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ABSTRACT 
�
$� QHZ� XWLOLW\� RI� FRPSXWHU� JUDSKLFV� �&*��EDVHG� VLPXODWLRQ� LQ� WKH� FODVV� LV� GLVFXVVHG� LQ�
FRQQHFWLRQ�ZLWK�WKH�$FWLYH�/HDUQLQJ�WKURXJK�WKH�DFWLYLW\�LQ�WKH�SK\VLFV�FODVV�RI�1DWLRQDO�,QVWLWXWH�
RI�7HFKQRORJ\��7VXUXRND�FROOHJH��,W�LV�SURSRVHG�WR�XWLOL]H�WKH�VLPXODWLRQ�WR�FRQQHFW�WKH�OHDUQHU¶V�
VFKHPD� LQ� GDLO\� OLIH� ZLWK� WKH� V\VWHP� OHDUQHG� LQ� SK\VLFV� FODVV�� (VSHFLDOO\�� LW� LV� DLPHG� WR�
HIIHFWLYHO\�LQWURGXFH�WKH�FRQFHSW�RI�LGHDOL]DWLRQ�LQ�WKH�IXQGDPHQWDO�SK\VLFV�IRU�OHDUQHUV��7KLV�
WRSLF� LV�FORVHO\� UHODWHG�ZLWK�KRZ�WR�PRWLYDWH� WKH� OHDUQHU� WRZDUG� WKH�DFWLYH�DQG� LQGHSHQGHQW�
OHDUQLQJ�EH\RQG�WKH�PHPRUL]DWLRQ�EDVHG�OHDUQLQJ�OLNH�SDWWHUQ�PDWFKLQJ��
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�
INTRODUCTION 
 
+RZ�WR�HIIHFWLYHO\�XWLOL]H�,&7�WRROV��LQ�FRQQHFWLRQ�ZLWK�WKH�$FWLYH�/HDUQLQJ��$/���6WDQGDUG����
DQG�UHODWHG�WHDFKLQJ�FRPSHWHQFH��6WDQGDUG�����ZLWK�OHDUQLQJ�DVVHVVPHQW��6WDQGDUG������LV�
RQH�RI� LPSRUWDQW�DQG�KRW� WRSLFV� LQ�PRGHUQ�HQJLQHHULQJ�HGXFDWLRQ��)URP�WKH� WHDFKHU¶V�VLGH��
WKHVH�WRROV�DUH�H[SHFWHG�WR�JLYH�D�YDULDWLRQ�IRU�WKH�OHDUQLQJ��HQKDQFLQJ�WKH�LQGHSHQGHQFH�RI�
OHDUQHUV��.KRRQ��/HRQJ��-RR�	�$QZDU����������2QXIUH\��%HUJOXQG��%LHQNRZVND��0DJQXVVRQ�	�
1RUUPDQ�� ������� 5HODWHG� WR� WKLV� WRSLF�� FRPSXWHU� JUDSKLFV� �&*��EDVHG� VLPXODWLRQ� WRROV��
LQFOXGLQJ�YLUWXDO�DXJPHQWHG�PL[HG�UHDOLW\�WHFKQRORJ\�DUH�QRZ�ZLGHO\�LQWURGXFHG�LQ�WKH�FODVVHV�
WR�VXSSRUW� WKH� OHDUQHU¶V�XQGHUVWDQGLQJV� �+DWFKDUG��$PLQ��5LKDZL��$OVHEDH�	�$]PDW���������
�<DQJ�	�&KHDK����������<X�	�/L����������
�
2QH�RI�H[LVWLQJ�SUREOHPV�LQ�HQJLQHHULQJ�HGXFDWLRQ��HVSHFLDOO\� LQ�WKH�VWXG\�RI�WKHRU\�� LV�WKDW�
OHDUQHUV�DUH�RIWHQ�PLVVLQJ�D�OLQN�DPRQJ�WKHRUHWLFDO�FRQWHQWV�DQG�WKH�UHDO�VLWXDWLRQ��ZKLFK�PD\�
EH�H[SHULHQFHG� LQ� WKH� ODERUDWRU\�DFWLYLWLHV�RU� LQ� WKH� UHDO� OLIH�� ,Q� WKLV�FDVH�� WKH� OHDUQLQJ�PD\�
EHFRPH�MXVW�D�SDWWHUQ�PDWFKLQJ�RU�PHPRUL]DWLRQ�WR�JDLQ�WKH�VFRUH�IRU�WKH�FUHGLW��UHVXOWLQJ�LQ�D�
SDVVLYH�DWWLWXGH�LQ�WKH�FODVV��)XUWKHUPRUH��LQ�VXFK�D�VLWXDWLRQ��WKH�PRWLYDWLRQ�IRU�WKH�OHDUQLQJ�
PD\�EH�ORVW��3K\VLFV�LV�RQH�RI�VXEMHFWV�WKDW�VXFK�D�VLWXDWLRQ�LV�IUHTXHQWO\�VHHQ��,Q�WKH�3K\VLFV�
(GXFDWLRQ�5HVHDUFK��3(5���D�ORW�RI�HIIHFWLYH�WHDFKLQJ�PHWKRGV�KDYH�EHHQ�GHYHORSHG�ZLWK�WKH�
DVVLVWDQFH�RI�WKH�FRJQLWLYH�VFLHQFH�WR�RYHUFRPH�WKH�DERYH�SUREOHP��5HGLVK����������:LHPDQ��
�������:KLOH�WKH�LQWHUDFWLYH�DQG�OHDUQHU�RULHQWHG�WHDFKLQJ�PHWKRGV�KDYH�EHHQ�GHYHORSHG��WKH�
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XVH�RI�WKH�&*�EDVHG�VLPXODWLRQ�WRROV�LV�RQH�RI�QHZ�VWUHDP�LQ�WKH�3(5��:LHPDQ�	�3HUNLQV��
��������*UDQKROP�	�2KQLVKL����������6X]XNL��.D]L��:HL��'L9HUGL��/L�	�/HLWKLQJHU����������
�
,Q�WKLV�SDSHU��ZH�ZLOO�DUJXH�DERXW�ZKDW�NLQGV�RI�HVVHQFHV�RU�WULFNV�DUH�QHFHVVDU\�WR�UHDOL]H�DQ�
DFWLYH� OHDUQLQJ� HQYLURQPHQW� ZLWK� &*�EDVHG� VLPXODWLRQ� WRROV�� IRFXVLQJ� RQ� WKH� LQWURGXFWRU\�
SK\VLFV� IRU� WKH� HQJLQHHULQJ� IURP� WKH� DFWLYLW\� LQ�1DWLRQDO� ,QVWLWXWH� RI� 7HFKQRORJ\�� 7VXUXRND�
FROOHJH��1,77&���,Q�WKH�$/��ZKDW�WKH�VWXGHQW�GRHV�LV�DFWXDOO\�PRUH�LPSRUWDQW�LQ�GHWHUPLQLQJ�
ZKDW�LV�OHDUQHG�WKDQ�ZKDW�WKH�WHDFKHU�GRHV��DV�VXJJHVWHG�LQ��6KXHOO���������0XUSK\�	�.RQWLR��
������� 2Q� WKLV� SRLQW�� RXU� LQVLJKW� GLVFXVVHG� EHORZ� LV� EURXJK� WKURXJK� WKH� LQWHUDFWLYH�
FRPPXQLFDWLRQ�ZLWK�WKH�VWXGHQWV�E\�LQWHUYLHZ��DQG�KHQFH��RXU�VWXG\�ZRXOG�EH�XVHIXO�LQ�PDQ\�
FODVVHV��DOWKRXJK�ZH�GLVFXVV�DERXW�RXU�H[SHULHQFH�LQ�SK\VLFV�FODVV��
�
�
OUR ACTIVITY  
 
1DWLRQDO�,QVWLWXWH�RI�7HFKQRORJ\��1,7��FDOOHG�.26(1�LQ�-DSDQ�KDV�D�K\EULG�HGXFDWLRQDO�V\VWHP�
RI�KLJK�VFKRRO�DQG�FROOHJH�ZLWK� WKH�ILYH�\HDU¶V�FXUULFXOXP��ZKLFK�DUH�H[WHQGHG�ZLWK� WKH�WZR�
\HDU¶V� DGYDQFHG� FRXUVH� IRU� D� EDFKHORU¶V� GHJUHH�� ,Q� -DSDQ�� WKHUH� DUH� PRUH� WKDQ� ILIW\� 1,7�
FROOHJHV��DQG�DOO�WKH�1,7�FROOHJHV�FRPPRQO\�KDYH�IXQGDPHQWDO�SK\VLFV�FODVVHV�DV�D�EDVLV�IRU�
WKH�HQJLQHHULQJ���
�
,Q�1,77&��WKH�SK\VLFV�FODVV�VWDUWV�IURP�WKH�VHFRQG�JUDGH�ZLWK�DOJHEUD�EDVHG�FRQWHQWV��ZKLFK�
DUH�VWDQGDUG�KLJK�VFKRRO�OHYHO�LQ�-DSDQ���DQG�DUH�FRQWLQXHG�XS�WR��WK�JUDGH��PLJUDWLQJ�WR�WKH�
FDOFXOXV�EDVHG�FRQWHQWV�RI�WKH�LQWURGXFWRU\�XQLYHUVLW\�OHYHO��(DFK�FODVV�FRQVLVWV�RI�OHFWXUHV��
ODERUDWRU\�ZRUNV��WHDP�GLVFXVVLRQV�DQG�H�OHDUQLQJ�E\�XVLQJ�/06��7R�HYDOXDWH�WKH�FRQFHSWLRQDO�
XQGHUVWDQGLQJV�RI� WKH� OHDUQHUV�� WKH�VXUYH\�E\�XVLQJ�WKH�)RUFH�&RQFHSW�,QYHQWRU\��)&,��KDV�
EHHQ�LQWURGXFHG��,W�VKRXOG�EH�QRWLFHG�WKDW�WKLV�VXUYH\�LV�QRW�IRU�WKH�DVVHVVPHQW�RI�WKH�FRXUVH��
EXW� IRU� WKH� IHHGEDFN� WR�SURYH�RXU�FODVV�RYHUDOO� WR�GHWHUPLQH�ZKHWKHU� WKH� LQVWUXFWLRQ�ZH�DUH�
GHOLYHULQJ�LV�PHHWLQJ�RXU�JRDOV��7KH�)&,�LV�RQH�RI�PDMRU�VXUYH\V�WR�PHDVXUH�WKH�FRQFHSWLRQDO�
XQGHUVWDQGLQJV�DERXW�PHFKDQLFV��+HVWHQHV����������5HGLVK����������7KH�)&,�FRQVLVWV�RI�WKLUW\�
TXHVWLRQV�ZLWK�PXOWLSOH�FKRLFH� IRUPDW�DQG� WKH�TXHVWLRQ��� LV�VKRZQ� LQ�)LJ���DV�DQ�H[DPSOH��
:KLOH�ZH�FRQGXFW� WKH�)&,��ZH�DOVR�KDYH�DQRWKHU�VXUYH\�ZKLFK�DUH� LQWURGXFHG�DV�D� UHYLHZ�
H[HUFLVH� LQ� WKH� FODVV�� 7KLV� UHYLHZ� H[HUFLVH� DVNV� SUDFWLFDOO\� WKH� VDPH� WKLQJ� ZLWK� WKH� )&,�
TXHVWLRQV�EXW�ZLWK�WKH�IRUPDW�DQVZHULQJ�QXPHULFDO�YDOXHV�RU�DOJHEUDLF�IRUPDW�DV�VKRZQ�LQ�)LJ����
:H� KDYH� DQDO\]HG� WKHVH� WZR� VXUYH\V� WR� HYDOXDWH� WKH� JDS� EHWZHHQ� WKH� FRQFHSWLRQDO�
XQGHUVWDQGLQJV�DQG�SUREOHP�VROYLQJ�WHFKQLTXHV���
�

�
�

)LJXUH����4XHVWLRQ���LQ�WKH�)&,�DQG�WKH�FRUUHVSRQGLQJ�UHYLHZ�H[HUFLVH��
�
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,Q� WKLV� SDSHU��ZH� VKRZ� WKH� VXUYH\� FRQGXFWHG� LQ� ���������� IRU� WKH� FODVV�� FRQVLVWLQJ� RI� ���
VWXGHQWV�EHORQJLQJ�WR�HOHFWULF�DQG�HOHFWURQLF�HQJLQHHULQJ�FRXUVH�RI�1,77&��7KH�UHVXOW�LV�VKRZQ�
LQ�7DEOH����:H�FDQ�VHH�D�JDLQ�RI�WRWDO�FRUUHFW�DQVZHULQJ�UDWH�LQ�WKH�)&,�\HDU�E\�\HDU��7KHQ��
RXU�LQVWUXFWLRQ�JRHV�ZHOO�LQ�RQH�VLJKW��7RWDO�WHQGHQF\�RI�WKH�SUHVHQW�)&,�UHVXOW�LV�QRWKLQJ�VSHFLDO�
FRPSDUHG� ZLWK� SUHYLRXV� VWXGLHV� �2KQLVKL�� ������� 2Q� WKH� RWKHU� KDQG�� WKH� KLJKHVW� FRUUHFW�
DQVZHULQJ�UDWH�IRU�)&,�4��LV�VHHQ�DW�VHFRQG�JUDGH��7KLV�PD\�EH�EHFDXVH�WKH�VWXGHQWV�OHDUQ�
DERXW�IUHHO\�IDOOLQJ�ERGLHV�DW�WKH�VHFRQG�JUDGH��DQG�KHQFH��PDQ\�VWXGHQWV�UHPHPEHU�WKH�IDFW�
WKDW�LV�VWXGLHG�LQ�FODVV��:KHQ�ZH�ORRN�DW�WKH�UHVXOW�RI�WKH�UHYLHZ�H[HUFLVH�UHODWHG�WR�)&,�4���
LQWHUHVWLQJO\��IURP�WKH�YLHZSRLQW�RI�WHDFKHU�LQ�FKDUJH��WKLV�LV�QRW�LQWHUHVWLQJ�DFWXDOO\���WKH�FRUUHFW�
DQVZHULQJ� UDWH� ULVHV� \HDU� E\� \HDU�� 7KLV� UHVXOW� VXJJHVWV� WKDW� D� FHUWDLQ� QXPEHU� RI� VWXGHQWV�
DFTXLUH� WKH� SUREOHP�VROYLQJ� VNLOOV� \HDU� E\� \HDU�� EXW� WKHUH� LV� QR� JDLQ� LQ� WKH� FRQFHSWLRQDO�
XQGHUVWDQGLQJ�WR�WKH�SKHQRPHQRQ��UHVXOWLQJ�LQ�PHPRUL]DWLRQ�EDVHG�OHDUQLQJ���
�

7DEOH����7KH�FRUUHFW�DQVZHULQJ�UDWH�IRU�WKH�TXHVWLRQ���RI�WKH�)&,��
DQG�WKH�FRUUHVSRQGLQJ�UHYLHZ�H[HUFLVH��

�
�
7R� LQYHVWLJDWH� ZKDW� KDSSHQV� PRUH� GHHSO\�� ZH� KDG� LQWHUYLHZ� IRU� VWXGHQWV�� ZKR� JDYH� WKH�
LQFRUUHFW�DQVZHU� IRU�)&,�4��DQG�WKH�FRUUHFW�DQVZHU� IRU� WKH�FRUUHVSRQGLQJ�UHYLHZ�H[HUFLVH��
6RPH�FRPPHQWV�IURP�WKH�VWXGHQWV�DUH�DV�IROORZV��
�
l� ,�NQRZ�WKDW�WKH�PDJQLWXGH�RI�DFFHOHUDWLRQ�IRU�IUHHO\�IDOOLQJ�ERGLHV�GRHV�QRW�GHSHQG�RQ�WKH�

PDVV�RI�REMHFW��EXW� ,� FDQQRW� LPDJH� WKHP�� �6LQFH�\RX� �WKH� WHDFKHU��VXJJHVWHG� WKDW� WKLV�
VXUYH\�LV�QRW�UHODWHG�WR�WKH�DVVHVVPHQW�RI�WKH�FODVV��,�DQVZHUHG�KRQHVWO\�DORQJ�P\�VHQVH���

l� ,W�LV�D�GLIIHUHQW�DFWLYLW\�WR�DQVZHU�WKH�TXHVWLRQV�DORQJ�P\�VHQVH�ZLWK�VROYLQJ�QXPHULFDO�RU�
DOJHEUDLF�SUREOHPV��

l� 7KHUH�LV�QR�GHVFULSWLRQ�WKDW�DLU�UHVLVWDQFH�FDQ�EH�QHJOLJLEOH�LQ�WKLV�SUREOHP��
�
7KHVH�FRPPHQWV�DSSDUHQWO\�LQGLFDWH�DQ�LVRODWLRQ�RI�WKHLU�SK\VLFDO�PRGHO�RU�VFKHPD�OHDUQHG�LQ�
FODVV�ZLWK�WKH�UHDO�ZRUOG��(YHQ�LI�WKH\�NQRZ�WKH�FRUUHFW�DQVZHU��LW�LV�QRW�FRQQHFWHG�ZLWK�WKHLU�
VFKHPD�FRQVWUXFWHG�LQ�GDLO\�OLIH��$Q�LPSRUWDQW�WKLQJ�LV�WKDW�WKLV�LVRODWLRQ�LV�QR�PDWWHU�IRU�WKHLU�
GDLO\�OLIH�LQ�PDQ\�FDVHV��:KDW�NLQG�RI�WULFN�RU�PHWKRG�LV�HIIHFWLYH�WR�LPSURYH�WKLV�VLWXDWLRQ"�,Q�
WKH�$/�HQYLURQPHQW��D�OHDUQHU�LV�H[SHFWHG�WR�KDYH�LQGHSHQGHQW�ZRUN�ZLWK�WKH�RZQ�UHVSRQVLELOLW\�
LQVWHDG�RI� WHDFKHU¶V�JXLGDQFH� �.RQWLR���������7KHQ�� LW� LV� LPSRUWDQW� WR�VKRZ� WKH�DSSURSULDWH�
GLUHFWLRQ�IRU�WKH�OHDUQLQJ�LQ�WKH�EHJLQQLQJ�ZLWK�JLYLQJ�WKH�DWWUDFWLYH�PRWLYDWLRQ��
�
�
LINKING THEORY WITH THE REAL-WORLD 
 
,PSRUWDQW�DZDUHQHVV�LQ�RXU�VXUYH\�LV�WKDW�WKHUH�LV�D�KXJH�MXPS��ZKLFK�PD\�EULQJ�D�FRQIXVLRQ�
IRU�OHDUQHUV��LQ�WKH�EHJLQQLQJ�RI�OHDUQLQJ�LQ�SK\VLFV��,Q�WKH�FRQYHQWLRQDO�ZD\��WKH�OHDUQLQJ�VWDUWV�
IURP�DQ� LGHDOL]HG�V\VWHP�ZLWK�PDVV�SRLQW�V\VWHP�� ,Q� WKH�PRWLRQ�RI� IUHHO\� IDOOLQJ�ERGLHV��DLU�
UHVLVWDQFH�LV�QHJOHFWHG��7KHVH�VLWXDWLRQV�DUH�TXLWH�GLIIHUHQW�IURP�RXU�GDLO\�H[SHULHQFH��,Q�RXU�
OLIH��HYHU\�REMHFW�KDV�D�VL]H�DQG�VKDSH�DQG�PD\�GHIRUP��0RWLRQ�RI�REMHFW�VXFK�DV�WUDQVODWLRQ�
DQG�URWDWLRQ�DSSDUHQWO\�VHHPV�WR�EH�DIIHFWHG�E\�IULFWLRQ�DQG�DLU�UHVLVWDQFH��7KXV��OHDUQLQJ�RI�
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SK\VLFV� IRU� EHJLQQHUV� VWDUWV� IURP� XQNQRZQ� ZRUOG�� $IWHUZRUG�� H[WUD� IDFWRUV� VXFK� DV� DLU�
UHVLVWDQFH��VL]H�RI�REMHFW�DUH� LQWURGXFHG��DQG�WKH�WUHDWLQJ�ZRUOG� LV�JHWWLQJ�FORVHU� WR� WKH�UHDO�
ZRUOG�ZLWK�WKH�LQFUHDVH�RI�PDWKHPDWLFDO�GLIILFXOW\��DV�VKRZQ�LQ�)LJ�����,Q�WKLV�IORZ��WKH�WHDFKHU�
LPSOLFLWO\� H[SHFWV� WKDW� WKH� OHDUQHU� ILQDOO\� FRPELQHV� LWV� VFKHPD� IRU� SK\VLFV�ZLWK� WKH� UHDO�OLIH�
H[SHULHQFH��KRZHYHU��QRW�D�IHZ�OHDUQHUV�FDQQRW�DFKLHYH�WKHP���
�
7R�RYHUFRPH�WKHVH�GLIILFXOWLHV��ZH�SURSRVH�D�QHZ�ZD\�RI�OHDUQLQJ�E\�XVLQJ�WKH�&*�VLPXODWLRQ�
IRU�DQ�DSSURSULDWH�VWDUWLQJ�SRLQW�RI�OHDUQLQJ��6LQFH�WKH�&*�VLPXODWLRQ�FDQ�UHSURGXFH�WKH�YDULHW\�
RI�VLWXDWLRQ�E\�FKDQJLQJ�WKH�SDUDPHWHUV��ZH�FDQ�YLVXDOL]H�ERWK�WKH�UHDOLVWLF�VLWXDWLRQ�DQG�WKH�
LGHDOL]HG�RQH��DQG�FRQWLQXRXVO\�FRQQHFWV�ERWK�VLWXDWLRQV��$V�VKRZQ�LQ�)LJ����� WKHQ��ZH�FDQ�
WUDQVIHU�IURP�WKH�UHDOLVWLF�VLWXDWLRQ��LQ�ZKLFK�WKH�OHDUQHU�KDV�D�IHHOLQJ�IRU�WKH�SKHQRPHQRQ��WR�
WKH�LGHDOL]HG�VLWXDWLRQ��E\�VHHLQJ�KRZ�WKH�V\VWHP�LV�DIIHFWHG�E\�HDFK�SK\VLFDO�SDUDPHWHU��,Q�
RWKHU�ZRUGV��WKH�&*�VLPXODWLRQ�FDQ�XWLOL]H�DV�DQ�DVVLVWDQW�RI�³WKRXJKW�H[SHULPHQW´��7KH�OHDUQHU�
FDQ�WKLQN�DERXW�ZKDW�WKH�LGHDOL]DWLRQ�LV�DQG�FDQ�XQGHUVWDQG�WKH�FRQQHFWLRQ�ZLWK�WKH�UHDO�ZRUOG��
7KLV�LV�D�QHZ�SRVVLELOLW\�RI�WKH�&*�VLPXODWLRQ��ZKLOH�ZH�XWLOL]H�WKH�VLPXODWLRQ�WR�YLVXDOL]H�WKH�
VLWXDWLRQ�WHDFKHU�ZDQWV�WR�H[SODLQ�LQ�PDQ\�FDVHV���
�

�
)LJXUH����'LUHFWLRQ�RI�OHDUQLQJ�LQ�FRQYHQWLRQDO�OHDUQLQJ�ZD\��OHIW��DQG�WKH�ZD\�SURSRVHG�LQ�

WKLV�UHVHDUFK��ULJKW���
�
7KH�&*�VLPXODWLRQV�WR�FRQQHFW�WKH�UHDO�ZRUOG�DQG�LGHDOL]HG�V\VWHP�KDYH�EHHQ�GHYHORSHG�E\�
XVLQJ�+70/���DQG�VRPH�RI�WKHP�KDYH�DOUHDG\�EHHQ�SXEOLVKHG�LQ�RXU�VLWH�>2KQLVKL������@��$Q�
H[DPSOH�RI�WKH�GHYHORSHG�VLPXODWLRQ�LV�VKRZQ�LQ�)LJXUH����,Q�WKLV�H[DPSOH��PRWLRQ�RI�WZR�REMHFW�
RQ�D�VORSH�FDQ�EH�FRPSDUHG��FKDQJLQJ�WKH�VWUHQJWK�RI�IULFWLRQ��PDVV��VL]H��VKDSH�RI�REMHFWV��
DQG�VR�RQ��+HQFH��WKH�OHDUQHU�FDQ�WKLQN�DERXW�YDULHW\�RI�VLWXDWLRQV��FKDQJLQJ�WKH�SDUDPHWHUV��
,Q�DFWXDO�LQWURGXFWLRQ�RI�&*�WRROV�LQ�FODVV��ZH�KDYH�LQWHUDFWLYH�GLVFXVVLRQ�DPRQJ�OHDUQHUV�DQG�
ZLWK� WHDFKHU�� UHIHUULQJ� WKH� ,QWHUDFWLYH�/HFWXUH�'HPRQVWUDWLRQV�PHWKRG� �6RNRORII�	�7KRUQWRQ��
��������
�
�

�
�

)LJXUH����6FUHHQVKRW�RI�VLPXODWLRQ�IRU�WKH�PRWLRQ�RI�REMHFW�RQ�WKH�VORSH���
�

�
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$V�DQ�H[DPSOH��WKH�VLPXODWLRQ�JLYHQ�LQ�)LJXUH���LV�XVHG�WR�FRQVLGHU�DERXW�KRZ�GR�VL]H�DQG�
VKDSH�RI�REMHFW�DIIHFW�WR�WKH�PRWLRQ�RQ�WKH�VORSH��7KLV�WRSLF�LV�DLPHG�WR�FRQVLGHU�WKH�LGHD�RI�
PDVV�SRLQW��ZKLFK�GRHV�QRW�KDYH�VL]H�DQG�GRHV�QRW�URWDWH��$�W\SLFDO�IORZ�RI�GLVFXVVLRQ�LV�DV�
IROORZV��$W�ILUVW��WKH�WHDFKHU�LQGLFDWHV�VRPH�VLWXDWLRQV��DQG�WKH�OHDUQHUV�JXHVV�WKH�UHVXOW�DQG�
LWV�UHDVRQLQJ��,QWHUHVWLQJO\��HYHQ�LI�WKH�OHDUQHUV�FDQ�JXHVV�WKH�UHVXOW�FRUUHFWO\��LWV�UHDVRQLQJ�LV�
LQFRUUHFW�LQ�PDQ\�FDVHV��,Q�WKH�SUHVHQW�FDVH��PDQ\�VWXGHQWV�WKLQN�WKDW�WKH�VWUHQJWK�RI�IULFWLRQ�
GHSHQGV�RQ�WKH�FRQWDFW�DUHD�EHWZHHQ�WKH�REMHFW�DQG�JURXQG��,Q�WKH�VHFRQG�VWDJH��ZH�KDYH�D�
GLVFXVVLRQ�DPRQJ�OHDUQHUV�WR�FRPSDUH�WKH�RSLQLRQV��,Q�WKH�WKLUG�VWDJH��WHDFKHU�VKRZ�WKH�FDVH��
ZKLFK�FRQIOLFWV�ZLWK�OHDUQHUV¶�LGHD��,I�LW� LV�SRVVLEOH��WKH�UHDO�GHPR�LV�SHUIRUPHG�LQ�WKLV�VWDJH��
$IWHU� WKDW�� VWXGHQWV� FRQVLGHU� ZKHWKHU� WKH\� QHHG� WR� LPSURYH� WKHLU� VFKHPD� RU� QRW�� ,Q� RXU�
H[SHULHQFH�� LW� LV�EHWWHU� WR�FKDQJH� WKH� LPSOHPHQWDWLRQ�GDWH�XQWLO� WKH�VHFRQG�VWDJH�ZLWK� WKLUG�
VWDJH�EHFDXVH�WKH�WHDFKHU�FDQ�FRQVLGHU�ZKDW�VKRXOG�EH�SURSRVHG�LQ�WKH�WKLUG�VWDJH�FDUHIXOO\��
EDVLQJ�RQ�WKH�OHDUQHUV¶�RSLQLRQV��)RU�WKH�EHJLQQHU��LW� LV�SUDFWLFDOO\�LPSRVVLEOH�WR�XQGHUVWDQG�
WKH�LGHD�RI�SK\VLFV�SHUIHFWO\�LQ�WKLV�VWDJH��EXW�WKH�OHDUQHUV�FDQ�PDNH�DQ�RYHUODS�EHWZHHQ�WKH�
UHDO�ZRUOG�DQG�WKH�LGHDOL]HG�V\VWHP�LQ�WKHLU�VFKHPD��)XUWKHUPRUH��VLQFH�WKH�VLPXODWLRQV�DUH�
DYDLODEOH�RQ�WKH�ZHE��LW�LV�DOZD\V�DYDLODEOH�LQ�WKHLU�LQGHSHQGHQW�ZRUN���

�
,W�VKRXOG�EH�QRWHG�WKDW�H[SHULPHQWV�DW� ODERUDWRU\��RU�GHPR�� LV�YHU\� LPSRUWDQW� WR� LPSURYH�RU�
VWLPXODWH�OHDUQHUV¶�VFKHPD�VLQFH�SK\VLFV�LV�DQ�HPSLULFDO�VFLHQFH��+RZHYHU��H[SHULPHQWV�DUH�
QRW�DOZD\V�HDV\�WR�XQGHUVWDQG�WKHLU�PHDQLQJ�ZKHQ�WKH\�DUH�WHFKQLFDO�DQG�KDYH�HUURUV��ZKLOH�
VXFK� WHFKQLFDO� DVSHFWV� ZLWK� HUURUV� DUH� LQHYLWDEOH� LQ� VFLHQFH�� )XUWKHUPRUH�� WKH� WLPH� IRU�
H[SHULPHQWV�LV�OLPLWHG�LQ�FODVV��+HQFH��WR�PRWLYDWH�WKH�EHJLQQHU��H[SHULPHQWV�LV�QRW�DOZD\V�WKH�
EHVW�RSWLRQ�WR�OHDUQ�WKH�SKHQRPHQRQ��9LGHR�WHDFKLQJ�PDWHULDOV��ZKLFK�UHFRUG�WKH�SKHQRPHQRQ��
LV�DQRWKHU�RSWLRQ�IRU�OHDUQLQJ��:KLOH�WKH\�FDQ�XVH�UHSHDWHGO\��WKH�VLWXDWLRQ�LV�QRW�DEOH�WR�FKDQJH�
E\�XVHUV����
�
6LQFH�ZH�GR�QRW�KDYH�HQRXJK�VHWV�RI�VLPXODWLRQV�DQG�FRXSOHG�OHDUQLQJ�PDWHULDOV�WR�DUJXH�WKH�
FKDQJH�RI�)&,�VFRUH�RQ� WKH�SUHVHQW�VWDJH�� LW� LV�GLIILFXOW� WR�HYDOXDWH� WKH�HIIHFWLYHQHVV�RI� WKH�
SUHVHQW�PHWKRG��+RZHYHU��ZH�FDQ�VHH� WKH� ULVH�RI�VFRUH� LQ� WKH�VXUYH\�DERXW� WKH� UHDO�ZRUOG�
FRQQHFWLRQ�LQ�SUHOLPLQDU\��7KH�TXHVWLRQV�DUH�VHOHFWHG�IURP�WKH�&/$66�VXUYH\��$GDPV��HW�DO���
�������7KH�TXHVWLRQV�FRQVLVW�RI�WKH�IROORZLQJ���TXHVWLRQV���
�
$�� /HDUQLQJ�SK\VLFV�FKDQJHV�P\�LGHDV�DERXW�KRZ�WKH�ZRUOG�ZRUNV��
%�� 5HDVRQLQJ�VNLOOV�XVHG�WR�XQGHUVWDQG�SK\VLFV�FDQ�EH�KHOSIXO�WR�PH�LQ�P\�HYHU\GD\�OLIH��
&�� 7KH�VXEMHFW�RI�SK\VLFV�KDV�OLWWOH�UHODWLRQ�WR�ZKDW�,�H[SHULHQFH�LQ�WKH�UHDO�ZRUOG���
'�� 7R�XQGHUVWDQG�SK\VLFV��,�VRPHWLPHV�WKLQN�DERXW�P\�SHUVRQDO�H[SHULHQFHV�DQG�UHODWH�WKHP�

WR�WKH�WRSLF�EHLQJ�DQDO\]HG��
�

7KH�3UH�VXUYH\�DQG�3RVW�VXUYH\�ZHUH�FRQGXFWHG�LQ������DW�1,77&�IRU����VWXGHQWV�RI�VHFRQG�
JUDGH�LQ�WKH�OHDUQLQJ�RI�PRWLRQ�RI�REMHFW�RQ�VORSH��7KH�DQVZHU�LV�JLYHQ�LQ�D�YDOXH�IURP���WR���
���IRU�VWURQJO\�GLVDJUHH�DQG���IRU�VWURQJO\�DJUHH��IRU�HDFK�TXHVWLRQ��,W�VKRXOG�EH�QRWHG�WKDW�WKH�
ORZHU� VFRUH� LV�SUHIHUUHG�RQO\� LQ� WKH�TXHVWLRQ�&��7KH� UHVXOW� LV�JLYHQ� LQ�7DEOH����([FHSW� WKH�
TXHVWLRQ�%��ZH� FDQ� VHH� WKH� SRVLWLYH� VKLIW� LQ� WKH� DYHUDJH� VFRUH�� 7KH� GHFUHDVH� RI� VFRUH� LQ�
TXHVWLRQ� %� PD\� EH� EHFDXVH� WKH� EHJLQQHUV� KDYH� OHVV� FRQILGHQFH� DERXW� WKHLU� RSLQLRQV��
HVSHFLDOO\�WKH\�VWDUW�WR�XQGHUVWDQG�WKH�GLIILFXOW\�RI�SK\VLFV�LQ�WKH�OHDUQLQJ�SURJUHVV���$OWKRXJK�
ZH�QHHG�ORQJHU�WHUP�REVHUYDWLRQ�ZLWK�GHYHORSLQJ�OHDUQLQJ�PDWHULDOV��ZH�KDYH�JRWWHQ�SRVLWLYH�
IHHGEDFN�IRU�RXU�SURSRVDO�RQ�WKH�SUHVHQW�VWDJH��
�
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7DEOH����7KH�DYHUDJH�VFRUH�DERXW�WKH�UHDO�ZRUOG�FRQQHFWLRQ�JLYHQ�LQ�WKH�WH[W����
�

�
�
�
SUMMARY 
 
:H�SURSRVHG�D�QHZ�XVDJH�RI�&*�VLPXODWLRQV�LQ�WKH�FODVV��:KLOH�WKH�&*�VLPXODWLRQV�DUH�RIWHQ�
XVHG�WR�H[SODLQ�ZKDW�WKH�WHDFKHU�ZDQW�WR�H[SODLQ��WKH\�FDQ�EH�XVHG�WR�FRQQHFW�OHDUQHU¶V�FRQFHSW�
RU�VFKHPD�LQ�WKH�GDLO\�OLIH�ZLWK�WKH�V\VWHP�OHDUQHG�LQ�SK\VLFV�FODVV��6XFK�&*�VLPXODWLRQV�DUH�
H[SHFWHG�WR�HQKDQFH�WKH�PRWLYDWLRQ�IRU�WKH�OHDUQLQJ�DORQJ�WKH�DSSURSULDWH�GLUHFWLRQ��7KH�NH\�
DZDUHQHVV� IRU� WKH�SUHVHQW�VWXG\��ZKLFK�FDQQRW�EH�VHHQ� LQ� WKH�VXUYH\�E\�SDSHU�� LV�EURXJKW�
WKURXJK� WKH� LQWHUYLHZ� WR� WKH� VWXGHQWV�� 2Q� WKLV� SRLQW�� DQ� LQWHUDFWLYH� FRPPXQLFDWLRQ� DPRQJ�
WHDFKHU�DQG�VWXGHQWV�LV�RQH�RI�FUXFLDO�DVSHFWV�IRU�WKH�LPSURYHPHQW�RI�FODVV��7KH�GHYHORSPHQW�
RI�WKH�&*�VLPXODWLRQV�ZLWK�FRXSOHG�OHDUQLQJ�PDWHULDOV�DUH�VWLOO�LQ�SURJUHVV��:H�ZLOO�LQWURGXFH�
DERXW�WKHP�HOVHZKHUH��
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