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7KLV�SDSHU�GLVFXVVHV�WKH�QHHGV�RI�UHVHDUFKHUV�ZRUNLQJ�LQ�DUHDV�RI�PHGLFDO�UHVHDUFK�LQ�ZKLFK�WKH�FROOHFWLRQ�DQG�DQDO\VLV�RI�
SHRSOH¶V�RSLQLRQV�LV�FHQWUDO�WR�WKH�UHVHDUFK�DFWLYLW\��8QWLO�TXLWH�UHFHQWO\��FROOHFWLRQ�RI�VXUYH\�GDWD�KDV�EHHQ�HLWKHU�SDSHU�
EDVHG�� RU� DFKLHYHG� XVLQJ� FRPSXWHU� VRIWZDUH� WKDW� ODUJHO\� GXSOLFDWHV� SDSHU�EDVHG� SURFHVVHV� ZLWK� OLPLWHG� DGGLWLRQDO�
IXQFWLRQDOLW\�� 7KH� DXWKRUV�� ZKR� KDYH� GHYHORSHG� DQG� XVHG� PDQ\�:HE�EDVHG� VXUYH\V� LQ� WKHLU� KHDOWK�UHODWHG� UHVHDUFK��
GLVFXVV�WKH�QHHGV�RI�KHDOWK�UHVHDUFKHUV�ZKR�XVH�VXUYH\V�DQG�VLPLODU�WRROV�WR�FROOHFW�UHVHDUFK�GDWD��DQG�SURSRVH�D�VHW�RI�
IXQFWLRQDOLWLHV� WKDW� HIILFLHQWO\� VDWLVILHV� WKRVH� QHHGV�� $�:HE�EDVHG� VRIWZDUH� DUFKLWHFWXUH� WKDW� GHOLYHUV� RQ� UHVHDUFKHUV¶�
LGHQWLILHG�QHHGV� LV� SUHVHQWHG�� DQG� DQ� H[DPSOH� LPSOHPHQWDWLRQ� WKDW� KDV�GHPRQVWUDWHG� LWV� FDSDELOLWLHV� LQ� UHFHQW� UHVHDUFK�
SURMHFWV�LV�LQWURGXFHG��

.(<:25'6�

6XUYH\�6RIWZDUH��:HE�EDVHG�6XUYH\V��5HVHDUFK�6XSSRUW��H5HVHDUFK��

��� ,1752'8&7,21�

6XUYH\V� DUH� WRROV� XVHG� WR� FROOHFW� UHVHDUFK� GDWD� RQ� SHRSOH¶V� RSLQLRQV�� SHUFHSWLRQV� DQG� VHOI�UHSRUWHG�
EHKDYLRXUV�� (DFK� VXUYH\� FRPSULVHV� D� VHW� RI� FORVHG� DQG� SUH�GHWHUPLQHG� TXHVWLRQV� DVNHG� RI� D� JURXS� RI�
UHVSRQGHQWV� LQWHQGHG� WR� EH� UHSUHVHQWDWLYH� RI� WKH� SRSXODWLRQ� RI� LQWHUHVW� �6KDXJKQHVV\� HW� DO��� ������� 7KLV�
FRQWUDVWV� ZLWK� LQWHUYLHZV� DQG� SROOV�� LQWHUYLHZV� LQYROYH� SHUVRQDO� LQWHUDFWLRQ� EHWZHHQ� WKH� LQWHUYLHZHU� DQG�
LQWHUYLHZHH�DQG�PD\�LQFOXGH�RSHQ�TXHVWLRQV�RU�WKH�FROOHFWLRQ�RI�TXDOLWDWLYH�GDWD��SROOV�DVN�D�VLQJOH�TXHVWLRQ�
UDWKHU�WKDQ�D�VHW�RI�TXHVWLRQV��

:KLOH�TXDOLWDWLYH�LQWHUYLHZV�DUH�D�PRUH�SHUVRQDO�DQG�UHYHDOLQJ�ZD\�RI�FROOHFWLQJ�SRSXODWLRQ�LQIRUPDWLRQ�
FRPSDUHG� WR�VXUYH\V��FRQVLGHUDEOH� WLPH� LV� UHTXLUHG� WR�FRGH�DQG�DQDO\VH�TXDOLWDWLYH�GDWD�DQG� WKH�QXPEHU�RI�
SDUWLFLSDQWV�LV�YHU\�OLPLWHG��

'DWD� FROOHFWLRQ� XVLQJ� VXUYH\V� LV� DQ� LPSRUWDQW� IDFHW� RI� UHVHDUFK�� SDUWLFXODUO\� LQ� WKH� DUHDV� RI� KHDOWK��
SV\FKRORJ\�DQG�VRFLRORJ\���

+HDOWK� SURIHVVLRQDOV�� IRU� H[DPSOH�� PD\� ZLVK� WR� GLUHFWO\� DVVHVV� SDWLHQW� SHUVSHFWLYHV� DERXW� ZKHWKHU�
KHDOWKFDUH�PHHWV�WKHLU�QHHGV��0F'RZHOO��������EHFDXVH�LQYROYHPHQW�RI�SDWLHQWV�DV�SDUWQHUV�LQ�WKHLU�RZQ�FDUH�
LV� QRZ� FRQVLGHUHG�EHVW� SUDFWLFH� �,QVWLWXWH� RI�0HGLFLQH�� �������6XUYH\� GDWD� FDQ�EH� XVHG� WR� LGHQWLI\� SDWLHQW�
YLHZV�DERXW�RU�SUHIHUHQFHV�IRU�KHDOWKFDUH�VHUYLFHV�� WR�DVVHVV�SDWLHQW�RXWFRPHV��DQG� LGHQWLI\�DUHDV�RI�XQPHW�
VHUYLFH�QHHGV��3DWLHQW�RU�FOLQLF�FKDUDFWHULVWLFV�WKDW�DUH�DVVRFLDWHG�ZLWK�D�KLJKHU�ULVN�RI�SRRU�RXWFRPHV�FDQ�DOVR�
EH� LGHQWLILHG� DQG� WDUJHWHG� IRU� DSSURSULDWH� LQWHUYHQWLRQV�� 6XUYH\V� DUH�� RI� FRXUVH�� DOVR� LPSRUWDQW� LQ� RWKHU�
UHVHDUFK� DUHDV�� IRU� H[DPSOH� SROLWLFDO� VFLHQFH� �3DVHN� DQG� .URVQLFN�� ������ DQG� EXVLQHVV� �:HDWKHUV� HW� DO���
��������

7KHUH�DUH�VHYHUDO� IHDWXUHV� WKDW�HQKDQFH� WKH�TXDOLW\�RI�VXUYH\�GDWD��7KHVH� LQFOXGH�HQVXULQJ� WKDW�GDWD�DUH�
FROOHFWHG�IURP�D�UHSUHVHQWDWLYH�VDPSOH�DQG�WKDW�TXHVWLRQV�DUH�SRVHG�LQ�D�PDQQHU�WKDW�PD[LPLVHV�WKH�UHOLDELOLW\�
DQG�YDOLGLW\�RI�UHVSRQVHV��6WUDWHJLHV�WKDW�LQFUHDVH�WKH�DFFHSWDELOLW\�RI�VXUYH\V�WKURXJK�LPSURYLQJ�SDUWLFLSDQW�
FRPSUHKHQVLRQ�DQG�HDVH�RI�XVH�RI�WKH�VXUYH\�WRRO�ZLOO�FRQWULEXWH�WR�WKH�DLP�RI�FROOHFWLQJ�KLJK�TXDOLW\�VXUYH\�
GDWD���

ISBN: 978-989-8704-11-5 © 2014 

254



6XUYH\V� DUH� LQFUHDVLQJO\� XVHG� DV� D� GDWD� FROOHFWLRQ� WRRO� IRU� WRSLFV� DV� GLYHUVH� DV� µSUHIHUUHG� WLPHV� IRU� D�
PHHWLQJ¶�WR�µZRUNIRUFH�RSLQLRQV�RQ�FRUSRUDWH�VWUDWHJ\�DQG�IXQFWLRQ¶��7KLV�SDSHU�GLVFXVVHV�WKH�LGHDO�IHDWXUHV�
DQG�FDSDELOLWLHV�RI�D�µJRRG¶�VXUYH\�V\VWHP�DV� LQIRUPHG�E\�KHDOWK�UHVHDUFKHUV��DQG�VKRZV�WKDW�D�:HE�EDVHG�
HQYLURQPHQW� QDWXUDOO\� VXSSRUWV� LPSOHPHQWDWLRQ� RI� WKHVH� LGHDOV� DQG� LPSURYHV� WKH� H[SHULHQFH� RI� ERWK�
UHVHDUFKHUV�DQG�SDUWLFLSDQWV���

,W�LV�LQWHQGHG�WKDW�WKH�REVHUYDWLRQV�DQG�LGHDV�HQJURVVHG�LQ�WKLV�SDSHU�VKRXOG�SURYLGH�YDOXDEOH�LQIRUPDWLRQ�
WR�KHDOWK�UHVHDUFKHUV�VHOHFWLQJ�D�VXUYH\�WRRO�WR�VXSSRUW�WKHLU�UHVHDUFK��DQG�DVVLVW�VRIWZDUH�GHYHORSHUV�ZRUNLQJ�
RQ�GHVLJQ�DQG�LPSOHPHQWDWLRQ�RI�ZHE�EDVHG�VXUYH\�V\VWHPV��

��� 6859(<6�$6�$�5(6($5&+�722/�

,GHDOO\�� VXUYH\�EDVHG�PHDVXUHV�VKRXOG�EH�FDSDEOH�RI�SURYLGLQJ�DQ�DFFXUDWH�DVVHVVPHQW�RI� WKH�EHKDYLRXU�RU�
VWDWH� RI� LQWHUHVW� IRU� D� UHSUHVHQWDWLYH� VDPSOH� RI� FRQVXPHUV� �0F'RZHOO�� ������� DV� ZHOO� DV� EH� UHOLDEOH��
DFFHSWDEOH� DQG� HDV\� WR� DGPLQLVWHU� �&OLQWRQ�0F+DUJ� HW� DO��� ����D��� 6HYHUDO� IDFWRUV� LQIOXHQFH�PHDVXUHPHQW�
DFFXUDF\�DQG�UHOLDELOLW\��DQG�WKHVH�VKRXOG�EH�WDNHQ�LQWR�DFFRXQW�DW�WKH�VXUYH\�GHVLJQ�SKDVH��7KH\�LQFOXGH�WKH�
HDVH� ZLWK� ZKLFK� WKH� TXHVWLRQV� FDQ� EH� XQGHUVWRRG�� DQG� WKH� DFFHSWDELOLW\� DQG� UHOHYDQFH� RI� WKH� TXHVWLRQV�
�'LOOPDQ�HW�DO����������7KH�,QWHUQHW�LV�QRZ�ZLGHO\�DYDLODEOH�WR�UHVSRQGHQWV��3DXO�HW�DO����������DQG�WKH�XVH�RI�
FRPSXWHUV�IRU�LQWHUDFWLRQ�LV�DFFHSWDEOH��3DXO�HW�DO�������D��$%6����������

$�PXOWLGLVFLSOLQDU\�FROODERUDWLRQ�EHWZHHQ�EHKDYLRXUDO�VFLHQWLVWV�DQG�LQIRUPDWLRQ�WHFKQRORJ\�H[SHUWV�ZDV�
IRUPHG� WR� IXUWKHU� LQYHVWLJDWH� UHTXLUHPHQWV� DQG� VWUXFWXUH� RI� WKH� LGHDO� ,QWHUQHW�EDVHG� VXUYH\� V\VWHP�� 7KHLU�
H[SHULHQFH�� DQG� FRQVXOWDWLRQ� ZLWK� RWKHU� UHVHDUFKHUV� ZKR� UHJXODUO\� XVH� VXUYH\V� LQ� WKHLU� UHVHDUFK�� OHG� WR�
FRPSLODWLRQ�RI�WKH�IROORZLQJ�SURSHUWLHV�RI�D�KLJK�TXDOLW\�VXUYH\��

����5HOHYDQFH�

,Q� FRQWUDVW� WR�SDSHU� VXUYH\V�� HOHFWURQLF� VXUYH\V�KDYH� WKH�FDSDELOLW\� WR� HQDEOH� UHVSRQGHQWV� WR� DXWRPDWLFDOO\�
³VNLS´� TXHVWLRQV� WKDW� DUH� QRW� UHOHYDQW� WR� WKHLU� FLUFXPVWDQFHV� �DV� GHWHUPLQHG� IURP� UHVSRQVHV� WR� SUHYLRXV�
TXHVWLRQV���)RU�H[DPSOH��UHVSRQGHQWV�PD\�EH�DVNHG�ZKHWKHU�WKH\�DUH�PDOH�RU�IHPDOH��7KRVH�ZKR�LQGLFDWH�WKDW�
WKH\�DUH�PDOH�PD\�WKHQ�EH�DXWRPDWLFDOO\�UHGLUHFWHG�WR�D�QH[W�TXHVWLRQ�DVNLQJ�ZKHWKHU�WKH\�KDYH�KDG�D�UHFHQW�
36$�WHVW��ZKHUHDV�IHPDOHV�PD\�EH�UHGLUHFWHG�WR�D�TXHVWLRQ�DVNLQJ�ZKHWKHU�WKH\�KDYH�WDNHQ�D�PDPPRJUDP�LQ�
WKH�SDVW�WZR�\HDUV��7KRVH�ZKR�DQVZHU�WKH�µ36$¶�TXHVWLRQ�PD\�WKHQ�EH�DXWRPDWLFDOO\�UHGLUHFWHG�WR�D�µLQGLFDWH�
WKH� YDOXH� UDQJH� RI� \RXU� UHVXOW¶� TXHVWLRQ�� DQG� VR� RQ�� 7KLV� DXWRPDWLF� DVVLVWDQFH� ZLWK� TXHVWLRQ� QDYLJDWLRQ�
VWUHDPOLQHV�WKH�VXUYH\�FRPSOHWLRQ�SURFHVV�DQG�RPLWV�WKH�QHHG�IRU�UHVSRQGHQWV�WR�IROORZ�FRPSOH[�LQVWUXFWLRQV��

����5HVSRQGHQW�$FFHSWDELOLW\�

7R�LQFUHDVH�SDUWLFLSDQW�FRPSOHWLRQ�UDWHV�DQG�UHGXFH�PLVVLQJ�GDWD��LW�LV�LPSRUWDQW�WKDW�VXUYH\�UHVSRQGHQWV�ILQG�
WKH�VXUYH\�LQWHUHVWLQJ��YLVXDOO\�DWWUDFWLYH��HDV\�WR�XQGHUVWDQG�DQG�QDYLJDWH�ZLWK�D�ORJLFDO�XVHU�LQWHUIDFH��DQG�
DUH�DEOH�WR�FRPSOHWH�WKH�VXUYH\�LQ�D�UHDVRQDEOH�DPRXQW�RI�WLPH��)DQ�DQG�<DQ���������

7KH� WRRO�XVHG� WR�FRQGXFW� WKH� VXUYH\� LV� DOVR� LPSRUWDQW��7KH�DGYHQW�RI� HDV\�WR�XVH� WDEOHW� FRPSXWHUV� DQG�
VPDUW�SKRQHV�KDV�UHPRYHG�WKH�QHHG�IRU�XVH�RI�FXPEHUVRPH�SHUVRQDO�RU�ODSWRS�FRPSXWHUV�IRU�FRPSXWHU�EDVHG�
VXUYH\V�� 7DEOHW� FRPSXWHUV� DUH� KLJKO\� SRUWDEOH�� SURYLGH� SULYDF\� IRU� VXUYH\� FRPSOHWLRQ� WKURXJK� WKHLU�PRUH�
LQWLPDWH�IRUP�IDFWRU�DQG�LPPHGLDWH�WUDQVIHU�RI�GDWD��DQG�KDYH�D�KLJK�OHYHO�RI�XVHU�DFFHSWDELOLW\��3DXO�HW�DO���
����D��� +RZHYHU�� ZHE�EDVHG� VXUYH\� SDJH� OD\RXWV� GR� QRW� DOZD\V� DXWRPDWLFDOO\� DGMXVW� IURP� WKH� VSDFH�
DYDLODEOH�RQ�ODUJHU�3&�PRQLWRUV�WR�WKH�VPDOOHU�GLVSOD\V�RI�WDEOHW�DQG�KDQG�KHOG�GHYLFHV��VR�FDUH�PXVW�EH�WDNHQ�
WR�UHQGHU�FRQWHQW�WKDW�LV�DSSURSULDWH�WR�HDFK�LQGLYLGXDO�XVHU¶V�VFUHHQ��

����,PPHGLDWH�)HHGEDFN�

&UHDWLQJ� LPPHGLDWH� IHHGEDFN� IRU� D� VXUYH\� UHVSRQGHQW� DQG�RU� WKH� FRQGXFWRU� RI� WKH� VXUYH\�� EDVHG� RQ� WKH�
UHVSRQGHQW¶V� DQVZHUV�� LPSURYHV� UHOHYDQFH� DQG� UHFDOO� RI� LQIRUPDWLRQ� IRU� WKH� SDUWLFLSDQW� �0F3KHUVRQ� HW� DO���
������DQG�FDQ�V\QWKHVLVH�UHOHYDQW�DQVZHUV�IRU�UHVHDUFKHUV�DQG�KHDOWK�FDUH�SURIHVVLRQDOV��,W�FDQ�DOVR�EH�XVHG�WR�
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LPSURYH� SDWLHQW� OLWHUDF\� DQG� VHOI�PDQDJHPHQW� E\� KLJKOLJKWLQJ� WKRVH� DUHDV� LQ� ZKLFK� SDWLHQWV� PD\� QHHG�
DGGLWLRQDO�LQIRUPDWLRQ�RU�SHUVRQDOLVHG�DVVLVWDQFH���

)RU�H[DPSOH��DQVZHUV�WR�TXHVWLRQV�DERXW�PHGLFDWLRQ�DGKHUHQFH�FRXOG�EH�LQVHUWHG�LQWR�D�IHHGEDFN�WHPSODWH�
FRQWDLQLQJ� HYLGHQFH�EDVHG� UHFRPPHQGDWLRQV� DERXW� ZD\V� WR� LPSURYH� DGKHUHQFH�� 7KLV� FDQ� EH� WDLORUHG� WR�
LQGLYLGXDO�SDUWLFLSDQWV��EDVHG�RQ� WKHLU� DQVZHUV��7KH� WHPSODWH� FRXOG� LQFRUSRUDWH�GHVLJQ� IHDWXUHV� WR�HQKDQFH�
UHFDOO� DQG� XQGHUVWDQGLQJ� RI� LQIRUPDWLRQ� VXFK� DV� FDWHJRULVDWLRQ� RI� LQIRUPDWLRQ� �*LUJLV� DQG� 6DQVRQ�)LVKHU��
������1+05&���������UHSHWLWLRQ�RI�LPSRUWDQW�LQIRUPDWLRQ��/H\�HW�DO����������DQG�WKH�XVH�RI�VLPSOH�ODQJXDJH�
�)DOORZILHOG�DQG�-HQNLQV���������7KLV�LPSURYHV�WKH�DFFHVVLELOLW\�RI�LQIRUPDWLRQ�IRU�WKH�SDUWLFLSDQW�DQG�DVVLVWV�
WKRVH�ZLWK�ORZ�OLWHUDF\���

,PPHGLDWH�IHHGEDFN�IURP�VXUYH\V�FDQ�DOVR�EH�XVHG�E\�KHDOWK�FDUH�SURIHVVLRQDOV� LQ�RUGHU� WR� LQIRUP�FDUH�
GHOLYHU\��7UHZHHN�HW�DO����������)RU�H[DPSOH��DQ�HOHFWURQLF�VFUHHQLQJ�WRRO�IRU�GHSUHVVLRQ�LQ�D�JHQHUDO�PHGLFDO�
VHWWLQJ�PD\�EH�XVHG� WR� LGHQWLI\�SDWLHQWV�ZKR� UHTXLUH� IXUWKHU�GLDJQRVWLF� DVVHVVPHQW�� ,Q� WKLV�ZD\�� HOHFWURQLF�
VXUYH\V�FRXOG�EH�XVHG�DV�DQ�HIILFLHQW�DQG�WLPH�VDYLQJ�VFUHHQLQJ�WRRO�ZLWK�LPSURYHG�GHWHFWLRQ�UDWHV���

5HVSRQGHQWV�FDQ�DOVR�EHQHILW�IURP�LPPHGLDWH�IHHGEDFN��(YLGHQFH�VXJJHVWV�SDWLHQWV�DQG�FDUHJLYHUV�KDYH�
XQPHW�LQIRUPDWLRQDO�QHHGV�DQG�GHVLUH�PRUH�LQIRUPDWLRQ�GXULQJ�D�FRQVXOWDWLRQ��6FKRHQ�HW�DO����������+HDOWK�
VHUYLFH�SURYLGHUV�PD\�EH�OLPLWHG�E\�WLPH�FRQVWUDLQWV�DQG�XQDEOH�WR�SURYLGH�WKH�DPRXQW�RI�LQIRUPDWLRQ�GHVLUHG�
LQ� D� VLQJOH� FOLQLFDO� HQFRXQWHU�� (OHFWURQLF� VXUYH\V� FDQ� SURGXFH� SHUVRQDOLVHG� LQIRUPDWLRQ� VKHHWV� EDVHG� RQ�
SDUWLFLSDQWV¶� GHPRJUDSKLF� RU� GLVHDVH� FKDUDFWHULVWLFV�� DOORZLQJ� LQIRUPDWLRQ� QHHGV� WR� EH� DSSURSULDWHO\�
DGGUHVVHG��7KLV�PD\�EH�XVHG�WR�LPSURYH�SDWLHQW�VHOI�PDQDJHPHQW��LQIRUPDWLRQ�UHFDOO��DQG�OLWHUDF\��

����&RPSUHKHQVLRQ�

(OHFWURQLF� VXUYH\V� DOVR�KDYH� WKH�SRWHQWLDO� WR� LQFRUSRUDWH� IHDWXUHV� WKDW� FDQ� HQKDQFH� VXUYH\� FRPSUHKHQVLRQ��
)RU�H[DPSOH��IRQW�VL]H�RU�PRGH�RI�SUHVHQWDWLRQ��L�H�� LQFOXVLRQ�RI�YLVXDO�RU�DXGLR��FDQ�EH�FXVWRPLVHG�WR�VXLW�
UHVSRQGHQW�SUHIHUHQFHV�RU�QHHGV��DQG�HPEHGGHG�YLGHR�FOLSV�FDQ�EH�XVHG�WR�GHPRQVWUDWH�FRPSOH[�LQIRUPDWLRQ��
6XFK� IHDWXUHV� PD\� EH� SDUWLFXODUO\� EHQHILFLDO� LQ� LPSURYLQJ� FRPSUHKHQVLRQ� DPRQJ� UHVSRQGHQWV� ZLWK� SRRU�
OLWHUDF\�VNLOOV��0XUSK\�HW�DO����������

����5HVSRQGHQW�3ULYDF\�

(OHFWURQLF� VXUYH\V� PD\� EH� FRQGXFWHG� LQ� VHYHUDO� ZD\V�� PRVW� FRPPRQO\� HLWKHU� E\� H[HFXWLQJ� WKH� VXUYH\�
VRIWZDUH�RQ�D�QRQ�FRQQHFWHG�VWDQG�DORQH�3&�RU�SRUWDEOH�FRPSXWHU��RU�E\�XVLQJ�D�:HE�EURZVHU�WR�FRQQHFW�WR�D�
FHQWUDO�VHUYHU�WKDW�XVHV�WKH�,QWHUQHW�WR�SURYLGH�WKH�VXUYH\�FRQWHQW��%RWK�DSSURDFKHV�KDYH�GLIIHUHQW�DGYDQWDJHV��
GLVDGYDQWDJHV�DQG�SULYDF\� LVVXHV��$VVXUDQFH�RI�GDWD� VHFXULW\�DQG� UHVSRQGHQW�SULYDF\�DUH�FULWLFDO� LVVXHV� IRU�
KXPDQ�UHVHDUFK�HWKLFV�FRPPLWWHHV��%LHU�HW�DO�����������

7KH�XVH�RI�QRQ�FRQQHFWHG�VWDQG�DORQH�RU�SRUWDEOH�FRPSXWHUV�GRHV�QRW�UHTXLUH�DQ�,QWHUQHW�FRQQHFWLRQ�IRU�
VXUYH\� FRPSOHWLRQ��'DWD� FROOHFWHG� GXULQJ� FRQGXFW� RI� QRQ�FRQQHFWHG� VXUYH\V� DUH� VWRUHG� RQ� WKH� FRPSXWHU¶V�
ORFDO�GLVN��ZLWK�WKH�GDWD�ODWHU�DJJUHJDWHG�IRU�DQDO\VLV��7KLV�LV�FRQYHQLHQW�LQ�JHRJUDSKLFDOO\�LVRODWHG�ORFDWLRQV��
RU�VFUHHQHG�ORFDWLRQV�VXFK�DV�VRPH�IDFWRULHV�RU�KRVSLWDOV��ZKHUH�,QWHUQHW�FRQQHFWLRQV�FDQQRW�EH�HVWDEOLVKHG�RU�
DUH� XQUHOLDEOH�� +RZHYHU�� WKLV� DSSURDFK� KDV� WKH� GLVDGYDQWDJH� WKDW� GDWD� �DQG� WKXV� UHVSRQGHQW� SULYDF\� DQG�
FRQILGHQWLDOLW\��LV�YXOQHUDEOH�WR�FRPSURPLVH�WKURXJK�XQDXWKRULVHG�DFFHVV��IRU�H[DPSOH�DIWHU�WKHIW�RU�ORVV�RI�
WKH�FRPSXWHU��RU�E\�D�FXULRXV��RU�PDOLFLRXV��VXEVHTXHQW�VXUYH\�SDUWLFLSDQW��

,Q� FRQWUDVW�� XVH� RI� D� FHQWUDO� :HE� VHUYHU� WR� JHQHUDWH� VXUYH\� FRQWHQW� DQG� FROOHFW� DQG� VWRUH� SDUWLFLSDQW�
UHVSRQVHV�PHDQV�RQO\�RQH�V\VWHP�QHHGV�WR�EH�VHFXUHG��(QFU\SWLRQ�FDQ�EH�XVHG�WR�HQVXUH�FRQILGHQWLDOLW\�DQG�
SULYDF\�RI�WUDQVPLWWHG�GDWD��

����'DWD�4XDOLW\�

:KHQ� WHFKQLFDO�GLIILFXOWLHV�DUH�PDQDJHG��HOHFWURQLF� VXUYH\V�KDYH� WKH�SRWHQWLDO� WR�RYHUFRPH�SUREOHPV�ZLWK�
GDWD� TXDOLW\� E\� UHGXFLQJ� UHVSRQGHQW� HUURUV�� PLVVLQJ� GDWD� DQG� HUURUV� LQ� GDWD� HQWU\� �*DOOLKHU� HW� DO��� �������
3URJUDPPLQJ� IHDWXUHV� FDQ� EH� DSSOLHG� WR� UHGXFH� WKH� FKDQFH� RI� UHVSRQGHQW� HUURUV�� IRU� H[DPSOH�� LI� D� SHUVRQ�
HQWHUV� D� YDOXH� RXWVLGH� WKH� H[SHFWHG� UDQJH� IRU� WKH� TXHVWLRQ� �H�J�� DJH� LV� HQWHUHG� DV� ������ WKHQ� LPPHGLDWH�
IHHGEDFN�FDQ�EH�SURYLGHG�DERXW�WKLV��JLYLQJ�WKH�UHVSRQGHQW�WKH�RSSRUWXQLW\�WR�FRUUHFW�WKHLU�DQVZHU��6XUYH\V�
PD\�DOVR�EH�SURJUDPPHG�VR�WKDW�D�UHVSRQGHQW�FDQQRW�PRYH�WR�D�VXEVHTXHQW�TXHVWLRQ�ZLWKRXW�FRPSOHWLQJ�WKH�
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SUHFHGLQJ�TXHVWLRQV��DQG�SDUWLDO�DQVZHU�VHWV�FDQ�EH�XVHG�WR�GHWHUPLQH�GURSRXW�UDWHV�IRU�SDUWLFXODU�TXHVWLRQV��
)XUWKHUPRUH��LWHP�UHVSRQVH�IRUPDWV�FDQ�EH�SUH�VSHFLILHG��VXFK�DV�VLQJOH�UHVSRQVH�RQO\��RU�PXOWLSOH�UHVSRQVHV�
DOORZHG��UHGXFLQJ�WKH�SRWHQWLDO�IRU�UHVSRQGHQW�HUURU��%RQHYHVNL�HW�DO������������

8QOLNH�SDSHU�VXUYH\V��HOHFWURQLF�VXUYH\V�DXWRPDWLFDOO\�VWRUH�SDUWLFLSDQW�UHVSRQVHV�LQ�GLJLWDO�IRUP��WKHUHE\�
DYRLGLQJ�SRWHQWLDO�WUDQVFULSWLRQ�HUURUV��(OHFWURQLF�GDWD�FDQ�EH�DXWRPDWLFDOO\�GRZQORDGHG�LQ�D�YDULHW\�RI�ILOH�
IRUPDWV��FRPPRQO\�FVY��LQ�RUGHU�WR�FRQGXFW�DQDO\VLV����

0RUH�FRPSOLFDWHG�UHVSRQVH�IRUPDWV� OHDG�WR�JUHDWHU�RSSRUWXQLW\�IRU�UHVSRQGHQW�HUURU��)RU�H[DPSOH�UDQN�
VW\OH� LWHPV� UHTXLUH�SDUWLFLSDQWV� WR�XQGHUWDNH� WKH�FRPSOH[� WDVN�RI�FRQVLGHULQJ�D� OLVW�RI�YDULDEOHV�� WKHQ� UDQN��
ZHLJKW� RU� GLVWULEXWH� SRLQWV� EHWZHHQ� HDFK�� DQG� ILQDOO\� HQVXUH� WKHVH� WRWDO� WKH� SUH�VSHFLILHG� DOORFDWHG� YDOXH��
�&OLQWRQ�0F+DUJ� HW� DO��� ����E��� 6RPH� UDQN�VW\OH� LWHPV� FDQ� PRVW� HIIHFWLYHO\� EH� DGPLQLVWHUHG� E\� D� PRUH�
ODERXU�LQWHQVLYH�µFDUG�VRUW¶�DSSURDFK��6KDFNOH\�DQG�'L[RQ���������(OHFWURQLF�VXUYH\V�FDQ�UHGXFH�WKDW�ODERXU�
DQG� IDFLOLWDWH� FRPSOHWLRQ� E\� KHOSLQJ� UHVSRQGHQWV� WR� QDUURZ� GRZQ� WKH� OLVW� YLD� WKH� GHOHWLRQ� RI� XQLPSRUWDQW�
LWHPV��YLVXDOO\�RUGHU�RSWLRQV��FDOFXODWH�WKH�FXPXODWLYH�DQG�WRWDO�YDOXH��DQG�SURYLGH�LPPHGLDWH�LQVWUXFWLRQV�IRU�
WKH�UHVSRQGHQW�WR�FRUUHFW�WKHLU�DQVZHU��

����5HVHDUFKHU�&RQYHQLHQFH�

8VH�RI� D� FHQWUDO�:HE� VHUYHU� WR�JHQHUDWH� WKH� VXUYH\� FRQWHQW� DQG� WR� FROOHFW� DQG� VWRUH� UHVSRQVHV�KDV� VHYHUDO�
DGYDQWDJHV�WR�GR�ZLWK�UHVHDUFKHU�FRQYHQLHQFH��WKHVH�PD\�EH�FDWHJRULVHG�DV�SDUWLFLSDWLRQ�PDQDJHPHQW��GDWD�
PDQDJHPHQW��DQG�UHVSRQVH�DQDO\VLV��

:LWK�UHJDUG�WR�SDUWLFLSDWLRQ�PDQDJHPHQW��SDSHU�DQG�SHQFLO�VXUYH\�UHVSRQVHV�UHTXLUH�PDQXDO�WUDFNLQJ�WR�
FDOFXODWH� FRPSOHWLRQ� UDWHV�RU� WR�GHWHUPLQH�ZKHWKHU� UHPLQGHU� OHWWHUV�QHHG� WR�EH� VHQW� WR�QRQ�UHVSRQGHUV��$V�
VXUYH\V� W\SLFDOO\� LQFOXGH� D� ODUJH� VDPSOH� VL]H�� WKLV� UHTXLUHV� FRQVLGHUDEOH� UHVRXUFHV� IRU� GDWD� HQWU\� DQG�
PRQLWRULQJ��,Q�FRQWUDVW��HOHFWURQLF�VXUYH\V�PD\�EH�HPEHGGHG�ZLWKLQ�WKH�GDWD�PDQDJHPHQW�V\VWHP�WKDW�WUDFNV�
VXUYH\�UHVSRQVHV�DQG�SURYLGHV�DXWRPDWLF�SURPSWV�WR�WKH�UHVHDUFKHU��H�J��IRU�IROORZ�XS�VXUYH\V�RU�UHPLQGHUV�
WR� SHRSOH�ZKR� KDYH� QRW� \HW� UHVSRQGHG��5HPLQGHUV� FDQ� DOVR� EH� IXOO\� DXWRPDWHG� VR� WKH\� JR� GLUHFWO\� WR� WKH�
SDUWLFLSDQW��H�J��YLD�606��

+DYLQJ�D�FHQWUDO�:HE�VHUYHU�PDQDJH�D�VXUYH\�DOVR�KDV�VHYHUDO�DGYDQWDJHV�UHODWHG�WR�GDWD�DFTXLVLWLRQ�DQG�
PDQDJHPHQW��UHVSRQGHQWV�FDQ�WDNH�WKH�VXUYH\�XVLQJ�DQ\�FOLHQW�FRPSXWLQJ�GHYLFH�ZLWK�D�:HE�EURZVHU��VXFK�
DV� WDEOHW� FRPSXWHUV�� VPDUW� SKRQHV�� RU�3&V� DQG� ODSWRSV�� DQ\� FKDQJHV� WR�TXHVWLRQ�ZRUGLQJ� DUH�PDGH� LQ�RQH�
SODFH�DQG�LPPHGLDWHO\�VHHQ�E\�DOO�VXEVHTXHQW�UHVSRQGHQWV��UHVSRQVHV�DUH�FHQWUDOO\�VWRUHG��ZKLFK�UHPRYHV�WKH�
QHHG�IRU�DJJUHJDWLRQ�DQG�IDFLOLWDWHV�VWDWLVWLFDO�DQDO\VLV��

)RU�RSWLPDO�DQDO\VLV�RI�UHVSRQVH�GDWD��VXUYH\�UHVXOWV�VKRXOG�EH�DYDLODEOH�WR� WKH�UHVHDUFKHU� LPPHGLDWHO\��
DQG�LQ�D�IRUPDW�WKDW�LV�DFFHVVLEOH�WR�VWDWLVWLFDO�SURJUDPV�VXFK�DV�67$7$��6WDWD�&RUSRUDWLRQ��������RU�6$6�
�6$6�,QVWLWXWH���������7KLV�DOORZV�WKH�UHVHDUFKHU�WR�UHYLHZ�LQGLYLGXDO�RU�JURXS�GDWD�DV�UHTXLUHG��

,Q� DGGLWLRQ�� UHFRUGLQJ� DQG� UHSRUWLQJ�RI� WLPLQJ�GDWD� �IRU� H[DPSOH�KRZ� ORQJ�D� UHVSRQGHQW� VSHQW�RQ� HDFK�
VXUYH\� SDJH�� KRZ�PDQ\� WLPHV� D� UHVSRQGHQW� VWRSSHG� DQG� UHVWDUWHG� WKH� VXUYH\�� LI� D� UHVSRQGHQW� ZDWFKHG� D�
SURYLGHG�YLGHR�FOLS�RU�VNLSSHG�SDVW�LW��FDQ�HQKDQFH�UHVHDUFKHUV¶�XQGHUVWDQGLQJ�RI�UHVSRQVHV��KHOS�LQIRUP�WKH�
LQWHUSUHWDWLRQ�RI�GDWD��DQG�LQIRUP�WKH�GHVLJQ�RI�IXWXUH�VXUYH\V��

��� 63(&,)<,1*�$�µ*22'¶�6859(<�6<67(0�

7KH�UHTXLUHPHQWV�RI�DQ�LGHDO�VXUYH\�V\VWHP�ZHUH�GHVFULEHG�DERYH��,Q�WKLV�VHFWLRQ�ZH�XVH�WKH�VDPH�KHDGLQJV�
WR�GLVFXVV�VSHFLILF�VXUYH\�V\VWHP�IHDWXUHV�WKDW�GHOLYHU�WKRVH�UHTXLUHPHQWV��DQG�VKRZ�WKDW�WKH�:HE�SURYLGHV�DQ�
LGHDO�GHOLYHU\�SODWIRUP��

7KHUH�DUH�D�QXPEHU�RI�VXFFHVVIXO�H[LVWLQJ�VXUYH\�V\VWHPV��IRU�H[DPSOH�3&�EDVHG�V\VWHPV�VXFK�DV�'LJLYH\�
�&5(262�&RUSRUDWLRQ�� ������� DQG�:HE�EDVHG� V\VWHPV� VXFK� DV� 6XUYH\�0RQNH\� �6XUYH\�0RQNH\�� �������
7KHVH�V\VWHPV�SURYLGH�D�VHW�RI�FRUH�IHDWXUHV�UHTXLUHG�RI�LGHDO�V\VWHPV��IRU�H[DPSOH��DELOLW\�IRU�UHVHDUFKHUV�WR�
GHILQH�VXUYH\V�ZLWKRXW�D�QHHG�IRU�FRPSXWHU�SURJUDPPHU�DVVLVWDQFH��D�VHW�RI�SUH�GHILQHG�TXHVWLRQ�W\SHV��DQG�
VXSSRUW�IRU�EUDQFKLQJ��L�H��VNLSSLQJ�SDVW�TXHVWLRQV�EDVHG�RQ�SUHYLRXV�UHVSRQVHV��

7KHVH�IHDWXUHV�UHTXLUH�H[WHQVLRQ�DQG�HQKDQFHPHQW�WR�DFKLHYH�WKH�µLGHDO¶��DV�IROORZV�
�
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����(QKDQFLQJ�5HOHYDQFH�

6XSSRUW�IRU�GHILQLWLRQ�RI�PRUH�FRPSOH[�EUDQFKLQJ�UXOHV�LV�FHQWUDO�WR�HQKDQFLQJ�WKH�UHOHYDQFH�RI�VXUYH\V��,W�
VKRXOG�EH�SRVVLEOH� WR� LQFOXGH�RU� H[FOXGH�TXHVWLRQV�EDVHG�RQ� HLWKHU� UDZ�DQVZHUV�RU� FDOFXODWLRQV� �H�J��ERG\�
PDVV�LQGH[��%0,��RU�DJH��EDVHG�RQ�DQVZHUV�WR�$1<�SUHYLRXV�TXHVWLRQV��QRW�MXVW�WKH�DQVZHU�WR�WKH�TXHVWLRQ�
LPPHGLDWHO\�SUHFHGLQJ�WKH�EUDQFK��

7KH�VHW�RI�FRUH�TXHVWLRQ�W\SHV�VKRXOG�LQFOXGH��,QIRUPDWLRQDO��7H[W��&KHFNER[��5DGLR�%XWWRQ��'URS�'RZQ��
&DOHQGDU��5DQN�2UGHU��'LVWULEXWLRQ�RI�3RLQWV��DQG�/LNHUW�6FDOH�WR�DFFRXQW�IRU�DOO�SRVVLEOH�TXHVWLRQ�IRUPDWV���

7KHUH� VKRXOG� DOVR� EH� VXSSRUW� IRU� G\QDPLF� TXHVWLRQV� �H�J�� '\QDPLF� &KHFNER[�� '\QDPLF� 5DQN�2UGHU��
'\QDPLF�'LVWULEXWLRQ�RI�3RLQWV�� WKDW�SURYLGH�RSWLRQV�EDVHG�RQ�D�VXEVHW�RI� UHVSRQGHQW�DQVZHUV� WR�SUHYLRXV�
TXHVWLRQV��

����(QKDQFLQJ�$FFHSWDELOLW\�

7R� HQKDQFH� DFFHSWDELOLW\� RI� VXUYH\V�� PRGHOOLQJ� RI� G\QDPLF� VXUYH\� VFUHHQV� ZLWK� FRQWHQW� EDVHG� RQ�
SDUWLFLSDQWV¶�SUHYLRXV�UHVSRQVHV�LV�UHTXLUHG��6XSSRUW�IRU�WKUHH�IRUPV�RI�FRQWHQW�PRGHOOLQJ�LV�UHFRPPHQGHG��,W�
VKRXOG�EH�SRVVLEOH�WR�G\QDPLFDOO\��
x� 'HILQH�WKH�QXPEHU�RI�TXHVWLRQV�UHFHLYHG�E\�DQ�LQGLYLGXDO�EDVHG�RQ�WKHLU�SUHYLRXV�DQVZHUV���
x� &RQVWUXFW�WKH�TXHVWLRQ�VWHP�FRQWDLQLQJ�FRQWHQW�IURP�SUHYLRXV�DQVZHUV��DQG�
x� 6HW�WKH�SRVVLEOH�UHVSRQVH�RSWLRQV��H�J��IRU�FKHFNER[�RU�UDGLR�EXWWRQ�TXHVWLRQV��DYDLODEOH�IRU�VHOHFWLRQ�DIWHU�

LPSOHPHQWDWLRQ�RI�D�VHOHFWLRQ�DOJRULWKP�EDVHG�RQ�SUHYLRXV�UHVSRQVHV���
8VH�RI�:HE�EURZVHUV�IRU�UHVHDUFKHU�DQG�SDUWLFLSDQW�LQWHUDFWLRQ�ZLWK�WKH�VXUYH\�V\VWHP�PDNHV�XVH�RI�DQ�

LQWHUIDFH� WKDW� LV� LQFUHDVLQJO\� IDPLOLDU� WR� WKH�XVHU�SRSXODWLRQ�DQG� LPSOHPHQWHG�RQ�D�ZLGH� UDQJH�RI� ,QWHUQHW�
FRQQHFWHG�GHYLFHV��

����(QKDQFLQJ�)HHGEDFN�

,W�VKRXOG�EH�SRVVLEOH�WR�JHQHUDWH�RQ�WKH�VSRW�SULQWHG�RU�VFUHHQ�EDVHG�WDLORUHG�IHHGEDFN�WR�UHVSRQGHQWV�EDVHG�
RQ�VXUYH\�DQVZHUV��,Q�WKH�FDVH�RI�:HE�EDVHG�VXUYH\V��SULQWHG�IHHGEDFN�ZRXOG�EH�LQ�D�GRFXPHQW�IRUP�VXFK�DV�
3')��ZLWK�WKH�RSHUDWRU�EHLQJ�DEOH�WR�VHQG�LW�WR�D�SULQWHU�WR�SURGXFH�KDUG�FRS\��RU�VDYH�WR�D�ILOH��WKDW�HQDEOHV��
IRU�H[DPSOH��GLVWULEXWLRQ�E\�HPDLO���

����(QKDQFLQJ�&RPSUHKHQVLRQ�

&RPSUHKHQVLRQ�LV�DVVLVWHG�E\�D�QXPEHU�RI�IHDWXUHV��)LUVWO\��WKH�DELOLW\�WR�SUHVHQW�UHODWHG�TXHVWLRQV�RQ�D�VLQJOH�
VFUHHQ�DVVLVWV�WKH�SDUWLFLSDQW�XQGHUVWDQG�FRQWH[W��:KLOH�WKLV�LV�DYDLODEOH�LQ�VRPH�H[LVWLQJ�VXUYH\�V\VWHPV��LW�LV�
D�IHDWXUH�LQ�QHHG�RI�HQKDQFHPHQW��IRU�H[DPSOH�HYHU\�TXHVWLRQ�LQFOXGHG�RQ�D�VFUHHQ�VKRXOG�EH�WDLORUHG�EDVHG�
RQ� SUHYLRXV� DQVZHUV�� DQG� WKRVH� WKDW� DUH� QRW� UHOHYDQW� VKRXOG� QRW� EH� LQFOXGHG�� ,Q� WKLV� ZD\�� PXOWL�TXHVWLRQ�
VFUHHQV�DUH�G\QDPLF��DQG�SUHYLRXV�TXHVWLRQV�GHWHUPLQH�WKH�FRQWHQW�RI�WKH�SDJH�DQG�SRVVLEOH�UHVSRQVH�RSWLRQV��

7KH�XVH�RI�VWLPXOL�VXFK�DV�DXGLR��VWLOO�SLFWXUHV�RU�PRYLHV�FDQ�DVVLVW�UHVSRQGHQWV�DQG�RU�SURYLGH�FRQWHQW�DV�
WKH�EDVLV�IRU�TXHVWLRQV��$�ZLGH�UDQJH�RI�VWLPXOXV�ILOH�IRUPDWV�VKRXOG�EH�VXSSRUWHG��6WDQGDUGLVDWLRQ�RI�:HE�
EURZVHU� VXSSRUW� IRU� VXFK� ILOHV� LV� FXUUHQWO\� LQ� SURJUHVV� DQG� VKRXOG� EH� DYDLODEOH� LQ� WKH� QH[W� JHQHUDWLRQ� RI�
EURZVHUV��:�&���������

����(QKDQFLQJ�3ULYDF\�

,W� VKRXOG� EH� SRVVLEOH� WR� VSHFLI\�ZKR� FDQ� WDNH� D� VXUYH\� DQG�KRZ�RIWHQ��$SSURSULDWH�RSWLRQV� LQFOXGH� WKDW� D�
VXUYH\� FDQ� EH� WDNHQ� E\� DQ\� SDUWLFLSDQW�� ZLWK� QR� IRUP� RI� ORJLQ� RU� RWKHU� LGHQWLI\LQJ� DFWLRQ� UHTXLUHG��
SDUWLFLSDQWV�ZKR�SURYLGH�LGHQWLILFDWLRQ�±�LQ�WKH�FDVH�RI�PXOWLSOH�UHVSRQVH�VXUYH\V��WKLV�VXSSRUWV�SDUWLFLSDWLRQ�
E\�PXOWLSOH�OLQNHG�UHVSRQGHQWV�H�J��IDPLO\�PHPEHUV��RU�SDWLHQWV�DQG�WKHLU�VXSSRUW�SHUVRQ��RU�SDUWLFLSDQWV�ZKR�
DXWKHQWLFDWH� E\� SURYLGLQJ� D� XVHUQDPH� DQG� SDVVZRUG�� 3DUWLFLSDQWV� FDQ� SURYLGH� WKHLU� RZQ� ,'�� H�J��
6851$0(''00� ZKHUH� ''00� LV� WDNHQ� IURP� WKHLU� GDWH� RI� ELUWK� WR� DFKLHYH� LGHQWLILFDWLRQ�� RU� WKH�
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UHVHDUFKHU�FDQ�DVVRFLDWH�D�OLVW�RI�YDOLG�,'V�ZLWK�D�VXUYH\��,Q�WKH�FDVH�RI�DXWKHQWLFDWHG�VXUYH\V��ORJLQ�GHWDLOV�
PXVW�EH�SUH�SUHSDUHG�DQG�LQGLYLGXDO�GHWDLOV�GLVWULEXWHG�WR�SDUWLFLSDQWV��

7KH� VXUYH\� V\VWHP�PXVW� DOVR� VXSSRUW�SULYDF\� IURP� WKH� UHVHDUFKHU�YLHZSRLQW�E\�� IRU� H[DPSOH�� HQVXULQJ�
WKDW�RQO\�VXUYH\�RZQHUV�DUH�SHUPLWWHG� WR�DFFHVV� UHVSRQVHV�RU� UHVSRQGHQW� OLVWV��7KHUH�VKRXOG�EH�VXSSRUW� IRU�
PXOWLSOH� UHVHDUFK� JURXSV�� DQG� D� KLHUDUFK\� RI� UHVHDUFKHU� XVHUV�� IRU� H[DPSOH��administrator�ZLWK� VXSHU� XVHU�
SULYLOHJHV�LQFOXGLQJ�DELOLW\�WR�FUHDWH�JURXSV��group leader�ZKR�FDQ�µFUHDWH¶�JURXS�PHPEHUV��UHVHDUFKHUV��DQG�
FKDQJH�VXUYH\�RZQHUVKLS��DQG�researcher��ZKR�FDQ�GHILQH�LQGLYLGXDO�VXUYH\V�DQG�DFFHVV�WKH�FRUUHVSRQGLQJ�
GDWD��

:HE�EDVHG� VXUYH\� LPSOHPHQWDWLRQ� DOORZV� WKH� XVH� RI� VWURQJ� SK\VLFDO� VHFXULW\� RI� WKH� VHUYHU�� DQG� KWWSV�
EDVHG�HQFU\SWLRQ�KHOSV�HQVXUH�VHFXULW\�RI�GDWD�ZKLOH�LQ�WUDQVLW�IURP�WKH�UHVSRQGHQW¶V�EURZVHU�WR�WKH�VHUYHU��

����(QKDQFLQJ�'DWD�4XDOLW\�

&HQWUDOLVDWLRQ� RI� GDWD� VWRUDJH� WKURXJK� LPSOHPHQWDWLRQ� RI� D� :HE�EDVHG� VXUYH\� V\VWHP�� DQG� WKHUHIRUH�
DXWRPDWLF�DJJUHJDWLRQ�RI� WKH�GDWD��KDV�DQ� LPPHGLDWH�SRVLWLYH�HIIHFW�RQ�GDWD�TXDOLW\�EHFDXVH� LW� UHPRYHV� WKH�
QHHG�IRU�WUDQVFULSWLRQ�RU�WUDQVIHU�RI�GDWD��

2WKHU�IHDWXUHV�WKDW�HQKDQFH�GDWD�TXDOLW\� LQFOXGH�UHVHDUFKHU�VSHFLILHG�FRQWURO�RYHU�SHUPLVVLEOH�UHVSRQVHV�
�'LOOPDQ�HW�DO����������ZLWK�DFFRPSDQ\LQJ�SURPSWV�WKDW�UHTXHVW�WKH�UHVSRQGHQW�UH�HQWHU�QRQ�FRPSOLDQW�GDWD��

,W�VKRXOG�DOVR�EH�SRVVLEOH�WR�VSHFLI\��RQ�D�ILHOG�RU�LQGLYLGXDO�FKDUDFWHU�EDVLV��ZKHWKHU�LQSXW�GDWD�LV�DOSKD�
DQG�RU�QXPHULF��)RU�DQVZHUV�WKDW�UHTXLUH�D�QXPHULFDO�UHVSRQVH��D�QXPEHU�SDG�RU�FDOHQGDU�FDQ�DSSHDU�RQ�WKH�
VFUHHQ�WR�DVVLVW�UHVSRQGHQWV�SURYLGH�YDOLG�DQG�FRUUHFWO\�H[SUHVVHG�UHVSRQVHV��

)LQDOO\�� WKH� DERYH�PHQWLRQHG� µDOORFDWLRQ� RI� SRLQWV¶� IHDWXUH� �6HFWLRQ� ������ ZKLFK� DOORZV� SDUWLFLSDQWV� WR�
SULRULWLVH� RSWLRQV� DV�ZHOO� DV� UDQNLQJ� WKHP�� SURYLGHV� UHVHDUFKHUV�ZLWK� ULFKHU� DQG�PRUH�PHDQLQJIXO� GDWD� RQ�
ZKLFK�WR�JDXJH�RSLQLRQ�DQG�EDVH�GHFLVLRQV��

����(QKDQFLQJ�5HVHDUFKHU�&RQYHQLHQFH��

+DYLQJ� D� FHQWUDO� :HE� VHUYHU� UHVSRQVLEOH� IRU� JHQHUDWLQJ� DQG� GLVWULEXWLQJ� VXUYH\� VFUHHQV� DQG� FROOHFWLQJ�
UHVSRQVHV�SURYLGHV�D�VLQJOH�SRLQW�IRU�SDUWLFLSDWLRQ�PRQLWRULQJ�DQG�SDUWLFLSDQW�PDQDJHPHQW��7KH�FHQWUDO�VHUYHU�
VRIWZDUH�FDQ�SURYLGH�IHDWXUHV�VXFK�DV�DXWRPDWLF�JHQHUDWLRQ�RI�QRQ�SDUWLFLSDWLRQ�UHSRUWV�DQG�RWKHU�IRUPV�RI�
IROORZ�XS���

7KH�VHUYHU�VKRXOG�UHQGHU�VXUYH\�SDJHV�ZKRVH�FRQWHQW�DQG�DSSHDUDQFH�DUH�VHSDUDWHO\�VSHFLILHG��DSSHDUDQFH�
VKRXOG� EH� GHILQHG� XVLQJ� D� SUHVHQWDWLRQ� VHPDQWLFV� ODQJXDJH� VXFK� DV� &66� �%RV�� ������� ZLWK� DQ� RSWLRQDO�
:<6,:<*�HGLWRU��DOORZLQJ�UHVHDUFKHUV�WR�HDVLO\�PDQDJH�WKH�style�RI�WKH�VXUYH\��,Q�DGGLWLRQ��WKH�XVH�RI�&66�
SURYLGHV�WKH�DELOLW\�WR�GLIIHUHQWO\�UHQGHU�VXUYH\�VFUHHQV�GHSHQGLQJ�RQ�WKH�NLQG�RI�GHYLFH��WDEOHW��VPDUW�SKRQH��
ODSWRS��EHLQJ�XVHG�E\�WKH�UHVSRQGHQW��DQG�HYHQ�UHQGHU�WKH�VDPH�VXUYH\�LQ�GLIIHUHQW�ODQJXDJHV��

&HQWUDOLVHG�PDQDJHPHQW� VKRXOG� UHGXFH� WKH�QHHG� IRU� UHVHDUFKHU� DGPLQLVWUDWLRQ�� ,W� VKRXOG�EH�SRVVLEOH� WR�
VSHFLI\� SDUWLFLSDWLRQ� LQ� LGHQWLILHG� DQG� DXWKHQWLFDWHG� VXUYH\V� DV� EHLQJ� µRQFH� RQO\¶� RU� µPXOWLSOH� SHUPLWWHG¶��
SURYLGLQJ� VXSSRUW� IRU� OLQNHG� LQSXW� WR� D� SDUWLFXODU� VXUYH\� LWHUDWLRQ� �H�J�� D� SDUWLFLSDQW¶V� DQG� WKHLU� IDPLO\�
PHPEHU¶V�RSLQLRQ�RQ�WKH�VDPH�SRLQW�RI�LQWHUHVW���RU�WR�WUDFN�FKDQJHV�LQ�SDUWLFLSDQW�RSLQLRQ�RYHU�WLPH��7KLV�
DVVLVWV�UHVHDUFKHUV�E\�UHPRYLQJ�WKH�QHHG�WR�PDQXDOO\�PDWFK�UHVSRQVHV��

7KH�VXUYH\�V\VWHP�VKRXOG�DXWRPDWLFDOO\�UHFRUG�WKH�GDWH�D�VXUYH\�ZDV�FRPPHQFHG��DQG�WKH�WLPH��UHODWLYH�
WR�FRPPHQFHPHQW�RI�WKH�VXUYH\��DW�ZKLFK�WKH�UHVSRQGHQW�UHFHLYHV�DQG�OHDYHV�HYHU\�VXUYH\�SDJH��SDXVHV�DQG�
UHVWDUWV� WKH� VXUYH\�� DQG� XOWLPDWHO\� OHDYHV� WKH� VXUYH\�� 7KLV� WLPLQJ� GDWD� KHOSV� UHVHDUFKHUV� WR� SLFWXUH�
UHVSRQGHQWV¶�EHKDYLRXU�ZKLOH�WDNLQJ�WKH�VXUYH\��SRVVLEO\�KLJKOLJKWLQJ�WKRVH�TXHVWLRQV�RQ�ZKLFK�SDUWLFLSDQWV�
GR�QRW�WDNH�PXFK�WLPH�WR�UHIOHFW��RU�WKRVH�WKDW�UHTXLUH�D�ORQJHU�WLPH�WR�XQGHUVWDQG��

6XUYH\�UHVSRQVHV�DUH�EHVW�H[SRUWHG�LQ�D�IRUP�VXFK�DV�&69�RU�;0/��VXLWDEOH�IRU�SURFHVVLQJ�E\�SRSXODU�
VWDWLVWLFDO�SDFNDJHV��5HVHDUFKHU�XQGHUVWDQGLQJ�DQG�VWDWLVWLFDO�DQDO\VLV�DUH�DVVLVWHG�E\�DXWRPDWLF�LQFOXVLRQ�RI�
PDUNHUV�LQGLFDWLQJ�TXHVWLRQV�WKDW�ZHUH�YLVLWHG�EXW�QRW�DQVZHUHG��F�I��WKRVH�QRW�YLVLWHG�EHFDXVH�RI�EUDQFKLQJ�
UXOHV��

,Q� DGGLWLRQ� WR� WKHVH� FRQYHQLHQFH� IHDWXUHV�� WKH� V\VWHP� VKRXOG� SURYLGH� VXUYH\� GHILQLWLRQ� DVVLVWDQFH� WR�
UHVHDUFKHUV� VXFK� DV� SUHYLHZ� DQG� EUDQFK� FKHFNLQJ� FDSDELOLWLHV�� %UDQFK� FKHFNLQJ� VKRXOG� RFFXU� LQ� SUHYLHZ�
PRGH�� VR� WKDW� ZKHQ� D� EUDQFK� UXOH� LV� HQFRXQWHUHG�� WKH� V\VWHP� GLVSOD\V� WKH� UXOH�� LWV� SRVLWLYH� DQG� QHJDWLYH�
GHVWLQDWLRQV��DQG�LWV�RXWFRPH�GHWHUPLQHG�IURP�WKH�SUHYLRXV�TXHVWLRQ�V���

International Conferences ICT 2014, WBC 2014, EC 2014, ISPCM 2014 and EH 2014

259



)LQDOO\��WKH�VXUYH\�V\VWHP�VKRXOG�EH�H[WHQGDEOH�VR�WKDW�LW�LV�QRW�WRR�GLIILFXOW�WR�DGG�QHZ�VXUYH\�TXHVWLRQ�
W\SHV�WR�WKH�V\VWHP��

��� %8,/',1*�7+(�6859(<�6<67(0�

$�JHQHULF�VXUYH\�JHQHUDWLRQ�V\VWHP�FDOOHG�4X21�KDG�EHHQ�SUHYLRXVO\�GHYHORSHG�DQG�DGGUHVVHG�VRPH�LI�WKH�
DERYH� QHHGV�� WKDW� LQLWLDO� YHUVLRQ� RI�4X21� �3DXO� HW� DO��� ����E��� JUHZ� RXW� RI� D� QHHG� WR� FROOHFW� WKH� VXUYH\�
JHQHUDWHG�UHVHDUFK�GDWD�DQG�WR�PDNH�LWV�SUHVHQFH�GLVFRYHUDEOH�LQ�$1'6��$XVWUDOLDQ�1DWLRQDO�'DWD�6HUYLFH��
�������7KH�EDVLF�4X21�SDFNDJH�ZDV�VXEVHTXHQWO\�HQKDQFHG�LQ�D�FROODERUDWLRQ�RI�WKH�'LVWULEXWHG�&RPSXWLQJ�
5HVHDUFK� *URXS� �'&5*��� DQG� WKH� +HDOWK� %HKDYLRXU� 5HVHDUFK� *URXS� �+%5*��� LQYROYLQJ� EHKDYLRXUDO�
VFLHQWLVWV�� VWDWLVWLFLDQV�� PHGLFDO� JHQHUDO� SUDFWLWLRQHUV� DQG� VSHFLDOLVWV�� GLHWLFLDQV�� ELRORJLVWV�� SV\FKRORJLVWV��
FRPSXWHU� VFLHQWLVWV� DQG� VRIWZDUH� HQJLQHHUV� DW� WKH�8QLYHUVLW\� RI�1HZFDVWOH� WR� SURYLGH� DOO� RI� WKH� GHVLUDEOH�
IHDWXUHV�SUHVHQWHG�LQ�WKLV�SDSHU��

����'HVLJQ�

7KH�VXUYH\�VHUYHU�LV�VWUXFWXUHG�XVLQJ�WKUHH�FRPPXQLFDWLQJ�FRPSRQHQWV��WKH�VXUYH\�GHILQLWLRQ�FRPSRQHQW��WKH�
VXUYH\�JHQHUDWLRQ�FRPSRQHQW��DQG�WKH�VWRUDJH�V\VWHP��ZKLFK�SURYLGHV�D�UHFHSWDFOH�IRU�VXUYH\�GHILQLWLRQV�DQG�
UHVSRQVHV�XVLQJ�DQ�64/�GDWDEDVH��2UDFOH����������

7KH� IXQGDPHQWDO� XQLW� IURP� ZKLFK� VXUYH\V� DUH� FRQVWUXFWHG� LV� WKH� survey object�� HDFK� RI� WKHVH� REMHFWV�
VSHFLILHV�HLWKHU��D�TXHVWLRQ��DQ�LQIRUPDWLRQ�VFUHHQ�WKDW�PD\�LQFOXGH�WH[W�HQKDQFHG�E\�VRXQG��SLFWXUH�RU�PRYLH�
FRQWHQW��D�EUDQFKLQJ�UXOH��D�QRQ�GLVSOD\LQJ�FDOFXODWLRQ��RU�D�ZUDSSHU�WKDW�FRQGLWLRQDOO\�DJJUHJDWHV�D�QXPEHU�
RI�VXUYH\�REMHFWV�LQWR�D�VLQJOH�XQLW�WHUPHG�D�meta object��

6XUYH\�REMHFWV�FDQ�EH�FUHDWHG�LQ�DQ\�RUGHU��7KH\�DUH�WKHQ�LPSRUWHG�LQWR�WKH�VXUYH\�DQG�FDQ�EH�UHDUUDQJHG�
DV�UHTXLUHG��7KH�RQO\�UHVWULFWLRQ�LV�WKDW�FDOFXODWLRQ��EUDQFKLQJ��RU�G\QDPLF�REMHFWV�PXVW�EH�SODFHG�DIWHU�DQ\�
VXUYH\� REMHFWV� WKH\� UHIHUHQFH�� (DFK� VXUYH\� REMHFW� KDV� D� XQLTXH� LGHQWLILHU� LQ� WKH� VXUYH\� FRQWH[W�� 6XUYH\�
REMHFWV� DUH� RUGHUHG� LQ� WKH� NQRZOHGJH� WKDW� QDYLJDWLRQ� LV� VHTXHQWLDO� XQOHVV� WKH� VHTXHQFH� LV� RYHU�UXOHG� E\�
LPSOHPHQWDWLRQ�RI�D�EUDQFKLQJ�UXOH��

2QFH�D�VXUYH\�KDV�EHHQ�GHILQHG��LW�LV�H[HFXWHG�XVLQJ�WKH�VXUYH\�JHQHUDWLQJ�FRPSRQHQW��ZKLFK�FDQ�RSHUDWH�
LQ� HLWKHU�preview� RU�user�PRGH�� 7KH� JHQHUDWLRQ� FRPSRQHQW� H[HFXWHV� D� F\FOH�� LW� H[WUDFWV� HDFK� QH[W� VXUYH\�
REMHFW�IURP�WKH�GDWDEDVH��LQWHUSUHWV�WKH�REMHFW�DQG�WDNHV�WKH�DSSURSULDWH�DFWLRQ��L�H��UHQGHUV�D�VXUYH\�VFUHHQ��
FDOFXODWHV�DQG�DSSOLHV�D�EUDQFK�FRQGLWLRQ��RU�FDOFXODWHV�DQG�UHWXUQV�D�YDOXH���UHFRUGV�WLPLQJ�LQIRUPDWLRQ��DQG�
LI�DSSURSULDWH��VWRUHV�WKH�SDUWLFLSDQW¶V�UHVSRQVH�DQG�WLPLQJ�GDWD��

����,PSOHPHQWDWLRQ�

$Q�HQKDQFHG�YHUVLRQ�RI�4X21�WKDW�HQJURVVHV�WKH�IHDWXUHV�VXJJHVWHG�LQ�WKLV�SDSHU�KDV�EHHQ�LPSOHPHQWHG��VHH�
�+HQVNHQV� HW� DO��� ������ IRU� GHWDLOV� LQFOXGLQJ� VFUHHQ� VKRWV� DQG� HYDOXDWLRQ�� ,W� XVHV� D� W\SLFDO� 0RGHO�9LHZ�
&RQWURO� �09&��DSSURDFK��.UDVQHU�DQG�3RSH��������DV�SURYLGHG�E\�&DNH3+3��&DNH�6RIWZDUH�)RXQGDWLRQ��
������� ,W� XWLOLVHV� :HE� VWDQGDUGV� VR� WKDW� WKH� VDPH� VXUYH\� FDQ� EH� SUHVHQWHG� RQ� GLIIHUHQW� GHYLFHV� VXFK� DV�
FRPSXWHUV��WDEOHWV��DQG�VPDUW�SKRQHV��7R�WKH�H[WHQW�SRVVLEOH��4X21�DOVR�FRQIRUPV�WR�WKH�:�&�:HE�&RQWHQW�
$FFHVVLELOLW\� *XLGHOLQHV� ���� �&DOGZHOO� HW� DO���� WKRXJK� FRPSOHWH� FRPSOLDQFH� LV� GHSHQGHQW� RQ� WKH� TXHVWLRQ�
FRQWHQW�HQWHUHG�E\�UHVHDUFKHUV��

4X21�LV�FRYHUHG�E\�WKH�RSHQ�VRXUFH�0,7�OLFHQFH��VR�SURJUDPPHUV�FDQ�HDVLO\�DGG�QHZ�TXHVWLRQ�W\SHV�E\�
FUHDWLQJ� QHZ�&DNH3+3�Helpers, ZKLFK� GHILQH� WKH� DWWULEXWHV� VXUYH\� GHVLJQHUV� �UHVHDUFKHUV�� DUH� DOORZHG� WR�
VSHFLI\��KRZ� WKH�TXHVWLRQ�VKRXOG�EH�GLVSOD\HG��KRZ�UHVSRQVHV� VKRXOG�EH�YDOLGDWHG��DQG�KRZ�UHVSRQVHV�DUH�
VWRUHG��

6XSSRUW� LV� SURYLGHG� IRU� HDV\� LQFOXVLRQ� RI� FXVWRPLVHG� &DVFDGLQJ� 6W\OH� 6KHHWV� �&66�� WR� FKDQJH� WKH�
DSSHDUDQFH�RI�VXUYH\�VFUHHQV��DQG�WR�VSHFLI\�GLIIHUHQW�VW\OHV�IRU�PRELOH�DQG�QRQ�PRELOH�GHYLFHV��&XVWRPLVHG�
-DYDVFULSW��$UQROG�DQG�*RVOLQJ��������LV�DOVR�SRVVLEOH��DOORZLQJ�UHVHDUFKHUV�WR�LPSOHPHQW�FXVWRP�FOLHQW�VLGH�
ORJLF�RQ�WKH�SDUWLFLSDQWV¶�GHYLFHV�ZKLOH�WKH\�DUH�WDNLQJ�D�VXUYH\��
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��� &21&/86,21�

7KLV�SDSHU�GLVFXVVHV� WKH� IHDWXUHV� RI� D� JRRG� VXUYH\� DQG�SRVVLEOH� VXUYH\� DSSOLFDWLRQV�� DQG�SUHVHQWV� D�:HE�
EDVHG� VXUYH\� JHQHUDWLRQ� V\VWHP� DUFKLWHFWXUH� WKDW� GHOLYHUV� WKHVH� IHDWXUHV� LQ� D� FRQYHQLHQW� DQG� VDIH�
HQYLURQPHQW��7KH�V\VWHP�SURYLGHV�DOO�WKH�EXLOGLQJ�EORFNV�QHFHVVDU\�WR�FUHDWH�D�IOXLG�VXUYH\�WKDW�µOHDUQV¶�IURP�
DQG� DGDSWV� WR� SUHYLRXV� DQVZHUV��5HVHDUFKHUV��ZKR� DUH� QRW� UHTXLUHG� WR� KDYH� SURJUDPPLQJ� NQRZOHGJH�� FDQ�
DVVHPEOH�WKHVH�EORFNV�RU�REMHFWV��DOORZLQJ�WKHP�WR�FRQVWUXFW�FXVWRPLVHG�VXUYH\V�WR�PHHW�WKHLU�VSHFLILF�QHHGV���

6XUYH\V�FDQ�EH�GHYHORSHG�IURP�VFUDWFK��PRGLILHG��RU�UHDVVHPEOHG�IURP�VHFWLRQV�RI�RQH�RU�PRUH�SUHYLRXV�
VXUYH\V��7KLV� IOH[LELOLW\��HDVH�RI�XVH��SDUWLFLSDQW�VSHFLILFLW\�DQG�SURYLVLRQ�RI� LQGLYLGXDO� IHHGEDFN�PDNH� WKH�
SUHVHQWHG�V\VWHP�DUFKLWHFWXUH�XQLTXH�DQG�YHU\�DWWUDFWLYH�WR�DQ\�UHVHDUFKHU�VHHNLQJ�FXVWRPHU�SUHIHUHQFHV�DQG�
RSLQLRQV��

6XFK�D�VXUYH\�V\VWHP�KDV�EHHQ�LPSOHPHQWHG�E\�WKH�DXWKRUV��DQG�LV�FDOOHG�4X21��7KH�LQLWLDO�YHUVLRQ�RI�
4X21� PD\� EH� GRZQORDGHG� IURP� KWWS���FRGH�JRRJOH�FRP�S�TXRQ�� DQG� FDQ� EH� IUHHO\� XVHG� DV� D� EDVLV� IRU�
GHYHORSPHQW�RI�DGYDQFHG�VXUYH\�V\VWHPV��7KH�DXWKRUV�XVH�VXFK�DQ�HQKDQFHG�4X21�V\VWHP�WKDW�LPSOHPHQWV�
DOO� WKH� TXHVWLRQ� W\SHV� DQG� IHDWXUHV� SUHVHQWHG� LQ� WKLV� SDSHU�� 7KH\� FRQWLQXH� WR� ZRUN� ZLWK� VXUYH\�LQWHQVLYH�
UHVHDUFKHUV�LQ�D�TXHVW�WR�LGHQWLI\�DQG�SURYLGH�WKH�PRVW�FRPSOHWH�VHW�RI�VXUYH\�TXHVWLRQ�W\SHV��)RU�H[DPSOH��
ZH�UHFHQWO\�OHDUQHG�RI�D�QHHG�IRU�D�TXHVWLRQ�W\SH�WKDW�DOORZV�D�SDUWLWLRQHG�GLDJUDP�WR�EH�GLVSOD\HG�VR�WKDW�WKH�
VXUYH\� FOLHQW� FDQ� VHOHFW� RQH� RU�PRUH� RI� WKH� UHJLRQV� XVLQJ� D� WRXFKVFUHHQ� RU�PRXVH��7KH� VHOHFWHG� UHJLRQ�V��
ZRXOG�EH�LQGLFDWHG�E\�D�FKDQJH�LQ�ILOO�FRORXU�RU�VKDGLQJ��WKH�QHZ�TXHVWLRQ�W\SH�ZLOO�VXSSRUW�TXHVWLRQV�VXFK�DV�
µ2Q�WKH�ERG\�LPDJH��VHOHFW�WKH�DUHDV�LQ�ZKLFK�\RX�IHHO�SDLQ¶��

$&.12:/('*(0(17�

7KH�ZRUN�SUHVHQWHG�LQ�WKLV�SDSHU�ZDV�IXQGHG�E\�JUDQW�'&���IURP�WKH�$XVWUDOLDQ�*RYHUQPHQW�'HSDUWPHQW�RI�
,QQRYDWLRQ��,QGXVWU\��6FLHQFH�DQG�5HVHDUFK�XQGHU� WKH�$1'6�VFKHPH��'U��-DPLH�%U\DQW� LV�VXSSRUWHG�E\�DQ�
$XVWUDOLDQ�5HVHDUFK�&RXQFLO�3RVW�'RFWRUDO�,QGXVWU\�)HOORZVKLS��

5()(5(1&(6�

$%6� ������ ������� �� +RXVHKROG� 8VH� RI� ,QIRUPDWLRQ� 7HFKQRORJ\�� $XVWUDOLD�� ��������� &DQEHUUD� $XVWUDOLDQ� %XUHDX� RI�
6WDWLVWLFV��

$UQROG��.��	�*RVOLQJ��-��������The Java Programming Language, 3rd ed.��$GGLVRQ�:HVOH\��
$XVWUDOLDQ� 1DWLRQDO� 'DWD� 6HUYLFH�� ������ Better Data: Better Research >2QOLQH@�� $YDLODEOH��

KWWS���ZZZ�DQGV�RUJ�DX�EHWWHUGDWD�LQGH[�KWPO�>$FFHVVHG�6HSWHPEHU�����@��
%LHU��0��&���6KHUEORP��6��$��	�*DOOR��0��$��������(WKLFDO�LVVXHV�LQ�D�VWXG\�RI�,QWHUQHW�XVH��XQFHUWDLQW\��UHVSRQVLELOLW\��

DQG�WKH�VSLULW�RI�UHVHDUFK�UHODWLRQVKLSV��Ethics Behav,������������
%RQHYHVNL��%���6DQVRQ�)LVKHU��5���:���&DPSEHOO��(���&DUUXWKHUV��$���5HLG��$��/��$��	� ,UHODQG��0�� ������5DQGRPL]HG�

FRQWUROOHG�WULDO�RI�D�FRPSXWHU�VWUDWHJ\�WR�LQFUHDVH�JHQHUDO�SUDFWLWLRQHU�SUHYHQWLYH�FDUH����Preventive Medicine,��������
���������

%RV�� %�� ������ Cascading Style Sheets home page >2QOLQH@�� :�&�� $YDLODEOH��
KWWS���ZZZ�Z��RUJ�6W\OH�&66�2YHUYLHZ�HQ�KWPO�>$FFHVVHG�6HSWHPEHU�����@��

&DNH�6RIWZDUH�)RXQGDWLRQ�������CakePHP Cookbook��&DNH�6RIWZDUH�)RXQGDWLRQ��
&DOGZHOO�� %��� &RRSHU��0��� 5HLG�� /�� *��	�9DQGHUKHLGHQ�� *��W3C Web Content Accessibility Guidelines (WCAG) 2.0 

>2QOLQH@��$YDLODEOH��KWWS���ZZZ�Z��RUJ�75�:&$*����>$FFHVVHG�'HFHPEHU�����@��
&OLQWRQ�0F+DUJ��7���&DUH\��0���6DQVRQ�)LVKHU��5���6KDNHVKDIW��$��	�5DLQELUG��.������D��0HDVXULQJ� WKH�SV\FKRVRFLDO�

KHDOWK�RI�DGROHVFHQW�DQG�\RXQJ�DGXOW��$<$��FDQFHU�VXUYLYRUV��D�FULWLFDO�UHYLHZ��Health & Quality of Life Outcomes,�
�������

&OLQWRQ�0F+DUJ��7���3DXO��&��/���6DQVRQ�)LVKHU��5���'
(VWH��&��	�:LOOLDPVRQ��$������E��'HWHUPLQLQJ�UHVHDUFK�SULRULWLHV�
IRU�\RXQJ�SHRSOH�ZLWK�KDHPDWRORJLFDO�FDQFHU��$�YDOXH�ZHLJKWLQJ�DSSURDFK��European Journal of Cancer,����������
������

&5(262�&RUSRUDWLRQ��������$YDLODEOH��KWWS���ZZZ�GLJLYH\�FRP�>$FFHVVHG�6HSWHPEHU�����@��
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'LOOPDQ��'��$���&KULVWLDQ��/��0��	�6P\WK��-��'��������Internet, Mail, and Mixed-Mode Surveys: The Tailored Design 
Method��-RKQ�:LOH\�	�6RQV��,QF��

)DOORZILHOG��/��	�-HQNLQV��9��������&RPPXQLFDWLQJ�VDG��EDG��DQG�GLIILFXOW�QHZV�LQ�PHGLFLQH����Lancet,����������������
����

)DQ��:��	�<DQ��=��������)DFWRUV�DIIHFWLQJ�UHVSRQVH�UDWHV�RI�WKH�ZHE�VXUYH\��$�V\VWHPDWLF�UHYLHZ��Computers in Human 
Behavior,�����������������

*DOOLKHU�� -��0���6WHZDUW��7��9���3DWKDN��3��.���:HUQHU�� -�� -���'LFNLQVRQ��/��0��	�+LFNQHU�� -��0��������'DWD�FROOHFWLRQ�
RXWFRPHV�FRPSDULQJ�SDSHU�IRUPV�ZLWK�3'$�IRUPV�LQ�DQ�RIILFH�EDVHG�SDWLHQW�VXUYH\��Ann Fam Med,������������

*LUJLV��$��	�6DQVRQ�)LVKHU��5��:��������%UHDNLQJ�EDG�QHZV�����&XUUHQW�EHVW�DGYLFH�IRU�FOLQLFLDQV��Behavoural Medicine,�
��������������

+HQVNHQV��)��$���3DXO��'��-���:DOOLV��0���%U\DQW��-���&DUH\��0���)UDGJOH\��(���.ROOHU��&��(���3DXO��&��/���6DQVRQ�)LVKHU��5��
:��	�=XFFD��$��:HE�%DVHG�6XSSRUW�IRU�3RSXODWLRQ�%DVHG�0HGLFDO�5HVHDUFK���3UHVHQWLQJ�WKH�4X21�6XUYH\�6\VWHP���
&RQIHUHQFH�RQ�+HDOWK�,QIRUPDWLFV��+HDOWKLQI���������'2,�������������������������������������

,QVWLWXWH�RI�0HGLFLQH�������Crossing the quality chasm : a new health system for the 21st century [Committee on Quality 
of Health Care in America]��1DWLRQDO�$FDGHPLHV�3UHVV��

.UDVQHU��*��(��	�3RSH��6��7��������$�FRRNERRN�IRU�XVLQJ�WKH�PRGHO�YLHZ�FRQWUROOHU�XVHU�LQWHUIDFH�SDUDGLJP�LQ�6PDOOWDON�
����Journal of Object-Oriented Programming,��������������

/H\�� 3���%UDGVKDZ�� 3��:��� (DYHV��'��	�:DONHU��&��0�� ������$�PHWKRG� IRU� LQFUHDVLQJ� SDWLHQWV¶� UHFDOO� RI� LQIRUPDWLRQ�
SUHVHQWHG�WR�WKHP��Psychological Medicine,������������

0F'RZHOO��,��������Measuring Health. A guide to rating scales and questionnaires.��2[IRUG�8QLYHUVLW\�3UHVV��
0F3KHUVRQ��&�� -���+LJJLQVRQ�� ,�� -��	�+HDUQ�� -�� ������(IIHFWLYH�PHWKRGV�RI� JLYLQJ� LQIRUPDWLRQ� LQ� FDQFHU�� D� V\VWHPDWLF�

OLWHUDWXUH�UHYLHZ�RI�UDQGRPL]HG�FRQWUROOHG�WULDOV��Journal of Public Health Medicine,����������������
0XUSK\��3��:���&KHVVRQ��$��/���:DONHU��/���$UQROG��&��/��	�&KHVVRQ��/��0��������&RPSDULQJ�WKH�HIIHFWLYHQHVV�RI�YLGHR�

DQG� ZULWWHQ� PDWHULDO� IRU� LPSURYLQJ� NQRZOHGJH� DPRQJ� VOHHS� GLVRUGHUV� FOLQLF� SDWLHQWV� ZLWK� OLPLWHG� OLWHUDF\� VNLOOV��
Southern Medical Journal,�����������������

1+05&�������General Guidelines for Medical Practitioners on Providing Information to Patients. 
2UDFOH�������MySQL Reference Manual��2UDFOH��
3DVHN��-��	�.URVQLFN��-��$��������2SWLPL]LQJ�VXUYH\�TXHVWLRQQDLUH�GHVLJQ�LQ�SROLWLFDO�VFLHQFH��,QVLJKWV�IURP�SV\FKRORJ\��

In:� /(,*+/(<�� -�� �HG��� Oxford Handbook of American Elections and Political Behavior.� 2[IRUG� 8.�� 2[IRUG�
8QLYHUVLW\�3UHVV��
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