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7KH�UDSLG�GLIIXVLRQ�RI�FRPSXWHUV�KDV�ZLGHO\�FKDQJHG�WKH�FRQVHTXHQFHV�RI
FRPSXWHU�XVH�RQ�WKH�ODERXU�PDUNHW��:KLOH�DW�WKH�EHJLQQLQJ�RI�WKH�HLJKWLHV
NQRZOHGJH�RI�FRPSXWHUV�ZDV�DQ�REYLRXV�DGYDQWDJH� LQ�D�FDUHHU�� WKLV�VDPH
NQRZOHGJH� LV�QRZ�VR�FRPPRQSODFH�WKDW� WKH� LQDELOLW\� WR�XVH� WKHVH� WRROV� LV
ZLGHO\� VHHQ� LQ�PDQ\� LQGXVWULHV� DV� D� SURIHVVLRQDO� KDQGLFDS�� ,Q� UHODWLRQ� WR
VXFK�GUDVWLF�WUDQVIRUPDWLRQV��FKDQJHV�LQ�WKH�1RUWK�$PHULFDQ�ZDJH�VWUXFWXUH
GXULQJ�WKH�HLJKWLHV�LQ�IDYRXU�RI�WKH�EHWWHU�HGXFDWHG�KDYH�EHHQ�LQWHUSUHWHG�E\
PDQ\� DQDO\VWV� DV� HYLGHQFH� RI� VNLOO�ELDVHG� WHFKQLFDO� FKDQJH�� (YLGHQFH
RXWVLGH�WKH�86��DQG�LQ�SDUWLFXODU�LQ�(XURSH��VHHPV�WR�VXSSRUW�WKH�LGHD�WKDW
VLPLODU�WUDQVIRUPDWLRQV�DIIHFWHG�PRVW�RWKHU�ODERXU�PDUNHWV�

,Q� WKLV� VWXG\�� ZH� UHYLHZ� WKH� HPSLULFDO� HYLGHQFH� RQ� WKH� UHODWLRQ� EHWZHHQ
FRPSXWHU�XVH�DQG�ODERXU�PDUNHW�RXWFRPHV��0RUH�SUHFLVHO\��ZH�H[DPLQH�WKH
UHODWLRQ�EHWZHHQ�WKH�EURDGHQLQJ�XVH�RI�FRPSXWHUV�RQ�RQH�VLGH��DQG�ZDJHV�
VNLOO�FRPSRVLWLRQ� RI� WKH� ZRUNIRUFH� DQG� XQHPSOR\PHQW� RQ� WKH� RWKHU�� $OO
HYLGHQFH�SUHVHQWHG�VHHPV�WR�SRLQW�WR�WKH�IROORZLQJ�FRQFOXVLRQ��6RPHWKLQJ
LV�JRLQJ�RQ��EXW�WKHUH�LV�QR�UHDVRQ�WR�FDOO�LW�VNLOO�ELDVHG�WHFKQLFDO�FKDQJH�LQ
LWV� VLPSOHVW� DFFHSWDQFH��:K\� VKRXOG�ZH�RWKHUZLVH�REVHUYH� VXFK�GLIIHUHQW
WUHQGV� LQ� WKH� 8QLWHG� 6WDWHV� DQG� LQ� (XURSH"� 7KH� FRPSXWHU� LV� XVHG
HYHU\ZKHUH�LQ�WKH�GHYHORSHG�FRXQWULHV��DQG�WKH�GLIIXVLRQ�UDWHV�DUH�URXJKO\
HTXDO�� )XUWKHUPRUH�� WKH� PDFKLQHV� DQG� VRIWZDUHV� XVHG� DUH� LQFUHDVLQJO\
VLPLODU�DQG�GHOLYHUHG�VLPXOWDQHRXVO\��+HQFH��LI�WUHQGV�RQ�WKH�YDULRXV�ODERXU
PDUNHWV�DUH�FDXVHG�PRVWO\�E\�WHFKQLFDO�FKDQJH��WKHVH�WUHQGV�VKRXOG�DOVR�EH
YHU\� VLPLODU��7KLV�GRHV�QRW� VHHP� WR�EH�ZKDW� LV�KDSSHQLQJ� LQ� WKH�:HVWHUQ
ZRUOG��,QVWLWXWLRQV�ZLWK�ERWK�FODVVLFDO�VXSSO\�DQG�GHPDQG�IDFWRUV�VKRXOG�EH
DEOH� WR� H[SODLQ� D� ODUJH� IUDFWLRQ� RI� WKH� REVHUYHG� IDFWV�� 0RUHRYHU�� LW� DOVR
VHHPV� DSSDUHQW� WKDW� ZKDW� PDWWHUV� LQ� D� SHULRG� RI� UDSLG� GLIIXVLRQ� RI
FRPSXWHUV�LV�LQWHUSHUVRQDO�VNLOOV��VXFK�VNLOOV�DUH�FRPSOHPHQWV�WR�FRPSXWHU
XVH�� ,QGHHG��PRUH� UHVHDUFK�VKRXOG�EH�GHYRWHG� WR� WKH�VWXG\�RI� WKH� LQWHUQDO
RUJDQL]DWLRQ�RI�WKH�ILUP�LQ�D�KLJKO\�FRPSXWHUL]HG�HQYLURQPHQW�
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7KH�UDSLG�GLIIXVLRQ�RI�FRPSXWHUV�KDV�ZLGHO\�FKDQJHG�WKH�FRQVHTXHQFHV�RI
FRPSXWHU�XVH�RQ�WKH�ODERXU�PDUNHW��:KLOH�DW�WKH�EHJLQQLQJ�RI�WKH�HLJKWLHV�
NQRZOHGJH�RI�FRPSXWHUV�ZDV�DQ�REYLRXV�DGYDQWDJH� LQ�D�FDUHHU�� WKLV�VDPH
NQRZOHGJH� LV�QRZ�VR�FRPPRQSODFH� WKDW� WKH� LQDELOLW\� WR� XVH� VXFK� WRROV� LV
ZLGHO\�VHHQ�DV�D�SURIHVVLRQDO�KDQGLFDS�LQ�PDQ\�LQGXVWULHV�

,Q� UHODWLRQ� WR� VXFK� GUDVWLF� WUDQVIRUPDWLRQV�� FKDQJHV� LQ� 1RUWK�$PHULFDQ
ZDJH� VWUXFWXUH� LQ� IDYRXU� RI� WKH� EHWWHU� HGXFDWHG� GXULQJ� WKH� HLJKWLHV� KDYH
EHHQ� LQWHUSUHWHG� E\� PDQ\� DQDO\VWV� DV� HYLGHQFH� RI� VNLOO�ELDVHG� WHFKQLFDO
FKDQJH� �VHH�.DW]� DQG�0XUSK\� ������%RXQG� DQG� -RKQVRQ� ������0XUSK\�
5LGGHOO��DQG�5RPHU�������DPRQJ�PDQ\�RWKHUV���(YLGHQFH�RXWVLGH�WKH�86�
LQ� SDUWLFXODU� LQ� (XURSH�� VHHPV� WR� VXSSRUW� WKH� LGHD� WKDW� VLPLODU
WUDQVIRUPDWLRQV�DIIHFWHG�PRVW� RWKHU� ODERXU�PDUNHWV� �VHH�0DFKLQ� DQG�9DQ
5HHQHQ�������VHH�DOVR�&KHQQHOOV�DQG�9DQ�5HHQHQ������IRU�D�UHFHQW�VXUYH\
RQ�WKH�LPSDFW�RI�WHFKQLFDO�FKDQJH²EDVHG�RQ�LQQRYDWLRQV��5	'��DV�ZHOO�DV
FRPSXWHUV²RQ� ODERXU� PDUNHW� RXWFRPHV� DQG� 6KDZ� ����� IRU� DQ� DQDO\VLV
FHQWUHG�RQ�WKH�VWHHO�LQGXVWU\��

,Q� WKLV� DUWLFOH�� ZH� ZLOO� UHYLHZ� WKH� HPSLULFDO� HYLGHQFH� RQ� WKH� UHODWLRQ
EHWZHHQ� FRPSXWHU� XVH� DQG� ODERXU� PDUNHW� RXWFRPHV�� 0RUH� SUHFLVHO\�� ZH
ZLOO�H[DPLQH�WKH�UHODWLRQ�EHWZHHQ�WKH�EURDGHQLQJ�RI�FRPSXWHU�XVH�RQ�RQH
VLGH�DQG�ZDJHV��VNLOO�FRPSRVLWLRQ�RI�WKH�ZRUNIRUFH��DQG�XQHPSOR\PHQW�RQ
WKH�RWKHU�
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��� &URVV�VHFWLRQ�HYLGHQFH

.UXHJHU� ������� LV� WKH� VHPLQDO� SDSHU� RQ� WKH� LPSDFW� RI� FRPSXWHU� XVH� RQ
ZDJHV�� ,W�PD\�EH�RQH�RI� WKH�PRVW� FLWHG�SDSHU�ZULWWHQ� LQ� WKH� UHFHQW�\HDUV�
7KH� TXHVWLRQ� SRVHG� LV� YHU\� VLPSOH�� ,V� LW� SRVVLEOH� WR� ILQG� D� SUHPLXP� IRU
FRPSXWHU�XVH"� ,Q� FDVH�RI� D�SRVLWLYH� DQVZHU�� LV� WKH�SUHPLXP� D� VLJQ�RI� DQ
LQFUHDVH� LQ� WKH� LQGLYLGXDO
V� SURGXFWLYLW\� RU� PHUH� HYLGHQFH� RI� XQREVHUYHG
SHUVRQ�KHWHURJHQHLW\��0RVW�RI�.UXHJHU
V�DQDO\VLV�LV�EDVHG�RQ�WKH������DQG
�����&XUUHQW�3RSXODWLRQ�6XUYH\��&36���%RWK�VXUYH\V�FRQWDLQ�D�VXSSOHPHQW
RQ�FRPSXWHU�XVH��7KH�HTXDWLRQ�HVWLPDWHG�LV�H[WUHPHO\�VLPSOH��,I�&RPSL� ��
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GHQRWHV� WKDW�ZRUNHU� L� XVHV� D� FRPSXWHU� DW� WKH�GDWH� RI� WKH� VXUYH\�� WKH� ILUVW
ZDJH�HTXDWLRQ�WR�FRQVLGHU�LV�

��� �LLLL ;&RPSZ eba ++=

ZKHUH�ZL�LV�WKH�ZDJH�RI�ZRUNHU�L��ZKHUH�;L�DUH�REVHUYDEOH�FKDUDFWHULVWLFV�RI
ZRUNHU� L�� DQG�ZKHUH� eL� LV� WKH� HUURU� WHUP�� ,Q� WKH� HPSLULFDO�ZRUN��.UXHJHU
HVWLPDWHV� HTXDWLRQ� ����ZLWK� D� YDULHW\� RI� FRQWUROV��+H� VKRZV� WKDW�ZRUNHUV
ZKR�XVH�FRPSXWHUV�UHFHLYH�D�SUHPLXP�RI�DSSUR[LPDWHO\����SHU�FHQW��7KLV
SUHPLXP� VHHPV� WR� LQFUHDVH� RYHU� WLPH�� IURP� ����� WR� ����� IURP� ����� SHU
FHQW� WR� �����SHU� FHQW� �7DEOH� ,,� RI�.UXHJHU� ������ZKLOH� WKH�SURSRUWLRQ�RI
FRPSXWHU�XVHUV�LQ�WKH�SRSXODWLRQ�LV�DOVR�LQFUHDVLQJ��IURP������SHU�FHQW� WR
����� SHU� FHQW�� 7DEOH� ,� RI�.UXHJHU� ������� 7KH�PDLQ� TXHVWLRQ� WKDW� LV� QRZ
SRVHG��RQFH�HYLGHQFH�IRU�D�FRPSXWHU�SUHPLXP�LV�GHPRQVWUDWHG��LV�WKH�RULJLQ
RI� WKLV� SUHPLXP�� :H� PD\� VXPPDUL]H� WKLV� TXHVWLRQ� DV� IROORZV�� ,V� WKH
FRPSXWHU�SUHPLXP�UHDO�� LQ�WKDW� LW� LV� LQGXFHG�E\�D�SURGXFWLYLW\�LQFUHDVH�RI
WKH�ZRUNHU�ZKR�XVHV�D�FRPSXWHU��RU�GRHV�LW�UHIOHFW�VRPH�VRUW�RI�XQREVHUYHG
ZRUNHU�RU� HPSOR\HU�KHWHURJHQHLW\��SRVLWLYHO\�FRUUHODWHG� WR�ERWK� FRPSXWHU
XVH� DQG� ZDJHV"� .UXHJHU� GHYRWHV� WKH� UHVW� RI� KLV� DQDO\VLV� WR� WKLV� SUHFLVH
TXHVWLRQ�

)LUVW�� .UXHJHU� LQWURGXFHV� HPSOR\HU� LQIRUPDWLRQ� WR� FRQWURO� IRU� SRVVLEOH
FRUUHODWLRQ�EHWZHHQ�FRPSXWHU�XVH�DQG�WKH�JHQHURVLW\�RI�FRPSHQVDWLRQ�VXFK
DV� WZR�GLJLW� LQGXVWU\� LQGLFDWRUV� RU� WKH� XQLRQ� VWDWXV� RI� WKH� ZRUNHUV� �KH
FDQQRW�FRQWURO�IRU�VL]H��EXW�FLWHV�5HLOO\��������ZKR�FDQ�GR�LW�EXW�ILQGV�OLWWOH
FKDQJH� RQ� WKH� FRPSXWHU� SUHPLXP� IRU� D� YHU\� VPDOO� VDPSOH� RI� &DQDGLDQ
ZRUNHUV��� ,Q� WKH� QRQ�XQLRQ� VHFWRU�� KH� ILQGV� D� SUHPLXP� RI� ����� SHU� FHQW
ZKLOH� LQ� WKH� XQLRQ� VHFWRU�� LW� LV� MXVW� ���� SHU� FHQW�� .UXHJHU� FRQFOXGHV� DV
IROORZV��
LI�RQH�EHOLHYHV�WKDW�WKH�SUHPLXP�IRU�ZRUN�UHODWHG�FRPSXWHU�XVH�LV
D� UHVXOW�RI�HPSOR\HHV�FDSWXULQJ�ILUPV
�FDSLWDO� UHQWV� UDWKHU� WKDQ�D� UHWXUQ� WR
VNLOO�� LW� LV� GLIILFXOW� WR� H[SODLQ�ZK\� WKH� SUHPLXP� LV� VR�PXFK� ODUJHU� LQ� WKH
QRQXQLRQ� VHFWRU� WKDQ� LQ� WKH� XQLRQ� VHFWRU
�� ,QWHUHVWLQJO\�� KH� H[DPLQHV� WKH
YDULRXV�UHWXUQV�IRU�YDULRXV�VSHFLILF�FRPSXWHU�WDVNV��.UXHJHU�VKRZV��VHH�KLV
7DEOH� ,,,�� WKDW� HOHFWURQLF� PDLO� LV� WKH� PRVW� UHZDUGHG� WDVN� �FRHIILFLHQW� RI
������ WR�DGG� WR� WKH�������FRHIILFLHQW�RQ�XVH�FRPSXWHU�DW�ZRUN��ZKLOH� WKH
�������FRHIILFLHQW�RQ�FRPSXWHU�JDPHV�VHHPV�WR�VXJJHVW�WKDW�FRPSXWHU�XVH
IRU�QRQ�SURGXFWLYH�WDVNV�GRHV�QRW�LQFUHDVH�HDUQLQJV��DGG�������WR���������
.UXHJHU� MXVW� QRWHV� DERXW� WKH� H�PDLO� FRHIILFLHQW� WKDW� LW� UHIOHFWV� WKH� KLJK�
UDQNLQJ� RI� H�PDLO� XVHUV�� ,Q� VRPH� VHQVH�� KH� DUJXHV� IRU� VRPH� VRUW� RI
XQREVHUYHG�KHWHURJHQHLW\�



�

7R� WDFNOH� WKLV� LVVXH� PRUH� GLUHFWO\�� .UXHJHU� DOVR� XVHV� LQIRUPDWLRQ� RQ
FRPSXWHU�XVH�DW�KRPH�DV�RSSRVHG�WR�FRPSXWHU�XVH�DW�ZRUN��,I�WKH�FRPSXWHU
SUHPLXP�UHIOHFWV�SURGXFWLYLW\�GLIIHUHQFHV��.UXHJHU�DUJXHV�WKDW�RQH�VKRXOG
VHH�D�]HUR�FRHIILFLHQW�RQ�WKH�LQGLFDWRU�IRU�XVLQJ�D�FRPSXWHU�DW�KRPH�LQ�DQ
H[WHQGHG�ZDJH�HTXDWLRQ��+H�ILQGV�WKDW�FRPSXWHU�XVH�DW�KRPH�LV�DVVRFLDWHG
ZLWK� D� SRVLWLYH�� �� SHU� FHQW�� SUHPLXP��+H� FRQFOXGHV� IURP� WKHVH� HYLGHQFH
WKDW� 
FRPSXWHU�XVH�DW�ZRUN�LQIOXHQFHV�HDUQLQJV�DQG�QRW�FKDUDFWHULVWLFV� WKDW
DUH�DVVRFLDWHG�ZLWK�FRPSXWHU�XVH
�

+LV�ILQDO�SLHFH�RI�HYLGHQFH��RI�LQWHUHVW�IRU�XV�LQ�WKLV�VXUYH\��LV�WKH�UHODWLRQ
EHWZHHQ�FRPSXWHU�XVH�DQG�UHWXUQV�WR�HGXFDWLRQ��7R�GR�WKLV��KH�UH�HVWLPDWHV
WKH�VDPH�EDVLF�FURVV�VHFWLRQ�HTXDWLRQ�����ZLWK�D�VPDOO�PRGLILFDWLRQ�

�LLLLLL ;HGX&RPS&RPSZ ebga ++�+=

ZKHUH�HGXL�GHQRWHV�WKH�QXPEHU�RI�\HDUV�RI�HGXFDWLRQ�RI�ZRUNHU� L��5HVXOWV
DUH� VWULNLQJ�� 7KH� GLUHFW� FRPSXWHU� SUHPLXP�� a�� YDQLVKHV� ZKLOH� DOO� RI� WKH
HIIHFW�RI�FRPSXWHUV�JRHV� WKURXJK�HGXFDWLRQ��g��ZKLFK� LV�HTXDO� WR������� LQ
������7KLV� DOORZV�.UXHJHU� WR� FRQFOXGH� WKDW� WKH� LQFUHDVH� LQ� FRPSXWHU� XVH
FDQ� DFFRXQW� IRU� URXJKO\� ��� SHU� FHQW� RI� WKH� LQFUHDVH� LQ� WKH� UHWXUQ� WR
HGXFDWLRQ�LQ�WKH�$PHULFDQ�SULYDWH�VHFWRU�

7URVNH� �������� LQ� D� VWXG\� RI� WKH� HPSOR\HU�VL]H�ZDJH� SUHPLXP� XVLQJ� WKH
:RUNHU�(VWDEOLVKPHQW� &KDUDFWHULVWLFV� 'DWDEDVH� �:(&'�� �VHH� WKH� GDWD
DSSHQGL[���WULHV�WR�VHH�ZKHWKHU�WKLV�SUHPLXP�FRPHV�IURP�IDLOLQJ�WR�LQFOXGH
DQ� DGHTXDWH� GHVFULSWLRQ� RI� WKH� FDSLWDO� LQ� WKH� ZRUNHU
V� SODQW�� 7R� GR� WKLV�
7URVNH�XVHV�DV�D�PHDVXUH�RI�ZKDW�KH�FDOOV�WKH�
VNLOO�FDSLWDO
��WKH�ORJ�RI�WRWDO
QHZ� LQYHVWPHQW� LQ� FRPSXWHUV� LQ� WKH� SODQW� LQ� ����� GLYLGHG� E\� WRWDO
HPSOR\PHQW�LQ�WKH�SODQW�LQ�WKH�VDPH�\HDU��7KLV�LQIRUPDWLRQ�FRPHV�IURP�WKH
&HQVXV�RI�0DQXIDFWXUHUV��2WKHU�UHVHDUFKHUV�PHQWLRQHG�LQ�RXU�VXUYH\�KDYH
XVHG� WKHVH� GDWD�� ZKLFK� PHDVXUH� IORZV� DQG� QRW� VWRFNV� RI� WKH� UHOHYDQW
YDULDEOH��7KH�:(&'�LV�WKH�UHVXOW�RI�D�PDWFK�EHWZHHQ�WKH�ORQJ�IRUP�RI�WKH
����� GHFHQQLDO� FHQVXV� �L�H�� LQGLYLGXDO�OHYHO� LQIRUPDWLRQ�� ZLWK� WKH
/RQJLWXGLQDO�5HVHDUFK�'DWDEDVH��/5'��IURP�WKH�86�FHQVXV�ZKLFK�FRQWDLQV
ORQJLWXGLQDO�LQIRUPDWLRQ�RQ�PDQXIDFWXULQJ�SODQWV��7KH�PRGHOV�HVWLPDWHG�E\
7URVNH�DUH�DV� ���� LQ�ZKLFK�YDULDEOHV�RQ� WKH�SODQW�DUH�DGGHG� WR� WKH�SHUVRQ
FKDUDFWHULVWLFV��(DFK�UHJUHVVLRQ� LQFOXGHV���������REVHUYDWLRQV��7DEOH���RI
7URVNH� ������� SUHVHQWV� WKH� UHVXOWV� RI� LQWHUHVW� IRU� XV�� )LUVW�� ZKHQ� QR
LQIRUPDWLRQ� RQ� WKH� HVWDEOLVKPHQW� RWKHU� WKDQ� ��GLJLW� LQGXVWULHV�� UHJLRQ�
ORFDWLRQ�RI�WKH�SODQW��DQG�WKH�FRPSXWHU�LQYHVWPHQW�YDULDEOH��7URVNH�VKRZV
WKDW��LQ�FRQIRUPLW\�ZLWK�.UXHJHU
V�UHVXOWV��ZRUNHUV�HPSOR\HG�LQ�SODQWV�ZLWK
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ODUJHU� FRPSXWHU� LQYHVWPHQWV� UHFHLYH� KLJKHU�ZDJHV�� HYHQ� DIWHU� FRQWUROOLQJ
IRU� SHUVRQDO� FKDUDFWHULVWLFV� RI� WKH� LQGLYLGXDOV��+RZHYHU��ZKHQ� WKH� DXWKRU
LQFOXGHV� WKH� ORJ�RI� WKH�HVWDEOLVKPHQW�HPSOR\PHQW�� WKH� ORJ�RI� WKH� ILUP� �WR
ZKLFK�WKH�HVWDEOLVKPHQW�EHORQJV��HPSOR\PHQW��DQG�WKH�ODERXU�FDSLWDO�UDWLR�
WKH� HIIHFW� RQ� WKH� FRPSXWHU� LQYHVWPHQW� YDULDEOH� GLVDSSHDUV�� ,Q� DGGLWLRQ� WR
WKLV� HYLGHQFH�� 7URVNH� PDWFKHV� WKH� :(&'� ZLWK� WKH� ����� 6XUYH\� RI
0DQXIDFWXULQJ�7HFKQRORJLHV� �607��� UHVXOWLQJ� LQ�D� VPDOOHU� VXEVDPSOH�EXW
ZLWK�GLUHFW�LQIRUPDWLRQ�RQ�WKH�SUHVHQFH�RI�D�FRPSXWHU�LQ�WKH�ZRUNHU
V�SODQW�
5HVXOWV�DUH�SUHVHQWHG�LQ�KLV�DSSHQGL[��VHH�KLV�7DEOH����7KH\�VKRZ�WKDW��RQFH
PRUH� FRQVLVWHQWO\� ZLWK� .UXHJHU
V� UHVXOWV�� ZRUNHUV� ZRUNLQJ� LQ� D
FRPSXWHUL]HG� SODQW� UHFHLYH� D� ��� SHU� FHQW� SUHPLXP�� 2QFH� PRUH�� ZKHQ
7URVNH� LQWURGXFHV� WKH� VL]H� DQG� WKH� FDSLWDO�ODERXU� UDWLR�� DOO� HIIHFWV� RQ� WKH
FRPSXWHU� YDULDEOH� GLVDSSHDU�� 1RWLFH� KRZHYHU�� WKDW� WKH� LQIRUPDWLRQ� RQ
FRPSXWHUV� LV� IDU� IURP� SHUIHFW� VLQFH� 7URVNH� PL[HV� SUHFLVH� LQGLYLGXDO
FKDUDFWHULVWLFV�DQG�LPSUHFLVH�RQHV�RQ�FRPSXWHU�H[LVWHQFH�LQ�WKH�SODQW�

7KH� LGHD� WKDW�� LQGHHG��PRVW� RI� UHFHQW� FKDQJHV� LQ� WKH�ZDJH� VWUXFWXUH�KDYH
EHHQ� FDXVHG� E\� WKH� GLIIXVLRQ� RI� QHZ� WHFKQRORJLHV�� DV� H[HPSOLILHG� E\
FRPSXWHUV��KDV�EHHQ�H[WUHPHO\�VXFFHVVIXO��2I�FRXUVH��WR�FRQFOXGH�WKDW�WKHUH
LV� VNLOO�ELDVHG� WHFKQLFDO� FKDQJH��RQH�PXVW� SURYH� WKDW� WKH� UHVXOWV� REVHUYHG
IRU�WKH�86�DUH�DOVR�YDOLG�LQ�RWKHU�FRXQWULHV��7KH�ILUVW�HYLGHQFH�FRPHV�IURP
)LQODQG��)UDQFH��*HUPDQ\��DQG�WKH�8.�

%XW��ILUVW��ZH�QHHG�WR�VKRZ�WKDW�WKH�VSUHDG�RI�FRPSXWHU�XVH�LV�URXJKO\�HTXDO
DFURVV� YDULRXV� FRXQWULHV� DQG� WKDW� WKH� XVHUV� KDYH� URXJKO\� LGHQWLFDO
FKDUDFWHULVWLFV��7R�FRPSDUH�WKH�86�DQG�(XURSHDQ�FRXQWULHV��LW�LV�SRVVLEOH�WR
XVH�D�SDSHU�ZULWWHQ�E\�&DUG��.UDPDU]��DQG�/HPLHX[���������7KHVH�DXWKRUV
VKRZ�WKDW�FRPSXWHU�XVH�DW�WKH�HQG�RI�WKH�HLJKWLHV�LV�YHU\�VLPLODU�LQ�&DQDGD�
)UDQFH�� DQG� WKH�8QLWHG�6WDWHV�� VOLJKWO\� EHORZ���� SHU� FHQW� LQ� WKH� ILUVW� WZR
FRXQWULHV�DQG�VOLJKWO\�DERYH����SHU�FHQW�LQ�WKH�86���7KH\�DOVR�VKRZ�WKDW�LQ
DOO�WKUHH�FRXQWULHV��ZRPHQ�DQG�HGXFDWHG�ZRUNHUV�XVH�FRPSXWHUV�PRUH�WKDQ
RWKHU� W\SHV� RI� ZRUNHUV�� ,QGHHG�� DOO� DYDLODEOH� HYLGHQFH� GHPRQVWUDWHV� WKDW
FRPSXWHU� VSUHDG� LV� YHU\� VLPLODU� DFURVV� YDULRXV� GHYHORSHG� FRXQWULHV� �VHH
DOVR�2(&'��������)XUWKHUPRUH��DQG� WKLV�ZLOO�EHFRPH�PRUH�REYLRXV�DIWHU
WKH� QH[W� SDUDJUDSKV�� WKH� LPSDFW� RI� FRPSXWHUV� RQ� HDUQLQJV� LV� DOVR� YHU\
VLPLODU�DFURVV�YDULRXV�GHYHORSHG�FRXQWULHV�

'L1DUGR� DQG� 3LVFKNH� ������� XVLQJ� D� *HUPDQ� GDWDVHW�� WKH� 62(3�� KDYH
IXUWKHU� H[DPLQHG� WKH� TXHVWLRQ� RI� XQREVHUYHG� KHWHURJHQHLW\� LQ� UHWXUQV� WR
������������������������������������������
��5HVXOWV� DUH� EDVHG� RQ�.UXHJHU� ������� IRU� WKH�86��/RZH� ������� IRU�&DQDGD�� DQG� WKH
�����/)6�IRU�)UDQFH�
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FRPSXWHU� XVH�� 7KH� VXEWLWOH� RI� WKHLU� SDSHU� LV� WKH� EHVW� VXPPDU\� RI� WKHLU
ILQGLQJ��
+DYH�3HQFLOV�&KDQJHG�WKH�:DJH�6WUXFWXUH�7RR"
�7KH\�UHSURGXFH
.UXHJHU
V� UHJUHVVLRQ� IRU� D� FRPSDUDEOH� GDWH� DQG� ILUVW� VKRZ� WKDW� UHWXUQV� WR
FRPSXWHU�XVH�DUH�H[WUHPHO\�FORVH�LQ�*HUPDQ\�WR�WKRVH�REVHUYHG�LQ�WKH�86�
7KH\�JR�D�VWHS�IXUWKHU�DQG�VKRZ�WKDW�ZRUNHUV�ZKR�XVH�SHQFLOV�RQ�WKHLU�MREV
DUH�DOVR�EHWWHU�FRPSHQVDWHG��WKH�SUHPLXP�EHLQJ�DOPRVW�LGHQWLFDO�WR�WKH�RQH
REVHUYHG� IRU� FRPSXWHUV��� 7KH\� FRQFOXGH� WKDW� WKH� FRPSXWHU� SUHPLXP
UHIOHFWV�XQREVHUYHG�SHUVRQDO� FKDUDFWHULVWLFV�� SRVLWLYHO\� FRUUHODWHG� WR�ZDJH
DQG� FRPSXWHU� XVH�� ,QGHHG�� D� ��� SHU� FHQW� WR� ��� SHU� FHQW� FRPSXWHU� XVH
SUHPLXP�LV�D�JHQHUDO�ILQGLQJ�RI�PRVW�VWXGLHV��%HOO���������XVLQJ�D�GDWDVHW
RI�DSSUR[LPDWHO\�������(QJOLVK�SHUVRQV�DOO�ERUQ�LQ�0DUFK�������VKRZV�WKDW
FRPSXWHU�XVHUV�DUH�EHWWHU�FRPSHQVDWHG�WKDQ�QRQ�XVHUV��&KHQQHOOV�DQG�9DQ
5HHQHQ� ������� JLYH� RWKHU� H[DPSOHV� RI� VWXGLHV�� XVLQJ� ILUP� RU� LQGLYLGXDO
GDWD��IRU�WKH�8.�WKDW�FRQILUP�VXFK�FURVV�VHFWLRQDO�ILQGLQJV�

(QWRUI� DQG� .UDPDU]� ������ DQG� ������ DQG� (QWRUI�� *ROODF�� DQG� .UDPDU]
�IRUWKFRPLQJ�� GHPRQVWUDWH� WKDW� DQ� LGHQWLFDO� UHVXOW� DOVR� KROGV� LQ� )UDQFH�
6LQFH�ZH� UHIHU� WR� WKHVH� VWXGLHV�PRUH� H[WHQVLYHO\� LQ� WKH�QH[W� VHFWLRQV��ZH
SURYLGH� WKH� UHDGHU� ZLWK� D� GHWDLOHG� GDWD� GHVFULSWLRQ� LQ� WKH� $SSHQGL[�� 7R
VXPPDUL]H�WKHLU�EDVLF�IHDWXUHV��WKH�GDWD�XVHG�E\�(QWRUI�DQG�.UDPDU]�FRPH
IURP� IRXU� GLIIHUHQW� ,16((� VRXUFHV�� 7KH� EDVLF� VRXUFHV� DUH� WKH� )UHQFK
/DERXU�)RUFH�6XUYH\V��/)6������������D�WKUHH�\HDU�URWDWLQJ�SDQHO��DQG�WKH
(QTXrWH� VXU� OD� 7HFKQLTXH� HW� O
2UJDQLVDWLRQ� GX� 7UDYDLO� DXSUqV� GHV
7UDYDLOOHXUV�2FFXSpV� �72772��RI������� DQ�DSSHQGL[� WR� WKH� ODERXU� IRUFH
VXUYH\�WKDW�DVNHG�TXHVWLRQV�DERXW�WKH�GLIIXVLRQ�RI�QHZ�WHFKQRORJLHV�DQG�WKH
RUJDQL]DWLRQ� RI� WKH� ZRUN� SODFH�� %HVLGHV� WKH� XVXDO� TXHVWLRQV� IURP� ODERXU
IRUFH� VXUYH\V� �VDODU\�� WHQXUH�� DJH�� HGXFDWLRQ�� HWF���� WKH� DSSHQGL[� FRQWDLQV
LQIRUPDWLRQ� RQ� WKH� XVH� �H�J�� LQWHQVLW\�� H[SHULHQFH�� RI� PLFURFRPSXWHUV�
WHUPLQDOV�� WH[W�SURFHVVLQJ�� URERWV�DQG�RWKHU�ZHOO� VSHFLILHG�JURXSV�RI� 
QHZ
WHFKQRORJ\
�ODERXU��7KH�XVH�RI�FRPSXWHUV�LV�GHVFULEHG�LQ�PRUH�GHWDLO�WKDQ�LQ
RWKHU� VXUYH\V� �.UXHJHU� ����� IRU� LQVWDQFH��� 7KH� TXHVWLRQQDLUH� SURYLGHV
H[SOLFLW�FDWHJRULHV�IRU�XVLQJ�PLFURFRPSXWHUV�IRU�WH[W�SURFHVVLQJ�RQO\��GDWD
HQWU\� DQG� XVH� RI� OLVWLQJV�� 
7HUPLQDO
� HYHQ� FRYHUV� D� GLVWLQFWLRQ� EHWZHHQ

UHFHSWLRQ� RQO\
�� 
HPLVVLRQ� RQO\
� DQG� ERWK� UHFHSWLRQ� DQG� HPLVVLRQ� ZKLOH
LQIRUPDWLRQ�RQ�SURGXFWLRQ�WHFKQLTXHV�DUH�DOVR�SUHVHQW�

,Q�WKH�ILUVW�YHUVLRQ�RI�WKH�72772�VXUYH\��RQO\�WKH������HPSOR\LQJ�ILUP�LV
NQRZQ��XVLQJ�WKH�VWDQGDUGL]HG�6LUHQ�HQWHUSULVH�LGHQWLILFDWLRQ�QXPEHU���7KLV
IHDWXUH� RI� WKH� )UHQFK� ,16((� FODVVLILFDWLRQ� V\VWHP� HQDEOHV� WKH� DXWKRUV� WR
HPSOR\� LQIRUPDWLRQ� IURP� FRUUHVSRQGLQJ� ILUP�OHYHO� VXUYH\V� �%,&�� ZKLFK
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FROOHFWV� DQQXDO� LQIRUPDWLRQ�RQ� EDODQFH� VKHHWV� DQG� HPSOR\PHQW� DQG�(6(�
ZKLFK�FROOHFWV�LQIRUPDWLRQ�RQ�WKH�HPSOR\PHQW�VWUXFWXUH��

,Q� WKH�FURVV�VHFWLRQ�� WKH� DSSURDFK� LV� LGHQWLFDO� WR�.UXHJHU
V� ��������(QWRUI
DQG� .UDPDU]� UHJUHVVHG� WKH� ORJ� RI� PRQWKO\� ZDJH� RQ� D� YHFWRU� RI
FKDUDFWHULVWLFV� RI� WKH� LQGLYLGXDO�;L� DQG� D� YHFWRU�RI� LQGLFDWRU� YDULDEOHV� IRU
ZRUNHUV�XVLQJ�RQH� �RU�PRUH�� RI� WKH�YDULRXV�QHZ� WHFKQRORJ\� �17�� JURXSV
�HTXDWLRQ� ������ ,Q� VRPH� UHJUHVVLRQV�� WKHVH� YDULDEOHV� ZHUH� VXSSOHPHQWHG
ZLWK�ILUP�OHYHO�FKDUDFWHULVWLFV�=M�L���ZKHUH�M�L��GHQRWHV�WKH�ILUP�DW�ZKLFK�L�LV
HPSOR\HG���VRPH�RI�ZKLFK�DUH�DYDLODEOH�IURP�WKH�FRPSOHPHQW�WR�WKH�ODERXU
IRUFH�VXUYH\��ZRUNLQJ�WLPH�VFKHGXOHV��VHFWRU��VL]H��DQG�WKH�RWKHUV�IURP�WKH
ILUP�OHYHO�SDQHO�GDWDVHW��VL]H��DVVHWV��SURILWV��VNLOO�VWUXFWXUH��H[SRUW�UDWLR���,Q
DOO�UHJUHVVLRQV��WKH\�FRQWURO�IRU�WKH�XVXDO�REVHUYDEOH�YDULDEOHV��7KHLU�UHVXOWV
VKRZ�WKDW�LQ������D�ZRUNHU�UHFHLYHG�D����SHU�FHQW�ERQXV�IRU�XVLQJ�PRGHUQ
FRPSXWHU�UHODWHG�17��7KLV�SUHPLXP�FDQ�EH�GHFRPSRVHG�LQWR�WZR�SDUWV��IRU
D� ZRUNHU� ZLWK� QR� 17�H[SHULHQFH�� D� 17� ZRUNHU� UHFHLYHV� D� SUHPLXP� RI
DSSUR[LPDWHO\���SHU�FHQW��5HWXUQV�IURP�H[SHULHQFH�ZLWK�17�DGG����SHU�FHQW
WR�WKH�DERYH�SUHPLXP��ZKHQ�HVWLPDWHG�DW�WKH�DYHUDJH�OHYHO�RI�H[SHULHQFH�LQ
WKH� SRSXODWLRQ� RI� PRGHUQ� FRPSXWHU�UHODWHG� 17� XVHUV��� :KHQ� ILUP�OHYHO
YDULDEOHV�DUH�LQWURGXFHG��VRPH�RI�WKH�DERYH�UHVXOWV�VHHP�WR�EH�DWWHQXDWHG�
WKH�FRHIILFLHQW�RI�WKH�PRGHUQ�FRPSXWHU�UHODWHG�17�GXPP\�LV�VPDOOHU����SHU
FHQW��DQG�WKH�VWDQGDUG�HUURU�LV�ODUJHU��+RZHYHU��WKH�UROH�RI�H[SHULHQFH�ZLWK
PRGHUQ�FRPSXWHU�UHODWHG�17�LV�LQFUHDVHG��7KH�ILUP�OHYHO�YDULDEOHV�WKDW�DUH
XVHG�� HYHQ� LI� WKH\� GR� QRW� VHHP� WR� EH� FRUUHODWHG� ZLWK� WKH� LQGLYLGXDO� 17
YDULDEOHV��DUH�LPSRUWDQW�DQG�LQFUHDVH�VLJQLILFDQWO\�WKH�H[SODQDWRU\�SRZHU�RI
WKH�UHJUHVVLRQ��,Q�WKDW�UHVSHFW��WKHVH�ODVW�UHVXOWV�VHHP�WR�FRQWUDGLFW�WKRVH�RI
7URVNH���������EXW�UHPHPEHU�WKDW�7URVNH�GRHV�QRW�NQRZ�LI�D�JLYHQ�ZRUNHU
LQ�D�SODQW�DFWXDOO\�XVHV�D�FRPSXWHU�EXW�RQO\�WKDW�FRPSXWHUV�DUH�SUHVHQW� LQ
WKH� SODQW�� )LQDOO\�� LI� ILUP� IL[HG�HIIHFWV� DUH� LQWURGXFHG�� UHVXOWV� DUH
XQFKDQJHG�

0RVW� RI� WKH� UHVXOWV� WKDW� KDYH� EHHQ�GHVFULEHG� IRU� WKH� �������� SHULRG� DOVR
KROG� EHWZHHQ� ����� DQG� ������ 7KH� GDWDVHWV� DUH� URXJKO\� LGHQWLFDO�� $� QHZ
IHDWXUH�RI�WKH�/)6�LV�WKH�LQFOXVLRQ�RI�WKH�HPSOR\LQJ�ILUP�LGHQWLILHU�LQ�HYHU\
\HDU� ZKLOH� RQO\� WKH� ����� HPSOR\LQJ� ILUP� ZDV� NQRZQ� SUHYLRXVO\� �VHH
DERYH��� ,Q� DGGLWLRQ�� WKH� DXWKRUV� XVH� D� QHZO\� DYDLODEOH� GDWDVHW�� WKH
'pFODUDWLRQV� GH� 0RXYHPHQWV� GH� 0DLQ� G
2HXYUH� �'002��� DQ
HVWDEOLVKPHQW�EDVHG�VXUYH\�RQ�KLULQJ�DQG�VHSDUDWLRQV��(QWRUI��*ROODF��DQG
.UDPDU]�DUH�WKHUHIRUH�DEOH�WR�IROORZ�WKH�ZRUNHUV�DFURVV�ILUPV�LQ�WKH�WKUHH
\HDUV�RI�WKH�SDQHO�
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(QWRUI�� *ROODF�� DQG� .UDPDU]� HVWLPDWH� ZDJH� HTXDWLRQV� OLNH� ���� ZLWK� 17
LQGLFDWRU�YDULDEOHV�LQ�WKH�.UXHJHU�IDVKLRQ�DV�ZHOO�DV�ZLWK�ILUP�IL[HG�HIIHFWV�
5HWXUQV�WR�FRPSXWHU�XVH� LQ������DUH�QRW�GLIIHUHQW� IURP�WKRVH�REVHUYHG� LQ
������7KH�LQWURGXFWLRQ�RI�ILUP�IL[HG�HIIHFWV�KDV�QR�LPSDFW�RQ�WKH�HVWLPDWHG
FRHIILFLHQWV�

$VSOXQG��������SUHVHQWV�YHU\�LQWHUHVWLQJ�HYLGHQFH�IRU�)LQODQG��6KH�XVHV�WKH
EL�DQQXDO� ODERXU� IRUFH� VXUYH\� IRU� WKH� \HDUV� ������ ������ ������ DQG� �����
7KH�ILUVW�VWULNLQJ�IHDWXUH�LV�WKDW�)LQODQG�DSSHDUV�WR�EH�WKH�FRXQWU\�LQ�ZKLFK
FRPSXWHU� XVH� LV� WKH� PRVW� ZLGHVSUHDG�� 7KH� SURSRUWLRQ� RI� XVHUV� LQFUHDVHV
IURP������SHU�FHQW�LQ������WR������SHU�FHQW�LQ�������VHH�KHU�7DEOH�����7KHQ�
VKH� HVWLPDWHV� WKH� VDPH�PRGHO� DV� DOO� RWKHU� DXWKRUV� KDYH� HVWLPDWHG� LQ� WKH
FURVV�VHFWLRQ� GLPHQVLRQ�� &RPSXWHU� XVHUV� UHFHLYH� D� �� SHU� FHQW� SUHPLXP
ZKHQ�XVLQJ�D�FRPSXWHU�LQ�DOO�\HDUV�EHWZHHQ������DQG�������,Q�WKDW��WKHUH�LV
QR�GLIIHUHQFH�ZLWK�RWKHU�FRXQWULHV��HYHQ�WKRXJK�WKH�SUHPLXP�DSSHDUV�WR�EH
VPDOOHU���%XW��LQ�������WKH�SUHPLXP�GLVDSSHDUV�DOPRVW�FRPSOHWHO\�DQG�GRHV
QRW�VHHP�WR�EH�VLJQLILFDQWO\�GLIIHUHQW�IURP�]HUR�LQ�DYHUDJH��VHH�KHU�7DEOHV��
DQG�����1RWLFH�KRZHYHU�WKDW�ZRPHQ�VHHP�VWLOO�DEOH�WR�FDSWXUH�VRPH�UHWXUQV
WR�FRPSXWHU�XVH�LQ�������VHH�KHU�7DEOH�����,I�ZH�EHOLHYH�WKDW�WKH�SUHPLXP
UHIOHFWV� XQREVHUYHG� KHWHURJHQHLW\�� WKH� ODUJH� LQFUHDVH� RI� FRPSXWHU� XVH� LQ
)LQODQG�VHHPV�WR�KDYH�EHHQ�DVVRFLDWHG�ZLWK�WKH�DWWHQXDWLRQ�RI�WKH�VHOHFWLRQ
SURFHVV�RI�WKH�EHVW�ZRUNHUV��DOPRVW�HYHU\RQH�KDV�WR�XVH�VXFK�PDFKLQHV�

��� 3DQHO�GDWDVHWV�HYLGHQFH

(YLGHQFH� RQ� FRPSXWHUV� EDVHG� RQ� SDQHO� GDWDVHWV� FRPHV� RQO\� IURP� WZR
FRXQWULHV��)UDQFH�DQG�WKH�8QLWHG�.LQJGRP��,Q�)UDQFH��WKH�VWXGLHV�RI�(QWRUI
DQG� .UDPDU]� ������ DQG� ������� DQG� (QWRUI�� *ROODF�� DQG� .UDPDU]
�IRUWKFRPLQJ�� JLYH� H[DFWO\� WKH� VDPH� UHVXOW�� 7KHVH� DXWKRUV� HVWLPDWH� WKH
IROORZLQJ�HTXDWLRQ�ZLWK�SHUVRQ�IL[HG�HIIHFWV�

��� ���� LWN
N

LLWLWLW HN;&RPSZ eba +++= Ê

ZKHUH��L����LV�DQ�LQGLFDWRU�IRU�LQGLYLGXDO�L��DQG�ZKHUH�FRPSXWHU�XVH�LV�WLPH�
YDU\LQJ��7R�LQFRUSRUDWH�WKH�SRWHQWLDOO\�LQFUHDVLQJ�SURGXFWLYLW\�RI�FRPSXWHU
XVHUV��;LW�PD\�LQFOXGH�WKH�QXPEHU�RI�\HDUV�RI�H[SHULHQFH�ZLWK�FRPSXWHUV�RI
LQGLYLGXDO�L�DW�GDWH�W�

7R�DVVHVV�ILUP�VSHFLILF�FRPSHQVDWLRQ�SROLFLHV��(QWRUI��*ROODF��DQG�.UDPDU]
�IRUWKFRPLQJ�� DGG� WR� WKH�SUHYLRXV� HTXDWLRQ� ���� ILUP� IL[HG�HIIHFWV��+HQFH�
WKH�ILQDO�HVWLPDWHG�HTXDWLRQ�LV�
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LQ�ZKLFK��-�L�W����� LV�DQ� LQGLFDWRU� IRU� ILUP�-�L�W�� �M�DW�ZKLFK� LQGLYLGXDO� L� LV
HPSOR\HG�DW�GDWH�W�

7KH�UHVXOWV�REWDLQHG�LQ�DOO�WKUHH�SDSHUV�DUH�IXOO\�FRQVLVWHQW�ZLWK�HDFK�RWKHU�
%RWK�LQ������DQG�LQ�������ZKHQ�HVWLPDWHG�LQ�WKLV� ORQJLWXGLQDO�GLPHQVLRQ�
DOO� WKH� HIIHFWV� RI� FRPSXWHU� XVH� RQ�ZDJHV� WKDW� DUH� REVHUYHG� LQ� WKH� FURVV�
VHFWLRQ�DOPRVW�FRPSOHWHO\�GLVDSSHDU��7KH�FRHIILFLHQWV�RQ�WKH�FRPSXWHU�XVH
LQGLFDWRU� YDULDEOH� DUH� QHYHU� VLJQLILFDQWO\� GLIIHUHQW� IURP� ]HUR��� +RZHYHU�
HYHQ� WKRXJK� 17� XVH� SHU� VH� GRHV� QRW� \LHOG� DQ� LPPHGLDWH� ZDJH� JDLQ�
FRHIILFLHQWV�RI�WKH�H[SHULHQFH�ZLWK�PRGHUQ�FRPSXWHU�UHODWHG�17�YDULDEOHV
DUH�VLJQLILFDQWO\�GLIIHUHQW�IURP�]HUR��,Q�(QWRUI�DQG�.UDPDU]���������DQRWKHU
YHUVLRQ�RI�WKH�VDPH�HTXDWLRQ�LQ�ZKLFK�D�GXPP\�IRU�HDFK�\HDU�RI�H[SHULHQFH
�������«����DQG�PRUH��LV�LQFOXGHG�LV�HVWLPDWHG�DQG�UHVXOWV�DUH�TXLWH�VLPLODU�
UHWXUQV� LQFUHDVH� XQWLO� ZRUNHUV� KDYH� �� WR� �� \HDUV� RI� H[SHULHQFH� DQG� WKHQ
VOLJKWO\� GHFUHDVH�� 7KH� LQWURGXFWLRQ� RI� WKH� ILUP�OHYHO� YDULDEOHV� GR� QRW
FKDQJH�WKHVH�UHVXOWV��,Q�DGGLWLRQ��WKH�ILUP�OHYHO�YDULDEOHV�WKDW�PHDVXUH�WKH
ILUP�VSHFLILF� SROLF\� KDYH� OLWWOH� LPSDFW� RQ� WKH� LQGLYLGXDO� ZDJH� RQFH
LQGLYLGXDO� IL[HG� HIIHFWV� DUH� LQWURGXFHG�� &RHIILFLHQWV� DUH� HLWKHU� QRW
VLJQLILFDQWO\� GLIIHUHQW� IURP� ]HUR� RU� VPDOO� �DVVHWV��� 7R� WHVW� IRU� RWKHU
H[SODQDWLRQV� RI� WKH� UHVXOWV� �LQ� SDUWLFXODU�� WR� FRQWURO� IRU� ILUP�OHYHO
LGLRV\QFUDWLF� VKRFNV���(QWRUI��*ROODF�� DQG�.UDPDU]� �IRUWKFRPLQJ��XVH� WKH
PDWFKHG� ZRUNHU±HVWDEOLVKPHQW� LQIRUPDWLRQ� RQ� KLULQJ�� TXLWV�� DQG
WHUPLQDWLRQV�FRPLQJ�IURP�WKH�'002��%\�LQWURGXFLQJ�HVWDEOLVKPHQW�OHYHO
PHDVXUHV� RI� HQWULHV� DQG� VHSDUDWLRQV�� WKH\� FDQ� FKHFN� WKDW� WKH� DEVHQFH� RI
HIIHFW�LQ�WKH�ORQJLWXGLQDO�GLPHQVLRQ�GRHV�QRW�FRPH�IURP�VRPH�XQREVHUYHG
ILUP�VSHFLILF� FRPSRQHQW�� UHODWHG� WR� \HDU� WR� \HDU� YDULDWLRQ� LQ� SURILW� WKDW
ZRXOG� JR� DJDLQVW� ZDJH� LQFUHDVHV� WKDW� VKRXOG� QRUPDOO\� DFFUXH� WR� WKH
FRPSXWHU�XVHUV��$OO� WKHLU� UHVXOWV�DUH�EDVLFDOO\� LGHQWLFDO� WR� WKRVH�GHVFULEHG
DERYH�� ,Q� DGGLWLRQ�� WKHVH� DXWKRUV� WHVW� IRU� PHDVXUHPHQW� HUURU� LQ� WKH
UHWURVSHFWLYH� LQIRUPDWLRQ� RQ� FRPSXWHU� XVH�� 7KH\� DOVR� JLYH� HYLGHQFH� WKDW
GHPRQVWUDWHV� WKDW� PHDVXUHPHQW� HUURU� LV� QRW� D� VHULRXV� SUREOHP� LQ� WKHLU
GDWDVHW�

%DVHG� RQ� DQ�(QJOLVK� GDWDVHW� �GHVFULEHG� DERYH���%HOO� ������� FDQ� H[DPLQH
UHODWHG�LVVXHV��,Q�IDFW��VLQFH�KH�KDV�LQIRUPDWLRQ�RQ�FRPSXWHU�XVH�LQ������DV

������������������������������������������
��7KLV�UHVXOW�KROGV�IRU�DOO�QHZ�WHFKQRORJLHV��17��WKDW�DUH�DQDO\VHG�E\�WKHVH�DXWKRUV�
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ZHOO� DV�ZDJH� GDWD� LQ� ����� DQG� LQ� ������ KH� LV� DEOH� WR� H[DPLQH� WKH�ZDJH
JURZWK�RI�FRPSXWHU�XVHUV�YHUVXV�QRQ�XVHUV��+H�ILQGV�D�VPDOO�SRVLWLYH�DQG
VLJQLILFDQW� HIIHFW� RQ� WKH� FRPSXWHU� XVH� GXPP\�� 7KLV� DQDO\VLV� KDV�
XQIRUWXQDWHO\�� VRPH� GUDZEDFNV�� )LUVW�� WKH� GDWDVHW� RQO\� VXUYH\V� ZRUNHUV
ERUQ�LQ�0DUFK�������D�JHQHUDWLRQ�ZKR�PD\�QRW�EH�H[DFWO\�UHSUHVHQWDWLYH�RI
WKH� ZKROH� %ULWLVK� ODERXU� IRUFH�� 7KHQ�� WKH� K\SRWKHVLV� WKDW� QR� RQH� XVHG
FRPSXWHUV� DW� WKH� HDUOLHU� GDWH�� ������ LV� FHUWDLQO\� VWURQJ�� )XUWKHUPRUH�� WKH
SHULRG� EHWZHHQ� WKH� WZR� GDWHV�� WHQ� \HDUV�� LV� TXLWH� ORQJ� DQG� PDQ\� WKLQJV
FRXOG�KDSSHQ�LQ�EHWZHHQ�ZLWKRXW�IRUFLQJ�XV�WR�DWWULEXWH�VRPH�ZDJH�JURZWK
WR�FRPSXWHU�XVH�

6LQFH�WKHUH�H[LVWV�QR�GDWDVHW�ZLWK�WKH�NLQG�RI�LQIRUPDWLRQ�WKDW�ZDV�XVHG�LQ
)UDQFH�RU� WKH�8.��$PHULFDQ� UHVHDUFKHUV� KDYH� WULHG�RWKHU� DSSURDFKHV� DQG
GDWDVHWV��)LUVW��%DUWHO�DQG�6LFKHUPDQ��������PL[�LQGLYLGXDO�LQIRUPDWLRQ�DQG
LQGXVWU\�OHYHO� LQIRUPDWLRQ�� 7KH\� VWDUW� ZLWK� WKH� $PHULFDQ� 1DWLRQDO
/RQJLWXGLQDO�6XUYH\�RI�<RXWK��1/6<���PDLQ�ILOH�DQG�ZRUN�KLVWRU\�ILOH�RI
WKH���������1/6<�DJHG�������LQ��������6LQFH�WKH�GDWDVHW�GRHV�QRW�FRQWDLQ
LQIRUPDWLRQ� RQ� WKH� H[DFW� WHFKQLFDO� FKDQJHV� IDFHG� E\� DQ� LQGLYLGXDO�� WKH
DXWKRUV�OLQN�WKH�1/6<�ZLWK�RWKHU�GDWDVHWV�XVLQJ�WKH�LQGXVWU\�FODVVLILFDWLRQ�
2I� LQWHUHVW� WR� RXU� GLVFXVVLRQ� KHUH� LV� WKH� LQYHVWPHQW� LQ� FRPSXWHUV� ZKLFK
FRPHV�IURP�WKH������DQG������FHQVXV�RI�PDQXIDFWXUHUV��7KLV�LQYHVWPHQW�LV
PHDVXUHG� DV� WKH� UDWLR� RI� LQYHVWPHQW� LQ� FRPSXWHUV� WR� WRWDO� LQYHVWPHQWV�
%DUWHO� DQG� 6LFKHUPDQ� XVH� DSSUR[LPDWHO\� ��� LQGXVWULHV� ���GLJLW
FODVVLILFDWLRQ���7KHQ�� WKH\�HVWLPDWH�D�ZDJH�HTXDWLRQ�ZLWK�D�SHUVRQ�DQG�DQ
LQGXVWU\� HIIHFW�� 7KH\� VKRZ� WKDW� ZDJH� FKDQJHV� LQ� LQGXVWULHV� ZLWK� KLJK
FRPSXWHU�LQYHVWPHQWV�DUH�ODUJHU�WKDQ�LQ�WKRVH�LQGXVWULHV�ZLWK�ORZ�FRPSXWHU
LQYHVWPHQWV��+RZHYHU��WKH\�DOVR�VKRZ�WKDW�ZDJH�FKDQJHV�LQ�LQGXVWULHV�WKDW
LQFUHDVHG� WKHLU� FRPSXWHU� LQYHVWPHQWV� EHWZHHQ� ����� DQG� ����� DUH� QRW
VLJQLILFDQWO\�ODUJHU�WKDQ�ZDJH�FKDQJHV�LQ�RWKHU�LQGXVWULHV��,W�LV�LQGHHG�WKLV
ODVW�HTXDWLRQ�ZKLFK�LV�PRUH�FRQVLVWHQW�ZLWK�WKH�W\SH�RI�WKRXJKW�H[SHULPHQW
WKDW�ZH�KDYH�LQ�PLQG��L�H��ZKDW�LV�WKH�LPSDFW�RI�DQ�LQFUHDVH�LQ�FRPSXWHU�XVH
�IRU�LQGLYLGXDOV��IURP�QRQ�XVHU�WR�XVHU��

'RPV��'XQQH�� 7URVNH� ������� DOVR�PL[� LQIRUPDWLRQ� IURP� YDULRXV� RULJLQV�
7KHLU�EDVLF�GDWDVHW�LV�D�PDWFK�RI�LQGLYLGXDO�OHYHO�LQIRUPDWLRQ�IURP�WKH�ORQJ
IRUP� RI� WKH� ����� GHFHQQLDO� FHQVXV� ZLWK� HVWDEOLVKPHQW�OHYHO� ORQJLWXGLQDO
LQIRUPDWLRQ��/5'���7KLV�PDWFK�LV�FDOOHG�WKH�:(&'���7R�KDYH�LQIRUPDWLRQ
RQ� WHFKQRORJ\� XVH�� WKH� DXWKRUV� PDWFK� WKH� :(&'� ZLWK� WKH� 6XUYH\� RI
0DQXIDFWXULQJ�7HFKQRORJLHV� �607��IURP������DQG�������:H�GHVFULEH� LQ
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��$OVR�XVHG�E\�7URVNH���������DQDO\VHG�DERYH�
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PRUH� GHWDLO� WKH� SURFHGXUH� RI� WKH� PDWFK� LQ� WKH� GDWD� DSSHQGL[�� 7KH� ����
607� FRQWDLQV� SODQW�OHYHO� LQIRUPDWLRQ� RQ� 17� XVH� LQ� $PHULFDQ
PDQXIDFWXULQJ�SODQWV��7KH�WHFKQLTXHV�VXUYH\HG�DUH�SURGXFWLRQ�WHFKQRORJLHV
VXFK�DV�URERWV��FRPSXWHU�DLGHG�GHVLJQ��&$'���ODVHUV��QHWZRUNV��DXWRPDWLF
V\VWHPV�� RU� FRPSXWHUV� XVHG� RQ� WKH� IDFWRU\� IORRU�� 7R� DVVHVV� WKH� WHFKQLFDO
GHYHORSPHQW�RI�WKH�SODQW��WKH�DXWKRUV�XVH�WKH�FRXQW�RI�GLIIHUHQW�WHFKQLTXHV
XVHG�DW�WKH�SODQW��7KH\�EXLOG���FDWHJRULHV�RI�SODQWV�EDVHG�RQ�WKH�QXPEHU�RI
WHFKQRORJLHV�XVHG��7KH�607�LV�PDWFKHG�WR�WKH�:(&'��7KLV�DOORZV�'RPV�
'XQQH�� DQG�7URVNH� WR�EXLOG� WKH�DYHUDJH�HDUQLQJV� IRU� SURGXFWLRQ�ZRUNHUV�
IRU�WHFKQLFDO��FOHULFDO�DQG�VDOHV�ZRUNHUV��DQG�IRU�PDQDJHUV�DQG�SURIHVVLRQDO
ZRUNHUV�IRU�WKH�����HVWDEOLVKPHQWV�SUHVHQW�LQ�DOO�WKUHH�GDWDVHWV��$W�WKH�VDPH
WLPH��WKH\�XVH�WKH�REVHUYHG�FKDUDFWHULVWLFV�RI�WKH�VDPH�ZRUNHUV�WR�FRPSXWH
WKH� SHU� FHQW� RI� ZRUNHUV� LQ� �� HGXFDWLRQ� FDWHJRULHV�� WKH� SHU� FHQW� RI� WKH
ZRUNIRUFH�LQ�WKUHH�DJH�FDWHJRULHV��WKH�SHU�FHQW�RI�PDUULHG�ZRUNHUV��RI�PDOH
ZRUNHUV�� DQG� ILQDOO\�� RI� ZKLWH� ZRUNHUV�� )LQDOO\�� WKH\� PHDVXUH� WKH� SODQW�
OHYHO�HPSOR\PHQW�DQG�LWV�FDSLWDO�ODERXU�UDWLR��7KHQ�� WKH\�LQFOXGH�DOO�WKHVH
YDULDEOHV� WR�SHUIRUP�HVWDEOLVKPHQW� OHYHO� UHJUHVVLRQV� WR�PHDVXUH� WKH�ZDJH
SUHPLXP� WR�EHLQJ� HPSOR\HG� LQ� D� WHFKQRORJLFDOO\� DGYDQFHG�SODQW�� ,QGHHG�
FRQVLVWHQWO\� ZLWK� DOO� RWKHU� UHVXOWV� H[DPLQHG� XQWLO� QRZ�� WKH\� VKRZ� WKDW
ZRUNHUV�HPSOR\HG� LQ� WKRVH�SODQWV�ZKLFK�XVH�PDQ\�PRGHUQ� WHFKQLTXHV�� LQ
SDUWLFXODU�FRPSXWHUV��DUH�EHWWHU�FRPSHQVDWHG��KHUH�WKH�SUHPLXP�LV�URXJKO\
HTXDO� WR� ��� SHU� FHQW� IRU� SURGXFWLRQ� ZRUNHUV� DQG� WHFKQLFDO� RU� FOHULFDO
ZRUNHUV��DQG�]HUR�IRU�PDQDJHUV��VHH�WKHLU�7DEOH�,,,��

7KHVH�UHVXOWV�VKRZ�WKDW��DV�LQ�.UXHJHU���������WHFKQRORJ\�XVH�LV�DVVRFLDWHG
ZLWK�D�SUHPLXP�HYHQ�DIWHU�LQFOXVLRQ�RI�ZRUNHUV�FKDUDFWHULVWLFV��7KHQ��XVLQJ
WKH�/5'�DQG� WKH������607��D� ORQJLWXGLQDO� DQDO\VLV� FDQ�EH�SHUIRUPHG� WR
FKHFN� ZKHWKHU� WKLV� SUHPLXP� GLVDSSHDUV� RU� UHPDLQV� LQ� WKLV� ORQJLWXGLQDO
GLPHQVLRQ��)LUVW��'RPV��'XQQH�DQG�7URVNH�H[DPLQH� LQ� WKH�VDPH� VSLULW� DV
%HOO��������WKH�ORQJ�FKDQJHV�LQ�HDUQLQJV�EHWZHHQ������DQG������LQ�UHODWLRQ
WR�WKH�WHFKQRORJLFDO�VWDWXV�RI�WKH�SODQW�LQ�������XVLQJ�WKH������607���7KHLU
UHVXOWV� VKRZ� WKDW� WKH�PRVW� WHFKQRORJ\�DGYDQFHG�SODQWV� LQ������SDLG� WKHLU
ZRUNHUV�KLJKHU�ZDJHV�LQ�������VHH�WKHLU�7DEOH�,9���7KH������607�FRQWDLQV
LQIRUPDWLRQ� RQ� WKH� WLPLQJ� RI� WHFKQRORJ\� DGRSWLRQ�� L�H�� WKH� QXPEHU� RI
WHFKQRORJLHV� DGRSWHG� EHWZHHQ� ����� DQG� ����� ZKLOH� WKH� FHQVXV� RI
PDQXIDFWXUHV� LQ� ����� DQG� ����� FRQWDLQ� HDUQLQJV� LQIRUPDWLRQ� IRU
SURGXFWLRQ� DQG� QRQ�SURGXFWLRQ� ZRUNHUV�� 7KLV� DOORZV� 'RPV�� 'XQQH�� DQG
7URVNH� WR� UHSHDW� WKH� SUHYLRXV� DQDO\VLV� XVLQJ� WKHVH� ZDJHV�� ILUVW� E\� XVLQJ
RQO\�LQIRUPDWLRQ�IURP�WKH������607��WKHQ�E\�PHDVXULQJ�WKH�GLIIHUHQFH�LQ
WKH� QXPEHU� RI� WHFKQRORJLHV� GHFODUHG� LQ� ����� DQG� ������ $OO� WKHVH
UHJUHVVLRQV�JLYH�LGHQWLFDO�UHVXOWV��$OO�WKH�HIIHFWV�RI�WHFKQRORJ\�GLVDSSHDU�LQ
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WKLV� ORQJLWXGLQDO� GLPHQVLRQ�� )LUPV� WKDW� SD\� KLJK� ZDJHV� DQG� XVH� PDQ\
PRGHUQ�WHFKQLTXHV�DOUHDG\�SDLG�ZHOO�EHIRUH�DGRSWLQJ�WKHVH�WHFKQLTXHV��,Q�D
ODVW�DWWHPSW��'RPV��'XQQH��DQG�7URVNH�PDWFK�WKHLU�VDPSOH�ZLWK�GDWD�IURP
WKH������$QQXDO� 6XUYH\� RI�0DQXIDFWXUHV� �$60�� IURP�ZKLFK� WKH\� XVH� D
PHDVXUH�RI�FRPSXWHU�LQYHVWPHQW��:KHQ�H[DPLQLQJ�WKH�FKDQJHV�LQ�HDUQLQJV
RI� HLWKHU� SURGXFWLRQ� RU� QRQ�SURGXFWLRQ� ZRUNHUV� LQ� UHODWLRQ� WR� FRPSXWHU
LQYHVWPHQW�� WKH\�VKRZ�WKH�DEVHQFH�RI�VXFK�D� UHODWLRQ��7KRVH�SODQWV�ZKLFK
KDYH� LQYHVWHG�KLJKO\� LQ�FRPSXWHU� HTXLSPHQW�GLG�QRW� LQFUHDVH� WKHLU�ZDJHV
EHWZHHQ������DQG������

��� (YLGHQFH�IURP�LQGXVWU\��HGXFDWLRQ��RU�RFFXSDWLRQ�FHOOV

,Q�WKLV�VXEVHFWLRQ��ZH�UHYLHZ�DOO�RI�WKH�HYLGHQFH�RQ�WKH�LPSDFW�RI�FRPSXWHU
XVH� RQ� ZDJHV�� RU� UHODWLYH� ZDJHV� EDVHG� RQ� ORQJLWXGLQDO� GDWDVHWV� RI
LQGXVWULHV�� RFFXSDWLRQV�� RU� HGXFDWLRQ� FHOOV� FRQVWUXFWHG� IURP� YDULRXV
LQGLYLGXDO�� HVWDEOLVKPHQW� RU� ILUP�OHYHO� GDWDVHWV�� 7KLV� DQDO\VLV� ZLOO� FRYHU
YDULRXV� FRXQWULHV�� )RU� WKH�PRPHQW��ZH�ZLOO� RQO\� SUHVHQW� URXJK� HYLGHQFH�
GHOD\LQJ�WKH�PXFK�GHEDWHG�TXHVWLRQ�RI�VNLOO�ELDVHG�WHFKQLFDO�FKDQJH�IRU�D
ODWHU�VHFWLRQ�

0RVW�SDSHUV�W\SLFDOO\�GHULYH�WKHLU�HVWLPDWHG�HTXDWLRQV�IURP�D�VLPSOH�PRGHO
ZLWK� D�&(6�SURGXFWLRQ� IXQFWLRQ�ZLWK� GLIIHUHQW� IDFWRUV� RI� SURGXFWLRQ�� )RU
LQVWDQFH�� LQ� 0LVKHO� DQG� %HUQVWHLQ� ������� DQG� $XWRU�� .DW]�� DQG� .UXHJHU
��������WKH�XQLWV�RI�LQWHUHVW�DUH�LQGXVWULHV�����IRU�WKH�IRUPHU�DQG�����LQ�WKH
ODWWHU��DQG�HDFK� VHFWRU�KDV� DW� OHDVW� WZR� W\SHV�RI�ZRUNHUV��KLJK�VFKRRO� DQG
FROOHJH� JUDGXDWHV� ZKLOH� &DUG�� .UDPDU]�� DQG� /HPLHX[� ������� XVH� DJH�
HGXFDWLRQ�FHOOV�WR�H[DPLQH�FKDQJHV�LQ�LQHTXDOLW\��7KH�W\SLFDO�HTXDWLRQ�KDV�D
PHDVXUH� RI�ZLWKLQ�LQGXVWU\� FKDQJHV� �IRU� WKH� ILUVW� WZR� VWXGLHV�� LQ� UHODWLYH
GHPDQG�IRU�FROOHJH�HGXFDWHG�ZRUNHUV�YHUVXV�KLJK�VFKRRO�HGXFDWHG�ZRUNHUV
DV� WKH�GHSHQGHQW�YDULDEOH� DQG� VRPH�PHDVXUH� RI� WKH� WHFKQLFDO� VKRFNV� WKDW
DIIHFWHG�WKH�VDPH�LQGXVWU\�DV�WKH�H[SODQDWRU\�YDULDEOHV��,Q�WKLV�VXUYH\��ZH
ZLOO� IRFXV� RQ� WKRVH� UHVXOWV� LQ� ZKLFK� WKH� H[SODQDWRU\� YDULDEOHV� LQFOXGH
FRPSXWHU�XVH�LQ�WKH�LQGXVWU\��HLWKHU�LQ�OHYHO�RU�LQ�YDULDWLRQ���)XUWKHUPRUH�
LQ�WKLV�VXEVHFWLRQ��ZH�FRQFHQWUDWH�RQ�WKH�FKDQJHV�LQ�WKH�UHODWLYH�ZDJHV�

0LVKHO� DQG� %HUQVWHLQ� ������� H[DPLQH� WKH� ����� WR� ����� SHULRG�
GHFRPSRVHG�LQWR�WKUHH�VXESHULRGV�����������������������������7KHLU�GDWD
FRPH� IURP� WKH� &36� �RXWJRLQJ� URWDWLRQ� JURXSV�� WRJHWKHU� ZLWK� WKH� ����
3XEOLF�8VH�0LFURGDWD�6DPSOH� �3806�� IRU� WKH� GHSHQGHQW� YDULDEOHV�ZKLOH
WKH� H[SODQDWRU\� YDULDEOHV� FRPSULVH� WKH� %XUHDX� RI� (FRQRPLF� $QDO\VLV
�%($�� JURVV� FRPSXWHU� VWRFN� SHU� IXOO�WLPH� HTXLYDOHQW� IURP� WKH� 1DWLRQDO
,QFRPH� DQG� 3URGXFW� $FFRXQW� �1,3$�� VHULHV� �FDOOHG� FRPSXWHU� LQYHVWPHQW
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SHU�)7(���7KH�ZDJH� LQHTXDOLW\�PHDVXUH� IRU� HDFK� LQGXVWU\� LV� FRPSXWHG�DV
IROORZV�� WKH� DXWKRUV� GLYLGH� HDFK� LQGXVWU\� ZDJH� GLVWULEXWLRQ� LQWR� YDULRXV
IUDFWLOHV� ������� ������� ������� ������� ��±����� IRU� HDFK� VH[�� 7KHQ�� WKH\
PHDVXUH�WKHLU�ZDJH�TXDQWLWLHV�UHODWLYH�WR�WKH������ZDJH�GLVWULEXWLRQ��$OO�WKH
HTXDWLRQV� DUH� HVWLPDWHG� LQ� ILUVW� GLIIHUHQFH� WR� HOLPLQDWH� DOO� LQGXVWU\
IL[HG�HIIHFWV�� 7KH� UHVXOWLQJ� HVWLPDWHV� VKRXOG� KHOS� XV� WR� DVVHVV� ZKHWKHU
WHFKQRORJ\� FKDQJHV� DUH� DVVRFLDWHG� ZLWK� DQ� LQFUHDVH� XVH� RI� KLJK� ZDJH
ZRUNHUV��7KHLU�7DEOHV����DQG����FRQWDLQ� WKH�UHVXOWV� IRU�PHQ��7KH�DXWKRUV
VKRZ�WKDW�WHFKQRORJLFDO�FKDQJH�ZDV�OHVV�ELDVHG�LQ�WKH�HLJKWLHV� WKDQ�LQ�WKH
VHYHQWLHV� IRU� WKH� ERWWRP� KDOI� RI� WKH� ZDJH� GLVWULEXWLRQ�� ,QGHHG�� 
7KHUH� LV
GHILQLWHO\�QR�VXSSRUW�IRU�DQ�DFFHOHUDWHG�WHFKQRORJ\�HIIHFW�ZRUNLQJ�DJDLQVW
WKH� ERWWRP� KDOI� LQ� WKH� HLJKWLHV�
� ,Q� DGGLWLRQ�� 
UHODWLYH� WR� WKH� VHYHQWLHV�
WHFKQRORJLFDO�FKDQJH�LQ�WKH�HLJKWLHV�ZDV�OHVV�IDYRXUDEOH�WR�WKH�KLJKHVW�SDLG
���SHU� FHQW� RI�PHQ�
� )LQDOO\�� IRU�PHQ� DJDLQ�� WKH� HVWLPDWHV� LQ� WKH�QLQHWLHV
DSSHDU� WR� EH� HYHQ� OHVV� FRQVLVWHQW� ZLWK� WKH� VNLOO�ELDVHG� WHFKQLFDO� FKDQJH
LGHDV��VLQFH�IRU�HYHU\�ZDJH�JURXS��WKH�HVWLPDWHG�FRHIILFLHQWV�DUH�VPDOO��7KH
VDPH� HTXDWLRQV� DUH� HVWLPDWHG� IRU� ZRPHQ� �VHH� WKHLU� 7DEOH� ����� 7KH
FRQFOXVLRQ�RI�WKH�DXWKRUV�LV�TXLWH�VLPLODU�WR�WKH�RQH�REWDLQHG�IRU�PHQ�VLQFH
WKH\�FODLP�WKDW�WKHUH�LV�RQFH�PRUH�
QR�VXSSRUW�IRU�DQ�DFFHOHUDWHG�WHFKQRORJ\
VKRFN�KXUWLQJ�WKH�ERWWRP�KDOI�RU�WKUHH�IRXUWKV�DQG�KHOSLQJ�WKH�WRS�KDOI�


$XWRU�� .DW]�� DQG� .UXHJHU� JR� D� VWHS� IXUWKHU� E\� H[DPLQLQJ� D� ORQJHU� WLPH
SHULRG�������WR�������DQG�D�ODUJHU�QXPEHU�RI�LQGXVWULHV��������7KHLU�EDVLF
IUDPHZRUN� LQFOXGHV� DQ� DJJUHJDWH� &(6� SURGXFWLRQ� IXQFWLRQ�� \�� ZLWK� WZR
IDFWRUV��FROOHJH�HTXLYDOHQWV��F��DQG�KLJK�VFKRRO�HTXLYDOHQWV��K�
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ZKHUH�F�VWDQGV�IRU�FROOHJH�DQG�K�IRU�KLJK�VFKRRO�ZKLOH�Z�VWDQGV�IRU�ZDJH
DQG� [� IRU� TXDQWLWLHV�� ZKHUH� V� LV� D� PHDVXUH� RI� WKH� UHODWLYH� HIILFLHQF\� RI
FROOHJH�HGXFDWHG�ZRUNHUV�ZLWK� UHVSHFW� WR�KLJK� VFKRRO�HGXFDWHG�ZRUNHUV�� W
VWDQGV� IRU� WLPH�� DQG�� ILQDOO\�� s� LV� WKH� HODVWLFLW\� RI� VXEVWLWXWLRQ� EHWZHHQ
FROOHJH� DQG� KLJK� VFKRRO� HTXLYDOHQWV�� 0D[LPL]DWLRQ� RI� WKLV� DJJUHJDWH
SURGXFWLRQ�IXQFWLRQ� OHDGV� WKHP�WR� WKH�IROORZLQJ� LQGH[�IRU� WKH�ORJ� UHODWLYH
GHPDQG�VKLIW��'W��HTXDWLRQ�
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7KLV�ODVW�SDUDPHWHU�LV�FUXFLDO�VLQFH�LI�s�KDV�YDOXHV�EHWZHHQ�����DQG����WKHQ

RQH� FDQ� UHDFK� WKH� FRQFOXVLRQ� WKDW� VXSSO\� JURZWK� GLIIHUHQFHV� HQWLUHO\
H[SODLQ� GLIIHUHQFHV� LQ�ZDJH� EHKDYLRU� LQ� WKH� VHYHQWLHV� YHUVXV� WKH� HLJKWLHV
ZLWKRXW�UHVRUW�WR�D�QHZ�HUD�RI�UDSLG�VNLOO�ELDVHG�WHFKQLFDO�FKDQJH
�DV�VWDWHG
E\�WKH�DXWKRUV�ZKRVH�SUHIHUUHG�HVWLPDWH�RI� WKLV�HODVWLFLW\� LV������.DW]�DQG
0XUSK\�������

7KHLU�PHDVXUH�RI�FRPSXWHU�XVH�LV�VLPLODU�WR�.UXHJHU
V�������DQG������&36�
WR� ZKLFK� WKH\� DGG� WKH� ����� &36�� 7KLV� DOORZV� WKHP� WR� HYDOXDWH� WKH
SURSRUWLRQ� RI� FRPSXWHU� XVHUV� LQ� HDFK� LQGXVWU\�� 7KHVH� QXPEHUV� DUH
WUDQVIRUPHG�LQWR�DQQXDO�FKDQJHV�LQ�WKH�IUDFWLRQ�RI�ZRUNHUV�LQ�HDFK�LQGXVWU\
ZKR� XVH� D� FRPSXWHU�� &RQVLVWHQWO\� ZLWK� HTXDWLRQ� ����� WKH\� H[DPLQH� WKH
DQQXDOL]HG�FKDQJH�LQ�WKH�VKDUH�RI�SD\UROO�GXH�WR�FROOHJH�HGXFDWHG�ZRUNHUV
LQ� HDFK� LQGXVWU\� IURP� WKH� VL[WLHV� WR� WKH� QLQHWLHV� DQG� H[SODLQ� LW� ZLWK� WKH
��������DQQXDOL]HG�FKDQJH�LQ�FRPSXWHU�XVH��7KHLU�7DEOH���VKRZV�WKDW�WKH
�������� LQWHU�LQGXVWU\�FKDQJHV� LQ� WKH�ZDJH�ELOO� VKDUH� RI� FROOHJH�HGXFDWHG
ZRUNHUV� DUH� RQO\�ZHDNO\� UHODWHG� WR� IXWXUH� FKDQJHV� LQ� FRPSXWHU� XVH�� 7KH
UHODWLRQ�LV�VWURQJHU�LQ�WKH�ODWHU�SHULRGV��$XWRU��.DW]��DQG�.UXHJHU�QRWH�WKDW
WKH� FRHIILFLHQWV� LQ� WKH� VHYHQWLHV� DQG� LQ� WKH� HLJKWLHV� DUH� RI� WKH� VDPH
PDJQLWXGH�� )XUWKHUPRUH�� WKH� UHVXOWV� DSSHDU� WR� DFFRXQW� IRU� D� VXEVWDQWLDO
LQFUHDVH� LQ� WKH� VKDUH� RI� WKH� SD\UROO� DFFUXLQJ� WR� FROOHJH�HGXFDWHG�ZRUNHUV
�URXJKO\� RQH�KDOI� EHWZHHQ� ����� DQG� ������ D� VLPLODU� QXPEHU� IRU� WKH
VHYHQWLHV��WKH�VDPH�QXPEHU�EHWZHHQ�WKH�VL[WLHV�DQG�WKH�HLJKWLHV��

7R� FKHFN� WKH� VWDELOLW\� RI� WKHLU� UHVXOWV� RQ� D� ORQJHU� SHULRG� �IURP� ����� WR
������� $XWRU�� .DW]�� DQG� .UXHJHU� XVH� PHDVXUHV� RI� FRPSXWHU� LQYHVWPHQW
IURP� WKH�1,3$�VHULHV� DOVR�XVHG�E\�0LVKHO� DQG�%HUVWHLQ� �VHH� DERYH���7KH
QXPEHU� RI� VHFWRUV� LV� UHGXFHG� WR� ��� VLQFH� WKHVH� GDWD� RQO\� LQFOXGH� SULYDWH
VHFWRU� FDSLWDO� �QRQ�DJULFXOWXUDO� LQGXVWULHV� H[FOXGLQJ� VHUYLFH� VHFWRUV� ZLWK
VXEVWDQWLDO�JRYHUQPHQW�HPSOR\PHQW���7KH\�VKRZ�WKDW�WKHUH�H[LVWV�D�VWURQJ
SRVLWLYH�UHODWLRQVKLS�EHWZHHQ�WKH�FRPSXWHU�LQYHVWPHQW�PHDVXUH��SHU�XQLW�RI
HPSOR\PHQW�� DW� WKH� VWDUW� RI� HDFK� GHFDGH� DQG� WKH� JURZWK� RI� WKH� FROOHJH�
HGXFDWHG� ZRUNHUV� SD\UROO� VKDUH� RYHU� WKH� IROORZLQJ� WHQ� \HDUV�� 7KH\� DOVR
PHQWLRQ�WKDW�LQ�H[SODLQLQJ�WKH�FROOHJH�ZDJH�ELOO�VKDUH��ZKDW�PDWWHUV�LV�WKH
LQLWLDO� VWRFN�RI� FRPSXWHU� FDSLWDO� UDWKHU� WKDQ� FKDQJHV� GXULQJ� WKH�SHULRG� LQ
FRPSXWHU� FDSLWDO�� 5HSODFLQJ� FRPSXWHU� LQYHVWPHQW� SHU� IXOO� WLPH� HPSOR\HH
E\�WKH�DYHUDJH�FRPSXWHU�XVH�LQ�WKH�VDPH�LQGXVWU\�IURP�WKH������&36�JLYHV
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FORVH�UHVXOWV�ZKLOH�KDYLQJ�YDULDEOHV�ERWK�LQ�WKH�VDPH�UHJUHVVLRQ�GULYHV�WKH
FRPSXWHU�LQYHVWPHQW�FRHIILFLHQW�WR�QRQ�VLJQLILFDQFH�

7KH�DXWKRUV�DOVR�H[DPLQH�WKH�VNLOO�XSJUDGLQJ�LVVXH�E\�H[SODLQLQJ�WKH�VKDUH
RI�QRQ�SURGXFWLRQ�ZRUNHUV�LQ�WKH�ZDJH�ELOO�RI�HDFK�LQGXVWU\��7KH\�XVH�GDWD
RQ�����LQGXVWULHV�IURP�WKH�1%(5�SURGXFWLYLW\�GDWDEDVH�IRU�WKH�SHULRG�����
WR�������$SDUW�IURP�FRPSXWHU�LQYHVWPHQW�IURP�WKH�&HQVXV�RI�0DQXIDFWXUHV
DQG� WKH� VKDUH� LQ� WKH�SD\UROO�RI� QRQ�SURGXFWLRQ�ZRUNHUV�� WKH\� XVH� GDWD� RQ
FKDQJHV� LQ� FDSLWDO� LQWHQVLW\�� UHDO� VKLSPHQWV� JURZWK�� DQG� WRWDO� IDFWRU
SURGXFWLYLW\� JURZWK� IURP� WKH� 1%(5� SURGXFWLYLW\� VDPSOH�� LPSRUW� DQG
H[SRUW�SHQHWUDWLRQ�IURP�)HHQVWUD��������DQG�WKH�RXWVRXUFLQJ�PHDVXUH�IURP
)HHQVWUD� DQG� +DQVRQ� �������� 7KHLU� HVWLPDWHV� �7DEOH� ���� VKRZ� WKDW� WKH
FKDQJHV� LQ� FRPSXWHU� LQYHVWPHQW� FDQ� H[SODLQ� URXJKO\� D� WKLUG� RI� WKH
DFFHOHUDWLRQ� LQ�VNLOO�XSJUDGLQJ�LQ�PDQXIDFWXULQJ�IURP� WKH�VHYHQWLHV� WR� WKH
HLJKWLHV��%\�FRQWUDVW��FKDQJHV�LQ�LPSRUWV��H[SRUWV��RU�LQ�RXWVRXUFLQJ�H[SODLQ
YHU\�OLWWOH�RI�WKH�JURZWK�RI�WKH�ZDJH�ELOO�VKDUH�IRU�QRQ�SURGXFWLRQ�ZRUNHUV�
7KHVH�ILQGLQJV�DUH�FRQVLVWHQW�ZLWK� WKH�HDUOLHU� ILQGLQJV�RI�%HUPDQ��%RXQG�
DQG�*ULOLFKHV���������ZKR�XVHG�WKH�VDPH�W\SH�RI�DSSURDFK�DQG�GDWD�EXW�RQ
D� VPDOOHU� SHULRG� DQG� DW� D� OHVV�GLVDJJUHJDWHG� OHYHO�� DQG�ZKR� LWDOLFL]HG� WKH
IROORZLQJ�ILQGLQJ��
,QYHVWPHQWV�LQ�FRPSXWHUV�DORQH�ZRXOG�VHHP�WR�DFFRXQW
IRU� EHWZHHQ� RQH�TXDUWHU� DQG� RQH�KDOI� RI� WKH� ZLWKLQ�LQGXVWU\� PRYH� DZD\
IURP�SURGXFWLRQ�ODERXU�WKDW�RFFXUUHG�RYHU�WKH�HLJKWLHV�


7KH�FRQFOXVLRQ�WKDW�WKH�UHDGHU�FDQ�GHULYH�IURP�$XWRU��.DW]��DQG�.UXHJHU�LV
FOHDU�� 
:KDWHYHU� LV�GULYLQJ� LQFUHDVHV� LQ� WKH� UDWH� RI�JURZWK�RI�GHPDQG� IRU
VNLOOHG� ODERXU�RYHU� WKH�SDVW� WZHQW\�ILYH�\HDUV� LV� FRQFHQWUDWHG� LQ� WKH�PRVW
FRPSXWHU�LQWHQVLYH�VHFWRUV�RI�WKH�86�HFRQRP\�


&DUG��.UDPDU]��DQG�/HPLHX[��������GR�QRW�IRFXV�RQ�VNLOO�ELDVHG�WHFKQLFDO
FKDQJH� SHU� VH� DV� WKH� SUHYLRXV� DXWKRUV� GLG�� +RZHYHU�� WKH\� H[DPLQH� WKH
TXHVWLRQ�RI�WKH�HYROXWLRQ�RI�UHODWLYH�ZDJHV�LQ�WKH�HLJKWLHV��0RUH�SUHFLVHO\�
WKH\� H[DPLQH� WKH� FODLP� WKDW� LW� LV� EHFDXVH�ZDJHV� DUH� LQIOH[LEOH� LQ� (XURSH
�KHUH�� )UDQFH�� LQ� VSLWH� RI� QHJDWLYH� VKRFNV� DJDLQVW� ORZ�VNLOO� ZRUNHUV� WKDW
WKHVH� ZRUNHUV� ORVW� WKHLU� MREV�� $QG�� VLQFH� FRPSXWHU� XVH� LV� RQH� RI� WKHLU
PHDVXUHV�RI�WKH�QHJDWLYH�VKRFNV��LW�LV�OHJLWLPDWH�WR�H[DPLQH�WKHLU�ILQGLQJV�
7KHVH� DXWKRUV� FRPSDUH� WKH� 86�� &DQDGD�� DQG� )UDQFH�� $V� PHQWLRQHG
SUHYLRXVO\��WKH\�ILUVW�VKRZ�WKDW�WKH�GLIIXVLRQ�RI�FRPSXWHUV�LV�DSSUR[LPDWHO\
LGHQWLFDO�LQ�WKHVH�WKUHH�FRXQWULHV��7KHQ�� WKH\�FRQVWUXFW�DJH�HGXFDWLRQ�FHOOV
IRU�HDFK�VH[�XVLQJ�WKH�&36�IRU� WKH�86��WKH������6XUYH\�RI�:RUN�+LVWRU\
�6:+��� WKH������ ODERXU�PDUNHW�DFWLYLW\�VXUYH\� WR�EXLOG� WKH�FHOOV��DQG� WKH
�����*HQHUDO�6RFLDO�6XUYH\� �*66�� WR�PHDVXUH� FRPSXWHU�XVH� IRU�&DQDGD�
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DQG� YDULRXV� HQTXrWH� HPSORL� IURP� WKH� HLJKWLHV� IRU� )UDQFH�� 7KHQ�� WKH\
HVWLPDWH� WKH� IROORZLQJ� HTXDWLRQ� XVLQJ� DOO� FHOOV�� VHSDUDWHO\� IRU� PHQ� DQG
ZRPHQ�
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LQ�ZKLFK�Z�LV�WKH�ZDJH��GHP�LV�WKH�QHJDWLYH�GHPDQG�VKRFN�DIIHFWLQJ�JURXS�M
�PHDVXUHG�E\�WKH�VKDUH�RI�FRPSXWHU�XVHUV�LQ�JURXS�M���s��LV�WKH�HODVWLFLW\�RI
WKH�VXEVWLWXWLRQ�EHWZHHQ�JURXSV�LQ�WKH�SURGXFWLRQ�IXQFWLRQ��e� LV�WKH�ODERXU
VXSSO\� HODVWLFLW\�� l� LV� D� ULJLGLW\� SDUDPHWHU� �HTXDO� WR� ]HUR� IRU� FRPSOHWH
ULJLGLW\�DQG�WR�RQH�IRU�FRPSOHWH�IOH[LELOLW\���IM�LV�WKH�SURSRUWLRQ�RI�JURXS�M�LQ
WKH�SRSXODWLRQ��DQG�H�LV�D�VWDWLVWLFDO�UHVLGXDO��7DEOH���FRQWDLQV�PRVW�RI�WKHLU
UHVXOWV��7KH\�LQGHHG�VKRZ�WKDW�LQ�WKH�86��ZDJH�FKDQJHV�IRU�ERWK�PDOHV�DQG
IHPDOHV� LQ� D� FHOO� DUH� VWURQJO\� SRVLWLYHO\� UHODWHG� WR� WKH� SURSRUWLRQ� RI
FRPSXWHU� XVHUV� LQ� WKDW� FHOO�� +RZHYHU�� LQ� &DQDGD�� WKHUH� LV� QR� VLJQLILFDQW
UHODWLRQ� EHWZHHQ� ZDJH� FKDQJHV� DQG� FRPSXWHU� XVH� LQ� WKH� HLJKWLHV� �RQFH
PRUH��WKLV�DSSOLHV�WR�PHQ�DQG�ZRPHQ���)LQDOO\��DQG�HYHQ�PRUH�VXUSULVLQJ�
WKH�RSSRVLWH�DSSHDUV�WR�EH�JRLQJ�RQ�LQ�)UDQFH��:DJH�JURZWK�LV�QHJDWLYHO\
UHODWHG�WR�FRPSXWHU�XVH��7KH�FRHIILFLHQW�LV�PDUJLQDOO\�VLJQLILFDQW�IRU�PDOHV
EXW�LW�LV�YHU\�ODUJH�IRU�IHPDOHV��+HQFH��WKRVH�ZKR�ZHUH�VXSSRVHG�WR�EH�PRVW
DIIHFWHG�E\�WKH�QHJDWLYH�VKRFNV�� L�H�� WKH�ORZ�WHFK�ZRUNHUV�KDYH�KDG�ODUJHU
ZDJH� LQFUHDVHV� WKDQ� WKHLU� KLJK�WHFK� FRXQWHUSDUWV��:H� ZLOO� FRPH� EDFN� WR
WKHVH�UHVXOWV�ZKLOH�SUHVHQWLQJ�*RX[�DQG�0DXULQ��������

:H� QRZ� GLVFXVV� WKH� HYLGHQFH� RQ� WKH� LPSDFW� RI� FRPSXWHU� XVH� RQ
HPSOR\PHQW��VNLOO�FRPSRVLWLRQ�RI�WKH�ZRUNIRUFH��DQG�XQHPSOR\PHQW�

�� &20387(56�$1'�(03/2<0(17�,1�7+(�86
$1'�:(67(51�(8523(

��� (YLGHQFH�IURP�LQGLYLGXDO�OHYHO�GDWD

,Q� WKH� 86�� WKH� RQO\� HPSLULFDO� HYLGHQFH� RQ� WKH� UHODWLRQ� EHWZHHQ
HPSOR\PHQW²VNLOO� FRPSRVLWLRQ� RI� WKH� SODQWV�� WR� EH� PRUH� SUHFLVH²DQG
FRPSXWHU� XVH� FRPHV� IURP� 'RPV�� 'XQQH�� DQG� 7URVNH� �������� 7KH
PHWKRGRORJ\� DQG� WKH� GDWD� XVHG� DUH� LGHQWLFDO� WR� WKH� RQH� GHVFULEHG� LQ� WKH
SUHYLRXV�VHFWLRQ��7KHLU�GHSHQGHQW�YDULDEOHV�DUH��RI�FRXUVH��VOLJKWO\�GLIIHUHQW
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EXW�DOO�H[SODQDWRU\�YDULDEOHV�DUH�LQGHHG�LGHQWLFDO�WR�WKRVH�XVHG�IRU�ZDJHV�
)LUVW��'RPV��'XQQH��DQG�7URVNH�H[DPLQH�WKH�HGXFDWLRQDO�DQG�RFFXSDWLRQDO
PL[�LQ�WKHLU�SODQWV�LQ�UHODWLRQ�WR�WHFKQRORJ\��7KHLU�PHDVXUHV�DUH�WKH�SHU�FHQW
RI� ZRUNHUV� ZLWK� DW� OHDVW� D� FROOHJH� GHJUHH�� WKLV� PHDVXUH� LV� IXUWKHU
GHFRPSRVHG� LQWR�SURGXFWLRQ� DQG�QRQ�SURGXFWLRQ�ZRUNHUV�� WKH�SHU� FHQW� RI
ZRUNHUV�LQ�PDQDJHULDO��VFLHQWLILF��RU�HQJLQHHULQJ�RFFXSDWLRQV��DQG� WKH�SHU
FHQW� RI� QRQ�SURGXFWLRQ�ZRUNHUV��$SDUW� IURP� WKH� QRQ�SURGXFWLRQ�ZRUNHUV�
DOO� WKHVH� FDWHJRULHV� DUH� PRUH� IUHTXHQW� LQ� KLJK�WHFKQRORJ\� SODQWV�� :KHQ
ORRNLQJ�DW�WKH�SHULRG������WR�������WKH�FKDQJH�LQ�WKH�QRQ�SURGXFWLRQ�ODERXU
VKDUH�LV�QRW�UHODWHG�WR�WKH�WHFKQRORJLHV�XWLOL]HG�LQ�WKH�SODQW��2WKHU�ZD\V�RI
PHDVXULQJ� FKDQJHV� LQ� WKH� WHFKQLTXHV� XVHG� DW� WKH� SODQW� �VHH� DERYH�� JLYH
LGHQWLFDO�UHVXOWV��7KH�FKDQJH�LQ�WKH�VKDUH�RI�QRQ�SURGXFWLRQ�ZRUNHUV�LV�QRW
UHODWHG� WR� WKH�PDJQLWXGH�RI� WKH� FKDQJHV� LQ� WHFKQRORJLHV�XVHG�DW� WKH�SODQW
EHWZHHQ������DQG�������,Q�DQ�DWWHPSW�WR�UHFRQFLOH�WKHVH�UHVXOWV�ZLWK�WKRVH
DOUHDG\�SUHVHQWHG��$XWRU��.DW]��DQG�.UXHJHU��������WKH�DXWKRUV�PDWFK�WKHLU
GDWD� ZLWK� WKH� ����� $QQXDO� 6XUYH\� RI� 0DQXIDFWXUHV� �$60�� LQ� ZKLFK� D
PHDVXUH�RI�FRPSXWHU�LQYHVWPHQW�LV�DYDLODEOH��7KH�QXPEHU�RI�SODQWV�LQ�WKHVH
UHJUHVVLRQV�LV��������VHH�WKHLU�7DEOH�9,,���:KLOH�WKH�FKDQJHV�LQ�ZDJHV�DUH
QRW� UHODWHG� WR� FRPSXWHU� LQYHVWPHQW�� WKH� FKDQJH� LQ� WKH� QRQ�SURGXFWLRQ
ODERXU� VKDUH� �IURP� ����� WR� ������ DSSHDUV� WR� EH� SRVLWLYHO\� UHODWHG� WR
FRPSXWHU� LQYHVWPHQW��(YDOXDWHG�DW� WKH�PHDQ�RI� WKH�VDPSOH�� WKH�HVWLPDWHG
FRHIILFLHQW�LPSOLHV�WKDW�FRPSXWHU�LQYHVWPHQW�FDQ�H[SODLQ����SHU�FHQW�RI�WKH
JURZWK�LQ�QRQ�SURGXFWLRQ�ZRUNHUV�

$SDUW� IURP� WKH� 8QLWHG� 6WDWHV�� GLUHFW� PLFUR�HFRQRPHWULF� HYLGHQFH� RQ� WKH
UHODWLRQVKLS�EHWZHHQ�HPSOR\PHQW�DQG�FRPSXWHU�XVH�FDQ�RQO\�EH� IRXQG� LQ
WKH�8.�DQG�LQ�)UDQFH�

,Q�WKH�8.��0DFKLQ��������XVHV�WKH�SDQHO�GDWDVHW�YHUVLRQ�RI�WKH�:,56��WKH
%ULWLVK�:RUNSODFH� ,QGXVWULDO�5HODWLRQV� 6XUYH\�� IRU� \HDUV� ����� DQG� �����
7KH� GDWDVHW� FRQWDLQV� ���� SODQWV�� %HVLGHV� WKH� VWDQGDUG� TXHVWLRQV� RI� WKH
:,56��ZH�NQRZ�ZKHWKHU�D�SODQW�KDV�LQWURGXFHG�FRPSXWHUV�EHWZHHQ�WKH�WZR
VXUYH\�GDWHV��+HQFH��0DFKLQ�H[DPLQHV�WKH�FKDQJHV�LQ�WKH�VNLOO�FRPSRVLWLRQ
DQG�ILQGV�WKDW�WKH�LQWURGXFWLRQ�RI�FRPSXWHUV�LQWR�WKH�SODQW�LV�DVVRFLDWHG�ZLWK
DQ�LQFUHDVHG�VKDUH�RI�PDQDJHUV�DQG�WHFKQLFLDQV�DV�ZHOO�DV�D�GHFUHDVHG�VKDUH
RI�XQVNLOOHG�PDQXDO�ZRUNHUV�

)RU�)UDQFH��*UHHQDQ��0DLUHVVH��DQG�7RSLRO�%HQVDwG��������ILQG�UHVXOWV�WKDW
DUH�VLPLODU�WR�WKRVH�REVHUYHG�LQ�WKH�8.��L�H��LQFUHDVHG�FRPSXWHU�LQYHVWPHQW
LV�DVVRFLDWHG�ZLWK�D�GHFUHDVH�LQ�WKH�VKDUH�RI�EOXH�FROODU�ZRUNHUV�
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6HFRQG�� WKH�VWXG\�RI�(QWRUI��*ROODF��DQG�.UDPDU]� �IRUWKFRPLQJ��GRHV�QRW
H[DPLQH�WKH�VNLOO�FRPSRVLWLRQ�EXW�ORRNV�GLUHFWO\�DW�WKH�SURWHFWLRQ�HIIHFW�RI
FRPSXWHU�XVH��L�H��LI�FRPSXWHU�XVHUV�DUH�OHVV�OLNHO\�WR�ORVH�WKHLU�MREV�ZKHQ
WKH� ILUP� IDFHV� D� GRZQWXUQ�� 7KHVH� DXWKRUV� IRFXVHG� XSRQ� VHOHFWLRQ� LGHDV�
FRPSXWHU�XVHUV�ZHUH�QRW�RQO\�VHOHFWHG�DPRQJ�WKH�SRRO�RI�ZRUNHUV��EXW�DOVR
KDG�DOUHDG\�EHHQ�VHOHFWHG�VLQFH�WKH\�ZHUH�KLJK�ZDJH�ZRUNHUV�HYHQ�EHIRUH
XVLQJ� FRPSXWHUV��7R�GHOYH� IXUWKHU� LQWR� WKH� VHOHFWLRQ� HIIHFWV� RI� FRPSXWHUV
DQG� RWKHU� QHZ� WHFKQRORJLHV�� (QWRUI�� *ROODF�� DQG� .UDPDU]� H[DPLQH� WKH
SURWHFWLRQ� HIIHFW� RI� FRPSXWHUV� IURP� MRE� ORVVHV�� ,Q� SDUWLFXODU�� LI� FRPSXWHU
XVH�LPSOLHG�VRPH�WUDLQLQJ�FRVWV�WKDW�WKH�ILUP�KDV�WR�UHFRXS�RU��DOWHUQDWLYHO\�
LI� WKH�PHUH�XVH�RI� WKH�FRPSXWHU�KDV� LPSURYHG�ZRUNHU� L�TXDOLW\��FRPSXWHU
XVHUV�ZLOO�EH�SURWHFWHG�IURP�XQHPSOR\PHQW�UHODWLYH�WR�QRQ�XVHUV�

,I� ZH� GHQRWH� XQHPSLW� ���WKH� IDFW� WKDW�ZRUNHU� L�LV� XQHPSOR\HG� DW� GDWH� W
�DIWHU�W����WKH�DXWKRUV�HVWLPDWH�WKH�IROORZLQJ�HTXDWLRQ�
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ZKHUH�;LW��DUH�REVHUYDEOHV�IRU�ZRUNHU�L��ZKHUH�HLW�� ���GHQRWHV�WKDW�ZRUNHU�L
ZDV�HPSOR\HG�DW�GDWH�W���DQG�ZKHUH� �GHQRWHV�WKH�SURELW�IXQFWLRQ��VWDQGDUG
QRUPDO�F�G�I����7KH\�XVH�WKH������VXSSOHPHQW�WR�WKH�/DERXU�)RUFH�6XUYH\
RQ� 1HZ� 7HFKQRORJLHV� �VHH� GDWD� DSSHQGL[�� WRJHWKHU� ZLWK� WKH� 4XDUWHUO\
/DERXU� )RUFH� 6XUYH\� RI� WKH� VDPH� \HDU�� 7KLV� TXDUWHUO\� VXUYH\� FKHFNV� DOO
WKRVH�ZRUNHUV�VXUYH\HG�LQ�WKH�PDLQ�0DUFK�/)6�IRU�WKHLU�HPSOR\PHQW�VWDWXV
LQ� -XQH�� 6HSWHPEHU�� DQG� 'HFHPEHU� RI� WKH� VDPH� \HDU�� 7KH� QXPEHU� RI
ZRUNHUV�VOLJKWO\�GHFUHDVHV��IURP�������WR��������EXW�WKH�GDWD�DSSHDUV�YHU\
FORVH�WR�WKH�LQLWLDO�RQH��2I�WKRVH�ZRUNHUV�HPSOR\HG�LQ�0DUFK������SHU�FHQW
LQ�-XQH������SHU� FHQW� LQ�6HSWHPEHU�� DQG�����SHU� FHQW� LQ�'HFHPEHU� DUH� QR
ORQJHU� HPSOR\HG�� 1RWLFH� WKDW� ����� LV� D� WURXJK� LQ� WKH� )UHQFK� F\FOH�� 7KH
UHVXOWLQJ�HVWLPDWHV�DUH�FOHDU��&RPSXWHU�XVHUV�DUH�SURWHFWHG�IURP�WKH�ULVN�RI
D�MRE�ORVV�LQ�WKH�VKRUW�UXQ��%XW�WKH�SURWHFWLRQ�HIIHFW�GHFUHDVHV�ZLWK�WLPH��L�H�
LW� LV� VWURQJHVW� LQ� -XQH�� LQWHUPHGLDWH� LQ� 6HSWHPEHU�� DQG� GLVDSSHDUV� LQ
'HFHPEHU��2WKHU�QHZ� WHFKQRORJLHV�GR�QRW�RIIHU� VLPLODU�SURWHFWLRQ��8VLQJ
WKH�PDWFKHG�HPSOR\HH�HPSOR\HU�DVSHFW�RI�WKH�GDWD��WKH�DXWKRUV�WU\�GLIIHUHQW
UREXVWQHVV� FKHFNV�� LQ� SDUWLFXODU� IRU� VHOHFWLRQ� ELDVHV�� )LUVW�� WKH\� LQFOXGH
LQIRUPDWLRQ� RQ� FRPSXWHU� XVH� RI� FR�ZRUNHUV²ZRUNHUV� HPSOR\HG� LQ� WKH
VDPH� ILUP²LQ� D� VHOHFWLRQ� HTXDWLRQ� DQG�� WKHQ�� LQFOXGH� D�0LOOV� UDWLR�W\SH
WHUP�LQ�WKH�3URELW�HTXDWLRQ��7KH\�DOVR�FRPSXWH�WKH�SHUVRQ�IL[HG�HIIHFW�IURP
HTXDWLRQ� ���� DQG� LQWURGXFH� LW� DV� DQ� DGGLWLRQDO� UHJUHVVRU� LQ� HTXDWLRQ� ����
)LQDOO\��WKH\�XVH�WKH�PDWFK�ZLWK�WKH�'002�GDWD��VHH�DSSHQGL[��WR�FRQWURO
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IRU� HVWDEOLVKPHQW�VSHFLILF� EXVLQHVV� VKRFNV�� 1RQH� RI� WKHVH� FKHFNV� \LHOG� D
UHVXOW�WKDW�GLIIHUV�IURP�WKH�RQH�SUHVHQWHG�DERYH��+HQFH��RQ�WRS�RI�VHOHFWLRQ�
WKH� PHUH� XVH� RI� D� FRPSXWHU� SURWHFWV� D� ZRUNHU� IURP� MRE� ORVV� DQG
XQHPSOR\PHQW�LQ�WKH�VKRUW�UXQ��+RZHYHU��WKLV�SURWHFWLRQ�HIIHFW�GLVDSSHDUV
DV�VRRQ�DV�EDG�EXVLQHVV�FRQGLWLRQV�ODVW�

��� (YLGHQFH�IURP�LQGXVWU\��HGXFDWLRQ��RU�RFFXSDWLRQ�FHOOV

7KH�VHW�RI�SDSHUV�WKDW�DQDO\VH�WKH�UHFHQW�WUDQVIRUPDWLRQV�LQ�WKH�GHPDQG�IRU
VNLOOV�GXH� WR� WHFKQRORJLFDO�VKRFNV� LV�DOPRVW� LGHQWLFDO� WR� WKH�RQH�SUHVHQWHG
DERYH� ZKLFK� PDLQO\� H[DPLQHG� UHODWLYH� ZDJH� FKDQJHV� RU� FKDQJHV� LQ� WKH
VWUXFWXUH�RI�WKH�ZDJH�ELOO�VKDUHV��7KH�WHFKQLTXHV�XVHG�DUH�H[DFWO\�LGHQWLFDO�

0LVKHO� DQG� %HUVWHLQ� ������� WU\� WR� H[SODLQ� HGXFDWLRQ� XSJUDGLQJ�� L�H�� WKH
GHFOLQLQJ�VKDUH�RI�KLJK�VFKRRO�JUDGXDWHV�LQ�$PHULFDQ�LQGXVWULHV��5HPHPEHU
WKDW� DOO� WKHVH� DXWKRUV� IRFXV� RQ� ZLWKLQ�LQGXVWU\� VKLIWV� �.DW]� DQG� 0XUSK\
������ DPRQJ�RWKHUV� KDYH�GHPRQVWUDWHG� WKDW�PRVW� FKDQJHV� LQ� WKH� HLJKWLHV
RFFXUUHG�ZLWKLQ�LQGXVWULHV���7KHVH�DXWKRUV�FODLP�WKDW�QR�REYLRXV�FRQFOXVLRQ
HPHUJHV� IURP� WKHLU� UHVXOWV�� $OO� HVWLPDWHV� DUH� VPDOO� DQG� PDQ\� DUH� HYHQ
VWDWLVWLFDOO\�LQVLJQLILFDQW��7KH\�ILQG�WKDW�WKH�LPSDFW�RI�WHFKQRORJ\�IRU�ERWK
PDOHV�DQG�IHPDOHV�LV�VPDOO�TXDQWLWDWLYHO\�DQG�VWDWLVWLFDOO\�

$XWRU��.DW]��DQG�.UXHJHU��������ILUVW�DQDO\VH�WKH�DQQXDOL]HG�FKDQJH�LQ�WKH
IUDFWLRQ�RI�HPSOR\HG�ZRUNHUV� LQ� HDFK�HGXFDWLRQ�JURXS�EHWZHHQ������DQG
������7KHLU� UHVXOWV� VKRZ� WKDW� 
WKH� VKLIW� WRZDUG� FROOHJH�HGXFDWHG�ZRUNHUV�
DQG� DZD\� IURP� KLJK�VFKRRO�HGXFDWHG� ZRUNHUV�� ZDV� JUHDWHVW� LQ� LQGXVWULHV
WKDW� H[SHULHQFHG� WKH� JUHDWHVW� LQFUHDVH� LQ� FRPSXWHU� XVH�
� $V� WKH� DXWKRUV
SRLQW�� WKH�VKDUH�RI�FROOHJH�HGXFDWHG�ZRUNHUV� LQFUHDVHG�HDFK�\HDU�EHWZHHQ
�����DQG������E\������SHU�FHQW��6XUSULVLQJO\��D�VWURQJ�JURZWK�LQ�FRPSXWHU
XVH�LV�DOVR�DVVRFLDWHG�WR�D�ULVH�LQ�WKH�VKDUH�RI�ZRUNHUV�ZLWK�OHVV�WKDQ�KLJK
VFKRRO�HGXFDWLRQ�LQ�DQ�LQGXVWU\��$XWRU��.DW]��DQG�.UXHJHU�WU\�WR�FRQWURO�IRU
WKLV� HIIHFW� E\� LQWURGXFLQJ� WKH� �����PHDQ� HGXFDWLRQ� OHYHO� LQ� WKH� LQGXVWU\�
VLQFH� WKH\� DUJXH� WKDW� WKLV� FRUUHODWLRQ� FRPHV� IURP� WKH� LQGXVWULHV� WKDW
HPSOR\HG�DOPRVW�QR�KLJK�VFKRRO�GURSRXWV��1RWLFH� WKDW� WKLV� HIIHFW� UHPDLQV
IRU�IHPDOHV��HYHQ�DIWHU�LQWURGXFLQJ�WKLV�FRQWURO��7RJHWKHU��ZLWK�WKH�HYLGHQFH
SUHVHQWHG�LQ�WKH�SUHYLRXV�VHFWLRQ��WKHVH�DXWKRUV�FRQFOXGH�WKDW�WKH�JURZWK�RI
FRPSXWHU�XVH�LV�GULYLQJ�WKH�LQFUHDVHG�GHPDQG�RI�FROOHJH�HGXFDWHG�ZRUNHUV�

6WULNLQJ� WR� WKH�H[WHUQDO� UHDGHU�� WKHVH� WZR�JURXSV�RI�DXWKRUV�DUULYH�DW�YHU\
GLIIHUHQW�FRQFOXVLRQV��)LUVW��LW�VHHPV�WKDW�WKH�XVH�RI�D�GLIIHUHQW�H[SODQDWRU\
YDULDEOH��WKH������WR������FKDQJH�LQ�FRPSXWHU�XVH�DV�FDOFXODWHG�IURP�WKH
&36�� \LHOGV� GLIIHUHQW� UHVXOWV� WKDQ� WKRVH� REWDLQHG� DQG� PRUH� FDXWLRXVO\
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SUHVHQWHG�E\�0LVKHO�DQG�%HUQVWHLQ���������1RWLFH�DOVR�WKDW�HYHQ�ZKHQ�WKH\
XVH� WKH� VDPH� GDWD�� WKH� FRPSXWHU� LQYHVWPHQW� YDULDEOH�� GLIIHUHQFHV� LQ
VSHFLILFDWLRQ� RI� WKH� HVWLPDWHG� HTXDWLRQV� VHHP� WR� \LHOG� TXLWH� GLIIHUHQW
HVWLPDWHV�

&DUG��.UDPDU]��DQG�/HPLHX[��������H[DPLQH�WKH�IROORZLQJ�HTXDWLRQ�
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ZKHUH� SM� LV� WKH� VKDUH� RI� HPSOR\HG� ZRUNHUV� LQ� HDFK� FHOO� M�� 7KLV� VHFRQG
HTXDWLRQ� VXSSOHPHQWV� HTXDWLRQ� ���� ZKLFK� DQDO\VHG� ZDJH� FKDQJHV� DFURVV
DJH�HGXFDWLRQ�FHOOV�LQ�WKH�DQDO\VLV��7KH�DXWKRUV�VKRZ�WKDW�LQ�WKH�86�WKRVH
ZRUNHUV�LQ�FHOOV�ZKR�PRVW�LQWHQVLYHO\�XVHG�QHZ�WHFKQRORJLHV��DV�PHDVXUHG
IURP�FRPSXWHU�XVH��DUH�WKH�VDPH�IRU�ZKRP�WKH�HPSOR\PHQW�VKDUH�LQFUHDVHG
WKH� PRVW�� %XW�� VXUSULVLQJO\�� IRU� &DQDGD� WKHUH� LV� QR� VLJQLILFDQW� UHODWLRQ
EHWZHHQ�FRPSXWHU�XVH��L�H��WKH�PHDVXUH�RI�WKH�QHJDWLYH�VKRFNV�WKDW�VKRXOG
KDYH�DIIHFWHG�WKH�ORZ�VNLOOV�ZRUNHUV��DQG�HPSOR\PHQW�FKDQJHV��$QG��HYHQ
PRUH� VXUSULVLQJO\�� LQ� )UDQFH�ZKLFK� H[KLELWHG� WKH� VWURQJHVW�ZDJH� ULJLGLW\�
UHODWLYH�HPSOR\PHQW�FKDQJHV�IRU� IHPDOHV�DUH�QRW� UHODWHG�WR�FRPSXWHU�XVH�
ZKLOH� IRU� PDOHV�� UHODWLYH� HPSOR\PHQW� FKDQJHV� DUH� LGHQWLFDO� WR� WKRVH
REVHUYHG�LQ�WKH�8QLWHG�6WDWHV�

+HQFH��LW�VHHPV�WKDW�VLPLODULW\�LQ�FRPSXWHU�XVH�DFURVV�FRXQWULHV�PDVNV�ZLGH
GLIIHUHQFHV�LQ�RWKHU�DVSHFWV²VXFK�DV�ODERXU�PDUNHW�LQVWLWXWLRQV��VXSSO\�RI
FROOHJH�HGXFDWHG�ZRUNHUV����²WKDW�PD\�ZHOO� H[SODLQ� WKH� GLIIHUHQW� SDWWHUQV
REVHUYHG�LQ�YDULRXV�FRXQWULHV��7KH�SDSHU�EHORZ�ZLOO�SUHVHQW�PRUH�VSHFLILF
HYLGHQFH�IRU�)UDQFH�

*RX[� DQG� 0DXULQ� ������� XVH� D� WKHRUHWLFDO� IUDPHZRUN� WKDW� EHDUV� VRPH
VLPLODULWLHV�ZLWK�.DW]
V�DQG�0XUSK\
V���������7KLV�IUDPHZRUN�DOORZV�WKHP
WR�GHFRPSRVH� FKDQJHV� LQ� HPSOR\PHQW� RI� GLIIHUHQW� VNLOOV� LQ� HDFK� LQGXVWU\
LQWR�YDULRXV�FRPSRQHQWV��)LUVW��WKH\�XVH�WKH�FODVVLFDO�EHWZHHQ�DQG�ZLWKLQ�
LQGXVWU\�GHFRPSRVLWLRQ��7KHVH�WZR�FRPSRQHQWV�FDQ�EH�IXUWKHU�GHFRPSRVHG
LQWR�SDUWV�FRPLQJ�IURP�LQWHUQDWLRQDO�WUDGH��WUDGH�VXUSOXV��GRPHVWLF�GHPDQG
FKDQJHV��)RU�WKHVH�WKUHH�VXESDUWV��LW�LV�DOVR�SRVVLEOH�WR�DVVHVV�WKH�LPSDFW�RI
WKH� ZLWKLQ�LQGXVWU\� FKDQJHV� LQ� WKH� UHODWLYH� FRVWV� RI� WKH� YDULRXV� ODERXU
FDWHJRULHV�� )LQDOO\�� WKH\� SURSRVH� D� ZD\� WR� UHFRQVWUXFW� WKH� SDUW� GXH� WR
WHFKQLFDO� SURJUHVV� XVLQJ� WKHLU� VHW� RI� HTXDWLRQV� DQG� WKHLU� GLIIHUHQW
GHFRPSRVLWLRQV�� ,Q� VRPH� VHQVH�� HYHQ� WKRXJK� LW� LV� PRUH� VWUXFWXUDO�� WKHLU
PRGHO�DOVR�UHVHPEOHV�WKH�RQH�HVWLPDWHG�E\�$XWRU��.DW]��DQG�.UXHJHU�ZKHQ
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WKH\�DQDO\VH�VNLOO�XSJUDGLQJ��VHH�DERYH���%XW�*RX[
V�DQG�0DXULQ
V� UHVXOWV
DUH�H[WUHPHO\�GLIIHUHQW� IURP�WKRVH�REWDLQHG�E\�$XWRU��.DW]��DQG�.UXHJHU�
)LUVW��WKH\�ILQG�WKDW�WHFKQLFDO�SURJUHVV�LV�QRW�ELDVHG�LQ�)UDQFH��6HFRQG��WKH
EHWZHHQ�LQGXVWU\� PRYHPHQWV� H[SODLQ� ��� SHU� FHQW� RI� WKH� REVHUYHG
UHDOORFDWLRQV�ZKLOH�WKH�FKDQJHV�LQ�WKH�UHODWLYH�FRVWV�H[SODLQ�WKH�UHPDLQLQJ
SDUW��+HQFH��WKHVH�UHVXOWV�DUH�FRPSOHWHO\�DW�RGGV�ZLWK�WKRVH�REVHUYHG�LQ�WKH
86� VLQFH� LQ� )UDQFH� EHWZHHQ�LQGXVWU\� UHDOORFDWLRQV� DUH� PRUH� LPSRUWDQW
ZKLOH� WKH� UHYHUVH�KROGV� LQ� WKH�86� �H[FHSW� LQ� WKH� VL[WLHV�� VHH�$XWRU��.DW]�
DQG�.UXHJHU�������� ,Q� DGGLWLRQ�� VXSSO\� HIIHFWV� DUH� DOVR� LPSRUWDQW��1RWLFH
WKDW�$XWRU��.DW]��DQG�.UXHJHU�QRWH� WKDW�VXFK�D� UHVXOW�FRXOG�DOVR�REWDLQ� LQ
WKH� 86� LI� WKH� HODVWLFLW\� RI� VXEVWLWXWLRQ� EHWZHHQ� FROOHJH� DQG� KLJK�VFKRRO�
HGXFDWHG�ZRUNHUV�ZHUH�HTXDO�WR������RU�ORZHU��ZKLOH�WKHLU�SUHIHUUHG�YDOXH�LV
����� 7XUQLQJ� WR� WKH� LPSDFW� RI� WKH� FKDQJH� RI� WHFKQRORJLHV� DQG� JRRGV
SURGXFHG��*RX[�DQG�0DXULQ�VKRZ�WKDW�WKH�GRPLQDQW�UROH�LV�SOD\HG�E\�WKH
FKDQJHV�LQ�GRPHVWLF�GHPDQG�DQG��DV�D�FRUROODU\��WKH�DEVHQFH�RI�LPSDFW�RI
LQWHUQDWLRQDO� WUDGH� RQ� WKH� GHPDQG� IRU� KLJK�VFKRRO� RU� FROOHJH�HGXFDWHG
ZRUNHUV�

7R�GLUHFWO\�DVVHVV�WKH�LPSDFW�RI�FRPSXWHUV�DQG�QHZ�WHFKQRORJLHV��*RX[�DQG
0DXULQ�XVH�WKH�VDPH�GDWDVHWV�DV�(QWRUI��*ROODF��DQG�.UDPDU]�XVHG�LQ�WKHLU
YDULRXV�VWXGLHV��VHH�WKH�GDWD�DSSHQGL[���,Q�FRQIRUPLW\�ZLWK�WKHLU�WKHRUHWLFDO
PRGHO��WKH\�UHJUHVV�WKHLU�PHDVXUH�RI�WHFKQLFDO�FKDQJH��IRU�WKH�SHULRG�����
WR� ����� �PRGHO� ��� DQG� IRU� WKH� SHULRG� ����� WR� ����� �PRGHO� ���� RQWR� WKH
GLIIXVLRQ�UDWH�RI�WKH�YDULRXV�QHZ�WHFKQRORJLHV��LQFOXGLQJ�FRPSXWHUV�LQ�����
IRU�PRGHO���DQG�RQWR�WKH�FKDQJH�LQ�WKH�GLIIXVLRQ�UDWHV�RI�WKHVH�WHFKQLTXHV
EHWZHHQ������DQG������

7KH�ILUVW�PRGHO�VKRZV�WKDW��LQGHHG��WKRVH�LQGXVWULHV�DQG�RFFXSDWLRQV�ZKLFK
PRVW�LQWHQVLYHO\�XVH�WKHVH�QHZ�WHFKQLTXHV�LQ������DUH�DOVR�WKRVH�LQ�ZKLFK
WHFKQLFDO�SURJUHVV�KDV�EHHQ�PRVW�LPSRUWDQW��7KHLU�HVWLPDWHV� LPSO\�WKDW�DQ
LQFUHDVH� RI� RQH� SRLQW� LQ� WKH� VSUHDG� RI� QHZ� WHFKQRORJLHV� LQFUHDVH
SURGXFWLYLW\� E\� ����� SHU� FHQW�� ,Q� DGGLWLRQ�� WKH� UHVXOWV� FRQILUP� WKDW� WKH
VSUHDG�RI�QHZ�WHFKQRORJLHV�H[SODLQV�D�SDUW�RI� WKH�VKLIW�EHWZHHQ� LQGXVWULHV
EXW�QRQH�RI� WKH�VKLIWV�EHWZHHQ�RFFXSDWLRQV��7KH�VHFRQG�PRGHO� LV� LQ�VRPH
VHQVH� HYHQ� ZRUVH� VLQFH� WKH� HVWLPDWHV� VKRZ� WKDW� WKHUH� LV� QR� UHODWLRQVKLS
EHWZHHQ� WHFKQLFDO� SURJUHVV� DQG� WKH� VSUHDG� RI� FRPSXWHUV� LQ� WKH� YDULRXV
LQGXVWULHV�� )XUWKHUPRUH�� QHZ� WHFKQRORJLHV� KDYH� KDG� WKH� VDPH� LPSDFW� RQ
HDFK�RI�WKH�RFFXSDWLRQV��)RUWXQDWHO\��WKH\�DUH�DOVR�DEOH�WR�GHPRQVWUDWH�WKDW
WKH�GLIIXVLRQ�RI�FRPSXWHUV�LV�UHVSRQVLEOH�IRU�D�IDOO�RI�����SRLQWV�LQ�WKH�VKDUH
RI� XQVNLOOHG� ZRUNHUV� LQ� WRWDO� HPSOR\PHQW� ZKLOH� QHZ� SURGXFWLRQ
WHFKQRORJLHV�H[SODLQ�D�IDOO�RI�����SRLQWV��+HQFH��WKH�LQFUHDVHG�GLIIXVLRQ�RI
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QHZ� WHFKQRORJLHV� H[SODLQ� RQO\� ��� SHU� FHQW� RI� WKH� ODERXU� GHPDQG� VKLIWV
REVHUYHG� EHWZHHQ� ����� DQG� ������ ,Q� WKLV� UHVSHFW�� *RX[
V� DQG� 0DXULQ
V
UHVXOWV� DUH� FRPSOHWHO\� FRQVLVWHQW�ZLWK� WKRVH�JLYHQ� LQ�&DUG��.UDPDU]�� DQG
/HPLHX[��������

$SDUW� IURP� WKH� HIIHFWV� RI� FRPSXWHU� GLIIXVLRQ� RQ�ZDJHV� DQG� HPSOR\PHQW�
RQH� FDQ� KLQW� WKDW� QHZ� SURGXFWLRQ� WHFKQLTXHV�� LQFOXGLQJ� FRPSXWHUV�� KDYH
KDG�D�VWURQJ�LPSDFW�RQ�KRZ�JRRGV�DQG�VHUYLFHV�DUH�SURGXFHG��:H�UHYLHZ
VRPH�HYLGHQFH�LQ�WKH�IROORZLQJ�VHFWLRQ�

�� &20387(56�$1'�7+(�:25.3/$&(
25*$1,=$7,21

$QHFGRWDO� HYLGHQFH� RQ� WKH� LPSDFW� RI� FRPSXWHUV�� URERWV��PLFURSURFHVVRUV
RQ� WKH� ZRUNSODFH� RUJDQL]DWLRQ� DERXQG�� +RZHYHU�� WKH� RQO\� VWDWLVWLFDO
HYLGHQFH�RQ�WKLV�WRSLF�WKDW�,�DP�DZDUH�RI��FRPHV�IURP�WKH�8QLWHG�6WDWHV�RQ
RQH�VLGH�DQG�IURP�)UDQFH�RQ�WKH�RWKHU��7KH�$PHULFDQ�HYLGHQFH�LV�SUHVHQWHG
LQ�.DWKU\Q�6KDZ���������,W�IRFXVHV�RQ�WKH�VWHHO�LQGXVWU\�ZKLFK�6KDZ��ZLWK
KHU� YDULRXV� FR�DXWKRUV�� KDV� EHHQ� H[DPLQLQJ� IRU� VRPH� \HDUV� QRZ�� ,Q
SDUWLFXODU�� VKH� KDV� EHHQ� ORRNLQJ� DW� WKH� UHODWLRQ� EHWZHHQ� QHZ� SURGXFWLRQ
WHFKQLTXHV� �PLQL�PLOOV��� LQIRUPDWLRQ� WHFKQRORJLHV�RI�ZKLFK�FRPSXWHUV� DUH
DQ�LPSRUWDQW�FRPSRQHQW��DQG�VNLOO�UHTXLUHPHQWV�IRU�WKH�HPSOR\HHV��,QGHHG�
HYHQ� WKRXJK�WKH�QXPEHU�RI�SODQWV�VXUYH\HG� LV� OHVV� WKDQ������ WKH�VFRSH�RI
LQYHVWLJDWLRQ�LV�ODUJH�HQRXJK�WR�JHW�D�VHQVH�RI�VRPH�RI�WKH�SRWHQWLDO�LPSDFWV
RI�FRPSXWHUV�RQ�ZRUNSODFH�RUJDQL]DWLRQ��6KDZ
V�UHVXOWV�FDQ�EH�VXPPDUL]HG
DV�IROORZV��&RPSXWHU�XVH�KDV�FKDQJHG�WKH�YDULHW\�RI�SURGXFWV�WKDW�ILUPV�DUH
DEOH�WR�SURGXFH��7KLV�KDV��LQ�WXUQ��EHHQ�WUDQVODWHG�LQWR�QHZ�UHTXLUHPHQWV�IRU
WKH� ZRUNHUV�� 0RVW� RI� WKHVH� FKDQJHV� KDYH� EHHQ� LPSOHPHQWHG� WKURXJK
FUHDWLRQ� RI� QHZ� SODQWV� RU� ILUPV� DQG� H[LW� RI� ROGHU� SODQWV��1HZ�ZRUNSODFH
RUJDQL]DWLRQ��WKH�VR�FDOOHG�LQQRYDWLYH�KXPDQ�UHVRXUFH�PDQDJHPHQW��+50�
SUDFWLFHV��JR�KDQG�LQ�KDQG�ZLWK�FRPSXWHU�XVH��:RUNHUV�KLUHG�LQ�WKHVH�QHZ
SODQWV� DSSHDU� WR� EH� EHWWHU� VNLOOHG� WKDQ� WKRVH� HPSOR\HG� LQ� ROGHU
HVWDEOLVKPHQWV� �HYHQ� WKRXJK� WKHUH� DSSHDUV� WR� H[LVW� QR� GLUHFW� HYLGHQFH
OLQNLQJ�KLULQJ�SUDFWLFHV�DQG�FRPSXWHU�XVH��

7KH�)UHQFK�HYLGHQFH�LV�PXFK�PRUH�GLUHFW��,W�KDV�EHHQ�JDWKHUHG�PRVWO\�E\
*ROODF�DQG�KLV� WHDP��7KH�EDVLF� VXUYH\� IURP�ZKLFK� UHVXOWV� DUH� GHULYHG�� LV
FDOOHG� 72772�(XURSH� DQG� KDV� EHHQ� FROOHFWHG� LQ� ������ $SSUR[LPDWHO\
������ZRUNHUV�ZHUH�VXUYH\HG��KDOI�RI�ZKRP�XVH�D�FRPSXWHU�DW�ZRUN��7KH
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LQIRUPDWLRQ� LV�PXFK�PRUH� GHWDLOHG� LQ�PDQ\�ZD\V� WKDQ� WKH� ����� RU� ����
72772�VXUYH\V�WKDW�ZHUH�VXSSOHPHQW�WR�WKH�/)6��VHH�GDWD�DSSHQGL[���)RU
LQVWDQFH��SUHFLVH�LQIRUPDWLRQ�RQ�PDFKLQHV�DV�ZHOO�DV�VRIWZDUHV�XVHG�E\�WKH
ZRUNHUV�� LQWHUDFWLRQV�ZLWK�FR�ZRUNHUV� LQ� WKH�FRXUVH�RI�XVH� �KHOS�JLYHQ�RU
UHFHLYHG�� LQ� SDUWLFXODU��� SUHFLVH� LQIRUPDWLRQ� RQ� WKH� ZRUNSODFH
DUUDQJHPHQWV��HWF��ZHUH�FROOHFWHG��,�ZLOO�WU\�WR�VXPPDUL]H�WKH�PDLQ�ILQGLQJV
RI� *ROODF� �������� %RQYLQ�� &RPEHVVLH�� )DJXHU�� DQG� *ROODF� �������� DQG
*ROODF� DQG� .UDPDU]� �������� ,Q� SDUWLFXODU�� ,� ZLOO� RUJDQL]H� WKH� GLVFXVVLRQ
DURXQG� WZR� RSSRVLWH� LVVXHV�� FRPSXWHUV� LQGXFH� FRRSHUDWLRQ�� FRPSXWHUV
IDFLOLWDWH�FRQWURO�

*ROODF� ������� VWXGLHV� WKH� LPSDFW� RI� FRPSXWHU� LPSOHPHQWDWLRQ� RQ� WKH
FRRSHUDWLRQ�EHWZHHQ�FRPSXWHU�XVHUV�ZLWKLQ�WKH�ILUP�DV�ZHOO�DV�RXWVLGH� LW�
8VLQJ� TXHVWLRQV� IURP� 72772�(XURSH�� KH� DQDO\VHV� WKH� FRQWDFWV� EHWZHHQ
HDFK�SHUVRQ�XVLQJ�D�FRPSXWHU�DW�ZRUN������LQGLYLGXDOV�LQ�WKH�VDPSOH��DQG
WKH� UHVSHFWLYH� KLHUDUFKLFDO� VXSHULRUV�� FORVH� FROOHDJXHV�� FR�ZRUNHUV�� WKH
FRPSXWHU� GHSDUWPHQW�� DQ� RXWVLGH� FRPSXWHU� ILUP� DV� ZHOO� DV� RWKHU� RXWVLGH
ILUPV�� ,QIRUPDWLRQ� LV� FROOHFWHG� IRU� HDFK�SHUVRQ�RQ� WKH�DVVLVWDQFH� UHFHLYHG
DQG�JLYHQ��%DVHG�RQ�WKLV�LQIRUPDWLRQ��*ROODF�VKRZV�WKDW� LW� LV�FRPPRQ�IRU
KHOS� WR� EH� JLYHQ� WR� RU� UHFHLYHG� IURP� WKH� VSKHUH� RI� FORVH� FROOHDJXHV�ZLWK
ZKRP�WKH�ZRUNHU� LV�DVVRFLDWHG�HYHU\GD\�� ,QWHUHVWLQJO\�� LQ�DGGLWLRQ� WR� WKLV
FORVH� HQYLURQPHQW�� WKH� ORZ�VNLOO�� ORZ�HGXFDWLRQ� ZRUNHUV� UHFHLYH� KHOS
UHODWLYHO\� PRUH� RIWHQ� IURP� WKHLU� KLHUDUFKLFDO� VXSHULRUV� ZKLOH� KLJK�VNLOO�
KLJK�HGXFDWLRQ�ZRUNHUV� UHFHLYH�KHOS�PRUH�RIWHQ� IURP�RXWVLGH� �IURP�RWKHU
FROOHDJXHV�� RXWVLGH� ILUPV�� RU� HYHQ� IULHQGV��� SDUWLFXODUO\� LI� WKH\� QRUPDOO\
KDYH� EXVLQHVV� FRQWDFWV� ZLWK� WKHVH� LQGLYLGXDOV� �IRU� GDWD� H[FKDQJH�� IRU
LQVWDQFH���8VLQJ�YHU\�GHWDLOHG�LQIRUPDWLRQ�RQ�WKH�W\SH�RI�FRPSXWHUL]HG�WDVN
WKDW�HDFK�XVHU�SHUIRUPV��W\SH�RI�VRIWZDUH��LQ�SDUWLFXODU���*ROODF�DOVR�VKRZV
WKDW� ZRUNHUV� SHUIRUPLQJ� FRPSOH[� WDVNV� PRUH� RIWHQ� UHFHLYH� GLVWDQW� KHOS
�RXWVLGH� WKH� ILUP��� +HQFH�� FRPSXWHU� XVH� RQ� WKH� RQH� KDQG� FDQ� LQFUHDVH
FRRSHUDWLRQ�ZLWKLQ�WKH�ILUP�IRU�KLJK�RU�PLGGOH�VNLOOHG�ZRUNHUV�ZKLOH�RQ�WKH
RWKHU� KDQG�� VRPH� ORZ�VNLOO� ZRUNHUV� FDQ� ILQG� WKHPVHOYHV� LQ� D� GLIILFXOW
VLWXDWLRQ�LI�WKH\�FDQQRW�RUJDQL]H�D�QHWZRUN�RI�FROOHDJXHV�DURXQG�WKHP�ZKHQ
FRPSXWHUV�DUH�LPSOHPHQWHG�

%RQYLQ�� &RPEHVVLH�� )DJXHU�� DQG�*ROODF� ������� DQG�*ROODF� DQG�.UDPDU]
������� SURYLGH� HYLGHQFH� RQ� WKH� UHODWLRQVKLS� EHWZHHQ� FRPSXWHUV� DQG
VXSHUYLVLRQ� RU� SURPRWLRQV�� ,Q� 72772�(XURSH�� LQIRUPDWLRQ� KDV� EHHQ
FROOHFWHG�RQ�WKH�LQIOXHQFH�RI�LQGLYLGXDO�HIIRUW�RQ�ZDJH�RU�SURPRWLRQ��RQ�WKH
H[LVWHQFH� RI� LQGLYLGXDO� HYDOXDWLRQ� LQWHUYLHZV� �LQFOXGLQJ� WKH� XVH� RI
PHDVXUDEOH� FULWHULD��� RQ� WKH� H[LVWHQFH� RI� DQ� LQGLYLGXDO� QRWDWLRQ�� 7KHVH
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DXWKRUV�VKRZ�WKDW��ZKHQHYHU�D�ZRUNHU�KDG�D�SRVLWLYH�DQVZHU�WR�DQ\�RI�WKHVH
TXHVWLRQV�� WKH� XVH� RI� D� FRPSXWHU� XVH� LV� PRUH� SUREDEOH� �VHH� 7DEOH� �� RI
*ROODF�DQG�.UDPDU]������IRU�LQVWDQFH���7KLV�UHVXOW�KROGV�IRU�DOO�VNLOO�OHYHOV�
,Q� IDFW�� DQG� FRQVLVWHQWO\�ZLWK� WKH� ORQJLWXGLQDO� UHVXOWV� SUHVHQWHG� LQ� (QWRUI
DQG� .UDPDU]� ������ DQG� ������ RU� (QWRUI�� *ROODF�� DQG� .UDPDU]
�IRUWKFRPLQJ��� YHU\� IHZ� ZRUNHUV� �OHVV� WKDQ� ��� SHU� FHQW�� VD\� WKDW� WKH\
UHFHLYH� D� ERQXV� GLUHFWO\� EHFDXVH� WKH\� XVH� D� FRPSXWHU�� 6R�� FRPSXWHU� XVH
GRHV� QRW� GLUHFWO\� DQG� UDSLGO\� DIIHFW� ZDJHV�� EXW� PD\� VWLOO� DIIHFW� WKH� ZD\
ZRUNHUV�DUH�HYDOXDWHG��DQG�HYHQ�PRUH�VR�ZKHQ�FRPSXWHUV�FDQ�WUDQVIRUP�WKH
PDQQHU� LQ�ZKLFK� VXSHUYLVLRQ� LV� FRQGXFWHG� �VHH� WKH� VRFLRORJLFDO� HYLGHQFH
EDVHG� RQ� PXOWLSOH� LQWHUYLHZV� LQ� %RQYLQ�� &RPEHVVLH�� )DJXHU�� DQG� *ROODF
������

$OO� VWDWLVWLFDO� HYLGHQFH� VHHPV� WR� VXSSRUW� LGHDV� H[SUHVVHG� LQ� %UHVQDKDQ
�������RU� LQ�WKH�FRQFOXVLRQ�RI�(QWRUI��*ROODF��DQG�.UDPDU]��IRUWKFRPLQJ�
WKDW�LQWHUSHUVRQDO�VNLOOV��ZKDW�%UHVQDKDQ�FDOOV�QRQFRJQLWLYH�VNLOOV��VHHP�WR
EH�PRVW�LPSRUWDQW�LQ�D�SHULRG�RI�UDSLG�GLIIXVLRQ�RI�FRPSXWHUV��WKHVH�VNLOOV
DUH�FRPSOHPHQWV�WR�FRPSXWHU�XVH��%XW��PRUH�UHVHDUFK�PXVW�EH�GHYRWHG�WR
WKHVH�LVVXH�RI�WKH�LQWHUQDO�RUJDQL]DWLRQ�RI�WKH�ILUP�LQ�D�KLJKO\�FRPSXWHUL]HG
HQYLURQPHQW�

�� &21&/86,21��6+28/'�:(�%(/,(9(�,1�6.,//�
%,$6('�7(&+1,&$/�&+$1*("

��� $�GLVFXVVLRQ�RI�WKH�DERYH�HYLGHQFH

$OO� HYLGHQFH� SUHVHQWHG� VHHPV� WR� SRLQW� WR� WKH� IROORZLQJ� FRQFOXVLRQ�
6RPHWKLQJ�LV�JRLQJ�RQ��EXW�WKHUH�LV�QR�UHDVRQ�WR�FDOO�LW�VNLOO�ELDVHG�WHFKQLFDO
FKDQJH� LQ� LWV� VLPSOHVW� LQWHUSUHWDWLRQ�� 2WKHUZLVH�� ZK\� VKRXOG� ZH� REVHUYH
VXFK�GLIIHUHQW�WUHQGV�LQ�WKH�8QLWHG�6WDWHV�DQG�LQ�(XURSH"�7KH�FRPSXWHU�LV
XVHG� HYHU\ZKHUH� LQ� WKH� GHYHORSHG� FRXQWULHV�� DQG� WKH� GLIIXVLRQ� UDWHV� DUH
URXJKO\� HTXDO�� )XUWKHUPRUH�� WKH� PDFKLQHV� DQG� WKH� VRIWZDUHV� XVHG� DUH
LQFUHDVLQJO\� VLPLODU� DQG� GHOLYHUHG� VLPXOWDQHRXVO\�� +HQFH�� WUHQGV� RQ� WKH
YDULRXV� ODERXU� PDUNHWV�� LI� WKHVH� DUH� PRVWO\� FDXVHG� E\� WHFKQLFDO� FKDQJH�
VKRXOG�DOVR�EH�YHU\�VLPLODU��7KLV�GRHV�QRW�VHHP�WR�EH�ZKDW�LV�KDSSHQLQJ�LQ
WKH�:HVWHUQ�ZRUOG�� ,I�ZH�DFFHSW�VRPH�RI� WKH�UHVXOWV�SUHVHQWHG� �*RX[�DQG
0DXULQ� ����� IRU� )UDQFH�� WRJHWKHU� ZLWK� WKRVH� RI� 'L1DUGR�� )RUWLQ�� DQG
/HPLHX[� ������� LQVWLWXWLRQV� ZLWK� FODVVLFDO� VXSSO\� DQG� GHPDQG� IDFWRUV
VKRXOG�EH�DEOH�WR�H[SODLQ�D�ODUJH�IUDFWLRQ�RI�WKH�IDFWV�REVHUYHG�
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��� ,PSOLFDWLRQV�IRU�GHYHORSLQJ�FRXQWULHV

,I� WKH� UHDGHU� EHOLHYHV� WKH� DERYH� SUHPLVHV�� WKH� LPSDFW� RQ� GHYHORSLQJ
FRXQWULHV�PXVW�EH�VHHQ�IURP�WZR�YLHZSRLQWV��)LUVW��RQH�PXVW�H[DPLQH� WKH
YDULRXV�LQVWLWXWLRQDO�DUUDQJHPHQWV²PLQLPXP�ZDJHV��XQLRQV�DQG�FROOHFWLYH
EDUJDLQLQJ�� HWF�²WKDW� SUHYDLO� LQ� WKH� FRXQWULHV� DV� ZHOO� DV� VXSSO\� RI
KLJK�VFKRRO�RU�FROOHJH�HGXFDWHG�ZRUNHUV�ZKLFK�DUH�OLNHO\�WR�DIIHFW�WKH�ZDJH
DQG�HPSOR\PHQW�VWUXFWXUH��6HFRQG��RQH�PXVW�EH�DZDUH�WKDW�WKH�HYLGHQFH�RI
WKH�LQIOXHQFH�RI�FRPSXWHUV�RQ�ZRUNSODFH�RUJDQL]DWLRQ�DQG��PRUH�JHQHUDOO\�
RQ� WKH� LQWHUQDO� RUJDQL]DWLRQ� RI� WKH� ILUP� LV� DOPRVW� FHUWDLQO\� JRLQJ� WR� EH
ZRUOGZLGH��$OO�ILUPV�LQ�WKH�GHYHORSHG�RU�GHYHORSLQJ�FRXQWULHV�ZLOO�IDFH�WKH
VDPH� FKDOOHQJH�RI� WUDQVIRUPLQJ� WKH�ZRUNSODFH� WR�PDNH� WKH� ILUP� IXQFWLRQ
HIILFLHQWO\�ZLWK�FRPSXWHUV�DQG�ZRUNHUV�VLPXOWDQHRXVO\�SUHVHQW��2EYLRXVO\�
FRPSXWHUV� DQG� WHOHFRPPXQLFDWLRQ� WRROV� VKRXOG� QRW� EH� VHSDUDWHG� LQ� WKH
DQDO\VLV��7KLV�PHDQV� WKDW� WUDLQLQJ�DW� VFKRRO�EXW��PRUH� LPSRUWDQWO\��ZLWKLQ
WKH�ILUP�LV�D�FUXFLDO�PHDQV�RI�XSJUDGLQJ�WKH�VNLOOV�RI�ZRUNHUV�VR�WKDW�WKH\
FDQ�DGDSW�WKHLU�WHFKQLFDO�EXW�DOVR�EHKDYLRUDO�DQG�LQWHUSHUVRQDO�VNLOOV�WR�WKLV
IDVW�GLIIXVLRQ�RI�FRPSXWHUV�
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'$7$�$33(1',;

,Q�)UDQFH��(QWRUI� DQG�.UDPDU]� ������ DQG�������KDYH�XVHG� WKH� IROORZLQJ
W\SH�RI�GDWD�LQ�ZKLFK�WKH\�PDWFK�IRXU�GLIIHUHQW�,16((�VRXUFHV��7KH�EDVLF
VRXUFHV� DUH� WKH�(QTXrWH� (PSORL�� ��������� D� ZDYH� RI� WKH� )UHQFK� /DERXU
)RUFH� 6XUYH\�� DQG� WKH� (QTXrWH� VXU� OD� 7HFKQLTXH� HW� O
2UJDQLVDWLRQ� GX
7UDYDLO�DXSUqV�GHV�7UDYDLOOHXUV�2FFXSpV��72772��RI�������DQ�DSSHQGL[�WR
WKH� ODERXU� IRUFH� VXUYH\� WKDW� DVNHG� TXHVWLRQV� DERXW� WKH� GLIIXVLRQ� RI� QHZ
WHFKQRORJLHV� DQG� WKH� RUJDQL]DWLRQ� RI� WKH� ZRUN� SODFH�� %HVLGHV� TXHVWLRQV
XVXDOO\�SUHVHQW�LQ�ODERXU�IRUFH�VXUYH\V��ZDJH��WHQXUH��DJH��HGXFDWLRQ��HWF��
WKH� DSSHQGL[� FRQWDLQV� D� ULFK� VRXUFH� RI� LQIRUPDWLRQ� RQ� WKH� XVH� �H�J�
LQWHQVLW\��H[SHULHQFH��RI�PLFURFRPSXWHUV��WHUPLQDOV��WH[W�SURFHVVLQJ��URERWV
DQG� RWKHU� ZHOO� VSHFLILHG� JURXSV� RI� 
QHZ� WHFKQRORJ\
� ODERXU�� /LNHZLVH�
TXHVWLRQV�FRQFHUQLQJ� WKH�KLHUDUFK\�RI� ODERXU� DQG�ZRUNLQJ�WLPH� VFKHGXOHV
KHOS� LQ�GUDZLQJ�PRUH�GHWDLOHG� FRQFOXVLRQV� FRQFHUQLQJ� WKH� LPSDFW�RI�QHZ
WHFKQRORJLHV�WKDQ�ZRXOG�EH�SRVVLEOH�E\� WKH�DQDO\VLV�RI�XVXDO� ODERXU� IRUFH
VXUYH\V�

)XUWKHUPRUH�� WKH�HPSOR\LQJ� ILUPV� LQ� WKH�GDWDVHWV� FDQ�EH�NQRZQ�VLQFH� WKH
VWDQGDUGL]HG�6LUHQ�HQWHUSULVH�LGHQWLILFDWLRQ�QXPEHU�KDV�EHHQ�FRGHG�IRU�WKH
ILUVW� WLPH� LQ� DQ� ,16((� VXUYH\� IRU� WKLV� SDUWLFXODU� \HDU� ������� DQG� VXUYH\
�72772���(DFK�QXPEHU�UHSUHVHQWV�WKH�HQWHUSULVH�DW�ZKLFK�WKH�LQGLYLGXDO�LV
HPSOR\HG��7KLV�IHDWXUH�RI�WKH�)UHQFK�,16((�FODVVLILFDWLRQ�V\VWHP�HQDEOHV
WKH� UHVHDUFKHU� WR� HPSOR\� LQIRUPDWLRQ� IURP� FRUUHVSRQGLQJ� ILUP�OHYHO
VXUYH\V� �VNLOO� VWUXFWXUH�� SURILWV� DQG� VKDUH� RI� VDOHV� JRLQJ� WR� H[SRUWV�� IRU
LQVWDQFH��RYHU�WKH���������SHULRG�

7KH�VXUYH\�(QTXrWH�VXU�OD�7HFKQLTXH�HW�O
2UJDQLVDWLRQ�GX�7UDYDLO�DXSUqV
GHV� 7UDYDLOOHXUV� 2FFXSpV� �72772�� ZDV� SHUIRUPHG� LQ� 0DUFK� ������ ,W
FRYHUV�D�WRWDO�RI�DERXW����PLOOLRQ�LQGLYLGXDOV�LQ�FLYLOLDQ�HPSOR\PHQW��7KH
SUREDELOLW\� RI� EHLQJ� VHOHFWHG� LV� �������� WKXV� WKH� VXUYH\� FRQWDLQV� DERXW
�������ZRUNHUV��4XHVWLRQV� FRQFHUQLQJ� WKH� RUJDQL]DWLRQ� RI� WKH� ZRUNSODFH
ZHUH� DVNHG� WR� ZDJH�HDUQHUV� DQG� VDODULHG� HPSOR\HHV� RQO\�� TXHVWLRQV
FRQFHUQLQJ� WKH� XVH� RI� 
QHZ� WHFKQRORJLHV
� ZHUH� DVNHG� WR� DOO� PHPEHUV
�LQFOXGLQJ� FLYLO�VHUYDQWV�� RI� WKH� FLYLOLDQ� ZRUN� IRUFH� �DFFRUGLQJ� WR� WKH
GHILQLWLRQ� RI� WKH� 2(&'��� 7KH� VDPSOH� XVHG� IRU� FURVV�VHFWLRQ� HVWLPDWLRQ
FRQVLVWV�RI��������ZDJH�HDUQHUV�DQG�VDODULHG�HPSOR\HHV��EDVHG�RQ�72772�
7KH�ORQJLWXGLQDO�VDPSOH�ZKHUH�LQGLYLGXDO�ZRUNHUV�DUH�IROORZHG�DW�OHDVW�WZR
\HDUV�DQG�DW�PRVW�WKUHH�\HDUV�KDV��������REVHUYDWLRQV��:KHQ�PHUJHG�ZLWK
ILUP�OHYHO�LQIRUPDWLRQ��WKH�FURVV�VHFWLRQ�GDWDVHW�LQFOXGHV�������LQGLYLGXDOV
DQG�WKH� ORQJLWXGLQDO�GDWDVHW� UHGXFHV�WR�������REVHUYDWLRQV��7KH�ILUP�OHYHO
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GDWD� DUH� EDVHG� RQ� D� SDQHO� RI� ILUPV� FRYHULQJ� WKH� \HDUV� ����� WR� ������ WKH
(FKDQWLOORQ�G
(QWUHSULVHV��((���7KH�ILUP�OHYHO�LQIRUPDWLRQ�FRPHV�IURP�DQ
H[KDXVWLYH� VDPSOH� IRU� ODUJH� ILUPV� �PRUH� WKDQ� ���� HPSOR\HHV�� DQG� DQ
,16((�SUREDELOLW\�VDPSOH�SODQ�IRU�VPDOOHU�ILUPV��7KH�VDPSOH�SODQ�SURYLGHV
D� ZHLJKWLQJ� YDULDEOH� ZKLFK� LV� XVHG� LQ� VXEVHTXHQW� HVWLPDWLRQ� LQ� RUGHU� WR
HVWLPDWH� WKH� YDULDQFH�FRYDULDQFH� PDWUL[� WKDW� LV� UHSUHVHQWDWLYH� RI� WKH
SRSXODWLRQ� RI� LQGLYLGXDOV� �VXFK� WKDW� WKH� ELDV� DULVLQJ� IURP� WKH� KLJKHU
SUREDELOLW\�RI�ODUJH�ILUPV�WR�EH�LQ�WKH�VDPSOH�FDQ�EH�RIIVHW��

,Q� ����� VWDUWHG� D� QHZ� VHULHV� RI� 0DUFK� HQTXrWH� HPSORL� ZLWK� D� VDPSOLQJ
IUDPH� EDVHG� RQ� WKH� ����� FHQVXV�� 7KH� VDPSOH� FRUUHVSRQGV� WR� D� VDPSOLQJ
UDWLR� RI� ������ DQG� LV� UHQHZHG� E\� RQH�WKLUG� HYHU\� \HDU�� +HQFH�� HYHU\
LQGLYLGXDO� LV� DW� ULVN� RI� EHLQJ� VXUYH\HG� DW� PRVW� WKUHH� FRQVHFXWLYH� \HDUV�
)XUWKHUPRUH��WKH�VDPSOLQJ�WHFKQLTXH�LV�EDVHG�RQ�KRXVLQJ�LQ�WUDFWV�EXLOW�LQ
)UHQFK� WHUULWRU\� ZLWK� WKH� IXUWKHU� LQFOXVLRQ� RU� PRGLILFDWLRQV� LQ� FDVH� RI
FRQVWUXFWLRQ�RU� UHFRQVWUXFWLRQ�RI�EXLOGLQJV�QRW�NQRZQ�DW� WKH������ FHQVXV
�VHH�,16((�������IRU�DOO�WKH�WHFKQLFDO�GHWDLOV�RQ�WKH�VXUYH\�PHWKRGRORJ\��
7KLV� LQWURGXFWLRQ� RI� QHZ� EXLOGLQJV� �DQG� KRXVHKROGV�� LV� PDGH� E\
LQWHUYLHZHUV�� ZKR� DUH� UHVSRQVLEOH� IRU� D� VXE�WUDFW� DQG� LQWHUYLHZ� WKH
PHPEHUV�RI�HDFK�KRXVHKROG�

(DFK� \HDU�� D� VXSSOHPHQW� �HQTXrWH� FRPSOpPHQWDLUH�� LV� GLUHFWHG� DW� WKH
RXWJRLQJ�WKLUG�RI�WKH�VDPSOH��6WDQGDUG�TXHVWLRQV�IURP�ODERXU�IRUFH�VXUYH\V
DUH�DOVR�SUHVHQW��+HQFH��EHVLGHV�WKH�ZDJH��ZH�NQRZ�WKH�FRXQWU\�RI�RULJLQ�
WKH�VH[��WKH�PDULWDO�VWDWXV��WKH�QXPEHU�RI�FKLOGUHQ�DQG�WKHLU�DJH��WKH�UHJLRQ
RI�UHVLGHQFH�� WKH�DJH�� WKH�GHWDLOHG�HGXFDWLRQ�DQG� WKH�DJH�DW� WKH�HQG�RI� WKH
HGXFDWLRQ� SHULRG�� WKH� RFFXSDWLRQ� ���GLJLWV� FODVVLILFDWLRQ��� IDWKHU
V� ODVW
RFFXSDWLRQ�� PRWKHU
V� ODVW� RFFXSDWLRQ�� WKH� HPSOR\PHQW� VWDWXV� �HPSOR\HG�
XQHPSOR\HG�� LQDFWLYH��� XVXDO� QXPEHU� RI� KRXUV�� WKH� VHQLRULW\� LQ� WKH
HPSOR\LQJ�ILUP��WKH�VHFWRU�DQG�VL]H�RI�WKH�HPSOR\LQJ�ILUP��WKH�QDWXUH�RI�WKH
FRQWUDFW��VKRUW�WHUP��ORQJ�WHUP��SURJUDPPH�IRU�\RXQJ�ZRUNHUV��VWDJH���IRU
HDFK� RI� WKH� LQGLYLGXDOV� LQ� WKH� VDPSOH�� )XUWKHUPRUH�� HDFK� HPSOR\HG
LQGLYLGXDO�LV�DVNHG�DERXW�KLV��KHU��ILUP�HYHU\�\HDU��LQ�FRQWUDVW�WR�WKH�����
VXUYH\���1DPH��DGGUHVV��LV�FROOHFWHG�DV�RIWHQ�DV�SRVVLEOH��7KLV�LQIRUPDWLRQ
LV�JLYHQ� WR� WKH� ,16((� UHJLRQDO� DJHQFLHV�ZKHUH� WKH�6,5(7� �HVWDEOLVKPHQW
LGHQWLILFDWLRQ� QXPEHU�� LV� FRGHG� XVLQJ� WKH� RQ�OLQH� 6,5(1(� FRPSXWHUL]HG
V\VWHP�� 7KLV� QXPEHU� LV� WKH� XQLTXH� HVWDEOLVKPHQW� LGHQWLILHU� WKDW� DQ
HVWDEOLVKPHQW�UHFHLYHV�GXULQJ�LWV�OLIH��$V�DOUHDG\�PHQWLRQHG�� WKH�ILUVW�QLQH
GLJLWV�UHSUHVHQW�WKH�ILUP�WR�ZKLFK�WKH�HVWDEOLVKPHQW�EHORQJV��7KLV�QXPEHU
FDQ� EH� FRGHG� LQ� WKH� HQTXrWH� HPSORL� IRU� PRUH� WKDQ� ��� SHU� FHQW� RI� WKH
ZRUNHUV��+HQFH��LW�EHFRPHV�SRVVLEOH�WR�PDWFK�ZLWK�RWKHU�ILUP�OHYHO�GDWDVHWV
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DV� WKH� (FKDQWLOORQ� G
(QWUHSULVHV� �((�� VHH� DERYH� RU� WKH� 'pFODUDWLRQ� GH
0RXYHPHQWV�GH�0DLQ�G
2HXYUH��'002���D�UHFRUG�RI�DOO�HQWULHV�DQG�H[LWV
LQ�DOO�HVWDEOLVKPHQWV�ZLWK�DW�OHDVW����HPSOR\HHV�

,Q� WKH� 86�� WKH� /RQJLWXGLQDO� 5HVHDUFK� 'DWDEDVH� �/5'�²D� SDQHO� RI
PDQXIDFWXULQJ� ILUPV²KDV� EHHQ� OLQNHG� E\� .�� 7URVNH� ZLWK� WKH� ����
'HFHQQLDO� &HQVXV�� ,Q� )UDQFH�� WKH� VXSSOHPHQW� RI� WKH� ����� /DERXU� )RUFH
6XUYH\� RQ� 1HZ� 7HFKQRORJLHV� FRQWDLQV� WKH� ILUP� LGHQWLILHU�� WKH� 6LUHQ
QXPEHU�� IRU� PRVW� HPSOR\HG� ZRUNHU� WKDW� KDV� DOORZHG� PDWFKLQJ� ZLWK� WKH
(FKDQWLOORQ� G
(QWUHSULVHV� �((��� D� G\QDPLFDOO\� UHSUHVHQWDWLYH� VDPSOH� RI
)UHQFK�ILUPV�

:H� ILUVW� GHVFULEH� WKH� :RUNHU�(VWDEOLVKPHQW� &KDUDFWHULVWLFV� 'DWDEDVH
�:(&'�� �WKH� GHVFULSWLRQ� LV� EDVHG� RQ�7URVNH�� IRUWKFRPLQJ���7KH� GDWD� IRU
ZRUNHUV�FRPHV�IURP�WKH������6DPSOH�'HWDLO�)LOH��6')��ZKLFK�FRQVLVWV�RI
DOO�KRXVHKROGV�TXHVWLRQQDLUHV�RI�WKH������'HFHQQLDO�&HQVXV�ORQJ�IRUP��$V
IRU� HVWDEOLVKPHQWV�� WKH� GDWD� FRPH� IURP� WKH� ����� 6WDQGDUG� 6WDWLVWLFDO
(VWDEOLVKPHQW�/LVW��66(/���D�UHJLVWHU�RI�DOO�HVWDEOLVKPHQWV�DFWLYH�LQ�WKH�86
LQ� ������ )URP� WKH� 66(/�� D� ��GLJLW� 6,&� FRGH� JLYLQJ� WKH� HVWDEOLVKPHQW
SULPDU\� LQGXVWU\� DQG� D� JHRJUDSKLF� FRGH� JLYLQJ� ORFDWLRQ� DUH� GUDZQ�� $OO
PDQXIDFWXULQJ� HVWDEOLVKPHQWV� ZHUH� NHSW�� (TXLYDOHQW� LQIRUPDWLRQ� LV
REWDLQHG�IRU�WKH�LQGLYLGXDOV�LQ�WKH�6')�WKURXJK�LQGLYLGXDO�UHVSRQVHV�FRGHG
E\�WKH�&HQVXV�%XUHDX��ZLWK�GLIIHUHQW�LQGXVWU\�FRGHV��KRZHYHU���$OO�ZRUNHUV
HPSOR\HG�LQ�PDQXIDFWXULQJ�LQ������ZKR�UHVSRQGHG�WR�WKH�ORQJ�IRUP�DUH�LQ
WKH�VDPSOH�ILOH��7KH�QXPEHU�RI�LQGLYLGXDO�REVHUYDWLRQV�LV�����PLOOLRQV��7KH
PDWFKLQJ� SURFHGXUH� FRPSULVHV� IRXU� VWHSV�� )LUVW�� 7URVNH� VWDQGDUGL]HG� WKH
JHRJUDSK\�DQG�LQGXVWU\�GHILQLWLRQV�DFURVV�WKH�WZR�GDWD�VRXUFHV��6HFRQG��KH
HOLPLQDWHV�DOO�HVWDEOLVKPHQWV� WKDW�DUH�QRW�XQLTXH� LQ�HDFK� ORFDWLRQ�LQGXVWU\
FHOO��7KLUG��KH�JLYHV�D�XQLTXH�HVWDEOLVKPHQW�LGHQWLILHU�WR�DOO�ZRUNHUV�WKDW�DUH
ORFDWHG� LQ� WKH� VDPH� ORFDWLRQ�LQGXVWU\� FHOO�� )RXUWK�� DOO� PDWFKHV� EDVHG� RQ
LPSXWHG�GDWD�DUH�HOLPLQDWHG�

7KH�UHVXOWLQJ�GDWDVHW�FRQWDLQV���������ZRUNHUV�HPSOR\HG�LQ��������SODQWV�
7URVNH� �IRUWKFRPLQJ��GHVFULEHV�YDULRXV� WHVWV�RI� WKH�TXDOLW\� RI� WKH�:(&'
ZKLFK� DSSHDU� WR� EH� FRQFOXVLYH�� 2Q� DYHUDJH�� ��� SHU� FHQW� RI� DQ
HVWDEOLVKPHQW
V�ZRUNIRUFH� LV� LQFOXGHG� LQ� WKH�:(&'�� ,W� LV� WKH� QXPEHU� RI
PDWFKHV�WKDW�VKRXOG�IROORZ�JLYHQ�WKH�VDPSOLQJ�IUDPH�RI�WKH�6')��'LIIHUHQW
PHDVXUHV� RI� HDUQLQJV� FRPLQJ� IURP� LQGLYLGXDO� GDWD� DJJUHJDWHG� DW� WKH
HVWDEOLVKPHQW� OHYHO� DQG� IURP� HVWDEOLVKPHQW� GDWD� DUH� SRVLWLYHO\� DQG
VLJQLILFDQWO\�FRUUHODWHG��$Q�DQDO\VLV�RI� WKH�VWUXFWXUH�RI� WKH�HVWDEOLVKPHQWV
VKRZV� WKDW� ODUJH� SODQWV� DQG� SODQWV� ORFDWHG� LQ� XUEDQ� DUHDV� DUH� RYHU�
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UHSUHVHQWHG�LQ�WKH�:(&'��7KLV�LQGXFHV�RYHUUHSUHVHQWDWLRQ�RI�ZKLWH��PDOH�
HGXFDWHG�ZRUNHUV�LQ�FRPSDULVRQ�WR�WKH�RULJLQDO�6')�GDWD�

5()(5(1&(6

$VSOXQG��5����������
7KH�'LVDSSHDULQJ�:DJH�3UHPLXP�RI�&RPSXWHU�6NLOOV
�
(7/$�'LVFXVVLRQ�3DSHU������+HOVLQNL��)LQODQG�

$XWRU��'��+���/��)��.DW]��DQG�$��%��.UXHJHU���������
&RPSXWLQJ�,QHTXDOLW\�
+DYH� &RPSXWHUV� &KDQJHG� WKH� /DERXU� 0DUNHW"
� 1%(5� :RUNLQJ
3DSHU������

%DUWHO��$��3���DQG�1��6LFKHUPDQ���������
7HFKQRORJLFDO�&KDQJH�DQG�:DJHV�
WKH�5ROHV�RI�$ELOLW\��6FKRROLQJ��DQG�7UDLQLQJ
��&ROXPELD�8QLYHUVLW\
:RUNLQJ�3DSHU�

%HOO��%��'�� �������� 
6NLOO�%LDVHG�7HFKQLFDO�&KDQJH�DQG�:DJHV��(YLGHQFH
IURP�D�/RQJLWXGLQDO�'DWDVHW
��)RUWKFRPLQJ�LQ�,QGXVWULDO�DQG�/DERXU
5HODWLRQV�5HYLHZ�

%HUPDQ��(���-��%RXQG��DQG�=��*ULOLFKHV���������
&KDQJHV�LQ�WKH�GHPDQG�IRU
6NLOOHG�/DERXU�ZLWKLQ�86��0DQXIDFWXULQJ�,QGXVWULHV��(YLGHQFH�IURP
WKH� $QQXDO� 6XUYH\� RI� 0DQXIDFWXULQJ
�� 4XDUWHUO\� -RXUQDO� RI
(FRQRPLFV�������������

%RQYLQ�� )��� -�� &�� &RPEHVVLH�� -�� 3�� )DJXHU� DQG� 0�� *ROODF� �������� 
8QH
0DFKLQH�TXL�&KDQJH�OD�9LH"
�&((�:RUNLQJ�3DSHU������

%RXQG�� -��� DQG�*�� -RKQVRQ� �������� 
&KDQJHV� LQ� WKH�6WUXFWXUH�RI�:DJHV� LQ
WKH� ����
V�� $Q� (YDOXDWLRQ� RI� $OWHUQDWLYH� ([SODQDWLRQV
�� $PHULFDQ
(FRQRPLF�5HYLHZ����������������

%UHVQDKDQ�� 7�� )�� �������� 
&RPSXWHUL]DWLRQ� DQG� :DJH� 'LVSHUVLRQ�� DQ
$QDO\WLFDO�5HLQWHUSUHWDWLRQ
��6WDQIRUG�8QLYHUVLW\�:RUNLQJ�3DSHU�

&DUG�� '��� )�� .UDPDU]�� DQG� 7�� /HPLHX[� �������� 
&KDQJHV� LQ� WKH� 5HODWLYH
6WUXFWXUH�RI�:DJHV�DQG�(PSOR\PHQW��$�&RPSDULVRQ�RI� WKH�8QLWHG
6WDWHV��&DQDGD��DQG�)UDQFH
��1%(5�:RUNLQJ�3DSHU������

&KHQQHOV�� /��� DQG� -�� 9DQ� 5HHQHQ� �������� 
7HFKQLFDO� &KDQJH� DQG� WKH
6WUXFWXUH� RI� (PSOR\PHQW� DQG� :DJHV�� $� 6XUYH\� RI� WKH
0LFURHFRQRPHWULF�(YLGHQFH
��,)6�ZRUNLQJ�SDSHU�
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'L1DUGR�� -�� (��� DQG� -�� 6�� 3LVFKNH� �������� 
7KH�5HWXUQV� WR� &RPSXWHU�8VH
5HYLVLWHG�� +DYH� 3HQFLOV� &KDQJHG� WKH� :DJH� 6WUXFWXUH� 7RR"

4XDUWHUO\�-RXUQDO�RI�(FRQRPLFV��������������

'L1DUGR�� -�� (��� 1�� 0�� )RUWLQ�� DQG� 7�� /HPLHX[� �������� 
/DERXU� 0DUNHW
,QVWLWXWLRQV� DQG� WKH� 'LVWULEXWLRQ� RI� :DJHV�� ����������� $� 6HPL�
3DUDPHWULF�$SSURDFK
��(FRQRPHWULFD�������������

'RPV�� 0��� 7�� 'XQQH�� DQG� .�� 5�� 7URVNH� �������� 
:RUNHUV�� :DJHV�� DQG
7HFKQRORJ\
��4XDUWHUO\�-RXUQDO�RI�(FRQRPLFV�������������

(QWRUI��+���DQG�)��.UDPDU]��������� 
'RHV�8QPHDVXUHG�$ELOLW\�([SODLQ�WKH
+LJKHU�:DJHV� RI� 1HZ� 7HFKQRORJ\�:RUNHUV
��(XURSHDQ� (FRQRPLF
5HYLHZ��������������

(QWRUI��+��� DQG�)��.UDPDU]� �������� 
7KH� ,PSDFW�RI�1HZ�7HFKQRORJLHV�RQ
:DJHV�DQG�6NLOOV��/HVVRQV� IURP�0DWFKLQJ�'DWD�RQ�(PSOR\HHV�DQG
RQ� WKHLU�)LUPV
��(FRQRPLFV�RI� ,QQRYDWLRQ�DQG�1HZ�7HFKQRORJLHV� ��
�������

(QWRUI��+���0��*ROODF��DQG�)��.UDPDU]��Q�G���� 
1HZ�7HFKQRORJLHV��:DJHV�
DQG� :RUNHU� 6HOHFWLRQ
�� )RUWKFRPLQJ� LQ� -RXUQDO� RI� /DERXU
(FRQRPLFV�

)HHQVWUD��5��&���������� 
86�,PSRUWV�������������'DWD�DQG�&RQFRUGDQFHV
�
1%(5�:RUNLQJ�3DSHU������

)HHQVWUD��5��&���DQG�*��+��+DQVRQ���������
*OREDOL]DWLRQ��2XWVRXUFLQJ��DQG
:DJH�,QHTXDOLW\
��$PHULFDQ�(FRQRPLF�5HYLHZ������������

*ROODF�� 0�� �������� 
/H� &DSLWDO� HVW� GDQV� OH� 5pVHDX�� OD� &RRSpUDWLRQ� GDQV
O
8VDJH�GH�O
,QIRUPDWLTXH
��7UDYDLO�HW�(PSORL�����������

*ROODF��0���DQG�)��.UDPDU]��������� 
/
2UGLQDWHXU��XQ�2XWLO�GH�6pOHFWLRQ"

5HYXH�(FRQRPLTXH����������

*RX[��'��� DQG� (��0DXULQ� �������� 
7KH�'HFOLQH� LQ�'HPDQG� IRU� 8QVNLOOHG
/DERXU�� DQ� (PSLULFDO� $QDO\VLV� 0HWKRG� DQG� LWV� $SSOLFDWLRQ� WR
)UDQFH
��,16((�:RUNLQJ�3DSHU�

*UHHQDQ�� 1��� -�� 0DLUHVVH�� DQG� $�� 7RSLRO�%HQVDwG� �������� 
,QIRUPDWLRQ
7HFKQRORJ\� DQG� 5	'� ,PSDFWV� RQ� 3URGXFWLYLW\� DQG� 6NLOOV�� $
&RPSDULVRQ� RQ� )UHQFK� )LUP�/HYHO� 'DWD
�� 3DSHU� SUHVHQWHG� DW� WKH
818�:,'(5� PHHWLQJ� RQ� ,QIRUPDWLRQ� 7HFKQRORJ\� DQG� (FRQRPLF
'HYHORSPHQW��������-XQH��+HOVLQNL�
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.DW]��/��)���DQG�.��0��0XUSK\���������
&KDQJHV�LQ�5HODWLYH�:DJHV�������
������6XSSO\�DQG�'HPDQG�)DFWRUV
��4XDUWHUO\�-RXUQDO�RI�(FRQRPLFV
�����������

.UXHJHU�� $�� %�� �������� 
+RZ� &RPSXWHUV� +DYH� &KDQJHG� WKH� :DJH
6WUXFWXUH��(YLGHQFH�IURP�0LFURGDWD�����������
��4XDUWHUO\�-RXUQDO
RI�(FRQRPLFV������������

/RZH��*��6����������
&RPSXWHUV�LQ�WKH�:RUNSODFH
��3HUVSHFWLYHV�RQ�/DERXU
DQG�,QFRPH����6XPPHU���������

0DFKLQ��6�� ��������&KDQJHV� LQ� WKH�5HODWLYH�'HPDQG� IRU�6NLOOV� LQ� WKH�8.
/DERXU�0DUNHW�� ,Q�$��%RRWK�DQG�'��6QRZHU� �HGV��$FTXLULQJ�6NLOOV�
&DPEULGJH��&DPEULGJH�8QLYHUVLW\�3UHVV�

0DFKLQ��6���DQG�-��9DQ�5HHQHQ��������� 
7HFKQRORJ\�DQG�&KDQJHV� LQ�6NLOO
6WUXFWXUH��(YLGHQFH�IURP�DQ�,QWHUQDWLRQDO�3DQHO�RI�,QGXVWULHV
��8&/
:RUNLQJ�3DSHU�

0LVKHO��/���DQG�-��%HUQVWHLQ��������� 
7HFKQRORJ\�DQG� WKH�:DJH�6WUXFWXUH�
+DV� 7HFKQRORJ\
V� ,PSDFW� $FFHOHUDWHG� 6LQFH� WKH� ����V
�� (FRQRPLF
3ROLF\�,QVWLWXWH�:RUNLQJ�3DSHU�

0XUSK\��.��0���:��&��5LGGHOO��DQG�3��0��5RPHU���������
:DJHV��6NLOOV�DQG
7HFKQRORJ\� LQ� WKH�8QLWHG�6WDWHV�DQG�&DQDGD
�� ,Q�(OKDQDQ�+HOSPDQ
�HG���*HQHUDO�3XUSRVH�7HFKQRORJLHV��&DPEULGJH��0$��0,7�3UHVV�

2(&'� ������� 
8VH� RI� ,QIRUPDWLRQ� DQG� &RPPXQLFDWLRQ� 7HFKQRORJLHV� DW
:RUN��2(&'��'67,�,&&3�,(������),1$/�

5HLOO\��.��7���������� 
+XPDQ�&DSLWDO�DQG�,QIRUPDWLRQ
��-RXUQDO�RI�+XPDQ
5HVRXUFHV����������

6KDZ�� .�� ������� 
%\�:KDW� 0HDQV� 'RHV� ,QIRUPDWLRQ� 7HFKQRORJ\� $IIHFW
(PSOR\PHQW� DQG� :DJHV"
� 3DSHU� SUHSDUHG� IRU� WKH� FRQIHUHQFH� RQ
,QIRUPDWLRQ� DQG� &RPPXQLFDWLRQ� 7HFKQRORJLHV�� (PSOR\PHQW�� DQG
(DUQLQJV��1LFH��-XQH�

7URVNH�� .�� 5�� �������� 
(YLGHQFH� RQ� WKH� (PSOR\HU� 6L]H�:DJH� 3UHPLXP
)URP� :RUNHU�(VWDEOLVKPHQW� 0DWFKHG� 'DWD
�� 86� &HQVXV� %XUHDX
:RUNLQJ�3DSHU�

7URVNH�� .�� 5�� �IRUWKFRPLQJ��� 
7KH� :RUNHU�(VWDEOLVKPHQW� &KDUDFWHULVWLFV
'DWDEDVH
��,Q��HGV��-��+DOWLZDQJHU��0��0DQVHU��DQG�5��7RSHO�/DERXU
6WDWLVWLFV� 0HDVXUHPHQW� ,VVXHV�� &KLFDJR� 8QLYHUVLW\� 3UHVV� IRU� WKH
1%(5�




