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7R� FRPSUHKHQG� DQ� DFDGHPLF� WH[W� LV� RQH� RI� WKH� PDLQ� WDVNV� IRU� SXSLOV� RI� ERWK�
HOHPHQWDU\�DQG�VHFRQGDU\�VFKRROV��'HYHORSLQJ�RI�UHDGLQJ�VNLOOV�LV�YLHZHG�DV�RQH�RI�
WKH�PRVW� LPSRUWDQW�TXHVWLRQV� IRU� WHDFKHUV�� VFLHQWLVWV�DQG� LV�D�FDXVH� IRU�FRQFHUQ� WR�
VFKRROFKLOGUHQ
V� SDUHQWV�� 7KH� DLP� RI� WKH� SUHVHQW� UHVHDUFK� LV� WR� LQYHVWLJDWH� WKH�
G\QDPLFV�RI�WH[W�FRPSOH[LW\�LQ�WKH�WH[WERRN�³(QYLURQPHQWDO�VWXGLHV´��ZULWWHQ�E\�$��
3OHVKDNRY�� ������ IRU� SXSLOV� RI� WKH� VHFRQG� JUDGH� RI� FRPSUHKHQVLYH� VFKRROV�� 7KH�
WH[WERRN�FRQVLVWV�RI�WZR�SDUWV��ZLWK�WZHOYH�WH[WV�LQ�3DUW�,�DQG�VL[WHHQ�WH[WV�LQ�3DUW�,,��
7KH�FRUSXV�FRPSLOHG�IRU�WKH�UHVHDUFK�FRPSULVHV�WZHQW\�HLJKW�WH[WV� IURP�WKH�VWDWHG�
WH[WERRN��7KH� DFDGHPLF� \HDU� RI� VHFRQG� FODVV� SXSLOV� LV� GLYLGHG� LQWR� IRXU� TXDUWHUV��
&RQVHTXHQWO\��WKH�ILUVW�SDUW�RI WKH�WH[WERRN��WKDW�LV����WH[WV��LV�VWXGLHG�LQ�WKH�ILUVW�WZR�
TXDUWHUV�± IURP�6HSWHPEHU�WR�'HFHPEHU��7KH�VHFRQG�SDUW�± ���WH[WV�� LQ�WKH�WKLUG�DQG�
IRXUWK� TXDUWHUV�� IURP� -DQXDU\� WLOO�0D\�� 7KH� WH[WV� GLIIHU� LQ� V\QWDFWLF� VWUXFWXUH� DQG�
OHQJWK��6\QWDFWLF�VLPSOLFLW\�ZDV�HYDOXDWHG�RQ�WKH�EDVLV�RI�WKH�PHDQ�QXPEHU�RI�ZRUGV�
LQ�WKH�VHQWHQFH��QXPEHU�RI�V\QWDFWLF�VWUXFWXUHV��QXPEHU�RI�ZRUGV�EHIRUH�WKH�SUHGLFDWH��
DQG�WKH�QXPEHU�RI�VLPSOH�DQG�FRPSRVLWH�VHQWHQFHV��&RQWUDVWLYH�DQDO\VLV�RI�WH[WV�LQ�
ERWK�SDUWV�GLG�QRW�UHYHDO�REYLRXV�G\QDPLFV�LQ�FRPSOH[LW\��7KH�WH[WV�LQ�ERWK�SDUWV�WHQG�
WR�KDYH�VLPLODU�TXDQWLW\�RI�VLPSOH�DQG�FRPSRVLWH�VHQWHQFHV��+RZHYHU��WKH�WH[WV�IURP�
WKH�ILUVW�SDUW�RI�WKH�WH[WERRN�DUH�VKRUWHU��EXW�VHQWHQFHV�DUH�ORQJHU�DQG�WKH\�DUH�PRUH�
HODERUDWHG� WKDQ� VHQWHQFHV� RI� WKH� VHFRQG� SDUW�� 6\QWDFWLF� VLPSOLFLW\� RI� WH[WV� YDULHV�
DFURVV�WKH�WH[WERRN��

.H\ZRUGV� 7H[WERRN��7H[W�&RPSOH[LW\��6\QWDFWLF�6WUXFWXUH��6HQWHQFH��

� 3OHDVH�FLWH�WKLV�SDSHU�DV�IROORZV�

*DIL\DWRYD�� (�� *��� *D\QXWGLQRYD�� '�� =��� *DOLDNKPHWRYD�� $�� 7��� .D]DFKNRYD�� 0�� %��� 	�
*DEGUDNKPDQRYD�� 5�� 5�� �������� 7H[W� FRPSOH[LW\� G\QDPLFV� LQ� 5XVVLDQ� WH[WERRNV� RQ�
³HQYLURQPHQWDO� VWXGLHV´�� 7KH� FDVH� RI� WKH� �QG JUDGH� -RXUQDO� RI� 5HVHDUFK� LQ� $SSOLHG�
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���,QWURGXFWLRQ

&DWKHULQH�6QRZ�GHILQHV�D�OLVW�RI�WKH�IROORZLQJ�ILYH�SDUDPHWHUV�ZKLFK�GLIIHU�
WH[WV�����GLVFRXUVH�JHQUH��VXFK�DV�QDUUDWLRQ��GHVFULSWLRQ��H[SRVLWLRQ��DQG�SHUVXDVLRQ��
��� GLVFRXUVH� VWUXFWXUH�� LQFOXGLQJ� UKHWRULFDO� FRPSRVLWLRQ� DQG� FRKHUHQFH�� ��� PHGLD�
IRUPV��VXFK�DV�WH[WERRNV��PXOWLPHGLD��DGYHUWLVHPHQWV��K\SHUWH[W��DQG�WKH�,QWHUQHW�����
VHQWHQFH�GLIILFXOW\��LQFOXGLQJ�YRFDEXODU\��V\QWD[��DQG�WKH�SURSRVLWLRQDO�WH[W�EDVH��WKH�
H[SOLFLW� PHDQLQJ� RI� WKH� WH[W¶V� FRQWHQW� GUDZQ� IURP� SURSRVLWLRQV� LQ� WKH� WH[W�� L�H���
VWDWHPHQWV�RU�LGHD�XQLWV��EXW�ZLWKRXW�PRUH�VXEWOH�GHWDLOV�DERXW�YHUE�WHQVH�DQG�GHLFWLF�
UHIHUHQFHV�>KHUH��WKHUH��QRZ��WKHQ��WKLV��WKDW@������FRQWHQW��LQFOXGLQJ�GLIIHUHQW�W\SHV�RI�
PHQWDO� PRGHOV�� FXOWXUHV�� DQG� VRFLRHFRQRPLF� VWUDWD�� DJH�DSSURSULDWH� VHOHFWLRQ� RI�
VXEMHFW� PDWWHU�� DQG� WKH� SUDFWLFHV� WKDW� DUH� SURPLQHQW� LQ� WKH� FXOWXUH�� ��� WH[WV� ZLWK�
YDU\LQJ� GHJUHHV� RI� HQJDJHPHQW� IRU� SDUWLFXODU� FODVVHV� RI� UHDGHUV� �6QRZ�� �������
3DUYL]LDQ��HW�DO����������

9��,YDQRY�����SRLQWV�RXW�WKUHH�FKDUDFWHULVWLFV�IRU�WH[W�FRPSOH[LW\�SUHGLFWLRQ��
³)LUVW�� DYHUDJH� VHQWHQFH� OHQJWK� LV� WKH� PRVW� LPSRUWDQW� IHDWXUH� IRU� WH[W� FRPSOH[LW\�
SUHGLFWLRQ��6HFRQG��DYHUDJH�QXPEHU�RI�FRRUGLQDWLQJ�FKDLQV��DYHUDJH�QXPEHU�RI�VXE�
WUHHV��DV�ZHOO�DV�IUHTXHQF\�DQG�OH[LFDO�IHDWXUHV�WKDW�FDQ�LPSURYH�SUHGLFWLRQ��7KLUG��
VXUSULVLQJO\�� DYHUDJH� V\OODEOHV� SHU� ZRUG� PD\� QRW� EH� D� YHU\� LPSRUWDQW� IHDWXUH� �LQ�
SUHVHQFH�RI�RWKHU�IHDWXUHV���HYHQ�WKRXJK�LW�FRUUHODWHV�ZLWK�WDUJHW�YDULDEOH´��,YDQRY�HW�
DO���������

0F1DPDUD� ZULWHV� WKDW� V\QWDFWLF� VLPSOLFLW\� LV� ³WKH� GHJUHH� WR� ZKLFK� WKH�
VHQWHQFHV� LQ� WKH� WH[W� FRQWDLQ� IHZHU� ZRUGV� DQG� XVH� VLPSOHU�� IDPLOLDU� V\QWDFWLF�
VWUXFWXUHV�WKDW�DUH�OHVV�FKDOOHQJLQJ�WR�SURFHVV��$W�WKH�RSSRVLWH�HQG�RI�WKH�FRQWLQXXP�
DUH�WH[WV�WKDW�FRQWDLQ�VHQWHQFHV�ZLWK�PRUH�ZRUGV�DQG�WKDW�XVH�FRPSOH[��XQIDPLOLDU�
V\QWDFWLF�VWUXFWXUHV´��0F1DPDUD�HW�DO���������0DUEiQ�	�0XOHQJD��������

5HDGDELOLW\ KDV EHHQ DFWLYHO\ VWXGLHG IRU RYHU ILYH GHFDGHV �']PLWU\LHYD��
������*DOLDNKPHWRYD��������*DWL\DWXOOLQD HW DO���������*UDHVVHU HW DO���������.ODUH��
������.ULRQL HW DO���������2EREURQHYD��������6KSDNRYVNL\��������6ROQ\VKNLQD HW DO���
������6RORY\HY HW DO���������6ROQ\VKNLQD HW DO���������6ROQ\VKNLQD 	�.LVHOQLNRY��
������6RORY\HY HW DO����������:KLOH�GHILQLQJ�UHDGDELOLW\�*HRUJH�.ODUH��������IRFXVHV�
RQ�WKH�ZULWLQJ�VW\OH�DQG�GHILQHV�LW�DV�³WKH�HDVH�RI�XQGHUVWDQGLQJ�RU�FRPSUHKHQVLRQ�
GXH�WR�WKH�VW\OH�RI�ZULWLQJ�´ :LOOLDP�'X%D\��������DOVR�VLQJOHV�RXW�DQ�DWWULEXWH�RI�
FODULW\�� ³5HDGDELOLW\� LV� ZKDW�PDNHV� VRPH� WH[WV� HDVLHU� WR� UHDG� WKDQ� RWKHUV´�� 6QRZ�
�������FRQVLGHUV�WKDW�D�WH[W�LWVHOI�LV�WKRXJK�LPSRUWDQW�WKRXJK�LQVXIILFLHQW�WR�GHWHUPLQH�
UHDGLQJ�FRPSUHKHQVLRQ��7KH�UHVHDUFKHU�GHILQHV�UHDGLQJ�FRPSUHKHQVLRQ�DV�WKH�SURFHVV�
RI� VLPXOWDQHRXVO\� H[WUDFWLQJ� DQG� FRQVWUXFWLQJ� PHDQLQJ� WKURXJK� LQWHUDFWLRQ� DQG�
LQYROYHPHQW�ZLWK�ZULWWHQ� ODQJXDJH��&RPSUHKHQVLRQ�HQWDLOV� WKUHH�HOHPHQWV�����7KH�
UHDGHU�ZKR�LV�GRLQJ�FRPSUHKHQGLQJ�����7KH�WH[W�WKDW�LV�WR�EH�FRPSUHKHQGHG�����7KH�
DFWLYLW\�LQ�ZKLFK�FRPSUHKHQVLRQ�LV�D�SDUW��6QRZ���������

5HDGDELOLW\�DQG�V\QWDFWLF�VLPSOLFLW\�DUH�LQWHUGHSHQGHQW�FDWHJRULHV��6\QWDFWLF�
VLPSOLFLW\� LV� D� PHWULF� GHWHUPLQHG� E\� WKUHH� YDULDEOHV� ± QXPEHU� RI� JUDPPDWLFDO�
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VWUXFWXUHV�� WKH� DYHUDJH� QXPEHU� RI� ZRUGV� LQ� D� VHQWHQFH� DQG� WKH� QXPEHU� RI� ZRUGV�
SUHFHGLQJ� WKH� SUHGLFDWH� LQ� D� VHQWHQFH�� 7KH� QXPEHU� RI� VHQWHQFHV� ZLWK� VHYHUDO�
JUDPPDWLFDO�FRQVWUXFWLRQV�LQ�D�WH[W�DQG�VHQWHQFH�OHQJWK�DUH�GLUHFWO\�SURSRUWLRQDO�WR�
LWV�FRPSOH[LW\��7KH�WKLUG�YDULDEOH�PHDQV��WKH�IDUWKHU�WKH�SUHGLFDWH�IURP�WKH�VHQWHQFH�
EHJLQQLQJ� WKH�PRUH�FRPSOLFDWHG�D� WH[W� LV� �*UDHVVHU�HW�DO���������0F1DPDUD HW�DO���
�������/HW�XV�LOOXVWUDWH�WKH�DERYH�E\�WKH�VHQWHQFHV�LQ�ZKLFK�DOO�WKUHH�YDULDEOHV�YDU\�

���:H�SOD\HG�IRRWEDOO�DOO�DIWHUQRRQ��

���2QO\�WKH�JLUO�ZDVQCW�PH�± WKH�SURILOH�VDLG�KHU�QDPH�ZDV�/\GLD�DQG�
VKH�ZDV�IURP�6XVVH[��ZKLFK�LV�PLOHV�DZD\�IURP�ZKHUH�,�OLYH�

7KH�ILUVW�VHQWHQFH�LV�YHU\�VLPSOH��,W�KDV�RQH�V\QWDFWLF�VWUXFWXUH��WKH�VHQWHQFH�
LV�RQO\�ILYH�ZRUGV�ORQJ��ZLWK�RQH�ZRUG�SUHFHGLQJ�WKH�SUHGLFDWH�� SOD\HG��7KH�VHFRQG�
VHQWHQFH� LV�FRPSOLFDWHG�� WKHUH�DUH� VL[�JUDPPDWLFDO� VWUXFWXUHV� LQ� WKH� VHQWHQFH�� LW� LV�
WZHQW\�ILYH�ZRUGV�ORQJ�

���0HWKRGV�DQG�PDWHULDOV

7KH�UHVHDUFK�ZDV�FRQGXFWHG�RQ�WKH�FRUSXV�RI�WZHQW\�HLJKW�WH[WV��$OO�WKH�WH[WV�
YDU\� LQ� OHQJWK� DQG V\QWDFWLF� VWUXFWXUHV�� )RU� LQVWDQFH�� WH[W� 1��� LV� WKH� ORQJHVW� DQG�
FRQVLVWV�RI�IRUW\�IRXU�VHQWHQFHV��ZKHUHDV�WH[WV�1��DQG�1��KDYH�WZHQW\�RQH�VHQWHQFHV�
HDFK��7KH�VKRUWHVW�WH[W�LQ�WKH�WH[WERRN�LV�WH[W�1���LW�KDV�HLJKWHHQ�VHQWHQFHV��)RU�WKH�
GHWDLOHG�LQIRUPDWLRQ VHH�7DEOH���EHORZ���

7KH�GLVFLSOLQH�³(QYLURQPHQWDO�VWXGLHV´�LPSOLHV�FRYHUDJH�RI�YDULRXV�WRSLFV��
6R�WKH�WKHPHV�RI�WKH�WH[WV�DUH�GLIIHUHQW��7H[W���IRFXVHV�RQ�WKH�SRSXODWLRQ�RI�5XVVLD��
7H[W� �� LV� DERXW� 8QLYHUVH� DQG� 6RODU� 6\VWHP�� 7H[W� ��� ± JLYHV� DQ� DFFRXQW� RI�
HWKQRVFLHQFH�� 7H[WV� ��� DQG� ��� IRFXV� RQ� VHDVRQV�� 7H[WV� ������ WHOO� DERXW� DQLPDWH�
QDWXUH��

7KH�UHVHDUFK�ZDV�FRQGXFWHG�LQ�WZR�VWDJHV��,Q�WKH�ILUVW�VWDJH�RI�RXU�UHVHDUFK�
ZH� VHOHFWHG� DOO� WKH� WH[WV� IURP�ERWK� SDUWV� RI� WKH� WH[WERRN�� ,Q� WKH� VHFRQG� VWDJH�ZH�
FRQGXFWHG TXDQWLWDWLYH�VWXGLHV�DQG�FRPSXWHG�WKH�PHDQ�QXPEHU�RI�VHQWHQFHV�LQ�WH[WV��
LQFOXGLQJ�DQ�DYHUDJH�QXPEHU�RI�VLPSOH�DQG�FRPSRVLWH�RQHV��WKH�DYHUDJH�QXPEHU�RI�
ZRUGV�SHU�WH[W��V\QWDFWLF�VWUXFWXUHV�SHU�VHQWHQFH��DQG�WKH�DYHUDJH�QXPEHU�RI�ZRUGV�
SUHFHGLQJ�WKH�SUHGLFDWH��

$�VLPSOH�VHQWHQFH�LV�UHIHUUHG�WR�DV�³D�VHQWHQFH�FRQVLVWLQJ�RI�RQH�LQGHSHQGHQW�
FODXVH�RQO\��,W�XVXDOO\�KDV�D�VXEMHFW�DQG�YHUE��DQG�RIWHQ�DQ�REMHFW�RU�FRPSOHPHQW�DQG�
RQH�RU�PRUH�DGMXQFWV´��0DFPLOODQ�'LFWLRQDU\���³$�FRPSRVLWH�VHQWHQFH�FRQVLVWV�RI�
WZR� RU� PRUH� VLPSOH� VHQWHQFHV� MRLQHG� WRJHWKHU�� «� 7KH� UHODWLRQVKLS� EHWZHHQ� WKH�
FODXVHV� PD\� EH� WKDW� RI� FRRUGLQDWLRQ� �FRPSRXQG� VHQWHQFH�� DQG� VXERUGLQDWLRQ�
�FRPSOH[�VHQWHQFH�´��.U\ORYD�	�*RUGRQ� ������
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���5HVXOWV�DQG�GLVFXVVLRQ

7DEOH����7KH�$YHUDJH�0HWULFV�RI�7H[WV�LQ�%RWK�3DUWV�RI�WKH�7H[WERRN
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3DUW�,

7KH� TXDQWLWDWLYH� DQDO\VLV� VKRZHG� WKH� IROORZLQJ�� WKH� DYHUDJH� QXPEHU� RI�
VHQWHQFHV�SHU� WH[W� LQ� WKH� ILUVW�SDUW�RI� WKH� WH[WERRN� LV�������7KH�DYHUDJH�QXPEHU�RI�
ZRUGV�SHU� WH[W� LV��������SHU� VHQWHQFH� LV������ IRU�H[DPSOH��$�YRW�Y�PXVXOCPDQVNRP�
NDOHQGDUH�GDWD�QRYRJR JRGD�SHUHGYLJDMHWV\D�Y�WHFKHQL\H����OHW�SR�YVHP�VH]RQDP��WDN�
]KH�NDN�,�GUXJL\H�PXVXOCPDQVNL\H�SUD]GQLNL�� ��1HZ�<HDUV
�'D\�VKLIWV� IRU����\HDUV�
WKURXJK�DOO�VHDVRQV�LQ 0XVOLP�FDOHQGDU��DV�ZHOO�DV�RWKHU�0XVOLP�KROLGD\V��7H[W�����
0\�± ]KLWHOL�YVHOHQQRL�� ��:H�DUH�LQKDELWDQWV�RI�WKH�8QLYHUVH��7H[W���� *HQHUDOO\��D�
QXPEHU�RI�ZRUGV�LQ�D�VHQWHQFH�UDQJHV�IURP����WR�����%XW�VKRUW�VHQWHQFHV�ZLWK�WKUHH�
RU�IRXU�ZRUGV�RFFXU�YHU\�RIWHQ��7KH�WH[WV�IURP�3DUW�,�VSRUDGLFDOO\�FRQVLVW�RI�VWURQJO\�
HODERUDWHG�VHQWHQFHV�ZLWK�QXPEHU RI�ZRUGV�XS�WR�����IRU�H[DPSOH��0\�RWGD\HP�GDQC�
XYD]KHQL\D�L�EODJRGDUQRVWL�YVHP��NWR�VWR\DO��VWRLW�L�EXGHW�VWR\DWC�V�RUX]KL\HP�Y�UXNDK�
QD�]DVFKLWH�FKHVWL�,�GRVWRLQVWYD�QDVKHL�5RGLQ\����:H�UHVSHFW�DQG�WKDQN�DOO�WKRVH�ZKR�
ZHUH�XS� LQ�DUPV� WR�SURWHFW� WKH�KRQRU�DQG�GLJQLW\�RI�RXU�KRPHODQG �7H[W������7KH�
IRUPHU�VHQWHQFH�QXPEHUV����ZRUGV��

$V�IRU�V\QWDFWLF�VWUXFWXUHV�LQ�WKH�ILUVW�SDUW�RI�WKH�WH[WERRN��WKH\�DUH�VOLJKWO\�
HDVLHU�WKDQ�WKRVH�RI�WKH�VHFRQG�WHUP�DQG�HTXDO�WR������7KH�PHDQ�QXPEHU�RI�ZRUGV�
SUHFHGLQJ� WKH�SUHGLFDWH� DQG� QXPEHU�RI� FRPSRVLWH� VHQWHQFHV� H[FHHG� WKH� FRPSDUHG�
FKDUDFWHULVWLF� RI� WKH� VHFRQG� SDUW� RI� WKH� WH[WERRN� DQG� HTXDOV� ���� ZRUGV� DQG� ����
VHQWHQFHV��7KH�ODVW�WH[W�LQ�3DUW�,��7H[W�����LV�WKH�ORQJHVW��LW�FRQVLVWV�RI����VHQWHQFHV���
EXW� RQH�RI� WKH� VLPSOHVW LQ� WHUPV�RI� V\QWD[�� ,W� FRQWDLQV�������RI� VLPSOH� VHQWHQFHV�
ZKHUHDV� 7H[W� �� DQG� 7H[W� �� FRPSULVH� QR� PRUH� WKDQ� ������ DQG� ������ RI� VLPSOH�
VHQWHQFHV��7KH�QXPEHU�RI�V\QWDFWLF�VWUXFWXUHV�SHU�VHQWHQFH�LQ�7H[W����HTXDOV�������
7KLV� LQGLFDWRU� GRHV� QRW� JR� EH\RQG� WKH� DYHUDJH� FKDUDFWHULVWLF� RI� DOO� WKH� WH[WV�� 7KH�
DYHUDJH� QXPEHU� RI� ZRUGV� EHIRUH� WKH� SUHGLFDWH� LQ� WKLV� WH[W� LV� ����� 7KLV� WH[W� LV�
FKDUDFWHUL]HG�E\�SRODU�FKDUDFWHULVWLFV��WKHUH�DUH���VHQWHQFHV�LQ�WKLV�WH[W�LQ�ZKLFK�WKH�
SUHGLFDWH�LV�WKH�ILUVW�ZRUG�RI�WKH�VHQWHQFH� %XW�WKHUH�LV�DOVR�RQH�VHQWHQFH�ZKHUH�WKH�
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SUHGLFDWH� LV� RQ� WKH� ��WK SODFH�� (�J��� 7ROCNR� QD� QHL�� HGLQVWYHQQRL� L]� YVHNK� SODQHW��
REUDVFKDMXWV\D� 9RNUXJ� VROQW]D�� HVWC� ]KL]QC� �� /LIH� H[LVWV� RQO\� RQ� WKH� RQO\� SODQHW��
PRYLQJ�URXQG�WKH�(DUWK��7H[W������

6LPSOH� VHQWHQFHV� RIWHQ� FRQWDLQ� SDUWLFLSLDO� FRQVWUXFWLRQV�� IRU� H[DPSOH��
=YH]G\�± HWR�RJURPQ\H��UDVNDOHQQ\H�QHEHVQ\H�WHOD�� L]OXFKD\XVFKLH�VYHW�� ��6WDUV�DUH�
KXJH� UHG�KRW� FHOHVWLDO� ERGLHV� UDGLDWLQJ� OLJKW� �7H[W� ���� 6RPHWLPHV� SDUWLFLSLDO�
FRQVWUXFWLRQV�SUHFHGH� WKH�SUHGLFDWH� GHWDFK� WKH�SULQFLSDO�SDUWV�RI� WKH� VHQWHQFH�DQG�
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