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$%675$. 
/DWDU� %HODNDQJ��:HLJKW� ORVV� UHODWHG� DPHQRUUKHD� PHUXSDNDQ� VXDWX� NRQGLVL� DPHQRUHD�
\DQJ�GLVHEDENDQ�ROHK�GLVIXQJVL�K\SRWKDODPXV�DWDX�GLVHEXW�MXJD�GHQJDQ�)XQFWLRQDO�+\SR�
WKDODPLF�$PHQRUUKHD� �)+$���.HWLND�VHRUDQJ�ZDQLWD�PHQJDODPL�DPHQRUHD�GDODP� MDQJND�
ZDNWX�\DQJ�UHODWLI�ODPD��WHQWXQ\D�NRQGLVL�LQL�DNDQ�PHPSHQJDUXKL�SVLNRORJLV�ZDQLWD�WHUVH�
EXW��2OHK�VHEDE�LWX��PHQJNDML�NRQGLVL�SVLNLV�GDUL�ZDQLWD�\DQJ�PHQGHULWD�ZHLJKW�ORVV�UHODW�
HG�DPHQRUUKHD�GDQ�PHPEDQWX�PHQXUXQNDQ�OHYHO�DQVLHWDVQ\D�MXJD�VDQJDW�GL�SHUOXNDQ��3L�
ORW�VWXG\� LQL�GLODNXNDQ�XQWXN�PHQJHWDKXL�HIHN�GDUL�DNXSXQNWXU� WHUDSL�XQWXN�PHQXUXQNDQ�
OHYHO�DQVLHWDV�SDGD�ZDQLWD�GHQJDQ�ZHLJKW�ORVV�UHODWHG�DPHQRUUKHD�� 
0HWRGH��6HEDQ\DN����RUDQJ�ZDQLWD�GHQJDQ�GLDJQRVH�ZHLJKW�ORVV�UHODWHG�DPHQRUUKHD�EHU�
VHGLD� PHQMDGL� SDUWLVLSDQ� GDODP� SLORW� VWXG\� LQL�� 6HOXUXK� SDUWLVLSDQ� PHQGDSDWNDQ� ��� NDOL�
WHUDSL� \DQJ� GLODNXNDQ� GL� 6KDQJKDL� 5HVHDUFK� ,QVWLWXWH� RI� $FXSXQFWXUH� DQG� 0HULGLDQ��
6KDQJKDL-&KLQD�� =XQJ� 6HOI-5DWLQJ� $Q[LHW\� 6FDOH� �6$6�� TXHVWLRQQDLUH� GLJXQDNDQ� GDODP�
SLORW�VWXG\� LQL�VHEDJDL�DODW�XNXU� WHUKDGDS�OHYHO�DQVLHWDV�SDUWLVLSDQ��'DWD�\DQJ�GLGDSDWNDQ�
GDODP� VWXG\� LQL�� GLDQDOLVD� PHQJJXQDNDQ� SDLUHG-VDPSOH� W-WHVW� GHQJDQ� OHYHO� VLJQLILNDQVL�
S������� 
+DVLO�� 7HUGDSDW� SHQXUXQDQ� \DQJ� VLJQLILNDQ� SDGD� KDVLO� 6$6� SDUWLVLSDQ� GDODP� VWXG\� LQL��
6HEHOXP�WHUDSL�GLODNXNDQ��GLSHUROHK�KDVLO�6$6�VHEHVDU������������\DQJ�PHQJLQGLNDVLNDQ�
DQVLHWDV� VHGDQJ�� 6HWHODK� PHQMDODQL� ��� NDOL� WUHDWPHQW�� KDVLO� 6$6� PHQJDODPL� SHQXUXQDQ�
PHQMDGL�������������S��������\DQJ�PHQXQMXNDQ�DQVLHWDV�GDODP�UHQWDQJ�QRUPDO�� 
.HVLPSXODQ��+DVLO�LQL�PHQJLQGLNDVLNDQ�EDKZD�DNXSXQNWXU�GDSDW�GLMDGLNDQ�VHEDJDL�VDODK�
VDWX�PHWRGH� SHQJREDWDQ� XQWXN�PHQXUXQNDQ� OHYHO� DQVLHWDV� \DQJ� GLVHEDENDQ� ROHK�ZHLJKW�
ORVV�UHODWHG�DPHQRUUKHD�� 
 
.DWD�NXQFL��$NXSXQNWXU��6$6��DQVLHWDV��ZHLJKW�ORVV�UHODWHG�DPHQRUUKHD 
 
$%675$&7 
%DFNJURXQG��:HLJKW�ORVV�UHODWHG�DPHQRUUKHD�LV�D�FRQGLWLRQ�FDXVHG�E\�G\VIXQFWLRQ�RI�WKH�
K\SRWKDODPLF� SLWXLWDU\� RYDULDQ� D[LV� GXH� WR� VLJQLILFDQW� ZHLJKW� ORVV�� $PHQRUUKHD� WKDW�
FDXVHG�E\�G\VIXQFWLRQ�RI�K\SRWKDODPLF�DOVR�NQRZQ�DV�)XQFWLRQDO�+\SRWKDODPLF�$PHQRU�
UKHD��)+$���:KHQ�WKLV�DPHQRUUKHD�ODVW�IRU�ORQJ�GXUDWLRQ�RI�WLPH��LW�PLJKW�LQYROYH�RXU�SV\�
FKRORJLVW�FRQGLWLRQ��7KLV�SLORW�VWXG\�ZDV�FRQGXFWHG�WR�LQYHVWLJDWH�WKH�HIIHFW�RI�DFXSXQFWXUH�
WR�UHGXFH�DQ[LHW\�OHYHO�DPRQJ�ZRPHQ�ZLWK�ZHLJKW�ORVV�UHODWHG�DPHQRUUKHD�� 
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/$7$5�%(/$.$1* 
:HLJKW� ORVV� UHODWHG� DPHQRUUKHD� PHUXSD�

NDQ�VXDWX�NRQGLVL�DPHQRUHD�\DQJ�GLVHEDENDQ�
ROHK�GLVIXQJVL�K\SRWKDODPXV�DWDX�GLVHEXW� MX�
JD�GHQJDQ�)XQFWLRQDO�+\SRWKDODPLF�$PHQRU�
UKHD� �)+$��� .HDGDDQ� LQL� GLSLFX� ROHK�
SHQXUXQDQ�EHUDW�EDGDQ�\DQJ�VDQJDW�VLJQLILNDQ�
SDGD� VHRUDQJ�ZDQLWD��$PHQRUHD� LQL�PHUXSD�
NDQ�VXDWX�NRQGLVL�\DQJ�VDQJDW�PXQJNLQ�XQWXN�
GLVHPEXKNDQ� �UHYHUVLEOH��� WDQSD�DGDQ\D�SHQ�
\DNLW� SHQ\XOLW� DWDX� SHQ\DNLW� SHQ\HUWD� ODLQ\D��
.RQGLVL� LQL� GLWDQGDL� GHQJDQ� UHQGDKQ\D� OHYHO�
KRUPRQ�/+��)6+�DQG�(VWURJHQ�SDGD�ZDQLWD��
QDPXQ� UHVSRQ� NHWLJD� KRUPRQ� LQL� WHUKDGDS�
*Q5+� PDVLK� ELVD� GLSHUWDKDQNDQ�
�'HOLJHRURJORX�� ������� :HLJKW� ORVV� UHODWHG�
DPHQRUUKHD� WHUPDVXN� NHGDODP� EDJLDQ� VHF�
RQGDU\�DPHQRUUKHD��\DQJ�PHQ\XPEDQJ�����
NDVXV� DPHQRUHD� SDGD� ZDQLWD� GDODP� XVLD� UH�
SURGXNWLI� �$ODEDPD�� ������ -D\DVHQD�� �������
�)ULHV� HW�DO�� ����� GDODP� &KULVDQGUD�� �������
PHQ\DWDNDQ� EDKZD� ZDQLWD� \DQJ� PHPLOLNL�
SHQXUXQDQ�EHUDW�EDGDQ�VHFDUD�VLJQLILNDQ�OHELK�
GDUL���NJ�GDODP�MDQJND�ZDNWX�\J�UHODWLI�FHSDW��
PHPLONL� NHFHQGHUXQJDQ� \DQJ� OHELK� WLQJJL�
XQWXN�PHQJDODPL�DPHQRUHD�� 

.HWLND� VHRUDQJ� ZDQLWD� PHQJDODPL�
DPHQRUHD� GDODP� MDQJND� ZDNWX� \DQJ� UHODWLI�
ODPD�� WHQWXQ\D� NRQGLVL� LQL� DNDQ�
PHPSHQJDUXKL� SVLNRORJLV� ZDQLWD� WHUVHEXW��
6LNOXV�GDQ�UHQWDQJ�PHQVWUXDVL�PHPLOLNL�KXE�
XQJDQ� \DQJ� HUDW� GHQJDQ� NRQGLVL� SVLNRORJLV�
VHVHRUDQJ� �.LP�� ������� � 2OHK� VHEDE� LWX��
VHODLQ�PHQJREDWL� DPHQRUHD� VHEDJDL� SHQ\DNLW�
XWDPD�� PHQJNDML� NRQGLVL� SVLNLV� GDUL� ZDQLWD�
\DQJ� PHQGHULWD�ZHLJKW� ORVV� UHODWHG� DPHQRU�
UKHD� GDQ�PHPEDQWX�PHQXUXQNDQ� OHYHO� DQVL�
HWDVQ\D�MXJD�VDQJDW�GL�SHUOXNDQ�� 

$QVLHWDV� PHUXSDNDQ� NRQGLVL� QDWXUDO�
WXEXK� \DQJ� EHUHDNVL� WHUKDGDS� VXDWX� WHNDQDQ�
DWDX�VWUHVVRU�WHUWHQWX�GDQ�GLUHIOHVLNDQ�GHQJDQ�

UDVD� NDZDWLU� GDQ� VHGLK� VHFDUD� EHUNHSDQMDQ�
JDQ��=KX�HW�DO��������PHQ\DWDNDQ�EDKZD�DQ�
VLHWDV� PHUXSDNDQ� NRQGLVL� \DQJ� VXOLW� XQWXN�
GLNRQWURO� EDKNDQ� NRQGLVL� LQL� GDSDW�
PHPSHQJDUXKL� NHKLGXSDQ� VHKDUL-KDUL�
VHVHRUDQJ� 

$NXSXQNWXU� VHEDJDL� VDODK� VDWX� PHWRGH�
SHQJREDWDQ� WUDGLVLRQDO� \DQJ� WHODK� GLJXQDNDQ�
VHMDN� GDKXOX� XQWXN� PHQJREDWL� EHUEDJDL�
PDFDP� MHQLV� SHQ\DNLW�� MXJD� GDSDW� GLJXQDNDQ�
VHEDJDL� VDODK� VDWX� PHWRGH� XQWXN� PHQJREDWL�
DQVLHWDV��3HQJJXQDDQ�DNXSXQNWXU�WHUDSL�XQWXN�
PHQXUXQNDQ� OHYHO� DQVLHWDV� WHODK� EDQ\DN� GL�
JXQDNDQ� GDQ� PHPLOLNL� HYLGHQFH� EDVHG� \DQJ�
GLEXNWLNDQ� GHQJDQ� EDQ\DNQ\D� SHQHOLWLDQ�
WHUNDLW�HIHN�DNXSXQNWXU�SDGD�NRQGLVL�LQL��=KX�
HW�DO��������� 

7HUDSL� LQL� GDSDW� PHQJDOLUNDQ� HQHUJL� GD�
ODP�WXEXK�VHVHRUDQJ��VHKLQJJD�HQHUJL�WHUVHEXW�
GDSDW� WHUGLVWULEXVL� GHQJDQ� EDLN� NHVHOXUXK�
WXEXK��(QHUJL�\DQJ�PHQJDOLU�GDQ�WHUGLVWULEXVL�
GHQJDQ� EDLN� GDSDW� PHPEDQWX� PHQXUXQNDQ�
OHYHO� DQVLHWDV� GDQ� PHQLQJNDWNDQ� NXDOLWDV�
WLGXU� VHVHRUDQJ��$NXSXQNWXU� MXJD�PHPEDQWX�
XQWXN� PHQ\LPEDQJNDQ� IXQJVL� GDUL� RUJDQ-
RUJDQ� WXEXK� VHKLQJJD� GDSDW� PHPEDQWX�
PHQXUXQNDQ�OHYHO�DQVLHWDV��=KX�HW�DO��������� 

'HQJDQ� GHPLNLDQ�� SLORW� VWXG\� LQL� GLO�
DNXNDQ� XQWXN� PHQJHWDKXL� DGDNDK� HIHN� GDUL�
DNXSXQNWXU� WHUDSL� XQWXN� PHQXUXQNDQ� OHYHO�
DQVLHWDV� SDGD�ZDQLWD� GHQJDQ�ZHLJKW� ORVV� UH�
ODWHG�DPHQRUUKHD�� 
 
0(72'(� 
6HEDQ\DN����RUDQJ�ZDQLWD� �&KLQHVH�ZRPHQ��
GHQJDQ�GLDJQRVH�ZHLJKW�ORVV�UHODWHG�DPHQRU�
UKHD� EHUVHGLD�PHQMDGL� SDUWLVLSDQ� GDODP� SLORW�
VWXG\� LQL�� 6HOXUXK� SDUWLVLSDQ� PHQMDODQL� ���
NDOL� WHUDSL�� \DQJ� GLODNXNDQ� GL� 6KDQJKDL� 5H�
VHDUFK�,QVWLWXWH�RI�$FXSXQFWXUH�DQG�0HULGLDQ��
6KDQJKDL-&KLQD�� =XQJ� 6HOI-� 5DWLQJ� $Q[LHW\�

0HWKRGV��)LIWHHQ�SDUWLFLSDQWV�ZHUH�HQUROOHG�LQ�WKLV�SLORW�VWXG\��7KH�SDUWLFLSDQWV�UHFHLYHG�
���VHVVLRQV�RI�DFXSXQFWXUH�WUHDWPHQW�DQG�DOO�RI� WKH�WUHDWPHQW�VHVVLRQV�ZDV�FRQGXFWHG�LQ�
6KDQJKDL� 5HVHDUFK� ,QVWLWXWH� RI� $FXSXQFWXUH� DQG�0HULGLDQ�� 6KDQJKDL-&KLQD�� =XQJ� 6HOI-
5DWLQJ�$Q[LHW\�6FDOH��6$6��TXHVWLRQQDLUH�ZDV�XVHG�DV�D�PHDVXUHPHQW�WRRO�WR�PHDVXUH�WKH�
DQ[LHW\�OHYHO�DPRQJ�SDUWLFLSDQWV��3DLUHG-VDPSOH�W-WHVW�ZDV�SHUIRUPHG�WR�DQDO\]H�WKH�GDWD�
UHVXOW��ZLWK�VLJQLILFDQW�S�YDOXH�������� 
5HVXOWV��6LJQLILFDQW�FKDQJHV�ZDV�IRXQG�LQ�PHDQ�VFRUH�RI�6$6�EHIRUH�DQG�DIWHU�WUHDWPHQW��,W�
DSSUR[LPDWHO\��������������EHIRUH�WUHDWPHQW�DQG�LW�GHFUHDVH�WR��������������DIWHU�WUHDW�
PHQW��S�������� 
&RQFOXVLRQ��7KH�UHVXOW�RI�WKLV�SLORW�VWXG\�VXJJHVW�WKDW�DFXSXQFWXUH�LV�HIIHFWLYH�DQG�LW�FDQ�
EH�XVHG�DV�WUHDWPHQW�PHWKRG�WR�UHGXFH�DQ[LHW\�OHYHO�DPRQJ�SDUWLFLSDQWV�ZLWK�ZHLJKW�ORVV�
UHODWHG�DPHQRUUKHD�� 
 
