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:RUN�,Q�3URJUHVV��,QFRUSRUDWLQJ�$FWLYH�/HDUQLQJ�DQG�WKH�(QWUHSUHQHXULDO�
0LQGVHW�LQWR�D�)LUVW�/HYHO�(OHFWULFDO�&LUFXLWV�&RXUVH�

,QWURGXFWLRQ�

7KLV�ZRUN�LQ�SURJUHVV�SDSHU�LQYHVWLJDWHV�WKH�HIIHFWV�RI�DQ�DOWHUQDWLYH�LQVWUXFWLRQDO�IRUPDW�LQ�
WHDFKLQJ�D�ILUVW�OHYHO�HOHFWULFDO�FLUFXLWV�FRXUVH�ZLWK�D�ODE�FRPSRQHQW��7KH�UHVHDUFK�IRU�WKLV�SDSHU�
FHQWHUHG�DURXQG�LPSOHPHQWDWLRQ�RI�D�IOLSSHG�FODVVURRP�GHVLJQ���7KH�IOLSSHG�PRGHO�KDV�JDLQHG�
SRSXODULW\�LQ�UHFHQW�\HDUV�EDVHG�ODUJHO\�RQ�WKH�SURPLVH�WKDW�VXFK�VWUXFWXUDO�PRGLILFDWLRQV�ZLOO�
DOORZ�LQVWUXFWRUV�WR�PRYH�FRYHUDJH�RI�FULWLFDO�EDFNJURXQG�LQIRUPDWLRQ�RXW�RI�FODVVURRP�WLPH��
DOORZLQJ�PRUH�LQQRYDWLYH��SUREOHP�EDVHG��DQG�DFWLYH�OHDUQLQJ�DFWLYLWLHV�WR�WDNH�SODFH�LQ�WKH�
FODVVURRP�>�@��'HVSLWH�WKH�SRWHQWLDO�EHQHILWV�RI�IOLSSHG�FRXUVH�GHVLJQ��PDQ\�HQJLQHHULQJ�FODVVHV��
DQG�HQJLQHHULQJ�DV�D�ZKROH��VWLOO�ODJ�EHKLQG�WKHLU�QRQ�67(0�FROOHDJXHV�LQ�VXFFHVVIXOO\�
LPSOHPHQWLQJ�WKH�IOLSSHG�PRGHO�RI�LQVWUXFWLRQ�DQG�UHVHDUFK�RQ�IOLSSHG�PRGHOV�ZLWKLQ�HDUO\�
FRXUVHV��LQFOXGLQJ�FLUFXLWV��UHPDLQV�OLPLWHG�>�@���

:LWK�WKLV�EDFNGURS��EHJLQQLQJ�LQ�WKH�VSULQJ�RI�������D�VRSKRPRUH�OHYHO�HOHFWULFDO�HQJLQHHULQJ�
FRXUVH��&LUFXLWV�,��ZDV�WDXJKW�DW�$UL]RQD�6WDWH�8QLYHUVLW\��7KLV�ILIWHHQ�ZHHN��IRXU�FUHGLW�FRXUVH�LV�
PDQ\�VWXGHQWV¶�ILUVW�H[SRVXUH�WR�WKH�DSSOLFDWLRQ�DQG�DQDO\VLV�RI�HOHFWULFDO�QHWZRUNV��7KH�FRQFHSW�
RI�DQDO\]LQJ�HOHFWULFDO�FLUFXLWV�SURYLGHV�D�IRXQGDWLRQ�IRU�FRXUVHV�LQ�YDULRXV�PDMRUV�DQG�LV�
WKHUHIRUH�IXQGDPHQWDO�WR�D�GLYHUVH�VWXGHQW�SRSXODWLRQ��7KH�FRXUVH�KDV�WUDGLWLRQDOO\�IROORZHG�D�
WHDFKHU�FHQWHUHG�PRGHO�RI�LQVWUXFWLRQ�ZLWK�WKH�XQGHUO\LQJ�H[SHFWDWLRQ�WKDW�VWXGHQWV�
LQGHSHQGHQWO\�UHYLHZ�UHDGLQJ�PDWHULDOV�EHIRUH�WKH�OHFWXUH��7KHUH�ZDV�W\SLFDOO\�OLWWOH�
HQFRXUDJHPHQW�RI�JURXS�ZRUN��SHHU�WR�SHHU�LQWHUDFWLRQ��RU�DFWLYH�OHDUQLQJ�RSSRUWXQLWLHV��RWKHU�
WKDQ�WKRVH�WDNLQJ�SODFH�LQ�WKH�ODE�SRUWLRQ�RI�WKH�FODVV��7KH�ODE�LQFOXGHG�IROORZLQJ�LQVWUXFWLRQV�WR�
PDNH�VSHFLILF�FLUFXLWV�DQG�WDNLQJ�PHDVXUHPHQWV���

&KDQJHV�WR�WKLV�PRGHO�ZHUH�LQWURGXFHG�LQWR�VHFWLRQV�RI�WKH�FRXUVH�RYHU�WKH�ODVW�WKUHH�DFDGHPLF�
\HDUV��KRZHYHU��DOO�VHFWLRQV�ZHUH�OHG�E\�WKH�VDPH�LQVWUXFWRU��7KH�ILUVW�FRXUVH�PRGLILFDWLRQ�ZDV�
WKH�LQFOXVLRQ�RI�DGGLWLRQDO�DFWLYH�OHDUQLQJ��,Q�RQH�VHFWLRQ�RI�WKH�FRXUVH��WKH�DPRXQW�RI�OHFWXUH�
WLPH�ZDV�UHGXFHG�DOORZLQJ�PRUH�WLPH�IRU�JURXS�ZRUN�RQ�H[DPSOHV�WKDW�UHLQIRUFHG�LPSRUWDQW�
FRQFHSWV��7KH�LQ�FODVV�H[DPSOHV�ZHUH�UHGHVLJQHG�WR�HQFRXUDJH�SHHU�WR�SHHU�LQWHUDFWLRQ��SURPRWH�
H[FKDQJH�RI�LGHDV�DQG�TXHVWLRQV��DQG�SURYLGH�FRQQHFWLRQ�EHWZHHQ�WKH�OHFWXUH�PDWHULDO�DQG�
H[DPSOHV���,Q�DQRWKHU�VHFWLRQ��WKH�FODVV�ZDV�PRGLILHG�WR�LQFOXGH�D�IOLSSHG�FRXUVH�DSSURDFK��
6WXGHQWV�ZHUH�UHTXLUHG�WR�YLHZ�OHFWXUH�YLGHRV�SULRU�WR�DWWHQGLQJ�FODVV�VHVVLRQV��LQ�FODVV�OHFWXUH�
ZDV�IXUWKHU�UHGXFHG�WR�WKH�NH\�SRLQWV��DQG�PRUH�WLPH�ZDV�XVHG�IRU�DFWLYH�OHDUQLQJ�LQ�WKH�
FODVVURRP�� �

6WXGHQW�OHYHO�GDWD�ZDV�FROOHFWHG�IRU�DOO�VHFWLRQV�RI�WKH�FRXUVH�DQG�LQFOXGHG�VWXGHQW�PDMRU��FRXUVH�
DQG�H[DP�JUDGHV��DQG�JHQGHU��7KH�GDWD�ZDV�XVHG�WR�DQVZHU�WZR�SULPDU\�UHVHDUFK�REMHFWLYHV��7KH�
ILUVW�ZDV�WR�DQDO\]H�GDWD�IURP�WKH�DOWHUQDWLYHO\�GHVLJQHG�&LUFXLWV�FRXUVH�VHFWLRQV�WR�GHWHUPLQH�LI�
VWXGHQWV�HQUROOHG�LQ�IOLSSHG�FRXUVH�VHFWLRQV�H[SHULHQFHG�LPSURYHG�DFKLHYHPHQW�DQG�ORZHU�'(:�
UDWHV��WKH�SHUFHQWDJH�RI�VWXGHQWV�VFRULQJ�D�'��(��RU�ZLWKGUDZLQJ�IURP�WKH�FRXUVH���7KH�VHFRQG�
UHVHDUFK�REMHFWLYH�ZDV�WR�GHWHUPLQH��PRUH�VSHFLILFDOO\��LI�WKHUH�ZHUH�DQ\�REVHUYDEOH�
LPSURYHPHQWV�LQ�VWXGHQW�DFKLHYHPHQW�EDVHG�RQ�JHQGHU�ZKHQ�IOLSSHG�FODVVURRP�WHFKQLTXHV�ZHUH�
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LQWURGXFHG��7KLV�ZRUN�LQ�SURJUHVV�SDSHU�EHJLQV�WR�DGGUHVV�WKH�UHVHDUFK�REMHFWLYHV�DQG�RXWOLQHV�D�
SDWK�IRUZDUG�IRU�DGGLWLRQDO�QHFHVVDU\�UHVHDUFK��

�%DFNJURXQG�DQG�5HOHYDQW�/LWHUDWXUH�

)OLSSHG�/HDUQLQJ�LQ�(QJLQHHULQJ�

$V�QRWHG�DERYH��WKH�IOLSSHG�FRXUVH�GHVLJQ�KDV�JURZQ�LQ�SRSXODULW\�RYHU�WKH�ODVW�GHFDGH��DQG��
ZKLOH�HQJLQHHULQJ�KDV�EHHQ�VORZHU�WR�DGRSW�WKHVH�SUDFWLFHV�WKDQ�RWKHU�GLVFLSOLQHV��WKHUH�KDV�EHHQ�
D�VLJQLILFDQW�LQFUHDVH�LQ�WKH�DPRXQW�RI�UHVHDUFK�VXUURXQGLQJ�WKH�SRWHQWLDO�RI�IOLSSHG�FODVVURRP�
PRGHOV�LQ�UHFHQW�\HDUV�>�@��)OLSSHG�OHDUQLQJ�OHYHUDJHV�EHVW�SUDFWLFHV�IURP�DFWLYH�OHDUQLQJ�DQG�
FHQWHUV�RQ�WKH�LGHD�WKDW�VWXGHQWV�QHHG�WR�EH�SURYLGHG�ZLWK�RSSRUWXQLWLHV�WR�DFWLYHO\�HQJDJH�LQ�WKH�
OHDUQLQJ�SURFHVV�UDWKHU�WKDQ�VLWWLQJ�DV�SDVVLYH�REVHUYHUV�GXULQJ�OHFWXUH��RU��ZRUVH�\HW��UHO\LQJ�RQ�
URWH�PHPRUL]DWLRQ�IRU�NQRZOHGJH�DFTXLVLWLRQ�>�@��)OLSSHG�OHDUQLQJ�RIWHQ�OHYHUDJHV�YLGHRV�RU�
WHFKQRORJ\�WR�SUHVHQW�WKH�µOHFWXUH¶�FRQFHSWV�RXWVLGH�RI�WKH�FODVVURRP��DOORZLQJ�PRUH�LQ�FODVV�
WLPH�WR�EH�VSHQW�RQ�DFWLYLWLHV��GLVFXVVLRQ��DQG�JXLGHG�SUDFWLFH��)DFXOW\�RIWHQ�YLHZ�IOLSSLQJ�DV�D�
YLDEOH�VROXWLRQ�WR�WKH�FKDOOHQJH�RI�FRYHULQJ�FRQWHQW�ZKLOH�VWLOO�LQFOXGLQJ�HYLGHQFH�EDVHG�DFWLYH�
OHDUQLQJ�LQVWUXFWLRQDO�VWUDWHJLHV�>�@��

'HVSLWH�WKH�LQWHUHVW�LQ�IOLSSLQJ�DV�D�SRWHQWLDO�VROXWLRQ�WR�HQJLQHHULQJ�LQVWUXFWLRQDO�FKDOOHQJHV��
WKHUH�DUH�UHODWLYHO\�IHZ�VWXGLHV�DYDLODEOH�ZLWK�TXDQWLWDWLYH�VWDWLVWLFDO�DQDO\VLV�RI�VWXGHQW�RXWFRPHV�
DQG�DFKLHYHPHQW�UHSRUWHG�>�@��7KHUH�DOVR�UHPDLQV�D�QHHG�IRU�DGGLWLRQDO�UHVHDUFK�RQ�EHVW�SUDFWLFHV�
IRU�HIIHFWLYHO\�LPSOHPHQWLQJ�IOLSSLQJ��SDUWLFXODUO\�LQ�FLUFXLWV�FRXUVHV���&RPPRQ�IOLSSLQJ�
FKDOOHQJHV�LQFOXGLQJ�VXSSRUWLQJ�VWXGHQWV�WKURXJK�WHFKQLFDO�GLIILFXOWLHV��GLVLQWHUHVW�LQ�UHTXLUHG�
SUH�ZRUN��DQG�JUHDWHU�XQGHUVWDQGLQJ�RI�LQVWUXFWLRQDO�VWUDWHJLHV�WKDW�EHQHILW�XQGHUUHSUHVHQWHG�
JURXSV�RI�HQJLQHHULQJ�VWXGHQWV��UHPDLQ�DUHDV�IRU�IXWXUH�VWXG\�DV�ZHOO�� �

(QWUHSUHQHXULDO�0LQGVHW�

7KURXJKRXW�HQJLQHHULQJ�HGXFDWLRQ��ZRUN�LV�EHLQJ�GRQH�WKURXJK�.((1��WKH�.HUQ�(QWUHSUHQHXULDO�
(QJLQHHULQJ�1HWZRUN��WR�GHYHORS�(QWUHSUHQHXULDO�0LQGVHW��(0��VNLOOV�>�@��(0�LQFRUSRUDWHV�WKH�
SULQFLSOHV�RI�WKH��&¶V��FXULRVLW\�FRQQHFWLRQV��DQG�FUHDWLQJ�YDOXH��WR�KHOS�VWXGHQWV�WKLQN�FULWLFDOO\�
DERXW�VWDNHKROGHU�QHHGV��WR�FRPPXQLFDWH�WR�D�UDQJH�RI�DXGLHQFHV�LQ�YDULRXV�FRQWH[WV��DQG�WR�XVH�
WKHLU�WHFKQLFDO�VNLOOV�WR�QDYLJDWH�FRPSOH[�V\VWHPV��7KHUH�LV�DQ�LQKHUHQW�EHQHILW�WR�SDLULQJ�
WHFKQLFDO�VNLOOV�ZLWK�WKH�DELOLW\�WR�DGG�DQG�UHFRJQL]H�YDOXH��DV�LV�EXLOW�LQWR�WKH�(QWUHSUHQHXULDO�
0LQGVHW�IUDPHZRUN��7KH�(QWUHSUHQHXULDO�0LQGVHW�SULQFLSOHV�RI�WKH��&¶V�LQWHJUDWHG�LQWR�WKH�
FRXUVH��LQFUHDVHV�VWXGHQW�HQJDJHPHQW�DQG�DV�UHVHDUFK�VKRZV��VWURQJ�HPRWLRQDO�DVVRFLDWLRQV�IRU�
WKH�OHDUQHU�DQG�UHODWLRQVKLS�WR�WKH�OHDUQHU¶V�LQWHUHVWV��JRDOV��DQG�SDVW�H[SHULHQFHV�LQFUHDVH�WKH�
FKDQFH�RI�ORQJ�WHUP�PHPRU\�VWRUDJH�>�@��$OVR��DV�WHFKQRORJLHV�WKDW�VWXGHQWV�DUH�H[SRVHG�WR�
FRQWLQXH�WR�EH�PRUH�FRPSOH[��SULRU�LQWHUDFWLRQ�ZLWK�FLUFXLWV�UDUHO\�RFFXUV��VR�VWXGHQWV�HQWHU�WKHLU�
ILUVW�FLUFXLWV�FRXUVH�ZLWKRXW�DQ\�LQKHUHQW�LQWXLWLRQ�>�@��7KLV�VWXG\�LQFOXGHV�WKH�XVH�RI�(0�LQ�D�ILUVW�
\HDU�FLUFXLWV�FRXUVH�WR�YHULI\�WKDW�(0�UHLQIRUFHV�WKH�XQGHUVWDQGLQJ�RI�FRPSOH[�HQJLQHHULQJ�
FRQFHSWV��KHOSV�VWXGHQWV�WR�UHODWH�WR�WKH�PDWHULDO��DQG�LV�PRUH�LQFOXVLYH�WR�YDULRXV�OHDUQLQJ�W\SHV�
DQG�EDFNJURXQGV�>�@��
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7KH�&LUFXLWV�,�FRXUVH�LV�D�UHTXLUHPHQW�GXULQJ�WKH�VRSKRPRUH�\HDU�IRU�D�QXPEHU�RI�HQJLQHHULQJ�
GLVFLSOLQHV�ZLWKLQ�WKH�XQLYHUVLW\��LQFOXGLQJ�HOHFWULFDO�HQJLQHHULQJ��PHFKDQLFDO�HQJLQHHULQJ��
DHURVSDFH�HQJLQHHULQJ��FLYLO�HQJLQHHULQJ��ELRPHGLFDO�HQJLQHHULQJ��DQG�FRPSXWHU�V\VWHPV�
HQJLQHHULQJ��7KH�FRXUVH�FRQVLVWV�RI�D���FUHGLW�KRXU�OHFWXUH�DQG�D���FUHGLW�KRXU�ODE��7KLV�VWXG\�
ORRNV�DW���VHFWLRQV��ZLWK�����VWXGHQWV��WDXJKW�LQ���ZD\V�E\�WKH�VDPH�LQVWUXFWRU�XVLQJ�WKH�VDPH�
SUHVHQWDWLRQ�DQG�DVVLJQPHQW�PDWHULDOV���

$OO�RI�WKH���VHFWLRQV�XWLOL]HG�DQ�LQWHUDFWLYH�WXWRULDO�V\VWHP�IRU�OLQHDU�FLUFXLW�DQDO\VLV�>��@�DQG�
WH[WERRN�SUREOHPV�IRU�KRPHZRUN�DVVLJQPHQWV�DQG�WKH�ODE�SRUWLRQ�DOO�RI�WKH���VHFWLRQV�ZDV�WKH�
VWDQGDUG�IROORZ�LQVWUXFWLRQV�WR�EXLOG�FLUFXLWV�DQG�WDNH�PHDVXUHPHQWV�DSSURDFK��7KH�ILUVW�VHFWLRQ�
LQ�WKH�VSULQJ�RI������� �Q�� �����IROORZHG�D�WUDGLWLRQDO�OHFWXUH�PHWKRGRORJ\��7KH�VWXGHQWV�ZHUH�
H[SHFWHG�WR�UHDG�VSHFLILF�FKDSWHUV�RI�WKH�WH[WERRN�EHIRUH�DWWHQGLQJ�OHFWXUH��DQG�GXULQJ�WKH�
OHFWXUH��WKH�PDWHULDOV�ZHUH�H[SODLQHG�LQ�PRUH�GHWDLO��H[DPSOHV�ZHUH�ZRUNHG�WKURXJK�E\�WKH�
LQVWUXFWRU��DQG�TXL]]HV�ZHUH�PRGLILHG�WR�EH�JURXS�ZRUN�DQG�SHHU�LQVWUXFWLRQ�>��@��UDWKHU�WKDQ�
DVVHVVPHQW�WRROV��7KH�VHFRQG�VHFWLRQ�LQ�WKH�VSULQJ�RI������� �Q�� �����DQG�WKH�WKLUG�VHFWLRQ�LQ�WKH�
VSULQJ�RI������� �Q�� �����PRVWO\�IROORZHG�WKH�WUDGLWLRQDO�OHFWXUH�PHWKRGRORJ\��EXW�ZLWK�VRPH�
LQFUHDVHG�LQ�FODVV�DFWLYLWLHV��LQFOXGLQJ�WLPH�IRU�VWXGHQWV�WR�ZRUN�WKURXJK�VSHFLILF�H[DPSOH�
SUREOHPV�WKHPVHOYHV�DQG�JURXS�LQ�FODVV�DVVLJQPHQWV�ZKHUH�WKH�VWXGHQWV�FRXOG�LQWHUDFW�ZLWK�HDFK�
RWKHU�WR�ZRUN�WKURXJK�WKH�SUREOHPV��7KH�IRXUWK�VHFWLRQ�LQ�WKH�VSULQJ�RI������� �Q�� �����XWLOL]HG�D�
IOLSSHG�FODVVURRP�DSSURDFK��ZKHUH�WKH�SUH�FODVV�WH[WERRN�UHDGLQJV�ZHUH�VXSSOHPHQWHG�ZLWK�VKRUW�
������PLQ��SUH�FODVV�YLGHR�OHFWXUHV��DQG�D���TXHVWLRQ�PXOWLSOH�FKRLFH�SUH�FODVV�TXL]�WR�YHULI\�WKDW�
WKH�YLGHRV�KDG�EHHQ�ZDWFKHG��7KH�LQ�FODVV�WLPH�IRU�WKH�IRXUWK�VHFWLRQ�FRQVLVWHG�RI�D�VKRUWHU�
OHFWXUH��IRFXVLQJ�RQ�WKH�NH\�SRLQWV��IROORZHG�E\�LQVWUXFWRU�OHG�H[DPSOHV��WLPH�IRU�WKH�VWXGHQWV�WR�
LQGHSHQGHQWO\�ZRUN�WKURXJK�H[DPSOHV��ZLWK�LQVWUXFWRU�DQG�7$�VXSSRUW���DQG�JURXS�ZRUN���

7KH�FXUUHQW�FRXUVH�VWUXFWXUH�FRQWLQXHV�WKLV�VWXG\�ZLWK�WKH�DGGLWLRQ�RI�D�SURMHFW�EDVHG�ODE�DQG�
FRXUVH�DQDORJLHV�DQG�DQ�DQDORJ\�UHIOHFWLRQ�DVVLJQPHQW��DOO�RI�ZKLFK�LQFRUSRUDWH�WKH�FRQFHSWV�RI�
(QWUHSUHQHXULDO�0LQGVHW��7R�DFFRXQW�IRU�WKH�GLIIHUHQFHV�LQ�VWXGHQWV��VRPH�FRQWUROV�ZHUH�WDNHQ�
LQWR�DFFRXQW��LQFOXGLQJ�WKH�VDPH�LQVWUXFWRU��WKH�VDPH�SUDFWLFH�DQG�DSSOLFDWLRQ�PDWHULDOV��WKH�VDPH�
ODE�DQG�WKH�VDPH�WH[WERRN�UHDGLQJV�IRU�DOO���VHFWLRQV��7KH���VHFWLRQV�ZHUH�DOVR�DOO�GXULQJ�WKH�
6SULQJ�VHPHVWHU�DQG�URXJKO\�WKH�VDPH�WLPH�RI�GD\��PLG�PRUQLQJ�HDUO\�DIWHUQRRQ���$�FRPSDULVRQ�
EHWZHHQ�WKH���VHFWLRQ�FRXUVH�VWUXFWXUHV�WKDW�WKH�GDWD�LV�JDWKHUHG�IURP�DQG�WKH�FXUUHQW�FRXUVH�
VWUXFWXUH�LV�VKRZQ�EHORZ�LQ�)LJXUH����
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)LJXUH��� ��&RXUVH�VWUXFWXUH�FRPSDULVRQ�EHWZHHQ�WKH������DQG������YHUVLRQV�RI�WKH�FRXUVH��

�

7KH�UHVHDUFK�TXHVWLRQ�GULYLQJ�WKLV�LGHD�DQG�IXUWKHU�FRXUVH�DGDSWDWLRQV�LV�ZKHWKHU�DFWLYH�OHDUQLQJ�
DQG�(QWUHSUHQHXULDO�0LQGVHW�ZRXOG�SURYLGH�VLJQLILFDQWO\�KLJKHU�OHDUQLQJ�JDLQV�FRPSDUHG�WR�
VWXGHQWV�LQ�WKH�WUDGLWLRQDO�VHFWLRQV�DQG�VSHFLILFDOO\�WKH�LPSDFW�RQ�QRQ�HOHFWULFDO�HQJLQHHULQJ�
PDMRUV�DQG�ZRPHQ���

'DWD�6RXUFHV�

7KH�SULPDU\�GDWD�VRXUFH�IRU�WKLV�VWXG\�FDPH�IURP�WKH�FRXUVH�JUDGHERRNV�IRU�HDFK�VHFWLRQ��
$OWKRXJK�VWXGHQWV�ZHUH�HQUROOHG�LQ�PXOWLSOH�VHFWLRQV�RI�WKH�FRXUVH��WKH�GDWD�FROOHFWHG�DQG�
UHYLHZHG�ZDV�WKH�VDPH�IRU�DOO�VWXGHQWV�DQG�DOORZHG�WKH�UHVXOWV�WR�EH�HDVLO\�FRPSDUHG��(DFK�
VHFWLRQ�KDG�WZR�PLGWHUP�H[DPV�DQG�D�ILQDO�H[DP�WKDW�FRYHUHG�WKH�VDPH�PDWHULDO�IURP�WKH�FRXUVH��
$OO�RI�WKH�H[DPV�ZHUH�JUDGHG�E\�WKH�VDPH�LQVWUXFWRU�DQG�WKH�LQVWUXFWRU�HQWHUHG�WKH�JUDGHV�LQWR�WKH�
JUDGHERRN��IURP�ZKLFK�WKH�GDWD�IRU�WKLV�UHVHDUFK�ZDV�H[WUDFWHG���7DEOH����EHORZ��VXPPDUL]HV�WKH�
VWXGHQW�GDWD�WKDW�ZDV�DYDLODEOH��2QO\�H[DP�JUDGHV�DQG�ILQDO�FRXUVH�JUDGHV�ZHUH�DQDO\]HG�DFURVV�
WKH���VHFWLRQV�DQG�EHIRUH�FRQGXFWLQJ�DQDO\VLV��DOO�RI�WKH�VWXGHQW�GDWD�ZDV�GLVVRFLDWHG�IURP�WKH�
LQIRUPDWLRQ��
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7DEOH���� �6WXGHQW�'DWD�6XPPDU\�

�,WHP� 1XPEHU� 0D[LPXP�3RLQWV�
3HU�,WHP� 7RWDO�3RLQWV� ��RI�)LQDO�*UDGH�

�4XL]]HV�DQG�
$VVLJQPHQWV� ���� ��� ���� ����

�/DEV� ��� ���� ���� ����

0LGWHUP�([DP� �� ���� ���� ����

)LQDO�([DP� �� ���� ���� ����

��

'DWD�$QDO\VLV�	�5HVXOWV�

,QGLYLGXDO�FODVVURRP�FRPSRQHQWV�ZHUH�H[DPLQHG�WR�DVVHVV�IRU�GLIIHUHQFHV�EHWZHHQ�WKH�VWXGHQW�
RXWFRPHV�EHWZHHQ�WKH�IRXU�FRKRUWV�RI�VWXGHQWV��$�EUHDNGRZQ�RI�WKH�DYHUDJH�FRXUVH�FRPSRQHQWV�
DQG�UHVXOWV�RI�]�VFRUH�DQDO\VLV�RI�YDULDQFH�WHVWV�DUH�SUHVHQWHG�LQ�WDEOH���EHORZ��
�

��7DEOH���� �$YHUDJH�6FRUH�RI�&RXUVH�&RPSRQHQWV�	�6LJQLILFDQFH�
� $YHUDJH�6FRUHV�

&RXUVH�
&RPSRQHQW�

6HFWLRQ���
�������

7UDGLWLRQDO�

6LJ��RI�
6DPSOHV�
�3�9DOXH��

6HFWLRQ���
�������
�&ODVV�

$FWLYLWLHV�

6LJ��RI�
6DPSOHV�
�3�9DOXH��

6HFWLRQ���
���������
��&ODVV�
$FWLYLWLHV�

6LJ��RI�
6DPSOHV�
�3�9DOXH��

6HFWLRQ���
���������
)OLSSHG�
&RXUVH�

6LJ��RI�
6DPSOHV�
�3�9DOXH��

0LGWHUP��� ������ ����� ������ ����� ������ ����� ����� �����

0LGWHUP��� ������ ����� ������ ����� ������ ����� ������ �����

)LQDO�([DP� ������ ����� ������ ����� ������ ����� ������ �����

)LQDO�JUDGHV� ����� ���� ������ ���� ������ ����� ������ �����

$FURVV�WKH�ILUVW�PLGWHUP�H[DP�IRU�DOO�VHFWLRQV��WKH�VWXGHQWV�LQ�WKH��������VHFWLRQ�KDG�WKH�KLJKHVW�
DYHUDJH�VFRUH�������������IROORZHG�E\�WKH��������VWXGHQWV��������������+RZHYHU��WKH�GDWD�VHWV�
ZHUH�QRW�VLJQLILFDQW�RYHU�WKH�IRXU�FRXUVH�VHFWLRQV��S�!��������

$FURVV�WKH�VHFRQG�PLGWHUP�H[DP�IRU�DOO�VHFWLRQV��WKH�VWXGHQWV�LQ�WKH������VHFWLRQ�KDG�WKH�KLJKHVW�
DYHUDJH�VFRUH��������������IROORZHG�E\�WKH��������VWXGHQWV��������������+RZHYHU��WKH�GDWD�VHWV�
ZHUH�QRW�VLJQLILFDQW�RYHU�WKH�IRXU�FRXUVH�VHFWLRQV��S�!��������

$FURVV�WKH�ILQDO�H[DP�IRU�DOO�VHFWLRQV��WKH�VWXGHQWV�LQ�WKH��������VHFWLRQ�KDG�WKH�KLJKHVW�DYHUDJH�
VFRUH��������������IROORZHG�E\�WKH������VWXGHQWV��������������+RZHYHU��WKH�GDWD�VHWV�ZHUH�QRW�
VLJQLILFDQW�RYHU�WKH�IRXU�FRXUVH�VHFWLRQV��S�!��������

�
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$QDO\]LQJ�WKH�ILQDO�JUDGHV�IRU�WKH�FRXUVH�DFURVV�WKH�VHFWLRQV��WKH�VWXGHQWV�LQ�WKH��������VHFWLRQ�
KDG�WKH�KLJKHVW�DYHUDJH�VFRUH��������������IROORZHG�E\�WKH������VWXGHQWV��������������+RZHYHU��
WKH�GDWD�VHWV�ZHUH�QRW�VLJQLILFDQW�RYHU�WKH�IRXU�FRXUVH�VHFWLRQV��S�!��������

6LQFH�WKH�DYHUDJH�JUDGHV�DFURVV�WKH�VHFWLRQV�GLG�QRW�VKRZ�LPSURYHPHQWV�WKDW�ZHUH�VWDWLVWLFDOO\�
VLJQLILFDQW��WKH�JUDGH�GLVWULEXWLRQV�DFURVV�WKH�IRXU�VHFWLRQV�ZHUH�HYDOXDWHG��ZLWK�D�IRFXV�RQ�WKH�
QRQ�HOHFWULFDO�HQJLQHHULQJ�PDMRUV�DQG�IHPDOH�VWXGHQWV��7DEOH����EHORZ��SUHVHQWV�WKH�GLVWULEXWLRQ�
RI�ILQDO�JUDGHV�DFURVV�WKH���VHFWLRQV�DQG�UHVXOWV�RI�WKH�FKL�VTXDUHG�WHVWV�DUH�SUHVHQWHG�� �
�

7DEOH��� ��*UDGH�'LVWULEXWLRQV��E\�,QVWUXFWLRQDO�7\SH�

6HFWLRQ� ��$�$�� ��%� ��&� ��'(:� 6LJ��RI�6DPSOHV�
�3�9DOXH��

6HFWLRQ����������
7UDGLWLRQDO� ������� ������� ������� �������

�����

6HFWLRQ����������
�&ODVV�$FWLYLWLHV� ������� ������� ������� �������

6HFWLRQ������������
��&ODVV�$FWLYLWLHV� ������� ������� ������� �������

6HFWLRQ������������
)OLSSHG�&RXUVH� ������� ������� ������� �������

([DPLQLQJ�WKH�GLIIHUHQFHV�LQ�JUDGH�GLVWULEXWLRQV�DFURVV�WKH�GLIIHUHQW�VHFWLRQV��LV�DSSHDUV�WKDW�WKH�
JUDGH�GLVWULEXWLRQV�RI�WKH�KLJKHVW��$�$����DERYH�DYHUDJH��%���DQG�DYHUDJH��&��DFKLHYHPHQWV�ZHUH�
QRW�VLJQLILFDQWO\�GLIIHUHQW�RYHU�WKH�IRXUV�VHFWLRQV��EXW�WKH�VHFWLRQ���VWXGHQWV�KDG�WKH�ORZHVW�'(:�
SHUFHQWDJH�DW���������7KH�GDWD�VHWV�ZHUH�PRUH�PDUJLQDOO\�VWDWLVWLFDOO\�VLJQLILFDQW��S�!��������
)LJXUH����EHORZ��JUDSKLFDOO\�VKRZV�WKH�JUDGH�GLVWULEXWLRQ�RYHU�WKH���FRXUVH�VHFWLRQV��

�
)LJXUH���� ��*UDGH�GLVWULEXWLRQ�RI�DOO�VWXGHQWV�RYHU�WKH���FRXUVH�VHFWLRQV�RI�&LUFXLWV�,��

�
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7DEOH����EHORZ��SUHVHQWV�WKH�GLVWULEXWLRQ�RI�ILQDO�JUDGHV�DFURVV�WKH���VHFWLRQV�IRFXVLQJ�RQO\�RQ�
IHPDOH�DQG�QRQ�HOHFWULFDO�HQJLQHHULQJ�PDMRUV�DQG�UHVXOWV�RI�WKH�FKL�VTXDUHG�WHVWV�DUH�SUHVHQWHG�� �

�
7DEOH��� ��*UDGH�'LVWULEXWLRQV�RI�)HPDOHV�DQG�1RQ�((�6WXGHQWV��E\�,QVWUXFWLRQDO�7\SH�
6HFWLRQ�

)HPDOHV�2QO\� ��)HPDOHV� ��$�$�� ��%� ��&� ��'(:� 6LJ��RI�6DPSOHV�
�3�9DOXH��

6HFWLRQ����������
7UDGLWLRQDO� ������� ������� ������� ������ �������

�������

6HFWLRQ����������
�&ODVV�$FWLYLWLHV� ������� ������� ������ ������� �������

6HFWLRQ������������
��&ODVV�$FWLYLWLHV� ������� ������� ������� ������� ������

6HFWLRQ������������
)OLSSHG�&RXUVH� ������� ������� ������� ������� �������

6HFWLRQ�
1RQ�((�2QO\� ��1RQ�((� ��$�$�� ��%� ��&� ��'(:� 6LJ��RI�6DPSOHV�

�3�9DOXH��

6HFWLRQ����������
7UDGLWLRQDO� ������� ������� ������� ������� �������

�������

6HFWLRQ����������
�&ODVV�$FWLYLWLHV� ������� ������� ������� ������� �������

6HFWLRQ������������
��&ODVV�$FWLYLWLHV� ������� ������� ������� ������� �������

6HFWLRQ������������
)OLSSHG�&RXUVH� ������� ������� ������� ������� �������

([DPLQLQJ�WKH�GLIIHUHQFHV�LQ�JUDGH�GLVWULEXWLRQV�DFURVV�WKH�GLIIHUHQW�VHFWLRQV�IRU�IHPDOHV�RQO\��LW�
DSSHDUV�WKDW�WKH�JUDGH�GLVWULEXWLRQV�RI�WKH�KLJKHVW��$�$����DERYH�DYHUDJH��%���DQG�DYHUDJH��&��
DFKLHYHPHQWV�ZHUH�QRW�VLJQLILFDQWO\�GLIIHUHQW�RU�GLG�QRW�FKDQJH�LQ�DQ\�SDUWLFXODU�SDWWHUQ�RYHU�WKH�
IRXUV�VHFWLRQV��EXW�WKH�VHFWLRQ���VWXGHQWV�KDG�WKH�ORZHVW�'(:�SHUFHQWDJH�DW����IROORZHG�E\�WKH�
VHFWLRQ���VWXGHQWV�DW����������7KH�GDWD�VHWV�ZHUH�VWDWLVWLFDOO\�VLJQLILFDQW��S����������([DPLQLQJ�
WKH�GLIIHUHQFHV�LQ�JUDGH�GLVWULEXWLRQV�DFURVV�WKH�GLIIHUHQW�VHFWLRQV�IRU�QRQ�HOHFWULFDO�HQJLQHHULQJ�
VWXGHQWV�RQO\��LV�DSSHDUV�WKDW�WKH�JUDGH�GLVWULEXWLRQV�RI�WKH�KLJKHVW��$�$����DERYH�DYHUDJH��%���
DQG�DYHUDJH��&��DFKLHYHPHQWV�ZHUH�QRW�VLJQLILFDQWO\�GLIIHUHQW��EXW�WKH�VHFWLRQ���VWXGHQWV�KDG�WKH�
ORZHVW�'(:�SHUFHQWDJH�DW����������7KH�GDWD�VHWV�ZHUH�PDUJLQDOO\�VWDWLVWLFDOO\�VLJQLILFDQW��S�!�
�������)LJXUHV���DQG����EHORZ��JUDSKLFDOO\�VKRZV�WKH�JUDGH�GLVWULEXWLRQ�RYHU�WKH���FRXUVH�VHFWLRQV�
VSHFLILFDOO\�IRU�IHPDOH�VWXGHQWV�DQG�QRQ�HOHFWULFDO�HQJLQHHULQJ�PDMRUV��
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�
)LJXUH���� ��*UDGH�GLVWULEXWLRQ�RI�IHPDOH�VWXGHQWV�RYHU�WKH���FRXUVH�VHFWLRQV�RI�&LUFXLWV�,��

�

)LJXUH���� ��*UDGH�GLVWULEXWLRQ�RI�VWXGHQWV�QRW�PDMRULQJ�LQ�HOHFWULFDO�HQJLQHHULQJ�RYHU�WKH���FRXUVH�
VHFWLRQV�RI�&LUFXLWV�,��

'LVFXVVLRQ�

7KH�PDLQ�REMHFWLYHV�RI�WKLV�VWXG\�ZHUH�WR������DQVZHU�UHVHDUFK�TXHVWLRQV�UHJDUGLQJ�DOWHUQDWLYHO\�
GHVLJQHG�&LUFXLWV�FRXUVH�VHFWLRQV�WR�GHWHUPLQH�LI�VWXGHQWV�HQUROOHG�LQ�IOLSSHG�FRXUVH�VHFWLRQV�
H[SHULHQFHG�LPSURYHG�DFKLHYHPHQW�DQG�ORZHU�'(:�UDWHV������GHWHUPLQH��PRUH�VSHFLILFDOO\��LI�
WKHUH�ZHUH�DQ\�REVHUYDEOH�LPSURYHPHQWV�LQ�VWXGHQW�DFKLHYHPHQW�EDVHG�RQ�JHQGHU�ZKHQ�IOLSSHG�
FODVVURRP�WHFKQLTXHV�ZHUH�LQWURGXFHG��DQG�����GHWHUPLQH�WKH�VWDUWLQJ�SRLQW�IRU�IXUWKHU�UHVHDUFK�
RQ�XVLQJ�WKH�IOLSSHG�FRXUVH�VWUXFWXUH��DFWLYH�OHDUQLQJ�PHWKRGV��DQG�WKH�HQWUHSUHQHXULDO�PLQGVHW�LQ�
GHVLJQLQJ�D�&LUFXLWV�,�FRXUVH��7KH�GDWD�FROOHFWHG�IURP�WKLV�VWXG\�KDV�VKRZQ�WKDW�LQFUHDVHG�DFWLYH�
OHDUQLQJ�DQG�LQFUHDVHG�SHHU�WR�SHHU�LQWHUDFWLRQ�KDV�LPSURYHG�RYHUDOO�H[DP�DQG�ILQDO�FRXUVH�
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�



DYHUDJH�VFRUHV�DQG�KDV�GHFUHDVHG�WKH�SHUFHQWDJH�RI�VWXGHQWV�VFRULQJ�D�'��(��RU�ZLWKGUDZLQJ�IURP�
WKH�FRXUVH���7KH�GDWD�IXUWKHU�VXSSRUWV�D�GLUHFW�FRQQHFWLRQ�EHWZHHQ�WKH�GHFUHDVH�LQ�'(:�UDWHV�IRU�
IHPDOH�VWXGHQWV�DQG�VWXGHQWV�QRW�PDMRULQJ�LQ�HOHFWULFDO�HQJLQHHULQJ�ZKHQ�LPSOHPHQWLQJ�DFWLYH�
OHDUQLQJ�DQG�WKH�IOLSSHG�FRXUVH�GHVLJQ��$V�HDFK�FKDQJH�WR�WKH�FRXUVH�KDV�EHHQ�LQFUHPHQWDO��WKH�
JDLQV�KDYH�EHHQ�VPDOO��EXW�WUHQGLQJ�LQ�WKH�ULJKW�GLUHFWLRQ�7KH�LQLWLDO�GDWD�IURP�WKLV�VWXG\�LV�QRW�
FRQFOXVLYH��DV�WKH�VWDWLVWLFDO�VLJQLILFDQFH�IRU�PDQ\�RI�WKH�JDLQV�LV�QRW�DW�WKH�GHVLUHG�OHYHO��S���
�������EXW�WKLV�UHVHDUFK�VHUYHV�DV�D�VROLG�VWDUWLQJ�SRLQW��6LQFH�WKHUH�ZHUH�REVHUYDEOH�
LPSURYHPHQWV�LQ�VWXGHQWV�DFKLHYHPHQW�LQ�&LUFXLWV�,�XVLQJ�DFWLYH�OHDUQLQJ�DQG�D�IOLSSHG�FRXUVH�
GHVLJQ��HVSHFLDOO\�IRU�IHPDOH�DQG�QRQ�HOHFWULFDO�HQJLQHHULQJ�PDMRUV��WKH�QH[W�VWHS�LV�WR�RXWOLQH�WKH�
IXWXUH�FRXUVH�FKDQJHV�DQG�IXUWKHU�VWXG\�WKH�LPSDFWV�RQ�VWXGHQWV��$OWKRXJK�QR�IRUPDO�VXUYH\V�
ZHUH�FRQGXFWHG�DW�WKLV�WLPH��WKH�RYHUDOO�DQHFGRWDO�IHHGEDFN�IURP�VWXGHQWV�UHJDUGLQJ�WKH�DFWLYH�
OHDUQLQJ�DQG�IOLSSHG�FODVVURRP�ZDV�YHU\�SRVLWLYH�DQG�ZLOO�EH�DGGHG�WR�WKH�LQIRUPDWLRQ�FROOHFWHG�
LQ�IXWXUH�VHFWLRQV��

)XWXUH�3ODQV�

7KH�PDMRU�OLPLWDWLRQ�RI�WKLV�VWXG\�LV�WKDW�LW�LV�YHU\�HDUO\�LQ�WKH�UHVHDUFK�SURFHVV��7KH�LQLWLDO�
LQWHQWLRQ�RI�WKH�ZRUN�WKDW¶V�EHHQ�GRQH��ZDV�QRW�GHVLJQHG�IRU�UHVHDUFK�SXUSRVHV��EXW�WKH�HYLGHQFH�
WKDW�WKH�VWUDWHJLHV�DUH�HIIHFWLYH�EDVHG�RQ�WKH�FRXUVH�DYHUDJHV�DQG�'(:�UDWHV�VKRZV�JUHDW�SURPLVH�
DQG�KHOSHG�IUDPH�ZKDW�FKDQJHV�ZLOO�EH�PDGH�QH[W�DQG�ZKDW�GDWD�ZLOO�EH�FROOHFWHG��7KH�QH[W�
VWXG\�ZLOO�VWLOO�LQFOXGH�H[DP�DQG�FRXUVH�DYHUDJHV�DQG�'(:�UDWHV�DQG�DOVR�DGGLWLRQDO�GDWD�
LQFOXGLQJ�SUH�DQG�SRVW�WHFKQLFDO�NQRZOHGJH��HWKQLFLW\��VRFLRHFRQRPLF�VWDWXV��DQG�SUH�DQG�SRVW�
VWXGHQW�SHUVSHFWLYHV�ZLOO�DOVR�EH�FROOHFWHG��,Q�DGGLWLRQ�WR�LQFOXGLQJ�DFWLYH�OHDUQLQJ�DQG�D�IOLSSHG�
FRXUVH�GHVLJQ��VRPH�DGGLWLRQDO�FKDQJHV�WKDW�ZLOO�EH�UHVHDUFKHG�DUH��

Ɣ %HWWHU�GHILQHG�OHDUQLQJ�RXWFRPHV�WR�KHOS�FRQQHFW�VWXGHQWV�WR�WKH�UHDVRQV�IRU�OHDUQLQJ�WKH�
YDULRXV�SULQFLSOHV�DQG�PHWKRGV��ZLWK�IRFXV�RQ�JURZWK�PLQGVHW�YHUVXV�IL[HG�PLQGVHW��

Ɣ 3URMHFW�EDVHG�ODEV��%DVHG�RQ�WKH�SULQFLSOHV�RI�(QWUHSUHQHXULDO�0LQGVHW��WKLV�FRXOG�
LQFUHDVH�FXULRVLW\�LQ�WKH�VXEMHFW�DQG�DOORZ�VWXGHQWV�WR�FRQQHFW�WKH�OHFWXUH�PDWHULDO�PRUH�
GLUHFWO\�WR�DSSOLFDWLRQ���7KH�SURMHFW�EDVHG�ODE�ZLOO�DOVR�LQFOXGH�VXE�ODEV�WKDW�DOORZ�
VWXGHQWV�WR�OHDUQ�WKURXJK�IDLOXUH�ZLWKRXW�JUDGH�LPSDFW�WR�KHOS�VROLGLI\�XQGHUVWDQGLQJ�DQG�
EXLOG�PRUH�HOHFWULFDO�LQWXLWLRQ��

Ɣ 0RUH�LQ�FODVV�H[DPSOHV�DQG�DFWLYH�OHDUQLQJ�WKDW�UHODWH�GLUHFWO\�WR�WKH�SURMHFW�EDVHG�ODE�
DQG�WR�WKH�LQWHUHVWV�RI�WKH�VWXGHQWV��IXUWKHU�SURPRWLQJ�FXULRVLW\�DQG�FRQQHFWLRQ��

Ɣ 7KH�XVH�RI�DQDORJLHV�LQ�H[SODLQLQJ�FRPSOH[�FRQFHSWV�DQG�XVLQJ�UHIOHFWLRQV�RQ�WKH�
DQDORJLHV�DV�D�PHWKRG�RI�DVVHVVPHQW��DJDLQ��LQFRUSRUDWLQJ�WKH�FRQFHSWV�RI�(QWUHSUHQHXULDO�
0LQGVHW�� �

�
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5HIHUHQFHV�

�� 0D\OHG��/�+���5RVV��/���$QNHQ\��&�-���2VZDOG��-���³(IIHFWV�RI�$OWHUQDWLYH�&RXUVH�'HVLJQ�
DQG�,QVWUXFWLRQDO�0HWKRGV�LQ�WKH�(QJLQHHULQJ�&ODVVURRP´��LQ� �$PHULFDQ�6RFLHW\�IRU�
(QJLQHHULQJ�(GXFDWLRQ�&RQIHUHQFH��3URFHHGLQJV�RI��7DPSD��)/�������� �

�� %DUW��0���³6XUYH\�&RQILUPV�*URZWK�RI�WKH�)OLSSHG�&ODVVURRP´�� �)DFXOW\�)RFXV ���1RY������
������$FFHVVHG�RQ��-DQ������������>2QOLQH@��$YDLODEOH��
KWWSV���ZZZ�IDFXOW\IRFXV�FRP�DUWLFOHV�EOHQGHG�IOLSSHG�OHDUQLQJ�VXUYH\�FRQILUPV�JURZWK�
RI�WKH�IOLSSHG�FODVVURRP� ���

�� &DUERQQHDX��.���0DUOH\��6���	�6HOLJ��-���³$�0HWD�$QDO\VLV�RI�WKH�(IILFDF\�RI�7HDFKLQJ�
0DWKHPDWLFV�ZLWK�&RQFUHWH�0DQLSXODWLYHV´�� �-RXUQDO�RI�(GXFDWLRQDO�3V\FKRORJ\ �����������
SS����������������� �

�� %LVKRS��-��/���	�9HUOHJHU��0���³7KH�)OLSSHG�&ODVVURRP��$�6XUYH\�RI�WKH�5HVHDUFK´��LQ�
$PHULFDQ�6RFLHW\�IRU�(QJLQHHULQJ�(GXFDWLRQ�&RQIHUHQFH��3URFHHGLQJV�RI��$WODQWD��*$��
�������

�� .DUDEXOXW�,OJX��$���-DUDPLOOR�&KHUUH]��1���	�-DKUHQ��&��7���³$�6\VWHPDWLF�5HYLHZ�RI�
5HVHDUFK�RQ�WKH�)OLSSHG�/HDUQLQJ�0HWKRG�LQ�(QJLQHHULQJ�(GXFDWLRQ´�� �%ULWLVK�-RXUQDO�RI�
(GXFDWLRQDO�7HFKQRORJ\ ����������SS�����������������

�� ³.((1���+RPH�´�.((1���(QJLQHHULQJ�8QOHDVKHG��$FFHVVHG�RQ��-DQ������������>2QOLQH@��
$YDLODEOH� ���KWWSV���HQJLQHHULQJXQOHDVKHG�FRP� ����

�� )HOGHU��5�0���%UHQW��5��� �7HDFKLQJ�DQG�/HDUQLQJ�67(0��$�3UDFWLFDO�*XLGH� ��+RERNHQ��
-RKQ�:LOH\�	�6RQV��,QFRUSRUDWHG��������

�� /H%ODQF��+�-���$O�2OLPDW��.�6���.KDQ��0�$��+DVVDQ��)���³+RZ�$QDORJLHV�)LW�LQ�D�
)UDPHZRUN�IRU�6XSSRUWLQJ�WKH�(QWUHSUHQHXULDO�0LQG�VHW�LQ�DQ�(OHFWULF�&LUFXLWV�&RXUVH´��
LQ� �$PHULFDQ�6RFLHW\�IRU�(QJLQHHULQJ�(GXFDWLRQ�&RQIHUHQFH��3URFHHGLQJV�RI��7DPSD��)/��
�������

�� %HNNL��-���+XHUWD��0���/RQGRQ��-��6���0HOWRQ��'���9LJHDQW��0���:LOOLDPV��-��0���³2SLQLRQ��
:K\�(0"�7KH�3RWHQWLDO�%HQHILWV�RI�,QVWLOOLQJ�DQ�(QWUHSUHQHXULDO�0LQGVHW´�� �$GYDQFHV�LQ�
(QJLQHHULQJ�(GXFDWLRQ ���1RY��������$FFHVVHG�RQ��-DQ�����������>2QOLQH@��$YDLODEOH��
KWWSV���DGYDQFHV�DVHH�RUJ�RSLQLRQ�ZK\�HP�WKH�SRWHQWLDO�EHQHILWV�RI�LQVWLOOLQJ�DQ�HQWUHSUH
QHXULDO�PLQGVHW� ����

��� �6NURPPH��%�-���*DR��%���.RUUDSDWL�%���6HHWKDUDP��9���+XDQJ��<���5RELQVRQ��'�+���
³,QWHUDFWLYH�7XWRULDO�6\VWHP�IRU�/LQHDU�&LUFXLW�$QDO\VLV��,PSDFW�RQ�/HDUQLQJ�DQG�1RYHO�
7XWRULDOV´��LQ� �$PHULFDQ�6RFLHW\�IRU�(QJLQHHULQJ�(GXFDWLRQ�&RQIHUHQFH��3URFHHGLQJV�RI��
1HZ�2UOHDQV��/$��������
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��� 3HUH]��5�$�6���2UWHJD�$OYDUH]��-�'���6WHYHOHU��5�$���³$VVHVVLQJ�WKH�(IIHFWLYHQHVV�RI�3HHU�
,QVWUXFWLRQ�LQ�6WXGHQWV¶�8QGHUVWDQGLQJ�RI�(OHFWULF�&LUFXLWV�&RQFHSWV´��LQ� �$PHULFDQ�
6RFLHW\�IRU�(QJLQHHULQJ�(GXFDWLRQ�&RQIHUHQFH��3URFHHGLQJV�RI��7DPSD��)/���������
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