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,1752'8&7,21 
7KH�XVH�RI�FRPSXWHUV�SOD\V�FULWLFDO�UROH�LQ�*HR-
LQIRUPDWLFV� DQG� *HR-UHODWHG� HTXLSPHQW�
�6KHNKDU� HW� DO��� ������� )RU� H[DPSOH�� LQ� DOO� WKH�
DVSHFWV� RI� *HRJUDSKLF� ,QIRUPDWLRQ� 6\VWHP�
�*,6���*OREDO� 3RVLWLRQ� 6\VWHP� �*36�� DQG�5H�
PRWH�6HQVLQJ��56��7HFKQRORJLHV��NQRZQ�DV��6�

7HFKQRORJ\�� WKH�XVH�RI�FRPSXWHUV� LV� LPSRUWDQW�
IRU�GDWD�FDSWXUH��LQSXW��PDQDJHPHQW��GDWD�VWRU�
DJH� DQG� UHWULHYDO���PDQLSXODWLRQ�� DQDO\VLV�� RXW�
SXW� DQG� SURYLGLQJ� HQG� XVHU-IULHQGO\� DSSOLFD�
WLRQV� �4XD\H-%DOODUG� HW� DO��� ����E��� 8VH� RI�
FRPSXWHUV� KDV� SHQHWUDWHG� HYHU\� VHFWRU� RI� WKH�
*KDQDLDQ�HFRQRP\��5HVHDUFKHUV� LQ�*KDQD�DQG�
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.H\ZRUGV��µ7KLQN�$ORXG¶�PHWKRG��93$�$UFKLYDO�0DQDJHPHQW�6\VWHP��9$06���+XPDQ�&RPSXWHU�
,QWHUDFWLRQ��+&,���8VDELOLW\�(QJLQHHULQJ��8(���*HR-LQIRUPDWLRQ 

$%675$&7 
7KH� XVH� RI� FRPSXWHUV� KDV� SHQHWUDWHG� HYHU\� VHFWRU� RI� WKH� *KDQDLDQ� HFRQRP\�� 5HVHDUFKHUV� LQ�
*KDQD�DQG�WKH�.1867�HQYLURQV�DUH�FRQWLQXDOO\�GHYHORSLQJ�FRPSXWHU�DSSOLFDWLRQV�IRU�XVHUV�IRU�
DGGUHVVLQJ� VRFLHWDO� SUREOHPV�� DV�ZHOO� DV�� DXWRPDWLQJ� WKH�PDQXDO� SURFHVV� RI� GRLQJ� WKLQJV��5H�
VHDUFKHUV�DQG�GHYHORSHUV�DUH�PRYLQJ�DZD\�IURP�WKH�XVH�RI�FRPPHUFLDO�VRIWZDUH� WR�FXVWRPL]HG�
DQG�XVHU-IULHQGO\� DSSOLFDWLRQV� WR� VXLW� WKH�*KDQDLDQ� HFRQRP\�� WKHUHE\�PD[LPL]LQJ� SURILW��(QG�
XVHU�DSSOLFDWLRQV�DUH�GHYHORSHG�GDLO\�DQG�WKHVH�DSSOLFDWLRQV�DUH�PRVW�RIWHQ�QRW�VXEMHFWHG�WR�XVD�
ELOLW\�WHVWLQJ�DQG�HYDOXDWLRQ�ZLWK�UHDO�XVHUV��8VDELOLW\�HQJDJHV�LQGLYLGXDOV�DV�WHVWLQJ�SDUWLFLSDQWV�
RI�WKH�WDUJHW�DXGLHQFH�WR�DVVHVV�WKH�GHJUHH�WR�ZKLFK�D�FRPSXWHU�DSSOLFDWLRQ�PHHWV�VSHFL¿F�XVDELO�
LW\�VWDQGDUGV��7KLV�UHVHDUFK��IXQGHG�E\�%XLOGLQJ�6WURQJHU�8QLYHUVLWLHV�,,��%68�,,��3URMHFW��XVHV�
WKH� µ7KLQN�$ORXG¶� WHFKQLTXH� LQ�GHYHORSLQJ�D�XVDELOLW\� ODERUDWRU\� IRU� WHVWLQJ� HQG�XVHU�DSSOLFD�
WLRQV�EHIRUH�EHLQJ�UHOHDVHG�WR�WKH�ILQDO�XVHU��(QG�XVHU�DSSOLFDWLRQV�VXFK�DV�SUREOHP-EDVHG�OHDUQ�
LQJ�DSSOLFDWLRQV� IRU�GLVWDQFH� OHDUQLQJ��FRPSXWHU� VXSSRUWHG�FROODERUDWLYH� OHDUQLQJ�DSSOLFDWLRQV��
GURXJKW�DQG�IORRG�HDUO\�ZDUQLQJ�DSSOLFDWLRQV��ODQG�XVH�ODQG�FRYHU�UHODWHG�DSSOLFDWLRQV��FOLPDWH�
FKDQJH�UHODWHG�DSSOLFDWLRQV��HWF��ZLOO�EHQHILW�IURP�WKLV�XVDELOLW\�WHVWLQJ�ODERUDWRU\���7KH�ILQGLQJV�
IURP� WKLV� SURMHFW� FRQWULEXWHV� WR� WKH� XQGHUVWDQGLQJ� DQG� H[SORUDWLRQ� RI� DOWHUQDWLYHV� RI� HQG�XVHU�
DSSOLFDWLRQV� 
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 IORRG�HDUO\�ZDUQLQJ�DSSOLFDWLRQV�� ODQG�XVH�ODQG�
FRYHU�UHODWHG�DSSOLFDWLRQV��FOLPDWH�FKDQJH�UHODW�
HG�DSSOLFDWLRQV��HWF��ZLOO�EHQHILW� IURP�WKLV�XVD�
ELOLW\�WHVWLQJ�ODERUDWRU\���7KH�DLP�RI�XVDELOLW\�LV�
WR�DWWDLQ�XVHUV¶�UHTXLUHPHQWV�VXFK�WKDW�WKH\�FDQ�
FDUU\�RXW�WDVNV�HQMR\DEO\��H൵HFWLYHO\��HIILFLHQW�
O\�DQG�VDWLVIDFWRULO\��3UHHFH�HW�DO���������6KDUS��
5RJHUV�DQG�3UHHFH���������4XD\H-%DOODUG�HW�DO��
�����D��H[SORUHG�DQG�GRFXPHQWHG�WUXH�XVDELOLW\�
DQG�WKH�FRPIRUWDELOLW\�RI�JHR-VSDWLDO�XVHU�LQWHU�
IDFHV�� 
 
