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&KULVWRSKHU %O|FNHU�� 7KRPDV 0HMWRIW�� 1LQD 1RUJUHQ���

�,QWHJUDWHG 6FLHQFH /DE� 'HSDUWPHQW RI 3K\VLFV�
8PHn 8QLYHUVLW\� 8PHn� 6ZHGHQ

�'HSDUWPHQW RI $SSOLHG 3K\VLFV DQG (OHFWURQLFV�
8PHn 8QLYHUVLW\� 8PHn� 6ZHGHQ

�'HSDUWPHQW RI 0ROHFXODU %LRORJ\� 7UDLQLQJ +XE�
6FLHQFH IRU /LIH /DERUDWRU\� 8PHn 8QLYHUVLW\� 8PHn� 6ZHGHQ

�'HSDUWPHQW RI 0ROHFXODU %LRORJ\� 1DWLRQDO %LRLQIRUPDWLFV ,QIUDVWUXFWXUH 6ZHGHQ�
6FLHQFH IRU /LIH /DERUDWRU\� 8PHn 8QLYHUVLW\� 8PHn� 6ZHGHQ
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3URJUDPPLQJ KDV JUDGXDOO\ EHFRPH DQ HVVHQWLDO VNLOO IRU HQJLQHHUV DQG VFLHQWLVWV DFURVV GLV�
FLSOLQHV DQG LV DQ LPSRUWDQW SDUW RI WKH &',2 6\OODEXV FRYHULQJ IXQGDPHQWDO NQRZOHGJH DQG
UHDVRQLQJ� 5HFHQWO\� WKHUH KDV EHHQ D VKLIW DZD\ IURP LQWURGXFWRU\ SURJUDPPLQJ ODQJXDJHV
OLNH & DQG -DYD WRZDUGV 3\WKRQ� HVSHFLDOO\ LQ SURJUDPV ZKHUH WKH IRFXV OLHV RQ KDQGOLQJ DQG
DQDO\VLQJ ODUJH TXDQWLWLHV RI GDWD� VXFK DV HQHUJ\ WHFKQRORJ\� ELRWHFKQRORJ\� DQG ELRLQIRUPDW�
LFV� 7KLV SDSHU LOOXVWUDWHV WKH VXFFHVVIXO VHWXS RI D RQH�ZHHN�ORQJ LQWURGXFWRU\ 3\WKRQ SURJUDP�
PLQJ FRXUVH ZLWK D KDQGV�RQ DSSURDFK� *LYHQ WKH OLPLWHG WLPH� D FKDOOHQJH LV KRZ WR HIIHFWLYHO\
WHDFK VWXGHQWV D PHDQLQJIXO VHW RI VNLOOV WKDW HQDEOHV WKHP WR VHOI�JXLGH WKHLU IXWXUH OHDUQLQJ�
0RUHRYHU� VLQFH WKH FRXUVH GRHV QRW LQFOXGH DQ\ VXPPDWLYH DVVHVVPHQW� ZH QHHG RWKHU PHDQV
RI PHDVXULQJ VWXGHQWV¶ OHDUQLQJ DQG JXLGLQJ FRXUVH GHYHORSPHQW� :H DGGUHVV WKHVH FKDOOHQJHV
E\ FRXSOLQJ VKRUW OHFWXUHV ZLWK VKRUW TXL]]HV IRU IRUPDWLYH DVVHVVPHQW� DGGLQJ DQRWKHU OHDUQLQJ
DFWLYLW\ WR WKH FRXUVH� :H ILQG WKDW� LQ WKH DEVHQFH RI VXPPDWLYH DVVHVVPHQW� VKRUW� IUHTXHQW
TXL]]HV ZLWK LPPHGLDWH IHHGEDFN DUH DQ H[FHOOHQW WRRO WR WUDFN WKH OHDUQLQJ RI D FODVV DV D ZKROH�
6WXGHQWV UHSRUW WKDW WKH TXL]]HV� DOEHLW FKDOOHQJLQJ� LPSURYHG WKHLU XQGHUVWDQGLQJ RI SURJUDP�
PLQJ FRQFHSWV� PDGH WKHP DZDUH RI SRWHQWLDO PLVWDNHV� DQG ZHUH D IXQ OHDUQLQJ H[SHULHQFH�
)XUWKHUPRUH� WKH UHVXOWV IURP WKLV SDSHU LOOXVWUDWH KRZ D QHZ SURJUDPPLQJ ODQJXDJH FDQ EH
WDXJKW WR VWXGHQWV ZLWKRXW SULRU SURJUDPPLQJ VNLOOV LQ D VKRUW SHULRG RI WLPH� :H VXPPDULVH RXU
OHVVRQV OHDUQW IRU GHVLJQLQJ DQG LQWHJUDWLQJ TXL]]HV LQ VKRUW�IRUPDW SURJUDPPLQJ FRXUVHV�
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3\WKRQ SURJUDPPLQJ� FRQFHSWXDO WHVW� IRUPDWLYH DVVHVVPHQW� 6WDQGDUGV� �� �� �� �� ��� ��
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7KH &',2 IUDPHZRUN �&UDZOH\� 0DOPTYLVW� gVWOXQG� 	 %URGHXU� ����� PHQWLRQV NQRZOHGJH DQG
VNLOOV WKDW QHHG WR EH SDUW RI WKH V\OODEXV IRU RXU VWXGHQWV WR HQDEOH WKHP WR FRQFHLYH� GHVLJQ�
LPSOHPHQW� DQG RSHUDWH LQ WKHLU IXWXUH SURIHVVLRQV� ,Q WKH &',2 V\OODEXV ��� �0DOPTYLVW HW DO��
������ 3HUVRQDO DQG SURIHVVLRQDO VNLOOV DQG DWWULEXWHV ��� DUH HPSKDVLVHG� LQFOXGLQJ HYHU\WKLQJ
IURP IXQGDPHQWDO VNLOOV WR FUHDWLYLW\ DQG HWKLFDO UHVSRQVLELOLW\� 8QGHU $QDO\WLFDO UHDVRQLQJ DQG
SUREOHP�VROYLQJ ����� DQG ([SHULPHQWDWLRQ� LQYHVWLJDWLRQ DQG NQRZOHGJH GLVFRYHU\ ������ WKHUH
DUH PDQ\ LPSRUWDQW SDUWV WKDW IRFXV RQ PRGHOOLQJ� DQDO\VLV� DQG RWKHU DVSHFWV UHTXLULQJ JRRG
VNLOOV ZLWKLQ GDWD PDQLSXODWLRQ� WKDW LV� SURJUDPPLQJ VNLOOV� IRU SURYLGLQJ KLJK�TXDOLW\ UHVXOWV DQG
VROXWLRQV� &RQVHTXHQWO\� QRW RQO\ WKH DELOLW\ WR XVH FRPSXWHUV GHILQHV VXFFHVVIXO HQJLQHHUV
EXW WKH DELOLW\ WR SURJUDP FRPSXWHUV� +DYLQJ EDVLF VNLOOV ZLWKLQ SURJUDPPLQJ SURYLGHV D EHWWHU
IRXQGDWLRQ IRU HQJLQHHUV DFURVV GLVFLSOLQHV WR VROYH FRPSOH[ SUREOHPV �H�J� %DOO 	 =RUQ� ������

7RGD\� PDQ\ GLIIHUHQW SURJUDPPLQJ ODQJXDJHV DUH WDXJKW WR VWXGHQWV� FKRVHQ GHSHQGLQJ RQ
ZKDW VNLOOV DUH UHTXLUHG ZLWKLQ WKHLU GLVFLSOLQH� )RU H[DPSOH� FRPSXWHU VFLHQWLVWV QHHG WR EH DEOH
WR LPSOHPHQW KLJKO\�HIILFLHQW SURJUDPV IRU FRPSOH[ UHDO�ZRUOG EXVLQHVV DSSOLFDWLRQV DQG RIWHQ
OHDUQ &�&�� RU -DYD� ERWK RI ZKLFK DUH ZLGHO\ DGRSWHG LQ WKH LQGXVWU\� 3K\VLFLVWV DQG HQJLQHHUV
FUHDWH PRGHOV IRU UXQQLQJ VLPXODWLRQV DQG FRPSXWDWLRQV� W\SLFDOO\ XVLQJ ODQJXDJHV OLNH &�� IRU
HIILFLHQW LPSOHPHQWDWLRQV� RU 0$7/$% EHFDXVH LW LV VSHFLDOLVHG IRU QXPHULFDO FRPSXWDWLRQV�
&RPPRQ WDVNV IRU GDWD VFLHQWLVWV LQFOXGH SRROLQJ GDWD IURP YDULRXV VRXUFHV� SHUIRUPLQJ VWDWLV�
WLFDO DQDO\VHV� DXWRPDWLQJ ZRUNIORZV� DQG YLVXDOLVLQJ UHVXOWV� RIWHQ GRQH LQ ODQJXDJHV VXFK DV 5
DQG 3\WKRQ� 'XULQJ UHFHQW \HDUV� DFDGHPLD KDV VWDUWHG WR VKLIW DZD\ IURP ³WUDGLWLRQDO´ LQWURGXF�
WRU\ SURJUDPPLQJ ODQJXDJHV WRZDUGV 3\WKRQ� 5HDVRQV IRU WKLV VKLIW LQFOXGH 3\WKRQ¶V VLPSOH
V\QWD[ ZKLFK PDNHV LW HDV\ WR OHDUQ DQG LWV LQFUHDVLQJ UHOHYDQFH LQ LQGXVWU\ �%RJGDQFKLNRY�
=KDSDURY� 	 6XOL\HY� ����� &KHQJ� -D\DVXUL\D� 	 /LP� ����� -D\DO� /DXULD� 7XFNHU� 	 6ZLIW�
����� /HSLQJ HW DO�� ����� 0DQQLOD� 3HOWRPlNL� 	 6DODNRVNL� ������ 0RUHRYHU� WKH DEXQGDQFH
RI DYDLODEOH 3\WKRQ OLEUDULHV IRU VWDWLVWLFDO DQDO\VHV� PDFKLQH OHDUQLQJ� DQG YLVXDOLVDWLRQV KDV
PDGH 3\WKRQ D FRPPRQ WRRO DFURVV GLVFLSOLQHV DQG D GH�IDFWR VWDQGDUG IRU GDWD VFLHQWLVWV�

,Q WKLV SDSHU� ZH GHVFULEH KRZ ZH KDYH GHVLJQHG VKRUW TXL]]HV DQG LQFRUSRUDWHG WKHP LQWR WKH
VHWXS RI WKH RQH�ZHHN ORQJ FRXUVH ,QWURGXFWLRQ WR 3\WKRQ ² ZLWK $SSOLFDWLRQV LQ %LRLQIRUPDWLFV
RIIHUHG E\ WKH 1DWLRQDO %LRLQIRUPDWLFV ,QIUDVWUXFWXUH 6ZHGHQ �1%,6� WR WKH 6ZHGLVK UHVHDUFK
FRPPXQLW\� 2XU TXL]]HV DUH WLJKWO\ FRXSOHG ZLWK WKH OHFWXUHV¶ WRSLFV DQG LQVSLUHG E\ WKH SULQFL�
SOHV EHKLQG FRQFHSW LQYHQWRULHV �7D\ORU HW DO�� ������ WKHLU SXUSRVH LV WR KHOS WHDFKHUV LGHQWLI\
DQG DGGUHVV VWXGHQWV¶ PLVFRQFHSWLRQV WR LPSURYH WKHLU FRQFHSWXDO SURJUDPPLQJ XQGHUVWDQG�
LQJ� 7KH ILUVW YHUVLRQ RI RXU TXL]� ZKLFK ZH PDGH DYDLODEOH RQ *LW+XE� FRQWDLQV �� TXHVWLRQV�
:H XVHG WKH OHDUQLQJ PDQDJHPHQW V\VWHP &DQYDV WR UXQ WKH TXL]]HV DQG SURYLGH LPPHGLDWH
IHHGEDFN WR WKH VWXGHQWV� H[SODLQLQJ ZK\ WKHLU DQVZHUV ZHUH FRUUHFW RU LQFRUUHFW DQG GLVFXVVLQJ
WKH UHPDLQLQJ RSHQ TXHVWLRQV LQ FODVV� 8VLQJ WKH TXL]]HV IRU WKH ILUVW WLPH LQ ����� ZH IRXQG
WKDW WKH\ ZRUN ZHOO DV D OHDUQLQJ DFWLYLW\� KHOS LPSURYH VWXGHQWV¶ FRQFHSWXDO SURJUDPPLQJ XQ�
GHUVWDQGLQJ� DQG SURYLGH LQVLJKWV IRU LPSURYLQJ WHDFKLQJ PDWHULDO�
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$FFRUGLQJ WR 5RELQV� 5RXQWUHH� DQG 5RXQWUHH ������� WHDFKLQJ SURJUDPPLQJ LQYROYHV SURJUDP�
PLQJ�ODQJXDJH�VSHFLILF NQRZOHGJH� SUREOHP�VROYLQJ VWUDWHJLHV� DQG PHQWDO PRGHOV RI WKH SURE�

3URFHHGLQJV RI WKH ��WK ,QWHUQDWLRQDO &',2 &RQIHUHQFH� KRVWHG E\ 1718� 7URQGKHLP� 1RUZD\� -XQH ��±��� �����
���



OHP DQG SURJUDP GRPDLQ WR HQDEOH VWXGHQWV WR GHVLJQ� LPSOHPHQW� DQG HYDOXDWH VROXWLRQV� 7UD�
GLWLRQDO SURJUDPPLQJ FRXUVHV DUH RIWHQ NQRZOHGJH�GULYHQ DQG XVH WH[WERRNV IRFXVLQJ RQ SUH�
VHQWLQJ V\QWDFWLF DQG VHPDQWLF NQRZOHGJH� VXSSRUWHG ZLWK H[DPSOHV DQG H[HUFLVHV� +RZHYHU�
SUREOHP�EDVHG LQVWUXFWLRQ KDV EHHQ IRXQG WR LPSURYH VWXGHQW OHDUQLQJ� )RU H[DPSOH� &KHQJ HW
DO� ������ VXJJHVW IRFXVLQJ RQ DQDO\VLQJ� GHFRPSRVLQJ� DQG VROYLQJ SUREOHPV LQVWHDG RI PHUHO\
PHPRULVLQJ SURJUDPPLQJ V\QWD[� 7KH\ DSSURDFK WHDFKLQJ SURJUDPPLQJ IURP D FRQVWUXFWLYLVW
DSSURDFK� OHWWLQJ VWXGHQWV OHDUQ DQG GUDZ WKHLU RZQ FRQFOXVLRQV WKURXJK H[SHULPHQWDWLRQ� 9LDO
DQG 1HJRLWD ������ HPSKDVLVH WKDW OHDUQLQJ SURJUDPPLQJ LV D VRFLDO DFWLYLW\� ZKLFK KDV LPSOL�
FDWLRQV IRU FKRRVLQJ WHDFKLQJ VWUDWHJLHV DQG DVVHVVPHQWV� 7KH\ SURSRVH D FRXUVH VHWXS ZLWK
3\WKRQ� -XS\WHU QRWHERRNV� DQG *LW+XE WR IDFLOLWDWH FROODERUDWLRQ DQG PDNH SURJUDPPLQJ DQ
DFWLYH HQJDJHPHQW ZLWK RWKHUV�

9LDO DQG 1HJRLWD ������ DUJXH WKDW WHDFKLQJ SURJUDPPLQJ WR QRQ�FRPSXWHU VFLHQFH VWXGHQWV UH�
PRYHV FHUWDLQ FRQVWUDLQWV� 7KHRUHWLFDO IRXQGDWLRQV WKDW DUH SDUW RI WUDGLWLRQDO FRPSXWHU VFLHQFH
FXUULFXOD QHHG QRW EH FRYHUHG DV ULJRURXVO\� 7KH\ VXJJHVW IRFXVLQJ RQ VROYLQJ SUREOHPV LQ D
VSHFLILF GRPDLQ LQVWHDG RI� DV FRPPRQO\ GRQH� WHDFKLQJ SURJUDPPLQJ ZLWKRXW FRQVLGHULQJ DQ
DSSOLFDWLRQ FRQWH[W� 0LURQRYD HW DO� ������ DJUHH WKDW SUREOHPV VKRXOG EH VHOHFWHG EDVHG RQ WKH
VWXGHQWV¶ GLVFLSOLQH� 9LDO DQG 1HJRLWD ������ HPSKDVLVH WKDW WKH PDLQ REMHFWLYH RI WHDFKLQJ SUR�
JUDPPLQJ WR QRQ�FRPSXWHU VFLHQFH VWXGHQWV LV QRW WR HGXFDWH IXWXUH SURJUDPPHUV� EXW UDWKHU
WHDFK VWXGHQWV WR WKLQN OLNH SURJUDPPHUV DQG GHYHORS FRPSXWDWLRQDO WKLQNLQJ VNLOOV� +RZHYHU�
GLIIHUHQW IURP RXU VLWXDWLRQ� SURJUDPPLQJ FRXUVHV IRU QRQ�FRPSXWHU VFLHQFH VWXGHQWV RIWHQ DLP
DW ILUVW�\HDU VWXGHQWV ZKR DUH QRW \HW GRPDLQ H[SHUWV LQ WKHLU ILHOG RI VWXG\ DQG W\SLFDOO\ VSDQ
D ZKROH VHPHVWHU �&KHQJ HW DO�� ����� 0LURQRYD� $PLWDQ� 9HQGHOLQ� 9LOLS}OG� 	 6DDU� �����
0LURQRYD HW DO�� ����� 9LDO 	 1HJRLWD� ������

&RQFHSW LQYHQWRULHV DUH WRROV WKDW KHOS WHDFKHUV LGHQWLI\ VWXGHQWV¶ PLVFRQFHSWLRQV WKURXJK D VHW
RI RSHQ RU FORVHG�HQGHG TXHVWLRQV DQG SUREOHPV �7D\ORU HW DO�� ������ 7KH\ DUH ZHOO�HVWDEOLVKHG
LQ SK\VLFV HGXFDWLRQ WR DVVHVV VWXGHQWV¶ XQGHUVWDQGLQJ RI FRQFHSWV VXFK DV IRUFH �+HVWHQHV�
:HOOV� 	 6ZDFNKDPHU� ������ PHFKDQLFDO ZDYHV �&DOHRQ 	 6XEUDPDQLDP� ������ RU HOHFWULF�
LW\ DQG PDJQHWLVP �0DORQH\� 2¶.XPD� +LHJJHONH� 	 9DQ +HXYHOHQ� ������ EXW KDYH DOVR EHHQ
V\VWHPDWLFDOO\ VWXGLHG DQG DSSOLHG IRU FRPSXWHU VFLHQFH HGXFDWLRQ LQ JHQHUDO� DQG� PRUH VSHFLIL�
FDOO\� IRU WHDFKLQJ 3\WKRQ �-RKQVRQ� 0F4XLVWLQ� 	 2¶'RQQHOO� ����� .DF]PDUF]\N� 3HWULFN� (DVW�
	 +HUPDQ� ����� 7D\ORU HW DO�� ������ ,QGHSHQGHQW RI WKH VXEMHFW� PLVFRQFHSWLRQV FDQ FDXVH
D VLJQLILFDQW FKDOOHQJH IRU VWXGHQWV DQG KLQGHU WKHLU DELOLW\ WR XQGHUVWDQG DQG DSSO\ FRQFHSWV
DQG SULQFLSOHV� 7KHUHIRUH� LGHQWLI\LQJ DQG DGGUHVVLQJ PLVFRQFHSWLRQV LV FULWLFDO IRU HQVXULQJ
WKDW VWXGHQWV KDYH D VWURQJ IRXQGDWLRQ DQG DUH DEOH WR DSSO\ WKHLU NQRZOHGJH HIIHFWLYHO\� ,Q
SURJUDPPLQJ� PLVFRQFHSWLRQV FDQ DULVH GXH WR D YDULHW\ RI IDFWRUV� LQFOXGLQJ GLIIHUHQFHV LQ
WKH VHPDQWLFV RI WKH VDPH ZRUG LQ SURJUDPPLQJ DQG QDWXUDO ODQJXDJH� SULRU PDWK NQRZOHGJH�
IODZHG PHQWDO PRGHOV UHJDUGLQJ KRZ D FRPSXWHU H[HFXWHV FRGH� LQDGHTXDWH SUREOHP�VROYLQJ
VWUDWHJLHV� RU� PRUH JHQHUDOO\ DQG IURP D FRQVWUXFWLYLVW SRLQW RI YLHZ� WKH HQWLUHW\ RI VWXGHQWV¶
SUHYLRXV H[SHULHQFH �4LDQ 	 /HKPDQ� ����� 5RELQV HW DO�� ������
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,QWURGXFWLRQ WR 3\WKRQ ² ZLWK $SSOLFDWLRQV WR %LRLQIRUPDWLFV LV D RQH�ZHHN�ORQJ FRXUVH RIIHUHG
WR WKH UHVHDUFK FRPPXQLW\ LQ 6ZHGHQ E\ 1%,6� DQG DLPHG WRZDUGV ELRLQIRUPDWLFV DQG GDWD
VFLHQFH� WKXV IRFXVLQJ PRVWO\ RQ XVDJH DQG XQGHUVWDQGLQJ RI FRGH� UDWKHU WKDQ DQ LQ�GHSWK XQ�
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)LJXUH �� &RXUVH VFKHGXOH ZKHUH OHFWXUHV DUH VKRZQ LQ JUHHQ� H[HUFLVHV LQ UHG� TXL]]HV LQ EOXH�
DQG SURMHFW VHVVLRQV LQ JUH\� (DFK TXL] VHVVLRQ LV WKHPDWLFDOO\ FRXSOHG ZLWK WKH SUHYLRXV OHFWXUH�
%HWZHHQ OHFWXUHV DQG TXL] VHVVLRQV� VWXGHQWV KDYH WKH RSSRUWXQLW\ WR UHYLVLW DQG SUDFWLFH QHZ
PDWHULDO LQ WKH H[HUFLVHV�

GHUVWDQGLQJ RI XQGHUO\LQJ FRPSXWHU VFLHQFH SULQFLSOHV� 7KH FRXUVH DVVXPHV QR SUHYLRXV SUR�
JUDPPLQJ NQRZOHGJH DQG DLPV WR EULQJ VWXGHQWV¶ NQRZOHGJH WR D OHYHO ZKHUH WKH\ FDQ GLUHFWO\
DSSO\ 3\WKRQ DQG FRQWLQXH OHDUQLQJ 3\WKRQ RQ WKHLU RZQ� $FKLHYLQJ WKLV OHYHO RI XQGHUVWDQGLQJ
LQ RQH ZHHN LV FKDOOHQJLQJ DQG UHTXLUHV DQ HIIHFWLYH FRXUVH VHWXS� ZH JURXS VKRUW LQIRUPDWLYH
OHFWXUHV WRJHWKHU ZLWK SUDFWLFDO H[HUFLVHV DLPHG DW VROLGLI\LQJ WKH VWXGHQWV¶ QHZ NQRZOHGJH� ,Q
D KDQGV�RQ SURMHFW WKDW VSDQV WKH HQWLUH ZHHN� VWXGHQWV ZRUN RQ DQ RSHQ�HQGHG UHDO ELRLQIRU�
PDWLFV SUREOHP� DOEHLW VLPSOLILHG WR ILW WKH FRXUVH¶V WLPH IUDPH� DQG SXW WKHLU QHZO\ OHDUQW VNLOOV
WR ZRUN� 7R FRQWLQXRXVO\ PRQLWRU WKH HIIHFWLYHQHVV RI WKLV VHWXS DV ZHOO DV VWXGHQWV¶ OHDUQLQJ�
ZH KDYH GHVLJQHG VKRUW IRUPDWLYH TXL]]HV WKDW DUH WKHPDWLFDOO\ FRXSOHG ZLWK WKH OHFWXUHV� DQG
WKDW WKH VWXGHQWV DQVZHU LQ WZR TXL] VHVVLRQV SHU GD\ �)LJXUH ��� 7KH OHDUQLQJ RXWFRPHV IRU
,QWURGXFWLRQ WR 3\WKRQ ² ZLWK $SSOLFDWLRQV WR %LRLQIRUPDWLFV DUH OLVWHG LQ )LJXUH ��

1%,6� ZKLFK LV SDUW RI WKH 6FLHQFH IRU /LIH /DERUDWRU\ �6FL/LIH/DE�� KDV VHYHUDO OHDUQLQJ SDWKV
IRU EHFRPLQJ DQ H[SHUW ELRLQIRUPDWLFLDQ RU GDWD VFLHQWLVW DQG RIIHUV D UDQJH RI FRXUVHV LQFOXG�
LQJ 1HXUDO 1HWZRUNV DQG 'HHS /HDUQLQJ� 2PLFV ,QWHJUDWLRQ DQG 6\VWHPV %LRORJ\� 6LQJOH &HOO
51$VHT 'DWD $QDO\VLV� DQG $GYDQFHG 3\WKRQ� 1%,6¶ FRXUVHV FRQWULEXWH WR OLIH�ORQJ OHDUQLQJ IRU
UHVHDUFKHUV DW DOO FDUHHU VWDJHV� WDUJHWLQJ PDLQO\ 3K' VWXGHQWV DQG SRVWGRFWRUDO UHVHDUFKHUV�
DQG DUH D FRQWLQXDWLRQ UDWKHU WKDQ D SDUW RI IRUPDO HGXFDWLRQ� WKHUHIRUH WKH\ GR QRW FRQWDLQ DQ\
IRUPDO DVVHVVPHQWV� %HFDXVH 3\WKRQ KDV EHFRPH DQ LPSRUWDQW IRXQGDWLRQ LQ GDWD VFLHQFH�
DOO RI WKH DERYH FRXUVHV XVH 3\WKRQ DQG EXLOG RQ ,QWURGXFWLRQ WR 3\WKRQ ² ZLWK $SSOLFDWLRQV WR
%LRLQIRUPDWLFV RU HTXLYDOHQW NQRZOHGJH DV D SUHUHTXLVLWH �)LJXUH ���
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� 8VH YDULDEOHV DQG H[SODLQ KRZ RSHUDWRUV
ZRUN

� 3URFHVV GDWD XVLQJ ORRSV
� 6HSDUDWH GDWD XVLQJ LI�HOVH VWDWHPHQWV
� 8VH IXQFWLRQV WR UHDG DQG ZULWH WR ILOHV
� 'HVFULEH WKHLU RZQ DSSURDFK WR D FRGLQJ WDVN
� 8QGHUVWDQG WKH GLIIHUHQFH EHWZHHQ IXQFWLRQV
DQG PHWKRGV

� %H DEOH WR UHDG WKH GRFXPHQWDWLRQ IRU EXLOW�LQ
IXQFWLRQV�PHWKRGV

� *LYH H[DPSOHV RI XVH FDVHV IRU GLFWLRQDULHV
� :ULWH GDWD WR D VLPSOH GLFWLRQDU\
� 8QGHUVWDQG FRQFHSW DQG V\QWD[ RI IXQFWLRQV

� :ULWH EDVLF IXQFWLRQV IRU SURFHVVLQJ GDWD

� 'HVFULEH SDQGDV GDWDIUDPHV

� *LYH H[DPSOHV RI KRZ WR XVH SDQGDV IRU SUR�
FHVVLQJ GDWD

� ([SODLQ KRZ UHJXODU H[SUHVVLRQV FDQ EH XVHG

� 'HILQH 3\WKRQ V\QWD[ IRU UHJXODU H[SUHVVLRQV

� &RPELQH EDVLF FRQFHSWV WR FUHDWH IXQFWLRQDO
VWDQG�DORQH SURJUDPV WR SURFHVV GDWD

� :ULWH ILOH SURFHVVLQJ SURJUDPV WKDW SURGXFH
RXWSXW WR WKH WHUPLQDO DQG�RU H[WHUQDO ILOHV

� ([SODLQ KRZ WR GHEXJ DQG IXUWKHU GHYHORS
\RXU VNLOOV LQ 3\WKRQ DIWHU WKH FRXUVH

)LJXUH �� /HDUQLQJ RXWFRPHV IRU ,QWURGXFWLRQ WR 3\WKRQ ² ZLWK $SSOLFDWLRQV WR %LRLQIRUPDWLFV�

48,= '(6,*1

&UHDWLQJ D FRQFHSW LQYHQWRU\ W\SLFDOO\ LQYROYHV IRXU VWHSV� VHWWLQJ WKH VFRSH� LGHQWLI\LQJ PLV�
FRQFHSWLRQV� GHYHORSLQJ TXHVWLRQV� DQG YDOLGDWLRQ �*ROGPDQ HW DO�� ������ ,Q RXU FDVH� ZH XVH
WKH FRXUVH¶V OHDUQLQJ RXWFRPHV WR VHW WKH VFRSH� :H KDYH LGHQWLILHG PLVFRQFHSWLRQV DQG GHYHO�
RSHG TXHVWLRQV FRQQHFWHG WR HDFK OHFWXUH WRSLF ZLWK WKH SXUSRVH WR LPSURYH VWXGHQWV¶ OHDUQLQJ
E\ FRQIURQWLQJ WKHP ZLWK UHODWHG� EXW VOLJKWO\ PRUH DGYDQFHG VLWXDWLRQV� 2XU TXHVWLRQV DLP
WR SUHSDUH VWXGHQWV IRU W\SLFDO SURJUDPPLQJ FKDOOHQJHV DQG FRPPRQ PLVWDNHV WKH\ DUH OLNHO\
WR IDFH ZKHQ DSSO\LQJ WKHLU SURJUDPPLQJ NQRZOHGJH LQ GD\�WR�GD\ ZRUN� 7R DFKLHYH WKLV� ZH
GHVLJQHG RXU TXL]]HV EDVHG RQ WKUHH VXE�JRDOV� WKH\ VKRXOG �L� WHVW KLJKHU�OHYHO FRJQLWLYH SUR�
FHVVHV DFFRUGLQJ WR %ORRP¶V UHYLVHG WD[RQRP\ �.UDWKZRKO� ������ �LL� KHOS LGHQWLI\ VWXGHQWV¶
SURJUDPPLQJ PLVFRQFHSWLRQV� DQG �LLL� SURYLGH LQVLJKWV IRU LPSURYLQJ WKH FRXUVH�

)LUVW� ZH DLPHG WR WHVW VWXGHQWV¶ KLJKHU�OHYHO FRJQLWLYH DELOLWLHV DFFRUGLQJ WR %ORRP¶V UHYLVHG WD[�
RQRP\� PRUH VSHFLILFDOO\ WKHLU DELOLW\ WR DQDO\VH DQG HYDOXDWH 3\WKRQ FRGH DQG WR PDNH SUHGLF�
WLRQV DERXW WKH UHVXOW WKDW D SLHFH RI FRGH SURGXFHV� :H GLG QRW FRYHU WKH FUHDWH OHYHO EHFDXVH
LW LV DGGUHVVHG E\ WKH KDQGV�RQ SURMHFW� ZH UHJDUG WKH TXL]]HV DV DQ DGGLWLRQDO OHDUQLQJ DFWLYLW\
WKDW KHOSV SUHSDUH VWXGHQWV IRU DSSO\LQJ WKH OHDUQW SURJUDPPLQJ NQRZOHGJH LQ UHDO VLWXDWLRQV�
7R HQVXUH WKDW WKH TXL]]HV WHVW WKH LQWHQGHG %ORRP¶V OHYHO� ZH SXUSRVHIXOO\ GHVLJQHG TXHVWLRQV
WKDW JR EH\RQG WKH PDWHULDO GLVFXVVHG LQ WKH OHFWXUHV� 2WKHUZLVH� VWXGHQWV FRXOG DQVZHU WKH
TXHVWLRQV E\ VLPSO\ UHFDOOLQJ WKH UHVSHFWLYH LQIRUPDWLRQ ZLWKRXW DFWLYDWLQJ KLJKHU�OHYHO FRJQLWLYH
SURFHVVHV� ,QVWHDG� ZH UHTXLUH VWXGHQWV WR FRPELQH VHYHUDO FRQFHSWV WKDW ZHUH GLVFXVVHG LQ
WKH OHFWXUHV LQ D QHZ ZD\� )RU H[DPSOH� )LJXUH � VKRZV D TXHVWLRQ WKDW WHVWV VWXGHQWV¶ XQGHU�
VWDQGLQJ RI YDULDEOH VFRSHV� %HIRUH DQVZHULQJ WKLV TXHVWLRQ� WKH VWXGHQWV KDG OHDUQHG DERXW
YDULDEOHV� IXQFWLRQV� DQG VFRSLQJ UXOHV�

6HFRQG� ZH ZDQWHG WR XVH WKH TXL]]HV LQ D VLPLODU PDQQHU DV FRQFHSW LQYHQWRULHV DUH XVHG� WKDW
LV� DV D WRRO WKDW KHOSV WHDFKHUV LGHQWLI\ VWXGHQWV¶ PLVFRQFHSWLRQV� DQG DGGUHVV WKHP LQ D WLPHO\
PDQQHU� 7KHUHIRUH� ZH KDYH FRXSOHG WKH TXL]]HV ZLWK WKH OHFWXUHV DQG UXQ TXL] VHVVLRQV WZLFH
SHU GD\� RQH LQ WKH PRUQLQJ DQG RQH LQ WKH DIWHUQRRQ �)LJXUH ��� +RZHYHU� EHWZHHQ WKH OHFWXUHV
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x = 1
y = 2

def my_function(x):
x *= 2
return x*y

y = 4
z = my_function(2)
print(x,y,z)

:KDW GRHV WKH FRGH SULQW"

�D� �����
�E� �����
�F� ������
�G� �����
�H� �����
�I� ������

6WXGHQWV DQVZHUHG

�D� ��
�E� ���
�F� ���
�G� ��
�H� ��
�I� ���

)LJXUH �� 6FRSHV RI ORFDO DQG JOREDO YDULDEOHV� $ FRGH VQLSSHW LV VKRZQ RQ WKH OHIW� SRVVLEOH
RXWSXWV LQ WKH PLGGOH ZLWK WKH FRUUHFW DQVZHU XQGHUOLQHG� DQG VWXGHQWV¶ DQVZHUV RQ WKH ULJKW�

DQG TXL]]HV� VWXGHQWV KDYH WLPH WR UHYLVLW DQG SUDFWLFH QHZ PDWHULDO LQ VKRUW H[HUFLVHV� :H GH�
VLJQHG WKH SRVVLEOH TXL] DQVZHUV VR WKDW WKH\ DOO DSSHDU SODXVLEOH ZKLOH LQFRUUHFW DQVZHUV SRLQW
RXW ZKDW PLVFRQFHSWLRQ D VWXGHQW KROGV� )RU LPSOHPHQWLQJ WKH TXL]]HV LQ SUDFWLFH� ZH XVHG
WKH OHDUQLQJ PDQDJHPHQW V\VWHP &DQYDV EHFDXVH LW HQDEOHV SURYLGLQJ LPPHGLDWH IHHGEDFN�
7KH LPPHGLDWH IHHGEDFN KHOSV VWXGHQWV XQGHUVWDQG WKHLU PLVFRQFHSWLRQV� DOORZLQJ WKHP WR UH�
ILQH WKHLU PHQWDO PRGHOV LI QHFHVVDU\� ZKLFK SOD\V DQ LPSRUWDQW UROH LQ PDNLQJ WKH TXL]]HV DQ
HIIHFWLYH OHDUQLQJ H[SHULHQFH�

7KLUG� ZH LQWHQGHG WKH TXL]]HV DV D ZD\ WR FROOHFW IHHGEDFN IRU LPSURYLQJ OHFWXUH DQG H[HUFLVH
FRQWHQW WR WHDFK SURJUDPPLQJ FRQFHSWV PRUH HIIHFWLYHO\� &ROOHFWLQJ DQVZHU VWDWLVWLFV WKURXJK
&DQYDV SURYLGHV D EDVLV RQ ZKLFK ZH FDQ LGHQWLI\ WKH PRVW FRPPRQ PLVFRQFHSWLRQV WR GHYHORS
RXU WHDFKLQJ PDWHULDO DFFRUGLQJO\�

,Q WRWDO� ZH GHVLJQHG D TXL] ZLWK �� TXHVWLRQV WKDW ZH VSOLW XS LQWR � TXL] VHVVLRQV� 7KH FRPSOHWH
VHW RI TXHVWLRQV LV DYDLODEOH RQOLQH�� 7R VXPPDULVH� RXU TXL] DGGUHVVHV KLJKHU�OHYHO FRJQLWLYH
SURFHVVHV E\ UHTXLULQJ VWXGHQWV WR FRPELQH OHDUQW NQRZOHGJH LQ QHZ ZD\V� KHOSV LGHQWLI\ PLV�
FRQFHSWLRQV DQG UHILQH PHQWDO PRGHOV� DQG SURYLGHV D EDVLV IRU LPSURYLQJ FRXUVH FRQWHQW�

86,1* 7+( 48,= $1' 678'(176¶ 5(68/76

,QWURGXFWLRQ WR 3\WKRQ²ZLWK $SSOLFDWLRQV WR %LRLQIRUPDWLFV KDV EHHQ UXQQLQJ IRU VHYHUDO \HDUV�
EXW ���� ZDV WKH ILUVW WLPH ZH XVHG RXU TXL]]HV DV D OHDUQLQJ DFWLYLW\� ,Q ����� WKHUH ZHUH ��
VWXGHQWV IURP DOO RYHU 6ZHGHQ ZKR WRRN WKH FRXUVH� PRVWO\ 3K' VWXGHQWV DQG SRVWGRFV� 7KHLU
SULRU NQRZOHGJH UDQJHG IURP QHYHU KDYLQJ GRQH DQ\ SURJUDPPLQJ WR NQRZLQJ DQRWKHU SURJUDP�
PLQJ ODQJXDJH� 2Q DYHUDJH� VWXGHQWV DQVZHUHG ��� RI WKH TXHVWLRQV FRUUHFWO\ �)LJXUH �D��

)RU H[DPSOH� ��� DQVZHUHG WKH VFRSLQJ TXHVWLRQ �)LJXUH �� FRUUHFWO\� +RZHYHU� ��� DQVZHUHG
WKDW z KDV YDOXH ZKHQ SULQWHG� LQGLFDWLQJ WKDW WKH\ KDYH D PLVFRQFHSWLRQ UHJDUGLQJ ZKHQ WKH
YDOXH IRU y LV DFFHVVHG� DW WKH WLPH ZKHQ my_function LV GHILQHG� y KROGV WKH YDOXH 4� ZKLFK
ZRXOG LQGHHG UHVXOW LQ VHWWLQJ z WR � %XW DW WKH WLPH my_function LV H[HFXWHG� WKH JOREDO YDULDEOH
y KROGV WKH YDOXH 4� ZKLFK LV XVHG ZKHQ DVVLJQLQJ D YDOXH WR z� ��� DQVZHUHG WKDW x KDV YDOXH

�https://github.com/chrisbloecker/python-in-a-week-quiz
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)LJXUH �� 4XL] UHVXOWV DQG SULRU H[SHULHQFH� D� 3HUFHQWDJH RI VWXGHQWV DQVZHULQJ WKH TXHVWLRQV
FRUUHFWO\� 4XHVWLRQV DUH DUUDQJHG LQ WKH VDPH RUGHU DV WKH\ DUH SUHVHQWHG WR WKH VWXGHQWV GXULQJ
WKH FRXUVH� E� 2YHUDOO TXL] UHVXOWV SHU VWXGHQW� VHSDUDWHG E\ VHOI�UHSRUWHG SULRU NQRZOHGJH�

2 ZKHQ SULQWHG� LQGLFDWLQJ D PLVFRQFHSWLRQ UHJDUGLQJ YDULDEOH VKDGRZLQJ� WKH ORFDO YDULDEOH x
LQ my_function ¶V ORFDO VFRSH VKDGRZV WKH JOREDO YDULDEOH x� ZKLFK UHPDLQV XQFKDQJHG�

7KH PRVW FKDOOHQJLQJ TXHVWLRQ� DFFRUGLQJ WR WKH RYHUDOO UHVXOWV� ZDV UHODWHG WR VKRUW�FLUFXLW
HYDOXDWLRQ �)LJXUH ��� $ SRVVLEOH PLVFRQFHSWLRQ VRXUFH PD\ EH WKH GLIIHUHQFH EHWZHHQ KRZ
WKH ORJLFDO FRQMXQFWLRQV nd DQG or DUH XVHG LQ QDWXUDO ODQJXDJH DQG IRUPDO ORJLF� +RZHYHU�
WKH UHDVRQ ZK\ WKLV TXHVWLRQ ZDV PRUH FKDOOHQJLQJ LV SUREDEO\ KRZ ZH KDYH IRUPXODWHG WKH
TXHVWLRQ� ZH DUH QRW LQWHUHVWHG LQ D YDULDEOH DVVLJQPHQW IRU ZKLFK WKH FRQGLWLRQ HYDOXDWHV WR
rue� ,QVWHDG� ZH DVN IRU DQ DVVLJQPHQW WKDW SUHYHQWV WKH FRGH IURP FUDVKLQJ� 'HVSLWH RXU KLQW

WKDW ³QRW DOO YDULDEOHV DUH GHILQHG´� VWXGHQWV VHHP WR IRUJHW DERXW WKH REMHFWLYH DQG VHOHFW WKH
YDULDEOH DVVLJQPHQW WKDW HYDOXDWHV WKH FRQGLWLRQ WR rue� KDSS\ WKDW o ZLOO EH SULQWHG� 1HY�
HUWKHOHVV� ��� FKRVH DQVZHU �G�� LQGLFDWLQJ D JRRG XQGHUVWDQGLQJ RI VKRUW�FLUFXLW HYDOXDWLRQ�
KLJKOLJKWLQJ WKDW LW LV LPSRUWDQW WR EH DZDUH RI ZKLFK DQVZHUV UHYHDO ZKLFK PLVFRQFHSWLRQV�

)URP D WHDFKLQJ SHUVSHFWLYH� WKH TXL]]HV SURYLGHG WLPHO\ LQVLJKWV LQWR VWXGHQWV¶ OHDUQLQJ DQG
UHYHDOHG ZKDW SDUWV RI WKH LQWURGXFHG PDWHULDO ZHUH FKDOOHQJLQJ� 7KLV DOORZHG XV WR VHOHFW WKH
PRVW UHOHYDQW FRQFHSWV IRU GLVFXVVLRQ DIWHU HDFK TXL] VHVVLRQ IRU FODULILFDWLRQ� 0RUHRYHU� WKH
UHVXOWV VKRZHG ZKDW SDUWV RI WKH OHFWXUHV UHTXLUH UHYLVLRQ IRU PRUH HIIHFWLYH OHDUQLQJ� 6HWWLQJ
XS WKH TXL]]HV ZLWK GHWDLOHG IHHGEDFN LQ &DQYDV WRRN VRPH WLPH� KRZHYHU� ZH ILQG WKDW WKLV ZDV
WLPH ZHOO VSHQW EHFDXVH LW DOORZHG JLYLQJ PHDQLQJIXO IHHGEDFN WR WKH VWXGHQWV� 0RUHRYHU� RQFH
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:KDW YDULDEOH DVVLJQPHQW ZLOO SUHYHQW WKLV FRGH
IURP FUDVKLQJ" 1RWH WKDW QRW DOO YDULDEOHV DUH
GHILQHG LQ DOO FDVHV�

if ( nd ) or (not nd c) nd (d = e):
print(o )

�D� = e� = e� d= e� e= rue �����

�E� = rue� c= e� d= rue� e= e �����

�F� = e� c= e� d= e� e= rue ����

�G� = e� c= rue� d= e� e= rue �����

)LJXUH �� 6KRUW�FLUFXLW HYDOXDWLRQ RI %RROHDQ H[SUHVVLRQV�

VHW XS� WKH TXL]]HV UHTXLUH QR DGGLWLRQDO WLPH IURP WKH WHDFKHUV� JLYH LQVWDQW IHHGEDFN WR ERWK
VWXGHQWV DQG WHDFKHUV ZKHQ VWXGHQWV WDNH WKH TXL]]HV� DQG FDQ HDVLO\ EH UH�XVHG�

2Q FRXUVH VLJQXS� VWXGHQWV UHSRUWHG WKHLU SULRU SURJUDPPLQJ NQRZOHGJH� FKRRVLQJ EHWZHHQ
� , KDYH QHYHU ZULWWHQ DQ\ FRGH EHIRUH�
� , FDQ UXQ VFULSWV ZULWWHQ E\ RWKHUV�
� , NQRZ DQRWKHU SURJUDPPLQJ ODQJXDJH �IRU H[DPSOH 3HUO� -DYD� 5� HWF���

7KH FRUUHODWLRQ EHWZHHQ SULRU SURJUDPPLQJ NQRZOHGJH DQG RYHUDOO TXL] UHVXOW VXJJHVWV WKDW D
KLJKHU OHYHO RI SULRU NQRZOHGJH WHQGV WR OHDG WR D EHWWHU TXL] RXWFRPH �)LJXUH �E�� +RZHYHU�
EHFDXVH GDWD LV VSDUVH� ZH FDQ RQO\ UHSRUW WKH UHVXOWV IRU WKLV SDUWLFXODU FRXUVH LQVWDQFH DQG
GUDZLQJ JHQHUDO FRQFOXVLRQV LV QRW ZDUUDQWHG�

,Q WKH FRXUVH HYDOXDWLRQ� ZH DVNHG WKH VWXGHQWV WR GHVFULEH KRZ WKH\ H[SHULHQFHG WKH TXL]]HV
DQG WKHLU FRQWULEXWLRQ WR WKHLU OHDUQLQJ H[SHULHQFH� 2YHUDOO� WKH\ DSSUHFLDWHG WKH TXL]]HV DV DQ
DFWLYLW\ WKDW HQKDQFHG WKHLU OHDUQLQJ� 2QH VWXGHQW FRPPHQWHG WKDW WKH\ OHDUQHG ³$ ORW� LW ZDV
D JRRG ZD\ WR SUDFWLFH DQG GLJHVW WKH LQIR�´� $QRWKHU VWXGHQW VDLG DERXW WKH TXL]]HV ³7KH\
FHUWDLQO\ KHOSHG PH D ORW DQG PDGH PH DZDUH RI GHWDLOV WKDW , ZRXOG KDYH RWKHUZLVH PLVVHG�´�

&21&/86,21 $1' )8785( :25.

:H KDYH GHVLJQHG D EDVLF 3\WKRQ SURJUDPPLQJ TXL] FRQVLVWLQJ RI �� TXHVWLRQV DQG LQWHJUDWHG
LW LQWR 1%,6¶ LQWURGXFWRU\ 3\WKRQ SURJUDPPLQJ FRXUVH� ,QWURGXFWLRQ WR 3\WKRQ²ZLWK $SSOLFDWLRQ
WR %LRLQIRUPDWLFV� 7KH TXL] VHUYHV WKUHH SXUSRVHV� �L� LW WHVWV VWXGHQWV¶ KLJKHU�OHYHO FRJQLWLYH
VNLOOV E\ UHTXLULQJ D FRPELQDWLRQ RI VHYHUDO SURJUDPPLQJ FRQFHSWV� �LL� LW KHOSV LGHQWLI\ VWXGHQWV¶
SURJUDPPLQJ PLVFRQFHSWLRQV� DQG �LLL� LW SURYLGHV GDWD IRU LPSURYLQJ WKH FRXUVH� :H XVHG WKH
TXL] IRU WKH ILUVW WLPH LQ ���� ZKHQ �� VWXGHQWV SDUWLFLSDWHG LQ WKH FRXUVH� 'HVSLWH EHLQJ FKDO�
OHQJLQJ� WKH VWXGHQWV UHSRUWHG WKDW WKH TXL]]HV ZHUH D JRRG OHDUQLQJ DFWLYLW\ DQG KHOSHG WKHP
XQGHUVWDQG SURJUDPPLQJ FRQFHSWV EHWWHU�

:H VXPPDULVH RXU OHVVRQV OHDUQW IRU GHVLJQLQJ DQG LQWHJUDWLQJ FRQFHSWXDO WHVWV LQ WKH IRUP RI
D TXL] LQ D VKRUW�IRUPDW SURJUDPPLQJ FRXUVH�

� ,W LV LPSRUWDQW WR WDNH WKH WLPH WR VHW XS WKH TXHVWLRQV� LQFOXGLQJ GHWDLOHG IHHGEDFN RQ ERWK
WKH ULJKW DQG ZURQJ DQVZHUV�

� (PSKDVLVH IRU WKH VWXGHQWV WKDW WKH TXL]]HV DUH QRW WR EH XQGHUVWRRG DV VXPPDWLYH DV�
VHVVPHQWV� EXW UDWKHU DV OHDUQLQJ DFWLYLWLHV� 7KHUHIRUH� WKH\ VKRXOG QRW IHHO EDG IRU QRW
DQVZHULQJ HYHU\WKLQJ FRUUHFWO\� EXW UDWKHU OHDUQ IURP WKHLU PLVWDNHV DQG WDNH WKH RSSRUWX�
QLW\ WR LPSURYH WKHLU XQGHUVWDQGLQJ�
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� 6LQFH WDNLQJ WKH TXL]]HV ZDV QRW PDQGDWRU\� VRPH VWXGHQWV GLG QRW DQVZHU DOO TXHVWLRQV�
0DNH VXUH WR H[SODLQ WKH LPSRUWDQFH WR WKH VWXGHQWV� DQG DOORFDWH HQRXJK WLPH WR ILQLVK
WKH TXL]]HV�

� &ODULI\ WKDW WKH TXL]]HV DUH VXSSRVHG WR EH VROYHG XVLQJ SHQ DQG SDSHU� DQG UXQQLQJ
WKH FRGH WKURXJK WKH 3\WKRQ LQWHUSUHWHU WR JHW WKH ULJKW DQVZHU GHILHV WKH SXUSRVH RI WKH
OHDUQLQJ DFWLYLW\�

(YHQ WKRXJK WKLV SLORW WHVW KDV EHHQ FDUULHG RXW RQ 3K' VWXGHQWV DQG SRVWGRFWRUDO UHVHDUFKHUV�
ZH EHOLHYH WKDW WKH UHVXOWV DUH LQWHUHVWLQJ IRU HQJLQHHULQJ HGXFDWLRQ� *LYLQJ HQJLQHHULQJ VWX�
GHQWV WKH SRVVLELOLW\ WR TXLFNO\ OHDUQ EDVLFV LQ D QHZ SURJUDPPLQJ ODQJXDJH ZLOO FUHDWH QHZ
RSSRUWXQLWLHV WR JLYH VWXGHQWV PRUH FRPSOH[ WDVNV LQ WHUPV RI� IRU H[DPSOH� GDWD PDQLSXOD�
WLRQ� )XUWKHUPRUH� OHWWLQJ VWXGHQWV OHDUQ DQG SUDFWLFH EDVLFV LQ VHYHUDO SURJUDPPLQJ ODQJXDJHV
GXULQJ WKHLU VWXGLHV ZLOO ORZHU WKH EDU IRU XVLQJ WKRVH SURJUDPPLQJ ODQJXDJHV LQ WKHLU IXWXUH SUR�
IHVVLRQ DQG LQFUHDVH WKHLU FRQILGHQFH� +HQFH� WR IXUWKHU H[WHQG WKH UHVXOWV IURP WKLV VWXG\� WKLV
FRQFHSW VKRXOG EH LQWURGXFHG LQ XQGHUJUDGXDWH HGXFDWLRQ SURJUDPV LQ WKH LPPHGLDWH YLFLQLW\ RI
WDVNV WKDW EHQHILW IURP XVLQJ 3\WKRQ�

)XWXUH ZRUN WKDW UHPDLQV WR EH GRQH LV WR UHYLVH RXU OHFWXUH PDWHULDO EDVHG RQ WKH VWXGHQWV¶ TXL]
RXWFRPHV DQG YDOLGDWH WKH TXL]]HV RYHU D ORQJHU SHULRG RI WLPH ZLWK HDFK UHYLVLRQ� /RQJ�WHUP
IROORZ�XS RI WKH VWXGHQWV� DQG KRZ� LQ WKHLU H[SHULHQFH� WKH TXL]]HV KDYH FRQWULEXWHG WR WKHLU
NQRZOHGJH VKRXOG EH GRQH� LGHDOO\ DURXQG ���� PRQWKV DIWHU WKH FRXUVH LV ILQLVKHG�

$&.12:/('*(0(176

:H ZRXOG OLNH WR WKDQN 'LPLWULRV %DPSDOLNLV� 1DQMLDQJ 6KX� -HDQHWWH 7nQJURW� DQG DOO 7$V ZKR
KDYH EHHQ LQYROYHG LQ WHDFKLQJ WKH FRXUVH�

),1$1&,$/ 6833257 $&.12:/('*(0(176

7KH DXWKRUV UHFHLYHG QR ILQDQFLDO VXSSRUW IRU WKLV ZRUN�

5()(5(1&(6

%DOO� 7�� 	 =RUQ� %� ������� 7HDFK )RXQGDWLRQDO /DQJXDJH 3ULQFLSOHV� &RPPXQLFDWLRQV RI WKH
$&0� ������ ��±���
%RJGDQFKLNRY� $�� =KDSDURY� 0�� 	 6XOL\HY� 5� ������ DSU�� 3\WKRQ WR OHDUQ SURJUDPPLQJ�
-RXUQDO RI 3K\VLFV� &RQIHUHQFH 6HULHV� ������� �������
&DOHRQ� ,� 6�� 	 6XEUDPDQLDP� 5� ������� 'R 6WXGHQWV .QRZ :KDW 7KH\ .QRZ DQG :KDW 7KH\
'RQ¶W .QRZ" 8VLQJ D )RXU�7LHU 'LDJQRVWLF 7HVW WR $VVHVV WKH 1DWXUH RI 6WXGHQWV¶ $OWHUQDWLYH
&RQFHSWLRQV� 5HVHDUFK LQ 6FLHQFH (GXFDWLRQ� ������ ���±����
&KHQJ� 7� .�� -D\DVXUL\D� 0�� 	 /LP� -� ������� 5HPRYLQJ WKH IHDU IDFWRU LQ 3URJUDPPLQJ� 7KH
3\WKRQ 3DSHUV 0RQRJUDSK� �� �±��
&UDZOH\� (� )�� 0DOPTYLVW� -�� gVWOXQG� 6�� 	 %URGHXU� '� 5� ������� 5HWKLQNLQJ (QJLQHHULQJ
(GXFDWLRQ� 7KH &',2 $SSURDFK� %RVWRQ� 0$� 6SULQJHU�
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*ROGPDQ� .�� *URVV� 3�� +HHUHQ� &�� +HUPDQ� *� /�� .DF]PDUF]\N� /�� /RXL� 0� &�� 	 =LOOHV�
&� ������ MXQ�� 6HWWLQJ WKH 6FRSH RI &RQFHSW ,QYHQWRULHV IRU ,QWURGXFWRU\ &RPSXWLQJ 6XEMHFWV�
$&0 7UDQV� &RPSXW� (GXF�� ������
+HVWHQHV� '�� :HOOV� 0�� 	 6ZDFNKDPHU� *� ������� )RUFH FRQFHSW LQYHQWRU\� 7KH 3K\VLFV
7HDFKHU � ������ ���±����
-D\DO� $�� /DXULD� 6�� 7XFNHU� $�� 	 6ZLIW� 6� ������� 3\WKRQ IRU 7HDFKLQJ ,QWURGXFWRU\ 3UR�
JUDPPLQJ� $ 4XDQWLWDWLYH (YDOXDWLRQ� ,QQRYDWLRQ LQ 7HDFKLQJ DQG /HDUQLQJ LQ ,QIRUPDWLRQ DQG
&RPSXWHU 6FLHQFHV� ������ ��±���
-RKQVRQ� )�� 0F4XLVWLQ� 6�� 	 2¶'RQQHOO� -� ������� $QDO\VLV RI 6WXGHQW 0LVFRQFHSWLRQV 8VLQJ
3\WKRQ DV DQ ,QWURGXFWRU\ 3URJUDPPLQJ /DQJXDJH� ,Q 3URFHHGLQJV RI WKH �WK FRQIHUHQFH RQ
FRPSXWLQJ HGXFDWLRQ SUDFWLFH ����� 1HZ <RUN� 1<� 86$� $VVRFLDWLRQ IRU &RPSXWLQJ 0DFKLQHU\�
.DF]PDUF]\N� /� &�� 3HWULFN� (� 5�� (DVW� -� 3�� 	 +HUPDQ� *� /� ������� ,GHQWLI\LQJ 6WXGHQW 0LV�
FRQFHSWLRQV RI 3URJUDPPLQJ� ,Q 3URFHHGLQJV RI WKH ��VW DFP WHFKQLFDO V\PSRVLXP RQ FRPSXWHU
VFLHQFH HGXFDWLRQ �SS� ���±����� 1HZ <RUN� 1<� 86$� $VVRFLDWLRQ IRU &RPSXWLQJ 0DFKLQHU\�
.UDWKZRKO� '� 5� ������� $ 5HYLVLRQ RI %ORRP¶V 7D[RQRP\� $Q 2YHUYLHZ� 7KHRU\ ,QWR 3UDFWLFH�
������ ���±����
/HSLQJ� 9�� /HSS� 0�� 1LLWVRR� 0�� 7}QLVVRQ� (�� 9HQH� 9�� 	 9LOOHPV� $� ������� 3\WKRQ 3UHYDLOV�
,Q 3URFHHGLQJV RI WKH ,QWHUQDWLRQDO &RQIHUHQFH RQ &RPSXWHU 6\VWHPV DQG 7HFKQRORJLHV DQG
:RUNVKRS IRU 3K' 6WXGHQWV LQ &RPSXWLQJ� 1HZ <RUN� 1<� 86$� $VVRFLDWLRQ IRU &RPSXWLQJ
0DFKLQHU\�
0DOPTYLVW� -�� /XQGTYLVW� 8�� 5RVpQ� $�� (GVWU|P� .�� *XSWD� 5�� /HRQJ� +�� « 6SRRQHU� '�
������� 7KH &',2 V\OODEXV Y��� � $Q XSGDWHG VWDWHPHQW RI JRDOV� ,Q 0� 6� *XGMRQVGRWWLU HW DO�
�(GV��� 3URFHHGLQJV RI WKH ��WK ,QWHUQDWLRQDO &',2 &RQIHUHQFH �SS� ��±���� 5H\NMDYLN 8QLYHU�
VLW\�&',2 ,QLWLDWLYH�
0DORQH\� '� 3�� 2¶.XPD� 7� /�� +LHJJHONH� &� -�� 	 9DQ +HXYHOHQ� $� ������� 6XUYH\LQJ VWXGHQWV¶
FRQFHSWXDO NQRZOHGJH RI HOHFWULFLW\ DQG PDJQHWLVP� $PHULFDQ -RXUQDO RI 3K\VLFV� ���6��� 6��±
6���
0DQQLOD� /�� 3HOWRPlNL� 0�� 	 6DODNRVNL� 7� ������� :KDW DERXW D VLPSOH ODQJXDJH" $QDO\]LQJ
WKH GLIILFXOWLHV LQ OHDUQLQJ WR SURJUDP� &RPSXWHU 6FLHQFH (GXFDWLRQ� ������ ���±����
0LURQRYD� 2�� $PLWDQ� ,�� 9HQGHOLQ� -�� 9LOLS}OG� -�� 	 6DDU� 0� ������� 7HDFKLQJ SURJUDPPLQJ
EDVLFV IRU ILUVW \HDU QRQ�,7 VWXGHQWV� ,Q ���� ,((( *OREDO (QJLQHHULQJ (GXFDWLRQ &RQIHUHQFH
�S� �������
0LURQRYD� 2�� 9HQGHOLQ� -�� $PLWDQ� ,�� 9LOLS}OG� -�� 6DDU� 0�� 	 5��WPDQQ� 7� ������� 7HDFKLQJ
FRPSXWLQJ IRU QRQ�,7 VWXGHQWV H[SHULHQFH RI 7DOOLQQ 8QLYHUVLW\ RI 7HFKQRORJ\� ,Q ���� ,(((
*OREDO (QJLQHHULQJ (GXFDWLRQ &RQIHUHQFH �S� ���������
4LDQ� <�� 	 /HKPDQ� -� ������ RFW�� 6WXGHQWV¶ 0LVFRQFHSWLRQV DQG 2WKHU 'LIILFXOWLHV LQ ,QWURGXF�
WRU\ 3URJUDPPLQJ� $ /LWHUDWXUH 5HYLHZ� $&0 7UDQV� &RPSXW� (GXF�� ������
5RELQV� $�� 5RXQWUHH� -�� 	 5RXQWUHH� 1� ������� /HDUQLQJ DQG WHDFKLQJ SURJUDPPLQJ� $ UHYLHZ
DQG GLVFXVVLRQ� &RPSXW� 6FL� (GXF�� ������ ��������
7D\ORU� &�� =LQJDUR� '�� 3RUWHU� /�� :HEE� .�� /HH� &�� 	 &ODQF\� 0� ������� &RPSXWHU VFLHQFH
FRQFHSW LQYHQWRULHV� SDVW DQG IXWXUH� &RPSXWHU 6FLHQFH (GXFDWLRQ� ������ ���±����
9LDO� *�� 	 1HJRLWD� %� ������� 7HDFKLQJ 3URJUDPPLQJ WR 1RQ�3URJUDPPHUV� 7KH &DVH RI
3\WKRQ DQG -XS\WHU 1RWHERRNV� ,Q ,QWHUQDWLRQDO FRQIHUHQFH RQ LQWHUDFWLRQ VFLHQFHV�
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&KULVWRSKHU %O|FNHU LV D 6HQLRU 5HVHDUFK (QJLQHHU DW WKH ,QWHJUDWHG 6FLHQFH /DE� 'HSDUWPHQW
RI 3K\VLFV DW 8PHn 8QLYHUVLW\� +H KROGV D 3K' LQ &RPSXWDWLRQDO 6FLHQFH DQG (QJLQHHULQJ IURP
8PHn 8QLYHUVLW\ DQG KDV D EDFNJURXQG LQ FRPSXWHU VFLHQFH� +H KDV ZRUNHG DV D 5HVHDUFK
$VVRFLDWH LQ %LRLQIRUPDWLFV DW 'XNH�186 0HGLFDO 6FKRRO LQ 6LQJDSRUH DQG DV D 6RIWZDUH (Q�
JLQHHU LQ DQ LQGXVWULDO VHWWLQJ LQ *HUPDQ\� +LV UHVHDUFK LV IRFXVHG RQ &RPPXQLW\ 'HWHFWLRQ
LQ &RPSOH[ 1HWZRUNV� DQG KLV WHDFKLQJ LQFOXGHV FRXUVHV DERXW PDWKHPDWLFDO PRGHOOLQJ ZLWK
QHWZRUNV� LQIRUPDWLRQ WKHRU\� DQG WHFKQRORJ\ IRU VRFLDO PHGLD�

7KRPDV 0HMWRIW LV DQ $VVRFLDWH 3URIHVVRU DW WKH 'HSDUWPHQW RI $SSOLHG 3K\VLFV DQG (OHF�
WURQLFV DW 8PHn 8QLYHUVLW\� +H KROGV D 3K' IURP WKH 5R\DO ,QVWLWXWH RI 7HFKQRORJ\ �.7+� LQ
6WRFNKROP DQG VLQFH ���� DFWLQJ DV WKH GLUHFWRU RI WKH ILYH�\HDU LQWHJUDWHG 0DVWHU RI 6FLHQFH
VWXG\ SURJUDP LQ ,QWHUDFWLRQ 7HFKQRORJ\ DQG 'HVLJQ DW 8PHn 8QLYHUVLW\� +LV WHDFKLQJ LQFOXGHV
LQWHUDFWLRQ WHFKQRORJ\� LQWHUDFWLRQ GHVLJQ� WHFKQRORJ\ IRU VRFLDO PHGLD� DQG EXVLQHVV GHYHORS�
PHQW�

1LQD 1RUJUHQ LV D 7UDLQLQJ 0DQDJHU IRU WKH 6FLHQFH IRU /LIH /DERUDWRU\ �6FL/LIH/DE� 7UDLQLQJ
+XE� DQG D 7UDLQLQJ &RRUGLQDWRU DW WKH 1DWLRQDO %LRLQIRUPDWLFV ,QIUDVWUXFWXUH 6ZHGHQ �1%,6��
6FL/LIH/DE� 6KH KROGV D 3K' LQ 0HGLFDO *HQHWLFV IURP 8PHn 8QLYHUVLW\� +HU UHVHDUFK LQWHUHVWV
LQFOXGH SHGDJRJLFV DQG OLIH�ORQJ OHDUQLQJ� ZLWK D VSHFLILF LQWHUHVW LQ ELRLQIRUPDWLFV DQG GDWD
VFLHQFH� 6KH LV DOVR WKH UHVSRQVLEOH FRXUVH OHDGHU IRU WKH 3\WKRQ FRXUVH�

&RUUHVSRQGLQJ DXWKRU

1LQD 1RUJUHQ
'HSDUWPHQW RI 0ROHFXODU %LRORJ\
1DWLRQDO %LRLQIRUPDWLFV ,QIUDVWUXFWXUH 6ZHGHQ
6FLHQFH IRU /LIH /DERUDWRU\
8PHn 8QLYHUVLW\
6(���� ��� 8PHn� 6ZHGHQ
QLQD�QRUJUHQ#XPX�VH

7KLV ZRUN LV OLFHQVHG XQGHU D &UHDWLYH
&RPPRQV $WWULEXWLRQ�1RQ&RPPHUFLDO�
1R'HULYV ��� ,QWHUQDWLRQDO /LFHQVH
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