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ƚƌĂŶƐĨĞƌĂďůĞ�ĐƵƌƌŝĐƵůĂ͘ 

/EdZK�h�d/KE 
7KH� SURPLVH� RI� QHXURVFLHQFH� WR� VXSSRUW� HGXFDWLRQ� UHPDLQV�
WKHRUHWLFDOO\� LQWULJXLQJ� EXW� HPSLULFDOO\� XQGHUGHYHORSHG� ��±����$�
FHQWUDO�TXHVWLRQ�LV�ZKHWKHU�EUDLQ�LPDJLQJ�FDQ�LPSURYH�WUDGLWLRQDO�
SHUIRUPDQFH�EDVHG�PHDQV�RI�DVVHVVLQJ�WHDFKLQJ�DQG�OHDUQLQJ��0RUH�
DFFXUDWH� SUHGLFWLRQ� RI� OHDUQLQJ� WUDQVIHU� �L�H��� SUHGLFWLQJ� ZKHQ�
OHDUQLQJ� D� FXUULFXOXP�ZLOO� JHQHUDOL]H� WR� XQWUDLQHG� VNLOO� GRPDLQV��
ZRXOG� EH� HVSHFLDOO\� YDOXDEOH� EHFDXVH� WUDQVIHUDELOLW\� LV� RIWHQ�
GLIILFXOW�WR�FDSWXUH�ZLWK�WUDGLWLRQDO�DVVHVVPHQWV������2WKHU�TXHVWLRQV�
FRQFHUQ�WKH�SRWHQWLDO�RI�QHXURVFLHQFH�WR�DFKLHYH�EURDG�LPSDFWV�IRU�
HGXFDWLRQ�JLYHQ�WKH�LPSUDFWLFDOLW\�RI�ODUJH�VFDOH�QHXURLPDJLQJ��ZH�
FDQQRW�VFDQ�HYHU\�VWXGHQW¶V�EUDLQ���7KLV�OLPLWDWLRQ�PD\�FRQVWUDLQ�WKH�
LPSDFWV� RI� DSSURDFKHV� LQWHQGHG� WR� DVVHVV� LQGLYLGXDO� VWXGHQWV¶�
OHDUQLQJ�RU� LQGLYLGXDO�DELOLWLHV� DQG�QHHGV��+RZHYHU��UHVHDUFK�WKDW�

FDQ�DOVR�VXSSRUW�WKH�GHVLJQ�DQG�LPSURYHPHQW�RI�FXUULFXOD��DVVHVVLQJ�
WKH�FXUULFXOXP�UDWKHU�WKDQ�WKH�VWXGHQW��PLJKW�DFKLHYH�EURDG�LPSDFWV�

IURP�UHODWLYHO\�VPDOO��VFDOH�LPSOHPHQWDWLRQV�EHFDXVH�FXUULFXOD�WKDW�
DUH�GHYHORSHG�DW�VPDOO�� ORFDO�VFDOHV�FDQ�EH�DSSOLHG�EURDGO\���±����
7KXV�� GHWHUPLQLQJ� ZKHWKHU� QHXUDO� FKDQJHV� WKDW� DFFRPSDQ\�
FXUULFXOXP� OHDUQLQJ� FDQ� EH� OHYHUDJHG� WR� HYDOXDWH� WKH� HIILFDF\� RI�
FXUULFXOD��H�J���XVLQJ�QHXUDO�FKDQJHV�WR�KHOS�LGHQWLI\�FXUULFXOD�WKDW�
LPSDUW�WUDQVIHUDEOH�OHDUQLQJ��KDV�WKH�SRWHQWLDO�IRU�EURDG�LPSDFWV� 

$� ORQJHU�VWDQGLQJ� TXHVWLRQ� LQ� SKLORVRSK\� DQG� SV\FKRORJ\�
FRQFHUQV� WKH� H[WHQW� WR� ZKLFK� VSDWLDO� FRJQLWLYH� SURFHVVHV� PLJKW�
FRYHUWO\�XQGHUOLH�VHHPLQJO\�YHUEDO�IRUPV�RI�KXPDQ�FRJQLWLRQ���������
0HQWDO� PRGHO� WKHRU\� �007�� SRVLWV� WKDW� RVWHQVLEO\� YHUEDO�
LQIRUPDWLRQ�LV�SURFHVVHG�E\�FR�RSWHG�QHXUDO�UHVRXUFHV�WKDW�HYROYHG�
WR� VXSSRUW� YLVXRVSDWLDO� RSHUDWLRQV� LQ� SULPDWHV� ���� ����� ,I� WKLV� LV�
FRUUHFW�� WKHQ� IRVWHULQJ� VSDWLDO� SURFHVVLQJ� FRXOG� \LHOG� WUDQVIHU� WR�
LPSURYHG� SHUIRUPDQFH� EH\RQG� WKH� VSDWLDO� GRPDLQ�� 007�
VSHFLILFDOO\�SRVLWV�WKDW�WKH�VSDWLDO�SURFHVV�RI�³VFDQQLQJ�´�LQVSHFWLQJ�
VSDWLDO� UHSUHVHQWDWLRQV� RI� LQIRUPDWLRQ� IRU� NH\� IHDWXUHV�� VXSSRUWV�
PHQWDO� PRGHO±EDVHG� UHDVRQLQJ� �H�J��� VFDQQLQJ� VSDWLDO�
UHSUHVHQWDWLRQV�RI�YHUEDO�UHDVRQLQJ�SUHPLVHV�WR�GHWHUPLQH�ZKHWKHU�
WKH\�DOLJQ�WR�YDOLGDWH�D�ORJLFDO�FRQFOXVLRQ��������7KLV� OHDGV�WR� WKH�
HGXFDWLRQDO� K\SRWKHVLV� WKDW� FXUULFXOD� GHVLJQHG� WR� IRVWHU� VSDWLDO�
FRJQLWLRQ��HVSHFLDOO\�FXUULFXOD�WKDW�GHYHORS�VSDWLDO�VFDQQLQJ�DELOLW\��
PLJKW� \LHOG� WUDQVIHU� WR� FRJQLWLYH� DELOLWLHV� VXSSRUWHG� E\� PHQWDO�
PRGHOLQJ�EH\RQG� WKH� VSDWLDO�GRPDLQ�� HVSHFLDOO\�YHUEDO�UHDVRQLQJ��
%HKDYLRUDO� DQG� QHXURLPDJLQJ� HYLGHQFH� LQGLFDWHV� WKDW� YHUEDO�
GHGXFWLYH�UHDVRQLQJ�RIWHQ�HOLFLWV�VSDWLDO�UHSUHVHQWDWLRQV�DQG�HQJDJHV�
VSDWLDOO\� LPSOLFDWHG� EUDLQ� UHJLRQV� >HVSHFLDOO\� SRVWHULRU� SDULHWDO�
FRUWH[� �33&�@� ���±����� +RZHYHU�� EH\RQG� WKH� ELQDU\� TXHVWLRQ� RI�
ZKHWKHU� VSDWLDO� UHVRXUFHV� DUH� HQJDJHG�� 007� VXJJHVWV� WKDW�
HGXFDWLRQDO� LPSURYHPHQW� LV� OLNHO\� WR� GHSHQG� RQ� GHYHORSLQJ� WKH�
HIIHFWLYHQHVV� RI� WKHVH� UHVRXUFHV� �L�H��� EHKDYLRUDO� DQG� QHXUDO�
LQGLFDWRUV�RI�LPSURYHG�VSDWLDO�SURFHVVLQJ��DQG�WKHLU�LQWHJUDWLRQ�ZLWK�
³H[HFXWLYH´� UHVRXUFHV� WKDW� JXLGH� UHDVRQLQJ� >H�J��� IXQFWLRQDO�
FRQQHFWLYLW\� RI� 33&� WR� GRUVRODWHUDO� SUHIURQWDO� FRUWH[� �'/3)&��
GXULQJ�UHDVRQLQJ@��������±���� 

7KHVH�EURDGHU�TXHVWLRQV�LQIRUP�D�WLPHO\�GHFLVLRQ�IRU�HGXFDWRUV�
DQG� SROLF\�PDNHUV�� SDUWLFXODUO\� LQ� 67(0� �VFLHQFH�� WHFKQRORJ\��
HQJLQHHULQJ��DQG�PDWKHPDWLFV���FRQFHUQLQJ�ZKHWKHU�VFKRROV�VKRXOG�
DGRSW� ³VSDWLDO� HGXFDWLRQ´� �L�H��� FODVVURRP� FXUULFXOD� GHYLVHG� WR�
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dƌĂŶƐĨĞƌ� ĨƌŽŵ� ƐƉĂƟĂů� ĞĚƵĐĂƟŽŶ� ƚŽ� ǀĞƌďĂů� ƌĞĂƐŽŶŝŶŐ�
ĂŶĚ� ƉƌĞĚŝĐƟŽŶ� ŽĨ� ƚƌĂŶƐĨĞƌ� ĨƌŽŵ� ůĞĂƌŶŝŶŐͲƌĞůĂƚĞĚ��
ŶĞƵƌĂů�ĐŚĂŶŐĞ 
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WƌŽŐƌĂŵ�ŝŶ�EĞƵƌŽƐĐŝĞŶĐĞ͕�'ĞŽƌŐĞƚŽǁŶ�hŶŝǀĞƌƐŝƚǇ͕ ���͕�h^�͘ 
Ύ�ŽƌƌĞƐƉŽŶĚŝŶŐ� ĂƵƚŚŽƌ͘ � �ŵĂŝů͗� ƌĂĐϭϭϰΛŐĞŽƌŐĞƚŽǁŶ͘ĞĚƵ� ;Z͘�͘�͘Ϳ͖�
ĂĞŐϱϴΛŐĞŽƌŐĞƚŽǁŶ͘�ĞĚƵ�;�͘�͘'͘Ϳ 
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LQWHJUDWH�YLVXDOL]DWLRQ�WRROV�DQG�VSDWLDO�SUREOHP�VROYLQJ�VWUDWHJLHV�
WR�GHYHORS�VSDWLDO�WKLQNLQJ�DELOLWLHV������������,QGLYLGXDO�GLIIHUHQFHV�
LQ� VSDWLDO� DELOLW\� UREXVWO\� SUHGLFW� 67(0� DFKLHYHPHQW� ���±�����
KRZHYHU�� LPSOHPHQWDWLRQV�RI� FXUULFXOD�GHVLJQHG� WR�EROVWHU�VSDWLDO�
DELOLW\� UHPDLQ� UDUH� LQ� UHDO�ZRUOG� FODVVURRPV� ����� ���� ����� 7KLV�
VFDUFLW\�RI� VFKRRO�EDVHG�VSDWLDO� HGXFDWLRQ�KDV�PDGH� LW� GLIILFXOW� WR�
VWXG\� RXWFRPHV�� 5HSRUWV� IURP� WKH� 1DWLRQDO� 5HVHDUFK� &RXQFLO�
�15&�� ������ WKH� 2UJDQLVDWLRQ� IRU� (FRQRPLF� &RRSHUDWLRQ� DQG�
'HYHORSPHQW� �2(&'�� ������ DQG� $PHULFDQ� (QWHUSULVH� ,QVWLWXWH�
�$(,�� ������ LQGLFDWH� WKDW�� GHVSLWH� JUHDW� WKHRUHWLFDO� SURPLVH� WR�
VXSSRUW� 67(0� DFKLHYHPHQW�� ZLGHU� LQ�VFKRRO� DGRSWLRQ� RI� VSDWLDO�
HGXFDWLRQ�LV�OLNHO\�WR�GHSHQG�RQ�HPSLULFDOO\�GHPRQVWUDWLQJ�HIILFDF\�
DQG� PHFKDQLVPV� RI� FKDQJH� IRU� VSDWLDO� FXUULFXOD� LPSOHPHQWHG� LQ�
UHDO�ZRUOG�FODVVURRP�VHWWLQJV� 

+HUH�� ZH� LQYHVWLJDWHG� D� FXUULFXOXP� GHYLVHG� WR� IRVWHU� VSDWLDO�
FRJQLWLRQ� LQ�UHDO�ZRUOG�KLJK� VFKRRO�67(0�FODVVURRPV�DQG� WHVWHG�
QHDU��DQG�IDU�WUDQVIHU�K\SRWKHVHV��:H�ILUVW�WHVWHG�WKH�K\SRWKHVHV�WKDW�
WKH�VSDWLDO�FXUULFXOXP�ZRXOG�\LHOG�QHDU�WUDQVIHU�WR�LPSURYHG�VSDWLDO�
VFDQQLQJ�DQG�PHQWDO� URWDWLRQ�DELOLWLHV� DQG�IDU� WUDQVIHU�EH\RQG� WKH�
VSDWLDO�GRPDLQ�WR�YHUEDO� UHDVRQLQJ��7R�IXUWKHU� WHVW� WKH�K\SRWKHVLV�
WKDW�LPSURYHG�VSDWLDO�DELOLW\�DFFRXQWHG�IRU�LPSURYHG�YHUEDO�DELOLW\�
�DV� SURSRVHG� LQ� 007��� ZH� LQYHVWLJDWHG� ZKHWKHU� WKH� DPRXQW� RI�
LPSURYHPHQW�LQ�VSDWLDO�DELOLW\�SUHGLFWHG�WKH�DPRXQW�RI�LPSURYHPHQW�
LQ� YHUEDO� UHDVRQLQJ� DQG� ZKHWKHU� LPSURYHPHQW� LQ� VSDWLDO� DELOLW\�
PHGLDWHG�LPSURYHPHQW�LQ�YHUEDO�UHDVRQLQJ� 

$W� WKH� QHXUDO� OHYHO�� ZH� XVHG� ORQJLWXGLQDO� IXQFWLRQDO�PDJQHWLF�
UHVRQDQFH� LPDJLQJ� �I05,�� LQ� FRQMXQFWLRQ� ZLWK� WKH� VSDWLDO�
FXUULFXOXP�ZLWK�D� SULPDU\� JRDO� RI� WHVWLQJ�ZKHWKHU� QHXUDO� FKDQJH�
FRXOG� SUHGLFW� VSDWLDO�WR�YHUEDO� WUDQVIHU� EHWWHU� WKDQ� WUDGLWLRQDO�
SHUIRUPDQFH�EDVHG� OHDUQLQJ� DVVHVVPHQWV�� /HDUQLQJ� LV�
IXQGDPHQWDOO\� D� FKDQJH�� VR� EUDLQEDVHG� DVVHVVPHQW� RI� OHDUQLQJ�
UHTXLUHV�PHDVXUHPHQW� DW�PRUH� WKDQ� RQH� WLPH� SRLQW�� /RQJLWXGLQDO�
QHXURLPDJLQJ� LV� IUHTXHQWO\� XVHG� WR� VWXG\� OHDUQLQJ� LQ� ODERUDWRU\�
FRQWH[WV�EXW� LV�SDLUHG�ZLWK�ODERUDWRU\��EDVHG�LQWHUYHQWLRQV�DQG�RU�
LQWHQVLYH�WUDLQLQJ��UDWKHU� WKDQ�HFRORJLFDOO\�YDOLG�.����FXUULFXOD� LQ�
UHDO�ZRUOG� FODVVURRPV�� %\� FRQWUDVW�� LQ�VFKRRO� QHXURLPDJLQJ�
UHVHDUFK�KDV�RIWHQ�XVHG�VLQJOH� WLPH�SRLQWV�RI�QHXUDO�PHDVXUHPHQW�
�H�J���EHIRUH�RU�DIWHU�D�FXUULFXOXP���3DLULQJ�ORQJLWXGLQDO�I05,�ZLWK�
WKH�VSDWLDO�FXUULFXOXP�LQ�WKH�SUHVHQW�VWXG\��DV�DQ�LQ�VFKRRO�OHDUQLQJ�
LQWHUYHQWLRQ�� HQDEOHG� LQYHVWLJDWLRQ� RI� OHDUQLQJ� LQ� WHUPV� RI�
H[SHULPHQWDO� LQWHUYHQWLRQ�UHODWHG� FKDQJH� HIIHFWV� UDWKHU� WKDQ� WKH�
PRUH�SXUHO\�GHVFULSWLYH�REVHUYDWLRQV�WKDW�DUH�DYDLODEOH�DW�D�VLQJOH�
WLPH� SRLQW�� :H� ILUVW� LQYHVWLJDWHG� FXUULFXOXP�UHODWHG� FKDQJHV� LQ�
QHXUDO�DFWLYLW\��FRQQHFWLYLW\��DQG�UHSUHVHQWDWLRQDO�VLPLODULW\�LQ�EUDLQ�
UHJLRQV� LPSOLFDWHG� LQ� VSDWLDO� FRJQLWLRQ�� :H� WKHQ� LQYHVWLJDWHG�
ZKHWKHU� WKHVH�QHXUDO�FKDQJHV�ZHUH�DVVRFLDWHG�ZLWK�LPSURYHPHQWV�
LQ� YHUEDO� UHDVRQLQJ� DQG� VSDWLDO� VFDQQLQJ� DQG�� LI� VR��ZKHWKHU� WKH\�
PHGLDWHG� WUDQVIHU� IURP� WKH� FXUULFXOXP� WR� WKHVH� DELOLWLHV�� )RU�
H[DPSOH��RQ�WKH�EDVLV�RI�WKH�007�FODLP�WKDW�UHDVRQLQJ�LV�VXSSRUWHG�
E\� WKH� LQWHJUDWLRQ� RI� VSDWLDO� QHXUDO� UHVRXUFHV� ZLWK� H[HFXWLYH�
IXQFWLRQ�UHVRXUFHV��������±�����ZH�WHVWHG�ZKHWKHU�LPSURYHPHQW�RQ�
YHUEDO� UHDVRQLQJ� LQ� WKH� VSDWLDO� FXUULFXOXP� ZDV� DVVRFLDWHG� ZLWK�
LQFUHDVHG� IXQFWLRQDO� FRQQHFWLYLW\� RI� VSDWLDO� FRJQLWLRQ±LPSOLFDWHG�
EUDLQ� UHJLRQV� �LQFOXGLQJ� 33&�� WR� D� '/3)&� UHJLRQ� WKDW� LV� PHWD�
DQDO\WLFDOO\� LPSOLFDWHG� LQ� YHUEDO� UHDVRQLQJ�� 7RZDUG� RXU� SULPDU\�
REMHFWLYH� RI� SUHGLFWLQJ� WUDQVIHU� IURP� QHXUDO� FKDQJH�� ZH� WHVWHG�
ZKHWKHU�FXUULFXOXP�UHODWHG�QHXUDO�FKDQJHV�GXULQJ�WKH�WDVN�RI�VSDWLDO�
VFDQQLQJ��WKH�VSDWLDO�DELOLW\�WKDW�ZH�SUHGLFWHG�ZRXOG�VXSSRUW�PHQWDO�
PRGHO±EDVHG� UHDVRQLQJ�� ZHUH� DVVRFLDWHG� ZLWK� QHDU� WUDQVIHU� WR�
LPSURYHG� VSDWLDO� VFDQQLQJ� SHUIRUPDQFH� DQG� �PLUURULQJ� WKH�
EHKDYLRUDO�DQDO\VLV�RI�VSDWLDO�VFDQQLQJ��ZKHWKHU�WKHVH�FKDQJHV�DOVR�

SUHGLFWHG� LPSURYHPHQW� LQ� YHUEDO� UHDVRQLQJ� SHUIRUPDQFH� �IDU�
WUDQVIHU��� 1RWH� WKDW� WKH� WHUP� SUHGLFWLRQ� UHIHUV� KHUH� WR� VWDWLVWLFDO�
SUHGLFWLRQ�RI�FXUULFXOXP�UHODWHG�FKDQJH�LQ�WDVN�SHUIRUPDQFH�EDVHG�
RQ�FRJQLWLYH�DQG�EUDLQ�EDVHG�PHDVXUHV�FROOHFWHG�IRU�DOO�WDVNV�DW�WKH�
VDPH�WZR�WLPH�SRLQWV��DV�RSSRVHG�WR�SUHGLFWLRQ�RI�IXWXUH�RXWFRPHV� 

/DVW��WR�FRPSDUH�QHXUDO�FKDQJH�YHUVXV�WUDGLWLRQDO�SHUIRUPDQFH��
EDVHG�DVVHVVPHQW��ZH�WHVWHG�ZKHWKHU�QHXUDO�FKDQJHV�REVHUYHG�
GXULQJ�WKH�VSDWLDO�VFDQQLQJ�WDVN�SUHGLFWHG�WUDQVIHU�WR�YHUEDO�
UHDVRQLQJ�RYHU��DQG�DERYH�SHUIRUPDQFH�RQ�WKH�VDPH�VSDWLDO�
VFDQQLQJ�WDVN�DQG�RYHUDQG�DERYH�SHUIRUPDQFH�RQ�D�EURDGHU�VHW�RI�
DFDGHPLF�DQG�FRJQLWLYH�DVVHVVPHQWV��LQFOXGLQJ�WHVWV�DQG�JUDGHV� 

5DQGRP�DVVLJQPHQW�WR�LQ�VFKRRO�FXUULFXOD�LV�QRW�SRVVLEOH�LQ�UHDO��
ZRUOG�KLJK� VFKRROV�EHFDXVH� UHVHDUFKHUV� FDQQRW� DVVLJQ� VWXGHQWV� WR�
FODVVHV� �VWXGHQWV�FKRRVH� IRU� WKHPVHOYHV�ZKLFK�FODVVHV� WKH\� WDNH���
7KXV�� WR� EULGJH� IURP� WKH� ODERUDWRU\� WR� WKH� FODVVURRP��ZH� XVHG� D�
TXDVL��H[SHULPHQWDO�DSSURDFK�WKDW�LV�GHYLVHG�WR�PLQLPL]H�VHOHFWLRQ�
ELDV� LQ� UHDO�ZRUOG� FRQWH[WV�� LQFOXGLQJ� SURSHQVLW\� VFRULQJ±EDVHG�
PDWFKLQJ� ZLWKLQ� VFKRROV� �6XSSOHPHQWDU\� 0DWHULDOV�� ����� �����
6WXGHQWV� ZKR� UHFHLYHG� WKH� VSDWLDO� FXUULFXOXP� ZHUH� FRPSDUHG� WR�
SURSHQVLW\�VFRULQJ±�PDWFKHG�FRQWURO�VWXGHQWV�DW�WKH�VDPH�VFKRROV� 

Z�^h>d^ 
6SDWLDO�HGXFDWLRQ�ZDV�VWXGLHG�LQ�ILYH�SXEOLF�KLJK�VFKRROV�LQ�QRUWKHUQ�
9LUJLQLD� WKDW� DGRSWHG� D� VSDWLDOO\� HQULFKHG�*HRVFLHQFH� FXUULFXOXP�
�����LQ�ZKLFK�VWXGHQWV�FRQVWUXFW�DQG�HYDOXDWH�VSDWLDO�UHSUHVHQWDWLRQV�
�PDSV�� RI� UHDO�ZRUOG� JHRJUDSKLFDO� GDWDVHWV� XVLQJ� JHRJUDSKLF�
LQIRUPDWLRQ� V\VWHPV� �*,6�� WHFKQRORJ\� �6XSSOHPHQWDU\�0DWHULDOV��
ILJ�� 6���� 7KH� FRXUVH�� ILUVW� DGRSWHG� E\� D� JURXS� RI� 9LUJLQLD� KLJK�
VFKRROV�LQ�������LV�QDPHG�³7KH�*HRVSDWLDO�6HPHVWHU�´�DOWKRXJK�LW�
LV�QRZ�LPSOHPHQWHG�RYHU�WZR�VHPHVWHUV��$�FHQWUDO�FRPSRQHQW�RI�WKH�
FXUULFXOXP�� GHVLJQHG� E\� 5�$�.�� DQG� FODVVURRP� HGXFDWRUV�� LV� WR�
GHYHORS� VWXGHQWV¶� DELOLW\� WR� VFDQ� PDSV� WR� LGHQWLI\� NH\� VSDWLDO�
IHDWXUHV�DQG�GHWHUPLQH�KRZ�WKHVH�IHDWXUHV�DUH�UHODWHG�DFURVV�PDSV�
�H�J���DFURVV�GLIIHUHQW�WLPHV�RU�SODFHV��6XSSOHPHQWDU\�0DWHULDOV��ILJ��
6��� ������7KH�FXUULFXOXP�LV� DOVR�LQWHQGHG�WR� IRVWHU�PRUH� IUHTXHQW�
XVH�RI�VSDWLDO�WKLQNLQJ�VWUDWHJLHV�WKURXJK�WKH�XVH�RI�*,6�WHFKQRORJ\�
WR� YLVXDOL]H� DQG� DQDO\]H� VSDWLDO� UHSUHVHQWDWLRQV� EHWZHHQ� D� ZLGH�
UDQJH� RI� UHDO�ZRUOG� YDULDEOHV� DQG� GUDZ� FRQFOXVLRQV� DERXW� WKH�
UHODWLRQVKLSV� EHWZHHQ� WKHVH� YDULDEOHV�� ,Q� WKH� SUHVHQW� VWXG\�� WKH�
LQWHUYHQWLRQ�ZDV�WKH�*HRVSDWLDO�FRXUVH�LWVHOI��WKDW�LV��LW�ZDV�D�FRXUVH�
RIIHUHG�E\�WKH�VFKRROV��DV�RSSRVHG�WR�DQ\�VRUW�RI�SURJUDP�RU�WUDLQLQJ�
RXWVLGH� WKH� VFKRRO� FXUULFXOXP�� 7KH� VWUXFWXUH� DQG� FRQWHQW� RI� WKH�
FXUULFXOXP�ZHUH�FRPSOHWHO\�XQDOWHUHG�E\�WKH�UHVHDUFKHUV�WR�HQVXUH�
WKDW� WKH� VWXG\� UHIOHFWHG� DQ� HFRORJLFDOO\� YDOLG� FODVVURRP�
LPSOHPHQWDWLRQ�RI�VSDWLDO�HGXFDWLRQ�UDWKHU�WKDQ�D�ODERUDWRU\�EDVHG�
LQWHUYHQWLRQ� 

,Q�����VWXGHQWV������IHPDOHV�DQG�����PDOHV��PHDQ�DJH� �������
\HDUV��� SURSHQVLW\� VFRULQJ� PHWKRGV� ZHUH� XVHG� XVLQJ� OLQHDU�
FRPELQDWLRQV� RI� EDFNJURXQG� YDULDEOHV� LQFOXGLQJ� H[SHULHQFH��
LQWHUHVWV�� GHPRJUDSKLFV�� DQG� DFDGHPLF� SHUIRUPDQFH�
�6XSSOHPHQWDU\� 0DWHULDOV�� WR� PDWFK� *HRVSDWLDO� VWXGHQWV� ZLWK�
FRQWUROV� RQ� WKHLU� RYHUDOO� ³SURSHQVLW\´� WR� HQUROO� LQ� WKH� *HRVSDWLDO�
FRXUVH�����������3URSHQVLW\�VFRULQJ�PHWKRGV�UHGXFH�VHOHFWLRQ�ELDV�LQ�
UHDO�ZRUOG� H[SHULPHQWDO� SDUDGLJPV� IRU� ZKLFK� UDQGRPL]DWLRQ� WR�
JURXSV�LV�LPSRVVLEOH�������3DUWLFLSDQWV�LQ�WKH�PDLQ�VWXG\��1� �������
FRPSULVLQJ�*HRVSDWLDO��Q� ��������IHPDOHV��������\HDUV��DQG�FRQWURO�
�Q�  � ����� ��� IHPDOHV�� ������ \HDUV�� JURXSV�� ZHUH� WHVWHG� LQ� WKH�
VXPPHUV�EHIRUH��7���DQG�DIWHU��7���WKH�VFKRRO�\HDU�RQ�PHDVXUHV�RI�
YHUEDO� UHDVRQLQJ� ������ VSDWLDO� VFDQQLQJ� ������ DQG�PHQWDO� URWDWLRQ�
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�)LJ�����������6L[W\�WKUHH�SDUWLFLSDQWV�SHUIRUPHG�WKHVH�WDVNV�GXULQJ�
I05,��*HRVSDWLDO��Q� ��������IHPDOHV��������\HDUV��FRQWURO��Q� �����
��� IHPDOHV��������\HDUV���7KH�SULPDU\�SHUIRUPDQFH�RXWFRPH�ZDV�
FRUUHFW� UHVSRQVHV� SHU� VHFRQG� �6XSSOHPHQWDU\� 0DWHULDOV�� ������
3DUWLFLSDQWV�DOVR�FRPSOHWHG�D�VXUYH\�PHDVXUH�RI�VSDWLDO�³KDELWV�RI�
PLQG´������EHIRUH�DQG�DIWHU�WKH�VFKRRO�\HDU��*HRVSDWLDO�DQG�FRQWURO�
JURXSV��DQG�I05,�VXEJURXSV��GLG�QRW�GLIIHU�VLJQLILFDQWO\�RQ�DQ\�WDVN�
DW�7���/LNHZLVH��WKH�ILQDO�*HRVSDWLDO�DQG�FRQWURO�JURXSV��DQG�I05,� 

ƉƌĞͲƚĞƐƚ�;ďĞĨŽƌĞ�dϭͿ�ĂŶĚ�Ăƚ�dϮ͘ 

VXEJURXSV��ZHUH�HTXDWHG�RQ�DOO�EDFNJURXQG�YDULDEOHV�WKDW�SUHGLFWHG�
*HRVSDWLDO� HQUROOPHQW� DQG� RWKHU� GHPRJUDSKLF�� DFDGHPLF�� DQG�
VSDWLDO�DELOLW\�YDULDEOHV��WDEOH�6����LQGLFDWLQJ�WKDW�SURSHQVLW\�VFRUH�
PDWFKLQJ�ZDV�VXFFHVVIXO������ 

�ƐƐĞƐƐŝŶŐ�ƐƉĂƟĂů�ůĞĂƌŶŝŶŐ�ĂŶĚ�ǀĞƌďĂů�ƚƌĂŶƐĨĞƌ 
:H� WHVWHG� ZKHWKHU� SDUWLFLSDWLRQ� LQ� WKH� *HRVSDWLDO� FXUULFXOXP�
\LHOGHG� LPSURYHPHQW� RQ� EHKDYLRUDO� PHDVXUHV� YLD�
*URXS�*HRVSDWLDO�� FRQWURO�E\�7LPH�7��� 7��� DQDO\VHV� RI� YDULDQFH�
�$129$V�� FRYDU\LQJ� DFDGHPLF� DELOLW\� SUHOLPLQDU\� VFKRODVWLF�
DSWLWXGH� WHVW� �36$7��� VFKRODVWLF� SHUIRUPDQFH� JUDGH� SRLQW� DYHUDJH�
�*3$���DQG�JHQGHU������LQ�WKH�IXOO�PDLQ�VWXG\�VDPSOH��1� �������7R�
WHVW�WKH�007�EDVHG�K\SRWKHVLV�RI�WUDQVIHU�IURP�VSDWLDO�HGXFDWLRQ�WR�
YHUEDO� UHDVRQLQJ�� SDUWLFLSDQWV� FRPSOHWHG� D� V\OORJLVWLF� GHGXFWLYH�

YHUEDO�UHDVRQLQJ�WDVN��5HDVRQLQJ��PRGLILHG�IURP�WKH�ZRUN�RI�5XII�
HW� DO�� ������007� UHVHDUFK� KDV� VWURQJO\� LQGLFDWHG� WKDW� V\OORJLVWLF�
GHGXFWLRQ� LV� VXSSRUWHG� E\�PHQWDO� PRGHOLQJ� ������ 2Q� HDFK� WULDO��
SDUWLFLSDQWV� UHDG� WZR� SUHPLVHV� DQG� GHWHUPLQHG� ZKHWKHU� D�
VXEVHTXHQW�FRQFOXVLRQ�ZDV�YDOLG�RQ�WKH�EDVLV�RI�WKH�SUHPLVHV��)LJ��
�%���+DOI�RI�WKH�WULDOV�LQFOXGHG�ZRUGV�WKDW�UHIHUUHG�WR�RYHUWO\�VSDWLDO�
UHODWLRQV��H�J���³7KH�FRZ�LV�DERYH�WKH�SLJ´���DQG�KDOI�LQFOXGHG�ZRUGV�
WKDW�UHIHUUHG�WR�RYHUWO\�QRQVSDWLDO�UHODWLRQ�WULDOV��H�J���³7KH�FRZ�LV�

EHWWHU�WKDQ�WKH�SLJ´���&RQVLVWHQW�ZLWK�WKH�007�EDVHG�SUHGLFWLRQ�RI�
YHUEDO�GRPDLQ� WUDQVIHU�� *HRVSDWLDO� VWXGHQWV� VKRZHG� JUHDWHU�
5HDVRQLQJ� LPSURYHPHQW� WKDQ�FRQWUROV� IURP�7�� WR�7���*URXS�E\�
7LPH�LQWHUDFWLRQ��)����� �������3� ��������QS�� ��������)LJ���%�DQG�
WDEOH� 6���� *HRVSDWLDO� VWXGHQWV� DOVR� VKRZHG� JUHDWHU� LPSURYHPHQW�
ZKHQ�QRQVSDWLDO�UHODWLRQ� WULDOV� �H�J��� ³EHWWHU� WKDQ´��ZHUH�DQDO\]HG�
VHSDUDWHO\� 
�)������ �������3� ��������QS�� ��������WDEOH�6����SURYLGLQJ�DGGLWLRQDO�
HYLGHQFH�WKDW�WUDQVIHU�H[WHQGHG�EH\RQG�WKH�VSDWLDO�GRPDLQ� 

7ZR� PHDVXUHV� WHVWHG� VSDWLDO� OHDUQLQJ� RXWFRPHV� UHODWHG� WR� WKH�
*HRVSDWLDO�FXUULFXOXP��)LJ���%���7KH�HPEHGGHG�ILJXUH�WDVN��()7��
������ WDNHQ� IURP� WKH� ZRUN� RI�:DOWHU� DQG� 'DVVRQYLOOH� ������ ZDV�
VHOHFWHG�WR�DVVHVV�VSDWLDO�VFDQQLQJ�EHFDXVH�RI�WKH�WKHRUL]HG�UROH�RI�
VSDWLDO� VFDQQLQJ� LQ� VXSSRUWLQJ� PHQWDO� PRGHOLQJ� ������ 7KH�
*HRVSDWLDO� FXUULFXOXP� DLPV� WR� GHYHORS� VSDWLDO� VFDQQLQJ� RI�PDSV�
�H�J��� VFDQQLQJ� WKH� VSDWLDO� IHDWXUHV� UHSUHVHQWHG� RQ� D� PDS� WR�
GHWHUPLQH�ZKHWKHU�WKH\�DOLJQ�ZLWK�VSDWLDO�IHDWXUHV�RQ�DQRWKHU�PDS���

&ŝŐ͘�ϭ͘�^ƚƵĚǇ�ĚĞƐŝŐŶ�ĂŶĚ�ƚƌĂŶƐĨĞƌ�ƌĞƐƵůƚƐ͘�;�Ϳ�dŚĞ�ůŽŶŐŝƚƵĚŝŶĂů�;ƉƌĞͲƉŽƐƚͿ�ƋƵĂƐŝͲĞǆƉĞƌŝŵĞŶƚĂů�ŝŶͲƐĐŚŽŽů�ĚĞƐŝŐŶ�ĐŽŵƉĂƌŝŶŐ�'ĞŽƐƉĂƟĂů�ƐƚƵĚĞŶƚƐ�ƚŽ�ŵĂƚĐŚĞĚ�ĐŽŶƚƌŽůƐ�Ăƚ�ƚŚĞ�ƐĂŵĞ�
ŚŝŐŚ� ƐĐŚŽŽůƐ͘� dŚĞ� ƉĂŝƌĞĚ� ŵĂƉ� ŝŵĂŐĞƐ� ƌĞƉƌĞƐĞŶƟŶŐ� ƚŚĞ� 'ĞŽƐƉĂƟĂů� ĐƵƌƌŝĐƵůƵŵ� ;ĐĂůůĞĚ� ͞'ĞŽƐƉĂƟĂů� ^ĞŵĞƐƚĞƌ͟Ϳ� ĂƌĞ� ĂŶ� ĞǆĂŵƉůĞ� '/^ͲďĂƐĞĚ� ǀŝƐƵĂůŝǌĂƟŽŶ� ŽĨ� ƐƉĂƟĂů� ĚĂƚĂ�
ƌĞůĂƟŽŶƐŚŝƉƐ͕�ƚĂŬĞŶ�ĨƌŽŵ�Ă�ƐƚƵĚĞŶƚ�ƉƌŽũĞĐƚ�ŵĂƉƉŝŶŐ�ƚŚĞ�ĚŝƐƚƌŝďƵƟŽŶ�ŽĨ�ŚŝŐŚͲƐƉĞĞĚ�ŝŶƚĞƌŶĞƚ�ƌĞƐŽƵƌĐĞƐ�ǁŝƚŚŝŶ�Ă�ŐĞŽŐƌĂƉŚŝĐ�ƌĞŐŝŽŶ͘�;�Ϳ��ǆĂŵƉůĞ�ƐƟŵƵůŝ�ĨŽƌ�ƚĂƐŬƐ�ĂĚŵŝŶŝƐƚĞƌĞĚ�
ďĞĨŽƌĞ�ĂŶĚ�ĂŌĞƌ�ƚŚĞ�ƐĐŚŽŽů�ǇĞĂƌ�ĂŶĚ�ůŽŶŐŝƚƵĚŝŶĂů�ƉĞƌĨŽƌŵĂŶĐĞ�ĐŚĂŶŐĞ�ĨŽƌ�ƚŚĞƐĞ�ƚĂƐŬƐ�;ΎW�ф�Ϭ͘Ϭϱ�ĂŶĚ�ΎΎW�ф�Ϭ͘Ϭϭ͕�ŶƐ͕�ŶŽƚ�ƐŝŐŶŝĮĐĂŶƚͿ͘��ůƚĞƌŶĂƚĞ�ǀĞƌƐŝŽŶƐ�ŽĨ�ZĞĂƐŽŶŝŶŐ͕�ĞŵďĞĚĚĞĚ�
ĮŐƵƌĞ�ƚĂƐŬ�;�&dͿ͕�ĂŶĚ�ŵĞŶƚĂů�ƌŽƚĂƟŽŶ�ƚĂƐŬ�;DZdͿ�ǁĞƌĞ�ĐŽƵŶƚĞƌďĂůĂŶĐĞĚ�ĂĐƌŽƐƐ�dϭ�ĂŶĚ�dϮ͘�dŚĞ�ƐƉĂƟĂů�ŚĂďŝƚƐ�ŽĨ�ŵŝŶĚ�ŝŶǀĞŶƚŽƌǇ�ǁĂƐ�ĂĚŵŝŶŝƐƚĞƌĞĚ�Ăƚ� 
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,Q�()7��SDUWLFLSDQWV�VSDWLDOO\�VFDQQHG�IHDWXUHV�RI�FRPSOH[�ILJXUHV�
WR� GHWHUPLQH� ZKHWKHU� VLPSOHU� WDUJHW� ILJXUHV� DOLJQHG� ZLWK� ILJXUHV�
HPEHGGHG�LQ�WKH�FRPSOH[�ILJXUHV��&RQVLVWHQW�ZLWK�WKH�SUHGLFWLRQ�RI�
LPSURYHG� VSDWLDO� VFDQQLQJ� DELOLW\� LQ� WKH� VSDWLDO� FXUULFXOXP��
*HRVSDWLDO�VWXGHQWV�LPSURYHG�PRUH�WKDQ�FRQWUROV�RQ�()7��)������ �
������3� ��������QS�� ��������)LJ���%�DQG�WDEOH�6����$OWKRXJK�()7�
ZDV� RYHUWO\� VSDWLDO� DQG� PHDVXUHG� D� VNLOO� HPSKDVL]HG� E\� WKH�
*HRVSDWLDO�FXUULFXOXP��WZR�GLPHQVLRQDO�VSDWLDO�VFDQQLQJ���VWXGHQWV�
ZHUH� QRW� H[SRVHG� WR� ()7� GXULQJ� WKH� *HRVSDWLDO� FRXUVH�� 7KH�
FXUULFXOXP�GULYHQ�LPSURYHPHQW�LQ�()7�FDQ�WKXV�EH�FRQVLGHUHG�QHDU�
WUDQVIHU��*HRVSDWLDO� VWXGHQWV� DOVR� LQFUHDVHG�PRUH�WKDQ�FRQWUROV� LQ�
VHOI�UHSRUWHG�XVH�RI�VSDWLDO�WKLQNLQJ�VWUDWHJLHV�RQ�WKH�VSDWLDO�KDELWV�
RI�PLQG�LQYHQWRU\��)������ ��������3� ��������QS�� ��������)LJ���%�
DQG� WDEOH�6��� ������7KH�*HRVSDWLDO� FXUULFXOXP�WKXV�DFKLHYHG�WZR�
SULPDU\�OHDUQLQJ�JRDOV�ZLWKLQ�WKH�VSDWLDO�GRPDLQ��LPSURYHG�VSDWLDO�
VFDQQLQJ� DQG� LQFUHDVHG� VSDWLDO� KDELWV� RI� PLQG��� ,Q� DGGLWLRQ��
*HRVSDWLDO� FRXUVH� JUDGHV� ZHUH� JHQHUDOO\� KLJK� �������$� RU�$����
LQGLFDWLQJ�VWURQJ�FXUULFXOXP�OHDUQLQJ��6XSSOHPHQWDU\�0DWHULDOV�� 

$�WKLUG�VSDWLDO�PHDVXUH��PHQWDO�URWDWLRQ�WDVN��057���WDNHQ�IURP�
WKH� ZRUN� RI� 6KHSDUG� DQG� 0HW]OHU� ����� ����� ZDV� XVHG� WR� DVVHVV�
WUDQVIHU�WR�WKUHH�GLPHQVLRQDO�VSDWLDO�URWDWLRQ�RI�REMHFWV��3DUWLFLSDQWV�
GHWHUPLQHG� ZKHWKHU� WZR� LPDJHV� RI� WKUHH�GLPHQVLRQDO� REMHFWV�
GHSLFWHG�URWDWLRQV�RI� WKH�VDPH�REMHFW��$OWKRXJK�WKUHH�GLPHQVLRQDO�
URWDWLRQ� LV� QRW� VWURQJO\� UHODWHG� WR� WKH� FRQWHQW� RI� WKH� *HRVSDWLDO�
FXUULFXOXP�� ZKLFK� IRFXVHV� RQ� WZR�GLPHQVLRQDO� VSDWLDO�
UHSUHVHQWDWLRQV� �DV� LQ� ()7���ZH� K\SRWKHVL]HG� WKDW� WKH�*HRVSDWLDO�
FRXUVH�PLJKW�LPSURYH�VSDWLDO�FRJQLWLRQ�EURDGO\��DQG�057�ZDV�RI�
LQWHUHVW� EHFDXVH� LW� LV� LPSOLFDWHG� LQ� PHQWDO� PRGHOLQJ� ���� �����
+RZHYHU��057�SHUIRUPDQFH�GLG�QRW�VKRZ�VLJQLILFDQW�FXUULFXOXP�
VSHFLILF�LPSURYHPHQW��*URXS�E\�7LPH�LQWHUDFWLRQ��)������ �������3�
 ��������QS�� ��������)LJ���%�DQG� WDEOH�6���� DOWKRXJK�*HRVSDWLDO�
VWXGHQWV� LPSURYHG� QRPLQDOO\� PRUH� WKDQ� FRQWUROV��$OO� EHKDYLRUDO�
*URXS�E\�7LPH� HIIHFWV� RI� WKH� *HRVSDWLDO� FXUULFXOXP� UHPDLQHG�
VLJQLILFDQW� �DOO� 3� �� ������� DIWHU� H[SHULPHQW�ZLVH� FRUUHFWLRQ� IRU�

PXOWLSOH� FRPSDULVRQV� �FRUUHFWLQJ� IRU� DOO� *URXS�E\�7LPH�PRGHOV��
����� 
&ƵƌƚŚĞƌ�ƚĞƐƟŶŐ�ƚŚĞ�ĞĚƵĐĂƟŽŶĂů�ƉƌĞĚŝĐƟŽŶ�ŽĨ�DDd 
:H� QH[W� LQYHVWLJDWHG� WKH� 007�EDVHG� K\SRWKHVLV� RI� VSDWLDO�
FXUULFXOXP�WUDQVIHU� LQ�JUHDWHU�GHSWK��,I�GHYHORSPHQW�RI� WKH�VSDWLDO�
SURFHVVHV�WKHRUL]HG�WR�VXSSRUW�PHQWDO�PRGHOLQJ�DFWXDOO\�DFFRXQWHG�
IRU� WKH� WUDQVIHU� WR� YHUEDO� UHDVRQLQJ� WKDW� ZH� REVHUYHG�� WKHQ�
LPSURYHPHQW�LQ�YHUEDO�UHDVRQLQJ�VKRXOG�EH�UHODWHG�WR�LPSURYHPHQW�
LQ�WKHVH�VSDWLDO�DELOLWLHV��:H�WHVWHG�WKLV�SUHGLFWLRQ��DJDLQ�FRQWUROOLQJ�
IRU�36$7��*3$��DQG�JHQGHU�LQ�DOO�PRGHOV��&RQVLVWHQW�ZLWK�007��
ORQJLWXGLQDO�FKDQJH�LQ�VSDWLDO�VFDQQLQJ�SHUIRUPDQFH�RQ�()7�IURP�
7��WR�7��� ()7��SUHGLFWHG�FKDQJH�LQ�5HDVRQLQJ�SHUIRUPDQFH�IURP�
7�� WR�7�� � 5HDVRQLQJ�� IRU� DOO� 5HDVRQLQJ� WULDOV� � �  � �������3� ��
�������WDEOH�6����DQG�IRU�WKH�VXEVHW�RI�QRQVSDWLDO�UHODWLRQ�WULDOV��H�J���
³EHWWHU´�� �  � ������� 3� �� ������� WDEOH� 6����� 7KDW� LV�� WKH� PRUH�
VWXGHQWV¶�VSDWLDO�VFDQQLQJ�LPSURYHG��WKH�PRUH�WKHLU�YHUEDO�UHDVRQLQJ�
LPSURYHG��)XUWKHUPRUH�� ()7�PHGLDWHG�WKH�WUDQVIHU�DVVRFLDWLRQ�RI�
WKH�VSDWLDO�FXUULFXOXP�WR�LPSURYHG�UHDVRQLQJ�IRU�DOO�5HDVRQLQJ�WULDOV�
>���� RI� WRWDO� YDULDQFH� H[SODLQHG� E\� PHGLDWRU� ���±����� LQGLUHFW�
HIIHFW��3� ��������)LJ���@� DQG�QRQVSDWLDO� UHODWLRQ� WULDOV� VHSDUDWHO\�
�����RI�WRWDO�YDULDQFH��3� ��������ILJ��6����IXUWKHU�VXJJHVWLQJ�WKDW�
LPSURYHPHQW� LQ� VSDWLDO� VFDQQLQJ� PD\� KDYH� EHHQ� D� FRJQLWLYH�
PHFKDQLVP�E\�ZKLFK�VSDWLDO�HGXFDWLRQ�LPSURYHG�YHUEDO�UHDVRQLQJ��
,Q� DGGLWLRQ�� VXSSRUWLQJ� 007�� ORQJLWXGLQDO� FKDQJH� LQ� PHQWDO�
URWDWLRQ�� 057��SUHGLFWHG� 5HDVRQLQJ�IRU�DOO�WULDOV�� � ��������3�
���������WDEOH�6����DQG�QRQVSDWLDO�WULDOV�VHSDUDWHO\�� � ��������3���
������� WDEOH� 6����� 7KDW� LV�� WKH� PRUH� VWXGHQWV¶� WKUHH�GLPHQVLRQDO�
URWDWLRQ� LPSURYHG�� WKH� PRUH� WKHLU� YHUEDO� UHDVRQLQJ� LPSURYHG��
057�ZDV�QRW�WHVWHG�DV�D�PHGLDWRU�EHFDXVH��DV�QRWHG�DERYH��LW�ZDV�

QRW� VLJQLILFDQWO\� DVVRFLDWHG� ZLWK� WKH� LQGHSHQGHQW� *URXS� YDULDEOH�
�*HRVSDWLDO�YHUVXV� FRQWURO���6LPXOWDQHRXV� UHJUHVVLRQ� VKRZHG�WKDW�
()7�DQG�  

 
&ŝŐ͘�Ϯ͘�DĞĚŝĂƟŽŶ�ŽĨ�ƚƌĂŶƐĨĞƌ�ďǇ�ĐŚĂŶŐĞƐ�ŝŶ�ƐƉĂƟĂů�ƐĐĂŶŶŝŶŐ͘�;�Ϳ�DĞĚŝĂƟŽŶ�ŽĨ�ƚƌĂŶƐĨĞƌ�ĨƌŽŵ�ƚŚĞ�ƐƉĂƟĂů�ĐƵƌƌŝĐƵůƵŵ�ƚŽ�ŝŵƉƌŽǀĞĚ�ƌĞĂƐŽŶŝŶŐ�ďǇ�ƚŚĞ�ƉĞƌĨŽƌŵĂŶĐĞ�ĐŚĂŶŐĞƐ�ĂŶĚ�
ŶĞƵƌĂů�ĐŚĂŶŐĞƐ�ŽŶ�ƚŚĞ�ƐƉĂƟĂů�ƐĐĂŶŶŝŶŐ�ƚĂƐŬ�;�&dͿ�ƚŚĂƚ�ĂƌĞ�ƐŚŽǁŶ�ŝŶ�;�Ϳ͘�dŚĞ�ďƌĂŝŶ�ŝŵĂŐĞƐ�ŝŶ�;�Ϳ�ĚŝƐƉůĂǇ�ĐůƵƐƚĞƌƐ�ŝŶ�ĂŶƚĞƌŝŽƌ�ŝŶƚƌĂƉĂƌŝĞƚĂů�ƐƵůĐƵƐ�;Ă/W^Ϳ�ĂŶĚ�ŝŶĨĞƌŝŽƌ�ƉĂƌŝĞƚĂů�
ůŽďƵůĞ�;/W>Ϳ�ǁŚĞƌĞ�'ĞŽƐƉĂƟĂů�ƐƚƵĚĞŶƚƐ�ƐŚŽǁĞĚ�ŐƌĞĂƚĞƌ�ůŽŶŐŝƚƵĚŝŶĂů�ŝŶĐƌĞĂƐĞƐ�ŝŶ�ĂĐƟǀĂƟŽŶ�ƚŚĂŶ�ĐŽŶƚƌŽůƐ�ĚƵƌŝŶŐ��&d͘ �dŚĞ�ƚĂďůĞ�ŝŶ�;�Ϳ�ĚŝƐƉůĂǇƐ�ƚŚĞ�ƉĂƚŚ�ĐŽĞĸĐŝĞŶƚƐ�ĂŶĚ�ŝŶĚŝƌĞĐƚ�
ĞīĞĐƚƐ�ĨŽƌ�ŵŽĚĞůƐ�ǁŝƚŚ�ĞĂĐŚ�ŽĨ�ƚŚĞ�ƚŚƌĞĞ��&d�ĐŚĂŶŐĞ�ǀĂƌŝĂďůĞƐ�ĂƐ�ŵĞĚŝĂƚŽƌƐ͘�;ΎW�ф�Ϭ͘Ϭϱ�ĂŶĚ�ΎΎW�ф�Ϭ͘Ϭϭ͕�ŶƐ͕�ŶŽƚ�ƐŝŐŶŝĮĐĂŶƚͿ͘ 
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057�HDFK�LQGHSHQGHQWO\�SUHGLFWHG� 5HDVRQLQJ��IRU�DOO�5HDVRQLQJ�
WULDOV�DQG�IRU�WKH�VXEVHW�RI�QRQVSDWLDO�UHODWLRQ�WULDOV��DOO� ����������
DOO�3����������WDEOHV�6���DQG�6���� 

^ƉĂƟĂů�ĐƵƌƌŝĐƵůƵŵʹƌĞůĂƚĞĚ�ŶĞƵƌĂů�ĐŚĂŶŐĞƐ�ĚƵƌŝŶŐ�ǀĞƌďĂů�
ƌĞĂƐŽŶŝŶŐ 
+DYLQJ� REVHUYHG� WUDQVIHU� IURP� WKH� VSDWLDO� FXUULFXOXP� WR� YHUEDO�
UHDVRQLQJ� SHUIRUPDQFH�� ZH� VRXJKW� WR� UHODWH� WKLV� WUDQVIHU� WR�
FXUULFXOXP�� GULYHQ� QHXUDO� FKDQJHV��:H� ILUVW� LQYHVWLJDWHG�ZKHWKHU�
WUDQVIHU�ZDV�DFFRPSDQLHG�E\�FRQFXUUHQW�ORQJLWXGLQDO�FKDQJHV�DW�WKH�
QHXUDO� OHYHO� GXULQJ� WKH� 5HDVRQLQJ� WDVN�� XVLQJ� ZKROH�EUDLQ�
*URXS�*HRVSDWLDO�� FRQWURO��E\�7LPH�7��� 7��� $129$� LQ� WKH� ���
I05,� SDUWLFLSDQWV�� 7KLV� DQDO\VLV� UHYHDOHG� D� *URXS�E\�7LPH�
LQWHUDFWLRQ�� LQGLFDWLQJ� ORQJLWXGLQDO� FKDQJHV� LQ� DFWLYLW\� GXULQJ�
5HDVRQLQJ� WKDW� ZHUH� JUHDWHU� IRU� VWXGHQWV� ZKR� UHFHLYHG� WKH�
*HRVSDWLDO� FXUULFXOXP�WKDQ� IRU� FRQWURO� VWXGHQWV� LQ� WZR� UHJLRQV�RI�
33&��OHIW�DQWHULRU�LQWUDSDULHWDO�VXOFXV��D,36��)LJ���$��DQG�D�FOXVWHU�
H[WHQGLQJ� IURP� OHIW� D,36� LQWR� OHIW� VXSHULRU� SDULHWDO� OREXOH� �D,36�
63/�� WDEOH� 6����� %HFDXVH� ZH� K\SRWKHVL]HG� WKDW� WKH� VSDWLDO�
FXUULFXOXP� ZRXOG� \LHOG� QHXUDO� FKDQJH� LQ� VSDWLDO� FRJQLWLRQ±
LPSOLFDWHG� UHJLRQV�� ZH� PDVNHG� WKH� ZKROH�EUDLQ� UHVXOWV� ZLWK� WKH�
PHWD�DQDO\WLF� 1HXURV\QWK� ����� DVVRFLDWLRQ� WHVW� PDS� IRU� WKH� WHUP�
³VSDWLDO´��KHQFHIRUWK��³6SDWLDO0DS´���7KH�PRUH�DQWHULRU�,36�FOXVWHU�
RYHUODSSHG�ZLWK�6SDWLDO0DS�DQG�ZDV�WKXV�LQFOXGHG�LQ�VXEVHTXHQW�
DQDO\VHV��7KH�D,36�63/�FOXVWHU�GLG�QRW�RYHUODS�ZLWK�6SDWLDO0DS�DQG�
ZDV� WKXV� VXEVHTXHQWO\� H[FOXGHG�� D,36� DFWLYLW\� LV� VWURQJO\�
LPSOLFDWHG�LQ�VSDWLDO�FRJQLWLRQ�DQG�HVSHFLDOO\�VSDWLDO�DWWHQWLRQ������
��±�����1R�FKDQJHV�ZHUH�JUHDWHU�IRU�FRQWURO�WKDQ�*HRVSDWLDO�ZLWKLQ�
6SDWLDO0DS� �6XSSOHPHQWDU\�0DWHULDOV���:H� DGGLWLRQDOO\� H[SORUHG�
ZKHWKHU�WKH�HIIHFWV�RI�WKH�VSDWLDO�FXUULFXOXP�GLIIHUHG�E\�JHQGHU��EXW�
*URXS�E\7LPH�E\�*HQGHU� $129$� LQGLFDWHG� QR� WKUHH�ZD\�
LQWHUDFWLRQ� 

007� SRVLWV� WKDW� VSDWLDO� FRJQLWLRQ� UHVRXUFHV� RSHUDWH� LQ�
FRQMXQFWLRQ�ZLWK�H[HFXWLYH�IXQFWLRQ�UHVRXUFHV�WR�VXSSRUW�UHDVRQLQJ�
����� ��±����� 3ULRU� QHXURLPDJLQJ� HYLGHQFH� LQGLFDWHV� WKDW� VSDWLDO�
FRJQLWLRQ±LPSOLFDWHG� EUDLQ� UHJLRQV� LQWHUDFW� ZLWK� GRPDLQ�JHQHUDO�
UHDVRQLQJ�UHVRXUFHV�FHQWHUHG�LQ�'/3)&�WR�VXSSRUW�PHQWDO�PRGHO±
EDVHG�UHDVRQLQJ�����������7KXV��FRQFXUUHQW�ZLWK�RXU�SUHGLFWLRQ�WKDW�
WKH�VSDWLDO�FXUULFXOXP�ZRXOG�LPSURYH�UHDVRQLQJ��VXSSRUWHG�E\�WKH�
DERYH�EHKDYLRUDO�ILQGLQJV���ZH�SUHGLFWHG�WKDW�WKH�VSDWLDO�FXUULFXOXP�
ZRXOG� EH� DVVRFLDWHG� ZLWK� ORQJLWXGLQDOO\� LQFUHDVHG� IXQFWLRQDO�
FRQQHFWLYLW\� RI� '/3)&� WR� 6SDWLDO0DS� GXULQJ� 5HDVRQLQJ�� 7R�
UHSUHVHQW� WKLV� SUHGLFWLRQ�� ZH� JHQHUDWHG� D� VHHG� UHJLRQ� IRU�
FRQQHFWLYLW\�DQDO\VLV�XVLQJ�D�'/3)&�UHJLRQ�LGHQWLILHG�E\�D�PHWD�
DQDO\VLV� RI� QHXURLPDJLQJ� VWXGLHV� RI� YHUEDO� V\OORJLVWLF� GHGXFWLYH�
UHDVRQLQJ� �WKH� IRUP�RI� UHDVRQLQJ� VWXGLHG�KHUH�� ������:KROH�EUDLQ�
*URXS�E\�7LPH� $129$� IRU� SV\FKRSK\VLRORJLFDO� LQWHUDFWLRQ�
�33,�±EDVHG�IXQFWLRQDO�FRQQHFWLYLW\�WR�WKH�'/3)&�VHHG�UHJLRQ�ZDV�
WKHQ� PDVNHG� ZLWK� 6SDWLDO0DS�� &RQVLVWHQW� ZLWK� WKH� 007�EDVHG�
SUHGLFWLRQ��WKLV�DQDO\VLV�UHYHDOHG�WKDW�*HRVSDWLDO�VWXGHQWV�LQFUHDVHG�
PRUH�WKDQ�FRQWUROV�LQ�FRQQHFWLYLW\�RI�6SDWLDO0DS�UHJLRQV�WR�'/3)&�
�)LJ���&��ILJ��6���� DQG� WDEOH�6�����1R�FRQQHFWLYLW\� FKDQJHV�ZHUH�
JUHDWHU�IRU�FRQWURO�VWXGHQWV�WKDQ�*HRVSDWLDO�VWXGHQWV��$�*URXS�E\�
7LPH�E\�*HQGHU� LQWHUDFWLRQ� HPHUJHG� ZKHUHE\� IHPDOH� *HRVSDWLDO�
VWXGHQWV�VKRZHG�JUHDWHU�FXUULFXOXP��UHODWHG�LQFUHDVH�LQ�FRQQHFWLYLW\�
WR�SDULHWDO�DQG�SUHPRWRU�UHJLRQV�WKDQ�PDOHV��ILJ��6���DQG�WDEOH�6�����
VXJJHVWLQJ� WKDW� WKLV� FRQQHFWLYLW\� LQFUHDVH�ZDV� HVSHFLDOO\� VWURQJO\�
DVVRFLDWHG�ZLWK�VSDWLDO�FXUULFXOXP±�EDVHG�UHDVRQLQJ�LPSURYHPHQW�
LQ�IHPDOH�VWXGHQWV�  

 
&ŝŐ͘� ϯ͘� >ŽŶŐŝƚƵĚŝŶĂů� ŶĞƵƌĂů� ĐŚĂŶŐĞƐ� ĚƵƌŝŶŐ� ZĞĂƐŽŶŝŶŐ͘� ZĞůĂƟǀĞ� ƚŽ� ĐŽŶƚƌŽů� ƐƚƵĚĞŶƚƐ͕� 'ĞŽƐƉĂƟĂů� ƐƚƵĚĞŶƚƐ� ƐŚŽǁĞĚ� ŐƌĞĂƚĞƌ� ůŽŶŐŝƚƵĚŝŶĂů� ŝŶĐƌĞĂƐĞ� ŝŶ� Ă/W^� ĂĐƟǀŝƚǇ� ǁŝƚŚŝŶ�
EĞƵƌŽƐǇŶƚŚͲďĂƐĞĚ�^ƉĂƟĂůDĂƉ�;�Ϳ͕�ŝŶĐƌĞĂƐĞĚ�ƌĞƉƌĞƐĞŶƚĂƟŽŶĂů�ƐŝŵŝůĂƌŝƚǇ�ďĞƚǁĞĞŶ�ƐƉĂƟĂů�ĂŶĚ�ŶŽŶƐƉĂƟĂů�ƌĞĂƐŽŶŝŶŐ�ƌĞůĂƟŽŶƐ�ŝŶ�ƚŚŝƐ�Ă/W^�ĐůƵƐƚĞƌ�;�Ϳ�;ΎW�ф�Ϭ͘Ϭϱ�ĂŶĚ�ΎΎW�ф�Ϭ͘Ϭϭ͕�
ŶƐ͕�ŶŽƚ�ƐŝŐŶŝĮĐĂŶƚͿ͕�ĂŶĚ�ŝŶĐƌĞĂƐĞĚ�ĐŽŶŶĞĐƟǀŝƚǇ�ŽĨ�^ƉĂƟĂůDĂƉ�ƚŽ�Ă��>W&��ƌĞŐŝŽŶ�ŵĞƚĂͲĂŶĂůǇƟĐĂůůǇ�ŝŵƉůŝĐĂƚĞĚ�ŝŶ�ƐǇůůŽŐŝƐƟĐ�ĚĞĚƵĐƟǀĞ�ǀĞƌďĂů�ƌĞĂƐŽŶŝŶŐ�;�Ϳ�;ϭϮͿ͘ 
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$�SHGDJRJLFDO�JRDO�RI�VSDWLDO�HGXFDWLRQ�LV�WR�HQFRXUDJH�VWXGHQWV�
WR�³VSDWLDOL]H´�WKH�LQIRUPDWLRQ�WKDW�WKH\�HQFRXQWHU��L�H���GHYHORSLQJ�
VSDWLDO�UHSUHVHQWDWLRQV�RI�LQIRUPDWLRQ�HYHQ�ZKHQ�WKH�LQIRUPDWLRQ�LV�
SUHVHQWHG� LQ� QRQVSDWLDO�PRGDOLWLHV�� ����������$V� QRWHG� DERYH�� WKH�
5HDVRQLQJ�WDVN�ZDV�GHYLVHG�VXFK�WKDW�KDOI�WKH�WULDOV�LQFOXGHG�RYHUWO\�
VSDWLDO�UHODWLRQV��H�J���³DERYH´��DQG�WKH�RWKHU�KDOI�LQFOXGHG�RYHUWO\�
QRQVSDWLDO�UHODWLRQV��H�J���EHWWHU���$�SULPDU\�UHDVRQ�IRU�WKLV�ZDV�WR�
HQDEOH� XV� WR� GLUHFWO\� WHVW� WKH� SUHGLFWLRQ� WKDW� WKH� *HRVSDWLDO�
FXUULFXOXP� ZDV� DVVRFLDWHG� ZLWK� ³VSDWLDOL]HG´� UHSUHVHQWDWLRQ� RI�
RYHUWO\� QRQVSDWLDO� UHODWLRQV�� :H� RSHUDWLRQDOL]HG� WKLV� SUHGLFWLRQ�
XVLQJ� UHSUHVHQWDWLRQDO� VLPLODULW\� DQDO\VLV� �56$�� 6XSSOHPHQWDU\�
0DWHULDOV��� 6SHFLILFDOO\�� ZH� WHVWHG� ZKHWKHU� WKH� QHXUDO� SDWWHUQV�
DVVRFLDWHG� ZLWK� RYHUWO\� QRQVSDWLDO� UHODWLRQ� WULDOV� EHFDPH� PRUH�
VLPLODU�WR�WKH�SDWWHUQV�DVVRFLDWHG�ZLWK�RYHUWO\�VSDWLDO�UHODWLRQ�WULDOV�
LQ� WKH� 6SDWLDO0DS� FOXVWHU� WKDW� VKRZHG� VSDWLDO� FXUULFXOXP±UHODWHG�
FKDQJH�LQ� DFWLYLW\�GXULQJ�5HDVRQLQJ� �D,36��)LJ���$��DQG�ZKHWKHU�
VXFK� VSDWLDOL]DWLRQ� ZDV� JUHDWHU� IRU� *HRVSDWLDO� UHODWLYH� WR� FRQWURO�
VWXGHQWV�� &RQVLVWHQW� ZLWK� WKHVH� SUHGLFWLRQV�� *HRVSDWLDO� VWXGHQWV�
VKRZHG�LQFUHDVHG�VLPLODULW\�EHWZHHQ�QRQVSDWLDO�DQG�VSDWLDO�WULDOV�LQ�
D,36��SDLUHG�W�WHVW�IRU�7��YHUVXV�7��VLPLODULW\�LQ�*HRVSDWLDO�VWXGHQWV��
W� �������3� ��������G� �������6XSSOHPHQWDU\�0DWHULDOV���)XUWKHU�
DQDO\VLV�RI�D,36�SDWWHUQV�LQGLFDWHG�WKDW�WKH�FKDQJH�LQ�QRQVSDWLDO�WR�
VSDWLDO�VLPLODULW\�ZDV�SULPDULO\�GULYHQ�E\�FKDQJHV�LQ�WKH�QRQVSDWLDO�
WULDOV��L�H���QRQVSDWLDO�WULDOV�EHFRPLQJ�PRUH�VLPLODU�WR�VSDWLDO�WULDOV���
7KDW�LV��QRQVSDWLDO�UHODWLRQ�WULDOV�DW�7��ZHUH�VLJQLILFDQWO\�OHVV�VLPLODU�
WR�QRQVSDWLDO� UHODWLRQ�WULDOV� DW�7�� WKDQ� VSDWLDO� UHODWLRQ�WULDOV�DW�7��
ZHUH�WR�VSDWLDO�UHODWLRQ�WULDOV�DW�7���W� �������3� ��������G� ��������
*URXS�E\�7LPH�$129$�VKRZHG�WKDW�WKLV�LQFUHDVH�LQ�QRQVSDWLDO�WR�
VSDWLDO�VLPLODULW\�LQ�D,36�ZDV�JUHDWHU�LQ�*HRVSDWLDO�VWXGHQWV�WKDQ�LQ�
FRQWUROV��)����� �������3� ��������QS�� ��������)LJ���%�DQG�WDEOH�6���� 

7R� IXUWKHU� LQYHVWLJDWH� SRWHQWLDO� QHXUDO�PHFKDQLVPV� RI� FKDQJH�
DVVRFLDWHG� ZLWK� WKH� HIIHFW� RI� WKH� VSDWLDO� FXUULFXOXP� RQ� YHUEDO�
UHDVRQLQJ��ZH�WHVWHG�ZKHWKHU�HDFK�FXUULFXOXP�UHODWHG�ORQJLWXGLQDO�
QHXUDO�FKDQJH�WKDW�ZH�REVHUYHG�IRU�5HDVRQLQJ�ZDV�DVVRFLDWHG�ZLWK�
FKDQJH�LQ�5HDVRQLQJ�SHUIRUPDQFH�� 5HDVRQLQJ���$OO�PRGHOV�DJDLQ�
FRQWUROOHG�IRU�36$7��*3$��DQG�JHQGHU��/RFDO�FKDQJH�LQ�5HDVRQLQJ�
DFWLYLW\� LQ� D,36� ZDV� QRW� VWURQJO\� DVVRFLDWHG� ZLWK� FKDQJH� LQ�
5HDVRQLQJ�SHUIRUPDQFH� � � ��������3� �������� WDEOH�6�����56$�
EDVHG� QRQVSDWLDO�WR�VSDWLDO� VLPLODULW\� LQFUHDVH� ZLWKLQ� WKH� D,36�
FOXVWHU� VKRZHG� D� PHGLXP� HIIHFW� RQ� 5HDVRQLQJ� � �  � ��������
DOWKRXJK�WKLV�DVVRFLDWLRQ�ZDV�PDUJLQDOO\�QRQVLJQILFDQW��3� ��������
WDEOH�6�����,QFUHDVHG�FRQQHFWLYLW\�RI�6SDWLDO0DS�WR�'/3)&�VKRZHG�
D�PHGLXP�HIIHFW�RQ� 5HDVRQLQJ�� � ���������DQG�WKLV�DVVRFLDWLRQ�
ZDV� VLJQLILFDQW� �3�  � ������� WDEOH� 6����� 7KDW� LV�� WKH� PRUH�
6SDWLDO0DS�WR�'/3)&� FRQQHFWLYLW\� GXULQJ� 5HDVRQLQJ� LQFUHDVHG�
ORQJLWXGLQDOO\��WKH�PRUH�VWXGHQWV¶�UHDVRQLQJ�LPSURYHG��6XEVHTXHQW�
PHGLDWLRQ� DQDO\VHV� LQGLFDWHG� D� PHGLXP� LQGLUHFW� HIIHFW� RI� WKH�
*HRVSDWLDO�FXUULFXOXP�RQ� 5HDVRQLQJ������RI�WRWDO�YDULDQFH�����±
�����DOWKRXJK�WKLV�ZDV�QRW�VLJQLILFDQW��LQGLUHFW�HIIHFW��3� �������� 

^ƉĂƟĂů�ĐƵƌƌŝĐƵůƵŵʹƌĞůĂƚĞĚ�ŶĞƵƌĂů�ĐŚĂŶŐĞƐ�ĚƵƌŝŶŐ�ƐƉĂƟĂů�
ƐĐĂŶŶŝŶŐ�;�&dͿ 
$V� GHVFULEHG� DERYH�� WKH� VSDWLDO� FXUULFXOXP� ZDV� DVVRFLDWHG� ZLWK�
LPSURYHPHQW� LQ�VSDWLDO�VFDQQLQJ�SHUIRUPDQFH�RQ�()7��$V�DERYH��
RXU� ILUVW�SDVV� DW� WKH� LPDJLQJ�GDWD�ZDV� WR� LQYHVWLJDWH�ZKHWKHU� WKLV�
LPSURYHPHQW� ZDV� DFFRPSDQLHG� E\� FRQFXUUHQW� FXUULFXOXP�GULYHQ�
ORQJLWXGLQDO� FKDQJHV� LQ� QHXUDO� DFWLYLW\� IRU� ()7�� :KROH�EUDLQ�
*URXS�*HRVSDWLDO�� FRQWURO��E\�7LPH�7��� 7���$129$� FRQWUROOLQJ�
IRU�36$7��*3$��DQG�JHQGHU�LQ�WKH����I05,�SDUWLFLSDQWV�LGHQWLILHG�

ORQJLWXGLQDO�FKDQJHV�WKDW�ZHUH�JUHDWHU�LQ�*HRVSDWLDO�VWXGHQWV�WKDQ�
FRQWUROV� LQ� WZR�33&�UHJLRQV��)LJ������ OHIW�D,36��SUR[LPDWH�WR��EXW�
QRW�RYHUODSSLQJ�� WKH� FKDQJH�LQ� D,36�GXULQJ�5HDVRQLQJ�� DQG� ULJKW�
LQIHULRU�SDULHWDO�OREXOH��,3/���DV�ZHOO�DV�UHJLRQV�LQ�PLGGOH�IURQWDO�
J\UXV�� IURQWDO� SROH�� DQG� SUHPRWRU� FRUWH[� �ILJ�� 6��DQG� WDEOH� 6�����
%HFDXVH�()7�LV�D�VSDWLDO�FRJQLWLRQ�WDVN��ZH�GLG�QRW�PDVN�WKH�UHVXOWV�
ZLWK�6SDWLDO0DS�WR�LGHQWLI\�UHJLRQV�LPSOLFDWHG�LQ�VSDWLDO�FRJQLWLRQ��
:KLOH�DOO�RI�WKH�UHJLRQV�ZKHUH�ORQJLWXGLQDO�FKDQJHV�ZHUH�REVHUYHG�
IRU�()7�KDYH�SUHYLRXVO\�EHHQ�DVVRFLDWHG�ZLWK�VSDWLDO�IXQFWLRQ��WKLV�
HYLGHQFH�LV�VWURQJHVW�IRU�WKH�33&�UHJLRQV��������±�����1R�FKDQJHV�
LQ� DFWLYLW\� ZHUH� JUHDWHU� IRU� FRQWURO� VWXGHQWV� WKDQ� *HRVSDWLDO�
VWXGHQWV�� DQG� *URXS�E\�7LPH�E\�*HQGHU� $129$� LQGLFDWHG� QR�
WKUHH�ZD\� LQWHUDFWLRQ�� 1R� FRQQHFWLYLW\� RU� 56$� DQDO\VHV� ZHUH�
FRQGXFWHG�IRU�()7�EHFDXVH�WKHUH�ZHUH�QR�UHOHYDQW�K\SRWKHVHV� 

3DUDOOHOLQJ� WKH�5HDVRQLQJ� WDVN�DQDO\VHV� DERYH��ZH� QH[W� WHVWHG�
ZKHWKHU� HDFK�RI� WKHVH�FXUULFXOXP�UHODWHG�FKDQJHV� IRU�()7�QHXUDO�
DFWLYLW\�ZDV�DVVRFLDWHG�ZLWK�FKDQJH�LQ�VSDWLDO�VFDQQLQJ�SHUIRUPDQFH�
� ()7���DJDLQ�FRQWUROOLQJ�IRU�36$7��*3$��DQG�JHQGHU��/RQJLWXGLQDO�
FKDQJH�LQ� HDFK�RI� WKH�REVHUYHG�33&� UHJLRQV�� L�H��� FKDQJH� LQ� D,36�
DFWLYLW\�� D,36B()7��DQG�FKDQJH�LQ�,3/�DFWLYLW\�� ,3/B()7���ZDV�
VWURQJO\�DVVRFLDWHG�ZLWK� ()7��DOO� ����������DOO�3����������WDEOHV�
6���DQG�6�����7KDW�LV��WKH�PRUH�WKDW�DFWLYLW\�LQ�HDFK�RI�WKHVH�33&�
UHJLRQV� LQFUHDVHG� ORQJLWXGLQDOO\�� WKH� PRUH� VWXGHQWV� LPSURYHG� LQ�
VSDWLDO� VFDQQLQJ� SHUIRUPDQFH�� 7KH� DFWLYLW\� FKDQJHV� REVHUYHG� LQ�
IURQWDO� DQG� SUHPRWRU� UHJLRQV� ZHUH� QRW� VWURQJO\� DVVRFLDWHG� ZLWK�
()7��$OO� ����������DOO�3�����������,3/�DQG�D,36��DV�QRWHG�DERYH��

KDYH�EHHQ�FRQVLVWHQWO\�LPSOLFDWHG�LQ�VSDWLDO�DWWHQWLRQ��������±�����
LQFOXGLQJ�WKH�DWWHQWLRQDO�GHPDQGV�RI�VSDWLDO�VFDQQLQJ�LQ�()7�������
1RWDEO\�� WKHVH�UHJLRQV�DOVR�DSSHDU�WR�VXSSRUW�DWWHQWLRQDO�GHPDQGV�
RI� RVWHQVLEO\� QRQVSDWLDO� WDVNV� �H�J��� PHQWDO� PRGHOLQJ±DVVRFLDWHG�
YHUEDO� UHDVRQLQJ�� QXPHULFDO� FRJQLWLRQ�� DQG� QRQVSDWLDO� ZRUNLQJ�
PHPRU\������������������� 

I05,�GDWD�IRU�WKH�RWKHU�VSDWLDO�DELOLW\�PHDVXUH�WKDW�ZH�DGPLQLV� 
WHUHG��L�H���057��ZHUH�FROOHFWHG��EXW�DQDO\VHV�RI�WKRVH�GDWD�ZHUH�QRW�
LQFOXGHG�DPRQJ�WKH�SULPDU\�DQDO\VHV�WKDW�VRXJKW�WR�LGHQWLI\�QHXUDO�
FRUUHODWHV� RI� VSDWLDO� FXUULFXOXP±UHODWHG� FKDQJH� LQ� SHUIRUPDQFH�
EHFDXVH�� DV� GHVFULEHG� DERYH�� 057� SHUIRUPDQFH� ZDV� QRW�
VLJQLILFDQWO\� UHODWHG� WR� WKH�*HRVSDWLDO� FXUULFXOXP�� I05,� DQDO\VHV�
IRU�057�DUH�UHSRUWHG�LQ�WKH�6XSSOHPHQWDU\�0DWHULDOV��ILJ��6��DQG�
WDEOHV�6���DQG�6���� 

�ŽĞƐ�ŶĞƵƌĂů�ĐŚĂŶŐĞ�ƉƌĞĚŝĐƚ�ƚƌĂŶƐĨĞƌ͍ 
$� SULPDU\� REMHFWLYH� RI� WKLV� UHVHDUFK� ZDV� WR� WHVW� ZKHWKHU� QHXUDO�
FKDQJH�SUHGLFWHG�OHDUQLQJ�WUDQVIHU�DQG��LI�VR��ZKHWKHU�QHXUDO�FKDQJH�
RIIHUHG� SUHGLFWLYH� YDOXH� RYHU�DQG�DERYH� WUDGLWLRQDO� SHUIRUPDQFH�
EDVHG�DVVHVVPHQWV��:H� VSHFLILFDOO\� VRXJKW� WR� WHVW� WKH�EUDLQ�EDVHG�
K\SRWKHVLV� RI� 007� WKDW� GHYHORSPHQW� RI� VSDWLDO� UHVRXUFHV��
HVSHFLDOO\� UHVRXUFHV� DVVRFLDWHG� ZLWK� VSDWLDO� VFDQQLQJ�� SUHGLFWHG�
LPSURYHG� YHUEDO� UHDVRQLQJ��:H� WKXV� LQYHVWLJDWHG� ZKHWKHU� QHXUDO�
FKDQJHV� RQ� WKH� VSDWLDO� VFDQQLQJ� WDVN� �()7�� SUHGLFWHG� WUDQVIHU� WR�
5HDVRQLQJ��$OO�PRGHOV�DJDLQ�FRQWUROOHG�IRU�36$7��*3$��DQG�JHQGHU��
1HXUDO�FKDQJH�RQ�5HDVRQLQJ�ZDV�QRW�FRQVLGHUHG�LQ�WKHVH�DQDO\VHV�
EHFDXVH�WKH�JRDO�ZDV�WR�LGHQWLI\�QHXUDO�FKDQJHV�WKDW�FRXOG�SUHGLFW�
WUDQVIHU� WR� 5HDVRQLQJ�� ,I� WKH� WUDQVIHU� WDVN� LWVHOI� �5HDVRQLQJ�� LV�
UHTXLUHG�WR�REWDLQ�D�QHXUDO�PHDVXUH�RI�WUDQVIHUDEOH�OHDUQLQJ��WKHQ�LW�
LV�QRW�FOHDU� WKDW�D�PHDQLQJIXOO\�SUHGLFWLYH�LQIHUHQFH�FDQ�EH�PDGH��
&RQVLVWHQW� ZLWK� 007�� ERWK� RI� WKH� VSDWLDO� FXUULFXOXP±UHODWHG�
ORQJLWXGLQDO� FKDQJHV� LQ� 33&� DFWLYLW\� LGHQWLILHG� IRU� ()7�
� D,36B()7�DQG� ,3/B()7��ZHUH�VWURQJO\�DVVRFLDWHG�ZLWK�FKDQJH�
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LQ� 5HDVRQLQJ� SHUIRUPDQFH� � 5HDVRQLQJ��$OO� � �� ������� DOO� 3� ��
�������WDEOHV�6���WR�6�����7KDW�LV��WKH�PRUH�WKDW�VSDWLDO�VFDQQLQJ±�
UHODWHG� DFWLYLW\� LQ� D,36� DQG� ,3/� LQFUHDVHG�� WKH� PRUH� VWXGHQWV�
LPSURYHG�RQ�YHUEDO�UHDVRQLQJ��5HFDOO�WKDW��FRQVLVWHQW�ZLWK�007��
LPSURYHG� VSDWLDO� VFDQQLQJ� SHUIRUPDQFH� � ()7�� PHGLDWHG� WKH�
WUDQVIHU� DVVRFLDWLRQ� RI� WKH� *HRVSDWLDO� FXUULFXOXP� WR� LPSURYHG�
UHDVRQLQJ��:H�WKXV�VRXJKW�WR�PLUURU�WKLV�DQDO\VLV�DW�WKH�QHXUDO�OHYHO��
WHVWLQJ� D,36B()7�DQG� ,3/B()7�DV�QHXUDO�PHGLDWRUV�RI�WUDQVIHU��
&RQVLVWHQW� ZLWK� WKH� EHKDYLRUDO� ILQGLQJV�� D,36B()7� DQG�
,3/B()7�HDFK�PHGLDWHG�WKH�WUDQVIHU�DVVRFLDWLRQ�RI�WKH�*HRVSDWLDO�

FXUULFXOXP�WR� 5HDVRQLQJ�� D,36B()7������RI�WRWDO�YDULDQFH��3���
������� ,3/B()7������RI�WRWDO�YDULDQFH��3����������)LJ������7KH�
FKDQJHV� LQ� ()7� DFWLYLW\� LQ� SUHIURQWDO� DQG� SUHPRWRU� UHJLRQV� WKDW�
ZHUH� QRW� DVVRFLDWHG�ZLWK� ()7� �DERYH��ZHUH� DOVR� QRW� DVVRFLDWHG�
ZLWK� 5HDVRQLQJ��$OO� ����������DOO�3���������� 

�ŽĞƐ�ŶĞƵƌĂů�ĐŚĂŶŐĞ�ŽƵƚƉƌĞĚŝĐƚ�ƚƌĂĚŝƟŽŶĂů��ƉĞƌĨŽƌŵĂŶĐĞͲďĂƐĞĚ�
ĂƐƐĞƐƐŵĞŶƚƐ͍ 
+DYLQJ�LGHQWLILHG�WZR�FXUULFXOXP�UHODWHG�FKDQJHV�LQ�QHXUDO�DFWLYLW\�
GXULQJ� VSDWLDO� VFDQQLQJ� �()7�� WKDW� SUHGLFWHG� WUDQVIHU� WR� YHUEDO�
UHDVRQLQJ�� ZH� QH[W� VRXJKW� WR� FRPSDUH� WKHVH� QHXUDO� FKDQJHV�
� D,36B()7� DQG� ,3/B()7�� WR� SHUIRUPDQFH�EDVHG� DVVHVVPHQWV��
7R�HQDEOH�D�GLUHFW�FRPSDULVRQ�RI�WKH�SUHGLFWLYH�YDOXH�GHULYHG�IURP�
QHXUDO�FKDQJH�YHUVXV�SHUIRUPDQFH�EDVHG� OHDUQLQJ�DVVHVVPHQW��ZH�
FRPSDUHG�()7� QHXUDO� FKDQJH� YHUVXV� SHUIRUPDQFH�EDVHG� OHDUQLQJ�
RQ� WKH� VDPH� ()7� WDVN� � ()7��� ()7� UHSUHVHQWHG� FXUULFXOXP�
OHDUQLQJ� �VSHFLILFDOO\�� WKH� FXUULFXOXP�UHODWHG� LPSURYHPHQW� LQ�
VSDWLDO� VFDQQLQJ��� $V� GHVFULEHG� DERYH�� ()7� ZDV� DOVR� KLJKO\�
SUHGLFWLYH� RI� LPSURYHPHQW� LQ� WKH� 5HDVRQLQJ� WUDQVIHU� WDVN�
� 5HDVRQLQJ���ZKLFK�ZDV�WKH�RXWFRPH�YDULDEOH�WKDW�ZH�VRXJKW� WR�
SUHGLFW� LQ� WKH� FXUUHQW� DQDO\VLV��7KXV�� ()7� UHSUHVHQWHG� D� VWURQJ�
SHUIRUPDQFH�EDVHG� SUHGLFWRU� DJDLQVW� ZKLFK� WR� FRPSDUH� QHXUDO�
FKDQJH� YDULDEOHV�� 3HUIRUPDQFH� FKDQJH� RQ� DQRWKHU� FXUULFXOXP�
UHODWHG�OHDUQLQJ�RXWFRPH��VSDWLDO�KDELWV�RI�PLQG�����������ZDV�DOVR�
LQFOXGHG� DV� D� SUHGLFWRU� RI� WUDQVIHU�� DV� ZHUH� FKDQJH� LQ� 057�
SHUIRUPDQFH�� 057���WUDGLWLRQDO�DFDGHPLF�DVVHVVPHQWV��36$7�DQG�
*3$��� DQG� JHQGHU�� ,Q� DGGLWLRQ�� *HRVSDWLDO� FRXUVH� JUDGHV� ZHUH�
LQFOXGHG�IRU�PRGHOV�FRQVLGHULQJ�*HRVSDWLDO�VWXGHQWV�RQO\��,QFOXGLQJ�
WKHVH�PXOWLSOH�SHUIRUPDQFH�EDVHG�PHDVXUHV��LQ�DGGLWLRQ�WR� ()7��
ZDV� LQWHQGHG� WR� IXUWKHU� LQFUHDVH� WKH� ULJRU� RI� WKH� FRPSDULVRQ� WR�
QHXUDO�FKDQJH�DQG�WR�UHIOHFW�WKDW�WKH�VWDQGDUG�IRU�GHPRQVWUDWLQJ�WKH�
YDOXH�RI�QHXURLPDJLQJ�SUHGLFWRUV�VKRXOG�EH�FRPSDULVRQ�WR�PXOWLSOH�
SHUIRUPDQFH�EDVHG�WDVNV��QRW�MXVW�RQH�WDVN��EHFDXVH�RI�WKH�JUHDWHU�
SUDJPDWLF�EXUGHQ�UHTXLUHG�IRU�REWDLQLQJ�QHXURLPDJLQJ�PHDVXUHV� 

