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$SSOLFDWLRQ�RI�&\WRVFDSH�WR�WKH�$QDO\VLV�RI�'LDJUDPV�RI�
0HFKDQLVPV�8QGHUO\LQJ�3DWLHQW�3UREOHPV�
�
6KDR\X�:DQJ��/DXUD�6XUPRQ��9LFNL�/DQJHQG\N��,PDQ�+HJD]L��7RQ\�6XFFDU��*OHQQ�0DVRQ��:HQG\�+X�
6FKRRO�RI�0HGLFLQH��8QLYHUVLW\�RI�:HVWHUQ�6\GQH\�
�

,Q�SUREOHP�EDVHG�OHDUQLQJ��3%/��WXWRULDOV�LQ�D�PHGLFDO�FRQWH[W��VWXGHQWV�VROYH�DXWKHQWLF�SDWLHQW�
SUREOHPV�ZLWK�WKH�HGXFDWLRQDO�DLP�WR�GHYHORS�WKHLU�UHDVRQLQJ�FDSDFLW\��$�NH\�DFWLYLW\�WR�IDFLOLWDWH�
GHYHORSPHQW�RI�WKHLU�UHDVRQLQJ�FDSDFLW\�LQ�D�WXWRULDO�LV�WKH�FRQVWUXFWLRQ�RI�GLDJUDPV�RI�PHFKDQLVPV�WKDW�
H[SODLQ�SDWLHQW�SUREOHPV��7KHVH�GLDJUDPV�DUH�QHWZRUNV�RI�GLVFUHWH�HOHPHQWV��VXFK�DV�KHDGDFKH��RI�
SDWLHQW�SUREOHPV��$QDO\VLV�RI�WKHVH�GLDJUDPV�PD\�\LHOG�LQVLJKWV�LQWR�VWXGHQWV¶�UHDVRQLQJ�VW\OHV��7R�
DFKLHYH�WKLV�DLP��ZH�HPSOR\HG�DQ�DSSOLFDWLRQ�FDOOHG�&\WRVFDSH��ZKLFK�LV�FDSDEOH�RI�YLVXDOLVLQJ�DQG�
DQDO\VLQJ�QHWZRUNV��WR�VWXG\�WKHVH�GLDJUDPV��,Q�WKLV�SUHOLPLQDU\�VWXG\��ZH�VKRZHG�WKDW�&\WRVFDSH�FDQ�
EH�XVHG�WR�DQDO\]H�WKHVH�GLDJUDPV�RI�PHFKDQLVPV�SURGXFHG�LQ�3%/�WXWRULDOV��:H�IRXQG�WKDW�VWXGHQWV�
WHQG�WR�UHDVRQ�LQ�D�KLHUDUFKLFDO�PDQQHU��3DUDPHWHUV�DUH�DOVR�GHILQHG�WKDW�FDQ�EH�XVHG�WR�LGHQWLI\�
LQFRUUHFW�DQG�PLVVLQJ�OLQNV�LQ�WKHLU�UHDVRQLQJ�SURFHVVHV��
�
.H\�ZRUGV��3UREOHP�EDVHG�OHDUQLQJ��'LDJUDP�RI�0HFKDQLVPV��&\WRVFDSH��0HGLFLQH��5HDVRQLQJ�
DQG�+LJKHU�(GXFDWLRQ�

�
,QWURGXFWLRQ�
�
7KH�H[SORVLRQ�RI�PHGLFDO�LQIRUPDWLRQ�IXHOOHG�E\�WKH�,QWHUQHW�DQG�WKH�GLJLWDO�UHYROXWLRQ�LV�FKDOOHQJLQJ�WKH�ILHOG�RI�
PHGLFDO�HGXFDWLRQ���0HGLFDO�VWXGHQWV�DQG�PHGLFDO�SUDFWLWLRQHUV�IDFH�WKH�FKDOOHQJH�RI�EHLQJ�DEOH�WR�FULWLFDOO\�
DSSUDLVH��DVVLPLODWH�DQG�DSSO\�YDOLG�DQG�UHOHYDQW�NQRZOHGJH�WR�VROYH�SDWLHQW�SUREOHPV��3UREOHP�EDVHG�OHDUQLQJ�
�3%/��LV�DQ�LPSRUWDQW�HGXFDWLRQDO�DSSURDFK�DQG�SKLORVRSK\�DLPHG�DW�GHYHORSLQJ�WKHVH�FDSDFLWLHV��
�
$�FRUH�HGXFDWLRQDO�REMHFWLYH�RI�3%/�LV�WR�HPSRZHU�VWXGHQWV�ZLWK�WKH�VNLOOV�RI�EDVLF�FOLQLFDO�UHDVRQLQJ��
FRRSHUDWLYH�OHDUQLQJ�DQG�LQWHJUDWLRQ�RI�NQRZOHGJH�RI�YDULRXV�SHUVSHFWLYHV�RI�SDWLHQW�SUREOHPV��%DUURZV�	�
7DPEO\Q��������1RUPDQ�	�6FKPLGW���������,Q�3%/�VHVVLRQV��VWXGHQWV�FRQVWUXFW�GLDJUDPV�RI�PHFKDQLVPV�WR�
KROLVWLFDOO\�UHIOHFW�WKH�FDXVHV�RI�DQG�SDWKRSK\VLRORJLFDO�SURFHVVHV�XQGHUO\LQJ�SDWLHQW�FOLQLFDO�VLJQV�DQG�
V\PSWRPV��LQFRUSRUDWLQJ�UHOHYDQW�SV\FKRVRFLDO�LVVXHV��*XHUUHUR��������DQG�NQRZOHGJH�IURP�GLIIHUHQW�
GLVFLSOLQHV��VXFK�DV�DQDWRP\��SK\VLRORJ\�DQG�SDWKRORJ\��'HYHORSLQJ�WKHVH�GLDJUDPV�LV�D�FKDOOHQJLQJ�WDVN�DV�WKLV�
UHTXLUHV�FRPSHWHQW�FULWLFDO�UHDVRQLQJ�VNLOOV��&URVNHUU\���������7KH�VWXGHQW�FRQVWUXFWHG�GLDJUDPV��HVSHFLDOO\�
GXULQJ�LQLWLDO�ZHHNV�RI�HQWHULQJ�PHGLFDO�VFKRROV��DUH�PRVW�OLNHO\�VLPSOH��LQFRPSOHWH�DQG�HYHQ�LQFRUUHFW�LQ�
FHUWDLQ�VLWXDWLRQV��$QDO\VLV�RI�WKHVH�GLDJUDPV�VKRXOG�SURYLGH�LQVLJKWV�LQWR�WKH�SURFHVVHV�RI�FOLQLFDO�UHDVRQLQJ�
DQG�KRZ�WKH\�FDQ�EH�FDSWXUHG�LQ�WKH�GLDJUDPV��DQG�PD\�DOVR�\LHOG�LQIRUPDWLRQ�IRU�JXLGLQJ�VWXGHQWV�WR�GHYHORS�
UHDVRQLQJ�VNLOOV�WKURXJK�FRQVWUXFWLQJ�WKHVH�GLDJUDPV���
�
7KH�GLDJUDPV�RI�PHFKDQLVPV�FRQVLVW�RI�GLVFUHWH�HOHPHQWV��VXFK�DV�SDWKRSK\VLRORJLFDO�SURFHVVHV��H�J��
GHK\GUDWLRQ��DQG�V\PSWRPV��H�J��KHDGDFKH���OLQNHG�DV�D�QHWZRUN��)LJXUH�����$QDO\VLV�RI�WKHVH�GLDJUDPV�XVLQJ�
VRIWZDUH�IRU�YLVXDOL]LQJ�QHWZRUNV�FRXOG�KHOS�LQ�H[WUDFWLQJ�XVHIXO�LQIRUPDWLRQ�WKDW�PLJKW�EH�RWKHUZLVH�KLGGHQ�LQ�
WKH�GLDJUDPV��&\WRVFDSH�LV�DQ�RSHQ�VRXUFH�QHWZRUN�YLVXDOL]DWLRQ�DQG�DQDO\VLV�VRIWZDUH��6PRRW��2QR��
5XVFKHLQVNL��:DQJ��	�,GHNHU��������DQG�LV�ZHOO�PDLQWDLQHG��E\�HGXFDWLRQDO�DQG�LQGXVWU\�RUJDQL]DWLRQV�
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LQFOXGLQJ�$JLOHQW�7HFKQRORJLHV��2XU�RZQ�H[SHULHQFH�ZLWK�WKLV�VRIWZDUH�LQ�D�ELRPHGLFDO�GRPDLQ�LV�YHU\�SRVLWLYH�
�:DQJ����������
�
,Q�WKLV�SUHOLPLQDU\�VWXG\��RXU�DLP�ZDV�WR�XQFRYHU�VWXGHQWV¶�UHDVRQLQJ�VW\OHV�E\�DQDO\]LQJ�YDULRXV�DWWULEXWHV�RI�
WKHVH�GLDJUDPV�RI�PHFKDQLVPV�ZLWK�WKH�DLG�RI�WKH�&\WRVFDSH��
�
6XPPDU\�RI�ZRUN�
�
3%/�LV�LPSOHPHQWHG�LQ�D�PHWURSROLWDQ�$XVWUDOLD�0HGLFDO�6FKRRO�IRU�ERWK�<HDU���DQG���VWXGHQW�JURXSV��ZLWK����
JURXSV�LQ�WRWDO��(DFK�JURXS�LV�FRPSRVHG�RI���������VWXGHQWV�DQG�WKH\�ZRUN�WKURXJK�RQH�FDVH�HDFK�ZHHN��(DFK�
FDVH�XVXDOO\�VWDUWV�RII�ZLWK�SDWLHQW�V\PSWRPV��IROORZHG�ZLWK�KLVWRU\��FOLQLFDO�H[DPLQDWLRQ�DQG�FRPSOHWHG�ZLWK�
SDWLHQW�PDQDJHPHQW��6WXGHQW�JURXSV�DUH�HQFRXUDJHG�WR�FRQVWUXFW�GLDJUDPV�RI�PHFKDQLVPV�E\�GUDZLQJ�RQ�D�
ZKLWH�ERDUG��IDFLOLWDWHG�E\�WXWRUV��7KHVH�GLDJUDPV�ZHUH�WKHQ�SKRWRJUDSKHG�IRU�DQDO\VLV�XVLQJ�&\WRVFDSH�����
�)LJXUH�����7KXV�IDU�ILIWHHQ�RI�VXFK�GLDJUDPV�KDYH�EHHQ�DQDO\]HG�DQG�PRUH�ZLOO�EH�H[DPLQHG�DV�ZH�JDWKHU�PRUH�
RI�WKHVH�GLDJUDPV��$QDO\VLV�RI�WKHVH�GLDJUDPV�GHPRQVWUDWHG�WKDW�WKH\�DUH�VLPLODU�LQ�WHUPV�RI�WKH�FDSWXUH�RI�PDLQ�
SDWKRSK\VLRORJLFDO�SURFHVVHV�DQG�GLIIHUHQW�LQ�WHUPV�RI�WKH�RUJDQL]DWLRQ�RI�WKHVH�SURFHVVHV��(WKLFV�DSSURYDO�IRU�
WKLV�VWXG\�ZDV�REWDLQHG�IURP�WKH�8:6�+XPDQ�5HVHDUFK�(WKLFV�&RPPLWWHH��DSSURYDO�,'�+��������
�

���� �
�

)LJXUH����3KRWRJUDSKV�RI�RULJLQDO�LPDJHV�RI�GLDJUDPV�RI�PHFKDQLVPV�JHQHUDWHG�E\�3%/�
JURXSV�IRU�WZR�GLIIHUHQW�3%/�FDVHV��

�
:H�K\SRWKHVL]H�WKDW�WKHVH�GLDJUDPV�FRQWDLQ�LQIRUPDWLRQ�RQ�WKH�SDWWHUQV�RI�UHDVRQLQJ�SURFHVVHV��7KHVH�SDWWHUQV�
DUH�UHIOHFWHG�E\�JURXSV¶�XQGHUVWDQGLQJ�RI�SUREOHPV�IURP�YDULRXV�SHUVSHFWLYHV�LQFOXGLQJ�SV\FKRVRFLDO��ELRORJLFDO�
DQG�SDWKRORJLFDO�SHUVSHFWLYHV��DQG�DW�ERG\�RUJDQL]DWLRQDO�OHYHOV�LQFOXGLQJ�PROHFXODU��FHOOXODU��WLVVXH�RUJDQ�DQG�
ERG\�V\VWHPV��:KLOH�D�VXEMHFWLYH�DQG�KROLVWLF�DSSUDLVDO�RI�WKHVH�GLDJUDPV�PD\�\LHOG�VRPH�LQVLJKWV��XVLQJ�
&\WRVFDSH�HQDEOHV�XV�WR�H[WUDFW�DQG�DQDO\]H�LQIRUPDWLRQ�HPEHGGHG�LQ�WKHVH�RULJLQDO�LPDJHV�LQ�D�V\VWHPDWLF�DQG�
HIILFLHQW�PDQQHU��
�
$QDO\VLV�RI�WKH�RYHUDOO�SDWWHUQV�RI�WKH�GLDJUDPV�RI�PHFKDQLVPV�
�
8VLQJ�&\WRVFDSH��ZH�H[SORUHG�WKH�RYHUDOO�SDWWHUQV�RI�WKHVH�GLDJUDPV�DV�VKRZQ�LQ�)LJXUH����7R�IXOO\�XQGHUVWDQG�
WKHVH�SDWWHUQV�DQ�H[SODQDWLRQ�RI�WKH�QHWZRUN�LV�RXWOLQHG�KHUH���(DFK�FLUFOH��RU�QRGH��LQ�WKH�QHWZRUN�UHSUHVHQWV�DQ�
HOHPHQW�ZKLFK�FDQ�EH�D�SDWKRSK\VLRORJLFDO�SURFHVV�FRQFHSW��SDWLHQW¶V�V\PSWRP��VLJQ�RU�LQYHVWLJDWLRQ�ILQGLQJ��
7KH�DUURZ��RU�HGJH��EHWZHHQ�WKHVH�FLUFOHV�JHQHUDOO\�PHDQV�³OHDGV�WR´�RU�³UHVXOWV�LQ´��7KH�DUUDQJHPHQW�RI�WKHVH�
QRGHV�SURYLGHV�FOXHV�IRU�UHDVRQLQJ�SDWWHUQV�H[KLELWHG�E\�VWXGHQWV��,Q�WKLV�SDUWLFXODU�3%/�FDVH��ZH�IRXQG�WKDW�WKH�
RYHUDOO�DUUDQJHPHQW�RI�WKHVH�SURFHVVHV�DQG�FRQFHSWV�LV�D�VLPSOH�VWUXFWXUH�ZLWK�WKH�FDXVDO�SURFHVVHV�GLVSOD\HG�DW�
WKH�WRS��DQG�V\PSWRPV�DQG�VLJQV�WRZDUGV�WKH�ERWWRP��)LJXUH�����7KLV�DUUDQJHPHQW�PD\�UHSUHVHQW�WKH�FDXVH�
HIIHFW�DQG�SURJUHVVLYH�QDWXUH�RI�SDWLHQW�GLVHDVH�SURFHVVHV��WKXV�VXSSRUWLQJ�WKH�KLHUDUFKLFDO�RUJDQL]DWLRQDO�PRGH�
RI�NQRZOHGJH��1RYDN��������LQ�D�SDWLHQW�SUREOHP�FRQWH[W��7KH�UHVXOW�IURP�WKLV�SUHOLPLQDU\�VWXG\�VXJJHVWV�WKDW�
PRUH�SDWWHUQV�PD\�EH�UHYHDOHG�LQ�D�VXEVHTXHQW��H[SDQGHG�VWXG\�RI�WKHVH�GLDJUDPV��
�
�
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)LJXUH����7KH�RYHUDOO�SDWWHUQ�RI�DQ�H[DPSOH�RI�D�GLDJUDP�RI�D�PHFKDQLVP�YLVXDOLVHG��XVLQJ�
&\WRVFDSH������

�
$QDO\VLV�RI�SDUWLFXODU�DWWULEXWHV�RI�GLDJUDPV�RI�PHFKDQLVPV�
�
,Q�DGGLWLRQ�WR�WKH�RYHUDOO�SDWWHUQV��&\WRVFDSH�HQDEOHV�XV�WR�YLVXDOL]H�SDWLHQW�V\PSWRPV��RUJDQL]DWLRQDO�OHYHOV�DW�
ZKLFK�SDUWLFXODU�SURFHVVHV�RSHUDWH��DQG�RUJDQL]DWLRQDO�OHYHO�WUDQVLWLRQ�VWHSV�EHWZHHQ�FDXVDO�SURFHVVHV�DQG�
UHVXOWDQW�SURFHVVHV��)LJXUH�����$QDO\VLV�RI�WKHVH�HOHPHQWV�FRXOG�SURYLGH�FOXHV�WR�VWXGHQWV¶�UHDVRQLQJ�FDSDFLWLHV�
RU�VW\OHV�LQ�WKH�FRQWH[W�RI�UHDO�SDWLHQW�SUREOHPV��,Q�)LJXUH����WKH�SDWLHQW�V\PSWRPV�DUH�KLJKOLJKWHG�DV�KH[DJRQV��
,W�LV�FOHDU�WKDW�PRVW�RI�V\PSWRPV�DUH�WHUPLQDO�QRGHV��L�H��QR�FKLOG�QRGHV�DWWDFKHG�WR�WKHP��7KLV�ILQGLQJ�VXJJHVWV�
WKDW�VWXGHQWV¶�UHDVRQLQJ�ZDV�DLPHG�DW�H[SODLQLQJ�SDWLHQW�V\PSWRPV��7KH�RUJDQL]DWLRQDO�OHYHOV�DW�ZKLFK�SDUWLFXODU�
SURFHVVHV�RSHUDWH�DUH�LQGLFDWHG�E\�WKH�VL]HV�RI�WKH�QRGHV��WKH�ODUJHVW�RQHV�VLJQLI\�WKH�SV\FKRVRFLDO�OHYHOV�VXFK�DV�
WKH�³&RQVXPSWLRQ�RI�DOFRKRO´��VLQJOH�EODFN�DUURZ���7KH�VPDOOHVW�FLUFOHV�UHSUHVHQW�RUJDQL]DWLRQDO�OHYHO�RI�
WLVVXH�RUJDQV�VXFK�DV�³(QODUJHG�EODGGHU��GRXEOH�EODFN�DUURZV��ZKLOH�PLGGOH�VL]HG�FLUFOHV�LQGLFDWH�ERG\�V\VWHP�
OHYHO�VXFK�DV�³,PSDLUHG�V\PSDWKHWLF�DFWLYLW\´��VLQJOH�ZKLWH�DUURZ���7KLV�H[DPSOH�GHPRQVWUDWHV�WKDW�WKH�VWXGHQWV�
DUH�DEOH�WR�FOHDUO\�FRPELQH�SV\FKRVRFLDO�LVVXHV�ZLWK�SDWKRSK\VLRORJLFDO�SURFHVVHV�DW�D�V\VWHP�DQG�RUJDQ��WLVVXH�
OHYHO��+RZHYHU��QR�FHOOXODU�DQG�PROHFXODU�SURFHVVHV�ZHUH�FRQVLGHUHG�LQ�WKLV�FDVH��7KLV�PD\�EH�WKH�UHIOHFWLRQ�RI�
WKH�QDWXUH�RI�WKLV�SDUWLFXODU�SDWLHQW�SUREOHP��WKH�KLJK�OHYHO�UHDVRQLQJ�SURFHVVHV�GLVSOD\HG�E\�WKH�VWXGHQWV��ODFN�RI�
NQRZOHGJH�DW�WKHVH�OHYHOV�RU�FRPELQDWLRQ�RI�WKHVH��
�
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�
)LJXUH����7KH�YLVXDOL]DWLRQ�RI�WKH�SDWLHQW�V\PSWRPV��KH[DJRQ���RUJDQLVDWLRQDO�OHYHOV��VL]H�RI�
WKH�FLUFOHV��DW�ZKLFK�SDUWLFXODU�SURFHVVHV�RSHUDWH��DQG�RUJDQLVDWLRQDO�OHYHO�WUDQVLWLRQ�VWHSV�

�HGJH�VW\OHV��EHWZHHQ�FDXVDO�SURFHVVHV�DQG�UHVXOWDQW�SURFHVVHV�XVLQJ�&\WRVFDSH�����
�
,Q�DGGLWLRQ�WR�WKH�SURFHVV�DQG�FRQFHSW��QRGHV���WKH�OLQNDJHV�EHWZHHQ�WKHP��HGJHV��FDQ�DOVR�EH�XVHG�WR�UHSUHVHQW�
LQIRUPDWLRQ�YLVXDOO\��7KH�]LJ]DJ�OLQHV��GRXEOH�ZKLWH�DUURZV��GHPRQVWUDWH�WKDW�DQ�RUJDQL]DWLRQ�OHYHO�LV�VNLSSHG�
IURP�RQH�SURFHVV�WR�DQRWKHU��)RU�H[DPSOH��IURP�³5LVN�WDNLQJ�EHKDYLRU��VZLQJLQJ�RQ�URSH����ZKLFK�LV�DW�D�
SV\FKRVRFLDO�OHYHO�WR�WKH�³+HDG�LQMXU\´�±�ZKLFK�LV�DW�DQ�RUJDQ�OHYHO��WKH�ERG\�V\VWHP�OHYHO�ZDV�VNLSSHG��$GGLQJ�
D�PLGGOH�SURFHVV�RI�³SDWLHQW�KLWWLQJ�RQ�SK\VLFDO�REMHFW�V�´��QRZ�LW�UHDGV�DV�³5LVN�WDNLQJ�EHKDYLRXUV��VZLQJLQJ�RQ�
URSH��ĺ�³3DWLHQW�KLWWLQJ�WR�SK\VLFDO�REMHFW�V�´�ĺ�³+HDG�LQMXU\´��7KH�UHDVRQLQJ�SURFHVV�LV�QRZ�PRUH�FRPSOHWH�
DQG�ORJLFDO��7KLV�DQDO\VLV�VXJJHVWV�WKDW�VNLSSLQJ�RQH�RU�PRUH�RUJDQL]DWLRQ�OHYHOV�DV�KLJKOLJKWHG�LQ�WKH�JUDSK�FDQ�
EH�D�XVHIXO�ZD\�WR�SLQSRLQW�SRVVLEOH�LQDSSURSULDWH�DQG�PLVVLQJ�OLQNV�LQ�VWXGHQWV¶�UHDVRQLQJ�SURFHVVHV��$FFRUGLQJ�
WR�0DUFXP��GXDO�SURFHVVHV�RFFXU�LQ�WKH�FOLQLFDO�UHDVRQLQJ�±�D�QRQ�DQDO\WLFDO�DQG�DQ�DQDO\WLFDO�SURFHVV�LQWHJUDWHG�
ZLWK�PHWDFRJQLWLRQ�SURFHVVHV��0DUFXP���������,W�LV�VXJJHVWHG�IURP�WKH�DQDO\VHV�WKDW�VWXGHQWV�JURXSV�KDYH�UHOLHG�
RQ�KHDYLO\�RQ�WKH�DQDO\WLFDO�SURFHVV�LQ�WKH�3%/�VHWWLQJV��SHUKDSV�GXH�WR�WKH�IDFW�WKDW�WKH\�ODFN�FOLQLFDO�
H[SHULHQFHV��
�
7DNLQJ�DOO�WKHVH�UHVXOWV�WRJHWKHU��LW�LV�VXJJHVWHG�WKDW�WZR�W\SHV�RI�LQWHJUDWLRQV�RFFXU�LQ�3%/�PHFKDQLVPV��L���
KRUL]RQWDO�LQWHJUDWLRQ�WKDW�FRPELQHV�D�SV\FKRVRFLDO�SHUVSHFWLYH�ZLWK�D�SDWKRSK\VLRORJLFDO�RQH�RI�SDWLHQW�
SUREOHPV��LL���YHUWLFDO�LQWHJUDWLRQ�WKDW�FRQVLGHUV�SDWLHQW�SUREOHPV�DW�DOO�OHYHOV�RI�ERG\�RUJDQL]DWLRQ��7KHVH�
ILQGLQJV�GHPRQVWUDWH�WKDW�WKH�3%/�HGXFDWLRQDO�DSSURDFK�LV�JHDUHG�WRZDUGV�WKH�PRGHO�RI�ELRSV\FKRVRFLDO�
PHGLFLQH��1RYDFN�HW�DO���������DQG�GHHS�OHDUQLQJ��7KH�SDUDPHWHUV�GHILQLQJ�WKHVH�WZR�GLPHQVLRQV�RI�LQWHJUDWLRQ�
DUH�VXPPDUL]HG�LQ�7DEOH����7KH�VLJQLILFDQFH�RI�WKHVH�SDUDPHWHUV�LV�WKDW�WKH\�FDQ�EH�XVHG�IRU�JXLGLQJ�VWXGHQWV�WR�
FRQVWUXFW�ORJLFDO�PHFKDQLVPV��OHDGLQJ�WR�PHDQLQJIXO�OHDUQLQJ��
�

7DEOH����3DUDPHWHUV�XVHIXO�IRU�DQDO\VLQJ�WKH�GLDJUDPV�RI�PHFKDQLVPV�LQFRUSRUDWLQJ�
SV\FKRVRFLDO�LVVXHV��

�
2YHUDOO�SDWWHUQ� 7KH�RYHUDOO�VWUXFWXUDO�SDWWHUQV�RI�WKH�PHFKDQLVPV�LQFOXGLQJ�KLHUDUFKLFDO�DQG�SRVVLEO\�RWKHUV��
� 1DWXUH�RI�WKH�SURFHVVHV�FRQFHSW��L�H��FDXVDWLYH�SURFHVVHV��V\PSWRPV��VLJQV�DQG�LQYHVWLJDWLRQ�



��WK�DVFLOLWH�&RQIHUHQFH������3URFHHGLQJV� 3DJH�����

3DUWLFXODU�
DWWULEXWHV�

ILQGLQJV��
%RG\�RUJDQL]DWLRQDO�OHYHOV�UHSUHVHQWHG�E\�WKH�SURFHVVHV�FRQFHSWV�IURP�PROHFXODU��FHOOXODU�WR�
ERG\�V\VWHP�OHYHOV�DQG�SV\FKRVRFLDO�OHYHO��
2UJDQL]DWLRQDO�OHYHO�WUDQVLWLRQ�EHWZHHQ�FDXVDO�SURFHVVHV�DQG�UHVXOWDQW�SURFHVVHV��

&RQFOXVLRQ�

x7KLV� SUHOLPLQDU\� VWXG\� VKRZV� WKDW� &\WRVFDSH� FDQ� EH� XVHG� WR� YLVXDOL]H� DQG� DQDO\]H� WKH� GLDJUDPV� RI
PHFKDQLVPV�SURGXFHG�LQ�3%/�WXWRULDOV�
x$�KLHUDUFKLFDO�SDWWHUQ�IRU�RUJDQL]LQJ�GLIIHUHQW�DVSHFWV�RI�SDWHQW�SUREOHPV�LV�XVHG�E\�VWXGHQWV��0RUH�SDWWHUQV
PD\�EH�GLVFRYHUHG�LQ�D�IXUWKHU�H[SDQGHG�VWXG\��7KHVH�SDWWHUQV�UHIOHFW�WKH�WKLQNLQJ�VW\OHV�RI�3%/�JURXSV�

x:H� GHILQHG� SDUDPHWHUV� IRU� ORRNLQJ� LQWR� WKHVH� GLDJUDPV� RI� PHFKDQLVPV� �7DEOH� ���� 7KH\� FDQ� EH� XVHG� IRU
JXLGLQJ�VWXGHQWV�WR�GHYHORS�PRUH�PHDQLQJIXO�GLDJUDPV�RI�PHFKDQLVPV
x7KHVH�LQLWLDO�ILQGLQJV�ZDUUDQW�IXWXUH�ZRUN�DLPHG�DW�IXUWKHU�DQDO\VLV�RI�WKHVH�GLDJUDPV�RI�PHFKDQLVPV�
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