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$EVWUDFW

'HVSLWH�WKH�IDFW�WKDW�D[LRORJLFDO�LQWHUSUHWDWLRQ�RI�WKH�OLQJXLVWLF�DQG�ORJLFDO�FDWHJRULHV�
RI�HYDOXDWLRQ��WKH�SUREOHPV�RI�WKH�YDOXH�SLFWXUH�RI�WKH�ZRUOG�DQG�YDOXHV��DV�ZHOO�DV�
WKH�LQWHUSUHWDWLRQ�RI�DSSUDLVDO��DUH�UDWKHU�ZLGHO\�UHSUHVHQWHG�LQ�WKH�ZRUNV�RI�PRGHUQ�
5XVVLDQ� DQG� IRUHLJQ� VFLHQWLVWV�� WKH� SUREOHP� RI� HYDOXDWLRQ� WRGD\� KDV� EHHQ� PRUH�
GHYHORSHG�LQ�WKH�OH[LFDO�V\VWHP�RI�WKH�ODQJXDJH�WKDQ�LQ�SKUDVHRORJLFDO�FRUSXV��WKDW�
DOVR�H[SODLQV�RXU�LQWHUHVW�WR�WKH�UHSUHVHQWDWLRQ�RI�WKH�HYDOXDWLRQ�FDWHJRU\�LQ�WKH�XQLWV�
RI� VHFRQGDU\� QRPLQDWLRQ� 7KH� PDLQ� DLP� RI� WKLV� ZRUN� LV� WR� VWXG\� WKH� HYDOXDWLYH�
FRPSRQHQW�LQ�WKH�PHDQLQJ�RI�YHUEDO�SKUDVHRORJLFDO�XQLWV��GHVFULELQJ�KXPDQ�EHKDYLRU�
LQ� (QJOLVK�� 5XVVLDQ� DQG� 7DWDU� ODQJXDJHV�� 3KUDVHRORJLFDO� XQLWV� GHQRWLQJ� KXPDQ�
EHKDYLRU�DUH�RQH�RI�WKH�PRVW�DFWLYH�IRUPDWLRQ�RI�WKH�SKUDVHRORJLFDO�VWUXFWXUH�RI�DQ\�
ODQJXDJH�� 7KLV� JURXS� RI� SKUDVHRORJLFDO� XQLWV� WDNHV� D� VLJQLILFDQW� SODFH� LQ�
SKUDVHRORJLFDO� V\VWHP� RI� 5XVVLDQ�� (QJOLVK� DQG� 7DWDU� ODQJXDJHV� DV� ZHOO�� LV�
FKDUDFWHUL]HG�E\�VHPDQWLF�DQG�VWUXFWXUDO�GLYHUVLW\�DQG�H[SUHVVHV�VSHFLILF�DSSUDLVDO�RI�
WKH�ZRUOG�DQG�D�SHUVRQ�LQ�LW��7KH�DXWKRUV�WDNH�DQ�DWWHPSW�WR�VWXG\�HYDOXDWLRQ�DV�RQH�
RI� WKH� PDFUR� FRPSRQHQWV� RI� WKH� FRQQRWDWLRQ� RI� SKUDVHRORJLFDO� PHDQLQJ� RI� WKH�
UHVHDUFKHG�XQLWV��VXJJHVW�WKHLU�RZQ�VFDOH�RI�HPRWLYH�PDUNV��VHSDUDWHO\�FRQVLGHU�WKH�
LQWHUDFWLRQ�RI�HYDOXDWLRQ�ZLWK�H[SUHVVLYHQHVV��HPRWLYHQHVV��

.H\ZRUGV� (YDOXDWLYH� &RPSRQHQW�� 6WHUHRW\SHV�� 9HUEDO� ,GLRPDWLF� 3KUDVHV��
'LFWLRQDU\�0DUNV��6HPHV��

���,QWURGXFWLRQ

$OWKRXJK�WKH�OLQJXLVWLF�VFLHQFH�LV�GHYHORSLQJ��WKH�TXHVWLRQV�RI�VHPDQWLFV�DQG�
SUDJPDWLFV�FRUUHODWLRQ�DQG�LQWHUGHSHQGHQFH�DUH�VWLOO�WR�EH�LQYHVWLJDWHG��$W�WKLV�VWDJH�

� 3OHDVH�FLWH�WKLV�SDSHU�DV�IROORZV�

3ODQNLQD�� 5��0��� 3HVWRYD��0�� 6��� 7DUDVRYD�� )�� +��� 	� <DNKLQD�� $��0�� �������� (YDOXDWLYH�
FRPSRQHQW� LQ� WKH� PHDQLQJ� RI� YHUEDO� SKUDVHRORJLFDO� XQLWV� RI� (QJOLVK�� 5XVVLDQ� DQG� 7DWDU�
ODQJXDJHV� -RXUQDO�RI�5HVHDUFK�LQ�$SSOLHG�/LQJXLVWLFV�����63�������������

� .D]DQ�)HGHUDO�8QLYHUVLW\��UHJLQDBSO#PDLO�UX
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� .D]DQ�)HGHUDO�8QLYHUVLW\
� (ODEXJD�,QVWLWXWH�RI�.D]DQ�)HGHUDO�8QLYHUVLW\
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5XVVLD��6XPPHU�DQG�$XWXPQ������

RI� WKH�GHYHORSPHQW�RI� OLQJXLVWLF� VFLHQFH��ZKHQ�WKH�SUREOHP�RI� WKH�FRUUHODWLRQ�DQG�
LQWHUDFWLRQ�RI�VHPDQWLFV�DQG�SUDJPDWLFV�KDV�FRPH�WR�WKH�IRUH��WKH�VWXG\�RI�WKH�YDOXH�
EDVHG� DSSURDFK� VHHPV� HVSHFLDOO\� UHOHYDQW��7KH� QRWLRQ� RI� HYDOXDWLYH� DSSURDFK� KDV�
EHHQ� DOUHDG\� VWXGLHG� IURP� YDULRXV� DQJOHV�� ZKLFK�� DERYH� DOO�� SRLQWV� RXW� LWV� KLJK�
WKHRUHWLFDO� DQG� SUDFWLFDO� VLJQLILFDQFH� DPRQJ� WKH� QXPEHU� RI� RWKHU� FRQFHSWV� WKDW�
OLQJXLVWLFV�DQG�UHODWHG�VFLHQFHV�GHDO�ZLWK�

9DOXH�EDVHG�DSSURDFK�WR�WKH�VXUURXQGLQJ�UHDOLW\�DQG�WR�WKH�SHUVSHFWLYHV�RI�
VRFLHWDO�GHYHORSPHQW�IRUPV�WKH�V\VWHP�RI�KXPDQ�NQRZOHGJH�UHJDUGLQJ�WKH�DVSHFWV�RI�
WKH�SDVW�DQG�SUHVHQW�GDLO\� OLIH�DQG�WKH�SHUVSHFWLYHV�RI� RXU� IXWXUH�GHYHORSPHQW��7R�
HYDOXDWH��WR�DVVHVV�DQG�WR�DQDO\]H�PHDQV�WR�FRJQL]H�DQG�WR�UHIOHFW�WKH�H[LVWLQJ�XQVDLG�
NQRZOHGJH���

,QHYLWDEO\�HYDOXDWLQJ�WKH�SKHQRPHQD�DQG�WKH�IDFWV�RI�UHDOLW\��SHRSOH�H[SUHVV�
WKHLU�DWWLWXGHV�ZLWK�WKH�KHOS�RI�WKH�ODQJXDJH��ZKLFK��EHLQJ�WKH�PRVW�LPSRUWDQW�PHDQV�
RI� FRPPXQLFDWLRQ�� H[SUHVVHV� DOO� SRVVLEOH� HVWLPDWHV��7KHUHIRUH��ZKHQ� VWXG\LQJ� WKH�
VWUXFWXUH�RI�D�ODQJXDJH�DQG�LWV�IHDWXUHV��LW�LV�QHFHVVDU\�WR�WKRURXJKO\�VWXG\�WKH�IHDWXUHV�
RI�WKH�YRFDEXODU\��DQG�WKH�SKUDVHRORJLFDO�FRUSXV��LQ�SDUWLFXODU��DV�LW�FRQYH\V�D�YDULHW\�
RI�PHWKRGV�DQG�W\SHV�RI�HYDOXDWLRQ��7R�EH�DEOH�WR�HYDOXDWH�DQG�WR�DQDO\]H�PHDQV�WR�
EH�HPRWLRQDOO\�LQWHOOLJHQW��ZKLFK�LV�TXLWH�HVVHQWLDO�IURP�WKH�SRLQW�RI�YLHZ�RI�HIIHFWLYH�
FRPPXQLFDWLRQ��

(YDOXDWLYH�FRPSRQHQW�RI�FRQQRWDWLRQ�VWLOO�UHTXLUHV�GHWDLOHG�VWXG\�EHFDXVH�LW�
LV�DVVRFLDWHG�ZLWK�D�QXPEHU�RI�LGHRORJLFDO��VRFLDO��SV\FKRORJLFDO��VLWXDWLRQDO�VSHHFK�
DVSHFWV��$YUDVLQ������� %DKUHPDQG��������

7KH� D[LRORJLFDO� LQWHUSUHWDWLRQ� RI� WKH� OLQJXLVWLF� DQG� ORJLFDO� FDWHJRULHV� RI�
HYDOXDWLRQ��WKH�SUREOHPV�RI�WKH�YDOXH�SLFWXUH�RI�WKH�ZRUOG�DQG�YDOXHV��DV�ZHOO�DV�WKH�
LQWHUSUHWDWLRQ� RI� DSSUDLVDO�� DUH� UDWKHU� ZLGHO\� UHSUHVHQWHG� LQ� WKH� ZRUNV� RI� VXFK�
VFLHQWLVWV� DV� 1�'� $UXW\XQRYD�� 9�1� 7HOLD�� (�0� :ROI�� /�0� 9DVLO\HY�� $�$� ,YLQ��
/�$� 6HUJHHYD��6�*� 6KH\GDHYD��1�$� /XN\DQRYD��Ɍ�9� 0DUNHORYD��$�,� 3ULNKRGNR��
Ɍ�9� 3LVDQRYD�� ,�1� .KXG\DNRY�� 7�1� 3HUVLNRYD�� $�3� 6DGRNKLQ�� 9�$� 9DVLOHQNR��
=�$� 6DILXOOLQD�� $� :LHU]ELFND�� &K�/� 6WHYHQVRQ�� %�� +HUQVWHLQ� 6PLWK�� 5�0�� +DUH��
HWF��$FWLYH�UHVHDUFK�LV�FRQGXFWHG�LQ�WKH�V\VWHP�RI�SKUDVHRORJLFDO�XQLWV�

3KUDVHRORJLFDO�FRUSXV�RI�WKH�ODQJXDJH�UHSUHVHQWV�DQ�H[FHSWLRQDO�NQRZOHGJH�
LQ� WKH� IRUP� RI� µDGGLWLRQDO� LQIRUPDWLRQ� DERXW� WKH� QDWXUH� RI� DFWLRQV� DQG� KXPDQ�
EHKDYLRU¶� �$W\RPRYD�� ������� 3KUDVHRORJ\� LV� D� SDUW� RI� OLQJXLVWLF� IXQG� ZKLFK�� LQ�
DGGLWLRQ�WR�LWV�QDWLRQDO�LGHQWLW\��LV�FKDUDFWHUL]HG�E\�WKH�EUHDGWK�RI�LQWHUOLQJXDO�OLQNV�
�'LD]� HW� DO��� ������� 0XOWLOLQJXDO� FRPSDUDWLYH� SKUDVHRORJ\� KDV� D� FRQVLGHUDEOH�
SRWHQWLDO�� DV� LW� H[SDQGV� WKH� VFRSH� RI� VXFK� REVHUYDWLRQV�� DOORZLQJ� WR� FRPSDUH� WKH�
ODQJXDJHV��LQ�WHUPV�RI�ERWK�WKH�QDWLRQDO�VSHFLILFV�RI�LWV�SKUDVHRORJ\�DQG�WKH�GHJUHH�RI�
LQWHUODQJXDJH� UHODWLRQV� �'DYOHWED\HYD� HW� DO��� �������$� FRPSDUDWLYH� DQDO\VLV� RI� WKH�
HYDOXDWLRQ� RI� SKUDVHRORJLFDO� XQLWV� PDNHV� LW� SRVVLEOH� WR� FRPSDUH� DQG� FRUUHODWH�
IUDJPHQWV�RI�SKUDVHRORJLFDO�ZRUOGYLHZV�RI�GLIIHUHQW�SHRSOHV� 7KH�LPSRUWDQFH�RI�WKH�
DQDO\VLV� RI� WKH� SKUDVHRORJLFDO� XQLWV�� GHQRWLQJ� KXPDQ� EHKDYLRU� VKRXOGQ¶W� EH�
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XQGHUHVWLPDWHG��DV�(��6HSLU�SRLQWHG�RXW�WKDW�VRFLDO�EHKDYLRU�UHSUHVHQWV�³D�FRPELQDWLRQ�
RU�UDWKHU�ZHOO�RUGHUHG�YDULHW\�RI� VXFK�NLQG�RI� VLGHV�RI� LQGLYLGXDO�EHKDYLRU�WKDW�DUH�
FRQQHFWHG�ZLWK�WKH�FXOWXUDO�QRUPV�EXLOW�LQ�LWV�RZQ�FRQWH[W´��6HSLU��������

���0HWKRGV

7KH� FKRLFH� RI� PHWKRGV� RI� OLQJXLVWLF� DQDO\VLV� XVHG� E\� WKH� DXWKRUV� LV�
GHWHUPLQHG�E\�WKH�WDVNV�RI�WKH�SDSHU�DQG�WKH�VSHFLILFV�RI�WKH�PDWHULDO�EHLQJ�VWXGLHG��
,Q�WKH�FRXUVH�RI�WKH�VWXG\��ZH�DSSOLHG�VXFK�PHWKRGV�DV�WKH�PHWKRG�RI�JHQHUDOL]DWLRQ�
DQG�V\VWHPDWL]DWLRQ��WKH�PHWKRG�RI�GHVFULSWLYH�DQG�FRPSDUDWLYH�DQDO\VLV��WKH�PHWKRG�
RI�FRPSRQHQW�DQG�FRQWH[WXDO�DQDO\VLV��WKH�PHWKRG�RI�HW\PRORJLFDO�DQDO\VLV��VHPDQWLF�
ILHOG�DFFHSWDQFH��PRGDO� IUDPH�DFFHSWDQFH��TXDQWLWDWLYH�VWDWLVWLFDO�PHWKRG��%HVLGHV��
ZH� DQDO\]HG� WKH� LGLRPV�GHSLFWLQJ� KXPDQ� EHKDYLRU�ZLWK� WKH� KHOS� RI�PRQROLQJXDO��
ELOLQJXDO� DQG� PXOWLOLQJXDO� GLFWLRQDULHV� RI� SKUDVHRORJLFDO� XQLWV� �3KUDVHRORJLFDO�
'LFWLRQDU\� E\� $�,� 0RORWNRY�� 5XVVLDQ�(QJOLVK� 3KUDVHRORJLFDO� 'LFWLRQDU\� E\�
(�)� $UVHQWLHYD��(QJOLVK�5XVVLDQ�3KUDVHRORJLFDO�'LFWLRQDU\�E\�$�9� .XQLQ��2[IRUG�
'LFWLRQDU\�RI�(QJOLVK�,GLRPV��7KH�3HQJXLQ�'LFWLRQDU\�RI�(QJOLVK�,GLRPV��&DPEULGJH�
,QWHUQDWLRQDO� 'LFWLRQDU\� RI� ,GLRPV�� DQG� VRPH� RWKHU� OH[LFRJUDSKLFDO� VRXUFHV� LQ�
(QJOLVK��5XVVLDQ�DQG�7DWDU�ODQJXDJHV�

���5HVXOWV�DQG�'LVFXVVLRQ

0RGHUQ�VFLHQFH�DSSURDFKHV�WKH�SUREOHP�RI�HPRWLRQV�IURP�GLIIHUHQW�DQJOHV��
7KXV��5� %ULQHU�EHOLHYHV��������WKDW�©HPRWLRQV�WHQG�WR�EH�UDWKHU�VSHFLILF�UHDFWLRQV�WR�
SDUWLFXODU�HYHQWV�WKDW�DUH�UHODWLYHO\�LQWHQVH�DQG�VKRUW�WHUP��7KLV�ZRXOG�LQFOXGH��IRU�
H[DPSOH�� IHHOLQJV� VXFK� DV� JXLOW�� HQY\�� VXUSULVH�� H[FLWHPHQW�� UDJH� RU� UHVHQWPHQWª�
�%ULQHU��������

7KH�FDWHJRU\�RI�HYDOXDWLRQ�LV�XVXDOO\�UHSUHVHQWHG�LQ�WKH�IRUP�RI�DQ�RSLQLRQ��
D�NLQG�RI�MXGJHPHQW�DERXW�WKH�SRVLWLYH�RU�QHJDWLYH�DVSHFWV�RI�WKH�SHUVRQ¶V�FKDUDFWHU�
RU�VRPH�REMHFW��SKHQRPHQRQ�RU�DFWLRQ� �$\GDURYD�	�$PLQRYD���������$PRQJ� WKH�
FKDUDFWHULVWLF�IHDWXUHV�RI�WKLV�FDWHJRU\�DUH�LWV�VWDELOLW\�DQG�FRQVLVWHQF\�

(PRWLRQV��WKHLU�FODVVLILFDWLRQV�KDYH�EHHQ�RI�LQWHUHVW�RI�PDQ\�UHVHDUFKHUV��WKH�
PDMRULW\� RI� ZKRP� UHFRJQL]H� WKUHH� EDVLF� W\SHV�� SRVLWLYH�� QHJDWLYH�� LQGLIIHUHQW� RU�
QHXWUDO�RQHV��,W�LV�LPSRUWDQW�WR�PHQWLRQ�WKDW�D KXPDQ�UDUHO\�H[SHULHQFH�WKH�VR�FDOOHG�
SXUH�HPRWLRQV�ZKLFK�FDQ�FRPSOLFDWH�WKH�HPRWLYLW\�RI�DQ\�ODQJXDJH�PHDQV��DQG�WKH�
HPRWLYLW\� RI� YHUEDO� LGLRPDWLF� XQLWV� LQ� SDUWLFXODU�� (PRWLRQV� UHODWHG� WR� WKH� KXPDQ�
SK\VLRORJ\� HQWHU� WKH� ODQJXDJH� LQ� WKH� IRUP� RI� SRVLWLYH� DQG� QHJDWLYH� HPRWLRQV��
+RZHYHU��LW�LV�TXLWH�GLVDSSRLQWLQJ�WR�UHFRJQL]H�WKDW�WKHUH�LV�QR�XQLYHUVDOO\�DFFHSWHG�
RU�UHFRJQL]HG�FODVVLILFDWLRQ�RI�GLFWLRQDU\�PDUNV�

,I� VRPH� 5XVVLDQ� ODQJXDJH� SKUDVHRORJLFDO� GLFWLRQDULHV� �PRQROLQJXDO��
ELOLQJXDO� DQG�PXOWLOLQJXDO� RQHV� KDYH� DW� OHDVW� VRPH�GLFWLRQDU\�PDUNV��(QJOLVK�DQG�
7DWDU� ODQJXDJH� SKUDVHRORJLFDO� GLFWLRQDULHV� KDUGO\� KDYH� DQ\�� 2QO\� VRPH� (QJOLVK�
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ODQJXDJH�GLFWLRQDULHV�PD\� LQFOXGH�VXFK�GLFWLRQDU\�PDUNV�DV�GHURJ�� � �GHURJDWRU\���
LPSRO�� � LPSROLWH��� WDERR� ɢ� YXOJ�� � � YXOJDU��� 6RPH� YDOXDEOH� LQIRUPDWLRQ� DERXW�
HYDOXDWLYH�FRPSRQHQW�RI�PHDQLQJ�FDQ�EH� IRXQG� IURP�LOOXVWUDWLYH�H[DPSOHV�XVHG�LQ�
HQWULHV�RI�SKUDVHRORJLFDO�GLFWLRQDULHV��$\XSRYD��������

,Q�WKH�PHDQWLPH�� VRPH�5XVVLDQ�VFLHQWLVWV�XQGHUWDNH�DQ�DWWHPSW�WR�FODVVLI\�
WKHP�� %DEHQNR� ������� VXJJHVWV� �� HPRWLYH� VHPHV�� /XNLDQRYD� ������� RIIHUV� D�
FODVVLILFDWLRQ�RI����HYDOXDWLYH�VHPHV��$UVHQWLHYD��������FODVVLILHV�HPRWLYH�VHPHV�LQWR�
��� W\SHV�� ZKLFK� LQFOXGH� VXFK� DV� DIIHFWLRQDWH� SOD\IXOO\�� LURQLFDOO\�� GLVDSSURYLQJ��
QHJOHFWIXOO\��LPSURSHUO\��FRQWHPSWXRXVO\��SHMRUDWLYHO\��LPSROLWH��DEXVLYHO\�

7KHUH� LV� QR� GRXEW� WKDW� WKH� VXJJHVWHG� JUDGDWLRQ� FDQ� EH� D� VXEMHFW� IRU�
GLVFXVVLRQ�� 7KXV�� KDYLQJ� VWXGLHG� WKH� HYDOXDWLYH� FKDUDFWHULVWLFV� SUHVHQWHG� LQ� WKH�
GLFWLRQDULHV�RI�DOO�WKUHH�ODQJXDJHV�DQG�KDYLQJ�DQDO\]HG�WKH�HPSLULFDO�GDWD��ZH�FDPH�
WR� WKH�FRQFOXVLRQ�WKDW� LW�PDNHV�VHQVH�WR�GLYLGH� WKH�HYDOXDWLYH�HPRWLYH�FRPSRQHQWV�
LQWR�SRVLWLYH��QHXWUDO�DQG�QHJDWLYH�DQG�WR�FODVVLI\�WKHP�LQWR���EDVLF�JURXSV��&KHUQRYD��
������

� �
�

������[����������������[���������������[���������������[���������������[������������[����������������
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SHMRUDWLYHO\���QHJOHFWIXOO\����GLVDSSURYLQJ�����LURQLFDOO\�������QHXWUDOO\����SOD\IXOO\������
DSSURYLQJ��RU�SRVLWLYH�

4XLWH� DQ� LQWHUHVWLQJ� IDFW� LV� WKDW� QHJDWLYH� HPRWLRQV� RU� HYDOXDWLRQV� SUHYDLO��
.XQLQ��������H[SODLQV�WKLV�SKHQRPHQRQ�E\�WKH�IDFW�WKDW�SRVLWLYH�WKLQJV�RU�GHHGV�GR�QRW�
XVXDOO\�SURYRNH�DV�PDQ\�DV�HPRWLRQV�DV�VRPH�QHJDWLYH�DFWLYLWLHV�FDQ�GR�

7KH� SDUW� RI� WKH� VFDOH�ZLWK�QHJDWLYH� HPRWLRQV� FDQ� EH� LOOXVWUDWHG�ZLWK� VXFK�
H[DPSOHV�DV

EORZ�KRW�DQG�FROG�LQ (QJOLVK� ɩɥɨɯɨ LQ�5XVVLDQ�DQG�Ηɢɞɟ�ɫɭɝɵɩ�ɛɟɪ�
ɱɟɪɤɢ� ΟɬɟɪΟ� ɛɢɲɤΩ�ɚɥɵɩ�ɛɟɪɝΩ� ɫɚɬɭ� LQ�7DWDU��ZKLFK�PHDQV� WR�
KDYH�XQVWDEOH�TXDOLW\��WR�SURGXFH�ZURQJ�LPSUHVVLRQ�

ɨɱɟɧɶ� ɩɥɨɯɨ �ɨɫɬɚɬɶɫɹ� ɜ� ɞɭɪɚɤɚɯ�� LQ� 5XVVLDQ� Ηɢɥ� ɤɨɣɪɵɝɵɧ�
ɬɨɬɵɩ�ɤɚɥɭ� ɛɟɪɧɢɫɟɡ��ɛɭɲ��ɤɚɥɭ� LQ�7DWDU��ɩɪɨɦɟɧɹɬɶ�ɤɭɤɭɲɤɭ�
ɧɚ�ɹɫɬɪɟɛɚ��ɜɵɛɪɚɬɶ�ɢɡ�ɩɥɨɯɨɝɨ�ɯɭɞɲɟɟ��LQ�5XVVLDQ��ɫɚɧɞɭɝɚɱɧɵ�
ɤɚɪɝɚɝɚ�ɚɥɵɲɬɵɪɝɚɧ��ɤɚɟɲ�ɛɢɪɟɩ�ɸɤΩ�ɚɥɭ��ɛɚɥɬɚ�ɛɢɪɟɩ�ɲΫɲɥɟ�
ɚɥɝɚɧ��LQ�7DWDU�

(QJOLVK�LGLRP�FKRRVH�WKH�OHVVHU�RI�WZR�HYLOV��ZKLFK�LV�VHHQ�DV�D�EHWWHU�
ZD\�RXW�RI� WKH�GLIILFXOW� VLWXDWLRQ�� LQFOLQHV�WR�D�SRVLWLYH�SDUW�RI� WKH�
VFDOH��VKRZV�WKH�DQDO\WLFDO�DSSURDFK��

7HQGHQF\� WR� LQFOLQH� WR�QHJDWLYH�VHPHV�SURYHV� WKH�QHFHVVLW\�RI� WKH�KXPDQ�
EHLQJ�WR�HYDOXDWH��WR�FRPSDUH�ZLWK�WKH�VRFLDOO\�DFFHSWHG�QRUPV��$V�VRRQ�DV�ZH�FURVV�
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WKH� QRUPV�� VWDQGDUGV� RU� OLPLWV�� ZH� FKDUDFWHUL]H� WKLV� GHHG� RU� REMHFW� QHJDWLYHO\� RU�
SHMRUDWLYHO\�

LQ�(QJOLVK� JR�EH\RQG�DOO�ERXQGV��JR�RYHU�WKH�HGJH��FDUU\�VPWK��WR�
H[FHVV�� JR� WR�H[WUHPHV��FDUU\� VPWK�� WRR� IDU�� RYHUSOD\� RQH¶V� KDQG��
FURVV�WKH�OLPLW�
LQ 5XVVLDQ� ɞɚɥɟɤɨ� ɡɚɯɨɞɢɬɶ� ɯɜɚɬɢɬɶ� ɱɟɪɟɡ� ɤɪɚɣ�� ɩɟɪɟɝɧɭɬɶ�
ɩɚɥɤɭ�� ɧɟ� ɡɧɚɬɶ� ɦɟɪɵ�� ɩɨɡɜɨɥɢɬɶ� ɫɟɛɟ� ɥɢɲɧɟɟ�� ɩɟɪɟɯɨɞɢɬɶ�
ɜɫɹɤɢɟ� ɝɪɚɧɢɰɵ�� ɭɞɚɪɹɬɶɫɹ� ɜ� ɤɪɚɣɧɨɫɬɢ�� ɜɵɯɨɞɢɬɶ� ɢɡ� ɪɚɦɨɤ��
ɞɨɣɬɢ�ɞɨ�ɪɭɱɤɢ��ɞɨɣɬɢ�ɞɨ�ɱɟɪɬɵ�
LQ 7DWDU� ɚɤɬɵɤ� ɱɢɤɤΩ� ΗɢɬΟ�� ɚɪɬɬɵɪɵɩ� ΗɢɛΩɪΟ�� ɚɪɬɵɤɤɚ�
ɤɢɬΟ�� ɬɚɹɤɧɵ� ɛΫɝɟɲɬɟɪΟ�� ɛɟɪ� ɹɤɬɚɧ� ɢɤɟɧɱɟ� ɹɤɤɚ� ɬɚɲɥɚɧɭ��
ɤɢɪɬΩɞΩɧ�ɱɵɝɭ��ɯΩɬɬΩɧ�ɭɡɭ�

7KXV��LI�ZH�FRPSDUH�YHUEDO�SKUDVHRORJLFDO�XQLWV�ZLWK�WKH�PHDQLQJ�RI�ODERU�
DFWLYLW\��ZH�ZLOO�VHH�WKDW�KDUG�DQG�HIILFLHQW�ZRUN�LV�WR�EH�IRXQG�LQ�WKH�SRVLWLYH�SDUW�RI�
WKH�VFDOH�DQG�ZRXOG�EH�FRQVLGHUHG�WR�EH�WKH�QRUP��:RUN�ZLWKRXW�DQ\�UHVXOW�RU�ZRUN�
XS�WR�WKH�H[KDXVWHG�VWDWH�RI�WKH�ERG\�DQG�PLQG�ZLOO�EH�HYDOXDWHG�QHJDWLYHO\�

���5XVVLDQ

ɛɟɡɞɟɥɶɧɢɱɚɬɶ��
ɪɚɛɨɬɚɬɶ� ɩɥɨɯɨ��
ɧɟɩɪɨɞɭɤɬɢɜɧɨ�

ɛɟɡɨɬɜɟɬɫɬɜɟɧɧɨ

ɪɚɛɨɬɚɬɶ� ɭɫɟɪɞɧɨ��
ɨɬɜɟɬɫɬɜɟɧɧɨ��
ɩɪɨɞɭɤɬɢɜɧɨ�

ɜɤɥɚɞɵɜɚɹ�ɞɭɲɭ

ɪɚɛɨɬɚɬɶ� ɨɱɟɧɶ� ɦɧɨɝɨ��
ɧɚɩɪɹɠɟɧɧɨ��
ɧɚɞɪɵɜɚɹɫɶ�� ɞɨ�
ɢɡɧɟɦɨɠɟɧɢɹ��
ɧɚɞɪɵɜɚɬɶɫɹ

ɪɚɛɨɬɚɬɶ�ɫɩɭɫɬɹ�ɪɭɤɚɜɚ

ɝɨɧɹɬɶ�ɥɨɞɵɪɹ

ɛɢɬɶ�ɛɚɤɥɭɲɢ

ɫɢɞɟɬɶ�ɫɥɨɠɚ�ɪɭɤɢ

ɫɨɛɚɤ�ɝɨɧɹɬɶ

ɫɥɨɧɵ�ɫɥɨɧɹɬɶ

ɢɝɪɚɬɶ ɜ ɛɢɪɸɥɶɤɢ

(QJOLVK

OLH�GRZQ�RQ�WKH�MRE

UHVW�RQ�RQH¶V�RDUV

SORXJK�WKH�VDQGV

FKDVH�RQH¶V�RZQ�WDLO

JLOG�WKH�OLO\

7DWDU

ɪɚɛɨɬɚɬɶ� ɡɚɫɭɱɢɜ�
ɪɭɤɚɜɚ

ɪɚɛɨɬɚɬɶ� ɧɟ� ɩɨɤɥɚɞɚɹ�
ɪɭɤ

ɭɣɬɢ�ɫ�ɝɨɥɨɜɨɣ�ɜ�ɪɚɛɨɬɭ

ɪɚɛɨɬɚɬɶ� ɧɟ� ɪɚɡɝɢɛɚɹ�
ɫɩɢɧɵ

ɪɚɛɨɬɚɬɶ�ɤɚɤ�ɱɟɪɬ

ɪɚɛɨɬɚɬɶ�ɫ�ɨɝɨɧɶɤɨɦ

ɡɚɧɢɦɚɬɶɫɹ ɞɟɥɨɦ

ZRUN�ERG\�DQG�VRXO

SXW� RQH¶V� KHDUW� DQG� VRXO�
LQWR

ZRUɤ RQH¶V�KHDUW�RXW

ɝɧɭɬɶ�ɯɪɟɛɟɬ

ɥɨɦɚɬɶ�ɫɩɢɧɭ

ɬɹɧɭɬɶ�ɥɹɦɤɭ

ɦɨɡɨɥɢɬɶ�ɪɭɤɢ�

ɧɚɞɟɬɶ�ɯɨɦɭɬ

ɩɪɨɥɢɜɚɬɶ�ɩɨɬ

ɪɚɛɨɬɚɬɶ ɤɚɤ ɥɨɦɨɜɚɹ
ɥɨɲɚɞɶ

ZRUN�RQH¶V� ILQJHUV� WR� WKH�
ERQH

ZRUN�RQH¶V�JXWV�RXW

EUHDN�RQH¶V�EDFN



���� _�3URFHHGLQJV�RI�WKH��WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�$SSOLHG�/LQJXLVWLFV�,VVXHV��6DLQW�3HWHUVEXUJ��
5XVVLD��6XPPHU�DQG�$XWXPQ������

ɤԛԙɟɥ ɛɢɪɦԥԛ

ɸɤ�ɛɚɪ ɛɟɥԥɧ ɦɚɬɚɲɭ

ɸɤɧɵ�ɛɭɲɤɚ�ɚɭɞɚɪɭ

ɬɪɚɣ�ɬɢɛԛ

ԓɢɥ�ɤɭɭ�

ɦɢɱ�ɛɚɲɵɧɞɚ�ɹɬɭ

UROO�XS�RQH¶V�VOHHYHV�DQG�
JHW�GRZQ�WR�ZRUN

ɛɚɲɬɚɧɚɹɤ ɷɲɤԥ ɱɭɦɭ

ɤɭɥɵɧ ɞɚ ɚɥɦɵɣ ɷɲɥԥԛ

ɛɚɫɤɚɧ ԓɢɪɞԥɧ ɭɬ
ɱɵɝɚɪɭ

ɤԛԙɟɥɧɟ ɛɢɪɟɩ ɷɲɥԥԛ

ɸɤ�ɛɚɪ� ɛɟɥԥɧ�
ɦɚɬɚɲɦɚɭ

ɚɪɭ�ɬɚɥɭɧɵ�ɛɟɥɦԥԛ

ɛɢɥ �ɚɪɤɚ��ɛԧɝԛ

ɛԧɤɪɟɧ ɱɵɤɤɚɧɱɵ ɷɲɥԥԛ

ɞԧɧɶɹ�ɣԧɝɟɧ�ɬɚɪɬɭ

ɤɚɦɵɬ�ɤɢɸ

ɤɚɛɚɥɚɝɚ�ɬԧɲԛ

ɣԧɤ�ɚɬɵ�ɭɪɵɧɵɧɚ�ɷɲɥԥԛ

7KH�HYDOXDWLYH�VFDOH�UHSUHVHQWV�D�PL[WXUH�RI�VRFLDO��LQGLYLGXDO�DQG�VWHUHRW\SH�
LPDJHV�RI�WKH�ZRUOG�DURXQG�XV��LW�H[SUHVVHV�WKH�VXEMHFWLYH�DWWLWXGH�RI�WKH�LQGLYLGXDO�
WRZDUGV� VRPH� FHUWDLQ� REMHFW�� 'HILQHG� E\� WKH� FLUFXPVWDQFHV�� OLIH� H[SHULHQFH� DQG�
SV\FKRORJLFDO�DQG�SK\VLFDO�VWDWH�RI�WKH�LQGLYLGXDO��WKH�HYDOXDWLRQ�PD\�YDU\�DQG�WXUQ�
IURP�WKH�SRVLWLYH�WR�WKH�QHJDWLYH�RQH�DQG�YLFH�YHUVD��7KH�HPRWLYH�DQG�HYDOXDWLRQ�VFDOH�
VXJJHVWHG�E\�XV�WDNHV�DOO� WKHVH�PRPHQWV� LQWR�FRQVLGHUDWLRQ�DQG�GHILQHV�RQO\� WKRVH�
HPRWLRQV�ZKLFK�DUH�XQLYHUVDOO\�DFFHSWHG�DQG�UHFRJQL]HG�LQ�WKH�IRUP�RI�WKH�GLFWLRQDU\�
PDUNV�RU�HPRWLYH�VHPHV��$PLQRYD�	�<DNKLQD��������0HQGHV�	�6LOYD��������

���6XPPDU\

/LQJXLVWLF� FRQVFLRXVQHVV� RI� D� KXPDQ� EHLQJ� LV� ZHOO� UHIOHFWHG� LQ� WKH�
SKUDVHRORJLFDO�IXQG�RI�WKH�(QJOLVK��5XVVLDQ�DQG�7DWDU�ODQJXDJHV��0HDQLQJ�RI�YHUEDO�
SKUDVHRORJLFDO�XQLWV�FRQWDLQV�WKH�LQIRUPDWLRQ��ZKLFK�UHIOHFWV�WKH�IRUP�RI�HYDOXDWLRQ�
RI�VRPH�FHUWDLQ�SURSHUW\�RI�WKH�QDPHG�REMHFW�RU�DFWLRQ�

,Q� (QJOLVK� WKH� DELOLW\� WR� FRQWURO� RQH¶V� IHHOLQJV� DQG� QRW� WR� UHYHDO� RQH¶V�
IHHOLQJV�FKDUDFWHUL]HV�KXPDQ¶V�EHKDYLRU�DV�UDWLRQDO��HQGXULQJ��SDWLHQW��WKH�RQH�ZKLFK�
LQHYLWDEO\� OHDGV� WR�SRVLWLYH� RXWFRPHV� �EHDU�DQG�IRUEHDU��KROG� �RU NHHS��RQHVHOI�LQ�
KDQG�� NHHS� RQH¶V� EDODQFH�� NHHS� RQH¶V� KHDG�� EH� PDVWHU� RI� RQHVHOI�� FRQWURO� RQH¶V�
WHPSHU��IDFH�WKH�PXVLF��QRW�WR�EDQ�DQ�H\H��NHHS�VPWK��ZLWKLQ�ERXQGV��HWF����(QJOLVK�
VSHDNHUV�WHQG�WR�EH�OHVV�HPRWLRQDO�DQG�FDSDEOH�WR�VHOI�UHJXODWH�WKHLU�IHHOLQJV�

2Q� WKH� FRQWUDU\�� 5XVVLDQ� VSHDNHUV� GHPRQVWUDWH� PHOLRUDWLYH�� SRVLWLYH�
HYDOXDWLRQ�RI�VXFK�QRWLRQV�DV�
RSHQQHVV
��
VLQFHULW\
��
FRUGLDOLW\
� 
VRFLDELOLW\
�� 
HDVH�RI�
FRPPXQLFDWLRQ
��
EHORQJLQJ�WR
�RQH
V�RZQ¶��$FFRUGLQJ�WR�WKH�DQDO\VLV�RI�WKH�HPSLULFDO�
GDWD��WKH�7DWDU�ODQJXDJH�LV�VLPLODU�ZLWK�WKH�5XVVLDQ�LQ�WHUPV�RI�EHLQJ�PRUH�HPRWLRQDO�
WKDQ�UDWLRQDO��LI�FRPSDUHG�ZLWK�WKH�(QJOLVK�ODQJXDJH�$FFRUGLQJO\��ZH�ILQG�WKDW�WKH�
(QJOLVK�ODQJXDJH�VHHPV�WR�EH�OHVV�HYDOXDWLYH�



(YDOXDWLYH�&RPSRQHQW�LQ�WKH�0HDQLQJ�RI�9HUEDO�3KUDVHRORJLFDO�«�_�����

���&RQFOXVLRQV

$OO�WKH�DERYHVDLG�OHDGV�XV�WR�WKH�FRQFOXVLRQ�WKDW�

(YDOXDWLYH�FRPSRQHQW�RI�YHUEDO�VHPDQWLFV�VKRXOG�EH�UHFRJQL]HG�DV�WKH�DELOLW\�RI�
SKUDVHRORJLFDO� XQLWV� WR� H[SUHVV� SRVLWLYH� RU� QHJDWLYH� DWWLWXGH� RI� WKH� VSHDNHU�
WRZDUGV�WKH�VXEMHFW�RI�WKH�GHOLYHUHG PHVVDJH�RU�WRZDUGV�WKH�REMHFW�RI�QRPLQDWLRQ�
IURP� WKH� VWDQGSRLQW� RI� VWDEOH�� SHUPDQHQW� UDWKHU� WKDQ� FDVXDO� DQG� WHPSRUDU\�
SURSHUWLHV�

)URP�WKH� SHUVSHFWLYH� RI� WKH� VHFRQGDU\� QRPLQDWLRQ�� WKH� HYDOXDWLYH� FRPSRQHQW�
DFWV� DV� WKH� PDMRU� H[WUDOLQJXLVWLF� IDFWRU�� ZKLFK� LV HDVLO\� H[SODLQHG� E\� LWV�
VRFLROLQJXLVWLF�QDWXUH�

6RFLDO�IDFWRU�FRPSOLFDWHV�WKH�VHPDQWLF�VWUXFWXUH�RI�WKH�YHUEDO�LGLRPDWLF�SKUDVHV�
UHODWHG�WR�EHKDYLRU��EDVLFV�RI�PRUDOLW\�VHW�WKH�QRUPV�RI�EHKDYLRU�DQG�GHWHUPLQH�
WKH�ZD\�WKH\�VKRXOG�EH�IROORZHG�

7KH�DFWLRQV�DQG�VWDWH�RI�D�KXPDQ�DUH�FRQQHFWHG�ZLWK�VRFLDO�UHODWLRQVKLSV��ZKLFK�
QHHG� D� ILJXUDWLYH�� H[SUHVVLYH� GHVLJQDWLRQ� WKDW� FRQWDLQV�QRW� MXVW� WKH�QDPH�RI� D�
FHUWDLQ�ZD\�RI�OLIH��EXW�DOVR�LWV�HYDOXDWLRQ�WR�D�PXFK�JUHDWHU�H[WHQW�WKDQ�DQ\�RWKHU�
DFWLRQ��%HKDYLRU�VKRXOG�EH�FRQVLGHUHG�DV�D�VXEMHFW�WR�TXDOLILFDWLRQ�IURP�WKH�SRLQW�
RI�YLHZ�RI�JRRG�DQG�HYLO�RI�SHRSOH
V�DFWLYLWLHV��DQG�IURP�WDNLQJ�LQWR�DFFRXQW�RI�
WKHLU�YDOXH�DWWLWXGH�WRZDUGV�SHRSOH�DQG�RWKHU�REMHFWV�RI�UHDOLW\�

%HKDYLRUDO�SDWWHUQV�SUHVHQWHG�LQ�YHUEDO�LGLRPDWLF�SKUDVHV�DUH�DOVR�FRPSOH[�DQG�
GLYHUVH��DV�ZHOO�DV�WKH�YDULHW\�RI�DFWLRQV�SHUIRUPHG�E\�D�KXPDQ�EHLQJ�

7R�LGHQWLI\�WKH�HYDOXDWLYH�FRPSRQHQW�LQ�WKH�PHDQLQJ�RI�YHUEDO�LGLRPDWLF�SKUDVHV��
RQH�VKRXOG�DSSO\�D�QXPEHU�RI�FULWHULD��DPRQJ�ZKLFK�DUH�H[WUDOLQJXLVWLF��VHPDQWLF��
WKH�FULWHULRQ�RI�WKH�FRPSRQHQW�VWUXFWXUH��GLFWLRQDU\�HPRWLYH�PDUNV�

7KH�7DWDU�ODQJXDJH�KDV�D�ORW�LQ�FRPPRQ�ZLWK�WKH�5XVVLDQ�ODQJXDJH�LQ�WHUPV�RI�
WKH�HYDOXDWLRQV�DQG�YDOXHV�DW�WKH�WLPH�ZKHQ�WKH�(QJOLVK�ODQJXDJH�GHSLFWV�D�PRUH�
UDWLRQDO��UDWLRQDO�SHUFHSWLRQ�DQG�HYDOXDWLRQ�RI�UHDOLW\�

7R�SURSHUO\�LGHQWLI\�WKH�HYDOXDWLRQ�VHPDQWLFV�RI�WKH�YHUEDO�SKUDVHRORJLFDO�XQLWV�
UHODWHG�WR�KXPDQ�EHKDYLRU�LQ�GLIIHUHQW�ODQJXDJHV��DQ�DQDO\VLV�RI�WKH�FXOWXUDO�OHYHO�
LV�QHFHVVDU\�

7KH� DXWKRUV� RI� WKH� UHVHDUFK� GR� QRW� LQVLVW� WKDW� WKH� GDWD� REWDLQHG�ZLWKLQ� WKH�
SUHVHQWHG�UHVHDUFK�DQVZHU�DOO�WKH�TXHVWLRQV�EXW�SRLQW�RXW� WKH�QHFHVVLW\� WR�FRQWLQXH�
OLQJXLVWLF� LQYHVWLJDWLRQ� RI� WKH� LVVXH� XQGHU� FRQVLGHUDWLRQ�DV� LW�ZLOO�KHOS�QRW� RQO\� WR�
EHWWHU�XQGHUVWDQG�WKH�FXOWXUDO�GLIIHUHQFHV��EXW�WR�FRQWULEXWH�WR�WKH�GHYHORSPHQW�RI�WKH�
WKHRU\�RI�OH[LFRJUDSK\�

$FNQRZOHGJHPHQWV

7KH�ZRUN�LV�SHUIRUPHG�DFFRUGLQJ� WR�WKH�5XVVLDQ�*RYHUQPHQW�3URJUDP�RI�
&RPSHWLWLYH�*URZWK�RI�.D]DQ�)HGHUDO�8QLYHUVLW\�



���� _�3URFHHGLQJV�RI�WKH��WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�$SSOLHG�/LQJXLVWLFV�,VVXHV��6DLQW�3HWHUVEXUJ��
5XVVLD��6XPPHU�DQG�$XWXPQ������

5HIHUHQFHV

$PLQRYD�� $�� $��� 	� <DNKLQD�� $�� 0�� �������� +XPDQ� EHKDYLRU� LQ� OH[LFDO� DQG�
SKUDVHRORJLFDO�UHSUHVHQWDWLRQ� .D]DQ�

$UVHQWLHYD��(��)�� ��������&RPSDUDWLYH�SKUDVHRORJ\�DQG�SKUDVHRJUDSK\� �%DVHG�RQ�
WKH�5XVVLDQ�DQG�(QJOLVK�ODQJXDJHV���(�)��$UVHQWLHYD��.D]DQ�6WDWH�8QLYHUVLW\��
.D]DQ��.68�

$W\RPRYD��$��)�� ��������&RQQRWDWLYH� DVSHFW� RI� VHPDQWLFV�RI� SKUDVHRORJLFDO� XQLWV��
7RSLFDO� ,VVXHV� RI� 0RGHUQ� 6HPDVLRORJ\�� &ROOHFWLRQ� RI� UHVHDUFK� SDSHUV�
/HQLQJUDG��5638�

$YUDVLQ�� 9��0�� �������� 6\QDHVWKHVLD� DV� D� WRRO� RI� HYDOXDWLRQ�� 1HZ� WHQGHQFLHV� LQ�
OLQJXLVWLFV�DQG�PHWKRGLFV�RI�WHDFKLQJ�IRUHLJQ�ODQJXDJHV��3HUP�

$\GDURYD��$���	�$PLQRYD��$����������7KH�QHJDWLYH�HYDOXDWLYH�FRPSRQHQW�ZLWKLQ�WKH�
VHPDQWLF�VWUXFWXUH�RI�EHKDYLRXU�YHUEV�LQ�5XVVLDQ��(QJOLVK�DQG�7DWDU�ODQJXDJHV��
-RXUQDO�RI�/DQJXDJH�DQG�/LWHUDWXUH����������������

$\XSRYD��5����������,OOXVWUDWLYH�PDWHULDO�LQ�WKH�VWUXFWXUH�RI�SKUDVHRJUDSKLF�HQWULHV�
$VLDQ�6RFLDO�6FLHQFH�����������������

%DKUHPDQG��$����������7KH�FRQFHSW�RI�WUDQVODWLRQ�LQ�GLIIHUHQW�WHDFKLQJ�DSSURDFKHV�
DQG�PHWKRGV��8&7�-RXUQDO�RI�6RFLDO�6FLHQFHV�DQG�+XPDQLWLHV�5HVHDUFK��������
����

%DEHQNR��/��*����������5XVVLDQ�HPRWLYH�OH[LFRQ�DV�D�IXQFWLRQDO�V\VWHP��6YHUGORYVN�

%ULQHU�� 5�� %�� ��������7KH� QHJOHFW� DQG� LPSRUWDQFH� RI� HPRWLRQ� DW� ZRUN�� (XURSHDQ�
-RXUQDO�RI�:RUN�DQG�2UJDQL]DWLRQDO�3V\FKRORJ\����������������

&KHUQRYD��0��6����������3KUDVHRORJLFDO�XQLWV�EDVHG�RQ�WKH�K\SHUEROH�LQ�WKH�(QJOLVK�
DQG�5XVVLDQ�ODQJXDJHV��.D]DQ�6WDWH�8QLYHUVLW\�

'DYOHWED\HYD��'���$UVHQWHYD��(���$\XSRYD��5���	�$UVHQW\HYD��<����������&RQWH[WXDO�
XVH� RI� SKUDVHRORJLFDO� HXSKHPLVPV�� &RPSRQHQW� DGGLWLRQ� 0RGHUQ� -RXUQDO� RI�
/DQJXDJH�7HDFKLQJ�0HWKRGV����������

'LD]�� <��'��9��� $UVHQWHYD��(�� )���	�1LNXOLQD��(�� $�� �������� 3KUDVHRORJLFDO� XQLWV�
GHVLJQDWLQJ�PDWXUH�DJH�LQ�WKH�(QJOLVK�DQG�5XVVLDQ�ODQJXDJHV� 0RGHUQ�-RXUQDO�
RI�/DQJXDJH�7HDFKLQJ�0HWKRGV� ���������������

0HQGHV��,��$���	�6LOYD��&��$��)��'����������3UREOHPDWL]DWLRQ�DQG�UHVHDUFK�DV�D�PHWKRG�
RI� WHDFKLQJ� 0DWKHPDWLFV�� ,QWHUQDWLRQDO� (OHFWURQLF� -RXUQDO� RI� 0DWKHPDWLFV�
(GXFDWLRQ����������������KWWSV���GRL�RUJ����������LHMPH�����

/XNLDQRYD�� 1�� $�� �������� ([SUHVVLYH� FRQYHUVDWLRQ� YRFDEXODU\�� 3UREOHPV� RI�
VHPDQWLFV� 1RYRVLELUVN�

6HSLU��(����������8QFRQVFLRXV�VWHUHRW\SHV�RI�EHKDYLRU�LQ�WKH�VRFLHW\��&ROOHFWHG�ZRUNV�
RQ�OLQJXLVWLF�DQG�FXOWXUDO�VWXGLHV��0RVFRZ��3URJUHVV