,W�LV�EDVHG�RQ�WKH�DERYH�WKDW�WKH�UHVHDUFK�GHYHO�
RSHG� XVDELOLW\� ODERUDWRU\� IRU� WHVWLQJ� HQG� XVHU�
DSSOLFDWLRQV� EHIRUH� UHOHDVHG� WR� WKH� ILQDO� XVHU��
7KH� XVDELOLW\� ODERUDWRU\� DGRSWHG� 9$06�� DQ�
DFURQ\P� IRU� 93$� �9HUEDO� 3URWRFRO� $QDO\VLV��
$UFKLYDO�0DQDJHPHQW� 6\VWHP� WR� XQUDYHO� FRJ�
QLWLYH�SURFHVVHV�WDNLQJ�SODFH�LQ�WKH�PLQG�RI�WKH�
XVHUV�� 7KH� WHVW� SDUWLFLSDQW� SURYLGHV� UXQQLQJ�
FRPPHQWDU\�RI�WKH�WKRXJKW�SURFHVV�E\�WKLQNLQJ�
DORXG�ZKLOH�SHUIRUPLQJ�WKH�WDVNV�RI�WKH�WHVWLQJ��
(YDOXDWLRQ� RI� XVHU� VDWLVIDFWLRQ�� HIIHFWLYHQHVV�
DQG�HIILFLHQF\�RI� WKH�DSSOLFDWLRQ� LV�GHWHUPLQHG�
DIWHU�WKH�WHVWLQJ� 
 
0$7(5,$/6�$1'�0(7+2'6 
6WXG\�DUHD 
7KH�VFRSH�RI�WKH�UHVHDUFK�LV�WKH�DFDGHPLF�VHWXS�
RI� WKH� 'HSDUWPHQW� RI� *HRPDWLF� (QJLQHHULQJ�
�'*(��� .ZDPH� 1NUXPDK� 8QLYHUVLW\� RI� 6FL�
HQFH�DQG�7HFKQRORJ\��.1867���.XPDVL��*KD�
QD��7KH�GHSDUWPHQW�FRQGXFWV�UHVHDUFK�WKDW�SUR�
YLGHV� HQG-XVHU� DSSOLFDWLRQV� LQ� WKH� IRUP� RI�
PDSV�� FRPSXWHU�SURJUDPV��HWF��ZLWK� WKH�XVH�RI�
WKH� �6� 7HFKQRORJ\� �4XD\H-%DOODUG� HW� DO���
����E��� 6RSKLVWLFDWHG� PHDVXUHPHQW�� GDWD� FRO�
OHFWLRQ�WHFKQLTXHV�DQG�PRGHUQ�FRPSXWHU-EDVHG�
GDWD� PDQDJHPHQW� DQG� YLVXDOL]DWLRQ� WRROV� SOD\�
NH\� UROH� LQ� *HRPDWLF� (QJLQHHULQJ� IRU� GHVLJQ�
LQJ�� FRQVWUXFWLQJ��PDQDJLQJ� DVVHWV��PRQLWRULQJ�
RI� WKH� FKDQJLQJ� HQYLURQPHQW�� SODQQLQJ� XUEDQ�
HQYLURQPHQWV�� PRQLWRULQJ� PDQ-PDGH� VWUXF�
WXUHV�� HWF�� �4XD\H-%DOODUG� HW� DO��� ����D��� (QG-
XVHU�DSSOLFDWLRQV�IURP�WKHVH�VWXGLHV�QHHG�WR�EH�
WHVWHG� EHIRUH� EHLQJ� UHOHDVHG� WR� WKH� ILQDO� XVHU��
7KH�'*(�KDV�IRXU�VHFWLRQV��QDPHO\��/DQG�6XU�
YH\LQJ� DQG� /DQG� 0DQDJHPHQW�� *HRGHV\� DQG�
(QJLQHHULQJ� 6XUYH\LQJ�� 3KRWRJUDPPHWU\� DQG�
5HPRWH� 6HQVLQJ�� DQG� *,6�� &DUWRJUDSK\� DQG�
,QIRUPDWLRQ� 7HFKQRORJ\� �,7��� 7KH� 'HSDUW�
PHQWDO�VWDII�DUH�/LFHQVHG�6XUYH\RUV�DQG�SURIHV�

4XD\H-%DOODUG�HW�DO� �� 

WKH� .1867� HQYLURQV� DUH� FRQWLQXDOO\� GHYHORS�
LQJ�FRPSXWHU�DSSOLFDWLRQV�IRU�XVHUV�LQ�DGGUHVV�
LQJ� VRFLHWDO� SUREOHPV�� DV� ZHOO� DV�� DXWRPDWLQJ�
DQG� FXVWRPL]LQJ� WKH� PDQXDO� SURFHVV� RI� GRLQJ�
WKLQJV��5HVHDUFKHUV�DQG�GHYHORSHUV�DUH�PRYLQJ�
DZD\� IURP� WKH� XVH� RI� FRPPHUFLDO� VRIWZDUH� WR�
FXVWRPL]HG� DQG� XVHU-IULHQGO\� DSSOLFDWLRQV�
�0XOIDUL�HW�DO���������6XJLDQWR�DQG�7RMLE��������
WR�VXLW�WKH�*KDQDLDQ�HFRQRP\��WKHUHE\�PD[LP�
L]LQJ�SURILW�� 
 
(QG� XVHU� DSSOLFDWLRQV� DUH� GHYHORSHG� GDLO\� DQG�
WKHVH�DSSOLFDWLRQV�DUH�PRVW�RIWHQ�QRW�VXEMHFWHG�
WR� XVDELOLW\� WHVWLQJ� DQG� HYDOXDWLRQ� ZLWK� UHDO�
XVHUV� �3D]� DQG�3RZ-6DQJ�� �������8VDELOLW\� UH�
IHUV�WR�WKH�SURFHGXUH�E\�HQJDJLQJ�LQGLYLGXDOV�DV�
WHVWLQJ� SDUWLFLSDQWV� RI� WKH� WDUJHW� DXGLHQFH� WR�
DVVHVV� WKH� GHJUHH� WR� ZKLFK� D� JHRVSDWLDO� DQG�
DOOLHG�FRPSXWHU�DSSOLFDWLRQ�PHHWV�VSHFL¿F�XVD�
ELOLW\� VWDQGDUGV� �'L[�HW� DO��� ������6KDUS� HW� DO���
������ 5XELQ� DQG� &KLVQHOO�� ������ +DNOD\� DQG�
6NDUODWLGRX�� ������� 7KXV�� 8VDELOLW\� (QJLQHHU�
LQJ� �8(�� QHHGV� WR� EH� DSSOLHG� IRU� WHVWLQJ� HQG-
XVHU�DSSOLFDWLRQV��4XD\H-%DOODUG�HW�DO�������E���
7KH�FRQFHSW�LV�PRUH�RI�+XPDQ�&RPSXWHU�,QWHU�
DFWLRQ��+&,���&U\VWDO�DQG�(OOLQJWRQ��������UHF�
RJQL]HG� WKH� PHWKRGV� DQG� OHYHOV� RI� DQDO\VLV� LQ�
+&,� 
 
