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'HSDUWPHQW &RPSXWHU�6FLHQFH
,QVWLWXWLRQ :DUZLFN

'HVFULSWLRQ�RI�WKH�FRXUVH

7KH�FRXUVH�DLPV�WR�HQKDQFH�WKH�GHYHORSPHQW
RI�VWXGHQWV¶�FDSDELOLWLHV�LQ�FRQVWUXFWLQJ�DQG
HYDOXDWLQJ�SURJUDPPLQJ�VFULSWV��LQ�UHIOHFWLRQ
RQ�WKH�DSSURDFKHV�RI�RWKHUV�DQG�ZULWWHQ
FRPPXQLFDWLRQ�RI�WKHLU�LGHDV�

7KH�FRXUVH�LQWURGXFHV�VWXGHQWV�WR�EDVLF�GDWD
VWUXFWXUHV��KRZ�WR�XVH�WKHP�DQG�KRZ�WR
FRQVWUXFW�WKHLU�RZQ��FXUUHQWO\�XVLQJ�WKH�-DYD
SURJUDPPLQJ�ODQJXDJH��7KH�SUDFWLFDO�VNLOO�RI
SURJUDPPLQJ�LV�DFTXLUHG�RQO\�WKURXJK
H[SHULHQFH�KLJKOLJKWLQJ�WKH�QHHG�WR�GHYHORS
VWXGHQWV¶�FDSDELOLWLHV�LQ�WKH�FRQVWUXFWLRQ�RI
SURJUDPV�

7KH�FRXUVH�LQYROYHV�ODE�VHVVLRQV�EDVHG�DURXQG
D�ZRUNVKHHW�RI�SURJUDPPLQJ�H[HUFLVHV�WKDW
VWXGHQWV�ZRUN�WKURXJK�ZLWK�DVVLVWDQFH�IURP
SRVWJUDGXDWH�GHPRQVWUDWRUV��IROORZHG�E\�D
WHVW�ZKHUH�PDUNV�FRQWULEXWH�D�VPDOO�SRUWLRQ�RI
WKH�FUHGLWV�IRU�WKH�FRXUVH�

&RXUVH�GHWDLOV

� 7LWOH��'HVLJQ�RI�,QIRUPDWLRQ�6WUXFWXUHV

� 6HFRQG�WHUP��FRUH�PRGXOH�IRU�ILUVW�\HDU
VWXGHQWV�RI�&RPSXWHU�6FLHQFH��&RPSXWHU
6\VWHPV�(QJLQHHULQJ�DQG�&RPSXWHU�DQG
%XVLQHVV�6WXGLHV��DV�ZHOO�DV�DQ�RSWLRQDO
PRGXOH�IRU�D�QXPEHU�RI�RWKHU�GHJUHH
SURJUDPPHV��DQG�KHQFH�ZLWK�ZLGHO\
YDULHG�H[SHULHQFH��

� ����VWXGHQWV
� ���KRXUV�RI�OHFWXUHV
� ��KRXUV�RI�ODE�VHVVLRQV

� :HE�EDVHG�WHVW�FRPSULVLQJ�0&4V�
3HUPXWDWLRQDO�0&4V��ZKLFK�VHHN�WR�DVVHVV
KLJK�OHYHO�OHDUQLQJ�DQG�RYHUFRPH�WKH
SUREOHP�RI�JXHVVLQJ��DQG�RSHQ�UHVSRQVH
SUREOHPV�

'HWDLOV�RI�WKH�,&7�LQWHUYHQWLRQ�DQG�KRZ�LW
DLPHG�WR�HQKDQFH�WKH�OHDUQLQJ�DQG
FRXUVH�DFWLYLWLHV"

:HE�EDVHG�ZRUNVKHHWV�DUH�XVHG�DV�D�EDVLV�IRU
ODE�VHVVLRQV��HDFK�SUHVHQWLQJ�WKH�VWXGHQW�ZLWK
SUREOHPV�WR�EH�VROYHG�DQG�LQFOXGLQJ�OLQNV�WR
VXSSRUWLQJ�H[SODQDWRU\�PDWHULDO�

,Q�HDFK�ODE�VHVVLRQ��VWXGHQWV�ILUVW�VSHQG����
KRXUV�ZRUNLQJ�WKURXJK�WKH�H[HUFLVHV�ZLWK�KHOS
IURP�SRVWJUDGXDWH�GHPRQVWUDWRUV��7KH�ODVW���
PLQXWHV�RI�WKH�VHVVLRQ�LV�XVHG�IRU�D�ZHE�
EDVHG�WHVW�LQFOXGLQJ�³IUHH�UHVSRQVH´�H[HUFLVHV
FRQGXFWHG�XQGHU�H[DP�FRQGLWLRQV�ZKHUH�WKHLU
DQVZHUV�DUH�UHFRUGHG�LQ�D�GDWDEDVH�

,Q�YLHZ�RI�WKH�ODUJH�QXPEHUV�RI�SURJUDPPLQJ
VFULSWV��WKH�WHGLRXV�WDVN�RI�PDUNLQJ�DQG�WKH
QHHG�WR�SURYLGH�PRUH�YDOXDEOH�DQG�WLPHO\

2WKHU�WHDFKLQJ�PHWKRGV�XVHG�WR�VXSSRUW
DFWLYLW\��H�J��WXWRULDOV��OHFWXUHV��RUDO
SUHVHQWDWLRQV��ODE�FODVVHV�

� /HFWXUHV
� 3UDFWLFDO�FRXUVHZRUN�DVVLJQPHQWV
� /DE�VHVVLRQV�JXLGHG�E\�ZHE�EDVHG

ZRUNVKHHWV

7KH�OHFWXUH�VXSSRUW�IRU�WKH�FRXUVH�ZDV
GHVLJQHG�WR�UHSODFH�SUHYLRXVO\�SRRUO\
DWWHQGHG�VHPLQDUV�ZLWK�PRUH�SUDFWLFDO�ODE
VHVVLRQV�EDVHG�DURXQG�SURJUDPPLQJ
H[HUFLVHV�
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IRUPDWLYH�IHHGEDFN�RQ�WKH�VWXGHQWV¶
DSSURDFKHV��D�SHHU�DVVHVVPHQW�V\VWHP�ZDV
LQWURGXFHG��$IWHU�WKH�WHVW�DQG�EHIRUH�WKHLU
QH[W�VHVVLRQ��WKH�VWXGHQWV�EHFRPH�DVVHVVRUV�
PDUNLQJ�WKUHH�RI�WKHLU�SHHUV¶�VFULSWV�LQ�WKH
IRUP�RI�D�JUDGLQJ�WR�YDULRXV�FULWHULD�DQG�DQ
RSWLRQDO�IUHH�WH[W�FRPPHQW�

$V�VRRQ�DV�D�VFULSW�KDV�EHHQ�PDUNHG��WKH
RULJLQDO�DXWKRU�FDQ�YLHZ�WKHLU�JUDGH�DQG
IHHGEDFN�

6HYHUDO�RQOLQH�DVVHVVPHQW�WRROV�DUH�DYDLODEOH�
EXW�QRQH�RI�WKHVH�DSSHDU�WR�RIIHU�VXSSRUW�IRU
SHHU�DVVHVVPHQW�PDQDJHPHQW��$�GDWDEDVH�
GULYHQ�DQG�ZHE�EDVHG�V\VWHP��2$6<6��2QOLQH
$VVHVVPHQW�6<6WHP��ZDV�GHYHORSHG�LQ�WKH
'HSDUWPHQW�WR�DXWRPDWH�VFULSW�GLVWULEXWLRQ
DQG�SURYLGH�DQRQ\PLW\�WR�VXSSRUW�WKH
DSSURDFKHV��7KH�WHFKQRORJ\�HPSOR\HG�LV�D
ZHE�VHUYHU��D�VFULSWLQJ�ODQJXDJH��XVHG�WR
SURJUDP�G\QDPLF�SDJHV��DQG�D�GDWDEDVH��:H
XVHG�$SDFKH��3+3�DQG�P\64/�UHVSHFWLYHO\�
ZKLFK�DUH�³IUHH´�RSHQ�VRXUFH�SURGXFWV�

2WKHU�WHFKQRORJLHV�XVHG�WR�VXSSRUW
DFWLYLW\��H�J��&'�520��ZHE�UHVRXUFHV�
OHFWXUH�QRWHV��UHIHUHQFHV��RQOLQH�WHVWV�

:HE�UHVRXUFHV�DQG�RWKHU�VXSSRUWLQJ�PDWHULDO
LV�SURYLGHG�YLD�OLQNV�ZLWKLQ�WKH�H[HUFLVH
JXLGDQFH�DQG�IHHGEDFN�

$Q�DXWRPDWHG�PXOWLSOH�FKRLFH��0&4��EDVHG
V\VWHP�DOOHYLDWHV�WKH�WXWRU�ORDG�FDXVHG�E\
SDSHU�EDVHG�PDUNLQJ��EXW�REYLRXVO\�KLJKHU
RUGHU�OHDUQLQJ�RXWFRPHV�DQG�FDSDELOLWLHV�VXFK
DV�VW\OH�DQG�HOHJDQFH��ZKLFK�WKH�FRXUVH�DLPV
WR�GHYHORS�LQ�VWXGHQWV��FDQQRW�EH�DVVHVVHG�E\
REMHFWLYH�WHVWLQJ�

+RZ�WKH�FRXUVH�ZDV�SUHYLRXVO\�UXQ

7KH�FRXUVH�KDG�SUHYLRXVO\�EHHQ�WDXJKW�XVLQJ
OHFWXUHV�WR�GHOLYHU�WKH�PDWHULDO��DXJPHQWHG
ZLWK�WXWRULDO�VHVVLRQV�DQG�WXWRU�PDUNHG
DVVLJQPHQWV��$WWHQGDQFH�DW�WKH�WXWRULDOV�ZDV
QRW�FRPSXOVRU\�

7KH�ODE�VHVVLRQV�DQG�SURJUDPPLQJ�H[HUFLVHV
ZHUH�HDFK�IROORZHG�E\�D�WHVW�PDUNHG�E\
JUDGXDWH�GHPRQVWUDWRUV�

3UREOHPV�ZLWK�SUHYLRXV�WHDFKLQJ
PHWKRGV

$V�PLJKW�EH�DQWLFLSDWHG��DWWHQGDQFH�DW�WXWRULDO
VHVVLRQV�ZDV�JHQHUDOO\�ORZ�XQWLO�WKH
DVVLJQPHQW�GUHZ�QHDU�

:KLOH�WKH�QHZ�ODE�VHVVLRQV�LPSURYHG
DWWHQGDQFH��GXH�WR�WKH�QXPEHU�RI�VWXGHQWV
DQG�ODE�VHVVLRQV��WKH\�JHQHUDWHG�D�WRWDO�RI
����VPDOO�H[DP�OLNH�SDSHU�VFULSWV��7KHVH
QHHGHG�WR�EH�PDUNHG��FKHFNHG�DQG�FROODWHG
ZLWKLQ�MXVW�D�IHZ�ZHHNV��)HHGEDFN�ZDV�OLPLWHG
ZLWK�VWXGHQWV�W\SLFDOO\�UHFHLYLQJ�D�VLPSOH
JUDGH�UDWKHU�WKDQ�LQIRUPDWLYH�IRUPDWLYH
IHHGEDFN��7KH�IHHGEDFN�DOVR�WRRN�D�ORQJ�WLPH
WR�DUULYH�WR�VWXGHQWV�GXH�WR�WKH�ORZ�UDWLR�RI
GHPRQVWUDWRUV�WR�VWXGHQWV��)XUWKHUPRUH��WKH
GHPRQVWUDWRUV�IRXQG�WKH�PDUNLQJ�D�UHSHWLWLYH
DQG�XQUHZDUGLQJ�WDVN�

,QWHQGHG�FDSDELOLWLHV�WR�EH�GHYHORSHG

� $ELOLW\�WR�UHDG��XQGHUVWDQG�DQG�LGHQWLI\
SUREOHPV�LQ�VRPHRQH�HOVH¶V�FRGH

� $ELOLW\�WR�UHIOHFW�XSRQ�RQH¶V�DQVZHUV�WKDW
OHDG�VWXGHQWV�WR�OHDG�WR�XQGHUVWDQGLQJ
HIIHFWLYH�SUDFWLFH

� $ELOLW\�WR�FRPPXQLFDWH�ZLWKLQ�D�VWXGHQW
JURXS

0HWKRGV�RI�DVVHVVPHQW

7KH����PLQXWH�WHVWV�DW�WKH�HQG�RI�HDFK�ODE
VHVVLRQ�FDUU\�RQO\�D�VPDOO�DPRXQW�RI�FUHGLW�
DXJPHQWLQJ�WKH�H[LVWLQJ�DVVHVVPHQW�PHWKRGV
RI�D�SURJUDPPLQJ�DVVLJQPHQW�DQG�D�PRUH
WUDGLWLRQDO�H[DPLQDWLRQ�

2SHQ�TXHVWLRQV�DUH�WKH�PDLQ�HPSKDVLV�LQ�WKH
DSSURDFKHV��6WXGHQWV�PLJKW�EH�DVNHG�WR
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0DUNLQJ�FDQ�DOVR�EH�SRUWUD\HG�DV
HGXFDWLRQDOO\�XVHIXO�DV�LW�UHTXLUHV�DFWLYH
HYDOXDWLRQ��MXGJHPHQWV�DQG�GHFLVLRQV�WR�EH
PDGH��7KH�DSSURDFK�WKHUHIRUH�HQFRXUDJHV
VWXGHQWV�WR�UHIOHFW�RQ�WKHLU�RZQ�DQVZHUV�DQG
DSSURDFKHV�WDNHQ�

7KH�DELOLW\�WR�UHDG�FRGH�DV�ZHOO�DV�ZULWH�FRGH
LV�DQ�LPSRUWDQW�VNLOO�LQ�LQGXVWU\��ZKHUH
V\VWHPV�DUH�UDUHO\�EXLOW�IURP�VFUDWFK��7KH�DLP
RI�WKH�DSSURDFK�LV�WR�HQVXUH�WKDW�VWXGHQW
IHHGEDFN�RQ�WKHLU�SURJUDPPLQJ�DSSURDFKHV�LV
WLPHO\��VSHFLILF��GLVFXUVLYH��IDVW�DQG�KXPDQ
IHHGEDFN�LQ�WULSOLFDWH���

2QH�RI�WKH�FRXUVH�REMHFWLYHV�LV�WR�³OHDUQ�KRZ
WR�SURJUDP´��7KLV�LQYROYHV�QRW�RQO\�OHDUQLQJ
VNLOOV�DQG�SURFHGXUHV��EXW�LPSRUWDQWO\
GHYHORSLQJ�D�VWXGHQW¶V�DELOLW\�WR�³FRQVWUXFW�D
SURJUDP´��6WXGHQWV�VKRXOG�WKHUHIRUH�GHYHORS
FDSDELOLWLHV�LQ�HYDOXDWLRQ�RI�VXEMHFWLYH
RXWFRPHV�VXFK�DV�FRUUHFWQHVV��HOHJDQFH�DQG
VW\OH�

RXWOLQH�VRPH�-DYD�FRGH�RU�H[SODLQ�VRPHWKLQJ�

$�SHHU�DVVHVVPHQW�DSSURDFK�LPPHGLDWHO\
UDLVHV�TXHVWLRQV�DERXW�WKH�UHOLDELOLW\�RI�WKH
JUDGLQJ�IRU�WHVWV�PDUNHG�E\�VWXGHQWV��7KHVH
FRQFHUQV�KDYH�EHHQ�DGGUHVVHG�LQ�VHYHUDO
ZD\V�LQ�WKH�RYHUDOO�FRXUVH�GHVLJQ�
�� 7KH�PDUNLQJ�LQWHUIDFH�GLVSOD\V�VRPH

JXLGHOLQHV�IRU�HDFK�TXHVWLRQ��SRLQWLQJ�RXU
SRWHQWLDO�DVSHFWV�RI�D�JRRG�DQVZHU�

�� (DFK�VFULSW�LV�DVVHVVHG�E\�WKUHH�GLIIHUHQW
VWXGHQWV��7KH�YDULDWLRQ�LQ�PDUNLQJ�LV
FDOFXODWHG�DQG�LQ�WKH�HYHQW�RI�D�ODUJH
GLVDJUHHPHQW��WKH�VFULSW�LV�DXWRPDWLFDOO\
KLJKOLJKWHG�IRU�PRGHUDWLRQ�E\�WKH�WXWRU��$
OHDUQHU�FDQ�DOVR�UHTXHVW�PRGHUDWLRQ
VKRXOG�WKH\�IHHO�WKH\�KDYH�DQ�XQIDLU�PDUN�

�� 7KH�GLVWULEXWLRQ�RI�WKH�VFULSWV�FDQ�EH
FRQWUROOHG�VXFK�WKDW�HDFK�VFULSW�LV�PDUNHG
E\�D�JRRG��LQWHUPHGLDWH�DQG�SRRU
DVVHVVRU��DV�GHWHUPLQHG�E\�WKH�UHVXOWV
IURP�D�FRPSXWHU�EDVHG�PXOWLSOH�FKRLFH
WHVW�RU�RWKHU�DYDLODEOH�LQIRUPDWLRQ�DERXW
WKH�OHDUQHUV�

3UREOHPV�LQ�VHWWLQJ�XS�WKH�FRXUVH�RU
WHFKQRORJ\

7KH�IHHGEDFN�LQWHUIDFH�WRRN�WLPH�WR
LPSOHPHQW�DQG�WKLV�PHDQW�WKDW�WKH�VWXGHQWV
GLG�QRW�UHFHLYH�WKH�VSHHG\�IHHGEDFN�ZH�ZHUH
DLPLQJ�IRU�

7KHUH�DUH�PDQ\�SRVVLEOH�FRPELQDWLRQV�RI
FDVHV�RI�XQPDUNHG��SDUWLDOO\�PDUNHG��DXWR�
PDUNHG�RU�XQDQVZHUHG�TXHVWLRQV��ZKLFK
FDXVH�SUREOHPV�ZKHQ�FROODWLQJ�GDWD�LQWR�D
FRPSOHWH�VFULSW�

7KHUH�ZHUH�YHU\�IHZ�RWKHU�SUREOHPV�ZLWK�WKH
WHFKQRORJ\��7KH�LQLWLDO�V\VWHP�WRRN�MXVW�WZR
ZHHNV�WR�EXLOG�VWDUWLQJ�IURP�WKH�LQLWLDO�FRQFHSW
DQG�HQGLQJ�ZLWK�D�IXQFWLRQDO�SURWRW\SH�ZKLFK
ZDV�LPSURYHG�DQG�H[WHQGHG�GXULQJ�LWV�XVH�LQ
WKH�HDUO\�VWDJHV�

+RZ�WKHVH�ZHUH�VROYHG

:H�ZLOO�EH�XVLQJ�WKH�V\VWHP�IRU�D�VHFRQG�WLPH
DQG�KRSH�WR�LPSURYH�LQ�WKLV�UHVSHFW�

7KH�SRWHQWLDO�IOH[LELOLW\�LWVHOI�FUHDWHV
SUREOHPV��DV�\HW�XQUHVROYHG��WKRXJK
VWUDLJKWIRUZDUG�WR�GHDO�ZLWK�

([WHQW�RI�GHYHORSPHQW�RI�LQWHQGHG
RXWFRPHV

7(/5,�HYDOXDWLRQ
�H�J��OHDGLQJ�WR�FKDQJHV�LQ�WKH�FRXUVH�GHVLJQ
RU�,&7�DSSURDFKHV�

7KH�PDLQ�DUHD�ZKHUH�WKHUH�LV�VLJQLILFDQW
EHQHILW�WR�VWXGHQW�OHDUQLQJ�TXDOLW\�LV�ZKHUH
VWXGHQWV�KDYH�DFFHVV�WR�HDFK�RWKHU¶V�ZRUN��,Q
WKH�FXUUHQW�ZD\�WKH�FRXUVH�LV�RUJDQLVHG�ZKHUH

$FDGHPLF�WXWRU�HYDOXDWLRQ
�H�J��OHDGLQJ�WR�FKDQJHV�LQ�WHDFKLQJ�SUDFWLFH�

7KHUH�FHUWDLQO\�DSSHDUV�WR�EH�D�ELODWHUDO�IRUP
RI�GHSHQGHQFH�EHWZHHQ�HOHFWURQLF�DQG�SHHU
DVVHVVPHQW��:H�FDQQRW�KDYH�JRRG��L�H�
VSHHG\�DQG�DQRQ\PRXV��SHHU�DVVHVVPHQW�DW
WKLV�VFDOH�ZLWKRXW�HOHFWURQLF�DVVLVWDQFH�DQG�
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VKDULQJ�RI�ZRUN�LV�OLQNHG�WR�WKH�PDUNLQJ
H[HUFLVH��WKLV�OLPLWV�HDFK�VWXGHQW�WR�RQO\�WKUHH
H[DPSOHV��:KLOH�WKLV�LV�PDQDJHDEOH�IRU
JUDGLQJ�SXUSRVHV��ZH�IHHO�D�SUHOLPLQDU\
UHVHDUFK�EDVHG�RU�RSHQ�HQGHG�H[HUFLVH�ZRXOG
SURYLGH�D�IRUXP�IRU�GLVFXVVLRQ�RI�DSSURDFKHV
WKDW�ZRXOG�EHQHILW�VWXGHQWV�LQ�XQGHUWDNLQJ�WKH
DVVHVVHG�H[HUFLVH��7KH�VWXGHQWV�FRXOG�XVH�WKH
2$6<6�IDFLOLW\�WR�VXEPLW�WKHLU�ZRUN�WR�D�ZHE
VLWH�DQG�WR�YLHZ�DQG�FRPPHQW�RQ�DOO�WKH
DSSURDFKHV�EHIRUH�VXEPLWWLQJ�D�ILQDO�DVVHVVHG
DVVLJQPHQW�H[HUFLVH��7KLV�LV�SODXVLEOH�RQO\
ZKHQ�WKH�DVVLJQPHQWV�DUH�RI�D�PRUH�RSHQ�
HQGHG�QDWXUH�ZKHUH�WKH�UHVSRQVHV�DUH
HYDOXDWLYH�DQG�MXGJHPHQW�EDVHG�UDWKHU�WKDQ
SURFHGXUH�EDVHG��7KH�WXWRUV�QHHG�WR�ILQG
ZD\V�WR�HPEHG�WKH�SURJUDPPLQJ�VNLOOV
GHYHORSPHQW�ZLWKLQ�DQ�LQWHUHVWLQJ�DQG
FKDOOHQJLQJ�H[HUFLVH�OLQNHG�WR�SURIHVVLRQDO
SUDFWLFH�

$FFHVV�WR�WKH�PDUNHG�ZRUN�RI�DOO�WKH�VWXGHQWV
ZRXOG�SURYLGH�D�WUDQVSDUHQW�YLHZ�RI�WKH
DVVHVVPHQW�FULWHULD�DQG�HQDEOH�PRUH�RSHQ�
HQGHG�H[HUFLVHV�WR�EH�VXSSRUWHG�

2I�LQWHUHVW�DUH�WKH�UHVSRQVHV�WR�WKH�TXHVWLRQ
RI�ZKHWKHU�PDUNLQJ�RI�WKH�WHVWV�E\�WKH
VWXGHQWV�VKRXOG�EH�DQRQ\PRXV������RI
UHVSRQGHQWV�IHOW�WKDW�DQRQ\PLW\�LV�LPSRUWDQW
RU�ZHUH�LQGLIIHUHQW�WR�WKH�TXHVWLRQ��(YLGHQFH
IURP�RWKHU�7(/5,�FDVH�VWXGLHV�VXJJHVWV�D�ODFN
RI�QHHG�IRU�DQRQ\PLW\��7KH�GLIIHUHQFHV�PD\
EH�VXEMHFW�UHODWHG��VLQFH�FHUWDLQO\�LQ
KXPDQLWLHV�DQG�VRFLDO�VFLHQFHV��VWXGHQWV�RIWHQ
GR�QRW�SLFN�WKH�VDPH�DVVLJQPHQW�RU�HVVD\
WRSLF�DQG�WKH�SHUFHLYHG�ULVN�RI�SODJLDULVP�LV
OHVV�DSSDUHQW�

FRQYHUVHO\��ZH�FDQQRW�KDYH�JRRG�PDUNLQJ
�L�H��TXDOLW\�IHHGEDFN��RI�VFULSWV�ZLWKRXW
KXPDQV��7KH�DSSURDFKHV�GHVFULEHG�KHUH
FRPELQH�WKH�WZR�LQ�DQ�HIIHFWLYH�DQG�HIILFLHQW
PDQQHU�

7KH�VWXGHQWV�XQGHUVWDQGLQJ�DQG�VNLOO�LQ
SURJUDPPLQJ�LV�HQKDQFHG�DQG�WKHLU�DELOLW\�WR
HYDOXDWH�DSSURDFKHV�RI�RWKHUV�DQG�UHIOHFW�RQ
WKHLU�RZQ�ZRUN�LV�IDFLOLWDWHG�PRUH�WKDQ�ZLWK
SUHYLRXV�WHDFKLQJ�PHWKRGV��7KH�PRUH
PDUNLQJ�WKH�VWXGHQWV�GLG��WKH�EHWWHU�WKHLU�RZQ
UHVXOWV�EHFDPH�

7KH�ODUJHVW�UHPDLQLQJ�SUREOHP�DSSHDUV�WR�EH
WKDW�RI�FRQYLQFLQJ�WKH�VWXGHQWV�WKDW�WKLV�LV
IRUPDWLYH��QRW�VXPPDWLYH�IHHGEDFN�±�DQ�LVVXH
FRQIXVHG�E\�DZDUGLQJ�����RI�PRGXOH�FUHGLW
IRU�WKH�ODE�WHVWV�WR�HQFRXUDJH�DFWLYH
DWWHQGDQFH�

,I�WKH�LVVXH�RI�DQRQ\PLW\�ZHUH�DGGUHVVHG��WKH
DSSURDFK�FRXOG�EH�H[WHQGHG�WR�DOORZ�QRW�RQO\
DGPLQLVWUDWRUV�DFFHVV�WR�WKH�VWXGHQWV
UHVSRQVHV�DQG�IHHGEDFN�FRPPHQWV�HQWHUHG
ZKLOVW�PDUNLQJ��EXW�DOO�WKH�VWXGHQWV�WRR.

6WXGHQWV�HYDOXDWLRQ
�H�J��OHDGLQJ�WR�FKDQJHV�LQ�OHDUQLQJ�SUDFWLFH�

,Q�JHQHUDO�WKH�VWXGHQWV�KDG�D�SRVLWLYH
UHVSRQVH�WR�WKH�DSSURDFKHV������RI
UHVSRQGHQWV�VWDWHG�WKDW�WKH\�³UHFRQVLGHUHG
WKHLU�RZQ�DQVZHUV�ZKLOVW�PDUNLQJ´�LQ�RXU
PRGXOH�TXHVWLRQQDLUH��ZKLFK�LV�FHUWDLQO\�DQ
LPSURYHPHQW�IURP�QHYHU�UHYLVLWLQJ�WKH�WHVW�DW
DOO�

&RPSDULQJ�VWXGHQW�DFKLHYHPHQW�RI�WKH�,7
VXSSRUWHG�DSSURDFKHV�ZLWK�SDSHU�EDVHG
PHWKRG�XVHG�LQ�WKH�SUHYLRXV�\HDU��WKHUH�ZDV
QR�GLIIHUHQFH�LQ�WKH�DYHUDJH�PDUN��,W�ZDV
FOHDU�WKDW�OHDUQHUV�ZLWK�D�VWURQJ�UHSURGXFLQJ
RULHQWDWLRQ�WHQGHG�WR�UHFHLYH�ORZHU�PDUNV�DQG
WKRVH�WKDW�WHQGHG�WR�DWWHPSW�WR�PHPRULVH
PDWHULDO�VWDWHG�WKDW�WKH\�IRXQG�PDUNLQJ
GLIILFXOW��+RZHYHU��WKHUH�ZDV�OHVV�VSUHDG�RI
PDUNV�ZLWKLQ�WKH�VWXGHQW�JURXS�DV�D�ZKROH�

8QLQWHQGHG�EHQHILWV�RU�FRVWV

7(/5,�HYDOXDWLRQ

7KH�HYDOXDWLRQ�XQGHUWDNHQ�E\�WKH�FRXUVH
WXWRUV�H[SORULQJ�WKH�SRVVLEOH�FRUUHODWLRQ
EHWZHHQ�H[DP�UHVXOWV��FRXUVHZRUN�PDUN�DQG
WKH�ODE�VHVVLRQ�JUDGHV�LQGLFDWHV�OLQNV�EHWZHHQ
WKH�WKUHH�UHVXOWV��,Q�WKH�SUHYLRXV�FRXUVH

$FDGHPLF�WXWRU�HYDOXDWLRQ

$�YDOXDEOH�VSLQ�RII�RI�WKH�FRXUVH�GHVLJQ�LV�WKDW
VWDII�DUH�IUHHG�IURP�WKH�RQHURXV�WDVN�RI
PDUNLQJ�KXQGUHGV�RI�VFULSWV�DQG�FDQ
FRQFHQWUDWH�WKHLU�HIIRUWV�RQ�WHDFKLQJ�DQG
PRGHUDWLRQ�
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ZKHUH�PDUNLQJ�ZDV�E\�H[SHUW
WXWRU�GHPRQVWUDWRU��WKH�JUDGHV�IRU�DQ
LQGLYLGXDO�VWXGHQW�ZHUH�D�UHDVRQDEOH�SUHGLFWRU
IRU�H[DP�UHVXOW��DQG�DOVR��OHVV�VLJQLILFDQWO\�IRU
FRXUVHZRUN�PDUNV��:KHUH�ODE�PDUNV�ZHUH
SURGXFHG�PDLQO\�E\�SHHU�DVVHVVPHQW�
KRZHYHU��WKH\�ZHUH�VWLOO�D�VLJQLILFDQW�SUHGLFWRU
RI�H[DP�UHVXOW��EXW�QRW�WKLV�WLPH�RI
FRXUVHZRUN�PDUN�

'HVSLWH�WKHLU�SUDFWLFDO�HPSKDVLV��WKHUHIRUH�
WKH�ODE�WHVWV�PD\�VWLOO�EH�WHVWLQJ�VNLOOV�PRUH
XVHIXO�LQ�DQ�H[DPLQDWLRQ�WKDQ�LQ�SUDFWLFDO
DVVLJQPHQW�EXLOGLQJ�DQG�GRFXPHQWDWLRQ��,W
PLJKW�EH�XVHIXO�WR�UHYLHZ�ZKHWKHU�WKH�GHVLUHG
FDSDELOLWLHV�DUH�WUXO\�EHLQJ�DVVHVVHG�LQ�WKH
H[DPV��JLYHQ�WKDW�WKH�DVVHVVPHQW�FULWHULD�IRU
WKH�SHHU�DVVHVVHG�FRXUVHZRUN�DUH�PRUH
WUDQVSDUHQW�

:H�IHHO�WKH�DSSURDFKHV�UHVSRQG�HIIHFWLYHO\�WR
WKH�VWXGHQW�ZKR�SROLWHO\�DVNHG�YLD�HPDLO�WR
³SOHDVH�JHW�VRPHRQH�ZLWK�LQWHOOLJHQFH�WR�PDUN
WKH�WHVWV´�±�D�UHTXHVW�WKDW�LV�DFWXDOO\�D�OLWWOH
VHOI�GHSUHFDWLQJ�ZKHQ�ZH�FRQVLGHU�WKLV�OHDUQHU
LQ�WKH�DVVHVVRU�UROH�

7KH�VSHHG\�IHHGEDFN�ZH�ZHUH�DLPLQJ�IRU�ZDV
QRW�DFKLHYHG�LQ�WKH�ILUVW�UXQ�RI�WKH�FRXUVH�GXH
WR�WKH�SUREOHPV�ZLWK�WKH�WHFKQRORJ\�RXWOLQHG
DERYH�

6WXGHQWV�HYDOXDWLRQ

(YDOXDWLRQ�FRPSDUHG�ODE�PDUN�GLVWULEXWLRQV
IURP�WKH�WZR�\HDUV��WKDW�LV��EHWZHHQ�WKH
FRXUVH�ZKHUH�FRXUVHZRUN�ZDV�PDUNHG�E\
H[SHUW�WXWRUV�RU�GHPRQVWUDWRUV�DQG�WKLV�QHZ
DSSURDFK�XVLQJ�SHHU�DVVHVVPHQW��7KH�WZR
GLVWULEXWLRQV�DUH�VLPLODU�LQ�VKDSH�DQG�KDYH�D
YHU\�VLPLODU�DYHUDJH�YDOXH��+RZHYHU��WKH
VWXGHQWV�ZHUH�PXFK�KDUVKHU�DVVHVVRUV�WKDQ
WKH�WXWRUV�GHPRQVWUDWRUV�DQG�WKLV�OHG�WR
VWUHVV�RQ�WKH�SDUW�RI�WKH�VWXGHQW�DQG�UHTXHVWV
IRU�PRUH�WLPH�LQ�WKH�IUHH�UHVSRQVHV�

&RVW�HIIHFWLYHQHVV�DQDO\VLV

0RVW�RI�WKH�VWDII�WLPH�FRVWV�DUH�XS�IURQW�ZLWK
WKH�GHYHORSPHQW�RI�WKH�V\VWHP�DQG
SUHSDUDWLRQ�RI�WKH�PDUNLQJ�JXLGHOLQHV�
$OWKRXJK�FRPSXWHUV�FDQQRW�PDNH�H[SHUW
MXGJHPHQWV�RI�VFULSWV��WKH\�FDQ�FHUWDLQO\�EH
XVHG�WR�VLPSOLI\�GRFXPHQW�PDQDJHPHQW
SUREOHPV��,W�ZRXOG�EH�KLJKO\�LPSUDFWLFDO�WR
XVH�SHHU�DVVHVVPHQW�ZLWK�RXU�����VWXGHQWV�LQ
WKLV�ZD\�ZLWKRXW�VRPH�HOHFWURQLF�DVVLVWDQFH
DQG�WKLV�EHQHILW�MXVWLILHV�WKH�LQLWLDO�LQYHVWPHQW
RI�WLPH�

7KH�FXUUHQW�DSSURDFK�KDV�DOUHDG\�EHHQ�VKRZQ
DV�DQ�LPSURYHPHQW�RYHU�D�SDSHU�EDVHG
V\VWHP�LQ�WHUPV�RI�HIILFLHQF\�JDLQV��:LWK
VHYHUDO�UHDPV�RI�SDSHU�UHSUHVHQWLQJ�WKH����
VFULSWV�WR�EH�PDUNHG�E\�WKH�IRXU�XQOXFN\
GHPRQVWUDWRUV��MXVW�GLVWULEXWLQJ�WKH�VFULSWV�IRU
PDUNLQJ��WKHQ�FROODWLQJ�DQG�SXEOLVKLQJ�WKH
UHVXOWV�ZDV�YHU\�WLPH�FRQVXPLQJ�DQG�WKH
WHDP�TXLFNO\�IHOO�EHKLQG��7KH�FRVW�EHQHILW�RI
DXWRPDWLQJ�WKLV�DVSHFW�RI�WKH�WHVW�SURFHVV�LV
LPPHQVH�

7KH�EHQHILW�RI�WKH�SHHU�DVVHVVPHQW�DSSURDFK
KDV�EHHQ�SDUWO\�YDOLGDWHG�LQ�WKH�IDFW�WKDW�WKH
YDVW�PDMRULW\�RI�VWXGHQWV�DUH�QRZ�FRQVLGHULQJ
WKHLU�RZQ�ZRUN�PRUH�UHIOHFWLYHO\�WKURXJK
PDUNLQJ�RWKHUV¶�DQVZHUV��0DQ\�RI�WKH�IXUWKHU
GHYHORSPHQWV�VXJJHVWHG�EHORZ�ZLOO�WDNH

7R�ZKDW�H[WHQW�FDQ�WKH�FRXUVH�GHVLJQ
DSSURDFK�VXSSRUW�KLJKHU�VWXGHQW
QXPEHUV"

7KH�FRXUVH�GHVLJQ�DLPHG�WR�VXSSRUW�FRXUVHV
ZLWK�KLJK�QXPEHUV�RI�VWXGHQWV�

2IWHQ�LW�LV�KDUG�WR�ERWK�LQFUHDVH�EHQHILWV�DQG
UHGXFH�FRVWV�DQG�SDUWLFXODUO\�ZLWK�UHVSHFW�WR
VXSSRUWLQJ�KLJK�QXPEHUV�RI�VWXGHQWV��7KH
SHHU�DVVHVVPHQW�V\VWHP�LPSOHPHQWHG
DSSHDUV�WR�KDYH�DFKLHYHG�WKLV�E\�EDODQFLQJ
HIIHFWLYHO\�D�FRPELQDWLRQ�RI�FRPSXWHULVHG�DQG
KXPDQ�DSSURDFKHV�

7KH�PDLQ�UHVWULFWLRQ�IRU�VFDOLQJ�XS�ZRXOG�EH
WKH�H[WHQW�WR�ZKLFK�PRGHUDWLRQ�E\�WXWRUV
PLJKW�EH�LQFRUSRUDWHG�IRU�PRUH�GLIILFXOW�RSHQ
RU�H[SHUW�SUREOHPV�

7KH�2$6<6�V\VWHP�FDQ�HDVLO\�WUDQVIHU�WR
RWKHU�FRXUVHV��7KH�GHSDUWPHQW�LV�FRQVLGHULQJ
ZLGHU�XVH�WR�VXSSRUW�RWKHU�FRPSXWHU�VFLHQFH
FRXUVHV�DQG�WKHUH�LV�LQWHUHVW�LQ�LWV�XVH�LQ
0DWKHPDWLFV��3K\VLFV�DQG�(QJLQHHULQJ�
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FRQVLGHUDEOH�WLPH�WR�LPSOHPHQW��7KH�FRVW�
EHQHILWV�RI�WKHVH�DGGLWLRQDO�IDFWRUV�LV�GLIILFXOW
WR�SUHGLFW�EXW�PD\�FHUWDLQO\�HQKDQFH�RYHUDOO
WKH�OHDUQHU¶V�H[SHULHQFH�RI�SHHU�DVVHVVPHQW�

)XUWKHU�GHYHORSPHQWV�SODQQHG�IRU�WKLV�RU
RWKHU�FRXUVHV

$�QXPEHU�RI�UHFRPPHQGDWLRQV�ZHUH�GUDZQ�XS
IURP�WKH�HYDOXDWLRQ�RI�WKH�FRXUVH�DQG�WKH
PDLQ�SRLQWV�DUH�JLYHQ�KHUH�

� )DVWHU�IHHGEDFN�WR�HQFRXUDJH�VWXGHQWV�WR
PDUN�PRUH�HIIHFWLYHO\��SHUKDSV�WKURXJK
LPSURYLQJ�JXLGDQFH�WR�VWXGHQWV�GHVFULELQJ
WKH�SURFHVV��WKHLU�H[SHFWHG�LQSXW�DQG
UHWXUQ��E\�HQFRXUDJLQJ�WKHP�WR�PDUN�LQ
SDLUV��E\�SXEOLFDOO\�UDQNLQJ�VWXGHQWV�LQ
PDUNLQJ�HIIHFWLYHQHVV�WHUPV�ZLWK�D�SUL]H
IRU�WKH�EHVW�³PDUNHU´

� 0RUH�UHIHUHQFH�WR�WKH�ODEV�ZLWKLQ�OHFWXUHV
� 3URYLGLQJ�IXOO�FUHGLW�RQFH�D�PLQLPXP

VWDQGDUG�LV�UHDFKHG�WR�HQJDJH�VWXGHQWV
ZLWK�WKH�IRUPDWLYH�QDWXUH�RI�WKH
DVVLJQPHQWV��JLYLQJ�PHULW�DZDUGV�IRU�YHU\
KLJK�DFKLHYHUV�WR�HQFRXUDJH�ZRUN�EH\RQG
WKH�PLQLPXP�

� $VNLQJ�OHDUQHUV�WR�JLYH�IHHGEDFN�RQ�WKHLU
UHFHLYHG�PDUNV��FI��7(/5,�HYDOXDWLRQ�RI
([WHQW�RI�GHYHORSPHQW�RI�LQWHQGHG
RXWFRPHV�DERYH�

)XUWKHU�GHWDLOV�DERXW�WKH�FRXUVH
DSSURDFKHV

KWWS���ZZZ�GFV�ZDUZLFN�DF�XN�aDVKOH\�
5HVHDUFK�2$6<6�
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/HDUQHUV�DUH�UHTXLUHG�WR�PDUN�WKUHH�VFULSWV�WR�JDLQ�IXOO�FUHGLW��0DUNLQJ�FDQ�EH�GRQH�LQ�WKH�OHDUQHU¶V
RZQ�WLPH��7KH�PDUNLQJ�SDJH��OHIW��VKRZV�WKH�RULJLQDO�TXHVWLRQ��DGYLFH�RQ�WKH�FRUUHFW�XVH�RI�WKH
PDUNLQJ�VFKHPH�IRU�WKH�TXHVWLRQ��WKH�DQVZHU�WR�EH�PDUNHG�DQG�WKH�PDUNLQJ�LQWHUIDFH�
$GPLQLVWUDWRUV�FDQ�EURZVH�DOO�VWXGHQWV¶�UHVSRQVHV�WR�TXHVWLRQV�DQG�DOVR�WKHLU�IHHGEDFN�FRPPHQWV
HQWHUHG�ZKLOVW�PDUNLQJ�

(QWLUHO\�IUHH�UHVSRQVH�DQVZHUV
DUH�D�PDMRU�IHDWXUH�RI�WKH
V\VWHP��7KDW�WKHVH�DUH�PDUNHG
E\�RWKHU�OHDUQHUV�GLVWLQJXLVKHV
LW�IURP�D�FRPSXWHULVHG�PDUNLQJ
V\VWHP�DQG�WKXV�VXSSRUWV�RSHQ�
HQGHG�DVVLJQPHQWV�WKDW
HQFRXUDJH�WKH�GHYHORSPHQW�RI
VWXGHQWV¶�HYDOXDWLYH�DQG
LQQRYDWLYH�FDSDELOLWLHV�

7KH�V\VWHP�LQFRUSRUDWHV�WKH�XVH
RI�+70/�OLQNV�WR�VXSSRUWLQJ
PDWHULDO�DQG�WKH�XVH�RI�LPDJHV�

4XHVWLRQV�FDQ�XVH�PDWKHPDWLFDO
V\PEROV��EXW�WKHVH�PXVW�EH
FUHDWHG�DV�LPDJHV�DV�FXUUHQW
ZHE�EURZVHUV��GR�QRW�VXSSRUW
VXFK�V\PEROV�GLUHFWO\�

$�³6HH�P\�PDUNV´�SDJH
�QRW�VKRZQ��DOORZV�OHDUQHUV
WR�REWDLQ�IHHGEDFN�RQ�WKHLU
RZQ�VFULSWV��7KHVH�FDQ�EH
YLHZHG�DQ\WLPH��DQ\ZKHUH
RQ�WKH�ZHE�


