
3V\FKROLQJXLVWLF� H[SHULPHQWV� WKDW� XVH
UHDFWLRQ� WLPHV� DV� WKH� GHSHQGHQW� YDULDEOH
XVXDOO\� FRPSDUH� PHDQ� UHDFWLRQ� WLPHV� LQ
GLIIHUHQW� H[SHULPHQWDO� FRQGLWLRQV� XVLQJ
UHSHDWHG�PHDVXUHV�$129$��7KLV�PHWKRG�
EDVHG�RQ�WKH�OHDVW�VTXDUHV�HVWLPDWLRQ��KDV�D
QXPEHU�RI� OLPLWLQJ� DVVXPSWLRQV��2QH�SDU�
WLFXODU�OLPLWDWLRQ�FRQFHUQV�WKH�H[WHQVLRQ�RI
$129$� WKDW� LQFOXGHV� FRQWLQXRXV� SUHGLF�

WRUV��L�H��$1&29$��7KLV�PHWKRG�FDQ�RQO\
SURYLGH�PHDQLQJIXO�UHVXOWV�LI�WKH�HIIHFWV�RI
WKH� FRQWLQXRXV� FRYDULDWH� DUH� WKH� VDPH
DFURVV� WKH� FDWHJRULFDO� FRQGLWLRQV�� 7KLV� LV
RQH�RI�WKH�UHDVRQV�ZK\�WKH�XVH�RI�FRQWLQX�
RXV� LQGHSHQGHQW� YDULDEOHV� LV� LQIUHTXHQW� LQ
WKH� DQDO\VLV� RI� H[SHULPHQWDO� GDWD� DQG� LV
RIWHQ� UHSODFHG� E\� FRQYHUWLQJ� WKH� FRQWLQX�
RXV� YDULDEOH� WR� D� FDWHJRULFDO� IDFWRU� ZLWK
OHYHOV� VXFK� DV� KLJK� YV�� ORZ� VFRUH� RQ� WKH
FRQWLQXRXV� YDULDEOH�� 7KLV� W\SH� RI� FRQYHU�
VLRQ��KRZHYHU�� OHDGV� WR� D� ORVV�RI� LQIRUPD�
WLRQ� DQG� LV� VWURQJO\� GLVFRXUDJHG� RQ
PHWKRGRORJLFDO� JURXQGV� �&RKHQ�� �����
0DF&DOOXP� HW� DO��� ������� $Q� DOWHUQDWLYH
PHWKRG�RI�GDWD�DQDO\VLV�LV�WKH�XVH�RI�PL[HG
PRGHOV�� DOVR� NQRZQ� DV� KLHUDUFKLFDO� OLQHDU
PRGHOV� RU� UDQGRP� FRHIILFLHQW� PRGHOV
�%U\N��5DXGHQEXVK��������3LQKHLUR��%DWHV�
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,QVWLWXWH�RI�3V\FKRORJ\��$FDGHP\�RI�6FLHQFHV�RI�WKH�&]HFK�5HSXEOLF

3ROLWLFNÞFK�YÍ]ÓÚ������������3UDKD����&]HFK�5HSXEOLF
(�PDLO��VPROLN#SUDKD�SVX�FDV�F]

$EVWUDFW��0XOWLOHYHO�PRGHOLQJ� LV� D� IOH[LEOH� DOWHUQDWLYH� WR� WKH� WUDGLWLRQDO� IDFWRULDO�$129$�DS�
SURDFK�LQ�WKH�DQDO\VLV�RI�H[SHULPHQWDO�GDWD�ZLWK�UHSHDWHG�PHDVXUHV��7KLV�DUWLFOH�GHVFULEHV�D�SV\�
FKROLQJXLVWLF�H[SHULPHQW�DQG�SURYLGHV�D�GHWDLOHG�DFFRXQW�RI�WKH�GDWD�DQDO\VLV��GHPRQVWUDWLQJ�WKH
XVH�RI�PXOWLOHYHO�PRGHOV�WR�LQFOXGH�D�FRQWLQXRXV�SUHGLFWRU�DQG�FRPSOH[�DVVXPSWLRQV�DERXW�HUURU
YDULDQFH�� 7KH� H[SHULPHQW� LQYHVWLJDWHG� WKH� HIIHFWV� RI� VWUXFWXUDO� SULPLQJ� RQ� UHDFWLRQ� WLPHV� LQ� D
ZRUG� PRQLWRULQJ� WDVN�� 3DLUV� RI� VHQWHQFHV� ZLWK� LGHQWLFDO� RU� GLIIHUHQW� V\QWDFWLF� VWUXFWXUHV� ZHUH
SUHVHQWHG� WR����DQG���\HDU�ROG�FKLOGUHQ��ZKRVH� WDVN�ZDV� WR� UHVSRQG� WR�D�ZRUG�SUHVHQWHG� LQ� WKH
VHFRQG�VHQWHQFH��0XOWLOHYHO�PRGHOLQJ�DQDO\VLV�UHYHDOHG�DQ�LQWHUDFWLRQ�EHWZHHQ�WKH�H[SHULPHQWDO
FRQGLWLRQ�DQG�SRVLWLRQ�RI�WKH�WULDO�ZLWKLQ�WKH�H[SHULPHQW��WKH�UHDFWLRQ�WLPHV�LQ�WKH�VDPH�VWUXFWXUH
FRQGLWLRQ� GHFUHDVHG� RYHU� WKH� FRXUVH� RI� WKH� H[SHULPHQW�� ZKLOH� WKH\� LQFUHDVHG� LQ� WKH� GLIIHUHQW�
VWUXFWXUH� FRQGLWLRQ�� 7KH� DQDO\VLV� GHPRQVWUDWHV� KRZ� PXOWLOHYHO� PRGHOV� FDQ� EH� XVHG� WR� GHWHFW
FKDQJH�LQ�UHVSRQVHV�RYHU�WKH�FRXUVH�RI�DQ�H[SHULPHQWDO�VHVVLRQ�
.H\�ZRUGV��V\QWDFWLF�SULPLQJ��ZRUG�PRQLWRULQJ��PXOWLOHYHO�PRGHOV��UHDFWLRQ�WLPH

$FNQRZOHGJPHQWV�� 7KH� GDWD� DQDO\]HG� LQ� WKLV� DU�
WLFOH�ZHUH�FROOHFWHG�ZKLOH�WKH�DXWKRU�ZDV�DIILOLDWHG�WR
WKH�/DQJXDJH�$FTXLVLWLRQ�6WXGLHV�/DERUDWRU\�DW� WKH
8QLYHUVLW\�RI�.DQVDV�LQ�/DZUHQFH��7KH�DQDO\VLV�DQG
ZULWLQJ�RI� WKLV�DUWLFOH�ZDV�VXSSRUWHG�E\�WKH�,QWHUQDO
VWDUW�XS� SURMHFW� 1R�� =���������,���� �6\QWDFWLF
SULPLQJ� DQG� ODQJXDJH� DFTXLVLWLRQ�� DZDUGHG� WR� WKH
DXWKRU� E\� WKH� $FDGHP\� RI� 6FLHQFHV� RI� WKH� &]HFK
5HSXEOLF�
7KLV� DUWLFOH�ZDV� DFFHSWHG�EHIRUH�0D\���������� LQ

DFFRUGDQFH�ZLWK�SUHYLRXV�SXEOLVKLQJ�UXOHV�



������� 7KLV� DUWLFOH� SUHVHQWV� D� GHWDLOHG� DF�
FRXQW�RI�D�PXOWLOHYHO�DQDO\VLV�RI�DQ�H[SHU�
LPHQWDO� VWXG\� ZLWK� UHDFWLRQ� WLPH� DV� WKH
GHSHQGHQW� YDULDEOH�� %HVLGHV� WKH� LQFOXVLRQ
RI��D��FRQWLQXRXV��LQGHSHQGHQW��YDULDEOH��LQ
WKH� DQDO\VLV�� WKH� DUWLFOH� GHPRQVWUDWHV� GLI�
IHUHQW� DSSURDFKHV� WR� HUURU� YDULDQFH� DQG
PHWKRGV� RI� GHDOLQJ�ZLWK� VNHZHG� GDWD� DQG
RXWOLHUV�

0XOWLOHYHO�0RGHOLQJ�LQ�WKH�$QDO\VLV�RI
([SHULPHQWDO�'DWD

&RQWLQXRXV�LQGHSHQGHQW�YDULDEOHV�PD\�EH
XVHIXO�LQ�D�QXPEHU�RI�FLUFXPVWDQFHV��0DQ\
H[SHULPHQWV�XVH�VWLPXOL�WKDW�GLIIHU�LQ�FKDU�
DFWHULVWLFV� RWKHU� WKDQ� WKH� H[SHULPHQWDO
PDQLSXODWLRQ� RI� LQWHUHVW�� IRU� LQVWDQFH�� D
ZRUG� KDV� D� FHUWDLQ� IUHTXHQF\�� QXPEHU� RI
SKRQHPHV��QXPEHU�RI�SKRQRORJLFDO�QHLJK�
ERUV�� RU� QXPEHU� RI� VHPDQWLFDOO\� UHODWHG
ZRUGV�� $OO� WKHVH� SURSHUWLHV� FDQ� KDYH� DQ
HIIHFW� RQ� WKH� UHDFWLRQ� WR� DQ� LWHP�� VXFK� DV
UHDFWLRQ� WLPH�� ,Q� RUGHU� WR� HOLPLQDWH� WKHVH
YDULDEOHV� DV� FRQIRXQGV�� VHWV� RI� VWLPXOL� LQ
GLIIHUHQW�H[SHULPHQWDO�FRQGLWLRQV�PXVW�XVH
VWLPXOL� ZLWK� VLPLODU� SURSHUWLHV�� 7KLV� PD\
EH�GLIILFXOW��IRU�LQVWDQFH�EHFDXVH�WKH�QXP�
EHU� RI� SRWHQWLDO� VWLPXOL� LV� RIWHQ� OLPLWHG�
,QFOXVLRQ� RI� WKH� FRYDULDWH� LQ� WKH� DQDO\VLV
SURYLGHV� D�PHDQV� RI� VWDWLVWLFDO� FRQWURO� IRU
SRWHQWLDO�FRQIRXQGV��$OVR�� WKH�HIIHFWV�RI�D
FRQWLQXRXV�LQGHSHQGHQW�YDULDEOH�PD\�EH�RI
LQWHUHVW�DV�VXFK��$�QXPEHU�RI�VWXGLHV�H[LVW
WKDW� H[DPLQH� WKH� UHODWLRQVKLSV� EHWZHHQ
ZRUG� SURFHVVLQJ� YDULDEOHV� DQG� ZRUG� IUH�
TXHQF\�� ,Q� WKLV� FDVH��PHWKRGV� IRU� GHDOLQJ
ZLWK�FRQWLQXRXV�SUHGLFWRUV�DUH�QHHGHG�
2QH� FRQWLQXRXV� YDULDEOH� LV� RI� VSHFLDO

LQWHUHVW�VLQFH�LW�LV�SUHVHQW�LQ�DOO�SV\FKROLQ�
JXLVWLF�H[SHULPHQWV�WKDW�FRQVLVW�RI�PXOWLSOH
WULDOV� �LWHPV��� 7KH� LQGLYLGXDO� WULDOV� LQ� DQ
H[SHULPHQW� DUH� SUHVHQWHG� LQ� D� WHPSRUDO
VHTXHQFH� DQG�PD\� EH� LQIOXHQFHG� E\� SUDF�
WLFH�RU�IDWLJXH�HIIHFWV��0RUHRYHU��LW�LV�SRV�

VLEOH� WKDW� WKH� SUDFWLFH� RU� IDWLJXH� HIIHFWV
KDYH� GLIIHUHQW� LPSDFW� LQ� GLIIHUHQW� H[SHU�
LPHQWDO�FRQGLWLRQV��L�H��WKDW�WKH�H[SHULPHQ�
WDO� FRQGLWLRQ� LQWHUDFWV� ZLWK� WKH� WULDO� SRVL�
WLRQ��$�VWUDLJKWIRUZDUG�PHWKRG�RI�DFFRXQW�
LQJ�IRU�WKHVH�SRWHQWLDO�HIIHFWV�LV�WR�LQFOXGH
WKH� VHTXHQFH� QXPEHU� RI� D� WULDO� DV� D� FRQ�
WLQXRXV� FRYDULDWH� LQ� WKH� DQDO\VLV�� 'XH� WR
WKH� OLPLWDWLRQV� RI� $1&29$�� WKH� XVH� RI
PL[HG� PRGHOV� LV� D� PHWKRG� RI� FKRLFH� IRU
WKLV�WDVN�
0XOWLOHYHO� PRGHOLQJ� H[WHQGV� WKH� $12�

9$�$1&29$�PRGHO� VR� WKDW� LW� HDVLO\� UH�
IOHFWV� WKH� JURXSLQJ� SUHVHQW� LQ� WKH� GDWD�
VXFK� DV� JURXSV� RI� REVHUYDWLRQV� FRPLQJ
IURP� WKH� VDPH� LQGLYLGXDO�� $129$� HVWL�
PDWHV� WKH�HIIHFWV�RI� LQGHSHQGHQW�YDULDEOHV
RQ�WKH�GHSHQGHQW�YDULDEOH��DQG�WKH�UHPDLQ�
LQJ� YDULDQFH� LV� FRQVLGHUHG� UHVLGXDO�� ,Q
PL[HG�PRGHOV��WKH�JURXS�VSHFLILF��UDQGRP�
HIIHFWV� DUH� HVWLPDWHG� DV� ZHOO�� DQG� WKH� HV�
WLPDWLRQ� RI� LQGHSHQGHQW� YDULDEOH� HIIHFWV
�IL[HG� HIIHFWV�� WDNHV� LQWR� DFFRXQW� WKH� GLI�
IHUHQFHV� EHWZHHQ� JURXSV� RI� REVHUYDWLRQV�
5HVLGXDOV� LQ�PL[HG�PRGHOV� DUH� WKH� GLIIHU�
HQFH�EHWZHHQ� WKH� DFWXDO�PHDVXUHPHQW� DQG
WKH�FRPELQHG�HIIHFW�RI�JURXS�DQG�LQGHSHQ�
GHQW� YDULDEOH�� $Q� H[DPSOH�PD\� EH� D� SDU�
WLFLSDQW� ZKRVH� UHVSRQVHV� LQ� RQH� H[SHUL�
PHQWDO� FRQGLWLRQ� DUH� ���PV� IDVWHU� WKDQ� LQ
WKH�RWKHU�FRQGLWLRQ��EXW�DOO�UHVSRQVHV�IURP
WKLV� SDUWLFLSDQW� DUH� DERXW� ���� PV� VORZHU
WKDQ� WKH� UHVSRQVH� WLPH� RI� RWKHU� SDUWLFL�
SDQWV�� 7KH� PL[HG� PRGHO� HVWLPDWHV� VHSD�
UDWHO\� WKH� JHQHUDO� GHYLDWLRQ� RI� WKH� SDU�
WLFLSDQW� IURP� WKH� DYHUDJH� UHDFWLRQ� WLPH
�����PV�LQ�WKH�H[DPSOH���DQG�WKXV�UHGXFHV
WKH� HUURU� YDULDQFH� IRU� HVWLPDWLQJ� WKH� V\V�
WHPDWLF�HIIHFW�RI�FRQGLWLRQ�����PV��
%HVLGHV� WKHLU� JRRG� DELOLW\� WR� LQFRUSRUDWH

FRQWLQXRXV� SUHGLFWRUV�� PXOWLOHYHO� PHWKRGV
FDQ� H[SOLFLWO\� PRGHO� VRPH� DVVXPSWLRQV
DERXW� � WKH� �HUURU� �YDULDQFH�� �,Q� � VWDQGDUG
$129$�RU�UHJUHVVLRQ� WHFKQLTXHV��DV�ZHOO
DV�LQ�PRVW�PXOWLOHYHO�PRGHOV��LW�LV�DVVXPHG

��� 678',$�36<&+2/2*,&$�������������



WKDW�D� VLQJOH�HUURU�YDULDQFH� WHUP�GHVFULEHV
WKH� UHVLGXDOV� IURP� DOO� GDWD� SRLQWV�� UHJDUG�
OHVV� RI� WKH� JURXSLQJ��+RZHYHU�� LW� LV� RIWHQ
WKH� FDVH� WKDW� SHRSOH�� HVSHFLDOO\� FKLOGUHQ�
VKRZ��ODUJH��GLIIHUHQFHV��LQ��WKH��YDULDELOLW\
RI� WKHLU� UHVSRQVHV�� 0XOWLOHYHO� PRGHOLQJ
PDNHV�LW�SRVVLEOH�WR�DVVXPH�GLIIHUHQW�UHVLG�
XDOV� LQ� GLIIHUHQW� JURXSV� RI� REVHUYDWLRQV�
H�J�� LQ� GLIIHUHQW� SDUWLFLSDQWV�� 7KLV� UHIOHFWV
WKH�LQWXLWLYH�IDFW�WKDW�GLIIHUHQW�SHRSOH�VKRZ
GLIIHUHQW� DPRXQWV� RI� YDULDWLRQ� LQ� WKHLU
UHVSRQVHV�� ,W� DOVR� LPSURYHV� WKH� FKDQFH� WR
LGHQWLI\� RXWOLHUV�� VXFK� DV� H[WUHPHO\� ORQJ
UHDFWLRQ�WLPHV��LQ�WKH�GDWD��7KHVH�DUH�RIWHQ
GLDJQRVHG�DQG�UHPRYHG�XVLQJ�D�IL[HG�FULWH�
ULRQ� WKDW� LV� DSSOLHG� WR� DOO� REVHUYDWLRQV
�5DWFOLII��������9DQ�6HOVW��-ROLFRHXU�������
FI����+RZHYHU��WKLV�DSSURDFK�GRHV�QRW�WDNH
LQWR� DFFRXQW� LQGLYLGXDO� GLIIHUHQFHV� LQ� WKH
RYHUDOO� YDOXH� RI� REVHUYDWLRQV� DQG� WKHLU
YDULDQFH�� :KDW� LV� DQ� H[WUHPHO\� VORZ� UH�
VSRQVH�IRU�RQH�SHUVRQ��WKXV�D�OLNHO\�RXWOLHU�
PD\�EH�ZLWKLQ�WKH�UDQJH�RI�W\SLFDO�YDULDQFH
LQ� DQRWKHU� SHUVRQ�� $� PXOWLOHYHO� PRGHO
DFFRXQWV� IRU� WKH� YDULDELOLW\� LQ� JHQHUDO
VSHHG� E\�PHDQV� RI� UDQGRP� HIIHFWV�� DQG� LW
FDQ� DFFRXQW� IRU� WKH� GLIIHUHQFHV� LQ� LQWUD�
LQGLYLGXDO�YDULDELOLW\�E\�PHDQV�RI�VXEMHFW�
VSHFLILF�UHVLGXDOV�
6WUXFWXUDO�3ULPLQJ�LQ�&KLOGUHQ
7KH�VWXG\�SUHVHQWHG�LQ�WKLV�SDSHU�LQYHVWL�

JDWHG� WKH� SKHQRPHQRQ� RI� VWUXFWXUDO� SULP�
LQJ� LQ� FKLOGUHQ�� 7KH� WHUP� VWUXFWXUDO�� RU
V\QWDFWLF�� SULPLQJ� UHIHUV� WR� WKH� IDFW� WKDW� D
UHFHQWO\� SURFHVVHG� V\QWDFWLF� VWUXFWXUH� KDV
DQ� LQIOXHQFH� RQ� VXEVHTXHQW� ODQJXDJH� SUR�
GXFWLRQ� RU� FRPSUHKHQVLRQ�� ,I� VXFK� DQ� LQ�
IOXHQFH� FDQ� EH� PHDVXUHG�� LW� SURYLGHV
HYLGHQFH� WKDW� WKH� V\QWDFWLF� VWUXFWXUH� LV
LQWHUQDOO\�UHSUHVHQWHG�DW�VRPH�OHYHO�RI� WKH
LQWHUQDO� ODQJXDJH� V\VWHP�� 7KLV� LV� RI� SDU�
WLFXODU� UHOHYDQFH� LQ� FKLOG� ODQJXDJH� UH�
VHDUFK�� WKH� SKHQRPHQRQ� FDQ� EH� XVHG� WR

GHWHUPLQH� WKH� OHYHO� RI� DEVWUDFWQHVV� LQ� OLQ�
JXLVWLF�UHSUHVHQWDWLRQV�DW�YDULRXV�VWDJHV�RI
ODQJXDJH�GHYHORSPHQW�
%RFN��������ZDV�WKH�ILUVW�WR�GHPRQVWUDWH

WKH� SKHQRPHQRQ� H[SHULPHQWDOO\� LQ� (Q�
JOLVK�VSHDNLQJ�SDUWLFLSDQWV�� WKRXJK�VLPLODU
SKHQRPHQD� KDG� EHHQ� UHSRUWHG� HDUOLHU� RQ
WKH� EDVLV� RI� DQDO\VHV� RI� VSRQWDQHRXV� ODQ�
JXDJH� XVH� �/HYHOW�� .HOWHU�� ������ (VWLYDO�
������� 3DUWLFLSDQWV� LQ� %RFN
V� VWXG\� ZHUH
DVNHG� WR� UHSHDW� VHQWHQFHV� DQG� SURYLGH
YHUEDO� SLFWXUH� GHVFULSWLRQV� ZLWKLQ� RQH
H[SHULPHQW�� 7KH� VWXG\� IRXQG� WKDW� SHRSOH
ZHUH� PRUH� OLNHO\� WR� SURGXFH� D� SDVVLYH
GHVFULSWLRQ� RI� D� SLFWXUH� LI� WKH\� KDG� UH�
SHDWHG� D� SDVVLYH� SULPH� VHQWHQFH� LPPHGL�
DWHO\�EHIRUH��FRPSDUHG� WR�D�QHXWUDO�SULPH�
$� VLPLODU� HIIHFW�ZDV� IRXQG� IRU� DFWLYHV�� DV
ZHOO�DV�IRU�SUHSRVLWLRQDO�DQG�GRXEOH�REMHFW
GDWLYHV�� 7KH� SKHQRPHQRQ� KDV� EHHQ� UHSOL�
FDWHG� QXPHURXV� WLPHV�� LQFOXGLQJ� LQ� ODQ�
JXDJHV� RWKHU� WKDQ� (QJOLVK� �+DUWVXLNHU�
.RON�� ������� DQG� LQ� H[SHULPHQWV� XVLQJ
GLIIHUHQW� UHVSRQVH� FROOHFWLRQ� PHWKRGV
�3LFNHULQJ�� %UDQLJDQ�� ������ 3RWWHU�� /RP�
EDUGL�� ������ )R[� 7UHH�� 0HLMHU�� ������� $
IHZ�VWXGLHV�H[SORUHG�DQG�IRXQG�IDFLOLWDWLRQ
HIIHFWV� RI� V\QWDFWLF� SULPLQJ� RQ� UHDFWLRQ
WLPHV��6PLWK��:KHHOGRQ��������6FKHHSHUV�
������&RUOH\��6FKHHSHUV��������1RSSHQH\�
3ULFH��������
7KHUH� DUH� WZR� DOWHUQDWLYH� WKHRULHV� RI� WKH

PHFKDQLVP�UHVSRQVLEOH�IRU�VWUXFWXUDO�SULP�
LQJ��7KH�DXWKRUV�DUJXLQJ�IRU�WKH�DFWLYDWLRQ
DFFRXQW� �3LFNHULQJ��%UDQLJDQ�� ������ 3LFN�
HULQJ� HW� DO��� ������ DVVXPH� WKDW� WKH� SKH�
QRPHQRQ� LV� GXH� WR� WKH� DFWLYDWLRQ� RI
VWUXFWXUDO� QRGHV� WKDW� UHSUHVHQW� VHQWHQWLDO
FRQVWLWXHQWV�� 7KH� RSSRVLQJ� H[SODQDWLRQ� LV
EDVHG� RQ� LPSOLFLW� OHDUQLQJ� �&KDQJ� HW� DO��
�������������7KH�VWUXFWXUDO�SULPLQJ�LQ�WKLV
YLHZ�UHIOHFWV�WKH�RSHUDWLRQ�RI�D�FRQWLQXRXV
OHDUQLQJ� SURFHVV� WKDW� EXLOGV� WKH� V\QWDFWLF
VWUXFWXUHV�DQG�OHDGV�WR�WKHLU�JHQHUDOL]DWLRQ�
7KH�WZR�DSSURDFKHV�PDNH�GLIIHUHQW�SUHGLF�
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WLRQV�DERXW�WKH�WLPH�G\QDPLFV�RI�VWUXFWXUDO
SULPLQJ�� $FFRUGLQJ� WR� WKH� DFWLYDWLRQ� DF�
FRXQW��V\QWDFWLF�SULPLQJ�VKRXOG�EH�D�VKRUW�
OLYHG�HIIHFW�DQG�VKRXOG�QRW�ODVW�RYHU�LQWHU�
YHQLQJ�WULDOV��%UDQLJDQ�HW�DO���������������
7KH�LPSOLFLW�OHDUQLQJ�DFFRXQW�LV�PRUH�FRQ�
VLVWHQW� ZLWK� SHUVLVWHQW� HIIHFWV� RI� SULPLQJ�
DQG� ZLWK� WKH� FXPXODWLYH� HIIHFWV� WKDW� LQ�
FUHDVH�ZLWK�LQFUHDVLQJ�WKH�QXPEHU�RI�SUHV�
HQWHG� V\QWDFWLF� VWUXFWXUHV� RI� D� SDUWLFXODU
W\SH� �.DVFKDN� HW� DO��� ������� 7KH� DQDO\VHV
SUHVHQWHG�LQ�WKLV�DUWLFOH�ZHUH�SHUIRUPHG�LQ
RUGHU� WR� WHVW� IRU� WKH� SRVVLEOH� SUHVHQFH� RI
FXPXODWLYH�V\QWDFWLF�SULPLQJ�HIIHFWV�

0(7+2'
7KH� GDWD� DQDO\]HG� LQ� WKLV� DUWLFOH� FRPH

IURP� DQ� H[SHULPHQWDO� VWXG\� RI� FKLOGUHQ
V
VHQVLWLYLW\�WR�JUDPPDWLFDO�SKHQRPHQD��7KH
SUHVHQW� SDSHU� DQDO\]HV� WKH� UHVXOWV� RI� RQH
FRPSRQHQW�RI�WKH�H[SHULPHQW�LQ�WKH�\RXQ�
JHU�JURXS�RI�SDUWLFLSDWLQJ�FKLOGUHQ�
7KH� H[SHULPHQW� XVHG� WKH� ZRUG�PRQLWRU�

LQJ�WDVN�WR�HOLFLW�WLPHG�UHVSRQVHV��7KH�WDVN
UHTXLUHG� WKH� SDUWLFLSDQWV� WR� UHVSRQG� E\
SUHVVLQJ� D� EXWWRQ�ZKHQ� WKH\� KHDUG� D� SDU�
WLFXODU�ZRUG� VSHFLILHG� LQ� WKH� EHJLQQLQJ� RI
HDFK� WULDO�� 7KH� WDVN� KDV� EHHQ� XVHG� SUH�
YLRXVO\�ZLWK�FKLOGUHQ��H�J���7\OHU��0DUVOHQ�
:LOVRQ�� ������� DQG� ZDV� FKRVHQ� IRU� WKLV
H[SHULPHQW� EHFDXVH� RI� WKH� UHODWLYHO\� ORZ
GHPDQGV�RQ�UHVSRQGLQJ�SDUWLFLSDQWV�
3DUWLFLSDQWV
7KH� H[SHULPHQW� ZDV� SUHVHQWHG� WR� ��

FKLOGUHQ� ��� ER\V�� EHWZHHQ� UDQJLQJ� LQ� DJH
IURP���� WR� ���PRQWKV��ZLWK�PHDQ� DJH� ��
PRQWKV��$OO�FKLOGUHQ�SDUWLFLSDWHG� LQ�D� ORQ�
JLWXGLQDO� VWXG\� RI� ODQJXDJH� DQG� ODQJXDJH
LPSDLUPHQW��EXW�QRQH�RI�WKHP�ZDV�DIIHFWHG
E\� ODQJXDJH� LPSDLUPHQW� �6/,��� 6L[WHHQ
FKLOGUHQ�ZHUH�WDNHQ�IURP�WKH�FRQWURO�JURXS
RI� XQDIIHFWHG� FKLOGUHQ�� DQG� RQH� ZDV� DQ

XQDIIHFWHG�VLEOLQJ�RI�D�6/,�FKLOG��&KLOGUHQ
ZHUH�UHFUXLWHG�IURP�SUHVFKRROV�LQ�WKH�DUHDV
RI� /DZUHQFH�� 7RSHND� DQG� ZHVW� .DQVDV
&LW\�PHWUR�DUHD�LQ�.DQVDV��86$��&KLOGUHQ
ZHUH� UHIHUUHG� E\� WKHLU� WHDFKHUV� RU� VFKRRO
VSHHFK�ODQJXDJH�SURIHVVLRQDOV��DQG�SDUWLFL�
SDWHG�ZLWK�WKHLU�SDUHQWV
�H[SOLFLW�FRQVHQW�
7KH� FKLOGUHQ� ZHUH� DGPLQLVWHUHG� VHYHUDO

ODQJXDJH�DQG�QRQYHUEDO�FRJQLWLYH�WHVWV��WKH
YHUEDO� DQG� QRQYHUEDO� FRJQLWLYH� SHUIRUP�
DQFH� RI� DOO� FKLOGUHQ� ZDV� LQ� WKH� W\SLFDO
UDQJH� IRU� WKHLU� DJHV� �ZLWKLQ� ����� VWDQGDUG
GHYLDWLRQ�IURP�WKH�PHDQ��
6WLPXOL
7KH� VWUXFWXUDO� SULPLQJ� H[SHULPHQW� FRQ�

VLVWHG� RI� ��� WULDOV�� 7KH� WULDOV� ZHUH� SUHV�
HQWHG�ZLWKLQ� DQ� H[SHULPHQWDO� VHVVLRQ�ZLWK
D�WRWDO�RI����WULDOV�����IURP�WKLV�H[SHULPHQW
DQG����IURP�WKH�H[SHULPHQW�RQ�HUURU�GHWHF�
WLRQ�� 7KH� WULDOV� IURP� WKH� WZR� H[SHULPHQWV
ZHUH� UDQGRPO\� LQWHUVSHUVHG�� 7KH� DXGLWRU\
VWLPXOL�ZHUH�SUHVHQWHG�IURP�GLJLWDO�UHFRUG�
LQJV��(DFK� WULDO�FRQVLVWHG�RI�D�SDLU�RI�VHQ�
WHQFHV� DQG� ZDV� SUHFHGHG� E\� D� YHUEDO
LQVWUXFWLRQ� VSHFLI\LQJ� WKH� WDUJHW� ZRUG� IRU
ZRUG�PRQLWRULQJ� LQ� WKH� FRUUHVSRQGLQJ
WULDO�
7KH�H[SHULPHQW�LQYROYHG�WZR�FRQGLWLRQV�

PDWFKLQJ� VWUXFWXUH� DQG� QRQ�PDWFKLQJ
VWUXFWXUH��ZLWK���� WULDOV� LQ�HDFK�FRQGLWLRQ�
7KH�FRQGLWLRQV�GLIIHUHG�LQ�WKH�JUDPPDWLFDO
VWUXFWXUH� RI� WKH� ILUVW� VHQWHQFH�ZLWKLQ� HDFK
WULDO�� ,Q� WKH� PDWFKLQJ� VWUXFWXUH� FRQGLWLRQ�
WKH�ILUVW�VHQWHQFH�KDG�WKH�VWUXFWXUH�6XEMHFW�
0RGDO�9HUE�2EMHFW�� ZKLOH� LQ� WKH� QRQ�
PDWFKLQJ� VWUXFWXUH� FRQGLWLRQ� WKH� ILUVW� VHQ�
WHQFH�ZDV�ZLWKRXW�D�PRGDO��6XEMHFW�9HUE�
2EMHFW��� 7KH� VHFRQG� VHQWHQFH� DOZD\V� KDG
WKH� 6XEMHFW�0RGDO�9HUE�2EMHFW� VWUXFWXUH�
7KH� VHFRQG� VHQWHQFH� LQ� HDFK� WULDO� FRQ�
WDLQHG�WKH�WDUJHW�ZRUG�IRU�ZRUG�PRQLWRULQJ
DV� LWV�REMHFW��7DEOH���VKRZV�D�VDPSOH� WULDO
LQ�HDFK�FRQGLWLRQ�
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7KH� ��� WULDOV� LQ� WKH� H[SHULPHQWV� ZHUH
EDVHG�RQ����SDLUV�RI�VHQWHQFHV��7KH�OLVW�RI
VHQWHQFH�SDLUV�LV�UHSULQWHG�LQ�WKH�$SSHQGL[�
(DFK� RI� WKH� ��� VHQWHQFH� SDLUV� ZDV� XVHG
RQFH� LQ� HDFK� FRQGLWLRQ�� 7KH� FRPSOHWH� VHW
RI� VHQWHQFH� SDLUV� ZDV� SUHVHQWHG� WZLFH�
RQFH� LQ� WKH� ILUVW� KDOI� RI� WKH� VHVVLRQ� DQG
RQFH�LQ�WKH�VHFRQG�KDOI��6L[�VHQWHQFH�SDLUV
ZHUH�ILUVW�SUHVHQWHG�LQ�WKH�PDWFKLQJ�VWUXF�
WXUH�FRQGLWLRQ��DQG�WKH�RWKHU���LQ�WKH�QRQ�
PDWFKLQJ� VWUXFWXUH� FRQGLWLRQ�� (DFK� VHQ�
WHQFH� SDLU� ZDV� WKXV� SUHVHQWHG� LQ� WKH� ILUVW
KDOI�RI�WKH�VHVVLRQ�LQ�RQH�FRQGLWLRQ��DQG�LQ
WKH�VHFRQG�KDOI�RI�WKH�VHVVLRQ�LQ�WKH�RSSRV�
LQJ� FRQGLWLRQ�� 7KH� RUGHULQJ� LQ� HDFK� KDOI
ZDV�SVHXGR�UDQGRPL]HG�VR�WKDW�WULDOV�IURP
WKH� WZR� FRQGLWLRQV�ZHUH� LQWHUVSHUVHG�ZLWK
DSSUR[LPDWHO\� HTXDO� IUHTXHQF\� GXULQJ� WKH
ZKROH� VHVVLRQ�� 7KH� DSSHQGL[� VKRZV� WULDO
QXPEHUV� IRU� HDFK� VHQWHQFH� SDLU� LQ� HDFK
FRQGLWLRQ��7KH�WULDO�QXPEHU�LV�WKH�VHTXHQFH
QXPEHU� WKDW� FRUUHVSRQGV� WR� WKH�SODFHPHQW
RI�WKH�WULDO�ZLWKLQ�WKH�H[SHULPHQWDO�VHVVLRQ�
7KH� VDPH� SVHXGR�UDQGRP� RUGHULQJ� ZDV
XVHG�IRU�DOO�FKLOGUHQ��VR�WKDW�WKH�H[DPLQHUV
FRXOG� HDVLO\� IROORZ� WKH� FKLOGUHQ
V� UH�
VSRQVHV�GXULQJ�WKH�H[SHULPHQWDO�VHVVLRQ�
3URFHGXUH
7KH� H[SHULPHQW� ZDV� SUHVHQWHG� XVLQJ� D

ODSWRS� FRPSXWHU�� 7KH� '0';� VRIWZDUH
�)RUVWHU�� )RUVWHU�� ������ ZDV� XVHG� IRU
VWLPXOXV� SUHVHQWDWLRQ� DQG� UHVSRQVH� WLPLQJ
DQG� FROOHFWLRQ�� 7KH� H[SHULPHQWDO� VHVVLRQ
KDG� WKH� IRUP� RI� D� FRPSXWHU� JDPH�� ZKHUH
WKH� JRDO� ZDV� WR� SUHVV� D� EXWWRQ� ZKHQ� WKH

UHTXLUHG� WDUJHW� ZRUG� ZDV� KHDUG�� 7KH� UH�
VSRQVH� EXWWRQ� ZDV� RQH� RI� WKH� WRXFKSDG
EXWWRQV� EHORZ� WKH� NH\ERDUG� RI� WKH� ODSWRS
FRPSXWHU�� WKH� EXWWRQ� ZDV� PDUNHG� ZLWK� D
UHG�FURVV��7KH�FKLOGUHQ�ZHUH�VHDWHG�LQ�IURQW
RI� WKH� ODSWRS� FRPSXWHU�� DQG� KHDGSKRQHV
ZHUH�SODFHG�RQ� WKHLU�KHDGV��7KH�H[DPLQHU
OLVWHQHG� RQ� D� VHFRQG� SDLU� RI� KHDGSKRQHV�
'XULQJ� WKH� WUDLQLQJ�VHVVLRQ�� WKH�H[DPLQHUV
SRLQWHG� WR� WKH� UHVSRQVH� EXWWRQ� ZKHQ� WKH
UHFRUGHG� LQVWUXFWLRQV� H[SODLQHG� LWV� IXQF�
WLRQ�� DQG� ZKHQ� QHHGHG�� WKH\� SURYLGHG
DGGLWLRQDO�IHHGEDFN�
7KH��UHDFWLRQ��WLPH��ZDV��PHDVXUHG��IURP

WKH� RQVHW� RI� WKH� WDUJHW� ZRUG�� $IWHU� WKH
RIIVHW�RI�WKH�WDUJHW�ZRUG�WKHUH�ZDV�D�SHULRG
RI� ����� PV� GXULQJ� ZKLFK� WKH� UHVSRQVHV
ZHUH�FROOHFWHG��,I�FKLOGUHQ�GLG�QRW�UHVSRQG
ZLWKLQ�WKLV�WLPH��WKH�WULDO�ZDV�PDUNHG�DV�QR
UHVSRQVH�DQG�WKH�QH[W�VHQWHQFH�RU�WULDO�ZDV
SUHVHQWHG�� 7KH� ZKROH� H[SHULPHQWDO� VHV�
VLRQ��LQFOXGLQJ�WUDLQLQJ��ODVWHG�EHWZHHQ���
DQG����PLQXWHV��GHSHQGLQJ�RQ�KRZ�ORQJ�D
FKLOG�VSHQW�PHHWLQJ�WKH�FULWHULD�RI�WKH�WUDLQ�
LQJ�VHVVLRQ�
$QDO\VLV
7KH� GHSHQGHQW� YDULDEOH� LQ� WKH� DQDO\VHV

ZDV� WKH� UHDFWLRQ� WLPH�� 7KHUH� ZHUH� WZR
LQGHSHQGHQW� YDULDEOHV� DQG� WZR� JURXSLQJ
IDFWRUV� WKDW� GHILQHG� WKH� UDQGRP� HIIHFWV�
2QH� LQGHSHQGHQW� YDULDEOH� ZDV� WKH� H[SHU�
LPHQWDO� FRQGLWLRQ�� D� WZR�OHYHO� FDWHJRULFDO
YDULDEOH�� 7KH� RWKHU� ZDV� WKH� WULDO� QXPEHU�
L�H��WKH�VHTXHQWLDO�SRVLWLRQ�RI�WKH�WULDO�ZLWK�
LQ� WKH� VHVVLRQ�� WKLV� ZDV� D� FRQWLQXRXV� FR�
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7DEOH����([DPSOH�RI�WZR�WULDOV�LQ�WKH�VWUXFWXUDO�FRPSRQHQW��FUHDWHG�IURP�RQH�EDVH�WULDO�
7KH�WDUJHW�ZRUG�LV�LWDOLFL]HG�

&RQGLWLRQ )LUVW�VHQWHQFH��SULPH� 6HFRQG�VHQWHQFH��WDUJHW�
0DWFKLQJ 7KH�ZRPDQ�FDQ�IL[�KHU�FDU� 7KH�FXS�ZRXOG�KROG�WKH�VDOW�
1RQ�PDWFKLQJ 7KH�ZRPDQ�IL[HV�KHU�FDU� 7KH�FXS�ZRXOG�KROG�WKH�VDOW�



YDULDWH� LQ� WKH� DQDO\VLV�� 7ZR� DGGLWLRQDO
YDULDEOHV�ZHUH�XVHG�DV�JURXSLQJ�IDFWRUV�IRU
WKH� GHILQLWLRQ� RI� UDQGRP� HIIHFWV�� 7KHVH
HIIHFWV� DFFRXQW� IRU� WKH� UHODWLRQVKLSV� EH�
WZHHQ�D�JURXS�RI�UHODWHG�REVHUYDWLRQV��H�J�
REVHUYDWLRQV� IURP� WKH� VDPH� SHUVRQ�� 2QH
JURXSLQJ� IDFWRU� ZDV� WKH� SDUWLFLSDQW�� DOO
PRGHOV� ILWWHG� LQ� WKH� VXEVHTXHQW� DQDO\VHV
FRQWDLQ�D�UDQGRP�HIIHFW�IRU�SDUWLFLSDQWV��,Q
VRPH� DQDO\VHV�� D� UDQGRP� HIIHFW� IRU� VHQ�
WHQFH�SDLU�ZDV�HVWLPDWHG�DV�ZHOO�
7KH� DQDO\VHV� ZHUH� SHUIRUPHG� XVLQJ� WKH

6$6� V\VWHP� DQG� LWV� SDFNDJH� 352&
0,;('�� 7KLV� VRIWZDUH� LV� FDSDEOH� RI� SHU�
IRUPLQJ� DOO� WKH� DQDO\VHV� UHSRUWHG� EHORZ�
7KH�DQDO\VHV�ZHUH�DOVR�UHSOLFDWHG�XVLQJ�WKH
VRIWZDUH� V\VWHP� 5� �5� GHYHORSPHQW� FRUH
WHDP���������SDFNDJH�QOPH��3LQKHLUR�HW�DO��
������� 7KLV� OHG� WR� QXPHULFDOO\� LGHQWLFDO
HVWLPDWHV� RI� UDQGRP� DQG� IL[HG� HIIHFWV� DV
ZHOO� DV� VWDQGDUG� HUURUV��+RZHYHU�� WKH� K\�
SRWKHVLV� WHVWLQJ� SURFHGXUH� LQ� QOPH� LV
VOLJKWO\� GLIIHUHQW� EHFDXVH� LW� GRHV� QRW� XVH
WKH� 6DWWHUWKZDLWH� DSSUR[LPDWLRQ�� 7KHUH�
IRUH�� WKH�S�YDOXHV�SURGXFHG�E\�QOPH�ZHUH
VRPHZKDW�GLIIHUHQW�

5(68/76
7KH�PHDQ� UHDFWLRQ� WLPH� LQ� WKH�PDWFKLQJ

VWUXFWXUH� FRQGLWLRQ� ZDV� ����� PV� �6'�  
������LQ�WKH�QRQ�PDWFKLQJ�VWUXFWXUH�FRQGL�
WLRQ� ���� PV� �6'�  � ������ 7KH� GLIIHUHQFH
ZDV� QRW� VLJQLILFDQW� ZKHQ� FRPSDUHG� XVLQJ
SDLUHG� VDPSOH� W�WHVW� �W�����  � ������ Q�V���
7KHUH� ZHUH� QR� VLJQLILFDQW� GLIIHUHQFHV� LQ
WKH� QXPEHU� RI� YDOLG� UHVSRQVHV� �W�����  
������ Q�V���� WKH� PHDQ� QXPEHU� RI� YDOLG� UH�
VSRQVHV�SHU�FRQGLWLRQ�ZDV������
+RZHYHU�� D� VFDWWHUSORW� RI� WKH� GDWD

VKRZHG� WKDW� WKH� UHDFWLRQ� WLPHV� LQ� HDFK
FRQGLWLRQ� FKDQJHG� GLIIHUHQWO\� GXULQJ� WKH
VHVVLRQ�� 7R� H[DPLQH� WKH� UHODWLRQVKLSV� EH�
WZHHQ� H[SHULPHQWDO� FRQGLWLRQV� DQG� WKH
SODFHPHQW�RI�H[SHULPHQWDO�WULDOV��PXOWLOHY�

HO� DQDO\VLV� ZDV� SHUIRUPHG� ZLWK� FRQGLWLRQ
DQG�WULDO�QXPEHU�DV�WKH�SUHGLFWRUV�RI�LQWHU�
HVW�� 7KH� VFDWWHUSORW� DOVR� VKRZHG� WKDW� WKH
GDWD� ZHUH� SRVLWLYHO\� VNHZHG�� ZKLFK� LV
XVXDO�ZLWK�UHDFWLRQ� WLPH�GDWD��7KH�IROORZ�
LQJ�VHFWLRQ�ILUVW�SUHVHQWV�D�GHWDLOHG�DQDO\VLV
RI� UDZ� GDWD�� LQFOXGLQJ�PRGHO� GLDJQRVWLFV�
DQG� WKHQ� GHVFULEHV� WKH�PHWKRGV� WKDW� ZHUH
XVHG� WR�FKHFN�ZKHWKHU� WKH�DQDO\VLV� UHVXOWV
ZHUH�QRW�DIIHFWHG�E\�WKH�VNHZQHVV�RU�RXWOL�
HUV�
$QDO\VLV�RI�5DZ�'DWD
7KH� ILUVW� VWHS� LQ� WKH�PXOWLOHYHO�PRGHOLQJ

DQDO\VLV�ZDV�ILWWLQJ�D�QXOO�PRGHO�ZLWK�IL[HG
LQWHUFHSW�RQO\��DQG�ZLWK�D�UDQGRP�LQWHUFHSW
HIIHFW� IRU�SDUWLFLSDQWV��7KLV�PRGHO�KDV� WKH
IROORZLQJ�VWUXFWXUH�

57LM� �β����εLM
β�� �γ�����ζ�L

ζ��a�1���σ����ε�a�1���σε�
ZKHUH� L� VWDQGV� IRU� SDUWLFLSDQWV� DQG� M� IRU

WULDOV��7KH�OHYHO���LQWHUFHSW�β���SDUWLFLSDQW�
VSHFLILF��LV�GHFRPSRVHG�RQ�OHYHO���LQWR�WKH
SRSXODWLRQ�LQWHUFHSW�γ���DQG�D�SDUWLFLSDQW
V
UDQGRP� HIIHFW� ζ�L�� /HYHO� �� HUURU� εLM� LV� D
UDQGRP�HUURU�RQ�HDFK�WULDO�LQ�HYHU\�SHUVRQ�
$IWHU� ILWWLQJ� WKH� QXOO� PRGHO�� PRUH� FRP�

SOH[�PRGHOV�ZHUH� ILW� DQG� FRPSDUHG� XVLQJ
WKH� OLNHOLKRRG� UDWLR� WHVW�� 7KH� FRPSDULVRQV
IRU�PRGHOV�ZLWK�GLIIHUHQW�IL[HG�HIIHFWV�XVHG
WKH�PD[LPXP�OLNHOLKRRG��0/��HVWLPDWHV�RI
ORJ�OLNHOLKRRG��FRPSDULVRQV�RI�PRGHOV�WKDW
GLG� QRW� GLIIHU� LQ� WKHLU� IL[HG� HIIHFW� VWUXF�
WXUHV� ZHUH� EDVHG� RQ� UHVWULFWHG� PD[LPXP
OLNHOLKRRG��5(0/��HVWLPDWHV�
7KH� 0/� ILW� RI� WKH� QXOO� PRGHO� KDG� ORJ�

OLNHOLKRRG� YDOXH� ��������� 7KH� ILUVW� PRGHO
ZLWK�IL[HG�SUHGLFWRUV�DGGHG�WKH�H[SHULPHQ�
WDO� FRQGLWLRQ� DV� D� IL[HG� HIIHFW�� 7KH� QXOO
PRGHO�ZDV�QRW�VLJQLILFDQWO\�ZRUVH�WKDQ�WKH
PRGHO�ZLWK�FRQGLWLRQ�LQFOXGHG���χ��� ������
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GI�  � ��� S�  � ������� 7KH� QH[W�PRGHO� DGGHG
WULDO�QXPEHU�DV�DQRWKHU�SUHGLFWRU��7KLV�GLG
QRW� OHDG� WR� D� VLJQLILFDQWO\� LPSURYHG� ILW�
HLWKHU� �χ��  � ����� GI�  � ��� S�  � ������ ,Q� WKH
QH[W� VWHS�� DQ� LQWHUDFWLRQ� WHUP� ZDV� DGGHG
IRU� WKH� LQWHUDFWLRQ� EHWZHHQ� FRQGLWLRQ� DQG
WULDO�QXPEHU��7KLV�PRGHO�ZDV�VLJQLILFDQWO\
EHWWHU� WKDQ� WKH�PRGHO�ZLWK� FRQGLWLRQ� RQO\
�χ��  � ��� GI�  � ��� S�  � �������� 6LQFH� WKHUH
ZHUH� QR� RWKHU� LQGHSHQGHQW� YDULDEOHV� RI
LQWHUHVW�� WKLV� ZDV� DFFHSWHG� DV� WKH� ILQDO
VWUXFWXUH�IRU�WKH�IL[HG�HIIHFWV�
6XEVHTXHQW�PRGHOV� HODERUDWHG� WKH� VWUXF�

WXUH� RI� UDQGRP� HIIHFWV� DQG� UHVLGXDOV�� 7KH
PRGHOV� ZHUH� FRPSDUHG� ZLWK� WKH� 5(0/
ORJ�OLNHOLKRRG�HVWLPDWH�IRU�WKH�ILQDO�PRGHO
ZLWK� VXEMHFW� LQWHUFHSW� RQO\�� ZKLFK� ZDV
���������$�PRGHO�ZLWK� D� UDQGRP�VORSH�RI
UHDFWLRQ� WLPHV� RQ� WULDO� QXPEHU� ZDV� QRW
VLJQLILFDQWO\�EHWWHU�WKDQ�D�PRGHO�ZLWK�UDQ�
GRP�LQWHUFHSW�RQO\��χ�� �������GI� ����S� 
�������7KLV�PHDQV�WKDW�WKHUH�LV�QR�HYLGHQFH
WKDW� WKH� UHODWLRQVKLSV� EHWZHHQ� UHDFWLRQ
WLPH� DQG� WULDO� QXPEHU� YDU\� EHWZHHQ� SDU�
WLFLSDQWV�
7KH�DERYH�PRGHOV�DVVXPHG�WKDW�WKH�UHVLG�

XDOV� ε� KDYH� QRUPDO� GLVWULEXWLRQ�ZLWK� VWDQ�
GDUG�GHYLDWLRQ�σε��7KLV� DVVXPSWLRQ�PHDQV
WKDW� WKH� UHVLGXDO� YDULDQFH� LV� HTXDO� IRU� DOO
SDUWLFLSDQWV�� $Q� DOWHUQDWLYH� LV� D� PRGHO
DVVXPLQJ� GLIIHUHQW� UHVLGXDO� YDULDQFH� IRU
HDFK� LQGLYLGXDO�� L�H�� ZLWK� VXEMHFW� VSHFLILF
UHVLGXDO� YDULDQFH�� 6XFK� D� PRGHO� UHIOHFWV
WKH� SRVVLELOLW\� WKDW� GLIIHUHQW� LQGLYLGXDOV
VKRZ� GLIIHUHQW� DPRXQWV� RI� HUURU� YDULDQFH�
7R�H[SORUH�WKLV�SRVVLELOLW\��WKH�PRGHO�HVWL�
PDWLQJ� UHVLGXDO� YDULDQFH� VHSDUDWHO\� IRU
HDFK� SDUWLFLSDQW� ZDV� ILW�� 7KH� PRGHO� ILW
VLJQLILFDQWO\� � EHWWHU� �WKDQ� �WKH� �PRGHO� DV�
VXPLQJ� �D� �FRPPRQ� �UHVLGXDO� � GLVWULEXWLRQ
�χ��� ���������GI�� �������S��������������LQGL�
FDWLQJ� WKDW� LQGLYLGXDOV� GLIIHU� VLJQLILFDQWO\
LQ� WKH� DPRXQW� RI� YDULDELOLW\� LQ� WKHLU� UH�
VSRQVHV��7KH�IRUPDO�VWUXFWXUH�RI�WKH�PRGHO
ZDV�

57LMN� �β����β�&M���β�7N���β��&M�[�7N����εLMN
β�� �γ�����ζ�L

β�� �γ��
β�� �γ��
β�� �γ��

ζ��a�1���σ����ε�a�1���σεL�
ZKHUH� &� LV� WKH� H[SHULPHQWDO� FRQGLWLRQ

DQG� 7� WKH� WULDO� QXPEHU�� 7KH� LQGH[� LQ� σεL
UHIOHFWV�WKH�IDFW�WKDW�UHVLGXDOV�DUH�GLIIHUHQW
IRU�HDFK�SDUWLFLSDQW�
7KH�DERYH�PRGHO�UHIOHFWV�WKH�IDFW�WKDW�WKH

GHVLJQ�RI�WKH�H[SHULPHQW�LQFOXGHV�UHSHDWHG
PHDVXUHV� IURP�HDFK�SDUWLFLSDQW��+RZHYHU�
WKH� GHVLJQ� FRQWDLQV� DQRWKHU� DVSHFW� RI� UH�
SHDWHG� PHDVXUHPHQW�� 7KH� VDPH� VHW� RI
VWLPXOL� LV� SUHVHQWHG� WR� HYHU\� SDUWLFLSDQW�
DQG� LW� LV� SRVVLEOH� WKDW� VRPH� VWLPXOL� HOLFLW
V\VWHPDWLFDOO\� IDVWHU� UHDFWLRQV� WKDQ�RWKHUV�
H�J�� EHFDXVH� WKH\� FRQWDLQ� KLJK�IUHTXHQF\
ZRUGV��,I�WKLV�LV�WKH�FDVH��WKHQ�WKH�DVVXPS�
WLRQ� RI� QRUPDO� GLVWULEXWLRQ� IRU� WKH� HUURU
WHUP�ε�LV�YLRODWHG��7KH�PL[HG�PRGHO�DQDO\�
VLV�SURYLGHV�DQ�RSSRUWXQLW\�WR�DGGUHVV�WKLV
LVVXH� GLUHFWO\� E\� LQFOXGLQJ� D� FURVVHG� UDQ�
GRP� HIIHFW� IRU� WULDOV� RU� LWHPV� �+RIIPDQ�
5RYLQH�� ������� 7KH� H[SHULPHQW� UHSRUWHG
KHUH� SUHVHQWHG� D� VHW� RI� ��� WULDOV�� VR� RQH
SRVVLELOLW\� ZRXOG� EH� WR� LQFOXGH� D� UDQGRP
HIIHFW� IRU� LQGLYLGXDO� WULDOV�� +RZHYHU�� WKH
��� WULDOV� ZHUH� FRQVWUXFWHG� XVLQJ� ��� VHQ�
WHQFH�SDLUV��DQG�LW�FDQ�EH�H[SHFWHG�WKDW�WZR
VWLPXOL�IURP�RSSRVLQJ�H[SHULPHQWDO�FRQGL�
WLRQV�ZLOO�EH�PRUH�VLPLODU�LI�WKH\�DUH�EDVHG
RQ� WKH� VDPH� VHQWHQFH� SDLU� DQG� WKXV� VKDUH
PRVW�RI�WKHLU�OH[LFDO�PDWHULDO��UK\WKPLF�DQG
SURVRGLF� SURSHUWLHV� HWF�� 7KH� IROORZLQJ
DQDO\VLV� WKXV� DGGHG� D� UDQGRP� HIIHFW� IRU
VHQWHQFH� SDLUV� τ��ZLWK� DQ� DVVXPHG� QRUPDO
GLVWULEXWLRQ�� 7KH� RQO\� FKDQJH� DJDLQVW� WKH
SUHYLRXV�PRGHO�LV�LQ�WKH�OHYHO���VWUXFWXUH�
57LMNO� �β����β�&M���β�7N���β��&M�[�7N����τO���εLMN

678',$�36<&+2/2*,&$������������� ���



ZKHUH� O� LV� WKH� LQGH[�IRU�D�SDUWLFXODU�VHQ�
WHQFH�SDLU�
7KH�PRGHO�ZDV� ILW�EXW� WKH� LQFOXVLRQ�RI�D

UDQGRP� LWHP�HIIHFW�GLG�QRW� OHDG� WR�DQ� LP�
SURYHPHQW�� FRPSDUHG� WR� WKH� PRGHO� ZLWK
VXEMHFW� LQWHUFHSW� UDQGRP�HIIHFW� RQO\� �χ�� 
����� GI�  � ��� S�  � ������� 7KHUH� LV� WKXV� QR
HYLGHQFH� WKDW� GLIIHUHQW� VHQWHQFH� SDLUV� LQ
WKLV�H[SHULPHQW�HOLFLW�V\VWHPDWLFDOO\�GLIIHU�
HQW� UHDFWLRQ� WLPHV�� 7R� LQWHUSUHW� WKH� ILQG�
LQJV��ZH�FDQ�XVH�WKH�VLPSOHU�PRGHO�ZLWKRXW
WKH� UDQGRP� HIIHFW� IRU� VHQWHQFH� SDLUV� DV
ILQDO�
7KH� IL[HG� HIIHFW� HVWLPDWHV� IURP� WKH� ILQDO

PRGHO� VKRZHG� D� VLJQLILFDQW� LQWHUDFWLRQ
EHWZHHQ�FRQGLWLRQ�DQG�WULDO�QXPEHU��+RZ�
HYHU�� WKH� PRGHO
V� QRUPDOL]HG� UHVLGXDOV
UDQJHG� IURP� ������ WR� ������ 7KLV� VXJJHVWV
WKH� SUHVHQFH� RI� RXWOLHUV� LQ� WKH� GDWD�� ,Q
RUGHU� WR� FKHFN� ZKHWKHU� WKH� IL[HG� HIIHFW
HVWLPDWHV� ZHUH� DIIHFWHG� E\� WKH� H[WUHPH
REVHUYDWLRQV�� WKH� PRGHO� ZDV� UHILW� ZLWKRXW
WKH�REVHUYDWLRQV�ZLWK�VWDQGDUGL]HG�UHVLGXDO
YDOXHV� RYHU� ��� 7KLV� FRUUHVSRQGV� WR� WKH
UHFXUVLYH� PHWKRG� RI� RXWOLHU� GHWHFWLRQ� �FI�
9DQ�6HOVW�� -ROLFRHXU�� �������7KLV� FULWHULRQ
UHVXOWHG� LQ� UHPRYDO� RI� IRXU� REVHUYDWLRQV�
DOO�ZLWK�H[WUHPHO\�KLJK�YDOXHV�
7KH�HVWLPDWHV�RI�IL[HG�HIIHFW�FRHIILFLHQWV

IURP�WKH�ILQDO�PRGHO�ZLWK�RXWOLHUV�UHPRYHG
DSSHDU�LQ�7DEOH����7KH�HVWLPDWHV�VXJJHVW�D

VLJQLILFDQW� LQWHUDFWLRQ� EHWZHHQ� FRQGLWLRQ
DQG�WULDO�QXPEHU��γ�����7KH�PDLQ�HIIHFWV�RI
FRQGLWLRQ� �γ���� DQG� WULDO� QXPEHU� �γ���� DUH
VLJQLILFDQW� DV� ZHOO�� 6LQFH� WKH� FRQGLWLRQ
FRGHG�DV���ZDV�WKH�QRQ�PDWFKLQJ�VWUXFWXUH
FRQGLWLRQ�� WKH� QHJDWLYH� HVWLPDWH� RI� WKH
PDLQ� HIIHFW� IRU� FRQGLWLRQ� PHDQV� WKDW� WKH
UHDFWLRQ�WLPHV�DUH�IDVWHU�LQ�WKH�QRQ�PDWFK�
LQJ�VWUXFWXUH�FRQGLWLRQ�LQ�WKH�EHJLQQLQJ�RI
WKH� H[SHULPHQWDO� VHVVLRQ��:LWK� LQFUHDVLQJ
WULDO�QXPEHU��UHDFWLRQ�WLPHV�GHFUHDVH�LQ�WKH
PDWFKLQJ�VWUXFWXUH�FRQGLWLRQ��DV�VXJJHVWHG
E\�WKH�VLJQLILFDQW�QHJDWLYH�PDLQ�HIIHFW� IRU
WULDO� QXPEHU�� +RZHYHU�� WKH� LQWHUDFWLRQ
VXJJHVWV�WKDW�LQ�WKH�QRQ�PDWFKLQJ�VWUXFWXUH
FRQGLWLRQ�� WKH� UHDFWLRQ� WLPHV� LQFUHDVH�� WKH
GLIIHUHQFH�EHWZHHQ�WKH�LQWHUDFWLRQ�HVWLPDWH
DQG�WULDO�QXPEHU�HVWLPDWH�LV�SRVLWLYH�
-XVW� DV� LQ�JHQHUDO� OLQHDU�PRGHOV�� VXFK� DV

$129$� RU� UHJUHVVLRQ�� PL[HG� PRGHO
DQDO\VLV�VKRXOG�LQYROYH�WKH�PRGHO�GLDJQRV�
WLFV�� RQH� VKRXOG� H[DPLQH�ZKHWKHU� WKH�GLV�
WULEXWLRQ� RI� UHVLGXDOV� LQ� WKH� PRGHO� LV
QRUPDO�� DQG� ZKHWKHU� WKH� UHVXOWV� DUH� QRW
LQIOXHQFHG� E\� D� VPDOO� QXPEHU� RI� H[WUHPH
REVHUYDWLRQV�� RXWOLHUV�� 2QH� WRRO� IRU� WKH
GLDJQRVWLFV� LV� TXDQWLOH�TXDQWLOH� SORWV� RI
UHVLGXDOV�IURP�D�PRGHO�DJDLQVW�WKH�WKHRUHWL�
FDO� QRUPDO� GLVWULEXWLRQ�� ,I� WKH� UHVLGXDO
GLVWULEXWLRQ�LV�QRUPDO��WKH�SRLQWV�LQ�VXFK�D
SORW� ZLOO� EH� GLVWULEXWHG� OLQHDUO\� DQG� V\P�
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7DEOH����)L[HG�HIIHFW�DQG�YDULDQFH�FRPSRQHQW�HVWLPDWHV��7KHUH�DUH���� UHVLGXDOV� σεL�
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PHWULFDOO\� DORQJ� WKH� GLDJRQDO�� )LJXUH� �
VKRZV� WKH� SORWV� IRU� WKUHH� RI� WKH� PRGHOV
DQDO\]HG�DERYH��DOO�ZLWK�WKH�ILQDO�VWUXFWXUH
RI� IL[HG� HIIHFWV�� 3DQHO� D�� VKRZV� UHVLGXDOV
IURP� WKH� PRGHO� ZLWK� FRPPRQ� UHVLGXDO
GLVWULEXWLRQ��SDQHO�E��LV�IRU�WKH�PRGHO�ZLWK
VXEMHFW�VSHFLILF� UHVLGXDOV�� ,W� LV� DSSDUHQW
WKDW� WKH� UHVLGXDO� GLVWULEXWLRQ� RI� WKH�PRGHO
ZLWK� VXEMHFW�VSHFLILF� UHVLGXDOV� LV� FORVHU� WR
QRUPDO�� WKH�SRLQWV� LQ�SDQHO�E�� DUH� DOLJQHG
FORVHU� WR� WKH� GLDJRQDO�� 3DQHO� F�� FDSWXUHV

UHVLGXDO� GLVWULEXWLRQ� LQ� WKH� ILQDO� PRGHO
ZLWK� H[WUHPH� REVHUYDWLRQV� H[FOXGHG�� ,W
LQGLFDWHV� WKDW� WKH� H[FOXVLRQ� RI� H[WUHPH
UHVLGXDOV� EURXJKW� WKH� UHVLGXDO� GLVWULEXWLRQ
FORVHU�WR�QRUPDOLW\��2Q�WKH�RWKHU�KDQG��WKH
SORW�LV�VWLOO�QRW�FRPSOHWHO\�OLQHDU��WKH�KLVWR�
JUDP�RI�UHVLGXDOV�LQ�SDQHO�G��FRQILUPV�WKDW
WKHLU� GLVWULEXWLRQ� LV� VNHZHG�� %HFDXVH� RI
WKLV� YLRODWLRQ� RI� DVVXPSWLRQV�� WKH� LQIHU�
HQFHV� PDGH� IURP� WKH� PRGHO� VKRXOG� EH
IXUWKHU�VFUXWLQL]HG�
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$QDO\VLV�RI�
7UDQVIRUPHG�DQG�7ULPPHG�'DWD

7KH� VNHZHG� GLVWULEXWLRQ� RI� UHVLGXDOV
UHIOHFWV� WKH� VNHZQHVV� WKDW� W\SLFDOO\�RFFXUV
LQ� UHDFWLRQ� WLPH� GDWD��7KHUH� LV� D� ODUJH� OLW�
HUDWXUH� DERXW� WKH� GLVWULEXWLRQV� RI� UHDFWLRQ
WLPH�DQG� WKHLU� VWDWLVWLFDO�PRGHOV��EXW� WKHUH
LV� QR� JHQHUDOO\� DFFHSWHG� ZD\� WR� WUHDW� RU
DQDO\]H�UHDFWLRQ�WLPH�GDWD��7KH�DQDO\VHV�LQ
WKLV� VWXG\� UHOLHG� RQ� GLIIHUHQW� WUDQVIRUPD�
WLRQV� DQG� RXWOLHU� GHWHFWLRQ� PHWKRGV�� DQG
WHVWHG� ZKHWKHU� WKHVH� GDWD� PDQLSXODWLRQV
ZLOO�FKDQJH�WKH�SDWWHUQ�RI�UHVXOWV��7KLV�LV�LQ
OLQH� ZLWK� UHFRPPHQGDWLRQV� E\� 5DWFOLII
�������� ZKR� VXJJHVWV� YDOLGDWLQJ� DQDO\VHV
E\� XVLQJ� PXOWLSOH� FXW�RII� SRLQWV� RU� WUDQV�
IRUPDWLRQV�� ,I� WKH� DQDO\VLV� RI� WUDQVIRUPHG
GDWD�UHSOLFDWHV�WKH�SDWWHUQ�RI�ILQGLQJV�IURP
WKH�UDZ�GDWD��LW�VXSSRUWV�WKH�YDOLGLW\�RI�WKH
LQIHUHQFHV�
7KH� ILUVW� UH�DQDO\VLV� XVHG� ORJDULWKPLF

WUDQVIRUPDWLRQ� ZLWK� QDWXUDO� ORJDULWKP
EHFDXVH�WKH�WUDQVIRUPDWLRQ�SURGXFHG�KLVWR�
JUDPV�WKDW�ZHUH�YLVXDOO\�FORVHU�WR�QRUPDO�
LW\� WKDQ� WKH�RULJLQDO�GDWD��DQG�EHFDXVH� WKH
ORJDULWKPLF� WUDQVIRUPDWLRQ� UHIOHFWV� WKH
PXOWLSOLFDWLYH� QDWXUH� RI� WLPH� PHDVXUHV
�&ODUNH��������

7KH� PRGHOLQJ� ZDV� GULYHQ� E\� WKH� VDPH
UHDVRQLQJ� DV� LQ� WKH� DQDO\VLV� RI� WKH� UDZ
GDWD�� DQG� LW� OHG� WR� VLPLODU� GHFLVLRQV�� 7KH
ILQDO� PRGHO� ZLWK� D� UDQGRP� LQWHUFHSW� IRU
VXEMHFWV� DQG� VXEMHFW�VSHFLILF� UHVLGXDOV
FRQWDLQHG� VRPH� SRWHQWLDOO\� LQIOXHQWLDO
RXWOLHUV�� WKH� QRUPDOL]HG� UHVLGXDOV� UDQJHG
IURP� ������ WR� ������ 7KH� ILQDO� PRGHO� ZDV
UHILW�ZLWKRXW�REVHUYDWLRQV�ZLWK�DQ�DEVROXWH
YDOXH�RI�QRUPDOL]HG� UHVLGXDOV�JUHDWHU� WKDQ
��� ZKLFK� H[FOXGHG� �� REVHUYDWLRQV�� 7KH
HVWLPDWHV�IURP�WKH�ILQDO�PRGHO�DUH�VXPPD�
UL]HG� LQ�7DEOH� ���7KH� SDWWHUQ� RI� UHVXOWV� LV
VLPLODU� WR� WKDW� LQ� WKH� DQDO\VLV� RI� WKH� UDZ
GDWD�� HYHQ� WKRXJK� WKH�SDUDPHWHU� HVWLPDWHV
FRQYHUWHG� WR� WKH�RULJLQDO�PLOOLVHFRQG�PHW�
ULFV� DUH� VRPHZKDW� GLIIHUHQW�� 7KH� GLIIHU�
HQFH�� KRZHYHU�� GRHV� QRW� FKDQJH� WKH� EDVLF
VKDSH�RI�WKH�LQWHUDFWLRQ�
%HVLGHV� WKH� UH�DQDO\VLV� ZLWK� ORJ�WUDQV�

IRUPHG�GDWD�� IXUWKHU� UH�DQDO\VHV�ZHUH�SHU�
IRUPHG�ZLWK�RWKHU�WUDQVIRUPDWLRQV��DV�ZHOO
DV�ZLWK�WULPPHG�GDWD��7ZR�WUDQVIRUPDWLRQV
ZHUH�WHVWHG��VTXDUH�URRW�DQG�LQYHUVH��$IWHU
ERWK� WUDQVIRUPDWLRQV�� WKH� DQDO\VHV� DUULYHG
DW� WKH� VDPH� ILQDO� PRGHO�� DV� LQ� WKH� DERYH
DQDO\VHV��DQG�WKH�UHVXOWV�ZHUH�VLPLODU��7KH
LQWHUDFWLRQ�ZDV�VLJQLILFDQW� LQ� WKH� UHVXOWLQJ
PRGHOV�� ZLWK� UHDFWLRQ� WLPHV� GHFUHDVLQJ� LQ
WKH� PDWFKLQJ� VWUXFWXUH� FRQGLWLRQ� DQG� LQ�
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7DEOH� ��� )L[HG� HIIHFW� DQG� YDULDQFH� FRPSRQHQW� HVWLPDWHV� LQ� WKH� PRGHO� ZLWK� ORJ�
WUDQVIRUPHG��6DWWHUWKZDLWH�')�DSSUR[LPDWLRQ�
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FUHDVLQJ� LQ� WKH� QRQ�PDWFKLQJ� VWUXFWXUH
FRQGLWLRQ��7KH�HVWLPDWHV�VXJJHVWHG�WKDW�WKH
LQLWLDO� GLIIHUHQFH� EHWZHHQ� UHDFWLRQ� WLPHV
GLPLQLVKHG�DQG�FKDQJHG� LWV� GLUHFWLRQ�RYHU
WKH� FRXUVH� RI� WKH� H[SHULPHQW�� 7KH� VDPH
FRQILUPDWLRQ�RI� WKH� UHVXOWV� FDPH� IURP� WKH
DQDO\VHV� RI� WULPPHG� GDWD�� RQH� DQDO\VLV
H[FOXGHG�DOO� REVHUYDWLRQV� DERYH������PV�
WKH� RWKHU� H[FOXGHG� DOO� REVHUYDWLRQV� EHORZ
DQG� DERYH� �� VWDQGDUG� GHYLDWLRQV� IURP� WKH
RYHUDOO�PHDQ��7KH�ILQGLQJV�DUH�WKXV�XQOLNH�
O\�WR�EH�DIIHFWHG�E\�WKH�VNHZQHVV�RU�RXWOL�
HUV�LQ�WKH�GDWD�

',6&866,21
7KH�DQDO\VHV�IRXQG�HYLGHQFH�IRU�DQ�LQWHU�

DFWLRQ�EHWZHHQ�WKH�H[SHULPHQWDO�FRQGLWLRQ
DQG� WULDO� SODFHPHQW�� 6XFK� DQ� LQWHUDFWLRQ
ZRXOG�QRW�EH�GLVFRYHUHG�ZLWKRXW�WKH�LQFOX�
VLRQ� RI� WULDO� QXPEHU� DV� D� FRQWLQXRXV� SUH�
GLFWRU�� EHFDXVH� WKH� RYHUDOO�PHDQV� LQ� HDFK
FRQGLWLRQ� DUH� VLPLODU�� 0XOWLOHYHO� DQDO\VLV
UHYHDOHG� WKDW� DOWKRXJK� WKH� PHDQ� UHDFWLRQ
WLPH� ZDV� VLPLODU� DFURVV� FRQGLWLRQV�� WKH
UHDFWLRQ� WLPHV�FKDQJHG�GLIIHUHQWO\� LQ�HDFK
FRQGLWLRQ� RYHU� WKH� FRXUVH� RI� WKH� H[SHU�
LPHQWDO� VHVVLRQ�� 7KH� DELOLW\� RI� PXOWLOHYHO
DQDO\VLV� WR� LQFRUSRUDWH� D� FRQWLQXRXV� LQGH�
SHQGHQW� YDULDEOH� WKXV� FRQWULEXWHG� WR� DQ
LPSRUWDQW� ILQGLQJ� WKDW� ZRXOG� EH� KDUG� WR
GHWHFW�XVLQJ�RWKHU�DQDO\WLF�DSSURDFKHV�
7KH�LQWHUDFWLRQ�EHWZHHQ�WULDO�QXPEHU�DQG

H[SHULPHQWDO�FRQGLWLRQ�PD\�KDYH�GLIIHUHQW
H[SODQDWLRQV�� 2QH� SRVVLELOLW\� LV� WKDW� LW
UHIOHFWV� IDWLJXH� DQG� D� UHVXOWLQJ� ORVV� RI
DWWHQWLRQ� GXULQJ� WKH� H[SHULPHQWDO� VHVVLRQ�
7KH�SDUWLFLSDQWV�PD\�EHFRPH�OHVV�VHQVLWLYH
WR� WKH�GLIIHUHQFHV�EHWZHHQ� WKH�H[SHULPHQ�
WDO� FRQGLWLRQV� DV� WKH� H[SHULPHQW�SURFHHGV�
DQG�WKH�LQLWLDO�GLIIHUHQFH�LQ�UHVSRQVH�ODWHQ�
FLHV�PD\�GLPLQLVK��OHDGLQJ�WR�WKH�RSSRVLWH
VORSH�RI�ODWHQF\�FKDQJHV�LQ�RSSRVLWH�FRQGL�
WLRQV��,Q�VXFK�D�VLWXDWLRQ��WKH�UHDFWLRQ�WLPHV
DW�WKH�HQG�RI�WKH�VHVVLRQ�VKRXOG�EH�DSSUR[L�

PDWHO\� HTXDO� DW� WKH� EHJLQQLQJ� RI� WKH� VHV�
VLRQ��7KLV�ZDV� QRW� WKH� FDVH� LQ� WKH� FXUUHQW
H[SHULPHQW�� WKH� ODWHQF\� GLIIHUHQFHV� EH�
WZHHQ� WKH�FRQGLWLRQV�DUH�DERXW�DV� ODUJH� LQ
WKH�EHJLQQLQJ�RI�WKH�VHVVLRQ�DQG�DW�WKH�HQG�
EXW�LQ�WKH�RSSRVLWH�GLUHFWLRQV�
,Q�LQWHUSUHWLQJ�WKH�UHVXOWV�� WZR�DVSHFWV�RI

WKH� ILQGLQJV� DUH� RI� LQWHUHVW�� 2QH� LV� WKH
SHUIRUPDQFH� RI� SDUWLFLSDQWV� LQ� WKH� LQLWLDO
VWDJHV� RI� WKH� H[SHULPHQW�� WKH� RWKHU� LV� WKH
LQWHUDFWLRQ� EHWZHHQ� FRQGLWLRQ� DQG� WULDO
SODFHPHQW��7KH�UHVSRQVHV�LQ�WKH�HDUO\�WULDOV
RI� WKH� H[SHULPHQW� VXJJHVWHG� WKDW� WKH
PDWFKLQJ�VWUXFWXUH�FRQGLWLRQ�HOLFLWHG�VORZ�
HU� UHVSRQVHV� WKDQ� WKH� FRQGLWLRQ�ZLWK� QRQ�
PDWFKLQJ�VWUXFWXUHV�ZLWKLQ�D�VHQWHQFH�SDLU�
7KLV�LV�DQ�XQH[SHFWHG�UHVXOW�IURP�WKH�YLHZ�
SRLQW� RI� UHVHDUFK� RQ� V\QWDFWLF� SULPLQJ�� LI
V\QWDFWLF�SULPLQJ�RFFXUV��H[DFWO\�WKH�RSSR�
VLWH�SDWWHUQ�ZRXOG�EH�H[SHFWHG��$�IDLOXUH�WR
UHSOLFDWH� SULPLQJ� HIIHFWV� FRXOG� OHDG� WR� D
QXOO� ILQGLQJ��EXW� WKHUH� LV�QR�UHDVRQ�ZK\�LW
VKRXOG� OHDG� WR� IDFLOLWDWLRQ� LQ� WKH� QRQ�
PDWFKLQJ� VWUXFWXUH� FRQGLWLRQ�� 7KH� PRVW
OLNHO\�H[SODQDWLRQ�LV�WKDW�WKH�LQLWLDO�IDFLOLWD�
WLRQ�RI�QRQ�PDWFKLQJ�VWUXFWXUH�WULDOV�LV�QRW
GXH� WR� SULPLQJ� EXW� WR� GLVKDELWXDWLRQ� RU
QRYHOW\� SUHIHUHQFH�� 1RYHOW\� SUHIHUHQFH� LV
RIWHQ� HQFRXQWHUHG� LQ� H[SHULPHQWV� WHVWLQJ
\RXQJ� FKLOGUHQ
V� GLVFULPLQDWLRQ� EHWZHHQ
WZR� W\SHV� RI� VWLPXOL� �-XVF]\N�� �����
6SHONH�� ������� 7KH� WULDOV� LQ� WKH� FXUUHQW
H[SHULPHQW� FRQVLVWHG� RI� VHQWHQFH� SDLUV�
7KH�ILUVW�VHQWHQFH�LQ�D�SDLU�DSSHDUV�WR�ZRUN
DV�D�KDELWXDWLRQ�VWLPXOXV��DQG�WKH�VWUXFWXUDO
GLIIHUHQFH� EHWZHHQ� WKH� ILUVW� DQG� VHFRQG
VHQWHQFH� WKHQ� OHDGV� WR� GLVKDELWXDWLRQ� UH�
VXOWLQJ� LQ� LQFUHDVHG� DWWHQWLRQ� DQG� IDVWHU
UHVSRQVH� RQ� WKH� ILQDO� ZRUG� RI� WKH� VHFRQG
VHQWHQFH�
7KH� UHVSRQVHV� LQ� WKH� LQLWLDO� SDUW� RI� WKH

H[SHULPHQW�WKXV�DSSHDU�WR�EH�LQIOXHQFHG�E\
D�PHFKDQLVP�RWKHU�WKDQ�V\QWDFWLF�SULPLQJ�
6\QWDFWLF�SULPLQJ��KRZHYHU��LV�OLNHO\�WR�EH
UHVSRQVLEOH�IRU�WKH�LQWHUDFWLRQ�EHWZHHQ�WKH
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H[SHULPHQWDO� FRQGLWLRQV�� $SDUW� IURP� V\Q�
WDFWLF� SULPLQJ� HIIHFWV�� WKHUH� LV� QR� RWKHU
UHDVRQ� WR� H[SHFW� WKDW� WKH� LQFUHDVH� RU� GH�
FUHDVH� RI� UHDFWLRQ� WLPH� VKRXOG� EH� FRQWLQ�
JHQW� XSRQ� WKH� H[SHULPHQWDO� FRQGLWLRQ� LQ
WKLV� VWXG\�� 7KH� UHVXOWV� VXJJHVW� WKDW� WKH
HIIHFWV� RI� V\QWDFWLF� SULPLQJ� DSSHDU� DIWHU
UHSHDWHG� H[SRVXUH� WR� WKH� WDUJHW� VWUXFWXUH�
DQG�WKDW�WKH�HIIHFWV�RQ�VHQWHQFH�SURFHVVLQJ
DUH� FXPXODWLYH�� ,Q� WKH� PDWFKLQJ� VWUXFWXUH
FRQGLWLRQ�� WKH� LQFUHDVLQJ�VWUHQJWK�RI�SULP�
LQJ� RI� WKH� VWUXFWXUH� ZLWK� D� PRGDO� YHUE
OHDGV�WR�D�GHFUHDVH�LQ�UHDFWLRQ�WLPHV��ZKLOH
LQ� WKH� QRQ�PDWFKLQJ� VWUXFWXUH� FRQGLWLRQ�
WKH� PRGDO�OHVV� SULPH� VWUXFWXUHV� KDYH� DQ
LQFUHDVLQJO\� LQKLELWRU\� HIIHFW�� 6XFK� DQ
HIIHFW� KDV� QRW� \HW� EHHQ� GHPRQVWUDWHG� LQ
UHDFWLRQ�WLPH�VWXGLHV�EXW�LV�FRQVLVWHQW�ZLWK
RWKHU� ILQGLQJV� DQG� WKHRUHWLFDO� DFFRXQWV�� ,W
KDV� EHHQ� GHVFULEHG� SUHYLRXVO\� KRZ� UH�
SHDWHG� SUHVHQWDWLRQ� RI� SULPLQJ� VWLPXOL
LQFUHDVHV�WKH�VWUHQJWK�RI�VWUXFWXUDO�SULPLQJ
�.DVFKDN�HW�DO����������7KLV�LV�DOVR�FRQVLV�
WHQW� ZLWK� WKH� LPSOLFLW� OHDUQLQJ� WKHRU\� RI
V\QWDFWLF� SULPLQJ� �&KDQJ� HW� DO��� ������
DFFRUGLQJ� WR� ZKLFK� WKH� SKHQRPHQRQ� LV� D
PDQLIHVWDWLRQ� RI� OHDUQLQJ� PHFKDQLVPV
UHVSRQVLEOH�IRU�WKH�DFTXLVLWLRQ�RI�VWUXFWXUDO
UHODWLRQVKLSV�LQ�ODQJXDJH�
7R� VXPPDUL]H�� WKH� UHVXOWV� LQGLFDWH� WKDW

��\HDU�ROG� FKLOGUHQ� GLVFULPLQDWH� EHWZHHQ
VHQWHQFHV� ZLWK� GLIIHUHQW� V\QWDFWLF� VWUXF�
WXUHV�� HYHQ� LQ� WKH� DEVHQFH� RI� OH[LFDO� RU
VHPDQWLF� RYHUODS� EHWZHHQ� WKH� FRQWUDVWLQJ
VHQWHQFHV�� 7KH� GLVFULPLQDWLRQ� DSSHDUV� WR
EH� PDQLIHVWHG� E\� WZR� VHSDUDWH� PHFKD�
QLVPV��KDELWXDWLRQ�DQG�V\QWDFWLF�SULPLQJ�
7KH� VWXG\�SUHVHQWHG�KHUH�EHQHILWHG� IURP

WKH�XVH�RI�PXOWLOHYHO�PRGHOLQJ�DQDO\VLV� LQ
VHYHUDO� UHVSHFWV�� 2QH� ZDV� WKH� DELOLW\� WR
LQFOXGH�D�FRQWLQXRXV� LQGHSHQGHQW�YDULDEOH
DQG� HYDOXDWH� LWV� LQWHUDFWLRQV� ZLWK� WKH� H[�
SHULPHQWDO�FRQGLWLRQ��7KLV�PDGH�LW�SRVVLEOH
WR�GHWHFW�DQ�HIIHFW�RI�V\QWDFWLF�SULPLQJ�WKDW
LV� QRW� DSSDUHQW� ZKHQ� FRPSDULQJ� RYHUDOO

PHDQV� LQ� HDFK� FRQGLWLRQ�� (VWLPDWLRQ� RI
VXEMHFW�UDQGRP�HIIHFWV�DQG�VXEMHFW�VSHFLILF
HUURU� YDULDQFH� FRQWULEXWHG� WR� DQ� HIILFLHQW
GHWHFWLRQ� RI� SRWHQWLDO� RXWOLHUV�� 7KH� VWXG\
GHPRQVWUDWHG�WKDW�PXOWLOHYHO�PRGHOLQJ�LV�D
IOH[LEOH�WRRO�IRU�WKH�DQDO\VLV�RI�H[SHULPHQ�
WDO�GDWD�
5HFHLYHG�0DUFK���������

5()(5(1&(6
%2&.��.���������6\QWDFWLF�SHUVLVWHQFH�LQ�ODQJXDJH

SURGXFWLRQ��&RJQLWLYH�3V\FKRORJ\�����������������
%2&.��.���������&ORVHG�FODVV� LPPDQHQFH� LQ�VHQ�

WHQFH�SURGXFWLRQ��&RJQLWLRQ�����������������
%2&.�� .��� /2(%(//�� +��� ������ )UDPLQJ� VHQ�

WHQFHV��&RJQLWLRQ��������������
%2&.�� .��� /2(%(//�� +��� 025(<�� 5��� �����

)URP�FRQFHSWXDO� UROHV� WR�VWUXFWXUDO� UHODWLRQV��%ULGJ�
LQJ� WKH�V\QWDFWLF�FOHIW��3V\FKRORJLFDO�5HYLHZ��������
��������
%5$1,*$1�� +�3��� 3,&.(5,1*�� 0�-��� &/(�

/$1'�� $�$��� ������ 6\QWDFWLF� SULPLQJ� LQ� ZULWWHQ
SURGXFWLRQ��(YLGHQFH� IRU� UDSLG� GHFD\��3V\FKRQRPLF
%XOOHWLQ�	�5HYLHZ����������������
%5$1,*$1�� +�3��� 3,&.(5,1*�� 0�-��� 67(�

:$57��$�-���0F/($1�� -�)��� ������ 6\QWDFWLF� SULP�
LQJ� LQ� VSRNHQ� SURGXFWLRQ�� /LQJXLVWLF� DQG� WHPSRUDO
LQWHUIHUHQFH�� 0HPRU\� 	� &RJQLWLRQ�� ���� ��
����������
%5<.�� � $�6��� �5$8'(1%86+�� �6�:��� ������

+LHUDUFKLFDO� OLQHDU� PRGHOV�� $SSOLFDWLRQV� DQG� GDWD
DQDO\VLV�PHWKRGV��1HZEXU\�3DUN��&$��6DJH�3XEOLFD�
WLRQV�
&+$1*�� )��� '(//�� *�6��� %2&.�� .��� ������ %H�

FRPLQJ� V\QWDFWLF�� 3V\FKRORJLFDO� 5HYLHZ�� ����� ��
��������
&+$1*�� )��� '(//�� *�6��� %2&.�� .��� *5,)),1�

=�0��� ������ 6WUXFWXUDO� SULPLQJ� DV� LPSOLFLW� OHDUQLQJ�
$� FRPSDULVRQ� RI� PRGHOV� RI� VHQWHQFH� SURGXFWLRQ�
-RXUQDO� RI� 3V\FKROLQJXLVWLF� 5HVHDUFK�� ���� ��
��������
&/$5.(��*�0���������6WDWLVWLFV�DQG�H[SHULPHQWDO

GHVLJQ��/RQGRQ��(GZDUG�$UQROG�3XEOLVKHUV�
&2+(1�� -��� ������ 7KH� FRVW� RI� GLFKRWRPL]DWLRQ�

$SSOLHG�3V\FKRORJLFDO�0HDVXUHPHQW����������������
&25/(<�� 0��� 6&+((3(56�� &��� ������ 6\QWDFWLF

SULPLQJ�LQ�(QJOLVK�VHQWHQFH�SURGXFWLRQ��&DWHJRULFDO
DQG� ODWHQF\� HYLGHQFH� IURP� DQ� ,QWHUQHW�EDVHG� VWXG\�
3V\FKRQRPLF�%XOOHWLQ�	�5HYLHZ����������������
(67,9$/��'���������6\QWDFWLF�SULPLQJ�RI�WKH�SDV�

VLYH�LQ�(QJOLVK��7H[W����������

��� 678',$�36<&+2/2*,&$�������������



)2567(5�� .�/��� )2567(5�� -�&��� ������ '0';�
$�ZLQGRZV�GLVSOD\�SURJUDP�ZLWK�PLOOLVHFRQG�DFFX�
UDF\��%HKDYLRU� 5HVHDUFK�0HWKRGV�� ,QVWUXPHQWV� DQG
&RPSXWHUV�����������������
)2;�75((��-�(���0(,-(5��3�-�$���������%XLOGLQJ

V\QWDFWLF�VWUXFWXUH�LQ�VSHDNLQJ��-RXUQDO�RI�3V\FKROLQ�
JXLVWLF�5HVHDUFK���������������
+$$50$11��+�-���.2/.��+�+�-���������2Q�OLQH

VHQVLWLYLW\� WR� VXEMHFW�YHUE� DJUHHPHQW� YLRODWLRQV� LQ
%URFD
V� DSKDVLFV�� 7KH� UROH� RI� V\QWDFWLF� FRPSOH[LW\
DQG�WLPH��%UDLQ�DQG�/DQJXDJH�����������������
+$5768,.(5��5�-���.2/.��+�+�-���������6\QWDF�

WLF�SHUVLVWHQFH� LQ�'XWFK��/DQJXDJH�DQG�6SHHFK�� ���
�����������
+2))0$1�� /��� 529,1(��0�-��� ������0XOWLOHYHO

PRGHOV� IRU� WKH� H[SHULPHQWDO� SV\FKRORJLVW�� )RXQGD�
WLRQV� DQG� LOOXVWUDWLYH� H[DPSOHV��%HKDYLRU� 5HVHDUFK
0HWKRGV�����������������
-86&=<.��3�:���������7KH�KLJK�DPSOLWXGH� VXFN�

LQJ� WHFKQLTXH� DV� D� PHWKRGRORJLFDO� WRRO� LQ� VSHHFK
SHUFHSWLRQ�UHVHDUFK��,Q��1�$��.UDVQHJRU��*��*RWWOLHE
�(GV����0HDVXUHPHQW� RI� DXGLWLRQ� DQG� YLVLRQ� LQ� WKH
ILUVW� \HDU� RI� SRVWQDWDO� OLIH�� $� PHWKRGRORJLFDO� RYHU�
YLHZ��SS������������:HVWSRUW��&7��$EOH[�3XEOLVKLQJ�
.$6&+$.��0�3���/21(<��5�$���%255(**,1(�

.�/���������5HFHQW�H[SHULHQFH�DIIHFWV�WKH�VWUHQJWK�RI
VWUXFWXUDO�SULPLQJ��&RJQLWLRQ���������%���%���
/(9(/7�� :�-�0��� .(/7(5�� 6��� ������ 6XUIDFH

IRUP� DQG�PHPRU\� LQ� TXHVWLRQ� DQVZHULQJ��&RJQLWLYH
3V\FKRORJ\����������������
0DF&$//80�� 5�&��� =+$1*�� 6��� 35($&+(5�

.�-��� 58&.(5�� '�'��� ������ 2Q� WKH� SUDFWLFH� RI� GL�
FKRWRPL]DWLRQ�RI�TXDQWLWDWLYH�YDULDEOHV��3V\FKRORJL�
FDO�0HWKRGV��������������
1233(1(<�� 8��� 35,&(�� &�-��� ������ $Q� I05,

VWXG\� RI� V\QWDFWLF� DGDSWDWLRQ��-RXUQDO� RI� &RJQLWLYH
1HXURVFLHQFH�����������������
3,&.(5,1*��0�-���%5$1,*$1��+�3��� ������7KH

UHSUHVHQWDWLRQ� RI� YHUEV�� (YLGHQFH� IURP� V\QWDFWLF
SULPLQJ�LQ�ODQJXDJH�SURGXFWLRQ��-RXUQDO�RI�0HPRU\
DQG�/DQJXDJH�����������������

3,&.(5,1*�� 0�-��� %5$1,*$1�� +�3��� &/(�
/$1'��$�$���67(:$57��$�-���������$FWLYDWLRQ�RI
V\QWDFWLF� LQIRUPDWLRQ� GXULQJ� ODQJXDJH� SURGXFWLRQ�
-RXUQDO� RI� 3V\FKROLQJXLVWLF� 5HVHDUFK�� ���� ��
��������
3,1+(,52�� -�&��� %$7(6�� '�0��� ������ 0L[HG�

HIIHFWV�PRGHOV�LQ�6�DQG�6�3/86��1HZ�<RUN��6SULQJ�
HU�
3,1+(,52�� -��� %$7(6�� '��� 'HE52<�� 6��� 6$5�

.$5��'���������5�&RUH�WHDP��QOPH��/LQHDU�DQG�1RQ�
OLQHDU�0L[HG�(IIHFWV�0RGHOV�
3277(5��0�&���/20%$5',��/���������6\QWDFWLF

SULPLQJ�LQ�LPPHGLDWH�UHFDOO�RI�VHQWHQFHV��-RXUQDO�RI
0HPRU\�DQG�/DQJXDJH�����������������
5�GHYHORSPHQW�FRUH�WHDP��������5��SURJUDPPDEOH

HQYLURQPHQW� IRU� VWDWLVWLFDO� FRPSXWLQJ��� 5HWULHYHG
IURP�KWWS���FUDQ�U�SURMHFW�RUJ�
5$7&/,))�� 5��� ������ 0HWKRGV� IRU� GHDOLQJ� ZLWK

UHDFWLRQ�WLPH�RXWOLHUV��3V\FKRORJLFDO�%XOOHWLQ���������
��������
6&+((3(56��&���������6\QWDFWLF�SULPLQJ�RI�UHOD�

WLYH� FODXVH� DWWDFKPHQWV�� 3HUVLVWHQFH� RI� VWUXFWXUDO
FRQILJXUDWLRQ�LQ�VHQWHQFH�SURGXFWLRQ��&RJQLWLRQ�����
�����������
60,7+�� 0��� :+((/'21�� /��� ������ 6\QWDFWLF

SULPLQJ� LQ� VSRNHQ� VHQWHQFH� SURGXFWLRQ� �� DQ� RQOLQH
VWXG\��&RJQLWLRQ�����������������
63(/.(��(�6���������3UHIHUHQWLDO�ORRNLQJ�PHWKRGV

DV� WRROV� IRU� WKH� VWXG\� RI� FRJQLWLRQ� LQ� LQIDQF\�� ,Q�
1�$��.UDVQHJRU��*��*RWWOLHE��(GV����0HDVXUHPHQW�RI
DXGLWLRQ�DQG�YLVLRQ�LQ�WKH�ILUVW�\HDU�RI�SRVWQDWDO�OLIH�
$�PHWKRGRORJLFDO�RYHUYLHZ��SS������������:HVWSRUW�
&7��$EOH[�3XEOLVKLQJ�
7</(5��/�.���0$56/(1�:,/621��:�'��������

&KLOGUHQ
V�SURFHVVLQJ�RI�VSRNHQ�ODQJXDJH��-RXUQDO�RI
9HUEDO� /HDUQLQJ� DQG� 9HUEDO� %HKDYLRU�� ���� ��
��������
9$1�6(/67��0���-2/,&2(85��3���������$�VROX�

WLRQ� WR� WKH� HIIHFW�RI� VDPSOH� VL]H�RQ�RXWOLHU� HOLPLQD�
WLRQ��4XDUWHUO\�-RXUQDO�RI�([SHULPHQWDO�3V\FKRORJ\�
$����������������

678',$�36<&+2/2*,&$������������� ���

$33(1',;
6HQWHQFH�SDLUV�XVHG�DV�VWLPXOL��DORQJ�ZLWK�WKH�QXPEHUV�RI�WULDOV�WKDW�XVHG�WKH�VHQWHQFH

SDLU� LQ� WKH�PDWFKLQJ��ILUVW�QXPEHU��DQG�QRQ�PDWFKLQJ��VHFRQG�QXPEHU��VWUXFWXUH�FRQGL�
WLRQ�
���7KH�ZRPDQ�FDQ�IL[�KHU�FDU��7KH�FXS�ZRXOG�KROG�WKH�VDOW������
���7KH�WHDFKHU�FRXOG�FORVH�WKH�ERRN��7KH�JUDQGPD�FDQ�ZULWH�KHU�QDPH�������
���6XSHUPDQ�ZRXOG�ZDWFK�WKH�WUDLQ��7KH�IULHQG�ZLOO�FDOO�KHU�KRPH������

$SSHQGL[�FRQWLQXHV



��� 678',$�36<&+2/2*,&$�������������

$SSHQGL[��FRQWLQXHG�
���7KH�FDW�ZLOO�XVH�KHU�QRVH��7KH�GDG�FRXOG�ZHDU�WKH�SDQWV�������
���7KH�ILQJHU�FDQ�WRXFK�WKH�ZLUH��7KH�FRZ�ZLOO�MXPS�WKH�KROH������
���7KH�SLJ�ZLOO�SXVK�WKH�GRRU��7KH�EDE\�ZRXOG�VHH�KHU�VKRH������
���7KH�ERDW�ZRXOG�FDWFK�WKH�ILVK��7KH�EHDU�FRXOG�OLNH�KLV�GHQ�������
���7KH�PDFKLQH�FRXOG�PDNH�WKH�IRRG��7KH�ELUG�FDQ�SLFN�WKH�ULFH�������
���7KH�ILUH�FDQ�EXUQ�WKH�VKLUW��7KH�JX\�ZLOO�SDLQW�WKH�ZDOO�������
����7KH�VRDS�FRXOG�FOHDQ�WKH�WR\��7KH�EXV�ZRXOG�FDUU\�WKH�EDJ�������
����7KH�KDQG�ZLOO�GURS�WKH�IRUN��7KH�KRUVH�FRXOG�HDW�WKH�FRUQ�������
����7KH�PRXVH�ZRXOG�WDVWH�WKH�FKHHVH��7KH�JLUO�FDQ�VZLQJ�WKH�VWLFN�������

328p,7®�60®l(1¾&+�5(*5(61®&+�02'(/º�
352�$1$/¾=8�(;3(5,0(17¢/1®&+�'$7��

.808/$7,91®�()(.7<�6758.7851®+2�35,0,1*8�8�'7®
)���6�P�R�O�Î�N

6RXKUQ��6PÎ{HQÊ� UHJUHVQÎ�PRGHO\� �]QÂPÊ� WÊ�� MDNR�YÎFHÛURYÓRYÊ�PRGHO\��SÙHGVWDYXMÎ� IOH[LELOQÎ
DOWHUQDWLYX�NH�WUDGLÉQÎ�DQDOÞ]H�RSÎUDMÎFÎ�VH�R�IDNWRULÂOQÎ�DQDOÞ]X�UR]SW\OX�SUR�RSDNRYDQÂ�PÍÙHQÎ�
7HQWR� ÉOÂQHN� SRSLVXMH� SV\FKROLQJYLVWLFNÞ� H[SHULPHQW� D� GHWDLOQÍ� Y\VYÍWOXMH� SRVWXS� DQDOÞ]\� GDW
]ÎVNDQÞFK� Y� WRPWR� H[SHULPHQWX�� SÙLÉHP�� GHPRQVWUXMH� Y\X�LWÎ� VPÎ{HQÞFK� PRGHOÚ� SÙL� DQDOÞ]H
H[SHULPHQWX� V� NDWHJRULÂOQÎPL� D� NRQWLQXÂOQÎPL� SUHGLNWRU\�� 'HPRQVWUXMH� URYQÍ�� ]DKUQXWÎ� NRP�
SOH[QÎFK�SÙHGSRNODGÚ�R�YODVWQRVWHFK�FK\ERYÊ�YDULDQFH�Y�H[SHULPHQWX�GR�DQDOÞ]\��6DPRWQÞ�H[�
SHULPHQW�]NRXPDO�HIHNW\�VWUXNWXUQÎKR�SULPLQJX�QD�UHDNÉQÎ�ÉDV�Y�ÛOR]H�PRQLWRURYÂQÎ�VORY��©W\Ù��D
SÍWLOHWÊ�GÍWL� VO\{HO\�GYRMLFH�YÍW�� MHMLFK��JUDPDWLFNÊ� VWUXNWXU\� VH� VKRGRYDO\�QHER�E\O\� UR]GÎOQÊ�
'ÍWL�PÍO\�]D�ÛNRO�VWLVNQRXW�WODÉÎWNR�SR�LGHQWLILNDFL�SÙHGHP�]DGDQÊKR�VORYD��NWHUÊ�VH�REMHYRYDOR
QD�NRQFL�GUXKÊ�YÍW\��$QDOÞ]D�SRPRFÎ�VPÎ{HQÞFK�PRGHOÚ�XNÂ]DOD�VWDWLVWLFN\�YÞ]QDPQRX�LQWHUDNFL
PH]L� H[SHULPHQWÂOQÎ� SRGPÎQNRX� D� SR]LFÎ� SROR�N\� Y� H[SHULPHQWX�� 9� SROR�NÂFK� VH� VKRGQÞPL
VWUXNWXUDPL�GRFKÂ]HOR�N�SRVWXSQÊPX�SRNOHVX�UHDNÉQÎFK�ÉDVÚ��]DWÎPFR�Y�SROR�NÂFK�V�UR]GÎOQÞPL
VWUXNWXUDPL�YÍW� VH� UHDNÉQÎ� ÉDV\�SURGOX�RYDO\��$QDOÞ]D�GHPRQVWUXMH�� MDN� O]H� VPÎ{HQÞFK�PRGHOÚ
SRX�ÎW�N�LGHQWLILNDFL�]PÍQ\�Y�RGSRYÍGÎFK�SRNXVQÞFK�RVRE�Y�SUÚEÍKX�H[SHULPHQWX�
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