.H\ZRUGV��$FXSXQFWXUH��6$6��DQ[LHW\��ZHLJKW�ORVV�UHODWHG�DPHQRUUKHD 
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$Q[LHW\�6FDOH��6$6��TXHVWLRQQDLUH�GLJXQDNDQ�
GDODP� SLORW� VWXG\� LQL� VHEDJDL� DODW� XNXU� WHU�
KDGDS� OHYHO� DQVLHWDV� SDUWLVLSDQ�� 3HQJXNXUDQ�
OHYHO� DQVLHWDV� DNDQ� GLODNXNDQ� VHEDQ\DN� GXD�
NDOL�\DLWX�VHEHOXP�WHUDSL�GLPXODL�DQG�VHWHODK�
PHQ\HOHVDLNDQ����NDOL�WHUDSL� 

'LVSRVDEOH� VWHULOH� DFXSXQFWXUH� QHHGOHV�
�����[��PP�� ����[��PP�� GLJXQDNDQ� VH�
EDJDL� VDUDQD� WHUDSL� DNXSXQNWXU��$GDSXQ� WLWLN�
DNXSXQNWXU� \DQJ� GLJXQDNDQ� SDGD�SLORW� VWXG\�
LQL� GLDQWDUDQ\D� DGDODK�*9� ��� �%DLKXL��� (;-
+1� �� �6LVKHQFKRQJ��� *9� ��� �<LQWDQJ��� *9�
��� �6KHQWLQJ��� +7� �� �6KHQPHQ��� 3&� ��
�1HLJXDQ���67�����7LDQVKX���67�����=XVDQOL���
63� �� �VDQ\LQMLDR��� /5� �� �7DLFKRQJ��� 6HWHODK�
MDUXP�GL� WXVXNDQ�SDGD� WLWLN�\DQJ� WHODK�GLWHQ�
WXNDQ��WLWLN�DNXSXQNWXU�*9����GDQ�*9����GL�
KXEXQJNDQ� GHQJDQ� HOHFWURDFXSXQFWXUH��
PHQJJXQDNDQ� ORZ�IUHTXHQF\���+]�VHODPD����
PHQLW�� 

6HWHODK� SHQJXPSXODQ� GDWD� VHOHVDL� GLO�
DNVDQDNDQ�� GDWD� GLRODK� PHQJJXQDNDQ� VRIW�
ZDUH� 6366� ����� 'DODP� SLORW� VWXG\� LQL� XQWXN�
PHQJHWDKXL�DGDQ\D�SHUXEDKDQ� OHYHO�DQVLHWDV��
SDLUHG� VDPSOH� W-WHVW� GLSHUJXQDNDQ� XQWXN�
PHPEDQGLQJNDQ� KDVLO� PHDQ� VHEHOXP� GDQ�
VHVXGDK�WHUDSL�GLODNVDQDNDQ� 

µ 
+$6,/ 

7DEHO����%DVHOLQH�GDWD�SDUWLVLSDQ��Q ��� 


6'�� 6WDQGDU� 'HYLDVL�� %0,�� %RG\� 0DVV� ,Q�
GH[�� /+�� /XWHLQL]LQJ� KRUPRQH�� )6+�� )ROOL�
FOH�6WLPXODWLQJ�+RUPRQH��(���(VWUDGLRO�KRU�
PRQH��.LVDUDQ�QRUPDO�KRUPRQ�GLDWDV�WHUPD�
VXN�GDODP�IDVH�IROOLFXODU�VWDJH� 

 
7DEHO� GL� DWDV� PHQXQMXNDQ� EDKZD�

SDUWLVLSDQ�GDODP�SLORW�VWXG\�LQL�PHPLOLNL�XVLD�
UDWD-UDWD� VHNLWDU� ��� WDKXQ�� 'DWD� GL� DWDV� MXJD�
PHQXQMXNDQ�EDKZD�SDUWLVLSDQ�PHPLOLNL�%0,�
VHUWD�OHYHO�KRUPRQ�/+�GDQ�)6+�\DQJ�UHQGDK�
VHVXDL� GHQJDQ� NDUDNWHULVWLN� GDUL� NRQGLVL�
ZHLJKW�ORVV�UHODWHG�DPHQRUUKHD�LWX�VHQGLUL�� 

 

7DEHO����'XUDVL�DPHQRUHD�SDGD�SDUWLVLSDQ�
�Q ��� 


I��IUHNXHQVL 

%HUGDVDUNDQ�XUDLDQ�WDEHO�GL�DWDV��PHQXQ�
MXNDQ� EDKZD� SDUWLVLSDQ� PHQJDODPL� GXUDVL�
DPHQRUHD�\DQJ�EHUEHGD-EHGD�DQWDUD�VDWX�GDQ�
\DQJ� ODLQQ\D�� 'XUDVL� DPHQRUHD� SDGD�
SDUWLVLSDQ� EHUNLVDU� DQWDUD� �� EXODQ� KLQJJD� ��
WDKXQ 

7DEHO����+DVLO�6$6�VHEHOXP�DQG�VHVXGDK�WHU�
DSL��Q ��� 


6$6��6HOI-5DWLQJ�$Q[LHW\�6FDOH��6'��6WDQGDU�
'HYLDVL��6LJLQLIFDQW�S�YDOXH������ 

 
7DEHO�GLDWDV�PHQXQMXNDQ�KDVLO�6$6�VHEH�

OXP� DQG� VHVXGDK� WHUDSL�� %HUGDVDUNDQ� GDWD�
\DQJ� GLSHUROHK� PHQXQMXNDQ� EDKZD� WHUMDGL�
SHQXUXQDQ�\DQJ�VLJQLILNDQ�SDGD�OHYHO�DQVLHWDV�
SDUWLVLSDQ��S �������� 

 

3(0%$+$6$1 
%HGDVDUNDQ� KDVLO� \DQJ� WHODK� GLXUDLNDQ�

SDGD� WDEHO� GL� DWDV�� PHQXQMXNDQ� EDKZD�
SDUWLVLSDQ� \DQJ� WHUOLEDW� SDGD� SLORW� VWXG\� LQL�
PDVLK�WHUJRORQJ�GDODP�XVLD�PXGD�GHQJDQ�UDWD
-UDWD� XVLD� ��� WDKXQ�� 6HODLQ� LWX�� KDVLO� GLDWDV�
MXJD� PHQXQMXNDQ� EDKZD� SDUWLVLSDQ� PHPLONL�
%0,� VHUWD� OHYHO� KRUPRQ� /+� GDQ� )6+� \DQJ�
UHQGDK� VHVXDL� GHQJDQ� NDUDNWHULVWLN� GDUL�
DPHQRUHD�LWX�VHQGLUL�� 

+DVLO�GL�DWDV�MXJD�PHQMXNDQ�EDKZD�GXUDVL�
DPHQRUHD� \DQJ� GLGHULWD� ROHK� SDUWLVLSDQ�
EHUNLVDU� DQWDUD� �� EXODQ� KLQJJD� �� WDKXQ��
'HQJDQ� GXUDVL� DPHQRUHD� \DQJ� FXNXS� ODPD��
WHQWXQ\D� DNDQ� PHPSHQJDUXKL� NRQGLVL� SVLNLV�
SDUWLVLSDQ��,QL�GLEXNWLNDQ�GHQJDQ�SHQJXNXUDQ�
6$6� \DQJ� PHQXQMXNDQ� KDVLO� �����������
VHEHOXP� WUHDWPHQW�GLPXODL��+DVLO�6$6� WHUVH�
EXW�PHQJDUDK�SDGD�NRQGLVL�DQVLHWDV�VHGDQJ�� 

  .LVDUDQ�QRU�
PDO 

+DVLO 
�PHDQ���6'� 

8VLD - ���������� 
%0, �����-����� ���������� 
/+��P,8�PO� ����-����� ��������� 
)6+��P,8�
PO� 

����-���� ��������� 

(���SJ�PO� �����-������ ����������� 

'XUDVL�
DPHQRUHD 

I � 

��EXODQ � ���� 
��EXODQ � ���� 
��EXODQ � ���� 
��WDKXQ � ���� 
��WDKXQ � ���� 

  6HEHOXP 
�PHDQ�6'� 

6HVXGDK�
�PHDQ�6'� 

3�YDO�
XH 

6$
6 ���������� ���������� ����� 
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6$6� DNDQ� GLNDWDNDQ� QRUPDO� DSDELOD� KDVLO�
WHUVHEXW� EHUNLVDU� DQWDUD� ��-���� 6HWHODK�PHQ�
MDODQL� ��� NDOL� WHUDSL�� WHUMDGL� SHQXUXQDQ� \DQJ�
VLJQLILNDQ� SDGD� KDVLO� 6$6� SDUWLVLSDQ�� +DVLO�
6$6� LQL� WXUXQ� PHQMDGL� ������������ \DQJ�
PHQXQMXNDQ� UHQWDQJ� DQVLHWDV� QRUPDO�
�S�������� 

%HUGDVDUNDQ�SHQGDSDW�SHQHOLWL�\DQJ�GLNDLW�
NDQ�GHQJDQ�KDVLO�GLDWDV��VWXG\�LQL�PHQHPXNDQ�
EDKZD� GHQJDQ� GXUDVL� DPHQRUHD� \DQJ� FXNXS�
ODPD�� NRQGLVL� LQL� GDSDW� PHQ\HEDENDQ� WHU�
MDGLQ\D� DQVLHWDV�� +DO� LQL� GLSHUNXDW� GHQJDQ�
KDVLO� \DQJ� WHODK� GLMDEDUNDQ� EDKZD� UDWD-UDWD�
SDUWLVLSDQ� PHPLONL� WLQJNDW� DQVLHWDV� VHGDQJ��
,QL� PHQXMXNDQ� EDKZD� DPHQRUHD� WLGDN� KDQ\D�
PHPSHQJDUXKL� NRQGLVL� WXEXK� VHVHRUDQJ�
VHFDUD� ILVLN�� QDPXQ� MXJD� PHPSHQJDUXKL�
NHDGDDQ�SVLNLVQ\D��6HWHODK�PHQMDODQL����NDOL�
WHUDSL�� OHYHO� DQVLHWDV� SDUWLVLSDQ� PHQXQMXNDQ�
NRQGLVL�QRUPDO��+DVLO� LQL�PHQXQMXNDQ�EDKZD�
DNXSXQNWXU� HIHNWLI� XQWXN� PHUHJXODVL� GDQ�
PHQXUXQNDQ�WLQJNDW�DQVLHWDV�SDUWLVLSDQ� 

+DVLO�GDUL�SLORW�VWXG\�LQL�PHPSHUNXDW�KDVLO�
SHQHOLWLDQ�VHEHOXPQ\D�\DQJ�PHQ\DWDNDQ�EDK�
ZD�DNXSXQNWXU�PHUXSDNDQ�VDODK�VDWX�PHWRGH�
SHQJREDWDQ� \DQJ� HIHNWLI� XQWXN� PHQXUXQNDQ�
OHYHO� DQVLHWDV� �=KX� HW�DO�� ������� 6HODLQ� LWX��
KDVLO� SLORW� VWXG\� LQL� MXJD� PHPSHUNXDW� KDVLO�
GDUL�SHQHOLWLDQ�VHEHOXPQ\D�\DQJ�PHQMHODVNDQ�
EDKZD� NHWHUDWXUDQ� GDQ� VLNOXV� PHQVWUXDVL�
PHPLOLNL�KXEXQJDQ�\DQJ�HUDW�GHQJDQ�NRQGLVL�
SVLNRORJLV� VHVHRUDQJ� �.LP�� ������ %DURQ��
������� 'HQJDQ� GHPLNLDQ�� SHUQ\DWDDQ� \DQJ�
GLVDPSDLNDQ� SDGD� SHQHOLWLDQ� VHEHOXPQ\D�
PHPLOLNL� NHVDPDDQ� GHQJDQ� KDVLO� \DQJ� GL�
SHUROHK�GDODP�SLORW�VWXG\�LQL��,QL�PHQXQMXNDQ�
EDKZD� VXDWX� NRQGLVL� WHUWHQWX� GDSDW�
PHPSHQJDUXKL�SVLNLV�VHVHRUDQJ�VHFDUD�EHUNH�
ODQMXWDQ�KLQJJD�PHQLPEXONDQ�DQVLHWDV�� 

8UDLDQ� KDVLO� SDGD� SLORW� VWXG\� LQL� MXJD� GL�
SHUNXDW� ROHK� SHQHOLWLDQ� VHEHOXPQ\D� \DQJ�
PHQMHODVNDQ� EDKZD� DNXSXQNWXU� GDSDW� PHP�
EDQWX�PHQXUXQNDQ�OHYHO�DQVLHWDV�SDGD�ZDQLWD�
GHQJDQ�SUHPDWXUH� RYDULDQ� IDLOXUH� FRQGLWLRQ��
3DGD�SHQHOLWLDQ�WHUVHEXW��SHQHOLWL�PHQHPXNDQ�
EDKZD� GHQJDQ� PHQJJXQDNDQ� WHUDSL� DNX�
SXQNWXU�VHODPD�NXUDQJ�OHELK���EXODQ��WHUGDSDW�
SHQXUXQDQ� OHYHO� DQVLHWDV� VHFDUD� VLJQLILNDQ�
GHQJDQ�S�YDOXH��������&KHQ��������� 

%HUGDVDUNDQ� SHQMHODVDQ� \DQJ� WHODK�
GLVDPSDLNDQ�� LQL� PHQXQMXNDQ� EDKZD� NHWLND�
ZDQLWD�PHQGHULWD� VXDWX� NHDGDDQ� WHUWHQWX�� LWX�
DNDQ� PHPSHQJDUXKL� NRQGLVL� SVLNLV� ZDQLWD�
WHUVHEXW��'HQJDQ�GHPLNLDQ��SHQJREDWDQ�WLGDN�
KDQ\D� EHUIRNXV� SDGD� SHQ\DNLW� XWDPD� VDMD��
QDPXQ� XQWXN� PHQJNDML� NHVHOXUXKDQ� NRQGLVL�

ZDQLWD�WHUVHEXW�MXJD�VDQJDW�GLSHUOXNDQ�WHUPD�
VXN� NRQGLVL� SVLNLVQ\D�� .RQGLVL� SVLNLV� \DQJ�
EDLN� WHQWXQ\D� DNDQ� PHPEDQWX� SHQJREDWDQ�
XWDPD� EHNHUMD� OHELK� RSWLPDO�� .HWLND� SHQ�
JREDWDQ� XWDPD� EHNHUMD� GHQJDQ� RSWLPDO� QD�
PXQ� NRQGLVL� SVLNLV� WLGDN� PHQGXNXQJ� PDND�
KDVLO� GDUL� SHQJREDWDQ� WHUVHEXW� WHQWXQ\D� DNDQ�
PHQMDGL�WLGDN�PDNVLPDO�� 

