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7KLV�SDSHU�UHSRUWV�RQ�WKH�ILQGLQJV�IURP�D�WZR�\HDU�IXQGHG�UHVHDUFK�SURMHFW�H[SORULQJ�VRIWZDUH�
OLWHUDF\���KRZ�LW�LV�XQGHUVWRRG��GHYHORSHG�DQG�DSSOLHG�LQ�WHUWLDU\�WHDFKLQJ�OHDUQLQJ�FRQWH[WV�DQG�
KRZ�WKLV�XQGHUVWDQGLQJ�VHUYHV�QHZ�OHDUQLQJ��06�3RZHU3RLQW�ZDV�VHOHFWHG�DV�DQ�LQLWLDO�IRFXV�DV�LW�
LV�ZLGHO\�DYDLODEOH�DQG�FRPPRQO\�XVHG��7ZR�GLVFLSOLQHV��0HGLD�6WXGLHV�DQG�(QJLQHHULQJ��ZHUH�
FDVH�VWXGLHG�DQG�GDWD�FROOHFWLRQ�REWDLQHG�WKURXJK�VWXGHQW�LQWHUYLHZV�DQG�DQ�RQOLQH�VXUYH\��
)LQGLQJV�UHYHDOHG�WKDW�VWXGHQWV�WHQG�WR�GUDZ�IURP�LQIRUPDO�OHDUQLQJ�VWUDWHJLHV�ZKHQ�OHDUQLQJ�WR�
XVH�3RZHU3RLQW��WKH\�KDYH�WKH�IXQFWLRQDO�VNLOOV�DQG�XQGHUVWDQGLQJ�RI�WKH�VRIWZDUH��DQG�ZHUH�DEOH�
WR�LGHQWLI\�VRPH�RI�LWV�NH\�DIIRUGDQFHV�DQG�FRQVWUDLQWV��+RZHYHU��WKH\�ZHUH�RQO\�DEOH�WR�FULWLTXH�
WKHVH�DW�D�VXSHUILFLDO�OHYHO��VXJJHVWLQJ�D�QHHG�IRU�IRUPDO�UHFRJQLWLRQ�RI�VRIWZDUH�OLWHUDF\�DV�D�
PHDQV�WR�HPSRZHU�VWXGHQWV�WR�HQJDJH�ZLWK�VRIWZDUH�DQG�LWV�XVH�DW�D�PRUH�FULWLFDO�OHYHO� 
�
.H\ZRUGV��VRIWZDUH��OLWHUDF\��WHDFKLQJ�DQG�OHDUQLQJ��3RZHU3RLQW��XQLYHUVLW\��1HZ�=HDODQG�
�

,QWURGXFWLRQ�
�
7KLV�SDSHU�UHSRUWV�RQ�WKH�LQLWLDO�ILQGLQJV�IURP�D�WZR�\HDU�������������7HDFKLQJ�DQG�/HDUQLQJ�5HVHDUFK�
,QLWLDWLYH�IXQGHG�SURMHFW�H[SORULQJ�KRZ�WHUWLDU\�VWXGHQWV�GHYHORS�WKH�XQGHUVWDQGLQJV�DQG�VNLOOV�QHHGHG�WR�XVH�
VRIWZDUH�DV�IRUPV�RI�VRIWZDUH�OLWHUDF\��7KUHH�VWUDQGV�RI�WKLQNLQJ�GRPLQDWHG�DQG�VKDSHG�RXU�FRQFHSWXDOLVDWLRQ�RI�
WKLV�SURMHFW���WKH�VRIWZDUH�VWXGLHV�SDUDGLJP��RXU�UHYLVLRQ�RI�QRWLRQV�RI�GLJLWDO�QDWLYHV�DQG�GLJLWDO�OLWHUDF\��DQG�
UHFRJQLWLRQ�RI�VWXGHQW�HQJDJHPHQW�LQ�D�UDQJH�RI�LQIRUPDO��DQG�VRPH�IRUPDO��OHDUQLQJ�FRQWH[WV�ZKHQ�OHDUQLQJ�WR�
XVH�VRIWZDUH��
�
6RIWZDUH�VWXGLHV��D�FRPSDUDWLYHO\�QHZ�ILHOG�RI�HQTXLU\�WKDW�0DQRYLFK�DQG�RWKHUV�KDYH�FKDPSLRQHG��)XOOHU��
������-RKQVRQ��������0DQRYLFK���������LQVLVWV�WKDW�µVRIWZDUH¶��ZKLFK�HQFRPSDVVHV�PDQ\�IRUPV�RI�FRPSXWHU�
SURJUDPPLQJ��LV�WKH�GRPLQDQW�FXOWXUDO�WHFKQRORJ\�RI�RXU�WLPH��IXQGDPHQWDOO\�VKDSLQJ�WKH�QDWXUH�RI�RXU�
LQVWLWXWLRQV��DQG�LQWHJUDO�WR�PDQ\�RI�WKH�VRFLDO��SROLWLFDO�DQG�HFRQRPLF�SUDFWLFHV�FHQWUDO�WR�RXU�HYHU\GD\�OLYHV��$�
FRUH�SUHPLVH�RI�VRIWZDUH�VWXGLHV�LV�WKH�QHHG�WR�PRYH�DZD\�IURP�VHHLQJ�VRIWZDUH�DSSOLFDWLRQV�DV�QHXWUDO�WRROV�±�
³VLPSO\�WKLQJV�WKDW�\RX�GR�VRPHWKLQJ�ZLWK´��)XOOHU��������S�������7KH�DUJXPHQW�LV�WKDW�WKHUH�LV�D�QHHG�IRU�
VRIWZDUH�XVHUV�WR�GHYHORS�D�PRUH�FULWLFDO�DZDUHQHVV�RI�KRZ�VRIWZDUH�RSHUDWHV�WR�ERWK�µHPSRZHU�DQG�GLVFLSOLQH¶�
