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$EVWUDFW��
'\QDPLF�VWUHWFKLQJ��'6��LV�SHUIRUPHG�WR�LQFUHDVH�VSRUWV�SHU�
IRUPDQFH�DQG�LV�DOVR�XVHG�SULPDULO\�IRU�WUDQVLHQWO\�LQFUHDVLQJ�
UDQJH� RI� PRWLRQ� �520��� 5HFHQWO\�� YLEUDWLRQ� IRDP� UROOLQJ�
�9)5��KDV�HPHUJHG��,WV�XQGHUO\LQJ�FRQFHSW�LV�WKDW�LW�FRPELQHV�
IRDP�UROOLQJ�WHFKQLTXHV�ZLWK�ORFDO�YLEUDWLRQ�WR�LPSURYH�520�
DQG�PXVFXODU�DFWLYDWLRQ�FRQFXUUHQWO\��7KLV�FURVVRYHU�VWXG\�LQ�
YHVWLJDWHG� WKH� HIIHFWV� RI� '6� RU� '6� IROORZHG� E\� 9)5�
�'6ௗ�ௗ9)5��GXULQJ�ZDUP�XSV�RQ�IOH[LELOLW\��PXVFOH�VWLIIQHVV��
SRZHU�� DQG�DJLOLW\�RI� WKH� ORZHU� OLPEV� LQ�EDGPLQWRQ�DWKOHWHV��
)RUW\�EDGPLQWRQ�SOD\HUV�SHUIRUPHG�'6�RU�'6ௗ�ௗ9)5�DV�ZDUP�
XS�H[HUFLVHV�RQ�WZR�RFFDVLRQV�LQ�D�UDQGRPL]HG�RUGHU��7KH�WDU�
JHW�PXVFOH�JURXSV�ZHUH�WKH�ELODWHUDO�VKRXOGHU��DQWHULRU�DQG�SRV�
WHULRU� WKLJK�� SRVWHULRU� FDOI�� DQG� ORZHU� EDFN�� 0DLQ� RXWFRPH�
PHDVXUHV�� 7KH� SULPDU\� RXWFRPH� ZDV� NQHH� UDQJH� RI� PRWLRQ�
�520��� DQG� WKH� VHFRQGDU\� RXWFRPHV�ZHUH�PXVFOH� VWLIIQHVV��
ORZHU�OLPE�SRZHU��FRXQWHUPRYHPHQW�MXPS�>&0-@���DQG�DJLO�
LW\��5HVXOWV�LQGLFDWHG�WKDW�WKH�SURWRFROV�LPSURYHG�SHUIRUPDQFH��
'6�LQFUHDVHG�NQHH�IOH[LRQ�520����FKDQJH� �������(6� ������
Sௗ ௗ��������&0-�KHLJKW����FKDQJH� �������(6� ������Sௗ ௗ��������
DQG� DJLOLW\� ��� FKDQJH� � �������(6� � ����� Sௗ�� ������� EXW� LQ�
FUHDVHG�TXDGULFHSV�PXVFOH�VWLIIQHVV����FKDQJH� �������(6� �
�����Sௗ ௗ�������DQG� LQFUHDVHG�JDVWURFQHPLXV�PXVFOH� VWLIIQHVV�
���FKDQJH� ��������(6� ������Sௗ ௗ��������'6ௗ�ௗ9)5�LQFUHDVHG�
NQHH�H[WHQVLRQ�520����FKDQJH� ������(6� ������Sௗ ௗ��������
UHGXFHG�TXDGULFHSV�PXVFOH�VWLIIQHVV����FKDQJH� ��������(6� �
����� Sௗ ௗ�������� &0-� KHLJKW� ��� FKDQJH�  � ������ (6�  � �����
Sௗ ௗ��������DQG�DJLOLW\����FKDQJH� ��������(6� ������Sௗ����������
'6ௗ�ௗ9)5� ZDV� QRW� VLJQLILFDQWO\� VXSHULRU� WR� '6�� H[FHSW� IRU�
PXVFOH� VWLIIQHVV� UHGXFWLRQ�� 7DNHQ� WRJHWKHU��ZH� VXJJHVW� WKDW�
SUDFWLWLRQHUV�FRQVLGHU�'6�DV�D�ILUVW�OLQH�RI�ZDUP�XS�H[HUFLVH�WR�
LQFUHDVH�520��&0-�KHLJKW��DQG�DJLOLW\�LQ�DWKOHWHV��0RUHRYHU��
WKH�DGGLWLRQ�RI�9)5�WR�'6�UHVXOWV�LQ�D�ODUJH�UHGXFWLRQ�RI�PXVFOH�
VWLIIQHVV�� SRWHQWLDOO\� UHGXFLQJ� WKH� ULVN� RI� VSRUWV� LQMXU\��$WK�
OHWHV�� FRDFKHV� DQG� DWKOHWLF� SURIHVVLRQDOV�PD\� FRQVLGHU� WKHP�
ZKHQ�VHOHFWLQJ�HIIHFWLYH�ZDUP�XS�SUDFWLFHV�WR�DXJPHQW�DWKOHWLF�
SHUIRUPDQFH��
�
.H\� ZRUGV�� :DUP� XS� H[HUFLVH�� IRDP� UROOLQJ�� DWKOHWLF� SHUIRU�
PDQFH��VSRUWV��YLEUDWLRQ�WKHUDS\�
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,QWURGXFWLRQ�
�
%DGPLQWRQ�LV�D�SRSXODU�VSRUW�DQG�RQH�RI�WKH�IDVWHVW�UDFTXHW�
VSRUWV��/HHV���������7KH�OXQJH�VWHS�LV�RQH�RI�WKH�PRVW�IUH�
TXHQWO\� SHUIRUPHG�PRYHPHQWV� LQ� EDGPLQWRQ�� DFFRXQWLQJ�
IRU�DSSUR[LPDWHO\�����RI�WKH�WRWDO�PRYHPHQWV�LQ�D�JDPH�
�.XQW]H�HW�DO���������0HL�HW�DO����������3HUIRUPLQJ�D�JRRG�
OXQJH� VWHS� LV� XVXDOO\� DVVRFLDWHG� ZLWK� KLJK� IOH[LELOLW\�� ,Q����

DGGLWLRQ��EDGPLQWRQ�SOD\HUV�PXVW�UHDFW�E\�PRYLQJ�UDSLGO\�
ZLWK� SRZHUIXO� MXPSV� DQG� DJLOH� IRRWZRUN� WKURXJKRXW� D�
JDPH��3OD\HUV�PXVW�UHSHDW�DFWLRQV�TXLFNO\�ZLWK�KLJK�VSHHG�
DQG�LQWHQVLW\��7KHUHIRUH��SOD\HUV�QHHG�H[FHOOHQW�MRLQW�UDQJH�
RI�PRWLRQ��520���SRZHU��DQG�DJLOLW\��7LZDUL�HW�DO���������
:RQJ�HW�DO����������

:DUP�XS�H[HUFLVH�LV�FULWLFDO�SULRU�WR�SDUWLFLSDWLRQ�LQ�
VSRUWV�� ,W� LPSURYHV� SHUIRUPDQFH� DQG� PD\� DYRLG� LQMXU\�
�:RRGV�HW�DO����������0XVFOH�VWUDLQ�LQMXULHV�XVXDOO\�RFFXU�
GXULQJ�PRYHPHQWV�WKDW�LQYROYH�UDSLG�DFFHOHUDWLRQ�GHFHOHU�
DWLRQ�DQG�VSULQWLQJ��2SDU�HW�DO����������'\QDPLF�VWUHWFKLQJ�
�'6�� LV� WKH�PRVW�FRPPRQO\�VXJJHVWHG�ZDUP�XS�SURWRFRO�
�7XUNL�HW�DO����������7KH�'6�WHFKQLTXH�LQYROYHV�D�VWUHWFK�WR�
OHQJWKHQ�WKH�PXVFOH��DQG�LW�LV�SHUIRUPHG�E\�PRYLQJ�SDUWV�
RI� WKH�ERG\�DQG�JUDGXDOO\� LQFUHDVLQJ� UHDFK�DQG� VSHHG�RI�
PRYHPHQW��%HKP�DQG�&KDRXDFKL���������,W�RIWHQ�PLPLFV�
PRYHPHQW�SDWWHUQV�SHUIRUPHG�GXULQJ�VXEVHTXHQW�H[HUFLVH��
'6�SURYLGHV�D�PRUH�VSRUW�VSHFLILF�ZDUP�XS�H[HUFLVH��DQG�
DV� D� SUHFXUVRU�� LW� LQFUHDVHV� ERG\� WHPSHUDWXUH�� LPSURYHV�
QHUYH�FRQGXFWLRQ��DQG� LQFUHDVHV�VSRUWV�SHUIRUPDQFH� �L�H���
MXPS�KHLJKW�� VSULQW� VSHHG�� DQG�DJLOLW\�� �&KDRXDFKL� HW� DO���
������ 2SSOHUW� DQG� %DEDXOW�� ������ 3HUULHU� HW� DO��� �������
+RZHYHU�� UHSRUWV� UHJDUGLQJ� WKH� HIIHFW� RI� '6� RQ� PXVFOH�
VWLIIQHVV�DUH�FRQIOLFWLQJ��LQGLFDWLQJ�WKDW�'6�PD\�FDXVH�LQ�
FUHDVHG� RU� UHGXFHG� PXVFOH� VWLIIQHVV� �&KHQ� HW� DO��� ������
,ZDWD�HW�DO���������3DPERULV�HW�DO�����������

9LEUDWLRQ� IRDP� UROOLQJ� �9)5�� FRPELQHV� D� IRDP�
UROOHU�ZLWK�YLEUDWLRQ��WKH�UROOHU�VHUYHV�DV�D�IRDP�UROOLQJ�WRRO�
WKDW�WDUJHWV�D�SDUWLFXODU�PXVFOH�JURXS��,W�KDV�EHHQ�VXJJHVWHG�
DV�DQ�DOWHUQDWLYH�ZDUP�XS�PHWKRG��/HH�HW�DO���������/\X�HW�
DO����������%HQHILFLDO�RXWFRPHV�RI�9)5�LQFOXGH�UHPRELOL]�
LQJ�VRIW�WLVVXH�FRPSOLDQFH�WR�HQDEOH�ORQJHU�PXVFOH�OHQJWK�
DQG� LQFUHDVLQJ� EORRG� IORZ� DQG� FLUFXODWLRQ� WR� VRIW� WLVVXHV�
FRQGXFWLQJ� UROOLQJ� RQ� WKH� VRIW� WLVVXH� �0DF'RQDOG� HW� DO���
������� &RQFXUUHQWO\�� WKH� DGGLWLRQDO� WUDQVPLVVLRQ� RI� PH�
FKDQLFDO�RVFLOODWLRQV�WR�WKH�WDUJHW�PXVFOH�PD\�LQFUHDVH�WKH�
QXPEHU�RI�PRWRU�XQLWV�UHFUXLWHG��&RFKUDQH���������+RZ�
HYHU�� IHZ� VWXGLHV� KDYH� LQYHVWLJDWHG� WKH� HIIHFWLYHQHVV� RI�
9)5��SDUWLFXODUO\�IRU�DWKOHWLF�SHUIRUPDQFH��7KXV�IDU��VWXG�
LHV�KDYH�IRFXVHG�RQ�520��&KHDWKDP�HW�DO���������*DUFLD�
*XWLHUUH]�HW�DO���������/HH�HW�DO���������/LP�HW�DO���������
/LP�DQG�3DUN��������/\X�HW�DO����������SUHVVXUH�SDLQ�WKUHVK�
ROG��&KHDWKDP�HW�DO���������5RPHUR�0RUDOHGD�HW�DO����������
HOHFWURP\RJUDSK\� DFWLYLW\� �/LP� HW� DO��� ������� LVRNLQHWLF�
PXVFOH�VWUHQJWK� �/HH�HW�DO���������/\X�HW�DO����������SHU�
FHLYHG�MRLQW�VWDELOLW\��'H�%HQLWR�HW�DO����������G\QDPLF�EDO�
DQFH��/HH�HW�DO����������DQG�YHUWLFDO�MXPS��/LP�DQG�3DUN��

5HVHDUFK�DUWLFOH�

�
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�������+RZHYHU��WKHVH�VWXGLHV�KDYH�IRFXVHG�RQ�WKH�NQHH�RU�
DQNOH� PXVFXODWXUHV� UDWKHU� WKDQ� FRPELQHG� HIIHFWV� RQ� WKH�
ZKROH�ERG\²VSHFLILFDOO\��ZKHQ�WKH�WHFKQLTXH�WDUJHWV�XS�
SHU�DQG�ORZHU�H[WUHPLWLHV�DQG�WKH�ORZHU�EDFN��)XUWKHUPRUH��
WKH�DIRUHPHQWLRQHG�9)5�VWXGLHV�ZHUH�FRQGXFWHG�LQ�KHDOWK\�
SDUWLFLSDQWV�RU�SDUWLFLSDQWV�LQYROYHG�LQ�UHFUHDWLRQDO�DFWLYL�
WLHV� UDWKHU� WKDQ� LQ� DWKOHWHV�� 6FLHQWLILF� HYLGHQFH� LV� LQDGH�
TXDWH��OLWWOH�LV�NQRZQ�DERXW�VSRUWV�SHUIRUPDQFH�IROORZLQJ�
WKH�XVH�RI�9)5�DV�D�ZDUP�XS�UHJLPH��

7KH�PRVW�EHQHILFLDO�ZDUP�XS�SURWRFRO�UHPDLQV�XQ�
FHUWDLQ�� SDUWLFXODUO\� IRU� FRPELQDWLRQ� ZDUP�XS� H[HUFLVHV��
0RUHRYHU��QR�VWXG\�KDV�H[DPLQHG�WKH�HIIHFWV�RI�'6�FRP�
ELQHG�ZLWK�9)5�RQ�EDGPLQWRQ�DWKOHWHV��6WXG\LQJ� WKH�HI�
IHFWV�RI�FRPELQDWLRQ�ZDUP�XSV�RQ�VSRUWV�SHUIRUPDQFH�FDQ�
SURYLGH�HYLGHQFH�WKDW�FDQ�KHOS�DWKOHWHV��FRDFKHV��DQG�FOLQ�
LFDO�SURIHVVLRQDOV�WR�GHFLGH�ZKHWKHU�WR�DGG�WKH�9)5�SURWR�
FRO�WR�'6��$FFRUGLQJO\��WKLV�VWXG\�FRPSDUHG�WKH�DFXWH�HI�
IHFWV�RI�'6�DV�ZHOO�DV�'6�IROORZHG�E\�9)5�GXULQJ�ZDUP�
XS� RQ� IOH[LELOLW\�� PXVFOH� VWLIIQHVV�� SRZHU�� DQG� DJLOLW\� LQ�
\RXQJ�DGXOWV��7KH�SULPDU\�RXWFRPH�ZDV�NQHH�520��7KH�
VHFRQGDU\�RXWFRPHV�ZHUH�PXVFOH�VWLIIQHVV��FRXQWHUPRYH�
PHQW�MXPS��&0-���DQG�DJLOLW\��:H�K\SRWKHVL]HG�WKDW�'6�DV�
ZDUP�XS�H[HUFLVH�FDQ�QRW�RQO\�LQFUHDVH�520��&0-�KHLJKW��
DQG�DJLOLW\��EXW�LQFUHDVH�PXVFOH�VWLIIQHVV��,Q�DGGLWLRQ��9)5�
FDQ�RIIVHW�PXVFOH�VWLIIQHVV��
�
0HWKRGV�
�
3DUWLFLSDQWV�
7KH�VWXG\�SURWRFRO�ZDV�DSSURYHG�E\� WKH�<XDQ¶V�*HQHUDO�
+RVSLWDO� ,QVWLWXWLRQDO� 5HYLHZ�%RDUG� �$SSURYDO�1XPEHU��
��������%��DQG�+XPDQ�5HVHDUFK�(WKLFV�&RPPLWWHH�LQ�WKH�
VSLULW� RI� WKH�+HOVLQNL�'HFODUDWLRQ�� � 3DUWLFLSDQWV�ZHUH� LQ�
IRUPHG� RI� WKH� EHQHILWV� DQG� ULVNV� RI� WKH� VWXG\�� DQG� WKH\�
VLJQHG�DQ�LQIRUPHG�FRQVHQW�IRUP�EHIRUH�SDUWLFLSDWLQJ��7R�
WDOO\�����FROOHJH�EDGPLQWRQ�SOD\HUV�����PDOH�DQG����IHPDOH�
VWXGHQWV��SDUWLFLSDWHG�LQ�WZR�WULDOV������'6�DQG�����'6�IRO�
ORZHG�E\�9)5� �)LJXUH�����&KDUDFWHULVWLFV�RI�SDUWLFLSDQWV�
DUH�SUHVHQWHG�LQ�7DEOH����7KH�LQFOXVLRQ�FULWHULD�ZHUH�DV�IRO�
ORZV�� PHPEHUVKLS� LQ� D� VFKRRO� EDGPLQWRQ� WHDP�� ��±���
\HDUV�RI�DJH��DQG�QR�LQFLGHQFH�RI�PXVFXORVNHOHWDO�GLVRUGHU�
LQ�WKH�SUHFHGLQJ���PRQWKV��7KH�H[FOXVLRQ�FULWHULD�ZHUH�DV�
IROORZV��PXVFXORVNHOHWDO� GLVHDVH� RU� QHXURORJLFDO� LPSDLU�
PHQW�� FDUGLRYDVFXODU� RU� UHVSLUDWRU\� GLVHDVH�� LUUDGLDWLRQ�
SDLQ�UDGLDWLRQ� SDLQ� WUDQVIHUUHG� WR� WKH� ORZHU� H[WUHPLWLHV��
SUHYLRXV�VXUJHU\��DQG�WDNLQJ�PHGLFDWLRQ��H�J���DQWL�LQIODP�
PDWRU\� RU� PXVFOH� UHOD[DQWV�� GXULQJ� WKH� SUHFHGLQJ� ��
PRQWKV��
�
6WXG\�SURFHGXUHV�
7KLV�VWXG\�ZDV�D�FURVVRYHU�VWXG\�ZLWK�D�ZLWKLQ�VXEMHFW�GH�
VLJQ��7HVWV�ZHUH�SHUIRUPHG�LQ�DQ�LQGRRU�EDGPLQWRQ�J\P�DW�
1DWLRQDO�6XQ�<DW�VHQ�8QLYHUVLW\��(DFK�SDUWLFLSDQW�GLG�WKH�
H[HUFLVHV�DW�DSSUR[LPDWHO\� WKH�VDPH� WLPH�RI�GD\�������±
�������� %HIRUH� WKH� DVVHVVPHQW� VHVVLRQ�� SDUWLFLSDQWV� SHU�
IRUPHG� D� IDPLOLDUL]DWLRQ� VHVVLRQ�� LQ�ZKLFK� WKH\�ZHUH� LQ�
VWUXFWHG�E\�D�FHUWLILHG�SK\VLRWKHUDSLVW�RQ�KRZ�WR�SHUIRUP�
'6�DQG�9)5�H[HUFLVH�UHJLPHV��'XULQJ�WKLV�RULHQWDWLRQ��SDU�
WLFLSDQWV�ZHUH�IDPLOLDUL]HG�ZLWK�WKH�SURFHGXUHV�DQG�SUDF�
WLFHG�ZLWK�WKH�DVVHVVPHQW�WRROV�DQG�HTXLSPHQW��3DUWLFLSDQWV�

ZHUH� DVNHG� WR�PDLQWDLQ� QRUPDO� WUDLQLQJ� SURJUDPV� EXW� WR�
DYRLG�YLJRURXV�H[HUFLVH�DW�OHDVW����KRXUV�EHIRUH�WKH�WHVWV��
(DFK�SDUWLFLSDQW�SHUIRUPHG�WKH�WZR�SURWRFROV�RQ�VHSDUDWH�
RFFDVLRQV� LQ� D� UDQGRPL]HG� RUGHU�� ZLWK� DQ� LQWHUYDO� RI� ���
KRXUV� �6X� HW� DO��� ������� 3DUWLFLSDQWV� ZHUH� LQGLYLGXDOO\�
JXLGHG�E\�D�FHUWLILHG�SK\VLFDO�WKHUDSLVW�IRU�SHUIRUPLQJ�ERWK�
'6�DQG�9)5��7KH�WDUJHW�PXVFOH�JURXSV�ZHUH�WKH�ELODWHUDO�
VKRXOGHU��DQWHULRU�WKLJK��SRVWHULRU�WKLJK��SRVWHULRU�FDOI��DQG�
ORZHU�EDFN��3DUWLFLSDQWV�SHUIRUPHG�WKH�SUHWHVWV�LQ�WKH�IRO�
ORZLQJ�RUGHU��PXVFOH�VWLIIQHVV��IOH[LELOLW\��&0-��DQG�DJLOLW\�
WHVWV�� $IWHU� FRPSOHWLRQ� RI� SUHWHVWV�� SDUWLFLSDQWV� GLG� WKH�
ZDUP�XS�H[HUFLVH��'6�RU�'6ௗ�ௗ9)5��LQ�D�FRXQWHUEDODQFHG�
RUGHU��3RVWWHVW�PHDVXUHPHQWV�ZHUH�FRQGXFWHG�LQ�WKH�VDPH�
RUGHU�DV�SUHWHVW�PHDVXUHPHQWV��
�
7DEOH����&KDUDFWHULVWLFV�RI�SDUWLFLSDQWV�9DOXHV�DUH�PHDQ�
�VWDQGDUG�GHYLDWLRQ��
� 7RWDO��

�Q� �����
0DOH�
�Q� �����

)HPDOH�
�Q� �����

$JH��\HDU�� ����������� ����������� ����������
+HLJKW��P�� ������������ ������������ �����������
%RG\�ZHLJKW��NJ�� ������������ ����������� ����������
%0,��NJ�P��� ����������� ����������� ����������
%DGPLQWRQ��
H[SHULHQFH��\�� ���������� ���������� ����������

�
2XWFRPH�PHDVXUHV�
%HIRUH�GDWD�FROOHFWLRQ��H[DPLQHUV�ZHUH�ZHOO�WUDLQHG�LQ�FRQ�
GXFWLQJ�WKH�IOH[LELOLW\��PXVFOH�VWLIIQHVV��&0-��DQG�DJLOLW\�
WHVWV��
�
3ULPDU\�RXWFRPH��
7KH�SULPDU\�RXWFRPH�ZDV�NQHH�520��7KH�NQHH� IOH[LRQ�
520�RI�SDUWLFLSDQWV�ZDV�PHDVXUHG�XVLQJ�(O\¶V�WHVW��ZKLFK�
LV�DOVR�XVHG�IRU�WHVWLQJ�TXDGULFHSV�IHPRULV�PXVFOH�IOH[LELO�
LW\��7KLV�WHVW�ZDV�VKRZQ�WR�KDYH�DQ�LQWUDFODVV�FRUUHODWLRQ�
FRHIILFLHQW��,&&��RI�������ZKLFK�UHSUHVHQWV�KLJK�UHOLDELOLW\�
�3LYD�HW�DO����������:LWK�SDUWLFLSDQWV�LQ�WKH�SURQH�SRVLWLRQ��
WKH�H[DPLQHU�DOLJQHG�WKH�SODVWLF�JRQLRPHWHU�ZLWK�WKH�D[LV�
RI�WKH�NQHH�MRLQW��WKH�VWDWLRQDU\�DUP�UHSUHVHQWV�WKH�JUHDWHU�
WURFKDQWHU�RI�WKH�IHPXU��DQG�WKH�SDVVLYHO\�PRYLQJ�DUP�UHS�
UHVHQWV� WKH� ODWHUDO�PDOOHROXV� RI� WKH� DQNOH��:KHQ� WKH� KLS�
IOH[HV�DV�WKH�NQHH�LV�IOH[HG��WKH�SHOYLV�VKRXOG�UHPDLQ�RQ�WKH�
IORRU�� DQG�FRPSHQVDWLRQ�E\�K\SHU�ORUGRVLV�RI� WKH� OXPEDU�
VSLQH�LV�DYRLGHG��7KH�RXWFRPH�PHDVXUHG�ZDV�UHFWXV�IHPR�
ULV�WLJKWQHVV�E\�WKH�VDPH�UHVHDUFKHU��ZKLFK�ZDV�XVHG�WR�GH�
WHUPLQH� WKH� WHUPLQDWLRQ� RI� NQHH� IOH[LRQ� 520�� 7KH� UH�
VHDUFKHU�VXEMHFWLYHO\�SHUFHLYHG�WR�LQDELOLW\�WR�SXVK�WKH�OHJ�
IDUWKHU�ZLWKRXW�DQ\�ERG\�FRPSHQVDWLRQ�DQG�PHDVXUHG�WKH�
520�� 7KH� DYHUDJH� PHDVXUHPHQW� RI� WZR� WULDOV� ZDV� UHF�
RUGHG�� ,Q� WKLV�VWXG\�� WKH�,&&�ZDV��������VXJJHVWLQJ�KLJK�
WHVW±UHWHVW�UHOLDELOLW\��,Q�DGGLWLRQ��WKH�PLQLPXP�GHWHFWDEOH�
FKDQJH� �0'&�� YDOXH� ZDV� FDOFXODWHG� WR� EH� ������ FRUUH�
VSRQGLQJ� WR� D� VWDQGDUG� HUURU� RI� PHDVXUHPHQW� �6(0�� RI�
�������

7KH�NQHH�H[WHQVLRQ�520�RI�SDUWLFLSDQWV�ZDV�PHDV�
XUHG�XVLQJ�WKH�SRSOLWHXV�DQJOH�WHVW��ZKLFK�LV�DOVR�XVHG�WR�
PHDVXUH�KDPVWULQJ�IOH[LELOLW\��7KLV�WHVW�ZDV�VKRZQ�WR�KDYH�
DQ�,&&�RI�������UHSUHVHQWLQJ�KLJK�UHOLDELOLW\��<RXGDV�HW�DO���
������� :LWK� SDUWLFLSDQWV� LQ� WKH� VXSLQH� SRVLWLRQ�� WKH�������������
H[DPLQHU� DOLJQHG� WKH�SODVWLF�JRQLRPHWHU�ZLWK� WKH�D[LV�RI�
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WKH�NQHH� MRLQW��7KH�VWDWLRQDU\�DUP�UHSUHVHQWV� WKH�YHUWLFDO�
JURXQG��DQG�WKH�PRYLQJ�DUP�UHSUHVHQWV�WKH�ODWHUDO�PDOOHR�
OXV�RI�WKH�DQNOH��7KH�NQHH�ZDV�DFWLYHO\�PRYHG�XSZDUG�XQWLO�
WKH�SDUWLFLSDQW�IHOW�VRPH�WLJKWQHVV�EXW�QRW�SDLQ��DQG�WKH�DQ�
JOH�EHWZHHQ�WKH�WKLJK�DQG�FDOI�ZDV�PHDVXUHG��7KH�DYHUDJH�
PHDVXUHPHQW� RI� WZR� WULDOV� ZDV� UHFRUGHG�� 7KH� ,&&� ZDV�
������VXJJHVWLQJ�H[FHOOHQW�WHVW±UHWHVW�UHOLDELOLW\��7KH�0'&�
YDOXH� ZDV� FDOFXODWHG� WR� EH� �������� FRUUHVSRQGLQJ� WR� DQ�
6(0�RI��������
�
6HFRQGDU\�RXWFRPHV��
6HFRQGDU\�RXWFRPHV� LQFOXGHG�PXVFOH� VWLIIQHVV� WHVW��&0-�
WHVW��DQG�DJLOLW\�WHVW��

5HJDUGLQJ�PXVFOH� VWLIIQHVV� WHVW�� ZH� XVHG� D� KDQG�
KHOG�P\RPHWHU��0\RWRQ��352��0\RWRQ�$6��7DOOLQQ��(V�
WRQLD�� WR� PHDVXUH� PXVFOH� VWLIIQHVV�� 7KH� P\RPHWHU� ZDV�
VKRZQ� WR� KDYH� KLJK� WR� H[FHOOHQW� UHOLDELOLW\� �$LUG� HW� DO���
�������0\RPHWHU�PHDVXUHPHQWV�ZHUH�WDNHQ�E\�KROGLQJ�WKH�
GHYLFH� DERYH� WKH� VNLQ� RYHUOD\LQJ� WKH� WDUJHW� PXVFOH�������������
DVVHVVPHQW� VLWH��2QFH� WKH�GHVLUHG�SRVLWLRQ�ZDV�DFKLHYHG��
PHFKDQLFDO� LPSDFW� �GXUDWLRQ�� ��ௗPLOOLVHFRQGV�� IRUFH��
���ௗ1�� ZDV� GHOLYHUHG� WR� WKH� PXVFOH� XVLQJ� D� PHFKDQLFDO�
SUREH�� FDXVLQJ� WKH� WLVVXH� WR�EULHIO\�GHIRUP� �3UX\Q�HW� DO���
�������7KH�WDUJHW�PXVFOH�JURXSV�LQFOXGHG�WKH�PLGGOH�SRLQW�
RI�WKH�TXDGULFHSV�DQG�JDVWURFQHPLXV��6WLIIQHVV�ZDV�FDOFX�
ODWHG�DV�WKH�UDWLR�EHWZHHQ�WKH�IRUFH�DSSOLHG�DQG�PXVFOH�GH�
IRUPDWLRQ��'LWURLOR�HW�DO����������7KH�DYHUDJH�PHDVXUHPHQW�
RI� WZR� WULDOV�ZDV� UHFRUGHG�� 7KH� JDVWURFQHPLXV� ,&&�ZDV�
�������DQG�WKH�TXDGULFHSV�,&&�ZDV��������VXJJHVWLQJ�JRRG�
WR�H[FHOOHQW�WHVW±UHWHVW�UHOLDELOLW\��

5HJDUGLQJ�&0-�WHVW��0\�MXPS�LV�D�VRIWZDUH�DSSOL�
FDWLRQ�DYDLODEOH�RQ�$SSVWRUH��$SSOH�,QF���86$���DQG�LW�LV�
XVHG�WR�PHDVXUH�&0-�KHLJKW�WKURXJK�IUDPH�E\�IUDPH�DQDO�
\VLV��,W�KDV�H[FHOOHQW�UHOLDELOLW\��,&&ௗ ௗ��������%DOVDOREUH�
)HUQiQGH]� HW� DO��� �������7KH� LQ�DSS� VHWWLQJV� DOORZ� VORZ�
PRWLRQ�SOD\EDFN�IRU�HDV\�LGHQWLILFDWLRQ�RI�WKH�YLGHR�IUDPHV�
LQ�ZKLFK�MXPS�WDNH�RII�DQG�ODQGLQJ�RFFXU��6WDQWRQ�HW�DO���
�������3DUWLFLSDQWV�PDGH�YHUWLFDO� MXPSV��ZLWK�IHHW�VKRXO�
GHU�ZLGWK�DSDUW�DQG�WRHV�DOLJQHG�EHKLQG�D�ZKLWH�OLQH��3DU�
WLFLSDQWV�SODFHG�WKHLU�KDQGV�RQ�WKH�KLSV�DQG�NHSW�WKHLU�NQHHV�
VWUDLJKW���GXULQJ���IOLJKW�ZKLOH�MXPSLQJ�DV�KLJK�DV�SRVVLEOH���

�

7KUHH� MXPSV� ZHUH� UHFRUGHG�� ZLWK� D� UHVWLQJ� SHULRG� RI� �������
PLQXWH��7KH�KLJKHVW�KHLJKW�ZDV�VHOHFWHG�IRU�DQDO\VLV��7KH�
,&&�ZDV��������VXJJHVWLQJ�H[FHOOHQW�WHVW±UHWHVW�UHOLDELOLW\��
5HJDUGLQJ�DJLOLW\�WHVW��),7/,*+7�7UDLQHU70��),7/,*+7�
6SRUWV�&RUS���$XURUD��21��&DQDGD��ZDV�DGRSWHG�WR�PHDV�
XUH�DJLOLW\��0F0LOOLDQ�HW�DO�������D���,W�LV�D�ZLUHOHVV�UHDF�
WLRQ�WUDLQLQJ�V\VWHP�FRQVLVWLQJ�RI�/('�SRZHUHG�OLJKWV�FRQ�
WUROOHG�E\�D�WDEOHW��7KH�OLJKWV�FDQ�EH�GHDFWLYDWHG�E\�WRXFK��
'XULQJ� WKH� WHVW��SDUWLFLSDQWV�XVHG� WKHLU�GRPLQDQW�KDQG� WR�
WRXFK�D�UHG�OLJKW�RQ�WKH�IORRU�XQWLO�WKH�OLJKW�GHDFWLYDWHG��7KH�
WHVW�DUHD�ZDV�WKH�VL]H�RI�D�EDGPLQWRQ�KDOI�FRXUW��ZLWK�HLJKW�
OLJKWV� SODFHG� DW� FRUQHUV� DQG� KDOI� OLQHV� �)LJXUH� ���� $IWHU�
WRXFKLQJ� D� OLJKW�� WKH� SOD\HU� UHWXUQHG� WR� WKH� FHQWHU� RI� WKH�
DUHD��3DUWLFLSDQWV�H[WLQJXLVKHG�WKH�HLJKW�OLJKWV�LQ�RUGHU�DV�
TXLFNO\� DV� SRVVLEOH�� 7KH� FRPSOHWLRQ� WLPH�ZDV� UHFRUGHG��
7KH�,&&�ZDV��������VXJJHVWLQJ�H[FHOOHQW�WHVW±UHWHVW�UHOLD�
ELOLW\��
�

'6�H[HUFLVHV��
7KH�'6�SURWRFRO�FRPSULVHG�HLJKW�PRYHPHQWV�WKURXJK�WKH�
DFWLYH�520�RI�WKH�WUXQN�DQG�XSSHU�DQG�ORZHU�H[WUHPLWLHV��
LQYROYHG�PRYLQJ�SDUWV�RI�WKH�ERG\��DQG�JUDGXDOO\�LQFUHDV�
LQJ�UHDFK��VSHHG�RI�PRYHPHQW��RU�ERWK��7KH�H[HUFLVHV�DUH�
GHWDLOHG�LQ�)LJXUH����7KH\�FRQVLVWHG�RI�FRQWUROOHG�OHJ�DQG�
DUP�VZLQJV�WR�WKH�OLPLWV�RI�WKH�SDUWLFLSDQW¶V�520��7KH�H[�
HUFLVHV�ZHUH�SHUIRUPHG�IURP�RQH�VLGHOLQH�WR�WKH�RSSRVLWH�
VLGHOLQH�RI�D�EDGPLQWRQ�FRXUW�DQG�EDFN��WRWDO�GLVWDQFH�����
P���ZLWK����VHFRQG�LQWHUYDOV��&KDW]RSRXORV�HW�DO����������
�

9)5�H[HUFLVHV�
3DUWLFLSDQWV� ZHUH� LQGLYLGXDOO\� LQVWUXFWHG� E\� D� SK\VLFDO�
WKHUDSLVW�WR�XVH�D�YLEUDWLQJ�UROOHU��GLPHQVLRQV�����î����î����
FP���ZHLJKW������NJ��WKDW�LQFOXGHG�D�YLEUDWLRQ�JHQHUDWLQJ�
PRWRU� �IUHTXHQF\�� ��� +]�� HQFORVHG� E\� D� SRO\SURS\OHQH�
IRDP�RXWHU�VKHOO��9\SHU��+\SHULFH��,UYLQH��&$��86$��3DU�
WLFLSDQWV�ZHUH�DVNHG�WR�SXW�DV�PXFK�ERG\�PDVV�DV�ZDV�WRO�
HUDEOH� RQ� WKH� UROOHU�� 7KH\� SHUIRUPHG� DFWLYH� DQG� VPRRWK�
UROOLQJ�EDFN�DQG�IRUWK�RQ�WKH�WDUJHW�PXVFOH�JURXSV��)LJXUH�
����(DFK�PXVFOH�JURXS� UHFHLYHG���� VHFRQGV�RI�YLEUDWLRQ��
7KH�GXUDWLRQ�RI� VLQJOH� UROO�ZDV���VHFRQGV��7KH�H[HUFLVHV�
�H[FHSW�IRU�WKDW�IRU�WKH�ORZHU�EDFN��ZHUH�H[HFXWHG�RQ�WKH�
RSSRVLWH�VLGH��)LJXUH�����

�

�
�
�

)LJXUH����([SHULPHQWDO�FRXUW�IRU�WKH�EDGPLQWRQ�DJLOLW\�WHVW��7KH�QXPEHUV�ᬅ�WR�ᬌ�UHSUHVHQW�OLJKW�SODFHPHQW��
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������������������������������������)LJXUH����'\QDPLF�VWUHWFKLQJ�SURWRFROV��
�
6WDWLVWLFDO�$QDO\VHV�
$Q� D� SULRUL� VDPSOH� VL]H� FDOFXODWLRQ�EDVHG�RQ� DQWLFLSDWHG�
GLIIHUHQFHV�LQ�NQHH�H[WHQVLRQ�520�DV�WKH�SULPDU\�RXWFRPH�
ZDV�FRQGXFWHG�XVLQJ�DQ�DQWLFLSDWHG�GLIIHUHQFH�RI����ZLWK�D�
VWDQGDUG�GHYLDWLRQ�RI����EHWZHHQ�SUHWHVW�DQG�SRVWLQWHUYHQ�
WLRQ�LQ�WKH�'6ௗ�ௗ9)5�JURXS��7KH�FDOFXODWLRQ��ZLWK�DQ�DOSKD�
OHYHO�RI������DQG�D�GHVLUHG�VWDWLVWLFDO�SRZHU�RI������ZDV�
FRQGXFWHG�XVLQJ�*
3RZHU� �)DXO� HW� DO��� �������7KH�PLQL�
PXP�VDPSOH�VL]H�ZDV�����7R�LQFUHDVH�VWDWLVWLFDO�SRZHU��ZH�
HQUROOHG����SDUWLFLSDQWV��

6WDWLVWLFDO� DQDO\VHV� ZHUH� SHUIRUPHG� XVLQJ� 6366�
YHUVLRQ� ����� �&KLFDJR�� ,/��86$���'DWD� DUH� H[SUHVVHG� DV�
PHDQ� DQG� VWDQGDUG� GHYLDWLRQ� DQG� WHVWHG� IRU� QRUPDOLW\�
�6KDSLUR±:LON¶V�WHVW��S�!��������DQG�KRPRJHQHLW\�RI�YDUL�
DQFH�ZDV�FRQILUPHG�XVLQJ�/HYHQH¶V� WHVW�� ,I�UHVXOWV�RI� WKH�
0DXFKO\¶V�VSKHULFLW\�WHVW�LQGLFDWHG�WKH�VSKHULFLW\�DVVXPS��
WLRQ�ZDV�YLRODWHG��WKH�*UHHQKRXVH±*HLVVHU�DGMXVWPHQW�ZDV�
DGRSWHG�WR�FRUUHFW�WKH�GHJUHHV�RI�IUHHGRP��$����FRQGLWLRQ��
'6�YV��'6���9)5��î����WLPH��SUHWHVW�YV��SRVWWHVW��UHSHDWHG�

PHDVXUHV�DQDO\VLV�RI�YDULDQFH�ZDV�FRQGXFWHG�WR�WHVW�WKH�HI�
IHFWV�RI�GLIIHUHQW� FRQGLWLRQV�RQ�GHSHQGHQW�YDULDEOHV�� ,I� D�
VLJQLILFDQW�JURXS�î�WLPH�LQWHUDFWLRQ�ZDV�LGHQWLILHG��IROORZ�
XS�DQDO\VLV�ZDV�FRQGXFWHG�XVLQJ�D�W�WHVW�WR�GHWHUPLQH�WKH�
HIIHFW��3DLUHG�W�WHVWV�ZLWKLQ�HDFK�JURXS�ZHUH�FRQGXFWHG�WR�
GHWHUPLQH�VLJQLILFDQW�PDLQ�HIIHFWV�RI�WKH�LQWHUYHQWLRQ��)XU�
WKHUPRUH��FKDQJHV�LQ�YDOXHV�IURP�SUHWHVW�WR�SRVWWHVW�ZHUH�
FDOFXODWHG�DQG�DQDO\]HG�XVLQJ�D�SDLUHG�W�WHVW��7KH�HIIHFW�VL]H�
�&RKHQ¶V�G��ZDV�FDOFXODWHG�WR�VKRZ�WKH�PDJQLWXGH�RI�WKH�
HIIHFWV��G� �0��í�0���ıSRROHG��IRU�HDFK�JURXS��6LJQLIL�
FDQFH�OHYHO��Į��ZDV�VHW�DW�������

7R�FRQILUP�WKDW�520�PHDVXUHPHQW�ZDV�JUHDWHU�WKDQ�
PHDVXUHPHQW�HUURU��WKH�0'&�YDOXH�ZDV�FDOFXODWHG�DV�IRO�
ORZV��6(0�ZDV�LQLWLDOO\�FDOFXODWHG�XVLQJ�WKH�IRUPXOD�6(0�
 �6'�î�¥���í,&&���ZKHUH�6'�LV�WKH�VWDQGDUG�GHYLDWLRQ�RI�
VFRUHV�IURP�WKH� ILUVW� WHVW��DQG�,&&�LV� WKH� WHVW±UHWHVW� ,&&��
6XEVHTXHQWO\��0'&� ZDV� FDOFXODWHG� XVLQJ� WKH� IROORZLQJ�
IRUPXOD�������î�¥��î�6(0��&KHQ�HW�DO����������
�
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�7DEOH����2XWFRPHV�IRU�G\QDPLF�VWUHWFKLQJ�ZLWK�RU�ZLWKRXW�YLEUDWLRQ�IRDP�UROOLQJ�

3DUDPHWHUV�
� � � '6� � � '6ௗ�ௗ9)5�
� 3UH� 3RVW� &KDQJH ��

&KDQJH
(IIHFW�
VL]H� S� 3UH� 3RVW� &KDQJH� ��

&KDQJH
(IIHFW�
VL]H� S�

.QHH�
520�

)OH[LRQ��
�GHJUHHV��

� ������
������

������
�����
�

�����
������ ����� ���� ������ ������

������
������
�������

����
������ ����� ���� ������

([WHQVLRQ��
�GHJUHHV��

� ������
�������

������
������
�

�����
������ ����� ���� ������ ������

������
������
������
�

����
������ ����� ���� ������

0XVFOH�
VWLIIQHVV�

4XDGULFHSV� � ������
�������

������
������
�

����
������� ����� ���� ������ ������

������
������
������
�

�����
�������� ������ ���� ������

*DVWURFQHPLXV� � ������
�������

������
������
�

�����
������� ������ ���� ������ ������

������
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�������
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&0-� +HLJKW��FP�� � �����
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�6LJQLILFDQW�GLIIHUHQFH��S���������FRPSDUHG�ZLWK�WKH�SUHWHVW�UHVXOWV���6LJQLILFDQW�GLIIHUHQFH��S���������FRPSDUHG�ZLWK�'6��
�

5HVXOWV�
�
$OO�RXWFRPHV�DUH�GLVSOD\HG�LQ�7DEOH����
�
.QHH�520�RXWFRPHV�
)RU�WKH�NQHH�IOH[LRQ�520��FRQGLWLRQ�î�WLPH�LQWHUDFWLRQV�
�Sௗ ௗ������ZHUH�QRW�VLJQLILFDQW��+RZHYHU��VLJQLILFDQW�PDLQ�
HIIHFWV�ZHUH�REVHUYHG� IRU� FRQGLWLRQ� �Sௗ ௗ������� DQG� WLPH�
�Sௗ ௗ��������&RPSDUHG�ZLWK� WKH�SUHWHVW� UHVXOWV��DFFRUGLQJ�
WR� WKH� SRVW� KRF� WHVW� UHVXOWV�� VLJQLILFDQW� LPSURYHPHQW� LQ�
(O\¶V�WHVW�ZDV�IRXQG�LQ�WKH�'6�JURXS����FKDQJH� �������(6�

 ������Sௗ ௗ��������EXW�QR�VLJQLILFDQW�LPSURYHPHQW�ZDV�LGHQ�
WLILHG�LQ�WKH�'6�9)5�JURXS����FKDQJH� �������(6� ������
Sௗ ௗ��������

)RU� WKH�NQHH�H[WHQVLRQ�520�WHVW�� WKH�FRQGLWLRQ�î�
WLPH� LQWHUDFWLRQ� �Sௗ ௗ������ DQG� PDLQ� HIIHFW� RI� FRQGLWLRQ�
�Sௗ ௗ������ ZHUH� QRW� VLJQLILFDQW�� +RZHYHU�� D� VLJQLILFDQW�
PDLQ�HIIHFW�RI�WLPH��S��ௗ�������ZDV�REVHUYHG��LQGLFDWLQJ�D�
GLIIHUHQFH�EHWZHHQ�SUH��DQG�SRVWWHVW�NQHH�H[WHQVLRQ�520��
&RPSDUHG�ZLWK� WKH� SUHWHVW� UHVXOWV�� DFFRUGLQJ� WR� WKH� SRVW�
KRF�WHVW�UHVXOWV��ERWK�WKH�'6�JURXS����FKDQJH� �������(6� �
�����Sௗ ௗ�������DQG�'6ௗ�ௗ9)5�JURXS����FKDQJH� �������(6��



/LQ�HW�DO��

�

�
�
�

���

 ������Sௗ ௗ�������H[KLELWHG�VLJQLILFDQW�LPSURYHPHQW�LQ�WKH�
SRSOLWHXV�DQJOH�WHVW��
�
0XVFOH�VWLIIQHVV�RXWFRPHV�
)RU�TXDGULFHSV�PXVFOH�VWLIIQHVV��WKH�FRQGLWLRQ�î�WLPH�LQWHU��
DFWLRQ�ZDV�VLJQLILFDQW��7KH�'6�JURXS�GHPRQVWUDWHG�VLJQLI�
LFDQWO\� LQFUHDVHG� VWLIIQHVV� FRPSDUHG�ZLWK� WKH�'6ௗ�ௗ9)5�
JURXS��Sௗ�ௗ��������:H�IXUWKHU�DQDO\]HG�WKH�VLPSOH�PDLQ�HI�
IHFW��&RPSDUHG�ZLWK�WKH�SUHWHVW�UHVXOWV��WKH�'6�JURXS�H[�
KLELWHG� D� VLJQLILFDQW� LQFUHDVH� LQ� TXDGULFHSV� VWLIIQHVV� ���
FKDQJH�  � ������ (6�  � ����� Sௗ ௗ�������� EXW� WKH� '6ௗ�ௗ9)5�
JURXS�VKRZHG�GHFUHDVHG�VWLIIQHVV����FKDQJH� ��������(6� �
�����Sௗ ௗ��������

)RU�JDVWURFQHPLXV�VWLIIQHVV��WKH�FRQGLWLRQ�î�WLPH�LQ�
WHUDFWLRQ�ZDV�VLJQLILFDQW��7KH�'6�JURXS�GHPRQVWUDWHG�VLJ�
QLILFDQWO\�LQFUHDVHG�VWLIIQHVV�FRPSDUHG�ZLWK�WKH�'6ௗ�ௗ9)5�
JURXS� �Sௗ ௗ��������:H� DQDO\]HG� WKH� VLPSOH� PDLQ� HIIHFW��
&RPSDUHG�ZLWK� WKH� SUHWHVW� UHVXOWV�� DFFRUGLQJ� WR� WKH� SRVW�
KRF� WHVW� UHVXOWV�� WKH�'6�JURXS� H[KLELWHG� D� VLJQLILFDQW� LQ�
FUHDVH�LQ�JDVWURFQHPLXV�VWLIIQHVV����FKDQJH� ��������(6� �
�����Sௗ ௗ��������EXW�WKH�'6ௗ�ௗ9)5�JURXS�GLG�QRW����FKDQJH�
 �������(6� ����Sௗ ௗ��������
�
&0-�RXWFRPHV�
)RU� WKH� &0-� WHVW�� WKH� FRQGLWLRQ� î� WLPH� LQWHUDFWLRQ�
�Sௗ ௗ������� DQG� WKH� PDLQ� HIIHFW� RI� FRQGLWLRQ� �Sௗ ௗ�������
ZHUH�QRW�VLJQLILFDQW��+RZHYHU��WKH�PDLQ�HIIHFW�RI�WLPH�ZDV�
VLJQLILFDQW��Sௗ�ௗ��������&RPSDUHG�ZLWK�WKH�SUHWHVW�UHVXOWV��
DFFRUGLQJ�WR�WKH�SRVW�KRF�WHVW�UHVXOWV��SDUWLFLSDQWV�H[KLELWHG�
VLJQLILFDQW� LPSURYHPHQW� LQ�&0-� KHLJKW� DIWHU� WKH�'6� ���
FKDQJH�  � ������ (6�  � ����� Sௗ ௗ������� DQG� '6ௗ�ௗ9)5� ���
FKDQJH� �������(6� ������Sௗ ௗ�������LQWHUYHQWLRQV��
�
$JLOLW\�RXWFRPHV�
)RU�WKH�DJLOLW\�WHVW��WKH�FRQGLWLRQ�î�WLPH�LQWHUDFWLRQ�LQ�WRWDO�
WLPH��Sௗ ௗ�������ZDV�QRW�VLJQLILFDQW��+RZHYHU��WKH�PDLQ�HI�
IHFW�RI�WKH�FRQGLWLRQ��Sௗ�ௗ�������DQG�WKH�WLPH�HIIHFW�ZHUH�
VLJQLILFDQW��Sௗ�ௗ��������&RPSDUHG�ZLWK�WKH�SUHWHVW�UHVXOWV��
DFFRUGLQJ�WR�WKH�SRVW�KRF�WHVW�UHVXOWV��SDUWLFLSDQWV�H[KLELWHG�
VLJQLILFDQW�LPSURYHPHQW�LQ�DJLOLW\�DIWHU�WKH�'6����FKDQJH�
 ��������(6� ������Sௗ�ௗ�������DQG�'6ௗ�ௗ9)5����FKDQJH� ��
������(6� ������Sௗ�ௗ�������LQWHUYHQWLRQV��
�
'LVFXVVLRQ�
�
7KLV�LV�WKH�ILUVW�VWXG\�WR�LQYHVWLJDWH�WKH�DFXWH�HIIHFWV�RI�'6�
��9)5�DV�D�ZKROH�ERG\�ZDUP�XS�SURWRFRO� LQFOXGLQJ� WKH�
XSSHU�DQG�ORZHU�OLPEV�DQG�WUXQN�PXVFOHV�LQ�EDGPLQWRQ�DWK�
OHWHV��0RVW�UHVHDUFK�RQ�9)5�KDV�IRFXVHG�RQ�VLQJOH�MRLQWV�
RI�WKH�ERG\��VXFK�DV�WKH�NQHH��&KHDWKDP�HW�DO���������'H�
%HQLWR�HW�DO���������/HH�HW�DO���������/LP�HW�DO���������/LP�
DQG�3DUN��������5RPHUR�0RUDOHGD�HW� DO��� ������RU� DQNOH�
�*DUFLD�*XWLHUUH]�HW�DO���������/\X�HW�DO����������7KH�ILQG�
LQJV�LQGLFDWHG�WKDW�'6�ZLWK�RU�ZLWKRXW�9)5�VLJQLILFDQWO\�
LQFUHDVHG�NQHH�520��&0-�KHLJKW�� DQG�DJLOLW\��KRZHYHU��
'6�LQFUHDVHG�WKLJK�DQG�FDOI�PXVFOH�VWLIIQHVV��'6�IROORZHG�
E\�9)5�GLG�QRW�KDYH�V\QHUJLVWLF�HIIHFWV��

'6�LQWHJUDWHV�FRQWUROOHG�PRYHPHQW�WKURXJK�WKH�DF���
WLYH� 520� RI� D� MRLQW� DQG� LQFOXGHV� FKDQJH�RI�GLUHFWLRQ�
PRYHPHQWV��7KH�FXUUHQW�UHVXOWV�IRU�'6�FRQILUPHG�SRVLWLYH�

HIIHFWV��FRQVLVWHQW�ZLWK�SUHYLRXV�ILQGLQJV�UHJDUGLQJ�IOH[L�
ELOLW\��3DUDGLVLV�HW�DO���������5\DQ�HW�DO�������D��6X�HW�DO���
������� MXPS� KHLJKW� �)OHWFKHU�� ������ 5\DQ� HW� DO��� ����D��
7XUNL� HW� DO��� ������� DQG� DJLOLW\� �&KDRXDFKL� HW� DO��� ������
0F0LOOLDQ� HW� DO��� ����E��� 7KH� LPSURYHG� VSRUWV� SHUIRU�
PDQFH�PD\�EH�EHFDXVH�'6�LQFUHDVHV�PXVFOH� WHPSHUDWXUH�
RU�FDXVHV�UHDUUDQJHPHQW�VOLSSLQJ�RI�FROODJHQ�ILEHUV�WR�UH�
JDLQ�IOH[LELOLW\��+HUGD�HW�DO���������1RUGH]�HW�DO����������,Q�
DGGLWLRQ��'6�SURYLGHV�D�SUHORDG�VWLPXOXV�EHIRUH�DQ�DFWXDO�
DFWLYLW\�DV�SRVW�DFWLYDWLRQ�SRWHQWLDWLRQ��7KLV�JHQHUDWHV�LQ�
FUHDVHG�SKRVSKRU\ODWLRQ�RI�P\RVLQ�OLJKW�FKDLQV�DQG�PRWRU�
QHXURQ� H[FLWDELOLW\� �+RGJVRQ� HW� DO��� ������� WKXV�� DWKOHWLF�
SHUIRUPDQFH�FDQ�EH�DXJPHQWHG��
�

$Q� XQDQWLFLSDWHG� ILQGLQJ� ZDV� WKDW� WKH� HIIHFWV� RI�
'6ௗ�ௗ9)5�ZHUH�QRW�VXSHULRU�WR�WKRVH�RI�'6�DORQH�RQ�IOH[�
LELOLW\��ORZHU�OLPE�SRZHU��RU�DJLOLW\�LQ�WKH�DWKOHWHV��3RVVLEOH�
UHDVRQV�DUH�DV�IROORZV������RSWLPDO�SURWRFROV�IRU�9)5��L�H���
IUHTXHQF\��GXUDWLRQ��YLEUDWLRQ�VHWWLQJ��DQG�WDUJHW�PXVFOHV��
KDYH�QRW�EHHQ�HVWDEOLVKHG������WKH�VHOHFWLRQ�RI�SDUWLFLSDQWV�
�VWXGHQWV�� UHFUHDWLRQDOO\� DFWLYH� DGXOWV�� DQG� DWKOHWHV�� GLI�
IHUHG� DPRQJ� VWXGLHV�� DQG� ���� RXWFRPHV� RI� ODERUDWRU\�
PHDVXUHV� �L�H��� LVRNLQHWLF� G\QDPRPHWHU��PD\�GLIIHU� IURP�
WKRVH�RI�SUDFWLFDO� ILHOG� WHVWV�� ,Q� WKH�SUHVHQW�VWXG\� LQ�EDG�
PLQWRQ�DWKOHWHV��IRU�WKH�SUDFWLFDO�XVH�RI�9)5��ZH�VHOHFWHG�
WKH�IROORZLQJ�SURWRFRO�����+]�����VHFRQGV�î���VHW�RQ�WKH�
ELODWHUDO�URWDWRU�FXII��TXDGULFHSV��KDPVWULQJV��SRVWHULRU�JDV�
WURFQHPLXV��DQG�ORZHU�EDFN�PXVFOHV���0RUHRYHU��ZH�XVHG�
ILHOG�DVVHVVPHQWV�IRU�SRZHU�DQG�DJLOLW\��,Q�D�ODERUDWRU\�DV�
VHVVPHQW��/\X�HW�DO��LQGLFDWHG�WKDW�WKH�XVH�RI�9)5�����+]��
���VHFRQGV�î���VHWV�RQ�ELODWHUDO�JDVWURFQHPLXV�PXVFOHV��LQ�
UHFUHDWLRQDOO\� DFWLYH� DGXOWV� VLJQLILFDQWO\� LPSURYHG� DQNOH�
SODQWDU�IOH[RU�SHDN�WRUTXH��/\X�HW�DO����������/HH�HW�DO��GH�
WHUPLQHG�WKDW�WKH�XVH�RI�9)5�����+]�����VHFRQGV�î���VHWV�
RQ� ELODWHUDO� TXDGULFHSV� DQG� KDPVWULQJ� PXVFOHV�� VLJQLIL�
FDQWO\� LQFUHDVHG� TXDGULFHSV� LVRNLQHWLF� PXVFOH� VWUHQJWK�
�/HH�HW�DO����������+RZHYHU��*DUFtD�*XWLpUUH]�HW�DO��GHPRQ�
VWUDWHG�WKDW�XVH�RI�9)5����ௗ+]�����VHFRQGV�î���VHWV�RQ�EL�
ODWHUDO�JDVWURFQHPLXV�PXVFOHV�� LQ�XQGHUJUDGXDWH� VWXGHQWV�
GLG�QRW�VLJQLILFDQWO\�LQFUHDVH�DQNOH�PXVFOH�PD[LPDO�YROXQ�
WDU\�LVRPHWULF�FRQWUDFWLRQ��6D÷LUR÷OXL�HW�DO��IRXQG�QR�VLJ�
QLILFDQW�GLIIHUHQFH�LQ�MXPS�KHLJKW�DIWHU�WKH�XVH�RI�9)5�����
+]�����VHFRQGVௗî���VHWV�RQ�KDPVWULQJV��TXDGULFHSV��JOXWH�
DOV��DQG�JDVWURFQHPLXV��LQ�ZHOO�WUDLQHG�PDOH�VRFFHU�SOD\�
HUV��/LP�HW� DO�� LQGLFDWHG� WKDW� WKH�XVH�RI�9)5� ����+]�����
VHFRQGV�î���VHWV�RQ�ELODWHUDO�KDPVWULQJV��LQ�FROOHJH�VWXGHQWV�
FDXVHG�QR�VLJQLILFDQW�LPSURYHPHQW�LQ�YHUWLFDO�MXPS��/LP�
DQG�3DUN���������)XWXUH�VWXGLHV�VKRXOG�LQYHVWLJDWH�RSWLPDO�
ZDUP�XS�SURWRFROV� IRU�GLIIHUHQW�SRSXODWLRQV�DQG�YDOLGDWH�
ZKHWKHU� WKH�EHQHILFLDO�HIIHFWV� LGHQWLILHG� LQ� ODERUDWRU\�DV�
VHVVPHQWV�FDQ�EH�WUDQVODWHG�WR�ILHOG�DSSOLFDWLRQV��

0XVFOH�VWLIIQHVV�LV�RQH�RI�WKH�PDLQ�FRPSRQHQWV�RI�
DWKOHWLF�SHUIRUPDQFH��0L\DPRWR�HW�DO����������5HVHDUFK�KDV�
LQGLFDWHG�WKDW�SHUIRUPLQJ�'6�SURWRFROV�DIWHU�UHSHDWHG�PXV�
FOH�FRQWUDFWLRQV�PD\�LPSDLU�SHUIRUPDQFH�GXH�WR�PXVFOH�ID�
WLJXH��&RVWD�HW�DO���������5\DQ�HW�DO�������E��DQG�PD\�FDXVH�
LQFUHDVHG�PXVFOH�VWLIIQHVV��3DPERULV�HW�DO����������$GHQR�
VLQH�WULSKRVSKDWH��$73��ORVV�PD\�EH�D�UHDVRQ�IRU�LQFUHDVHG�
PXVFOH�VWLIIQHVV��6SXGLFK���������EHFDXVH�$73�LV�UHTXLUHG�
WR�GHWDFK�P\RVLQ�IURP�DFWLQ�GXULQJ�PXVFOH�FRQWUDFWLRQ�F\��
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FOHV��:LWK�$73�ORVV�GXULQJ�UHSHDWHG�H[HUFLVH��WKLV�GHWDFK��
PHQW� DELOLW\� GHFOLQHV�� DQG� WKH� WZR� SURWHLQV� UHPDLQ� FRQ�
QHFWHG� �6SXGLFK�� �������+RZHYHU�� LQ� WKLV� VWXG\��'6� IRO�
ORZHG� E\� 9)5� VLJQLILFDQWO\� GHFUHDVHG� PXVFOH� VWLIIQHVV��
SRWHQWLDOO\�UHGXFLQJ�WKH�ULVN�RI�VSRUWV�LQMXU\��H�J���PXVFOH�
VWUDLQ���:H�VSHFXODWH�WKDW�WKH�IROORZLQJ�PHFKDQLVP�XQGHU�
OLHV� WKH� UHGXFHG�PXVFOH� VWLIIQHVV� DIWHU�9)5�� UROOHUV�PD\�
PRGXODWH�P\RIDVFLDO� WRQH�WKURXJK�FKDQJHV�LQ� WKL[RWURSLF�
SURSHUWLHV��EORRG�IORZ��DQG�IDVFLDO�K\GUDWLRQ��DIIHFWLQJ�WLV�
VXH�VWLIIQHVV��%HKP�DQG�:LONH���������,Q�DGGLWLRQ�WR�WKHVH�
HIIHFWV��WKH�WUDQVPLVVLRQ�RI�DGGLWLRQDO�PHFKDQLFDO�RVFLOOD�
WLRQV� WR� WKH� WDUJHW� PXVFOHV� DIIHFWV� VHYHUDO� SK\VLRORJLFDO�
V\VWHPV�� VXFK� DV� MRLQW�PHFKDQRUHFHSWRUV� �H�J��� WKH�*ROJL�
WHQGRQ�RUJDQ���/HH�HW�DO���������0RH]\�HW�DO����������6RPH�
OLPLWDWLRQV�RI�WKH�VWXG\�ZDUUDQW�PHQWLRQ��)LUVW��RQO\�'6�DQG�
FRPELQHG� '6� DQG� 9)5� ZDUP�XSV� ZHUH� FRQGXFWHG� DQG�
FRPSDUHG�DQG�QRW�VWDWLF�VWUHWFKLQJ�RU�9)5�DORQH��'LIIHUHQW�
FRPELQDWLRQV� PD\� KDYH� RWKHU� HIIHFWV�� 6HFRQG�� ZKHWKHU�
9)5�SULRU�WR�'6�LV�PRUH�HIIHFWLYH�PXVW�EH�YHULILHG�LQ�WKH�
IXWXUH��7KLUG��WKH�GHQVLW\�RI�RXWHU�IRDP�OD\HUV�RI�UROOHUV�FDQ�
GLIIHU� DQG� PD\� DIIHFW� RXWFRPHV� �&KHDWKDP� DQG� 6WXOO��
��������
�
&RQFOXVLRQ�
�
7KH� ILQGLQJV� VXJJHVW� WKDW�'6�ZLWK� RU�ZLWKRXW� DGGLWLRQDO�
9)5�DV�D�ZDUP�XS�SURWRFRO�VLJQLILFDQWO\�LPSURYHV�520��
&0-� KHLJKW�� DQG� DJLOLW\�� ,Q� DGGLWLRQ��9)5� FRQVLGHUDWHO\�
RIIVHW�PXVFOH�VWLIIQHVV�FRPSDUHG�ZLWK�'6�DORQH��7KHUHIRUH��
ZH�VXJJHVW�WKDW�SUDFWLWLRQHUV�FRQVLGHU�'6�DV�D�ILUVW�OLQH�RI�
ZDUP�XS�H[HUFLVH�WR�LQFUHDVH�520��&0-�KHLJKW��DQG�DJLO�
LW\�LQ�EDGPLQWRQ�DWKOHWHV��0RUHRYHU��WKH�DGGLWLRQ�RI�9)5�
WR�'6�UHVXOWV�LQ�D�ODUJH�UHGXFWLRQ�RI�PXVFOH�VWLIIQHVV��ZKLFK�
PD\�EH�DGYDQWDJHRXV�IRU�LPSURYLQJ�H[HUFLVH�SHUIRUPDQFH�
DQG�UHGXFLQJ�WKH�ULVN�RI�LQMXU\��7KH�ILQGLQJV�PD\�DOVR�EH�
XVHIXO� LQ� DWKOHWLF�SUDFWLFH� VHWWLQJV��$WKOHWHV�� FRDFKHV�DQG�
DWKOHWLF� SURIHVVLRQDOV�PD\� FRQVLGHU� WKHP�ZKHQ� VHOHFWLQJ�
HIIHFWLYH� ZDUP�XS� SUDFWLFHV� WR� DXJPHQW� DWKOHWLF� SHUIRU�
PDQFH��
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