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7KH�(YDOXDWLRQ�RI�'LJLWDO�5HDGLQHVV�&RQFHSW��
([LVWLQJ�0RGHOV�DQG�)XWXUH�'LUHFWLRQV�
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5H]D�$VKDUL�1DVXWLRQ���/LQGD�6HQG\�/HGLDQD�5XVQDQGL���(OLV�4RGDULDK���'HYL�
$UQLWD���DQG�1LOD�$UPHOLD�:LQGDVDUL���

�6FKRRO�RI�%XVLQHVV�DQG�0DQDJHPHQW��,QVWLWXW�7HNQRORJL�%DQGXQJ��,QGRQHVLD�
�,QVWLWXWH�RI�6HUYLFH�6FLHQFH��1DWLRQDO�7VLQJ�+XD�8QLYHUVLW\��7DLZDQ�52&��

�
$EVWUDFW��7KH�GHYHORSPHQW�RI�GLJLWDO�WHFKQRORJ\�KDV�VLJQLILFDQWO\�FKDQJHG�WKH�EXVLQHVV�ODQGVFDSH��7KH�HPHUJHQFH�RI�QHZ�EXVLQHVV�
PRGHOV�SURYLGHV�D�JUHDWHU�SRWHQWLDO�WR�EHFRPH�PRUH�SURILWDEOH��7KHUHIRUH��PDQ\�FRPSDQLHV�WUHDG�WKH�SDWK�WRZDUGV�WUDQVIRUPDWLRQ�
WKURXJK�WKH�DGRSWLRQ�DQG�XVH�RI�GLJLWDO�WHFKQRORJLHV�WR�FDWFK�WKH�RSSRUWXQLWLHV��8QIRUWXQDWHO\��PDQ\�FRPSDQLHV�IDLO�WR�XQGHUVWDQG�
WKDW�WKH�XVH�RI�GLJLWDO�WHFKQRORJLHV�UHTXLUHV�GLIIHUHQW�SUHSDUDWLRQV��2QH�RI�WKHP�LV�WKH�UHTXLUHPHQW�RI�DQ�DGHTXDWH�OHYHO�RI�GLJLWDO�
UHDGLQHVV��7KH�PHDVXUHPHQW�RI�GLJLWDO�UHDGLQHVV�LV�KLQGHUHG�GXH�WR�WKH�DEVHQFH�RI�D�UHOLDEOH��YDOLG�DQG�VSHFLILF�PRGHO�LQ�PHDVXULQJ�
WKLV�FRQVWUXFW��$V�D�UHVXOW��LQ�RUGHU�WR�PHDVXUH�WKH�GLJLWDO�UHDGLQHVV�RI�WKHLU�HPSOR\HHV��PDQ\�FRPSDQLHV�DUH�DSSO\LQJ�WKH�H[LVWLQJ�
WHFKQRORJ\�UHDGLQHVV�PRGHOV�ZKLFK�FDQ�EH�IRXQG�LQ�WKH�FXUUHQW�OLWHUDWXUH��7KLV�SDSHU�DLPV�WR�SURYLGH�D�YLHZSRLQW�RI�WKH�DGHTXDF\�
RI�H[LVWLQJ�PRGHOV�IRU�GLJLWDO�UHDGLQHVV�PHDVXUHPHQW�ZLWK�D�FRQFHSWLRQ�WKDW�GLJLWDO�UHDGLQHVV�LV�QRW�RQO\�D�SHUFHSWLRQ�RI�D�GLJLWDO�DV�
DQ�LQGHSHQGHQW�REMHFW�EXW�DOVR�DV�DQ�LQWHJUDWHG�REMHFW��
�
.H\ZRUGV��'LJLWDO�WHFKQRORJ\��GLJLWDO�WUDQVIRUPDWLRQ��GLJLWDO�UHDGLQHVV��UHDGLQHVV�PRGHO�
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������,QWURGXFWLRQ��
�
,Q� WKH� ODVW� GHFDGH�� WKH� GLJLWDO� HFRQRP\�
KDV� GHYHORSHG� DQG� EHFRPH� LQFUHDVLQJO\�
LQWHUWZLQHG�ZLWK�FRXQWOHVV�DVSHFWV�RI� WKH�
ZRUOG�HFRQRP\��KDYLQJ�D�PDVVLYH�LPSDFW�
RQ� YDULRXV� VHFWRUV�EXVLQHVV� DFWLYLWLHV��
7KH� GLJLWDO� HFRQRP\� DOORZV� GLJLWDO�
LQQRYDWLRQ� WR� QRW� RQO\� UHVKDSH� DQG�
WUDQVIRUP� FRQYHQWLRQDO� EXVLQHVVHV� EXW�
DOVR� FUHDWHV� HQRUPRXV� EXVLQHVV�
RSSRUWXQLWLHV� DQG� OHDGV� WR� PRUH�
SURILWDEOH� EXVLQHVV�� 7KH� 8QLWHG� 6WDWHV�
DQG� &KLQD�� IRU� LQVWDQFH�� DUH� WKH� PDMRU�
JOREDO� IRUFHV� LQ� GHYHORSLQJ�ZRUOG� GLJLWDO�
HFRQRP\� WKURXJK� H�FRPPHUFH���
$FFRUGLQJ� WR� 7KH� 8QLWHG� 6WDWHV�
'HSDUWPHQW� RI� &RPPHUFH�� WKH� WRWDO� H�
FRPPHUFH� VDOH� IRU� ����� FRXOG� UHDFK�

�����������������������������������������������������������
�KWWSV���WUHOOLV�FR�EORJ�WRS����HFRPPHUFH�PDUNHWV�E\�
FRXQWU\��

�������ELOOLRQ���)XUWKHUPRUH��7KH�86�KDV�
EHHQ� VXFFHVVIXOO\� EXLOGLQJ� WKH� GLJLWDO�
HFRV\VWHP� LQ� 6LOLFRQ� 9DOOH\�� ZKLFK�
GHOLYHUHG� VHYHUDO� RXWVWDQGLQJ� FRPSDQLHV�
WR�GDWH�VXFK�DV�*RRJOH��)DFHERRN��H�%D\��
HWF���2Q� WKH� RWKHU� KDQG�� &KLQD� LV� UDFLQJ�
DKHDG� WR� EHFRPH� WKH� WRS� OHDGHU� LQ� WKH�
GLJLWDO�HFRQRP\�DV�LW�DFFRXQWV�IRU�����RI�
JOREDO�H�FRPPHUFH��ZLWK�FDSLWDOL]DWLRQ�DW�
86����� ELOOLRQ� LQ� ������� &KLQD� WRGD\� LV�
DOVR� EDFNHG� XS� E\� PDQ\� JLDQW� GLJLWDO�
FRPSDQLHV� VWUHQJWKHQHG� E\� WKHLU�
ZRUOGZLGH� UHSXWDWLRQV�� VXFK� DV� %DLGX��
$OLEDED��DQG�7HQFHQW����
�

�����������������������������������������������������������
�KWWSV���ZZZ�FRPPHUFH�JRY��
�KWWSV���ZZZ�UDFRQWHXU�QHW�FXOWXUH�OLYLQJ�LQ�WKH�IXWXUH�WRGD\�
�KWWSV���ZZZ�ZHIRUXP�RUJ�DJHQGD������������RI�JOREDO�H�
FRPPHUFH�LV�KDSSHQLQJ�LQ�FKLQD�KHUHV�ZK\��
�KWWSV���ZZZ�EXVLQHVVLQVLGHU�VJ�FKLQD�UHWDLO�H�FRPPHUFH�
VDOHV�JURZWK�FKDUW��������"U 86	,5 7�
�KWWSV���ZZZ�PFNLQVH\�FRP�JOREDO�WKHPHV�FKLQD�FKLQDV�
GLJLWDO�HFRQRP\�D�OHDGLQJ�JOREDO�IRUFH�
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7KH� JURZWK� LQ� WKH� GLJLWDO� HFRQRP\�
HQIRUFHV� FRPSDQLHV� WR� PRYH� TXLFNO\�
WRZDUGV�GLJLWL]DWLRQ�SDWK�RU�HOVH�WKH\�ZLOO�
IDFH� D� ULVN� IDOOLQJ� EHKLQG� WKHLU�
FRPSHWLWRUV�� +RZHYHU�� PDQ\� FRPSDQLHV�
DUH� VORZ� DQG� HYHQ� VWUXJJOH� WR� DGRSW� D�
GLJLWDO�EXVLQHVV�PRGHO���$OWKRXJK�VHYHUDO�
FRPSDQLHV� KDYH� VWDUWHG� HTXLSSLQJ�
WKHPVHOYHV� ZLWK� DGYDQFHG� GLJLWDO�
FDSDELOLWLHV�� LW� LV� OLNHO\� WR� KDSSHQ� WKDW�
ODUJH� GLJLWDO� LQYHVWPHQWV� RQO\� OHDG� WR� D�
PHUH� ORVV� DV� PDQ\� RI� WKHP� IDLO� WR�
SHUIRUP�WKH�UHTXLUHG�GLJLWDO�OHDGHUVKLS���
�
7KLV�ILQGLQJ�LV�DOVR�LQ�OLQH�ZLWK�WKH�VWXG\�
RI� :HVWHUPDQQ�� %RQQHW�� 	� 0F$IHH�
�������ZKLFK� VWDWHG� WKDW� WKHUH� DUH� MXVW� D�
VPDOO� QXPEHU� RI� 'LJLWDO� 0DVWHUV��
FRPSDQLHV� WKDW� XQGHUVWDQG� WKH�
GHYHORSPHQW� RI� GLJLWDO� WHFKQRORJ\� DQG�
DUH� DEOH� WR� HPSOR\� LW� LQ� FUHDWLQJ�
FRPSHWLWLYH� DGYDQWDJHV�� 7KURXJK� WKHLU�
UHVHDUFK�� :HVWHUPDQQ�� %RQQHW�� 	�
0F$IHH� ������� GLVFRYHUHG� WKDW� OHDGHUV�
SOD\�D�YLWDO�UROH� LQ�GLJLWDO� WUDQVIRUPDWLRQ��
7KH\� DUH� WKH� RQHV� ZKR� IRUPXODWH� WKH�
GLJLWDO� YLVLRQ� DQG� OHDG� WKH� GLJLWDO�
WUDQVIRUPDWLRQ�WKRURXJKO\�LQ�D�FRPSDQ\��
8QIRUWXQDWHO\�� FXUUHQWO\�� WKHUH� DUH� QRW�
PDQ\� EXVLQHVV� OHDGHUV� ZKR� FDQ� EH�
FODVVLILHG� DV� VXFK� OHDGHUV��+RZHYHU�� WKDW�
GRHV� QRW� PHDQ� ZH� FDQQRW� FUHDWH� WKRVH�
OHDGHUV�� 7KH� NH\� LV� WR� UHFRJQL]H� WKH�
OHDGHUV·� SRWHQWLDO� LQ� REVHUYLQJ� DQG�
UHVSRQGLQJ�WR�WKH�GHYHORSPHQW�RI�GLJLWDO�
WHFKQRORJ\� IRU� WKH� FRPSDQ\·V�
DGYDQFHPHQW�� 7KLV� UHPDUNV� WKH�
HPHUJHQFH� RI� WKH� FRQFHSW� RI� GLJLWDO�
UHDGLQHVV��
�
'LJLWDO�UHDGLQHVV�KDV�GLYHUVH�PHDQLQJV�LQ�
OLWHUDWXUH�� ,W� FDQ� EH� LQWHUSUHWHG� DV� WKH�
UHDGLQHVV� RI� LQGLYLGXDOV�� LQVWLWXWLRQV��
LQGXVWULHV� WR� FRXQWULHV� LQ� DGRSWLQJ� DQG�
XWLOL]LQJ�GLJLWDO� WHFKQRORJ\� WR�DFTXLUH� WKH�
PD[LPXP� EHQHILWV� IURP� WKRVH�
WHFKQRORJLHV�� )RU� LQVWDQFH�� +RUULJDQ�

�����������������������������������������������������������
�KWWSV���ZZZ�PFNLQVH\�FRP�EXVLQHVV�IXQFWLRQV�GLJLWDO�
PFNLQVH\�RXU�LQVLJKWV�ZK\�GLJLWDO�VWUDWHJLHV�IDLO�

������� XVHG� WKH� WHUP�GLJLWDO� UHDGLQHVV� WR�
PHDVXUH� DGXOW� VNLOOV� LQ� XVLQJ� GLJLWDO�
WHFKQRORJ\�LQ�WKH�8QLWHG�6WDWHV��4XDLFRH�
DQG�3DWD� ������� GHILQHG� GLJLWDO� UHDGLQHVV�
DV� WKH� UHDGLQHVV� RI� WHDFKHUV
� VNLOOV��
NQRZOHGJH� DQG� FRQILGHQFH� WR� DGRSW�
GLJLWDO� OHDUQLQJ� LQ� WKH� HOHPHQWDU\� VFKRRO�
HGXFDWLRQ� V\VWHP� LQ�*KDQD�� 3XQFKLKHZD�
������� XVHG� WKH� WHUP� LQ�KLV� VWXG\� RI� WKH�
UHDGLQHVV� RI� LQVWLWXWLRQV� LQ� 6UL� /DQND� LQ�
LPSOHPHQWLQJ� H�JRYHUQPHQW�� +DP]DK�
DQG�0XVWDID��������XVHG�GLJLWDO�UHDGLQHVV�
LQ� WKHLU� VWXG\� RI� WKH� GLJLWDO� UHDGLQHVV� RI�
MRXUQDOLVWV�LQ�0DOD\VLD���
�
0HDQZKLOH�� WKH�4XHHQVODQG�'HSDUWPHQW�
RI� 7UDGH� DQG� ,QGXVWU\� ������� XVHG� WKH�
WHUP�WR�UHIHU�WR�WKH�LQGXVWU\
V�UHDGLQHVV�LQ�
WKH� VWDWH� LQ�HODERUDWLQJ� WKH�RSSRUWXQLWLHV�
GLJLWDO� HFRQRP\� SURYLGHV�� $QG� ODVWO\��
-DPHV� ������� DQG� -DPHV� ������� XVHG�
GLJLWDO�UHDGLQHVV�WR�PHDVXUH�DQG�FRPSDUH�
WKH� GLJLWDO� UHDGLQHVV� RI� GHYHORSLQJ�
FRXQWULHV�ZLWK�GHYHORSHG�FRXQWULHV�LQ�WKH�
ZRUOG�0RUHRYHU�� WKHUH� DUH� DOVR�
GLIIHUHQFHV� LQ� WHUPLQRORJ\� LQ� DGGUHVVLQJ�
GLJLWDO� UHDGLQHVV�� 6RPH� SHRSOH� DGGUHVV�
DQG� DVVRFLDWH� GLJLWDO� UHDGLQHVV� ZLWK� H�
UHDGLQHVV�� H�EXVLQHVV� UHDGLQHVV�� H�
JRYHUQPHQW� UHDGLQHVV�� GLJLWDO� UHDGLQHVV��
PRELOH� UHDGLQHVV�� QHWZRUNHG� UHDGLQHVV�
DQG�JHQHUDOO\�DV�WHFKQRORJ\�UHDGLQHVV��
�
'LIIHUHQFHV� LQ� WHUPLQRORJ\� SRVH� D�
FKDOOHQJH� LQ� WKH� GHYHORSPHQW� RI� GLJLWDO�
UHDGLQHVV�FRQVWUXFWV�ZKLFK�LQGLFDWHV�WKHUH�
LV� QR� FRPPRQ� GHILQLWLRQ� RI� GLJLWDO�
UHDGLQHVV� WKDW� LV� OLNHO\� WR� EH� XQLYHUVDOO\�
DFFHSWHG��7KH�LQFRQVLVWHQF\�XVH�RI�GLJLWDO�
UHDGLQHVV� FRQFHSWV� DQG� PRGHOV� KDV�
FDXVHG� UHVHDUFK� ILQGLQJV� WR� EH�
LQFRPSDUDEOH� DQG� FDQQRW� EH� XVHG� WR�
IRUP� D� XQLIRUP� XQGHUVWDQGLQJ� RU�
NQRZOHGJH�RI�GLJLWDO�UHDGLQHVV��7KHUHIRUH��
WKHUH� PXVW� EH� DQ� HIIRUW� WR� PDNH� D�
XQLIRUPLW\� E\� GLVFRYHULQJ� WKH�
IXQGDPHQWDO� FRPSRQHQWV� RI� DOO� PRGHOV�
�5RMDV�0pQGH]�� 3DUDVXUDPDQ�� 	�
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3DSDGRSRXORV�� ������ 3RWQLV� 	� 3DUGR��
������/LQ��/LQ��<HK��	�:DQJ���������
�
7KH� DXWKRUV� DUJXH� WKDW� WKH� GLIIHUHQW�
WHUPV�WKDW�DUH�IRXQG�LQ�WKH�H[LVWLQJ�GLJLWDO�
UHDGLQHVV�FRQFHSWV�DQG�PRGHOV�%�EH�WKH\�
HPSOR\HHV�� UHVLGHQWV�� RU� FRQVXPHUV�KDYH�
VRPHWKLQJ� LQ� FRPPRQ�� $OO� RI� WKH�
FRQFHSWV� DQG�PRGHOV� KDYH�PHDVXUHPHQW�
FRPSRQHQWV� RI� GLJLWDO� UHDGLQHVV� ZKLFK�
DSSDUHQWO\�UHVW�RQ�WKH�LQGLYLGXDO�OHYHO��,Q�
RWKHU�ZRUGV��WKH�GHYHORSPHQW�RI�D�GLJLWDO�
UHDGLQHVV� PHDVXUHPHQW� PRGHO� DW� WKH�
LQGLYLGXDO� OHYHO� LV� LQGHHG� IXQGDPHQWDO�RU�
LPSRUWDQW� WR� EH� FRQGXFWHG�� 7KLV� LV� DOVR�
FRQGXFWHG� E\� 3DUDVXUDPDQ� ������� ZKHQ�
KH� GHYHORSHG� WHFKQRORJ\� UHDGLQHVV� DQG�
/DL�DQG�2QJ��������ZKHQ�WKH\�GHYHORSHG�
H�EXVLQHVV�UHDGLQHVV�RI�HPSOR\HHV���
�
$FFRUGLQJO\�� GLIIHUHQW� IURP� WKRVH�
UHVHDUFKHV��WKH�DXWKRUV�ZLOO�WU\�WR�PDNH�LW�
PRUH� JHQHUDO� VR� WKDW� WKH� FRQFHSW� RI�
GLJLWDO�UHDGLQHVV�DW�WKH�LQGLYLGXDO�OHYHO�FDQ�
EH�XVHG� LQ�YDULRXV�FRQWH[WV��)XUWKHU�� WKH�
�GLJLWDO� UHDGLQHVV�� WHUP� LV� FKRVHQ�DV� LW� LV�
FRQVLGHUHG�WR�EH�PRUH�JHQHULF�DQG�LQ�OLQH�
ZLWK� WKH� FXUUHQW� HUD�� 3DUWLFXODUO\�� LQ� WKH�
ILHOG� RI� WHFKQRORJ\�� PDQ\� WHUPV� HPEHG�
WKH�ZRUG��GLJLWDO��LQ�WKHP�ZKHQ�UHIHUULQJ�
WR� D� SKHQRPHQD� RU� FRQFHSW�� L�H�� GLJLWDO�
GLVUXSWLRQ�DQG�GLJLWDO�EXVLQHVV��7KXV��WKH�
HQWLUH�GLJLWDO� UHDGLQHVV�WHUP�LQ�WKLV�SDSHU�
UHIHU� WR� LQGLYLGXDO� OHYHOV� RI� GLJLWDO�
UHDGLQHVV� RWKHUZLVH� VWDWHG� GLIIHUHQWO\��
��
7KLV� SDSHU� FRQVLVWV� RI� IRXU� SDUWV�� 7KH�
ILUVW� VHFWLRQ� SUHVHQWV� DQ� LQWURGXFWLRQ��
$IWHU� WKH� LQWURGXFWLRQ� VHFWLRQ�� WKHUH� LV� D�
VHFWLRQ� RI� OLWHUDWXUH� VWXG\� WKDW� H[SODLQV�
WKH� FRQFHSW� RI� UHDGLQHVV�� GLJLWDO� DQG�
GLJLWDO� UHDGLQHVV�� ,Q� WKLV� VHFWLRQ�� WKHUH� LV�
DOVR�D�OLWHUDWXUH�VWXG\�RI�PRGHOV�UHODWHG�WR�
ZKDW� ZH� WKHQ� XQGHUVWDQG� DV� GLJLWDO�
UHDGLQHVV�� )XUWKHUPRUH�� ZH� WKHQ�
GLVFXVVHG� WKH� ILQGLQJV� LQ� WKH� GLVFXVVLRQ�
VHFWLRQ� ZKLFK� ZDV� VXPPDUL]HG� LQ� WKH�
FRQFOXVLRQV� DQG� VXJJHVWLRQV� IRU� IXUWKHU�
UHVHDUFK�LQ�WKH�ODVW�VHFWLRQ��

������/LWHUDWXUH�6WXG\�
�
5HDGLQHVV�
0HUULDP�:HEVWHU� GLFWLRQDU\� GHILQHV�
UHDGLQHVV� DV� WKH�TXDOLW\� RU� VWDWH� RI�EHLQJ�
UHDG\��7KH�VWDWH�LV�QRW�MXVW�PHDQW�WR�UHIHU�
WR�D�SHUVRQ
V�FRQGLWLRQ��EXW�UDWKHU�YDULRXV�
PDWWHUV� UHODWHG� WR� WKH� UHDGLQHVV� WR� GR�
VRPHWKLQJ�� 7KHUHIRUH�� 0HUULDP�:HEVWHU�
DGGV� DQ� H[SODQDWLRQ� WKDW� UHDGLQHVV� LV�
UHODWHG� WR� SUHSDUDWLRQ� �SURFHVV���
ZLOOLQJQHVV� �VWDWH�� DQG� IDFLOLW\� �FRQWH[W���
0HDQZKLOH�� 'LFWLRQDU\�FRP� SUHIHUV� WR�
GHILQH� UHDGLQHVV� IURP� WKH� SRLQW� RI� YLHZ�
RI� SHRSOH�� L�H�� DV� D� GHYHORSPHQWDO� VWDJH�
WKDW�VKRZV�WKH�WHQGHQF\��ZLOOLQJQHVV��DQG�
UHDGLQHVV� RI� VRPHRQH� WR� GR� DQ� DFWLRQ��
7KH�GHILQLWLRQ�RI�'LFWLRQDU\�FRP�ZLOO�EH�
XVHG�WR�GHILQH�WKH�FRQFHSW�RI�UHDGLQHVV�DV�
LWV� SRLQW� RI� YLHZ� LV� LQ� DFFRUGDQFH� ZLWK�
RXU� SXUSRVH� LQ� PDNLQJ� WKH� FRQFHSW� RI�
UHDGLQHVV�DV�VRPHWKLQJ�G\QDPLF��
�

'LJLWDO�
,Q� WKLV� SDSHU�� GLJLWDO� LV� UHODWHG� WR� GLJLWDO�
WHFKQRORJ\� DQG� GLJLWDOL]DWLRQ��
'LFWLRQDU\�FRP� GHILQHV� GLJLWDO� DV� DQ\�
IRUP�RI�GLJLWDO�GHYLFH�DSSOLFDWLRQ�DQG�LWV�
XVH�� 0HDQZKLOH�� 3XOOHQ� ������� UHIHUV�
GLJLWDO�WHFKQRORJ\�DV�DQ\�GHYLFH�WKDW�XVHV�
PLFURSURFHVVRUV�� ZKLFK� LQFOXGHV�
FRPSXWHUV� DQG� WKHLU� DSSOLFDWLRQV� DV� ZHOO�
DV�GLJLWDO�GHYLFHV��L�H��YLGHR�FDPHUDV��DQG�
PRELOH�GHYLFHV��L�H��FHOO�SKRQHV���
�
([SHUWV� DJUHH� WKDW� WKH� SURILFLHQF\� LQ�
XWLOL]LQJ�WHFKQRORJ\�LV�IDU�PRUH�LPSRUWDQW�
WKDQ� MXVW� LWV� WHFKQRORJLFDO� GHYLFH��
$FFHQWXUH� FODLPHG� WKDW� YLHZLQJ� GLJLWDO�
IURP� WKH� WHFKQRORJLFDO� VWDQGSRLQW� LV�
LQDSSURSULDWH� DQG� OLPLWLQJ� LWV� SRWHQWLDO�
LPSDFWV��'LJLWDO�ZLOO�EH�PHDQLQJIXO�LI�LW�LV�
XWLOL]HG� WR� UHGHILQH� ZRUN� SDWWHUQV� DQG�
EXVLQHVV�PRGHOV� LQ�RUGHU� WR�HQKDQFH� WKH�
EHWWHU�H[SHULHQFH�IRU�HYHU\RQH����
�

�����������������������������������������������������������
�KWWSV���ZZZ�DFFHQWXUH�FRP�XV�HQ�EORJV�EORJV�GLJLWDO�ZKDW�

LV�GLJLWDO�VWUDWHJ\�
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0F.LQVH\� 	� &RPSDQ\� VXSSRUW�
$FFHQWXUH·V� VWDWHPHQW�� 7KH\� DUJXHG� WKDW�
GLJLWDO�VKRXOG�EH�VHHQ�PRUH�DV�D�SDWKZD\�
WR� GR� VRPHWKLQJ� WKDQ� RQO\� VHHQ� DV� D�
SK\VLFDO�WKLQJ��8VHUV�RI�GLJLWDO�WHFKQRORJ\�
PXVW�EH�DEOH�WR�XWLOL]H�LW�LQ�RUGHU�WR�FUHDWH�
YDOXH� LQ� WKH� QHZ� ERXQGDULHV� RI� WKH�
EXVLQHVV� ZRUOG�� FUHDWLQJ� D� FRPSHWLWLYH�
DGYDQWDJH� WKDW� ZRXOG� EULQJ� FXVWRPHU�
H[SHULHQFH� WR� D� KLJKHU� OHYHO�� DQG� DOVR�
FUHDWLQJ� IXQGDPHQWDO� FRPSHWHQFLHV� WKDW�
EROVWHU� WKH� ZKROH� VWUXFWXUH�� VXFK� DV�
GLJLWDO� PLQGVHW�� V\VWHP�� DQG� GDWD�
DUFKLWHFWXUH���
�
:RUOG� (FRQRPLF� )RUXP� FRQYH\V� WKDW�
EHLQJ� D� GLJLWDO� YHQWXUH� QHHGV� PRUH�
FKDQJHV� GHHSO\� WKDQ�PHUHO\� VSHQG�PRUH�
PRQH\� WR� EX\� WKH� ODWHVW� GLJLWDO� WRROV��
&RPSDQLHV� QHHG� WR� VHHN� QHZ� EXVLQHVV�
PRGHOV�� HVVHQWLDOO\� UHWKLQN� WKHLU�
SHUIRUPLQJ� PRGHOV�� WUDQVIRUP� KRZ� WKH\�
DWWUDFW� DQG�PDLQWDLQ�GLJLWDO� DSWLWXGH�� DQG�
FRQVLGHU� DJDLQ� KRZ� WKH\� SUHGLFW� WKH�
VXFFHVV�RI�WKHLU�EXVLQHVV����
�
,Q�OLQH�ZLWK�WKH�LQGXVWU\��UHVHDUFKHUV�DOVR�
UHFRJQL]H� WKH� LPSRUWDQFH� RI� WHFKQRORJ\�
XWLOL]DWLRQ�DV�DQ�LQGLFDWRU�RI�UHDGLQHVV�IRU�
WHFKQRORJ\� DGRSWLRQ�� ,Q� WKH� VWXG\� RI�
%HXQLQJHQ�� 5X\WHU�� :HW]HOV� DQG�
6WUHXNHQV� �������� WKH\� VWDWH� WKDW� WKH�
UHDGLQHVV� RI� DQ� LQGLYLGXDO� LQ� XVLQJ� VHOI�
VHUYLFH� WHFKQRORJ\� LV� D� UHOHYDQW� YDULDEOH�
WR� H[DPLQH� LQGLYLGXDO
V� LQFOLQDWLRQ� LQ�
XVLQJ� WKDW� WHFKQRORJ\�� $ULII�� <HRZ��
=DNXDQ�� -XVRI�� DQG� %DKDUL� ������� DOVR�
VXSSRUW� WKLV� VWDWHPHQW��7KH\� VWXGLHG� WKH�
LQWHUQHW� EDQNLQJ� V\VWHPV� DGRSWLRQ� DQG�
IRXQG� D� VLJQLILFDQW� LQIOXHQFH� RQ� WKH�
LQGLYLGXDO
V� DELOLW\� WR� XVH� WKH� FRPSXWHU�
WRZDUG� UHDGLQHVV� IRU� LQWHUQHW� EDQNLQJ�
V\VWHPV�DGRSWLRQ��
�
)URP� WKH� DERYH� GHVFULSWLRQ�� WKHUH� DUH�
WZR� SHUVSHFWLYHV� WRZDUG� XQGHUVWDQGLQJ�

�����������������������������������������������������������
�KWWS���UHSRUWV�ZHIRUXP�RUJ�GLJLWDO�WUDQVIRUPDWLRQ�ZS�

FRQWHQW�EORJV�GLU����PS�ILOHV�SDJHV�ILOHV�GLJLWDO�HQWHUSULVH�

QDUUDWLYH�ILQDO�MDQXDU\������SGI�

GLJLWDO��7KH�ILUVW�SHUVSHFWLYH�YLHZV�GLJLWDO�
DV� WHFKQRORJLFDO� GHYLFHV� DQG� WKH� VHFRQG�
RQH� GLVFXVVHV� GLJLWDO� IURP� LWV� EURDG�
DSSOLFDWLRQV�� 7KH� GLJLWDO� FRQFHSW� LQ� WKLV�
SDSHU� SRVVHVVHV� D� PHDQLQJ� WKDW� LV� LQ�
DFFRUGDQFH�ZLWK�WKLV�VFRSH��7KLV�FRQFHSW�
ZLOO� WKHQ� DIIHFW� WKH� FRQFHSW� RI� GLJLWDO�
UHDGLQHVV� WKDW� ZLOO� EH� H[SODLQHG� LQ� WKH�
QH[W�VHFWLRQ��
�

'LJLWDO�5HDGLQHVV�
,Q� WKH� SUHYLRXV� WZR� VHFWLRQV�� WKH� DXWKRU�
VHWV� WKH� GHILQLWLRQ� RI� UHDGLQHVV� DQG�
GLJLWDO�� 5HDGLQHVV� LV� D� GHYHORSPHQWDO�
VWDJH� WKDW� GHVFULEHV� LQFOLQDWLRQ��
ZLOOLQJQHVV��DQG�SUHSDUHGQHVV�WR�SHUIRUP�
DQ�DFWLRQ��0HDQZKLOH��GLJLWDO�LV�GHILQHG�DV�
WKH� GHYLFH� DQG� DSSOLFDWLRQ� RI� GLJLWDO�
WHFKQRORJ\��+RZHYHU�� WKH�DSSOLFDWLRQV� LQ�
TXHVWLRQ�VXSSRVHG�WR�EH�UHYROXWLRQDU\��,W�
PXVW�EH�DEOH�WR�WUDQVIRUP�EXVLQHVV�ZRUN�
SDWWHUQV� DQG� FXUUHQW� LQGXVWULDO� VWUXFWXUHV�
WR�FUHDWH�QHYHU�LPDJLQHG�RSSRUWXQLWLHV��
�
7KXV�� GLJLWDO� UHDGLQHVV� LV� GHILQHG� DV�
LQFOLQDWLRQ� DQG� ZLOOLQJQHVV� WR� VZLWFK� WR�
DQG� DGRSW� GLJLWDO� WHFKQRORJ\� DQG� WKH�
UHDGLQHVV� WR� FUHDWH� QHZ� LQQRYDWLYH�
RSSRUWXQLWLHV�E\�XVLQJ�WKLV�WHFKQRORJ\�LQ�
RUGHU�WR�EULQJ�DQ�LQGLYLGXDO��RUJDQL]DWLRQ��
LQGXVWU\�� DQG� FRXQWU\� WR� DFKLHYH� WKHLU�
JRDOV� IDVWHU� DQG� ZLWK� JUHDWHU� UHVXOWV��
:HVWHUPDQQ�� %RQQHW�� 	� 0F$IHH� �������
SURYH�WKH�VXFFHVV�RI�FRPSDQLHV�WKDW�KDYH�
JRRG� GLJLWDO� UHDGLQHVV� LQ� FUHDWLQJ� PXFK�
KLJKHU� UHYHQXH� DQG� SURILWDELOLW\� WKDQ�
FRPSDQLHV� ZLWK� D� ORZHU� OHYHO� RI� GLJLWDO�
UHDGLQHVV���
�
7KH� GHILQLWLRQ� RI� GLJLWDO� UHDGLQHVV�ZKLFK�
DGRSWHG� LQ� WKLV� SDSHU� LQGLFDWHV� WKH�
H[LVWHQFH� RI� WZR� EDVLF� FRPSRQHQWV� RI�
GLJLWDO� UHDGLQHVV��QDPHO\�DWWLWXGH� WRZDUGV�
GLJLWDO� WHFKQRORJ\� DQG� DWWLWXGH� WRZDUGV�
LQWHUDFWLRQ� ZLWK� GLJLWDO� WHFKQRORJ\�� )RU�
WKH�ILUVW�FRPSRQHQW��GLJLWDO�WHFKQRORJ\�LV�
VHHQ� DV� D� VHSDUDWH� REMHFW� WKDW� LV� IUHHO\�
SHUFHLYHG� E\� DQ\RQH� �LQGHSHQGHQW�
REMHFW��� <HW� IRU� WKH� ODWWHU� FRPSRQHQW��
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SHRSOH� ZKR� SHUFHLYH� GLJLWDO� WHFKQRORJ\�
VKRXOG� H[SHFW� WKH� SRVVLELOLW\� RI�
LQWHUDFWLRQ� ZLWK� GLJLWDO� WHFKQRORJ\�
�LQWHJUDWHG� REMHFW��� ,Q� WKHVH� WZR�
FRPSRQHQWV� RI� GLJLWDO� UHDGLQHVV�� WKH�
LPSRUWDQW� WKLQJ� WR� QRWH� LV� WKH�
LPSOLFDWLRQV� RI� HPRWLRQDO� UHDFWLRQV� WKDW�
HPHUJH� ZLWK� WKH� H[LVWHQFH� RI� GLJLWDO�
WHFKQRORJ\�DQG�WKH�SRVVLELOLW\�RI�FKDQJHV�
LQ�DFWLYLW\�RU�ZRUN�SURFHVVHV�DV�DQ�LPSDFW�
RI� LQWHUDFWLRQ� ZLWK� GLJLWDO� WHFKQRORJ\��
7KHUHIRUH�� WKH� SHUFHSWLRQ� RI� GLJLWDO�
WHFKQRORJ\�DV�DQ�LQGHSHQGHQW�REMHFW�DQG�
LWV�LPSOLFDWLRQV�LV�UHIHUUHG�WR�DV�DWWLWXGLQDO�
UHDGLQHVV��ZKLOH� WKH� SHUFHSWLRQ�RI� GLJLWDO�
WHFKQRORJ\�DV�DQ�LQWHJUDWHG�REMHFW�DQG�LWV�
LPSOLFDWLRQV� WKDW� DSSHDU� LV� WKHQ� UHIHUUHG�
WR�DV�DFWLRQ�UHDGLQHVV���
�
�

7KLV�VHSDUDWLRQ�LV�LQ�DFFRUGDQFH�ZLWK�WKH�
FRQFHSW� RI� GLJLWDO� UHDGLQHVV� UHOHDVHG� E\�
WKH� :RUOG� (FRQRPLF� )RUXP� �:()�� DV�
VHHQ�LQ�)LJXUH����,Q�WKH�IUDPHZRUN��:()�
VHSDUDWHV� DWWLWXGH� DQG� DFWLRQ� LQ� WZR�
GLIIHUHQW� GLPHQVLRQV�� $WWLWXGH� LV�
FODVVLILHG�LQ�&XOWXUH�GLPHQVLRQ��ZKLOH�WKH�
DFWLRQ� LV� FODVVLILHG� LQ� 6NLOO� GLPHQVLRQ�� ,Q�
DGGLWLRQ�� WKLV� FRQFHSW� FDQ� DOVR� EH�
GLVFRYHUHG�LQ�WKH�7HFKQRORJ\�$FFHSWDQFH�
0RGHO� �7$0��� 3HUFHLYHG� 8VHIXOQHVV� LQ�
7$0� FDQ� EH� VHHQ� DV� D� SHUFHSWLRQ� RI�
WHFKQRORJ\� DV� DQ� LQGHSHQGHQW� REMHFW��
ZKLOH�3HUFHLYHG�(DVH�RI�8VH�FDQ�EH�VHHQ�
DV� D� SHUFHSWLRQ� RI� WHFKQRORJ\� DV� DQ�
REMHFW�WKDW�LQWHUDFWV�DQG�LQWHJUDWHV�ZLWKLQ�
RQH
V�ZRUN�V\VWHP��'DYLV����������
�

�

�
)LJXUH�����
6HSDUDWLRQ�RI�$WWLWXGH�DQG�$FWLRQ�5HDGLQHVV�LQ�WKH�'LJLWDO�5HDGLQHVV�0HGLD�)UDPHZRUN�RI�
WKH�:RUOG�(FRQRPLF�)RUXP���
6RXUFH��:RUOG�(FRQRPLF�)RUXP��
�

�
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$WWLWXGH�DQG�$FWLRQ�
%RWK� DWWLWXGLQDO� DQG� DFWLRQ� UHDGLQHVV� LV�
LPSRUWDQW� DQWHFHGHQWV� WR� SUHGLFW� GLJLWDO�
UHDGLQHVV� DW� WKH� LQGLYLGXDO� OHYHO� EHFDXVH�
SHUFHSWLRQ� DQG� NQRZOHGJH� DUH� QRW�
VXIILFLHQW� WR� PHDVXUH� KRZ� UHDG\�
LQGLYLGXDO� IDFHV� LQQRYDWLRQ� LQ� GLJLWDO�
WHFKQRORJ\�� :H� QHHG� DQRWKHU� LPSRUWDQW�
LQGLFDWRU�� L�H�� DFWLRQ� UHDGLQHVV�� $FWLRQ�
UHDGLQHVV� UHODWHG� WR� LQGLYLGXDO� EHOLHI� DQG�
VNLOOV� WR� GLJLWDO� LQQRYDWLRQ� WKDW� ZLOO�
FRPSOHPHQW� WKH� PHDVXUHPHQW� RI� GLJLWDO�
UHDGLQHVV��
�
0HDVXUHPHQW� RI� DWWLWXGH� WRZDUGV�
WHFKQRORJ\� LV� VXEVWDQWLDO�� DV� LW� LQGLFDWHV�
WKDW�ZLWKRXW�D�SRVLWLYH�DWWLWXGH�LW�ZLOO�OHDG�
WR� D� VORZ� DGRSWLRQ� RI�QHZ� WHFKQRORJLHV��
7KHUHIRUH��WKHUH�KDV�EHHQ�D�JUHDW�GHDO�RI�
UHVHDUFK� RQ� WHFKQRORJ\� DGRSWLRQ� WKDW�
XVHV�DWWLWXGH�DV�DQ�LQGLFDWRU�RI�D�SRVVLEOH�
DGRSWLRQ� RI� D� WHFKQRORJ\�� +RZHYHU�� D�
SRVLWLYH�DWWLWXGH�DOVR�GRHV�QRW�QHFHVVDULO\�
JXDUDQWHH�D�WHFKQRORJ\�DGRSWLRQ�EHFDXVH�
D� SRVLWLYH� DWWLWXGH� LV� IRUPHG� E\� D�
SHUVSHFWLYH� RQ� WHFKQRORJ\� DV� DQ�
LQGHSHQGHQW� REMHFW�� 3HRSOH� DUH� QRW�
IRUFHG� WR� DQVZHU� WKH� TXHVWLRQ� ZKHWKHU�
WKH\� DUH� UHDG\� RU� DEOH� WR� XVH� WKH�
WHFKQRORJ\�� :KHQ� WHFKQRORJ\� LV� ILQDOO\�
DGRSWHG��SHRSOH�PLJKW�QRW�EH�DEOH�WR�XVH�
LW�� WKXV� VORZLQJ� GRZQ� RXU� FKDQFHV� RI�
JHWWLQJ� WKH� PRVW� RXW� RI� WKH� WHFKQRORJ\��
7KHUHIRUH�� ZH� DUJXH� WKDW� WKHUH� LV� D� JDS�
EHWZHHQ�DWWLWXGHV�DQG�EHOLHIV�LQ�WKH�DELOLW\�
WR� XVH� WHFKQRORJ\� ZKHUH� LI� EHLQJ�
QHJOHFWHG� ZLOO� HYHQWXDOO\� UHGXFH� WKH�
SRWHQWLDO�RI�D�WHFKQRORJ\�DGRSWLRQ��
�
$V�)ULMGD��������SRLQWV�RXW�LQ�KLV�VWXG\�RI�
DFWLRQ� UHDGLQHVV�� RQH
V� LQFOLQDWLRQ� WR�
DFWLRQ� LV� D� FRPSRQHQW� WKDW� GLVWLQJXLVKHV�
HPRWLRQDO� H[SHULHQFH� IURP� RQH� DQRWKHU��
7KLV�VWDWHPHQW�LV�DOVR�VXSSRUWHG�E\�RWKHU�
HPSLULFDO� VWXGLHV�� VXFK� DV� 'DYLV� ��������
6KDYHU�� 6FKZDUWV�� .LUVRQ�� 	� 2·&RQQRU�
��������'H�5LYHUDO���������6FKHUHU���������
DQG� 6RORPRQ� ������� ZKLFK� VWDWHG� WKDW�
DFWLRQ�WHQGHQFLHV�SOD\�D�VLJQLILFDQW�UROH�LQ�

WKH� HPRWLRQDO� H[SHULHQFH�� 0HDQZKLOH��
$UQROG� ������� H[SODLQV� HPRWLRQV� DV� �IHOW�
DFWLRQ� WHQGHQFLHV�� ZKLFK� LV� EH\RQG� MXVW�
WKH�DELOLW\�WR�GLVWLQJXLVK�WKH�PHUH�IHHOLQJV�
RI�SOHDVDQWQHVV�RU�XQSOHDVDQWQHVV��7KLV�LV�
ZKHUH� ZH� VHH� WKH� GLIIHUHQFH� EHWZHHQ�
DWWLWXGH�DQG�DFWLRQ��7KH�DFWLRQ�LV�UHIHUUHG�
WR�DV�IHOW�WHQGHQF\�DQG�DWWLWXGH�LV�UHIHUUHG�
WR�IHHOLQJV���
�
7KH� UHODWLRQVKLS� EHWZHHQ� DWWLWXGLQDO� DQG�
DFWLRQ�LV�FLUFXODU��7KLV�PHDQV�RQH
V�EHOLHI�
LQ� KLV� DELOLW\� WR� XVH� WHFKQRORJ\� ZLOO�
HQFRXUDJH� D� PRUH� SRVLWLYH� DWWLWXGH� DQG�
YLFH� YHUVD�� 7KH� VHSDUDWLRQ� EHWZHHQ� WKH�
WZR� EHFRPHV� OHVV� PHDQLQJIXO� IRU� D�
WHFKQRORJ\� WKDW� KDV� EHHQ� URXWLQHO\� XVHG�
EXW� ZLOO� EH� KLJKO\� UHOHYDQW� IRU� QHZ�
WHFKQRORJLHV�� ,Q� DGGLWLRQ�� WKH� VHSDUDWLRQ�
RI� DWWLWXGLQDO� DQG� DFWLRQ� ZLOO� EH� XVHIXO�
IURP� WKH� YLHZSRLQW� RI� HVWDEOLVKLQJ� D�
SRVLWLYH� DWWLWXGH� WRZDUG� DQ� RUJDQL]DWLRQ��
,I�D�PDQDJHU�LV�DEOH�WR�DFTXLUH�WKH�UHVXOWV�
RI� WKHVH� WZR� GLPHQVLRQV�� KH� WKHQ� FDQ�
IRUPXODWH� D� VWUDWHJ\� WR� LPSURYH� KLV�
HPSOR\HH
V� DWWLWXGH� UHJDUGLQJ� WKH� LGHD�RI�
DGRSWLQJ� D� WHFKQRORJ\�� %\� SURYLGLQJ�
DGGLWLRQDO� VNLOOV� DQG� H[SHULHQFH� LQ� XVLQJ�
WHFKQRORJ\��WKH\�FDQ�LPSURYH�WKH�VXSSRUW�
IRU� WHFKQRORJ\�DGRSWLRQ��0RUHRYHU�� WKH\�
FDQ� DOVR�PDNH�FRQQHFWLRQV�EHWZHHQ�QHZ�
WHFKQRORJLHV� DQG� WHFKQRORJLHV� WKDW� KDYH�
EHHQ�XVHG�VR�WKDW�HPSOR\HHV�FDQ�GLVFRYHU�
WKH� IRUP�RI� LQWHUDFWLRQ� WKDW�ZLOO�RFFXU� LI�
WKH\� DGRSW� QHZ� WHFKQRORJLHV�� 7KLV� ZLOO�
LQFUHDVH�HPSOR\HHV
�XQGHUVWDQGLQJ�RI�WKH�
QHZ� WHFKQRORJ\� VR� DV� WR� FODULI\� WKHLU�
DWWLWXGH�WRZDUG�WHFKQRORJ\�DGRSWLRQ���
��
7KH�FRQFHSW�RI�DFWLRQ�UHDGLQHVV� LV�EDVHG�
RQ�WKH�FRQFHSW�RI�VHOI�HIILFDF\��7KH�WHUP�
VHOI�UHIHUHQW� RI� HIILFDF\� RU� VHOI�HIILFDF\�
ZDV� LQLWLDOO\� LQWURGXFHG� LQ� %DQGXUD�
�������� ,Q� UHFHQW�GHYHORSPHQWV��%DQGXUD�
������� VD\V� WKDW� VHOI�HIILFDF\� LV�SHUFHLYHG�
RSHUDWLYH� FDSDELOLW\� ²� EHOLHIV� DERXW�ZKDW�
RQH� FDQ� GR� WKURXJK�ZKDWHYHU� UHVRXUFHV��
UDWKHU� ZKDW� RQH� KDV�� 6HOI�HIILFDF\�
FRQFHUQHG� ZLWK� KRZ� SHRSOH� MXGJH� WKHLU�
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FDSDELOLWLHV� DQG� KRZ�� WKURXJK� WKHLU� VHOI�
SHUFHSWLRQ� RI� HIILFDF\�� WKH\� DIIHFW� WKHLU�
PRWLYDWLRQ�DQG�DFWLRQ��
�
%DQGXUD� ������� GHILQHV� WKDW� VHOI�HIILFDF\�
FDUULHV�ZHLJKW�LQ�RQH·V�FKRLFH�RI�DFWLYLWLHV�
DQG� HQYLURQPHQWDO� VHWWLQJV� ZKLFK�
LQFOXGHV� HIIRUW� DQG� SHUVLVWHQFH�� 3HRSOH�
WHQG� WR� DYRLG� DFFRPSOLVKLQJ� D� VSHFLILF�
WDVN�ZKHQ�WKH\�KDYH�ORZ�VHOI�HIILFDF\��RQ�
WKH�FRQWUDU\��WKRVH�ZKR�MXGJH�WKHPVHOYHV�
WKDW� WKH\� DUH� FDSDEOH� DUH� PRUH� OLNHO\� WR�
XQGHUWDNH� WKH� WDVN�� +H� DOVR� VWDWHG� WKDW�
KLJK� VHOI�HIILFDFLRXV� KDYH� D� WHQGHQF\� WR�
H[SHQG� JUHDWHU� HIIRUW� DQG� SHUVLVW� ORQJHU�
LQ� IDFLQJ� REVWDFOHV� WKDQ� WKRVH� ZKR� DUH�
QRW�HIILFDFLRXV���
�
$� VWUHQJWK� RI� HIILFDF\� DOVR� SUHGLFWV�
EHKDYLRU� FKDQJH�� $V� WKHLU� SHUFHLYHG�
HIILFDF\�EHFRPHV�VWURQJHU��SHRSOH�WHQG�WR�
JLYH�PRUH�HIIRUW�DQG�SHUVLVW�ORQJHU�ZKHQ�
WKH\�IDFH�GLIILFXOWLHV�RQ�D�WDVN�LQ�RUGHU�WR�
DFKLHYH� WKHLU� JRDOV�� &RQIRUPDEOH� ZLWK�
WKLV�WKHRU\��LQFUHDVLQJ�VHOI�HIILFDF\�FDQ�EH�
GRQH�E\�XVLQJ� HQDFWLYH�PDVWHU\�� HQDFWLYH�
PDVWHU\�LV�WKH�PRVW�LQIOXHQWLDO�VRXUFHV�RI�
HIILFDF\��2WKHU� FRPSDUDWLYH� VWXGLHV� KDYH�
VWUHQJWKHQHG� WKLV� ILQGLQJ�� WKH� VWXGLHV�
VKRZ� WKDW� HQDFWLYH� PDVWHU\� WUDQVFHQGV�
SHUVXDVLYH� �%LUDQ� 	� :LOVRQ�� �������
HPRWLYH� �.DW]�� 6WRXW�� 7D\ORU�� +RPH�� 	�
$JUDV�� ������� DQG� YLFDULRXV� �)HOW]��
/DQGHUV�� 	� 5DHGHU�� ������ LQIOXHQFHV� LQ�
SURGXFLQJ�KLJK�VHOI�SHUFHSWV�RI�HIILFDF\��
��
%DQGXUD� �������VWDWHV�WKDW�VHOI�HIILFDF\� LV�
D�VWURQJ�SUHGLFWRU�LQ�SUHGLFWLQJ�LQGLYLGXDO�
EHKDYLRU�� ZKHUH� WKH� PRUH� SRVLWLYH� WKH�
HIIHFW� RI� VHOI�HIILFDF\� WKH� HDVLHU�
EHKDYLRUDO� WUHQGV� FDQ� EH� SUHGLFWHG�� ,Q�
OLQH� ZLWK� WKH� FRQFHSW� RI� VHOI�HIILFDF\��
HQDFWLYH�PDVWHU\�ZDV�PHQWLRQHG�WR�SOD\�D�
VLJQLILFDQW� UROH� LQ� VKDSLQJ� WKH� VHOI�
HIILFDF\� RI� DQ� LQGLYLGXDO�� DQG� WKLV�
VWDWHPHQW�LV�DOVR�LQ�DFFRUGDQFH�ZLWK�RWKHU�
UHVHDUFKHUV�DV�SUHVHQWHG�LQ�WKLV�SDSHU��
�

7KH� SUHYLRXV� VWXGLHV� DVVXUH� XV� WKDW� VHOI�
HIILFDF\� LV� XVHIXO� WR� SUHGLFW� RU� DVVHVV�
LQGLYLGXDO� EHOLHI� RI� FDSDELOLWLHV� DQG� ZLOO�
DIIHFW� WR� PRWLYDWLRQ� DQG� EHKDYLRUDO�
LQWHQWLRQ��(VSHFLDOO\�LQ�IDFLQJ�LQQRYDWLRQ��
VHOI�HIILFDF\� FRQFHSW� FDQ� XVH� WR� SUHGLFW�
LQGLYLGXDO�EHOLHI�DQG�VHOI�FRQILGHQW�DERXW�
XVLQJ�QHZ� WRROV�� DSSOLFDWLRQV��RU�VHUYLFHV�
WKDW� UHVXOWHG� IURP� LQQRYDWLRQ� ERWK� LQ�
ZRUNLQJ�RU�GDLO\�DFWLYLWLHV�DQG�LV�H[SHFWHG�
WR� HQDEOH� WR� FORVH� WKH� JDS� EHWZHHQ�
SHUFHSWLRQ� RI� NQRZOHGJH� DQG� VNLOO� DQG�
DFWLRQ��
�
/HYHO�� VWUHQJWK�� DQG� JHQHUDOLW\� RI� RQH
V�
VHOI�HIILFDF\�DUH�EHOLHYHG�WR�EH�D�SUHGLFWRU�
RI�LQGLYLGXDO�DFWLRQ�LQ�XVLQJ�QHZ�SURGXFW�
RU�VHUYLFH�DQG�DOVR�LQIOXHQFH�WR�LQGLYLGXDO�
EHKDYLRU�� 3HRSOH� ZKR� KDYH� KLJK� VHOI�
HIILFDF\� WHQG� WR� VKRZ� SRVLWLYH� HPRWLRQ�
DQG�DWWLWXGH��JRRG�UHVSRQVH��IHDUOHVV�ZLWK�
ULVNV�DQG�KDYH�KLJK�FUHDWLYLW\�ZKHQ�IDFLQJ�
LQQRYDWLRQ��7KH\� KDYH� D� KLJK�GHVLUH� DQG�
H[SHFWDWLRQ� RI� XVLQJ� QHZ� WRROV� DQG�
DSSOLFDWLRQV�� &RQYHUVHO\�� SHRSOH� ZKR�
KDYH� ORZ� VHOI�HIILFDF\� WHQG� WR� VKRZ�
QHJDWLYH� HPRWLRQ� DQG� DWWLWXGH�� EDG�
UHVSRQVH�� DYRLG� ULVNV� DQG� KDYH� WKH� ORZ�
FUHDWLYLW\� RI� XVLQJ� QHZ� WRROV� RU�
DSSOLFDWLRQ�� 7KH\� KDYH� ORZ� GHVLUH� DQG�
H[SHFWDWLRQ��HYHQ�WHQG�WR�DYRLG�XVLQJ�LW��

�
�

������0HWKRGRORJ\�
�
7KH�DXWKRU�FROOHFWV�VRPH�FRPPRQO\�XVHG�
PRGHOV� WR�PHDVXUH� UHDGLQHVV� LQ� WHUPV�RI�
WHFKQRORJ\� DGRSWLRQ�� 7HFKQRORJ\�
5HDGLQHVV�,QGH[��75,���'LJLWDO�5HDGLQHVV��
(PSOR\HH� 5HDGLQHVV� WR� HPEUDFH�
(OHFWURQLF�%XVLQHVV��(5(%���DQG�0RELOH�
5HDGLQHVV� DUH� WKH� UHDGLQHVV� PRGHOV� ZH�
IRXQG�LQ�WKH�OLWHUDWXUH��7KHVH�PRGHOV�XVH�
UREXVWO\� GHYHORSHG� VFDOHV�� VR� WKH\�
SURYLGH� VXLWDEOH� DQG� JRRG� UHIHUHQFHV��
2WKHU� PRGHOV� VXFK� DV� (�5HDGLQHVV� DQG�
1HWZRUN� 5HDGLQHVV� DUH� QRW� GLVFXVVHG�
EHFDXVH� WKLV� PRGHO� LV� XVHG� DW� LQGXVWULDO�
DQG� FRXQWU\� OHYHO� �%URPLGHK�� ������
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.DWVRXOL�� ������� $IWHU� WKDW�� ZH� DQDO\]H�
HDFK� LWHP�LQ�HDFK�PRGHO�DQG�WKHQ�JURXS�
LW�LQWR�WKH�DWWLWXGLQDO�DQG�DFWLRQ�UHDGLQHVV�
GLPHQVLRQV�� ,Q�DFFRUGDQFH�ZLWK�ZKDW�ZH�
VDLG�LQ�WKH�SUHYLRXV�VHFWLRQ��WKH�LWHP�WKDW�
TXHVWLRQV� DERXW� WKH� SHUFHSWLRQ� RI�
WHFKQRORJ\�DV�DQ� LQGHSHQGHQW�REMHFW�ZLOO�
WKHQ� EH� UHIHUUHG� WR� DV� DWWLWXGLQDO�
UHDGLQHVV�� 0HDQZKLOH�� LWHPV� FRQWDLQLQJ�
SHUFHSWLRQV� DERXW� GLJLWDO� WHFKQRORJ\� DV�
DQ�LQWHJUDWHG�REMHFW�ZLOO�WKHQ�EH�UHIHUUHG�
DV� DFWLRQ� UHDGLQHVV�� :H� DVVLJQHG� WKUHH�
UHYLHZHUV� WR� HDFK� PRGHO�� 7KH� UHVXOWV� RI�
WKH� JURXSLQJV� WKH\� SURGXFH� ZLOO� EH�
FRPSDUHG�WR�HDFK�RWKHU��:H�WKHQ�GLVFXVV�
WKH� UHVXOWV� WR� ILQG� WKH� ILQDO� FRQFOXVLRQV�
DERXW�WKH�DWWLWXGLQDO�DQG�DFWLRQ�UHDGLQHVV�
FRQWHQW�LQ�HDFK�PRGHO��
�
�

������)LQGLQJV�DQG�'LVFXVVLRQ�
�
$�� 7HFKQRORJ\�5HDGLQHVV�,QGH[�
7HFKQRORJ\� 5HDGLQHVV� ,QGH[� �75,�� ZDV�
GHYHORSHG� E\� 3DUDVXUDPDQ� ��������
7HFKQRORJ\�UHDGLQHVV�GHILQHV� DV�SHRSOH·V�
SURSHQVLW\� WR� HPEUDFH� DQG� XVH� QHZ�
WHFKQRORJ\� WR� DFFRPSOLVK� JRDOV� LQ�KRPH�
OLIH� DQG� DW� ZRUN�� 7KHUH� LV� SOHQW\� RI�
HPSLULFDO� HYLGHQFH� WR� VXSSRUW� WKH� 75,
V�
LQIOXHQFH� RQ� SHUFHSWLRQV� RI� WHFKQRORJ\�
DQG�WKH�GHVLUH� WR�XVH�WHFKQRORJ\�IRU� OLIH��
6RPH� RI� WKHVH� DUH� ZULWWHQ� LQ� 7DEOH� ���
1DWXUDOO\��75,�KDV�QR�GLUHFW� UHODWLRQVKLS�
ZLWK� GLJLWDO� UHDGLQHVV� EHFDXVH� RI� LWV�
JHQHUDO� VWDQFH� LQ� GHILQLQJ� WHFKQRORJ\��

1HYHUWKHOHVV�� 75,� RIIHUV� VRPH�
SHUVSHFWLYHV� WKDW� ZLOO� EH� XVHIXO� LQ�
GHYHORSLQJ�GLJLWDO�UHDGLQHVV�FRQVWUXFWV�DV�
IROORZV��
��� 75,� LV� D� PXOWLGLPHQVLRQDO� FRQVWUXFW�
ZLWK� WZR� RSSRVLWH� GLPHQVLRQV��
HQDEOHUV� DQG� LQKLELWRUV�� $FFRUGLQJO\��
UHDGLQHVV� LV� DQ� RYHUDOO� VWDWH� RI� PLQG�
WKDW� ZLOO� EH� GHWHUPLQHG� E\� WZR�
RSSRVLQJ� SV\FKRORJLFDO� FRQGLWLRQV��
6LPSO\� VDLG�� LQFOLQDWLRQ� WRZDUG�
WHFKQRORJ\� DGRSWLRQ� ZLOO� EH� KLJKHU�
ZKHQ� WKH� HQDEOHUV� DUH� VWURQJHU� WKDQ�
WKH�LQKLELWRUV����

��� 75,� LV� GHVLJQDWHG� DV� DQ� LQGLYLGXDO�
VSHFLILF� DWWLWXGLQDO� VFDOH� E\� WKH�
GHYHORSHUV��3DUDVXUDPDQ��������/LQ�HW�
DO�� ������5RMDV�0pQGH]�� 3DUDVXUDPDQ��
	� 3DSDGRSRXORV�� ������� 2XU�
HODERUDWLRQ� RI� WKH� VFDOH�� KRZHYHU��
LGHQWLILHV� WKH� H[LVWHQFH� RI� DFWLRQ�
UHODWHG� LWHPV� �QRQ�DWWLWXGLQDO� LWHP���
7DNH� ,11�� IRU� H[DPSOH�� 7KH� LWHP�
VWDWHPHQW� LV�� ´,� FDQ�XVXDOO\� ILJXUH�RXW�
QHZ� KLJK�WHFK� SURGXFWV� DQG� VHUYLFHV�
ZLWKRXW� KHOS� IURP� RWKHUVµ�� 7KH�
VWDWHPHQW� EDVLFDOO\� PHDVXUHV� WKH�
UHVSRQGHQW·V�VNLOO� LQ�XVLQJ�WHFKQRORJ\��
$V�VXFK�� WKLV� FDQ�EH�FRQVLGHUHG�DV�DQ�
DFWLRQ�UHODWHG� LWHP� RU� SDUW� RI� DFWLRQ�
UHDGLQHVV��

�
�
�
�
�

�
�
�
�
�
� �
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� �

����

7DEOH�����
5HVHDUFKHV�RQ�WKH�(IIHFWV�RI�7HFKQRORJ\�5HDGLQHVV�

�

$XWKRU�V��
'RPDLQ�
VWXGLHG�

,QGHSHQGHQW�
YDULDEOH�

'HSHQGHQW�
YDULDEOH�

)LQGLQJV�

/LQ�	�
+VLHK�
�������

6HOI�6HUYLFH�
7HFKQRORJ\�
�667V��

7HFKQRORJ\�
5HDGLQHVV��75��

%HKDYLRXUDO�
LQWHQWLRQV�
WRZDUG�
667V�

75�KDV�D�SRVLWLYH�DQG�VLJQLILFDQW�
LPSDFW�RQ�667V�VDWLVIDFWLRQ�DQG�
EHKDYLRXUDO�LQWHQWLRQV��
$GGLWLRQDOO\��667V�VDWLVIDFWLRQ�ZDV�
D�GULYHU�RI�EHKDYLRXUDO�LQWHQWLRQV��

/LQ�HW�DO��
�������

2QOLQH�
VWRFN�
WUDGLQJ�

75�
8VH�
,QWHQWLRQ�

%DVHG�RQ�WKH�LQWHJUDWLQJ�PRGHO�RI�
75�DQG�7$0��75$0���WKH�RQOLQH�
FRPPXQLW\�XVHUV·�SHUFHSWLRQ�RI�
75�DIIHFWV�WKHLU�EHOLHIV�VXFK�DV�
SHUFHLYHG�XVHIXOQHVV�DQG�SHUFHLYHG�
HDVH�RI�XVH��ZKLFK�LQ�WXUQ�LQIOXHQFH�
LQWHQWLRQ�WR�XVH�RQOLQH�WUDGLQJ�
V\VWHP��

:DOF]XFK�
HW�DO��
�������

6RIWZDUH�
DSSOLFDWLRQ�

75�

3HUFHLYHG�
HDVH�RI�XVH��
SHUFHLYHG�
XVHIXOQHVV�

3RVLWLYH�DQG�QHJDWLYH�75�
GLPHQVLRQV�UHVSHFWLYHO\�LQIOXHQFHG�
SHUFHLYHG�HDVH�RI�XVH�SRVLWLYHO\�
DQG�QHJDWLYHO\��$GGLWLRQDOO\��
RSWLPLVP�DQG�LQVHFXULW\�
UHVSHFWLYHO\�LQIOXHQFHG�SHUFHLYHG�
XVHIXOQHVV�SRVLWLYHO\�DQG�
QHJDWLYHO\��7KH�UHVXOW�FRQILUPHG�D�
VWURQJ�SRVLWLYH�UHODWLRQVKLS�
EHWZHHQ�SHUFHLYHG�HDVH�RI�XVH�DQG�
XVHIXOQHVV��

/LQ�	�
&KDQJ�
�������

6HOI�6HUYLFH�
7HFKQRORJ\�

75�
%HKDYLRXUDO�
,QWHQWLRQV�

7HFKQRORJ\�5HDGLQHVV�DIIHFWV�
SHUFHLYHG�XVHIXOQHVV��SHUFHLYHG�
HDVH�RI�XVH��DWWLWXGH�WRZDUG�
WHFKQRORJ\�DQG�EHKDYLRXUDO�
LQWHQWLRQ��$GGLWLRQDOO\��WKH�VWXG\�
IRXQG�D�QHJDWLYH�PRGHUDWLQJ�HIIHFW�
RI�75�RQ�WKH�UHODWLRQVKLS�EHWZHHQ�
SHUFHLYHG�HDVH�RI�XVH�DQG�DWWLWXGH��

2K��<RRQ��
	�&KXQJ�
��������

0RELOH�
,QWHUQHW�
VHUYLFH�

3RVLWLYH�75��
1HJDWLYH�75�

,QWHQWLRQ�

3RVLWLYH�DQG�QHJDWLYH�75�DIIHFWHG�
LQWHQWLRQ�WRZDUG�XVLQJ�PRELOH�
,QWHUQHW�WKURXJK�SHUFHLYHG�
XVHIXOQHVV�DQG�HDVH�RI�XVH�LQ�6RXWK�
.RUHD��+RZHYHU��LQ�WKH�&KLQD�
JURXS��SRVLWLYH�75�KDG�D�SRVLWLYH�
HIIHFW�RQ�WKH�SHUFHLYHG�HDVH�RI�XVH��
DQG�QHJDWLYH�75�KDG�D�QHJDWLYH�
HIIHFW�RQ�SHUFHLYHG�XVHIXOQHVV��

�
�
�
�
�
�
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7DEOH�����&RQWLQXHG��
5HVHDUFKHV�RQ�WKH�(IIHFWV�RI�7HFKQRORJ\�5HDGLQHVV�
�

$XWKRU�V��
'RPDLQ�
VWXGLHG�

,QGHSHQGHQW�
YDULDEOH�

'HSHQGHQW�
YDULDEOH�

)LQGLQJV�

&KXQJ��
+DQ��	�
-RXQ�
�������

$XJPHQWHG�
5HDOLW\��$5��
6HUYLFH�

3HUVRQDO�)DFWRU�
�7HFKQRORJ\�
5HDGLQHVV���
6WLPXOXV�)DFWRU�
�9LVXDO�$SSHDO���
6LWXDWLRQDO�
)DFWRU�
�)DFLOLWDWLQJ�
&RQGLWLRQV��

$5�8VDJH�
,QWHQWLRQ��
'HVWLQDWLRQ�
9LVLW�
,QWHQWLRQ�

75�ZDV�D�SUHGLFWRU�RI�SHUFHLYHG�
XVHIXOQHVV��,Q�DGGLWLRQ��YLVXDO�
DSSHDO�DQG�IDFLOLWDWLQJ�FRQGLWLRQV�
DIIHFWHG�SHUFHLYHG�HDVH�RI�XVH��
3HUFHLYHG�HDVH�RI�XVH�DIIHFWHG�
SHUFHLYHG�XVHIXOQHVV��)LQDOO\��
SHUFHLYHG�XVHIXOQHVV�DQG�HDVH�RI�
XVH�DIIHFWHG�LQWHQWLRQ�WR�XVH�$5�
DQG�WR�YLVLW�D�GHVWLQDWLRQ�YLD�$5�
DWWLWXGH��

�
�

��� )ROORZLQJ� RXU� DUJXPHQW� DERYH��
ZH� FODVVLILHG� HYHU\� LWHP� LQ� 75,�
LQWR� DWWLWXGLQDO� DQG� DFWLRQ�
UHDGLQHVV��:H�REWDLQHG���LWHPV�LQ�
WKH�ILUVW�JURXS�DQG���LWHPV�LQ�WKH�
VHFRQG�JURXS��VHH�7DEOH�����8VLQJ�
WKLV� UHVXOW�� ZH� DUJXH� WKDW� 75,� LV�
ERWK�DWWLWXGLQDO�DQG�DFWLRQ�VFDOH�DW�
WKH�VDPH� WLPH��(YHQ�WKRXJK�75,�
LV� PRUH� LQFOLQHG� WR� PHDVXUH�
DWWLWXGLQDO� UDWKHU� WKDQ� DFWLRQ�� WKH�
ILQGLQJV� VXSSRUW� RXU� DUJXPHQW�
WKDW�WHFKQRORJ\�VKRXOG�EH�VHHQ�DV�
LQGHSHQGHQW�DQG�LQWHJUDWHG�REMHFW�
VLPXOWDQHRXVO\��

��� )RXU�LWHPV�FDQQRW�EH�FDWHJRUL]HG�
DV�DWWLWXGLQDO�RU�DFWLRQ�DV�IROORZV��
D�� 2WKHU�SHRSOH� FRPH� WR�PH� IRU�
DGYLFH� RQ� QHZ� WHFKQRORJ\�
�,11����

E�� ,Q� JHQHUDO�� ,� DP� DPRQJ� WKH�
ILUVW� LQ�P\� FLUFOH� RI� IULHQGV� WR�
DFTXLUH� QHZ� WHFKQRORJ\� ZKHQ�
LW�DSSHDUV��,11���

F�� ,� NHHS� XS� ZLWK� WKH� ODWHVW�
WHFKQRORJLFDO� GHYHORSPHQWV� LQ�
P\�DUHDV�RI�LQWHUHVW��,11���

G�� ,� GR� QRW� IHHO� FRQILGHQW� GRLQJ�
EXVLQHVV�ZLWK� D� SODFH� WKDW� FDQ�
RQO\�EH�UHDFKHG�RQOLQH��,16���

H�� :KHQ� ,� JHW� WHFKQLFDO� VXSSRUW�
IURP�D�SURYLGHU�RI�D�KLJK�WHFK�

SURGXFW� RU� VHUYLFHV�� ,�
VRPHWLPHV�IHHO�DV�LI�,�DP�EHLQJ��
�

I�� WDNHQ� DGYDQWDJH� RI� E\�
VRPHRQH� ZKR� NQRZV� PRUH�
WKDQ�,�GR��',6���

7KRVH�LWHPV�IDOO�LQWR�GLIIHUHQW�FDWHJRULHV��
7KH� ILUVW� WKUHH� LWHPV� PHDVXUH� SHUVRQDO�
LQQRYDWLYHQHVV�� ZKHUHDV� WKH� ODVW� WZR� DUH�
HPRWLRQDO� UHVSRQVHV� WRZDUG� WHFKQRORJ\��
3HUVRQDO� LQQRYDWLYHQHVV� SOD\V� DQ�
LPSRUWDQW� UROH� LQ� 75,� EHFDXVH�
3DUDVXUDPDQ� ������� XVHG� LW� DV� WKH� PDLQ�
UHIHUHQFH� ZKHQ� FRQVWUXFWLQJ� 75,��
3HUVRQDO� LQQRYDWLYHQHVV� LV� D� SHUVRQDOLW\�
WUDLW� WKDW� UHIOHFWV� D� WHQGHQF\� WR� ILQG�QHZ�
LQIRUPDWLRQ�� VWLPXOL�� RU� H[SHULHQFHV� WKDW�
WHQG� WR� EH� VWDEOH� IURP� WLPH� WR� WLPH�
�0LGJOH\�DQG�'RZOLQJ��������+LUVFKPDQ��
������$JDUZDO�DQG�3UDVDG����������
�
,Q� DGGLWLRQ� WR� SHUVRQDO� LQQRYDWLYHQHVV��
75,� PHDVXUHV� GLIIHUHQW� HPRWLRQDO�
UHVSRQVHV�� ZKLFK� DUH� RSWLPLVP��
LQVHFXULW\�� DQG� GLVFRPIRUW� WRZDUG�
WHFKQRORJ\�� 7KH� UHVSRQVHV� ULVH� DIWHU� WKH�
HYDOXDWLRQ� RI� DWWLWXGLQDO� DQG� DFWLRQ�
UHDGLQHVV� WRZDUG� WHFKQRORJ\�� ,W� LV� WKH�
HPRWLRQDO� UHVSRQVH� WKDW� HYHQWXDOO\�
GHWHUPLQHV� WKH� ILQDO� UHVXOW�� L�H�� WKH�
LQFOLQDWLRQ� WR� DGRSW� WHFKQRORJ\� LQ� OLIH��
)ROORZLQJ�WKLV�OLQH�RI�DUJXPHQW��ZH�GUDZ�
D� VFKHPDWLF� GLDJUDP� WKDW� UHSUHVHQWV� WKH�
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'LUHFWLRQV�

� �

����

HQWLUH� LWHPV� LQ� 75,� DV� FDQ� EH� VHHQ� LQ�
)LJXUH� ��� 3HUVRQDO� LQQRYDWLYHQHVV� LV� WKH�
EDVLF� WUDLW� WKDW� LQIOXHQFHV� DWWLWXGLQDO� DQG�
DFWLRQ�UHDGLQHVV�WRZDUGV�WHFKQRORJ\��7KH�
UHDGLQHVV� FUHDWHV� HPRWLRQDO� UHVSRQVHV�
WKDW� ZLOO� LQIOXHQFH� LQGLYLGXDO�
SUHGLVSRVLWLRQ� WRZDUG� WHFKQRORJ\�

DGRSWLRQ�� � (PRWLRQDO� UHVSRQVH� LV� DOVR�
GHILQHG� DV� ERWK� SRVLWLYH� DQG� QHJDWLYH�
IHHOLQJV� ZKLFK� DUH� WULJJHUHG� E\� WKH�
H[SRVXUH� WR� WHFKQRORJ\� �3DUDVXUDPDQ��
�������

�

�

�
�
)LJXUH�����
$�6FKHPDWLF�'LDJUDP�RI�*URXS�RI�,WHPV�LQ�75,�

�
7DEOH�����
7KH�7HFKQRORJ\�5HDGLQHVV�,QGH[�&DWHJRUL]DWLRQ�WR�3HUVRQDO�,QQRYDWLYHQHVV��$WWLWXGLQDO�5HDGLQHVV��$FWLRQ�
5HDGLQHVV��DQG�(PRWLRQDO�5HVSRQVH��
�

,WHPV� 3HUVRQDO�
,QQRYDWLYHQHVV�

$WWLWXGLQDO�
5HDGLQHVV�

$FWLRQ�
5HDGLQHVV�

(PRWLRQDO�
5HVSRQVH�

,QQRYDWLYHQHVV� � � � �

,11����2WKHU�SHRSOH�FRPH�WR�PH�IRU�
DGYLFH�RQ�QHZ�WHFKQRORJ\�

� ;� � � � � � �

,11����,Q�JHQHUDO��,�DP�DPRQJ�WKH�
ILUVW�LQ�P\�FLUFOH�RI�IULHQGV�WR�DFTXLUH�
QHZ�WHFKQRORJ\�ZKHQ�LW�DSSHDUV�

� ;� � � � � � �

,11����,�FDQ�XVXDOO\�ILJXUH�RXW�QHZ�
KLJK�WHFK�SURGXFWV�DQG�VHUYLFHV�
ZLWKRXW�KHOS�IURP�RWKHUV�

� � � � � ;� � �

,11����,�NHHS�XS�ZLWK�WKH�ODWHVW�
WHFKQRORJLFDO�GHYHORSPHQWV�LQ�P\�
DUHDV�RI�LQWHUHVW�

� ;� � � � � � �

�

�
�
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7DEOH�����&RQWLQXHG��
7KH�7HFKQRORJ\�5HDGLQHVV�,QGH[�&DWHJRUL]DWLRQ�WR�3HUVRQDO�,QQRYDWLYHQHVV��$WWLWXGLQDO�5HDGLQHVV��$FWLRQ�
5HDGLQHVV��DQG�(PRWLRQDO�5HVSRQVH��

�

,WHPV� 3HUVRQDO�
,QQRYDWLYHQHVV�

$WWLWXGLQDO�
5HDGLQHVV�

$FWLRQ�
5HDGLQHVV�

(PRWLRQDO�
5HVSRQVH�

2SWLPLVP� � � � � � � � �

237����1HZ�WHFKQRORJLHV�FRQWULEXWH�
WR�D�EHWWHU�TXDOLW\�RI�OLIH�

� � � ;� � � � �

237����7HFKQRORJ\�JLYHV�PH�PRUH�
IUHHGRP�RI�PRELOLW\�

� � � ;� � � � �

237����7HFKQRORJ\�JLYHV�SHRSOH�
PRUH�FRQWURO�RYHU�WKHLU�GDLO\�OLYHV�

� � � ;� � � � �

237����7HFKQRORJ\�PDNHV�PH�
PRUH�SURGXFWLYH�LQ�P\�SHUVRQDO�
OLIH�

� � � ;� � � � �

'LVFRPIRUW� � � � � � � � �

',6����:KHQ�,�JHW�WHFKQLFDO�VXSSRUW�
IURP�D�SURYLGHU�RI�D�KLJK�WHFK�
SURGXFW�RU�VHUYLFHV��,�VRPHWLPHV�IHHO�
DV�LI�,�DP�EHLQJ�WDNHQ�DGYDQWDJH�RI�E\�
VRPHRQH�ZKR�NQRZV�PRUH�WKDQ�,�GR��

� � � � � � � ;�

',6����7HFKQLFDO�VXSSRUW�OLQHV�DUH�
QRW�KHOSIXO�EHFDXVH�WKH\�GR�QRW�
H[SODLQ�WKLQJV�LQ�WHUPV�,�XQGHUVWDQG�

� � � � � ;� � �

',6����6RPHWLPHV��,�WKLQN�WKDW�
WHFKQRORJ\�V\VWHPV�DUH�QRW�
GHVLJQHG�IRU�XVH�E\�RUGLQDU\�
SHRSOH�

� � � ;� � � � �

',6����7KHUH�LV�QR�VXFK�WKLQJ�DV�D�
PDQXDO�IRU�D�KLJK�WHFK�SURGXFW�RU�
VHUYLFH�WKDW�LV�ZULWWHQ�LQ�SODLQ�
ODQJXDJH�

� � � ;� � � � �

,QVHFXULW\� � � � � � � � �

,16����3HRSOH�DUH�WRR�GHSHQGHQW�RQ�
WHFKQRORJ\�WR�GR�WKLQJV�IRU�WKHP�

� � � ;� � � � �

,16����7RR�PXFK�WHFKQRORJ\�
GLVWUDFWV�SHRSOH�WR�D�SRLQW�WKDW�LV�
KDUPIXO�

� � � ;� � � � �
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� �

����

7DEOH�����&RQWLQXHG��
7KH�7HFKQRORJ\�5HDGLQHVV�,QGH[�&DWHJRUL]DWLRQ�WR�3HUVRQDO�,QQRYDWLYHQHVV��$WWLWXGLQDO�5HDGLQHVV��$FWLRQ�
5HDGLQHVV��DQG�(PRWLRQDO�5HVSRQVH��
�

,WHPV� 3HUVRQDO�
,QQRYDWLYHQHVV�

$WWLWXGLQDO�
5HDGLQHVV�

$FWLRQ�
5HDGLQHVV�

(PRWLRQDO�
5HVSRQVH�

,QVHFXULW\��&RQWLQXHG�� � � � � � � � �

,16����7HFKQRORJ\�ORZHUV�WKH�TXDOLW\�
RI�UHODWLRQVKLSV�E\�UHGXFLQJ�SHUVRQDO�
LQWHUDFWLRQ�

� � � ;� � � � �

,16����,�GR�QRW�IHHO�FRQILGHQW�GRLQJ�
EXVLQHVV�ZLWK�D�SODFH�WKDW�FDQ�RQO\�EH�
UHDFKHG�RQOLQH�

� � � � � � � ;�

�
�

7KLV�QHZ�XQGHUVWDQGLQJ�PD\� H[SODLQ� WKH�
LQFRQVLVWHQFLHV� RI� 75,� PHDVXUHPHQW� LQ�
WKH� ILHOG��6HYHUDO� UHVHDUFKHUV�SRLQWHG�RXW�
WKDW� WKH� IRXU� GLPHQVLRQV� RI� WHFKQRORJ\�
UHDGLQHVV� VXJJHVWHG� E\� 3DUDVXUDPDQ�
������� IDLOHG� WR� EH� FRQILUPHG� DV�
LQGHSHQGHQW� GLPHQVLRQV� �%HUJHU�� ������
/LOMDQGHU�� *LOOEHUJ�� *XPPHUXV�� 	� 5LHO��
������7D\ORU��&HOXFK��	�*RRGZLQ���������
0RUH� VSHFLILFDOO\�� VLPLODU� SUREOHPV� KDYH�
EHHQ� UHSRUWHG� WKDW� LQKLELWRUV� VXFK� DV�
GLVFRPIRUW� DQG� LQVHFXULW\� KDYH� EHHQ�
SURYHG� XQVWDEOH� �&KXQJ�� +DQ�� -RXQ��
������� 7D\ORU�� &HOXFK�� 	� *RRGZLQ��
������� LGHQWLILHG� WKDW� WKH� VWURQJHU�
GLPHQVLRQV� IRU� WHFKQRORJ\� UHDGLQHVV� DUH�
RSWLPLVP�DQG�LQQRYDWLYHQHVV��,Q�OLQH�ZLWK�
WKLV� VWXG\�� %HUJHU� ������� UHIHUUHG� WR� WKH�
WHFKQRORJ\� GLPHQVLRQV� DV� HQDEOHUV� �L�H��
RSWLPLVP� DQG� LQQRYDWLYHQHVV�� WR� UHIOHFW�
WKH� LQFRQVLVWHQF\� UHJDUGLQJ� WHFKQRORJ\�
UHDGLQHVV�GLPHQVLRQDOLW\���
�
)XUWKHUPRUH�� /LOMDQGHU� HW� DO�� �������
H[DPLQHG� WKH� LQIOXHQFH� RI� RYHUDOO�
WHFKQRORJ\� UHDGLQHVV� �IRXU� GLPHQVLRQV���
HQDEOHUV� RI� WHFKQRORJ\� UHDGLQHVV� �L�H��
RSWLPLVP� DQG� LQQRYDWLYHQHVV��� DQG�
LQKLELWRUV� RI� WHFKQRORJ\� UHDGLQHVV� �L�H��
GLVFRPIRUW� DQG� LQVHFXULW\�� RQ� QHZ�

WHFKQRORJLHV� XVHUV
� DWWLWXGHV�� DGRSWLRQ��
DQG� UHVSRQVHV� DFFRUGLQJ� WR�3DUDVXUDPDQ�
��������7KH�UHVXOWV�VKRZHG�WKDW�LQKLELWRUV�
FRXOG� QRW� EH� WHVWHG�EHFDXVH� WKH\�GR�QRW�
IRUP� WKH� LQGLYLGXDO� GLPHQVLRQV��
7KHUHIRUH�� PDQ\� UHVHDUFKHUV� VHHNLQJ�
SHUPLVVLRQ� WR� XVH� WKH� VFDOH� ZHUH� RQO\�
LQWHUHVWHG�LQ�PHDVXULQJ�RYHUDOO�75��DV�MXVW�
RQH� FRQVWUXFW� LQ� FRPSUHKHQVLYH� PXOWL�
FRQVWUXFW� IUDPHZRUNV� �&KXQJ�� +DQ��
-RXQ���������

�
%�� (OHFWURQLF�%XVLQHVV�5HDGLQHVV�
/DL� DQG� 2QJ� ������� LQ� WKHLU� VWXG\� RQ�
´DVVHVVLQJ� DQG� PDQDJLQJ� HPSOR\HHV� IRU�
HPEUDFLQJ� FKDQJHµ� ILJXUHG� RXW� D�
PXOWLSOH�LWHP� VFDOH� WR�PHDVXUH� HPSOR\HH�
UHDGLQHVV� IRU� H�EXVLQHVV�� /DL� DQG� 2QJ�
�������� DV� EDVHG� RQ� 75,� UHVHDUFK� E\�
3DUDVXUDPDQ� �������� GHILQHG� HPSOR\HH�
UHDGLQHVV�IRU�H�EXVLQHVV�DV�DQ�HPSOR\HH·V�
SURSHQVLW\� WR� HPEUDFH� H�EXVLQHVV�� 7KLV�
SURSHQVLW\� LV� GHSHQGHQW� RQ� ZKHWKHU�
HPSOR\HHV� XQGHUVWDQG� WKH� EHQHILWV� RI� H�
EXVLQHVV�ZKLFK�DUH�FDSDEOH�RI�EHLQJ�DEOH�
WR�SHUIRUP�H�EXVLQHVV�RSHUDWLRQV�RU�KDYH�
D� VWURQJ� GHWHUPLQDWLRQ� WR� HPEUDFH� H�
EXVLQHVV����
�
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�

����

7KH\� JHQHUDWHG� ��� LWHPV� WR� IRUP� WKH�
WHPSRUDU\� LQLWLDO� SRRO�� 7KHQ�� LQWHUYLHZV�
ZLWK� SURIHVVRUV�� GRFWRUDO� VWXGHQWV�� DQG�
SUDFWLWLRQHUV�ZHUH�XQGHUWDNHQ� WR�PRGLI\��
HOLPLQDWH�� DQG� UHILQH� WKHVH� LWHPV�� ,Q� WKLV�
VWDJH�VRPH�LWHPV�ZHUH�GHOHWHG��PRGLILHG��
DQG� DGGHG� EHFDXVH� RI� UHSHWLWLRQ� RU� ODFN�
RI� FODULW\�� &RQVHTXHQWO\�� D� ���LWHP� OLVW�
FRPSULVHG� RI� WKUHH� GLPHQVLRQV� WKDW�
FRQVWLWXWHG� D� FRPSOHWH� GRPDLQ� RI� WKH�
LQLWLDO� LWHP�SRRO� IRU�(5(%�PHDVXUHPHQW�
ZDV� REWDLQHG�� )DFWRU� DQDO\VLV� ZDV� WKHQ�
FRQGXFWHG� WR� LGHQWLI\� WKH� XQGHUO\LQJ�
IDFWRUV� RU� WKH� GLPHQVLRQDO� FRPSRVLWLRQ�
RI�WKH�(5(%�LQVWUXPHQW��,WHP�IDFWRULDOO\�
LPSXUH�ZHUH�HOLPLQDWHG�WR�HQDEOH�JUHDWHU�
VSHFLILFLW\�RI�K\SRWKHVHV��:HLVV����������
�
7KH� UHVXOW� FRQILUPHG� IRXU� IDFWRUV� WKDW�
ZHUH�WKHQ�ODEHOHG�DV�WKH�EHQHILW��VHFXULW\��
FROODERUDWLRQ�� DQG�FHUWDLQW\�EDVHG�RQ� WKH�
PHDQLQJ�RI�WKH�LWHPV��%HQHILW�PHDQV�WKDW�
H�EXVLQHVV� FDQ� LPSURYH� HPSOR\HH� MRE�
SHUIRUPDQFH�� VHFXULW\� LQGLFDWHV� WKDW�

HPSOR\HH� LV� QRW� ZRUULHG� WKDW� H�EXVLQHVV�
ZLOO�FKDQJH�WKHLU�MRE�VWDWXV��FROODERUDWLRQ�
UHIHUV� WR� KRZ� HPSOR\HHV� ZRUN� ZLWK� WKH�
RWKHUV� DQG� KRZ� WKH\� VKDUH�
LQIRUPDWLRQ�NQRZOHGJH� UHJDUGLQJ� H�
EXVLQHVV�� DQG� FHUWDLQW\� LPSOLHV� WKDW�
HPSOR\HHV� XQGHUVWDQG�ZKDW� IXQFWLRQV� H�
EXVLQHVV�FDQ�SURYLGH�DQG�WKHLU�EHOLHI�WKDW�
WKH� FRPSDQ\� ZLOO� LPSOHPHQW� LW�
VXFFHVVIXOO\���
�
%DVHG� RQ� RXU� XQGHUVWDQGLQJ� RI�
$WWLWXGLQDO� DQG� $FWLRQ� 5HDGLQHVV�� ZH�
IRXQG� WKDW� WKH� IRXU� FRPSRQHQWV� RI� WKH�
VWUXFWXUH� RI� GLJLWDO� UHDGLQHVV� DUH� DSSOLHG�
LQ� WKLV� PRGHO�� %HORZ� DUH� DOO� WKH� LWHPV�
LQFOXGHG�RQ�(5(%�DQG�KRZ�LW� LV�GLYLGHG�
LQWR� 3HUVRQDO� ,QQRYDWLYHQHVV�� $WWLWXGLQDO�
5HDGLQHVV�� $FWLRQ� 5HDGLQHVV�� DQG�
(PRWLRQDO� 5HVSRQVHV�� 7KH� WDEOH� VKRZV�
WKDW� WKHUH� DUH� ILYH� LWHPV� WKDW� LQFOLQH�
WRZDUG� $WWLWXGLQDO� 5HDGLQHVV� DQG� DOVR�
ILYH�LWHPV�WRZDUG�$FWLRQ�5HDGLQHVV��

�
�
7DEOH�����
,WHPV�,QFOXGHG�RQ�WKH�(�5HDGLQHVV�)RU�(�%XVLQHVV��(5(%��6WXG\�
�

,WHPV� 3HUVRQDO�
,QQRYDWLYHQH
VV�

$WWLWXGLQDO�
5HDGLQHVV�

$FWLRQ�
5HDGLQHVV�

(PRWLRQDO�
5HVSRQVH�

%HQHILW�

%����H�%XVLQHVV�ZLOO�LPSURYH�
SURGXFWLYLW\�IRU�PH�

� ;� � �

%����H�%XVLQHVV�ZLOO�HQKDQFH�
HIILFLHQF\�RI�P\�MRE�

� ;� � �

%����H�%XVLQHVV�ZLOO�EH�KHOSIXO�WR�
P\�MRE�

� ;� � �

%����,�DOZD\V�XWLOLVH�IXQFWLRQV�
SURYLGHG�E\�H�EXVLQHVV�

� � ;� �

%����H�%XVLQHVV�HQDEOHV�PH�WR�EH�
PRUH�FRPSHWLWLYH�LQ�P\�MRE�

� ;� � �

�
� �
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� �

����

7DEOH�����&RQWLQXHG��
,WHPV�,QFOXGHG�RQ�WKH�(�5HDGLQHVV�)RU�(�%XVLQHVV��(5(%��6WXG\�
�

,WHPV� 3HUVRQDO�
,QQRYDWLYHQH
VV�

$WWLWXGLQDO�
5HDGLQHVV�

$FWLRQ�
5HDGLQHVV�

(PRWLRQDO�
5HVSRQVH�

6HFXULW\�

6����,�GR�QRW�ZRUU\�WKDW�H�EXVLQHVV�
ZLOO�PDNH�PH�ORVH�P\�MRE�

� � � ;�

6����,�GR�QRW�ZRUU\�WKDW�H�EXVLQHVV�
ZLOO�UHVXOW�LQ�D�MRE�FKDQJH�IRU�PH�

� � � ;�

6����,�GR�QRW�ZRUU\�WKDW�H�EXVLQHVV�
ZLOO�DIIHFW�P\�LQIOXHQFH�LQ�WKH�ZRUN�
HQYLURQPHQW�

� � � ;�

6����,�GR�QRW�ZRUU\�WKDW�H�EXVLQHVV�
ZLOO�DIIHFW�P\�SRZHU�LQ�WKH�ZRUN�
HQYLURQPHQW�

� � � ;�

&ROODERUDWLRQ� � � � �

&����,�DP�JODG�WR�GLVFXVV�ZLWK�FR�
ZRUNHUV�WKURXJK�H�PDLO�RU�GLJLWDO�
WHFKQRORJLHV��H�J��YLGHR�FRQIHUHQFH�
RU�FKDW��

� � ;� �

&����,�DP�JODG�WR�VKDUH�NQRZOHGJH�
DERXW�H�EXVLQHVV�ZLWK�FR�ZRUNHUV�

� � � ;�

&����,�DP�JODG�WR�ZRUN�ZLWK�FR�
ZRUNHUV�RQ�D�WHDP�IURP�DQ\ZKHUH�
LQ�ZKLFK�HYHU\RQH�FDQ�DFFHVV�DQG�
JLYH�LQSXW�WR�D�FRPPRQ�SURGXFW�RU�
GRFXPHQW�WKDW�LV�DYDLODEOH�RQOLQH�

� � ;� �

&����,�DP�JODG�WR�SURYLGH�DGYLFH�
DQG�KHOS�WR�IHOORZ�HPSOR\HHV�RQ�
KRZ�WR�XVH�H�EXVLQHVV�

� � ;� �

&HUWDLQW\� � � � �

7����,�XQGHUVWDQG�FOHDUO\�WKH�
SXUSRVHV�RI�H�EXVLQHVV�

;� � � �

7����,�XQGHUVWDQG�FOHDUO\�WKH�
IXQFWLRQV�RI�H�EXVLQHVV�

;� � � �

7����,�DP�JODG�WR�FRRSHUDWH�ZLWK�
DFWLYLWLHV�UHJDUGLQJ�H�EXVLQHVV�

� � � ;�

�
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7DEOH�����&RQWLQXHG��
,WHPV�,QFOXGHG�RQ�WKH�(�5HDGLQHVV�)RU�(�%XVLQHVV��(5(%��6WXG\�
�

,WHPV� 3HUVRQDO�
,QQRYDWLYHQH
VV�

$WWLWXGLQDO�
5HDGLQHVV�

$FWLRQ�
5HDGLQHVV�

(PRWLRQDO�
5HVSRQVH�

&HUWDLQW\��&RQWLQXHG��

7����,�EHOLHYH�WKDW�P\�FRPSDQ\�ZLOO�
LPSOHPHQW�H�EXVLQHVV�VXFFHVVIXOO\�

� � ;� �

7����H�EXVLQHVV�LV�KRQRXUDEOH� � ;� � �

� � � � �

&�� 0RELOH�5HDGLQHVV�
5HVHDUFK� DERXW� PRELOH� UHDGLQHVV� KDV�
EHHQ�LQYHVWLJDWHG�E\�&KHRQ��/HH��&URRNV��
DQG� 6RQJ� ������� ZKLFK� H[SODLQV� KRZ�
FROOHJH� VWXGHQWV·� EHOLHIV� LQIOXHQFH� WKHLU�
LQWHQWLRQ�WR�DGRSW�PRELOH�GHYLFHV�LQ�WKHLU�
FRXUVHZRUN�� QDPHO\� PRELOH� OHDUQLQJ��
0RELOH� OHDUQLQJ� LV� D� VSHFLILF� W\SH� RI�
OHDUQLQJ� PRGHO� XVLQJ� PRELOH� WHFKQRORJ\�
�1DLVPLWK�� /RQVGDOH�� 9DYRXOD�� 	�
6KDUSOHV��������<XHQ�	�<XHQ���������0�
OHDUQLQJ� HPEUDFHV� PDQ\� IHDWXUHV� RI� H�
OHDUQLQJ�VXFK�DV�PXOWLPHGLD�FRQWHQWV�DQG�
FRPPXQLFDWLRQV� ZLWK� RWKHU� VWXGHQWV�
�+RUWRQ���������EXW� LW� LV� XQLTXH� LQ� WHUPV�
RI�IOH[LELOLW\�RI�WLPH�DQG�ORFDWLRQ��3HWHUV��
������� 7KH� FKDUDFWHULVWLFV� RI� PRELOH�
GHYLFHV� DUH� WKUHH� IROGV�� �D�� SRUWDELOLW\��
PRELOH�GHYLFHV� FDQ�EH� WDNHQ� WR�GLIIHUHQW�
ORFDWLRQV���E��LQVWDQW�FRQQHFWLYLW\��PRELOH�
GHYLFHV�FDQ�EH�XVHG�WR�DFFHVV�D�YDULHW\�RI�
LQIRUPDWLRQ� DQ\WLPH� DQG� DQ\ZKHUH�� DQG�
�F��FRQWH[W�VHQVLWLYLW\��PRELOH�GHYLFHV�FDQ�
EH� XVHG� WR� ILQG� DQG� JDWKHU� UHDO� RU�
VLPXODWHG� GDWD� �%HQ0RXVVD�� ������
&KXUFKLOO� 	� &KXUFKLOO�� ������ .ORSIHU��
6TXLUH��	�-HQNLQV��������6KDUSOHV���������
�
,QGLFDWRUV� LQ� WKLV� VWXG\� UHIHU� WR� WKH�
DWWLWXGLQDO�FRQVWUXFW�WKDW�DGRSWV�IURP�WKH�
7KHRU\� RI� 3ODQQHG� %HKDYLRU� DQG� LV� DOVR�
LQIOXHQFHG� E\� H[WHUQDO� IDFWRUV�� ,Q� WKLV�
VWXG\�� H[WHUQDO� EHOLHIV� DUH� IRUPHG� EDVHG�
RQ� DWWLWXGLQDO� EHOLHIV� �SHUFHLYHG� HDVH� RI�

XVH�DQG�SHUFHLYHG�XVHIXOQHVV���QRUPDWLYH�
EHOLHIV� �LQVWUXFWRU�DQG�VWXGHQW�UHDGLQHVV���
DQG� FRQWURO� EHOLHIV� �SHUFHLYHG� VHOI�
HIILFDF\� DQG� OHDUQLQJ� DXWRQRP\��� :H�
IRXQG� WKDW� WKLV� VWXG\� LQYHVWLJDWHV� ERWK�
DWWLWXGLQDO� DQG� DFWLRQ� UHDGLQHVV��
$WWLWXGLQDO� UHDGLQHVV� FDQ� EH� UHIOHFWHG�
WKURXJK�VWDWHPHQWV��,�EHOLHYH�WKDW�PRELOH�
GHYLFHV� ZRXOG� EH� HDV\� WR� XVH�� ,� EHOLHYH�
WKDW� PRELOH� GHYLFHV� ZRXOG� EH� HDV\� WR�
RSHUDWH�� ,� ZRXOG� OLNH� P\� FRXUVHZRUN�
PRUH� LI� ,� XVHG�P�OHDUQLQJ�� ,� WKLQN� RWKHU�
VWXGHQWV�LQ�P\�FODVVHV�ZRXOG�EH�ZLOOLQJ�WR�
DGRSW� D� PRELOH� GHYLFH� IRU� OHDUQLQJ�� DQG�
PRVW� SHRSOH� ZKR� DUH� LPSRUWDQW� WR� PH�
ZRXOG� EH� LQ� IDYRU� RI� XVLQJ� D� PRELOH�
GHYLFH�IRU�XQLYHUVLW\�FRXUVHV��0HDQZKLOH��
DFWLRQ� UHDGLQHVV� LV� PHDVXUHG� WKURXJK�
VWDWHPHQWV�VXFK�DV� ,�DP�FRQILGHQW� DERXW�
XVLQJ� D� PRELOH� GHYLFH� IRU� P\� FRXUVHV��
XVLQJ� D� PRELOH� GHYLFH� IRU� P\� FRXUVHV�
ZRXOG� QRW� FKDOOHQJH� PH�� ,� KDYH� D�
VXIILFLHQW� H[WHQW�RI�NQRZOHGJH� WR�XVH�P�
OHDUQLQJ�� ,� ZRXOG� EH� DEOH� WR� FRQWURO� WKH�
SDFH� RI� OHDUQLQJ� LQ� P\� FODVVHV� ZLWK� D�
PRELOH� GHYLFH�� DQG� ,� ZRXOG� KDYH� PRUH�
RSSRUWXQLWLHV� WR� FUHDWH� NQRZOHGJH� LQ�P\�
FRXUVHZRUN�ZLWK�D�PRELOH�GHYLFH���
�
,Q�DGGLWLRQ�WR�&KHRQ�HW�DO����������/LQ��HW�
DO�� ������� DOVR� FRQGXFWHG� D� VWXG\� RQ�
PRELOH�UHDGLQHVV��7KH\�GHYHORSHG�D�VFDOH�
WR� PHDVXUH� PRELOH� UHDGLQHVV�� 2XU�
HYDOXDWLRQ�RI�WKLV�VFDOH�LV�H[SODLQHG�LQ�WKH�
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� �

����

IROORZLQJ�WDEOH��:H�DOVR�GLVFRYHU�WKDW�WKLV�
PRGHO� FRQWDLQV� WKH� IRXU� LWHPV� RI� GLJLWDO�
UHDGLQHVV�� QDPHO\� 3HUVRQDO�
,QQRYDWLYHQHVV�� $WWLWXGLQDO� 5HDGLQHVV��

$FWLRQ� 5HDGLQHVV�� DQG� (PRWLRQDO�
5HVSRQVHV�� +HQFH�� ZH� GLYLGH� HDFK� LWHP�
EDVHG�RQ�WKH�IRXU�LWHPV��

�
7DEOH�����
0RELOH�5HDGLQHVV�&DWHJRUL]DWLRQ�WR�$WWLWXGLQDO�5HDGLQHVV�DQG�$FWLRQ�5HDGLQHVV��
�

,WHPV� 3HUVRQDO�
,QQRYDWLYHQH
VV�

$WWLWXGLQDO�
5HDGLQHVV�

$FWLRQ�
5HDGLQHVV�

(PRWLRQDO�
5HVSRQVH�

0�OHDUQLQJ�VHOI�HIILFDF\�

/����,�IHHO�FRQILGHQW�LQ�SHUIRUPLQJ�
WKH�EDVLF�IXQFWLRQV�RI�PRELOH�
OHDUQLQJ�V\VWHPV�

� � ;� �

/����,�IHHO�FRQILGHQW�LQ�P\�
NQRZOHGJH�DQG�VNLOOV�RI�PRELOH�
OHDUQLQJ�V\VWHPV�

� � � ;�

/����,�IHHO�FRQILGHQW�LQ�XVLQJ�
PRELOH�OHDUQLQJ�V\VWHPV�WR�
HIIHFWLYHO\�FRPPXQLFDWH�ZLWK�
RWKHUV�

� � ;� �

/����,�IHHO�FRQILGHQW�LQ�XVLQJ�WKH�
LQWHUQHW��*RRJOH��<DKRR��WR�ILQG�RU�
JDWKHU�LQIRUPDWLRQ�IRU�PRELOH�
OHDUQLQJ�

� � ;� �

/����,�IHHO�FRQILGHQW�LQ�VWXG\LQJ�WR�
RSHUDWH�PRELOH�OHDUQLQJ�V\VWHPV�

� � ;� �

/����,�IHHO�FRQILGHQW�LQ�NQRZLQJ�DOO�
WKH�VSHFLDO�NH\V�DQG�IXQFWLRQV�
FRQWDLQHG�LQ�D�PRELOH�OHDUQLQJ�
V\VWHP�

� � ;� �

/����,�IHHO�FRQILGHQW�LQ�NQRZLQJ�
KRZ�D�PRELOH�OHDUQLQJ�V\VWHP�
ZRUNV�

� � ;� �

2SWLPLVP� � � � �

(����,�OLNH�VWXG\LQJ�YLD�PRELOH�
OHDUQLQJ�V\VWHPV�EHFDXVH�,�DP�DEOH�
WR�VWXG\�DQ\WLPH�

� � � ;�

(����0RELOH�OHDUQLQJ�V\VWHPV�PDNH�
PH�PRUH�HIILFLHQW�LQ�P\�VWXG\LQJ�

� ;� � �

�
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7DEOH�����&RQWLQXHG��
0RELOH�5HDGLQHVV�&DWHJRUL]DWLRQ�WR�$WWLWXGLQDO�5HDGLQHVV�DQG�$FWLRQ�5HDGLQHVV��
�

,WHPV� 3HUVRQDO�
,QQRYDWLYHQH
VV�

$WWLWXGLQDO�
5HDGLQHVV�

$FWLRQ�
5HDGLQHVV�

(PRWLRQDO�
5HVSRQVH�

2SWLPLVP��&RQWLQXHG��

(����,�OLNH�PRELOH�OHDUQLQJ�V\VWHPV�
WKDW�DOORZ�PH�WR�WDLORU�

� � � ;�

(����,�OLNH�PRELOH�OHDUQLQJ�V\VWHPV� � � � ;�

(����0RELOH�OHDUQLQJ�V\VWHPV�JLYH�
SHRSOH�PRUH�FRQWURO�RYHU�WKHLU�
VWXG\LQJ�WLPH�

� ;� � �

(����7KH�QHZHVW�PRELOH�OHDUQLQJ�
V\VWHP�LV�PXFK�PRUH�FRQYHQLHQW�WR�
XVH�

� ;� � �

(����0RELOH�OHDUQLQJ�V\VWHPV�JLYH�
PH�PRUH�IUHHGRP�RI�VWXG\LQJ�

� ;� � �

6HOI�GLUHFWHG�OHDUQLQJ� � � � �

6����,�FDQ�GLUHFW�P\�RZQ�OHDUQLQJ�
SURJUHVV�

;� � � �

6����,�FDUU\�RXW�P\�RZQ�VWXG\�SODQ� ;� � � �

6����,Q�P\�VWXGLHV��,�VHW�JRDOV�DQG�
KDYH�D�KLJK�GHJUHH�RI�LQLWLDWLYH�

;� � � �

6����,�PDQDJH�WLPH�ZHOO� ;� � � �

6����,Q�P\�OHDUQLQJ��VWXG\LQJ��RU�
ZRUNLQJ��,�DP�VHOI�GLVFLSOLQHG�DQG�
ILQG�LW�HDV\�WR�VHW�DVLGH�OHDUQLQJ�
WLPH�

;� � � �

�
5HDGLQHVV� LV� QRW� RQO\� SK\VLFDO� PDWXULW\�
EXW�DOVR�D�FRPELQDWLRQ�RI�HPRWLRQDO�DQG�
FRJQLWLYH� IRUFHV� WKDW� PHGLDWH� OHDUQLQJ�
HQYLURQPHQWV� DQG� UHVXOWV� LQ� WKH�PDVWHU\�
RI� QHZ� RSHUDWLRQ� �%HOOHU�� ������ *HVHOO��
������ /DL� DQG� 2QJ�� ������� 7KHRU\� VHOI�
HIILFDF\�SURYLGHV� DQ� H[SODQDWLRQ� WKDW� WKH�
PDVWHU\� RI� QHZ� RSHUDWLRQ�� ZKLFK� ZH�
DGGUHVV� DV� DFWLRQ� UHDGLQHVV�� ZLOO� EH� DQ�
LPSRUWDQW� DVSHFW� RI� DGRSWLQJ� D�
WHFKQRORJ\�� 7KH� EHOLHI� WR� XWLOL]H� D�

WHFKQRORJ\� DQG� JHQHUDWH� PD[LPXP�
EHQHILWV� IURP� WKH� WHFKQRORJ\� LV� WKH�
UHDVRQ� ZK\� RQH� GHFLGHV� WR� DGRSW� WKH�
WHFKQRORJ\�� 7KHUHIRUH�� LQ� PHDVXULQJ� WKH�
GLJLWDO� UHDGLQHVV� ZH� QHHG� WR� DQDO\]H� WKH�
WZR� HOHPHQWV� �� DWWLWXGLQDO� UHDGLQHVV� DQG�
DFWLRQ�UHDGLQHVV�����
�
)URP� WKH� UHVHDUFK� UHVXOWV�� ZH� DOVR�
GLVFRYHU� WKDW� WKHUH� DUH� ILYH� NH\� LWHPV� WR�
PHDVXUH� WKH� GLJLWDO� UHDGLQHVV�� QDPHO\�
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� �
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SHUVRQDO� LQQRYDWLYHQHVV�� DWWLWXGLQDO�
UHDGLQHVV�� DFWLRQ� UHDGLQHVV�� HPRWLRQDO�
UHVSRQVH�� DQG� SUHGLVSRVLWLRQ�� 3HUVRQDO�
LQQRYDWLYHQHVV� KDV� DQ� LPSDFW� RQ�
DWWLWXGLQDO� DQG� DFWLRQ� UHDGLQHVV� WRZDUGV�
WHFKQRORJ\��7KH�DWWLWXGLQDO�UHDGLQHVV�WKDW�
H[LVWV� LQ� DOO� WKUHH� PRGHOV� OHDGV� WR� WKH�
PHDVXUHPHQW� RI� SHUFHSWLRQV� DERXW� WKH�
EHQHILWV�DQG�LPSDFWV�RI�WHFKQRORJ\���
�
$� SHUVRQ� ZKR� KDV� KLJK� DWWLWXGLQDO�
UHDGLQHVV� ZLOO� VHH� WHFKQRORJ\� DV�
VRPHWKLQJ� WKDW� LV� YHU\� XVHIXO� DQG� KDV� D�
SRVLWLYH� LPSDFW� RQ� VRPHRQH� DV� ZHOO� DV�
RWKHUV��0HDQZKLOH��WKH�DFWLRQ�UHDGLQHVV�LQ�
WKRVH�PRGHOV� UHIHUV� WR� WKH�PHDVXUHPHQW�
RI�DQ� LQGLYLGXDO·V�HIILFDF\� LQ�XVLQJ�GLJLWDO�
WHFKQRORJ\�RU�UHDGLQHVV�WR�ZRUN�LQ�D�QHZ�
HQYLURQPHQW� DIWHU� GLJLWDO� WHFKQRORJ\�
DGRSWLRQ�� %RWK� RI� WKH� UHDGLQHVV�
FRQVWUXFWV� ZLOO� IRUP� WKH� HPRWLRQDO�
UHVSRQVH� ZKLFK� HYHQWXDOO\� ZLOO� LQIOXHQFH�
RQH·V� SUHGLVSRVLWLRQ� WRZDUGV� WKH�
DGRSWLRQ�RI�WHFKQRORJ\���
�
2XU� UHYLHZ� UHVXOWV� VKRZ� WKDW� WKH� 75,�
PRGHO� LQFOXGHV� WKUHH� HOHPHQWV� RI�
SHUVRQDO� LQQRYDWLYHQHVV�� PRVW� RI� WKH�
HOHPHQWV� RI� DWWLWXGLQDO� UHDGLQHVV�� WZR�
HOHPHQWV� RI� DFWLRQ� UHDGLQHVV� DQG� WZR�
HOHPHQWV� RI� HPRWLRQDO� UHDGLQHVV�� $V�
VWDWHG� EHIRUH�� 75,� RQO\� KDV� D� IHZ�
HOHPHQWV� RI� DFWLRQ� UHDGLQHVV�� ,W� LV�
XQGHUVWDQGDEOH� EHFDXVH� 75,� PHDVXUHV�
WKH�JHQHUDO�SHUFHSWLRQ�RI�D�WHFKQRORJ\�VR�
WKDW�WKH�PHDVXUHPHQW�RI�DFWLRQ�UHDGLQHVV�
EHFRPHV�OHVV�UHOHYDQW��
�
$FWLRQ� UHDGLQHVV� EHFRPHV�PRUH� UHOHYDQW�
LQ� WKH� (5(%� PRGHO� DV� LW� VSHFLILFDOO\�
PHDVXUHV� UHDGLQHVV� LQ� XVLQJ� H�EXVLQHVV��
$OWKRXJK� H�EXVLQHVV� LWVHOI� LV� TXLWH�
JHQHUDO�� TXHVWLRQV� DERXW� WKH� EDVLF� VNLOOV�
QHHGHG� WR� EH� DEOH� WR� XVH� WKHP� DUH�
UHOHYDQW� VR� WKDW� DFWLRQ� UHDGLQHVV� DSSHDUV�
ZLWKLQ� WKH� (5(%� VFDOH�� (5(%� PRGHO�
FRQVLVWV� RI� IRXU� HOHPHQWV� RI� DWWLWXGLQDO�
UHDGLQHVV� DQG� ILYH� HOHPHQWV� RI� DFWLRQ�
UHDGLQHVV��,Q�DGGLWLRQ��(5(%�PRGHO�RQO\�

FRYHUV� WZR� HOHPHQWV� RI� SHUVRQDO�
LQQRYDWLYHQHVV� DQG� VL[� HOHPHQWV� RI�
HPRWLRQDO�UHVSRQVHV���
�
0HDQZKLOH�� LQ� WKH� WKLUG� PRGHO�� WKH�
PRELOH� UHDGLQHVV�PRGHO�� LW� RQO\� KDV� ILYH�
HOHPHQWV�RI�SHUVRQDO�LQQRYDWLYHQHVV��IRXU�
HOHPHQWV� RI� DWWLWXGLQDO� DFWLRQV�� VL[�
HOHPHQWV� RI� DFWLRQ� UHDGLQHVV� DQG� IRXU�
HOHPHQWV�RI� HPRWLRQDO� UHVSRQVHV��$FWLRQ�
UHDGLQHVV� ZDV� PRUH� SUHYDOHQW� LQ� WKH�
PRELOH� UHDGLQHVV�PRGHO�ZH� OHDUQHG�IURP�
/LQ�HW�D�O
V��������UHVHDUFK��7KLV�LV�EHFDXVH�
WKH\� VWXG\� WKH� DSSOLFDWLRQ� RI� PRELOH�
WHFKQRORJ\� LQ� D� VSHFLILF� FRQWH[W�� QDPHO\�
PRELOH�OHDUQLQJ���
�
7KH�DERYH�DUJXPHQW�EHFRPHV�RQH�RI�WKH�
UHDVRQV� ZK\� UHVHDUFK� RQ� WHFKQRORJ\�
UHDGLQHVV� VWLOO� SURYLGHV� LQFRQVLVWHQW�
ILQGLQJV�� 7KLV� LV� EHFDXVH� WKHUH� LV� DQ�
LPEDODQFH�EHWZHHQ� DWWLWXGLQDO� DQG� DFWLRQ�
UHDGLQHVV� LQ� WKH� UHDGLQHVV� PRGHOV� WKDW�
H[LVW� LQ� WKH� FXUUHQW� OLWHUDWXUH�� 6RPHRQH�
PD\� KDYH� D� SRVLWLYH� DVVHVVPHQW� WRZDUGV�
WHFKQRORJ\�� \HW� KH� PD\� QRW� EH� DEOH� WR�
XWLOL]H�WKH�WHFKQRORJ\�DV�KH�LV�QRW�FDSDEOH�
RI� GRLQJ� VR�� 7KHUHIRUH� WKH� DWWLWXGLQDO�
FRPSRQHQW� RI� UHDGLQHVV� VKRXOG� EH�
JUHDWHU� LI�ZH�ZDQW� WR�H[DPLQH�D�SHUVRQ
V�
DWWLWXGH� WRZDUGV� WHFKQRORJ\� LQ� JHQHUDO�
OLNH� WKH�RQH� LQ�75,�� ,I� WKH� WHFKQRORJ\� LV�
FOHDU� HQRXJK� WKHQ�ZH� VKRXOG� VWDUW� XVLQJ�
UHDGLQHVV� DFWLRQ� PRUH� EDODQFHG� ZLWK�
DWWLWXGLQDO�UHDGLQHVV���
�
2XU� DQDO\VLV� LQGLFDWHV� WKDW� DWWLWXGLQDO�
DFWLRQ� LV� UHODWHG� WR� KRZ� DQ� LQGLYLGXDO�
YLHZ� WHFKQRORJ\� DV� DQ� LQGHSHQGHQW�
REMHFW�� 7KLV� PHDQV� WHFKQRORJ\� LV�
DVVRFLDWHG� ZLWK� LWV� QDWXUH�� HVVHQFH��
SHUVRQDOLW\�� EHQHILW�� SK\VLFDO� IRUPV��
FKDUDFWHUV�� LPSOLFDWLRQV�� DQG� XWLOL]DWLRQ��
0HDQZKLOH�� DFWLRQ� UHDGLQHVV� LV� UHODWHG� WR�
KRZ�DQ� LQGLYLGXDO�YLHZ�WHFKQRORJ\�DV�DQ�
LQWHJUDWHG� REMHFW�� ,Q� RWKHU�ZRUGV�� DFWLRQ�
UHDGLQHVV� GHQRWHV� WKDW� WHFKQRORJ\� LV�
DVVRFLDWHG� ZLWK� DQ� LQGLYLGXDO·V� VHOI�
HIILFDF\�� KRZ� VRPHRQH� FDQ� XVH� KLV�KHU�
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DELOLWLHV� LQ� RSHUDWLQJ� D� WHFKQRORJ\�� KRZ�
VRPHRQH�SRVVHVVHV�D�VRXQG�NQRZOHGJH�RI�
WHFKQRORJ\� ZKLFK� HQDEOHV� KLP�KHU� WR�
WHDFK�RWKHUV��KRZ�VRPHRQH�FDQ�DQWLFLSDWH�
WKH� LPSDFW� RI� WHFKQRORJ\� DGRSWLRQ� LQ�
KLV�KHU�GDLO\�ZRUN�OLIH�HWF��
�
)RU� SUDFWLFDO� DVVHVVPHQW�� WKH�
PHDVXUHPHQW� RI� WKHVH� WZR� HOHPHQWV� LV�
VXIILFLHQW�� +RZHYHU�� WR� IXUWKHU� GHYHORS�
WKLV� UHVHDUFK�� ZH� KDYH� WR� WUDFH� LQWR� WKH�
DQWHFHGHQW�� 1RZ�� WKHUH� LV� RQO\� RQH�
DQWHFHGHQW� WKDW� FDQ� EH� IRXQG�� QDPHO\�
SHUVRQDO�LQQRYDWLYHQHVV��&RQVLGHULQJ�WKDW�
SHUVRQDO�LQQRYDWLYHQHVV�LV�D�VWDEOH�WUDLW��LW�
PLJKW� OHDG� WR� D�GLIILFXOW� IXUWKHU� UHVHDUFK�
GHYHORSPHQW�� 7KHUHIRUH�� WKH� PRGHO�
VKRXOG�EH�GHYHORSHG�WRZDUGV�WKH�VHHNLQJ�
RI� QHZ� DQWHFHGHQW� RU� PRGHUDWLQJ�
YDULDEOHV�ZKLFK�DUH�QRW�D�WUDLW��+HQFH��WKH�
GHYHORSPHQW� SURFHVV� RI� WKH� GLJLWDO�
UHDGLQHVV�LV�HDVLHU�WR�EH�FRQGXFWHG��

�
�

������&RQFOXVLRQV�
�
2XU�VWXG\�GLVFRYHUV�WKDW� VWUXFWXUHV� LQ�DOO�
WKUHH� PRGHOV�� 75,�� (5(%�� DQG� PRELOH�
UHDGLQHVV� PRGHO�� FRQVLVW� RI� SHUVRQDO�
LQQRYDWLYHQHVV�� DWWLWXGLQDO� UHDGLQHVV��
DFWLRQ�UHDGLQHVV��HPRWLRQDO�UHVSRQVH��DQG�
SUHGLVSRVLWLRQ��3HUVRQDO�LQQRYDWLYHQHVV�LV�
GHILQHG� DV� WKH� DQWHFHGHQW� RI� DWWLWXGLQDO�
DQG� DFWLRQ� UHDGLQHVV�� ,W� LQIOXHQFHV� ERWK�
UHDGLQHVV� WRZDUGV� WHFKQRORJ\��
0HDQZKLOH��WKH�HPRWLRQDO�UHVSRQVH�LV�WKH�
FRQVHTXHQFH� RI� WKHVH� UHDGLQHVV�� 7KH�
HPRWLRQDO� UHVSRQVH� ZLOO� GHWHUPLQH� WKH�
LQGLYLGXDO� SUHGLVSRVLWLRQ�� L�H�� WKH�
LQFOLQDWLRQ� WRZDUGV� WHFKQRORJ\� DGRSWLRQ�
LQ�OLIH���
�
,Q� DGGLWLRQ�� LQ� DOO� WKUHH�PRGHOV��ZH� ILQG�
HOHPHQWV� UHODWHG� WR� DWWLWXGLQDO� UHDGLQHVV�
DV�WKH�FDSDELOLWLHV��LPSDFWV��IXQFWLRQV��DQG�
LPSOLFDWLRQV� RI� WHFKQRORJ\�� 7KLV� LPSOLHV�
WKDW� DWWLWXGLQDO� UHDGLQHVV� LV� LQGLFDWHG� E\�
WKH� SHUFHSWLRQ� RI� WHFKQRORJ\� DV� D�
VHSDUDWH� REMHFW� �DQ� LQGHSHQGHQW� REMHFW���

IRU� H[DPSOH�� WHFKQRORJ\� JLYHV� PRUH�
IUHHGRP� RI� PRELOLW\�� WHFKQRORJ\� JLYHV�
PRUH� FRQWURO� RYHU� GDLO\� OLYHV�� DQG�
WHFKQRORJ\� ZLOO� LPSURYH� SURGXFWLYLW\��
0HDQZKLOH�� ZH� DOVR� IRXQG� HOHPHQWV�
UHODWHG�WR�DFWLRQ�UHDGLQHVV�WKDW� LV�VHHQ�DV�
DQ� LQGLYLGXDO
V� HIILFDF\� LQ� XVLQJ� GLJLWDO�
WHFKQRORJ\���
�
+HQFH�� DFWLRQ� UHDGLQHVV� LV� WKHQ� FDQ� EH�
YLHZHG� DV� DQ� LQWHJUDWHG� REMHFW�� 6RPH�
H[DPSOHV� RI� HOHPHQWV� FRQWDLQLQJ�
SHUFHSWLRQV� DERXW� GLJLWDO� WHFKQRORJ\� DV�
DQ� LQWHJUDWHG� REMHFW� DUH� ,� FDQ� XVXDOO\�
ILJXUH� RXW� QHZ� KLJK�WHFK� SURGXFWV� DQG�
VHUYLFHV� ZLWKRXW� KHOS� IURP� RWKHUV�� ,�
DOZD\V� XWLOL]H� IXQFWLRQV� SURYLGHG� E\� H�
EXVLQHVV�� DQG� ,� IHHO� FRQILGHQW� LQ�
SHUIRUPLQJ�WKH�EDVLF�IXQFWLRQV�RI�PRELOH�
OHDUQLQJ� V\VWHPV�� )URP� WKH� DERYH�
GLVFXVVLRQ�� WKH� DXWKRUV� JDWKHU� WKDW�ZKHQ�
LW� FRPHV� WR� PHDVXULQJ� LQGLYLGXDO�
UHDGLQHVV� RQ� XWLOL]LQJ� WHFKQRORJ\� DQG�
GLJLWDO�DSSOLFDWLRQ�XVDJH��WKH�LWHPV�RI�WKH�
PHDVXUHPHQW� KDYH� WR� EH� EDODQFHG� LQ�
PHDVXULQJ� DWWLWXGLQDO� DQG� DFWLRQ�
UHDGLQHVV�� 7KLV� LV� EHFDXVH� DWWLWXGH� DQG�
SHUFHSWLRQ� WKDW� FDQ� IRUP� EHKDYLRU�
�DWWLWXGLQDO�UHDGLQHVV��KDYH�WR�EH�IROORZHG�
E\�PRWLYDWLRQ��NQRZOHGJH��DQG�VNLOOV�WKDW�
LQ� WKH� HQG� ZLOO� IRUP� DFWLRQ� UHDGLQHVV��
0RUHRYHU�� DFWLRQ� UHDGLQHVV� FDQQRW� EH�
IRUJRWWHQ� DV� VNLOOV� DQG� YRFDWLRQDO�
FRPSHWHQFH� LQ�XVLQJ� REMHFWV� �WHFKQRORJ\�
DQG�GLJLWDO�DSSOLFDWLRQ��ZLOO�EH�VXSSRUWHG�
E\� DFWLRQ� UHDGLQHVV� �)ULMGD�� ������
%DDUWPDQ�	�%UXLMQ���������
�
)XUWKHU� UHVHDUFK� LV� QHHGHG� LQ� RUGHU� WR�
GHYHORS� D� VFDOH� WKDW� LQFOXGHV� ERWK�
SURSRUWLRQDO� DWWLWXGLQDO� DQG� DFWLRQ�
UHDGLQHVV� DVSHFWV�� 7KLV� VFDOH� VKRXOG� EH�
WHVWHG� LQ� D� VWXG\� WR� DFTXLUH� HPSLULFDO�
HYLGHQFH� WR� SURYH� WKDW� WKH� WZR� DVSHFWV�
DUH� LQGHHG� QHHGHG� LQ� GHYHORSLQJ� GLJLWDO�
UHDGLQHVV�� ,Q� DGGLWLRQ�� WKH� HPSLULFDO�
UHVXOWV�DUH�DOVR�UHTXLUHG�WR�ILQG�RXW�ZKLFK�
RI� WKHVH� WZR�DVSHFWV� DUH�PRUH� LPSRUWDQW�
LQ�WKH�IRUPDWLRQ�RI�GLJLWDO�UHDGLQHVV��



1DVXWLRQ��5XVQDQGL��4RGDULDK��$UQLWD��DQG�:LQGDVDUL���7KH�(YDOXDWLRQ�RI�'LJLWDO�5HDGLQHVV�&RQFHSW��([LVWLQJ�0RGHOV�DQG�)XWXUH�
'LUHFWLRQV�

� �

����

0RUHRYHU�� ZH� DOVR� QHHG� WR� REVHUYH�
ZKHWKHU� WKH� GHYHORSPHQW� DSSURDFK� LV�
PRUH� HIIHFWLYH� WKDQ� WKH�
PDSSLQJ�SODFHPHQW� DSSURDFK�� 7KH�
GHYHORSPHQW� DSSURDFK� LV� FRQGXFWHG� E\�
GHYHORSLQJ� HYHU\� LQGLYLGXDO� LQWR� WKHLU�
GHVLUHG� RU� PD[LPXP� OHYHO� IRU� HYHU\�
DVSHFW� RI� ERWK� GLPHQVLRQV� RI� GLJLWDO�
UHDGLQHVV� ²� DWWLWXGLQDO� UHDGLQHVV� DQG�
DFWLRQ�UHDGLQHVV��7KHUHIRUH��LW�LV�H[SHFWHG�
WKDW� HYHU\� LQGLYLGXDO� FDQ� DFW� DV� DQ�
LQGLYLGXDO�DJHQW�LQ�DGRSWLQJ�D�WHFKQRORJ\���
�
0HDQZKLOH�� UHJDUGLQJ� WKH�
PDSSLQJ�SODFHPHQW� PHWKRG�� ZH�
DVFHUWDLQ�WKDW�WKHUH�LV�RQO\�RQH�DQWHFHGHQW�
FDQ� EH� IRXQG�� QDPHO\� SHUVRQDO�
LQQRYDWLYHQHVV�� 7KLV� PHDQV� ZKHQ� ZH�
GHYHORS� SHRSOH� EDVHG� RQ� WKHLU� SHUVRQDO�
LQQRYDWLYHQHVV��LW�ZLOO�OHDG�WR�D�GHDG�HQG��
,W� LV� EHFDXVH�� DV� VWDWHG� EHIRUH�� SHUVRQDO�
LQQRYDWLYHQHVV�LV�D�VWDEOH�SHUVRQDOLW\�WUDLW�
WKDW� LV� GLIILFXOW� WR� FKDQJH� RYHU� WLPH��
+HQFH�� WKH� PDSSLQJ�SODFHPHQW� PHWKRG�
LV� VHHQ� DV� DQ� DSSURSULDWH� PHWKRG� IRU�
KDQGOLQJ� WKLV�PDWWHU��:H� QHHG� WR� GHILQH�
RXU� UHTXLUHPHQWV� VR� ZH� FDQ� GHVLJQ� WKH�
EHVW� FRPSRVLWLRQ� RI� SHRSOH� LQ�
HQFRXUDJLQJ�WKH�WHFKQRORJ\�DGRSWLRQ��$Q�
LQGLYLGXDO�ZKR�KDV�D�KLJK� OHYHO�RI�GLJLWDO�
UHDGLQHVV�ZLOO� OHDG�D�FRPSDQ\��FRQGXFW�D�
FKDQJH� PDQDJHPHQW� HWF��� ZKLOH� DQ�
LQGLYLGXDO� ZLWK� D� ORZHU� OHYHO� RI� GLJLWDO�
UHDGLQHVV� ZLOO� H[HFXWH� WKH� EXVLQHVV�
RSHUDWLRQDO��
�

�

5HIHUHQFHV�
�
$JDUZDO�� 5��� 	� 3UDVDG�� -�� �������� $�

FRQFHSWXDO� DQG� RSHUDWLRQDO�
GHILQLWLRQ� RI� SHUVRQDO�
LQQRYDWLYHQHVV� LQ� WKH� GRPDLQ� RI�
LQIRUPDWLRQ� WHFKQRORJ\�� ,QIRUPDWLRQ�
V\VWHPV�UHVHDUFK�����������������

$ULII�� 0�6�0��� <HRZ�� 6�0��� =DNXDQ�� 1���
-XVRK�� $��� 	� %DKDUL�� $�=�� ��������
7KH� HIIHFWV� RI� FRPSXWHU� VHOI�
HIILFDF\�DQG�WHFKQRORJ\�DFFHSWDQFH�

PRGHO� RQ� EHKDYLRUDO� LQWHQWLRQ� LQ�
LQWHUQHW�EDQNLQJ�V\VWHPV��6RFLDO�DQG�
%HKDYLRUDO�6FLHQFHV��������������

$UQROG�� 0�%�� �������� (PRWLRQ� DQG�
SHUVRQDOLW\� �9ROV�� �� DQG� ���� 1HZ�
<RUN��&ROXPELD�8QLYHUVLW\�3UHVV��

%DDUWPDQ�� /�� .�� -��� 	� %UXLMQ�� (�� �������
,QWHJUDWLQJ� NQRZOHGJH�� VNLOOV� DQG�
DWWLWXGHV�� &RQFHSWXDOLVLQJ� OHDUQLQJ�
SURFHVV� WRZDUGV� YRFDWLRQDO�
FRPSHWHQFH�� (GXFDWLRQDO� 5HVHDUFK�
5HYLHZ���������������

%DQGXUD�� $OEHUW� �������� 6HOI�HIILFDF\��
WRZDUG� D� XQLI\LQJ� WKHRU\� RI�
EHKDYLRUDO� FKDQJH�� 3V\FKRORJLFDO�
5HYLHZ�����������������

%DQGXUD�� $OEHUW�� �������� 6HOI�HIILFDF\�
PHFKDQLVP� LQ� KXPDQ� DJHQF\��
$PHULFDQ�3V\FKRORJLVW������������������

%DQGXUD�� $�� �������� 0XFK� DGR� RYHU� D�
IDXOW\�FRQFHSWLRQ�RI�SHUFHLYHG�VHOI²
HIILFDF\� JURXQGHG� LQ� IDXOW\�
H[SHULPHQWDWLRQ��-RXUQDO�RI�6RFLDO�DQG�
&OLQLFDO�3V\FKRORJ\������������������

%HOOHU�� (�� .�� �������� 7KH� FRQFHSW�
UHDGLQHVV� DQG� VHYHUDO� DSSOLFDWLRQV��
([SORULQJ� +XPDQ� 'HYHORSPHQW��
,QWHUGLVFLSOLQDU\� UHDGLQJV�� %HUQDUG�� +��
:�� DQG� +XFNLQV�� :�� &�� %RVWRQ��
$OO\�DQG�%DFRQ�,QF������������

%HQ0RXVVD�� &�� �������� :RUNHUV� RQ� WKH�
PRYH�� 1HZ� RSSRUWXQLWLHV� WKURXJK�
PRELOH�FRPPHUFH��6WRFNKROP�PRELOLW\�
URXQGWDEOH���������

%HUJHU�� 6�� &�� �������� 6HOI�VHUYLFH�
WHFKQRORJ\� IRU� VDOHV� SXUSRVHV� LQ�
EUDQFK� EDQNLQJ�� 7KH� LPSDFW� RI�
SHUVRQDOLW\� DQG� UHODWLRQVKLS� RQ�
FXVWRPHU� DGRSWLRQ�� ,QWHUQDWLRQDO�
-RXUQDO� RI� %DQN� 0DUNHWLQJ�� �������
���²�����

%HXQLQJHQ�� -�9��� 5X\WHU�� .�'��� :HW]HOV��
0��� 	� 6WUHXNHQV�� 6�� ��������
&XVWRPHU� VHOI�HIILFDF\� LQ�
WHFKQRORJ\�EDVHG� VHOI�VHUYLFH��
-RXUQDO�RI�6HUYLFH�5HVHDUFK�������������
����

%LUDQ�� 0��� 	� :LOVRQ�� *�� 7�� ��������
7UHDWPHQW� RI� SKRELF� GLVRUGHUV�
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XVLQJ� FRJQLWLYH� DQG� H[SRVXUH�
PHWKRGV�� $� VHOI�HIILFDF\� DQDO\VLV��
-RXUQDO� RI� &RQVXOWLQJ� DQG� &OLQLFDO�
3V\FKRORJ\��������������

%URPLGHK��$�$�� ��������)DFWRUV�DIIHFWLQJ�
FXVWRPHU� H�UHDGLQHVV� WR� HPEUDFH�
DXWR� H�LQVXUDQFH� LQ� ,UDQ�� -RXUQDO� RI�
,QWHUQHW�%DQNLQJ�DQG�&RPPHUFH���������

&KHRQ��-���/HH��6���&URRNV��6�0���	�6RQJ��
-�� �������� $Q� LQYHVWLJDWLRQ� RI�
PRELOH� OHDUQLQJ�UHDGLQHVV� LQ�KLJKHU�
HGXFDWLRQ� EDVHG� RQ� WKH� WKHRU\� RI�
SODQQHG� EHKDYLRU�� &RPSXWHUV� 	�
(GXFDWLRQ��������������

&KXQJ�� 1��� +DQ�� +��� 	� -RXQ�� <�� �������
7RXULVWV·� LQWHQWLRQ� WR� YLVLW�
GHVWLQDWLRQ�� 5ROH� RI� DXJPHQWHG�
UHDOLW\�DSSOLFDWLRQV�IRU�KHULWDJH�VLWH��
&RPSXWHUV�LQ�+XPDQ�%HKDYLRU���

&KXUFKLOO�� '��� 	� &KXUFKLOO�� 1�� ��������
(GXFDWLRQDO� DIIRUGDQFHV� RI� 3'$V��
$� VWXG\� RI� D� WHDFKHU·V� H[SORUDWLRQ�
RI� WKLV� WHFKQRORJ\�� &RPSXWHUV� 	�
(GXFDWLRQ��������������������

'DYLV��)��'����������3HUFHLYHG�XVHIXOQHVV��
SHUFHLYHG� HDVH� RI� XVH�� DQG� XVHU�
DFFHSWDQFH� RI� LQIRUPDWLRQ�
WHFKQRORJ\�� 0,6� 4XDUWHUO\�� �������
���²����

'H�5LYHUDO�� -�� ��������$�VWUXFWXUDO� WKHRU\�
RI� WKH� HPRWLRQV�� 1HZ� <RUN��
,QWHUQDWLRQDO�8QLYHUVLWLHV�3UHVV���

)HOW]�� '�� /��� /DQGHUV�� '��0���	�5DHGHU��
8�� �������� (QKDQFLQJ� VHOI�HIILFDF\�
LQ� KLJK�DYRLGDQFH� PRWRU� WDVNV�� $�
FRPSDULVRQ� RI� PRGHOLQJ�
WHFKQLTXHV��-RXUQDO�RI�6SRUW�3V\FKRORJ\��
���������������

)ULGMD��1�+���.XLSHUV��3���	�6FKXUH��(�7��
��������5HODWLRQV�$PRQJ�(PRWLRQ��
$SSUDLVDO�� DQG� (PRWLRQDO� $FWLRQ�
5HDGLQHVV�� -RXUQDO� RI� 3HUVRQDOLW\� DQG�
6RFLDO�3V\FKRORJ\������������������

*HVHOO�� $�� /�� �������� ,QIDQF\� DQG� +XPDQ�
*URZWK��1<��0DFPLOODQ��

+DP]DK�� $�� 	� 0XVWDID�� 6�� (�� ��������
'LJLWDO� 5HDGLQHVV� RI� 0DOD\VLDQ�
-RXUQDOLVWV�� $GYDQFHV� LQ� -RXUQDOLVP�
DQG�&RPPXQLFDWLRQ������������

+LUVFKPDQ��(��&����������,QQRYDWLYHQHVV��
QRYHOW\� VHHNLQJ�� DQG� FRQVXPHU�
FUHDWLYLW\��-RXUQDO�RI� FRQVXPHU�UHVHDUFK��
���������������

+RUULJDQ�� -�%�� �������� 'LJLWDO� 5HDGLQHVV�
*DSV��3HZ�5HVHDUFK�&HQWHU��

+RUWRQ�� :�� �������� (�OHDUQLQJ� E\� GHVLJQ��
6DQ�)UDQFLVFR��&$��3IHLIIHU�

-DPHV�� -�� �������� 'LJLWDO� 3UHSDUHGQHVV�
9HUVXV� WKH� 'LJLWDO� 'LYLGH�� $�
&RQIXVLRQ� RI� 0HDQV� DQG� (QGV��
-RXUQDO� RI� 7KH� $PHULFDQ� 6RFLHW\� IRU�
,QIRUPDWLRQ� 6FLHQFH� DQG� 7HFKQRORJ\��
����������²����

-DPHV�� -�� �������� ,QWHUQHW� VNLOOV� LQ�
GHYHORSLQJ� FRXQWULHV�� KRZ� PXFK�
GR� ZH� NQRZ"� ,QIRUPDWLRQ�
'HYHORSPHQW�����������²���

.DWVRXOL�� (�� �������� ,QYHVWLJDWLQJ� WKH�
,PSDFW� RI� 7HFKQRORJ\� DQG�
1HWZRUN� 5HDGLQHVV� RQ� 1DWLRQDO�
&RPSHWLWLYHQHVV�� -RXUQDO� RI�
,QIRUPDWLRQ� 7HFKQRORJ\� ,PSDFW�� ������
���������

.DW]�� 5�� &��� 6WRXW�� $�� /��� +RPH�� 0���
7D\ORU�� &�� %��� 	� $JUDV�� :�� 6��
�������� 7KH� XVH� RI� SURSUDQRORO� LQ� WKH�
WUHDWPHQW� RI� VHYHUH� VSLGHU� SKRELFV��
8QSXEOLVKHG� PDQXVFULSW�� 6WDQIRUG�
8QLYHUVLW\��

.ORSIHU�� (��� 6TXLUH�� .��� 	� -HQNLQV�� +��
�������� (QYLURQPHQWDO� GHWHFWLYHV��
3'$V� DV� D� ZLQGRZ� LQWR� D� YLUWXDO�
VLPXODWHG� ZRUOG�� ,Q� :LUHOHVV� DQG�
0RELOH�7HFKQRORJLHV�LQ�(GXFDWLRQ��������
3URFHHGLQJV�� ,(((� ,QWHUQDWLRQDO�
:RUNVKRS�RQ��SS����������,(((��

/DL�� -�� 	�2QJ�� &�� �������� $VVHVVLQJ� DQG�
PDQDJLQJ�HPSOR\HHV�IRU�HPEUDFLQJ�
FKDQJH�� $� PXOWLSOH�LWHP� VFDOH� WR�
PHDVXUH� HPSOR\HH� UHDGLQHVV� IRU� H�
EXVLQHVV��7HFKQRYDWLRQ�������������

/LOMDQGHU��9���*LOOEHUJ��)���*XPPHUXV��-���
	� 5LHO�� $�� ������� 7HFKQRORJ\�
UHDGLQHVV� DQG� WKH� HYDOXDWLRQ� DQG�
DGRSWLRQ� RI� VHOI�VHUYLFH�
WHFKQRORJLHV�� -RXUQDO� RI�5HWDLOLQJ� DQG�
&RQVXPHU�6HUYLFHV���������������
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/LQ�� &�� +��� 6KLK�� +�� <��� 	� 6KHU�� 3�� -��
�������� ,QWHJUDWLQJ� WHFKQRORJ\�
UHDGLQHVV� LQWR� WHFKQRORJ\�
DFFHSWDQFH�� 7KH� 75$0� PRGHO��
3V\FKRORJ\�	�0DUNHWLQJ�� ������� ���²
�����

/LQ�� +�+��� /LQ�� 6��� <HK�� &�+�� 	� :DQJ��
<�6�� �������� 0HDVXULQJ� PRELOH�
OHDUQLQJ� UHDGLQHVV�� VFDOH�
GHYHORSPHQW�DQG�YDOLGDWLRQ��,QWHUQHW�
5HVHDUFK��������������������

/LQ��-��6��&���	�&KDQJ��+��&����������7KH�
UROH�RI�WHFKQRORJ\�UHDGLQHVV�LQ�VHOI�
VHUYLFH� WHFKQRORJ\� DFFHSWDQFH��
0DQDJLQJ�6HUYLFH�4XDOLW\������������²
�����

/LQ�� -�� 6��&���	�+VLHK�� 3�� /�� ��������7KH�
LQIOXHQFH� RI� WHFKQRORJ\� UHDGLQHVV�
RQ� VDWLVIDFWLRQ� DQG� EHKDYLRUDO�
LQWHQWLRQV� WRZDUG� VHOI�VHUYLFH�
WHFKQRORJLHV�� &RPSXWHUV� LQ� +XPDQ�
%HKDYLRU�������������²������

0LGJOH\��'��)���	�'RZOLQJ��*��5����������
,QQRYDWLYHQHVV�� 7KH� FRQFHSW� DQG�
LWV�PHDVXUHPHQW�� -RXUQDO� RI� FRQVXPHU�
UHVHDUFK�����������������

1DLVPLWK�� /��� /RQVGDOH�� 3��� 9DYRXOD�� *��
1���	� 6KDUSOHV��0�� ��������0RELOH�
WHFKQRORJLHV�DQG�OHDUQLQJ��

2K�� -�� &��� <RRQ�� 6�� -��� 	� &KXQJ�� 1��
�������� 7KH� UROH� RI� WHFKQRORJ\�
UHDGLQHVV� LQ� FRQVXPHUV·� DGRSWLRQ�
RI�PRELOH�LQWHUQHW�VHUYLFHV�EHWZHHQ�
6RXWK� .RUHD� DQG� &KLQD��
,QWHUQDWLRQDO� -RXUQDO� RI� 0RELOH�
&RPPXQLFDWLRQV������������²�����

3DUDVXUDPDQ�� $�� ������� 7HFKQRORJ\�
UHDGLQHVV�LQGH[��WUL��D�PXOWLSOH�LWHP�
VFDOH� WR� PHDVXUH� UHDGLQHVV� WR�
HPEUDFH� QHZ� WHFKQRORJLHV�� -RXUQDO�
RI�6HUYLFH�5HVHDUFK��������������

3HWHUV�� .�� �������� P�/HDUQLQJ��
3RVLWLRQLQJ�HGXFDWRUV�IRU�D�PRELOH��
FRQQHFWHG� IXWXUH�� 7KH� ,QWHUQDWLRQDO�
5HYLHZ� RI� 5HVHDUFK� LQ� 2SHQ� DQG�
'LVWULEXWHG�/HDUQLQJ��������

3RWQLV�� '�3�� 	� 3DUGR�� 7�$�� ��������
0DSSLQJ� WKH� HYROXWLRQ� RI� H�
5HDGLQHVV�DVVHVVPHQWV��7UDQVIRUPLQJ�

*RYHUQPHQW�� 3HRSOH�� 3URFHVV� DQG� 3ROLF\��
����������²������

3XOOHQ�� '�� /�� �(G���� ��������7HFKQROLWHUDF\��
'LVFRXUVH�� DQG� 6RFLDO� 3UDFWLFH��
)UDPHZRUNV� DQG� $SSOLFDWLRQV� LQ� WKH�
'LJLWDO� $JH�� )UDPHZRUNV� DQG�
$SSOLFDWLRQV� LQ� WKH� 'LJLWDO� $JH�� ,*,�
*OREDO�� �

3XQFKLKHZD��'�-�� ��������7KH�PHDVXUHPHQW�
RI�H�*RYHUQPHQW�UHDGLQHVV�LQ�6UL�/DQND��
VXUYH\�SHUVSHFWLYHV��,Q�WKH�3URFHHGLQJV�
RI� WKH� �QG� ,QWHUQDWLRQDO�
&RQIHUHQFH� RQ� H�*RYHUQDQFH��
IURP� SROLF\� WR� UHDOLW\�� ��WK�
1RYHPEHU� WR��WK�'HFHPEHU�������
&RORPER��6UL�/DQND�

4XDLFRH� -�6��	�3DWD��.�� ��������0RGHOOLQJ�
)DFWRUV�,QIOXHQFLQJ�'LJLWDO�5HDGLQHVV��$�
&DVH� RI� 7HDFKHUV� LQ� *KDQD·V� %DVLF�
6FKRRO�6\VWHP��,Q��/L�)���.ODPPD�5���
/DDQSHUH�0���=KDQJ�-���0DQMyQ�%���
/DX� 5�� �HGV�� $GYDQFHV� LQ� :HE�
%DVHG� /HDUQLQJ� ��� ,&:/� ������
/HFWXUH�1RWHV� LQ�&RPSXWHU�6FLHQFH��YRO�
������6SULQJHU��&KDP�

4XHHQVODQG� 'HSDUWPHQW� RI� 7UDGH� DQG�
,QGXVWU\� �������� &&,4� 'LJLWDO�
5HDGLQHVV�6WXG\�������

5RMDV�0pQGH]�� -�� ,��� 3DUDVXUDPDQ�� $��� 	�
3DSDGRSRXORV�� 1�� ��������
'HPRJUDSKLFV�� DWWLWXGHV�� DQG�
WHFKQRORJ\� UHDGLQHVV�� $� FURVV�
FXOWXUDO� DQDO\VLV� DQG� PRGHO�
YDOLGDWLRQ�� 0DUNHWLQJ� ,QWHOOLJHQFH� 	�
3ODQQLQJ����������������

6FKHUHU�� .�� 5�� �������� $SSUDLVDO� WKHRU\��
+DQGERRN� RI� FRJQLWLRQ� DQG� HPRWLRQ��
���������

6KDUSOHV�� 0�� �������� 7KH� GHVLJQ� RI�
SHUVRQDO� PRELOH� WHFKQRORJLHV� IRU�
OLIHORQJ� OHDUQLQJ�� &RPSXWHUV� 	�
(GXFDWLRQ��������������������

6KDYHU�� 3��� 6FKZDUWV�� -��� .LUVRQ�� '�� 	�
2·&RQQRU�� &�� �������� (PRWLRQ�
.QRZOHGJH��)XUWKHU�H[SORUDWLRQ�RI�
D� SURWRW\SH� DSSURDFK�� -RXUQDO� RI�
3HUVRQDOLW\� DQG� 6RFLDO� %HKDYLRU�� ����
�����������
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6RORPRQ�� *�� )�� �������� (PRWLRQDO� DQG�
SHUVRQDOLW\�IDFWRUV�LQ�WKH�RQVHW�DQG�
FRXUVH� RI� DXWRLPPXQH� GLVHDVH��
SDUWLFXODUO\� UKHXPDWRLG� DUWKULWLV��
3V\FKRQHXURLPPXQRORJ\�����������

7D\ORU��6��$���&HOXFK��.���	�*RRGZLQ��6���
��������7HFKQRORJ\�UHDGLQHVV�LQ�WKH�
H�LQVXUDQFH�LQGXVWU\��DQ�H[SORUDWRU\�
LQYHVWLJDWLRQ� DQG� GHYHORSPHQW� RI�
DQ�DJHQW�WHFKQRORJ\�H�FRQVXPSWLRQ�
PRGHO�� -RXUQDO� RI� ,QVXUDQFH�� ��� ����
���������

:DOF]XFK��5���/HPPLQN�� -���	�6WUHXNHQV��
6��� ������� 7KH� HIIHFW� RI� VHUYLFH�
HPSOR\HHV·�WHFKQRORJ\�UHDGLQHVV�RQ�
WHFKQRORJ\� DFFHSWDQFH�� ,QIRUPDWLRQ�
	�0DQDJHPHQW���������������

:HLVV��&��+���������.QRZOHGJH�FUHHS�DQG�
GHFLVLRQ� DFFUHWLRQ�� .QRZOHGJH��
&UHDWLRQ�� 'LIIXVLRQ�� 8WLOL]DWLRQ�� ������
���������

:HVWHUPDQ�� *��� '�� %RQQHW�� 	� 0F$IHH��
$�� �������� /HDGLQJ� 'LJLWDO�� 7XUQLQJ�
7HFKQRORJ\�LQWR�%XVLQHVV�7UDQVIRUPDWLRQ��
+DUYDUG�%XVLQHVV�3UHVV��

:RUOG� (FRQRPLF� )RUXP� �������� 7KH�
'LJLWDO� 0HGLD� 5HDGLQHVV� )UDPHZRUN��
:KLWH�3DSHU�RI� *OREDO� $JHQGD�
&RXQFLO� RQ� WKH� )XWXUH� RI� 0HGLD��
(QWHUWDLQPHQW�	�,QIRUPDWLRQ��

<XHQ�� 6�� &�� <��� 	� <XHQ�� 3�� .�� ��������
0RELOH� OHDUQLQJ�� ,Q� (QF\FORSHGLD� RI�
LQIRUPDWLRQ� WHFKQRORJ\� FXUULFXOXP�
LQWHJUDWLRQ� �SS�� ���������� ,*,�
*OREDO�

�


