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5XVGLDQWR���0XK�1DVUXP�0DVVL���$K\DU�$KPDG�

�'HSDUWPHQW�RI�0LFURELRORJ\��0HGLFDO�)DFXOW\�+DVDQXGGLQ�8QLYHUVLW\
�'HSDUWPHQW�RI�&KHPLVWU\��1DWXUDO�6FLHQFH�)DFXOW\�+DVDQXGGLQ�8QLYHUVLW\

&RUUHVSRQGLQJ�$XWKRU�

5XVGLDQWR

%DJLDQ�%LRPHGLN�.RQVHQWUDVL�0LNURELRORJL��3DVFDVDUMDQD�8QLYHUVLWDV�+DVDQXGGLQ�������

(PDLO��DQWR�UXVGKL#JPDLO�FRP

$%675$&7

,QWURGXFWLRQ��'LDUUKHD�LV�RQH�KHDOWK�SUREOHP�LQ�WKH�ZRUOG�ZLWK�PRUWDOLW\�DQG�PRUELGLW\�UDWHV

DUH�KLJK��ERWK�LQ�GHYHORSHG�DQG�GHYHORSLQJ�FRXQWULHV��7KLV�UHVHDUFK�DLPV�WR�GHWHFW�6KLJHOOD�VS

LQ�WKH�VWRRO�RI�FKLOGUHQ�ZLWK�GLDUUKHD�XVLQJ�FXOWXUH�PHWKRG�DQG�3&5��0HWKRGV��7KLV�UHVHDUFK

LV�D�GHVFULSWLYH�ZLWK�FURVV�VHFWLRQDO�GHVLJQ��$�WRWDO�RI����VDPSOHV�ZHUH�REWDLQHG� IURP�IRXU

KHDOWK�FHQWHUV�LQ�0DNDVVDU�FLW\��L�H��%DUDEDUD\D��3DPSDQJ��$QWDQJ�3HUXPQDV�DQG�7DPDQJDSD

IURP�0D\���-XO\������ZLWK�UHFWDO�VZDE�PHWKRG��)RU�FXOWXUH�WHVW��WKH�VDPSOHV�ZHUH�LQRFXODWHG

RQ�PHGLXP�66$��:KLOH�ZLWK�3&5�WHVW��SULPHU�LFV$������ES��ZDV�XVHG��5HVXOWV��7KH�UHVXOWV

LQGLFDWH�WKDW��IURP����VDPSOHV�WHVWHG�E\�XVLQJ�FXOWXUH�PHWKRG��WKHUH�LV�QR�VDPSOH������SRVL�

WLYH�GHWHFWHG�6KLJHOOD�VS��:KLOH�WKH�3&5�PHWKRG� WKHUH���VDPSOHV�������SRVLWLYH�GHWHFWHG

6KLJHOOD�VS��&RQFOXVLRQ��7KH�VHQVLWLYLW\�RI�3&5�LQ�WKH�GHWHFWLRQ�RI�6KLJHOOD�VS�IURP�WKH�OHYHO

RI�GLOXWLRQ�������������$O�WRJHWKHU��LW�FDQ�EH�LQIHUUHG�WKDW�3&5�PHWKRG�LV�PRUH�DFFXUDWH�PHWKRG

GHWHFW�6KLJHOODVS�WKDQ�RWKHU�FXOWXUH�PHWKRGH�

.H\ZRUGV��'LDUUKHD��6KLJHOODVS��&XOWXUH��3&5

,1752'8&7,21

'LDUUKHDO�GLVHDVH�VWLOO�UHPDLQV�D�KHDOWK

SUREOHP�RI�WKH�ZRUOG�WLOO�WRGD\��ERWK�LQ�GHYHO�

RSHG�DQG�GHYHORSLQJ�FRXQWULHV��'LDUUKHD�LV�D

GLVHDVH�ZLWK�PRUELGLW\�DQG�PRUWDOLW\�RFFXU�LQ

FKLOGUHQ�XQGHU���\HDUV�ROG�DQG�DERXW�����RI

FDVHV�RI�LQIDQW�GHDWKV�LQ�WKH�ZRUOG�HDFK�\HDU

DUH�FDXVHG�E\�GLDUUKHD��

2QJRLQJ�VWXG\�LQ�HLJKW�KRVSLWDOV�LQ�,QGR�

QHVLD�SXW�6KLJHOOD�VS����������DV�D�SDWKRJHQ

ZLWK�RI�WKH��QG�PRVW�KLJK�IUHTXHQF\�LQ�FDXV�

LQJ�RI�GLDUUKHD�DIWHU�9LEULR�FKROHUDH���������

DQG�E\�6DOPRQHOOD�VS�����������

7KH�FDXVH�RI�GLDUUKHD�LV�XVXDOO\�FDXVHG

E\�LQIHFWLRQ�IURP�YLUXVHV��EDFWHULD�DQG�RWKHU

SDUDVLWHV��6KLJHOOD�VS� LV�RQH�RI�WKH�EDFWHULD

WKDW�FDQ�FDXVHV�GLDUUKHD��%DVHG�RQ�WKH�ELR�

FKHPLFDO� SURSHUWLHV� DQG� LWV� DQWLJHQ�� GLVWLQ�

JXLVKHG� RQ� 6�� G\VHQWHULDH�� 6�� IOH[QHUL�� 6�

ER\GLL�DQG�6��VRQQHL��$OO�NLQGV�RI�6KLJHOOD�DUH

DEOH� WR� LQIHFW� KXPDQV�DQG� FDXVH� GLDUUKHD�

IURP�PLOG�GLDUUKHD�WR�VHYHUH�GLDUUKHD��

$�FRPPRQ�PHWKRG�XVHG�WR�GHWHFW�6KL�

JHOOD� VS� LV� FXOWXUH�PHWKRG�� %XW� WKH� FXOWXUH

PHWKRG�LV�UHODWLYHO\�LQHIILFLHQW��LW�WDNHV�DERXW

������KRXUV��DQG�VRPHWLPHV�JHQHUDWHG�HUUR�

QHRXV�GLDJQRVLV���7R�RYHUFRPH�WKH�VKRUWDJH

RI�FXOWXUH�PHWKRG�RWKHU�GLDJQRVWLF�PHWKRG�DUH

QHHGHG�ZLWK�EHWWHU�VHQVLWLYLW\�DQG�VSHFLILFLW\�

7KH�XVH�RI�ELRPROHFXODU�LQ�WKH�PHGLFDO�ILHOG

LV�FRQVWDQWO\�LQFUHDVLQJ��9DULRXV�W\SHV�RI�QHZ

GLDJQRVWLF�PHWKRG�KDYH�EHHQ�XVHG�WR�GLDJ�

QRVH� LQIHFWLRXV� GLVHDVHV� VXFK� DV� 3&5

PHWKRG��3&5�LV�D�PHWKRG� WKDW� LV�EDVHG�RQ

WKH�UHSURGXFH�FRSLHV�RI�'1$� WHPSODWH� �WDU�

JHW��

6HYHUDO�VWXGLHV�KDYH�VKRZQ�WKDW�GHWHF�

WLRQ�RI�6KLJHOOD�XVLQJ�'1$�DPSOLILFDWLRQ�WHFK�

QLTXH�LV�EHWWHU�WKDQ�XVLQJ�FRQYHQWLRQDO�PHWKRG

�FXOWXUH���5HVHDUFK�FRQGXFWHG�E\�7KLHP�HW�DO�

VKRZHG�DV�PXFK�DV�����RI�GLDUUKHDO�VWRRO



�����,

VDPSOHV�ZHUH�FXOWXUHG�VKRZHG�QHJDWLYH�UH�
VXOWV��EXW�ZLWK�3&5�PHWKRG�HVSHFLDOO\�TXDQWL�
WDWLYH�3&5��T3&5��VKRZHG�SRVLWLYH�UHVXOWV�IRU
WKH� 6KLJHOOD��� 8QGHU� WKHVH� FRQGLWLRQV�� WKLV
VWXG\�ZLOO�ORRN�DW�WKH�HIIHFWLYHQHVV�RI�FXOWXUH
DQG� 3&5�PHWKRG� LQ� GLDJQRVLQJ� GLDUUKHD
FDXVHG�E\�6KLJHOOD�VS��7KLV�UHVHDUFK�DLPV�WR
GHWHFW�6KLJHOOD�VS�LQ�WKH�VWRRO�RI�FKLOGUHQ�ZLWK

GLDUUKHD�ZLWK�FXOWXUH�DQG�3&5�PHWKRG�

0(7+2'6

5HVHDUFK�6LWHV

5HVHDUFK� ORFDWLRQ� ZDV� GLVWLQJXLVKHG
EDVHG�RQ�WKH�ORFDWLRQ�RI�VDPSOLQJ�DQG�VDP�
SOLQJ�LQVSHFWLRQ��6DPSOLQJ�ZDV�FRQGXFWHG�LQ
IRXU�KHDOWK�FHQWHUV�LQ�0DNDVVDU�WKDW�LV�%DUD�
EDUD\D��$QWDQJ�3HUXPQDV��7DPDQJDSD�DQG
3DPSDQJ��7HVW�RI�WKH�VDPSOHV�FDUULHG�RXW�LQ
WKH�/DERUDWRU\�RI�0LFURELRORJ\��8QKDV�+RVSL�

WDO�0DNDVVDU�

3RSXODWLRQ�DQG�6DPSOH

7KH�SRSXODWLRQ�LQ�WKLV�UHVHDUFK�LV�DOO�GL�
DUUKHD�SDWLHQWV�ZKR�FDPH�WR�WKH�VDPSOLQJ�VLWH�
7RWDO�VDPSOH�DV�PDQ\�DV����FKLOGUHQ�ZLWK�GL�
DUUKHD�IXOILOOHG�WKH�LQFOXVLRQ�FULWHULD��VXFK�DV
GLDUUKHD�SDWLHQWV��DJHG������PRQWKV��GR�KDV
UHFHQWO\�WDNHQ�DQWLELRWLFV�DQG�DUH�ZLOOLQJ�WR�VLJQ
DQ�LQIRUPHG�FRQVHQW�IRUP�IURP�WKH�5HVHDUFK
(WKLFV� &RPPLWWHH� RI� )DFXOW\� RI�0HGLFLQH
8QKDV�

6DPSOH�&ROOHFWLRQ

6DPSOHV�ZHUH�REWDLQHG�E\�WDNLQJ�UHFWDO
VZDEV� IURP����FKLOGUHQ�ZLWK�GLDUUKHD��6XE�
MHFW�ZDV�ODLG�VLGHZD\V�SRVLWLRQ�WR�WKH�OHIW��WKH
SRVLWLRQ�RI�WKH�ULJKW�OHJ�DERYH�DQG�WKH�OHIW�IRRW
EHORZ��7KH�DQDO�FDQDO�LV�RSHQHG�XVLQJ�WKH�OHIW
KDQG�� WKHQ�SXW�D�FRWWRQ�VZDE� LQWR�WKH�DQXV
SUHYLRXVO\�VRDNHG�LQ�D�VROXWLRQ�RI�1D&O�DQG
VZDE�URG�LV�URWDWHG�������7LS�VZDE�UHPRYHG
E\�WZLVWLQJ�DQG�LPPHGLDWHO\�SXW�LQ�D�WUDQVSRUW

PHGLXP�LV�&DU\�%ODLU�

&XOWXUH�PHWKRG

6DPSOHV�RI�&DU\�%ODLU�PHGLXP�ZHUH�LQ�
RFXODWHG�RQ� WKH�%+,%� IHUWLOL]HU�PHGLXP�DQG
LQFXEDWHG�DW����&� IRU����KRXUV���� ORRS�RVH
WDNHQ�DQG� LQRFXODWHG�RQ�PHGLD�VDXFHU�6DO�
PRQHOOD�6KLJHOOD� DJDU��6DPSOHV�ZHUH� LQFX�
EDWHG�IRU����KRXUV�DW�D�WHPSHUDWXUH�RI����&�
&RORQLHV�WKDW�JLYHV�WKH�DSSHDUDQFH�RI�GXOO�RU
FRORUOHVV�ZDV�WDNHQ�DQG�IROORZHG�E\�ELRFKHPL�
FDO�WHVWV��%LRFKHPLFDO�WHVWV�WKDW�ZDV�GRQH��XVLQJ

7ULSOH�6XJDU�,URQ�$JDU��76,$��WHVW��6XOIDWH

,QGROH�0RWLOLW\� �6,0���0HWK\O� 5HG�� 9RJDV
3URVNDXUHU��93���6LPPRQ�FLWUDWH��XUHDVH�WHVW�
IHUPHQWDWLRQ�RI�FDUERK\GUDWHV�WHVW��$IWHU�LQ�
FXEDWLRQ�IRU����KRXUV�DW�D�WHPSHUDWXUH�RI����&�
VHHLQJ�WKH�UHDFWLRQ�WKDW�RFFXUV�LQ�HYHU\�WHVW�

3&5�PHWKRG

'1$�H[WUDFWLRQ

'1$�H[WUDFWLRQ�SURFHVV�LV�GRQH�E\�XVLQJ
*HQHDG�3UHVWR70�'1$���51$�([WUDFWLRQ�.LW
3URWRFRO�

'1$�$PSOLILFDWLRQ

'1$�DPSOLILFDWLRQ�LV�GRQH�XVLQJ�D�SULPHU
,&6$��IRUZDUG���
�$7*�77&�7$$�*&$�&$*
$$$�7**����
��UHYHUVH���
�*7*�$&$�&&&�77&
7*7�$**�&*������0DNLQJ�3&5�UHJHQ�PL[�ZDV
PDGH�E\�PL[LQJ������P/�JUHHQ�PDVWHU�PL[
�G173��'1$�SRO\PHUDVH�WDJ��0J&O��������P/
RI�IRUZDUG�SULPHU��UHYHUVH�SULPHU�����P/��1X�
FOHDVH�IUHH�ZDWHU�����P/������P/�RI�SURGXFW
'1$��DQG� LQVHUWHG� LQWR� WKH�HSSHQGRUI� WXEH�
$PSOLILFDWLRQ� SURJUDP� ZDV� FDUULHG� RXW� LQ
VHYHUDO�F\FOHV��7KH� ILUVW� F\FOH� LV�GRQH��E\
GHQDWXUDWLRQ�DW�D�WHPSHUDWXUH�RI����&�IRU��
PLQXWHV��)XUWKHUPRUH��D�WRWDO�RI����F\FOHV
RI�GHQDWXUDWLRQ�QH[W�SHUIRUPHG�DW�D�WHPSHUD�
WXUH� RI� ���&� IRU� ��PLQXWH�� DQQHDOLQJ� DW� D
WHPSHUDW�WHPSHUDWXUH�RI����&�IRU����VHFRQGV
DQG�H[WHQVLRQ�DW����&�IRU���PLQXWH�DQGWKH�WKLUG
F\FOH�GR�WKH�ILQDO�H[WHQVLRQ�DW����&�IRU���PLQ�
XWHV�

$JDURVH�*HO�(OHFWURSKRUHVLV

$QDO\VLV�RI�WKH�UHVXOWV�RI�3&5�DPSOLILFD�
WLRQ�SURGXFWV�LV�GRQH�E\�XVLQJ�D����DJDURVH
JHO�HOHFWURSKRUHVLV��DQG�WKHQ�YLVXDOL]HG�ZLWK
WKH�*HO�'RF�UHFHLSWV��$�SRVLWLYH�UHVXOW�LV�LQGL�
FDWHG�E\�WKH�SUHVHQFH�RI�'1$�IUDJPHQW�EDQGV
ZHUH� IRUPHG� LQ� DFFRUGDQFH�ZLWK� WKH� WDUJHW

EDQG������ES��

5(68/76

&KDUDFWHULVWLFV�RI�FKLOGUHQ�ZLWK�GLDUUKHD

LQ�WKH�UHVHDUFK�VDPSOHV�ZDV�GLIIHUHQWLDWHG�E\
DJH�UDQJH�DQG�JHQGHU��$�WRWDO�RI����FKLOG�SD�

WLHQWV�LQ�WKLV�VWXG\�ZHUH�FRQVLVWHG�RI����PDOHV
������ DQG� ��� IHPDOHV� ������ZLWK� DQ� DJH

UDQJH�RI�FKLOGUHQ�ZLWK�GLDUUKHD�KLJKHVW�URZ�LV
DJHG� ������PRQWKV�ZHUH� ��� FDVHV� ������

WKHQ�IROORZHG�E\�DJH���������PRQWKV�ZLWK���
FDVHV�������DQG�DJHG������PRQWKV�ZHUH��

FDVHV��������7DEOH����
5HVXOWV�RI�GHWHFWLRQ�E\�XVLQJ�FXOWXUHV�RI

���VDPSOHV�ZHUH�LQRFXODWHG�DW�66$�PHGLXP

5XVGLDQWR�HW�DO����'HWHFWLRQ�RI�6KLJHOOD�VS
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7DEOH����'LDUUKHD�SDWLHQW�GLVWULEXWLRQ�E\�DJH�DQG�VH[

3RVLWLYH 1HJDWLYH

&XOWXUH ����� � �������� �

3&5 ������ � ������� �

0HWKRG
5HVXOW����

7DEOH����7KH�UHVXOW�RI�6KLJHOOD�VS�GHWHFWLRQ�E\�FXOWXUH

DQG��3&5�0HWKRG

DQG�KDV�FRQGXFWHG�ELRFKHPLFDO�WHVW�VDPSOH

REWDLQHG� IURP��� ����� SRVLWLYH� 6KLJHOOD� VS�

&KDUDFWHULVWLF�RI�6KLJHOOD�VS�VXVSHFWHG�FROR�

QLHV� WKDW� JURZ� RQ� WKH� 66$� PHGLXP� LV

XQFRORXUHG� FRORQ\� �WUDQVSDUHQW���:KLOH� E\

XVLQJ�WKH�3&5�PHWKRG����VDPSOHV�������ZHUH

SRVLWLYH�6KLJHOOD�VS��7DEOH����

3&5�WHVW�UHVXOWV�DIWHU�YLVXDOL]HG�E\���

DJDURVH�JHO�HOHFWURSKRUHVLV�VKRZHG�IRUPHG

IUDJPHQW�RI�'1$�EDQG�ZLWK�D�VL]H�RI�����ES�

'1$�IUDJPHQWV�WKDW�DUH�IRUPHG�LQ�DFFRUGDQFH

ZLWK� WKH�VL]H�RI� WKH� WDUJHW�'1$�IUDJPHQW�� ,W

LQGLFDWHV�WKDW�WKH�VDPSOH�ZDV�FRQWDLQHG�ZLWK

6KLJHOOD� VS��:KLOH� WKH� VDPSOH�ZKLFK� LV� QRW

IRUP� IUDJPHQW� RI� '1$� LQGLFDWHV� WKDW� WKHUH

ZHUH�QR�EDFWHULD�6KLJHOOD�VS��)LJXUH������

7KH�VHQVLWLYLW\�RI�3&5�LQ� WKH�GHWHFWLRQ

RI�6KLJHOOD� VS�ZDV�PHDVXUHG� E\� GLOXWLRQ

PHWKRG�VWRULHG��'LOXWLRQ�LV�GRQH�LQ�WKH�SRVL�

WLYH�FRQWURO�IURP�WKH�OHYHO�RI�GLOXWLRQ�RI������

����� �)LJXUH�����'1$�HOHFWURSKRUHVLV�UHVXOWV

RI�GLOXWLRQ�RI�SRVLWLYH�FRQWURO�JDYH�SRVLWLYH�UH�

VXOWV�IURP�WKH�OHYHO�RI�GLOXWLRQ�RI�����������ZKLFK

PDUNHG�ZLWK�WKH�IRUPDWLRQ�RI�WKH�EDQG�FRUUH�

VSRQGLQJ�WR�WKH�WDUJHW�EDQG������ES���:KLOH

WKH�GLOXWLRQ� UDWH�RI� ����� �� ����� LV�QRW� IRUPHG

'1$�IUDJPHQWV�WKDW�VKRZHG�6KLJHOOD�VS�WDU�

JHWV�FDQ�QRW�EH�GHWHFWHG�DW�WKH� OHYHO�RI�WKH

GLOXWLRQ�

',6&866,21

'LDUUKHD� LV�D�GLVHDVH�FKDUDFWHUL]HG�E\

LQFUHDVHG�IUHTXHQF\�RI�GHIHFDWLRQ�PRUH�WKDQ

QRUPDO��!���WLPHV������KRXUV��DQG�D�FRPSOHWH

FKDQJH�LQ�VWRRO�FRQVLVWHQF\�WR�D�OLTXLG�ZLWK�RU

ZLWKRXW�EORRG�DQG�PXFXV���6KLJHOOD�VS��LV�WKH

SDWKRJHQ�PRVW�IUHTXHQWO\�LVRODWHG�IURP�IHFHV

)LJXUH���
$JDURVH�JHO� HOHFWURSKRUHVLV
RI�3&5�SURGXFWV�VDPSOH�FRGH
RI������DPSOLILHG�ZLWK�6KLJHOOD
VSS�� LFV$� JHQH�SULPHUV��0�
0DUNHU��.����3RVLWLYH�FRQWURO�
.���QHJDWLYH�FRQWURO

)LJXUH���
$JDURVH�JHO�HOHFWURSKRUHVLV�RI
3&5�SURGXFWV�VDPSOH�FRGH�RI
������DPSOLILHG�ZLWK�6KLJHOOD
VSS�� LFV$� JHQH�SULPHUV��0�
0DUNHU��.���3RVLWLYH�FRQWURO��.��
QHJDWLYH�FRQWURO

1XVDQWDUD�0HGLFDO�6FLHQFH�-RXUQDO�����������������
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)LJXUH���
$JDURVH�JHO�HOHFWURSKRUHVLV
RI� 3&5� SURGXFWV� �����
DPSOLILHG�ZLWK�6KLJHOOD�VSS�
LFV$�JHQH�SULPHUV��0��0DUNHU

)LJXUH���
$JDURVH�JHO�HOHFWURSKRUHVLV
RI�6KLJHOOD�3&5� SURGXFWV
REWDLQHG�E\� WKH� DQDO\VLV� RI
GLOXWLRQ� RI� GLIIHUHQW� FRQ�
FHQWUDWLRQV� RI�6�� IOH[HQHUL
VWUDLQ��$7&&��������

LQ�FKLOGUHQ�ZLWK�EORRG\�GLDUUKHD�LQ�GHYHORSLQJ

FRXQWULHV��2QO\�ZLWK���������WKHVH�EDFWHULDO

LQ�WKH�ERG\��LW�FDQ�PDNH�LQIHFWLRQV�LQ�KXPDQV��

7KH� GLVHDVH�XVXDOO\� EHJLQV�ZLWK� IHYHU� DQG

PDODLVH��IROORZHG�E\�ZDWHU\�GLDUUKHD�DQG�SDLQ�

IXO�DEGRPLQDO�FUDPSV��2Q�WKH�VHFRQG�GD\�RI

WKH�GLVHDVH��EORRG�DQG�PXFXV�XVXDOO\�DSSHDUV

LQ�WKH�VWRRO��DQG�WHQHVPXV�EHFDPH�D�SURPL�

QHQW�V\PSWRP��

7KH�KLJK�LQFLGHQFH�RI�GLDUUKHD�LQ�FKLOGUHQ

DJHG���� WR����PRQWKV� �WRGGOHU��� FRXOG� EH

FRYHUHG�E\�FKLOGUHQ�DW�WKLV�DJH�KDYH�EHJDQ

DFWLYHO\�SOD\LQJ��� ,Q�DGGLWLRQ��FKLOGUHQ�XQGHU

WKH�DJH�RI� WZR� \HDUV� DUH� LQ� WKH� RUDO� SKDVH

ZKHUH�DW�WKLV�SKDVH�FKLOGUHQ�KDYH�D�KDELW�RI

HQWHULQJ�LWHPV�DURXQG�WKHP�LQWR�WKH�PRXWK�VR

WKDW� LW� FDQ� LQFUHDVH� WKH� ULVN� RI� GLDUUKHD���

0HDQZKLOH�� WKH� KLJK�SURSRUWLRQ� RI� FDVHV� RI

GLDUUKHD�LQ�ER\V�WKDQ�JLUOV�EHFDXVH�RI�WKH�WHQ�

GHQF\�DFWLYLWLHV�PRUH�DFWLYH�E\�SOD\LQJ�ZLGHU

DUHD�FRYHUDJH�VR�LW¶V�HDVLHU�WR�EH�LQIHFWHG�E\

WKH�FDXVDWLYH�DJHQW�RI�GLDUUKHD���

7KH�VWDQGDUG�SURFHGXUHV�WR�LGHQWLI\�6KL�

JHOOD�VS��DUH�XVLQJ�WKH�FXOWXUH�RQ�VHOHFWLYH�PH�

GLD�DQG�DJJOXWLQDWLRQ�WHVWV�ZLWK�DQWL�VHUD����,Q

WKLV� VWXG\� WKH� GHWHFWLRQ� E\� XVLQJ� FXOWXUH

PHWKRG��ZKLFK�VDPSOHV�ZHUH� LQRFXODWHG�RQ

PHGLXP�66$�

,Q�WKLV�VWXG\��WKHUH�DUH�QR�SRVLWLYH�UH�

VXOWV�6KLJHOOD�VS�ZLWK�FXOWXUH�PHWKRG��&KDU�

DFWHULVWLF�RI�6KLJHOOD�FRORQLHV�WKDW�JURZ�RQ

WKH�PHGLXP�66$�LV�VKDSHG�FRQYH[��FRQYH[�

ZLWK�D�GLDPHWHU�RI�����PP�DQG�WUDQVSDUHQW

FRORQ\�FRORU��&RORXUOHVV�����,Q�WKLV�VWXG\����

VWRRO�VDPSOHV�FRQWDLQLQJ�QR�EORRG��7KLV�FDQ

KDSSHQ�EHFDXVH�RI�QXPEHU�RI�EDFWHULD�6KL�

JHOOD�VS�FRQWDLQHG�LQ�VWRRO�EORRG\�GLDUUKHD

SDWLHQWV�PRUH�LQ�FRPSDULVRQ�ZLWK�WKH�VWRRO

LQ�SDWLHQWV�ZLWK�GLDUUKHD�ZLWKRXW�EORRG��

7KH�SUHVHQFH�RI�EORRG�LQ�WKH�VWRRO�LV�QRW

DOZD\V�DQ�LQIHFWLRQ�E\�6KLJHOOD�VS��7KH�EDF�

WHULD� WKDW�FDQ�FDXVH�EORRG\�GLDUUKHD�LV�6KL�

JHOOD� DQG� LQYDVLYH� (�� FROL�� 6DOPRQHOOD�

&DPS\OREDFWHU�MHMXQL�DQG�FROL�%DODQWLGLXP���

,Q�DGGLWLRQ�WR�XVLQJ�FXOWXUH�PHWKRG��WKLV

VWXG\�DOVR�XVHG� WKH�3&5�PHWKRG� WR�GHWHFW

6KLJHOOD�VS��3&5�LV�DQ�HQ]\PDWLF�PHWKRG�WR

GRXEOH�VWUDQG�'1$�ZLWKRXW�XVLQJ�D�OLYLQJ�RU�

JDQLVP��5HVXOWV�RI�6KLJHOOD�VS�GHWHFWLRQ�E\

3&5�DIWHU�HOHFWURSKRUHVLV�REWDLQHG�DV�PXFK

DV���VDPSOHV�������ZHUH�GHWHFWHG�DV�SRVL�

WLYH�EDFWHULXP�6KLJHOOD�VS��QDPHO\�WKH�VDPSOH

FRGH�)�����)�����)�����)�����)�����DQG�)�����LV

PDUNHG�ZLWK�D�EDQG�IRUPHG�LQ�DFFRUGDQFH�ZLWK
WKH�VL]H�RI�WKH�WDUJHW�EDQG�WKDW�LV�����ES�

5XVGLDQWR�HW�DO����'HWHFWLRQ�RI�6KLJHOOD�VS
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7KHUH� EHLQJ� D� GLIIHUHQW� GLDJQRVLV� EH�

WZHHQ�FXOWXUH�DQG�3&5�PHWKRG�ZKHUHLQ�WKH

FXOWXUH�PHWKRG�GHWHFWHG�6KLJHOOD�QHJDWLYH�WR

SRVLWLYH� VDPSOHV� GHWHFWHG� E\� 3&5��7KLV� LV

EHFDXVH� WKH� QXPEHU� RI�6KLJHOOD� VS� LQ� WKH

VDPSOH�LV�ORZ�DQG�WKH�FRPSHWLWLRQ�IURP�RWKHU

FRPPHQVDO�RUJDQLVPV��

7KLV�LV�DFFRUGLQJ�WR�UHVHDUFK�FRQGXFWHG

E\�/LQGVD\�HW�DO��WKDW�RI�����VWRRO�VDPSOHV�RI

FKLOGUHQ�VXIIHULQJ�IURP�GLDUUKHD�ZHUH�WHVWHG

E\�FXOWXUH�PHWKRG�DQG�WKH�3&5�ZDV�REWDLQHG

���SRVLWLYH�VDPSOHV�RI�6KLJHOOD�ZLWK�WKH�FXO�

WXUH�PHWKRG�DQG�����VDPSOHV�ZHUH�SRVLWLYH

E\�3&5�ZLWK�SULPHUV�LSD$����$QRWKHU�VWXG\�LQ

,QGLD�VKRZHG�VLPLODU�UHVXOWV�ZKHUH�WKH�PHWKRG

RI�3&5��SULPHU�,SDK��PRUH�SRVLWLYH�VDPSOHV

GHWHFWHG� 6KLJHOOD� FRPSDUHG� ZLWK� FXOWXUH

PHWKRG���

&21&/86,216

)URP�WKH�UHVXOWV�RI�WKLV�VWXG\�FRQFOXGHG

WKDW�PRUH� HIIHFWLYH�3&5�PHWKRG� WR� GHWHFW

VKLJHOD�VS� LQ�VWRRO�RI�FKLOGUHQ�ZLWK�GLDUUKHD

FRPSDUHG�ZLWK�FXOWXUH�PHWKRG��%DVHG�RQ�WKLV

VWXG\��LW�FDQ�EH�VXJJHVWHG�WKDW�PRUH�UHVHDUFK

LV�QHHGHG�ZLWK�D�QXPEHU�RI�PRUH�VDPSOHV�DQG

RQ�GLIIHUHQW�SRSXODWLRQV��EHVLGHV� WKH�FLW\�RI

0DNDVVDU�

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

2XU� WKDQNV� WR� %DUDEDUD\D�� 3DPSDQJ�

7DPDQJDSD�DQG� �$QWDQJ� �3HUXPQDV�KHDOWK

FHQWHUV�IRU�DOORZLQJ�XV�WR�WDNH�VDPSOHV�LQ�WKHLU

LQVWLWXWLRQV�DV�ZHOO�DV�WKH�0LFURELRORJ\�/DER�

UDWRU\�RI�81+$6�ZKR�KDYH�KHOSHG�XV�LQ�FRQ�

GXFWLQJ�WKLV�UHVHDUFK�

%U\FH�-��%RVFKL�3LQWR�&��6KLEX\D�.��%ODFN

5(��*URXS�:&+(5��:+2�HVWLPDWHV�RI�WKH

FDXVHV�RI�GHDWK� LQ�FKLOGUHQ��7KH�/DQFHW�

�������������������������

7MDQLDGL� 3�� /HVPDQD� 0�� 6XEHNWL� '�

0DFKSXG�1��.RPDODULQL�6��6DQWRVR�:��HW

DO��$QWLPLFURELDO� UHVLVWDQFH�RI� EDFWHULDO

SDWKRJHQV�DVVRFLDWHG�ZLWK�GLDUUKHDO�SD�

WLHQWV�LQ�,QGRQHVLD��7KH�$PHULFDQ�MRXUQDO

RI� WURSLFDO� PHGLFLQH� DQG� K\JLHQH�

�������������������

/HYLQH�00��.RWORII�./��%DUU\�(0��3DVHWWL

0)��6]WHLQ�0%��&OLQLFDO�WULDOV�RI�6KLJHOOD�YDF�

FLQHV��WZR�VWHSV�IRUZDUG�DQG�RQH�VWHS�EDFN

RQ�D�ORQJ��KDUG�URDG��1DWXUH�5HYLHZV�0L�

FURELRORJ\��������������������

2MKD�6&��<HDQ�<HDQ�&��,VPDLO�$��%DQJD

6LQJK�.�.��$�SHQWDSOH[�3&5�DVVD\�IRU�WKH

GHWHFWLRQ�DQG� GLIIHUHQWLDWLRQ� RI� 6KLJHOOD

VSHFLHV��%LR0HG� UHVHDUFK� LQWHUQDWLRQDO�

�����������

7KLHP�9'��6HWKDEXWU�2��YRQ�6HLGOHLQ�/��9DQ

7XQJ�7��&KLHQ�%7��/HH�+��HW�DO��'HWHFWLRQ

RI�6KLJHOOD�E\�D�3&5�DVVD\�WDUJHWLQJ�WKH

LSD+�JHQH�VXJJHVWV�LQFUHDVHG�SUHYDOHQFH

RI�VKLJHOORVLV�LQ�1KD�7UDQJ��9LHWQDP��-RXU�

QDO� RI� FOLQLFDO�PLFURELRORJ\�� �����������

���������

6XGDU\DW�6��*DVWURHQWHURORJL�$QDN��/DE�

60)� ,OPX� .HVHKDWDQ�$QDN� )DNXOWDV

.HGRNWHUDQ�8QLYHUVLWDV�8GD\DQD�������

5()(5(1&(6

��

��

��

��

��

��

1DVFLPHQWR�$0��9DQ�'HU�6DQG�67��'H�

WHFWLRQ�RI�WKH�YLUXOHQFH�SODVPLG�S,19��XV�

LQJ�LQY�(�JHQH�LQ�VKLJHOOD�VS��LQ�VHZDJH

VDPSOHV�E\�3&5�DVVD\��%LRFLrQFLDV��2Q�

OLQH��������������

:\OOLH�5��+\DPV�-6��.D\�0��3HGLDWULF�JDV�

WURLQWHVWLQDO� DQG� OLYHU� GLVHDVH��(OVHYLHU

+HDOWK�6FLHQFHV�������

.HPHQNHV�5��%XOHWLQ� MHQGHWD�GDWD� GDQ

LQIRUPDVL�NHVHKDWDQ��VLWXDVL�GLDUH�GL�,QGR�

QHVLD��-DNDUWD��3XVDW�'DWD�GDQ�,QIRUPDVL

.HPHQWULDQ�.HVHKDWDQ�5,�+OP�����������

3DOXSL�$��+DGL�+��6RHQDUWR�66��6WDWXV�JL]L

GDQ�KXEXQJDQQ\D�GHQJDQ�NHMDGLDQ�GLDUH

SDGD�DQDN�GLDUH�DNXW�GL�UXDQJ�UDZDW�LQDS

5683�'U��6DUGMLWR�<RJ\DNDUWD��-XUQDO�*L]L

.OLQLN�,QGRQHVLD����������������

$OLSRXU�0��7DOHEMDQQDW�0��1DELXQL�0��3RO\�

PHUDVH�FKDLQ�UHDFWLRQ�PHWKRG�IRU�WKH�UDSLG

GHWHFWLRQ�RI�YLUXOHQW�6KLJHOOD�VSS�������

*DXUDY�$��6LQJK�6��*LOO�-��.XPDU�5��.XPDU

'��,VRODWLRQ�DQG�LGHQWLILFDWLRQ�RI�6KLJHOOD

VSS��IURP�KXPDQ�IHFDO�VDPSOHV�FROOHFWHG

IURP�3DQWQDJDU�� ,QGLD��9HW�:RUOG�������

����������

%KXWWD�=$��$FXWH�JDVWURHQWHULWLV�LQ�FKLOGUHQ�

1HOVRQ� WH[WERRN� RI� SHGLDWULFV�� �����

�������������

/LQGVD\�%��2FKLHQJ�-%�� ,NXPDSD\L�81�

7RXUH�$��$KPHG�'��/L�6��HW�DO��4XDQWLWDWLYH

3&5�IRU�GHWHFWLRQ�RI�6KLJHOOD�LPSURYHV�DV�
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��

���

���

���

���

���

1XVDQWDUD�0HGLFDO�6FLHQFH�-RXUQDO�����������������



�����,

FHUWDLQPHQW�RI�6KLJHOOD�EXUGHQ�LQ�FKLOGUHQ

ZLWK�PRGHUDWH�WR�VHYHUH�GLDUUKHD�LQ�ORZ�

LQFRPH�FRXQWULHV��-RXUQDO�RI�FOLQLFDO�PL�

FURELRORJ\�����������������������

'XWWD�6��&KDWWHUMHH�$��'XWWD�3��5DMHQGUDQ

.��5R\�6��3UDPDQLN�.��HW�DO��6HQVLWLYLW\

DQG�SHUIRUPDQFH�FKDUDFWHULVWLFV�RI�D�GL�

���

UHFW�3&5�ZLWK�VWRRO�VDPSOHV�LQ�FRPSDUL�

VRQ�WR�FRQYHQWLRQDO�WHFKQLTXHV�IRU�GLDJ�

QRVLV�RI�6KLJHOOD�DQG�HQWHURLQYDVLYH�(V�

FKHULFKLD�FROL�LQIHFWLRQ�LQ�FKLOGUHQ�ZLWK�DFXWH

GLDUUKRHD�LQ�&DOFXWWD��,QGLD��-RXUQDO�RI

PHGLFDO�PLFURELRORJ\�����������������

����

5XVGLDQWR�HW�DO����'HWHFWLRQ�RI�6KLJHOOD�VS


