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&RUUHODWLRQ� %HWZHHQ� $HWLRORJ\�� 6WDJH� DQG� 'XUDWLRQ� RI� &KURQLF� .LGQH\�
'LVHDVH�DQG�+HDULQJ�/RVV�

$GHNZX�$���,ELDP�)�$���2JEH\L�*�$���$EDK�5���$JDED�(�,���(]HDQROXH�%�&���

$%675$&7��� � �

%DFNJURXQG��7KH�LQFLGHQFH�RI�FKURQLF�NLGQH\�GLVHDVH��&.'��LQ�1LJHULD�DQG�WKH�%ODFN�UDFH�LQ�JHQHUDO�LV�
RQ� WKH� LQFUHDVH� ZLWK� DWWHQGDQW� KLJK� PRUELGLW\� DQG� PRUWDOLW\�� 6HYHUDO� DHWLRORJLF� IDFWRUV� KDYH� EHHQ�
LPSOLFDWHG� LQ� &.'� ZKLFK� LQFOXGH� K\SHUWHQVLRQ�� GLDEHWHV� PHOOLWXV�� JORPHUXORQHSKULWLV�� REVWUXFWLYH�
XURSDWK\�� UHFXUUHQW� S\HORQHSKULWLV� DQG� DGXOW� SRO\F\VWLF� NLGQH\� GLVHDVH� �$'3.'�� DPRQJVW� RWKHUV��
:KDWHYHU� PD\EH� WKH� DHWLRORJLF� IDFWRU� RI� WKH� &.'�� WKHUH� LV� UHSRUWHG� HIIHFW� RI� WKLV� FRQGLWLRQ� RQ� WKH�
DXGLWRU\�RUJDQ�DW�WKH�OHYHO�RI�FRFKOHD�EHFDXVH�RI�FHUWDLQ�VLPLODULWLHV��2EMHFWLYH��7R�GHWHUPLQH�LI�WKHUH�LV�
DQ\�FRUUHODWLRQ�EHWZHHQ�WKH�DHWLRORJ\��VWDJH�DQG�GXUDWLRQ�RI�FKURQLF�NLGQH\�GLVHDVH�ZLWK�WKH�VHYHULW\�RI�
KHDULQJ�ORVV�0HWKRGRORJ\��$�RQH�\HDU�SURVSHFWLYH�VWXG\�ZKLFK�VRXJKW�LQIRUPDWLRQ�RQ�GHPRJUDSKLFV��
DHWLRORJLF� IDFWRUV�� RWRORJLF�� GUXJ� DQG� RFFXSDWLRQDO� KLVWRULHV� RI� SDWLHQWV� ZLWK� FKURQLF� NLGQH\� GLVHDVH�
XVLQJ� D� VWUXFWXUHG� LQWHUYLHZHU� DGPLQLVWHUHG� TXHVWLRQQDLUH�� $GGLWLRQDOO\�� ERG\�ZHLJKW�� KHLJKW�� EORRG�
SUHVVXUH��IDVWLQJ�EORRG�VXJDU�DQG�VHUXP�FUHDWLQLQH�ZHUH�PHDVXUHG�IRU�DOO�WKH�SDWLHQWV�ZKLOH�SXUH�WRQH�
DXGLRPHWU\�37$��DQG�JORPHUXODU�ILOWUDWLRQ�UDWH��*)5��ZHUH�PHDVXUHG�RU�FDOFXODWHG�UHVSHFWLYHO\��
5HVXOWV��2QH�KXQGUHG�&.'�SDWLHQWV�ZHUH�DQDO\VHG��FRPSULVLQJ�RI����PDOHV�DQG����IHPDOHV�ZLWK�D�PDOH�
WR�IHPDOH�UDWLR�RI��������7KHLU�DJHV�UDQJHG�IURP���\HDUV�WR���\HDUV�ZLWK�PHDQ�DJH�RI������6'��������7KH�
PDMRULW\�RI�WKH�VWXGLHG�SRSXODWLRQ�ZDV�LQ�WKH�������\HDUV��������6HQVRULQHXUDO�KLJK�IUHTXHQF\�KHDULQJ�
ORVV�ZDV�IRXQG�LQ����SDWLHQWV��PDGH�XS�RI����LQ�ERWK�HDUV�DQG����XQLODWHUDO����DQG���LQ�ULJKW�DQG�OHIW�HDUV�
UHVSHFWLYHO\��� 7KHVH� JDYH� D� WRWDO� RI� ���� HDUV� ��������� &KURQLF� NLGQH\� GLVHDVH� UHVXOWLQJ� IURP� FKURQLF�
JORPHUXORQHSKULWLV� RU� K\SHUWHQVLRQ� DFFRXQWHG� IRU� ������ DQG� ������ FDVHV� UHVSHFWLYHO\�� +HDULQJ� ORVV�
LQFUHDVHV�ZLWK�WKH�&.'�VWDJH�DFFRXQWLQJ�IRU��������������DQG�������IRU�VWDJHV������DQG���UHVSHFWLYHO\��
7KH� ORQJHU� WKH�GXUDWLRQ�RI� WKH�&.'�� WKH�PRUH�GHSUHVVHG�ZDV� WKH�PHDQ�KHDULQJ� WKUHVKROG� �3 ��������
U ��������
&RQFOXVLRQ��7KHUH�LV�VLJQLILFDQW�FRUUHODWLRQ�EHWZHHQ�KHDULQJ�ORVV�LQ�WKH�KLJK�IUHTXHQFLHV�DQG�GXUDWLRQ�
DQG�VWDJH�RI�FKURQLF�NLGQH\�GLVHDVH�SDWLHQWV��7KHUHIRUH��ZH�UHFRPPHQG�KHDOWK�HGXFDWLRQ�ZLWK�D�YLHZ�WR�
LGHQWLI\LQJ�WKLV�FDWHJRU\�RI�SDWLHQWV·�HDUO\�DQG�HIIHFWLQJ�SHULRGLF�KHDULQJ�DVVHVVPHQW�LQ�WKHP��

.H\ZRUGV��$HWLRORJ\��6WDJH��'XUDWLRQ��&KURQLF�.LGQH\�'LVHDVH��+HDULQJ�ORVV��

'HSDUWPHQW� RI� 2WR�UKLQR�ODU\QJRORJ\�� �&ROOHJH� RI�
+HDOWK� 6FLHQFHV�� %HQXH� 6WDWH� 8QLYHUVLW\�� 0DNXUGL��
�)HGHUDO� 8QLYHUVLW\� 7HDFKLQJ� +RVSLWDO�� $EDNDOLNL��
�&ROOHJH� RI� +HDOWK� 6FLHQFHV�� %HQXH� 6WDWH� 8QLYHUVLW\��
0DNXUGL�� �8QLYHUVLW\� RI� 1LJHULD� 7HDFKLQJ� +RVSLWDO��
(QXJX��
�'HSDUWPHQW�RI�SDHGLDWULFV��&ROOHJH�RI�+HDOWK�6FLHQFHV��
%HQXH� 6WDWH� 8QLYHUVLW\�� 0DNXUGL�� �'HSDUWPHQW� RI�
,QWHUQDO� 0HGLFLQH�� -RV� 8QLYHUVLW\� 7HDFKLQJ� +RVSLWDO��
-RV���

$FFHVV�WKLV�DUWLFOH�RQOLQH

4XLFN5HVSRQVH�&RGH

ZHEVLWH�ZZZ�ERUQRPHGLFDOMRXUQDO�FRP

'2,�����������ERPM�ERPMB���B��

&RUUHVSRQGLQJ�$XWKRU��
'U�$PDOL�$GHNZX���
'HSDUWPHQW�RI�2WR�UKLQR�ODU\QJRORJ\���
&ROOHJH�RI�+HDOWK�6FLHQFHV���
%HQXH�6WDWH�8QLYHUVLW\��0DNXUGL��
(PDLO�DPDOLDGHNZX#\DKRR�FRP�

,QWURGXFWLRQ
7KH�LQFLGHQFH�RI�FKURQLF�NLGQH\�GLVHDVH��&.'��LQ�
1LJHULD� DQG� WKH� %ODFN� UDFH� LQ� JHQHUDO� LV� RQ� WKH�
LQFUHDVH� ZLWK� DWWHQGDQW� KLJK� PRUELGLW\� DQG�
PRUWDOLW\����� &.'� LV� GHILQHG� DV� JORPHUXODU�
ILOWUDWLRQ�>*)5@�RI�OHVV�WKDQ���PO�PLQ�����P��RU�
NLGQH\�GDPDJH� IRU� � �PRQWKV��$W� WKLV�*)5�� WKH�
NLGQH\V� KDYH� ORVW� KDOI� RU� PRUH� RI� WKHLU� QRUPDO�
IXQFWLRQ�� .LGQH\� LV� VDLG� WR� EH� GDPDJHG� ZKHQ�
WKHUH�DUH�SDWKRORJLF�DEQRUPDOLWLHV�RU�SUHVHQFH�RI�
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PDUNHUV� RI� GDPDJH� LQ� WKH� EORRG�� XULQH� RU�
LPDJLQJ�VWXGLHV���,Q�WKHLU�VWXG\�RI�FKURQLF�NLGQH\�
GLVHDVH�LQ�-RV��$JDED�HW�DO��IRXQG�D�SUHYDOHQFH�RI�
�����RI�DOO�PHGLFDO�DGPLVVLRQV��7KH\�ZDUQHG�RI�D�
SRVVLEOH� LQFUHDVH� DV� D� UHVXOW� RI� WKH� ULVLQJ�
DHWLRORJLFDO�IDFWRUV�DQG�UHFRPPHQGHG�LQWHJUDWLRQ�
RI� SULPDU\� UHQDO� FDUH� LQWR� WKH� 1DWLRQDO� +HDOWK�
&DUH�3ROLF\��$OWKRXJK��WKH�NLGQH\V�DUH�SULPDULO\�
DIIHFWHG�LQ�&.'��WKH�UHVXOWDQW�ORVV�RI�KDOI�RU�PRUH�
RI� WKHLU� QRUPDO� IXQFWLRQV� DIIHFW� YDULRXV� RUJDQ�
V\VWHPV�ZLWK�FRPSOLFDWLRQV�WKDW�DUH�HLWKHU�GLUHFW�
HIIHFW�RI�WKH�&.'�RU�WKH�DGDSWLYH�PHFKDQLVPV�RI�
WKH� ERG\� LQ� UHVSRQVH� WR� WKH� GLVWXUEHG�
KRPHRVWDVLV���6HYHUDO�DHWLRORJLF�IDFWRUV�KDYH�EHHQ�
LPSOLFDWHG� LQ� &.'�ZKLFK� LQFOXGH� K\SHUWHQVLRQ��
GLDEHWHV�PHOOLWXV��JORPHUXORQHSKULWLV��REVWUXFWLYH�
XURSDWK\�� UHFXUUHQW� S\HORQHSKULWLV� DQG� DGXOW�
SRO\F\VWLF� NLGQH\� GLVHDVH� �$'3.'�� DPRQJVW�
RWKHUV������&.'�LV�FODVVLILHG�LQWR���VWDJHV�QDPHO\��
VWDJH��NLGQH\�GDPDJH�ZLWK�QRUPDO�RU� LQFUHDVHG�
*)5� � ��PO�PLQ�����P���� VWDJH� �� NLGQH\�
GDPDJH� ZLWK� PLOG� UHGXFWLRQ� LQ� *)5� �������
PO�PLQ�����P���� VWDJH� �� NLGQH\� GDPDJH� ZLWK�
PRGHUDWH� UHGXFWLRQ� LQ� *)5� �������
PO�PLQ�����P���� VWDJH� �� NLGQH\� GDPDJH� ZLWK�
VHYHUH� UHGXFWLRQ� LQ�*)5� �������PO�PLQ�����P���
DQG� VWDJH� �� LV� NLGQH\� IDLOXUH� ZLWK� *)5�
����PO�PLQ�����P���� 6WDJH� �� &.'� SDWLHQWV�
UHTXLUH� LQLWLDWLRQ� RI� NLGQH\� UHSODFHPHQW� WKHUDS\�
�GLDO\VLV�RU�UHQDO�WUDQVSODQWDWLRQ���

:KDWHYHU�PD\EH�WKH�DHWLRORJLF�IDFWRU�RI�WKH�&.'��
WKH�HIIHFWV�RI�WKLV�FRQGLWLRQ�RQ�WKH�DXGLWRU\�RUJDQ�
LV� PDLQO\� RQ� WKH� FRFKOHD� ZKHUH� VHYHUDO�
PHFKDQLVPV� VXFK�DV� FKDQJHV� LQ� WKH�KRPHRVWDVLV�
RI�IOXLG�DQG�HOHFWURO\WH�GLVWRUW�WKH�QRUPDO�PLOLHX�
RI�HQGRO\PSK�WKDW�EDWKV�WKH�VHQVRU\�KDLU�FHOOV�RU�
GUXJ� RWRWR[LFLW\� GXH� WR� VLPLODULWLHV� EHWZHHQ�
FRFKOHD�DQG�NLGQH\�RU�DWKHURVFOHURWLF�FKDQJHV�RI�
YDVFXODU� ZDOOV� ZKLFK� PD\� UHVXOW� LQ� GHFUHDVHG�
EORRG�IORZ�WR�WKH�LQQHU�HDU�VWUXFWXUHV���

7KLV� LV� EHFDXVH� RI� WKH� UHSRUWHG� VLPLODULWLHV�
EHWZHHQ� WKH� NLGQH\V� DQG� WKH� FRFKOHDU� LQ� WKHLU�
DQDWRPLFDO�� SKDUPDFRORJLFDO�� SDWKRORJLFDO� DQG�
DQWLJHQLF� SURSHUW\� DV� ZHOO� DV� SK\VLRORJLFDO�
PHFKDQLVP� OLNH� DFWLYH� WUDQVSRUW� RI� IOXLG� DQG�
HOHFWURO\WHV� DFFRPSOLVKHG� E\� WKH� UHQDO� WXEXOHV�
DQG� VWULD� YDVFXODULV� UHVSHFWLYHO\�� ���� 1RUPDO�
KHDULQJ� DV� GHILQHG� E\�:+2� LV� DYHUDJH� KHDULQJ�
WKUHVKROG� RI� ��G%+/� DW� WKH� VSHHFK� IUHTXHQFLHV�
RI� ���+]�� ����+]�� ����+]� DQG� ����+]��
)XUWKHUPRUH��KHDULQJ� LPSDLUPHQW� LV� JUDGHG� LQWR�
PLOG� ORVV� ������� G%+/��� PRGHUDWH� ORVV� ����

��G%+/��� PRGHUDWHO\�� VHYHUH� ORVV� ������G%+/���
VHYHUH� ORVV� ������G%+/�� DQG� SURIRXQG� ORVV�
� ��G%+/����+HDULQJ�ORVV�FRXOG�DOVR�EH�FODVVLILHG�
DV� FRQGXFWLYH�� VHQVRULQHXUDO� RU� PL[HG�� 7KH�
DXWKRU·V� HDUOLHU� UHVHDUFK� ZRUN� DQG� IHZ� RWKHUV�
KDG� UHSRUWHG� KHDULQJ� ORVV� DQG� HIIHFW� RI�
KDHPRGLDO\VLV�RQ�KHDULQJ�WKUHVKROG�DPRQJ�&.'�
SDWLHQWV�ZKLFK�ZDV�DWWULEXWHG�WR�VHYHUDO�IDFWRUV����
���7KLV� VWXG\�DLPV� WR� FRUUHODWH� WKH�DHWLRORJ\�� WKH�
VWDJH�DQG�WKH�GXUDWLRQ�ZLWK�WKH�KHDULQJ�ORVV��

0HWKRGRORJ\�
7KLV�ZDV� D� KRVSLWDO�EDVHG� RQH� \HDU� SURVSHFWLYH��
GHVFULSWLYH� VWXG\� WR� DVVHVV� WKH� FRUUHODWLRQ�
EHWZHHQ�WKH�DHWLRORJ\��WKH�VWDJH�DQG�WKH�GXUDWLRQ�
ZLWK� WKH� VHYHULW\� RI� KHDULQJ� ORVV� LQ� ERWK�
DGROHVFHQWV� DQG� DGXOWV� &.'� SDWLHQWV� FRQGXFWHG�
LQ�-RV�8QLYHUVLW\�7HDFKLQJ�+RVSLWDO�IURP�-DQXDU\�
WR�'HFHPEHU� ������ 7KLV� VWXG\�ZDV� DSSURYHG� E\�
WKH� LQVWLWXWLRQDO� HWKLFV� DQG� UHVHDUFK� FRPPLWWHH�
�-87+�'&6�$'0�����;;9,�������� 6DPSOH�
VL]H�ZDV�GHWHUPLQHG�XVLQJ� WKH� )LVKHU·V� IRUPXOD��
Q �=�3T�G������7KH�VDPSOH�VL]H�ZDV����EXW�D�WRWDO�
RI� ���� SDWLHQWV� ZHUH� UHFUXLWHG� WR� DOORZ� IRU� ����
DWWULWLRQ� IURP� LQFRPSOHWH� GDWD� FROOHFWLRQ�� 7KUHH�
SDWLHQWV� ZHUH� H[FOXGHG� IRU� WKLV� UHDVRQ�� 7KH�
SDWLHQWV� ZHUH� UHFUXLWHG� FRQVHFXWLYHO\� IURP� WKH�
UHQDO�FOLQLF�DQG�DVVHVVHG� LQ�D�VRXQG�SURRI�ERRWK�
ORFDWHG� LQ� WKH� DGMRLQLQJ� (DU�� 1RVH� DQG� 7KURDW�
FOLQLF� DUHD�� 1RQ�SUREDELOLW\� VDPSOLQJ� WHFKQLTXH�
ZDV�GRQH�DQG�QR�LQSDWLHQWV�ZHUH�UHFUXLWHG��2QO\�
QHZO\�GLDJQRVHG� SDWLHQWV� ZKR� FRQVHQWHG� DQG�
PHW�WKH�LQFOXVLRQ�FULWHULD�ZHUH�UHFUXLWHG��

7KH� LQVWUXPHQW� IRU� WKH� VWXG\� ZDV� D� VWUXFWXUHG�
LQWHUYLHZHU�DGPLQLVWHUHG�TXHVWLRQQDLUH�WR�REWDLQ�
GDWD� IURP� SDWLHQWV� ZKR� JDYH� LQIRUPHG� ZULWWHQ�
FRQVHQWV�� 7KH� TXHVWLRQQDLUH� KDG� VHFWLRQV� RQ�
ELRGDWD� DQG� GXUDWLRQ� RI� LOOQHVV�� NQRZQ�PHGLFDO�
FRQGLWLRQV� �K\SHUWHQVLRQ�� GLDEHWHV� PHOOLWXV��
REVWUXFWLYH� XURSDWK\�� JORPHUXORQHSKULWLV��
UHFXUUHQW� S\HORQHSKULWLV� DQG� DGXOW� SRO\F\VWLF�
NLGQH\� GLVHDVH� �$'3.'��� DXWRLPPXQH� GLVHDVH��
V\VWHPLF� LQIHFWLRQ�XULQDU\� WUDFW� LQIHFWLRQ��� GUXJ�
KLVWRU\� �GUXJ� UHDFWLRQV�� RWRWR[LF� GUXJ�
DGPLQLVWUDWLRQ�� DQG� QDWLYH� GUXJ� XVH��� RWRORJLFDO�
KLVWRU\�KHDULQJ� ORVV�� HDU� GLVFKDUJH�� RWDOJLD��
WLQQLWXV��GL]]LQHVV�YHUWLJR�� IDPLOLDO�GHDIQHVV��HDU�
VXUJHU\� RU� KHDG� LQMXU\��� DQG� RFFXSDWLRQDO�
KLVWRU\�QRLVH�H[SRVXUH���

7KH�ERG\�ZHLJKW��KHLJKW��EORRG�SUHVVXUH�� IDVWLQJ�
EORRG�VXJDU�DQG�VHUXP�FUHDWLQLQH�ZHUH�PHDVXUHG�
IRU�DOO� WKH�SDWLHQWV�DQG�JORPHUXODU� ILOWUDWLRQ�UDWH�

&RUUHODWLRQ�%HWZHHQ�$HWLRORJ\��6WDJH�DQG�'XUDWLRQ�RI�&KURQLF�.LGQH\�'LVHDVH�
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�*)5��FDOFXODWHG�XVLQJ�WKH�DSSURSULDWH�IRUPXOD���
ZLWK�D�YLHZ�WR�GHWHUPLQLQJ�WKH�VWDJH�RI�WKH�&.'��
�2WRVFRS\�DQG�UHPRYDO�RI�ZD[��LI�DQ\��ZDV�GRQH��
3XUH� WRQH� DXGLRPHWU\� �37$�� XVLQJ� D� VWDQGDUG��
GXO\�FDOLEUDWHG�,QWHUDFRXVWLFV�$XGLRPHWHU�����$��
ZDV� GRQH� E\� D� FOLQLFDO� DXGLRORJLVW� LQ� D� VRXQG�
SURRI� URRP� WR� GHWHUPLQH� WKHLU� KHDULQJ�
WKUHVKROGV�� $LU� FRQGXFWLRQ� WKUHVKROG� ZDV�
GHWHUPLQHG� IRU� RFWDYH� IUHTXHQFLHV� RI� ���+]��
����+]�� ����+]�� ����+]�� ����+]� DQG� ����+]�
ZKLOH� ERQH� FRQGXFWLRQ� �%&�� DW� ���+]�� ����+]��
����+]�DQG�����+]��7KH� LQGLYLGXDO�SDWLHQW�ZDV�
VHDWHG� DQG� ILWWHG� ZLWK� DSSURSULDWH� VL]HG� KHDG�
SKRQHV�DQG�LQVWUXFWHG�WR�UDLVH�D�KDQG�RU�SUHVV�WKH�
UHVSRQVH�EXWWRQ�RQ�KHDULQJ�WKH�HPLWWHG�VRXQG�QR�
PDWWHU�KRZ�IDLQW��7KH�WHVW�ZDV�VWDUWHG�DW�����+]�
ZLWK�WKH�SUHVHQWDWLRQ�RI�VRXQG�DW���G%���

$Q� DVFHQGLQJ��G%� DQG� GHVFHQGLQJ���GE� VWHSV�
PHWKRG� ZDV� XWLOL]HG� WR� GHWHUPLQH� SXUH� WRQH�
WKUHVKROGV� WKUHH� WLPHV� DW� WKH� DERYH� IUHTXHQFLHV��
(DFK� HDU� ZDV� WHVWHG� VHSDUDWHO\� ZLWK� WKH� RWKHU�
DGHTXDWHO\�PDVNHG���

7KH� SXUH� WRQH� DYHUDJH� ZDV� GHWHUPLQHG� IRU� DQ�
LQGLYLGXDO�IURP�WKH�DXGLRJUDP�E\�FDOFXODWLQJ�WKH�
PHDQ� GHFLEHO� ORVV� DW� IUHTXHQFLHV� RI� ���+]��
����+]�� ����+]� DQG� ����+]� IRU� VSHHFK�
IUHTXHQFLHV�DQG�����+]�DQG�����+]�IRU�WKH�KLJK�
IUHTXHQFLHV�� 3DUWLFLSDQWV� ZHUH� FRQVLGHUHG�
LPSDLUHG� ZKHQ� WKHLU� KHDULQJ� WKUHVKROG� OHYHO�
H[FHHGHG���G%+/�DQG�FODVVLILHG�DFFRUGLQJO\��

'DWD�$QDO\VLV�
7KH� GDWD� ZHUH� SUHVHQWHG� LQ� WDEXODU� IRUPV� DQG�
DQDO\]HG� ZLWK� VWDWLVWLFDO� SDFNDJH� IRU� VRFLDO�
VFLHQFH��6366��YHUVLRQ�������
�5HODWLRQVKLSV� EHWZHHQ� YDULDEOHV� ZHUH� DVVHVVHG�
XVLQJ� &KL�� 6TXDUH�� $� 3�YDOXH� ������ ZDV�
FRQVLGHUHG�VWDWLVWLFDOO\�VLJQLILFDQW��

5HVXOWV��
$� WRWDO� RI� RQH� KXQGUHG� DQG� WKUHH� SDWLHQWV�ZHUH�
UHFUXLWHG� EXW� �� KDG� LQFRPSOHWH� GDWD� DQG� ZHUH�
H[FOXGHG�� 7KHUHIRUH�� D� WRWDO� RI� ���� SDWLHQWV�
FRPSOHWHG� WKH� VWXG\� DQG� ZHUH� DQDO\]HG�� 7KH\�
ZHUH� ��� PDOHV� DQG� ��� IHPDOHV� ZLWK� D� PDOH� WR�
IHPDOH� UDWLR� RI� ������� 7KHLU� DJHV� UDQJHG� IURP�
��\HDUV� WR� ��\HDUV� ZLWK� PHDQ� DJH� RI�
�����6'�������� 7KH� PDMRULW\� RI� WKH� VWXGLHG�
SRSXODWLRQ� ZDV� LQ� WKH� ������ \HDUV� ������� 6HH�
7DEOH����
6HQVRULQHXUDO� KLJK� IUHTXHQF\� KHDULQJ� ORVV� ZDV�
IRXQG�LQ����SDWLHQWV��PDGH�XS�RI����LQ�ERWK�HDUV�

DQG� ��� XQLODWHUDO� ��� DQG� �� LQ� ULJKW� DQG� OHIW� HDUV�
UHVSHFWLYHO\��� 7KHVH� JDYH� D� WRWDO� RI� ���� HDUV�
��������� $OWKRXJK�� QRW� VWDWLVWLFDOO\� VLJQLILFDQW��
FKURQLF� NLGQH\� GLVHDVH� UHVXOWLQJ� IURP� FKURQLF�
JORPHUXORQHSKULWLV�RU�K\SHUWHQVLRQ�FDXVHG�PRUH�
KLJK� IUHTXHQF\� KHDULQJ� ORVV� WKDQ� DQ\� RWKHU�
SDWKRORJ\� DFFRXQWLQJ� IRU� ������ DQG� ������
UHVSHFWLYHO\����

7KHUH� ZDV� FRUUHODWLRQ� EHWZHHQ� WKH� GXUDWLRQ� RI�
WKH�&.'�DQG� WKH�PHDQ�KHDULQJ� WKUHVKROG�RI� WKH�
SDWLHQWV��3 ��������U ���������6HH�7DEOH��

7KH� QXPEHU� RI� SDWLHQWV� ZLWK� KHDULQJ� ORVV�
LQFUHDVHV� ZLWK� WKH� &.'� VWDJH�� +RZHYHU�� WKLV�
DVVRFLDWLRQ� ZDV� QRW� VWDWLVWLFDOO\� VLJQLILFDQW� �VHH�
7DEOH�����

7KH�GHJUHH�RI�KHDULQJ�ORVV�LQ�WKH�KLJK�IUHTXHQFLHV�
DPRQJ� WKH� SDWLHQWV� VKRZHG� PLOG� KHDULQJ� ORVV�
RFFXUULQJ� PRVW� IUHTXHQWO\� LQ� ��� HDUV� ���������
PRGHUDWH� LQ� ��� HDUV� ��������� DQG� PRGHUDWHO\�
VHYHUH�LQ����HDUV����������

9HUWLJR� DQG� WLQQLWXV� ZHUH� WKH� FRPPRQHVW�
RWRUKLQRODU\QJRORJLF� V\PSWRPV� LQ� ��� SDWLHQWV�
ZLWK�WKH�IRUPHU�RFFXUULQJ�LQ����RI�WKHP��(LJKWHHQ�
SDWLHQWV� ZHUH� GLVFRYHUHG� WR� KDYH� LPSDFWHG�
FHUXPHQ� DXULV� RQ� RWRVFRS\� ZKLFK� ZHUH� HLWKHU�
PDQXDOO\� UHPRYHG� RU� V\ULQJHG� RXW� DIWHU�
VRIWHQLQJ�ZLWK�FHUXPHQRO\WLFV��

'LVFXVVLRQ�
+HDULQJ�ORVV�LQ�&.'�ERWK�LQ�WKH�VSHHFK�DQG�KLJK�
IUHTXHQFLHV� KDV� EHHQ� HVWDEOLVKHG� E\� VRPH�
UHVHDUFKHUV�� ,W� LV� SXW� DW� EHWZHHQ� ��������
HVSHFLDOO\� LQ� VWDJH� �� &.'� SDWLHQWV����������
&RUUHODWLRQV�ZHUH� IRXQG�EHWZHHQ� WKH�VHYHULW\�RI�
WKH� KHDULQJ� ORVV� LQ� &.'� SDWLHQWV� DQG� FHUWDLQ�
YDULDEOHV� VXFK� DV� DJH�� GXUDWLRQ� RI� &.'� DQG�
WUHDWPHQW�PRGDOLW\��+LJK�IUHTXHQF\�KHDULQJ�ORVV�
LQ� WKLV� VWXG\� ZDV� IRXQG� WR� EH� ������� 7KLV� ZDV�
VLPLODU�WR�WKH�ILQGLQJV�RI�$GHNZX�HW�DO�����������
%HUJVWURP�DQG�7KRPSVRQ� ���������1LNRORSRXORV�
HW�DO�����������DQG�=HLJHOERLP�HW�DO���������7KHUH�
ZHUH� QR� FRQWUDVWLQJ� VWXGLHV�� KRZHYHU�� ZKHUHDV�
WKH� IRUPHU·V� VDPSOH� SRSXODWLRQ� FXWV� DFURVV� DOO�
DJHV�� WKH� ODWHU� FRQFHQWUDWHG� PRUH� RQ� \RXQJHU�
SDWLHQWV��=HLJHOERLP·V�VWXGLHG�SRSXODWLRQ�ZDV�LQ�
WKHLU� PLGGOH� DJHV� DQG� DGGLWLRQDOO\� WKH\� XVHG�
XOWUD�KLJK�IUHTXHQF\������.]��KHDULQJ�DVVHVVPHQW�
ZKLFK� FRXOG� KDYH� DFFRXQWHG� IRU� WKH� KLJK� \LHOG��
7KH� KHDULQJ� ORVV� IRXQG� LQ� DOO� WKH� VWXGLHV� ZDV�

$GHNZXHW�DO�
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W\SLFDOO\� VHQVRULQHXUDO� DQG�PRVW� RI� WKH� SDWLHQWV�
KDG�PLOG�GHJUHH�RI�KHDULQJ�ORVV��
7KHUH� ZDV� SRVLWLYH� FRUUHODWLRQ� EHWZHHQ� KHDULQJ�
ORVV�DQG�GXUDWLRQ�RI�WKH�&.'�LQ�WKLV�VWXG\��7KLV�
DJUHHG�ZLWK�VWXGLHV�E\�/DVLVL�HW�DO����DQG�*DWODQG�
HW� DO� ��� DQG� FRXOG� EH� DV� D� UHVXOW� RI� LQVLGLRXV�
GHVWUXFWLRQ�RI� WKH� FRFKOHDU� WKDW� LV�DWWULEXWDEOH� WR�
WKH�XUHPLF�SURFHVV��+RZHYHU�GXH�WR�WKH�LQVLGLRXV�
FRXUVH� RI� WKH� KHDULQJ� ORVV�� RU� FRPSHQVDWRU\�
PHFKDQLVPV� �DGDSWDWLRQ�� WKH� GLVDELOLW\� DULVLQJ�
IURP�LW�PD\�QRW�EH�QRWLFHDEOH� LQ� WKH�HDUO\�SKDVH�
RI�WKH�GLVHDVH�XQWLO�WKH�ODWH�SKDVH���

7KH�KLJKHU� WKH�VWDJH�RI� WKH�&.'�� WKH�ZRUVH�ZDV�
WKH� KHDULQJ� WKUHVKROG�� WKRXJK� WKLV� ZDV� QRW�
VWDWLVWLFDOO\�VLJQLILFDQW��7KHUHIRUH��VWDJH���KDG�WKH�
KLJKHVW� QXPEHU� RI� SDWLHQWV� ZLWK� KHDULQJ� ORVV�
DFFRXQWLQJ�IRU��������7KLV�WRR�ZDV�VLPLODU�WR�WKH�
ILQGLQJV� RI� /DVLVL� HW� DO� ��� DQG� %HUJVWURP� HW� DO����
0DOHV�ZHUH�PRUH�DIIHFWHG�WKDQ�IHPDOHV�ZKLOH�WKH�
PDMRULW\�RI�WKH�VWXGLHG�SRSXODWLRQ�ZDV�LQ�WKH��WK
DQG��WK�GHFDGHV�RI�OLIH��0DQ\�RI�WKH�FLWHG�VWXGLHV�
KDG� VLPLODU� ILQGLQJV�� 7KH� YHUWLJR� DQG� WLQQLWXV�
WKDW� ZHUH� WKH� FRPPRQHVW� RWRUKLQRODU\QJRORJLF�

V\PSWRPV�FRXOG�EH�DWWULEXWDEOH�WR�GHUDQJHPHQWV�
LQ� LQQHU� HDU� IXQFWLRQ�RFFDVLRQHG�E\�SDWKRORJLFDO�
HIIHFWV�RI�&.'���������

/LPLWDWLRQ�RI�RXU�VWXG\�LV� WKH�QRQ�DYDLODELOLW\�RI�
WHVW� WRROV� VXFK� DV� 2WRDFRXVWLF� HPLVVLRQ� DQG�
%UDLQVWHP� HYRNHG� UHVSRQVH� DXGLRPHWU\� DV� ZHOO�
DV� LQDELOLW\� WR� DVVHVV� KLJK� IUHTXHQF\� EH\RQG�
�N+]�� +RZHYHU�� SXUH� WRQH� DXGLRPHWU\� LV� DQ�
DFFHSWDEOH� REMHFWLYH� KHDULQJ� DVVHVVPHQW� WRRO�
HVSHFLDOO\� LQ� WKLUG�ZRUOG� FRXQWULHV� VXFK� DV� RXUV�
ZKHUH�PDQ\�KHDOWK�IDFLOLWLHV�DUH�SRRUO\�IXQGHG��

&RQFOXVLRQ�
7KLV� VWXG\� HVWDEOLVKHG� D� VLJQLILFDQW� FRUUHODWLRQ�
EHWZHHQ� KHDULQJ� ORVV� HVSHFLDOO\� LQ� WKH� KLJK�
IUHTXHQFLHV� DQG� GXUDWLRQ� DQG� VWDJH� RI� FKURQLF�
NLGQH\� GLVHDVH� SDWLHQWV�� 7KHUHIRUH�� ZH�
UHFRPPHQG� KHDOWK� HGXFDWLRQ� ZLWK� D� YLHZ� WR�
LGHQWLI\LQJ� WKLV� FDWHJRU\� RI� SDWLHQWV·� HDUO\� DQG�
HIIHFWLQJ�SHULRGLF�KHDULQJ�DVVHVVPHQW�LQ�WKHP��

7DEOH����$JH�JURXS�GLVWULEXWLRQ�RI�SDWLHQWV
$JH�JURXS��<HDUV�� 1XPEHU�RI�3DWLHQWV�Q ��������
������� ��������
������� ��������
������� ��������
������� ��������
������� ��������
���DQG�DERYH� ��������
7RWDO� ����������

7DEOH����&DXVH�RI�&.'�DQG�PHDQ�KLJK�IUHTXHQF\�KHDULQJ�WKUHVKROGV�
&DXVH�RI�&.'� )UHTXHQF\�RI�

KHDULQJ�ORVV��
1�����

)UHTXHQF\�RI�QR�
KHDULQJ�ORVV��
1�����

0HDQ�$&�KLJK�
IUHTXHQF\�WKUHVKROG�
�G%+/��

$GXOW�SRO\F\VWLF�NLGQH\�
GLVHDVH��$'3.'��

�������� �������� �����

5HFXUUHQW�3\HORQHSKULWLV� ������� ������� �����
2EVWUXFWLYH�8URSDWK\� ������� �������� �����
'LDEHWHV�0HOOLWXV� �������� �������� �����
+\SHUWHQVLRQ�� ��������� ��������� �����
&KURQLF�
JORPHUXORQHSKULWLV�

��������� ��������� �����

7RWDO�� ���������� ����������
6WDWLVWLFV����� �� ������GI ����S�YDOXH� ��������

&RUUHODWLRQ�%HWZHHQ�$HWLRORJ\��6WDJH�DQG�'XUDWLRQ�RI�&KURQLF�.LGQH\�'LVHDVH�
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7DEOH����'XUDWLRQ�RI�&.'�DQG�PHDQ�KHDULQJ�WKUHVKROGV�

'XUDWLRQ�RI�&.'�\HDUV�� 1XPEHU�RI�SDWLHQWV�
�Q ����HDUV�����

8QLODWHUDO�0HDQ�$&�KHDULQJ�
WKUHVKROGV�G%+/��%&��

���� ���������� ������������
���� ���������� ������������
���� ���������� ������������
��� �������� ������������
7RWDO� ����������
6WDWLVWLFV� 3 ������� �U �������

7DEOH����6WDJH�RI�&.'�DQG�PHDQ�KHDULQJ�WKUHVKROGV�
6WDJH�RI�&.'� 1XPEHU�RI�SDWLHQWV�

�Q ����HDUV�����
8QLODWHUDO�0HDQ�$&�KHDULQJ�
WKUHVKROGV�G%+/��%&��

�� ������ ��������
�� �������� ������������
�� ���������� ������������
�� ���������� ������������
�� ���������� ������������
7RWDO� ����������
6WDWLVWLFV� 3 ������ �U ������

5HIHUHQFHV�
�� $NLQVROD�:��2GHVDQPL�:2��2JXQQL\L�-2��

/DGLSR�*2��'LVHDVH�FDXVLQJ�FKURQLF�UHQDO�
IDLOXUH� LQ� 1LJHULDQV�� D� SURVSHFWLYH� VWXG\�
RI�����FDVHV��$IU�-�0HG�6FL������������������
���

�� $NLQNXJEH�22��7URSLFDO�1HSKURSDWK\��DQ�
RYHUYLHZ��$IUL�-�0HG�6FL����������������

�� 2\HGLUDQ�$%22��$NLQNXJEH�22��&KURQLF�
UHQDO� IDLOXUH� LQ�1LJHULD��7URS�*HRJU�0HG��
����������������

�� 1DWLRQDO� .LGQH\� )RXQGDWLRQ�� .�'24,�
&OLQLFDO� 3UDFWLFH� *XLGHOLQHV� IRU� &KURQLF�
.LGQH\�'LVHDVH��(YDOXDWLRQ��&ODVVLILFDWLRQ�
DQG� 6WUDWLILFDWLRQ�� $P� -� .LGQH\� 'LV� ����
�����VXSS�����

�� $JDED� ,(��$JEDML�22��$QWH\L�($��3DWWHUQ�
RI�UHQDO�GLVHDVHV�LQ�1RUWK�&HQWUDO�1LJHULD��
-�0HG�7URS�������������������

�� :DOVHU� 0�� 3URJUHVVLRQ� RI� FKURQLF� UHQDO�
IDLOXUH��.LG�,QW���������������������

�� 4XLFN� &$�� )LVK� $�� %URZQ� &�� 7KH�
UHODWLRQVKLS�EHWZHHQ� WKH�FRFKOHDU�DQG�WKH�
NLGQH\��/DU\QJRVFRSH����������������������

�� $UQROG� :�� ,QQHU� HDU� DQG� UHQDO� GLVHDVHV��
$QQ� 2WRO� 5KLQRO� /DU\QJRO�� ������
����VXSSO�����������

�� :+2� 5HSRUW� RI� WKH� LQIRUPDO� ZRUNLQJ�
JURXS�RQ� WKH�SUHYHQWLRQ� RI�'HDIQHVV� DQG�
+HDULQJ� ,PSDLUPHQW� 3URJUDPPH�

3ODQQLQJ�� :+2�3'+����� *HQHYD� ������
*UDGH�RI�+HDULQJ�,PSDLUPHQW��������

��� $GHNZX� $�� (]HDQROXH� %&�� $JDED� (,��
$GRJD� $6�� $GRJD� $$�� 3UHYDOHQFH� RI�
KHDULQJ� ORVV� LQ� FKURQLF� NLGQH\� GLVHDVH��
VWDJHV�����SDWLHQWV�LQ�D�WHDFKLQJ�KRVSLWDO�LQ�
1LJHULD��-�0HG�5HV�3UDFW������������������

��� $QWRQHOOL� $5�� %RQRO� )�� *DUUXED� 9� HW� DO��
$XGLRORJLFDO� ILQGLQJV� LQ� HOGHUO\� SDWLHQWV�
ZLWK� UHQDO� IDLOXUH�� $FWD� 2WRODU\JRO�
�6WRFNK�������������VXSSO��������

��� /DVLVL�$2��6DODNR�%/��.RGL\D�0$��$PXVDW�
0$�� 2VLVDQ\D� :3�� +HDULQJ� WKUHVKROG� LQ�
SDWLHQWV� ZLWK� FKURQLF� UHQDO� IDLOXUH�� 6DXGL�
0HG�-����������������������

��� $UDR\H� 02�� 5HVHDUFK� PHWKRGRORJ\� ZLWK�
VWDWLVWLFV� IRU� KHDOWK� DQG� VRFLDO� VFLHQFHV��
1DWKDGH[��,ORULQ��1LJHULD����������������

��� &RFNFURIW� ':�� *DXOW� 0+�� 3UHGLFWLRQ� RI�
JORPHUXODU� ILOWUDWLRQ� UDWH� IURP� VHUXP�
FUHDWLQLQH��1HSKURQ����������������

��� &KU\VVRXOD�7��(OLDV�7��9DVVLOLV�'��3ORXPLV�
3��DQG�9DVVLOLV�9��+HDULQJ�LQ�UHQDO�IDLOXUH�
(GLWRULDO� 5HYLHZ�� 1HSKURO� 'LDO�
7UDQVSODQW����������������������

��� %HUJVWURP�/��7KRPSVRQ�3��+HDULQJ�ORVV�LQ�
SDHGLDWULF�UHQDO�SDWLHQWV��,QW�-�3HGLDWU�2WRO��
�����������������

$GHNZXHW�DO�
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��� 1LNRORSRXORV� 73�� .DQGLORURV� '&�� 6HJDV�
-9�� 1RPLFRV� 31�� )HUHNLGLV� ($�� 0LFKHOLV�
.(� HW� DO�� $XGLWRU\� IXQFWLRQ� LQ� \RXQJ�
SDWLHQWV� ZLWK� FKURQLF� UHQDO� IDLOXUH�� &OLQ�
2WRODU\QJRO�������������������

��� =HLJHOERLP� %�� 0DQJDEHULD�$OEHUQD]� 3��
)XNXGD� <�� +LJK� IUHTXHQF\� DXGLRPHWU\�
DQG� FKURQLF� UHQDO� IDLOXUH�� $FWD�
2WRODU\QJRO��������������������

��� *DWODQG� '�� 7XFNHU� %�� &KDOVWUH\� 6�� .HHQH�
0�� DQG� %DNHU� /�� +HDULQJ� ORVV� LQ� FKURQLF�
UHQDO� IDLOXUH�� KHDULQJ� WKUHVKROG� FKDQJHV�
IROORZLQJ�KDHPRGLDO\VLV��-5�6RF�0HG�������
���������������

��� +XWFKLQVRQ� -�� .ORGG� '��
(OHFWURSK\VLRORJLFDO� DQDO\VLV� RI� DXGLWRU\��
YHVWLEXODU� DQG� EUDLQVWHP� IXQFWLRQ� LQ�
FKURQLF� UHQDO� IDLOXUH�� /DU\QJRVFRSH� ������
������������

&LWH� WKLV�$UWLFOH� DV�$GHNZX�$�� ,ELDP�)�$��2JEH\L�*�$��$EDK�5��$JDED�(� ,��(]HDQROXH�%�&��
&RUUHODWLRQ�%HWZHHQ�$HWLRORJ\��6WDJH�DQG�'XUDWLRQ�RI�&KURQLF�.LGQH\�'LVHDVH�DQG�+HDULQJ�
/RVV�� %R� 0HG� -� ����������������� 6RXUFH� RI� 6XSSRUW�� 1LO�� &RQIOLFW� RI� ,QWHUHVW�� 1RQH� GHFODUHG

&RUUHODWLRQ�%HWZHHQ�$HWLRORJ\��6WDJH�DQG�'XUDWLRQ�RI�&KURQLF�.LGQH\�'LVHDVH�


