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$EVWUDFW��:ULWLQJ� /HDUQLQJ� 7RRO�0RGHO�%DVHG� 7H[W� H[SODQDWLRQ� 3UREOHP�%DVHG� /HDUQLQJ�

�6WXG\�RQ�WKH�'HYHORSPHQW�RI�6HYHQWK�*UDGH�6WXGHQWV�RI�6031���0DNDVVDU���7KH�SXUSRVH�RI�

WKLV�UHVHDUFK�ZDV�WR�GHWHUPLQH�WKH�YDOLGLW\��SUDFWLFDOLW\��DQG�HIIHFWLYHQHVV�RI�WKH�OHDUQLQJ�GHYLFH�WR�

ZULWH�WH[W�H[SODQDWLRQ�RI�3UREOHP�%DVHG�/HDUQLQJ�PRGHO�EDVHG�RQ�FODVV�9,,�6031���0DNDVVDU��

7KLV� VWXG\� LV� D� UHVHDUFK�5HVHDUFK� DQG�'HYHORSPHQW� �5�	�'�� GHYHORSPHQW�PRGHO�$'',(�� 7KH�

UHVXOWV�REWDLQHG�LQ�WKLV�VWXG\�ZHUH�����WKH�OHDUQLQJ�GHYLFH�GHFODUHG�LQYDOLG�EHFDXVH�WKH�FULWHULRQ�RI�

YDOLGLW\�KDV�EHHQ�IXOILOOHG��QDPHO\�WKH�DYHUDJH�YDOXH�RI�YDOLGLW\�IRU�DOO�DVSHFWV�RI�WKH�PLQLPXP�LQ�

WKH�FDWHJRU\�LV�TXLWH�YDOLG�DQG�WKH�YDOLGLW\�RI�HYHU\�DVSHFW�RI�DW�OHDVW�IDOOV�XQGHU�WKH�FDWHJRU\�YDOLG�

�������WKH�VWXG\�UHYHDOHG�SUDFWLFDOO\�VLQFH�WKH�FULWHULD�RI�YDOLGLW\�DUH�PHW��QDPHO\�WKH�RYHUDOO�DVSHFW�

RI�WKH�FRPSRQHQW�V\QWD[�PRGHO�RI�3UREOHP�%DVHG�OHDUQLQJ�RQ�WKH�,PSOHPHQWDWLRQ�3ODQ�OHVVRQ�������

��� DQG��� DUH� LQ� WKH� FDWHJRU\� RI� DFFRPSOLVKHG�HQWLUHO\� ���� DQG� ���� WKH� OHDUQLQJ� GHYLFH� LV� GHFODUHG�

HIIHFWLYH� EHFDXVH� WKH� YDOLGLW\� FULWHULD� KDYH� EHHQ� PHW�� QDPHO\� PDVWHU\� OHDUQLQJ� RXWFRPHV� RI�

VWXGHQWV� ������WKH�DYHUDJH�WHDFKHUV
�DELOLW\�WR�PDQDJH�WKH�OHDUQLQJ�LV� �����DUH�LQ�HLWKHU�FDWHJRU\�

�7.*����������������6WXGHQWV�JDYH�D�SRVLWLYH�UHVSRQVH�WR�WKH�LPSOHPHQWDWLRQ�RI�OHDUQLQJ�WR�ZULWH�

H[SODQDWRU\� WH[W� XVLQJ� WKH� WHDFKLQJ� RI�ZULWLQJ� WH[W�EDVHG� H[SODQDWRU\�PRGHOV� RI� 3UREOHP�%DVHG�

/HDUQLQJ� ��������

$EVWUDN��3HUDQJNDW�3HPEHODMDUDQ�0HQXOLV�7HNV�(NVSODQDVL�%HUEDVLV�0RGHO�3UREOHP�%DVHG�

/HDUQLQJ��6WXGL�3HQJHPEDQJDQ�SDGD�6LVZD�.HODV�9,,�603�1HJHUL���0DNDVDU����7XMXDQ�SDGD�

SHQHOLWLDQ� LQL� DGDODK� XQWXN� PHQJHWDKXL� NHYDOLGDQ�� NHSUDNWLVDQ�� GDQ� NHHIHNWLIDQ� � SHUDQJNDW�

SHPEHODMDUDQ�PHQXOLV�WHNV�HNVSODQDVL��EHUEDVLV�PRGHO�3UREOHP�%DVHG�/HDUQLQJ�SDGD�VLVZD�NHODV�

9,,� 603� 1HJHUL� �� 0DNDVDU�� 3HQHOLWLDQ� LQL� PHUXSDNDQ� SHQHOLWLDQ� 5HVHDUFK� DQG� 'HYHORSPHQW�

�5	'��GHQJDQ�PHQJJXQDNDQ�PRGHO�SHQJHPEDQJDQ�$'',(��+DVLO�SHQHOLWLDQ�\DQJ�GLSHUROHK�SDGD�

SHQHOLWLDQ� LQL�DGDODK�����SHUDQJNDW�SHPEHODMDUDQ�GLQ\DWDNDQ�YDOLG�NDUHQD�NULWHULD�NHYDOLGDQ� WHODK�

WHUSHQXKL�� � \DLWX� QLODL� UDWD�UDWD� YDOLGLWDV� XQWXN� NHVHOXUXKDQ� DVSHN�PLQLPDO� EHUDGD� SDGD� NDWHJRUL�

FXNXS� YDOLG� GDQ� QLODL� YDOLGLWDV� XQWXN� VHWLDS� DVSHN� PLQLPDO� EHUDGD� GDODP� NDWHJRUL� YDOLG� �

��� ���� 3HUDQJNDW� SHPEHODMDUDQ� GLQ\DWDNDQ� SUDNWLV� NDUHQD� NULWHULD� NHYDOLGDQ� WHODK�

WHUSHQXKL�� � \DLWX� NHVHOXUXKDQ� DVSHN� � NRPSRQHQ� VLQWDNV� PRGHO� 3UREOHP� %DVHG� /HDUQLQJ� SDGD�

5HQFDQD�3HODNVDQDDQ�SHPEHODMDUDQ����������GDQ����EHUDGD�GDODP�NDWHJRUL�WHUODNVDQD�VHOXUXKQ\D��

���GDQ�����SHUDQJNDW�SHPEHODMDUDQ�GLQ\DWDNDQ�HIHNWLI�NDUHQD�NULWHULD�NHYDOLGDQ�WHODK�

WHUSHQXKL�� \DLWX� NHWXQWDVDQ� KDVLO� EHODMDU� VLVZD�  � ����� UDWD�UDWD� NHPDPSXDQ� JXUX� PHQJHORODK��

SHPEHODMDUDQ�DGDODK� �����EHUDGD�SDGD��NDWHJRUL�EDLN���������WNJ����������6LVZD�PHPEHUL�UHVSRQV�

SRVLWLI� WHUKDGDS� SHODNVDQDDQ� SHPEHODMDUDQ� PHQXOLV� WHNV� HNVSODQDVL� PHQJJXQDNDQ� SHUDQJNDW�

SHPEHODMDUDQ�PHQXOLV�WHNV�HNVSODQDVL��EHUEDVLV�PRGHO�3UREOHP�%DVHG�/HDUQLQJ� ��������

.DWD�.XQFL��SHUDQJNDW�SHPEHODMDUDQ��WHNV�HNVSODQDVL��PRGHO�SUREOHP�EDVHG�OHDUQLQJ�

�
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0HQXOLV� PHUXSDNDQ� SURVHV� NHJLDWDQ� EHO�

DMDU� VLVZD� GL� GDODP� VHEXDK� SHPEHODMDUDQ� XQWXN�

PHQXDQJNDQ� LGH�� JDJDVDQ� DWDXSXQ� ODLQQ\D�� +DO�

WHUVHEXW�VHMDODQ�GHQJDQ�\DQJ�GLNHPXNDNDQ�7DUL�

JDQ������������EDKZD�PHQXOLV�GLDUWLNDQ�VHEDJDL�

NHJLDWDQ� PHQXDQJNDQ� LGH�� JDJDVDQ� GHQJDQ�

PHQJJXQDNDQ� EDKDVD� WXOLV� VHEDJDL� PHGLD� SH�
Q\DPSDL�� 0HQXOLV� MXJD� VDODK� VDWX� GDUL� HPSDW�

NHWHUDPSLODQ�EHUEDKDVD��\DLWX�PHPEDFD��PHQ\L�

PDN�� EHUELFDUD�� GDQ� PHQXOLV�� HPSDW� NHWHUDP�

SLODQ�EHUEDKDVD�LQL��VDQJDWODK�SHQWLQJ�NDUHQD�WHU�

PDVXN� NH� GDODP� VWDQGDU� NRPSHWHQVL� SHPEHOD�

MDUDQ�EDKDVD�,QGRQHVLD��

'DODP�NXULNXOXP�������SHPEHODMDUDQ�ED�

KDVD� ,QGRQHVLD� 603� NHODV�9,,� GLDUDKNDQ� XQWXN�

PHQLQJNDWNDQ�NHPDPSXDQ�VLVZD�GDODP�EHUSLNLU�
NULWLV�� .XULNXOXP� LQL� PHQXQWXW� DJDU� EHODMDU�

EDKDVD�,QGRQHVLD�WLGDN�VHNDGDU�PHPDNDL�EDKDVD�

,QGRQHVLD� XQWXN� PHQ\DPSDLNDQ� PDWHUL� EHODMDU�
WHWDSL� KDUXV� PHPSHODMDUL� PDNQD� GDQ� SHPLOLKDQ�

NDWD� \DQJ� WHSDW�� 6WDQGDU� NRPSHWHQVL� SHPEH�

ODMDUDQ� EDKDVD� ,QGRQHVLD� GLMDGLNDQ� VHEDJDL� SH�
QJXNXU� NHPDPSXDQ� VLVZD� GDODP� PHQJJDP�

EDUNDQ� SHQJXDVDDQ� SHQJHWDKXDQ� GDQ� NHWHUDP�

SLODQ� EHUEDKDVD�� 'DODP� NXULNXOXP� LQL�� SHPEH�

ODMDUDQ�EDKDVD�,QGRQHVLD�EHUEDVLV�WHNV��

3DGD�SHPEHODMDUDQ�EDKDVD�,QGRQHVLD�NHODV�

9,,� 603� VHPHVWHU� JHQDS�� NRPSHWHQVL� PHQXOLV�
WHNV� HNVSODQDVL� PHUXSDNDQ� VDODK� VDWX� NRPSH�

WHQVL� SHPEHODMDUDQ� \DQJ� ZDMLE� GLNXDVDL�� 7HNV�

HNVSODQDVL� PHUXSDNDQ� VHEXDK� WXOLVDQ� \DQJ�
PHPEHULNDQ� SHQMHODVDQ� WHUSHULQFL� WHQWDQJ�

SURVHV�SURVHV� WHUMDGLQ\D� IHQRPHQD� DODP� GDQ�

PHQMHODVNDQ� KXEXQJDQ� ORJLV� GDUL� EHEHUDSD�
SHULVWLZD�� 6HEXDK� SHULVWLZD� WLPEXO� NDUHQD� DGD�

SHULVWLZD�ODLQ�VHEHOXPQ\D�GDQ�SHULVWLZD�WHUVHEXW�

PHQJDNLEDWNDQ� SHULVWLZD� \DQJ� ODLQ� ODJL� VHVX�

GDKQ\D� �,VQDWXQ� GDQ� )DULGD�� ������ �����

6HPHQWDUD�� �0DKVXQ�� ������ ����� PHQ\DWDNDQ��

EDKZD�WHNV�HNVSDODQDVL��GLVXVXQ�GHQJDQ�VWUXNWXU�

\DQJ� WHUGLUL� DWDV� EDJLDQ�EDJLDQ� \DQJ� PHPSHU�

OLKDWNDQ�SHUQ\DWDDQ�XPXP��SHPEXNDDQ���GHUHWDQ�

SHQMHODVDQ��LVL���GDQ� LQWHUSUHWDVL��SHQXWXS��%DJL�

DQ� SHUQ\DWDDQ� XPXP� EHULVL� LQIRUPDVL� VLQJNDW�
WHQWDQJ� DSD� \DQJ� GLELFDUDNDQ�� %DJLDQ� GHUHWDQ�

SHQMHODV� EHULVL� XUXWDQ� XUDLDQ� DWDX� SHQMHODVDQ�

WHQWDQJ� SHULVWLZD� \DQJ� WHUMDGL�� 6HPHQWDUD� LWX��

EDJLDQ� LQWHUSUHWDVL� EHULVL� SHQGDSDW� VLQJNDW�

SHQXOLV� WHQWDQJ� SHULVWLZD� \DQJ� WHUMDGL�� EDJLDQ�

WHUVHEXW�� PHUXSDNDQ� SHQXWXS� WHNV� HNVSODQDVL�

\DQJ� EROHK� DGD� DWDX� WLGDN� DGD�� �0DKVXQ� GNN��

������������

%HUGDVDUNDQ� ZDZDQFDUD� \DQJ� GLODNXNDQ�

ROHK�SHQHOLWL�GHQJDQ�JXUX�GDQ�VLVZD�SDGD�REVHU�

YDVL� DZDO�� GLSHUROHK� LQIRUPDVL� EDKZD� NHPDP�

SXDQ� PHQXOLV� WHNV� HNVSODQDVL� VLVZD� NHODV� 9,,�

603� 1HJHUL� �� 0DNDVVDU� WDKXQ� SHPEHODMDUDQ�

���������� PDVLK� UHQGDK�� 'DUL� KDVLO� REVHUYDVL�

\DQJ� GLODNXNDQ� ���� VLVZD�PHPSHUROHK� QLODL� ��
��� VHGDQJNDQ� ..0� XQWXN� PHQXOLV� WHNV� HNV�

SODQDVL�DGDODK�����+DO�WHUVHEXW��GLVHEDENDQ�������

NXUDQJQ\D�PLQDW� VLVZD�GDODP�PHQXOLV� WHNV�HNV�

SODQDVL� NDUHQD� VLVZD� NDUHQD� SHUDQJNDW� SHPEH�

ODMDUDQ� \DQJ� GLJXQDNDQ� NXUDQJ� PHPEHULNDQ�

LQIRUPDVL�EDUX�GDODP�SHPEHODMDUDQ�PHQXOLV�WHVN�

HNVSODQDVL�� ���� NHPDPSXDQ� VLVZD� PHQXDQJNDQ�

LGH�GDODP�EHQWXN�WXOLVDQ�PDVLK�UHQGDK�VHKLQJJD�

VLVZD� PHQJDQJJDS� PHQXOLV� VHEDJDL� KDO� \DQJ�
PHPERVDQNDQ�� � GDQ� ���� VLVZD� NXUDQJ� EHUPLQDW�

PHQXOLV� GLVHEDENDQ� ROHK� PRGHO� SHPEHODMDUDQ�

\DQJ� GLJXQDNDQ� JXUX� WLGDN� EHUYDULDVL� VHKLQJJD�
KDVLO� EHODMDU� VLVZD� GDODP� PHQXOLV� WHNV� HNV�

SODQDVL�EHOXP�PDNVLPDO���

%HUWRODN� GDUL� UHDOLWD� WHUVHEXW�� SHUDQJNDW�
SHPEHODMDUDQ� PHQXOLV� PHQXOLV� WHNV� HNVSODQDVL�

KHQGDNQ\D�GLNHPEDQJNDQ�GHQJDQ�PHQJJXQDNDQ�

PRGHO� SHPEHODMDUDQ� \DQJ� HIHNWLI�� � 6DODK� VDWX�

PRGHO� � SHPEHODMDUDQ� \DQJ� GDSDW� PHQJLQWHJUD�

VLNDQ�SHQJHWDKXDQ�EDUX�EHUGDVDUNDQ�SHQJDODPDQ�

VLVZD� GDODP� PHQXOLV� WHNV� HNVSODQDVL� DGDODK�
PRGHO�3UREOHP�%DVHG�/HDUQLQJ��

3UREOHP� %DVHG� /HDUQLQJ� PHUXSDNDQ�

PRGHO� SHPEHODMDUDQ� \DQJ� PHOLEDWNDQ� VLVZD�
XQWXN�PHPHFDKNDQ�VXDWX�PDVDODK�PHODOXL�WDKDS��

WDKDS� PHWRGH� LOPLDK� VHKLQJJD� VLVZD� GDSDW�

PHPSHODMDUL� SHQJHWDKXDQ� \DQJ� EHUKXEXQJDQ�
GHQJDQ�PDVDODK�WHUVHEXW�GDQ�VHNDOLJXV�PHPLOLNL�

NHWHUDPSLODQ� XQWXN�PHPHFDKNDQ� PDVDODK� �6WH�

SLHQ� GDODP� 1JDOLPXQ�� ������ ����� 6HODQMXWQ\D��

7DXILN� ������� ���� PHQGHILQLVLNDQ� PRGHO� 3URE�

OHP�%DVHG�/HDUQLQJ�VHEDJDL�PRGHO�SHPEHODMDUDQ�

\DQJ� PHQJJXQDNDQ� PDVDODK� VHEDJDL� ODQJNDK�

DZDO� GDODP� PHQJXPSXONDQ� GDQ� PHQJLQWHJ�

UDVLNDQ� SHQJHWDKXDQ� EDUX� EHUGDVDUNDQ� SHQJDOD�

PDQ� VLVZD� GDODP� EHUDNWLYLWDV� VHFDUD� Q\DWD��

0DVDODK� \DQJ� GLEHULNDQ� LQL� GLJXQDNDQ� XQWXN�
PHQJLNDW� VLVZD� SDGD� UDVD� LQJLQ� WDKX� SDGD�

SHPEHODMDUDQ�\DQJ�GLPDNVXG��0DVDODK�GLEHULNDQ�

NHSDGD�VLVZD�VHEHOXP�VLVZD�PHPSHODMDUL�NRQVHS�

DWDX� PDWHUL� \DQJ� EHUNHQDDQ� GHQJDQ� PDVDODK�

\DQJ�KDUXV�GLSHFDKNDQ��

0HQJLPSOHPHQWDVLNDQ� PRGHO� 3UREOHP�

%DVHG�/HDUQLQJ�SDGD�SHPEHODMDUDQ�PHQXOLV�WHNV�

HNVSODQDVL���PDND�KDO�\DQJ�KDUXV�GLODNXNDQ�DGD�

ODK�SHQJHPEDQJDQ�SHUDQJNDW�SHPEHODMDUDQ�\DQJ�
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WHUGLUL� GDUL� 5HQFDQD� 3HODNVDQDDQ� 3HPEHODMDUDQ��
%XNX� 6LVZD�� GDQ� /HPEDU� .HJLDWDQ� 6LVZD�� 3H�

UDQJNDW�SHPEHODMDUDQ�WHUVHEXW��GLVXVXQ�PHQJDFX�

SDGD� VLQWDNV� PRGHO� 3UREOHP� %DVHG� /HDUQLQJ��
0HODOXL� SHQJHPEDQJDQ� SHUDQJNDW� SHPEHODMDUDQ�

PHQXOLV�WHVN�HNVSODQDVL�EHUEDVLV�PRGHO�3UREOHP�

%DVHG�/HDUQLQJ�GLKDUDSNDQ�VHJDOD�SHUPDVDODKDQ�

\DQJ� VHODPD� LQL� PHQJKDPEDW� NXDOLWDV� SHP�

EHODMDUDQ� PHQXOLV�PHQXOLV� WHVN� HNVSODQDVL� SDGD�

VLVZD� � 9,,� 603� 1HJHUL� ��0DNDVVDU� GDSDW� WHU�

DWDVL��

7XMXDQ� SDGD� SHQHOLWLDQ� LQL� DGDODK�� ����

PHQJHWDKXL� NHYDOLGDQ� SHUDQJNDW� SHPEHODMDUDQ�
PHQXOLV�WHNV�HNVSODQDVL��EHUEDVLV�PRGHO�3UREOHP�

%DVHG� /HDUQLQJ� SDGD� VLVZD� NHODV� 9,,� 603�

1HJHUL� �� 0DNDVDU�� ���� PHQJHWDKXL� .HSUDNWLVDQ��
SHUDQJNDW� SHPEHODMDUDQ�PHQXOLV� WHNV� HNVSODQDVL��

EHUEDVLV� PRGHO� 3UREOHP� %DVHG� /HDUQLQJ� SDGD�

VLVZD�NHODV�9,,�603�1HJHUL���0DNDVDU��GDQ�����
PHQJHWDKXL� NHHIHNWLIDQ� SHUDQJNDW� SHPEHODMDUDQ�

PHQXOLV�WHNV�HNVSODQDVL��EHUEDVLV�PRGHO�3UREOHP�

%DVHG� /HDUQLQJ� SDGD� VLVZD� NHODV� 9,,� 603�

1HJHUL���0DNDVDU��

0(72'(�3(1(/,7,$1�

3HQHOLWLDQ� LQL� PHUXSDNDQ� PHUXSDNDQ� SH�
QHOLWLDQ� 5HVHDUFK� DQG� 'HYHORSPHQW� �5	'��

GHQJDQ� PHQJJXQDNDQ� PRGHO� SHQJHPEDQJDQ�

$'',(��XQWXN�PHQJHPEDQJNDQ�SHUDQJNDW�SHP�
EHODMDUDQ�PHQXOLV� WHNV� HNVSODQDVL� � EHUEDVLV�PR�

GHO� 3UREOHP� %DVHG� /HDUQLQJ� SDGD� VLVZD� NHODV�

9,,�603�1HJHUL���0DNDVDU��0HQXUXW�7HJHK�GDQ�
.LUQD�����������PRGHO�$'',(� WHUGLUL� DWDV� OLPD�

ODQJNDK��\DLWX�� ����DQDOLVLV� �DQDO\]H��� ����SHUDQ�

FDQJDQ� �GHVLJQ��� ���� SHQJHPEDQJDQ� �GHYHORS�

PHQW��� ���� LPSOHPHQWDVL� �LPSOHPHQWDWLRQ��� GDQ�

����HYDOXDVL��HYDOXDWLRQ���

3HQHOLWLDQ� GLODNVDQDNDQ� SDGD� VHPHVWHU�

JHQDS�WDKXQ�SHODMDUDQ�����������GHQJDQ�VXEMHN�
XML�FRED�DGDODK�VLVZD�.HODV�9,,��GHQJDQ�MXPODK�

VLVZD� VHEDQ\DN� ��� RUDQJ�� ,QVWUXPHQ� � GDODP�

SHQHOLWLDQ� LQL� DGDODK�� ���� OHPEDU� YDOLGDVL� SH�
UDQJNDW� SHPEHODMDUDQ�� ���� OHPEDU� SHQJDPDWDQ��

����DQJNHW�UHVSRQ�VLVZD��GDQ����� WHV�SHQJXDVDDQ�

VLVZD� WHUKDGDS� PDWHUL� SHODMDUDQ�� 'DWD� \DQJ�

GLSHUROHK� GHQJDQ� PHQJJXQDNDQ� LQVWUXPHQ��

VHODQMXWQ\D�GLDQDOLVLV�VHFDUD�NXDQWLWDWLI��

�

+$6,/�3(1(/,7,$1�

'HVNULSVL�.HYDOLGDQ�3HUDQJNDW�3HPEHODMDUDQ�

� 'DWD� NHYDOLGDQ� SHUDQJNDW� SHPEHODMDUDQ�

GLSHUROHK�GDUL� OHPEDU�YDOLGDVL�DKOL��%HUGDVDUNDQ�
DQDOLVLV� GDWD� KDVLO� SHQLODLDQ� DKOL�PDWHUL� SHUDQJ�

NDW�SHPEHODMDUDQ� GDQ� GHVDLQ�SHPEHODMDUDQ��PH�

QJHQDL�XML�NHYDOLGDQ�GLWHPXNDQ�EDKZD�QLODL�UDWD�

UDWD� WRWDO� NHYDOLGDQ� 5HQFDQD� 3HODNVDQDDQ� 3HP�

EHODMDUDQ� ������QLODL�UDWD�UDWD�WHUVHEXW��WHUPDVXN�

GDODP� NDWHJRUL� 9DOLG� � ��� 1LODL�

UDWD�UDWD�WRWDO�NHYDOLGDQ�%XNX�6LVZD� ������QLODL�
UDWD�UDWD�WHUVHEXW��WHUPDVXN�GDODP�NDWHJRUL�9DOLG�

� ��� GDQ� /HPEDU� .HJLDWDQ� 6LVZD�

 � ����� QLODL� UDWD�UDWD� WHUVHEXW�� WHUPDVXN� GDODP�

NDWHJRUL�9DOLG�� ����

� +DVLO� SHQLODLDQ� DKOL� PDWHUL� SHUDQJNDW�

SHPEHODMDUDQ� GDQ� GHVDLQ� SHPEHODMDUDQ� PHQXQ�

MXNNDQ� EDKZD� SHUDQJNDW� SHPEHODMDUDQ�PHQXOLV�

WHNV� HNVSODQDVL� � EHUEDVLV�PRGHO�3UREOHP�%DVHG�

/HDUQLQJ�GLWLQMDX�GDUL�NHVHOXUXKDQ�DVSHN�EHUDGD�

SDGD�NDWHJRUL�YDOLG��QDPXQ�PDVLK�WHUGDSDW�VDUDQ�

VDUDQ� SHUEDLNDQ� \DQJ� SHUOX� GLSHUKDWLNDQ� XQWXN�

NHVHPSXUQDDQ� SHUDQJNDW� \DQJ� GLNHPEDQJNDQ��
PHOLSXWL� ���� SHUDQJNDW� SHPEHODMDUDQ� \DQJ� GL�

NHPEDQJNDQ� KDUXV� QDPSDN� XQVXU� PRGHO� 3URE�

OHP� %DVHG� /HDUQLQJ� DJDU� DGD� FLUL� NKXVXV� \DQJ�

PHPEHGDNDQ� GHQJDQ� SHUDQJNDW� SHPEHODMDUDQ�

\DQJ�ODLQ������SHQ\DMLDQ�SHUDQJNDW�SHPEHODMDUDQ�

KDUXV�GLVHVXDLNDQ�GHQJDQ�VLQWDNV�PRGHO�3UREOHP�

%DVHG� /HDUQLQJ�� GDQ� ���� WXMXDQ� SHPEHODMDUDQ�

SDGD� 5HQFDQD� 3HODNVDQDDQ� 3HPEHODMDUDQ� KDUXV�

MHODV���

'HVNULSVL� .HSUDNWLVDQ� 3HUDQJNDW� 3HPEH�

ODMDUDQ�

� 'DWD� NHSUDNWLVDQ� SHUDQJNDW� SHPEHODMDUDQ�
GLSHUROHK� GDUL� KDVLO� SHQJDPDWDQ� NHWHUODNVDQDDQ�

SHPEHODMDUDQ� GHQJDQ� SHUDQJNDW� SHPEHODMDUDQ�

PHQXOLV�WHNV�HNVSODQDVL��EHUEDVLV�PRGHO�3UREOHP�

%DVHG�/HDUQLQJ��%HUGDVDUNDQ�DQDOLVLV�GDWD�KDVLO�

SHQJDPDWDQ� NHWHUODNVDQDDQ� SHPEHODMDUDQ�� GLNH�

WDKXL� EDKZD� QLODL� UDWD�UDWD� WRWDO� NHWHUODNVDQDDQ�

DVSHN��NRPSRQHQ�VLQWDNV�PRGHO�3UREOHP�%DVHG�

/HDUQLQJ� SDGD� 5HQFDQD� 3HODNVDQDDQ� 3HPEH�

ODMDUDQ� �� DGDODK�  � ����� UDWD�UDWD� QLODL� WHUVHEXW��
WHUPDVXN�GDODP�NDWHJRUL�WHUODNVDQD�VHOXUXKQ\D��
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� ��� 1LODL� UDWD�UDWD� WRWDO� NHWHUODNVD�

QDDQ� DVSHN� NRPSRQHQ� VLQWDNV� PRGHO� 3UREOHP�
%DVHG� /HDUQLQJ� SDGD� 5HQFDQD� 3HODNVDQDDQ�

3HPEHODMDUDQ� �� DGDODK�  � ����� UDWD�UDWD� QLODL�

WHUVHEXW�� WHUPDVXN� GDODP� NDWHJRUL� WHUODNVDQD�

VHOXUXKQ\D� � ��� 1LODL� UDWD�UDWD� WRWDO�

NHWHUODNVDQDDQ� DVSHN� � NRPSRQHQ� VLQWDNV� PRGHO�

3UREOHP� %DVHG� /HDUQLQJ� SDGD� 5HQFDQD� 3HODN�

VDQDDQ� 3HPEHODMDUDQ� �� DGDODK�  � ����� UDWD�UDWD�
QLODL� WHUVHEXW�� WHUPDVXN� GDODP� NDWHJRUL� WHUODN�

VDQD� VHOXUXKQ\D� � �� GDQ��1LODL� UDWD�

UDWD� WRWDO� NHWHUODNVDQDDQ� DVSHN� NRPSRQHQ� VLQ�

WDNV�PRGHO�3UREOHP�%DVHG�/HDUQLQJ� SDGD�5HQ�
FDQD�3HODNVDQDDQ�3HPEHODMDUDQ� �� DGDODK� ������

UDWD�UDWD�QLODL� WHUVHEXW�� WHUPDVXN�GDODP�NDWHJRUL�

WHUODNVDQD�VHOXUXKQ\D�� ���

'HVNULSVL� .HHIHNWLIDQ� 3HUDQJNDW� 3HPEHOD�

MDUDQ�

� 'DWD� NHHIHNWLIDQ� SHUDQJNDW� SHPEHODMDUDQ�

PHQXOLV�WHNV�HNVSODQDVL��EHUEDVLV�PRGHO�3UREOHP�
%DVHG�/HDUQLQJ� \DQJ�PHOLSXWL�� ���� WHV�KDVLO� EH�

ODMDU�� ���� NHPDPSXDQ� JXUX� PHQJHORODK� SHPEH�

ODMDUDQ�� ���� DNWLYLWDV� VLVZD�� GDQ� ���� UHVSRQV�

VLVZD�� 8QWXN� PHQJNDWHJRULNDQ� NHHNWLIDQ� GDUL�

VXDWX� SHUDQJNDW� SHPEHODMDUDQ� PDND�� �� GDUL� ��

LQGLNDWRU�NUHWHULD�WHUVHEXW�KDUXV�WHUSHQXKL��WHWDSL�

LQGLNDWRU���KDUXV�WHUSHQXKL��

%HUGDVDUNDQ�DQDOLVLV�GDWD� WHV�KDVLO�EHODMDU�

PHQXOLV� WHNV� HNVSODQDVL� GLNHWDKXL�EDKZD� � VLVZD�

\DQJ� WXQWDV� EHODMDU� DWDX� \DQJ� PHQFDSDL� NHWXQ�
WDVDQ� LQGLYLGX�� \DLWX� VLVZD� \DQJ� PHPSHUROHK�

QLODL� �� ���� �� ������ VHEDQ\DN� ��� RUDQJ� GDUL� ���

RUDQJ� VLVZD� ������� 6LVZD� \DQJ� WXQWDV� EHODMDU�
DWDX� \DQJ� PHQFDSDL� NHWXQWDVDQ� LQGLYLGX� \DLWX�

VLVZD� \DQJ� PHPSHUROHK� QLODL� �� ��� �� ������

VHEDQ\DN���RUDQJ�GDUL����RUDQJ�VLVZD���������

+DVLO� DQDOLVLV� GDWD� NHPDPSXDQ� JXUX�PH�

QJHORODK� � SHPEHODMDUDQ�PHQXOLV� WHNV� HNVSODQDVL��

EHUEDVLV�PRGHO�3UREOHP� %DVHG� /HDUQLQJ�� GLNH�

WDKXL� EDKZD� � QLODL� UDWD�UDWD� �� DVSHN� � \DQJ� WHU�

DPDWL� ����� 1LODL� UDWD�UDWD� WHUVHEXW�� EHUDGD� SDGD��

NDWHJRUL�EDLN�������������WNJ����������
+DVLO� DQDOLVLV� GDWD� DNWLYLWDV� VLVZD�� GLNH�

WDKXL� EDKZD� VHODPD� NHJLDWDQ� SHPEHODMDUDQ�

PHQXOLV� WHNV� HNVSODQDVL� EHUODQJVXQJ�� VLVZD� WH�
ODK� WHUOLEDW� VHFDUD� DNWLI� VHKLQJJD� GRPLQDVL� JXUX�

GDODP� SHPEHODMDUDQ� GDSDW� EHUNXUDQJ�� 6HFDUD�

XPXP� KDVLO� DQDOLVLV� GDWD� DNWLYLWDV� VLVZD�
PHQXQMXNNDQ�EDKZD�DVSHN�NH����NH����NH����NH�

���NH����NH���GDQ�NH���XQWXN�DNWLYLWDV�VLVZD�SDGD�

VHWLDS� SHUWHPXDQ� EHUDGD� SDGD� UHQWDQJ� EDWDV�

ZDNWX�WROHUDQVL��

+DVLO�DQDOLVLV�GDWD�UHVSRQ�VLVZD��GLNHWDKXL�

EDKZD� ������ � VLVZD� PHPEHUL� UHVSRQV� SRVLWLI�

WHUKDGDS�SHODNVDQDDQ�SHPEHODMDUDQ�PHQXOLV�WHNV�

HNVSODQDVL� PHQJJXQDNDQ� SHUDQJNDW� SHPEH�

ODMDUDQ�PHQXOLV� WHNV� HNVSODQDVL� � EHUEDVLV�PRGHO�
3UREOHP� %DVHG� /HDUQLQJ� GDQ� ����� VLVZD� \DQJ�

PHPEHUL� UHVSRQV� QHJDWLI� WHUKDGDS� WHUKDGDS�

SHODNVDQDDQ� SHPEHODMDUDQ� PHQXOLV� WHNV� HNVSOD�

QDVL�PHQJJXQDNDQ� SHUDQJNDW� SHPEHODMDUDQ�PH�

QXOLV� WHNV� HNVSODQDVL� � EHUEDVLV� PRGHO� 3UREOHP�

%DVHG�/HDUQLQJ��

3(0%$+$6$1��

� 3HQJHPEDQJDQ� SHUDQJNDW� SHPEHODMDUDQ�

PHQXOLV�WHNV�HNVSODQDVL��EHUEDVLV�PRGHO�3UREOHP�
%DVHG� /HDUQLQJ� PHQJKDVLONDQ� SHUDQJNDW� SHP�

EHODMDUDQ� \DQJ� YDOLG�� SUDNWLV�� HIHNWLI�� 3HPED�

KDVDQ� GDUL� DQDOLVLV� GDWD� KDVLO� SHQHOLWLDQ� GLGHV�
NULSVLNDQ�EHULNXW�LQL��

� 3HUDQJNDW� SHPEHODMDUDQ� PHQXOLV� WHNV�

HNVSODQDVL��EHUEDVLV�PRGHO�3UREOHP�%DVHG�/HDU�
QLQJ� VXGDK� YDOLG� NDUHQD� QLODL� UDWD�UDWD� WRWDO�

NHYDOLGDQ�5HQFDQD�3HODNVDQDDQ�3HPEHODMDUDQ� �

����� QLODL� UDWD�UDWD� WHUVHEXW�� WHUPDVXN� GDODP�

NDWHJRUL�9DOLG� � ���1LODL� UDWD�UDWD�

WRWDO�NHYDOLGDQ�%XNX�6LVZD� ������QLODL�UDWD�UDWD�

WHUVHEXW�� WHUPDVXN� GDODP� NDWHJRUL� 9DOLG� �

���GDQ�/HPEDU�.HJLDWDQ�6LVZD� �

����� QLODL� UDWD�UDWD� WHUVHEXW�� WHUPDVXN� GDODP�

NDWHJRUL�9DOLG�� ���6HFDUD�NHVHOX�

UXKDQ� SHUDQJNDW� SHPEHODMDUDQ� PHQXOLV� WHNV�

HNVSODQDVL� � EHUEDVLV� PRGHO� 3UREOHP� %DVHG�

/HDUQLQJ� WHODK� PHPHQXKL� NULWHULD� NHYDOLGDQ��

\DLWX� QLODL� UDWD�UDWD� YDOLGLWDV� XQWXN� NHVHOXUXKDQ�
DVSHN�PLQLPDO�EHUDGD�SDGD�NDWHJRUL�FXNXS�YDOLG�

GDQ� QLODL� � YDOLGLWDV� XQWXN� VHWLDS� DVSHN�PLQLPDO�

EHUDGD�GDODP�NDWHJRUL�YDOLG�� ���

� 3HUDQJNDW� SHPEHODMDUDQ� PHQXOLV� WHNV�

HNVSODQDVL��EHUEDVLV�PRGHO�3UREOHP�%DVHG�/HDU�

QLQJ� VXGDK� SUDNWLV� NDUHQD� QLODL� UDWD�UDWD� WRWDO�

NHWHUODNVDQDDQ� DVSHN� � NRPSRQHQ� VLQWDNV� PRGHO�
3UREOHP� %DVHG� /HDUQLQJ� SDGD� 5HQFDQD� 3HODN�

VDQDDQ� 3HPEHODMDUDQ� �� DGDODK�  � ����� UDWD�UDWD�

QLODL� WHUVHEXW�� WHUPDVXN� GDODP� NDWHJRUL� WHUODN�

VDQD� VHOXUXKQ\D� � ��� 1LODL� UDWD�UDWD�

WRWDO� NHWHUODNVDQDDQ� DVSHN� NRPSRQHQ� VLQWDNV�

PRGHO� 3UREOHP� %DVHG� /HDUQLQJ� SDGD� 5HQFDQD�

3HODNVDQDDQ�3HPEHODMDUDQ� �� DGDODK� ������ UDWD�
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UDWD� QLODL� WHUVHEXW�� WHUPDVXN� GDODP� NDWHJRUL�

WHUODNVDQD�VHOXUXKQ\D�� ���1LODL�UDWD�

UDWD� WRWDO� NHWHUODNVDQDDQ� DVSHN� NRPSRQHQ�

VLQWDNV� PRGHO� 3UREOHP� %DVHG� /HDUQLQJ� SDGD�

5HQFDQD� 3HODNVDQDDQ� 3HPEHODMDUDQ� �� DGDODK�  �

����� UDWD�UDWD� QLODL� WHUVHEXW�� WHUPDVXN� GDODP�

NDWHJRUL� WHUODNVDQD� VHOXUXKQ\D� � ��

GDQ�� 1LODL� UDWD�UDWD� WRWDO� NHWHUODNVDQDDQ� DVSHN��

NRPSRQHQ� VLQWDNV� PRGHO� 3UREOHP� %DVHG�

/HDUQLQJ� SDGD� 5HQFDQD� 3HODNVDQDDQ� 3HPEHOD�

MDUDQ� �� DGDODK�  � ����� UDWD�UDWD� QLODL� WHUVHEXW��

WHUPDVXN�GDODP�NDWHJRUL�WHUODNVDQD�VHOXUXKQ\D��

��� 6HFDUD� NHVHOXUXKDQ� DVSHN� NRP�

SRQHQ� VLQWDNV� PRGHO� 3UREOHP� %DVHG� /HDUQLQJ�

SDGD�5HQFDQD�3HODNVDQDDQ�SHPEHODMDUDQ����������

GDQ� �� EHUDGD� GDODP� NDWHJRUL� WHUODNVDQD� VHOX�

UXKQ\D�� ���

� 3HUDQJNDW�SHPEHODMDUDQ�PHQXOLV�WHNV�HNV�
SODQDVL��EHUEDVLV�PRGHO�3UREOHP�%DVHG�/HDUQLQJ�

VXGDK� HIHNWLI� NDUHQD� VLVZD� \DQJ� WXQWDV� EHODMDU�

DWDX� \DQJ� PHQFDSDL� NHWXQWDVDQ� LQGLYLGX�� \DLWX�

VLVZD� \DQJ� PHPSHUROHK� QLODL� ����� �� ������

VHEDQ\DN� ��� RUDQJ� GDUL� ��� RUDQJ� VLVZD� �������

1LODL� UDWD�UDWD� �� DVSHN� \DQJ� WHUDPDWL� PHQJHQDL�

NHPDPSXDQ� JXUX� PHQJHORODK� SHPEHODMDUDQ�

PHQXOLV�WHNV�HNVSODQDVL��EHUEDVLV�PRGHO�3UREOHP�

%DVHG� /HDUQLQJ� DGDODK�  � ���� EHUDGD� SDGD��
NDWHJRUL�EDLN���������WNJ����������$NWLYLWDV�VLVZD�

VHODPD� NHJLDWDQ� SHPEHODMDUDQ� PHQXOLV� WHNV�

HNVSODQDVL� EHUODQJVXQJ� PHQXQMXNNDQ� EDKZD�
DVSHN�NH����NH����NH����NH����NH����NH���GDQ�NH���

XQWXN� DNWLYLWDV� VLVZD� SDGD� VHWLDS� SHUWHPXDQ�

EHUDGD�SDGD�UHQWDQJ�EDWDV�ZDNWX�WROHUDQVL��6LVZD�

PHPEHUL� UHVSRQV� SRVLWLI� WHUKDGDS� SHODNVDQDDQ�

SHPEHODMDUDQ� PHQXOLV� WHNV� HNVSODQDVL�

PHQJJXQDNDQ� SHUDQJNDW� SHPEHODMDUDQ� PHQXOLV�

WHNV� HNVSODQDVL� � EHUEDVLV�PRGHO�3UREOHP�%DVHG�

/HDUQLQJ� � ������� �%HUGDVDUNDQ� KDO� WHUVHEXW� ��

.UHWHULD� NHDNWLIDQ� SHUDQJNDW� SHPEHODMDUDQ�
PHQXOLV�WHNV�HNVSODQDVL��EHUEDVLV�PRGHO�3UREOHP�

%DVHG�/HDUQLQJ�WHODK�WHUSHQXKL��

�
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� %HUGDVDUNDQ� KDVLO� SHQHOLWLDQ� LQL��

GLNHPXNDNDQ� EHEHUDSD� NHVLPSXODQ� VHEDJDL�

EHULNXW��
��� 3HUDQJNDW� SHPEHODMDUDQ� PHQXOLV� WHNV�

HNVSODQDVL� � EHUEDVLV� PRGHO� 3UREOHP�

%DVHG�/HDUQLQJ�GLQ\DWDNDQ�YDOLG�NDUHQD�

NULWHULD�NHYDOLGDQ�WHODK�WHUSHQXKL�� �\DLWX�

QLODL� UDWD�UDWD� YDOLGLWDV� XQWXN�

NHVHOXUXKDQ�DVSHN�PLQLPDO�EHUDGD�SDGD�

NDWHJRUL�FXNXS�YDOLG�GDQ�QLODL� �YDOLGLWDV�

XQWXN� VHWLDS� DVSHN� PLQLPDO� EHUDGD�

GDODP�NDWHJRUL�YDOLG�� ���

��� 3HUDQJNDW� SHPEHODMDUDQ� PHQXOLV� WHNV�

HNVSODQDVL� � EHUEDVLV� PRGHO� 3UREOHP�

%DVHG� /HDUQLQJ� GLQ\DWDNDQ� SUDNWLV�

NDUHQD�NULWHULD�NHYDOLGDQ�WHODK�WHUSHQXKL���

\DLWX� NHVHOXUXKDQ� DVSHN� � NRPSRQHQ�

VLQWDNV� PRGHO�3UREOHP�%DVHG� /HDUQLQJ�

SDGD�5HQFDQD�3HODNVDQDDQ�SHPEHODMDUDQ�
��� ��� ��� GDQ� �� � EHUDGD� GDODP� NDWHJRUL�

WHUODNVDQD�VHOXUXKQ\D�� ���

��� 3HUDQJNDW� SHPEHODMDUDQ� PHQXOLV� WHNV�

HNVSODQDVL� � EHUEDVLV� PRGHO� 3UREOHP�

%DVHG� /HDUQLQJ� GLQ\DWDNDQ� HIHNWLI�

NDUHQD�NULWHULD�NHYDOLGDQ�WHODK�WHUSHQXKL��

\DLWX� NHWXQWDVDQ� KDVLO� EHODMDU� VLVZD�  �

����� UDWD�UDWD� NHPDPSXDQ� JXUX�
PHQJHORODK� �SHPEHODMDUDQ� DGDODK� � ����

EHUDGD�SDGD��NDWHJRUL�EDLN���������WNJ���

������� $NWLYLWDV� VLVZD� VHODPD� NHJLDWDQ�

SHPEHODMDUDQ� PHQXOLV� WHNV� HNVSODQDVL�

EHUODQJVXQJ�PHQXQMXNNDQ� EDKZD� DVSHN�

NH����NH����NH����NH����NH����NH���GDQ�NH�

�� XQWXN� DNWLYLWDV� VLVZD� SDGD� VHWLDS�

SHUWHPXDQ� EHUDGD� SDGD� UHQWDQJ� EDWDV�

ZDNWX�WROHUDQVL��6LVZD�PHPEHUL�UHVSRQV�
SRVLWLI� WHUKDGDS� SHODNVDQDDQ�

SHPEHODMDUDQ� PHQXOLV� WHNV� HNVSODQDVL�

PHQJJXQDNDQ� SHUDQJNDW� SHPEHODMDUDQ�
PHQXOLV� WHNV�HNVSODQDVL� �EHUEDVLV�PRGHO�

3UREOHP�%DVHG�/HDUQLQJ� ��������
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,VQDWXQ��6LWL�GDQ�)DULGD��8PL�������0DKLU�%HUEDKDVD�

,QGRQHVLD��%RJRU��<XGKLVWLUD��

0DKVXQ�� GNN�� ������ %DKDVD� ,QGRQHVLD� :DKDQD�

3HQJHWDKXDQ� XQWXN� 603�07V� .HODV� 9,,��

-DNDUWD�� .HPHQWHULDQ� 3HQGLGLNDQ� GDQ�

.HEXGD\DDQ��

1JDOLPXQ�� ������ 3HQJHPEDQJDQ� 0HGLD� 	� 6XPEHU�

3HPEHODMDUDQ�� -DNDUWD�� 37�� � 3UHVWDVL�

3XVWDNDU\D��
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7DULJDQ��+HQU\�*XQWXU��������0HQXOLV�VHEDJDL�6XDWX�

.HWHUDPSLODQ� %HUEDKDVD�� %DQGXQJ��

$QJNDVD��

7DXILN��$PLU��0��������� �,QRYDVL�SHQGLGLNDQ�PHODOXL�

3UREOHP�%DVHG�/HUDQLQJ��-DNDUWD��.HQFDQD���

7HJHK�� GDQ� 0DGH� .LUQD�� ������ 0HWRGH� 3HQHOLWLDQ�

3HQJHPEDQJDQ� 3HQGLGLNDQ�� 6LQJDUDMD��

8QLYHUVLWDV�3HQGLGLNDQ�*DQHVKD���
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