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0XKDPPDG�5\DQ]D�0XED ��3HPDQIDDWDQ /LPEDK %DQ �FUXPE�UXEEHU��6HEDJDL�%DKDQ�
7DPEDK� $JUHJDW� +DOXV� 7HUKDGDS� .XDW� 7HNDQ� 'DQ� 0RGXOXV� (ODVWLVLWDV� %HWRQ��
6NULSVL��-DNDUWD�� 3URJUDP�6WXGL�3HQGLGLNDQ�7HNQLN�%DQJXQDQ�8QLYHUVLWDV�1HJHUL�-DNDUWD�
�����

%HWRQ�EDQ\DN�GLSDNDL�VHEDJDL�VWUXNWXU�EDQJXQDQ��NDUQD�EHWRQ�PHPSXQ\DL�
NXDW� WHNDQ�\DQJ�FXNXS� WLQJJL�� ,QRYDVL� \DQJ�GLODNXNDQ�XQWXN�PHQLQJNDWNDQ�NXDW�
WHNDQ� VDODK� VDWXQ\D� GHQJDQ� FDUD� PHPEHULNDQ� EDKDQ� WDPEDK� EDKDQ� DQRUJDQLN
GDODP� FDPSXUDQ� EHWRQ�� 3HQHOLWLDQ� LQL� GLODNXNDQ� GHQJDQ� PHQJJXQDNDQ OLPEDK�
NDUHW� EDQ� GDODP� VHEDJDL� EDKDQ� WDPEDK� NHGDODP� FDPSXUDQ� EHWRQ� GDQ� EHUWXMXDQ�
XQWXN�PHQJHWDKXL�SHQJDUXK� OLPEDK�NDUHW�EDQ�GDODP�VHEDJDL�EDKDQ� WDPEDK�SDGD�
NXDW�WHNDQ�GDQ�PRGXOXV�HODVWLVLWDV�EHWRQ GHQJDQ�YDULDVL�SHUVHQWDVH���������������
�����GDQ�����WHUKDGDS�YROXPH�EHWRQ�

7UHDWPHQ� GLODNXNDQ� GL� /DERUDWRULXP� 8ML� %DKDQ� 8QLYHUVLWDV� 1HJHUL�
-DNDUWD�� GDQ� SHQJXMLDQ� GLODNXNDQ� GL� /DERUDWRULXP� 37�� 7RUVLQD� 5HGLNRQ��
PHQJJXQDNDQ� PHWRGH� HNVSHULPHQ�� 'DODP� SHQHOLWLDQ� LQL� NDUHW� EDQ� EHNDV� \DQJ�
GLJXQDNDQ� DGDODK� NDUHW� EDQ GDODP� VHSHGD� PRWRU�� XNXUDQ� \DQJ� GLJXQDNDQ�
NHWHEDODQ� �����PP�± ��PP�GDQ� SDQMDQJ� �PP�± ��PP� %HQGD� XML \DQJ� GLEXDW
EHUEHQWXN�VLOLQGHU�GHQJDQ�GLDPHWHU�����PP�GDQ�WLQJJL�����PP�\DQJ�PDQD NXDW�
WHNDQ�UHQFDQD�IF¶����03D��)$6������GDQ�VOXPS�����PP�����PP��3HQJXMLDQ�NXDW�
WHNDQ�EHWRQ�PHQJDFX�SDGD�61,��������������GDQ�SHQJXMLDQ�0RGXOXV�HODVWLVLWDV�
EHWRQ�PHQJDFX�SDGD�61,�7��������

+DVLO� SHQHOLWLDQ� PHQXQMXNDQ� SHQDPEDKDQ� VHUDW OLPEDK NDUHW� EDQ GDODP
SDGD�NXDW� WHNDQ� EHWRQ GHQJDQ�YDULDVL� SHUVHQWDVH� ���� ������ ��� �����GDQ�����
WHUKDGDS� YROXPH DJUHJDW� KDOXV EHWRQ� EHUWXUXW�WXUXW� VHEHVDU� ������ 03D�� ������
03D��������03D��������03D������� 03D��VHUWD�KDVLO�UDWD�UDWD�PRGXOXV�HODVWLVLWDV�
EHUWXUXW�WXUXW� VHEHVDU� ��������� �� ���������� ������� ���������� GDQ� ���������
'HQJDQ GHPLNLDQ GLSHUROHK�NXDW� WHNDQ� WLWLN� RSWLPXP�SDGD� YDULDVL� ����� VHEHVDU�
����� 03D� GDQ� GLSHUROHK� WLWLN� RSWLPXP� PRGXOXV� HODVWLVLWDV� EHWRQ� SDGD� YDULDVL�
VHUDW������VHEHVDU����������
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0XKDPPDG� 5\DQ]D� 0XED�� 8WLOL]DWLRQ� RI� &UXPE� 5XEEHU� DV� D� )LQH� $JJUHJDWH� $GG�
0DWHULDO� IRU� &RPSUHVVLYH� 6WUHQJWK� DQG� 0RGXOXV� RI� &RQFUHWH� (ODVWLFLW\�� 7KHVLV��
-DNDUWD��%XLOGLQJ�(QJLQHHULQJ�(GXFDWLRQ�6WXG\�3URJUDP��-DNDUWD�6WDWH�8QLYHUVLW\������

&RQFUHWH�LV�D�PDWHULDO�WKDW�LV�RIWHQ�XVHG�LQ�FRQVWUXFWLRQ�EHFDXVH�FRQFUHWH�KDV�D�
KLJK� FRPSUHVVLYH� VWUHQJWK�� 2QH� RI� WKH� LQQRYDWLRQV� PDGH� WR LQFUHDVH� WKH� FRPSUHVVLYH�
VWUHQJWK� LV� E\� DGGLQJ� LQRUJDQLF� PDWHULDOV� WR� WKH� FRQFUHWH� PL[WXUH�� 7KLV� UHVHDUFK� ZDV�
FRQGXFWHG�E\�XVLQJ�UXEEHU�WLUH�ZDVWH�DV�DQ�DGGHG�PDWHULDO�LQWR�WKH�FRQFUHWH�PL[WXUH�DQG�
DLPV�WR�GHWHUPLQH�WKH�HIIHFW�RI�WLUH�UXEEHU�ZDVWH�DV�DQ�DGGHG�PDWHULDO�RQ�WKH�FRPSUHVVLYH�
VWUHQJWK�DQG�PRGXOXV�RI�HODVWLFLW\�RI�FRQFUHWH�ZLWK�D�YDULDWLRQ�RI���������������������
DQG�����RI�WKH�YROXPH�RI�FRQFUHWH�

7UHDWPUHQW� ZDV� FDUULHG� RXW� DW� WKH� -DNDUWD� 6WDWH�8QLYHUVLW\�0DWHULDO� 7HVWLQJ�
/DERUDWRU\��DQG�WHVWLQJ�ZDV�FDUULHG�RXW�DW�WKH�/DERUDWRU\�RI�37��7RUVLQD�5HGLNRQ��XVLQJ�
WKH� H[SHULPHQWDO� PHWKRG�� ,Q� WKLV� VWXG\� XVHG� WLUH� UXEEHU� XVHG� LV� UXEEHU� WLUH� LQ� D�
PRWRUF\FOH��WKH�VL]H�XVHG�LV�WKLFNQHVV������PP�� ��PP�DQG�OHQJWK��PP�� ��PP��8VLQJ�D�
F\OLQGULFDO� VSHFLPHQ�ZLWK�D�GLDPHWHU�RI�����PP�DQG�D�KHLJKW�RI�����PP�ZKLFK� LV� WKH�
FRPSUHVVLYH� VWUHQJWK� RI� WKH� SODQ� IF� 
���03D�� )$6� ����� DQG� VOXPS� ���� PP����� PP��
&RQFUHWH�FRPSUHVVLYH�VWUHQJWK�WHVWLQJ�UHIHUV�WR�61,��������������DQG�FRQFUHWH�HODVWLFLW\�
PRGXOXV�WHVWLQJ�UHIHUV�WR�61,�7��������

7KH�UHVXOWV�VKRZHG�WKH�DGGLWLRQ�RI�ZDVWH�UXEEHU�WLUH�ILEHUV�LQ�WKH�FRPSUHVVLYH�
VWUHQJWK�RI�FRQFUHWH�ZLWK�D�SHUFHQWDJH�YDULDWLRQ�RI��������������������DQG�����WR�WKH�
YROXPH� RI� ILQH� FRQFUHWH� DJJUHJDWH� UHVSHFWLYHO\� ������ 03D�� ���� ��� 03D�� ������ 03D��
������03D��������03D��DQG� WKH�DYHUDJH� \LHOG�RI�PRGXOXV�RI� HODVWLFLW\�ZHUH�����������
���������������������������DQG�����������7KXV�WKH�RSWLPXP�FRPSUHVVLYH�SRLQW�VWUHQJWK�
ZDV� REWDLQHG� DW� ����� YDULDWLRQ� RI� ������ 03D� DQG� WKH� RSWLPXP� SRLQW� RI� PRGXOXV� RI�
HODVWLFLW\�RI�FRQFUHWH�REWDLQHG�DW������ILEHU�YDULDWLRQ�ZDV����������

.H\ZRUGV�� &UXPE� UXEEHU� FRQFUHWH�� ,QQHU� 5XEEHU� :DVWH�� 0RGXOXV� RI� (ODVWLFLW\��
&RPSUHVVLYH�6WUHQJWK�RI�&RQFUHWH
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6XMXG�V\XNXU�NX�SHUVHPEDKNDQ�SDGD�$//$+�6:7��EHUNDW�UDKPDW�GDQ�KLGD\DK�

\DQJ�GLEHULNDQ�1\D�KLQJJD�VDDW�LQL�VD\D�GDSDW�PHPSHUUVHPEDKNDQ�VNULSVL�VD\D�

SDGD�RUDQJ�RUDQJ�WHUVD\DQJ�

7HUXQWXN�NHGXD�RUDQJ�WXD�NX�\DLWX�$\DK��$PURQ��GDQ�LEXQGD�NX��+DU\DQL���

VHOXUXK�NHOXDUJD�NX�GDQ�WHPDQ�WHPDQ�VHSHUMXDQJDQ�\DQJ�WHODK�PHPEDQWX�GDODP�

NHODQFDUDQ�SHQ\XVXQDQ�VNULSVL�LQL

�08+$00$'�5<$1=$�08%$�

0RWWR

³3DNDLODK�EDMX�VHQGLUL�MDQJDQ�SDNDL�EDMX�RUDQJ�ODLQ´
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3XML� GDQ� V\XNXU� SHQXOLV� SDQMDWNDQ� NHKDGLUDW� $OODK� 6:7� \DQJ� WHODK�

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

PHQ\HOHVDLNDQ� VNULSVL� GHQJDQ� MXGXO� ³3HPDQIDDWDQ� OLPEDK� EDQ� �FUXPE� UXEEHU��

VHEDJDL�EDKDQ� WDPEDK�DJUHJDW�KDOXV� WHUKDGDS�NXDW� WHNDQ�GDQ�PRGXOXV�HODVWLVLWDV�

EHWRQ´�

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

PHUXSDNDQ� V\DUDW� XQWXN� PHPSHUROHK� JHODU� VDUMDQD� SHQGLGLNDQ� 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� PDXSXQ� PDWHULO�� 3DGD�

NHVHPSDWDQQQ�LQL�SHQXOLV�PHQJXFDSNDQ�WHULPD�NDVLK�VHEHVDU�EHVDUQ\D�NHSDGD��

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

9RNDVLRQDO�.RQVWUXNVL�%DQJXQDQ��VHNDOLJXV�VHEDJDL�SHPELPELQJ���

�� %DSDN�5��(ND�0XUWLQXJUDKD��0��3'�VHODNX�GRVHQ�SHPELPELQJ���\DQJ�

PHPEDQWX� VHODPD� SURVHV� SHQJHUMDDQ� GDQ� PHPEHULNDQ� GRURQJDQ�

NHSDGD�SHQXOLV

�� ,EX� VLWWDWL� VHODNX� NHWXD� GRVHQ� SHQJXML� VNULSVL�� %DSDN� NXVQR VHNDOX�

'RVHQ�3HQJXML���GDQ�,EX�URVPDZLWD VHODNX�'RVHQ�3HQJXML���

�� 7LP�'RVHQ�GDQ�.DU\DZDQ�3URGL�6��3HQGLGLNDQ�7HNQLN�%DQJXQDQ

�� .HGXD�RUDQJ�WXD�$PURQ�GDQ�+DU\DQL��VHUWD�XZD�VD\D�7LWLQ��DEDQJ�VD\D�

$UL� 1XJURKR� NDNDN� VD\D� <DWL VHUWD DGLN� VD\D� 5R\QD� 5DKPD�� 6HUWD�

NHOXDUJD�WHUGHNDW�\DQJ�WHODK�PHPEHULNDQ�GRURQJDQ�PRULO�GDQ�PDWHULO�

�� 6HOXUXK�WHPDQ�WHPDQ�VHSHUMXDQJDQ�3HQGLGLNDQ�7HNQLN�%DQJXQDQ������

\DQJ� WHODK� PHPEHULNDQ� EDQWXDQ� GDQ� SDUWLVLSDVL� GDODP� SHQ\HOHVDLDQ�

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

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

GHPL�PHPSHUEDLNL�NHNXUDQJDQ�VNULSVL�LQL��

3HQHOLWL

0XKDPPDG�5\DQ]D�0XED
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