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,Q� WKLV� VWXG\� ZH� DQDO\]H� WH[WV� XVHG� LQ� 5XVVLDQ� 8QLILHG� 6WDWH� ([DP� RQ� (QJOLVK�
ODQJXDJH��7H[WV�WKDW�IRUPHG�VPDOO�UHVHDUFK�FRUSRUD�ZHUH�UHWULHYHG�IURP���UHVRXUFHV��
RIILFLDO�86(�GDWDEDVH�DV�D�UHIHUHQFH�SRLQW��DQG�SRSXODU�ZHEVLWH�XVHG�E\�SXSLOV�IRU�
86( WUDLQLQJ�³1H]QDLND´��KWWSV���QH]QDLND�SUR����7KH�VL]H�RI�WZR�FRUSRUD�LV�EDODQFHG��
86(�KDV�������WRNHQV�DQG�³1H]QDLND´� � ������WRNHQV��:H�VKDUH�%LEHU¶V�SRLQW�RI�
YLHZ� WKDW� OLQJXLVWLF� WHQGHQFLHV� DUH� TXLWH� VWDEOH�ZLWK� WHQ WH[W� VDPSOHV�SHU�JHQUH�RU�
UHJLVWHU��%LEHU��������:H�UHWULHYHG����WH[WV�IURP�HDFK�UHVRXUFH��7KLV�UHVHDUFK�WDNHV�
LQWR�FRQVLGHUDWLRQ�DQDO\VLV�RQ�V\QWDFWLF�FRPSOH[LW\��WKH�PDLQ�VXEMHFW�RI�UHVHDUFK�LV�
WKH� V\QWDFWLF� W\SH� RI� WKH� VHQWHQFH�� 7KH� SUHVHQW� VWXG\� IRFXVHV� RQ� WZR� UHVHDUFK�
TXHVWLRQV��54���:KDW�VHQWHQFH�W\SHV�SDWWHUQ�LV�W\SLFDO�IRU�86(�WH[WV"�54���$UH�WKH�
PDWHULDOV�RI�WKH�WUDLQLQJ�VLWHV�UHOLDEOH�DQG�YDOLG"�7KH�PHWKRGV�HPSOR\HG�LQ�WKH�VWXG\�
DUH� WKH� LGHQWLILFDWLRQ� DQG� PDQXDO� FRXQWLQJ� RI� WKH� VHQWHQFH� W\SHV�� DEVROXWH� DQG�
QRUPDOL]HG�IUHTXHQF\�FDOFXODWLRQ��:KLOH�DQDO\]LQJ� WKH� WH[WV��ZH�ZLWQHVVHG�JUHDWHU�
UDQJH�RI�WRNHQV�SHU�WH[W��WSW��LQ�XQRIILFLDO�WH[WV�IRU�WUDLQLQJ��)RU�³1H]QDLND´�GDWDEDVH�
WKH� UDQJH�ZDV����� � ���� �WSW���ZKLOH� DQ�RIILFLDO�86(�GDWDEDVH� WH[WV� GHPRQVWUDWHG�
ORZHU�YDULDQFH������± ���� WSW��7KH�QXPEHU�RI� VHQWHQFHV� LQ� ³1H]QDLND´� ������DQG�
RIILFLDO�86(�WH[WV�GDWDEDVH�������LV�DOPRVW�HTXDO��7KH�QXPEHU�RI�VHQWHQFH�W\SHV�LQ�
³1H]QDLND´�DQG�RIILFLDO�86(�WH[WV�GDWDEDVH�DOVR�GRHV�QRW�H[WHQG�FRUUHODWLRQ�OLPLWV�

.H\ZRUGV� 6\QWDFWLF� &RPSOH[LW\�� 8QLILHG� 6WDWH� ([DP�� 6\QWDFWLF� 3DWWHUQ�� 7H[W�
&RPSOH[LW\��4XDQWLWDWLYH�/LQJXLVWLFV�

�� ,QWURGXFWLRQ

8QLILHG�1DWLRQDO��6WDWH��([DP��86(��LV�DQ�DOO�5XVVLD�H[DP�WDNHQ�E\�VFKRRO�
OHDYHUV�DW�WKH�HQG�RI�WKHLU�VHFRQGDU\�VFKRRO��)LUVW�H[SHULPHQWDO�VWXGLHV�WDNHQ�LQ������

� 3OHDVH�FLWH�WKLV�SDSHU�DV�IROORZV�

7DUDVRYD� )� +���9DUODPRYD��(�9���*XU\DQRY� ,��2� ������� 6\QWDFWLF�FRPSOH[LW\�RI�5XVVLDQ�
XQLILHG�VWDWH�H[DP�WH[WV�LQ�(QJOLVK��$�VWXG\�RQ�UHOLDELOLW\�DQG�YDOLGLW\� -RXUQDO�RI�5HVHDUFK�
LQ�$SSOLHG�/LQJXLVWLFV�����63�����������

� &RUUHVSRQGLQJ $XWKRU� .D]DQ )HGHUDO�8QLYHUVLW\��.UHPO\RYVND\D��5XVVLD�
��.D]DQ�)HGHUDO�8QLYHUVLW\��.UHPO\RYVND\D��5XVVLD�
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LQIOXHQFHG�WKH�ZKROH�SURFHGXUH�RI�H[DP�PDWHULDO�VHOHFWLRQ�DQG�WUDLQLQJ��,Q������WKLV�
WHVW�KDV�EHFRPH�FRPSXOVRU\�IRU�VHFRQGDU\�VFKRRO� OHDYHUV� LQ�RUGHU� WR�HQWHU�+LJKHU�
(GXFDWLRQDO�,QVWLWXWLRQV��)HGHUDO�ODZ�RQ�86(�������86(� LQ�(QJOLVK�LV�H[SHFWHG�WR�
EHFRPH�REOLJDWRU\�IRU�DOO�VHFRQGDU\�VFKRRO�JUDGXDWHV�DFURVV�5XVVLD�LQ������E\�WKH�
0LQLVWHU�RI�(GXFDWLRQ�DQG�6FLHQFHV�RI�WKH�5XVVLDQ�)HGHUDWLRQ��.RPPHUVDQW���������
7KDW�PHDQV�WKDW�WR�REWDLQ�WKH�6HFRQGDU\�6FKRRO�&HUWLILFDWH�HYHU\�SXSLO�ZLOO�KDYH�DQ�
RSWLRQ� WR� WDNH� EDVLF� RU� DQ� DGYDQFHG� WHVW�� 86(� LQ� (QJOLVK� LV� HTXLYDOHQW� WR� (6/�
VWDQGDUGV� RI� $��� WR� %�� �6SHFLILFDWLRQ� RQ� H[DP� PDWHULDOV� ������� ([DP� WHVWV� WKH�
IROORZLQJ�VNLOOV�ZULWWHQ��/LVWHQLQJ��5HDGLQJ��:ULWLQJ�DQG�8VH�RI�(QJOLVK��DQG�RUDO�
�6SHDNLQJ��� ZKLFK� PDNHV� ILYH� SDUWV� RI� WKH� WHVW� LQ� WRWDO�� 7DVNV� SUHVHQWHG� LQ� WKH�
IROORZLQJ�IRUPV��VKRUW�DQVZHU��PXOWLSOH�FKRLFH��PXOWLSOH�PDWFKLQJ��JDS�ILOOLQJ�DQG�
RWKHUV��6SHFLILFDWLRQ�RQ�H[DP�PDWHULDOV��������7KH�7HVW�6SHFLILFDWLRQ�GHVFULEHV�WKH�
UHTXLUHPHQWV�IRU�WH[W�VHOHFWLRQ�LQ�WHUPV�RI�WKH�FRUUHVSRQGHQFH�WR�WKH�DJH�RI�WKH�WHVW�
WDNHUV��WKHLU�EDFNJURXQG�H[SHULHQFH��QR�GLVFULPLQDWLRQ�SROLF\�DQG�VR�RQ�

7KH� VHDUFK� RI� UHVHDUFK� WRSLFV� RQ� VXFK� SODWIRUP� DV� (OLEUDU\� �5XVVLDQ�
VFLHQWLILF� HOHFWURQLF� OLEUDU\�� LQWHJUDWHG� ZLWK� WKH� 5XVVLDQ� 6FLHQFH� &LWDWLRQ� ,QGH[���
SURYLGHG�WKH�IROORZLQJ�UHVXOWV�DURXQG��������DUWLFOHV�SURYLGHG�DQDO\VLV�RI�86(�WHVW�
WDNLQJ� SURFHGXUH�� SDSHUV� HYDOXDWLQJ� WKH� UHVXOWV� RI� 86(� LV� DERXW� �������� $UWLFOHV�
GLVFXVVLQJ�UHDGDELOLW\�RI�WKH�86(�WH[WV�LQ�(QJOLVK�LV�ZLWKLQ�WKH�UDQJH�RI��������

(YHQ�WKRXJK�LQWHUQDWLRQDO�VFKRODUV�KDYH�FRQGXFWHG�D�QXPEHU�RI�UHVHDUFK�RQ�
WKH� OLQJXLVWLF�SDWWHUQV� WKDW�DIIHFW� WKH� UHDGDELOLW\�� LQ�5XVVLDQ� OLQJXLVWLFV� WKLV�DUHD� LV�
UDWKHU�QHZ�DQG�XQH[SORUHG��)HQJ��������*DEGUDNKPDQRYD�HW DO���������.RKO��������
0F�1DPDUD�HW�DO����������7KH�V\QWDFWLF�UHDGDELOLW\�RI�WKH�WH[WV�XVHG�LQ�86(�LQ�(QJOLVK�
KDV�QHYHU�EHHQ�WKH�WDUJHW�RI�OLQJXLVWLF�UHVHDUFK��7KHUHIRUH��WKHUH�DUH�RQO\�D�IHZ�VWXGLHV�
RQ�WKH�FRQWHQW�RI�WKH�H[DPLQDWLRQ�PDWHULDOV��$PRQJ�WKHP��IRU�H[DPSOH��WKH�UHVHDUFK�
FRQGXFWHG�E\�WKH�VFKRODUV�RI�5HVHDUFK�/DERUDWRU\�RI�,QWHOOHFWXDO�7HFKQRORJLHV�IRU�
7H[W� 0DQDJHPHQW�� .D]DQ� )HGHUDO� 8QLYHUVLW\�� 5XVVLD�� ,WV� UHVHDUFKHUV�� 0��
6ROQ\VKNLQD��9��6RORY\HY��$��.LVHOQLNRY��(��+DUNRYD��2��6DIRQNLQD��(��9DUODPRYD��
,��*XU\DQRY��'��6XQJDWXOOLQD��HWF��FRQVLGHU�UHDGDELOLW\�DV�RQH�RI�WKH�PRVW�LPSRUWDQW�
SDUDPHWHUV�RI�WKH�WH[W��LQ�SDUWLFXODU��IURP�WKH�SRLQW�RI�YLHZ�RI�WKH�V\QWDFWLF�DQDO\VLV�
DQG� LWV� LPSOHPHQWDWLRQ� LQ� WHDFKLQJ� SXUSRVHV� DV� ZHOO� DV� LQ� RWKHU� ODQJXDJHV�
�6ROQ\VKNLQD�HW�DO���������*XU\DQRY�HW�DO���������6XELFK�HW�DO����������

7R�FKHFN�WKH�IROORZLQJ�QXPEHU�RI�WH[WV�VHOHFWHG��DGDSWHG�IRU�VWDWH�H[DP�ZH�
XVHG�WH[W�FRPSOH[LW\�IRUPXODV��0RVW�SDUW�RI�WKHVH�IRUPXODH�ZHUH�GHYHORSHG�LQ�WKH�
;;�FHQWXU\��ZKHQ�WKH�OHYHO�RI�WKH�FRPSOH[LW\�LV�VKRZQ�E\�D�FHUWDLQ�LQGH[�>�@��6XFK�
IRUPXODH�EHFRPH�ZLGHVSUHDG�GXH�WR�WKH�SUREOHP�RI�DQ�REMHFWLYH�DVVHVVPHQW�WKDW�LV�
RI�JUHDW�LPSRUWDQFH�ZKHQ�VHOHFWLQJ�WH[WV�IRU�ODQJXDJH�VNLOOV�DVVHVVPHQW�
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+RZHYHU�� LQ� 5XVVLDQ� OLQJXLVWLFV�� UHDGDELOLW\� KDV� QRW� \HW� IRXQG� ZLGH�
DSSOLFDWLRQ� LQ� WKH�QDWLRQDO�HGXFDWLRQDO�SDUDGLJP��5XVVLDQ� UHVHDUFKHU� ,��2ERURQHYD�
PDGH� D� JUHDW� FRQWULEXWLRQ� WR� UHDGDELOLW\� IRUPXODH� LQ� DSSOLFDWLRQ� WR� WKH� 5XVVLDQ�
ODQJXDJH��1HYHUWKHOHVV��WKH�TXHVWLRQ�RI�GHWHUPLQLQJ�WKLV�LQGH[�IRU�WH[WV�LQ (QJOLVK�DV�
D�IRUHLJQ�ODQJXDJH�UHPDLQV�RSHQ��2ERUQHYD���������

7KH�XVH�RI�IRUPXODV�IRU�GHWHUPLQLQJ�WKH�UHDGDELOLW\�DQG�WH[W�FRPSOH[LW\�LQ�
UHODWLRQ� WR� WKH� WH[WV� XVHG� LQ� WKH� 86(� LV� RI� SDUWLFXODU� UHOHYDQFH�� 6ROQ\VKNLQD� 	��
.LVHOQLNRY��������LQ�WKHLU�ZRUN�³7KH�FRPSOH[LW\�SDUDPHWHUV�RI�H[DP�WH[WV´�QRWH�WKH�
UHOHYDQFH�RI�XVLQJ�WKHVH�IRUPXODV�LQ�H[DP�WH[WV�GXH�WR�WKH�IDFW�WKDW�D�WH[W�LV�WKH�EDVLV�
RI� DQ\� ODQJXDJH� WHVW�� UHJDUGOHVV�RI� LWV� W\SH� DQG�QDWXUH�� DQG� LWV� FRPSOH[LW\� ODUJHO\�
GHWHUPLQHV�WKH�SHUFHSWLRQ�RI�WKH�WHVW��,Q�WKLV�UHJDUG��WKH�WH[WV�XVHG�LQ�86(�LQ�(QJOLVK�
DUH�DQ�LPSRUWDQW�WRSLF�IRU�UHVHDUFK��DV�IRU�WKH�WHVW�SXUSRVHV�WKH\�DUH�WUDQVIRUPHG�GXH�
WR�WKH�WHVWLQJ�SXUSRVHV�RI�H[DPV��

9DVW�QXPEHU�RI�WH[WV�LQ�(QJOLVK�XVHG�ERWK�IRU�WKH�WHVW�SDSHUV�DQG�IRU�YDULRXV�
WHDFKLQJ� PDQXDOV�� LVVXHG� E\� YDULRXV� SXEOLVKHUV�� JLYHV� XV� UHDVRQV� IRU� FULWLFDO�
DVVHVVPHQW�RI�VXFK�WH[WV�DV�WKHUH�QHHG�WR�EH�D�FRPPRQ�JURXQG�IRU�WH[W�FRPSOH[LW\�
HYDOXDWLRQ�� 7KLV� SURFHVV�� DLPHG� DW� WKH� LQFUHDVLQJ� YDOLGLW\� DQG� UHOLDELOLW\� RI�
H[DPLQDWLRQ�PDWHULDOV�DQG�PDWHULDOV�IRU�86(�SUHSDULQJ��LV�SRVVLEOH�RQO\�ZLWK�WKH�XVH�
RI�IRUPXODV�IRU�GHWHUPLQLQJ�WKH�WH[W�UHDGDELOLW\�LQGH[��7KH�WHVW�FDQ�EH�FRQVLGHUHG�DV�
UHOLDEOH�DQG�YDOLG�IRU�LWV�SXUSRVHV��EXW�LW�LV�VWLOO�YHU\�LPSRUWDQW�WR�VWXG\�WKH�TXDOLW\�RI�
WKH�LQSXW�WH[WV��

7H[W� SURILFLHQF\� OHYHOV� DUH� GLVWLQJXLVKHG� E\� PDQ\� GLIIHUHQW� OLQJXLVWLF�
IHDWXUHV�� DQG� V\QWDFWLF� FRPSOH[LW\� FDQ� EH� RQH� RI� WKH� HOHPHQWV� IRU� JUDGH� OHYHO�
GLVWLQFWLRQV�

)RU�WKLV�SXUSRVH��WKH�WHDP�DW�.D]DQ�)HGHUDO�8QLYHUVLW\��,YDQRY�HW�DO���������
FRPSLOHG�D�FRUSXV�RI�WH[WERRNV�RQ�6RFLDO�6WXGLHV�E\�%RJROXERY�DQG�1LNLWLQ�IRU�WKH�
�WK±��WK*UDGHV�� WKH� VL]H�RI� WKH�&RUSXV�EHLQJ����������%RWK�VHWV�RI� WH[WERRNV�DUH�
IURP�WKH�³)HGHUDO�/LVW�RI�7H[WERRNV�5HFRPPHQGHG�E\�WKH�0LQLVWU\�RI�(GXFDWLRQ�DQG�
6FLHQFH�RI�WKH�5XVVLDQ�)HGHUDWLRQ�WR�8VH�LQ�6HFRQGDU\�DQG�+LJK�6FKRROV´��7KH�WHDP�
LV� DLPHG�DW� XQGHUVWDQGLQJ� WKH�SURILFLHQF\� OHYHO� RI� HDFK�JUDGH�� UHIOHFWHG� LQ� VXFK���
SULQFLSDO�&RK�0HWUL[�FRPSRQHQWV�DV�QDUUDWLYLW\��GHHS�FRKHVLRQ��UHIHUHQWLDO�FRKHVLRQ��
V\QWDFWLF� VLPSOLFLW\�� DQG� ZRUG� FRQFUHWHQHVV� �'RZHOO� HW� DOO� ������� DV� ZHOO�
GLVWLQJXLVKLQJ�WKH�PDLQ�SRLQWV�RI�GLIIHUHQFH�EHWZHHQ�WKH�JUDGHV�

�� 0HWKRG

,Q�RXU�FDVH��WKH�DLP�GLIIHUV�WR�D�FHUWDLQ�GHJUHH��DV�ZH�DUH�OHG�E\�WKH�LGHD�RI�
LGHQWLI\LQJ�WKH�V\QWDFWLF�SDUDPHWHUV�RI�WKH�WH[WV�IURP�WKH�RIILFLDO�86(�DV�EDVLF�DQG�
FRPSDULQJ�WKHP�ZLWK�WKH�SDUDPHWHUV�RI�WKH�WH[WV�IURP�QH]QDLND�FRP�
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7KH�FKRLFH�RI�WKLV�SDUWLFXODU�ZHEVLWH�ZDV�FDXVHG�E\�D�QXPEHU�RI�UHDVRQV�

�D��WKH�IDFW�WKDW�WKH�VFKRROWHDFKHUV�RI�(QJOLVK�UHFRPPHQG�WKLV�ZHEVLWH�
WR�WKHLU�SXSLOV�IRU�SUHSDUDWLRQ�WR�WKH�86(�

�E�����YDULDQWV�RI�WKH�WH[W�WDVNV�

�F��RSHQ�DFFHVV�WR�WKH�GDWDEDVH�RI�WKH�WDVNV�

7KH�VL]H�RI�WKH�FRUSXV�LV��������WRNHQV��,QIRUPDWLRQ�IRU�FRUSXV�ZDV�UHWULHYHG�
IURP� WKUHH�PDLQ� VRXUFHV� RIILFLDO�86(� WH[WV� IRU� 5HDGLQJ� ± ������ WRNHQV�� SRSXODU�
ZHEVLWH�WKDW�LV�XVHG�E\�VFKRRO�OHDYHUV�IRU�VHOI�FKHFN�WHVWV�³1H]QDLND´�������WRNHQV��
$�WRNHQ� LV�YLHZHG� LQ� WKH�ZRUN�DV�DQ� LQVWDQFH�RI�D�VHTXHQFH�RI�FKDUDFWHUV� LQ�VRPH�
SDUWLFXODU� GRFXPHQW� WKDW� DUH� JURXSHG� WRJHWKHU� DV� D� XVHIXO� VHPDQWLF� XQLW� IRU�
SURFHVVLQJ�� 8VXDOO\� LW� UHIHUV� WR� WKH� WRWDO� QXPEHU� RI� ZRUGV� LQ� D� WH[W�� FRUSXV� HWF��
UHJDUGOHVV�RI�KRZ�RIWHQ�WKH\�DUH�UHSHDWHG��7RNHQL]DWLRQ�������

7KRXJK�WKH�VL]H�RI�WKH�RIILFLDO�DQG�³1H]QDLND´�FRUSXV�LV�DOPRVW�WKH�VDPH�DV�
YDULDWLRQ�RI� WRNHQV�QXPEHU�SHU�RQH� WH[W� LV�JUHDWHU�DPRQJ�WKH�³1H]QDLND´� WH[WV��DV�
SUHVHQWHG�LQ�7DEOH����EHORZ��

7DEOH��� 5DQJH�RI�7RNHQ�1XPEHU�3HU�RQH�7H[W

1H]QDLND�WH[WV 2IILFLDO�86(�WH[WV

1XPEHU�RI�WRNHQV
SHU�RQH�WH[W ��� ± ��� ����� ���

$V�RXU�VWXG\�VHWV�WKH�PDLQ�WDUJHW�RI�D�UHVHDUFK�LQWR�WKH�V\QWDFWLF�FRPSOH[LW\�
RI�WKH�WH[WV��RXU�PDLQ�VXEMHFW�RI�UHVHDUFK�LV�WKH�VHQWHQFH�W\SHV��VLPSOH�DQG�FRPSRVLWH�
�FRPSOH[��FRPSRXQG��FRPSOH[�FRPSRXQG���7KH�WRWDO�QXPEHU�RI�VHQWHQFHV�LQ�HDFK�
WH[W�ZDV� FRXQWHG�ZLWKRXW� WH[W� FRPSOH[LW\� IRUPXODH�� ,GHQWLILFDWLRQ� RI� WKH� VHQWHQFH�
W\SH�ZDV�PDGH�ZLWKRXW�DXWRPDWHG�WRROV�VXFK�DV�V\QWDFWLF�VHQWHQFH�DQDO\VHU�

�� 5HVXOWV

$V� LW� ZDV� PHQWLRQHG� DERYH�� WKH� SUHVHQW� VWXG\� LQYHVWLJDWHV� WZR� UHVHDUFK�
TXHVWLRQV��

54���:KDW�VHQWHQFH�W\SHV�SDWWHUQ�LV�W\SLFDO�IRU�86(�WH[WV"

54��� ,V� WKH� V\QWDFWLF� RI� RIILFLDO� WH[WV� GLIIHUHQW� IURP� WKH� SDWWHUQ� RI�
³1H]QDLND´�WH[WV"

7KH�IROORZLQJ�WDEOHV�SURYLGH�WKH�LQIRUPDWLRQ�DERXW�WKH�UHVXOWV�RI�DQDO\]HG�
FRUSRUD��5HVHDUFKHUV�UHWULHYHG����H[DP�WH[WV�IRU�86(�UHDGLQJ�WDVN�IURP�HYHU\�VRXUFH��
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7DEOH��� 3HUFHQW�&RUUHODWLRQ�WR�WKH�7RWDO�1XPEHU�RI�6HQWHQFHV�LQ�WKH�1H]QDLND�7H[WV

7H[W�QXPEHU 6LPSOH�� &RPSOH[�� &RPSRXQG��
&RPSOH[�

FRPSRXQG��

�� ���� ���� ���� ����

�� ���� ���� ���� ���

�� ���� ���� ���� ����

�� ���� ���� ���� ����

�� ���� ���� ��� ���

�� ���� ���� ���� ����

�� ���� ���� ���� ���

�� ���� ���� ���� ���

�� ���� ���� ���� ���

��� ���� ���� ���� ����

��� ���� ���� ��� ����

��� ���� ���� ���� ����

��� ���� ���� ���� ����

��� ���� ���� ���� ����

��� ���� ���� ���� ���

��� ���� ���� ��� ���

��� ���� ���� ��� ����

��� ���� ���� ���� ���

��� ���� ���� ���� ����

��� ���� ���� ���� ����

$FFRUGLQJ�WR�WKH�7DEOH���

x 7KH�FRUUHODWLRQ�RI�FRPSOH[�VHQWHQFHV�WR�WRWDO�QXPEHU�RI�VHQWHQFHV�UDQJHV�
IURP� ������ �WH[W� ���� WR� ������ �WH[W� ����� *UHDW� QXPEHU� RI� FRPSOH[�
VHQWHQFHV�LQGLUHFWO\�LPSOLHV�WKDW�KLJKHU�OHYHO�RI�VXFK�FRQVWUXFWLRQV�OHDGV�
WR�KLJKHU�FRPSOH[LW\�

x 7KH� FRUUHODWLRQ� RI� FRPSRXQG� VHQWHQFHV� WR� WRWDO� QXPEHU� RI� VHQWHQFHV�
UDQJHV�IURP�������WH[W�����WR��������WH[W�����&ULWLFDO�GLIIHUHQFH�EHWZHHQ�
WKH� ORZHVW� QXPEHU� RI� FRPSRXQG� VHQWHQFHV� FDQ� GUDPDWLFDOO\� UHVXOW� RQ�
FRPSUHKHQVLRQ�RI�H[DP�WH[W�
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x 1XPEHU�RI�FRPSOH[�FRPSRXQG�VHQWHQFHV�WR�WRWDO�QXPEHU�RI�VHQWHQFHV�
UDQJHV� IURP� ����� �WH[W� ���� WR� ������ �WH[W� ����� 7KHVH� FRPSRXQG�
FRQVWUXFWLRQV�FDQ�UHVXOW�RQ�PLVLQWHUSUHWDWLRQ�RI�WKH�PDLQ�LGHDV�LQ�WKH�WH[W��
DV�WKHVH�FRQVWUXFWLRQV�FODLPHG�WR�FRPELQH�WZR�RU�WKUHH�LGHDV�

7DEOH��� 3HUFHQW�&RUUHODWLRQ�WR�WKH�7RWDO�1XPEHU�RI�6HQWHQFHV�LQ�WKH�2IILFLDO�86(�
7H[WV

7H[W�QXPEHU 6LPSOH�� &RPSOH[�� &RPSRXQG�� &RPSOH[��FRPSRXQG�
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$FFRUGLQJ�WR�WKH�7DEOH���

x 7KH�FRUUHODWLRQ�RI�FRPSOH[�VHQWHQFHV�WR�WRWDO�QXPEHU�RI�VHQWHQFHV�IURP�
�������WH[W�����WR��������WH[W�����*UHDW�QXPEHU�RI�FRPSOH[�VHQWHQFHV�
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LQGLUHFWO\�LPSOLHV�WKDW�KLJKHU�OHYHO�RI�VXFK�FRQVWUXFWLRQV�OHDGV�WR�KLJKHU�
FRPSOH[LW\�

x 7KH� FRUUHODWLRQ� RI� FRPSRXQG� VHQWHQFHV� WR� WRWDO� QXPEHU� RI� VHQWHQFHV�
IURP�������WH[W����� WR��������WH[W������ ,W�VKRXOG�EH�PHQWLRQHG� WKDW���
WH[WV�RXW�RI����GLG�QRW�KDYH�DQ\�FRPSRXQG�VHQWHQFHV��WH[WV����������7H[W�
ZLWKRXW� FRPSRXQG� VHQWHQFHV� VKRXOG� EH� OHVV� GLIILFXOW� WR� FRPSUHKHQG��
&ULWLFDO�GLIIHUHQFH�EHWZHHQ�WKH�ORZHVW�QXPEHU�RI�FRPSRXQG�VHQWHQFHV�
FDQ�GUDPDWLFDOO\�UHVXOW�RQ�FRPSUHKHQVLRQ�RI�H[DP�WH[W�

x 1XPEHU�RI�FRPSOH[�FRPSRXQG�VHQWHQFHV�WR�WRWDO�QXPEHU�RI�VHQWHQFHV�
UDQJHV� IURP� ����� �WH[W� ���� WR� ������ �WH[W� ����� 7KHVH� FRPSRXQG�
FRQVWUXFWLRQV�FDQ�UHVXOW�RQ�PLVLQWHUSUHWDWLRQ�RI�WKH�PDLQ�LGHDV�LQ�WKH�WH[W��
DV�WKHVH�FRQVWUXFWLRQV�FODLPHG�WR�FRPELQH�WZR�RU�WKUHH�LGHDV�

�� 'LVFXVVLRQ

7KH�IROORZLQJ� WZR�7DEOHV���DQG���GHPRQVWUDWH�FRUUHODWLRQV�EHWZHHQ� WRWDO�
QXPEHU� RI� VHQWHQFHV� ZLWKGUDZQ� IURP� WKH� WH[WV�� +HUH� ZH� FDQ� REVHUYH� LQGLYLGXDO�
FRUUHODWLRQV�RI�VLPSOH�VHQWHQFHV�WR�FRPSOH[�DQG�FRPSRXQG�RQHV�LQ�HYHU\�WH[W��7RWDO�
GLYHUVLW\�RI�WH[WV�XQGHU�VWXG\�LV�UHODWLYHO\�KLJKHU�LQ�³1H]QDLND´�WH[WV�FRPSDULQJ�ZLWK�
RIILFLDO�WH[WV�

7DEOH��� 6HQWHQFH�7\SHV�LQ�WKH�1H]QDLND�7H[WV

7H[W
QXPEHU

1XPEHU�
RI�

VHQWHQFHV

1XPEHU�
RI�VLPSOH�
VHQWHQFHV

1XPEHU�
RI�

FRPSOH[�
VHQWHQFHV

1XPEHU�
RI

FRPSRXQG�
VHQWHQFHV

1XPEHU�RI�
FRPSOH[�FRPSRXQG

VHQWHQFHV
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$FFRUGLQJ�WR�WKH�7DEOH���

x WKH�IROORZLQJ�FULWHULD�WKH�QXPEHU�RI�VHQWHQFHV�LQ�HDFK�WH[W�UDQJHV�IURP�
���VHQWHQFHV SHU�WH[W�WR����VHQWHQFHV�

x WRWDO�QXPEHU�RI�VHQWHQFHV�SHU�WH[W�LV������

x WKH�WH[W���ZLWK����VHQWHQFHV�FRQWDLQV�DOPRVW�KDOI�RI�VLPSOH�VHQWHQFHV�±
���

x WKH�VHFRQG�ODUJHVW�WH[W���FRQWDLQV����VHQWHQFHV�����RI�WKHP�DUH�VLPSOH�
RQHV��

x WH[WV�ZLWK�OHDVW�QXPEHU�RI�VHQWHQFHV�����WH[WV������������KDYH���VLPSOH�
VHQWHQFHV�WKDW�LV�RQH�IRXUWK�RI�WKH�WRWDO�DPRXQW�RI�VHQWHQFHV�

x WKH�QXPEHU�RI�VLPSOH�VHQWHQFHV�WR�WKH�WRWDO�DPRXQW�RI�VHQWHQFHV�LV������
FRPSOH[� VHQWHQFHV� LV� ����� FRPSRXQG� VHQWHQFHV� � ����� FRPSOH[��
FRPSRXQG�VHQWHQFHV�LV�����

7KH� DIRUHPHQWLRQHG� QXPEHUV� DQG� FRUUHODWLRQV� GHPRQVWUDWH� FHUWDLQ�
GHSHQGHQFH�RQ�VHQWHQFH�W\SH�WR�WKH�WRWDO�DPRXQW�RI�VHQWHQFHV�LQ�WH[W��7H[WV�ZLWK�OHVV�
VHQWHQFHV�KDYH�WKH�PRUH�FRPSOH[�DQG�FRPSRXQG�VHQWHQFHV�ZLOO�EH�LQ�LWV�VWUXFWXUH�GXH�
WR�FRPSUHVVLRQ RI�FOXVWHUV�RI�LQIRUPDWLRQ�SUHVHQWHG�LQ�WKH�WH[W��7KH�VDPH�GHSHQGHQFH�
RQ� VHQWHQFH� DPRXQW� DQG� LWV� OHQJWK� DQG� VWUXFWXUDO� DQDO\VLV� FDQ�EH�ZLWQHVVHG� LQ� WKH�
GDWDVHW�ZLWK�RIILFLDO�86(�WH[WV�

7DEOH��� 6HQWHQFH�7\SHV�LQ�WKH�2IILFLDO�7H[WV

7H[W
QXPEHU

1XPEHU�RI�
VHQWHQFHV

1XPEHU�RI�
VLPSOH�

VHQWHQFHV

1XPEHU�RI�
FRPSOH[�
VHQWHQFHV

1XPEHU�RI�
FRPSRXQG�
VHQWHQFHV

1XPEHU�RI�
FRPSOH[�
FRPSRXQG
VHQWHQFHV
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$FFRUGLQJ�WR�WKH�7DEOH����

x WRWDO�QXPEHU�RI�VHQWHQFHV�SHU�WH[W�LV������

x WKH�QXPEHU�RI�VHQWHQFHV�LQ�HDFK�WH[W�UDQJHV�IURP����VHQWHQFHV�SHU�WH[W�
WR� ��� VHQWHQFHV� WKDW� LV� VOLJKWO\� OHVV� GLYHUVH� FRPSDULQJ� WR� GDWDVHW� RI�
³1H]QDLND´�FROOHFWLRQ�

x WKH�ODUJHVW��WH[W�����ZLWK����VHQWHQFHV�FRQWDLQV����VLPSOH�VHQWHQFHV�

x VHFRQG�ODUJHVW��WH[W����FRQWDLQV����VHQWHQFHV�����RI�WKHP�DUH�VLPSOH�RQHV�

x WH[WV�ZLWK�OHDVW�QXPEHU�RI�VHQWHQFHV����� ����WH[WV�������������KDYH�UDQJH�
RI� �� � ��� VLPSOH� VHQWHQFHV� WKDW� DOVR� GHPRQVWUDWHV� WKH� GHSHQGHQFH� RI�
V\QWDFWLF�FRPSOH[LW\�RQ�WKH�VHQWHQFH�QXPEHU�
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x WKH�QXPEHU�RI�VLPSOH�VHQWHQFHV�WR�WKH�WRWDO�DPRXQW�RI�VHQWHQFHV�LV������
FRPSOH[� VHQWHQFHV� LV� ����� FRPSRXQG� VHQWHQFHV� ������ FRPSOH[��
FRPSRXQG�VHQWHQFHV�LV������

7KH� VDPH� GHSHQGHQFH� RQ� VHQWHQFH� DPRXQW� DQG� LWV� OHQJWK� DQG� VWUXFWXUDO�
DQDO\VLV�FDQ�EH�ZLWQHVVHG�LQ�WKH�GDWDVHW�ZLWK�RIILFLDO�86(�WH[WV�

�� &RQFOXVLRQ

7KH�SUREOHP�RI�H[DP� WH[W�DFDGHPLF�HTXLYDOHQFH�KDV�XQGHUJRQH�D�FHUWDLQ�
WUDQVIRUPDWLRQ��7KH�UHVXOWV�RI�RXU�UHVHDUFK�GHPRQVWUDWHG�WKDW�86(�H[DP�WH[WV�DUH�OHVV�
GLYHUVH�LQ�V\QWDFWLF�SDWWHUQV�FRPSDULQJ�WR�XQRIILFLDO�ZHEVLWH�³1H]QDLND´�GDWDEDVH��
7KHVH�UHVXOWV�GHPRQVWUDWH�WKH�KLJK�OHYHO�RI�H[SHUWLVH�LQ�WH[W�VHOHFWLRQ�IRU�H[DPV��7KXV��
LQGLUHFWO\�ZH�FDQ�VXSSRVH�WKDW�WH[WV�LQ�WKH�RIILFLDO�FROOHFWLRQ�RI�86(�H[DP�WH[WV�PHHW�
RQH� RI� WKH�PDLQ� UHTXLUHPHQWV� RI� H[DP� WH[WV� ± HTXLYDOHQFH� DQG� WKH� VDPH� OHYHO� RI�
GLIILFXOW\��$OWKRXJK��FDQQRW�UHO\�RQ�UHVXOWV�RI�V\QWDFWLF�VLPSOLFLW\�

$QVZHULQJ� WR� UHVHDUFK�TXHVWLRQ�QXPEHU���:KDW� VHQWHQFH� W\SHV�SDWWHUQ� LV�
W\SLFDO�IRU�86(�WH[WV"�$FFRUGLQJ�WR�WKH�DQDO\VLV�RI�RXU�UHVHDUFK�PDWHULDO�ZH�SUHVXPH�
WKDW�VLPSOH�VHQWHQFHV�SUHGRPLQDWH�LQ�86(�UHDGLQJ�WH[WV������1H]QDLND��DQG�����
�RIILFLDO�86(�WH[WV��RI�WRWDO�QXPEHU�RI�VHQWHQFHV��$PRQJ�RWKHU�W\SHV�RI�VHQWHQFHV��
ZH�RXWOLQH�GRPLQDWLRQ�RI�FRPSOH[�VHQWHQFHV�����RI�WRWDO�QXPEHU�RI�VHQWHQFHV�LQ����
WH[WV�IURP�HDFK�GDWDEDVH�

&RQFHUQLQJ� UHVHDUFK� TXHVWLRQ� QXPEHU� ��� ,V� WKH� V\QWDFWLF� RI� RIILFLDO� WH[WV�
GLIIHUHQW�IURP�WKH�SDWWHUQ�RI�³1H]QDLND´�WH[WV"�7KH�GLIIHUHQFH�LQ�V\QWDFWLF�SDWWHUQV�RI�
ERWK�GDWDEDVHV�LV�LUUHOHYDQW�DQG�FDQ�EH�FRQVLGHUHG DV�VWDWLVWLFDO�GHYLDWLRQ��7KRXJK�ZH�
QRWLFHG� JUHDWHU� IOXFWXDWLRQ� LQ� VHQWHQFHV� FRUUHODWLRQ� LQ� ³1H]QDLND´� WH[WV� �IURP� ���
VHQWHQFHV�SHU�WH[W�WR����VHQWHQFHV��FRPSDULQJ�ZLWK�WKH�RIILFLDO�86(�WH[WV��IURP����
VHQWHQFHV�SHU�WH[W�WR����VHQWHQFHV��

$OWKRXJK� ZH� FDQQRW� PDNH� RXU� DVVXPSWLRQV� UHO\LQJ� RQ� WKH� V\QWDFWLF�
TXDQWLWDWLYH� DQDO\VLV� RI� WKH� H[DP� WH[WV�� 7KH� SUREOHP� RI� UHDGDELOLW\� DQG� WH[W�
FRPSOH[LW\�SURYLGHV�RSSRUWXQLW\�IRU�IXUWKHU�WKRURXJK�VWXG\�RI�TXDOLWDWLYH�SDUDPHWHUV�
RI�WKH�WH[W�VXFK�DV�YDULRXV�W\SHV�RI�FRKHVLRQ� QDUUDWLYLW\��VW\OLVWLF�UHJLVWHU�RI�WKH�WH[W��
$OWKRXJK� TXDQWLWDWLYH� DQDO\VLV� RI� VHQWHQFHV� FDQ� KHOS� LQ� IXUWKHU� VHOHFWLRQ� RI� WH[WV�
XQGHU�VWXG\��7KXV��IXUWKHU�VWXG\�RI�WH[W�FRPSOH[LW\�VKRXOG�VWDUW�IURP�WH[WV���������
IURP�86(�RIILFLDO�GDWDEDVH�DQG�WH[WV�������DV�WKH\�GHPRQVWUDWHG�WKH�KLJKHVW�OHYHO�RI�
FRPSRXQG� DQG� FRPSOH[� VHQWHQFHV�� ,Q� RXU� IXUWKHU� UHVHDUFK� ZH� ZRXOG� IRFXV� RQ�
TXDOLWDWLYH�DVSHFWV�RI�WH[WV�XQGHU�VWXG\��7KH�QH[W�VWDJH�LV�WR�HVWLPDWH�WKH�YDOLGLW\�RI�
TXDOLWDWLYH� UHVXOWV� DQG� LWV� SUHGLFWLYH� SRWHQWLDO� RQ� WH[W� FRPSOH[LW\� FRPSDULQJ� ZLWK�
TXDQWLWDWLYH�
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5HIHUHQFHV

%RULVRYD�6���&KP\NK�,���*YR]GHYD�0���.DOLQLQD�$���.R]KHYQLNRYD�/���.X]QHWVRYD�
2���/HYFKHQNR�9���0LO\DYVND\D�1���0LURQRYD�2���1RYLNRYD�9���2QRSULHQNR�(���
3ROVKLQD� <X��� 6DGRYVND\D� 7��� 6DG\NRYD� $��� 6DIRQNLQD� 2��� 6DQQLNRYD� 6���
6KDEOLNRYD�1���6KNXUDWRYD�7���6LPRQRYD�2���	�6ROQ\VKNLQD�0����������&RXUVH�
+DQGERRN� IRU� 3URPRWLQJ� 6XVWDLQDEOH� ([FHOOHQFH� LQ� (QJOLVK� 7HVWLQJ� DQG�
$VVHVVPHQW��0RVFRZ�

'RZHOO��1���&DL��=���	�*UDHVVHU��$��&�� ��������$QDO\]LQJ� ODQJXDJH�DQG�GLVFRXUVH�
ZLWK� &RK�0HWUL[�� :RUNVKRS� SUHVHQWHG� DW� �QG� /HDUQLQJ� $QDO\WLFV� 6XPPHU�
,QVWLWXWHV��/$6,��������&DPEULGJH��0$�

'X%D\��:�+����������7KH�SULQFLSOHV�RI�UHDGDELOLW\��&RVWD�0HVD��,PSDFW�,QIRUPDWLRQ�

'XUDQ��1�'���%HOOLVVHQV��&���7D\ORU��5�6��	�0F1DPDUD��'�6����������4XDQWLI\LQJ�WH[W�
GLIILFXOW\�ZLWK�DXWRPDWHG�LQGLFHV�RI�FRKHVLRQ�DQG�VHPDQWLFV��3URFHHGLQJV�RI�WKH�
��WK�DQQXDO�FRQIHUHQFH�RI�WKH�&RJQLWLYH�6FLHQFH�6RFLHW\����������

(*(� SR� LQRVWUDQQRPX� LD]\NX� VWDQHW� RELD]DWHO
Q\P� Y� ����� JRGX� �LQ� 5XVVLDQ���
.RPPHUVDQW� �������� 5HWULHYHG� IURP� KWWSV���ZZZ�NRPPHUVDQW�UX�GRF�
���������

)HGHUDO
Q\L� ]DNRQ�ʋ� ���)=� RW� ����������� R� YYHGHQLL� (*( �LQ� 5XVVLDQ��� ��������
5HWULHYHG�IURP�KWWS���ZZZ�FRQVXOWDQW�UX�GRFXPHQW�FRQVBGRFB/$:B������

)HQJ��/����������$�VKRUW�DQDO\VLV�RI�WKH�WH[W�YDULDEOHV�DIIHFWLQJ�UHDGLQJ�DQG�WHVWLQJ�
UHDGLQJ��6WXGLHV�LQ�/LWHUDWXUH�DQG�/DQJXDJH��������������

*DEGUDNKPDQRYD�� 5�5��� 9DUODPRYD�� (�9��� 6DIRQNLQD�� 2�6�� �������� 6\QWDFWLF�
FRPSOH[LW\�RI�WH[WV�IRU�UHDGLQJ�RI�EDVLF��5XVVLDQ��VWDWH�H[DPLQDWLRQ�LQ�(QJOLVK��
0RGHUQ�-RXUQDO�RI�/DQJXDJH�7HDFKLQJ�0HWKRGV��0-/70��������� ��������

*XU\DQRY�,JRU��2���<DUPDNHHY�,VNDQGHU� (���.LVHOQLNRY�$OHNVDQGU��6���	�+DUNRYD�
(OHQD�� 9�� �������� 7H[W� FRPSOH[LW\�� 3HULRGV� RI� VWXG\� LQ� 5XVVLDQ�
OLQJXLVWLFV��5(9,67$�38%/,&$1'2����������������

,YDQRY��9���6ROQ\VKNLQD�0���	�6RORY\HY��9�����������(IILFLHQF\�RI�WH[W�UHDGDELOLW\�
IHDWXUHV� LQ�5XVVLDQ�DFDGHPLF� WH[WV���FRPSXWDWLRQDO� OLQJXLVWLFV�DQG� LQWHOOHFWXDO�
WHFKQRORJLHV��0DWHULDOV�RI�DQQXDO�LQWHUQDWLRQDO�FRQIHUHQFH�©'LDORJXHª���� ������
��������

.HHQDQ��-�0���%HWMHPDQQ��5�6��	�2OVRQ��5�.����������5HDGLQJ�FRPSUHKHQVLRQ�WHVWV�
YDU\� LQ� WKH� VNLOOV� WKH\� DVVHVV�� 'LIIHUHQWLDO� GHSHQGHQFH� RQ� GHFRGLQJ� DQG� RUDO�
FRPSUHKHQVLRQ� 6FLHQWLILF�6WXGLHV�RI�5HDGLQJ�
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5XVVLD��6XPPHU�DQG�$XWXPQ������

.RKO�� -�5�� �������� ,PSURYLQJ� WUDQVODWDELOLW\� DQG� UHDGDELOLW\� ZLWK� V\QWDFWLF� FXHV��
7HFKQLFDO�&RPPXQLFDWLRQ����������������

0F1DPDUD��'�6���/RXZHUVH��0�0���0F&DUWK\�3�0��	�*UDHVVHU�$�&����������&RK�
0HWUL[��&DSWXULQJ� OLQJXLVWLF� IHDWXUHV�RI� FRKHVLRQ��'LVFRXUVH�3URFHVVHV��������
��������

0F1DPDUD� '�6�� �������� $XWRPDWHG� HYDOXDWLRQ� RI� WH[W� DQG� GLVFRXUVH� ZLWK� &RK�
0HWUL[� &DPEULGJH��&DPEULGJH�8QLYHUVLW\�3UHVV�

2ERUQHYD�� ,�9�� ��������$YWRPDWL]LURYDQQD\D�RWVHQND�VOR]KQRVWL�XFKHEQ\NK� WHNVWRY�
QD�RVQRYH�VWDWLVWLFKHVNLNK�SDUDPHWURY �LQ�5XVVLDQ���0RVFRZ�

3ULND]�0LQREUQDXNL�ʋ������RW������������©2E�XWYHU]KGHQLL�SRULDGND�SURYHGHQLLD�
(GLQRJR� JRVXGDUVWYHQQRJR� HN]DPHQDª �LQ� 5XVVLDQ��� �������� 5HWULHYHG� IURP�
KWWS���ZZZ�REUQDG]RU�JRY�UX�FRPPRQ�XSORDG�GRFBOLVW�3ULND]B1B����BRWB���
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GLVFRXUVH�5HYLHZ�RI�(XURSHDQ�6WXGLHV������
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