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%LUG�&RQVHUYDWLRQ�5HVHDUFK��,QF� 

3�2��%R[���� 
3RPIUHW��&7�������86$ 

$EVWUDFW�� ,�VWXGLHG����SHUPDQHQW�UHVLGHQW�ELUG�VSHFLHV�LQ�XQIUDJPHQWHG�IRUHVWV�RI�HDVWHUQ�&RQ�
QHFWLFXW�WR�GLVFRYHU�����DUH�SRSXODWLRQV�RI�UHVLGHQW�VSHFLHV�WUXO\�VHGHQWDU\�RU�GR�WKH\�VHDVRQDOO\�
FKDQJH�LQ�GHQVLW\�DQG�GLVWULEXWLRQ�DQG����DUH�DQ\�VHDVRQDO�FKDQJHV�LQ�VSHFLHV¶�RFFXUUHQFHV�UHODW�
HG�WR�HQYLURQPHQWDO�SDUDPHWHUV�LQ�PDQQHUV�WKDW�KHOS�WR�H[SODLQ�WKH�FKDQJHV"��,�SHUIRUPHG�GXSOL�
FDWH�VXUYH\V�XVLQJ�WKH�YDULDEOH�FLUFXODU�SORW� WHFKQLTXH�DW����V\VWHPDWLFDOO\�SODFHG�WUDQVHFWV�DQG�
FKDUDFWHUL]HG�KDELWDWV�DW����SORWV��WUDQVHFW���,�UHODWHG�SRSXODWLRQ�GHQVLWLHV�WR�KDELWDW�IHDWXUHV�DQG�
DOVR� FRPSDUHG� WKH� RFFXUUHQFH� RI� LQGLYLGXDO� ELUGV� ZLWKLQ� KDELWDW� SORWV� WR� WKH� FKDUDFWHULVWLFV� RI�
WKRVH�SORWV���7KH�7XIWHG�7LWPRXVH��3RHFLOH�ELFRORU���%OXH�-D\��&\DQRFLWWD�FULVWDWD��DQG�1RUWKHUQ�
&DUGLQDO��&DUGLQDOLV�FDUGLQDOLV��VKRZHG�FRQVLVWHQW��VLJQLILFDQW�SRSXODWLRQ�GHFOLQHV��ZKHUHDV�WKH�
%ODFN-FDSSHG�&KLFNDGHH� �3�� DWULFDSLOOXV�� VKRZHG� VLJQLILFDQW� LQFUHDVHV� IURP� VXPPHU� WR�ZLQWHU�
DQG�WKH�5HG-EHOOLHG�:RRGSHFNHU��0HODQHUSHV�FDUROLQXV��KDG�QHDUO\�VLJQLILFDQW�ZLQWHU�LQFUHDVHV���
)LYH�VSHFLHV�KDG�QR�FOHDU�VHDVRQDO�WUHQG���3RSXODWLRQV�RI�VL[�RI����VSHFLHV�EHFDPH�VLJQLILFDQWO\�
PRUH�FRQFHQWUDWHG�IURP�VXPPHU�WR�ZLQWHU�DW�ORZHU��PRUH�VRXWKHUO\�HOHYDWLRQV���(YLGHQFH�IRU�WKH�
DVVRFLDWLRQ�RI�VSHFLHV�ZLWK�DVSHFWV�RI�KDELWDW�VWUXFWXUH�ZDV�OLPLWHG�UHJDUGOHVV�RI�WKH�VFDOH�XVHG�WR�
H[DPLQH�VXFK�DVVRFLDWLRQV�� �7KH� ODFN�RI� VWURQJ�VWUXFWXUDO�KDELWDW� DVVRFLDWLRQV�PD\�EH�H[SHFWHG�
DPRQJ�VSHFLHV�RIWHQ� WKRXJKW� RI�DV�EHLQJ�HFRORJLFDO� JHQHUDOLVWV�� DOWKRXJK� ILQGLQJV�DOVR�GHPRQ�
VWUDWHG� WKDW� WKH� LPSRUWDQFH� RI� VWUXFWXUDO� IHDWXUHV�ZDV� QRW� DQQXDOO\� FRQVLVWHQW�� SHUKDSV� EHFDXVH�
WKHVH� IHDWXUHV� YDULHG� LQ� WKHLU� DQQXDO� LPSRUWDQFH�� � �'HVSLWH� REVHUYHG�SRSXODWLRQ� VKLIWV� E\�PRVW�
UHVLGHQW� VSHFLHV�� LQFOXGLQJ� WKRVH� WKRXJKW� WR�EH� ODUJHO\� VHGHQWDU\�� WKH�SULQFLSDO� IDFWRU� UHODWHG� WR�
VHDVRQDO�SRSXODWLRQ�FKDQJHV�ZDV�ZLQWHULQJ�DW�ORZHU��VRXWKHUO\�HOHYDWLRQV���%HFDXVH�HOHYDWLRQ�DQG�
ODWLWXGH�DUH�VWURQJO\�UHODWHG�LQYHUVHO\�WR�DYHUDJH�WHPSHUDWXUH�LQ�&RQQHFWLFXW��ZLQWHU�PRYHPHQWV�
DUH�OLNHO\�GULYHQ�E\�SRSXODWLRQV�VHHNLQJ�OHVV�PHWDEROLFDOO\�FRVWO\�ODQGVFDSHV� 

3HUPDQHQW� UHVLGHQW� ELUG� VSHFLHV� DUH� D� KHWHURJH�
QHRXV� JURXS� WKDW� FRQVWLWXWHV� WKH� PDMRULW\� RI� ZLQWHU�
DQG� VRPH� RI� WKH�PRVW� DEXQGDQW� VXPPHU� LQKDELWDQWV�
RI� QRUWKHDVWHUQ�1RUWK�$PHULFDQ� IRUHVWV� �5RRW� ������
6DXHU�HW�DO����������'HVSLWH�WKHLU�DEXQGDQFH�LQ�IRUHVW�
FRPPXQLWLHV�� SDWWHUQV� LQ� WKHLU� VHDVRQDO� SRSXODWLRQ�
GLVWULEXWLRQV� UHPDLQ� ODUJHO\� XQTXDQWLILHG� EHORZ� WKH�
FRQWLQHQWDO� VFDOH� �H�J��� 6DXHU� HW� DO�� ������ DQG� HQYL�
URQPHQWDO�IDFWRUV�SRWHQWLDOO\�LQIOXHQFLQJ�GLVWULEXWLRQ�
VKLIWV�DUH�LQFRPSOHWHO\�VWXGLHG��� 

6WUXFWXUDO� KDELWDW� IHDWXUHV� KDYH� EHHQ� DVVRFLDWHG�
ZLWK� ODQGVFDSH� VFDOH� SDWWHUQV� RI� GLVWULEXWLRQ� DQG�
DEXQGDQFH� RI� UHVLGHQW� ELUG� VSHFLHV� GXULQJ� VXPPHU�
�&UDLJ� HW� DO�� ������ DQG�ZLQWHU� �3HDUVRQ� �������ZLWK�
IHDWXUHV� VXFK� DV� VKUXE� GHQVLW\� �'RKHUW\� DQG� *UXEE�
������� IRUHVW� FRPSRVLWLRQ� �:HOVK� DQG� /RXJKHHG�

������� WUHH� VL]H� DQG� FDQRS\� FRYHU� �0RUULVRQ� HW� DO��
������ LQIOXHQFLQJ� VSHFLHV� RFFXUUHQFH�� � 6HDVRQDO�
VKLIWV� LQ� KDELWDW� RFFXSDQF\� PD\� UHODWH� WR� VHDVRQDO�
UHGLVWULEXWLRQ�RI�SRSXODWLRQV��&UDLJ�HW�DO�������� 

7KH�GLUHFW�UHODWLRQVKLS�RI�FOLPDWH�WR�SRSXODWLRQV�
DW� WKH� ODQGVFDSH� VFDOH� LV� XQNQRZQ�� DOWKRXJK� FRQWL�
QHQW-ZLGH� VWXGLHV� KDYH� VXJJHVWHG� WKDW� UHJLRQDO� WHP�
SHUDWXUH�YDULDWLRQ�LQIOXHQFHV�GLVWULEXWLRQV��SDUWLFXODU�
O\�LQ�ZLQWHU��(YDQV�HW�DO����������5RRW��������VKRZHG�
WKDW� ���� RI� 1RUWK� $PHULFDQ� VSHFLHV� KDYH� QRUWKHUQ�
UDQJH� OLPLWV� WKDW� FRLQFLGH� ZLWK� ZLQWHU� WHPSHUDWXUH�
LVRFOLQHV�� DQG� FRQWLQHQWDO� SDWWHUQV� LQ� ZLQWHU� VSHFLHV�
ULFKQHVV� DUH� UHSRUWHG� WR� LQFUHDVH� WR� WKH� VRXWK� ZLWK�
LQFUHDVLQJ�DYHUDJH�WHPSHUDWXUHV�WR�UHJLRQV�WKDW�KDYH�
D�PD[LPXP�RI�����IURVW-IUHH�GD\V��%RFN�DQG�/HSWKH�
LQ�������(YDQV�HW�DO����������7KHVH�W\SHV�RI�UHODWLRQ�
VKLSV� DUH� WKRXJKW� WR� RFFXU� EHFDXVH� PHWDEROLF� FRVWV�
DUH�UHGXFHG�LQ�PLOGHU�FOLPDWHV��:ULJKW�������/HQQRQ�
HW�DO�������� 

��&RUUHVSRQGLQJ�DXWKRU���(-PDLO�DGGUHVV��
PDLO#ELUGFRQVHUYDWLRQUHVHDUFK��RUJ� 
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7KH����PRVW�ZLGHVSUHDG�IRUHVW�VSHFLHV�LQ�VRXWK�
HUQ�1HZ�(QJODQG��&UDLJ�HW�DO��������DUH�WKH�'RZQ\�
:RRGSHFNHU� �3LFRLGHV� SXEHVFHQV��� +DLU\� :RRG�
SHFNHU� �3�� YLOORVXV��� 5HG-EHOOLHG� :RRGSHFNHU�
�0HODQHUSHV� FDUROLQXV��� %OXH� -D\� �&\DQRFLWWD� FULV�
WDWD���%ODFN-FDSSHG�&KLFNDGHH��3RHFLOH�DWULFDSLOOXV���
7XIWHG� 7LWPRXVH� �3�� ELFRORU��� :KLWH-EUHDVWHG� 1XW�
KDWFK� �6LWWD� FDUROLQHQVLV��� $PHULFDQ� 5RELQ� �7XUGXV�
PLJUDWRULXV��� 1RUWKHUQ� &DUGLQDO� �&DUGLQDOLV� FDUGL�
QDOLV��DQG�$PHULFDQ�*ROGILQFK��6SLQXV�WULVWLV����5RE�
LQV� �6DOODEDQNV� DQG� -DPHV� ������� FDUGLQDOV� �+DONLQ�
DQG�/LQYLOOH�������DQG�JROGILQFKHV��0LGGOHWRQ�������
DUH�FRQVLGHUHG�QRQ-IRUHVW�VSHFLHV��EXW� WKH\�DUH�FRP�
PRQ� LQ� IRUHVW� RSHQLQJV� DQG� IRUHVWHG� ZHWODQGV�� DQG�
JROGILQFKHV� FDQ� EH� IUHTXHQW� ZLQWHU� LQKDELWDQWV� RI�
HYHQ�LQWHULRU�IRUHVW�FRPPXQLWLHV��&UDLJ�HW�DO���������� 