7KH�UHVHDUFK�WKHUHIRUH�VHHNV�WR�GHYHORS�XVDELO�
LW\� ODERUDWRU\� IRU� WHVWLQJ� HQG� XVHU� DSSOLFDWLRQV�
EHIRUH�EHLQJ�UHOHDVHG�WR�WKH�ILQDO�XVHU��7KH�WHVW�
LQJ� SURFHGXUH� LV� WKH� 9HUEDO� 3URWRFRO� $QDO\VLV�
�93$��ZKHUH� H[SOLFLW� VWUXFWXUHG�TXHVWLRQQDLUH��
YLGHR� UHFRUGLQJ�� µWKLQN� DORXG¶� SURFHGXUH�� RQ�
VFUHHQ� FDSWXULQJ�� DQG� IRUPDWLYH� HYDOXDWLRQ� DUH�
XVHG� WR� GHWHUPLQH� WKH� VSDWLDO� FRJQLWLRQ� WDNLQJ�
SODFH� LQ� WKH�PLQGV� RI� XVHUV��0DQ\� UHVHDUFKHUV�
VXFK� DV� 4XD\H-%DOODUG� �������� 7RGKXQWHU�
��������4XD\H-%DOODUG�HW�DO�������D���$QZDU�HW�
DO����������$ULHO�HW�DO�����������7HQEULQN���������
HWF��HPSOR\HG�93$�LQ�DFTXLULQJ�FRJQLWLYH�SUR�
FHVV� WDNLQJ� SODFH� LQ� WKH�PLQGV� RI� XVHUV�� 7KXV��
93$� $UFKLYDO� 0DQDJHPHQW� 6\VWHP� �9$06��
DV� XVHG� E\� 4XD\H-%DOODUG� HW� DO�� �����D�� LV�
DGRSWHG� IRU� WKH� WHVWLQJ� SURFHGXUH� LQ� WKLV� UH�
VHDUFK�� $FFRUGLQJ� WR� 4XD\H-%DOODUG� HW� DO��
�����D���9$06�LV�ZLWKLQ�WKH�GLVFLSOLQH�RI�+&,�
LQ� (QJLQHHULQJ�� (QG� XVHU� DSSOLFDWLRQV� VXFK� DV�
SUREOHP-EDVHG� OHDUQLQJ� DSSOLFDWLRQV� IRU� GLV�
WDQFH�OHDUQLQJ��&RPSXWHU�6XSSRUWHG�&ROODERUD�
WLYH�/HDUQLQJ��&6&/��DSSOLFDWLRQV��GURXJKW�DQG�
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VLRQDO�PHPEHUV�DQG�IHOORZV�RI�WKH�*KDQD�,QVWL�
WXWLRQ� RI� 6XUYH\RUV� �*K,6�� DQG�*KDQD� ,QVWLWX�
WLRQ�RI�(QJLQHHUV��*K,(��� 
 
2UJDQL]DWLRQ�DQG�LQVWDOODWLRQV 
7KH�VHWXS�ZDV�IXQGHG�E\�WKH�%XLOGLQJ�6WURQJHU�
8QLYHUVLWLHV� ,,� �%68� ,,�� 3URMHFW� FRYHULQJ� RQH-
\HDU�GXUDWLRQ��7DEOH���VKRZV�WKH�PDWHULDOV�XVHG�
LQ�VHWWLQJ�XS�WKH�ODERUDWRU\� 
 
)RU� WKLV� UHVHDUFK�� WKH� PHWKRGRORJLFDO� PHFKD�
QLVP� LQ� DFTXLULQJ� XVHU� IHHGEDFN� E\� XVLQJ� WKH�
9$06� LV� DGRSWHG� IURP� 4XD\H-%DOODUG� HW� DO��
�����E� 
 
7KH�VHWXS 
$Q� RIILFH�� URRP� QXPEHU� ����� ORFDWHG� LQ� WKH�
%DPIR-.ZDN\H�%XLOGLQJ��&ROOHJH�RI�(QJLQHHU�
LQJ�ZDV� XVHG� WR�SLORW� WKH�SURMHFW��7KH� URRP� LV�
ZHOO�YHQWLODWHG�DQG�DYHUDJHO\�VRXQG�SURRIHG�IRU�
WKH�µ7KLQN¶�DORXG�SURFHGXUH��7KH�SODQ�YLHZ�RI�
WKH�SURSRVHG�8VDELOLW\�5HVHDUFK�/DERUDWRU\�IRU�
*HRVSDWLDO� DQG� $OOLHG� $SSOLFDWLRQV� VHWXS� LV�
VKRZQ�LQ�)LJ�����)RXU�&&79�FDPHUDV�ZLWK�GLI�
IHUHQW� IRFDO� OHQJWKV� KDYH� EHHQ� LQVWDOOHG� DW� WKH�
URRI�FRUQHUV�RI�WKH�RIILFH�WR�FDSWXUH�XVHU�DFWLRQV�
GXULQJ� WKH� ³WKLQN� DORXG´� SURFHVV� �)LJ�� ���� $Q�
HLJKW� SLQ� ,QWHUQHW� �7%� 3URWRFRO� �,3�� 'LJLWDO�
9LGHR�5HFRUGHU��'95��DQG�)+'�6DPVXQJ���´�
79� LQVWDOOHG� WR� UHFRUG� YLGHRV� IURP� WKH�&&79�
FDPHUDV��)LJ������ 
 
)LJV�� �D� DQG� �E� VKRZ� WKH� LQVWDOOHG� HLJKW� SLQ�
VZLWFK� ERDUG� IRU� WKH� &&79� DQG� WKH� 8QLQWHU�
UXSWHG�3RZHU�6XSSO\��836��UHVSHFWLYHO\��)LJV��
�D� DQG� �E� UHVSHFWLYHO\� VKRZ� WKH� ODSWRS� ZLWK�
ZHEFDP�DQG��7%�H[WHUQDO� KDUG�GLVN��$�PXOWL-
SXUSRVH� VRIWZDUH� ZDV� XVHG� IRU� FDSWXULQJ� XVHU�
DFWLRQV� DQG� YRLFH�LPDJH� UHFRUGLQJV� GXULQJ� WKH�
³WKLQN�DORXG´�SURFHVV�RQ�WKH�FRPSXWHU�WKDW�KDV�
EHHQ� LQVWDOOHG�� )LJ�� �� VKRZV� WKH� VHWXS� ZLWK� D�
VWXGHQW�WHVWLQJ�DQ�DSSOLFDWLRQ� 
 
