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%DNHU�)UDQNH��&RGH�RUJ��EDNHU#FRGH�RUJ�
��

$EVWUDFW��%URDGHQLQJ�SDUWLFLSDWLRQ� LQ�FRPSXWLQJ� LV�D�PDMRU�JRDO� LQ�FRQWHPSRUDU\�FRPSXWHU�
VFLHQFH�HGXFDWLRQ��7KH�HPHUJHQFH�RI�YLVXDO��EORFN�EDVHG�SURJUDPPLQJ�HQYLURQPHQWV�VXFK�DV�
6FUDWFK� DQG� $OLFH� KDYH� FUHDWHG� D� QHZ� SDWKZD\� LQWR� FRPSXWLQJ�� EULQJLQJ� FUHDWLYLW\� DQG�
SOD\IXOQHVV� LQWR� LQWURGXFWRU\� FRPSXWLQJ� FRQWH[WV�� %XLOGLQJ� RQ� WKHVH� VXFFHVVHV�� QDWLRQDO�
FXUULFXODU�HIIRUWV�LQ�WKH�8QLWHG�6WDWHV�DUH�VWDUWLQJ�WR�LQFRUSRUDWH�EORFN�EDVHG�SURJUDPPLQJ�LQWR�
LQVWUXFWLRQDO� PDWHULDOV� DORQJVLGH�� RU� LQ� SODFH� RI�� FRQYHQWLRQDO� WH[W�EDVHG� SURJUDPPLQJ�� 7R�
XQGHUVWDQG�LI� WKLV�GHFLVLRQ�LV�KHOSLQJ�OHDUQHUV� IURP�KLVWRULFDOO\�XQGHUUHSUHVHQWHG�SRSXODWLRQV�
VXFFHHG�LQ�FRPSXWLQJ�FODVVHV��WKLV�SDSHU�SUHVHQWV�DQ�DQDO\VLV�RI�RYHU�������VWXGHQWV�DQVZHULQJ�
TXHVWLRQV� SUHVHQWHG� LQ� ERWK� EORFN�EDVHG� DQG� WH[W�EDVHG�PRGDOLWLHV�� $� FRPSDUDWLYH� DQDO\VLV�
VKRZV�WKDW�ZKLOH�DOO�VWXGHQWV�SHUIRUP�EHWWHU�ZKHQ�TXHVWLRQV�DUH�SUHVHQWHG�LQ�WKH�EORFN�EDVHG�
IRUP��IHPDOH�VWXGHQWV�DQG�VWXGHQWV�IURP�KLVWRULFDOO\�XQGHUUHSUHVHQWHG�PLQRULWLHV�VDZ�WKH�ODUJHVW�
LPSURYHPHQWV��7KLV�ILQGLQJ�VXJJHVWV�WKH�FKRLFH�RI�UHSUHVHQWDWLRQ�FDQ�SRVLWLYHO\�DIIHFW�JURXSV�
KLVWRULFDOO\�PDUJLQDOL]HG�LQ�FRPSXWLQJ���

,QWURGXFWLRQ�
,Q�DQ�HIIRUW�WR�EURDGHQ�SDUWLFLSDWLRQ�LQ�FRPSXWLQJ�DQG�JLYH�OHDUQHUV�D�PRUH�DFFXUDWH�VHQVH�RI�WKH�ILHOG�RI�FRPSXWHU�
VFLHQFH��DQG�KRZ�LW�LQYROYHV�PRUH�WKDQ�MXVW�SURJUDPPLQJ��D�QHZ�$GYDQFHG�3ODFHPHQW��$3��FRXUVH�ZDV�FUHDWHG�
LQ�WKH�8QLWHG�6WDWHV��7KH�QHZ�FRXUVH��WLWOHG�$3�&RPSXWHU�6FLHQFH�3ULQFLSOHV��$3�&63���ZDV�WDXJKW�QDWLRQDOO\�IRU�
WKH�ILUVW�WLPH�LQ�WKH�����������VFKRRO�\HDU�DQG�FRYHUV�VHYHQ�ELJ�LGHDV�LQ�FRPSXWLQJ��&UHDWLYLW\��$EVWUDFWLRQ��'DWD��
$OJRULWKPV�� 3URJUDPPLQJ�� ,QWHUQHW�� DQG�*OREDO� ,PSDFWV�� 7R� KHOS� IRVWHU� DQ� LQFOXVLYH� OHDUQLQJ� H[SHULHQFH�� WKH�
FRXUVH� LV� SURJUDPPLQJ� ODQJXDJH� DJQRVWLF�� DOORZLQJ� WHDFKHUV� WR� FKRRVH� WKH� WHFKQRORJLHV� DQG� SURJUDPPLQJ�
HQYLURQPHQWV�IRU�LQVWUXFWLRQ��7KLV�PHDQV�VRPH�OHDUQHUV�JR�WKURXJK�WKH�\HDU�ORQJ�KLJK�VFKRRO�FRXUVH�XVLQJ�EORFN�
EDVHG�SURJUDPPLQJ�HQYLURQPHQWV�OLNH�6FUDWFK��ZKLOH�VWXGHQWV�LQ�RWKHU�FODVVURRPV�PLJKW�XVH�FRQYHQWLRQDO�WH[W�
EDVHG�SURJUDPPLQJ�ODQJXDJHV�OLNH�3\WKRQ��7KLV�SUHVHQWV�D�FKDOOHQJH�IRU�WKH�RUJDQL]DWLRQ�WDVNHG�ZLWK�FUHDWLQJ�D�
VLQJOH�ZULWWHQ�VXPPDWLYH�DVVHVVPHQW�WR�EH�DGPLQLVWHUHG�QDWLRQDOO\�DW�WKH�FRQFOXVLRQ�RI�WKH�FRXUVH��KRZ�GR�\RX�
FUHDWH�D�ZULWWHQ�DVVHVVPHQW�IRU�D�FRPSXWHU�VFLHQFH�FODVV�ZKHQ�\RX�GR�QRW�NQRZ�WKH�SURJUDPPLQJ�ODQJXDJH��RU�
HYHQ�WKH�SURJUDPPLQJ�PRGDOLW\��WH[W�EDVHG�RU�EORFN�EDVHG��WKDW�OHDUQHUV�XVHG"�)XUWKHU��EHFDXVH�OHDUQHUV�FDQ�XVH�
HLWKHU�PRGDOLW\��ZKDW�FDQ� WKLV�DVVHVVPHQW� WHOO�XV�DERXW� WKH� UROH�RI�SURJUDPPLQJ�PRGDOLW\� WRZDUGV� WKH�JRDO�RI�
EURDGHQLQJ�SDUWLFLSDWLRQ�LQ�FRPSXWLQJ"�*LYHQ�WKDW�D�JRDO�RI�WKH�FRXUVH�LV�WR�EURDGHQ�SDUWLFLSDWLRQ�LQ�WKH�ILHOG��WKH�
DVVHVVPHQW�PXVW�UHIOHFW�ERWK�WKH�SURJUDPPLQJ�SOXUDOLW\�ZHOFRPHG�LQ�WKH�GHVLJQ�RI�WKH�FXUULFXOXP�DV�ZHOO�DV�WKH�
HTXLW\�RULHQWHG�SULRULWLHV�RI�WKH�FRXUVH���
�

������������ �
)LJXUH����7KH�EORFN�EDVHG��OHIW��DQG�WH[W�EDVHG��ULJKW��PRGDOLWLHV�IURP�WKH�$3�&RPSXWHU�6FLHQFH�3ULQFLSOHV�

H[DP��
�

,Q�UHVSRQVH�WR�WKLV�FKDOOHQJH�� WKH�'HYHORSPHQW�&RPPLWWHH�IRU�WKH�$3�&63�FRXUVH�LQYHQWHG�D�FXVWRP�
SVHXGRFRGH�DQG�LQFOXGHG�ERWK�WH[W�EDVHG�DQG�EORFN�EDVHG�IRUPV�RI�TXHVWLRQV�RQ�WKHLU�H[DP��)LJXUH�����,Q�WKLV�
ZD\��VWXGHQWV�DUH�QRW�UHZDUGHG�RU�SHQDOL]HG�IRU�XVLQJ�RQH�W\SH�RI�SURJUDPPLQJ�WRRO�RU�DQRWKHU�GXULQJ�WKH�VFKRRO�
\HDU��+RZHYHU�� WKHUH�DUH�FRQFHUQV�DVVRFLDWHG�ZLWK� WKLV�DSSURDFK��%\�FUHDWLQJ�D� QHZ�SVHXGR�ODQJXDJH� WKDW� QR�
VWXGHQW�KDV�XVHG�GXULQJ�WKH�FRXUVH��LW�LV�XQFOHDU�KRZ�VWXGHQWV�ZLOO�SHUIRUP��)XUWKHU��PDQ\�RI�WKH�LGHQWLILHG�EHQHILWV�
DVVRFLDWHG�ZLWK�EORFN�EDVHG�WRROV�DUH�DEVHQW�IURP�WKH�EORFN�EDVHG�IRUP�RI�WKH�DVVHVVPHQW��)RU�H[DPSOH��WKH�EORFN�
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EDVHG�SVHXGRFRGH�GRHV�QRW�XVH�FRORUV��SUHVHQW�FRPPDQGV�XVLQJ�QDWXUDO� ODQJXDJH�H[SUHVVLRQV��RU�GLIIHUHQWLDWH�
EORFN�VKDSH�E\�XVH��)XUWKHU��WKH�DVVHVVPHQW�RQO\�DVNV�TXHVWLRQV�UHODWHG�WR�SURJUDP�FRPSUHKHQVLRQ��WKXV�VWXGHQWV�
DUH�QRW�DVNHG�WR�FRPSRVH�SURJUDPV�ZKLFK�LV�DQRWKHU�D�SHUFHLYHG�DIIRUGDQFH�RI�EORFN�EDVHG�WRROV��:HLQWURS�	�
:LOHQVN\������D����

7KH�GHFLVLRQ�WR�ERWK�LQYHQW�D�SVHXGRFRGH�ODQJXDJH�WKDW�KDV�WZR�PRGDOLWLHV�DQG�WR�SUHVHQW�TXHVWLRQV�RQ�
WKH�H[DP�LQ�ERWK�PRGDOLWLHV�LV�FRQVHTXHQWLDO�IRU�DQ\�VWXGHQW�EXW�HVSHFLDOO\�JLYHQ�WKH�JRDO�RI�ZHOFRPLQJ�VWXGHQWV�
IURP�KLVWRULFDOO\�XQGHUUHSUHVHQWHG�SRSXODWLRQV� WR� WKH� ILHOG�RI�FRPSXWHU� VFLHQFH�� ,I� WKH�TXHVWLRQV�DVNHG�RQ� WKH�
VXPPDWLYH�H[DP�GR�QRW�DOLJQ�ZLWK� WKH� IHDWXUHV�RI� WKH� OHDUQLQJ�HQYLURQPHQWV� WKDW�KDYH�EHHQ�IRXQG� WR� VXSSRUW�
VWXGHQWV�IURP�KLVWRULFDOO\�XQGHUUHSUHVHQWHG�SRSXODWLRQV��WKHQ�WKH�FRXUVH�KDV�WKH�SRWHQWLDO�WR�SHUSHWXDWH�H[LVWLQJ�
LQHTXDOLWLHV�� UDWKHU� WKDQ� VROYH� WKHP��8QGHUVWDQGLQJ� WKH� RXWFRPHV� IURP� WKH� DVVHVVPHQW� DSSURDFK� XVHG� IRU� WKH�
ZULWWHQ�$3�&63�H[DP��SDUWLFXODUO\�ZLWK�UHVSHFW�WR�WKH�JRDO�RI�EURDGHQLQJ�SDUWLFLSDWLRQ�LQ�WKH�ILHOG�RI�FRPSXWHU�
VFLHQFH��LV�WKH�IRFXV�RI�WKLV�SDSHU��6WDWHG�PRUH�H[SOLFLWO\��WKLV�SDSHU�DQVZHUV�WKH�IROORZLQJ�UHVHDUFK�TXHVWLRQV��

54����+RZ�GR�VWXGHQWV�SHUIRUP�RQ�TXHVWLRQV�DVNHG�LQ�DQ�XQLPSOHPHQWHG�WH[W�EDVHG�SVHXGRFRGH�
FRPSDUHG� WR� DQ� LVRPRUSKLF� EORFN�EDVHG� SVHXGRFRGH� RQ� D� ZULWWHQ� FRPSXWHU� VFLHQFH�
DVVHVVPHQW"��

54� ��� +RZ� GRHV� PRGDOLW\� �EORFN�EDVHG� YHUVXV� WH[W�EDVHG�� DIIHFW� VWXGHQWV� IURP� KLVWRULFDOO\�
XQGHUUHSUHVHQWHG�SRSXODWLRQV�RQ�D�VWDQGDUGL]HG�FRPSXWHU�VFLHQFH�DVVHVVPHQW"�

����� 7R�DQVZHU� WKHVH�TXHVWLRQV��ZH�GHVLJQHG�D����TXHVWLRQ�DVVHVVPHQW� WKDW�DVNV�TXHVWLRQV�XVLQJ�ERWK� WKH�
EORFN�EDVHG�DQG�WH[W�EDVHG�YHUVLRQ�RI�WKH�SVHXGRFRGH�DQG�HPEHGGHG�LW�DV�SDUW�RI�DQ�$3�&63�FXUULFXOXP��2YHU�
������VWXGHQWV�WRRN�WKH�DVVHVVPHQW�DW�VFKRROV�DFURVV�WKH�8QLWHG�6WDWHV��8VLQJ�WKH�UHVSRQVHV��ZH�DUH�DEOH�WR�VKHG�
OLJKW�RQ�WKH�VWDWHG�UHVHDUFK�TXHVWLRQV�DQG�DGYDQFH�RXU�XQGHUVWDQGLQJ�RI�KRZ�WKH�GHVLJQ�RI�SURJUDPPLQJ�ODQJXDJHV�
DQG�DVVHVVPHQWV�FDQ�LPSDFW�OHDUQHU�RXWFRPHV�DQG�WKH�JRDO�RI�EURDGHQLQJ�SDUWLFLSDWLRQ�LQ�FRPSXWLQJ���

/LWHUDWXUH�UHYLHZ�

%URDGHQLQJ�SDUWLFLSDWLRQ�LQ�FRPSXWLQJ�
'HVSLWH�WKH�JURZLQJ�SUHVHQFH�RI�FRPSXWLQJ�LQ�VRFLHW\��WKH�ILHOG�RI�FRPSXWHU�VFLHQFH�VWLOO�VWUXJJOHV�ZLWK�LVVXHV�RI�
XQGHUUHSUHVHQWDWLRQ�RI�JLUOV�DQG�$IULFDQ�$PHULFDQ�DQG�+LVSDQLF�OHDUQHUV��(ULFVRQ�	�*X]GLDO��������0DUJROLV��
������ 0DUJROLV� 	� )LVKHU�� ������ =ZHEHQ� 	� %L]RW�� ������� (IIRUWV� WR� LQFUHDVH� HQUROOPHQW� DPRQJ� KLVWRULFDOO\�
XQGHUUHSUHVHQWHG�PLQRULWLHV�KDYH�WDNHQ�D�QXPEHU�RI�IRUPV��LQFOXGLQJ�QDWLRQDO�FXUULFXODU�HIIRUWV��WKH�FUHDWLRQ�RI�
QHZ�SURJUDPPLQJ�HQYLURQPHQWV�WKDW�HPSKDVL]H�FUHDWLYLW\�DQG�FROODERUDWLRQ��DQG�D�ZLGH�DUUD\�RI�RXW�RI�VFKRRO�
SURJUDPV�RULHQWHG�WRZDUG�HQJDJLQJ�D�GLYHUVH�VHW�RI�OHDUQHUV��)RU�H[DPSOH��WKH�([SORULQJ�&RPSXWHU�6FLHQFH��(&6��
FXUULFXOXP�ZDV�GHVLJQHG�WR�EURDGHQ�SDUWLFLSDWLRQ�LQ�FRPSXWHU�VFLHQFH�E\�HPSKDVL]LQJ�DVSHFWV�RI�FRPSXWLQJ�VXFK�
DV�ZHE�GHVLJQ�DQG�GDWD�DQDO\VLV�DQG�IRUHJURXQGLQJ�WKH�KXPDQ�DQG�VRFLDO�DVSHFWV�RI�WKH�GRPDLQ�WKURXJK�FXOWXUDOO\�
UHOHYDQW�FXUULFXOD�DQG�HTXLW\�RULHQWHG�SURMHFWV��5\RR�HW�DO����������$QRWKHU�DSSURDFK�WR�LQWURGXFLQJ�D�EURDG�UDQJH�
RI�OHDUQHUV�WR�IRXQGDWLRQDO�FRPSXWHU�VFLHQFH�LGHDV�LV�WR�LQWHJUDWH�WKHP�LQWR�H[LVWLQJ�FRXUVHV��%DUU�	�6WHSKHQVRQ��
������:HLQWURS�HW�DO����������

7KHUH�DUH�DOVR�D�JURZLQJ�QXPEHU�RI�OHDUQLQJ�HQYLURQPHQWV��WHFKQRORJLHV��DQG�SURJUDPV�EHLQJ�GHVLJQHG�
WR�EURDGHQ�SDUWLFLSDWLRQ�LQ�FRPSXWLQJ��/RZ�WKUHVKROG�SURJUDPPLQJ�HQYLURQPHQWV�KDYH�HPHUJHG��VXFK�DV�6FUDWFK�
�5HVQLFN�HW�DO���������DQG�$OLFH��&RRSHU��'DQQ��	�3DXVFK���������ZKLFK�XVH�EORFN�EDVHG�SURJUDPPLQJ�LQWHUIDFHV�
WR� PDNH� LW� HDVLHU� IRU� QRYLFHV� WR� SURJUDP� ZLWK� OLWWOH� RU� QR� SULRU� H[SHULHQFH�� ,Q� WKHVH� W\SHV� RI� HQYLURQPHQWV��
SURJUDPPLQJ�LV�IUDPHG�DV�D�FUHDWLYH�DFWLYLW\��DOORZLQJ�OHDUQHUV�WR�FUHDWH�JDPHV�DQG�LQWHUDFWLYH�VWRULHV�WKDW�FDQ�
HDVLO\� EH� VKDUHG� ZLWK� RWKHUV�� 6XFK� HIIRUWV� DWWUDFW� GLYHUVH� OHDUQHUV� WKDW� DUH� KLVWRULFDOO\� XQGHUUHSUHVHQWHG� LQ�
FRPSXWLQJ��.HOOHKHU��3DXVFK��	�.LHVOHU��������0DORQH\�HW�DO����������/LNHZLVH��WDQJLEOH�FRPSXWLQJ�KDV�HPHUJHG�
DV�DQRWKHU�SDWKZD\�LQWR�FRPSXWLQJ�WKDW�FDQ�UHDFK�DXGLHQFHV�KLVWRULFDOO\�XQGHUUHSUHVHQWHG�LQ�WKH�ILHOG��%UDG\�HW�
DO���������%XHFKOH\�	�+LOO����������

%ORFN�EDVHG�SURJUDPPLQJ�
7KH�ODVW�GHFDGH�KDV�VHHQ�D�SUROLIHUDWLRQ�RI�DSSOLFDWLRQV�XWLOL]LQJ�EORFNV�EDVHG�SURJUDPPLQJ��)LJXUH�����%ORFN�
EDVHG�SURJUDPPLQJ�OHYHUDJHV�D�SURJUDPPLQJ�SULPLWLYH�DV�SX]]OH�SLHFH�PHWDSKRU�WKDW�SURYLGHV�YLVXDO�FXHV�WR�WKH�
XVHU�DERXW�KRZ�DQG�ZKHUH�FRPPDQGV�FDQ�EH�XVHG��8VHUV�FRPSRVH�SURJUDPV�LQ�WKHVH�HQYLURQPHQWV�E\�GUDJJLQJ�
EORFNV�RQWR�D�FDQYDV�DQG�VQDSSLQJ�WKHP�WRJHWKHU�WR�IRUP�VFULSWV��,I�WZR�EORFNV�FDQQRW�EH�MRLQHG�WR�IRUP�D�YDOLG�
V\QWDFWLF� VWDWHPHQW�� WKH�HQYLURQPHQW�SUHYHQWV� WKHP� IURP�VQDSSLQJ� WRJHWKHU�� WKXV�SUHYHQWLQJ� V\QWD[�HUURUV�EXW�
UHWDLQLQJ�WKH�SUDFWLFH�RI�DVVHPEOLQJ�SURJUDPV�LQVWUXFWLRQ�E\�LQVWUXFWLRQ��$ORQJ�ZLWK�XVLQJ�EORFN�VKDSH�WR�GHQRWH�
XVH�� WKHUH�DUH�RWKHU�YLVXDO�FXHV�WR�KHOS�SURJUDPPHUV�� LQFOXGLQJ�FRORU�FRGLQJ�E\�FRQFHSWXDO�XVH�DQG�QHVWLQJ�RI�
EORFNV�WR�GHQRWH�VFRSH��0DORQH\��
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)LJXUH����%ORFN�EDVHG�SURJUDPPLQJ�ODQJXDJHV���D��/RJR%ORFNV���E��6FUDWFK���F��$OLFH��DQG��G��&RGH�RUJ¶V�$SS�
/DE��

�
HW�DO����������&ROOHFWLYHO\��WKH�IHDWXUHV�RI�WKH�EORFN�EDVHG�SURJUDPPLQJ�PRGDOLW\�DQG�WKH�HQYLURQPHQWV�LQ�ZKLFK�
WKH\�DUH�VLWXDWHG�FRQWULEXWH�WR�OHDUQHUV�SHUFHLYLQJ�EORFN�EDVHG�WRROV�DV�HDV\�WR�XVH��:HLQWURS�	�:LOHQVN\������D���

$�JURZLQJ�ERG\�RI�UHVHDUFK�LV�LQYHVWLJDWLQJ�KRZ�EORFNV�EDVHG�SURJUDPPLQJ�VKDSHV�OHDUQHUV¶�FRQFHSWXDO�
XQGHUVWDQGLQJ�RI�FRPSXWHU�VFLHQFH�FRQFHSWV�DQG�HPHUJLQJ�SURJUDPPLQJ�SUDFWLFHV��)RU�H[DPSOH��UHVHDUFKHUV�KDYH�
GRFXPHQWHG�D�QXPEHU�RI�KDELWV�OHDUQHUV�GHYHORS�ZKLOH�ZRUNLQJ�LQ�EORFNV�EDVHG�WRROV��VXFK�DV�DQ�HPSKDVLV�RQ�
ERWWRP�XS�SURJUDPPLQJ�ZKHUH�OHDUQHUV�IRFXV�RQ�XVLQJ�VSHFLILF�EORFNV��0HHUEDXP�6DODQW��$UPRQL��	�%HQ�$UL��
������� /LNHZLVH�� UHVHDUFK� LV� GRFXPHQWLQJ� KRZ� QRYLFHV� OHDUQ� ZLWK� EORFNV�EDVHG� WRROV�� LGHQWLI\LQJ�
GHYHORSPHQWDOO\�DSSURSULDWH� FRQWHQW� DQG� PLVFRQFHSWLRQV� OHDUQHUV� PD\� GHYHORS� LQ� EORFNV�EDVHG� ODQJXDJHV�
�)UDQNOLQ�HW�DO���������*URYHU�	�%DVX��������6HLWHU�	�)RUHPDQ���������)LQDOO\��HPHUJLQJ�UHVHDUFK�RQ�FRPSDUDWLYH�
VWXGLHV�EHWZHHQ�EORFN�EDVHG�DQG�WH[W�EDVHG�WRROV�VKRZV�EORFN�EDVHG�SURJUDPPLQJ�HQDEOHV�VWXGHQWV�WR�FRPSOHWH�
DVVLJQPHQWV�IDVWHU��3ULFH�	�%DUQHV��������DQG�VFRUH�KLJKHU�RQ�FRQWHQW�DVVHVVPHQWV��:HLQWURS�	�:LOHQVN\���������

5HSUHVHQWDWLRQ�DQG�OHDUQLQJ�
5HVHDUFK�LQ�WKH�/HDUQLQJ�6FLHQFHV�LV�UHYHDOLQJ�WKH�ZD\V�WKDW�WKH�UHSUHVHQWDWLRQDO�LQIUDVWUXFWXUH�XVHG�LQ�D�GRPDLQ�
FDQ�LPSDFW�OHDUQLQJ�DQG�FRQFHSWXDOL]DWLRQ�RI�WKDW�GRPDLQ��GL6HVVD��������FDOOV�WKLV�PDWHULDO�LQWHOOLJHQFH��DUJXLQJ�
IRU�FORVH�WLHV�EHWZHHQ�WKH�LQWHUQDO�FRJQLWLYH�SURFHVV�DQG�WKH�H[WHUQDO�UHSUHVHQWDWLRQV�WKDW�VXSSRUW�WKHP��³ZH�GRQ¶W�
DOZD\V�KDYH�LGHDV�DQG�WKHQ�H[SUHVV�WKHP�LQ�WKH�PHGLXP��:H�KDYH�LGHDV�ZLWK�WKH�PHGLXP´��GL6HVVD��������S�������
HPSKDVLV� LQ� WKH� RULJLQDO��� 7KHVH� V\PEROLF� V\VWHPV� SURYLGH� D� UHSUHVHQWDWLRQDO� LQIUDVWUXFWXUH� XSRQ� ZKLFK�
NQRZOHGJH�LV�EXLOW�DQG�FRPPXQLFDWHG��.DSXW��1RVV��	�+R\OHV���������)RU�H[DPSOH��6KHULQ��������LQYHVWLJDWHG�
WKH�XVH�RI�FRQYHQWLRQDO�DOJHEUDLF�UHSUHVHQWDWLRQV�DV�FRPSDUHG�WR�SURJUDPPDWLF�UHSUHVHQWDWLRQV�LQ�SK\VLFV�FRXUVHV�
DQG�IRXQG�WKDW�GLIIHUHQW�UHSUHVHQWDWLRQDO�IRUPV�KDYH�GLIIHUHQW�DIIRUGDQFHV�ZLWK�UHVSHFW�WR�VWXGHQWV�OHDUQLQJ�SK\VLFV�
FRQFHSWV��

:LOHQVN\� DQG� 3DSHUW� ������� JLYH� WKH� QDPH� VWUXFWXUDWLRQ� WR� GHVFULEH� WKLV� UHODWLRQVKLS� EHWZHHQ� WKH�
UHSUHVHQWDWLRQDO� LQIUDVWUXFWXUH� XVHG� ZLWKLQ� WKH� GRPDLQ� DQG� WKH� XQGHUVWDQGLQJ� WKDW� LQIUDVWUXFWXUH� HQDEOHV� DQG�
SURPRWHV��:KLOH�RIWHQ�DVVXPHG� WR�EH�VWDWLF��:LOHQVN\�DQG�3DSHUW�VKRZ�WKDW� WKH�VWUXFWXUDWLRQV� WKDW�XQGHUSLQ�D�
GLVFLSOLQH�FDQ��DQG�VRPHWLPHV�VKRXOG��FKDQJH�DV�QHZ�WHFKQRORJLHV�DQG�LGHDV�HPHUJH��,Q�WKHLU�IRUPXODWLRQ�RI�WKH�
LGHD� RI� VWUXFWXUDWLRQV�� :LOHQVN\� DQG� 3DSHUW� GRFXPHQW� D� QXPEHU� RI� UHVWUXFWXUDWLRQV�� VKLIWV� IURP� RQH�
UHSUHVHQWDWLRQDO�LQIUDVWUXFWXUH�WR�DQRWKHU��LQFOXGLQJ�WKH�PRYH�IURP�5RPDQ�QXPHUDOV�WR�+LQGX�$UDELF�QXPHUDOV�
�6ZHW]�� ������� WKH�XVH�RI� WKH�/RJR�SURJUDPPLQJ� ODQJXDJH� WR� VHUYH� DV� WKH� UHSUHVHQWDWLRQDO� V\VWHP� WR� H[SORUH�
JHRPHWU\� �$EHOVRQ� 	� GL6HVVD�� ������� DQG� WKH� XVH� RI� DJHQW�EDVHG� PRGHOLQJ� WR� UHSUHVHQW� YDULRXV� ELRORJLFDO��
SK\VLFDO�� DQG� VRFLDO� V\VWHPV� �:LOHQVN\� 	� 5DQG�� ������� 7KLV� ZRUN� KLJKOLJKWV� WKH� LPSRUWDQFH� RI� VWXG\LQJ�
UHSUHVHQWDWLRQDO�V\VWHPV��DV�UHVWUXFWXUDWLRQV�FDQ�SURIRXQGO\�FKDQJH�WKH�OHDUQDELOLW\��SRZHU��DQG�FRPPXQLFDELOLW\�
RI�LGHDV�ZLWKLQ�D�GRPDLQ���

0HWKRGV�

&RQWH[W��7KH�$3�&RPSXWHU�6FLHQFH�3ULQFLSOHV�FRXUVH�DQG�H[DP�
7KLV�VWXG\�WRRN�SODFH�LQ�FODVVURRPV�GXULQJ�WKH�LQDXJXUDO�\HDU�RI�WKH�$3�&63�FRXUVH��7KH�\HDU�ORQJ�FRXUVH�IRFXVHV�
RQ�WKH�ELJ�LGHDV�RI�FRPSXWLQJ�DQG�FXOPLQDWHV�ZLWK�D���KRXU�����TXHVWLRQ�PXOWLSOH�FKRLFH�H[DP��5RXJKO\�����RI�
D�VWXGHQW¶V�RYHUDOO�VFRUH�RQ�WKH�$3�([DP�LV�EDVHG�RQ�WKHLU�UHVSRQVHV�WR�SURJUDPPLQJ�TXHVWLRQV��7KH�SURJUDPPLQJ�
TXHVWLRQV�RQ� WKH�ZULWWHQ�H[DP�LQFOXGH�D�PL[�RI�EORFN�EDVHG�DQG� WH[W�EDVHG�SVHXGRFRGH�TXHVWLRQV�RI� WKH�IRUP�
SUHVHQWHG�LQ�)LJXUH����7KH�DVVHVVPHQW�XVHG�LQ�WKLV�VWXG\�ZDV�DGPLQLVWHUHG�DV�SDUW�RI�&RGH�RUJ¶V�&63�FXUULFXOXP�
�KWWS���FRGH�RUJ�FVS���&RGH�RUJ¶V�&63�FXUULFXOXP�LV�D�IXOO�\HDU�FRXUVH�WKDW�LQWURGXFHV�KLJK�VFKRRO�VWXGHQWV�WR�WKH�
IRXQGDWLRQV�RI�PRGHUQ�FRPSXWLQJ�DQG�SUHSDUHV�WKHP�IRU�WKH�$3�&63�([DP��7KH�FRXUVH�HPSOR\V�FXUULFXODU�DQG�
SHGDJRJLFDO�VWUDWHJLHV�WKDW�SURPRWH�HTXLWDEOH�WHDFKLQJ�SUDFWLFHV�WR�VXSSRUW�ERWK�QHZ�WR�FRPSXWHU�VFLHQFH�VWXGHQWV�
DQG�WHDFKHUV��7ZR�RI�WKH�ILYH�XQLWV�LQ�WKH�FXUULFXOXP�LQYROYH�SURJUDPPLQJ�LQ�WKH�-DYD6FULSW�ODQJXDJH�WKURXJK�
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&RGH�RUJ¶V�$SS�/DE�HQYLURQPHQW��)LJXUH��G��KWWS���FRGH�RUJ�DSSODE���ZKLFK�DOORZV�VWXGHQWV�WR�FRQVWUXFW�SURJUDPV�
LQ�ERWK�EORFN�EDVHG�DQG�WH[W�EDVHG�PRGDOLWLHV�DQG�LQFOXGHV�YDULRXV�DIIRUGDQFHV�WR�KHOS�QRYLFH�SURJUDPPHUV��

7KH�$3�SVHXGRFRGH�DQG�RXU�DVVHVVPHQW�
$V� VKRZQ� LQ� )LJXUH� ��� WKH� SVHXGRFRGH� FUHDWHG� IRU� WKH� $3� &63� H[DP� GUDZV� LQVSLUDWLRQ� IURP� SURIHVVLRQDO�
SURJUDPPLQJ�ODQJXDJHV�EXW�LQFOXGHV�IHDWXUHV�DQG�NH\ZRUGV�WKDW�PDNH�LW�GLVWLQFW�IURP�DQ\�H[LVWLQJ�ODQJXDJH��7KH�
SVHXGRFRGH�LQFOXGHV�NH\ZRUGV�IRU�WKH�IROORZLQJ�WRSLFV��$VVLJQPHQW��'LVSOD\��DQG�,QSXW��$ULWKPHWLF�2SHUDWRUV�
DQG�1XPHULF�3URFHGXUHV��5HODWLRQDO�DQG�%RROHDQ�2SHUDWRUV��6HOHFWLRQ�� ,WHUDWLRQ��/LVW�2SHUDWLRQV��3URFHGXUHV��
DQG�5RERW�FRPPDQGV��7KH�EORFN�EDVHG�DQG�WH[W�EDVHG�YHUVLRQV�RI�WKH�SVHXGRFRGH�DUH�WKH�VDPH�ZLWK�D�QXPEHU�RI�
H[FHSWLRQV��QRWDEO\��LQ�WKH�EORFN�EDVHG�IRUP�H[SUHVVLRQV�DUH�ZUDSSHG�LQ�D�URXQGHG�HGJH�UHFWDQJOH�DQG�VFRSH�LV�
GHQRWHG�ZLWK�QHVWHG�UHFWDQJOHV��UHSODFLQJ�WKH�{}V�XVHG�LQ�WKH�WH[W�IRUP��7KH�ODQJXDJH�FRQVLVWV�RI����NH\ZRUGV�
LQFOXGLQJ�ORRSLQJ�FRQVWUXFWV��H�J��FOR��REPEAT���FRQGLWLRQDO�RSHUDWRUV��H�J��IF� ELSE���DQG�OLVW�IXQFWLRQV��H�J��
REMOVE��LENGTH���

7KH�DVVHVVPHQW�XVHG�LQ�WKLV�VWXG\�DVNHG�TXHVWLRQV�XVLQJ�WKH�EORFN�EDVHG�DQG�WH[W�EDVHG�IRUP�RI�WKH�$3�
&63�SVHXGRFRGH�DQG�IROORZHG�WKH�GHVLJQ�RI�WKH��&RPPXWDWLYH�$VVHVVPHQW��:HLQWURS�	�:LOHQVN\������E���(DFK�
TXHVWLRQ�RQ�WKH�DVVHVVPHQW�EHJDQ�ZLWK�D�VKRUW�SURJUDP�SUHVHQWHG�LQ�HLWKHU�WKH�WH[W�YHUVLRQ�RU�EORFN�YHUVLRQ�RI�WKH�
$3�&63�SVHXGRFRGH��H�J��)LJXUH����DQG�WKHQ�IROORZHG�E\�WKH�TXHVWLRQ��³:KDW�ZLOO�WKH�RXWSXW�RI�WKH�SURJUDP�EH"´�
7KH� DVVHVVPHQW�ZDV� FRPSULVHG�RI� ���PXOWLSOH�FKRLFH�TXHVWLRQV� FRYHULQJ� ILYH�SURJUDPPLQJ� WRSLFV�� YDULDEOHV��
ORRSV��FRQGLWLRQDOV��IXQFWLRQV��DQG�SURJUDP�FRPSUHKHQVLRQ��)RU�HDFK�RI�WKH�ILYH�WRSLFV��WKH�DVVHVVPHQW�DVNHG�WZR�
TXHVWLRQV�LQ�WKH�EORFN�EDVHG�SVHXGRFRGH�IRUP�DQG�WZR�LQ�WKH�WH[W�EDVHG�SVHXGRFRGH��7KLV�FRXQWHU�EDODQFH�GHVLJQ�
HQVXUHV�WKDW�HYHU\�VWXGHQW�DQVZHUHG�DW�OHDVW�RQH�TXHVWLRQ�IRU�HDFK�FRQFHSW�LQ�ERWK�IRUPV�RI�WKH�SVHXGRFRGH��

'DWD�FROOHFWLRQ�DQG�SDUWLFLSDQWV�
7KH�$3�SVHXGRFRGH�DVVHVVPHQW�ZDV�LQFOXGHG�DW�WKH�HQG�RI�WKH�$SS�'HYHORSPHQW�PRGXOH�RI�WKH�&RGH�RUJ�$3�
&63�FXUULFXOXP�XQGHU� WKH� ODEHO��$3�3VHXGRFRGH�3UDFWLFH�4XHVWLRQV��7KH�DVVHVVPHQW�ZDV�D�VXSSOHPHQW� WR� WKH�
RIILFLDO�FRXUVH�PDWHULDOV��7HDFKHUV�ZHUH�QRWLILHG�RI�LWV�H[LVWHQFH�YLD�D�PRQWKO\�QHZVOHWWHU�WKDW�ZDV�VHQW�WR�&RGH�RUJ�
XVHUV�WKDW�LGHQWLILHG�DV�KDYLQJ�DQ�DFWLYH�VHFWLRQ�RI�WKH�FRXUVH��7KH�&RGH�RUJ�FXUULFXOXP�LV�UXQ�WKURXJK�D�FRQWHQW�
PDQDJHPHQW�V\VWHP�WKDW� WUDFNV� LQGLYLGXDO�VWXGHQW�DV�ZHOO� DV�FODVVURRP�SURJUHVV� WKURXJK� WKH�FXUULFXOXP��7KLV�
SODWIRUP�ZDV�XVHG�WR�DGPLQLVWHU�WKH�DVVHVVPHQW�DQG�WR�FROOHFW�DQG�VWRUH�VWXGHQW�UHVSRQVHV��$W�WKH�EHJLQQLQJ�RI�WKH�
FRXUVH��VWXGHQWV�DUH�DVNHG�WR�FUHDWH�D�SURILOH��ZKLFK�LQFOXGHV�RSWLRQDOO\�VHOI�UHSRUWLQJ�WKHLU�JHQGHU��DJH��DQG�UDFH��
7KH�UHVSRQVHV�FROOHFWHG�E\�&RGH�RUJ�ZHUH�GH�LGHQWLILHG�DQG�WKHQ�VKDUHG�ZLWK�UHVHDUFKHUV��)RU�HDFK�VWXGHQW��WKH�
GDWD�LQFOXGHG�D�IXOO�VHW�RI�UHVSRQVHV�WR�WKH�VXUYH\�TXHVWLRQV�DORQJ�ZLWK�ELUWK�\HDU��JHQGHU��DQG�UDFH���

7KH�GDWDVHW�IRU�WKLV�SURMHFW�FRQVLVWV�RI�������VWXGHQWV�DQG�RYHU���������LQGLYLGXDO�TXHVWLRQV�UHVSRQVHV��
7KH�VDPSOH�ZDV�FRPSULVHG�RI���������������IHPDOH�VWXGHQWV����������������PDOH�VWXGHQWV��DQG�������VWXGHQWV�
�������� ZKR� FKRVH� WR� QRW� SURYLGH� JHQGHU� LQIRUPDWLRQ�� 2I� WKH� ������ VWXGHQWV�� ������ �������� OHDUQHUV� VHOI�
LGHQWLILHG�DV�EHLQJ�IURP�DQ�XQGHUUHSUHVHQWHG�PLQRULW\�LQ�FRPSXWLQJ��850���ZKLOH���������������RI�VWXGHQWV�ZHUH�
FODVVLILHG�DV�QRW�850�DQG���������������RI�VWXGHQW�GLG�QRW�VHOI�UHSRUW�WKHLU�UDFH��)RU�WKLV�ZRUN��VWXGHQWV�WKDW�VHOI�
LGHQWLILHG�DV�%ODFN��+LVSDQLF��/DWLQ;��1DWLYH�$PHULFDQ��RU�3DFLILF� ,VODQGHU�ZHUH�FDWHJRUL]HG�DV�EHLQJ� IURP�D�
850��)LQDOO\��D�PDMRULW\�RI�SDUWLFLSDQWV�ZHUH�EHWZHHQ�WKH�DJHV�RI����DQG�����ZKLFK�FRUUHVSRQGV�WR�WKH�IRXU�\HDUV�
RI�$PHULFDQ�KLJK�VFKRRO����������\HDUV�ROG�����������\HDUV�ROG�����������\HDUV�ROG������������\HDUV�ROG����

)LQGLQJV�
7KLV�VHFWLRQ�SUHVHQWV�RXU�DQDO\VLV�RI�WKH�UHVSRQVHV�WR�WKH�$3�&63�DVVHVVPHQW�EHJLQQLQJ�ZLWK�RYHUDOO�UHVXOWV�WKHQ�
ORRNLQJ�DW�KRZ�PRGDOLW\�DIIHFWHG�OHDUQHUV�ZLWKLQ�UDFLDO�DQG�JHQGHU�JURXSV�DQG�KRZ�RXWFRPHV�GLIIHUHG�E\�PRGDOLW\�
DFURVV�JURXSV��)RU�HDFK�FDOFXODWLRQ��ZH�RQO\�LQFOXGH�VWXGHQWV�ZKR�DQVZHUHG�DOO�RI�WKH�TXHVWLRQV�IRU�WKH�FDOFXODWLRQ�
EHLQJ�UXQ�DQG�SURYLGHG�WKH�QHFHVVDU\�GHPRJUDSKLF�GDWD��

2YHUDOO�ILQGLQJV�
2I� WKH� ������ VWXGHQWV� ZKR� DQVZHUHG� DW� OHDVW� RQH� TXHVWLRQ�� ������ RI� WKHP� WKDW� SURYLGHG� UHVSRQVHV� IRU� DOO� ���
TXHVWLRQV�RQ� WKH�DVVHVVPHQW�ZLWK�D�PHDQ�VFRUH�RI�������SRLQWV�RXW�RI�D�SRVVLEOH�����6'�������2I� WKHVH�������
VWXGHQWV������VWXGHQWV���������VFRUHG�D�SHUIHFW����RXW�RI�����ZKLOH�����VWXGHQWV��������FRUUHFWO\�DQVZHUHG�OHVV�
WKDQ�KDOI�RI�WKH�TXHVWLRQV��7KH�PHDQ�FRUUHFW�UHVSRQVH�UDWH�IRU�JLUOV�ZDV��������6'��������ZKLOH�ER\V�DYHUDJH�VFRUH�
ZDV��������6'��������$Q�LQGHSHQGHQW�VDPSOHV�W�WHVW�UHYHDOV�WKHVH�WZR�VFRUHV�WR�EH�VWDWLVWLFDOO\�GLIIHUHQW�IURP�HDFK�
RWKHU�W������� �������S� ������G� ������8VLQJ�&RKHQ¶V��������JXLGHOLQHV��WKH�HIIHFW�VL]H�G��FDOFXODWHG�XVLQJ�WKH�
SRROHG� VWDQGDUG�GHYLDWLRQ�� LV� LQWHUSUHWHG� DV� D� VPDOO� HIIHFW��7KLV� UHVXOW� VKRZV�ER\V�RXWSHUIRUPLQJ�JLUOV� RQ� WKH�
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DVVHVVPHQW�DQG�WKDW� WKH�GLIIHUHQFH�LQ�VFRUHV�EHWZHHQ�WKH�WZR�JURXSV�ZDV�VWDWLVWLFDOO\�VLJQLILFDQW�EXW�UHODWLYHO\�
VPDOO��

6KLIWLQJ�RXU�DQDO\VLV�WR�VWXGHQWV�ZKR�VHOI�UHSRUWHG�DV�EHLQJ�IURP�DQ�XQGHUUHSUHVHQWHG�PLQRULW\��ZH�ILQG�
D�VLPLODU�SDWWHUQ��EXW�D�ODUJHU�HIIHFW�VL]H��7KH�PHDQ�FRUUHFW�UHVSRQVH�UDWH�IRU�850�VWXGHQWV�ZDV��������6'�������
ZKLOH�WKRVH�UHSRUWLQJ�DV�QRW�850�VFRUHG�DQ�DYHUDJH�RI�������RXW�RI�����6'��������$Q�LQGHSHQGHQW�VDPSOHV�W�WHVW�
VKRZV�WKHVH�WZR�JURXSV�WR�EH�VWDWLVWLFDOO\�VLJQLILFDQWO\�GLIIHUHQW��W������� ������S���������G� ������7KLV�LV�LQWHUSUHWHG�
DV�D�PHGLXP�HIIHFW��7KLV�ILQGLQJ�VKRZV�850�VWXGHQWV�VFRULQJ�VLJQLILFDQWO\�ORZHU�WKDQ�QRQ�850�SHHUV��ZKLFK��
DORQJ�ZLWK�WKH�SUHYLRXV�ILQGLQJ�RI�ER\V�RXWSHUIRUPLQJ�JLUOV��PDWFKHV�SULRU�ZRUN�UHODWHG�WR�DFKLHYHPHQW�DQG�UDFH�
DQG�JHQGHU���

�

�
)LJXUH����$YHUDJH�VFRUHV�RQ�WKH�DVVHVVPHQW�SUHVHQWHG�DV�FRPSDULVRQV�ERWK�ZLWKLQ�DQG�EHWZHHQ�SRSXODWLRQ�

JURXSV��

'LIIHUHQFHV�E\�PRGDOLW\��ZLWKLQ�SRSXODWLRQ�JURXS�
7KH�ILUVW�UHVHDUFK�TXHVWLRQ�ZH�SXUVXH�LQ�WKLV�ZRUN�LQYHVWLJDWHV�KRZ�PRGDOLW\�DIIHFWV�OHDUQHUV¶�DELOLW\�WR�FRUUHFWO\�
DQVZHU�TXHVWLRQV�RQ�D�ZULWWHQ�FRPSXWHU�VFLHQFH�DVVHVVPHQW��7KH�DVVHVVPHQW�ZH�GHVLJQHG�LQFOXGHG����EORFN�EDVHG�
TXHVWLRQV� DQG� ��� WH[W�EDVHG� TXHVWLRQV�� SURYLGLQJ� D� GDWDVHW� WKDW� DOORZV� XV� WR� FRPSDUH� SHUIRUPDQFH� EHWZHHQ�
PRGDOLWLHV�ZLWKLQ�VXEMHFWV�DQG�ZLWKLQ�JURXSV��2YHUDOO��VWXGHQWV�VFRUHG�DQ�DYHUDJH�RI�����RXW�RI����RQ�EORFN�EDVHG�
TXHVWLRQV��6'������DQG�����RXW�RI����RQ�WH[W�EDVHG�TXHVWLRQV��6'�������D�GLIIHUHQFH�WKDW�LV�VWDWLVWLFDOO\�VLJQLILFDQW�
W������� ��������S���������G� ������OHIW�PRVW�FROXPQ�RI�)LJXUH�����7KLV�PHDQV�VWXGHQWV�SHUIRUPHG�EHWWHU�RQ�WKH�
EORFN�EDVHG�TXHVWLRQ�WKDQ�WKH�WH[W�EDVHG�TXHVWLRQV��D�ILQGLQJ�WKDW�PDWFKHV�SULRU�UHVHDUFK�ORRNLQJ�DW�VWXGHQWV�DELOLW\�
WR�DQVZHU�ZULWWHQ�TXHVWLRQV�E\�PRGDOLW\��:HLQWURS�	�:LOHQVN\������E���+RZHYHU��WKLV�UHVXOW�LV�VOLJKWO\�VXUSULVLQJ�
DV�WKH�EORFN�EDVHG�IRUPDW�XVHG�LQ�WKLV�DVVHVVPHQW��)LJXUH����ODFNV�PDQ\�RI�WKH�IHDWXUHV�WKH�OLWHUDWXUH�KDV�LGHQWLILHG�
DV�PDNLQJ�EORFN�EDVHG�WRROV�HDVLHU�WR�FRPSUHKHQG��D�IDFW�WKDW�ZH�ZLOO�UHWXUQ�WR�ODWHU�LQ�WKH�GLVFXVVLRQ��

:H�QRZ�EUHDN�WKH�SRSXODWLRQ�GRZQ�WR�VHH�LI�WKLV�WUHQG�LV�FRQVLVWHQW�DFURVV�VXEJURXSV��/RRNLQJ�DW�JHQGHU��
ZH�ILQG�WKDW�ERWK�PDOH�DQG�IHPDOH�VWXGHQWV�SHUIRUP�VLJQLILFDQWO\�EHWWHU�RQ�EORFN�EDVHG�TXHVWLRQV��)HPDOH�W�������
 � �������S� �� ������ G�  � ����� DQG�0DOH� W�������  � ��������S� �� ������ G�  � ����� �FROXPQV� �� DQG� �� LQ� )LJXUH� ��
UHVSHFWLYHO\���,Q�WKH�FDVH�RI�IHPDOH�VWXGHQWV�� WKLV�UHVXOWHG�LQ�D� ����SRLQW�LPSURYHPHQW�RQ�DYHUDJH�ZKLOH�PDOHV�
H[SHULHQFHG�D�����LQFUHDVH�LQ�PHDQ�VFRUH��)RU�ERWK�JHQGHUV��WKHUH�ZDV�D�PHGLXP�HIIHFW�VL]H�IRU�SHUIRUPDQFH�E\�
PRGDOLW\�� 6KLIWLQJ� DQDO\WLF� IRFXV� WR� UDFH�� ZH� VHH� D� VLPLODU� SDWWHUQ� ZLWK� ERWK� 850� DQG� QRQ�850� VWXGHQWV�
SHUIRUPLQJ� VLJQLILFDQWO\�EHWWHU� RQ�EORFN�EDVHG�TXHVWLRQV�YHUVXV� WH[W�EDVHG�TXHVWLRQV��850�VWXGHQWV� W������ �
�������S���������G� ������DQG�QRQ�850�VWXGHQWV�W������� ��������S���������G� �������FROXPQV���DQG���LQ�)LJXUH�
�� UHVSHFWLYHO\��� )RU� SDUWLFLSDQWV� WKDW� VHOI�LGHQWLILHG� DV� D�850�� WKHUH� ZDV�� RQ� DYHUDJH� D� IXOO� SRLQW� GLIIHUHQFH�
EHWZHHQ� PHDQ� EORFN�EDVHG� VFRUH� DQG� PHDQ� WH[W�EDVHG� VFRUH�� 1RQ�850� VWXGHQWV� VDZ� RQ� DYHUDJH� VFRUH�
LPSURYHPHQW� RI� ���� SRLQWV� EHWZHHQ� EORFN�EDVHG� DQG� WH[W�EDVHG� TXHVWLRQV�� /LNH� ZLWK� JHQGHU�� ERWK� VWDWLVWLFDO�
GLIIHUHQFHV�DUH�IRXQG�WR�KDYH�D�PHGLXP�HIIHFW�VL]H��7DNHQ�WRJHWKHU��WKLV�DQDO\VLV�VKRZV�DOO�VWXGHQWV�SHUIRUP�
EHWWHU�RQ�EORFN�EDVHG�TXHVWLRQV��KRZHYHU��ORRNLQJ�DW�WKH�GLIIHUHQFH�LQ�HIIHFW�VL]H��VWXGHQWV�IURP�KLVWRULFDOO\�
XQGHUUHSUHVHQWHG�SRSXODWLRQV�VHH�D�JUHDWHU�EHQHILW�ZKHQ�TXHVWLRQV�DUH�DVNHG�LQ�WKH�EORFN�EDVHG�IRUP��7KLV�
VXJJHVWV�WKDW�XVLQJ�EORFN�EDVHG�SURJUDPPLQJ�LV�D�XVHIXO�DSSURDFK�WR�VXSSRUWLQJ�OHDUQHUV�IURP�XQGHUUHSUHVHQWHG�
JURXSV�ZLWK�WKH�JRDO�RI�EURDGHQLQJ�SDUWLFLSDWLRQ�LQ�FRPSXWLQJ��+DYLQJ�ORRNHG�DW�GLIIHUHQFHV�ZLWKLQ�SRSXODWLRQV��
ZH�QRZ�VKLIW�RXU�IRFXV�WR�D�FRPSDULVRQ�DFURVV�SRSXODWLRQV��

'LIIHUHQFHV�ZLWKLQ�PRGDOLW\��DFURVV�SRSXODWLRQ�JURXSV�
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7KH�SUHYLRXV�DQDO\VLV�HVWDEOLVKHG�WKDW�WKHUH�DUH�GLIIHUHQFHV�LQ�SHUIRUPDQFH�SDWWHUQV�EHWZHHQ�EORFN�EDVHG�DQG�WH[W�
EDVHG�TXHVWLRQV��,Q�WKLV�VHFWLRQ��ZH�FRQGXFW�D�VLPLODU�DQDO\VLV��WKLV�WLPH�ORRNLQJ�FRPSDUDWLYHO\�DFURVV�JURXSV�WR�
WU\� DQG� LGHQWLI\� WKH� VRXUFHV� RI� GLIIHUHQFHV� LGHQWLILHG� DERYH��:H� EHJLQ� E\� ORRNLQJ� DW� GLIIHUHQFHV� E\� JHQGHU��
&RPSDULQJ�VWXGHQW�SHUIRUPDQFH�RQ�EORFN�EDVHG�TXHVWLRQV�E\�JHQGHU�XVLQJ�DQ�LQGHSHQGHQW�VDPSOH�W�WHVW�VKRZV�D�
QRW�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�JHQGHUV��W������� ������S� ������FROXPQ���LQ�)LJXUH�����,I�ZH�UXQ�
WKH�VDPH�FRPSDULVRQ�ORRNLQJ�RQO\�DW�WH[W�EDVHG�TXHVWLRQV��ZH�GR�ILQG�D�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�
JHQGHU��W������� ������S� ������G� ������FROXPQ���LQ�)LJXUH�����7DNHQ�WRJHWKHU��WKHVH�ILQGLQJV�VKRZ�WKDW�WKH�VRXUFH�
RI�GLIIHUHQFH�LQ�SHUIRUPDQFH�E\�JHQGHU�UHSRUWHG�DERYH�LV�GXH�WR�UHVXOWV�IURP�WKH�WH[W�EDVHG�TXHVWLRQV��,Q�RWKHU�
ZRUGV��WKHUH�LV�QR�GLIIHUHQFH�LQ�VFRUH�E\�JHQGHU�RQ�WKH�EORFN�EDVHG�TXHVWLRQV��EXW�D�VLJQLILFDQW�GLIIHUHQFH�LQ�
VFRUHV�RQ�WKH�WH[W�EDVHG�TXHVWLRQV��7KLV�VXJJHVWV�WKDW�RQH�SRWHQWLDO�ZD\�WR�VKULQN�WKH�JHQGHU�JDS�ZRXOG�EH�WR�
RQO\�XVH�WKH�EORFN�EDVHG�PRGDOLW\��

,I�ZH� ORRN�DW� FRPSDUDWLYH�GLIIHUHQFHV�E\�PRGDOLW\�EHWZHHQ�850�DQG�QRQ�850�VWXGHQWV��ZH� ILQG�D�
GLIIHUHQW� SDWWHUQ�� 7KH� DYHUDJH� VFRUH� IRU� 850� VWXGHQWV� RQ� WH[W�EDVHG� TXHVWLRQV� ZDV� ���� RXW� RI� ��� �6'� �����
FRPSDUHG�WR������6'������IRU�QRQ�850�VWXGHQWV�ZLWK�D�VLPLODU�GLIIHUHQFH�LQ�DYHUDJH�VFRUHV�EHLQJ�IRXQG�IRU�EORFN�
EDVHG�TXHVWLRQV��850�VWXGHQWV�DYHUDJHG�����RXW�RI�����6'������DQG�QRQ�850�VWXGHQWV�VFRUHG�DQ�DYHUDJH�RI�����
RXW�RI�����6'�������WKH�WZR�ULJKW�PRVW�FROXPQV�LQ�)LJXUH�����)RU�ERWK�EORFN�EDVHG�DQG�WH[W�EDVHG�TXHVWLRQV��WKHVH�
GLIIHUHQFHV�DUH�VWDWLVWLFDOO\�VLJQLILFDQW��EORFN�EDVHG�TXHVWLRQV� W������� �������S��� ������G� � ����DQG�WH[W�EDVHG�
TXHVWLRQV�W������� �������S���������G� ������7KH�GLIIHUHQFH�LQ�SDWWHUQV�ZLWK�WKHVH�UHVXOWV�FRPSDUHG�WR�WKH�JHQGHU�
GLIIHUHQFHV�REVHUYHG�LQ�WKH�SUHYLRXV�SDUDJUDSK�VXJJHVWV�ZH�ZRXOG�QRW�H[SHFW�WKH�VDPH�HURVLRQ�RI�SHUIRUPDQFH�
GLIIHUHQFH�EHWZHHQ�UDFLDO�JURXSV�LI�DVVHVVPHQWV�VKLIWHG�WR�XVH�WKH�EORFN�EDVHG�PRGDOLW\�H[FOXVLYHO\��DQ�LGHD�ZH�
IXUWKHU�H[SORUH�EHORZ��

'LVFXVVLRQ�

3RWHQWLDO�H[SODQDWLRQV�IRU�WKHVH�GLIIHUHQFHV�
2QH�RI�WKH�VXUSULVLQJ�ILQGLQJV�IURP�WKLV�UHVHDUFK�LV�WKH�SUHVHQFH�RI�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�EORFN�EDVHG�
DQG�WH[W�EDVHG�TXHVWLRQV�GHVSLWH�WKH�EORFN�EDVHG�SVHXGRFRGH�QRW�KDYLQJ�PDQ\�RI�WKH�IHDWXUHV�WKDW�OHDUQHUV�KDYH�
LGHQWLILHG�DV�EHLQJ�PRVW�KHOSIXO��3ULRU�UHVHDUFK�VKRZV�WKDW�VWXGHQWV�LGHQWLI\�WKLQJV�VXFK�DV�HDVH�RI�FRPSRVLWLRQ��
PHDQLQJIXO�VKDSHV�DQG�FRORUV��QDWXUDO�ODQJXDJH�H[SUHVVLRQV��DQG�HDVH�RI�EURZVDELOLW\�DV�NH\�IHDWXUHV�RI�EORFN�
EDVHG�SURJUDPPLQJ�WRROV�WKDW�KHOSHG�WKHP�OHDUQ�WR�SURJUDP��:HLQWURS�	�:LOHQVN\������D���+RZHYHU��QRQH�RI�
WKRVH�IHDWXUHV�DUH�SUHVHQW�LQ�WKH�EORFN�EDVHG�SVHXGRFRGH�XVHG�LQ�WKLV�DVVHVVPHQW��7KLV�VXJJHVWV�WKHUH�DUH�RWKHU�
IDFWRUV�DW�SOD\�WKDW�FDQ�H[SODLQ�WKH�REVHUYHG�GLIIHUHQFHV��2QH�SRWHQWLDO�RSWLRQ�LV�WKDW�WKH�EORFN�EDVHG�YLVXDO�FXHV�
WKDW�DUH�SUHVHQW��OLNH�WKH�QHVWLQJ�RI�VFRSH��GRHV�SOD\�D�UROH�LQ�KHOSLQJ�OHDUQHUV�FRPSUHKHQG�WKH�SURJUDP��7KLV�
VXSSRUWV� SULRU� UHVHDUFK� WKDW� KDV� IRXQG� QDYLJDWLQJ� VFRSH�ZLWKLQ� D� SURJUDP� WR� EH� RQH� VWUHQJWK� RI� EORFN�EDVHG�
SURJUDPPLQJ� HQYLURQPHQWV� �:HLQWURS� 	� +ROEHUW�� ������� DV� ZHOO� DV� ZRUN� VKRZLQJ� VWXGHQWV� VWUXJJOH� ZLWK�
XQIDPLOLDU�V\QWD[��6WHILN�	�6LHEHUW���������

$QRWKHU�SRVVLEOH�H[SODQDWLRQ�KDV�OHVV�WR�GR�ZLWK�WKH�VSHFLILFV�RI�WKH�WH[W�EDVHG�V\QWD[�RU�WKH�UHQGHULQJ�
RI�WKH�EORFN�EDVHG�LQWHUIDFH��EXW�LQVWHDG��KDV�PRUH�WR�GR�ZLWK�WKH�DIIHFWLYH�DQG�SHUFHSWXDO�DVSHFWV�RI�WKH�TXHVWLRQV�
EHLQJ�DVNHG��6WXGHQWV�ZKR�DUH�LQWLPLGDWHG�E\�WH[W�EDVHG�SURJUDPPLQJ��RU�OHDUQHUV�ZKR�KDYH�VSHQW�PRUH�WLPH�
ZRUNLQJ�LQ�EORFN�EDVHG�WRROV��PD\�IHHO�PRUH�FRPIRUWDEOH�WU\LQJ�WR�GHFLSKHU�SURJUDPV�ZULWWHQ�LQ�WKH�EORFN�EDVHG�
PRGDOLW\��,Q�WKLV�ZD\��LW�LV�OHVV�WKH�VSHFLILFV�RI�WKH�UHSUHVHQWDWLRQ�WKDW�DUH�FRQWULEXWLQJ�WR�WKHVH�UHVXOWV��EXW�LQVWHDG��
WKH�ODUJHU�FXOWXUDO�RU�VRFLDO�GLPHQVLRQV�RI�WKH�UHSUHVHQWDWLRQV��8QIRUWXQDWHO\��WKLV�VWXG\�GRHV�QRW�KDYH�WKH�GDWD�
VRXUFHV�QHFHVVDU\� WR�YHULI\� WKLV�H[SODQDWLRQ��DV�ZLOO�EH�GLVFXVVHG� ODWHU� LQ� WKH�VHFWLRQ�RQ� OLPLWDWLRQV�DQG�IXWXUH�
ZRUN��

$�WKLUG�SRWHQWLDO�H[SODQDWLRQ� OLQNV�WKH�UHVXOWV�RQ�WKH�WZR�IRUPV�RI�WKH�SVHXGRFRGH�TXHVWLRQV�ZLWK�WKH�
SURJUDPPLQJ�PRGDOLW\�XVHG�LQ�FODVV��,W�LV�FRQFHLYDEOH�WKDW�FODVVHV�H[SOLFLWO\�GHVLJQHG�WR�EURDGHQ�SDUWLFLSDWLRQ�DQG�
KDYH�JUHDWHU�QXPEHUV�RI�IHPDOH�DQG�RU�850�VWXGHQWV�ZHUH�PRUH�OLNHO\�WR�KDYH�XVHG�EORFN�EDVHG�WRROV��$W�WKH�
VDPH�WLPH��VFKRROV�LQ�ZKLFK�PDOH�DQG�QRQ�850�VWXGHQWV�KDYH�KLVWRULFDOO\�HQUROOHG�LQ�FRPSXWHU�VFLHQFH�PD\�KDYH�
XVHG�WKLV�QHZ�FRXUVH�DV�SUHSDUDWLRQ�IRU�ODWHU�FRPSXWHU�VFLHQFH�LQVWUXFWLRQ�DQG�UHOLHG�RQ�WH[W�EDVHG�WRROV��,Q�RWKHU�
ZRUGV�� WKH� UHVXOWV� SUHVHQWHG� DERYH� DUH� GXH� WR� GLIIHUHQFHV� LQ� ZKDW� SRSXODWLRQV� ZHUH� XVLQJ� ZKDW� W\SH� RI�
SURJUDPPLQJ�HQYLURQPHQW��:KLOH�ZH�GR�QRW�KDYH�WKH�GDWD�IURP�WKLV�VWXG\�WR�UHIXWH�WKLV�H[SODQDWLRQ��SULRU�ZRUN�
KDV�QRW�IRXQG�VWURQJ�FRXSOLQJ�EHWZHHQ�WKH�PRGDOLW\�XVHG�IRU�LQVWUXFWLRQ�DQG�VWXGHQW�SHUIRUPDQFH��:HLQWURS�	�
:LOHQVN\�����D���������

,PSOLFDWLRQV�RI�WKHVH�ILQGLQJV�
7KHUH�DUH�D�QXPEHU�RI�LPSOLFDWLRQV�WKDW�IORZ�GLUHFWO\�IURP�WKH�ILQGLQJV�SUHVHQWHG�DERYH��7DNHQ�FROOHFWLYHO\��WKH�
SUHVHQWHG�ILQGLQJV�VXJJHVW�WKDW�EORFN�EDVHG�SURJUDPPLQJ�FDQ�SOD\�D�SURGXFWLYH�UROH�LQ�VXSSRUWLQJ�OHDUQHUV�IURP�
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KLVWRULFDOO\�XQGHUUHSUHVHQWHG�SRSXODWLRQV��7KLV�FRQFOXVLRQ�VWHPV�IURP�WKH�ILQGLQJ�WKDW�IHPDOH�DQG�850�VWXGHQWV�
SDUWLFXODUO\� EHQHILW� IURP� WKH� XVH� RI� EORFN�EDVHG� TXHVWLRQV�� 7KXV�� ZH� ZRXOG� H[SHFW� WKDW� LI� WKH� H[DP� ZHUH�
DGPLQLVWHUHG�XVLQJ�RQO\�EORFN�EDVHG�TXHVWLRQV��WKH�JHQGHU�JDS�ZRXOG�VKULQN��UHVXOWLQJ�LQ�IHPDOH�VWXGHQWV�HQGLQJ�
WKH�FODVV�ZLWK�D�KLJKHU�JUDGH�DQG�SRWHQWLDOO\�LQFUHDVLQJ�WKH�OLNHOLKRRG�WKDW�WKH\�VLJQ�XS�IRU�IXWXUH�FRPSXWHU�VFLHQFH�
FRXUVHV��7KHUH�LV�VWLOO�PXFK�ZRUN�WR�EH�GRQH�EHIRUH�ZH�FDQ�SURYH�WKDW�WKH�WUDQVLWLRQ�WR�EORFN�EDVHG�DVVHVVPHQWV�
SURGXFHV� WKHVH� RXWFRPHV�� EXW� WKH� GDWD� IURP� WKLV� VWXG\� VXJJHVW� LW� LV� D� SURPLVLQJ� DYHQXH� IRU� EURDGHQLQJ�
SDUWLFLSDWLRQ��

$�VHFRQG�SRWHQWLDO�LPSOLFDWLRQ�RI�WKHVH�ILQGLQJV�UHODWHV�WR�WKH�HQGSRLQW�RI�FRPSXWHU�VFLHQFH�LQVWUXFWLRQ��
+LVWRULFDOO\��FRPSXWHU�VFLHQFH�HGXFDWLRQ�LQVWUXFWLRQ�LQ�WKH�8QLWHG�6WDWHV�KDV�KDG�WKH�EXLOW�LQ�DVVXPSWLRQ�WKDW�WH[W�
EDVHG� SURJUDPPLQJ� XVLQJ� D� SURIHVVLRQDO� ODQJXDJH� �H�J�� -DYD��ZDV� DQ� HVVHQWLDO� FRPSRQHQW� RI� HDUO\� FRPSXWHU�
VFLHQFH�LQVWUXFWLRQ��:LWK�WKH�HPHUJHQFH�RI�EORFN�EDVHG�WRROV��DQG�RWKHU�QRQ�SURIHVVLRQDO�SURJUDPPLQJ�FRQWH[WV�
LQ�ZKLFK�DXWKHQWLF�FRPSXWHU�VFLHQFH�FDQ�WDNH�SODFH��WKLV�WH[W�EDVHG�SURJUDPPLQJ�HQGSRLQW�RI�FRPSXWHU�VFLHQFH�
LQVWUXFWLRQ�LV�EHJLQQLQJ�WR�EH�FKDOOHQJHG��&DQ�VRPHRQH�EHFRPH�SURILFLHQW�LQ�FRPSXWHU�VFLHQFH�ZLWKRXW�OHDUQLQJ�
WH[W�EDVHG�SURJUDPPLQJ"�:LWK�WKH�LQWURGXFWLRQ�RI�WKH�$3�&63�FRXUVH�LQ�WKH�8QLWHG�6WDWHV��WKH�DQVZHU�LV�VWDUWLQJ�
WR�EH�\HV��EXW�WKHUH�LV�VWLOO�ZRUN�WR�EH�GRQH�WR�FRPSOHWHO\�UHDOL]H�WKLV�QHZ�HQGSRLQW�RI�FRPSXWLQJ�HGXFDWLRQ��7KH�
GHFLVLRQ� WR� WHDFK�DQ�$3�FRXUVH�DQG�DVVHVV� VWXGHQW�XQGHUVWDQGLQJ�RI�FRPSXWHU� VFLHQFH�HQWLUHO\� LQ�EORFN�EDVHG�
ODQJXDJH� LV� D� WRZDUGV� QHZ�FRPSXWHU� VFLHQFH� HQGSRLQWV� GLVWLQFW� IURP� WH[W�EDVHG�SURJUDPPLQJ� LQ�SURIHVVLRQDO�
ODQJXDJHV��

/LPLWDWLRQV�DQG�IXWXUH�ZRUN�
,W�LV�LPSRUWDQW�WR�QRWH�WKH�OLPLWDWLRQV�RI�WKLV�ZRUN��)RU�H[DPSOH��ZKLOH�ZH�NQRZ�VRPH�EDVLF�LQIRUPDWLRQ�DERXW�WKH�
SDUWLFLSDQWV��OLNH�JHQGHU�DQG�DJH��WKHUH�LV�PXFK�ZH�GRQ¶W�NQRZ��VXFK�DV�SULRU�SURJUDPPLQJ�H[SHULHQFH��ZKLFK�
ZRXOG�LPSDFW�WKH�UHVXOWV�SUHVHQWHG�DERYH��/LNHZLVH��ZH�NQRZ�YHU\�OLWWOH�DERXW�VWXGHQWV¶�FODVVURRP�H[SHULHQFH�
�H�J��WKH�FXUULFXOXP�IROORZHG��WKH�SURJUDPPLQJ�WRRO�V��XVHG��DQG�WHDFKHU¶V�SULRU�FRPSXWLQJ�HGXFDWLRQ�H[SHULHQFH���
$OO�RI�WKHVH�IDFWRUV�LQIOXHQFH�WKH�GDWD�SUHVHQWHG�LQ�WKLV�VWXG\�DQG�WKXV�FRQVWUDLQ�WKH�FODLPV�WKDW�FDQ�EH�PDGH��$�
VHFRQG�OLPLWDWLRQ�LV�WKDW�ZH�RQO\�KDYH�D�VLQJOH��TXDQWLWDWLYH�GDWD�VRXUFH��,GHDOO\��ZH�ZRXOG�KDYH�DOVR�REVHUYHG�
WKHVH�FODVVURRPV�WR�EHWWHU�XQGHUVWDQG�WKH�QDWXUH�RI�WKH�LQVWUXFWLRQ�DV�ZHOO�DV�LQWHUYLHZHG�VWXGHQWV�DIWHU�WDNLQJ�WKH�
VXUYH\�WR�JDLQ�IXUWKHU�LQVLJKW�LQWR�KRZ�VWXGHQWV�DUH�PDNLQJ�VHQVH�RI�WKH�UROH�WKH�UHSUHVHQWDWLRQV�LQ�WKH�DVVHVVPHQW��
:H� DUH� LQ� WKH� SURFHVV� RI� GHVLJQLQJ� D� VHFRQG� LWHUDWLRQ� RI� WKLV� VWXG\�ZKHUH� DGGLWLRQDO� FRQWH[WXDO� GDWD� ZLOO� EH�
FROOHFWHG�WR�DGGUHVV�WKLV�OLPLWDWLRQ��

&RQFOXVLRQ�
7KH�SXVK�WR�EURDGHQ�SDUWLFLSDWLRQ�LQ�FRPSXWLQJ�KDV�UHVXOWHG�LQ�QXPHURXV�FRPSXWLQJ�HGXFDWLRQ�LQLWLDWLYHV��RIWHQ�
FKDPSLRQHG�DQG�LPSOHPHQWHG�ZLWK�OLWWOH�RU�QR�SULRU�UHVHDUFK�EHLQJ�FRQGXFWHG�RQ�WKH�NH\�HOHPHQWV�RI�WKH�SURJUDP��
,Q�WKH�FDVH�RI�WKH�QHZ�$3�&63�FRXUVH��WKH�GHFLVLRQ�WR�VXSSRUW�D�SOXUDOLW\�RI�SURJUDPPLQJ�WRROV�ZDV�LQIRUPHG�E\�
UHVHDUFK��EXW�WKH�QRYHOW\�LQ�KRZ�WKH�DGPLQLVWHULQJ�ERG\�FKRVH�WR�DVVHVV�VWXGHQW�OHDUQLQJ�OHG�WR�XQFHUWDLQW\�ZLWK�
UHVSHFW�WR�ZKHWKHU�RU�QRW�WKH�ILQDO�H[DP�ZRXOG�KHOS�DGGUHVV�LVVXHV�RI�HTXLW\�DQG�XQGHUUHSUHVHQWDWLRQ��7KH�DQDO\VLV�
SUHVHQWHG�LQ�WKLV�ZRUN�IRXQG�WKDW�WKH�XVH�RI�EORFN�EDVHG�SVHXGRFRGH�SURJUDPPLQJ�TXHVWLRQV�VXSSRUWHG�OHDUQHUV�
IURP�KLVWRULFDOO\�XQGHUUHSUHVHQWHG�SRSXODWLRQV��VXJJHVWLQJ�WKDW�WKLV�HYDOXDWLRQ�FKRLFH�PD\�KHOS�WKH�FRXUVH�DFKLHYH�
LWV�VWDWHG�JRDOV�RI�EURDGHQLQJ�SDUWLFLSDWLRQ�LQ�FRPSXWLQJ��7KLV�DQDO\VLV�DGYDQFHV�RXU�XQGHUVWDQGLQJ�RI�WKH�UROH�
WKDW�UHSUHVHQWDWLRQ�FDQ�SOD\�LQ�VXSSRUWLQJ�GLYHUVH�VWXGHQWV�LQ�VXFFHHGLQJ�LQ�FRPSXWHU�VFLHQFH�DQG�FRQWULEXWHV�WR�
WKH�JURZLQJ�NQRZOHGJH�EDVHG�RI�SHGDJRJLFDO�VWUDWHJLHV�DQG�GHVLJQ�WHFKQLTXHV�WKDW�FDQ�KHOS�DOO�VWXGHQWV�VXFFHHG�
LQ�FRPSXWLQJ��

5HIHUHQFHV�
$EHOVRQ��+��	�GL6HVVD��$����������7XUWOH�JHRPHWU\��7KH�FRPSXWHU�DV�D�PHGLXP�IRU�H[SORULQJ�PDWKHPDWLFV��0,7�

3UHVV��
%DUU��9���	�6WHSKHQVRQ��&����������%ULQJLQJ�FRPSXWDWLRQDO�WKLQNLQJ�WR�.�����ZKDW�LV�,QYROYHG�DQG�ZKDW�LV�WKH�

UROH�RI�WKH�FRPSXWHU�VFLHQFH�HGXFDWLRQ�FRPPXQLW\"�$&0�,QURDGV����������±����
%UDG\�� &��� 2UWRQ�� .��� :HLQWURS�� '��� $QWRQ�� *��� 5RGULJXH]�� 6��� 	�:LOHQVN\�� 8�� �������� $OO� 5RDGV� /HDG� WR�

&RPSXWLQJ�� 0DNLQJ�� 3DUWLFLSDWRU\� 6LPXODWLRQV�� DQG� 6RFLDO� &RPSXWLQJ� DV� 3DWKZD\V� WR� &RPSXWHU�
6FLHQFH��,(((�7UDQVDFWLRQV�RQ�(GXFDWLRQ�����������±���KWWSV���GRL�RUJ���������7(��������������

%XHFKOH\��/���	�+LOO��%��0����������/LO\3DG�LQ�WKH�ZLOG��KRZ�KDUGZDUH¶V�ORQJ�WDLO�LV�VXSSRUWLQJ�QHZ�HQJLQHHULQJ�
DQG�GHVLJQ�FRPPXQLWLHV�� ,Q�3URF��RI� WKH��WK�$&0�&RQIHUHQFH�RQ�'HVLJQLQJ�,QWHUDFWLYH�6\VWHPV� �SS��
���±������

&RKHQ��-����������$�SRZHU�SULPHU��3V\FKRORJLFDO�%XOOHWLQ���������������
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&RRSHU��6���'DQQ��:���	�3DXVFK��5����������$OLFH��D���'�WRRO�IRU�LQWURGXFWRU\�SURJUDPPLQJ�FRQFHSWV��-RXUQDO�RI�
&RPSXWLQJ�6FLHQFHV�LQ�&ROOHJHV������������±�����

GL6HVVD��$��$����������&KDQJLQJ�PLQGV��&RPSXWHUV��OHDUQLQJ��DQG�OLWHUDF\��&DPEULGJH��0$��0,7�3UHVV��
(ULFVRQ��%���	�*X]GLDO��0����������0HDVXULQJ�'HPRJUDSKLFV�DQG�3HUIRUPDQFH�LQ�&RPSXWHU�6FLHQFH�(GXFDWLRQ�

DW�D�1DWLRQZLGH�6FDOH��,Q�3URF��RI�WKH���WK�$&0�6,*&6(�&RQIHUHQFH��SS�����±������1HZ�<RUN��1<��
86$��$&0��

)UDQNOLQ��'���6NLIVWDG��*���5RORFN��5���0HKURWUD��,���'LQJ��9���+DQVHQ��$���:HLQWURS��'��	�+DUORZ��'����������
8VLQJ�8SSHU�(OHPHQWDU\�6WXGHQW�3HUIRUPDQFH�WR�8QGHUVWDQG�&RQFHSWXDO�6HTXHQFLQJ�LQ�D�%ORFNV�EDVHG�
&XUULFXOXP��,Q�3URF��RI�WKH������$&0�6,*&6(�&RQIHUHQFH��SS�����±������1HZ�<RUN��1<��86$��$&0���

*URYHU�� 6��� 	� %DVX�� 6�� �������� 0HDVXULQJ� 6WXGHQW� /HDUQLQJ� LQ� ,QWURGXFWRU\� %ORFN�%DVHG� 3URJUDPPLQJ��
([DPLQLQJ�0LVFRQFHSWLRQV�RI�/RRSV��9DULDEOHV��DQG�%RROHDQ�/RJLF��,Q�3URF��RI�WKH������$&0�6,*&6(�
&RQIHUHQFH��SS�����±������1HZ�<RUN��1<��$&0�3UHVV���

.DSXW�� -��� 1RVV�� 5��� 	� +R\OHV�� &�� �������� 'HYHORSLQJ� QHZ� QRWDWLRQV� IRU� D� OHDUQDEOH� PDWKHPDWLFV� LQ� WKH�
FRPSXWDWLRQDO�HUD��+DQGERRN�RI�,QWHUQDWLRQDO�5HVHDUFK�LQ�0DWKHPDWLFV�(GXFDWLRQ����±����

.HOOHKHU��&���3DXVFK��5���	�.LHVOHU��6����������6WRU\WHOOLQJ�DOLFH�PRWLYDWHV�PLGGOH�VFKRRO�JLUOV�WR�OHDUQ�FRPSXWHU�
SURJUDPPLQJ��,Q�3URF��RI�WKH�6,*&+,�FRQIHUHQFH�RQ�+XPDQ�IDFWRUV�LQ�FRPSXWLQJ�V\VWHPV��SS������±
�������

0DORQH\��-��+���3HSSOHU��.���.DIDL��<���5HVQLFN��0���	�5XVN��1����������3URJUDPPLQJ�E\�FKRLFH��8UEDQ�\RXWK�
OHDUQLQJ�SURJUDPPLQJ�ZLWK�6FUDWFK��$&0�6,*&6(�%XOOHWLQ������������±�����

0DORQH\��-��+���5HVQLFN��0���5XVN��1���6LOYHUPDQ��%���	�(DVWPRQG��(����������7KH�6FUDWFK�SURJUDPPLQJ�ODQJXDJH�
DQG�HQYLURQPHQW��$&0�7UDQVDFWLRQV�RQ�&RPSXWLQJ�(GXFDWLRQ��72&(��������������

0DUJROLV��-����������6WXFN�LQ�WKH�VKDOORZ�HQG��(GXFDWLRQ��UDFH��DQG�FRPSXWLQJ��7KH�0,7�3UHVV��
0DUJROLV��-���	�)LVKHU��$����������8QORFNLQJ�WKH�FOXEKRXVH��:RPHQ�LQ�FRPSXWLQJ��7KH�0,7�3UHVV��
0HHUEDXP�6DODQW��2���$UPRQL��0���	�%HQ�$UL��0����������+DELWV�RI�SURJUDPPLQJ�LQ�6FUDWFK��,Q�3URF��RI�WKH���WK�

,7L&6(�&RQIHUHQFH��SS�����±������'DUPVWDGW��*HUPDQ\��$&0��
3ULFH�� 7�� :��� 	� %DUQHV�� 7�� �������� &RPSDULQJ� 7H[WXDO� DQG� %ORFN� ,QWHUIDFHV� LQ� D� 1RYLFH� 3URJUDPPLQJ�

(QYLURQPHQW��SS����±�����3UHVHQWHG�DW�,&(5�¶����$&0�3UHVV��KWWSV���GRL�RUJ�������������������������
5HVQLFN��0��� 6LOYHUPDQ�� %��� .DIDL�� <���0DORQH\�� -���0RQUR\�+HUQiQGH]�� $��� 5XVN�� 1���«� 6LOYHU�� -�� ��������

6FUDWFK��3URJUDPPLQJ�IRU�DOO��&RPPXQLFDWLRQV�RI�WKH�$&0��������������
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NQRZOHGJH��WUDQVIRUPLQJ�WKH�IDFH�RI�FRPSXWHU�VFLHQFH�WKURXJK�SXEOLF�KLJK�VFKRRO�HGXFDWLRQ��/HDUQLQJ��
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&RPSXWHU�6FLHQFH�&ODVVURRPV��$&0�7UDQVDFWLRQV�RQ�&RPSXWLQJ�(GXFDWLRQ��72&(��������������
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