� /HVLRQV� ZHUH�
FRPSDUHG� E\� JURXSV� DQG� E\�
ORFDWLRQ� 
7KH� PHDQ� QXPEHUV� RI� 6,� MRLQW�

TXDGUDQWV�GHPRQVWUDWLQJ�%0(�ZHUH�
���� LQ� UHFUHDWLRQDO� UXQQHUV� DQG� ����
LQ� KRFNH\� SOD\HUV�� 7KH� PRVW�

DIIHFWHG� UHJLRQ� ZDV� WKH� SRVWHULRU�
ORZHU� LOLXP�� IROORZHG� � � � E\� � � � WKH����
DQWHULRU� � � � XSSHU� VDFUXP�� 7KH�
SURSRUWLRQV� RI� VXEMHFWV�PHHWLQJ� WKH�
GHILQLWLRQ� IRU� DFWLYH� VDFURLOLLWLV� ZHUH�
���� RI� WKH� UHFUHDWLRQDO� UXQQHUV�
EHIRUH� UXQQLQJ�� ���� DIWHU� UXQQLQJ��
DQG� ������ RI� WKH� KRFNH\� SOD\HUV��
7KH� PHDQ� QXPEHUV� RI� 6,� MRLQW�
TXDGUDQWV�DIIHFWHG�E\�%0(�ZHUH�����
DQG� ���� LQ� UHFUHDWLRQDO� UXQQHUV�
EHIRUH� DQG� DIWHU� UXQQLQJ��
UHVSHFWLYHO\�� DQG� ���� LQ� KRFNH\�
SOD\HUV� 
&RQFOXVLRQ�� 8VLQJ� WKH� $6$6�

GHILQLWLRQ�� WKLV� VWXG\� RI� UHFUHDWLRQDO�
UXQQHUV� DQG� HOLWH� KRFNH\� DWKOHWHV�
IRXQG� 05,� HYLGHQFH� RI� DFWLYH�
VDFURLOLLWLV�LQ���-���� 

 
:HEHU�� 8��� HW� DO�� )UHTXHQF\� DQG�
$QDWRPLF� 'LVWULEXWLRQ� RI� 0DJQHWLF�
5HVRQDQFH�,PDJLQJ�)HDWXUHV� LQ� WKH�
6DFURLOLDF� -RLQWV�RI�<RXQJ�$WKOHWHV��
([SORULQJ� %DFNJURXQG� 1RLVH�
WRZDUGV� D� 'DWD-'ULYHQ� 'HILQLWLRQ� RI�
6DFURLOLLWLV�LQ�(DUO\�6SRQG\ORDUWKULWLV��
$UWKU� 5KHXPDWRO�� ������ 0D\�� ���
��������-���� 

 
 