$NXSXQNWXU�VHEDJDL�PHWRGH�SHQJREDWDQ�
\DQJ� WHODK� GLSHUJXQDNDQ� GDODP�NXUXQ�ZDNWX�
\DQJ�ODPD�GL�EHUEDJDL�EHODKDQ�GXQLD��WHUEXNWL�
HIHNWLI� XQWXN� PHQXUXQNDQ� OHYHO� DQVLHWDV��
3HUQ\DWDDQ�LQL�GLGXNXQJ�ROHK�SHQHOLWLDQ�VHEH�
OXPQ\D� \DQJ�PHQ\DWDNDQ�EDKZD�DNXSXQNWXU�
GDSDW� GLMDGLNDQ� VHEDJDL� VDODK� VDWX� PHWRGH�
SHQJREDWDQ� \DQJ� PHQMDQMLNDQ� GHQJDQ� KDVLO�
\DQJ� SRVLWLI� �3LONLQJWRQ�� ������� $NXSXQNWXU�
GDSDW� PHQJDOLUNDQ� HQHUJL� GDODP� WXEXK�
VHVHRUDQJ�� VHKLQJJD� HQHUJL� WHUVHEXW� GDSDW�
WHUGLVWULEXVL� GHQJDQ� EDLN� NHVHOXUXK� WXEXK��
(QHUJL� \DQJ� PHQJDOLU� GDQ� WHUGLVWULEXVL�
GHQJDQ� EDLN� GDSDW� PHPEDQWX� PHQXUXQNDQ�
OHYHO� DQVLHWDV� GDQ� PHQLQJNDWNDQ� NXDOLWDV�
WLGXU� VHVHRUDQJ� �=KX� HW�DO�� ������� 'HQJDQ�
VLQHUJL� \DQJ� EDLN� DQWDUD� NRQGLVL� SVLNLV� GDQ�
SHQJREDWDQ� XWDPD�� LQL� VDQJDW� PHPXQJNLNDQ�
XQWXN� WHUFLSWDQ\D�KDVLO�\DQJ�PDNVLPDO�XQWXN�
PHQJDWDVL�SHUPDVDODKDQ�NHVHKDWDQ�\DQJ�DGD� 

'HQJDQ� DGDQ\D� VWXG\� LQL�� PHQXQMXNDQ�
EDKZD� VDQJDW� SHQWLQJ� XQWXN� PHPHOLKDUD�
NHVHKDWDQ� EDLN� VDFDUD� ILVLN� PDXSXQ� SVLNLV��
$SDELOD� ILVLN�PHQJDODPL�VXDWX�SHUPDVDODKDQ�
QDPXQ� SVLNLV� WLGDN� GLSHUKDWLNDQ�� PDND� SHQ�
JREDWDQ�\DQJ�GLODNXNDQ�MXJD�WLGDN�DNDQ�RSWL�
PDO��6HEDOLNQ\D��DSDELOD�NHDGDDQ�ILVLN�VHGDQJ�
PHQJODPL� SHQXUXQDQ� QDPXQ� GLGXNXQJ�
GHQJDQ� SVLNLV� \DQJ� EDLN� PDND� VDQJDW�
PHPXQJNLQNDQ� XQWXN� WHUMDGLQ\D� SURVHV� UH�
FRYHU\�\DQJ�OHELK�FHSDW�VHUWD�PDNVLPDO�� 

$QVHLWDV� PHUXSDNDQ� PDVDODK� \DQJ� VHU�
LQJ� GLWHPXNDQ� VDDW� LQL� GL� VHPXD� NDODQJDQ�
XVLD��*R\DWD��������PHQHUDQJNDQ�EDKZD�DQ�
VLHWDV�GDSDW�GLDODPL�ROHK�VHPXD�NDODQJDQ�XVLD�
EDKNDQ�NHDGDDQ� LQL�GDSDW�PHPSHQJDUXKL�NH�
KLGXSDQ� VHVHRUDQJ�� 2OHK� VHEDE� LWX�� VDQJDW�
SHQWLQJ�XQWXN�PHQJNDML� GDQ�PHQJREDWL� DQVL�
HWDV�\DQJ�GLVHEDENDQ�ROHK�ZHLJKW�ORVV�UHODWHG�
DPHQRUUKHD�VHODLQ�PHQJREDWL�SHQ\DNLW�XWDPD�
LWX�VHQGLUL� 

 
.(6,038/$1 
.HVLPSXODQ� 

%HUGDVDUNDQ� KDVLO� \DQJ� WHODK� GLVDP�
SDLNDQ��GDSDW�GLVLPSXONDQ�EDKZD�WHUDSL�DNX�
SXQNWXU�GDSDW�PHQXUXQNDQ� OHYHO�DQVLHWDV�SD�
GD�ZDQLWD�GHQJDQ�ZHLJKW�ORVV�UHODWHG�DPHQRU�



 

-XUQDO�5LVHW�.HVHKDWDQ�1DVLRQDO�KDO���� 

 

DPHQRUUKHD� VHFDUD� VLJQLILNDQ��+DVLO� LQL� MXJD�
PHQXQMXNDQ� EDKZD� DNXSXQNWXU� GDSDW� GLMDGL�
NDQ� VHEDJDL� VDODK� VDWX� PHWRGH� SHQJREDWDQ�
XQWXN�PDVDODK�DQVLHWDV� 
 
6DUDQ�� 

0HVNLSXQ� SLORW� VWXG\� LQL� PHQGDSDWNDQ�
KDVLO� \DQJ� SRVLWLI�� QDPXQ�SHQHOLWLDQ� ODQMXWDQ�
PDVLK�VDQJDW�GLSHUOXNDQ�XQWXN�PHQLQJNDWNDQ�
NXDOLWDV� GDQ� KDVLO� SHQHOLWLDQ� LWX� VHQGLUL�� 'D�
ODP� SLORW� VWXG\� LQL� VDPSHO� \DQJ� GLJXQDNDQ�
PDVLK�VDQJDW�NHFLO�VHKLQJJD�SHQHOLWLDQ� ODQMX�
WDQ� GHQJDQ� MXPODK� VDPSHO� \DQJ� OHELK� EHVDU�
PDVLK� VDQJDW� GLSHUOXNDQ� XQWXN� PHQGXNXQJ�
KDVLO�GDUL�SLORW�VWXG\�LQL 
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9UDFKQLV�� 1��� &UHDWVDV�� *�� ��������
(YDOXDWLRQ� DQG� PDQDJHPHQW� RI� DGR�
OHVFHQW� DPHQRUUKHD�� $QQDOV� RI� WKH�
1HZ�<RUN�DFDGHP\�RI�VFLHQFHV��'2,��
��������M�����-����������������� 

$ODEDPD�� %�� �������� &XUUHQW� (YDOXDWLRQ� RI�
$PHQRUUKHD�� $PHULFDQ� VRFLHW\� RI� UH�
SURGXFWLYH�PHGLFLQH��9RO�����6XSSO����
'2,���������M�IHUWQVWHUW�������������� 

-D\DVHQD��&1���1LMKHU��*0.���0XUSK\��.*���
/LP�� $��� 3DWHO�� '��� 0HKWD�� $��� 7RGG��
&��� 'RQDOGVRQ�� 0��� 7UHZ�� *+���
*KDWHL��0$���%ORRP��65���'KLOOR��:6��
��������7ZLFH-:HHNO\�$GPLQLVWUDWLRQ�
RI�.LVVSHSWLQ-��� IRU� ��:HHNV� 6WLPX�
ODWHV� 5HOHDVH� RI� 5HSURGXFWLYH� +RU�
PRQHV� LQ�:RPHQ�ZLWK�+\SRWKDODPLF�
$PHQRUUKHD�� &OLQLFDO� 3KDUPDFRORJ\�
	�7KHUDSHXWLFV�9RO����1R���� 

&KULVDQGUD��/���6KXIHOW���7RUEDWL��7���'XWUD��(��
�������� +\SRWKDODPLF� $PHQRUUKHD�

DQG� WKH� /RQJ-7HUP� +HDOWK� &RQVH�
TXHQFHV�� ++6� 3XEOLF� $FFHVV�� ��
�������-����� '2,�� ��������V-����-
�������� 

.LP��+�.���.LP��+�6���.LP��6�-����������$V�
VRFLDWLRQ�RI�$Q[LHW\��'HSUHVVLRQ�� DQG�
6RPDWL]DWLRQ�ZLWK�0HQVWUXDO�3UREOHP�
DPRQJ� 1RUWK� .RUHDQ�:RPHQ� 'HIHF�
WRUV� LQ� 6RXWK� .RUHD�� .RUHDQ� 1HXUR�
SV\FKLDWULF� $VVRFLDWLRQ�� '2,��
��������SO�������������� 

=KX�� -��� $UVRYND�� %��� .R]RY]ND�� .�� ��������
$FXSXQFWXUH�WUHDWPHQW�LQ�DQ[LHW\��(X�
URSHDQ�-RXUQDO�RI�3KDUPDFHXWLFDO�$QG�
0HGLFDO� 5HVHDUFK�� ������ �� ����� ���-
��� 

%DUURQ�� 0�/��� )OLFN�� /�+��� &RRN�� &�$���
+RPDQ�� 6�0��� &DPSEHOO�� &�� ��������
$VVRFLDWLRQV�EHWZHHQ�3V\FKLDWULF�'LV�
RUGHUV�DQG�0HQVWUXDO�&\FOH�&KDUDFWHU�
LVWLFV�� 1DWLRQDO� ,QVWLWXWH� RI� +HDOWK��
'2,����������M�DSQX������������� 

3LONLQJWRQ�� .��� .LUNZRRG�� *��� 5DPSHV�� +���
&XPPLQJV��0���5LFKDUGVRQ��-����������
$FXSXQFWXUH� IRU� DQ[LHW\� DQG� DQ[LHW\�
GLVRUGHUV�� $FXSXQFWXUH� LQ� 0HGLFLQH��
����������-����-�� 

*R\DWD��6�/�7���$YHOLQR��&���6DQWRV��6�9�0���
-XQLRU�� '�,�6��� *XUJHO��0�'�6��� 7HUUD��
)�6�� ��������(IIHFWV� IURP�DFXSXQFWXUH�
LQ�WUHDWLQJ�DQ[LHW\��LQWHJUDWLYH�UHYLHZ��
5HYLVWD� %UDVLOHLUD� GH� (QIHUPDJHP�
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&KHQ�� <��� )DQJ�� <��� :DQJ�� )��� (DQJ�� <�<���
<DQJ�� /�� �������� (IIHFW� RI� $FXSXQF�
WXUH� RQ�3UHPDWXUH�2YDULDQ�)DLOXUH��$�
3LORW� 6WXG\��(YLGHQFH-%DVHG�&RPSOH�
PHQWDU\� DQG� $OWHUQDWLYH� 0HGLFLQH��
'2,��������������������� 