XV��.LWFKLQ�	�'RGJH��������S����������FRQWH[WXDOLVLQJ�DQG�IUDPLQJ�RXU�DJHQF\�ZLWKLQ�WKH�HPEHGGHG�ORJLFV�DQG�
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DIIRUGDQFHV�RI�VRIWZDUH�DSSOLFDWLRQV��:H�SURSRVH�WKHUH�LV�D�QHHG�IRU�GHWDLOHG�HPSLULFDO�UHVHDUFK�LQWR�KRZ�
VRIWZDUH�LV�XQGHUVWRRG��LQWHUSUHWHG��DQG�µSHUIRUPHG¶�E\�LQGLYLGXDOV�DQG�JURXSV�ZLWKLQ�D�WHUWLDU\�HGXFDWLRQ�
FRQWH[W��+RZ�GR�ERWK�OHFWXUHUV�DQG�VWXGHQWV�HQJDJH�ZLWK�VRIWZDUH�DSSOLFDWLRQV��SODWIRUPV�DQG�LQIUDVWUXFWXUHV"�
+RZ�GR�SHRSOH�OHDUQ�DQG�SHUIRUP�GLIIHUHQW�NLQGV�RI�VRIWZDUH��DQG�ZKDW�DUH�WKH�LPSOLFDWLRQV�RI�WKLV�IRU�WKHLU�
WHDFKLQJ�DQG�OHDUQLQJ�SUDFWLFHV"�)RU�WKH�SXUSRVHV�RI�SXUVXLQJ�WKLV�LQWHUHVW�ZH�LQWURGXFH�DQG�GHILQH�WKH�QRWLRQ�RI�
VRIWZDUH�OLWHUDF\��DV�WKH�H[SHUWLVH�LQYROYHG�LQ�VHOHFWLQJ��XVLQJ�DQG�FULWLTXLQJ�VRIWZDUH�DSSOLFDWLRQV�ZKHUH�WKHVH�
DUH�EHLQJ�XVHG�WR�DFKLHYH�SDUWLFXODU�JRDOV��
�
2XU�QRWLRQ�RI�VRIWZDUH�OLWHUDF\�LV�D�SUDFWLFH�EDVHG�VFKHPD�ZKLFK�DQWLFLSDWHV�WKDW�XVHUV�FDQ�VFDIIROG�IURP�
DFTXLULQJ�D�EDVLF�XVH�RI�DQ�DSSOLFDWLRQ��WR�DSSUHFLDWLQJ�LWV�FRQILJXUDWLRQ�DQG�OLPLWDWLRQV��DQG�WKHQ�SHUKDSV�WR�
GHYHORSLQJ�DQ�DZDUHQHVV�RI�KRZ�VRIWZDUH�RSHUDWHV�WR�VKDSH�DQG�IUDPH�NQRZOHGJH�DQG�NQRZOHGJH�JHQHUDWLRQ��
FRPPXQLFDWLRQ�DQG�XVH�ZLWKLQ�GLVFLSOLQDU\�SUDFWLFHV��:H�YLHZ�VRIWZDUH�OLWHUDF\��WKHQ��DV�HQFRPSDVVLQJ�WKUHH�
VSHFLILF�OHYHOV�RI�FDSDELOLWLHV���
�
D����D�EDVLF�IXQFWLRQDO�VNLOO�OHYHO��HQDEOLQJ�WKH�XVH�RI�D�SDUWLFXODU�DSSOLFDWLRQ�LQ�RUGHU�WR�FRPSOHWH�D�VSHFLILF�VHW�RI�

WDVNV���
E����DQ�DELOLW\�WR�LQGHSHQGHQWO\�SUREOHP�VROYH�LVVXHV�IDFHG�ZKHQ�XVLQJ�DQ�DSSOLFDWLRQ�IRU�IDPLOLDU�WDVNV��ZKLFK�

LQFOXGHV�WKH�DELOLW\�WR�GUDZ�XSRQ�YDULRXV�UHVRXUFHV�WR�KHOS�VROYH�GLIILFXOWLHV���DQG��XOWLPDWHO\��
F����WKH�DELOLW\�WR�FULWLTXH�WKH�DSSOLFDWLRQ��LQFOXGLQJ�EHLQJ�DEOH�WR�DSSO\�D�VLPLODU�DQDO\VLV�WR�D�UDQJH�RI�VRIWZDUH�

GHVLJQHG�IRU�VLPLODU�SXUSRVHV���HQDEOLQJ�WKH�LQIRUPHG�VHOHFWLRQ�RI�DSSOLFDWLRQV�DQG�PRUH�µHPSRZHUHG¶�QHZ�
VRIWZDUH�OHDUQLQJ���

�
,Q�WKHVH�WHUPV��WKH�PRVW�µFULWLFDOO\�OLWHUDWH¶�XVHUV�ERWK�GHYHORS�WKH�DELOLW\�WR�LGHQWLI\�WKH�DIIRUGDQFHV�RI�SDUWLFXODU�
VRIWZDUH�WRROV�DQG�DUH�DEOH�WR�DSSO\�DQG�H[WHQG�WKHLU�NQRZOHGJH�DQG�XVH�RI�WKHVH�DQG�RWKHU�VRIWZDUH�WRROV�WR�D�
UDQJH�RI�QHZ�DQG�GLIIHUHQW�SXUSRVHV�DQG�FRQWH[WV��8VHUV�PD\�DFTXLUH�VRIWZDUH�OLWHUDFLHV�WKURXJK�D�FRPELQDWLRQ�
RI�DQ\�QXPEHU�RI�PHDQV��WKURXJK�WULDO�DQG�HUURU��OHDUQLQJ�LQIRUPDOO\��RU�WUDLQLQJ�LQ�D�PRUH�IRUPDO�RU�VWUXFWXUHG�
ZD\��0RVW�SHRSOH�GHYHORS�SURILFLHQF\�ZLWK�XELTXLWRXV�VRIWZDUH�SDFNDJHV�LQIRUPDOO\�WKURXJK�HYHU\GD\�
HQJDJHPHQW��7HUWLDU\�VWXGHQWV�DUH�DVVXPHG�WR�EH�DEOH�WR�WUDQVODWH�WKHVH�NQRZOHGJH�DQG�VNLOOV�LQWR�IRUPDO�VHWWLQJV�
WR�FRPSOHWH�OHDUQLQJ�WDVNV��
�
/DEHOV�VXFK�DV�µGLJLWDO�QDWLYHV¶�FODLP�WR�GHVFULEH�WKH�FKDUDFWHULVWLFV�RI�D�QHZ�JHQHUDWLRQ�RI�OHDUQHUV��FDSDEOH�RI�
RSHUDWLQJ�DW�µWZLWFK�VSHHG¶�DQG�DEOH�WR�PXOWLWDVN��LPDJLQH��DQG�YLVXDOL]H�ZKLOH�FRPPXQLFDWLQJ�LQ�PXOWLSOH�
PRGDOLWLHV��3UHQVN\���������7KLV�WHUP�WHQGV�WR�FRQIODWH�D�EDVLF�VNLOO�ZLWK�QHZ�WHFKQRORJLHV�ZLWK�EURDGHU�IRUPV�
RI�XQGHUVWDQGLQJ�DQG�FULWLTXLQJ�DVSHFWV�RI�WHFKQRORJ\�EDVHG�FXOWXUHV��:H�QHHG�WR�XQSDFN�WKLV�VHW�RI�
DVVXPSWLRQV��WR�PRUH�FDUHIXOO\�LGHQWLI\�WKH�UDQJH�RI�VNLOOV�DQG�RWKHU�OLWHUDFLHV�WKDW�WRGD\¶V�VWXGHQWV�GR��DQG�GR�
QRW��EULQJ�WR�WKHLU�WHUWLDU\�OHDUQLQJ��7KHUH�LV�HPHUJLQJ�HYLGHQFH�WKDW�DOWKRXJK�WKLV�JHQHUDWLRQ�PD\�EH�
WHFKQRORJLFDOO\�FRPSHWHQW��PDQ\�VWLOO�ODFN�WKH�EDVLF�DFDGHPLF�WHFKQRORJLFDO�OLWHUDF\�VNLOOV�QHHGHG�WR�
VXFFHVVIXOO\�DSSO\�VRIWZDUH�HPEHGGHG�WHFKQRORJLHV�HIIHFWLYHO\�WR�HQKDQFH�WKHLU�OHDUQLQJ��.YDYLN���������:H�
DUJXH�WKDW�WKDW�WKHUH�LV�D�QHHG�WR�UHYLVLW�DQG�UHYLVH�FRQFHSWV�VXFK�DV�LQIRUPDWLRQ�OLWHUDF\��GLJLWDO�OLWHUDF\��DQG�
UHODWHG�WHUPV��+HJDUW\�HW�DO���������/LYLQJVWRQH�HW�DO����������,Q�SDUWLFXODU��ZH�QHHG�WR�GLIIHUHQWLDWH�EHWZHHQ�
GLVWLQFW�OLWHUDFLHV�UHOHYDQW�WR�VSHFLILF�WHFKQRORJLHV��DQG�WR�H[DPLQH�WKH�QDWXUH�RI�VWXGHQW�FULWLTXH�DQG�GHFLVLRQ�
PDNLQJ�DURXQG�ZKLFK�WRROV�PLJKW�EHVW�VHUYH�WKHLU�OHDUQLQJ�SXUSRVHV��
�
$�FUXFLDO�TXHVWLRQ�KHUH�LV�ZKHWKHU��LQ�DQ�HQYLURQPHQW�RI�XQLYHUVDO�DFFHVV�WR�GLJLWDO�WRROV��WKH�µGLJLWDO�GLYLGH¶�LV�
EHLQJ�UHFRQILJXUHG�DV�LQHTXDOLWLHV�LQ�VRIWZDUH�OLWHUDFLHV��5HFHQW�UHVHDUFK�LQGLFDWHV�WKDW�LQHTXDOLWLHV�DQG�
PDUJLQDOLVDWLRQ�SHUVLVW�DURXQG�VWXGHQWV¶�DFFHVV�WR��DQG�XVH�RI�LQIRUPDWLRQ�DQG�NQRZOHGJH��%HQQHWW��0DWRQ��	�
.HUYLQ���������'LJLWDO�LQHTXDOLW\�LV�QRW�UHVWULFWHG�WR�MXVW�WKH�LVVXH�RI�SK\VLFDO�DFFHVV�WR�VRIWZDUH�DQG�KDUGZDUH�
�6HOZ\Q�	�)DFHU���������DQG�JLYHQ�WKH�YDULRXV�IRUPV�RI�LQYHVWPHQW�UHTXLUHG�LQ�WKH�DGRSWLRQ�RI�,&7V�LQ�WKH�
WHUWLDU\�VHFWRU��LW�LV�LPSHUDWLYH�WR�XQGHUVWDQG�KRZ�WR�FORVH�WKH�SDUWLFLSDWRU\�JDS�IRU�VWXGHQWV�DQG�HQVXUH�WKDW�
WHFKQRORJ\�LV�HTXLWDEO\�DQG�HIIHFWLYHO\�XVHG��-HQNLQV��&OLQWRQ��3XUXVKRWPD��5RELVRQ��	�:HLJHO���������1R�
VWXGLHV�WR�GDWH�WKDW�ZH�NQRZ�RI�UDLVH�WKH�UROH�RI�VWXGHQW�XQGHUVWDQGLQJ�RI�KRZ�VRIWZDUH�DQG�LWV�DIIRUGDQFHV�
LQIOXHQFHV�NQRZOHGJH�JHQHUDWLRQ�DQG�FULWLTXH��RU�WKH�LQIOXHQFH�RI�IRUPDO�DQG�LQIRUPDO�OHDUQLQJ�LQ�UHODWLRQ�WR�
VRIWZDUH��
�
5HVHDUFK�&RQWH[W�
�
,Q�WKLV�SDSHU��ZH�UHSRUW�RQ�WKH�LQLWLDO�ILQGLQJV�IURP�D�VWXG\�FRQGXFWHG�HDUOLHU�WKLV�\HDU��0DUFK�WR�-XQH��H[SORULQJ�
KRZ�VWXGHQWV�GHYHORS�WKH�XQGHUVWDQGLQJV�DQG�VNLOOV�QHHGHG�WR�XVH�SDUWLFXODU�SLHFHV�RI�VRIWZDUH�LQ�D�WHUWLDU\�
LQVWLWXWLRQ�LQ�1HZ�=HDODQG��7ZR�YHU\�GLYHUVH�GLVFLSOLQHV�RI�VWXG\��HQJLQHHULQJ�DQG�PHGLD�VWXGLHV��DUH�EHLQJ�FDVH�
VWXGLHG��3RZHU3RLQW��337��LV�FRPPRQO\�DYDLODEOH�DQG�XVHG��ZH�DVVXPH�WKDW�VWXGHQWV��LUUHVSHFWLYH�RI�WKHLU�
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EDFNJURXQGV��KDYH�KDG�VRPH�H[SHULHQFH�ZLWK�LW��%RWK�FDVHV�EHJLQ�ZLWK�D�IRFXV�RQ�337��LQ�3KDVH����DQG�ZLOO�
PRYH��LQ�3KDVH����WR�IRFXV�RQ�WKH�WHDFKLQJ�DQG�OHDUQLQJ�RI�GLVFLSOLQH�VSHFLILF�VRIWZDUH�VXFK�DV�$GREH�
3KRWRVKRS��)LQDO�&XW�3UR��0HGLD�6WXGLHV���DQG�6ROLG:RUNV��(QJLQHHULQJ���7KH�IRFXV�RI�RXU�SDSHU�LV�RQ�WKH�
LQLWLDO�3KDVH���ILQGLQJV�DLPHG�DW�XQGHUVWDQGLQJ�KRZ�VWXGHQWV�LQ�ILUVW�\HDU�XQGHUJUDGXDWH�FRXUVHV�EHFRPH�DZDUH�
RI�DQG�GHYHORS�VRIWZDUH�OLWHUDF\�XQGHUVWDQGLQJV�DQG�VNLOOV�DERXW�337��%RWK�FRXUVHV�DUH�FKDUDFWHULVHG�E\�KLJK�
HQUROPHQWV�RI�VWXGHQWV������DQG�����VWXGHQWV�UHVSHFWLYHO\��ZLWK�GLYHUVH�EDFNJURXQGV�EXW�GLIIHU�LQ�WHUPV�RI�
GLVFLSOLQDU\�IRFL�DQG�SURIHVVLRQDO�SDWKZD\V��'DWD�ZDV�FROOHFWHG�WKURXJK�DQ�RQOLQH�VWXGHQW�VXUYH\������
UHVSRQGHQWV��DQG�VWXGHQW�IRFXV�JURXSV�����SDUWLFLSDQWV���$QDO\VLV�RI�WKH�GDWD�ZDV�XQGHUSLQQHG�E\�VRFLRFXOWXUDO�
WKHRU\�ZKLFK�GLUHFWHG�DWWHQWLRQ�WR�WKH�LQWHUDFWLRQ�EHWZHHQ�SHRSOH��WKH�WRROV�WKH\�XVH�WR�DFKLHYH�SDUWLFXODU�
SXUSRVHV�DQG�WKH�VHWWLQJV�LQ�ZKLFK�WKH�LQWHUDFWLRQV�RFFXU��&ROH�	�(QJHVWURP���������(PHUJHQW�WKHPHV�ZHUH�
LGHQWLILHG�WKURXJK�D�SURFHVV�RI�LQGXFWLYH�UHDVRQLQJ��%UDXQ�	�&ODUNH����������
�
)LQGLQJV�
�
)RXU�WKHPHV�HPHUJHG�IURP�LQYHVWLJDWLQJ�VWXGHQWV¶�SHUVSHFWLYHV�DERXW�337�����WKHLU�JHQHUDO�FRPIRUW�OHYHO�LQ�
HQJDJLQJ�ZLWK�WHFKQRORJ\�DQG�KRZ�WKH\�DFTXLUHG�WKH�VNLOOV�WR�XVH�337�����337¶V�DIIRUGDQFHV�DQG�FRQVWUDLQWV�����
WKH�H[WHQW�WKH\�UHIHU�WR�WKHLU�337�QRWHV�IRU�WKHLU�VWXGLHV��DQG�KRZ�WKH\�H[WHQG�WKHLU�XQGHUVWDQGLQJ�RI�WKH�QRWHV��
DQG�����KRZ�WKH\�WKLQN�337�VKDSHV�NQRZOHGJH�LQ�WKHLU�GLVFLSOLQH�� 
 
���6WXGHQW�FRPIRUW�OHYHO�ZLWK�WHFKQRORJLHV 
:KHQ�DVNHG�DERXW�WKHLU�JHQHUDO�YLHZV�WRZDUGV�DGRSWLQJ�WHFKQRORJLHV��������RI�VWXGHQWV�LQGLFDWHG�WKH\�XVXDOO\�
XVH�QHZ�WHFKQRORJLHV�ZKHQ�PRVW�RI�WKHLU�IULHQGV�GR��������UHSRUWHG�OLNLQJ�QHZ�WHFKQRORJLHV�DQG�XVLQJ�WKHP�
EHIRUH�PRVW�SHRSOH�WKH\�NQRZ�GR��DQG�DQRWKHU�������LQGLFDWHG�WKH\�ORYH�QHZ�WHFKQRORJLHV�DQG�DUH�DPRQJ�WKH�
HDUO\�DGRSWHUV�WR�XVH�WKHP��7KHVH�UHVXOWV�LOOXVWUDWH�D�PDMRULW\�RI�VWXGHQWV���������FRQVLGHU�WKHPVHOYHV�HDUO\�RU�
TXLWH�HDUO\�DGRSWHUV�RI�QHZ�WHFKQRORJLHV�DQG�DUH�FRPIRUWDEOH�LQ�HQJDJLQJ�ZLWK�QHZ�WHFKQRORJLHV� 
 
6WXGHQWV�GUHZ�PRVWO\�IURP�LQIRUPDO�OHDUQLQJ�UHVRXUFHV�ZKHQ�DFTXLULQJ�EDVLF�VNLOOV�WR�XVH�337��L�H��WKH�ILUVW�OHYHO�
IURP�RXU�VRIWZDUH�OLWHUDF\�VFKHPH���:KHQ�DVNHG�WR�LGHQWLI\�µXVHIXO¶��µYHU\�XVHIXO¶�DQG�µH[WUHPHO\�XVHIXO¶�
VWUDWHJLHV�IRU�OHDUQLQJ��WULDO�DQG�HUURU�HPHUJHG�DV�WKH�SUHIHUUHG�RSWLRQ����������IROORZHG�E\�DVNLQJ�DQ�H[SHUW�
���������DVNLQJ�D�IULHQG���������RU�ZDWFKLQJ�VRPHRQH�XVH�WKH�DSSOLFDWLRQ����������7KHVH�VWDQG�LQ�FRPSDULVRQ�
WR�DWWHQGLQJ�D�IRUPDOO\�RUJDQLVHG�ZRUNVKRS�WR�OHDUQ�DERXW�3RZHU3RLQW����������RU�UHDGLQJ�D�SDSHU�PDQXDO�
���������&RPPRQ�DFURVV�WKH�PDLQ�UHSRUWHG�VWUDWHJLHV��WKHQ��LV�WKH�LGHD�WKDW�VWXGHQWV�WDNH�WKH�LQLWLDWLYH�DQG�
DJHQF\�WR�JR�DERXW�OHDUQLQJ�DERXW�337� 
 
���337¶V�DIIRUGDQFHV�DQG�FRQVWUDLQWV�IRU�SUHVHQWHUV�DQG�DXGLHQFH 
:KHQ�DVNHG�WKHLU�YLHZV�RQ�WKH�RSSRUWXQLWLHV�WKDW�337�DIIRUGV�IRU�SUHVHQWHUV��VWXGHQWV�LQGLFDWHG�WKH�DSSOLFDWLRQ�
DOORZHG�WKH�HPEHGGLQJ�RI�PXOWLPHGLD�UHVRXUFHV�LQ�D�SUHVHQWDWLRQ����������LQ�EXLOW�WHPSODWHV�KHOSHG�WR�VWUXFWXUH�
DQG�RUJDQLVH�LGHDV����������DQG�DIILUPHG�KRZ�HDVLO\�LQIRUPDWLRQ�FDQ�EH�LQFRUSRUDWHG�LQWR�VOLGHV��������)URP�DQ�
DXGLHQFH�SHUVSHFWLYH��VWXGHQWV�KLJKOLJKWHG�WKDW�337�DIIRUGV�DXGLHQFH�SD\LQJ�DWWHQWLRQ�WR�NH\�SRLQWV�LQ�D�
SUHVHQWDWLRQ�WKURXJK�LWV�GHIDXOW�EXOOHW�SRLQWV����������DQG�JXLGHG�QRWH�WDNLQJ���������DQG�WKH�SURYLVLRQ�RI�PRUH�
IRFXVHG�OHFWXUH�SUHVHQWDWLRQV����������)RFXV�JURXS�LQWHUYLHZHHV�DGGHG�LGHDV�VXFK�DV��337�EXOOHW�SRLQWV�SURYLGH�
D�UHIHUHQFH�SRLQW�ZKLFK�FDQ�EH�H[SDQGHG�RQ��VOLGHV�DUH�YLVXDOO\�HDV\�WR�IROORZ�DQG�VDYH�ZULWLQJ�WLPH��
PXOWLPHGLD�UHVRXUFHV�ZLWKLQ�VOLGHV�FDQ�EH�DQ�DSSHDOLQJ�DQG�PHDQLQJIXO�SURPSW�IRU�OHDUQLQJ��SUHVHQWDWLRQV�DUH�
HDVLO\�FXVWRPL]DEOH��DQG�ILQDOO\�WKDW�DOO�PDWHULDO�LV�VHOI�FRQWDLQHG�ZLWKLQ�D�337�ILOH�PDNLQJ�LW�HDV\�WR�DFFHVV�DQG�
UHYLVLW��2XU�SDUWLFLSDQWV�LGHQWLILHG�WKH�PDLQ�WKUHH�FRQVWUDLQWV�RI�337�WR�EH��WKH�EUHYLW\�RI�LQIRUPDWLRQ�RQ�HDFK�
VOLGH����������337�ILOHV�QRW�FRQWDLQLQJ�HQRXJK�GHWDLO�IRU�VWXGHQWV�WR�XQGHUVWDQG�D�OHFWXUH����������DQG�D�
WHQGHQF\�IRU�SUHVHQWHUV�WR�PRYH�WRR�TXLFNO\�WKURXJK�SUHVHQWDWLRQV����������7KH�IRFXV�JURXS�GDWD�DOVR�
KLJKOLJKWHG�IUXVWUDWLRQV�ZLWK�337�OD\RXW�RU�WHPSODWHV�XVHG�LQ�D�UHSHWLWLYH�PDQQHU��337�XVHG�DV�D�µIL[HG�VFULSW¶�
IRU�D�OHFWXUH��WH[W�ODGHQ�VOLGHV�SUHVHQWHG�WRR�TXLFNO\�IRU�WKHLU�FRQWHQW�WR�EH�SURFHVVHG��DQG�YLVXDOV�WKDW�DUH�
LQDSSURSULDWHO\�XVHG�LQ�WKH�337�VOLGHV�� 
 
���6WXGHQW�XVH�RI�337�QRWHV�IRU�UHYLVLRQ�DQG�VWUDWHJLHV�IRU�H[WHQGLQJ�WKHLU�QRWHV 
