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%D\DP� PHUDK� \DQJ� PHUXSDNDQ� VDODK� VDWX� MHQLV� VD\XU� SUHPLXP� PHPLOLNL�
SHOXDQJ�SDVDU�\DQJ�EHVDU��WHWDSL�SURGXNVL�ED\DP�GL�.DEXSDWHQ�%DQ\XPDV�PDVLK�
UHQGDK��+DO� LQL�VDODK�VDWXQ\D�GLVHEDENDQ�ROHK�NHQGDOD�OXDV�SDQHQ� 3HQHOLWLDQ�LQL�
PHUXSDNDQ VDODK�VDWX�FDUD� LQWHQVLILNDVL�SHUWDQLDQ \DLWX� WHNQRORJL 3ODQW�)DFWRU\��
7XMXDQ�SHQHOLWLDQ�LQL�DGDODK XQWXN�PHQJHWDKXL�SHQJDUXK�SHQJJXQDDQ�ZDUQD�ODPSX�
WHUKDGDS�SHUWXPEXKDQ�GDQ�ELRPDVVD�SDGD�WDQDPDQ�ED\DP�PHUDK�

3HQHOLWLDQ� GLODNXNDQ GL� /DERUDWRULXP� 7HNQLN� 3HQJHPEDQJDQ� GDQ�
3HQJHQGDOLDQ� %LR�/LQJNXQJDQ� �733%/�� 8QLYHUVLWDV� -HQGHUDO� 6RHGLUPDQ��
3XUZRNHUWR� VHODPD� NXUDQJ� OHELK� �� EXODQ�� 'XD� MHQLV� VSHNWUXP� FDKD\D� \DQJ�
GLJXQDNDQ�DGDODK�/('�PHUDK�GDQ�/('�ELUX��%DKDQ�\DQJ�GLJXQDNDQ�DQWDUD� ODLQ�
ELELW�ED\DP�PHUDK��URFNZRRO��VW\URIRDP��QXWULVL��SXSXN�$%�0L[���DLU�GDQ�QHWSRW��
$ODW�\DQJ�GLJXQDNDQ�GDODP�SHQHOLWLDQ�LQL�PHOLSXWL�UDN�SHQDQDPDQ��SODQW�IDFWRU\���
SHQJJDULV��FXWWHU��WLPEDQJDQ�DQDOLWLN��RYHQ��FDZDQ��EDN�SHQ\HPDLDQ��NDPHUD�GDQ�
DODW�WXOLV� 'DWD�\DQJ�GLDPELO�VHODPD�SHQHOLWLDQ�DGDODK�GDWD�MXPODK�GDXQ��GDWD�WLQJJL�
WDQDPDQ��GDWD�WRWDO�SDQMDQJ�DNDU��GDWD�EHUDW�EDVDK�GDQ�GDWD�EHUDW�NHULQJ��+XEXQJDQ�
YDULDEOH�WHUVHEXW�GLDQDOLVLV�PHQJJXQDNDQ�DQDOLVLV�UHJUHVL�

'DWD� \DQJ� GLDPELO� VHODPD� SHQHOLWLDQ� DGDODK� GDWD� MXPODK� GDXQ�� GDWD� WLQJJL�
WDQDPDQ�� GDWD� WRWDO� SDQMDQJ� DNDU�� GDWD� EHUDW� EDVDK� GDQ� GDWD� EHUDW� NHULQJ�� +DVLO�
SHQHOLWLDQ� PHQXQMXNNDQ� EDKZD� SHQDQDPDQ� GHQJDQ� PHQJJXQDNDQ� ODPSX� ELUX�
PHPEHULNDQ� SHQJDUXK� \DQJ� OHELK� EDLN� WHUKDGDS� SHUWXPEXKDQ� GDQ� ELRPDVVD�
WDQDPDQ�ED\DP�PHUDK��3DGD�+67����SDGD�SHQJJXQDDQ�ODPSX�ELUX�PHPLOLNL�UDWD�
UDWD�EHUDW�GDXQ EDVDK ����J��EHUDW�EDWDQJ EDVDK ����J��EHUDW�DNDU EDVDK ����J���EHUDW�
WRWDO�EDVDK�����J� EHUDW�GDXQ NHULQJ ����J��EHUDW�EDWDQJ�NHULQJ�����J��EHUDW�DNDU NHULQJ
�����J�GDQ�EHUDW� WRWDO NHULQJ ���� J� 3HUWXPEXKDQ�GDQ�ELRPDVVD� VXDWX� WDQDPDQ�
GLSHQJDUXKL� ROHK� SURVHV� IRWRVLQWHVLV�� VHGDQJNDQ� VDODK� VDWX� IDNWRU� SHQWLQJ� GDODP�
SURVHV� IRWRVLQWHVLV� DGDODK� FDKD\D� PDWDKDUL� \DQJ� GDODP� KDO� LQL� GLJDQWLNDQ� ROHK�
ODPSX�ZDUQD�ELUX�GDQ�PHUDK��/DPSX�ZDUQD�ELUX�PHPLOLNL�SDQMDQJ�JHORPEDQJ�����
���� QDQRPHWHU� GDQ� ODPSX� ZDUQD� PHUDK� PHPLOLNL� SDQMDQJ� JHORPEDQJ� ��������
QDQRPHWHU��3DQMDQJ�JHORPEDQJ�\DQJ�SHQGHN�PHQ\LPSDQ�HQHUJL�\DQJ�OHELK�EDQ\DN��
MDGL� GDSDW� GLDVXPVLNDQ� ODPSX� ELUX� PHPEHULNDQ� HQHUJL� \DQJ� OHELK� EDQ\DN�
GLEDQGLQJNDQ� ODPSX�PHUDK�VHKLQJJD�SDGD�SHQJJXQDDQ� ODPSX�ELUX�PHQXQMXNNDQ�
KDVLO�\DQJ�OHELK�EDLN��
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5HG�6SLQDFK� ZKLFK�LV�RQH�RI�WKH�SUHPLXP�W\SHV�RI�YHJHWDEOHV� KDV�D�ODUJH�
PDUNHW�RSSRUWXQLW\��KRZHYHU�OHVV�VSLQDFK�SURGXFWLYLW\�ZDV�RFFXUUHG LQ�%DQ\XPDV�
5HJHQF\��'XH�WR�OLPLWLQJ�RI�ODQG�FXOWLYDWLRQ��LQWHQVLILFDWLRQ�DJULFXOWXUH�WHFKQRORJ\�
VKRXOG�EH�LPSOHPHQWLQJ VXFK�3ODQW�)DFWRU\��7KH�SXUSRVH�RI�WKLV�UHVHDUFK�ZDV�WR�
GHWHUPLQH�WKH�HIIHFW�RI�FRORU�ODPS�RQ�JURZWK�DQG�ELRPDVV�RI�UHG�VSLQDFK��

7KH� UHVHDUFK� ZDV� FRQGXFWHG� DW� WKH� %LR�(QYLURQPHQWDO� (QJLQHHULQJ�
'HYHORSPHQW� DQG� &RQWURO� /DERUDWRU\� RI� -HQGHUDO� 6RHGLUPDQ� 8QLYHUVLW\�
3XUZRNHUWR�IRU���PRQWKV��7ZR�NLQGV�RI�OLJKW�VSHFWUXP�IURP�UHG�/('�DQG�EOXH�/('��
0DWHULDOV XVHG�LQFOXGH�UHG VSLQDFK�VHHGV��URFNZRRO��6W\URIRDP��QXWULHQWV��$%�0L[�
IHUWLOL]HU���ZDWHU�DQG�QHW SRW��7KH�WRROV�XVHG�LQ�WKLV�UHVHDUFK�LV�SODQWLQJ�UDFN��SODQW�
IDFWRU\��� UXOHU��FXWWHU��DQDO\WLFDO� VFDOH��RYHQ�� VDXFHU�� VHHGOLQJ�UDFN��FDPHUD�DQG�
VWDWLRQHU\��'DWD�WDNHQ�GXULQJ�WKH�UHVHDUFK�ZHUH�WKH�QXPEHU�RI�OHDYHV�GDWD��SODQW�
KHLJKW� GDWD�� WRWDO� URRW� OHQJWK� GDWD�� ZHW� ZHLJKW� GDWD� DQG� GU\� ZHLJKW� GDWD�� 7KH�
UHODWLRQVKLS�RI�WKHVH�YDULDEOH�ZDV�DQDO\]HG�E\�UHJUHVVLRQ�DQDO\VLV��

'DWD�WDNHQ�GXULQJ�WKH�UHVHDUFK�ZHUH�WKH�QXPEHU�RI�OHDYHV�GDWD��SODQW�KHLJKW�
GDWD��WRWDO�URRW�OHQJWK�GDWD��ZHW�ZHLJKW�GDWD�DQG�GU\�ZHLJKW�GDWD� 'DWD�REWDLQHG�
IURP�WKLV�UHVHDUFK�LQGLFDWH�WKDW�SODQWLQJ�ZLWK�EOXH�OLJKW�KDV�D�EHWWHU�LQIOXHQFH�RQ�
WKH�JURZWK�DQG�ELRPDVV�RI�UHV�VSLQDFK��7KH����GD\V�DIWHU�KDUYHVW��ZLWK�EOXH�ODPS��
RQ�WKH�XVH�RI�EOXH ODPS�KDYH�DQ�DYHUDJH�ZHW�OHDI�ZHLJKW�RI�����J��ZHW�URG�ZHLJKW�RI�
����J��ZHW�URRW�ZHLJKW�RI�����J��WRWDO�ZHW�ZHLJKW�RI�����J��GU\�OHDI�ZHLJKW�RI�����J��
GU\�URG�ZHLJKW�RI�����J��GU\�URRW�ZHLJKW�RI������J�DQG�WRWDO�GU\�ZHLJKW�RI������J��
7KH�JURZWK�DQG�ELRPDVV�RI�D�SODQW�DUH�LQIOXHQFHG�E\�SKRWRV\QWKHVLV��ZKLOH�RQH�RI�
WKH� LPSRUWDQW� IDFWRUV� LQ� WKH� SURFHVV� RI� SKRWRV\QWKHVLV� LV� VXQOLJKW��ZKLFK� LQ� WKLV�
UHVHDUFK�LV�UHSODFHG�E\�EOXH�DQG�UHG�OLJKW��%OXH�OLJKW�KDV D�ZDYHOHQJWK�RI���������
QDQRPHWHUV� DQG� UHG� OLJKW� KDYH� D ZDYHOHQJWK� RI� �������� QDQRPHWHUV�� 6KRUW�
ZDYHOHQJWK�VDYHV PRUH�HQHUJ\��VR�LW�FDQ�EH�DVVXPHG�WKDW�EOXH�OLJKW�SURYLGHV PRUH�
HQHUJ\�WKDW�UHG�OLJKW��VR�WKDW�WKH�XVH�RI�EOXH�OLJKW�VKRZV�EHWWHU�UHVXOW�


