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,&7�KDV�EHFRPH�D�PDMRU�SURGXFWLYLW\�HQKDQFLQJ�WRRO�LQ�EXVLQHVV�ILUPV��VXFFHVV�
VWRULHV�RI�,&7�DSSOLFDWLRQV�DUH�ZLGHO\�VSUHDGLQJ�LQ�YDULRXV�ILHOGV�LQFOXGLQJ�KRWHO�
LQGXVWU\��$OWKRXJK�UHVHDUFK�KDV�JLYHQ�VLJQLILFDQW�DWWHQWLRQ�RQ�WKH�XVH�RI�,&7�DQG�
LWV�UROH�LQ�KRWHO�LQGXVWU\�LQ�ODVW�IHZ�GHFDGHV��ILQGLQJV�DUH�LQFRQFOXVLYH�DQG�ORDGHG�
ZLWK� YDJXH� DVFHUWDLQ�� 7KLV� VWXG\� H[DPLQHV� WKH� LPSDFW� RI� ,&7� RQ� FXVWRPHU�
VDWLVIDFWLRQ� LQ� VWDU� FDWHJRU\�KRWHOV� LQ�6UL�/DQND��$� VDPSOH�RI� ��� VWDU� FDWHJRU\�
KRWHOV�ZDV�VHOHFWHG�IRU�WKH�VWXG\��'DWD�ZHUH�JDWKHUHG�IURP�H[HFXWLYH�RIILFHUV�DQG�
JXHVWV� IURP� WKH� VHOHFWHG� KRWHOV� XVLQJ� VWUXFWXUHG� TXHVWLRQQDLUHV�� 6WUXFWXUDO�
HTXDWLRQ�PRGHOLQJ�ZDV�XVHG�LQ�GDWD�DQDO\VLV��7KH�UHVXOWV�VKRZ�WKDW�,&7�DGRSWLRQ�
LQ� KRWHOV� HQVXUHV� VXSHULRU� VHUYLFH� WR� WKH� FXVWRPHUV� DQG� LQ� WXUQ� HQKDQFHV� WKHLU�
VDWLVIDFWLRQ���7KXV��PDQDJHPHQW�VKRXOG�WDNH�FRUUHFWLYH�PHDVXUHV�WR�DGDSW�PRGHUQ�
,&7�LQ�WKH�KRWHOV�WR�SURYLGH�HIIHFWLYH�DQG�HIILFLHQW�VHUYLFH�WR�WKHLU�FXVWRPHUV����

.H\ZRUGV��&XVWRPHU VDWLVIDFWLRQ��,&7�DGRSWLRQ��VWDU�FDWHJRU\�KRWHOV�

�� ,QWURGXFWLRQ

$GYDQFHPHQW� RI� WHFKQRORJ\� FUHDWHV� QHZ� FDSDELOLWLHV� DQG� RSSRUWXQLWLHV�� 7KLV� GHFDGH�
SURYLGHV�HQRUPRXV�HYLGHQFHV�IRU�WHFKQRORJLFDO�FKDQJHV�DQG�DGYDQFHPHQWV�WRRN�SODFH�LQ�
GLIIHUHQW�VHFWRUV�VXFK�DV�FRPSXWHU�WHFKQRORJ\��HOHFWULFDO��PHFKDQLFDO��WHOHFRPPXQLFDWLRQ�
DQG�PDQ\�PRUH��,&7�H[SDQGV�LWV¶�WHFKQRORJLFDO�FDSDELOLWLHV�DQG�DSSOLFDWLRQV�E\�FUHDWLQJ�
QHZ�VHUYLFHV�DQG�YDOXHV�LQ�YDULRXV�ILHOGV��8VDJH�RI�,&7�LQ�KRWHO�DQG�WRXULVP�LQGXVWU\��
ZKHUH�FXVWRPHU�VDWLVIDFWLRQ�EHFRPHV�D�YLWDO�IDFWRU��FUHDWHV�QHZ�UHVHDUFK�DUHD�WR�XQFRYHU�
WKH�LPSDFW�RI�WHFKQRORJ\�RQ�KRWHO�DQG�WRXULVP�LQGXVWU\��6LULUDN�HW�DO����������,QFUHDVLQJ�
FRPSHWLWLRQ�DQG�FXVWRPHU�H[SHFWDWLRQ�OHDG�KRWHOV�WR�ORRN�IRU�QRYHO�ZD\V�DQG�PHDQV�WR�
DFKLHYH�FRPSHWLWLYH�DGYDQWDJH� LQ�KLJKO\�YRODWLOH��G\QDPLF��DQG�FRPSOH[�HQYLURQPHQW��
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0DQ\� KRWHOV� KDYH� DGRSWHG� ,&7� DV� D�ZD\� WR� FRSH�ZLWK� UDSLGO\� FKDQJLQJ� HQYLURQPHQW��
VSHFLILFDOO\�WR�KDQGOH�KRWHO�RSHUDWLRQV�DQG�JXHVW�VDWLVIDFWLRQ��5RRP�UHVHUYDWLRQ�V\VWHPV�
SURFXUHPHQW�DQG�LQYHQWRU\�V\VWHPV��ZLUHOHVV�LQWHUQHW��H�PDLO��HOHFWURQLF�WUDQVDFWLRQV��DQG�
KRWHO�ZHE�VLWHV�DUH� VRPH�RI� WKH� ,&7�DSSOLFDWLRQV� WKDW� KDYH�EHHQ�EURDGO\� LPSOHPHQWHG�
WKURXJKRXW�WKH�LQGXVWU\��+DP�HW�DO�����������+RWHO�PDQDJHUV�FRQVLGHU�,&7�DGRSWLRQ�LV�D�
NH\�VXFFHVV� IDFWRU� LQ� LPSURYLQJ�KRWHO�SHUIRUPDQFH� �6LJXDZ�HW�DO���������6LJDOD�HW� DO���
�������,PSURYLQJ�ERWK�RSHUDWLRQDO�SURGXFWLYLW\�DQG�FXVWRPHU�VDWLVIDFWLRQ�LV�SHUFHLYHG�DV�
NH\�GHWHUPLQDQWV�IRU�VXUYLYDO�DQG�VXFFHVV�LQ�WKH�ORQJ�WHUP��-RQHV�������� 7KH�UHQHZDO�
DQG�DGYDQFHPHQW�RI�WKH�WHFKQRORJ\�FUHDWHV�QHZ�ODQGVFDSH�IRU�KXPDQ�EHLQJ�WR�GLVFRYHU�
QHZ�FDSDELOLWLHV��YDOXHV��EHOLHIV�DQG�TXDOLW\�RI�OLIH��=\QJLHU���������+RZHYHU��OLWHUDWXUH�
GHDOLQJ� ZLWK� WKH� LPSDFW� RI� ,&7� RQ� KRWHO� DQG� WRXULVP� LQGXVWU\� KDV� QRW \HW� EHHQ� ZHOO�
GHYHORSHG�DQG�H[LVWLQJ�VWXGLHV�DUH�HQGHG�XS�ZLWK�LQFRQFOXVLYH�DQG�FRQWUDGLFWRU\�UHVXOWV�
�6LULUDN�HW� DO���������� �7KHUHIRUH�� WKLV� VWXG\�VHHNV� WR� LQYHVWLJDWH� WKH� LPSDFW�RI� ,&7�RQ�
FXVWRPHU�VDWLVIDFWLRQ�LQ�KRWHOV�LQ�6UL�/DQND��

�� /LWHUDWXUH�UHYLHZ

7KH�WHUP�,&7�FRPSULVHV�ZLWK�WZR�LPSRUWDQW�NQRZOHGJH�DUHDV��LQIRUPDWLRQ�WHFKQRORJ\�
DQG�FRPPXQLFDWLRQ�WHFKQRORJ\��,QIRUPDWLRQ�WHFKQRORJ\�UHIHUV�NQRZOHGJH�DQG�WHFKQLTXHV�
ZKLFK� DUH� QHHGHG� IRU� ZRUNLQJ� ZLWK� LQIRUPDWLRQ�� WKLV� WHFKQRORJ\� LQFOXGHV� GLIIHUHQW�
KDUGZDUH�DQG�VRIWZDUH�WHFKQRORJLHV�WKDW�DUH�QHFHVVDU\�WR�LQSXW�GDWD��SURFHVV�GDWD�DQG�WR�
SURGXFH� LQIRUPDWLRQ� IRU� YDULRXV� SXUSRVHV� �-RKQ�� ������� &RPPXQLFDWLRQ� WHFKQRORJ\�
LQFOXGHV�GLIIHUHQW�WHFKQLFDO�DVSHFWV�IRU�FRPPXQLFDWH�GDWD�RU�LQIRUPDWLRQ�ZLWK�GLIIHUHQW�
SDUWLHV�� 7KH� FRPPXQLFDWLRQ� FDQ� KDSSHQ� EHWZHHQ� PDFKLQHV�� LQ� EHWZHHQ� PDFKLQH� DQG�
KXPDQ�

,Q� WKH� HIIRUW� WR� XQGHUVWDQG� WHFKQRORJ\� DGRSWLRQ� DQG� LPSOHPHQWDWLRQ�� WKH� WHFKQRORJ\�
DFFHSWDQFH� PRGHO� �7$0�� LQWURGXFHG� E\� 'DYLV� ������� ZRXOG� SUREDEO\� EH� WKH� PRVW�
H[WHQVLYHO\� XVHG� PRGHO� WR� H[SODLQ� DQG� SUHGLFW� FRQVXPHUV¶� DQG�RU� RUJDQL]DWLRQV¶�
ZLOOLQJQHVV�WR�DGRSW�QHZ�WHFKQRORJLHV��:DQJ�	�4XDOOV���������6HYHUDO�RWKHU�PRGHOV�EXLOW�
RQ�'DYLV¶�ZRUN�KDYH�EHHQ�SURSRVHG�WR�JXLGH�LQTXLU\�LQWR�WKLV�SKHQRPHQRQ��&KHRQJ�	�
3DUN�������'DYLV��������9HQNDWHVK�HW�DO����������7KHVH�VWXGLHV�RQ�WHFKQRORJ\�DGRSWLRQ�
KDYH� SURYLGHG� WKH� WKHRUHWLFDO� EDVLV� IRU� D� YLDEOH� EHKDYLRUDO� IUDPHZRUN� RI� WHFKQRORJ\�
DGRSWLRQ�E\�LQWHJUDWLQJ�FRQFHSWV�DQG�ILQGLQJV�IURP�WKH�VWXGLHV�RI�LQQRYDWLRQ�DGRSWLRQ��
7KH� FHQWUDO� WKHRUHWLFDO� SUHPLVH� XQGHUO\LQJ� 7$0� LV� WKDW� DQ� LQGLYLGXDO¶V� LQWHQWLRQ� WR�
SXUFKDVH�D�SURGXFW�RU�VHUYLFH�LV�GHWHUPLQHG�E\�WZR�IDFWRUV��SHUFHLYHG�XVHIXOQHVV�DQG�HDVH�
RI�XVH�RI�WKH�SURGXFW�RU�VHUYLFH���

7HFKQRORJ\�DGDSWDWLRQ�UHVHDUFK�LQYHVWLJDWHV�OHYHO�RI�WHFKQRORJ\�DYDLODELOLW\��LQWHJUDWLRQ�
DQG�XVDJH��6DKDGHY�DQG�,VODP��������KDYH�FRQGXFWHG�D�UHVHDUFK�WR�H[SORUH�WKH�SURSHQVLW\�
RI� DGRSWLRQ� RI� ,&7�EDVHG� IDFLOLWLHV� LQ� WKH� KRVSLWDOLW\� VHFWRU��7KH\� GLYLGHG� IDFWRUV� WKDW�
LQIOXHQFH�D�KRWHO¶V�SURSHQVLW\�WR�DGRSW�,&7V�LQWR�WZR�EURDG�FDWHJRULHV�DV�ORFDWLRQ�UHODWHG�
DQG�ILUP�UHODWHG��5HODWLYH�LPSDFW�RI�WKH�IDFWRUV�RQ�WKH�,&7�DGRSWLRQ�SURSHQVLW\�KDV�EHHQ�
DQDO\]HG�WKURXJK�D�VXUYH\�DPRQJVW����KRWHOV�IURP�VHYHQ�ORFDWLRQV�LQ�7KDLODQG��7KH�VWXG\�
FRQFOXGHG�WKDW�KRWHOV�LQ�KLJKO\�GHYHORSHG�PDUNHWV�ZLWK�D�ODUJH�QXPEHU�RI�YLVLWRUV�KDLOLQJ�
IURP�WKH�86$�DQG�(XURSH�DUH�PRUH�SURQH�WR�DGRSW�,&7V��+HQFH��ZKHQ�QHZ�WHFKQRORJLHV�
DUH� ODXQFKHG� IRU� WKH� KRWHO� LQGXVWU\�� LW� LV� DGYLVDEOH� WR� WDUJHW� KRWHOV� FDWHULQJ� WR� VXFK� D�
FOLHQWHOH��VLQFH�WKHLU�SURSHQVLW\�WR�DGRSW�WHFKQRORJLHV�LV�KLJKHU�FRPSDUHG�WR�KRWHOV�WKDW�GR�
QRW� UHDOO\� FDWHU� WR� FXVWRPHUV� IURP� KLJK� LQWHUQHW� SHQHWUDWLRQ� FRXQWULHV�� 7KH� VWXG\� DOVR�
VKRZV�WKDW�ZKHQ�JHQHUDO�RFFXSDQF\�UDWHV�DUH�ORZ��L�H��WKH�OHYHO�RI�FRPSHWLWLRQ�LV�KLJK�LQ
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D�ORFDWLRQ���KRWHOV�WHQG�WR�EH�PRUH�LQFOLQHG�WR�DGRSW�,&7V��7KLV�WHQGV�WR�HQGRUVH�WKH�EHOLHI�
WKDW�FRPSHWLWLRQ�SURSHOV�LQQRYDWLRQ�

%DGQMHYLF�DQG�3DGXNRYDV��������IRXQG�QHJDWLYH�IDFWRUV�LQ�,&7�DGRSWLRQ�VXFK�DV�ODFN�RI�
HGXFDWLRQ�� EXUHDXFUDF\� DQG� SK\VLFDO� LQIUDVWUXFWXUH�� 7KH\� QRWLFHG� WKDW� VORZ� LQWHUQHW�
FRQQHFWLRQ�DQG�EDQG�EUHDGWK�ZHUH�DOVR�REVWDFOHV��6LPLODU�W\SHV�RI�ILQGLQJV�DUH�DOVR�VHHQ�
LQ�0DOD\VLD��.DVLP�	�(UQ���������(OHPHQWV�IRU�PHDVXULQJ�WKH�OHYHO�RI�,&7�DGRSWLRQ�LQ�
KRWHOV� LQFOXGH� DYDLODELOLW\� RI� ,&7� FRPSRQHQWV�� LQWHJUDWLRQ� RI� ,&7� FRPSRQHQWV� DQG�
LQWHQVLW\�RI�,&7�XVDJH��6LJDOD���������7KH�DYDLODELOLW\�RI�,&7�FRPSRQHQWV�LQ�D�KRWHO�FDQ�
EH�PHDVXUHG�LQ�WHUPV�RI�WKH�QXPEHU�RI�LWHPV�LW�KDV��6LJXDZ�HW�DO���������+DP�HW�DO���������
3UDNDVK�	�'H���������7KH�LQWHJUDWLRQ�RI�,&7�FRPSRQHQWV�FDQ�EH�PHDVXUHG�E\�WKH�QXPEHU�
RI�,&7�OLQNDJHV�EHWZHHQ�D�VSHFLILF�RSHUDWLRQDO�GRPDLQ�DQG�RWKHU�RSHUDWLRQDO�GRPDLQV�RU�
WR�WKH�PDLQ�VHUYHU�V\VWHPV��6LJDOD���������7KH�LQWHQVLW\�RI�,&7�XVDJH�FDQ�EH�PHDVXUHG�E\�
WKH�SHUFHQWDJH�RI�WKH�WRWDO�RSHUDWLRQV�FDUULHG�RXW XVLQJ�,&7V��)RU�H[DPSOH��WKH�LQWHQVLW\�
RI�,&7�XVDJH�LQ�D�UHVHUYDWLRQ�SURFHVV�FDQ�EH�PHDVXUHG�E\�WKH�SHUFHQWDJH�RI�WUDQVDFWLRQV�
FDUULHG�RXW�WKURXJK�WKH�KRWHO�ZHE�VLWH�UHVHUYDWLRQ�V\VWHP��6DKDGHY�	�,VODP��������

,&7�LPSDFW�LQ�KRWHOV�KDV�EHHQ�LGHQWLILHG�LQ�D UHVHDUFK�FRQGXFWHG�E\�6LJDOD���������+HU�
UHVHDUFK�LQGLFDWHV�WKDW�GHVSLWH�WKH�LQFUHDVLQJ�,&7�LQYHVWPHQWV��WKH�SURGXFWLYLW\�LPSDFW�RI�
,&7�KDV�EHHQ�HOXVLYH��)LQGLQJV�SURYLGH�UREXVW�FRQFOXVLRQV�UHJDUGLQJ�WKH�,&7�SURGXFWLYLW\�
SDUDGR[�KLJKOLJKWLQJ� WKDW� WKLV� GHEDWH� KDV�EHHQ� D�PHWKRGRORJLFDO� DUWLIDFW��+HU� UHVHDUFK�
UHYHDOHG�WKDW�KRWHOV�XVLQJ�306��SURSHUW\�PDQDJHPHQW�V\VWHPV��DQG�FXVWRPHU�GDWDEDVHV�
IRU� LQIRUPDWLRQDO� DQG� WUDQVIRUPDWLRQDO� DFWLYLWLHV� DFKLHYHG� VLJQLILFDQWO\� JUHDWHU�
SURGXFWLYLW\�VFRUHV�WKDQ�WKRVH�XVLQJ�,&7�IRU�DXWRPDWLRQ�RQO\�

,UYLQH�DQG�$QGHUVRQ��������H[DPLQHG�WKH�UROH�RI�,&7�LQ�VPDOO�UXUDO�KRVSLWDOLW\�EXVLQHVVHV��
7KH\�IRXQG�WKDW�WKRXJK�,&7�LV�RIWHQ�SUHVHQWHG�DV�D�PHDQV�RI�UHGXFLQJ�WKH�LPSDFW�RI�EHLQJ�
UXUDO�� OLWWOH�LV�NQRZQ�DERXW�WKH�H[WHQW�RU�OHYHO�RI XVH�RI�,&7���7KH�VWXG\�IRXQG�WKDW����
SHUFHQW�RI�WKH�EXVLQHVVHV�XVH�,&7�HIIHFWLYHO\��,&7�PDLQO\�XVH�WR�SURYLGH�LQIRUPDWLRQ�DQG�
LPSURYH�VHUYLFH�TXDOLW\��,Q�DGGLWLRQ��VRPH�ILUPV�KDG�DGRSWHG�YHU\�VXFFHVVIXO�PHWKRGV�RI�
XVLQJ� WKH� LQWHUQHW� IRU� VDOHV� DQG� PDUNHWLQJ� EXW� LJQRUHG� VXSSO\� IXQFWLRQV� %XOFKDQG�
*LGXPDO� ������� VXUYH\HG� DOO� W\SHV� RI� KRWHOV� WR� H[DPLQH�ZKHWKHU� RIIHULQJ� IUHH�:L�)L�
LPSURYHV�KRWHOV¶�RQOLQH�UDWLQJV��IDFWRUV�WKDW�DUH�HIIHFW�RQ�FXVWRPHU�VDWLVIDFWLRQ��+H�IRXQG�
WKDW�RIIHULQJ�IUHH�:L�)L�KHOSV�KRWHOV�WR�LPSURYH�WKHLU�UDWLQJV�E\�XS�WR���SHUFHQW��

)LJXUH��� &RQFHSWXDO�IUDPHZRUN
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7KH� FRQFHSWXDO� IUDPHZRUN� �6HH� )LJXUH� ��� XVHG� LQ� WKLV� VWXG\� LV� DGRSWHG� IURP� PRGHO�
SURSRVHG�E\�6LUDZLW�DQG�,VODP���������$FFRUGLQJ�WR�WKH�PRGHO��,&7�DGRSWLRQ�FRQVLVWV�RI�
WKUHH�HOHPHQWV��DYDLODELOLW\�RI�,&7�FRPSRQHQWV��LQWHJUDWLRQ�RI�,&7�FRPSRQHQWV�LQWHQVLW\�
RI�,&7�XVDJH�

�� 0HWKRGRORJ\�

7KLV�VWXG\�IRFXVHG���WR���VWDU�FDWHJRU\�KRWHOV�LQ�6UL�/DQND�DQG�XVHG�TXDQWLWDWLYH�DSSURDFK�
WR�H[DPLQH�WKH�XQGHUOLQH�SKHQRPHQRQ��'DWD�ZHUH�FROOHFWHG�IURP KRWHO�PDQDJHUV�DV�ZHOO�
DV�JXHVWV�ZKR�VWD\HG�DW� WKH�VHOHFWHG�KRWHOV��6WUXFWXUHG�TXHVWLRQQDLUH�ZDV�GHVLJQHG�DQG�
VHQW� WR� KRWHO� PDQDJHUV� WKURXJK� HPDLO� DQG� PDQDJHUV� LQ� ��� KRWHOV� UHWXUQHG� ILOOHG�
TXHVWLRQQDLUHV��,Q�RUGHU�WR�PHDVXUH�WKH�OHYHO�RI�FXVWRPHU�VDWLVIDFWLRQ����FXVWRPHUV�ZHUH�
VHOHFWHG� IURP� HDFK� KRWHO� XVLQJ� WKH� FKHFNHG� RXW� OLVW� RQ� VHOHFWHG� GDWHV� DQG� UHVHDUFKHU�
SHUVRQDOO\�PHW�WKHP�DQG�JHW�WKHLU�IHHGEDFN�WR�WKH�VXUYH\�GHYHORSHG��.H\�YDULDEOHV�RI�WKH�
VWXG\� ZHUH� PHDVXUHG� ZLWK� LWHPV� RQ� /LNHUW� W\SH� ILYH� VFDOH�� 6XUYH\� TXHVWLRQV� ZHUH�
GHYHORSHG�EDVHG�RQ�UHOHYDQW�OLWHUDWXUH�WR�HQVXUH�WKH�YDOLGLW\�RI�GDWD��4XHVWLRQQDLUHV�ZHUH�
SUH�WHVWHG� IRFXVLQJ� ��� UHVSRQGHQWV� EHIRUH� RULJLQDO� VXUYH\�� (DFK� FRQVWUXFW� RI� WKH�
TXHVWLRQQDLUHV� ZDV� WHVWHG� IRU� LQWHUQDO� FRQVLVWHQF\� DQG� UHOLDELOLW\� DQDO\VLV� SURGXFHG�
&URQEDFK�$OSKD�YDOXHV�RYHU�����IRU�HDFK�FRQVWUXFW�� �'DWD�FROOHFWHG�IURP�WZR�VDPSOHV�
ZHUH� LQWHJUDWHG� WR� IDFLOLWDWH� FURVV� VHFWLRQDO� DQDO\VLV�� LQ� SDUWLFXODU�� GDWD� RQ� FXVWRPHU�
VDWLVIDFWLRQ�ZKLFK�ZHUH� FROOHFWHG� IURP� FXVWRPHUV� RI� D� SDUWLFXODU� KRWHO� ZHUH� DQDO\]HG�
VHSDUDWHO\�DQG�WKH�PHDQ�YDOXHV�RI�WKH�LQGLFDWRUV�RI�WKH�FRQVWUXFW�RI�FXVWRPHU�VDWLVIDFWLRQ�
ZHUH�OLQNHG�ZLWK�WKH�GDWD�FROOHFWHG�IURP�WKH�PDQDJHPHQW�RI�WKH�UHOHYDQW�KRWHO��6WDWLVWLFDO�
DQDO\VLV�RI�WKH�VWXG\�FRQVLVWV�RI�GHVFULSWLYH�VWDWLVWLFV�DQG�LQIHUHQWLDO�VWDWLVWLFV���'HVFULSWLYH�
VWDWLVWLFV�VXFK�DV�PHDQ��VWDQGDUG�GHYLDWLRQ�DUH�XVHG�WR�GHVFULEH�WKH�NH\�YDULDEOHV�RI�WKH�
VWXG\��,QIHUHQWLDO�VWDWLVWLFV�VXFK�DV�FRUUHODWLRQ�DQDO\VLV�DQG�VWUXFWXUDO�HTXDWLRQ�PRGHOLQJ�
DUH�XVHG�WR�WHVW�WKH�UHVHDUFK�PRGHO��$026�VWDWLVWLFDO�VRIWZDUH�ZDV�XVHG�IRU�WKLV�SXUSRVH�

�� 5HVXOWV�DQG�GLVFXVVLRQ�

7KH�VDPSOH�RI�WKH�VWXG\�FRQVLVWV�RI�ERWK�KRWHO�H[HFXWLYHV�DQG�JXHVWV�WR�WKH�VHOHFWHG�KRWHOV��
,Q�WKH�ILUVW�VDPSOH��WKHUH�ZHUH����KRWHOV�LQFOXGLQJ����WKUHH�VWDU�FDWHJRU\�KRWHOV�����IRXU�
VWDU� FDWHJRU\� KRWHOV� DQG� �� ILYH� VWDU� FDWHJRU\� KRWHOV�� 2QH� H[HFXWLYH� IURP� HDFK� KRWHO�
UHVSRQGHG�WR�WKH�VXUYH\�PDNLQJ����PDOH�DQG����IHPDOH�H[HFXWLYHV��:LWK�UHVSHFW�WR�WKH�
KLJKHVW�HGXFDWLRQ�TXDOLILFDWLRQ�����KDG�EDFKHORU�GHJUHHV����KDG�PDVWHU�RU�SRVWJUDGXDWH�
TXDOLILFDWLRQ�� � 7KH� VHFRQG� VDPSOH� FRPSULVHV� ���� JXHVWV� LQFOXGLQJ� ����PDOH� DQG� ����
IHPDOH� WRXULVWV� ZKR� KDYH� DUULYHG� YDULRXV� SDUW� IURP� WKH� :RUOG� VXFK� DV� $VLDQ� UHJLRQ�
���������1RUWK�$PHULFD����������(XURSH��������DQG�2FHDQLD����������

7DEOH���UHSUHVHQWV�GHVFULSWLYH�VWDWLVWLFV�FDOFXODWHG�IRU�NH\�YDULDEOHV�RI�WKH�VWXG\��0HDQ�
YDOXHV�UHYHDO�WKDW�XVH�RI�,&7�LQ�VHOHFWHG�KRWHOV�LV�LQ�EHWWHU�SRVLWLRQ�LQ�WHUPV�RI�DYDLODELOLW\�
RI� ,&7�� ,&7� OLQNV� DQG�RSHUDWLRQV� FDUU\RXW� VXLQJ� ,&7�� ,Q� DGGLWLRQ�� VWDQGDUG�GHYLDWLRQV�
VKRZ�WKDW�WKHUH�LV�QR�KLJK�YDULDWLRQ�DPRQJ�WKH�VHOHFWHG�KRWHOV�RQ�XVH�RI�,&7�LQ�WKHLU�KRWHOV��
0HDQ� YDOXH� IRU� FXVWRPHU� VDWLVIDFWLRQ� �0 �������� LQGLFDWHV� WKDW� JXHVW� WR� WKH� VHOHFWHG�
KRWHOV�KDYH�H[SHULHQFHG�JUHDWHU�VDWLVIDFWLRQ�DERXW�WKH�VHUYLFHV�UHQGHUHG�E\�WKH�KRWHOV��
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7DEOH����
'HVFULSWLYH�6WDWLVWLFV�RI�WKH�5HVHDUFK�9DULDEOHV�

9DULDEOH� 0HDQ 6WG��'HYLDWLRQ 6NHZQHVV
6WDWLVWLF 6WG��(UURU

$YDLODELOLW\�RI�,&7 ������ ������ ����� ����

,&7�/LQNV� ������ ������ ���� ����

2SHUDWLRQV�GRQH�XVLQJ�,&7 ������ ������ ����� ����

&XVWRPHU�VDWLVIDFWLRQ ������ ������ ������ ����

7DEOH���SUHVHQWV� WKH�UHVXOW�RI�&RUUHODWLRQ�$QDO\VLV��7KH�UHVXOWV� LQGLFDWH� WKDW� WKHUH� LV�D�
SRVLWLYH�DQG�VLJQLILFDQW�UHODWLRQVKLS�EHWZHHQ�,&7�DYDLODELOLW\�DQG�FXVWRPHU�VDWLVIDFWLRQ�
LQ� WKH�KRWHOV��0RUHRYHU�� ,&7�/LQNV�DQG�RSHUDWLRQV�GRQH�XVLQJ� ,&7�DUH�DOVR�FRUUHODWHG�
SRVLWLYHO\�DQG�VLJQLILFDQWO\�ZLWK�FXVWRPHU�VDWLVIDFWLRQ��
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9DULDEOH &XVWRPHU�VDWLVIDFWLRQ

,&7�DYDLODELOLW\ ����


,&7�/LQNV ����


2SHUDWLRQ�'RQH�XVLQJ�,&7 ����



�� &RUUHODWLRQ�LV�VLJQLILFDQW�DW�����

5HVXOWV� RI� VWUXFWXUDO� PRGHO� XVHG� WR� H[DPLQH� WKH� LPSDFW� RI� XVH� RI� ,&7� RQ� FXVWRPHU�
VDWLVIDFWLRQ�DUH�UHSURGXFHG�LQ�7DEOH���DQG�7DEOH ����2YHUDOO�ILW�LQGLFHV��&KL�VTXDUH��Ȥ�� �
���������506($��URRW�PHDQ�VTXDUH�HUURU�RI�DSSUR[LPDWLRQ�� ��������*),��JRRGQHVV�RI�
ILW�� �������$*),��DGMXVWHG�JRRGQHVV�RI�ILW�� �������&),��FRPSDUDWLYH�ILW�LQGH[�� ��������
DQG�1),��1RQQRUPHG�ILW�LQGH[�� ������RU�7/,� ������VKRZ�WKH�EHWWHU�ILW�RI�WKH�PRGHO��

7DEOH��
)LW�LQGLFHV�

;� 3�YDOXH 506($ *), $*), 11), &), 7/,

������� ����� ����� ����� ����� ����� ����� ������

7KH�UHJUHVVLRQ�HVWLPDWHV�VKRZ�WKH�LPSDFW�RI�HDFK�FRQVWUXFW�DQG�LQGHSHQGHQW�YDULDEOHV�RQ�
RWKHU�FRQVWUXFW��GHSHQGHQW�YDULDEOHV���7DEOH���SUHVHQWV�VWDQGDUGL]HG�UHJUHVVLRQV�RI�HDFK�
YDULDEOH�RI�WKH�VWUXFWXUHG�PRGHO��DFFRUGLQJ�WR�WKH�GDWD�DOO�UHJUHVVLRQ��LPSDFWV�YDOXHV��DUH�
VLJQLILFDQW� DW� ������ DQG� VSHFLILFDOO\� UHJUHVVLRQV� YDOXHV� RI� ,&7� DGRSWLRQ� RQ� FXVWRPHU�
VDWLVIDFWLRQ�LV�������ZKLFK�VKRZV�FRQVLGHUDEOH�LPSDFW�YDOXH��
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�(VWLPDWH�LV�VLJQLILFDQW������

6WDQGDUG�UHJUHVVLRQ�HVWLPDWH�������ZKLFK�LQ�VLJQLILFDQW�DW�������LQGLFDWHV�WKDW�RSHUDWLRQ�
GRQH�XVLQJ�,&7�KDV�D�SRVLWLYH�DQG�VLJQLILFDQW�HIIHFW�RQ�FXVWRPHU�VDWLVIDFWLRQ��6LPLODUO\��
,&7�OLQNV�DOVR�KDYH�D�SRVLWLYH�DQG�VLJQLILFDQW�HIIHFW�RYHU�FXVWRPHU�VDWLVIDFWLRQ��E �������
S���������0RUHRYHU�� LW� LV� UHYHDOHG� E\� WKH� UHVXOWV� WKDW� DYDLODELOLW\� RI� ,&,� LQ� WKH� KRWHO�
HQKDQFHV�WKH�FXVWRPHU�VDWLVIDFWLRQ���E �������S���������7KHVH�UHVXOWV GLVFORVH�WKDW�XVH�
RI�,&7�LQ�WKH�KRWHOV�ZRXOG�KHOS�WR�IXOILOO�JXHVWV¶�QHHGV�LQ�HIIHFWLYH�DQG�HIILFLHQW�PDQQHU���

�� &RQFOXVLRQ

7KLV�VWXG\�H[DPLQHG�WKH�LPSDFW�RI�XVH�RI�,&7�RQ�FXVWRPHU�VDWLVIDFWLRQ�LQ�VWDU�FDWHJRU\�
KRWHOV�LQ�6UL�/DQND��7KH�VWXG\�IRXQG�WKDW�DYDLODELOLW\�RI�,&7��,&7�OLQNV�DQG�RSHUDWLRQV�
GRQH�XVLQJ�,&7�KDYH�SRVLWLYH�HIIHFW�RQ�FXVWRPHU�VDWLVIDFWLRQ�LQ�WKH�KRWHOV���7KHVH�ILQGLQJV�
DUH�FRQVLVWHQW�ZLWK�WKH�UHVXOWV�RI�VWXGLHV�LQ�VLPLODU�FRQWH[W��+DP�HW�DO������������6LULUDN�HW�
DO�������7KHUHIRUH�KRWHOLHUV�FDQ�HQVXUH�WKH�VXSHULRU�VHUYLFH�WR�WKHLU�JXHVWV�E\�DGRSWLQJ�
PRGHUQ�,&7�WR�KRWHO�RSHUDWLRQV�DQG�WKHUHE\�JDLQ�FRPSHWLWLYH�DGYDQWDJHV�LQ�WKH�LQGXVWU\��
+RWHO�PDQDJHUV�DQG�H[HFXWLYHV�VKRXOG�JLYH�PRUH�DWWHQWLRQ�WR�FRQILJXUDWLRQ�RI�H[LVWLQJ�
DQG�QHZ�SURGXFWV�DQG�VHUYLFHV�ZLWK�PRGHUQ�,&7�WR�PHHW�WKH�FXUUHQW�DQG�IXWXUH�QHHGV�RI�
WKH�FXVWRPHUV���
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