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'R�FDSDELOLWLHV�UHVLGH�LQ�ILUPV��LQ�UHJLRQV��RU�LQ�ERWK"�0RVW�PRGHOV�RI�UHODWHG�GLYHUVLILFDWLRQ��
EXLOGLQJ�RQ�WKH�HDUO\�ZRUN�RI�+LGDOJR�HW�DO����������H[DPLQH�KRZ�WKH�VWUXFWXUH�RI�HFRQRPLF�
DFWLYLW\�ZLWKLQ�D�UHJLRQ�FRQGLWLRQV�WKH�WUDMHFWRU\�RI�GLYHUVLILFDWLRQ��,QWHU�UHJLRQDO�IORZV�DUH�
VRPHWLPHV�DGGHG�WR�WKHVH�PRGHOV��7KH�ORJLF�KHUH�LV�WKDW�FDSDELOLWLHV�DUH�ODUJHO\�EXLOW�XS�ZLWKLQ�
UHJLRQV�DQG�VRPHWLPHV�VKDUHG�EHWZHHQ�WKHP��:H�FKDOOHQJH�WKDW�ORJLF��H[SORULQJ�ZKHWKHU�
FDSDELOLWLHV�DUH�PRUH�OLNHO\�WR�EH�EXLOW�ZLWKLQ�WKH�ILUP�DQG�WR�IORZ�DFURVV�VSDWLDO�ERXQGDULHV�WKDQ�
WKH\�DUH�WR�EH�EXLOW�ZLWKLQ�WKH�UHJLRQ�IORZLQJ�DFURVV�ILUP�ERXQGDULHV��$QDO\VLV�IRFXVHV�RQ�
&KLQHVH�SDWHQW�GDWD�VSDQQLQJ�����FLWLHV�RYHU�WKH�SHULRG������WR�������:H�GHYHORS�VWDQGDUG�
PRGHOV�RI�UHODWHG�GLYHUVLILFDWLRQ�EHIRUH�H[DPLQLQJ�KRZ�WKH�EUDQFKHV�RI�PXOWL�ORFDWLRQDO�ILUPV�
GLYHUVLI\�WKHLU�NQRZOHGJH�SRUWIROLRV��(YLGHQFH�VKRZV�WKDW�WKH�NQRZOHGJH�VWUXFWXUH�RI�ILUPV�LV�
PRUH�LPSRUWDQW�WKDQ�WKH�NQRZOHGJH�VWUXFWXUH�RI�UHJLRQV�LQ�VKDSLQJ�EUDQFK�GLYHUVLILFDWLRQ��:H�
VKRZ�WKDW�WKH�LQIOXHQFH�RI�WKH�ILUP�DQG�WKH�UHJLRQ�RQ�GLYHUVLILFDWLRQ�YDU\�VLJQLILFDQWO\�EHWZHHQ�
KHDGTXDUWHUV��+4��EUDQFKHV�DQG�QRQ�+4�EUDQFKHV�RI�ILUPV��DQG�EHWZHHQ�WKH�QRQ�+4�EUDQFKHV�
RI�ILUPV�WKDW�DUH�ORFDWHG�LQ�FRUH�DQG�SHULSKHUDO�FLWLHV�RI�&KLQD��

.H\ZRUGV��5HODWHG�GLYHUVLILFDWLRQ��3DWHQWV��&DSDELOLWLHV��&KLQD��
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6LQFH�WKH�SLRQHHULQJ�ZRUN�RI�3HQURVH��������DQG�&\HUW�DQG�0DUFK���������ILUP�KHWHURJHQHLW\�
KDV�EHHQ�D�FRUQHUVWRQH�RI�DWWHPSWV�WR�XQGHUVWDQG�FRPSHWLWLYH�DGYDQWDJH��$FFRUGLQJ�WR�WKH�
UHVRXUFH�EDVHG�YLHZ��WKH�GHYHORSPHQW�DQG�SURWHFWLRQ�RI�ILUP�VSHFLILF�DVVHWV�XQGHUSLQV�WKH�
KHWHURJHQHLW\�WKDW�IXHOV�FRPSHWLWLRQ��:HUQHUIHOW��������5XPHOW��������%DUQH\���������3UDKDODG�
DQG�+DPHO��������EXLOG�WKHLU�UHVRXUFH�EDVHG�PRGHO�RI�ILUP�SHUIRUPDQFH�DURXQG�ILUP�
FRPSHWHQFH�DQG�FDSDELOLWLHV��.RJXW�DQG�=DQGHU��������DQG�*UDQW��������H[WHQG�WKLV�ZRUN�LQWR�
WKH�UHDOP�RI�WHFKQRORJ\��7KHVH�DUJXPHQWV�DUH�SXW�LQ�PRWLRQ�E\�7HHFH�HW�DO���������������ZKR�
H[SORUH�WKH�G\QDPLFV�RI�FDSDELOLWLHV��H[WHQGLQJ�WKH�HYROXWLRQDU\�FODLPV�RI�1HOVRQ�DQG�:LQWHU�
�������LQ�SURFHVVHV�RI�VHDUFK�DQG�FUHDWLYH�GHVWUXFWLRQ�SRZHUHG�E\�FRPSHWLWLRQ��7KH�SDWK�
GHSHQGHQW�QDWXUH�RI�OHDUQLQJ�DQG�WKH�JUDGXDO�DFFXPXODWLRQ�RI�FDSDELOLWLHV�SODFHV�GLYHUVLILFDWLRQ�
DW�WKH�FHQWHU�RI�WKHVH�G\QDPLFV��

'LYHUVLILFDWLRQ�PD\�EH�XQGHUVWRRG�DV�WKH�HQWU\�RI�D�ILUP�LQWR�QHZ�W\SHV�RI�DFWLYLW\��5DPDQXMDP�
DQG�9DUDGDUDMDQ���������7KDW�DFWLYLW\�PLJKW�IRFXV�RQ�QHZ�SURGXFW�OLQHV��QHZ�PDUNHWV��QHZ�
WHFKQRORJLHV�RU�QHZ�IRUPV�RI�RUJDQL]DWLRQ��)ROORZLQJ�3HQURVH���������DV�ILUPV�OHDUQ�WR�XVH�WKHLU�
UHVRXUFHV�PRUH�HIILFLHQWO\��WKH\�EXLOG�XS�H[FHVV�FDSDFLW\�DQG�H[SORLW�SRVVLELOLWLHV�WKDW�DUH�QRW�WRR�
GLVWDQW�IURP�WKHLU�FRUH�FDSDELOLWLHV��,Q�WHUPV�RI�WHFKQRORJ\��WKH�ORFDO�QDWXUH�RI�VHDUFK�LV�ZHOO�
NQRZQ��$WNLQVRQ�DQG�6WLJOLW]��������6WXDUW�DQG�3RGROQ\��������DQG��IRU�PDQ\��UHSUHVHQWV�WKH�
UHFRPELQDWLRQ�RI�H[LVWLQJ�WHFKQRORJLFDO�FRPSHWHQFH�ZLWK�QHZ�LGHDV�WKDW�DUH�VRXUFHG�IURP�D�
WHFKQRORJ\�ODQGVFDSH�WKDW�LV�FRPSOH[�DQG�QRW�ZHOO�PDSSHG��)OHPLQJ�DQG�6RUHQVRQ���������2YHU�
WLPH��SDUWV�RI�WKH�WHFKQRORJ\�ODQGVFDSH�EHFRPH�OHVV�RI�D�WHUUD�LQFRJQLWD�DV�NQRZOHGJH�
FRPSOHPHQWDULWLHV�EHFRPH�PRUH�ZHOO�NQRZQ�VXSSRUWLQJ�IRUPV�RI�WHFKQRORJLFDO�³ORFN�LQ´�DQG�
UHODWHG�WUDMHFWRULHV�RI�WHFKQRORJLFDO�GLYHUVLILFDWLRQ��'RVL��������%UHVFKL�HW�DO���������/HWHQ�HW�DO���
�������+RZHYHU��SURFHVVHV�RI�FUHDWLYH�GHVWUXFWLRQ�FRQWLQXDOO\�UHZLUH�OLQNV�ZLWKLQ�NQRZOHGJH�
VSDFH�VXFK�WKDW�UHODWHG�GLYHUVLILFDWLRQ�PLJKW�DOZD\V�EH�FRQVLGHUHG�DV�HPHUJHQW��VHH�.RJOHU�HW�DO���
�������

:LWKLQ�HFRQRPLF�JHRJUDSK\�DQG�UHODWHG�ILHOGV��FRQVLGHUDEOH�DWWHQWLRQ�KDV�IRFXVHG�RQ�WKH�UHODWHG�
GLYHUVLILFDWLRQ�RI�PXOWL�ORFDWLRQDO�ILUPV�DQG�RI�WKH�FRXQWULHV�DQG�UHJLRQV�LQ�ZKLFK�WKH\�DUH�DFWLYH�
�3DYLWW�HW�DO���������&DQWZHOO�DQG�3LVFLWHOOR��������&DQWZHOO�DQG�,DPPDULQR���������7KH�UHFHQW�
LQWHUHVW�LQ�UHJLRQDO�GLYHUVLILFDWLRQ�PD\�EH�WUDFHG�WR�WKH�SURGXFW�VSDFH�UHVHDUFK�RI�+LGDOJR�HW�DO��
�������DQG�WR�WKH�ZRUN�RI�%RVFKPD�DQG�)UHQNHQ�RQ�UHJLRQDO�EUDQFKLQJ���������.H\�WR�WKHVH�
ZRUNV�LV�WKH�ILQGLQJ�WKDW�UHJLRQV�GR�QRW�GLYHUVLI\�DORQJ�UDQGRP�JURZWK�SDWKV��UDWKHU�WKH\�
DFFXPXODWH�FDSDELOLWLHV�WKDW�DUH�UHODWHG�WR�WKHLU�H[LVWLQJ�NQRZ�KRZ��%RVFKPD�DQG�,DPPDULQR��
������1HIINH�HW�DO���������%RVFKPD�HW�DO���������%DOODQG�HW�DO���������DQG�WR�WKH�NQRZOHGJH�VHWV��
RI�QHLJKERULQJ�UHJLRQV�ZLWK�ZKRP�WKH\�LQWHUDFW�PRUH�LQWHQVLYHO\��5LJE\���������7KH�IRFXV�RQ�
WKH�UHJLRQ�LQ�PXFK�RI�WKLV�OLWHUDWXUH�VXJJHVWV��DW�OHDVW�LPSOLFLWO\��WKDW�FDSDELOLWLHV�DUH�WHUULWRULDOO\�
HPEHGGHG�DQG�VKDUHG�E\�WKH�HFRQRPLF�DJHQWV�WKDW�FRPSULVH�WKH�UHJLRQDO�HFRQRP\��<HW��LV�WKLV�
WKH�FDVH"�:H�NQRZ�WKDW�WHFKQRORJ\�LV�KLJKO\�SURSULHWDU\�DQG�FORVHO\�JXDUGHG�E\�WKH�ILUP"�:KHUH�
WKHQ�GR�WHFKQRORJLFDO�FDSDELOLWLHV�UHVLGH"�

7KH�SULPDU\�UHVHDUFK�TXHVWLRQ�WKDW�WKLV�SDSHU�HQJDJHV�LV�ZKHWKHU�WKH�FDSDELOLWLHV�WKDW�LQIOXHQFH�
UHODWHG�WHFKQRORJLFDO�GLYHUVLILFDWLRQ�ZLWKLQ�PXOWL�ORFDWLRQDO�ILUPV�DUH�ORFDWHG�ZLWKLQ�WKH�UHJLRQV�



LQ�ZKLFK�WKH�ILUP¶V�EUDQFKHV�DUH�ORFDWHG��RU�ZKHWKHU�WKH\�DUH�ORFDWHG�ZLWKLQ�WKH�ILUP��,Q�WKH�
IRUPHU�FDVH��WKH�DVVXPSWLRQ�LV�WKDW�FDSDELOLWLHV�DUH�ORFNHG�LQ�UHJLRQV�DQG�PRYH�DFURVV�WKH�
ERXQGDULHV�RI�ILUPV�ZLWKLQ�HDFK�UHJLRQ��ZKLOH�WKH�ODWWHU�FDVH�VXJJHVWV�WKDW�FDSDELOLWLHV�DUH�KHOG�E\�
WKH�ILUP�DQG�PRYH�DFURVV�VSDFH�ZLWKLQ�WKH�ERXQGDULHV�RI�WKH�PXOWL�ORFDWLRQDO�EXVLQHVV�XQLW��7KLV�
UHVHDUFK�DGGV�YDOXH�WR�WKH�UHODWHG�GLYHUVLILFDWLRQ�OLWHUDWXUH�LQ�D�QXPEHU�RI�ZD\V��)LUVW��LW�H[WHQGV�
WKH�ZRUN�RI�/R�7XUFR�DQG�0DJJLRQL��������ZKR�H[DPLQH�ILUP�DQG�ORFDO�UHODWHGQHVV�LQ�SURGXFW�
GLYHUVLILFDWLRQ�LQ�7XUNH\�RYHU�D�VKRUW�WLPH�SHULRG�E\�IRFXVLQJ�RQ�WHFKQRORJLFDO�GLYHUVLILFDWLRQ�LQ�
&KLQHVH�FLWLHV�RYHU�WZHQW\�ILYH�\HDUV��6HFRQG��WKH�SDSHU�FRQWULEXWHV�WR�WKH�³DJHQWV�RI�FKDQJH´�
FODLPV�RI�1HIINH�HW�DO���������DQG�(OHNHV�HW�DO���������ZLWKLQ�DQRWKHU�GHYHORSLQJ�FRXQWU\�
FRQWH[W��XVLQJ�TXLWH�GLIIHUHQW�GDWD��7KLUG��WR�WKH�EHVW�RI�RXU�NQRZOHGJH��WKLV�LV�WKH�ILUVW�UHVHDUFK�WR�
H[DPLQH�UHODWHG�WHFKQRORJLFDO�GLYHUVLILFDWLRQ�DFURVV�&KLQHVH�FLWLHV��DQG�FHUWDLQO\�WKH�ILUVW�WR�
VHSDUDWH�WKH�LQIOXHQFH�RI�GLIIHUHQW�IRUPV�RI�UHODWHGQHVV�GHQVLW\�RQ�GLYHUVLILFDWLRQ�XVLQJ�SDWHQW�
GDWD��

7KH�FRUH�RI�WKH�UHVHDUFK�H[DPLQHV�KRZ�UHODWHG�WHFKQRORJLFDO�GLYHUVLILFDWLRQ�LQ�WKH�FLW\�OHYHO�
EUDQFKHV�RI�PXOWL�ORFDWLRQDO�&KLQHVH�ILUPV�LV�LQIOXHQFHG�E\�H[LVWLQJ�UHODWHGQHVV�GHQVLW\�ZLWKLQ�
WKH�EUDQFK��ZLWKLQ�WKH�ILUP�RI�ZKLFK�WKH�EUDQFK�LV�D�SDUW��DQG�ZLWKLQ�WKH�FLW\��RXWVLGH�WKH�ILUP��LQ�
ZKLFK�WKH�EUDQFK�LV�ORFDWHG��2XU�UHVXOWV�VKRZ�WKDW�WKH�UHODWHGQHVV�GHQVLW\�RI�H[LVWLQJ�
WHFKQRORJLFDO�DVVHWV�ZLWKLQ�WKH�ILUP�LV�PDQ\�WLPHV�PRUH�LPSRUWDQW�WKDQ�WKH�UHODWHGQHVV�GHQVLW\�RI�
WKH�FLW\¶V�DVVHWV�LQ�SUHGLFWLQJ�WKH�SDWK�RI�QHZ�WHFKQRORJ\�FUHDWLRQ�DW�WKH�EUDQFK�OHYHO��:H�JR�RQ�
WR�VHSDUDWH�WKH�KHDGTXDUWHUV��+4��EUDQFKHV�RI�PXOWL�ORFDWLRQDO�ILUPV�IURP�QRQ�+4�EUDQFKHV�DQG�
VKRZ�WKDW�WKH�UHODWLYH�LQIOXHQFH�RI�ILUP�DQG�FLW\�UHODWHGQHVV�YDU\�VLJQLILFDQWO\�EHWZHHQ�EUDQFK�
W\SHV��)LQDOO\��ZH�UHYHDO�VLJQLILFDQW�GLIIHUHQFHV�LQ�ILUP�DQG�ORFDO�UHODWHGQHVV�LPSDFWV�RQ�
GLYHUVLILFDWLRQ�LQ�QRQ�+4�HVWDEOLVKPHQWV�VHSDUDWHG�LQWR�FRUH�DQG�SHULSKHUDO�FLWLHV�LQ�&KLQD��
2YHUDOO��WKH�UHVXOWV�VXJJHVW�WKDW�QRQ�ORFDO��ILUP�VSHFLILF�FDSDELOLWLHV�SOD\�D�PXFK�PRUH�LPSRUWDQW�
UROH�LQ�WHFKQRORJLFDO�GLYHUVLILFDWLRQ�WKDQ�GR�SXUHO\�ORFDO�FDSDELOLWLHV��

7KH�UHVW�RI�WKH�SDSHU�LV�RUJDQL]HG�LQ�WKUHH�VHFWLRQV��,Q�6HFWLRQ����D�VKRUW�UHYLHZ�RI�WKH�OLWHUDWXUH�
KLJKOLJKWV�WKH�UROH�RI�UHODWHGQHVV�LQ�UHFHQW�WKLQNLQJ�DERXW�GLYHUVLILFDWLRQ�DQG�GLVFXVVHV�D�QXPEHU�
RI�H[WHQVLRQV�WR�HDUO\�PRGHOV�RI�UHODWHG�GLYHUVLILFDWLRQ��,Q�6HFWLRQ����ZH�SUHVHQW�RXU�GDWD�DQG�
DQDO\VLV��:H�PRYH�IURP�DQ�RYHUYLHZ�RI�VRXUFHV��WKURXJK�VRPH�GHVFULSWLYH�VWDWLVWLFV�E\�ZD\�RI�
VFHQH�VHWWLQJ��WR�DQDO\VLV�RI�WKH�VWDQGDUG�PRGHO�RI�UHJLRQDO�UHODWHG�GLYHUVLILFDWLRQ�DQG�WKHQ�WR�
WHFKQRORJLFDO�GLYHUVLILFDWLRQ�ZLWKLQ�WKH�EUDQFKHV�RI�D�VDPSOH�RI�PXOWL�ORFDWLRQDO�ILUPV��6HFWLRQ���
SURYLGHV�D�EULHI�FRQFOXVLRQ��VXPPDUL]LQJ�WKH�PDLQ�ILQGLQJV�DQG�WKHLU�LPSOLFDWLRQV�IRU�SRWHQWLDO�
IXWXUH�UHVHDUFK��

�
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7HUULWRULDO�HFRQRPLHV�FRPSULVH�DVVHPEODJHV�RI�HFRQRPLF�DJHQWV��LQVWLWXWLRQV�DQG�UHVRXUFHV�RI�
YDULRXV�NLQGV�WKDW�DUH�LQWHUFRQQHFWHG�ZLWK�VXFK�DVVHPEODJHV�HOVHZKHUH��&DSLWDOLVW�FRPSHWLWLRQ��
ZRUNHU�VWUXJJOH�DQG�SROLWLFDO�SUHVVXUHV�HPDQDWLQJ�IURP�HQYLURQPHQWDO�DQG�RWKHU�FRQFHUQV�GULYH�
FRQWLQXRXV�FKDQJH�LQ�WKHVH�DVVHPEODJHV�LQ�WHUPV�RI�WKH�PL[�RI�SURGXFWV�VXSSOLHG�DQG�WKH�
WHFKQRORJLHV�XVHG�WR�SURGXFH�WKHP��LQ�ILUP�RUJDQL]DWLRQ��LQWHU�ILUP�OLQNDJHV�DQG�LQVWLWXWLRQDO�



IRUPV�WKDW�RSHUDWH�DFURVV�PXOWLSOH�VSDWLDO�VFDOHV��6FKXPSHWHU��������7XVKPDQ�DQG�$QGHUVRQ��
�������0DQ\�RI�WKHVH�FKDQJHV�DUH�QRQ�UDQGRP��WKH\�HYROYH�RXW�RI�H[LVWLQJ�VHWV�RI�FDSDELOLWLHV��
VRPH�ORFDO�DQG�VRPH�QRW��WKDW�UHIOHFW�ORQJHU�UXQQLQJ�WUDMHFWRULHV�RI�FRPSHWLWLRQ�DQG�SDVW�FKRLFHV�
E\�ERXQGHGO\�UDWLRQDO�HFRQRPLF�DJHQWV��5LJE\�DQG�(VVOHW]ELFKOHU���������6HWV�RI�FDSDELOLWLHV�
W\SLFDOO\�HYROYH�UHODWLYH�VORZO\��WKRXJK�LQ�WLPHV�RI�FULVLV�HFRQRPLF�DGMXVWPHQW�FDQ�EH�DEUXSW�DQG�
SDLQIXO�DV�ILUPV�DQG�UHJLRQV�DUH�IRUFHG�WR�UHLQYHQW�WKHPVHOYHV��UDLVLQJ�LPSRUWDQW�TXHVWLRQV�DERXW�
UHVLOLHQFH��)UHHPDQ�DQG�3HUH]��������&KULVWHQVHQ��������*HHOV��������6LPPLH�DQG�0DUWLQ��
�������)RU�WKH�PRVW�SDUW��PDUNHW�IRUFHV�VHOHFW�WKH�SURGXFWV�WKDW�DUH�IDYRUHG�DQG�VR�GLUHFW�PRUH�
DJJUHJDWH�SDWWHUQV�RI�WHFKQRORJLFDO�FKDQJH��ILUP�DQG�UHJLRQDO�IRUWXQHV��1HOVRQ�DQG�:LQWHU��
�������

7KH�GLYHUVLILFDWLRQ�RI�UHJLRQDO�HFRQRPLHV�LV�H[DPLQHG�DV�D�EUDQFKLQJ�SURFHVV�E\�)UHQNHQ�DQG�
%RVFKPD���������LQ�ZKLFK�QHZ�DFWLYLWLHV�GUDZ�RQ�DQG�UHFRPELQH�UHODWHG�ORFDO�DVVHWV��.OHSSHU�
�������SULYLOHJHV�WKH�UROH�RI�WKH�ILUP�LQ�SURYLGLQJ�VXFK�DVVHWV��ZKLOH�6D[HQLDQ��������DQG�6WRUSHU�
�������ORRN�WR�SDUWLFXODU�FRQVWHOODWLRQV�RI�ORFDO�LQVWLWXWLRQV��7KH�EURDG�OLWHUDWXUH�RQ�
DJJORPHUDWLRQ��FOXVWHUV�DQG�OHDUQLQJ�UHJLRQV�SODFHV�PRUH�ZHLJKW�RQ�WKH�LPSRUWDQFH�RI�SODFH�
EDVHG�IDFWRUV��LQFOXGLQJ�WKH�PL[�RI�HFRQRPLF�DJHQWV�DQG�WKHLU�LQWHUDFWLRQ�DORQJ�ZLWK�ORFDO�VRFLDO�
FDSLWDO��LQ�GULYLQJ�WKH�SDWWHUQ�RI�UHJLRQDO�HFRQRPLF�GHYHORSPHQW��&DPDJQL��������*ODHVHU�HW�DO���
������/XQGYDOO��������0DLOODW��������*LXOLDQL�DQG�%HOO��������0RUJDQ���������2WKHUV�TXHVWLRQ�
WKH�VLJQLILFDQFH�RI�WKH�ORFDO�DVVHW�EDVH�DOWRJHWKHU��%DWKHOW�HW�DO���������)LWMDU�DQG�5RGULJXH]�3RVH��
�������

4XDQWLWDWLYH�DQDO\VLV�RI�UHJLRQDO�GLYHUVLILFDWLRQ�PD\�EH�WUDFHG�WR�+LGDOJR�HW�DO���������DQG�WKHLU�
XVH�RI�WKH�FRQFHSW�RI�UHODWHGQHVV�WR�H[SODLQ�KRZ�WKH�H[SRUW�EDVNHWV�RI�FRXQWULHV�HYROYH�DV�SDUW�RI�
WKH�SURFHVV�RI�GHYHORSPHQW��%RVFKPD�HW�DO���������EXLOG�RQ�SURGXFW�EDVHG�PHDVXUHV�RI�
UHODWHGQHVV�IURP�H[SRUW�GDWD�WR�WUDFH�WKH�HPHUJHQFH�RI�QHZ�LQGXVWULHV�DFURVV�6SDQLVK�UHJLRQV��
1HIINH�DQG�+HQQLQJ��������XWLOL]H�D�PHDVXUH�RI�LQGXVWU\�UHODWHGQHVV�EDVHG�RQ�RYHUODSSLQJ�
SURGXFW�SRUWIROLRV�WR�H[SORUH�WKH�FUHDWLRQ�RI�QHZ�JURZWK�SDWKV�ZLWKLQ�6ZHGLVK�UHJLRQV��7KH\�
VKRZ�WKDW�JURZWK�SDWKV�OLQNHG�WR�WKH�H[LVWLQJ�LQGXVWULDO�EDVH�RI�WKH�UHJLRQ�KDYH�D�KLJKHU�
SUREDELOLW\�RI�RFFXUULQJ��%DOODQG�HW�DO���������EXLOG�PHDVXUHV�RI�UHODWHGQHVV�EHWZHHQ�SDWHQW�
FODVVHV�WR�H[SODLQ�SDWWHUQV�RI�WHFKQRORJLFDO�GLYHUVLILFDWLRQ�DFURVV�86�FLWLHV��WR�ZKLFK�5LJE\�
�������DGGV�JHRJUDSKLFDO�VSLOORYHUV��&RORPEHOOL�HW�DO���������IROORZ�D�VLPLODU�SUR[LPLW\�EDVHG�
DSSURDFK�WR�H[SODLQ�WKH�HPHUJHQFH�RI�QDQRWHFKQRORJ\�LQ�(8�UHJLRQV��0XQHHSHHUDNXO�HW�DO��
�������ORRN�DW�WKH�G\QDPLFV�RI�UHJLRQDO�ODERU�PDUNHWV�E\�EXLOGLQJ�DQ�RFFXSDWLRQDO�PHDVXUH�RI�
UHODWHGQHVV��ZKLOH�)DULQKD�HW�DO���������XVH�D�VLPLODU�PHDVXUH�WR�H[DPLQH�WKH�FKDQJLQJ�JHRJUDSK\�
RI�MREV��7DQQHU��������SURYLGHV�VRPH�LPSRUWDQW�FRUUHFWLYHV�WR�WKH�EURDGHU�FODLPV�RI�PXFK�RI�WKLV�
HPSLULFDO�ZRUN��

5HJDUGOHVV�RI�WKH�PHDVXUH�RI�UHODWHGQHVV�XVHG��PRVW�RI�WKH�ZRUN�MXVW�H[DPLQHG�ORRNV�DW�
FDSDELOLWLHV�DV�EHLQJ�HPEHGGHG�ZLWKLQ�UHJLRQV��7KLV�JLYHV�ULVH�WR�PRGHOV�RI�GLYHUVLILFDWLRQ�ZKHUH�
H[LVWLQJ�UHJLRQDO�FDSDELOLWLHV�DUH�WKH�SULPDU\�GULYHUV�RI�WKH�GLUHFWLRQ�RI�HFRQRPLF�FKDQJH��)RU�
%HXJHOVGLMN���������VXFK�WKLQNLQJ�UDLVHV�FRQFHUQV�RI�DQ�HFRORJLFDO�IDOODF\��7R�EH�VXUH��WKH�IRFXV�
RQ�UHJLRQDO�DJJUHJDWHV�UHIOHFWV�WKH�GLIILFXOW\�RI�DFFHVVLQJ�ILUP�OHYHO�GDWD�RYHU�VSDFH��\HW�PXFK�
H[LVWLQJ�ZRUN�RQ�UHODWHGQHVV�DQG�GLYHUVLILFDWLRQ�UDLVHV�ROG�TXHVWLRQV�DERXW�WKH�UHODWLYH�



LPSRUWDQFH�RI�ILUP�DQG�UHJLRQDO�FKDUDFWHULVWLFV�LQ�XQGHUVWDQGLQJ�WKH�HFRQRPLF�G\QDPLFV�RI�
UHJLRQV��0DUNXVHQ�������6WHUQEHUJ�DQG�$UQGW��������%RVFKPD���������

,Q�HYROXWLRQDU\�HFRQRPLF�JHRJUDSK\��D�QXPEHU�RI�SDSHUV�KDYH�EHJXQ�WKH�SURFHVV�RI�XQSDFNLQJ�
UHJLRQDO�HFRQRPLF�GLYHUVLILFDWLRQ�VHHNLQJ�WR�LGHQWLI\�WKH�³DJHQWV�RI�FKDQJH´��1HIINH�HW�DO���
�������7KXV��/R�7XUFR�DQG�0DJJLRQL��������LQYHVWLJDWH�ZKHWKHU�WKH�DGGLWLRQ�RI�QHZ�SURGXFWV�WR�
D�ILUP¶V�SURGXFW�EDVNHW�LV�LQIOXHQFHG�E\�ORFDO�FDSDELOLWLHV�DV�ZHOO�DV�E\�WKH�ILUP¶V�LQWHUQDO�
FDSDELOLWLHV��7KH\�VKRZ��LQ�WKH�FDVH�RI�7XUNH\��WKDW�ERWK�ORFDO�DQG�ILUP�FDSDELOLWLHV�SOD\�D�
VLJQLILFDQW��SRVLWLYH�UROH�LQ�VKDSLQJ�SURGXFW�GLYHUVLILFDWLRQ�DIWHU�FRQWUROOLQJ�IRU�D�QXPEHU�RI�ILUP�
FKDUDFWHULVWLFV��7KH\�JR�RQ�WR�UHYHDO�WKDW�ILUP�FDSDELOLWLHV�DUH�PXFK�PRUH�LPSRUWDQW�WKDQ�ORFDO�
FDSDELOLWLHV�LQ�GLUHFWLQJ�QHZ�SURGXFW�GHYHORSPHQW��HVSHFLDOO\�LQ�PRUH�SHULSKHUDO�HDVWHUQ�
SURYLQFHV�RI�WKH�FRXQWU\��,Q�VXEVHTXHQW�SDSHUV��/R�7XUFR�DQG�0DJJLRQL��������DQG�(OHNHV�HW�DO��
�������ORRN�DW�WKH�UROH�RI�IRUHLJQ�PXOWL�QDWLRQDO�HQWHUSULVHV��01(V��YHUVXV�ORFDO�ILUPV�LQ�VKDSLQJ�
WKH�SDWK�RI�UHJLRQDO�HFRQRPLF�GLYHUVLILFDWLRQ�LQ�HPHUJLQJ�HFRQRPLHV��7KH\�ILQG�WKDW�H[WUD�
UHJLRQDO�IORZV�RI�NQRZOHGJH��WUDQVPLWWHG�YLD�IRUHLJQ�01(V��SOD\�WKH�GRPLQDQW�UROH�LQ�ORFDO�
HFRQRPLF�GLVFRYHU\��7KLV�H[WHQGV�WKH�HDUOLHU�ZRUN�RI�&DQWZHOO�DQG�3LVFLWHOOR��������DQG�
%RVFKPD�DQG�,DPPDULQR��������RQ�WKH�VLJQLILFDQFH�RI�01(V�LQ�WUDQVPLWWLQJ�NQRZOHGJH�RYHU�
VSDFH��

:LWKLQ�WKH�FRQWH[W�RI�&KLQD��D�QXPEHU�RI�DXWKRUV�KDYH�EHJXQ�WR�RXWOLQH�SDWWHUQV�RI�
GLYHUVLILFDWLRQ�DFURVV�ILUPV�DQG�UHJLRQV��,Q�DQ�HDUO\�VWXG\��=KDR�DQG�/XR��������H[SORUH�SURGXFW�
GLYHUVLILFDWLRQ��WKH�RZQHUVKLS�VWUXFWXUH�DQG�SHUIRUPDQFH�RI�IRUHLJQ�PDQXIDFWXULQJ�VXEVLGLDULHV�
RSHUDWLQJ�LQ�&KLQD��7KH\�UHSRUW�WKDW�UHODWHG�SURGXFW�GLYHUVLILFDWLRQ�LPSURYHV�VXEVLGLDU\�
SHUIRUPDQFH�RYHU�XQUHODWHG�GLYHUVLILFDWLRQ��/LQ�DQG�:DQJ��������VKRZ�WKDW�UHJLRQDO�LQGXVWULDO�
GLYHUVLILFDWLRQ�LV�OLQNHG�WR�ODWHQW�SDWWHUQV�RI�FRPSDUDWLYH�DGYDQWDJH��8VLQJ�ILUP�OHYHO�H[SRUW�GDWD�
IRU�WKH�SHULRG����������3RQFHW�DQG�:DOGHPDU��������XVH�WKH�PHDVXUH�RI�SURGXFW�UHODWHGQHVV�
IURP�+LGDOJR�HW�DO���������WR�H[SORUH�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�H[SRUW�SHUIRUPDQFH�RI�ILUPV�
DQG�SDWWHUQV�RI�FRPSDUDWLYH�DGYDQWDJH�DW�WKH�FLW\�OHYHO��7KH\�UHYHDO�WKDW�ILUP�OHYHO�H[SRUWV�JURZ�
IDVWHU�IRU�SURGXFWV�WKDW�KDYH�KLJKHU�UHODWHGQHVV�GHQVLW\�WR�WKH�SURGXFW�VSDFHV�RI�FLWLHV�IURP�ZKLFK�
H[SRUWV�RULJLQDWH��:DQJ�HW�DO���������XVH�&KLQHVH�SDWHQW�GDWD�WR�VWXG\�KRZ�WKH�UHODWLRQVKLS�
EHWZHHQ�WKH�YROXPH�RI�LQYHQWLRQ�DQG�WHFKQRORJLFDO�GLYHUVLILFDWLRQ�LQ�&KLQD�KDV�HYROYHG��DIWHU�
$UFKLEXJL�DQG�3LDQWD��������DQG�&DQWZHOO�DQG�9HUWRYD���������7KLV�ZRUN�LV�H[WHQGHG�E\�:DQJ�
HW�DO���������ZKR�OLQN�WHFKQRORJLFDO�GLYHUVLILFDWLRQ�WR�WKH�LQQRYDWLRQ�FDSDELOLW\�RI�&KLQHVH�
SURYLQFHV��8VLQJ�DQQXDO�ILUP�VXUYH\�GDWD��*XR�DQG�+H��������UHSRUW�KRZ�LQGXVWU\�UHODWHGQHVV�
KDV�FKDQJHG�UDSLGO\�DFURVV�GLIIHUHQW�UHJLRQV�LQ�&KLQD��7KH\�VKRZ�WKDW�UHODWHG�GLYHUVLILFDWLRQ�
FKDUDFWHUL]HV�WKH�HYROXWLRQ�RI�LQGXVWU\�VSDFH�LQ�FRDVWDO�UHJLRQV��ZKLOH�PRUH�XQUHODWHG�IRUPV�RI�
GLYHUVLILFDWLRQ�DUH�IRXQG�HOVHZKHUH��8VLQJ�FLW\�OHYHO�H[SRUW�GDWD��=KX�HW�DO���������SXVK�WKLV�
ZRUN�D�OLWWOH�IXUWKHU��UHYHDOLQJ�WKDW�H[WUD�UHJLRQDO�OLQNDJHV��LQWHUQDO�LQQRYDWLRQ�DQG�VWDWH�SROLF\�
KDYH�DOORZHG�VRPH�&KLQHVH�UHJLRQV�WR�HQJDJH�LQ�QHZ�SDWK�FUHDWLRQ�DQG�HYROYH�PRUH�UDSLGO\�WKDQ�
RWKHUV��=KRX�HW�DO���������XVH�WKH�VDPH�H[SRUW�GDWD�LQ�DQ�DWWHPSW�WR�VHSDUDWH�UHJLRQ�DQG�ILUP�
HIIHFWV�RQ�UHODWHG�GLYHUVLILFDWLRQ��+RZHYHU��WKH\�DVVXPH�WKDW�HDFK�HVWDEOLVKPHQW�LQ�WKHLU�GDWD�
UHSUHVHQWV�D�XQLTXH�ILUP�DQG�WKXV�WKH\�GR�QRW�FDSWXUH�D�ILUP�HIIHFW�WKDW�OLQNV�GLYHUVLILFDWLRQ�
ZLWKLQ�SODQWV�WKDW�DUH�SDUW�RI�D�PXOWL�ORFDWLRQDO�ILUP��



7KHUH�LV�FRQVLGHUDEOH�ZRUN�OHIW�WR�GR�RQ�UHODWHG�GLYHUVLILFDWLRQ�DW�WKH�VXE�QDWLRQDO�OHYHO��
HVSHFLDOO\�LQ�&KLQD��7R�GDWH��WKHUH�KDV�EHHQ�QR�DQDO\VLV�RI�WHFKQRORJLFDO�GLYHUVLILFDWLRQ�DFURVV�
&KLQHVH�FLWLHV�XVLQJ�SDWHQW�GDWD��3DWHQW�GDWD�DUH�XVHIXO�LQVRIDU�DV�WKH\�RIIHU�WKH�UHVHDUFKHU�
UHODWHGQHVV�PHDVXUHV�WKDW�DUH�PXFK�HDVLHU�WR�XQGHUVWDQG�LQ�WHUPV�RI�NQRZOHGJH�EDVHG�RU�
FRJQLWLYH�SUR[LPLW\�WKDQ�WKH�FR�RFFXUUHQFH�PHDVXUHV�RI�+LGDOJR�HW�DO����������,QGHHG��LW�UHPDLQV�
XQFOHDU�WR�PDQ\��SUHFLVHO\�ZKDW�FR�RFFXUUHQFH�LV�DFWXDOO\�PHDVXULQJ��(VVOHW]ELFKOHU���������
)XUWKHUPRUH��ZH�VWLOO�GR�QRW�NQRZ�ZKHWKHU�GLYHUVLILFDWLRQ�LQ�LQGLYLGXDO�EXVLQHVV�HVWDEOLVKPHQWV�
LV�GULYHQ�PRUH�E\�UHJLRQ�HIIHFWV�RU�E\�ILUP�HIIHFWV��,Q�WKLV�UHJDUG��LW�LV�LPSRUWDQW�WR�VHSDUDWH�
UHODWHGQHVV�DW�WKH�EUDQFK��ILUP�DQG�UHJLRQ�OHYHOV��7KLV�LV�WKH�GLUHFWLRQ�ZH�WDNH�LQ�WKH�DQDO\VLV�
EHORZ��7KH�RWKHU�DGYDQWDJH�RI�WKH�SDWHQW�GDWD�RYHU�H[SRUWV�DQG�LQGXVWU\�GDWD�LV�WKH�DYDLODELOLW\�RI�
D�PXFK�ORQJHU�WLPH�VHULHV��

�

���'DWD�DQG�$QDO\VLV�

7KLV�VHFWLRQ�RI�WKH�SDSHU�FRPSULVHV�WKUHH�VXE�VHFWLRQV��7KH�ILUVW�VXE�VHFWLRQ�RXWOLQHV�RXU�SULPDU\�
GDWD�VRXUFH�DQG�SUHVHQWV�VRPH�EDVLF�GHVFULSWLYH�VWDWLVWLFV��7KH�VHFRQG�VXE�VHFWLRQ�H[DPLQHV�D�
VWDQGDUG�PRGHO�RI�UHODWHG�GLYHUVLILFDWLRQ��DIWHU�+LGDOJR�HW�DO����������WKDW�OLQNV�WKH�GHYHORSPHQW�
RI�QHZ�WHFKQRORJ\�FODVVHV�ZLWKLQ�&KLQHVH�FLWLHV�WR�WKH�UHODWHGQHVV�GHQVLW\�RI�WKHLU�H[LVWLQJ�SDWHQW�
VWRFNV��7KLV�VLPSOH�PRGHO�LV�H[WHQGHG�E\�LQFRUSRUDWLQJ�WHFKQRORJ\�VSLOORYHUV�RI�GLIIHUHQW�NLQGV�
IURP�QHLJKERULQJ�FLWLHV��7KH�WKLUG�VXE�VHFWLRQ�H[WHQGV�WKH�OLWHUDWXUH�RQ�SODFH�EDVHG�FDSDELOLWLHV�
WR�FRQVLGHU�WKH�LQIOXHQFH�RI�UHODWHGQHVV�GHQVLW\�DW�WKH�EUDQFK���ILUP��DQG�FLW\�OHYHO�RQ�
GLYHUVLILFDWLRQ�ZLWKLQ�WKH��FLW\�EDVHG��EUDQFKHV�RI�PXOWL�ORFDWLRQDO�ILUPV��

����6RXUFHV�RI�'DWD�DQG�'HVFULSWLYH�6WDWLVWLFV�

([SORUDWLRQ�RI�WKH�VWUXFWXUH�RI�NQRZOHGJH�LQ�&KLQHVH�FLWLHV�PDNHV�XVH�RI�GRPHVWLF�³LQYHQWLRQ´�
SDWHQWV�ILOHG�ZLWK�WKH�&KLQHVH�,QWHOOHFWXDO�3DWHQW�2IILFH��6,32���7R�WKH�EHVW�RI�RXU�NQRZOHGJH��
WKLV�LV�WKH�ILUVW�SDSHU�WR�H[DPLQH�WHFKQRORJLFDO�GLYHUVLILFDWLRQ�LQ�&KLQHVH�FLWLHV�XVLQJ�SDWHQW�GDWD��
3DWHQWV�KDYH�EHFRPH�WKH�VWDQGDUG�PHDQV�RI�WUDFNLQJ�NQRZOHGJH�SURGXFWLRQ�DQG�WKH�SDWWHUQ�RI�
WHFKQRORJLFDO�GLYHUVLILFDWLRQ�DW�WKH�VXE�QDWLRQDO�OHYHO��ODUJHO\�EHFDXVH�RI�WKHLU�DYDLODELOLW\�DQG�
WKH�ZHDOWK�RI�LQIRUPDWLRQ�WKH\�FRQWDLQ��)HOGPDQ�DQG�.RJOHU��������+RZHYHU��LW�VKRXOG�EH�
UHPHPEHUHG�WKDW�QRW�DOO�QHZ�NQRZOHGJH�LV�SDWHQWHG�DQG�WKDW�SDWHQW�VWDWLVWLFV�WKHPVHOYHV�DUH�
VRPHZKDW�ELDVHG�LQGLFDWRUV�RI�LQYHQWLRQ��DV�SRLQWHG�RXW�E\�3DYLWW��������DQG�*ULOLFKHV���������

:H�XVH�WKH�ILOLQJ��DSSOLFDWLRQ��GDWH�RQ�6,32�SDWHQWV�WR�PDUN�WKH�WLPLQJ�RI�LQYHQWLRQ��7KH�QDWXUH�
RI�WKH�NQRZOHGJH�SURGXFHG�LV�FKDUDFWHUL]HG�E\�WKH�,QWHUQDWLRQDO�3DWHQW�&ODVVLILFDWLRQ��,3&��FRGHV�
WKDW�DUH�OLVWHG�RQ�HDFK�SDWHQW��7KH�JHRJUDSK\�RI�&KLQHVH�SDWHQWV�LV�LQGLFDWHG�E\�WKH�ORFDWLRQ�RI�
WKH�SDWHQW�DVVLJQHH�V���3DWHQWV�ZLWK�PXOWLSOH�DVVLJQHHV�DUH�IUDFWLRQDOO\�VSOLW�EHWZHHQ�WKH�FLWLHV�
ZKHUH�WKRVH�DVVLJQHHV�DUH�ORFDWHG��1RWH�WKDW�PXOWL�ORFDWLRQDO�ILUPV�GR�QRW�UHJLVWHU�DOO�WKHLU�
SDWHQWV�DW�D�VLQJOH�KHDGTXDUWHUV�ORFDWLRQ��:H�H[SORLW�WKLV�IDFW�LQ�RXU�DQDO\VLV��7KH�SHULRG�RI�
LQYHVWLJDWLRQ�UXQV�IURP������WR������DQG�IRFXVHV�RQ���\HDU�WLPH�VWHSV��7KH�SDWHQWV�H[DPLQHG�DUH�
DOO�JUDQWHG��:H�VWRS�DQDO\VLV�LQ������EHFDXVH�RI�ULJKW�FHQVRULQJ�LQ�WKH�GDWD�WKDW�RFFXUV�EHFDXVH�
RI�WKH�WLPH�ODJ�EHWZHHQ�ILOLQJ�D�SDWHQW�DQG�LWV�JUDQW�GDWH��



7DEOH���UHSRUWV�WKH�JURZWK�RI�NQRZOHGJH�SURGXFWLRQ�LQ�&KLQD�VLQFH�������GLVDJJUHJDWHG�LQWR�
VHYHQ�PDMRU�FODVVHV�DIWHU�6FKPRFK����������7KH�,3&�LWVHOI�GLVWULEXWHV�SDWHQWV�DFURVV�HLJKW�PDLQ�
FODVVHV��EXW�WKDW�FODVVLILFDWLRQ�LV�QRW�DV�XVHIXO�LQ�WHUPV�RI�VHSDUDWLQJ�NH\�LQWHOOHFWXDO�FODLPV�E\�
EURDG�VHFWRU�RI�DSSOLFDWLRQ��7DNLQJ�WKH����\HDUV�EHWZHHQ�WKH�PLG�SRLQW�RI�RXU�ILUVW�WLPH�SHULRG�
����������DQG�WKH�PLG�SRLQW�RI�RXU�ODVW�WLPH�SHULRG������������WKH�QXPEHU�RI�LQYHQWRU�SDWHQWV�LQ�
&KLQD�H[SDQGHG�DW�DQ�DQQXDO�DYHUDJH�FRPSRXQG�JURZWK�UDWH�RI��������7KDW�LV�DQ�DVWRQLVKLQJ�
UDWH�RI�LQFUHDVH��0RVW�JDLQV�KDYH�RFFXUUHG�VLQFH�������VR�WKH�UHFHQW�JURZWK�LQ�NQRZOHGJH�
SURGXFWLRQ�ZLWKLQ�&KLQD�LV�UHPDUNDEOH��7KDW�JURZWK�LV�UHODWLYHO\�HYHQO\�EDODQFHG�DFURVV�WKH�
VHYHQ�PDLQ�FODVVHV�UHSRUWHG�LQ�7DEOH����ZLWK�GUXJV�DQG�SKDUPD�UHFRUGLQJ�WKH�ORZHVW�DQQXDO�
DYHUDJH�FRPSRXQG�UDWH�RI�JURZWK�DW�������DQG�WKH�HOHFWURQLFV�VHFWRU�H[SHULHQFLQJ�WKH�PRVW�
UDSLG�JURZWK�DW�FORVH�WR�����SHU�\HDU�RQ�DYHUDJH�EHWZHHQ�WKH�HDUO\�����V�DQG�������

�

7DEOH����$JJUHJDWH�SDWHQW�QXPEHUV�RYHU�WKUHH�WLPH�SHULRGV�

$JJUHJDWH�3DWHQW�&ODVV� �������� �������� �������� $QQXDO�5DWH�
RI�*URZWK�

(OHFWURQLFV� ������� �������� ��������� ������
&RPSXWHUV�	�

&RPPXQLFDWLRQV�
������� �������� ��������� ������

&KHPLFDOV� ������� �������� ��������� ������
'UXJV�	�3KDUPD� ������� �������� ��������� ������
,QGXVWULDO�3URFHVV� ������� �������� ��������� ������

0DFKLQHU\�	�7UDQVSRUW� ������� �������� ��������� ������
0LVFHOODQHRXV� ������� ������� ��������� ������

7RWDO� �������� ��������� ���������� ������
�

$OWKRXJK�GLIIHUHQW�FODVVHV�RI�SDWHQWV�KDYH�JURZQ�UHODWLYHO\�HYHQO\�LQ�WKH�SDVW����\HDUV��WKH�
VSDWLDO�VWUXFWXUH�RI�LQYHQWLRQ�FKDQJHG�D�JUHDW�GHDO��7DEOH���DQG�)LJXUH���UHYHDO�WKH�FKDQJLQJ�
JHRJUDSK\�RI�&KLQHVH�LQYHQWLRQ�VLQFH�������VHH�DOVR�6XQ���������7KH�JHRJUDSK\�RI�NQRZOHGJH�
SURGXFWLRQ�LQ�&KLQD��DW�OHDVW�DV�PHDVXUHG�E\�SDWHQWV��KDV�UHPDLQHG�UHODWLYHO\�FRQFHQWUDWHG��
WKRXJK�LW�KDV�PRYHG�VRXWKZDUGV��,Q������WR�������JXLGHG�E\�WKH�QDWLRQDO�HFRQRPLF�GHYHORSPHQW�
VWUDWHJ\��UHVRXUFH�EDVHG�FLWLHV��VXFK�DV�WKH�ROG�LQGXVWULDO�EDVHV�LQ�WKH�1RUWKHDVW�DQG�WKH�%RKDL�
5LP�UHJLVWHUHG�UHODWLYHO\�KLJK�QXPEHUV�RI�SDWHQWV��6RPH�SURYLQFLDO�FDSLWDOV�RU�UHJLRQDO�FHQWUDO�
FLWLHV��VXFK�DV�&KHQJGX��&KRQJTLQJ��=KHQJ]KRX��;L
DQ��:XKDQ��&KDQJVKD��DQG�/DQ]KRX��DOVR�
FDSWXUHG�D�KLJK�VKDUH�RI�SDWHQW�SURGXFWLRQ��,Q�WKH�PRVW�UHFHQW�SHULRG��������������LQYHQWLRQ�LQ�
&KLQD�LV�PDLQO\�GLVWULEXWHG�LQ�WKH�HDVWHUQ�FRDVWDO�DUHDV��UHIOHFWLQJ�WKHLU�GLYHUVLILHG�LQGXVWULDO�
VWUXFWXUH�DQG�DEXQGDQW�KXPDQ�FDSLWDO��7KH�%HLMLQJ�7LDQMLQ�DUHD�ZLWK�%HLMLQJ�DV�WKH�FHQWHU��WKH�
<DQJW]H�5LYHU�'HOWD�ZLWK�6KDQJKDL�DV�WKH�FHQWHU��DQG�WKH�3HDUO�5LYHU�'HOWD�ZLWK�6KHQ]KHQ�DV�WKH�
FHQWHU�KDYH�EHFRPH�NH\�QRGHV�RI�LQYHQWLRQ��

�

�

�



7DEOH����7RS����VLWHV�RI�LQYHQWLRQ�LQ�&KLQD�

5DQN� ���������� ���������� ����������
�� %HLMLQJ� ������ %HLMLQJ� ������� %HLMLQJ� ��������
�� 6KDQJKDL� ������ 6KDQJKDL� ������� 6KDQJKDL� ��������
�� 6KHQ\DQJ� ������ 6KHQ]KHQ� ������� 6KHQ]KHQ� ��������
�� 7LDQMLQ� ������ 7LDQMLQ� ������� 6X]KRX�-LDQJVX�� ��������
�� &KHQJGX� ������ +DQJ]KRX� ������ 4LQJGDR� �������
�� 1DQMLQJ� ���� &KDQJVKD� ������ 1DQMLQJ� �������
�� ;LDQ� ���� *XDQJ]KRX� ������ 7LDQMLQ� �������
�� :XKDQ� ���� 1DQMLQJ� ������ &KHQJGX� �������
�� *XDQJ]KRX� ���� :XKDQ� ������ &KDQJ]KRX� �������
��� 'DOLDQ� ���� &KHQJGX� ������ :X[L� �������

�

�

)LJXUH����3DWHQW�GLVWULEXWLRQ�LQ�&KLQHVH�FLWLHV����������DQG���������

�� �

�

)LJXUH���KLJKOLJKWV�SDWWHUQV�RI�FROODERUDWLRQ�LQ�NQRZOHGJH�SURGXFWLRQ�EHWZHHQ�DVVLJQHHV�ORFDWHG�
LQ�GLIIHUHQW�&KLQHVH�FLWLHV�LQ���������DQG����������7KH�WLHV�EHWZHHQ�HDFK�SDLU�RI�FLWLHV�UHIOHFW�
WKH�RYHUDOO�QXPEHU�RI�SDWHQW�FROODERUDWLRQV�WKDW�OLQN�WKHP��7KH�GDUNHU�WKH�FRORU�RI�WKH�WLHV��WKH�
PRUH�FRRSHUDWLRQ�EHWZHHQ�HFRQRPLF�DJHQWV�ZLWKLQ�HDFK�SDLU�RI�FLWLHV��,W�LV�FOHDU�IURP�)LJXUH���
WKDW�WKH�&KLQHVH�FLW\�FROODERUDWLRQ�QHWZRUN�KDV�FKDQJHG�PDUNHGO\�VLQFH�WKH�HDUO\�����V��,Q�WKH�
HDUO\�SHULRG��WKH�LQYHQWRU�FROODERUDWLRQ�QHWZRUN�ZDV�GRPLQDWHG�E\�D�VLQJOH�FHQWUDO�FLW\��%HLMLQJ��
7RGD\��WKH�FROODERUDWLRQ�QHWZRUN�LV�SRO\FHQWULF��IRFXVHG�RQ�%HLMLQJ��6KDQJKDL��6KHQ]KHQ�DQG�
&KHQJGX��:KLOH�LQWHU�FLW\�FROODERUDWLRQV�DUH�GRPLQDWHG�E\�WKHVH�IRXU�FLWLHV��LW�LV�LQWHUHVWLQJ�WR�
QRWH�WKDW�HFRQRPLF�DFWRUV�LQ�6KDQJKDL�DQG�6KHQ]KHQ�HQJDJH�LQ�FRQVLGHUDEOH�FROODERUDWLRQ�ZLWK�
UHJLRQDO�SDUWQHUV��PXFK�PRUH�VR�LQ�IDFW�WKDQ�DJHQWV�LQ�%HLMLQJ�DQG�&KHQJGX��7KLV�PD\�UHIOHFW�
UHJLRQDO�SROLF\�DQG�LQGXVWULDO�VWUXFWXUH��

�

�

�



)LJXUH����&ROODERUDWLYH�VWUXFWXUH�RI�&KLQHVH�XUEDQ�LQYHQWLRQ����������DQG���������

� �

,QYHVWLJDWLRQ�RI�WHFKQRORJLFDO�GLYHUVLILFDWLRQ�ZLWKLQ�&KLQHVH�FLWLHV�UHTXLUHV�FRQVWUXFWLRQ�RI�D�
&KLQHVH�NQRZOHGJH�VSDFH�WKDW�UHSUHVHQWV�WKH�GLVWDQFH�EHWZHHQ�,3&�WHFKQRORJ\�FODVVHV�DV�
UHFRUGHG�RQ�GRPHVWLF�&KLQHVH�SDWHQW�UHFRUGV��&R�FODVV�GDWD�JDWKHUHG�IURP�LQGLYLGXDO�SDWHQWV�DUH�
XVHG�WR�PHDVXUH�WKH�SUR[LPLW\�EHWZHHQ�DOO�SDLUV�RI�WKH�����,3&�FODVVHV�OLVWHG�RQ�WKH�6,32�GDWD�
VLQFH�������7KLV�WHFKQLTXH�IROORZV�WKH�HDUOLHU�ZRUN�RI�-DIIH���������(QJHOVPDQ�DQG�YDQ�5DDQ�
�������DQG�.RJOHU�HW�DO����������7R�PHDVXUH�WKH�SUR[LPLW\��RU�NQRZOHGJH�UHODWHGQHVV��EHWZHHQ�
SDWHQW�WHFKQRORJ\�FODVVHV�ZH�HPSOR\�WKH�IROORZLQJ�PHWKRG��/HW�P�LQGLFDWH�WKH�WRWDO�QXPEHU�RI�
SDWHQW�DSSOLFDWLRQV�LQ�WKH�JLYHQ�VXE�SHULRG��7KHQ��OHWܨ�௜௣ ൌ ͳ�LI�SDWHQW�UHFRUG�p�OLVWV�WKH�
FODVVLILFDWLRQ�FRGH�i��RWKHUZLVHܨ�௜௣ ൌ ͲǤ��1RWH�WKDW�i�UHSUHVHQWV�RQH�RI�WKH�����SULPDU\�
WHFKQRORJ\�FODVVHV�LQWR�ZKLFK�WKH�NQRZOHGJH�FRQWDLQHG�LQ�SDWHQWV�LV�FODVVLILHG��,Q�D�VXE�SHULRG��
WKH�WRWDO�QXPEHU�RI�SDWHQWV�WKDW�OLVW�WHFKQRORJ\�FODVV�i�LV�JLYHQ�E\� ௜ܰ ൌ σ ௜௣௣ܨ ��,Q�VLPLODU�IDVKLRQ��
WKH�QXPEHU�RI�LQGLYLGXDO�SDWHQWV�WKDW�OLVW�WKH�SDLU�RI�FR�FODVVHV�i�DQG�j�LV�LGHQWLILHG�E\�WKH�FRXQW�
௜ܰ௝ ൌ σ ௝௣௣ܨ௜௣ܨ ��5HSHDWLQJ�WKLV�FR�FODVV�FRXQW�IRU�DOO�SDLUV�RI�,3&�FODVVHV�\LHOGV�D�V\PPHWULF�

WHFKQRORJ\�FODVV�FR�RFFXUUHQFH�PDWUL[�C�WKH�HOHPHQWV�RI�ZKLFK�DUH�WKH�FR�FODVV�FRXQWV� ௜ܰ௝��7KH�
FR�FODVV�FRXQWV�DUH�FRQYHUWHG�LQWR�PHDVXUHV�RI�SUR[LPLW\�WKURXJK�GLYLVLRQ�E\�WKH�VTXDUH�URRW�RI�
WKH�SURGXFW�RI�WKH�QXPEHU�RI�SDWHQWV�LQ�HDFK�RI�WKH�WZR�FODVVHV��RU�

௜ܵ௝ ൌ ௜ܰ௝

ඥ ௜ܰ כ ௝ܰ
൘ �

ZKHUH� ௜ܵ௝�LV�DQ�HOHPHQW�RI�WKH�VWDQGDUGL]HG�FR�RFFXUUHQFH�PDWUL[��S��WKDW�LQGLFDWHV�WKH�
WHFKQRORJLFDO�SUR[LPLW\��RU�NQRZOHGJH�UHODWHGQHVV��EHWZHHQ�DOO�SDLUV�RI�SDWHQW�FODVVHV�LQ�D�JLYHQ�
SHULRG��7KH�HOHPHQWV�RQ�WKH�SULQFLSDO�GLDJRQDO�RI�S�DUH�VHW�WR����$Q� ௜ܵ௝�YDOXH�RI�]HUR�ZRXOG�
LQGLFDWH�WKDW�WKHUH�DUH�QR�SDWHQWV�LQ�D�JLYHQ�SHULRG�WKDW�FRQWDLQ�FODVV�FRGHV�i�DQG�j��

7KH�QHWZRUN�RI�WHFKQRORJLFDO�UHODWHGQHVV�DFURVV�WKH�����,3&�SDWHQW�FODVV�QRGHV�LV�PDSSHG�ZLWK�
WKH�DLG�RI�8&,1(7��%RUJDWWL�HW�DO����������7KH�YLVXDOL]DWLRQV�RI�WKH�&KLQHVH�NQRZOHGJH�VSDFH�LQ�
)LJXUH���DUH�JHQHUDWHG�ZLWK�WKH�*RZHU�VFDOLQJ�PHWULF��*RZHU���������7KH�QRGH�FRORUV�LQ�WKH�
ILJXUH�UHSUHVHQW�WKH�VHYHQ�DJJUHJDWH�WHFKQRORJ\�JURXSV�LGHQWLILHG�HDUOLHU�ZLWKLQ�WKH�,3&��1RGH�
VL]H�LQGLFDWHV�WKH�QXPEHU�RI�SDWHQWV�JUDQWHG�ZLWKLQ�D�FODVV��,Q���������WKH�ODUJHVW�QRGH�LV��$��.�
 �SUHSDUDWLRQV�IRU�PHGLFDO��GHQWDO�RU�WRLOHW�SXUSRVHV��ZLWK�������SDWHQWV��,Q����������WKH�ODUJHVW�
QRGH��*��)� �HOHFWULF�GLJLWDO�GDWD�SURFHVVLQJ��FRQWDLQV���������SDWHQWV��)LJXUH���VKRZV�WKDW�



WHFKQRORJ\�FODVVHV�FOXVWHU�ZLWKLQ�WKHLU�PRUH�DJJUHJDWH��FRORU��JURXSLQJV��7KH�FOXVWHULQJ�RU�
SUR[LPLW\�RI�WHFKQRORJ\�QRGHV�LQGLFDWHV�WKDW�WKH\�VKDUH�D�FRPPRQ�NQRZOHGJH�EDVH��7KH�FORVHU�
WKH�QRGHV��WKH�KLJKHU�WKH�UHODWHGQHVV�EHWZHHQ�WKHP�DQG�WKH�JUHDWHU�WKH�FRJQLWLYH�RYHUODS��7KH�
HOHFWURQLFV�FOXVWHU�LV�FOHDU�LQ�)LJXUH���IRU�WKH�SHULRG����������7KH�OLQNV�EHWZHHQ�WKH�FKHPLFDOV�
FODVVHV��EODFN��DQG�WKH�GUXJV�DQG�SKDUPD��\HOORZ��WHFKQRORJLHV�LV�DOVR�DSSDUHQW��)LJXUH���DOVR�
PDNH�FOHDU�WKH�UHODWLYHO\�UDSLG�VKLIW�LQ�WKH�QDWXUH�RI�&KLQHVH�LQYHQWLRQ��

�

)LJXUH����&KLQHVH�NQRZOHGJH�VSDFH����������DQG���������

1RWHV��5HG� �(OHFWURQLFV������*UHHQ� �&RPSXWHUV�	�&RPPXQLFDWLRQV������&KHPLFDOV� �%ODFN�
�����<HOORZ 'UXJV�	�3KDUPD������%OXH� �,QGXVWULDO�3URFHVV������3XUSOH� �0DFKLQHU\�	�
7UDQVSRUW������*UH\� �0LVFHOODQHRXV�����

�

7DEOH���UHSRUWV�WKH�DYHUDJH�UHODWHGQHVV�GHQVLW\�IRU�WKH�VHYHQ�DJJUHJDWH�WHFKQRORJ\�FODVVHV�RI�WKH�
,3&��7KH�UHODWHGQHVV�GHQVLW\�YDOXHV�DUH�DYHUDJHG��XQZHLJKWHG��DFURVV�WKH�����&KLQHVH�FLWLHV�WKDW�
ZH�LQYHVWLJDWH��7KH�UHODWHGQHVV�GHQVLW\�RI�WHFKQRORJ\�FODVV�i�LQ�FLW\�c�DW�WLPH t�LV�FDOFXODWHG�DV�

௜௖௧��ൌݕݐ݅ݏ݊݁ܦ�ݏݏ݁݊݀݁ݐ݈ܴܽ݁
σ ௌ೔ೕ೟כோ்஺೎ೕ೟ೕಯ೔

σ ௌ೔ೕ೟ೕಯ೔
�

ZKHUH�ܴܶܣ௖௝�LV�D�ELQDU\�������YDULDEOH�UHSUHVHQWLQJ�UHJLRQDO�WHFKQRORJLFDO�DGYDQWDJH��57$�WDNHV�
WKH�YDOXH���ZKHQ�WKH�FLW\�VKDUH�RI�SDWHQWV�LQ�FODVV�j�H[FHHGV�WKH�VKDUH�RI�D�UHIHUHQFH�UHJLRQ��
W\SLFDOO\�WKH�VXP�RI�JHRJUDSKLFDO�XQLWV�H[DPLQHG��,Q�WKLV�FDVH��WKH�UHIHUHQFH�UHJLRQ�FRPSULVHV�WKH�
����&KLQHVH�FLWLHV�H[DPLQHG��7KHVH�FLWLHV�DFFRXQWHG�IRU�������RI�DOO�&KLQHVH�SDWHQWV�JUDQWHG�
RYHU�WKH�SHULRG����������7KH�UHODWHGQHVV�GHQVLW\�YDOXHV�UDQJH�IURP���WR����ZLWK���LQGLFDWLQJ�WKDW�
D�FLW\�GRHV�QRW�KDYH�57$�LQ�DQ\�RI�WKH�WHFKQRORJ\�FODVVHV�j�WKDW�DUH�UHODWHG�WR�FODVV�i��$V�WKH�
UHODWHGQHVV�GHQVLW\�LQGH[�DSSURDFKHV����WKHQ�FLWLHV�KDYH�57$�LQ�NQRZOHGJH�VWRFNV�j�WKDW�DUH�
LQFUHDVLQJO\�VWURQJO\�UHODWHG�WR�WHFKQRORJ\�LQ�FODVV�i��,Q�RWKHU�ZRUGV��UHODWHGQHVV�GHQVLW\�UHIOHFWV�
WKH�SRWHQWLDO�RI�D�UHJLRQ�WR�GHYHORS�QHZ�WHFKQRORJLHV�EDVHG�RQ�H[LVWLQJ�FDSDELOLWLHV��%DOODQG�HW�
DO����������



7DEOH���LQGLFDWHV�WKDW�WKH�UHODWHGQHVV�GHQVLW\�LQ�HDFK�DJJUHJDWH�WHFKQRORJ\�FODVV�KDV�LQFUHDVHG�RQ�
DYHUDJH�ZLWKLQ�&KLQHVH�FLWLHV�RYHU�WKH�ODVW�WKLUW\�\HDUV�RU�VR��7KLV�PHDQV�WKDW�&KLQHVH�FLWLHV�DUH�
LQFUHDVLQJO\�VSHFLDOL]LQJ�LQ�WHUPV�RI�LQYHQWLRQ��VHH�DOVR�+RQJJDQJ�HW�DO����������$PRQJ�WKH�
VHYHQ�DJJUHJDWH�SDWHQW�FDWHJRULHV��WKH�UHODWHGQHVV�GHQVLW\�RI�'UXJV�DQG�3KDUPD�LV�WKH�KLJKHVW�LQ�
���������LQGLFDWLQJ�WKDW�LQYHQWLRQ�ZLWKLQ�WKLV�WHFKQRORJ\�JURXSLQJ�LV�WKH�PRVW�OLNHO\�WR�RFFXU�LQ�
FLWLHV�ZLWK�D�VWURQJ�NQRZOHGJH�FRUH�LQ�WKH�VDPH�FDWHJRU\��5HODWHGQHVV�GHQVLW\�LV�ORZHVW�LQ�&KLQD�
LQ�WKH�HOHFWURQLFV�VHFWRU�LQ����������,QYHQWLYH�VSHFLDOL]DWLRQ�DFURVV�&KLQHVH�FLWLHV�KDV�JURZQ�
IDVWHVW�LQ�WKH�0DFKLQHU\�DQG�7UDQVSRUW�FODVVHV�RI�WKH�,3&�DQG�WKH�OHDVW�UDSLGO\�LQ�'UXJV�DQG�
3KDUPD�FODVVHV��

�

7DEOH����$YHUDJH�UHODWHGQHVV�GHQVLW\�E\�WHFKQRORJ\�W\SH�DFURVV�FLWLHV�

$JJUHJDWH�3DWHQW�&ODVV� �������� �������� ��������
$QQXDO�
5DWH�RI�
*URZWK�

(OHFWURQLFV� ������� ������� ������� ������
&RPSXWHUV�	�

&RPPXQLFDWLRQV�
������� ������� ������� ������

&KHPLFDOV� ������� ������� ������� ������
'UXJV�	�3KDUPD� ������� ������� ������� ������
,QGXVWULDO�3URFHVV� ������� ������� ������� ������

0DFKLQHU\�	�7UDQVSRUW� ������� ������� ������� ������
0LVFHOODQHRXV� ������� ������� ������� ������

�

����$�0RGHO�RI�5HODWHG�'LYHUVLILFDWLRQ�

7KH�VWDQGDUG�PRGHO�RI�UHODWHG�GLYHUVLILFDWLRQ�LPDJLQHV�WKDW�FLWLHV��RU�UHJLRQV�DQG�FRXQWULHV��ZLOO�
GLYHUVLI\�LQWR�WKRVH�WHFKQRORJ\�FODVVHV�WKDW�DUH�UHODWHG�WR�WKHLU�H[LVWLQJ�WHFKQRORJLFDO�EDVH��7KH�
ORJLF�XQGHUSLQQLQJ�WKLV�PRGHO�LV�WKDW�WKH�HFRQRPLF�DJHQWV�WKDW�FRPSULVH�DQ�XUEDQ�HFRQRP\�EXLOG�
VHWV�RI�FDSDELOLWLHV�RYHU�WLPH�WKDW�DOORZ�WKHP�WR�SURGXFH�GLVWLQFW�W\SHV�RI�WHFKQRORJLFDO�
NQRZOHGJH��7KH�SDWK�GHSHQGHQW�QDWXUH�RI�FDSDELOLW\�GHYHORSPHQW�PHDQV�WKDW�FLWLHV�DQG�UHJLRQV�
GHYHORS�LQGXVWULDO�DQG�WHFKQRORJLFDO�UHSHUWRLUHV�WKDW�DUH�QRW�UDSLGO\�FKDQJHG��*UDEKHU��������
5LJE\�DQG�(VVOHW]ELFKOHU���������7KXV��RYHU�WLPH��WKH\�WHQG�WR�DFFXPXODWH�QHZ�VHWV�RI�
FDSDELOLWLHV�WKDW�DUH�FORVHO\�FRQQHFWHG�WR�WKHLU�H[LVWLQJ�NQRZOHGJH�FRUHV��

:H�WUDFN�WHFKQRORJLFDO�GLYHUVLILFDWLRQ�E\�WUDFLQJ�PHDVXUHV�RI�UHYHDOHG�WHFKQRORJLFDO�DGYDQWDJH�
�57$��IRU�DOO�WHFKQRORJ\�FODVVHV�ZLWKLQ�FLWLHV�IURP�RQH�WLPH�SHULRG�WR�WKH�QH[W��57$�LV�W\SLFDOO\�
H[SUHVVHG�DV�D�������ELQDU\�YDULDEOH�WKDW�WDNHV�WKH�YDOXH�RQH�ZKHQ�WKH�FLW\�VKDUH�RI�SDWHQWV�LQ�D�
FODVV�H[FHHGV�WKH�VKDUH�RI�D�UHIHUHQFH�UHJLRQ��W\SLFDOO\�WKH�VXP�RI�JHRJUDSKLFDO�XQLWV�H[DPLQHG��
,Q�WKLV�FDVH��WKH�UHIHUHQFH�UHJLRQ�FRPSULVHV�WKH�����&KLQHVH�FLWLHV�LQ�RXU�GDWD�IUDPH��:KHQ�DQ�
57$�YDOXH�VZLWFKHV�IURP�]HUR�WR�RQH��WKHQ�D�FLW\�KDV�VXFFHVVIXOO\�GLYHUVLILHG�LQWR�D�QHZ�
WHFKQRORJ\��&LWLHV�FDQ�ORVH�FDSDELOLWLHV�RYHU�WLPH��WKRXJK�WKH�IRFXV�KHUH�LV�RQ�WHFKQRORJLFDO�



HQWU\��:H�WHVW�WKH�LPSDFW�RI�UHODWHGQHVV�GHQVLW\�RQ�WHFKQRORJLFDO�GLYHUVLILFDWLRQ�ZLWK�D�IL[HG�
HIIHFWV�UHJUHVVLRQ�PRGHO�WKDW�WDNHV�WKH�IROORZLQJ�IRUP�

௜௖௧ܣܴܶ ൌ ଴ߚ ൅ ௜௖௧ିଵݕݐ݅ݏ݊݁ܦଵߚ ൅࢑ࢄ࢑ࢼ�௖௜௧ିଵߛ��௖ ൅ ௧ߛ ൅ߝ�௜௖௧��� � ����

,Q�HTXDWLRQ������WKH�GHSHQGHQW�YDULDEOH�LQGLFDWHV�57$�LQ�FLW\�c��WHFKQRORJ\�FODVV�i�DW�WLPH�t��
(TXDWLRQ�����PRGHOV�WKH�SUREDELOLW\�RI�D�FLW\�GHYHORSLQJ�57$�DV�D�IXQFWLRQ�RI�WKH�UHODWHGQHVV�
GHQVLW\�RI�D�WHFKQRORJ\�FODVV�WR�WKH�H[LVWLQJ�NQRZOHGJH�EDVH�RI�WKH�FLW\�UHFRUGHG�DW�WLPH�t-1��7KH�
UHODWHGQHVV�GHQVLW\�RI�WHFKQRORJ\�FODVV�i�LQ�FLW\�c�DW�WLPH�t�LV�FDOFXODWHG�DV�

௜௖௧��ൌݕݐ݅ݏ݊݁ܦ�ݏݏ݁݊݀݁ݐ݈ܴܽ݁
σ ௌ೔ೕ೟כோ்஺೎ೕ೟ೕಯ೔

σ ௌ೔ೕ೟ೕಯ೔
�

7KH�UHODWHGQHVV�GHQVLW\�YDOXHV�UDQJH�IURP���WR����ZLWK���LQGLFDWLQJ�WKDW�D�FLW\�GRHV�QRW�KDYH�57$�
LQ�DQ\�RI�WKH�WHFKQRORJ\�FODVVHV�j�WKDW�DUH�UHODWHG�WR�FODVV�i��$V�WKH�UHODWHGQHVV�GHQVLW\�LQGH[�
DSSURDFKHV����WKHQ�FLWLHV�KDYH�57$�LQ�NQRZOHGJH�VWRFNV�j�WKDW�DUH�LQFUHDVLQJO\�VWURQJO\�UHODWHG�
WR�WHFKQRORJ\�LQ�FODVV�i��,Q�RWKHU�ZRUGV��UHODWHGQHVV�GHQVLW\�UHIOHFWV�WKH�SRWHQWLDO�RI�D�UHJLRQ�WR�
GHYHORS�QHZ�WHFKQRORJLHV�EDVHG�RQ�H[LVWLQJ�FDSDELOLWLHV��%DOODQG�HW�DO����������

7KHRU\�VXJJHVWV�WKDW�WKH�GHQVLW\�YDULDEOH�VKRXOG�EH�SRVLWLYHO\�UHODWHG�WR�WKH�FKDQJH�LQ�57$��7KH�
WHUPࢄࢼ��LQ�HTXDWLRQ�����UHSUHVHQWV�D�VHULHV�RI�FLW\�FRQWURO�YDULDEOHV��:H�LQFOXGH�FLW\�VL]H�DV�
PHDVXUHG�E\�WKH�QXPEHU�RI�SDWHQWV�SURGXFHG��D�PHDVXUH�RI�WHFKQRORJLFDO�VSHFLDOL]DWLRQ�LQ�WKH�
FLW\�FDSWXUHG�LQ�D�WHFKQRORJ\�FODVV�+HUILQGDKO��DQG�D�PHDVXUH�RI�FRPSHWLWLRQ�RYHU�WHFKQRORJLFDO�
UHQWV�SUR[LHG�E\�WKH�QXPEHU�RI�ILUPV�DQG�RWKHU�RUJDQL]DWLRQV�WKDW�SDWHQW�LQ�D�FLW\�GLYLGHG�E\�WKH�
QXPEHU�RI�SDWHQWV��1RWH�WKDW�WKH�FRUUHODWLRQ�EHWZHHQ�WKH�FLW\¶V�SDWHQW�VXP�DQG�WKH�FRPSHWLWLRQ�
PHDVXUH�LV�U� ��������:H�ZRXOG�H[SHFW�FRPSHWLWLRQ�WR�LQFUHDVH�WKH�SUREDELOLW\�RI�57$�DV�
GLYHUVLILFDWLRQ�LV�D�NH\�FRPSHWLWLYH�VWUDWHJ\��,Q�VLPLODU�IDVKLRQ��ZH�ZRXOG�K\SRWKHVL]H�WKDW�WKH�
+HUILQGDKO�H[KLELW�D�QHJDWLYH�UHODWLRQVKLS�ZLWK�57$��DV�PRUH�VSHFLDOL]HG�FLWLHV�ZRXOG�WHQG�WR�
KDYH�57$�LQ�IHZHU�FODVVHV�WKDQ�OHVV�VSHFLDOL]HG�FLWLHV��/DUJHU�FLWLHV�WHQG�WR�EH�PRUH�GLYHUVH�DQG�
VR�FLW\�VL]H�PLJKW�EH�H[SHFWHG�WR�UDLVH�WKH�SUREDELOLW\�RI�HQWU\��

5HVXOWV�IURP�HVWLPDWLQJ�VOLJKWO\�GLIIHUHQW�YDULDQWV�RI�WKH�PRGHO�LQ�HTXDWLRQ�����DUH�UHSRUWHG�LQ�
7DEOH����7KH�ORJLW�PRGHO�LV�XVHG�EHFDXVH�RI�WKH�ELQDU\�GHSHQGHQW�YDULDEOH��0RGHO���LV�VXUHO\�
PLV�VSHFLILHG�DV�LW�LQFOXGHV�RQO\�UHODWHGQHVV�GHQVLW\�DV�DQ�LQGHSHQGHQW�YDULDEOH��7KLV�PRGHO�LV�
LQFRUSRUDWHG�DV�D�EDVHOLQH�LQ�RUGHU�WR�H[SORUH�FKDQJHV�LQ�WKH�UHODWHGQHVV�GHQVLW\�FRHIILFLHQW�ZLWK�
WKH�DGGLWLRQ�RI�YDULRXV�FRQWUROV��$V�K\SRWKHVL]HG��WKH�ODJJHG�YDOXH�RI�UHODWHGQHVV�GHQVLW\�LV�D�
SRVLWLYH�DQG�VLJQLILFDQW�SUHGLFWRU�RI�WHFKQRORJLFDO�GLYHUVLILFDWLRQ�DW�WKH�FLW\�OHYHO��7KH�FRHIILFLHQW�
LQ�WKH�PRGHO�UHSUHVHQWV�WKH�LPSDFW�RI�D�XQLW�FKDQJH�LQ�UHODWHGQHVV�GHQVLW\�RQ�WKH�ORJ�RGGV�RI�WKH�
SUREDELOLW\�RI�57$�EHLQJ�HVWDEOLVKHG�LQ�D�WHFKQRORJLFDO�FODVV��)XUWKHU�LQWHUSUHWDWLRQ�RI�WKH�ORJLW�
LV�JLYHQ�EHORZ��

0RGHO���LQFRUSRUDWHV�FLW\�OHYHO�FRYDULDWHV��7KH�+HUILQGDKO�RSHUDWHV�DV�H[SHFWHG��ZLWK�LQFUHDVHV�
LQ�WKH�WHFKQRORJLFDO�VSHFLDOL]DWLRQ�RI�FLWLHV�GDPSHQLQJ�WKH�SUREDELOLW\�RI�GLYHUVLILFDWLRQ��7KH�VLJQ�
RQ�WKH�FRPSHWLWLRQ�YDULDEOH�LV�DOVR�SRVLWLYH��DV�H[SHFWHG��WKRXJK�WKLV�YDULDEOH�LV�QRW�VLJQLILFDQW��
1RWH�WKDW�LI�ZH�GR�QRW�FOXVWHU�VWDQGDUG�HUURUV�DW�WKH�FLW\�OHYHO��WKH�FRPSHWLWLRQ�YDULDEOH�LV�
VLJQLILFDQW�DW�WKH������OHYHO��7KH�FLW\�VL]H�YDULDEOH��SDWHQW�VXP��KDV�D�FRHIILFLHQW�WKDW�LV�QHJDWLYH�



DQG�VLJQLILFDQW��FRXQWHU�WR�H[SHFWDWLRQV��7KXV��GLYHUVLILFDWLRQ�DSSHDUV�WR�VORZ�GRZQ�DV�FLWLHV�
H[SDQG�LQ�WHUPV�RI�WKH�QXPEHU�RI�RYHUDOO�SDWHQWV�WKH\�JHQHUDWH��0RGHO���DGGV�VSDWLDO�ODJV�WR�WKH�
DQDO\VLV��&RRUGLQDWHV�IRU�RXU�����&KLQHVH�FLWLHV�ZHUH�XVHG�WR�JHQHUDWH�DQ�LQYHUVH�GLVWDQFH�VSDWLDO�
ZHLJKWV�PDWUL[��7KH�SURGXFW�RI�WKLV�PDWUL[�DQG�WKH�HQWLUH�FLW\�WHFKQRORJ\�GHQVLW\�PDWUL[�SURYLGHV�
D�PHDVXUH�RI�WKH�LPSDFW�RI�UHODWHGQHVV�GHQVLW\�LQ�QHLJKERULQJ�FLWLHV�RQ�GLYHUVLILFDWLRQ�ZLWKLQ�D�
WDUJHW�FLW\��$�SRVLWLYH�FRHIILFLHQW�ZRXOG�VXJJHVW�WKDW�QHLJKERUV�ZLWK�NQRZOHGJH�VWRFNV�WKDW�DUH�
FORVHO\�UHODWHG�WR�D�SDUWLFXODU�WHFKQRORJ\�FODVV�ZRXOG�QRW�LQKLELW�D�VSHFLILF�FLW\�IURP�GLYHUVLI\LQJ�
LQWR�WKDW�VDPH�FODVV��$�SRVLWLYH�FRHIILFLHQW�PLJKW�LQGLFDWH�VRPH�GHJUHH�RI�NQRZOHGJH�VKDULQJ�
EHWZHHQ�QHLJKERULQJ�FLWLHV�UDWKHU�WKDQ�FRPSHWLWLRQ��7KH�FRHIILFLHQW�RQ�WKH�JHRJUDSKLFDO�VSLOORYHU�
YDULDEOH�LQ�0RGHO���LV�SRVLWLYH�DQG�VLJQLILFDQW��0RGHO���RIIHUV�D�PRUH�UHILQHG�YDULDQW�RI�WKH�
VSDWLDO�ODJ��LQFRUSRUDWLQJ�GLUHFW�HYLGHQFH�IURP�SDWHQW�GDWD�RQ�LQWHU�FLW\�FROODERUDWLRQ��)RU�HDFK���
\HDU�SHULRG�H[DPLQHG��ZH�ILQG�WKH�WRWDO�QXPEHU�RI�LQWHU�FLW\�FROODERUDWLRQV�E\�WHFKQRORJ\�FODVV�
UHSRUWHG�LQ�WKH�SDWHQW�UHFRUGV��7KH�SURGXFW�RI�WKLV�FROODERUDWLRQ�PDWUL[�DQG�WKH�FLW\�WHFKQRORJ\�
GHQVLW\�PDWUL[�\LHOGV�WKH�JHRJUDSK\�RI�FROODERUDWLRQ�YDULDEOH��7KH�FRHIILFLHQW�RQ�WKLV�YDULDEOH�LV�
DOVR�SRVLWLYH�DQG�VLJQLILFDQW��WKRXJK�QRW�TXLWH�DV�VWURQJ�DV�WKH�VSLOORYHU�HIIHFW���$FURVV�DOO�WKHVH�
PRGHOV��UHODWHGQHVV�GHQVLW\�KDV�D�VLPLODU�DQG�ODUJH�LQIOXHQFH�RQ�WKH�SUREDELOLW\�RI�WHFKQRORJLFDO�
GLYHUVLILFDWLRQ�ZLWKLQ�WKH�FLW\��7KLV�UHVXOW�PDWFKHV�WKRVH�W\SLFDOO\�UHSRUWHG�IRU�WHFKQRORJLFDO�
GLYHUVLILFDWLRQ�DFURVV�LQGXVWULDOL]HG�HFRQRPLHV��%RVFKPD��������5LJE\���������

�

7DEOH����/RJLW�UHJUHVVLRQV�RI�UHODWHG�GLYHUVLILFDWLRQ�

�������������������������������������������'HSHQGHQW�9DULDEOH��&LW\�57$�������������
� 0RGHO��� 0RGHO��� 0RGHO��� 0RGHO���

/DJ�UHODWHGQHVV�GHQVLW\� ������
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/DJ�FLW\�SDWHQW�VXP� � �������
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/DJ�FLW\�+HUILQGDKO� � �������
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/DJ�WHFKQRORJ\�FRPSHWLWLRQ� � �������
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/DJ�JHRJUDSK\�VSLOORYHU� � � ������


�
�������� �

/DJ�JHRJUDSK\�FROODERUDWLRQ� � � �
�
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�
���������

&RQVWDQW� �������
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7LPH�IL[HG�HIIHFWV� <HV� <HV� <HV� <HV�
&LW\�IL[HG�HIIHFWV� <HV� <HV� <HV� <HV�
2EVHUYDWLRQV� �������� �������� �������� ��������

1RWHV��$OO�PRGHOV�ZHUH�UXQ�ZLWK�UREXVW�VWDQGDUG�HUURUV�FOXVWHUHG�DW�WKH�FLW\�OHYHO��
�VLJQLILFDQW�DW�
WKH�����OHYHO��

�VLJQLILFDQW�DW�WKH������OHYHO��


�VLJQLILFDQW�DW�WKH������OHYHO��

�



$OO�WKH�PRGHOV�GLVFXVVHG�LQ�7DEOH���LQFOXGH�WLPH�DQG�FLW\�IL[HG�HIIHFWV�DQG�WKH\�LQFRUSRUDWH�
UREXVW�VWDQGDUG�HUURUV�FOXVWHUHG�DW�WKH�FLW\�OHYHO��7KLV�LV�WKH�DSSURSULDWH�IRUP�RI�WKH�UHODWHG�
GLYHUVLILFDWLRQ�PRGHO��%\�LQFOXGLQJ�FLW\�IL[HG�HIIHFWV��ZH�DUH�DYHUDJLQJ�WKH�LPSDFWV�RI�
UHODWHGQHVV�GHQVLW\�RQ�GLYHUVLILFDWLRQ�DFURVV�&KLQHVH�FLWLHV��ZKLOH�FRQWUROOLQJ�IRU�FLW\�VSHFLILF�
IDFWRUV�WKDW�PD\�LQIOXHQFH�OHYHOV�RI�GLYHUVLILFDWLRQ��7KH�FRHIILFLHQWV�LQ�WKH�PRGHO�DUH�ORJ�RGGV�
UDWLRV�WKDW�UHSRUW�KRZ�D�RQH�XQLW�FKDQJH�LQ�DQ�LQGHSHQGHQW�YDULDEOH�LQIOXHQFHV�WKH�ORJDULWKP�RI�
WKH�SUREDELOLW\�RI�WHFKQRORJLFDO�GLYHUVLILFDWLRQ�GLYLGHG�E\�WKH�SUREDELOLW\�RI�QR�WHFKQRORJLFDO�
GLYHUVLILFDWLRQ��7KH�ORJ�RGGV�UDWLRV�IRU�WKH�UHODWHGQHVV�GHQVLW\�YDULDEOHV�DUH�PRVWO\�DURXQG�WKH�
YDOXH������7KLV�YDOXH�LPSOLHV�WKDW�D�XQLW�FKDQJH�LQ�UHODWHGQHVV�GHQVLW\�ZRXOG�LQFUHDVH�WKH�
SUREDELOLW\�RI�WHFKQRORJLFDO�GLYHUVLILFDWLRQ�E\�DERXW������2I�FRXUVH�D�RQH�XQLW�FKDQJH�LQ�
UHODWHGQHVV�GHQVLW\�LV�XQOLNHO\�ZLWK�VXFK�YDOXHV�FRQVWUDLQHG�WR�WKH�UDQJH�RI���WR����8VLQJ�WKH�
PDUJLQV�FRPPDQG�LQ�67$7$��HYDOXDWHG�ZLWK�LQGHSHQGHQW�YDULDEOHV�DW�WKHLU�PHDQV��D�FKDQJH�RI�
RQH�VWDQGDUG�GHYLDWLRQ�LQ�UHODWHGQHVV�GHQVLW\�ZRXOG�LQFUHDVH�WKH�DYHUDJH�SUREDELOLW\�RI�
GLYHUVLILFDWLRQ�E\�DERXW�����

7LPH�IL[HG�HIIHFWV��WKDW�DUH�FRPPRQ�DFURVV�FLWLHV��FRQWURO�IRU�WHPSRUDO�VKRFNV�WR�WKH�
GLYHUVLILFDWLRQ�SURFHVV��1RWH�WKDW�ZH�JHW�EURDGO\�VLPLODU�UHVXOWV�RQ�NH\�YDULDEOHV�XVLQJ�WKH�OLQHDU�
SUREDELOLW\�PRGHO��:H�DOVR�JHW�D�SRVLWLYH�DQG�VLJQLILFDQW�FRHIILFLHQW�RQ�UHODWHGQHVV�GHQVLW\�LI�ZH�
VHW�WKH�PRGHO�XS�LQ�SDQHO�IRUP�ZKHUH�WKH�XQLWV�RI�REVHUYDWLRQ�DUH�WHFKQRORJ\�FODVVHV�ZLWKLQ�
FLWLHV��+RZHYHU��LQ�SDQHO�IRUP�WKH�IRFXV�RI�WKH�PRGHO�LV�RQ�KRZ�FKDQJHV�LQ�UHODWHGQHVV�GHQVLW\�
ZLWKLQ�D�FLW\�WHFKQRORJ\�FODVV�SDLU�LQIOXHQFHV�HQWU\��7KLV�PRGHO�GRHV�QRW�FDSWXUH�DV�ZHOO�KRZ�
LQGLYLGXDO�FLWLHV�GLYHUVLI\�DFURVV�WHFKQRORJ\�FODVVHV��

�

����5HODWHG�'LYHUVLILFDWLRQ�ZLWKLQ�0XOWL�/RFDWLRQDO�)LUPV��'R�&DSDELOLWLHV�5HVLGH�LQ�)LUPV�
RU�5HJLRQV"�

7KH�VWDQGDUG�PRGHO�RI�UHODWHG�GLYHUVLILFDWLRQ�LV�W\SLFDOO\�RSHUDWLRQDOL]HG�ZLWK�XQLWV�RI�
REVHUYDWLRQ�WKDW�DUH�VSDWLDO���FRXQWULHV��FLWLHV�RU�UHJLRQV��,Q�ODUJH�SDUW��WKLV�UHIOHFWV�WKH�DYDLODELOLW\�
RI�JHRJUDSKLFDO�LQIRUPDWLRQ�DQG�WKH�GLIILFXOW\�RI�DVVHPEOLQJ�ILUP�OHYHO�GDWD��'HYHORSPHQW�RI�WKH�
PRGHO�RYHU�VSDWLDO�XQLWV�SXVKHV�WKH�UHVHDUFKHU�WR�DVVXPH��DW�OHDVW�LPSOLFLWO\��WKDW�WKH�FDSDELOLWLHV�
WKDW�UHDOO\�FRXQW�DUH�ORFDWHG�ZLWKLQ�UHJLRQV��WKRXJK�WKH\�PD\�VRPHWLPHV�IORZ�EHWZHHQ�WKHP�DV�
WKH�DQDO\VLV�DERYH�LQGLFDWHV��)RU�WKH�PRVW�SDUW��WKHQ��FDSDELOLWLHV�DUH�VHHQ�DV�UHVLGLQJ�LQ�ORFDWLRQV�
UDWKHU�WKDQ�LQ�ILUPV��PRYLQJ�DFURVV�ILUP�ERXQGDULHV�ZLWKLQ�UHJLRQV�PRUH�UHDGLO\�WKDQ�WKH\�PRYH�
ZLWKLQ�ILUPV�DFURVV�VSDFH���+RZHYHU��WKHUH�DUH�VWURQJ�UHDVRQV�WR�GRXEW�WKLV�DVVXPSWLRQ��
HVSHFLDOO\�ZKHQ�GHDOLQJ�ZLWK�WHFKQRORJLHV�WKDW�WHQG�WR�EH�KLJKO\�SURSULHWDU\��,Q�WKLV�VXE�VHFWLRQ�
RI�WKH�SDSHU��ZH�H[SORUH�ZKHWKHU�HYLGHQFH�VXSSRUWV�WKH�QRWLRQ�WKDW�FDSDELOLWLHV�DUH�ORFDWHG�ZLWKLQ�
ILUPV�RU�ZLWKLQ�UHJLRQV��

2I�FRXUVH��LI�FDSDELOLWLHV�UHVLGH�LQ�ILUPV��WKHQ�LW�PLJKW�EH�VDLG�WKDW�FHUWDLQ�FDSDELOLWLHV�DUH�DOVR�
ORFDWHG�LQ�WKH�UHJLRQV�ZKHUH�VSHFLILF�ILUPV�RSHUDWH��6WLOO��ZH�PXVW�EH�FDUHIXO�RQ�WKLV�LVVXH�
EHFDXVH�D�JUHDW�GHDO�RI�DQDO\VLV�ZLWKLQ�HFRQRPLF�JHRJUDSK\�DVVXPHV�WKDW�WKH�FR�ORFDWLRQ�RI�
HFRQRPLF�DJHQWV�LPSOLHV�VRPH�VKDULQJ�RI�FDSDELOLWLHV�DQG�WKH�HPHUJHQFH�RI�SODFH�VSHFLILF�DVVHWV�
DQG�UHODWLRQVKLSV�WKDW�IXHO�UHJLRQDO�SHUIRUPDQFH��:KLOH�LW�LV�XQGRXEWHGO\�WKH�FDVH�WKDW�SODFH�



VSHFLILF�DVVHWV�RI�WDQJLEOH�DQG�LQWDQJLEOH�NLQGV�GR�HPHUJH�ZLWKLQ�HFRQRPLF�FOXVWHUV��6WRUSHU��
������%DOGZLQ�HW�DO���������WKH�LPSDFWV�RI�WKHVH�DVVHWV�DUH�KHWHURJHQHRXV��1HIINH��������3RWWHU�
DQG�:DWWV��������5LJE\�DQG�%URZQ��������DQG�QRW�EURDGO\�TXDQWLILHG��,Q�WKH�DQDO\VLV�EHORZ��ZH�
VHSDUDWH�WKH�LQIOXHQFH�RI�ILUP�VSHFLILF�DQG�FLW\�VSHFLILF�IRUPV�RI�UHODWHGQHVV�GHQVLW\�RQ�
WHFKQRORJLFDO�GLYHUVLILFDWLRQ��

,QYHVWLJDWLRQ�IRFXVHV�XSRQ�D�VXE�VDPSOH�RI�&KLQHVH�SDWHQWV�WKDW�DUH�FRQQHFWHG�WR�PXOWL�
ORFDWLRQDO�ILUPV��7KHVH�DUH�ILUPV�WKDW�KDYH�EUDQFKHV�LQ�GLIIHUHQW�&KLQHVH�FLWLHV�DQG�WKDW�SDWHQW�LQ�
HDFK�RI�WKRVH�FLWLHV��7KH�PXOWL�ORFDWLRQDO�ILUPV�ZHUH�LGHQWLILHG�ZLWK�ILUP�GDWD�IURP�%XUHDX�YDQ�
'LMN��%9'���%HFDXVH�RI�WKH�WLPH�LQWHQVLYH�QDWXUH�RI�LGHQWLILFDWLRQ��RXU�DQDO\VLV�IRFXVHV�RQO\�RQ�
WKH�ODUJHVW�����PXOWL�ORFDWLRQDO�ILUPV�RSHUDWLQJ�DFURVV�&KLQHVH�FLWLHV��7KHVH�ILUPV�DUH�
UHVSRQVLEOH�IRU�JHQHUDWLQJ�DURXQG���������SDWHQWV�EHWZHHQ������DQG�������VRPH�����RI�WKH�
&KLQHVH�WRWDO��2Q�DYHUDJH��HDFK�RI�WKHVH�PXOWL�ORFDWLRQDO�ILUPV�KDV�D�EUDQFK�LQ�ILYH�GLIIHUHQW�
&KLQHVH�FLWLHV��7KH�ODUJHVW�ILUP��6WDWH�*ULG�&RUSRUDWLRQ�RI�&KLQD��KDG����EUDQFKHV�WKDW�JHQHUDWHG�
SDWHQWV�DFURVV�&KLQHVH�FLWLHV�LQ�WKH�PRVW�UHFHQW�SHULRG�H[DPLQHG��

,Q�RUGHU�WR�H[SORUH�WKH�ORFDWLRQ�RI�FDSDELOLWLHV��ZH�VHW�XS�DQRWKHU�UHODWHG�GLYHUVLILFDWLRQ�PRGHO��
WKLV�RQH�IRFXVHG�RQ�WKH�DFWLYLWLHV�RI�WKH�EUDQFKHV�RI�PXOWL�ORFDWLRQDO�ILUPV��)RU�HDFK�EUDQFK�ZH�
QRWH�WKRVH�WHFKQRORJLHV��,3&�FODVVHV��LQ�ZKLFK�WKH�EUDQFK�DWWDLQHG�57$�DFURVV�RXU�ILYH�\HDU�WLPH�
ZLQGRZV��0HDVXUHV�RI�UHODWHGQHVV�GHQVLW\�DUH�WKHQ�EXLOW�IRU�DOO�REVHUYDWLRQV�DW�WKH�EUDQFK��ILUP�
DQG�FLW\�OHYHO��1RWH�WKDW�ZH�VWDUW�ZLWK�D�UHIHUHQFH�GDWDVHW�WKDW�LQFOXGHV�RQO\�WKH�SDWHQW�GDWD�ZLWKLQ�
WKH�PXOWL�ORFDWLRQDO�ILUPV�WKDW�ZH�H[DPLQH��7KLV�UHIHUHQFH�VHW�SURYLGHV�WKH�GHQRPLQDWRU�LQ�WKH�
57$�FDOFXODWLRQV��:H�XVH�GLIIHUHQW�GDWD�IRU�UREXVWQHVV�FKHFNV�RQ�RXU�DQDO\VLV�DV�GLVFXVVHG�ODWHU��
7KH�PXOWL�ORFDWLRQDO�ILUP�GDWD�LQFOXGHV�SDWHQW�LQIRUPDWLRQ�IURP�DOO�WKH�EUDQFKHV�WKDW�EHORQJ�WR�
WKH�ILUP��WKURXJK�RZQHUVKLS���6XEVLGLDULHV�DQG�MRLQW�YHQWXUHV�DUH�QRW�LQFOXGHG�ZLWK�WKHVH�GDWD��

6RPHZKDW�PRUH�IRUPDOO\��RXU�GHSHQGHQW�YDULDEOH��57$��LV�QRZ�GHILQHG�DW�WKH�OHYHO�RI�D�EUDQFK�
DV� �

௕௥௔௡௖௛��௜ܣܴܶ ൌ
௜௙௖Ȁσݏݐ݊݁ݐܽܲ ௜௙௖௖ݏݐ݊݁ݐܽܲ

σ σ ௜௙௖Ȁσݏݐ݊݁ݐܽܲ σ σ ௜௙௖௖௙௜௙௖ݏݐ݊݁ݐܽܲ
�

ZKHUH�i UHIHUV�WR�WKH�WHFKQRORJ\��,3&�SDWHQW��FODVV��f�WR�WKH�ILUP�DQG�c WR�WKH�FLW\��1RWH�DJDLQ�WKDW�
WKH�RYHUDOO�GHQRPLQDWRU�KHUH�LV�WKH�FODVV�VKDUH�LQ�WKH�UHIHUHQFH�UHJLRQ��WKH�VXP�RI�DOO�EUDQFKHV�
DFURVV�FLWLHV�LQ�&KLQD�WKDW�DUH�RZQHG�E\�WKH�����ILUPV�WKDW�ZH�H[DPLQHG���57$�DW�WKH�ILUP�OHYHO�
�SDUW�RI�WKH�UHODWHGQHVV�GHQVLW\�YDULDEOH�GHILQHG�DW�WKH�ILUP�OHYHO��LV�GHILQHG�DV�

௙௜௥௠�௜ܣܴܶ ൌ
σ ௜௙௖௖ݏݐ݊݁ݐܽܲ Ȁσ σ ௜௙௖௖௜ݏݐ݊݁ݐܽܲ

σ σ ௜௙௖Ȁσݏݐ݊݁ݐܽܲ σ σ ௜௙௖௖௙௜௙௖ݏݐ݊݁ݐܽܲ
�

ZKHUH�WKH�RYHUDOO�GHQRPLQDWRU�LV�WKH�VDPH�DV�LQ�WKH�57$�IRU�WKH�EUDQFK��)LQDOO\��57$�DW�WKH�FLW\�
OHYHO�LV�GHILQHG�DV� �

௖௜௧௬�௜ܣܴܶ ൌ
σ ௜௙௖௙ݏݐ݊݁ݐܽܲ Ȁσ σ ௜௙௖௙௜ݏݐ݊݁ݐܽܲ

σ σ ௜௙௖Ȁσݏݐ݊݁ݐܽܲ σ σ ௜௙௖௖௙௜௙௖ݏݐ݊݁ݐܽܲ
�

7KHVH�GLIIHUHQW�PHDVXUHV�RI�57$�DOORZ�XV�WR�GHILQH�WKUHH�UHODWHGQHVV�GHQVLW\�WHUPV�LQ�RXU�PRGHO��
RQH�IRU�WKH�EUDQFK��ILUP�DQG�FLW\��



௕௥௔௡௖௛ǡ���௜ݕݐ݅ݏ݊݁ܦ ൌ ሺσ ௜ܵ௝ כ ௕௥௔௡௖௛ሻ௝ஷ௜ܣܴܶ �σ ௜ܵ௝௝ஷ௜ �

௙௜௥௠ǡ���௜ݕݐ݅ݏ݊݁ܦ ൌ ሺσ ௜ܵ௝ כ ௙௜௥௠ሻ௝ஷ௜ܣܴܶ �σ ௜ܵ௝௝ஷ௜ �

௖௜௧௬ǡ���௜ݕݐ݅ݏ݊݁ܦ ൌ ሺσ ௜ܵ௝ כ ௖௜௧௬ሻ௝ஷ௜ܣܴܶ �σ ௜ܵ௝௝ஷ௜ �

ZKHUH� ௜ܵ௝�LV�WKH�UHODWHGQHVV�EHWZHHQ�FODVVHV�i DQG�j EXLOW�IURP�PXOWL�ORFDWLRQDO�ILUP�GDWD�DORQH��
DQG�ZKHUH�57$� ������7KH�QHZ�PRGHO�WR�EH�HVWLPDWHG�LV�

௕௥௔௡௖௛ǡ���௜௧ܣܴܶ ൌ ௕௥௔௡௖௛ǡ���௜௧ିଵݕݐ݅ݏ݊݁ܦ௕௥௔௡௖௛ߚ� ൅ ௙௜௥௠ǡ���௜௧ିଵݕݐ݅ݏ݊݁ܦ௙௜௥௠ߚ ൅�
௖௜௧௬ǡ���௜௧ିଵݕݐ݅ݏ݊݁ܦ௖௜௧௬ߚ����������������������������������������������������������������� ൅ ௧௜௠௘ܧܨ ൅ ௙௜௥௠ܧܨ ൅ �����������ߝ

DQG�ZKHUH�WKH�WHUPV�VKRXOG�DOO�EH�IDPLOLDU�DW�WKLV�WLPH��

5HVXOWV�IURP�HVWLPDWLQJ�WKH�UHODWHGQHVV�GHQVLW\�PRGHO�DW�WKH�EUDQFK�OHYHO�DUH�VKRZQ�LQ�7DEOH����
2QFH�DJDLQ��ZH�HVWLPDWH�D�ORJLW�PRGHO�RI�WHFKQRORJLFDO�GLYHUVLILFDWLRQ�ZLWK�ILUP�DQG�WLPH�IL[HG�
HIIHFWV��:H�DGG�FLW\�IL[HG�HIIHFWV�LQ�0RGHO����:LWK�RQO\�RQH�+4�SODQW�SHU�ILUP�LQ�0RGHO����FLW\�
OHYHO�IL[HG�HIIHFWV�DUH�FRUUHODWHG�ZLWK�ILUP�HIIHFWV�DQG�WKXV�GURSSHG��7R�DLG�FRPSDULVRQ�EHWZHHQ�
0RGHO���DQG�0RGHO���ZH�GR�QRW�LQFRUSRUDWH�FLW\�IL[HG�HIIHFWV�LQ�WKH�ODWWHU��5REXVW�VWDQGDUG�HUURUV�
ZHUH�FOXVWHUHG�DW�WKH�ILUP�OHYHO�WKURXJKRXW��$V�D�UREXVWQHVV�FKHFN�ZH�DOVR�FRQVWUXFWHG�PHDVXUHV�
RI�UHODWHGQHVV�XVLQJ�GDWD�JHQHUDWHG�IURP�DOO�&KLQHVH�SDWHQWV�UDWKHU�WKDQ�MXVW�WKRVH�DVVRFLDWHG�ZLWK�
RXU�VDPSOH�RI�PXOWL�ORFDWLRQDO�ILUPV��7KH�UHVXOWV�UHSRUWHG�KHUH�GLG�QRW�FKDQJH���

0RGHO���LV�WKH�ORJLW�IRU�DOO�EUDQFKHV�LQ�RXU�VDPSOH�RI�PXOWL�ORFDWLRQDO�ILUPV��7KH�WKUHH�
FRHIILFLHQWV�RQ�WKH�GLIIHUHQW�ODJJHG�PHDVXUHV�RI�UHODWHGQHVV�GHQVLW\��WKRVH�REVHUYHG�ZLWKLQ�WKH�
EUDQFK��ZLWKLQ�WKH�ILUP�DQG�ZLWKLQ�WKH�FLW\�DUH�SRVLWLYH�DQG�VLJQLILFDQW�LPSO\LQJ�WKDW�H[LVWLQJ�
NQRZOHGJH�DVVHWV�DW�WKHVH�WKUHH�OHYHOV�LQIOXHQFH�WHFKQRORJLFDO�GLYHUVLILFDWLRQ�ZLWKLQ�DQG�DFURVV�
WKH�EUDQFKHV�RI�PXOWL�ORFDWLRQDO�ILUPV��7KH�FRHIILFLHQWV�UHSUHVHQW�WKH�LQIOXHQFH�RI�D�RQH�XQLW�
LQFUHDVH�LQ�WKH�LQGHSHQGHQW�YDULDEOHV�XSRQ�WKH�ORJ�RGGV�RI�57$�EHLQJ�GHYHORSHG�ZLWKLQ�D�
WHFKQRORJLFDO�VHFWRU�LQ�WKH�EUDQFKHV�RI�D�PXOWL�ORFDWLRQDO�ILUP��1RWH�WKDW�WKH�FRHIILFLHQW�RQ�WKH�
UHODWHGQHVV�GHQVLW\�RI�WKH�ILUP�KDV�WKH�ODUJHVW�LQIOXHQFH�RQ�WHFKQRORJLFDO�GLYHUVLILFDWLRQ�ZLWKLQ�D�
EUDQFK��WKDW�FRHIILFLHQW�EHLQJ�����WLPHV�JUHDWHU�WKDQ�WKH�FRHIILFLHQW�RQ�UHODWHGQHVV�GHQVLW\�ZLWKLQ�
WKH�EUDQFK�DQG�����WLPHV�JUHDWHU�WKDQ�WKH�FRHIILFLHQW�RQ�UHODWHGQHVV�GHQVLW\�ZLWKLQ�WKH�FLW\��7KLV�
UHVXOW�VXJJHVWV�WKDW�WHFKQRORJLFDO�NQRZ�KRZ�LV�PXFK�PRUH�OLNHO\�WR�IORZ�DFURVV�UHJLRQV�ZLWKLQ�
WKH�ERXQGDULHV�RI�WKH�ILUP�WKDQ�LW�LV�WR�IORZ�DFURVV�ILUP�ERXQGDULHV�ZLWKLQ�WKH�FLW\��$GGLQJ�FLW\�
IL[HG�HIIHFWV�LQ�0RGHO���LQGLFDWHV�WKDW�WKH�ILUP�GHQVLW\�FRHIILFLHQW�LV�DOPRVW�����WLPHV�ODUJHU�WKDQ�
WKH�EUDQFK�FRHIILFLHQW�DQG�����WLPHV�ODUJHU�WKDQ�WKH�FLW\�GHQVLW\�FRHIILFLHQW��

:KLOH�0RGHOV���DQG���VXJJHVW�WKDW�FDSDELOLWLHV�UHVLGH�ODUJHO\�ZLWKLQ�WKH�ILUP�DQG�LWV�EUDQFK�
SODQWV��WKH\�GR�QRW�VHSDUDWH�KHDGTXDUWHUV�EUDQFKHV�IURP�QRQ�+4�EUDQFKHV��7KH�EURDGHU�OLWHUDWXUH�
RQ�PXOWL�ORFDWLRQDO�ILUPV�PDNHV�FOHDU�WKDW�WKH�IORZV�RI�LQIRUPDWLRQ�DPRQJ�WKHLU�EUDQFKHV�LV�
DV\PPHWULF��*XSWD�DQG�*RYLQGDUDMDQ��������+DQVHQ���������$XGLD�HW�DO���������DQG�6LQJK�
�������GLVFXVV�WKH�FRVWV�DQG�SRWHQWLDO�JDLQV�IURP�GLVWULEXWHG�LQQRYDWLRQ��,I�QRQ�+4�EUDQFKHV�DUH�
VWUDWHJLFDOO\�ORFDWHG�WR�WDS�LQWR�ORFDO�NQRZOHGJH�UHVRXUFHV��WKHQ�FLW\�UHODWHGQHVV�GHQVLW\�VKRXOG�
EH�UHODWLYHO\�PRUH�LPSRUWDQW�LQ�WKHVH�EUDQFKHV�WKDQ�LQ�WKH�+4�EUDQFKHV�RI�ILUPV��)LUP�
UHODWHGQHVV�GHQVLW\�VKRXOG�EH�UHODWLYHO\�PRUH�LPSRUWDQW�LQ�+4�EUDQFKHV�DV�WKH\�DUH�GHYHORSLQJ�



WHFKQRORJLHV�WKDW�PD\�RULJLQDWH�LQ�5	'�DFWLYLWLHV�DFURVV�D�VHULHV�RI�QRQ�+4�HVWDEOLVKPHQWV��7KLV�
LV�LQGHHG�ZKDW�ZH�VHH�LQ�0RGHO����+HUH�WKH�PRGHO�VSHFLILFDWLRQ�FKDQJHV�WR�LQFOXGH�D�GXPP\�
YDULDEOH�LQGLFDWLQJ�ZKHWKHU�WKH�EUDQFK�REVHUYDWLRQV�UHIHU�WR�QRQ�+4�EUDQFKHV�����RU�WR�+4�
EUDQFKHV������DQG�WKUHH�LQWHUDFWLRQ�WHUPV�WKDW�DUH�WKH�SURGXFW�RI�WKH�+4�GXPP\�DQG�HDFK�RI�RXU�
UHODWHGQHVV�GHQVLW\�PHDVXUHV��7KXV��ZKHQ�WKH�+4�GXPP\�WDNHV�WKH�YDOXH���ZH�DUH�H[DPLQLQJ�
QRQ�+4�EUDQFKHV�DQG�WKH�LQWHUDFWLRQ�WHUPV�GURS�RXW�RI�WKH�PRGHO��7KH�FRQVWDQW�WHUP�QRZ�
UHSUHVHQWV�WKH�DYHUDJH�ORJ�RGGV�RI�UHODWHG�GLYHUVLILFDWLRQ�ZLWK�DOO�GHQVLW\�YDULDEOHV�WDNLQJ�WKH�
YDOXH�]HUR��)RU�QRQ�+4�HVWDEOLVKPHQWV��WKH�UHODWHGQHVV�GHQVLW\�ORJ�RGGV�FRHIILFLHQWV�IRU�WKH�
EUDQFK��WKH�ILUP�DQG�WKH�FLW\�DOO�KDYH�TXLWH�VLPLODU�PDJQLWXGHV��+RZHYHU��QRWH�WKDW�WKH�UHODWLYH�
VL]HV�RI�WKH�GHQVLW\�FRHIILFLHQWV��HVSHFLDOO\�WKRVH�FRQQHFWHG�WR�WKH�FLW\�HIIHFW��DUH�PXFK�KLJKHU�
WKDQ�LQ�0RGHOV���DQG����$V�ZH�VKLIW�WR�+4�EUDQFKHV��UHODWHG�GHQVLW\�DW�WKH�ILUP�OHYHO�LV�
VLJQLILFDQWO\�JUHDWHU�WKDQ�LW�LV�IRU�QRQ�+4�EUDQFKHV��DQG�FLW\�UHODWHGQHVV�GHQVLW\�KDV�D�
VLJQLILFDQWO\�VPDOOHU�LPSDFW�RQ�GLYHUVLILFDWLRQ�LQ�+4�SODQWV�WKDQ�LQ�QRQ�+4�SODQWV��7KHVH�UHVXOWV�
VXJJHVW�WKDW�+4�EUDQFKHV�DUH�JDWKHULQJ�DQG�XVLQJ�PRUH�ILUP�OHYHO�LQIRUPDWLRQ�LQ�WKHLU�RZQ�
GLYHUVLILFDWLRQ�SURFHVV��ZKLOH�QRQ�+4�EUDQFKHV�ORRN�PRUH�WRZDUG�ORFDO�QRQ�ILUP�NQRZOHGJH�
VKDULQJ�WKDQ�+4�EUDQFKHV��SHUKDSV�IXOILOOLQJ�D�UROH�DV�³ORFDO�OLVWHQLQJ�SRVWV´��

�

7DEOH����5HODWHG�GLYHUVLILFDWLRQ�LQ�EUDQFK�OHYHO�GDWD��ILUP�IL[HG�HIIHFWV��

� 'HSHQGHQW�9DULDEOH��%UDQFK�57$�������������
0RGHO��� 0RGHO��� 0RGHO��� 0RGHO���
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7LPH�IL[HG�HIIHFWV� <HV� <HV� <HV� <HV�
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1RWHV��$OO�PRGHOV�ZHUH�UXQ�ZLWK�UREXVW�VWDQGDUG�HUURUV�FOXVWHUHG�DW�WKH�ILUP�OHYHO��
�VLJQLILFDQW�DW�
WKH�����OHYHO��

�VLJQLILFDQW�DW�WKH������OHYHO��


�VLJQLILFDQW�DW�WKH������OHYHO��

�

0RGHO���IRFXVHV�H[FOXVLYHO\�RQ�QRQ�+4�EUDQFKHV��H[SORULQJ�ZKHWKHU�QRQ�+4�HVWDEOLVKPHQWV�LQ�
FRUH�FLWLHV�GLYHUVLI\�LQ�GLIIHUHQW�ZD\V�WKDQ�QRQ�+4�HVWDEOLVKPHQWV�LQ�SHULSKHUDO�FLWLHV��&RUH�DQG�
SHULSKHUDO�FLWLHV�ZHUH�LGHQWLILHG�IURP�QHWZRUNV�RI�LQWHU�FLW\�FROODERUDWLRQ�RQ�LQGLYLGXDO�SDWHQWV��
LOOXVWUDWHG�LQ�)LJXUH����XVLQJ�WKH�³FRUHQHVV´�QHWZRUN�DOJRULWKP�RI�%RUJDWWL�DQG�(YHUHWW���������
,QWHUDFWLRQ�HIIHFWV�DUH�XVHG�DJDLQ�WR�UHYHDO�WKH�VLJQLILFDQFH�RI�GLIIHUHQFHV�LQ�UHODWHGQHVV�GHQVLW\�
PHDVXUHV�RQ�GLYHUVLILFDWLRQ�EHWZHHQ�QRQ�+4�EUDQFKHV�LQ�FRUH�FLWLHV�DQG�LQ�SHULSKHUDO�FLWLHV��,Q�
SHULSKHUDO�FLWLHV��GLYHUVLILFDWLRQ�LQ�QRQ�+4�HVWDEOLVKPHQWV�LV�SRVLWLYHO\�DQG�VLJQLILFDQWO\�
LPSDFWHG�E\�EUDQFK��ILUP�DQG�FLW\�UHODWHGQHVV�GHQVLW\��WKRXJK�WKH�UHODWLYH�VL]H�RI�WKH�EUDQFK�
FRHIILFLHQW�LV�PXFK�VPDOOHU�WKDQ�LQ�WKH�RWKHU�PRGHOV�ZH�KDYH�FRQVLGHUHG��6R�LW�ORRNV�OLNH�
GLYHUVLILFDWLRQ�LQ�QRQ�+4�EUDQFKHV�LQ�SHULSKHUDO�FLWLHV�GHSHQGV�PRUH�RQ�ILUP�DQG�FLW\�
UHODWHGQHVV�GHQVLW\��7KH�FRHIILFLHQW�RQ�WKH�FLW\�GHQVLW\�YDULDEOH�LV�UHODWLYHO\�ODUJH�LQ�0RGHO����
LQGLFDWLQJ�WKDW�SDWWHUQV�RI�GLYHUVLILFDWLRQ�LQ�WKHVH�QRQ�+4�EUDQFKHV�GHSHQG�TXLWH�KHDYLO\�RQ�ORFDO�
NQRZOHGJH�DVVHWV�RXWVLGH�WKH�ILUP��7KLV�ILQGLQJ�LV�FRQVLVWHQW�ZLWK�0RGHO����$V�ZH�VKLIW�WR�QRQ�
+4�ILUPV�LQ�FRUH�FLWLHV��WKH�RQO\�UHODWHGQHVV�GHQVLW\�FRHIILFLHQW�WKDW�FKDQJHV�VLJQLILFDQWO\�LV�WKDW�
RQ�FLW\�GHQVLW\��,Q�FRUH�FLWLHV�ORFDO�NQRZOHGJH�DVVHWV�SOD\�D�VLJQLILFDQWO\�VPDOOHU�UROH�LQ�
GLYHUVLILFDWLRQ�WKDQ�WKH\�GR�LQ�QRQ�FRUH�FLWLHV��7KLV�LV�D�VXUSULVLQJ�UHVXOW�WKDW�ZH�GLG�QRW�H[SHFW��

7KH�PRGHOV�LQ�7DEOH���DUH�HVWLPDWHG�ZLWK�ILUP�OHYHO�IL[HG�HIIHFWV��%HFDXVH�WKRVH�IL[HG�HIIHFWV�GR�
QRW�DSSO\�DW�WKH�LQGLYLGXDO�EUDQFK�OHYHO��WKH�UHVXOWV�LQ�7DEOH���DUH�EDVHG�RQ�ERWK�WKH�ZLWKLQ�DQG�
EHWZHHQ�HVWDEOLVKPHQW�YDULDQFH�ZLWKLQ�WKH�LQGLYLGXDO�ILUP��7KLV�PRGHO�VSHFLILFDWLRQ�FDSWXUHV�WKH�
ZD\�LQ�ZKLFK�WKH�ILUP�PLJKW�HPSOR\�LWV�GLIIHUHQW�HVWDEOLVKPHQWV�WR�VSHFLDOL]H�LQ�WKH�SURGXFWLRQ�
RI�GLVWLQFW�NQRZOHGJH�VXEVHWV��2I�FRXUVH��WKLV�QRWH�DOVR�UDLVHV�WKH�TXHVWLRQ�RI�KRZ�WKH�UHVXOWV�
FKDQJH�LI�ZH�HPSOR\�EUDQFK�OHYHO�IL[HG�HIIHFWV��:LWK�EUDQFK�IL[HG�HIIHFWV��WKH�DQDO\VLV�VKLIWV�
WRZDUG�H[DPLQDWLRQ�RI�WKH�ZLWKLQ�EUDQFK�YDULDQFH�RQO\�DQG�D�YLVLRQ�RI�WKH�HVWDEOLVKPHQW�DV�
ODUJHO\�LQGHSHQGHQW��,W�LV�XQFOHDU�ZKHWKHU�ILUP�RU�EUDQFK�IL[HG�HIIHFWV�DUH�PRVW�DSSURSULDWH��7KH�
PRVW�GLVDJJUHJDWH�IL[HG�HIIHFWV�DUH�RIWHQ�SUHIHUUHG�LQ�WKH�OLWHUDWXUH��EXW�LQHIILFLHQFLHV�LQ�
HVWLPDWLQJ�WKH�ZLWKLQ�HIIHFWV�PRGHO�DW�WKH�EUDQFK�OHYHO�VKRXOG�QRW�EH�LJQRUHG��)RU�FRPSOHWHQHVV��
ZH�UHSRUW�EUDQFK�OHYHO�IL[HG�HIIHFWV�PRGHOV�FRUUHVSRQGLQJ�WR�7DEOH���LQ�WKH�$SSHQGL[��1RWH�WKDW�
WKH�UHVXOWV�REWDLQHG�IURP�WKRVH�PRGHOV�DUH�VRPHZKDW�GLIIHUHQW�WR�WKRVH�UHSRUWHG�DERYH��7KH�
GRPLQDQFH�RI�ILUP�UHODWHGQHVV�GHQVLW\�RYHU�FLW\�UHODWHGQHVV�GHQVLW\�UHPDLQV��EXW�SODQW�
UHODWHGQHVV�GHQVLW\�VHHPV�WR�ZRUN�TXLWH�GLIIHUHQWO\��7KH�$SSHQGL[�DOVR�UHSRUWV�UHVXOWV�IRU�WKH�
PRGHOV�RI�7DEOH���JHQHUDWHG�IURP�WKH�OLQHDU�SUREDELOLW\�PRGHO�XVLQJ�ILUP�IL[HG�HIIHFWV��,Q�DOO�
HVWLPDWLRQ�VWDQGDUG�HUURUV�DUH�FOXVWHUHG�DW�WKH�ILUP�OHYHO��

�

����&RQFOXVLRQ�

,Q�WKLV�SDSHU�ZH�H[SORUHG�SDWWHUQV�RI�WHFKQRORJLFDO�GLYHUVLILFDWLRQ�ZLWKLQ�FLWLHV�DQG�ZLWKLQ�WKH�
EUDQFKHV�RI�PXOWL�ORFDWLRQDO�ILUPV�LQ�&KLQD��2XU�SXUSRVH�ZDV�WR�EHWWHU�XQGHUVWDQG�WKH�SURFHVV�RI�
NQRZOHGJH�VRXUFLQJ��0XFK�RI�WKH�UHODWHG�GLYHUVLILFDWLRQ�OLWHUDWXUH�LQ�HYROXWLRQDU\�HFRQRPLF�



JHRJUDSK\�KDV�IRFXVHG�RQ�WKH�UHJLRQ�DV�D�XQLW�RI�DQDO\VLV��,PSOLFLW�ZLWKLQ�PXFK�RI�WKDW�ZRUN�LV�
WKH�FODLP�WKDW�WKH�WHFKQRORJLFDO�VWUXFWXUH�RI�WKH�UHJLRQ�LV�D�NH\�GULYHU�RI�WKH�GLUHFWLRQ�RI�
GLYHUVLILFDWLRQ��:KLOH�WKLV�DUJXPHQW�PLJKW�UDLVH�ROG�TXHVWLRQV�DERXW�WKH�VSDWLDO�HFRORJLFDO�IDOODF\�
DQG�WKH�UHLILFDWLRQ�RI�WKH�UHJLRQ��WKH�LVVXH�LV�VXUHO\�PRUH�FRPSOH[�WRGD\�DV�ZH�UHFRJQL]H�WKH�FR�
HYROXWLRQ�RI�ILUPV�DQG�WKH�UHJLRQDO�HFRQRPLHV�RI�ZKLFK�WKH\�DUH�D�SDUW��7KH�PRELOLW\�RI�ZRUNHUV�
EHWZHHQ�ILUPV��WKH�IRUPDO�DQG�LQIRUPDO�UHODWLRQVKLSV�EHWZHHQ�ILUPV�DQG�WKH�LQVWLWXWLRQDO�
VWUXFWXUHV�WKDW�DUH�VR�PXFK�D�SDUW�RI�WKH�UHJLRQDO�HFRQRP\�PDNH�LW�GLIILFXOW�DW�WLPHV�WR�VHSDUDWH�
WKDW�ZKLFK�LV�FUHDWHG�ZLWKLQ�WKH�ILUP�IURP�WKDW�ZKLFK�LV�OHDUQHG�LQ�WKH�EURDGHU�HQYLURQPHQWV�
ZLWKLQ�ZKLFK�ILUPV�RSHUDWH��$QRWKHU�ZD\�RI�VD\LQJ�WKLV�LV�WKDW�WKH�NQRZOHGJH�VWUXFWXUH�RI�WKH�
UHJLRQ�DQG�WKDW�RI�WKH�ILUPV�WKDW�FRPSULVH�WKH�UHJLRQ�DUH�HQGRJHQRXV��0DWWHUV�DUH�FRPSOLFDWHG�
IXUWKHU�E\�WKH�IORZ�RI�NQRZOHGJH�EHWZHHQ�ILUPV�ORFDWHG�LQ�GLIIHUHQW�UHJLRQV�DQG�E\�WKH�IORZ�RI�
NQRZOHGJH�ZLWKLQ�WKH�PXOWL�ORFDWLRQDO�ILUP��

6WLOO��LW�PD\�EH�SRVVLEOH�WR�GLVHQWDQJOH�WKH�LQIOXHQFH�RI�WKH�ILUP�IURP�WKH�LQIOXHQFH�RI�WKH�UHJLRQ�
LQ�WKH�SURFHVV�RI�WHFKQRORJLFDO�GLYHUVLILFDWLRQ��$W�OHDVW��WKLV�ZDV�WKH�WDVN�WKDW�ZH�VHW�IRU�
RXUVHOYHV��7R�GDWH��WKHUH�KDV�EHHQ�UHODWLYHO\�OLWWOH�DQDO\VLV�RI�WKH�&KLQHVH�NQRZOHGJH�VSDFH�DQG�
WKH�HYROXWLRQ�RI�WHFKQRORJLFDO�UHODWHGQHVV�EHWZHHQ�SDWHQW�FODVVHV�ZLWKLQ�&KLQD��DQ�HPHUJLQJ�
HFRQRP\�WKDW�LV�QRZ�JHQHUDWLQJ�SDWHQWV�DW�D�IDVWHU�SDFH�WKDQ�WKH�8QLWHG�6WDWHV��:H�PDSSHG�WKH�
&KLQHVH�NQRZOHGJH�VSDFH�LQ�WKH�SHULRGV���������DQG����������UHSRUWLQJ�KRZ�WKH�UHODWLYH�
GLVWDQFHV�EHWZHHQ�GLIIHUHQW�WHFKQRORJLHV�KDV�VKLIWHG�DQG�VKRZLQJ�WKRVH�WHFKQRORJ\�JURXSLQJV�
WKDW�KDYH�H[SHULHQFHG�WKH�IDVWHVW�JURZWK�EHWZHHQ�WKH�WZR�SHULRGV�MXVW�QRWHG��0HDVXUHV�RI�
WHFKQRORJLFDO�UHODWHGQHVV��D�NH\�LQSXW�WR�PRGHOV�RI�GLYHUVLILFDWLRQ��ZHUH�JHQHUDWHG�IRU�DOO�����
GLVWLQFW�WHFKQRORJ\�FODVVHV�RI�WKH�,3&�DFURVV�����&KLQHVH�FLWLHV�IRU�ILYH�WLPH�LQWHUYDOV�VLQFH�
������$W�WKH�FLW\�OHYHO��FRQVLVWHQW�ZLWK�SUHYLRXV�ZRUN�RQ�WHFKQRORJLFDO�GLYHUVLILFDWLRQ��WKH�
NQRZOHGJH�VWRFNV�RI�FLWLHV�DUH�VKRZQ�WR�EH�D�UHOLDEOH�SUHGLFWRU�RI�WKH�SDWWHUQ�RI�IXWXUH�
WHFKQRORJLFDO�GLYHUVLILFDWLRQ��,QWHU�FLW\�IORZV�RI�D�JHQHULF�VSDWLDO�IRUP�DQG�IORZV�WKDW�FDSWXUH�
LQYHQWRU�FROODERUDWLRQ�DUH�DOVR�VKRZQ�WR�H[HUW�D�SRVLWLYH�DQG�VLJQLILFDQW�LQIOXHQFH�RQ�UHODWHG�
GLYHUVLILFDWLRQ��

7R�VHSDUDWH�WKH�LPSDFWV�RI�ILUPV�IURP�UHJLRQV�RQ�GLYHUVLILFDWLRQ��D�VDPSOH�RI�����PXOWL�
ORFDWLRQDO�ILUPV�ZDV�SURGXFHG��7KHVH�ILUPV�ZHUH�UHVSRQVLEOH�IRU�DSSUR[LPDWHO\�����RI�DOO�
&KLQHVH�SDWHQWV��7KH�PXOWL�ORFDWLRQDO�ILUPV�KDYH�RQ�DYHUDJH�ILYH�EUDQFKHV�ORFDWHG�LQ�GLIIHUHQW�
FLWLHV�DFURVV�&KLQD��3DWHQWV�ZHUH�UHFRUGHG�IRU�HDFK�RI�WKHVH�EUDQFKHV�LQGHSHQGHQWO\�RI�WKH�+4�
EUDQFK�RI�WKH�ILUP��:H�H[DPLQHG�SDWWHUQV�RI�WHFKQRORJLFDO�GLYHUVLILFDWLRQ�ZLWKLQ�WKHVH�EUDQFKHV��
JHQHUDWLQJ�VHSDUDWH�PHDVXUHV�RI�WKH�HIIHFWV�RI�UHODWHGQHVV�GHQVLW\�WR�WKH�ODJJHG�NQRZOHGJH�DVVHWV�
RI�WKH�EUDQFK��WR�WKH�SDUHQW�ILUP�DQG�WR�WKH�FLW\�LQ�ZKLFK�WKH�EUDQFK�ZDV�ORFDWHG��8VLQJ�IL[HG�
HIIHFWV�ORJLW�PRGHOV��WKH�LQIOXHQFH�RI�UHODWHG�GHQVLW\�ZLWKLQ�WKH�ILUP�ZDV�DOZD\V�ODUJHU�WKDQ�WKH�
UHODWHGQHVV�GHQVLW\�RI�WKH�FLW\�RQ�GLYHUVLILFDWLRQ�DW�WKH�EUDQFK�OHYHO��7KH�ORJLW�FRHIILFLHQWV�RQ�WKH�
ILUP�DQG�FLW\�GHQVLW\�PHDVXUHV�YDULHG�DV�PXFK�DV�D�IDFWRU�RI���LQ�VRPH�PRGHOV��,QWHUSUHWHG�
VRPHZKDW�GLIIHUHQWO\��D�RQH�XQLW�LQFUHDVH�LQ�UHODWHGQHVV�GHQVLW\�DW�WKH�ILUP�OHYHO�LQFUHDVHV�WKH�
DYHUDJH�SUREDELOLW\�RI�EUDQFK�GLYHUVLILFDWLRQ�E\�DERXW����SHUFHQWDJH�SRLQWV�PRUH�WKDQ�D�RQH�XQLW�
LQFUHDVH�LQ�UHODWHGQHVV�GHQVLW\�DW�WKH�FLW\�OHYHO��



%XLOGLQJ�RQ�WKH�PDQDJHPHQW�OLWHUDWXUH�WKDW�GHWDLOV�DV\PPHWULHV�RI�LQIRUPDWLRQ�IORZ�EHWZHHQ�WKH�
SODQWV�RI�PXOWL�XQLW�ILUPV��WKH�+4�DQG�QRQ�+4�EUDQFKHV�RI�WKH�ILUPV�LQ�RXU�VDPSOH�ZHUH�
VHSDUDWHG��7KHUH�LV�VLJQLILFDQWO\�PRUH�GLYHUVLILFDWLRQ�LQ�+4�SODQWV�WKDQ�QRQ�+4�SODQWV��7KH�
LQIOXHQFH�RI�UHODWHGQHVV�GHQVLW\�DW�WKH�EUDQFK��WKH�ILUP�DQG�WKH�FLW\�OHYHOV�RQ�GLYHUVLILFDWLRQ�
ZLWKLQ�QRQ�+4�EUDQFKHV�ZHUH�PXFK�FORVHU�WR�RQH�DQRWKHU�WKDQ�LQ�WKH�RYHUDOO�PRGHO�MXVW�
GLVFXVVHG��,QWHUDFWLRQV�UHYHDO�WKDW�WKHVH�UHODWHGQHVV�GHQVLW\�PHDVXUHV�FKDQJH�VLJQLILFDQWO\�DV�
DWWHQWLRQ�VZLWFKHV�WR�+4�EUDQFKHV��'LYHUVLILFDWLRQ�LQ�+4�XQLWV�LV�VLJQLILFDQWO\�PRUH�LPSDFWHG�E\�
UHODWHGQHVV�GHQVLW\�ZLWKLQ�WKH�ILUP�DV�D�ZKROH�DQG�VLJQLILFDQWO\�PXFK�OHVV�LPSDFWHG�E\�
UHODWHGQHVV�GHQVLW\�LQ�WKH�FLW\�ZKHUH�WKH\�DUH�ORFDWHG��7KHVH�UHVXOWV�VXJJHVW�WKDW�QRQ�+4�SODQWV�
PLJKW�EH�SOD\LQJ�WKH�UROH�RI�³OLVWHQLQJ�SRVWV´��JDWKHULQJ�WHFKQRORJLFDO�NQRZOHGJH�IURP�RXWVLGH�
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