0XOWLSOH�UHJUHVVLRQ�PRGHOV��6XSSOHPHQWDU\�0DWHULDOV��IRXQG�WKH�
IROORZLQJ�� �L�� 7KH� WZR� QHXUDO� FKDQJH� SUHGLFWRU� YDULDEOHV�
� D,36B()7� DQG� ,3/B()7�� HDFK� LQGLYLGXDOO\� \LHOGHG�
VLJQLILFDQWO\�EHWWHU�PRGHO�ILW�IRU�SUHGLFWLQJ� 5HDVRQLQJ�WKDQ�DQ\�RI�
WKH�SHUIRUPDQFH�EDVHG�DVVHVVPHQWV�LQ�WKH�IXOO�QHXURLPDJLQJ�VDPSOH�
DQG� LQ� WKH� VDPSOH� RI� *HRVSDWLDO� VWXGHQWV� RQO\� > ()7�� 057��
FKDQJH� LQ� VSDWLDO� KDELWV� RI�PLQG�� 36$7�� *3$�� *HRVSDWLDO� FRXUVH�
JUDGH��*HRVSDWLDO�VWXGHQWV�RQO\���DQG�JHQGHU��OLNHOLKRRG�UDWLR�WHVWV��
DOO�3��������@���LL��7KH�FRPELQDWLRQ�RI� D,36B()7�DQG� ,3/B()7�
\LHOGHG�VLJQLILFDQWO\�EHWWHU�ILW�WKDQ�WKH�EHVW�ILWWLQJ�FRPELQDWLRQV�RI�
SHUIRUPDQFH�EDVHG�DVVHVVPHQWV��LQ� WKH�IXOO�QHXURLPDJLQJ�VDPSOH��
()7�� 057�� DQG� 36$7�� LQ� *HRVSDWLDO� VWXGHQWV� RQO\�� ()7��
057��DQG�*HRVSDWLDO�FRXUVH�JUDGHV��DOO�3����������WDEOHV�6���DQG�

6����� �LLL��$GGLQJ� D,36B()7� DQG� ,3/B()7� WR� WKH� EHVW�ILWWLQJ�
FRPELQDWLRQ� RI� SHUIRUPDQFH�EDVHG� DVVHVVPHQWV� LQ� WKH� IXOO� DQG�
*HRVSDWLDO�RQO\� QHXURLPDJLQJ� VDPSOHV� VLJQLILFDQWO\� LPSURYHG� ILW�
�DOO�3����������WDEOH�6���DQG�6�����DQG�DGGLQJ�HLWKHU� D,36B()7�RU�
,3/B()7� LQGLYLGXDOO\� LPSURYHG� ILW� IRU� WKH� IXOO� VDPSOH� �DOO� 3� ��

�������WDEOHV�6���DQG�6����DQG�IRU�WKH�*HRVSDWLDO�RQO\�VDPSOH�LQ�
WKH�FDVH�RI� D,36B()7��3� �������� WDEOH�6����EXW�QRW� ,3/B()7�
�3�  � ������� WDEOH� 6����� 1RWDEO\�� DOWKRXJK� WKH� QHXUDO� FKDQJH�
YDULDEOHV�ZHUH�WKH�VWURQJHVW�LQGLYLGXDO�SUHGLFWRUV��WKH�VWURQJHVW� ILW�
DPRQJ� DOO� PRGHOV� ZDV� DFKLHYHG� E\� D� PRGHO� FRPELQLQJ� WKH� WZR�
QHXUDO� FKDQJH� YDULDEOHV� � D,36B()7� DQG� ,3/B()7�� ZLWK� WKUHH�
SHUIRUPDQFH�� EDVHG� DVVHVVPHQWV� � ()7�� 057�� DQG� 36$7��
DGMXVWHG�5�� �������WDEOH�6���� 

:H� IXUWKHU� XVHG� GDWD�GULYHQ� HQVHPEOH� PRGHOLQJ� SUHGLFWLRQ�
DQDO\VLV� �6XSSOHPHQWDU\�0DWHULDOV�� ����� WR� LGHQWLI\� WKH� SUHGLFWRU�
YDULDEOHV� WKDW� DUH� PRVW� OLNHO\�� LQ� JHQHUDO�� WR� EH� SUHGLFWLYH� RI� WKH�
RXWFRPH�YDULDEOH��LQ� WKLV�FDVH�� 5HDVRQLQJ���WKDW� LV��WKH�YDULDEOHV�
WKDW� FRQWULEXWH� WKH�PRVW� WR� SUHGLFWLRQ� DFURVV� WKH� SRVVLEOH�PRGHOV�
UHSUHVHQWHG�E\�WKH�HQVHPEOH�UDWKHU�WKDQ�ZLWKLQ�DQ�LQGLYLGXDO�PRGHO��
:H� ILUVW�XVHG�DQ�HQVHPEOH�PRGHO�³ERRVWLQJ´�DQDO\VLV� LQWHQGHG� WR�
RSWLPL]H�PRGHO�DFFXUDF\��6XSSOHPHQWDU\�0DWHULDOV������������DJDLQ�
LQFOXGLQJ� D,36B� ()7� DQG� ,3/B()7� DV� WKH� QHXUDO� SUHGLFWRUV��
DORQJ�ZLWK� ()7�DQG�WKH�VDPH�VHW�RI�DGGLWLRQDO�SHUIRUPDQFH�EDVHG�
SUHGLFWRUV�> ()7�� 057��FKDQJH�LQ�VSDWLDO�KDELWV�RI�PLQG��36$7��
*3$�� *HRVSDWLDO� FRXUVH� JUDGH� �*HRVSDWLDO� VWXGHQWV� RQO\��� DQG�
JHQGHU@��7KH�SUHGLFWLRQ�DQDO\VLV� LGHQWLILHG�WKH�WZR�QHXUDO� FKDQJH�
SUHGLFWRU� YDULDEOHV� DV� WKH� YDULDEOHV� WKDW� FRQWULEXWHG� PRVW� WR�
SUHGLFWLRQ�RI� 5HDVRQLQJ��WDEOH�6����� ,3/B()7� �DFFRXQWLQJ� IRU�
���� RI� SUHGLFWRU� ³LPSRUWDQFH´�� DQG� D,36B()7� �DFFRXQWLQJ� IRU�
������2I�WKH�SHUIRUPDQFH��EDVHG�DVVHVVPHQW�YDULDEOHV�� ()7�ZDV�
DVVLJQHG� WKH� KLJKHVW� SUHGLFWRU� LPSRUWDQFH� ������ DFURVV� WKH�
HQVHPEOH�PRGHO��:KHQ�*HRVSDWLDO�FRXUVH�JUDGH�ZDV�LQFOXGHG�DV�D�
SUHGLFWRU� �*HRVSDWLDO� VWXGHQWV� RQO\��� WKH� PRGHO� DJDLQ� LQGLFDWHG�
D,36B()7� ������ DQG� ,3/B()7� ������ DV� WKH� PRVW� LPSRUWDQW�

SUHGLFWRUV��ZLWK� ()7�QH[W�DW������WDEOH�6�����$GGLWLRQDO�HQVHPEOH�
PRGHOLQJ� DQDO\VHV� WR� EXLOG� ³VWDQGDUG´� SUHGLFWLRQ� PRGHOV� �WDEOHV�
6���WR�6����ODUJHO\�FRQYHUJHG�ZLWK�WKH�ERRVWLQJ�DQDO\VHV��7KDW�LV��
GDWD�GULYHQ� YDULDEOH� VHOHFWLRQ� UHVXOWHG� LQ� WKH� LQFOXVLRQ� RI� QHXUDO�
FKDQJH� SUHGLFWRUV� LQ� WKH� PRVW� LQIRUPDWLYH� PRGHO� �$NDLNH�
LQIRUPDWLRQ� FULWHULRQ��� 6SHFLILFDOO\�� WKUHH� YDULDEOHV� ZHUH� VHOHFWHG�
IRU� LQFOXVLRQ�LQ�WKH�VWDQGDUG�SUHGLFWLRQ�PRGHO�� ,3/B()7��36$7��
DQG� D,36B()7��6XSSOHPHQWDU\�0DWHULDOV���,WHUDWLQJ�WKLV�DQDO\VLV�
ZLWK� WKH� *HRVSDWLDO� FRXUVH� JUDGHV� LQFOXGHG� �*HRVSDWLDO� VWXGHQWV�
RQO\�� UHVXOWHG� LQ� WKH� VHOHFWLRQ� RI� WZR� YDULDEOHV�� D,36B()7� DQG�
36$7� 

/DVW�� SRVW� KRF� H[SORUDWRU\� DQDO\VHV� LQYHVWLJDWHG� ZKHWKHU� WKH�
ORQJLWXGLQDO� QHXUDO� FKDQJHV� WKDW� ZHUH� DVVRFLDWHG� ZLWK� LPSURYHG�
5HDVRQLQJ� SHUIRUPDQFH�ZHUH� DOVR� DVVRFLDWHG�ZLWK� HDFK� RWKHU��$V�
GHVFULEHG�DERYH��WKH�FKDQJH�LQ�6SDWLDO0DS�WR�'/3)&�FRQQHFWLYLW\�
ZDV�WKH�RQO\�ORQJLWXGLQDO�QHXUDO�FKDQJH�GXULQJ�WKH�5HDVRQLQJ�WDVN�
WKDW� ZDV� VLJQLILFDQWO\� DVVRFLDWHG� ZLWK� LPSURYHG� UHDVRQLQJ�
SHUIRUPDQFH��$V�DOVR�GHVFULEHG�DERYH��FKDQJHV�LQ�WZR�33&�UHJLRQV�
� D,36B()7� DQG� ,3/B� ()7�� SUHGLFWHG� LPSURYHG� UHDVRQLQJ�
SHUIRUPDQFH�� :H� WKXV� VRXJKW� WR� WHVW� ZKHWKHU� D,36B()7� DQG�
,3/B()7� ZHUH� UHODWHG� WR� FKDQJH� LQ� 6SDWLDO0DS�WR�'/3)&�

FRQQHFWLYLW\� GXULQJ�5HDVRQLQJ��7KH� D,36B�()7� DQG� ,3/B()7�
FOXVWHUV� VSDWLDOO\� RYHUODSSHG� �LQ� ,36� DQG� ,3/�� ZLWK� DUHDV� RI�
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LQFUHDVHG� 6SDWLDO0DS�WR�'/3)&� FRQQHFWLYLW\� GXULQJ� 5HDVRQLQJ��
DQG� ERWK� D,36B()7� � �  � ������� 3� �� ������� WDEOH� 6���� DQG�
,3/B()7�� � ��������3� ��������WDEOH�6����SUHGLFWHG�WKH�LQFUHDVH�

LQ� 6SDWLDO0DS�WR�'/3)&� FRQQHFWLYLW\�� 7KLV� SRVW� KRF� ILQGLQJ�
SURYLGHV� DQ� DGGLWLRQDO� LQGLFDWLRQ� WKDW� VSDWLDO� HGXFDWLRQ� PD\�
LQIOXHQFH� ,36� DQG� ,3/� IXQFWLRQ� LQ�ZD\V� WKDW� VXSSRUW� ERWK� VSDWLDO�
VFDQQLQJ�DQG�YHUEDO�UHDVRQLQJ��SXWDWLYHO\�EHFDXVH�WKH�VDPH�VSDWLDO�
DWWHQWLRQDO�UHVRXUFHV�WKDW�VXSSRUW�VSDWLDO�VFDQQLQJ�DOVR�FRQWULEXWH�WR�
YHUEDO� UHDVRQLQJ�� LQFOXGLQJ� YLD� FRPPXQLFDWLRQ� ZLWK� '/3)&���
5HODWHGO\��DV�ZHOO�DV�SRVW�KRF��ZH�WHVWHG�ZKHWKHU� WKH�ORQJLWXGLQDO�
FKDQJHV� LQ� D,36� DFWLYLW\� WKDW�ZH� REVHUYHG� VHSDUDWHO\� LQ� ()7� DQG�
5HDVRQLQJ�ZHUH�DVVRFLDWHG�ZLWK�HDFK�RWKHU�DQG�IRXQG�WKDW�WKH\�ZHUH�
� � ��������3� ��������WDEOH�6���� 

�/^�h^^/KE 
6SDWLDOO\�EDVHG�DFFRXQWV�RI�KXPDQ�FRJQLWLRQ��H�J���007����������
VXJJHVW� WKH� HGXFDWLRQDO�K\SRWKHVLV� WKDW�IRVWHULQJ�LPSURYHPHQW� LQ�
VSDWLDO� FRJQLWLYH� SURFHVVHV� PLJKW� LPSURYH� DELOLWLHV� EH\RQG� WKH�
VSDWLDO� GRPDLQ�� LQFOXGLQJ� YHUEDO� UHDVRQLQJ�� &RQVLVWHQW� ZLWK� WKLV�
SUHGLFWLRQ�� D� VSDWLDO� 67(0� FXUULFXOXP� LQ� WKH� SUHVHQW� VWXG\�
WUDQVIHUUHG� WR� DQ� XQWUDLQHG� YHUEDO� UHDVRQLQJ� WDVN� WKDW� LV� VWURQJO\�
OLQNHG� WR� PHQWDO� PRGHOLQJ�� )XUWKHUPRUH�� WKH� PRUH� VWXGHQWV�
LPSURYHG�RQ�VSDWLDO�VFDQQLQJ�DQG�PHQWDO�URWDWLRQ��DELOLWLHV�WKDW�DUH�
VSHFLILFDOO\� WKHRUL]HG� WR� VXSSRUW�PHQWDO�PRGHOLQJ� ������ WKH�PRUH�
WKH\� LPSURYHG� RQ� YHUEDO� UHDVRQLQJ�� DQG� LPSURYHPHQW� RQ� VSDWLDO�
VFDQQLQJ� PHGLDWHG� WKH� DVVRFLDWLRQ� RI� WKH� VSDWLDO� FXUULFXOXP� WR�
LPSURYHG� YHUEDO� UHDVRQLQJ�� /LNHZLVH�� DW� WKH� QHXUDO� OHYHO��
ORQJLWXGLQDO�I05,�GHWHFWHG�VSDWLDO�FXUULFXOXP±UHODWHG�LQFUHDVHV�LQ�
WKH�DFWLYLW\�RI�VSDWLDO�FRJQLWLRQ±�LPSOLFDWHG�EUDLQ�UHJLRQV��D,36�DQG�
,3/�� GXULQJ� VSDWLDO� VFDQQLQJ� �()7��� 7KHVH� QHXUDO� FKDQJHV� ZHUH�
DVVRFLDWHG�ZLWK�LPSURYHPHQW�LQ�VSDWLDO�VFDQQLQJ�SHUIRUPDQFH�DQG�
PHGLDWHG� WKH� DVVRFLDWLRQ� RI� WKH� VSDWLDO� FXUULFXOXP� WR� YHUEDO�
UHDVRQLQJ��7KHVH�ILQGLQJV�H[WHQG�HYLGHQFH�IRU�PHQWDO�PRGHOLQJ�DV�
D� EDVLV� RI� KXPDQ� UHDVRQLQJ� ���� E\� H[SHULPHQWDOO\� LQWHUYHQLQJ� WR�
LPSURYH�VSDWLDO�DELOLW\�DV�D�PHDQV�RI�LPSURYLQJ�YHUEDO�DELOLW\�DQG�
LQGLFDWH� WKDW� 007� FDQ� EH� WUDQVODWHG� WR� UHDO�ZRUOG� 67(0�
FODVVURRPV� YLD� VSDWLDO� HGXFDWLRQ�� 7KH� SUHVHQW� HYLGHQFH� VXJJHVWV�
IXUWKHU� H[SORUDWLRQ�RI� VSDWLDO� VFDQQLQJ�LQ�SDUWLFXODU� DV�D� WUDLQDEOH�
DELOLW\� WR� VXSSRUW� UHDVRQLQJ� LQ� HGXFDWLRQDO� DQG� RWKHU� FRQWH[WV��
$OWKRXJK� ZH� GLG� QRW� ILQG� FXUULFXOXP�VSHFLILF� HIIHFWV� RQ� 057��
PHQWDO� PRGHOLQJ� LQYROYHV� PXOWLSOH� DVSHFWV� RI� VSDWLDO� FRJQLWLRQ�
�LQFOXGLQJ�ERWK�VSDWLDO�VFDQQLQJ�DQG�PHQWDO�URWDWLRQ�������DQG�LW�LV�
SRVVLEOH�WKDW�D�FXUULFXOXP�IRFXVHG�RQ�WKUHH�GLPHQVLRQDO�REMHFWV�DQG�
URWDWLRQ� PLJKW� KDYH� SURGXFHG� JUHDWHU� LPSURYHPHQWV� LQ� 057�
SHUIRUPDQFH� 

$GGUHVVLQJ� UHVHDUFK� SULRULWLHV� QRWHG� LQ� WKH� 15&�� 2(&'�� DQG�
$(,�UHSRUWV���������������WKH�SUHVHQW�ZRUN�SURYLGHV�HYLGHQFH�IRU�WKH�
UHDO�ZRUOG� HIILFDF\� RI� DQ� LQ�VFKRRO� LPSOHPHQWDWLRQ� RI� VSDWLDO�
HGXFDWLRQ�DQG�HPSLULFDOO\�LQGLFDWHV�SODXVLEOH�FRJQLWLYH�DQG�QHXUDO�
PHFKDQLVPV�RI�FKDQJH��:LWK�UHVSHFW�WR�HIILFDF\�� LPSURYHG�VSDWLDO�
VFDQQLQJ��VSDWLDO�KDELWV�RI�PLQG��DQRWKHU�RXWFRPH�VWURQJO\�OLQNHG�
WR�67(0�DFKLHYHPHQW��������DQG�YHUEDO�UHDVRQLQJ�UHSUHVHQW�VSDWLDO�
FXUULFXOXP±� GULYHQ� JDLQV� ERWK� ZLWKLQ� DQG� EH\RQG� WKH� VSDWLDO�
GRPDLQ��7KLV�HYLGHQFH�ZDV�VWUHQJWKHQHG�E\�WKH�XVH�RI�SURSHQVLW\�
VFRULQJ� PHWKRGV� WR� UHGXFH� VHOHFWLRQ� ELDV�� 3ULRU� UHVHDUFK� KDV�
GHPRQVWUDWHG� WUDQVIHU� HIIHFWV� IURP� LPSOHPHQWDWLRQV� RI� VSDWLDO�
WUDLQLQJ� ���±����� KRZHYHU�� WKHVH� VWXGLHV�KDYH�DVVHVVHG� WUDQVIHU� WR�
PHDVXUHV� RI� QRQYHUEDO� FRJQLWLRQ�� LQFOXGLQJ� VSDWLDO� WDVNV�� VXFK� DV�
PHQWDO� URWDWLRQ� ����� ����� DQG� PDWKHPDWLFV�� VXFK� DV� QXPHULFDO�

SURFHVVLQJ�DQG�JHRPHWU\�����������7KDW�ZRUN�LV�WKXV�GLVWLQFW�IURP�
WKH�SUHVHQW�HYLGHQFH�RI�WUDQVIHU�IURP�WKH�VSDWLDO�FXUULFXOXP�WR�YHUEDO�
UHDVRQLQJ�� 5HJDUGLQJ� PHFKDQLVPV� RI� FKDQJH�� WKH� DERYH�QRWHG�
ILQGLQJV�LPSOLFDWH�FXUULFXOXP�UHODWHG�FRJQLWLYH�DQG�QHXUDO�FKDQJHV�
LQ� VSDWLDO�VFDQQLQJ�DV�SODXVLEOH�PHFKDQLVPV��$GGLWLRQDO� HYLGHQFH�
LQGLFDWHG� WKDW� 6SDWLDO0DS� FRQQHFWLYLW\� WR� D� UHDVRQLQJ�DVVRFLDWHG�
'/3)&� UHJLRQ� LQFUHDVHG� ORQJLWXGLQDOO\� LQ� *HRVSDWLDO� VWXGHQWV�
UHODWLYH� WR� FRQWUROV�� 7KH� DPRXQW� RI� LQFUHDVH� LQ� WKLV� FRQQHFWLYLW\�
SUHGLFWHG�WKH�DPRXQW�RI�LPSURYHPHQW�LQ�UHDVRQLQJ��7KHVH�ILQGLQJV�
SRLQW� WR� LQFUHDVHG� 6SDWLDO0DS�WR�'/3)&� FRPPXQLFDWLRQ� DV� D�
QHXUDO�FKDQJH�WKDW�PD\�HQDEOH�EHWWHU�UHDVRQLQJ��SXWDWLYHO\�EHFDXVH�
WKLV� FRPPXQLFDWLRQ� IDFLOLWDWHV� JUHDWHU� FRQWULEXWLRQ� RI� VSDWLDO�
UHVRXUFHV�WR�UHDVRQLQJ��H�J���VSDWLDO�DWWHQWLRQDO�UHVRXUFHV�OLQNHG�WR�
,3/�DQG�,36���)HPDOH�VWXGHQWV�VKRZHG�JUHDWHU�FXUULFXOXP��GULYHQ�
LQFUHDVHV� LQ� FRQQHFWLYLW\� WKDQ� PDOHV�� VXJJHVWLQJ� WKDW� WKLV�
FRQQHFWLYLW\�PD\�EH�HVSHFLDOO\� LPSRUWDQW�IRU� WKH�HIIHFWV�RI�VSDWLDO�
HGXFDWLRQ� LQ� JLUOV�� 7KLV� LV� QRWHZRUWK\� ZLWK� UHVSHFW� WR� SUHYLRXV�
HYLGHQFH� LQGLFDWLQJ� WKH� SRWHQWLDO� RI� VSDWLDO� HGXFDWLRQ� WR� VXSSRUW�
IHPDOH� VWXGHQWV¶� SDUWLFLSDWLRQ� DQG� DFKLHYHPHQW� LQ� 67(0� ������
SDUWLFXODUO\� JLYHQ� WKH� UHODWLRQVKLS� RI� ERWK� VSDWLDO� DELOLWLHV� DQG�
UHDVRQLQJ�WR�67(0�DFKLHYHPHQW�������,Q�DGGLWLRQ��HYLGHQFH�WKDW�WKH�
VSDWLDO� FXUULFXOXP� ZDV� DVVRFLDWHG� ZLWK� FKDQJHV� LQ� DFWLYLW\� DQG�
UHSUHVHQWDWLRQDO�VLPLODULW\�LQ�,36�GXULQJ�UHDVRQLQJ��DOWKRXJK�WKHVH�
FKDQJHV�ZHUH�QRW�DVVRFLDWHG�ZLWK�WDVN�SHUIRUPDQFH��IXUWKHU�VXJJHVWV�
WKDW� VSDWLDO� HGXFDWLRQ� LQIOXHQFHV� WKH� IXQFWLRQ� RI� ,36�� ZKLFK� LV�
DVVRFLDWHG�ZLWK�GLYHUVH�VSDWLDO�FRJQLWLRQ±UHODWHG�DELOLWLHV��������±
����� ,Q� WKH� FRQWH[W� RI� JURZLQJ� HYLGHQFH� DQG� HQWKXVLDVP� IRU� WKH�
LPSRUWDQFH� RI� VSDWLDO� FRJQLWLRQ� DPRQJ� HGXFDWLRQ� UHVHDUFKHUV��
HVSHFLDOO\� LQ� 67(0� ����� ���� ����� ZKLFK� KDV� QRW� \HW� SHUPHDWHG�
HGXFDWLRQ� SROLF\� DQG� SUDFWLFH� ����� ���� ����� WKH� FODVVURRP�EDVHG�
HYLGHQFH� REWDLQHG� LQ� WKH� SUHVHQW� VWXG\� SURYLGHV� QHZ� HPSLULFDO�
VXSSRUW�IRU�WKH�DGRSWLRQ�RI�VSDWLDO�HGXFDWLRQ� 

,QWHUSUHWDWLRQ� RI� WKH� SUHVHQW� UHVXOWV�ZLWK� UHVSHFW� WR� WUDQVIHU� WR�
UHDVRQLQJ� LQ� UHDO�ZRUOG� FRQWH[WV� LV� FRQVWUDLQHG� E\� WKH� XVH� RI� D�
WUDGLWLRQDO� ODERUDWRU\� WHVW� RI� YHUEDO� UHDVRQLQJ� DV� RXU� UHDVRQLQJ�
WUDQVIHU� PHDVXUH� �UDWKHU� WKDQ� DQ� DVVHVVPHQW� RI� UHDO�ZRUOG�
UHDVRQLQJ���DOWKRXJK�V\OORJLVWLF�YHUEDO�UHDVRQLQJ�RI�WKH�NLQG�VWXGLHG�
KHUH� KDV� EHHQ� VKRZQ� WR� SUHGLFW� UHDO�ZRUOG� DFDGHPLF� DQG�
SURIHVVLRQDO�DFKLHYHPHQW�DFURVV�D�YDULHW\�RI�GRPDLQV��H�J���UHDGLQJ��
FKHPLVWU\�� QXUVLQJ�� DQG� PHGLFLQH�� ������ 1RWH� WKDW�� ZKLOH� DOO�
5HDVRQLQJ�WULDOV�ZHUH�YHUEDO��RQO\�KDOI�����WULDOV��LQYROYHG�RYHUWO\�
QRQVSDWLDO�UHODWLRQV��H�J���EHWWHU���OLPLWLQJ�WKH�QXPEHU�RI�WULDOV�XSRQ�
ZKLFK�WKH�PRVW�GLUHFW�HYLGHQFH�UHJDUGLQJ�WUDQVIHU�EH\RQG�WKH�VSDWLDO�
GRPDLQ�LV�EDVHG� 

7KH�SUHVHQW�UHVHDUFK�VKRZV�SURRI�RI�SULQFLSOH�IRU�XVLQJ�LQ�VFKRRO�
QHXUDO� FKDQJH� WR� SUHGLFW� OHDUQLQJ� WUDQVIHU� PRUH� DFFXUDWHO\� WKDQ�
WUDGLWLRQDO� SHUIRUPDQFH�EDVHG� DVVHVVPHQWV�� :H� SUHGLFWHG�
LPSURYHPHQW�RQ�WKH�5HDVRQLQJ�WUDQVIHU�WDVN�IURP�QHXUDO�FKDQJH�RQ�
D� VHSDUDWH� WDVN� �()7�� UHIOHFWLQJ� WKH�007�EDVHG� K\SRWKHVLV� WKDW�
VSDWLDO� VFDQQLQJ� VXSSRUWV� PHQWDO� PRGHO� UHDVRQLQJ�� ������ 'LUHFW�
PRGHO� FRPSDULVRQV� DQG� HQVHPEOH� PRGHOLQJ� SUHGLFWLRQ� DQDO\VLV�
VKRZHG� WKDW� ()7� QHXUDO� FKDQJHV� LQ� ,3/� DQG� ,36� ZHUH� VWURQJHU�
SUHGLFWRUV� RI� WUDQVIHU� WKDQ� SHUIRUPDQFH�EDVHG� DFDGHPLF� DQG�
FRJQLWLYH� DVVHVVPHQWV� �HYHQ� ZKHQ� FRPSDULQJ� QHXUDO� YHUVXV�
SHUIRUPDQFH�FKDQJH�RQ�WKH�VDPH�()7�WDVN���1RWDEO\��KRZHYHU��WKH�
EHVW� SUHGLFWLRQ� RI� OHDUQLQJ� WUDQVIHU� ZDV� DFKLHYHG� E\� FRPELQLQJ�
QHXUDO�FKDQJHV�ZLWK�WUDGLWLRQDO�DVVHVVPHQWV��7KHVH�ILQGLQJV�LQGLFDWH�
WKDW�QHXUDO� FKDQJH�KDV� WKH�FDSDFLW\� WR� LPSURYH�DVVHVVPHQW�RI� WKH�
WUDQVIHUDELOLW\� RI� FXUULFXOD� DQG� VXJJHVW� WKDW� WKH� PRVW� HIIHFWLYH�
DSSURDFKHV�PD\�XVH�PHDVXUHV�RI�QHXUDO�FKDQJH�WR�EROVWHU��EXW�QRW�
UHSODFH��WUDGLWLRQDO�DVVHVVPHQWV� 
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$VVHVVLQJ� WKH� WUDQVIHUDELOLW\� RI� FXUULFXOD� XVHG� IRU� FODVVURRP�
WHDFKLQJ�FDQ�EH�DFFRPSOLVKHG�RQ�UHODWLYHO\�VPDOO�VFDOHV��LQFOXGLQJ�
WKH� VPDOO�VFDOH� GHYHORSPHQW� RI� WKH� *HRVSDWLDO� FXUULFXOXP� E\�
UHVHDUFKHUV�DQG�KLJK�VFKRRO�HGXFDWRUV�LQ�9LUJLQLD�������1RQHWKHOHVV��
WKH� FXUULFXOD� WKDW� HPHUJH� IURP� WKHVH� DVVHVVPHQW� HIIRUWV� FDQ� KDYH�
EURDG� LPSDFWV� ��±���� /HYHUDJLQJ� QHXUDO� FKDQJHV� WKDW� SUHGLFW�
WUDQVIHUDELOLW\� WR�HQDEOH�QHXUDOO\� LQIRUPHG�FXUULFXOXP�DVVHVVPHQW�
WKXV�KDV�ORQJWHUP�SURPLVH�DV�D�PHDQV�E\�ZKLFK�QHXURVFLHQFH�PD\�
LQIRUP� HGXFDWLRQ� E\� LQIRUPLQJ� FXUULFXOXP� GHVLJQ� �H�J��� E\�
LGHQWLI\LQJ� H[LVWLQJ� FXUULFXOD� WKDW� DUH� OLNHO\� WR� DFKLHYH� WUDQVIHU��
LGHQWLI\LQJ� FKDQJHV� WR� FXUULFXOD� WKDW� FDQ� LPSURYH� WUDQVIHU�� DQG�
LQIRUPLQJ� GHYHORSPHQW� RI� QRYHO� WUDQVIHUDEOH� FXUULFXOD�� ZKLOH�
DYRLGLQJ� WKH� SUDFWLFDO� DQG� HWKLFDO� OLPLWDWLRQV� RI� ODUJH�VFDOH�
QHXURLPDJLQJ� �L�H��� E\� DVVHVVLQJ� FXUULFXOD� UDWKHU� WKDQ� LQGLYLGXDO�
VWXGHQWV���$W�D�PRUH�EDVLF�LPSOHPHQWDWLRQ�OHYHO��I05,�GHWHFWLRQ�RI�
FXUULFXOXP�VSHFLILF�� LQ�VFKRRO� ORQJLWXGLQDO� FKDQJHV� LQ� QHXUDO�
DFWLYLW\��FRQQHFWLYLW\��DQG�UHSUHVHQWDWLRQDO�VLPLODULW\�LQ�WKH�SUHVHQW�
VWXG\�VXSSRUWV�WKH�HIILFDF\�RI�ORQJLWXGLQDO�I05,�WR�VWXG\�OHDUQLQJ�
RI� VSHFLILF� FXUULFXOD� LQ� UHDO�ZRUOG�.���� FODVVURRP� HQYLURQPHQWV��
7KLV�VXJJHVWV�IXUWKHU�SRWHQWLDO�IRU�ORQJLWXGLQDO�I05,�WR�KHOS�DGGUHVV�
WKH� JDS� EHWZHHQ� UHDO�ZRUOG� VFKRRO� VHWWLQJV�� ZKHUH� OHDUQLQJ� LV�
SHUKDSV� PRVW� FRQVHTXHQWLDO�� DQG� ODERUDWRU\� VHWWLQJV�� ZKHUH�
ORQJLWXGLQDO�QHXUDO�PHDVXUHPHQW�LV�UHJXODUO\�DSSOLHG�WR�VSHFLILF�LQ�
ODERUDWRU\� FXUULFXOD�UHJLPHQV�� ,QVLJKWIXO� ZRUN� RQ� ILUVW� JUDGH�
DWWHQGDQFH�H[SRVXUH�DQG�DQ�LQWHQVLYH�/DZ�6FKRRO�$GPLVVLRQ�7HVW�
�/6$7�� SUHSDUDWLRQ� FRXUVH� LQ� FROOHJH� FODVVURRPV� ����� DQG�
QHXURLPDJLQJ�GXULQJ�OHFWXUHV�YLHZHG�UHPRWHO\�E\�FROOHJH�VWXGHQWV�
RXWVLGH�WKH�FODVVURRP������KDYH�SUHYLRXVO\�VXJJHVWHG�WKH�SRWHQWLDO�
HIILFDF\� RI� ORQJLWXGLQDO� I05,�� DOWKRXJK� WKH\� KDYH� QRW� VRXJKW� WR�
PHDVXUH� FXUULFXOXP�VSHFLILF� QHXUDO� FKDQJH� LQ� UHDO�ZRUOG� .����
FODVVURRP�HQYLURQPHQWV� 

$Q� LPSRUWDQW� OLPLWDWLRQ�FDYHDW� WR� FRQVLGHU� LQ� VXFK� ZRUN��
LQFOXGLQJ� LQ� WKH� FXUUHQW� VWXG\�� LV� WKDW�� ZKHQ� QHXUDO� FKDQJH� LV�
DFFRPSDQLHG� E\� FKDQJH� LQ� EHKDYLRUDO� SHUIRUPDQFH�� LW� PD\� EH�
GLIILFXOW� WR� IXOO\� UXOH� RXW� HIIHFWV� RI� IDFWRUV� WKDW� LQIOXHQFH�
SHUIRUPDQFH� �H�J��� GLIILFXOW\�� HIIRUWIXOQHVV�� DV� RSSRVHG� WR� WKH�
K\SRWKHVL]HG�FKDQJHV�LQ�QHXUDO�UHFUXLWPHQW�WKDW�UHIOHFW�FXUULFXOXP�
OHDUQLQJ��:KLOH�ZH� FDQQRW� FRQFOXVLYHO\� UXOH� RXW� VXFK� SRWHQWLDOO\�
FRQIRXQGLQJ� LQIOXHQFHV�� WKHVH� LQIOXHQFHV� GR� QRW� DSSHDU� OLNHO\� WR�
DFFRXQW� IRU� WKH� GLIIHUHQFHV� LQ� DFWLYLW\� WKDW� DUH� WKH� IRFXV� RI� WKH�
FXUUHQW�VWXG\��,Q�SDUWLFXODU��SHUIRUPDQFH�LPSURYHG�IURP�7��WR�7��LQ�
*HRVSDWLDO� VWXGHQWV��VXJJHVWLQJ�OHVV�GLIILFXOW\� DW�7����\HW� DFWLYLW\�
LQFUHDVHG�LQ�VSHFLILF�SDULHWDO�UHJLRQV�KHDYLO\�DVVRFLDWHG�ZLWK�VSDWLDO�
FRJQLWLRQ��%\�FRQWUDVW�DQG�VSHDNLQJ�LQ�YHU\�EURDG�WHUPV��GHFUHDVHG�
GLIILFXOW\�LV�JHQHUDOO\�DVVRFLDWHG�ZLWK�GHFUHDVHG�DFWLYDWLRQ�����������
DQG� DFWLYDWLRQ� GLG� VKRZ� PRUH� JOREDO� GHFUHDVHV� IURP� 7�� WR� 7��
�6XSSOHPHQWDU\�0DWHULDOV���,Q�DGGLWLRQ��WKH�UHJLRQV�WKDW�ZH�IRFXVHG�
RQ�GR�QRW�DSSHDU�WR�EH�VWURQJO\�UHIOHFWLYH�RI�WDVN�GLIILFXOW\�LQ�JHQHUDO�
���±�����)XUWKHUPRUH�DQG�LQ�RXU�YLHZ��WKH�05,�DQDO\VHV�RI�JUHDWHVW�
LQWHUHVW�LQ�WKH�SUHVHQW�VWXG\��L�H���DQDO\VHV�OHYHUDJLQJ�QHXUDO�GDWD�WR�
SUHGLFW� WUDQVIHU�� DSSHDU� WR� EH� OHVV� VXVFHSWLEOH� WR� SRWHQWLDO�
LQWHUSUHWLYH�FRQIRXQGV�UHODWHG�WR�WDVN�SHUIRUPDQFH��,Q�SDUWLFXODU��ZH�
IRXQG�WKDW�()7�QHXURLPDJLQJ�RXWFRPHV��H�J���FKDQJHV�LQ�DFWLYDWLRQ�
LQ� D,36� DQG� ,3/� GXULQJ� ()7�� SUHGLFWHG� FXUULFXOXP�� UHODWHG� IDU�
WUDQVIHU�WR�SHUIRUPDQFH�RQ�D�VHSDUDWH�WUDQVIHU�WDVN��5HDVRQLQJ��HYHQ�
ZKHQ�FRQWUROOLQJ�IRU�()7�EHKDYLRUDO�SHUIRUPDQFH��L�H���FRQWUROOLQJ�
IRU�WKH�SHUIRUPDQFH�WKDW�RFFXUUHG�IRU�WKLV�WDVN�LQ�WKH�VFDQQHU�ZKLOH�
WKH�05,�GDWD�ZHUH�EHLQJ�FROOHFWHG���7KH�GLIIHUHQFHV�LQ�05,�GDWD�
IURP�7�� WR�7�� GXULQJ�()7� SURYLGHG�PXFK� VWURQJHU� SUHGLFWLRQ� RI�
WUDQVIHU�WR�5HDVRQLQJ�WKDQ�WKH�EHKDYLRUDO�GDWD�RQ�WKH�()7�WDVN�LQ�
ERWK�WKH�FRQYHQWLRQDO�UHJUHVVLRQ�PRGHOV�DQG�WKH�HQVHPEOH�PRGHOLQJ�

SUHGLFWLRQ�DQDO\VHV��7KHVH�UHVXOWV�VXJJHVW�WKDW�WKH�GLIIHUHQFHV�WKDW�
ZH� REVHUYHG� LQ� LPDJLQJ� GDWD� DUH�PHDQLQJIXOO\� GLVWLQFW� IURP� WKH�
EHKDYLRUDO�SHUIRUPDQFH�DQG�DUH�XQOLNHO\�WR�EH�VLPSO\�DWWULEXWDEOH�WR�
GLIIHUHQFHV�LQ�SHUIRUPDQFH� 

:KLOH� QHXUDO� FKDQJH±EDVHG� SUHGLFWLRQ� RI� OHDUQLQJ� WUDQVIHU�
VXJJHVWV�IXWXUH�HGXFDWLRQDO�DSSOLFDWLRQV��GHWHUPLQLQJ�KRZ�EURDG�RU�
VSHFLILF� VXFK� DSSOLFDWLRQV�PLJKW� EH�ZLOO� UHTXLUH� LQYHVWLJDWLQJ� WKH�
EUHDGWK�RI� WUDQVIHUDELOLW\�WKDW�QHXUDO�FKDQJHV��HVSHFLDOO\�LQ�VSDWLDO�
FRJQLWLRQ±� UHODWHG� UHJLRQV�� FDQ� SUHGLFW�� :KHUHDV� WKLV� SURRI�RI�
SULQFLSOH�VWXG\�IRFXVHG�RQ�VSDWLDO�VFDQQLQJ�LQ�()7��QHDU� WUDQVIHU��
DQG�PRUH�GLVWDQW�WUDQVIHU�WR�YHUEDO�5HDVRQLQJ��LW�VHHPV�XQOLNHO\�WKDW�
WKH� FXUULFXOXP�� UHODWHG� QHXUDO� FKDQJHV� REVHUYHG� KHUH� ZRXOG�
XQLTXHO\�LQIOXHQFH�WKHVH�WZR�WDVNV��7HVWLQJ�ZLGHU�DUUD\V�RI�WUDQVIHU�
WDVNV� WR� GHWHUPLQH� WKH� H[WHQW� WR� ZKLFK� QHXUDO� FKDQJHV� UHIOHFW�
GHYHORSPHQW�RI�JHQHUDOL]DEOH�XQGHUO\LQJ�DELOLWLHV��L�H���DELOLWLHV�WKDW�
DUH� QRW� WDVN�VSHFLILF�� FDQ� GHWHUPLQH� WKH� PRUH� JOREDO� YDOXH� RI�
QHXURLPDJLQJ�EDVHG�WUDQVIHU�SUHGLFWLRQ��1HXUDO�FKDQJHV�LQ�VSDWLDO�
FRJQLWLRQ±LPSOLFDWHG� EUDLQ� UHJLRQV� DUH� SODXVLEOH� FDQGLGDWHV� WR�
SUHGLFW�EURDG�WUDQVIHUDELOLW\��7UDQVIHU�IURP�VSDWLDO�WUDLQLQJ�WR�PDWK�
KDV� EHHQ� UHFHQWO\� REVHUYHG� ������ DQG� VSDWLDO� UHVRXUFHV�� LQFOXGLQJ�
VSDWLDO�DWWHQWLRQDO�UHVRXUFHV�DVVRFLDWHG�ZLWK�,3/�DQG�,36��DSSHDU�WR�
VXSSRUW� GLYHUVH� IRUPV� RI� FRJQLWLRQ� �H�J��� SODQQLQJ�� FUHDWLYLW\��
QXPHUDF\�� FDXVDO� XQGHUVWDQGLQJ�� OLQJXLVWLF� UHSUHVHQWDWLRQ�� DQG�
SK\VLFV� FRQFHSW�NQRZOHGJH���PDQ\�RI�ZKLFK�DUH� OLQNHG�WR�PHQWDO�
PRGHOLQJ�����������±���� 

D�d�Z/�>^��E��D�d,K�^ 
dŚĞ�'ĞŽƐƉĂƟĂů�ĐŽƵƌƐĞ 
7KH�*HRVSDWLDO� FRXUVH������ZDV�FUHDWHG�DV� D�SDUWQHUVKLS�EHWZHHQ�
SXEOLF� KLJK� VFKRROV� LQ� 9LUJLQLD� DQG� WKH� ,QWHJUDWHG� 6FLHQFH� DQG�
7HFKQRORJ\� 'HSDUWPHQW� DW� -DPHV� 0DGLVRQ� 8QLYHUVLW\� �-08���
6WXGHQWV� WDNH� WKH�FRXUVH� IRU� HLWKHU����PLQ�GDLO\�RU����PLQ�HYHU\�
RWKHU� GD\� DQG� UHFHLYH� FROOHJH� FUHGLW� IURP� -08�� -08� IDFXOW\�
PHPEHUV� PHQWRU� WKH� KLJK� VFKRRO� WHDFKHUV�� SURYLGLQJ� WHFKQLFDO�
VXSSRUW��WHDFKLQJ�DQG�REVHUYLQJ�FODVVHV��DQG�DVVLVWLQJ�LQ�PHQWRULQJ�
VWXGHQWV�RQ�WKHLU�FRXUVH�SURMHFWV��7KH�*HRVSDWLDO�&RXUVH�FXUULFXOXP�
LV� GHVLJQHG� WR� HQKDQFH� VSDWLDO� WKLQNLQJ� VNLOOV�� LQFOXGLQJ� VSDWLDO�
VFDQQLQJ�� DQG� IRVWHU� LQFUHDVHG� XVH� RI� VSDWLDO� WKLQNLQJ� VWUDWHJLHV�
WKURXJK�WKH�XVH�RI�JHRVSDWLDO�WHFKQRORJ\�VXFK�DV�*,6��H�J���$UF*,6��
ZZZ�DUFJLV�FRP���0RUH�LQIRUPDWLRQ�DERXW�WKH�*HRVSDWLDO�&RXUVH�LV�
SURYLGHG� DW� ZZZ�LVDW�� MPX�HGX�JHRVSDWLDOVHPHVWHU��� 7KLV� VWXG\�
�SURWRFRO� ����������� WLWOH�� ³&RJQLWLYH� DQG� QHXUDO� LQGLFDWRUV� RI�
VFKRRO�EDVHG� LPSURYHPHQWV� LQ� VSDWLDO� SUREOHP� VROYLQJ´�� ZDV�
DSSURYHG� E\� WKH� *HRUJHWRZQ� 8QLYHUVLW\� ,QVWLWXWLRQDO� 5HYLHZ�
%RDUG� 

�ĞŚĂǀŝŽƌĂů�ƚĂƐŬƐ�ZĞĂƐŽŶŝŶŐ 
2Q�HDFK�5HDVRQLQJ�WULDO�>VHH�ILJ��6��DQG�VHH�WKH�ZRUN�RI�5XII�HW�DO��
����@�� SDUWLFLSDQWV� LQGLFDWHG� E\� NH\SUHVV� �³\HV´�³QR´�� ZKHWKHU� D�
FRQFOXVLRQ�VHQWHQFH�IROORZHG�ORJLFDOO\�IURP�WZR�SUHFHGLQJ�SUHPLVH�
VHQWHQFHV�� 2I� ��� WRWDO� WULDOV�� ��� ZHUH� UHDVRQLQJ� SUREOHPV�� ���
LQYROYLQJ�VSDWLDO�UHODWLRQV��H�J���DERYH�³EHORZ´��DQG����LQYROYLQJ�
QRQVSDWLDO�UHODWLRQV��H�J���EHWWHU�³ZRUVH´���7KH�UHPDLQLQJ����WULDOV�
ZHUH�PDWFKLQJ�SUREOHPV��ZKLFK�UHTXLUHG�SDUWLFLSDQWV�WR�GHWHUPLQH�
ZKHWKHU�WKH�FRQFOXVLRQ�H[DFWO\�PDWFKHG�HLWKHU�RI�WKH�WZR�SUHPLVHV��
)ROORZLQJ�5XII�HW�DO��������WKHVH�PDWFKLQJ�LWHPV�VHUYHG�DV�D�FRQWURO�
FRQGLWLRQ� IRU� QHXURLPDJLQJ� DQDO\VHV� DQG� ZHUH� QRW� LQFOXGHG� LQ�
EHKDYLRUDO�SHUIRUPDQFH�DQDO\VLV��)RU�HDFK�WULDO�W\SH��KDOI�ZHUH�WUXH�
DQG� KDOI� ZHUH� IDOVH�� 2QFH� WKH� FRQFOXVLRQ� VHQWHQFH� DSSHDUHG��
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SDUWLFLSDQWV�KDG�XS�WR���V�WR�UHVSRQG��6XSSOHPHQWDU\�0DWHULDOV��ILJ��
6��GLVSOD\V� FRPSOHWH� WLPLQJ���%HKDYLRUDO�SHUIRUPDQFH� VFRUHV� IRU�
WKH�5HDVRQLQJ�WDVN��DQG�DOO�EHKDYLRUDO�WDVNV��ZHUH�FRPSXWHG�DV�WKH�
QXPEHU� RI� FRUUHFW� UHVSRQVHV� SHU� VHFRQG� �UDWH� FRUUHFW� VFRUH��
6XSSOHPHQWDU\� 0DWHULDOV�� ������ 7DEOH� 6�� GLVSOD\V� GHVFULSWLYH�
VWDWLVWLFV�IRU�5HDVRQLQJ��5HVXOWV�RI�*URXS�*HRVSDWLDO��FRQWURO��E\�
7LPH�7���7���$129$�DUH�VKRZQ�LQ�WDEOH�6�� 
�ŵďĞĚĚĞĚ�ĮŐƵƌĞ�ƚĂƐŬ 
2Q�HDFK�()7�WULDO�>ILJ��6���VHH�WKH�ZRUN�RI�:DOWHU�DQG�'DVVRQYLOOH�
����@�� SDUWLFLSDQWV�ZHUH� JLYHQ� XS� WR� ��� V� WR� UHVSRQG� E\� NH\SUHVV�
�\HV�QR��WR�LQGLFDWH�ZKHWKHU�D�VLPSOH�ILJXUH�FRXOG�EH�IRXQG�ZLWKLQ�
D�PRUH�FRPSOH[�ILJXUH��7KHUH�ZHUH����WRWDO�WULDOV�����WUXH�DQG����
IDOVH���7DVN�WULDOV�ZHUH�FRPSDUHG�WR�EDVHOLQH�IL[DWLRQ�LQ�WKH�I05,�
DQDO\VHV�� DV� LQ� SUHYLRXV� LPSOHPHQWDWLRQV� ����� ����� 'HVFULSWLYH�
VWDWLVWLFV� IRU� ()7� DUH� VKRZQ� LQ� WDEOH� 6��� 5HVXOWV� RI�
*URXS�*HRVSDWLDO��FRQWURO�E\�7LPH�7���7���$129$�DUH�VKRZQ�LQ�
WDEOH�6���DĞŶƚĂů�ƌŽƚĂƟŽŶ�ƚĂƐŬ 
2Q�HDFK�057�WULDO�>ILJ��6���VHH�WKH�ZRUN�RI�6KHSDUG�DQG�0HW]OHU�
��������@��SDUWLFLSDQWV�ZHUH�JLYHQ�XS�WR���V�WR�LQGLFDWH�E\�NH\SUHVV�
�³<HV´�³1R´��ZKHWKHU� WZR� LPDJHV�GHSLFWHG� URWDWLRQV�RI� WKH� VDPH�
WKUHH�GLPHQVLRQDO�REMHFW��2I����WRWDO�WULDOV��HDFK�RI�WKUHH�GLIIHUHQW�
DQJOHV� RI� URWDWLRQ� ������ ������ DQG� ������ ZDV� XVHG� ��� WLPHV��
)ROORZLQJ�WKH�ZRUN�RI�9R\HU�DQG�+RX�������ZH�XVHG�D�����UDWLR�RI�
WUXH� �VDPH�REMHFW�� WR� IDOVH��GLIIHUHQW�REMHFWV�� WULDOV� DFURVV�DOO� WULDO�
W\SHV�� &RQVLVWHQW�ZLWK� SULRU�ZRUN� ������ I05,� DQDO\VLV� FRQWUDVWHG�
WUXH�WULDOV�YHUVXV�FRQWURO�WULDOV�����RI�URWDWLRQ���'HVFULSWLYH�VWDWLVWLFV�
IRU� 057� DUH� VKRZQ� LQ� WDEOH� 6��� 5HVXOWV� RI� *URXS�*HRVSDWLDO��
FRQWURO��E\� 
7LPH�7���7���$129$�DUH�VKRZQ�LQ�WDEOH�6�� 
^ƉĂƟĂů�ŚĂďŝƚƐ�ŽĨ�ŵŝŶĚ�ŝŶǀĞŶƚŽƌǇ 
7KH� VSDWLDO�KDELWV�RI�PLQG�LQYHQWRU\������ LV� D����LWHP�VHOI�UHSRUW�
VXUYH\�DVVHVVLQJ�WKH�H[WHQW�WR�ZKLFK�LQGLYLGXDOV�HQJDJH�LQ�HVVHQWLDO�
GLPHQVLRQV� RI� VSDWLDO� WKLQNLQJ� VWUDWHJ\� XVH�� LQFOXGLQJ� SDWWHUQ�
UHFRJQLWLRQ��VSDWLDO�GHVFULSWLRQ��YLVXDOL]DWLRQ�� DQG� VSDWLDO� FRQFHSW�
XVH�� 3DUWLFLSDQWV� UDWH� ��� WR� ��� KRZ�ZHOO� VWDWHPHQWV� DERXW� VSDWLDO�
WKLQNLQJ� VWUDWHJ\� XVH� DSSO\� WR� WKHP�� DQG� D� WRWDO� VXP� VFRUH� LV�
FDOFXODWHG� �KLJKHVW�SRVVLEOH� VFRUH� �������:KLOH�RWKHU�EHKDYLRUDO�
PHDVXUHV�ZHUH�DGPLQLVWHUHG�DW�7��DQG�7��� VSDWLDO�KDELWV�RI�PLQG�
LQYHQWRU\�ZDV�DGPLQLVWHUHG�DW�SUHWHVW�DQG�7���'HVFULSWLYH�VWDWLVWLFV�
IRU�VSDWLDO�KDELWV�RI�PLQG�LQYHQWRU\�DUH�VKRZQ�LQ�WDEOH�6����5HVXOWV�
RI�*URXS�*HRVSDWLDO��FRQWURO��E\�7LPH�7���7���$129$�DUH�VKRZQ�
LQ�WDEOH�6�� 

^ƚĂƟƐƟĐĂů�ĂŶĂůǇƐŝƐ 
$OO� VWDWLVWLFDO� DQDO\VHV�ZHUH�FRPSXWHG� LQ�56WXGLR� ����� DQG�6366�
YHUVLRQ� ��� ������ (QVHPEOH� PRGHOLQJ� SUHGLFWLRQ� DQDO\VHV� ZHUH�
FRPSXWHG� YLD� $XWRPDWLF� /LQHDU� 0RGHOLQJ� LQ� 6366� ��� ������
+LHUDUFKLFDO� PRGHOLQJ� ZDV� QRW� DQ� DSSURSULDWH� DSSURDFK� IRU�
DQDO\]LQJ�RXU�GDWD��DV�LW�LV�JHQHUDOO\�DGYLVHG�WR�KDYH�DW�OHDVW����OHYHO�
�� REVHUYDWLRQV� �L�H��� VFKRROV��ZKHQ� UXQQLQJ�+/0�RU�0/0��ZLWK�
VRPH�UHVHDUFK�HVWLPDWLQJ�WKDW����RU�PRUH�FOXVWHUV�DUH�QHFHVVDU\�IRU�
DFFXUDWHO\� HVWLPDWLQJ� HIIHFWV� ���±����� 'DWD� LQ� WKH� SUHVHQW� VWXG\�
ZHUH�IURP�ILYH�VFKRROV��HDFK�ZLWK�RQO\�RQH�FODVVURRP�LQ�ZKLFK�WKH�
*HRVSDWLDO� FXUULFXOXP� ZDV� WDXJKW��� ZKLFK� LV� EHORZ� WKH�
UHFRPPHQGHG� ��� OHYHO� �� REVHUYDWLRQV�� 6HH� WKH� 6XSSOHPHQWDU\�
0DWHULDOV�IRU�PRUH�GHWDLOHG�GHVFULSWLRQV�RI�DQDO\VHV� 

ĨDZ/�ĚĂƚĂ�ĂĐƋƵŝƐŝƟŽŶ 
,PDJLQJ�DFTXLVLWLRQ�ZDV�SHUIRUPHG�RQ�D�6LHPHQV��7�7,0�7ULR�05,�
VFDQQHU��$OO� WDVN� I05,� GDWD� ZHUH� DFTXLUHG� IURP� 7�Ύ�ZHLJKWHG�

HFKRSODQDU�LPDJLQJ�VHTXHQFHV���������PP�WUDQVYHUVDO�VOLFHV�����î�
���PDWUL[��UHSHWLWLRQ�WLPH� ������PV��HFKR�WLPH� �����PV��ILHOG�RI�
YLHZ� �����PP������PP�E\�����PP�E\�����PP�YR[HOV��IOLS�DQJOH� �
������ 7R� DFFRXQW� IRU�PDJQHW� VWDELOL]DWLRQ�� WKH� ILUVW� WZR� YROXPHV�
ZHUH� H[FOXGHG� IURP� DQDO\VLV�� +LJK�UHVROXWLRQ� 7��ZHLJKWHG�
DQDWRPLFDO� LPDJHV� ����� �����PP� VOLFHV�� ���� î� ���� PDWUL[��
UHSHWLWLRQ�WLPH� ������PV��HFKR�WLPH� ������PV��ILHOG�RI�YLHZ� �����
PP������PP�E\�����PP�E\�����PP��IOLS�DQJOH� ������ZHUH�REWDLQHG�
IRU�UHJLVWUDWLRQ�RI�IXQFWLRQDO�GDWD� 

ĨDZ/�ĚĂƚĂ�ƉƌĞƉƌŽĐĞƐƐŝŶŐ 
$OO�I05,�GDWD�SURFHVVLQJ�ZDV�FDUULHG�RXW�XVLQJ�)($7��I05,�([SHUW�
$QDO\VLV� 7RRO�� YHUVLRQ� ������ SDUW� RI� )6/� �)05,%¶V� 6RIWZDUH�
/LEUDU\���*HQHUDO� OLQHDU�PRGHO±EDVHG�DQDO\VLV� LQ�)($7�XVHV�)6/�
WRROV� LQFOXGLQJ� %UDLQ� ([WUDFWLRQ� 7RRO� �%(7�� ������ DQ� DIILQH�
UHJLVWUDWLRQ�WRRO��)05,%¶V�/LQHDU�,PDJH�5HJLVWUDWLRQ�7RRO��)/,57��
����������DQG�D�PRWLRQ�FRUUHFWLRQ�WRRO�EDVHG�RQ�)/,57��0&)/,57��
������)($7�FDUULHV�RXW�VWDQGDUG�VSDFH�UHJLVWUDWLRQ�DIWHU�WLPH�VHULHV�
VWDWLVWLFV��)6/�WLPH�VHULHV�VWDWLVWLFV�FRUUHFW�IRU�WHPSRUDO�VPRRWKQHVV�
E\� DSSO\LQJ� SUHZKLWHQLQJ� ������ 7KH� IROORZLQJ� SUHVWDWLVWLFV�
SURFHVVLQJ�ZDV�DSSOLHG��VSDWLDO�VPRRWKLQJ�XVLQJ�D�*DXVVLDQ�NHUQHO�
RI� IXOO� ZLGWK� DW� KDOI� PD[LPXP� RI� �� PP�� JUDQG�PHDQ� LQWHQVLW\�
QRUPDOL]DWLRQ� RI� WKH� HQWLUH� IRXU�GLPHQVLRQDO� GDWDVHW� E\� D� VLQJOH�
PXOWLSOLFDWLYH� IDFWRU�� DQG� KLJKSDVV� WHPSRUDO� ILOWHULQJ� �*DXVVLDQ�
ZHLJKWHG� OHDVW�VTXDUHV� VWUDLJKW� OLQH� ILWWLQJ��ZLWK� VLJPD�  � ����� V���
5HJLVWUDWLRQ� WR� KLJK�UHVROXWLRQ� VWUXFWXUDO� DQG�� VXEVHTXHQWO\��
VWDQGDUG�VSDFH�LPDJHV�ZDV�SHUIRUPHG�XVLQJ�)/,57� 

ĨDZ/�ĚĂƚĂ�ĂŶĂůǇƐŝƐ�tŚŽůĞͲďƌĂŝŶ�
ĂĐƟǀĂƟŽŶ�ĂŶĂůǇƐŝƐ 
$W�WKH�LQGLYLGXDO�VXEMHFW�OHYHO��D�GHVLJQ�PDWUL[�ZDV�ILWWHG�WR�HDFK�
VXEMHFW¶V�GDWD�DV�SDUW�RI�D�JHQHUDO�OLQHDU�PRGHO�ZLWK�HDFK�FRQGLWLRQ�
PRGHOHG� DV� HYHQWV� ZLWK� D� VSHFLILHG� GXUDWLRQ� �L�H��� WKH� WLPH� IURP�
VWLPXOXV�RQVHW�WR�RQVHW�RI�WKH�UHVSRQVH��FRQYROYHG�ZLWK�D�FDQRQLFDO�
KHPRG\QDPLF�UHVSRQVH�IXQFWLRQ��7KLV�ZDV�GRQH�VHSDUDWHO\�IRU�HDFK�
WDVN�� ()7��057�� DQG� 5HDVRQLQJ�� )RU� DOO� WKUHH� WDVNV�� ZH� XVHG� D�
UDQGRPL]HG�� HYHQW�UHODWHG� GHVLJQ� LQ� ZKLFK� GXUDWLRQ� RI� HDFK� WULDO�
GHSHQGHG�RQ�KRZ�IDVW�WKH�SDUWLFLSDQW�UHVSRQGHG�GXULQJ�WKH�UHVSRQVH�
SHULRG��PHDQLQJ�WKDW�HDFK�WULDO�IRU�HDFK�SDUWLFLSDQW�ZDV�PRGHOHG�LQ�
DFFRUGDQFH�ZLWK�WKHLU�DFWXDO�RQVHW�DQG�GXUDWLRQ���$W�D�JURXS�OHYHO��
GLIIHUHQFHV� LQ�ZKROH�EUDLQ� DFWLYDWLRQ� EHWZHHQ� WKH�*HRVSDWLDO� DQG�
FRQWURO�JURXSV�ZHUH�FRPSDUHG�DW�ERWK�VHVVLRQV��7��DQG�7���XVLQJ�D�
PL[HG�$129$� PRGHO� �*URXS�E\�7LPH�� IRU� HDFK� RI� WKH� DERYH�
LQGLFDWHG�FRQWUDVWV��7KLV�JURXS�OHYHO�DQDO\VLV�ZDV�SHUIRUPHG�XVLQJ�
)05,%¶V�ORFDO�DQDO\VLV�RI�PL[HG�HIIHFWV�������*URXS�OHYHO�DQDO\VHV�
ZHUH� FRQGXFWHG� XVLQJ� )/$0(��� D� PL[HG�HIIHFWV� PRGHO�
LPSOHPHQWHG�LQ�)6/��)/$0(��LV�D�UHODWLYHO\�FRQVHUYDWLYH�PHWKRG�
IRU� PXOWLSOH� FRPSDULVRQV� FRUUHFWLRQ�� ZKLFK� HIIHFWLYHO\� PLWLJDWHV�
LQIODWHG� IDOVH� SRVLWLYH� UDWHV� ������ &RUUHFWLRQV� IRU� PXOWLSOH�
FRPSDULVRQV�XVHG�*DXVVLDQ�UDQGRP�ILHOG�WKHRU\��YR[HO� OHYHO��=�!�
�����3� �� ������� FOXVWHU� OHYHO�� IDPLO\�ZLVH� HUURU� �):(��FRUUHFWHG�
WKUHVKROG�� 3� �� ������� :H� VXEVHTXHQWO\� PDVNHG� WKH� ZKROH�EUDLQ�
UHVXOWV�ZLWK�WKH�PHWD�DQDO\WLF�1HXURV\QWK������DVVRFLDWLRQ�WHVW�PDS�
IRU�WKH�WHUP�VSDWLDO��6SDWLDO0DS���ZĞŐŝŽŶ�ŽĨ�ŝŶƚĞƌĞƐƚ�ĂŶĂůǇƐŝƐ 
:H� XVHG� UHJLRQ� RI� LQWHUHVW� �52,�� DQDO\VLV� WR� H[WUDFW� OHYHOV� RI�
DFWLYDWLRQ� LQ� WKH� FOXVWHUV� WKDW� ZH� LGHQWLILHG� LQ� WKH� ZKROH�EUDLQ�
*URXS�E\7LPH�DQDO\VHV�IRU�()7�DQG�5HDVRQLQJ��7KLV�DQDO\VLV�ZDV�
FRQGXFWHG� XVLQJ� )6/¶V� IHDWTXHU\� WRRO�
�KWWSV���IVO�IPULE�R[�DF�XN�IVO�IVOZLNL�)($7��
8VHU*XLGH�)HDWTXHU\B�B)($7B5HVXOWVB,QWHUURJDWLRQ��� )LUVW�� ZH�

https://fsl.fmrib.ox.ac.uk/fsl/fslwiki/FEAT/UserGuide#Featquery_-_FEAT_Results_Interrogation
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�ŽƌƚĞƐ�Ğƚ�Ăů͕͘�^Đŝ͘��Ěǀ͘ �ϴ͕�ĞĂďŽϯϱϱϱ�;ϮϬϮϮͿ�����ϭϬ��ƵŐƵƐƚ�ϮϬϮϮ ϭϭ�ŽĨ�ϭϯ 

XVHG� WKH� IVOPDWKV� WRRO� WR� FUHDWH�PDVNV� RI� WKH� FOXVWHUV� �IURP� WKH�
FRUUHVSRQGLQJ� *URXS�E\�7LPH� LQWHUDFWLRQ� =� VWDWLVWLF� LPDJH���
6HFRQG��ZH�UHJLVWHUHG�WKHVH�FOXVWHU�PDVNV�WR�WKH�LQGLYLGXDO�VXEMHFW�
OHYHO��7KLUG��ZH�XVHG�WKH�)6/�IHDWTXHU\�FRPPDQG�WR�H[WUDFW�PHDQ�
DFWLYDWLRQ� OHYHOV� LQ� FOXVWHUV� RI� LQWHUHVW� GXULQJ� FRUUHVSRQGLQJ�
FRQWUDVW��0HDQ�SHUFHQW�VLJQDO�FKDQJH�LQ�DFWLYLW\�ZDV�FDOFXODWHG�DW�
ERWK� WLPH� SRLQWV� �7�� DQG� 7���� ZKHUH� FKDQJH� LQ� DFWLYDWLRQ� ZDV�
FDOFXODWHG� DV� 7�� DFWLYDWLRQ� PLQXV� 7�� DFWLYDWLRQ�� &ƵŶĐƟŽŶĂů�
ĐŽŶŶĞĐƟǀŝƚǇ�ĂŶĂůǇƐŝƐ 
7R� H[DPLQH� FKDQJHV� LQ� IXQFWLRQDO� FRQQHFWLYLW\�� ZH� XVHG� 33,�
FRQQHFWLYLW\�DQDO\VLV�LQ�)6/�������:H�XVHG�D�VWDQGDUG�33,�DQDO\VLV�
SURFHGXUH� ��������� WKDW� H[SOLFLWO\�PRGHOV� DQG�FRQWUROV�IRU�RYHUDOO�
WDVN�DFWLYDWLRQ�DQG�KHQFH�PRGHOV�HIIHFWLYH�UDWKHU�WKDQ�V\QFKURQL]HG�
WDVN��UHODWHG�FRDFWLYDWLRQ�������:H�VHOHFWHG�DQ�D�SULRUL�OHIW�'/3)&�
VHHG�UHJLRQ�IURP�D�QHXURLPDJLQJ�PHWD�DQDO\VLV�RI�V\OORJLVWLF�YHUEDO�
GHGXFWLYH� UHDVRQLQJ� �WKH� IRUP� RI� UHDVRQLQJ� XVHG� LQ� WKH� SUHVHQW�
UHDVRQLQJ�WDVN�� ����� DQG�FRQVWUXFWHG�D����PP�VSKHUH� DURXQG�WKLV�
SHDN�YR[HO�DW�WKH�IROORZLQJ�0RQWUHDO�1HXURORJLFDO�,QVWLWXWH��01,��
FRRUGLQDWHV��;� �í����<� �����DQG�=� �����2XU�33,�DQDO\VHV�XVHG�
WKUHH� UHJUHVVRUV�� �L�� D� SK\VLRORJLFDO� YDULDEOH� UHSUHVHQWLQJ� WKH�
GHFRQYROYHG� WLPH� VHULHV� ZLWKLQ� WKH� OHIW� 3)&� VHHG� UHJLRQ�� �LL�� D�
SV\FKRORJLFDO� YDULDEOH� UHSUHVHQWLQJ� WKH� WZR� WDVN� FRQGLWLRQV��
5HDVRQLQJ�YHUVXV�0DWFKLQJ��DQG��LLL��D�33,�WHUP�WKDW�UHSUHVHQWHG�WKH�
FURVV�SURGXFW� RI� WKH� ILUVW� WZR� UHJUHVVRUV��:KROH�EUDLQ�*URXS�E\�
7LPH� DQDO\VHV� RI� IXQFWLRQDO� FRQQHFWLYLW\� ZHUH� SHUIRUPHG� DV�
GHVFULEHG�DERYH�LQ� WKH�³:KROH�EUDLQ�DFWLYDWLRQ�DQDO\VLV´�VHFWLRQ��
:H�WKHQ�H[WUDFWHG�WKH�GHJUHH�RI�FRQQHFWLYLW\�IURP�WKH�OHIW�'/3)&�
VHHG�WR�EUDLQ�UHJLRQV�RYHUODSSLQJ�ZLWK�WKH�6SDWLDO0DS�PDS�IRU�HDFK�
SDUWLFLSDQW�DW�ERWK�WLPH�SRLQWV��$QDO\VHV�ZHUH�WKHQ�FRPSOHWHG�LQ�D�
VLPLODU�IDVKLRQ�WR�WKH�52,�DQDO\VHV��:H�UHJLVWHUHG�WKH�PDVNV�WR�WKH�
LQGLYLGXDO�VXEMHFW�OHYHO��H[WUDFWHG�WKH�PHDQ�OHYHO�RI�FRQQHFWLYLW\�IRU�
HDFK�SDUWLFLSDQW�DW�ERWK�WLPH�SRLQWV�DQG�FUHDWHG�D�FKDQJH�YDULDEOH�
IRU� HDFK� 6SDWLDO0DS�� WR'/3)&� DQDO\VLV�� 7KLV� YDULDEOH�� ZKLFK�
UHIOHFWV� FKDQJH��IURP�7��WR�7��� LQ�FRQQHFWLYLW\� IURP�6SDWLDO0DS�
UHJLRQV� WR� OHIW� '/3)&�� GXULQJ� WKH� 5HDVRQLQJ� YHUVXV� 0DWFKLQJ�
FRQWUDVW��ZDV�WKHQ�XVHG�LQ�DOO�UHOHYDQW�FRUUHODWLRQ��UHJUHVVLRQ��DQG�
PHGLDWLRQ�DQDO\VHV��ZĞƉƌĞƐĞŶƚĂƟŽŶĂů�ƐŝŵŝůĂƌŝƚǇ�ĂŶĂůǇƐŝƐ 
56$������ZDV�DSSOLHG�ZLWKLQ�WKH�6SDWLDO0DS�FOXVWHU��D,36��LQ�ZKLFK�
*HRVSDWLDO�VWXGHQWV�VKRZHG�LQFUHDVHG�DFWLYLW\�GXULQJ�UHDVRQLQJ��:H�
XVHG� WKH� IVOVWDWV� WRRO� WR� H[WUDFW�PHDQ� DFWLYDWLRQ� OHYHOV� IURP� HDFK�
YR[HO�LQ�WKH�D,36�FOXVWHU�GXULQJ�WKUHH�FRQGLWLRQV��VSDWLDO�UHDVRQLQJ��
QRQVSDWLDO� UHDVRQLQJ�� DQG� PDWFKLQJ� �FRQWURO��� )RU� HDFK� RI� WKHVH�
FRQGLWLRQV�� DFWLYLW\� IURP� WKH� EDVHOLQH� IL[DWLRQ� FRQGLWLRQ� ZDV�
VXEWUDFWHG�IURP�WDVN�UHODWHG�DFWLYLW\��VXFK�WKDW�HDFK�FRQGLWLRQ�ZDV�
D�FRQWUDVW��H�J���VSDWLDO�UHDVRQLQJ�!�IL[DWLRQ�EDVHOLQH���&RQWUROOLQJ�
IRU�LQGLYLGXDO�EDVHOLQH�DFWLYLW\�LQ�WKLV�PDQQHU�LV�D�VWDWLVWLFDO�PHDQV�
RI�UHGXFLQJ�WKH�LQIOXHQFH�RI�HOHPHQWV�RI�QR�LQWHUHVW��VXFK�DV�VKDUHG�
YDVFXODU�� QHXUDO�� DQG� LPDJLQJ� HOHPHQWV� RIWHQ� IRXQG� LQ� DGMDFHQW�
YR[HOV� ������ 7KHQ�� 3HDUVRQ¶V� SDUWLDO� FRUUHODWLRQV� ZHUH� FRPSXWHG�
EHWZHHQ� YR[HO� DFWLYLW\� �ZLWKLQ� WKH� D,36� FOXVWHU�� GXULQJ� VSDWLDO�
UHDVRQLQJ�DQG�QRQVSDWLDO�UHDVRQLQJ�ZKLOH�FRQWUROOLQJ�IRU�DFWLYLW\�LQ�
WKH�PDWFKLQJ�FRQWURO�FRQGLWLRQ��7KLV�ZDV�GRQH�IRU�HDFK�SDUWLFLSDQW�
DW�ERWK�7��DQG�7���%HFDXVH�U�YDOXHV�DUH�QRQ�QRUPDOO\�GLVWULEXWHG��U�
YDOXHV�ZHUH�QH[W�WUDQVIRUPHG�XVLQJ�)LVKHU¶V�]� WUDQVIRUPDWLRQ��$OO�
UHOHYDQW� VWDWLVWLFV� DQG� DQDO\VHV� UHJDUGLQJ� WKLV� 56$� ZHUH� WKHQ�
FRPSXWHG�XVLQJ�WKHVH�]�YDOXHV�DV�LQSXWV�IRU�HDFK�SDUWLFLSDQW�DW�7��
DQG�7�� 

^hWW>�D�Ed�Zz�D�d�Z/�>^ 
^ƵƉƉůĞŵĞŶƚĂƌǇ�ŵĂƚĞƌŝĂů�ĨŽƌ�ƚŚŝƐ�ĂƌƟĐůĞ�ŝƐ�ĂǀĂŝůĂďůĞ�Ăƚ�ŚƩƉƐ͗ͬͬƐĐŝĞŶĐĞ͘ŽƌŐͬĚŽŝͬϭϬ͘ϭϭϮϲͬ�
ƐĐŝĂĚǀ͘ĂďŽϯϱϱϱ 
sŝĞǁͬƌĞƋƵĞƐƚ�Ă�ƉƌŽƚŽĐŽů�ĨŽƌ�ƚŚŝƐ�ƉĂƉĞƌ�ĨƌŽŵ��ŝŽͲƉƌŽƚŽĐŽů͘ 

Z�&�Z�E��^��E��EKd�^ 
ϭ͘ :͘��͘��͘�'ĂďƌŝĞůŝ͕�dŚĞ�ƉƌŽŵŝƐĞ�ŽĨ�ĞĚƵĐĂƟŽŶĂů�ŶĞƵƌŽƐĐŝĞŶĐĞ͗��ŽŵŵĞŶƚ�ŽŶ�ďŽǁĞƌƐ�;ϮϬϭϲͿ͘�

WƐǇĐŚŽů͘�ZĞǀ͘�ϭϮϯ͕�ϲϭϯʹϲϭϵ�;ϮϬϭϲͿ͘ 
Ϯ͘ �͘�d͘ �tŝůůŝŶŐŚĂŵ͕�:͘�t͘�>ůŽǇĚ͕�,Žǁ�ĞĚƵĐĂƟŽŶĂů�ƚŚĞŽƌŝĞƐ�ĐĂŶ�ƵƐĞ�ŶĞƵƌŽƐĐŝĞŶƟĮĐ�ĚĂƚĂ͘�DŝŶĚ�

�ƌĂŝŶ��ĚƵĐ͘�ϭ͕�ϭϰϬʹϭϰϵ�;ϮϬϬϳͿ͘ 
ϯ͘ ^͘��ĞŚĂĞŶĞ͕�,Žǁ�tĞ�>ĞĂƌŶ͗�tŚǇ��ƌĂŝŶƐ�>ĞĂƌŶ��ĞƩĞƌ�dŚĂŶ��ŶǇ�DĂĐŚŝŶĞ͘͘͘&Žƌ�EŽǁ�;WĞŶŐƵŝŶ͕�

ϮϬϮϭͿ͘ 
ϰ͘ ^͘�D͘��ĂƌŶĞƩ͕�^͘�:͘��ĞĐŝ͕�tŚĞŶ�ĂŶĚ�ǁŚĞƌĞ�ĚŽ�ǁĞ�ĂƉƉůǇ�ǁŚĂƚ�ǁĞ�ůĞĂƌŶ͍͗���ƚĂǆŽŶŽŵǇ�ĨŽƌ�ĨĂƌ�

ƚƌĂŶƐĨĞƌ͘ �WƐǇĐŚŽů͘��Ƶůů͘�ϭϮϴ͕�ϲϭϮʹϲϯϳ�;ϮϬϬϮͿ͘ 
ϱ͘ �͘�>͘��ƵƐƵŵĂŶŽ͕�/Ɛ�ŝƚ�ǁŽƌŬŝŶŐ͍͗��Ŷ�ŽǀĞƌǀŝĞǁ�ŽĨ�ĐƵƌƌŝĐƵůƵŵ�ďĂƐĞĚ�ŵĞĂƐƵƌĞŵĞŶƚ�ĂŶĚ�ŝƚƐ�ƵƐĞƐ�

ĨŽƌ�ĂƐƐĞƐƐŝŶŐ�ŝŶƐƚƌƵĐƟŽŶĂů͕�ŝŶƚĞƌǀĞŶƟŽŶ͕�Žƌ�ƉƌŽŐƌĂŵ�ĞīĞĐƟǀĞŶĞƐƐ͘��ĞŚĂǀ͘��ŶĂů͘�dŽĚĂǇ͘�ϴ͕�
Ϯϰʹϯϰ�;ϮϬϬϳͿ͘ 

ϲ͘ :͘�D͘�sŽŽŐƚ͕�:͘�D͘�WŝĞƚĞƌƐ͕��͘�,ĂŶĚĞůǌĂůƚƐ͕�dĞĂĐŚĞƌ�ĐŽůůĂďŽƌĂƟŽŶ�ŝŶ�ĐƵƌƌŝĐƵůƵŵ�ĚĞƐŝŐŶ�ƚĞĂŵƐ͗�
�īĞĐƚƐ͕�ŵĞĐŚĂŶŝƐŵƐ͕�ĂŶĚ�ĐŽŶĚŝƟŽŶƐ͘��ĚƵĐ͘�ZĞƐ͘��ǀĂů͘�ϮϮ͕�ϭϮϭʹϭϰϬ�;ϮϬϭϲͿ͘ 

ϳ͘ �͘�'ĂƌĞůŝĐŬ͕�DŝƌĂĐůĞ�ŵĂƚŚ͗���ƐƵĐĐĞƐƐĨƵů�ƉƌŽŐƌĂŵ�ĨƌŽŵ�ƐŝŶŐĂƉŽƌĞ�ƚĞƐƚƐ�ƚŚĞ�ůŝŵŝƚƐ�ŽĨ�ƐĐŚŽŽů�
ƌĞĨŽƌŵ�ŝŶ�ƚŚĞ�ƐƵďƵƌďƐ͘��ĚƵĐ͘�EĞǆƚ�ϲ͕�ϯϴʹϰϱ�;ϮϬϬϲͿ͘ 

ϴ͘ W͘ �E͘�:ŽŚŶƐŽŶͲ>ĂŝƌĚ͕�DĞŶƚĂů�ŵŽĚĞůƐ�ĂŶĚ�ŚƵŵĂŶ�ƌĞĂƐŽŶŝŶŐ͘�WƌŽĐ͘�EĂƚů͘��ĐĂĚ͘�^Đŝ͘�h͘^͘�͘�ϭϬϳ͕�
ϭϴϮϰϯʹϭϴϮϱϬ�;ϮϬϭϬͿ͘ 

ϵ͘ /͘�<ĂŶƚ͕��ƌŝƟƋƵĞ�ŽĨ�WƵƌĞ�ZĞĂƐŽŶ�;ϭϳϴϭͿ͘ 
ϭϬ͘ D͘�<ŶĂƵī͕���ŶĞƵƌŽͲĐŽŐŶŝƟǀĞ�ƚŚĞŽƌǇ�ŽĨ�ĚĞĚƵĐƟǀĞ�ƌĞůĂƟŽŶĂů�ƌĞĂƐŽŶŝŶŐ�ǁŝƚŚ�ŵĞŶƚĂů�ŵŽĚĞůƐ�

ĂŶĚ�ǀŝƐƵĂů�ŝŵĂŐĞƐ͘�^ƉĂƚ͘��ŽŐŶ͘��ŽŵƉƵƚ͘�ϵ͕�ϭϬϵʹϭϯϳ�;ϮϬϬϵͿ͘ 
ϭϭ͘ W͘ �E͘�:ŽŚŶƐŽŶͲůĂŝƌĚ͕�W͘ �E͘�:ŽŚŶƐŽŶͲůĂŝƌĚ͕�DĞŶƚĂů�ŵŽĚĞůƐ͕�ĚĞĚƵĐƟǀĞ�ƌĞĂƐŽŶŝŶŐ�ĂŶĚ�ƚŚĞ�ďƌĂŝŶ͕�

ŝŶ�dŚĞ��ŽŐŶŝƟǀĞ�EĞƵƌŽƐĐŝĞŶĐĞƐ�;D/d�WƌĞƐƐ͕�ϭϵϵϱͿ͕�ƉƉ͘�ϵϵϵʹϭϬϬϴ͘ 
ϭϮ͘ :͘�WƌĂĚŽ͕��͘��ŚĂĚŚĂ͕�:͘�Z͘��ŽŽƚŚ͕�dŚĞ�ďƌĂŝŶ�ŶĞƚǁŽƌŬ�ĨŽƌ�ĚĞĚƵĐƟǀĞ�ƌĞĂƐŽŶŝŶŐ͗���ƋƵĂŶƟƚĂƟǀĞ�

ŵĞƚĂͲĂŶĂůǇƐŝƐ�ŽĨ�Ϯϴ�ŶĞƵƌŽŝŵĂŐŝŶŐ�ƐƚƵĚŝĞƐ͘�:͘ ��ŽŐŶ͘�EĞƵƌŽƐĐŝ͘�Ϯϯ͕�ϯϰϴϯʹϯϰϵϳ�;ϮϬϭϭͿ͘ 
ϭϯ͘ �͘�tĞŶĚĞůŬĞŶ͕��͘�&ĞƌƌĞƌ͕ �<͘�:͘�tŚŝƚĂŬĞƌ͕ �^͘��͘��ƵŶŐĞ͕�&ƌŽŶƚŽͲƉĂƌŝĞƚĂů�ŶĞƚǁŽƌŬ�ƌĞĐŽŶĮŐƵƌĂƟŽŶ�

ƐƵƉƉŽƌƚƐ�ƚŚĞ�ĚĞǀĞůŽƉŵĞŶƚ�ŽĨ�ƌĞĂƐŽŶŝŶŐ�ĂďŝůŝƚǇ͘ ��ĞƌĞď͘��ŽƌƚĞǆ�Ϯϲ͕�ϮϭϳϴʹϮϭϵϬ�;ϮϬϭϲͿ͘ 
ϭϰ͘ �͘�W͘ �DĂĐŬĞǇ͕��͘�d͘ �DŝůůĞƌ�^ŝŶŐůĞǇ͕�^͘��͘��ƵŶŐĞ͕�/ŶƚĞŶƐŝǀĞ�ƌĞĂƐŽŶŝŶŐ�ƚƌĂŝŶŝŶŐ�ĂůƚĞƌƐ�ƉĂƩĞƌŶƐ�ŽĨ�

ďƌĂŝŶ�ĐŽŶŶĞĐƟǀŝƚǇ�Ăƚ�ƌĞƐƚ͘�:͘�EĞƵƌŽƐĐŝ͘�ϯϯ͕�ϰϳϵϲʹϰϴϬϯ�;ϮϬϭϯͿ͘ 
ϭϱ͘ Z͘��͘�:ƵŶŐ͕�Z͘�:͘�,ĂŝĞƌ͕ �dŚĞ�ƉĂƌŝĞƚŽͲĨƌŽŶƚĂů�ŝŶƚĞŐƌĂƟŽŶ�ƚŚĞŽƌǇ�;WͲ&/dͿ�ŽĨ�ŝŶƚĞůůŝŐĞŶĐĞ͗�

�ŽŶǀĞƌŐŝŶŐ�ŶĞƵƌŽŝŵĂŐŝŶŐ�ĞǀŝĚĞŶĐĞ͘��ĞŚĂǀ͘��ƌĂŝŶ�^Đŝ͘�ϯϬ͕�ϭϯϱʹϭϱϰ�;ϮϬϬϳͿ͘ 
ϭϲ͘ s͘ �'ŽĞů͕�Z͘�:͘��ŽůĂŶ͕�&ƵŶĐƟŽŶĂů�ŶĞƵƌŽĂŶĂƚŽŵǇ�ŽĨ�ƚŚƌĞĞͲƚĞƌŵ�ƌĞůĂƟŽŶĂů�ƌĞĂƐŽŶŝŶŐ͘�

EĞƵƌŽƉƐǇĐŚŽůŽŐŝĂ�ϯϵ͕�ϵϬϭʹϵϬϵ�;ϮϬϬϭͿ͘ 
ϭϳ͘ EĂƟŽŶĂů�ZĞƐĞĂƌĐŚ��ŽƵŶĐŝů͕�>ĞĂƌŶŝŶŐ�ƚŽ�dŚŝŶŬ�^ƉĂƟĂůůǇ͘�;EĂƟŽŶĂů��ĐĂĚĞŵŝĞƐ�WƌĞƐƐ͕�ϮϬϬϲͿ͘ 
ϭϴ͘ E͘�^͘�EĞǁĐŽŵďĞ͕�͞,ĂƌŶĞƐƐŝŶŐ�ƐƉĂƟĂů�ƚŚŝŶŬŝŶŐ�ƚŽ�ƐƵƉƉŽƌƚ�ƐƚĞŵ�ůĞĂƌŶŝŶŐ͟�;KƌŐĂŶŝƐĂƟŽŶ�ĨŽƌ�

�ĐŽŶŽŵŝĐ��ŽŽƉĞƌĂƟŽŶ�ĂŶĚ��ĞǀĞůŽƉŵĞŶƚ͕�ϮϬϭϳͿ�ƉƉ͘�ϱϭ͘ 
ϭϵ͘ :͘�tĂŝ͕��͘�>ƵďŝŶƐŬŝ͕��͘�W͘ ��ĞŶďŽǁ͕�^ƉĂƟĂů�ĂďŝůŝƚǇ�ĨŽƌ�^d�D�ĚŽŵĂŝŶƐ͗��ůŝŐŶŝŶŐ�ŽǀĞƌ�ϱϬ�ǇĞĂƌƐ�ŽĨ�

ĐƵŵƵůĂƟǀĞ�ƉƐǇĐŚŽůŽŐŝĐĂů�ŬŶŽǁůĞĚŐĞ�ƐŽůŝĚŝĮĞƐ�ŝƚƐ�ŝŵƉŽƌƚĂŶĐĞ͘�:͘��ĚƵĐ͘�WƐǇĐŚŽů͘�ϭϬϭ͕�ϴϭϳʹϴϯϱ�
;ϮϬϬϵͿ͘ 

ϮϬ͘ �͘�,͘�hƩĂů͕��͘�/͘�DŝůůĞƌ͕ �E͘�^͘�EĞǁĐŽŵďĞ͕��ǆƉůŽƌŝŶŐ�ĂŶĚ�ĞŶŚĂŶĐŝŶŐ�ƐƉĂƟĂů�ƚŚŝŶŬŝŶŐ͗�>ŝŶŬƐ�ƚŽ�
ĂĐŚŝĞǀĞŵĞŶƚ�ŝŶ�ƐĐŝĞŶĐĞ͕�ƚĞĐŚŶŽůŽŐǇ͕ �ĞŶŐŝŶĞĞƌŝŶŐ͕�ĂŶĚ�ŵĂƚŚĞŵĂƟĐƐ͍��Ƶƌƌ͘ ��ŝƌ͘ �WƐǇĐŚŽů͘�^Đŝ͘�
ϮϮ͕�ϯϲϳʹϯϳϯ�;ϮϬϭϯͿ͘ 

Ϯϭ͘ :͘�tĂŝ͕��͘�,͘�hƩĂů͕�tŚǇ�ƐƉĂƟĂů�ƌĞĂƐŽŶŝŶŐ�ŵĂƩĞƌƐ�ĨŽƌ�ĞĚƵĐĂƟŽŶ�ƉŽůŝĐǇ͘��ŵ͘��ŶƚĞƌƉ͘�/ŶƐƚ͕͘�ϴ�
;ϮϬϭϴͿ͘ 

ϮϮ͘ ^͘��ĞŚĞũŝĂ͕�Z͘�,͘�tĂŚďĂ͕�WƌŽƉĞŶƐŝƚǇ�ƐĐŽƌĞͲŵĂƚĐŚŝŶŐ�ŵĞƚŚŽĚƐ�ĨŽƌ�ŶŽŶĞǆƉĞƌŝŵĞŶƚĂů�ĐĂƵƐĂů�
ƐƚƵĚŝĞƐ͘�ZĞǀ͘��ĐŽŶ͘�^ƚĂƚ͘�ϴϰ͕�ϭϱϭʹϭϲϭ�;ϮϬϬϮͿ͘ 

Ϯϯ͘ ^͘�K͘��ĞĐŬĞƌ͕ ��͘�/ĐŚŝŶŽ͕��ƐƟŵĂƟŽŶ�ŽĨ�ĂǀĞƌĂŐĞ�ƚƌĞĂƚŵĞŶƚ�ĞīĞĐƚƐ�ďĂƐĞĚ�ŽŶ�ƉƌŽƉĞŶƐŝƚǇ�ƐĐŽƌĞƐ͘�
^ƚĂƚĂ�:͘�WƌŽŵŽƚ͘��ŽŵŵƵŶ͘�^ƚĂƚ͘�^ƚĂƚĂ͘�Ϯ͕�ϯϱϴʹϯϳϳ�;ϮϬϬϮͿ͘ 

Ϯϰ͘ �͘�<ŽůǀŽŽƌĚ͕�<͘�<ĞƌĂŶĞŶ͕�^͘�ZŝƩĞŶŚŽƵƐĞ͕�dŚĞ�ŐĞŽƐƉĂƟĂů�ƐĞŵĞƐƚĞƌ͗��ŽŶĐƵƌƌĞŶƚ�ĞŶƌŽůůŵĞŶƚ�ŝŶ�
ŐĞŽƐƉĂƟĂů�ƚĞĐŚŶŽůŽŐŝĞƐ͘�:͘�'ĞŽŐ͘�ϭϭϴ͕�ϯʹϭϬ�;ϮϬϭϵͿ͘ 

Ϯϱ͘ ,͘��͘�tŝƚŬŝŶ͕�/ŶĚŝǀŝĚƵĂů�ĚŝīĞƌĞŶĐĞƐ�ŝŶ�ĞĂƐĞ�ŽĨ�ƉĞƌĐĞƉƟŽŶ�ŽĨ�ĞŵďĞĚĚĞĚ�ĮŐƵƌĞƐ͘�:͘�WĞƌƐ͘�ϭϵ͕�ϭʹ
ϭϱ�;ϭϵϱϬͿ͘ 

Ϯϲ͘ Z͘�^ŚĞƉĂƌĚ͕�:͘�DĞƚǌůĞƌ͕ �DĞŶƚĂů�ƌŽƚĂƟŽŶ�ŽĨ�ƚŚƌĞĞͲĚŝŵĞŶƐŝŽŶĂů�ŽďũĞĐƚƐ͘�^ĐŝĞŶĐĞ�ϭϳϭ͕�ϳϬϭʹϳϬϯ�
;ϭϵϳϭͿ͘ 

Ϯϳ͘ ,͘�Z͘�>ŝĞƐĞĨĞůĚ͕�D͘�:ĂŶĐǌǇŬ͕��ŽŵďŝŶŝŶŐ�ƐƉĞĞĚ�ĂŶĚ�ĂĐĐƵƌĂĐǇ�ƚŽ�ĐŽŶƚƌŽů�ĨŽƌ�ƐƉĞĞĚͲĂĐĐƵƌĂĐǇ�
ƚƌĂĚĞͲŽīƐ;͍Ϳ͘��ĞŚĂǀ͘�ZĞƐ͘�DĞƚŚŽĚƐ�ϱϭ͕�ϰϬʹϲϬ�;ϮϬϭϵͿ͘ 

Ϯϴ͘ D͘�<ŝŵ͕�Z͘��ĞĚŶĂƌǌ͕��īĞĐƚƐ�ŽĨ�Ă�'/^�ĐŽƵƌƐĞ�ŽŶ�ƐĞůĨͲĂƐƐĞƐƐŵĞŶƚ�ŽĨ�ƐƉĂƟĂů�ŚĂďŝƚƐ�ŽĨ�ŵŝŶĚ�
;^,KDͿ͘�:͘�'ĞŽŐ͘�ϭϭϮ͕�ϭϲϱʹϭϳϳ�;ϮϬϭϯͿ͘ 

Ϯϵ͘ D͘��ĂůŝĞŶĚŽ͕�^͘�<ŽƉĞŝŶŝŐ͕�^ŽŵĞ�ƉƌĂĐƟĐĂů�ŐƵŝĚĂŶĐĞ�ĨŽƌ�ƚŚĞ�ŝŵƉůĞŵĞŶƚĂƟŽŶ�ŽĨ�ƉƌŽƉĞŶƐŝƚǇ�
ƐĐŽƌĞ�ŵĂƚĐŚŝŶŐ͘�:͘ ��ĐŽŶ͘�^Ƶƌǀ͘�ϮϮ͕�ϯϭʹϳϮ�;ϮϬϬϴͿ͘ 

ϯϬ͘ �͘�sŽǇĞƌ͕ �^͘�sŽǇĞƌ͕ �D͘�W͘ ��ƌǇĚĞŶ͕�DĂŐŶŝƚƵĚĞ�ŽĨ�ƐĞǆ�ĚŝīĞƌĞŶĐĞƐ�ŝŶ�ƐƉĂƟĂů�ĂďŝůŝƟĞƐ͗���ŵĞƚĂͲ
ĂŶĂůǇƐŝƐ�ĂŶĚ�ĐŽŶƐŝĚĞƌĂƟŽŶ�ŽĨ�ĐƌŝƟĐĂů�ǀĂƌŝĂďůĞƐ͘�WƐǇĐŚŽů͘��Ƶůů͘�ϭϭϳ͕�ϮϱϬʹϮϳϬ�;ϭϵϵϱͿ͘ 

ϯϭ͘ �͘��͘�ZƵī͕�D͘�<ŶĂƵī͕�d͘ �&ĂŶŐŵĞŝĞƌ͕ �:͘�^ƉƌĞĞƌ͕ �ZĞĂƐŽŶŝŶŐ�ĂŶĚ�ǁŽƌŬŝŶŐ�ŵĞŵŽƌǇ͗��ŽŵŵŽŶ�ĂŶĚ�
ĚŝƐƟŶĐƚ�ŶĞƵƌŽŶĂů�ƉƌŽĐĞƐƐĞƐ͘�EĞƵƌŽƉƐǇĐŚŽůŽŐŝĂ�ϰϭ͕�ϭϮϰϭʹϭϮϱϯ�;ϮϬϬϯͿ͘ 

https://science.org/doi/10.1126/sciadv.abo3555
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https://en.bio-protocol.org/cjrap.aspx?eid=10.1126/sciadv.abo3555
https://en.bio-protocol.org/cjrap.aspx?eid=10.1126/sciadv.abo3555


^���/���E���������s���E�����^�ͮ�Z���^�����Z���,���Z�d�/���>�� 

�ŽƌƚĞƐ�Ğƚ�Ăů͕͘�^Đŝ͘��Ěǀ͘ �ϴ͕�ĞĂďŽϯϱϱϱ�;ϮϬϮϮͿ�����ϭϬ��ƵŐƵƐƚ�ϮϬϮϮ ϭϮ�ŽĨ�ϭϯ 

ϯϮ͘ W͘ �E͘�: Ͳ͘>ĂŝƌĚ͕�DĞŶƚĂů�ŵŽĚĞůƐ�ĂŶĚ�ĚĞĚƵĐƟŽŶ͘�dƌĞŶĚƐ��ŽŐŶ͘�^Đŝ͘�ϱ͕�ϰϯϰʹϰϰϮ�;ϮϬϬϭͿ͘ 
ϯϯ͘ �͘�tĂůƚĞƌ͕ �W͘ ��ĂƐƐŽŶǀŝůůĞ͕��ĐƟǀĂƟŽŶ�ŝŶ�Ă�ĨƌŽŶƚŽƉĂƌŝĞƚĂů�ĐŽƌƟĐĂů�ŶĞƚǁŽƌŬ�ƵŶĚĞƌůŝĞƐ�ŝŶĚŝǀŝĚƵĂů�

ĚŝīĞƌĞŶĐĞƐ�ŝŶ�ƚŚĞ�ƉĞƌĨŽƌŵĂŶĐĞ�ŽĨ�ĂŶ�ĞŵďĞĚĚĞĚ�ĮŐƵƌĞƐ�ƚĂƐŬ͘�W>K^�KE��ϲ͕�ĞϮϬϳϰϮ�;ϮϬϭϭͿ͘ 
ϯϰ͘ D͘�WĞƚĞƌƐ͕��͘��ĂƫƐƚĂ͕��ƉƉůŝĐĂƟŽŶƐ�ŽĨ�ŵĞŶƚĂů�ƌŽƚĂƟŽŶ�ĮŐƵƌĞƐ�ŽĨ�ƚŚĞ�^ŚĞƉĂƌĚ�ĂŶĚ�DĞƚǌůĞƌ�

ƚǇƉĞ�ĂŶĚ�ĚĞƐĐƌŝƉƟŽŶ�ŽĨ�Ă�ŵĞŶƚĂů�ƌŽƚĂƟŽŶ�ƐƟŵƵůƵƐ�ůŝďƌĂƌǇ͘ ��ƌĂŝŶ��ŽŐŶ͘�ϲϲ͕�ϮϲϬʹϮϲϰ�;ϮϬϬϴͿ͘ 
ϯϱ͘ ^͘�W͘ �tƌŝŐŚƚ͕��ĚũƵƐƚĞĚ�WͲǀĂůƵĞƐ�ĨŽƌ�ƐŝŵƵůƚĂŶĞŽƵƐ�ŝŶĨĞƌĞŶĐĞ͘��ŝŽŵĞƚƌŝĐƐ�ϰϴ͕�ϭϬϬϱʹϭϬϭϯ�;ϭϵϵϮͿ͘ 
ϯϲ͘ D͘�DŝŽēĞǀŝđ͕�,͘�W͘ �K͛ZŽƵƌŬĞ͕��͘�W͘ �DĂĐ<ŝŶŶŽŶ͕�,͘��͘��ƌŽǁŶ͕�^ƚĂƟƐƟĐĂů�ƉƌŽƉĞƌƟĞƐ�ŽĨ�ĨŽƵƌ�

ĞīĞĐƚͲƐŝǌĞ�ŵĞĂƐƵƌĞƐ�ĨŽƌ�ŵĞĚŝĂƟŽŶ�ŵŽĚĞůƐ͘��ĞŚĂǀ͘�ZĞƐ͘�DĞƚŚŽĚƐ�ϱϬ͕�ϮϴϱʹϯϬϭ�;ϮϬϭϴͿ͘ 
ϯϳ͘ :͘��ŽŚĞŶ͕�^ƚĂƟƐƟĐĂů�ƉŽǁĞƌ�ĂŶĂůǇƐŝƐ�ĨŽƌ�ƚŚĞ�ďĞŚĂǀŝŽƌĂů�ƐĐŝĞŶĐĞƐ�;�ĐĂĚĞŵŝĐ�WƌĞƐƐ͕��ƵƌůŝŶŐƚŽŶ͕�

�ůƐĞǀŝĞƌ�^ĐŝĞŶĐĞ͕�ϮϬϭϯͿ�ƉƉ͘�ϰϱϵ͘ 
ϯϴ͘ �͘�:͘�&ĂŝƌĐŚŝůĚ͕��͘�W͘ �DĂĐ<ŝŶŶŽŶ͕�D͘�W͘ �dĂďŽƌŐĂ͕��͘��͘�dĂǇůŽƌ͕ �ZϮ�ĞīĞĐƚͲƐŝǌĞ�ŵĞĂƐƵƌĞƐ�ĨŽƌ�

ŵĞĚŝĂƟŽŶ�ĂŶĂůǇƐŝƐ͘��ĞŚĂǀ͘�ZĞƐ͘�DĞƚŚŽĚƐ�ϰϭ͕�ϰϴϲʹϰϵϴ�;ϮϬϬϵͿ͘ 
ϯϵ͘ d͘ �zĂƌŬŽŶŝ͕�Z͘��͘�WŽůĚƌĂĐŬ͕�d͘ ��͘�EŝĐŚŽůƐ͕��͘��͘�sĂŶ��ƐƐĞŶ͕�d͘ ��͘�tĂŐĞƌ͕ �>ĂƌŐĞͲƐĐĂůĞ�ĂƵƚŽŵĂƚĞĚ�

ƐǇŶƚŚĞƐŝƐ�ŽĨ�ŚƵŵĂŶ�ĨƵŶĐƟŽŶĂů�ŶĞƵƌŽŝŵĂŐŝŶŐ�ĚĂƚĂ͘�EĂƚ͘�DĞƚŚŽĚƐ�ϴ͕�ϲϲϱʹϲϳϬ�;ϮϬϭϭͿ͘ 
ϰϬ͘ �͘�Z͘�'ŝůůĞďĞƌƚ͕��͘�DĂŶƟŶŝ͕�s͘ �dŚŝũƐ͕�^͘�^ƵŶĂĞƌƚ͕�W͘ ��ƵƉŽŶƚ͕�Z͘�sĂŶĚĞŶďĞƌŐŚĞ͕�>ĞƐŝŽŶ�ĞǀŝĚĞŶĐĞ�

ĨŽƌ�ƚŚĞ�ĐƌŝƟĐĂů�ƌŽůĞ�ŽĨ�ƚŚĞ�ŝŶƚƌĂƉĂƌŝĞƚĂů�ƐƵůĐƵƐ�ŝŶ�ƐƉĂƟĂů�ĂƩĞŶƟŽŶ͘��ƌĂŝŶ�ϭϯϰ͕�ϭϲϵϰʹϭϳϬϵ�
;ϮϬϭϭͿ͘ 

ϰϭ͘ <͘�>͘��ůĨƌĞĚ͕��͘��͘��ŽŶŶŽůůǇ͕�:͘�^͘��ĞƚƌŽŶ͕��͘�:͘�D͘�<ƌĂĞŵĞƌ͕ �DĞŶƚĂů�ŵŽĚĞůƐ�ƵƐĞ�ĐŽŵŵŽŶ�ŶĞƵƌĂů�
ƐƉĂƟĂů�ƐƚƌƵĐƚƵƌĞ�ĨŽƌ�ƐƉĂƟĂů�ĂŶĚ�ĂďƐƚƌĂĐƚ�ĐŽŶƚĞŶƚ͘��ŽŵŵƵŶ͘��ŝŽů͘�ϯ͕�ϭϳ�;ϮϬϮϬͿ͘ 

ϰϮ͘ :͘�d͘ ��ŽƵůů͕��͘��͘�&ƌŝƚŚ͕��ŝīĞƌĞŶƟĂů�ĂĐƟǀĂƟŽŶ�ŽĨ�ƌŝŐŚƚ�ƐƵƉĞƌŝŽƌ�ƉĂƌŝĞƚĂů�ĐŽƌƚĞǆ�ĂŶĚ�ŝŶƚƌĂƉĂƌŝĞƚĂů�
ƐƵůĐƵƐ�ďǇ�ƐƉĂƟĂů�ĂŶĚ�ŶŽŶƐƉĂƟĂů�ĂƩĞŶƟŽŶ͘�EĞƵƌŽŝŵĂŐĞ�ϴ͕�ϭϳϲʹϭϴϳ�;ϭϵϵϴͿ͘ 

ϰϯ͘ :͘��͘�>ǇŶĐŚ͕�s͘ ��͘�DŽƵŶƚĐĂƐƚůĞ͕�t͘�,͘�dĂůďŽƚ͕�d͘ ��͘�zŝŶ͕�WĂƌŝĞƚĂů�ůŽďĞ�ŵĞĐŚĂŶŝƐŵƐ�ĨŽƌ�ĚŝƌĞĐƚĞĚ�
ǀŝƐƵĂů�ĂƩĞŶƟŽŶ͘�:͘�EĞƵƌŽƉŚǇƐŝŽů͘�ϰϬ͕�ϯϲϮʹϯϴϵ�;ϭϵϳϳͿ͘ 

ϰϰ͘ �͘��͘��ŚĂŵďĞƌƐ͕�:͘�D͘�WĂǇŶĞ͕�D͘�'͘�^ƚŽŬĞƐ͕�:͘��͘�DĂƫŶŐůĞǇ͕�&ĂƐƚ�ĂŶĚ�ƐůŽǁ�ƉĂƌŝĞƚĂů�ƉĂƚŚǁĂǇƐ�
ŵĞĚŝĂƚĞ�ƐƉĂƟĂů�ĂƩĞŶƟŽŶ͘�EĂƚ͘�EĞƵƌŽƐĐŝ͘�ϳ͕�ϮϭϳʹϮϭϴ�;ϮϬϬϰͿ͘ 

ϰϱ͘ :͘�D͘��ĂĐŬƐ͕�EĞƵƌŽŝŵĂŐŝŶŐ�ƐƚƵĚŝĞƐ�ŽĨ�ŵĞŶƚĂů�ƌŽƚĂƟŽŶ͗���ŵĞƚĂͲĂŶĂůǇƐŝƐ�ĂŶĚ�ƌĞǀŝĞǁ͘�:͘��ŽŐŶ͘�
EĞƵƌŽƐĐŝ͘�ϮϬ͕�ϭʹϭϵ�;ϮϬϬϴͿ͘ 

ϰϲ͘ D͘�WŝĂǌǌĂ͕�s͘ �/ǌĂƌĚ͕�W͘ �WŝŶĞů͕��͘�>Ğ��ŝŚĂŶ͕�^͘��ĞŚĂĞŶĞ͕�dƵŶŝŶŐ�ĐƵƌǀĞƐ�ĨŽƌ�ĂƉƉƌŽǆŝŵĂƚĞ�
ŶƵŵĞƌŽƐŝƚǇ�ŝŶ�ƚŚĞ�ŚƵŵĂŶ�ŝŶƚƌĂƉĂƌŝĞƚĂů�ƐƵůĐƵƐ͘�EĞƵƌŽŶ�ϰϰ͕�ϱϰϳʹϱϱϱ�;ϮϬϬϰͿ͘ 

ϰϳ͘ ,͘�zĂŶŐ͕�dŚĞ�ĐĂƐĞ�ĨŽƌ�ďĞŝŶŐ�ĂƵƚŽŵĂƟĐ͗�/ŶƚƌŽĚƵĐŝŶŐ�ƚŚĞ�ĂƵƚŽŵĂƟĐ�ůŝŶĞĂƌ�ŵŽĚĞůŝŶŐ� 
;>/E��ZͿ�ƉƌŽĐĞĚƵƌĞ�ŝŶ�^W^^�ƐƚĂƟƐƟĐƐ͘�DƵůƚ͘�>ŝŶĞĂƌ�ZĞŐƌĞƐ͘�sŝĞǁƉŽŝŶƚƐ�ϯϵ͕�Ϯϳʹϯϳ�;ϮϬϭϯͿ͘ 

ϰϴ͘ �͘�,͘�hƩĂů͕�E͘�'͘�DĞĂĚŽǁ͕��͘�dŝƉƚŽŶ͕�>͘�>͘�,ĂŶĚ͕��͘�Z͘��ůĚĞŶ͕��͘�tĂƌƌĞŶ͕�E͘�^͘�EĞǁĐŽŵďĞ͕�dŚĞ�
ŵĂůůĞĂďŝůŝƚǇ�ŽĨ�ƐƉĂƟĂů�ƐŬŝůůƐ͗���ŵĞƚĂͲĂŶĂůǇƐŝƐ�ŽĨ�ƚƌĂŝŶŝŶŐ�ƐƚƵĚŝĞƐ͘�WƐǇĐŚŽů͘��Ƶůů͘�ϭϯϵ͕�ϯϱϮʹϰϬϮ�
;ϮϬϭϯͿ͘ 

ϰϵ͘ �͘�,ĂǁĞƐ͕�:͘�DŽƐƐ͕��͘��ĂƐǁĞůů͕�^͘�EĂƋǀŝ͕�^͘�DĂĐ<ŝŶŶŽŶ͕��ŶŚĂŶĐŝŶŐ��ŚŝůĚƌĞŶ͛Ɛ�ƐƉĂƟĂů�ĂŶĚ�
ŶƵŵĞƌŝĐĂů�ƐŬŝůůƐ�ƚŚƌŽƵŐŚ�Ă�ĚǇŶĂŵŝĐ�ƐƉĂƟĂů�ĂƉƉƌŽĂĐŚ�ƚŽ�ĞĂƌůǇ�ŐĞŽŵĞƚƌǇ�ŝŶƐƚƌƵĐƟŽŶ͗��īĞĐƚƐ�ŽĨ�
Ă�ϯϮͲǁĞĞŬ�ŝŶƚĞƌǀĞŶƟŽŶ͘��ŽŐŶ͘�/ŶƐƚƌ͘ �ϯϱ͕�ϮϯϲʹϮϲϰ�;ϮϬϭϳͿ͘ 

ϱϬ͘ d͘ �>ŽǁƌŝĞ͕�d͘ �>ŽŐĂŶ͕�D͘�,ĞŐĂƌƚǇ͕ �dŚĞ�ŝŶŇƵĞŶĐĞ�ŽĨ�ƐƉĂƟĂů�ǀŝƐƵĂůŝǌĂƟŽŶ�ƚƌĂŝŶŝŶŐ�ŽŶ�ƐƚƵĚĞŶƚƐ͛�
ƐƉĂƟĂů�ƌĞĂƐŽŶŝŶŐ�ĂŶĚ�ŵĂƚŚĞŵĂƟĐƐ�ƉĞƌĨŽƌŵĂŶĐĞ͘�:͘ ��ŽŐŶ͘��Ğǀ͘�ϮϬ͕�ϳϮϵʹϳϱϭ�;ϮϬϭϵͿ͘ 

ϱϭ͘ �͘�D͘��ĞƌŐĞƌ͕ ��͘�&ĞŚƌ͕ �,͘�,ĞƌŵĞƐ͕��͘�^ĐŚƵŶŬ͕�<͘�tŝŶŬĞů͕�dŚĞ�ŝŵƉĂĐƚ�ŽĨ�ǁŽƌŬŝŶŐ�ŵĞŵŽƌǇ�
ƚƌĂŝŶŝŶŐ�ŽŶ�ĐŚŝůĚƌĞŶ͛Ɛ�ĐŽŐŶŝƟǀĞ�ĂŶĚ�ŶŽŶĐŽŐŶŝƟǀĞ�ƐŬŝůůƐ͘�^^ZE��ůĞĐƚƌŽŶ͘�:͕͘�ϭʹϳϴ�;ϮϬϮϬͿ͘ 

ϱϮ͘ ^͘��ĞƌŐŵĂŶͲEƵƚůĞǇ͕�d͘ �<ůŝŶŐďĞƌŐ͕��īĞĐƚ�ŽĨ�ǁŽƌŬŝŶŐ�ŵĞŵŽƌǇ�ƚƌĂŝŶŝŶŐ�ŽŶ�ǁŽƌŬŝŶŐ�ŵĞŵŽƌǇ͕ �
ĂƌŝƚŚŵĞƟĐ�ĂŶĚ�ĨŽůůŽǁŝŶŐ�ŝŶƐƚƌƵĐƟŽŶƐ͘�WƐǇĐŚŽů͘�ZĞƐ͘�ϳϴ͕�ϴϲϵʹϴϳϳ�;ϮϬϭϰͿ͘ 

ϱϯ͘ >͘�^͘�>ŝďĞŶ͕�dŚĞ�^d�D�ŐĞŶĚĞƌ�ŐĂƉ͗�dŚĞ�ĐĂƐĞ�ĨŽƌ�ƐƉĂƟĂů�ŝŶƚĞƌǀĞŶƟŽŶƐ͘�/Ŷƚ͘�:͘�'ĞŶĚĞƌ�^Đŝ͘�
dĞĐŚŶŽů͘�ϳ͕�ϭϯϯʹϭϱϬ�;ϮϬϭϱͿ͘ 

ϱϰ͘ W͘ ��͘��ůĞǆĂŶĚĞƌ͕ �^͘�:ĂďůĂŶƐŬǇ͕ �>͘�D͘�^ŝŶŐĞƌ͕ ��͘��ƵŵĂƐ͕�ZĞůĂƟŽŶĂů�ƌĞĂƐŽŶŝŶŐ͗�tŚĂƚ�ǁĞ�ŬŶŽǁ�
ĂŶĚ�ǁŚǇ�ŝƚ�ŵĂƩĞƌƐ͘��ƌĂŝŶ�^Đŝ͘�ϯ͕�ϯϲʹϰϰ�;ϮϬϭϲͿ͘ 

ϱϱ͘ ^͘��͘��ƵŶŐĞ͕��͘�Z͘�>Ğŝď͕�,Žǁ�ĚŽĞƐ�ĞĚƵĐĂƟŽŶ�ŚŽŶĞ�ƌĞĂƐŽŶŝŶŐ�ĂďŝůŝƚǇ͍��Ƶƌƌ͘ ��ŝƌ͘ �WƐǇĐŚŽů͘�̂ Đŝ͘�Ϯϵ͕�
ϭϲϳʹϭϳϯ�;ϮϬϮϬͿ͘ 

ϱϲ͘ D͘�DĞƐŚƵůĂŵ͕�>͘�,ĂƐĞŶĨƌĂƚǌ͕�,͘�,ŝůůŵĂŶ͕�z͘ Ͳ&͘ �>ŝƵ͕�D͘�EŐƵǇĞŶ͕�<͘��͘�EŽƌŵĂŶ͕�h͘�,ĂƐƐŽŶ͕�
EĞƵƌĂů�ĂůŝŐŶŵĞŶƚ�ƉƌĞĚŝĐƚƐ�ůĞĂƌŶŝŶŐ�ŽƵƚĐŽŵĞƐ�ŝŶ�ƐƚƵĚĞŶƚƐ�ƚĂŬŝŶŐ�ĂŶ�ŝŶƚƌŽĚƵĐƟŽŶ�ƚŽ�
ĐŽŵƉƵƚĞƌ�ƐĐŝĞŶĐĞ�ĐŽƵƌƐĞ͘�EĂƚ͘��ŽŵŵƵŶ͘�ϭϮ͕�ϭϵϮϮ�;ϮϬϮϭͿ͘ 

ϱϳ͘ ^͘��ĞŚĂĞŶĞ͕�D͘�<ĞƌƐǌďĞƌŐ͕�: Ͳ͘W͘ ��ŚĂŶŐĞƵǆ͕���ŶĞƵƌŽŶĂů�ŵŽĚĞů�ŽĨ�Ă�ŐůŽďĂů�ǁŽƌŬƐƉĂĐĞ�ŝŶ�
ĞīŽƌƞƵů�ĐŽŐŶŝƟǀĞ�ƚĂƐŬƐ͘�WƌŽĐ͘�EĂƚů͘��ĐĂĚ͘�^Đŝ͘�h͘^͘�͘�ϵϱ͕�ϭϰϱϮϵʹϭϰϱϯϰ�;ϭϵϵϴͿ͘ 

ϱϴ͘ �͘��ƵŶƐƚ͕�D͘��ĞŶĞĚĞŬ͕��͘�:ĂƵŬ͕�^͘��ĞƌŐŶĞƌ͕ �<͘�<ŽƐĐŚƵƚŶŝŐ͕�D͘�^ŽŵŵĞƌ͕ ��͘�/ƐĐŚĞďĞĐŬ͕��͘�
^ƉŝŶĂƚŚ͕�D͘��ƌĞŶĚĂƐǇ͕ �D͘��ƺŚŶĞƌ͕ �,͘�&ƌĞƵĚĞŶƚŚĂůĞƌ͕ ��͘��͘�EĞƵďĂƵĞƌ͕ �EĞƵƌĂů�ĞĸĐŝĞŶĐǇ�ĂƐ�Ă�
ĨƵŶĐƟŽŶ�ŽĨ�ƚĂƐŬ�ĚĞŵĂŶĚƐ͘��ĞƌŵĂƚŽů͘�/Ŷƚ͘�ϰϮ͕�ϮϮʹϯϬ�;ϮϬϭϰͿ͘ 

ϱϵ͘ �͘�D͘��ĂƌĐŚ͕�d͘ �^͘��ƌĂǀĞƌ͕ �>͘��͘�EǇƐƚƌŽŵ͕�^͘��͘�&ŽƌŵĂŶ͕��͘��͘�EŽůů͕�:͘��͘��ŽŚĞŶ͕��ŝƐƐŽĐŝĂƟŶŐ�
ǁŽƌŬŝŶŐ�ŵĞŵŽƌǇ�ĨƌŽŵ�ƚĂƐŬ�ĚŝĸĐƵůƚǇ�ŝŶ�ŚƵŵĂŶ�ƉƌĞĨƌŽŶƚĂů�ĐŽƌƚĞǆ͘�EĞƵƌŽƉƐǇĐŚŽůŽŐŝĂ�ϯϱ͕�
ϭϯϳϯʹϭϯϴϬ�;ϭϵϵϳͿ͘ 

ϲϬ͘ d͘ �zĂƌŬŽŶŝ͕��͘�D͘��ĂƌĐŚ͕�:͘�Z͘�'ƌĂǇ͕ �d͘ ��͘��ŽŶƚƵƌŽ͕�d͘ �^͘��ƌĂǀĞƌ͕ ��K>��ĐŽƌƌĞůĂƚĞƐ�ŽĨ�ƚƌŝĂůͲďǇƚƌŝĂů�
ƌĞĂĐƟŽŶ�ƟŵĞ�ǀĂƌŝĂďŝůŝƚǇ�ŝŶ�ŐƌĂǇ�ĂŶĚ�ǁŚŝƚĞ�ŵĂƩĞƌ͗���ŵƵůƟͲƐƚƵĚǇ�ĨDZ/�ĂŶĂůǇƐŝƐ͘��W>K^�KE��ϰ͕�
ĞϰϮϱϳ�;ϮϬϬϵͿ͘ 

ϲϭ͘ E͘�:ƵĚĚ͕�d͘ �<ůŝŶŐďĞƌŐ͕�dƌĂŝŶŝŶŐ�ƐƉĂƟĂů�ĐŽŐŶŝƟŽŶ�ĞŶŚĂŶĐĞƐ�ŵĂƚŚĞŵĂƟĐĂů�ůĞĂƌŶŝŶŐ�ŝŶ�Ă�
ƌĂŶĚŽŵŝǌĞĚ�ƐƚƵĚǇ�ŽĨ�ϭϳ͕ϬϬϬ�ĐŚŝůĚƌĞŶ͘�EĂƚ͘�,Ƶŵ͘��ĞŚĂǀ͘�ϱ͕�ϭϱϰϴʹϭϱϱϰ�;ϮϬϮϭͿ͘ 

ϲϮ͘ �͘�>͘�'ĞŶƚŶĞƌ͕ ��͘�^ƚĞǀĞŶƐ͕�DĞŶƚĂů�DŽĚĞůƐ�;WƐǇĐŚŽůŽŐǇ�WƌĞƐƐ͕�ϮϬϭϰͿ͘ 
ϲϯ͘ :͘�^͘��ĞƚƌŽŶ͕��͘��͘��ŽŶŶŽůůǇ͕�^͘�'͘��ŝĂŵŽŶĚ͕�s͘ �s͘ �DĂǇ͕ �:͘�s͘ �,ĂǆďǇ͕ ��͘�:͘�D͘�<ƌĂĞŵĞƌ͕ �hƐŝŶŐ�ƚŚĞ�

ĨŽƌĐĞ͗�^d�D�ŬŶŽǁůĞĚŐĞ�ĂŶĚ�ĞǆƉĞƌŝĞŶĐĞ�ĐŽŶƐƚƌƵĐƚ�ƐŚĂƌĞĚ�ŶĞƵƌĂů�ƌĞƉƌĞƐĞŶƚĂƟŽŶƐ�ŽĨ�
ĞŶŐŝŶĞĞƌŝŶŐ�ĐŽŶĐĞƉƚƐ͘�ŶƉũ�^Đŝ͘�>ĞĂƌŶ͘�ϱ͕�ϲ�;ϮϬϮϬͿ͘ 

ϲϰ͘ :͘�^͘��ĞƚƌŽŶ͕��͘��͘��ŽŶŶŽůůǇ͕�^͘�'͘��ŝĂŵŽŶĚ͕�s͘ �s͘ �DĂǇ͕ �:͘�s͘ �,ĂǆďǇ͕ ��͘�:͘�D͘�<ƌĂĞŵĞƌ͕ ��ĞĐŽĚŝŶŐ�
ŝŶĚŝǀŝĚƵĂů�ĚŝīĞƌĞŶĐĞƐ�ŝŶ�^d�D�ůĞĂƌŶŝŶŐ�ĨƌŽŵ�ĨƵŶĐƟŽŶĂů�DZ/�ĚĂƚĂ͘��EĂƚ͘��ŽŵŵƵŶ͘�ϭϬ͕�ϮϬϮϳ�
;ϮϬϭϵͿ͘ 

ϲϱ͘ �͘�sĂŶĚŝĞƌĞŶĚŽŶĐŬ͕���ĐŽŵƉĂƌŝƐŽŶ�ŽĨ�ŵĞƚŚŽĚƐ�ƚŽ�ĐŽŵďŝŶĞ�ƐƉĞĞĚ�ĂŶĚ�ĂĐĐƵƌĂĐǇ�ŵĞĂƐƵƌĞƐ�ŽĨ�
ƉĞƌĨŽƌŵĂŶĐĞ͗���ƌĞũŽŝŶĚĞƌ�ŽŶ�ƚŚĞ�ďŝŶŶŝŶŐ�ƉƌŽĐĞĚƵƌĞ͘��ĞŚĂǀ͘�ZĞƐ͘�DĞƚŚŽĚƐ�ϰϵ͕�ϲϱϯʹϲϳϯ�
;ϮϬϭϳͿ͘ 

ϲϲ͘ ^͘�Z͘��ĂŵĂƌůĂ͕�d͘ ��͘�<ĞůůĞƌ͕ �Z͘�<͘�<ĂŶĂ͕�s͘ �>͘��ŚĞƌŬĂƐƐŬǇ͕ ��͘�>͘�tŝůůŝĂŵƐ͕�E͘�:͘�DŝŶƐŚĞǁ͕�D͘��͘�
:ƵƐƚ͕��ŽƌƟĐĂů�ƵŶĚĞƌĐŽŶŶĞĐƟǀŝƚǇ�ĐŽƵƉůĞĚ�ǁŝƚŚ�ƉƌĞƐĞƌǀĞĚ�ǀŝƐƵŽƐƉĂƟĂů�ĐŽŐŶŝƟŽŶ�ŝŶ�ĂƵƟƐŵ͗�
�ǀŝĚĞŶĐĞ�ĨƌŽŵ�ĂŶ�ĨDZ/�ƐƚƵĚǇ�ŽĨ�ĂŶ�ĞŵďĞĚĚĞĚ�ĮŐƵƌĞƐ�ƚĂƐŬ͘��ƵƟƐŵ�ZĞƐ͘�ϯ͕�ϮϳϯʹϮϳϵ�;ϮϬϭϬͿ͘ 

ϲϳ͘ ,͘��͘�ZŝŶŐ͕�^͘��ĂƌŽŶͲ�ŽŚĞŶ͕�^͘�tŚĞĞůǁƌŝŐŚƚ͕�^͘��͘�Z͘�tŝůůŝĂŵƐ͕�D͘��ƌĂŵŵĞƌ͕ ��͘��ŶĚƌĞǁ͕��͘�d͘ �
�ƵůůŵŽƌĞ͕��ĞƌĞďƌĂů�ĐŽƌƌĞůĂƚĞƐ�ŽĨ�ƉƌĞƐĞƌǀĞĚ�ĐŽŐŶŝƟǀĞ�ƐŬŝůůƐ�ŝŶ�ĂƵƟƐŵ͘��ƌĂŝŶ�ϭϮϮ͕�ϭϯϬϱʹϭϯϭϱ�
;ϭϵϵϵͿ͘ 

ϲϴ͘ �͘�sŽǇĞƌ͕ �:͘�,ŽƵ͕�dǇƉĞ�ŽĨ�ŝƚĞŵƐ�ĂŶĚ�ƚŚĞ�ŵĂŐŶŝƚƵĚĞ�ŽĨ�ŐĞŶĚĞƌ�ĚŝīĞƌĞŶĐĞƐ�ŽŶ�ƚŚĞ�ŵĞŶƚĂů�
ƌŽƚĂƟŽŶƐ�ƚĞƐƚ͘��ĂŶ͘�:͘��ǆƉ͘�WƐǇĐŚŽů͘�ϲϬ͕�ϵϭʹϭϬϬ�;ϮϬϬϲͿ͘ 

ϲϵ͘ :͘�sĞƌǌĂŶŝ͕�hƐŝŶŐ�Z�ĨŽƌ�/ŶƚƌŽĚƵĐƚŽƌǇ�^ƚĂƟƐƟĐƐ�;�ŚĂƉŵĂŶ�ĂŶĚ�,Ăůůͬ�Z�͕�ϮϬϭϴͿ͘ 
ϳϬ͘ /͘��ŽƌƉ͕�/�D�^W^^�^ƚĂƟƐƟĐƐ�ĨŽƌ�tŝŶĚŽǁƐ͕�ǀĞƌƐŝŽŶ�Ϯϳ͘Ϭ�;ϮϬϮϬͿ͘ 
ϳϭ͘ �͘�:͘�D͘�DĂĂƐ͕�:͘�:͘�,Žǆ͕�^ƵĸĐŝĞŶƚ�ƐĂŵƉůĞ�ƐŝǌĞƐ�ĨŽƌ�ŵƵůƟůĞǀĞů�ŵŽĚĞůŝŶŐ͘�DĞƚŚŽĚŽůŽŐǇ�ϭ͕�ϴϲʹ

ϵϮ�;ϮϬϬϱͿ͘ 
ϳϮ͘ K͘�WĂĐĐĂŐŶĞůůĂ͕�^ĂŵƉůĞ�ƐŝǌĞ�ĂŶĚ�ĂĐĐƵƌĂĐǇ�ŽĨ�ĞƐƟŵĂƚĞƐ�ŝŶ�ŵƵůƟůĞǀĞů�ŵŽĚĞůƐ͘�DĞƚŚŽĚŽůŽŐǇ�ϳ͕�

ϭϭϭʹϭϮϬ�;ϮϬϭϭͿ͘ 
ϳϯ͘ :͘��͘�^ĐŚŽĞŶĞďĞƌŐĞƌ͕ �dŚĞ�ŝŵƉĂĐƚ�ŽĨ�ƐĂŵƉůĞ�ƐŝǌĞ�ĂŶĚ�ŽƚŚĞƌ�ĨĂĐƚŽƌƐ�ǁŚĞŶ�ĞƐƟŵĂƟŶŐ�ŵƵůƟůĞǀĞů�

ůŽŐŝƐƟĐ�ŵŽĚĞůƐ͘�:͘ ��ǆƉ͘��ĚƵĐ͘�ϴϰ͕�ϯϳϯʹϯϵϳ�;ϮϬϭϲͿ͘ 
ϳϰ͘ E͘�^ŽŵŵĞƚ͕��͘�DŽƌƐĞůůŝ͕�<ĞĞƉ�ĐĂůŵ�ĂŶĚ�ůĞĂƌŶ�ŵƵůƟůĞǀĞů�ůŽŐŝƐƟĐ�ŵŽĚĞůŝŶŐ͗���ƐŝŵƉůŝĮĞĚ�ƚŚƌĞĞͲ

ƐƚĞƉ�ƉƌŽĐĞĚƵƌĞ�ƵƐŝŶŐ�ƐƚĂƚĂ͕�Z͕�DƉůƵƐ͕�ĂŶĚ�^W^^͘�/Ŷƚ͘�ZĞǀ͘�^ŽĐ͘�WƐǇĐŚŽů͘�ϯϬ͕�ϮϬϯʹϮϭϴ�;ϮϬϭϳͿ͘ 
ϳϱ͘ ^͘�D͘�^ŵŝƚŚ͕�&ĂƐƚ�ƌŽďƵƐƚ�ĂƵƚŽŵĂƚĞĚ�ďƌĂŝŶ�ĞǆƚƌĂĐƟŽŶ͘�,Ƶŵ͘��ƌĂŝŶ�DĂƉƉ͘�ϭϳ͕�ϭϰϯʹϭϱϱ�;ϮϬϬϮͿ͘ 
ϳϲ͘ D͘�:ĞŶŬŝŶƐŽŶ͕�W͘ ��ĂŶŶŝƐƚĞƌ͕ �D͘��ƌĂĚǇ͕ �^͘�^ŵŝƚŚ͕�/ŵƉƌŽǀĞĚ�ŽƉƟŵŝǌĂƟŽŶ�ĨŽƌ�ƚŚĞ�ƌŽďƵƐƚ�ĂŶĚ�

ĂĐĐƵƌĂƚĞ�ůŝŶĞĂƌ�ƌĞŐŝƐƚƌĂƟŽŶ�ĂŶĚ�ŵŽƟŽŶ�ĐŽƌƌĞĐƟŽŶ�ŽĨ�ďƌĂŝŶ�ŝŵĂŐĞƐ͘�EĞƵƌŽŝŵĂŐĞ�ϭϳ͕�ϴϮϱʹϴϰϭ�
;ϮϬϬϮͿ͘ 

ϳϳ͘ D͘�:ĞŶŬŝŶƐŽŶ͕�^͘�^ŵŝƚŚ͕���ŐůŽďĂů�ŽƉƟŵŝƐĂƟŽŶ�ŵĞƚŚŽĚ�ĨŽƌ�ƌŽďƵƐƚ�ĂĸŶĞ�ƌĞŐŝƐƚƌĂƟŽŶ�ŽĨ�ďƌĂŝŶ�
ŝŵĂŐĞƐ͘�DĞĚ͘�/ŵĂŐĞ��ŶĂů͘�ϱ͕�ϭϰϯʹϭϱϲ�;ϮϬϬϭͿ͘ 

ϳϴ͘ D͘�t͘�tŽŽůƌŝĐŚ͕��͘��͘�ZŝƉůĞǇ͕�D͘��ƌĂĚǇ͕ �^͘�D͘�^ŵŝƚŚ͕�dĞŵƉŽƌĂů�ĂƵƚŽĐŽƌƌĞůĂƟŽŶ�ŝŶ�ƵŶŝǀĂƌŝĂƚĞ�
ůŝŶĞĂƌ�ŵŽĚĞůŝŶŐ�ŽĨ�&DZ/�ĚĂƚĂ͘�EĞƵƌŽŝŵĂŐĞ�ϭϰ͕�ϭϯϳϬʹϭϯϴϲ�;ϮϬϬϭͿ͘ 

ϳϵ͘ �͘�&͘ ��ĞĐŬŵĂŶŶ͕�D͘�:ĞŶŬŝŶƐŽŶ͕�^͘�D͘�^ŵŝƚŚ͕�'ĞŶĞƌĂů�ŵƵůƟůĞǀĞů�ůŝŶĞĂƌ�ŵŽĚĞůŝŶŐ�ĨŽƌ�ŐƌŽƵƉ�
ĂŶĂůǇƐŝƐ�ŝŶ�&DZ/͘�EĞƵƌŽŝŵĂŐĞ�ϮϬ͕�ϭϬϱϮʹϭϬϲϯ�;ϮϬϬϯͿ͘ 

ϴϬ͘ �͘��ŬůƵŶĚ͕�d͘ ��͘�EŝĐŚŽůƐ͕�,͘�<ŶƵƚƐƐŽŶ͕��ůƵƐƚĞƌ�ĨĂŝůƵƌĞ͗�tŚǇ�ĨDZ/�ŝŶĨĞƌĞŶĐĞƐ�ĨŽƌ�ƐƉĂƟĂů�ĞǆƚĞŶƚ�
ŚĂǀĞ�ŝŶŇĂƚĞĚ�ĨĂůƐĞͲƉŽƐŝƟǀĞ�ƌĂƚĞƐ͘�WƌŽĐ͘�EĂƚů͘��ĐĂĚ͘�^Đŝ͘ �h͘^͘�͘�ϭϭϯ͕�ϳϵϬϬʹϳϵϬϱ�;ϮϬϭϲͿ͘ 

ϴϭ͘ <͘�&ƌŝƐƚŽŶ͕��͘��ƵĞĐŚĞů͕�'͘�&ŝŶŬ͕�:͘�DŽƌƌŝƐ͕��͘�ZŽůůƐ͕�Z͘��ŽůĂŶ͕�WƐǇĐŚŽƉŚǇƐŝŽůŽŐŝĐĂů�ĂŶĚ�
ŵŽĚƵůĂƚŽƌǇ�ŝŶƚĞƌĂĐƟŽŶƐ�ŝŶ�ŶĞƵƌŽŝŵĂŐŝŶŐ͘�EĞƵƌŽŝŵĂŐĞ�ϲ͕�ϮϭϴʹϮϮϵ�;ϭϵϵϳͿ͘ 

ϴϮ͘ :͘�y͘�K͛ZĞŝůůǇ͕ �D͘�t͘�tŽŽůƌŝĐŚ͕�d͘ ��͘�:͘ ��ĞŚƌĞŶƐ͕�^͘�D͘�^ŵŝƚŚ͕�,͘�:ŽŚĂŶƐĞŶͲ�ĞƌŐ͕�dŽŽůƐ�ŽĨ�ƚŚĞ�
ƚƌĂĚĞ͗�WƐǇĐŚŽƉŚǇƐŝŽůŽŐŝĐĂů�ŝŶƚĞƌĂĐƟŽŶƐ�ĂŶĚ�ĨƵŶĐƟŽŶĂů�ĐŽŶŶĞĐƟǀŝƚǇ͘ �^ŽĐ͘��ŽŐŶ͘��īĞĐƚ͘�
EĞƵƌŽƐĐŝ͘�ϳ͕�ϲϬϰʹϲϬϵ�;ϮϬϭϮͿ͘ 

ϴϯ͘ W͘ ��͘�<ƌŝĞŐĞƐŬŽƌƚĞ͕�E͘�DƵƌ͕ �D͘��ĂŶĚĞƫŶŝ͕�ZĞƉƌĞƐĞŶƚĂƟŽŶĂů�ƐŝŵŝůĂƌŝƚǇ�ĂŶĂůǇƐŝƐͲĐŽŶŶĞĐƟŶŐ�ƚŚĞ�
ďƌĂŶĐŚĞƐ�ŽĨ�ƐǇƐƚĞŵƐ�ŶĞƵƌŽƐĐŝĞŶĐĞ͘�&ƌŽŶƚ͘�^ǇƐƚ͘�EĞƵƌŽƐĐŝ͘�Ϯ͕�ϰ�;ϮϬϬϴͿ͘ 

ϴϰ͘ /͘�D͘�>ǇŽŶƐ͕��͘��ŶƐĂƌŝ͕�^͘�>͘��ĞŝůŽĐŬ͕�YƵĂůŝƚĂƟǀĞůǇ�ĚŝīĞƌĞŶƚ�ĐŽĚŝŶŐ�ŽĨ�ƐǇŵďŽůŝĐ�ĂŶĚ�
ŶŽŶƐǇŵďŽůŝĐ�ŶƵŵďĞƌƐ�ŝŶ�ƚŚĞ�ŚƵŵĂŶ�ďƌĂŝŶ͘�,Ƶŵ͘��ƌĂŝŶ�DĂƉƉ͘�ϯϲ͕�ϰϳϱʹϰϴϴ�;ϮϬϭϱͿ͘ 

ϴϱ͘ D͘�<ŶĂƵī͕�W͘ �E͘�:ŽŚŶƐŽŶͲ>ĂŝƌĚ͕�sŝƐƵĂů�ŝŵĂŐĞƌǇ�ĐĂŶ�ŝŵƉĞĚĞ�ƌĞĂƐŽŶŝŶŐ͘�DĞŵ͘��ŽŐŶŝƚ͘�ϯϬ͕�ϯϲϯʹ
ϯϳϭ�;ϮϬϬϮͿ͘ 

ϴϲ͘ Z͘�^ŚĞƉĂƌĚ͕��͘�&ĞŶŐ͕���ĐŚƌŽŶŽŵĞƚƌŝĐ�ƐƚƵĚǇ�ŽĨ�ŵĞŶƚĂů�ƉĂƉĞƌ�ĨŽůĚŝŶŐ͘��ŽŐŶ͘�WƐǇĐŚŽů͘�ϯ͕�ϮϮϴʹ
Ϯϰϯ�;ϭϵϳϮͿ͘ 

ϴϳ͘ Z͘��͘��ŽǇůĞ͕��͘�sŽǇĞƌ͕ �/͘��͘��ŚĞƌŶĞǇ͕�dŚĞ�ƌĞůĂƟŽŶ�ďĞƚǁĞĞŶ�ĐŚŝůĚŚŽŽĚ�ƐƉĂƟĂů�ĂĐƟǀŝƟĞƐ�ĂŶĚ�
ƐƉĂƟĂů�ĂďŝůŝƟĞƐ�ŝŶ�ĂĚƵůƚŚŽŽĚ͘�:͘��ƉƉů͘��Ğǀ͘�WƐǇĐŚŽů͘�ϯϯ͕�ϭϭϮʹϭϮϬ�;ϮϬϭϮͿ͘ 

ϴϴ͘ '͘�D͘�&ƵƌŶŝǀĂů͕�Z͘�t͘�tŝůƐŽŶ͕�ZĞŐƌĞƐƐŝŽŶƐ�ďǇ�ůĞĂƉƐ�ĂŶĚ�ďŽƵŶĚƐ͘��ĞŶƚ͘�dĞĐŚ͘�ϭϲ͕�ϰϵϵʹϱϭϭ�
;ϭϵϳϰͿ͘ 

ϴϵ͘ �͘��͘�^ƚƵĂƌƚ͕�,͘��͘�,ƵƐŬĂŵƉ͕�<͘��ƵĐŬǁŽƌƚŚ͕�:͘�^ŝŵŵŽŶƐ͕��͘�^ŽŶŐ͕�D͘��͘��ŚĞƌŶĞǁ͕��͘�>͘��ĂƌƌǇ͕ �
hƐŝŶŐ�ƉƌŽƉĞŶƐŝƚǇ�ƐĐŽƌĞƐ�ŝŶ�ĚŝīĞƌĞŶĐĞͲŝŶͲĚŝīĞƌĞŶĐĞƐ�ŵŽĚĞůƐ�ƚŽ�ĞƐƟŵĂƚĞ�ƚŚĞ�ĞīĞĐƚƐ�ŽĨ�Ă�
ƉŽůŝĐǇ�ĐŚĂŶŐĞ͘�,ĞĂů͘�^Ğƌǀ͘�KƵƚĐŽŵĞƐ�ZĞƐ͘�DĞƚŚŽĚŽů͘�ϭϰ͕�ϭϲϲʹϭϴϮ�;ϮϬϭϰͿ͘ 

ϵϬ͘ W͘ �E͘�:ŽŚŶƐŽŶͲ>ĂŝƌĚ͕�dŚĞ�ŚŝƐƚŽƌǇ�ŽĨ�ŵĞŶƚĂů�ŵŽĚĞůƐ͕�ŝŶ�WƐǇĐŚŽůŽŐǇ�ŽĨ�ZĞĂƐŽŶŝŶŐ�;WƐǇĐŚŽůŽŐǇ�
WƌĞƐƐ͕�ϮϬϬϰͿ͕�ƉƉ͘�ϭϴϵʹϮϮϮ͘ 

ϵϭ͘ �͘��͘�ZŝĐŚĂƌĚƐŽŶ͕��͘�'ŽŶǌĂůĞǌ͕�>͘�>ĞĂů͕�D͘��͘��ĂƐƟůůŽ͕��͘��͘��ĂƌŵĂŶ͕�W^�d�ĐŽŵƉŽŶĞŶƚ�ƐĐŽƌĞƐ�ĂƐ�
Ă�ƉƌĞĚŝĐƚŽƌ�ŽĨ�ƐƵĐĐĞƐƐ�ŽŶ��W�ĞǆĂŵ�ƉĞƌĨŽƌŵĂŶĐĞ�ĨŽƌ�ĚŝǀĞƌƐĞ�ƐƚƵĚĞŶƚƐ͘��ĚƵĐ͘�hƌďĂŶ�^ŽĐ͘�ϰϴ͕�
ϯϴϰʹϰϬϮ�;ϮϬϭϲͿ͘ 

ϵϮ͘ �͘�:͘�tŽůƚǌ͕��͘��͘�tĂƐ͕��ǀĂŝůĂďŝůŝƚǇ�ŽĨ�ƌĞůĂƚĞĚ�ůŽŶŐͲƚĞƌŵ�ŵĞŵŽƌǇ�ĚƵƌŝŶŐ�ĂŶĚ�ĂŌĞƌ�ĂƩĞŶƟŽŶ�
ĨŽĐƵƐ�ŝŶ�ǁŽƌŬŝŶŐ�ŵĞŵŽƌǇ͘ �DĞŵ͘��ŽŐŶŝƚ͘�ϯϰ͕�ϲϲϴʹϲϴϰ�;ϮϬϬϲͿ͘ 

ϵϯ͘ �͘�sĂŶĚŝĞƌĞŶĚŽŶĐŬ͕�&ƵƌƚŚĞƌ�ƚĞƐƚƐ�ŽĨ�ƚŚĞ�ƵƟůŝƚǇ�ŽĨ�ŝŶƚĞŐƌĂƚĞĚ�ƐƉĞĞĚͲĂĐĐƵƌĂĐǇ�ŵĞĂƐƵƌĞƐ�ŝŶ�
ƚĂƐŬ�ƐǁŝƚĐŚŝŶŐ͘�:͘��ŽŐŶ͘�ϭ͕�ϴ�;ϮϬϭϴͿ͘ 

ϵϰ͘ /͘�'ĂƵƚŚŝĞƌ͕ �< Ͳ͘t͘��ŚƵĂ͕�:͘�:͘�ZŝĐŚůĞƌ͕ �,Žǁ�ŚŽůŝƐƟĐ�ƉƌŽĐĞƐƐŝŶŐ�ŽĨ�ĨĂĐĞƐ�ƌĞůĂƚĞƐ�ƚŽ�ĐŽŐŶŝƟǀĞ�
ĐŽŶƚƌŽů�ĂŶĚ�ŝŶƚĞůůŝŐĞŶĐĞ͘��ƩĞŶ͘�WĞƌĐĞƉƚ͘�WƐǇĐŚŽƉŚǇƐ͘�ϴϬ͕�ϭϰϰϵʹϭϰϲϬ�;ϮϬϭϴͿ͘ 

ϵϱ͘ �͘�dŝŶŐůĞǇ͕�d͘ �zĂŵĂŵŽƚŽ͕�<͘�,ŝƌŽƐĞ͕�>͘�<ĞĞůĞ͕�<͘�/ŵĂŝ͕�DĞĚŝĂƟŽŶ͗�Z�ƉĂĐŬĂŐĞ�ĨŽƌ�ĐĂƵƐĂů�
ŵĞĚŝĂƟŽŶ�ĂŶĂůǇƐŝƐ͘�:͘�̂ ƚĂƚ͘�^ŽŌǁ͘�ϱϵ͕�ϭʹϯϴ�;ϮϬϭϰͿ͘ 



^���/���E���������s���E�����^�ͮ�Z���^�����Z���,���Z�d�/���>�� 

�ŽƌƚĞƐ�Ğƚ�Ăů͕͘�^Đŝ͘��Ěǀ͘ �ϴ͕�ĞĂďŽϯϱϱϱ�;ϮϬϮϮͿ�����ϭϬ��ƵŐƵƐƚ�ϮϬϮϮ ϭϯ�ŽĨ�ϭϯ 

ϵϲ͘ W͘ ��͘�^ŚƌŽƵƚ͕�E͘��ŽůŐĞƌ͕ �DĞĚŝĂƟŽŶ�ŝŶ�ĞǆƉĞƌŝŵĞŶƚĂů�ĂŶĚ�ŶŽŶĞǆƉĞƌŝŵĞŶƚĂů�ƐƚƵĚŝĞƐ͗�EĞǁ�
ƉƌŽĐĞĚƵƌĞƐ�ĂŶĚ�ƌĞĐŽŵŵĞŶĚĂƟŽŶƐ͘�WƐǇĐŚŽů͘�DĞƚŚŽĚƐ�ϳ͕�ϰϮϮʹϰϰϱ�;ϮϬϬϮͿ͘ 

ϵϳ͘ :͘�tĞƌƚŚĞŝŵ͕�D͘�ZĂŐŶŝ͕�dŚĞ�ŶĞƵƌŽĐŽŐŶŝƟǀĞ�ĐŽƌƌĞůĂƚĞƐ�ŽĨ�ŚƵŵĂŶ�ƌĞĂƐŽŶŝŶŐ͗���ŵĞƚĂĂŶĂůǇƐŝƐ�
ŽĨ�ĐŽŶĚŝƟŽŶĂů�ĂŶĚ�ƐǇůůŽŐŝƐƟĐ�ŝŶĨĞƌĞŶĐĞƐ͘�:͘��ŽŐŶ͘�EĞƵƌŽƐĐŝ͘�ϯϮ͕�ϭϬϲϭʹϭϬϳϴ�;ϮϬϮϬͿ͘��ϵϴ͘�,͘�
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