:RRGSHFNHUV� �6KDFNHOIRUG� HW� DO�� ������ -DFNVRQ�
DQG� 2XHOOHW� ������ -DFNVRQ� HW� DO�� ������� WLWPLFH�
�*UXEE� DQG� 3UDYRVXGRY� ������� FKLFNDGHHV� �/RHU\�
DQG� 1LFKROV� ������ 6PLWK� ������� QXWKDWFKHV�
�3UDYRVXGRY�DQG�*UXEE�������DQG�FDUGLQDOV��+DONLQ�
DQG�/LQYLOOH�������DUH� UHSRUWHG� WR�EH�JHQHUDOO\� VHG�
HQWDU\�� ZLWK� PRYHPHQWV� FRQILQHG� WR� VKRUW-GLVWDQFH�
MXYHQLOH�GLVSHUVDO�RU�LUUHJXODU�ZLQWHU�LUUXSWLRQ�HYHQWV���
$QHFGRWDO� HYLGHQFH� VXJJHVWV� WKDW� VRPH� LQGLYLGXDOV�
DOVR�PD\�EH�PRUH�UHJXODUO\�PLJUDWRU\�WRZDUG�QRUWK�
HUQ�UDQJH�OLPLWV��6KDFNHOIRUG�HW�DO��������-DFNVRQ�HW�
DO�� ������� �7KH� DFWXDO� H[WHQW� WR�ZKLFK� WKHVH� VSHFLHV�
PRYH� LV�� KRZHYHU�� SRRUO\� XQGHUVWRRG� �6PLWK� ������
-DFNVRQ�HW�DO��������� � ,Q�FRQWUDVW�� MD\V� �6PLWK�������
7DUYLQ� DQG� :RROIHQGHQ� ������� URELQV� �6DOODEDQNV�
DQG� -DPHV� ������ DQG� JROGILQFKHV� �0LGGOHWRQ� ������
DUH� ZHOO� GRFXPHQWHG�� UHODWLYHO\� VKRUW� GLVWDQFH� VHD�
VRQDO�PLJUDQWV��� 

,�UHSRUW�KHUH�RQ����SHUPDQHQW�UHVLGHQW�ELUG�VSH�
FLHV� RFFXUULQJ� LQ� XQIUDJPHQWHG� IRUHVWV� RI� HDVWHUQ�
&RQQHFWLFXW�WR�GLVFRYHU�WKH�IROORZLQJ�����DUH�SRSXOD�
WLRQV� RI� UHVLGHQW� VSHFLHV� WUXO\� VHGHQWDU\� RU� GR� WKH\�
VHDVRQDOO\�FKDQJH� LQ�GHQVLW\� DQG�GLVWULEXWLRQ�DQG����
DUH� DQ\� VHDVRQDO� FKDQJHV� LQ� VSHFLHV¶� RFFXUUHQFHV�
UHODWHG� WR�HQYLURQPHQWDO�SDUDPHWHUV� LQ�PDQQHUV� WKDW�
KHOS�WR�H[SODLQ�WKH�FKDQJHV" 
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6WXG\� DUHDV�� ,� FKRVH� HDVWHUQ� &RQQHFWLFXW� IRU�

VWXG\� EHFDXVH� LW� LV� SULPDULO\� IRUHVWHG� DQG� H[KLELWV�
HQYLURQPHQWDO� FRQGLWLRQV� WKDW� UDQJH� IURP�PRXQWDLQ�
RXV� WR� FRDVWDO�� � 7KH� QRUWKHUQ� KDOI� KDV� VWHHSO\� KLOO\�
WRSRJUDSK\� UHDFKLQJ� HOHYDWLRQV� RI� ���� P�� D� PHDQ�
DQQXDO� WHPSHUDWXUH� RI� ����&� DQG� ODWLWXGHV� UDQJLQJ�
QRUWK�WR������ǯ��ZKHUHDV�WKH�VRXWKHUQ�KDOI�KDV�HOHYD�
WLRQV� JHQHUDOO\� EHORZ�����P�� UDQJLQJ� WR� ��P� DW� WKH�
FRDVW��D�PHDQ�DQQXDO�WHPSHUDWXUH�RI������&�DQG�ODWL�
WXGHV� UDQJLQJ� VRXWK� WR� �����ǯ� �%UXPEDFK� ������
'RZKDQ�DQG�&UDLJ�������� �$�VWURQJ��QHJDWLYH�OLQHDU�
UHODWLRQVKLS� H[LVWV� EHWZHHQ� HOHYDWLRQ�� ODWLWXGH� DQG�
WHPSHUDWXUH� LQ� WKLV� UHJLRQ� �12$$� ������� � )RUHVW�
FRYHU� YDULHV� IURP� ���� LQ� WKH� QRUWK� WR� ���� LQ� WKH�

VRXWK�� � ,WV� PRVW� ZLGHVSUHDG� IRUHVW� DVVRFLDWLRQV� DUH�
WKRVH� GRPLQDWHG� E\� RDNV� DQG� KLFNRULHV�� DOWKRXJK� WR�
WKH� QRUWK� FRQLIHU-KDUGZRRG� DVVRFLDWLRQV� DUH� SUHVHQW�
�$OHULFK�������&UDLJ�HW�DO�������� 

,� GLYLGHG� HDVWHUQ� &RQQHFWLFXW� LQWR� QRUWKHDVWHUQ�
DQG� VRXWKHDVWHUQ� SRUWLRQV� IRU� VXUYH\V�� ZLWK� WKH�
ERXQGDU\�EHWZHHQ� WKHP�FRLQFLGHQW�ZLWK�HFRUHJLRQDO�
ERXQGDULHV� GHILQHG� E\� 'RZKDQ� DQG� &UDLJ� ���������
7KH�VRXUFH�SRRO�RI�VWXG\�VLWHV�ZDV�SXEOLF�DFFHVV�SDU�
FHOV���,�VDPSOHG�WKH�WZR�UHJLRQV�V\VWHPDWLFDOO\�ZLWK�D�
VDPSOLQJ� JULG�� UDQGRPO\� FKRRVLQJ� RQH� VWXG\� VLWH��
JULG�FHOO� DOWKRXJK�� LQ�SUDFWLFH��PDQ\�FHOOV�FRQWDLQHG�
RQO\�RQH�DYDLODEOH�FKRLFH�� � ,Q�VL[�FHOOV�ZLWK�QR�VLWHV�
DYDLODEOH��H�J��XUEDQ�DUHDV���,�VDPSOHG�VLWHV�FORVHVW�WR�
FHOO�ERXQGDULHV�RU�� LQ� WZR� LQVWDQFHV��VXEVWLWXWHG�SDU�
FHOV� LQ� UHJLRQV� ZLWK� FD� ���� IRUHVW� FRYHU� WR� VDPSOH�
PRUH�HTXLWDEO\�WKH�IRUHVWV�LQ�WKRVH�UHJLRQV���%DVHG�RQ�
WKH�VL]H�RI�WKH�UHJLRQV�DQG�WKHLU�H[WHQW�RI�IRUHVW�FRY�
HU�� ,� VXUYH\HG� ��� XQIUDJPHQWHG� IRUHVWV� �DOO� DW� OHDVW�
����KD�� LQ�QRUWKHDVWHUQ� DQG� ��� VLWHV� LQ� VRXWKHDVWHUQ�
&RQQHFWLFXW� WR� SURYLGH� VLPLODU� OHYHOV� RI� VDPSOLQJ�
LQWHQVLW\���,�VXUYH\HG�QRUWKHDVWHUQ�&RQQHFWLFXW�LQ�WKH�
VXPPHUV� RI� ����� DQG� ����� DQG� ZLQWHUV� RI�
����о����� DQG� ����о������ DQG� VRXWKHDVWHUQ� &RQ�
QHFWLFXW�LQ�WKH�VXPPHUV�RI������DQG������DQG�ZLQWHU�
RI� ����о����� DQG� ����о������ WKHUHE\� SURGXFLQJ�
GXSOLFDWH� VHWV� RI� GDWD� WKDW� FRXOG� EH� XVHG� WR� DFFRXQW�
IRU�WHPSRUDO�YDULDQFH�LQ�UHVXOWV��� 

%LUG� VXUYH\V�� ,� XVHG� WKH� YDULDEOH� FLUFXODU� SORW�
�9&3�� WHFKQLTXH� WR�GRFXPHQW�SRSXODWLRQV�RI� WKH����
PRVW�ZLGHVSUHDG�IRUHVW�VSHFLHV� �VSHFLHV�RFFXUULQJ�DW�
FD�� ���� RU� PRUH� RI� VWXG\� VLWHV�—WKRVH� IRU� ZKLFK�
VWDWLVWLFDOO\� GHIHQVLEOH� FRQFOXVLRQV� FRXOG� EH� GUDZQ���
7KH�QH[W�PRVW�FRPPRQ�VSHFLHV�� WKH�%URZQ�&UHHSHU�
�&HUWKLD� DPHULFDQD��� ZDV� SUHVHQW� DW� RQO\� ���� RI�
VWXG\�VLWHV��ZKLFK�PDGH�DWWHPSWV�DW�VWDWLVWLFDO�DQDO\�
VLV� RI� LWV� RFFXUUHQFH� LQFRQFOXVLYH�� �7KH� VSHFLHV� VXU�
YH\HG�LQFOXGHG�QHDUO\�����RI�DOO�ZLQWHULQJ�LQGLYLGX�
DOV�SUHVHQW�LQ�WKH�VWXG\�DUHD� 

5RXWHV�EHJDQ�DW�ILUVW�OLJKW��FD��������LQ�VXPPHU��
������ LQ� ZLQWHU�� DQG� ODVWHG� DERXW� ���� K�� � %HFDXVH�
REVHUYHU� GLIIHUHQFHV� LQ� SHUFHSWLRQ� FDQ� EH� JUHDW�
�0F'RQDOG� ������'DYLV� ������� ,�PDGH� DOO� REVHUYD�
WLRQV� WR� HOLPLQDWH� WKLV� VRXUFH� RI� YDULDQFH�� � ,� HVWDE�
OLVKHG�D�OLQH�WUDQVHFW�DW�HDFK�VDPSOLQJ�ORFDWLRQ��ZLWK�
WUDQVHFWV�WUDYHUVLQJ�DERXW����о��NP�RI�IRUHVW�GHSHQG�
LQJ� XSRQ� WHUUDLQ� DQG� RWKHU� ORFDO� FRQGLWLRQV�� � $ORQJ�
HDFK� WUDQVHFW�� ,� VHW� ��� SRLQWV� ����� WRWDO� SRLQWV��� WKH�
PD[LPXP�QXPEHU�,�FRXOG�VXUYH\�GXULQJ�WKH�SHDN�RI�
PRUQLQJ� ELUG� DFWLYLW\� �EHIRUH� ������ LQ� VXPPHU� DQG�
������ LQ� ZLQWHU��� DQG� UHFRUGHG� ORFDWLRQV� DQG� HOHYD�
WLRQV�RI�SRLQWV�ZLWK�D�*DUPLQ�(WUH[�JOREDO�SRVLWLRQ�
LQJ�GHYLFH�� �6XUYH\�SRLQWV�ZHUH�JHQHUDOO\�DERXW�����
P� DSDUW�� D� GLVWDQFH� HPSLULFDOO\� GHWHUPLQHG� WR�PLQL�
PL]H� GHWHFWLQJ� WKH� VDPH� ELUGV� IURP� WZR� VXFFHVVLYH�
SRLQWV�� DQG� JUHDWHU� WKDQ� WKDW� XVHG� LQ� RWKHU� VWXGLHV�
�H�J���6FRWW�HW�DO��������� �,�VDPSOHG�DW�HDFK�SRLQW� IRU�
HLJKW�PLQXWHV��D�WLPH�XVHG�IUHTXHQWO\�LQ�9&3�VXUYH\V�
EHFDXVH� LW� LV� WKRXJKW� WR�EH� VKRUW� HQRXJK� WR�DSSUR[L�
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PDWH�DQ�LQVWDQWDQHRXV�FRXQW��PLQLPL]H�PRYHPHQW�RI�
ELUGV���\HW�ORQJ�HQRXJK�WR�UHFRUG�DGHTXDWHO\�DOO�ELUGV�
SUHVHQW� �'H6DQWH� ������ 6FRWW� HW� DO�� ������� �$W� HDFK�
SRLQW�� ,� HVWLPDWHG� WKH�KRUL]RQWDO�GLVWDQFH�DW� ILUVW�GH�
WHFWLRQ� �YLUWXDOO\� DOZD\V� DXUDO�� WR� DOO� ELUGV� HQFRXQ�
WHUHG��� 

(QYLURQPHQWDO�PHDVXUHPHQWV��$IWHU�HDFK�ELUG�
VXUYH\�� ,�YLVXDOO\�HYDOXDWHG�KDELWDW�VWUXFWXUH� LQ�D����
P� UDGLXV� IURP� HDFK� VDPSOLQJ� VWDWLRQ�� YHULI\LQJ� DQG�
UHILQLQJ�WKHVH�GHWHUPLQDWLRQV�GXULQJ�P\�DW�OHDVW�IRXU�
YLVLWV��VLWH���7R�HYDOXDWH��,�XVHG�JOREDO�SRVLWLRQLQJ�WR�
ZDON� D� VWUDLJKW� OLQH�EHJLQQLQJ����P�EHIRUH� WR����P�
SDVW�D�VDPSOH�SRLQW��DQG�REVHUYHG�LQ�DOO�GLUHFWLRQV�WR�
���P�ZKHQ�DW�WKH�VDPSOH�SRLQW���,�FKRVH�WR�HVWDEOLVK�
PXFK� ODUJHU� VWXG\�SORWV� WKDQ� WKRVH� W\SLFDOO\�XVHG� LQ�
IRUHVW�KDELWDW�HYDOXDWLRQV��H�J��$OHULFK�������EHFDXVH�
WKH\� VDPSOHG� DW� D� VFDOH�PRUH� OLNH� WKDW� DW�ZKLFK� WKH�
PDMRULW\� RI� ELUG� VSHFLHV� LQ� WKLV� VWXG\� DFWXDOO\� XVHG�
IRUHVWV�� � ,�XVHG�8��6��)RUHVW�6HUYLFH� �86)6��FULWHULD�
�$OHULFK� ������ LQ� HVWLPDWLQJ� WR� WKH� QHDUHVW� ���� D��
IRUHVW� W\SH�� ��� GHFLGXRXV�������HYHUJUHHQ� FRQLIHUV��
���PL[HG����о����HYHUJUHHQ�FRQLIHURXV�����FRQLIHU�
RXV�� !� ���� HYHUJUHHQ� FRQLIHUV�� DQG� � E�� YHJHWDWLRQ�
W\SH�� ��� RDN–GRPLQDWHG� �RDN�� KLFNRU\�� EODFN� ELUFK��
%HWXOD� OHQWD��� ��� PL[HG� GHFLGXRXV� �H�J�� UHG� PDSOH��
$FHU�UXEUXP��ZKLWH�DVK��)UD[LQXV�DPHULFDQD��\HOORZ�
SRSODU��/LULRGHQGURQ�WXOLSLIHUD������FRQLIHU-KDUGZRRG�
�H�J��� HDVWHUQ� KHPORFN�� 7VXJD� FDQDGHQVLV�� HDVWHUQ�
ZKLWH�SLQH��3LQXV�VWUREXV��QRUWKHUQ�UHG�RDN��4XHUFXV�
UXEUD�� VXJDU�PDSOH��$�� VDFFKDUXPо$PHULFDQ�EHHFK��
)DJXV�JUDQGLIORUD�� \HOORZ�ELUFK��%��DOOHJKDQLHQVLV���
��� SLQHоRDN� �H�J��� HDVWHUQ�ZKLWH� SLQH�� SLWFK� SLQH��3��
ULJLGD�� VFDUOHW�RDN��4�� FRFFLQHD������FRQLIHU� �HDVWHUQ�
KHPORFN��HDVWHUQ�ZKLWH�SLQH��SODQWDWLRQ�FRQLIHUV������
PL[HG� VLWHV� �H�J��� KDOI� RDN-GRPLQDWHG�� KDOI� PL[HG�
GHFLGXRXV���� 

0\�YHJHWDWLRQ�GHILQLWLRQV� VOLJKWO\�GLIIHUHG�IURP�
WKRVH� RI� 86)6� WR� EHWWHU� UHIOHFW� IRUHVW� FRQGLWLRQV� LQ�
WKH�VWXG\�DUHD���9LUWXDOO\�QRQH�RI�WKH�86)6�³QRUWKHUQ�
KDUGZRRG´�FDWHJRU\��EHHFK-ELUFK-PDSOH�DVVRFLDWLRQV�
W\SLFDOO\� IRXQG� DFURVV� QRUWKHUQ� 1HZ� (QJODQG�� LV�
WUXO\� SUHVHQW�� VR� WR� SRUWUD\� PRUH� DFFXUDWHO\� ORFDO�
IRUHVWV� WKDW� ZHUH� QRUWKHUQ-DVVRFLDWHG�� ,� DGGHG� WKH�
UHVWULFWLRQ� WKDW� DW� OHDVW� ���� RI� WKH� IRUHVW� EH� FRP�
SRVHG� RI� FRQLIHUV�� � 7KLV� GLVWLQJXLVKHG� VXFK� IRUHVWV�
IURP�DVVRFLDWLRQV�IRXQG�LQ�W\SLFDOO\�PHVLF�RU�K\GULF�
FRQGLWLRQV�� VXFK� DV� UHG� PDSOH-VXJDU� PDSOH-\HOORZ�
ELUFK�IRUHVWV��DQG�PRUH�HIIHFWLYHO\�UHVWULFWHG�WKH�YHJ�
HWDWLRQ� W\SH� WR� RQH� LQ� ZKLFK� RWKHU� W\SLFDO� QRUWKHUQ�
FRPPXQLW\� DVVRFLDWHV�� VXFK� DV� 6WULSHG� 0DSOH� �$��
SHQV\OYDQLFXP��DQG�+REEOHEXVK��9LEXUQXP�DOQLIROL�
XP���DOVR�ZHUH�SUHVHQW����,�JURXSHG�WKH�PHVLF�DVVRFLD�
WLRQV� LQWR� ³HOP-DVK-PDSOH´� IRUHVWV� RI� 86)6�� ZKLFK�
DUH�DOVR�DVVRFLDWHG�ZLWK�PHVLF�FRQGLWLRQV���0RUHRYHU��
,�LQFOXGHG�DVVRFLDWLRQV�ZLWK�D�PLQLPXP�RI�����SLQH�
FRYHU��LQVWHDG�RI�WKH�����UHTXLUHG�E\�86)6�DV�SLQH-
RDN�IRUHVWV��EHFDXVH�,�IRXQG�����WR�EH�FORVHU�WR�WKH�
PLQLPXP� FRQLIHU� FRYHU� W\SLFDOO\� XVHG� E\� FRQLIHU-

DVVRFLDWHG�ELUG�VSHFLHV� 
&RQVLGHULQJ�WKH�YHU\�ODUJH�VL]H�RI�VWXG\�SORWV��,�

FKRVH�WR�HYDOXDWH�DGGLWLRQDO�KDELWDW�YDULDEOHV�E\�SDU�
WLWLRQLQJ� LQWR� FDWHJRULHV� WKH� PDMRU� GLVWLQFWLRQV� LQ�
WKHLU� RFFXUUHQFH� �UDWLRQDOH� GHWDLOHG� E\� &UDLJ� HW� DO��
�������F��PRLVWXUH�UHJLPH�����K\GULF��SRRUO\�GUDLQHG�
ZHWODQG�FRQGLWLRQV�����PHVLF��ZHOO�GUDLQHG�VRLOV�ZLWK�
SODQW� FRPPXQLWLHV� W\SLFDO� RI� PRLVW� FRQGLWLRQV�� ���
[HULF�� H[SRVHG� EHGURFN� DQG� VDQG\�� JUDYHOO\� FRQGL�
WLRQV�FKDUDFWHUL]HG�E\�GU\�VLWH�SODQW�FRPPXQLWLHV��G��
SUHYDLOLQJ�FDQRS\�WUHH�GEK�����\RXQJ�IRUHVW�������FP��
��� PDWXUH� IRUHVW�� !��о��� FP�� ��� ROG� JURZWK�� !� ���
FP�� H�� FDQRS\� FRYHU�� ��� RSHQ�������FDQRS\� FRYHU��
����VHPL-RSHQ����о����FRYHU�����FORVHG��!����FRY�
HU��I��XQGHUVWRU\�GHQVLW\���о��P�WDOO������RSHQ�������
FRYHU�� ���PRGHUDWH�� ��о����FRYHU�� ��� GHQVH��!����
FRYHU�� �,�XVHG�WKH�QXPHULF�YDOXHV�OLVWHG�LQ�DQDO\]LQJ�
KDELWDW�GDWD� IURP�SORWV�� �%HFDXVH� ODWLWXGH�DQG�HOHYD�
WLRQ� DUH� FORVHO\� UHODWHG� DQG� VKRZ� D� VWURQJ� UHODWLRQ�
VKLS� WR� ORFDO� WHPSHUDWXUH� UHJLPHV� LQ� &RQQHFWLFXW�
�%UXPEDFK� ������ 12$$� ������� IRU� HDFK� WUDQVHFW� ,�
GLYLGHG� HOHYDWLRQ� E\� ODWLWXGH�� WKHUHE\� SURGXFLQJ� D�
ORFDWLRQ� YDULDEOH� WKDW� VFDOHG� WKH� HIIHFWV� RI� HOHYDWLRQ�
ZLWK�UHVSHFW�WR�ODWLWXGH���7KLV�YDULDEOH�EHWWHU�SUHGLFW�
HG� KDELWDW� UHODWLRQVKLSV� WKDQ� LWV� FRPSRQHQWV� LQ� H[�
SORUDWRU\�DQDO\VHV� 

,� DVVLJQHG� SORWV� DQ� LQWHUPHGLDWH� QXPHULF� YDOXH�
�H�J�������ZKHQ� WKH\�KDG� LQWHUPHGLDWH�FKDUDFWHULVWLFV�
�H�J�� KDOI� RI� D� SORW� ZDV� K\GULF� DQG� KDOI�PHVLF��� � ,I��
KRZHYHU�� D�SORW�ZDV�FRPSULVHG�RI�!����RI�D� VLQJOH�
FDWHJRU\��,�DVVLJQHG�WKH�SORW�WKH�YDOXH�RI�WKDW�FDWHJR�
U\�� � $OWKRXJK� ,� DWWHPSWHG� WR� DSSUR[LPDWH� UDQGRP�
VDPSOLQJ�RI�KDELWDWV��SURGXFLQJ�D�WUXO\�UDQGRP�VDP�
SOH�IRU�D�UHJLRQ�ZKHUH�PRVW�ODQG�LV�LQ�SULYDWH�RZQHU�
VKLS�ZDV� LPSRVVLEOH�� �+HQFH�� ,� FRPSDUHG�P\�REVHU�
YDWLRQV�ZLWK�LQGHSHQGHQWO\�JDWKHUHG�8�6��)RUHVW�6HU�
YLFH�GDWD�RQ�IRUHVW�YHJHWDWLRQ��$OHULFK������� WR� IXU�
WKHU� HYDOXDWH� ZKHWKHU� P\� VDPSOLQJ� ZDV� UHSUHVHQWD�
WLYH��� 

$QDO\VLV�� � ,�HYDOXDWHG�FROOLQHDULW\�DPRQJ�HOHYD�
WLRQ�ODWLWXGH�DQG�KDELWDW�YDULDEOHV�E\�H[DPLQLQJ�GDWD�
SORWV�� 3HDUVRQ� FRUUHODWLRQ� PDWULFHV� DQG� UHJUHVVLRQ�
FROOLQHDULW\�GLDJQRVWLFV�ZLWK�6366�YHUVLRQ������VRIW�
ZDUH� �6366� ������� � )RUHVW� DQG� YHJHWDWLRQ� W\SH�
SURYHG� VLJQLILFDQWO\� FRUUHODWHG�� VR� ,� GURSSHG� IRUHVW�
W\SH� IURP� IXUWKHU� DQDO\VLV� EHFDXVH� YHJHWDWLRQ� W\SH�
\LHOGHG� D�PRUH�GHWDLOHG� YLHZ�RI� IRUHVW� FRPSRVLWLRQ���
2WKHU�YDULDEOHV�VKRZHG�QR�VLJQLILFDQW�UHODWLRQVKLS� 

,� FDOFXODWHG� SRSXODWLRQ� GHQVLWLHV� ZLWK� 'LVWDQFH�
����VRIWZDUH��7KRPDV�HW�DO���������XVLQJ�ILHOG�GDWD�RQ�
GHWHFWLRQ� GLVWDQFHV� WR� FRPSXWH� GHWHFWLRQ� IXQFWLRQV���
&KRRVLQJ�D�IXQFWLRQ�ZDV�LWHUDWLYH��LQYROYLQJ�SURJUHV�
VLYH�UHILQHPHQWV� WR�SURGXFH�D�PRGHO� WKDW�PLQLPL]HG�
YDULDQFH�DQG�\LHOGHG�D�FXUYH�ZLWK�QHDU������GHWHF�
WLRQ� SUREDELOLW\� ZKHQ� GHWHFWLRQ� GLVWDQFH� ZDV� ]HUR���
'XULQJ�PRGHO� VHOHFWLRQ�� ,� JURXSHG� VLPLODU� GLVWDQFHV�
WR� PLQLPL]H� GDWD� ³KHDSLQJ´� DQG� WR� LPSURYH� WKH� UR�
EXVWQHVV� RI� GHQVLW\� HVWLPDWLRQV�� DQG� ,� GURSSHG� WKH�



&UDLJ�ā�6($621$/�3238/$7,216�6+,)76�2)�)25(67�%,5'6 

� 

 

 

ODUJHVW��о����RI�GHWHFWLRQ�GDWD�WR�HOLPLQDWH�RXWOLHUV���
,�H[SORUHG�GDWD�ILW�WR�PRGHOV�UHFRPPHQGHG�E\�%XFN�
ODQG�HW�DO���������DQG�FKRVH�WKH�EHVW�ILWWLQJ�PRGHO�E\�
YLVXDO� LQVSHFWLRQ� RI� SORWWHG� GDWD�� ZLWK� $NDLNH¶V� ,Q�
IRUPDWLRQ� &ULWHULRQ� DQG� ZLWK� FKL-VTXDUH� WHVWV�� � ,Q�
LQVWDQFHV� ZKHUH� VSHFLHV� RFFXUUHG� LQ� IORFNV�� WKHVH�
�WHUPHG� FOXVWHUV� E\� WKH� VRIWZDUH�� ZHUH� WKH� EDVLV� RI�
GHQVLW\�PHDVXUHPHQW��%XFNODQG�HW�DO����������,�FRP�
SXWHG� VHSDUDWH� GHWHFWLRQ� IXQFWLRQV� IRU� ZLQWHU� DQG�
VXPPHU� WR� DFFRXQW� IRU� GLIIHUHQFHV� LQ� GHWHFWDELOLW\�
DQG� VRFLDO� RUJDQL]DWLRQ� WKDW� RFFXUUHG� EHWZHHQ� VHD�
VRQV� 

%HFDXVH� ,� GXSOLFDWHG� REVHUYDWLRQV� LQ� QRUWKHDVW�
HUQ� DQG� VRXWKHDVWHUQ�&RQQHFWLFXW�� ,�ZDV� DEOH� WR� H[�
DPLQH� UHJLRQDO� GLIIHUHQFHV� LQ� OLJKW� RI� DQQXDO� YDULD�
WLRQ�LQ�SRSXODWLRQV����+RZHYHU��PRVW�SRSXODWLRQ�GDWD�
ZHUH�QRW�QRUPDOO\�GLVWULEXWHG��ZLWK�SDUWLFXODUO\�ZLQ�
WHU� GDWD� WHQGLQJ� WR� KDYH� SUREDELOLW\� GLVWULEXWLRQV�
VNHZHG� WRZDUG� PRUH� ORZ-GHQVLW\� SRSXODWLRQV�� � 7R�
VHHN�HYLGHQFH�IRU�VHDVRQDO�FKDQJHV�LQ�SRSXODWLRQV��,�
SHUIRUPHG� ��� VHSDUDWH� QRQSDUDPHWULF�:LOFR[RQ� WHVW�
VLJQLILFDQFH� WHVWV�� FRUUHFWLQJ� IRU� WUXH� Į� OHYHOV� ZLWK�
WKH� IDOVH� GLVFRYHU\� UDWH� PHWKRG� �%HQMDPLQL� DQG�
+RFKEHUJ�������� �,�FRPSXWHG�VXPPHU-ZLQWHU�GLIIHU�
HQFHV� LQ� SRSXODWLRQV� WKDW� ZHUH� QHJDWLYH� ZKHQ� VXP�
PHU�YDOXHV�ZHUH�ORZHVW�DQG�SRVLWLYH�ZKHQ�WKH\�ZHUH�
JUHDWHVW�WR�GHWHUPLQH�LI�SRSXODWLRQV�VKLIWHG�JHRJUDSK�
LFDOO\� RU� FKDQJHG� SDWWHUQV� RI� RFFXUUHQFH� LQ� KDELWDWV�
IURP� VXPPHU� WR�ZLQWHU�� �&RPSXWLQJ� LQ� WKLV�PDQQHU�
\LHOGHG�GDWD�WKDW�PHW�SDUDPHWULF�DVVXPSWLRQV���,�XVHG�
D�UHSHDWHG�PHDVXUHV�UHJUHVVLRQ�DQDO\VLV�WR�HQWHU�SRS�
XODWLRQ� GLIIHUHQFHV�ZLWKLQ� \HDUV� DV� GHSHQGHQW� YDULD�
EOHV� DQG� PHDQ� WUDQVHFW� YDOXHV� RI� YHJHWDWLRQ� W\SHV�
�SURSRUWLRQDWH�FRYHU���PRLVWXUH� UHJLPH��GEK��FDQRS\�
FRYHU�� XQGHUVWRU\� GHQVLW\� DQG� ORFDWLRQ� DV� LQGHSHQG�
HQW�YDULDEOHV���,Q�WKLV�DQG�RWKHU�WHVWV��,�FKHFNHG�WKH�ILW�
WR�PRGHO�DVVXPSWLRQV�ZLWK�GDWD�SORWV��IUHTXHQF\�KLV�
WRJUDPV�� UHVLGXDO� SORWV� DQG� .ROPRJRURY-6PLUQRY�
QRUPDOLW\� WHVWV�� � ,� FRQVLGHUHG� WKH� VLJQLILFDQFH�RI�HI�
IHFWV�DQG�h ���SDUWLDO�HWD��—DQ�HVWLPDWH�RI�HIIHFW�VL]H��
LQ� DVVHVVLQJ� WHVW� UHVXOWV�� � ,Q� WKH� FDVH� RI� WKH�'RZQ\�
:RRGSHFNHU�� ,� UHVFDOHG� VHDVRQDO� GLIIHUHQFHV� WR� DOO�
SRVLWLYH�YDOXHV�E\�DGGLQJ���� WR�HDFK�EHIRUH�FRPSX�
WLQJ� D� WUDQVIRUPDWLRQ� WR� \LHOG� QRUPDOO\� GLVWULEXWHG�
GDWD�� � ,Q� WKH� FDVH� RI� WKH� 5HG-EHOOLHG� :RRGSHFNHU��
ZKHUH�GDWD�FRQIRUPHG�SRRUO\� WR�SDUDPHWULF�DVVXPS�
WLRQV�� ,� VRXJKW� FRUUHODWLRQV� RI� SRSXODWLRQ� ZLWK� JHR�
JUDSKLF�ORFDWLRQ�DQG�KDELWDW�VWUXFWXUH�XVLQJ�WKH�QRQ�
SDUDPHWULF�.HQGDOO¶V�WDX-E�VWDWLVWLF��FRUUHFWLQJ�Į�OHY�
HOV� IRU� PXOWLSOH� K\SRWKHVLV� WHVWV� ZLWK� WKH� IDOVH� GLV�
FRYHU\�UDWH�PHWKRG� 

,� DOVR� ORRNHG� IRU� HYLGHQFH� RI� VSHFLHV-KDELWDW�
UHODWLRQVKLSV�E\�FRPSLOLQJ�KDELWDW�PHDVXUHV�DVVRFLDW�
HG�ZLWK�LQGLYLGXDO�ELUGV�GHWHFWHG�ZLWKLQ�KDELWDW�SORWV�
GXULQJ� 9&3� VDPSOLQJ�� � %HFDXVH� KDELWDW� PHDVXUHV�
WKXV� GHULYHG� ZHUH� ODUJHO\� FDWHJRULFDO�� ,� UHODWHG� VHD�
VRQDO� RFFXUUHQFHV� RI� ELUGV� WR� KDELWDW� ZLWK� VWHSZLVH�
ELQDU\�ORJLVWLF�UHJUHVVLRQ�DQDO\VLV���,�SHUIRUPHG�DQDO�
\VHV�RQ�GDWD�ZLWK�D�OHYHO�RI�SUHFLVLRQ�RI�������RI�WKH�

����FRQILGHQFH�LQWHUYDO��ZKLFK�WUDQVODWHG�WR�D�PLQL�
PXP�VDPSOH�VL]H�RI����REVHUYDWLRQV��VHDVRQ��\HDU��D�
VL]H� VLPLODU� WR� WKDW� FRPSXWHG� E\� 0RUULVRQ� HW� DO��
������� IRU� FRPSDUDEOH� DQDO\VHV�� � :KHQ� DQDO\]LQJ�
KDELWDW� DIILOLDWLRQV� RI� IORFNLQJ� VSHFLHV�� ,� XVHG� RQO\�
RQH� REVHUYDWLRQ�IORFN� WR� SUHVHUYH� VWDWLVWLFDO� LQGH�
SHQGHQFH� RI� REVHUYDWLRQV�� � %HFDXVH� REVHUYDWLRQV� DW�
LQGLYLGXDO� VXUYH\�SRLQWV�ZHUH�EULHI�HQRXJK�VR� WKDW� ,�
FRXOG� GLVWLQJXLVK� HDFK� LQGLYLGXDO� SUHVHQW� DQG� EH�
FDXVH�WKH�GLVWDQFH�EHWZHHQ�VDPSOLQJ�VWDWLRQV�ZDV�FD��
���� P�� ,� DVVXPHG� WKDW� KDELWDW� PHDVXUHV� REWDLQHG�
ZHUH�IURP�VHSDUDWH�LQGLYLGXDOV���,�HYDOXDWHG�PRGHO�ILW�
ZLWK� WKH� 1DJHONHUNH� U��� +RVPHU� DQG� /HPHVKRZ�
JRRGQHVV�RI�ILW�WHVW��–��ORJ�OLNHOLKRRG�SUREDELOLW\�DQG�
WKH�SHUFHQW�RI�REVHUYDWLRQV�FRUUHFWO\�FODVVLILHG�E\�WKH�
PRGHO� 
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:KHQ�,�FRPSDUHG�P\�HVWLPDWHV�RI�86)6�YHJHWD�

WLRQ�FRYHU�ZLWK�WKRVH�RI�$OHULFK���������,�IRXQG�WKDW�
WKH\� ZHUH� JHQHUDOO\� ZLWKLQ� VWDQGDUG� HUURU� PHDVXUHV�
RI� HDFK� RWKHU�� � 0\� ���� SORWV� VDPSOHG� DQ� DUHD� RI�
�������KD�LQ�HDVWHUQ�&RQQHFWLFXW��FRPSDUHG�ZLWK�����
86)6� SORWV� FRYHULQJ� ����� KD� IRU� WKH� HQWLUH� VWDWH���
6WDQGDUG� HUURU� HVWLPDWHV� VKRZHG� WKDW� P\� GDWD� KDG�
JUHDWHU� SUHFLVLRQ� WKDQ� WKRVH�RI�86)6�DQG�� FRQVLGHU�
LQJ� P\� PXFK� JUHDWHU� VDPSOLQJ� DUHD�� OLNHO\� JUHDWHU�
DFFXUDF\� 

7KH� 7XIWHG� 7LWPRXVH�� %OXH� -D\� DQG� 1RUWKHUQ�
&DUGLQDO� VKRZHG� FRQVLVWHQW�� VLJQLILFDQW� SRSXODWLRQ�
GHFOLQHV� IURP� VXPPHU� WR� ZLQWHU�� DYHUDJLQJ� �����
����DQG������ UHVSHFWLYHO\�� � ,Q�FRQWUDVW�� WKH�%ODFN-
FDSSHG�&KLFNDGHH�VLJQLILFDQWO\�LQFUHDVHG�DQ�DYHUDJH�
RI�����IURP�VXPPHU� WR�ZLQWHU� LQ�RQH�DQG�SUREDEO\�
ERWK�VHWV�RI�VWXG\�\HDUV��DQG� WKH�5HG-EHOOLHG�:RRG�
SHFNHU� VKRZHG� D� QHDUO\� VLJQLILFDQW� ZLQWHU� LQFUHDVH�
WKDW� DYHUDJHG� ���� IRU� ERWK� VHWV� RI� \HDUV�� � 7KH� UH�
PDLQLQJ� ILYH� VSHFLHV� VWXGLHG� VKRZHG� OLWWOH� VHDVRQDO�
YDULDWLRQ� RU� QR� FRQVLVWHQW� WUHQG� �7DEOH� ���� � 'HVSLWH�
WKH�GHFOLQHV� UHJLVWHUHG�E\� WKUHH� VSHFLHV�� SRSXODWLRQV�
RI�VL[�RI����EHFDPH�VLJQLILFDQWO\�PRUH�FRQFHQWUDWHG�
DW� WKH� ORZHU� HOHYDWLRQV� RI� VRXWKHDVWHUQ� &RQQHFWLFXW�
IURP� VXPPHU� WR� ZLQWHU� DOWKRXJK�� EDVHG� RQ�h �� YDO�
XHV�� WKH� UHODWLRQVKLS�ZDV�PRGHVW� �7DEOH����� �0RUHR�
YHU�� WKH� 5HG-EHOOLHG� :RRGSHFNHU� DQG� 7XIWHG� 7LW�
PRXVH�WHQGHG�WRZDUG�D�VKLIW�LQ�SRSXODWLRQV�WR�VRXWK�
HDVWHUQ� &RQQHFWLFXW�� � 2QO\� WKH� 'RZQ\� DQG� +DLU\�
:RRGSHFNHUV�VKRZHG�QR�FOHDU� WUHQG� WRZDUG�SRSXOD�
WLRQ� PRYHPHQWV�� � 7KH� $PHULFDQ� *ROGILQFK� DOVR�
GHPRQVWUDWHG�D�VLJQLILFDQW�WHPSRUDO�FKDQJH�LQ�SRSX�
ODWLRQV��ZLWK�VXPPHU�WR�ZLQWHU�SRSXODWLRQV�XQGHUJR�
LQJ� D� GHFOLQH� LQ� ����о����� DQG� DQ� LQFUHDVH� LQ�
����о������7DEOH������ 

3RSXODWLRQV� RI� VSHFLHV� VKRZHG� IHZ� VLJQLILFDQW�
VKLIWV� LQ� VHDVRQDO� DVVRFLDWLRQV� ZLWK� KDELWDWV� DQG� QR�
VKLIWV� RFFXUUHG� GXULQJ� ERWK� VHWV� RI� REVHUYDWLRQV�
�7DEOH����� �:LQWHU�5HG-EHOOLHG�:RRGSHFNHU�SRSXOD�
WLRQV� LQFUHDVHG� RYHU� WKRVH� RI� VXPPHU� LQ� IRUHVWV� RI�
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PRUH� RSHQ� FDQRSLHV� LQ� ����о������ �:LQWHU�$PHUL�
FDQ� *ROGILQFK� SRSXODWLRQV� LQFUHDVHG� RYHU� WKRVH� RI�
VXPPHU� LQ�PRUH� GHFLGXRXV� YHJHWDWLRQ� �SULPDULO\� LQ�
����о������DQG�LQ�IRUHVWV�ZLWK�PRUH�FORVHG�FDQRSLHV�
�SULPDULO\�LQ�����о������ 

'DWD�RQ�LQGLYLGXDO�ELUGV�REVHUYHG�ZLWKLQ�KDELWDW�
SORWV�VKRZHG�WKDW�ORFDWLRQ�VLJQLILFDQWO\�GLVWLQJXLVKHG�
VXPPHU�YV��ZLQWHU�RFFXUUHQFH�GXULQJ�DW�OHDVW�RQH�VHW�
RI� \HDUV� IRU� IRXU� RI� VL[� VSHFLHV� ZLWK� VXIILFLHQW� GDWD�
IRU� DQDO\VLV�� DQG� DOO� VSHFLHV� VKRZHG� DW� OHDVW� D�ZHDN�
WUHQG� WRZDUG� RFFXUULQJ� LQ� ZLQWHU� KDELWDWV� RI� ORZHU��
VRXWKHUO\� HOHYDWLRQV� �7DEOH� ������ � 0RUHRYHU�� WKUHH�
VSHFLHV�H[KLELWHG�D�VLJQLILFDQW�VHDVRQDO�FKDQJH�LQ�XVH�
RI�YHJHWDWLRQ�GXULQJ�DW�OHDVW�RQH�VHW�RI�\HDUV��ZLWK�WKH�
7XIWHG�7LWPRXVH�DQG�$PHULFDQ�*ROGILQFK�VKLIWLQJ�WR�
LQFUHDVLQJO\� GHFLGXRXV� DVVRFLDWLRQV� DQG� WKH� :KLWH-
EUHDVWHG�1XWKDWFK�VKLIWLQJ�WR�LQFUHDVLQJO\�FRQLIHURXV�
DVVRFLDWLRQV�IURP�VXPPHU�WR�ZLQWHU��7DEOH��������7KH�
7XIWHG� 7LWPRXVH� DOVR� PRYHG� LQWR� ZLQWHU� KDELWDWV�
ZLWK� GHQVHU� XQGHUVWRULHV� GXULQJ� RQH� VHW� RI� \HDUV�
�7DEOH���������7KH�$PHULFDQ�5RELQ�ZDV�WKH�RQO\�VSH�
FLHV� WR�VKRZ�QR�VLJQLILFDQW�KDELWDW�VKLIWV�� �+RZHYHU��
GHVSLWH�WKH�RFFXUUHQFH�RI�VRPH�VLJQLILFDQW�WUHQGV��WKH�
VWUHQJWK�RI�REVHUYHG�VKLIWV�ZDV�LQ�DOO�FDVHV�VXEWOH�DQG�

YDULDEOH�DPRQJ�\HDUV��7DEOH���� 
 

',6&866,21 
 
7KLV� VWXG\�GHPRQVWUDWHV� WKDW� VSHFLHV� WKRXJKW� WR�

EH� ODUJHO\� VHGHQWDU\�� LQFOXGLQJ� WKH�7XIWHG�7LWPRXVH�
�*UXEE�DQG�3UDYRVXGRY�������DQG�1RUWKHUQ�&DUGLQDO�
�+DONLQ� DQG� /LQYLOOH� ������� LQVWHDG� XQGHUJR� ZLQWHU�
SRSXODWLRQ� GHFOLQHV� LQ� HDVWHUQ�&RQQHFWLFXW�� ZKHUHDV�
WKH� %ODFN-FDSSHG� &KLFNDGHH� �/RHU\� DQG� 1LFKROV�
������6PLWK�������DQG�OLNHO\�WKH�5HG-EHOOLHG�:RRG�
SHFNHU� �6KDFNHOIRUG�HW�DO��������XQGHUJR�SRSXODWLRQ�
LQFUHDVHV���7KH�WLWPRXVH�DQG�FDUGLQDO�DUH�PRUH�VRXWK�
HUO\-GLVWULEXWHG�DQG�ZHUH�YLUWXDOO\�DEVHQW� IURP�&RQ�
QHFWLFXW� EHIRUH� ����� �=HUDQVNL� DQG� %DSWLVW� �������
ZKLFK� VXJJHVWV� WKDW� WKHVH� QRUWKHUQPRVW� SRSXODWLRQV�
PRYH�VRXWK�RXW�RI� WKH�VWXG\�DUHD�UDWKHU�WKDQ�H[SHUL�
HQFH�PRUWDOLW\�� � ,Q� FRQWUDVW�� QRUWKHUQ�SRSXODWLRQV�RI�
WKH� PRUH� QRUWKHUO\-GLVWULEXWHG� FKLFNDGHH� DSSHDU� WR�
PRYH� LQWR� WKH� UHJLRQ�� DV� WKH\� SUHYLRXVO\� KDYH� EHHQ�
VXVSHFWHG� RI� GRLQJ� LQ� 1HZ� (QJODQG� �6PLWK� ������
DQG�DOVR�PD\�GR�LQ�WKH�3DFLILF�1RUWKZHVW��0RUULVRQ�
HW�DO����������7KH�ZHDN�EXW�FRQVLVWHQW�LQFUHDVH�RI�WKH�
5HG-EHOOLHG�:RRGSHFNHU�LV�PRUH�SUREOHPDWLF��DV�WKLV�
VSHFLHV� LV� YHU\� QHDU� LWV� QRUWKHUQ� UDQJH� OLPLW� DQG�

7$%/(����6HDVRQDO�GHQVLWLHV��ELUGV��NP����6'��RI�SHUPDQHQW�UHVLGHQW�IRUHVW�ELUGV�ZLWK�WHVWV�RI�VLJQLILFDQW�VHDVRQDO�
GLIIHUHQFH�FRUUHFWHG�IRU�IDOVH�GLVFRYHU\�UDWH�� 

6SHFLHV 6XPPHU  :LQWHU   

 
:LOFR[RQ�
WHVW�3 

 
 

  ����о���� ����о���� ����о���� ����о���� 
 

����о����� 
 

����о���� 

5HG-EHOOLHG�:RRGSHFNHU ������� ������� ������� ������� 
 

������ 
 

����� 

'RZQ\�:RRGSHFNHU ������� ������� ������� ������� 

 
������ 

 
����� 

+DLU\�:RRGSHFNHU ������� ������� ������� ������� 

 
������ 

 
����� 

%OXH�-D\ ������� ������� ������� ������� 
 

�������� 
 

������� 

%ODFN-FDSSHG�&KLFNDGHH �������� �������� ��������� ��������� 

 
����� 

 
������� 

7XIWHG�7LWPRXVH ��������� ��������� ��������� ��������� 

 
�������� 

 
�������� 

:KLWH-EUHDVWHG�1XWKDWFK ������� ������� ������� ������� 

 
������ 

 
����� 

$PHULFDQ�5RELQ ������� ������� ������� �������� 

 
������ 

 
����� 

1RUWKHUQ�&DUGLQDO ������� ������� ������� ������� 

 
�������� 

 
��������� 

$PHULFDQ�*ROGILQFK �������� �������� ��������� ��������� 

 
����� 

 
����� 
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PLJKW�DOVR�EH�H[SHFWHG� WR�GHFOLQH�DV�ELUGV� OHDYH� WKH�
UHJLRQ� LQ� ZLQWHU�� DV� WKH\� PD\� GR� LQ� 0LFKLJDQ�
�0F3HHN�DQG�3LWFKHU���������7KH�IDFW�WKDW�WKH�VSHFLHV�
WHQGV�WR�FRQFHQWUDWH�LQ�VRXWKHDVWHUQ�&RQQHFWLFXW�OLNH�
O\� LQGLFDWHV� WKDW� WKH� VPDOO� SRSXODWLRQ� WR� WKH� QRUWK�
MRLQV� QRUWKHUQ� &RQQHFWLFXW� ELUGV� LQ� ZLQWHULQJ� WKHUH��
SURGXFLQJ�D�VPDOO�EXW�GHWHFWDEOH�LQFUHDVH��� 

7KDW� ZLQWHU� SRSXODWLRQV� RI� HLJKW� RI� ��� VSHFLHV�
DOVR� H[KLELW� DW� OHDVW� WUHQGV� WRZDUG� FRQFHQWUDWLQJ� LQ�
ORZHU� HOHYDWLRQ�� VRXWKHDVWHUQ� &RQQHFWLFXW� IXUWKHU�

VXJJHVWV� VHDVRQDO� PRYHPHQWV� E\� PRVW� UHVLGHQWV���
2EVHUYDWLRQV� WKDW� VSHFLHV� WHQG� WR� RFFXU� PRUH� IUH�
TXHQWO\� LQ� ZLQWHU� KDELWDW� SORWV� RI� ORZHU�� VRXWKHUO\�
HOHYDWLRQV� FRUURERUDWHV� WKLV�� � 0RUHRYHU�� LQFLGHQWDO�
EXW� DQQXDOO\� FRQVLVWHQW� REVHUYDWLRQV� PDGH� DW� WKH�
VWXG\� VLWHV� LQ� 0DUFK�� WKH� ORFDO� EHJLQQLQJ� RI� VSULQJ�
PLJUDWLRQ�� VKRZ� LQFUHDVHV� LQ� WLWPLFH�DQG�FKLFNDGHHV�
RYHU�WKHLU�ZLQWHU�QXPEHUV��SHUV��REV����SURYLGLQJ�VWLOO�
DGGLWLRQDO� HYLGHQFH� IRU� PLJUDWLRQ� E\� WKHVH� VSHFLHV���
%HFDXVH� HOHYDWLRQ� DQG� ODWLWXGH� DUH� VWURQJO\� UHODWHG�

7$%/(� ��� 6HDVRQDO� SRSXODWLRQ� VKLIWV� EHWZHHQ� QRUWKHDVWHUQ� DQG� VRXWKHDVWHUQ� &RQQHFWLFXW� WHVWHG� ZLWK� UHSHDWHG�
PHDVXUHV�UHJUHVVLRQ�DQDO\VLV� IRU�VLJQLILFDQW�GLIIHUHQFHV�LQ�HIIHFWV�RI�\HDUV��VHDVRQV�DQG�KDELWDW�YDOXHV�� �3� �
SUREDELOLW\� RI� QR� VLJQLILFDQW� GLIIHUHQFH��h �� � SURSRUWLRQ� RI� YDULDQFH� H[SODLQHG�� � 5HG-EHOOLHG�:RRGSHFNHU-�
.HQGDOO¶V�WDX-E�SUREDELOLWLHV�IRU�����о�����DQG�����о�������6LJQLILFDQFH�WHVWV�FRUUHFWHG�IRU�IDOVH�GLVFRYHU\�
UDWH���VLJQLILFDQW���KLJKO\�VLJQLILFDQW� 

  0HDVXUH   <HDUV <HDUV�[ <HDUV�[ <HDUV�[ <HDUV�[ <HDUV�[ 9HJHWDWLRQ &DQRS\ 8QGHUVWRU\ 0RLVWXUH (OHYDWLRQ 

    YHJHWDWLRQ FDQRS\ XQGHUVWRU\ PRLVWXUH HOHY��ODW     ��ODWLWXGH 

             
 

5HG-EHOOLHG  3  �����о��            �����  �����  �����  �����  ����� 

 

:RRGSHFNHU  3 �����о��      ����� ����� ����� ����� �����  

'RZQ\� 3  ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� 

:RRGSHFNHU h � ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� 
 

+DLU\ 3  ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� 

:RRGSHFNHU h � ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� 
 

%OXH 3  ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� 

-D\ h �  ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� 

%ODFN-FDSSHG� 3 ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� 

 

&KLFNDGHH h � ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� 
 

7XIWHG� 3  ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� 

7LWPRXVH h �  ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� 

:KLWH-EUHDVWHG� 3 ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� 

 

1XWKDWFK h �  ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� 

$PHULFDQ 3  ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� 

5RELQ h �  ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� 

1RUWKHUQ 3  ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� 

&DUGLQDO h �  ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� 

$PHULFDQ 3  ����� ������ ����� ����� ����� ����� ����� ����� ����� ����� ������ 

*ROGILQFK  h �   ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� 

              



%LUG�&RQVHUYDWLRQ�5HVHDUFK�&RQWULEXWLRQ���       ���� 

� 

 

 

7$%/(����0HDQ�VHDVRQDO�UDQNV�RI�KDELWDW�IHDWXUHV����6'��XVHG�E\�LQGLYLGXDOV�RI�SHUPDQHQW�UHVLGHQW�VSHFLHV���9HJ�
HWDWLRQ�W\SH�����RDN-GRPLQDWHG�–����FRQLIHURXV��PRLVWXUH�UHJLPH�����[HULF�–����K\GULF��GEK����������FP�–����!�
���FP��FDQRS\�FRYHU�����RSHQ��–����FORVHG��XQGHUVWRU\�GHQVLW\�����RSHQ�–����GHQVH��ORFDWLRQ������� �PD[LPXP�
–����� �PLQLPXP� 

LQYHUVHO\� WR� DYHUDJH� WHPSHUDWXUH� LQ� &RQQHFWLFXW�
�%UXPEDFK� ������ 12$$� ������� VRXWKHUO\� PRYH�
PHQWV� DUH� OLNHO\� GULYHQ� E\� SRSXODWLRQV� VHHNLQJ� OHVV�
PHWDEROLFDOO\�FRVWO\� ODQGVFDSHV�GXULQJ�ZLQWHU� �%RFN�
DQG� /HSWKHLQ� ������ 5RRW� ������ (YDQV� HW� DO�� ��������
$W�SUHVHQW��WKHUH�LV�QR�HYLGHQFH�WKDW�RWKHU�IDFWRUV�OLNH�
ZLQWHU�IRRG�DOVR�LQFUHDVH�RYHU�WKH�VDPH�JUDGLHQW��� 

7KH�ZHDNHU�DQG�ODUJHO\�QRQ-VLJQLILFDQW�HYLGHQFH�
IRU�PRYHPHQWV�E\�'RZQ\�DQG�+DLU\�ZRRGSHFNHUV�LV��
LQ� FRQWUDVW�� FRQVLVWHQW� ZLWK� WKH� WHQGHQF\� RI� PDQ\�
SRSXODWLRQV� RI� WKHVH� VSHFLHV� WR� UHPDLQ� LQ� WKH� VDPH�
YLFLQLW\�\HDU-URXQG��*RUGRQ�DQG�&RQIHU�������-DFN�
VRQ�HW�DO����������,QGHHG��,�IUHTXHQWO\�REVHUYHG�SDLUV�
RI� WKHVH� ZRRGSHFNHUV� SUHVHQW� DW� DSSUR[LPDWHO\� WKH�
VDPH� ORFDWLRQV� ERWK� ZLQWHU� DQG� VXPPHU�� � $OWKRXJK�
QRUWKHUQ� SRSXODWLRQV� PD\� XQGHUJR� VHDVRQDO� PRYH�
PHQWV� �-DFNVRQ� HW� DO�� ������� DQG�KDYH�EHHQ� DQHFGR�
WDOO\� UHSRUWHG� WR� GR� VR� LQ� &RQQHFWLFXW� �6PLWK� DQG�
'HYLQH�������DQG�/RQJ�,VODQG��%XOO��������WKLV�GRHV�
QRW�DSSHDU�WR�EH�WKH�FDVH�LQ�WKH�VWXG\�DUHD��XQOHVV�DQ�
LQIOX[�RI�QRUWKHUQ�ELUGV�VLPSO\�RIIVHWV�DQ�H[RGXV�RI�D�
SRUWLRQ�RI�WKH�ORFDO�SRSXODWLRQ� 

'HVSLWH� REVHUYHG� SRSXODWLRQ� PRYHPHQWV�� HYL�
GHQFH� IRU� WKH� DVVRFLDWLRQ� RI� VSHFLHV�ZLWK� DVSHFWV� RI�
IRUHVW� KDELWDW� VWUXFWXUH� LV� OLPLWHG� UHJDUGOHVV� RI� WKH�
VFDOH�HPSOR\HG�WR�VHHN�VXFK�DVVRFLDWLRQV���7KH�PRVW�
IUHTXHQWO\�QRWHG�ILQGLQJV�ZHUH� WKH� WHQGHQF\� IRU� WZR�
VSHFLHV� WR� PRYH� WR� PRUH� GHFLGXRXV� HQYLURQPHQWV�
GXULQJ�ZLQWHU� DQG� IRU� WZR� VSHFLHV� WR�RFFXS\� IRUHVWV�
RI� VHDVRQDOO\� GLIIHULQJ� FDQRS\� FRYHUV�� � 7KH� ODFN� RI�
VWURQJ� VWUXFWXUDO� KDELWDW� DVVRFLDWLRQV� PD\� EH� H[�
SHFWHG�DPRQJ�VSHFLHV�RIWHQ�WKRXJKW�RI�DV�EHLQJ�HFR�
ORJLFDO� JHQHUDOLVWV� �H�J��� 6PLWK� ������ 6KDFNHOIRUG� HW�
DO���������DOWKRXJK�P\�ILQGLQJV�DOVR�GHPRQVWUDWH�WKDW�
VWUXFWXUDO�IHDWXUHV�PD\�YDU\�LQ�WKHLU�DQQXDO�LQIOXHQFH��
SHUKDSV� EHFDXVH� SRWHQWLDOO\� UHODWHG� YDULDEOHV� OLNH�
IRRG�DYDLODELOLW\�DOVR�YDU\�LQFRQVLVWHQWO\����6WLOO�RWKHU�
DQQXDO�VRXUFHV�RI�YDULDQFH��OLNH�FKDQJHV�LQ�FRQWLQHQ�
WDO-ZLGH�SRSXODWLRQV��PD\� IXUWKHU� H[DFHUEDWH� ORFDOO\�
LQFRQVLVWHQW�VKLIWV�LQ�KDELWDW�DVVRFLDWLRQV��� 

 
$&.12:/('*(0(176 

 
7KLV� VWXG\�ZDV� IXQGHG� WKURXJK�PHPEHU� FRQWUL�

        
6SHFLHV� 9HJHWDWLRQ 0RLVWXUH GEK &DQRS\ 8QGHUVWRU\ (OHYDWLRQ�  
�WRWDO�Q� W\SH  UHJLPH  FRYHU   GHQVLW\ ODWLWXGH 

       
'RZQ\�:RRGSHFNHU       
�����6XPPHU������ ��������� ��������� ��������� ��������� ��������� ��������� 
�����:LQWHU������ ��������� ��������� ��������� ��������� ��������� ��������� 
%ODFN-FDSSHG�&KLFNDGHH       
�����6XPPHU������ ��������� ��������� ��������� ��������� ��������� ��������� 
�����:LQWHU������ ��������� ��������� ��������� ��������� ��������� ��������� 
7XIWHG�7LWPRXVH       
�����6XPPHU������ ��������� ��������� ��������� ��������� ��������� ��������� 
�����:LQWHU������ ��������� ��������� ��������� ��������� ��������� ��������� 
:KLWH-EUHDVWHG�1XWKDWFK       
�����6XPPHU������ ��������� ��������� ��������� ��������� ��������� ��������� 
�����:LQWHU������ ��������� ��������� ��������� ��������� ��������� ��������� 
$PHULFDQ�5RELQ       
�����6XPPHU������ ��������� ��������� ��������� ��������� ��������� ��������� 
�����:LQWHU����� ��������� ��������� ��������� ��������� ��������� ��������� 
$PHULFDQ�*ROGILQFK       
�����6XPPHU������ ��������� ��������� ��������� ��������� ��������� ��������� 
�����:LQWHU������ ��������� ��������� ��������� ��������� ��������� ��������� 
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EXWLRQV� DQG� JLIWV� WR� %LUG� &RQVHUYDWLRQ� 5HVHDUFK��
,QF��� DV�ZHOO� DV� WKURXJK�JUDQWV� IURP� WKH�4XLQHEDXJ-
6KHWXFNHW�+HULWDJH�&RUULGRU� �1DWLRQDO�3DUN�6HUYLFH��
DQG� JLIWV� IURP� WKH� 3IL]HU� DQG� 8QLWHG� 7HFKQRORJLHV�
)RXQGDWLRQV���7KUHH�DQRQ\PRXV�UHYLHZHUV�FRPPHQW�
HG�RQ�WKH�PV� 

 
/,7(5$785(�&,7(' 

 
$අൾඋංർඁ��&�/����������)RUHVW�VWDWLVWLFV�IRU�&RQQHFWL�

FXW��8�6��'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�6HU�
YLFH�� 1RUWKHDVWHUQ� 5HVHDUFK� 6WDWLRQ� 5HVRXUFH�
%XOOHWLQ�1(о����%RVWRQ��0$� 

%ൾඇඃൺආංඇං��<��DQG�<��+ඈർඁൻൾඋ����������&RQWUROOLQJ�
WKH�IDOVH�GLVFRYHU\�UDWH��D�SUDFWLFDO�DQG�SRZHUIXO�
DSSURDFK�WR�PXOWLSOH�WHVWLQJ��-RXUQDO�RI�WKH�5R\�
DO�6WDWLVWLFDO�6RFLHW\��6HULHV�%��������í���� 

%ඈർ��&�(��DQG�/�:��/ൾඉඍඁൾංඇ����������:LQWHU�SDW�
WHUQV�RI�ELUG�VSHFLHV�GLYHUVLW\�DQG�DEXQGDQFH� LQ�
WKH�8QLWHG� 6WDWHV� DQG� VRXWKHUQ�&DQDGD��$PHUL�
FDQ�%LUGV�������о���� 

%උඎආൻൺർඁ�� -�-�� ������ � 7KH� FOLPDWH� RI� &RQQHFWLFXW��
&RQQHFWLFXW� *HRORJLFDO� DQG� 1DWXUDO� +LVWRU\�
6XUYH\�%XOOHWLQ�����+DUWIRUG��&7� 

%ඎർඅൺඇൽ�� 6�7��� '�5�� $ඇൽൾඋඌඈඇ�� %ඎඋඇඁൺආ�� -�/��

/ൺൺൾ��'��/��%ඈඋർඁൾඋඌ�DQG�/��7ඁඈආൺඌ�� ��������
,QWURGXFWLRQ� WR� GLVWDQFH� VDPSOLQJ�� 2[IRUG�8QL�
YHUVLW\�3UHVV��2[IRUG��8.� 

%ඎඅඅ�� -�� � ������ �%LUGV�RI�1HZ�<RUN�6WDWH��'RXEOH�
GD\��*DUGHQ�&LW\��1<� 

&උൺං�� 5�-��� 0�� $අඍඌඁඎඅ� DQG� .�*�� %ൾൺඅ�� � �������
)RUHVW�ELUGV�RI�WKH�/DVW�*UHHQ�9DOOH\��WKH�GHQVL�
W\�GLVWULEXWLRQ��KDELWDW�HFRORJ\��DQG�FRQVHUYDWLRQ�
RI� WKH� IRUHVW� ELUGV� RI� HDVWHUQ� &RQQHFWLFXW�� %LUG�
&RQVHUYDWLRQ� 5HVHDUFK�� ,QF�� &RQWULEXWLRQ� ����
3XWQDP��&7� 

'ൺඏංඌ��'�(����������6XPPDUL]LQJ�UHPDUNV��3DJH�����
,Q�(VWLPDWLQJ� QXPEHUV�RI� WHUUHVWULDO� ELUGV��3DJH�
������&�-��5DOSK�DQG�-�0�6FRWW��(GV����6WXGLHV�LQ�
$YLDQ�%LRORJ\��1XPEHU��� 

'ൾඌൺඇඍൾ�� '�)�� � ������ � $� ILHOG� WHVW� RI� WKH� YDULDEOH�
FLUFXODU�SORW�FHQVXVLQJ�WHFKQLTXH�LQ�D�&DOLIRUQLD�
FRDVWDO� VFUXE� EUHHGLQJ� ELUG� FRPPXQLW\�� 3DJHV�
���о����� �� �,Q�(VWLPDWLQJ�QXPEHUV�RI�WHUUHVWULDO�
ELUGV��&�-��5DOSK�DQG�-�0�6FRWW��(GV����6WXGLHV�LQ�
$YLDQ�%LRORJ\��1XPEHU��� 

'ඈඁൾඋඍඒ��3�)�� DQG�7�&��*උඎൻൻ�� -උ�� ������� �+DELWDW�
SUHIHUHQFH�DQG�ODQGVFDSH�FRUUHODWHV�RI�SUHVHQFH��
GHQVLW\�� DQG� VSHFLHV� ULFKQHVV� RI� ELUGV�ZLQWHULQJ�
LQ� IRUHVW� IUDJPHQWV� LQ� 2KLR�� :LOVRQ� %XOOHWLQ�

7$%/(����+DELWDW�YDULDEOHV�LGHQWLILHG�E\�ELQDU\�ORJLVWLF�UHJUHVVLRQ�WR�VKLIW�VHDVRQDOO\�LQ�IUHTXHQF\�RI�XVH�E\�LQGL�
YLGXDO� ELUGV�REVHUYHG� LQ�KDELWDW� SORWV� �VLJQLILFDQFH� WHVWV� FRUUHFWHG� IRU� IDOVH�GLVFRYHU\� UDWH��� �1DJHONHUNH� U��

LQGLFDWHV�WKH�VWUHQJWK�RI�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�KDELWDW�YDULDEOHV�DQG�REVHUYDWLRQV��ZKHUHDV����FRUUHFWO\�
FODVVLILHG�LQGLFDWHV�WKH�SHUFHQWDJH�RI�DOO�REVHUYDWLRQV�WKDW�WKH�UHJUHVVLRQ�FRUUHFWO\�UHODWHV�WR�WKH�KDELWDW�YDULD�
EOHV����VLJQLILFDQW���KLJKO\�VLJQLILFDQW� 

6SHFLHV Q 

9DULDEOHV�HQWHUHG�
LQWR�ORJLVWLF� 
UHJUHVVLRQ 

1DJHONHUNH�U�� 

����FRUUHFWO\�FODVVLILHG 
-��ORJ� 
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%LUG�&RQVHUYDWLRQ�5HVHDUFK�&RQWULEXWLRQ���       ���� 
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�������о���� 
'ඈඐඁൺඇ��-�-���DQG�5�-��&උൺං�� ��������5DUH�DQG�HQ�

GDQJHUHG�VSHFLHV�RI�&RQQHFWLFXW�DQG� WKHLU�KDEL�
WDWV��&RQQHFWLFXW�*HRORJLFDO�DQG�1DWXUDO�+LVWRU\�
6XUYH\�5HSRUW�RI�,QYHVWLJDWLRQV����+DUWIRUG��&7� 

(ඏൺඇඌ�� .�/��� 1�$�� -ൺආൾඌ� DQG� .�-�� *ൺඌඍඈඇ�� � �������
$EXQGDQFH�� VSHFLHV� ULFKQHVV� DQG� HQHUJ\� DYDLOD�
ELOLW\� LQ� WKH� 1RUWK� $PHULFDQ� $YLIDXQD�� *OREDO�
(FRORJ\�DQG�%LRJHRJUDSK\�������о���� 

*ඈඋൽඈඇ��$�/��DQG�-�/��&ඈඇൿൾඋ�� ������� �'R�'RZQ\�
:RRGSHFNHUV� DEDQGRQ� WKHLU� EUHHGLQJ� WHUULWRULHV�
DQG� UHORFDWH� QHDU� D� SHUPDQHQW� IRRG� VRXUFH"�
.LQJELUG�������о���� 

*උඎൻൻ��7��&��DQG�9��9��3උൺඏඈඌඎൽඈඏ����������7XIWHG�
7LWPRXVH� �3DUXV� ELFRORU��� 1XPEHU� ���� ,Q� 7KH�
%LUGV� RI� 1RUWK� $PHULFD� �$�� 3RROH� DQG� )�� *LOO��
(GV���� 7KH� %LUGV� RI� 1RUWK� $PHULFD�� ,QF�� 3KLOD�
GHOSKLD��3$� 

+ൺඅංඇ�� 6�/�� DQG� 6�8�� /ංඇඏංඅඅൾ�� � ������ � 1RUWKHUQ�
&DUGLQDO� �&DUGLQDOLV� FDUGLQDOLV��� 1XPEHU� �����
,Q�7KH�%LUGV�RI�1RUWK�$PHULFD��$��3RROH�DQG�)��
*LOO�� (GV���� 7KH� %LUGV� RI� 1RUWK� $PHULFD�� ,QF��
3KLODGHOSKLD��3$� 

-ൺർඌඈඇ�� -�$�� DQG� +�� 2ඎൾඅඅൾඍ�� � ������ � 'RZQ\�
:RRGSHFNHU��3LFRLGHV�SXEHVFHQV���1XPEHU������
,Q�7KH�%LUGV�RI�1RUWK�$PHULFD��$��3RROH�DQG�)��
*LOO�� (GV���� 7KH� %LUGV� RI� 1RUWK� $PHULFD�� ,QF��
3KLODGHOSKLD��3$� 

-ൺർඌඈඇ�� -�$��� +�� 2ඎൾඅඅൾඍ� DQG� %�-�6�� -ൺർඌඈඇ���
������ � +DLU\� :RRGSHFNHU� �3LFRLGHV� YLOORVXV���
1XPEHU������,Q�7KH�%LUGV�RI�1RUWK�$PHULFD��$��
3RROH� DQG� )�� *LOO�� (GV���� 7KH� %LUGV� RI� 1RUWK�
$PHULFD��,QF��3KLODGHOSKLD��3$� 

/ൾඇඇඈඇ��-�-���-�'��*උൾൾඇඐඈඈൽ�DQG�-�5�*��7ඎඋඇൾඋ���
������ � %LUG� GLYHUVLW\� DQG� HQYLURQPHQWDO� JUDGL�
HQWV� LQ�%ULWDLQ�� D� WHVW� RI� WKH� VSHFLHV-HQHUJ\� K\�
SRWKHVLV�� -RXUQDO� RI� $QLPDO� (FRORJ\�
������о���� 

/ඈൾඋඒ��*��DQG�-�'��1ංർඁඈඅඌ����������'\QDPLFV�RI�D�
%ODFN-FDSSHG� &KLFNDGHH� SRSXODWLRQ��
����о������(FRORJ\��������о����� 

0ർ'ඈඇൺඅൽ��/����������6XPPDUL]LQJ�UHPDUNV���3DJHV�
���о����� ,Q� (VWLPDWLQJ� QXPEHUV� RI� WHUUHVWULDO�
ELUGV��&��-��5DOSK�DQG�-��0�6FRWW��(GV����6WXGLHV�
LQ�$YLDQ�%LRORJ\��1XPEHU��� 

0ർ3ൾൾ��*�$��DQG�(�%��3ංඍർඁൾඋ����������5HG-EHOOLHG�
:RRGSHFNHU�� 3DJHV� ���о����� ,Q� 7KH� DWODV� RI�
EUHHGLQJ� ELUGV� RI� 0LFKLJDQ� �5�� %UHZHU�� *�� $��
0F3HHN� DQG� 5�� -�� $GDPV�� -U��� (GV����0LFKLJDQ�
6WDWH�8QLYHUVLW\�3UHVV��(DVW�/DQVLQJ��0,� 

0ංൽൽඅൾඍඈඇ�� $�$�� � ������ � $PHULFDQ� *ROGILQFK�
�&DUGXHOLV� WULVWLV���1XPEHU����� ,Q�7KH�%LUGV�RI�
1RUWK�$PHULFD��$��3RROH�DQG�)��*LOO��(GV����7KH�
%LUGV�RI�1RUWK�$PHULFD��,QF��3KLODGHOSKLD��3$� 

0ඈඋඋංඌඈඇ��0�/���.�$��:ංඍඁ�DQG�,�&��7ංආඈඌඌං����������
7KH�VWUXFWXUH�RI�D�IRUHVW�ELUG�FRPPXQLW\�GXULQJ�
ZLQWHU� DQG� VXPPHU�� :LOVRQ� %XOOHWLQ�
������о���� 

12$$�� � ������ � 0RQWKO\� FOLPDWH� VXPPDULHV��
����о������&OLPDWRJUDSK\�RI� WKH�8QLWHG�6WDWHV�
QXPEHU�����:DVKLQJWRQ��'��&� 

3ൾൺඋඌඈඇ��6�0����������7KH�VSDWLDO�H[WHQW�DQG�UHODWLYH�
LQIOXHQFH�RI�ODQGVFDSH-OHYHO�IDFWRUV�RQ�ZLQWHULQJ�
ELUG�SRSXODWLRQV��/DQGVFDSH�(FRORJ\����о��� 

3උൺඏඈඌඎൽඈඏ�9�9��DQG�7��&��*උඎൻൻ�� ������� �:KLWH-
EUHDVWHG�1XWKDWFK� �6LWWD� FDUROLQHQVXV���1XPEHU�
���� ,Q� 7KH� %LUGV� RI� 1RUWK� $PHULFD� �$�� 3RROH�
DQG�)��*LOO��(GV����7KH�%LUGV�RI�1RUWK�$PHULFD��
,QF��3KLODGHOSKLD��3$� 

5ඈඈඍ��7�/�� ������� �$WODV�RI�ZLQWHULQJ�1RUWK�$PHUL�
FDQ� ELUGV�� DQ� DQDO\VLV� RI� ZLQWHU� &KULVWPDV� ELUG�
FRXQW�GDWD��8QLYHUVLW\�RI�&KLFDJR�3UHVV��&KLFD�
JR��,/� 

6ൺඅඅൺൻൺඇඌ�� 5�� DQG� )�&�� -ൺආൾඌ�� � ������ � $PHULFDQ�
5RELQ� �7XUGXV� PLJUDWRULXV��� 1XPEHU� ����� ,Q�
7KH� %LUGV� RI� 1RUWK� $PHULFD� �$�� 3RROH� DQG� )��
*LOO�� (GV���� 7KH� %LUGV� RI� 1RUWK� $PHULFD�� ,QF��
3KLODGHOSKLD��3$� 

6ൺඎൾඋ�� -�5��� -�(��+ංඇൾඌ�DQG�-��)ൺඅඅඈඇ�� ������� �7KH�
1RUWK�$PHULFDQ�%UHHGLQJ�%LUG� 6XUYH\��5HVXOWV�
DQG� $QDO\VLV� ����о������ 9HUVLRQ� �����������
86*6�3DWX[HQW�:LOGOLIH�5HVHDUFK�&HQWHU��/DX�
UHO��0'��DFFHVVHG����-DQ�������� 

6ർඈඍඍ��-�0���6��0ඈඎඇඍൺංඇඌඉඋංඇ��)�/��5ൺආඌൾඒ�DQG�
&�%��.ൾඉඅൾඋ����������)RUHVW�ELUG�FRPPXQLWLHV�RI�
WKH� +DZDLLDQ� ,VODQGV�� WKHLU� G\QDPLFV�� HFRORJ\�
DQG� FRQVHUYDWLRQ�� 6WXGLHV� LQ� $YLDQ� %LRORJ\��
1XPEHU��� 

6ඁൺർൾඅൿඈඋൽ��&�(���5�(��%උඈඐඇ�DQG�5�1��&ඈඇඇൾඋ���
������ � 5HG-EHOOLHG� :RRGSHFNHU� �0HODQHUSHV�
FDUROLQXV���1XPEHU������ ,Q�7KH�%LUGV�RI�1RUWK�
$PHULFD��$��3RROH�DQG�)��*LOO��(GV����7KH�%LUGV�
RI�1RUWK�$PHULFD��,QF��3KLODGHOSKLD��3$� 

6ආංඍඁ��'�*��DQG�$��'ൾඏංඇൾ�� ������� �'RZQ\�:RRG�
SHFNHU��3LFRLGHV�SXEHVFHQV���3DJHV����о������,Q�
7KH�DWODV�RI�EUHHGLQJ�ELUGV�RI�&RQQHFWLFXW��/�5��
%HYLHU�� (G����&RQQHFWLFXW�*HRORJLFDO� DQG�1DWX�
UDO�+LVWRU\�6XUYH\�%XOOHWLQ������+DUWIRUG��&7� 

6ආංඍඁ��.�*�� ������� �:LQWHU�SRSXODWLRQ�G\QDPLFV�RI�
WKUHH� VSHFLHV�RI�PDVW-HDWLQJ�ELUGV� LQ� WKH�HDVWHUQ�
8QLWHG�6WDWHV��:LOVRQ�%XOOHWLQ�������о���� 

6ආංඍඁ�� 6�0�� � ������ � 7KH� %ODFN-FDSSHG� &KLFNDGHH��
EHKDYLRUDO� HFRORJ\� DQG� QDWXUDO� KLVWRU\�� &RP�
VWRFN��,WKDFD��1<� 

6ආංඍඁ��6�0����������%ODFN-FDSSHG�&KLFNDGHH��3DUXV�
DWULFDSLOOXV���1XPEHU�����,Q�7KH�%LUGV�RI�1RUWK�
$PHULFD��$��3RROH�DQG�)��*LOO��(GV����7KH�%LUGV�
RI�1RUWK�$PHULFD��,QF��3KLODGHOSKLD��3$� 

6366�,QVWLWXWH��,QF�� ������� �6366�$GYDQFHG�0RGHOV�
������6366��&KLFDJR��,/� 

7ൺඋඏංඇ��.�$�� DQG�*�(��:ඈඈඅൿൾඇൽൾඇ�� � ������ �%OXH�
-D\� �&\DQRFLWWD� FULVWDWD��� 1XPEHU� ����� ,Q� 7KH�
%LUGV� RI� 1RUWK� $PHULFD� �$�� 3RROH� DQG� )�� *LOO��
(GV���� 7KH� %LUGV� RI� 1RUWK� $PHULFD�� ,QF�� 3KLOD�
GHOSKLD��3$� 

7ඁඈආൺඌ�� /��� -�/�� � /ൺൺൾ�� 6�� 6ඍඋංඇൽൻൾඋ�� )�)�&��



&UDLJ�ā�6($621$/�3238/$7,216�6+,)76�2)�)25(67�%,5'6 
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0ൺඋඊඎൾඌ�� 6�7�� %ඎർඅൺඇൽ��'�/�� %ඈඋർඁൾඋඌ��'��
5�� $ඇൽൾඋඌඈඇ�� .�3�� %ඎඋඇඁൺආ�� 6�/�� +ൾൽඅൾඒ��
-�+�� 3ඈඅඅൺඋൽ�� -�5�%�� %ංඌඁඈඉ� DQG� 7�$��
0ൺඋඊඎൾඌ�� � ������ � ',67$1&(� ����� 5HOHDVH�
³[´��� 5HVHDUFK� 8QLW� IRU� :LOGOLIH� 3RSXODWLRQ�
$VVHVVPHQW��8QLYHUVLW\�RI�6W��$QGUHZV��8.�� 

:ൾඅඌඁ��'�$��DQG�6�&��/ඈඎඁൾൾൽ�� ������� �5HODWLRQ�
VKLS� RI� ELUG� FRPPXQLW\� VWUXFWXUH� DQG� VSHFLHV�
GLVWULEXWLRQV� WR� WZR� HQYLURQPHQWDO� JUDGLHQWV� LQ�
WKH� QRUWKHUQ� ERUHDO� IRUHVW�� (FRJUDSK\�
������о���� 

:උංඁඍ�� '�+�� � ������ � 6SHFLHV-HQHUJ\� WKHRU\�� DQ�
H[WHQVLRQ� RI� VSHFLHV-DUHD� WKHRU\�� 2LNRV�
������о���� 

=ൾඋൺඇඌං�� -�'��DQG�7�5��%ൺඉඍංඌඍ�� ������� �&RQQHFWL�
FXW� %LUGV�� 8QLYHUVLW\� 3UHVV� RI� 1HZ� (QJODQG��
+DQRYHU��1+� 


