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,QWURGXFWLRQ�

7UDIILF�FRQJHVWLRQ�LQ�%DQGXQJ�LV�GHWHULRUDWLQJ�
LQ�LQFUHDVLQJ�SDFH��,W�LV�FDXVHG�E\�WKH�TXDQWLW\�
RI � YHKLFOHV� LQ� %DQGXQJ� WKDW� FRQWLQXDOO\�
H[SDQGHG� IURP� WLPH� WR� WLPH�� 8QIRUWXQDWHO\��
WKH� H[SDQVLRQ� UDWH� RI � WUDQVSRUWDWLRQ�
LQIUDVWUXFWXUH� FRXOG� QRW� NHHS� XS� ZLWK� WKH�
LQFUHDVLQJ�QXPEHU�RI �YHKLFOHV��7R�LOOXVWUDWH��WKH�
OHQJWK�RI �URDGV�LQ�:HVW�-DYD���WKH�SURYLQFH�LQ�
ZKLFK�%DQGXQJ�EHFDPH�LWV�FDSLWDO�FLW\���LQ������
LV� ������� NP� �6HFWLRQ� RI � &RPPHUFH� DQG�
6HUYLFH�6WDWLVWLFV���������

,W�UHSUHVHQWV�D�VOLJKW�GHFUHDVH�IURP�WKH�OHQJWK�
RI �URDGV�LQ������WKDW�KDV�UHDFKHG��������NP�
�6HFWLRQ�RI �&RPPHUFH�DQG�6HUYLFH�6WDWLVWLFV��
�������2Q�WKH�FRQWUDU\��WKH�QXPEHU�RI �YHKLFOHV�
LQ�:HVW�-DYD�LV�LQFUHDVLQJ�E\�WKH�UDWH�RI ��������
DQQXDO\� EHWZHHQ� ����� WR� ����� �6HFWLRQ� RI �
&RPPHUFH� DQG� 6HUYLFH� 6WDWLVWLFV�� ������� ,Q�
����� DORQH�� PRWRUF\FOH� DQG� SDVVHQJHU� FDU�
LQFUHDVHG�E\�������DQG�������FRQFHFXWLYHO\��
0RUHRYHU��PRWRUF\FOH�GRPLQDWHV�WKH�QXPEHU�
RI � YHKLFOHV� DFURVV� DOO� W\SHV� ²� PRWRUF\FOH��
SDVVHQJHU� FDU�� EXV�� DQG� WUXFN� ²� ZLWK� ����
�6HFWLRQ�RI �&RPPHUFH�DQG�6HUYLFH�6WDWLVWLFV��
�������7KH� FRPSOHWH� ILJXUHV� FDQ�EH� VHHQ�RQ�
)LJXUH���

)LJXUH����
7KH�*URZWK�LQ�1XPEHU�RI �9HKLFOHV�RQ�:HVW�-DYD�%HWZHHQ������WR�������6RXUFH��6HFWLRQ�RI �&RPPHUFH�DQG�
6HUYLFH�4XDOLW\�������

$V�WKH�UHVXOW�� WKH�URDGZD\V�RI �%DQGXQJ�&LW\�
DUH�RYHUFURZGHG�LQ�ZKLFK�WKH�DFWXDO�QXPEHU�RI �
YHKLFOHV�LV�DERXW�WR�VXUSDVV�WKH�KHDOWK\�QXPEHU�
RI � YHKLFOHV� WKDW� URDGZD\V� FDQ� HQGXUH��
7KHUHIRUH�� WKLV� LVVXH� VKRXOG� EH� GHDOW�
LPPHGLDWHO\�E\�UHGXFLQJ�WKH�QHJDWLYH�LPSDFWV�
WKDW�PLJKW�EH�UHVXOWHG��([SDQGLQJ�WKH�KLJKZD\�
LV� RQH� RI � WKH� VROXWLRQV� LQ� UHVROYLQJ� WUDIILF�
FRQJHVWLRQ� IURP� PDFURVFRSLF� SHUVSHFWLYH��
+RZHYHU�� WKLV� VROXWLRQ� DORQH� LV� QRW� HQRXJK�
EHFDXVH�WKHUH�DUH�RWKHU�YDULDEOHV�LQ�SOD\��VXFK�DV�
WKH�LQFUHDVLQJ�QXPEHU�RI �YHKLFOHV��2QH�PLFUR�
HOHPHQW�RI �FRQJHVWLRQ�WKDW�GHVHUYH�DWWHQWLRQ�
IURP� UHVHDUFKHUV�� DV� DGPLWWHG� E\� 2(&'�
�2UJDQLVDWLRQ�IRU�(FRQRPLF�&RRSHUDWLRQ�DQG�
'HYHORSPHQW��� LV� GULYLQJ� EHKDYLRUV� �2(&'��
������

7UDIILF� FRQJHVWLRQ� LQ� %DQGXQJ� &LW\� KDV�
EHFRPH� WKH� SULPDU\� DWWHQWLRQ� RI � WKH�
0XQLFLSDO�*RYHUQPHQW��2QH�VROXWLRQ�RIIHUHG�
LV� E\� LPSURYLQJ� WKH� TXDQWLW\� DQG� TXDOLW\� RI �
SXEOLF�WUDQVSRUWDWLRQ��H�J��FLW\�RZQHG�EXV��WR�
PHHW�SXEOLF�GHPDQG��+RZHYHU��EDVHG�RQ�WKH�
HQGXULQJ� SUREOHP� RI � WUDIILF� FRQJHVWLRQ� RQ�
%DQGXQJ��WKH�HIIHFWLYHQHVV�RI �WKLV�VROXWLRQ�FDQ�
EH� TXHVWLRQHG�� ,Q� WKLV�PDQQHU�� WKLV� VWXG\� LV�
RQO\�SDUW�RI �D�VHW�RI �LQYHVWLJDWLRQV�UHTXLUHG�WR�
WUXO\� FRPSUHKHQG� WKH� SUREOHP� RI � WUDIILF�
FRQJHVWLRQ� IURP� WKH� SHUVSHFWLYH� RI � GULYLQJ�
EHKDYLRXU �7KH�VDPH�TXHVWLRQ�KDV�EHHQ�UDLVHG��
E\� -DLQ�� 6KDUPD��	�6XEUDPDQLDQ� ������� WKDW�
IRXQG� WKDW� SRRU� GLVFLSOLQH� RI � GULYHUV� LQ�
GHYHORSLQJ� FRXQWULHV� ZRUVHQ� WKH� DOUHDG\�
MDPPHG�WUDIILF��

-XUQDO�0DQDMHPHQ�7HNQRORJL����������������������



,Q� FRQWUDVW� WR� PDFURVFRSLF� DSSURDFK�� WKH�
EHKDYLRU�RI �DJHQWV���L�H��WKH�GULYHUV���UHFHLYHG�
JUHDWHU� HPSKDVLV� LQ� PLFURVFRSLF� DSSURDFK�
�%XUPHLVWHU��+DGGDGL��0DW\OLV���������/MXERYLý�
�������VKDUSHQHG�WKLV�DUJXPHQW�E\�VWDWHG�WKDW�
WUDIILF�VLPXODWLRQ�WHQGV�WR�SXW�JUHDWHU�HPSKDVLV�
RQ� GULYHUV
� EHKDYLRU�� $V� WKH� RSSRVLWH� RI �
PDFURVFRSLF� DSSURDFK�� WKLV� EHKDYLRU� FDQ� EH�
H[SODLQHG�E\�RUGLQDU\�GLIIHUHQWLDO�HTXDWLRQ��%\�
IRFXVLQJ� RQ� GULYHUV� DV� WKH� DJHQWV� LQ� WUDIILF�
VLPXODWLRQ��WKH�DSSURSULDWH�UHSUHVHQWDWLRQ�RI �
WUDIILF� FRQJHVWLRQ� LQ� %DQGXQJ� FDQ� EH� EHWWHU�
FDSWXUHG�� 7KLV� IRFXV� HQDEOHV� WKLV� VWXG\� WR�
GLVFHUQ�GLIIHUHQW�FKDUDFWHULVWLFV�RI �GULYHUV��$V�
DUJXHG�E\�/MXERYLý� ��������GULYLQJ� VW\OHV� DUH�
YDULHG� DV� HDFK� GULYHU� PLJKW� SHUFHLYH� WKHLU�
HQYLURQPHQW� GLIIHUHQWO\�� 7KLV� SHUFHSWLRQ� LV�
LQI OXHQFHG� E\� WKHLU� FKDUDFWHULVW LFV� DV�
LQGLYLGXDOV�LQFOXGLQJ�WKHLU�EHOLHIV��GHVLUHV��DQG�
LQWHQWLRQV��5RVVHWWL�HW�DO����������,Q�UHVSHFW�WR�
GULYLQJ�EHKDYLRU�� WKRVH�FKDUDFWHULVWLFV�FDQ�EH�
FKDUDFWHUL]HG� E\� WKHLU� DJJUHVVLYHQHVV��
FRQILGHQFH��DQG�GULYLQJ�H[SHULHQFH�

0XOWL�DJHQW� V\VWHP� �0$6�� LV� IDUWKHU� DEOH� WR�
FOHDUO\� PRGHOV� GULYHUV
� GHFLVLRQ� PDNLQJ� DV�
LQGLYLGXDOV� �=KRX�� /LQ�� 	� ;L�� ������� 7KLV�
FRQFHSW� LV� DGRSWHG�E\�DJHQW�EDVHG�PRGHOLQJ�
SDUDGLJP�ZKLFK�GHDOV�ZLWK�VRFLDO�V\VWHPV�WKDW�
DUH� PDGH� XS� E\� WKH� LQWHUDFWLRQ� RI � DJHQWV��
)XUWKHUPRUH��WKDW�LQWHUDFWLRQV�FRXOG�WXUQ�LQWR�
H[SHULHQFHV� WKDW� PLJKW� VWLPXODWH� DJHQWV� WR�
DGDSW� WKHLU� GULYLQJ� EHKDYLRUV� DV� UHVSRQVH� WR�
WKHLU�HQYLURQPHQW��0DFDO�	�1RUWK��������

&HOOXODU� DXWRPDWD� LV� D� WRRO� XQGHU� 0$6�
IUDPHZRUN�ZKLFK�UHSUHVHQWV�GULYHUV�DV�UHDFWLYH�
DJHQWV� ZKRVH� DFWLRQ� DUH� EDVHG� RQ� WKHLU�
SHUFHSWLRQ� RI � WKH� HQYLURQPHQW� �%D]]DQ��
:DKOH�� 	� .OXJO�� ������� 6LPLODU� WR� FHOOXODU�
DXWRPDWD�� FDU�IROORZLQJ� LV� DOVR� D� WRRO� XQGHU�
0$6� IUDPHZRUN� WKDW� LV� DEOH� WR� GHVFULEH�
LQGLYLGXDO� YHKLFOHV
� PRWLRQ�� 7KH� SULPDU\�
GLIIHUHQFH�EHWZHHQ�FDU�IROORZLQJ�DQG�FHOOXODU�
DXWRPDWD� LV� WKDW� FDU�IROORZLQJ� WKHRU\� LV�
IRFXVLQJ�RQ�WKH�PRWLRQ�RI �SUHFHGLQJ�YHKLFOHV�
DV�WKH�DGMDFHQW�REMHFW�RI �WKH�YHKLFOH�REVHUYHG�
�=KDQJ��=KDR��6XQ��/LX��	�/L��������

%DVHG� RQ� SUHYLRXV� H[SODQDWLRQ�� DJHQW�EDVHG�
PRGHOLQJ�DSSURDFK�SRVVHVV�KXJH�SRWHQWLDO�LQ�
VLPXODWLQJ� LQGLYLGXDO� GULYLQJ� EHKDYLRU�
UHDOLVWLFDOO\��.KDOHVLDQ�	�'HODYDU���������7KH�
XVH� RI � WKLV� DSSURDFK� LV� DOVR� VXSSRUWHG� E\�
+DJHU�� 5DXK�� 	� 5LG� ������� WKDW� DUJXH� WKDW�
DJHQW�EDVHG� PRGHOLQJ� FDQ� DVVLVW� WUDIILF�
VLPXODWLRQ� LQ� RUGHU� WR� GHYHORS� VFHQDULRV� IRU�
VKDSLQJ�IXWXUH�GULYLQJ�EHKDYLRU�

,Q�WKH�FDVH�RI �%DQGXQJ��GULYHUV�FDQ�EH�GLYLGHG�
LQWR� WKUHH� JURXSV�� FDU� GULYHUV�� PRWRUF\FOH�
GULYHUV�� DQG�SXEOLF� WUDQVSRUWDWLRQ�GULYHUV� �H�J�
DQJNXWDQ� NRWD��� (DFK� JURXS� RI � GULYHUV� KDV�
GLVWLQFW� GULYLQJ� EHKDYLRUV�� 7KLV� VWXG\�
FRQFHQWUDWHV�RQ�SULYDWH�GULYHUV�WKDW�FRQVLVW�RI �
FDU� GULYHUV� DQG� PRWRUF\FOH� GULYHUV�� 7KH�
UDWLRQDOH� LV� WKDW� PRWRUF\FOH� GULYHUV� DQG� FDU�
GULYHUV� UHSUHVHQW� VLJQLILFDQW� SRUWLRQ� RI � DOO�
GULYHUV� RQ� %DQGXQJ� &LW\�� )XUWKHUPRUH�� WKH�
HPHUJHQFH�RI �RQOLQH�SXEOLF�WUDQVSRUWDWLRQ�LQ�
,QGRQHVLD� �H�J�� *RMHN� DQG� *UDE�� WKDW�
LQFUHDVLQJO\� WDNLQJ� WKH� UROH� RI � SXEOLF�
WUDQVSRUWDWLRQ�GLVSOD\�VLPLODU�GULYLQJ�EHKDYLRU�
ZLWK�FDU�GULYHUV�DQG�PRWRUF\FOH�GULYHUV��
$V� VSHFLILHG� EHIRUH�� GULYLQJ� EHKDYLRU�
VRPHWLPHV� FDQ� EH� PRUH� DJJUHVVLYH� �H�J��
LPSDWLHQW��DWWHPSWLQJ�WR�GLIIHUHQW�GULYHUV��DQG�
EUHDNLQJ� WKH� UXOHV��� 7KLV� VWXG\� DLPV� WR�
LQYHVWLJDWH� ZKDW� VRUW� RI � DJJUHVVLYH� GULYLQJ�
EHKDYLRU� WKDW� RFFXUHG� LQ� %DQGXQJ� &LW\��
6LPSDQJ�'DJR� WKDW� LV� NQRZQ� DV� RQH� RI � WKH�
PRVW� FURZGHG� LQWHUVHFWLRQ� �VLPSDQJ� PHDQV�
LQWHUVHFWLRQ�LQ�6XQGDQHVH��RQ�%DQGXQJ�&LW\�LV�
WDNHQ�DV�WKH�FDVH��7KH�IUDPHZRUN�RI �WKLV�VWXG\�
LV�VKRZHG�LQ�)LJXUH����

,W�LV�ZRUWK�WR�NHHS�LQ�PLQG�WKDW�WKH�DLP�RI �WKLV�
VWXG\� LV� WR� UHPHG\� WKH� WUDIILF� FRQJHVWLRQ�RQ�
%DQGXQJ�&LW\��7KLV�DLP�LV�DFKLHYHG�E\�PHDQV�
RI �LGHQWLI\LQJ�DQG�UHGXFLQJ�DJJUHVVLYH�GULYLQJ�
EHKDYLRU��+HQFH��WKH�DLP�RI �WKLV�VWXG\�FDQ�EH�
GLYLGHG�LQWR�WZR�SXUSRVHV��)LUVWO\��WR�LGHQWLI\�
WKH� W\SH� RI � DJJUHVVLYH� GULYLQJ� EHKDYLRU� E\�
XVLQJ�IDFWRU�DQDO\VLV��6HFRQGO\��WR�LGHQWLI\�WKH�
W\SH� RI � DJJUHVVLYH� GULYLQJ� EHKDYLRU� WKDW� KDV�
PDMRU� FRQWULEXWLRQ� WR� WKH� FRQJHVWLRQ� E\�
UXQQLQJ�VLPXODWLRQV�

0XWL��6LDOODJDQ��3XWUR��0DUVHW\DZDQ��DQG�$ODPDQGD���,QYHVWLJDWLQJ�$JJUHVVLYH�'ULYLQJ�%HKDYLRU�LQ�5HGXFLQJ�7UDIILF�&RQJHVWLRQ�RQ�%DQGXQJ�&LW\�

-XUQDO
0DQDMHPHQ�7HNQRORJL
9RO�����_�1R�����_�����

���



-XUQDO�0DQDMHPHQ�7HNQRORJL����������������������

-XUQDO
0DQDMHPHQ�7HNQRORJL
9RO�����_�1R����_�����

���

5HVHDUFK�0HWKRGRORJ\

7KHUH�DUH�VHYHUDO�FRQVLGHUDWLRQV�WKDW�PXVW�EH�
WDNH� LQWR� DFFRXQW� LQ� FRQGXFWLQJ� WKLV� VWXG\��
7KHVHV� DUH� XQLW� RI � DQDO\VLV�� VDPSOH�� DQG�
YDULDEOH�

8QLW�RI �DQDO\VLV
7KH�XQLW�RI �DQDO\VLV�LQ�WKLV�VWXG\�LV�SHRSOH�ZKR�
GULYH�FDUV�DQG�PRWRUF\FOHV�WKDW�FRQWULEXWH�WR�
WUDIILF�FRQJHVWLRQ�RQ�%DQGXQJ�&LW\��7KHUHIRUH��
WKH�GULYHUV�GR�QRW�KDYH�WR�OLYH�LQ�%DQGXQJ�&LW\�
DV�ORQJ�DV�WKH\�FRPPXWH�DURXQG�%DQGXQJ�&LW\��
%DQGXQJ�FLW\�LV�GHVLJQDWHG�DV�WKH�DUHD�VWXGLHG�
VLQFH�LW�KDV�QXPHURXV�SXOO�IDFWRUV��H�J��WRXULVP�
DQG� HGXFDWLRQ�� WKDW� DWWUDFW� SHRSOH� WR� YLVLW��
)XUWKHUPRUH�� WKLV� VWXG\� DLPV� WR� VXSSRUW� WKH�
0XQLFLSDO� *RYHUQPHQW� RI � %DQGXQJ� &LW\� WR�
LPSURYH� WKH�ZHOIDUH�RI � ORFDO�FRPPXQLWLHV� LQ�
WHUPV�RI �HFRQRP\�DQG�VRFLDO�DIIDLUV�

6DPSOH�
7KH�GDWD�XVHG�LQ�WKLV�VWXG\�LV�JDWKHUHG�E\�XVLQJ�
TXHVWLRQQDLUH�WKDW�UDQGRPO\�GLVWULEXWHG�WR�WKH�
GULYHUV� LQ� %DQGXQJ�� $V� WKH� UHVXOW�� ����
UHVSRQVHV� DUH� VROLFLWHG� DQG� FRQVLGHUHG� DV�
VXIILFLHQW� WR� EH� DQDO\]HG� XVLQJ� H[SORUDWRU\�
IDFWRU�DQDO\VLV��

4XHVWLRQQDLUHV
4XHVWLRQQDLUH� XVHG� LQ� WKLV� VWXG\� DLPV� WR�
H[SORUH�DERXW� WKH� W\SH�RI �DJJUHVVLYH�GULYLQJ�
EHKDYLRU�WKDW�DUH�PRVWO\�RFFXUHG�RQ�%DQGXQJ��
7KHUH� DUH� ��� IDFWRUV� ZLWK� ��� WRWDO� LWHPV�
H[SODLQHG� WKRVH� IDFWRUV� DV� FRXOG� EH� VHHQ�
WKRURXJKO\�RQ�7DEOH����)RXU�SRLQW�/LNHUW�VFDOH�
ZDV�XVHG�WR�FDSWXUH�WKH�OHYHO�RI �DJUHHPHQW�RI �
UHVSRQGHQWV�� 7KH� VFDOH� VWDUWV� IURP� �� WKDW�
UHIOHFWV�´VWURQJO\�GLVDJUHHµ� WR��� WKDW� UHIOHFWV�
´VWURQJO\�DJUHHµ��0RUHRYHU��ORJLW�TXHVWLRQV��L�H��
<HV�1R�TXHVWLRQV��DUH�DOVR�XVHG�LQ�VRPH�LWHPV��
7KH�LWHPV�DUH�FRQYH\HG�LQ�%DKDVD�,QGRQHVLD�DV�
ORFDO� ODQJXDJH�� LQVWHDG� RI � (QJOLVK�� WR� HDVH�
UHVSRQGHQWV�WR�SURYLGH�UHVSRQVHV�

)LJXUH����
5HVHDUFK�)UDPHZRUN

)DFWRU�DQDO\VLV�LQ�H[SORULQJ�WKH�

W\SHV�RI �DJJUHVVLYH�GRQH�

E\�GULYHUV�LQ�%DQGXQJ

5HVXOW�RI �IDFWRU�DQDO\VLV

7\SH�RI �DJJUHVVLYHQHVV

%HKDYLRXU�RI �DJHQWV�LQ�$JHQW�

EDVHG�6LPXODWLRQ�DQG�0RGHOOLQJ

7UDIILF�0RGHO�LQ�$JHQW�EDVHG�

6LPXODWLRQ�DQG�0RGHOOLQJ

5HVXOW�RI �$%06

,PSDFW�RI �GULYHUV
�DJJUHVVLYHQHVV�

WR�FRQJHVWLRQ

9HKLFOH�

PRYHPHQW�

EDVHG�RQ�

&HOOXODU�

$XWRPDWD

)DFWRU�

$QDO\VLV

$JHQW�

%DVHG�

6LPXODWLRQ�

DQG�

0RGHOOLQJ



9DULDEOH
7KH�IDFWRUV�DQG�LQGLFDWRUV�XVHG�LQ�WKLV�VWXG\�
DUH�PRVWO\�DGRSWHG�IURP�:LFNHQV�HW�DO���������
WKDW�DOVR�VWXG\�DJJUHVVLYH�GULYLQJ�EHKDYLRU�DV�
SHUFHLYHG�E\�RWKHU�GULYHUV��7KH�LQGLFDWRUV�DUH�
VKRZHG�RQ�7DEOH����

6LPLODU�YDULDEOHV�DUH�DOVR�HPSOR\HG�E\�*DORYVNL�
HW� DO�� �������� %\� XVLQJ� ��� UHFUXLWHG� GULYHUV��
*DORYVNL� HW� DO�� ������� VWXG\� DWWHPSWV� WR�
PHDVXUH�WKH�HIILFDF\�RI �&RJQLWLYH�EHKDYLRUDO�
3V\FKRORJLFDO � ,QWHU YHQWLRQ� �&%7�� WR�
DPHOLRUDWH� DJJUHVVLYH� GULYLQJ� EHKDYLRU� DV�
RSSRVHG� WR� WLFNHWLQJ� DQG�RWKHU� FRQYHQWLRQDO�
WUHDWPHQW��

0XWL��6LDOODJDQ��3XWUR��0DUVHW\DZDQ��DQG�$ODPDQGD���,QYHVWLJDWLQJ�$JJUHVVLYH�'ULYLQJ�%HKDYLRU�LQ�5HGXFLQJ�7UDIILF�&RQJHVWLRQ�RQ�%DQGXQJ�&LW\�
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)DFWRUV� ,QGLFDWRUV� ([SODQDWLRQ�

,PSURSHU�6SHHG� 6SHHG�5DFLQJ� ´,�HYHU�GULYH�ZLWK�WKH�KLJK�VSHHG�ZKLFK�

RYHU�WKH�WROHUDWHG�VSHHG�RQ�WKH�URDG�,�SDVVµ�

8QQHFHVVDU\�

VORZ�GULYLQJ�

´,�HYHU�VORZHU�P\�VSHHG�ZKLOH�GULYLQJ�

EHFDXVH�RI�XQQHFHVVDU\�WKLQJV��H�J��WH[WLQJ�

ZKLOH�GULYLQJµ�

6SRUDGLF�VSHHGV� ´,�HYHU�GULYH�ZLWK�FRQWLQXRXVO\�FKDQJLQJ�

P\�VSHHGµ�

7DLOJDWLQJ� � ´,�HYHU�IROORZLQJ�WKH�YHKLFOHV�DKHDG�ZLWK�

WKH�GLVWDQFH�LV�PRUH�FORVHO\�WKDQ�

UHDVRQDEOHµ�

/DQH�8VDJH� ,PSURSHU�/DQH�

8VDJH�

´,�HYHU�SDVV�WKH�YHKLFOHV�DKHDG�XVLQJ�DQ�

LPSURSHU�ZD\��H�J��VKRXOGHU�RI�WKH�

URDGZD\µ�

6LGHV�ZHHSLQJ� ´,�HYHU�PRYH�IURP�RQH�ODQH�WR�DQRWKHUµ�

,PSURSHUO\�(TXLSSHG� 1R�WXUQ�VLJQDO� ´,�$OZD\V�JLYH�WKH�IODVKLQJ�OLJKW�ZKHQ�

WXUQLQJ�RU�FKDQJLQJ�ODQHµ�

'LVREHGLHQFH�RI�

7UDIILF�6LJQ��6LJQDO�

� ´,�HYHU�EUHDN�WKH�WUDIILF�FRQWURO�VLJQµ�

,PSURSHU�%UDNLQJ� � ´,�HYHU�EUDNH�VXGGHQO\�ZLWKRXW�GXH�UHJDUG�

WKH�YHKLFOH�DKHDG�GR�WKH�VDPH�WKLQJVµ�

%ORFNLQJ� � ´,�GRQ·W�JLYH�WKH�RWKHU�YHKLFOH�WKH�ZD\�IRU�

WKHP�SDVVLQJ�WKURXJKµ�

'LVSOD\�RI�+RVWLOLW\�

RU�9LROHQFH�

<HOOLQJ�WR�RWKHU�

GULYHUV�

´,�HYHU�\HOO�WKH�RWKHU�GULYHU�RQ�KRUQ�

KRQNLQJµ�

&KDVLQJ�WKH�

RWKHU�YHKLFOHV�

´:KHQ�WKHUH�LV�DQ�DQQR\LQJ�YHKLFOH��,�HYHU�

WR�FKDVH�LW�WR�VROYH�P\�SUREOHPµ�

'ULYHU·V�,QDWWHQWLRQ� &HOO�3KRQH� ´,�HYHU�GLVWUDFWHG�EHFDXVH�RI�FHOO�SKRQH�

XVHµ�

8QVSHFLILHG�

GLVWUDFWLRQ�

´,�HYHU�GLVWUDFWHG�EHFDXVH�RI�DQRWKHU�

GLVWUDFWLRQ�EHVLGH�FHOO�SKRQH��H�J��WKHUH�LV�D�

VWUHHW�VHOOHU�µ�

�

7DEOH����
7KH�)DFWRUV�WKDW�&RQVWLWXWH�$JJUHVVLYH�'ULYLQJ�%HKDYLRU
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7KH�QH[W�VWHS�LV�WR�DVVLJQ�DSSURSULDWH�QDPH�WR�
HDFK�IDFWRU�WKDW�LV�IRXQG��,Q�IDFWRU����LPSURSHU�
VSHHG�DQG�XQQHFHVVDU\�VORZ�GULYLQJ�UHPDLQV�LQ�
WKH�VDPH�JURXS�DV�K\SRWKHVL]HG�ZKLFK�PDNHV�LW�
HDVLHU�WR�ODEHO�WKHP�DV�LPSURSHU�VSHHG��)DFWRU���
LQFOXGHV� LPSURSHU� EUDNLQJ� DQG� XQVSHFLILHG�
GLVWUDFWLRQ� ZKLFK� FRQWDLQ� GLIIHUHQW� YDULDEOHV�
DGRSWHG�IURP�:LFNHQV�HW�DO����������5HJDUGLQJ�
WR�D�VWXG\�FRQGXFWHG�E\�-DPHV�	�1DKO���������
ERWK� YDULDEOHV� UHSUHVHQW� LQDWWHQWLYHQHVV�
EHFDXVH� ERWK� RI � LPSURSHU� EUDNLQJ� �EUDNLQJ�
VXGGHQO\�� DQG� XQVSHFLILHG� GLVWUDFWLRQ� DUH�
FDXVHG� E\� GULYHUV
� LQDWWHQWLYHQHVV� WR� WKHLU�
VXUURXQGLQJV��)DFWRU����WKDW�LQFOXGH�\HOOLQJ�WR�

RWKHU�GULYHUV�DQG�FKDVLQJ�RWKHU�GULYHUV��UHPDLQ�
WKH� VDPH� DV� K\SRWKHVL]HG�� 7KH� DSSURSULDWH�
QDPH� IRU� IDFWRU� �� LV� GLVSOD\� RI � KRVWLOLW\� RU�
YLROHQFH�� )DFWRU� �� FRQWDLQV� VSRUDGLF� VSHHGV�
DQG�WDLOJDWLQJ��6LQFH�LQ�WKH�K\SRWKHVLV�WKH\�DUH�
EHORQJ� WR�GLIIHUHQW� IDFWRU�� LW�ZRXOG�EH�PRUH�
DSSURSULDWH� WR� UHYLHZ� RWKHU� VWXGLHV� EHIRUH�
DVVLJQLQJ�DQ\�QDPH��7KH�VSRUDGLF�VSHHGV�DQG�
WDLOJDWLQJ�DUH� WKH�SURGXFW�RI �GULYHUV
� UXVKLQJ�
KDELW��

7DEOH����
7KH�5HVXOW�RI �5HOLDELOLW\�DQG�9DOLGLW\�7HVW

.02� %DUOHWW�7HVW·V�RI�

6SKHULFLW\�

)DFWRU� RI� 9DULDQFH�

([SODLQHG�����

&URQEDFK�

$OSKD�

$SSUR[��

&KL�6TXDUH�

GI� 6LJ�

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

�

7DEOH����
7KH�5HVXOWV�RI �)DFWRU�$QDO\VLV

*URXS� )DFWRU�/RDGLQJ�

)DFWRU����,PSURSHU�6SHHG��

�� ,PSURSHU�6SHHG�

�� 8QQHFHVVDU\�6ORZ�'ULYLQJ�

�

������

������

)DFWRU����,QDWWHQWLYHQHVV��

�� ,PSURSHU�%UDNLQJ�

�� 8QVSHFLILHG�'LVWUDFWLRQ�

�

������

������

)DFWRU����+RVWLOLW\�RU�9LROHQFH��

�� <HOOLQJ�WR�RWKHU�GULYHUV�

�� &KDVLQJ�RWKHU�GULYHUV�

�

������

������

)DFWRU����,PSDWLHQFH��

�� 6SRUDGLF�6SHHGV�

�� 7DLOJDWLQJ�

�

������

������

)DFWRU����'LVREHGLHQFH�RI�7UDIILF�6LJQ��

6LJQDOV��

�� 1R�WXUQ�VLJQDO�

�� 'LVREHGLHQFH�RI�7UDIILF�6LJQ���6LJQDO��

�

�

�������

������

�



7KH\� VRPHWLPHV�PLVFDOFXODWH� WKH� WUDYHO� WLPH�
DQG� WHQG� WR� EH� UXVKLQJ�ZKHQ� WKH\�PHHW� WKH�
REVWDFOH� WKDW� WKH\� GRQ
W� H[SHFWHG� �H�J��
FRQJHVWLRQ���7KXV�� LW�PDNHV� WKHP� WR�EH� LQ� D�
KXUU\�DQG�EHFRPH�LPSDWLHQFH�ZKLFK�LQGLFDWHG�
E\� FKDQJLQJ� WKH� VSHHG� VSRUDGLFDOO\� DQG� DOVR�
IROORZLQJ�WKH�YHKLFOH�DKHDG�WR�VKRZ�WKDW�WKH\�
DUH�LQ�D�KXUU\��-DPHV�	�1DKO���������+HQFH��WKH�
DSSURSULDWH� QDPH� RI � IDFWRU� �� LV� LPSDWLHQFH��
7KH� ODVW� IDFWRU� LV� IDFWRU� �� WKDW� LQFOXGHV� QRW�
XVLQJ� WXUQ�VLJQDO� DQG�GLVREHGLHQFH�RI � WUDIILF�
VLJQ� �� VLJQDOV�� %RWK� YDULDEOHV� FDQ� EH� HDVLO\�
ODEHOHG�DV�GLVREHGLHQFH�RI �WUDIILF�VLJQ���VLJQDOV�
VLQFH� QRW� XVLQJ� WXUQ� VLJQDO� DOVR� UHSUHVHQWV�
GLVREHGLHQFH�

7KH�W\SHV�RI �DJJUHVVLYH�GULYLQJ�EHKDYLRU�DUH�
XVHG�LQ�DJHQW�EDVHG�PRGHOLQJ�DQG�VLPXODWLRQ�
WR� SRUWUD\� WKH� KHWHURJHQHLW\� RI � GULYLQJ�
EHKDYLRUV��,W� LV� LPSRUWDQW�WKDW�WKH�VLPXODWLRQ�
FRQGXFWHG� DSSUR[LPDWHO\� UHSUHVHQWV� WKH� UHDO�
ZRUOG��7KXV��WR�HQVXUH�ZHOO�UHSUHVHQWDWLRQ�RI �
VLPXODWLRQ�� WKH� YDULHW\�RI � GULYHUV� LQ� WHUP�RI �
GULYLQJ� EHKDYLRU� LV� PDLQWDLQHG� WR� EH� IDLUO\�
DFFXUDWH� E\� UHSOLFDWLQJ� WKH� DFWXDO�ZRUOG
V�
FRPSRVLWLRQ�RI �WKHP�

$JHQW�EDVHG�0RGHOLQJ�DQG�6LPXODWLRQ�
7KH� DJHQW�EDVHG� PRGHOLQJ� LV� NQRZQ� DV� WKH�
DSSURDFK� WKDW� LV� DEOH� WR� FRYHU� EHKDYLRUDO�
KHWHURJHQHLW\� �0DQOH\� HW� DO��� ������� ,Q� WKLV�
VWXG\��DJHQW�EDVHG�PRGHOLQJ�LV�XVHG�WR�GLVFHUQ�
WKH�KHWHURJHQHRXV�EHKDYLRU�RI �GULYHUV�²�WKDW�
DUH� JURXSHG� LQWR� QRUPDO� GULYHU�� VSHHGLQJ�
LPSURSHUO\� GULYHU�� LQDWWHQWLYH� GULYHU�� DQG�
LPSDWLHQW� GULYHU� ²� DW� LQGLYLGXDO� OHYHO�� ,Q�
SULQFLSOH��DJHQWV�FDQ�EH�FDWHJRUL]HG�LQWR�VLPSOH�
DQG � FRPSOH[ � DJHQWV � EDVHG � RQ � WKH L U�
FKDUDFWHULVWLFV��,Q�JHQHUDO��GULYHUV�LQWHUDFW�DQG�
DGDSW�WR�WKHLU�HQYLURQPHQW�DQG�RWKHU�DJHQWV��
GULYHUV�DUH�DEOH�WR�OHDUQ�EDVHG�RQ�ZKLFK�WKHLU�
EHKDYLRU�FDQ�EH�PRGLILHG��HDFK�DJHQW�FRXOG�DFW�
DXWRQRPRXVO\�� DQG� DJHQWV� DUH� KHWHURJHQRXV��
:KLOH�FRPSOH[�DJHQWV�DUH�FRQVLGHUHG�WR�KDYH�
DOO�RI � WKRVH�FKDUDFWHULVWLFV�� VLPSOH�DJHQWV�DUH�
ODFN�LQ�RQH�RU�PRUH�RI �WKRVH�FKDUDFWHULVWLFV��

5HJDUGLQJ� FKDUDFWHULVWLFV�� RWKHU� YDULHW\� RI �
DJHQWV�DOVR�DULVH� WKDW�FRQVLVW�RI � UHDFWLYH�DQG�
FRJQLWLYH� DJHQWV�� &RPSDUHG� WR� FRJQLWLYH�
DJHQWV��UHDFWLYH�DJHQWV�ODFN�RI �DELOLW\�WR�OHDUQ�
DQG� FKDQJH� WKHLU� EHKDYLRU� EDVHG� RQ� WKHLU�
OHDUQLQJ�SURFHVV�DOWKRXJK�WKH\�DUH�VWLOO�WU\LQJ�WR�
DGDSW��,Q�WKLV�VWXG\��UHDFWLYH�DJHQWV�DUH�XVHG�LQ�
WUDIILF�VLPXODWLRQ�WR�PRGHO�WKH�FRQJHVWLRQ�RQ�
6LPSDQJ�'DJR��+HQFH�WKHLU�DFWLRQV�ZRXOG�EH�
PRUH� WDFWLFDO�� 7KH� RSWLRQV� ZRXOG� EH� VSHHG�
FKDQJLQJ�� ODQH� FKDQJLQJ�� DFFHOHUDWLQJ��
GHFHOHUDWLQJ�� UXOHV� IROORZLQJ�� DQG�ZLOOLQJQHVV�
WR�RYHUWDNH� LQ�RUGHU� WR�SURGXFH� WKH� VKRUWHVW�
WUDYHO� WLPH�� ,Q� RUGHU� WR� SXUVXH� WKH� VKRUWHVW�
WUDYHO� WLPH�� WKH� GULYLQJ� EHKDYLRUV� FRXOG�
SURGXFH� FRQJHVWLRQ� HVSHFLDO O\� DW� WKH�
LQWHUVHFWLRQ�

7KH�$WWULEXWH�RI �'ULYHUV�
(DFK� DJHQW� LV� DVVXPHG� WR� KDYH� YDULHG�
DJJUHVVLYHQHVV� OHYHO� WKDW� GHWHUPLQH� WKH�
SUHIHUUHG�VSHHG��$JJUHVVLYH�GULYLQJ�EHKDYLRU�
PHDQV� WKDW� WKH� EHKDYLRU� ZKLOH� GULYLQJ� LV�
LQIOXHQFHG� E\� GULYHUV
� HPRWLRQ� WKDW� PLJKW�
LQFUHDVH�VDIHW\�ULVN�RI �RWKHU�GULYHUV��-DPHV�	�
1DKO���������$V�IRXQG�LQ�WKLV�VWXG\��WKHUH�DUH�
ILYH�W\SHV�RI �DJJUHVVLYHQHVV��QDPHO\�LPSURSHU�
VSHHG�� LQDWWHQWLYHQHVV�� KRVWLOLW\� RU� YLROHQFH��
LPSDWLHQFH��DQG�GLVREHGLHQFH�RI �WUDIILF�VLJQ���
VLJQDOV��7KHVH�W\SHV�RI �DJJUHVVLYHQHVV�DUH�WKH�
UHVXOW� RI � DXWRQRPRXV� EHKDYLRUV� RI � DJHQWV�
ZKLFK�HQDEOH�WKHP�WR�EH�SURDFWLYH�LQ�WKH�HIIRUW�
WR�DUULYH�DW�WKH�GHVWLQDWLRQ�RQ�WLPH��'XULQJ�WKH�
DWWHPSW� WR� DFFRPSOLVK� WKH� JRDO�� WKH� DJHQWV�
UHDFW�WR�WKH�VXUURXQGLQJ�HQYLURQPHQW�

,I �WKH�DFWXDO�WUDYHO�WLPH�H[FHHGV�WKH�H[SHFWHG�
WUDYHO� WLPH� RQ� UHJXODU� EDVLV�� WKH� W\SLFDO�
UHDFWLRQV� RI � GULYHUV� WR� FRPSHQVDWH� WKDW�
VLWXDWLRQ�DUH�
R�,I �WKH�REVHUYHG�VLWH�LV�HPSW\��WKHQ�WKH\�PD\�

LQFUHDVH�WKH�VSHHG�RI �WKHLU�YHKLFOHV�
R�,I �WKH�REVHUYHG�VLWH�LV�FURZGHG�EHFDXVH�WKH�

WUDIILF� OLJKW� LV� UHG�� WKHQ� WKH\� PD\� EUHDN�
WKURXJK�WKH�WUDIILF�OLJKW�

R�,I � WKH� REVHUYHG� VLWH� LV� FURZGHG� EHFDXVH�
WUDIILF� OLJKW� PDOIXQFWLRQ� DQG� �� RU� WKH�
DEVHQFH�RI �SROLFHPHQ�WR�PDQDJH�WKH�WUDIILF��
WKH\� PD\� FRPSHWH� ZLWK� RWKHU� GULYHUV� E\�
EORFNLQJ�RU�WDNLQJ�RYHU�WKH�SDWK�RI �RWKHU�
GULYHUV�

0XWL��6LDOODJDQ��3XWUR��0DUVHW\DZDQ��DQG�$ODPDQGD���,QYHVWLJDWLQJ�$JJUHVVLYH�'ULYLQJ�%HKDYLRU�LQ�5HGXFLQJ�7UDIILF�&RQJHVWLRQ�RQ�%DQGXQJ�&LW\�
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7KH�8VH�RI �&HOOXODU�$XWRPDWD�RQ�'ULYLQJ�%HKDYLRU�
6LPXODWLRQ
6HPDQWLF�H[SODQDWLRQ�RQ�WKH�SUHYLRXV�VHFWLRQ�
FDQ�EH�VWDWHG�PDWKHPDWLFDOO\�E\�WKH�DVVLVWDQFH�
RI �FHOOXODU�DXWRPDWD��,W�LV�FRQYHQWLRQDOO\�XVHG�
LQ�PRGHOLQJ�WKH�IORZ�RI �WUDIILF�ERWK�LQ�IUHHZD\�
DQG�FRQJHVWHG�URDGZD\�DV�IRXQG�RQ�SUHYLRXV�
VWXGLHV� �H�J�� 1DJHO� 	� 6FKUHFNHQEHUJ�� ������
'DV�� ������� 7KH� EDVLF� WHQHWV� RI � FHOOXODU�
DXWRPDWD� LQ�PRGHOLQJ� WKH� WUDIILF� LV� WKDW� LI � D�
YHKLFOH�REVHUYHV�SUHFHGLQJ�YHKLFOH��WKH�YHKLFOH�
ZLOO� EH� VWRS� PRYLQJ� FRQVLGHULQJ� WKDW� WKH�
SUHFHGLQJ� YHKLFOH� ZLOO� QRW� PRYH� LQ� WKH� QH[W�
WLPH�XQLW�²�WKH�WLPH�QHHGHG�WR�PRYH�WR�WKH�QH[W�
JULG��+HQFH�� LQ�PRYLQJ� WR� WKH�QH[W� JULG�� WKH�
YHKLFOH�GRHV�QRW�PRYH�GLUHFWO\��,W�IROORZV�WZR�
UXOHV��RQH�GLPHQVLRQDO� UXOH� LQ�;�D[LV�PRWLRQ�
DQG�RQH�GLPHQVLRQDO�UXOH�LQ�<�D[LV�PRWLRQ�

,Q�RQH�GLPHQVLRQDO�UXOH�LQ�;�D[LV�PRWLRQ��WKH�
IRFXV�RI �GULYHUV� LV� WR�PRYH� IRUZDUG�ZLWKRXW�
FRQVLGHULQJ�WKHLU�QHLJKERU�ERWK�LQ�WKH�OHIW�DQG�
ULJKW��,QVWHDG�RI �WKDW��WKH�GULYHUV�IRFXV�RQ�WKH�
H[LVWHQFH�RI �RWKHU�YHKLFOHV�DKHDG�DQG�EHKLQG�
RI � WKHP��,Q�UHVSHFW�WR�RQH�GLPHQVLRQDO�UXOH��
WKH�SODXVLEOH�W\SH�RI �DJJUHVVLYHQHVV�WKDW�PLJKW�
HPHUJHG�LV�LPSDWLHQFH�DQG�LQDWWHQWLYHQHVV��,Q�
RWKHU�ZRUGV�� WKH\�PLJKW� LQFUHDVH�RU�GHFUHDVH�
WKHLU�FXUUHQW�VSHHG�

,Q�RQH�GLPHQVLRQDO�UXOH�LQ�<�D[LV�PRWLRQ��WKH�
DFFHOHUDWLRQ� DQG� UDQGRPL]DWLRQ� KDYH� WKH�
SRVVLEOLW\� WR� RFFXU�� ,W� PHDQV� WKH� GULYHU� FDQ�
FRQWURO� WKH� YHORFLW\� RI � WKHLU� YHKLFOHV�� $V� D�
FRQVHTXHQFH��WKH\�FDQ�DGDSW�WKHLU�EHKDYLRU�WR�
WKH� HQYLURQPHQW� LQFOXGLQJ� RWKHU� YHKLFOHV��
URDGV�� WUDIILF� OLJKWV�� LQWHUVHFWLRQ�� DQG� SHRSOH�
FURVVLQJ�WKH�VWUHHW��

(QYLURQPHQW� FRPPXQLFDWH� LWV� FRQGLWLRQ� WR�
DJHQWV� WKURXJK� WKH� EHKDYLRU� RU� UHVSRQVH� RI �
SUHFHGLQJ�YHKLFOH�WKDW�LQFOXGHV�VORZLQJ�GRZQ�
RU�VSHHGLQJ�XS��WKH�RFFXUUHQFH�RI �DQ�LQFLGHQW��
FRVW�RI �WUDYHOLQJ��ZKLFK�LQ�WKLV�VWXG\�LV�OLPLWHG�
WR� WKH� VKRUWHVW� WLPH� DQG� SDWK��� DQG� WKH�
SROLWHQHVV� OHYHO�RI � WKH�GULYHUV��7KRVH�VLJQDOV�
VHUYH�DV�D�PHDQV�RI �FRPPXQLFDWLRQ�EHWZHHQ�
DJHQWV�DQG�WKHLU�HQYLURQPHQW�WKDW�HYHQWXDOO\�
VKDSH�WKH�UHDVRQLQJ�RI �WKH�DJHQWV��7KXV��EDVHG�
RQ� D� JLYHQ� FRQGLWLRQ�� WKH� DJHQWV� DUH� DEOH� WR�
DFFHOHUDWH�RU�GHFHOHUDWH��FKDQJH�WKH�ODQH�RU�QRW��
FKDQJH� WKH� URXWH� RU� VWD\� RQ� WKH� VDPH� URXWH�
�ZKLFK� LV� OLPLWHG� LQ� WKLV� VWXG\��� RYHUWDNH� RU�
TXHXLQJ� LQ� OLQH�� DQG� EHLQJ� SROLWH� WR� RWKHU�
GULYHUV�RU�WKH�RSSRVLWH�

$OO� RI � WKH� H[SODQDWLRQV� DERYH� FDQ� EH�
VXPPDUL]HG�LQ�)LJXUH���WKDW�GHVFULEH�WKH�DJHQW�
UHDFWLRQ�DQG�EHKDYLRU�WRZDUG�HQYLURQPHQW�LQ�D�
ORRS�

)LJXUH����

$JHQW�8SGDWH�/RRS

6LPXODWLRQ�
&RQWUROOHU

7LPHU
8SGDWH

(QYLURQPHQW

9HKLFOHV

5RDGV

7UDIILF�/LJKWV

,QWHUVHFWLRQV

3HRSOH�&URVVLQJ

6LPXODWHG�2EMHFWV
5HDVRQLQJ

6HQVRUV

$JHQW

x $FFHOHUDWH�GHFHOHUDWH
x &KDQJH�/DQH
x .HHS�FKDQJH�URXWH
x 2YHUWDNH
x %HLQJ�LQLWLDWLYH�SROLWH

x 9HKLFOH�D�KHDG�VORZ�GRZQ
�VSHHG�XS

x ,QFLGHQW�HYHQW
x &RVW�RI �7UDYHOLQJ
x ,QLWLDWLYH�SROLWHQHVV�OHYHO

6HQG�RUGHUV

5HFHLYLQJ�LQIR



6LPXODWLRQ
7KH�VLPXODWLRQ�RI �WUDIILF�FRQGLWLRQ�FRPSULVHV�
RI �H[LVWLQJ�FRQGLWLRQ�DQG�VFHQDULRV�UHODWHG�WR�
VWUDWHJ\� WR� UHGXFH� FRQJHVWLRQ� LQ� 6LPSDQJ�
'DJR��7KH� VLPXODWLRQ� LV� FRQGXFWHG�ZLWK� WKH�
KHOS� RI � 1HW/RJR� ������ VRIWZDUH�� 1XPHURXV�
VFHQDULRV�DUH�WHVWHG�LQ�RUGHU�WR�GHWHUPLQH�WKH�
EHVW�VWUDWHJ\�WR�UHGXFH�FRQJHVWLRQ�FDXVHG�E\�
DJJUHVVLYH�GULYLQJ�EHKDYLRU�LQ�6LPSDQJ�'DJR��
,Q� FRQGXFWLQJ� WKH� VLPXODWLRQ�� HDFK� VFHQDULR�
ZDV�UXQ�IRU��������LWHUDWLRQ�DQG�GRQH����WLPHV��
+RZHYHU�� EHIRUH� FRQGXFWLQJ� WKH� VLPXODWLRQ��
FDOLEUDWLRQ�RI �WKH�PRGHO�LV�FRQGXFWHG�WR�HQVXUH�
WKDW�WKH�VLPXODWLRQ�UHSUHVHQWV�WKH�DSSUR[LPDWH�
FRQGLWLRQ�RI �WKH�UHDO�ZRUOG�

7KH�REMHFW�RI �VLPXODWLRQ�LV�WKH�LQWHUVHFWLRQ�RI �
6 LPSDQJ � 'DJR� � &RQJHV W LRQ � RQ � WKD W�
LQWHUVHFWLRQ�FDQ�EH�PHDVXUHG�E\�WKH�YDOXH�RI �
YROXPH�FDSDFLW\� UDWLR� �9�&��ZKLFK� FRXOG� EH�
IHOO�EHWZHHQ���²����7KH�FORVHU�LW�JHWV�WR����WKH�
PRUH�OLNHO\�WUDIILF�FRQJHVWLRQ�RFFXUV��%DVHG�RQ�
WKH� GDWD� IURP� 'LVKXE� .RWD� %DQGXQJ�� WKH�
DYHUDJH�9�&�LQ�'DJR�6WUHHW�LV�������

7KLV� LV�YHU\� VLPLODU� WR� WKH�DSSUR[LPDWH�9�&�
YDOXH� SURGXFHG� E\� VLPXODWLRQ�� WKDW� LV� �������
7KXV��WKH�UHVXOW�RI �VLPXODWLRQ�RI �����GULYHUV�LV�
DEOH�WR�UHSUHVHQWV�WKH�DFWXDO�9�&�YDOXH���)URP�
WKRVH�����GULYHUV������GULYHUV�DUH�DVVXPHG�WR�EH�
QRUPDO� ZKLFK� PDGH� WKH� UHVW� RI � WKHP� DUH�
GULYHUV�ZLWK�DJJUHVVLYH�GULYLQJ�EHKDYLRUV��7KH�
FRPSRVLWLRQ� RI � GULYHUV
� W\SH� EHFRPH� WKH�
HPHUJHQW� SURSHUWLHV� WKDW� FDQ� EH� LGHQWLILHG�
WKURXJK�WKH�QXPEHU�RI �ZDLWLQJ�YHKLFOHV��7KH�
VLPXODWLRQ� DLPV� WR� GHWHUPLQH� WKH� SUHFLVH�
FRPSRVLWLRQ�RI �GULYHUV
�W\SH�WKDW�SURGXFH�WKH�
OHDVW�FRQJHVWLRQ�RQ�6LPSDQJ�'DJR�

7KH�&RPSRVLWLRQ�RI �'ULYHUV�7\SH
$V� KDV� EHHQ� SUHYLRXVO\� PHQWLRQHG�� GULYLQJ�
EHKDYLRXU�DUH�YDULHG�DFURVV�GULYHUV�EDVHG�RQ�
WKH� OHYHO� RI � DJJUHVVLYHQHVV�� 7KHUHIRUH�� WKH�
FRPSRVLWLRQ� RI � HDFK� GULYHUV
� W\SH� LQ� WKH�
VLPXODWLRQ� VKRXOG� IROORZ� WKH� UHDO� ZRUOG�� ,WV�
FDOLEUDWLRQ� E\� XVLQJ� ZHLJKWHG� DYHUDJH� LV�
VKRZHG� E\� 7DEOH� ��� 7DEOH� �� VKRZV� WKH�
SHUFHQWDJH� RI � HDFK� GULYHU� W\SH� LQ� WKH� UHDO�
ZRUOG��7KRVH�SHUFHQWDJHV�UHIOHFW� WKH�H[LVWLQJ�
FRQGLWLRQ�RI �GULYHUV
�FRPSRVLWLRQ�RQ�%DQGXQJ�
LQFOXGLQJ�6LPSDQJ�'DJR��

0XWL��6LDOODJDQ��3XWUR��0DUVHW\DZDQ��DQG�$ODPDQGD���,QYHVWLJDWLQJ�$JJUHVVLYH�'ULYLQJ�%HKDYLRU�LQ�5HGXFLQJ�7UDIILF�&RQJHVWLRQ�RQ�%DQGXQJ�&LW\�
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7DEOH����
7KH�3URSRUWLRQ�RI �'ULYHU
V�7\SH�

'ULYHUV·�7\SH�

:HLJKWHG�

$YHUDJH�RI���

)DFWRUV�

5DQN�

:HLJKWHG�

$YHUDJH�RI���

6LJQLILFDQW�

)DFWRUV�

��'ULYHUV�

6SHHGLQJ�

LPSURSHUO\�
������������ �� ������������ ����

,QDWWHQWLYH� ����������� �� ����������� ���

+RVWLOH� ������������ �� �� �

,PSDWLHQW� ������������ �� ������������ ����

7UDIILF�VLJQ�

GLVREHGLHQW�
����������� �� �� �

�
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�

7DEOH����
6FHQDULR�'HYHORSPHQW

� 'HVFULSWLRQ�

&RPSRVLWLRQ�RI�'ULYHUV�7\SH�

1RUPDO�

'ULYHU�

6SHHGLQJ�

LPSURSHUO\�

'ULYHU�

,QDWWHQWLYH�

'ULYHU�

,PSDWLHQW�

'ULYHU�

�� ([LVWLQJ�FRQGLWLRQ� ���� ���� ��� ����

��

1R�VSHHGLQJ�LPSURSHUO\�

GULYHU��$JJUHVVLYH�

GULYLQJ�EHKDYLRU�W\SH�LV�

GRPLQDWHG�E\�LPSDWLHQW�

GULYHU�

���� �� ���� ����

��

1R�VSHHGLQJ�LPSURSHUO\�

GULYHU��$JJUHVVLYH�

GULYLQJ�EHKDYLRU�W\SH�LV�

GRPLQDWHG�E\�LQDWWHQWLYH�

GULYHU�

���� �� ���� ����

��

1R�LQDWWHQWLYH�GULYHU��

$JJUHVVLYH�GULYLQJ�

EHKDYLRU�W\SH�LV�

GRPLQDWHG�E\�LPSDWLHQW�

GULYHU�

���� ���� �� ����

��

1R�LQDWWHQWLYH�GULYHU��

$JJUHVVLYH�GULYLQJ�

EHKDYLRU�W\SH�LV�

GRPLQDWHG�E\�VSHHGLQJ�

LPSURSHUO\�GULYHU�

���� ���� �� ����

��

1R�LPSDWLHQW�GULYHU��

$JJUHVVLYH�GULYLQJ�

EHKDYLRU�W\SH�LV�

GRPLQDWHG�E\�LQDWWHQWLYH�

GULYHU�

���� ���� ���� ��

��

1R�LPSDWLHQW�GULYHU��

$JJUHVVLYH�GULYLQJ�

EHKDYLRU�W\SH�LV�

GRPLQDWHG�E\�VSHHGLQJ�

LPSURSHUO\�GULYHU�

���� ���� ���� ��

�



6FHQDULR�'HYHORSPHQW
$JJUHVVLYH�GULYLQJ�EHKDYLRU�FRXOG�ZRUVHQ�WKH�
DOUHDG\�FRQJHVWHG�LQWHUVHFWLRQ��<HW��WKH�W\SH�RI �
DJJUHVVLYH�GULYLQJ�EHKDYLRU�WKDW�PRVWO\�OHDGV�WR�
FRQJHVWLRQ� LV� UHPDLQ�XQNQRZQ��7KURXJK�WKH�
XVH� RI � VFHQDULRV�� VHYHUDO� FRPSRVLWLRQV� RI �
GULYLQJ� EHKDYLRU� WKDW� KLJKO\� FRQWULEXWH� WR�
WUDIILF�FRQJHVWLRQ�DUH�GLVSOD\HG�LQ�7DEOH����

7KH�5HVXOWLQJ�6FHQDULRV�
7KH�6FHQDULR���UHSUHVHQWV�WKH�H[LVWLQJ�WUDIILF�
FRQGLWLRQ� RI � 6LPSDQJ� 'DJR� LQ� ZKLFK� WKH�
JURXS�RI � DJJUHVVLYH� GULYHUV� LV� GRPLQDWHG�E\�
VSHHGLQJ�LPSURSHUO\� GULYHU� DQG� IROORZHG� E\�
LPSDWLHQW�DQG�LQDWWHQWLYH�GULYHU�FRQFHFXWLYHO\��
7KH� UHVXOW�RI � WKLV� VFHQDULR� FDQ�EH�XVHG� DV� D�
EHQFKPDUN� LQ� DQDO\]LQJ� VHYHUDO� LQWHUYHQHG�
VFHQDULRV�SURGXFHG�ODWHU�LQ�WKLV�VWXG\�

$V�GLVSOD\HG�RQ�)LJXUH����WKH�WUHQG�RI �ZDLWLQJ�
YHKLFOHV� LV� VOLJKWO\� LQFUHDVLQJ�� 7KH� DYHUDJH�
ZDLWLQJ�YHKLFOHV�XQGHU�VHFHQDULR���LV�����RXW�RI �
����YHKLFOHV�LQFOXGHG�LQ�WKH�VLPXODWLRQ�RU������
7KLV�ILJXUH�LQGLFDWHV�D�FRQJHVWLRQ�LV�RFFXUUHG��
7KHUHIRUH�� VRPH� VFHQDULRV� ZLWK� GLIIHUHQW�
FRPSRVLWLRQ� RI � GULYHUV
� W\SH� VKRXOG� EH�
SURSRVHG� LQ� RUGHU� WR� UHGXFH� WKH� QXPEHU� RI �
ZDLWLQJ�YHKLFOHV�L�H��FRQJHVWLRQ��

2YHUDOO�$QDO\VLV
)LJXUH� �� VXPPDUL]HV� WKH�QXPEHU�RI �ZDLWLQJ�
YHKLFOHV� IURP� DOO� VFHQDULRV�� 'HVSLWH� RI � LWV�
YDJXHQHVV��LW�FDQ�EH�GLVFHUQHG�WKDW�6FHQDULR���
DQG��� UHSUHVHQW� WKH� OHDVW�QXPEHU�RI �ZDLWLQJ�
YHKLFOHV�DV�FRPSDUHG�WR�RWKHU�VFHQDULRV��7KXV��
WKHVH�VFHQDULRV�FDQ�EH�WKH�DOWHUQDWLYH�VWUDWHJLHV�
LQ�UHGXFLQJ�FRQJHVWLRQ�LQ�WKH�LQWHUVHFWLRQ�RI �
6LPSDQJ�'DJR��

0XWL��6LDOODJDQ��3XWUR��0DUVHW\DZDQ��DQG�$ODPDQGD���,QYHVWLJDWLQJ�$JJUHVVLYH�'ULYLQJ�%HKDYLRU�LQ�5HGXFLQJ�7UDIILF�&RQJHVWLRQ�RQ�%DQGXQJ�&LW\�
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)LJXUH����
6FHQDULR���²�1XPEHU�RI �:DLWLQJ�9HKLFOHV

)LJXUH���
�$OO�6FHQDULRV�²�1XPEHU�RI �:DLWLQJ�9HKLFOHV
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)LJXUH���FRPSOHPHQWV�WKH�)LJXUH���LQ�GHSLFWLQJ�
WKH�DYHUDJH�ZDLWLQJ�YHKLFOHV�RI �DOO�VFHQDULRV��,W�
LV�REYLRXV�WKDW�6FHQDULR���DQG���KDYH�WKH�OHDVW�
DYHUDJH� ZDLW LQJ� YHKLF OHV� � 7KLV � UHVXOW�
FRUURERUDWHV� WKH� UHVXOW� WKDW� LV� VKRZHG� RQ�
)LJXUH����+RZHYHU��6FHQDULR���UHSUHVHQWV�WKH�
EHVW�DOWHUQDWLYH�LQ�UHGXFLQJ�FRQJHVWLRQ�VLQFH�LW�
LV� QRW� RQO\� UHGXFLQJ� WKH� QXPEHU� RI � ZDLWLQJ�
YHKLFOHV�� LW� LV� DOVR�PRUH� VWDEOH��0RUHRYHU�� LQ�
6FHQDULR� ��� WKH� WUHQG� RI � DYHUDJH� ZDLWLQJ�
YHKLFOHV�LV�DOVR�GHFUHDVLQJ�DV�WLPH�SDVVHV���

%\�FRQVLGHULQJ�WKHVH�ILQGLQJV��LW�FDQ�EH�GHFLGHG�
WKDW� WKH� EHVW� VFHQDULR� WR� EH� SURPRWHG� LQ�
UHGXFLQJ� FRQJHVWLRQ� LQ� 6LPSDQJ� 'DJR� LV�
6FHQDULR� ��� ,Q� WKLV� VFHQDULR�� WKH� QXPEHU� RI �
LPSDWLHQW� GULYHUV� LV� NHSW� DW� ]HUR� DQG� WKH�
H[LVWHQFH� RI � VSHHGLQJ�LPSURSHUO\� GULYHUV�
H[FHHG�LQDWWHQWLYH�GULYHUV��7KHUHIRUH��VWUDWHJLHV�
WR�SURPRWH�WKLV�VFHQDULR�PXVW�EH�IRXQG��<HW��
KRZ�WR�GR�VR"�7KH�HDVLHVW�SDWK�LV�WR�UHIHU�WR�SDVW�
VWXGLHV�UHJDUGLQJ�PHDQV�WR�HOLPLQDWH�LPSDWLHQW�
GULYHUV��)LUVWO\��ZH�PXVW�VHHN�H[SODQDWLRQ�DERXW�
WKH�DQWHFHGHQWV�RI �LPSDWLHQW�GULYLQJ�EHKDYLRU�

,PSDWLHQFH�LV�´«�LQWROHUDQFH�WR�DQ�HYHQW�WKDW�
LPSHGHV�RU�GHOD\V� DQ� DFWLRQ�RU� WKH� DELOLW\� WR�
REWDLQ�VRPHWKLQJµ� �1DYHWHXU�HW�DO����������$�
VWXG\�RQ�\RXQJ�GULYHUV� �L�H�� FROOHJH� VWXGHQWV��
UHYHDOHG�WKDW�LPSDWLHQW�GULYLQJ�LV�PRUH�OLNHO\�WR�
PDQLIHVW�RQ�GULYHUV�ZLWK�ORZ�GLVWUHVV�WROHUDQFH�
ZKHQ� WKH\� IDFH� IUXVWUDWLQJ� RU� FKDOOHQJLQJ�
VLWXDWLRQ��H�J��WUDIILF�MDP�RU�SURYRNLQJ�EHKDYLRU�
RI �DQRWKHU�GULYHU��%HFN�HW�DO����������

2QH�RI �WKH�PRVW�SURYRNLQJ�GULYLQJ�EHKDYLRU�LV�
ZHDYLQJ� WKURXJK� WUDIILF� RU� FXWWLQJ� RII �
�:LFNHQV�� ������� %\� SURYRNLQJ�� LW� FRXOG� EH�
PHDQW�WKDW�WKLV�VRUW�RI �EHKDYLRU�PLJKW�WULJJHU�
DQRWKHU�DJJUHVVLYH�GULYLQJ�EHKDYLRU��D�FKDLQ�RI �
HYHQWV���,W�LV�SRVVLEOH�WKDW�WKH�FKDLQ�RI �HYHQWV�
HQGHG� LQ� D�PRUH� FDWDVWURSKLF� HYHQW�� VXFK� DV�
GHDGO\�FDU�DFFLGHQWV��UDWKHU�WKDQ�D�PHUH�WUDIILF�
FRQJHVWLRQ�

'LIIHUHQW�FRQFOXVLRQ�UHDFKHG�E\�.DLHVHU�HW�DO��
������� WKDW� SURSRVH� DJJUHVVLYH� GULYLQJ�
EHKDYLRU�GRHV�QRW�DOZD\V�UHODWH�WR�ORZ�GLVWUHVV�
WROHUDQFH�� 7KLV� ILQGLQJ� LV� DOVR� VXSSRUWHG� E\�
0LOHV�DQG�-RKQVRQ��������WKDW�DOVR�IRXQG�WKDW�
DJ J UHVV LYH� GU LYHUV� WHQG� WR� SHUFHLYHG�
WKHPVHOYHV�DV�VNLOOIXO�GULYHUV��7KHUHE\��WKHUH�LV�
D�SRVVLELOLW\�WKDW�DJJUHVVLYH�GULYLQJ�EHKDYLRUV�
EULQJV�WKH�VDPH�VHQVH�RI �H[FLWHPHQW�DV�WKRVH�
IRXQG�LQ�VSRUW��,W�VXSSRUWV�WKH�K\SRWKHVLV�WKDW�
LQFUHDVLQJ� WKH� WKUHDW� RI � SXQLVKPHQW� �H�J��
ILQLQJ��WR�VRPH�H[WHQW�PLJKW�RQO\�LQFUHDVH�WKH�
UHZDUG� �L�H�� WKH� FKDOOHQJH�� RI � GRLQJ� VXFK�
EHKDYLRU� DQG� WKXV� LQHIIHFWLYH�� %RWK� ORZ�
GLVWUHVV� OHYHO� DQG� FKDOOHQJH� VHHNLQJ�EHKDYLRU�
LQGLFDWH�SRRU�HPRWLRQDO�VWDELOLW\�

6HYHUDO�VWUDWHJLHV�KDYH�EHHQ�RIIHUHG�WR�UHPHG\�
DJJUHVVLYH�GULYLQJ�EHKDYLRU��8QIRUWXQDWHO\��WKH�
WUHDWPHQW� SURWRFRO� WKDW� EDVHG� RQ� &%7�
�FRJQLWLYH� EHKDYLRUDO� WKHUDS\�� WRZDUG�
DJJUHVVLYH� GULYHUV�� DV� � VWUDWHJ\� WR� HOLPLQDWH�
DJJUHVVLYH� GULYLQJ� EHKDYLRU� DV� SURSRVHG� E\�
*DORYVNL� �������� PLJKW� EH� SHUFHLYHG� DV� WRR

)LJXUH����
$OO�6FHQDULRV�²�$YHUDJH�:DLWLQJ�9HKLFOHV



H[SHQVLYH� WR� EH� DSSOLHG� LQ� PRVW� GHYHORSLQJ�
FRXQWULHV� LQFOXGLQJ� ,QGRQHVLD�� ,Q� DGYDQFH�
LPSOHPHQWDWLRQ�RI �,&7��GULYLQJ�EHKDYLRU�RI �DQ�
LQGLYLGXDO� YHKLFOH� FDQ� EH� FRQWLQXRXVO\�
PRQLWRUHG��YHKLFOH�WUDFNLQJ��EDVHG�RQ�UHDO�WLPH�
*36�WUDFNLQJ�WKDW�LV�VLPLODU�WR�WKH�RIIHULQJV�RI �
)OHHWLR�'ULYH��5DUHVWHS�,QF���������XQGHVLUDEOH�
SDWWHUQ�FDQ�EH�VSRWWHG��DQG�SXQLVKPHQW�FDQ�EH�
LPSRVHG� DFFRUGLQJO\�� 7KH� VLPLODU� DSSURDFK�
DOVR� VXJJHVWHG� &DPEULGJH� 6\VWHPDWLFV�� ,QF��
DQG�7H[DV�7UDQVSRUWDWLRQ�,QVWLWXWH��������IRU�
)+:$� �)HGHUDO� +LJKZD\� $GPLQLVWUDWLRQ��
XQGHU� D� PXFK� EURDGHU� FRQFHSW� RI � ,76� ���
+RZHYHU��WKH�PRUH�HIILFLHQW�VWUDWHJ\�WKDW�FDQ�
EH� VXJJHVWHG� WR� ,QGRQHVLDQ� DXWKRULWLHV� LV� WR�
VFLHQWLILFDOO\� SUHGLFW�� H�J�� E\� XVLQJ� FRPSXWHU�
EDVHG� WHVW�� WKH� SV\FKRORJLFDO� IHDVLELOLW\� �L�H��
HPRWLRQDO� VWDELOLW\�� RI � GULYLQJ� OLFHQVH�
DSSOLFDQWV�� 7KH� WHVW� VKRXOG� DOVR� EH� UHSHDWHG�
SHULRGLFDOO\�ZKHQ�GULYHUV�QHHG�WR�H[WHQG�WKHLU�
GULYLQJ�OLFHQVH�

,Q�,QGRQHVLD��WR�JHW�GULYLQJ�OLFHQVH��RQH�PXVW�
REWDLQ� KHDOWK� FHUWLILFDWH�� LQFOXGLQJ� YHULILHG�
HPRWLRQDO�KHDOWK�VWDWHPHQW��L�H��VXUDW�NHWHUDQJDQ�
VHKDW�URKDQL��RI �WKH�FDQGLGDWH��LVVXHG�E\�OLFHQVHG�
SV\FKLDWULVW� �)LJXUH� ���� +RZHYHU�� HYLGHQFHV�
DERXW�WKH�PHWKRGV�XVHG�DQG�WKHLU�HIIHFWLYHQHVV�
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