$�PDMRULW\�RI�VWXGHQWV�UHSRUWHG�XVLQJ�337�QRWHV�LQ�UHYLVLQJ�IRU�WKHLU�FRXUVH���������ZKLOH�DQRWKHU�����RI�WKHVH�
VWXGHQWV�UHSRUWHG�GRLQJ�H[WUD�VWXG\�WR�DGG�WR�WKHLU�337�QRWHV�WR�EHWWHU�XQGHUVWDQG�WKH�OHFWXUH�FRQWHQW��HLWKHU�
WKURXJK�PDNLQJ�WKHLU�RZQ�QRWHV����������DWWHQGLQJ�WKH�OHFWXUH�ODE�RU�WXWRULDOV����������RU�UHDGLQJ�WKH�FRXUVH�
WH[WERRN����������� 
 
���+RZ�337�VKDSHV�NQRZOHGJH 
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$OWKRXJK�YHU\�IHZ�VWXGHQWV�GLVFXVVHG�KRZ�337�VKDSHG�WKHLU�GLVFLSOLQDU\�NQRZOHGJH��IRXU�IRFXV�JURXS�
SDUWLFLSDQWV�DOOXGHG�WR�WKLV�E\�H[SODLQLQJ�KRZ�OHDUQLQJ�WKURXJK�337�OHFWXUH�QRWHV�LV�DNLQ�WR�OHDUQLQJ�YLD�IDFWRLGV�
DQG�WKH�GHFRPSRVLQJ�RI�LQIRUPDWLRQ��7KHVH�DUH�HQFDSVXODWHG�LQ�WKH�IROORZLQJ�UHSUHVHQWDWLYH�TXRWHV�� 
 

6WXGHQW�����,Q�3RZHU3RLQW��\RX�VHH�D�ORW�RI�IDFWRLGV�SXW�RQ�WKH�VFUHHQ�UDWKHU�WKDQ�DFWXDO�
LQIRUPDWLRQ��2QH�RI�WKH�WKLQJV�,�QRWLFHG�WKH�RWKHU�VWXGHQWV�ZHUH�VD\LQJ�WKDW�WKH\�OLNHG�WKH�EXOOHW�
SRLQWV��6RFLHW\�DV�D�ZKROH�VHHPHG�WR�EH�KHDGLQJ�WRZDUGV�IDFWRLG�EDVHG�OHDUQLQJ�UDWKHU�WKDQ�DFWXDO�
OHDUQLQJ���
�
,QWHUYLHZHU����+RZ�GR�\RX�WKLQN�D�OHFWXUHU�NLQG�RI�VFULSWV�RU�EXLOGV�D�3RZHU3RLQW�SUHVHQWDWLRQ"�
6WXGHQW���������-XVW�WKH�NH\�SRLQWV��3DUWV�RI�D�FDNH��7KH�VOLGHV�DUH�SDUW�RI�D�FDNH��
,QWHUYLHZHU����6R�LV�LW�LPSRUWDQW�WR�FDSWXUH�HYHU\WKLQJ�WKDW¶V�WKHUH�RQ�DOO�WKH�VOLGHV"�
6WXGHQW���������<HDK�
6WXGHQW���������:HOO��\HDK�EHFDXVH�,�WU\�WR�EUHDN�LW�GRZQ�LQWR�PDLQ�SRLQWV�DQG�\RX�FDQ¶W�UHDOO\�PLVV�
DQ\WKLQJ��
�

7KHVH�GLVFXVVLRQV�FRQYH\HG�D�FRPPRQ�VWXGHQW��PLV�DVVXPSWLRQ�WKDW�WKH�3RZHU3RLQW�EXOOHW�SRLQWV�LQ�DQG�RI�WKHLU�
RZQ�DGHTXDWHO\�UHIOHFWHG�WKH�H[WHQW�RI�WKH�NQRZOHGJH�SUHVHQWHG�LQ�D�OHFWXUH��)RU�VRPH�VWXGHQWV��WKHVH�PHDQW�QRW�
PXFK�ZRUN�ZDV�QHHGHG�WR�H[WHQG�WKHP�IXUWKHU� 
�
'LVFXVVLRQ�DQG�&RQFOXVLRQ 
�
2XU�VWXG\�DLPHG�WR�XQGHUVWDQG�WKH�H[WHQW�WR�ZKLFK�DQG�KRZ�ILUVW�\HDU�WHUWLDU\�VWXGHQWV�DUH�FULWLFDOO\�DZDUH�RI�
KRZ�VSHFLILF�VRIWZDUH�FDQ�LPSDFW�WKHLU�OHDUQLQJ��ZLWK�337�DV�D�FDVH�WR�XQGHUVWDQG�WKH�HPHUJHQFH�RI�VRIWZDUH�
OLWHUDF\��2XU�SDUWLFLSDQWV�ZHUH�JHQHUDOO\�FRPIRUWDEOH�ZLWK�HQJDJLQJ�ZLWK�QHZ�WHFKQRORJLHV��LGHQWLI\LQJ�
WKHPVHOYHV�DV�HDUO\�WR�TXLWH�HDUO\�DGRSWHUV�RI�WHFKQRORJLHV��������7KH\�UHSRUWHG�D�UDQJH�RI�OHDUQLQJ�VWUDWHJLHV�
WKDW�ZHUH�PRVWO\�LQIRUPDO�ZKHQ�DFTXLULQJ�WKH�VNLOOV�WR�XVH�337��SDUWLFXODUO\�WKH�XVH�RI�WULDO�DQG�HUURU��%RWK�WKHVH�
ILQGLQJV�VXSSRUW�DVVXPSWLRQV�LQ�WKH�µGLJLWDO�QDWLYHV¶�ODEHO��)XUWKHU��VWXGHQWV�FRXOG�VXFFHVVIXOO\�LGHQWLI\�WKH�
DIIRUGDQFHV�DQG�FRQVWUDLQWV�RI�337�XVH��DQG�TXLFNO\�DSSOLHG�WKHVH�WR�REVHUYDWLRQV�DQG�FULWLFLVPV�RI�WKHLU��DQG�
RWKHU��OHFWXUHUV¶�337�SUHVHQWDWLRQ�SUDFWLFH��2XU�SDUWLFLSDQWV�JHQHUDOO\�FRQVLGHUHG�337�WR�EH�FHQWUDO�LQ�WKHLU�
HQJDJHPHQW�ZLWK�GLVFLSOLQDU\�NQRZOHGJH��SDUWLFXODUO\�HQDEOLQJ�WKH�HPEHGGLQJ�RI�PXOWLPHGLD�UHVRXUFHV��
IRFXVLQJ�DQG�VWUXFWXULQJ�RUJDQLVLQJ�OHFWXUHV�DQG�JXLGLQJ�QRWH�WDNLQJ��+RZHYHU��RXWVLGH�RI�WKH�RFFDVLRQDO�IRFXV�
JURXS�UHVSRQVH�VXFK�DV�LQ�WKH�ILUVW�TXRWH�DERYH��VWXGHQW�FULWLTXH�RI�KRZ�WKLV�DSSOLFDWLRQ�PLJKW�VKDSH�WKHLU�
GLVFLSOLQDU\�NQRZOHGJH�ZDV�VXUSULVLQJO\�VXSHUILFLDO��,Q�RXU�WHUPV��WKHUH�ZDV�D�FOHDU�DEVHQFH�RI�WKH�WKLUG�OHYHO�RI�
VRIWZDUH�OLWHUDF\���
�
7KHVH�ILQGLQJV�KDYH�WZR�LPSOLFDWLRQV�IRU�WHUWLDU\�WHDFKLQJ�DQG�OHDUQLQJ��)LUVWO\��WHDFKLQJ�DQG�OHDUQLQJ�RI�FRXUVHV�
LQYROYLQJ�D�IRFXV�RQ�VRIWZDUH�FDQ�EH�LQIRUPHG�E\�DQG�WDNH�DGYDQWDJH�RI�VWXGHQWV¶�LQIRUPDO�UHSHUWRLUH�RI�
OHDUQLQJ�VWUDWHJLHV��$V�DQ�H[DPSOH��VWXGHQWV�FDQ�EHQHILW�IURP�EHLQJ�JLYHQ�WLPH�IRU�SUDFWLFH�DQG�WULDOOLQJ�D�
VRIWZDUH�IRU�WKHPVHOYHV��%HLQJ�LQIRUPHG�E\�DQG�GUDZLQJ�IURP�VWXGHQWV¶�DOUHDG\�HVWDEOLVKHG�LQIRUPDO�OHDUQLQJ�
VWUDWHJLHV�UHFRJQLVHV�WKH�UHOHYDQW�VRFLDO�DQG�FXOWXUDO�FRQWH[WV�WKDW�VKDSH�HIIHFWLYH�WHFKQRORJ\�DQG�VRIWZDUH�
HQJDJHPHQW�DQG�LI�DSSURSULDWHG�DFFRUGLQJO\�FDQ�HQKDQFH�WHFKQRORJ\�EDVHG�SHGDJRJLHV�LQ�WKH�WHUWLDU\�VHFWRU��
1H[W��VWXGHQWV�VXSHUILFLDO�FULWLTXH�RI�337�UHYHDOHG�WKDW�FULWLFDO�DZDUHQHVV�GRHV�QRW�QHFHVVDULO\�GHYHORS�QDWXUDOO\�
DV�D�UHVXOW�RI�XVH�RI�D�VRIWZDUH��UDWKHU�LW�QHHGV�WR�EH�SURPSWHG�DQG��RU�H[SOLFLWO\�WDXJKW��/HFWXUHUV�QHHG�WR�
H[SOLFLWO\�PRGHO�VRIWZDUH�FULWLTXH�LI�WKH\�ZLVK�WR�IRVWHU�WKLV�FDSDFLW\�DQG�RU�PDNH�WKLV�SRVVLELOLW\�NQRZQ�WR�
VWXGHQWV��6FKRODUV�VXFK�DV�9DOODQFH�DQG�7RZQGURZ��������XUJH�HGXFDWRUV�WR�DGRSW�DQ�LQIRUPHG�XVH�DSSURDFK�WR�
XVLQJ�337��WKDW�LV��OHFWXUHUV�FRQVLGHU�KRZ�WKH\�WDON�DURXQG�337�VOLGHV�DQG�KRZ�WKH\�HQFRXUDJH�VWXGHQWV�WR�
HQJDJH�ZLWK�DQG�WKLQN�DERXW�WKH�FRQWHQW�RI�WKH�VOLGHV�LQIOXHQFHV�VWXGHQWV¶�LQWHUSUHWDWLRQV�DQG�HQJDJHPHQW�ZLWK�
GLVFLSOLQDU\�NQRZOHGJH��6LPLODUO\��6WRQHU��������KLJKOLJKWV�WKH�ORJLFV�LQKHUHQW�WR�GHIDXOW�3RZHU3RLQW�WHPSODWHV��
ZKLOH�2
'Z\HU��������HPSKDVLVHV�WKH�QHHG�IRU�FDUHIXO�WKRXJKW�DQG�UHIOHFWLRQ�LQ�WKH�GHVLJQ�RI��(QJLQHHULQJ��
3RZHU3RLQW�SUHVHQWDWLRQV�LQ�OHDUQLQJ�VHWWLQJV���
�
7KH�QH[W�SKDVH�RI�RXU�VWXG\�ZLOO�FRQVLGHU�WKH�DERYH�LVVXHV�PRUH�VSHFLILFDOO\�LQ�WKH�FRQWH[W�RI�FRXUVHV�ZKHUH�
VRIWZDUH�WHDFKLQJ�DQG�OHDUQLQJ�LV�D�PDLQ�DQG�GLVFLSOLQH�UDWKHU�WKDQ�OHDUQLQJ�EDVHG�IRFL��7KLV�SKDVH�DGGUHVVHV�WZR�
FRUH�DVSHFWV�RI�WKH�SHGDJRJ\�DURXQG�VRIWZDUH��KRZ�WR�WHDFK�VRIWZDUH��DQG��KRZ�WR�WHDFK�DERXW�VRIWZDUH��,Q�
UHODWLRQ�WR�WKH�ILUVW�DVSHFW��ZH�ZRXOG�OLNH�WR�SURYLGH�WHDFKHUV�ZLWK�DQ�HPSLULFDOO\�LQIRUPHG�JXLGH�WR�EHVW�SUDFWLFH�
LQ�WHDFKLQJ�GLVFLSOLQDU\�VSHFLILF�VRIWZDUH��VXFK�DV�6ROLG:RUNV�RU�)LQDO�&XW�3UR���:KLOH�WKH�VHFRQG�DVSHFW�ZRXOG�
LQYROYH�UHSRVLWLRQLQJ�3RZHU3RLQW�DV�RQH�RI�D�UDQJH�RI�FRPPRQ�DSSOLFDWLRQV�WKDW�VKDSH�OHDUQLQJ��DQG�ZKLFK�QHHG�
FULWLFDO�DZDUHQHVV�RQ�WKHLU�XVH�E\�ERWK�WHDFKHUV�DQG�VWXGHQWV��)RU�VWXGHQWV��KDYLQJ�WKLV�FULWLFDO�DZDUHQHVV�ZRXOG�
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PHDQ�D�UHFRJQLWLRQ�RI�WKH�UROH�RI�KRZ�VRIWZDUH�LQ�D�EURDGHU�VHQVH�VKDSHV�WKHLU�OHDUQLQJ�H[SHULHQFHV��DQG�LQ�D� 
PRUH�VSHFLILF�VHQVH�WKHQ�VHH�WKH�QHHG�WR�WDNH�RQ�PRUH�DFWLYH�OHDUQLQJ�VWUDWHJLHV�LQ�SXUVXLW�RI�OHDUQLQJ�JRDOV���
�
,Q�FRQFOXGLQJ��ZH�YLHZ�XQGHUVWDQGLQJV�RI�KRZ�VRIWZDUH�OLWHUDF\�GHYHORSV�DQG�LPSDFWV�RQ�WHDFKLQJ�DQG�OHDUQLQJ� 
FDQ�OHDG�WR�LQVLJKWV�LQWR�WKH�FXOWXUDO�VLJQLILFDQFH�RI�VRIWZDUH�PRUH�JHQHUDOO\��DQG�HVSHFLDOO\�OHFWXUHU�DQG�VWXGHQW� 
XQGHUVWDQGLQJ�DQG�XVH�RI�WKH�SUDFWLFHV�DVVRFLDWHG�ZLWK�NQRZOHGJH�JHQHUDWLRQ��FRPPXQLFDWLRQ��FULWLTXH�LQ� 
HQJLQHHULQJ�DQG�PHGLD�VWXGLHV��6RIWZDUH�OLWHUDF\��LQ�RWKHU�ZRUGV��LV�DQ�HVVHQWLDO�SDUW�RI�OHDUQLQJ�LQ�WKH�WZHQW\� 
ILUVW�FHQWXU\��RQH�ZKLFK�ZH�DUJXH�WUDQVFHQGV�WKH�XVH�RI�DQ\�SDUWLFXODU�WRRO��EH�LW�ZLWKLQ�WKH�FRQWH[W�RI�H�OHDUQLQJ�� 
PRELOH�OHDUQLQJ��RU�VRIWZDUH�EDVHG�SUDFWLFHV�\HW�WR�FRPH���7KLV�XQGHUVWDQGLQJ�LV�FUXFLDO�DQG�UHOHYDQW�WR�HQVXUH� 
DOO�VWXGHQWV�DQG�OHFWXUHUV�DUH�EHWWHU�VXSSRUWHG�LQ�WHDFKLQJ�DQG�OHDUQLQJ�SURFHVVHV�WKDW�DUH�PHGLDWHG�WKURXJK�DQG� 
IRFXVHG�RQ�VRIWZDUH���

�
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GRFXPHQW� IRU� SHUVRQDO� XVH� DQG� LQ� FRXUVHV� RI� LQVWUXFWLRQ�� SURYLGHG� WKDW� WKH� DUWLFOH� LV� XVHG� LQ� IXOO� DQG� WKLV�
FRS\ULJKW� VWDWHPHQW� LV� UHSURGXFHG��7KH� DXWKRU�V�� DOVR�JUDQW� D� QRQ�H[FOXVLYH� OLFHQFH� WR� DVFLOLWH� WR�SXEOLVK� WKLV�
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���

https://doi.org/%ED%AF%80%ED%B0%94%ED%AF%80%ED%B0%93%ED%AF%80%ED%B0%91%ED%AF%80%ED%B0%94%ED%AF%80%ED%B0%97%ED%AF%80%ED%B0%9A%ED%AF%80%ED%B0%97%ED%AF%80%ED%B0%95%ED%AF%80%ED%B0%92%ED%AF%80%ED%B1%84%ED%AF%80%ED%B1%93%ED%AF%80%ED%B1%98%ED%AF%80%ED%B1%85%ED%AF%80%ED%B1%96%ED%AF%80%ED%B0%91%ED%AF%80%ED%B0%95%ED%AF%80%ED%B0%93%ED%AF%80%ED%B0%94%ED%AF%80%ED%B0%96%ED%AF%80%ED%B0%91%ED%AF%80%ED%B0%94%ED%AF%80%ED%B0%97%ED%AF%80%ED%B0%9C%ED%AF%80%ED%B0%94%ED%AF%80%ED%B0%83%ED%AF%80%ED%B0%83

