
)RUPLQJ RI�0RUSKRORJLFDO�&RPSHWHQFH RI�6WXGHQWV�
WKURXJK�,QGHSHQGHQW�$FWLYLW\ DW�WKH�/HVVRQV�RI�WKH�

1DWLYH�/DQJXDJH�

*XOQDUD�5DVLNKRYQD�6KDNLURYD� 	�*XOVKDW�5DLVRYQD�*DOLXOOLQD�

$EVWUDFW
7KH�VWXG\�RI�PRUSKRORJ\�RFFXSLHV�D�ODUJH�SODFH�LQ�WKH�WHDFKLQJ�RI�WKH�QDWLYH�ODQJXDJH��
7KH� ILUVW� DFTXDLQWDQFH� ZLWK� SDUWV� RI� VSHHFK� WDNHV� SODFH� LQ SULPDU\� VFKRRO�� WKHQ�
VWXGHQWV�OHDUQ�KRZ�PDQ\�RI�WKHP�LQ�WKH�ODQJXDJH��LQWR�ZKLFK�JURXSV�WKH\�GLYLGH�DQG��
WKXV�� JHW� WKH FRQFHSW� RI� SDUWV� RI� VSHHFK� DV� WKH V\VWHP� LQ� WKH� PLGGOH� VFKRRO�� 7KH�
FRQGXFWHG�UHVHDUFK�VKRZV�WKDW�PRUSKRORJLFDO�NQRZOHGJH DQG�VNLOOV�DUH�WKH�IRXQGDWLRQ�
RQ� ZKLFK� WKH� WHDFKLQJ� RI� YDULRXV� W\SHV� RI� VSHHFK� DFWLYLW\� LQ� WKH� QDWLYH� OLWHUDU\�
ODQJXDJH�LV�EDVHG��+RZHYHU��WKH�PRUSKRORJLFDO�NQRZOHGJH�RI�WKH�PDMRULW\�RI�VWXGHQWV�
UHPDLQ�IUDJPHQWDU\��VNLOOV�± XQIRUPHG��*UHDW�GLIILFXOWLHV�DUH�FDXVHG�E\�WDVNV�UHODWHG�
ZLWK WKH� GLIIHUHQWLDWLRQ� RI� ZRUGV� LQWR� SDUWV� RI� VSHHFK�� ZLWK� WKH� GHILQLWLRQ� RI� WKH�
JUDPPDWLFDO�PHDQLQJ�RI�ZRUG�IRUPV��7KH�UHOHYDQFH�RI�RXU�VWXG\�LV�GHWHUPLQHG�E\�WKH�
ORZ�OHYHO�RI�IRUPDWLRQ�RI�WKH�PRVW�LPSRUWDQW�PRUSKRORJLFDO�NQRZOHGJH��VNLOOV��DQG�E\�
WKH� QHFHVVLW\� RI� ILQGLQJ� HIIHFWLYH� PHWKRGV� RI� PRUSKRORJ\� WHDFKLQJ�� ZKLFK� ZLOO�
FRQWULEXWH�WR�WKH�UHDOL]DWLRQ�RI�WKH�SODQQHG�UHVXOWV�LQ�WKLV�VHFWLRQ�RI�OLQJXLVWLFV��:H�
WKLQN� WKDW� WKH� LQGHSHQGHQW� DFWLYLW\�� ZKLFK� LPSOLHV� DWWHQWLRQ� WR� WKH� PHDQLQJ� DQG�
GHVWLQDWLRQ� RI�PRUSKRORJLFDO� XQLWV DQG IXQFWLRQDO� UHODWLRQVKLSV�ZLWK� XQLWV� RI� RWKHU�
ODQJXDJH� OHYHOV��ZKLFK� LQYROYHV� WKH� UHDOL]DWLRQ�RI� IXQFWLRQDO�VHPDQWLF�DSSURDFK�� LV�
QHFHVVDU\ IRU�VXFFHVVIXO�IRUPDWLRQ�RI�PRUSKRORJLFDO�FRPSHWHQFH�RI�VWXGHQWV�

.H\ZRUGV� 0RUSKRORJ\��1DWLYH�/DQJXDJH�7HDFKLQJ��3DUWV�RI�6SHHFK�� ,QGHSHQGHQW�
$FWLYLW\��/DQJXDJH�

���,QWURGXFWLRQ
,Q�PRGHUQ�OLQJXR�PHWKRGRORJ\��WKH�FRQFHSW��PRUSKRORJLFDO�FRPSHWHQFH��LV�

GHILQHG�DV�WKH�DELOLW\�WR�DSSO\�WKH�NQRZOHGJH�DQG�VNLOOV�LQ�PRUSKRORJ\�LQ�D�ZLGH�DUHD�
DQG� LV� WKH�EDVLV� IRU� WKH�VSHHFK� LPSURYHPHQW�RI� VWXGHQWV� �+XVQXWGLQRY�HW�DO���������
%LFHU�HW�DO����������7KH�IRUPDWLRQ�RI�WKLV�FRPSHWHQFH�LQYROYHV�WKH�FRQVFLRXV�SURFHVV�

� 3OHDVH�FLWH�WKLV�SDSHU�DV�IROORZV�

6KDNLURYD�� *�� 5��� 	� *DOLXOOLQD�� *�� 5�� �������� )RUPLQJ� RI� PRUSKRORJLFDO� FRPSHWHQFH� RI�
VWXGHQWV� WKURXJK� LQGHSHQGHQW� DFWLYLW\� DW� WKH� OHVVRQV� RI� WKH� QDWLYH� ODQJXDJH� -RXUQDO� RI�
5HVHDUFK�LQ�$SSOLHG�/LQJXLVWLFV�����63�������������

Ϯ .D]DQ�)HGHUDO�8QLYHUVLW\��.D]DQ��5XVVLD��VKDNLURYD��#PDLO�UX
ϯ .D]DQ�)HGHUDO�8QLYHUVLW\��.D]DQ��5XVVLD�



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

RI�GHYHORSPHQW�RI�NQRZOHGJH�DQG�VNLOOV�LQ�PRUSKRORJ\�E\�WKH�KHOS�RI�VSHFLDO�W\SHV�
RI�PRUSKRORJLFDO�H[HUFLVHV�ZKLFK�DLPHG�DW�XQGHUVWDQGLQJ�WKH�PRUSKRORJLFDO�VWUXFWXUH�
RI�WKH�QDWLYH�ODQJXDJH�DQG�LQYROYHV�WKH�VWXG\�RI�WKH�EDVLF�FRQFHSWV�RI�JUDPPDU��WKH�
GLVWULEXWLRQ�RI�ZRUGV�LQ�SDUWV�RI�VSHHFK��DQG�ZLWKLQ�SDUWV�RI�VSHHFK�± RQ�VHPDQWLF�DQG�
JUDPPDWLFDO FDWHJRULHV��FRQVLGHUDWLRQ�RI�JUDPPDWLFDO�FDWHJRULHV�DQG�WKH�IRUPDWLRQ�RI�
GHILQLWH�SDUWV�RI�VSHHFK��DV�ZHOO�DV�WKH�PDLQ�FDVHV�RI�WKH�XVH�RI�JUDPPDWLFDO�IRUPV�LQ�
WKH�FRQWH[W��.KDIL]RYD HW�DO�������� %D\DW��HW�DO���������

7KH�PDLQ�REMHFWLYH�RI�WKH�IRUPDWLRQ�RI�PRUSKRORJLFDO�VNLOOV�DQG�DELOLWLHV�LV�
QRW�RQO\�PHPRUL]DWLRQ��OHDUQLQJ�UXOHV�DQG�GHILQLWLRQV�RI�SDUWV�RI�VSHHFK��EXW�DOVR�WKH�
UDWLRQDO�XVH�RI�WKHLU�NQRZOHGJH�LQ�SUDFWLFH��ZKLFK�LPSOLHV�WKH�QHHG�WR�RUJDQL]H�WKH�WKH�
OHDUQLQJ�SURFHVV�VR�WKDW�VWXGHQWV�FRQVFLRXVO\�DVVLPLODWHG�NQRZOHGJH��DFTXLUHG�VNLOOV�
LQ�DFWLYH�OHDUQLQJ�DFWLYLWLHV��GHYHORSLQJ�WKHLU�FRJQLWLYH�DELOLWLHV

&RQVLGHULQJ� WKDW� RQH� RI� WKH� FRQGLWLRQV� IRU� WKH� GHYHORSPHQW� RI� FRJQLWLYH�
DFWLYLW\�LQ�WKH�PHWKRGRORJ\�RI�WHDFKLQJ�WKH�QDWLYH�ODQJXDJH�LV�WKH�LQGHSHQGHQW�DFWLYLW\�
RI�VWXGHQWV��ZH�WKLQN WKDW�IRU�WKH�IRUPDWLRQ�RI�PRUSKRORJLFDO�FRPSHWHQFH��SXUSRVHIXO��
LQWHUQDOO\�PRWLYDWHG��DFWLYH�LQGHSHQGHQW�HGXFDWLRQDO�DFWLYLW\�RI�VWXGHQWV�DW�DOO�VWDJHV�
RI� VWXG\LQJ� WKLV� VHFWLRQ� RI� OLQJXLVWLFV� LV QHHGHG��ZKLFK� UHTXLUHV�� DV� QRWHG� E\�$�,��
=LPQ\D\D��D�KLJK�OHYHO�RI�VHOI�DZDUHQHVV��UHIOH[LYLW\��VHOI�GLVFLSOLQH�

0RGHUQ� OLQJXR�PHWKRGRORJ\ KDV� D� ULFK� WKHRUHWLFDO� DQG� SUDFWLFDO� EDVLV� WR�
VWXG\� WKH� LVVXH�RI� LQGHSHQGHQW�DFWLYLWLHV�RI� VWXGHQWV�DW� WKH�QDWLYH� ODQJXDJH� OHVVRQV��
7KHUH�DUH�GLIIHUHQW�DSSURDFKHV�WR� WKH�GHILQLWLRQ�RI� WKLV�FRQFHSW��%\� IROORZLQJ�0�$�
'DQLORY��DV�DQ�LQGHSHQGHQW�DFWLYLW\��ZH�XQGHUVWDQG�VXFK�W\SH�RI�HGXFDWLRQDO�DFWLYLW\�
WKDW�LV�GRQH�E\�VWXGHQWV�³ZLWKRXW�GLUHFW�FRQWDFW�ZLWK�D�WHDFKHU�RU�PDQDJHG�E\�D�WHDFKHU�
LQGLUHFWO\� WKURXJK� VSHFLDO� WHDFKLQJ PDWHULDOV´� �$]LPRY 	�6KFKXNLQ���������ZKLFK�
UHTXLUHV�WKHP�WR�PDNH�FHUWDLQ�HIIRUWV��DFWLYLW\�DQG�FUHDWLYLW\� 7KH�PDLQ�REMHFWLYHV�RI�
LQGHSHQGHQW�DFWLYLW\�LQ�WKH�IRUPDWLRQ�RI�PRUSKRORJLFDO�FRPSHWHQFH�DW�WKH�OHVVRQV�RI�
WKH�QDWLYH�ODQJXDJH�DUH�

DFTXLVLWLRQ�RI�QHZ�NQRZOHGJH��QDPHO\� WKH�PDVWHULQJ WKH�DELOLW\� WR�
LQGHSHQGHQWO\� DFTXLUH� NQRZOHGJH� LQ� WKH� VWXG\� RI� OH[LFDO��
PRUSKRORJLFDO�DQG�V\QWDFWLF�IHDWXUHV�RI�SDUWV�RI�VSHHFK�RI�WKH�QDWLYH�
ODQJXDJH�
V\VWHPDWL]DWLRQ� DQG� FRQVROLGDWLRQ� RI� WKH� UHFHLYHG� WKHRUHWLFDO�
NQRZOHGJH� DQG� SUDFWLFDO� VNLOOV� RI� VWXGHQWV� DERXW� WKH� SDUWV� RI� WKH�
VSHHFK� RI� WKH� QDWLYH� ODQJXDJH�� WKHLU� OH[LFR�VHPDQWLF� JURXSV� DQG�
OH[LFR�JUDPPDWLFDO�FDWHJRULHV��V\QWDFWLF�IXQFWLRQV�
IRUPDWLRQ� RI� VNLOOV� WR� XVH� FHUWDLQ� JUDPPDWLFDO� SKHQRPHQRQ� LQ�
VSHHFK��QDPHO\�WKH�IRUPDWLRQ�RI�PRUSKRORJLFDO�VNLOOV DQG DELOLWLHV�RI�
SUDFWLFDO�QDWXUH�
WKH� IRUPDWLRQ� RI� PRUSKRORJLFDO� VNLOOV� DQG� DELOLWLHV� RI� D� FUHDWLYH�
QDWXUH��WKH�DELOLW\�WR�³DSSO\�NQRZOHGJH�LQ D�FRPSOLFDWHG�VLWXDWLRQ´�
GHYHORSPHQW� RI� FRJQLWLYH� DELOLWLHV� DQG� DFWLYLW\� RI� VWXGHQWV��
LQGHSHQGHQW�WKLQNLQJ�



)RUPLQJ�RI�0RUSKRORJLFDO�&RPSHWHQFH�RI�6WXGHQWV�WKURXJK�«�_�����

3V\FKRORJLFDO�DQG�SHGDJRJLFDO�EDVLV�RI�RXU�UHVHDUFK�ZHUH�WKH�ZRUNV�RI�%�3��
<HVLSRY�� /�6�� 9\JRWVN\�� ,�$�� =LPQ\D\D�� ,�7�� 2JRURGQLNRY�� ,�*��� 3HVWDOR]]L�� 3�,��
3LWNDVLOWD��.�'��8VKLQVN\ �+RUODFKHU��������

/LQJXR�PHWKRGRORJ\� EDVLV� RI� WKH� UHVHDUFK ZHUH� WKH� ZRUNV� RI� VXFK�
0HWKRGLVWV�RI� WHDFKLQJ�5XVVLDQ�ODQJXDJH�DV�*�,��$QLVLPRY��.�=��=DNLU\DQRY��$�)��
6RORY\RY��/�=��6KDNLURYD��RI�PHWKRGRORJ\�RI�WHDFKLQJ�7DWDU�ODQJXDJH��)�6��9DOH\HYD��
0�,��0DNKPXWRY��&�0���.KDULVRYD��*�,��6KDLKXWGLQRYD�

/LQJXLVWLF�EDVLV�RI�WKH�UHVHDUFK ZDV�WKH�WKHRU\�RI�IXQFWLRQDO�JUDPPDU��ZKLFK�
LQYROYHV�DWWHQWLRQ�WR�WKH�PHDQLQJ�DQG�SXUSRVH�RI�JUDPPDWLFDO�XQLWV��WKHLU�IXQFWLRQDO�
UHODWLRQV�

���0HWKRGV
7KH�PDLQ�PHWKRGV�RI�UHVHDUFK�DUH�WKH�IROORZLQJ��WKHRUHWLFDO��WKH�UHVHDUFK�DQG�

WKH� DQDO\VLV� RI� SHGDJRJLFDO�� SV\FKRORJLFDO�� OLQJXLVWLF�PHWKRGLFDO� OLWHUDWXUH� RQ� WKH�
SUREOHP��� VRFLDO�SHGDJRJLFDO� �WKH� V\VWHPDWLF� UHVHDUFK� DQG� WKH� DQDO\VLV� RI� H[LVWLQJ�
SURJUDPV�� WH[WERRNV� DQG� PHWKRGLF� DLGV�� PRGHOLQJ�� VWXG\�� JHQHUDOL]DWLRQ� DQG�
V\VWHPDWL]DWLRQ� RI� DGYDQFHG� SHGDJRJLFDO� SUDFWLFH�� SHGDJRJLFDO� H[SHULPHQW���
H[SHULPHQWDO��WKH�DVFHUWDLQLQJ�H[SHULPHQW�LQ�RUGHU�WR�LGHQWLI\�WKH�VWDWXV�RI�WHDFKLQJ�
SDUWV�RI�VSHHFK�LQ�WKH�SURFHVV�RI�WHDFKLQJ�WKH�QDWLYH�ODQJXDJH��WKH�OHYHO�RI�NQRZOHGJH�
DQG�VNLOOV��DQDO\VLV�RI�HUURUV DVVRFLDWHG�ZLWK�WKH�XVH�DQG�UHFRJQLWLRQ�RI�FHUWDLQ�SDUWV�
RI�VSHHFK�LQ�RUDO�DQG�ZULWWHQ�VSHHFK��

���5HVXOWV
7KH�UHDOL]DWLRQ RI�WKH�EDVLF�FRQGLWLRQV�IRU�WKH�IRUPDWLRQ�RI�WKH�PRUSKRORJLFDO�

FRPSHWHQFH� RI� VWXGHQWV� WKURXJK� LQGHSHQGHQW� DFWLYLW\� DW� WKH� OHVVRQV� RI� WKH� QDWLYH�
ODQJXDJH�OHDGV�WR�WKH�IROORZLQJ�UHVXOWV�

� FUHDWHV� WKH� QHFHVVDU\� OLQJXR� PHWKRGLFDO� FRQGLWLRQV� IRU�
HIIHFWLYH�WHDFKLQJ�RI�SDUWV�RI�VSHHFK RI�WKH�QDWLYH�ODQJXDJH�

� FRQWULEXWHV� WR� DSSO\� LQ� SUDFWLFH� WKH� DFKLHYHPHQWV� RI�
PRUSKRORJ\�� SV\FKRORJ\� DQG� GLGDFWLFV�� WR� FUHDWH� WKH� PRVW�
FRPIRUWDEOH� FRQGLWLRQV� IRU� WKH� DVVLPLODWLRQ� RI� WKHRUHWLFDO�
LQIRUPDWLRQ�DERXW�SDUWV�RI�VSHHFK�

� JLYHV� VWXGHQWV� WKH�V\VWHP�UHSUHVHQWDWLRQ�RI�FHUWDLQ�SDUWV�RI�VSHHFK�
IXQFWLRQLQJ�DQG�LWV�FRPPXQLFDWLYH�VLJQLILFDQFH�

� FUHDWHV� DQ� RSSRUWXQLW\� IRU� WKH� GHYHORSPHQW� RI� ORJLFDO� WKLQNLQJ� RI�
VWXGHQWV�

6FLHQWLILF�DQG�SUDFWLFDO�FRQFOXVLRQV�RI�WKLV�UHVHDUFK�FDQ�EH WDNHQ�LQWR�DFFRXQW�
LQ�FUHDWLQJ� WH[WERRNV�DQG�PHWKRGLFDO�PDQXDOV� IRU� WKH�VWXG\�RI� WKH�JUDPPDU�RI� WKH�
QDWLYH�ODQJXDJH�



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

���'LVFXVVLRQ
([HUFLVHV� DUH� ³VWUXFWXUDO� XQLW� RI� PHWKRGLFDO� RUJDQL]DWLRQ� RI� WKH�PDWHULDO��

SURYLGLQJ�VXEVWDQWLYH�VWHSV�ZLWK�WKLV�PDWHULDO DQG�WKH�IRUPDWLRQ�RQ�WKH�EDVLV�RI�WKHLU�
PHQWDO�DFWLYLWLHV´ �$]LPRY 	�6KFKXNLQ���������7KHUH�DUH�GLIIHUHQW�FODVVLILFDWLRQV�RI�
H[HUFLVHV� LQ WKH� RUJDQL]DWLRQ� RI� LQGHSHQGHQW� DFWLYLW\� LQ� WKH� OLQJXR�PHWKRGLFDO
OLWHUDWXUH��UHSURGXFWLYH�DQG�H[SORUDWRU\��=KDURYD���������UHSURGXFWLYH�DQG�FUHDWLYH��
UHSURGXFWLYH��SDUWLDO�H[SORUDWRU\�DQG�FUHDWLYH��6XFK�YDULHW\�DFFRUGLQJ�WR�WKH�W\SRORJ\�
RI�H[HUFLVHV�H[SODLQV�GLIIHUHQW�XQGHUVWDQGLQJ�WKH�HVVHQFH�RI�LQGHSHQGHQW�DFWLYLW\��EXW�
DOVR� H[HUFLVHV� DV� D� PHWKRGLFDO� EDVLV� RI� ODQJXDJH WHDFKLQJ�� ,Q� WKH� IRUPDWLRQ� RI�
PRUSKRORJLFDO�FRPSHWHQFH�RI�VWXGHQWV�WKURXJK�LQGHSHQGHQW�DFWLYLW\��ZH�VXJJHVW�XVLQJ�
WKUHH�W\SHV�RI�PRUSKRORJLFDO�H[HUFLVHV�

� LQIRUPDWLRQ�DQG�JUDPPDWLFDO�
� WUDLQLQJ�
� FRQWURO�

7KHVH� H[HUFLVHV� DUH� SURSRVHG� WDNLQJ� LQWR� DFFRXQW� VXFK� SULQFLSOHV� DV� WKH�
SULQFLSOHV�RI�DFFHVVLELOLW\��FRQVLVWHQF\��FRQQHFWLRQ�EHWZHHQ�WKHRU\�DQG�SUDFWLFH��WKH�
SULQFLSOH� RI� GLIIHUHQWLDWLRQ� RI� OLQJXLVWLF� SKHQRPHQRQ� DQG�PHDQLQJV�� WKH� FRQWH[WXDO�
SULQFLSOH��DQDO\VLV�RI�ODQJXDJH�XQLWV�LQ�WKHLU�V\QWDFWLF�UHODWLRQV�LQ�WKH�WH[W��WDNLQJ�LQWR�
DFFRXQW� VW\OLVWLF� SRVVLELOLWLHV�DQG� WH[W�IRUPLQJ� IXQFWLRQ��� DV�ZHOO� DV� IXQFWLRQDO� DQG�
VHPDQWLF�GLUHFWLRQ�LQ�WKH�WHDFKLQJ�RI�PRUSKRORJ\��7KHVH H[HUFLVHV DUH DLPHG DW

� VWXG\LQJ WKH OH[LFDO�VHPDQWLF JURXSV RI SDUWV RI VSHHFK��
� WKH�IRUPDWLRQ�RI�VNLOOV�DQG�DELOLWLHV RI�GLIIHUHQWLDWLRQ�RI�LQGHSHQGHQW�

SDUWV�RI�VSHHFK��WDNLQJ�LQWR�DFFRXQW�WKHLU�JUDPPDWLFDO�PHDQLQJV�
� PDVWHULQJ�WKH�OH[LFDO�DQG�JUDPPDWLFDO�FDWHJRULHV�RI�SDUWV�RI�VSHHFK��
� PDVWHULQJ WKH SDUDGLJPDWLF DQG V\QWDJPDWLF PHDQLQJV RI ODQJXDJH

XQLWV�
� WHDFKLQJ�VHPDQWLF�DQDO\VLV�IURP�JUDPPDWLFDO�PHDQLQJ�WR�WKH�PHDQV�RI�

LWV�H[SUHVVLRQ�
,QIRUPDWLRQ� DQG� JUDPPDWLFDO� H[HUFLVHV� DUH� XVHG� LQ� WKH� LQLWLDO� VWDJH� RI�

OHDUQLQJ�PRUSKRORJLFDO�FRQFHSWV��LQ�WKH�FRXUVH�RI�DFWXDOL]DWLRQ WKH�SUHYLRXVO\�VWXGLHG�
PDWHULDO�DERXW�FHUWDLQ�SDUWV�RI�VSHHFK�DQG�WKH\�DUH�DLPHG�DW�YDULRXV�RSHUDWLRQV�ZLWK�
PRUSKRORJLFDO�XQLWV�RI�WKH�ODQJXDJH�

VHOHFWLRQ�RI�HVVHQWLDO�IHDWXUHV�RI�FRQFHSWV��FDWHJRULHV��)RU�H[DPSOH��
UHDG� WKH� VHQWHQFHV� DQG� LQGLFDWH� ZKDW� SDUW� RI� WKH� VSHHFK� WKH�
KLJKOLJKWHG� ZRUGV� DUH� RU�ZULWH� GRZQ� IURP� WKH� WH[W� ZRUGV� WR� WKH�
IROORZLQJ�OH[LFDO�VHPDQWLF�PHDQLQJV�����ZRUGV�GHQRWLQJ�WKH�VXEMHFW��
���ZRUGV�GHQRWLQJ�D�VLJQ�RI�WKH�VXEMHFW�����ZRUGV�GHQRWLQJ�D�VLJQ�RI�
DFWLRQ�
UHFRJQLWLRQ�RI�WKH�OLQJXLVWLF�SKHQRPHQRQ�LQ�WKH�VHQWHQFHV�DQG�WH[W��
)RU� H[DPSOH� UHDG� WKH� VHQWHQFHV�� ILQG� WKH�DGYHUEV�DQG�ZULWH� WKHP�
GRZQ� ZLWK� WKH� ZRUG� WR� ZKLFK� WKH\� EHORQJ�� RU ZULWH� GRZQ� WKH�
DGMHFWLYHV�IURP�WKH� WH[W�ZLWK� WKH�GHILQHG�ZRUGV��RU ZULWH�GRZQ� WKH�
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SDUWLFLSOHV�WRJHWKHU�ZLWK�WKH�GHILQHG�QRXQV�DQG�LQ�EUDFNHWV�VSHFLI\�
WKH�YHUEV�IURP�ZKLFK�WKH�SDUWLFLSOHV�DUH�IRUPHG�
FRPSDULVRQ� DQG� GLVWLQFWLRQ� RI� VLPLODU� OLQJXLVWLF� SKHQRPHQRQ��)RU�
H[DPSOH� GLVWULEXWH� WKH� QRXQV� LQ� WKH� IROORZLQJ� OH[LFDO�VHPDQWLF�
FDWHJRULHV�����SURSHU�����DEVWUDFW����FRPPRQ ���FRQFUHWH�
OLQJXLVWLF�DQDO\VLV��ZKLFK�LQYROYH�SDUWLDO�PRUSKRORJLFDO�DQDO\VLV�RI�
LQGHSHQGHQW�SDUWV�RI�VSHHFK�

7KHVH�H[HUFLVHV�IRUP�HOHPHQWDU\�PRUSKRORJLFDO�VNLOOV�DQG�DELOLWLHV�WR�RSHUDWH�
ZLWK�JUDPPDWLFDO FRQFHSWV�RI�WKH�QDWLYH�ODQJXDJH�DQG�SURYLGH�WKH�VLPSOHVW�VNLOOV�RI�
LQGHSHQGHQW�DFWLYLW\�

7UDLQLQJ�H[HUFLVHV�DUH�DLPHG�DW�IL[LQJ��V\VWHPDWL]DWLRQ��WUDLQLQJ��DXWRPDWLRQ�
RI� JUDPPDWLFDO� PDWHULDO�� XQGHUVWDQGLQJ� WKH� OH[LFDO�� PRUSKRORJLFDO�� V\QWDFWLF�
UHODWLRQVKLSV�� LQWHUDFWLRQV� RI� SDUWV� RI� VSHHFK�� DQG� PHPRUL]LQJ� WKHP� DV� VWUXFWXUDO�
FRPSRQHQWV� RI� RUDO� VSHHFK�� GHWHFWLQJ� JDSV� LQ� WKH� NQRZOHGJH� RI� VWXGHQWV�DERXW� WKH�
IHDWXUHV�RI�SDUWV�RI�VSHHFK��&RQVLGHULQJ WKDW�WKH�PDLQ�LQGLFDWRU�RI�WKH�IRUPDWLRQ�RI�
PRUSKRORJLFDO�VNLOOV�DQG�DELOLWLHV�RI�VWXGHQWV�LV�WKH�FRQVFLRXV�SHUFHSWLRQ�RI�WKH�WKHRU\�
RI� ODQJXDJH�� XQGHUVWDQGLQJ� WKH� HVVHQFH� RI� PRUSKRORJLFDO� XQLWV�� WKH� DELOLW\� WR�
GLVWLQJXLVK� WKHLU� LQGLYLGXDO� VLGHV�� VLJQV� DQG� FRQFUHWL]DWLRQ� RI� FHUWDLQ� JUDPPDWLFDO�
SKHQRPHQRQ�LQ�WKH�PLQGV�RI�VWXGHQWV��ZH�RIIHU�WKH�IROORZLQJ�WUDLQLQJ�H[HUFLVHV��ZULWH�
GRZQ�WKH�DGYHUEV�DQWRQ\PV�RI�WKH�IROORZLQJ�SURYHUEV��RU�UHDG�WKH�VHQWHQFHV�DQG�ZULWH�
GRZQ�LQ�WKH��VW�FROXPQ�RI�WKH�ZRUGV�WKDW�LQGLFDWH�WKH�VLJQ�RI�WKH�VXEMHFW��LQ�WKH��QG�
FROXPQ�± ZRUGV�WKDW�LQGLFDWH�WKH�VLJQ�RI�DFWLRQ��RU�ZULWH�GRZQ�LQ�WZR�FROXPQV��WKH�
ILUVW�± DGMHFWLYHV��WKH�VHFRQG�± FRPPXQLRQ�DQG�RWKHUV�

,Q�WKH�WHDFKLQJ�RI�LQGHSHQGHQW�SDUWV�RI�VSHHFK��DQ�LPSRUWDQW�UROH�LV�SOD\HG�
WKHLU� FRQWH[WXDO� VXEVWDQWLYL]DWLRQ�� ³6XEVWDQWLYL]DWLRQ� LV� WKH� PRUSKRORJLFDO� DQG�
V\QWDFWLF�PHWKRG�RI�ZRUG� IRUPDWLRQ��ZKLFK�KDV�D�FRPSUHVVLYH�FKDUDFWHU��UHIOHFWLQJ�
WKH� SURFHVV� RI� IXQFWLRQDO� WUDQVLWLRQ� RI� ZRUGV� RI� GLIIHUHQW� SDUWV� RI� VSHHFK� DQG�
FRPELQDWLRQV�LQWR�QRXQV´��<DQJ���������&RQWH[WXDOO\�VXEVWDQWLYL]DWLRQ�RI�DGMHFWLYHV��
VRPH� DGYHUEV�� QXPHUDOV�� VRPH�SURQRXQV�� DQG� SDUWLFLSOHV� LV� YHU\� FRPPRQ� LQ�7DWDU�
ODQJXDJH�� ,Q� WKLV� UHJDUG�� LW� LV� DGYLVDEOH� WR� RIIHU� DQ� LQGHSHQGHQW� DFWLYLW\�� LQFOXGLQJ�
WUDLQLQJ�H[HUFLVHV�IRU�UHDVRQLQJ�DQG�JHQHUDOL]DWLRQ�RI�WKLV�JUDPPDWLFDO�SKHQRPHQRQ��
)RU�H[DPSOH��IURP�WKHVH�VHQWHQFHV�ZULWH�GRZQ�WKH�VXEVWDQWLYH�DGYHUEV�DQG�DGMHFWLYHV��
H[SODLQ�WKHLU�IHDWXUHV�

7UDLQLQJ� H[HUFLVHV� IRU� WKH� FRQVWUXFWLRQ� RI� ODQJXDJH� SKHQRPHQRQ�� ZKLFK�
UHSUHVHQW� D� QHZ� RU� LQFUHDVHG� OHYHO� RI� GLIILFXOW\�� DUH� RI� JUHDW� LPSRUWDQFH� LQ� WKH�
IRUPDWLRQ� RI� PRUSKRORJLFDO� VNLOOV�� )RU� H[DPSOH�� PDNH� SKUDVHV� RQ� WKH� VSHFLILHG�
PRGHOV��DGYHUE���YHUE� 

DGYHUE���DGMHFWLYH� 
DGYHUE���DGYHUE� 
DGYHUE���QRXQ� 
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RU�ZULWH�GRZQ�IURP�WKH�WH[W�����SKUDVHV�DGYHUELDO���YHUE��ZKLFK�DUH�XVHG�WR�
VWLPXODWH�SRVLWLYH�PRWLYHV��WKH�QHHG�IRU �H[SDQG�WKHLU�NQRZOHGJH��OHDUQ�QHZ�WKLQJV��
PDVWHU�DQ\�VNLOOª

3HUIRUPLQJ�VXFK�H[HUFLVHV�UHTXLUHV�IURP�VWXGHQWV�QRW�RQO\�ODQJXDJH��EXW�DOVR�
VSHHFK�UHDGLQHVV��$W�WKH�VDPH�WLPH��NQRZOHGJH�RI�OH[LFR�JUDPPDWLFDO�FKDUDFWHULVWLFV�
RI�SDUWV�RI�VSHHFK�LV�EURXJKW�WR�WKH�IRUH��VLQFH�WKHUH�LV�D�³GDQJHU´�RI�UHSODFLQJ�WKHP�
ZLWK�RWKHUV��)RU�H[DPSOH��LQ�SUDFWLFH��RIWHQ�WKHUH�LV�WKH�UHSODFHPHQW�RI�DGYHUEV�ZLWK�
QRXQV�LQ�WKH�IRUPV�RI�ORFDO�WLPH�FDVHV��KDYLQJ�D�FRPPRQ�VHPDQWLFV�ZLWK�DGYHUEV�

&RQWURO� H[HUFLVHV� DUH� XVHG� WR� FRQWURO� LQ� RUGHU� WR� LGHQWLI\� WKH� TXDOLW\� RI�
OHDUQLQJ� �6KDNLURYD� HW� DO��� ������ E\� VWXGHQWV� RI� WKH� VWXGLHG� SDUW� RI� VSHHFK� DQG� LWV�
LQGLYLGXDO�TXHVWLRQV��WR�GHWHUPLQH�WKH�OHYHO�RI�PRUSKRORJLFDO�NQRZOHGJH��VNLOOV�DQG�
DELOLWLHV�RI�VWXGHQWV��)RU�H[DPSOH��:KDW�SDUW�RI�VSHHFK�GR�WKH�KLJKOLJKWHG�ZRUGV�UHODWH�
WR"�([SODLQ�\RXU�DQVZHU��$FFRUGLQJ� WR�ZKLFK�UXOH�GR�\RX�DWWULEXWH� WKH�ZRUGV� WR�D�
SDUWLFXODU� SDUW� RI� VSHHFK" RU� 5HDG� DQG� ILQG� DGYHUEV� LQ� VHQWHQFHV�� &RPELQH� WKH�
DGYHUEV� RI� WKH� ILUVW� WKUHH� VHQWHQFHV� RQ� VHYHUDO�FRPPRQ�JURXQGV� DW� WKH� VDPH� WLPH�
,GHQWLI\�WKH�JUDPPDWLFDO�VLJQV�RI�DGYHUEV�HWF��6XFK�H[HUFLVHV�DUH�XVHG�IRU�JHQHUDOL]LQJ�
DQG� WHVWLQJ�LQGHSHQGHQW�ZRUN�DQG�DOORZ�\RX� WR� LGHQWLI\� WKH�GHJUHH�RI� IRUPDWLRQ�RI�
PRUSKRORJLFDO�FRPSHWHQFH��)RU�H[DPSOH��LI�\RX�ZHUH�RIIHUHG�WR�GLYLGH�WKH�ZRUGV�IURP�
WKH�WH[W�LQWR�WZR�JURXSV��ZKDW�SULQFLSOH�RI�GLYLVLRQ�ZRXOG�\RX�EDVH�LW�RQ"��QDPHV � QRW
QDPHV��FKDQJHDEOH � XQFKDQJHDEOH��

,Q�SHUIRUPLQJ�FRQWURO�H[HUFLVHV��D�VSHFLDO�SODFH�LV�RFFXSLHG�E\�PRUSKRORJLFDO�
DQDO\VLV�RI�SDUWV�RI�VSHHFK�

&RQVLGHULQJ�WKDW�WKH�DELOLW\�WR�GR�PRUSKRORJLFDO�DQDO\VLV�LV�RQH�RI�WKH�PDLQ
SUDFWLFDO� SXUSRVHV RI� VWXG\LQJ�PRUSKRORJ\�� LW� LV�QHFHVVDU\� WR� REVHUYH� WKH� RUGHU� RI�
DQDO\VLV�RI�D�SDUW�RI�VSHHFK�DQG�FRQVLGHU�WKH�IROORZLQJ�SURYLVLRQV�

�� LQ� PRGHUQ� OLQJXLVWLFV�� SDUWV� RI� VSHHFK� KDYH� IXQFWLRQDO�VHPDQWLF��
PRUSKRORJLFDO�DQG�V\QWDFWLF�IHDWXUHV��6LEJDHYD�HW�DO���������2UORY��
������� 7KH� FRJQLWLYH� DSSURDFK� LV� HPSKDVL]HG� LQ� WKH� SURFHVV� RI�
DQDO\]LQJ�WKH�ZRUGV�RI�GLIIHUHQW�SDUWV�RI�VSHHFK�

�� OH[LFDO�VHPDQWLF�� PRUSKRORJLFDO� DQG� V\QWDFWLF� SULQFLSOHV� RI� ZRUG�
FODVVLILFDWLRQ�LQWR�SDUWV�RI�VSHHFK�GHILQH�WKH�EDVLV��WKH�LQWHUQDO�ORJLF�
RI�PRUSKRORJLFDO�DQDO\VLV��DQG�DOVR�KHOS�WR�ILQG�RXW�ZK\�D�SDUWLFXODU�
ZRUG�EHORQJV�WR�WKLV�SDUW�RI�VSHHFK��

,Q�WKH�SURFHVV�RI�PRUSKRORJLFDO�DQDO\VLV��VWXGHQWV�KDYH�WR�QRW�RQO\�UHFRJQL]H�
WKH�NQRZQ�IHDWXUHV�RI�SDUWV�RI�VSHHFK��EXW�DOVR�WR�LGHQWLI\�WKHLU�RZQ�FKDUDFWHULVWLFV��WR�
SURYH�WKDW�WKLV�SDUW�RI�VSHHFK�KDV�FHUWDLQ�SURSHUWLHV��0RUSKRORJLFDO�DQDO\VLV�LV�EDVHG�
RQ�D�FHUWDLQ�V\VWHP�RI�DFWLRQV�ZLWK�PRUSKRORJLFDO�XQLWV�

$OVR�� LQ� WKH� IRUPDWLRQ� RI�PRUSKRORJLFDO� FRPSHWHQFH�� DQ� LPSRUWDQW� UROH� LV�
SOD\HG�E\�FRQWURO�H[HUFLVHV�RI�D�FUHDWLYH�QDWXUH��ZKLFK�DUH�GHVLJQHG�IRU�H[SORUDWRU\�
DFWLYLW\�� DQ� H[WUDRUGLQDU\� DSSURDFK� DQG� WKH� FUHDWLYH DSSOLFDWLRQ� RI� NQRZOHGJH� DQG�
FUHDWLYH� WKLQNLQJ��([HUFLVHV�RI� WKLV� W\SH�KHOS� OHDUQHUV�WR�DSSO\� WKHLU�PRUSKRORJLFDO�
NQRZOHGJH� DQG� YRFDEXODU\� LQ� WKHLU� VSHHFK� SUDFWLFH��7KHVH� LQFOXGH� WKH� VHOHFWLRQ� RI�



)RUPLQJ�RI�0RUSKRORJLFDO�&RPSHWHQFH�RI�6WXGHQWV�WKURXJK�«�_�����

WKHLU�RZQ�H[DPSOHV�RI�D�FHUWDLQ�OLQJXLVWLF�SKHQRPHQRQ��WKH�FRQVWUXFWLRQ�RI�VHQWHQFHV�
DQG� WH[WV�ZLWK�D� JUDPPDWLFDO� WDVN�� WKH� FRUUHFWLRQ� RI� OLQJXLVWLF� HUURUV�� WKH� V\PEROLF�
UHSUHVHQWDWLRQ� RI� OLQJXLVWLF� SKHQRPHQRQ�� WKH� ZULWLQJ� RI� FUHDWLYH� ZRUNV�� FUHDWLYH�
GLFWDWLRQV��WKH�ZULWLQJ�RI�JUDPPDWLFDO�WDOHV�� WKH�FRPSLODWLRQ�RI FOXVWHUV�� V\QTXDLQV��
DQG�RWKHUV��,Q�FDUU\LQJ�RXW�ZKLFK��VWXGHQWV�XVH�WKH�NQRZOHGJH�DQG�VNLOOV�REWDLQHG�LQ�
YDULRXV� FRPELQDWLRQV�� OHDUQ� WR� LQGHSHQGHQWO\� ILQG� RULJLQDO� VROXWLRQV� WR� WKH� WDVNV��
3HUIRUPLQJ� VXFK� H[HUFLVHV� UHTXLUHV� WKHP� QRW� RQO\� WKHRUHWLFDO�� EXW� DOVR� VSHHFK��
SUDFWLFDO�SUHSDUDWLRQ�DQG�FRQWULEXWH�WR�WKH�GHYHORSPHQW�RI�VNLOOV�DQG�DELOLWLHV�WR�DSSO\�
WKLV�NQRZOHGJH�LQ�VLPLODU�DQG�QHZ�FRPPXQLFDWLYH�VLWXDWLRQV�

,W�LV�NQRZQ�WKDW�WKH�PDLQ�SXUSRVH�RI�LQGHSHQGHQW�DFWLYLWLHV�LQ�WKH�FODVVURRP�
LV�WR�WHDFK�WKLQNLQJ��DQDO\]H��V\QWKHVL]H��DEVWUDFW�DQG�DVVLPLODWH�HGXFDWLRQDO�PDWHULDO��
$FFRUGLQJ�WR�0DNKPXWRY���������D�VLJQ�RI�LQGHSHQGHQW�DFWLYLW\��LV�WKH�SUHVHQFH�RI�
VXFK�PHQWDO�RSHUDWLRQV�LQ�LW��³ZKLFK�OHDGV�WKH�VWXGHQW�WR�WKH�FRUUHFW�VROXWLRQ�RI�WKH�
WDVN� EHIRUH� KLP´�� %DVHG� RQ� WKLV�� WKH� LQIRUPDWLRQ� DQG� JUDPPDWLFDO�� WUDLQLQJ�� DQG�
FRQWURO�H[HUFLVHV�SURSRVHG�E\�XV�DUH�DLPHG�DW�WHDFKLQJ�VWXGHQWV�WR�DQDO\]H��DEVWUDFW��
JHQHUDOL]H��DQG�FRPSDUH�WKH�PRUSKRORJLFDO�XQLWV�RI�WKH�QDWLYH�ODQJXDJH��0DNKPXWRY��
������

���&RQFOXVLRQV
$Q�LQWHUHVWHG��DFWLYH�LQGHSHQGHQW�DFWLYLW\�RI�VWXGHQWV�DW�DOO�WKH�VWDJHV�RI�WKH�

OHVVRQ�LV�QHFHVVDU\�IRU�WKH�VXFFHVVIXO�IRUPDWLRQ�RI�PRUSKRORJLFDO�FRPSHWHQFH�LQ�WKH�
SURFHVV�RI�OHDUQLQJ RI�WKH�PRUSKRORJ\��7KH�SXUSRVH�RI�WKLV�W\SH�RI�HGXFDWLRQDO�DFWLYLW\�
DUH�WKH�DFTXLVLWLRQ�RI�QHZ�NQRZOHGJH�DQG�VNLOOV� WKH�IRUPDWLRQ�DQG�GHYHORSPHQW�RI�
PRUSKRORJLFDO�VNLOOV�RI�VWXGHQWV� WKH�V\VWHPDWL]DWLRQ�DQG�FRQVROLGDWLRQ�RI�WKHRUHWLFDO�
NQRZOHGJH�REWDLQHG�DERXW�WKH�SDUWV�RI�WKH�VSHHFK�RI�WKH�QDWLYH�ODQJXDJH�DQG�SUDFWLFDO�
VNLOOV� RI� WKHLU� XVH� LQ�PRQRORJXH� DQG� GLDORJLFDO� VSHHFK�� GHYHORSPHQW� RI� FRJQLWLYH�
DELOLWLHV�DQG�DFWLYLW\�RI�VWXGHQWV��FUHDWLYH�LQLWLDWLYH��LQGHSHQGHQFH��7KH�PRUSKRORJLFDO�
H[HUFLVHV� IRU� LQGHSHQGHQW�DFWLYLWLHV�SURSRVHG� LQ�WKH�VWXG\�DUH� LQWHQGHG� WR�GUDZ� WKH�
DWWHQWLRQ�RI�OHDUQHUV�WR�WKH�XVH�RI�OLQJXLVWLF�XQLWV�LQ�WKH�VHQVH�LQ�ZKLFK�LW�LV�SUHVHQWHG�
LQ�WKH�FRQWH[W�RI�WKH�ZRUN��WR�WKH�OH[LFDO�DQG�PRUSKRORJLFDO�H[SUHVVLYHQHVV�RI�ZRUGV��
WKHLU�ILJXUDWLYH�PHDQLQJV��WR�WKH�UHODWLRQVKLS�RI�OH[LFDO�DQG�JUDPPDWLFDO�PHDQLQJV�RI�
ZRUGV�RI�FHUWDLQ�SDUWV�RI�VSHHFK�

$FNQRZOHGJHPHQWV
7KH�ZRUN� LV� SHUIRUPHG� DFFRUGLQJ� WR� WKH�5XVVLDQ�*RYHUQPHQW�3URJUDP�RI�

&RPSHWLWLYH�*URZWK�RI�.D]DQ�)HGHUDO�8QLYHUVLW\�

5HIHUHQFHV
$]LPRY��(��*���	�6KFKXNLQ��$��1����������1HZ�GLFWLRQDU\�RI�PHWKRGRORJLFDO�WHUPV�

DQG�FRQFHSWV �7KHRU\�DQG�SUDFWLFH�RI�ODQJXDJH�OHDUQLQJ�� 0RVFRZ��,1.$5�
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%D\DW��0��� 7DZRRVL��0���	�0DKRR]L��0�� �������� &RQWHQWXDO� VWXG\� EHWZHHQ�$PLU�
.KRVURZ�'HKODYL
V� .KDPVH� DQG�1H]DPL�*DQMDYL
V� .KDPVH��8&7�-RXUQDO� RI�
6RFLDO�6FLHQFHV�DQG�+XPDQLWLHV�5HVHDUFK�����������

%LFHU��$���3HULKDQ��&���	�/HH��<����������7KH�LPSDFW�RI�ZULWLQJ�SUDFWLFHV�RQ�VWXGHQWV¶�
0DWKHPDWLFDO� DWWDLQPHQW�� ,QWHUQDWLRQDO� (OHFWURQLF� -RXUQDO� RI� 0DWKHPDWLFV�
(GXFDWLRQ������������������KWWSV���GRL�RUJ����������LHMPH�����

+RUODFKHU��5����������6FKRROLQJ�DV�D�PHDQV�RI�SRSXODU�HGXFDWLRQ��3HVWDOR]]L
V�PHWKRG�
DV�D�SRSXODU�HGXFDWLRQ�H[SHULPHQW��3HGDJRJLFD�+LVWRULFD��������± ���

+XVQXWGLQRY��'��+���$NDOLQ� 6��+���*LQL\DWXOOLQD��/��0���	�6DJGLHYD��5��.� ��������
/LQJXLVWLF�PHDQV�RI�H[SUHVVLRQ�LQ�SURYHUEV�RI�7DWDU��5XVVLDQ��7XUNLVK��$675$�
6$/9(16,6� ��������
.KDIL]RYD��5��=���1XULHYD��)��6���<XVXSRY��$��)���	�(NED��=��1����������&DVH�
V\VWHP�RI�7DWDU�ODQJXDJH�LQ�V\QFKURQLF�DQG�GLDFKURQLF�DVSHFWV� 0RGHUQ�-RXUQDO�
RI�/DQJXDJH�7HDFKLQJ�0HWKRGV� ���������������

0DNKPXWRY��0��,����������7KH�GHYHORSPHQW�RI�FRJQLWLYH�DFWLYLW\�DQG�LQGHSHQGHQFH�RI�
VWXGHQWV�EDVHG�RQ�WKH�FRQQHFWLRQ�RI�OHDUQLQJ�ZLWK�OLIH��.D]DQ�

2UORY��9��1����������$FWLYLW\�DQG�LQGHSHQGHQFH�RI�VWXGHQWV��/RJRV�
6KDNLURYD��'��6K���=DPDOHWGLQRY��5��5���	�<XVXSRY��$��)�� ��������7DWDU�ODQJXDJH�

WHVWLQJ�� 5HTXLUHPHQW�� VWUXFWXUH� DQG� DVVHVVPHQW� �(OHPHQWDU\� OHYHO��� 0RGHUQ�
-RXUQDO�RI�/DQJXDJH�7HDFKLQJ�0HWKRGV���������������

6LEJDHYD��)��5���+XVQXWGLQRY��'��+���6DJGLHYD��5��.���6D\IXOLQD��)��6���*DUHHYD��5��
5���	�*DOLXOOLQ��5��5����������)RUZDUG�PRWLRQ�YHUEV��,VVXHV�RI�VWXG\LQJ�YHUEDO�
VHPDQWLFV� LQ� PXOWLVWUXFWXUDO� ODQJXDJHV�� ,QWHUQDWLRQDO� -RXUQDO� RI� 0HFKDQLFDO�
(QJLQHHULQJ�DQG�7HFKQRORJ\���������������

<DQJ�� :�� �������� $ERXW� VXEVWDQWLYL]DWLRQ� DQG� UHODWHG� VHPDQWLF� SKHQRPHQD��
ɉɪɟɩɨɞɚɜɚɬɟɥɶ ;;, ɜɟɤ���������������

=KDURYD��/��9����������7HDFKLQJ�LQGHSHQGHQFH��0RVFRZ��(QOLJKWHQPHQW��


