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

 
$(52%,&�75$,1,1*�$1'�3$,1�

72/(5$1&( 
 
$� QXPEHU� RI� VWXGLHV� KDYH�

GHPRQVWUDWHG�SDLQ�UHOLHYLQJ�HIIHFWV�RI��
H[HUFLVH� WUDLQLQJ� LQ� SDWLHQWV� ZLWK�
FKURQLF� GLVHDVH�� +RZHYHU�� IHZ� KDYH�
H[DPLQHG� WKH� HIIHFW� RI� FKURQLF�
DHURELF�H[HUFLVH�RQ�SDLQ�VHQVLWLYLW\�LQ�
KHDOWK\� SDUWLFLSDQWV�� 7KLV� VWXG\�
H[DPLQHG� WKH� HIIHFWV� RI�PRGHUDWH� WR�
YLJRURXV�LQWHQVLW\�DHURELF�H[HUFLVH�RQ�
SDLQ�VHQVLWLYLW\�LQ�KHDOWK\�DGXOWV� 
+HDOWK\�DGXOWV��EHWZHHQ�WKH�DJHV�RI�

��� DQG� ��� \HDUV� ZLWK� QR� KLVWRU\� RI�
FKURQLF�SDLQ�RU�FKURQLF�GLVHDVH�ZHUH�
UHFUXLWHG��7KH�SDWLHQWV�ZHUH�DOORFDWHG�
WR� DQ� H[HUFLVH� JURXS� RU� WR� D� FRQWURO�
JURXS�� $W� EDVHOLQH� DQG� IROORZ-XS��
ERWK� JURXSV� ZHUH� DVVHVVHG� IRU� SDLQ�
VHQVLWLYLW\� DQG� DHURELF� FDSDFLW\�� ZLWK�
TXHVWLRQQDLUHV DVVHVVLQJ�
SV\FKRORJLFDO� VWDWXV� DQG� SK\VLFDO�
DFWLYLW\� OHYHOV�� 3UHVVXUH� SDLQ�
WKUHVKROGV� DQG� LVFKHPLF� SDLQ�
WROHUDQFH� ZHUH� DOVR� DVVHVVHG�� 7KH�
H[HUFLVH� JURXS� ZRUNHG� ZLWK� D� F\FOH�
HUJRPHWHU� WKUHH� WLPHV� SHU� ZHHN� IRU�
��� PLQXWHV� DW� ���� RI� +5� UHVHUYH��
&RQWURO� VXEMHFWV� SHUIRUPHG� RQO\� WKH�
LQLWLDO� DQG� ILQDO� DVVHVVPHQWV�� DQG�
ZHUH� DVNHG� WR�PDLQWDLQ� WKHLU� UHJXODU�
OHYHOV�RI�SK\VLFDO�DFWLYLW\� 
$W� IROORZ-XS�� D� VLJQLILFDQW� LQFUHDVH�

ZDV� VHHQ� LQ� LVFKHPLF� SDLQ� WROHUDQFH�
LQ� WKH�H[HUFLVH�JURXS� �S ��������ZLWK�
WKLV� WROHUDQFH� QRW� VLJQLILFDQWO\�
FKDQJHG� LQ� WKH� FRQWURO� JURXS�� )RU�
SDLQ� UDWLQJV�GXULQJ� LVFKHPLD��DQG� IRU�
SUHVVXUH� SDLQ� WKUHVKROGV�� QR� JURXS�
HIIHFW� RU� JURXS-WLPH� LQWHUDFWLRQ� ZDV�
IRXQG� 
&RQFOXVLRQ��7KLV�VWXG\�VXJJHVWV�

WKDW� VL[� ZHHNV� RI� PRGHUDWH� WR�
YLJRURXV� DHURELF� H[HUFLVH� WUDLQLQJ�
FDQ� LQFUHDVH� SDLQ� WROHUDQFH� WR�
QR[LRXV� LVFKHPLF� VWLPXOL� LQ� KHDOWK\�
LQGLYLGXDOV� 
 
-RQHV�� 0��� HW� DO�� $HURELF� 7UDLQLQJ�
,QFUHDVHV� 3DLQ� 7ROHUDQFH� LQ� +HDOWK\�
,QGLYLGXDOV�� 0HG� 6FL� 6SRUW� ([HU��
������$XJXVW�������������-����� 

 
 
 

 
$1./(�)5$&785(6�$1'�

&2035(66,21�672&.,1*6 
 
$QNOH� IUDFWXUHV� DUH� FRPPRQ�� ZLWK�

WUHDWPHQW� LQFOXGLQJ� RSHUDWLYH� RU�
QRQRSHUDWLYH� LQWHUYHQWLRQ�� :KLOH�
FRPSUHVVLRQ� VWRFNLQJV� KDYH� EHHQ�
IRXQG� WR� UHGXFH� WKH� ULVN� RI� YHQRXV�
VWDVLV� DQG� GHHS� YHQRXV� WKURPERVLV��
VRPH� KDYH� VXJJHVWHG� WKDW� WKHVH�
VWRFNLQJV� PD\� DOVR� LPSURYH� ZRXQG�
KHDOLQJ�� 7KLV� VWXG\� HYDOXDWHG� WKH�
HIIHFW� RI� FRPSUHVVLRQ� RQ� UHFRYHU\�
IROORZLQJ�DQNOH�IUDFWXUH� 
7KLV� VLQJOH� FHQWHU�� SURVSHFWLYH��

UDQGRPL]HG� WULDO� LQFOXGHG�SDWLHQWV����
WR� ��� \HDUV� RI� DJH� ZLWK� DQ� DFXWH�
DQNOH� IUDFWXUH�� 7KH� VXEMHFWV� ZHUH�
UDQGRPL]HG� WR� UHFHLYH� HLWKHU�
FRPSUHVVLRQ�� XVLQJ� DQNOH� LQMXU\�
VWRFNLQJV��$,6��SOXV�DQ�DLU�FDVW�ERRW��
RU� D� 7XELJULS� SOXV� DQ� DLU� FDVW� ERRW��
7KH� SUHVVXUH� SURILOHV� IRU� WKH� DQNOH�
LQMXU\�VWRFNLQJV�ZHUH����PP+J�DW�WKH�
DQNOH�����PP+J�DW�WKH�PLGFDOI�DQG����
PP+J�DW�WKH�XSSHU�FDOI��7KH�SULPDU\�
RXWFRPH� PHDVXUH� ZDV� WKH� 2OHUXG-
0RODQGHU� $QNOH� 6FRUH� �20$6���
6HFRQGDU\� RXWFRPH� PHDVXUHV�
LQFOXGHG� 6KRUW� )RUP� �6)�-� ��Y��
4XDOLW\� RI� /LIH� TXHVWLRQQDLUHV��
IUHTXHQF\�RI�GHHS�YHQRXV�WKURPERVLV�
DQG� WKH� $PHULFDQ� 2UWKRSHGLF� )RRW�
DQG�$QNOH�6RFLHW\�6FRUH��$2)$6�� 
7KH� PHDQ� 20$6� VFRUH� ZDV�

VLJQLILFDQWO\�EHWWHU�IRU�SDWLHQWV�WUHDWHG�
ZLWK�$,6��WKDQ�IRU�WKH�FRQWURO�JURXS�DW�
DOO� WLPH� SRLQWV� �S��������� $W� VL[�
PRQWKV�� D� PDUNHG� GLIIHUHQFH�
UHPDLQHG�LQ�20$6�VFRUHV��ZLWK�WKRVH�
LQ� WKH� WUHDWPHQW� JURXS� REWDLQLQJ� D�
PHDQ�VFRUH�RI�����DV�FRPSDUHG�WR����
LQ� WKH� FRQWURO� JURXS� �S��������� 7KH�
PHDQ� $2)$6� VFRUHV� DQG� WKH� 6)�
TXDOLW\� RI� OLIH� VFRUHV� ZHUH� DOVR�
VLJQLILFDQWO\� EHWWHU� LQ� WKH� WUHDWPHQW�
JURXS� WKDQ� LQ� WKH� FRQWURO� JURXS�� $W�
IRXU� ZHHNV�� RI� WKH� ��� ZLWK� GXSOH[�
LPDJLQJ�� ILYH� ������ RI� ��� LQ� WKH� $,6�
JURXS�� DQG� WHQ� ������ RI� ��� LQ� WKH�
7XELJULS�JURXS�GHYHORSHG�D�'97��S� �
������ 
&RQFOXVLRQ�� 7KLV� UDQGRPL]HG��

VLQJOH-EOLQG��FRQWUROOHG�VWXG\�IRXQG 
 

WKDW� FRPSUHVVLRQ� VWRFNLQJV� FDQ�
LPSURYH� IXQFWLRQDO� RXWFRPH� DQG�
TXDOLW\-RI-OLIH� IRU� SDWLHQWV� ZLWK� DQNOH�
IUDFWXUHV� 
 
6XOWDQ�� 0��� HW� DO�� &RPSUHVVLRQ�
6WRFNLQJV� LQ� WKH� 0DQDJHPHQW� RI�
)UDFWXUHV�RI�WKH�$QNOH��%RQH� -RLQW� -��
��������-%������-����� 
 
%278/,180�72;,1�$7�02725�
(1'3/$7(�)25�&(59,&$/�

'<6721,$ 
 
&HUYLFDO� G\VWRQLD�� WKH� PRVW�

FRPPRQ� IRUP� RI� SULPDU\� IRFDO�
G\VWRQLD�� LV� FKDUDFWHUL]HG� E\�
LQYROXQWDU\� FRQWUDFWLRQ� RI� FHUYLFDO�
PXVFOHV�� OHDGLQJ� WR� DEQRUPDO�
PRYHPHQWV�DQG�SRVWXUHV�RI�WKH�KHDG�
DQG� QHFN�� 7UHDWPHQW� VWUDWHJLHV�
LQFOXGH� LQWUDPXVFXODU� LQMHFWLRQV� ZLWK�
ERWXOLQXP� WR[LQ�� 7KLV� VWXG\� ZDV�
GHVLJQHG� WR� GHWHUPLQH� ZKHWKHU�
LQMHFWLRQV� WR� WKH� PXVFOH¶V� PRWRU�
HQGSODWH� ]RQH� �0(=��PLJKW� HQKDQFH�
WKH� HIIHFW� RI� WKH� ERWXOLQXP� WR[LQ�
LQMHFWLRQV� 
(LJKWHHQ� SDWLHQWV� ZLWK� FHUYLFDO�

G\VWRQLD�ZHUH�VWXGLHG��,Q�DOO�SDWLHQWV��
ERWXOLQXP� WR[LQ� LQMHFWLRQV� ZHUH�
SODFHG� LQ� WKH� VWHUQRFOHLGRPDVWRLG�
�6&0��DQG� WKH�VSOHQLXV�FDSLWXV� �6&��
PXVFOH���LQMHFWHG��HYHU\��WZR���WR�� IRXU��
RQWKV�� � ,Q� �VWXG\� �RQH�� �KLJK� �GHQVLW\�
VXUIDFH� HOHFWURP\RJUDSK\� ZDV� XVHG�
WR� ORFDWH� WKH� 0(=�� ,Q� VWXG\� WZR��
SDWLHQWV� ZHUH� LQMHFWHG� DW� WKH� 0(=��
UHFHLYLQJ� KDOI� RI� WKHLU� UHJXODU�
ERWXOLQXP� WR[LQ� GRVH�DW� WKH�HQGSODWH�
]RQH� RU� WKHLU� UHJXODU� GRVHV� DW� WKH�
VWDQGDUG� LQMHFWLRQ� VLWH�� '\VWRQLD�
VHYHULW\� ZDV� UHFRUGHG� EHIRUH� DQG�
IRXU� ZHHNV� DIWHU� HDFK� WUHDWPHQW�
VHVVLRQ�� XVLQJ� WKH� :HVWHUQ�
6SDVPRGLF� 7RUWLFROOLV� 5DWLQJ� 6FDOH�
6HYHULW\�VXEVFRUH� 
,Q� WKH� ILUVW� VWXG\�� WKH� 0(=� ZDV�

ORFDOL]HG�LQ�WZR�WKLUGV�RI�WKH�PXVFOHV��
,Q� WKH� VHFRQG� VWXG\�� ERWK� WKH�
VWDQGDUG� DSSURDFK� DQG� WKH� UHGXFHG�
GRVH�DW�WKH�0(=�UHVXOWHG�LQ�REMHFWLYH�
LPSURYHPHQW� RI� G\VWRQLD�� ZLWK� QR�
VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�WKH�WZR�
JURXSV� 
&RQFOXVLRQ�� 7KLV� VWXG\� IRXQG�

WKDW� LQMHFWLQJ� %RWXOLQXP� WR[LQ� DW� WKH�

9ROXPH����1XPEHU�� 6HSWHPEHU��������� 
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WKH� WUHDWPHQW� JURXS� ZHUH� PHGLFDOO\�
FOHDUHG� WR� UHWXUQ� WR� VSRUW� DW� HLJKW�
ZHHNV� WKDQ� ZLWKLQ� WKH� FRQWURO� JURXS�
�����DQG����UHVSHFWLYHO\���,QWHQWLRQ�
WR� WUHDW� DQDO\VLV� UHYHDOHG� WKDW� PRUH�
LQGLYLGXDOV� LQ� WKH� WUHDWPHQW� JURXS�
ZHUH� PHGLFDOO\� FOHDUHG� WR� UHWXUQ� WR�
VSRUW� WKDQ� LQ� WKH� FRQWURO� JURXS�
�S ������� 
&RQFOXVLRQ��7KLV�VWXG\�RI�\RXQJ�

DWKOHWHV� ZLWK� VSRUW� UHODWHG�
FRQFXVVLRQ� V\PSWRPV� RI� GL]]LQHVV��
QHFN� SDLQ� DQG�RU� KHDGDFKHV�� IRXQG�
WKDW� WKH� FRPELQDWLRQ� RI� FHUYLFDO� DQG�
YHVWLEXODU� WKHUDS\� FDQ� GHFUHDVH� WKH�
WLPH�WR�PHGLFDO�FOHDUDQFH�WR�UHWXUQ�WR�
VSRUW� 
 
6FKQHLGHU�� .��� HW� DO��
&HUYLFRYHVWLEXODU� 5HKDELOLWDWLRQ� DQG�
6SRUWV� 5HODWHG� &RQFXVVLRQ�� $�
5DQGRPL]HG�� &RQWUROOHG� 7ULDO�� %U� -�
6SRUW� 0HG�� ������ 6HSWHPEHU�� ��
����������-���� 
 
&2*1,7,9(�,03$,50(17�,1�+,3�

)5$&785(�3$7,(176 
 
&RJQLWLYH� LPSDLUPHQW� �&,�� LV� D�

NQRZQ� ULVN� IDFWRU� IRU� IDOOV� LQ� WKH�
HOGHUO\�� +LS� IUDFWXUHV� DUH� RIWHQ�
DVVRFLDWHG� ZLWK� GHFUHDVHV� LQ�
LQGHSHQGHQFH�� PRELOLW\� DQG� RYHUDOO�
GDLO\�IXQFWLRQ��,W�LV�GLIILFXOW�WR�HVWLPDWH�
WKH� XQGHUO\LQJ� IUHTXHQF\� RI�
SUHRSHUDWLYH� FRJQLWLYH� GLVRUGHUV� LQ�
WKLV�SRSXODWLRQ��5DWHV�RI�GRFXPHQWHG�
GHPHQWLD� LQ� KLS� IUDFWXUH� SDWLHQWV�
KDYH� YDULHG� IURP� ���� WR� ����� 7KLV�
VWXG\�ZDV�GHVLJQHG�WR�GHWHUPLQH�WKH�
SUHYDOHQFH� RI� SUHRSHUDWLYH� FRJQLWLYH�
LPSDLUPHQW� LQ� SDWLHQWV� ZLWK� KLS�
IUDFWXUHV� 
'DWD� ZHUH� REWDLQHG� IURP� DQ�

RQJRLQJ�� SURVSHFWLYH�� ORQJLWXGLQDO�
VWXG\� RI� FRJQLWLYH� DVVHVVPHQW� DIWHU�
KLS� IUDFWXUHV� LQ� WKH� HOGHUO\� �&$)(���
6XEMHFWV� ZHUH� ��� \HDUV� RI� DJH� RU�
ROGHU��DGPLWWHG� IRU�DFXWH�KLS� IUDFWXUH�
EHWZHHQ�$XJXVW�RI������DQG�$XJXVW�
RI�������'HOLULXP�ZDV�DVVHVVHG�ZLWK�
WKH� &RQIXVLRQ� $VVHVVPHQW� 0HWKRG�
6KRUW-� )RUP� �&$0-6)�� DQG�
GRFXPHQWHG� E\� WKH� DWWHQGLQJ�
SK\VLFLDQ�� 7KH� 0RQWUpDO� &RJQLWLYH�
$VVHVVPHQW� �0R&$�� ZDV� XVHG� IRU�
SUHRSHUDWLYH� FRJQLWLYH� DVVHVVPHQW�
DQG� WR� GHWHUPLQH� WKH� SUHVHQFH� DQG�
VHYHULW\� RI� &,�� 3DWLHQWV� ZHUH� DOVR�
DVVHVVHG�IRU�DQ[LHW\��IHDU�DQG�SDLQ� 
$� WRWDO� RI� ��� SDWLHQWV� ZLWK� KLS�

IUDFWXUH�ZHUH�VWXGLHG��2I�WKHVH������
VFRUHG� LQ� WKH� QRUPDO� UDQJH� RI�
FRJQLWLRQ�DQG�������VFRUHG�LQ�WKH�&,�
UDQJH�� 2QO\� ILYH� SDWLHQWV� KDG� D�
GRFXPHQWHG� GLDJQRVLV� RI� &,� RU�
GHPHQWLD� GXULQJ� KRVSLWDOL]DWLRQ��
%HIRUH� KLS� IUDFWXUH�� ������ RI� WKH�
FRJQLWLYHO\�LPSDLUHG�DQG�������RI�WKH�
FRJQLWLYHO\� QRUPDO� SDWLHQWV� OLYHG�

DORQH�� :KLOH� PHGLDQ� SUHRSHUDWLYH�
SDLQ�VFRUHV�ZHUH�KLJKHU�LQ�WKRVH�ZLWK�
&,� �S��������� QR� VLJQLILFDQW�
GLIIHUHQFHV� LQ� IHDU� RU� DQ[LHW\� ZHUH�
IRXQG�EHWZHHQ�WKH�JURXSV� 
&RQFOXVLRQ��7KLV�VWXG\�RI�HOGHUO\�

SDWLHQWV�ZLWK�KLS� IUDFWXUHV� IRXQG� WKDW�
FRJQLWLYH� LPSDLUPHQW� LV� KLJKO\�
SUHYDOHQW�� EXW� RIWHQ� XQUHFRJQL]HG��
GXULQJ�KRVSLWDOL]DWLRQ� 
 
'DQLHOV�� $��� HW� DO�� 3UHRSHUDWLYH�
&RJQLWLYH ,PSDLUPHQW DQG�
3V\FKRORJLFDO  'LVWUHVV LQ�
+RVSLWDOL]HG�� (OGHUO\� +LS� )UDFWXUH�
3DWLHQWV�� $P� -� 2UWKRSHGLFV�� ������
-XO\���������(���-(���� 
 
3523+</$&7,&�,1'20(7+$&,1�
$)7(5�$&(7$%8/$5�)5$&785(�

5(3$,5 
 
:KLOH�LQGRPHWKDFLQ�KDV��ORQJ�EHHQ�

WKRXJKW� WR� EH� D� SURSK\ODFWLF� DJHQW�
DJDLQVW�+2��WKH�OLWHUDWXUH�FRQFHUQLQJ�
LWV� XVH� LQ� FOLQLFDO� SUDFWLFH� FRQWDLQV�
PL[HG� UHVXOWV�� 7KLV� VWXG\� IXUWKHU�
HYDOXDWHG� WKH� UHODWLRQVKLSV� DPRQJ�
LQGRPHWKDFLQ� SURSK\OD[LV�� WKH�
LQFLGHQFH� RI� +2� DQG� ERQH� KHDOLQJ�
IROORZLQJ�DFHWDEXODU�IUDFWXUH� 
7KLV� UDQGRPL]HG�� GRXEOH-EOLQG��

FRQWUROOHG� WULDO� LQFOXGHG� ��� SDWLHQWV�
ZLWK� DFXWH� DFHWDEXODU� IUDFWXUHV��
PDQDJHG� VXUJLFDOO\�� 7KH� VXEMHFWV�
ZHUH�UDQGRPO\�DVVLJQHG�WR�VL[�ZHHNV�
RI� WUHDWPHQW� ZLWK� ��� SODFHER� IRU� VL[�
ZHHNV�� ��� WKUHH� GD\V� RI�
LQGRPHWKDFLQ��IROORZHG�E\�D�SODFHER��
��� RQH� ZHHN� RI� LQGRPHWKDFLQ�
IROORZHG� E\� SODFHER� RU� ��� VL[� ZHHNV�
RI� LQGRPHWKDFLQ�� 7KH� SDUWLFLSDQWV�
ZHUH� DVVHVVHG� IRU� UDQJH� RI� PRWLRQ��
SDLQ�DQG�UDGLRJUDSKLF�FKDQJHV�DW�VL[�
ZHHNV�� DQG� DW� WKUHH�� VL[� DQG� WZHOYH�
PRQWKV� 
$W� VL[-PRQWK� IROORZ-XS�� WKH�

LQFLGHQFH� RI� +2� LQ� JURXS� RQH� ZDV�
����� ZKLOH� WKDW� LQ� JURXS� IRXU� ZDV�
����� 7KRVH� LQ� JURXS� IRXU� KDG� D�
KLJKHU� UDWH� RI� QRQXQLRQ� WKDQ� JURXS�
RQH� �S �������� 6XEMHFWV� LQ� JURXS�
WKUHH� KDG� D� ORZHU� LQFLGHQFH� DQG�
YROXPH�RI�+2��DV�FRPSDUHG�WR�JURXS�
RQH��ZLWKRXW�LQFUHDVHG�QRQXQLRQ� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� XQGHUJRLQJ� DFHWDEXODU�
IUDFWXUH� UHSDLU� IRXQG� WKDW� SURORQJHG�
SURSK\OD[LV� ZLWK� LQGRPHWKDFLQ� GRHV�
QRW�GHFUHDVH�WKH�LQFLGHQFH�RI�+2�EXW�
GRHV� LQFUHDVH� WKH� ULVN� IRU� IUDFWXUH�
QRQXQLRQ�� +RZHYHU�� LQGRPHWKDFLQ�
WUHDWPHQW�IRU�RQH�ZHHN�ZDV�HIIHFWLYH�
LQ� GHFUHDVLQJ� +2�� ZLWKRXW� WKH�
DGGLWLRQDO�ULVN�RI�QRQXQLRQ� 
 
6DJL�� +��� HW� DO�� ,QGRPHWKDFLQ�
3URSK\OD[LV� IRU� +HWHURWRSLF�
2VVLILFDWLRQ�DIWHU�$FHWDEXODU�)UDFWXUH�
6XUJHU\� ,QFUHDVHV� WKH� 5LVN� IRU�

PRWRU� HQGSODWH� ]RQH� FDQ� DOORZ� IRU�
VLJQLILFDQWO\� OHVV� ERWXOLQXP� WR[LQ�
LQMHFWHG�� DV� FRPSDUHG� WR� WKH� VWDQGDUG�
DSSURDFK� 
 
'HOQRR]��&���HW�DO�7KH�&OLQLFDO�8WLOLW\�RI�
%RWXOLQXP�7R[LQ� ,QMHFWLRQV�7DUJHWHG�DW�
WKH� 0RWRU� (QGSODWH� =RQH� LQ� &HUYLFDO�
'\VWRQLD�� (XUR� -� 1HXURO��
�������'2,������HQH������ 
 

&(59,&29(67,%8/$5�
5(+$%,/,7$7,21�,1�632576�

&21&866,21 
 
$IWHU� FRQFXVVLRQ�� GL]]LQHVV� DQG�

EDODQFH� G\VIXQFWLRQ� DUH� FRPPRQO\�
UHSRUWHG�� 7KLV� ILQGLQJ� PD\� EH� GXH� WR�
G\VIXQFWLRQ RI WKH� YHVWLEXODU�
SURSULRFHSWLYH�RU� FHQWUDO�V\VWHPV��7KLV�
VWXG\� ZDV� GHVLJQHG� WR� GHWHUPLQH�
ZKHWKHU� WKH� FRPELQDWLRQ� RI� YHVWLEXODU�
UHKDELOLWDWLRQ DQG� SK\VLRWKHUDS\�
LPSURYHV� RXWFRPHV� IRU� SDWLHQWV� ZLWK�
SURORQJHG� SRVWFRQFXVVLYH� V\PSWRPV�
RI� GL]]LQHVV�� QHFN� SDLQ�RU� KHDGDFKHV��
3DWLHQWV� EHWZHHQ� WKH� DJHV�RI� ��� DQG�
��� \HDUV� RI� DJH�� DOO� GLDJQRVHG� ZLWK�
VSRUWV� UHODWHG� FRQFXVVLRQ� DQG�
V\PSWRPV� JUHDWHU� WKDQ� ��� GD\V� LQ�
GXUDWLRQ��ZHUH� VWXGLHG��$OO� FRPSODLQHG�
RI� GL]]LQHVV�� QHFN� SDLQ� DQG�RU�
KHDGDFKHV� 
7KH� SDWLHQWV�ZHUH� UDQGRPL]HG� WR� DQ�

LQWHUYHQWLRQ�RU�FRQWURO�JURXS��ERWK�VHHQ�
ZHHNO\� IRU� HLJKW� ZHHNV� E\� D�
SK\VLRWKHUDSLVW�� $Q� LQWHUYHQWLRQ� JURXS�
UHFHLYHG� D� FRPELQDWLRQ� RI� FHUYLFDO�
VSLQH� SK\VLRWKHUDS\�� DQG� YHVWLEXODU�
UHKDELOLWDWLRQ�� 7KH� SULPDU\� RXWFRPH�
PHDVXUH�ZDV�WKH�QXPEHU�RI�GD\V�IURP�
WUHDWPHQW� LQLWLDWLRQ� XQWLO� PHGLFDO�
FOHDUDQFH�WR�UHWXUQ�WR�VSRUW� 

 
$�WRWDO�RI����LQGLYLGXDOV�ZHUH�VWXGLHG��

$� JUHDWHU� SURSRUWLRQ� RI� LQGLYLGXDOV� LQ�
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1RQXQLRQ� RI� WKH� 3RVWHULRU� :DOO�� -�
2UWKR� 7UDXPD�� ������ -XO\�� ��
�������-���� 

 
())(&76�2)�,%8352)(1�21�
7(1'21�+($/,1*�$5(�7,0(�

'(3(1'(17 
 
&OLQLFDO�SURWRFROV�DIWHU�WHQGRQ�UHSDLU�

RIWHQ� LQFOXGH� QRQVWHURLGDO� DQWL-�
LQIODPPDWRU\� GUXJV� �16$,'V�� WR�
UHGXFH� SDLQ� DQG� LQIODPPDWLRQ��:KLOH�
WKLV� FODVV� RI� PHGLFDWLRQ� KDV� EHHQ�
IRXQG� WR� KDYH� QHJDWLYH� HIIHFWV� RQ�
WHQGRQ� FHOO� PLJUDWLRQ� DQG�
SUROLIHUDWLRQ�� VRPH� VWXGLHV� KDYH� DOVR�
VXJJHVWHG�WKDW�D�ODWH�DSSOLFDWLRQ�PD\�
LPSURYH� WKH� KHDOLQJ� SURFHVV�� 7KLV�
VWXG\� LQYHVWLJDWHG� WHQGRQ� KHDOLQJ�
EDVHG� XSRQ� WLPLQJ� RI� DGPLQLVWUDWLRQ�
RI�LEXSURIHQ� 
7KLV� DQLPDO� VWXG\� LQFOXGHG� ��� UDWV�

XQGHUJRLQJ� ELODWHUDO� VXSUDVSLQDWXV�
GHWDFKPHQW�DQG�UHSDLU�VXUJHULHV��7KH�
VXEMHFWV� ZHUH� GLYLGHG� LQWR� D� FRQWURO�
JURXS�� D� JURXS� DGPLQLVWHUHG�
LEXSURIHQ�RQ�GD\V�]HUR�WR�VHYHQ��DQG�
D� JURXS� DGPLQLVWHUHG� LEXSURIHQ� RQ�
GD\V��-����7KH�UDWV�ZHUH�HXWKDQL]HG��
ZLWK� LVVXHV� H[DPLQHG�
ELRPHFKDQLFDOO\� DQG� KLVWRORJLFDOO\� DW�
GD\V�VHYHQ�����DQG���� 
7HQGRQ� VWLIIQHVV� DQG� PRGXOXV� RI�

HODVWLFLW\� ZHUH� VLJQLILFDQWO\� ZRUVH� LQ�
WKH� HDUO\� JURXS� DV� FRPSDUHG� WR� WKH�
FRQWURO� JURXS� �S ������ DQG� S �������
UHVSHFWLYHO\��� 1R� VLJQLILFDQW�
GLIIHUHQFH� ZDV� VHHQ� EHWZHHQ� WKH�
FRQWURO� DQG� WKH� ODWH� GHOLYHU\� JURXS��
7KH� HDUO\� LEXSURIHQ� JURXS�
GHPRQVWUDWHG�VLJQLILFDQWO\� ORZHU� ILEHU�
DOLJQPHQW� DW� VHYHQ� GD\V� �S ���������
VXJJHVWLQJ UHGXFHG ILEHU�
UHRUJDQL]DWLRQ�DV�FRPSDUHG�ZLWK� WKDW�
RI�FRQWUROV� 
&RQFOXVLRQ��7KLV�DQLPDO�VWXG\�RI�

WHQGRQ� VXUJLFDO� UHSDLU� VXJJHVWV� WKDW�
HDUO\�� EXW� QRW� ODWH�� DGPLQLVWUDWLRQ� RI�
LEXSURIHQ� KDV� D� QHJDWLYH� HIIHFW� RQ�
WHQGRQ�KHDOLQJ� 
 
&RQQL]]R�� %��� HW� DO�� 7KH� 'HWULPHQWDO�
(IIHFWV� RI� D� 6\VWHPDWLF� ,EXSURIHQ�
'HOLYHU\�RQ�7HQGRQ�+HDOLQJ�$UH�7LPH�
'HSHQGHQW�� &OLQ� 2UWKR� 5HODWHG�
5HVHDUFK�� ������ $XJXVW�� ���
������������� 
 
($5/<�%278/,180�72;,1�)25�
63$67,&�3(6�(48,129$586 

 
%RWXOLQXP� WR[LQ� KDV� EHHQ� VKRZQ� WR�
EH�HIIHFWLYH� IRU� WKH� WUHDWPHQW�RI� WRQH�
UHODWHG� WR� XSSHU� PRWRU� QHXURQ�
OHVLRQV�� 7KLV� VWXG\� ZDV� GHVLJQHG� WR�
EHWWHU� XQGHUVWDQG� WKH� HIIHFW� RI� WKH�
WLPLQJ� RI� ERWXOLQXP� WR[LQ� WKHUDS\� IRU�
ORZHU�OLPE�VSDVWLFLW\� 
7KLV�VLQJOH�FHQWHU��UDQGRPL]HG�� 

SODFHER-FRQWUROOHG� WULDO� LQFOXGHG�
SDWLHQWV� ZLWK� WUDXPDWLF� EUDLQ� LQMXU\�
�7%,��� GLIIXVH� FHUHEUDO� K\SR[LD� RU�
VWURNH�� $OO� SDWLHQWV� SUHVHQWLQJ� ZLWK�
XQLODWHUDO� RU� ELODWHUDO� VSDVWLF� SHV�
HTXLQRYDUXV� ZHUH� UDQGRPL]HG� WR�
UHFHLYH� HLWKHU� D� ERWXOLQXP� WR[LQ�
LQMHFWLRQ�RU�D�SODFHER�LQMHFWLRQ��7KRVH�
LQ� WKH� ERWXOLQXP� JURXS� UHFHLYHG� ����
XQLWV� RI� %RWXOLQXP� WR[LQ� $� �%RWR[���
LQMHFWHG� LQWR� WKH� JDVWURFQHPLXV�� WKH�
VROHXV� DQG� WKH� WLELDOLV� SRVWHULRU��
7KRVH� ZLWK� ELODWHUDO� LQYROYHPHQW�
UHFHLYHG� WKH� VDPH� LQMHFWLRQV� LQ� ERWK�
OHJV�� %RWK� JURXSV� UHFHLYHG� VLPLODU��
VWDQGDUGL]HG��PXOWLGLVFLSOLQDU\� QHXUR-�
UHKDELOLWDWLYH� FDUH� DQG� SK\VLRWKHUDS\�
IROORZLQJ� WKH� LQMHFWLRQV�� $W� ZHHN� ����
ERWK� JURXSV� ZHUH� JLYHQ� WKH�
RSSRUWXQLW\� IRU� UHSHDW� LQMHFWLRQV�� 7KH�
PDLQ� RXWFRPH� YDULDEOH� ZDV� WKH�
PRGLILHG�$VKZRUWK�VFDOH��P$6� 
3DWLHQWV� LQ� WKH� WUHDWPHQW� JURXS�
GHPRQVWUDWHG VLJQLILFDQW�
LPSURYHPHQW� RQ� WKH� P$6�� IURP� DQ�
DYHUDJH� RI� ���� DW� EDVHOLQH� WR� ���� DW�
ZHHN� ��� �S�������� $W� ZHHN� ����
VSDVWLF� PXVFOH� WRQH� GLIIHUHG�
VLJQLILFDQWO\� EHWZHHQ� WKH� WZR�
WUHDWPHQW�JURXSV� ����� �%RWR[��YV������
�SODFHER��� S� �� ������� 7KH� SODFHER�
JURXS� GHWHULRUDWHG�� ZLWK�P$6� VFRUHV�
RI� ����DW�ZHHN� ��� WR����� DW�ZHHN�����
DQG� WR� ���� DW� ZHHN� ���� 'HWHULRUDWLRQ�
RFFXUUHG� HYHQ� DPRQJ� WKRVH� RIIHUHG�
%RWR[�DW����ZHHNV������� 
&RQFOXVLRQ�� 7KLV� VWXG\� IRXQG��

WKDW� DPRQJ� SDWLHQWV� ZLWK� FHQWUDO�
QHUYRXV� V\VWHP� LQMXULHV�� WKRVH�
WUHDWHG� ZLWK� ERWXOLQXP� WR[LQ� ZLWKLQ�
IRXU� ZHHNV� RI� LQMXU\� HQMR\� VLJQLILFDQW�
LPSURYHPHQW� LQ� VSDVWLF� SHV�
HTXLQRYDUXV��DV�FRPSDUHG�ZLWK�WKRVH�
WUHDWHG�DIWHU�WKUHH�PRQWKV� 
 
)LHW]HN�� 8��� HW� DO�� (DUO\� %RWXOLQXP�
7R[LQ� 7UHDWPHQW� IRU� 6SDVWLF� 3HV�
(TXLQRYDUXV��$�5DQGRPL]HG��'RXEOH-�
%OLQG��3ODFHER-&RQWUROOHG�6WXG\��(XUR�
-�1HXURO��������$XJXVW�������� 
����-����� 
 

�&203$5,1*�:(,*+7�/266�
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1DPHG� RU� EUDQGHG� ZHLJKW� ORVV�

SURJUDPV�DUH�DYDLODEOH�WR�WKH�JHQHUDO�
SXEOLF�� DQG� UHSUHVHQW� D� PXOWLELOOLRQ�
GROODU� LQGXVWU\�� 7KLV� PHWD-DQDO\VLV�
UHYLHZHG� WKH� DYDLODEOH� OLWHUDWXUH�
FRQFHUQLQJ� WKH� UHODWLYH� HIILFDF\� RI�
WKHVH�SURJUDPV� 
7KLV� VWXG\� UHYLHZHG� VL[� HOHFWURQLF�

GDWDEDVHV� IRU� UDQGRPL]HG��FRQWUROOHG�
WULDOV� ZKLFK� DVVLJQHG� RYHUZHLJKW� RU�
REHVH� LQGLYLGXDOV� WR� D� SRSXODU� EUDQG�
GLHW� RU� DOWHUQDWLYH�� ZLWK� DW� OHDVW� D�
WKUHH-PRQWK� IROORZ-XS�� 7KH� SULPDU\�
RXWFRPH� YDULDEOHV� ZHUH� ZHLJKW� ORVV�
DW� VL[� DQG� ��� PRQWKV¶� IROORZ-XS��

6HFRQGDU\� RXWFRPHV� LQFOXGHG� ERG\�
PDVV� LQGH[� �%0,�� DQG� DGYHUVH�
HYHQWV� 
,GHQWLILHG� ZHUH� ���� UDQGRPL]HG��

FRQWUROOHG� WULDOV�� LQFOXGLQJ� ������
LQGLYLGXDOV�ZLWK�D�PHGLDQ�DJH�RI������
\HDUV� DQG�D�PHGLDQ�%0,� RI� ����� NJ��
P��� 0RGHUDWH�PDFURQXWULHQW� DQG� ORZ�
FDUERK\GUDWH� GLHWV� ZHUH� WKH� PRVW�
FRPPRQ� GLHW� FODVVHV�� 7KH� GLHW�
FODVVHV� RI� ORZ� IDW� DQG� ORZ�
FDUERK\GUDWH� KDG� WKH� ODUJHVW�
HVWLPDWHG� WUHDWPHQW� HIIHFWV�� $PRQJ�
WKRVH��:HLJKW�:DWFKHUV�� $WNLQV�� DQG�
=RQH� KDG� WKH� PRVW� FRPSDULVLRQV��
&RPSDUHG� ZLWK� QR� GLHW�� ORZ�
FDUERK\GUDWH� GLHWV� KDG� D� PHGLDQ�
GLIIHUHQFH� LQ� ZHLJKW� ORVV� RI� ����� NJ��
VLPLODU� WR� WKDW� LQ� ORZ� IDW� GLHWV� ������
NJ�� 
&RQFOXVLRQ��7KLV�PHWD-DQDO\VLV�RI�

SRSXODU� GLHWV� IRXQG� WKDW� ORZ�
FDUERK\GUDWH� DQG� ORZ-IDW� GLHWDU\�
SURJUDPV�ZHUH�DVVRFLDWHG�ZLWK�PRUH�
ZHLJKW� ORVV� WKDQ� RWKHU� GLHWV�� 7KH�
ZHLJKW� ORVV� GLIIHUHQFHV� DPRQJ�
LQGLYLGXDO�QDPHG�GLHWV�ZHUH�VPDOO� 
 
-RKQVWRQ�� %��� HW� DO�� &RPSDULVRQ� RI�
:HLJKW� /RVV� DPRQJ� 1DPHG� 'LHW�
3URJUDPV� LQ� 2YHUZHLJKW� DQG� 2EHVH�
$GXOWV�� $� 0HWD-$QDO\VLV�� -$0$��
������6HSW���������������-���� 
 

0(7$%2/,&�6<1'520(�$1'�
&$))(,1$7('�%(9(5$*(6 

 
7KH� PHWDEROLF� V\QGURPH� LV� D�

FRPPRQ�DIIOLFWLRQ� FKDUDFWHUL]HG� E\� D�
FRQVWHOODWLRQ� RI� PHWDEROLF� GLVRUGHUV��
LGHQWLILHG� DV� ULVN� IDFWRUV� IRU�
GHYHORSLQJ� FDUGLRYDVFXODU� GLVHDVH��
6HYHUDO� VWXGLHV� KDYH� VXJJHVWHG�
KHDOWK�EHQHILWV�RI�ERWK�FRIIHH�DQG�WHD��
DOWKRXJK� WKH� PHFKDQLVPV� RI� WKHVH�
HIIHFWV� UHPDLQ� XQFOHDU�� 7KLV� ,WDOLDQ�
6WXG\� ZDV� GHVLJQHG� WR� HYDOXDWH�
ZKHWKHU� FDIIHLQDWHG� EHYHUDJHV� DUH�
DVVRFLDWHG� ZLWK� WKH� PHWDEROLF�
V\QGURPH� 
%HWZHHQ� 0D\� RI� ����� DQG�

'HFHPEHU�RI������������� LQKDELWDQWV�
RI�D�VRXWKHUQ� ,WDOLDQ�FLW\�ZHUH� LQYLWHG�
WR�HQUROO�LQ�WKLV�VWXG\��7KH�SDUWLFLSDQWV�
UHFHLYHG� D� VXUYH\� UHJDUGLQJ� EDVLF�
GHPRJUDSKLF� LQIRUPDWLRQ�� WREDFFR�
DQG� DOFRKRO� LQWDNH� DQG� GLHWDU\�
LQIRUPDWLRQ��7KH�GLHWDU\�GDWD�LQFOXGHG�
TXHVWLRQV� DERXW� FDIIHLQDWHG�
EHYHUDJHV�� ZLWK� WRWDO� FDIIHLQH� LQWDNH�
FDOFXODWHG� E\� WKH� VWXG\� VWDII��:HLJKW�
DQG� KHLJKW�� ZDLVW� FLUFXPIHUHQFH��
EORRG� SUHVVXUH�� EORRG� OLSLGV� DQG�
IDVWLQJ�SODVPD�JOXFRVH�OHYHOV�ZHUH� 
UHFRUGHG��7KH�GDWD�ZHUH� UHYLHZHG� WR�
GHWHUPLQH� ZKHWKHU� WKH� FRQVXPSWLRQ�
RI� FDIIHLQDWHG� EHYHUDJHV� LV�
DVVRFLDWHG� ZLWK� FRPSRQHQWV� RI� WKH�
PHWDEROLF�V\QGURPH� 
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5RXJKO\� RQH� WKLUG�RI� WKH� SRSXODWLRQ�
FRQVXPHG� GDLO\� WHD�� DQG� RQH� KDOI�
FRQVXPHG� GDLO\� FRIIHH�� &RIIHH� DQG�
WHD� FRQVXPSWLRQ� ZHUH� ERWK�
DVVRFLDWHG�ZLWK�D�VLJQLILFDQW�UHGXFWLRQ�
LQ� WKH� QXPEHU� RI� FRPSRQHQWV� RI� WKH�
PHWDEROLF� V\QGURPH�� DQG� ZLWK�
UHGXFHG� SUHYDOHQFH� RI� WKH� PHWDEROLF�
V\QGURPH� �S������ IRU� ERWK�
FRPSDULVRQV��2WKHU� EHYHUDJHV�
FRQWDLQLQJ� FDIIHLQH� KDG� QR� VXFK�
DVVRFLDWLRQ� 
&RQFOXVLRQ��7KLV�VWXG\�IRXQG�WKDW�

FRIIHH� DQG� WHD� FRQVXPSWLRQ� DUH�
DVVRFLDWHG�ZLWK�D�VLJQLILFDQW�UHGXFWLRQ�
LQ� WKH�QXPEHU�RI�FRPSRQHQWV�RI��DQG�
UHGXFHG� SUHYDOHQFH� RI�� WKH�PHWDEROLF�
V\QGURPH� 
 
*URVVR��*��� HW� DO�� )DFWRUV�$VVRFLDWHG�
ZLWK� 0HWDEROLF� 6\QGURPH� LQ� D�
0HGLWHUUDQHDQ� 3RSXODWLRQ�� 7KH� 5ROH�
RI� &DIIHLQDWHG� %HYHUDJHV�� -�
(SLGHPLRO������������������-���� 
 

/(,685(�7,0(�5811,1*�
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7KH�:RUOG�+HDOWK�2UJDQL]DWLRQ� DQG�

WKH� 8QLWHG� 6WDWHV� JRYHUQPHQW� KDYH�
UHOHDVHG� HYLGHQFH-EDVHG� SK\VLFDO�
DFWLYLW\� JXLGHOLQHV� UHFRPPHQGLQJ� DW�
OHDVW� ���� PLQXWHV� RI� PRGHUDWH�
LQWHQVLW\�� RU� ��� PLQXWHV� RI� YLJRURXV�
LQWHQVLW\�� DHURELF� DFWLYLW\� SHU� ZHHN��
7KLV�VWXG\�ZDV�GHVLJQHG�WR�GHWHUPLQH�
ZKHWKHU� OHLVXUH� WLPH� UXQQLQJ� LV�
DVVRFLDWHG� ZLWK� DOO� FDXVH� DQG�
FDUGLRYDVFXODU�GLVHDVH�PRUWDOLW\�ULVNV��
DQG� ZKHWKHU� D� GRVH� UHVSRQVH�
UHODWLRQVKLS� H[LVWV� EHWZHHQ� UXQQLQJ�
DQG�PRUWDOLW\� 
6XEMHFWV��ZHUH��PHQ��DQG��ZRPHQ 
��� WR����� \HDUV�RI� DJH�DW� EDVHOLQH��

$OO� SDUWLFLSDQWV� XQGHUZHQW� D� SK\VLFDO�
DFWLYLW\� TXHVWLRQQDLUH�� LQFOXGLQJ� IRXU�
TXHVWLRQV� DERXW� UXQQLQJ� GXUDWLRQ��
GLVWDQFH�� IUHTXHQF\� DQG� VSHHG�� 7KH�
VXEMHFWV� ZHUH� DVVLJQHG� WR� RQH� RI� VL[�
JURXSV��LQFOXGLQJ�QRQ-UXQQHUV�DQG�ILYH�
JURXSV� RI� UXQQHUV�� GLYLGHG� E\�ZHHNO\�
UXQQLQJ� WLPH�� GLVWDQFH�� IUHTXHQF\��
DPRXQW� DQG� VSHHG�� 7KH� SDUWLFLSDQWV�
ZHUH� IROORZHG� IRU� PRUWDOLW\� IURP� WKH�
EDVHOLQH�H[DPLQDWLRQ�WKURXJK�WKH�GDWH�
RI�GHDWK��RU�XQWLO�VWXG\�FRPSOHWLRQ� 
$�VDPSOH�RI�������� LQGLYLGXDOV�ZDV�

DYDLODEOH� IRU� DQDO\VLV� IRU� DOO-� FDXVH�
PRUWDOLW\�� DQG� ������� IRU� DQDO\VLV� RI�
FDUGLRYDVFXODU� GLVHDVH� PRUWDOLW\��
7KHUH� ZHUH� ������ DOO-FDXVH� GHDWKV�
DQG� ����� FDUGLRYDVFXODU� GHDWKV�
GXULQJ�WKH�IROORZ-XS�SHULRG��DYHUDJLQJ�
����� \HDUV�� &RPSDUHG� ZLWK� QRQ-
UXQQHUV�� UXQQHUV� KDG� ���� DQG� ����
ORZHU� ULVNV� RI� DOO-FDXVH� DQG�
FDUGLRYDVFXODU� GLVHDVH� PRUWDOLW\��
UHVSHFWLYHO\�� DIWHU� DGMXVWLQJ� IRU�

SRWHQWLDO� FRQIRXQGHUV�� 5XQQHUV�
DFURVV� DOO� ILYH� TXLQWLOHV� RI� ZHHNO\�
UXQQLQJ� WLPH�� HYHQ� WKRVH� ZLWK� OHVV�
WKDQ����PLQXWHV�SHU�ZHHN��KDG� ORZHU�
ULVNV� RI� DOO-FDXVH� DQG� FDUGLRYDVFXODU�
GLVHDVH� PRUWDOLW\� WKDQ� GLG� QRQ-�
UXQQHUV��7KHVH�PRUWDOLW\�EHQHILWV�ZHUH�
VLPLODU� EHWZHHQ� ORZHU� DQG� KLJKHU�
GRVHV�RI�ZHHNO\�UXQQLQJ�WLPH� 
&RQFOXVLRQ��7KLV�VWXG\�IRXQG�WKDW�

UXQQLQJ�� HYHQ� ILYH� WR� ��� PLQXWHV� SHU�
GD\�DW�VORZ�VSHHGV��LV�DVVRFLDWHG�ZLWK�
D�PDUNHGO\�UHGXFHG�ULVN�RI�GHDWK�IURP�
DOO� FDXVHV� DQG� FDUGLRYDVFXODU�
GLVHDVH� 
 
/HH�� '��� HW� DO�� /HLVXUH� 7LPH�5XQQLQJ�
5HGXFHV� $OO� &DXVH� DQG�
&DUGLRYDVFXODU�0RUWDOLW\�5LVN��-� $PHU�
&ROOHJH� RI� &DUGLRO�� ������ $XJXVW��
����������-���� 
 
/2:�,1-85<�$1'�+,*+�%(1(),7�
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$PRQJ� FRQVLGHUDWLRQV� LQ�

ZHLJKWOLIWLQJ�DUH�WKH�ZHLJKWV�OLIWHG�DQG�
WKH� QXPEHU� RI� UHSHWLWLRQV�� 3UHYLRXV�
VWXGLHV� RI� WKH� *UDYLWDWLRQDO� :HLJKW�
/LIWLQJ� SURJUDP� KDYH� GHPRQVWUDWHG�
WKDW� PLGGOH-DJHG� LQGLYLGXDOV� FRXOG� OLIW�
RYHU�������SRXQGV�RI�IUHH�ZHLJKW�LQ�D�
VLQJOH� OLIW� DIWHU� ��� ZHHNV� RI� WUDLQLQJ��
7KLV�VWXG\�ZDV�GHVLJQHG�WR�GHWHUPLQH�
WKH� EHQHILW� WR� ULVN� UDWLR� DPRQJ� WKRVH�
SDUWLFLSDWLQJ� 
'DWD� ZHUH� REWDLQHG� FRQFHUQLQJ� ���

FRQVHFXWLYH� LQGLYLGXDOV� VHHQ� DW� D�
*UDYLWDWLRQDO� :HOOQHVV� FHQWHU� RYHU� D�
SHULRG�RI�WZR�\HDUV��3DUWLFLSDQWV�OLIWHG�
IUHH�ZHLJKWV� ���PLQXWHV� SHU� VHVVLRQ��
�-�� WLPHV� SHU� PRQWK�� 7KH� SURWRFRO�
LQYROYHG� IRXU�VWDWLRQV�RI� IUHH�ZHLJKWV��
LQFOXGLQJ� D� EHOW� OLIW�� KDQG� OLIW�� FKHVW�
SUHVV�DQG�OHJ�SUHVV��3DUWLFLSDQWV�ZHUH�
FRQWDFWHG� E\� WHOHSKRQH� DQG� DVNHG�
ZKHWKHU�WKH\�KDG�D�SK\VLFDO�FRQGLWLRQ�
WKDW� WKH\� KDG� KRSHG� WR� LPSURYH� E\�
WKH� ZHLJKWOLIWLQJ�� 8VLQJ� D� ILYH� SRLQW�
/LNHUW� VFDOH� SDUWLFLSDQWV� UDWHG� WKH�
GHJUHH� WKDW� WKH�ZHLJKW� OLIWLQJ�SURJUDP�
KDG� LPSURYHG� WKHLU� SUHVHQWLQJ�
FRPSODLQW� DV� ZHOO� DV� KRZ� ZHOO� LW� KDG�
LPSURYHG� WKHLU� RYHUDOO� VXEMHFWLYH�
KHDOWK� 
7KH����VXEMHFWV�ZKR�KDG�DJUHHG� WR�

SDUWLFLSDWH� KDG� D� PHDQ� DJH� RI� �����
\HDUV��7KH�DYHUDJH�ZHLJKWV�DFKLHYHG�
DIWHU� D� PHGLDQ� RI� ���� ��-PLQXWH�
VHVVLRQV� ZHUH� ������� NJ� ������ OEV���
IRU� WKH�EHOW� OLIW���������NJ� ������� OEV���
IRU� WKH�KDQG� OLIW�� ������� NJ� ����� OEV���
IRU� WKH� FKHVW� SUHVV� DQG� ������� NJ�
�����OEV���IRU�WKH�OHJ�SUHVV��7KH�PRGDO�
FRPSODLQW� DW� SUHVHQWDWLRQ� ZDV� EDFN�
SDLQ�� 3DWLHQWV� LPSURYHG� E\� DQ�
DYHUDJH� RI� ���� RQ� D� ILYH� SRLQW� /LNHUW�
VFDOH� IRU� WKHLU� SUHVHQWLQJ� FRPSODLQWV��
DQG� ������ LQ� RYHUDOO� ZHOOEHLQJ�� 1R�

LQMXULHV� ZHUH� UHSRUWHG� GXULQJ� WKH�
ZHLJKWOLIWLQJ� 
&RQFOXVLRQ��7KLV�VWXG\�RI�PLGGOH�

DJHG� LQGLYLGXDOV� LQYROYHG� LQ� D� IUHH�
ZHLJKW�OLIWLQJ�SURJUDP�IRXQG�WKDW��DIWHU�
���WUDLQLQJ�VHVVLRQV��WKH�PHDQ�ZHLJKW�
OLIWHG� ZDV� RYHU� ������ SRXQGV��
6XEMHFWV� UHSRUWHG� VLJQLILFDQW�
LPSURYHPHQWV� LQ� PXVFXORVNHOHWDO�
FRPSODLQWV�DQG�RYHUDOO�ZHOO-EHLQJ� 
 
%XUNH�� '��� HW� DO�� 5DWH� RI� ,QMXU\� DQG�
6XEMHFWLYH� %HQHILWV� RI� *UDYLWDWLRQDO�
:HOOQHVV�:HLJKWOLIWLQJ��2SHQ� $FFHVV�
-�6SRUWV�0HG������������-���� 
 
/2:-&$5%2+<'5$7(�9(5686�
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2YHU�RQH�WKLUG�RI�DOO�$PHULFDQ�DGXOWV�

KDYH� RQH� IRUP� RI� FDUGLRYDVFXODU�
GLVHDVH��DQG�RQH� WKLUG�RI� WRWDO�GHDWKV�
DUH� GXH� WR� FDUGLRYDVFXODU� GLVHDVH��
7KLV� VWXG\� H[DPLQHG� WKH� HIIHFWV� RI� D�
��-PRQWK� ORZ� FDUERK\GUDWH� GLHW�� DV�
FRPSDUHG�ZLWK�D�ORZ-IDW�GLHW��RQ�ERG\�
ZHLJKW� DQG� FDUGLRYDVFXODU� GLVHDVH�
ULVN�IDFWRUV� 
7KLV�VWXG\�LQFOXGHG�����DGXOWV�����WR�

���\HDUV�RI�DJH�DOO�ZLWK�D�ERG\�PDVV�
LQGH[�RI����WR����NJ�Pð��7KH�VXEMHFWV�
ZHUH� UDQGRPL]HG� WR� UHFHLYH� HLWKHU� D�
ORZ-IDW�GLHW� >����RI�GDLO\�HQHUJ\�IURP�
WRWDO� IDW� �����VDWXUDWHG� IDW��DQG�����
IURP� FDUERK\GUDWH@� RU� D� ORZ�
FDUERK\GUDWH� GLHW� �GLJHVWLEOH�
FDUERK\GUDWH� UHVWULFWHG� WR� ��� J� SHU�
GD\��� 1HLWKHU� GLHW� LQFOXGHG� VSHFLILF�
FDORULH� RU� HQHUJ\� JRDOV��
$QWKURSRPRUSKLF� PHDVXUHV�� EORRG�
SUHVVXUH� DV� ZHOO� DV� EORRG� DQG� XULQH�
VDPSOHV�ZHUH�WDNHQ�DW�DOO�YLVLWV� 
$W����PRQWKV��WKH�GHFUHDVH�LQ�ERG\�

ZHLJKW�ZDV�VLJQLILFDQWO\�JUHDWHU� LQ� WKH�
FDUERK\GUDWH� JURXS� �S �������� 7KH�
ORZ� FDUERK\GUDWH� GLHW� JURXS� KDG�
VLJQLILFDQWO\� JUHDWHU� UHGXFWLRQV� LQ� IDW�
PDVV� DQG� LQFUHDVHV� LQ� OHDQ�PDVV� DW�
��� PRQWKV� WKDQ� GLG� WKH� ORZ-IDW� GLHW�
JURXS�S �������� 7KRVH� LQ� WKH� ORZ�
FDUERK\GUDWH�GLHW�KDG�D�EHWWHU�UDWLR� 
 
RI� WRWDO-KLJK-GHQVLW\� OLSRSURWHLQ� �+'/��
FKROHVWHURO� �S �������� WULJO\FHULGH�
OHYHOV� �S ������� DQG� JUHDWHU�
LQFUHDVHV� LQ� +'/� FKROHVWHURO� OHYHO��
�S��������� WKDQ�GLG� WKRVH�RQ�WKH� ORZ-�
IDW� GLHW�� 3DUWLFLSDQWV� LQ� WKH� ORZ�
FDUERK\GUDWH� JURXS� KDG� VLJQLILFDQW�
GHFUHDVHV� LQ� WKH� HVWLPDWHG� ��-\HDU�
ULVN� IDFWRU� IRU� &+'� DW� VL[� DQG� ���
PRQWKV�� ZKLOH� WKRVH� LQ� WKH� ORZ-IDW�
JURXS�GLG�QRW� 
&RQFOXVLRQ��7KLV VWXG\��

FRPSDULQJ� ORZ�FDUERK\GUDWH�DQG� ORZ-�
IDW� GLHWV�� IRXQG� WKDW� WKH� ORZ�
FDUERK\GUDWH�GLHW�LV�PRUH�HIIHFWLYH�IRU�
ZHLJKW� ORVV� DQG� FDUGLRYDVFXODU�
GLVHDVH�ULVN�IDFWRU�UHGXFWLRQV�WKDQ�WKH�
ORZ-IDW�GLHW� 
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%D]]DQR�� /��� HW� DO�� (IIHFWV� RI� /RZ�
&DUERK\GUDWH� DQG� /RZ-)DW� 'LHWV�� $�
5DQGRPL]HG�7ULDO��$QQ�,QWHUQ�0HG� 
������6HSW���������������-������ 
 
 
129(/�&2035(66,21�*$50(17�

,03529(6�635,17�
3(5)250$1&( 

 
6RPH� VWXGLHV� KDYH� VXJJHVWHG� WKDW�

ORZHU� ERG\� JDUPHQWV� WKDW� H[HUW�
FRPSUHVVLRQ� OLNHO\� KDYH� HUJRJHQLF�
HIIHFWV� GXULQJ� VSULQWLQJ�� $V� WDSLQJ� LV�
DOVR� WKRXJKW� WR� LPSURYH� VWUHQJWK� DQG�
SRZHU�� WKLV� VWXG\� ZDV� GHVLJQHG� WR�
GHWHUPLQH� ZKHWKHU� D� FRPSUHVVLRQ�
JDUPHQW�� FRPELQHG� ZLWK� DGKHVLYH�
VLOLFRQH�VWULSHV��&*66���KHOSV�LPSURYH�
DWKOHWLF�SHUIRUPDQFH� 
7KLV� VWXG\� LQFOXGHG� ��� IHPDOH�

VXEMHFWV� UHFUXLWHG� IURP� WUDFN�DQG� ILHOG�
RU� WHDP� VSRUWV� FOXEV�� 7KH� DWKOHWHV�
ZHUH�UDQGRPL]HG�WR�SDUWLFLSDWH�LQ�VXE-
VWXG\��RQH��RU� �VXE-VWXG\�� WZR��7KRVH�
DVVLJQHG� WR�VXE-VWXG\�RQH�FDUULHG�RXW�
WZR� VHVVLRQV� RI� ���� ��� P� UHSHDWHG�
VSULQWV�� RQH� ZHDULQJ� WKH� &*66� DQG�
WKH� RWKHU�ZLWK� QRQ-FRPSUHVVLRQ� WLJKWV�
ZLWKRXW�DQ\�DGKHVLYH�VLOLFRQH�VWULSHV� 
7KH� ZRPHQ� ZRUH� D� SRUWDEOH�

WHOHPHWULF�PHWDEROLF� FDUW�� D� FKHVW� EHOW�
WKDW� PRQLWRUHG� KHDUW� UDWH� DQG� D�
SRUWDEOH�QHDU�LQIUDUHG�VSHFWURVFRSH��,Q�
VXE-VWXG\� WZR�� WKH� VDPH� SURFHGXUH�
ZDV� IROORZHG�� ZLWK� WKH� VXEMHFWV�
ZHDULQJ� D� WHOHPHWULF� GHYLFH� WR� UHFRUG�
PXVFOH� DFWLYDWLRQ�� DQG� ZLWK� PRWLRQ�
FDSWXUHG�E\�YLGHR-DQDO\VLV� 
,Q� VXE-VWXG\� RQH�� VSULQW� WLPH� ZDV�

LPSURYHG� GXULQJ� WKH� ILQDO� WKLUG� RI� WKH�
SURWRFRO� DPRQJ� WKRVH� ZHDULQJ� WKH�
&*66� �S ������� 'XULQJ� WKH� ILQDO� ���
VSULQWV�� XVH� RI� WKH� &*66� JDUPHQW�
UHGXFHG�WKH�SHUFHLYHG�UDWH�RI�H[HUWLRQ�
LQ� WKH� XSSHU� OHJ�PXVFOHV� �S ������� ,Q�
VXE-VWXG\�WZR��VSULQW�WLPHV�ZHUH�DJDLQ�
LPSURYHG� LQ� WKH� ILQDO� WKLUG� RI� WKH�
SURWRFRO� DPRQJ� WKRVH� ZHDULQJ� WKH�
VWXG\� JDUPHQW� �S�������� 0RWLRQ�
DQDO\VLV� UHYHDOHG� WKDW� ZHDULQJ� WKH�
JDUPHQW� VLJQLILFDQWO\� UHGXFHG� WKH� KLS�
IOH[LRQ� DQJOH�� 'XULQJ� WKH� ILQDO� ���
VSULQWV�� WKH� &*66� JURXS� LQFUHDVHG�
VWHS� OHQJWK�� ZLWKRXW� DOWHULQJ� VWHS�
IUHTXHQF\�� DQG� GHPRQVWUDWHG�
HQKDQFHG� (0*� DFWLYLW\� LQ� WKH� UHFWXV�
IHPRULV�PXVFOH��S ������ 
 
&RQFOXVLRQ�� 7KLV� VWXG\� RI� IHPDOH�

DWKOHWHV� IRXQG� WKDW� WKH� XVH� RI� D�
FRPSUHVVLRQ� JDUPHQW� ZLWK� DGKHVLYH�
VLOLFRQH� VWULSHV� FDQ� LPSURYH� UHSHDWHG�
VSULQW� SHUIRUPDQFH�� UHGXFLQJ�
SHUFHLYHG� IDWLJXH�DQG�DOWHULQJ� UXQQLQJ�
WHFKQLTXH� 
 
%RUQ��'��� HW� DO�� $�1RYHO�&RPSUHVVLRQ�
*DUPHQW� ZLWK� $GKHVLYH� 6LOLFRQH�
6WULSHV� ,PSURYHV� 5HSHDWHG� 6SULQW�

3HUIRUPDQFH�� $� 0XOWL-([SHULPHQWDO�
$SSURDFK� RQ� WKH� 8QGHUO\LQJ�
0HFKDQLVPV�� %0&� 6SRUWV� 6FLHQFH�
0HG�5HKDELO�������������� 
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7KH� PHWDEROLF� V\QGURPH� LV� D�

FRPPRQ� DIIOLFWLRQ� FKDUDFWHUL]HG� E\� D�
FRQVWHOODWLRQ� RI� PHWDEROLF� GLVRUGHUV��
LGHQWLILHG�DV�ULVN�IDFWRUV�IRU�GHYHORSLQJ�
FDUGLRYDVFXODU� GLVHDVH�� 6HYHUDO�
VWXGLHV� KDYH� VXJJHVWHG� KHDOWK�
EHQHILWV� RI� ERWK� FRIIHH� DQG� WHD��
DOWKRXJK� WKH� PHFKDQLVPV� RI� WKHVH�
HIIHFWV� UHPDLQ� XQFOHDU�� 7KLV� ,WDOLDQ�
6WXG\� ZDV� GHVLJQHG� WR� HYDOXDWH�
ZKHWKHU� FDIIHLQDWHG� EHYHUDJHV� DUH�
DVVRFLDWHG� ZLWK� WKH� PHWDEROLF�
V\QGURPH� 
%HWZHHQ� 0D\� RI� ����� DQG�

'HFHPEHU� RI� ������ ������ LQKDELWDQWV�
RI� D� VRXWKHUQ� ,WDOLDQ� FLW\� ZHUH� LQYLWHG�
WR�HQUROO�LQ�WKLV�VWXG\��7KH�SDUWLFLSDQWV�
UHFHLYHG� D� VXUYH\� UHJDUGLQJ� EDVLF�
GHPRJUDSKLF�LQIRUPDWLRQ��WREDFFR�DQG�
DOFRKRO� LQWDNH�DQG�GLHWDU\� LQIRUPDWLRQ��
7KH� GLHWDU\� GDWD� LQFOXGHG� TXHVWLRQV�
DERXW�FDIIHLQDWHG�EHYHUDJHV��ZLWK�WRWDO�
FDIIHLQH�LQWDNH�FDOFXODWHG�E\�WKH�VWXG\�
VWDII�� :HLJKW� DQG� KHLJKW�� ZDLVW�
FLUFXPIHUHQFH�� EORRG� SUHVVXUH�� EORRG�
OLSLGV� DQG� IDVWLQJ� SODVPD� JOXFRVH�
OHYHOV� ZHUH� UHFRUGHG�� 7KH� GDWD� ZHUH�
UHYLHZHG� WR� GHWHUPLQH� ZKHWKHU� WKH�
FRQVXPSWLRQ�RI�FDIIHLQDWHG�EHYHUDJHV�
LV� DVVRFLDWHG� ZLWK� FRPSRQHQWV� RI� WKH�
PHWDEROLF�V\QGURPH� 
5RXJKO\� RQH� WKLUG� RI� WKH� SRSXODWLRQ�

FRQVXPHG� GDLO\� WHD�� DQG� RQH� KDOI�
FRQVXPHG�GDLO\�FRIIHH��&RIIHH�DQG�WHD�
FRQVXPSWLRQ� ZHUH� ERWK� DVVRFLDWHG�
ZLWK� D� VLJQLILFDQW� UHGXFWLRQ� LQ� WKH�
QXPEHU� RI� FRPSRQHQWV� RI� WKH�
PHWDEROLF�V\QGURPH��DQG�ZLWK�UHGXFHG�
SUHYDOHQFH�RI�WKH�PHWDEROLF�V\QGURPH�
�S������ IRU� ERWK� FRPSDULVRQV��2WKHU�
EHYHUDJHV� FRQWDLQLQJ� FDIIHLQH� KDG� QR�
VXFK�DVVRFLDWLRQ� 
&RQFOXVLRQ��7KLV�VWXG\�IRXQG�WKDW�

FRIIHH� DQG� WHD� FRQVXPSWLRQ� DUH�
DVVRFLDWHG�ZLWK�D�VLJQLILFDQW� UHGXFWLRQ�
LQ� WKH� QXPEHU� RI� FRPSRQHQWV� RI�� DQG�
UHGXFHG� SUHYDOHQFH� RI�� WKH� PHWDEROLF�
V\QGURPH� 
 
*URVVR�� *��� HW� DO�� )DFWRUV� $VVRFLDWHG�
ZLWK� 0HWDEROLF� 6\QGURPH� LQ� D�
0HGLWHUUDQHDQ�3RSXODWLRQ��7KH�5ROH�RI�
&DIIHLQDWHG� %HYHUDJHV�� -� (SLGHPLRO��
����������������-���� 
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8S� WR� ���� RI� SDWLHQWV� UHSRUW� QR�
LPSURYHPHQW�LQ�SDLQ�DQG�IXQFWLRQ�DIWHU�

WRWDO�NQHH�DUWKURSODVW\��7KLV�VWXG\�ZDV�
GHVLJQHG� WR� GHWHUPLQH� ZKHWKHU�
SUHRSHUDWLYH� SV\FKRORJLFDO� GLVWUHVV�
OHYHOV� FDQ� SUHGLFW� SRRU� RXWFRPHV�
DPRQJ�WKHVH�SDWLHQWV� 
7KLV�SURVSHFWLYH�FRKRUW�VWXG\�LQFOXGHG�
SDWLHQWV�XQGHUJRLQJ�XQLODWHUDO��SULPDU\�
WRWDO� NQHH� DUWKURSODVW\� DV� D� WUHDWPHQW�
IRU� JRQDUWKRVLV�� 2I� WKH� SDWLHQWV�
UHFUXLWHG�� ����XQGHUZHQW� VXUJHU\� DQG�
���ZHUH�SODFHG� LQ�D�FRQWURO�JURXS��DV�
WKH\� GLG� QRW� ZDQW� VXUJHU\� RU� KDG�
PHGLFDO� FRQWUDLQGLFDWLRQV� WR� VXUJHU\��
$W�EDVHOLQH��DOO�SDWLHQWV�FRPSOHWHG�WKH�
)XOO-6FUHHQ� 0LQL� 0HQWDO� 7HVW�� WKH�
+RVSLWDO� $Q[LHW\� DQG� 'HSUHVVLRQ�
6FDOH�� WKH�.QHH�6RFLHW\�6FRUH��.66���
D�9LVXDO�$QDORJXH�6FDOH� IRU�3DLQ�DQG�
WKH� :20$&� 4XDOLW\-RI-/LIH�
4XHVWLRQQDLUH�� 7KH� SDWLHQWV� ZHUH�
GLYLGHG� LQWR� WKRVH�ZLWK� YHUVXV�ZLWKRXW�
SV\FKRORJLFDO�GLVWUHVV� 
3V\FKRORJLFDO�GLVWUHVV�GHFUHDVHG�IURP�
�������EHIRUH�VXUJHU\�WR������DW�RQH�
\HDU��7KRVH�H[SHULHQFLQJ�SUHRSHUDWLYH�
SV\FKRORJLFDO�GLVWUHVV�REWDLQHG�SRRUHU�
.66�VFRUHV� LQ� IXQFWLRQ� �S �������DQG�
TXDOLW\�RI� OLIH� �S �������RQH�\HDU�DIWHU�
VXUJHU\� 
&RQFOXVLRQ��7KLV�VWXG\�RI�SDWLHQWV�

XQGHUJRLQJ� WRWDO� NQHH� DUWKURSODVW\�
IRXQG� WKDW� FKDQJHV� LQ� IXQFWLRQ� DQG�
TXDOLW\� RI� OLIH�ZHUH�ZRUVH�DW� RQH� \HDU�
DPRQJ� SDWLHQWV� ZLWK� SUHRSHUDWLYH�
SV\FKRORJLFDO�GLVWUHVV� 
 
8WULOODV-&RPSDLUHG�� $��� HW� DO�� 'RHV�
3UHRSHUDWLYH� 3V\FKRORJLFDO� 'LVWUHVV�
,QIOXHQFH�3DLQ��)XQFWLRQ��DQG�4XDOLW\-�
RI-/LIH�DIWHU�7.$"�&OLQ� 2UWKR� 5HODWHG�
5HVHDUFK�� ������ $XJXVW�� ���
��������-����� 
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$V� WKH� VHFRQG� SKDVH� RI� WKH� 3DWLHQW�
3URWHFWLRQ�DQG�$IIRUGDEOH�&DUH�$FW� RI�
����� WDNHV�HIIHFW��KLS�DUWKURSODVW\�ZLOO�
EH� LQFOXGHG� LQ� D� UHDGPLVVLRQ� SROLF\�
WKDW� LPSRVHV� ILQDQFLDO� SHQDOWLHV� RQ�
KRVSLWDOV� IRU� H[FHVV� UHDGPLVVLRQ�
RFFXUUHQFHV�ZLWKLQ����GD\V��7KLV�VWXG\�
ZDV� GHVLJQHG� WR� LGHQWLI\� LQGHSHQGHQW�
ULVN� IDFWRUV� IRU� UHDGPLVVLRQ� DIWHU� WRWDO�
KLS�DUWKURSODVW\��7+$�� 
7KH� VWXG\� XVHG� GDWD� IURP� WKH�

$PHULFDQ� &ROOHJH� RI� 6XUJHRQV� -�
1DWLRQDO 6XUJLFDO 4XDOLW\�
,PSURYHPHQW�3URJUDP�'DWDEDVH��'DWD�
ZHUH� REWDLQHG� IURP� ���� SDUWLFLSDWLQJ�
KRVSLWDOV� LQ����VWDWHV��ZLWK� WKHVH�GDWD�
UHYLHZHG� WR� LGHQWLI\� DOO� SDWLHQWV�
XQGHUJRLQJ�7+$� LQ�������7KH�VDPSOH�
ZDV�VWUDWLILHG�LQWR�UHDGPLWWHG�DQG�QRQ-
UHDGPLWWHG� FRKRUWV��ZLWK� WKHVH�JURXSV�
FRPSDUHG� E\� SUHRSHUDWLYH�
FRPRUELGLWLHV�� SUHRSHUDWLYH� ODERUDWRU\�
YDOXHV�� RSHUDWLYH� FKDUDFWHULVWLFV� DQG�
GHPRJUDSKLF�IDFWRUV� 
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$� WRWDO� RI� ������ SDWLHQWV� ZHUH�
LGHQWLILHG�� ZLWK� ������ UHDGPLWWHG�
ZLWKLQ� ��� GD\V�� 7KRVH� ZKR� ZHUH�
UHDGPLWWHG� KDG� D� VLJQLILFDQWO\� KLJKHU�
UDWH� RI� GLDEHWHV� �S��������� FKURQLF�
REVWUXFWLYH� SXOPRQDU\� GLVHDVH�
�S��������� FRUWLFRVWHURLG� XVH�
�S��������� EOHHGLQJ� GLVRUGHUV�
�S��������� EORRG� WUDQVIXVLRQ�
�S ��������V\VWHPLF�VHSVLV��S���������
G\VSQHD� �S��������� SUHYLRXV� FDUGLDF�
VXUJHU\� �S �������� DQG� K\SHUWHQVLRQ�
�S��������� $Q� LQFUHDVLQJ� WUHQG� ZDV�
IRXQG�EHWZHHQ�UHDGPLVVLRQ�DQG�ERG\�
PDVV� LQGH[� �%0,�� ZLWK� WKH� KLJKHVW�
UHDGPLVVLRQ� UDWH� RI� ������ VHHQ�
DPRQJ� WKRVH� ZLWK� D� %0,� RI� JUHDWHU�
WKDQ����NJ�Pð��DQG�WKH� ORZHVW�UDWH�RI�
SDWLHQWV� LQ� WKH� RYHUZHLJKW� FDWHJRU\�
���-��NJ�Pð�� 
&RQFOXVLRQ�� 7KLV� VWXG\� IRXQG�

WKDW�� DPRQJ� SDWLHQWV� XQGHUJRLQJ� D�
WRWDO� KLS�DUWKURSODVW\�� FHUWDLQ�PHGLFDO�
FRPRUELGLWLHV� LQFUHDVH� WKH� SDWLHQW¶V�
ULVN�IRU�UHDGPLVVLRQ� 
 
0HGQLFN�� 5��� HW� DO� )DFWRUV� $IIHFWLQJ�
5HDGPLVVLRQ�5DWHV�IROORZLQJ�3ULPDU\�
7RWDO� +LS� $UWKURSODVW\�� -� %RQH� -RLQW�
6XUJ��������-XO\���������������-����� 
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*URLQ� SDLQ� LV� D� FRPPRQ� FRPSODLQW�

DPRQJ�DWKOHWHV��2VWHLWLV�SXELV��23��LV�
D� SRWHQWLDO� FDXVH� RI� FKURQLF�
V\PSWRPV� DPRQJ� DWKOHWHV�� ZLWK� WKH�
SDWKRORJLF� SURFHVV� QRW� ZHOO�
XQGHUVWRRG�� 7KLV� FRQGLWLRQ� LV�
FKDUDFWHUL]HG� E\� FKURQLF� JURLQ� SDLQ�
DQG�SXELF�V\PSK\VLV�WHQGHUQHVV��DQG�
SDLQ� ZLWK� UHVLVWHG� KLS� DEGXFWRU� DQG�
ORZHU� DEGRPLQDO� PRYHPHQWV�� $V�
ELSKRVSKRQDWH� KDV� EHHQ� XVHG� DV� D�
WUHDWPHQW� IRU� RWKHU� ERQH� PDUURZ�
HGHPD� �%0(�� V\QGURPHV�� WKLV� VWXG\�
UHYLHZHG� WKH� RXWFRPHV� RI� SDWLHQWV�
ZLWK� UHIUDFWRU\� 23� WUHDWHG� ZLWK�
SDPLGURQDWH� 
7KLV� UHWURVSHFWLYH� VWXG\� UHYLHZHG�

WKH�FDVHV�RI�HLJKW��KLJK-OHYHO�DWKOHWHV�
GLDJQRVHG� ZLWK� UHIUDFWRU\� 23� EDVHG�
XSRQ� JURLQ� SDLQ� DQG� %0(� RQ� 05,��
7KH� DWKOHWHV� FRPSOHWHG� D�
TXHVWLRQQDLUH�FRQFHUQLQJ�WKHLU�SDLQ�DW�
UHVW�� GXULQJ� DFWLYLWLHV� RI� GDLO\� OLYLQJ�
DQG� GXULQJ� VSRUWV�� $OO� SDUWLFLSDQWV�
UHFHLYHG� ,9� SDPLGURQDWH�� ZLWK� D�
VHFRQG� GRVH� RIIHUHG� DIWHU� D� WKUHH-�
PRQWK� LQWHUYDO� LI� V\PSWRPV� KDG� QRW�
LPSURYHG� VXIILFLHQWO\�� 7KH� SULPDU\�
RXWFRPH� YDULDEOH� RI� LQWHUHVW� ZDV�
UHWXUQ�WR�VSRUW� 
7KH� PHDQ� GXUDWLRQ� RI� V\PSWRPV�

SULRU� WR� WUHDWPHQW�ZDV����PRQWKV��$W�
��-ZHHN� IROORZ-XS�� ILYH� RI� WKH� HLJKW�
SDWLHQWV� UDWHG� WKHLU� VWDWXV� DV�
VLJQLILFDQWO\�LPSURYHG�DQG�UHWXUQHG�WR�

VSRUW�� 2QH� SDWLHQW� GHVFULEHG� WKH�
SURJUHVV� DV� LPSURYHG�� DQG� WZR�
UHSRUWHG� QR� FKDQJH�� 3DLQ� ZLWK�
DFWLYLWLHV�RI�GDLO\� OLYLQJ��S �������DQG�
SDLQ� GXULQJ� VSRUWV� �S ������� ERWK�
LPSURYHG�VLJQLILFDQWO\� 
&RQFOXVLRQ�� 7KLV� UHWURVSHFWLYH�

VWXG\�RI�HLJKW�DWKOHWHV�ZLWK� UHIUDFWRU\�
RVWHLWLV� SXELV�� HDFK� WUHDWHG� ZLWK� D�
VLQJOH�GRVH�RI� ,9�SDPLGURQDWH�� IRXQG�
WKDW� WKH� PDMRULW\� UHSRUWHG� VLJQLILFDQW�
LPSURYHPHQW�DQG�ZHUH�DEOH�WR� UHWXUQ�
WR�VSRUW� 
 
:HGDWLODNH�� 7��� HW� DO�� 7UHDWPHQW� RI�
2VWHLWLV� 3XELV� ZLWK� 3DPLGURQDWH� LQ�
$WKOHWHV�� ,QWHUQ� 0XVFXORVNHO� 0HG��
���������������-��� 
 

 
5(+$%,/,7$7,21�$'9$1&(6�
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:KLOH� WRWDO� NQHH�DUWKURSODVW\� �7.$��

VXUJHU\� RIWHQ� VXFFHHGV� LQ� LPSURYLQJ�
SDLQ� DQG� IXQFWLRQ�� TXDOLW\-� RI-OLIH��
ORZHU�H[WUHPLW\�NLQHPDWLF��DQG�NLQHWLF�
JDLW� DEQRUPDOLWLHV� RIWHQ� SHUVLVW�� 7KLV�
VWXG\� HYDOXDWHG� WKH� HIIHFWV� RI� D�
ELRPHFKDQLFDO� WKHUDS\� �$SRV�
7KHUDS\�� IRU� SDWLHQWV� XQGHUJRLQJ�
7.$� 
7KLV� SURVSHFWLYH� VWXG\� LQFOXGHG� ���

SDWLHQWV�� DOO� LQLWLDWLQJ� WUHDWPHQW� DW�
WKUHH� PRQWKV� SRVW-VXUJHU\�� 7KH�
ELRPHFKDQLFDO� WKHUDS\�ZDV� GHVLJQHG�
WR� FRPELQH� FHQWHU� RI� SUHVVXUH�
PDQLSXODWLRQ� LQ� WKH� IRRW� ZLWK�
SHUWXUEDWLRQ� GXULQJ� ZDONLQJ�� 7KH�
V\VWHP� FRQVLVWV� RI� WZR� FRQYH[�
VKDSHG� ELRPHFKDQLFDO� HOHPHQWV�
DWWDFKHG� WR� HDFK� RI� WKH� SDWLHQW
V�
VKRHV��RQH�ORFDWHG�XQGHU�WKH�KLQGIRRW�
UHJLRQ� DQG� RQH� ORFDWHG� XQGHU� WKH�
IRUHIRRW�UHJLRQ�RI�HDFK�IRRW� 
(DFK�SDWLHQW�WUDLQHG�ZLWK�WKH�GHYLFH�

LQGRRUV�GXULQJ�DFWLYLWLHV�RI�GDLO\�OLYLQJ�
HDFK� GD\�� LQFUHDVLQJ� WR� ��� PLQXWHV�
SHU� GD\� DIWHU� IRXU� ZHHNV�� DQG� ���
PLQXWHV� SHU� GD\� DIWHU� VL[� ZHHNV��
2XWFRPH�PHDVXUHV� LQFOXGHG�ZDONLQJ�
VSHHG�� VWHS� OHQJWK�� VLQJOH� OLPE�
VXSSRUW��6/6���FKDQJHV�LQ�SDLQ��NQHH�
DQG� RYHUDOO� IXQFWLRQ�� DQG� TXDOLW\-RI-�
OLIH�SHUFHSWLRQ� 
:DONLQJ� YHORFLW\� LPSURYHG� E\�

�������DQG�6/6�RQ�WKH�RSHUDWHG�OLPE�
E\� ������� 3DLQ� LPSURYHG� E\� �������
VWLIIQHVV� E\� ������ DQG� IXQFWLRQ� E\�
����� 7KH� .QHH� 6RFLHW\� 6FRUH� IRU�
RYHUDOO� IXQFWLRQ� LPSURYHG� E\� DQ�
DYHUDJH� RI� ������ DQG� WKH� .QHH�
6RFLHW\� 6FRUH� IRU� NQHH� IXQFWLRQ�
LPSURYHG�E\������� 
&RQFOXVLRQ�� � 7KLV� � �XQFRQWUROOHG�

VWXG\� RI� SDWLHQWV� XQGHUJRLQJ� WRWDO�
NQHH� DUWKURSODVW\� IRXQG� WKDW�
ELRPHFKDQLFDO� WKHUDS\�� EHJLQQLQJ� DW�
WKUHH� PRQWKV� SRVW-VXUJHU\� LV�

DVVRFLDWHG�ZLWK� LPSURYHPHQWV� LQ�JDLW�
SDWWHUQV�� IXQFWLRQDO� VFRUHV� DQG� VHOI-�
HYDOXDWLRQ�TXHVWLRQQDLUH�UHVXOWV� 
 
(OED]��$���HW�DO��1HZ�$SSURDFK�IRU�WKH�
5HKDELOLWDWLRQ� RI� 3DWLHQWV� )ROORZLQJ�
7RWDO� .QHH� $UWKURSODVW\�� -�
2UWKRSHGLFV��������-XQH�����������-
��� 
 
 

6(/)-5(3257('�3+<6,&$/�
)5$,/7<�,1�7+(�(/'(5/< 

 
7KH� DELOLW\� WR� SUHGLFW� GLVDELOLW\�PD\�

SURYLGH� DQ� RSSRUWXQLW\� WR� RIIHU� HDUO\�
LQWHUYHQWLRQ� WR� UHGXFH� RU� SRVWSRQH�
GLVDELOLW\� LQ� WKH� HOGHUO\�� 7KLV� VWXG\�
H[DPLQHG� ZKHWKHU� VHOI-UHSRUWHG�
SK\VLFDO� IUDLOW\� FDQ� LPSURYH� WKH�
SUHGLFWLRQ� RI� GLVDELOLW\� DPRQJ� WKH�
HOGHUO\� 
7KLV� ORQJLWXGLQDO� VWXG\� DVVHVVHG�

VHOI-UHSRUWHG� SK\VLFDO� IUDLOW\� DQG�
VXEVHTXHQW� GLVDELOLW\� LQ� ���� 'XWFK�
LQGLYLGXDOV�� DJHV� ��� RU� ROGHU�� $�
TXHVWLRQQDLUH� ZDV� SURYLGHG�� ZKLFK�
LQFOXGHG� TXHULHV� FRQFHUQLQJ� IUDLOW\�
DQG�GLVDELOLW\��ZLWK� IROORZ-XS� WZR�DQG�
KDOI� \HDUV� ODWHU�� 3K\VLFDO� IUDLOW\� ZDV�
LGHQWLILHG� XVLQJ� FRPSRQHQWV� RI� WKH�
7LOEXUJ� )UDLOW\� ,QGLFDWRU� �7),���
LQFOXGLQJ� XQLQWHQWLRQDO� ZHLJKW� ORVV��
ZHDNQHVV�� SRRU� HQGXUDQFH��
VORZQHVV�� ORZ� SK\VLFDO� DFWLYLW\�� SRRU�
EDODQFH�� SRRU� KHDULQJ� DQG� SRRU�
YLVLRQ�� 'LVDELOLW\� ZDV� PHDVXUHG� ZLWK�
WKH� *URQLQJHQ� $FWLYLW\� 5HVWULFWLRQ�
6FDOH� �*$56��� 7KRVH� ��� \HDUV� RU�
ROGHU� ZKR� FRPSOHWHG� TXHVWLRQQDLUHV�
DW�ERWK� LQWHUYDOV�ZHUH� LQFOXGHG� LQ� WKH�
DQDO\VLV� 
$OO HLJKW SK\VLFDO IUDLOW\ 

FRPSRQHQWV�RI� WKH�7),�ZHUH�VWURQJO\�
DVVRFLDWHG� ZLWK� DOO� WKUHH� GLVDELOLW\�
YDULDEOHV�>WRWDO�� LQVWUXPHQWDO�DFWLYLWLHV�
RI�GDLO\�OLYLQJ��,$'/V��DQG�DFWLYLWLHV�RI�
GDLO\�OLYLQJ��$'/V�@��DVVHVVHG�WZR�DQG�
D�KDOI�\HDUV�ODWHU��%LYDULDWH�UHJUHVVLRQ�
DQDO\VLV� LQGLFDWHG� WKDW� ORZ� SK\VLFDO�
DFWLYLW\� SUHGLFWHG� ERWK� WRWDO� DQG� $'/�
GLVDELOLW\�� 6ORZQHVV� SUHGLFWHG� ERWK�
WRWDO� DQG� ,$'/� GLVDELOLW\�� :HDNQHVV�
SUHGLFWHG�$'/�GLVDELOLW\��:HLJKW� ORVV��
SRRU� HQGXUDQFH�� SRRU� EDODQFH�� SRRU�
KHDULQJ� DQG� SRRU� YLVLRQ� GLG� QRW�
FRQWULEXWH� WR� WKH� SUHGLFWLRQ� RI� IXWXUH�
GLVDELOLW\�� 
&RQFOXVLRQ�� 7KLV�VWXG\�VXJJHVWV�

IRXQG� WKDW� VHOI-UHSRUWHG� IUDLOW\�
DVVHVVPHQWV� XVLQJ� WKH� SK\VLFDO�
VXEVFDOH� RI� WKH� 7LOEXUJ� )UDLOW\�
,QGLFDWRU� FDQ� DLG� LQ� SUHGLFWLQJ� IXWXUH�
GLVDELOLW\� DPRQJ� LQGLYLGXDOV� ��� \HDUV�
RI�DJH�DQG�ROGHU� 
 
*REEHQV��5���HW�DO��7KH�3UHGLFWLRQ�RI�
'LVDELOLW\� E\� 6HOI-5HSRUWHG� 3K\VLFDO�
)UDLOW\� &RPSRQHQWV� RI� WKH� 7LOEXUJ�



 

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

 

 

)UDLOW\� ,QGLFDWRU�� $UFK� *HURQWRO�
*HULDWU��������6HSWHPEHU-2FWREHU� 
����������-���� 
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5HWURVSHFWLYH�VWXGLHV�KDYH�LQGLFDWHG�

WKDW� VKRXOGHU� UDQJH� RI�PRWLRQ� GHILFLWV�
DUH� DVVRFLDWHG� ZLWK� LQFUHDVHG� HOERZ�
LQMXULHV�LQ�EDVHEDOO�SLWFKHUV��7KLV�VWXG\�
SURVSHFWLYHO\� UHYLHZHG� WKLV�
UHODWLRQVKLS� 
$OO�PDMRU� DQG�PLQRU� OHDJXH�SLWFKHUV�

ZLWKLQ� D� VLQJOH� SURIHVVLRQDO�
RUJDQL]DWLRQ� ZHUH� VWXGLHG� RYHU� HLJKW�
FRPSHWLWLYH VHDVRQV��
$QWKURSRPRUSKLF� GDWD� ZHUH� UHFRUGHG�
GXULQJ�VSULQJ� WUDLQLQJ��7KHVH� LQFOXGHG�
VKRXOGHU� UDQJH� RI� PRWLRQ�� DV�
PHDVXUHG� ZLWK� D� EXEEOH� JRQLRPHWHU��
'DWD� ZHUH� REWDLQHG� IURP� ���� SLWFKHU�
VHDVRQV�� ZLWK� VXEMHFWV� SDLQ-IUHH� DQG�
DV\PSWRPDWLF� DW� WKH� WLPH� RI� WKH�
WHVWLQJ�� 6KRXOGHU� UDQJH� RI� PRWLRQ�
GHILFLWV� LQ� WKH� SLWFKLQJ� DUP� ZHUH�
GHILQHG� DV� ILYH� GHJUHHV� OHVV� WKDQ�
WKRVH� RI� WKH� FRQWUDODWHUDO� DUP� LQ�
IOH[LRQ�� H[WHUQDO� URWDWLRQ� DQG� WRWDO�
URWDWLRQ�� ,QWHUQDO� URWDWLRQ�GHILFLWV�ZHUH�
GHILQHG� DV� D� JUHDWHU� WKDQ� ����
GLIIHUHQFH EHWZHHQ DUPV� 7KH�
SLWFKHUV� ZHUH� IROORZHG� GXULQJ� WKH�
VXEVHTXHQW�VHDVRQ�IRU�HOERZ�LQMXULHV��� 
2YHUDOO�� ������ RI� WKH� SOD\HUV�

VXVWDLQHG� HOERZ� LQMXULHV�� 'HILFLWV� LQ�
WRWDO�URWDWLRQ�LQ�WKH� WKURZLQJ� VKRXOGHU�
FRUUHODWHG� ZLWK� D� ���-IROG� LQFUHDVHG�
ULVN� RI� HOERZ� LQMXU\�� 'HILFLWV� RI�
VKRXOGHU�IOH[LRQ�FRUUHODWHG�ZLWK� D����-�
IROG� LQFUHDVH� LQ� WKH� ULVN� RI� HOERZ�
LQMXU\��1R�VLJQLILFDQW�LQFUHDVH� LQ�HOERZ�
LQMXULHV� ZDV� VHHQ� DPRQJ� WKRVH� ZLWK�
GHILFLWV�LQ�JOHQRKXPHUDO�LQWHUQDO 
URWDWLRQ�RU�H[WHUQDO�URWDWLRQ� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SURIHVVLRQDO� EDVHEDOO� SLWFKHUV� IRXQG�
WKDW�WKRVH�ZLWK�D�GHILFLW�LQ�WKH�WKURZLQJ�
VKRXOGHU� WRWDO� URWDWLRQ�� DV� ZHOO� DV�
VKRXOGHU� IOH[LRQ�� DUH� DW� DQ� LQFUHDVHG�
ULVN�IRU�HOERZ�LQMXULHV� 
 
:LON�� .��� HW� DO�� 'HILFLWV� LQ�
*OHQRKXPHUDO� 3DVVLYH� 5DQJH� RI�
0RWLRQ�,QFUHDVH�5LVN�RI�(OERZ�,QMXULHV�
LQ� 3URIHVVLRQDO� %DVHEDOO� 3LWFKHUV�� $�
3URVSHFWLYH�6WXG\��$P�-� 6SRUWV�0HG��
������6HSWHPEHU���� 
����������–����� 
 
6859,9$/�$1'�287&20(�$)7(5�
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+LS� IUDFWXUHV� RFFXU� �������� WLPHV�

HDFK� \HDU� DPRQJ� ROGHU� DGXOWV�� ZLWK�
UHVLGHQWV� RI� ORQJ-WHUP� QXUVLQJ� KRPHV�
WZLFH� DV� OLNHO\� DV� FRPPXQLW\� GZHOOLQJ�

LQGLYLGXDOV� WR� VXVWDLQ� VXFK� D� IUDFWXUH��
7KLV� VWXG\� UHYLHZHG� WKH� SDWWHUQV� DQG�
SUHGLFWRUV� RI� PRUWDOLW\� DQG� IXQFWLRQDO�
GHFOLQH� DPRQJ� QXUVLQJ� KRPH�
UHVLGHQWV�ZLWK�KLS�IUDFWXUH� 
'DWD� LQFOXGHG� WKH� /RQJ-7HUP� &DUH�

0LQLPXP� 'DWD� 6HW� �0'6�� IURP� �����
WR� ������ ZLWK� 0HGLFDUH� 3URYLGHU�
$QDO\VLV� DQG� 5HYLHZ� �0HG3DU�� ILOHV�
IRU� WKH�VDPH�SHULRG��)URP� WKHVH�GDWD�
ZHUH� UHWULHYHG� LQIRUPDWLRQ� FRQFHUQLQJ�
0HGLFDUH� EHQHILFLDULHV� ZKR� ZHUH�
KRVSLWDOL]HG� IRU� DFXWH� KLS� IUDFWXUHV�
LQFXUUHG� ZKLOH� UHVLGLQJ� LQ� ORQJ-WHUP�
QXUVLQJ� KRPHV�� %DVHOLQH� GDWD�
FRQFHUQLQJ�WKH�SDWLHQWV¶�IXQFWLRQ�ZHUH�
REWDLQHG� IURP� WKH�0'6��ZKLOH� FOLQLFDO�
RXWFRPHV�ZHUH�REWDLQHG�IURP�KRVSLWDO�
UHFRUGV��7KH�SULPDU\�RXWFRPH�YDULDEOH�
ZDV�GHDWK� IURP�DQ\�FDXVH�ZLWKLQ�����
GD\V�RI�KRVSLWDO�DGPLVVLRQ��6HFRQGDU\�
RXWFRPHV� LQFOXGHG� SRVW-IUDFWXUH�
PRELOLW\�DQG�$'/�SHUIRUPDQFH� 
2I� WKH� ������� QXUVLQJ� KRPH�

UHVLGHQWV� UHYLHZHG��������GLHG�ZLWKLQ�
���� GD\V� DIWHU� WKH� IUDFWXUH�� DQG� ����
GLHG� ZLWKLQ� RQH� \HDU�� 7KH� JUHDWHVW�
GHFUHDVHV�LQ�VXUYLYDO�RFFXUUHG�DPRQJ�
WKRVH� ROGHU� WKDQ� ��� \HDUV� RI� DJH�
�S��������� WKRVH� ZLWK� QRQRSHUDWLYH�
IUDFWXUH� PDQDJHPHQW� S��������� DQG�
WKRVH� ZLWK� DGYDQFHG� FRPRUELGLWLHV��
GHILQHG�DV�&KDUOHVWRQ�VFRUH�RI�DW�OHDVW�
ILYH� �S��������� $PRQJ� WKRVH� ZKR�
VXUYLYHG� IRU� ���� GD\V�� QHZ� WRWDO�
GHSHQGHQFH�LQ�ORFRPRWLRQ�RFFXUUHG�LQ�
������ 
&RQFOXVLRQ�� 7KLV� VWXG\� RI� ORQJ-�

WHUP� QXUVLQJ� KRPH� UHVLGHQWV�ZLWK� KLS�
IUDFWXUH� IRXQG� WKDW�� ZLWKLQ� ���� GD\V��
PRUH�WKDQ�RQH�RI�WKUHH�KDG�GLHG��ZLWK�
VXUYLYDO� GHFUHDVLQJ� DPRQJ� WKRVH� DW�
OHDVW����\HDUV�RI�DJH��WKRVH�PDQDJHG�
QRQRSHUDWLYHO\� DQG� WKRVH� ZLWK� KLJK�
FRPRUELGLWLHV� 
 
1HXPDQ�� 0��� HW� DO�� 6XUYLYDO� DQG�
)XQFWLRQDO� 2XWFRPHV� DIWHU� +LS�
)UDFWXUH� DPRQJ� 1XUVLQJ� +RPH�
5HVLGHQWV�� -$0$� ,QW� 0HG�� ������
$XJXVW��������������-����� 
 
7(/(-&$5(�0$1$*(0(17�2)�

&+521,&�3$,1 
 
,W�KDV�EHHQ�HVWLPDWHG�WKDW�WZR�WKLUGV�

RI� SDLQ� UHODWHG� RXWSDWLHQW� YLVLWV� LQ� WKH�
8QLWHG�6WDWHV� LQYROYH�PXVFXORVNHOHWDO�
SDLQ�� 7KLV� VWXG\� ZDV� GHVLJQHG� WR�
GHWHUPLQH� WKH� HIIHFWLYHQHVV� RI� D�
WHOHSKRQH�GHOLYHUHG�FROODERUDWLYH�FDUH�
LQWHUYHQWLRQ� IRU� SULPDU\� FDUH� SDWLHQWV�
ZLWK�FKURQLF�PXVFXORVNHOHWDO�SDLQ� 
3DWLHQWV�����WR����\HDUV�RI�DJH�ZLWK�

PXVFXORVNHOHWDO� SDLQ� RI� PRGHUDWH�
VHYHULW\�� DQG� DW� OHDVW� WKUHH� PRQWKV¶�
GXUDWLRQ�� ZHUH� UDQGRPL]HG� WR� DQ�
LQWHUYHQWLRQ� RU� FRQWURO� JURXS�� 7KH�
LQWHUYHQWLRQ� JURXS� XQGHUZHQW�

DXWRPDWHG�V\PSWRP�PRQLWRULQJ��HLWKHU�
E\� LQWHUDFWLYH� YRLFH� UHFRUGHG�
WHOHSKRQH�FDOOV�RU�WKURXJK�WKH�LQWHUQHW��
8VLQJ� UHSRUWV� IURP� WKHVH� GDWD� DQ�
DQDOJHVLF� DOJRULWKP� ZDV� XVHG� WR�
UHFRPPHQG� PHGLFDWLRQ� XVH�� ZLWK� VL[�
FDWHJRULHV� RI� DQDOJHVLFV� XVHG�� 7KHVH�
PHGLFLQHV� ZHUH� SUHVFULEHG� E\� HLWKHU�
WKH� VWXG\� SK\VLFLDQ� RU� WKH� SULPDU\�
FDUH� SK\VLFLDQ�� 7KH� SULPDU\� RXWFRPH�
ZDV� WKH� FKDQJH� LQ� WKH� %ULHI� 3DLQ�
,QYHQWRU\��%3,��VFRUH� 
2I� WKH� ���� SDWLHQWV� HQUROOHG�� ����

ZHUH� SODFHG� LQ� DQ� LQWHUYHQWLRQ� JURXS�
DQG� ���� LQ� D� FRQWURO� JURXS�� 7KRVH� LQ�
WKH� LQWHUYHQWLRQ� JURXS� GHPRQVWUDWHG�
VLJQLILFDQWO\� JUHDWHU� LPSURYHPHQW� LQ�
WKHLU� %3,� VFRUHV� �S�������� GXULQJ� WKH�
��-PRQWK� WULDO�� DV� ZHOO� DV� JUHDWHU�
LPSURYHPHQW�LQ�%3,�VHYHULW\��S��������
DQG� ,QWHUIHUHQFH� 6FDOH� VFRUHV�
�S��������� 7KRVH� LQ� WKH� LQWHUYHQWLRQ�
JURXS� ZHUH� DOPRVW� WZLFH� DV� OLNHO\� WR�
UHSRUW� DW� OHDVW� D� ���� LPSURYHPHQW�
IURP� WKHLU� EDVHOLQH� SDLQ� VFRUHV� E\�
PRQWK���� 
&RQFOXVLRQ��7KLV�VWXG\�IRXQG�WKDW�

D� FROODERUDWLYH� WHOH-FDUH�PDQDJHPHQW�
LQWHUYHQWLRQ� V\VWHP� IRU� SDWLHQWV� ZLWK�
FKURQLF� SDLQ� FDQ� SURGXFH� FOLQLFDOO\�
PHDQLQJIXO� LPSURYHPHQWV� LQ� SDLQ��
DFFRPSDQLHG� E\� JUHDWHU� SDWLHQW�
VDWLVIDFWLRQ�ZLWK�SDLQ�WUHDWPHQW� 
 
.URHQNH�� .��� HW� DO�� 7HOH-&DUH�
&ROODERUDWLYH�0DQDJHPHQW�RI�&KURQLF�
3DLQ� LQ�3ULPDU\�&DUH��$�5DQGRPL]HG��
&OLQLFDO� 7ULDO�� -$0$�� ������ -XO\� ����
�����������-���� 
 

727$/�+,3�5(3/$&(0(17�
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2YHU� ���� RI� SDWLHQWV� ZLWK�

UKHXPDWRLG� DUWKULWLV� �5$�� KDYH�
UHSRUWHG� RUWKRSHGLF� SURFHGXUHV�� 7KH�
RXWFRPHV� RI� WRWDO� KLS� UHSODFHPHQW�
DPRQJ� SDWLHQWV� ZLWK� 5$� DUH� QRW� ZHOO�
GHVFULEHG�� 7KLV� VWXG\� DVVHVVHG� SDLQ��
IXQFWLRQ� DQG� TXDOLW\-RI-OLIH� WZR� \HDUV�
DIWHU� KLS� UHSODFHPHQW�� FRPSDULQJ�
SDWLHQWV� ZLWK� 5$� DQG� WKRVH� ZLWK�
RVWHRDUWKULWLV��2$�� 
'DWD� ZHUH� UHYLHZHG� FRQFHUQLQJ�

SDWLHQWV� XQGHUJRLQJ� WRWDO� KLS�
UHSODFHPHQW�EHWZHHQ������DQG�������
)URP�WKHVH�GDWD��WKH�DXWKRUV�LGHQWLILHG�
SDWLHQWV� UHFHLYLQJ� KLS� UHSODFHPHQWV�
GXH� WR� 5$� RU� 2$�� 'DWD� FROOHFWHG�
LQFOXGHG�GHPRJUDSKLF�LQIRUPDWLRQ��WKH�
:HVWHUQ� 2QWDULR� DQG� 0F0DVWHU�
8QLYHUVLWLHV� 2VWHRDUWKULWLV� ,QGH[�
�:20$&��� WKH� 6)-��Y�� 6KRUW� )RUP�
+HDOWK� 6XUYH\�� FRPRUELGLWLHV� DQG� WKH�
$PHULFDQ� 6RFLHW\� RI� $QHVWKHVLD�
6FRUH� 
7KH�DQDO\VLV�LQFOXGHG�������SDWLHQWV�
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WƌŽĚƵĐĞĚ�ďǇ�ƚŚĞ��ĞƉĂƌƚŵĞŶƚ�ŽĨ� 
ZĞŚĂďŝůŝƚĂƟŽŶ�DĞĚŝĐŝŶĞ͕��ŵŽƌǇ�
hŶŝǀĞƌƐŝƚǇ�^ĐŚŽŽů�ŽĨ�DĞĚŝĐŝŶĞ 

�ǆƉĂŶĚŝŶŐ�ƚŚĞ�ĨƌŽŶƟĞƌ�ŽĨ�ŵĞĚŝĐŝŶĞ�ŝŶ�ƌĞƐĞĂƌĐŚ͕�ƚĞĂĐŚŝŶŐ͕�ĂŶĚ�ƉĂƟĞŶƚ�ĐĂƌĞ 

0XVFXORVNHOHWDO� LQ� 5HYLHZ� LV�

SURGXFHG� E\� SK\VLFLDQV�

VSHFLDOL]LQJ� LQ� PXVFXORVNHOHWDO�

PHGLFLQH�� ZLWK� WKH� 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�DUH�QRW�

LQWHQGHG�IRU�XVH�DV�WKH�VROH�EDVLV�

IRU� FOLQLFDO� WUHDWPHQW�� QRU� DV� D�

VXEVWLWXWH� IRU� WKH� UHDGLQJ� RI� WKH�

RULJLQDO� UHVHDUFK�� � 3ULYDWH�

VXEVFULSWLRQV� DUH� DYDLODEOH� E\�

HPDLO� DW� UHKDELQUHYLHZ#DRO�FRP�

RU� E\� ID[� RU� SKRQH� DW� ������ ���-

������ 

ZLWK� 2$� DQG� ���� ZLWK� 5$�� 6LPLODU�
SURSRUWLRQV� RI� SDWLHQWV� ZLWK� 5$� DQG�
ZLWK� 2$� KDG� FOLQLFDOO\� VLJQLILFDQW�
LPSURYHPHQWV� LQ� IXQFWLRQ�� DOWKRXJK�
SDWLHQWV� ZLWK� 5$� KDG� VLJQLILFDQWO\�
ZRUVH�:20$&� IXQFWLRQ� DW� WZR� \HDUV�
�S���������3DWLHQWV�ZLWK�5$�KDG�ZRUVH�
SUHRSHUDWLYH� :20$&� SDLQ� VFRUHV�
�S�������� DQG� ZRUVH� :20$&� SDLQ�
VFRUHV�DW�WZR�\HDUV��S��������WKDQ�GLG�
SDWLHQWV�ZLWK�2$� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� XQGHUJRLQJ� WRWDO� KLS�
UHSODFHPHQW�IRXQG�WKDW�WKRVH�ZLWK�5$�
FRQWLQXHG� WR� H[SHULHQFH� ZRUVH�
:20$&�SDLQ� DQG� IXQFWLRQ� WZR� \HDUV�
DIWHU� WRWDO� KLS� UHSODFHPHQW� WKDQ� GLG�
WKRVH�ZLWK�2$� 
 
*RRGPDQ�� 6��� HW� DO�� 3DWLHQWV� ZLWK�
5KHXPDWRLG� $UWKULWLV� $UH� 0RUH� /LNHO\�
WR�+DYH�3DLQ�DQG�3RRU�)XQFWLRQ�DIWHU�
7RWDO�+LS�5HSODFHPHQWV�WKDQ�3DWLHQWV�
ZLWK� 2VWHRDUWKULWLV�� -� 5KHXP�� ������
6HSWHPEHU�������������-����� 
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7KH� RYHUZKHOPLQJ� PDMRULW\� RI�

UHVHDUFK LQWR YHQRXV�
WKURPERHPEROLVP� �97(�� UDWHV� DIWHU�
RUWKRSHGLF� SURFHGXUHV� FRPHV� IURP�
VWXGLHV� RI� ORZHU� OLPE� VXUJHU\�� 7KLV�
VWXG\�ZDV� GHVLJQHG� WR� GHWHUPLQH� WKH�

UDWH� RI� SRVWRSHUDWLYH� 97(� ZLWKLQ� DOO�
XSSHU� OLPE� SURFHGXUHV� LQ� D� ODUJH�
WHDFKLQJ�KRVSLWDO� 
'DWD�ZHUH�REWDLQHG�IURP�D�FRPSOHWH�

VHW� RI� VXUJLFDO� UHFRUGV� DW� D� WHDFKLQJ�
KRVSLWDO� LQ� :RUFHVWHUVKLUH�� 8QLWHG�
.LQJGRP�� %HWZHHQ� ����� DQG� ������
������ VXUJHULHV� ZHUH� FRPSOHWHG�� )RU�
HDFK� RI� WKHVH� SURFHGXUHV�� UHFRUGV�
ZHUH� UHYLHZHG� IRU� HYLGHQFH� RI�
SXOPRQDU\� HPEROLVP� �3(�� RU� GHHS�
YHQRXV� WKURPERVLV� �'97�� ZLWKLQ� ���
GD\V�RI�WKH�VXUJHU\� 
2I�WKH�������HYHQWV��D�SRVWRSHUDWLYH�

97(� ZDV� LGHQWLILHG� LQ� VL[� SDWLHQWV��
LQFOXGLQJ� IRXU� ZLWK� 3(� DQG� WZR� ZLWK�
'97�� SURYLGLQJ� D� �������� LQFLGHQFH��
)LYH� RI� WKH� VL[� SDWLHQWV� KDG� D� VWURQJ�
IDPLO\� RU� SHUVRQDO� KLVWRU\� RI� 97(�� $OO�
3(� ZHUH� GLDJQRVHG� E\� &7� LPDJLQJ��
%RWK� '97V� ZHUH� GLDJQRVHG� E\�
XOWUDVRXQG�LPDJLQJ� 
&RQFOXVLRQ�� 7KLV� UHWURVSHFWLYH�

VWXG\� RI� SDWLHQWV� XQGHUJRLQJ� XSSHU�
H[WUHPLW\�RUWKRSHGLF�SURFHGXUHV�IRXQG�
D��������� LQFLGHQFH�RI�SRVWRSHUDWLYH�
YHQRXV�WKURPERHPEROLVP� 
 
+DVWLH�� *��� HW� DO�� 9HQRXV�
7KURPERHPEROLVP�,QFLGHQFH�LQ�8SSHU�
/LPE� 2UWKRSHGLF� 6XUJHU\�� 'R� 7KHVH�
3URFHGXUHV� ,QFUHDVH� 9HQRXV�
7KURPERHPEROLVP� 5LVN"� -� 6KRXOGHU�
(OERZ� 6XUJ�� ������ 2FWREHU�� ��
���������-����� 


