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INTRODUCTION

/LIH�VNLOOV�RQ���VW�FHQWXU\�QHHGHG�IRU�WKH�

,QGRQHVLDQ� SHRSOH� DUH� FULWLFDO� WKLQNLQJ� VNLOOV��

FUHDWLYH�� FRPPXQLFDWLYH�� SUREOHP� VROYLQJ� DQG�

OLWHUDF\� FXOWXUH�� 7R� EXLOG� D� FXOWXUH� RI� OLWHUDF\��

HVSHFLDOO\� LQ� WKH� UHDOP� RI� HGXFDWLRQ�� VLQFH�

�����WKH�0LQLVWU\�RI�(GXFDWLRQ�DQG�&XOWXUH�KDV�

LQWHQVL¿HG� WKH� 1DWLRQDO� /LWHUDF\� 0RYHPHQW��

7KH�FXOWXUH�RI�OLWHUDF\�LQ�TXHVWLRQ�LV�D�FXOWXUH�RI�

UHDGLQJ�DQG�ZULWLQJ�WKDW�LV�H[SHFWHG�WR�LPSURYH�

WKH�TXDOLW\�RI�KXPDQ�UHVRXUFHV��+RZHYHU��EDVHG�

RQ�WKH�UHVXOWV�RI�WKH������(GXFDWLRQ�)RU�$OO��()$��

VWXG\��LW�ZDV�H[SODLQHG�WKDW�WKHUH�ZDV�D�GHFOLQH�

LQ�OLWHUDF\�LQ�,QGRQHVLD��7KLV�ZDV�FRQ¿UPHG�E\�



���

Cakrawala Pendidikan, Oktober 2018, Th. XXXVII, No. 3

WKH�UHVXOWV�RI�81(6&2¶V�VWDWLVWLFDO�GDWD�LQ������

ZKLFK� VWDWHG� WKDW� WKH� UHDGLQJ� LQWHUHVW� LQGH[� LQ�

,QGRQHVLD� KDG� RQO\� UHDFKHG� �������7KLV�PHDQV�

WKDW�HYHU\�������UHVLGHQWV�RQO\�RQH�SHUVRQ�ZKR�

KDV�D�UHDGLQJ�LQWHUHVW��(GXFDWLRQ�)RU�$OO��������

7KXV��WKH�QDWLRQDO�DYHUDJH�RI�HDFK�LQGLYLGXDO�LV�

QRW�XS�WR�RQH�ERRN�WLWOH�SHU�SHUVRQ�SHU�\HDU�WKDW�LV�

UHDG��$V�D�FRPSDULVRQ��UHJLRQV�LQ�,QGRQHVLD�WKDW�

KDYH�WKH�KLJKHVW�UHDGLQJ�LQWHUHVW�DUH�',<��7KHQ�

EDVHG�RQ�WKH�GDWD�IURP�3,6$�LQ�������WKH�DYHUDJH�

VFRUH� RI� VWXGHQW� VFLHQFH� OLWHUDF\� LQ� ,QGRQHVLD�

ZDV� ����ZLWK� WKH� DYHUDJH� VFLHQWL¿F� OLWHUDF\� RI�

DOO� SDUWLFLSDWLQJ� FRXQWULHV� IROORZLQJ� WKH� �����

3,6$�RI������7KHVH�UHVXOWV�VKRZ�WKDW�,QGRQHVLDQ�

VWXGHQWV¶� VFLHQWL¿F� OLWHUDF\� LV� VWLOO� ORZ� DQG� IDU�

DZD\�EHORZ�DYHUDJH��HYHQ�,QGRQHVLD¶V�SRVLWLRQ�

LQ� WKH� ����� 3,6$� FRXQWULHV� KDV� DQ� DYHUDJH� RI�

ORZ�VFLHQWL¿F�OLWHUDF\��ZKLFK�LV�LQ�UDQN����RI����

SDUWLFLSDWLQJ�FRXQWULHV��2(&'��������

2QH� HIIRUW� WKDW� QHHGV� WR� EH� GRQH� LQ�

GHYHORSLQJ� OLWHUDF\� LV� E\� GLUHFWLQJ� FKLOGUHQ� WR�

JHW�XVHG� WR� UHDGLQJ�� ,Q� WKH�ZRUOG�RI�HGXFDWLRQ��

HVSHFLDOO\� LQ� VFKRROV� RU� FROOHJHV�� OLWHUDF\�

GHYHORSPHQW� VKRXOG� EH� FDUULHG� RXW� HIIHFWLYHO\�

DQG�HI¿FLHQWO\��+RZHYHU��EDVHG�RQ�REVHUYDWLRQV�

WR� VWXGHQWV� RI� WKH� WKLUG� VHPHVWHU� RQ� 3ULPDU\�

7HDFKHU� (GXFDWLRQ� 3URJUDP� � ���������� WKH�

DFWLYLW\� RI� UHDGLQJ� MRXUQDOV� LV� VWLOO� LQ� WKH� ORZ�

FDWHJRU\��7KH� UHVXOWV� RI� WKH� DQDO\VLV� RI� OHFWXUH�

DVVLJQPHQWV� DQG� SUDFWLFXP� UHSRUWV�� ����� RI�

VWXGHQWV�VWLOO�XVH�UHIHUHQFHV�GHULYHG�IURP�EORJV�

��ZRUGSUHVV� ��PLGGOH� VFKRRO�ERRNV��7KH� VHDUFK�

IRU� UHIHUHQFH� VRXUFHV� LQ� WKH� IRUP� RI� VFLHQWL¿F�

ZRUNV�VXFK�DV�MRXUQDOV�DQG�SURFHHGLQJV�RU�¿QDO�

DVVLJQPHQWV� �WKHVLV�� WKHVLV�� GLVVHUWDWLRQ�� LV� VWLOO�

QRW�XVHG�DV�WKH�PDLQ�UHIHUHQFH�LQ�ZRUNLQJ�RQ�D�

WDVN�RU�WR�DGG�VFLHQWL¿F�LQVLJKW�

%DVHG� RQ� WKH� UHVXOWV� RI� WKH� LQWHUYLHZ��

VWXGHQWV� DUH� VWLOO� H[SHULHQFLQJ� FRQIXVLRQ� LQ�

¿QGLQJ�UHIHUHQFH�VRXUFHV�LQ�WKH�IRUP�RI�MRXUQDOV�

RU�VFLHQWL¿F�ZRUNV��VXFK�DV�VHDUFKLQJ�WKH�MRXUQDO�

ZHEVLWH��7KLV�LV�EHFDXVH�GXULQJ�OHDUQLQJ��VWXGHQWV�

KDYH� QRW� EHHQ� DFFXVWRPHG� WR� ¿QGLQJ�� UHDGLQJ��

DQG�DQDO\]LQJ�UHIHUHQFHV�LQ�WKH�IRUP�RI�MRXUQDOV�

ERWK�QDWLRQDOO\�DQG�LQWHUQDWLRQDOO\�

/LWHUDF\�LV� LPSRUWDQW� LQ�WKH�GHYHORSPHQW�

RI� WKH�ZRUOG�� HVSHFLDOO\� LQ� WKH� IDFH�RI� WKH���VW�

FHQWXU\��$FFRUGLQJ� WR�:DNKLGDK� �������� VNLOOV�

LQ�WKH���VW�FHQWXU\�WKDW�QHHG�WR�EH�PDVWHUHG�E\�

VRPHRQH�LQFOXGH�FULWLFDO�WKLQNLQJ�VNLOOV��SUREOHP�

VROYLQJ� VNLOOV�� FUHDWLYH� WKLQNLQJ� VNLOOV��GHFLVLRQ�

PDNLQJ� VNLOOV�� UHÀHFWLYH� UHDGLQJ� DQG� ZULWLQJ�

VNLOOV�� FRPPXQLFDWLRQ� VNLOOV� ERWK� RUDOO\� DQG� LQ�

ZULWLQJ��7KHVH�VNLOOV�DUH�H[SHFWHG� WR�DOZD\V�EH�

GHYHORSHG�LQ�HYHU\�OHDUQLQJ�VR�WKDW�VWXGHQWV�DUH�

DEOH�WR�IDFH�WKH�FKDOOHQJHV�RI�WKH�JOREDO�ZRUOG�

6FLHQFH� LV� D� EUDQFK� RI� VFLHQFH� WKDW� FDQ�

GHYHORS�VNLOOV�LQ�WKH���VW�FHQWXU\��&KLDSSHWWD�	�

.REEDOD� ������� H[SODLQV� WKDW� VFLHQFH� PXVW� EH�

YLHZHG� IURP� IRXU� GLPHQVLRQV�� QDPHO\� VFLHQFH�

DV� D� ZD\� RI� WKLQNLQJ�� VFLHQFH� DV� D� ZD\� WR�

LQYHVWLJDWH�� VFLHQFH� DV� WKH� ERG\�RI� NQRZOHGJH��

VFLHQFH�DQG�LWV� LQWHUDFWLRQ�ZLWK�WHFKQRORJ\�DQG�

VRFLHW\���7KHUHIRUH��LQ�VFLHQFH�OHDUQLQJ�DFWLYLWLHV�

PXVW�FRYHU� WKHVH�IRXU�GLPHQVLRQV�ZLWK�WKH�DLP�

RI� IRVWHULQJ� VWXGHQWV� ZLWK� VFLHQWL¿F� OLWHUDF\��

$FFRUGLQJ�WR�5DKD\XQL���������VFLHQWL¿F�OLWHUDF\�

LV� D� YHU\� LPSRUWDQW� WKLQJ� WR� EH� PDVWHUHG� E\�

HYHU\� LQGLYLGXDO�EHFDXVH� WKLV� LV� FORVHO\� UHODWHG�

WR�RQH¶V�XQGHUVWDQGLQJ�RI� WKH� HQYLURQPHQW� DQG�

RWKHU�SUREOHPV�IDFHG�E\�PRGHUQ�VRFLHW\�WKDW�DUH�

YHU\� GHSHQGHQW� RQ� WKH� GHYHORSPHQW� RI� VFLHQFH�

DQG�WHFKQRORJ\��LQFOXGLQJ�DOVR�VRFLDO�SUREOHPV��

/HDUQLQJ�VFLHQFH�WKDW�GLUHFWV�VWXGHQWV�WR�EHFRPH�

OLWHUDWH�WRZDUGV�VFLHQFH�PXVW�KDYH�WKH�DELOLW\�WR�

WKLQN� FULWLFDOO\�� FUHDWLYHO\� DQG� VROYH� SUREOHPV��

0LQLVWU\� RI� 1DWLRQDO� (GXFDWLRQ� ������� DQG�

:LQDUQL� �������H[SODLQHG� WKDW� VFLHQFH� OHDUQLQJ�

WKDW�VKRXOG�EH�GRQH�LV�OHDUQLQJ�WKDW�FDQ�SUHSDUH�

VWXGHQWV� WR� EH� NQRZOHGJHDEOH� LQ� VFLHQFH� DQG�

WHFKQRORJ\�� DEOH� WR� WKLQN� ORJLFDOO\�� EH� DEOH� WR�

WKLQN�FULWLFDOO\��FUHDWLYHO\��DQG�VROYH�SUREOHPV�LQ�

UHDO�OLIH��%DVHG�RQ�VRPH�RI�WKHVH�H[SODQDWLRQV�LW�

FDQ�EH�LPSOLHG�WKDW�WKH�JRDO�RI�OHDUQLQJ�VFLHQFH�

LQ� DGGLWLRQ� WR� FUHDWLQJ� VWXGHQWV� ZLWK� VFLHQWL¿F�

OLWHUDF\��LV�DOVR�DEOH�WR�FUHDWH�VWXGHQWV�ZKR�KDYH�

WKH�DELOLW\�WR�WKLQN�FUHDWLYHO\�

)DWKXURKPDQ� ������� H[SODLQHG� WKDW�

VWXGHQWV¶� VFLHQWL¿F� OLWHUDF\� DELOLWLHV� FDQ� EH�

LQÀXHQFHG� E\� VHYHUDO� IDFWRUV�� QDPHO\� OHDUQLQJ�

PHWKRGV� DQG�PRGHOV� E\� WKH� WHDFKHU�� HGXFDWLRQ�

FXUULFXOXP� DQG� V\VWHP�� OHDUQLQJ� IDFLOLWLHV� DQG�

LQIUDVWUXFWXUH�� OHDUQLQJ� UHVRXUFHV�� DQG� WHDFKLQJ�

PDWHULDOV�� )DFWRUV� WKDW� GLUHFWO\� LQWHUVHFW� ZLWK�

VWXGHQWV¶� OHDUQLQJ� DFWLYLWLHV� DUH� WKH� VHOHFWLRQ�

RI� OHDUQLQJ�PHWKRGV� DQG�PRGHOV� E\� HGXFDWRUV��

&DK\DQD� ������� H[SODLQV� WKH� IDFWRUV� WKDW� QHHG�

WR�EH�FRQVLGHUHG�WR�GHYHORS�VFLHQWL¿F�OLWHUDF\�LV�

WR�DWWUDFW�WKH�LQYROYHPHQW�RI�VWXGHQWV�LQ�OHDUQLQJ�

DQG�FUHDWH�D�SOHDVDQW�OHDUQLQJ�DWPRVSKHUH��WKXV�

PDNLQJ�VWXGHQWV� OHDUQ� WR�EH� UHDG\� WR� OHDUQ�DQG�

EHWWHU� DW� XQGHUVWDQGLQJ� VFLHQFH�� 2QH� PHWKRG�

WKDW�FDQ�EH�HIIHFWLYHO\�XVHG�LQ�VFLHQFH� OHDUQLQJ�

�SK\VLFV�� LV� WKH� SURMHFW� PHWKRG� �5R]LTLQ��

/HVPRQR��DQG�%DFKWLDU��������
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+HQGULN� 	� ,KWLDUL� ������� H[SODLQHG� WKDW�

WKH� SURMHFW� OHDUQLQJ� SURFHVV� LQ� DQ� DSSOLFDWLRQ�

VXSSRUWV� WKH� GHYHORSPHQW� DQG� LPSURYHPHQW� RI�

VWXGHQWV¶� FULWLFDO� WKLQNLQJ� VNLOOV�� )XUWKHUPRUH��

6XPDUQL� ������� VWDWHV� WKDW� WKURXJK� SURMHFWV��

VWXGHQWV� GR� QRW� KDYH� WR� PHPRUL]H� DQ\� WKHRU\�

RU� HTXDWLRQ� �IRUPXOD��� EXW� UDWKHU� DQDO\VLV� DQG�

FULWLFDO� WKLQNLQJ� E\� DQDO\]LQJ� WKH� LQIRUPDWLRQ�

JDWKHUHG�WR�VROYH�SUREOHPV�WKURXJK�WKH�SURMHFW��

7KLV�SUDJPDWLF� DSSURDFK�FRQFHQWUDWHV�PRUH�RQ�

SURFHVVHV�WKDQ�FRQWHQW��%DVHG�RQ�WKLV�H[SODQDWLRQ��

WKH�SURMHFW�PHWKRG�FDQ�EH�XVHG�DV�RQH�PHWKRG�

WKDW�FDQ�EH�XVHG�LQ�GHYHORSLQJ�FUHDWLYH�WKLQNLQJ�

VNLOOV�DQG�VFLHQWL¿F�OLWHUDF\�DELOLWLHV�RI�VWXGHQWV��

HVSHFLDOO\�LQ�ZDYH�PDWHULDO�DQG�RSWLFDO�GHYLFHV�

6RPH�RI� WKH�UHVHDUFK� WKDW�KDV�EHHQ�GRQH�

RQ�SURMHFW�EDVHG�OHDUQLQJ�LQ�GHYHORSLQJ�VFLHQWL¿F�

OLWHUDF\� VNLOOV� DQG� FUHDWLYH� WKLQNLQJ�� DPRQJ�

RWKHUV��LV�$IULDQD¶V�UHVHDUFK��������ZKLFK�\LHOGV�

¿QGLQJV� WKDW� SURMHFW�EDVHG� OHDUQLQJ� ZLWK� WKH�

67(0� DSSURDFK� FDQ� LPSURYH� VFLHQFH� OLWHUDF\�

RI� MXQLRU�KLJK� VFKRRO� VWXGHQWV�RQ� WKH� WKHPH�RI�

DLU�SROOXWLRQ�FRPSDUHG�WR�FODVVHV�ZLWKRXW�XVLQJ�

OHDUQLQJ��SURMHFW�EDVHG�RQ�WKH�67(0�DSSURDFK��

7KH�LPSURYHPHQW�RI�VFLHQWL¿F�OLWHUDF\�VNLOOV�RI�

PDOH� DQG� IHPDOH� JURXSV� ERWK� LQFUHDVHG� ZLWK�

WKH�DYHUDJH�1�*DLQ�LQ�WKH�PHGLXP�FDWHJRU\�IRU�

DVSHFWV�RI�NQRZOHGJH�DQG�FRPSHWHQFH�

5HVHDUFK� IURP� 5RKDQD� 	� :DK\XGLQ�

������� UHVXOWHG� LQ� ¿QGLQJV� WKDW� SURMHFW�EDVHG�

OHDUQLQJ�FDQ�LPSURYH�VWXGHQWV¶�FUHDWLYH�WKLQNLQJ�

VNLOOV� VLJQL¿FDQWO\� KLJKHU� WKDQ� WKH� H[SRVLWRU\�

FODVV��ZLWK� WKH� DYHUDJH� YDOXH� RI�1�*DLQ� LQ� WKH�

H[SHULPHQWDO�FODVV�LQ�WKH�KLJK�FDWHJRU\�DQG�WKH�

DYHUDJH�YDOXH�RI�1��*DLQ�LQ�WKH�FRQWURO�FODVV�LV�

LQ�WKH�ORZ�FDWHJRU\��)XUWKHUPRUH��UHVHDUFK�IURP�

)DWLPDK� �������SURGXFHG�¿QGLQJV� WKDW�SURMHFW�

EDVHG� VFLHQFH� OHDUQLQJ� KDV� D� VLJQL¿FDQW� HIIHFW�

RQ� VWXGHQWV¶� FUHDWLYH� WKLQNLQJ� VNLOOV�� &UHDWLYH�

WKLQNLQJ�VNLOOV�RI�VWXGHQWV�ZKR�XVH�IUHH�SURMHFW�

EDVHG�OHDUQLQJ�DUH�EHWWHU�WKDQ�WKRVH�XVLQJ�JXLGHG�

SURMHFW�EDVHG�OHDUQLQJ�

%DVHG� RQ� WKH� EDFNJURXQG� H[SODQDWLRQ�

DERYH�� WKLV� VWXG\� DLPV� WR� GHWHUPLQH� WKH�

HIIHFWLYHQHVV� RI� SURMHFW�EDVHG� OHDUQLQJ� LQ�

LPSURYLQJ�VFLHQWL¿F�OLWHUDF\�VNLOOV�DQG�VWXGHQWV¶�

FUHDWLYH� WKLQNLQJ� VNLOOV� LQ� ZDYH� DQG� RSWLFDO�

PDWHULDO�

METHOD

7KLV� UHVHDUFK� LV� D� TXDVL�H[SHULPHQWDO�

UHVHDUFK� FRQGXFWHG� DW� 3ULPDU\� (GXFDWLRQ�

3URJUDP� 9,� .HEXPHQ�� 8QLYHUVLWDV� 6HEHODV�

0DUHW� RQ� VWXGHQWV� ZLWK� �� FODVVHV�JURXSV��

5HVHDUFK�GHVLJQ�XVLQJ�3UH�7HVW�3RVW�WHVW�&RQWURO�

*URXS� 'HVLJQ�� 7KH� VDPSOLQJ� WHFKQLTXH� XVHV�

VLPSOH�UDQGRP�VDPSOLQJ�ZKHUH�WKH�WKUHH�FODVVHV�

DUH�UDQGRPL]HG�DQG�WZR�FODVVHV�DUH�WDNHQ�DV�WKH�

UHVHDUFK�VDPSOH�

Table 1. Research Design

*URXS Pretest 7UHDWPHQW Posttest

A 2
�

X
�

2
�

% 2
�

X
�

2
�

*URXS� $� LV� WKH� H[SHULPHQWDO� �� ZKLFK�

LV� WUHDWHG� XVLQJ� WKH� SURMHFW� PHWKRG�� ZKLOH�

JURXS�%� LV� WKH� H[SHULPHQWDO� ,,� ZKLFK� LV� JLYHQ�

D� FRQYHQWLRQDO� PHWKRG� WUHDWPHQW� WKDW� LV� RQO\�

XVLQJ� WKH� GLVFXVVLRQ� PHWKRG�� 3URMHFW�EDVHG�

VFLHQFH� OHDUQLQJ� LV� GLYLGHG� LQWR� WKUHH� WKHPHV��

QDPHO\� OLJKW� ZDYHV�� VRXQG� ZDYHV�� DQG� RSWLFDO�

GHYLFHV�� 7KH� SURMHFW� WKHPH� RQ� WKH� FRQFHSW� RI�

OLJKW�DQG�RSWLFDO�GHYLFHV�FRQVLVWV�RI�KRORJUDPV��

NDOHLGRVFRSHV�� SHULVFRSHV�� DQG� WHOHVFRSHV�� 7KH�

SURMHFW�WKHPH�RQ�WKH�ZDYH�DQG�VRXQG�FRQFHSW�LV�

VRXQG� UHVRQDQFH� DQG� PDWKHPDWLFDO� SHQGXOXP��

7KH� SURMHFW� LV� FRPSOHWHG� LQ� JURXSV� DQG�ZLWKLQ�

��PRQWK�

,QVWUXPHQWV�RI� VFLHQWL¿F� OLWHUDF\�DELOLWLHV�

DQG�FUHDWLYH� WKLQNLQJ�DELOLWLHV�DUH�PHDVXUHG�E\�

WHVWV�LQ�WKH�IRUP�RI�HVVD\V�WRWDOLQJ����LWHPV��7KH�

IRUP�RI�WKH�SUREOHP�RI�VFLHQWL¿F�OLWHUDF\�DELOLW\�

DGDSWV� IURP� WKH� GHYHORSPHQW� RI� WKH� 7HVW� RI�

6FLHQWL¿F�/LWHUDF\�6NLOOV��726/6��E\�*RUPDOO\�

��������7HVWV�RI�FUHDWLYH�WKLQNLQJ�VNLOOV�LQFOXGH�

ÀXHQF\�� RULJLQDOLW\�� HODERUDWLRQ�� DQG� ÀH[LELOLW\�

�7RUUDQFH�� ������ $OJKDIUL�� 5DVKLG� DQG� 6DOLP��

������

'DWD� DQDO\VLV� XVLQJ� 0DQQ�:KLWQH\� 8�

WHVW�ZLWK�SURYLVLRQV�LI�WKH�S�YDOXH�LV��������WKHQ�

WKH�QXOO�K\SRWKHVLV� LV� UHMHFWHG��)XUWKHUPRUH�� WR�

GHWHUPLQH� WKH� PDJQLWXGH� RI� LPSURYHPHQW� LQ�

VFLHQWL¿F� OLWHUDF\� VNLOOV� DQG� FUHDWLYH� WKLQNLQJ�

VWXGHQWV� XVH� 1�*DLQ� ZLWK� WKH� IROORZLQJ�

FODVVL¿FDWLRQV�

7DEOH����1�*DLQ�&ODVVL¿FDWLRQ

$YHUDJH�1�*DLQ &ODVVL¿FDWLRQ

������N-Gain�������

������N-Gain�������

N-Gain�������

+LJK

0HGLXP

/RZ

�6RXUFH��+DNH�������
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RESULTS AND DISCUSSION

A. Results

%DVHG� RQ� WKH� UHVXOWV� RI� GDWD� DQDO\VLV��

SURMHFW�EDVHG� OHDUQLQJ� FDQ� EH� XVHG� WR� GHYHORS�

DQG�LPSURYH�VFLHQWL¿F�OLWHUDF\�VNLOOV�DQG�FUHDWLYH�

WKLQNLQJ�RI�VWXGHQWV�

Table 3. Mann Withney U Test Summary 

Results

7HVW�6WDWLVWLFVa

OLWHUDF\�SRVW FUHDWLYH�SRVW

0DQQ�:KLWQH\�8 ������� �������

= ������ ������

$V\PS��6LJ�����WDLOHG� ���� ����

7KHUH� LV� HIIHFWLYHQHVV� RI� SURMHFW�EDVHG�

OHDUQLQJ�RQ�VFLHQWL¿F�OLWHUDF\�VNLOOV�DQG�FUHDWLYH�

WKLQNLQJ� RI� VWXGHQWV� RQ� ZDYH� DQG� RSWLFDO�

PDWHULDO�

Table 4. Summary of Average Project Class 

N-Gain Values

9DULDEOH
$YHUDJH�

1�*DLQ�9DOXH
&DWHJRU\

6FLHQFH�/LWHUDF\�$ELOLW\ ���� 0HGLXP

&UHDWLYH�7KLQNLQJ�

$ELOLW\

���� 0HGLXP

3URMHFW� OHDUQLQJ� LV� DEOH� WR� LPSURYH�

VFLHQWL¿F� OLWHUDF\� VNLOOV� DQG� WKH�DELOLW\� WR� WKLQN�

FUHDWLYHO\� LQ� VWXGHQWV� ZLWK� PRGHUDWH� �JRRG�

HQRXJK��FDWHJRULHV�

Table 5. Summary of Average N-Gain Value 

for Conventional Classes

9DULDEOH
$YHUDJH�

1�*DLQ�9DOXH
&DWHJRU\

6FLHQFH�/LWHUDF\�$ELOLW\ ���� /RZ

&UHDWLYH�7KLQNLQJ�

$ELOLW\

���� /RZ

&RQYHQWLRQDO� OHDUQLQJ� LV� OHVV� DEOH� WR�

LPSURYH� VFLHQWL¿F� OLWHUDF\� VNLOOV� DQG� VWXGHQWV¶�

FUHDWLYH�WKLQNLQJ�VNLOOV�

6WXGHQWV¶� OLWHUDF\� DELOLWLHV� RQ� LQGLFDWRUV�

RUJDQL]H��DQDO\]H�DQG�LQWHUSUHW�TXDQWLWDWLYH�GDWD�

DQG�VFLHQWL¿F�LQIRUPDWLRQ�EHWWHU�WKDQ�LQGLFDWRUV�

RI�VWXGHQW�OLWHUDF\�DELOLW\�WR�XQGHUVWDQG�LQTXLU\�

PHWKRGV�WKDW�OHDG�WR�VFLHQWL¿F�NQRZOHGJH�

7KHUH�ZHUH�GLIIHUHQFHV�LQ�VWXGHQW�OLWHUDWXUH�

VHDUFK� EHIRUH� DQG� DIWHU� SURMHFW�EDVHG� OHDUQLQJ��

7KH�IRUP�RI�VHDUFKLQJ�GDWD�LQ�WKH�IRUP�RI�MRXUQDOV�

DQG�SURFHHGLQJV�LV�WKH�KLJKHVW�W\SH�RI�OLWHUDWXUH�

VHDUFK� FRPSDUHG� WR� RWKHU� W\SHV� RI� OLWHUDWXUH�

GXULQJ�SURMHFW�OHDUQLQJ��ZKLOH�WKH�OLWHUDWXUH�LQ�WKH�

YLGHR�LV�WKH�VHFRQG�DIWHUWKHMRXUQDO�SURFHHGLQJV�

Figure 1. Analysis of the average value of 

VFLHQWL¿F�OLWHUDF\�VNLOOV�LQ�LQGLFDWRU�,

7DEOH����5HVXOWV�RI�DQDO\VLV�RI�VWXGHQWV¶�VFLHQWL¿F�OLWHUDF\�DELOLWLHV

1R ,QGLFDWRU�RI�6FLHQFH�/LWHUDF\�$ELOLW\ $YHUDJH�7HVW�9DOXH

�

�

8QGHUVWDQGLQJ�LQTXLU\�PHWKRGV�WKDW�OHDG�WR�VFLHQWL¿F�NQRZOHGJH

2UJDQL]LQJ��DQDO\]LQJ�DQG�LQWHUSUHWLQJ�TXDQWLWDWLYH�GDWD�DQG�VFLHQWL¿F�LQIRUPDWLRQ

�����

�����

$YHUDJH�6FRUH�RI�6FLHQFH�/LWHUDF\�$ELOLW\ �����

Table 7. Types of Student Literature Search Before and After Project-Based Learning

1R 7\SH�RI�/LWHUDWXUH EHIRUH���� DIWHU����

�

�

3

�

�

�

�

%XNX

3URFHHGLQJV���MRXUQDOV

,QWHUQHW��EORJ��ZRUGSUHVV��HFW�

9LGHR��\RXWXEH��HFW�

'LUHFW�REVHUYDWLRQ

)LQDO�3URMHFW��7KHVLV��WKHVLV��GLVVHUWDWLRQ�

'LFWDWH���PRGXOH

��

��

��

�

��

�

�

3

��

�

�

�

�

�

7RWDO ��� ���



���

)LJXUH� �� VKRZV� WKH� LQGLFDWRU� ,� ZLWK� WKH�

VXE� LQGLFDWRUV� LGHQWLI\LQJ� WKH� ULJKW� VFLHQWL¿F�

DUJXPHQWV� VKRZLQJ�KLJKHU� DYHUDJH�YDOXHV� WKDQ�

RWKHU� VXELQGLFDWRUV��ZKLOH� WKH� VXELQGLFDWRUV� RQ�

HYDOXDWLRQV�LQ�XVLQJ�VFLHQWL¿F�LQIRUPDWLRQ�VKRZ�

WKH�ORZHVW�DYHUDJH�YDOXH��

Figure 2. Average Value of Science Literacy 

Ability in Indicator II

)LJXUH� �� VKRZV� WKDW� WKH� DYHUDJH� YDOXH�

RI� VFLHQWL¿F� OLWHUDF\� DELOLW\� LQ� LQGLFDWRU� ,,�

SUREOHP�VROYLQJ�VXELQGLFDWRUV�XVLQJ�TXDQWLWDWLYH�

FDSDELOLWLHV�LQFOXGLQJ�SUREDELOLW\�VWDWLVWLFV�JHW�WKH�

KLJKHVW�DYHUDJH�YDOXH� WKDQ�RWKHU� VXELQGLFDWRUV��

7KLV�LV�LQGLFDWHG�E\�TXLWH�D�ORW�RI�VWXGHQWV�ZKR�

FDQ� ZRUN� RQ� WKH� SUREOHP� LQ� WKLV� VXELQGLFDWRU�

FRUUHFWO\�DQG�SUHFLVHO\��ZKLOH�LQ�WKH�VXELQGLFDWRU�

PDNLQJ�D�JUDSK�WKDW�FDQ�LQWHUSUHW�WKH�GDWD�VKRZV�

WKH�ORZHVW�DYHUDJH�YDOXH�

%DVHG�RQ�WKH�UHVXOWV�RI�WKH�DQDO\VLV�RI�WKH�

WHVW�DQVZHUV�WKHUH�DUH�VWLOO�PDQ\�VWXGHQWV�ZKR�DUH�

OHVV�SUHFLVH�LQ�GHVFULELQJ�WKH�GHSHQGHQW�YDULDEOH�

DQG� WKH� LQGHSHQGHQW� YDULDEOH� RQ� HDFK� [� D[LV�

DQG�\�D[LV��7KHQ� WKHUH� LV�D� ODFN�RI� LQIRUPDWLRQ�

RQ�HDFK�[�D[LV�DQG�\�D[LV��7KLV� LV�FRUURERUDWHG�

IURP�WKH�UHVXOWV�RI�LQWHUYLHZV�DQG�TXHVWLRQQDLUHV�

WKDW�����RI�VWXGHQWV�¿QG�LW�GLI¿FXOW�WR�GHWHUPLQH�

LQGHSHQGHQW� YDULDEOHV� DQG� GHSHQGHQW� YDULDEOHV�

WKDW� PXVW� EH� SUHVHQWHG� LQ� WKH� IRUP� RI� JUDSKV��

WDEOHV��DQG�GLDJUDPV�� ,Q�DGGLWLRQ�� VWXGHQWV�DOVR�

¿QG�LW�GLI¿FXOW�WR�LQWHUSUHW�VSHFLDO�UD\V�RQ�OHQVHV�

DQG�PLUURUV�LQ�WKH�IRUP�RI�LPDJHV�

)LJXUH���LV�D�IRUP�RI�OLWHUDF\�DELOLW\�WKDW�

FRPHV� IURP� YDOLG� VRXUFHV� �� VRXUFHV� VXFK� DV� LQ�

VFLHQWL¿F� MRXUQDOV�� ,QFOXVLRQ�RI�VRXUFHV�XVHG� LQ�

WKLV�ODQJXDJH�FDQ�DOVR�EH�XVHG�DQG�YDOLG�RU�QRW�

Figure 4. Average Value of Aspects of 

Creative Thinking Ability

7DEOH� �� VKRZV� WKH� DYHUDJH� YDOXH� RI�

VWXGHQWV¶� FUHDWLYH� WKLQNLQJ� DELOLW\�ZLWK� ÀXHQF\�

DVSHFWV� UHVXOWLQJ� LQ�KLJKHU� DYHUDJH�YDOXHV� ��WKDQ�

RWKHU�DVSHFWV��%DVHG�RQ�WKH�UHVXOWV�RI�WKH�DQDO\VLV�

RI�VWXGHQW�DQVZHUV��VWXGHQWV�JDYH�TXLWH�D�ORW�RI�

DQVZHUV� WKDW�YDULHG�EXW�KDG�WKH�VDPH�PHDQLQJ��

PHDQLQJ�VWXGHQWV�FRXOG�EH�VDLG�WR�EH�FRUUHFW�LQ�

DQVZHULQJ�TXHVWLRQV�

Project-Based Science Learning and Pre-Service Teachers’ Science Literacy Skill and Creative Thinking

)LJXUH����([DPSOHV�RI�)RUPV�RI�6FLHQWL¿F�/LWHUDF\�$ELOLW\�7HVW�4XHVWLRQV
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Figure 5. Results of the hologram project

)LJXUH� �� LV� D� SURGXFW� RI� VWXGHQWV�ZLWK� D�

KRORJUDP� WKHPH�� 7KLV� SURGXFW� GHVFULEHV� WKH�

FRQFHSW�RI�UHÀHFWLRQ��GLIIUDFWLRQ��DQG�LQWHUIHUHQFH�

DQG� WKH� DPSOLWXGH� DQG� SKDVH� RI� WKH� ZDYH�� ,Q�

DGGLWLRQ� WR� KRORJUDPV�� VWXGHQWV� DOVR� SURGXFH�

SURGXFWV� QDPHO\� NDOHLGRVFRSH�� SHULVFRSH��

WHOHVFRSH�� UHVRQDQFH� WXEH� WR� GHWHUPLQH� WKH�

YHORFLW\� YDOXH� RI� VRXQG� ZDYHV� LQ� WKH� DLU�� DQG�

PDWKHPDWLFDO� SHQGXOXP� WR� SURYH� WKH� YDOXH� RI�

(DUWK¶V�JUDYLWDWLRQDO�DFFHOHUDWLRQ�

%DVHG� RQ� WDEOH� ��� WKHUH� DUH� VLPLODULWLHV�

LQ� WKH� SURMHFW� OHDUQLQJ� SURFHVV� ZLWK� VWXGHQWV¶�

VFLHQWL¿F� OLWHUDF\� VNLOOV� DQG� FUHDWLYH� WKLQNLQJ��

$W�WKH�VWDJH�RI�JLYLQJ�TXHVWLRQV�DW�WKH�EHJLQQLQJ�

RI�OHDUQLQJ�LV�DEOH�WR�GHYHORS�VFLHQWL¿F�OLWHUDF\�

VNLOOV�DQG�FUHDWLYH�WKLQNLQJ�LQ�WHUPV�RI�LGHQWLI\LQJ�

DQG�DQDO\]LQJ�VWXGHQWV¶�DUJXPHQWV�IURP�YDULRXV�

SRLQWV�RI�YLHZ�

7DEOH� �� VKRZV� VWXGHQWV¶� SHUFHSWLRQV�

GXULQJ�WKH�SURMHFW�OHDUQLQJ�SURFHVV��QDPHO\�WKDW�

LQ�VHDUFKLQJ�OLWHUDWXUH�LV�WKH�HDVLHVW�DFWLYLW\�WR�GR��

ZKLOH�PDNLQJ� D� SUDFWLFXP� UHSRUW� LV� DQ� DFWLYLW\�

WKDW�LV�FRQVLGHUHG�WKH�PRVW�GLI¿FXOW�WR�GR���%DVHG�

RQ�WKH�UHVXOWV�RI�DQDO\VLV�DQG�REVHUYDWLRQ��HYHQ�

WKRXJK� VWXGHQWV� KDYH� WKH� HDVH� RI� DFFHVVLQJ�

MRXUQDOV�RU�VFLHQWL¿F�ZRUNV��LQ�WHUPV�RI�DQDO\]LQJ�

MRXUQDO�FRQWHQWV��WKH\�QHHG�WR�EH�LPSURYHG��:KLOH�

LQ� WKH� FDVH� RI� PDNLQJ� SURMHFW� UHSRUWV� VWXGHQWV�

VWLOO�¿QG�LW�GLI¿FXOW�LI�WKH\�KDYH�WR�¿W�WKH�IRUPDW�

RI� VFLHQWL¿F�ZRUN�� VWDUWLQJ� IURP� WKH�PDNLQJ�RI�

WKH�WLWOH�WR�WKH�ZULWLQJ�RI�WKH�ULJKW�ELEOLRJUDSK\��

7LWOH�PDNLQJ�PXVW�FRQWDLQ�DW� OHDVW� LQGHSHQGHQW�

YDULDEOHV� DQG�EH�ERXQG� LI� WKH�SURMHFW� SURGXFHV�

TXDQWLWDWLYH� GDWD� VXFK� DV� UHVRQDQFH� WXEHV� DQG�

PDWKHPDWLFDO� SHQGXOXP�� 6WXGHQWV� VWLOO� KDYH�

GLI¿FXOW\�LQ�GHWHUPLQLQJ�WKH�YDULDEOHV�GXULQJ�WKH�

LQQRYDWLRQ�SUDFWLFXP��DQG�HYDOXDWLQJ�WKH�UHVXOWV�

RI�WKH�ODE�WR�EH�EHWWHU�

Discussion

3URMHFW�EDVHG� OHDUQLQJ� EHJLQV� ZLWK�

EUDLQVWRUPLQJ�WKURXJK�WKH�SURYLVLRQ�RI�LQWHUHVWLQJ�

DQG�FKDOOHQJLQJ�TXHVWLRQV�DQG�DGDSWHG�WR�UHDO�OLIH�

VXFK�DV��³ZK\�GRHV�WKH�VN\�GXULQJ�WKH�GD\�ORRN�

7DEOH���� 3URMHFW�EDVHG�OHDUQLQJ�UHODWLRQVKLSV�ZLWK�VFLHQWL¿F�OLWHUDF\�VNLOOV�DQG�VWXGHQWV¶�FUHDWLYH�

thinking skills

Syntax PjBL Development of Science Literacy Ability
Development of Creative 

Thinking Ability

Starts With the Essential

Question

,GHQWLI\�DSSURSULDWH�VFLHQWL¿F�DUJXPHQWV Fluency

Design a Plan for the Project 8VH�HIIHFWLYH�OLWHUDWXUH�VHDUFK ÀH[LELOLW\

Creates a Schedule (YDOXDWLRQ�LQ�XVLQJ�VFLHQWL¿F�LQIRUPDWLRQ elaboration

Monitor the Students and the progress 

of the Project

���8QGHUVWDQGLQJ�WKH�HOHPHQWV�RI�UHVHDUFK�GHVLJQ�

DQG�LWV�LPSDFW�RQ�VFLHQWL¿F�¿QGLQJV

���5HDG�DQG�LQWHUSUHW�GDWD��JUDSKV��WDEOHV�

2ULJLQDOLW\	�ÀH[LELOLW\

Assess the Outcome ���7URXEOHVKRRWLQJ�XVLQJ�TXDQWLWDWLYH�FDSDELOLWLHV

���8QGHUVWDQG�DQG�EH�DEOH�WR�LQWHUSUHW�EDVLF�

VWDWLVWLFV

ÀXHQF\�	ÀH[LELOLW\

Evaluate the Experience 3UHVHQWLQJ�FRQFOXVLRQV��SUHGLFWLRQV�EDVHG�RQ�

TXDQWLWDWLYH�GDWD�DQG�VFLHQWL¿F�LQIRUPDWLRQ

Flexibility

Table 9. Student Perceptions of PjBL Activities

Level
Name of activity

1 2 3 4 5 6 7 8 9

(DV\����

0HGLXP����

'LI¿FXOW����
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EOXH�DQG�LQ�WKH�DIWHUQRRQ�RUDQJH"´�2U�³ZK\�GRHV�

WKH� WKXQGHU� VRXQG� DW� QLJKW� VRXQG� ORXGHU� UDWKHU�

WKDQ�OLJKWQLQJ�LQ�WKH�GD\WLPH"�³�7KHVH�TXHVWLRQV�

DLP�WR�H[SORUH�VWXGHQWV¶�LQLWLDO�NQRZOHGJH�RI�WKH�

ZDYH�FRQFHSW��HVSHFLDOO\�WKH�FRQFHSW�RI�OLJKW�DQG�

VRXQG�ZDYHV��

,QLWLDO�LQIRUPDWLRQ�REWDLQHG�IURP�VWXGHQWV�

LV�FRQWLQXHG�E\�JLYLQJ�TXHVWLRQV�WR�D�KLJKHU�OHYHO�

VR�DV�WR�WUDLQ�VWXGHQWV�WR�DQDO\]H�DQVZHUV�WR�WKHVH�

TXHVWLRQV�DQG�WUDLQ�VWXGHQWV�WR�VROYH�D�SUREOHP��

+DUSHU��������PHQWLRQV�SURMHFW�OHDUQLQJ�IRFXVLQJ�

RQ�DQ�LQ�GHSWK�LQYHVWLJDWLRQ�SURFHVV�LQYROYLQJ�D�

ORQJ�DQG�ULJRURXV�TXHVWLRQ�DQG�DQVZHU�SURFHVV��

XVLQJ� UHVRXUFHV� DQG� GHYHORSLQJ� DQVZHUV�� DQG�

IRFXVHG� RQ� RSHQ� TXHVWLRQV� WR� XQGHUVWDQG� DQG�

DWWUDFW� VWXGHQWV¶� DWWHQWLRQ� LQ� FDSWXULQJ� SURMHFW�

DVVLJQPHQWV�� 0XVNDQLD� 	� :LOXMHQJ� �������

VXJJHVWHG� WKDW� OHDUQLQJ� XVLQJ� SURMHFWV� EHJLQV�

ZLWK� SURYLGLQJ� SUREOHPV� WKDW� OHDG� WR� WKH� ¿QDO�

SURGXFW�WKDW�ZLOO�EH�SURGXFHG�E\�VWXGHQWV�

$IWHU�EUDLQVWRUPLQJ��WKH�QH[W�VWHS�VWXGHQWV�

DUH� JLYHQ� WKH� WDVN� RI� FUHDWLQJ� DQG� GHVLJQLQJ�

D� SURMHFW�� 'XULQJ� SURMHFW� GHVLJQ�� VWXGHQWV� DUH�

GLUHFWHG� WR� ORRN� IRU� OLWHUDWXUH� LQ� YDOLG� VRXUFHV�

DQG�VXFK�DV�VFLHQWL¿F�MRXUQDOV�DQG�SURFHHGLQJV��

(GXFDWRUV� DOVR� SURYLGH� IUHHGRP� IRU� VWXGHQWV�

LQ� PDNLQJ� SURMHFW� GHVLJQV� WKDW� ZLOO� EH� PDGH�

LQ� DFFRUGDQFH�ZLWK� WKH� OLWHUDWXUH� WKDW� KDV� EHHQ�

REWDLQHG�� 7KH� IUHHGRP� WR� LQQRYDWH� DQG� EH�

FUHDWLYH�KHOSV�VWXGHQWV�LQ�WKLQNLQJ�DERXW�WKH�EHVW�

VROXWLRQV�LQ�VROYLQJ�SUREOHPV�

3URMHFW�OHDUQLQJ�LV�DEOH�WR�WUDLQ�VWXGHQWV�LQ�

DVNLQJ�TXHVWLRQV��WKLQNLQJ�DERXW�GLIIHUHQW�ZD\V�

WR�VROYH�SUREOHPV��WUDLQLQJ�VWXGHQWV�WR�FDWHJRUL]H�

GDWD��WUDLQLQJ�VWXGHQWV�WR�WKLQN�DERXW�WKLQJV�WKDW�

DUH� QRW� WKRXJKW� RI� E\� RWKHUV�� DQG� DEOH� WR� WUDLQ�

VWXGHQWV�LQ�H[SUHVVLQJ�WKHLU�RZQ�RSLQLRQV�DJDLQVW�

D� SUREOHP�� 7KLV� LV� LQ� OLQH� ZLWK� WKH� RSLQLRQ� RI�

0LKDUGL�� +DUDKDS� 	� 6DQL� ������� WKDW� SURMHFW�

EDVHG�OHDUQLQJ�LV�DEOH�WR�WUDLQ�VWXGHQWV�WR�GHVLJQ��

DQDO\]H�� DQG�DSSO\� VWXGHQWV¶� LGHDV� LQ�PDNLQJ�D�

SURMHFW�� :KLOH� )DWLPDK� ������� H[SODLQHG� WKDW�

SURMHFW�EDVHG� OHDUQLQJ� SURYLGHV� VWXGHQWV� ZLWK�

JUHDWHU� RSSRUWXQLW\� WR� WKLQN� DQG� H[SORUH� WKHLU�

DELOLW\� WR� FRPSOHWH� D� WDVN� DQG� ¿QG� WKH� ULJKW�

FRQFHSW�

$FWLYLWLHV� GXULQJ� WKH� SURMHFW� OHDUQLQJ�

SURFHVV�WDNH�SODFH�VLJQL¿FDQWO\�DEOH�WR�LPSURYH�

VFLHQWL¿F� OLWHUDF\� VNLOOV� DQG� FUHDWLYH� WKLQNLQJ�

RI�VWXGHQWV��7KLV� LV� LQ� OLQH�ZLWK� WKH�UHVHDUFK�RI�

5RKDQD�	�:DK\XGLQ��������ZKLFK�UHVXOWV�LQ�WKDW�

SURMHFW�EDVHG� OHDUQLQJ� FDQ� LPSURYH� VWXGHQWV¶�

FUHDWLYH� WKLQNLQJ� VNLOOV�� *XQDZDQ�� 6DKLGX��

+DUMRQR��	� 6XUDQWL� ������� SURGXFHG� WKH� VDPH�

¿QGLQJV�WKDW�OHDUQLQJ�XVLQJ�SURMHFWV�FDQ�LQFUHDVH�

VWXGHQWV¶�FUHDWLYLW\��:KLOH�WKH�¿QGLQJV�RI�$IULDQD��

3HUPDQDVDUL��	�)LWULDQL��������VKRZ�WKDW�SURMHFW�

EDVHG� OHDUQLQJ� FDQ� LPSURYH� VWXGHQWV¶� VFLHQWL¿F�

OLWHUDF\� VNLOOV�� 7KH� GHYHORSPHQW� RI� FUHDWLYH�

WKLQNLQJ�VNLOOV�DQG�VFLHQWL¿F�OLWHUDF\�RI�VWXGHQWV�

GXULQJ� WKH� SURMHFW� OHDUQLQJ� SURFHVV� LV� WUDLQHG�

FRQVLVWHQWO\� DQG� FRQWLQXRXVO\� E\� SURYLGLQJ�

SUREOHPV� WKDW� PXVW� EH� VROYHG� E\� SURGXFLQJ� D�

SURGXFW� EDVHG� RQ� VFLHQWL¿F� OLWHUDWXUH� REWDLQHG�

E\�VWXGHQWV��7KURXJK�WKLV�DFWLYLW\��VWXGHQWV�ZLOO�

EH� DFFXVWRPHG� WR� H[SORULQJ� WKHLU� WKRXJKWV� DQG�

GHYHORSLQJ�FUHDWLYH�LGHDV�

7KLV� OLWHUDWXUH� VHDUFK� LV� DQ� LPSRUWDQW�

SDUW� RI� SURMHFW� OHDUQLQJ�� 7KLV� LV� VXSSRUWHG� E\�

6XPDUQL¶V� ������� VWDWHPHQW� WKDW� SURMHFW�EDVHG�

OHDUQLQJ� LV� DEOH� WR� LPSURYH� VWXGHQWV¶� DELOLW\� WR�

VHDUFK� IRU� DQG� REWDLQ� LQIRUPDWLRQ�� VWXGHQWV� GR�

QRW� KDYH� WR� PHPRUL]H� DQ\� WKHRU\� RU� HTXDWLRQ�

�IRUPXOD��� EXW� UDWKHU� WR� VHDUFK� IRU� LQIRUPDWLRQ�

FROOHFWHG� WR� VROYH� SUREOHPV� WKURXJK� SURMHFW�

FUHDWLRQ��7KLV�SUDJPDWLF�DSSURDFK�FRQFHQWUDWHV�

PRUH� RQ� SURFHVVHV� WKDQ� FRQWHQW�� 'XULQJ� WKH�

SURMHFW� OHDUQLQJ� SURFHVV� VWXGHQWV� DUH� DOZD\V�

GLUHFWHG�WR�¿QG�DQG�DQDO\]H�VFLHQWL¿F�OLWHUDWXUH��

&KX��������DOVR�H[SODLQHG�WKDW�SURMHFW�OHDUQLQJ�

KDV�D�SRVLWLYH�LPSDFW�LQ�GHYHORSLQJ�UHDGLQJ�DQG�

ZULWLQJ�VNLOOV�DQG�WHFKQRORJ\�OLWHUDF\�

7KH� SURFHVV� RI� VHDUFKLQJ� DQG� DQDO\]LQJ�

WKLV� OLWHUDWXUH� EHFDPH� WKH� PDLQ� FDSLWDO� LQ�

GHYHORSLQJ� VWXGHQWV¶� VFLHQWL¿F� OLWHUDF\� VNLOOV�

GXULQJ� SURMHFW� OHDUQLQJ�� 7KLV� LV� DV� VWDWHG� E\�

6XVLDWL��$GLV\DKSXWUD�� 	�0LDUV\DK� ������� WKDW�

VFLHQWL¿F� OLWHUDF\� VNLOOV� FDQ� EH� REWDLQHG� E\�

SURFHVVLQJ� LQIRUPDWLRQ�FULWLFDOO\�DQG�FUHDWLYHO\�

WKURXJK� UHDGLQJ� FRPSUHKHQVLRQ� DFWLYLWLHV�� $�

SHUVRQ�ZKR�LV�OLPLWHG�LQ�KLV�DELOLW\�WR�UHDG�ZLOO�

EH�YHU\�OLPLWHG�DV�ZHOO�DV�WKH�GHSWK�DQG�EUHDGWK�

RI� XQGHUVWDQGLQJ� VFLHQFH�� 7KHUHIRUH�� VWXGHQWV�

DUH� UHTXLUHG� WR� UHDG� DQG� VHDUFK� IRU� OLWHUDWXUH�

WKDW�KDV�EHHQ�FDUHIXOO\� DQG� FUHDWLYHO\�REWDLQHG�

DQG� FULWLFDOO\� UHYLHZHG�� 0RUJLO� ������� DOVR�

VXJJHVWHG� WKDW� LQ� RUGHU� WR� FRPSOHWH� SURMHFW�

DVVLJQPHQWV��VWXGHQWV�FDQ�VHDUFK�OLWHUDWXUH�IURP�

YDULRXV� VRXUFHV� VXFK� DV� RQOLQH�� OLEUDULHV�� ¿HOG�

YLVLWV�� REVHUYDWLRQV�� HWF�� VR� WKDW� WKH\� FDQ� DGG�

VWXGHQW� UHIHUHQFHV� LQ� SURGXFLQJ� D� FUHDWLYH� DQG�

LQQRYDWLYH�SURGXFW��

'XULQJ� WKH� SURMHFW� OHDUQLQJ� SURFHVV��

HGXFDWRUV�GR�QRW�SURYLGH�NQRZOHGJH�GLUHFWO\��EXW�
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SURYLGH�IUHHGRP�WR�VWXGHQWV�WR�PDNH�GLVFRYHULHV�

�LQTXLU\�� WR�JHW� WKH�NQRZOHGJH� WKDW� LV�H[SHFWHG�

WR�EH�GRQH�LQ�WHDPV���JURXSV��:KLOH�WKH�WDVN�RI�

WKH�OHFWXUHU�LV�WR�PRQLWRU�DQG�SURYLGH�DVVLVWDQFH�

WR�VWXGHQWV�LQ�FRPSOHWLQJ�SURMHFW�DVVLJQPHQWV�XS�

WR� WKH�PDNLQJ�RI� VFLHQWL¿F� UHSRUWV��)UHHGRP� LQ�

H[SUHVVLQJ�LGHDV�DQG�LGHDV�DQG�SUREOHP�VROYLQJ�

GXULQJ� SURMHFW� FRPSOHWLRQ� LV� DEOH� WR� H[SORUH�

VWXGHQWV¶� FUHDWLYH� WKLQNLQJ� DELOLWLHV�� 7KLV� LV� LQ�

OLQH�ZLWK�&DSUDUR¶V��������UHVHDUFK�WKDW�SURMHFW�

OHDUQLQJ�LV�DEOH�WR�KHOS�VWXGHQWV�VROYH�SUREOHPV�

DQG� WUDLQ� VWXGHQWV� WR� WKLQN� FULWLFDOO\�� DQDO\]H��

DQG� LPSURYH� KLJKHU�RUGHU� WKLQNLQJ� VNLOOV�� 7KH�

DELOLW\� WR� WKLQN� FUHDWLYHO\� LV� RQH�RI� WKH�KLJKHU�

RUGHU� WKLQNLQJ� DELOLWLHV�� QDPHO\� WKH� DELOLW\� WR�

WKLQN� GLYHUJHQWO\� �%LUJLOL�� ������ .KDVKDQL��

HW� DOO�� ������ ZKLFK� FRQVLVWV� RI� IRXU� DVSHFWV��

ÀXHQF\��ÀH[LELOLW\��RULJLQDOLW\��DQG�HODERUDWLRQ��

,VWL\RQR��'ZDQGDUX�	�5DKD\X��������VXJJHVWV�

WKDW� FUHDWLYH� WKLQNLQJ� LV� D� WKRXJKW� SURFHVV�

WKDW� SURGXFHV� YDULRXV� SRVVLEOH� DQVZHUV� ZKHQ�

UHVSRQGLQJ� WR� SUREOHPV� JLYHQ�� 7KHUHIRUH�� WKH�

SURMHFW� PHWKRG� LV� YHU\� UHOHYDQW� WR� EH� XVHG� WR�

LPSURYH�WKH�DELOLW\�WR�WKLQN�FUHDWLYHO\�

&ROODERUDWLQJ� ZLWK� WKH� WHDP� GXULQJ�

SURMHFW� OHDUQLQJ� LV� D� YHU\� LPSRUWDQW� DFWLYLW\��

&ROODERUDWLRQ� LV� RQH� RI� WKH� FKDUDFWHULVWLFV� RI�

SURMHFW�OHDUQLQJ�DFWLYLWLHV�ZLWK�WKH�DLP�RI�KHOSLQJ�

VWXGHQWV�WR�H[FKDQJH�LGHDV���LGHDV�DQG�KDYH�JRRG�

FRPPXQLFDWLRQ�VNLOOV��$V�VWDWHG�E\�$VWDZD��$UWLQL��

	�1LWLDVLK��������ZKLFK�H[SODLQV�WKDW�WKH�VWDJHV�

RI� SURMHFW� OHDUQLQJ� WUDLQ� VWXGHQWV� WR� EH� DFWLYH�

DQG�FUHDWLYH�WKLQNHUV�DQG�HQJDJH�LQ�FRRSHUDWLYH�

OHDUQLQJ� WR�ZRUN� WRJHWKHU� RQ� SURMHFWV�� 3URMHFW�

EDVHG� OHDUQLQJ� DOORZV� VWXGHQWV� WR� JDLQ� GHHSHU�

XQGHUVWDQGLQJ�RI�PDWHULDO�E\�FROODERUDWLQJ�DQG�

XVLQJ� WKHLU� LGHDV� �DFWLYH� FRQVWUXFWLRQ��� 6RFLDO�

LQWHUDFWLRQ�DOORZV�VWXGHQWV� WR�ZRUN�ZLWK�RWKHUV�

WR� EXLOG� VKDUHG� NQRZOHGJH�� :LOOLDPV� �������

H[SODLQV� WKDW� SURMHFW�EDVHG� OHDUQLQJ� SURYLGHV�

RSSRUWXQLWLHV� IRU� VWXGHQWV� WR� HQJDJH� LQ� DFWLYH�

OHDUQLQJ� DQG� RSSRUWXQLWLHV� WR� OHDUQ� QHZ� VRIW�

VNLOOV� VXFK� DV� FROODERUDWLRQ�� FRPPXQLFDWLRQ��

DQG� QHJRWLDWLRQ�� 6HH�� 5DVKLG�� 	� %DNDU� �������

VWDWHV� WKDW� FRPPXQLFDWLRQ�DQG� WHDPZRUN� VNLOOV�

DUH� VNLOOV� WKDW� FDQ� EH� WUDLQHG� WKURXJK� SURMHFW�

DFWLYLWLHV��+DUSHU��������FRQWLQXHG�WKDW�3M%/�KDV�

LPSRUWDQW� HOHPHQWV� WKDW� FDQ� WUDLQ� ��VW� FHQWXU\�

VNLOOV��RQH�RI�ZKLFK�LV�FRPPXQLFDWLRQ�VNLOOV�

7KH�¿QDO� VWDJH�RI� SURMHFW�EDVHG� OHDUQLQJ�

LV� HYDOXDWLQJ� SURMHFW� DFWLYLWLHV� WKDW� KDYH�

EHHQ� FDUULHG� RXW�� %DVHG� RQ� WKH� UHVXOWV� RI� WKH�

LQWHUYLHZ��LW�ZDV�IRXQG�WKDW�VWXGHQWV�IHOW�KDSS\�

DQG� PRWLYDWHG� LQ� PDNLQJ� WKH� SURMHFW� WKDW� KDG�

EHHQ� GRQH�� 6WXGHQWV� JHW�PRUH� QHZ� NQRZOHGJH�

DQG� VNLOOV� GXULQJ� SURMHFW� FRPSOHWLRQ� ZKLOH�

IHHOLQJ�FKDOOHQJHG�WR�FRPSOHWH�WKH�SURMHFW��7KLV�

LV� DV� VWDWHG� E\�6XPDUQL� ������� WKDW� RQH� RI� WKH�

DGYDQWDJHV� RI� XVLQJ�3M%/� LQ� OHDUQLQJ� LV� WKDW� LW�

FDQ�LQFUHDVH�VWXGHQW�PRWLYDWLRQ��&KLDQJ�	�/HH�

�������H[SODLQHG�WKDW�WKH�3M%/�PHWKRG�LV�DEOH�WR�

LQFUHDVH�VWXGHQW�OHDUQLQJ�PRWLYDWLRQ�UDWKHU�WKDQ�

WUDGLWLRQDO� OHDUQLQJ� PHWKRGV�� :KLOH� 6XSDUQR�

�������H[SODLQHG�WKDW�RQH�RI� WKH�FKDUDFWHULVWLFV�

�� FKDUDFWHULVWLFV� RI� WKH� SURMHFW� LV� WKH� WKHPH�

PXVW� FKDOOHQJH� VWXGHQWV� DQG� JHQHUDOO\� PDNH�

VRPHWKLQJ���SURGXFW�WKDW�LV�QRW�FRPPRQO\�GRQH��

$OWKRXJK� WKH�SURMHFW�PXVW�EH�FKDOOHQJLQJ�� LW� LV�

DOVR�UHTXLUHG�WKDW�LW�LV�QRW�WRR�GLI¿FXOW�EHFDXVH�LW�

ZLOO�KDYH�DQ�LPSDFW�RQ�WKH�WLPH�DQG�RXWFRPH�RI�

WKH�SURMHFW�FRPSOHWLRQ�

(YDOXDWLRQ�GXULQJ�SURMHFW�OHDUQLQJ��DPRQJ�

RWKHUV��LV��ODFN�RI�WLPH�IRU�SURMHFW�FRPSOHWLRQ�VR�

WKDW� WKH� WLPH� IRU� FRQFHSWXDOL]DWLRQ� LV� OHVV� WKDQ�

RSWLPDO�� *UDQW� ������� VWDWHV� WKDW� RQH� RI� WKH�

GLVDGYDQWDJHV�RI�3M%/�LV�WKDW�LW�WDNHV�D�ORQJ�WLPH�

WR� VROYH� D� FRPSOH[� SUREOHP�� 7KLV� UHVXOWV� LQ� D�

ODFN�RI� WLPH�WR�H[SODLQ�VRPH�PDWHULDO� ��FRQWHQW�

IRU� FRQFHSWXDOL]DWLRQ�� ,Q� DGGLWLRQ�� WKH� KDELW� RI�

VWXGHQWV�RQO\�DFFHSWLQJ�PDWHULDO�GXULQJ�OHFWXUHV�

LQGLUHFWO\� LQÀXHQFHV� WKH� ZD\� VWXGHQWV� WKLQN��

5R]LTLQ��/HVPRQR��	�%DFKWLDU��������H[SODLQHG�

VHYHUDO� REVWDFOHV� LQ� SURMHFW�EDVHG� OHDUQLQJ��

QDPHO\�VWXGHQWV�VWLOO�¿QG�LW�GLI¿FXOW�WR�ZRUN�RQ�

SURMHFW� DFWLYLWLHV� EHFDXVH� WKH\� DUH� DFFXVWRPHG�

WR�RQO\�UHFHLYLQJ� LQIRUPDWLRQ�GLUHFWO\� IURP�WKH�

WHDFKHU�

%DVHG� RQ� REVHUYDWLRQV�� VWXGHQWV� ¿QG� LW�

GLI¿FXOW� WR� FRPSOHWH� WKH� SUDFWLFXP� UHSRUW�ZLWK�

D� GXUDWLRQ�RI� ��ZHHN��7KLV� LV� EHFDXVH� VWXGHQWV�

DUH� QRW� XVHG� WR� PDNLQJ� UHSRUWV� LQ� DFFRUGDQFH�

ZLWK�WKH�IRUPDW�RI�VFLHQWL¿F�ZRUN��)XUWKHUPRUH��

PDNLQJ� WKH� LQGHSHQGHQW� DQG� ERXQG� YDULDEOHV�

VWLOO� GLI¿FXOW� IRU� VWXGHQWV� VR� WKDW� WKH� LPSDFW� RI�

WKLV� LV� WKHLU� GLI¿FXOW\� LQ� PDNLQJ� WKH� SURMHFW��

7KHUHIRUH��LW�LV�QHFHVVDU\�WR�IDPLOLDUL]H�VWXGHQWV�

WR� DOZD\V� ZULWH� REVHUYDWLRQV� LQWR� VFLHQWL¿F�

UHSRUWV�VR�WKDW�WKH\�DUH�DFFXVWRPHG�WR�ZULWLQJ�D�

VFLHQWL¿F�ZRUN��,Q�DGGLWLRQ��ZKHQ�VWXGHQWV�RIWHQ�

FRQGXFW� GLVFRYHU\� DFWLYLWLHV�� VWXGHQWV� ZLOO� EH�

DFFXVWRPHG� WR�DQDO\]LQJ� LQGHSHQGHQW�YDULDEOHV�

DQG�GHSHQGHQW�YDULDEOHV�RU�RWKHU�YDULDEOHV�
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CONCLUSION

%DVHG�RQ�WKH�UHVXOWV�RI�WKH�DQDO\VLV��LW�FDQ�

EH�FRQFOXGHG�WKDW�����SURMHFW�EDVHG�OHDUQLQJ�RQ�

ZDYH�PDWHULDO�DQG�RSWLFDO� WRROV�DIIHFW�VWXGHQWV¶�

VFLHQWL¿F� OLWHUDF\� DQG� FUHDWLYH� WKLQNLQJ� VNLOOV�

ZLWK� D� VLJQL¿FDQFH� YDOXH� RI� ������ DQG� �������

��� WKH� LPSURYHPHQW� RI� VFLHQWL¿F� OLWHUDF\� VNLOOV�

VKRZV�D�PHGLXP�FDWHJRU\�ZLWK�DQ�DYHUDJH�YDOXH�

RI� 1�*DLQ� ����� ZKLOH� DQ� LQFUHDVH� LQ� VWXGHQWV¶�

FUHDWLYH� WKLQNLQJ� DELOLW\� VKRZV� D� ORZ� FDWHJRU\�

ZLWK� DQ� DYHUDJH� 1�*DLQ� VFRUH� RI� ������ ���

XQGHUVWDQGLQJ� DVSHFWV� RI� LQTXLU\� PHWKRGV� WKDW�

OHDG�WR�VFLHQWL¿F�NQRZOHGJH�RI�VFLHQWL¿F�OLWHUDF\�

DELOLWLHV�DQG�DVSHFWV�RI�RULJLQDOLW\�LQ�WKH�DELOLW\�WR�

WKLQN�FUHDWLYHO\�QHHG�WR�EH�GHYHORSHG��,Q�DGGLWLRQ�

WR�XVLQJ�WKH�3M%/�PRGHO��VFLHQWL¿F�OLWHUDF\�DQG�

FUHDWLYH� WKLQNLQJ� VNLOOV� FDQ� EH�PHDVXUHG� XVLQJ�

WKH� 67(0� �6FLHQFH�� 7HFKQRORJ\�� (QJLQHHULQJ��

DQG�0DWKHPDWLFV��DSSURDFK�
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