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�
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7KHUHVH�.HDQH� � ��
6ZLQEXUQH�8QLYHUVLW\�RI�7HFKQRORJ\��
��
�

7KLV�VWXG\�H[DPLQHV�IHHGEDFN�IURP�VWXGHQWV�DERXW�WKH�XVH�RI�7DEOHW�3&�WHFKQRORJ\�LQ�PDWHULDO�VFLHQFH�
OHFWXUHV�WR�KHOS�XV�XQGHUVWDQG�KRZ�VWXGHQWV�XVH�DYDLODEOH�OHDUQLQJ�UHVRXUFHV�DQG�WR�LQIRUP�WKH�FUHDWLRQ�RI�
IXWXUH�PDWHULDOV��6WXGHQWV�FRPPHQWHG�RQ�WKHLU�SUHIHUHQFHV�IRU�EHLQJ�JLYHQ�IXOO�QRWHV�RU�SDUWLDO�QRWHV�
ZKLFK�ZHUH�DQQRWDWHG�GXULQJ�WKH�OHFWXUHV�DQG�DOVR�RQ�KRZ�WKH\�XVHG�QRWHV�DQG�UHFRUGLQJV�LQ�WKHLU�
OHDUQLQJ��6WXGHQWV�SUHVHQWHG�FRQIOLFWLQJ�YLHZV�RQ�ZKLFK�VW\OH�RI�QRWH�WDNLQJ�WKH\�SUHIHUUHG�ZLWK�D�YDULHG�
UDQJH�RI�UHDVRQV�IRU�WKHLU�SUHIHUHQFHV��)HHGEDFN�LQGLFDWHG�WKDW�VWXGHQWV�SHUFHLYH�WKDW�OLYH�OHFWXUHV�DUH�
LPSRUWDQW�DQG�WKDW�WKH�GLVWULEXWLRQ�RI�FRPSOHWH�QRWHV�DQG�UHFRUGLQJV�ZHUH�XVHIXO�DV�UHYLVLRQ�DLGV�DQG�LI�
PLVVLQJ�D�OHFWXUH�ZDV�XQDYRLGDEOH��6XJJHVWLRQV�ZHUH�PDGH�WKDW�WKH�WHFKQRORJ\�FRXOG�DOVR�EH�XVHG�WR�
SURGXFH�SRGFDVWV�RI�NH\�SRLQWV�DQG�YLGHRV�RI�GHPRQVWUDWLRQV�SHUIRUPHG�LQ�OHFWXUHV���
�
.H\ZRUGV��$QQRWDWHG�QRWHV��DV\QFKURQRXV��OHDUQLQJ�PDQDJHPHQW�V\VWHP��7DEOHW�3&��SHUFHSWLRQV�
�

�
,QWURGXFWLRQ�
�
7KLV�VWXG\�H[SORUHV�WKH�HIIHFWLYH�XVH�RI�WHFKQRORJ\�XVLQJ�D�WDEOHW�FRPSXWHU�ZLWK�D�GLJLWDO�VW\OXV�LQ�D�ODUJH��
FRPSXOVRU\��ILUVW�\HDU�HQJLQHHULQJ�VXEMHFW�0DWHULDOV�DQG�3URFHVVHV��7KH�SURMHFW�DLPHG�WR�µXQGHUVWDQG�RXU�
SUHVHQW¶�E\�HYDOXDWLQJ�WKH�VWXGHQW¶V�SHUFHSWLRQV�RI�WKHLU�OHDUQLQJ�HQYLURQPHQW�DQG�WKHLU�SUHIHUUHG�GHOLYHU\�PRGH��
DQG��VSHFLILFDOO\��WR�HYDOXDWH�WKH�HIIHFWLYHQHVV�RI�HOHFWURQLF�KDQGZULWLQJ��H�LQNLQJ��IURP�WKH�OHDUQLQJ�DQG�
WHDFKLQJ�SHUVSHFWLYH��7KLV�VWXG\�ZDV�FRQGXFWHG�LQ�FRQMXQFWLRQ�ZLWK�D�IDFXOW\�ZLGH�SURJUDP�ZKHUH�7DEOHW�3&V�
DQG�VXSSRUW�ZHUH�JLYHQ�WR�OHFWXUHUV�WR�LQFUHDVH�LQWHUDFWLYLW\�LQ�WKH�OHFWXUH�HQYLURQPHQW���
�
7DEOHW�3&�WHFKQRORJ\��ZKLFK�DOORZV�KDQGZULWWHQ�DQQRWDWLRQV�WR�EH�SURMHFWHG�DQG�VDYHG��LV�QR�ORQJHU�QRYHO�DQG�
KDV�EHHQ�LPSOHPHQWHG�LQ�D�YDULHW\�RI�ZD\V�LQ�KLJKHU�HGXFDWLRQ�WHDFKLQJ���7DEOHW�3&V�KDYH�EHHQ�VKRZQ�WR�
LPSURYH�WKH�LQVWUXFWRU�OHDUQHU�GLDORJXH�LQ�SURMHFWHG�SUHVHQWDWLRQV�ZLWK�DVVRFLDWHG�QRWH�WDNLQJ��&ROZHOO��������
DQG�DUH�SDUW�RI�WKH�WHFKQRORJ\�ULFK�OHDUQLQJ�HQYLURQPHQWV��*DOOLJDQ��/RFK��0F'RQDOG��	�7D\ORU��������*DUULFN��
9LOODVPLO��'HOO��	�+DUW����������
�
0DQ\�FXUUHQW�XQLYHUVLW\�VWXGHQWV�EHORQJ�WR�WKH�1HW�*HQHUDWLRQ��-XGG�	�.HQQHG\��������.HQQHG\�HW�DO����������
$W�WKH�8QLYHUVLW\�ZKHUH�WKLV�VWXG\�ZDV�FRQGXFWHG��WKH�PDMRULW\�RI�ILUVW�\HDU�VWXGHQWV��a������DUH�SDUW�RI�WKH�1HW�
*HQHUDWLRQ��7KH\�KDYH�EHHQ�EURXJKW�XS�LQ�D�ZRUOG�ZKHUH�LQIRUPDWLRQ�WHFKQRORJ\�LV�LQWHJUDWHG�LQWR�WKHLU�
OLIHVW\OH��7KHLU�XVH�DQG�IDPLOLDULW\�ZLWK�D�YDULHW\�RI�LQIRUPDWLRQ�WHFKQRORJ\�FRPPXQLFDWLRQ�GHYLFHV�KDV�
QHFHVVLWDWHG�WKH�GHOLYHU\�RI�LQVWUXFWLRQDO�PDWHULDO�DW�WHUWLDU\�OHYHO�WR�EH�FRPPHQVXUDWH�ZLWK�WKH�VWXGHQW¶V�RZQ�
SRUWDEOH�HOHFWURQLF�GHYLFHV��+DPLOWRQ�	�7HH��������6NHQH��&OXHWW��	�+RJDQ����������
�
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$�/HDUQLQJ�0DQDJHPHQW�6\VWHP��/06��ZDV�XVHG�IRU�DV\QFKURQRXV�GHOLYHU\�RI�ERWK�WKH�WHDFKLQJ�PDWHULDO�DQG�
UHFRUGLQJV�RI�WKH�OHFWXUH�SURFHVV��7KLV�UHVXOWHG�LQ�D�EOHQGHG�OHDUQLQJ�SURJUDP�WR�H[WHQG�WKH�FODVVURRP�
H[SHULHQFH�LQWR�D�PXOWLPHGLD�HQYLURQPHQW���
�
6WXGHQWV�YDU\�VLJQLILFDQWO\�LQ�WKHLU�DSSURDFKHV�WR�VWXG\LQJ�DQG�OHDUQLQJ�DQG�HYHQ�KDYH�GLIIHUHQW�SHUFHSWLRQV�RI�
KRZ�WR�DSSURDFK�WKH�VDPH�FRXUVH��)HOGHU�	�6LOYHUPDQ���������,W�KDV�EHHQ�VXJJHVWHG�WKDW�OHFWXUHUV�WDNH�LQWR�
DFFRXQW�VWXGHQWV¶�SUHYLRXV�H[SHULHQFHV�LQ�WKH�DFDGHPLF�HQYLURQPHQW�WR�GHWHUPLQH�DQG�LPSOHPHQW�DSSURSULDWH�
VXEMHFW�GHOLYHU\�PHWKRGV��3URVVHU�	�7ULJZHOO��������7ULJZHOO��3URVVHU��	�:DWHUKRXVH�����������
�
%HLQJ�H[SRVHG�WR�PRGHUQ�FRPSXWHU�EDVHG�WHFKQRORJ\��ZLWK�D�7DEOHW�3&��/06�DQG�UHFRUGLQJV�IRU�DV\QFKURQRXV�
OHDUQLQJ�LQ�WKH�XQLYHUVLW\�HQYLURQPHQW��LV�QHZ�WR�PDQ\�RI�WKH�VWXGHQW�FRKRUW���%OLFEODX�	�3RFNQHH��������%URGLH�
	�/RFK�����������
�
7KH�TXDOLW\�RI�VWXGHQW�QRWH�WDNLQJ�LV�GHSHQGHQW�RQ�WKHLU�HQJDJHPHQW�DQG�LW�KDV�EHHQ�REVHUYHG�WKDW��LQ�VFLHQFH�
FODVVHV��PDQ\�VWXGHQWV�DUH�QRW�HIIHFWLYH�QRWH�WDNHUV��3��+��&KHQ��������3HSHU�	�0D\HU����������7R�DPHOLRUDWH�
WKH�HIIHFW�RI�LQHIIHFWLYH�QRWH�WDNLQJ��D�QXPEHU�RI�PDWHULDO�GHOLYHU\�PHWKRGV�KDYH�EHHQ�VXJJHVWHG��LQFOXGLQJ�SUH�
FODVV�IXOO�QRWHV��-��&KHQ�	�/LQ���������SUH�FODVV�SDUWLDO�RU�³JDS´�QRWHV��SRVW�FODVV�IXOO�QRWHV�DQG�UHFRUGHG�FODVVHV�
ZLWK�D�YDULHW\�RI�QRWHV���&RUQHOLXV�	�2ZHQ�'H6FKU\YHU��������.LQFKLQ��������0DUVK�	�6LQN���������7KH�
RXWFRPHV�IURP�WKHVH�VWXGLHV�VXJJHVWHG�WKDW�VWXGHQWV�UHFHLYLQJ�SDUWLDO�QRWHV�SHUIRUPHG�EHWWHU�RQ�H[DPLQDWLRQV�
ODWHU�LQ�WKH�VHPHVWHU�DQG�RQ�FRQFHSWXDO�TXHVWLRQV�GXULQJ�WKH�FXPXODWLYH�ILQDO�H[DPLQDWLRQ�WKDQ�VWXGHQWV�
UHFHLYLQJ�IXOO�QRWHV��7KH�EHQHILWV�RI�OHDUQLQJ�ZLWK�SDUWLDO�QRWHV�RQ�LPSURYLQJ�VWXGHQW�RXWFRPHV�KDYH�EHHQ�
HTXLYRFDO��7KLV�SDSHU�GRHV�QRW�VFUXWLQL]H�RXWFRPHV�LQ�WHUPV�RI�H[DPLQDWLRQ�UHVXOWV��EXW�LQVWHDG�IRFXVVHV�RQ�WKH�
VWXGHQWV¶�SHUFHSWLRQV�RI�WKH�WHFKQRORJ\��WKHLU�SUHIHUHQFHV�LQ�KRZ�LQIRUPDWLRQ�LV�GLVVHPLQDWHG�DQG�KRZ�WKH\�XVH�
WKH�GLIIHUHQW�WHDFKLQJ�PDWHULDOV�SURGXFHG�LQ�WKHLU�OHDUQLQJ���
�
�
5HVHDUFK�0HWKRGV�
�
0DWHULDOV�DQG�3URFHVVHV�LV�D����ZHHN�VXEMHFW�UXQ�DFURVV�DQ�DFDGHPLF�VHPHVWHU�E\�WZR�OHFWXUHUV�WKDW�WHDP�WHDFK��
6LPRQ�DQG�-RQ�HDFK�WDNH���OHFWXUHV��DQG�HPSOR\HG�WKH�VDPH�7DEOHW�3&�WHFKQRORJ\�DQG�SURYLGHG�VWXGHQWV�ZLWK�
QRWHV�XVLQJ�3RZHU3RLQW��-RQ�SURYLGHG�VWXGHQWV�ZLWK�D�IXOO�VHW�RI�QRWHV��KRZHYHU�6LPRQ�SURYLGHG�WKH�VWXGHQWV�
ZLWK�SDUWLDO�QRWHV��ZKLFK�KH�ILOOHG�ZLWK�H�LQN��DQQRWDWLQJ�RQ�D�7DEOHW�3&�ZLWK�D�GLJLWDO�VW\OXV��DV�WKH�OHFWXUH�
SURJUHVVHG��$W�WKH�HQG�RI�WKH�OHFWXUH��6LPRQ�SURYLGHG�VWXGHQWV�ZLWK�D�IXOO�VHW�RI�DQQRWDWHG�QRWHV�IURP�WKH�
OHFWXUHU�DQG�SODFHG�WKH�ILOH�RQ�WKH�/06�IRU�GLVVHPLQDWLRQ��
�
$W�WKH�HQG�RI�WKH�VHPHVWHU��DQG�SULRU�WR�H[DPV��DOO�VWXGHQWV�HQUROOHG�LQ�WKLV�VXEMHFW�LQ�ERWK�6HPHVWHUV���DQG���
ZHUH�DVNHG�WR�YROXQWDULO\�FRPSOHWH�DQ�DQRQ\PRXV�SDSHU�EDVHG�TXHVWLRQQDLUH�ZKLFK�KDG�EHHQ�DSSURYHG�E\�WKH�
8QLYHUVLW\�HWKLFV�FRPPLWWHH��$�TXDQWLWDWLYH�PHWKRGRORJ\�ZDV�HPSOR\HG�FRPSULVLQJ�RI�D�TXHVWLRQQDLUH�ZLWK����
TXHVWLRQV�DQG�RSSRUWXQLWLHV�IRU�SDUWLFLSDQWV�WR�SURYLGH�TXDOLWDWLYH�UHVSRQVHV��7KLV�LQVWUXPHQW�FRQWDLQHG�PXOWLSOH�
FKRLFH�DQG�RSHQ�HQGHG�TXHVWLRQV���$V�WKH�XQLW�ZDV�UHSHDWHG�LQ�ERWK�VHPHVWHUV��WKH�TXHVWLRQQDLUH�ZDV�GLVWULEXWHG�
WR�WZR�GLIIHUHQW�FRKRUWV�RI�VWXGHQWV��3DUWLFLSDQWV�ZHUH�DVVXUHG�WKDW�WKH�UHVXOWV�RI�WKH�VWXG\�ZRXOG�EH�VROHO\�XVHG�
IRU�UHVHDUFK�SXUSRVHV�WR�LPSURYH�WKH�WHDFKLQJ�DQG�OHDUQLQJ�PHWKRGRORJ\��DQG�ZRXOG�KDYH�QR�HIIHFW�RQ�WKHLU�
FXUUHQW�RU�ILQDO�UHVXOWV�DFFRUGLQJ�WR�HWKLFV�DSSURYDO���
�
,Q�WRWDO������VWXGHQWV�SDUWLFLSDWHG�DQG�FRPSOHWHG�WKH�TXHVWLRQQDLUH��7KLV�GDWD�ZDV�FRPELQHG�IURP�VHPHVWHU�RQH�
�Q ����DQG�VHPHVWHU�WZR��Q �����,Q�VHPHVWHU����WKHUH�ZDV�D�KLJKHU�SDUWLFLSDWLRQ�UDWH�������WKDQ�LQ�WKH�VHFRQG�
VHPHVWHU��������7KLV�FDQ�EH�FRQWULEXWHG�WR�UHVHDUFK�IDWLJXH�H[SHULHQFHG�E\�VWXGHQWV�ZKR�KDYH�EHHQ�RYHU�
FRPPLWWHG��&ODUN��������6FKXK���������7KH�DQDO\VLV�ZDV�JXLGHG�E\�WKH�IROORZLQJ�RYHUDUFKLQJ�UHVHDUFK�WKHPHV�
WKDW�HPHUJHG�RXW�RI�WKH�LVVXHV�SUHVHQWHG�LQ�WKH�LQWURGXFWLRQ��
�

x� 6WXGHQW�SHUFHSWLRQV�RI�WKH�VXEMHFW�GHOLYHU\�HPSOR\LQJ�D�7DEOHW�3&�DV�DQ�HQJDJHPHQW�WRRO�LQ�WKH�
OHDUQLQJ�RI�OHFWXUH�PDWHULDO�
�

x� 7KH�SHUFHSWLRQV�RI�VWXGHQWV�LQ�WKH�XVH�RI�SDUWLDO�DQQRWDWHG�QRWHV�DV�DQ�DLG�WR�OHDUQLQJ�FRPSDUHG�WR�IXOO�
VHW�RI�QRWHV��

�
x� 6WXGHQW�SHUFHSWLRQV�RI�WKH�EHQHILWV�RI�DFFHVVLQJ�FRPSOHWH�OHFWXUHV�DV\QFKURQRXVO\�DV�DQ�DLG�WR�OHDUQLQJ�����

�
7KH�UHVHDUFK�WHDP�PHW�UHJXODUO\�DQG�GLVFXVVHG�WKH�DQDO\VLV�RI�GDWD�VHYHUDO�WLPHV�WR�HQVXUH�LQWHUQDO�YDOLGLW\�RI�
WKH�SURFHVV�DQG�DJUHHPHQW�DERXW�WKH�LQWHUSUHWDWLRQ��(QWULHV�WR�VXUYH\�WLFN�GDWD�ZHUH�FRPSLOHG�WR�SURYLGH�
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TXDQWLWDWLYH�GDWD��)UHH�WH[W�HQWULHV�ZHUH�UHDG�UHSHDWHGO\�WR�HQDEOH�WKH�FRGLQJ�DQG�FDWHJRULVDWLRQ�RI�UHVSRQVHV��
WKHQ�FRXQWHG�WR�HQDEOH�TXDQWLWDWLYH�FRPSDULVRQV��7KLV�TXDOLWDWLYH�GDWD�DQDO\VLV�PHWKRG�ZDV�LQIRUPHG�E\�WKH�
ZRUN�RI�%R\DW]LV��������DQG�%RJGDQ�DQG�%LFNOHQ���������
��
�
5HVXOWV�DQG�'LVFXVVLRQ�
�
$IWHU�WKH�HQG�RI�WKH�OHFWXUHV�DOO�DQQRWDWHG�VOLGHV�DV�SGI�QRWHV�ZHUH�XSORDGHG�WR�WKH�/06�IRU�6LPRQ¶V�VHFWLRQ�RI�
WKH�FRXUVH�ZKHUHDV�-RQ¶V�FRPSOHWH�QRWHV�ZHUH�DOUHDG\�DYDLODEOH�RQ�WKH�/06��6WXGHQWV�ZHUH�DVNHG�LI�DQQRWDWLRQV�
ZHUH�EHLQJ�PDGH�DYDLODEOH�WR�WKHP�DIWHU�FODVV��RI�ZKLFK�������SHU�FHQW�VDLG�\HV��ZKLOH�WKH�UHPDLQLQJ������ZHUH�
XQDZDUH�RI�WKLV�OHDUQLQJ�UHVRXUFH��6WXGHQWV�ZKR�FRPPHQWHG�RQ�KRZ�WKH\�XVHG�WKH�DQQRWDWHG�QRWHV��Q ����VWDWHG�
WKH\�PRVWO\�XVHG�WKHP�IRU�UHYLVLRQ�RU�LI�WKH\�KDG�PLVVHG�D�OHFWXUH��)LJXUH������
�
/HFWRSLD�LV�D�OHFWXUH�FDSWXUH�DQG�GHOLYHU\�V\VWHP�ZKLFK�UHFRUGV�SUHVHQWDWLRQ�VOLGHV��OHFWXUHU�GHOLYHU\�DQG�DQ\�
VWXGHQW�DXGLR�LQWHUDFWLRQV��/HFWRSLD�UHFRUGLQJV�RI�WKH�OHFWXUHV�ZHUH�DOVR�PDGH�DYDLODEOH�WR�VWXGHQWV�XVLQJ�WKH�
/06��ZLWK�����RI�VWXGHQWV�VXUYH\HG�KDYLQJ�XVHG�WKHP�LQ�VRPH�ZD\��7KHLU�FRPPHQWV�LQGLFDWHG�WKDW�WKH\�XVHG�
/HFWRSLD�UHFRUGLQJV�LQ�PXFK�WKH�VDPH�ZD\�WKH\�XVH�WKH�DQQRWDWHG�QRWHV��QDPHO\�WR�UHYLVH�DQG�FDWFK�XS�RQ�ZRUN�
IURP�PLVVHG�OHFWXUHV��7KH�NH\�GLIIHUHQFH�EHWZHHQ�KRZ�WKH�UHVRXUFHV�ZHUH�XVHG�LV�WKDW�UHFRUGLQJV�ZHUH�SULPDULO\�
YLHZHG�DV�D�PHDQV�RI�FDWFKLQJ�XS�RQ�PLVVHG�OHFWXUHV��ZKHUHDV�WKH�SURYLVLRQ�RI�DQQRWDWHG�QRWHV�ZDV�VHHQ�DV�D�
UHYLVLRQ�WRRO���
�
$Q�DGGLWLRQDO�DQG�XQH[SHFWHG�XVH�RI�WKH�UHFRUGLQJV�ZDV�WKDW�VWXGHQWV�XVHG�WKHP�WR�EHWWHU�YLHZ�JUDSKV�DQG�
GLDJUDPV�ZKLFK�ZHUH�QRW�FOHDU�ZKHQ�YLHZHG�RQ�WKH�VFUHHQ�DQG�PRVW�OLNHO\�WRR�VPDOO�ZKHQ�SULQWHG�LQ�WKH�QRWHV��
7KLV�VKRXOG�EH�FRQVLGHUHG�IXUWKHU�ZKHQ�LGHQWLI\LQJ�WRSLFV�IRU�SRWHQWLDO�SRGFDVWV��,W�PD\�EH�WKDW�VKRUW�YLGHRV�
H[SODLQLQJ�GLDJUDPV�ZKLFK�FDQ�EH�]RRPHG�LQ�RQ�FRXOG�EH�JUHDWO\�EHQHILFLDO�WR�VWXGHQWV�ZKR�VWUDLQ�WR�VHH�WKH�
VXEWOHWLHV�RI�D�SDUWLFXODU�FKDUW�GXULQJ�D�OHFWXUH���
�
�

�
)LJXUH����+RZ�VWXGHQWV�XVHG�DQQRWDWHG�QRWHV�DQG�/HFWRSLD�UHFRUGLQJV�LQ�WKHLU�OHDUQLQJ�

�
�
2QO\�D�YHU\�VPDOO�PLQRULW\������XVHG�WKH�UHFRUGLQJV�DV�D�VXEVWLWXWH�IRU�OHFWXUH�DWWHQGDQFH��2QH�VWXGHQW�
H[SOLFLWO\�VWDWHG�³,�RQO\�XVH�WKHP�ZKHQ�,�DP�XQDEOH�WR�DWWHQG��7KHUH�LV�QR�VXEVWLWXWH�WR�DFWXDOO\�JRLQJ�´�(YHQ�
ZLWK�WKH�DYDLODELOLW\�RI�UHFRUGLQJV��DWWHQGDQFH�DW�WKH�OHFWXUHV�ZDV�SUHIHUDEOH��9LHZLQJ�UHFRUGLQJV�SURYLGHG�
VWXGHQWV�ZLWK�WKH�DELOLW\�WR�ILW�WKHLU�OHDUQLQJ�DURXQG�WKHLU�RZQ�VFKHGXOH��³7KHUH�LV�D������OHFWXUH�RQ�)ULGD\V�P\�
RQO\�FODVV�RQ�D�)ULGD\��,�ZDWFK�WKH�OHFWXUH�DW�KRPH�UDWKHU�WKDQ�JRLQJ�´�7KHVH�FRPPHQWV�HPSKDVLVH�WKDW�VWXGHQWV�
YDOXH�DWWHQGLQJ�OHFWXUHV��EXW�XVH�UHFRUGLQJV�WR�VXSSOHPHQW�WKHLU�OHDUQLQJ����
�
$FFHVVLQJ�WKH�UHFRUGLQJV�DQG�QRWHV�WKURXJK�WKH�/06�DOORZHG�VWXGHQWV�WR�VWXG\�RII�FDPSXV�DQG�DW�D�WLPH�ZKLFK�
VXLWV�WKHP��DV\QFKURQRXVO\���ZLWK�VWXGHQWV�FRPPHQWLQJ�WKDW�WKH\�DFFHVV�WKH�QRWHV�WR�³UHDG�RQ�WUDLQ´�RU�
GRZQORDG�WKH�UHFRUGLQJV�DQG�³UHDG�RQ�SKRQH��WDNH�WR�ZRUN´��7KLV�SRUWDELOLW\�DQG�IOH[LELOLW\�RI�OHDUQLQJ�UHVRXUFHV�
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LV�DQ�LPSRUWDQW�DGGLWLRQ�WR�WKH�WUDGLWLRQDO�OHFWXUH�ZLWK�RQOLQH�OHDUQLQJ�PDWHULDOV�PDNLQJ�LW�SRVVLEOH�IRU�VWXGHQWV�WR�
WDNH�FRQWURO�RI�KRZ��ZKHQ�DQG�ZKHUH�WKH\�VWXG\��
���
6WXGHQWV�ZHUH�DVNHG�DERXW�WKHLU�SUHIHUHQFH�RI�DQQRWDWHG��SDUWLDO�OHFWXUH�QRWHV��DV�FDQ�EH�VHHQ�LQ�)LJXUH����-XVW�
RYHU�����RI�VWXGHQWV�SUHIHUUHG�DQQRWDWHG�QRWHV�FRPSDUHG�WR�D�FRPSOHWH�VHW�RI�QRWHV���
�

�
�

)LJXUH����6WXGHQW�SUHIHUHQFHV�IRU�DQQRWDWHG�RU�FRPSOHWH�QRWHV�
�
�
7KHUH�ZHUH�PDQ\�UHDVRQV�IRU�GLIIHUHQW�SUHIHUHQFHV�IRU�D�SDUWLFXODU�VW\OH�RI�QRWH�JLYLQJ�DV�FDQ�EH�EHHQ�VHHQ�LQ�
)LJXUH����2I�WKH�VWXGHQW�FRKRUW�WKDW�UHVSRQGHG������IRXQG�WKDW�DQQRWDWHG�QRWHV�DOORZHG�WKHP�WR�FRQFHQWUDWH�
PRUH�HDVLO\������VWDWHG�WKDW�OHFWXUHV�ZHUH�PRUH�LQWHUDFWLYH�DQG�HQJDJLQJ�ZKHQ�VOLGHV�ZHUH�DQQRWDWHG�GXULQJ�
OHFWXUHV�DQG�����VWDWHG�WKDW�WKH\�OHDUQW�EHWWHU�DQG�WKLV�VW\OH�RI�OHDUQLQJ�GLUHFWHG�WKHP�WR�LPSRUWDQW�SRLQWV��$�
VWXGHQW�ZKR�ZDV�FOHDUO\�LQ�IDYRXU�RI�DQQRWDWHG�QRWHV�VWDWHG�³XVXDOO\�WKH�DQQRWDWLRQ�KDOI�LV�WKH�PRVW�FULWLFDO�RI�
WKH�QRWHV�´�DQG�WKLV�ZDV�VXSSRUWHG�E\�DQRWKHU�VWXGHQW��³,�OLNH�DQQRWDWLRQV�RI�WKH�OHFWXUH�EHFDXVH�LW�PDGH�\RX�
SDUWLFLSDWH��UHDG�DQG�DFWXDOO\�OHDUQ´��+RZHYHU��VRPH�VWXGHQWV�UHDOLVHG�WKH�OLPLWDWLRQV�RI�WKH�XVH�RI�WKLV�VW\OH�RI�
OHFWXULQJ�DQG�FULWLFLVHG�WKLV�DSSURDFK��³DQQRWDWLRQV�NHHSV�\RX�IRFXVVHG�EXW�VRPHWLPHV�PRYHV�WRR�TXLFNO\�DQG�,�
GRQ¶W�KDYH�WLPH�WR�FRS\´��7KH�PDMRULW\�RI�WKRVH�ZKR�SUHIHUUHG�DQQRWDWHG�QRWHV�GLG�VR�EHFDXVH�LW�NHSW�WKHP�
DFWLYH�GXULQJ�WKH�OHFWXUH�PDNLQJ�LW�HDVLHU�WR�VWD\�IRFXVHG�RQ�ZKDW�ZDV�EHLQJ�VDLG�DQG�XOWLPDWHO\�KHOSLQJ�WKHP�WR�
OHDUQ�EHWWHU��
�

�

�� �
�

)LJXUH����5HDVRQV�JLYHQ�E\�VWXGHQWV�IRU�WKHLU�SUHIHUHQFH�RI�OHFWXUH�KDQGRXWV��
�
2I�WKH�VWXGHQWV�ZKR�SUHIHUUHG�EHLQJ�JLYHQ�FRPSOHWH�QRWHV������EHOLHYHG�WKH\�FRXOG�QRW�NHHS�XS�ZLWK�WKH�
OHFWXUHU��KDYLQJ�LQVXIILFLHQW�WLPH�WR�ZULWH�HYHU\�GHWDLO�GRZQ��7KLV�ZDV�QRWHG�E\�D�VWXGHQW�ZKR�VDLG�³VRPH�
VOLGHV�DUH�JRQH�WKURXJK�WRR�TXLFNO\�WR�ILQLVK�DQQRWDWLRQV�DV�ZHOO�DV�WDNH�LQ�LQIRUPDWLRQ�´�6WXGHQWV�DOVR�
SHUFHLYHG�WKDW�FRPSOHWH�QRWHV�FRQWDLQHG�PRUH�LQIRUPDWLRQ�DQG�SUHYHQWHG�WKHP�PLVVLQJ�DQ\WKLQJ�GXULQJ�
WKH�OHFWXUH��2QH�VWXGHQW�VWDWHG�WKDW�WKH�SUHIHUHQFH�ZDV�IRU�IXOO�QRWHV�³EHFDXVH�WKHQ�\RX�GRQ
W�PLVV�DQ\�
HVVHQWLDO�LQIRUPDWLRQ�´�6RPH�VWXGHQWV�DOVR�EHQHILWWHG�IURP�EHLQJ�DEOH�WR�DFFHVV�WKH�FRPSOHWH�QRWHV�EHIRUH�
WKH�OHFWXUH�DQG�QRW�MXVW�KDYLQJ�WKH�DQQRWDWHG�YHUVLRQ�DYDLODEOH�DIWHUZDUGV�DV�VWXGHQWV�XVHG�WKH�QRWHV�WR�
³UHDG�DKHDG�DQG�ORRN�EDFN�DV�ZHOO�´�$QRWKHU�VWXGHQW�PHQWLRQHG�WKDW�FRPSOHWH�OHFWXUH�QRWHV�DOORZ�\RX�WR�
³IRFXV�PRUH�RQ�ZKDW
V�EHLQJ�VDLG�LQVWHDG�RI�ZULWLQJ�WKLQJV�GRZQ�´�7KH�PDMRULW\�RI�WKRVH�ZKR�SUHIHUUHG�
FRPSOHWHG�QRWHV�GLG�VR�EHFDXVH�RI�WKH�IHDU�RI�PLVVLQJ�RXW��
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)XWXUHV�
�
,Q�DGGLWLRQ�WR�UHFRUGLQJ�RI�OHFWXUHV��VWXGHQWV�ZHUH�DVNHG�WR�FRPPHQW�RQ�RWKHU�SRWHQWLDO�XVHV�RI�WKH�7DEOHW�3&�
WHFKQRORJ\�LQ�WKH�WHDFKLQJ�RI�0DWHULDOV�DQG�3URFHVVHV��YL]��

x� 3RGFDVWV�RI�NH\�FRQFHSWV�
x� /LQNV�WR�YLGHRV�RI�WKHRU\�EHLQJ�DSSOLHG�LQ�UHDO�OLIH�
x� 9LGHRV�RI�WXWRULDO�TXHVWLRQV�
x� 5HFRUGLQJ�RI�GHPRV�SURSV�XVHG�LQ�OHFWXUHV�

�
6WXGHQWV�VXJJHVWHG�WKDW�UHFRUGLQJ�WHFKQRORJ\�FRXOG�DOVR�EH�XVHG�WR�SURGXFH�SRGFDVWV�RI�SURS�GHPRQVWUDWLRQV�
SHUIRUPHG�LQ�OHFWXUHV�DV�DFWLYH�GHPRQVWUDWLRQV�DUH�D�VXEVWDQWLDO�DQG�SRSXODU�SDUW�RI�WKLV�SDUWLFXODU�OHFWXUH�FRXUVH��
7KHVH�GHPRQVWUDWLRQV�DUH�QRW�FXUUHQWO\�FDSWXUHG�E\�/HFWRSLD�RU�RWKHU�VFUHHQ�UHFRUGLQJ�VRIWZDUH��H�J��&DPWDVLD���
,W�LV�ZRUWK�QRWLQJ�WKDW�WKHVH�VWXGHQWV�ZRXOG�KDYH�EHHQ�H[SRVHG�WR�VFUHHQ�FDVWV�WKURXJK�WKHLU�0DWKV�FRXUVH�
�0F/RXJKOLQ�	�/RFK���������,W�DSSHDUV�WKDW�WKH�VWXGHQWV�ILQG�WKHP�KHOSIXO�IRU�WKHLU�XQGHUVWDQGLQJ�DQG�PHPRU\��
DQG�ZLVK�WR�UH�ZDWFK�WKHP�ZKHQ�UHYLVLQJ�WKHLU�ZRUN��7KH�UHFRUGLQJ�RI�GHPRQVWUDWLRQV�DQG�WKHLU�LPSDFW�RQ�
OHDUQLQJ�LV�VRPHWKLQJ�WR�EH�LQYHVWLJDWHG�LQ�IXWXUH�ZRUN���
�
&RQFOXGLQJ�5HPDUNV�
�
6WXGHQW�IHHGEDFN�LQGLFDWHG�WKDW�OLYH�OHFWXUHV�DUH�LPSRUWDQW�WR�WKHLU�OHDUQLQJ��7KH�GLVWULEXWLRQ�RI�FRPSOHWH�QRWHV�
DQG�UHFRUGLQJV�ZHUH�XVHIXO�LI�PLVVLQJ�D�OHFWXUH�DQG�DV�DQ�DLG�WR�UHYLVLRQ��7KH�SURFHVV�RI�DQQRWDWLQJ�SDUWLDO�QRWHV�
GXULQJ�D�OHFWXUH�ZDV�YLHZHG�DV�PDNLQJ�LW�HDVLHU�WR�FRQFHQWUDWH�RQ�WKH�OHFWXUH��DQG�HYHQ�PDNLQJ�LW�PRUH�HQJDJLQJ���
�
,Q�FRQFOXVLRQ�LW�DSSHDUV�IURP�WKLV�VWXG\�WKDW�WKH�XVH�RI�7DEOHW�3&V�IRU�DQQRWDWLQJ�VOLGHV�GXULQJ�D�OLYH�OHFWXUH�DQG�
PDNLQJ�WKH�DQQRWDWLRQV�DYDLODEOH�RQOLQH�LV�XVHIXO�IRU�VWXGHQWV��7KH\�XVH�WKH�DQQRWDWHG�QRWHV�WR�GRXEOH�FKHFN�
WKHLU�RZQ�QRWHV�DQG�IRU�UHYLVLRQ��5HFRUGLQJV�RI�WKH�OHFWXUHV�ZHUH�SULPDULO\�XVHG�WR�FDWFK�XS�RQ�PLVVHG�OHFWXUHV��
7KHVH�UHVRXUFHV�SURYLGH�VWXGHQWV�ZLWK�WKH�IOH[LELOLW\�WR�HQJDJH�LQ�OHDUQLQJ�DW�D�WLPH�WKDW�LV�FRQYHQLHQW�WR�WKHP�
DQG�WKH\�VXJJHVW�WKDW�PRUH�DUH�PDGH�DYDLODEOH�LQ�WKH�IXWXUH���
�
�
5HIHUHQFHV�
�
%OLFEODX��$��6���	�3RFNQHH��&����������$�PXOWL�PRGDO�DSSURDFK�WR�WHDFKLQJ�DQG�OHDUQLQJ��D�FDVH�VWXG\�RI�

WHDFKLQJ�PDWHULDOV�DQG�SURFHVV�HQJLQHHULQJ��3DSHU�SUHVHQWHG�DW�WKH�(QJLQHHULQJ�(GXFDWLRQ�IRU�D�6XVWDLQDEOH�
)XWXUH��3URFHHGLQJV�RI�WKH���WK�$QQXDO�&RQIHUHQFH�IRU�$XVWUDODVLDQ�$VVRFLDWLRQ�IRU�(QJLQHHULQJ�(GXFDWLRQ�
DQG��WK�$XVWUDODVLDQ�:RPHQ�LQ�(QJLQHHULQJ�)RUXP��

%RJGDQ��5���	�%LNOHQ��6��.����������4XDOLWDWLYH�UHVHDUFK�IRU�HGXFDWLRQ���DQ�LQWURGXFWLRQ�WR�WKHRU\�DQG�PHWKRGV�
��5REHUW�&��%RJGDQ��6DUL�.QRSS�%LNOHQ���WK�HG����%RVWRQ���3HDUVRQ�$OO\Q�DQG�%DFRQ�� 

%R\DW]LV��5��(����������7UDQVIRUPLQJ�TXDOLWDWLYH�LQIRUPDWLRQ���WKHPDWLF�DQDO\VLV�DQG�FRGH�GHYHORSPHQW��
7KRXVDQG�2DNV��&$��6DJH�3XEOLFDWLRQV��

%URGLH��/���	�/RFK��%����������$QQRWDWLRQV�ZLWK�D�7DEOHW�3&�RU�W\SHG�IHHGEDFN��GRHV�LW�PDNH�D�GLIIHUHQFH"�
3DSHU�SUHVHQWHG�DW�WKH�3URFHHGLQJV�RI�WKH���WK�$QQXDO�&RQIHUHQFH�IRU�WKH�$XVWUDODVLDQ�$VVRFLDWLRQ�IRU�
(QJLQHHULQJ�(GXFDWLRQ��$DH(��������

&KHQ��-���	�/LQ��7��)����������'RHV�GRZQORDGLQJ�3RZHU3RLQW�VOLGHV�EHIRUH�WKH�OHFWXUH�OHDG�WR�EHWWHU�VWXGHQW�
DFKLHYHPHQW"�,QWHUQDWLRQDO�5HYLHZ�RI�(FRQRPLF�(GXFDWLRQ�������������� 

&KHQ��3��+����������7KH�HIIHFWV�RI�FROOHJH�VWXGHQWV¶�LQ�FODVV�DQG�DIWHU�FODVV�OHFWXUH�QRWH�WDNLQJ�RQ�DFDGHPLF�
SHUIRUPDQFH��7KH�$VLD�3DFLILF�(GXFDWLRQ�5HVHDUFKHU�������https://doi.org/10.1007/s40299-012-0010-8 

&ODUN��7����������C:H
UH�2YHU�5HVHDUFKHG�+HUH�
��([SORULQJ�$FFRXQWV�RI�5HVHDUFK�)DWLJXH�ZLWKLQ�4XDOLWDWLYH�
5HVHDUFK�(QJDJHPHQWV��6RFLRORJ\������������������https://doi.org/10.1177/0038038508094573 

&ROZHOO��.��(����������3UHVHQWDWLRQ�WHFKQRORJ\��7HFK7UHQGV����������������https://doi.org/10.1007/BF02763354 
&RUQHOLXV��7��/���	�2ZHQ�'H6FKU\YHU��-����������'LIIHUHQWLDO�HIIHFWV�RI�IXOO�DQG�SDUWLDO�QRWHV�RQ�OHDUQLQJ�

RXWFRPHV�DQG�DWWHQGDQFH��7HDFKLQJ�RI�3V\FKRORJ\���������������https://doi.org/10.1080/00986280701818466 
)HOGHU��5��0���	�6LOYHUPDQ��/��.����������/HDUQLQJ�DQG�WHDFKLQJ�VW\OHV�LQ�HQJLQHHULQJ�HGXFDWLRQ��(QJLQHHULQJ�

HGXFDWLRQ������������������
*DOOLJDQ��/���/RFK��%���0F'RQDOG��&���	�7D\ORU��-��$����������7KH�XVH�RI�WDEOHW�DQG�UHODWHG�WHFKQRORJLHV�LQ�

PDWKHPDWLFV�WHDFKLQJ��$XVWUDOLDQ�6HQLRU�0DWKHPDWLFV�-RXUQDO���������������� 
*DUULFN��5���9LOODVPLO��/���'HOO��(���	�+DUW��5����������&UHDWLQJ�7HFKQRORJ\�5LFK�/HDUQLQJ�(QYLURQPHQWV�IRU�WKH�

&ODVVURRP��&XWWLQJ�HGJH�7HFKQRORJLHV�LQ�+LJKHU�(GXFDWLRQ������������� 
https://doi.org/10.1108/S2044-9968(2013)000006E012�

https://doi.org/10.1007/s40299-012-0010-8
https://doi.org/10.1177/0038038508094573
https://doi.org/10.1007/BF02763354
https://doi.org/10.1080/00986280701818466
https://doi.org/10.1108/S2044-9968
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+DPLOWRQ��-���	�7HH��6����������6PDUW�XWLOL]DWLRQ�RI�WHUWLDU\�LQVWUXFWLRQDO�PRGHV��&RPSXWHUV�	�(GXFDWLRQ���������
�����������https://doi.org/10.1016/j.compedu.2009.10.009

-XGG��7���	�.HQQHG\��*����������0HDVXUHPHQW�DQG�HYLGHQFH�RI�FRPSXWHU�EDVHG�WDVN�VZLWFKLQJ�DQG�PXOWLWDVNLQJ�
E\�µ1HW�*HQHUDWLRQ¶VWXGHQWV��&RPSXWHUV�	�(GXFDWLRQ������������������ 

.HQQHG\��*���'DOJDUQR��%���%HQQHWW��6���*UD\��.���:D\FRWW��-���-XGG��7���HW�DO����������(GXFDWLQJ�WKH�QHW�
JHQHUDWLRQ��$�KDQGERRN�RI�ILQGLQJV�IRU�SUDFWLFH�DQG�SROLF\��0HOERXUQH��9LFWRULD��8QLYHUVLW\�RI�0HOERXUQH�� 

.LQFKLQ��,����������'HYHORSLQJ�3RZHU3RLQW�KDQGRXWV�WR�VXSSRUW�PHDQLQJIXO�OHDUQLQJ��%ULWLVK�-RXUQDO�RI�
(GXFDWLRQDO�7HFKQRORJ\������������������https://doi.org/10.1111/j.1467-8535.2006.00536.x

0DUVK��(��-���	�6LQN��+��(����������$FFHVV�WR�KDQGRXWV�RI�SUHVHQWDWLRQ�VOLGHV�GXULQJ�OHFWXUH��&RQVHTXHQFHV�IRU�
OHDUQLQJ��$SSOLHG�&RJQLWLYH�3V\FKRORJ\������������������https://doi.org/10.1002/acp.1579 

0F/RXJKOLQ��&���	�/RFK��%����������(QJDJLQJ�VWXGHQWV�LQ�FRJQLWLYH�DQG�PHWDFRJQLWLYH�SURFHVVHV�XVLQJ�
VFUHHQFDVWV��3DSHU�SUHVHQWHG�DW�WKH�:RUOG�&RQIHUHQFH�RQ�(GXFDWLRQDO�0XOWLPHGLD��+\SHUPHGLD�DQG�
7HOHFRPPXQLFDWLRQV��

3HSHU��5��-���	�0D\HU��5��(����������*HQHUDWLYH�HIIHFWV�RI�QRWH�WDNLQJ�GXULQJ�VFLHQFH�OHFWXUHV��-RXUQDO�RI�
(GXFDWLRQDO�3V\FKRORJ\����������������https://doi.org/10.1037/0022-0663.78.1.34

3URVVHU��0���	�7ULJZHOO��.����������8QGHUVWDQGLQJ�OHDUQLQJ�DQG�WHDFKLQJ��7KH�H[SHULHQFH�LQ�KLJKHU�HGXFDWLRQ��
(5,&��

6FKXK��-����������$VVHVVPHQW�PHWKRGV�IRU�VWXGHQW�DIIDLUV��6DQ�)UDQFLVFR�&$��-RVVH\�%DVV�� 
6NHQH��-���&OXHWW��/���	�+RJDQ��-����������(QJDJLQJ�*HQ�<�VWXGHQWV�DW�XQLYHUVLW\��ZKDW�ZHE�WRROV�GR�WKH\�KDYH��

KRZ�GR�WKH\�XVH�WKHP�DQG�ZKDW�GR�WKH\�ZDQW"�5HIHUHHG�SDSHU�SUHVHQWHG�DW�WKH�)LUVW�<HDU�LQ�+LJKHU�
(GXFDWLRQ�FRQIHUHQFH��%ULVEDQH��$XVWUDOLD���UG��WK�-XO\������� 

7ULJZHOO��.���3URVVHU��0���	�:DWHUKRXVH��)����������5HODWLRQV�EHWZHHQ�WHDFKHUV
�DSSURDFKHV�WR�WHDFKLQJ�DQG�
VWXGHQWV
�DSSURDFKHV�WR�OHDUQLQJ��+LJKHU�(GXFDWLRQ����������������
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$XWKRU�FRQWDFW�GHWDLOV��
(PLO\�&RRN��HMFRRN#VZLQ�HGX�DX�
$DURQ�%OLFEODX��DEOLFEODX#VZLQ�HGX�DX�
7KHUHVH�.HDQH��WNHDQH#VZLQ�HGX�DX�

3OHDVH�FLWH�DV��&RRN��(�-���%OLFEODX�$�6���.HDQH��7����������6WXGHQW�UHIOHFWLRQV�RQ�SUHIHUHQFH�DQG�XVH�RI�OHFWXUH� 
QRWHV� DQG� UHFRUGLQJV�� ,Q� +�� &DUWHU�� 0�� *RVSHU� DQG� -�� +HGEHUJ� �(GV���� (OHFWULF� 'UHDPV�� 3URFHHGLQJV� DVFLOLWH� 
�����6\GQH\���SS���������.  https://doi.org/10.14742/apubs.2013.1372

&RS\ULJKW��������(PLO\�-��&RRN��$DURQ�6��%OLFEODX��7KHUHVH�.HDQH��
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GRFXPHQW�RQ�WKH�DVFLOLWH�ZHE�VLWH�DQG�LQ�RWKHU�IRUPDWV�IRU�WKH�3URFHHGLQJV�DVFLOLWH�6\GQH\�������$Q\�RWKHU�XVH�
LV�SURKLELWHG�ZLWKRXW�WKH�H[SUHVV�SHUPLVVLRQ�RI�WKH�DXWKRU�V���
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