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,Ê¿YÁ��d�Y|Æ]�µÂ�Y��Ê¿Y�ËY�������������
%DUD]DQGHK��+���.LVVDQH��'��:���6DHHGL��1� DQG *RUGRQ��0�� ��������$� V\VWHPDWLF�

UHYLHZ� RI� WKH� UHODWLRQVKLS� EHWZHHQ� HDUO\� PDODGDSWLYH� VFKHPDV� DQG� ERUGHUOLQH�
SHUVRQDOLW\� GLVRUGHU�WUDLWV� 3HUVRQDOLW\ DQG�,QGLYLGXDO�'LIIHUHQFHV� ������������
KWWSV���GRL�RUJ���������M�SDLG�������������

%HQQHWW�� &�� 6�� �������� $WWDFKPHQW� WKHRU\� DQG� UHVHDUFK� DSSOLHG� WR� WKH
FRQFHSWXDOL]DWLRQ� DQG� WUHDWPHQW� RI� SDWKRORJLFDO� QDUFLVVLVP�� &OLQLFDO 6RFLDO�
:RUN�-RXUQDO������������� KWWS���G[�GRL�RUJ���������V�����������������

%HVKDUDW��0��$����������1RUPDOL]DWLRQ�RI�$GXOW�$WWDFKPHQW�6FDOH��5HVHDUFK�5HSRUW��
8QLYHUVLW\�RI�7HKUDQ��7H[W�LQ�3HUVLDQ��

%RWK��/��(� DQG %HVW�� /��$�� ��������$� FRPSDULVRQ� RI� WZR� DWWDFKPHQW�PHDVXUHV� LQ�
UHODWLRQ� WR� SHUVRQDOLW\� IDFWRUV� DQG� IDFHWV� 3HUVRQDOLW\� DQG� ,QGLYLGXDO�
'LIIHUHQFHV� ��������� KWWS���G[�GRL�RUJ���������M�SDLG������������

%RZOE\��-����������$WWDFKPHQW�DQG�/RVV��9RO�,�DWWDFKPHQW��1HZ<RUN��%DVLF�%RRNV�
%RZOE\�� -�� �������� $WWDFKPHQW� DQG� /RVV� 9RO�� ��� /RVV� ± VDGQHVV� DQG� GHSUHVVLRQ�

/RQGRQ�� +RJDUWK�SUHVV�
&DPHUDQHVL��0����������%DWWHULQJ�W\SRORJLHV��DWWDFKPHQW�LQVHFXULW\��DQG�SHUVRQDOLW\�

GLVRUGHUV� $� FRPSUHKHQVLYH� OLWHUDWXUH� UHYLHZ� $JJUHVVLRQ� DQG� YLROHQW�
EHKDYLRU� ���������� KWWS���G[�GRL�RUJ���������M�DYE�������������

)DUQRXVK��)���+RVVHLQDHL��$� DQG %DKUDPL��0����������7KH�3UHYDOHQFH�RI�3HUVRQDOLW\�
'LVRUGHUV� DQG� LWV� 5HODWLRQVKLS� ZLWK� WKH� $WWDFKPHQW� 6W\OHV� DPRQJ� 3DWLHQWV�
5HIHUULQJ� WR� 3V\FKRORJLFDO� &OLQLFV� LQ� 7HKUDQ��$GYDQFHV� LQ�&RJQLWLYH� 6FLHQFH��
��������������7H[W�LQ� 3HUVLDQ��

*HLJHU��7��&� DQG &ULFN��1��5����������$�GHYHORSPHQWDO�SV\FKRSDWKRORJ\ SHUVSHFWLYH
RQ� YXOQHUDELOLW\� WR�SHUVRQDOLW\� GLVRUGHUV�� ,Q�� ,QJUDP��5(�� 3ULFH�� -0��� HGLWRUV��
9XOQHUDELOLW\� WR� SV\FKRSDWKRORJ\�� 5LVNV� DFURVV WKH� OLIHVSDQ�� 1HZ� <RUN�� 7KH�
*XLOIRUG 3UHVV�

*KRODPLSRXU�� )��� 5DKLPLDQ� %RRJDU�� ,� DQG 7DOHSDVDQG�� 6�� �������� 3UHGLFWLRQ� RI�
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3DWKRORJLFDO� 1DUFLVVLVP� %DVHG� RQ� )DPLO\� 6\VWHP�� 7KH� 0HGLDWLQJ� 5ROH� RI�
1DUFLVVLVWLF� :RXQGV� DQG� 3HUIHFWLRQLVP�� -RXUQDO� RI� 0D]DQGDUDQ� 8QLYHUVLW\�
0HGLFDO�6FLHQFH���������� ��������

+DELESXUJDEDWL��.� DQG�6DIDUL�6KDOL��5����������&RPSUHKHQVLYH�*XLGH�WR�8VLQJ�6SVV�
LQ�6XUYH\�5HVHDUFK��4XDQWLWDWLYH�'DWD�$QDO\VLV���3XEOLVKHUV��0REWDNHUDQ� �7H[W�
LQ� 3HUVLDQ�

-DEDUL� JKD]L� MDKDQL��+�� ��������&RPSDULVRQ� RI� DWWHQWLRQ� ELDV�� FRJQLWLYH� IOH[LELOLW\��
DQG� SHUIHFWLRQLVP� DPRQJ� SDWLHQWV� ZLWK� QDUFLVVLVWLF� DQG� REVHVVLYH�FRPSXOVLYH�
SHUVRQDOLW\� GLVRUGHUV��0�6F���7HKUDQ�8QLYHUVLW\�RI�6FLHQFH�DQG�5HVHDUFK��7H[W�
LQ�3HUVLDQ��

.KD]DH��6���1DYDELQHMDG��6���)DU]DG��9� DQG =DKUDNDU��.�� ��������7KH�5HODWLRQ�RI�
$WWDFKPHQW� 6W\OHV� DQG� 5HODWLRQDO� $JJUHVVLRQ�� 7KH� 0HGLDWLRQ� RI� 6KDPH� DQG�
*XLOW��-RXUQDO�RI� 'HYHORSPHQW�3V\FKRORJ\�������������������7H[W�LQ�3HUVLDQ�

.KRGDEDQGHORZ��6���1DMDIL��0� DQG 5DKLPLDQ�%RRJDU��,����������7KH�(IIHFWLYHQHVV�
RI� 6FKHPD� 0RGH� 7KHUDS\� RQ� 5HGXFLQJ� WKH� 1DUFLVVLVP
V� 6\PSWRPV� LQ�
1DUFLVVLVWLF� 3HUVRQDOLW\ 'LVRUGHU�� $� 6LQJOH�6XEMHFW� 5HVHDUFK�� -RXUQDO� RI�
5HVHDUFK�LQ�%HKDYLRUDO�6FLHQFHV� ����������������7H[W�LQ�3HUVLDQ��

.RKXW�� +�� �������� 7KH� DQDO\VLV� RI� WKH� VHOI�� 1HZ� <RUN�� ,QWHUQDWLRQDO 8QLYHUVLWLHV�
3UHVV�

0RKDPPDG]DGHK�� $�� �������� ,UDQLDQ� YDOLGDWLRQ� RI� WKH� QDUFLVVLVWLF� SHUVRQDOLW\�
LQYHQWRU\����� -RXUQDO�RI�)XQGDPHQWDOV�RI�0HQWDO�+HDOWK��������� ���������7H[W�
LQ�3HUVLDQ�

5HQQHU��)���YDQ�*RRU��0���+XLEHUV��0���$UQW]��$���%XW]��%� DQG %HUQVWHLQ��'����������
6KRUW�WHUP� JURXS� VFKHPD� FRJQLWLYH�EHKDYLRUDO� WKHUDS\� IRU� \RXQJ� DGXOWV� ZLWK�
SHUVRQDOLW\� GLVRUGHUV� DQG� SHUVRQDOLW\� GLVRUGHU� IHDWXUHV�� DVVRFLDWLRQV� ZLWK�
FKDQJHV� LQ� V\PSWRPDWLF� GLVWUHVV�� VFKHPDV�� VFKHPD� PRGHV� DQG� FRSLQJ�
VW\OHV� %HKDYLRXU�5HVHDUFK�DQG�7KHUDS\� ������ ��������

6DERRUL�� 1�� �������� 3UHGLFWLQJ� PDUULDJH� FKRLFHV� EDVHG� RQ� ORYH� DWWLWXGH� DQG�
QDUFLVVLVWLF� DQG� GHSHQGHQW� SHUVRQDOLW\� WUDLWV�� 0�6F��� 7HKUDQ� 8QLYHUVLW\� RI�
6FLHQFH�DQG�&XOWXUH��7H[W� LQ�3HUVLDQ��

6HPSHUWHJXL�� *�� $��� .DUUHPDQ�� $��� $UQW]�� $� DQG %HNNHU��0�� +�� �������� 6FKHPD�
WKHUDS\� IRU� ERUGHUOLQH� SHUVRQDOLW\� GLVRUGHU�� $� FRPSUHKHQVLYH� UHYLHZ� RI� LWV�
HPSLULFDO� IRXQGDWLRQV�� HIIHFWLYHQHVV� DQG� LPSOHPHQWDWLRQ� SRVVLELOLWLHV� &OLQLFDO�
SV\FKRORJ\�UHYLHZ� ������ ���� ����

6PLWK�1LHOVHQ��-���7KDUQHU��$���6WHHOH��+���&RUGHV��.���0HKOKDVH��+� DQG 9DHYHU��0��
6�� ������� 3RVWSDUWXP� GHSUHVVLRQ� DQG� LQIDQW�PRWKHU� DWWDFKPHQW� VHFXULW\� DW� RQH�
\HDU��7KH� LPSDFW� RI�FR�PRUELG�PDWHUQDO�SHUVRQDOLW\�GLVRUGHUV� ,QIDQW�%HKDYLRU�
DQG� 'HYHORSPHQW� ����������ϭ ��������M�LQIEHK�������������

<RXQJ��-�� ��������&RJQLWLYH�7KHUDS\� IRU�SHUVRQDOLW\�GLVRUGHUV��$�VFKHPD� IRFXVHG
DSSURDFK��1HZ�<RUN��SURIHVVLRQDO�LQ�FORVH�UHODWLRQVKLSV�������������1HZ�<RUN�
7KH�*XLOIRUG�SUHVV�

<RXQJ��-��(����������6FKHPD�WKHUDS\��33������ ������1HZ�<RUN��*XLOIRUG�
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<RXQJ��0�� (�� DQG /RQJ�� /�� /�� ��������&RXQVHOLQJ� DQG� SV\FKRWKHUDS\� RI� FRXSOH��
1HZ <RUN��*XLOIRUG�SUHVV�

<RXQJ��-� DQG )ODQDJDQ��&����������6FKHPD�IRFXVHG�WKHUDS\�IRU�QDUFLVVLVWLF�SDWLHQWV��
,Q�(��)� 5RQQLQJVWDP� �(G����'LVRUGHUV�RI� QDUFLVVLVP��'LDJQRVWLF�� FOLQLFDO�� DQG�
HPSLULFDO�LPSOLFDWLRQV �SS������������$UOLQJWRQ��9$��86��$PHULFDQ�3V\FKLDWULF�
$VVRFLDWLRQ�





3V\FKRORJLFDO 6WXGLHV�9RO��� ��1R����$WXPP ����

3V\FKRORJLFDO�6WXGLHV
)DFXOW\�RI�(GXFDWLRQ�DQG�3V\FKRORJ\�� 9RO�����1R��
$O]DKUD�8QLYHUVLW\ $XWXPQ�����

,QYHVWLJDWLQJ�WKH�5HODWLRQVKLS�EHWZHHQ�$WWDFKPHQW�6W\OHV�DQG�
(DUO\�0DODGDSWLYH�6FKHPDV�ZLWK�,QFLGHQFH�RI�1DUFLVVLVWLF�

3HUVRQDOLW\�7UDLWV�LQ�0HGLFDO�6WXGHQWV�RI�7HKUDQ�8QLYHUVLWLHV

=DKUD�+RVVHLQORR
���0HKUQD]�$]DG�<HNWD� DQG %LWD�1DVUROODKL�

$EVWUDFW
1DUFLVVLVWLF� SHUVRQDOLW\� DV� RQH� RI� WKH� W\SHV� RI� SHUVRQDOLW\� WUDLWV� LQ�
SV\FKRORJ\�KDV� DOZD\V� UDLVHG�PDQ\�TXHVWLRQV� IRU� UHVHDUFKHUV��$WWDFKPHQW�
VW\OHV�DQG�HDUO\�PDODGDSWLYH�VFKHPDV�DUH�YDULDEOHV�WKDW�FDQ�VRPHKRZ�SOD\�D�
UROH�LQ�WKLV�SHUVRQDOLW\�WUDLW��7KLV�VWXG\�DLPHG�WR�LQYHVWLJDWH�WKH�UHODWLRQVKLS�
EHWZHHQ�DWWDFKPHQW�VW\OHV�DQG�HDUO\�PDODGDSWLYH�VFKHPDV�LQ�WKH�LQFLGHQFH�RI�
1DUFLVVLVWLF�SHUVRQDOLW\�WUDLWV�LQ�PHGLFDO�VWXGHQWV�RI�7HKUDQ�XQLYHUVLWLHV��7KH�
UHVHDUFK� GHVLJQ� ZDV� GHVFULSWLYH�FRUUHODWLRQ�� 7KH� VWXG\� SRSXODWLRQ� ZDV� DOO�
PHGLFDO� VWXGHQWV� RI� 8QLYHUVLWLHV� RI� 7HKUDQ� FLW\�� $FFRUGLQJ� WR� &RFKUDQ
V�
IRUPXOD��WKH�QXPEHU�RI�VDPSOHV�ZDV�VHOHFWHG�IRU�WKH�SUHVHQW�VWXG\��$�WRWDO�RI�
����VDPSOHV�ZHUH�VHOHFWHG�IRU�WKH�VWXG\�WKURXJK�DYDLODEOH�VDPSOLQJ��+D]HQ�
DQG�6KDYHU�$WWDFKPHQW�6W\OHV�4XHVWLRQQDLUHV��<RXQJ�6FKHPD�4XHVWLRQQDLUH�
DQG� 1DUFLVVLVWLF� 3HUVRQDOLW\� 7UDLWV� 4XHVWLRQQDLUH� ZHUH� GLVWULEXWHG� 7KH�
FROOHFWHG GDWD� ZHUH� DQDO\]HG� XVLQJ� 3HDUVRQ� FRUUHODWLRQ� FRHIILFLHQW� DQG�
PXOWLSOH� UHJUHVVLRQ� DQDO\VLV�� $FFRUGLQJ� WR� WKH� UHVXOWV� RI� LQVHFXUH� DQG�
DPELYDOHQW� DWWDFKPHQW� VW\OHV�� WKHUH� ZDV� D� VLJQLILFDQW� SRVLWLYH� FRUUHODWLRQ�
ZLWK� WKH� 1DUFLVVLVWLF� SHUVRQDOLW\� WUDLWV� DQG� VDIH� DWWDFKPHQW� VW\OH� KDG� D�
VLJQLILFDQW� QHJDWLYH� FRUUHODWLRQ� ZLWK� 1DUFLVVLVWLF� SHUVRQDOLW\� WUDLWV�� $OVR��
WKHUH�ZDV�D�VLJQLILFDQW�SRVLWLYH�FRUUHODWLRQ�EHWZHHQ�DOO�WKH�FRPSRQHQWV�RI�WKH�
HDUO\� PDODGDSWLYH� VFKHPDV� H[FHSW� WKH� REHGLHQFH� VFKHPD�� 7KH� UHVXOWV� RI�
UHJUHVVLRQ� DQDO\VLV� VKRZHG� WKDW� DWWDFKPHQW� VW\OHV� RI ���� DQG� HDUO\�

��
�&RUUHVSRQGLQJ�$XWKRU��0DVWHU�RI�&OLQLFDO�3V\FKRORJ\��$]DG�8QLYHUVLW\��7HKUDQ�
8QLYHUVLW\�RI�6FLHQFH�6FLHQFHV� DPLUL�D�E�����#JPDLO�FRP�
��� $VVRFLDWH� 3URIHVVRU�� 'HSDUWPHQW� RI� 3V\FKRORJ\�� ,VODPLF� $]DG� 8QLYHUVLW\��
,VODPVKDKU�%UDQFK
��� $VVLVWDQW� 3URIHVVRU�� 'HSDUWPHQW� RI� 3V\FKRORJ\�� $]DG� 8QLYHUVLW\�� 7HKUDQ�
8QLYHUVLW\�RI�6FLHQFH�6FLHQFHV
� 7KLV�DUWLFOH�LV�H[WUDFWHG�IURP�WKH�DXWKRU
V�PDVWHU�WKHVLV�
6XEPLW�'DWH����������� $FFHSW�'DWH������������
'2,� ���������SV\����������������
KWWSV���SV\FKVWXGLHV�DO]DKUD�DF�LU



$EVWUDFWV

PDODGDSWLYH�VFKHPDV�H[SODLQHG ����RI�WKH�YDULDWLRQ�RI�WKH�FULWHULRQ��QDPHO\�
WKH� LQFLGHQFH� RI� 1DUFLVVLVWLF� SHUVRQDOLW\� WUDLWV�� $FFRUGLQJ� WR� UHVHDUFK�
ILQGLQJV�� DSSURSULDWH� SURJUDPV� VKRXOG� EH� GHYHORSHG� E\� SV\FKRORJLVWV� DQG�
UHOHYDQW� DXWKRULWLHV� LQ� RUGHU� WR� EHWWHU� LGHQWLI\� DQG� VXSSUHVV� 1DUFLVVLVWLF�
SHUVRQDOLW\�WUDLW�

.H\ZRUGV�� $WWDFKPHQW� VW\OHV�� HDUO\� PDODGDSWLYH� VFKHPDV� 1DUFLVVLVWLF�
SHUVRQDOLW\�WUDLWV


