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0LG�<HDU� ����� 7KH� 5HSXEOLF� RI� ,QGRQHVLD� 3ROLFH� SXEOLVKHV� LQQRYDWLRQ� RI� H�WLODQJ WHFKQRORJ\�
(�WLODQJ� LV� D�PRELOH� DSS� RQOLQH� E\� WUDIILF� SROLFH� WR� WDNH� DFWLRQ� DJDLQVW� WUDIILF� RIIHQGHUV� RQ� WKH�
KLJKZD\��(�WLODQJ�DLPV�WR�LPSURYH�VHUYLFH�WR�WKH�SXEOLF�DQG�FXW�ILQHV�IRU�DEXVH�RI�WUDIILF�YLRODWLRQV��
7KLV�UHVHDUFK�IDFWRU�LQIOXHQFHV�DFFHSWDQFH�DQG�XVH�RI�H�WLODQJ�E\�XVLQJ�87$87�PRGHO��7KLV�UHVHDUFK�
FRQGXFWHG� LQ� %HQJNXOX� DUHD� ZLWK� ���� WUDIILF� SROLFH�� 7KLV� VWXG\� DQDO\]HG� GDWD� XVLQJ� VWUXFWXUDO�
HTXDWLRQ�PRGHOLQJ�WHFKQLTXHV��6(0��DQG�ZLWK�WKH�KHOS�RI�$PRV����VRIWZDUH��7KH�UHVXOWV�VKRZ�WKDW�
SHUIRUPDQFH�H[SHFWDQF\��(IIRUW�H[SHFWDQF\��DQG�VRFLDO�LQIOXHQFH�KDYH�D�YDOXH�RI�S�� ������:KLFK�
PHDQV�WKDW�WKH�YDULDEOH�KDV�D�SRVLWLYH�HIIHFW�RQ�WKH�XVH�RI�H�WLODQJ��)DFLOLWDWLQJ�&RQGLWLRQ�KDV�QR�
VLJQLILFDQW�HIIHFW�RQ LQWHQWLRQ XVLQJ�H�WLODQJ EHFDXVH�LW�KDV�D�YDOXH�RI�S !�������7KH�UHVXOWV�RI�WKLV�
VWXG\�DUH�LPSRUWDQW�VWHSV�WR�LPSURYH�H�WLODQJ VHUYLFHV�

.H\ZRUGV��(�WLODQJ��,QIRUPDWLRQ�6\VWHP��,QQRYDWLRQ�7HFKQRORJ\��8QLILHG�7KHRU\�$FFHSWDQFH�
DQG�8VH�RI�7HFKQRORJ\��87$87��
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&XUUHQWO\� LQIRUPDWLRQ�WHFKQRORJ\�LV�JURZLQJ�UDSLGO\�LQ�JRYHUQPHQW� 7KLV�LV�SDUWLFXODUO\�LPSRUWDQW�JLYHQ�WKH�
SRWHQWLDO�WR�LPSURYH�VHUYLFHV��FXW FRVWV�DQG�DFFHVVLELOLW\�WR�FLWL]HQV�>��@��(�JRYHUQPHQW�SURYLGHV�FHUWDLQ�EHQHILWV�
RI� VRFLHW\� WUDQVSDUHQF\� LQ� JRYHUQPHQW� SURFHVVHV�� FRVW� DQG� WLPH� VDYLQJV� WKURXJK� HIILFLHQW� VHUYLFHV�� (�
JRYHUQPHQW� IRU� JRYHUQPHQW� KHOSV� VLPSOLI\� SURFHGXUHV�� LPSURYH� RIILFH� PDQDJHPHQW� DQG� FUHDWH� HIIHFWLYH�
JRYHUQPHQW�UHJXODWLRQV�>��@�>��@��,Q�PLG�������WKH�6WDWH�3ROLFH�RI�WKH�5HSXEOLF�RI�,QGRQHVLD�LVVXHG�H�WLODQJ�
LQQRYDWLRQ�WHFKQRORJ\��(�WLODQJ LV�DQ�RQOLQH�DSSOLFDWLRQ�XVHG�E\�WUDIILF�SROLFH��(�WLODQJ�DLPV�WR�LPSURYH�VHUYLFH�
WR� WKH SXEOLF� DQG� FXW� WKH� PLVXVH� RI� SD\PHQW� RI� ILQHV� WR� WUDIILF� SROLFH� RQ� WKH� KLJKZD\�� 7UDIILF� SROLFH� DUH�
UHVSRQVLEOH� IRU� HQVXULQJ� WKDW� YHKLFOH�GULYHUV� FRPSO\�ZLWK� WUDIILF� UHJXODWLRQV� >��@� >��@��(�WLODQJ� UHIOHFWV� WKH�
VWUDWHJ\�RI�WKH�WUDIILF�SROLFH�LQ�GHOLYHULQJ�LQIRUPDWLRQ�DQG�FRPPXQLFDWLRQV�WR�WKH�SXEOLF��7KLV�LV�LQ�OLQH�ZLWK�
/LQGVD\�HW�DO�VWXG\��ZKLFK�LGHQWLILHV�WKDW�����RI�LQIRUPDWLRQ�WHFKQRORJ\�KDV�D�PDMRU�LPSDFW�RQ�SROLFH�ZRUN�
DQG�HQKDQFHG�SROLFH�DELOLW\�WR�VROYH�SUREOHPV�>��@�

8QLILHG�7KHRU\�$FFHSWDQFH�DQG�8VH�RI�7HFKQRORJ\��87$87��E\ 9HQNDWHVK HW�DO���LV�D�PRGHO�GHYHORSHG�LQ�
WKH�ILHOG�RI�DFFHSWDQFH�DQG�XVH�RI�WHFKQRORJ\��7KLV 87$87 PRGHO�GHVFULEHV�LQWHQG�WKH�XVHU�LQ�XVLQJ�WKH�V\VWHP�
LQIRUPDWLRQ� DQG� EHKDYLRU� RI� LWV� XVHUV�� SHUIRUPDQFH� H[SHFWDQF\�� HIIRUW� H[SHFWDQF\�� VRFLDO� LQIOXHQFH�� DQG�
IDFLOLWDWLQJ�FRQGLWLRQV�KDYH�D�GLUHFW�LQIOXHQFH�RQ�EHKDYLRU�LQWHQWLRQ�LQ 87$87��7KHVH�IRXU�FRQVWUXFWV�XVHG�WR�
PHDVXUH�IURP�H�*RYHUQPHQW�VHUYLFHV�DW�SUHVHQW��7KH�OLQNDJH�EHWZHHQ�WKH�PDLQ�FRQVWUXFWV�DW 87$87 VKRZV�D�
KLJK�VLJQLILFDQFH�RI�WHFKQRORJ\�DFFHSWDQFH >�@��%DVHG�RQ�WKH�DERYH�FRQFOXVLRQV��WKH�UHVHDUFKHU�ZLOO LGHQWLI\ WKH�
IDFWRUV�WKDW�LQIOXHQFH�WKH�DFFHSWDQFH�DQG�XVH�RI H�WLODQJ RQ�WUDIILF�SROLFH�XVLQJ 87$87 PHWKRG��7KLV�UHVHDUFK�
ZLOO� EH� XVHIXO� IRU� GHYHORSLQJ DGGLWLRQDO OLWHUDWXUH� EDVHG� RQ� FXUUHQW� FRQFHSWXDO� GDWD� DQG� IXWXUH� UHVHDUFK� LQ�



,QGRQHVLD�DQG� LWV� WHUULWRU\��7KH�ILQGLQJV�RI� WKLV� UHVHDUFK FDQ�EH D�FRQVLGHUDWLRQ�DQG VXEVHTXHQW SROLF\ LQ� WKH�
GHYHORSPHQW�RI LQIRUPDWLRQ�DQG�FRPPXQLFDWLRQ�WHFKQRORJ\�VHUYLFHV�LQ�WKH�ILHOG�RI�3ROLFH�
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87$87 UHVHDUFK� E\ 9HQNDWHVK ������� LV� D� UHVHDUFK� PRGHO� RQ� WKH� DFFHSWDQFH� DQG� XVH� RI� LQIRUPDWLRQ�
WHFKQRORJ\� >�@��$FFRUGLQJ� WR $OVKHKUL�� KLV� UHVHDUFK� LQYHVWLJDWHV SRVVLEOH 87$87 IRU� WKH� XVH� RI� WHFKQRORJ\�
UHFHLYHG� LQ� JRYHUQPHQW� >��@�� 7KH� ILQGLQJV ZULWH� GRZQ WKDW 87$87 LV� HOLJLEOH� IRU� XVH� WR� H[SODLQ DFFHSW H�
JRYHUQPHQW�� ,QFUHDVLQJ� WKH�DFFHSWDQFH�DQG�XVH�RI�H�JRYHUQPHQW�HVSHFLDOO\� LQ� WKH�VHUYLFH� WR� WKH�FRPPXQLW\�
PDNHV�WKH�VHUYLFH�HDVLHU�DQG�IDVWHU��,QIRUPDWLRQ�WHFKQRORJ\ HIIHFW DELOLW\ SROLFH�WR�VROYH�SUREOHPV�>��@��7KHVH�
ILQGLQJV�VXJJHVW�WKDW�WKH�XVH�RI�QHZ�WHFKQRORJLHV�FDQ�LPSURYH�SHUIRUPDQFH�>�@��7KLV�VXJJHVWV�WKDW�WKH�LQWHQWLRQ�
WR�XVH� KDV� D� SRVLWLYH� HIIHFW� RQ� WKH� UDWH� RI� WHFKQRORJ\� DGRSWLRQ��/DX�� H[SODLQV� WKDW� SHUIRUPDQFH� H[SHFWDQF\�
JUHDWO\�LQIOXHQFHV�EHKDYLRUDO�LQWHQWLRQV�WR�XVH�WHFKQRORJ\�>�@��(IIRUW�H[SHFWDQF\�H[SODLQV�WKH�HDVH�RI�VHUYLFH�LQ�
H�JRYHUQPHQW�� (IIRUW� H[SHFWDQF\� DIIHFWV� EHKDYLRUDO� LQWHQWLRQV� WR� XVH� WHFKQRORJ\� >�@�� 6RFLDO� LQIOXHQFHV� FDQ�
HDVLO\� LQIOXHQFH�HDFK�RWKHU��)DFLOLWDWLQJ�FRQGLWLRQV� WKDW� LOOXVWUDWH� WKH�H[WHQW� WR�ZKLFK� WKH�RUJDQL]DWLRQDO�DQG�
WHFKQLFDO�LQIUDVWUXFWXUH�VXSSRUW�WKH�XVH�RI�WKH�V\VWHP��WKLV�LV�OLNH HDUOLHU VWXGLHV�>��@�>��@�
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8QLILHG�7KHRU\�$FFHSWDQFH�DQG�8VH�RI�7HFKQRORJ\��87$87��LV�D�UHVHDUFK�PRGHO�DGRSWHG�IURP�9HQNDWHVK�
������� >�@�� 87$87� LV� DERXW� DFFHSWDQFH� LQIRUPDWLRQ� WHFKQRORJ\�� 7KLV� PHWKRG� LV� FRPSRVLWH� RI� 7KHRU\� RI�
5HDVRQHG�$FWLRQ��75$��>��@��3ODQQHG�%HKDYLRU�7KHRU\��73%��>�@��7HFKQRORJ\�$FFHSWDQFH�0RGHO��7$0��>�@��
([WHQVLRQ�RI�WKH�7HFKQRORJ\�$FFHSWDQFH�0RGHO��7$0���>��@��'LIIXVLRQ�RI�,QQRYDWLRQ�0RGHO��'2,��>�@��7KH�
VWUHQJWK�RI�WKLV�PRGHO�LV�ZLGHO\�XVHG�LQ�YDULRXV�VWXGLHV�DQG�DSSOLHV�LW�H[WHQVLYHO\�WR�YDULRXV�WHFKQRORJLHV�>��@��
7KH�87$87�PRGHO�FRQVLVWV� RI�SHUIRUPDQFH�H[SHFWDQF\�H[SHFWDWLRQV��ZRUN�H[SHFWDWLRQV�� VRFLDO� LQIOXHQFHV��
IDFLOLWDWLRQ�FRQGLWLRQV�DQG�EHKDYLRUDO� LQWHQWLRQV�WKDW�SOD\�DQ�LPSRUWDQW�UROH�DV�D�GLUHFW�GHWHUPLQDQW�RI�XVDJH�
EHKDYLRU�>�@�>��@��87$87�PRGHO�DV�VKRZQ�LQ�)LJ� ��

)LJ� � 87$87�0RGHO�>�@�



$Q� LQVLJKW� LQWR� HVWDEOLVKHG� UHVHDUFK� VXJJHVWV� WKDW� WKH�PRGHO� KDV�EHHQ� HPSLULFDOO\� WHVWHG� IRU� VWXGLHV�RI� H�
JRYHUQPHQW� DGRSWLRQ� SULPDULO\� LQ� JRYHUQPHQW� �*�%��� (PSLULFDOO\� WKLV� VWXG\� LV� WKH� PRVW� ZLGHO\� XVHG� DQG�
DSSOLHG� DGRSWLRQ� DQG� DFFHSWDQFH�PRGHO�� SURYLGLQJ� XVHIXO� LQVLJKWV� DQG� LPSOLFDWLRQV� IRU� XQGHUVWDQGLQJ� RQH
V�
LQWHQWLRQV� LQ� XVLQJ� H�JRYHUQPHQW� VHUYLFHV� >��@�� 7KLV� UHVHDUFK� XVHV� IRXU� 87$87� FRQVWUXFWLRQV� WKDW� DUH�
SHUIRUPDQFH�H[SHFWDQF\��HIIRUW�H[SHFWDQF\�� VRFLDO� LQIOXHQFH��DQG�IDFLOLWDWLQJ�FRQGLWLRQV�KDYLQJ� WKH�HIIHFW�RI�
LQWHQWLRQ�WR�XVH�

6RPH� HDUOLHU� VWXGLHV� XVHG 87$87 >��@� >��@�� 7KHUH� DUH� WKUHH� FRQVWUXFWV� GHILQHG� DV� D� GLUHFW� GHWHUPLQDQW�
RI LQWHQWLRQ EHKDYLQJ� LQ 87$87�� QDPHO\� SHUIRUPDQFH� H[SHFWDQF\�� HIIRUW� H[SHFWDQF\� DQG� VRFLDO� LQIOXHQFHV��
XVHG� WR� PHDVXUH� WKH� FXUUHQW� H�JRYHUQPHQW� VHUYLFH� H[SHULHQFH� E\� XVHUV�� 7KH� IRXUWK�
FRQVWUXFW� FRQGLWLRQ IDFLOLWDWLRQ�� LV� D� GLUHFW� GHWHUPLQDQW� RI� WKH� XVH� DQG� DGRSWLRQ� EHKDYLRU� RI� H�JRYHUQPHQW�
VHUYLFHV��%DVHG�RQ�WKH 87$87 PRGHO�� LW FDQ HVWLPDWH�WKDW� WKLV�NH\ IDFWRU LQIOXHQFHV WKH�DGRSWLRQ�RI H�WLODQJ��
7KH� OLQNDJHV� EHWZHHQ� PDMRU� FRQVWUXFWV� DW 87$87 KDYH� GHPRQVWUDWHG� D� KLJK� VLJQLILFDQFH� RI� WHFKQRORJ\�
DFFHSWDQFH�DQG KDYH�EHHQ�VKRZQ WR FRQVLVWHQW�ZLWK�PDQ\�VWXGLHV�>��@�>��@�

7KH�FRUH�FRQVWUXFWLRQ�RI 87$87 LV�FORVHO\�UHODWHG�WR�WKH�FRQWH[W�RI�WKLV�VWXG\��3HUIRUPDQFH�H[SHFWDQF\�LV�
RQH�RI 87$87
V FRQVWUXFWLRQ��SHUIRUPDQFH�H[SHFWDQF\�H[SODLQV�KRZ�PXFK�RQH�EHOLHYHV�WKDW�XVLQJ�D�V\VWHP�
FDQ� KHOS� WKH� MRE� WR� JHW� WKH� GHVLUHG� UHVXOWV� >�@�� 7KLV� SHUIRUPDQFH� H[SHFWDQF\� FRQVWUXFW GHULYHV IURP WKH�
FRPELQDWLRQ WKH�FRQFHSW�RI�EHQHILW�SHUFHSWLRQ��7$0�� 7$0� DQG�&�7$0�7$%���H[WULQVLF PRWLYDWLRQ �00���
RFFXSDWLRQDO� FRQIRUPDQFH� �03&8��� UHODWLYH� SURILW� �,'7��� DQG� H[SHFWHG� RXWFRPHV� �6&7��� 3HUIRUPDQFH�
H[SHFWDQF\�PDNHV�LW�SRVVLEOH WR�JHW�DFFHVV�WR LQIRUPDWLRQ�TXLFNO\�DQG�FRQYHQLHQWO\��SHUIRUPDQFH�H[SHFWDQF\�
JUHDWO\�DIIHFWV�WKH�XVHU
V�LQWHQWLRQV�>�@��7KH�K\SRWKHVHV�VXPPDUL]HG DV�IROORZV�
+���3HUIRUPDQFH�([SHFWDQF\�ZLOO�KDYH�D�SRVLWLYH�HIIHFW�RQ�EHKDYLRUDO�LQWHQWLRQ�WR�XVH H�WLODQJ VHUYLFH�

(IIRUW� H[SHFWDQF\�GHVFULEHV� WKH� OHYHO�RI�HDVH�RI� XVLQJ� WKH� V\VWHP��(IIRUW� H[SHFWDQF\� LV FRPELQDWLRQ 7$0�
� 7$0� DQG 03&8 PHWKRGV�� (IIRUW� ([SHFWDQF\� H[SODLQV� WKH� HDVH� RI� VHUYLFH H�WLODQJ�� KRZ� XVHUV� LQWHUDFW�
ZLWK WKH� XVHU� LQWHUIDFH��7KLV� FRQVWUXFW� LV� OLNH HDUOLHU UHVHDUFK� WKDW� EXVLQHVV� H[SHFWDWLRQV� LQIOXHQFH� WKH� XVHU
V�
DWWLWXGH�WR�XVDJH�>��@��7KH�K\SRWKHVHV VXPPDUL]HG DV�IROORZV�
+���(IIRUW�([SHFWDQF\�KDV�D�SRVLWLYH�HIIHFW�RQ�EHKDYLRUDO�LQWHQWLRQ�WR�XVH H�WLODQJ VHUYLFH�

7KH�6RFLDO�(IIHFW�LV�WKH 87$87 FRQVWUXFW�WKDW�H[SODLQV�KRZ�PXFK�RQH�EHOLHYHV�WKDW�XVLQJ�D�QHZ�V\VWHP�FDQ�
ORZHU�WKH�HIIRUW�LQ�ZRUN�>�@��7KLV�FRQVWUXFW�GHVFULEHV�WKH�SHUVRQ
V�HDVH�RU�HQYLURQPHQW�WR�LQIOXHQFH�HDFK�RWKHU��
7KH�K\SRWKHVHV VXPPDUL]HG DV�IROORZV�
+���6RFLDO�,QIOXHQFH�KDV�D�SRVLWLYH�LQIOXHQFH�RQ�EHKDYLRUDO�LQWHQW�WR�XVH H�WLODQJ VHUYLFH

)DFLOLWDWLQJ� FRQGLWLRQV� LV� KRZ� PXFK� RQH� EHOLHYHV� WKDW H[LVWHQFH D� JRRG� RUJDQL]DWLRQDO� DQG� WHFKQLFDO�
LQIUDVWUXFWXUH��FDQ�VXSSRUW�WKH�XVH�RI�WKH�V\VWHP�>�@��)DFLOLWDWLQJ�FRQGLWLRQV�LV�D�YHU\�LPSRUWDQW�VHUYLFH�WR�WKH�
RUJDQL]DWLRQ��7KH�K\SRWKHVHV VXPPDUL]HG DV�IROORZV�
+���)DFLOLWDWLQJ�&RQGLWLRQV�KDV�D�SRVLWLYH�LQIOXHQFH�RQ�EHKDYLRUDO�LQWHQWLRQV�WR�XVH�H�WLODQJ�VHUYLFHV�
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&DVH�VWXGLHV�LQ�WKLV�UHVHDUFK�DUH�WUDIILF�SROLFH�LQ�%HQJNXOX�DUHD��7KH�QXPEHU�RI�WUDIILF�SROLFH�UHVSRQGHQWV�LV�
����SHRSOH��7KH�VXUYH\�FRQGXFW�XVLQJ�D�TXHVWLRQQDLUH�JLYHQ�WR�DOO�WUDIILF�SROLFH��4XHVWLRQQDLUHV�GLVWULEXWH�RYHU�
VLPSOH�UDQGRP�VDPSOLQJ�WHFKQLTXHV�EDVHG�RQ�HDUOLHU�UHVHDUFK�UHIHUHQFH�>�@��'HWHUPLQDWLRQ�RI�WKH�QXPEHU�RI�
UHVSRQGHQWV�UHIHUV WR�HDUOLHU�VWXGLHV�>�@�DQG�EDVH�RQ�0F&DOOXP�HW�DO�>��@��$QRWKHU�FRQVLGHUDWLRQ�LV�WKDW�LQ�6(0��
D�VDPSOH�VL]H�RI���������IRU�VDPSOH�VL]H�GHWHUPLQDWLRQ�

'DWD FROOHFWHG XVLQJ� D� TXHVWLRQQDLUH� GHVLJQHG� LQ� WZR�SDUWV�� WKH� ILUVW� SDUW� GHVLJQHG� WR� FROOHFW� GHPRJUDSKLF�
LQIRUPDWLRQ��7KH� VHFRQG�SDUW�RI� WKH�FRQWHQWV�RI� WKH�TXHVWLRQQDLUH�EDVHG�RQ� WKH� ILYH�SRLQW�/LNHUW VFDOH��)LYH�
SRLQWV�RI�/LNHUW VFDOH�UDQJHG�IURP���WR���HDFK�VWURQJO\�DJUHHV��DJUHH��QHXWUDO��GLVDJUHH�DQG�VWURQJO\�GLVDJUHH��



$�WRWDO�RI�����TXHVWLRQQDLUHV GLVWULEXWHG DQG�����UHWXUQHG��ZLWK�D�UHVSRQVH�UDWH�RI���������,Q�WKLV�VWXG\��WKH�
UHVHDUFKHUV�XVHG�WKH�6WUXFWXUDO�(TXDWLRQ�0RGHOLQJ��6(0��DSSURDFK�WR�WHVW�GDWD�DQG�ZLWK�WKH�KHOS�RI $026 ���
VRIWZDUH��6(0�WHFKQLTXHV�DOORZHG�UHVHDUFKHUV�WR FKHFN WKH�FRQVWUXFWLRQ�PRGHO�DQG�WR�HVWLPDWH�WKH�VWUXFWXUDO�
UHODWLRQVKLS� EHWZHHQ� ODWHQW� YDULDEOHV� VLPXOWDQHRXVO\� >��@�� 5HVSRQGHQW
V� GHPRJUDSKLFV� WKH� UHVXOWV VKRZ LQ�����������������
7$%/(�,�
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%DVHG�RQ�WKH�PRGHO�XVHG�LQ�WKLV�VWXG\�GDWD�DQDO\VLV�XVLQJ�6WUXFWXUDO�0RGHO�(VWLPDWLRQ��6(0� DQG�KHOS
$026���� 7KH�IROORZLQJ�LV�WKH�UHVXOW�RI�UHOLDELOLW\�DQG�YDOLGLW\�WHVW�XVLQJ�WKH�VRIWZDUH�XVHG�$PRV�����

,� 5HOLDELOLW\ 7HVW�
7KH�YDOXH�RI�UHOLDELOLW\�WKDW�TXDOLILHV�LI�WKH�DYHUDJH�YDOXH�RI�WKH�$9(�DQG�ORDGLQJ�IDFWRU�YDOXHV�JUHDWHU�WKDQ�

�����)XUWKHUPRUH��WKH�&5�YDOXH PXVW JUHDWHU�WKDQ�WKH�$9(�YDOXH >��@��%DVHG�RQ�WKH�FDOFXODWLRQ��WKH�YDOXH�RI�
$9(�IRU�HDFK�FRQVWUXFW�LV����������������������������DQG��������:KLOH�WKH�YDOXH�RI�&5�LV����������������������
������DQG��������7KLV�VKRZV�WKDW�WKH�YDOXH�RI�$9(�DQG�&5�YDOXH�KDV�PHW�WKH�UHFRPPHQGHG�YDOXH�RI�����DQG�
VKRZV�D�JRRG�UHOLDELOLW\�WHVW��7KH�UHVXOWV VKRZ LQ�7$%/(�,,�
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DQ�LQFRUUHFW�PRGHO��7KH�YDOXH�RI 506($ ������LQGLFDWHV�D�JRRG�ILW�PRGHO��7KH�*),�VFRUH�RI�������LQGLFDWHV�
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$IWHU� WHVWLQJ� WKH� ILW� PRGHO� FULWHULD� VKRZLQJ� WKDW� RYHUDOO� VKRZHG� D� JRRG� OHYHO� RI� FRQIRUPLW\�� WKHQ� D�
WKHRUHWLFDO�K\SRWKHVLV WHVWHG��7KH�WHVW FRQGXFWHG WR�ILQG�WKH�UHODWLRQVKLS�EHWZHHQ�ODWHQW�FRQVWUXFWLRQ�WKURXJK�
6(0� WHFKQLTXH� RQ $026 VRIWZDUH�� 7KH� OLVW� RI� WKH� SDWK� FRHIILFLHQWV� DQG� WKHLU� VLJQLILFDQFH� DQG� K\SRWKHVLV�
WHVWLQJ�UHVXOWV VKRZ LQ�7$%/(�9�
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)URP�GDWD�SURFHVVLQJ��LW�LV�NQRZQ�WKDW�&5 YDOXHV�VKRZ�WKH�YDOXH�RI������DQG�3�YDOXH�EHORZ������WKXV FDQ EH�
VDLG WKDW���K\SRWKHVHV�KDYH�LQIOXHQFH��DQG�RQH�K\SRWKHVLV�KDV�QR�VLJQLILFDQW�HIIHFW�EHFDXVH�KDV�3�YDOXH�PRUH�
WKDQ�������7KH�UHVXOWV�VKRZ�WKDW�SHUIRUPDQFH�H[SHFWDQF\�KDV�D�SRVLWLYH�HIIHFW�RQ�EHKDYLRUDO�LQWHQWLRQ��WKLV�LV�LQ�
OLQH�ZLWK HDUOLHU VWXGLHV�>��@�>��@��7KH\�H[SUHVV�SHUIRUPDQFH�H[SHFWDQF\�ZLWK�D�SRVLWLYH�FRUUHODWLRQ�EHWZHHQ�
EHKDYLRUDO�LQWHQWLRQ��(IIRUW�H[SHFWDQF\��ȕ  ��������KDV�D�JUHDWHU�LQIOXHQFH�WKDQ�3HUIRUPDQFH�H[SHFWDQF\��ȕ  �
��������7KLV� LV� DOVR� WKH� VDPH�DV HDUOLHU VWXGLHV� WKDW� VKRZ�SHUIRUPDQFH� H[SHFWDQF\� KDV� D�SRVLWLYH� LPSDFW� RQ�
EHKDYLRUDO�LQWHQWLRQ�>��@��6RFLDO�LQIOXHQFH��ȕ  ��������KDV�D�SRVLWLYH�HIIHFW�RQ�EHKDYLRUDO�LQWHQWLRQ��)DFLOLWDWLQJ�
FRQGLWLRQV�KDV�D�YDOXH�RI ȕ  �������ZKLFK�VKRZV�D�3�YDOXH�RI�������PHDQLQJ�WKDW�IDFLOLWDWLQJ�FRQGLWLRQV�KDYH�QR�
VLJQLILFDQW� HIIHFW� RQ� EHKDYLRUDO� LQWHQWLRQ��$FFRUGLQJ� WR 9HQNDWHVK >��@�� WKH� IDFLOLWDWLRQ� FRQGLWLRQV VKRZ WKH�
OHYHO�RI�FRQVXPHU�FRQILGHQFH�WKDW�LWV�RUJDQL]DWLRQDO�DQG�WHFKQLFDO�LQIUDVWUXFWXUH�KHOSV�WKHP�WR�XVH�WKH�V\VWHP�
>��@��)DFLOLWDWLQJ�FRQGLWLRQV�UHODWHG�WR�KRZ�XVHUV�DFFHVV��WKH�FRVW�RI�XVLQJ�WKH�V\VWHP�DQG�WKH�DYDLODELOLW\�WR�XVH�
WKH�V\VWHP�
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,Q�WKLV�VWXG\��SHUIRUPDQFH�H[SHFWDQF\�KDV�D�SRVLWLYH�LQIOXHQFH�XVH H�WLODQJ��7KH�ILQGLQJV�VKRZ�WKDW H�WLODQJ LV�
XVHIXO�LQ�ZRUN�DV�LW�FDQ�LPSURYH�SHUIRUPDQFH��7KLV�VWXG\�LV�LQ�OLQH�ZLWK 9HQNDWHVK
V UHVHDUFK�ZKLFK�VWDWHV�WKDW�
WKH�OHYHO�RI�LQGLYLGXDO�FRQILGHQFH�ZKHQ�XVLQJ�WKH�V\VWHP�FDQ�KHOS�LPSURYH�SHUIRUPDQFH�>��@��8VHIXOQHVV�LV�
XVHIXO�IRU�WUDIILF�SROLFH�EHFDXVH H�WLODQJ FDQ XVH DQ\ZKHUH�DQG�DQ\WLPH��7KH�SHUFHLYHG�EHQHILWV�KDYH�GHVFULEHG�
D�WUXVW�WR�XVH�WKH�V\VWHP�LQ�LPSURYLQJ�SHUIRUPDQFH�>��@� 3HUIRUPDQFH�H[SHFWDQF\�DOVR�VHHV�WKH�H[SHFWHG�UHVXOWV�
RI�V\VWHP�XVDJH�EHFDXVH�D�EHWWHU�UHDVRQ�FDQ�SUHGLFW�SHRSOH�UHFHLYLQJ�WKH�XVH�RI�LQIRUPDWLRQ�WHFKQRORJ\ >��@��
)URP�WKH�UHVHDUFK�QRWH�WKDW�WKH�XVH�RI H�WLODQJ FDQ�LPSURYH�VHUYLFH�WR�WKH�FRPPXQLW\�

(IIRUW�([SHFWDQF\�KDV�D�SRVLWLYH�HIIHFW�RQ�WUDIILF�SROLFH�LQ�XVLQJ H�WLODQJ��7UDIILF�FRSV�VD\ H�WLODQJ LV�HDV\�WR�
OHDUQ��$FFRUGLQJ� WR 9HQNDWHVK >��@�� WKH� OHYHO�RI�HDVH� LV�YHU\� LQIOXHQWLDO� LQ�XVLQJ� WKH�V\VWHP��&RQVWUXFW�7KLV�
PHDQV�DQ�LPSRUWDQW� IDFWRU�LQ H�WLODQJ DGRSWLRQ��7KH H�WLODQJ DSSOLFDWLRQ�DOVR�SURYLGHV�DQ�HDV\�XVHU�LQWHUIDFH��
7KHVH�UHVXOWV�VKRZ�WKDW�HDVH�RI�XVH�LQ H�WLODQJ FDQ�LPSURYH�SHUIRUPDQFH�DQG�H[SHFWHG�HIIRUW� (�WLODQJ FDQ�FXW�
LOOHJDO�OHYLHV�ZLWK�JRRG�UHVXOWV��7KH�UHVXOWV�RI�WKLV�VWXG\�DUH�OLNH�VRPH�RI�WKH�SUHYLRXV�UHVHDUFKHUV�>��@�>��@�>��@�
>��@��6RFLDO�LQIOXHQFH�KDV�D�SRVLWLYH�LQIOXHQFH�RQ�WKH�XVH�RI H�WLODQJ��3HRSOH�ZKR�DUH�LPSRUWDQW�WR�WUDIILF�SROLFH�
KDYH�D�ELJ�LQIOXHQFH�RQ�WKH�XVH�RI H�WLODQJ��'LUHFWRU�RI�WUDIILF�GLUHFWV�WUDIILF�SROLFH�WR�XVH H�WLODQJ��7KH�XVH�RI H�
WLODQJ DUH�DOVR�LQIOXHQFHG�E\�RWKHU�FR�ZRUNHUV�>��@�DQG�XVHUV�WHQG�WR�FRPSO\�ZLWK�DSSOLFDEOH�UHJXODWLRQV�>��@��
/LX�HW�DO��$OVR�UHYHDOHG�WKDW�D�VLJQLILFDQW�VRFLDO�LQIOXHQFH�RQ FRQWLQXDWLRQ LQWHQWLRQ XVLQJ�PRELOH�VHUYLFHV�>��@�

5HVHDUFK� VKRZV� WKDW� IDFLOLWDWLRQ� FRQGLWLRQV� KDYH� QR� VLJQLILFDQW� HIIHFW� RQ� WKH� LQWHQWLRQ� WR� XVH H�WLODQJ��
)DFLOLWDWLRQ� FRQGLWLRQV� 5HJLRQDO� SROLFH� DQG %HQJNXOX UHVRUW� ZHUH� VWLOO� LQDGHTXDWH�� 5HJLRQDO� SROLFH�
DQG %HQJNXOX UHVRUW�GR�QRW�KDYH�VSHFLDO�SHRSOH�ZKR�KHOS�WKHP�XVH�GLIILFXOWLHV�XVLQJ H�WLODQJ��7KLV�VSHFLDO�IRUFH�
H[LVWV� RQO\� RQ� WKH� QDWLRQ
V FDSLWDO�� ,Q 87$87�� KHOS� WKH� FRQGLWLRQV� RI� WKH� XVH� RI� WHFKQRORJ\� ZLWKLQ� DQ�
RUJDQL]DWLRQ
V�HQYLURQPHQW��)DFLOLWDWLQJ�FRQGLWLRQV�FDQ�VHUYH�DV�D�SUR[\�IRU�FRQWUROOLQJ�UHDO�DQG�GLUHFW�EHKDYLRU�
GLUHFWO\�>�@��7UDIILF�VLJQ�LQ�LV�VWLOO�XVLQJ�D�PDQXDO WLODQJ��7UDIILF�SROLFHPHQ�UHJLVWHU�WUDIILF�YLRODWRUV�XVLQJ�WKH H�
WLODQJ DSS� DQG� WKHQ� EDFN� RQ WLODQJ SDSHU�� 7KLV� EHFRPHV� OHVV� HIIHFWLYH H�WLODQJ EHFDXVH� LW� VWLOO� XVHV� D� WLODQJ
PDQXDOO\��7KH�XVH�RI H�WLODQJ VKRXOG HDVLHU�DQG�IDVWHU��$FFRUGLQJ�WR�/LQGVD\�HW�DO��WHFKQRORJ\ VHUYLFHV�WKDW�DUH�
HDV\�DQG� IDVW�FDQ� LPSURYH�SROLFH�DELOLW\� LQ�VROYLQJ�SUREOHPV�TXLFNO\�>��@��)URP�WKH�VXUYH\�UHVXOWV�DUH�DOVR�
NQRZQ�WR�WKH�,QWHUQHW�QHWZRUN�VRPHWLPHV�D�FRQVWUDLQW�IDU�IURP�WKH�FLW\��$FFHVV�WR�D�IDYRUDEOH�VHW�RI�IDFLOLWDWLRQ�
FRQGLWLRQV�WHQGV WR KLJKHU�IRU�XVH�RI�WHFKQRORJ\�LQ�RUJDQL]DWLRQV�>�@�>��@�
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7KLV�UHVHDUFK�LGHQWLILHV�IDFWRUV�LQIOXHQFLQJ�WKH�DFFHSWDQFH�DQG�XVH�RI H�WLODQJ E\�XVLQJ 87$87 PRGHO��7KLV�
UHVHDUFK� XVHV 87$87 PDLQ�PRGHO� WKDW� LV� SHUIRUPDQFH� H[SHFWDWLRQ�� ZRUN� H[SHFWDWLRQ�� VRFLDO� LQIOXHQFH� DQG�
FRQGLWLRQ�RI�WKH�IDFLOLW\�ZKLFK�GLUHFWO\�LQIOXHQFH XVH H�7LODQJ��7KLV�VWXG\�SHUIRUPV�GDWD�DQDO\VLV�XVLQJ�VWUXFWXUDO�
HTXDWLRQ�PRGHOLQJ��6(0��WHFKQLTXH�DQG�ZLWK�WKH�KHOS�RI�$PRV����VRIWZDUH��7KH�ILQGLQJV�LQ�WKLV�VWXG\�VKRZ��
DFFHSWHG�K\SRWKHVHV�DQG�� K\SRWKHVLV�UHMHFWHG��7KH�UHVXOW�RI K\SRWKHVLV � KDV�YDOXH��ȕ  ��������S��������WR�
VKRZ� WKDW� SHUIRUPDQFH� H[SHFWDQF\� KDV D� SRVLWLYH� HIIHFW� RQ� WKH� XVH� RI� H�WLODQJ�� 7KLV� VXJJHVWV� WKDW� WKH�
K\SRWKHVLV � VXSSRUWHG�E\�WKH UHVXOWV�RI�WKH�VWXG\��7KH�UHVXOW�RI�K\SRWKHVLV � KDV�YDOXH��ȕ  ��������S���������
LQGLFDWLQJ� WKDW� HIIRUW� H[SHFWDQF\ VLJQLILFDQW LQIOXHQFH� RQ� WKH� XVH� RI� H�WLODQJ DQG� WKH� UHVXOW� RI� UHVHDUFK�
VXSSRUWV K\SRWKHVLV ��� 7KH� UHVXOW� RI� K\SRWKHVLV � KDV� YDOXH� �ȕ  � ������� S� ��������ZKLFK� VKRZV� WKDW� VRFLDO�
LQIOXHQFH� KDV� D� SRVLWLYH� DQG� VLJQLILFDQW� LQIOXHQFH� RQ� WKH� XVH� RI� H�WLODQJ�� 7KH� UHVXOWV� VXSSRUW K\SRWKHVLV ���
)XUWKHU�� WKH� K\SRWKHVLV � KDV� D� YDOXH� �ȕ  � ������� S� �������� LQGLFDWLQJ� WKDW� IDFLOLWDWLQJ� FRQGLWLRQV� KDYH� QR�
SRVLWLYH�HIIHFW�RI�XVLQJ H�WLODQJ��9DOXH� ȕ  �������LV�JUHDWHU�WKDQ�S��������VR�WKH�K\SRWKHVLV � UHMHFWHG��7KHVH�
ILQGLQJV�VXJJHVW�WKDW H�WLODQJ DUH�HDV\�WR�XVH��FDSDEOH�RI�LPSURYLQJ�SHUIRUPDQFH�DQG�FDQ ORZHU ZRUN�HIIRUW��7KH�
UHVXOWV�RI�WKLV�VWXG\�DUH�LPSRUWDQW�WR�LPSURYH FRQGLWLRQ IDFLOLWLHV�LQ�H�WLODQJ VHUYLFHV WR PRUH�HIIHFWLYH�
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:H�ZRXOG�OLNH�WR�WKDQN�WKH�OHFWXUHUV�DQG�FROOHDJXHV�RI�0DVWHU�RI�,QIRUPDWLFV�(QJLQHHULQJ�8QLYHUVLW\�RI�
$WPD�-D\D�<RJ\DNDUWD��<RJ\DNDUWD��,QGRQHVLD�ZKR�KDV�KHOSHG�LQ�WKLV�UHVHDUFK��:H�DOVR�WKDQN�WKH�WUDIILF�SROLFH�
LQ�%HQJNXOX�ZKR�KDV�JLYHQ�SHUPLVVLRQ�WR�VWXG\�WKHUH�
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>�@ %��(QJRWRLW��*��0��.LWX\L��DQG�0��%��0R\D��³,QIOXHQFH�RI�SHUIRUPDQFH�H[SHFWDQF\�RQ�FRPPHUFLDO�IDUPHUV¶�LQWHQWLRQ�WR�XVH�PRELOH�

EDVHG�FRPPXQLFDWLRQ�WHFKQRORJLHV�IRU�DJULFXOWXUDO�PDUNHW�LQIRUPDWLRQ�GLVVHPLQDWLRQ�LQ�8JDQGD�´�-��6\VW��,QI��7HFKQRO���YRO������QR��
���SS�����±����������
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>�@ (��0XVWRQHQ�2OOLOD�DQG�.��/\\WLQHQ��³:K\�RUJDQL]DWLRQV�DGRSW�LQIRUPDWLRQ�V\VWHP�SURFHVV�LQQRYDWLRQV��D�ORQJLWXGLQDO�VWXG\�XVLQJ�

'LIIXVLRQ�RI�,QQRYDWLRQ�WKHRU\�´�,QIR�6\VW��-��YRO������SS�����±����������
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>�@ )��'��'DYLV��³3HUFHLYHG�8VHIXOQHVV��3HUFHLYHG�(DVH�RI�8VH��DQG�8VHU�$FFHSWDQFH�RI�,QIRUPDWLRQ�7HFKQRORJ\�´�0,6�4���YRO������QR��
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>�@ *��%��'��DQG�)��'��'��5��9LVZDQDWK�9HQNDWHVK��0LFKDHO�*��0RUULV��³8VHU�$FFHSWDQFH�RI�,QIRUPDWLRQ�7HFKQRORJ\��7RZDUG�D�8QLILHG
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>��@ -��+DLU��:��%ODFN��-��%DELQ��5��$QGHUVRQ��DQG�5��7DWKDP��³0XOWLYDULDWH�GDWD�DQDO\VLV�´������
>��@ /��%DWHV��0��-��'DUYHOO�� DQG�%��:DWVRQ��³<RXQJ�DQG�XQDIIHFWHG�E\� URDG�SROLFLQJ�VWUDWHJLHV��8VLQJ�GHWHUUHQFH� WKHRU\� WR� H[SODLQ�

SURYLVLRQDO�GULYHUV¶�QRQFRPSOLDQFH�´�$XVW��1��=��-��&ULPLQRO���YRO������QR�����SS����±���������
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JRYHUQPHQW�´�-��(QWHUS��,QI��0DQDJ���YRO������QR�����SS�����±����������
>��@ 0��$OVKHKUL��6��'UHZ��DQG�5��$OJKDPGL��³$QDO\VLV�RI�&LWL]HQV¶�$FFHSWDQFH� IRU H�*RYHUQPHQW�6HUYLFHV��$SSO\LQJ�7KH�87$87�
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>��@ 0��%��.D\DQL��0��(��+DT��0��5��3HUH]��DQG�+��+XPD\XQ��³$QDO\]LQJ�%DUULHUV�LQ�H�*RYHUQPHQW�,PSOHPHQWDWLRQ�LQ�3DNLVWDQ�´�,QW��-��

,QIRQRPLFV��YRO�����QR�����SS�����±����������
>��@ 0��%DUXD��³(�*RYHUQDQFH�$GRSWLRQ�LQ�*RYHUQPHQW�2UJDQL]DWLRQ�RI�,QGLD�´�,QW��-��0DQDJ��3XEOLF�6HFW��,QI��&RPPXQ��7HFKQRO���YRO��
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>��@ 0��'��:LOOLDPV��1��3��5DQD��DQG�<��.��'ZLYHGL�� WKH�XQLILHG�WKHRU\�RI�DFFHSWDQFH�DQG�XVH�RI� WHFKQRORJ\��87$87���D� OLWHUDWXUH�

UHYLHZ��YRO������QR����������
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