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$EVWUDFW� � ,QVWLWXWLRQV� RI� KLJKHU� HGXFDWLRQ� DUH� YDVW�
LQWHUFRQQHFWHG�QHWZRUNV�RI�GHSDUWPHQWV��SURJUDPV��PDMRUV��DQG�
FRXUVHV��ZKRVH�FRPSOH[LW\�LV�RQO\�LQFUHDVHG�E\�WKH�UDSLG�JURZWK�
DQG�DYDLODELOLW\�RI� WHFKQRORJ\�EDVHG� OHDUQLQJ� LQ�UHFHQW�\HDUV�� ,Q�
WRGD\¶V�GDWD�GULYHQ�ZRUOG��LW�LV�FULWLFDO�IRU�FROOHJH�VWXGHQWV�LQ�DOO�
DFDGHPLF�GLVFLSOLQHV�WR�XQGHUVWDQG�WKH�EDVLF�FRQFHSWV�RI�³V\VWHPV�
WKLQNLQJ´�DQG�KRZ�V\VWHPV�WKLQNLQJ�VWUDWHJLHV�FDQ�EH�DSSOLHG�WR�
QHDUO\�DQ\�SUREOHP�WKH\�HQFRXQWHU�LQ�WKHLU�FDUHHUV��:KLOH�PDNLQJ�
WKLV� LQIRUPDWLRQ� DYDLODEOH� WR� VWXGHQWV� RQOLQH� LV� DQ� HDV\� ZD\� WR�
GLVVHPLQDWH� WKH� FRQWHQW� ZLWKLQ� WKH� FRPSOH[� QHWZRUN� RI� KLJKHU�
HGXFDWLRQ��WKH�GHFLVLRQ�WR�GR�VR�PD\�EH�DW�WKH�H[SHQVH�RI�VWXGHQWV¶�
XQGHUVWDQGLQJ�RI�WKH�PDWHULDO��7KHUHIRUH��WKLV�SDSHU�DLPV�WR�DVVHVV�
WKH� HIIHFWLYHQHVV� RI� DQ� RQOLQH� PRGXOH� LQ� LQWURGXFLQJ� V\VWHPV�
WKLQNLQJ� FRQFHSWV� WR� ERWK� HQJLQHHUV� DQG� QRQ�HQJLQHHUV�� 7R�
FRQGXFW�WKH�VWXG\��D�JDS�DQDO\VLV�ZDV�SHUIRUPHG�DPRQJ�H[LVWLQJ�
RQOLQH�HGXFDWLRQ�SODWIRUPV��UHVXOWLQJ�LQ�WKH�VHOHFWLRQ�RI�7KLQNLILF�
DV�WKH�PRVW�HIIHFWLYH�PDVVLYH�RSHQ�RQOLQH�FRXUVH��022&��SODWIRUP�
WKURXJK� ZKLFK� WR� GLVVHPLQDWH� RXU� RQOLQH� PRGXOH� FRQWHQW��
7KLQNLILF�KDV�RSHQ�DFFHVV�DQG�DOORZV�IRU�LQWHUDFWLYH�SDUWLFLSDWLRQ�
WKURXJK� WKH�,QWHUQHW��$�VKRUW�RQOLQH�PRGXOH�ZDV�GHYHORSHG�DQG�
YDOLGDWHG� LQ� 7KLQNLILF� XVLQJ� KXPDQ� GHVLJQ� SULQFLSOHV� DQG� XVHU�
WHVWLQJ��8SRQ�FRPSOHWLRQ�RI�WKH�PRGXOH�GHVLJQ��JURXSV�RI�VWXGHQWV�
LQ�WKH�&ROOHJH�RI�$UWV�DQG�6FLHQFHV��&/$6��DQG�LQ�WKH�6FKRRO�RI�
(QJLQHHULQJ� DQG� $SSOLHG� 6FLHQFH� �6($6�� DW� WKH� 8QLYHUVLW\� RI�
9LUJLQLD�FRPSOHWHG�D�SUH�WHVW��WKH�RQOLQH�PRGXOH��DQG�D�SRVW�WHVW��
7KH�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�UHVXOWV�RI�WKH�SUH� DQG�SRVW�WHVWV�
ZHUH�DQDO\]HG�WR�GHWHUPLQH�WKH�HIIHFWLYHQHVV�RI�WKH�PRGXOH�DQG�WR�
OHDUQ�KRZ�XQGHUVWDQGLQJ�YDULHV�E\�LQWHQGHG�PDMRU��7KURXJK�WKLV�
DQDO\VLV�� WZR� ILQGLQJV� ZHUH� HOLFLWHG�� RQOLQH� OHDUQLQJ� LQFUHDVHV�
OHDUQLQJ� DQG� XQGHUVWDQGLQJ� FRQFHUQLQJ� NH\� V\VWHPV� WKLQNLQJ�
FRQFHSWV��DQG�WKLV�OHDUQLQJ�DQG�XQGHUVWDQGLQJ�LV�QRW�VLJQLILFDQWO\�
GLIIHUHQW� EHWZHHQ� &/$6� DQG� 6($6� SDUWLFLSDQWV�� 7KHVH� UHVXOWV�
LQIRUP� HGXFDWRUV� DERXW� WKH� GHJUHH� RI� HPSKDVLV� WKDW� VKRXOG� EH�
SODFHG�RQ�FRQWLQXHG�GHYHORSPHQW�DQG�VFDODELOLW\�RI�RQOLQH�OHDUQLQJ�
SURJUDPV�WR�HQKDQFH�XQGHUVWDQGLQJ�RI�V\VWHPV�WKLQNLQJ�FRQFHSWV��
0RUH� EURDGO\�� WKLV� VWXG\� FRQWULEXWHV� WR� WKH� JURZLQJ� ERG\� RI�
OLWHUDWXUH�ZKLFK�VHHNV�WR�XQGHUVWDQG�WKH�LPSDFW�RI�WHFKQRORJ\�RQ�
WKH� VSUHDG� RI� LQIRUPDWLRQ� QRW� RQO\� ZLWKLQ� WKH� ILHOG� RI� KLJKHU�
HGXFDWLRQ��EXW�ZLWKLQ�RWKHU�ODUJH�V\VWHPV�DV�ZHOO�

.H\ZRUGV²RQOLQH�OHDUQLQJ��V\VWHPV�WKLQNLQJ��PHWULFV��REMHFWLYHV�
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$V� WHFKQRORJ\� UDSLGO\� EHFRPHV� PRUH� GHYHORSHG� DQG�
ZLGHVSUHDG�� OHDUQLQJ� FRQWLQXHV� WR� H[SDQG� IURP� WUDGLWLRQDO�
OHFWXUHV�LQ�D�FODVVURRP�WR�YLUWXDO�OHDUQLQJ�H[SHULHQFHV�WKURXJK�
RQOLQH�HGXFDWLRQ��2QOLQH�HGXFDWLRQ�IORXULVKHG�TXLFNO\��LQ�MXVW�
WZHQW\�\HDUV�VLQFH�WKH ILUVW�ODUJH�VFDOH�RQOLQH�HGXFDWLRQ�WULDOV��
WKH�SHUFHQWDJH�RI�DOO�$PHULFDQ�FROOHJH�VWXGHQWV�HQUROOHG�LQ�DW�

OHDVW�RQH�RQOLQH�FRXUVH�KDV�JURZQ�IURP����WR�����>�@�>�@��7KH�
JURZLQJ� DYDLODELOLW\� RI� OLJKWZHLJKW�� OLJKWQLQJ�IDVW� ODSWRSV��
WDEOHWV�� DQG� VPDUWSKRQHV� HQFRXUDJHG� WKH� GHYHORSPHQW� RI�
KXQGUHGV�RI�RQOLQH�OHDUQLQJ�SODWIRUPV�WKDW�HQDEOH�XVHUV�WR�OHDUQ�
DERXW�DQ\WKLQJ��DQ\ZKHUH��3RSXODU�ZHEVLWHV�DQG�DFFRPSDQ\LQJ�
DSSV� VXFK� DV� &RXUVHUD�� (G;�� *RRJOH� &ODVVURRP�� DQG� .KDQ�
$FDGHP\�DUH�MXVW�D�IHZ�SODWIRUPV�WKDW�SURYLGH�IOH[LEOH�OHDUQLQJ�
HQYLURQPHQWV�IRU�ERWK�VWXGHQWV�DQG�WHDFKHUV��2YHU�����PLOOLRQ�
VWXGHQWV�QRZ�HQUROO� LQ�RQOLQH� FRXUVHV� HDFK�\HDU�� DQG�����RI�
DFDGHPLF� OHDGHUV� VD\�RQOLQH� OHDUQLQJ� LV� FULWLFDO� WR� WKHLU� ORQJ�
WHUP�VWUDWHJ\�>�@��%HQHILWV�RI�RQOLQH�OHDUQLQJ�LQFOXGH WKDW�³���WKH�
OHDUQHU� KDV� WKHLU� RZQ� UHVSRQVLELOLW\� LQ� OHDUQLQJ�� DQG� UHDOL]HV�
WKHLU�RZQ�SDFH�RI�OHDUQLQJ�DFFRUGLQJ�WR�WKHLU�RZQ�VW\OH��ZKLFK�
WDNHV� SODFH� LQ� WKH� FRQWH[W� RI� D� IXOO� FR�RSHUDWLRQ� DQG� DQ�
RSSRUWXQLW\� IRU� FRQWLQXRXV� VHOI�HYDOXDWLRQ´� >�@�� ([SHUWV�ZKR�
RSSRVH� RQOLQH�EDVHG� OHDUQLQJ� FODLP� WKDW� VWXGHQWV� LQ� RQOLQH�
FRXUVHV�DUH�OHVV�OLNHO\�WR�HQJDJH�ZLWK�FRXUVH�PDWHULDO�WKDQ�WKRVH�
LQ� IDFH�WR�IDFH�FRXUVHV� DQG� DUH� WKHUHIRUH�PRUH� LQFOLQHG� WR�GR�
ZRUVH� RQ� H[DPLQDWLRQV� >�@�� 'HVSLWH� WKLV� ZRUU\�� ZHE�EDVHG�
HGXFDWLRQ�SUHVHQWV�DQ�RSSRUWXQLW\�WR�WHDFK�FRXUVH�PDWHULDO�WR�D�
ODUJH��GLYHUVH�SRSXODWLRQ�ZLWKRXW�DGKHULQJ�WR�WUDGLWLRQDO�WLPH��
ORFDWLRQ��DQG�VSDWLDO� FRQVWUDLQWV�� ,I� H[HFXWHG�FDUHIXOO\��RQOLQH�
HGXFDWLRQ� FDQ� EH� D� VXFFHVVIXO� FKDQQHO� WKURXJK� ZKLFK� WR�
GLVVHPLQDWH�LQIRUPDWLRQ�WR�ODUJH�JURXSV�RI�SHRSOH�ZLWK�HDVH�

6\VWHPV�7KLQNLQJ

2QH� WRSLF� WKDW� OHQGV� LWVHOI� WR�RQOLQH� LQVWUXFWLRQ� LV� V\VWHPV�
WKLQNLQJ��:KLOH�V\VWHPV�WKLQNLQJ�KDV�KLVWRULFDOO\�SURYHQ�LWVHOI�
WR�EH�DQ� LQWHJUDO� WRRO� IRU� V\VWHPV�HQJLQHHUV��ZKHQ�XQGHUVWRRG�
SURSHUO\�LW�FDQ�DOVR�EH�EHQHILFLDO�IRU�D�ZLGH�UDQJH�RI�GLIIHUHQW�
LQGLYLGXDOV��RUJDQL]DWLRQV��DQG�HYHQ�QDWLRQV��7KHVH�JURXSV�DUH�
RIWHQ� IDFHG� ZLWK� FRPSOH[� FKDOOHQJHV� ZKLFK� UHTXLUH� WKHP� WR�
PDNH� LQIRUPHG�GHFLVLRQV��)RU� H[DPSOH��DQ� LQGLYLGXDO�PD\�EH�
DWWHPSWLQJ� WR� FKRRVH ZKLFK� FDU� WR� SXUFKDVH�� DQ� RUJDQL]DWLRQ�
PLJKW�EH�GHFLGLQJ�ZKLFK�PDQXIDFWXUHU�WR�XVH�LQ�WKH�GHYHORSPHQW�
RI�D�QHZ�SURGXFW��DQG�D�QDWLRQ�FRXOG�EH�FKRRVLQJ�KRZ�WR�DOORFDWH�
IXQGLQJ��0RVW�GHFLVLRQV�DUH�PDGH�RQ�WKH�EDVLV�RI�DWWHPSWLQJ�WR�
VROYH�D�SUREOHP�RU� UHDFK� D�JRDO��DQG�V\VWHPV� WKLQNLQJ�EHJLQV�
ZLWK� IRUPXODWLQJ� ZHOO�FRQFHLYHG� REMHFWLYHV� DQG� PHWULFV� WKDW�
WUDFN� KRZ� ZHOO� WKRVH� REMHFWLYHV� DUH� DFKLHYHG�� 2EMHFWLYH�
IRUPXODWLRQ�DQG�WKH�PHWULFV�WKDW�GHILQH�WKHLU�VXFFHVV�DUH�FULWLFDO�
FRPSRQHQWV�RI�WKH�V\VWHPV�DSSURDFK��:LWK�PHWULFV�H[LVWLQJ�LQ�
DOO�DVSHFWV�RI�DQ�LQGLYLGXDO
V�OLIH��IURP�VSHHG�OLPLWV�WR�WD[HV��PRVW�
SHRSOH��UHJDUGOHVV�RI�ZKHWKHU�RU�QRW�WKH\�DUH�HQJLQHHUV��QHHG�WR�
XQGHUVWDQG�WKH�SURFHVV�DQG�PHDQLQJ�EHKLQG�WKH�GHYHORSPHQW�RI�
REMHFWLYHV�IRU�SUREOHP�VROYLQJ�
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2EMHFWLYH�6WDWHPHQW

$IWHU� H[DPLQLQJ� WKH� LPSRUWDQFH� DQG� HIIHFWLYHQHVV� RI�
V\VWHPV�WKLQNLQJ��DV�ZHOO�DV�WKH�SRWHQWLDO�RI�XVLQJ�WHFKQRORJ\�IRU�
RQOLQH� HGXFDWLRQ�� WKH� JRDO� RI� RXU� UHVHDUFK� LV� WR� GHYHORS� DQG�
YDOLGDWH� DQ� DSSURDFK� WR� GLVVHPLQDWLQJ� WKH� LGHDV� RI� V\VWHPV�
WKLQNLQJ�WR�D�ODUJH�JURXS�RI�SHRSOH�WKURXJK�DQ�RQOLQH�SODWIRUP�

0(7+2'2/2*<

2QOLQH�3ODWIRUP�6HOHFWLRQ

7KH�ILUVW�VWHS�LQ�GHYHORSLQJ�WKH�RQOLQH�OHDUQLQJ�PRGXOH�ZDV�
WR� LGHQWLI\� DQG� HYDOXDWH� OHDUQLQJ� SODWIRUP� DOWHUQDWLYHV� IRU�
SUHVHQWLQJ� LQIRUPDWLRQ� RQOLQH�� 7KH� IROORZLQJ� FULWHULD� ZHUH�
HVWDEOLVKHG�WR�GHWHUPLQH�ZKLFK�RI�WKRXVDQGV�RI�H[LVWLQJ�RQOLQH�
OHDUQLQJ�SODWIRUPV�ZRXOG�EHVW�DOLJQ�ZLWK�RXU�SURMHFW�REMHFWLYHV�

x &ULWHULD����&RQWHQW�VKRXOG�EH�DV\QFKURQRXV�VR�VWXGHQWV�
FDQ�YLHZ�FRQWHQW�DW�WKHLU�RZQ�SDFH�

x &ULWHULD����6WXGHQWV�FDQ�UHVSRQG� WR�DQG� LQWHUDFW�ZLWK�
FRQWHQW�WKURXJK�GLVFXVVLRQV��VXUYH\V��TXL]]HV��HWF�

x &ULWHULD� ��� 7HDFKHUV� RU� FRXUVH� DGPLQLVWUDWRUV� FDQ�
DFFHVV�DQG�H[SRUW�VWXGHQW�UHVSRQVHV�

x &ULWHULD� �� &RQWHQW� VKRXOG� EH� IUHH� IRU� VWXGHQWV� RU�
SDUWLFLSDQWV WR�DFFHVV�

x &ULWHULD� �� 6WXGHQWV� VKRXOG� EH� DEOH� WR� WUDFN� WKHLU�
SURJUHVV�ZKLOH�WDNLQJ�D�FRXUVH�

x &ULWHULD��� 7RROV�IRU�WHDFKHUV�RU�FRXUVH�DGPLQLVWUDWRUV�
WR�GHYHORS�FRQWHQW�DUH�FOHDU�DQG�LQWXLWLYH�

7KHVH� FULWHULD� DUH� QRW� XQLYHUVDO� IRU� HYDOXDWLQJ� HIIHFWLYH�
RQOLQH�OHDUQLQJ�SODWIRUPV��EXW�UHSUHVHQW�WKH�FKDUDFWHULVWLFV�WKDW�
DUH�PRVW�UHOHYDQW�IRU�WKH�SURSRVHG�RQOLQH�PRGXOH¶V�SXUSRVHV��
*DS� DQDO\VHV� SHUIRUPHG� RQ� RYHU� ��� SRWHQWLDO� SODWIRUPV�
GHWHUPLQHG� KRZ�ZHOO� HDFK� WHFKQRORJ\� VDWLVILHG� WKH� VSHFLILHG�
FULWHULD��,Q�WKH�JDS�DQDO\VLV��TXDOLWDWLYH�GHVFULSWLRQV�RI�IHDWXUHV�
RI�HDFK�WHFKQRORJ\�WKDW�ZRXOG�RU�ZRXOG�QRW�ZRUN�ZHOO�IRU�WKH�
SXUSRVHV� RI� WKH� SURMHFW� ZHUH� SURYLGHG�� 3ODWIRUPV� ZHUH� DOVR�
JLYHQ�D�TXDQWLWDWLYH�UDQNLQJ�RQ�DQ�RUGLQDO�VFDOH�EHWZHHQ���DQG�
��IRU�HDFK FULWHULRQ��ZLWK���PHDQLQJ�WKH�SODWIRUP�GRHV�QRW�PHHW�
WKH�FULWHULD�DW�DOO�DQG���PHDQLQJ�WKH�SODWIRUP�VDWLVILHV�WKH�FULWHULD�
SHUIHFWO\��$�VXPPDU\�RI�WKHVH�UDQNLQJV�IRU�WKH���PRVW�KLJKO\�
UDQNHG�SODWIRUPV�LV�SURYLGHG�LQ�7DEOH�,�

:KLOH� QRQH� RI� WKH� SODWIRUPV� VDWLVILHG� DOO� RI� WKH� RXWOLQHG�
VSHFLILFDWLRQV� SHUIHFWO\�� 3ODWIRUP� &� PRVW� FORVHO\� PHW� WKH�
GHVLJQDWHG� FULWHULD� DQG�ZDV� WKXV� VHOHFWHG� DV� WKH� WRRO� WKURXJK�
ZKLFK�WKH�OHDUQLQJ�PRGXOH�ZRXOG�EH�GHYHORSHG��3ODWIRUP�&�LV�
D�022&�SODWIRUP�NQRZQ�DV�7KLQNLILF�ZKLFK�DOORZV WHDFKHUV�
DQG� FRXUVH� FUHDWRUV� WR�GHYHORS� FRQWHQW� WKDW� FDQ�EH�RUJDQL]HG�
LQWR�GLJHVWLEOH�FKDSWHUV�DQG�OHVVRQV��LQWHJUDWHV�YDULRXV�IRUPV�RI�
PXOWLPHGLD��FXVWRPL]H�FODVV�ZHEVLWHV�DQG�FRXUVH�UHTXLUHPHQWV��
DQG�PRUH�
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7DEOH�,��:KHQ�VFRUHG�RQ�DQ�RUGLQDO�VFDOH�IURP�����DJDLQVW�VL[�FULWHULD��3ODWIRUP�
&�KDV�WKH�KLJKHVW�VFRUH�

0RGXOH�'HYHORSPHQW

$IWHU�UHYLHZLQJ�VWXGLHV�RI�EHVW�SUDFWLFHV�LQ�RQOLQH�OHDUQLQJ�
FRQGXFWHG�E\�WKH�8�6��'HSDUWPHQW�RI�(GXFDWLRQ��ZH�GHWHUPLQHG�
WKDW�RXU�PRGXOH�VKRXOG�KDYH�WKH�IROORZLQJ�SURSHUWLHV�

+ROGV� 8VHU� $WWHQWLRQ�� 3DUWLFLSDQWV� VKRXOG� EH� DEOH� WR�
FRPSOHWH� WKH� PRGXOH� LQ� RQH� VLWWLQJ� ZLWKRXW� ORVLQJ�
LQWHUHVW�

8QGHUVWDQGDEOH��$Q\�SDUWLFLSDQW�ZLWK�D�KLJK�VFKRRO�GLSORPD�
VKRXOG�EH�DEOH�WR�FRPSUHKHQG�DQG�LQWHUQDOL]H�WKH�PRGXOH�
FRQWHQW�� UHJDUGOHVV� RI� IXUWKHU� VSHFLDOL]HG� HGXFDWLRQ� RU�
WUDLQLQJ�

0HDQLQJIXO��3DUWLFLSDQWV�VKRXOG�JDLQ�NQRZOHGJH�WKURXJK�WKH�
PRGXOH�WKDW�KDV�FOHDU�DSSOLFDWLRQV�WR�WKHLU�OLYHV��

7R� VDWLVI\� WKH� ILUVW� SURSHUW\�� ZH� ILUVW� DSSOLHG� UHVHDUFK�
VKRZLQJ� WKDW� WKH�DYHUDJH�VWXGHQW�DWWHQWLRQ�VSDQ�IRU�DQ�RQOLQH�
FRXUVH�LV�QR�PRUH�WKDQ����PLQXWHV��7KLV LQIRUPHG�RXU�GHFLVLRQ�
WKDW�WKH�PRGXOH�VKRXOG�EH�GHVLJQHG�WR�EH�FRPSOHWHG�ZLWKLQ�WKDW�
WLPH� IUDPH� >�@��:H� QDUURZHG� WKH� H[WHQVLYH� ILHOG� RI� V\VWHPV�
HQJLQHHULQJ�WR�IRFXV�RQ�WZR�IXQGDPHQWDO�WRSLFV�WKDW�FRXOG�EH�
WDXJKW�LQ�WKDW�WLPH��REMHFWLYHV DQG�PHWULFV��7KHVH WRSLFV�SURYHG�
WR�EH�VWURQJ�FDQGLGDWHV�IRU�WKH�PRGXOH�EHFDXVH�WKH\�VDWLVI\�WKH�
VHFRQG� DQG� WKLUG� SURSHUWLHV�� WKH\� FDQ� EH� HDVLO\� VLPSOLILHG� WR�
UHPRYH� DQ\� WHFKQLFDO� SUHUHTXLVLWH� NQRZOHGJH� DQG� WKH\� KDYH�
ZLGH� DSSOLFDWLRQ� WR� D� YDULHW\� RI� WHFKQLFDO� DQG� QRQWHFKQLFDO�
ILHOGV��7R�IXUWKHU�VDWLVI\�WKH�WKLUG�SURSHUW\��D�ILQDO�VHFWLRQ�RI�WKH�
PRGXOH� WKDW� SURYLGHV� H[DPSOHV� RI� REMHFWLYHV� DQG� PHWULFV�
DSSOLHG�WR�UHDO�ZRUOG�SUREOHPV�ZDV�LQFOXGHG�

$Q�LQLWLDO�PRGXOH��³,QWURGXFWLRQ�WR�6\VWHPV�7KLQNLQJ´��ZDV�
GHYHORSHG� LQ� 7KLQNLILF EDVHG� RQ� WKHVH� FRQVLGHUDWLRQV�� ,Q� WKH�
REMHFWLYHV�VHFWLRQ��SDUWLFLSDQWV�DUH�WDXJKW�DERXW�WKH�VHYHQ�VWHSV�
RI�REMHFWLYH�GHYHORSPHQW��WKH�SURSHU�ZD\�WR�ZULWH�REMHFWLYHV��
DQG� KRZ� WR� FUHDWH� REMHFWLYHV� WUHHV�� ,Q� WKH� PHWULFV� VHFWLRQ��
SDUWLFLSDQWV� DUH� WDXJKW� DERXW WKH� LPSRUWDQFH� RI� GHYHORSLQJ�
VWURQJ�PHWULFV� DQG� WKH� ILYH� FKDUDFWHULVWLFV� DOO� VWURQJ�PHWULFV�
PXVW�KDYH��,Q�WKH�H[DPSOHV�VHFWLRQ��SDUWLFLSDQWV�DUH�H[SRVHG�WR�
WKH�IROORZLQJ�WKUHH�VFHQDULRV�LQ�ZKLFK�REMHFWLYHV�DQG�PHWULFV�
DUH� XVHG� WR� JXLGH� WKH� SUREOHP�VROYHU� WRZDUG� RSWLPL]LQJ� WKH�
VLWXDWLRQ� DW� KDQG�� ���� XVLQJ� *3$� DV� D� PHWULF� WR� XQGHUVWDQG�
VWXGHQW�SHUIRUPDQFH������GHYHORSLQJ�REMHFWLYHV�DQG�PHWULFV�WR�
UHGXFH�VROLG�ZDVWH�DW�89$��DQG�����FUHDWLQJ�D�XQLYHUVDO�PHWULF�
WR�PHDVXUH�D�QDWLRQ¶V�ZHOOEHLQJ��7KHVH�DSSOLFDWLRQV�LQWURGXFH�
SDUWLFLSDQWV�WR�NH\�WKHPHV�LQ�REMHFWLYH�DQG�PHWULF�GHYHORSPHQW��
VXFK�DV�WKH�LPSRUWDQFH�RI�FKRRVLQJ�PHWULFV�FDUHIXOO\�EDVHG�RQ�
WKH�SUREOHP�WU\LQJ�WR�EH�VROYHG�DQG�WKH�GLIILFXOW\�RI�VHOHFWLQJ�D�
VLQJOH� PHWULF� WKDW� VDWLVILHV� WKH� YDOXHV� RI� DOO� VWDNHKROGHUV�
LQYROYHG�

3ULPDU\� XVDELOLW\� HYDOXDWLRQV� ZHUH� FRQGXFWHG� IROORZLQJ�
LQLWLDO�PRGXOH�FUHDWLRQ��GXULQJ�ZKLFK�WHVW�XVHUV�QRWHG�DUHDV�RI�
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H[FHVVLYH� ZRUGLQHVV�� FRQIXVLRQV� LQ� SKUDVLQJ�� DQG�
LQFRQVLVWHQFLHV� LQ� RYHUDOO� GHVLJQ�� $SSURSULDWH� FKDQJHV� ZHUH�
PDGH�WR�WKH�PRGXOH�WR�UHIOHFW�WKLV�IHHGEDFN��:H�FRPSOHWHG�D�
VHFRQG� LWHUDWLRQ�RI�XVDELOLW\�HYDOXDWLRQV� WR�DUULYH�DW�RXU� ILQDO�
PRGXOH�GHVLJQ�

([SHULPHQWDO�'HVLJQ

7R�WHVW� WKH�SURMHFW�REMHFWLYH��DQ�H[SHULPHQW�ZDV�GHVLJQHG�
WKDW�HPSOR\HG�SDLUHG�GDWD�DV�ZHOO�DV�SHUPLWWHG�WKH�FRPSDULVRQ�
RI�WZR�JURXSV�RI�VWXGHQWV�WR�GHWHUPLQH�ZKHWKHU�RU�QRW�FKRLFH�RI�
DFDGHPLF�VFKRRO�PDNHV�D�GLIIHUHQFH�LQ�OHDUQLQJ��7KH�IROORZLQJ�
WZR�QXOO�K\SRWKHVHV�ZHUH�SURSRVHG�IRU�WKH�H[SHULPHQW������WKH�
RQOLQH� PRGXOH� LV� QRW� HIIHFWLYH� LQ� LQFUHDVLQJ� DQ� LQGLYLGXDO¶V�
NQRZOHGJH�DQG�XQGHUVWDQGLQJ�RI�REMHFWLYHV�DQG�PHWULFV��DQG�����
WKHUH�LV�QR�GLIIHUHQFH�EHWZHHQ�&/$6�DQG�6($6�SDUWLFLSDQWV¶�
LQFUHDVH� RI� NQRZOHGJH� DQG� XQGHUVWDQGLQJ� RI� REMHFWLYHV� DQG�
PHWULFV�DIWHU�FRPSOHWLQJ�WKH�RQOLQH�PRGXOH�

7R�GHWHUPLQH�ZKHWKHU�RU QRW�WKHUH�LV�VXIILFLHQW�HYLGHQFH�WR�
UHMHFW� WKHVH� K\SRWKHVHV�� ��� ILUVW�\HDU� XQGHUJUDGXDWHV� DW� WKH�
8QLYHUVLW\�RI�9LUJLQLD�����IURP�&/$6�DQG����IURP�6($6��ZHUH�
UHFUXLWHG� WR� FRPSOHWH� WKH� PRGXOH�� $� ILYH�TXHVWLRQ� WHVW� ZDV�
DGPLQLVWHUHG� WR� HDFK� SDUWLFLSDQW� ERWK� EHIRUH� DQG� DIWHU� WKH�
SDUWLFLSDQW�FRPSOHWHG� WKH�PRGXOH��(DFK�TXHVWLRQ��� WKURXJK���
DVNV� SDUWLFLSDQWV� WR� GHPRQVWUDWH� NQRZOHGJH� RI� WKH� VDPH�
OHDUQLQJ�REMHFWLYH�LQ�ERWK�WKH�SUH� DQG�SRVW�WHVW��OLVWHG�KHUH�

x 4XHVWLRQ����:KDW�GR�\RX�WKLQN�LV�WKH�ELJJHVW�FKDOOHQJH�
V\VWHPV�HQJLQHHUV�IDFH�ZKHQ�GHYHORSLQJ�REMHFWLYHV"

x 4XHVWLRQ����:ULWH�WZR�VXE�REMHFWLYHV�IRU�WKH�IROORZLQJ�
REMHFWLYH�EDVHG�RQ�WKH�VFHQDULR�SURYLGHG�

x 4XHVWLRQ����&UHDWH�D�PHWULF�IRU�REMHFWLYH�SURYLGHG��

x 4XHVWLRQ� �� $� PHWULF� LV� D� PHDVXUHPHQW� RI� VXFFHVV�
WRZDUG� UHDFKLQJ� D� VSHFLILHG� JRDO�� /LVW� DV� PDQ\�
FKDUDFWHULVWLFV�RI�D�JRRG�PHWULF�DV�\RX�FDQ�

x 4XHVWLRQ� �� :KDW� LV� V\VWHPV� WKLQNLQJ� DQG�ZK\� LV� LW�
LPSRUWDQW"

8SRQ�PRGXOH�FRPSOHWLRQ��SDUWLFLSDQW�UHVSRQVHV�WR�WKH�SUH�
DQG�SRVW�WHVW�TXHVWLRQV�ZHUH�GHLGHQWLILHG��$�UXEULF�ZDV�XVHG�WR�
VFRUH�HDFK�TXHVWLRQ�ZLWK�D�������RU���WR�UHSUHVHQW�ZKHWKHU�WKH�
TXHVWLRQ� KDG� EHHQ� DQVZHUHG� DW� D� QDLYH�� DSSUHQWLFH�� RU�
FRPSHWHQW� OHYHO�� UHVSHFWLYHO\�� 7KH� FKDQJH� LQ� DQ� LQGLYLGXDO¶V�
VFRUHV�IURP�WKH�SUH�WHVW�WR�WKH�SRVW�WHVW�DOORZHG�XV�WR�PHDVXUH�
LQFUHDVHV� LQ� NQRZOHGJH� DQG� XQGHUVWDQGLQJ� RI� REMHFWLYHV� DQG�
PHWULFV�

5(68/76�$1'�',6&866,21

7KH�WZR�PHWULFV�XVHG�WR�PHDVXUH�WKH�VXFFHVV�RI�VWXGHQWV�DUH�
WKH�WRWDO�VFRUHV�FDOFXODWHG�E\�DGGLQJ�XS�LQGLYLGXDO�VFRUHV�IURP�
HDFK� TXHVWLRQ� RQ� WKH� SUH�WHVW� DQG� RQ� WKH� SRVW�WHVW�� 6LQFH� WKH�
REMHFWLYH�RI�WKH�H[SHULPHQW�LV�WR�GLVFRYHU�LI�VFRUHV�RQ�WKH�SUH�
WHVW�DQG�SRVW�WHVW�DUH�GLIIHUHQW��WKH�WRWDO�VFRUHV�SURYLGH�D�KROLVWLF�
PHWULF�WR�PHDVXUH�WKH�RYHUDOO�SURJUHVV�RI�D�VWXGHQW
V�OHDUQLQJ��
,Q�DGGLWLRQ��DQ�XQGHUVWDQGLQJ�RI�WKH�GDWD�GLVWULEXWLRQ�LV�QHHGHG�
WR� GHWHUPLQH� ZKDW� VWDWLVWLFDO� WHVWV� DUH� YDOLG� WR� XVH�� DQG� WR�
GLVFRYHU� DQ\� OLPLWDWLRQV� WKDW� DUH� SUHVHQW� LQ� WKH� GDWD�� 7KH�
IUHTXHQF\�GLVWULEXWLRQV�RI�WKH�SUH� DQG�SRVW�WHVW�VFRUHV�VKRZQ�

LQ� )LJ�� �� LQGLFDWH� WKDW� WKH� GDWD� GRHV�QRW� FRPSOHWHO\� IROORZ� D�
QRUPDO�GLVWULEXWLRQ�

),*85( ,�
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)LJ��,��7KH�IUHTXHQF\�GLVWULEXWLRQV�RI�WKH�SUH� DQG�SRVW�WHVW�VFRUHV�VKRZ�WKDW�WKH�
GDWD�GRHV�QRW�IROORZ�D�QRUPDO�GLVWULEXWLRQ�

7KXV��WKHUH�LV�JUHDWHU�LQWHUHVW�LQ�XVLQJ�QRQ�SDUDPHWULF�WHVWV�
WR� HQVXUH� JUHDWHU� YDOLGLW\� RI� WKH� UHVXOWV� ZLWKRXW PDNLQJ�
DVVXPSWLRQV� UHJDUGLQJ� WKH� GLVWULEXWLRQ�� 1RQ�SDUDPHWULF� WHVWV�
OLNH�WKH�:LOFR[RQ�VLJQHG�UDQN�WHVW�DQG�WKH�0DQQ�:KLWQH\�WHVWV�
PDNH�QR�DVVXPSWLRQV�DERXW�WKH�GLVWULEXWLRQ�RI�WKH�GDWD�>�@��$V�
WKH�:LOFR[RQ�VLJQHG�UDQN�WHVW�LV�XVHG�IRU�SDLUHG�VDPSOHV��WKLV
WHVW� LV� XVHIXO� IRU� +\SRWKHVLV� ,� WR� WHVW� ZKHWKHU� WKH� GLIIHUHQFH�
LQ SUH�WHVW� DQG� SRVW�WHVW� VFRUHV� LQGLFDWH� DQ� LQFUHDVH� LQ�
XQGHUVWDQGLQJ�DW�D����VLJQLILFDQFH�OHYHO��7KH�0DQQ�:KLWQH\�
WHVW�LV�XVHIXO�IRU�+\SRWKHVLV�,,�WR�WHVW�ZKHWKHU�WZR�LQGHSHQGHQW�
VDPSOHV�RI�&/$6�DQG�6($6� VWXGHQWV�GLIIHU� LQ� WKHLU� OHDUQLQJ�
DQG�XQGHUVWDQGLQJ�RI�WKH�PRGXOH�FRQWHQW�DW�D����VLJQLILFDQFH�
OHYHO�

+\SRWKHVLV�,

+��� WKH� RQOLQH� PRGXOH� LV� QRW� HIIHFWLYH� LQ� LQFUHDVLQJ� DQ�
LQGLYLGXDO¶V� NQRZOHGJH� DQG� XQGHUVWDQGLQJ� RI� REMHFWLYHV� DQG�
PHWULFV�

8VLQJ�WKH�PHWULF�RI�WRWDO�VFRUH�DV�RXU�UHVSRQVH�YDULDEOH��WKH�
DQDO\VLV�VKRZV�WKDW�RQOLQH�OHDUQLQJ�GRHV�LQFUHDVH�OHDUQLQJ�DQG�
XQGHUVWDQGLQJ��7KH�PHGLDQ�VFRUH�RI�DOO�XVHUV�EHLQJ�WHVWHG�RQ�WKH�
SUH�WHVW�LV���RXW�RI����SRVVLEOH�WRWDO�SRLQWV��ZKHUHDV�WKH�PHGLDQ�
VFRUH� RI� DOO� XVHUV� EHLQJ� WHVWHG� RQ� WKH� SRVW�WHVW� LPPHGLDWHO\�
IROORZLQJ�WKH�PRGXOH�LV�����RXW�RI����SRVVLEOH�WRWDO�SRLQWV�

8VLQJ�WKLV�GDWD��D�:LOFR[RQ�VLJQHG�UDQN�WHVW� LV�FRQGXFWHG�
RQ�WKH�SDLUHG�GLVWULEXWLRQV�RI�WKH�SUH� DQG�SRVW�WHVW�VFRUHV�WR�WHVW�
LI� WKH� GLIIHUHQFH� EHWZHHQ� WKH� VFRUHV� LV� VLJQLILFDQW DW� D� ���
VLJQLILFDQFH� OHYHO�� 7KH� WHVW� HOLFLWV� D� S�YDOXH� RI� ���������
UHMHFWLQJ�WKH�QXOO�K\SRWKHVLV�DQG�VXJJHVWLQJ�WKDW�VWXGHQWV�GLG�LQ�
IDFW� OHDUQ� IURP� WKH� RQOLQH� PRGXOH� JLYHQ� UHJDUGOHVV� RI� WKHLU�
EDFNJURXQG�DV�6($6 RU�&/$6�VWXGHQWV�

$GGLWLRQDOO\�� WKH� KLVWRJUDP� LQ� )LJ�� ,,� VKRZV� WKDW� XVHUV�
EHQHILWHG� IURP� WKH� RQOLQH� PRGXOH� EHFDXVH� WKH� IUHTXHQF\� RI�
VWXGHQWV� JHWWLQJ� QR� TXHVWLRQV� FRUUHFW� LV� IDU� OHVV� WKDQ� WKH�
IUHTXHQF\�RI�VWXGHQWV�JHWWLQJ�DW�OHDVW�RQH�TXHVWLRQ�FRUUHFW�
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)LJ��,,��7KH�IUHTXHQF\�GLVWULEXWLRQV�VKRZ�WKDW�PRUH�XVHUV�LPSURYHG�E\�JHWWLQJ�
DW�OHDVW�RQH�TXHVWLRQ�FRUUHFW�RQ�WKH�SRVWWHVW�WKDW�WKH\�GLGQ¶W�JHW�FRUUHFW�RQ�WKH�
SUHWHVW�

+\SRWKHVLV�,,

+��� WKHUH� LV� QR� GLIIHUHQFH� EHWZHHQ� &/$6� DQG� 6($6�
SDUWLFLSDQWV¶� LQFUHDVH� RI� NQRZOHGJH� DQG� XQGHUVWDQGLQJ� RI�
REMHFWLYHV�DQG�PHWULFV�DIWHU�FRPSOHWLQJ�WKH�RQOLQH�PRGXOH�

7R� WHVW� WKH� VHFRQG� K\SRWKHVLV� WKDW� WKHUH� LV� QR� GLIIHUHQFH�
EHWZHHQ�&/$6�DQG�6($6�SDUWLFLSDQWV¶�LQFUHDVH�RI�NQRZOHGJH�
DQG� XQGHUVWDQGLQJ� DIWHU� WDNLQJ� WKH� RQOLQH� PRGXOH�� WKUHH�
VWDWLVWLFDO�WHVWV�DUH�FRPSOHWHG��'HWDLOV�RI�HDFK�WHVW�DUH�VKRZQ�LQ�
7DEOH�,,�

7$%/( ,,�
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7HVW�� 7HVW�� 7HVW��

'DWD�
&RPSDUHG�

0HGLDQ�SUH�WHVW�
VFRUHV

0HGLDQ�SRVW�
WHVW�VFRUHV

0HGLDQ�
GLIIHUHQFHV�LQ�
SUH� DQG�SRVW�
WHVW�VFRUHV

&/$6�0HGLDQ � ��� �

6($6�0HGLDQ � ��� �

S�YDOXH ����� ����� �����

7DEOH�,,��7KLV�WDEOH�GLVSOD\V�WKH�UHVXOWV�RI�WKUHH�0DQQ�:KLWQH\�WHVWV�FRQGXFWHG�
WR�GHWHUPLQH�LI�WKH�GLIIHUHQFH�LQ�VFRUHV�EHWZHHQ�VDPSOHV�RI�&/$6�VWXGHQWV�DQG�
6($6�VWXGHQWV�LV�VLJQLILFDQW�DW�D����VLJQLILFDQFH�OHYHO�

7KH� ILUVW� VWDWLVWLFDO� WHVW� LV� XVHG� WR� GLVFRYHU� LI� WKHUH� LV� D�
GLIIHUHQFH�LQ�SUH�WHVW�VFRUHV�EHWZHHQ�&/$6�DQG�6($6�VWXGHQWV��
7KH�PHGLDQ�SUH�WHVW�VFRUHV�IRU�6($6�VWXGHQWV�LV���SRLQWV�KLJKHU�
WKDQ� WKDW� RI� FROOHJH� VWXGHQWV��7KH�0DQQ�:KLWQH\� WHVW� IXUWKHU�
SURYHV�WKDW�WKLV�GLIIHUHQFH�LV�VLJQLILFDQW�DW�WKH����VLJQLILFDQFH�
OHYHO�

7KH�0DQQ�:KLWQH\� WHVW� LV� UHSHDWHG�RQ�SRVW�WHVW� VFRUHV� WR�
HYDOXDWH� ZKHWKHU� WKHUH� LV� D� VLJQLILFDQW� GLIIHUHQFH� EHWZHHQ�
DYHUDJH�SRVW�WHVW�VFRUHV�IRU�&/$6�DQG�6($6�VWXGHQWV��5HVXOWV�
VKRZ� WKDW� 6($6� DQG� &/$6� VWXGHQWV� KDYH� WKH� VDPH�PHGLDQ�
VFRUH�RQ�WKH�SRVW�WHVW��$W�D�VLJQLILFDQFH�OHYHO�RI�����LW�FDQ�EH�
FRQFOXGHG�WKDW�6($6�VWXGHQWV¶�SHUIRUPDQFHV�RQ�WKH�SRVW�WHVW�LV�
QRW�VWDWLVWLFDOO\�GLIIHUHQW�IURP�&/$6�VWXGHQWV¶�SHUIRUPDQFH�

)XUWKHUPRUH��WKH�UHODWLYH�JURZWK�LQ�XQGHUVWDQGLQJ�IRU�WKHVH�
WZR�JURXSV�RI�VWXGHQWV�LV�VLPLODU��7KH�WKLUG�0DQQ�:KLWQH\�WHVW�
FRQGXFWHG�RQ�WKH�GLIIHUHQFHV�LQ�WHVW�VFRUHV�IRU�6($6�VWXGHQWV�
YHUVXV�&/$6�VWXGHQWV�SURYHV�WKDW�WKH�QXOO�K\SRWKHVLV�WKDW�WKHUH�
LV� QR� GLIIHUHQFH� LQ� OHDUQLQJ� FDQQRW� EH� UHMHFWHG� DW� WKH� ���
VLJQLILFDQFH� OHYHO�� $V� VKRZQ� LQ� )LJ�� ,,,�� WKH� GLVWULEXWLRQ� RI�
JURZWK�LQ�VFRUHV�LV�WKH VDPH�IRU�WKHVH�VDPSOH�JURXSV�

),*85( ,,,�
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%<�6&+22/�7<3(

)LJ��,,,��7KH�GLVWULEXWLRQ�RI�WKH�GLIIHUHQFH�RI�VFRUHV�LV�QRW�VLJQLILFDQWO\�GLIIHUHQW�
EHWZHHQ�6($6�DQG�&/$6�VWXGHQWV�

7KXV�� HYHQ� WKRXJK� 6($6� VWXGHQWV� KDYH� JUHDWHU� SULRU�
NQRZOHGJH�EHIRUH� FRPSOHWLQJ� WKH�RQOLQH�PRGXOH�� WKH�PHGLDQ�
SRVW�WHVW� VFRUHV� VKRZ� WKDW� &/$6� VWXGHQWV¶� NQRZOHGJH�
FRQYHUJHV�WR�6($6�VWXGHQWV¶�NQRZOHGJH�DIWHU�FRPSOHWLQJ�WKH�
PRGXOH��+RZHYHU��ZKHQ�GLUHFWO\�WHVWLQJ�WKH�GLIIHUHQFH�LQ�SUH�
DQG�SRVW�WHVW�VFRUHV��WKH�LQFUHDVH�LQ�XQGHUVWDQGLQJ�DQG�OHDUQLQJ�
IURP�WKH�RQOLQH�PRGXOH�LV�UHODWLYHO\�VLPLODU��DV�VWDWLVWLFDO�WHVWV�
GLG�QRW�VKRZ�D�VLJQLILFDQW�GLIIHUHQFH�

%DVHG� RQ� WKH� DYHUDJH� VFRUHV� IRU� LQGLYLGXDO� SRVW�WHVW�
TXHVWLRQV� VKRZQ� LQ�7DEOH� ,,,�� LW� LV� FOHDU� WKDW� ERWK�&/$6�DQG�
6($6�VWXGHQWV�SHUIRUP��RQ�DYHUDJH��PRVW�SRRUO\�RQ�4XHVWLRQ�
���$V�WKLV�ZDV�D�VFHQDULR�EDVHG�TXHVWLRQ��WKH�ORZ�VFRUH�FRXOG�
EH� DWWULEXWHG� WR� XQIDPLOLDU� RU� SRRUO\�ZRUGHG� VFHQDULRV�� 7KLV�
ODFN� RI� FODULW\� LV� DQ� H[DPSOH� RI� RQH� GLVDGYDQWDJH� RI� RQOLQH�
OHDUQLQJ� � WKHUH� LV� QR� RSSRUWXQLW\� IRU� LQWHUDFWLRQ� ZLWK� WKH�
LQVWUXFWRU�� ,W� DOVR�� KRZHYHU�� FRXOG� EH� DWWULEXWHG� WR� D� ODFN� RI�
XQGHUVWDQGLQJ�RI�D�SDUWLFXODU�FRQFHSW�E\�ERWK�6($6�DQG�&/$6�
VWXGHQWV�

7$%/( ,,,�
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6FKRRO�
7\SH

$YHUDJH�
4��6FRUH

$YHUDJH�
4��6FRUH

$YHUDJH�
4��6FRUH

$YHUDJH�
4��6FRUH

$YHUDJH�
4��6FRUH

&/$6 ���� ���� ���� ���� ����

6($6 ���� ���� ���� ���� ����

7DEOH� ,,,�� 7KH� WDEOH� GLVSOD\V� WKH� DYHUDJH� VFRUH� RXW� RI� �� SRLQWV� SHU� SRVWWHVW�
TXHVWLRQ� IRU� HDFK� VFKRRO� W\SH�� 7KH� YDOXHV� KLJKOLJKWHG� LQ� UHG� VKRZFDVH� WKH�
ORZHVW�SRLQW�YDOXH� IRU�HDFK�VFKRRO� W\SH��DQG�WKH�YDOXHV�KLJKOLJKWHG� LQ�JUHHQ�
VKRZFDVH�WKH�KLJKHVW�SRLQW�YDOXH�V��IRU�HDFK�VFKRRO�W\SH�

6($6 SDUWLFLSDQWV��RQ�DYHUDJH��UHVSRQG�PRUH�DFFXUDWHO\�RQ�
4XHVWLRQ� ���ZKLFK� SHUWDLQV� WR� WKH� WRSLF� RI� FUHDWLQJ� D�PHWULF��
+RZHYHU��&/$6�VWXGHQWV�UHFHLYH�KLJKHU�VFRUHV�RQ�4XHVWLRQV���
DQG����DQG�DOVR�RXWSHUIRUP�6($6�VWXGHQWV�RQ�WKHVH�TXHVWLRQV��
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4XHVWLRQV���DQG���DUH�GLIIHUHQW�LQ�QDWXUH��DV�4XHVWLRQ���SHUWDLQV�
WR�WKH�FKDUDFWHULVWLFV�RI�PHWULFV�DQG�4XHVWLRQ���SHUWDLQV�WR�WKH�
FKDOOHQJHV� RI� V\VWHPV� WKLQNLQJ�� ,W� LV� SRVVLEOH� WKDW� 6($6�
VWXGHQWV�SHUIRUP�EHWWHU�RQ�4XHVWLRQ���EHFDXVH�LW�LV�PRUH�GHVLJQ�
EDVHG� WKDQ� H[SHULPHQWDO�� ZKHUHDV� &/$6� VWXGHQWV� SHUIRUP�
EHWWHU� RQ� WKH� FRQFHSWXDO� SRUWLRQV� RI� WKH� WHVW��+RZHYHU�� WKHVH�
K\SRWKHVHV� UHTXLUH� IXUWKHU� DQDO\VLV� WR� GHWHUPLQH� D� SODXVLEOH�
H[SODQDWLRQ�IRU�WKHVH�GLIIHUHQFHV�

2XU� UHVXOWV� VKRZ� WKDW� RXU� RQOLQH� PRGXOH� GRHV� LQFUHDVH�
OHDUQLQJ�DQG�XQGHUVWDQGLQJ�RI�V\VWHPV�WKLQNLQJ��2Q�WKH�RWKHU�
KDQG�� WKH� DPRXQW� RI� OHDUQLQJ� DQG� XQGHUVWDQGLQJ� VWXGHQWV�
UHFHLYH�IURP�WKH�PRGHO�GRHV�QRW�VLJQLILFDQWO\�GLIIHU�EDVHG�RQ�
SDUWLFLSDQWV¶�DFDGHPLF�GLVFLSOLQH�

/LPLWDWLRQV

)LUVW��GHVSLWH�IROORZLQJ�D�UXEULF��WKH�RSHQ�HQGHG�QDWXUH�RI�
WKH� WHVW�TXHVWLRQV� OHIW� UHVSRQVHV�RSHQ� WR� LQWHUSUHWDWLRQ�E\� WKH�
UHVHDUFK� WHDP� VFRULQJ� WKH� WHVW�� 7KXV�� LQKHUHQW� ELDVHV� RI�
LQGLYLGXDOV�RQ�WKH�UHVHDUFK�WHDP�PD\�KDYH�OHG�WR�GLIIHUHQFHV�LQ�
TXL]� VFRUHV�� 7R� PLWLJDWH� WKLV� ULVN�� WZR� SHRSOH� VFRUHG� HDFK�
TXHVWLRQ�� EXW� YDULDWLRQ� LQ� WKH� VFRULQJ� ZDV� VWLOO� SUHVHQW�� ,Q�
DGGLWLRQ�� VWXGHQWV¶� LQDELOLW\� WR� FODULI\� WKHLU� UHVSRQVHV� IRU�
JUDGHUV�WR�XQGHUVWDQG�PD\�KDYH�OHG�WR�GLIIHUHQFHV�LQ�JUDGLQJ�

2QH�RI�WKH�PRUH�LPSRUWDQW�OLPLWDWLRQV�LV�WKH�VPDOO�VDPSOH�
VL]H�WKDW�ZDV�XVHG��([SHULPHQWDO�UHVXOWV�IURP����VWXGHQWV�PD\�
QRW� DFFXUDWHO\� UHSUHVHQW� WKH� HQWLUH� SRSXODWLRQ� RI� 6($6� DQG�
&/$6�VWXGHQWV�DW�89$��+RZHYHU��GXH� WR� WLPH�FRQVWUDLQWV�DV�
ZHOO�DV�OLPLWDWLRQV�LQ�DFFHVVLQJ�D�ODUJHU�VWXGHQW�SRSXODWLRQ�GXH�
WR�WKH�RQVHW�RI�&29,'����LQ�WKH�VSULQJ�RI�������D�ODUJHU�VDPSOH�
ZDV� XQDWWDLQDEOH�� )XUWKHUPRUH�� SDUWLFLSDQWV�ZHUH� DOO� VWXGHQWV�
IURP� WKH� 8QLYHUVLW\� RI� 9LUJLQLD� ZKRVH� VLPLODU� HGXFDWLRQDO�
H[SHULHQFHV� PD\� KDYH� VNHZHG� UHVXOWV�� 3HUIRUPLQJ� WKLV�
H[SHULPHQW� RQ� VWXGHQWV� DFURVV� GLIIHUHQW� XQLYHUVLWLHV� ZRXOG�
LQWURGXFH�JUHDWHU�UDQGRPQHVV�LQWR�WKH�H[SHULPHQW�

$QRWKHU�FRQFHUQ� LV� WKH�DFDGHPLF�FODVVLILFDWLRQ�RI� WKH� WZR�
JURXSV� DV� 6($6� YV�&/$6� VWXGHQWV�� 7KHUH� DUH�PDQ\� FROOHJH�
VWXGHQWV� ZKR� SXUVXH� VFLHQFH�� WHFKQRORJ\�� HQJLQHHULQJ�� DQG�
PDWKHPDWLFV��67(0��PDMRUV�� OLNH�FRPSXWHU�VFLHQFH��ELRORJ\��
FKHPLVWU\�� SK\VLFV�� HWF�� 7KHVH� VWXGHQWV� PD\� KDYH� EHHQ�
LQWURGXFHG� WR� V\VWHPV� WKLQNLQJ� LQ� WKHLU� VWXGLHV� RU� PD\� KDYH�
FULWLFDO� WKLQNLQJ� VNLOOV� WKDW� DOLJQ� PRUH� FORVHO\� ZLWK� 6($6�
VWXGHQWV�WKDQ�RWKHU�&/$6�VWXGHQWV�

)857+(5�67(36

,Q� UHVSRQVH� WR� WKH� SUH�WHVW� TXHVWLRQ� ³:KDW� LV� V\VWHPV�
WKLQNLQJ�DQG�ZK\�LV�LW�LPSRUWDQW"´��RQH�ILUVW�\HDU�&/$6�VWXGHQW�
UHVSRQGHG�³,�GRQ¶W�NQRZ´��$IWHU�FRPSOHWLQJ�WKH�RQOLQH�PRGXOH��
WKH� VWXGHQW¶V� DQVZHU� WR� WKH� VDPH� TXHVWLRQ� ZDV� ³6\VWHPV�
WKLQNLQJ�LV�LPSRUWDQW EHFDXVH�LW�LV�D�KROLVWLF�DSSURDFK�WR�VROYLQJ�
D�SUREOHP��,W�OHDYHV�QR�VWRQHV�XQWXUQHG��DQG�FUHDWLQJ�REMHFWLYHV�
HQWLFHV�FUHDWLYH�WKLQNLQJ��$OO�WKH�JRDOV�DUH�FOHDUO\�GHILQHG�DQG�
VR�DUH�WKH�PHWKRGV�RI�PHDVXULQJ�WKHLU�HIILFDF\��$V�WKH�V\VWHP�
FKDQJHV�� WKH�REMHFWLYHV�DQG�PHWULFV�FDQ�DGMXVW�DV�ZHOO´��7KLV�
DQVZHU� LV�RQH�RI�PDQ\� WKDW�KLJKOLJKW� WKH�HIIHFWLYHQHVV�RI� WKH�
RQOLQH�PRGXOH� LQ� LQFUHDVLQJ�SDUWLFLSDQW� NQRZOHGJH� DERXW� WKH�
FULWLFDO� WKLQNLQJ� FRQFHSWV� WKDW� DUH� IXQGDPHQWDO� WR� QRW� RQO\�
V\VWHPV�HQJLQHHULQJ��EXW�WR�D�ZLGH�UDQJH�RI�SUREOHPV�IDFHG�LQ�
D�YDULHW\�RI�FDUHHUV�DV�ZHOO��:KLOH�WKLV�UHVHDUFK�KDV�GHYHORSHG�
D�IRXQGDWLRQ�IRU�LQFUHDVLQJ�VWXGHQW�DFFHVVLELOLW\�WR�IXQGDPHQWDO�

V\VWHPV� HQJLQHHULQJ� FRQFHSWV� WKURXJK� RQOLQH� OHDUQLQJ�� WKHUH�
UHPDLQ� VHYHUDO� DUHDV� IRU� LPSURYHPHQW�� )XWXUH� VWHSV� LQFOXGH�
LQFRUSRUDWLQJ�PRUH�HQJDJLQJ�IHDWXUHV�LQWR�WKH�OHDUQLQJ�PRGXOH�
VXFK�DV�GLVFXVVLRQV��DXGLR�YLVXDO�FRPSRQHQWV��DQG� LQWHUDFWLYH�
DFWLYLWLHV��$GGLWLRQDOO\�� WKH�PRGXOH� VKRXOG� EH� SURPRWHG� DV� D�
YDOXDEOH�UHVRXUFH�IRU�DOO�XQGHUJUDGXDWH�VWXGHQWV�VR�WKDW�D�ODUJHU�
QXPEHU� RI� VWXGHQWV� WDNH� DGYDQWDJH� RI� XQGHUVWDQGLQJ�
IXQGDPHQWDO� V\VWHPV� WKLQNLQJ� FRQFHSWV�� :H� KRSH� WKDW� WKLV�
PRGXOH�FDQ�EH� IXUWKHU�GHYHORSHG� WR�EH�XVHG� DV� D� WRRO� E\� WKH�
89$� (QJLQHHULQJ� 6\VWHPV� DQG� (QYLURQPHQW� GHSDUWPHQW� WR�
LQWURGXFH�XQGHFODUHG�HQJLQHHUV�WR�V\VWHPV�HQJLQHHULQJ�WR�KHOS�
WKHP�GHFLGH�LI�WKH\�ZRXOG�OLNH�WR�GHFODUH�WKH�SURJUDP�DV�WKHLU�
PDMRU�

&21&/86,21

,Q�DQ�HIIRUW�WR�LQFUHDVH�WKH�NQRZOHGJH�DQG�XQGHUVWDQGLQJ�RI�
V\VWHPV� WKLQNLQJ� WR� D� SRSXODWLRQ� RXWVLGH� RI� WKH� V\VWHPV�
HQJLQHHULQJ�FRPPXQLW\�DQG�WR�KDUQHVV�WKH�UDSLG�DGYDQFHPHQW�
RI� DYDLODEOH� RQOLQH� OHDUQLQJ� WHFKQRORJLHV�� WKH� RQOLQH� PRGXOH�
³,QWURGXFWLRQ� WR� 6\VWHPV� 7KLQNLQJ´� ZDV� GHYHORSHG� RQ�
7KLQNLILF��7KH�PRGXOH�LQWURGXFHG�VWXGHQWV�WR�WKH�IXQGDPHQWDO�
FRQFHSWV� RI� REMHFWLYHV� DQG� PHWULFV� DQG� SURYLGHG� UHDO�ZRUOG�
DSSOLFDWLRQV�RI�WKHVH�FRQFHSWV�WR�YDULRXV�ILHOGV�RI�VWXG\��7ZR�
QXOO� K\SRWKHVHV� DERXW� WKH�PRGXOH�ZHUH� WHVWHG�� ���� WKH�RQOLQH�
PRGXOH�LV�QRW�HIIHFWLYH�LQ�LQFUHDVLQJ�DQ�LQGLYLGXDO¶V�NQRZOHGJH�
DQG�XQGHUVWDQGLQJ�RI�REMHFWLYHV�DQG�PHWULFV��DQG�����WKHUH�LV�QR�
GLIIHUHQFH�EHWZHHQ�&/$6�DQG�6($6�SDUWLFLSDQWV¶�LQFUHDVH�RI�
NQRZOHGJH� DQG�XQGHUVWDQGLQJ�RI�REMHFWLYHV� DQG�PHWULFV� DIWHU�
FRPSOHWLQJ� WKH� RQOLQH� PRGXOH�� 7R� WHVW� WKHVH� K\SRWKHVHV�� ���
ILUVW�\HDU�&/$6�VWXGHQWV�DQG����ILUVW�\HDU�6($6�VWXGHQWV�ZHUH�
DVNHG� WR� FRPSOHWH� WKH�PRGXOH� DQG� DQVZHU� SUH� DQG� SRVW�WHVW�
TXHVWLRQV�WKDW�DVVHVVHG�WKHLU�OHDUQLQJ��$QDO\VLV�RI�WKHVH�DQVZHUV�
VKRZ� WKDW� WKH� RQOLQH� PRGXOH� GRHV� VLJQLILFDQWO\� LQFUHDVH�
XQGHUVWDQGLQJ�RI�V\VWHPV�HQJLQHHULQJ�FRQFHSWV�IRU�ERWK�&/$6�
DQG�6($6�VWXGHQWV��DQG�WKDW�WKH�GHJUHH�WR�ZKLFK�XQGHUVWDQGLQJ�
LQFUHDVHG�GRHV�QRW�VLJQLILFDQWO\�GLIIHU�E\�VFKRRO�

$&.12:/('*0(17�$1'�'(',&$7,21

7KH�WHDP�WKDQNV�$UWKXU�5DVKDS�DQG�WKH�3URPLVH�$PHULFD�
$OOLDQFH� IRU� HQFRXUDJLQJ� XV� WR� H[SORUH�ZD\V� WR� HQKDQFH� RXU�
XQGHUVWDQGLQJ�RI�V\VWHPV�FRQFHSWV��VSHFLILFDOO\�DV�WKH\�DSSO\�
WR�EURDGHU�QDWLRQDO�VLJQLILFDQFH�

7KH� WHDP�GHGLFDWHV� WKLV� HIIRUW� WR� 6WHSKDQLH�*XHUODLQ�� RXU�
LQLWLDO�DGYLVRU�ZKR�SDVVHG�DZD\�RYHU�WKH�FRXUVH�RI�WKH�UHVHDUFK�
WLPHOLQH��DQG�ZKRVH�YLVLRQ�DQG�JXLGDQFH�ZDV�IXQGDPHQWDO� WR�
WKH�FRPSOHWLRQ�RI�WKLV�SURMHFW�

5()(5(1&(6

/��+DUDVLP��³6KLIW�KDSSHQV��RQOLQH�HGXFDWLRQ�DV�D�QHZ�SDUDGLJP�LQ�OHDUQLQJ�´�
7KH�,QWHUQHW�DQG�+LJKHU�(GXFDWLRQ��YRO�����QR�������SS����±���������

-��6HDPDQ��,��$OOHQ��-��6HDPDQ���*UDGH�,QFUHDVH��7UDFNLQJ�'LVWDQFH�(GXFDWLRQ�
LQ�WKH�8QLWHG�6WDWHV���%DEVRQ�6XUYH\�5HVHDUFK�*URXS�������

,��$OOHQ��-��6HDPDQ���&KDQJLQJ�FRXUVH��7HQ�\HDUV�RI�WUDFNLQJ�RQOLQH�HGXFDWLRQ�
LQ�WKH�8QLWHG�6WDWHV���6ORDQ�&RQVRUWLXP�������

,�� 'DP\DQRY�� 1�� 7VDQNRY�� �0RELOH� DSSV� LQ� GDLO\� OHDUQLQJ� DFWLYLWLHV���
,QWHUQDWLRQDO�-RXUQDO�RI�,QWHUDFWLYH�0RELOH�7HFKQRORJLHV��YRO������QR�����
SS���������������

0��.HEULWFKL�� $�� /LSVFKXHW]�� DQG� /�� 6DQWLDJXH�� ³,VVXHV� DQG� &KDOOHQJHV� IRU�
7HDFKLQJ� 6XFFHVVIXO�2QOLQH� &RXUVHV� LQ�+LJKHU�(GXFDWLRQ�´� -RXUQDO� RI�
(GXFDWLRQDO�7HFKQRORJ\�6\VWHPV��YRO������QR�����SS���±����$XJ�������



�

%�� 0HDQV�� <�� 7R\DPD�� 5�� 0XUSK\�� 0�� %DNLD�� .�� -RQHV�� �(YDOXDWLRQ� RI�
(YLGHQFH�%DVHG� 3UDFWLFHV� LQ� 2QOLQH� /HDUQLQJ�� $� 0HWD�$QDO\VLV� DQG�
5HYLHZ�RI�2QOLQH�/HDUQLQJ�6WXGLHV���&HQWUH� IRU� /HDUQLQJ�7HFKQRORJ\��
�����

(�� :KLWOH\�� -� %DOO�� �������� ³6WDWLVWLFV� UHYLHZ� ��� 1RQSDUDPHWULF� PHWKRGV�´�
&ULWLFDO� FDUH� �/RQGRQ�� (QJODQG�� YRO�� ����� �2QOLQH� DUWLFOH��� '2,��
��������FF�����SS���������

$XWKRU�,QIRUPDWLRQ

$ODUD�%HGLU��8QGHUJUDGXDWH�6WXGHQW��'HSDUWPHQW�RI�6\VWHPV�
DQG�,QIRUPDWLRQ�(QJLQHHULQJ��8QLYHUVLW\�RI�9LUJLQLD�µ��
5DKL�'HVDL�� 8QGHUJUDGXDWH� 6WXGHQW�� 'HSDUWPHQW� RI� 6\VWHPV�
DQG�,QIRUPDWLRQ�(QJLQHHULQJ��8QLYHUVLW\�RI�9LUJLQLD�µ��
1HKD� .XONDUQL�� 8QGHUJUDGXDWH� 6WXGHQW�� 'HSDUWPHQW� RI�
6\VWHPV�DQG�,QIRUPDWLRQ�(QJLQHHULQJ��8QLYHUVLW\�RI�9LUJLQLD�
µ��
.D\OD�:DOOHW��8QGHUJUDGXDWH�6WXGHQW��'HSDUWPHQW�RI�6\VWHPV�
DQG�,QIRUPDWLRQ�(QJLQHHULQJ��8QLYHUVLW\�RI�9LUJLQLD�µ��
5\DQ�:HOOV��8QGHUJUDGXDWH�6WXGHQW��'HSDUWPHQW�RI�6\VWHPV�
DQG�,QIRUPDWLRQ�(QJLQHHULQJ��8QLYHUVLW\�RI�9LUJLQLD�µ��
0LFKDHO� 6PLWK�� /HFWXUHU�� 'HSDUWPHQW� RI� 6\VWHPV� DQG�
,QIRUPDWLRQ�(QJLQHHULQJ��8QLYHUVLW\�RI�9LUJLQLD


