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$XJPHQWLQJ�OHDUQLQJ�UHDOLW\��L3DGV�DQG�VRIWZDUH�DV�
FRJQLWLYH�WRROV�
�
-DPHV�2OGILHOG� � ��
'HSDUWPHQW�RI�$FFRXQWLQJ�DQG�)LQDQFH�
8QLWHF�,QVWLWXWH�RI�7HFKQRORJ\�
-DQ�+HUULQJWRQ� � ��
6FKRRO�RI�(GXFDWLRQ�
0XUGRFK�8QLYHUVLW\�
�

,Q�WKH�WKUHH�VKRUW�\HDUV�VLQFH�WKH�UHOHDVH�RI�WKH�L3DG��LW�KDV�EHFRPH�WKH�REMHFW�RI�VXEVWDQWLDO�
LQYHVWPHQW�LQ�D�QXPEHU�RI�DUHDV�RI�HGXFDWLRQ��7KLV�LQYHVWPHQW�LV�GULYLQJ�WKH�QHHG�IRU�VLJQLILFDQW�
UHVHDUFK�LQWR�PRELOH�GHYLFH�UHODWHG�WHDFKLQJ�DQG�SHGDJRJ\��7KH�IRFXV�RI�WKLV�SDSHU�LV�RQ�WKH�ILUVW�
LWHUDWLRQ�RI�D�GHVLJQ�EDVHG�UHVHDUFK�VWXG\��ZKLFK�LV�LQIRUPHG�E\�WKHRULHV�RI�DXWKHQWLF�OHDUQLQJ��
FRJQLWLYH�WRROV�DQG�PRELOH�OHDUQLQJ��7KLV�SDSHU�LV�DQ�LQWURGXFWRU\�H[SORUDWLRQ�LQWR�WKH�XVH�RI�
L3DGV��DQG�WKH�DSSV�DQG�VHUYLFHV�WKH\�UXQ��DV�FRJQLWLYH�WRROV�LQ�DQ�DXWKHQWLF�WHUWLDU\�OHDUQLQJ�
HQYLURQPHQW��7KLV�SDSHU�KLJKOLJKWV�D�UDQJH�RI�L3DG�DSSV�DQG�:HE�����VHUYLFHV�XVHG�LQ�WKH�VWXG\��
DQG�PHWKRGV�IRU�WKHLU�SRWHQWLDO�XVH�WR�DXJPHQW�WKH�OHDUQLQJ�H[SHULHQFH�LQ�D�EXVLQHVV�HGXFDWLRQ�
FRQWH[W���
�
.H\ZRUGV��&RJQLWLYH�WRROV��DXWKHQWLF�OHDUQLQJ��PRELOH�OHDUQLQJ��L3DGV��EXVLQHVV�HGXFDWLRQ�
�

�
,QWURGXFWLRQ�
�
7KH�L3DG�KDV�EHHQ�VRPHZKDW�RI�D�UHYHODWLRQ�LQ�WKH�HGXFDWLRQ�ZRUOG��)RU�EHWWHU�RU�ZRUVH��LW�KDV�VWRRG�RXW�IURP�
WKH�SDFN�RI�RWKHU�WHFKQRORJLFDO�JDGJHWV�DQG�GUDZQ�WKH�DWWHQWLRQ�RI�PDQ\�UHVSRQVLEOH�IRU�WKH�PDQDJHPHQW�DQG�
SURYLVLRQ�RI�HGXFDWLRQ�DURXQG�WKH�ZRUOG��/RFDO�H[DPSOHV�RI�WKLV�LQFOXGH�WKH�UHFHQW�GHSOR\PHQW�RI��������L3DGV�
WR�VWXGHQWV�DQG�VWDII�DW�WKH�8QLYHUVLW\�RI�:HVWHUQ�6\GQH\��:KLEOH\��������DQG�WKH�UHTXLUHPHQW�IRU�DOO�VWXGHQWV�
WR�RZQ�L3DGV��DV�WKH�SUHIHUUHG�GHYLFH��DW�2UHZD�&ROOHJH�LQ�$XFNODQG��2UHZD�&ROOHJH���������+RZHYHU��WKHUH�LV�
D�UHDO�QHHG�IRU�WKH�GHYHORSPHQW�DQG�GLVVHPLQDWLRQ�RI�UHVHDUFK�LQIRUPHG�WHDFKLQJ�DQG�SHGDJRJ\�WR�PDNH�WKH�
PRVW�RI�WKLV�LQYHVWPHQW��2QH�VXFK�DSSOLFDEOH�DUHD�RI�UHVHDUFK�LV�WKDW�RI�FRJQLWLYH�WRROV��FI��-RQDVVHQ�	�5HHYHV��
������.LP�	�5HHYHV���������7KLV�SDSHU�RXWOLQHV�WKH�SUHOLPLQDU\�SODQQLQJ�DQG�WRRO�VHOHFWLRQ�RI�D�ODUJHU�
LQYHVWLJDWLRQ�LQWR�WKH�XVH�RI�WDEOHW�GHYLFHV�DV�FRJQLWLYH�WRROV��ZKLFK�DXJPHQW�WKH�VWXGHQW�OHDUQLQJ�H[SHULHQFH�
ZLWKLQ�DQ�DXWKHQWLF�PRELOH�OHDUQLQJ�HQYLURQPHQW��
�
&RJQLWLYH�WRROV�
�
-XVW�DV�FDUSHQWU\�WRROV�HQDEOH�EXLOGHUV�WR�H[WHQG�WKHLU�FDSDELOLWLHV�WR�FUHDWH�VWUXFWXUHV�DQG�REMHFWV�WKDW�ZRXOG�EH�
GLIILFXOW�ZLWKRXW�WKHP��OHDUQHUV�FDQ�HPSOR\�µFRJQLWLYH�WRROV¶�WR�VXSSRUW�WKHLU�OHDUQLQJ�DQG�DVVLVW�LQ�WKH�FUHDWLRQ�
RI�DXWKHQWLF�SURGXFWV��$QHFGRWDOO\��VRPH�ZULWHUV�GHVFULEH�KRZ�LW�ZRXOG�EH�DOPRVW�LPSRVVLEOH�IRU�WKHP�WR�ZULWH�
ZLWKRXW�WKH�VXSSRUW�RI�WKH�ZRUG�SURFHVVRU�DV�D�FRJQLWLYH�WRRO��6WHYH�-REV��������GHVFULEHG�FRPSXWHUV�DV�
µELF\FOHV�IRU�WKH�PLQG¶��FDSDEOH�RI�WDNLQJ�\RX�IXUWKHU�DQG�IDVWHU�WKDQ�\RX�ZRXOG�H[SHFW�ZLWKRXW�WKHP��DQG�
&RFKUDQH�DQG�%DWHPDQ��������GHVFULEHG�VPDUWSKRQHV�DV�µZLQJV¶�IRU�OHDUQLQJ��$OVR�UHIHUUHG�WR�DV�FRJQLWLYH�
WHFKQRORJLHV��3HD���������WHFKQRORJLHV�RI�WKH�PLQG��6DORPDQ��3HUNLQV��	�*OREHUVRQ���������DQG�PLQGWRROV�
�-RQDVVHQ���������FRJQLWLYH�WRROV�KDYH�EHHQ�GHVFULEHG�E\�-RQDVVHQ�DQG�5HHYHV��������DV�³WHFKQRORJLHV��WDQJLEOH�
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RU�LQWDQJLEOH��WKDW�HQKDQFH�WKH�FRJQLWLYH�SRZHUV�RI�KXPDQ�EHLQJV�GXULQJ�WKLQNLQJ��SUREOHP�VROYLQJ��DQG�
OHDUQLQJ´��S������&RPSXWHUV��VPDUWSKRQHV��PRELOH�WDEOHWV�DQG�WKH�VRIWZDUH�DSSOLFDWLRQV�WKH\�VXSSRUW��DUH�DOO�
H[DPSOHV�RI�FRJQLWLYH�WRROV��9LHZLQJ�WKHVH�GHYLFHV�DV�FRJQLWLYH�WRROV�VKLIWV�WKH�IRFXV�RI�WKH�GHYLFHV�IURP�EHLQJ�
D�PHGLXP�IRU�WKH�GHOLYHU\�RI�FRQWHQW�WR�D�SODWIRUP�IRU�WKH�FUHDWLRQ�RI�NQRZOHGJH��2OGILHOG�	�+HUULQJWRQ���������
-RQDVVHQ�HW�DO���������SURSRVH�WKDW�PLQGWRROV�KDYH�WKH�FDSDELOLW\�WR�HQJDJH�OHDUQHUV�LQ�FULWLFDO��KLJKHU�RUGHU�
WKLQNLQJ�DERXW�FRQWHQW�EHFDXVH��WKH�OHDUQHUV�DUH�WKH�GHVLJQHUV��WKH�IRFXV�LV�RQ�NQRZOHGJH�FRQVWUXFWLRQ��QRW�
UHSURGXFWLRQ��OHDUQLQJ�LV�LQ�SDUWQHUVKLS�ZLWK�WHFKQRORJ\��WKH\�DUH�XQLQWHOOLJHQW�WRROV��UHO\LQJ�RQ�WKH�OHDUQHU�WR�
SURYLGH�WKH�LQWHOOLJHQFH��WKH\�GLVWULEXWH�WKH�FRJQLWLYH�SURFHVVLQJ��DQG�WKH\�DUH�FRVW�DQG�HIIRUW�EHQHILFLDO��S��������
�
:KLOH�PXFK�RI�WKH�SUHYLRXV�UHVHDUFK�LQWR�FRJQLWLYH�RU�PLQGWRROV�KDV�IRFXVHG�RQ�WKH�WRRO�DQG�WKH�OHDUQHU��.LP�
DQG�5HHYHV��������VXJJHVW�WKDW�WKH�OHDUQLQJ�DFWLYLW\�LV�DOVR�D�FULWLFDO�FRPSRQHQW�WR�EH�FRQVLGHUHG��7KH\�VWDWH�WKDW�
WKH�OHDUQHU��WKH�WRRO�DQG�WKH�DFWLYLW\�IRUP�D�MRLQW�OHDUQLQJ�V\VWHP��ZKHUH�WKH�H[SHUWLVH�HOHPHQW�RI�OHDUQLQJ�WKDW�LV�
XVHG�E\�WKH�OHDUQHU�LV�UHIOHFWHG�LQ�ERWK�WKH�WRRO�DQG�WKH�DFWLYLW\��7KH\�KDYH�DOLJQHG�WKH�WKHRULHV�RI�GLVWULEXWHG�
FRJQLWLRQ�DQG�H[SHUWLVH�WR�SDLQW�D�FOHDUHU�SLFWXUH�RI�WKH�PHDQLQJ�RI�FRJQLWLYH�WRROV��,Q�GRLQJ�VR��.LP�DQG�5HHYHV�
�������SURSRVH�WKH�IROORZLQJ�UHGHILQLWLRQ�RI�FRJQLWLYH�WRROV��µ&RJQLWLYH�WRROV�DUH�WHFKQRORJLHV�WKDW�OHDUQHUV�
LQWHUDFW�DQG�WKLQN�ZLWK�LQ�NQRZOHGJH�FRQVWUXFWLRQ��GHVLJQHG�WR�EULQJ�WKHLU�H[SHUWLVH�WR�WKH�SHUIRUPDQFH�DV�SDUW�RI�
WKH�MRLQW�OHDUQLQJ�V\VWHP¶��S�������7KLV�IXQFWLRQDOLW\�FRXOG�EH�XVHG�WR�VXSSRUW�DXWKHQWLF�OHDUQLQJ��DV�LV�H[SORUHG�
LQ�WKH�QH[W�VHFWLRQ��
�
3URMHFW�EULHI�
�
6WXGHQWV�HQUROOHG�LQ�D�ILUVW�\HDU�EXVLQHVV�LQIRUPDWLRQ�V\VWHPV�FRXUVH�ZHUH�ORDQHG�DQ�L3DG�IRU�WKH�GXUDWLRQ�RI�D�
VHPHVWHU�FRXUVH��7KHUH�ZHUH����VWXGHQWV�LQ�WKH�FRXUVH��VSUHDG�RYHU�WZR�GLIIHUHQW�VWUHDPV��RQH�ZLWK�D�VLQJOH�WKUHH�
KRXU�FODVV�DW�QLJKW��DQG�WKH�RWKHU�ZLWK�WZR���KRXU�FODVVHV�GXULQJ�WKH�GD\��7KH�FRXUVH�ZDV�GHVLJQHG�EDVHG�RQ�WKH�
NH\�HOHPHQWV�RI�DXWKHQWLF�OHDUQLQJ��SURSRVHG�E\�+HUULQJWRQ�DQG�2OLYHU��������+HUULQJWRQ��HW�DO���������IRFXVLQJ�
RQ�D�VHULHV�RI�DXWKHQWLF�WDVNV�ZLWKLQ�WKH�FRQWH[W�RI�DQ�DQLPDO�WKHPHG�DGYHQWXUH�WRXULVP�FRPSDQ\��7KH�FRXUVH�
GHVLJQ�HQDEOHG�FROODERUDWLRQ�EHWZHHQ�VWXGHQWV�ZLWKLQ�D�VWURQJO\�VFDIIROGHG�OHDUQLQJ�HQYLURQPHQW��$�NH\�DVSHFW�
RI�WKH�FRXUVH�GHVLJQ�ZDV�WKH�LQFRUSRUDWLRQ�RI�L3DGV�WR�EH�XVHG�DV�FRJQLWLYH�WRROV��-RQDVVHQ�	�5HHYHV��������LQ�D�
PDQQHU�LQIRUPHG�E\�WKH�PRELOH�OHDUQLQJ�FULWLFDO�VXFFHVV�IDFWRUV�GHYHORSHG�E\�&RFKUDQH���������
�
7KH�FRJQLWLYH�WRROV�
�
$OO�VWXGHQWV�LQ�WKH�FRXUVH�ZHUH�LVVXHG�DQ�L3DG�LQ�WKH�ILUVW�ZHHN�RI�FODVV��7KHUH�ZHUH�WZR�PRGHOV�RI�L3DG�XVHG�LQ�
WKLV�SURMHFW�����L3DG�V����*%�ZLIL�RQO\��DQG����L3DG�PLQLV����*%�ZLIL�RQO\���7KHVH�ZHUH�WKH�OHDVW�H[SHQVLYH�
PRGHOV�RI�L3DG�WKDW�ZHUH�RQ�VDOH�DW�WKH�EHJLQQLQJ�RI�WKLV�SURMHFW��,W�ZDV�GHFLGHG�WKDW�HTXLSSLQJ�WKH�VWXGHQWV�ZLWK�
WKH�GHYLFHV�ZDV�WKH�EHVW�RSWLRQ�IRU�WKLV�VWXG\�DV�LW�ZRXOG�UHPRYH�DQ\�H[LVWLQJ�LQHTXLWLHV�DPRQJVW�WKH�VWXGHQWV�
DQG�HQDEOH�WKH�IXOO�SDUWLFLSDWLRQ�RI�DQ\�VWXGHQW�ZKR�ZDQWHG�WR�EH�LQYROYHG�LQ�WKH�SURMHFW��
�
:K\�WKH�L3DG"�
�
7KH�L3DG�KDV�GRPLQDWHG�WKH�QHZ�WDEOHW�FDWHJRU\�WKDW�LW�FUHDWHG�VLQFH�LWV�ODXQFK�LQ�������'HVSLWH�WKH�ODXQFK�RI�
KXQGUHGV�RI�PRGHOV�RI�$QGURLG�WDEOHWV��DQG�WKH�UHOHDVH�RI�:LQGRZV����WKH�L3DG�FRQWLQXHV�WR�EH�WKH�PDUNHW�
OHDGHU��0DQ\�EXVLQHVVHV�DQG�RWKHU�ODUJHU�RUJDQLVDWLRQV�DUH�HLWKHU�WULDOLQJ�RU�LPSOHPHQWLQJ�WKH�L3DG��6RPH�UHFHQW�
KLJK�SURILOH�H[DPSOHV�RI�L3DG�DGRSWLRQ�LQFOXGH�WKH�1HZ�=HDODQG�3ROLFH�LVVXLQJ�L3DGV�DQG�L3KRQHV�WR�DOO�IURQW�
OLQH�SROLFH��1HZ�=HDODQG�3ROLFH���������DQG�DLUOLQHV�PDNLQJ�L3DGV�SDUW�RI�WKHLU�IOLJKW�HQWHUWDLQPHQW�NLW��$SSOH��
�������,W�KDV�DOVR�EHFRPH�D�SRSXODU�WRRO�LQ�HGXFDWLRQ��ZLWK�PDQ\�1HZ�=HDODQG�VFKRROV�UHTXLULQJ�WKH�GHYLFHV��
3HUKDSV�WKH�PRVW�VLJQLILFDQW�H[DPSOH�RI�WKLV�LV�WKH�UROO�RXW�RI��������L3DGV�DW�WKH�8QLYHUVLW\�RI�:HVWHUQ�6\GQH\�
IRU�DOO�FRPPHQFLQJ�VWXGHQWV��:KLEOH\���������
�
7KHUH�DUH�DOVR�D�QXPEHU�RI�SUDFWLFDO�UHDVRQV�IRU�WKH�XVH�RI�WKH�L3DG��7KH�$SSOH�L26�SODWIRUP�LV�PRUH�VHFXUH�WKDQ�
WKH�$QGURLG�SODWIRUP��RQH�RI�WKH�UHDVRQV�ZK\�LW�LV�SRSXODU�ZLWK�EXVLQHVV���7KLV�LV�ODUJHO\�GXH�WR�WKH�FRQWUROV�WKDW�
$SSOH�SODFH�RQ�ERWK�WKH�RSHUDWLRQ�RI�WKH�GHYLFH�DQG�LWV�$SS�6WRUH��ZKLFK�LV�WKH�RQO\�SODFH�WR�GRZQORDG�
DSSOLFDWLRQV��7KH�L3DG�DQG�L26�H[SHULHQFH�LV�DOVR�FRQVLVWHQW�DFURVV�GHYLFHV��IRU�H[DPSOH�WKH�L3DG��DQG�L3DG�PLQL�
GHYLFHV�ZRUN�LQ�H[DFWO\�WKH�VDPH�ZD\��VR�LW�LV�HDV\�IRU�WKH�WHDFKLQJ�VWDII�DQG�VWXGHQW�SHHUV�WR�SURYLGH�VXSSRUW�IRU�
WKHLU�XVH��$V�D�JHQHUDO�UXOH��$SSOH�GHYLFHV��DQG�WKH\�DUH�VHHQ�WR�EH�XVHU�IULHQGO\��DV�FDQ�EH�VHHQ�IURP�WKH�UHVXOWV�
RI�UHFHQW�FXVWRPHU�VDWLVIDFWLRQ�VXUYH\V��3RZHU���������8WLOLVLQJ�SURGXFWV�WKDW�DUH�XVHU�IULHQGO\�DQG�KDYH�KLJK�
OHYHOV�RI�FXVWRPHU�VDWLVIDFWLRQ�VKRXOG�UHGXFH�WKH�QHHG�IRU�VXSSRUW�LQWHUYHQWLRQ��7KH�L3DG�DOVR�HQDEOHV�VWXGHQWV�WR�
SHUIRUP�D�ZLGH�UDQJH�RI�DXWKHQWLF�WDVNV�WKDW�ZRXOG�EH�WUDQVIHUDEOH�WR�D�UHDO�EXVLQHVV�HQYLURQPHQW��$LUSOD\�LV�D�
VLJQLILFDQW�IHDWXUH�RI�L26�GHYLFHV�WKDW�DOORZ�WKH�ZLUHOHVV�VKDULQJ�RI�D�VFUHHQ�LPDJH��$Q\RQH�LQ�WKH�FODVV�FRXOG�
VHQG�DQ�LPDJH�IURP�WKHLU�VFUHHQ�WR�DQ�$SSOH�79�GHYLFH�WKDW�ZDV�FRQQHFWHG�WR�WKH�SURMHFWRU�DW�WKH�IURQW�RI�WKH�
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URRP��7KLV�DOORZHG�IRU�PRUH�G\QDPLF�GLVFXVVLRQV�ZKHUH�DQ\RQH�FRXOG�HDVLO\�VKRZ�FRQWHQW�WR�WKH�ZKROH�JURXS��
�
:KLFK�DSSV�DQG�:HE�����VHUYLFHV�DUH�XVHG�DV�FRJQLWLYH�WRROV"�
�
6LJQLILFDQW�LQYHVWLJDWLRQ��WHVWLQJ�DQG�H[SORUDWLRQ�KDYH�EHHQ�SHUIRUPHG�E\�WKH�UHVHDUFKHUV�WR�ILQG�WKH�PRVW�
DSSOLFDEOH�VXLWH�RI�DSSV�IRU�XVH�LQ�WKH�FRXUVH��)RU�SUDFWLFDO�UHDVRQV��DQG�WR�UHGXFH�EDUULHUV��WKH�UHVHDUFKHUV�PDGH�
WKH�GHFLVLRQ�WR�RQO\�UHFRPPHQG�WKH�XVH�RI�IUHH�DSSV�DQG�:HE�����VHUYLFHV�LQ�WKH�FRXUVH��7KH�IROORZLQJ�DSSV�DQG�
:HE�����VHUYLFHV�KDYH�EHHQ�LQWURGXFHG�WR�WKH�VWXGHQWV�JUDGXDOO\�RYHU�WKH�GXUDWLRQ�RI�WKH�FRXUVH��
�
L%RRNV��$OO�FRXUVH�PDWHULDOV�SURYLGHG�E\�WKH�OHFWXUHU�ZHUH�SURYLGHG�LQ�WKH�L%RRN�IRUPDW��7KLV�IRUPDW�LV�XQLTXH�
WR�WKH�L3DG�DQG�UHTXLUHV�WKH�XVH�RI�WKH�IUHH�L%RRN�DSS��7KH�L%RRN�IRUPDW�LV�DQ�DGYDQFHG�H%RRN�IRUPDW�WKDW�
SURYLGHV�VLJQLILFDQW�EHQHILWV�RYHU�WUDGLWLRQDO�SULQWHG�WH[WV��L%RRNV�FDQ�LQFOXGH�D�YDULHW\�RI�IRUPV�RI�PXOWLPHGLD�
DQG�LQWHUDFWLYH�HOHPHQWV�VXFK�DV�YLGHR��.H\QRWH�SUHVHQWDWLRQV��TXL]]HV��ZHE�EDVHG�IHHGEDFN�DQG�SROOV��7KH�
OHFWXUHU�GHYHORSHG�D�FRPSUHKHQVLYH�VHW�RI�L%RRNV�WR�JLYH�JURXQGLQJ�LQ�HDFK�DUHD�RI�WKH�FRXUVH��DQG�WR�SURYLGH�
WKH�GHWDLOV�RI�WKH�DXWKHQWLF�WDVNV�WR�VWXGHQWV��
�
*RRJOH�'ULYH��3UHYLRXVO\�NQRZQ�DV�*RRJOH�'RFV��*RRJOH�'ULYH�LV�D�IUHH�VHUYLFH�SURYLGHG�E\�*RRJOH�WR�DOORZ�
WKH�VWRUDJH�DQG�VKDULQJ�RI�ILOHV��,W�DOVR�DOORZV�XVHU�WR�FUHDWH�DQG�FROODERUDWH�RQ�GRFXPHQWV�DQG�VSUHDGVKHHWV�RQ�
DQ\�GHYLFH�WKH\�OLNH��7KLV�VHUYLFH�ZDV�XVHG�H[WHQVLYHO\�GXULQJ�WKH�FRXUVH�DV�LW�HQDEOHG�WKH�VWXGHQW�WHDPV�WR�ZRUN�
FROODERUDWLYHO\�RQ�WKHLU�DXWKHQWLF�WDVNV�DQG�DVVHVVPHQWV���
�
*RRJOH�+DQJRXW��*RRJOH�+DQJRXW�LV�D�UHODWLYHO\�UHFHQW�VHUYLFH�RIIHUHG�E\�*RRJOH�WKDW�DOORZV�JURXSV�RI�XVHUV�WR�
³+DQJRXW´�DQG�FKDW�WRJHWKHU��YLD�WH[W��DXGLR�RU�YLGHR�FRPPXQLFDWLRQ��,W�LV�DQ�H[FHOOHQW�IUHH�WRRO�IRU�EULQJLQJ�
SHRSOH�WRJHWKHU��7KURXJK�WKH�FRXUVH��VWXGHQWV�KDYH�XVHG�WKLV�WRRO�H[WHQVLYHO\�WR�VXSSRUW�WKHLU�WHDPZRUN�DQG�
EUHDN�GRZQ�WKH�SK\VLFDO�EDUULHUV�GXULQJ�WLPHV�WKDW�WKH\�DUH�XQDEOH�WR�SK\VLFDOO\�FRPH�WRJHWKHU���
�
0LQGPHLVWHU��0LQGPHLVWHU�LV�D�ZHE�EDVHG�FROODERUDWLYH�PLQG�PDSSLQJ�WRRO��,W�RIIHUV�IUHH�DFFRXQWV�WKDW�DOORZ�XS�
WR�WKUHH�PDSV�WR�EH�VKDUHG�RQOLQH�DW�D�WLPH��RU�SDLG�DFFRXQWV�ZLWK�IHZHU�UHVWULFWLRQV��7KH�VWXGHQWV�ZHUH�
HQFRXUDJHG�WR�XVH�WKH�VHUYLFH�WKURXJK�ERWK�D�ZHE�EURZVHU�LQWHUIDFH�DQG�D�IUHH�L3DG�DSS��7KH�WRRO�HQDEOHG�
VWXGHQWV�WR�ZRUN�WRJHWKHU�RQ�WKH�VDPH�PLQG�PDS��VXSSRUWLQJ�WKHLU�WDVNV�ERWK�LQ�DQG�RXW�RI�FODVV�VHVVLRQV���
�
:RUGSUHVV��:RUGSUHVV�LV�WKH�SUHIHUUHG�EORJJLQJ�SODWIRUP�IRU�WKH�FRXUVH��6WXGHQWV�ZHUH�UHTXLUHG�WR�FUHDWH�DQG�
PDLQWDLQ�D�UHIOHFWLYH�EORJ��ZKLFK�FKURQLFOHG�WKHLU�H[SHULHQFHV�DQG�YLHZV�WKURXJKRXW�WKH�FRXUVH��6WXGHQWV�FUHDWHG�
WKHLU�EORJV�XVLQJ�WKH�IUHH��KRVWHG�ZRUGSUHVV�FRP�VHUYLFH��ZKLFK�DOORZHG�WKHP�EDVLF�EORJJLQJ�IXQFWLRQDOLW\�LQ�
WKHLU�RZQ�SHUVRQDOLVHG�HQYLURQPHQW��7KH�:RUGSUHVV�SODWIRUP�RIIHUV�XVHU�IULHQGO\�ZHE�EURZVHU�EDVHG�WRROV�WR�
FUHDWH�DQG�PDQDJH�EORJV�LQ�DGGLWLRQ�WR�D�SRZHUIXO�PRELOH�DSS��6WXGHQWV�PDGH�XVH�RI�ERWK�PHWKRGV�GXULQJ�WKH�
FRXUVH��DQG�ZHUH�IUHH�WR�FKRRVH�ZKLFK�VXLWHG�WKHP�EHVW��
�
$XUDVPD��$XUDVPD�LV�DQ�DXJPHQWHG�UHDOLW\�SODWIRUP�WKDW�OD\HUV�HOHFWURQLF�FRQWHQW�RYHU�WKH�WRS�RI�UHDO�ZRUOG�
FRQWHQW��6WXGHQWV�PDGH�XVH�RI�$XUDVPD�WR�DGG�YDOXH�WR�WKHLU�PDUNHWLQJ�SRVWHUV��ZKLFK�WKH\�GHYHORSHG�DW�WKH�
EHJLQQLQJ�RI�WKH�FRXUVH��$�QXPEHU�RI�WKHP�DOVR�FKRVH�WR�XVH�$XUDVPD�ODWHU�LQ�WKH�FRXUVH�DW�YDULRXV�VWDJHV��VXFK�
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