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(IIHFWV�RI�YRFDEXODU\�DFTXLVLWLRQ�RQ�OH[LFDO�FRPSHWLWLRQ�LQ�VSHHFK�
SHUFHSWLRQ�DQG�SURGXFWLRQ
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8QLYHUVLW\�RI�<RUN��8.

(�PDLO��J�JDVNHOO#SV\FK�\RUN�DF�XN��Q�GXPD\#SV\FK�\RUN�DF�XN�

$%675$&7
7KUHH�H[SHULPHQWV�H[DPLQHG�WKH�UROHV�RI�WLPH�DQG�H[SRVXUH�
IUHTXHQF\� LQ� OH[LFDOL]DWLRQ� RI� QRYHO� ZRUGV�� 3DUWLFLSDQWV�
OHDUQW�QRYHO�LWHPV��H�J���FDWKHGUXNH��RI�YDU\LQJ�IUHTXHQF\�
WKDW�RYHUODSSHG�ZLWK�H[LVWLQJ�ZRUGV��H�J���FDWKHGUDO���7KH�
HIIHFW� RI� OHDUQLQJ� RQ� OH[LFDO� FRPSHWLWLRQ� ZDV� WHVWHG� E\
PHDVXULQJ� UHVSRQVHV� WR� WKH� H[LVWLQJ� ZRUGV�� ,Q� OH[LFDO�
GHFLVLRQ� �([SHULPHQW� ���� ORZ� IUHTXHQF\� QRYHO� LWHPV�
IDFLOLWDWHG� UHVSRQVHV� WR� H[LVWLQJ� ZRUGV� LPPHGLDWHO\� DIWHU�
H[SRVXUH�� EXW� KDG� QR� HIIHFW� D� ZHHN� ODWHU�� ZKHUHDV� KLJK�
IUHTXHQF\�LWHPV�SURGXFHG�LQKLELWLRQ�ERWK�LPPHGLDWHO\�DQG�
D�ZHHN�ODWHU��7KH�LQKLELWRU\�HIIHFWV�LQGLFDWHG�WKDW�WKH�QRYHO�
LWHPV�KDG� HQJDJHG� LQ� OH[LFDO� FRPSHWLWLRQ�� ,Q� VLQJOH�ZRUG�
VKDGRZLQJ��([SHULPHQW����DQG�QDPLQJ��([SHULPHQW�����DOO�
HIIHFWV�ZHUH�IDFLOLWDWRU\��VXJJHVWLQJ�WKDW�WKH�PDLQ�LPSDFW�LQ
WKHVH�FDVHV�ZDV�RQ� VSHHFK�SURGXFWLRQ��:H� LQWHUSUHW� WKHVH�
UHVXOWV�LQ�WHUPV�RI�WKH�LQIOXHQFH�RI�YRFDEXODU\�DFTXLVLWLRQ�
RQ�WKH�FRPSHWLWLRQ�SURFHVVHV�LQYROYHG�LQ�VSHHFK�SHUFHSWLRQ�
DQG�SURGXFWLRQ�

�� ,1752'8&7,21
9RFDEXODU\�DFTXLVLWLRQ�LV�RIWHQ�WHVWHG�LQ�WHUPVRI�WKH�GLUHFW�
HIIHFWV�RI�OHDUQLQJ�D�ZRUG��H�J���LV�WKH�ZRUG�IDPLOLDU��RU�ZKDW�
GRHV� LW�PHDQ"��� ,Q�PRGHOV� RI� VSRNHQ�ZRUG� UHFRJQLWLRQ�� D�
NH\� IHDWXUH� RI� D� OH[LFDO� LWHP� LV� LWV� HQJDJHPHQW� LQ� OH[LFDO�
FRPSHWLWLRQ�� ZKHUHE\� WKH� UHFRJQLWLRQ� RI� D� ZRUG� LV�
GHSHQGHQW� RQ GLVFULPLQDWLRQ� IURP� SKRQRORJLFDOO\� VLPLODU�
ZRUGV�� 5HFHQWO\� >�@�� ZH� H[DPLQHG� WKH� LQYROYHPHQW� RI�
QHZO\� OHDUQW� ZRUGV� LQ� OH[LFDO� FRPSHWLWLRQ� �WKHLU� ³OH[LFDO�
IRRWSULQW´��� 7KH� UHVHDUFK� XWLOL]HG� VSRNHQ� ZRUGV� ZLWK� DQ�
HDUO\� XQLTXHQHVV� SRLQW� RU�83 �H�J��� FDWKHGUDO��� PDWFKHG�
ZLWK� QRQZRUGV� WKDW� GLYHUJHG� RQ� RU� DIWHU� WKH� 83� �H�J���
FDWKHGUXNH���2XU�DVVXPSWLRQ�ZDV�WKDW�LI�WKH�QRQZRUGV�DUH�
WUHDWHG�DV�QRYHO�ZRUGV�DQG�HQWHU� WKH�PHQWDO� OH[LFRQ�� WKHQ�
WKHVH� LWHPV� VKRXOG� EHFRPH� VWURQJ� FRPSHWLWRUV� RI� WKH�
H[LVWLQJ� ZRUGV�� ZLWK� EHKDYLRUDO� FRQVHTXHQFHV� IRU�
UHFRJQLWLRQ�RI�WKH�H[LVWLQJ�ZRUGV�
3DUWLFLSDQWV�ZHUH�IDPLOLDUL]HG�ZLWK�WKH�QRYHO�SKRQRORJLFDO�
VHTXHQFHV� WKURXJK� UHSHDWHG� H[SRVXUH� ���� SHU� LWHP�� LQ� D�
SKRQHPH�PRQLWRULQJ� WDVN�� 7KLV� H[SRVXUH� OHG� WR� JRRG�
UHFRJQLWLRQ� RI� WKH� QRYHO� VHTXHQFHV� LQ� D� �$)&� WHVW� �H�J���
FDWKHGUXNH YV�� FDWKHGUXFH��� ,Q� FRQWUDVW�� WKH� LQKLELWRU\�
LQIOXHQFH� RI� WKHVH� LWHPV� RQ� H[LVWLQJ�ZRUGV� RQO\� HPHUJHG�
DIWHU� PXOWLSOH� VHVVLRQV� RI� H[SRVXUH� RYHU� WKH� FRXUVH� RI�
VHYHUDO�GD\V��7KXV��OH[LFDO�FRPSHWLWLRQ�HIIHFWV�DSSHDU�WR�EH�

GLVVRFLDEOH� IURP� VLPSOH� UHFRJQLWLRQ� PHPRU\� LQ� WKH�
DFTXLVLWLRQ�RI�D�QHZ�ZRUG�
&UXFLDOO\�� WKHVH� LQKLELWRU\�HIIHFWV�ZHUH�UHVWULFWHG� WR�QRYHO�
VHTXHQFHV� WKDW�GLYHUJHG� IURP� WKH�H[LVWLQJ�ZRUGV�DW�RIIVHW�
�H�J��� FDWKHGUDO�FDWKHGUXNH�� UDWKHU WKDQ� DW� RQVHW� �H�J���
FDWKHGUDO�\RWKHGUDO��� VXSSRUWLQJ� PRGHOV� RI� VSRNHQ� ZRUG�
UHFRJQLWLRQ� WKDW� LQFRUSRUDWH� D� GLUHFWLRQDO� OHIW�WR�ULJKW�
PDWFKLQJ�SURFHVV�>�@>�@ UDWKHU�WKDQ�D�PRUH�JOREDO�RQH�>�@��
)XUWKHUPRUH�� ZH� UHSOLFDWHG� WKH� OH[LFDOL]DWLRQ� HIIHFW�
VZDSSLQJ� OH[LFDO� GHFLVLRQ� ZLWK� D� PRUH� LPSOLFLW� WHVW� RI�
OH[LFDO� DFWLYLW\�� WKH� SDXVH� GHWHFWLRQ� WDVN� >�@�� +HUH��
SDUWLFLSDQWV�ZHUH�DVNHG�WR�GHWHFW�WKH�SUHVHQFH�RI�D�����PV�
SDXVH� LQVHUWHG� WRZDUGV� WKH� HQG� RI� WKH� ZRUG� �H�J���
FDWKHGUBDO��� ,Q� WKLV� ILQDO� H[SHULPHQW�� ZH� WHVWHG� WKH�
SDUWLFLSDQWV� WZLFH�� RQFH� LPPHGLDWHO\� DIWHU� DQ� H[WHQGHG�
H[SRVXUH�VHVVLRQ�����SHU�LWHP���DQG�DJDLQ�D�ZHHN�ODWHU��ZLWK�
QR�LQWHUYHQLQJ�H[SRVXUH VHVVLRQ��7KLV�H[SHULPHQW�VKRZHG�
QR�HIIHFW�RI�OH[LFDOL]DWLRQ�LPPHGLDWHO\�DIWHU�H[SRVXUH��EXW�
UREXVW� HIIHFWV� D� ZHHN� ODWHU�� VXJJHVWLQJ� WKDW� OH[LFDOL]DWLRQ�
PD\�UHTXLUH�D�VLJQLILFDQW�DPRXQW�RI�WLPH��SRVVLEO\�LQ�RUGHU�
WR�DOORZ�FRQVROLGDWLRQ�RI�SKRQRORJLFDO�PHPRU\�>�@�
,Q�WKH�SUHVHQW�VWXG\��ZH�H[DPLQHG�LQ�PRUH�GHWDLO�WKH�WZLQ�
UROHV� RI� WLPH� DQG� IUHTXHQF\� RI� H[SRVXUH� RQ� WKH�
OH[LFDOL]DWLRQ�SURFHVV��7KH�HDUOLHU�UHVHDUFK�VKRZHG�WKDW����
SUHVHQWDWLRQV�RI�D�VWLPXOXV�OHG�WR�OH[LFDOL]DWLRQ�HIIHFWV���RU�
PRUH�GD\V�ODWHU��DQG�GHPRQVWUDWHG�DQ�LPSRUWDQW�UROH�RI�WLPH�
LQ�WKH�GHYHORSPHQW�RI�D�QHZ�OH[LFDO�FRPSHWLWRU��+RZHYHU��
WKLV� OHIW� RSHQ� WKH� SRVVLELOLW\� WKDW� VLPLODU� HIIHFWV� FRXOG�
HPHUJH� IRU� OHVV� VXEVWDQWLDO�H[SRVXUH� OHYHOV�RYHU�D� VLPLODU�
WLPHVFDOH�� RU�WKDW� D� JUHDWHU� H[SRVXUH� OHYHO� ZRXOG� OHDG� WR�
VZLIWHU� OH[LFDOL]DWLRQ� HIIHFWV�� :H� WHVWHG� ERWK� WKHVH�
SRVVLELOLWLHV�LQ�WKH�FXUUHQW�VWXG\�
$� IXUWKHU� JRDO� ZDV� WR� ORRN� DW� WKH� JHQHUDOLW\� RI� WKH�
OH[LFDOL]DWLRQ� HIIHFWV� WKDW� ZH� KDG� REVHUYHG�� /H[LFDO�
QHLJKERUV�GHOD\�UHFRJQLWLRQ�LQ�VSHHFK�SHUFHSWLRQ��EHFDXVH�
WKH\� PXVW� EH� GLVFULPLQDWHG� EHIRUH� WKH� ZRUG� FDQ� EH�
LGHQWLILHG��+RZHYHU�� LQ� VSHHFK� SURGXFWLRQ�� WKHUH� LV� VRPH�
HYLGHQFH�IRU�WKH�RSSRVLWH�HIIHFW��9LWHYLWFK�>�@ VKRZHG�WKDW�
ZRUGV�IURP�GHQVH�SKRQRORJLFDO�QHLJKERUKRRGV�DUH�QDPHG�
PRUH�TXLFNO\�WKDQ�ZRUGV�IURP�VSDUVH�QHLJKERUKRRGV��7KLV�
HIIHFW� ZDV� DWWULEXWHG� WR� WKH� OH[LFDO� UHWULHYDO� SURFHVV� LQ�
VSHHFK� SURGXFWLRQ�� $OWKRXJK� 9LWHYLWFK¶V� H[SHULPHQWV�
LQYROYHG�RQO\�PRQRV\OODELF�ZRUGV��LW�VHHPV�SODXVLEOH�WKDW
VLPLODU�HIIHFWV�PLJKW�EH�IRXQG�IRU�ORQJHU�ZRUGV��7KHUHIRUH��
WKH� OH[LFDOL]DWLRQ�RI�D�QRYHO�VHTXHQFH�VXFK�DV�FDWKHGUXNH
VKRXOG� KDYH� DQ� LQKLELWRU\� HIIHFW� RQ� WKH� UHFRJQLWLRQ� RI� D�
QHLJKERU� VXFK� DV�FDWKHGUDO�� EXW�PLJKW� KDYH� D� IDFLOLWDWRU\�
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HIIHFW� RQ� WKH� SURGXFWLRQ� RI� WKH� VDPH� ZRUG�� 7R� FRPSDUH�
HIIHFWV� RI� OH[LFDOL]DWLRQ� RQ� VSHHFK� SHUFHSWLRQ� DQG�
SURGXFWLRQ�� ZH� UDQ� WKUHH� H[SHULPHQWV� XVLQJ� WKH� VDPH�
PDWHULDOV�� EXW� YDU\LQJ� WKH� W\SH� RI� UHVSRQVH� UHTXLUHG� RQ�
SUHVHQWDWLRQ� RI� WKH� H[LVWLQJ� ZRUGV� �H�J��� FDWKHGUDO���
([SHULPHQW���IRFXVHG�RQ�WKH�SHUFHSWXDO�VLGH��XVLQJ�OH[LFDO�
GHFLVLRQ�DV�RXU�PHDVXUH�RI�ZRUG�UHFRJQLWLRQ�SHUIRUPDQFH��
,Q� ([SHULPHQW� ��� SDUWLFLSDQWV� ZHUH� UHTXLUHG� WR� VKDGRZ�
�UHSHDW� DV� TXLFNO\� DV� SRVVLEOH�� WKH� WDUJHW� ZRUG�� WKXV�
LQFRUSRUDWLQJ�D�FRPELQDWLRQ�RI�UHFRJQLWLRQ�DQG�SURGXFWLRQ�
FRPSRQHQWV�� ,Q� ([SHULPHQW� ��� WKH� IRFXV� ZDV� SXUHO\� RQ�
VSHHFK� SURGXFWLRQ�� SDUWLFLSDQWV� ZHUH� DVNHG� WR� QDPH� WKH�
ZRUGV�DV�TXLFNO\�DV�SRVVLEOH��JLYHQ�WKHLU�SULQWHG�IRUP�

�� 0(7+2'
$SDUW� IURP� WKH� OH[LFDOL]DWLRQ� WHVW�� WKH� RYHUDOO� SURFHGXUH�
ZDV�LGHQWLFDO�LQ�WKH�WKUHH�H[SHULPHQWV��DQG�LV�LOOXVWUDWHG�LQ�
)LJXUH�����3DUWLFLSDQWV�WRRN�SDUW�LQ�D�SKRQHPH�PRQLWRULQJ�
WDVN� DV� D�ZD\� RI� IDPLOLDUL]LQJ� WKHPVHOYHV�ZLWK� WKH� QRYHO�
VHTXHQFHV��H�J���FDWKHGUXNH���7KH�HIIHFW�RI�H[SRVXUH�RQ�WKH�
UHVSRQVH� WR� QHLJKERULQJ� H[LVWLQJ� ZRUGV� �H�J��� FDWKHGUDO��
ZDV� WKHQ� WHVWHG� LQ� WKH� OH[LFDOL]DWLRQ� WHVW�� ZKLFK� GLIIHUHG�
EHWZHHQ� H[SHULPHQWV�� DQG� WKHUH� ZDV� WKHQ� DQ� H[SOLFLW�
UHFRJQLWLRQ�WHVW��LQ�ZKLFK�SDUWLFLSDQWV�ZHUH�UHTXLUHG�WR�SLFN�
RXW� WKH� IDPLOLDU� QRYHO� ZRUGV� IURP� PLQLPDO� SDLUV� �H�J���
FDWKHGUXNH�FDWKHGUDO��� 7KH� SDUWLFLSDQWV� UHWXUQHG� D� ZHHN�
ODWHU� DQG� ZHUH� UHWHVWHG� RQO\� RQ� WKH� OH[LFDOL]DWLRQ� DQG�
UHFRJQLWLRQ�WHVWV�
����3$57,&,3$176
1LQHW\�VL[�SDUWLFLSDQWV�ZHUH�WHVWHG�����LQ�HDFK�H[SHULPHQW��
$OO� ZHUH� DGXOW� QDWLYH� %ULWLVK� (QJOLVK� VSHDNHUV� ZLWK QR�
NQRZQ�DXGLWRU\�RU�ODQJXDJH�LPSDLUPHQWV�
����0$7(5,$/6�$1'�'(6,*1
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ZRUG�RIIVHW�
+DOI�RI�WKH�QRYHO�LWHPV��WKH�KLJK�IUHTXHQF\��+)��VHW��ZHUH�
SUHVHQWHG���� WLPHV� LQ� WKH�H[SRVXUH� WDVN��ZKHUHDV� WKH� ORZ�
IUHTXHQF\��/)��LWHPV�ZHUH�SUHVHQWHG����WLPHV��7KH�WZR�VHWV�
ZHUH� PDWFKHG� RQ� IUHTXHQF\�� 83� ORFDWLRQ�� QXPEHU� RI�
SKRQHPHV��QXPEHU�RI�V\OODEOHV��QDWXUH�RI�WKH�ILUVW�SKRQHPH�
�YRZHO��VWRS��IULFDWLYH�DQG�OLTXLG�QDVDO���DFRXVWLF�GXUDWLRQ��
DQG��EDVHG�RQ�D�SUHWHVW��OH[LFDO�GHFLVLRQ�ODWHQF\�
7KH� WHVW� LWHPV� ZHUH� DOVR� GLYLGHG� LQWR� �� OLVWV� DQG� WKH�
SDUWLFLSDQWV�ZHUH�GLYLGHG� LQWR� WZR�JURXSV��VXFK� WKDW�HDFK�
SDUWLFLSDQW�JURXS�ZDV�H[SRVHG�WR�KDOI�WKH�QRYHO�LWHPV�LQ�WKH�
SKRQHPH� PRQLWRULQJ� WHVW�� DQG� DOO� WKH� EDVH� ZRUGV� LQ� WKH�
OH[LFDO� GHFLVLRQ� WHVW��7KLV�PHDQW� WKDW� IRU� HDFK�SDUWLFLSDQW�
FRPSHWLWRUV� ZHUH� DFTXLUHG� IRU� KDOI� WKH� EDVH� ZRUGV�� EXW�
DFURVV� WKH WZR�JURXSV��HDFK� LWHP�ZDV�UHSUHVHQWHG�DW�HDFK�
OHYHO�RI�WKH�³FRPSHWLWRU�DFTXLVLWLRQ´�YDULDEOH�
7KH� SKRQHPH� PRQLWRULQJ� �H[SRVXUH�� WDVN� LQYROYHG� ���
QRYHO�LWHPV����+)�DQG���/)���DQG�FRQVLVWHG�RI����EORFNV��
(DFK�EORFN�LQYROYHG���SUHVHQWDWLRQ�RI�WKH�/)�LWHPV�DQG��
SUHVHQWDWLRQV� RI� WKH� +)� LWHPV�� $W� WKH� EHJLQQLQJ� RI� HDFK�
EORFN�D�WDUJHW�SKRQHPH�ZDV�GLVSOD\HG�RQ�WKH�VFUHHQ��DQG�LQ�
DOO���GLIIHUHQW�WDUJHWV�ZHUH�XVHG���Q����G����W����V����S��DQG��P���
WZLFH�HDFK��3DUWLFLSDQWV�ZHUH�LQVWUXFWHG�WR�SUHVV�RQH�EXWWRQ�
LI�WKH�WDUJHW�ZDV�SUHVHQW�DW�DQ\�ORFDWLRQ�LQ�WKH�ZRUG�RU�SUHVV�
DQRWKHU� LI� LW� ZDV� DEVHQW�� 7KH� VHVVLRQ� ODVWHG� URXJKO\� ���
PLQXWHV�
,Q� ([SHULPHQW� ��� WKH� OH[LFDOL]DWLRQ� WHVW� LQYROYHG� PDNLQJ�
WLPHG�OH[LFDO�GHFLVLRQV�WR�WKH�EDVH�ZRUGV��LQWHUPL[HG�ZLWK�D�
ODUJH� VHW� RI� ILOOHU� LWHPV� ���� ZRUGV�� ���� QRQZRUGV���
([SHULPHQWV���DQG��� UHTXLUHG�D�YRFDO� UHVSRQVH�� DQG�RQO\�
PDGH�XVH�RI�WKH�ZRUG�VWLPXOL��,Q�([SHULPHQW���SDUWLFLSDQWV�
ZHUH�UHTXLUHG� WR�VKDGRZ��UHSHDW�� WKH�ZRUGV�DV�TXLFNO\�DV�
SRVVLEOH��DQG�LQ�([SHULPHQW���WKH\�KDG�WR�QDPH�WKHZRUGV��
JLYHQ� WKHLU� SULQWHG� IRUP�� ,Q� ERWK� WKHVH� H[SHULPHQWV�� WKH�
UHVSRQVH�RQVHW�ZDV�GHWHUPLQHG�XVLQJ�D�VRIWZDUH�YRLFH�NH\�
7KH� IRUFHG� FKRLFH� UHFRJQLWLRQ� WHVW� LQYROYHG� WKH� WZR�
QRQZRUGV�GHULYHG�IURP�HDFK�RI�WKH�EDVH�ZRUGV��$�VHFRQG�
UHFRUGLQJ� RI� HDFK� QRYHO� LWHP� XVHG� LQ� WKH� SKRQHPH�
PRQLWRULQJ� SKDVH� �H�J��� FDWKHGUXNH�� ZDV� SUHVHQWHG� WR�
SDUWLFLSDQWV� DORQJ� ZLWK� LWV� UHODWHG� IRLO� QRQZRUG� �H�J���
FDWKHGUXFH��� DQG� SDUWLFLSDQWV� ZHUH� LQVWUXFWHG� WR� SUHVV� D�
EXWWRQ�WR�LQGLFDWH�WKH�IDPLOLDU�LWHP�
����5(68/76
5HFRJQLWLRQ� UDWHV LQ� WKH� H[SOLFLW� WHVWV� ZHUH� JRRG�� ZLWK�
DERYH�����SHUIRUPDQFH��FKDQFH� ������LQ�DOO�FRQGLWLRQV�
�VHH�)LJXUH�����5HFRJQLWLRQ�WHQGHG�WR�EH�EHWWHU�IRU�WKH�+)�
QRYHO�LWHPV��DOWKRXJK�WKLV�HIIHFW�ZDV�RQO\�IXOO\�VLJQLILFDQW�
LQ�([SHULPHQW����7KH�HIIHFW�RI�'D\�ZDV�QRW VLJQLILFDQW�LQ�
DQ\�H[SHULPHQW��DOWKRXJK�([SHULPHQW���VKRZHG�D�PDUJLQDO�
HIIHFW���7KXV��WKH�ZHHN¶V�GHOD\�EHWZHHQ�WHVWLQJ�SHULRGV�GLG�
QRW� DSSHDU� WR� DIIHFW� UHFRJQLWLRQ� PHPRU\� IRU� WKH� QRYHO�
LWHPV�
)RU�WKH�OH[LFDOL]DWLRQ�WHVWV��VHH�)LJXUH�����WKH�GDWD�IRU�HDFK�
H[SHULPHQW� ZHUH� DQDO\]HG� XVLQJ� WKH� YDULDEOHV� GD\��

'D\��

([SRVXUH�WDVN

/H[LFDOL]DWLRQ�WHVW

5HFRJQLWLRQ�WHVW

/H[LFDOL]DWLRQ�WHVW

5HFRJQLWLRQ�WHVW

'D\��'D\��

([SRVXUH�WDVN

/H[LFDOL]DWLRQ�WHVW

5HFRJQLWLRQ�WHVW

/H[LFDOL]DWLRQ�WHVW

5HFRJQLWLRQ�WHVW

'D\��

)LJXUH��� ,OOXVWUDWLRQ�RI�WHVW RUGHU�LQ�([SHULPHQWV�����
7KH� PDWHULDOV� FRQWDLQHG ��� ELV\OODELF� DQG� ��� WULV\OODELF
WULSOHWV�RI�WHVW�LWHPV��(DFK�WULSOHW�FRQVLVWHG�RI�D�EDVH�ZRUG
�H�J����M�6KFT�N� FDWKHGUDO���D�³QRYHO�ZRUG´�QRQZRUG��H�J��
�M�6KFTWM� FDWKHGUXNH��DQG�D�IRLO�QRQZRUG��H�J����M�6KFTWU�
FDWKHGUXFH���7KH�QRQZRUGV�GLYHUJHG�IURP�WKH�EDVH�ZRUGV
DW�WKH�ILQDO�YRZHO�DQG�IURP�HDFK�RWKHU�DW�WKH�ILQDO�FRQVRQDQW
RU� FRQVRQDQW� FOXVWHU�� %DVH ZRUGV� ZHUH� PRQRPRUSKHPLF
DQG�KDG�D�IUHTXHQF\�RI�EHWZHHQ���DQG����SHU�PLOOLRQ��7KH
83�ZDV�ORFDWHG�DW�RU�EHIRUH�WKH�ILQDO�YRZHO��7KHUHIRUH��LI
H[SRVXUH�WR�WKH�QRYHO�LWHPV�JHQHUDWHV�D�QHZ�OH[LFDO�HQWU\�
WKH�HIIHFW�RQ�WKH�EDVH�ZRUG�ZLOO�EH�WR�VKLIW�LWV�83�WRZDUGV�
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IUHTXHQF\�� DQG� FRPSHWLWRU� DFTXLVLWLRQ� ,Q� ([SHULPHQW� ��
�OH[LFDO� GHFLVLRQ��� WKHUH� ZDV� DQ� LQWHUDFWLRQ� EHWZHHQ�
IUHTXHQF\� DQG� FRPSHWLWRU� DFTXLVLWLRQ� �)�>����@�  � ������ S�
�������)�>����@� ������S���������LPSO\LQJ WKDW�WKH�KLJK�DQG�
ORZ�IUHTXHQF\�QRYHO�VHTXHQFHV�KDG�GLIIHUHQW�HIIHFWV�RQ�WKH�
UHVSRQVHV� WR� WKH� H[LVWLQJ� LWHPV�� 7KHUH� ZDV� DOVR� DQ�
LQWHUDFWLRQ�EHWZHHQ�IUHTXHQF\��FRPSHWLWRU�DFTXLVLWLRQ�DQG�
GD\���)�>����@� ������S��������)�>����@� ������S� ��������7KH�
HIIHFW� RI� FRPSHWLWRU� DFTXLVLWLRQ� IRU� WKH� +)� ZRUGV� ZDV�
VWDEOH�DFURVV� WKH� WZR� WLPH�SRLQWV��ZKHUHDV� WKH� LPPHGLDWH�
HIIHFW� RI� FRPSHWLWRU� DFTXLVLWLRQ� IRU� /)� ZRUGV� ZDV� YHU\�
GLIIHUHQW�IURP�WKH�HIIHFW�D�ZHHN�ODWHU��3ODQQHG�FRPSDULVRQV�
VKRZHG� WKDW� RQ� GD\� �� WKHUH�ZDV� D� VLJQLILFDQW� IDFLOLWDWRU\�
HIIHFW� RI� WKH� /)� QRYHO� LWHPV�� DQG� D� VLJQLILFDQW� LQKLELWRU\�
HIIHFW�RI�WKH�+)�VHTXHQFHV��7KH�IDFLOLWDWLRQ�HIIHFW�IRU�WKH�/)�
VHTXHQFHV� ZDV� FRQVLVWHQW� ZLWK� HDUOLHU� UHVXOWV�� ZKLFK� ZH�
LQWHUSUHWHG�DV�D�PHGLXP�WHUP�SULPLQJ�HIIHFW�UDWKHU�WKDQ�DQ�
HIIHFW�RI�OH[LFDOL]DWLRQ��,Q�OLQH�ZLWK�WKLV�LQWHUSUHWDWLRQ��WKH�
HIIHFW�KDG�GLVDSSHDUHG�D�ZHHN�ODWHU��2Q�WKH�RWKHU�KDQG��WKH�
LQKLELWRU\�HIIHFW�IRU�WKH�+)�LWHPV�RQ�'D\���ZDV�FRPSDWLEOH�
ZLWK�WKHLU�OH[LFDOL]DWLRQ��DQG�UHPDLQHG�D�ZHHN�ODWHU�
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RWKHU�IXOO\�VLJQLILFDQW�HIIHFW�ZDV�RI�GD\��)�>����@� �������S�
�� ����� )�>����@�  � ������� S� �� ������ ZLWK� IDVWHU� UHVSRQVHV�
RYHUDOO� IRU� WKH� VHFRQG� WHVW� VHVVLRQ��7KHUH�ZDV�D�PDUJLQDO�
LQWHUDFWLRQ�EHWZHHQ� IUHTXHQF\� DQG� FRPSHWLWRU� DFTXLVLWLRQ�
�)�>����@� ������S� � ������)�>����@� ������S� � ������ZKLFK�
ZDV�VXJJHVWLYH�RI�PRUH�IDFLOLWDWLRQ�IRU�WKH�/)�QRYHO�LWHPV�
FRPSDUHG� WR� WKH� +)� RQHV�� 3ODQQHG� FRPSDULVRQV� VKRZHG�
WKDW� WKH� HIIHFW� IRU� WKH� /)� ZRUGV� ZDV� VLJQLILFDQW� ERWK�
LPPHGLDWHO\� DQG� D� ZHHN� ODWHU�� ,Q� FRQWUDVW�� WKHUH� ZDV� QR�
VLJQLILFDQW�HIIHFW�RI�+)�QRYHO�VHTXHQFHV�DW�HLWKHU�SRLQW�
([SHULPHQW����QDPLQJ��VKRZHG�VLPLODU�HIIHFWV��7KHUH�ZDV�
RQFH� DJDLQ� D� IDFLOLWDWRU\� HIIHFW� RI� FRPSHWLWRU� DFTXLVLWLRQ�
�)�>����@�  ������� S� �� ����� )�>����@�  � ������ S� �� ������ DQG�
QDPLQJ� ODWHQFLHV� ZHUH� IDVWHU� RQ� WKH� VHFRQG� WHVW� RFFDVLRQ�
WKDQ WKH� ILUVW� �)�>����@� ������ S��� �����)�>����@� �������S�
�� ������ 7KH� HIIHFW� RI� QRYHO� ZRUG� H[SRVXUH� VKRZHG� D�
PDUJLQDO� LQWHUDFWLRQ� ZLWK� GD\� �)�>����@�  � ����� S� �� �����
)�>����@� ������S� ��������ZLWK�IDFLOLWDWRU\�HIIHFWV�VRPHZKDW�
VWURQJHU� LPPHGLDWHO\� DIWHU� H[SRVXUH� WKDQ� D� ZHHN� ODWHU��
3ODQQHG�FRPSDULVRQV�VKRZHG�WKDW�WKH�IDFLOLWDWRU\�HIIHFW�RI�
FRPSHWLWRU�DFTXLVLWLRQ�ZDV�VLJQLILFDQW�IRU�WKH�+)�FRQGLWLRQ�
RQ�GD\����EXW�QRW�GD\����ZKHUHDV�WKH�HIIHFW�IRU�/)�VHTXHQFHV�
ZDV�PDUJLQDO�RQ�GD\����ERWK�S�YDOXHV��������DQG�GD\����ERWK�
S�YDOXHV���������

�� ',6&866,21
7KH�UHVXOWV�IRU�WKH�([SHULPHQW����ZKLFK�ORRNHG�RQO\�DW�WKH�
SHUFHSWXDO� VLGH� RI� OH[LFDO� FRPSHWLWLRQ�� DUH� FOHDU�� 7KH� /)�
QRYHO�LWHPV�DSSHDU�WR�IDOO�EHORZ�WKH�IUHTXHQF\�RI�H[SRVXUH�
OHYHO�IRU�ZKLFK�OH[LFDOL]DWLRQ�RFFXUV��DW�OHDVW�LQ�WKH�OHDUQLQJ�
HQYLURQPHQW� WHVWHG� KHUH��� 7KH\� VKRZ� D� PHGLXP� WHUP�
IDFLOLWDWLRQ� HIIHFW� RQ� WKH� ILUVW� WHVWLQJ� RFFDVLRQ�� DQG� QR�
HYLGHQFH� RI� OH[LFDO� FRPSHWLWLRQ� HIIHFWV� D� ZHHN� ODWHU�� ,Q�
FRQWUDVW��WKH�+)�LWHPV�DSSHDU�WR�EH�OH[LFDOL]HG�LPPHGLDWHO\��
7KH�H[SRVXUH�WR�WKHVH�LWHPV�LPPHGLDWHO\�FDXVHG�OLVWHQHUV�WR�
UHVSRQG�PRUH�VORZO\�WR�QHLJKERULQJ�LWHPV��SUHVXPDEO\�GXH�
WR� WKH� SUHVHQFH� RI� D� QHZ� FORVH� FRKRUW� FRPSHWLWRU�� 7KLV�
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)LJXUH����([SOLFLW�UHFRJQLWLRQ�UDWHV�DFURVV�WKH�WKUHH�
H[SHULPHQWV�
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([SHULPHQWV� �� DQG� �� VKRZHG� TXLWH� GLIIHUHQW� UHVXOWV�� ,Q
([SHULPHQW����WKH�DFTXLVLWLRQ�RI�QRYHO�LWHPV�KDG�DQ�RYHUDOO
IDFLOLWDWRU\� HIIHFW� RQ� WKH� VKDGRZLQJ� RI� WKH� EDVH� ZRUGV
�)�>����@� �������S��������)�>����@� �������S���������7KH�RQO\
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LJXUH����(IIHFWV�RI�QRYHO�LWHP�OHDUQLQJ�RQ�UHFRJQLWLRQ�RI�WDUJHW�ZRUGV�IRU�OH[LFDO�GHFLVLRQ��OHIW�SDQHO���VKDGRZLQJ��PLGGOH��
DQG�QDPLQJ��ULJKW���7KH�GDWD�DUH�VXPPDUL]HG�LQ�WHUPV�RI�SULPLQJ�HIIHFWV��ZLWK�SRVLWLYH�YDOXHV�LPSO\LQJ�IDFLOLWDWLRQ�DQG�

QHJDWLYH�YDOXHV�LPSO\LQJ�LQKLELWLRQ���  �ORZ�H[SRVXUH�IUHTXHQF\��z  �KLJK�H[SRVXUH�IUHTXHQF\��



,Q�SUHVV��3URFHHGLQJV�RI�,&3K6�����

LQKLELWRU\�HIIHFW�UHPDLQHG�D�ZHHN�ODWHU�

2XU�SUHYLRXV�VWXG\�>�@ HPSKDVL]HG�WKH�LPSRUWDQFH�RI�WLPH�
LQ� WKH� OH[LFDOL]DWLRQ� RI� VHTXHQFHV� ZLWK� DQ� H[SRVXUH�
IUHTXHQF\� KDOI� ZD\� EHWZHHQ� WKH� OHYHOV� WHVWHG� KHUH� ����
H[SRVXUHV���7KHVH�LQWHUPHGLDWH�IUHTXHQF\�LWHPV�VKRZHG�QR�
LQVWDQW�OH[LFDOL]DWLRQ��EXW�D�FOHDU�HIIHFW�D�ZHHN�ODWHU��GHVSLWH�
WKH� ODFN�RI�DQ\� LQWHUYHQLQJ�H[SRVXUH�VHVVLRQ��7KH�FXUUHQW�
UHVXOWV�DGG�WR�WKLV�ILQGLQJ��GHPRQVWUDWLQJ�WKH�FULWLFDO�QDWXUH�
RI� H[SRVXUH� IUHTXHQF\�� DQG� VXJJHVWLQJ� WKDW� WKH� GHOD\�
DVVRFLDWHG�ZLWK�OH[LFDOL]DWLRQ�RI�PHGLXP�IUHTXHQF\�ZRUGV�
FDQ�EH�RYHUULGGHQ LQ� WKH�FDVH�RI�D�PRUH�H[WUHPH� OHYHO�RI�
H[SRVXUH��:H�VKRXOG�DGG�D�QRWH�RI�FDXWLRQ�KHUH��VLQFH�RXU�
HDUOLHU� UHVXOWV� ZHUH� EDFNHG� XS� XVLQJ� WKH� SDXVH� GHWHFWLRQ�
WDVN��ZKLFK� GRHV� QRW� UHTXLUH� D� GHFLVLRQ� DERXW� WKH� OH[LFDO�
SURSHUWLHV�RI�D�VWLPXOXV��,W�ZRXOG�EH�YDOXDEOH�WR�FDUU\�RXW�
WKH� VDPH� YDOLGDWLRQ� RI� WKH� FXUUHQW� GDWD� EHIRUH� GUDZLQJ�
VWURQJ�FRQFOXVLRQV�

7XUQLQJ� WR� WKH�VKDGRZLQJ�GDWD��KHUH�ZH�FRXOG�UHDVRQDEO\�
H[SHFW� OH[LFDO� FRPSHWLWLRQ� HIIHFWV� WR� HPHUJH� LQ� ERWK�
SURGXFWLRQ�DQG�SHUFHSWLRQ��7KH�HIIHFWV�ZH�DFWXDOO\� IRXQG�
ZHUH� DOO� IDFLOLWDWRU\�� VXJJHVWLQJ� WKDW� SURGXFWLRQ� HIIHFWV�
ZHUH� GRPLQDWLQJ�� 2Q�'D\� ��� WKHUH� LV� WKH� SRVVLELOLW\� WKDW�
PHGLXP�WHUP�SULPLQJ�PHFKDQLVPV�ZHUH�FRQWULEXWLQJ�WR�WKH�
HIIHFWV��DV�ZH�IRXQG�LQ�([SHULPHQW���IRU� OH[LFDO�GHFLVLRQ��
EXW� WKLV� LV� QRW�SRVVLEOH RQ�'D\����+HUH�� WKH�/)�FRQGLWLRQ�
VWLOO� VKRZHG� D� VLJQLILFDQW� HIIHFW�� VXJJHVWLQJ� WKDW�
OH[LFDOL]DWLRQ� RI� WKH� QRYHO� VHTXHQFHV� KDG� IDFLOLWDWHG�
SURGXFWLRQ�RI�QHLJKERULQJ�ZRUGV�

7KH�UHVXOWV�RI�WKLV�H[SHULPHQW�DUH�LQWULJXLQJ��([SHULPHQW���
VKRZHG�WKDW�RQ�WKH�SHUFHSWLRQ�VLGH��WKH�+)�FRQGLWLRQ�OHG�WR�
TXLWH�D�VWURQJ�GHOD\LQJ�HIIHFW�RQ�UHFRJQLWLRQ��ZKHUHDV�WKH�
/)�ZRUGV�GLG�QRW��,I�WKH�SHUFHSWLRQ�DQG�SURGXFWLRQ�HIIHFWV�
DUH�DGGLWLYH�LQ�VKDGRZLQJ��WKHQ�WKH�ODFN�RI�DQ\�HIIHFW�IRU�WKH�
+)�ZRUGV�LV�XQGHUVWDQGDEOH��SRVVLEO\�D�IDFLOLWDWRU\�HIIHFW�LQ�
SURGXFWLRQ� FRPELQHG� ZLWK� D� VWURQJ� LQKLELWRU\� HIIHFW� LQ�
SHUFHSWLRQ� WR� \LHOG� D� QHW� QXOO� HIIHFW�� 7KH� /)� LWHPV�� LQ�
FRQWUDVW��ZHUH�QRW�KDPSHUHG�E\�WKH�SHUFHSWLRQ�HIIHFW��DQG�
VR� VKRZHG� IDFLOLWDWLRQ�� %XW� WKLV� H[SODQDWLRQ� FRQWDLQV� D�
SRWHQWLDO� LQFRQVLVWHQF\�� :H� DVVXPHG� WKDW� WKH� ODFN� RI� DQ�
LQKLELWRU\� HIIHFW� LQ� WKH� /)� FRQGLWLRQ� ZDV� EHFDXVH� WKHVH�
LWHPV� KDG� QRW� EHHQ� OH[LFDOL]HG�� ([SHULPHQW� ��� KRZHYHU��
VXJJHVWV� WKDW� WKHVH� LWHPV� KDYH�� LQ� WKDW� WKH\� FDQ� IDFLOLWDWH�
SURGXFWLRQ�RI�D�QHLJKERULQJ�ZRUG�D�ZHHN�DIWHU�EHLQJ�KHDUG�

([SHULPHQW� �� LV� FRQVSLFXRXV� LQ� GHPRQVWUDWLQJ� D�
OH[LFDOL]DWLRQ� HIIHFWV� IRU� /)� LWHPV� LQ� VSHHFK� SURGXFWLRQ��
GHVSLWH�WKH�IDFW�WKDW�SDUWLFLSDQWV�KDYH�QHYHU�EHHQ�DVNHG�WR�
QDPH� WKHVH� LWHPV�� 7KHUHIRUH�� WKH� OH[LFDO� ³IRRWSULQWV´�
SUHYLRXVO\� GHPRQVWUDWHG� LQ� VSHHFK� SHUFHSWLRQ� DUH� DOVR�
SUHVHQW�LQ�VSHHFK�SURGXFWLRQ��6XUSULVLQJO\��WKLV�HIIHFW�ZDV�
QRW� IRXQG� IRU� WKH� +)� FRQGLWLRQ�� :H� DVVXPHG� WKDW� WKH�
LQKLELWRU\�HIIHFWV� IRXQG� LQ�([SHULPHQW���ZRXOG�EH�DEVHQW�
RQFH� WKH� UHFRJQLWLRQ�PRGDOLW\�ZDV� VZLWFKHG� WR� WKH�YLVXDO�
GRPDLQ��'HVSLWH�WKLV�VZLWFK��WKH�UHVXOWV�ZHUH�VLPLODU��ZLWK�
+)�LWHPV�VKRZLQJ�QR�HIIHFWV�

�� &21&/86,216
7KHVH� H[SHULPHQWV� KDYH� H[WHQGHG� RXU� HDUOLHU� UHVHDUFK� LQ�
WZR�ZD\V��)LUVW��ZH�KDYH�VKRZQ�WKDW�IUHTXHQF\�RI�H[SRVXUH�
KDV�D�FULWLFDO� UROH� LQ� WKH� OH[LFDOL]DWLRQ�RI�QRYHO�ZRUGV�� ,Q�
WHUPV� RI� UHFRJQLWLRQ�� RXU� ORZHU� OHYHO� RI� IUHTXHQF\� ����
H[SRVXUHV��UHVXOWHG�LQ�QR�OH[LFDOL]DWLRQ�HIIHFWV�D�ZHHN�ODWHU��
+LJKHU� OHYHOV� RI� H[SRVXUH� KDYH� SUHYLRXVO\� EHHQ�
GHPRQVWUDWHG� WR� VKRZ� OH[LFDOL]DWLRQ� HIIHFWV� DIWHU� D� GHOD\��
ZKHUHDV� LQ� ([SHULPHQW� ��� ZH� IRXQG� LPPHGLDWH�
OH[LFDOL]DWLRQ�IRU�YHU\�KLJK�H[SRVXUH�IUHTXHQF\�
7KH�UHVHDUFK�KDV�DOVR�GHPRQVWUDWHG�WKDW�OH[LFDOL]DWLRQ�FDQ�
EH�DVVHVVHG�YLD�OH[LFDO�FRPSHWLWLRQ�LQ�VSHHFK�SURGXFWLRQ�DV�
ZHOO� DV� SHUFHSWLRQ�� 'HVSLWH� RXU� H[SRVXUH� PHWKRG� WKDW�
IRFXVHG� RQ� SHUFHSWLRQ�� ZH� IRXQG� IDFLOLWDWRU\� OH[LFDO�
QHLJKERUKRRG� HIIHFWV� LQ� SURGXFWLRQ� WDVNV� WKDW�
FRPSOHPHQWHG� WKH� LQKLELWRU\� HIIHFW� LQ� SHUFHSWLRQ��
6XUSULVLQJO\��WKHVH�SURGXFWLRQ�HIIHFWV�GRPLQDWHG�LQ�WKH�ORZ�
H[SRVXUH� IUHTXHQF\� FRQGLWLRQ�� ZKHUHDV� WKH� SHUFHSWLRQ�
HIIHFWV�GRPLQDWHG�LQ�WKH�KLJK�IUHTXHQF\�FRQGLWLRQ�

�� $&.12:/('*(0(176
7KLV� UHVHDUFK� ZDV� VXSSRUWHG� E\� D� JUDQW� IURP� WKH� 8.�
0HGLFDO�5HVHDUFK�&RXQFLO���*���������WR�*DUHWK�*DVNHOO�

5()(5(1&(6
>�@ 0��*��*DVNHOO�DQG�1��'XPD\��/H[LFDO�FRPSHWLWLRQ�DQG�

WKH�DFTXLVLWLRQ�RI�QRYHO�ZRUGV��VXEPLWWHG�
>�@ :�� '�� 0DUVOHQ�:LOVRQ�� ³)XQFWLRQDO� SDUDOOHOLVP� LQ�

VSRNHQ� ZRUG� UHFRJQLWLRQ�´� &RJQLWLRQ�� YRO�� ���� SS��
�������������

>�@ -��/��0F&OHOODQG�DQG�-��/��(OPDQ��³7KH�75$&(�PRGHO�
RI�VSHHFK�SHUFHSWLRQ�´�&RJQLWLYH�3V\FKRORJ\��YRO� ����
SS�������������

>�@ 3�� $�� /XFH� DQG� '�� %�� 3LVRQL�� ³5HFRJQL]LQJ� VSRNHQ�
ZRUGV��7KH�QHLJKERUKRRG�DFWLYDWLRQ�PRGHO�´�(DU�DQG�
+HDULQJ��YRO������SS�������������

>�@ 6�� /�� 0DWW\V� DQG� -�� +�� &ODUN�� ³/H[LFDO� DFWLYLW\� LQ�
VSHHFK� SURFHVVLQJ�� (YLGHQFH� IURP� SDXVH� GHWHFWLRQ�´
-RXUQDO� RI� 0HPRU\� DQG� /DQJXDJH�� YRO�� ���� SS��
��������������

>�@ 5��&��2
5HLOO\�DQG�.��$��1RUPDQ��³+LSSRFDPSDO�DQG�
QHRFRUWLFDO�FRQWULEXWLRQV�WR�PHPRU\��$GYDQFHV�LQ�WKH�
FRPSOHPHQWDU\� OHDUQLQJ� V\VWHPV� IUDPHZRUN�´�7UHQGV�
LQ�&RJQLWLYH�6FLHQFHV� YRO�����SS����������������

>�@ 0�� 6�� 9LWHYLWFK�� ³7KH� LQIOXHQFH� RI� SKRQRORJLFDO�
VLPLODULW\� QHLJKERUKRRGV� RQ� VSHHFK� SURGXFWLRQ�´�
-RXUQDO� RI� ([SHULPHQWDO� 3V\FKRORJ\�/HDUQLQJ�
0HPRU\�DQG�&RJQLWLRQ��YRO������SS����������������
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