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(GXFDWLRQDO 5RERWLFV�WR�GHYHORS�H[HFXWLYH�
IXQFWLRQV�YLVXDO�VSDWLDO�DELOLWLHV��SODQQLQJ�

DQG�SUREOHP�VROYLQJ�

)LOLSSR�/$�3$*/,$D��� 0DULD�0DUJKHULWD�)5$1&20$12E��*LXVHSSH�5,9$&��G DQG�
'DQLHOH�/$�%$5%(5$D

D�'HSDUWPHQW�RI�([SHULPHQWDO�%LRPHGLFLQH�DQG�&OLQLFDO�1HXURVFLHQFH��8QLYHUVLW\�RI�
3DOHUPR��,WDO\

E 6HFRQGDU\�6FKRRO��$QWRQLQR�3HFRUDUR��RI�3DOHUPR��,WDO\
F$SSOLHG�7HFKQRORJ\�IRU�1HXUR�3V\FKRORJ\�/DE��,VWLWXWR�$X[RORJLFR�,WDOLDQR��

0LODQ��,WDO\
G 'HSDUWPHQW�RI�3V\FKRORJ\��8QLYHUVLWj�&DWWROLFD�GHO�6DFUR�&XRUH��0LODQ��,WDO\

$EVWUDFW� (GXFDWLRQDO� URERWLFV LV�DQ� LQQRYDWLYH� OHDUQLQJ� WRRO� WKDW�RIIHUV� VWXGHQWV�
WKH� RSSRUWXQLWLHV� WR� GHYHORS� KLJKHU�RUGHU� WKLQNLQJ� VNLOOV�� 7KLV� UHVHDUFK� DLPV� WR�
YHULI\� WKH� HIIHFWLYHQHVV� RI� HGXFDWLRQDO� URERWLFV RQ� WKH� PHQWDO� SURFHVVHV RI�
SODQQLQJ� DQG� SUREOHP� VROYLQJ�� 5RERWLFV� HGXFDWLRQ LQYROYHG� LQ� D� FXUULFXODU�
ODERUDWRU\�����PHHWLQJV��WZR�KRXUV�HDFK��RQFH�D�ZHHN��ZLWK����FKLOGUHQ��DWWHQGLQJ�
WKHLU� ILIWK� \HDU� DW� SULPDU\� VFKRRO�� 7KH� SURSRVHG� PHWKRGRORJ\� ZDV� GLYLGHG� LQWR
WKUHH�SKDVHV��3UH�WHVW��3UDFWLFH�DQG�3RVW�7HVW��7KH�PDLQ�¿QGLQJ�ZDV�D�VLJQL¿FDQW�
LPSURYHPHQW� LQ� YLVXR�VSDWLDO� DWWHQWLRQ� DQG� D� VLJQL¿FDQW� HIIHFW� RQ� URERW�
SURJUDPPLQJ� VNLOOV�� 7KHVH� GDWD� SURYLGH� VFLHQWL¿F� VXSSRUW� WR� WKH� K\SRWKHVLV� WKDW�
URERWLFV�DFWLYLWLHV�DUH�VXLWDEOH�LQ�SURJUHVVLYHO\�LPSURYLQJ�DELOLWLHV�LQ�SODQQLQJ�DQG�
FRQWUROOLQJ�FRPSOH[�WDVNV�LQ�FKLOGUHQ��IRVWHULQJ�H[HFXWLYH�IXQFWLRQV�GHYHORSPHQW�

.H\ZRUGV� (GXFDWLRQDO� 5RERWLFV�� 0HWDFRJQLWLRQ� /HDUQLQJ�� 3UREOHP� VROYLQJ��
1HZ�7HFKQRORJ\�

�� ,QWURGXFWLRQ

7KLV� ZRUN� SUHVHQWV� DQG� GLVFXVVHV� D� VSHFLILF GLGDFWLF� DSSURDFK� WR� VXSSRUW� WKH�
GHYHORSPHQW� RI� YLVXDO� VSDWLDO� DWWHQWLRQ�� SODQQLQJ� DQG� SUREOHP� VROYLQJ� VNLOOV� LQ�
DFWLYLWLHV� RI� HGXFDWLRQDO� URERWLFV� (GXFDWLRQDO� URERWLFV� �(5�� DUH EHLQJ� LQWURGXFHG� LQ�
PDQ\� VFKRROV� DV� DQ� LQQRYDWLYH� OHDUQLQJ� HQYLURQPHQW� WKDW� RIIHUV� VWXGHQWV� WKH�
RSSRUWXQLWLHV� WR�GHYHORS KLJKHU�RUGHU� WKLQNLQJ�VNLOOV�DQG�DELOLWLHV�� DQG� VROYH�FRPSOH[�
SUREOHPV� >�@�� ,W LV� D� SRZHUIXO� DQG� IOH[LEOH� WHDFKLQJ� DQG� OHDUQLQJ� WRRO�ZKLFK� HQJDJHV�
VWXGHQWV� LQ� DFWLYLWLHV� RI� URERW� FRQVWUXFWLRQ� DQG� FRQWURO� XVLQJ� VSHFLILF� SURJUDPPLQJ�

� &RUUHVSRQGLQJ�$XWKRU��)LOLSSR�/D�3DJOLD��'LSDUWLPHQWR�GL�%LRPHGLFLQD�6SHULPHQWDOH�H�1HXURVFLHQ]H�
&OLQLFKH��8QLYHUVLWj�GL�3DOHUPR��,WDO\��(�PDLO��ILOLSSRODSDJOLD#JPDLO�FRP��ILOLSSR�ODSDJOLD#XQLSD�LW
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WRROV� >�@�� ,Q� D� W\SLFDO� (5� DFWLYLW\�� VWXGHQWV� ZRUN� LQ� JURXSV� WR� DGGUHVV� FRPSOH[�
SUREOHPV�� 7KURXJK� LWHUDWLYH� GHVLJQ� DQG� WHVWLQJ�� VWXGHQWV� JHW� LPPHGLDWH� IHHGEDFN� RQ�
WKHLU�DFWLRQV�DQG�OHDUQ�KRZ�WR�GHDO�ZLWK�FKDOOHQJLQJ�VLWXDWLRQV�LQ�D�UHDO�ZRUOG�FRQWH[W�

5HFHQW� VWXGLHV� VXJJHVW� WKH� (5� DV� DQ� LQQRYDWLYH� PRGHO� RI� HPSRZHUPHQW� RI� WKH�
WUDQVYHUVDO� VNLOOV� VXFK� DV� UHDVRQLQJ�� SUREOHP� VROYLQJ >���@�� PHWDFRJQLWLRQ >���@��
SURJUDPPLQJ� >����@� DQG� FROODERUDWLRQ >��@� 3URJUDPPLQJ� WKH� DFWLRQV� RI� D� URERW� WR�
PDNH� LW� DFKLHYH� DQ� REMHFWLYH�� UHTXLUHV WKH� DELOLW\ WR� DQWLFLSDWH� WKH� DFWLRQ� PHQWDOO\��
VHOHFW�WKH�DSSURSULDWH�SURFHGXUH� DQG XSGDWH�LW�FRQWLQXRXVO\��7KH�SURJUDPPLQJ�RI�VPDOO�
PRELOH�DXWRQRPRXV� URERWV� LQWR� WKH�SK\VLFDO� HQYLURQPHQW� UHTXLUHV�SODQQLQJ��SUHFLVLRQ�
LQ�WKH�XVH�RI�ODQJXDJH��WKH�JHQHUDWLRQ�DQG�WHVWLQJ�RI�K\SRWKHVHV��WKH�DELOLW\�WR�LGHQWLI\�
DFWLRQ�VHTXHQFHV�DQG�D�YDULHW\�RI�RWKHU�VNLOOV� WKDW�VHHP�WR�UHIOHFW�ZKDW� WKLQNLQJ� LV�DOO�
DERXW�� )XUWKHUPRUH� ZRUNLQJ� ZLWK� SURJUDPPDEOH� URERWV� DOORZV� FKLOGUHQ� WR WHVW� WKH�
URERWV¶� DFWLRQV� LQ� WKH� UHDO� HQYLURQPHQW� ZLWK� DOO� LWV� YDULDEOHV�� VXFK� DV� WKH�
LQGHWHUPLQDFLHV� DQG� WKH� W\SLFDO� XQFHUWDLQWLHV� RI� WKH� HQYLURQPHQW� �GLIIHUHQW� IURP� WKH�
VLPXODWLRQ� LQ� YLUWXDO� FRQWH[WV� ZKHUH� HYHU\WKLQJ� LV� VWLOO� SUHGHILQHG�� DQG� WKHLU� RZQ�
UHDVRQLQJ� VWUDWHJLHV�� 7KH� IHHGEDFNV� �SRVLWLYH� DQG� QHJDWLYH�� SURYLGHG� E\� WKH�
URERW�HQYLURQPHQW� LQWHUDFWLRQ� UHTXLUH� D� FRQWLQXRXV� UHYLVLRQ� RI� WKH� SURJUDPPLQJ�
DOJRULWKPV�>��@�

,Q�RUGHU�WR�FUHDWH�D�VXFFHVVIXO�SURJUDP��FKLOGUHQ�PXVW�XVH�SURFHGXUDO�WKLQNLQJ�DQG�
XQGHUVWDQG�WKH�ORJLF�RI�LQVWUXFWLRQV��:KHQ�FUHDWLQJ�D�SURJUDP��FKLOGUHQ�DUH�WKLQNLQJ�LQ�
WHUPV�RI�QH[W��EHIRUH��DQG�XQWLO� ZKLFK�DUH�DOO�FRPSRQHQWV�RI�VHTXHQFLQJ²LQ�SDUWLFXODU��
WHPSRUDO�VHTXHQFLQJ�>�@��*LYHQ�WKHVH�FKDUDFWHULVWLFV��WKH�URERWLFV�DFWLYLWLHV�FDQ HQKDQFH�
PHQWDO� SURFHVVHV� WKDW� EHORQJ� WR� WKH� FRJQLWLYH� GRPDLQ� RI� WKH� ([HFXWLYH� )XQFWLRQV��
SUREOHP� VROYLQJ�� SODQQLQJ�� ZRUNLQJ� PHPRU\�� LQKLELWLRQ�� PHQWDO� IOH[LELOLW\�� LQLWLDWLRQ�
DQG� PRQLWRULQJ� RI� DFWLRQV� ([HFXWLYH� IXQFWLRQV� UHIHU� WR� D� IDPLO\� RI� DGDSWLYH�� JRDO�
GLUHFWHG��WRS�GRZQ�PHQWDO�SURFHVVHV�QHHGHG�ZKHQ�\RX�KDYH�WR�IRFXV�DQG�SD\�DWWHQWLRQ�
DQG ZKHQ� DQ� DXWRPDWLF� UHVSRQVH� ZRXOG� EH� LQVXI¿FLHQW >�����@�� ([HFXWLYH� IXQFWLRQV�
PDNH� ³PHQWDOO\� SOD\LQJ� ZLWK� LGHDV�� WDNLQJ� WKH� WLPH� WR� WKLQN� EHIRUH� DFWLQJ�� PHHWLQJ�
QRYHO�� XQDQWLFLSDWHG� FKDOOHQJHV�� UHVLVWLQJ� WHPSWDWLRQV�� DQG� VWD\LQJ� IRFXVHG´ SRVVLEOH
>��@�

7KLV� UHVHDUFK� DLPV� WR� YHULI\� WKH� HIIHFWLYHQHVV� RI� HGXFDWLRQDO� URERWLFV RQ� WKH�
H[HFXWLYH� IXQFWLRQV� DQG� LQ� SDUWLFXODU� RQ� WKH�PHQWDO� SURFHVV� RI� YLVXR�PRWRU� SODQQLQJ��
DWWHQWLRQ�VNLOOV� DQG SODQQLQJ�DQG�SUREOHP�VROYLQJ�

)RU WKLV�SXUSRVH��ZH�LPSOHPHQWHG�D VDPSOH�RI�VWXGHQWV�DWWHQGLQJ�WKHLU�ILIWK�\HDU�DW�
SULPDU\�VFKRRO�LQYROYHG�LQ�D�URERWLFV�ODERUDWRU\�

��0HWKRGV

���� 3DUWLFLSDQWV

7KH� VDPSOH� FRQVLVWHG� RI� WKLUW\� KHDOWK\� FKLOGUHQ�� DWWHQGLQJ� WKHLU� ILIWK� \HDU� DW� SULPDU\�
VFKRRO�RI�3DOHUPR �,WDO\���3DUWLFLSDQWV�ZHUH� UDQGRPO\ DVVLJQHG� WR� WKH�FRQWURO�DQG� WKH�
H[SHULPHQWDO� JURXS�� HDFK� FRPSRVHG� RI� ILIWHHQ� VXEMHFWV� ��� PDOHV� DQG� �� IHPDOHV�� ���
\HDUV��

&KLOGUHQ� RI� WKH� H[SHULPHQWDO� JURXS� IROORZHG� WKH� /(*2� URERWLFV� ODERUDWRU\�
GHVFULEHG�EHORZ��&KLOGUHQ�RI�WKH�FRQWURO�JURXS�IROORZHG�WKH�UHJXODU�VFKRRO�DFWLYLWLHV�
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VROYLQJ

