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$XJPHQWHG�5HDOLW\�LQ�+LJKHU�(GXFDWLRQ��$Q�$FWLYH�/HDUQLQJ�$SSURDFK�IRU�D�

&RXUVH�LQ�$XGLRYLVXDO�3URGXFWLRQ�

*HUJDQD�/LOOLJUHHQ��6DVFKD�.HXFKHO�DQG�$OH[DQGHU�:LHEHO 

5HVHDUFK�*URXS�8VHU�([SHULHQFH�	�9LVXDOL]DWLRQ��+RFKVFKXOH�:RUPV�8QLYHUVLW\�RI�$SSOLHG�6FLHQFHV 

&RUUHVSRQGLQJ�DXWKRUV��OLOOLJUHHQ#KV�ZRUPV�GH�DQG�ZLHEHO#KV�ZRUPV�GH 

�

.H\ZRUGV��$XJPHQWHG�UHDOLW\��$FWLYH�OHDUQLQJ��$XGLRYLVXDO�SURGXFWLRQ� 

$XJPHQWHG� UHDOLW\� �$5���DV�D� IXWXUH�RULHQWHG� WHFKQRORJ\�� LV�RI�JURZLQJ� LQWHUHVW� LQ� UHFHQW� WLPHV�� ,W� LV�

OLVWHG�E\�*DUWQHU�QRW�RQO\�DV�D�JHQHUDO�WHFKQRORJ\�WUHQG��EXW�DOVR�DV�DQ�LPSRUWDQW�IXWXUH�SHUVSHFWLYH�LQ�

WKH�ILHOG�RI�HGXFDWLRQ�DQG�DV�D�WHFKQRORJ\�´RQ�WKH�ULVHµ��*DUWQHU��������� 

$OWKRXJK�WKH�WHFKQRORJLFDO�SDUW�LV�YHU\�LPSRUWDQW�IRU�WKH�GHYHORSPHQW�RI�HGXFDWLRQDO�DXJPHQWHG�UHDOLW\�

DSSOLFDWLRQV�� �LQQRYDWLRQV� LQ�GLJLWDO� WHDFKLQJ�DUH�QRW� MXVW� WHFKQLFDO� LQQRYDWLRQV�EXW� UDWKHU�DFDGHPLF��

FXUULFXODU��RUJDQL]DWLRQDO�DQG�VWUXFWXUDO���+RFKVFKXOIRUXP�'LJLWDOLVLHUXQJ���������7KHUHIRUH��LQ�WKLV�SDSHU�

ZH�H[DPLQH�WKH�FRPELQDWLRQ�RI�VXLWDEOH�GLGDFWLF�PHWKRGV�DQG�LQQRYDWLYH�WHFKQRORJLHV��LQ�SDUWLFXODU�RI�

DXJPHQWHG�UHDOLW\��LQ�DQ�DXGLRYLVXDO�SURGXFWLRQ�FRXUVH��� 

7KH�JRDO�RI�WKH�SUHVHQWHG�GLGDFWLFDO�FRQFHSW�DQG�LWV�FRUUHVSRQGLQJ�$5�DSSOLFDWLRQ�LV�WR�VROYH�SUREOHPV��

LGHQWLILHG�LQ�RXU�FDVH�VWXG\��D�XQLYHUVLW\�OHYHO�FRXUVH�LQ�DXGLRYLVXDO�SURGXFWLRQ��DQG�DW�WKH�VDPH�WLPH�WR�

LQWHJUDWH�WKH�DGYDQWDJHV�RI�DXJPHQWHG�UHDOLW\�WHFKQRORJ\�LQ�WKH�GHYHORSHG�DSSOLFDWLRQ�DQG�WHDFKLQJ�

VFHQDULR��:H�SUHVHQW�ZKLFK�WDVNV�DQG�PHWKRGV�DUH�XVHIXO�LQ�FRPELQDWLRQ�ZLWK�DXJPHQWHG�UHDOLW\�DQG�

GLVFXVV�REWDLQHG�UHVXOWV�DQG�IXWXUH�LVVXHV�� 

'HILQLWLRQV�DQG�7KHRUHWLFDO�)XQGDPHQWDOV� 

$FFRUGLQJ�WR�$]XPD��WKUHH�FRQGLWLRQV�PXVW�EH�PHW�LQ�DXJPHQWHG�UHDOLW\��WKH�UHDO�HQYLURQPHQW�PXVW�EH�

FRPELQHG�ZLWK�YLUWXDO�REMHFWV��WKHUH�PXVW�EH�LQWHUDFWLRQ�LQ�UHDO�WLPH��DQG�UHJLVWUDWLRQ�LQ��'��$]XPD��

������� 

7KHUH�DUH�D�ORW�RI�GLIIHUHQW�FKDUDFWHULVWLFV�IRU�WKH�DFWLYH�OHDUQLQJ�DSSURDFK��$V�VDLG�E\�%RQZHOO��DFWLYH�

OHDUQLQJ� ´LQYROYHV� VWXGHQWV� LQ�GRLQJ� WKLQJV�DQG� WKLQNLQJ�DERXW� WKH� WKLQJV� WKH\�DUH�GRLQJµ� �%RQZHOO��

�������6WXGHQWV�PXVW�GR�PRUH�WKDQ�MXVW�OLVWHQ�DQG�WKH\�VKRXOG�EH�HQJDJHG�LQ�DFWLYLWLHV��,Q�RXU�DSSURDFK��

DXJPHQWHG�UHDOLW\�WHFKQRORJ\�LV�XVHG�WR�HQFRXUDJH�WKH�DFWLYH�SDUWLFLSDWLRQ�RI�WKH�VWXGHQWV�� 

�

5HODWHG�:RUN��

7KH�FRPELQDWLRQ�RI�DXJPHQWHG�UHDOLW\�DQG�GLGDFWLF�VFHQDULRV�LQ�KLJKHU�HGXFDWLRQ�KDV�EHHQ�HYDOXDWHG�

E\�GLIIHUHQW�UHVHDUFKHUV��,Q�WKLV�VHFWLRQ�VRPH�H[DPSOHV�DUH�GHVFULEHG��)HKOLQJ�GLVFXVVHV�VRFLDO�OHDUQLQJ��

PRELOH�OHDUQLQJ�DQG�DXJPHQWHG�OHDUQLQJ��FRPELQHG�ZLWK�VSHFLILF�WHDFKLQJ�OHDUQLQJ�IRUPV�DQG�GLGDFWLF�

FRQFHSWV�� DOWKRXJK� QRW� DW� D� XQLYHUVLW\� EXW� DW� SURIHVVLRQDO� VFKRRO�WUDLQHH� SURJUDP� �)HKOLQJ�� �������

7HFKQRORJLFDOO\��WKH\�XVH�VPDUWSKRQHV�DQG�WDEOHWV��ZKLFK�GR�QRW�IXOO\�H[SORLW�WKH�EHQHÀWV�RI�FXUUHQW�$5�

GHYLFHV�� 
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&RQVLGHULQJ�RXU�FDVH�VWXG\�²�DXGLRYLVXDO�SURGXFWLRQ�²�WKHUH�DUH�PRELOH�DSSV�IRU�ÀOP�SODQQLQJ�OLNH�6KRW�

'HVLJQHU�IRU�VKRWOLVW�FUHDWLRQ��VWRU\ERDUG�LQWHJUDWLRQ�DQG�FDPHUD�GLDJUDPV��+ROO\ZRRG�&DPHUD�:RUN��

�������+RZHYHU��WKHVH�DSSOLFDWLRQV�GHYHORSHG�IRU�ÀOPPDNHUV�DUH�RIWHQ�LQWHQGHG�IRU�LQGLYLGXDO�ZRUN�DQG�

DUH�XQVXLWDEOH�IRU�WKH�JURXS�ZRUN�GHVLUHG�LQ�D�WHDFKLQJ�OHDUQLQJ�VLWXDWLRQ��$PRQJ�+ROR/HQV�DSSV��WKHUH�

DUH� DOVR� DSSOLFDWLRQV� WKDW� PDNH� VFHQH� GHVLJQ� RU� SODQQLQJ� SRVVLEOH�� 3URMHFW� $XUD� �/DE��� ������� IRU�

H[DPSOH��RIIHUV�WKH�PDQLSXODWLRQ�DQG�VWRUDJH�RI��'�REMHFWV��EXW�WKLV�KDV�QR�UHIHUHQFH�WR�WHDFKLQJ�DQG�

OHDUQLQJ��$�VXLWDEOH�GLGDFWLF�FRQFHSW�WKHUHIRUH�GRHV�QRW�H[LVW�IRU�WKHVH�DSSOLFDWLRQV�DQG�WKH�XVDJH�RI�

DXJPHQWHG�UHDOLW\�LQ�WKLV�ÀHOG�RI�HGXFDWLRQ�LV��DFFRUGLQJ�WR�RXU�LQYHVWLJDWLRQV��QRW��FRPSOHWHO\��VWXGLHG�� 

$XJPHQWHG�5HDOLW\�LQ�+LJKHU�(GXFDWLRQ� 

:LWK� WKH�SRSXODULW\�RI�PRELOH�GHYLFHV� �VPDUWSKRQHV�� WDEOHWV�� HWF���� WKH�XVH�RI�$5�DV� H�OHDUQLQJ�DQG�

PRELOH�OHDUQLQJ�WHFKQRORJ\�KDV�DOVR�EHHQ�VSUHDGLQJ��+RZHYHU��ERWK�WKH�XVH�RI�$5�LQ�WHDFKLQJ�DQG�WKH�

GHYHORSPHQW�RI�DSSURSULDWH�GLGDFWLF�DSSURDFKHV�LV�ODUJHO\�OLPLWHG�WR�$5�DV�D�FRPELQDWLRQ�RI�WKH�FDPHUD�

LPDJH�RI�WKH�KDQG�KHOG�PRELOH�GHYLFH�ZLWK�DGGLWLRQDO�LQIRUPDWLRQ�RU�LQWHUDFWLRQ�SRVVLELOLWLHV�DGGHG�WR�

WKH�LPDJH��)LW]*HUDOG���������,Q�VRPH�VWXGLHV��$5�ZLWK�D�FRPSXWHU��LQ�FRPELQDWLRQ�ZLWK�FDPHUDV�DQG�

PDUNHUV��LV�DOVR�LPSOHPHQWHG��7KH�XVH�RI�DXJPHQWHG�UHDOLW\�KDV�EHHQ�LQYHVWLJDWHG�LQ�PDQ\�HGXFDWLRQDO�

DUHDV��([DPSOHV�DUH�SK\VLFV�ODERUDWRULHV��$NoD\ÖU��������DQG�FKHPLVWU\��:RMFLHFKRZVNL�������DQG�&DL��

�������0DQ\�RI�WKH�VWXGLHV�VKRZ�VRPH�DGYDQWDJHV�LQ�WKLV�NLQG�RI�XVH��EXW�WHFKQRORJLFDOO\�DQG�GLGDFWLFDOO\�

GR�QRW�H[SORLW�DOO�EHQHÀWV�RI�WKH�FXUUHQW�SRVVLELOLWLHV�RI�$5��5HSODFLQJ�KDQGKHOG�GHYLFHV�DQG�PDUNHUV�

ZLWK� $5� GHYLFHV� OLNH� WKH� +ROR/HQV� JODVVHV� DQG� DSSURSULDWH� WHDFKLQJ�PHWKRGV� FDQ� HOLPLQDWH� VRPH�

VSHFLÀF�GLVDGYDQWDJHV�LQ�WKH�FXUUHQW�VWDWH�RI�WKH�DUW�� 

7KH� XVH� RI� $5� JODVVHV� LV� HVSHFLDOO\� VXLWDEOH� IRU� VHWXSV� LQ� ZKLFK� OHDUQHUV� VKRXOG� SUDFWLFH� DQG�ZRUN�

SUDFWLFDOO\�ZLWK�WKHLU�KDQGV��ZKLFK�ZDV�SUHYLRXVO\�SUREOHPDWLF�ZLWK�WKH�XVH�RI�KDQGKHOG�GHYLFHV��/HDUQHUV�

FDQ�NHHS�DQ�H\H�RQ�WKH�DFWXDO�VXEMHFW�LQ�WKHLU�HQYLURQPHQW�LQVWHDG�RI�À[DWLQJ�WKH�GHYLFH�ZLWK�WKHLU�JD]H��

:LWK�QHZHU�KDUGZDUH��VXFK�DV�$5�JODVVHV��LW�LV�QRW�QHFHVVDU\�WR�EH�FRQQHFWHG�WR�D�FRPSXWHU�E\�FDEOH��

RU�WR�XVH�KDQGKHOG�GHYLFHV�LQ�FRPELQDWLRQ�ZLWK�PDUNHUV��8VHUV�FDQ�PRYH�IUHHO\�DQG�LQWHUDFW�ZLWK�YLUWXDO�

REMHFWV�ZLWKRXW�DGGLWLRQDO�PDUNHUV��)RU�WKH�*HUPDQ�KLJKHU�HGXFDWLRQ�V\VWHP��ZKHUH�RXU�FDVH�VWXG\�LV�

VHW��7KHHV�DQG�.XKQ�GHVFULEH�WKH�XVH�RI�+ROR/HQV�JODVVHV�LQ�SK\VLFV�ODEV��7KHHV���������,Q�WKHLU�H[DPSOH��

KRZHYHU��WKH�SRVVLELOLW\�RI�PRYLQJ�IUHHO\�LQ�VSDFH�LV�QRW�IXOO\�H[SORUHG�� 

7KHUH�LV�DOVR�UHVHDUFK�RQ�WKH�DSSOLFDWLRQ�RI�$5�LQ�DQDWRP\�FODVVHV��1¡UJnUG���������$OWKRXJK�+ROR/HQV�

JODVVHV�ZHUH�XVHG�KHUH��DWWHQWLRQ�ZDV�SDLG�RQO\�WR�WKH�YLVXDOL]DWLRQ�RI�WKH�FRQWHQWV��1HYHUWKHOHVV��LW�LV�

NQRZQ�IURP�WHDFKLQJ�DQG�OHDUQLQJ�UHVHDUFK��WKDW�WKH�PRVW�HIIHFWLYH�ZD\�WR�OHDUQ�LV�WR�EH�DFWLYH�RQHVHOI�

DQG�QRW�RQO\�WR�DFW�DV�D�UHFLSLHQW�RI�FRQWHQW��:DOGKHUU���������7KH�XVH�RI�$5�FUHDWHV�QRW�RQO\�EHWWHU�

VSDWLDO�SRVVLELOLWLHV�IRU�DFWLYHQHVV�RI� WKH�VWXGHQWV��EXW�DOVR�IRU�FRPPXQLFDWLRQ�DQG�LQWHUDFWLRQ� LQ�WKH�

WHDFKLQJ�OHDUQLQJ� VLWXDWLRQ�� 7KLV� DFWLYH� OHDUQLQJ� DSSURDFK� LV� LPSOHPHQWHG� LQ� RXU� ZRUN� WKURXJK� WKH�

DVVLJQPHQW�RI�D�PRUH�DFWLYH�UROH�WR�WKH�VWXGHQWV�E\�XVLQJ�WKH�$5�DSSOLFDWLRQ�DQG�WDVNV�GHYHORSHG�E\�

XV�� 

$NoD\ÖU� OLVWV� LQ� KLV� V\VWHPDWLF� UHYLHZ� SDSHU� D� ORW� RI� DGYDQWDJHV� RI� $5� LQ� HGXFDWLRQ� OLNH�� HQKDQFLQJ�

OHDUQLQJ� DFKLHYHPHQW�� HQKDQFLQJ� OHDUQLQJ� PRWLYDWLRQ�� KHOSV� VWXGHQWV� WR� XQGHUVWDQG�� LQFUHDVHV�

HQMR\PHQW��$NoD\ÖU���������6RPH�VSHFLILF�DVSHFWV�RI�$5�WHFKQRORJ\�DUH�DOVR�PHQWLRQHG��FRPELQLQJ�WKH�

SK\VLFDO�DQG�YLUWXDO�ZRUOGV��HQDEOLQJ�YLVXDOL]DWLRQ�RI�LQYLVLEOH�FRQFHSWV��HYHQWV��DQG�DEVWUDFW�FRQFHSWV��

UHGXFLQJ�ODERUDWRU\�PDWHULDO�FRVW��SURYLGLQJ�LQWHUDFWLRQ�RSSRUWXQLWLHV��VWXGHQW�VWXGHQW���$�ORW�RI�WKHVH�

DGYDQWDJHV�DUH�JLYHQ�DOVR�LQ�95�RU�ZKLOH�XVLQJ�GLIIHUHQW�WHFKQRORJLHV��EXW�WKH�FRPELQDWLRQ�RI�VRPH�RI�

WKHP�LV�RQO\�SRVVLEOH�LQ�$5��� 

,Q�D�UHFHQW�UHYLHZ�RI�$5�LQ�HGXFDWLRQ��+DQWRQR�������� LW� LV�GHVFULEHG�WKDW�PRVW�$5�DSSOLFDWLRQV�RQO\�

GHPRQVWUDWH�WKH�SRVVLELOLWLHV�RI�$5�WHFKQRORJ\��´7KHUH�LV�VWLOO�HQRXJK�KRPHZRUN�WR�EH�FRQVLGHUHG�E\�
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UHVHDUFKHUV�WR�PDNH�$5�WHFKQRORJ\�PRUH�XVHIXO�DQG�HIIHFWLYH�µ�2XU�FRQFHSW�LV�LQWHQGHG�WR�GR�PRUH�

UHVHDUFK�RQ�XVLQJ�$5�IRU�WHDFKLQJ�SXUSRVHV�DQG�FRPELQLQJ�LW�ZLWK�XVHIXO�GLGDFWLF�WRROV�DQG�PHWKRGV��

$GGLWLRQDOO\�� WKH� EHQHÀWV� RI� ZRUNLQJ� LQ� VSDFH� DUH� DSSOLHG� DQG� UHVHDUFKHG� LQ� RXU� FDVH� VWXG\� LQ� DQ�

DXGLRYLVXDO�SURGXFWLRQ�FRXUVH�� 

$FWLYH�/HDUQLQJ�LQ�+LJKHU�(GXFDWLRQ� 

3LUNHU� ������� OLVWV� VHYHUDO� DFWLYH� OHDUQLQJ� IRUPDWV�� XVHG� RU� GHYHORSHG� LQ� GLIIHUHQW� XQLYHUVLWLHV�� SHHU�

LQVWUXFWLRQ��VWXGHQW�FHQWHUHG�DFWLYLWLHV�IRU�ODUJH�HQUROOPHQW�XQGHUJUDGXDWH�FRXUVHV��VWXGLR�SK\VLFV�DQG�

7HFKQRORJ\�(QDEOHG�$FWLYH�/HDUQLQJ��7($/���������7KH�SURMHFW�7($/�FRPELQHV�FROODERUDWLYH�DFWLYLWLHV�

ZLWK�PRGHUQ�WHFKQRORJLHV�VXFK�DV�QHWZRUNHG�ODSWRSV�RU�ZKLWHERDUGV�DQG�ZDV�XVHG�IRU�SK\VLFV�WHDFKLQJ�

DW�0,7��$�ORW�RI�RWKHU�XQLYHUVLWLHV�KDYH�DFWLYH�OHDUQLQJ�FODVVURRPV��$/&��ZKLFK�VXSSRUW�VPDOO�JURXS�ZRUN�

DQG�WKH�XVDJH�RI�WHFKQRORJ\��%DHSOHU���������$OWKRXJK�ZH�GR�QRW�XVH�D�VSHFLDO�$/&��WKH�ODERUDWRU\��LQ�

ZKLFK� WKH� FRXUVH� LQ� DXGLRYLVXDO� SURGXFWLRQ� LV� KHOG�� GRHV� IDFLOLWDWH� JURXS� ZRUN�� $� PRUH� GHWDLOHG�

GHVFULSWLRQ�RI�RXU�VHWWLQJ�LV�JLYHQ�LQ�WKH�QH[W�VHFWLRQ�� 

�

&DVH�6WXG\�$XGLRYLVXDO�3URGXFWLRQ��

,Q�WKLV�SDSHU��ZH�DSSURDFK�RXU�UHVHDUFK�RQ�WKH�XVH�RI�$5�LQ�KLJKHU�HGXFDWLRQ�DV�D�FDVH�VWXG\�LQ�D�FRXUVH�

RQ�DXGLRYLVXDO�SURGXFWLRQ��7KH�FRXUVH�LV�KHOG�DW�D�XQLYHUVLW\�RI�DSSOLHG�VFLHQFHV��7KLV�LPSOLHV�VRPH�RI�

WKH�VHWWLQJ�GHWDLOV�GHVFULEHG�LQ�WKH�IROORZLQJ�� 

0RVW�VWXGHQWV�SDUWLFLSDWLQJ�LQ�WKH�FRXUVH�VSHFLDOL]H�LQ�WKH�ÀHOG�RI�PHGLD�LQIRUPDWLFV��7KH�VL]H�RI�WKH�

JURXS�YDULHV��EXW� LW� LV�DOZD\V�D� VPDOO�JURXS�²�EHWZHHQ����DQG����SDUWLFLSDQWV�� ,Q�RXU�FDVH� VWXG\�� ���

VWXGHQWV�WULHG�WKH�$5�DSSOLFDWLRQ�WKDW�ZH�GHYHORSHG��7KH�$5�VHVVLRQV�WRRN�SODFH�RQ�WKUHH�GLIIHUHQW�GD\V�

GXULQJ�WKH�DXGLRYLVXDO�SURGXFWLRQ�FRXUVH�ZLWK�D�GXUDWLRQ�RI�DERXW�WKUHH�KRXUV�HDFK�GD\��� 

7KH�$5�VXSSRUWHG�SDUWV�RI�WKH�FRXUVH�DUH�VXSHUYLVHG�E\�RQH�OHFWXUHU��ZKR�DOVR�DFWV�DV�D�UHVHDUFKHU��7KH�

DXGLRYLVXDO�SURGXFWLRQ�FRXUVH�LV�RIIHUHG�HYHU\�VHPHVWHU��,W�FRQVLVWV�RI�D�OHFWXUH�DQG�D�ODERUDWRU\��ZKLFK�

WDNH�SODFH�RQ�WKH�VDPH�GD\��7KH�PDLQ�WKHPHV�RI�WKH�FRXUVH�DUH�SODQQLQJ�D�VKRUW�PRYLH��SUH�SURGXFWLRQ���

VKRRWLQJ�D�ÀOP��SULQFLSDO�SKRWRJUDSK\��DQG�SRVW�SURGXFWLRQ��7KH�WRSLF�RI�WKH�ILOP�XVHG�IRU�WKH�H[HUFLVHV�

ZDV�´6WXGHQWV·�RSLQLRQV��WHVWLPRQLDOV��DERXW�WKH�FRPSXWHU�VFLHQFH�EDFKHORU�GHJUHH�SURJUDPµ��,Q�VKRUW�

PRYLHV�WKH�VWXGHQWV�WDON�DERXW�WKHLU�VWXG\�RI�FRPSXWHU�VFLHQFH�DQG�WKHLU�H[SHULHQFHV��7KH�ORFDWLRQ�IRU�

WKH�VKRRWLQJV�ZDV�LQGRRUV��LQ�WKH�ODE��ZKHUH�WKH�OHFWXUH�WDNHV�SODFH�� 

7KH�FRXUVH�WDNHV�SODFH�LQ�D�URRP�VLPLODU�WR�$/&V��ZKLFK�́ ¬W\SLFDOO\�IHDWXUH�WDEOHV�ZLWK�PRYHDEOH�VHDWLQJ�

WKDW�VXSSRUW�VPDOO�JURXS�ZRUN¬µ��%DHSOHU���������,W�LV�SRVVLEOH�WR�PRYH�WKH�WDEOHV�WR�WKH�VLGH�DQG�LQ�WKDW�

ZD\�WR�RIIHU�DQ�RSHQ�VSDFH��ZKLFK�LV�VXLWDEOH�IRU�ZRUNLQJ�LQ�D�JURXS�DQG�ZLWK�$5�JODVVHV��L�H��LQ�RXU�FDVH�

ZLWK�WKH�+ROR/HQV�DV�$5�KDUGZDUH�� 

,QLWLDO�$QDO\VLV�DQG�3UHOLPLQDU\�'HVLJQ�$VVXPSWLRQV� 

,Q� WKH� EHJLQQLQJ� RI� WKH� FDVH� VWXG\�� ZH� DQDO\]HG� ��� VWXGHQWV·� ZRUNV� DQG� ÀOP� SURMHFWV� IURP� WKUHH�

VHPHVWHUV��ILJ���LQ�JUH\���:H�LGHQWLÀHG�D�FRXSOH�RI�SUREOHPV��RQH�RI�WKHP�EHLQJ�WKDW�PRVW�VWXGHQWV�GLG�

QRW�VXEPLW�UHTXHVWHG�SUH�SURGXFWLRQ�GRFXPHQWV� OLNH�VWRU\ERDUGV�� OLJKWLQJ�GLDJUDPV��RU�VFUHHQSOD\V��

+RZHYHU�� OHDUQLQJ� DERXW� SODQQLQJ� DQG�SUH�SURGXFWLRQ� LV� SDUW� RI� WKH�JRDOV� RI� WKH� FRXUVH�� 7KXV��ZH�

IRFXVHG�RQ�KRZ�WR�PDNH�WKLV�SDUW�RI�WKH�OHFWXUH�PRUH�LQWHUHVWLQJ�IRU�WKH�VWXGHQWV�DQG�KRZ�WR�LQFUHDVH�

WKHLU�LQWULQVLF�PRWLYDWLRQ�� 
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5HVHDUFK�RQ�PRWLYDWLRQ�DQG�WKH�VHOI�GHWHUPLQDWLRQ�WKHRU\�RI�5\DQ�DQG�'HFL��5\DQ��������VKRZ�WKUHH�

LPSRUWDQW�QHHGV�WKDW�LQÁXHQFH�WKH�LQWULQVLF�PRWLYDWLRQ�RI�OHDUQHUV��� 

²�FRPSHWHQFH�²�DXWRQRP\�²�UHODWHGQHVV 

7KH�GLGDFWLF�PHWKRGV�DQG�WKH�DXJPHQWHG�UHDOLW\�DSS�GHYHORSHG�LQ�RXU�ZRUN�DLP�DW�VWUHQJWKHQLQJ�WKHVH�

WKUHH�DVSHFWV�� 

)XUWKHUPRUH��PDQ\� VWXGLHV�KDYH� VKRZQ� WKDW� OHDUQLQJ�GRHV�QRW� IXQFWLRQ�DFFRUGLQJ� WR�D� WUDQVPLWWHU�

UHFHLYHU�SULQFLSOH��,W�LV�QRW�OLPLWHG�WR�WKH�PHUH�SHUFHSWLRQ�RI�DQ�LQSXW��VHH�H�J��%öVV�2VWHQGRUI�DQG�6HQIW�

�%|VV�2VWHQGRUI�� ������� +RZHYHU�� WKH� VLWXDWLRQ� LQ� D� OHFWXUH� LV� YHU\� RIWHQ� FKDUDFWHUL]HG� E\� IURQWDO�

WHDFKLQJ��ZKLFK�SODFHV� VWXGHQWV� LQ� D� UDWKHU�SDVVLYH� ´UHFLSLHQWµ� UROH�� ,Q�GLJLWDOO\� VXSSRUWHG�H[HUFLVHV��

VWXGHQWV�DUH�RIWHQ�PRUH�DFWLYH��EXW�WKH\�XVXDOO\�VLW�LQ�IURQW�RI�D�´SHUVRQDO�FRPSXWHUµ��D�ZRUNSODFH�WKDW�

LV�EHVW�VXLWHG�IRU�RQH�SHUVRQ��,Q�WKH�FDVH�VWXG\�SUHVHQWHG�KHUH��WKHVH�IRUPV�RI�WHDFKLQJ�DUH�H[WHQGHG�

E\� WKH� XVH� RI� VSDWLDOO\�DZDUH� DXJPHQWHG� UHDOLW\� DV� DQ� DGGLWLRQDO� LQWHUDFWLRQ�SRVVLELOLW\� LQ� DQ� DFWLYH�

OHDUQLQJ�DSSURDFK��$OVR��FRPSDUHG�WR�YLUWXDO�UHDOLW\��95���WKH�VRFLDO�FRPSHWHQFH�LV�VXSSRUWHG�EHWWHU�LQ�

JURXS�H[HUFLVHV�� H[HFXWHG� LQ� WKH� URRP�ZLWK�$5�� EHFDXVH� WKH� VWXGHQWV� DQG� WHDFKHU� VWLOO� FDQ� VHH� WKH�

HQYLURQPHQW�DQG�HDFK�RWKHU��DQG�WKXV�FRPPXQLFDWH�PRUH�HDVLO\��:LWK�95�WKH�LPPHUVLRQ�LV�ELJJHU�DQG�

WKH�SHUVRQ�LV�PRUH�LVRODWHG�IURP�WKH�UHDO�ZRUOG��� 

7KH�FRXUVHV·�WRSLFV�RI�VWRU\ERDUG��OLJKWLQJ�VHWXS��DQG�IUDPLQJ�FDQ�EHQHÀW�IURP�WKH�VSDWLDO�ZRUN�ZLWK�

$5�JODVVHV��0RUH�GHWDLOHG�LQIRUPDWLRQ�RQ�WKH�H[DFW�ZD\�RI�LPSOHPHQWDWLRQ�LV�JLYHQ�LQ�WKH�QH[W�VHFWLRQ��� 

'HYHORSPHQW�RI�D�'LGDFWLF�6FHQDULR�IRU�D�&RXUVH�LQ�$XGLRYLVXDO�3URGXFWLRQ� 

$Q� RYHUYLHZ� RI� RXU� FRQFHSWXDO� ZRUN� DERXW� HGXFDWLRQDO�PHWKRGV� DQG�PHGLD� LV� JLYHQ� LQ� )LJXUH� ����

6WDUWLQJ� ZLWK� SUH�DQDO\VLV� DQG� WKH� LGHQWLÀHG� SUREOHPV� ZH� GHFLGHG� VWHS�ZLVH� KRZ� WR� LQWHJUDWH�

DXJPHQWHG�UHDOLW\�LQ�DQ�DFWLYH�OHDUQLQJ�DSSURDFK�DQG�ZKLFK�WRSLFV�DUH�EHVW�VXLWHG�IRU�WKH�WHFKQRORJ\�

DQG�IRU�VROYLQJ�SUREOHPV�� 

 

)LJXUH�����'HYHORSPHQW�RI�WKH�HGXFDWLRQDO�FRQFHSW�IRU�WKH�FRXUVH�LQ�DXGLRYLVXDO�SURGXFWLRQ�ZLWK�WKH�

XVH�RI�DXJPHQWHG�UHDOLW\�DQG�DFWLYH�OHDUQLQJ�PHWKRGV�

$QDO\]LQJ�DQG�HYDOXDWLQJ�WKH�WHVW�SKDVHV�LQ�WKH�FRXUVH�JLYH�XV�KLQWV�RQ�KRZ�WR�DGMXVW�WKH�PL[�RI�WHDFKLQJ�

PHWKRGV� �DFWLYH� IRUPDWV�� WUDGLWLRQDO�IURQWDO��� WRSLFV� DQG�PHGLD� �$5� DSSOLFDWLRQ�� SUHVHQWDWLRQ� VOLGHV��

YLGHRV���)RU�H[DPSOH��LQ�D�YHU\�HDUO\��VKRUW��WHVW�LQ�WKH�FRXUVH�ODVW�\HDU�ZH�H[SODLQHG�WKH�XVDJH�RI�WKH�

+ROR/HQV�JODVVHV��JHVWXUH��JD]H��VSHHFK��DQG�WKH�XVDJH�RI�RXU�DSSOLFDWLRQ�LQ�RQH�VWHS��7KLV�ZDV�D�OLWWOH�
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ELW�FRQIXVLQJ�IRU�WKH�VWXGHQWV��7KHUHIRUH��IRU�RXU�QH[W��WKH�DFWXDO��WHVW�ZH�PRGLÀHG�WKH�VFHQDULR�DQG�

VHSDUDWHG�WKH�LQWURGXFWLRQ�RI�WKH�+ROR/HQV�IURP�WKH�LQWURGXFWLRQ�RI�RXU�DSSOLFDWLRQ��VWHS���LQ�)LJXUH�

����LQ�WZR�VHVVLRQV�RQ�WZR�GLIIHUHQW�GD\V�� 

)RU�WKH�ÀUVW�XVDJH�RI�WKH�DSS�WKH�WHDFKHU�DSSOLHV�WKH�SUREOHP�UHYHUVDO�PHWKRG��:DOGKHUU����������VWHS�

�� LQ� )LJXUH� ����� 7KH� VWXGHQWV� KDYH� WR� EXLOG� D� ´ZURQJµ� VWRU\ERDUG� �� D� JLYHQ� VFUHHQSOD\� VKRXOG� EH�

WUDQVIRUPHG�LQWR�D�VWRU\ERDUG��ZKLFK�GRHV�QRW�ÀW�WKH�VWRU\�RU�KDV�ZURQJ�IUDPLQJ��7KLV�PHWKRG�LV�XVHG�

EHFDXVH�WKH�DSSOLFDWLRQ�DQG�WKH�XVDJH�RI�JHVWXUHV�LV�QHZ�WR�WKH�VWXGHQWV��,Q�WKLV�ÀUVW�WDVN�WKH\�VKRXOG�

FRQFHQWUDWH�PRUH�RQ�WKH�QHZ�LQWHUDFWLRQ�SRVVLELOLWLHV�DQG�KDYH�IXQ�GRLQJ�́ SLFWXUHVµ�ZLWK�WKH�DSSOLFDWLRQ��

:LWK�WKLV�PHWKRG�WKH�FUHDWLYLW\�FDQ�EH�VWUHQJWKHQHG�DQG�LQ�WKH�QH[W�VWHS�WKH�VWXGHQWV�KDYH�PRUH�LGHDV�

RI�ZKDW�FRXOG�EH�D�JRRG�VWRU\ERDUG��)RU�FRUUHFWLQJ�WKH�´ZURQJµ�VWRU\ERDUGV��WKH�PHWKRG�FKDQJH�RI�

UROHV��0HWKRGHQSRRO��������LV�XVHG�DQG�WKH�VWXGHQWV�FDQ�FRUUHFW�HDFK�RWKHU�LQ�JURXSV��)LJXUH����DQG�

VWHS���LQ�)LJXUH������7KLV�ZD\�WKH\�KDYH�WR�JR�RYHU�WKH�GHVLJQHG�VWRU\ERDUGV�DJDLQ�DQG�KDYH�WR�WKLQN�

DERXW�WKH�GLVFXVVHG�WRSLFV��7KLV�VWHS�LV�DOVR�D�JRRG�PRWLYDWLRQ�IRU�VRFLDO� LQWHUDFWLRQ�DV�WKH�VWXGHQWV�

KDYH�WR�GHFLGH�LQ�VPDOO�JURXSV�ZKDW�LV�JRRG�DQG�ZKDW�VKRXOG�EH�FKDQJHG�� 

,Q�D�JURXS�GLVFXVVLRQ�DW�WKH�HQG�RI�WKH�H[HUFLVH��WKH�FUHDWHG�VWRU\ERDUGV�DUH�GLVFXVVHG�DQG�WKH�WHDFKHU�

FDQ�VKRZ�RII�PLVWDNHV�RU�JRRG�H[DPSOHV�� 

 

)LJXUH�����'LGDFWLF�VFHQDULR�IRU�WKH�VHFRQG�VHVVLRQ�ZLWK�XVDJH�RI�$5�LQ�WKH�DXGLRYLVXDO��

SURGXFWLRQ�FRXUVH��

7KH�WRSLFV�´OLJKWLQJµ�DQG�´WHFKQLFDO�HTXLSPHQW�VHWXSµ�DUH�ÀUVW�SUHVHQWHG�WUDGLWLRQDOO\�E\�WKH�WHDFKHU�

ZLWK�VOLGHV��VWHS���LQ�)LJXUH������,Q�WKLV�SKDVH�WKH�VWXGHQWV�KDYH�D�EUHDN�IURP�WKH�DFWLYH�ZRUN��,Q�WKH�QH[W�

VWHS��VWHS���LQ�)LJXUH�����WKH\�FDQ�SUDFWLFH�DJDLQ�ZLWK�WKH�$5�DSSOLFDWLRQ�E\�FRQVWUXFWLQJ�D�YLUWXDO�OLJKW�

VHWXS�IRU�WKH�SUHYLRXVO\�GHVLJQHG�VWRU\ERDUGV��0RUH�DERXW�WKLV�VWHS�LV�GHVFULEHG�LQ�WKH�QH[W�VXEVHFWLRQ�� 
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$XJPHQWHG�5HDOLW\�$SSOLFDWLRQ�IRU�D�&RXUVH�LQ�$XGLRYLVXDO�3URGXFWLRQ� 

'XULQJ� WKH� GHVLJQ� SURFHVV� RI� WKH� DSSOLFDWLRQ�� ZH� DGGUHVVHG� DQG� FRQFHQWUDWHG� RQ� WKH� OHDUQLQJ�

REMHFWLYHV��WKH�SUREOHPV�HQFRXQWHUHG��DQG�WKH�SRVVLELOLWLHV�RI�DXJPHQWHG�UHDOLW\�DV�D�WHFKQRORJ\��7KH�

WDUJHW�JURXSV�DUH�WKH�VWXGHQWV�DQG�WKH�WHDFKHU��2QH�RI�WKH�GHÀQHG�JRDOV�LV�WR�LQFUHDVH�WKH�DFWLYLW\�RI�

WKH� VWXGHQWV�� VR� WKH� DSSOLFDWLRQ� ZDV� FRQVWUXFWHG� WR� SURYLGH� D� ORW� RI� LQWHUDFWLRQ� SRVVLELOLWLHV�� :H�

FRQGXFWHG�XVHU�WHVWV�DW�DQ�HDUO\�VWDJH�RI�WKH�GHYHORSPHQW�DQG�LPSURYHG�WKH�DSS�LQFUHPHQWDOO\�� 

:H� XVHG� WKH� LQWHUDFWLRQ� SRVVLELOLWLHV� JLYHQ� E\� WKH� +ROR/HQV� �� VHOHFWLRQ� ZLWK� JD]H� DQG� JHVWXUHV� ²�

´$LU7DSµ��´$LU7DS�DQG�+ROGµ��HWF���0LFURVRIW���������)RU�ELJJHU�PRYHPHQWV�RI�YLUWXDO�REMHFWV�DQG�IRU�WKHLU�

WUDQVODWLRQ�IDU�DZD\�IURP�WKH�LQLWLDO�SODFH�WKH�PRYHPHQW�ZLWK�KDQG�JHVWXUHV��´$LU7DS�DQG�+ROGµ��FDQ�EH�

GLIILFXOW��DV�WKH�+ROR/HQV�KDV�D�VPDOO�ILHOG�RI�YLHZ�DQG�WKH�KDQG�KDV�WR�VWD\�LQ�LW��ZKHQ�PRYLQJ�WKH�REMHFW��

)RU�WKDW�UHDVRQ��ZH�SURYLGHG�DQ�DGGLWLRQDO�RSWLRQ�IRU�UHSRVLWLRQLQJ�²�WKH�REMHFW�LV�DWWDFKHG�WR�WKH�JD]H�

DQG�ZKHQ�WKH�GHVLUHG�SRVLWLRQ�LV�IL[DWHG�ZLWK�WKH�JD]H��DQ�$LU7DS�SODFHV�WKH�REMHFW�DW�WKH�SRVLWLRQ��7KH�

YLUWXDO�REMHFWV�XVHG�LQ�RXU�DSSOLFDWLRQ�FDQ�DOVR�EH�URWDWHG��EHFDXVH�WKH�RULHQWDWLRQ�LV�LPSRUWDQW�IRU�OLJKWV�

DQG�FDPHUD�SODQQLQJ��(YHU\��'�REMHFW�KDV�D�VXEPHQX�ORFDWHG�QH[W�WR�LW�ZKLFK�LV�XVHG�WR�SHUIRUP�WKLV�

DFWLRQ��� 

,Q�HDUO\�YHUVLRQV�RI�WKH�DSSOLFDWLRQ�ZH�WULHG�WR�SRVLWLRQ�SDUWV�RI�WKH�XVHU�LQWHUIDFH�GLUHFWO\�RQ�UHDO�REMHFWV��

H�J�� WKH�PHQX�DQG�VWRU\ERDUG�SDQHOV�KXQJ�RQ� WKH�ZDOO��8VHU� WHVWV�VKRZHG�WKDW� WKH�QDWXUDO�SRVLWLRQ�

FRXOG�EH�D�SUREOHP��EHFDXVH�WKH�UHFRQVWUXFWLRQ�RI�WKH�UHDO�ZRUOG�E\�WKH�+ROR/HQV�LV�QRW�DOZD\V�YHU\�

SUHFLVH��(IIHFWLYHO\��XVHUV�ZHUH�XQDEOH�WR�VHOHFW�PHQXV��EHFDXVH�WKH\�ZHUH�ORFDWHG�LQ�WKH�ZDOO�LQVWHDG�RI�

LQ�IURQW�RI�LW��:H�GHFLGHG�WR�GHDO�ZLWK�WKLV�SUREOHP�E\�OHWWLQJ�WKH�UD\�FDVW�IRU�VHOHFWLQJ�DQG�DFWLYDWLQJ�

LWHPV�SHQHWUDWH�WKH�ZDOOV��3UREDEO\�EHFDXVH�PHQXV�DUH�QRW�UHDO�ZRUOG�REMHFWV��VHOHFWLQJ�PHQXV�LQVLGH�

ZDOOV�GLG�QRW�IHHO�XQQDWXUDO�IRU�WKH�XVHUV�� 

%HFDXVH�WKH�PRWLYDWLRQ�RI�PRVW�VWXGHQWV�IRU�WKH�SUH�SURGXFWLRQ�SKDVH�LV�QRW�WKDW�KLJK��VHYHUDO�RI�WKH�

FRXUVHV·�WKHPHV�ZHUH�LQWHJUDWHG�LQWR�WKH�DSSOLFDWLRQ��7KH�VWXGHQWV�GR�QRW�KDYH�WR�XVH�PDQ\�LQGLYLGXDO�

SURJUDPV��EXW�FDQ� OHDUQ�ÀOP�SODQQLQJ�DQG�ÀOPLQJ�ZLWK�$5�XVDJH� LQ�D�VLQJOH�DSSOLFDWLRQ��1RW�DOO� WKH�

FRQWHQWV�DQG�WDVNV�DUH�LPSOHPHQWHG�ZLWK�$5��)RU�H[DPSOH��WKH�XVH�RU�FUHDWLRQ�RI�D�ÀOP�VFULSW�ZDV�QRW�

LQWHJUDWHG�LQWR�WKH�DSSOLFDWLRQ��VLQFH�$5�GRHV�QRW�RIIHU�DQ\�REYLRXV�DGYDQWDJHV�IRU�WH[W�GHVLJQ��:LWK�

$5��UHDOLW\�LV�RQO\�H[WHQGHG�DQG�LW�LV�VWLOO�SRVVLEOH�WR�GHDO�ZLWK�DQDORJ�LQIRUPDWLRQ�VXFK�DV�WH[WV�ZKLOH�

XVLQJ�WKH�DSSOLFDWLRQ��7KLV�LV�DOVR�RQH�RI�WKH�EHQHILWV�RI�$5��ZKLFK�LV�QRW�SRVVLEOH�ZLWK�95�� 

6RPH�IXQFWLRQV�RI�WKH�$5�DSSOLFDWLRQ�DQG�WKH�WDVNV�JLYHQ�E\�WKH�WHDFKHU�DUH�GHVLJQHG�WR�PRWLYDWH�WKH�

VWXGHQWV� WR� SDUWLFLSDWH� DFWLYHO\� LQ� WKH� H[HUFLVHV� IRU� WKH� FRXUVH� WRSLFV�GLVFXVVHG�HDUOLHU�� VWRU\ERDUGV��

IUDPLQJ��FDPHUD�SHUVSHFWLYHV��DQG�OLJKWLQJ�VHWXS���

$V�GHVFULEHG�LQ�WKH�ODVW�VXEVHFWLRQ��JLYHQ�D�VFUHHQSOD\�WKH�VWXGHQWV�KDYH�WR�EXLOG�DQ�$5�VWRU\ERDUG�

�)LJXUH������$�VWRU\ERDUG�LV�D�JUDSKLF�YHUVLRQ�RI�WKH�VFUHHQSOD\�ZLWK�GHILQHG�IUDPLQJ�DQG�SHUVSHFWLYHV�

�.ODQW���������,QVWHDG�RI�VNHWFKLQJ�HDFK�IUDPH�RI�WKH�VWRU\ERDUG��WKH�VWXGHQWV�FDQ�VHWXS�WKH�VFHQH�ZLWK�

YLUWXDO�SURSV�DQG�XVH�WKH�´WDNH�SKRWRµ�IXQFWLRQ�RI�RXU�$5�DSSOLFDWLRQ��:KHQ�FUHDWLQJ�D�VWRU\ERDUG�ZLWK�

SHRSOH�LQ�LW��WKH�VWXGHQWV�FDQ�EH�SDUW�RI�WKH�SLFWXUH��'RLQJ�WKLV��WKH\�KDYH�WR�FRQVLGHU�KRZ�WR�VWDQG�DQG�

SRVLWLRQ�WKHPVHOYHV�RU�WKH�YLUWXDO��'�REMHFWV��7KH\�PRYH�LQ�WKH�URRP�DQG�DXWRPDWLFDOO\�KDYH�WR�WKLQN�

DERXW�IUDPLQJ��SHUVSHFWLYHV��DQG�WKH�VWRU\ERDUG�SLFWXUH��7KH�VSDWLDO�FKDUDFWHU�RI�WKH�$5�WHFKQRORJ\�LV�

D�ELJ�EHQHILW�IRU�WKLV�WDVN�DQG�IRU�WKH�VWXGHQWV·�XQGHUVWDQGLQJ�RI�WKH�VSDFH�GLPHQVLRQ�LQ�ILOP�PDNLQJ��

'LVFXVVLRQV� FRQFHUQLQJ� WKH� VSDWLDO� VLWXDWLRQV�ZHUH�REVHUYHG�GXULQJ� WKH�H[HUFLVHV� LQ� WKH� FRXUVH��:H�

UHFRUGHG�WKHP�IRU�ODWHU�DQDO\VLV��� 
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)LJXUH�����$XJPHQWHG�UHDOLW\�VWRU\ERDUG��SRVLWLRQHG�RQ�WKH�ZDOO��ORZ�TXDOLW\�RI�WKH�SLFWXUH���

EHFDXVH�WDNHQ�ZLWK�WKH�+ROR/HQV���

7KH�FRXUVH�WRSLFV�´OLJKWLQJµ�DQG�´WHFKQLFDO�HTXLSPHQW�VHWXSµ�DUH�DOVR�VXSSRUWHG�E\�WKH�$5�DSSOLFDWLRQ�

)LJXUH���.�$IWHU�EXLOGLQJ�WKH�VWRU\ERDUGV,�the�studentV�FDQ�SODQ�D�VHWXS�IRU�HYHU\�NH\IUDPH��7R�GR�WKLV�

WKH\�FDQ�SRVLWLRQ�YLUWXDO��'�OLJKWV�DQG�FDPHUDV�LQ�WKH�URRP�DQG�WU\�RXW�VRPH�RI�WKH�W\SLFDO�VHWXSV��DV�

SUHVHQWHG�E\�WKH�WHDFKHU�E\�VOLGHV��H�J��´WKUHH�SRLQW�OLJKWLQJµ��7KLV�H[HUFLVH�JLYHV�WKHP�PRUH�LQWXLWLYH�

GHPRQVWUDWLRQ�RI� WKH�PHWKRGV�XVHG� LQ�ÀOP�SODQQLQJ�DQG�PDNLQJ��EHFDXVH�ZLWK�$5�WKH�GLDJUDPV�RU�

´VNHWFKHVµ�DUH�EXLOW�LQ��'��LQ�WKH�URRP��DQG�QRW�RQ�SDSHU�RU�VFUHHQ��� 

,Q�WKH�QH[W�VWHS�RI�D�ÀOP�SURMHFW�²�WKH�VKRRWLQJ�²�WKH�VDYHG��'�VHWXSV�FDQ�EH�EURXJKW�XS�DW�WKH�ÀOP�

ORFDWLRQ�DQG�WKH�UHDO�HTXLSPHQW�FDQ�EH�DOLJQHG�WR�WKH�SODQQHG��YLUWXDO�REMHFWV��7KLV�NLQG�RI��'�SODQQLQJ�

LV�PXFK�PRUH�LQWXLWLYH�WKHQ�VNHWFKHV�RQ�SDSHU�RU�D��'�VFUHHQ��)RU�WKDW�UHDVRQ��LW�LV�XVHIXO�IRU�EHJLQQHUV�

DQG�DGGLWLRQDOO\�PRWLYDWHV�WKHP�WR�ZRUN�RQ�SODQQLQJ��8VLQJ�$5�ZLWK�KDQG�KHOG�PRELOH�GHYLFHV�LV�DOVR�

SRVVLEOH��EXW�ZLWK�D�KHDG�PRXQWHG�GLVSOD\��+0'��OLNH�WKH�+ROR/HQV��WKH�VWXGHQWV�KDYH�WKHLU�KDQGV�IUHH�

IRU�PRYLQJ�WKH�UHDO�WHFKQLFDO�HTXLSPHQW�WR�WKH�YLUWXDOO\�SODQQHG�SRVLWLRQV��7KH�FRPELQDWLRQ�RI�WKH�UHDO�

DQG�YLUWXDO�HTXLSPHQW�ZDV�SDUW�RI�WKH�WKLUG�VHVVLRQ�ZLWK�XVDJH�RI�$5�LQ�RXU�VWXG\�� 

0HWKRGV�DQG�'DWD�&ROOHFWLRQ� 

$V�RQH�RI�WKH�JRDOV�LQ�RXU�VWXG\�LV�WR�LQWHJUDWH�WKH�DXJPHQWHG�UHDOLW\�WRRO�WR�EH�XVHIXO�IRU�WHDFKLQJ�DQG�

OHDUQLQJ��ZH�QHHG�WR�NQRZ�ZKHQ�DQG�KRZ�RXU�FRQFHSW�DQG�DSS�DUH�KHOSIXO��,Q�VHFWLRQ�,QLWLDO�$QDO\VLV�

DQG�3UHOLPLQDU\�'HVLJQ�$VVXPSWLRQV�DQG�$QDO\VLV�DQG�5HVXOWV�ZH�GLVFXVV�WKH�SRLQWV�UHOHYDQW�IRU�RXU�

VWXG\��)XUWKHU�RQ�LQ�WKH�FXUUHQW�VHFWLRQ��ZH�GHVFULEH�KRZ�DQG�ZKDW�NLQG�RI�GDWD�ZDV�FROOHFWHG�� 

+HUH��ZH�FRPELQHG�GLIIHUHQW� UHVHDUFK�PHWKRGV��:H�GLG�D�SDUWLFLSDQW�REVHUYDWLRQ� LQ� WKH� FRXUVH��$V�

DOUHDG\�PHQWLRQHG��RQH�RI�WKH�LQVWUXFWRUV�DOVR�FDUULHV�RXW�WKH�UHVHDUFK��7HDFKLQJ�DQG�VLPXOWDQHRXVO\�

WDNLQJ� QRWHV� IRU� WKH� REVHUYDWLRQ� FRXOG� EH� SUREOHPDWLF�� VR� ZH� FKRVH� WR� ÀOP� WKH� WHDFKLQJ�OHDUQLQJ�

VLWXDWLRQ�LQ�WKH�OHFWXUH�DQG�H[HUFLVH��6LQFH�WKH�FRXUVH�WRSLF�LV�DERXW�DXGLRYLVXDO�SURGXFWLRQ��WKH�VWXGHQWV�

DUH�XVHG�WR�KDQGOLQJ�D�ORW�RI�WHFKQLFDO�HTXLSPHQW��7KHUHIRUH��WKH�VLWXDWLRQ�RI�EHLQJ�ÀOPHG�LV�QRW�WKDW�
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XQFRPIRUWDEOH�DQG�XQIDPLOLDU� IRU�WKHP��7KH�FDPHUD�DQG�PLFURSKRQH�ZHUH�SXW� LQ�RQH�FRUQHU�RI�WKH�

URRP��VR�WKH\�GR�QRW�GLVWXUE�WKH� OHFWXUH�DQG�WKH�DFWLYLWLHV� LQ� WKH�URRP��)RU�DQDO\]LQJ�DFWLYLWLHV�ZLWK�

DXJPHQWHG�UHDOLW\�WHFKQRORJ\��WKH�ÀOPLQJ�RI�WKH�HQWLUH�VXUURXQGLQJV�HQDEOHV�XV�WR�KDYH�PRUH�GHWDLOHG�

LQIRUPDWLRQ�RQ�WKH�VSDWLDO�LQWHUDFWLRQV�RI�WKH�JURXS��)RU�FRGLQJ�DQG�DQQRWDWLQJ�WKH�YLGHR�PDWHULDOV�ZH�

XVHG�WKH�(/$1�VRIWZDUH��0D[�3ODQFN�,QVWLWXWH�IRU�3V\FKROLQJXLVWLFV���������:KHQ�EXLOGLQJ�FDWHJRULHV��ZH�

FRQVLGHUHG�WKH�LGHQWLÀHG�SUREOHPV�DQG�WKH�EHQHÀWV�FRPLQJ�ZLWK�WKH�DXJPHQWHG�UHDOLW\�WHFKQRORJ\��

GLVFXVVHG�LQ�SUHYLRXV�VHFWLRQV��� 

� 

)LJXUH�����/HDUQLQJ�ZLWK��'�YLUWXDO�REMHFWV��VSRW�DQG�XPEUHOOD�OLJKW��IRU�SODQQLQJ�D�ÀOP�VHW�LQ�WKH�

URRP��,Q�WKH�EDFNJURXQG��YLUWXDO�VWRU\ERDUGV�IRU�WKH�VFHQH� 

:KLOH�XQGHUWDNLQJ�WKH�REVHUYDWLRQ�DQG�WKH�DQDO\VLV�DIWHUZDUGV��DWWHQWLRQ�ZDV�SDLG�WR�WKH�YDULRXV�DVSHFWV�

LQ�WKH�´ÀHOGµ��L�H��LQ�WKH�WHDFKLQJ�OHDUQLQJ�VLWXDWLRQ�LQ�WKH�ODERUDWRU\��:H�DGDSWHG�WKH�OLVW�GHVFULEHG�E\�

'D\PRQ�E\� DXJPHQWHG� VSDFH� DQG� YLUWXDO� REMHFWV� �'D\PRQ�� �������:H� QHHG� WKH� DXJPHQWHG� VSDFH�

GLPHQVLRQ��EHFDXVH�ZKHQ�XVLQJ�DXJPHQWHG�UHDOLW\��ZH�H[WHQG�WKH�UHDOLW\�DQG�LW�GLIIHUV�IURP�WKH�UHDO�

VSDFH��:LWK� WKH�+ROR/HQV�JODVVHV�ZH�KDYH�D�VPDOO�ÀHOG�RI�YLHZ��DQG� LW�KDV� WR�EH�REVHUYHG�KRZ�WKH�

VWXGHQWV�GHDO�ZLWK�LW��$GGLWLRQDOO\��WKH�YLUWXDO�REMHFWV�SOD\�DQ�LPSRUWDQW�UROH�LQ�RXU�DXJPHQWHG�FRXUVH��

)RU�RXU�ÀHOG��ZH�KDG�GLPHQVLRQV�VXFK�DV�UHDO�VSDFH��DXJPHQWHG�VSDFH��DFWRUV��DFWLYLW\��YLUWXDO�DQG�UHDO�

REMHFWV��WLPH��JRDOV�DQG�IHHOLQJV�RU�PRRG�� 

%HFDXVH�REVHUYDWLRQ�DORQH�GRHV�QRW�SURYLGH�GLUHFW�LQIRUPDWLRQ�DERXW�ZKDW�WKH�SHUVRQ�LV�WKLQNLQJ�GXULQJ�

DQ�DFWLRQ��(ULNVVRQ���������ZH�GHFLGH�WR�FROOHFW�PRUH�DQVZHUV�DQG�LGHDV�GXULQJ�D�JURXS�GLVFXVVLRQ�ZLWK�

RSHQ�TXHVWLRQV�DW�WKH�HQG�RI�WKH�OHFWXUH��7KLV�SURYLGHG�RXU�VWXG\�ZLWK�PRUH�GDWD�WR�DQDO\]H�DQG�WR�

VXSSRUW�WKH�RWKHU�XVHG�PHWKRGV�� 

)RU�PRUH� VSHFLÀF�GDWD��ZH�DOVR�XVHG�D�TXHVWLRQQDLUH� (fig.��� LQ� WKH�DSSHQGL[��ZLWK�D�/LNHUW�OLNH�VFDOH�

�/LNHUW���������EDVHG�RQ�,QWULQVLF�0RWLYDWLRQ�,QYHQWRU\��&6'7���������:H�FRPELQHG�WKH�UHVXOWV�ZLWK�WKH�

YLGHR�REVHUYDWLRQ�DQG�WKH�JURXS�GLVFXVVLRQ��7KH�TXHVWLRQQDLUH�LQFOXGHG����VWDWHPHQWV�ZLWK�D���WR���

'LVDJUHH�$JUHH� UHVSRQVH� VFDOH� (fig.��� LQ� WKH�DSSHQGL[��� %HFDXVH� WKH�DSSOLFDWLRQ�ZDV� WHVWHG� LQ� WKUHH�



�

3DJH����RI�����

/LOOLJUHHQ��.HXFKHO�DQG�:LHEHO�

GLIIHUHQW�VHVVLRQV��VRPH�VWXGHQWV�ZHUH�QRW�SUHVHQW�RQ�DOO�GD\V��7KXV��ZH�DGGHG�D�VL[WK�DQVZHU��´,�GLGQ·W�

XVH�WKLVµ��IRU�VWDWHPHQWV�UHIHUULQJ�WR�WDVNV�RU�IXQFWLRQV�RI�WKH�$5�DSSOLFDWLRQ��WKDW�ZHUH�QRW�SHUIRUPHG�

RU� XVHG� E\� WKHVH� VWXGHQWV�� )RU� RXU� TXHVWLRQQDLUH� ZH� GHYHORSHG� FDWHJRULHV� DQG� WKHQ� DVVLJQHG�

VWDWHPHQWV�WR�WKH�FDWHJRULHV��)RU�H[DPSOH��IRU�WKH�FDWHJRU\�´FRPSHWHQFHµ��ZKLFK�ZDV�GHÀQHG�EDVHG�RQ�

WKH�GLVFXVVLRQ�LQ�VHFWLRQ�,QLWLDO�$QDO\VLV�DQG�3UHOLPLQDU\�'HVLJQ�$VVXPSWLRQV��ZH�KDG�ÀYH�VWDWHPHQWV�

DVVLJQHG��QR��������������������LQ�ÀJ����LQ�WKH�DSSHQGL[���� 

$QDO\VLV�DQG�5HVXOWV� 

:H� FDOFXODWHG� WKH�PHDQ� YDOXH� �7DEOH� ��� IRU� D� VWDWHPHQW� IURP� RXU� TXHVWLRQQDLUH� �)LJXUH� ��)� LQ� WKH�

DSSHQGL[��ÀOOHG�E\�WKH�VWXGHQWV��%HFDXVH�ZH�KDYH�D�ÀYH�VFDOH�TXHVWLRQQDLUH��WKH�KLJKHVW�VFRUH�IRU�D�

VWDWHPHQW�ZDV�ÀYH�DQG�WKH�ORZHVW�ZDV�RQH��� 

7DEOH����6RPH�UHVXOWV�IURP�WKH�TXHVWLRQQDLUH��1RWH��UHVXOWV�DUH�PHDQ�YDOXHV���

&DWHJRULHV� 5HVXOWV��

$FWLYH�ZRUN�� �����

$5�WHFKQRORJ\�LV�LQWHUHVWLQJ�� �����

6RFLDO�LQWHUDFWLRQ�� �����

&RPSHWHQFH�� ���

:RUNLQJ�ZLWK�JHVWXUHV�DQG�JD]H�LQ�VSDFH� �����
  

����RI�WKH�VWXGHQWV�H[SHULHQFHG�EHWWHU�XQGHUVWDQGLQJ�RI� WKH�WKHPHV�VWRU\ERDUGV�� IUDPLQJ�DQG�ÀOP�

SODQQLQJ��´FRPSHWHQFHµ�LQ�7DEOH����DQG�FRQÀUPHG�WKHLU�DFWLYH�SDUWLFLSDWLRQ�XVLQJ�WKH�$5�DSSOLFDWLRQ�LQ�

WKH�FODVVURRP��´DFWLYH�ZRUNµ�LQ�7DEOH�������RI���VWXGHQWV�WKLQN�WKDW�WKH�DXJPHQWHG�UHDOLW\�DSSOLFDWLRQ�

DQG� WHFKQRORJ\�DUH� LQWHUHVWLQJ� �DQVZHU� ´LV� WUXHµ����� FKRVH�D�SRVLWLYH�DQVZHU� IRU�XVDJH�DOVR� LQ�RWKHU�

OHFWXUHV������´LV�WUXHµ������´LV�PRUH�OLNHO\�WR�EH�WUXHµ����� 

$�VWDWHPHQW�DERXW�WDNLQJ�QRWHV�ZLWK�WKH�DSSOLFDWLRQ�ZDV�LQFOXGHG�LQ�WKH�TXHVWLRQQDLUH�DQG�WKH�UHVXOWV�

VKRZ�YHU\�ORZ�PHDQ�YDOXH��������(YHQ�WKRXJK�WKH�QRWHV�ÀHOG�ZDV�WKRXJKW�WR�EH�RQO\�IRU�VKRUW�����ZRUGV�

QRWHV��WKH�VWXGHQWV�IRXQG�LW�H[KDXVWLQJ�WR�W\SH�´LQ�WKH�DLUµ�ZLWK�YLUWXDO�NH\ERDUG�XVLQJ�JHVWXUHV��7KLV�LV�

DQ�LVVXH�ZKLFK�KDV�WR�EH�FRQVLGHUHG�IRU�IXWXUH�ZRUN�� 

5HVXOWV�DQG�QRWHV�DFFRUGLQJ�WR�WKH�GLPHQVLRQV�RI�WKH�ÀHOG��SUHVHQWHG�LQ�WKH�SUHYLRXV�VXEVHFWLRQ��DUH�

GHVFULEHG�QH[W�� 

$IWHU�H[DPLQLQJ�WKH�REVHUYDWLRQ�UHFRUGLQJV��LW�LV�SRVLWLYH�WR�QRWH�WKDW�WKH�VWXGHQWV�SDUWLFLSDWHG�PXFK�

PRUH�DFWLYHO\�LQ�WKH�H[HUFLVH�E\�XVLQJ�WKH�$5�DSSOLFDWLRQ��7KLV�REVHUYDWLRQ�PDWFKHV�WKH�UHVXOWV�IURP�WKH�

TXHVWLRQQDLUH�� 7KH� ZRUN� LQ� WKH� URRP� DQG� QRW� LQ� IURQW� RI� WKH� GHVNWRS� FRPSXWHU� LV�PRUH� YLVLEOH� WR�

HYHU\RQH�DQG�PRWLYDWHV�IRU�SDUWLFLSDWLRQ��1HYHUWKHOHVV��LW�VKRXOG�EH�PHQWLRQHG��WKDW�WKLV�LV�QRW�WKDW�HDV\�

IRU�DOO�VWXGHQWV��7KH�VWXGHQWV�DUH�RIWHQ�DFFXVWRPHG�WR�IURQWDO�WHDFKLQJ�RU�FRPSXWHU�ZRUN�DQG�QHHG�

VRPH�WLPH�WR�VWDUW�DFWLYHO\�PRYLQJ�DURXQG�LQ�WKH�URRP��7KLV�PXVW�EH�FRQVLGHUHG�ZKHQ�SODQQLQJ�WKH�

WHDFKLQJ�WLPH�ZLWK�$5��5HJDUGLQJ�WKH�WLPH�GLPHQVLRQ�LW�FDQ�EH�VDLG��WKDW�D�WRR�ORQJ�GXUDWLRQ�RI�WKH�

DFWLYH� SDUWV� LQ� WKH� H[HUFLVH� VKRZHG� VRPH� QHJDWLYH� HIIHFWV� WRZDUGV� WKH� HQG� RI� WKH� OHFWXUH�� ,Q� WKH�

DIWHUQRRQ��ZKLFK�LV�WKH�WLPH�VHWWLQJ�RI�WKH�FRXUVH��WKH�DFWLYH�SDUWV�KDYH�WR�EH�VKRUW�RU�LQWHUUXSWHG�ZLWK�

EUHDNV��EHFDXVH�PRVW�VWXGHQWV�ORRNHG�WLUHG�DW�WKH�HQG�DQG�WKLV�FDQ�DIIHFW�WKH�PRWLYDWLRQ�DQG�WKH�PRRG��

7KH�IDWLJXH�FRXOG�EH�DOVR�DQ�LVVXH�UHJDUGLQJ�WKH�ZRUN�LQ�UHDO�VSDFH�ZKLOH�VWDQGLQJ�DQG�ZRUNLQJ�ZLWK�

YLUWXDO�REMHFWV�XVLQJ�JHVWXUHV�� 
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2EVHUYLQJ�WKH�GLPHQVLRQV�DFWLYLWLHV�DQG�DFWRUV��LW�LV�QRWLFHDEOH�WKDW�VRPH�VWXGHQWV�GR�QRW�ZDQW�WR�DFW�

LQ�IURQW�RI�WKH�FDPHUD�DQG�EH�SDUW�RI�WKH�VWRU\ERDUG�LPDJH��,Q�WKLV�FDVH�YLUWXDO�FKDUDFWHUV�FDQ�EH�XVHG��

ZKLFK�DUH�WKHQ�SODFHG�E\�H[DFWO\�WKHVH�VWXGHQWV��&RQVHTXHQWO\��WKH\�DOVR�SDUWLFLSDWH�DFWLYHO\��EXW�GR�

QRW�KDYH�WR�EH�LQ�WKH�SLFWXUH�LI�WKH\�GR�QRW�IHHO�FRPIRUWDEOH�ZLWK�LW�� 

$QDO\VLV�RI�WKH�JURXS�GLVFXVVLRQ��ZKLFK�KDV�DOVR�EHHQ�UHFRUGHG��VKRZHG�WKDW�WKH�KLJKHVW�WRWDO�GXUDWLRQ�

WLPH�ZDV�LQ�WKH�FDWHJRU\�´LGHDV�DQG�QHZ�IHDWXUHV�IRU�WKH�DSSOLFDWLRQµ��$OPRVW�WKH�VDPH�WRWDO�GXUDWLRQ�

KDG�WKH�FDWHJRULHV�´VSDWLDO�ZRUNµ��´IUDPLQJ�LQ�WKH�VWRU\ERDUGVµ�DQG�´GRHV�QRW�IXQFWLRQ�RSWLPDOµ��6RPH�

RI�WKH�FDWHJRULHV�ZHUH�GHÀQHG�EHIRUH�WKH�GLVFXVVLRQ��VRPH�RI�WKHP�ZHUH�EURXJKW�XS�E\�WKH�VWXGHQWV��

DV� WKH� WHDFKHU� VWDUWHG� WKH�GLVFXVVLRQ�ZLWK�RSHQ�TXHVWLRQV�DQG� WKH� VWXGHQWV�GHFLGHG�ZKLFK� WRSLF� WR�

GLVFXVV�ORQJHU�� 

$QDO\VLV�RI�WKH�TXHVWLRQQDLUH��)LJXUH����LQ�DSSHQGL[��VKRZV�PHDQ�YDOXHV�����DQG�����IRU�WKH�FDWHJRULHV�

´VRFLDO�LQWHUDFWLRQµ�DQG�´ZRUNLQJ�LQ�VSDFH�ZLWK�JHVWXUHV�DQG�JD]Hµ��7DEOH�����7KH�ORZHU�DFFHSWDQFH�ZDV�

FRQÀUPHG�E\�WKH�REVHUYDWLRQ�DQG�WKH�JURXS�GLVFXVVLRQ��2QH�RI�WKH�PRVW�GLVFXVVHG�WKHPHV�´GRHV�QRW�

IXQFWLRQ�RSWLPDOO\µ�ZDV�DVVRFLDWHG�ZLWK�ZRUNLQJ�LQ�VSDFH�DQG�ZLWK�JHVWXUHV��,W�ZDV�PHQWLRQHG�DOVR�WKDW�

DIWHU� D� IDPLOLDUL]DWLRQ� SKDVH� LW� ZDV� HDVLHU� WR� ZRUN� ZLWK� WKH� YLUWXDO� LWHPV�� 6RPH� VWXGHQWV� DOVR� KDG�

SUREOHPV�ZLWK�WKH�WUDFNLQJ�DQG�UHFRJQLWLRQ�RI�WKH�URRP�E\�WKH�+ROR/HQV�JODVVHV��7KHUHIRUH��DWWHQWLRQ�

KDV�WR�EH�SDLG�WR�LVVXHV�UHJDUGLQJ�WKH�UHDO�VSDFH�DQG�UHDO�REMHFWV��7KH�+ROR/HQV�JODVVHV�ZRUN�ZHOO�LQ�D�

VSDFH�ZKLFK�LV�QRW�WRR�ELJ�RU�VPDOO��7KH�RSWLPDO�]RQH�IRU�KRORJUDP�SODFHPHQW�LV�EHWZHHQ������DQG���

PHWHUV�LQ�IURQW�RI�WKH�XVHU��0LFURVRIW���������7RR�PDQ\�UHDO�REMHFWV�FRXOG�DIIHFW�WKH�JURXS�ZRUN�LQ�WKH�

URRP��DV�WKH�VWXGHQWV�QHHG�D�IUHH�DUHD�WR�PRYH�� 

7KH�VRFLDO�LQWHUDFWLRQ�ZDV�KLJKHU�WKDQ�ZKHQ�GRLQJ�WDVNV�RQ�WKH�FRPSXWHU��VLQFH�WKH�FRPSXWHU�LV�XVXDOO\�

XVHG�E\�D�VLQJOH�SHUVRQ��%XW�LW�ZDV�QRW�WKDW�HDV\�WR�ZRUN�WRJHWKHU�LQ�WKH�DXJPHQWHG�VSDFH�GLUHFWO\��DV�

RQO\�WKH�SHUVRQ�ZHDULQJ�WKH�JODVVHV�VHHV�WKH�YLUWXDO�DXJPHQWDWLRQV��,PSURYHPHQWV�IRU�WKLV�SUREOHP�DUH�

GLVFXVVHG�LQ�WKH�IXWXUH�ZRUN�VHFWLRQ�� 

6HYHUDO� VWXGHQWV�PHQWLRQHG� LQ� WKH� JURXS� GLVFXVVLRQ� WKDW� WKH\� SUHIHU� WR� XVH� WKH� DXJPHQWHG� UHDOLW\�

DSSOLFDWLRQ�UDWKHU�WKDQ�SDSHU�DQG�SHQFLOV�RU�ZHE�SURJUDP��7KHUH�ZHUH�D�ORW�RI�LGHDV�IRU�WKH�SURJUDP��

ZKLFK� LQGLFDWHV� LQWHUHVW� IRU� WKH� WRSLF��7KH�JURXS�GLVFXVVLRQ� VKRZV�� WKDW� WKH�DFWLYH�SDUWLFLSDWLRQ�DQG�

PRWLYDWLRQ�RI�WKH�VWXGHQWV�IRU�WKH�SUHSURGXFWLRQ�SKDVH�ZDV�VXFFHVVIXO�� 

$W� WKH� HQG�RI� WKH� VHPHVWHU�ZH� DQDO\]HG� WKH� VWXGHQWV·� DVVLJQPHQWV� DV�ZH�GLG� LQ� WKH� LQLWLDO� DQDO\VLV�

PHQWLRQHG�LQ�SUHYLRXV�VHFWLRQ��7KLV�ZD\�ZH�ZHUH�DEOH�WR�FRPSDUH�GDWD�RI�WKH�FRXUVH�ZLWK�$5�XVDJH�

ZLWK�UHVXOWV�DFKLHYHG�ZLWKRXW�$5��2XU�UHVXOWV�VKRZ�DQ�LQFUHDVH�RI�WKH�SHUFHQWDJH�RI�VXEPLWWHG�SUH�

SURGXFWLRQ�GRFXPHQWV��ZKLFK�WKH�VWXGHQWV�KDG�WR�FUHDWH�DV�D�SDUW�RI�WKHLU�SURMHFW�UHSRUW��)LJXUH����LQ�

RUDQJH��� 7KLV� LV� DQ� LQGLFDWLRQ�� WKDW� WKH� SUH�SURGXFWLRQ� SKDVH� LV� FRQVLGHUHG�PRUH� LPSRUWDQW� E\� WKH�

VWXGHQWV�WKDQ�ZLWKRXW�$5�DQG�WKHLU�PRWLYDWLRQ�IRU�WKDW�SKDVH�VHHPV�WR�EH�KLJKHU��$QDO\]LQJ�WKH�SURMHFWV�

UHSRUWV�LQ�WKH�QH[W�VHPHVWHU�ZLOO�KHOS�WR�FROOHFW�PRUH�GDWD�DQG�WR�YHULI\�WKH�UHVXOWV��� 

� 
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� 

)LJXUH�����&RPSDULVRQ�RI�QXPEHU�RI�VWXGHQWV
�SUH�SURGXFWLRQ�GRFXPHQWV 

/HVVRQV�/HDUQHG� 

:H�ZRXOG� OLNH� WR� HPSKDVL]H� D� QXPEHU� RI� OHVVRQV�ZH� OHDUQHG� GXULQJ� RXU� WHVWV�� 7KH\� DUH� UHVXOWV� RI�

REVHUYDWLRQV� DQG� RXU� FDVH� VWXG\� RQ� KRZ� WR� GHSOR\� $5� LQ� DQ� RSWLPDO� ZD\� DQG� ZKDW� DFWLYLWLHV� DUH�

UHFRPPHQGDEOH�WR�LQWHJUDWH�� 

$�VSHFLDO�LQWURGXFWLRQ�WR�ZRUNLQJ�ZLWK�$5�JODVVHV�LV�QHFHVVDU\���

,W�LV�EHWWHU�WR�H[SODLQ�WKH�$5�DSSOLFDWLRQ�ZLWK�VWDQGDUG�WRROV��OLNH�SUHVHQWDWLRQ�VOLGHV��LQVWHDG�RI�XVLQJ�

WKH�DSS�DQG�VKRZLQJ�WLPH�GHOD\HG�YLD�SURMHFWRU���

$OWHUQDWLRQ�RI�DFWLYH�DQG�SDVVLYH�SKDVHV�IRU�WKH�VWXGHQWV�LV�KHOSIXO�WR�SUHYHQW�IDWLJXH���

$5�DFWLYLWLHV�LQ�WKH�URRP�KHOS�VWXGHQWV�WR�SDUWLFLSDWH�PRUH�DFWLYHO\�GXULQJ�WKH�FRXUVH���

6PDOO�JURXSV�DUH�PRUH�VXLWDEOH�IRU�XVLQJ�WKH�$5�DSSOLFDWLRQ��EHFDXVH�IRU�ZRUNLQJ�ZLWK�$5�LQ�WKH�URRP�

RQH�QHHGV�PRUH�VSDFH���

� 

&RQFOXVLRQ�DQG�)XWXUH�:RUN��

7HDFKLQJ� DQG� OHDUQLQJ� DW� WKH� XQLYHUVLW\� LV� QR� ORQJHU� WKLQNDEOH� ZLWKRXW� GLJLWDO� PHGLD�� 7KHUHIRUH��

LQQRYDWLYH�VFHQDULRV�VKRXOG�FRQWLQXH�WR�EH�FRQFHSWXDOL]HG��WHVWHG�DQG�UHVHDUFKHG��,W� LV� LPSRUWDQW�WR�

GHYHORS�DQG�LQYHVWLJDWH�DSSURDFKHV�DW�DQ�HDUO\�VWDJH�RI�WHFKQRORJ\�VR�WKDW�WKH�XQLYHUVLWLHV�GR�QRW�IDOO�

EHKLQG��EXW�UHPDLQ�LQQRYDWRUV�DQG�RQH�VWHS�DKHDG��,Q�RXU�FDVH�VWXG\�´DXGLRYLVXDO�SURGXFWLRQµ�VRPH�RI�

WKH�DVVXPHG�DGYDQWDJHV�RI�DXJPHQWHG�UHDOLW\�ZHUH�FRQÀUPHG��$5�LV�VXLWDEOH�ERWK�IRU�XVH�LQ�VSDWLDO�

ZRUN�DQG�IRU�LQFUHDVLQJ�WKH�DFWLYLW\�DQG�PRWLYDWLRQ�RI�VWXGHQWV��$V�WR�EH�H[SHFWHG��FKDOOHQJHV�FRXOG�

DOVR�EH�LGHQWLÀHG��7KH�VRFLDO�LQWHUDFWLRQ�LV�VXSSRUWHG�ZLWK�WKH�XVH�RI�DXJPHQWHG�UHDOLW\��EXW�LW�FDQ�VWLOO�

EH�RSWLPL]HG��7KH�´DXJPHQWHG�VSDFHµ�VKRXOG�EH�YLVLEOH�IRU�PRUH�WKDQ�RQH�SHUVRQ��7KH�LQWHJUDWLRQ�RI�

VKDUHG�H[SHULHQFHV�LV�WKH�QH[W�VWHS�IRU�RXU�IXWXUH�ZRUN�RQ�WKH�DSSOLFDWLRQ��$QRWKHU�IHDWXUH�WR�LPSOHPHQW�

DQG�WHVW� LV�DXGLR�QRWHV��DV�WKH�UHVXOWV�IURP�WKH�TXHVWLRQQDLUH�VKRZHG�WKDW�ZULWLQJ�QRWHV��HYHQ�VKRUW�

RQHV��LV�H[KDXVWLQJ�XVLQJ�JHVWXUHV�LQ�$5�� 
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5HJDUGLQJ�WKH�GLGDFWLF�VFHQDULR��LW�LV�SODQQHG�WR�DGG�D�IRXUWK�VHVVLRQ�IRU�XVLQJ�WKH�$5�DSSOLFDWLRQ�LQ�WKH�

FRXUVH��7KLV�ZD\�WKH�VWXGHQWV�FDQ�KDYH�PRUH�WLPH�IRU�OHDUQLQJ�WR�ZRUN�ZLWK�JHVWXUHV�DQG�JD]H��,Q�WKH�

QH[W�VHPHVWHU��WKH�DFWLYH�SDUWV�ZLWK�WKH�$5�DSSOLFDWLRQ�ZLOO�EH�VKRUWHQHG�DQG�PL[HG�ZLWK�GLIIHUHQW�WDVNV�

RU�IURQWDO�SUHVHQWDWLRQ��)RU�WKH�$5�VHVVLRQV�LQ�WKH�IXWXUH�DQ�DGGLWLRQDO�LQVWUXFWRU�RU�DVVLVWDQW�LV�SODQQHG��

DV� WKH� WKUHH�JURXSV� LQ� WKH� H[HUFLVHV� QHHG�PRUH� DWWHQWLRQ�RU� VXSSRUW�ZLWK� WKH� QHZ� LQWHUDFWLRQ� DQG�

KDUGZDUH�� 

7KH�GHYHORSHG�$5�DSSOLFDWLRQ�DQG�WKH�FRUUHVSRQGLQJ�WHDFKLQJ�VFHQDULR�ZLOO�EH�WHVWHG�LQ�VLPLODU�OHFWXUHV�

DW�RWKHU�XQLYHUVLWLHV�LQ�WKH�QHDU�IXWXUH��7KLV�ZLOO�EH�KHOSIXO�WR�GHWHUPLQH�ZKLFK�GLIIHUHQFHV�WKH�FKDQJHG�

FRQWH[W� �GLIIHUHQW� URRPV�� GLIIHUHQW� JURXS� VL]H�� WHFKQLFDO� HTXLSPHQW� HWF��� EULQJV� DQG� ZKHUH� VLPLODU�

DGYDQWDJHV�RU�SUREOHPV�DULVH�IURP�WKH�XVH�RI�$5�� 

,Q�RUGHU�WR�LQWHJUDWH�$5�LQWR�WHDFKLQJ�SHUPDQHQWO\��KDUGZDUH�VSHFLÀF�XSJUDGHV�DUH�QHFHVVDU\��$W�WKH�

PRPHQW�� WKH� WHFKQRORJ\� LV� VWLOO� H[SHQVLYH�� EXW� WKHUH� LV� WKH� H[SHFWDWLRQ� WKDW� LW� ZLOO� EHFRPH� PRUH�

DFFHVVLEOH�RYHU� WLPH�DQG� WKDW� WKH�XQLYHUVLWLHV�ZLOO� WKHQ�EH�DEOH� WR�SXUFKDVH�D�KLJKHU�QXPEHU�RI�$5�

GHYLFHV���

 

$FNQRZOHGJHPHQWV��

7KLV�ZRUN�ZDV� FDUULHG� RXW� LQ� SURMHFW� �6$$57(�� 6SDWLDOO\�$ZDUH�$XJPHQWHG� 5HDOLW\� LQ� 7HDFKLQJ� DQG�

(GXFDWLRQ���6$$57(�LV�VXSSRUWHG�E\�WKH�(XURSHDQ�5HJLRQDO�'HYHORSPHQW�)XQG��(5')��DQG�WKH�IHGHUDO�

VWDWH�RI�5KHLQODQG�3IDO]�LQ�SURJUDP�3��6=�����$QWU��1U������������� 

� 

$SSHQGL[��4XHVWLRQQDLUH��

7KH�TXHVWLRQQDLUH�IRU�HYDOXDWLRQ�RI�WKH�FDVH�VWXG\�LV�VKRZQ�LQ�)LJXUH�����

�

�

�

�

�

�

�

�

�

�

�

�
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)LJXUH�����4XHVWLRQQDLUH�IRU�WKH�VWXGHQWV��WUDQVODWHG��

5HIHUHQFHV� 

$NoD\ÖU��0���$NoD\ÖU��*���3HNWDû��+�0��DQG�2FDN��0�$���������$XJPHQWHG�UHDOLW\�LQ�VFLHQFH�ODERUDWRULHV��

7KH�HIIHFWV�RI�DXJPHQWHG�UHDOLW\�RQ�XQLYHUVLW\�VWXGHQWV·�ODERUDWRU\�VNLOOV�DQG�DWWLWXGHV�WRZDUG�

VFLHQFH�ODERUDWRULHV��&RPSXWHUV�LQ�+XPDQ�%HKDYLRU����������������

$NoD\ÖU��0��DQG�$NoD\ÖU��*���������$GYDQWDJHV�DQG�FKDOOHQJHV�DVVRFLDWHG�ZLWK�DXJPHQWHG� UHDOLW\� IRU�

HGXFDWLRQ��$�V\VWHPDWLF�UHYLHZ�RI�WKH�OLWHUDWXUH��(GXFDWLRQDO�5HVHDUFK�5HYLHZ������������

$]XPD��5�7���������$�VXUYH\�RI�DXJPHQWHG�UHDOLW\��3UHVHQFH��7HOHRSHUDWRUV�	�9LUWXDO�(QYLURQPHQWV�������

���²�����

%DHSOHU��3���:DONHU��-��DQG�'ULHVVHQ��0���������,W·V�QRW�DERXW�VHDW�WLPH��%OHQGLQJ��ÁLSSLQJ��DQG�HIILFLHQF\�

LQ�DFWLYH�OHDUQLQJ�FODVVURRPV��&RPSXWHUV�	�(GXFDWLRQ��������²�����

%RQZHOO��&�&���(LVRQ��-�$��DQG�6WDII��$���������$FWLYH�/HDUQLQJ��-RVVH\�%DVV�

%|VV�2VWHQGRUI��$��DQG�6HQIW��+��������(LQI�KUXQJ�LQ�GLH�+RFKVFKXO�/HKUH��(LQ�'LGDNWLN�&RDFK��%XGULFK��

2SODGHQ����HGQ���

&DL��6���:DQJ��;��DQG�&KLDQJ��)�.���������$�FDVH�VWXG\�RI�$XJPHQWHG�5HDOLW\�VLPXODWLRQ�V\VWHP�DSSOLFDWLRQ�

LQ�D�FKHPLVWU\�FRXUVH��&RPSXWHUV�LQ�KXPDQ�EHKDYLRU������SS���������

&6'7� �&HQWHU� IRU� 6HOI�'HWHUPLQDWLRQ� WKHRU\��� ,QWULQVLF� 0RWLYDWLRQ� ,QYHQWRU\� �,0,���

KWWSV���VHOIGHWHUPLQDWLRQWKHRU\�RUJ�LQWULQVLF�PRWLYDWLRQ�LQYHQWRU\���ODVW�DFFHVVHG��������������
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'D\PRQ�� &�� DQG�+ROORZD\�� ,��� ������4XDOLWDWLYH� UHVHDUFK�PHWKRGV� LQ� SXEOLF� UHODWLRQV� DQG�PDUNHWLQJ�

FRPPXQLFDWLRQV��5RXWOHGJH���

(ULNVVRQ��3��DQG�.RYDODLQHQ��$���������4XDOLWDWLYH�0HWKRGV�LQ�%XVLQHVV�5HVHDUFK��

)HKOLQJ��&�'���������6RFLDO�DXJPHQWHG�OHDUQLQJ��/HKUHQ�XQG�/HUQHQ�LQ�HLQHU�HUZHLWHUWHQ�5HDOLWlW��

)LW]*HUDOG��(���)HUJXVRQ��5���$GDPV��$���*DYHG��0���0RU��<��DQG�7KRPDV��5���������$XJPHQWHG�UHDOLW\�DQG�

PRELOH�OHDUQLQJ��7KH�VWDWH�RI�WKH�DUW��,QWHUQDWLRQDO�-RXUQDO�RI�0RELOH�DQG�%OHQGHG�/HDUQLQJ��

+DQWRQR��%�6���1XJURKR��/�(��DQG�6DQWRVD��3�,���������0HWD�UHYLHZ�RI�DXJPHQWHG�UHDOLW\�LQ�HGXFDWLRQ��,Q��

,QWHUQDWLRQDO�&RQIHUHQFH�RQ�,QIRUPDWLRQ�7HFKQRORJ\�DQG�(OHFWULFDO�(QJLQHHULQJ��,&,7((���

+RFKVFKXOIRUXP�'LJLWDOLVLHUXQJ�� ������ 'LVNXVVLRQVSDSLHU� �� ��� 7KHVHQ� ]XU� 'LJLWDOLVLHUXQJ� GHU�

+RFKVFKXOELOGXQJ��$UES��1U������+RFKVFKXOIRUXP�'LJLWDOLVLHUXQJ��%HUOLQ��*HUPDQ\��

+ROO\ZRRG�&DPHUD�:RUN�������6KRW�GHVLJQHU���VRIWZDUH��KWWSV���ZZZ�KROO\ZRRGFDPHUDZRUN�FRP�VKRW�

GHVLJQHU�KWPO��ODVW�DFFHVVHG��������������

.ODQW��0��DQG�6SLHOPDQQ��5���������*UXQGNXUV�)LOP��.LQR��)HUQVHKHQ��9LGHRNXQVW����������

/DE��� 3URMHNW� 6\VWHPHQWZLFNOXQJ�� $XUD� �� +ROR/HQV� 3URMHNW�� KWWSV���ZZZ�ODE��RUJ�GH�SURMHNWH�DXUD�

KROROHQV���ODVW�DFFHVVHG��������������

/LNHUW��5���������$�WHFKQLTXH�IRU�WKH�PHDVXUHPHQW�RI�DWWLWXGHV��$UFKLYHV�RI�SV\FKRORJ\��

0D[� 3ODQFN� ,QVWLWXWH� IRU� 3V\FKROLQJXLVWLFV�� 1LMPHJHQ�� (/$1�� &RPSXWHU� VRIWZDUH�� YHUVLRQ� �����

KWWSV���WOD�PSL�QO�WRROV�WOD�WRROV�HODQ���ODVW�DFFHVVHG��������������

0HWKRGHQSRRO�� 5ROOHQVSLHO�� KWWS���PHWKRGHQSRRO�XQL�NRHOQ�GH�GRZQORDG�UROOHQVSLHOH�SGI�� ODVW�

DFFHVVHG�������������

0LFURVRIW�� +RORJUDP� VWDELOLW\�� KWWSV���GRFV�PLFURVRIW�FRP�HQ�XV�ZLQGRZV�PL[HG�UHDOLW\�KRORJUDP�

VWDELOLW\��ODVW�DFFHVVHG�������������

0LFURVRIW�� &RUH� EXLOGLQJ� EORFNV�� KWWSV���GRFV�PLFURVRIW�FRP�HQ�XV�ZLQGRZV�PL[HG�UHDOLW\�JD]H�� ODVW�

DFFHVVHG�������������

1¡UJnUG��&���2·1HLOO��/���1LHOVHQ��.���-XXO��6��DQG�&KHPQLW]��-���������/HDUQLQJ�DQDWRP\�ZLWK�DXJPHQWHG�

UHDOLW\��('8/($51���3URFHHGLQJV�SS������²�������

3DQHWWD�� .�� ������ *DUWQHU� WRS� ��� VWUDWHJLF� WHFKQRORJ\� WUHQGV� IRU� ������ 2FWREHU� �����

KWWSV���ZZZ�JDUWQHU�FRP�VPDUWHUZLWKJDUWQHU�JDUWQHU�WRS����VWUDWHJLF�WHFKQRORJ\�WUHQGV�IRU�

�������ODVW�DFFHVVHG��������������

3LUNHU��-���5LIIQDOOHU�6FKLHIHU��0��DQG�*�WO��&���������0RWLYDWLRQDO�DFWLYH� OHDUQLQJ�²�HQJDJLQJ�XQLYHUVLW\�

VWXGHQWV�LQ�FRPSXWHU�VFLHQFH�HGXFDWLRQ��3URF�������&RQI��,QQRY��7HFKQRO��&RPS��6FL��(GXF���-XQH�

�������������8SSVDOD��6ZHGHQ�SS�����²�����

5\DQ��5�0���DQG�'HFL��(�/���������6HOI�GHWHUPLQDWLRQ�WKHRU\�DQG�WKH�IDFLOLWDWLRQ�RI�LQWULQVLF�PRWLYDWLRQ��

VRFLDO�GHYHORSPHQW��DQG�ZHOO�EHLQJ��$PHULFDQ�SV\FKRORJLVW����������²�����

7($/� 3URMHFW� 7HDP�� 7HFKQRORJ\�HQDEOHG� DFWLYH� OHDUQLQJ�� ������

KWWS���LFDPSXV�PLW�HGX�SURMHFWV�SURMHFW�"SQDPH 7($/��ODVW�DFFHVVHG��������������

7KHHV�� 0�� DQG� .XKQ�� -��� ������ J/DE$VVLVW� �� 6PDUWJODVVHV� DOV� $VVLVWHQ]V\VWHP� I�U� QDWXU�� XQG�

LQJHQLHXUVZLVVHQVFKDIWOLFKH� +RFKVFKXOODERUSUDNWLND�� ,Q�� %0%)�)DFKWDJXQJ� µ+RFKVFKXOH� LP�

GLJLWDOHQ�=HLWDOWHUµ��

:DOGKHUU��)��DQG�:DOWHU��&���������'LGDNWLVFK�XQG�SUDNWLVFK��,GHHQ�XQG�0HWKRGHQ�I�U�GLH�+RFKVFKXOOHKUH��

6FKlIIHU�3RHVFKHO��6WXWWJDUW���

:RMFLHFKRZVNL�� 5�� DQG� &HOODU\�� 7�� ������ (YDOXDWLRQ� RI� OHDUQHUV·� DWWLWXGH� WRZDUG� OHDUQLQJ� LQ� $5,(6�

DXJPHQWHG�UHDOLW\�HQYLURQPHQWV��&RPSXWHUV�	�(GXFDWLRQ�SS�����²������


