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$LPV�DQG�)RFXV
7KH�DLP�RI�WKH�UHVHDUFK�ZDV�WR�DVFHUWDLQ�LQIOXHQFLQJ�IDFWRUV�RQ�XSWDNH�RI�WHFKQRORJ\�LQ�OHDUQLQJ�DQG�WHDFKLQJ�
DQG�ZKLFK��GULYLQJ�DQG�UHVWUDLQLQJ�IRUFHV��PLJKW�EH�DW�ZRUN�RQ�DQ�LQGLYLGXDO�HPSOR\HH�LQ�DFDGHPLD��7KHVH
IDFWRUV�ZRXOG�WKHQ�EH�FRPSDUHG�ZLWK�FRPPRQ�LQIOXHQFLQJ�IDFWRUV�LGHQWLILHG�IURP�WKH�OLWHUDWXUH��$�3UREOHPV
DQG�%HQHILWV�+LHUDUFK\�ZDV�SURSRVHG��XVLQJ�ILYH�UDQNLQJV�RI�bYDULDEOHVc��UHDO��LPDJLQHG��LQWHUPLWWHQW�
SHUVLVWHQW��OHJDF\�

3ULPDU\�VWDNHKROGHU�UHVHDUFK�ZRXOG�FRQWULEXWH�WR�WKH�3UREOHPV�DQG�%HQHILWV�KLHUDUFK\�YLD�WKUHH�GLVWLQFW
VWDNHKROGHU�JURXSV��7KH�SRVVLELOLW\�WKDW�D�YDULHW\�RI�DFDGHPLF�UROHV�PD\�H[HUW�LQIOXHQFH�ZDV�DFNQRZOHGJHG��VR
UHVSRQGHQW�UROHV�IRU�5HVHDUFK�*URXS����5*���ZHUH�QRW�OLPLWHG�WR�WHDFKLQJ�VWDII��EXW�DOVR�LQFOXGHG�VXSSRUW�
UHVHDUFK�DQG�DGPLQLVWUDWLRQ�VWDII�ZKR�PD\�DOVR�KDYH�LQIOXHQFH��DOEHLW�LQGLUHFWO\��$�VPDOO�VDPSOH�RI�VWDII��VWDII
Q ���ZHUH�VRXUFHG�DQG�WRRN�SDUW��0RUH�LQSXW�IURP�D�VHFRQG�5HVHDUFK�*URXS��5*���ZLWK�RWKHU�DFDGHPLFV�ZDV
DOVR�JDWKHUHG�XVLQJ�LQIRUPDO�WHFKQLTXHV��VWDII�Q �����YLD�/LQNHG,Q�	�5HVHDUFK�*DWH�

$�VPDOO�JURXS�RI�PDLQO\�XQGHUJUDGXDWH�VWXGHQWV��VWXGHQWV�Q ����IURP�D�YDULHW\�RI�GLVFLSOLQHV�IRUPHG�WKH�WKLUG
5HVHDUFK�*URXS��5*����DQG�ZDV�XVHG�WR�PHDVXUH�NH\�VWXGHQW�H[SHFWDWLRQV�RI�WHFKQRORJ\�XWLOLVDWLRQ�LQ�WHDFKLQJ
DQG�VWXG\�VFHQDULRV��7KLV�ZDV�WR�SURYLGH�VRPH�FRXQWHU�ODQGVFDSH�WR�WKDW�ZKLFK�WKH�VWDII�ZRXOG�SURYLGH�
$PRXQW�RI�LQSXW�YDULHG�EHWZHHQ�HDFK�VWXGHQW��DQG�VWXGHQWV�FDPH�DQG�ZHQW�LQ�WKH�SDUWLFLSDWLRQ��DV�WKH�JURXS
ZDV�LQIRUPDO�ZLWK�QR�SUHVVXUH�WR�WDNH�SDUW�RU�QRW�

)RFXV�IRU�WKH�OLWHUDWXUH�UHYLHZ�ZRXOG�EH�RQ�MRXUQDOV�DQG�VLJQLILFDQW�WH[WV�FRQFHUQHG�ZLWK�DVSHFWV�RI�RQOLQH
WHFKQRORJ\�XVH�V��LQ�OHDUQLQJ�DQG�WHDFKLQJ��EXW�QRW�OLPLWHG�RQO\�WR�SUDFWLFH�LQ�WHDFKLQJ�VFHQDULRV�

0HWKRG

/LWHUDWXUH�5HYLHZ�$QDO\VLV

$�GHFLVLRQ�ZDV�PDGH�WR�XVH�D�FRUH�VHOHFWLRQ�RI�VLJQLILFDQW�ERRNV�DQG�UHOHYDQW�DFDGHPLF�SDSHUV�IRU�WKH
OLWHUDWXUH�UHYLHZ��$URXQG����ERRNV�DQG�UHSRUWV�ZHUH�XVHG��SOXV�D�VHOHFWLRQ�RI�XS�WR����FXUUHQW�SDSHUV�DQG
DUWLFOHV��%RRNV��MRXUQDO�DUWLFOHV�DQG�UHVHDUFK�SDSHUV�ZHUH�VHOHFWHG�LQ�SDUW�RQ�WKH�EDVLV�RI�WKHLU�FXUUHQF\��DQG
QRWKLQJ�LV�XVHG�WKDW�LV�ROGHU�WKDQ�������H[FHSW�+D\HV��������RQ�XVDELOLW\��E\�UHDVRQ�RI�WKH�H[SRQHQWLDO�JURZWK
LQ�XVH�RI�WHFKQRORJ\�VLQFH�WKHQ��,Q������WKH�ZRUOG�LQWHUQHW�SRSXODWLRQ�ZDV�OHVV�WKDQ�KDOI�ZKDW�LW�LV�WRGD\��DQG
LV�VHW�WR�GRXEOH�HYHU\������\HDUV��*XR�4LQJ�HW�DO���������DQG�6PDUWSKRQH�SHQHWUDWLRQ�KDV�WRSSHG���ELOOLRQ
XVHUV�VLQFH�WKH�DGYHQW�RI�WKH�L3KRQH�LQ�������DQG�LV�VHW�WR�GRXEOH�E\�������6WUDWHJ\�$QDO\WLFV��������

$OO�WH[WV�ZHUH�DOVR�FKRVHQ�RQ�WKH�EDVLV�RI�WKHLU�IRFXV�RQ�:HE�����RU�VHPDQWLF�WHFKQRORJ\��VRFLDO�PHGLD�RU�RWKHU
RQOLQH�DSSOLFDWLRQV��2WKHU�OHDUQLQJ�WHFKQRORJLHV�VXFK�DV�LQWHUDFWLYH�ZKLWHERDUGV��6HFRQG�/LIH�RU�XVHV�RI
/HDUQLQJ�0DQDJHPHQW�6\VWHPV�ZHUH�QRW�LQFOXGHG�DV�EHLQJ�GHHPHG�WR�EH�PRUH�JHQHUDOO\�WKRXJKW�RI�DV�:HE
����RU�bROGHUc�WHFKQRORJ\��DV�dWKH�FRQWHQW�FHQWULF�FRXUVH�GHVLJQ�DSSURDFK�DQG�WKH�VWDQGDUG�/06�DUH�QR�ORQJHU
PHHWLQJ�WKH�VWXGHQWcV�SUHIHUHQFHV�DQG�QHHGVfe��.XVHQ�	�+RLF�%R]LF��������S������DQG�DUH�dFORVHG�SODWIRUP
:HE�����W\SH�WHFKQRORJLHV�FRQGXFLYH�WR�WHDFKHU�GULYHQ�SHGDJRJLFDO�DSSURDFKHV�DQG�QRW�>f@�WKH�QHWZRUNHG
DQG�FROOHFWLYH�OHDUQLQJ�SRVVLELOLWLHV�RI�:HE����e��%URZQ��������

7R�EHJLQ�WKH�ZRUN�RI�UHFRJQLVLQJ�DQG�PHDVXULQJ�SRSXODU�WKHPHV�DQG�IDFWRUV�FRPPRQO\�GLVFXVVHG�LQ�WKH
OLWHUDWXUH��HDFK�ZDV�QRWHG�DQG�DOORFDWHG�HLWKHU�D�SUREOHP�RU�D�EHQHILW�ODEHO��VXPPDULVHG�E\�WKH�SHUFHSWLRQ�RI
WKH�JHQHUDO�FRQWH[W�DQG�WRQH�RI�WKH�WKHPH�LQ�WKH�OLWHUDWXUH�



5HVHDUFK�*URXSV�DQG�0HWKRGV

$�YDULHW\�RI�PHWKRGV�ZHUH�XWLOLVHG�WR�REWDLQ�SULPDU\�GDWD��7KHVH�LQFOXGHG�XVH�RI�PXOWLSOH�RQOLQH
TXHVWLRQQDLUHV��DQ�LQIRUPDO�VRFLDO�PHGLD�)DFHERRN��bVHFUHWc��L�H��FORVHG��JURXS�IRU�WKH�VWXGHQW�UHVHDUFK��DQG
GLVFXVVLRQV�LQLWLDWHG�E\�WKLV�UHVHDUFK�XVLQJ�DQ�DFDGHPLF�/LQNHG,Q�JURXS�RU�D�VPDOO�JURXS�LQ�5HVHDUFK*DWH�
ERWK�ZLWK�SDUWLFLSDQWV�ZKR�ZHUH�VHOI�VHOHFWLQJ��L�H��WDNLQJ�SDUW�RI�WKHLU�RZQ�YROLWLRQ��RXW�RI�LQWHUHVW�LQ�WKH�WRSLF�

6WDNHKROGHU�UHVHDUFK�ZDV�FDUULHG�RXW�FRQFXUUHQWO\�ZLWK�WKH�ZULWLQJ�RI�WKH�UHYLHZ��ZLWK�LWHUDWLYH�GHYHORSPHQW
RI�TXHVWLRQV��LQ�SDUW�IRUPXODWHG�ZLWK�VRPH�UHIHUHQFH�WR�ZKDW�ZDV�EHLQJ�HVWDEOLVKHG�IURP�WKH�OLWHUDWXUH�

5HVHDUFK�*URXS���6WDII

��PHPEHUV�RI�DFDGHPLF�VWDII��D�VDPSOH�RI�DFDGHPLFV�NQRZQ�WR�WKH�UHVHDUFKHU��WKRXJK�VRPH�QRW�SHUVRQDOO\�
WDNHQ�IURP�D�YDULHW\�RI�MRE�UROHV��LQFOXGLQJ�OHFWXULQJ��DGPLQLVWUDWLRQ��VHQLRU�PDQDJHPHQW��OLEUDULHV��UHVHDUFK�
VWXGHQW�DIIDLUV��DFDGHPLF�GHYHORSPHQW�DQG�H�OHDUQLQJ�VXSSRUW��,QWHUQDWLRQDO�XQLYHUVLWLHV�DUH�LQFOXGHG��8.�
86$��$XVWUDOLD�	�&DQDGD����SHUVRQ��DQG�&KLQD�

5HVHDUFK�*URXS���6WDII

D��3DUWLFLSDQWV�IURP�WKH�/LQNHG,Q�GLVFXVVLRQ�JURXS�b+LJKHU�(GXFDWLRQ�7HDFKLQJ�DQG�/HDUQLQJc�ZKR�UHVSRQGHG
WR�TXHVWLRQV�SRVHG�IRU�WKLV�UHVHDUFK�DQG�WRRN�SDUW�RI�WKHLU�RZQ�YROLWLRQ�

!�6HH�WKLV�OLQN�IRU�WKH��/LQNHG,Q�'LVFXVVLRQ

E��3DUWLFLSDQWV�IURP�WKH�5HVHDUFK*DWH�VRFLDO�QHWZRUN��DQG�ZKR�UHVSRQGHG�WR�TXHVWLRQV�SRVHG�IRU�WKLV�UHVHDUFK
DQG�WRRN�SDUW�RI�WKHLU�RZQ�YROLWLRQ�

!�6HH�WKLV�OLQN�IRU�WKH�5HVHDUFK�*DWH�'LVFXVVLRQ

5HVHDUFK�*URXS����6WXGHQWV

��VWXGHQWV����XQGHUJUDGXDWH����SRVWJUDGXDWH��IURP�D�VDPSOH�RI�VWXGHQWV�NQRZQ�WR�WKH�UHVHDUFKHU��IURP�D
SRVVLEOH�JURXS�RI�DURXQG�����ZLWK�D�ZLGH�YDULHW\�RI�VXEMHFW�GLVFLSOLQHV��VRFLDO�VFLHQFHV��FRPSXWHU�VFLHQFH�
SROLWLFV��OLIH�VFLHQFHV��0XOWLQDWLRQDO��PDQ\�ZLWK�(QJOLVK�DV�VHFRQG�ODQJXDJH���LQFOXGLQJ�,WDOLDQ��%XOJDULDQ�
3ROLVK��%DQJODGHVKL��(QJOLVK�

)XUWKHU�GHWDLOV�RI�DOO�JURXSV�DUH�DYDLODEOH�WR�HYLGHQFH�WKDW�UHDO�SHRSOH�WRRN�SDUW��7KHVH�DUH�UHFRUGHG�LQ�WKH
3DUWLFLSDQWV�SDJH�LQ�WKH�$SSHQGLFHV��7KLV�SDJH�LV�SDVVZRUG�SURWHFWHG�IRU�SULYDF\�SXUSRVHV��3OHDVH�FRQWDFW�PH�IRU
IXUWKHU�LQIRUPDWLRQ�

4XHVWLRQQDLUHV

)RU�5HVHDUFK�*URXS����VWDII���D�WHFKQLTXH�RI�XVLQJ�PXOWLSOH�VKRUW�TXHVWLRQQDLUHV�ZLWK�TXLFN�ILUH�TXHVWLRQV
EDVHG�RQ�D�WKHPH�ZDV�XVHG��7KLV�DOORZHG�IRU�JURXSV�RI�DQVZHUV�WR�JHQHUDWH�DQDO\WLFV�DQG�PHWULFV�VHSDUDWHO\�
DQG�DOVR�WR�IRFXV�WKH�PLQG�RI�WKH�UHVSRQGHQW�FOHDUO\��,W�DOVR�LV�D�VXFFHVVIXO�ZD\�RI�QRW�UHTXLULQJ�D�ORW�RI�WLPH
IURP�WKH�UHVSRQGHQW��WKH\�NQRZ�LW�ZRQcW�WDNH�PRUH�WKDQ�D�IHZ�PLQXWHV�HDFK�WLPH�WKH\�FRPSOHWH�D�VHW�RI
TXHVWLRQV��4XHVWLRQQDLUHV�ZHUH�EDVHG�LQ�SDUW�RQ�LWHUDWLYH�WKHPH�GHYHORSPHQW�IURP�OLWHUDWXUH�DQG�SUHYLRXV
TXHVWLRQQDLUH�UHVSRQVHV�DV�ZHOO�DV�WKHPHV�GLVFXVVHG�ZLWK�WKH�VWXGHQW�JURXS��5*���
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RI�D�VLQJOH�XVHU��7KLV�ZDV�UHIHUUHG�WR�DV�GHYHORSLQJ�WKH�b7HFKQRORJ\�3URILOHVc�RI�WKH�LQGLYLGXDOV�WDNLQJ�SDUW�
�3OHDVH�UHIHU�WR�7HFKQRORJ\�3URILOHV�4XHVWLRQV��

4XHVWLRQQDLUHV�ZHUH�GHOLYHUHG�WR�UHVSRQGHQWV�LQ�JURXSV�RI����WKDW�LV��6HWV���DQG����6HWV���DQG����6HWV���DQG���
7KLV�DYRLGV�UHVSRQGHQW�bIDWLJXHc��D�V\QGURPH�ZKLFK�FDQ�DGYHUVHO\�DIIHFW�PRUH�GHWDLOHG�RU�SURORQJHG
TXHVWLRQLQJ�RI�SDUWLFLSDQWV�LQ�PDQ\�FLUFXPVWDQFHV�

6RFLDO�0HGLD

6RFLDO�PHGLD�ZDV�FKRVHQ�DV�D�VXLWDEOH�PHGLXP�WR�JDUQHU�LQIRUPDO�IHHGEDFN�IURP�WKH�VWXGHQW�JURXS���5*����DQG
DOVR�WR�REWDLQ�ILUVW�KDQG�UHVSRQVHV�IURP�VWDII�XQNQRZQ�WR�WKH�UHVHDUFKHU��LQ�DQ�LPPHGLDWH�DQG�XVHIXO�ZD\
�5*����2YHUDOO�LW�SURYHG�H[WUHPHO\�VXFFHVVIXO��HVSHFLDOO\�WKH�/LQNHG,Q�JURXS��7KRXJK�WKH�GLVDGYDQWDJH�RI�WKLV
ZDV�WKDW�SDUWLFLSDQWV�ZHUH�VHOI�VHOHFWLQJ��DQG�VR�GR�QRW�UHSUHVHQW�DQ\�VDPSOH��HYHQ�D�UDQGRP�RQH���LW�SURYHG
WKDW�QRW�RQO\�bIDQVc�RI�7HFKQRORJ\�(QKDQFHG�/HDUQLQJ�WRRN�SDUW��LQGHHG��VHYHUDO�UHVSRQGHQWV�ZHUH�VFHSWLFDO
DERXW�WHFKQRORJ\�DQG�DQ\�EHQHILWV�WKH\�FRXOG�VHH�GHULYLQJ�IURP�LW�

$�)DFHERRN�bVHFUHWc��)DFHERRN�WHUPLQRORJ\�IRU�D�SULYDWH��XQVHHQ�WR�WKH�SXEOLF�JURXS��JURXS�ZDV�XVHG�WR
GLVFXVV�DOO�VRUWV�RI�DVSHFWV�RI�WKH�WRSLF�ZLWK�VWXGHQWV��6WXGHQWV�FDPH�DQG�ZHQW�GXULQJ�WKH�GLVFXVVLRQV��VR�HYHU\
VWXGHQW�GLG�QRW�FRQVLVWHQWO\�JLYH�FRPPHQWV�RQ�HYHU\�TXHVWLRQ��7ZR�RU�WKUHH�VWXGHQWV�EHFDPH�WKH�FRUH
UHVSRQGHQWV�LQ�WKLV�JURXS��DQG�LQWHUHVWLQJO\��VRPHWLPHV�KHOG�YHU\�GLIIHUHQW�SRLQWV�RI�YLHZ��WKRXJK�WKH\�ZHUH
QRW�DFWLYHO\�GLVFXVVLQJ�ZLWK�HDFK�RWKHU��PRUH�UHVSRQGLQJ�LQGLYLGXDOO\�WR�P\�TXHVWLRQV�DQG�SURELQJ��

$SSURDFK�WR�GDWD�DQDO\VLV
7KH�ZRUN�KDV�EHHQ�XQGHUWDNHQ�DV�LQWHUSUHWLYLVW�UHVHDUFK�IURP�D�FULWLFDO�UHDOLVW�SHUVSHFWLYH��ZKHUH�V\VWHPV�DQG
RUJDQLVDWLRQV�UHSUHVHQW�WKH�UHDOLW\�ZKLFK�LV�D�FRQVWDQW��EXW�WKDW�WKLV�UHDOLW\�KDV�PXOWLSOH�SHUFHSWLRQV��.UDXVV
�������7KHVH�SHUFHSWLRQV�DUH�ZKDW�LV�RI�PRVW�LQWHUHVW�WR�WKLV�UHVHDUFK��7KLQNLQJ�DERXW�WKH�5HDO��WKH�$FWXDO�DQG
WKH�(PSLULFDO��%DVNKDU���������WKLV�UHVHDUFK�KDV�LQWHUSUHWHG�WKH�5HDO�DV�EHLQJ�WKH�SROLFLHV��V\VWHPV�DQG
RUJDQLVDWLRQDO�DVSHFWV�RI�,7�DQG�H�OHDUQLQJ��WKH�HYHQWV�DQG�EHKDYLRXUV��WKH�$FWXDO��DV�WKH�SURYLVLRQ�RI�VXSSRUW�
FKRVHQ�SHGDJRJLHV�DQG�OHDUQLQJ�DQG�WHDFKLQJ�SUDFWLFHV��DQG�WKH�(PSLULFDO�EHLQJ�WKH�VWDII�DQG�VWXGHQW
H[SHULHQFHV��DQG�SHUFHSWLRQV�RI�WKRVH���DQG�WKH�PHDVXUHPHQW�DQG�LQWHUSUHWDWLRQ�RI�WKRVH�H[SHULHQFHV�IURP�WKH
UDZ�GDWD�

7KH�3UREOHPV�DQG�%HQHILWV�+LHUDUFK\�XVHG�ILYH�UDQNLQJ�IDFWRUV��UHDO��LPDJLQHG��LQWHUPLWWHQW��SHUVLVWHQW�
OHJDF\��ZKLFK�ZHUH�IRUPXODWHG�E\�WKH�UHVHDUFKHU�SULRU�WR�DQ\�SULPDU\�GDWD�RU�OLWHUDWXUH�UHYLHZ�ILQGLQJV��7KH
UHVHDUFKHU��RQ�KDYLQJ�VRPH�NQRZOHGJH�DQG�H[SHULHQFH�RI�WKH�ILHOG�RI�7(/��KDV�EURXJKW�WKLV�H[SHULHQFH�WR�EHDU
LQ�IRUPXODWLQJ�WKHVH�ILYH�UDQNLQJV��LQ�DQ�DWWHPSW�WR�VWUXFWXUH�D�bZHLJKWLQJ�RI�LPSRUWDQFHc��7KH�DQDO\VLV�XVHG
FRQWH[WXDO�DQG�UHVSRQVH�FDWHJRULHV�GHULYHG�IURP�WKH�OLWHUDWXUH�UHYLHZ��DQG�IURP�WKH�SULPDU\�GDWD�JDWKHUHG
IURP�5*���5*��DQG�5*��WR�LQWHUSUHW�GDWD�LQWR�WKHVH�UDQNLQJV��6WUDWD�RI�FRQWH[W�LQYROYHG�XS�WR�WKUHH�VWDJHV�RI
FRQWH[W�FDWHJRULVDWLRQ�

7KH�UHVHDUFK��ERWK�WKURXJK�WKH�OLWHUDWXUH�UHYLHZ�DQG�5*�SULPDU\�GDWD��ZDV�LQ�VRPH�SDUW�WR�HVWDEOLVK�ZKHWKHU
WKLV�K\SRWKHWLFDO�VHW�RI�UDQNLQJV�ZDV�LQGHHG�DQ�DFFXUDWH�RU�XVHIXO�ZD\�RI�ZHLJKWLQJ�WKH�LPSRUWDQFH�RI
WKHPHV��6R��WKH�ILYH�3%+�UDQNLQJV�ZHUH�QRW�GHYLVHG�GLUHFWO\�IURP�OLWHUDWXUH�ILQGLQJV��EXW�UDWKHU�ZHUH�XVHG�WR
GHYHORS�WKH�RYHUDOO�VWUXFWXUH�RI�LPSRUWDQFH�RU�VLJQLILFDQFH�IURP�DQ�LQWHUSUHWLYLVW�VWDQGSRLQW��%\�WKHQ�SODFLQJ
HDFK�WKHPH�IURP�WKH�OLWHUDWXUH��EDVHG�RQ�LQLWLDO�RYHUDOO�FRQWH[W�LPSUHVVLRQ��DV�HLWKHU�D�bSUREOHPc�RU�D�bEHQHILWc�
D�ILUVW�FDWHJRULVDWLRQ�ZDV�PDGH��'HYHORSLQJ�D�VHFRQG�VFDOH�RI�bFRQWH[WXDO�FDWHJRULHVc�IRU�D�IXOOHU�OLWHUDWXUH

http://webteach.penworks.net/research/research-process/technical-profiles-questions/


WKHPH�FRQWH[W�PHDVXUHPHQW�LW�ZDV�SRVVLEOH�WR�SODFH�WKHP�LQWR�WKH�3UREOHPV�DQG�%HQHILWV�+LHUDUFK\��3%+��LQ
WHUPV�RI�WKH�UHDO��LPDJLQHG��LQWHUPLWWHQW��SHUVLVWHQW��OHJDF\�UDQNLQJ�IDFWRUV��VHH�7DEOH����)LQGLQJV���7KH�XVH�RI
VLPSOH�bUHVSRQVH�FDWHJRULVDWLRQc�GHULYHG�IURP�5*���DQG�5*��UHVSRQVHV��ZDV�WKHQ�IXUWKHU�FDWHJRULVHG�LQWR�WKH
H[LVWLQJ�bFRQWH[WXDO�FDWHJRULHVc�DQG�XVHG�WR�DGG�WR�WKH�OLWHUDWXUH�WKHPH�FRQWH[WXDO�FDWHJRU\�UDQNLQJV��%RWK
WKHVH�VHWV�RI�FDWHJRULHV��FRQWH[WXDO�DQG�UHVSRQVH��ZHUH�GHYHORSHG�IURP�LQWHUSUHWLQJ�SULPDU\�GDWD�DQG
OLWHUDWXUH�ILQGLQJV�

*URXQGHG�WKHRU\�DQG�FULWLFDO�UHDOLVP�ZHUH�LQYHVWLJDWHG�WKURXJK�WKH�ZRUN�RI�2OLYHU���������ZKRVH�b&ULWLFDO
5HDOLVW�*URXQGHG�7KHRU\��$�1HZ�$SSURDFK�IRU�6RFLDO�:RUN�5HVHDUFKc�RIIHUV�YDOXDEOH�FRPPHQWDU\�RQ�WKH
FRPELQLQJ�RI�WKH�SDUDGLJP�DQG�WKH�PHWKRGRORJ\��ZKLFK�VHHPV�UHOHYDQW�WR�WKLV�SURMHFW��d&RQVWUXFWLYLVWV�KDYH
XVHG�JURXQGHG�WKHRU\�WR�PDNH�H[SOLFLW�WKH�DVVXPSWLRQV�DQG�XQVSRNHQ�NQRZOHGJH�RI�SDUWLFLSDQWV��HOLFLW�WKHLU
PHDQLQJ�PDNLQJ�UDWKHU�WKDQ�PDNH�FODLPV�DERXW�DQ�REMHFWLYH�UHDOLW\�DQG�GHYHORS�FRQWH[WXDOLVHG�WKHRU\�IRU
SUDFWLFDO�DSSOLFDWLRQe��DQG�d�D��FULWLFDO�UHDOLVW�JURXQGHG�WKHRU\�ZRXOG�GUDZ�LQVSLUDWLRQ�IURP�WKH�KHUPHQHXWLFDO
�WH[W�LQWHUSUHWDWLRQ��EHQW�DQG�IOXLGLW\�RI�WKH�FRQVWUXFWLYLVW�DSSURDFKe�ZLWK�d�F�ULWLFDO�UHDOLVW�JURXQGHG�WKHRU\
ZRXOG�DGGUHVV�ERWK�WKH�HYHQW�LWVHOI�DQG�WKH�PHDQLQJV�PDGH�RI�LWe��S�����

5HVSRQVH�GDWD�IURP�5HVHDUFK�*URXS���ZDV�XVHG�WR�FKDOOHQJH�RU�FRQILUP�WKH�FRUH�SODFLQJ�RI�bSUREOHPc�RU
bEHQHILWc�IRU�HDFK�RI�WKH�WRS�VL[�WKHPHV��$GGLWLRQDO�YDOXH�DQG�XQGHUVWDQGLQJ�ZDV�DOVR�GHULYHG�IURP�NQRZLQJ
LQGLYLGXDO�WHFKQRORJ\�SURILOH�FKDUDFWHULVWLFV�RI�UHVSRQGHQWV�LQ�5HVHDUFK�*URXS����$�b5RJHUV�'LIIXVLRQ�RI
,QQRYDWLRQV��5',��,QGLFDWRUc�ZDV�DVVLJQHG�WR�HDFK�UHVSRQGHQW��DQG�WKLV�ZRXOG�LGHDOO\�KDYH�EHHQ�PDWFKHG�WR
WKHPH�3%+�FRQWH[WXDO�UDQNLQJV�WR�EXLOG�IXUWKHU�HYLGHQFH�IRU�WKHLU�SODFHPHQW�LQWHUSUHWDWLRQ�LQ�WKH�3%+��,Q�WKLV
VWXG\�WKHUH�LV�QRW�HQRXJK�GDWD�WR�DFKLHYH�WKLV�HIIHFWLYHO\��KRZHYHU��UHVSRQGHQW�5',�LV�XVHG�WR�FUHDWH�D�JOLPSVH
RI�WKH�WHFKQLFDO�FKDUDFWHULVWLFV�RI�VWDNHKROGHUV�LQ�XQLYHUVLW\�SURIHVVLRQV�DV�DOO�NH\�ILQGLQJ�UHVSRQVHV�KDYH�EHHQ
FRGHG�

7KH�HYLGHQFH�ZDV�DQDO\VHG�LQ�WKLV�RUGHU��WR�EXLOG�VRPH�V\VWHP�RI�WULDQJXODWLRQ��WKRXJK�WKLV�LV�QRW�VWULFWO\
SURYLQJ�UHVXOWV��PHUHO\�EXLOGLQJ�SRVVLEOH�LQWHUSUHWDWLRQ�RI�UHVXOWV��6HH�WKH�GLDJUDP�IRU�GDWD�DQDO\VLV
DUFKLWHFWXUH�EHORZ�IRU�DQ�RYHUYLHZ�

http://webteach.penworks.net/research/findings/
http://webteach.penworks.net/research/rg2-analysis/
http://webteach.penworks.net/research/rg3-analysis/
http://webteach.penworks.net/research/aims-focus-method/diagram-1-data-analysis-2/


)LJ����VKRZLQJ�'DWD�$QDO\VLV�$UFKLWHFWXUH

7R�PLQLPLVH�LQWHUSUHWLYH�VFDOLQJ��FDWHJRULVDWLRQ�ZDV�ODUJHO\�GRQH�E\�ORRNLQJ�IRU�VLPSOH�NH\ZRUGV�LQ�WH[W�WR
PDWFK�FULWHULD��)RU�LQLWLDO�SUREOHP�RU�EHQHILW�SODFLQJ��DQ�LQGLFDWLRQ�RI�JHQHUDO�WRQH�RI�WH[W�RU�FRPPHQWDU\��,Q
FRQWH[WXDO�FDWHJRULHV��D�UHIHUHQFH�WR�WKH�SDVW��DQ�DVVXPSWLRQ��D�UHIHUHQFH�WR�UHVHDUFK��DQ�H[SHUW�H[SHULHQFH��D
FRQMHFWXUH�DERXW�GDWD�ZKLFK�ZDV�QRW�HYLGHQFHG��DV�ZHOO�DV�WKH�VWUHQJWK�RU�ZHDNQHVV�RI�HDFK�FRQWH[W��)RU
UHVSRQVH�FDWHJRULHV�WKLV�ZDV�D�VLPLODU�WHFKQLTXH��EXW�PDWFKHG�WR�WKDW�GDWD��DQG�VLPSOHU�

:KLOVW�LW�LV�DFNQRZOHGJHG�WKDW�WKH�bLQWHUSUHWLQJc�RI�FRQWH[WXDO�FDWHJRULVDWLRQ�ZKLFK�ZDV�DSSOLHG�WR�WKHPHV�WR
FUHDWH�WKH�LQLWLDO�3%+�IURP�WKH�OLWHUDWXUH�DQG�EH\RQG�ZDV�QRW�DV�UREXVW�DV�ZRXOG�EH�LGHDO�LQ�D�ODUJHU�VWXG\��LW
ZDV�DQ�DWWHPSW�WR�PDNH�D�VWDUW�RQ�VXFK�D�V\VWHP�

�

�



5DWLRQDOH�IRU�UHVHDUFK�IRFXV
7KH�DGYHQW�RI�QHZ�DQG�LQQRYDWLYH�WHFKQRORJLHV�LQ�WKH�SDVW�GHFDGH�KDV�KDG�HQRUPRXV�LPSOLFDWLRQV�IRU�KLJKHU
HGXFDWLRQ��$OWEDFK�HW�DO���������ZLWK�VLJQLILFDQW�LQFUHDVHV�LQ�GLVWDQFH�DQG�EOHQGHG�OHDUQLQJ�SURYLVLRQ
�&DYDQDJK���������:HE�HQDEOHG�QHWZRUNHG�WHFKQRORJLHV�DQG�V\VWHPV��KDYH��DQ�LPSDFW�RQ�SRVW�FRPSXOVRU\
HGXFDWLRQcV�FRUH�REMHFWLYH�RI�WHDFKLQJ�DQG�OHDUQLQJ��%R\V�	�)RUG���������JLYLQJ�WKH�VWXGHQW�bPRUH�IOH[LELOLW\�WR
IRFXV�RQ�DUHDV�WKH\�KDYH�GLIILFXOW\�ZLWK�>d@�DQG�WR�WDNH�OHDUQLQJ�ZKHQ�DQG�ZKHUH�LW�LV�PRVW�FRQYHQLHQWc��7KH
XQLYHUVLW\�LV�VWLOO�LQYHVWLJDWLQJ�KRZ�WR�SURYLGH�ZKDW�WKH�QHZ�VWXGHQW�FXVWRPHU�ZDQWV��%R\V�	�)RUG��������DQG
DW�WKH�VDPH�WLPH�QRW�WR�FRPSURPLVH�ZKDW�WKH�XQLYHUVLW\�KDV�DOZD\V�VWRRG�IRU�LQ�WKH�SDVW��/\QFK���������0DQ\
VWDII�PD\�FRQWLQXH�WR�IHHO�DOLHQDWHG�E\�WKH�SUHVVXUH�WR�DGDSW�WR�QHZ�ZD\V�RI�WHDFKLQJ��=HOOZHJHU�0RVHU��������
DQG�FRQVHTXHQWO\�GR�QRW�HQJDJH�ZLWK�WKH�GULYH�WR�EHFRPH�WHFKQRORJLFDOO\�OLWHUDWH��6RPH�H�OHDUQLQJ�SUDFWLFH
PD\�QRW�DOZD\V�UHVXOW�LQ�HQKDQFHG�OHDUQLQJ�H[SHULHQFHV��DV�bWKH�DFWXDO�HIIHFWV�RI�QHZ�WHFKQRORJLHV�LQ�UHFHQW
GHFDGHV�KDYH�QRW�DOZD\V�PHDVXUHG�XS�WR�WKH�bVZHHSLQJ�H[SHFWDWLRQVc�WKDW�KDYH�FKDUDFWHULVHG�WKHLU�DUULYDO�RQ
WKH�VFHQHc��*XUL�5RVHQEOLW��������LQ�$OWEDFK�HW�DO���������7KLV�DOO�FRQWULEXWHV�WR�D�PXUN\�DQG�XQFOHDU�SLFWXUH�RI
KRZ�XQLYHUVLWLHV�DUH�PDQDJLQJ�WR�SURJUHVV�LQWR�WKH�GLJLWDO�DJH�

'UDZLQJ�RQ�WHFKQRORJ\�DGRSWLRQ�PRGHOV��LQWHUSUHWLYLVW�FULWLFDO�UHDOLVP��ORRNLQJ�DW�JURXQGHG�WKHRU\�FULWLFDO
UHDOLVP�WKURXJK�2OLYHU��������DV�D�SDUDGLJP��DQG�XVLQJ�b,QWHJUDWLYH�/RJLFc��0DVRQ���������WKLV�UHVHDUFK�VHHNV
WR�FRQWULEXWH�WR�WKLV�GLDORJXH��DQG�KDV�DWWHPSWHG�WR�ILQG�VRPH�ZD\�RI�SULRULWLVLQJ�D�KLHUDUFK\�RI�LQIOXHQFLQJ
IDFWRUV��ZKLFK�PD\�LQ�WXUQ�KHOS�WR�IRUPXODWH�SROLF\�DQG�SURIHVVLRQDO�GHYHORSPHQW�IRU�OHDUQLQJ�DQG�WHDFKLQJ
SUDFWLFH��$�OLWHUDWXUH�UHYLHZ�DQG�D�SLORW�VWXG\�LQYROYLQJ�NH\�VWDNHKROGHUV��VWXGHQWV�DQG�VWDII��ZHUH�FDUULHG�RXW�
WKH�SLORW�VWXG\�WR�SURYLGH�UDZ�GDWD�WR�FRQWUDVW�ZLWK�OLWHUDWXUH�UHYLHZ�ILQGLQJV��,Q�RUGHU�WR�FRQVWUXFW�PHDQLQJIXO
GDWD��DQ�DQDO\VLV�DSSURDFK�FRQVLVWLQJ�RI�WKH�FRPSLODWLRQ��FRUUHODWLRQ�DQG�FDWHJRULVDWLRQ�RI�WKHPHV�DQG�VXE�
WKHPHV��UHFRJQLVHG�IRU�IUHTXHQF\��VLJQLILFDQFH�DQG�OHYHO�RI�SUREOHP�RU�EHQHILW�ZDV�XVHG��7KHVH�ZHUH�WKHQ
DOORFDWHG�D�VFRUH�LQ�ILYH�FRQWH[WXDO�UDQNLQJV�IRUPLQJ�D�SURSRVHG�QHZ�KLHUDUFKLFDO�V\VWHP��WKH�3UREOHPV�DQG
%HQHILWV�+LHUDUFK\��WKHVH�UDQNLQJV�ZHUH�SURSRVHG�WR�EH�5HDO��,PDJLQHG��,QWHUPLWWHQW��3HUVLVWHQW�DQG�/HJDF\�

�1%�WKLV�VHFWLRQ�KDV�EHHQ�DGGHG�DIWHU�WKH�DVVHVVPHQW�SURFHVV�DW�WKH�UHTXHVW�RI�DVVHVVRUV��LQ�RUGHU�WR�PDNH
PRUH�FOHDU�WR�RQOLQH�UHDGHUV�WKH�UHVHDUFK�UDWLRQDOH�RI�WKH�SURMHFW��7KH�VHFWLRQ�LV�D�FRS\�RI�WKDW�LQFOXGHG�LQ�WKH
VXEPLWWHG�b&ULWLFDO�&RPPHQWDU\c��ZKLFK�LV�DYDLODEOH�LQ�IXOO�IURP�WKH�'RZQORDGV�SDJH��

$UHDV�RI�,QYHVWLJDWLRQ
7KH�SURMHFW�ZLOO�DWWHPSW�WR�HVWDEOLVK�SURPRWLQJ�DQG�KLQGHULQJ�IDFWRUV�RQ�WKH�XSWDNH�RI�WHFKQRORJ\�HQKDQFHG
OHDUQLQJ�LQ�KLJKHU�HGXFDWLRQ��DQG�QRWH�DQ\�UHOHYDQFH�WR�PHWURSROLWDQ�XQLYHUVLWLHV�LQ�SDUWLFXODU�

$�SURSRVHG�3UREOHPV�DQG�%HQHILWV�+LHUDUFK\�ZLOO�EH�XVHG�WR�DQDO\VH�WKH�PRVW�FRPPRQ�WKHPHV�DSSHDULQJ�IURP
D�OLWHUDWXUH�UHYLHZ�FRQFHUQLQJ�WHFKQRORJ\�DPRQJVW�DFDGHPLFV��DQG�WHFKQRORJ\�HQKDQFHG�OHDUQLQJ�ZKLFK
SUHGRPLQDQWO\�XVHV�RQOLQH�WHFKQRORJLHV��QRWLQJ�WKHPHV�DQG�ZKHWKHU�WKH\�DUH�SUREOHPV��EHQHILWV��RU�ERWK�
$ORQJ�ZLWK�WKLV�FRUH�SODFLQJ�D�V\VWHP�RI�FRQWH[W�IDFWRUV�ZLOO�EH�XVHG��UHDO��LPDJLQHG��LQWHUPLWWHQW��SHUVLVWHQW
DQG�OHJDF\��WR�DWWHPSW�WR�SODFH�WKHPHV�LQWR�WKH�KLHUDUFK\�HIIHFWLYHO\�

6WDNHKROGHU�UHVHDUFK��IRU�SULPDU\�GDWD��ZLOO�EH�GHYHORSHG�IURP�WKHPHV�LQ�WKH�OLWHUDWXUH��WR�FRQWUDVW�ZLWK�WKH
LQLWLDO�OLWHUDWXUH�ILQGLQJV��DQG�WR�VHH�DQ\�GLIIHUHQFHV�EHWZHHQ�VWDII�DQG�VWXGHQWV�LQ�UHODWLRQ�WR�KRZ�WKH\
SHUFHLYH�SUREOHPV�DQG�EHQHILWV�RI�7(/��DQG�ZKDW�PLJKW�EH�PRUH�LPSRUWDQW�WR�WKHP�LQ�FRQQHFWLRQ�ZLWK
WKRVH��7KH�SURMHFW�ZLOO�EH�OLPLWHG�WR�D�WRS�OHYHO�DQDO\VLV�RI�PRVW�FRPPRQ�WKHPHV�

7KH�GLDJUDP�EHORZ�LV�D�YLVXDO�LQWHUSUHWDWLRQ�RI�WRSLF�DUHDV�DQG�KRZ�WKH\�PLJKW�UHODWH�WR�HDFK�RWKHU�ZLWKLQ

http://webteach.penworks.net/research/appendices/downloads/


UHVHDUFK�JURXSV���DQG����VWDII���ZLWK�DQ�RYHUYLHZ�HYDOXDWLRQ�ZLWK�UHVHDUFK�JURXS����WKH�VWXGHQWV�

)LJ����VKRZLQJ�7KHPH�5HODWLRQVKLS�$UHDV

)XUWKHU�'HWDLOV

)RU�IXUWKHU�GHWDLOV�RI�UHVSRQGHQW�JURXSV�DQG�PRUH�RQ�KRZ�WKH�SURMHFW�ZRUNHG��SOHDVH�DOVR�UHIHU�WR�7KH�$LPV�
)RFXV�DQG�0HWKRGV�SDJH�

�
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,QIRUPDWLRQ�IRU�WKRVH�WDNLQJ�SDUW�LQ�WKH�UHVHDUFK�

,VVXHV
5HVHDUFKHU�ELDV

,�ZLOO�VHHN�WR�DVN�TXHVWLRQV�LQ�D�IDLU�DQG�REMHFWLYH�ZD\��DQG�WKRXJK�,�DP�D�ZHE�WHFKQRORJLHV�SURIHVVLRQDO��GR
QRW�KDYH�DQ\�VWURQJO\�KHOG�YLHZV�RQ�WKH�XSWDNH�RI�WHFKQRORJ\�LQ�WHDFKLQJ�VFHQDULRV��,�GR�QRW�KDYH�DQ\
H[SHFWDWLRQV�RI�WKH�UHVXOWV�DQG�ILQGLQJV�RI�WKLV�UHVHDUFK�

6WDNHKROGHU�ELDV

,W�LV�DOZD\V�SRVVLEOH�WKDW�HDFK�VWDNHKROGHU�DQVZHUV�TXHVWLRQV�ZLWK�VRPH�LQGLYLGXDO�ELDV��DQG�DV�QR�REYLRXV
bFRQWUROc�JURXS�LV�WDNLQJ�SDUW��,�DP�VHHNLQJ�WR�HYHQ�RXW�ELDV�E\�VHOHFWLQJ�D�JURXS�RI�UHVSRQGHQWV�IURP�D�YDULHW\
RI�DFDGHPLF�ZRUNLQJ�UROHV�

&RQVHQW�DQG�3ULYDF\
3ULPDU\�5HVHDUFK

3OHDVH�QRWH�WKDW�QDPHV��HPDLOV��FXUUHQW�SODFH�RI�ZRUN�DQG�MRE�WLWOHV�ZLOO�EH�UHFRUGHG��LQ�RUGHU�WR�HYLGHQFH�WKDW
UHVSRQVHV�DUH�WUXH�DQG�DFFXUDWH��DQG�WR�PDNH�UHOHYDQW�UHIHUHQFH�WR�\RXU�RZQ�VLWXDWLRQ�RU�JHRJUDSKLFDO
ORFDWLRQ�

$OO�UHVSRQVHV�DUH�VHSDUDWHG�IURP�QDPHV�DQG�HPDLOV��WR�HQVXUH�IXOO�FRQILGHQWLDOLW\��,�ZLOO�VWDWH�WKLV�DW�WKH�HQG�RI
HDFK�VHW�RI�TXHVWLRQV��IRU�\RX�WR�FOLFN�DQ�bDFFHSWc�EXWWRQ��EHIRUH�\RX�VXEPLW�\RXU�UHVSRQVHV��1DWXUDOO\��\RX�FDQ
ZLWKGUDZ�DW�DQ\�WLPH�GXULQJ�WKH�UHVHDUFK��DQG�DUH�XQGHU�QR�REOLJDWLRQ�WR�FRPSOHWH�DOO�WKH�TXHVWLRQ
VHWV�

,I�LW�EHFRPHV�UHOHYDQW�WR�DVVRFLDWH�D�SDUWLFXODU�UHVSRQVH�ZLWK�WKH�VRXUFH�LQGLYLGXDO��,�ZLOO�FRQWDFW�\RX�IRU
SHUPLVVLRQ�

7KH�UHVHDUFK�LV�SXUHO\�IRU�DFDGHPLF�SXUSRVHV��WR�VKHG�PRUH�OLJKW�RQ�WKH�LQFUHDVLQJ�VLJQLILFDQFH�WKDW
WHFKQRORJ\�KDV�RQ�RXU�ZRUN�DQG�SHUVRQDO�OLYHV�LQ�WKH�FRQWH[W�RI�KLJKHU�HGXFDWLRQ��DQG�KRZ�WKDW�PLJKW�LPSDFW
IXUWKHU�DGRSWLRQ�RI�WHFKQRORJ\�LQ�WHDFKLQJ�VFHQDULRV�DQG�XQLYHUVLW\�OLIH�LQ�JHQHUDO�

5HVHDUFK�(WKLFV�DQG�&RQVHQW�/LQNV

KWWS���GDWD�DUFKLYH�DF�XN�FUHDWH�PDQDJH�FRQVHQW�HWKLFV�FRQVHQW
KWWS���ZZZ�EHUD�DF�XN�V\VWHP�ILOHV���%(5$�(WKLFDO�*XLGHOLQHV������SGI
KWWS���ZZZ�EORRPVEXU\DFDGHPLF�FRP�YLHZ�:KDW�$UH�4XDOLWDWLYH�5HVHDUFK�(WKLFV�FKDSWHU�ED�����������
����FKDSWHU�����[PO"SULQW
KWWS���ZZZ�ORQGRQPHW�DF�XN�UHVHDUFK�WKH�UHVHDUFK�DQG�SRVWJUDGXDWH�RIILFH�VWDII�UHVHDUFK�HWKLFV�FIP

�
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/LW�5HYLHZ�6XPPDU\

7KH�OLWHUDWXUH�UHYLHZ�ORRNHG�DW�D�VHOHFWLRQ�RI�SDSHUV�DQG�MRXUQDO�H[WUDFWV��ZLWK�WKH�,QWHUQHW�LQ�+LJKHU
(GXFDWLRQ�EHLQJ�RI�VLJQLILFDQFH�LQ�RIIHULQJ�WKH�PRVW�VXLWDEOH�UHVHDUFK��([WUDFWV�IURP�VXEVWDQWLDO�WH[WV�VRXUFHG
IURP�-,6&��8QHVFR�RU�RWKHUV�ZHUH�DOVR�UHYLHZHG��&ULWHULD�IRU�VHOHFWLRQ�ZDV�WKH�\HDU�SXEOLVKHG��ZLWK�QRWKLQJ
ROGHU�WKDQ�������E\�UHDVRQ�RI�WKH�H[SRQHQWLDO�JURZWK�LQ�XVH�RI�WHFKQRORJ\�VLQFH�WKHQ��VHH�$LPV��)RFXV�DQG
0HWKRGV�IRU�PRUH���DV�ZHOO�DV�DQ�RULHQWDWLRQ�WRZDUGV�UHVHDUFK�DURXQG�XVH�RI�LQWHUQHW�DQG�ZHE�����DSSOLFDWLRQV�
RU�VRFLDO�PHGLD��DV�WKHVH�ZHUH�SHUFHLYHG�DV�PRVW�UHOHYDQW�WR�JDLQLQJ�DQ�RYHUDOO�SLFWXUH�RI�WKH�IXWXUH�GLJLWDO
ODQGVFDSH�IRU�DQ\�XQLYHUVLW\��2WKHU�OHDUQLQJ�WHFKQRORJ\�VWXGLHV��IRU�H[DPSOH�XVH�RI�LQWHUDFWLYH�ZKLWHERDUGV�
VHFRQG�OLIH�RU�XVHV�RI�OHDUQLQJ�PDQDJHPHQW�V\VWHPV�ZHUH�QRW�LQFOXGHG�DV�WKHVH�ZHUH�SHUFHLYHG�DV�ODUJHO\�ZHE
����RU�LQFUHDVLQJO\�OHVV�SRSXODU�WHFKQRORJLHV��WKLV�LV�HYLGHQW�LQ�WKH�QXPEHU�RI�SDSHUV�DYDLODEOH��DV�ZHOO�DV�VRPH
FRQWHQW�RI�SDSHUV�UHYLHZHG��

7KHPHV�PRVW�FRPPRQO\�IRXQG�LQ�WKH�OLWHUDWXUH�ZHUH�RIWHQ�RI��UHOHYDQFH�WR�PHWURSROLWDQ�XQLYHUVLWLHV�E\�YLUWXH
RI�WKH�QDWXUH�RI�WKH�VWXGHQW�ERG\�SUHVHQW�LQ�D�PHWURSROLWDQ�XQLYHUVLW\��L�H��EHLQJ�GLYHUVH��ZLWK�QXPHURXV�RWKHU
FRPPLWPHQWV�DQG�UHTXLUHPHQWV��7KHUH�ZHUH����PRVW�FRPPRQ�WKHPHV��WKHVH�ZHUH�WKHQ�GLYLGHG�LQWR�6WUDWHJ\
W\SHV�DQG�/HDUQLQJ�DQG�7HDFKLQJ�W\SHV��ZLWK�$VVXPSWLRQV�VXPPDULVHG�WR�FRQFOXGH��7KH�WRS���WKHPHV�ZHUH
WKHQ�DQDO\VHG��FRPSDUHG�DQG�FRQWUDVWHG��IXUWKHU�XVLQJ�SULPDU\�GDWD�HVWDEOLVKHG�IURP�WKH�RWKHU�VHFWLRQV�RI
WKLV�UHVHDUFK�

7KH�6L[WHHQ�WKHPHV�

,167,787,21�6833257
62&,(7$/�&+$1*(6
,&7�6833257��3URYLVLRQ�
(/($51,1*�6833257��3URYLVLRQ�
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7RS�WKHPHV�

,167,787,21�6833257
62&,(7$/�&+$1*(6
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/LWHUDWXUH�5HYLHZ

:KLOH�WKHUH�KDV�EHHQ�DQ�DSSDUHQW�DQG�FRQWLQXLQJ�H[SORVLRQ�LQ�WHFKQRORJLFDO�DGYDQFHV�LQ�DOO�DUHDV�RI�OLIH
�0DQ\LND�HW�DO���������LW�PD\�EH�WKDW�WKLV�LV�QRW�IXOO\�RU�HYHQ�VLJQLILFDQWO\�UHIOHFWHG�LQ�XQLYHUVLW\�FXOWXUH�DQG
SUDFWLFHV��%URZQ���������$�ZHDOWK�RI�UHVHDUFK�H[LVWV��HPDQDWLQJ�IURP�WKH�8.�DQG�EH\RQG��LQ�(XURSH��$XVWUDOLD
DQG�WKH�86$��ZLWK�VLJQLILFDQW�DPRXQWV�RI�WLPH�DQG�RWKHU�UHVRXUFHV�EHLQJ�LQYHVWHG�LQWR�WKLV�ILHOG��DQG�SXEOLVKHG
ERWK�LQ�HGXFDWLRQDO�DV�ZHOO�DV�FRPSXWHU�VFLHQFH�MRXUQDOV��7KH�UHVHDUFK��ZKLOH�KDYLQJ�DQ�RYHUDUFKLQJ�ILHOG�LQ
FRPPRQ��LV�IUDJPHQWHG��DQG�RIWHQ�RXWVWULSSHG�E\�WKH�SDFH�RI�DGYDQFHV�LQ�WHFKQRORJ\�LWVHOI�b�eH[WUDFWLQJ
PHDQLQJIXO�UHVHDUFK�ILQGLQJVgKDV�EHHQ�KDPSHUHG�E\�WKH�VSHHG�RI�LQQRYDWLRQ��ZKLFK�RIWHQ�UHQGHUV�VWXG\
UHVXOWV�REVROHWH�DV�QHZ�WHFKQRORJLHV�UHSODFH�ROG�RQHVf��$OWEDFK�HW�DO��������S������7KH�DSSURDFK�WR�WKH
OLWHUDWXUH�UHYLHZ�LV�WR�DVFHUWDLQ�WKH�ODQGVFDSH�DQG�WHUULWRU\�LQ�UHODWLRQ�WR�XVH�DQG�XSWDNH�RI�WHFKQRORJ\�LQ
XQLYHUVLW\�OHDUQLQJ�DQG�WHDFKLQJ��ERWK�IRUPDO�DQG�LQIRUPDO��E\�DWWHPSWLQJ�WR�HVWDEOLVK�WKHPHV�ZKLFK�FRPPRQO\
DSSHDU��2I�SDUWLFXODU�LQWHUHVW�LV�WKH�IRFXV�LQ�UHODWLRQ�WR�PHWURSROLWDQ�XQLYHUVLWLHV��7KHPHV�ZLOO�EH�QRWHG�
FROODWHG�DQG�DQDO\VHG�IRU�SRSXODULW\�DQG�VLJQLILFDQFH�DV�LQIOXHQFHUV��7KLV�IRUPV�SDUW�RI�WKH�UHVHDUFK�DV�D
ZKROH�

7KH�OLWHUDWXUH�UHYLHZ�WDNHV�WKH�IRUP�RI�GLVFXVVLRQ�RI�WKH�WKHPHV�WKDW�PRVW�FRPPRQO\�DSSHDU��7KHUH�ZHUH���
PDLQ�WKHPHV�QRWHG��WKHVH�KDYH�EHHQ�ORRVHO\�JURXSHG�LQWR�WZR�VHFWLRQV�b�b6WUDWHJLFc�DQG�b/HDUQLQJ�DQG
7HDFKLQJc��ZLWK�$VVXPSWLRQV�VXPPDULVHG�WR�FORVH��2YHUODS�EHWZHHQ�WKHPHV�RIWHQ�RFFXUV��EXW�RYHUDOO�WKLV
JURXSLQJ�DWWHPSWV�WR�FRQQHFW�VRPH�RI�WKH�WHUULWRU\��ZKLFK�RWKHUZLVH�LV�RIWHQ�RYHUZKHOPLQJ�DQG�XQZLHOG\��DQG
GLIILFXOW�WR�HVWDEOLVK�DQ\�ORJLF�RU�FODULW\��3OHDVH�DOVR�UHIHU�WR�WKH�/LWHUDWXUH�$QDO\VLV��ZKLFK�LQFOXGHV�WDEOHV
DQG�GLDJUDPV�DSSURSULDWH�WR�LOOXVWUDWH�SRLQWV�PDGH�LQ�WKLV�WH[W��ZLWK�UHOHYDQW�OLQNV��%HORZ�LV�D�TXLFNOLQNV�OLVW�WR
DLG�QDYLJDWLRQ�EHWZHHQ�VHFWLRQV�

�4XLFN/LQNV
3DJH��

6WUDWHJLF

���62&,(7$/�&+$1*(6��3ROLF\��5HTXLUHPHQWV�
���,167,787,21�6833257
���,&7�6833257�	�75$,1,1*
���(/($51,1*�6833257�	�75$,1,1*
���027,9$7,21�$1'�6.,//6��7KH�,QGLYLGXDOV�3HUVSHFWLYH�DQG�,PSOLFDWLRQV�

3DJH��

���$&&5(',7$7,21
���&203/,$1&(��$FFHVVLELOLW\��,35��,QVWLWXWLRQDO�4XDOLW\�$VVXUDQFH�HWF�
���'(3(1'(1&,(6��LQIUDVWUXFWXUH�DQG�6\VWHPV�
���',*,7$/�',9,'(6
����&267�,PSOHPHQWDWLRQ�

3DJH��

/HDUQLQJ�	�7HDFKLQJ

����3('$*2*<���/($51,1*�'(6,*1
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����678'(17�&(175('�/($51,1*
����7($&+,1*�	�/($51,1*�48$/,7<
����6+$5('�5(6285&(6��,QVWLWXWLRQ�SROLF\�,PSOLFDWLRQV�7	/�
����&219(1,(1&(��)/(;,%,/,7<����:25.�/,)(�%$/$1&(

$VVXPSWLRQV�VXPPDU\

����$668037,216

6WUDWHJLF
�

���6RFLHWDO�&KDQJHV
�1DWLRQDO�RU�5HJLRQDO�3ROLF\�DQG�5HTXLUHPHQWV��GHPRJUDSKLF�EHKDYLRXU�FKDQJHV�

7KH�UDSLGO\�FKDQJLQJ�VRFLHW\��ERWK�LQ�WHUPV�RI�WKH�QDWXUH�RI�WKH�QHZ�NQRZOHGJH�HFRQRP\�ZLWK�DOO�WKDW�HQWDLOV
�7DWH�	�.OHLQ�&ROOLQV��������DQG�/HYLQH�������LQ�%R\V�	�)RUG���������DV�ZHOO�DV�WKH�QHZ�OHYHOV�RI�LQVWLWXWLRQDO
DFFRXQWDELOLW\�IRU�HDFK�VWXGHQW�WKH\�DUH�FKDUJHG�WR�HGXFDWH��2EOLQJHU���������GHPDQG�FKDQJHV�LQ�SUDFWLFH�DQG
SROLF\��%R\V�	�)RUG���������0DQ\�RI�WKHVH�FKDQJHV�LQYROYH�XVHV�RI�WHFKQRORJ\�WKDW�LI�QRW�DOZD\V�GLUHFWO\
LQYROYLQJ�OHDUQLQJ�DQG�WHDFKLQJ��GR�DOZD\V�LPSDFW�OHDUQLQJ�DQG�WHDFKLQJ��*XUL�5RVHQEOLW��LQ�$OWEDFK�HW�DO�
�������:KDW�FRXOG�EH�WHUPHG�cLQGLUHFW�GULYLQJ�DQG�UHVWUDLQLQJ�IRUFHVd�PD\�XOWLPDWHO\�KDYH�WKH�JUHDWHVW�EHDULQJ
RQ�WKH�XSWDNH�DQG�XVHV�RI�WHFKQRORJ\�ZLWKLQ�OHDUQLQJ�DQG�WHDFKLQJ�VHWWLQJV��,QVWLWXWLRQDO�IRUFHV�VXFK�DV�WKRVH
RI�FRVW�VDYLQJ�RU�FXWWLQJ�PHDVXUHV�OLNH�VWDII�UHGXFWLRQ�DQG�UHVRXUFHV�cFRQVROLGDWLRQd��LQVWLWXWLRQDO�cQHJDWLYH
HTXLW\d��LQFUHDVHG�VHFWRU�FRPSHWLWLRQ�DQG�IOXFWXDWLQJ�OHJDO�RU�QDWLRQDO�SROLF\�UHTXLUHPHQWV�DOO�LPSDFW
DSSURDFKHV�WR�WHDFKLQJ�SUDFWLFH�DQG�WKH�LPSRUWDQFH�RI�OHDUQLQJ�RXWFRPHV��SHUKDSV�PRVW�HVSHFLDOO\�LQ�WKH
FRQWH[W�RI�WKH�PHWURSROLWDQ�XQLYHUVLW\��7HFKQRORJLFDO�cGLVUXSWLRQd�DQG�DGYDQFHPHQW��DV�DVSHFWV�RI�WKH�FRQWLQXDO
SURFHVV�RI�WKH�GLJLWLVDWLRQ�RI�VRFLHW\��DOVR�FRQWULEXWH�WR�WKH�FKDQJLQJ�H[SHFWDWLRQV�RI�WKH�XQLYHUVLW\�LQ�UHODWLRQ
WR�LWV�SODFH�LQ�WKDW�VRFLHW\��7KH�WHUULWRU\�LV�WKHUHIRUH�FRPSOH[��FUHDWLQJ�D�c7RZHU�RI�%DEHO�V\QGURPHd��*XUL�
5RVHQEOLW��������

'LDQH�2EOLQJHU��LQ�KHU�*DPH�&KDQJHUV�FKDSWHU�c,7�DV�D�*DPH�&KDQJHUd��GLVFXVVHV�VLJQLILFDQW�FKDQJHV�LQ
VRFLHW\�LQ�UHODWLRQ�WR�WHFKQRORJ\�DGYDQFHPHQW�DIIRUGDQFHV�WKDW�LQ�WKHPVHOYHV�PD\�EHFRPH��RU�DOUHDG\�DUH�
VWURQJ�GULYHUV�WRZDUGV�XWLOLVDWLRQ�RI�WHFKQRORJ\�DW�DOO�OHYHOV�RI�WKH�OHDUQLQJ�DQG�WHDFKLQJ�SURFHVV��)RU�H[DPSOH
FRQYHQLHQFH�RI�DFFHVV��WKH�cFDWDO\WLF�UROH�LQ�FROODERUDWLRQd��VKDUHG�LQIUDVWUXFWXUH�DQG�2SHQ�/HDUQLQJ��7KH�cWRROV
WKDW�VWXGHQWV�XVH�LQ�WKHLU�GDLO\�OLYHVd�DUH�DEVHQW�IURP�WKH�FODVVURRP��.XNXOVND�+XOPH���������.XNXOVND�+XOPH
GLVFXVVHV�DW�OHQJWK�WKH�FKDQJHV�LQ�SXEOLF�SHUFHSWLRQV�DQG�H[SHFWDWLRQV�LQ�UHODWLRQ�WR�cDFFHVVLQJ�DQG�DFTXLULQJ
NQRZOHGJHd�DV�D�UHVXOW�RI�WHFKQRORJ\�DGYDQFHV��DQG�WKH�FRQVHTXHQW�FKDQJHV�UHTXLUHG�LQ�VWDII�DQG�KLJKHU
HGXFDWLRQ�LQVWLWXWLRQV�LQ�RUGHU�WR�UHVSRQG�E\�SURYLGLQJ�PRUH�LQ�WKH�ZD\�RI�DOO�PRGHV�RI�HOHDUQLQJ��DV�ZHOO�DV
FRQWLQXRXV�GHYHORSPHQW�RI�LQVWLWXWLRQDO�,&7�cFDSDFLW\d��DQG�LQGLYLGXDO�VWDII�,&7�VNLOOV��7KH�QRWLRQ�WKDW�cH[WHUQDO
FRQGLWLRQVd�DUH�VLJQLILFDQWO\�LPSDFWLQJ�RQ�OHDUQLQJ�DQG�WHDFKLQJ��SHUKDSV�ZLWK�XVHU�JHQHUDWHG�FRQWHQW�DQG
RQOLQH�VRFLDO�HQYLURQPHQWV�HVSHFLDOO\�UHOHYDQW�

%URZQ��������SXWV�LW�OLNH�WKLV��ePXFK�RI�WKH�OLWHUDWXUH�LQ�WKH�ILHOG�VHHV�WKH�HIIHFWLYH�LQWHJUDWLRQ�RI�:HE�����LQ
+(�DV�SURPSWLQJ�RU�UHTXLULQJ�D�SDUDGLJPDWLF�VKLIW��)UDQNOLQ�	�9DQ�+DUPHOHQ��������7KLV�VKLIW�KDV�EHHQ



FKDUDFWHUL]HG�XVLQJ�WKH�cSHUIHFW�VWRUPd�PHWDSKRU��%URZQ�	�$GOHU��������WKH�LQWHJUDOO\�OLQNHG�SKHQRPHQD�RI
HPHUJLQJ�WHFKQRORJ\��VRFLHWDO�FKDQJH��VWHPPLQJ�IURP�DQG�IHHGLQJ�LQWR�WKH�HPHUJHQFH�RI�:HE�������WKH
FRPLQJ�RI�DJH�RI�WKH�GLJLWDO�JHQHUDWLRQ��DQG�WKH�SHGDJRJLFDO�FKDQJHV�WKDW�ZLOO�KHOS�SHRSOH�EXLOG�WKH�NQRZOHGJH
DQG�VNLOOV�WR�HIIHFWLYHO\�cULGH�WKH�ZDYHd�RI�WKRVH�FKDQJHV�f

�

���,QVWLWXWLRQ�6XSSRUW
7KH�LQIUDVWUXFWXUH��DSSURDFK�DQG�VWUDWHJLF�cPLVVLRQd�RI�DQ�LQVWLWXWLRQ�LV�RI�JUHDW�UHOHYDQFH�WR�LWV�DELOLW\�WR
HPEUDFH�D�GLJLWDOO\�VFDODEOH�DQG�DFKLHYDEOH�SROLF\�DQG�SUDFWLFH�LQ�LWV�ZRUN��2QO\�E\�GRLQJ�WKLV�ZLOO�WHDFKLQJ
DQG�OHDUQLQJ�SUDFWLFH�cRQ�WKH�JURXQGd�KDYH�D�VWURQJ�HQRXJK�VXSSRUW�WR�EH�DGRSWHG�PRUH�XQLYHUVDOO\�E\�VWDII
DFURVV�DOO�GLVFLSOLQHV�DQG�IDFXOWLHV��1HZWRQ�	�7D\ORU���������7KLQNLQJ�DERXW�5RJHUV�,QQRYDWLRQ�'LIIXVLRQ
WKHRU\��ZH�NQRZ�WKDW�WKH�cODWH�PDMRULW\d�DQG�WKH�cODJJDUGVd�ZLOO�QRW�WDNH�RQ�QHZ�SUDFWLFH�XQWLO�DOO�WKHLU�QHHGV
IRU�WUXVW�DQG�SURRI�DUH�PHW��DQG�LQVWLWXWLRQDO�OHYHO�UHTXLUHPHQWV�DQG�VXSSRUW�DUH�SHUKDSV�WKH�RQO\�WKLQJ�WKDW
ZLOO�DFKLHYH�WKLV�

&OLIIRUG�/\QFK�LQ�c$�0DWWHU�RI�0LVVLRQ��,QIRUPDWLRQ�7HFKQRORJ\�DQG�WKH�)XWXUH�RI�+LJKHU�(GXFDWLRQd��c7KH
7RZHU�DQG�7KH�&ORXGd��.DW]��HG���������ZULWHV�RQ�WKH�GXWLHV�RI�VFKRODUVKLS��QDPHO\�WKH�FXVWRGLDQVKLS�DQG
GLVVHPLQDWLRQ�RI��NQRZOHGJH��VFKRODUVKLS��VHW�LQ�WKH�ZLGHU�UHPLW�WR�GLVVHPLQDWH�WKDW�NQRZOHGJH�RQ�D�JOREDO
VFDOH��LQ�RUGHU�WR�DWWHPSW�WR�PHHW�WKH�HYHU�JURZLQJ��DQG�FXUUHQWO\�XQPHW��GHPDQGV�IRU�DFFHVV�WR�KLJKHU
HGXFDWLRQ��7KH�PLVVLRQ�RI�DQ�LQVWLWXWLRQ��ZKLOH�SHUKDSV�EHLQJ�JOREDO��LV�ILUVW�EHLQJ�cORFDOd��\HW�PD\�VWLOO�PHDQ
WKDW�WR�HIIHFWLYHO\�cGLVVHPLQDWHd�WKDW�NQRZOHGJH��WKH\�QHHG�WR�RIIHU�D�PXFK�PRUH�IOH[LEOH�DQG�GLYHUVH�FRXUVH
VWUXFWXUH�WR�WKHLU�ORFDO�SRSXODWLRQV��&DYDQDJK�LQ�c7KH�3RVWPRGDOLW\�(UD��+RZ�e2QOLQH�/HDUQLQJf�,V�%HFRPLQJ
e/HDUQLQJf��*DPH�&KDQJHUV��������

�

����6WUDWHJLF�3ROLF\

$�YDULHW\�RI�SDSHUV�DQG�WH[WV�PDNH�FRPPHQWDU\�RQ�WKH�LPSRUWDQFH�RI�cWRS�GRZQd�DQG�cERWWRP�XSd�LQIOXHQFLQJ
IDFWRUV�LQ�UHODWLRQ�WR�XSWDNH�RI�WHFKQRORJ\�LQ�OHDUQLQJ�DQG�WHDFKLQJ��7KH�8&,6$�7HFKQRORJ\�(QKDQFHG
/HDUQLQJ�6XUYH\��7(/6��IURP������UDQN�c&HQWUDO�8QLYHUVLW\�6HQLRU�PDQDJHPHQW�VXSSRUWd�DQG
c6FKRRO�'HSDUWPHQWDO�6HQLRU�0DQDJHPHQW�VXSSRUWd�DW���DQG���LQ�WKH�WRS���LPSRUWDQW�LQIOXHQFLQJ�IDFWRUV��DIWHU
c$YDLODELOLW\�RI�7(/�6XSSRUW�VWDIId�DW�QXPEHU����LQ�cHQFRXUDJLQJ�WKH�GHYHORSPHQW�RI�7(/�DQG�SURFHVVHV�WKDW
SURPRWH�LWd��,W�LV�QRW�FOHDU��KRZHYHU��ZKDW�IRUP�WKLV�VXSSRUW�VKRXOG�WDNH��EXW�7(/6�GR�JR�RQ�WR�DVN�TXHVWLRQV
DERXW�VWUDWHJ\�DQG�SROLF\�GRFXPHQWV��LQWHUQDO�DQG�H[WHUQDO���DQG�WKHLU�SHUFHLYHG�HIIHFWLYHQHVV�LQ�SURPRWLQJ
WHFKQRORJ\�HQKDQFHG�OHDUQLQJ��+RZHYHU��WKH�GUDZEDFN�RI�VXUYH\V�VXFK�DV�WKH�7(/6�LV�WKDW�QR�LQGLFDWLRQ�LV
PDGH�DV�WR�ZKDW�cHIIHFWLYHQHVVd�DFWXDOO\�PHDQV��VR�WKH�XVHIXOQHVV�RI�VWDWLVWLFV�VXFK�DV�WKLV�LQ�SUDFWLFDO�WHUPV
UHPDLQV�TXHVWLRQDEOH�

8QGHUVWDQGLQJ�eWKH�LQWUDFWDEOH�SUREOHP�RI�JHWWLQJ�IDFXOW\�WR�WDNH�VHULRXVO\�WKHLU�RZQ�SURIHVVLRQDO
GHYHORSPHQW�ZLWK�UHJDUG�WR�QHZ�WHFKQRORJLHV�IRU�WHDFKLQJ�DQG�OHDUQLQJf��.XNXOVND�+XOPH���������PLJKW�EH�LQ
VRPH�ZD\�H[SODLQHG�E\�eg�WKH��UHVLVWDQFH�LV��DOVR��DVVRFLDWHG�ZLWK�DFDGHPLFV�GULYLQJ�LQVWLWXWLRQDO�SROLFLHV�ZKR
PD\�cDGRSW�SHGDJRJLHV�WKDW�DFWXDOO\�VWUXFWXUH��FRQVWUDLQ�DQG�FRQWDLQ�WKH�VRPHZKDW�DQDUFKLF�DQG�PRUH�UDGLFDO
SRWHQWLDO�RI��:HE������WHFKQRORJLHVd��5DYHQVFURIW�������S������,QVWLWXWLRQV��WHQG�WR�RSW�IRU�FORVHG�SODWIRUP�:HE
����W\SH�WHFKQRORJLHV�FRQGXFLYH�WR�WHDFKHU�GULYHQ�SHGDJRJLFDO�DSSURDFKHV�DQG�QRW�WR�SHGDJRJLHV�EDVHG�RQ
VWXGHQW�FRQWULEXWLRQV��DQG�WKH�QHWZRUNHG�DQG�FROOHFWLYH�OHDUQLQJ�SRVVLELOLWLHV�RI�:HE����h��6XVDQ�%URZQ�



�������%URZQ�DOVR�IRXQG�HYLGHQFH�RI�WRS�GRZQ�DQG�ERWWRP�XS�LQIOXHQFLQJ�IDFWRUV�ERWK�EHLQJ�UHTXLUHG��e�W�KHUH
QHHGV�WR�EH�D�ERWWRP�XS�DQG�WRS�GRZQ�FRQYHUJHQFH�RI�LGHDV�DPRQJ�DFDGHPLFV�RQ�WKH�JURXQG�DQG�WKRVH
IRUJLQJ�7HDFKLQJ��/HDUQLQJ�DQG�$VVHVVPHQW�VWUDWHJLHV�SDUWLFXODUO\�LQ�UHODWLRQ�WR�DLPVf��UHFRJQLVLQJ�eWKH�IDFW
WKDW�QR�DFDGHPLF�FRQWH[W�LV�KHUPHWLFDOO\�VHDOHGf�

�

����)DFXOW\�$GRSWLRQ

7KHPHV�VXUURXQGLQJ�IDFWRUV�DW�SOD\�ZKLFK�LQIOXHQFH�IDFXOW\�DGRSWLRQ�DSSHDU�IUHTXHQWO\�LQ�PDQ\�DFDGHPLF
VWXGLHV��7KLV�WKHPH��ZKLOVW�VLJQLILFDQWO\�FRQFHUQHG�ZLWK�OHDUQLQJ�DQG�WHDFKLQJ�DOVR�IXQGDPHQWDOO\�RSHUDWHV�DW�D
PRUH�VWUDWHJLF�OHYHO��:LWKRXW�LQVWLWXWLRQDO�DQG�VHQLRU�IDFXOW\�PDQDJHPHQW�OHYHO�SROLF\�DQG�VWUDWHJLF�VXSSRUW�
IDFXOW\�ZLGH�FKDQJH�ZLOO�OLNHO\�QRW�KDSSHQ�

)UDQ]LVND�=HOOZHJHU�0RVHU��LQ�c)DFXOW\�$GRSWLRQ�RI�(GXFDWLRQDO�7HFKQRORJ\d���������UHSRUWV�WKH�QHHG�IRU
IDFXOW\�cEX\�LQd�DV�HVVHQWLDO�LQ�RUGHU�WKDW�FXUULFXOXP�GHVLJQ�DQG�OHDUQLQJ�DQG�WHDFKLQJ�SUDFWLFHV�FKDQJH��6KH
GHPRQVWUDWHV�D�c)DFXOW\�(GXFDWLRQDO�7HFKQRORJ\�$GRSWLRQ�&\FOHd��DQG�VWDWHV��eIDFXOW\�VXSSRUW�KDV�EHHQ
LGHQWLILHG�DV�D�FULWLFDO�IDFWRU�LQ�WKH�VXFFHVV�RI�HGXFDWLRQDO�WHFKQRORJ\�SURJUDPV���EXW��PDQ\�SHRSOH�LQYROYHG�LQ
VXFK�HIIRUWV�XQGHUHVWLPDWH�WKH�FRPSOH[LWLHV�RI�LQWHJUDWLQJ�WHFKQRORJ\�LQWR�WHDFKLQJ�f�,QWULQVLF�DQG�H[WULQVLF
IRUFHV�KRZHYHU��EULQJ�WR�EHDU�D�YDULHW\�RI�SUHVVXUHV�LQ�DQ\�WXWRU��WR�DFKLHYH�FKDQJHV�LQ�WHDFKLQJ
SUDFWLFH��=HOOZHJHU�0RVHU�WDONV�DERXW�(DUO\�$GRSWHUV��5RJHUV�������������DQG�WKH�LPSRUWDQFH�RI�SURIHVVLRQDO
VXSSRUW�EHLQJ�RIIHUHG�HDUO\�LQ�WKH�F\FOH�RI�WHFKQRORJ\�DGRSWLRQ��,I��IDFXOW\��SURIHVVLRQDO�VXSSRUW�LV�RIIHUHG�WRR
ODWH�LQ�WKH�F\FOH��WKLV�FDQ�UHVXOW�LQ�PHGLRFUH�TXDOLW\�RI�HIIRUWV��DQG�FDQ�LQ�WXUQ�FUHDWH�QHJDWLYH�H[SHULHQFHV
ZKLFK�DUH�SDVVHG�RQ�WR�RWKHU�VWDII��(DUO\�0DMRULW\���UHVXOWLQJ�LQ�ORZHU�UDWHV�RI�DGRSWLRQ�IXUWKHU�GRZQ��/DWH
0DMRULW\��/DJJDUGV���&UHDWLQJ�D�F\FOH�RI�SRVLWLYH�DQG�KLJK�TXDOLW\�H[SHULHQFH�LV�WKHUHIRUH�YHU\�LPSRUWDQW�WR
VXFFHVVIXO�DGRSWLRQ�

1HZWRQ�	�7D\ORU���������WDON�DERXW�WKH�LPSRUWDQFH�RI�D�eVKDUHG�YLVLRQ�DQG�HQHUJ\�WKDW�WRXFKHV�DOO�SDUWV�RI�WKH
RUJDQLVDWLRQf��DQG�WKH�QHHG�IRU�VWDII�WR�EH�JLYHQ�WKH�WLPH�WR�cXSVNLOOd�DQG�WR�LQWHJUDWH�WKHLU�ZRUN�ZLWK
WHFKQRORJ\�DQG�FXUULFXOXP��UH�GHVLJQ�VXSSRUW���egLQVWLWXWLRQDO�UHFRJQLWLRQ��LI�WKLV�LV�WKH�ZD\�WKH�XQLYHUVLW\
ZDQWV�WR�PRYH��WKDW�DOO�VWDII�DW�VRPH�SRLQW�ZLOO�EH�IUHHG�XS�VR�WKDW�WKH\�FDQ�GHYRWH�WLPH�DQG�HQHUJ\�LQWR
GHYHORSLQJ�WKH�QHZ�VNLOOVgf�7KHUH�LV�DOVR�D�QHHG�WR�FUHDWH�SDULW\�DFURVV�DQ�LQVWLWXWLRQ�VR�WKDW�H[SHFWDWLRQV�DUH
FOHDU�DQG�DOLJQHG�IRU�DOO�VWDII��WKHUHIRUH�D�UHTXLUHPHQW�IRU�FKDQJH�PDQDJHPHQW�LQ�WUDQVLWLRQ�WR�GLJLWDO�OHDUQLQJ
DQG�WHDFKLQJ�

7KDW�eKLJKHU�HGXFDWLRQ�LQVWLWXWLRQV�DUH�FXUUHQWO\�FKDOOHQJHG�WR�ORRN�IRU�LQQRYDWLYH�ZD\V�WR�GHYHORS�WKHLU
IDFXOW\��SDUWLFXODUO\�LQ�OLJKW�RI�QHZ�HFRQRPLF�UHDOLWLHV�WKDW�SXW�SUHVVXUH�RQ�UHVRXUFHVf��UHPDLQV�D�SUREOHP
DFURVV�WKH�VHFWRU��DQG�egLW�KDV�EHHQ�LQVWUXFWLYH�RYHU�WKH�\HDUV�WR�UHIOHFW�RQ�KRZ�ZH�FDQ�HQJDJH�IDFXOW\�LQ
FULWLFDO�DVVHVVPHQW�DQG�DGRSWLRQ�RI�QHZ�WHFKQRORJ\�LI�WKH\�SHUFHLYH�WKDW�LW�ZLOO�EULQJ�WKHP�QR�SHUVRQDO�EHQHILW
RU�WKDW�WKH\�KDYH�QR�WLPHf��.XNXOVND�+XOPH���������7KRXJK�eWKH�QHHGV�RI�VWXGHQWV�PD\�EH�SHUFHLYHG�DV
UHODWLYHO\�UHPRWH�IURP�WKH�QHHGV�RI�IDFXOW\f��SHUKDSV�WKH�LQFUHDVLQJ�QHHG�IRU�PRUH�FRQYHQLHQW�DQG�IOH[LEOH
OHDUQLQJ�SURYLVLRQ��2EOLQJHU��������FK���ZLOO�KHOS�WR�GULYH�FKDQJH�IRUZDUG�

�

���,&7�6XSSRUW�DQG�7UDLQLQJ�3URYLVLRQ
7HFKQLFDO�VXSSRUW�DQG�(OHDUQLQJ�6XSSRUW�SURYLVLRQ��LQ�ERWK�WUDLQLQJ�DQG�SHUKDSV�cKHOSGHVNd�IRUPDWV�DUH�YHU\
VLJQLILFDQW�LQIOXHQFHUV��DQG�WKHLU�SUHVHQFH�RU�DEVHQFH�IRUP�NH\�GULYLQJ�RU�UHVWUDLQLQJ�IRUFHV�LQ�XSWDNH�RI



WHFKQRORJ\�LQ�OHDUQLQJ�DQG�WHDFKLQJ��+RZ�PXFK�RI�WKLV�LV�GRZQ�WR�SHUFHSWLRQ�UDWKHU�WKDQ�UHDOLW\�UHPDLQV
XQNQRZQ��DV�PXFK�RI�WKH�LQIRUPDWLRQ�VXUURXQGLQJ�WKLV�LV�DQHFGRWDO�RU�GHSHQGHQW�RQ�DQ�LQGLYLGXDOdV
LQWHUSUHWDWLRQ�RI�VXSSRUW�DQG�WUDLQLQJ��)RU�H[DPSOH��VHYHUDO�TXHVWLRQV�ZHUH�SRVHG�E\�7(/6��������ZKLFK�OLVW
UHOHYDQW�cVXSSRUWd�W\SH�UHVSRQVHV�DV�FKRLFHV�LQ�/LNHUW�VFDOHV��%XW�LW�LV�QRW�FOHDU�ZKR�LV�UHVSRQGLQJ��ZKDW�WKHLU
NQRZOHGJH�DQG�H[SHUWLVH�LV��RU�KRZ�WKH\�PLJKW�LQWHUSUHW�QRWLRQV�RI�VXSSRUW�DQG�WUDLQLQJ��L�H��WR�ZKDW�OHYHO��LQ
ZKDW��ZKHQ��KRZ�HWF��

.XNXOVND�+XOPH��������FLWHV�WKH�LPSRUWDQFH�RI�IDFXOW\�VXSSRUW�E\�VWDWLQJ�WKDW�LQ�RUGHU�WR�DFKLHYH�WHDFKLQJ
GHOLYHU\�FKDQJH��RQH�PXVW�LQVWLJDWH�DGHTXDWH�SURIHVVLRQDO�GHYHORSPHQW�IXOO\�VXSSRUWHG�E\�IDFXOW\�XVLQJ
FROODERUDWLYH�WHDPV��ZRUN�EDVHG�OHDUQLQJ��VKRZ�DQG�WHOO�DQG�cUHYHUVH�PHQWRULQJd��WKH�VWXGHQW�LV�WKH�WHDFKHU��
+RZHYHU��VKH�DFNQRZOHGJHV�WKH�SUREOHPV�RI�LQVWLJDWLQJ�FRPSOH[�DQG�FRVWO\�SURIHVVLRQDO�GHYHORSPHQW
SURJUDPPHV��HVSHFLDOO\�IRU�eD�SXEOLF�LQVWLWXWLRQ�ZLWK�OLPLWHG�IXQGV�>g@�WR�ILQG�FRVW�HIIHFWLYH�\HW�HQJDJLQJ
VROXWLRQV�WR�WKH�LQWUDFWDEOH�SUREOHP�RI�JHWWLQJ�IDFXOW\�WR�WDNH�VHULRXVO\�WKHLU�RZQ�SURIHVVLRQDO�GHYHORSPHQW
ZLWK�UHJDUG�WR�QHZ�WHFKQRORJLHV�IRU�WHDFKLQJ�DQG�OHDUQLQJf�

=HOOZHJHU�0RVHU�WULHV�WR�DGGUHVV�WKLV�LVVXH��VWUHVVLQJ�WKH�LPSRUWDQFH�RI�VXSSRUW�eSDUWLFXODUO\�LQ�FRPSHWHQFH
GHYHORSPHQW�DQG�HGXFDWLRQDO�WHFKQRORJ\�FRXUVH�GHVLJQf���L�H�SHGDJRJLFDO�VXSSRUW��VHH�ODWHU���DQG�eWKH
GHYHORSPHQW�RI�DGHTXDWH�H[SHFWDWLRQV�DERXW�IDFXOW\�UHTXLUHPHQWV�DQG�KRZ�PXFK�HIIRUW�DQG�FRPSHWHQFH�DUH
QHFHVVDU\�WR�VXFFHVVIXOO\�LQFRUSRUDWH�HGXFDWLRQDO�WHFKQRORJ\�>g@�7KLV�LQFOXGHV����WKH�GHYHORSPHQW�RI�D
VXIILFLHQW�HGXFDWLRQDO�WHFKQRORJ\�LQIUDVWUXFWXUH�DQG�D�VDWLVIDFWRU\�IUDPHZRUN�IRU�HGXFDWLRQDO�WHFKQRORJ\
VXSSRUWf��7KLV�LQGLFDWHV�WKDW�)DFXOW\�DGRSWLRQ�JRHV�KDQG�LQ�KDQG�ZLWK�VXSSRUW�DQG�WUDLQLQJ��7D\ORU�	
1HZWRQ��������FKDOOHQJH�WKH�WUDGLWLRQDO�DSSURDFK�RI�cVXSSRUW�KDQG�KROGLQJd��VD\LQJ�egFXUUHQW�SUDFWLFHV�ZKLFK
SRVLWLRQ�RQH�WR�RQH�DVVLVWDQFH�DQG�IDFH�WR�IDFH�WUDLQLQJ�DV�SULQFLSDO�VWUDWHJLHV�DUH�QR�ORQJHU�VXVWDLQDEOH�RU
HIIHFWLYH�LQ�EXLOGLQJ�XQLYHUVLW\�ZLGH�FDSDELOLW\�LQ�WKH�XVH�RI�WHFKQRORJLHV�IRU�WHDFKLQJf��DQG�LQVWHDG�VXJJHVW
egDFFHVV�WR�SURIHVVLRQDO�OHDUQLQJ�RSSRUWXQLWLHV��LV��SURYLGHG�IOH[LEO\��LQ�GLIIHUHQW�PRGHV��PDNLQJ�XVH�RI
FXUUHQW�WHFKQRORJLHV�DQG�UHFRJQLVLQJ�FRQVWUDLQWV�RI�WLPH�DQG�SODFHgf�
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���(OHDUQLQJ�6XSSRUW�DQG�7UDLQLQJ�3URYLVLRQ
.XNXOVND�+XOPH�PDNHV�D�VWURQJ�FDVH�IRU�WKH�LPSRUWDQFH�RI�SHGDJRJLFDO�DQG�FRXUVH�GHVLJQ�VXSSRUW�DQG
WUDLQLQJ�WR�ZRUN�FORVHO\�ZLWK�WHFKQRORJ\�VXSSRUW��PDNLQJ�D�FOHDU�GLVWLQFWLRQ�EHWZHHQ�WKH�WZR��4XRWLQJ�)ULHO�HW
DO����������ZKR�eJLYH�HYLGHQFH�IRU�WKH�HIIHFWLYHQHVV�RI�D�eFROODERUDWLYH�WUDLQLQJ�WHDPf�DSSURDFK�ZKHUHE\
WHFKQRORJ\�WUDLQLQJ�LV�SODFHG�LQWR�D�SHGDJRJLFDO�FRQWH[W�E\�PHDQV�RI�SHGDJRJLFDO�GLDORJXH�WR�FRPSOHPHQW
WHFKQRORJ\�VNLOO�DWWDLQPHQW��WKHLU�DSSURDFK�DOVR�LQYROYHG�,7�UHSUHVHQWDWLYHV�SURYLGLQJ�RQH�RQ�RQH�IDFXOW\
VXSSRUW�EHWZHHQ�WUDLQLQJ�VHVVLRQV�WR�DOORZ�IRU�GHYHORSPHQW�RI�SHUVRQDO�WHFKQRORJ\�VNLOOV�DPRQJ�IDFXOW\��DQG�D
KRWOLQH�IRU�LPPHGLDWH�SUREOHP�VROYLQJf��7KLV�LV�WKH�LGHDO�WKHQ��EXW�ERWK�FRVWO\�DQG�WLPH�FRQVXPLQJ��=HOOZHJHU
0RVHU�FRPPHQWV�WKDW�eWLPH�FRPPLWPHQW�LV�WKH�SUHUHTXLVLWH�IRU�DQ�LQYROYHPHQW�LQ�FRPSHWHQFH�GHYHORSPHQW
DQG�DQ�HQJDJHPHQW�LQ�FRXUVH��UH��GHVLJQ�DFWLYLWLHVf��=HOOZHJHU�0RVHU�JLYHV�KHOSIXO�HYLGHQFH�WRR��RQ�WKH
GLIIHUHQFH�EHWZHHQ�,7�VXSSRUW�DQG��SHGDJRJLFDO��FRXUVH�GHVLJQ�VXSSRUW��DV�ZHOO�DV�IXQGLQJ�LVVXHV�ZKHQ
GLVFXVVLQJ�IXQGLQJ�VRXUFHV�IRU�VPDOOHU�DQG�ODUJHU�FRXUVH��UH��GHVLJQ�SURMHFWV��6R��ZH�VHH�SURYLVLRQ�IRU�VXSSRUW
�,7�DQG�SHGDJRJLFDO��LV�FORVHO\�DOLJQHG�WR�IDFXOW\�DGRSWLRQ�DQG�FHQWUDO�PLVVLRQ�VWUDWHJ\�

�



���0RWLYDWLRQ��6NLOOV�DQG�7UDLQLQJ
��7KH�LQGLYLGXDO�SHUVSHFWLYH��VWDII�DQG�VWXGHQW�

6WDII�PRWLYDWLRQ�LV�ZLGHO\�SHUFHLYHG�DV�RQH�RI�WKH�PRVW�VLJQLILFDQW�GULYLQJ�RU�UHVWUDLQLQJ�IRUFHV�IRU�WHFKQRORJ\
XSWDNH�LQ�OHDUQLQJ�DQG�WHDFKLQJ��0RWLYDWLRQ�FDQ�EH�D�FRPSOHWHO\�VXEMHFWLYH�IRUFH��GHSHQGHQW�RQ�VRPHWLPHV
IDOVH�SHUFHSWLRQV�DQG�DVVXPSWLRQV�DV�ZHOO�DV�RQ�PRUH�IRUPDO�IDFWRUV�VXFK�DV�IDFXOW\�VXSSRUW�DQG�SURIHVVLRQDO
IHHGEDFN��=HOOZHJHU�0RVHU��������XVHV�5RJHUdV�V\VWHP�RI�,QQRYDWLRQ�$GRSWLRQ�WR�RXWOLQH�WKLV��DQG�LQ�RQH
SDUDJUDSK�VXPV�LW�XS��egLI�HDUO\�DGRSWHUV�H[SHULHQFH�WRR�PDQ\�VHWEDFNV��WKHLU�QHJDWLYH�UHSRUWLQJ�PD\�OHDG�WR
VNHSWLFLVP�DPRQJ�WKH�HDUO\�PDMRULW\��ZKR�ZLOO�EH�WHQWDWLYH�LQ�WKHLU�DGRSWLRQ�RI�WHFKQRORJ\��7KHVH�FRQGLWLRQV
GLVFRXUDJH�TXDOLW\�FRXUVH�GHVLJQ��DQG�QHJDWLYH�H[SHULHQFHV�DUH�OLNHO\g�$V�D�UHVXOW�RI�WKLV�SURFHVV��HDUO\
DGRSWHUV�DQG�WKH�HDUO\�PDMRULW\�ZLOO�DEDQGRQ�XVH�RI�WHFKQRORJ\��DQG�WKH�ODWH�PDMRULW\�DQG�ODJJDUGV�ZLOO�QRW
HYHQ�VWDUW�DGRSWLQJ�LWf��7KH�LGHD�WKDW�VRPH�QRWLFHDEOH�LQGLYLGXDO�DGYDQWDJH�PXVW�EH�DWWDLQHG�WKURXJK�WKH
XWLOLVDWLRQ�RI�D�WHFKQRORJ\�LV�DOVR�FRPPRQ�b�VHH�0FOHDQ�HW�DO��������LQ�.XNXOVND�+XOPH���������7D\ORU�DQG
1HZWRQ���������ZKR�cH[SUHVV�D�W\SLFDO�SHUVSHFWLYH�RQ�WKLV�LVVXH��eg�DFDGHPLF�VWDII�ZLOO�SHUFHLYH�OLWWOH�QHHG�WR
SDUWLFLSDWH�DQG�ZLOO�VSHQG�WKHLU�WLPH�ZKHUH�WKH\�GHULYH�PRVW�SHUVRQDO�EHQHILWfc��)RU�H[DPSOH��LI�H[WUD�ZRUN�RU
WLPH�RU�HIIRUW�LV�LQYROYHG��WKHQ�WKH�cZKDWdV�LQ�LW�IRU�PHd�OHYHO�LV�FRQVLGHUDEO\�GLPLQLVKHG��WR�SRWHQWLDOO\�PDNH�WKH
XVH�RI�WKH�WHFKQRORJ\�UHGXQGDQW��EXW�FRQYHUVHO\��LI�WLPH�DQG�HIIRUW�DUH�VDYHG��H�J��DXWRPDWHG�PDUNLQJ�
SODJLDULVP�GHWHFWLRQ��HDVH�RI�XVH�HWF���WKHQ�XVH�RI�WHFKQRORJ\�ZLOO�EH�HPEUDFHG��2QO\�LQQRYDWRUV�DQG�VRPH
HDUO\�DGRSWHUV��5RJHUV��������������ZLOO�SXW�LQ�WLPH�DQG�HIIRUW�WR�H[SHULPHQW�ZLWK�QHZ�WHFKQRORJ\�UHJDUGOHVV
RI�FRVW�RU�DGYDQWDJH�WR�WKHPVHOYHV�

6XVDQ�%URZQV�SDSHU��c6HHLQJ�:HE�����LQ�FRQWH[W��$�VWXG\�RI�DFDGHPLF�SHUFHSWLRQVd���������LV�QRWDEOH�KHUH�IRU
WKH�UHSRUWHG�ORZ�UDWH�RI�UHVSRQVH�WR�SDUWLFLSDWH�LQ�WKDW�VWXG\��2I�WKH����DFDGHPLFV�ZKR�UHVSRQGHG�WR�KHU
TXHVWLRQQDLUH��RXW�RI�DQ�DSSUR[LPDWH�WRWDO�RI������DFURVV�WKH�8QLYHUVLW\������UHVSRQVHV�ZHUH�DQDO\VHG��WKH�UHVW
KDYLQJ�JLYHQ�LQVXIILFLHQW�GDWD�IRU�DQDO\VLV��7KLV��LQ�LWVHOI��PLJKW�EH�DQ�LQGLFDWRU�RI�PRWLYDWLRQ�LQ�UHODWLRQ�WR
LVVXHV�VXUURXQGLQJ�WHFKQRORJ\��1RWZLWKVWDQGLQJ�WKH�ORZ�UHVSRQVH�UDWH��WKH�VWXG\�JRHV�RQ�WR�UHYHDO�VRPH
LQWHUHVWLQJ�IHHGEDFN�RQ�SHUFHSWLRQV�DQG�XVHV�RI�:HE������HVSHFLDOO\�IURP�WKH�TXDOLWDWLYH�GDWD�JDWKHUHG�

6WXGHQW�GLJLWDO�VNLOOV�DUH�VRPHWLPHV�RYHUHVWLPDWHG��VR�ZKLOH�VWDII�QHHG�FRQVLVWHQW�SURIHVVLRQDO�GHYHORSPHQW�WR
XS�VNLOO�DQG�UHFRQVWUXFW�SUDFWLFH��VWXGHQWV�WRR�PD\�QHHG�VXSSRUW�DQG�HYHQ�WUDLQLQJ��e,Q�WHUPV�RI�WHFKQRORJ\
XVH��g�WKHUH�ZHUH�VWXGHQWV�ZKR�UHSRUWHG�WKDW�WKH\�ZHUH�cDOLHQDWHGd��DQG�cRYHUZKHOPHGd��DQG�WKDW�WKH\
cVWUXJJOHGd�DQG�cIHOW�ORVWd�E\�WKH�WHFKQRORJ\��,W�ZDV�FOHDU�WKDW�VWXGHQWVd�DELOLWLHV�g�LQ�D�WHFKQRORJ\�HQDEOHG
HQYLURQPHQW�ZHUH�VRPHWLPHV�RYHUHVWLPDWHG��DV�VRPH�VWXGHQWV�UHSRUWHG�GLIILFXOW\�QDYLJDWLQJ�WKH�DSSURDFKHV
DQG�WHFKQRORJLHV�SUHVHQWHGf���7D\ORU�	�1HZWRQ���������&RQYHUVHO\��.XNXOVND�+XOPH��������VXJJHVWV�cUHYHUVH
PHQWRULQJd��L�H��VWXGHQWV�PHQWRULQJ�VWDII�LQ�VNLOOV�DQG�XVHV�RI�WHFKQRORJ\��DV�SDUW�RI�IDFXOW\�SURIHVVLRQDO
GHYHORSPHQW�LQLWLDWLYHV�



)LQGLQJV�6XPPDU\
)RFXV�LQ�WKH�ILQGLQJV�LV�FRQILQHG�WR�WKH�WRS�VL[�WKHPHV��DQG�WKHLU�VLJQLILFDQFH�WR�IXWXUH�XSWDNH��VXSSRUW�DQG
WUDLQLQJ�RI�7(/��7KHVH�PD\�DOVR�EH�PRVW�UHOHYDQW�WR�FDVK�VWUDSSHG�PHWURSROLWDQ�XQLYHUVLWLHV�ZLWK�ODUJH�GLYHUVH
VWXGHQW�ERGLHV��7KH�ILQGLQJV�KDYH�EHHQ�GLYLGHG�LQWR�WKH�IROORZLQJ�VHFWLRQV�

7KH�/LWHUDWXUH�'DWD��ZLWK�WKHPHV�HVWDEOLVKHG�IURP�WKH�UHYLHZ��LQFOXGLQJ�KRZ�WKH\�ZHUH�HVWDEOLVKHG��ZLWK
DQ\�VWDWLVWLFV�UHOHYDQW�DQG�OLQNV�WR�WDEOHV�RU�JUDSKV�LQ�WKH�/LWHUDWXUH�'DWD�$QDO\VLV�SDJHV�
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5HVXOWV�DQG�ILQGLQJV�IURP�WKH�5HVHDUFK�*URXS��
5HVXOWV�DQG�ILQGLQJV�IURP�WKH�5HVHDUFK�*URXS��

)LQDO�UHVXOWV�IRU�WKH�WRS�VL[�WKHPHV�LQ�WKH�3UREOHPV�DQG�%HQHILWV�+LHUDUFK\

3OHDVH�XVH�WKH�OLQNV�DERYH�WR�QDYLJDWH�WR�HDFK�VHFWLRQ�IRU�IXUWKHU�GHWDLO�DQG�LQIRUPDWLRQ��$OWHUQDWLYHO\�
GRZQORDG�WKH�)LQGLQJV�3')�IURP�WKH�'RZQORDGV�SDJH��IRU�UHDGLQJ�RIIOLQH�

7RS���7KHPHV

2I�WKH�VL[WHHQ�WKHPHV�PRVW�RIWHQ�RFFXUULQJ�LQ�WKH�OLWHUDWXUH��WKH�WRS�VL[�PRVW�IUHTXHQWO\�DSSHDULQJ�WKHPHV
ZHUH�

,QVWLWXWLRQDO�6XSSRUW
6RFLHWDO�&KDQJHV
3HGDJRJ\�DQG�/HDUQLQJ�'HVLJQ
6WXGHQW�&HQWUHG�/HDUQLQJ
/HDUQLQJ�4XDOLW\
&RQYHQLHQFH�:RUN�/LIH�%DODQFH

5HVHDUFK�*URXS�)LQGLQJV�EULHI�VXPPDU\

7KH�5RJHUV�'LIIXVLRQ�RI�,QQRYDWLRQV�,QGLFDWRU�IRU�5*��UHVSRQGHQWV�ZHUH�

��,QQRYDWRU
��(DUO\�DGRSWHUV
��(DUO\�PDMRULW\
��/DWH�PDMRULW\

.H\�IDFWRUV�KLJKOLJKWHG�E\�5*��TXHVWLRQ�VHW�UHVSRQVHV�ZHUH��ZLOOLQJQHVV�DQG�GHVLUH�WR�ZRUN�IURP�KRPH��GHVLUH
IRU�XVH�RI�RZQ�GHYLFHV�DQG�VRIWZDUH��SRVLWLYH�DWWLWXGHV�WR�WHFKQRORJ\�DGYDQWDJHV�IRU�OHDUQLQJ�TXDOLW\�DQG
H[SHULHQFHV��QHHG�IRU�DOORFDWHG�WLPH�WR�UHGHVLJQ�FRXUVHV�

7KH�PRVW�FRPPRQ�WKHPHV�WDONHG�DERXW�LQ�5*��ZHUH�HIIHFWLYHQHVV�PHDVXUHPHQW�DQG�WRS�GRZQ�ERWWRP�XS
GULYLQJ�IDFWRUV��

7KH�PRVW�FRPPRQ�WKHPHV�WDONHG�DERXW�E\�5*��ZHUH�ODFN�RI�VNLOOV�LQ�WHDFKLQJ�VWDII��DQG�SHUFHLYHG�ODFN�RI
VLJQLILFDQFH�RI�WHFKQRORJ\�LQ�OHDUQLQJ�H[SHULHQFH�DGYDQWDJH�
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)LQDO�3UREOHPV�DQG�%HQHILWV�+LHUDUFK\�IRU�WRS���WKHPHV

7KH�ILQDO�3%+�ZDV�LWHUDWLRQ����XVLQJ�DVSHFWV�WDNHQ�IURP�DOO�GDWD�VRXUFHV��0RUH�UHVHDUFK�ZRXOG�QHHG�WR�EH�GRQH
WR�HVWDEOLVK�PRUH�WKDQ�DQ�RYHUYLHZ�JOLPSVH��LQGLFDWHG�EHORZ�

,QVWLWXWLRQDO�6XSSRUW
3UREOHP��UHDO��SHUVLVWHQW
6RFLHWDO�&KDQJHV
3UREOHP��UHDO��SHUVLVWHQW
3HGDJRJ\�DQG�/HDUQLQJ�'HVLJQ
3UREOHP�DQG�%HQHILW��UHDO��VWURQJ���LPDJLQHG��VLJQLILFDQW���SHUVLVWHQW
6WXGHQW�&HQWUHG�/HDUQLQJ
3UREOHP�DQG�%HQHILW��ZLWK�DPELYDOHQFH���UHDO��LPDJLQHG��VLJQLILFDQW���SHUVLVWHQW
/HDUQLQJ�4XDOLW\
%HQHILW��ZLWK�DPELYDOHQFH���UHDO��VWURQJ���LPDJLQHG��VLJQLILFDQW���SHUVLVWHQW
&RQYHQLHQFH�:RUN�/LIH�%DODQFH
3UREOHP��UHDO��SHUVLVWHQW

�

�



)LQGLQJV
�

/LWHUDWXUH�'DWD
(VWDEOLVKLQJ�7KHPHV
7KH�WKHPHV�GLVFRYHUHG�IURP�WKH�OLWHUDWXUH�ZHUH�RIWHQ�FOHDU�DQG�HDV\�WR�HVWDEOLVK��DQG�PDQ\�WH[WV�UHLWHUDWHG
VLPLODU�WRSLFV�DQG�FRQFHSWV��:KLOVW�VRPH�GLVWLQFW�cDPELYDOHQFHd�H[LVWHG�LQ�SHUVSHFWLYH�RU�LQWHUSUHWDWLRQ�E\
VRPH�RI�WKH�UHVHDUFKHUV�LQ�WKH�WH[WV��WKLV�ZDV�LQ�LWVHOI�D�SRLQW�RI�LQWHUHVW�IRU�WKLV�UHVHDUFK��DV�VKHG�OLJKW�RQ
WKHPH�FRQWH[W�DQG�SODFHPHQW�LQWR�WKH�3%+��3UREOHPV�DQG�%HQHILWV�+LHUDUFK\��

(VWDEOLVKLQJ�WKHPHV�WR�EXLOG�D�SLFWXUH�RI�WKLQNLQJ�DQG�SUDFWLFH�DURXQG�XSWDNH�RI�WHFKQRORJ\�LQ�OHDUQLQJ�DQG
WHDFKLQJ�KDV�SURYHG�D�IDLUO\�IXQFWLRQDO�DQG�LQIRUPDWLYH�ZD\�WR�DSSURDFK�FUHDWLQJ�D�EDVLV�E\�ZKLFK�D�YDULHW\�RI
DGGLWLRQDO�GDWD�VRXUFHV�FDQ�EH�SODFHG�YLD�D�VHULHV�RI�IXUWKHU�VWUXFWXUHG�FRPELQDWLRQV�IRU�FRPSDULVRQ�DQDO\VLV�
7KLV�WKHQ�DOORZV�DQ�DWWHPSW�WR�GUDZ�VRPH�WHQWDWLYH�FRQFOXVLRQV�DURXQG�SUREOHPV�DQG�EHQHILWV�RI�WKH�LQFUHDVH
LQ�WHFKQRORJ\�XSWDNH�IRU�OHDUQLQJ�DQG�WHDFKLQJ�

8VLQJ�WKH�OLWHUDWXUH�UHYLHZ�WR�HVWDEOLVK�WKH�NH\�WKHPHV�E\�ZKLFK�DOO�RWKHU�FDWHJRULHV�DQG�WRSLFV�ZHUH�WKHQ
DGDSWHG�DQG�DOLJQHG�JDYH�D�FOHDU�V\VWHP�E\�ZKLFK�WR�DFFRPPRGDWH�DOO�GDWD��DYRLGLQJ�WRR�PXFK�GXSOLFDWLRQ�RU
RYHUODS��WKRXJK�VRPH�LV�DOZD\V�SUHVHQW��SDUWLFXODUO\�LQ�VRPH�WKHPHV��7KLV�LV�LQ�WKH�QDWXUH�RI�WKH�WHUULWRU\��DQG
LV�WKHUHIRUH�DFNQRZOHGJHG�DV�D�FKDOOHQJH�WR�LQWHUSUHWDWLRQ�DQG�DQDO\VLV�LQ�WKLV�SLORW�VWXG\�

7KHPHV�ZHUH�WKHUHIRUH�HVWDEOLVKHG��DQG�D�IUHTXHQF\�WDEOH�ZDV�GUDZQ�XS�E\�DOORFDWLQJ�D�VLPSOH�FRGH�WR�HDFK
WH[W��QRWLQJ�PHQWLRQV�RI�DQ\�WKHPH�DFFRUGLQJO\��7KLV�HVWDEOLVKHG�WKH�IUHTXHQF\�RI�HDFK�WKHPH�RFFXUUHQFH
DFURVV�DOO�OLWHUDWXUH�LQ�WKH�UHYLHZ��$Q�RFFXUUHQFH�ZDV�UHJDUGHG�DV�VRPH�DVSHFW�RI�WKH�WH[W�RU�SDSHU�EHLQJ
DOLJQHG�RU�GLUHFWO\�LQYROYHG�ZLWK�WKH�WKHPH�RU�WKHPHV�

,Q�WRWDO��VL[WHHQ�WKHPHV�ZHUH�HVWDEOLVKHG�

,167,787,21�6833257��
62&,(7$/�&+$1*(6��
,&7�6833257��3URYLVLRQ���
(/($51,1*�6833257��3URYLVLRQ���
6.,//6�$1'�75$,1,1*��$OO�DVSHFWV��6WXGHQWV�	�6WDII���
&267��$OO�DVSHFWV���
'(3(1'(1&,(6��,QIUDVWUXFWXUH�	�6\VWHPV���
&203/,$1&(��
',*,7$/�',9,'(��,QF�'HYLFH�'LYLGHV���
3('$*2*<���/($51,1*�'(6,*1���
678'(17�&(175('�/($51,1*���
/($51,1*�48$/,7<���
&219(1,(1&(���:25.�/,)(�%$/$1&(���
6+$5('�5(6285&(6��$OO�DVSHFWV����
$&&5(',7$7,21���
$668037,216��LGHDOLVP����



!�&OLFN�WKLV�OLQN�IRU�7KHPH�WDEOH�ZLWK�OLWHUDWXUH�FRGH�DOORFDWLRQ�DQG�IUHTXHQF\�WRWDOV
!�&OLFN�WKLV�OLQN�IRU�7KHPH�)UHTXHQF\�WRWDOV�SLHFKDUW�

2I�WKH�VL[WHHQ�WKHPHV�PRVW�RIWHQ�RFFXUULQJ�LQ�WKH�OLWHUDWXUH��WKH�WRS�VL[�PRVW�IUHTXHQWO\�DSSHDULQJ��ZHUH
,QVWLWXWLRQDO�6XSSRUW��6RFLHWDO�&KDQJHV��3HGDJRJ\�/HDUQLQJ�'HVLJQ��6WXGHQW�&HQWUHG�/HDUQLQJ��/HDUQLQJ
4XDOLW\�DQG�&RQYHQLHQFH�:RUN/LIH�%DODQFH�

�7KHPH�LQ�/LWHUDWXUH 1XPEHU�RI�RFFXUUHQFHV 3HUFHQWDJH�RI�RFFXUUHQFHV

,167,787,21$/�6833257 ����RFFXUUHQFHV ���

62&,(7$/�&+$1*(6 ����RFFXUUHQFHV ������

3('$*2*<���/($51,1*�'(6,*1 ����RFFXUUHQFHV ������

678'(17�&(175('�/($51,1* ���RFFXUUHQFHV ������

/($51,1*�48$/,7< ����RFFXUUHQFHV ������

&219(1,(1&(���:25.�/,)(�%$/$1&( ���RFFXUUHQFHV ���

7DEOH���VKRZLQJ�IUHTXHQF\�RI�WRS�VL[�OLWHUDWXUH�WKHPHV

7KHPHV�ZHUH�GLYLGHG�LQWR�SUREOHPV��EHQHILWV��DFFRUGLQJ�WR�LQIRUPDWLRQ�IURP�WKH�OLWHUDWXUH�UHYLHZ
�SUHGRPLQDQWO\�EHLQJ�VHHQ�DV�HLWKHU�FDXVLQJ�SUREOHPV�RU�EHQHILWV���0RVW�WKHPHV�ZHUH�HLWKHU�RQH�RU�WKH�RWKHU�
EXW�D�PLQRULW\�RI�WKHPHV�ZHUH�ERWK�SUREOHPV�DQG�EHQHILWV��7KH�SODFLQJ�RI�WKH�WKHPH�DV�HLWKHU�D�SUREOHP�RU�D
EHQHILW�ZDV�VLJQLILFDQW�DV�ZRXOG�EH�IXUWKHU�LQWHUSUHWHG�E\�GDWD�GHULYHG�IURP�WKH�VWDNHKROGHU�UHVHDUFK�JURXSV�

7KHPH�LQ�/LWHUDWXUH 3UREOHP�RU�%HQHILW��OLWHUDWXUH�VHWWLQJ�

,167,787,21$/�6833257 3UREOHPV

62&,(7$/�&+$1*(6 3UREOHPV

3('$*2*<���/($51,1*�'(6,*1 %HQHILWV

678'(17�&(175('�/($51,1* 3UREOHPV�DQG�%HQHILWV

/($51,1*�48$/,7< 3UREOHPV�DQG�%HQHILWV

&219(1,(1&(���:25.�/,)(�%$/$1&( %HQHILWV

7DEOH���VKRZLQJ�SUREOHP�RU�EHQHILW�VHWWLQJ�RI�OLWHUDWXUH�WKHPH

7KHVH�WKHPHV�WKHQ�LQGLFDWHG�WKDW�D�IXUWKHU�OHYHO�RI�DQDO\VLV�ZDV�UHTXLUHG��WKDW�RI�FRQWH[W��%\�HVWDEOLVKLQJ�QRW
RQO\�WKH�W\SH�DQG�IUHTXHQF\�EXW�DOVR�WKH�FRQWH[W�RI�D�WKHPHdV�RFFXUUHQFH�LQ�WKH�OLWHUDWXUH��RQH�PLJKW�EH�DEOH�WR
HVWDEOLVK�LWV�SODFH�LQ�WKH�3UREOHPV�DQG�%HQHILWV�+LHUDUFK\�PRUH�DFFXUDWHO\��7KH�IDFW�WKDW�WKH�3%+�UHTXLUHG
VRPH�OHYHO�RI�LQWHUSUHWDWLRQ�DV�WR�cUHDOd��cLPDJLQHGd��cLQWHUPLWWHQWd��cSHUVLVWHQWd�DQG�cOHJDF\d�OHG�WR�D�IXUWKHU�VHW
RI�FRQWH[WXDO�FDWHJRULHV�EHLQJ�GHYHORSHG�LQ�RUGHU�WR�JLYH�LQIRUPDWLYH�VHWWLQJ�WR�WKH�3%+�SODFLQJ��7KHVH
FDWHJRULHV�VRXJKW�WR�VKHG�IXUWKHU�OLJKW�RQ�KRZ�D�WKHPH�RFFXUUHQFH�KDG�DSSHDUHG�LQ�WHUPV�RI�ZKDW�KDG�OHG�WR
LWdV�DSSHDUDQFH��7KH�FRQWH[WXDO�FDWHJRULHV�IHOO�LQWR�IRXU�EURDG�DUHDV��ZLWK�FDWHJRULHV�LQ�HDFK�DUHD��$OLJQLQJ
WKHP�ZLWK�WKH�3%+�IDFWRUV�FUHDWHG�D�V\VWHP�RI�PHDVXUHPHQW�RI�FRQWH[W��&DWHJRULHV�FRXOG�WKHUHIRUH�HVWLPDWH
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OHYHOV�RI�cUHDOQHVVd�RU�cSHUVLVWHQFHd��IRU�H[DPSOH��E\�ORRNLQJ�DW�WKHPH�FRQWH[W�LQ�WKLV�ZD\�

$Q�LQWHUSUHWLYLVW�DSSURDFK�ZDV�XVHG�WR�FUHDWH�WKH�FRQWH[W�FDWHJRULHV��DV�RQFH�GDWD�LV�VHHQ�b�LQ�WKLV�FDVH�WKH
FRQWHQW�RI�WKH�UHVHDUFK�SDSHUV�b�LW�EHFRPHV�FOHDUHU�KRZ�HVWLPDWLRQV�RI�FRQWH[W�RI�WKHPHV�PLJKW�EH�PHDVXUHG�
,W�DSSHDUHG�IURP�WKH�OLWHUDWXUH�WKDW�XVLQJ�WKH�FDWHJRU\�WHUPV�OLVWHG�KHUH�ZRXOG�PRVW�DFFXUDWHO\�FDSWXUH�WKH
W\SH�RI�FRQWH[W�EHLQJ�GHDOW�ZLWK��:KLOVW�QRW�D�UREXVW�VHW�RI�WHUPV��LW�PD\�EH�WKDW�WKLV�LV�LQ�LWVHOI�D�ILQGLQJ�RI�WKH
UHVHDUFK��LQ�WKDW�DQ�H[SOLFLW�VHW�RI�UHOLDEOH�WHUPV�FDQ�EH�DSSOLHG�IRU�WKH�LQWHUSUHWDWLRQ�RI�FRQWH[W�RI�UHVHDUFK
GDWD�VXFK�DV�EHLQJ�DQDO\VHG�KHUH�

7KHVH�FRQWH[W�FDWHJRULHV�ZHUH�WKHQ�DVVLJQHG�WR�WKHPH�RFFXUUHQFHV�IRU�HDFK�VRXUFH��WKRXJK�QRW�LQGLYLGXDO
cPDFURd�RFFXUUHQFHV���XVLQJ�D�VLPSOH�VFDOH�RI�WHUPV��LQ�RUGHU�WR�LQGLFDWH�WKHLU�FRQVHTXHQW�3%+�IDFWRU��6HH
EHORZ�IRU�WHUPV�XVHG�DQG�FRQVHTXHQW�3%+�IDFWRU��DQG�IRU�WDEOH�FRQWDLQLQJ�DOO�RFFXUUHQFHV�ZLWK�WKHLU
FRQWH[WXDO�FDWHJRU\�DOORFDWLRQV�

�&RQWH[WXDO
6FRSH

�7\SHV�RI�FRQWH[W�LQ�VFRSH
�H[DPSOHV� 'HVFULSWLRQ������ �3%+�)DFWRU

&21-(&785(�
63(&8/$7,21�
$668037,21

3$�b�3HUVRQDO�$VVXPSWLRQ
VWDWHPHQW�IURP�D�SHUVRQDO�RU
LQGLYLGXDO�VWDQGSRLQW�ZLWK�QR
HYLGHQFH�RU�H[SHUWLVH�SUHVHQW

>3%+�,PDJLQHG@'&�b�'DWD�&RQMHFWXUH VWDWHPHQW�EHLQJ�DWWULEXWHG�WR�GDWD
ZKLFK�LV�QRW�DGHTXDWHO\�HYLGHQFHG

+6�b�+HDUVD\ VWDWHPHQW�DWWULEXWHG�WR�cHYHU\RQHd�RU
VLPLODU��ZKLFK�LV�RQO\�DVVXPSWLRQ

&217(;7
$662&,$7,21�
675(1*7+�$1'
)5(48(1&<

,$/�b�&RQWH[WXDO
LQWHUSUHWDWLRQ�DVVRFLDWLRQ�ORZ
VWUHQJWK�	�IUHTXHQF\

RFFXUUHQFH�PHDVXUHPHQW�RI�WKHPH�LQ
UHVHDUFK�b�ORZ >3%+�,QWHUPLWWHQW@

,$+�b�&RQWH[WXDO
LQWHUSUHWDWLRQ�DVVRFLDWLRQ�KLJK
VWUHQJWK�	�IUHTXHQF\

RFFXUUHQFH�PHDVXUHPHQW�RI�WKHPH�LQ
UHVHDUFK�b�KLJK >3%+�3HUVLVWHQW@

(9,'(1&(�$1'
(;3(57,6(�

(.�b�([SHUW�.QRZOHGJH
VWDWHPHQW�PDGH�IURP�GHGXFWLRQ�RU�ORJLF
XVLQJ�H[SHUW�NQRZOHGJH��EXW�QRW�GLUHFWO\
FRQQHFWHG�WR�UHVHDUFK�HYLGHQFH

>3%+�5HDO@

5(�b�5HVHDUFK�(YLGHQFH VWDWHPHQW�PDGH�DV�D�UHVXOW�RI
UHVHDUFK�HYLGHQFH�>3%+�5HDO@

6<67(06��&+$1*(�
7+(�3$67

3	&�b�5HIHUV�WR�WKH�SDVW�RU�QHHG�IRU
FKDQJH

VWDWHPHQW�DERXW�WKH�SDVW��RU
UHTXLUHPHQW�IRU�FKDQJH�LQ�V\VWHPV�RU
FHQWUDO�VWUDWHJLHV��SROLFLHV�RU
SURYLVLRQ

>3%+�/HJDF\@

7DEOH���VKRZLQJ�NH\�WR�WHUPV�IRU�OLWHUDWXUH�WKHPH�FRQWH[WXDO�FDWHJRULHV�DQG�3%+�DOORFDWLRQ

�

!�&OLFN�WKLV�OLQN�IRU�&RQWH[WXDO�&DWHJRU\�$OORFDWLRQ�7DEOH�b�WKLV�VKRZV�KRZ�WKH�VRXUFHV�ZHUH�DOORFDWHG
FRQWH[WXDO�FRGHV�WR�SODFH�WKHP�LQWR�WKLV�V\VWHP�RI�UDQNLQJ�

!�&OLFN�WKLV�OLQN�IRU�&RQWH[WXDO�&DWHJRULHV�WR�3%+�IRU�WRS���WKHPHV

�
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http://webteach.penworks.net/research/lit-analysis/#cat-pbh-topthemes


5HVHDUFK�*URXS�'DWD
7KURXJK�XVLQJ�D�QXPEHU�RI�GLIIHUHQW�JURXSV�RI�SDUWLFLSDQWV�LW�ZDV�KRSHG�WKDW�VRPH�NLQG�RI�FRQVWUXFWLYH
FRPSDULVRQV�PLJKW�EH�PDGH�DERXW�SHUFHSWLRQV�DQG�UHODWLYH�DVVRFLDWLRQ�RU�FRQWH[W�EHWZHHQ�HDFK�VXEMHFW�JURXS
ZLWKLQ�WKH�FRQWH[W�RI�WHFKQRORJ\�XVH�LQ�OHDUQLQJ�DQG�WHDFKLQJ��:KLOVW�VDPSOLQJ�PHWKRGV�IRU�WKLV�UHVHDUFK
SURMHFW�ZHUH�PLQLPDO�LQ�WKHLU�UREXVWQHVV��EHLQJ�QRQ�UDQGRP�RU�VHOI�VHOHFWLQJ���WKHUH�LV�VWLOO�VRPH�DWWHPSW�PDGH
WR�DYRLG�ELDV�E\�LQFOXGLQJ�D�YDULHW\�RI�W\SHV�RI�SDUWLFLSDQWV��L�H��YDULRXV�MRE�UROHV��RU�GHJUHH�GLVFLSOLQHV��VR�DV�WR
PDNH�VRPH�DWWHPSW�DW�DYRLGLQJ�VNHZHG�UHVXOWV��,W�PXVW�EH�VDLG�KRZHYHU��WKDW�VDPSOH�VL]H�DV�ZHOO�DV�VDPSOLQJ
WHFKQLTXHV�ZRXOG�QHHG�VLJQLILFDQW�VWUHQJWKHQLQJ�IRU�DQ\�IXUWKHU�UHVHDUFK�WR�EH�FDUULHG�RXW�WR�EXLOG�RQ�WKLV
SLORW�SURMHFW�

�

5HVHDUFK�*URXS����5*��

7HFKQRORJ\�3URILOLQJ

7KH�IOXHQF\�DQG�IDPLOLDULW\�RI�WHFKQRORJ\�WRROV�LQIRUPV�PDQ\�DVSHFWV�RI�GHFLVLRQ�PDNLQJ�DQG�XWLOLVDWLRQ
SRVVLELOLWLHV�LQ�UHODWLRQ�WR�WHFKQRORJ\�XSWDNH��WKHUHIRUH�WR�DWWHPSW�WR�HVWDEOLVK�ZK\�DQG�ZKDW�VWDNHKROGHUV�PD\
WKLQN�DQG�GR�LQ�UHODWLRQ�WR�WKHLU�WHFKQRORJ\�KDELWV�ZDV�DW�WKH�KHDUW�RI�WKH�UHVHDUFK�IRU�5HVHDUFK�*URXS����7R
WKHQ�EH�DEOH�WR�DOLJQ�WKLV�ZLWK�WKH�5RJHUV�'LIIXVLRQ�RI�,QQRYDWLRQV�DGRSWHU�FDWHJRULHV�ZDV�GHVLUDEOH��DV�5RJHUV
PRGHO�KDV�EHHQ�XVHG�LQ�D�QXPEHU�RI�RWKHU�VWXGLHV�LQ�WKLV�ILHOG��6DKDQ���������7R�DGG�VRPH�PHDVXUHPHQW�RI
WHFKQRORJ\�VNLOOV�DQG�H[SHULHQFH�LQWR�WKLV�PRGHO�VHHPHG�ORJLFDO��DQG�FRXOG�OHDG�WR�IXUWKHU�XQGHUVWDQGLQJ�LQ
WKLV�ILHOG�LQ�UHODWLRQ�WR�XSWDNH�RI�WHFKQRORJ\�HQKDQFHG�OHDUQLQJ�DQG�WHDFKLQJ�

5RJHUV�FDWHJRULHV�FDQ�EH�VXPPHG�XS�EHORZ�ZLWK�D�IUHTXHQWO\�XVHG�DEULGJHG�VHW�RI�WHUPV�IRU�WKH�W\SHV�RI
SHRSOH�IRXQG�LQ�HDFK�FDWHJRU\��0RUH�LQ�GHSWK�GHVFULSWLRQV�DUH�FRQWDLQHG�ZLWKLQ�5RJHUV�RZQ�ZRUN�������
�������RU�WKRVH�ZKLFK�WKLV�UHVHDUFK�XVHG��LQ�6DKDQdV�c'HWDLOHG�5HYLHZ�RI�5RJHUV�'LIIXVLRQ�RI�,QQRYDWLRQV
7KHRU\�DQG�(GXFDWLRQDO�7HFKQRORJLHV�6WXGLHV�EDVHG�RQ�5RJHUV�7KHRU\d��������

,QQRYDWRU��9HQWXUHVRPH��
(DUO\�$GRSWHUV��5HVSHFWDEOH��
(DUO\�0DMRULW\��'HOLEHUDWH��
/DWH�0DMRULW\��6NHSWLFDO��
/DJJDUGV��7UDGLWLRQDO��

$�VFDOH�RI�SURILFLHQFLHV�DQG�HIILFDFLHV�ZDV�GHYHORSHG�IURP�GDWD�JDWKHUHG�LQ�WKH�TXHVWLRQ�VHWV��DQG�WKHQ�XVHG�WR
DOORFDWH�D�c5RJHUV�'LIIXVLRQ�RI�,QQRYDWLRQV�LQGLFDWRUd��8VLQJ�WKHLU�DQRQ\PLVHG�FRGH�QDPH�RI�5���5��HWF��WKH
SURILOH�RI�HDFK�SDUWLFLSDQW�ZDV�WKHQ�SODFHG�LQWR�WKH�5RJHUV�VFDOH�RI�WHFKQRORJ\�DGRSWHUV��EXW�ZLWK�DGGLWLRQDO
WHFKQLFDO�SURILFLHQF\�DQG�HIILFDF\�DZDUHQHVVHV�

2XU�SDUWLFLSDQWV�DSSHDU�WR�EH�

��LQQRYDWRU��5��
��HDUO\�DGRSWHUV��5��DQG�5��
��HDUO\�PDMRULW\��5���5���5���5��
��ODWH�PDMRULW\��5��

7KLV�ZDV�LQWHQGHG�DV�DQ�DSSUR[LPDWH�LQGLFDWRU�WR�DGG�D�WHFKQLFDO�DVSHFW�WR�WKH�5RJHUV�$GRSWHU�FDWHJRULHV



PRGHO�

7DEOH����VKRZLQJ�WKH�5',�LQGLFDWRU�DOORFDWLRQV

3OHDVH�UHIHU�WR�SDJH����RI�WKH�5*��GDWD�DQDO\VLV�DSSHQGL[�IRU�PRUH�GHWDLOV�

�

4XHVWLRQQDLUH�6HW�5HVXOWV�IRU�WRS�VL[�WKHPHV
4XHVWLRQV�ZHUH�GLYLGHG�LQWR�VKRUW�VHWV�RI�DURXQG���TXHVWLRQV�HDFK��DQG�HDFK�VHW�GHYRWHG�WR�D�VSHFLILF�WRSLF�
7KLV�KHOSHG�WR�IRFXV�WKH�WKRXJKWV�RI�WKH�SDUWLFLSDQW��OLPLW�WKH�SDUWLFLSDWLRQ�WLPH�UHTXLUHG�DQG�PDGH�LW�HDVLHU�IRU
UHVSRQGHQWV�WR�FRQWLQXH�ZLWK�WKH�UHVHDUFK�NQRZLQJ�LW�ZDV�QRW�WRR�WLPH�FRQVXPLQJ��6L[�TXHVWLRQ�VHWV�ZHUH�XVHG
LQ�WRWDO��7KHVH�DUH�WKH�PDLQ�ILQGLQJV��ZLWK�NH\�SRLQWV�LQGLFDWHG��3OHDVH�UHIHU�WR�WKH�IXOO�TXHVWLRQV�VHWV��DQG�WKH
GDWD�DQDO\VLV��

7KH�GDWD�KDV�EHHQ�DQDO\VHG�IRU�WKH�WRS�VL[�WKHPHV�RQO\��WKHPHV�ZLWK�PRVW�RFFXUUHQFHV�LQ�WKH�OLWHUDWXUH��
WDNLQJ�LQWR�DFFRXQW�WKH�WLPH�DQG�GHSWK�OLPLWDWLRQV�RI�WKLV�UHVHDUFK�SURMHFW��+RZHYHU��WKLV�GHPRQVWUDWHV�WKH
SULQFLSOH�RI�KRZ�WKLV�W\SH�RI�GDWD�FDQ�EH�XVHG�LQ�UHODWLRQ�WR�OLWHUDWXUH�WKHPHV�DQG�RWKHU�UHODWHG�UHVHDUFK�JURXS
GDWD�

0DLQ�NH\�ILQGLQJV�RI�HDFK�WKHPH�ZHUH�FROODWHG�ZLWK�WKH�WKHPHdV�SHUFHSWLRQ�DV�WR�LW�EHLQJ�D�SUREOHP�RU�D
EHQHILW���2YHUDOO�WKH\�FRQILUPHG�WKH�SODFLQJ�RI�WKH�WKHPH��EXW�WKHUH�DUH�VRPH�FRQIOLFWV��DQG�VRPH�FKDOOHQJLQJ
FRPSDULVRQV�QRWLFHDEOH��5HIHU�WR�SDJH���RI�5HVHDUFK�*URXS���'DWD�IRU�D�IXOO�VHW�RI�ILQGLQJV�IRU�WKH�WRS
��WKHPHV�

7KHPH�LQ�/LWHUDWXUH 3UREOHP�RU�%HQHILW
�/LWHUDWXUH�VHWWLQJ�

4XHVWLRQ�6HW
.H\�)LQGLQJV
�3UREOHP�RU�%HQHILW�

,167,787,21$/�6833257 3UREOHPV 6WURQJO\�SHUFHLYHG�DV�SRVLQJ
SUREOHPV

62&,(7$/�&+$1*(6 3UREOHPV )DLUO\�SHUFHLYHG�DV�SRVLQJ
SUREOHPV

3('$*2*<���/($51,1*�'(6,*1 %HQHILWV )DLUO\�SHUFHLYHG�DV�RIIHULQJ
EHQHILWV

678'(17�&(175('�/($51,1* 3UREOHPV�DQG�%HQHILWV )DLUO\�$PELYDOHQW

/($51,1*�48$/,7< 3UREOHPV�DQG�%HQHILWV �6WURQJO\�DPELYDOHQW

&219(1,(1&(���:25.�/,)(
%$/$1&( %HQHILWV �)DLUO\�$PELYDOHQW

7DEOH���VKRZLQJ�SUREOHP�RU�EHQHILW�VHWWLQJ�RI�OLWHUDWXUH�WKHPH��ZLWK�FRPSDULVRQ�RI�RYHUDOO�SODFLQJ�IURP
TXHVWLRQ�VHW�GDWD

http://webteach.penworks.net/research/rg1-analysis/4
http://webteach.penworks.net/research/research-process/technical-profiles-questions/
http://webteach.penworks.net/research/rg1-analysis/
http://webteach.penworks.net/research/rg1-analysis/3/


5HVHDUFK�*URXS����5*��
7KH�LQIRUPDO�FRQYHUVDWLRQV��LQVWLJDWHG�E\�WKLV�SURMHFW��ZKLFK�RFFXUUHG�WKURXJK�XVH�RI�VRFLDO�PHGLD�QHWZRUNV
ZLWK�DQ�$FDGHPLF�JURXS�RQ�/LQNHG,Q�DQG�5HVHDUFK*DWH�ZHUH�ERWK�HQOLJKWHQLQJ�DQG�ZRUWKZKLOH�
GHPRQVWUDWLQJ�DPSO\�WKH�DEXQGDQFH�RI�WKLQNLQJ�DQG�RSLQLRQ�VXUURXQGLQJ�WKH�WRSLF��7KRXJK�5HVHDUFK*DWH
RIIHUHG�IDU�OHVV�LQSXW��EHLQJ�D�VPDOOHU�DQG�PRUH�VSHFLILF�QHWZRUN��WKHUHIRUH�D�VPDOOHU�SRRO�RU�SDUWLFLSDQWV�WR
GUDZ�IURP���WKH�+(�/LQNHG,Q�JURXS�ZDV�D�KLYH�RI�DFWLYLW\�IRU�DURXQG���b���ZHHNV��ZLWK�QHDUO\����FRPPHQWV
PDGH�E\�H[SHULHQFHG�+(�SUDFWLWLRQHUV��ERWK�OHFWXUHUV�DQG�VXSSRUW�VWDII�

5HVXOWV�ZHUH�FDWHJRULVHG�LQWR�PRVW�FRPPRQ�WKHPHV�PHQWLRQHG�DQG�WKHQ�DVVLJQHG�WR�WKH�3%+�KLHUDUFK\
DFFRUGLQJ�WR�UHOHYDQFH��$�WDEOH�ZDV�FUHDWHG�IRU�WKH�FDWHJRU\�WR�WKHPH�UHODWLRQVKLS��DQG�WKHQ�IRU�WKHPH�WR�3%+
DOORFDWLRQ��+LJKOLJKWHG�TXRWHV�RI�LQWHUHVW�ZHUH�XVHG�WR�JHQHUDWH�VXLWDEOH�FDWHJRULHV��WKHQ�FDWHJRULVH�DQG
ILQDOO\�SODFH�LQWR�WKH�UHVHDUFK�SURMHFW�WKHPHV�

7KH�WZR�PRVW�SUHGRPLQDQW�UHVSRQVH�FDWHJRULHV�ZHUH�c7RS�GRZQ�ERWWRP�XSc�DQG�c(IIHFWLYHQHVV��WHDFKLQJ
	�OHDUQLQJ�c��7RS�GRZQ�ERWWRP�XS�ZDV�WKHQ�PDWFKHG�ZLWK�WKH�c,QVWLWXWLRQDO�6XSSRUWd�OLWHUDWXUH�WKHPH��DQG
(IIHFWLYHQHVV�ZDV�PDWFKHG�ZLWK�c/HDUQLQJ�4XDOLW\d��:LWKLQ�c7RS�GRZQ�ERWWRP�XSd��WKH�PRVW�FRPPRQ�W\SH�RI
FRPPHQW�ZDV�TXLWH�QHJDWLYH��HLWKHU�ZLWK�WKH�UHVSRQGHQWdV�FXUUHQW�H[SHULHQFH��SUHVXPSWLRQV�DERXW�UHFHSWLRQ
RU�SURYLVLRQ��RU�VHHLQJ�SUREOHPV�ZLWK�WKRVH�DUHDV�IRU�RWKHUV��QRW�QHFHVVDULO\�WKHPVHOYHV��)RU�c(IIHFWLYHQHVVd�
WKHUH�DSSHDUHG�WR�EH�VLJQLILFDQW�SRODULVDWLRQ�LQ�SHUFHSWLRQ�RU�FRQILGHQFH�LQ�WHFKQRORJ\�KDYLQJ�D�SRVLWLYH�HIIHFW
�PRUH�RU�LPSURYHG�OHDUQLQJ���DV�ZHOO�DV�DERXW�PHWKRGV�E\�ZKLFK�VXFK�WKLQJV�DUH�PHDVXUHG��7ZR�FDPSV�VHHP
WR�H[LVW��WKRVH�ZKR�HPEUDFH��VRPHWLPHV�ZLWK�OLWWOH�SURYHQ�HYLGHQFH�EH\RQG�WKHLU�RZQ�H[SHULHQFH��DQG�WKRVH
ZKR�ZRXOG�GRXEW�DQ\�HIIHFWLYHQHVV�DW�DOO�

)LJ����6KRZLQJ�SHUFHQWDJH�RI�UHVSRQVHV�SHU�FDWHJRU\��5*���/LQNHG,Q�

7KH�FKDUW�LQ�)LJ���VKRZV�WKH�FORVH�UHVHPEODQFH�WR�SHUFHQWDJH�RI�RFFXUUHQFHV�IRU�WKHPHV�LQ�WKH�OLWHUDWXUH��7KH

http://webteach.penworks.net/research/findings/rg2-chart1/


RQH�DUHD�WKDW�GLIIHUV�LV�cVWDII�PRWLYDWLRQd��ZKLFK�PD\�KHUH�EH�PRUH�HYLGHQW�LQ�WHUPV�RI�VHOI�JHQHUDWHG�WRSLFV��,Q
PXFK�UHVHDUFK��WKH�UHVHDUFK�LV�RIWHQ�GHSHQGHQW�RQ�TXHVWLRQV�LQVWLJDWHG�E\�WKH�UHVHDUFKHU��7KLV�GHPRQVWUDWHV
YHU\�ZHOO�WKH�DGGLWLRQDO�YDOXH�RI�XVLQJ�VHOI�JHQHUDWHG�IHHGEDFN�WKURXJK�VRFLDO�QHWZRUN�FKDQQHOV�

$OVR�VHH�/LQNHG,Q�&DWHJRU\�5HVSRQVH�$OORFDWLRQ�7DEOH�

�

5HVHDUFK�*URXS����5*��
)LQGLQJV�IRU�5HVHDUFK�JURXS����WKH�VWXGHQWV��WKRXJK�OLPLWHG�LQ�DPRXQW��ZHUH�SHUKDSV�TXLWH�YDOXDEOH�DV
FRQWUDVWLQJ�GDWD�WR�WKDW�JDWKHUHG�IURP�VWDII��7KH�DPRXQW�RI�GDWD�WHQGHG�WR�OLPLW�KRZ�PXFK�LW�PLJKW�EH�DQDO\VHG
ZLWKLQ�WKH�V\VWHP��KRZHYHU��DV�DQHFGRWDO�LQSXW��LQVLJKW�LV�LQFUHDVHG�

6WXGHQWV�DUH�FRQFHUQHG�DERXW�ZKDW�WKH\�OHDUQ��DQG�WKH�SRWHQWLDO�RI�WKDW�OHDUQLQJ�WR�OHDG�WR�JUHDWHU�NQRZOHGJH�
7KH\�DUH�SHUKDSV�QRW�VR�FRQFHUQHG�ZLWK�KRZ�WKH\�OHDUQ��WKRXJK�VRPH�FRQVLGHUDWLRQ�LV�JLYHQ�E\�WKHP�DV�WR
PHWKRGV�RI�DVVHVVPHQW�DQG�FRPPXQLFDWLRQ��ZKLFK�ZDV�LQ�LWVHOI�TXLWH�HQOLJKWHQLQJ��7KH�RWKHU�SHUKDSV
VLJQLILFDQW�SUREOHP�IURP�D�VWXGHQW�SHUVSHFWLYH�LV�WKH�ODFN�RI�WHFKQLFDO�VNLOOV�RI�WKH�OHFWXUHUV��ZKLFK�FDPH
WKURXJK�TXLWH�VWURQJO\��HYHQ�ZLWK�WKH�OLPLWHG�DPRXQW�RI�GDWD�

$V�WKH�VWXG\�SURFHVV�SHUKDSV�FUHDWHV�cD�JLYHU�DQG�UHFHLYHUd�PHQWDOLW\��WKHUH�ZDV�KHVLWDQF\�LQ�SXWWLQJ�IRUZDUG
QHZ�LGHDV��DQG�D�VHQVH�RI�e\RX�MXVW�JHW�XVHG�WR�WKH�ZD\�WKLQJV�DUHf��VWXGHQW�TXRWH���EXW�WKHUH�ZDV�DOVR
NQRZOHGJH�RI�WKH�LQFUHDVHG�FRPSHWLWLYHQHVV�RI�WKH�XQLYHUVLW\�H[SHULHQFH��DV�VHHQ�LQ�DQRWKHU�RI�WKH�TXRWHV�

6RPH�TXRWH�KLJKOLJKWV��ZKLFK�SURYLGH�LQVLJKW�LQWR�7(/�LQIOXHQFLQJ�IDFWRUV�IURP�WKH�VWXGHQW�SHUVSHFWLYH�ZHUH
DV�IROORZV�

,dG�OLNH�WR�VHH�WHDFKLQJ�PRYH�WRZDUGV�LQWHUDFWLYH�WHFKQRORJ\��VXFK�DV�HOHFWURQLF�ZKLWHERDUGV�DQG�WKH�OLNH�
*UDQWHG�WKH�XVH�RI�WHFKQRORJ\�UHTXLUHV�D�JUHDW�GHDO�RI�LQYHVWPHQW��QRW�MXVW�LQ�HTXLSPHQW�EXW�LQ�WUDLQLQJ
DQG�VXSSRUW��EXW�DW�WKH�HQG�RI�WKH�GD\�LWdV�D�QHFHVVLW\�LQ�RUGHU�WR�FRPSHWH�ZLWK�RWKHU�SURYLGHUV�
7KHUHdV�DOZD\V�WKH�VWHUHRW\SLFDO�JHQHUDWLRQ�JDS�ZKHQ�LW�FRPHV�WR�WKH�XVH�RI�WHFKQRORJ\�DQG�,�NQRZ�QRW
HYHU\RQH�LV�NHHQ�RQ�DGYDQFHPHQWV��EXW�DW�WKH�HQG�RI�WKH�GD\�SHRSOH�QHHG�WR�UHDOLVH�WKDW�ZHdUH�QRW�XVLQJ
FKDONERDUGV�DQG�DEDFXVHV�DQ\PRUH�
7KHUH�DUH�IDFLOLWLHV�LQ�%ODFNERDUG�WKDW�DUH�QRW�XWLOLVHG��FRXUVH�DUHDV��IRU�H[DPSOH��ZKLFK�FRXOG�EHQHILW
IHHGEDFN�DQG�LQWHUDFWLRQ�ZLWK�VWXGHQWV�DV�D�ZKROH��$V�LW�VWDQGV�ZH�DUH�QRW�UHDOO\�HQFRXUDJHG�WR
FRPPXQLFDWH�E\�DQ\�PHDQV�
:H�WULHG�EORJJLQJ�IRU�D�SLHFH�RI�FRXUVHZRUN�DQG�LW�GLGQdW�ZRUN�ZHOO�DV�WKH�RWKHU�VWXGHQWV�MXVW�ZHUHQdW
LQWHUHVWHG�LQ�SDUWLFLSDWLQJ�
4XLWH�IUHTXHQWO\�ZH�KDYH�WR�VKRXW�RXW�DGYLFH�RQ�KRZ�WR�RSHQ�D�OLQN�RU�VRPHWKLQJ�
0RUH�RIWHQ�WKDQ�QRW�WKH\�VHHP�WR�NQRZ�OHVV�DV�WKH\�VWUXJJOH�ZKHQ�WKH\�FDQdW�VHW�OHFWXUH�VOLGHV�XS�
,W�GRHVQdW�PDWWHU�LI�WKH\�DUH�FRPSHWHQW�ZLWK�WHFKQRORJ\�RU�ZKDWHYHU�DV�ORQJ�WKH\�DUH�DEOH�WR�NHHS�WKHLU
ILHOG�DOLYH�LQVSLULQJ�WKHLU�VWXGHQWV�WR�HLWKHU�IROORZ�WKH�VDPH�SDWKe
7KHUH�VKRXOG�EH�PRUH�RSSRUWXQLW\�IRU�VWXGHQWV�WR�EH�WHFKQRORJLFDOO\�FUHDWLYH�ZLWK�WKHLU�DVVLJQPHQWV
DFURVV�DOO�IDFXOWLHV�b�,dP�QRW�VXUH�ZK\�WKHUH�LV�VXFK�D�IRFXV�RQ�HVVD\V�ZKLFK�GHYHORS�OLWWOH�LQ�WKH�ZD\�RI
FRPPXQLFDWLRQ�DQG�,&7�VNLOOV��ERWK�RI�ZKLFK�DUH�YDOXDEOH�LQ�WKH�ZRUNSODFH��

http://webteach.penworks.net/research/appendices/raw-data/4/


)LJ����6KRZLQJ�SHUFHQWDJH�RI�UHVSRQVHV�SHU�FDWHJRU\��5*�

�

3UREOHPV�DQG�%HQHILWV�+LHUDUFK\�Y�
3UREOHPV�DQG�%HQHILWV�+LHUDUFK\�Y�
7KH�ILUVW�3UREOHPV�DQG�%HQHILWV�+LHUDUFK\�ZDV�PDSSHG�DIWHU�WKH�OLWHUDWXUH�WKHPH�DQDO\VLV�KDG�EHHQ
FRPSOHWHG��LQFOXGLQJ�WKH�FRQWH[WXDO�FDWHJRULVDWLRQ��7KLV�VKRZHG�WKDW�DOO�RI�WKH�WRS�WKHPHV�ZHUH�cUHDOd��ZLWK
H[SHUW�NQRZOHGJH�RU�UHVHDUFK�HYLGHQFH�EHLQJ�WKH�SUHGRPLQDQW�FRQWH[WV�RI�WKRVH�RFFXUUHQFHV�
3HGDJRJ\�/HDUQLQJ�'HVLJQ�KDG�WKH�KLJKHVW�cUHDOd�FRXQW��ZLWK����LQVWDQFHV��DQG�&RQYHQLHQFH�:RUN�/LIH�%DODQFH
KDG�WKH�ORZHVW��ZLWK����LQVWDQFHV��7KH�IXOO�GHWDLOV�DUH�DYDLODEOH�EHORZ�

7DEOH����3%+�Y�

7KH�ILUVW�LWHUDWLRQ�RI�WKH�3UREOHPV�DQG�%HQHILWV�+LHUDUFK\�ZDV�WKHQ�LWHUDWHG�D�IXUWKHU�WKUHH�WLPHV��VHH�WKH�'DWD
$QDO\VLV�$UFKLWHFWXUH�GLDJUDP��WR�DWWHPSW�DGGLWLRQDO�YDOLGLW\�DQG�FODULILFDWLRQ�IRU�DFFXUDF\�DQG�HYLGHQFH�RI
WKHPH�UDQNLQJV�

3UREOHPV�DQG�%HQHILWV�+LHUDUFK\�Y�
7KH�VHFRQG�LWHUDWLRQ�RI�WKH�3%+�ZDV�GRQH�DIWHU�GDWD�KDG�EHHQ�HVWDEOLVKHG�IURP�5*��LQ�RUGHU�WR�IXUWKHU
YDOLGDWH�WKH�SODFLQJ�RI�WKH�cSUREOHPd�RU�cEHQHLIWd�DVSHFW�RI�WKH�WKHPH��QRW�LWV�FRQWH[W��7KLV�UHDIILUPHG�WKH
SHUFHSWLRQ�RI�ZKHWKHU�D�WKHPH�ZDV�D�SUREOHP�RU�D�EHQHILW��RYHUDOO��'DWD�JDWKHUHG�IURP�TXHVWLRQV�DVNHG�WR�5*�
FKDOOHQJHG�LQLWLDO�LPSUHVVLRQV�RI�WKHPH�SODFHPHQW��LQ�WKDW�DOO�WKHPHV�ZHUH�UHJUDGHG�DV�SUREOHPV��WKRXJK�WZR
ZHUH�DPELYDOHQW��3HGDJRJ\�DQG�/HDUQLQJ�'HVLJQ�ZDV�DOVR�VHHQ�DV�D�EHQHILW�LQ�WHUPV�RI�UHDFWLRQV�WR�SRVLWLYH
SRWHQWLDO�RI�XVH�RI�WHFKQRORJ\��DQG�VWXGHQW�FHQWUHG�OHDUQLQJ��LQWHUSUHWHG�KHUH�LQ�WKH�EURDGHVW�VHQVH�RI�SXWWLQJ
WKH�VWXGHQW�DW�WKH�FHQWUH�RI�DOO�DVSHFWV�RI�XQLYHUVLW\�OLIH��UHFHLYHG�LQFRQFOXVLYH�UHVXOWV�DV�WR�SRWHQWLDO�RU
SHUFHLYHG�H[SHFWDWLRQV�RU�EHQHILWV��ZKLFK�ZDV�VRPHZKDW�XQH[SHFWHG�

http://webteach.penworks.net/research/findings/rg3-chart1/


7DEOH����3%+�Y�

3UREOHPV�DQG�%HQHILWV�+LHUDUFK\�Y�
7R�FRPSLOH�D�PHDQLQJIXO�WKLUG�LWHUDWLRQ�ZKLFK�LQFOXGHG�TXDOLWDWLYH�GDWD�IURP�5*���VRPH�OLFHQFH�ZDV�WDNHQ�WR
DGDSW�DQDO\VLV��WKRXJK�WKLV�ZDV�QRW�LQ�LWVHOI�RYHUO\�GDPDJLQJ�WR�WKH�YDOXH�RI�WKLV�VWDJH�RI�GDWD�FRQWULEXWLRQ�
5HVSRQVH�FDWHJRU\�GDWD�ZDV�DOORFDWHG�D�VHW�RI�FRQWH[W�FDWHJRU\�YDOXHV�DV�ZRXOG�EHVW�DOORZ��FRQVLGHULQJ�WKH
GDWD�ZDV�PRUH�OLPLWHG��+RZHYHU��PRUH�FRQWH[W�ZDV�GHYHORSHG�LQ�WKLV�ZD\��WR�DGG�WR�WKH�RYHUDOO�YDOLGLW\�RI�WKH
3%+�UDQNLQJV��,Q�IDFW�LW�LV�QRWLFHDEOH�WKDW�FRQWH[WV�DSSHDUHG�VLPLODU�WR�WKDW�RI�WKH�OLWHUDWXUH��WKRXJK�WKLV�PLJKW
EH�LQ�SDUW�GXH�WR�RQO\�RQH�LQGLYLGXDO�LQWHUSUHWLQJ�WKH�GDWD�

7DEOH����3%+�Y�

3UREOHPV�DQG�%HQHILWV�+LHUDUFK\�Y�
7KH�ILQDO�3%+�ZDV�WKHQ�GHYHORSHG�WR�LQFOXGH�GDWD�IURP�5*���7KRXJK�WKLV�JURXS�DOVR�RQO\�SURYLGHG�OLPLWHG
GDWD��VRPH�RI�ZKLFK�FRXOG�QRW�EH�LQFOXGHG�DV�ZDV�FDWHJRULVHG�LQWR�D�WKHPH�ZKLFK�ZDV�QRW�SDUW�RI�WKH�WRS��
WKHPHV��WKH�GDWD�WKDW�ZDV�SURGXFHG�ZDV�DOORFDWHG�FRQWH[W�FDWHJRU\�YDOXHV��DQG�DGGHG�WR�WKH�3%+��7KLV�GLG�QRW
PDNH�VLJQLILFDQW�LPSDFW�RQ�WKH�3%+��EXW�ZLWK�IXUWKHU�UHVHDUFK�LQ�WKLV�DUHD��FRXOG�EH�DQDO\VHG�ILUVW�VHSDUDWHO\�
DQG�WKHQ�SODFHG�LQWR�WKH�3%+�ZLWK�PRUH�YDOXH�

7DEOH����3%+�Y�

2YHUDOO�3UREOHPV�DQG�%HQHILWV�+LHUDUFK\
7KH�ILQDO�RYHUYLHZ�RI�WKH�WRS���WKHPHV�LQ�WHUPV�RI�3%+�FRQWH[WXDO�UDQNLQJ�VKRZV�WKDW�RQO\�RQH�WKHPH�VXUYLYHV
DV�D�EHQHILW��DQG�WKDW�LV�FODVVHG�DV�D�SUREOHP�WRR��3HGDJRJ\�DQG�/HDUQLQJ�'HVLJQ���%RWK�/HDUQLQJ�4XDOLW\�DQG
6WXGHQW�&HQWUHG�/HDUQLQJ�EHFRPH�SUREOHPV�ZLWK�DPELYDOHQFH��PHDQLQJ�WKH\�DUH�PRUH�ZHLJKWHG�DV�SUREOHPV
EXW�VWLOO�KDYH�VRPH�SUHVHQFH�DV�EHQHILWV��RI�OHVV�VLJQLILFDQFH��&RQYHQLHQFH��:RUN�/LIH�%DODQFH�QRZ�VKRZV�DV�D
SUREOHP�

7DEOH����3UREOHPV�DQG�%HQHILWV�+LHUDUFK\�5DQNLQJ�2YHUYLHZ

�



'LVFXVVLRQ�6XPPDU\
'LVFXVVLRQ�KHUH�KDV�D�YDULHW\�RI�IRFXV�SULRULWLHV��WKH�UHVXOWV�WKHPVHOYHV�DQG�WKHLU�SRVVLEOH�LPSOLFDWLRQV�
UHDVRQLQJ�EHKLQG�WHFKQLFDO�SURILOLQJ�DQG�OLWHUDWXUH�UHYLHZ�VHOHFWLRQ�FULWHULD��DQG�KRZ�WR�LPSURYH�RQ�PHWKRGV
XVHG�IRU�VHYHUDO�DVSHFWV�RI�WKH�UHVHDUFK�VXFK�DV�DQDO\VLV�FULWHULD�IRU�FDWHJRU\�DOORFDWLRQ�DQG�FRQVHTXHQW�3%+
SODFHPHQW��,W�PLJKW�EH�WKDW�DWWHPSWLQJ�WR�FRPELQH�D�YDULHW\�RI�UHVHDUFK�VRXUFHV�DQG�WKHQ�GHYHORS�D�WKHPH
KLHUDUFK\��ZKLOH�DOVR�DWWDFKLQJ�VRPH�LQWHUSUHWHG�YDOXH�WR�WKRVH�WKHPHV��SUREOHP�EHQHILW��PLJKW�EH�WRR�ZLGH�D
UHPLW�IRU�RQH�SURMHFW��DQG�LQGHHG�WKLV�LV�D�FRQFOXVLRQ�DQG�UHFRPPHQGDWLRQ�IRU�IXWXUH�DQDO\VLV�RI�WKLV�W\SH�

'LVFXVVLRQ�DOVR�FHQWUHV�DURXQG�WKH�UHOHYDQFH�IRU�PHWURSROLWDQ�XQLYHUVLWLHV��WKH�QRWLFHDEOH�KLJK�UDWLR�RI�WKHPHV
SUHVHQW�WKDW�EHDU�FORVH�UHOHYDQFH�WR�VXFK�XQLYHUVLWLHV�DQG�DQ\�SRVVLEOH�LPSOLFDWLRQV�WKLV�PLJKW�KDYH�IRU�IXWXUH
SURYLVLRQ��DFDGHPLF�UROH�VNLOOV�H[SHFWDWLRQV��DQG�SHGDJRJLFDO�SUDFWLFH�LQYROYLQJ�XVHV�RI�WHFKQRORJ\�IRU�ODUJH�
GLYHUVH�XUEDQ�VWXGHQW�SRSXODWLRQV�

7KH�5HVHDUFK�$SSURDFK

'LVFXVVLRQ�RI�KRZ�EHVW�WR�DQDO\VH�PXOWLSOH�VHWV�RI�GDWD�ZKLFK�WRJHWKHU�EXLOG�D�ULFK�SLFWXUH�RI�LQIRUPDWLRQ
8VH�RI�PL[HG�PHWKRGV��b,QWHJUDWLYH�/RJLFc��0DVRQ��������LQ�WKH�FRQWH[W�RI�DQ�LQWHUSUHWLYLVW�FULWLFDO�UHDOLVP
SDUDGLJP��UHIHUULQJ�DOVR�WR�2OLYHU������
7KH�SURMHFW�LQ�SDUW�EHFDPH�D�VWXG\�RI�ZKDW�ZRUNHG�DQG�KRZ�WR�LWHUDWH�WKHVH�PHWKRGV�RI�DQDO\VLV�WR�EHVW
HIIHFW

/LWHUDWXUH�VHOHFWLRQ�DQG�DQDO\VLV��NH\�SRLQWV

/LWHUDWXUH�VHOHFWLRQ�FULWHULD
$Q�LQWHUSUHWLYLVW�DSSURDFK�IURP�D�FULWLFDO�UHDOLVW�SHUVSVHFWLYH�WR�GHYHORS�FDWHJRU\�DQDO\VLV�LQ�FRQQHFWLRQ
ZLWK�WKH�OLWHUDWXUH�UHYLHZ�DQG�IRU�UHVSRQVHV�IURP�5*��DQG�5*�
7KHPH�2FFXUUHQFHV
0RUH�UREXVW�FULWHULD�IRU�VHOHFWLRQ�DQG�DQDO\VLV�SURFHVV�LQ�RUGHU�WR�FRQWULEXWH�PRUH�PHDQLQJIXOO\�WR�D
WKHPH�KLHUDUFK\

7HFKQRORJ\�SURILOLQJ��NH\�SRLQWV

8VH�RI�WKH�WHFKQLFDO�SURILOH�GDWD�LQ�UHODWLRQ�WR�WKH�FRUH�LQWHUSUHWDWLRQ�RI�D�WKHPH�DV�D�SUREOHP�RU�D�EHQHILW
5RJHUV�'LIIXVLRQ�RI�,QQRYDWLRQV�DQG�WHFKQLFDO�SURILOLQJ�WR�FUHDWH�DQ�b5',c�LQGLFDWRU

0HWURSROLWDQ�XQLYHUVLWLHV��NH\�SRLQWV

'LYHUVH�VWXGHQW�ERGLHV�DQG�OHDUQHU�GLIIHUHQFHV�LQ�FRQQHFWLRQ�ZLWK�WHFKQRORJ\�HQKDQFHG�OHDUQLQJ
&RPSOLDQFH��DFFHVVLELOLW\�DQG�WKH�GLYHUVH�VWXGHQW�ERG\
7UDLQLQJ�SURYLVLRQ�ZLWK�OLPLWHG�UHVRXUFHV�DQG�D�ZLGH�YDULHW\�RI�DFDGHPLF�VWDII

�



'LVFXVVLRQ
7KH�UHVHDUFK�DSSURDFK�DQG�PHWKRGV
,W�EHFDPH�FOHDU�DV�WKH�SURMHFW�SURJUHVVHG�WKDW�SDUW�RI�ZKDW�ZDV�EHLQJ�UHVHDUFKHG�ZHUH�WKH�PHWKRGV�XWLOLVHG�E\
ZKLFK�D�ZLGH�YDULHW\�RI�GDWD�W\SHV�DQG�VRXUFHV�VXFK�DV�WKRVH�XVHG�KHUH�FRXOG�EH�FROODWHG�DQG�PHDVXUHG�LQ
RUGHU�WR�SURYLGH�D�PRUH�GHWDLOHG�DQG�WKUHH�GLPHQVLRQDO�LPDJH�RI�WKH�ODQGVFDSH�VXUURXQGLQJ�WHFKQRORJ\
DGRSWLRQ�LQ�OHDUQLQJ�DQG�WHDFKLQJ��7KH�OLWHUDWXUH�UHVHDUFK�GDWD��VWDNHKROGHU�LQGLYLGXDO�GLJLWDO�DQG�WHFKQLFDO
FKDUDFWHULVWLFV�DV�ZHOO�DV�VWDNHKROGHU�H[SHULHQFHV��RSLQLRQV�DQG�SHUFHSWLRQV�ZHUH�DOO�LPSRUWDQW�VRXUFHV�LQ
UHODWLRQ�WR�WHFKQRORJ\�DGRSWLRQ��EXW�SRVHG�IDLUO\�FRPSOH[�FKDOOHQJHV�IRU�DQDO\WLFDO�DSSURDFKHV��$V�WKH�SURMHFW
SURJUHVVHG��WKHVH�ZHUH�DGDSWHG�LQ�RUGHU�WR�EHVW�XWLOL]H�DOO�GDWD�LQ�VRPH�ZD\��VR�DV�WR�EH�PHDVXUHG�DV�D�ZKROH�

:KLOVW�WKH�PHWKRGV�E\�ZKLFK�WKH�GDWD�KDV�EHHQ�FRPSLOHG�DQG�DQDO\VHG�DUH�DW�WKLV�VWDJH�VRPHZKDW�SULPLWLYH�
WKH\�DUH�D�EHJLQQLQJ�DW�WU\LQJ�WR�EULQJ�WRJHWKHU�WKLV�YDULHW\�RI�GLVSDUDWH�VRXUFHV�RI�LQIRUPDWLRQ�DQG�GDWD��DQG
EULQJ�ORJLF�DQG�V\VWHPDWLF�VFDOLQJ�WR�ZKDW�WKHVH�VRXUFHV�RIIHU��WR�PDNH�SRVVLEOH�PHDVXUHPHQW�DV�D�ZKROH�
XVLQJ�DOO�VRXUFHV�

-HQQLIHU�0DVRQ��������LQ�d6L[�VWUDWHJLHV�IRU�PL[LQJ�PHWKRGV�DQG�OLQNLQJ�GDWD�LQ�VRFLDO�VFLHQFH�UHVHDUFKe�
GLVFXVVHV�D�VWUDWHJ\�WR�PL[HG�PHWKRGV�ZKLFK�EHDUV�JUHDW�UHVHPEODQFH�WR�WKDW�WDNHQ�LQ�WKLV�SURMHFW��WKDW�RI
d,QWHJUDWLYH�/RJLFe��ZKHUH�fVWXGLHV�DUH�GHVLJQHG�ZLWK�VHYHUDO�RU�PXOWLSOH�FRPSRQHQWV�>h@�ZLWK�D�FOHDU�VHQVH
WKDW�WKHVH�GHDO�ZLWK�LQWHJUDWHG�SDUWV�RI�D�ZKROHg�DQG�WKDW�fGLIIHUHQW�PHWKRGV�PD\�EH�GHSOR\HG�EHFDXVH�HDFK�LV
IHOW�WR�EH�WKH�EHVW�VXLWHG�WR�LWV�RZQ�VSHFLILF�SDUW�RI�WKH�SUREOHP�EHLQJ�UHVHDUFKHG��DQG�EHFDXVH�LQ�FRPELQDWLRQ
WKH\�JLYH�D�EHWWHU�VHQVH�RI�WKH�ZKROHg��7KLV�LV�LQ�D�QXWVKHOO�ZKDW�LV�EHLQJ�DWWHPSWHG�LQ�WKLV�SURMHFW��5LVNV�DQG
FKDOOHQJHV�VXUURXQGLQJ�WKH�WKHRUHWLFDO�EDVLV�RQ�ZKLFK�PXOWLSOH�GDWD�VWUDQGV�DUH�DQDO\VHG�DUH�QRWHG�LQ�WKDW
SDSHU�ZKLFK�DUH�YHU\�SHUWLQHQW�WR�WKLV�SURMHFW��EXW�DV�WKLV�ZDV�D�SLORW�dEHJLQQLQJe��SHUKDSV�QRZ�NQRZLQJ�WKLV�
IXWXUH�UHVHDUFK�FRXOG�H[SOLFLWO\�VSHFLI\�WKHRUHWLFDO�DQDO\VLV�DSSURDFKHV�PRUH�FOHDUO\��SHUKDSV�DOVR�PRUH
H[SHUWO\�ZLWK�WKH�NQRZOHGJH�JDLQHG�IURP�WKLV�SURMHFW��$V�0DVRQ�VWDWHV��f�LQWHJUDWLYH�ORJLF��LV�D�JUHDW�GHDO�PRUH
FKDOOHQJLQJ�WR�SXW�LQWR�SUDFWLFHh�>h@�WKLV�DSSURDFK�UHDOO\�GRHV�FDOO�IRU�DQ�H[SOLFLW�DQG�FRQVLGHUHG�WKHRU\�RI
GDWD�LQWHJUDWLRQ�>h@�SUREOHPV�FDQ�DULVH�EHFDXVH�PHWKRGV��DSSURDFKHV��DQG�WKH�WKHRULHV�XQGHUSLQQLQJ�WKHVH�
GR�QRW�DOZD\V�DGG�XS�WR�D�FRQVHQVXDO�WDNH�RQ�WKH�VRFLDO�ZRUOG��RU�ZKDW�LWV�FRQVWLWXHQW�SDUWV�PLJKW�EH��QRU�KRZ
WKH\�ILW�WRJHWKHUg��-DFREVHQeV�UHOHYDQW�3K'�ZRUN��������DOVR�XVHG�PL[HG�PHWKRGV��DQG�VWDWHV��f7KH�VWUHQJWK�RI
D�PL[HG�PHWKRG��RU�fPXOWL�LQVWUXPHQW�DSSURDFKg��3HOWR�DQG�3HOWR��������WR�HGXFDWLRQDO�DQG�SV\FKRORJLFDO
UHVHDUFK��OLHV�LQ�LWV�fWULDQJXODWLRQg�RI�PXOWLSOH�VRXUFHV�RI�GDWD��-DHJHU��������/LQFROQ�	�*XED��������g�6KH�JRHV
RQ�WR�H[WRO�D�YDULHW\�RI�YLUWXHV�IRU�XVLQJ�ERWK�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�PHWKRGV�IRU�JDWKHULQJ�GDWD��:KHWKHU
WKLV�ZDV�WKHQ�UHIHUUHG�WR�DV�,QWHJUDWLYH�/RJLF�LV�QRW�NQRZQ�

�

/LWHUDWXUH�5HYLHZ�'LVFXVVLRQ
$QDO\VLV�DSSURDFK
7KH�OLWHUDWXUH�UHYLHZ�LQ�WKLV�SURMHFW�WRRN�WKH�IRUP�RI�D�dFXUUHQW�DFDGHPLF�UHVHDUFK�SDSHU�DQDO\VLVe��ZLWK�DQ
LQWHUSUHWLYLVW�SHUVSHFWLYH��XVLQJ�HPSLULFDO�WHFKQLTXHV��EHLQJ�EURXJKW�WR�EHDU�WR�DWWHPSW�WR�GHYHORS�D�V\VWHP�E\
ZKLFK�UHVHDUFK�LQ�WKLV�DUHD�FRXOG�EH�DQDO\VHG��LQ�RUGHU�WR�XQGHUVWDQG�PRUH�DERXW�WKH�NH\�IDFWRUV�KLQGHULQJ�RU
SURPRWLQJ�WHFKQRORJ\�XWLOLVDWLRQ�LQ�OHDUQLQJ�DQG�WHDFKLQJ�FRQWH[WV��7KH�V\VWHP�LV��DV�\HW��RQO\�LQ�DQ�HDUO\�SLORW
VWDJH�RI�ZKDW�PLJKW�EH�GHYHORSHG�ZLWK�FRQVHTXHQW�IXUWKHU�ZRUN��DGGLWLRQDO�MRXUQDO�SDSHU�DQDO\VLV�DV�ZHOO�DV



GDWD�GHULYHG�IURP�PRUH�GLUHFW�VRXUFHV�VXFK�DV�WHFKQRORJ\�SURILOLQJ�RI�DFDGHPLF�VWDII��7KH�WRSLF�LV�D�SRSXODU
RQH��DQG�ZLOO�RQO\�EHFRPH�PRUH�UHOHYDQW�WR�KLJKHU�HGXFDWLRQ�LQ�WKH�IXWXUH��IRU�H[DPSOH��HYHQ�FXUVRU\
H[DPLQDWLRQ�RI�RWKHU�VRFLDO�PHGLD�DFDGHPLF�FRQYHUVDWLRQV�LQYROYLQJ�WHFKQRORJ\�HQKDQFHG�OHDUQLQJ
GHPRQVWUDWHV�WKDW�WKLV�WRSLF�FRQWLQXHV�WR�EH�D�dKRW�SRWDWRe��ZLWK�KHDWHG�H[FKDQJH�RQ�VRPH�ERDUGV�DQG�IRUXPV�
,Q�WKLV�VHQVH�WKH�WRSLF�dKDV�OHJVe��0H\HU�	�0F1HDO��������

7KH�WKUHH�VWDJHV�RI�OLWHUDWXUH�DQDO\VLV���VHOHFWLRQ�SURFHVV��WKHPH�RFFXUUHQFHV�DQG�FRQWH[W�FDWHJRULVDWLRQ��
ZHUH�IHOW�WR�ODUJHO\�EH�D�VXFFHVV��DV�WKH\�ZHUH�VKRZQ�WR�SURYLGH�D�UHDVRQDEO\�VRXQG�EDVLV�RQ�ZKLFK�WKH
VWDNHKROGHU�GDWD�FRXOG�WKHQ�EH�PHDVXUHG�DJDLQVW��DV�WKH�VWDNHKROGHU�GDWD�ODUJHO\�FRQILUPHG�WKH�LQLWLDO�ILQGLQJV
RI�WKH�OLWHUDWXUH�

/LWHUDWXUH�'DWD�6HOHFWLRQ
7R�PDNH�SRVVLEOH�D�PRUH�UREXVW�DQG�UHSHDWDEOH�PHWKRGRORJ\�WR�KRZ�OLWHUDWXUH�VRXUFHV�ZRXOG�EH�VHOHFWHG��D
PRUH�H[SOLFLW�FKHFNOLVW�RI�FULWHULD�FRXOG�EH�GHYHORSHG�DQG�DSSOLHG�WR�DOO�VHOHFWLRQV��ZKLFK�ZRXOG�OLNHO\�LQFOXGH
WKH�IROORZLQJ�

'DWH�SXEOLVKHG��LQ�SUHYLRXV���\HDUV�RU�OHVV�
7RSLF�DUHDV�WR�IDOO�ZLWKLQ�
:HE�����$SSOLFDWLRQV�LQ�HGXFDWLRQ
6RFLDO�0HGLD�LQ�HGXFDWLRQ
2QOLQH�&RXUVHV
,QWHUQHW�DQG�DFDGHPLF�ZRUNSODFH
,QWHUQHW�DQG�KLJKHU�HGXFDWLRQ�LQIUDVWUXFWXUH
+LJKHU�HGXFDWLRQ�DQG�WKH�GLJLWDO�VRFLHW\
2SHQ�(GXFDWLRQDO�5HVRXUFHV��GLJLWDO�
6KDUHG�'LJLWDO�0HPRU\�6\VWHPV�DQG�$UFKLYHV
3HGDJRJLHV�IRU�WKH���VW�&HQWXU\
,35��OLFHQVLQJ�RU�DVVRFLDWHG�OHJDO�DVSHFWV�FRQFHUQHG�ZLWK�GLJLWDO�VSDFHV

)RUPDO�VWLSXODWLRQ�RU�FDWHJRULVDWLRQ�DV�WR�JOREDO�WHUULWRULHV�XQGHU�UHYLHZ
1XPEHU�RI�W\SHV�RI�SDSHU�DQG�WRSLFV�LQ�DQ\�JLYHQ�VWXG\�dVSULQWe

%HFDXVH�WKHUH�LV�D�YHU\�ODUJH�DPRXQW�RI�UHVHDUFK�RQ�D�YDULHW\�RI�WRSLFV�RI�UHOHYDQFH��DYDLODEOH�IURP�DFDGHPLF
MRXUQDOV�DQG�RWKHU�VXLWDEOH�SURIHVVLRQDO�SXEOLFDWLRQV��VRPH�ZD\�RI�FRQWUROOLQJ�WKH�DPRXQW�RI�SXEOLVKHG
UHVHDUFK�WR�EH�DQDO\VHG�DW�DQ\�RQH�WLPH�ZRXOG�DOVR�QHHG�WR�EH�HVWDEOLVKHG��,Q�WKH�ZRUOG�RI�SURMHFW�PDQDJHPHQW
WKLV�PLJKW�EH�UHIHUUHG�WR�DV�dVSULQWVe�RI�ZRUN��XVLQJ�DQ�$*,/(�PHWKRGRORJ\��,Q�WKH�FRQWH[W�RI�WKLV�W\SH�RI�VWXG\�
VSULQWV�ZRXOG�ZRUN�YHU\�ZHOO��DV�GLIIHULQJ�DSSURDFKHV�WR�DQDO\VLV�FRXOG�EH�DSSOLHG�DQG�WKHQ�FRPSDUHG��WR
FRQVWDQWO\�HQKDQFH�WKH�SURFHVV�RI�DQDO\VLV�LWHUDWLYHO\�

7KHPH�2FFXUUHQFHV
7KH�WKHPHV�ZHUH�GHULYHG�IURP�WKH�GDWD�LWVHOI��VR�XVHG�LQWHUSUHWDWLYH�DQDO\VLV�WR�WDNH�WHUPV�PRVW�XVHG�RU�WRSLFV
PRVW�PHQWLRQHG�DQG�WXUQ�WKHP�LQWR�WKHPHV��7KHVH�ZHUH�HIIHFWLYH�DW�EULQJLQJ�QXPEHUV�LQWR�WKH�DQDO\VLV
�QXPEHU�RI�RFFXUUHQFHV�RI�D�WKHPH��DQG�DOORZHG�WKH�SODFHPHQW�RI�HDFK�SDSHU�LQWR�D�QXPEHU�RI�UHOHYDQW
WKHPHV�LW�ZDV�FRQFHUQHG�ZLWK�RU�IRFXVVLQJ�RQ��7KRXJK�WKHUH�ZDV�RYHUODS�EHWZHHQ�WKHPHV��WKH�V\VWHP�ZDV
TXLWH�VXFFHVVIXO�DW�FUHDWLQJ�WKH�LQLWLDO�OLWHUDWXUH�WKHPH�DQDO\VLV��&HQWUDO�WR�RYHUODS�ZDV�VWXGHQW�FHQWUHG
OHDUQLQJ��ZKLFK�PLJKW�WKHUHIRUH�EH�SODFHG�DW�WKH�FHQWUH�RI�IXWXUH�ZD\V�DQDO\VLQJ�LPSRUWDQFH�



�)LJ����VKRZLQJ�YLVXDO�UHSUHVHQWDWLRQ�RI�VWXGHQW�FHQWUHG�OHDUQLQJ�DW�WKH�FHQWUH�RI�WRS�WKHPH�RYHUODS

7KH�WRS�WKHPHV��DOO�VL[WHHQ��ZHUH�QRW�QHFHVVDULO\�VD\LQJ�DQ\WKLQJ�WKDW�VXUSULVLQJ��KRZHYHU�WKH�QRWLFHDEOH
DEVHQFH�RI�PXFK�GLVFXVVLRQ�LQ�WKH�OLWHUDWXUH�DERXW�IRUPDO�DFFUHGLWDWLRQ�LQ�RUGHU�WR�HQFRXUDJH�7(/�ZDV
SUREDEO\�WKH�PRVW�LQWHUHVWLQJ�ILQGLQJ�

!�/LQN�WR�/LWHUDWXUH�7KHPHV��IUHTXHQF\�WDEOH�

&RQWH[WXDO�&DWHJRU\�$QDO\VLV
7KH�FRQWH[WXDO�FDWHJRULHV�XVHG�WR�JLYH�FRQWH[W�WR�WKHPH�RFFXUUHQFHV�LQ�WKH�OLWHUDWXUH�PD\�LQ�JHQHUDO�WHUPV
UHIOHFW�ZD\V�LQ�ZKLFK�PDQ\�LQGLYLGXDOV�PLJKW�LQWHUSUHW�WKH�OLWHUDWXUH�UHVHDUFK�GDWD��VR�ZKLOVW�WKH�FDWHJRULHV
DUH�QRW�LQ�WKHPVHOYHV�YHU\�UREXVWO\�GHYHORSHG��DW�WKLV�VWDJH��WKH\�PLJKW�EH�UHSUHVHQWDWLYH�RI�KRZ�PDQ\�LQ
KLJKHU�HGXFDWLRQ�PLJKW�VLPLODUO\�UHDFW�WR�ZKDW�WKH\�WKLQN�VXFK�GDWD�LV�WHOOLQJ�WKHP�

7KH�FRQWH[WXDO�FDWHJRULHV�ZHUH�DJDLQ�GHULYHG�IURP�WKH�GDWD�LWVHOI��ORRNLQJ�DW�WKH�FRQWH[W�RI�D�WKHPH
RFFXUUHQFH��DQG�DVVLJQLQJ�LW�D�VHW�RI�YDOXHV�FRQFHUQLQJ�DVSHFWV�RI�WKDW�FRQWH[W��9DOXHV�FRQVLVWHG�RI�WKH�QDWXUH
RI�WKH�FRQWH[WV�IDFWXDOLW\��UHDVRQLQJ�DQG�OHYHO�RI�DVVXPSWLRQ��7KHVH�YDOXHV�ZHUH�WKHQ�PDWFKHG�WR�WKH�3%+
VFDOH��7KLV�DOORZHG�DQDO\VLV�RI�WKH�RFFXUUHQFH�DV�WR�LWV�OHYHO�ZLWKLQ�WKDW�VFDOH�RI�WKH�UHDO��LPDJLQHG�
LQWHUPLWWHQW��SHUVLVWHQW�RU�OHJDF\�IDFWRUV��7KLV�ZDV�DUJXDEO\�WKH�PRVW�GLIILFXOW�SDUW�RI�WKH�DQDO\VLV��DQG�ZRXOG
QHHG�PXFK�PRUH�ZRUN�LQ�WHUPV�RI�WKHRUHWLFDO�XQGHUSLQQLQJ�DV�ZHOO�DV�VRPH�FOHDU�H[SOLFLW�LQWHUSUHWDWLRQ
PHDVXUHPHQW�V\VWHP��LI�SRVVLEOH��7KLV�PLJKW�EH�FRQVLGHUHG�WR�EH�WKH�PRVW�LPSRUWDQW�DVSHFW�RI�WKLV�SURMHFW�
RYHU�WLPH��DV�LV�DWWHPSWLQJ�WR�HYDOXDWH�KRZ�OLWHUDWXUH��UHVHDUFK��PLJKW�EH�dLQWHUSUHWHGe��DV�ZHOO�DV�KRZ�WR
PHDVXUH�LWV�YDOLGLW\�LQ�D�ZLGHU�SLFWXUH�

!�/LQN�WR�&RQWH[WXDO�&DWHJRULHV�DQG�7KHPH�&RUUHODWLRQ

!�/LQN�WR�&RQWH[WXDO�&DWHJRULHV�WR�3%+�IRU�723�7KHPHV

�
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5HVHDUFK�*URXS�'LVFXVVLRQ
7HFKQLFDO�3URILOHV
�5HVHDUFK�*URXS���

5RJHUV�'LIIXVLRQ�RI�,QQRYDWLRQV�5ROHV

8VLQJ�WKH�5RJHUV�'LIIXVLRQ�RI�,QQRYDWLRQ�PRGHO�WR�UHIHU�WR�FKDUDFWHULVWLFV�RI�XVHUV�LQ�OHDUQLQJ�DQG�WHDFKLQJ
VFHQDULRV�LV�QRW�QHZ��6DKDQeV�d'HWDLOHG�5HYLHZ�RI�5RJHUV�'LIIXVLRQ�RI�,QQRYDWLRQV�7KHRU\�DQG�(GXFDWLRQDO
7HFKQRORJLHV�6WXGLHV�EDVHG�RQ�5RJHUV�7KHRU\e���������UHYLHZV�D�QXPEHU�RI�VWXGLHV��ZLWK�SHUKDSV�-DFREVHQeV
ZRUN��������EHLQJ�RI�PRVW�UHOHYDQFH�WR�WKLV�VWXG\��6KH�XVHG�D�YDULHW\�RI�WHFKQLFDO�DQG�FRPSXWHU�FRPSHWHQFLHV
WR�LQIRUP�KHU�XVHU�FKDUDFWHULVWLFV��VRPH�RI�ZKLFK�VHHP�VXUSULVLQJO\�VLPLODU�WR�WKRVH�LQYHVWLJDWHG�LQ�WKLV
SURMHFW��WKRXJK�ZHUH�QRW�NQRZQ�DERXW�DW�LWV�VWDUW��-DFREVHQ�PRVW�UHOHYDQW�FULWHULD��OLVWHG�EHORZ�

3DWWHUQV�RI�&RPSXWHU�7HFKQRORJ\�8VH��
&RPSXWHU�([SHULHQFH��
*HQHUDOL]HG�6HOI�(IILFDF\��
3DUWLFLSDQW�,QIRUPDWLRQ��

�-DFREVHQ�������

-DFREVHQ�KDV�GRQH�PXFK�FRQVHTXHQW�ZRUN�RI�D�VLPLODU�QDWXUH�ZKLFK�GRXEWOHVV�ZRXOG�DOVR�EH�RI�UHOHYDQFH�WR
WKLV�SURMHFW��WKRXJK�KDV�QRW�EHHQ�UHIHUUHG�WR�KHUH��GXH�WR�WLPH�FRQVWUDLQWV��

:KLOH�WKLV�VWXG\�XVHV�WKH�LGHD�RI�5RJHUVe�$GRSWHU�&DWHJRULHV��LQQRYDWRU��HDUO\�DGRSWHU��HDUO\�PDMRULW\��ODWH
PDMRULW\��ODJJDUG���H[DFWO\�ZKLFK�WHFKQLFDO�IDFWRUV�PLJKW�KHOS�GHILQH�WKRVH�FDWHJRULHV�LV�QRW�SUHVHQW�LQ�5RJHUV
ZRUN��DV�KH�GHILQHV�WKHVH�FDWHJRULHV�RQO\�ZLWK�VRFLDO�RU�SHUVRQDO�FKDUDFWHULVWLFV�DQG�WUDLWV��EXW�QR�WHFKQLFDO
VSHFLILFDWLRQV�DW�DOO��7KLV�LV�SHUKDSV�QR�ORQJHU�DGHTXDWH�LQ�WRGD\V�SRVW�GLJLWDO�LQIRUPDWLRQ�UHYROXWLRQ�VHWWLQJ�
DQG�WKLV�VWXG\�KDV�DWWHPSWHG�WR�EXLOG�RQ�VRPH�RI�-DFREVHQeV�ZRUN�LQ�WKLV�UHVSHFW�E\�DGGLQJ�WHFKQLFDO�SURILOLQJ
IDFWRUV�WR�WKH�5RJHUV�$GRSWHU�FDWHJRULHV�

7KH�GHYHORSPHQW�RI�D�VFDOH�LQ�RUGHU�WR�DOORFDWH�D�WHFKQLFDO�DVSHFW�WR�WKH�d5',e��5RJHUV�'LIIXVLRQ�RI�,QQRYDWLRQV�
LQGLFDWRU�IRU�HDFK�UHVSRQGHQW�LQ�5*��ZDV�D�VLPSOH�ZD\�RI�LQWHJUDWLQJ�WKH�7HFKQRORJ\�3URILOH�GDWD�VHW�LQWR�WKH
5RJHUV�$GRSWHU�FDWHJRULHV��$�YDULHW\�RI�TXHVWLRQV�LQ�WKH�TXHVWLRQ�VHWV�LQYROYHG�IDFWRUV�OLVWHG�LQ�WKH�VFDOH�XVHG�
VR�UHVSRQVHV�ZHUH�XVHG�WR�SODFH�HDFK�UHVSRQGHQW�IURP�5HVHDUFK�*URXS����5*���LQWR�WKH�VFDOH�

!�/LQN�WR�7HFKQLFDO�3URILOH�5',�,QGLFDWRU�ZRUN

7KLV�ZDV�DQ�DSSUR[LPDWH�H[HUFLVH�DQG�ZRXOG�QHHG�IXUWKHU�VSHFLILFDWLRQ�LI�XVHG�RQ�D�ODUJHU�VDPSOH��RU�IRU�PRUH
LQ�GHSWK�DQDO\VLV��KRZHYHU��IRU�WKH�SXUSRVHV�RI�WKLV�VWXG\�KDV�SURYHG�DGHTXDWH��%\�NQRZLQJ�PRUH�DERXW�WKH
VNLOOV�DQG�SHUFHSWLRQV�RI�ZKR�LV�UHVSRQGLQJ�WR�VSHFLILF�WKHPH�LVVXHV��PRUH�FDQ�EH�XQGHUVWRRG�RU�YDOLGDWHG�LQ
UHODWLRQ�WR�WKHLU�UHVSRQVHV��)RU�H[DPSOH��LI�5��LV�DQ�,QQRYDWRU��WKHLU�UHVSRQVHV�FDQ�EH�LQWHUSUHWHG�LQ�WKDW
FRQWH[W��EXW�LI�5��LV�D�/DWH�0DMRULW\��VRPHWLPHV�WKH�YHU\�VDPH�UHVSRQVHV�PLJKW�EH�LQWHUSUHWHG�YHU\�GLIIHUHQWO\�

4XHVWLRQ�6HW�5HVSRQVHV
,QWHUSUHWLQJ�DQG�FRUUHODWLQJ�5*��UHVSRQVHV�WR�YDOLGDWH�RU�FKDOOHQJH�OLWHUDWXUH�WKHPH�SODFHPHQWV�LQ�WKH�3%+
ZDV�SRVVLEOH�LQ�WHUPV�RI�ZKHWKHU�WKH\�ZHUH�SUREOHPV�RU�EHQHILWV��&RQWH[WXDO�DQDO\VLV�ZDV�QRW�DSSURSULDWH�DV

http://webteach.penworks.net/research/rg1-analysis/4/


TXHVWLRQV�KDG�EHHQ�VHW�E\�WKH�UHVHDUFKHU��WKHUHIRUH�FRQWH[W�ZDV�QRW�UHOHYDQW��6RPH�NH\�TXRWHV�ZHUH�JLYHQ�D
FRQWH[W��EXW�QRW�HQRXJK�GDWD�ZDV�JDWKHUHG�LQ�WKLV�ZD\�WR�DQDO\VH�PRUH�ZLGHO\��VR�SHUKDSV�WKLV�PLJKW�EH�D
IXUWKHU�DGDSWDWLRQ�WR�FRQVLGHU�IRU�IXWXUH�ZRUN��2YHUDOO��WKH�UHVSRQVH�GDWD�GLG�VKHG�OLJKW�RQ�ZKDW�UHDO�XVHUV
DFWXDOO\�WKRXJKW�DERXW�WKRVH�LVVXHV��DQG�ZKHWKHU�OLWHUDWXUH�LQWHUSUHWDWLRQ�ZDV�DFFXUDWH��7KLV�FRXOG�SURYH
VLJQLILFDQW�WR�WKRVH�LQYROYHG�LQ�FKDQJH�PDQDJHPHQW��DV�LQ�RUGHU�WR�LQQRYDWH�SUDFWLFH��SROLF\�PDNHUV��RIWHQ��DLP
SUHGRPLQDQWO\�DW�LQQRYDWRUV��HDUO\�DGRSWHUV�DQG�HDUO\�PDMRULW\�DV�LW�LV�WKRVH�VWDNHKROGHUV�ZKR�DUH�PRVW
HQJDJHG�ZLWK�FKDQJH��LQ�WKLV�FDVH�LQ�WHFKQRORJ\�HQKDQFHG�OHDUQLQJ�DQG�WHDFKLQJ��,I�ZH�UHO\�RQO\�RQ�GDWD�ZKLFK
LV�FRPSLOHG�IURP�XQNQRZQ�VHWV�RI�XVHUV��H�J��WKH�7(/�UHSRUW���������RU�QXPHURXV�RI�WKH�OLWHUDWXUH�SDSHUV
ZKLFK�GR�QRW�WHOO�XV�DERXW�WKRVH�WDNLQJ�SDUW�EH\RQG�DW�PRVW�NQRZLQJ�WKHLU�MRE�UROH��ZH�FDQQRW�NQRZ�HQRXJK�LQ
RUGHU�WR�FDWHU�DGHTXDWHO\�LQ�SURYLGLQJ�WUDLQLQJ�DSSURDFKHV��WHFKQLFDO�HTXLSPHQW�DQG�FRQWHQW�SURGXFWLRQ
WHFKQLTXHV�RU�VKDULQJ�

$GGLQJ�WKH�5',�,QGLFDWRU�IDFWRU�WR�WKH�UHVSRQVHV�JDYH�DQ�XQGHUVWDQGLQJ�RI�ZKR�PLJKW�EH�VD\LQJ�DQG�WKLQNLQJ
ZKDW�LQ�UHODWLRQ�WR�WKH�3UREOHPV�DQG�%HQHILWV�SODFHG�LQ�WKH�KLHUDUFK\��LQ�WHUPV�RI�WKHLU�JHQHUDO�WHFKQLFDO
SHUFHSWLRQV�SURILOH��$�JUHDW�H[DPSOH�RI�WKLV�LV�IRXQG�ZKHUH�5���/DWH�0DMRULW\��ZDV�HLWKHU�DEVHQW�LQ�VRPH�RI�WKH
SRVLWLYH�DQG�IXWXUH�IDFLQJ�DVSHFWV��SHGDJRJ\�DQG�OHDUQLQJ�GHVLJQ�VHFWLRQ��RU�WKH\�ZHUH�SURPLQHQW�LQ�VRPH
RWKHU�VHFWLRQV��VXFK�DV�FOHDUO\�QHJDWLYH�YLHZV�WRZDUGV�VKDUHG�UHVRXUFHV��7KRXJK�WKLV�PD\�VRPHWLPHV�RQO\�WHOO
XV�dZKDW�ZH�DOUHDG\�NQRZe��EHLQJ�DEOH�WR�PHDVXUH�VXFK�UHVSRQVH�GLIIHUHQFHV�EDVHG�RQ�DQ�LQGLFDWRU�RI�WHFKQLFDO
HIILFDF\�PD\�SRWHQWLDOO\�OHDG�WR�PRUH�XVHIXO�VXSSRUW�SURYLVLRQ�RU�FKDQJH�PDQDJHPHQW�DQG�GHOLYHU\�EHLQJ
RIIHUHG�LQ�UHODWLRQ�WR�VSHFLILF�QHHGV�RU�WKRVH�RI�SDUWLFXODU�SHUFHSWLRQV�

!�/LQN�WR�4XHVWLRQ�6HW�$QDO\VLV�IRU�7RS���WKHPHV

�

4XDOLWDWLYH�'DWD�$QDO\VLV
�5HVHDUFK�*URXS���	���

/LQNHG,Q�DQG�5HVHDUFK*DWH

�5HVHDUFK�*URXS���

*DWKHULQJ�TXDOLWDWLYH�DQG�ODUJHO\�SDUWLFLSDQW�VHOI�LQVWLJDWHG�GDWD�ZDV�DQ�LQWHJUDO�SDUW�RI�WKLV�UHVHDUFK��LQ�RUGHU
WR�SURYLGH�DXWKHQWLF�H[SHULHQFHV�DQG�SHUFHSWLRQV�RI�WHFKQRORJ\�LQ�OHDUQLQJ�DQG�WHDFKLQJ��$V�WKH�SURMHFW�ZDV
ODUJHO\�WDNLQJ�SODFH�LQ�DQ�RQOLQH�HQYLURQPHQW��LW�VHHPHG�WKHUHIRUH�ORJLFDO�WR�XWLOLVH�VRFLDO�QHWZRUNV�WR�JDWKHU
WKDW�GDWD��DQG�RYHUDOO�WKLV�SURYHG�YHU\�VXFFHVVIXO�IRU�D�SURMHFW�RI�WKLV�VL]H��+RZHYHU��/LQNHG,Q�SURYHG�D�PXFK
PRUH�XVHIXO�VHWWLQJ�IRU�SURIHVVLRQDO�GLVFXVVLRQ�WKDQ�5HVHDUFK*DWH�DV�SURYLGHG�D�JUHDWHU�HPSKDVLV�RQ�H[SHUW
NQRZOHGJH�DQG�WKH�UHIHUULQJ�WR�RWKHU�UHVHDUFK��ZKLFK�ZDV�QRW�HYLGHQW�LQ�WKH�5HVHDUFK*DWH�FRPPHQWV��EH\RQG
UHIHUULQJ�WR�D�SDUWLFLSDQWeV�RZQ�FXUUHQW�UHVHDUFK�SURMHFWV��EXW�UHSRUWLQJ�QR�ILQGLQJV�

7KH�ILQGLQJV�FRQILUPHG�WZR�RI�WKH�PDLQ�WKHPH�DUHDV�b�LQVWLWXWLRQDO�VXSSRUW��WRS�GRZQ�ERWWRP�XS��DQG
HIIHFWLYHQHVV��OHDUQLQJ�TXDOLW\���EXW�D�WKLUG�VWURQJ�WKHPH�HPHUJHG�IURP�5*��WKDW�ZDV�QRW�YHU\�SURPLQHQW�LQ
WKH�OLWHUDWXUH��WKDW�RI�dZKDWeV�LQ�LW�IRU�PHe��7KLV�HTXDWHG�ZLWK�VWDII��LQGLYLGXDO��PRWLYDWLRQ�LQ�WKH�OLWHUDWXUH
WKHPHV��EXW�XQOLNH�WKHUH��ZDV�D�IUHTXHQW�WRSLF�LQ�WKH�GLVFXVVLRQ��)URP�D�SHUVRQDO�SHUVSHFWLYH�WKHQ��LQGLYLGXDO
DGYDQWDJH�LV�D�VWURQJHU�GULYLQJ�IRUFH�WKDQ�PLJKW�EH�DFNQRZOHGJHG�E\�OLWHUDWXUH�DORQH�

$V�LW�ZDV�H[SHULHQWLDO�GDWD�GHULYHG�IURP�dUHDO�SHRSOHe��LW�PLJKW�DFWXDOO\�EH�D�PRUH�DFFXUDWH�VQDSVKRW�WR�KROG�XS
WR�OLWHUDWXUH�LQWHUSUHWDWLRQV��DQG�UHIOHFW�WKH�LQLWLDO�SODFLQJ�ZLWK�UHDO�SHRSOHV�RSLQLRQV��DV�LW�ZDV�VHOI�LQLWLDWHG

http://webteach.penworks.net/research/rg1-analysis/3/


�XQOLNH�GDWD�IURP�5*����EH\RQG�WKH�LQLWLDO�ILUVW�TXHVWLRQ�WR�NLFN�RII�WKH�GLVFXVVLRQ�

!�/LQN�WR�5*��/LQNHG,Q�	�5HVHDUFK*DWH�$QDO\VLV

7KH�6WXGHQWV

�5HVHDUFK�*URXS���

,W�ZDV�QRWHG�WKDW�LW�ZDV�PRUH�GLIILFXOW�WR�HQJDJH�WKH�JURXS�WKDQ�DQWLFLSDWHG��HYHQ�WKRXJK�WKH\�ZHUH�PRWLYDWHG
WR�KHOS��DV�WKH�WRSLF�VHHPHG�XQLQWHUHVWLQJ�WR�WKHP�EH\RQG�DQ\�VPDOO�FRPPHQWDU\�DERXW�EDVLF�SURYLVLRQ�RU�ODFN
RI�LW�LQ�WKHLU�/HDUQLQJ�0DQDJHPHQW�6\VWHP��7KH\�DOVR�DSSHDUHG�JHQHUDOO\�TXLWH�XQPRWLYDWHG�DERXW�QHZ�LGHDV
IRU�KRZ�WHFKQRORJ\�FRXOG�EH�XVHG��WKRXJK�WKHUH�ZDV�RQH�VXJJHVWLRQ�DERXW�QRW�DOZD\V�XVLQJ�HVVD\V�DQG
XWLOLVLQJ�PRUH�RI�ZKDW�WKH�LQWHUQHW�DQG�PXOWLPHGLD�PLJKW�RIIHU��DV�LW�HQFRXUDJHG�FRPPXQLFDWLRQ�LQ�D�GLJLWDO
VSKHUH��ZKLFK�ZDV�NQRZOHGJHDEOH�DQG�ZRUWK�IXUWKHU�FRQVLGHUDWLRQ��7KLV�ODFN�RI�VHHLQJ�WKH�SRWHQWLDO�RI
WHFKQRORJ\�LV�VLPLODU�WR�WKH�ODFN�RI�LGHDV�RIWHQ�VHHQ�LQ�VWDII�LQ�UHODWLRQ�WR�XVHV�RI�WHFKQRORJ\�IRU�OHDUQLQJ�DQG
WHDFKLQJ�

7KH�RQH�DVSHFW�WKDW�GLG�FRPH�DFURVV�FOHDUO\�LV�WKH�VWURQJ�LPSUHVVLRQ�E\�VWXGHQWV�RI�WKH�ODFN�RI�WHFKQLFDO�VNLOOV
DPRQJVW�VWDII��ZKLFK�DSSHDUHG�WR�EH�SHUFHLYHG�DV�PXFK�OHVV�WKDQ�WKH�VWXGHQWV��LQ�JHQHUDO��([SHFWDWLRQV�E\
VWXGHQWV�DOVR�VHHPHG�TXLWH�DPELYDOHQW��ZKLFK�HFKRHV�RWKHU�VWXGLHV��$�FRXUVH�LV�D�FRXUVH�LV�D�FRXUVH��']LXELDQ
	�0RVNDO���������7KH\�DUH�PRVWO\�FRQFHUQHG�ZLWK�KDYLQJ�HQJDJLQJ�OHFWXUHUV�ZKR�DUH�SDVVLRQDWH�DERXW�WKHLU
VXEMHFWV�DQG�ZLOO�DFW�DV�JUHDW�PHQWRUV�WR�HQFRXUDJH�RWKHUV�LQWR�WKH�ILHOG�

!�/LQN�WR�5*��7KH�6WXGHQWV�$QDO\VLV

.H\�DVSHFWV�UHOHYDQW�WR�0HWURSROLWDQ�8QLYHUVLWLHV
,W�LV�VRPHZKDW�GLIILFXOW�WR�HVWDEOLVK�ZLWK�IL[HG�FODULW\�ZKDW�LV�PHDQW�E\�dPHWURSROLWDQ�XQLYHUVLW\e�LQ�WKH�FRQWH[W
RI�8.�KLJKHU�HGXFDWLRQ��7KH�WHUP�LWVHOI�LV�PRUH�RIWHQ�XVHG�LQ�WKH�86$��ZKHUH�����RI�XQLYHUVLWLHV�DUH�ORFDWHG�LQ
dPHWURSROLWDQe�DUHDV��*RGGDUG�	�9DOODQFH���������d3XEOLFO\�IXQGHGe�XQLYHUVLWLHV�PLJKW�EH�DQRWKHU�ZD\�RI
ORRNLQJ�DW�WKLV�W\SH�RI�KLJKHU�HGXFDWLRQ��RU�RQH�PLJKW�ORRN�DW�D�ZLGHO\�XVHG�VRXUFH�RI�ZKHUH�RQH�PLJKW�ILQG�D
GHILQLWLRQ��WKH�:LNLSHGLD�HQWU\�IRU�d8UEDQ�XQLYHUVLW\e�VWDWHV��3�(��0XOKROODQ�>e@�GHILQHG�D�PHWURSROLWDQ
XQLYHUVLW\��LQ�LWV�VLPSOHVW�WHUPV��c>DV@�DQ�LQVWLWXWLRQ�WKDW�DFFHSWV�DOO�RI�KLJKHU�HGXFDWLRQbV�WUDGLWLRQDO�YDOXHV�LQ
WHDFKLQJ��UHVHDUFK��DQG�SURIHVVLRQDO�VHUYLFH��EXW�WDNHV�XSRQ�LWVHOI�WKH�DGGLWLRQDO�UHVSRQVLELOLW\�RI�SURYLGLQJ
OHDGHUVKLS�WR�LWV�PHWURSROLWDQ�UHJLRQ�E\�XVLQJ�LWV�KXPDQ�DQG�ILQDQFLDO�UHVRXUFHV�WR�LPSURYH�WKH
UHJLRQbV�TXDOLW\�RI�OLIHd��

)RU�WKH�SXUSRVHV�RI�WKLV�UHVHDUFK��WKHQ��D�PHWURSROLWDQ�XQLYHUVLW\�ZDV�FRQVLGHUHG�WR�EH�DQ�LQVWLWXWLRQ�ORFDWHG
LQ�D�ODUJH�XUEDQ�DUHD��ZLWK�D�UHPLW�WR�HGXFDWH�LWV�ORFDO�SRSXODWLRQ��DV�ZHOO�DV�WKRVH�IURP�IDUWKHU�DILHOG��:KLOH
VWULYLQJ�IRU�UHVHDUFK�H[FHOOHQFH��LW�ZRXOG�OLNHO\�DOVR�KDYH�VWURQJ�EXVLQHVV�DQG�NQRZOHGJH�SDUWQHUVKLSV�ZLWK�WKH
ORFDO�HFRQRP\�DQG�ZRUN�IRUFH��SUHSDULQJ�VWXGHQWV�IRU�HPSOR\PHQW�DQG�VRFLDO�FRQWULEXWLRQ��PRVW�HVSHFLDOO\�LQ
LWV�ORFDO�DUHD��*RGGDUG�	�9DOODQFH�PDNH�VHYHUDO�LQWHUHVWLQJ�FRQQHFWLRQV�DERXW�WKH�LPSRUWDQFH�RI�WKH�UHQHZHG
SXUSRVHV�RI�WKH�dFLYLFe�XQLYHUVLW\��ZKLFK�PD\�EH�D�PRUH�DSSURSULDWH�WHUP�LQ�WKH�8.�

5HOHYDQFH�WR�PHWURSROLWDQ�XQLYHUVLWLHV�LV�VLJQLILFDQW�LQ�D�QXPEHU�RI�WKHPHV�SUHVHQW�LQ�WKH�OLWHUDWXUH�
�HVSHFLDOO\�LQ�WKH�WRS�VL[�WKHPHV�DQDO\VHG���$�YDULHW\�RI�DVSHFWV�DOO�RI�FRUH�LPSRUWDQFH�WR�WKH�H[LVWHQFH�DQG
SXUSRVH�RI�PHWURSROLWDQ�XQLYHUVLWLHV�DUH�SUHVHQW��LQFOXGLQJ�IDFWRUV�OLVWHG�EHORZ�

,QFOXVLYLW\

http://webteach.penworks.net/research/rg2-analysis/
http://webteach.penworks.net/research/rg3-analysis/


'LYHUVLW\
$FFHVVLELOLW\
/HDUQHU�'LIIHUHQFHV
(TXLYDOHQF\
)OH[LELOLW\
6WXGHQW�FHQWHUHG�OHDUQLQJ
6WXGHQW�GHYHORSHG�OHDUQLQJ
3HUVRQDOLVHG�OHDUQLQJ
:RUN�EDVHG�OHDUQLQJ

7KHVH�WHUPV�ZHUH�XVHG�WR�HLWKHU�GHILQH�WKHPHV�WKHPVHOYHV�RU�DV�LQGLFDWRUV�IRU�FRQWH[WXDO�FDWHJRU\�SUHVHQFH
�ZKLFK�ZHUH�WKHQ�DOORFDWHG�WR�WKHPHV��ZKHQ�LQWHUSUHWLQJ�GDWD��DQG�DUH�WKHUHIRUH�OLVWHG�KHUH�DV�JHQHUDO�IDFWRUV
PRVW�UHOHYDQW�ZKHQ�FRQVLGHULQJ�XUEDQ�RU�FRPPXQLW\�XQLYHUVLWLHV�DQG�FROOHJHV�

'LYHUVLW\�DQG�LQFOXVLYLW\�PLJKW�EH�VDLG�WR�EH�DW�WKH�FRUH�RI�PHWURSROLWDQ�XQLYHUVLW\�OLIH�DQG�SXUSRVH��)RU
H[DPSOH��VHYHUDO�RI�WKH�WH[WV�UHIHU�WR�FROOHJHV�ZLWK�D�UHPLW�RI�ZLGHQLQJ�SDUWLFLSDWLRQ��RU�IXOILOOLQJ�WKH
UHTXLUHPHQW�RI�PXFK�ZLGHU�DFFHVV�WR�KLJKHU�HGXFDWLRQ��QRW�TXLWH�WKH�VDPH�WKLQJ��DQG�WKDW�WHFKQRORJ\�LV�D�YHU\
VLJQLILFDQW�SOD\HU�LQ�WKH�DFKLHYHPHQW�RI�WKRVH�DLPV�DQG�SXUSRVHV��/\QFK�������2EOLQJHU�������7DWH�	�.OHLQ
&ROOLQV�������$OWEDFK�HW�DO���������%XW�GLYHUVH�VWXGHQW�SRSXODWLRQV�KDYH�D�QXPEHU�RI�FRQVLGHUDWLRQV�DQG�LVVXHV
ZKLFK�WHQG�WR�PXOWLSO\�WKH�PRUH�GLYHUVH�WKH�VWXGHQW�ERG\�LV��DQG�WKLV�PDNHV�IRU�LQFUHDVHG�SRWHQWLDO�SUREOHPV
ZKHQ�XVLQJ�WHFKQRORJ\��7KH�XVH�RI�WHFKQRORJ\�LQ�OHDUQLQJ�DQG�WHDFKLQJ�WKURZV�XS�VRPHWLPHV�PDMRU�QHZ�LVVXHV
DQG�SUREOHPV�ZKLFK�PD\�QRW�EH�SUHVHQW�ZKHQ�WHFKQRORJ\�LV�QRW�XVHG��SULQFLSDOO\�WKRVH�RI�DFFHVVLELOLW\�

$FFHVVLELOLW\�FDQ�LQYROYH�FRPSOH[�FRQVLGHUDWLRQV��GLJLWDO�HIILFDF\��SK\VLFDO�RU�RWKHU�LPSDLUPHQW�DFFHVV
UHTXLUHPHQWV��RWKHU�OHDUQHU�GLIIHUHQFHV��DQ\�UHTXLUHG�HTXLYDOHQF\�RI�SURYLVLRQ�DQG�UHOHYDQW�LQWHOOHFWXDO
SURSHUW\��GDWD�SULYDF\�DQG�VHFXULW\�OHJLVODWLRQ��7KHVH�PD\�RIWHQ�EH�RI�PRVW�VLJQLILFDQFH�WR�XQLYHUVLWLHV�ZLWK
YHU\�GLYHUVH�VWXGHQW�SRSXODWLRQV��ZKLFK�DJDLQ�LQYROYH�D�QXPEHU�RI�IDFWRUV��RI�JHQGHU��DJH��ZRUN�DQG�IDPLO\
FRPPLWPHQWV��RWKHU�GLIIHUHQFHV�VXFK�DV�ODQJXDJH��FXOWXUH�RU�KHDOWK�DQG�GLVDELOLW\��,Q�RWKHU�ZRUGV��dQRQ�
WUDGLWLRQDO�OHDUQHUVd��)XOO�FRQVLGHUDWLRQ�RI�WKHVH�LVVXHV�LQ�UHODWLRQ�WR�XVHV�RI�WHFKQRORJ\�LQ�OHDUQLQJ�DQG
WHDFKLQJ�ZRXOG�PHULW�LWV�RZQ�UHVHDUFK�SURMHFW��RU�VHYHUDO���VR�LQ�WKLV�PRUH�OLPLWHG�FRQWH[W�LW�PLJKW�EH�PRUH
VXLWDEOH�WR�DFNQRZOHGJH�WKHP�DQG�VXJJHVW�RWKHU�ZRUN�RI�UHOHYDQFH�LQ�WKHVH�DUHDV�WKDW�LV�NQRZQ�WR�WKLV
UHVHDUFKHU��VXFK�DV�WKDW�E\�7D\ORU�	�1HZWRQ��������SUHYLRXVO\�FRYHUHG�LQ�WKH�OLWHUDWXUH�UHYLHZ��DQG�VRXUFHV
OLVWHG�EHORZ��ZKLFK�ZRXOG�IRUP�WKH�EDVLV�RI�DQ\�IROORZ�XS�WR�WKLV�UHVHDUFK��DQG�KDYH�YDULRXVO\�EHHQ�UHIHUHQFHG
LQ�WKLV�SURMHFW�RU�XVHG�DV�EDFNJURXQG�DGYLFH�

$OL�7DUKLQLD��.DWH�+RQHD��;LDRKXL�/LXD��������8VHU�$FFHSWDQFH�7RZDUGV�:HE�EDVHG�/HDUQLQJ�6\VWHPV�
,QYHVWLJDWLQJ�WKH�UROH�RI�6RFLDO��2UJDQL]DWLRQDO�DQG�,QGLYLGXDO�IDFWRUV�LQ�(XURSHDQ�+LJKHU�(GXFDWLRQ��8.�
3URFHGLD�&RPSXWHU�6FLHQFH���������������c������IRU�FRPSXWHU�VHOI�HIILFDF\��XVDELOLW\��IOH[LELOLW\�
:DWWHQEHUJ��7��������%H\RQG�OHJDO�FRPSOLDQFH��&RPPXQLWLHV�RI�DGYRFDF\�WKDW�VXSSRUW�DFFHVVLEOH�RQOLQH
OHDUQLQJ��,QWHUQHW�DQG�+LJKHU�(GXFDWLRQ�������������c�����DFFHVVLELOLW\�RQOLQH�
.DQZDU��$�DQG�8YDOLF�7UXPELF��6��HG���������$�%DVLF�*XLGH�WR�2SHQ�(GXFDWLRQDO�5HVRXUFHV��2(5���8.�
&RPPRQZHDOWK�RI�/HDUQLQJ��IRU�2SHQ�(GXFDWLRQ�5HVRXUFHV�RUJDQLVDWLRQDO�SODQQLQJ�FRQFHUQV�
SROLF\�GLUHFWLYHV�DQG�DGYLFH��LQWHOOHFWXDO�SURSHUW\�LVVXHV�
%HHWKDP��+�	�6KDUSH��5��HG��������5HWKLQNLQJ�3HGDJRJ\�IRU�D�'LJLWDO�$JH��'HVLJQLQJ�DQG�GHOLYHULQJ�H�
OHDUQLQJ��8.��5RXWOHGJH��7D\ORU�DQG�)UDQFLV�*URXS��IRU�OHDUQHU�GLIIHUHQFHV��GHVLJQ�DQG�SHGDJRJ\
LVVXHV�IRU�HTXLYDOHQF\�DQG�HIILFDF\�RI�DFFHVV�
6KDUSH��5��HW�DO��������/HDUQHUV�([SHULHQFHV�RI�(OHDUQLQJ�6\QWKHVLV�5HSRUW��([SODLQLQJ�/HDUQHU



'LIIHUHQFHV��8.��-,6&��LQ�GHSWK�OHDUQHU�GLIIHUHQFHV�
'DEEDJK��1���	�.LWVDQWDV��$���������3HUVRQDO�/HDUQLQJ�(QYLURQPHQWV��VRFLDO�PHGLD��DQG�VHOI�UHJXODWHG
OHDUQLQJ��$�QDWXUDO�IRUPXOD�IRU�FRQQHFWLQJ�IRUPDO�DQG�LQIRUPDO�OHDUQLQJ��,QWHUQHW�DQG�+LJKHU�(GXFDWLRQ
��������IRU�SHUVRQDOLVHG�OHDUQLQJ�

,VVXHV�VXUURXQGLQJ�HTXLYDOHQF\��HTXLW\�RI�DFFHVV�DQG�OHJLVODWLRQ�UHTXLUHPHQWV�DOVR�LPSDFW�RWKHU�WKHPHV�QRWHG
IURP�WKH�OLWHUDWXUH�VXFK�DV�FRVW�DQG�SROLF\��ERWK�LQVWLWXWLRQDO�DV�ZHOO�DV�QDWLRQDO�DQG�HYHQ�LQWHUQDWLRQDO��7KHVH
SRWHQWLDOO\�KDYH�PRUH�LPSDFW�RQ�D�PHWURSROLWDQ�XQLYHUVLW\��DV�WKH\�PD\�KDYH�WKH�ZLGHVW�UHPLW�WR�HGXFDWH�ERWK
ORFDO��DQG�LQWHUQDWLRQDOO\�GLYHUVH�VWXGHQW�SRSXODWLRQV��DQG�\HW�KDYH�WKH�OHDVW�DQG�SHUKDSV�PRVW�SUHFDULRXV
IXQGLQJ��0HWURSROLWDQ�XQLYHUVLWLHV�DUH�RIWHQ�DOVR�DW�WKH�EUXQW�RI�QDWLRQDO�SROLF\��EHLQJ�D�UHIOHFWLRQ�RI�FKDQJLQJ
LGHRORJLHV�DV�JRYHUQPHQWV�DQG�QDWLRQDO�SULRULWLHV�FKDQJH�

6WXGHQW�FHQWUHG�OHDUQLQJ��LQFOXGLQJ�VWXGHQW�GHYHORSHG��ZRUN�EDVHG�DQG�SHUVRQDOLVHG�OHDUQLQJ��PD\�DOVR�EH�RI
JUHDWHU�VLJQLILFDQFH�WR�PHWURSROLWDQ�XQLYHUVLWLHV��L�H��WKRVH�WKDW�PLJKW�EH�PRVW�FRQFHUQHG�ZLWK�SURIHVVLRQDO
VNLOOV�GHJUHHV��ZKLFK�RIWHQ�EHQHILW�IURP�VXFK�DVSHFWV�RI�VWXGHQW�FHQWUHG�OHDUQLQJ��7KH�PHWURSROLWDQ�XQLYHUVLW\
LV�DW�WKH�IRUHIURQW�RI�WKHVH�DSSURDFKHV��DQG�FRXOG�SHUKDSV�LQFUHDVH�OHDUQLQJ�TXDOLW\��DQRWKHU�WRS���WKHPH��E\
WKH�PRUH�HIIHFWLYH�XVH�RI�WKRVH�WHFKQRORJLHV�VXLWDEOH�IRU�VXFK�SXUSRVHV��IRU�H[DPSOH�'DEEDJK�	�.LWVDQWDV�
������

:H�VHH�WKHVH��VWXGHQW�FHQWUHG��LVVXHV�HFKRHG�DFURVV�PXOWLSOH�WKHPHV�IRXQG�WKURXJK�WKH�OLWHUDWXUH�UHYLHZ�DQG
RWKHU�GDWD�IURP�WKLV�UHVHDUFK��DQG�LW�LV�GLIILFXOW�WR�VLQJOH�RXW�DQ\�RQH�WKHPH�DERYH�DQ\�RWKHU�LQ�WKLV�UHVSHFW�
+RZHYHU��QRWLQJ�WKDW�DW�OHDVW���RI�WKH�WRS���WKHPHV�DQDO\VHG�DUH�GLUHFWO\�UHOHYDQW�WR�WKLV�DUHD�LV�LQ�LWVHOI
GHPRQVWUDWLYH�RI�WKH�LPSDFW�RI�WHFKQRORJ\�LQ�WKHVH�SHGDJRJLFDO�DSSURDFKHV��,Q�FRQWUDVW��GDWD�GHULYHG�ERWK
IURP�WKH�OLWHUDWXUH�UHYLHZ�DV�ZHOO�DV�GDWD�IURP�5*��DQG�5*��JDYH�D�ZRUU\LQJ�SLFWXUH�DV�WR�VWXGHQW�LQSXW�DQG
HQJDJHPHQW�LQ�WKH�OHDUQLQJ�GHVLJQ�SURFHVV��)RU�H[DPSOH��%URZQ��������UHSRUWHG�WKDW�VWXGHQW�LQIOXHQFH�ZDV
PLQLPDO�LQ�HQFRXUDJLQJ�DFDGHPLFV�WR�XWLOLVH�ZHE�����DSSOLFDWLRQV��DQG�IURP�5*���RQO\�WZR�FRPPHQWV�ZHUH
PDGH�DERXW�VWXGHQW�LQSXW�b�RQH�QHJDWLYH��5*��ZHUH�QRW�HVSHFLDOO\�HQWKXVLDVWLF�DERXW�WHFKQRORJ\�XVH�LQ�WKHLU
OHDUQLQJ�HLWKHU��:KHWKHU�WKLV�LV�IXOO\�UHOHYDQW�WR�VWXGHQW�FHQWUHG�OHDUQLQJ�DV�D�SHGDJRJ\�LV�TXHVWLRQDEOH�
KRZHYHU��LW�GRHV�VKRZ�WKDW�RQ�WKH�JURXQG��dWKH�MXU\�LV�VWLOO�RXWe�

�

�



&RQFOXVLRQV�6XPPDU\
7KH�PDLQ�FRQFOXVLRQ�IURP�WKH�ILQGLQJV�LV�WKDW�LQVWLWXWLRQDO�VXSSRUW�WRJHWKHU�ZLWK�OHDUQLQJ�GHVLJQ
FRQVLGHUDWLRQV�DUH�SHUKDSV�WKH�PRVW�VLJQLILFDQW�IRUFHV�VXUURXQGLQJ�DGRSWLRQ�RI�7(/��DV�GULYHUV��ZKHQ�SUHVHQW�
DQG�UHVWUDLQHUV��ZKHQ�DEVHQW���7KH�QHHG�IRU�FHQWUDOLVHG�VXSSRUW�IRU�DFDGHPLFV�LQ�WHUPV�RI�WLPH�DQG
SURIHVVLRQDO�DVVLVWDQFH�LQ�RUGHU�WR�OHDUQ�QHZ�VNLOOV�DQG�GHYHORS�QHZ�FXUULFXOXP�DQG�FRXUVH�GHVLJQ�VR�DV�WR
PRVW�EHQHILW�IURP�SRWHQWLDO�XVHV�RI�WHFKQRORJ\�DSSHDUV�KLJKO\�VLJQLILFDQW�WR�WKDW�WHFKQRORJ\�EHLQJ�DGRSWHG�
+RZ�WKLV�LV�GRQH�SHUKDSV�UHPDLQV�WKH�FUX[�RI�WKH�LVVXH�

&RQFOXVLRQV�IURP�WKH�UHVHDUFK�PD\�LQ�SDUW�WKHQ�EH�bWHOOLQJ�XV�ZKDW�ZH�PLJKW�DOUHDG\�NQRZc�EXW�WKH�UHVHDUFK
PD\�DOVR�KDYH�KLJKOLJKWHG�D�QHHG�WR�WKLQN�PXFK�PRUH�DERXW�DSSURDFKHV�WR�DQDO\VLQJ�PXOWLSOH�VHWV�RI�GDWD
ZKLFK�DUH�UHOHYDQW�DV�D�ZKROH�WR�WKLV�ILHOG��7R�WKHQ�EH�DEOH�WR�SXW�WKDW�GDWD�WR�XVH�LQ�SUDFWLFDO�ZD\V�LQ�RUGHU�WR
KHOS�RYHUFRPH�WKH�LVVXHV�IRXQG�WR�EH�UHVWUDLQLQJ�7(/�DGRSWLRQ�UHPDLQV�WKH�FKDOOHQJH�

5HFRPPHQGDWLRQV�DUH�PDGH�DERXW�KRZ�WKH�5',�LQGLFDWRU��DORQJ�ZLWK�SULPDU\�VWDNHKROGHU�DQG�OLWHUDWXUH�GDWD�
FRQWH[WXDOO\�SULRULWLVHG��VXFK�DV�LQ�WKH�3UREOHPV�DQG�%HQHILWV�+LHUDUFK\�GHYHORSHG�KHUH��PLJKW�EH�XVHG�WR
GHOLYHU�VPDUW�WUDLQLQJ�WR�LQGLYLGXDO�SHUVRQDOLVHG�UHTXLUHPHQWV��7KH�RQOLQH�VXSSRUW�PRGHO�XVHG�E\�)DFHERRN
DQG�*RRJOH��HPSKDVLVLQJ�WKH�b]HUR�WROHUDQFH�WUDLQLQJc�RI�WKRVH�DSSOLFDWLRQV�ZKHQ�LQWURGXFLQJ�QHZ�IXQFWLRQV�RU
GHVLJQ�FKDQJHV�ZKLOVW�SURYLGLQJ�FRPSUHKHQVLYH�RQOLQH�KHOS�LQIRUPDWLRQ��LV�DOVR�SDUW�RI�UHFRPPHQGHG�ZD\V
IRUZDUG�GHVHUYLQJ�IXUWKHU�FRQVLGHUDWLRQ�LQ�UHODWLRQ�WR�SURYLGLQJ�WKH�bDOZD\V�RQc�VSHFLDOLVHG�VXSSRUW�WKDW
DFDGHPLFV�DQG�OLWHUDWXUH�H[SUHVV�D�QHHG�IRU��6PDUW�GHOLYHU\�GLVFXVVHG�HOVHZKHUH�LQ�WKH�OLWHUDWXUH�LV�XVHG�DV�D
FRPSDULVRQ�RI�VXFK�D�VKDUHG�VHFWRU�ZLGH�V\VWHP�EHLQJ�D�SRVVLELOLW\�

$�VXJJHVWLRQ�LV�PDGH�RI�D�VHSDUDWH�VWXG\�LQYROYLQJ�RQO\�PHWURSROLWDQ�XQLYHUVLWLHV��OLWHUDWXUH�DQG�SULPDU\�GDWD�
WR�IXUWKHU�HVWDEOLVK�LI�IRUFHV�GR�KDYH�SDUWLFXODU�VLJQLILFDQFH��DV�QR�GHILQLWLYH�RXWFRPHV�DUH�FOHDU�LQ�WKLV�UHVSHFW�
EH\RQG�ZKDW�PLJKW�EH�DVVXPHG�RI�DQ\�XUEDQ�LQVWLWXWLRQV�SHUFHLYHG�UHTXLUHPHQWV�

�

�

�



&RQFOXVLRQV�	�5HFRPPHQGDWLRQV
$OO�UHVHDUFK�LV�VXEMHFWLYHO\�LQWHUSUHWHG�WR�DQ�H[WHQW��LQ�DV�PXFK�DV�D�cUHDOLW\d�FDQ�RQO\�EH�H[SHULHQFHG�DQG
cNQRZQd�VXEMHFWLYHO\�DQG�LQWHUSUHWHG�VXEMHFWLYHO\�b�e�FULWLFDO�UHDOLVP��KROGV�WKDW�WKH�ZRUOG�LV�FKDUDFWHUL]HG�E\�D
NLQG�RI�GXDOLW\�LQ�ZKLFK��LQWUDQVLWLYH��REMHFWV�>g@�KDYH�WKHLU�RZQ�H[LVWHQFH��DQG�DJHQF\��RXWVLGH�RI�KXPDQ
NQRZOHGJH�DQG�LQWHUSUHWDWLRQ��EXW�FDQ�RQO\�EH�NQRZQ�LQ�WKHLU�VSHFLILF�FRQWHQWV��ULFK�WH[WXUHV��DQG�QXDQFHV�LQ
DQG�WKURXJK��WUDQVLWLYH��VFLHQWLILF�LQTXLU\�DQG�KXPDQ�LQWHUSUHWDWLRQ�FRQVWUXFWLRQf���+HGOXQG�GH�:LWW��������
7KLV�UHVHDUFK�XVHG�PL[HG�PHWKRGV��VRPH�RI�ZKLFK�PD\�KDYH�RYHU�UHOLHG�RQ�VXEMHFWLYH�LQWHUSUHWDWLRQ��WKRXJK
DWWHPSW�ZDV�PDGH�WR�VWDQGDUGLVH�WKRVH�LQWHUSUHWDWLRQV�ZLWK�D�VLPSOH�DSSURDFK�RI�FDWHJRULVDWLRQ�XVHG�IRU�DOO
TXDOLWDWLYH�GDWD��6RPH�TXDQWLWDWLYH�GDWD�FRXOG�RQO\�FRQWULEXWH�PRUH�OLPLWHG�LQSXW�WR�WKH�RYHUDOO�ILQGLQJV�
KRZHYHU�WKLV�ZDV�XVHIXO�WR�SURYLGH�IXUWKHU�FRQWH[W�

,W�ZDV�IHOW�WKDW�E\�ORRNLQJ�DW�OLWHUDWXUH�WKHPHV��DVVLJQLQJ�FRQWH[WXDO�FDWHJRULHV�WR�HDFK�WKHPH�DQG�WKHQ
FRQWUDVWLQJ�WKRVH�ZLWK�GDWD�GHULYHG�IURP�DFWXDO�SHRSOH�ZDV�D�XVHIXO�ZD\�RI�WKLQNLQJ�DERXW�KRZ�WR�FROOHFW�
DQDO\VH�DQG�LQWHUSUHW�VXFK�GDWD�RYHU�WLPH�DQG�IURP�D�ZLGHU�SRRO�RI�GDWD�VRXUFHV�LI�IXWXUH�UHVHDUFK�ZHUH�WR�EH
FRQGXFWHG��%\�FKDOOHQJLQJ�ZLWK�UHDO�IHHGEDFN�WKH�OLNHO\�FRPPRQ��PLV�LQWHUSUHWDWLRQV�RI�FXUUHQW�OLWHUDWXUH
UHVHDUFK��XVLQJ�LQWHUSUHWLYLVW�FRQWH[WXDO�FDWHJRULHV��PRUH�PLJKW�EHFRPH�NQRZQ�DERXW�ZKDW�PD\�DFW�DV�DQ
LQIOXHQFH�RYHU�WKRVH�LQGLYLGXDOV�WDNLQJ�DFFRXQW�RI�VXFK�GDWD�LQ�RUGHU�WR�GHYHORS�SROLF\��WHFKQLFDO�SURYLVLRQ�RU
WUDLQLQJ�DQG�VXSSRUW�IRU�7(/��:H�PLJKW�WKHQ�DFKLHYH�PRUH�HIIHFWLYH�DQG�VXVWDLQDEOH�VXSSRUW�SURYLVLRQ��7KLV�LV
FHQWUDO�WR�WKH�FRQFHSW�RI�GHYHORSLQJ�WKH�SULRULWLHV�KLHUDUFK\�XVHG�LQ�WKLV�UHVHDUFK��ZLWK�PXOWLSOH�W\SHV�RI�GDWD
DQDO\VHG�DV�D�ZKROH�

7KH�UHVXOWV�WKHPVHOYHV�VKRZHG�TXLWH�FOHDUO\�ZKLFK�ZHUH�WKH�WRS�VL[�WKHPHV�WKDW�ZHUH�PRVW�WDONHG�DERXW�DQG�RI
FRPPRQ�FRQFHUQ�RU�LQWHUHVW��*HQHUDOO\�VSHDNLQJ��FRQVLGHUDWLRQ�RI�LQVWLWXWLRQDO�VXSSRUW�DQG�OHDUQLQJ�GHVLJQ
PLJKW�EH�PRVW�UHOHYDQW�WR�WHFKQRORJ\�XSWDNH�LQ�OHDUQLQJ�DQG�WHDFKLQJ��ZLWK�WKH�SURYLVLRQ�RI�DOORFDWHG�WLPH�DQG
SURIHVVLRQDO�DVVLVWDQFH�WR�WKH�UHGHVLJQ�RI�FXUULFXOD��RU�cFRXUVHVd��LQ�UHODWLRQ�WR�EHVW�XVH�RI�WHFKQRORJLHV�EHLQJ
VHHQ�DV�PRVW�XVHIXO�WR�HQFRXUDJH�PRUH�XSWDNH�RI�XVHV�RI�WHFKQRORJ\�LQ�WHDFKLQJ�VFHQDULRV�

7(/�VXSSRUW��QRZ��LQ�WKH�IXWXUH
,W�LV�EHFRPLQJ�ZLGHO\�DFFHSWHG�WKDW�SURYLGLQJ�IDFH�WR�IDFH�VXSSRUW�IRU�DFDGHPLF�VWDII��ZKHWKHU�LW�EH�IRU�,&7
WUDLQLQJ�RU�IRU�H�OHDUQLQJ�WUDLQLQJ��LV�QR�ORQJHU�VXVWDLQDEOH��7D\ORU�	�1HZWRQ���������7KLV�PD\�EH�SDUWLFXODUO\
WUXH�IRU�WKH�PHWURSROLWDQ�XQLYHUVLW\��ZKR�KDYH�OHVV�VWUDWHJLFDOO\�DOORFDWHG�IXQGLQJ��WHQG�WR�XVH�PRUH�SDUW�WLPH
RU�YLVLWLQJ�OHFWXUHUV��DQG�PD\�KDYH�RWKHU�UHVWULFWLRQV�VXFK�DV�ROGHU�WHFKQLFDO�LQIUDVWUXFWXUH��&RQWLQXLQJ�WR
GHYHORS�VXFK�WUDLQLQJ�DQG�VXSSRUW��RIWHQ�DLPHG�DW�D�JHQHULF�cHYHU\RQHd��ULVNV�WKH�GLVHQJDJHPHQW�RI�PDQ\
VWDNHKROGHUV��0RVHU���������DQG�LV�WKHUHIRUH�QRW�RQO\�XQVXVWDLQDEOH�EXW�DOVR�LQHIIHFWLYH���WKRXJK�WKLV�PD\
GHVHUYH�IXUWKHU�UHVHDUFK���7ZR�FRQFHSWV�PLJKW�EH�FRQVLGHUHG�LQ�UHODWLRQ�WR�WUDLQLQJ�VXSSRUW�SURYLVLRQ��LQ�WKH
OLJKW�RI�XQVXVWDLQDEOH�FXUUHQW�PRGHOV��DQG�JHQHULF�XQIRFXVHG�WUDLQLQJ��WKH�FRQFHSW�RI�WKH�c]HUR�WROHUDQFH
WUDLQLQJ�ZLQGRZd��DQG�WKH�LGHD�RI�cVPDUW�WUDLQLQJd�GHOLYHU\�

7KH�b]HUR�WROHUDQFH�WUDLQLQJ�ZLQGRZc�LQ�WKLV�FDVH�UHIHUV�WR�WKH�WROHUDQFH�OHYHO�E\�WKH�LPSOHPHQWRU�RI�D
WHFKQRORJ\�DSSOLFDWLRQ�WRZDUGV�WKH�XVHUV�RI�WKDW�DSSOLFDWLRQ��DQG�WKH�WLPH�ZLQGRZ�LW�PD\�WDNH�WR�WUDLQ�WKHP�WR
XVH�WKDW�DSSOLFDWLRQ��WKH�WUDLQLQJ�ZLQGRZ���7KH�H[SUHVVLRQ�VHHNV�WR�HQFRPSDVV�DQ�LGHD�RI�D�OHYHO�RI�WROHUDQFH
WRZDUGV�XVHUV�E\�WKRVH�LPSOHPHQWLQJ�WHFKQRORJLFDO�DSSOLFDWLRQV��QRW�WROHUDQFH�E\�XVHUV��RI�WKH�HDVH�RI�XVH�DQG
SHUFHLYHG�HDVH�RI�XVH�RI�DQ�DSSOLFDWLRQ��7KLV�W\SH�RI�DSSURDFK�LV�LQFUHDVLQJO\�XWLOLVHG�E\�SRSXODU�RQOLQH
SODWIRUPV�VXFK�DV�)DFHERRN��*RRJOH�RU�RWKHUV�OLNH�'HO�LFLR�XV��DQG�XVHG�LQ�FRQMXQFWLRQ�ZLWK�FRPSUHKHQVLYH
RQOLQH�KHOS�V\VWHPV��DSSHDUV�WR�EH�JURZLQJ�LQ�SRSXODULW\�DV�D�ZD\�WR�GHDO�ZLWK�FKDQJH�LQ�FRQQHFWLRQ�ZLWK�XVLQJ



WHFKQRORJ\�WR�DFKLHYH�WDVNV�

7KH�FRQFHSW�RI�bVPDUW�WUDLQLQJc�KHUH�LV�UHIHUUHG�WR�DV�D�PHWKRG�E\�ZKLFK�WUDLQLQJ�FDQ�EH�UHFRPPHQGHG�DQG
GHOLYHUHG�WR�WKH�SHUVRQDOLVHG�VSHFLILF�UHTXLUHPHQWV�RI�D�XVHU��LQ�SDUW�EDVHG�RQ�GDWD�JDWKHUHG�IURP�XVH�RI
RQOLQH�DSSOLFDWLRQV��RU�SURILOHV�EXLOW�XS�WKURXJK�MRE�DSSOLFDWLRQ�GDWD�JDWKHULQJ�RU�LQ�VRPH�VLPLODU�ZD\��,W�ZRXOG
ZRUN�LQ�WKH�VDPH�ZD\�DV�V\VWHPV�VXFK�DV�6SRWLI\��*RRJOH�SHUVRQDOLVHG�VHDUFK��RU�DQ�$PD]RQ�SXUFKDVH�KLVWRU\�

c=HUR�7ROHUDQFH�7UDLQLQJd

/RRNLQJ�WR�RWKHU�DUHDV�RI�FRPSXWHU�OLIH��LW�PLJKW�EH�RI�YDOXH�WR�LQYHVWLJDWH�DSSURDFKHV�QRZ�EHLQJ�WDNHQ�E\
RWKHUV�LQ�UHODWLRQ�WR�WHDFKLQJ�XVHUV�DERXW�WHFKQRORJ\�DSSOLFDWLRQV��7KH�H[DPSOH�RI�)DFHERRN��ZKLFK�DSSHDUV�WR
KDYH�ZKDW�PLJKW�EH�WHUPHG�D�c]HUR�WROHUDQFH�WUDLQLQJ�ZLQGRZd�WR�LWV�SHUVLVWHQW�XVHU�LQWHUIDFH�DQG�IXQFWLRQDOLW\
FKDQJHV�LV�D�SRVVLEOH�DUHD�RI�QHZ�UHVHDUFK�ZKLFK�FRXOG�IXUWKHU�LQYHVWLJDWH�WKH�UHODWLRQVKLS�EHWZHHQ�WHFKQLFDO
DSSOLFDWLRQV�SXUSRVH��IXQFWLRQDOLW\�DQG�UHTXLUHG�VNLOOV��DQG�WKH�LQWHQGHG�XVHU�JURXSV�IRU�WKRVH�DSSOLFDWLRQV��,Q
WKH�FDVH�RI�)DFHERRN�LW�DSSHDUV�WKDW�cSHUFHLYHG�XVHIXOQHVVd�RXWZHLJKV�cHDVH�RI�XVHd��'DYLV���������L�H��WKH
SHUVLVWHQW�FKDOOHQJHV�RI�LQWHUIDFH�FKDQJH�LQ�UHODWLRQ�WR�SUHYLRXV�IDPLOLDULW\�LV�DFFHSWHG�E\�WKH�XVHU��DQG�WKH
OHDUQLQJ�RI�QHZ�IXQFWLRQV��LQWHUIDFH�OD\RXWV�DQG�VHWWLQJV�LV�D�FRQVWDQW�H[SHULHQFH��ZLWK�QR�DSSDUHQW�HQG��7KH
XVHU�DFFHSWV�WKLV�FRQGLWLRQ�RI�XVLQJ�WKH�DSSOLFDWLRQ�DV�WKH\�GHHP�LWV�XVHIXOQHVV�WR�RXWZHLJK�WKH�LQFRQYHQLHQFH
RI�FRQVWDQW�DQG�SHUVLVWHQW�HDVH�RI�XVH�FKDOOHQJHV�

7KLV�WHOOV�XV�PXFK�DERXW�QHZ�DWWLWXGHV�WRZDUGV�XVLQJ�cYHU\�XVHIXOd�WHFKQRORJ\��*RRJOH�DOVR�HPSOR\�VLPLODU
WHFKQLTXHV�WR�FKDQJHV�DQG�DGGLWLRQV�WR�WKHLU�VHUYLFHV��ZLWK�VRPH�FDYHDW���%RWK�WKHVH�WHFKQRORJLHV��DUJXDEO\
WKH�ODUJHVW�RI�WKH�,QWHUQHW��KDYH�DOVR�FUHDWHG�H[WHQVLYH�RQOLQH�VXSSRUW��ZLWK�RIWHQ�KLJKO\�HIIHFWLYH�VHDUFK
PHFKDQLVPV�WR�DLG�D�XVHU�LQ�WKHLU�DELOLW\�WR�VROYH�D�SUREOHP�ZKLOH�XVLQJ�WKH�WHFKQRORJ\��*RRJOH�XVHU�VXSSRUW
IRUXPV�DUH�VRPHWLPHV�VXSSRUWHG�E\�*RRJOH�HPSOR\HHV��WKRXJK�QRW�RIWHQ�LQ�UHODWLRQ�WR�QXPEHUV�RI�XVHUV��DQG
)DFHERRN�DOVR�UDUHO\�VXSSRUW�WKHLU�XVHU�IRUXPV��SHUKDSV�DJDLQ�EHFDXVH�RI�VKHHU�QXPEHUV�RI�XVHU�TXHULHV��VR
XVHUV�DUH�OHIW�WR�KHOS�HDFK�RWKHU��)DFHERRN�DQG�*RRJOH�GR�QRW�RIWHQ�HYHQ�DQQRXQFH�QHZ�FKDQJHV�SULRU�WR
LPSOHPHQWLQJ�WKHP��<HW��DIWHU�D�VKRUW�SHULRG�RI�FRPSODLQW�E\�WKH�XVHUV��QHZ�FKDQJHV�DUH�HPEUDFHG�DQG�ODWHU
IXOO\�DFFHSWHG�LQWR�WKH�XVHU�H[SHULHQFH�DV�VWDQGDUG��,Q�WKLV�WKH�UHOLDQFH�LV�RQ�XVHU�cVHOI�WUDLQLQJd��QRW�WKH
SURYLVLRQ�RI�WUDLQLQJ�E\�RWKHUV�WRZDUGV�XVHUV�

7KHUHIRUH��LW�PLJKW�EH�VDLG�WKDW�)DFHERRN�DQG�*RRJOH�KDYH�]HUR�WROHUDQFH�WRZDUGV�WKHLU�XVHUV�LQ�UHODWLRQ�WR
DQ\�SHULRG�IRU�OHDUQLQJ�QHZ�LQWHUIDFHV�RU�IXQFWLRQV��,W�VKRXOG�EH�QRWHG�WKDW�WKH�WLPH�LW�WDNHV�IRU�XVHUV�WR�DGRSW
QHZ�LQWHUIDFH�IDPLOLDULW\�LV�EHFRPLQJ�VKRUWHU��WKRXJK�PD\�PHULW�IXUWKHU�UHVHDUFK��3HUFHLYHG�XVH�DQG�HDVH�RI
XVH�LQ�UHODWLRQ�WR�DQ�DSSOLFDWLRQ�DUH�GHPRQVWUDEO\�RI�VLJQLILFDQW�LPSRUWDQFH�LQ�UHODWLRQ�WR�IXWXUH�WUDLQLQJ�DQG
VXSSRUW�PRGHOV�IRU�DQ\�WHFKQLFDO�DSSOLFDWLRQ��DQG�WKLV�ZRXOG�DOVR�DSSO\�WR�DQ\�7(/��LQFOXGLQJ�SHGDJRJLFDO
DVSHFWV��ZKLFK�PLJKW�EH�SDUW�RI�WKH�SHUFHLYHG�XVHIXOQHVV��7KLV�PD\�SURYH�D�ULFK�YHLQ�RI�IXWXUH�UHVHDUFK�

6PDUW�7UDLQLQJ

0XFK�RI�H[LVWLQJ�IDFH�WR�IDFH�WUDLQLQJ�ZRXOG�DOVR�LQ�PRVW�FDVHV�EH�RIIHUHG�UHJDUGOHVV�RI�SDUWLFLSDQW�OHYHO�RI
WHFKQLFDO�HIILFDF\��DZDUHQHVV�DQG�VNLOOV���DQG�WKLV�PD\�EH�DQRWKHU�UHDVRQ�WR�DGG�WR�WKRVH�ZKLFK�LQGLFDWH�WKDW
QHZ�DSSURDFKHV�DUH�QHHGHG�WR�WHFKQLFDO�DQG�7(/�VXSSRUW�DQG�WUDLQLQJ�SURYLVLRQ��7KLV�WKLQNLQJ�LV�ZKDW�ZDV
FHQWUDO�WR�WKH�GHYHORSPHQW�RI�WKH�5RJHUV�'LIIXVLRQ�RI�,QQRYDWLRQV�LQGLFDWRU�IURP�5*��GDWD��ZKLFK�DGGHG
WHFKQLFDO�HIILFDF\�IDFWRUV�WR�WKH�5RJHUV�$GRSWHU�&DWHJRULHV��5RJHUV���������������,Q�HVVHQFH�WKLV�WXUQHG�RXW�WR
DOPRVW�IRUP�D�VHSDUDWH�DUP�RI�WKH�UHVHDUFK��WKRXJK�GLG�DGG�YDOXH�WR�UHVSRQVHV�JLYHQ�WR�TXHVWLRQ�VHWV�WKDW
ZHUH�XVHG�LQ�WKH�GHILQLWLRQ�RI�ZKHWKHU�D�WKHPH�ZDV�D�SUREOHP�RU�D�EHQHILW��:KDW�EHJDQ�WR�EHFRPH�DSSDUHQW
ZDV�WKDW�WKH�GDWD�EHLQJ�FRPSLOHG�ZKLFK�IRUPHG�HDFK�WHFKQRORJ\�SURILOH�ZDV�RI�LWVHOI�XVHIXO��SRWHQWLDOO\��,I�WKLV



NLQG�RI�GDWD�ZDV�GHYHORSHG�RQ�D�ODUJH�HQRXJK�VFDOH��SHUKDSV�LW�PLJKW�EHFRPH�SRVVLEOH�WR�SURYLGH�D�V\VWHP
ZKHUHE\�cWKH�WUDLQLQJ�ILQGV�\RXd��7KLV�FRXOG�ZRUN�RQ�WKH�VDPH�EDVLV�DV�DQ\�VPDUW�VHDUFK��VPDUW�PHGLD
SURYLVLRQ�RU�HYHQ�VPDUW�DGYHUWLVLQJ�GHOLYHU\�PRGHO��7DWH�	�.OHLQ�&ROOLQV��������UHIHU�LQ�VRPH�GHSWK�WR�QHZ
LQIRUPDWLRQ�WHFKQRORJ\�V\VWHPV�EHLQJ�XVHG�LQ�WKH�86$�WR�KHOS�VWXGHQWV�DQG�RWKHUV�PDNH�PXFK�EHWWHU�LQIRUPHG
GHFLVLRQV�DERXW�ZKHUH�DQG�ZKDW�WR�VWXG\�IRU�WKHLU�GHJUHHV��eg�7�KHUH�DUH�DOVR�RWKHU�RQOLQH�UHVRXUFHV�WKDW�>g@
PDWFK�WKH�VWXGHQW�WR�FDUHHU�SDWKZD\V�DQG�HGXFDWLRQDO�SURJUDPV�WKDW�EXLOG�RQ�WKH�VWXGHQWdV�H[LVWLQJ�VNLOOV�DQG
NQRZOHGJH�f�*LYLQJ�DQ�H[DPSOH�RI�WKH�0LQQHVRWD�6WDWH�&ROOHJHV�DQG�8QLYHUVLWLHV�6\VWHP��ZLWK�OLQNV�WR�WKH
9(76�LQLWLDWLYH��ZKLFK�VKRZV�H[�RU�IXWXUH�PLOLWDU\�SHUVRQQHO�eKRZ�WKHLU�PLOLWDU\�WUDLQLQJ�FDQ�FRXQW�IRU�FUHGLW�DW
0LQQHVRWD�6WDWH�&ROOHJHV�DQG�8QLYHUVLWLHV�LQVWLWXWLRQVf��WKLV�GHPRQVWUDWHV�WKH�YDOXH�RI�cVPDUWd�GDWD�SURYLVLRQ
EDVHG�RQ�SULRU�GDWD�EHLQJ�DYDLODEOH�DERXW�WKH�LQGLYLGXDO��7KRXJK�WKLV�LV�QRW�GLUHFWO\�FRQQHFWHG�WR�WUDLQLQJ�DQG
VXSSRUW�RI�7(/��LW�VKRZV�WKH�SRZHU�RI�VPDUW�GDWD��DQG�KRZ�GHOLYHU\�RI�SURGXFWV�RU�VHUYLFHV�GLUHFWO\�UHOHYDQW
DQG�DSSOLFDEOH�WR�WKH�LQGLYLGXDO�PDNHV�IRU��SRWHQWLDOO\��PXFK�PRUH�HIIHFWLYH�XVH�RI�WKRVH�VHUYLFHV�RU�SURGXFWV�
,I�WKLV�DSSURDFK�FRXOG�EH�WDNHQ�WR�WKH�GHOLYHU\�RI�VXSSRUW�WR�WKH�LQGLYLGXDO�IRU�LQFUHDVLQJ�WKHLU�XVH�RI�7(/�
EDVHG�RQ�WKHLU�WHFKQLFDO�HIILFDFLHV��VXEMHFW�GLVFLSOLQH�DQG�RWKHU�UHOHYDQW�IDFWRUV��LW�PD\�EH�SRVVLEOH�WR�SURYLGH
WKHP�ZLWK�PXFK�PRUH�IRFXVHG�DQG�DSSURSULDWH�W\SHV�RI�VXSSRUW��7KH�5',�LQGLFDWRU�LV�DQ�DWWHPSW�DW
VWDQGDUGLVLQJ�D�VHW�RI�WHFKQLFDO�HIILFDFLHV��SODFLQJ�WKHP�DORQJVLGH�5RJHUV�RWKHU�WUDLWV�IRU�$GRSWHU�&DWHJRULHV
DQG�ZLWK�VRPH�DGGLWLRQDO�SURIHVVLRQDO�LQIRUPDWLRQ�FRQFHUQLQJ�MRE�UROH�HWF��FRXOG�IRUP�DQ�RYHUDOO�7HFKQRORJ\
3URILOH�IRU�HDFK�HPSOR\HH��RQ�ZKLFK�WUDLQLQJ�DQG�VXSSRUW�QHHGV�PLJKW�LQ�SDUW�EH�EDVHG�DQG�GHOLYHUHG�RQOLQH�DV
VXJJHVWLRQV�WR�WKH�HPSOR\HH�

$IWHU�LQLWLDO�GDWD�JDWKHULQJ��DSSOLFDWLRQ�GHYHORSPHQW�DQG�LPSOHPHQWDWLRQ�LQYHVWPHQW�WLPH�DQG�FRVWV�RI�VXFK�D
V\VWHP�KDG�EHHQ�PHW��D�PRUH�ORQJ�WHUP�VROXWLRQ�PLJKW�EH�FRQVHTXHQWO\�GHYHORSHG�RYHU�WLPH��7KLV�PLJKW�WKHQ
EH�VKDUHG�E\�DOO�LQVWLWXWLRQV��WKHUHE\�DOVR�VKDULQJ�FRVW�DQG�HYHQ�VXSSRUW�V\VWHPV�DQG�VHVVLRQV�WKHPVHOYHV
EHWZHHQ�LQVWLWXWLRQV��LQ�WKH�ZD\�WKDW�VKDUHG�UHVRXUFHV�IRU�OHDUQLQJ�PDWHULDOV�RU�OLEUDU\�GDWD�UHSRVLWRULHV�DV
GLVFXVVHG�LQ�WKH�7RZHU�DQG�WKH�&ORXG���YDULRXV��������RU�WKH�VKDUHG�,7�DQG�OLEUDU\�LQIUDVWUXFWXUHV�RI�&ROXPELD
8QLYHUVLW\�DQG�&RUQHOO�8QLYHUVLW\�GLVFXVVHG�E\�2EOLQJHU�LQ�*DPH�&KDQJHUV��������

7KH�3UREOHPV�DQG�%HQHILWV�+LHUDUFK\
7KH�3UREOHPV�DQG�%HQHILWV�+LHUDUFK\�GHYHORSHG�IURP�WKLV�UHVHDUFK�SURMHFW�ZDV�D�UHDVRQDEOH�VXFFHVV��LQ�WKDW�LW
GLG�VKRZ�D�SRVVLEOH�ZD\�WR�HYDOXDWH�IDFWRUV�RI�FRQFHUQ�LQ�UHODWLRQ�WR�WHFKQRORJ\�HQKDQFHG�OHDUQLQJ��DQG�LQ
VRPH�ZD\�LQGLFDWH�ZKHWKHU�WKH\�ZHUH�SHUFHLYHG�DV�SUREOHPV�RU�EHQHILWV�DQG�WKH�FRQWH[WXDO�VHWWLQJ�IRU�WKDW
SHUFHSWLRQ��7KRXJK�UDWKHU�SULPLWLYH�LQ�WHUPV�RI�DFDGHPLF�ULJRXU�RU�UREXVW�DQDO\VLV�PHFKDQLVPV��WKHUH�LV�VWLOO
ZRUWK�LQ�WKH�RYHUDOO�KLHUDUFK\�DV�D�FRQFHSW�RQ�ZKLFK�WR�EDVH�SRWHQWLDO�IXUWKHU�UHVHDUFK�

7KH�3%+�SRVHV�SRVVLEO\�PRUH�TXHVWLRQV�WKDQ�LW�DQVZHUV��%XW�WKHVH�DUH�XVHIXO�TXHVWLRQV��LQ�WHUPV�RI�KRZ�GDWD
ZKLFK�FDQ�EH�VR�ZLGHO\�YDULHG�LQ�LWV�SHUFHSWLRQ��IRU�H[DPSOH��ZKDW�PLJKW�DFWXDOO\�FRQVWLWXWH�D�JRRG�7(/
VXSSRUW�VHVVLRQ��DQG�KRZ�WKDW�GDWD�PLJKW�EH�PHDVXUHG�DQG�LQWHUSUHWHG�ZLWKLQ�D�PRUH�IL[HG�VHW�RI�FULWHULD��7KH
FRQWH[WXDO�FDWHJRULHV��ERWK�WKH�UHDO��LPDJLQHG��LQWHUPLWWHQW��SHUVLVWHQW�DQG�OHJDF\�RI�WKH�3%+�LWVHOI��DQG�WKH
cVXE�FDWHJRULHVd�XVHG�WR�LQIRUP�WKRVH��VHH�&RQWH[WXDO�FDWHJRULHV�WR�7KHPH�&RUUHODWLRQ��ZHUH�RYHUDOO�GHHPHG�WR
EH�WKH�PRVW�VLJQLILFDQW�DQG�XVHIXO�DVSHFW�RI�WKH�FULWHULD�XVHG�WR�GHYHORS�WKH�3%+��DQG�ZRXOG�PHULW�IXUWKHU
GHYHORSPHQW�VR�DV�WR�EH�PRUH�UREXVW�DQG�DEOH�WR�EH�DFFXUDWHO\�DQG�UHSHDWDEO\�XVHG�E\�LQGLYLGXDOV�QRW�GLUHFWO\
FRQQHFWHG�ZLWK�WKLV�UHVHDUFK��L�H��WR�EH�XVHG�LQGHSHQGHQWO\�RI�WKH�UHVHDUFKHU�ZKR�GHYHORSHG�WKHP���:KLOVW
RWKHU�UHVSRQVH�FDWHJRU\�FULWHULD�ZHUH�XVHG�WR�LQLWLDOO\�FDWHJRULVH�FRPPHQWV�IURP�5*��DQG�5*���SHUKDSV�PRUH
LGHDOO\��WKLV�W\SH�RI�GLVFRXUVH�TXDOLWDWLYH�GDWD�ZRXOG�LQ�IXWXUH�EH�FDWHJRULVHG�RQO\�XVLQJ�WKH�VDPH�FRQWH[WXDO
FDWHJRULHV�DV�WKRVH�XVHG�IRU�WKH�OLWHUDWXUH��DQG�ZKLFK�ZHUH�XVHG�KHUH�DV�D�VHFRQGDU\�PDWFK�WR�WKH�UHVSRQVH
FULWHULD��7KLV�ZRXOG�EH�PRUH�GLIILFXOW��EXW�ZRXOG�DOVR�KHOS�WR�GHYHORS�WKH�FRQWH[WXDO�FDWHJRULHV�WR�EH�PRUH

http://webteach.penworks.net/research/lit-analysis/#cat-theme-correlation


HIILFLHQW�LQ�D�QXPEHU�RI�TXDOLWDWLYH�GDWD�HQYLURQPHQWV�

7KH�3%+�DOVR�KLJKOLJKWHG�WKH�TXHVWLRQ�RI�KRZ�WR�TXDQWLI\�DQG�LQWHUSUHW�D�WKHPH�WKDW�LV�ERWK�D�SUREOHP�DQG�D
EHQHILW��DQG�XVH�RI�FRQWH[WXDO�FDWHJRULHV�DJDLQ�EHFRPHV�VLJQLILFDQW��DV�WKH�UDQNLQJ�LQ�WKRVH�FDWHJRULHV��LI
VHSDUDWHG�LQWR�SUREOHP�DQG�EHQHILW�FRQWH[WV��ZRXOG�GHILQH�WKH�SUHGRPLQDQFH�RI�ZKHWKHU�WKH�WKHPH�EHLQJ
DQDO\VHG�ZDV�RYHUDOO�D�SUREOHP�RU�D�EHQHILW��7KLV�VWXG\�ZDV�WRR�OLPLWHG�LQ�QDWXUH�WR�KDYH�EHHQ�DEOH�WR�JR
GHHSHU�LQWR�WKH�GDWD��DQG�WKH�GDWD�LWVHOI�ZDV�WRR�OLPLWHG�LQ�YROXPH��EXW�ZLWK�D�ODUJHU�VWXG\��WKLV�ZRXOG�EH
SRVVLEOH�DQG�OLNHO\�SURYLGH�XVHIXO�LQIRUPDWLRQ�WR�IXUWKHU�LQIRUP�WKH�LQWHUSUHWDWLRQ�RI�WKH�PRVW
VLJQLILFDQW�SUREOHPV�DQG�EHQHILWV��WKHUHE\�HVWDEOLVKLQJ�PRUH�FOHDUO\�WKH�VWURQJHVW�GULYLQJ�DQG�UHVWUDLQLQJ
IRUFHV�RI�XSWDNH�RI�WHFKQRORJ\�LQ�OHDUQLQJ�DQG�WHDFKLQJ�

$�ILQDO�FRQFOXVLRQ�LV�WKDW�GULYLQJ�DQG�UHVWUDLQLQJ�IRUFHV�LQ�UHODWLRQ�WR�7(/�XSWDNH�WKDW�PLJKW�KDYH�SDUWLFXODU
UHOHYDQFH�WR�PHWURSROLWDQ�XQLYHUVLWLHV�PD\�EHVW�EH�VSHFLILHG�E\�WKH�GLIIHUHQFHV�EHWZHHQ�PHWURSROLWDQ
XQLYHUVLWLHV�DQG�RWKHU�LQVWLWXWLRQV��IRU�UHVRXUFHV��UHSXWDWLRQ�DQG�PLVVLRQ�VWDWHPHQW��7KHVH�IDFWRUV�DUH
VLJQLILFDQW�LQ�WKDW�WKH\�DUH�WKH�GHILQLQJ�FRQWUROOHUV�RI�IXQGLQJ��SXUSRVH�DQG�UHPLW��DQG�ZRXOG�EH�DW�WKH�FRUH�RI
IRU�H[DPSOH�WKH�DSSURDFK�WR�WKH�GLYHUVLW\�RI�WKH�VWXGHQW�SRSXODWLRQ��WKH�VWXGHQW�H[SHULHQFH��WKH�UHVRXUFHV
DYDLODEOH�IRU�OHDUQLQJ��WHDFKLQJ��DVVHVVPHQW�DQG�VWXGHQW�OLIH��DQG�WKH�SHGDJRJLFDO�DSSURDFKHV�WKDW�PD\�RU�PD\
QRW�HQFRXUDJH�WKH�XVHV�DQG�SRWHQWLDOV�RI�7(/��3HUKDSV�WKHUHIRUH��D�VWXG\�XQGHUWDNHQ�ZLWK�RQO\�PHWURSROLWDQ
XQLYHUVLWLHV�PLJKW�WHOO�XV�PRUH��ZKLFK�ZRXOG�ILUVW�UHTXLUH�D�FOHDU�GHILQLWLRQ�RI�ZKDW�D�PHWURSROLWDQ�XQLYHUVLW\�LV
�DQG�LVQdW��

�

�



5HIHUHQFHV

/LWHUDWXUH�5HYLHZ

$OWEDFK��3��5HLVEHU��/���DQG�5XPEOH\��/���������7UDFNLQJ�DQ�$FDGHPLF�5HYROXWLRQ��5HSRUW�IRU�WKH�81(6&2��
�����:RUOG�&RQIHUHQFH�LQ�+LJKHU�(GXFDWLRQ��81(6&2

7HDFKLQJ��/HDUQLQJ�DQG�$VVHVVPHQW��FK��
,QIRUPDWLRQ�&RPPXQLFDWLRQV�7HFKQRORJLHV�DQG�'LVWDQFH�(GXFDWLRQ��FK���

%R\V��-�DQG�)RUG��3��������g7KH�H�5HYROXWLRQ�DQG�3RVW�&RPSXOVRU\�(GXFDWLRQ�8VLQJ�H�EXVLQHVV�PRGHOV�WR��
GHOLYHU�TXDOLW\�HGXFDWLRQh��$ELQJGRQ��8.�DQG�1HZ�<RUN��86$��-,6&��5RXWOHGJH
%URZQ��6��������g6HHLQJ�:HE�����LQ�FRQWH[W��$�VWXG\�RI�DFDGHPLF�SHUFHSWLRQVh��,QWHUQHW�DQG�+LJKHU��
(GXFDWLRQ�������������d����(OVHYLHU
']LXEDQ��&���0RVNDO��3��.UDPHU��/��7KRPSVRQ��-��������6WXGHQW�VDWLVIDFWLRQ�ZLWK�RQOLQH�OHDUQLQJ�LQ�WKH��
SUHVHQFH�RI�DPELYDOHQFH��/RRNLQJ�IRU�WKH�ZLOO�Rf�WKH�ZLVS��86$��,QWHUQHW�DQG�+LJKHU�(GXFDWLRQ����������
�d���(OVHYLHU
']LXEDQ��&���0RVNDO��3��������$�FRXUVH�LV�D�FRXUVH�LV�D�FRXUVH��)DFWRU�LQYDULDQFH�LQ�VWXGHQW�HYDOXDWLRQ�RI��
RQOLQH��EOHQGHG�DQG�IDFH�WR�IDFH�OHDUQLQJ�HQYLURQPHQWV��86$��,QWHUQHW�DQG�+LJKHU�(GXFDWLRQ����������
���d�����(OVHYLHU
*UD\��.�HW�DO��������:HE�����DXWKRUVKLS��,VVXHV�RI�UHIHUHQFLQJ�DQG�FLWDWLRQ�IRU�DFDGHPLF�LQWHJULW\���
8.��,QWHUQHW�DQG�+LJKHU�(GXFDWLRQ��������������d���
+cNNLQHQ��3�	�+cPcOcLQHQ��5��������6KDUHG�DQG�SHUVRQDO�OHDUQLQJ�VSDFHV��&KDOOHQJHV�IRU�SHGDJRJLFDO��
GHVLJQ��,QWHUQHW�DQG�+LJKHU�(GXFDWLRQ��������������d�����(OVHYLHU
+D\HV��5��������([SORULQJ�'LVFRXQW�8VDELOLW\�0HWKRGV�WR�$VVHVV�WKH�6XLWDELOLW\�RI�2QOLQH�&RXUVH�'HOLYHU\��
3URGXFWV��7KH�,QWHUQHW�DQG�+LJKHU�(GXFDWLRQ������������������(OVHYLHU
+HLMVWUD��7�0��5DIQVGRWWLU��/�*��������g7KH�,QWHUQHW�DQG�DFDGHPLFVf�ZRUNORDG�DQG�ZRUNdIDPLO\�EDODQFHh�
,QWHUQHW�DQG�+LJKHU�(GXFDWLRQ��������������d�����(OVHYLHU
.DW]��5��HW�DO��������h7KH�7RZHU�DQG�7KH�&ORXG��+LJKHU�(GXFDWLRQ�LQ�WKH�$JH�RI�&ORXG�&RPSXWLQJh�86$���
(GXFDXVH

+LJKHU�(GXFDWLRQ�DQG�,QIRUPDWLRQ�7HFKQRORJ\��$�0DWWHU�RI�0LVVLRQ��,QIRUPDWLRQ�7HFKQRORJ\�DQG�WKH
)XWXUH�RI�+LJKHU�(GXFDWLRQ��&OLIIRUG�$��/\QFK��S������
2SHQ�,QIRUPDWLRQ��2SHQ�&RQWHQW��2SHQ�6RXUFH��&XOWXUDO�DQG�2UJDQL]DWLRQDO�'ULYHUV�RI�2SHQ
(GXFDWLRQDO�&RQWHQW�0DOFROP�5HDG��S��������
6FKRODUVKLS�LQ�D�&ORXG\�:RUOG��7KH�7RZHU��WKH�&ORXG��DQG�3RVWHULW\�5LFKDUG�1��.DW]�DQG�3DXO�%�
*DQGHO��S��������

.XNXOVND�+XOPH��$��������+RZ�VKRXOG�WKH�KLJKHU�HGXFDWLRQ�ZRUNIRUFH�DGDSW�WR�DGYDQFHPHQWV�LQ���
WHFKQRORJ\�IRU�WHDFKLQJ�DQG�OHDUQLQJ"��8.��,QWHUQHW�DQG�+LJKHU�(GXFDWLRQ��������������d�����(OVHYLHU
0H\HU��.�DQG�0F1HDO��/��������$FDGHPLFV�RQOLQH��7KHLU�LQWHUHVWV�DQG�IRLEOHV��8.��,QWHUQHW�DQG�+LJKHU���
(GXFDWLRQ��������������d���
1HZWRQ��'�DQG�7D\ORU��-���������%H\RQG�EOHQGHG�OHDUQLQJ��$�FDVH�VWXG\�RI�LQVWLWXWLRQDO�FKDQJH�DW�DQ���
$XVWUDOLDQ�UHJLRQDO�XQLYHUVLW\��8.��,QWHUQHW�DQG�+LJKHU�(GXFDWLRQ�������������d����(OVHYLHU
2EOLQJHU��'�HG��������g*DPH�&KDQJHUV��(GXFDWLRQ�DQG�,QIRUPDWLRQ�7HFKQRORJ\h��86$��(GXFDXVH���

,7�DV�D�*DPH�&KDQJHU��'LDQD�*��2EOLQJHU��FK��
,7�,QQRYDWLRQV�DQG�WKH�1RQWUDGLWLRQDO�/HDUQHU��3DPHOD�7DWH�	�5HEHFFD�.OHLQ�&ROOLQV��FK��
7KH�3RVWPRGDOLW\�(UD��+RZ�b2QOLQH�/HDUQLQJc�,V�%HFRPLQJ�b/HDUQLQJc��7KRPDV�%��&DYDQDJK��FK���

6LHPHQV��*�DQG�7LWWHQEXUJHU��3��������g+DQGERRN�RI�(PHUJLQJ�7HFKQRORJLHV�IRU�/HDUQLQJh����
+(7/��8QLYHUVLW\�RI�0DQLWREDfV�/HDUQLQJ�7HFKQRORJLHV�&HQWUH
8OULFK��-��DQG�.DUYRQHQ��0��������)DFXOW\�LQVWUXFWLRQDO�DWWLWXGHV��LQWHUHVW��DQG�LQWHQWLRQ��3UHGLFWRUV�RI���



:HE�����XVH�LQ�RQOLQH�FRXUVHV��,QWHUQHW�DQG�+LJKHU�(GXFDWLRQ��������������d���
:DONHU��5��9RFH��-�DQG�$KPHG��-��������g6XUYH\�RI�7HFKQRORJ\�(QKDQFHG�/HDUQLQJ�IRU�KLJKHU�HGXFDWLRQ�LQ���
WKH�8.h��8&,6$��8QLYHUVLW\�DQG�&ROOHJHV�,QIRUPDWLRQ�6\VWHPV�$VVRFLDWLRQ
9HOHWVLDQRV��*��.LPPRQV��5��������g6FKRODUV�DQG�IDFXOW\�PHPEHUVf�OLYHG�H[SHULHQFHV�LQ�RQOLQH�VRFLDO���
QHWZRUNVh��,QWHUQHW�DQG�+LJKHU�(GXFDWLRQ�������������d����(OVHYLHU
:RUORFN��.�DQ�5LFFL��/��������g022&V��FXWWLQJ�WKURXJK�WKH�K\SHh��/RQGRQ�8.�	�%XUOLQJDPH��&$����
86$��2XWVHOO
=HOOZHJHU�0RVHU��)��������g)DFXOW\�$GRSWLRQ�RI�(GXFDWLRQDO�7HFKQRORJ\h��86$��5HVHDUFK�LQ�%ULHI����
(GXFDXVH�4XDUWHUO\

�

$GGLWLRQDO�5HIHUHQFHV

%HHWKDP��+�	�6KDUSH��5��HG��������5HWKLQNLQJ�3HGDJRJ\�IRU�D�'LJLWDO�$JH��'HVLJQLQJ�DQG�GHOLYHULQJ�H���
OHDUQLQJ��8.��5RXWOHGJH��7D\ORU�DQG�)UDQFLV�*URXS
'DEEDJK��1���	�.LWVDQWDV��$���������3HUVRQDO�/HDUQLQJ�(QYLURQPHQWV��VRFLDO�PHGLD��DQG�VHOI�UHJXODWHG��
OHDUQLQJ��$�QDWXUDO�IRUPXOD�IRU�FRQQHFWLQJ�IRUPDO�DQG�LQIRUPDO�OHDUQLQJ��,QWHUQHW�DQG�+LJKHU�(GXFDWLRQ
������
'DYLV��)��'����������g3HUFHLYHG�XVHIXOQHVV��SHUFHLYHG�HDVH�RI�XVH��DQG�XVHU�DFFHSWDQFH�RI�LQIRUPDWLRQ��
WHFKQRORJ\h��0,6�4XDUWHUO\������������d���
*RGGDUG��-�	�9DOODQFH��3��������7KH�&LYLF�8QLYHUVLW\��5H�XQLWLQJ�WKH�8QLYHUVLW\�DQG�WKH�&LW\��LQ�e+LJKHU��
(GXFDWLRQ�LQ�&LWLHV�DQG�5HJLRQV��)RU�6WURQJHU��&OHDQHU�DQG�)DLUHU�5HJLRQVf��2(&'�&RQIHUHQFH
*XR�4LQJ��=��HW�DO��������(YROXWLRQ�RI�WKH�,QWHUQHW�DQG�LWV�FRUHV��1HZ�-RXUQDO�RI�3K\VLFV��YROXPH������
��������KWWS���LRSVFLHQFH�LRS�RUJ������������������������IXOOWH[W���ODVW�DFFHVVHG�6HSW�����
+HGOXQG�GH��:LWW��1���������&5,7,&$/��5($/,60��$��6\QRSWLF��2YHUYLHZ��DQG��5HVRXUFH��*XLGH��IRU��
,QWHJUDO��6FKRODUV���0HWD,QWHJUDO��)RXQGDWLRQ���,QWHJUDO��5HVHDUFK��&HQWHU���5HVRXUFH��3DSHU
-DFREVHQ��0��������3K'�GLVVHUWDWLRQ�e&KDUDFWHULVWLFV�DQG�$GRSWLRQ�3DWWHUQV�RI�)DFXOW\�:KR�,QWHJUDWH��
7HFKQRORJ\�LQWR�7HDFKLQJ�DQG�/HDUQLQJ�LQ�+LJKHU�(GXFDWLRQf��DYDLODEOH
YLD�KWWS���SHRSOH�XFDOJDU\�FD�aGPMDFREV�PMBUHVHDUFK�KWPO��ODVW�DFFHVVHG�$XJXVW������
0DQ\LND��-�HW�DO��������'LVUXSWLYH�WHFKQRORJLHV��$GYDQFHV�WKDW�ZLOO�WUDQVIRUP�OLIH��EXVLQHVV��DQG�WKH�JOREDO��
HFRQRP\��86$��0F.LQVH\�*OREDO�,QVWLWXWH
2OLYHU��&���������e&ULWLFDO�5HDOLVW�*URXQGHG�7KHRU\��$�1HZ�$SSURDFK�IRU�6RFLDO�:RUN�5HVHDUFK��8.��%ULWLVK��
-RXUQDO�RI�6RFLDO�:RUN���������������d���
.DQZDU��$�	��8YDOLF�b��7UXPELF��6��������$�%DVLF�*XLGH�WR�2SHQ�(GXFDWLRQDO�5HVRXUFHV��2(5���&DQDGD�	���
)UDQFH��&RPPRQZHDOWK�RI�/HDUQLQJ�	�8QHVFR
.UDXVV��6��������5HVHDUFK�3DUDGLJPV�DQG�0HDQLQJ�0DNLQJ��$�3ULPHU��7KH�4XDOLWDWLYH�5HSRUW�9ROXPH������
1XPEHU���'HF�������������
.XVHQ�	�+RLF�%R]LF��������8VH�RI�1HZ�7HFKQRORJ\�LQ�+LJKHU�(GXFDWLRQ��$�0LJUDWLRQ�WR�D�&ORXG�%DVHG���
/HDUQLQJ�3ODWIRUP��7KH��QG�,QWHUQDWLRQDO�:RUNVKRS�RQ�/HDUQLQJ�7HFKQRORJ\�IRU�(GXFDWLRQ�LQ
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