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)DFXOW\�RI�0HGLFLQH��=DJD]LJ�8QLYHUVLW\�
�
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�
$EVWUDFW�

%DFNJURXQG��
6\VWHPLF�OXSXV�HU\WKHPDWRVXV��6/(��LV�D�FKURQLF�FRPSOH[�

PXOWLIDFWRULDO�DXWRLPPXQH�GLVHDVH��5HDFWLYH�R[\JHQ�VSHFLHV��526��DUH�
FODLPHG�WR�SOD\�D�UROH�LQ�WKLV�GLVHDVH���

2EMHFWLYH���
7R�GLVFORVH�WKH�HIIHFW�RI�R[LGDQWV�UHSUHVHQWHG�E\�PDORQGLDOGHK\GH�

�0'$��DQG�WKH�DQWLR[LGDQW�DFWLYLW\�UHSUHVHQWHG�E\�VXSHUR[LGH�GLVPXWDVH�
�62'��RQ�6/(�DFWLYLW\�DQG�WKH�SRVVLEOH�UROH�RI�DQWLR[LGDQWV�LQ�WKH�
WUHDWPHQW�RI�WKH�GLVHDVH���

3DWLHQWV�DQG�PHWKRGV��
�7KH�OHYHO�RI�62'�DQG�0'$�ZHUH�PHDVXUHG�LQ����SHUVRQV�����

SDWLHQWV�ZLWK�DFWLYH�6/(�DQG����6/(�SDWLHQWV�LQ�UHPLVVLRQ�DV�PHDVXUHG�
E\�6\VWHPLF�/XSXV�$FWLYLW\�0HDVXUH��6/$0���SOXV����FRQWURO�SHUVRQV�RI�
PDWFKHG�DJH�DQG�VH[��7KH�DFWLYH�JURXS�UHFHLYHG�D�FRXUVH�RI�DQWLR[LGDQWV�
�����,8�RI�YLWDPLQ�(�GDLO\�DQG�����PJ�RI�YLWDPLQ�&�WZLFH�GDLO\��SOXV����
PJ�RI�SUHGQLVRORQH�GDLO\��7KH�DFWLYLW\�LV�UHPHDVXUHG�DIWHU�WKUHH�PRQWKV�
RI�WUHDWPHQW���
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5HVXOWV��
�6HUXP�0'$�ZDV�VLJQLILFDQWO\�HOHYDWHG�LQ�WKH�DFWLYH�JURXS�DV�

FRPSDUHG�WR�WKH�UHPLVVLRQ�JURXS��%RWK�JURXSV�VKRZHG�KLJKHU�OHYHO�RI�
0'$�ZKHQ�FRPSDUHG�WR�WKH�FRQWURO�JURXS��7KH�OHYHO�RI�62'�ZDV�KLJKHU�
LQ�FRQWURO�DQG�UHPLVVLRQ�JURXSV�WKDQ�LQ�WKH�DFWLYH�JURXS��7KHUH�ZDV�DQ�
LQYHUVH�UHODWLRQ�EHWZHHQ�WKH�OHYHO�RI�0'$�DQG�62'�LQ�ERWK�WKH�DFWLYH�
DQG�UHPLVVLRQ�JURXSV��7KHUH�ZDV�QR�VLJQLILFDQW�FRUUHODWLRQ�EHWZHHQ�0'$�
DQG�62'�LQ�WKH�FRQWURO�JURXS��7KH�6/$0�VFRUH�DQG�0'$�OHYHO�
GHFUHDVHG�VLJQLILFDQWO\�LQ�WKH�DFWLYH�JURXS�DIWHU�UHFHLYLQJ�WKH�
DIRUHPHQWLRQHG�WUHDWPHQW�ZKLOH�WKHUH�ZDV�QRQ�VLJQLILFDQW�LQFUHDVH�LQ�
62'���

&RQFOXVLRQ��
�7KH�R[LGDWLYH�EXUGHQ���UHSUHVHQWHG�E\�0'$���LV�LQYROYHG�LQ�WKH�

SDWKRJHQHVLV�RI�6/(��DQG�62'�DFWV�DV�D�SURWHFWLYH�DJHQW�DJDLQVW�WKLV�
GDPDJH��$QWLR[LGDQWV��DV�YLWDPLQV�(�DQG�&�FDQ�EH�XVHG�DV�DGMXQFWLYH�
WUHDWPHQW�IRU�6/(��

,QWURGXFWLRQ�
6\VWHPLF�OXSXV�HU\WKHPDWRVXV�LV�D�FKURQLF�FRPSOH[�DXWRLPPXQH�

GLVHDVH�ZLWK�YDULDEOH�PDQLIHVWDWLRQV��FRXUVH�DQG�SURJQRVLV>���@��
3DWKRJHQHVLV�RI�6/(�UHPDLQV�XQFOHDU��,W�LQYROYHV�LQWHUDFWLRQ�RI�D�FRPSOH[�
RI�JHQHWLF��KRUPRQDO�DQG�HQYLURQPHQWDO�IDFWRUV�ZKLFK�DFW�DOWRJHWKHU>���@��
7KHUH�LV�ORVV�RI�LPPXQH�WROHUDQFH�WR�VHOI�DQWLJHQV�ZLWK�WKH�DFWLYDWLRQ�RI�7�
KHOSHU�DQG�%�FHOOV�DQG�DXWRDQWLERGLHV�SURGXFWLRQ>�����@��&RPSOHPHQW�
V\VWHP�GHIHFWV�DUH�DOVR�LQFRUSRUDWHG�LQFOXGLQJ�&��&��DQG�&�T>���@��

5HDFWLYH�R[\JHQ�VSHFLHV�LV�D�FROOHFWLYH�WHUP�LQFOXGLQJ�R[\JHQ�IUHH�
UDGLFDOV�VXFK�DV�VXSHUR[LGH�DQG�K\GURJHQ�SHUR[LGH�DQG�VRPH�QRQUDGLFDO�
GHULYDWLYHV�ZKLFK�PD\�\LHOG�IUHH�UDGLFDOV�LQ�WKH�SUHVHQFH�RI�WUDQVLWLRQDO�
PHWDO�LRQV>���@�7KH\�PD\�EH�PROHFXOHV�OLNH�K\GURJHQ�SHUR[LGH�+� 2 � �RU�
LRQV�OLNH�K\SRFKORULWH�LRQV��2&O��>�����@��

5HDFWLYH�R[\JHQ�VSHFLHV�UHVXOW�IURP�HQGRJHQRXV�VRXUFHV�YLD�
PLWRFKRQGULDO�UHVSLUDWRU\�FKDLQ�UHDFWLRQV�LQ�QHXWURSKLOV�DQG�
PDFURSKDJHV��SHUR[LVRPHV�RU�GHJUDGDWLRQ�RI�KHPH�SURGXFWV>���@��
([RJHQRXV�VRXUFHV�RI�526�LQFOXGH�UDGLDWLRQ��GUXJV��FLJDUHWWH�VPRNH�DQG�
WUDQVLWLRQDO�PHWDO�LRQV>�����@��

$QWLR[LGDQWV�DUH�VXEVWDQFHV�WKDW�LQKLELW�WKH�R[LGDWLRQ�RI�D�WDUJHW�
PROHFXOH�E\�D�IUHH�UDGLFDO�DWWDFN��7KH\�DUH�HLWKHU�SUHYHQWLYH�LQKLELWRUV�
�SUHYHQW�WKH�LQLWLDWLRQ�RI�IUHH�UDGLFDO�DWWDFN��DV�FDWDODVH�DQG�62'�RU�FKDLQ�
EUHDNHUV>��@�DV�YLWDPLQ�(�DQG�DVFRUELF�DFLG�ZKLFK�FRQYHUW�IUHH�UDGLFDOV�WR�
VWDEOH�SURGXFWV��WKXV�EORFN�IUHH�UDGLFDO�FKDLQ�UHDFWLRQV>��@��

2[LGDWLYH�VWUHVV�LV�WKH�VKLIW�LQ�UDWLR�EHWZHHQ�R[LGDQWV�DQG�
DQWLR[LGDQWV�HLWKHU�GXH�WR�H[FHVVLYH�526�JHQHUDWLRQ�DQG���RU�GHFUHDVH�LQ�
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DQWLR[LGDQW�GHIHQFHV>��@��7KLV�VWDWH�LV�DVVRFLDWHG�ZLWK�YDULRXV�IRUPV�RI�
SDWKRORJLFDO�WLVVXH�LQMXU\��7KH�PRVW�LPSRUWDQW�LV�OLSLG�SHUR[LGDWLRQ�RI�
YDULRXV�PHPEUDQHV�HVSHFLDOO\�WKH�PLWRFKRQGULDO�PHPEUDQHV>��@�

0RUHRYHU��526�FDXVH�FURVV�OLQNLQJ�RI�SURWHLQV�RU�R[LGDWLYH�
LQDFWLYDWLRQ�RI�FHUWDLQ�HQ]\PHV�FDXVLQJ�IXQFWLRQDO�LPSDLUPHQW�RI�FHOOV�
DQG�OLEHUDWLRQ�RI�F\WRSODVP�SURWHDVHV>��@��7KH\�FDQ�DOVR�LQGXFH�GDPDJHV�
LQ�'1$��7KLV�UHVXOWV�LQ�QHZ�DQWLJHQLF�GHWHUPLQDQWV��VWLPXODWLRQ�RI�DQWL�
'1$�DQWLERG\�IRUPDWLRQ�DQG�DXWRLPPXQLW\>�����@��

,Q�DGGLWLRQ��HQGRWKHOLDO�G\VIXQFWLRQ�ZLWK�LQFUHDVHG�YDVFXODU�
SHUPHDELOLW\�DQG�HGHPD�LV�REVHUYHG�LQ�FRQGLWLRQV�DVVRFLDWHG�ZLWK�
LQFUHDVHG�R[LGDWLYH�VWUHVV��7KLV�LV�GXH�WR�LQDFWLYDWLRQ�RI�HQGRWKHOLDO�
GHULYHG�QLWULF�R[LGH���D�SLYRWDO�PROHFXOH�LQ�WKH�UHJXODWLRQ�RI�YDVRPRWRU�
WRQH�DQG�KRPHRVWDVLV���E\�VXSHUR[LGH�UDGLFDOV>�����@��,QWUDFHOOXODU�
PHVVDJHV��SURWHLQ�NLQDVHV�DQG�WUDQVFULSWLRQ�IDFWRUV�DUH�DOVR�LQDFWLYDWHG>�@��

0DORQGLDOGHK\GH�LV�WKH�PRVW�DEXQGDQW�DOGHK\GH�UHVXOWLQJ�IURP�OLSLG�
SHUR[LGDWLRQ��,W�ZDV�UHSRUWHG�WKDW�KLJK�OHYHO�RI�0'$�LQ�6/(�SDWLHQWV�
LQGLFDWHV�WKDW�526�GDPDJH�PLJKW�SOD\�D�UROH�LQ�6/(>�����@��

6XSHUR[LGH�GLVPXWDVH�LV�RQH�RI�WKH�PRVW�LPSRUWDQW�RI�DQWLR[LGDQW�
HQ]\PHV��,W�FDWDO\VHV�WKH�GLVPXWDWLRQ�RI�VXSHUR[LGH�UDGLFDOV�WR�K\GURJHQ�
SHUR[LGH�DQG�PROHFXODU�R[\JHQ��,W�DFWV�ZLWK�D�UDWH�RI�������WLPHV�IDVWHU�
WKDQ�WKH�VSRQWDQHRXV�UDWH�RI�VXSHUR[LGH�UDGLFDO�GLVPXWDWLRQ>��@��

,QKLELWLRQ�RI�62'�DFWLYLW\�LV�DVVRFLDWHG�ZLWK�FHOOXODU�G\VIXQFWLRQ�
DQG�KXPDQ�GLVHDVHV�DQG�WKH�DFWLYLW\�RI�WKLV�HQ]\PH�FDQ�EH�XWLOL]HG�DV�D�
PHDVXUH�RI�WKH�DFWLYLW\�RI�VRPH�GLVHDVHV�DV�6/(>��������@��

$LP�2I�7KH�:RUN�
7KH�DLP�RI�WKLV�VWXG\�LV�WR�PHDVXUH�WKH�H[WHQW�RI�WKH�HIIHFW�RI�526��

DV�PHDVXUHG�E\�WKH�OLSLG�SHUR[LGDWLRQ�SURGXFW�0'$��DQG�WKH�HIILFLHQW�
DQWLR[LGDQW�DFWLYLW\�UHSUHVHQWHG�E\�62'��LQ�FDVHV�RI�6/(�DQG�WKHLU�
UHODWLRQ�WR�WKH�SDWKRJHQHVLV�DQG�DFWLYLW\�RI�WKH�GLVHDVH��,Q�DGGLWLRQ�WKH�
UROH�RI�DQWLR[LGDQWV�LQ�DPHOLRUDWLQJ�WKH�FRXUVH�RI�WKH�GLVHDVH�LV�VWXGLHG��

3DWLHQWV�$QG�0HWKRGV�
7KLV�VWXG\�LQYROYHG����SDWLHQWV�DQG����KHDOWK\�FRQWUROV�RI�PDWFKHG�

DJH�DQG�VH[��WDEOH�����7KH\�ZHUH�FODVVLILHG�LQWR�WKUHH�PDLQ�JURXSV��
��*URXS�,�>FRQWURO�JURXS@��LQFOXGHG����KHDOWK\�QRUPDO�IHPDOHV�DQG�

RQH�PDOH��7KHLU�DJH�UDQJHG�IURP����WR����\HDUV��
��*URXS�,,�>UHPLVVLRQ�JURXS@��LQFOXGHG����IHPDOH�6/(�SDWLHQWV�

GLDJQRVHG�DFFRUGLQJ�WR�$PHULFDQ�5KHXPDWLVP�$VVRFLDWLRQ��$5$��
FULWHULD>��@�EXW�DOO�KDYH�LQDFWLYH�6/(�DFFRUGLQJ�WR�6\VWHPLF�/XSXV�
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$FWLYLW\�0HDVXUH��6/$0�>��@��7KHLU�DJH�UDQJHG�IURP����WR����\HDUV��
��*URXS�,,,�>DFWLYH�JURXS@��LQFOXGHG����IHPDOH�SDWLHQWV�DQG�RQH�PDOH�

SDWLHQW�ZLWK�DFWLYH�6/(�GLVHDVH�DFFRUGLQJ�WR�6/$0��7KHLU�DJH�UDQJHG�
IURP����WR����\HDUV��

3DWLHQWV�ZHUH�VHOHFWHG�IURP�WKH�RXWSDWLHQW�FOLQLFV�DQG�LQSDWLHQW�ZDUGV�
RI�'HUPDWRORJ\��5KHXPDWRORJ\�DQG�*HQHUDO�0HGLFLQH�'HSDUWPHQWV�LQ�
)DFXOW\�RI�0HGLFLQH��=DJD]LJ�8QLYHUVLW\��7KH\�ZHUH�VXEMHFWHG�WR�
FRPSOHWH�KLVWRU\�WDNLQJ��WKRURXJK�FOLQLFDO�H[DPLQDWLRQ�DQG�UHODWHG�
ODERUDWRU\�LQYHVWLJDWLRQV�LQFOXGLQJ��

��DQWLQXFOHDU�DQWLERG\��$1$��DQG�DQWL�QDWLYH�'1$�DQWLERG\��DQWL�
Q'1$���

��NLGQH\�IXQFWLRQ�WHVWV��FRPSOHWH�XULQH�DQDO\VLV��DQG�SURWHLQ�OHYHO�LQ�
���KRXU�XULQH��

��FRPSOHWH�EORRG�SLFWXUH��(65�DQG�&�UHDFWLYH�SURWHLQ��
7KH�DFWLYLW\�RI�WKH�GLVHDVH�ZDV�DVVHVVHG�DFFRUGLQJ�WR�6/$0�ZKLFK�

LV�EDVHG�RQ����FOLQLFDO�FULWHULD�DQG���ODERUDWRU\�FULWHULD��7KH�VFRUH�RI�
6/$0�UDQJHV�IURP���WR�����WKH�KLJKHU�WKH�VFRUH��WKH�PRUH�DFWLYH�DQG�
H[WHQVLYH�WKH�GLVHDVH>��@��

$Q\�ILQGLQJ�LQ�JUDGLQJ�VKRXOG�EH�DWWULEXWDEOH�WR�6/(��,W�VKRXOG�KDYH�
EHHQ�SUHVHQW�ZLWKLQ�D�PRQWK�SULRU�WR�WKH�H[DPLQDWLRQ�GDWH��7KH�ILQGLQJ�LV�
OLVWHG�DV�LQDFWLYH�RU�DFWLYH��,I�DFWLYH��WKHQ�LW�LV�DVVLJQHG�SRLQWV�EDVHG�RQ�
LQWHQVLW\�ZLWK���SRLQW�IRU�PLOG����SRLQWV�IRU�PRGHUDWH�DQG���SRLQWV�IRU�
VHYHUH��

,QYHVWLJDWLRQV�WR�GHWHFW�R[LGDWLYH�VWUHVV�
���'HWHUPLQDWLRQ�RI�OLSLG�SHUR[LGDWLRQ�WKURXJK�HVWLPDWLRQ�RI�0'$�

LQ�WKH�VHUXP�
���'HWHUPLQDWLRQ�RI�62'�LQ�UHG�EORRG�FHOOV��

'HWHUPLQDWLRQ�RI�VHUXP�0'$�
7KLV�PHWKRG�LPSOLHV�WKH�PHDVXUHPHQW�RI�0'$�DV�RQH�RI�WKH�PDLQ�

SURGXFWV�RI�OLSLG�SHUR[LGDWLRQ�E\�WKH�WKLREDUELWXULF�DFLG�PHWKRG��7KH�
SULQFLSOH�RI�WKH�PHWKRG�LV�EDVHG�RQ�WKH�UHDFWLRQ�RI�0'$�ZLWK�
WKLREDUELWXULF�DFLG��7%$��ZLWK�WKH�UHVXOWLQJ�SLQN�FRORUHG�WUL�PHWK\O�
FRPSOH[�ZLWK�D�PD[LPXP�DEVRUSWLRQ�DW���������QP��7KH�VDPSOHV�ZHUH�
DQDO\]HG�E\�VSHFWURSKRWRPHWHU��0LOWRQ�5R\�VSHFWURQLF������$55$<�
GRXEOH�EHDP�VSHFWURPHWHU��86$�>��@��

�
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'HWHUPLQDWLRQ�RI�62'�
7KLV�ZDV�PHDVXUHG�XVLQJ�FRPPHUFLDO�NLWV�VXSSOLHG�E\��5DQGR[��

$QWULP��1RUWKHUQ�,UHODQG��GHSHQGLQJ�RQ�WKH�SULQFLSOH�WKDW�62'�
DFFHOHUDWHV�WKH�GLVPXWDWLRQ�RI�WKH�WR[LF�VXSHUR[LGH�UDGLFDO��2�����SURGXFHG�
GXULQJ�R[LGDWLYH�HQHUJ\�SURFHVVHV���WR�K\GURJHQ�SHUR[LGH�DQG�PROHFXODU�
R[\JHQ��

7KLV�PHWKRG�HPSOR\V�[DQWKLQH�DQG�[DQWKLQH�R[LGDVH��;2'��WR�
JHQHUDWH�VXSHUR[LGH�UDGLFDOV�ZKLFK�UHDFW�ZLWK�������LRGRSKHQ\O�����������
QLWURSKHQRO�����SKHQ\OWHWUD[ROLXP�FKORULGH��,�1�7��WR�IRUP�D�UHG�
IRUPD]DQ�G\H��7KH�VXSHUR[LGH�DFWLYLW\�LV�WKHQ�PHDVXUHG�E\�WKH�GHJUHH�RI�
LQKLELWLRQ�RI�WKLV�UHDFWLRQ��1RUPDO�UDQJH ����������8�J�+E��

$IWHU�PHDVXUHPHQW�RI�0'$�DQG�62'��WKH�DFWLYH�JURXS�ZDV�JLYHQ�D�
FRXUVH�RI�WUHDWPHQW�RI�����,8�RI�YLWDPLQ�(�SHU�GD\�DQG�����PJ�WZLFH�
GDLO\�RI�YLWDPLQ�&�SOXV����PJ�SUHGQLVRORQH�GDLO\�IRU�WKUHH�PRQWKV��
7KHUHDIWHU��WKH�6/$0��WKH�OHYHO�RI�0'$�DQG�62'�ZHUH�UHPHDVXUHG�IRU�
WKLV�JURXS��

5HVXOWV�
7KHUH�ZDV�D�QRQ�VLJQLILFDQW�GLIIHUHQFH�LQ�DJH�DQG�VH[�EHWZHHQ�

SDWLHQWV��DFWLYH�DQG�UHPLVVLRQ�JURXSV��DQG�WKH�FRQWURO�JURXS��3!�������
7KHUH�ZDV�DOVR�D�QRQ�VLJQLILFDQW�GLIIHUHQFH�LQ�GXUDWLRQ�RI�WKH�GLVHDVH�
EHWZHHQ�DFWLYH�DQG�UHPLVVLRQ�JURXSV��3!������WDEOH������
��

&RQWURO�� 5HPLVVLRQ�� $FWLYH����
Q ��� Q ��� Q ���

3�YDOXH�

$JH��UDQJH� �������� �������� �������� ����
PHDQ���6'� �������

����
��������� ����������� �1�VLJ��

'XUDWLRQ�� �� �� �� ��
5DQJH��LQ�
PRQWKV��

������ ������� ������� �����

PHDQ���6'� �� ������������� ������������ �1�VLJ��
*HQGHU� ��
PDOH�

�� ������� �� ����

IHPDOH� ��� ��� ��� �1�VLJ��

7DEOH������'HPRJUDSKLF�GDWD�RI�WKH�VWXGLHG�JURXSV�
$V�UHJDUGV�6/$0�VFRUH��WKHUH�ZDV�D�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�

UHPLVVLRQ�DQG�FRQWURO�JURXSV��3��������D�KLJKO\�VLJQLILFDQW�GLIIHUHQFH�
EHWZHHQ�DFWLYH�DQG�FRQWURO�JURXSV��3��������DQG�D�KLJKO\�VLJQLILFDQW�
GLIIHUHQFH�EHWZHHQ�DFWLYH�DQG�UHPLVVLRQ�JURXSV��3���������WDEOH�����
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��

&RQWURO�� 5HPLVVLRQ� $FWLYH����
Q ��� Q ���� Q ���

6/$0���UDQJH�� �� �������� ����±�����
0HDQ�6'� �� ������������� �����������
3�YDOXH� 3����� � � 3������ ��� � 3������ ����� �

0'$��UDQJH�LQ���
PRO�/��

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

PHDQ�6'� ����������� ������������ �����������
3�YDOXH� 3������ � � 3������ ��� � 3������ ����� �

62'��UDQJH�LQ�X�J�
+E��

���������� �������������� �����±�������

PHDQ�6'� ������������� ������������� ������������
3�YDOXH� 3!���� � � 3����� ��� � 3������ ��� �


�UHODWLRQ�EHWZHHQ�FRQWURO�DQG�UHPLVVLRQ�JURXSV�


�UHODWLRQ�EHWZHHQ�UHPLVVLRQ�DQG�DFWLYH�JURXSV�



�UHODWLRQ�EHWZHHQ�DFWLYH�DQG�FRQWURO�JURXSV�

7DEOH������5HVXOWV�RI�6/$0��0'$�DQG�62'�LQ�WKH�VWXGLHG�
JURXSV�DQG�UHODWLRQV�EHWZHHQ�WKH�WKUHH�JURXSV�

7KH�OHYHO�RI�0'$�VKRZHG�D�KLJKO\�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�
WKH�UHPLVVLRQ�DQG�DFWLYH�JURXSV��3���������EHWZHHQ�WKH�UHPLVVLRQ�DQG�WKH�
FRQWURO�JURXS��3���������DQG�EHWZHHQ�WKH�DFWLYH�DQG�WKH�FRQWURO�JURXSV�
�3���������WDEOH�����

7KH�OHYHO�RI�62'�VKRZHG�D�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFH�
EHWZHHQ�WKH�UHPLVVLRQ�DQG�DFWLYH�JURXSV��3�������DQG�EHWZHHQ�WKH�DFWLYH�
DQG�WKH�FRQWURO�JURXSV��3��������+RZHYHU��WKHUH�ZDV�D�QRQ�VLJQLILFDQW�
GLIIHUHQFH�LQ�62'�OHYHO�EHWZHHQ�WKH�UHPLVVLRQ�DQG�FRQWURO�JURXSV�
�3!�������WDEOH�����

&RUUHODWLRQ�EHWZHHQ�WKH�OHYHO�RI�0'$�DQG�62'�ZLWKLQ�HDFK�JURXS�
UHYHDOHG�D�VWDWLVWLFDOO\�KLJKO\�VLJQLILFDQW�LQYHUVH�FRUUHODWLRQ�EHWZHHQ�
0'$�DQG�62'�LQ�WKH�DFWLYH�JURXS��U� ���������3���������7KHUH�ZDV�DOVR�D�
KLJKO\�VLJQLILFDQW�LQYHUVH�FRUUHODWLRQ�EHWZHHQ�0'$�DQG�62'�LQ�WKH�
UHPLVVLRQ�JURXS��U� ��������3���������7KHUH�ZDV�QR�VWDWLVWLFDOO\�
VLJQLILFDQW�FRUUHODWLRQ�EHWZHHQ�0'$�DQG�62'�LQ�WKH�FRQWURO�JURXS��U� ���
�����3!�������WDEOH������
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�� U� 3�� FRUUHODWLRQ�

&RQWURO�� ����� 3!����� 1�VLJ�
5HPLVVLRQ�� ������ 3������� +�VLJ�

$FWLYH�� ������ 3������� +�VLJ�

7DEOH������&RUUHODWLRQ�EHWZHHQ�0'$�DQG�62'�LQ�WKH�VWXGLHG�
JURXSV�

7KHUH�ZDV�D�VLJQLILFDQW�UHODWLRQ�EHWZHHQ�6/$0�VFRUH�DQG�0'$�DQG�
D�VLJQLILFDQW�LQYHUVH�UHODWLRQ�EHWZHHQ�6/$0�DQG�62'�LQ�WKH�DFWLYH�
JURXS��EXW�WKHUH�ZDV�D�QRQ�VLJQLILFDQW�UHODWLRQ�LQ�WKH�UHPLVVLRQ�JURXS�
�3!�������WDEOH������

5HPLVVLRQ�� $FWLYH����
�U� 3� VLJQLILFDQFH�� U��� 3� VLJQLILFDQFH�

0'$� ����� !����� 1�VLJ� ����� ������ VLJ�
62'� ����� !����� 1�VLJ� ����� ������ VLJ�

7DEOH������&RUUHODWLRQ�EHWZHHQ�6/$0�DQG�0'$���62'�
LQ�ERWK�UHPLVVLRQ�DQG�DFWLYH�JURXSV�

%\�FRPSDULQJ�WKH�QRUPDO�FRQWURO�VXEMHFWV�ZLWK�DOO�6/(�SDWLHQWV�
�DFWLYH�DQG�LQ�UHPLVVLRQ���WKHUH�ZDV�D�KLJKO\�VWDWLVWLFDOO\�VLJQLILFDQW�
GLIIHUHQFH�LQ�0'$�OHYHO�LQ�WKH�SDWLHQW�JURXS�FRPSDUHG�WR�WKH�FRQWURO�
JURXS��3���������WDEOH������

�� &RQWURO�
>Q ��@�

&DVHV�>Q ��@�� W� 3�YDOXH�

0'$� �UDQJH� LQ�
�PRO�/���

������������ ������������ �� ��

PHDQ�6'� ����������� ����������� ���� �������

62'��UDQJH�LQ�
X�J�+E��

���������� ������������ �� ��

PHDQ�6'� ������������� ������������� ���� ������

7DEOH������&RPSDULVRQ�EHWZHHQ�WRWDO�FDVHV�DQG�FRQWURO�JURXS�LQ�
0'$�DQG�62'�
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7KHUH�ZDV�D�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFH�LQ�62'�OHYHO�LQ�
SDWLHQW�JURXS�FRPSDUHG�WR�FRQWURO�JURXS��3��������WDEOH�����

$IWHU�WUHDWPHQW��
7KHUH�ZDV�D�VLJQLILFDQW�GHFUHDVH�ERWK�LQ�0'$�VHUXP�OHYHO�DQG�

6/$0�VFRUH�LQ�WKH�DFWLYH�JURXS�DIWHU�WKH�FRXUVH�RI�WUHDWPHQW��3��������
2Q�WKH�FRQWUDU\��WKH�LQFUHDVH�RI�62'�OHYHO�ZDV�QRW�VLJQLILFDQW�
�3!������WDEOH������
��

�� %HIRUH�
>PHDQ�6'@�

$IWHU�
>PHDQ�6'@�

3�
YDOXH�

6/$0� ����������� ���������� ������

0'$� ����������� ���������� ������

62'� ������������������������!�����

7DEOH������&KDQJHV�RI�6/$0��0'$�DQG�62'�LQ�WKH�DFWLYH�JURXS�
DIWHU�WUHDWPHQW�
��

6WDWLVWLFV�
'DWD�ZHUH�FKHFNHG���HQWHUHG�DQG�DQDO\]HG�XVLQJ�(SL��,QIR���������)�

WHVW��$129$����W�WHVW��&KL�VTXDUHG��;����SDLUHG�W�WHVW�DQG�FRUUHODWLRQ�
FRHIILFLHQW��U��ZHUH�XVHG�ZKHQ�DSSURSULDWH��3�YDOXH�������ZDV�FRQVLGHUHG�
VLJQLILFDQW��

'LVFXVVLRQ�
6\VWHPLF�OXSXV�HU\WKHPDWRVXV�LV�D�SX]]OLQJ�GLVHDVH�GXH�WR�LWV�

PXOWLIDFWRULDO�HWLRORJ\�DQG�ZLGH�VSUHDG�FOLQLFDO�SUHVHQWDWLRQ>�@��
7KLV�VWXG\�ZDV�EDVHG�XSRQ�SUHYLRXV�ILQGLQJV�VKRZLQJ�WKDW�R[LGDWLYH�

VWUHVV�PDUNHUV�DUH�VLJQLILFDQWO\�KLJKHU�LQ�6/(�SDWLHQWV�FRPSDUHG�WR�
KHDOWK\�FRQWUROV>��������@��6LPLODU�UHVXOWV�ZHUH�IRXQG�KHUH�ZKHUH�0'$�
OHYHO�ZDV�VLJQLILFDQWO\�HOHYDWHG�LQ�WKH�DFWLYH�JURXS�ZKHQ�FRPSDUHG�WR�WKH�
UHPLVVLRQ�JURXS��3��������,Q�DGGLWLRQ��VHUXP�0'$�ZDV�VLJQLILFDQWO\�
HOHYDWHG�LQ�DOO�SDWLHQWV�FRPSDUHG�WR�WKH�FRQWURO�JURXS��3���������

6HUXP�0'$�OHYHO�LQ�WKH�DFWLYH�JURXS�FRUUHODWHG�SRVLWLYHO\�ZLWK�WKH�
6/$0�VFRUH��7KLV�LV�LQ�DJUHHPHQW�ZLWK�RWKHU�DXWKRUV>�����������@�ZKR�
IRXQG�DQ�LQFUHDVH�LQ�WKH�JHQHUDWLRQ�RI�0'$�DORQJ�ZLWK�WKH�LQFUHDVH�LQ�WKH�
DFWLYLW\�RI�WKH�GLVHDVH�DQG�VXSSRUWHG�WKH�SURSRVDO�WKDW�VHUXP�0'$�OHYHO�
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FRXOG�EH�KHOSIXO�LQ�SUHGLFWLQJ�WKH�SURJQRVLV�RI�6/(��
,Q�WKLV�VWXG\��62'�OHYHO�ZDV�VLJQLILFDQWO\�GHFUHDVHG�LQ�WKH�DFWLYH�

JURXS�DV�FRPSDUHG�WR�HLWKHU�WKH�UHPLVVLRQ�RU�FRQWURO�JURXS��3��������
7KHUH�ZDV�QR�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFH�LQ�WKH�OHYHO�RI�62'�
EHWZHHQ�WKH�UHPLVVLRQ�DQG�FRQWURO�JURXSV��3!�������

$IWHU�VXPPDWLRQ�RI�WKH�DFWLYH�DQG�UHPLVVLRQ�JURXSV��WKH�OHYHO�RI�
62'�ZDV�VLJQLILFDQWO\�GHFUHDVHG�ZKHQ�FRPSDUHG�WR�WKH�FRQWURO�JURXS�
�3�������ZKLOH�LW�ZDV�LQYHUVHO\�FRUUHODWHG�WR�6/$0�VFRUH��6LPLODU�UHVXOWV�
KDG�EHHQ�UHSRUWHG>�����@��7KH�GHFUHDVHG�OHYHO�RI�62'�FRXOG�EH�GXH�WR�LWV�
GLUHFW�LQDFWLYDWLRQ�E\�LWV�SURGXFWV�+ � 2� �RU�2�����DQLRQ�LWVHOI�DQG���RU�
GHYHORSPHQW�RI�DXWRDQWLERGLHV�DJDLQVW�62'>��@��

7KH�GHFUHDVHG�DFWLYLW\�RI�62'�OHDGV�WR�H[FHVVLYH�DFFXPXODWLRQ�RI�
WKH�VXSHUR[LGH�UDGLFDO�ZKLFK�ZRXOG�RWKHUZLVH�KDYH�EHHQ�HQ]\PDWLFDOO\�
FRQYHUWHG�WR�K\GURJHQ�SHUR[LGH��,QFUHDVHG�VXSHUR[LGH�OHYHOV�KDYH�WKH�
SRWHQWLDO�WR�LQLWLDWH�WKH�OLSLG�SHUR[LGDWLRQ�FKDLQ�UHDFWLRQ�OHDGLQJ�WR�
SHUR[LGDWLRQ�RI�PHPEUDQH�OLSLGV�DQG�RWKHU�WLVVXH�OLSLGV�ZLWK�LQFUHDVH�LQ�
WKH�0'$�OHYHO>�����@��

:H�IRXQG�D�VLJQLILFDQW�LQYHUVH�FRUUHODWLRQ�EHWZHHQ�WKH�62'�DQG�
0'$�LQ�ERWK�DFWLYH�DQG�UHPLVVLRQ�JURXSV��3��������7KLV�RSSRVLWH�
UHODWLRQ�LV�D�UHIOHFWLRQ�RI�R[LGDWLYH�VWUHVV�GXH�WR�FRQVXPSWLRQ�RI�62'�LQ�
WKH�SURFHVV�RI�GHWR[LILFDWLRQ�RI�VXSHUR[LGH�UDGLFDOV��

$FFRUGLQJO\��VLQFH�526�DUH�HOHYDWHG�LQ�SDWLHQWV�ZLWK�6/(�WKDQ�LQ�
QRUPDO�FRQWUROV�DQG�WKHLU�OHYHO�FRUUHODWHG�ZLWK�WKH�GLVHDVH�DFWLYLW\��ZH�
FDQ�FRQFOXGH�WKDW�R[LGDWLYH�VWUHVV�GRHV�KDYH�D�UROH�LQ�WKH�SDWKRJHQHVLV�RI�
6/(�GLVHDVH��

:H�IRXQG�WKDW�WKH�DGGLWLRQ�RI�DQWLR[LGDQWV��YLWDPLQV�(�DQG�&��WR�
WUHDWPHQW�RI�6/(�KDV�OHG�WR�D�VLJQLILFDQW�UHPLVVLRQ�LQ�DFWLYH�FDVHV�ZLWK�
LPSURYHPHQW�RI�WKH�0'$�OHYHO�DQG�6/$0�VFRUH��0HDQZKLOH��WKH�GRVH�RI�
VWHURLG�ZDV�UHGXFHG�WKXV�GHFUHDVLQJ�WKH�SRWHQWLDO�VLGH�HIIHFWV�RI�
SURORQJHG�VWHURLG�WKHUDS\��

2Q�WKH�RWKHU�VLGH��62'�GLG�QRW�LQFUHDVH�WR�D�VLJQLILFDQW�OHYHO�ZKLFK�
FRXOG�EH�H[SODLQHG�E\�WKH�VKDULQJ�RI�PXOWLSOH�IDFWRUV�DIIHFWLQJ�62'�OHYHO�
RWKHU�WKDQ�526��7KHVH�IDFWRUV�OLNH�DXWRDQWLERGLHV�DJDLQVW�WKH�HQ]\PH�
FRXOG�VWLOO�EH�ZRUNLQJ�LQ�VSLWH�RI�WKH�GHFUHDVH�LQ�WKH�OHYHO�RI�526�E\�WKH�
DIRUHPHQWLRQHG�WUHDWPHQW>�����@��

7KH�FRPELQDWLRQ�RI�DQWLR[LGDQWV�PD\�EH�RI�EHQHILW�GXH�WR�SRVVLEOH�
V\QHUJLVWLF�LQWHUDFWLRQ�EHWZHHQ�YLWDPLQV�&�DQG�(�VLQFH�YLWDPLQ�&�UHGXFHV�
WKH�SRWHQWLDOO\�KDUPIXO�UDGLFDOV�UHVXOWLQJ�IURP�R[LGDWLRQ�RI�YLWDPLQ�(>��@��

$QWLR[LGDQWV�DV�EHWD�FDURWHQH��YLWDPLQV�(�	�&�DQG�VHOHQLXP�ZHUH�
VWXGLHG�RQ�DQLPDO�PRGHOV�ZLWK�VLJQLILFDQW�LPPXQH�UHJXODWRU\�HIIHFWV�RQ�
WKH�SDWKRJHQHVLV�RI�DXWRLPPXQH�GLVHDVHV�DQG�OXSXV�QHSKULWLV>��@��
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&DSWRSULO�ZDV�IRXQG�WR�SURORQJ�VXUYLYDO�LQ�PXULQH�6/(�GXH�WR�LWV�
DQWLR[LGDQW�HIIHFWV>�����@��

6LPLODUO\��QDWXUDOO\�RFFXUULQJ�GLHWDU\�SUHSDUDWLRQV�DV�KLJK�GLHWDU\�
RPHJD�����IDWW\�DFLGV�KDYH�EHHQ�VKRZQ�WR�GHFUHDVH�DQWL�GV�'1$�DQG�
DQWLFDUGLROLSLQ�DQWLERGLHV�DQG�WR�UHGXFH�NLGQH\�GDPDJH�LQ�PXULQH�
OXSXV>��@��

7UHDWPHQW�WULDOV�KDYH�EHHQ�ODXQFKHG�LQ�WKLV�LVVXH�DQG�PDQ\�RI�WKHP�
UHYHDOHG�HQFRXUDJLQJ�UHVXOWV��$QWLR[LGDQWV�PD\�SUHYHQW�UHQDO�G\VIXQFWLRQ�
LQ�6/(�SDWLHQWV�LQGHSHQGHQW�RI�WKHLU�DELOLW\�WR�LQKLELW�OLSLG�
SHUR[LGDWLRQ>�����@��

,W�ZDV�IRXQG�WKDW�YLWDPLQ�&�LQWDNH�LV�DVVRFLDWHG�ZLWK�GHFUHDVHG�
YDVFXODU�GDPDJH��LVFKHPLF�KHDUW�GLVHDVH��FHUHEURYDVFXODU�DFFLGHQWV��
WKURPERWLF�HYHQWV��LQ�6/(�SDWLHQWV�DQG�LV�LQYHUVHO\�DVVRFLDWHG�ZLWK�WKH�
DFWLYLW\�RI�WKH�GLVHDVH�>�����������@���

0RUHRYHU��DQWLR[LGDQWV�DV�YLWDPLQ�(�DQG�&�SUHYHQW�VXQ�GDPDJLQJ�
HIIHFW�RQ�6/(�SDWLHQWV�E\�DFWLQJ�DV�V\VWHPLF�VXQVFUHHQV>�����@��

3KDUPDFRORJLFDO�DJHQWV�XVHG�LQ�WUHDWPHQW�RI�6/(�LQFOXGH�ERWK�
LPPXQRVXSSUHVVLYH�DQG�DQL�LQIODPPDWRU\�GUXJV�PRVW�QRWDEO\�WKH�
FRUWLFRVWHURLGV��:KLOH�WKHVH�GUXJV�DUH�RIWHQ�HIIHFWLYH�LQ�UHWDUGLQJ�WKH�
GHYHORSPHQW�RI�WKH�GLVHDVH�DQG�SURORQJDWLRQ�RI�WKH�OLIH�VSDQ�RI�6/(�
SDWLHQWV��WKHLU�ORQJ�WHUP�XVH�LV�DVVRFLDWHG�ZLWK�D�FRQVLGHUDEOH�QXPEHU�RI�
VLGH�HIIHFWV>��������@��

:H�FDQ�FRQFOXGH�WKDW�WKH�DGGLWLRQ�RI�DQWLR[LGDQWV�DV�DGMXQFWLYH�
WUHDWPHQW�LQ�FRQFHUW�ZLWK�WKLV�FRQYHQWLRQDO�GUXJ�WKHUDS\�PLJKW�RIIHU�DQ�
DGYDQWDJH�RYHU�WKH�GUXJ�WKHUDS\�DORQH��7KH�GUXJ�GRVDJHV�FRXOG�EH�
UHGXFHG��WKXV�PLQLPL]LQJ�WKHLU�VLGH�HIIHFWV��7KLV�FRXOG�EH�DQ�LPSRUWDQW�
UHVHDUFK�ILHOG�IRU�DPHOLRUDWLRQ�RI�6/(��

5HIHUHQFHV�
�

���/DKLWD�5*��&ROODJHQ�GLVHDVH��WKH�HQHP\�ZLWKLQ��,QW�-�)HUWLO�:RPHQV�
0HG����������������

�
���+HUUPDQ�0��9ROO�5(��.DOGHQ�-5��(WLRSDWKRJHQHVLV�RI�V\VWHPLF�OXSXV�

HU\WKHPDWRVXV��,PPXQRO�7RGD\�����������������
�

���0RN�&&��/DX�&6��3DWKRJHQHVLV�RI�V\VWHPLF�OXSXV�HU\WKHPDWRVXV��-�
&OLQ�3DWKRO����������������

�
���0HYRUDFK�'��6\VWHPLF�OXSXV�HU\WKHPDWRVXV�DQG�DSRSWRVLV��D�TXHVWLRQ�

RI�EDODQFH��&OLQ�5HY�$OOHUJ\�,PPXQRO�������$XJ��������������
�

���<DVXWRPR�.��3DWKRORJLFDO�O\PSKRF\WH�DFWLYDWLRQ�E\�GHIHFWLYH�
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FOHDUDQFH�RI�VHOI�OLJDQGV�LQ�V\VWHPLF�OXSXV�HU\WKHPDWRVXV��5KHXPDWRORJ\�
�2[IRUG�����������������

�
���&RWUDQ�5�6��.XPDU�9��&ROOLQV�7��'LVRUGHUV�RI�,PPXQH�6\VWHP�LQ��

5REELQV�3DWKRORJLF�%DVLV�RI�'LVHDVH��WK�(G��������SDUW���&K����3����	�
&K�����3������

�
���*RHUJ�6��7KH�DVVRFLDWLRQ�EHWZHHQ�V\VWHPLF�OXSXV�HU\WKHPDWRVXV�DQG�
GHILFLHQFLHV�RI�WKH�FRPSOHPHQW�V\VWHP��&HOO�0RO�%LRO�����������������

�
���5DKD�6��5RELQVRQ�%+��0LWRFKRQGULD��R[\JHQ�IUHH�UDGLFDOV�DQG�

DSRSWRVLV��$P�-�0HG�*HQHW���������������
�

���*XWWHULGJH�-0��+DOOLZHOO�%��)UHH�UDGLFDOV�DQG�DQWLR[LGDQWV�LQ�WKH�\HDU�
������$�KLVWRULFDO�ORRN�WR�WKH�IXWXUH��$QQ�1<�$FDG�6FL�����������������

�
����%DXHU�9��%DXHU�)��5HDFWLYH�R[\JHQ�VSHFLHV�DV�PHGLDWRUV�RI�WLVVXH�

SURWHFWLRQ�DQG�LQMXU\��*HQ�3K\VLRO�%LRSK\V��������������
�

����.XULHQ�%7��6FRILHOG�5+��)UHH�UDGLFDO�PHGLDWHG�SHUR[LGDWLYH�GDPDJH�
LQ�V\VWHPLF�OXSXV�HU\WKHPDWRVXV��/LIH�6FL���������������������

�
����0DWHV�-��(IIHFW�RI�DQWLR[LGDQW�HQ]\PHV�LQ�WKH�PROHFXODU�FRQWURO�RI�

UHDFWLYH�R[\JHQ�VSHFLHV��7R[LFRORJ\����������������
�

����.DUERZQLN�0��5HLWHU�5-��$QWLR[LGDWLYH�HIIHFW�RI�PHODWRQLQ�LQ�
SURWHFWLRQ�DJDLQVW�FHOOXODU�GDPDJH�FDXVHG�E\�LRQL]LQJ�UDGLDWLRQ��3URF�6RF�

([S�%LRO�0HG���������������
�

����5RQ]LR��5$���1DWXUDOO\�RFFXUULQJ�DQWLR[LGDQWV��7KH�7H[WERRN�RI�
1DWXUDO�0HGLFLQH��6HFRQG�HGLWLRQ��(G��-RVHSK�(��3L]]RUQR��-U��DQG�

0LFKDHO�7��0XUUD\��&KXUFKLOO�/LYLQJVWRQH�����������������
�

����7DP�/6��/L�(.��/HXQJ�9<�HW�DO��(IIHFWV�RI�YLWDPLQV�&�DQG�(�RQ�
R[LGDWLYH�VWUHVV�PDUNHUV�DQG�HQGRWKHOLDO�IXQFWLRQ�LQ�SDWLHQWV�ZLWK�

V\VWHPLF�OXSXV�HU\WKHPDWRVXV��-�5KHXPDWRO���������������
�

����%HWWHULGJH�'��ZKDW�LV�R[LGDWLYH�VWUHVV"�0HWDEROLVP�������������
�

����/XP�+��5RHEXFN�.$��2[LGDQW�VWUHVV�DQG�HQGRWKHOLDO�FHOO�G\VIXQFWLRQ��
$P�-�3K\VLRO�&HOO�3K\VLRO������&����&�����������

�
�

����'X�-��*HELFNL�-.��'1$�GHJUDGDWLRQ�DQG�SURWHLQ�SHUR[LGDWLRQ�LQ�FHOOV�
H[SRVHG�WR�K\GUR[\O�IUHH�UDGLFDOV��5HGR[�5HS������������������

�
����6LHV�+��,PSDLUHG�HQGRWKHOLDO�DQG�VPRRWK�PXVFOH�FHOO�IXQFWLRQ�LQ�

R[LGDWLYH�VWUHVV��([S�3K\VLRO����������������
�

����$KVDQ�+��$OL�$��$OL�5��2[\JHQ�IUHH�UDGLFDOV�DQG�V\VWHPLF�
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DXWRLPPXQLW\��&OLQ�([S�,PPXQRO��������������������
�

����'URJH�:��)UHH�UDGLFDOV�LQ�WKH�SK\VLRORJ\�FRQWURO�RI�FHOO�IXQFWLRQ��
3K\VLRO�5HY������������������

�
����7D\VL�6��*XO�0��6DUL�5$�HW�DO��6HUXP�R[LGDQW���DQWLR[LGDQW�VWDWXV�RI�
SDWLHQWV�ZLWK�V\VWHPLF�OXSXV�HU\WKHPDWRVXV��&OLQ�&KHP�/DE�0HG��������

��������
�

����$QWRQLDGHV�&��7RXVRXOLV�'��7HQWRORXULV�&�HW�DO��(IIHFWV�RI�DQWLR[LGDQW�
YLWDPLQV�&�DQG�(�RQ�HQGRWKHOLDO�IXQFWLRQ�DQG�WKURPERVLV���ILEULQRO\VLV�

V\VWHP�LQ�VPRNHUV��7KURPE�+DHPRVW����������������
�

����7DQ�(0��&RKHQ�6��)ULHV�)�HW�DO��7KH������UHYLVHG�FULWHULD�IRU�WKH�
FODVVLILFDWLRQ�RI�6/(��$UWKULWLV�5KHXP����������������

�
����/LDQJ�0+��6RFKHU�6$��/DUVRQ�0*�HW�DO��UHOLDELOLW\�DQG�YDOLGLW\�RI�VL[�

V\VWHPV�IRU�WKH�FOLQLFDO�DVVHVVPHQW�RI�WKH�GLVHDVH�DFWLYLW\�LQ�V\VWHPLF�
OXSXV�HU\WKHPDWRVXV��$UWKULWLV�5KHXP�����������������
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