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½YÁ��Ä¸n»½YÁ��Á�Ê°��a½Y�ËY�ÊÀÌ·Z]�Ê�ZÀ��,���������������
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$PHULFDQ� 3V\FKLDWULF� $VVRFLDWLRQ�� ������� 'LDJQRVWLF� DQG� VWDWLVWLFDO� PDQXDO� RI�
PHQWDO�GLVRUGHUV ��WK�HG��� $UOLQJWRQ��9$��$PHULFDQ�3V\FKLDWULF�3XEOLVKLQJ�

$QGUHZV�� *��� 6LQJK�� 0�� DQG� %RQG�� 0�� �������� 7KH� GHIHQVH� VW\OH� TXHVWLRQQDLUH�
-RXUQDO�RI�1HUYRXV�DQG�PHQWDO�'LVHDVH������������������

%DOGZLQ��'��6���*RUGRQ��5���$EHOOL��0��DQG�3LQL��6��������� 7KH�VHSDUDWLRQ�RI�DGXOW�
VHSDUDWLRQ�DQ[LHW\�GLVRUGHU� &16�6SHFWUXPV� ����������±����

%HFN��$�7���6WHHU��5�$���(SVWLQ��1��DQG�%URZQ��%�� ��������%HFN�VHOI�FRQFHSW� WHVW�
3V\FKRORJLFDO�DVVHVVPHQW����������������

%HVKDUDW� 0�$��� 6KDULIL�� 0�� DQG� ,UDYDQL� 0� �������� ,QYHVWLJDWLQJ� WKH� UHODWLRQVKLS�
EHWZHHQ� DWWDFKPHQW� VW\OHV� DQG� GHIHQVH� PHFKDQLVPV�� 3V\FKRORJ\�� ������ ����
����7H[W�LQ�3HUVLDQ���

%XVFK�� )�1�� DQG� 0LORUG�� %�/�� ������� 3V\FKRG\QDPLF� WUHDWPHQW� IRU� VHSDUDWLRQ�
DQ[LHW\� GLVRUGHU� LQ� D� WUHDWPHQW� QRQ�UHVSRQGHU� -RXUQDO� RI� WKH� $PHULFDQ�
SV\FKRDQDO\WLF�DVVRFLDWLRQ�����������������
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&DUPDVVLD��&���*HVLD��&���&RUVLD��0���3HUJHQWLQLD��,���&UHPRQHD��,�0���&RQYHUVDQRD��
&���3HUXJLD��*���6KHDUE��0�.��DQG�'HOO
2VVRD�/����������$GXOW�VHSDUDWLRQ�DQ[LHW\�
GLIIHUHQWLDWHV� SDWLHQWV� ZLWK� FRPSOLFDWHG� JULHI� DQG�RU� PDMRU� GHSUHVVLRQ� DQG� LV�
UHODWHG�WR�OLIHWLPH�PRRG�VSHFWUXP�V\PSWRPV��&RPSUHKHQVLYH�SV\FKLDWU\����������
������

&RORYLF�� 2�� /HFLF� 7RVHYVNL�� '�� 3HUXQLFLF� 0ODGHQRYLF�� ,�� 0LORVDYOMHYLF�� 0��
DQG 0XQML]D�� $�� �������� 'HIHQVH� 0HFKDQLVPV� LQ� �3XUH�� $Q[LHW\� DQG� �3XUH��
'HSUHVVLYH�'LVRUGHUV��7KH�-RXUQDO�RI�QHUYRXV�DQG�PHQWDO�GLVHDVH���������������
����

&UDVNH� 0��*��DQG�6WHLQ� 0��%��������� $Q[LHW\� /DQFHW� �������������������
'H� )UDQFLVFR� &DUYDOKR�� /��� 5HLV�� $�� 0��� 3LDQRZVNL�� *�� �������� ,QYHVWLJDWLQJ�

&RUUHODWLRQV� %HWZHHQ� 'HIHQFH� 0HFKDQLVPV� DQG� 3DWKRORJLFDO� 3HUVRQDOLW\�
&KDUDFWHULVWLFV�� 5HYLVWD� FRORPELDQD� GH� SVLTXLDWULD�� ,Q� SUHVV��
GRL�RUJ���������M�UFS�������������

'HODYDU��$� ��������5HVHDUFK�PHWKRGRORJ\� LQ�SV\FKRORJ\�DQG�HGXFDWLRQDO�VFLHQFH�
7HKUDQ��9LUD\HVK�3XEOLFDWLRQ���7H[W�LQ�3HUVLDQ���

)LVNH�� 6�� 7�� DQG� 7D\ORU�� 6�� (�� ������� 6RFLDO� FRJQLWLRQ�� )URP� EUDLQV� WR� FXOWXUH��
7KRXVDQG�2DNV��&$��6DJH�

*LXVHSSH� 0�'��� �&LDFFKLQL� 5���3LDUXOOL� $���1HSD� *�� DQG�&RQYHUVDQR� &�� �������
0LQGIXOQHVV� GLVSRVLWLRQV� DQG� GHIHQVH� VW\OH� DV� SRVLWLYH� UHVSRQVHV� WR�
SV\FKRORJLFDO�GLVWUHVV�LQ�RQFRORJ\�SURIHVVLRQDOV� (XURSHDQ�-RXUQDO�RI�RQFRORJ\�
QXUVLQJ� ������������ 'RL�RUJ���������M�HMRQ�������������

-XQ� -��<��� /HH� 8�� -��*��� /HH� 6��+���<RR� 6��<��� 6RQJ� -�� DQG�.LP�� 6�� -�� ��������
$VVRFLDWLRQ� EHWZHHQ� GHIHQVH� PHFKDQLVPV� DQG� SV\FKLDWULF� V\PSWRPV� LQ� 1RUWK�
.RUHDQ� 5HIXJHHV�� &RPSUHKHQVLYH� 3V\FKLDWU\�� ���� ����
����'RL���������M�FRPSSV\FK�������������

.KRUVKLGYDQG�� =��� 5DKLPLDQ� %RRJDU�� ,��� 7DOHSDVDQG�� 6�� �������� &RPSDULVRQ� RI�
7HPSHUDPHQW±FKDUDFWHU� 'LPHQVLRQV� RI� 3HUVRQDOLW\� DPRQJ� 3DWLHQWV� ZLWK
6HSDUDWLRQ� $Q[LHW\� 'LVRUGHU� DQG� +HDOWK\� ,QGLYLGXDOV�� ,UDQLDQ� -RXUQDO� RI�
SV\FKLDWU\�DQG�FOLQLFDO�SV\FKRORJ\�����������������7H[W�LQ�3HUVLDQ���

.RKOKRII�� -��� %DUQHWW�� %�� DQG� (DSHQ�� 9�� �������� � $GXOW� 6HSDUDWLRQ� $Q[LHW\� DQG�
XQVHWWOHG�LQIDQW�EHKDYLRXU��$VVRFLDWLRQV�ZLWK�DGYHUVH�SDUHQWLQJ�GXULQJ�FKLOGKRRG�
DQG� LQVHFXUH� DGXOW� DWWDFKPHQW�� &RPSUHKHQVLYH� 3V\FKLDWU\�� ���� �����
'RL���������M�FRPSSV\FK�������������

0DQLFDYDVDJDU�� 9��� 6LORYH�� '��� :DJQHU�� 5�� DQG� 'UREQ\�� -�� ������� $� VHOI�UHSRUW�
TXHVWLRQQDLUH� IRU� PHDVXULQJ� VHSDUDWLRQ� DQ[LHW\� LQ� DGXOWKRRG� &RPSUHKHQVLYH�
3V\FKLDWU\������������±����

0RZODLH��0���+DMORR��1���6DGHJKL�+DVKMLQ��*���0LNDHLOL��1��DQG�+HLGDUL��6����������
3V\FKRPHWULF� SURSHUWLHV� RI� DGXOW� VHSDUDWLRQ� DQ[LHW\� GLVRUGHU� TXHVWLRQQDLUH� LQ�
VWXGHQWV��-RXUQDO RI 5HVHDUFK LQ 3V\FKRORJLFDO +HDOWK� ��������������� �7H[W�LQ�
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3HUVLDQ��
1DGHUL�� (�� DQG� 6HLIHQDUDJKL��0�� ������� 5HVHDUFK�PHWKRGV� LQ� KXPDQLWLHV�� 7HKUDQ��

%DGU�7H[W�LQ�3HUVLDQ��
1DEDYL�� -�� DQG� 1DYDEL1HMKDG�� 6�+�� �������� ,GHQWLI\LQJ� DQG� FRPSDULQJ� WKH�

GLPHQVLRQV� RI� VHOI�FRQFHSW� LQ� GHSUHVVHG� DQG� GLVWUHVVHG� RXWSDWLHQWV� LQ� 7HKUDQ��
0�$�WKHVLV�RI�SV\FKRORJ\��7DUELDW�0RDOHP�8QLYHUVLW\�7H[W�LQ�3HUVLDQ��

3RVDYDF�� 6�� 6� DQG� 3RVDYDF� +�� '�� �������� $GXOW� 6HSDUDWLRQ� $Q[LHW\� 'LVRUGHU�
6\PSWRPRORJ\�DV�D�5LVN�)DFWRU�IRU�7KLQ�,GHDO�,QWHUQDOL]DWLRQ��7KH�5ROH�RI�6HOI�
&RQFHSW�&ODULW\��3V\FKRORJLFDO�UHSRUWV��������'RL���������������������������

5RFKHVWHU�� -�� DQG� %DOGZLQ�'� �������� $GXOW� VHSDUDWLRQ� DQ[LHW\� GLVRUGHU�� DFFHSWHG�
EXW�OLWWOH�XQGHUVWRRG��+XPDQ�SV\FKRSKDUPDFRORJ\�������������

6XV]HN�� +��� .)URQF]\N�� .��� .RSHUD�� 0�� DQG�0DOLV]HZVNL�� 0�� 1�� ������� ,PSOLFLW�
DQG� H[SOLFLW� VHOI�FRQFHSW� FODULW\� DQG� SV\FKRORJLFDO� DGMXVWPHQW�� 3HUVRQDOLW\� DQG�
LQGLYLGXDO�GLIIHUHQFHV������������������

7DS��-���&RWWOH��/���&KULVWPDV��0���6WUDWWRQ��5����������$�SV\FKRPHWULF�HYDOXDWLRQ�RI�
WKH� 'HIHQFH� 6W\OH� 4XHVWLRQQDLUH���� LQ� D� 8.� IRUHQVLF� SDWLHQW� SRSXODWLRQ��
-RXUQDO�RI�)RUHQVLF�3V\FKLDWU\�DQG�3V\FKRORJ\�����������������

9DUWDQLDQ��/��5���)URUHLFK��)��9��DQG�6P\WK��-��0����������$�VHULDO�PHGLDWLRQ�PRGHO�
WHVWLQJ� HDUO\� DGYHUVLW\�� VHOI�FRQFHSW� FODULW\�� DQG� WKLQ�LGHDO� LQWHUQDOL]DWLRQ� DV�
SUHGLFWRUV� RI� ERG\� GLVVDWLVIDFWLRQ� %RG\� ,PDJH� ���� ��±�����
'RL���������M�ERG\LP�������������

:DOEXUJ��9� DQG�&KLDUDPHOOR��6�� ��������/LQN�EHWZHHQ�HDUO\�PDODGDSWLYH� VFKHPDV�
DQG� GHIHQVH� PHFKDQLVPV� 5HYXH� HXURSpHQQH� GH� SV\FKRORJLH� DSSOLTXp�� �������
��������





3V\FKRORJLFDO 6WXGLHV�9RO��� ��1R����VSULQJ ����

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

7KH�UROH�RI�VHOI�FRQFHSW�DQG�GHIHQVH�PHFKDQLVPV�RQ�SUHGLFWLQJ�
RI�V\PSWRPV�RI�DGXOW�VHSDUDWLRQ�DQ[LHW\�GLVRUGHU�LQ�XQLYHUVLW\�

VDPSOHV

1LORXIDU�0LNDHOL�� DQG�0HKUL�0RODHL�

$EVWUDFW
$Q[LHW\� GLVRUGHUV� DUH� DPRQJ� WKH� KLJKHVW� SUHYDOHQFH� DPRQJ� HPHUJHQF\�
SV\FKLDWULF� VWDWXVHV� DQG� KDYH� DQ� LPSDFW� RQ� MRE� SHUIRUPDQFH�� DFDGHPLF�
SHUIRUPDQFH��IDPLO\�DQG�LQWHUSHUVRQDO�UHODWLRQVKLSV��7KH�DLP�RI�WKH�SUHVHQW�
UHVHDUFK�ZDV�WR�H[DPLQH�WKH�UHODWLRQVKLS�EHWZHHQ�VHOI�FRQFHSW�DQG�GHIHQVH�
PHFKDQLVPV� LQ�DGXOW� VHSDUDWLRQ�DQ[LHW\�GLVRUGHU��7KH�SUHVHQW� UHVHDUFK ZDV�
SHUIRUPHG�ZLWK�����VWXGHQWV�RI�0RKDJKHJK�$UGDELOL�8QLYHUVLW\�DQG�,VODPLF�
$]DG�8QLYHUVLW\�RI�$UGDELO�ZLWK�FRQYHQLHQFH�VDPSOLQJ�PHWKRG�XVLQJ�$GXOW�
VHSDUDWLRQ�DQ[LHW\�GLVRUGHU��GHIHQVH�PHFKDQLVP�DQG�VHOI�FRQFHSW�VFDOHV� 7KH�
GDWD� ZHUH� DQDO\]HG� ZLWK� 3HDUVRQ� FRUUHODWLRQ� PHWKRG� DQG� VWHS� ZD\�
UHJUHVVLRQ��7KH�UHVXOWV�VKRZHG�WKDW�WKHUH�ZHUH�SRVLWLYH UHODWLRQVKLSV�EHWZHHQ�
DGXOW� VHSDUDWLRQ� DQ[LHW\� GLVRUGHU� ZLWK� QHJDWLYH� VHOI�FRQFHSW� DQG� QHJDWLYH�
UHODWLRQVKLS� ZLWK� SRVLWLYH� VHOI�FRQFHSW�� DOVR�� QHJDWLYH� UHODWLRQVKLS� ZLWK�
PDWXUH� GHIHQVH� PHFKDQLVP�� DQG� SRVLWLYH UHODWLRQVKLS� ZLWK� LPPDWXUH� DQG�
QHXURWLF�GHIHQVH�PHFKDQLVP� 7KH�UHVXOWV�RI�WKH�VWHS�ZD\�UHJUHVVLRQ�DQDO\VLV�
VKRZHG� WKDW� LPPDWXUH�� QHXURWLF�� PDWXUH� GHIHQVH� PHFKDQLVPV� DQG� VHOI�
FRQFHSW�ZHUH� SUHGLFWRUV� RI� DGXOW� VHSDUDWLRQ� DQ[LHW\� GLVRUGHU�� UHVSHFWLYHO\��
7KH� ILQGLQJV� RI� WKH� SUHVHQW� VWXG\� LQGLFDWH� WKH� UHVHDUFK� HYLGHQFH� IRU�PRUH�
DFFXUDWH�GLDJQRVLV�RI�WKLV�GLVRUGHU�DQG�LGHQWLI\�WKH�SV\FKRDQDO\WLF�YDULDEOHV�
DVVRFLDWHG�ZLWK�LW�

.H\ZRUGV� $GXOW� VHSDUDWLRQ� DQ[LHW\� GLVRUGHU�� GHIHQVH�PHFKDQLVP�� VHOI�
FRQFHSW

�� &RUUHVSRQGLQJ� $XWKRU�� 3URIHVVRU� RI� 3V\FKRORJ\�� 0RKDJKHJK� $UGDELOL�
8QLYHUVLW\��$UGDELO��,UDQ��QPLNDHLOL#XPD�DF�LU
��� 3K'� LQ� 3V\FKRORJ\�� ,VODPLF� $]DG� 8QLYHUVLW\�� � $UGDELO� %UDQFK�� $UGDELO�� ,UDQ��
PHKUL�PRODHH#XPD�DF�LU�
6XEPLW�'DWH������������� $FFHSW�'DWH������������
'2,�����������SV\����������������
KWWSV���SV\FKVWXGLHV�DO]DKUD�DF�LU�


