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9��+��6K\PD���DQG�.��9LMD\DNXPDU�
'HSDUWPHQW�RI�9HWHULQDU\�(SLGHPLRORJ\�DQG�3UHYHQWLYH�0HGLFLQH
&ROOHJH�RI�9HWHULQDU\�DQG�$QLPDO�6FLHQFHV
0DQQXWK\������������7KULVVXU��.HUDOD

$EVWUDFW
� ,QIHFWHG� JURXS� RI� GRJV� KDG

VLJQLILFDQWO\�ORZHU�PHDQ�YDOXHV�RI�KDHPRJORELQ
FRQWHQW�� YROXPH� RI� SDFNHG� UHG� FHOOV�� WRWDO
HU\WKURF\WH� FRXQW� DQG� WRWDO� OHXFRF\WH� FRXQW�
+\SHUJOREXOLQDHPHD�� K\SHUJO\FDHPLD� DQG� D
PLOG� LQFUHDVH� LQ� EORRG� FKROHVWHURO� ZDV
REVHUYHG� LQ� DIIHFWHG� GRJV�� 6HUXP�PLQHUDO
H[DPLQDWLRQ�RI�LQIHFWHG�DQLPDOV�LQ�WKH�SUHVHQW
VWXG\�UHYHDOHG�DQ�LQFUHDVH�LQ�]LQF�DQG�LURQ�
.H\ZRUGV���%DFWHULDO�GHUPDWLWLV��PLQHUDOV�
KDHPDWRORJLFDO��ELRFKHPLFDO�

&XWDQHRXV� EDFWHULDO� LQIHFWLRQV� RU
EDFWHULDO� S\RGHUPD� DUH� RQH� RI� WKH� PRVW
FRPPRQ�FDQLQH�VNLQ�GLVHDVHV�SUHVHQWHG�WR�D
YHWHULQDU\� GHUPDWRORJLVW�� � 'LDJQRVLV� RI
FXWDQHRXV� EDFWHULDO� LQIHFWLRQV� DUH� RIWHQ
FRQIXVLQJ� EHFDXVH� WKH� FRQGLWLRQ� FDQ� EH
VHFRQGDU\�WR�D�QXPEHU�RI�RWKHU�LQWHJXPHQWDU\
FRQGLWLRQV�VXFK�DV�DWRS\��IOHD�ELWH��PDQJH�RU
KRUPRQDO�DQG�QXWULWLRQDO�LPEDODQFHV�DQG�RWKHU
V\VWHPLF� GLVHDVHV�� � 7KH� KDHPDWRORJLFDO�
VHUXP� ELRFKHPLFDO� DQG� VHUXP� PLQHUDO
HVWLPDWLRQ� FDQ� EH� XVHG� IRU� LGHQWLI\LQJ� DQ
XQGHUO\LQJ� SUREOHP�� ZKLFK� PLJKW� EH� D
FRQWULEXWLQJ� IDFWRU� LQ� WKH�GHYHORSPHQW�RI� WKH
GLVHDVH�
0DWHULDOV�DQG�0HWKRGV

7KH�SUHVHQW�VWXG\�ZDV�FDUULHG�RXW�LQ
WKH�'HSDUWPHQW� RI� 9HWHULQDU\� (SLGHPLRORJ\
DQG�3UHYHQWLYH�0HGLFLQH��&ROOHJH�RI�9HWHULQDU\
DQG�$QLPDO�6FLHQFHV��0DQQXWK\� IRU�D�SHULRG
RI� RQH� \HDU� IURP�)HEUXDU\� ����� WR� -DQXDU\
������'RJV�SUHVHQWHG�WR�9HWHULQDU\�WHDFKLQJ
+RVSLWDOV� RI� 0DQQXWK\� DQG� .RNNDODL� ZLWK

FOLQLFDO�VLJQV�VXJJHVWLYH�RI�EDFWHULDO�GHUPDWLWLV
ZHUH�LQFOXGHG�LQ�WKH�VWXG\�

7KUHH�PLOOLOLWHUV�RI�EORRG�ZDV�FROOHFWHG
IURP�FHSKDOLF�YHLQ�RI�DIIHFWHG�GRJV� LQ�VWHULOH
V\ULQJHV�ZLWK� ('7$� DV� DQWLFRDJXODQW� DW� WKH
UDWH� RI� ��PJ�PO� RI� EORRG� DQG� WKH� VSHFLPHQ
H[DPLQHG�RQ� WKH� VDPH�GD\��$�GURS�RI� EORRG
ZDV� FROOHFWHG� RQ� FOHDQ� JUHDVH� IUHH� VOLGH� WR
SUHSDUH�D�EORRG�VPHDU��%HQMDPLQ���������)LYH
PLOOLOLWUHV�RI�EORRG�ZDV�FROOHFWHG�LQ�D�WHVW�WXEH
IRU�VHSDUDWLQJ�VHUXP�����6HUD�VHSDUDWHG�ZHUH
VWRUHG�DW�����&�WLOO�IXUWKHU�DQDO\VLV�

&DSLOODU\�EORRG� IURP� WKH�HDU� WLS�ZDV
XVHG�IRU�EORRG�JOXFRVH�HVWLPDWLRQ�RI�DIIHFWHG
GRJV�ZLWK�JOXFRPHWHU��(]��6PDUW������%ORRG
JOXFRVH� PRQLWRULQJ� V\VWHP�� DV� SHU� WKH
PDQXIDFWXUHU¶V� LQVWUXFWLRQ�

+DHPDWRORJLFDO� H[DPLQDWLRQ� RI� WKH
EORRG�VDPSOHV� �+E��935&��7RWDO� HU\WKURF\WH
FRXQW�� WRWDO� OHXFRF\WH� FRXQW�� GLIIHUHQWLDO
OHXFRF\WH� FRXQW��ZDV� FDUULHG� RXW� DV� SHU� WKH
PHWKRG�GHVFULEHG�LQ�%HQMDPLQ��������

%LRFKHPLFDO� HVWLPDWLRQV� RI� VHUXP
WRWDO� SURWHLQ�� DOEXPLQ�� JOREXOLQ�� DOEXPLQ
JOREXOLQ�UDWLR��FKROHVWHURO�ZHUH�FDUULHG�RXW�RQ
VWRUHG�VHUXP�VDPSOHV�E\�VSHFWURSKRWRPHWU\
LQ� 0HUFN� ���� VSHFWURSKRWRPHWHU� XVLQJ
FRPPHUFLDOO\� DYDLODEOH� NLWV� �$JDSSH
'LDJQRVWLFV��

6HUXP�FDOFLXP��]LQF��LURQ�DQG�FRSSHU
ZHUH� HVWLPDWHG� XVLQJ�$WRPLF�$EVRUSWLRQ
6SHFWURPHWHU� �3HUNLQ�(OPHU�������

%ORRG� DQG� VHUXP� VDPSOHV� ZHUH
FROOHFWHG�IURP�VL[�KHDOWK\�GRJV�IRU�FRQWURO�VWXG\�

�����9HWHULQDU\�6XUJHRQ�9HWHULQDU\�'LVSHQVDU\��9DQGD]KL
�����$VVRFLDWH�3URIHVVRU���RQ�GHSXWDWLRQ�DV�-RLQW�&RPPLVVLRQHU��$+��*RYW��RI�,QGLD�

5HFHLYHG�����������
$FFHSWHG�����������
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5HVXOWV�DQG�'LVFXVVLRQ
+DHPDWRORJLFDO�3DUDPHWHUV

,QIHFWHG� JURXS� RI� GRJV� KDG
VLJQLILFDQWO\� ORZHU� PHDQ� YDOXHV� RI
KDHPRJORELQ�FRQWHQW��YROXPH�RI�SDFNHG�FHOOV�
WRWDO� HU\WKURF\WH� FRXQW�� WRWDO� OHXFRF\WH� FRXQW
��������������J�GO���������������SHU�FHQW������
�������;����PP���UHVSHFWLYHO\�ZKHQ�FRPSDUHG
WR�UHVSHFWLYH�PHDQ�YDOXHV�RI�FRQWURO�DQLPDOV
��������������J�GO���������������SHU�FHQW������
�������;����PP���DV�IXUQLVKHG�LQ�WDEOH�����7KLV
LQGLFDWHG�DQDHPLD�LQ�GLVHDVHG�GRJV�DQG�FRXOG
EH� H[SODLQHG�ZLWK� VLJQLILFDQWO\� ORZHU� FRSSHU
YDOXHV�LQ� LQIHFWHG�DQLPDOV�REWDLQHG�LQ�VHUXP
PLQHUDO�HVWLPDWLRQ�VLQFH�ORZHULQJ�RI�WKH�FRSSHU
FRQWHQW� LQ� EORRG� ZDV� D� FRQVWDQW� ILQGLQJ� LQ
DQDHPLD� �0D\QDUG�HW� DO����������'LIIHUHQWLDO
OHXFRF\WH� FRXQW� LQ� LQIHFWHG�DQLPDOV� LQGLFDWHG
QHXWURSKLOD�����SHU�FHQW��DQG�UHGXFHG�OHYHOV�RI
HRVLQRSKLOV�DQG�PRQRF\WHV�������SHU�FHQW�DQG
����� SHU� FHQW� UHVSHFWLYHO\��� 1HXWURSKLOLD� LQ

LQIHFWHG�DQLPDOV�ZDV�UHSRUWHG�E\�0DVRQ��������
0HGOHDX��������DQG�.XPDU�HW�DO���������
%LRFKHPLFDO�3DUDPHWHUV

,Q� WKH� SUHVHQW� VWXG\�� DV� GHSLFWHG� LQ
WDEOH� ��� WKH�PHDQ� YDOXHV� RI� WRWDO� SURWHLQ�
DOEXPLQ�� JOREXOLQ��$�*� LQ� GLVHDVHG� DQLPDOV
ZHUH�DV�IROORZV�LH����������������������������J�
GO�������������J�GO����������������7KH�YDOXHV�RI
DOEXPLQ�ZHUH�VLJQLILFDQWO\�ORZHU�WKDQ�WKH�PHDQ
YDOXHV� RI� FRQWURO� DQLPDOV� DQG� WKDW� RI� WRWDO
SURWHLQ�DQG�JOREXOLQ�ZDV�KLJKHU�WKDQ�WKRVH�RI
FRQWURO�DQLPDOV��7KLV� ILQGLQJ� LV� LQ�DJUHHPHQW
ZLWK� 0DVRQ� ������� ZKR� UHSRUWHG
K\SHUJDPPDJOREXOLQDHPLD� DQG� K\SRDOEXPLQ
DHPLD� LQ� GRJV� DIIHFWHG� ZLWK� EDFWHULDO
GHUPDWLWLV�� � .ULFN� DQG�6FRWW� ������� UHSRUWHG
PLOGO\�LQFUHDVHG�OHYHOV�RI�JOREXOLQ������WR����
J�GO��LQ�DIIHFWHG�GRJV���$�PLOG�LQFUHDVH�LQ�WRWDO
SURWHLQ�YDOXHV�LQ�SUHVHQW�VWXG\�PLJKW�EH�GXH
WR�LQFUHDVHG�LQIODPPDWRU\�UHVSRQVH�DVVRUWHG
ZLWK� LQIHFWLRQ�

7DEOH����0HDQ�YDOXHV�RI�KDHPDWRORJLFDO�SDUDPHWHUV�RI�LQIHFWHG�DQG��FRQWURO�JURXS

��3��������1RQ�VLJQLILFDQW�YDULDWLRQ
7DEOH�����0HDQ�YDOXHV�RI ELRFKHPLFDO�SDUDPHWHUV�RI�LQIHFWHG�DQG�FRQWURO�JURXS

3�������1RQ�VLJQLILFDQW�YDULDWLRQ
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%ORRG� JOXFRVH� OHYHO� DQG� FKROHVWHURO
OHYHO� RI� LQIHFWHG�GRJV�RI� SUHVHQW� VWXG\�ZHUH
������ �� �����PJ�GO� DQG� ��� �� �����PJ�GO�
UHVSHFWLYHO\�� �7KLV� ILQGLQJ�ZDV� LQ� DJUHHPHQW
ZLWK� *RZGD� HW� DO�� ������� ZKR� UHSRUWHG
K\SHUFKROHVWHUROHPLD� DQG� K\SRJO\FDHPLD� LQ
H[SHULPHQWDOO\� LQIHFWHG�GRJV�
6HUXP�0LQHUDO�6WDWXV

0HDQ� YDOXHV� RI� VHUXP� FDOFLXP� RI
LQIHFWHG� GRJV� REWDLQHG� LQ� WKH� SUHVHQW� VWXG\
ZDV��������������PJ�GO�DV�DJDLQVW�WKH�FRQWURO
YDOXH� RI� ������ �� �����PJ�GO�� 7KHUH� LV� QR
VWDWLVWLFDO� GLIIHUHQFH� EHWZHHQ� WKH� YDOXHV� RI
LQIHFWHG�DQG�FRQWURO�JURXS��7DEOH����

0HDQ�YDOXH�RI�LURQ�LQ�LQIHFWHG�DQLPDOV
ZDV� ������� � � ������ �J�GO� DQG� LW� ZDV
VLJQLILFDQWO\� KLJKHU� �3������� WKDQ� WKDW� RI
FRQWURO� DQLPDOV�

0HDQ�YDOXHV�RI�FRSSHU�LQ�LQIHFWHG�DQG
FRQWURO�JURXS�ZHUH��������������J��GO�DQG����
���������J��GO� UHVSHFWLYHO\��7KLV� ILQGLQJ�ZDV
LQ�DFFRUGDQFH�ZLWK�3DO�HW�DO����������0DWKHZV
�������DQG�8GD\DVUHH��������ZKR�UHSRUWHG�D
GHFUHDVH�LQ�OHYHO�RI�FRSSHU�LQ�FDVHV�RI�EDFWHULDO
GHUPDWLWLV�

0HDQ�YDOXH�RI�]LQF�LQ�WKH�LQIHFWHG�JURXS
����������������J�GO��ZDV� VLJQLILFDQWO\� KLJKHU
WKDQ�WKH�QRUPDO�FRQWURO�YDOXH�������������J�GO��

6HUXP� PLQHUDO� H[DPLQDWLRQ� RI
LQIHFWHG�DQLPDOV��UHYHDOHG�DQ�LQFUHDVH�LQ�]LQF
DQG�LURQ�OHYHOV��7KH�SUHVHQFH�RI�WKHVH�PLQHUDOV
ZRXOG� KDYH� OLPLWHG� WKH� DEVRUSWLRQ� RI� FRSSHU
�8QGHUZRRG��������DQG�KHQFH�WKH�ORZHU�OHYHO
RI�FRSSHU�LQ�WKH�SUHVHQW�VWXG\�
5HIHUHQFHV
%HQMDPLQ��0��0�� ������2XWOLQH�RI�9HWHULQDU\

&OLQLFDO� 3DWKRORJ\��UG�HG�� .DO\DQL

3XEOLVKHUV��1HZ�'HOKL������S�
*RZGD�� %��.��.���5DR�� �0�� DQG�*DQHVK�� � 7�

������%LRFKHPLFDO�DQG�KDHPDWRORJLFDO
VWXGLHV� LQ� QRQVSHFLILF� GHUPDWLWLV�
,QGLDQ�-���9HW��0HG��� ���������

.ULFN��$��6��DQG�6FRWW��'��:��������%DFWHULDO
IROOLFXOLWLV��IXUXQFXORVLV�DQG�FHOOXOLWLVLQ
*HUPDQ� VKHSKHUG� GRJ�� D
UHWURVSHFWLYH�DQDO\VLV�RI����FDVHV��-�
$P��+RVS���$VVRF������������

.XPDU��.��6���5DR��'��6��7��DQG�5DPHVK��3�
������&OLQLFDO�DQG�WKHUDSHXWLF�VWXGLHV
RQ� FDQLQH�PDODVVH]]LRVLV�� ,QGLDQ� -�
9HW��0HG�� ����������

0DVRQ��,�6�������&DQLQH�3\RGHUPD��-���6PDOO
$QLP���3UDFW�� �����������

0DWKHZV��0�5��������'HUPDWRORJLF�GLVRUGHUV
LQ� GRJV��0�9�6F�� 7KHVLV �� .HUDOD
$JULFXOWXUDO�8QLYHUVLW\��7KULVVXU�����S�

0D\QDUG��/��$���/RRVOL��-��.����+LQW]��+��)��DQG
:DUQHU��5��*��������$QLPDO�QXWULWLRQ�
�WK� HG��7DWD�0F*UDZ�+LOO� SXEOLVKLQJ
&RPSDQ\�/LPLWHG��1HZ�'HOKL�������S�

0HGOHDX��/���3DNLFK��3��0��DQG�/DWLPHU��.��6�
DQG� *UDQW�� -�� %�� ������ 6XSHUILFLDO
S\RGHUPD� LQ� WKH� FDW��'LDJQRVLQJ� DQ
XQFRPPRQ�VNLQ� GLVRUGHU��9HW��0HG��
���������

3DO��$����%DVDN��'��1��DQG�&KDNUDEDUWL��$�������
%LRFKHPLFDO�VWXGLHV�RI�VHUXP�DQG�KDLU
LQ� H[SHULPHQWDO� FDQLQH� S\RGHUPD�
,QGLDQ�9HW���-����������������

8GD\DVUHH�� 9�� -�� ������ &OLQLFRWKHUDSHXWLF
VWXGLHV�RQ�FDQLQH�S\RGHUPD��0�9�6F�
7KHVLV��.HUDOD�$JULFXOWXUDO�8QLYHUVLW\�
7KULVVXU�����S�

8QGHUZRRG��(��-�������7KH�0LQHUDO�1XWULWLRQ
RI�/LYHVWRFN���QG�HG��&RPPRQ�ZHDOWK
$JULFXOWXUDO�%XUHDX[��(QJODQG������S�

7DEOH����6HUXP�PLQHUDO�VWDWXV�RI�LQIHFWHG�DQG�FRQWURO�JURXS

3��������1RQ�VLJQLILFDQW�YDULDWLRQ


