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&DXVDO� (IIHFWV�LQ�1RQH[SHULPHQWDO�6WXGLHV��
5HHYDOXDWLQJ�WKH�(YDOXDWLRQ�RI�7UDLQLQJ�3URJUDPV�

5DMHHY�+��'(+(-,$�DQG�6DGHN�:$+%$�

7KLV�DUWLFOH�XVHV�SURSHQVLW\�VFRUH�PHWKRGV�WR�HVWLPDWH�WKH�WUHDWPHQW�LPSDFW�RI�WKH�1DWLRQDO�6XSSRUWHG�:RUN��16:��'HPRQVWUDWLRQ��
D�ODERU�WUDLQLQJ�SURJUDP��RQ�SRVWLQWHUYHQWLRQ�HDUQLQJV��:H�XVH�GDWD�IURP�/DORQGH
V�HYDOXDWLRQ�RI�QRQH[SHULPHQWDO�PHWKRGV�WKDW�
FRPELQH�WKH�WUHDWHG�XQLWV�IURP�D�UDQGRPL]HG�HYDOXDWLRQ�RI�WKH�16:�ZLWK�QRQH[SHULPHQWDO�FRPSDULVRQ�XQLWV�GUDZQ�IURP�VXUYH\�
GDWDVHWV��:H�DSSO\�SURSHQVLW\�VFRUH�PHWKRGV�WR�WKLV�FRPSRVLWH�GDWDVHW�DQG�GHPRQVWUDWH�WKDW��UHODWLYH�WR�WKH�HVWLPDWRUV�WKDW�/DORQGH�
HYDOXDWHV��SURSHQVLW\�VFRUH�HVWLPDWHV�RI�WKH�WUHDWPHQW�LPSDFW�DUH�PXFK�FORVHU�WR�WKH�H[SHULPHQWDO�EHQFKPDUN�HVWLPDWH��3URSHQVLW\�
VFRUH�PHWKRGV�DVVXPH�WKDW�WKH�YDULDEOHV�DVVRFLDWHG�ZLWK�DVVLJQPHQW�WR�WUHDWPHQW�DUH�REVHUYHG��UHIHUUHG�WR�DV�LJQRUDEOH�WUHDWPHQW�
DVVLJQPHQW��RU�VHOHFWLRQ�RQ�REVHUYDEOHV���(YHQ�XQGHU�WKLV�DVVXPSWLRQ��LW�LV�GLIILFXOW�WR�FRQWURO�IRU�GLIIHUHQFHV�EHWZHHQ�WKH�WUHDWPHQW�
DQG�FRPSDULVRQ�JURXSV�ZKHQ�WKH\�DUH�GLVVLPLODU�DQG�ZKHQ�WKHUH�DUH�PDQ\�SUHLQWHUYHQWLRQ�YDULDEOHV��7KH�HVWLPDWHG�SURSHQVLW\�VFRUH�
�WKH�SUREDELOLW\�RI�DVVLJQPHQW�WR�WUHDWPHQW��FRQGLWLRQDO�RQ�SUHLQWHUYHQWLRQ�YDULDEOHV��VXPPDUL]HV�WKH�SUHLQWHUYHQWLRQ�YDULDEOHV��
7KLV�RIIHUV�D�GLDJQRVWLF�RQ�WKH�FRPSDUDELOLW\�RI�WKH�WUHDWPHQW�DQG�FRPSDULVRQ�JURXSV��EHFDXVH�RQH�KDV�RQO\�WR�FRPSDUH�WKH�
HVWLPDWHG�SURSHQVLW\�VFRUH�DFURVV�WKH�WZR�JURXSV��:H�GLVFXVV�VHYHUDO�PHWKRGV��VXFK�DV�VWUDWLILFDWLRQ�DQG�PDWFKLQJ��WKDW�XVH�WKH�
SURSHQVLW\�VFRUH�WR�HVWLPDWH�WKH�WUHDWPHQW�LPSDFW��:KHQ�WKH�UDQJH�RI�HVWLPDWHG�SURSHQVLW\�VFRUHV�RI�WKH�WUHDWPHQW�DQG�FRPSDULVRQ�
JURXSV�RYHUODS��WKHVH�PHWKRGV�FDQ�HVWLPDWH�WKH�WUHDWPHQW�LPSDFW�IRU�WKH�WUHDWPHQW�JURXS��$�VHQVLWLYLW\�DQDO\VLV�VKRZV�WKDW�RXU�
HVWLPDWHV�DUH�QRW�VHQVLWLYH�WR�WKH�VSHFLILFDWLRQ�RI�WKH�HVWLPDWHG�SURSHQVLW\�VFRUH��EXW�DUH�VHQVLWLYH�WR�WKH�DVVXPSWLRQ�RI�VHOHFWLRQ�RQ�
REVHUYDEOHV��:H�FRQFOXGH�WKDW�ZKHQ�WKH�WUHDWPHQW�DQG�FRPSDULVRQ�JURXSV�RYHUODS��DQG�ZKHQ�WKH�YDULDEOHV�GHWHUPLQLQJ�DVVLJQPHQW�
WR�WUHDWPHQW�DUH�REVHUYHG��WKHVH�PHWKRGV�SURYLGH�D�PHDQV�WR�HVWLPDWH�WKH�WUHDWPHQW�LPSDFW��(YHQ�WKRXJK�SURSHQVLW\�VFRUH�PHWKRGV�
DUH�QRW�DOZD\V�DSSOLFDEOH��WKH\�RIIHU�D�GLDJQRVWLF�RQ�WKH�TXDOLW\�RI�QRQH[SHULPHQWDO�FRPSDULVRQ�JURXSV�LQ�WHUPV�RI�REVHUYDEOH�
SUHLQWHUYHQWLRQ�YDULDEOHV��

.(<� :25'6�� 0DWFKLQJ��3URJUDP�HYDOXDWLRQ��3URSHQVLW\�VFRUH��

��� ,1752'8&7,21�

7KLV�DUWLFOH�GLVFXVVHV�WKH�HVWLPDWLRQ�RI�WUHDWPHQW�HIIHFWV�
LQ�REVHUYDWLRQDO�VWXGLHV��7KLV�LVVXH�KDV�EHHQ�WKH�IRFXV�RI�
PXFK�DWWHQWLRQ�EHFDXVH�UDQGRPL]HG�H[SHULPHQWV�FDQQRW�DO��
ZD\V�EH�LPSOHPHQWHG�DQG�KDV�EHHQ�DGGUHVVHG�LQWHU�DOLD�E\�
/DORQGH���������ZKRVH�GDWD�ZH�XVH�KHUHLQ��/DORQGH�HVWL��
PDWHG�WKH�LPSDFW�RI�WKH�1DWLRQDO�6XSSRUWHG�:RUN��16:��
'HPRQVWUDWLRQ��D�ODERU�WUDLQLQJ�SURJUDP��RQ�SRVWLQWHUYHQ��
WLRQ�LQFRPH�OHYHOV��+H�XVHG�GDWD�IURP�D�UDQGRPL]HG�HYDO��
XDWLRQ�RI�WKH�SURJUDP�DQG�H[DPLQHG�WKH�H[WHQW�WR�ZKLFK�
QRQH[SHULPHQWDO�HVWLPDWRUV�FDQ�UHSOLFDWH�WKH�XQELDVHG�H[��
SHULPHQWDO�HVWLPDWH�RI�WKH�WUHDWPHQW�LPSDFW�ZKHQ�DSSOLHG�
WR�D�FRPSRVLWH�GDWDVHW�RI�H[SHULPHQWDO�WUHDWPHQW�XQLWV�DQG�
QRQH[SHULPHQWDO�FRPSDULVRQ�XQLWV��+H�FRQFOXGHG�WKDW�VWDQ��
GDUG�QRQH[SHULPHQWDO�HVWLPDWRUV�VXFK�DV�UHJUHVVLRQ��IL[HG��
HIIHFWV��DQG�ODWHQW�YDULDEOH�VHOHFWLRQ�PRGHOV�DUH�HLWKHU�LQ��
DFFXUDWH�UHODWLYH�WR�WKH�H[SHULPHQWDO�EHQFKPDUN�RU�VHQVL��
WLYH�WR�WKH�VSHFLILFDWLRQ�XVHG�LQ�WKH�UHJUHVVLRQ��/DORQGH
V�
UHVXOWV�KDYH�EHHQ�LQIOXHQWLDO�LQ�UHQHZLQJ�WKH�GHEDWH�RQ�H[��
SHULPHQWDO�YHUVXV�QRQH[SHULPHQWDO�HYDOXDWLRQV��VHH�0DQVNL�
DQG�*DUILQNHO�������DQG�LQ�VSXUULQJ�D�VHDUFK�IRU�DOWHUQD��
WLYH�HVWLPDWRUV�DQG�VSHFLILFDWLRQ�WHVWV��VHH��H�J���+HFNPDQ�

5DMHHY�'HKHMLD�LV�$VVLVWDQW�3URIHVVRU��'HSDUWPHQW�RI�(FRQRPLFV�DQG�
6,3$��&ROXPELD�8QLYHUVLW\��1HZ�<RUN��1<� �������(�PDLO��GHKHMLD#�
FROXPELD�HGX���6DGHN�:DKED�LV�9LFH�3UHVLGHQW��0RUJDQ�6WDQOH\�	�&R��,Q��
FRUSRUDWHG��1HZ�<RUN��1<��������(�PDLO��ZDKEDV#PV�FRP���7KLV�ZRUN�
ZDV�SDUWLDOO\�VXSSRUWHG�E\�D�JUDQW�IURP�WKH�6RFLDO�6FLHQFHV�DQG�+X��
PDQLWLHV�5HVHDUFK�&RXQFLO�RI�&DQDGD��ILUVW�DXWKRU��DQG�D�:RUOG�%DQN�
)HOORZVKLS��VHFRQG�DXWKRU���7KH�DXWKRUV�JUDWHIXOO\�DFNQRZOHGJH�DQ�DVVR��
FLDWH�HGLWRU��WZR�DQRQ\PRXV�UHIHUHHV��*DU\�&KDPEHUODLQ��*XLGR�,PEHQV��
DQG�'RQDOG�5XELQ��ZKRVH�GHWDLOHG�FRPPHQWV�DQG�VXJJHVWLRQV�JUHDWO\�LP��
SURYHG�WKH�DUWLFOH��7KH\�WKDQN�5REHUW�/DORQGH�IRU�SURYLGLQJ�WKH�GDWD�IURP�
KLV������VWXG\�DQG�VXEVWDQWLDO�KHOS�LQ�UHFUHDWLQJ�WKH�RULJLQDO�GDWDVHW��DQG�
DOVR�WKDQN�-RVKXD�$QJULVW��*HRUJH�&DYH��'DYLG�&XWOHU��/DZUHQFH�.DW]��
&DUROLQH�0LQWHU�+R[E\��DQG�-HIIUH\�6PLWK��

DQG�+RW]�������0DQVNL��6DQGHIXU��0F/DQDKDQ��DQG�3RZHUV�
�������
,Q�WKLV�DUWLFOH�ZH�DSSO\�SURSHQVLW\�VFRUH�PHWKRGV��5RVHQ��

EDXP�DQG�5XELQ�������WR�/DORQGH
V�GDWDVHW��7KH�SURSHQ��
VLW\�VFRUH�LV�GHILQHG�DV�WKH�SUREDELOLW\�RI�DVVLJQPHQW�WR�
WUHDWPHQW��FRQGLWLRQDO�RQ�FRYDULDWHV��3URSHQVLW\�VFRUH�PHWK��
RGV�IRFXV�RQ�WKH�FRPSDUDELOLW\�RI�WKH�WUHDWPHQW�DQG�QRQ��
H[SHULPHQWDO�FRPSDULVRQ�JURXSV�LQ�WHUPV�RI�SUHLQWHUYHQ��
WLRQ�YDULDEOHV��&RQWUROOLQJ�IRU�GLIIHUHQFHV�LQ�SUHLQWHUYHQ��
WLRQ�YDULDEOHV�LV�GLIILFXOW�ZKHQ�WKH�WUHDWPHQW�DQG�FRPSDULVRQ�
JURXSV�DUH�GLVVLPLODU�DQG�ZKHQ�WKHUH�DUH�PDQ\�SUHLQWHUYHQ��
WLRQ�YDULDEOHV��7KH�HVWLPDWHG�SURSHQVLW\�VFRUH��D�VLQJOH�YDUL��
DEOH�RQ�WKH�XQLW�LQWHUYDO�WKDW�VXPPDUL]HV�WKH�SUHLQWHUYHQ��
WLRQ�YDULDEOHV��FDQ�FRQWURO�IRU�GLIIHUHQFHV�EHWZHHQ�WKH�WUHDW��
PHQW�DQG�QRQH[SHULPHQWDO�FRPSDULVRQ�JURXSV��:KHQ�ZH�
DSSO\�WKHVH�PHWKRGV�WR�/DORQGH
V�QRQH[SHULPHQWDO�GDWD�IRU�
D�UDQJH�RI�SURSHQVLW\�VFRUH�VSHFLILFDWLRQV�DQG�HVWLPDWRUV��
ZH�REWDLQ�HVWLPDWHV�RI�WKH�WUHDWPHQW�LPSDFW�WKDW�DUH�PXFK�
FORVHU�WR�WKH�H[SHULPHQWDO�WUHDWPHQW�HIIHFW�WKDQ�/DORQGH
V�
QRQH[SHULPHQWDO�HVWLPDWHV��
7KH�DVVXPSWLRQ�XQGHUO\LQJ�WKLV�PHWKRG�LV�WKDW�DVVLJQ��

PHQW�WR�WUHDWPHQW�LV�DVVRFLDWHG�RQO\�ZLWK�REVHUYDEOH�SUHLQ��
WHUYHQWLRQ�YDULDEOHV��FDOOHG�WKH�LJQRUDEOH�WUHDWPHQW�DVVLJQ��
PHQW�DVVXPSWLRQ�RU�VHOHFWLRQ�RQ�REVHUYDEOHV��VHH�+HFNPDQ�
DQG�5REE�������+ROODQG�������5XELQ��������������������
$OWKRXJK�WKLV�LV�D�VWURQJ�DVVXPSWLRQ��ZH�GHPRQVWUDWH�WKDW�
SURSHQVLW\�VFRUH�PHWKRGV�DUH�DQ�LQIRUPDWLYH�VWDUWLQJ�SRLQW��
EHFDXVH�WKH\�TXLFNO\�UHYHDO�WKH�H[WHQW�RI�RYHUODS�LQ�WKH�
WUHDWPHQW�DQG�FRPSDULVRQ�JURXSV�LQ�WHUPV�RI�SUHLQWHUYHQ��
WLRQ�YDULDEOHV��

"� �����$PHULFDQ�6WDWLVWLFDO�$VVRFLDWLRQ�
-RXUQDO�RI�WKH�$PHULFDQ�6WDWLVWLFDO�$VVRFLDWLRQ�

'HFHPEHU�������9RO������1R�������$SSOLFDWLRQV�DQG�&DVH� 6WXGLHV�

�����



����� -RXUQDO�RI�WKH�$PHULFDQ�6WDWLVWLFDO�$VVRFLDWLRQ��'HFHPEHU������

7KH�DUWLFOH�LV�RUJDQL]HG�DV�IROORZV��6HFWLRQ���UHYLHZV�
/DORQGH
V�GDWD�DQG�UHSURGXFHV�KLV�UHVXOWV��6HFWLRQ���LGHQWL��
ILHV�WKH�WUHDWPHQW�HIIHFW�XQGHU�WKH�SRWHQWLDO�RXWFRPHV�FDXVDO�
PRGHO�DQG�GLVFXVVHV�HVWLPDWLRQ�VWUDWHJLHV�IRU�WKH�WUHDWPHQW�
HIIHFW��6HFWLRQ���DSSOLHV�RXU�PHWKRGV�WR�/DORQGH
V�GDWDVHW��
DQG�6HFWLRQ���GLVFXVVHV�WKH�VHQVLWLYLW\�RI�WKH�UHVXOWV�WR�WKH�
PHWKRGRORJ\��6HFWLRQ���FRQFOXGHV�WKH�DUWLFOH��

��� /$/21'(
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���� 7KH�'DWD�

7KH�16:�'HPRQVWUDWLRQ�>0DQSRZHU�'HPRQVWUDWLRQ�5H��
VHDUFK�&RUSRUDWLRQ��0'5&�� ����@�ZDV�D�IHGHUDOO\�DQG�SUL��
YDWHO\�IXQGHG�SURJUDP�LPSOHPHQWHG�LQ�WKH�PLG�����V�WR�
SURYLGH�ZRUN�H[SHULHQFH�IRU�D�SHULRG�RI������PRQWKV�WR�
LQGLYLGXDOV�ZKR�KDG�IDFHG�HFRQRPLF�DQG�VRFLDO�SUREOHPV�
SULRU�WR�HQUROOPHQW�LQ�WKH�SURJUDP��7KRVH�UDQGRPO\�VH��
OHFWHG�WR�MRLQ�WKH�SURJUDP�SDUWLFLSDWHG�LQ�YDULRXV�W\SHV�RI�
ZRUN��VXFK�DV�UHVWDXUDQW�DQG�FRQVWUXFWLRQ�ZRUN��,QIRUPD��
WLRQ�RQ�SUHLQWHUYHQWLRQ�YDULDEOHV��SUHLQWHUYHQWLRQ�HDUQLQJV�
DV�ZHOO�DV�HGXFDWLRQ��DJH��HWKQLFLW\��DQG�PDULWDO�VWDWXV��ZDV�
REWDLQHG�IURP�LQLWLDO�VXUYH\V�DQG�6RFLDO�6HFXULW\�$GPLQ��
LVWUDWLRQ�UHFRUGV��%RWK�WKH�WUHDWPHQW�DQG�FRQWURO�JURXSV�
SDUWLFLSDWHG�LQ�IROORZ�XS�LQWHUYLHZV�DW�VSHFLILF�LQWHUYDOV��
/DORQGH��������RIIHUHG�D�VHSDUDWH�DQDO\VLV�RI�WKH�PDOH�DQG�
IHPDOH�SDUWLFLSDQWV��,Q�WKLV�DUWLFOH�ZH�IRFXV�RQ�WKH�PDOH�SDU��
WLFLSDQWV��DV�HVWLPDWHV�IRU�WKLV�JURXS�ZHUH�WKH�PRVW�VHQVLWLYH�
WR�IXQFWLRQDO�IRUP�VSHFLILFDWLRQ��DV�LQGLFDWHG�E\�/DORQGH��
&DQGLGDWHV�HOLJLEOH�IRU�WKH�16:�ZHUH�UDQGRPL]HG�LQWR�

WKH�SURJUDP�EHWZHHQ�0DUFK������DQG�-XO\�������2QH�FRQ��
VHTXHQFH�RI�UDQGRPL]DWLRQ�RYHU�D���\HDU�SHULRG�ZDV�WKDW�
LQGLYLGXDOV�ZKR�MRLQHG�HDUO\�LQ�WKH�SURJUDP�KDG�GLIIHUHQW�
FKDUDFWHULVWLFV�WKDQ�WKRVH�ZKR�HQWHUHG�ODWHU��WKLV�LV�UHIHUUHG�
WR�DV�WKH��FRKRUW�SKHQRPHQRQ���0'5&� ������S�������$Q��
RWKHU�FRQVHTXHQFH�LV�WKDW�GDWD�IURP�WKH�16:�DUH�GHOLQ��
HDWHG�LQ�WHUPV�RI�H[SHULPHQWDO�WLPH��/DORQGH�DQQXDOL]HG�
HDUQLQJV�GDWD�IURP�WKH�H[SHULPHQW�EHFDXVH�WKH�QRQH[SHUL��
PHQWDO�FRPSDULVRQ�JURXSV�WKDW�KH�XVHG��GLVFXVVHG�ODWHU��DUH�
GHOLQHDWHG�LQ�FDOHQGDU�WLPH��%\�OLPLWLQJ�KLPVHOI�WR�WKRVH�
DVVLJQHG�WR�WUHDWPHQW�DIWHU�'HFHPEHU�������/DORQGH�HQ��
VXUHG�WKDW�UHWURVSHFWLYH�HDUQLQJV�LQIRUPDWLRQ�IURP�WKH�H[��
SHULPHQW�LQFOXGHG�FDOHQGDU������HDUQLQJV��ZKLFK�KH�WKHQ�
XVHG�DV�SUHLQWHUYHQWLRQ�HDUQLQJV��%\�OLNHZLVH�OLPLWLQJ�KLP��
VHOI�WR�WKRVH�ZKR�ZHUH�QR�ORQJHU�SDUWLFLSDWLQJ�LQ�WKH�SUR��
JUDP�E\�-DQXDU\�������KH�HQVXUHG�WKDW�WKH�SRVWLQWHUYHQWLRQ�
GDWD�LQFOXGHG�FDOHQGDU������HDUQLQJV��ZKLFK�KH�WRRN�WR�EH�
WKH�RXWFRPH�RI�LQWHUHVW��(DUQLQJV�GDWD�IRU�ERWK�WKHVH�\HDUV�
DUH�DYDLODEOH�IRU�ERWK�QRQH[SHULPHQWDO�FRPSDULVRQ�JURXSV��
7KLV�UHGXFHV�WKH�16:�VDPSOH�WR�����WUHDWHG�REVHUYDWLRQV�
DQG�����FRQWURO�REVHUYDWLRQV�IRU�PDOH�SDUWLFLSDQWV��
+RZHYHU��LW�LV�LPSRUWDQW�WR�ORRN�DW�VHYHUDO�\HDUV�RI�SUHLQ��

WHUYHQWLRQ�HDUQLQJV�LQ�GHWHUPLQLQJ�WKH�HIIHFW�RI�MRE�WUDLQLQJ�
SURJUDPV��$QJULVW�������������$VKHQIHOWHU�������$VKHQ��
IHOWHU�DQG�&DUG�������&DUG�DQG�6XOOLYDQ��������7KXV�ZH�
IXUWKHU�OLPLW�RXUVHOYHV�WR�WKH�VXEVHW�RI�/DORQGH
V�16:�GDWD�
IRU�ZKLFK������HDUQLQJV�FDQ�EH�REWDLQHG��WKRVH�LQGLYLGXDOV�
ZKR�MRLQHG�WKH�SURJUDP�HDUO\�HQRXJK�IRU�WKH�UHWURVSHFWLYH�
HDUQLQJV�LQIRUPDWLRQ�WR�LQFOXGH�������DV�ZHOO�DV�WKRVH�LQGL��
YLGXDOV�ZKR�MRLQHG�ODWHU�EXW�ZHUH�NQRZQ�WR�KDYH�EHHQ�XQ��

HPSOR\HG�SULRU�WR�UDQGRPL]DWLRQ��6HOHFWLRQ�RI�WKLV�VXEVHW�LV�
EDVHG�RQO\�RQ�SUHLQWHUYHQWLRQ�YDULDEOHV��PRQWK�RI�DVVLJQ��
PHQW�DQG�HPSOR\PHQW�KLVWRU\���$VVXPLQJ�WKDW�WKH�LQLWLDO�
UDQGRPL]DWLRQ�ZDV�LQGHSHQGHQW�RI�SUHLQWHUYHQWLRQ�FRYDUL��
DWHV��WKH�VXEVHW�UHWDLQV�D�NH\�SURSHUW\�RI�WKH�IXOO�H[SHULPHQ��
WDO�GDWD��7KH�WUHDWPHQW�DQG�FRQWURO�JURXSV�KDYH�WKH�VDPH�
GLVWULEXWLRQ�RI�SUHLQWHUYHQWLRQ�YDULDEOHV��DOWKRXJK�WKLV�GLV��
WULEXWLRQ�FRXOG�GLIIHU�IURP�WKH�GLVWULEXWLRQ�RI�FRYDULDWHV�IRU�
WKH�ODUJHU�VDPSOH��$�GLIIHUHQFH�LQ�PHDQV�UHPDLQV�DQ�XQ��
ELDVHG�HVWLPDWRU�RI�WKH�DYHUDJH�WUHDWPHQW�LPSDFW�IRU�WKH�
UHGXFHG�VDPSOH��7KH�VXEVHW�LQFOXGHV�����WUHDWHG�DQG�����
FRQWURO�REVHUYDWLRQV��
:H�SUHVHQW�WKH�SUHLQWHUYHQWLRQ�FKDUDFWHULVWLFV�RI�WKH�RULJ��

LQDO�VDPSOH�DQG�RI�RXU�VXEVHW�LQ�WKH�ILUVW�IRXU�URZV�RI�7DEOH�
���2XU�VXEVHW�GLIIHUV�IURP�/DORQGH
V�RULJLQDO�VDPSOH��HVSH��
FLDOO\�LQ�WHUPV�RI������HDUQLQJV��WKLV�LV�D�FRQVHTXHQFH�ERWK�
RI�WKH�FRKRUW�SKHQRPHQRQ�DQG�RI�WKH�IDFW�WKDW�RXU�VXE��
VDPSOH�FRQWDLQV�PRUH�LQGLYLGXDOV�ZKR�ZHUH�XQHPSOR\HG�
SULRU�WR�SURJUDP�SDUWLFLSDWLRQ��7KH�GLVWULEXWLRQ�RI�SUHLQWHU��
YHQWLRQ�YDULDEOHV�LV�YHU\�VLPLODU�DFURVV�WKH�WUHDWPHQW�DQG�
FRQWURO�JURXSV�IRU�HDFK�VDPSOH��QRQH�RI�WKH�GLIIHUHQFHV�LV�
VLJQLILFDQWO\�GLIIHUHQW�IURP���DW�D����OHYHO�RI�VLJQLILFDQFH��
ZLWK�WKH�H[FHSWLRQ�RI�WKH�LQGLFDWRU�IRU��QR�GHJUHH���
/DORQGH
V�QRQH[SHULPHQWDO�HVWLPDWHV�RI�WKH�WUHDWPHQW�HI��

IHFW�DUH�EDVHG�RQ�WZR�GLVWLQFW�FRPSDULVRQ�JURXSV��WKH�3DQHO�
6WXG\�RI�,QFRPH�'\QDPLFV��36,'����DQG�:HVWDW
V�0DWFKHG�
&XUUHQW�3RSXODWLRQ�6XUYH\�6RFLDO�6HFXULW\�$GPLQLVWUDWLRQ�
)LOH��&36�����7DEOH���SUHVHQWV�WKH�SUHLQWHUYHQWLRQ�FKDUDF��
WHULVWLFV�RI�WKH�FRPSDULVRQ�JURXSV��,W�LV�HYLGHQW�WKDW�ERWK�
36,'���DQG�&36���GLIIHU�GUDPDWLFDOO\�IURP�WKH�WUHDWPHQW�
JURXS�LQ�WHUPV�RI�DJH��PDULWDO�VWDWXV��HWKQLFLW\��DQG�SUHLQ��
WHUYHQWLRQ�HDUQLQJV��DOO�RI�WKH�PHDQ�GLIIHUHQFHV�DUH�VLJQLI��
LFDQWO\�GLIIHUHQW�IURP���ZHOO�EH\RQG�D����OHYHO�RI�VLJQLI��
LFDQFH��H[FHSW�WKH�LQGLFDWRU�IRU��+LVSDQLF���7R�EULGJH�WKH�
JDS�EHWZHHQ�WKH�WUHDWPHQW�DQG�FRPSDULVRQ�JURXSV�LQ�WHUPV�
RI�SUHLQWHUYHQWLRQ�FKDUDFWHULVWLFV��/DORQGH�H[WUDFWHG�VXEVHWV�
IURP�36,'���DQG�&36����GHQRWHG�36,'���DQG����DQG�&36���
DQG�����WKDW�UHVHPEOH�WKH�WUHDWPHQW�JURXS�LQ�WHUPV�RI�VLQJOH�
SUHLQWHUYHQWLRQ�FKDUDFWHULVWLFV��VXFK�DV�DJH�RU�HPSOR\PHQW�
VWDWXV��VHH�7DEOH�����7DEOH���UHYHDOV�WKDW�WKH�VXEVHWV�UH��
PDLQ�VWDWLVWLFDOO\�VXEVWDQWLDOO\�GLIIHUHQW�IURP�WKH�WUHDWPHQW�
JURXS��WKH�PHDQ�GLIIHUHQFHV�LQ�DJH��HWKQLFLW\��PDULWDO�VWDWXV��
DQG�HDUQLQJV�DUH�VPDOOHU�EXW�UHPDLQ�VWDWLVWLFDOO\�VLJQLILFDQW�
DW�D����OHYHO��

���� /DORQGH
V�5HVXOWV�

%HFDXVH� RXU�DQDO\VLV�LQ�6HFWLRQ��� XVHV�D� VXEVHW�RI�
/DORQGH
V�RULJLQDO�GDWD�DQG�DQ�DGGLWLRQDO�YDULDEOH�������
HDUQLQJV���LQ�7DEOH���ZH�UHSURGXFH�/DORQGH
V�UHVXOWV�XV��
LQJ�KLV�RULJLQDO�GDWD�DQG�YDULDEOHV��7DEOH����SDQHO�$���DQG�
WKHQ�DSSO\�WKH�VDPH�HVWLPDWRUV�WR�RXU�VXEVHW�RI�KLV�GDWD�
ERWK�ZLWKRXW�DQG�ZLWK�WKH�DGGLWLRQDO�YDULDEOH��7DEOH����SDQ��
HOV�%�DQG�&���:H�VKRZ�WKDW�ZKHQ�KLV�DQDO\VLV�LV�DSSOLHG�
WR�WKH�GDWD�DQG�YDULDEOHV�WKDW�ZH�XVH��KLV�EDVLF�FRQFOXVLRQV�
UHPDLQ�XQFKDQJHG��,Q�6HFWLRQ���ZH�GLVFXVV�WKH�VHQVLWLYLW\�
RI�RXU�SURSHQVLW\�VFRUH�UHVXOWV�WR�GURSSLQJ�WKH�DGGLWLRQDO�
HDUQLQJV�GDWD��,Q�KLV�DUWLFOH��/DORQGH�FRQVLGHUHG�OLQHDU�UH��
JUHVVLRQ��IL[HG�HIIHFWV��DQG�ODWHQW�YDULDEOH�VHOHFWLRQ�PRGHOV�



'HKHMLD�DQG�:DKED��&DXVDO�(IIHFWV�LQ�1RQH[SHULPHQWDO�6WXGLHV� �����

7DEOH���� 6DPSOH�0HDQV�RI�&KDUDFWHULVWLFV�IRU�16:�DQG�&RPSDULVRQ�6DPSOHV�

1R��RI�REVHUYDWLRQV� $JH� (GXFDWLRQ� %ODFN� +LVSDQLF� 1R�GHJUHH� 0DUULHG� 5(����8�6����� 5(����8�6�����

16:�/DORQGH�D�
7UHDWHG� ���� ������ ������ ���� ���� ���� ���� ������

������ ������ ������ ������ ������ ������ ������
&RQWURO� ���� ������ ������ ���� ���� ���� ���� ������

������ ������ ������ ������ ������ ������ ������
5(���VXEVHW�E�
7UHDWHG� ���� ������ ������ ���� ����� ���� ���� ������ ������

������ ������ ������ ������ ������ ������ ������ ������
&RQWURO� ���� ������ ������ ���� ��� ���� ���� ������ ������

������ ������ ������ ������ ������ ������ ������ ������
&RPSDULVRQ�JURXSV�F�
36,'��� ������ ������ ������ ���� ����� ���� ���� ������� �������

>���@� >���@� >���@� >���@� >���@� >���@� >���@� >�����@�
36,'��� ���� ������ ������ ���� ����� ���� ���� ������� ������

>����@� >���@� >���@� >���@� >���@� >���@� >���@� >���@�
36,'��� ���� ������ ������ ���� ���� ���� ���� ������ ������

>����@� >���@� >���@� >���@� >���@� >���@� ������ >���@�
&36��� ������� ������ ������ ���� ���� ���� ���� ������� �������

>���@� >���@� >���@� >���@� >���@� >���@� >���@� >���@�
&36��� ������ ������ ������ ���� ���� ���� ���� ������ ������

>���@� >���@� >���@� >���@� >���@� >���@� >���@� >���@�
&36��� ���� ������ ������ ���� ���� ���� ���� ������ ������

>���@� >���@� >���@� >���@� >���@� >���@� >���@� >���@�

127(�� 6WDQGDUG�HUURUV�DUH�LQ�SDUHQWKHVHV��6WDQGDUG�HUURU�RQ�GLIIHUHQFH�LQ�PHDQV�ZLWK�5(���VXEVHW�WUHDWHG�LV�JLYHQ�LQ�EUDFNHWV��$JH� � DJH�LQ�\HDUV��(GXFDWLRQ� �QXPEHU�RI�\HDUV�RI�VFKRROLQJ��
%ODFN� � ��LI�EODFN����RWKHUZLVH��+LVSDQLF� � ��LI�+LVSDQLF����RWKHUZLVH��1R�GHJUHH� � ��LI�QR�KLJK�VFKRRO�GHJUHH����RWKHUZLVH��0DUULHG� � ��LI�PDUULHG����RWKHUZLVH��5([�  � HDUQLQJV�LQ�FDOHQGDU�\HDU�
��[��
D�16:�VDPSOH�DV�FRQVWUXFWHG�E\�/DORQGH���������
E7KH�VXEVHW�RI�WKH�/DORQGH�VDPSOH�IRU�ZKLFK�5(���LV�DYDLODEOH��
F�'HILQLWLRQ�RI�FRPSDULVRQ�JURXSV��/DORQGH��������
36,'����$OO�PDOH�KRXVHKROG�KHDGV�XQGHU�DJH����ZKR�GLG�QRW�FODVVLI\�WKHPVHOYHV�DV�UHWLUHG�LQ�������
36,'����6HOHFWV�IURP�36,'���DOO�PHQ�ZKR�ZHUH�QRW�ZRUNLQJ�ZKHQ�VXUYH\HG�LQ�WKH�VSULQJ�RI�������
36,'����6HOHFWV�IURP�36,'���DOO�PHQ�ZKR�ZHUH�QRW�ZRUNLQJ�LQ�������
&36����$OO�&36� PDOHV�XQGHU�DJH�����
&36����6HOHFWV�IURP�&36���DOO�PDOHV�ZKR�ZHUH�QRW�ZRUNLQJ�ZKHQ�VXUYH\HG�LQ�0DUFK�������
&36����6HOHFWV�IURP�&36���DOO�WKH�XQHPSOR\HG�PDOHV�LQ������ZKRVH�LQFRPH�LQ������ZDV�EHORZ�WKH�SRYHUW\�OHYHO��
36,'���� DQG�&36���DUH�LGHQWLFDO�WR�WKRVH�XVHG�E\�/DORQGH��&36���� DUH�VLPLODU�WR�WKRVH�XVHG�E\�/DORQGH��EXW�/DORQGH
V�RULJLQDO�VXEVHW�FRXOG�QRW�EH�UHFUHDWHG��

RI�WKH�WUHDWPHQW�LPSDFW��%HFDXVH�RXU�DQDO\VLV�IRFXVHV�RQ�
WKH�LPSRUWDQFH�RI�SUHLQWHUYHQWLRQ�YDULDEOHV��ZH�IRFXV�RQ�
WKH�ILUVW�RI�WKHVH��
7DEOH����SDQHO�$��UHSURGXFHV�WKH�UHVXOWV�RI�/DORQGH��������

7DEOH�����&RPSDULQJ�3DQHOV�$�DQG�%��ZH�QRWH�WKDW�WKH�WUHDW��
PHQW�HIIHFW��DV�HVWLPDWHG�IURP�WKH�UDQGRPL]HG�H[SHULPHQW��
LV�KLJKHU�LQ�WKH�ODWWHU���������FRPSDUHG�WR��������7KLV�UH��
IOHFWV�GLIIHUHQFHV�LQ�WKH�FRPSRVLWLRQ�RI�WKH�WZR�VDPSOHV��DV�
GLVFXVVHG�LQ�WKH�SUHYLRXV�VHFWLRQ��$�KLJKHU�WUHDWPHQW�HI��
IHFW�LV�REWDLQHG�IRU�WKRVH�ZKR�MRLQHG�WKH�SURJUDP�HDUOLHU�RU�
ZKR�ZHUH�XQHPSOR\HG�SULRU�WR�SURJUDP�SDUWLFLSDWLRQ��7KH�
UHVXOWV�LQ�WHUPV�RI�WKH�VXFFHVV�RI�QRQH[SHULPHQWDO�HVWLPDWHV�
DUH�TXDOLWDWLYHO\�VLPLODU�DFURVV�WKH�WZR�VDPSOHV��7KH�VLP��
SOH�GLIIHUHQFH�LQ�PHDQV��UHSRUWHG�LQ�FROXPQ������\LHOGV�QHJ��
DWLYH�WUHDWPHQW�HIIHFWV�IRU�WKH�&36�DQG�36,'� FRPSDULVRQ�
JURXSV�LQ�ERWK�VDPSOHV��H[FHSW�36,'�����7KH�IL[HG�HIIHFWV��
W\SH�GLIIHUHQFLQJ�HVWLPDWRU�LQ�WKH�WKLUG�FROXPQ�IDUHV�VRPH��
ZKDW�EHWWHU��DOWKRXJK�PDQ\�HVWLPDWHV�DUH�VWLOO�QHJDWLYH�RU�
GHWHULRUDWH�ZKHQ�ZH�FRQWURO�IRU�FRYDULDWHV�LQ�ERWK�SDQHOV��
7KH�HVWLPDWHV�LQ�WKH�ILIWK�FROXPQ�DUH�FORVHVW�WR�WKH�H[SHU��
LPHQWDO�HVWLPDWH��FRQVLVWHQWO\�FORVHU�WKDQ�WKRVH�LQ�WKH�VHF��
RQG�FROXPQ��ZKLFK�GR�QRW�FRQWURO�IRU�HDUQLQJV�LQ�������7KH�
WUHDWPHQW�HIIHFW�LV�XQGHUHVWLPDWHG�E\�DERXW��������IRU�WKH�
&36�FRPSDULVRQ�JURXSV�DQG�E\��������IRU�WKH�36,'�JURXSV��
/DORQGH
V�FRQFOXVLRQ�IURP�SDQHO�$��ZKLFK�DOVR�KROGV�LQ�

SDQHO�%��LV�WKDW�WKH�UHJUHVVLRQ�VSHFLILFDWLRQV�DQG�FRPSDUL��
VRQ�JURXSV�IDLO�WR�UHSOLFDWH�WKH�WUHDWPHQW�LPSDFW��
,QFOXGLQJ������HDUQLQJV�DV�DQ�DGGLWLRQDO�YDULDEOH�LQ�WKH�

UHJUHVVLRQV�LQ�7DEOH����SDQHO�&�GRHV�QRW�DOWHU�/DORQGH
V�
EDVLF�PHVVDJH��DOWKRXJK�WKH�HVWLPDWHV�LPSURYH�FRPSDUHG�
WR�WKRVH�LQ�SDQHO�%��,Q�FROXPQV�����DQG������PDQ\�HVWLPDWHV�
UHPDLQ�QHJDWLYH��EXW�OHVV�VR�WKDQ�LQ�SDQHO�%��,Q�FROXPQ�����
WKH�HVWLPDWHV�IRU�36,'���DQG�&36���DUH�QHJDWLYH��EXW�WKH�
HVWLPDWHV�IRU�WKH�VXEVHWV�LPSURYH��,Q�FROXPQV�����DQG�����
WKH�HVWLPDWHV�DUH�FORVHU�WR�WKH�H[SHULPHQWDO�EHQFKPDUN�WKDQ�
LQ�SDQHO�%��RII�E\�DERXW��������IRU�36,'���� DQG�&36����
DQG�E\������IRU�&36����2YHUDOO��WKH�UHVXOWV�FORVHVW�WR�WKH�
H[SHULPHQWDO�EHQFKPDUN�LQ�7DEOH���DUH�IRU�&36����SDQHO�&��
7KLV�UDLVHV�D�QXPEHU�RI�LVVXHV��7KH�VWUDWHJ\�RI�FRQVLGHULQJ�
VXEVHWV�RI�WKH�FRPSDULVRQ�JURXS�LPSURYHV�HVWLPDWHV�RI�WKH�
WUHDWPHQW�HIIHFW�UHODWLYH�WR�WKH�EHQFKPDUN��+RZHYHU��7DEOH�
��UHYHDOV�WKDW�VLJQLILFDQW�GLIIHUHQFHV�UHPDLQ�EHWZHHQ�WKH�
FRPSDULVRQ�JURXSV�DQG�WKH�WUHDWPHQW�JURXS��7KHVH�VXEVHWV�
DUH�FUHDWHG�EDVHG�RQ�RQH�RU�WZR�SUHLQWHUYHQWLRQ�YDULDEOHV��
,Q�6HFWLRQV���DQG���ZH�VKRZ�WKDW�SURSHQVLW\�VFRUH�PHWKRGV�
SURYLGH�D�V\VWHPDWLF�PHDQV�RI�FUHDWLQJ�VXFK�VXEVHWV��

��� ,'(17,)<,1*�$1'�(67,0$7,1*�7+(�$9(5$*(�
75($70(17�())(&7�

���� ,GHQWLILFDWLRQ�

/HW�<L��UHSUHVHQW�WKH�YDOXH�RI�WKH�RXWFRPH�ZKHQ�XQLW�L�LV�
H[SRVHG�WR�UHJLPH����FDOOHG�WUHDWPHQW���DQG�OHW�<LR�UHSUHVHQW�
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'HKHMLD�DQG�:DKED��&DXVDO�(IIHFWV�LQ�1RQH[SHULPHQWDO�6WXGLHV� �����

WKH�YDOXH�RI�WKH�RXWFRPH�ZKHQ�XQLW�L�LV�H[SRVHG�WR�UHJLPH���
�FDOOHG�FRQWURO���2QO\�RQH�RI�<LR�RU�<L��FDQ�EH�REVHUYHG�IRU�
DQ\�XQLW��EHFDXVH�RQH�FDQQRW�REVHUYH�WKH�VDPH�XQLW�XQGHU�
ERWK�WUHDWPHQW�DQG�FRQWURO��/HW�7L�EH�D�WUHDWPHQW�LQGLFDWRU�
���LI�H[SRVHG�WR�WUHDWPHQW����RWKHUZLVH���7KHQ�WKH�REVHUYHG�
RXWFRPH�IRU�XQLW�L�LV�<L� �7L7<L�������7M�<LR��7KH�WUHDWPHQW�
HIIHFW�IRU�XQLW�L�LV�7L� �<L��<LR��
,Q�DQ�H[SHULPHQWDO�VHWWLQJ�ZKHUH�DVVLJQPHQW�WR�WUHDWPHQW�

LV�UDQGRPL]HG��WKH�WUHDWPHQW�DQG�FRQWURO�JURXSV�DUH�GUDZQ�
IURP�WKH�VDPH�SRSXODWLRQ��7KH�DYHUDJH�WUHDWPHQW�HIIHFW�IRU�
WKLV�SRSXODWLRQ�LV�7 � (�<L�� �� (�<LR���%XW�UDQGRPL]DWLRQ�
LPSOLHV�WKDW�̂<L��,�<LR�,/� 7L`� >XVLQJ�'DZLG
V��������QRWDWLRQ��
+�UHSUHVHQWV�LQGHSHQGHQFH@��VR�WKDW�IRU�M� �����

(�<LMO7L� ���� �(�<LMO7L� ���� �(�<LM7L� �M��

DQG�

7� (�<L��,7L� ����� (�<LR�,7L� ����

 � (�<MM7L�  ���(�<LM7L�  � "���

ZKLFK�LV�UHDGLO\�HVWLPDWHG��
,Q�DQ�REVHUYDWLRQDO�VWXG\��WKH�WUHDWPHQW�DQG�FRPSDULVRQ�

JURXSV�DUH�RIWHQ�GUDZQ�IURP�GLIIHUHQW�SRSXODWLRQV��,Q�RXU�
DSSOLFDWLRQ�WKH�WUHDWPHQW�JURXS�LV�GUDZQ�IURP�WKH�SRSX��
ODWLRQ�RI�LQWHUHVW��ZHOIDUH�UHFLSLHQWV�HOLJLEOH�IRU�WKH�SUR��
JUDP��7KH��QRQH[SHULPHQWDO��FRPSDULVRQ�JURXS�LV�GUDZQ�
IURP�D�GLIIHUHQW�SRSXODWLRQ���,Q�RXU�DSSOLFDWLRQ�ERWK�WKH�
&36�DQG�36,'� DUH�PRUH�UHSUHVHQWDWLYH�RI�WKH�JHQHUDO�8�6��
SRSXODWLRQ���7KXV�WKH�WUHDWPHQW�HIIHFW�WKDW�ZH�DUH�WU\LQJ�
WR�LGHQWLI\�LV�WKH�DYHUDJH�WUHDWPHQW�HIIHFW�IRU�WKH�WUHDWHG�
SRSXODWLRQ��

7_7 O � (�<L��,7L� � ����� (�<LR�,7L� � ����

7KLV�H[SUHVVLRQ�FDQQRW�EH�HVWLPDWHG�GLUHFWO\��EHFDXVH�<LR�LV�
QRW�REVHUYHG�IRU�WUHDWHG�XQLWV��$VVXPLQJ�VHOHFWLRQ�RQ�RE��
VHUYDEOH�FRYDULDWHV��;L�QDPHO\��^<LO��<LR�+/�7L`�;L��5XELQ�
������������ZH� REWDLQ�

(��<LM�,�;L��7L� � ��� � (��<LM�,_;L��7L� � 2�� � (��<L�,_;L��7L� � M��

IRU�M�  � ������&RQGLWLRQDO�RQ�WKH�REVHUYDEOHV��;L��WKHUH�LV�
QR�V\VWHPDWLF�SUHWUHDWPHQW�GLIIHUHQFH�EHWZHHQ�WKH�JURXSV�
DVVLJQHG�WR�WUHDWPHQW�DQG�FRQWURO��7KLV�DOORZV�XV�WR�LGHQWLI\�
WKH�WUHDWPHQW�HIIHFW�IRU�WKH�WUHDWHG��

7�7 ��

 � (I(�<LO;L�7L�  � ���(�<LO;L�7L�  � 2�M7L�  � �`�� ����

ZKHUH�WKH�RXWHU�H[SHFWDWLRQ�LV�RYHU�WKH�GLVWULEXWLRQ�RI�
;LO7L� � ���WKH�GLVWULEXWLRQ�RI�SUHLQWHUYHQWLRQ�YDULDEOHV�LQ�
WKH�WUHDWHG�SRSXODWLRQ��
,Q�RXU�DSSOLFDWLRQ�ZH�KDYH�ERWK�DQ�H[SHULPHQWDO�FRQWURO�

JURXS�DQG�D�QRQH[SHULPHQWDO�FRPSDULVRQ�JURXS��%HFDXVH�
WKH�IRUPHU�LV�GUDZQ�IURP�WKH�SRSXODWLRQ�RI�LQWHUHVW�DORQJ�
ZLWK�WKH�WUHDWHG�JURXS��ZH�HFRQRPL]H�RQ�QRWDWLRQ�DQG�XVH�
7L �� WR�UHSUHVHQW�WKH�HQWLUH�JURXS�RI�LQWHUHVW�DQG�XVH�
�L �WR�UHSUHVHQW�WKH�QRQH[SHULPHQWDO�JURXS��7KXV�LQ�����

WKH�H[SHFWDWLRQ�LV�RYHU�WKH�GLVWULEXWLRQ�RI�;L�IRU�WKH�16:�
SRSXODWLRQ��
2QH�PHWKRG�IRU�HVWLPDWLQJ�WKH�WUHDWPHQW�HIIHFW�WKDW�VWHPV�

IURP�����LV�HVWLPDWLQJ�(�<L�,;L��7L� � ���DQG�(�<L�,;L��7L� �
���DV�WZR�QRQSDUDPHWULF�HTXDWLRQV��7KLV�HVWLPDWLRQ�VWUDW��
HJ\�EHFRPHV�GLIILFXOW��KRZHYHU��LI�WKH�FRYDULDWHV��;L��DUH�
KLJK�GLPHQVLRQDO��7KH�SURSHQVLW\�VFRUH�WKHRUHP�SURYLGHV�
DQ�LQWHUPHGLDWH�VWHS��

3URSRVLWLRQ�@� �5RVHQEDXP�DQG�5XELQ�������� /HW�S�;L��
EH� WKH�SUREDELOLW\�RI�XQLW�L� KDYLQJ�EHHQ�DVVLJQHG�WR�
WUHDWPHQW��GHILQHG�DV� S�;L�� B� 3U�7L�  � �-;L��  �
(�7LO;L��� $VVXPH�WKDW��� �� S�;L�� �� ���IRU�DOO�;L��DQG�
3U�7O��7�������71,;��;�������;1�� � I��L �� 1�3�;L�7L����
S�;L�����7L�� IRU�WKH�1�XQLWV�LQ�WKH�VDPSOH��7KHQ�

^�<L��<LR�� ,,� 7L`�;L� ��^�<���<LR��,,� 7L`OS�;L���

&RUROODU\�� ,I�̂ �<LO��<LR��+�7L`�,;L�DQG�WKH�DVVXPSWLRQV�
RI�3URSRVLWLRQ���KROG��WKHQ�

7_7 O� �(I(�<LO7L� �O�S�;L���
�(�<LO7L�  ���S�;L��� 7L� � �`�� ����

DVVXPLQJ�WKDW�WKH�H[SHFWDWLRQV�DUH�GHILQHG��7KH�RXWHU�H[��
SHFWDWLRQ�LV�RYHU�WKH�GLVWULEXWLRQ�RI�S�;L�,7L� � ���
2QH�LQWXLWLRQ�IRU�WKH�SURSHQVLW\�VFRUH�LV�WKDW�ZKHUHDV�LQ�

����ZH�DUH�WU\LQJ�WR�FRQGLWLRQ�RQ�;L��LQWXLWLYHO\��WR�ILQG�RE��
VHUYDWLRQV�ZLWK�VLPLODU�FRYDULDWHV���LQ�����ZH�DUH�WU\LQJ�WR�
FRQGLWLRQ�MXVW�RQ�WKH�SURSHQVLW\�VFRUH��EHFDXVH�WKH�SURSR��
VLWLRQ�LPSOLHV�WKDW�REVHUYDWLRQV�ZLWK�WKH�VDPH�SURSHQVLW\�
VFRUH�KDYH�WKH�VDPH�GLVWULEXWLRQ�RI�WKH�IXOO�YHFWRU�RI�FR��
YDULDWHV��;L��

���� 7KH�(VWLPDWLRQ�6WUDWHJ\�

(VWLPDWLRQ�LV�GRQH�LQ�WZR�VWHSV��)LUVW��ZH�HVWLPDWH�WKH�
SURSHQVLW\�VFRUH�VHSDUDWHO\�IRU�HDFK�QRQH[SHULPHQWDO�VDP��
SOH�FRQVLVWLQJ�RI�WKH�H[SHULPHQWDO�WUHDWPHQW�XQLWV�DQG�WKH�
VSHFLILHG�VHW�RI�FRPSDULVRQ�XQLWV��36,'����RU�&36�������:H�
XVH�D�ORJLVWLF�SUREDELOLW\�PRGHO��EXW�RWKHU�VWDQGDUG�PRGHOV�
\LHOG�VLPLODU�UHVXOWV��2QH�LVVXH�LV�ZKDW�IXQFWLRQDO�IRUP�RI�
WKH�SUHLQWHUYHQWLRQ�YDULDEOHV�WR�LQFOXGH�LQ�WKH�ORJLW��:H�UHO\�
RQ�WKH�IROORZLQJ�SURSRVLWLRQ��

3URSRVLWLRQ����5RVHQEDXP�DQG�5XELQ�������� ,I�S�;L��
LV�WKH�SURSHQVLW\�VFRUH��WKHQ�

;L� +�7L�OS�[L��

3URSRVLWLRQ���DVVHUWV�WKDW��FRQGLWLRQDO�RQ�WKH�SURSHQVLW\�
VFRUH��WKH�FRYDULDWHV�DUH�LQGHSHQGHQW�RI�DVVLJQPHQW�WR�WUHDW��
PHQW��VR�WKDW�IRU�REVHUYDWLRQV�ZLWK�WKH�VDPH�SURSHQVLW\�
VFRUH��WKH�GLVWULEXWLRQ�RI�FRYDULDWHV�VKRXOG�EH�WKH�VDPH�
DFURVV�WKH�WUHDWPHQW�DQG�FRPSDULVRQ�JURXSV��&RQGLWLRQLQJ�
RQ�WKH�SURSHQVLW\�VFRUH��HDFK�LQGLYLGXDO�KDV�WKH�VDPH�SURE��
DELOLW\�RI�DVVLJQPHQW�WR�WUHDWPHQW��DV�LQ�D�UDQGRPL]HG�H[��
SHULPHQW��
:H�XVH�WKLV�SURSRVLWLRQ�WR�DVVHVV�HVWLPDWHV�RI�WKH�SURSHQ��

VLW\�VFRUH��)RU�DQ\�JLYHQ�VSHFLILFDWLRQ��ZH�VWDUW�E\�LQWUR��
GXFLQJ�WKH�FRYDULDWHV�OLQHDUO\���ZH�JURXS�REVHUYDWLRQV�LQWR�
VWUDWD�GHILQHG�RQ�WKH�HVWLPDWHG�SURSHQVLW\�VFRUH�DQG�FKHFN�



����� -RXUQDO�RI�WKH�$PHULFDQ�6WDWLVWLFDO�$VVRFLDWLRQ��'HFHPEHU������

ZKHWKHU�ZH�VXFFHHG�LQ�EDODQFLQJ�WKH�FRYDULDWHV�ZLWKLQ�HDFK�
VWUDWXP��:H�XVH�WHVWV�IRU�WKH�VWDWLVWLFDO�VLJQLILFDQFH�RI�GLI��
IHUHQFHV�LQ�WKH�GLVWULEXWLRQ�RI�FRYDULDWHV��IRFXVLQJ�RQ�ILUVW�
DQG�VHFRQG�PRPHQWV��VHH�5RVHQEDXP�DQG�5XELQ��������,I�
WKHUH�DUH�QR�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�WKH�WZR�JURXSV�
ZLWKLQ�HDFK�VWUDWXP��WKHQ�ZH�DFFHSW�WKH�VSHFLILFDWLRQ��,I�
WKHUH�DUH�VLJQLILFDQW�GLIIHUHQFHV��WKHQ�ZH�DGG�KLJKHU�RUGHU�
WHUPV�DQG�LQWHUDFWLRQV�RI�WKH�FRYDULDWHV�XQWLO�WKLV�FRQGLWLRQ�
LV�VDWLVILHG��,Q�6HFWLRQ���ZH�GHPRQVWUDWH�WKDW�WKH�UHVXOWV�DUH�
QRW�VHQVLWLYH�WR�WKH�VHOHFWLRQ�RI�KLJKHU�RUGHU�DQG�LQWHUDFWLRQ�
YDULDEOHV��
,Q�WKH�VHFRQG�VWHS��JLYHQ�WKH�HVWLPDWHG�SURSHQVLW\�VFRUH��

ZH�QHHG�WR�HVWLPDWH�D� XQLYDULDWH�QRQSDUDPHWULF�UHJUHV��
VLRQ��(�<M7L� 7� M�S�;L���� IRU�M�  � �����:H�IRFXV�RQ�
VLPSOH�PHWKRGV�IRU�REWDLQLQJ�D�IOH[LEOH�IXQFWLRQDO�IRUP��
VWUDWLILFDWLRQ�DQG�PDWFKLQJ�EXW�LQ�SULQFLSOH�RQH�FRXOG�XVH�
DQ\�RI�WKH�VWDQGDUG�DUUD\�RI�QRQSDUDPHWULF�WHFKQLTXHV��VHH��
H�J���+DUGOH�DQG�/LQWRQ�������+HFNPDQ��,FKLPXUD��DQG�7RGG�
�������
:LWK�VWUDWLILFDWLRQ��REVHUYDWLRQV�DUH�VRUWHG�IURP�ORZHVW�WR�

KLJKHVW�HVWLPDWHG�SURSHQVLW\�VFRUH��:H�GLVFDUG�WKH�FRPSDU��
LVRQ�XQLWV�ZLWK�DQ�HVWLPDWHG�SURSHQVLW\�VFRUH�OHVV�WKDQ�WKH�
PLQLPXP��RU�JUHDWHU�WKDQ�WKH�PD[LPXP��HVWLPDWHG�SURSHQ��
VLW\�VFRUH�IRU�WUHDWHG�XQLWV��7KH�VWUDWD��GHILQHG�RQ�WKH�HV��
WLPDWHG�SURSHQVLW\�VFRUH��DUH�FKRVHQ�VR�WKDW�WKH�FRYDULDWHV�
ZLWKLQ�HDFK�VWUDWXP�DUH�EDODQFHG�DFURVV�WKH�WUHDWPHQW�DQG�
FRPSDULVRQ�XQLWV���:H�NQRZ�WKDW�VXFK�VWUDWD�H[LVW�IURP�VWHS�
����%DVHG�RQ������ZLWKLQ�HDFK�VWUDWXP�ZH�WDNH�D�GLIIHUHQFH�
LQ�PHDQV�RI�WKH�RXWFRPH�EHWZHHQ�WKH�WUHDWPHQW�DQG�FRP��
SDULVRQ�JURXSV��WKHQ�ZHLJKW�WKHVH�E\�WKH�QXPEHU�RI�WUHDWHG�
REVHUYDWLRQV�LQ�HDFK�VWUDWXP��:H�DOVR�FRQVLGHU�PDWFKLQJ�RQ�
WKH�SURSHQVLW\�VFRUH��(DFK�WUHDWPHQW�XQLW�LV�PDWFKHG�ZLWK�
UHSODFHPHQW�WR�WKH�FRPSDULVRQ�XQLW�ZLWK�WKH�FORVHVW�SURSHQ��
VLW\�VFRUH��WKH�XQPDWFKHG�FRPSDULVRQ�XQLWV�DUH�GLVFDUGHG�
�VHH�'HKHMLD�DQG�:DKED������IRU�PRUH�GHWDLOV��DOVR�+HFN��
PDQ��,FKLPXUD��6PLWK��DQG�7RGG�������+HFNPDQ��,FKLPXUD��
DQG�7RGG�������5XELQ��������
7KHUH�DUH�D�QXPEHU�RI�UHDVRQV�IRU�SUHIHUULQJ�WKLV�WZR��

VWHS�DSSURDFK�WR�GLUHFW�HVWLPDWLRQ�RI������)LUVW��WDFNOLQJ�����
GLUHFWO\�ZLWK�D�QRQSDUDPHWULF�UHJUHVVLRQ�ZRXOG�HQFRXQWHU�
WKH�FXUVH�RI�GLPHQVLRQDOLW\�DV�D�SUREOHP�LQ�PDQ\�GDWDVHWV�
VXFK�DV�RXUV�WKDW�KDYH�D�ODUJH�QXPEHU�RI�FRYDULDWHV��7KLV�
ZRXOG�DOVR�RFFXU�ZKHQ�HVWLPDWLQJ�WKH�SURSHQVLW\�VFRUH�XV��

LQJ�QRQSDUDPHWULF�WHFKQLTXHV��+HQFH�ZH�XVH�D�SDUDPHWULF�
PRGHO�IRU�WKH�SURSHQVLW\�VFRUH��7KLV�LV�SUHIHUDEOH�WR�DS��
SO\LQJ�D�SDUDPHWULF�PRGHO�GLUHFWO\�WR�����EHFDXVH��DV�ZH�
ZLOO�VHH��WKH�UHVXOWV�DUH�OHVV�VHQVLWLYH�WR�WKH�ORJLW�VSHFLIL��
FDWLRQ�WKDQ�UHJUHVVLRQ�PRGHOV��VXFK�DV�WKRVH�LQ�7DEOH����
)LQDOO\��GHSHQGLQJ�RQ�WKH�HVWLPDWRU�WKDW�RQH�DGRSWV��H�J���
VWUDWLILFDWLRQ���D�SUHFLVH�HVWLPDWH�RI�WKH�SURSHQVLW\�VFRUH�LV�
QRW�UHTXLUHG��7KH�SURFHVV�RI�YDOLGDWLQJ�WKH�SURSHQVLW\�VFRUH�
HVWLPDWH�SURGXFHV�DW�OHDVW�RQH�SDUWLWLRQ�VWUXFWXUH�WKDW�EDO��
DQFHV�SUHLQWHUYHQWLRQ�FRYDULDWHV�DFURVV�WKH�WUHDWPHQW�DQG�
FRPSDULVRQ�JURXSV�ZLWKLQ�HDFK�VWUDWXP��ZKLFK��E\������LV�
DOO�WKDW�LV�QHHGHG�IRU�DQ�XQELDVHG�HVWLPDWH�RI�WKH�WUHDWPHQW�
LPSDFW��

��� 5(68/76�86,1*�7+(�3523(16,7<� 6&25(�

8VLQJ�WKH�PHWKRG�RXWOLQHG�LQ�WKH�SUHYLRXV�VHFWLRQ��ZH�
VHSDUDWHO\�HVWLPDWH�WKH�SURSHQVLW\�VFRUH�IRU�HDFK�VDPSOH�
RI�FRPSDULVRQ�XQLWV�DQG�WUHDWPHQW�XQLWV��)LJXUHV���DQG���
SUHVHQW�KLVWRJUDPV�RI�WKH�HVWLPDWHG�SURSHQVLW\�VFRUHV�IRU�
WKH�WUHDWPHQW�DQG�36,'���DQG�&36���FRPSDULVRQ�JURXSV��
0RVW�RI�WKH�FRPSDULVRQ�XQLWV��������RI�D�WRWDO�RI�������
36,'���XQLWV�DQG��������RI��������&36���XQLWV��DUH�GLV��
FDUGHG�EHFDXVH�WKHLU�HVWLPDWHG�SURSHQVLW\�VFRUHV�DUH�OHVV�
WKDQ�WKH�PLQLPXP�IRU�WKH�WUHDWPHQW�XQLWV��(YHQ�WKHQ��WKH�
ILUVW�ELQ��XQLWV�ZLWK�DQ�HVWLPDWHG�SURSHQVLW\�VFRUH�RI����
�����FRQWDLQV�PRVW�RI�WKH�UHPDLQLQJ�FRPSDULVRQ�XQLWV�DQG�
IHZ�WUHDWPHQW�XQLWV��$Q�LPSRUWDQW�GLIIHUHQFH�EHWZHHQ�WKH�
ILJXUHV�LV�WKDW�)LJXUH���KDV�PDQ\�ELQV�LQ�ZKLFK�WKH�WUHDW��
PHQW�XQLWV�JUHDWO\�RXWQXPEHU�WKH�FRPSDULVRQ�XQLWV���,Q��
GHHG��IRU�WKUHH�ELQV�WKHUH�DUH�QR�FRPSDULVRQ�XQLWV���,Q�FRQ��
WUDVW��LQ�)LJXUH���IRU�&36�����HDFK�ELQ�FRQWDLQV�DW�OHDVW�D�
IHZ�FRPSDULVRQ�XQLWV��2YHUDOO��IRU�36,'����WKHUH�DUH����
�PRUH�WKDQ�KDOI�WKH�WRWDO�QXPEHU��WUHDWHG�XQLWV�ZLWK�DQ�HVWL��
PDWHG�SURSHQVLW\�VFRUH�LQ�H[FHVV�RI�����DQG�RQO\���FRPSDU��
LVRQ�XQLWV��FRPSDUHG�WR����WUHDWHG�DQG���FRPSDULVRQ�XQLWV�
IRU�&36����
)LJXUHV���DQG���LOOXVWUDWH�WKH�GLDJQRVWLF�YDOXH�RI�WKH�

SURSHQVLW\�VFRUH��7KH\�UHYHDO�WKDW�DOWKRXJK�WKH�FRPSDUL��
VRQ�JURXSV�DUH�ODUJH�UHODWLYH�WR�WKH�WUHDWPHQW�JURXS��WKHUH�
LV�OLPLWHG�RYHUODS�LQ�WHUPV�RI�SUHLQWHUYHQWLRQ�FKDUDFWHULV��
WLFV��+DG�WKHUH�EHHQ�QR�FRPSDULVRQ�XQLWV�RYHUODSSLQJ�ZLWK�
D�EURDG�UDQJH�RI�WKH�WUHDWPHQW�XQLWV��WKHQ�LW�ZRXOG�QRW�KDYH�
EHHQ�SRVVLEOH�WR�HVWLPDWH�WKH�DYHUDJH�WUHDWPHQW�HIIHFW�RQ�WKH�
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R� L� M�
��������� ��

&D���;P�� �O)�OQ�
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(VWLPDWHG�S�;L��������FRPSDULVRQ�XQLWV�GLVFDUGHG��ILUVW�ELQ�FRQWDLQV�����FRPSDULVRQ�XQLWV�

)LJXUH���� +LVWRJUDP�RI�WKH�(VWLPDWHG�3URSHQVLW\�6FRUH�IRU�16:�7UHDWHG�8QLWV�DQG�36,'� &RPSDULVRQ�8QLWV��7KH�������36,'� XQLWV�ZKRVH�
HVWLPDWHG�SURSHQVLW\�VFRUH�LV�OHVV�WKDQ�WKH�PLQLPXP�HVWLPDWHG�SURSHQVLW\�VFRUH�IRU�WKH�WUHDWPHQW�JURXS�DUH�GLVFDUGHG��7KH�ILUVW�ELQ�FRQWDLQV�����
36,'�XQLWV��7KHUH�LV�PLQLPDO�RYHUODS�EHWZHHQ�WKH�WZR�JURXSV��7KUHH�ELQV������������������DQG��������� FRQWDLQ�QR�FRPSDULVRQ�XQLWV��7KHUH�DUH����
WUHDWHG�XQLWV�ZLWK�DQ�HVWLPDWHG�SURSHQVLW\�VFRUH�JUHDWHU�WKDQ����DQG�RQO\���FRPSDULVRQ�XQLWV��
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(VWLPDWHG�S�;L���������FRPSDULVRQ�XQLWV�GLVFDUGHG��ILUVW�ELQ�FRQWDLQV������FRPSDULVRQ�XQLWV�

)LJXUH���� +LVWRJUDP�RI�WKH�(VWLPDWHG�3URSHQVLW\�6FRUH�IRU�16:�7UHDWHG�8QLWV�DQG�&36� &RPSDULVRQ�8QLWV��7KH��������&36� XQLWV�ZKRVH�
HVWLPDWHG�SURSHQVLW\�VFRUH�LV�OHVV� WKDQ�WKH�PLQLPXP�HVWLPDWHG�SURSHQVLW\�VFRUH�IRU�WKH�WUHDWPHQW�JURXS�DUH�GLVFDUGHG��7KH�ILUVW�ELQ�FRQWDLQV�
������&36� XQLWV��7KHUH�LV�PLQLPDO�RYHUODS�EHWZHHQ�WKH�WZR�JURXSV��EXW�WKH�RYHUODS�LV�JUHDWHU�WKDQ�LQ�)LJXUH����RQO\�RQH�ELQ���������� FRQWDLQV�QR�
FRPSDULVRQ�XQLWV��DQG�WKHUH�DUH����WUHDWHG�DQG���FRPSDULVRQ�XQLWV�ZLWK�DQ�HVWLPDWHG�SURSHQVLW\�VFRUH�JUHDWHU�WKDQ�����

WUHDWPHQW�JURXS��DOWKRXJK�WKH�WUHDWPHQW�LPSDFW�VWLOO�FRXOG�
EH�HVWLPDWHG�LQ�WKH�UDQJH�RI�RYHUODS���:LWK�OLPLWHG�RYHUODS��
ZH�FDQ�SURFHHG�FDXWLRXVO\�ZLWK�HVWLPDWLRQ��%HFDXVH�LQ�RXU�
DSSOLFDWLRQ�ZH�KDYH�WKH�EHQFKPDUN�H[SHULPHQWDO�HVWLPDWH��
ZH�DUH�DEOH�WR�HYDOXDWH�WKH�DFFXUDF\�RI�WKH�HVWLPDWHV��(YHQ�
LQ�WKH�DEVHQFH�RI�DQ�H[SHULPHQWDO�HVWLPDWH��ZH�VKRZ�LQ�6HF��
WLRQ���WKDW�WKH�XVH�RI�PXOWLSOH�FRPSDULVRQ�JURXSV�SURYLGHV�
DQRWKHU�PHDQV�RI�HYDOXDWLQJ�WKH�HVWLPDWHV��
:H�XVH�VWUDWLILFDWLRQ�DQG�PDWFKLQJ�RQ�WKH�SURSHQVLW\�

VFRUH�WR�JURXS�WKH�WUHDWPHQW�XQLWV�ZLWK�WKH�VPDOO�QXPEHU�
RI�FRPSDULVRQ�XQLWV�ZKRVH�HVWLPDWHG�SURSHQVLW\�VFRUHV�DUH�
JUHDWHU�WKDQ�WKH�PLQLPXP�RU�OHVV�WKDQ�WKH�PD[LPXP��
SURSHQVLW\�VFRUH�IRU�WUHDWPHQW�XQLWV��:H�HVWLPDWH�WKH�WUHDW��
PHQW�HIIHFW�E\�VXPPLQJ�WKH�ZLWKLQ�VWUDWXP�GLIIHUHQFH�LQ�
PHDQV�EHWZHHQ�WKH�WUHDWPHQW�DQG�FRPSDULVRQ�REVHUYDWLRQV�
�RI�HDUQLQJV�LQ��������ZKHUH�WKH�VXP�LV�ZHLJKWHG�E\�WKH�

QXPEHU�RI�WUHDWHG�REVHUYDWLRQV�ZLWKLQ�HDFK�VWUDWXP�>7DEOH�
���FROXPQ����@��$Q�DOWHUQDWLYH�LV�D�ZLWKLQ�EORFN�UHJUHVVLRQ��
DJDLQ�WDNLQJ�D�ZHLJKWHG�VXP�RYHU�WKH�VWUDWD�>7DEOH����FRO��
XPQ����@��:KHQ�WKH�FRYDULDWHV�DUH�ZHOO�EDODQFHG��VXFK�D�
UHJUHVVLRQ�VKRXOG�KDYH�OLWWOH�HIIHFW��EXW�LW�FDQ�KHOS�HOLPL��
QDWH�WKH�UHPDLQLQJ�ZLWKLQ�EORFN�GLIIHUHQFHV��/LNHZLVH�IRU�
PDWFKLQJ��ZH�FDQ�HVWLPDWH�D�GLIIHUHQFH�LQ�PHDQV�EHWZHHQ�
WKH�WUHDWPHQW�DQG�PDWFKHG�FRPSDULVRQ�JURXSV�IRU�HDUQLQJV�
LQ������>FROXPQ����@��DQG�DOVR�SHUIRUP�D�UHJUHVVLRQ�RI������
HDUQLQJV�RQ�FRYDULDWHV�>FROXPQ����@��
7DEOH���SUHVHQWV�WKH�UHVXOWV��)RU�WKH�36,'� VDPSOH��WKH�

VWUDWLILFDWLRQ�HVWLPDWH�LV� �������DQG�WKH�PDWFKLQJ�HVWL��
PDWH�LV���������FRPSDUHG�WR�WKH�EHQFKPDUN�UDQGRPL]HG��
H[SHULPHQW�HVWLPDWH�RI���������7KH�HVWLPDWHV�IURP�D�GLI��
IHUHQFH�LQ�PHDQV�DQG�UHJUHVVLRQ�RQ�WKH�IXOO�VDPSOH�DUH�
��������� DQG�������,Q�FROXPQV�����DQG������FRQWUROOLQJ�
IRU�FRYDULDWHV�KDV�OLWWOH�LPSDFW�RQ�WKH�VWUDWLILFDWLRQ�DQG�

7DEOH���� (VWLPDWHG�7UDLQLQJ�(IIHFWV�IRU�WKH�16:�0DOH�3DUWLFLSDQWV�8VLQJ�&RPSDULVRQ�*URXSV�)URP�36,'�DQG�&36�

16:�WUHDWPHQW�HDUQLQJV�OHVV�FRPSDULVRQ�JURXS�HDUQLQJV��
16:�HDUQLQJV�OHVV� FRQGLWLRQDO�RQ�WKH�HVWLPDWHG�SURSHQVLW\�VFRUH�
FRPSDULVRQ�JURXS�

HDUQLQJV� 4XDGUDWLF� 6WUDWLI\LQJ�RQ�WKH�VFRUH� 0DWFKLQJ�RQ�WKH�VFRUH�

���� ���� LQ�VFRUH
� ���� ���� ���� ���� ����
8QDGMXVWHG� $GMXVWHGD� ���� 8QDGMXVWHG� $GMXVWHG� 2EVHUYDWLRQVF� 8QDGMXVWHG� $GMXVWHGG�

16:� ������ ������
������ ������

36,'�OH� �������� ���� ���� ������ ������ ������ ������ ������
�������� ������ �������� �������� �������� �������� ������

36,'���� ������� ���� ���� ������ ������ ���� ������ ������
������ �������� �������� �������� �������� �������� ������

36,'���� ������ ���� ���� ������ ������ ���� ������ ������
������ �������� �������� �������� �������� �������� ������

&36��J� ������� ���� ������ ������ ������ ������ ������ ������
������ ������ ������ �������� �������� �������� ������

&36���� ������� ���� ���� ������ ������ ������ ������ ������
������ ������ ������ �������� �������� �������� ������

&36���� ����� ������ ���� ������ ������ ���� ���� ����
������ ������ ������ �������� �������� �������� ������

D�/HDVW�VTXDUHV�UHJUHVVLRQ��5(���RQ�D�FRQVWDQW��D�WUHDWPHQW�LQGLFDWRU��DJH��DJH���� HGXFDWLRQ��QR�GHJUHH��EODFN��+LVSDQLF��5(����5(����
E/HDVW� VTXDUHV�UHJUHVVLRQ�RI�5(���RQ�D�TXDGUDWLF�RQ�WKH�HVWLPDWHG�SURSHQVLW\�VFRUH�DQG�D�WUHDWPHQW�LQGLFDWRU��IRU�REVHUYDWLRQV�XVHG�XQGHU�VWUDWLILFDWLRQ��VHH� QRWH��J���
F�1XPEHU�RI�REVHUYDWLRQV�UHIHUV�WR�WKH�DFWXDO�QXPEHU�RI�FRPSDULVRQ�DQG�WUHDWPHQW�XQLWV�XVHG�IRU���������� QDPHO\��DOO�WUHDWPHQW�XQLWV�DQG�WKRVH�FRPSDULVRQ�XQLWV�ZKRVH�HVWLPDWHG�SURSHQVLW\�

VFRUH�LV�JUHDWHU�WKDQ�WKH�PLQLPXP��DQG�OHVV�WKDQ�WKH�PD[LPXP��HVWLPDWHG�SURSHQVLW\�VFRUH�IRU�WKH�WUHDWPHQW�JURXS��
G:HLJKWHG� OHDVW�VTXDUHV��WUHDWPHQW�REVHUYDWLRQV�ZHLJKWHG�DV����DQG�FRQWURO�REVHUYDWLRQV�ZHLJKWHG�E\�WKH�QXPEHU�RI�WLPHV�WKH\�DUH�PDWFKHG�WR�D�WUHDWPHQW�REVHUYDWLRQ�>VDPH�FRYDULDWHV�DV��D�@��
3URSHQVLW\�VFRUHV�DUH�HVWLPDWHG�XVLQJ�WKH�ORJLVWLF�PRGHO��ZLWK�VSHFLILFDWLRQV�DV�IROORZV��
H�36,'�� 3UE� L � �� � )DH� �� �� �� ��36,'� 3URE��7� ��� )�DJH��DJH� ��HGXFDWLRQ��HGXFDWLRQ���PDUULHG��QR�GHJUHH��EODFN��+LVSDQLF��5(����5(����5(��� ��5(��� ��X���EODFN���
I�3,�DG3'�3R�  � )J�D� �HGDL�HX��QGJH�DUHEON+LDL�� �� �� ��
36,'���DQG�36,'����3URE��7L�  ���� � )�DJH��DJH� �HGXFDWLRQ�� HGXFDWLRQ��QR� GHJUHH��PDUULHG��EODFN��+LVSDQLF��5(����5(��� ��5(����5(��� ��X����X�����
&36����&36����DQG�&36����3URE��7L� � ��� �)�DJH��DJH���HGXFDWLRQ��HGXFDWLRQ���QR�GHJUHH��PDUULHG��EODFN��+LVSDQLF��5(����5(����X����X����HGXFDWLRQ��5(����DJH���



����� -RXUQDO�RI�WKH�$PHULFDQ�6WDWLVWLFDO�$VVRFLDWLRQ��'HFHPEHU������

PDWFKLQJ�HVWLPDWHV��/LNHZLVH�IRU�WKH�&36��WKH�SURSHQVLW\��
VFRUH�EDVHG�HVWLPDWHV�IURP�WKH�&36�������� DQG���������
DUH�PXFK�FORVHU�WR�WKH�H[SHULPHQWDO�EHQFKPDUN�WKDQ�
HVWLPDWHV�IURP�WKH�IXOO�FRPSDULVRQ�VDPSOH����������
DQG�������
:H�DOVR�FRQVLGHU�HVWLPDWHV�IURP�WKH�VXEVHWV�RI�WKH�36,'�

DQG�&36��,Q�7DEOH���WKH�HVWLPDWHV�WHQG�WR�LPSURYH�ZKHQ�
DSSOLHG�WR�QDUURZHU�VXEVHWV��+RZHYHU��WKH�HVWLPDWHV�VWLOO�
UDQJH�IURP���������WR���������,Q�7DEOH���WKH�HVWLPDWHV�GR�
QRW�LPSURYH�IRU�WKH�VXEVHWV��DOWKRXJK�WKH�UDQJH�RI�IOXFWXD��
WLRQ�LV�QDUURZHU��IURP������WR���������7DEOHV���DQG���VKHG�
OLJKW�RQ�WKLV��
7DEOH���SUHVHQWV�WKH�SUHLQWHUYHQWLRQ�FKDUDFWHULVWLFV�RI�

WKH�YDULRXV�FRPSDULVRQ�JURXSV��:H�QRWH�WKDW�WKH�VXEVHWV��
36,'���DQG����DQG�&36���DQG����DOWKRXJK�PRUH�FORVHO\�
UHVHPEOLQJ�WKH�WUHDWPHQW�JURXS�DUH�VWLOO�FRQVLGHUDEO\�GLIIHU��
HQW�LQ�D�QXPEHU�RI�LPSRUWDQW�GLPHQVLRQV��LQFOXGLQJ�HWKQLF��
LW\��PDULWDO�VWDWXV��DQG�HVSHFLDOO\�HDUQLQJV��7DEOH���SUHVHQWV�
WKH�FKDUDFWHULVWLFV�RI�WKH�PDWFKHG�VXEVDPSOHV�IURP�WKH�
FRPSDULVRQ�JURXSV��7KH�FKDUDFWHULVWLFV�RI�WKH�PDWFKHG�VXE��
VHWV�RI�&36���DQG�36,'���FRUUHVSRQG�FORVHO\�WR�WKH�WUHDW��
PHQW�JURXS��QRQH�RI�WKH�GLIIHUHQFHV�LV�VWDWLVWLFDOO\�VLJQLI��
LFDQW��%XW�DV�ZH�FUHDWH�VXEVHWV�RI�WKH�FRPSDULVRQ�JURXSV��
WKH�TXDOLW\�RI�WKH�PDWFKHV�GHFOLQHV��PRVW�GUDPDWLFDOO\�IRU�
WKH�36,'��36,'���DQG����HDUQLQJV�QRZ�LQFUHDVH�IURP������
WR�������ZKHUHDV�WKH\�GHFOLQH�IRU�WKH�WUHDWPHQW�JURXS��7KH�
WUDLQLQJ�OLWHUDWXUH�KDV�LGHQWLILHG�WKH��GLS��LQ�HDUQLQJV�DV�DQ�
LPSRUWDQW�FKDUDFWHULVWLF�RI�SDUWLFLSDQWV�LQ�WUDLQLQJ�SURJUDPV�
�VHH�$VKHQIHOWHU��������������7KH�&36� VXEVDPSOHV�UHWDLQ�
WKH�GLS��EXW������HDUQLQJV�DUH�VXEVWDQWLDOO\�KLJKHU�IRU�WKH�
PDWFKHG�VXEVHW�RI�&36���WKDQ�IRU�WKH�WUHDWPHQW�JURXS��
7KLV�LOOXVWUDWHV�RQH�RI�WKH�LPSRUWDQW�IHDWXUHV�RI�SURSHQ��

VLW\�VFRUH�PHWKRGV��QDPHO\�WKDW�FUHDWLRQ�RI�DG�KRF�VXEVDP��
SOHV�IURP�WKH�QRQH[SHULPHQWDO�FRPSDULVRQ�JURXS�LV�QHL��
WKHU�QHFHVVDU\�QRU�GHVLUDEOH��VXEVDPSOHV�EDVHG�RQ�VLQJOH�
SUHLQWHUYHQWLRQ�FKDUDFWHULVWLFV�PD\�GLVSRVH�RI�FRPSDULVRQ�
XQLWV�WKDW�VWLOO�SURYLGH�JRRG�RYHUDOO�FRPSDULVRQV�ZLWK�WUHDW��
PHQW�XQLWV��7KH�SURSHQVLW\�VFRUH�VRUWV�RXW�ZKLFK�FRPSDUL��
VRQ�XQLWV�DUH�PRVW�UHOHYDQW��FRQVLGHULQJ�DOO�SUHLQWHUYHQWLRQ�
FKDUDFWHULVWLFV�VLPXOWDQHRXVO\��QRW�MXVW�RQH�FKDUDFWHULVWLF�DW�
Q�WLPH�

&ROXPQ�����LQ�7DEOH���LOOXVWUDWHV�WKH�YDOXH�RI�DOORZLQJ�
ERWK�IRU�D�KHWHURJHQHRXV�WUHDWPHQW�HIIHFW�DQG�IRU�D�QRQ��
OLQHDU�IXQFWLRQDO�IRUP�LQ�WKH�SURSHQVLW\�VFRUH��7KH�HVWLPD��
WRUV�LQ�FROXPQV���������KDYH�ERWK�RI�WKHVH�FKDUDFWHULVWLFV��
ZKHUHDV�FROXPQ�����UHJUHVVHV������HDUQLQJV�RQ�D�OHVV�QRQ��
OLQHDU�IXQFWLRQ�>TXDGUDWLF��DV�RSSRVHG�WR�WKH�VWHS�IXQFWLRQ�
LQ�FROXPQV�����DQG����@�RI�WKH�HVWLPDWHG�SURSHQVLW\�VFRUH�
DQG�D�WUHDWPHQW�LQGLFDWRU��7KH�HVWLPDWHV�DUH�FRPSDUDEOH�
WR�WKRVH�LQ�FROXPQ������ZKHUH�ZH�UHJUHVV�WKH�RXWFRPH�RQ�
DOO�SUHLQWHUYHQWLRQ�FKDUDFWHULVWLFV��DQG�DUH�IDUWKHU�IURP�WKH�
H[SHULPHQWDO�EHQFKPDUN�WKDQ�WKH�HVWLPDWHV�LQ�FROXPQV������
�����7KLV�GHPRQVWUDWHV�WKH�DELOLW\�RI�WKH�SURSHQVLW\�VFRUH�WR�
VXPPDUL]H�DOO�SUHLQWHUYHQWLRQ�YDULDEOHV��EXW�XQGHUOLQHV�WKH�
LPSRUWDQFH�RI�XVLQJ�WKH�SURSHQVLW\�VFRUH�LQ�D�VXIILFLHQWO\�
QRQOLQHDU�IXQFWLRQDO�IRUP��
)LQDOO\��LW�PXVW�EH�QRWHG�WKDW�HYHQ�WKRXJK�WKH�HVWLPDWHV�

SUHVHQWHG�LQ�7DEOH���DUH�FORVHU�WR�WKH�H[SHULPHQWDO�EHQFK��
PDUN�WKDQ�WKRVH�SUHVHQWHG�LQ�7DEOH����ZLWK�WKH�H[FHSWLRQ�
RI�WKH�DGMXVWHG�PDWFKLQJ�HVWLPDWRU��WKHLU�VWDQGDUG�HUURUV�
DUH�KLJKHU��,Q�7DEOH����FROXPQ������WKH�VWDQGDUG�HUURUV�DUH�
������DQG�������IRU�WKH�&36�DQG�36,'��FRPSDUHG�WR�����
DQG�����LQ�7DEOH����3DQHO�&��FROXPQ������7KLV�LV�EHFDXVH�WKH�
SURSHQVLW\�VFRUH�HVWLPDWRUV�XVH�IHZHU�REVHUYDWLRQV��:KHQ�
VWUDWLI\LQJ�RQ�WKH�SURSHQVLW\�VFRUH��ZH�GLVFDUG�LUUHOHYDQW�
FRQWUROV��VR�WKDW�WKH�VWUDWD�PD\�FRQWDLQ�DV�IHZ�DV�VHYHQ�
WUHDWHG�REVHUYDWLRQV��+RZHYHU��WKH�VWDQGDUG�HUURUV�IRU�WKH�
DGMXVWHG�PDWFKLQJ�HVWLPDWRU������DQG������DUH�VLPLODU�WR�
WKRVH�LQ�7DEOH����
%\�VXPPDUL]LQJ�DOO�RI�WKH�FRYDULDWHV�LQ�D�VLQJOH�QXPEHU��

WKH�SURSHQVLW\�VFRUH�PHWKRG�DOORZV�XV�WR�IRFXV�RQ�WKH�FRP��
SDUDELOLW\�RI�WKH�FRPSDULVRQ�JURXS�WR�WKH�WUHDWPHQW�JURXS��
+HQFH�LW�DOORZV�XV�WR�DGGUHVV�WKH�LVVXHV�RI�IXQFWLRQDO�IRUP�
DQG�WUHDWPHQW�HIIHFW�KHWHURJHQHLW\�PXFK�PRUH�HDVLO\��

��� 6(16,7,9,7<�$1$/<6,6�

���� 6HQVLWLYLW\�WR�WKH�6SHFLILFDWLRQ�RI�WKH�
3URSHQVLW\�6FRUH�

7KH�XSSHU�KDOI�RI�7DEOH���GHPRQVWUDWHV�WKDW�WKH�HVWLPDWHV�
RI�WKH�WUHDWPHQW�LPSDFW�DUH�QRW�SDUWLFXODUO\�VHQVLWLYH�WR�WKH�
VSHFLILFDWLRQ�XVHG�IRU�WKH�SURSHQVLW\�VFRUH��6SHFLILFDWLRQV���
DQG���DUH�WKH�VDPH�DV�WKRVH�LQ�7DEOH����DQG�KHQFH�WKH\�EDO��

7DEOH���� 6DPSOH�0HDQV�RI�&KDUDFWHULVWLFV�IRU�0DWFKHG�&RQWURO�6DPSOHV�

0DWFKHG� 1R��RI�
VDPSOHV� REVHUYDWLRQV� $JH� (GXFDWLRQ� %ODFN� +LVSDQLF� 1R�GHJUHH� 0DUULHG� 5(����8�6����� 5(����8�6����
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