',6&866,21 
*XLGHOLQHV�DUH�QHHGHG�IRU�WKH�H[HFXWLRQ�IRU�WKH�
WHVWLQJ� SURFHGXUH�� 7KDW� LV�� WKH� WHVW� VKRXOG� EH�
FRQGXFWHG�ZKHUH�WKHUH�DUH�QR�GLVWXUEDQFHV�IURP�
WKH� RXWVLGH� RI� WKH� WHVWLQJ� ODERUDWRU\�� 7KH� WHVW�
SDUWLFLSDQWV�VKRXOG�LQLWLDOO\�EH�LQWURGXFHG�WR�WKH�
REMHFWLYH� RI� WKH� WHVW� DW� WKH� WULDO� VHVVLRQ�� 7KLV�
VKRXOG�EH�SURFHHGHG�E\�H[SODQDWLRQV�RQ�KRZ�WR�
DFFRPSOLVK�WKH�WDVNV�DQG�KRZ�WR�UHVSRQG�WR�WKH� 

���������������8VDELOLW\�UHVHDUFK�ODERUDWRU\�IRU�JHRVSDWLDO�DQG�DOOLHG�DSSOLFDWLRQV���� �� 
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�� 4XD\H-%DOODUG�HW�DO� 

 

)LJ�����3ODQ�YLHZ�RI�WKH�9$06�SURFHGXUH��ZKHUH�WKH�DUURZV�LQGLFDWH�IORZ�RI�LQIRUPDWLRQ 

)LJ�� ���)RXU� LQVWDOOHG�&&79�FDPHUDV� �D��)URQW� OHIW� FRUQHU� FDPHUD�� �E��)URQW� ULJKW� FRUQHU�
FDPHUD���F��%DFN�OHIW�FRUQHU�FDPHUD��DQG��G��%DFN�ULJKW�FRUQHU�FDPHUD� 

 

�D� �E� 

�F� �G� 
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8VDELOLW\�UHVHDUFK�ODERUDWRU\�IRU�JHRVSDWLDO�DQG�DOOLHG�DSSOLFDWLRQV���� �� 

 

)LJ�����,QWHUQHW��7%�3URWRFRO��,3��'LJLWDO�9LGHR�5HFRUGHU��'95��DQG���´�79 

)LJ������D��,QVWDOOHG�HLJKW�SLQ�VZLWFK�ERDUG�IRU�WKH�&&79��DQG��E��8QLQWHUUXSWHG�3RZHU�6XS�
SO\��836� 

 

�D� �E� 

TXHVWLRQQDLUH�� 7HVW� SDUWLFLSDQWV�PXVW� EH� JLYHQ�
D�TXLFN�GHPRQVWUDWLRQ�RQ�KRZ� WKH� LQWHUIDFH�RI�
WKH� DSSOLFDWLRQ� ZRUNV�� WHVW� SDUWLFLSDQWV� PXVW�
WKHQ�EH�OHIW�DORQH�WR�DFFRPSOLVK�WKH�WHVW�ZKLOVW�
WLPHG��WHQ�WR� ILIWHHQ�PLQXWHV�FDQ�EH�DOORWWHG�WR� 

WKH� WHVWLQJ� VHVVLRQ�� WKH� WHVW� SDUWLFLSDQWV� PXVW�
SHUIRUP� WKH� WDVN�DQG�UHVSRQG� WR�TXHVWLRQQDLUH�
ZKLOVW�WKH\�µWKLQN�DORXG¶��WHQ�WR�ILIWHHQ�PLQXWHV�
FDQ�EH�DOORWWHG�WR�WKH�UHVSRQVH�WR�WKH�TXHVWLRQ�
QDLUH�ZKLOVW�µWKLQNLQJ�DORXG¶�LQ�RUGHU�WR�GHWHU- 



-RXUQDO�RI�6FLHQFH�DQG�7HFKQRORJ\����.1867��'HFHPEHU����� 

 

 

�� 4XD\H-%DOODUG�HW�DO� 

 

)LJ�����6HWXS�ZLWK�VWXGHQW�WHVWLQJ�DQ�DSSOLFDWLRQ� 

�D� �E� 

)LJ������D��/DSWRS�ZLWK�ZHEFDP��DQG��E���7%�H[WHUQDO�KDUG�GLVN� 
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8VDELOLW\�UHVHDUFK�ODERUDWRU\�IRU�JHRVSDWLDO�DQG�DOOLHG�DSSOLFDWLRQV���� �� 

 PLQH� WKH� VDWLVIDFWLRQ�� HIILFLHQF\� DQG� HIIHFWLYH�
QHVV� RI� WKH� JHRVSDWLDO� DQG� DOOLHG� FRPSXWHU� DS�
SOLFDWLRQ� 
 
%DVHG�RQ�WKH�DERYH��WKH�WHVW�VKRXOG�EH�FRQGXFW�
HG�DV�D�WULDO�DQG�WHVWLQJ�VHVVLRQV��7KH�WULDO�VHV�
VLRQ� VKRXOG� LQYROYH� DQ� LQWURGXFWLRQ� RI� WKH� DS�
SOLFDWLRQ�UHTXLUHG�IRU�WHVWLQJ��$W�WKLV�VWDJH��WHVW�
SDUWLFLSDQW�ZLOO�IDPLOLDUL]H�WKHPVHOYHV�ZLWK�WKH�
XVHU�LQWHUIDFH�EHIRUH�WHVWLQJ�WKH�DFWXDO�DSSOLFD�
WLRQ��7KH�WHVWLQJ�VHVVLRQ�VKRXOG�FRPSULVH�RI�SUH
-GHILQHG� WDVNV� WR� SHUIRUP� ZKLOVW� µWKLQNLQJ�
DORXG¶�� 7KLV� VKRXOG� WKHQ� EH� IROORZHG� E\� WKH�
TXHVWLRQQDLUH��7KH�TXHVWLRQQDLUH�FDQ�EH� WRWDOO\�
VWUXFWXUHG�TXHVWLRQV� WR�EH�DQVZHUHG�E\� WLFNLQJ�
D� FKRLFH� RQ� SDSHU� ZKLOVW� µWKLQN� DORXG¶� WR� H[�
SODLQ� WKH� FKRLFH� RI� DQVZHU�� 7KH� TXHVWLRQQDLUH�
FDQ�EH�VWUXFWXUHG�XQGHU�WKH�IROORZLQJ�KHDGLQJV��
����6DWLVIDFWLRQ�-� WKH�WRWDO�IXOILOPHQW�RI�D�QHHG��
4XHVWLRQV� VKRXOG� GHWHUPLQH� WKH� WHVW� SDUWLFL�
SDQWV¶� VDWLVIDFWLRQ�DIWHU� WKH� WDVN�� ����(IIHFWLYH�
QHVV� -� WKH� GHJUHH� WR� ZKLFK� REMHFWLYHV� DUH� DW�
WDLQHG��(IIHFWLYHQHVV�LV�XVHG�WR�ILQG�HDV\-RI-XVH�
RI� WKH� JHRVSDWLDO� DQG� DOOLHG� FRPSXWHU� DSSOLFD�
WLRQ�� DQG� ����(IILFLHQF\� -� WKH� PHQWDO� HIIRUW� LQ�
DWWDLQLQJ� WKH� JRDOV�� 4XHVWLRQV� IRU� GHWHUPLQLQJ�
HIILFLHQF\� PXVW� EH� IRXQG� RXW� �DQG� HVSHFLDOO\��
ZKHWKHU�RU�QRW�WKH�DSSOLFDWLRQ�LQYROYHV�WLPH� 
 
6800$5< 
$� QRYHO� XVDELOLW\� WHVWLQJ� ODERUDWRU\� LV� GHYHO�
RSHG� WR� UHWULHYH� WKH� VSDWLDO� FRJQLWLRQ� WDNLQJ�
SODFH�LQ�WKH�PLQGV�RI�XVHUV�LQ�RUGHU�WR�FRPH�RXW�
ZLWK�DQ�HIILFLHQW��HIIHFWLYH�DQG�VDWLVIDFWRU\�XVHU
-IULHQGO\� DSSOLFDWLRQ� EHIRUH� LWV� UHOHDVH� WR� WKH�
ILQDO�XVHU��7KH�ODERUDWRU\�SURYLGHV�WKH�LPSHWXV�
IRU� LPSURYHPHQW� LQ� WKH� ZD\� HQJLQHHUV� DQG�
JUDGXDWHV� FRQGXFW� UHVHDUFK��7KH� ILQGLQJV� IURP�
WKLV� SURMHFW� FRQWULEXWHV� WR� WKH� XQGHUVWDQGLQJ�
DQG� H[SORUDWLRQ�RI� DOWHUQDWLYHV�RI� HQG�XVHU� DS�
SOLFDWLRQV�� 7KH� GHYHORSHG� XVDELOLW\� WHVWLQJ� OD�
ERUDWRU\� SURYLGHV� DFDGHPLFLDQV� ZLWK� ZLGH� UH�
VHDUFK� VFRSH� E\� VXEMHFWLQJ� HQG� XVHU� DSSOLFD�
WLRQV�IRU�WHVWLQJ��,Q�RWKHU�ZRUGV��D�UHVHDUFK�DYH�
QXH�LV�RSHQHG�IRU�D�OHDUQLQJ�SURFHVV�LQ�LGHQWLI\�
LQJ� WKH� FRJQLWLYH� SURFHVV� WDNLQJ� SODFH� LQ� WKH�
PLQGV� RI� XVHUV�� 7KH� VHWXS�ODERUDWRU\� LV� HQYLV�
DJHG� WR� ZLGHQ� UHVHDUFK� ILQGLQJV� RQ� *8,� GH�
VLJQHG� DSSOLFDWLRQV� RQ� .1867� FDPSXV� DQG�
*KDQD�DV�ZKROH��,Q�DGGLWLRQ��SRWHQWLDO�DSSOLFD�
WLRQ� GHYHORSHUV� LQ� *KDQD� ZLOO� KDYH� DQ� DG�
YDQWDJH�RI�WHVWLQJ�WKHLU�DSSOLFDWLRQV�EHIRUH�LW�LV� 

UHOHDVHG� WR� ILQDO� XVHU�� 7KLV� ZLOO� HQULFK� WKHLU�
SURGXFW�� HQKDQFH� WKHLU� FRQILGHQFH�RI� VXUYLYLQJ�
LQ�WKH�PDUNHW�DV�ZHOO�DV�PD[LPL]LQJ�SURILW� 
 
$&.12:/('*(0(176 
7KLV� ZRUN� ZDV� IXOO\� VXSSRUWHG� E\� %XLOGLQJ�
6WURQJHU� 8QLYHUVLWLHV� ,,� �%68� ,,�� 3URMHFW��
.ZDPH� 1NUXPDK� 8QLYHUVLW\� RI� 6FLHQFH� DQG�
7HFKQRORJ\��.1867���.XPDVL��*KDQD� 
 
5()(5(1&(6 
$QZDU�� 5��� $ELGLQ�� 6�� =�� DQG� +DVVDQ�� 2�� +��
�������� $� IUDPHZRUN� RI� HPSLULFDO� VWXG\�
WKURXJK�GHVLJQ�SUDFWLFH�IRU�LQGXVWULDO�FHUDPLF�
VDQLWDU\�ZDUH�GHVLJQ�� ,QWHUQDWLRQDO�&ROORTXL�
XP�RI�$UW�DQG�'HVLJQ�(GXFDWLRQ�5HVHDUFK��L-
&$'(5� ������� 6SULQJHU� 6LQJDSRUH�� ���–
���� 

 
$ULHO��%���6XWKHUODQG��$���+HQVWRFN��'���<RXQJ��
-��� 'URYHU�� 3��� 6\NHV�� -��� 0HJLFNV�� 6�� DQG�
+HQGHUVRQ�� 5�� �������� 5HSRUW�� LQFUHDVHV� LQ�
SROLFH� XVH� RI� IRUFH� LQ� WKH� SUHVHQFH� RI� ERG\-
ZRUQ� FDPHUDV� DUH� GULYHQ� E\� RIILFHU� GLVFUH�
WLRQ�� D� SURWRFRO-EDVHG� VXEJURXS� DQDO\VLV� RI�
WHQ� UDQGRPL]HG� H[SHULPHQWV�� -RXUQDO� RI� ([�
SHULPHQWDO� &ULPLQRORJ\�� 6SULQJHU�� �������
���–���� 

 
&U\VWDO��$��DQG�(OOLQJWRQ��%����������7DVN�DQDO�
\VLV� DQG� KXPDQ-FRPSXWHU� LQWHUDFWLRQ�� DS�
SURDFKHV�� WHFKQLTXHV�� DQG� OHYHOV� RI� DQDO\VLV��
$0&,6������3URFHHGLQJV��������–�� 

 
'L[�� $��� )LQOH\�� -��� $ERZG�� *�� DQG� %HDOH�� 5��
�������� +XPDQ-&RPSXWHU� ,QWHUDFWLRQ�� �UG�
(GLWLRQ��3UHQWLFH-+DOO��,QF� 

 
+DNOD\��0��0��DQG�6NDUODWLGRX��$����������+X�
PDQ-&RPSXWHU� ,QWHUDFWLRQ� DQG� *HRVSDWLDO�
7HFKQRORJLHV� –� &RQWH[W�� ,Q� +DNOD\�� 0�� 0��
�HG���� ,QWHUDFWLQJ� ZLWK� *HRVSDWLDO� 7HFKQROR�
JLHV�� �VW� (GLWLRQ�� 8.�� -RKQ� :LOH\� 	� 6RQV�
,QF����–��� 

 
0XOIDUL��'���&HOHVWL��$��DQG�9LOODUL��0����������
$� FRPSXWHU� V\VWHP� DUFKLWHFWXUH� SURYLGLQJ� D�
XVHU-IULHQGO\� PDQ� PDFKLQH� LQWHUIDFH� IRU� DF�
FHVVLQJ�DVVLVWLYH�WHFKQRORJ\�LQ�FORXG�FRPSX�
WLQJ��-RXUQDO�RI�6\VWHPV�DQG�6RIWZDUH��(OVH�
YLHU����������–���� 
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4XD\H-%DOODUG�HW�DO� �� 

