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$*$0�5,=.,(�7(2��8ML�.XDW�7HNDQ�%HWRQ�5LQJDQ�$JUHJDW�%DWX�$SXQJ�GL�
FRDWLQJ 'HQJDQ� 3HQDPEDKDQ� 6LOLFD� )XPH�� 6NULSVL�� -DNDUWD�� 3URJUDP� 6WXGL�
3HQGLGLNDQ�7HNQDLN�%DQJXQDQ�8QLYHUVLWDV�1HJHUL�-DNDUWD�

%HWRQ� PHUXSDNDQ� EDKDQ� EDQJXQDQ� XWDPD� \DQJ� VHULQJ� GLJXQDNDQ� SDGD�
JHGXQJ�EHUWLQJNDW�NDUHQD�PHPLOLNL�NXDW�WHNDQ�\DQJ�WLQJJL��1DPXQ�EHWRQ�PHPLOLNL�
NHOHPDKDQ� SDGD� EHUDWQ\D� VHQGLUL� \DQJ� FXNXS� EHVDU��8QWXN� LWX GLFLSWDNDQ EHWRQ�
ULQJDQ�GHQJDQ�PHQJJDQWLNDQ�DJUHJDW�NDVDU�SDGD�EHWRQ�GHQJDQ�DJUHJDW�ULQJDQ��VDODK�
VDWXQ\D�EDWX�DSXQJ��6HODLQ�LWX� EHWRQ�ULQJDQ�MXJD�PHPLOLNL�NHNXUDQJDQ��\DLWX�NXDW�
WHNDQQ\D� \DQJ� UHQGDK�� ,QRYDVL� \DQJ� GLODNXNDQ� XQWXN� PHQLQJNDWNDQ� NXDW� WHNDQ�
EHWRQ�ULQJDQ�DGDODK�GHQJDQ�PHODNXNDQ�SHODSLVDQ�DJUHJDW�EDWX�DSXQJ GHQJDQ�SDVWD�
VHPHQ GDQ�PHQJJXQDNDQ�VLOLFD�IXPH VHEDJDL�EDKDQ�WDPEDK�EHWRQ�ULQJDQ��7XMXDQ�
GDUL�SHQHOLWLDQ�LQL�DGDODK�XQWXN�PHQJHWDKXL�DSDNDK�EHWRQ�ULQJDQ�DJUHJDW�EDWX�DSXQJ�
\DQJ� GL�FRDWLQJ� GHQJDQ� SHQDPEDKDQ� VLOLFD� IXPH VHEDJDL� EDKDQ� WDPEDK GHQJDQ�
SHUVHQWDVH�SHQDPEDKDQ����VHEDJDL�NRQWURO�� �������������GDQ�����GDUL�EHUDW�
VHPHQ GDSDW�GLJXQDNDQ�VHEDJDL�GLQGLQJ�VWUXNWXUDO�VHVXDL�61,��������������

3HQHOLWLDQ�LQL�GLODNXNDQ�GL�/DERUDWRULXP�%DKDQ�8QLYHUVLWDV�1HJHUL�-DNDUWD��
PHQJJXQDNDQ�PHWRGH� HNVSHULPHQ�� 'DODP� SHQHOLWLDQ� LQL� DJUHJDW� EDWX� DSXQJ� GL�
FRDWLQJ GHQJDQ� SDVWD� VHPHQ� GHQJDQ� SHUEDQGLQJDQ� ���� GDQ� GLVLPSDQ� VHODPD� ��
PLQJJX� VHEHOXP� GLJXQDNDQ�� 6LOLFD� IXPH \DQJ� GLJXQDNDQ� SDGD� SHQHOLWLDQ� LQL�
PHPSXQ\DL�XNXUDQ�\DQJ�ORORV�D\DNDQ�QR�������0HQJJXQDNDQ�EHQGD�GHQJDQ EHQWXN�
VLOLQGHU�EHUGLDPHWHU�����PP�GDQ�WLQJJL�����PP��\DQJ�PDQD�NXDW�WHNDQ�UHQFDQD�IF¶�
��03D��)$6�����GDQ�VOXPS ���PP�± ����PP��3HQJXMLDQ�NXDW�WHNDQ�EHWRQ�PHQJDFX�
SDGD�61,��������������

+DVLO� SHQHOLWLDQ� PHQXQMXNNDQ� SHQDPEDKDQ� VLOLFD� IXPH SDGD� NXDW� WHNDQ�
EHWRQ�ULQJDQ�GHQJDQ�YDULDVL�SHUVHQWDVH������������������GDQ�����WHUKDGDS�EHUDW�
VHPHQ�EHUWXUXW�± WXUXW�VHEHVDU ������03D��������03D��������03D��������03D�GDQ�
������03D�� 'HQJDQ� GHPLNLDQ� GLSHUROHK� NXDW� WHNDQ� RSWLPXP� SDGD� YDULDVL� ����
VHEHVDU�������03D�

.DWD� .XQFL �� %HWRQ� 5LQJDQ�� %DWX� $SXQJ�� &RDWLQJ�� 6LOLFD� )XPH��.XDW�
7HNDQ�%HWRQ�5LQJDQ�
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$*$0�5,=.,(�7(2��&RPSUHVVLYH�7HVW�RI�&RDWHG�3XPLFH�/LJKWZHLJKW�&RQFUHWH�
ZLWK�6LOLFD�)XPH�$GGLWLRQ��7KHVLV��-DNDUWD��%XLOGLQJ�(QJLQHHULQJ�(GXFDWLRQ�6WXG\�
3URJUDP��)DFXOW\�RI�(QJLQHHULQJ��6WDWH�8QLYHUVLW\�RI�-DNDUWD�������

&RQFUHWH� LV� WKH� PRVW� FRPPRQ� XVHG� PDWHULDO� LQ� FRQVWUXFWLRQ� LQGXVWU\� DFWLYLWLHV�
EHFDXVH�LW�KDV�DGYDQWDJHV�VXFK�DV�KLJK�FRPSUHVVLYH�VWUHQJWK��+RZHYHU�� LW�KDV�D�
ZHDNQHVV� LQ� LWV� RZQ� ZHLJKW� ZKLFK� LV� TXLWH� KHDY\�� )RU� WKLV� UHDVRQ�� OLJKWZHLJKW�
FRQFUHWH� ZDV� FUHDWHG� E\� UHSODFLQJ� WKH� FRDUVH� DJJUHJDWH� ZLWK� OLJKWZHLJKW�
DJJUHJDWH�� RQH� RI� ZKLFK� LV� SXPLFH�� %XW� OLJKWZHLJKW� FRQFUHWH� DOVR� KDV� D�
GLVDGYDQWDJH�� WKDW� LV� ORZ� FRPSUHVVLYH� VWUHQJWK�� 7R� LPSURYH� WKH� FRPSUHVVLYH�
VWUHQJWK�RI� OLJKWZHLJKW� FRQFUHWH�� WKH�SXPLFH�DJJUHJDWHV�DUH� FRDWHG�ZLWK� FHPHQW�
SDVWH� DQG� XVLQJ� VLOLFD� IXPH� DV� DQ� DGGLWLRQ� PDWHULDO�� 7KLV� UHVHDUFK� DLPV� WR�
GHWHUPLQH�WKH�HIIHFW�RI�VLOLFD�IXPH�DV�DQ�DGGLWLRQ�PDWHULDO�RQ�FRPSUHVVLYH�VWUHQJWK�
RI�OLJKWZHLJKW�FRQFUHWH�ZLWK�D�QXPEHU�RI�YDULDWLRQV������������������DQG�����
RI�WKH�ZHLJKW�RI�FHPHQW��

7KLV�UHVHDUFK�ZDV�FRQGXFWHG�DW� WKH�/DERUDWRU\�RI�0DWHULDOV��6WDWH�8QLYHUVLW\�RI�
-DNDUWD�� XVLQJ�DQ�H[SHULPHQWDO�PHWKRG�� ,Q� WKLV� VWXG\� WKH�SXPLFH�DJJUHJDWH�ZDV�
FRDWHG�ZLWK�FHPHQW�SDVWH�LQ�UDWLR�RI�����DQG�VWRUHG�IRU�WZR�ZHHNV�EHIRUH�XVH��6LOLFD�
IXPH� XVHG� LQ� WKLV� VWXG\� ZDV� VL]HG� WR� SDVV� WKH� VLHYH� QR�� ����� XVLQJ� F\OLQGULFDO�
VSHFLPHQV� ZLWK� D� GLPHWHU� RI� ���� PP� DQG� D� KHLJKW� RI� ���� PP�� ZKLFK� LV� WKH�
FRPSUHVVLYH�VWUHQJWK�RI�WKH�SODQ�LV�IF¶����03D��)$6�����DQG�VOXPS����PP�± ����
PP��7KH�FRPSUHVVLYH�VWUHQJWK�WHVWLQJ�UHIHUV�WR�61,��������������

7KH� UHVXOWV� VKRZHG� WKH� DGGLWLRQ� RI� VLOLFD� IXPH� RI� FRPSUHVVLYH� VWUHQJWK� RI�
OLJKWZHLJKW� FRQFUHWH� RI� ���� ���� ����� ���� DQG� ���� WR� WKH� ZHLJKW� RI� FHPHQW
UHVSHFWLYHO\�������03D��������03D��������03D��������03D�DQG�������03D��7KXV�
WKH�RSWLPXP�FRPSUHVVLYH�VWUHQJWK�LV�REWDLQHG�DW�D�YDULDWLRQ�RI�����RI�������03D�

.H\ZRUGV� �� /LJKWZHLJKW� &RQFUHWH�� 3XPLFH�� &RDWLQJ�� 6LOLFD� )XPH�� &RPSUHVVLYH�
6WUHQJWK
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6NULSVL�LQL�NXSHUVHPEDKNDQ�XQWXN

$\DK�GDQ�%XQGD��WHULPD�NDVLK�WHODK�VHODOX�PHQGRDNDQ�VD\D�WDQSD�JHQWL��

PHPEHVDUNDQ�VD\D�GHQJDQ�SHQXK�NDVLK�VD\DQJ��GDQ�VHODOX�PHQGXNXQJ�VD\D�

WDQSD�KHQWL�± KHQWLQ\D�

7HUXQWXN�NHOXDUJD�EHVDU�:DKLUPDQ��NHOXDUJD�EHVDU�7XNLGMDQ��GDQ�WHPDQ�± WHPDQ�

VHSHUMXDQJDQ�\DQJ�WHODK�PHPEDQWX�GDODP�NHODQFDUDQ�SHQ\XVXQDQ�VNULSVL�LQL�

�$*$0�5,=.,(�7(2�

0RWWR

³6HEDLN�± EDLN�PDQXVLD�DGDODK�\DQJ�EHUJXQD�EDJL�VHNLWDUQ\D��PDUL�WHUXV�

EHUNDU\D�´
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3XML�GDQ�V\XNXU�SHQXOLV�SDQMDWNDQ�NHSDGD�$OODK�6XEKDQDKX�:DWD¶DOD�\DQJ�

WHODK� PHOLPSDKNDQ� UDKPDW�� QLNPDW�� VHUWD� NDUXQLD�1\D�� VHKLQJJD� SHQXOLV� GDSDW�

PHQ\HOHVDLNDQ�VNULSVL�GHQJDQ�MXGXO�³8ML�.XDW�7HNDQ�%HWRQ�5LQJDQ�$JUHJDW�%DWX�

$SXQJ�GL�&RDWLQJ GHQJDQ�3HQDPEDKDQ�6LOLFD�)XPH´�

6NULSVL�LQL�GLVXVXQ�GDODP�UDQJND�PHQ\HOHVDLNDQ�VWXGL�VWUDWD�VDWX��6���\DQJ�

PHUXSDNDQ�V\DUDW�XQWXN�PHPSHUROHK�JHODU�VDUMDQD�3HQGLGLNDQ�SDGD�-XUXVDQ�7HNQLN�

%DQJXQDQ��)DNXOWDV�7HNQLN��8QLYHUVLWDV�1HJHUL�-DNDUWD�

'DODP� SHQ\XVXQDQ� VNULSVL� LQL�� SHQXOLV� EDQ\DN� PHQGDSDW� GXNXQJDQ� GDQ�

EDQWXDQ�GDUL�EHUEDJDL�SLKDN�EDLN� VHFDUD�PRULO� GDQ�PDWHULO��3DGD�NHVHPSDWDQ� LQL�

SHQXOLV�PHQJXFDSNDQ�EDQ\DN�WHULPD�NDVLK�NHSDGD�

�� ,EX�$QLVDK��0�7� VHODNX�.HWXD� 3URJUDP�6WXGL� 6�� 3HQGLGLNDQ�7HNQLN�

%DQJXQDQ� VHODNX�.RRUGLQDWRU�3HQ\HOHVDLDQ�6WXGL�3URGL�6��3HQGLGLNDQ�

7HNQLN�%DQJXQDQ��VHODNX�.HWXD�3HQJXML SDGD 6LGDQJ�6NULSVL�

�� %DSDN�.XVQR�$GL�6DPERZR��6�7���3K� '�GDQ�,EX�5LULW�$SULOLQ�6��0� 6F�

(QJ� VHODNX�GRVHQ�SHPELPELQJ�VNULSVL�\DQJ�PHPEDQWX�VHODPD�SURVHV�

SHQJHUMDDQ�GDQ�PHPEHULNDQ�GRURQJDQ�NHSDGD�SHQXOLV�

�� ,EX� 6LWWDWL�0XVDODPDK��0�7�� GDQ�%DSDN�5�� (ND�0XUWLQXJUDKD��0�3G

VHODNX�'RVHQ�3HQJXML�6LGDQJ�6NULSVL�

�� %DSDN�6XUDWPDQ�VHODNX�/DERUDQ�

�� 5H]D�� %XGL�� :DK\X�� (VVDU�� 5DND�� <RJD�� 5LITL�� 7DQLH�� VHUWD� VHOXUXK�

WHPDQ�± WHPDQ�VHSHUMXDQJDQ�3HQGLGLNDQ�7HNQLN�%DQJXQDQ������\DQJ�
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WHODK�PHPEHULNDQ�EDQWXDQ�GDQ�SDUWLVLSDVL�GDODP�SHQ\HOHVDLDQ�SHQXOLVDQ�

VNULSVL�LQL�

3HQXOLV� LQL� PHQ\DGDUL� GDODP� SHQ\XVXQDQ� VNULSVL� LQL� PDVLK� WHUGDSDW�

NHNXUDQJDQ��2OHK�NDUHQD�LWX�NULWLN�GDQ�VDUDQ�\DQJ�PHPEDQJXQ�GLKDUDSNDQ�GHPL�

PHPSHUEDLNL�NHNXUDQJDQ�VNULSVL�LQL�

3HQXOLV

$JDP�5L]NLH�7HR
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