7DEOH����6DPSOH�FKDUDFWHULVWLFV

([SHULPHQWDO�JURXS &RQWURO�JURXS

Q� �� Q� ��

$JH��0HDQ���6'� ���� ���� ���� ����

*HQGHU��0��)� �� � �� �

���� ,QVWUXPHQWV�DQG�SURFHGXUH

7KH�FKLOGUHQ�RI� WKH�H[SHULPHQWDO�JURXS�ZHUH�GLYLGHG� LQWR�VPDOO�JURXSV��WKUHH�RU� IRXU�
FKLOGUHQ�SHU�JURXS��DQG�HDFK�ZDV�SURYLGHG�ZLWK�D�URERWLF�NLW�WKDW LQYROYHG�D�FXUULFXODU�
ODERUDWRU\�EDVHG�RQ�URERWLFV�DFWLYLWLHV�����PHHWLQJV��WZR�KRXUV�HDFK��RQFH�D�ZHHN���7KH�
SDUWLFLSDQWV� KDG� WR� EXLOG� D� URERW� ERG\� DQG� VXEVHTXHQWO\� SODQ� DQG� SURJUDP� GLIIHUHQW�
EHKDYLRUDO�UHSHUWRLUH��

)RU�WKH�LQWHUYHQWLRQ� ZH�XVHG�/(*2�0LQGVWRUPV�(9��DQG�DVVHPEOHG�WKH�URERW DV�
D� VPDOO� YHKLFOH�� HTXLSSHG� ZLWK� PRWRU�� XOWUDVRQLF� VHQVRUV� DW� WKH� IURQW�� RQH� SRLQWHG�
VWUDLJKW� DKHDG�� DQG� DQ /('� FRORU� OLJKW� PRXQWHG� RQ� WRS�� /(*2� 0LQGVWRUPV� LV� D�
SURJUDPPDEOH�URERWLF�NLW�UHOHDVHG�E\�/HJR��7KLV�URERW�LV�ORZ�FRVW��PRGXODU��KDV�D�XVHU�
IULHQGO\�LQWHUIDFH��DQG�DOVR�WKH�URERW�FRQILJXUDWLRQ�FDQ�JUDGXDOO\�HYROYH��)LUVW��FKLOGUHQ�
IDPLOLDUL]HG�WKHPVHOYHV ZLWK�URERWLFV�DUWLIDFWV DQG�WKH�KDUGZDUH�DQG�VRIWZDUH�HOHPHQWV�
RI� WKH� NLW�� 'XULQJ� WKHVH� VHVVLRQV�� WKH� URERWLFV NLWV� ZHUH� LQWURGXFHG� WR� WKH� FKLOGUHQ��
H[SODLQLQJ�SURJUDPPLQJ�FKDUDFWHULVWLFV�DQG�PDLQ�FRPPDQGV��6XFFHVVLYHO\��WKH\�EXLOW�D�
VPDOO�PRELOH� URERW�� IROORZLQJ� WKH� LQVWUXFWLRQ� SURYLGHG� E\� WKH� /(*2� PDQXDO�� $IWHU�
EXLOGLQJ� WKHLU� URERW�� FKLOGUHQ�ZHUH WUDLQHG�ZLWK�/(*2�SURJUDPPLQJ� LQWHUIDFH��7KHQ�
DOO�WKH�VWXGHQWV�ZHUH�JLYHQ�SURJUDPPLQJ�WDVNV�KDYLQJ�DQ�LQFUHDVLQJ�OHYHO�RI�GLIILFXOW\�
PHDVXUHG� E\� WKH� QXPEHU� RI� FRPPDQGV� QHFHVVDU\� IRU SURJUDPPLQJ� WKH� URERW��
,QFUHPHQWDOO\� PRUH� GLI¿FXOW� DFWLYLWLHV� ZHUH� SURSRVHG� DOORZLQJ� WKH� FKLOGUHQ� WR�
JUDGXDOO\� DFKLHYH� D� JUHDWHU� FRPSHWHQFH�� ZLWK� DQ� DSSURDFK� EDVHG� RQ� WKH� ³HUURU�OHVV�
OHDUQLQJ´�PHWKRG��(DFK�RI�WKH�WDVNV�SURYLGHG�RSSRUWXQLWLHV�IRU�VXEMHFW�WR�SURJUDP�DQG�
REVHUYH� WKH� URERWLF� WR\ DQG� WR� UHIOHFW� RQ� WKH� WR\¶V� PRYHPHQW�� 2QH� RI� WKH� PRVW�
LPSRUWDQW� WDVNV�RI� WKH� URERW� LV� WKH�DELOLW\�RI�FROOHFWLQJ�GDWD�DERXW� WKH�HQYLURQPHQW� LQ�
ZKLFK� LW� LV� ORFDWHG� WKURXJK� GLIIHUHQW� VHQVRUV�� ,QWHUDFWLQJ� ZLWK� WKH� HQYLURQPHQW� WKH�
URERWV� FDQ�EH� LQ� D�SRVLWLRQ� WR� VLPXOWDQHRXVO\�GHWHFW� DQG�SURFHVV� LQIRUPDWLRQ� FRPLQJ�
IURP�GLIIHUHQW�VRXUFHV��VXFK�DV�D�OLJKW�VHQVRU�DQG�D�FRQWDFW�VHQVRU��7KHQ��ZRUNLQJ�ZLWK�
SURJUDPPDEOH� URERWV� DOORZV� FKLOGUHQ� WR� WHVW� WKH� URERWV¶� DFWLRQV� LQ� WKH� SK\VLFDO�
HQYLURQPHQW� ZLWK� DOO� LWV� YDULDEOHV�� VXFK� DV� WKH� LQGHWHUPLQDFLHV� DQG� WKH� W\SLFDO�
XQFHUWDLQWLHV� RI� WKH� HQYLURQPHQW� �GLIIHUHQW� IURP� WKH� VLPXODWLRQ� LQ� YLUWXDO� FRQWH[WV�
ZKHUH� HYHU\WKLQJ� LV� VWLOO� SUHGHILQHG�� DQG� WR� WHVW� WKHLU� RZQ� UHDVRQLQJ� VWUDWHJLHV�� 7KH�
IHHGEDFNV� �SRVLWLYH� DQG� QHJDWLYH�� SURYLGHG� E\� WKH� URERW�� HQYLURQPHQW� LQWHUDFWLRQ�
UHTXLUH�D�FRQWLQXRXV�UHYLVLRQ�RI�WKH�SURJUDPPLQJ�DOJRULWKPV�

7KH� G\QDPLF� DFWLRQV� RI� WKH� WR\� FUHDWHG� D� ³VKDUHG� PRPHQW´� ZKLFK� ZDV� KLJKO\�
YLVXDO� DQG� LQ� WXUQ� SURYLGHG� RSSRUWXQLWLHV� IRU� VKDUHG� DWWHQWLRQ� DQG� JURXS� ZRUN��
3URJUDPPLQJ� URERW� DFWLRQV� UHTXLUHV�� IRU� HDFK� VWHS��PHQWDO� DQWLFLSDWLRQ� RI� WKH� DFWLRQ��
VHOHFWLRQ� RI� WKH� DSSURSULDWH� URERW� FRPPDQG� DQG� FRQWLQXRXV� XSGDWLQJ� RI� WKH�
SURJUDPPLQJ� LQ� RUGHU� WR� REWDLQ� WKH� JRDO�� 7KH� HPSKDVLV� GXULQJ� WKH� SUREOHP�VROYLQJ�
H[HUFLVHV�LV�WKH�DQDO\VLV�RI�WKH�SUREOHP��QRW�WKH�JHQHUDWLRQ�RI�FRGH�



)��/D�3DJOLD��(GXFDWLRQDO�5RERWLFV�WR�GHYHORS�H[HFXWLYH�IXQFWLRQV YLVXDO�VSDWLDO�DELOLWLHV��SODQQLQJ�DQG�SUREOHP�VROYLQJ� ��

���� $VVHVVLQJ�FRJQLWLYH�DELOLWLHV

7KH� SURSRVHG�PHWKRGRORJ\�ZDV� GLYLGHG� LQ� WKUHH� SKDVHV�� 3UH�WHVW�� 3UDFWLFH� DQG� 3RVW�
7HVW�

'XULQJ� WKH� SUH�SRVW�WHVW� SKDVHV� WKH� FRJQLWLYH� DQG� H[HFXWLYH� IXQFWLRQV� ZHUH�
PHDVXUHG� XVLQJ� WKH� IROORZLQJ� WHVWV�� )URQWDO� $VVHVVPHQW� %DWWHU\� �)$%��� UHGXFHG�
YHUVLRQ� WKDW� LQFOXGHV�RQO\� WKUHH� VXEWHVWV >��@� WR� LQYHVWLJDWH�PHQWDO� IOH[LELOLW\��PRWRU�
SODQQLQJ� DQG� H[HFXWLYH� FRQWURO� 0RWRU� SODQQLQJ� DQG� H[HFXWLYH� DFWLRQ� FRQWURO� ZHUH�
H[SORUHG�E\�PHDQV�RI�/XULD¶V�PRWRU�WDVNV��,Q�WKH�³FRQWUDVW´�WDVN��H[SORULQJ�WKH�DELOLW\�
WR� SUHYHQW� LQWHUIHUHQFH� HIIHFWV�� VXEMHFWV� KDG� WR� SHUIRUP� DQ� DFWLRQ� RSSRVLWH� WR� WKDW�
SHUIRUPHG� E\� WKH� H[DPLQHU�� UHIUDLQLQJ� IURP� WKH� WHQGHQF\� WR� LPLWDWH� WKH� H[DPLQHU¶V�
DFWLRQ��,QKLELWLRQ�RI�FRQWURO�ZDV�HYDOXDWHG�E\�D�³*R�1R�*R´�WDVN��6FRUHV�UDQJHG�IURP�
���QR�FRUUHFW�UHVSRQVHV��WR����DOO�FRUUHFW�UHVSRQVHV��IRU�HDFK�VXEWHVW��7KH�RYHUDOO�VFRUH�
ZDV�WKH�VXP�RI�WKH�WKUHH�VXEWHVW�VFRUHV��UDQJH��������

7KH�7UDLO�0DNLQJ�7HVW��707��)RUPV�$��%�DQG�%�$���YHUVLRQ�IRU�FKLOGUHQ�XQGHU����
>��@��DVVHVVHG DWWHQWLRQDO�VNLOOV��YLVXR�PRWRU�SODQQLQJ��VXVWDLQHG�DWWHQWLRQ�DQG�ZRUNLQJ�
PHPRU\��7KLV�YHUVLRQ�KDV�WKH�VDPH�FKDUDFWHULVWLFV�DV�WKDW�RI�DGXOWV��DQG�RQO\�GLIIHUV�LQ�
WKH�QXPEHU�RI�VWLPXOL�SUHVHQWHG��7KH����QXPEHUV�LQ�SDUW�$�DUH�UHGXFHG�WR�����DQG�WKH�
���QXPEHUV�DQG����OHWWHUV�LQ�SDUW�%�DUH�UHSODFHG�E\���DQG���HOHPHQWV�UHVSHFWLYHO\��

7RZHU�RI�/RQGRQ��7R/��>��@ IRU�WKH�FDSDFLW\�RI�SODQQLQJ�DQG�SUREOHP�VROYLQJ��7KH�
7RZHU�RI�/RQGRQ� WHVW� LV�ZLGHO\�XVHG� IRU�PHDVXULQJ�SODQQLQJ�DQG�DVSHFWV�RI�SUREOHP�
VROYLQJ�LQ�QHXUR� SV\FKRORJLFDO�SDWLHQWV�DQG�QRUPDO�SRSXODWLRQV��3DUWLFLSDQWV�DUH�DVNHG�
WR�SUHSODQ�PHQWDOO\�D�VHTXHQFH�RI�PRYHV�WR�PDWFK�D�VWDUW�VHW�RI�GLVFV�WR�D�JRDO��DQG�WKHQ�
WR�H[HFXWH�WKH�PRYHV�RQH�E\�RQH��7KH�PHQWDO�SUHSODQQLQJ�VWDJH�KDV�EHHQ�LGHQWLILHG�DV�
FULWLFDO�WR�HIILFLHQW�SHUIRUPDQFH�

$OO�WKH�WHVW�ZHUH�DGPLQLVWHUHG�WR�SDUWLFLSDQWV�E\�D�WHDP�RI�WUDLQHG�SV\FKRORJLVWV�LQ�
D�FODVVURRP�VHWWLQJ�

���� (GXFDWLRQDO�URERW�DFWLYLWLHV

,Q� OLQH� ZLWK� D� FRQVROLGDWHG� PHWKRGRORJ\ >���@�� HDFK� JURXS� SHUIRUPHG� GLIIHUHQW�
SURJUDPPLQJ�WDVN�KDYLQJ�DQ�LQFUHDVLQJ�OHYHO�RI�GLIILFXOW\�

)LUVW��WKH\�ZHUH�LQYLWHG�WR�FUHDWH�D�QDUUDWLYH�VFHQDULR�IRU�WKH�URERW�EHKDYLRU�DQG�WR�
EXLOG�D�SK\VLFDO�HQYLURQPHQW��L�H�� WKH�DUHQD�RU�FLW\�PDS��XVLQJ�SDVWHERDUG��FRORUV�DQG�
RWKHU�PDWHULDOV��$IWHU��URERW�SURJUDPPLQJ�ZDV SURSRVHG��DVNLQJ�WKH�FKLOG�WR�PRYH�WKH�
URERW�WR�UHDFK�D�VSHFL¿F�JRDO��

7KH�VWHSV�RI�SURJUDPPLQJ�DQG�WKH�OHQJWK�RI�SDWK�ZHUH�SURJUHVVLYHO\�LQFUHPHQWHG��
UHTXLULQJ�WKH�FKLOG�WR�GLVSOD\�D�PRUH�FRPSOH[�DELOLW\�WR�SODQ�DQG�WR�YLVXR�VSDWLDO�XSGDWH�

6SHFLILFDOO\��WKH�VXEMHFWV�ZHUH�UHTXHVWHG�WR�SHUIRUP�WKH�IROORZLQJ�WDVNV�
x %XLOG�DQG�SURJUDP�D�URERW�DEOH�WR�PRYH�DORQJ�D�OLQHDU�URXWH�
x 3URJUDP�WKH�URERW�DEOH�WR�PRYH�DQG�GHVFULEH�D�JHRPHWULF�ILJXUH�DV�D�VTXDUH�
x 3URJUDP� WKH� PRWRUV� DQG� WKH� FRORU� GHWHFWLRQ� VHQVRU� &UHDWH� DQG� SURJUDP� D�

URERW�DEOH�WR�PRYH�DQG�FKDQJH�WUDMHFWRU\�LI�WKHUH LV�D�UHG�OLQH�DORQJ�LWV�URXWH�
x 3URJUDP� WKH� PRWRUV�� WKH� FRORU� GHWHFWLRQ� VHQVRU� DQG� WKH� XOWUDVRQLF� VHQVRU�

&UHDWH� DQG� SURJUDP� D� URERW� DEOH� WR�PRYH� DQG� VKRRW� EDOOV� LI� WKHUH� DQ� REMHFW�
DORQJ�LWV�URXWH�
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$OO� SDUWLFLSDQWV RI� H[SHULPHQWDO� JURXS PDLQWDLQHG� D� KLJK� OHYHO� RI� PRWLYDWLRQ� GXULQJ
ODERUDWRU\ DFWLYLWLHV�SHULRG�

7KH�HIIHFWLYHQHVV�RI�WUHDWPHQW�ZDV�DQDO\]HG�WKURXJK�UHSHDWHG�PHDVXUHV�$129$��
ZLWK� WZR�OHYHOV�RI� WKH�EHWZHHQ�VXEMHFW� IDFWRU� �H[SHULPHQWDO JURXS DQG�FRQWURO�JURXS��
DQG�WZR�OHYHOV�RI�WKH�ZLWKLQ�VXEMHFW�7LPH�IDFWRU��SUH�WHVW�DQG�SRVW�WHVW��

)RU� WKH� XQLYDULDWH� WHVW� WKH� 7LPH� IDFWRU� ZDV VWDWLVWLFDOO\� VLJQLILFDQW� RQ� DOO� WKH�
YDULDEOHV�FRQVLGHUHG��)XUWKHUPRUH��WKH�XQLYDULDWH�WHVWV�VKRZHG�WKDW�WKH�HIIHFW�RI�7LPH�[�
*URXS�LQWHUDFWLRQ�ZDV VWDWLVWLFDOO\�VLJQLILFDQW�RQ�WKH�VFRUHV�RI�707�$��)���� ������ S
� �����ȘS�  �������707�%��)���� ������ S ������ȘS�  � �������7R/��)���� ������ S �
���� ȘS�  � ������DQG�RQ� WKH� UHGXFWLRQ�RI�DWWHPSWV� WR� WKH�7RZHU RI /RQGRQ� WHVW� �)���� �
��������S � �����ȘS� �������

$V�UHSRUWHG�LQ�7DEOH����DIWHU�URERWLFV�DFWLYLWLHV� WKH�H[SHULPHQWDO�JURXS�VKRZHG�D�
VLJQLILFDQW�UHGXFWLRQ�RI H[HFXWLRQ�WLPH�IRU�707�$��)���� ������� S  ������Ș�  ��������
ZKLOH�LW ZDV QRW�VLJQLILFDQW�IRU�707�%��)���� �������S� �Q�V����VXJJHVWLQJ DQ�LPSURYHG�
SHUIRUPDQFH� LQ� WKH� IROORZLQJ DWWHQWLRQDO� VNLOOV�� YLVXR�PRWRU� SODQQLQJ� DQG� VXVWDLQHG�
DWWHQWLRQ�

$W� WKH� )$%� WKH� SHUIRUPDQFH� RI� H[SHULPHQWDO� JURXS� LQFUHDVHG� IURP� SUH�WHVW� WR�
SRVW�WHVW�EHFDXVH�RI�WUHDWPHQW��)���� ������ S ������Ș�  �������

5HJDUGLQJ� WKH�7RZHU RI /RQGRQ�� WKH�GLIIHUHQFH�EHWZHHQ�H[SHULPHQWDO� JURXS�DQG�
FRQWURO�JURXS�ZDV VWDWLVWLFDOO\�VLJQLILFDQW��)���� ������ S ������Ș�  ��������WKH�VXEMHFWV�
RI� WKH� H[SHULPHQWDO� JURXS� LQFUHDVHG� WKHLU� VFRUH� DQG� VKRZHG� LPSURYHPHQW� RQ� WKH�
FDSDFLW\�RI�SODQQLQJ�DQG�SUREOHP�VROYLQJ�

)XUWKHUPRUH�� WKH�H[SHULPHQWDO�JURXS�VKRZHG�D� UHGXFWLRQ�RI�DWWHPSWV� WR FRPSOHWH
WKH�7RZHU�RI�/RQGRQ�WHVW �)���� ������� S �������Ș�  �������

7DEOH��� 5HSHDWHG�0HDVXUHV�$129$�EHWZHHQ�VXEMHFW�DQG�ZLWKLQ�VXEMHFW��EHIRUH�DQG�DIWHU�WUDLQLQJ

([SHULPHQWDO�JURXS &RQWURO�JURXS

3UH�WHVW 3RVW�WHVW 3UH�WHVW 3RVW�WHVW

0 6' 0 6' 0 6' 0 6'

707�$
������ ����� ������ ����� ������ ������ ������ ������

707� %
������ ������ ������ ������ ������ ������ ������ ������
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72/ ������ ����� ������ ����� ������ ����� ������ �����

72/�DWWHPSWV ����� ����� ����� ����� ����� ����� ����� �����

7KH�HVWLPDWHG�PDUJLQDO�PHDQV�VKRZHG�D�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�WKH�WZR
JURXSV�RYHU�DOO�PHDVXUHPHQW�WLPH��ILJXUH����
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)LJ��� (VWLPDWHG�PDUJLQDO�PHDQV�IRU�*URXS
7LPH

�� &RQFOXVLRQV

7KH�UHVXOWV�RI�WKH�SUHVHQW�UHVHDUFK�FRQILUP�WKH�LPSRUWDQFH�RI�XVLQJ�HGXFDWLRQDO�V\VWHPV�
EDVHG�RQ�URERWLFV�WR�HQFRXUDJH�WKH�XVH�RI�VSHFLILF�FRJQLWLYH�DQG�DWWHQWLYH�DELOLWLHV�

7KLV� VWXG\� VXSSRUWV� WKH� K\SRWKHVLV� WKDW� DFWLYLWLHV� RI� (GXFDWLRQDO� 5RERWLFV KDYH�
UHSHUFXVVLRQV�RQ�H[HFXWLYH�IXQFWLRQV�EHFDXVH�WKH\�FDQ�EH�D�YHKLFOH�IRU�WKH�GHYHORSPHQW�
RI�KLJKHU�OHYHO�FRQWURO�FRPSRQHQWV��VXFK�DV�IRUHFDVWLQJ��SODQQLQJ� DQG�SUREOHP�VROYLQJ�
VNLOOV�� ,QGHHG�� WKLV� UHVHDUFK� SURYLGHV� TXDQWLWDWLYH� GDWD� IRU� HYDOXDWLQJ� WKH� HIIHFWV� RI� D�
URERWLFV�ODERUDWRU\ RQ�WUDQVYHUVDO�KLJK�OHYHO�FRJQLWLYH�IXQFWLRQV�LQ�FKLOGUHQ�

,Q� JHQHUDO�� WKH� UHVXOWV� VKRZHG� WKDW� WKH� LQYROYHPHQW� DQG� WKH� LPSURYHPHQW� RI� WKH�
ORJLFDO� UHDVRQLQJ�DELOLW\�DOORZV� VXEMHFWV� WR�DQWLFLSDWH�DQG� WR�SODQ� WKH� VHTXHQFH�RI� WKH�
DFWLRQV�QHHGHG�WR�VROYH�D�SDUWLFXODU�EHKDYLRUDO�WDVN��
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