3D]��)��DQG�3RZ-6DQJ��-��$����������$�V\VWHP�
DWLF� PDSSLQJ� UHYLHZ� RI� XVDELOLW\� HYDOXDWLRQ�
PHWKRGV� IRU� VRIWZDUH� GHYHORSPHQW� SURFHVV��
,QWHUQDWLRQDO� -RXUQDO� RI� 6RIWZDUH� (QJLQHHU�
LQJ�DQG�,WV�$SSOLFDWLRQV������������–���� 

 
3UHHFH��-��5���6KDUS��-���%HQ\RQ��+���+ROODQG��'��
DQG� &DUH\�� +�� 7�� �������� +XPDQ-&RPSXWHU�
,QWHUDFWLRQ��+DUORZ��$GGLVRQ-:HVOH\� 

 
4XD\H-%DOODUG��-��$����������8VDELOLW\�7HVWLQJ��
8VLQJ� ³7KLQN� $ORXG´� 0HWKRG� LQ� 7HVWLQJ�
&DUWRJUDSKLF�3URGXFW��-RXUQDO�RI�6FLHQFH�DQG�
7HFKQRORJ\�� ������� ���–����� GRL��
G[�GRL�RUJ���������MXVW�Y��L�������� 

 
4XD\H-%DOODUG�� -��$���$Q��5���$QGDP-$NRUIXO��
6��$��DQG�4XD\H-%DOODUG��1��/�������D���5ROH�
RI�*HRLQIRUPDWLFV� IRU�*KDQD�RLO� DQG�JDV� LQ�
GXVWU\�� ,QWHUQDWLRQDO� -RXUQDO� RQ� 5HFHQW� DQG�
,QQRYDWLRQ� 7UHQGV� LQ� &RPSXWLQJ� DQG� &RP�
PXQLFDWLRQ�� ������ ���–����� $YDLODEOH� DW��
KWWS���LMULWFF�RUJ�,-5,7&&� 9ROB�� ,VVXHB��
5ROH�RI�*HRLQIRUPDWLFV�IRU�*KDQD�RLO�DQG�JDV�
LQGXVWU\�SGI� 

 
4XD\H-%DOODUG�� -�� $��� $Q�� 5��� 5XDQ�� 5�� DQG�
$NRUIXO-$QGDP�� 6�� $�� �����E��� ([SORULQJ�
*HRVSDWLDO� GDWD� WKURXJK� 9HUEDO� 3URWRFRO�
$QDO\VLV��93$���$�FDVH�VWXG\�DW�+RKDL�8QL�
YHUVLW\��&KLQD���,QWHUQDWLRQDO�-RXUQDO�RI�(QJL�
QHHULQJ�(GXFDWLRQ������������–���� 

 
 
 

5XELQ��-��DQG�&KLVQHOO��'����������+DQGERRN�RI�
8VDELOLW\�7HVWLQJ��+RZ� WR�3ODQ��'HVLJQ��DQG�
&RQGXFW�(IIHFWLYH�7HVWV��-RKQ�:LOH\�	�6RQV��
&DQDGD� 

 
6KDUS�� +��� 5RJHUV�� <�� DQG� 3UHHFH�� -�� ��������
,QWHUDFWLRQ� GHVLJQ�� EH\RQG� KXPDQ-FRPSXWHU�
LQWHUDFWLRQ���QG�(GLWLRQ��1HZ�<RUN��1<��-RKQ�
:LOH\�	�6RQV�,QF� 

 
6KHNKDU��6���)HLQHU��6��DQG�$UHI��:��*����������
)URP�*36�DQG�YLUWXDO�JOREHV�WR�VSDWLDO�FRP�
SXWLQJ-������ *HR,QIRUPDWLFD�� 6SULQJHU�� ��
��������–���� 

 
6XJLDQWR��/�-)��DQG�7RMLE��'��5����������0RGHO�
OLQJ� XVHU� VDWLVIDFWLRQ�ZLWK� DQ� HPSOR\HH� SRU�
WDO�� ,QWHUQDWLRQDO� -RXUQDO� RI� %XVLQHVV� DQG�
,QIRUPDWLRQ������� 

 
7HQEULQN��7����������&RJQLWLYH�GLVFRXUVH�DQDO\�
VLV�� $FFHVVLQJ� FRJQLWLYH� UHSUHVHQWDWLRQV� DQG�
SURFHVVHV� WKURXJK� ODQJXDJH� GDWD�� /DQJXDJH�
DQG� &RJQLWLRQ�� &DPEULGJH�8QLYHUVLW\� 3UHVV��
��������–���� 

 
7RGKXQWHU�� )�� �������� 8VLQJ� FRQFXUUHQW� WKLQN-
DORXG� DQG� SURWRFRO� DQDO\VLV� WR� H[SORUH� VWX�
GHQW�QXUVHV¶�VRFLDO�OHDUQLQJ�LQIRUPDWLRQ�FRP�
PXQLFDWLRQ� WHFKQRORJ\� NQRZOHGJH� DQG� VNLOO�
GHYHORSPHQW�� 1XUVH� HGXFDWLRQ� WRGD\�� (OVH�
YLHU������������–���� 


