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�*D\DWUL�6KLQGH���3URI��$VKLPD�0DKHQGUD
�6WXGHQW���3URMHFW�*XLGH

��� 'HSDUWPHQW�RI�$UWLILFLDO�,QWHOOLJHQFH�	�'DWD�6FLHQFH�(QJLQHHULQJ
��� $MHHQN\D�'<�3DWLO�6FKRRO�RI�(QJLQHHULQJ��3XQH��,QGLD

$EVWUDFW

6WXGHQW� VWUHVV� DQG�EXUQRXW� DUH�PDMRU� HGXFDWLRQDO�SUREOHPV� IRU� FROOHJH� VWXGHQWV��ZKR�RIWHQ�ZRUN�XQGHU�
KHDY\�GHPDQGV�VXFK�DV�H[DPLQDWLRQV��ODUJH�ZRUNORDGV��DQG�WLJKW�GHDGOLQHV��$V�D�UHVXOW��VWXGHQWV¶�ZHOO�EHLQJ�
LV�VHULRXVO\�WKUHDWHQHG��8VXDOO\��WKH�SUREOHP�LV�VSRWWHG�RQO\�DIWHU�D�VWXGHQW¶V�SHUIRUPDQFH�GHFOLQHV��ZLWK�
SHUIRUPDQFH� EHLQJ� WKH� RQO\� LQGLFDWRU��7KLV� SDSHU� UHYLHZV� HLJKW� VWXGLHV� �����±������ WKDW� H[DPLQH� WKH�
SRWHQWLDO� RI�$UWLILFLDO� ,QWHOOLJHQFH� DQG�0DFKLQH� /HDUQLQJ� LQ� GHWHFWLQJ� VWXGHQW� EXUQRXW� DQG� VWUHVV�� 7KH�
VWXGLHV�FRYHU�H[SODLQDEOH�PDFKLQH�OHDUQLQJ��WKH�GHPDQGV±UHVRXUFHV�PRGHO�RI�EXUQRXW��TXHVWLRQQDLUH�DQG�
EHKDYLRXUDO�GDWD�XVHG�DV�DOJRULWKP�LQSXWV��GDWD�REWDLQHG�WKURXJK�ZHDUDEOH�VHQVRUV��DQG�SDVVLYH�VPDUWSKRQH�
VHQVLQJ��7KHLU�DSSURDFKHV��UHVXOWV��DQG�OLPLWDWLRQV�DUH�FRPSDUHG��2YHUDOO��WKH�ILQGLQJV�VKRZ�WKDW�PDFKLQH�
OHDUQLQJ�FDQ�EH�XVHG� WR� FODVVLI\�RU� IRUHFDVW� VWUHVV� VWDWHV��+RZHYHU��PDQ\� VWXGLHV� UHO\�RQ�JUDGH�RU� VHOI�
UHSRUWHG�GDWD��XVH�YHU\�VPDOO�GDWDVHWV��UHTXLUH�VSHFLDOLVHG�HTXLSPHQW��RU�UDLVH�SULYDF\�FRQFHUQV��,I�WKHVH�
LVVXHV�DUH�DGGUHVVHG�ILUVW��VXFK�V\VWHPV�FRXOG�EHFRPH�D�SUDFWLFDO�SDUW�RI�KLJKHU�HGXFDWLRQ�DQG�D�YDOXDEOH�
DLG�WR�VWXGHQW�PHQWDO�KHDOWK�VXSSRUW�

.H\ZRUGV��6WXGHQW�EXUQRXW��$FDGHPLF�VWUHVV��0DFKLQH�OHDUQLQJ��:HDUDEOH�VHQVRUV��6PDUWSKRQH�VHQVLQJ��
([SODLQDEOH�$,��0HQWDO�KHDOWK��+LJKHU�HGXFDWLRQ

,QWURGXFWLRQ

6WUHVV�DULVLQJ�IURP�DFDGHPLF�ZRUNORDGV��H[DPV��DQG�GHDGOLQHV�FDQ�DIIHFW�VWXGHQWV¶�PRWLYDWLRQ��DWWHQGDQFH��
SHUIRUPDQFH��DQG�RYHUDOO�PHQWDO�KHDOWK��6RPH�VWXGHQWV�JLYH�WKHLU�DOO�DQG�DWWHQG�UHJXODUO\�XQWLO�RQH�GD\�WKH\�
OHDYH�WKHLU�VWXGLHV�DOWRJHWKHU��7UDGLWLRQDOO\��WHDFKHUV�DQG�FRXQVHORUV�KDYH�LQWHUYHQHG�RQO\�ZKHQ�D VWXGHQW�
IDLOV�D�WHVW��PLVVHV�DQ�H[SHFWHG�JUDGH��RU�UHDFKHV�D�ODVW�FKDQFH�EHIRUH�GLVPLVVDO��$W�WKDW�SRLQW��WKH\�VHH�RQO\�
WKH�UHVXOW�DQG�QRW�WKH�V\PSWRPV�WKDW�FDPH�EHIRUH�LW��&KDQJHV�LQ�EHKDYLRXU�RU�DFDGHPLF�SHUIRUPDQFH��ZKLFK�
DUH�LQGLFDWRUV�RI�D�VWXGHQW¶V�PHQWDO�KHDOWK��DUH�XVXDOO\�QRWLFHG�RQO\�ODWH�

$,� FDQ� SURYLGH� LQVLJKW� LQWR� VWXGHQWV¶� EHKDYLRXUDO� DQG� SK\VLRORJLFDO� VLJQDOV� DQG� WKHUHE\� IODJ� SRWHQWLDO�
FRQFHUQV�HDUO\��7KH�JRDO�RI�WKLV�SDSHU�LV�WR�VKRZ�KRZ�$,�FDQ�EH�XVHG�WR�LGHQWLI\�DQG�GHWHFW�VLJQV�RI�DFDGHPLF�
EXUQRXW��VWUHVV��DQG�SV\FKRORJLFDO�GLVWUHVV��7KH�UHYLHZ�FRYHUV�GDWD�FROOHFWLRQ�WHFKQLTXHV��WKH�W\SHV�RI�VWUHVV�
FRQVLGHUHG��GDWD�VRXUFHV��PDFKLQH�OHDUQLQJ�IHDWXUHV��PRGHOV��UHVXOWV��DQG�WKH�OLPLWDWLRQV�UHSRUWHG�DFURVV�WKH�
VWXGLHV�
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5HOHYDQFH�WR�&XUUHQW�7HFKQRORJ\

$,�WHFKQRORJ\�RIIHUV�D�ZD\�WR�FDSWXUH�VWXGHQWV¶�EHKDYLRXUDO�VLJQDOV�DV�ZHOO�DV�SK\VLFDO�FKDQJHV�UHFRUGHG�
WKURXJK�ZHDUDEOH�GHYLFHV�DQG�PRELOH�DSSV�ZLWK�VHQVLQJ�FDSDELOLW\��7KLV�SDSHU�LV�D�UHYLHZ�RI�KRZ�VWXGHQW�
VWUHVV�FDQ�EH�LGHQWLILHG�XVLQJ�FXUUHQW WHFKQRORJLFDO�VROXWLRQV��7KH�IHDWXUHV�XVHG�LQ�GLIIHUHQW�SDSHUV��WKH�W\SHV�
RI�PDFKLQH�OHDUQLQJ�PRGHOV��DQG�WKH�VHQVRUV�HPSOR\HG�E\�HDFK�JURXS�RI�DXWKRUV�DUH�H[SODLQHG��DQG�WKH�
OLPLWDWLRQV�RI�XVLQJ�WKHVH�WHFKQRORJLHV�WR�PRQLWRU�VWXGHQW�PHQWDO�KHDOWK�DUH�GLVFXVVHG�

7KH�WHFKQRORJLHV�GLVFXVVHG�KHUH��QDPHO\�SDVVLYH�GDWD�FROOHFWLRQ�WKURXJK�VPDUW�GHYLFHV��ZHDUDEOH�VHQVRUV��
DQG�PDFKLQH�OHDUQLQJ�WHFKQLTXHV��FDQ�ZRUN�WRJHWKHU�WR�LGHQWLI\�VWXGHQW�VXSSRUW�QHHGV�IDU�PRUH�HIIHFWLYHO\�
WKDQ�D�UHDFWLYH�DSSURDFK�

3UREOHP�6WDWHPHQW�DQG�2EMHFWLYHV

6WXGHQW� EXUQRXW� DQG� VWUHVV� PD\� JR� XQQRWLFHG� RU� XQDGGUHVVHG� XQWLO� D� VWXGHQW� VKRZV� SRRU� DFDGHPLF�
DFKLHYHPHQW� RU� VWRSV� DWWHQGLQJ� FODVVHV� UHJXODUO\�� %\� WKHQ�� WKH� VWXGHQW�PD\� DOUHDG\� EH� WRR� VWUHVVHG� WR�
FRQWLQXH��DQG�VXSSRUW�RIIHUHG�DW�WKDW VWDJH�LV�OHVV�OLNHO\�WR�EH�HIIHFWLYH��(DUO\�LGHQWLILFDWLRQ�RI�UHG�IODJV�FDQ�
WKHUHIRUH�EH�RI�JUHDW�KHOS�

7KH�NH\�REMHFWLYHV�RI�WKLV�SDSHU�DUH���L��WR�H[DPLQH�KRZ�$,�FDQ�LGHQWLI\�VLJQV�RI�VWXGHQW�EXUQRXW���LL��WR�
VWXG\�OHDUQLQJ�DQG�EHKDYLRXUDO�SDWWHUQV���LLL��WR�SURYLGH�D�PHDQV�IRU�WHDFKHUV�WR�GHWHFW�VWXGHQWV�VKRZLQJ�
VLJQV�RI�GLVWUHVV���LY��WR�EXLOG�D�GHHSHU�XQGHUVWDQGLQJ�RI�VWXGHQWV���Y��WR�KHOS�VWXGHQWV�FRQWLQXH�DQG�FRPSOHWH�
WKHLU�SURJUDPPHV��DQG��YL�� WR�VXSSRUW�UHVHDUFK�ZKLOH�SURPRWLQJ�UHVSRQVLEOH�XVH�RI�$,�LQ�HGXFDWLRQ�WKDW�
SURWHFWV�VWXGHQWV�DQG�LQVWLWXWLRQV�

/LWHUDWXUH�5HYLHZ

7DEOH���VXPPDULVHV�WKH�HLJKW�VWXGLHV�RQ�ZKLFK�WKLV�UHYLHZ�LV�EDVHG��7KH�DUWLFOHV�DUH�JURXSHG�E\�WKH�NLQG�RI�
GDWD�DQG�WKH�PHWKRGV�XVHG�WR�H[SORUH�VWUHVV�DQG�EXUQRXW�

7DEOH����6XPPDU\ RI�5HYLHZHG�6WXGLHV

6WXG\ $SSURDFK .H\�ILQGLQJV /LPLWDWLRQV

2PDUEHNRYD� HW�
DO��������

([SODLQDEOH� 0/�� 5)��
/5��*%��690�DQG�0/3��
ZLWK�6+$3

$FDGHPLF� VWUHVV� ZDV�
FODVVLILHG� DQG� WKH� IDFWRUV�
GULYLQJ� WKH� SUHGLFWLRQV� ZHUH�
LGHQWLILHG�

7HVWLQJ�ZLWK�GLYHUVH�VWXGHQW�
JURXSV� DQG� ILHOG� GDWD� LV�
UHFRPPHQGHG�

6DWK\DQDUD\DQD�
HW�DO��������

6FRSLQJ� UHYLHZ� RI�
ZHDUDEOH� GHYLFHV��
ELRPDUNHUV�� DQG�
PDFKLQH�OHDUQLQJ

6XSSRUWV� FRQWLQXRXV�
PRQLWRULQJ� DQG� HDUO\�
LQWHUYHQWLRQ�

/LPLWHG� GDWDVHWV�� QR�
DQDO\VLV� RI� FKDQJHV� RYHU�
WLPH�
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6WXG\ $SSURDFK .H\�ILQGLQJV /LPLWDWLRQV

7D�HW�DO�������� 6PDUWZDWFK�� PDFKLQH�
OHDUQLQJ�� DQG� PRELOH�
KHDOWK� LQWHUYHQWLRQ��
UDQGRPL]HG� FRQWUROOHG�
WULDO

6WUHVV� UHFRJQLWLRQ� DQG�
SRWHQWLDO� IRU� VWUHVV� UHGXFWLRQ�
VXSSRUW�ZHUH�GHPRQVWUDWHG�

1R� ORQJ�WHUP� HYDOXDWLRQ�RU�
SHUVRQDOLVDWLRQ�

*HGDP� HW� DO��
������

0/�ZLWK�(&*��*65��DQG�
VNLQ�WHPSHUDWXUH� GDWD�
IURP�ZHDUDEOHV

3UHFLVH�VWUHVV�GHWHFWLRQ��ORZ�
FRVW��FRQWLQXRXV�PRQLWRULQJ�

'HSHQGHQFH� RQ� ZRUQ�
GHYLFHV�� ZLGHU� YDOLGDWLRQ�
QHHGHG�

6KYHWFRY� HW� DO��
������

6XSHUYLVHG� 0/� ZLWK�
SDVVLYH� VPDUWSKRQH�
VHQVRU�GDWD

8QGHUJUDGXDWHV¶�VWUHVV�OHYHOV�
ZHUH� SUHGLFWHG� IURP� PRELOH�
SKRQH�VLJQDOV�

3ULYDF\� FRQFHUQV��
LQFRPSOHWH� VHQVRU� GDWD��
SRRU�JHQHUDOL]DELOLW\�

.DQJ�HW�DO�������� 3K\VLRORJLFDO� VLJQDOV�
FRPELQHG�ZLWK�PDFKLQH�
OHDUQLQJ

$FDGHPLF� SHUIRUPDQFH�
LQIOXHQFHG� E\� VWUHVV� ZDV�
UHIOHFWHG� LQ� SK\VLRORJLFDO�
UHVSRQVHV�

9HU\�VPDOO� VDPSOH�DQG� IHZ�
VWXG\�FRQGLWLRQV�

-DJRGLFV�	�6]DEy�
������

6WDWLVWLFDO� DQG� VWUXFWXUDO�
DQDO\VLV� XVLQJ� WKH�
GHPDQGV±UHVRXUFHV�
PRGHO

+LJKHU�ZRUNORDG�DQG�ZHDNHU�
VXSSRUW� ZHUH� OLQNHG� WR�
EXUQRXW�

3V\FKRORJLFDO� VWXG\� QR�
UHDO�WLPH�$,�LQYROYHG�

5RLV�HW�DO�������� 0/� RQ� GHPRJUDSKLF��
EHKDYLRXUDO�� DQG�
OLIHVW\OH�GDWD

3HUFHLYHG� VWUHVV� ZDV�
PRGHOOHG� DQG� FRQWULEXWLQJ�
IDFWRUV�LGHQWLILHG�

6HOI�UHSRUWHG� PHDVXUHV� DQG�
D�VPDOO�VDPSOH�

([SODLQDEOH�0DFKLQH�/HDUQLQJ�IRU�$FDGHPLF�6WUHVV

2PDUEHNRYD� HW� DO�� ������� LPSOHPHQWHG� VHYHUDO� PDFKLQH� OHDUQLQJ� FODVVLILHUV�� QDPHO\� 5DQGRP� )RUHVW��
/RJLVWLF�5HJUHVVLRQ��*UDGLHQW�%RRVWLQJ��6XSSRUW�9HFWRU�0DFKLQH��690���DQG�D�PXOWLOD\HU�SHUFHSWURQ��7KH\�
DOVR�DGRSWHG�6+$3�WR�H[SODLQ�ZKLFK�IDFWRUV�PRVW�VWURQJO\�LQIOXHQFH�WKH�PRGHO¶V�SUHGLFWLRQV��7KHLU�ZRUN�
OLQNV�WKH�LQWHUSUHWDWLRQ�RI�VWUHVV�IDFWRUV�ZLWK�WKH�UHFRJQLWLRQ�RI�VWXGHQW�VWUHVV�

:HDUDEOH�DQG�3K\VLRORJLFDO�6HQVLQJ

6DWK\DQDUD\DQD�HW�DO���������UHYLHZHG�ZHDUDEOH�VHQVRUV��ELRSRWHQWLDOV��DQG PDFKLQH�OHDUQLQJ�VWUDWHJLHV�IRU�
VWUHVV�PRQLWRULQJ��7KH\�SURSRVH�WKDW�VXFK�PXOWLPRGDO�V\VWHPV�FRXOG�EH�XVHG�QRW�RQO\�IRU�FRQWLQXRXV�VWUHVV�
WUDFNLQJ�EXW�DOVR�IRU�WLPHO\�LGHQWLILFDWLRQ�RI�WKH�QHHG�IRU�HDUO\�LQWHUYHQWLRQ��6RPH�RI�WKH�ZRUNV�UHYLHZHG��
KRZHYHU��UHO\�RQ�VPDOO�RU�GDWHG�GDWDVHWV�DQG�GR�QRW�DGGUHVV�KRZ�VWUHVV�FKDQJHV�RYHU�WLPH��7D�HW�DO���������
FRPELQHG�VPDUWZDWFK�GDWD��PDFKLQH�OHDUQLQJ��DQG�PRELOH�KHDOWK�LQWHUYHQWLRQV�LQ�D�UDQGRPL]HG�FRQWUROOHG�
WULDO��7KHLU�DSSURDFK�ZDV�HIIHFWLYH�LQ�GHWHFWLQJ�DFXWH�VWUHVV�DQG�VXSSRUWLQJ�VWUHVV�UHOLHI��DOWKRXJK�WKH�DXWKRUV�
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DFNQRZOHGJH� WKDW� ORQJ�WHUP� RXWFRPHV� DQG� SHUIRUPDQFH� DFURVV� GLIIHUHQW� VWXGHQW� W\SHV� QHHG� IXUWKHU�
LQYHVWLJDWLRQ�

*HGDP�HW�DO�� �������VWXGLHG�PDFKLQH�OHDUQLQJ�FRPELQHG�ZLWK�HOHFWURFDUGLRJUDSK\��(&*���JDOYDQLF�VNLQ�
UHVSRQVH��*65���DQG�VNLQ�WHPSHUDWXUH�GDWD��7KH�UHVXOWV�ZHUH�SURPLVLQJ�DV�DQ�LQH[SHQVLYH�ZD\�WR�PRQLWRU�
VWUHVV��EXW�GHSHQGHQF\�RQ�ZHDUDEOHV�UHPDLQV�DQG�EURDGHU�UHDO�ZRUOG�YDOLGDWLRQ�LV�QHHGHG��.DQJ�HW�DO���������
XVHG�VNLQ�WHPSHUDWXUH��KHDUW�UDWH��DQG�HOHFWURGHUPDO�DFWLYLW\��('$��WR�H[DPLQH�VWUHVV�OHYHOV�DQG�DFDGHPLF�
RXWFRPHV��7KH�OLPLWDWLRQV�RI�WKHLU�ZRUN�DUH�D�VPDOO�VDPSOH�DQG�D�VHWWLQJ�ODUJHO\�FRQILQHG�WR�D�XQLYHUVLW\�
FDPSXV�

6PDUWSKRQH�%DVHG�3DVVLYH�6HQVLQJ

6KYHWFRY HW� DO�� ������� XVHG� VXSHUYLVHG� PDFKLQH� OHDUQLQJ� WR� H[WUDFW� IHDWXUHV� IURP� SDVVLYHO\� FROOHFWHG�
VPDUWSKRQH�GDWD��LQFOXGLQJ�ORFDWLRQ�DQG�DFFHOHURPHWHU�EDVHG�DFWLYLW\��7KH�VLJQDOV�VHUYHG�DV�PDUNHUV�IRU�
SUHGLFWLQJ�VWXGHQW�VWUHVV�ZLWKRXW�UHTXLULQJ�VWXGHQWV� WR�FRPSOHWH�D�TXHVWLRQQDLUH�HDFK�WLPH��6WLOO��SDVVLYH�
GDWD�FROOHFWLRQ�UDLVHV�SULYDF\�FRQFHUQV��VHQVRUV�PD\�QRW�DOZD\V�ZRUN�SURSHUO\��DQG�UHVXOWV�PD\�GLIIHU�DFURVV�
VWXGHQW�SRSXODWLRQV�

3V\FKRORJLFDO�DQG�%HKDYLRXUDO�3HUVSHFWLYHV

6WDUWLQJ� IURP� WKH� GHPDQGV±UHVRXUFHV PRGHO� DQG� VWDWLVWLFDO� PHWKRGV�� -DJRGLFV� DQG� 6]DEy� �������
LQYHVWLJDWHG� IDFWRUV� DVVRFLDWHG�ZLWK� VWXGHQW�EXUQRXW��7KHLU�PDLQ�FRQFOXVLRQ�� VXSSRUWHG�E\� WKH�VWURQJHVW�
HYLGHQFH�VR�IDU��LV�WKDW�YHU\�KLJK�ZRUNORDG�FRPELQHG�ZLWK�LQVXIILFLHQW�UHVRXUFHV�PD\�EH�ZK\�VWXGHQWV�EXUQ�
RXW��(YHQ�ZLWK�WKLV�XQGHUVWDQGLQJ�RI�EXUQRXW��WKHLU�DSSURDFK�GRHV�QRW�GHOLYHU�UHDO�WLPH��$,�EDVHG�EXUQRXW�
GHWHFWLRQ��5RLV�HW�DO���������EXLOW�D�PRGHO�RI�VWXGHQW�VWUHVV�SURILOHV�IURP�GHPRJUDSKLF��EHKDYLRXUDO��DQG�
OLIHVW\OH�GDWD�WR�SUHGLFW�SHUFHLYHG�VWUHVV�OHYHOV�DW�XQLYHUVLW\��%HFDXVH�WKHLU�GDWD�ZHUH�VHOI�UHSRUWHG�DQG�WKH�
VDPSOH�ZDV�VPDOO��WKH�ILQGLQJV�PD\�QRW�JHQHUDOLVH�EH\RQG�WKH�SDUWLFXODU�JURXSV�RI�VWXGHQWV�VWXGLHG�

'LVFXVVLRQ

7KH�VWXGLHV�VKRZ�WKDW�UHVHDUFKHUV�XVH�PDFKLQH�OHDUQLQJ�LQ�GLIIHUHQW�ZD\V��ZLWK�YDULRXV�W\SHV�RI�GDWD��HLWKHU�
WR�GHWHFW� DQG�FODVVLI\� VWUHVV� OHYHOV� RU� WR�SUHGLFW� WKHP��3K\VLRORJLFDO� DSSURDFKHV� �6DWK\DQDUD\DQD� HW� DO���
������7D�HW� DO��� ������*HGDP�HW� DO��� ������.DQJ�HW� DO��� ������ W\SLFDOO\�SURYLGH� FRQWLQXRXV� VLJQDOV�� EXW�
VWXGHQWV�PXVW�FRQVWDQWO\�ZHDU�D�VHQVRU��ZKLFK�PDQ\�ILQG�LQFRQYHQLHQW��6PDUWSKRQH�VHQVLQJ��6KYHWFRY�HW�
DO����������RQ�WKH�RWKHU�KDQG��DOORZV�GDWD�WR�EH�FROOHFWHG�ZLWK�OLWWOH�RU�QR�HIIRUW�IURP�VWXGHQWV��WKH�PDLQ�
LVVXHV� DUH� YDOLG� SULYDF\� FRQFHUQV� DQG� WKH� SRVVLELOLW\� RI� PLVVLQJ� GDWD�� &RPELQLQJ� TXHVWLRQQDLUHV� ZLWK�
EHKDYLRXUDO�GDWD��2PDUEHNRYD�HW�DO���������5RLV�HW�DO���������FDQ�EH�D�UHODWLYHO\�VLPSOH�DQG�LQH[SHQVLYH�
FROOHFWLRQ� PHWKRG�� DOWKRXJK� UHOLDELOLW\� UHPDLQV� TXHVWLRQDEOH� ZKHQ� VHOI�UHSRUWV� DUH� LQYROYHG�� 7KH�
SV\FKRORJLFDO�DQDO\VLV�E\�-DJRGLFV�DQG�6]DEy��������GRHV�QRW�SUHGLFW�EXUQRXW�EXW�KHOSV�H[SODLQ�WKH�FDXVHV�
RI�VWUHVV�

&RPPRQ�GUDZEDFNV�PHQWLRQHG�LQFOXGH�VPDOO�VWXG\�JURXSV��ODFN�RI�ILHOG�YDOLGDWLRQ�LQ�UHDO�WHDFKLQJ�DQG�
OHDUQLQJ� VLWXDWLRQV�� YHU\� OLPLWHG� UHVHDUFK� RQ� VWUHVV� SDWWHUQV� DQG�SURJUHVVLRQ� RYHU� WLPH�� DQG� JHQHUDOLVHG�
PHWKRGV�LQVWHDG�RI�LQGLYLGXDOLVHG�RQHV�

5HVHDUFK�*DS

&XUUHQW�PHWKRGV�IDOO�VKRUW�LQ�VHYHUDO�DUHDV��,Q�PDQ\�VLWXDWLRQV��VFKRROV�UHO\�KHDYLO\�RQ�PDUNV�DQG�VR�ODUJHO\�
PLVV�RWKHU�LQGLFDWRUV�WKDW�D VWXGHQW¶V�HPRWLRQV�RU�EHKDYLRXU�PD\�JLYH�RII��6RPH�WHFKQLTXHV�UHTXLUH�VWXGHQWV�
WR�ZHDU�VSHFLILF�GHYLFHV��GR�QRW�SHUPLW�VXIILFLHQW�UHDO�WLPH�PRQLWRULQJ��DQG�UDLVH�FRQFHUQV�DERXW�FROOHFWLQJ�
VWXGHQWV¶�FRQILGHQWLDO�LQIRUPDWLRQ��$�QHZ��HIIHFWLYH�V\VWHP�VKRXOG�DOORZ�HDUO\�UHFRJQLWLRQ�RI�EXUQRXW�VLJQV��
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ZRUN� UHOLDEO\� LQ� HYHU\� VFKRRO� FRQWH[W�� JR� EH\RQG� DFDGHPLF� JUDGHV�� DQG��PRVW� LPSRUWDQWO\�� HQVXUH� WKDW�
VWXGHQWV¶�GDWD�UHPDLQ�SULYDWH�

(WKLFDO�&RQVLGHUDWLRQV

&ROOHFWLQJ� EXUQRXW� RU� VWUHVV� GDWD� LQYROYHV� YHU\� VHQVLWLYH� DQG� SHUVRQDO� LQIRUPDWLRQ�� VR� SULYDF\� DQG�
UHVSRQVLEOH�GDWD�XVH�PXVW�EH�NH\�FRQVLGHUDWLRQV�IURP�WKH�GHVLJQ�SKDVH�WKURXJK�LPSOHPHQWDWLRQ��6WXGHQWV�
VKRXOG�EH�LQIRUPHG�DERXW�ZKDW�GDWD�ZLOO�EH�FROOHFWHG�DQG�KRZ�WKH�SURJUDPPH�ZLOO�XVH�LW��3UHGLFWLRQ�PRGHOV�
VKRXOG�EH�WUDQVSDUHQW��DQG�DFFHVV�WR�VWXGHQWV¶�SHUVRQDO�GDWD�VKRXOG�EH�NHSW�WR�D�PLQLPXP��$,�VKRXOG�EH�D�
WRRO�WKDW�KHOSV�WHDFKHUV�DQG�FRXQVHORUV�ILQG�VWXGHQWV�ZKR�QHHG�KHOS��LW�VKRXOG�QRW�PDNH�WKH�ILQDO�GHFLVLRQ��
DQG�LWV�RXWSXW�VKRXOG�EH�WUHDWHG�DV�D�VXJJHVWLRQ�

&RQFOXVLRQ

%XUQRXW�LV�FRPPRQ�DPRQJ�VWXGHQWV��DQG�$,�PD\�KHOS�LGHQWLI\�WKRVH�LQ�QHHG�RI�HDUO\�VXSSRUW�EHIRUH�WKH\�
UHDFK�D�SRLQW�ZKHUH�WKH\�FDQ�QR�ORQJHU�FRSH��7KH�HLJKW�VWXGLHV�UHYLHZHG�LQGLFDWH�WKDW�H[SODLQDEOH�PDFKLQH�
OHDUQLQJ��ZHDUDEOH�GHYLFHV��VPDUWSKRQH�WUDFNLQJ��DQG�GLYHUVH�SV\FKRORJLFDO�PHWKRGV�FDQ�DOO�EH�XVHG�DQG�
DSSHDU� SURPLVLQJ�� +RZHYHU�� WKH� UHVXOWV� VKRXOG� EH� H[DPLQHG� FORVHO\� EHFDXVH� GDWDVHWV� DUH� YHU\� VPDOO��
YDOLGDWLRQ�LQ�UHDO�VHWWLQJV�LV�OLPLWHG��SULYDF\�LVVXHV�PD\�DULVH��DQG�ORQJ�WHUP�DQG�UHDO�WLPH�PHDVXUHPHQWV�
DUH�ODFNLQJ��)XWXUH�UHVHDUFKHUV�VKRXOG�WHVW�GLIIHUHQW�VWXGHQW�JURXSV��SHUVRQDOLVH�WKH�PHWKRGV��DQG�GHVLJQ�
V\VWHPV�LQ�ZKLFK�SULYDF\�DQG�KXPDQ�VXSHUYLVLRQ�SOD\�WKH�PDLQ�UROH�

5HIHUHQFHV

�� *HGDP��HW�DO����������$QDO\]LQJ PHQWDO�VWUHVV�LQ�,QGLDQ�VWXGHQWV�WKURXJK�DGYDQFHG�PDFKLQH�OHDUQLQJ�
DQG�ZHDUDEOH�WHFKQRORJLHV��6FLHQWLILF�5HSRUWV������$UWLFOH�������

�� -DJRGLFV�� =���	� 6]DEy�� e�� �������� 6WXGHQW� EXUQRXW� LQ� KLJKHU� HGXFDWLRQ��$� GHPDQG�UHVRXUFH�PRGHO�
DSSURDFK��7UHQGV�LQ�3V\FKRORJ\���������±����

�� .DQJ��HW�DO����������3UHGLFWLQJ�VWXGHQWV¶�H[DP�VFRUHV�XVLQJ�SK\VLRORJLFDO�VLJQDOV��DU;LY������������

�� 2PDUEHNRYD�� HW� DO�� �������� $Q� H[SODLQDEOH� PDFKLQH� OHDUQLQJ� IUDPHZRUN� IRU� DFDGHPLF� VWUHVV�
FODVVLILFDWLRQ�DPRQJ�XQLYHUVLW\�VWXGHQWV��)URQWLHUV�LQ�&RPSXWHU�6FLHQFH�����$UWLFOH���������

�� 5RLV��HW�DO����������3UHYDOHQFH�DQG�SUHGLFWLQJ�IDFWRUV�RI�SHUFHLYHG�VWUHVV�DPRQJ�%DQJODGHVKL�XQLYHUVLW\�
VWXGHQWV�XVLQJ�PDFKLQH�OHDUQLQJ�DOJRULWKPV��-RXUQDO�RI�+HDOWK��3RSXODWLRQ�DQG�1XWULWLRQ������$UWLFOH�
���

�� 6DWK\DQDUD\DQD��HW�DO����������([DPLQLQJ�WKH�XVH�RI�FRQVXPHU�ZHDUDEOH�GHYLFHV�DQG�GLJLWDO�WRROV�IRU�
VWUHVV�PHDVXUHPHQW�LQ�FROOHJH�VWXGHQWV��6FRSLQJ�UHYLHZ�RI�PHWKRGV��-0,5�P+HDOWK�DQG�X+HDOWK������
$UWLFOH�H������

�� 6KYHWFRY��HW�DO����������3DVVLYH�VHQVLQJ�GDWD�SUHGLFWV�VWUHVV�LQ�XQLYHUVLW\�VWXGHQWV��$�VXSHUYLVHG�PDFKLQH�
OHDUQLQJ�PHWKRG�IRU�GLJLWDO�SKHQRW\SLQJ��)URQWLHUV�LQ�3V\FKLDWU\������$UWLFOH���������

�� 7D�� HW� DO�� �������� 5HDO�WLPH� VWUHVV� PRQLWRULQJ�� GHWHFWLRQ�� DQG� PDQDJHPHQW� LQ� FROOHJH� VWXGHQWV�� $�
ZHDUDEOH�WHFKQRORJ\ DQG�PDFKLQH�OHDUQLQJ�DSSURDFK��DU;LY������������


