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,Q� RUGHU� WR� HIIHFWLYHO\� XVH� WHFKQRORJ\� LQ� WHDFKLQJ�� WHDFKHU� FDQGLGDWHV� QHHG� WR� GHYHORS�
WHFKQRORJ\�UHODWHG�SHGDJRJLFDO�FRQWHQW�NQRZOHGJH�WKURXJK�EHLQJ�HQJDJHG�LQ�D�SURFHVV�
RI� GLVFXVVLRQ�� PRGHOLQJ�� SUDFWLFH�� DQG� UHIOHFWLRQ�� %DVHG� RQ� WKH� H[DPLQDWLRQ� RI� WHDFKHU�
FDQGLGDWHV·�OHVVRQ�SODQ�DVVLJQPHQWV��REVHUYDWLRQV�RI�WKHLU�PLFURWHDFKLQJ�SHUIRUPDQFH��DQG�
WKHLU� UHIOHFWLYH� MRXUQDOV�� RXU� VWXG\� IRXQG� WKDW� 0LFURWHDFKLQJ� /HVVRQ� 6WXG\� LQ� PHWKRGV�
FRXUVHV� SURYLGHV� WHDFKHU� FDQGLGDWHV� D� JUHDW� RSSRUWXQLW\� WR� OHDUQ� KRZ� WR� WHDFK� ZLWK�
WHFKQRORJ\�� ,WV� VLJQLILFDQFH� OLHV� LQ� WKH� RSSRUWXQLW\� RI� SUDFWLFH�� FROODERUDWLYH� UHIHFWLRQ��
LQVWDQW�IHHGEDFN��DQG�OHDUQLQJ�IURP�HDFK�RWKHU�
.H\ZRUGV� 7HFKQRORJLFDO� SHGDJRJLFDO� FRQWHQW� NQRZOHGJH�� WHDFKLQJ� ZLWK� WHFKQRORJ\��
VFLHQFH�PHWKRGV�FRXUVH��SUH�VHUYLFH�WHDFKHU�HGXFDWLRQ�
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7RGD\·V� WHDFKHUV� DUH� H[SHFWHG� WR� XVH� WHFKQRORJ\� LQ� WKHLU� WHDFKLQJ�� 5HVSRQGLQJ� WR� WKH�
H[SHFWDWLRQ�DERXW�WHDFKHUV·�WHFKQRORJ\�SURILFLHQF\��WHDFKHU�HGXFDWLRQ�SURJUDPV�RIWHQ�RIIHU�D�
VWDQGDORQH�WHFKQRORJ\�FRXUVH��.OHLQHU��7KRPDV��	�/HZLV���������8QIRUWXQDWHO\��VXFK�D�TXLFN�
IL[� DSSURDFK� KDV� EHHQ� DUJXHG� WR� EH� QRW� VXFFHVVIXO� LQ� SUHSDULQJ� WHDFKHUV� WR� WHDFK� ZLWK�
WHFKQRORJ\��)OLFN�	�%HOO��������0RXUVXQG�	�%LHOHIHOGW���������$�UHFHQW�UHSRUW�IURP�WKH�8�6��
1DWLRQDO�&HQWHU�IRU�(GXFDWLRQ�6WDWLVWLFV��1&(6��������VWDWHV�WKDW�RQO\�����RI�VFKRRO�WHDFKHUV�
UHSRUW�WKDW�SUH�VHUYLFH�WHDFKHU�HGXFDWLRQ�SURJUDPV�KDG�DQ\�LQIOXHQFH�RQ�WKHLU�DELOLW\�WR�XVH�
WHFKQRORJ\�LQ�WHDFKLQJ��$V�D�IRRWQRWH�IRU�VXFK�ORZ�LQIOXHQFH�RI�WHDFKHU�HGXFDWLRQ�SURJUDPV�RQ�
WHDFKHUV·� DELOLW\� RI� XVLQJ� WHFKQRORJ\�� OLWHUDWXUH� KDV� SRLQWHG� RXW� WKDW� WHDFKHU� HGXFDWLRQ�
SURJUDPV RIWHQ�KDYH�D�OLPLWHG�XVH�RI�WHFKQRORJ\�LQ�WHDFKHU�HGXFDWLRQ�FRXUVHV��DQ�HPSKDVLV�RQ�
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WHDFKLQJ� DERXW� WHFKQRORJ\� UDWKHU� WKDQ� WHDFKLQJ� ZLWK� WHFKQRORJ\�� DQG� D� ODFN� RI� IDFXOW\�
PRGHOLQJ� RI� DSSURSULDWH� ZD\V� WR� LQWHJUDWH� WHFKQRORJ\� LQWR� VFKRRO� VXEMHFW� WHDFKLQJ�
�&DSRELDQFR�	�/HKPDQ��������=KRX��=KDQJ��	�/L��������

7R�DGGUHVV�VXFK�VKRUWFRPLQJV�RI�WHDFKHU�HGXFDWLRQ�LQ�SUHSDULQJ�IXWXUH�WHDFKHUV�WR�WHDFK�
ZLWK�WHFKQRORJ\��7RQGHXU�HW�DO��������VXJJHVWHG�WKDW�SUH�VHUYLFH�WHDFKHU�HGXFDWLRQ�VKRXOGQ·W�
FRQFHQWUDWH�RQO\�RQ�GHYHORSLQJ�WHFKQRORJLFDO�VNLOOV�WKURXJK�HGXFDWLRQDO�WHFKQRORJ\�FRXUVHV��
EXW�VKRXOG�DOVR�IRFXV�RQ�KRZ�WHFKQRORJ\�FDQ�EH�XVHG�IRU�WHDFKLQJ�DQG�OHDUQLQJ��7HFKQRORJ\�
VNLOOV�ZLOO�QRW�DXWRPDWLFDOO\�WUDQVIHU�WR�WKH�DELOLW\�RI�WHDFKLQJ�ZLWK�WHFKQRORJ\��7KH�ILUVW�WZR�
DXWKRUV�RI�WKLV�DUWLFOH�KDYH�DGYRFDWHG�WKH�VLJQLILFDQW�UROH�RI�PHWKRGV�FRXUVHV�LQ�GHYHORSLQJ�
IXWXUH�WHDFKHUV·�WHFKQRORJ\�SURILFLHQF\��=KRX�	�;X���������,Q�SUDFWLFH��WKH\�KDYH�EHHQ�XVLQJ�
0LFURWHDFKLQJ�/HVVRQ�6WXG\��0/6��DSSURDFK�WR�SURYLGH�WHDFKHU�FDQGLGDWHV RSSRUWXQLWLHV�WR�
OHDUQ�DQG�SUDFWLFH�WKH�XVH�RI�WHFKQRORJ\�LQ�VFLHQFH�WHDFKLQJ��7KLV�SDSHU�UHSRUWHG�WKH�ILQGLQJV�
IURP�D�VWXG\�WKDW�ZDV�GHVLJQHG�WR�H[SORUH�WKH�HIIHFWLYHQHVV�RI�XVLQJ�0/6�DSSURDFK�LQ�VFLHQFH�
PHWKRGV�FRXUVHV�WR�SUHSDUH�WHDFKHU�FDQGLGDWHV�IRU�WHDFKLQJ�VFLHQFH�ZLWK�WHFKQRORJ\�

/,7(5$785(�5(9,(:

7HDFKHU�FDQGLGDWHV�DUH�D�XQLTXH�JURXS�RQ�FDPSXV��2Q�RQH�KDQG��WKH\�DUH�OHDUQHUV�DV�WKH�
VWXGHQWV�IURP�RWKHU�PDMRUV�RQ�FDPSXV��2Q�WKH�RWKHU�KDQG��WKH\�DUH�GLIIHUHQW�VLQFH�WKH\�OHDUQ�
KRZ�WR�WHDFK�VXEMHFWV�UDWKHU�WKDQ�WKH�VXEMHFWV�WKHPVHOYHV��7KH�SLFWXUH�JHWV�HYHQ�PRUH�FRPSOH[�
ZKHQ�WHFKQRORJ\�LV�EURXJKW�LQWR�VXEMHFW�WHDFKLQJ��:KDW�W\SH�RI�NQRZOHGJH�WHDFKHU�FDQGLGDWHV�
DFWXDOO\� QHHG� WR� GHYHORS"� +RZ� VKRXOG� D� WHDFKHU� HGXFDWLRQ� SURJUDP� KHOS� ZLWK� WKH�
GHYHORSPHQW� RI� VXFK� NQRZOHGJH"� 2XU� VWXG\� GUHZ� LQIRUPDWLRQ� IURP� PXOWLSOH� DUHDV� RI�
OLWHUDWXUH�GHVFULEHG�EHORZ�

3UH�6HUYLFH�7HDFKHUV·�7HFKQRORJ\�5HODWHG�.QRZOHGJH

6KXOPDQ� ������� XVHG� 3HGDJRJLFDO� &RQWHQW� .QRZOHGJH� �3&.�� WR� GHVFULEH� WHDFKHUV·�
NQRZOHGJH� V\VWHP�� 3&.� UHIHUV� WR DQ� RYHUODS� RI� VXEMHFW� NQRZOHGJH� DQG� SHGDJRJLFDO�
NQRZOHGJH�� ,W� LQFOXGHV�DQ�XQGHUVWDQGLQJ�RI� WKH�ZD\V�RI� UHSUHVHQWLQJ�DQG� IRUPXODWLQJ� WKH�
VXEMHFW� WKDW�PDNH�LW�FRPSUHKHQVLEOH� WR�RWKHUV�� WKH�PRVW�XVHIXO� IRUP�RI�UHSUHVHQWDWLRQV�� WKH�
PRVW�SRZHUIXO�DQDORJLHV��LOOXVWUDWLRQV��H[DPSOHV��H[SODQDWLRQV��DQG�GHPRQVWUDWLRQV��HWF��,W�DOVR�
LQFOXGHV�DQ�XQGHUVWDQGLQJ�RI�ZKDW�PDNHV�WKH�OHDUQLQJ�RI�VSHFLILF�WRSLFV�HDV\�RU�GLIILFXOW�IRU�
FHUWDLQ�DJH�JURXS�RI�OHDUQHUV��&RQVLGHULQJ�WKH�VLJQLILFDQFH�RI�WHFKQRORJ\�LQ�WHDFKLQJ��0LVKUD�
DQG� .RHKOHU� ������� DGYRFDWH� WKH� WHUP� 7HFKQRORJLFDO� 3HGDJRJLFDO� &RQWHQW� .QRZOHGJH�
�73$&.��� 6LPLODU� WR� WKH� FRQFHSW�RI�3&.��73$&.� UHIHUV� WR� DQ� LQWHJUDWHG�XQGHUVWDQGLQJ�RI�
WHFKQRORJ\�� SHGDJRJ\�� DQG� VXEMHFW� FRQWHQW�� $W� WKH� KHDUW� RI� WKH� 73$&.� IUDPHZRUN� LV� WKH�
FRPSOH[� LQWHUSOD\� RI� WKUHH� SULPDU\� IRUPV� RI� NQRZOHGJH�� FRQWHQW� NQRZOHGJH�� SHGDJRJ\�
NQRZOHGJH��DQG�WHFKQRORJLFDO�NQRZOHGJH��7KLV�IUDPHZRUN�VXJJHVWV�WKDW�WR�GHYHORS�WKH�DELOLW\�
WR�WHDFK�D�VXEMHFW�PDWWHU��RQH�PXVW�QRW�RQO\�JUDVS�WKH�FRQWHQW�RI�WKH�VXEMHFW��OHDUQ�HVVHQWLDO�
SULQFLSOHV�WKDW�JXLGH�OHDUQLQJ�LQ�WKLV�VXEMHFW�DUHD��EXW�DOVR�PXVW�OHDUQ�WR�VWUXFWXUH�DQG�HQKDQFH�
OHDUQLQJ�RSSRUWXQLWLHV�IRU�VWXGHQWV��,Q�RWKHU�ZRUGV��FDSDEOH�WHDFKHUV�PXVW�NQRZ�ZK\�FHUWDLQ�



(85$6,$�- 0DWK�6FL�DQG�7HFK�(G

��

FRQFHSWV�DUH�LPSRUWDQW�DQG�EH�DEOH�WR�IOH[LEO\�LQFRUSRUDWH�QHZ�UHVRXUFHV�LQFOXGLQJ�WHFKQRORJ\�
LQWR�WKHLU�NQRZOHGJH�RI�VXEMHFW�SHGDJRJ\�LQ�ZD\V�WKDW�HQKDQFH�OHDUQLQJ��

7HDFKLQJ�ZLWK�7HFKQRORJ\

7RGD\·V�WHFKQRORJ\�PDNHV�LW�HDVLHU�WR�DFFHVV�LQIRUPDWLRQ�LQ�PRUH�WKDQ�RQH�IRUPDW�DQG�
DOVR�FDQ�JHQHUDWH�LQIRUPDWLRQ�WKDW�LV�QRW�DYDLODEOH�RWKHUZLVH��H�J��VLPXODWLRQV���+RZHYHU��WKH�
DYDLODELOLW\�RI� LQIRUPDWLRQ�GRHV�QRW�JXDUDQWHH� OHDUQLQJ�� MXVW�DV�DFFHVV� WR�QXWULWLRQ�GRHV�QRW�
QHFHVVDULO\�OHDG�WR�JRRG�KHDOWK�IRU�HYHU\RQH��/HDUQHUV�QHHG�WR�UHWULHYH��ILOWHU��DQG�PDNH�VHQVH�
RI�LQIRUPDWLRQ��$�VXFFHVVIXO�OHDUQHU�WRGD\�NQRZV�KRZ�WR�XVH�WHFKQRORJ\�FUHDWLYHO\�LQ�KLV�RU�
KHU�SURFHVV�RI�NQRZOHGJH�FRQVWUXFWLRQ��ZKLFK�FDQ�EH�EHVW�GHVFULEHG�XVLQJ�WKH�WHUP�OHDUQLQJ�
ZLWK�WHFKQRORJ\��:KHQ�VWXGHQWV�OHDUQ�ZLWK�WHFKQRORJ\��WKH\�XVH�WHFKQRORJLHV�DV�PLQG�WRROV�
IRU� DQDO\]LQJ� WKH�ZRUOG�� DFFHVVLQJ� LQIRUPDWLRQ�� LQWHUSUHWLQJ�DQG�RUJDQL]LQJ� WKHLU� SHUVRQDO�
NQRZOHGJH��DQG�FRPPXQLFDWLQJ�ZKDW�WKH\�NQRZ�WR�RWKHUV��-RQDVVHQ���������

7R�IDFLOLWDWH�VWXGHQWV·�OHDUQLQJ�ZLWK�WHFKQRORJ\��WHDFKHUV�KDYH�WR�WHDFK�ZLWK�WHFKQRORJ\��
,QVWHDG�RI�ORRNLQJ�DW�WHFKQRORJ\�RQO\�DV�D�QHZ�ZD\�RI�GHOLYHULQJ�LQIRUPDWLRQ��WHDFKHUV�QHHG�
WR� WDNH� WHFKQRORJ\� DV� DQ� LQWHJUDO� FRPSRQHQW� RI� JRRG�SHGDJRJ\�� %H\RQG� FRQWHQW� GHOLYHU\��
WHFKQRORJ\�FDQ�EH�XVHG�WR�DFFHVV�LQIRUPDWLRQ��SURYLGH�LQQRYDWLYH�LQIRUPDWLRQ�WKDW�WUDGLWLRQDO�
WHDFKLQJ� PHWKRGV� FDQQRW� SURYLGH�� RU� DV� D� XVHIXO� WRRO� WR� FRQGXFW� LQTXLU\� DFWLYLWLHV� RU�
FRPPXQLFDWH�ZLWK�RWKHUV��,Q�RUGHU�WR�EXLOG�WHFKQRORJ\�LQWR�WKHLU�SHGDJRJ\��WHDFKHUV�VKRXOG�
NQRZ�ZK\��ZKHQ��DQG�KRZ�WR�XVH� WHFKQRORJ\� WR� IDFLOLWDWH�VWXGHQW� LQTXLU\�� ,Q�RWKHU�ZRUGV��
WHDFKHUV�QHHG�73$&.�WR�EH�DEOH�WR�WHDFK�ZLWK�WHFKQRORJ\��,I�WHDFKHUV�GRQ·W�KDYH�VXFK�TXDOLW\��
WKH\�ZLOO�KHVLWDWH�WR�XVH�WHFKQRORJ\�RU�XVH�WHFKQRORJ\�LQHIIHFWLYHO\��=KRX��%URXZHU��1RFHQWH��
	0DUWLQ�� ������� ZKLFK� OHDGV WR� VWXGHQWV·� UHMHFWLRQ� WR� WKH� XVH� RI� WHFKQRORJ\� LQ� WHDFKLQJ�
�&KDUERQQHDX���������

73$&.�'HYHORSPHQW�WKURXJK�0HWKRGV�&RXUVHV

6LQFH�73$&.�LQYROYHV�D�K\EULG�XQGHUVWDQGLQJ�RI�WHFKQRORJ\��SHGDJRJ\��DQG�VXEMHFW��LW�
LV� EHVW� GHYHORSHG� WKURXJK� PHWKRGV� FRXUVHV� ZKHUH� SHGDJRJLFDO� LGHDV� DQG� WRROV� PHHW� WKH�
VXEMHFW�FRQWHQW��7KHVH�FRXUVHV�SURYLGH�D�PHDQLQJIXO�FRQWH[W�ZKHUH�OHDUQLQJ�WR�XVH�WHFKQRORJ\�
FDQ�EH�SHGDJRJLFDOO\�VLWXDWHG�LQ�WKH�WHDFKLQJ�RI�VXEMHFW�PDWWHUV��'DYLV�	�)DOED��������=KRX�	�
;X�� ������� 7KH� 6RFLHW\� IRU� ,QIRUPDWLRQ� 7HFKQRORJ\� DQG� 7HDFKHU� (GXFDWLRQ� KDV� SXUSRVHO\�
SURPRWHG� WKLV� PRYHPHQW� E\� DZDUGLQJ� H[HPSODU� XVH� RI� WHFKQRORJ\� LQ� PHWKRGV� FRXUVHV��
$PRQJ� WKH� DZDUG� ZLQQHUV�� %RG]LQ� ������� IRFXVHG� RQ� SUH�VHUYLFH� VFLHQFH� WHDFKHUV·�
XQGHUVWDQGLQJ�RI�:HE�EDVHG� VFLHQWLILF� LQTXLU\�� 6FKZDU]� �������KHOSHG�SUH�VHUYLFH� WHDFKHUV�
HYDOXDWH� DQG� XVH� FRPSXWHU� PRGHOLQJ� DQG� VLPXODWLRQ� VRIWZDUH� IRU� VFLHQFH� OHDUQLQJ� DQG�
WHDFKLQJ��+REDQ� ������� XVHG� VORZ�PRWLRQ� DQLPDWLRQ� ��VORZPDWLRQ��� WR� HQJDJH� SUH�VHUYLFH�
WHDFKHUV�LQ�XQGHUVWDQGLQJ�VFLHQFH FRQWHQW�NQRZOHGJH��

3RVLWLYH� UHVXOWV� KDYH� EHHQ� UHSRUWHG� IRU� WKH� LQWHJUDWLRQ� RI� WHFKQRORJ\�ZLWK� PHWKRGV�
FRXUVHV��7KURXJK�D�SHHU� FRDFKLQJ�FROODERUDWLRQ�EHWZHHQ� LQVWUXFWLRQDO� WHFKQRORJ\�JUDGXDWH�
VWXGHQWV� DQG� SUH�VHUYLFH� WHDFKHUV� HQUROOHG� LQ� PDWKHPDWLFV� PHWKRGV� FRXUVH�� 7U\RQ� DQG�
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6FKZDUW]��������IRXQG�WKDW�SUH�VHUYLFH�WHDFKHUV�EHFDPH�PRUH�DZDUH�RI�KRZ�WHFKQRORJLHV�WKDW�
DUH� XVHG� LQ� HYHU\GD\� LQWHUDFWLRQV� FRXOG� HYHQWXDOO\� EH� LQFRUSRUDWHG� LQWR� WKHLU� FODVVURRP�
SUDFWLFHV�� <H�� -LP�� DQG� 6HOPHU� ������� LQWHJUDWHG� SHGRPHWHUV� LQWR� HOHPHQWDU\� VFLHQFH� DQG�
PDWKHPDWLFV�PHWKRGV� FRXUVHV�� 7KH\� IRXQG� WKDW� WKH� OHVVRQ�SODQV�GHYHORSHG�E\�SUH�VHUYLFH�
WHDFKHUV�VKRZHG�WKDW�SHGRPHWHUV�FRXOG�EH�XVHG�DV�WHFKQRORJ\�WRROV�WR�WHDFK�PDQ\�HVVHQWLDO�
PDWKHPDWLFV�DQG�VFLHQFH�FRQFHSWV��3ROO\��0LPV��6KHSKHUG��DQG�,QDQ��������GRFXPHQWHG�WKDW�
SUH�VHUYLFH�WHDFKHUV�ZKR�WRRN�SDUW�LQ�WKH�WHFKQRORJ\�LQWHJUDWLRQ�DFWLYLWLHV�LQ�PHWKRG�FRXUVHV�
DSSHDUHG�WR�UHSRUW�PRUH�WHFKQRORJLFDO�NQRZOHGJH��PRUH�SRVLWLYH�DWWLWXGH�WRZDUGV�WHFKQRORJ\�
LQWHJUDWLRQ��DQG�EHWWHU�LPSOHPHQWDWLRQ�RI�WHFKQRORJ\�ULFK�LQVWUXFWLRQV�GXULQJ�ILHOG�SODFHPHQW��
-DQJ��������IRXQG�WKDW�WKH�LQWHJUDWLRQ�RI�WHFKQRORJ\�DQG�WHDP�WHDFKLQJ�LQWR�VFLHQFH�WHDFKHU�
HGXFDWLRQ�PHWKRGV�FRXUVHV�ZDV�D�ZD\�RI�FRQVWUXFWLQJ�NQRZOHGJH�DQG�WKHRULHV�DQG�D�ZD\�WR�
LQFUHDVH�WKH�XVH�RI�LQVWUXFWLRQDO�WHFKQRORJ\�LQ�WHDFKLQJ�IRU�SUH�VHUYLFH�WHDFKHUV�

/HVVRQ�6WXG\�DV�D�:D\�RI�3URIHVVLRQDO�/HDUQLQJ

/HVVRQ� VWXG\� LV� D� SURIHVVLRQDO� GHYHORSPHQW� SURFHVV� WKDW� HQJDJHV� WHDFKHUV� LQ�
FROODERUDWLYHO\�H[DPLQLQJ�WKHLU�SUDFWLFH�ZLWK�D�JRDO�RI�EHFRPLQJ�PRUH�HIIHFWLYH��,W�LQYROYHV�D�
F\FOH�RI�SODQQLQJ��WHDFKLQJ��REVHUYLQJ��FULWLTXLQJ��DQG�UHYLVLQJ�RI�VHOHFWHG�OHVVRQV�ZLWK�FOHDU�
RYHUDUFKLQJ�JRDOV�DQG�UHVHDUFK�TXHVWLRQV�SUH�VHW�XS�E\�SDUWLFLSDWLQJ�WHDFKHUV��/HZLV���������
/HVVRQ�VWXG\�LV�EHQHILFLDO�IRU�LWV�FROODERUDWLYH�HOHPHQWV�DV�LW�KHOSV�RSHQ�XS�QHZ�SHUVSHFWLYHV�
WR�WHDFKLQJ�DQG�OHDUQLQJ�IRU�WHDFKHUV��DVLGH�IURP�GHHSHQLQJ�WKHLU�VXEMHFW�PDWWHU�NQRZOHGJH�DV�
ZHOO�DV�WKHLU�SHGDJRJLFDO�FRQWHQW�NQRZOHGJH��/LP��/HH��6DLWR��	�6\HG�+DURQ��������3XFKQHU�	�
7D\ORU� �������,W�FRXOG�OHDG�WR�LQVWUXFWLRQDO�LPSURYHPHQW��/HZLV��3HUU\��	�0XUDWD��������DQG�
DOORZ� WHDFKHUV� WR� GHYHORS� DQG� UHDIILUP� WKHLU� LGHQWLWLHV� DV� SURIHVVLRQDOV� �/HLEHUPDQ�� �������
7KHVH� LGHQWLWLHV� EUHDN� WUDGLWLRQDO� WHDFKLQJ� QRUPV� VXFK� DV� LQGLYLGXDOLVP�� SUHVHQWLVP� DQG�
FRQVHUYDWLVP��DQG�DVVLVW� WHDFKHUV� LQ�WKHLU�SHUVLVWHQW�HIIRUWV�WR�VXSSRUW�VWXGHQWV��/LHEHUPDQ��
�������3XFKQHU�DQG�7D\ORU��������UHSRUWHG�WKDW�WKH�LPSDFW�RI�OHVVRQ�VWXG\�RQ�WHDFKHUV�LQFOXGHG�
WKH�UHFRJQLWLRQ�RI�WKH�DGYDQWDJHV�RI�FROODERUDWLRQ��WKH�DZDUHQHVV�WKDW�WKH\�VLJQLILFDQWO\�LPSDFW�
WKHLU� VWXGHQWV·� OHDUQLQJ�� DQG� WKH� EHOLHI� WKDW� FKDQJHV� FRXOG� RFFXU� LQ� UHODWLRQ� WR� VWXGHQW�
HQJDJHPHQW�DQG�OHDUQLQJ�LQ�ZD\V�WKH\�KDG�QRW�LPDJLQHG�

%HVLGHV� WKH� EHQHILW� WR� LQ�VHUYLFH� WHDFKHUV·� SURIHVVLRQDO� GHYHORSPHQW�� WKHUH� DUH� VRPH�
VWXG\�UHSRUWV�LQ�WKH�OLWHUDWXUH�FODLPLQJ�WKDW�OHVVRQ�VWXG\�FDQ�EH�D�XVHIXO�WRRO�IRU�SUH�VHUYLFH�
WHDFKHUV·�SURIHVVLRQDO�OHDUQLQJ�DV�ZHOO��)RU�H[DPSOH��%XUURXJKV�DQG�/XHEHFN��������H[SORUHG�
WKH�RXWFRPH�RI�HQJDJLQJ�SUH�VHUYLFH�WHDFKHUV�WKDW�ZHUH�HQUROOHG�LQ�D�PDWKHPDWLFV�PHWKRGV�
FRXUVH�LQ�FROODERUDWLRQ�ZLWK�LQ�VHUYLFH�WHDFKHUV�LQ�OHVVRQ�VWXG\��7KH\�IRXQG�WKDW�SUH�VHUYLFH�
WHDFKHUV�FDQ�SDUWLFLSDWH�LQ�DQG�FRQWULEXWH�WR�OHVVRQ�VWXG\�LQ�PHDQLQJIXO�ZD\V�DQG�WKH\�JDLQHG�
QHZ�LGHDV�DERXW�WKH�ZD\V�OHVVRQV�ZHUH�GHYHORSHG�DQG�HQDFWHG��DV�ZHOO�DV�LQVLJKWV�LQWR�WKH�
ZD\V�OHVVRQV�GLUHFWO\�LQIOXHQFH�VWXGHQWV·�OHDUQLQJ��$V�D�UHTXLUHPHQW�RI�DQ�HOHPHQWDU\�VFLHQFH�
PHWKRGV�FRXUVH��0DUEOH��������DVNHG�SUH�VHUYLFH�WHDFKHUV�WR�FRQGXFW�OHVVRQ�VWXG\�DW�VFKRROV��
+H� IRXQG� WKDW WKURXJK� WKH� WKUHH� WHDFKLQJ� RFFDVLRQV�� SUH�VHUYLFH� WHDFKHUV� KDG� UHPDUNDEOH�
LPSURYHPHQWV� LQ� OHVVRQ� GHVLJQ� DQG� GHOLYHU\�� OHDUQLQJ� HQYLURQPHQW� PDQDJHPHQW��
HQJDJHPHQWV� ZLWK� PHDQLQJIXO� FRQWHQW�� DQG� DVVHVVPHQWV� DQG� GDWD� JHQHUDWLRQ�� 0DUEOH�
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LQGLFDWHG�WKDW�SUH�VHUYLFH�WHDFKHUV�UHSHDWHGO\�VKRZHG�D�VWURQJ�SURSHQVLW\�WR�SHUFHLYH�WKHLU�
WHDFKLQJ�DV�DQ�HYROYLQJ�SUDFWLFH�WKDW�QHFHVVLWDWHV�DFWLYH�DWWHQWLRQ�DQG�WKRXJKWIXO�UHIOHFWLRQ��

7KH�EHQHILWV�RI�OHVVRQ�VWXG\�WR�SUH�VHUYLFH�WHDFKHUV�UHSRUWHG�E\�%XUURXJKV�DQG�/XHEHFN�
�������DQG�0DUEOH��������DUH�VWLOO� FRQQHFWHG�ZLWK� WKH�VFKRRO� WHDFKLQJ�FRQWH[W��:KHQ�OHVVRQ�
VWXG\�DSSURDFK�LV�XVHG�ZLWKLQ�PHWKRGV�FRXUVHV��LW�FDUULHV�D�IRUPDW�RI�0LFURWHDFKLQJ�/HVVRQ�
6WXG\� �0/6���ZKLFK� GUDZV� HOHPHQWV� IURP�ERWK� OHVVRQ� VWXG\� DQG�PLFURWHDFKLQJ��0/6� LV� D�
FRRSHUDWLYH� OHDUQLQJ�H[SHULHQFH� LQWHQGHG�WR�FKDOOHQJH�SURVSHFWLYH� WHDFKHUV
� WKLQNLQJ�DERXW�
WHDFKLQJ� DQG� OHDUQLQJ�� DQG� HQFRXUDJH� WKHLU� FRQQHFWLRQ� EHWZHHQ� WKHRU\� DQG� SUDFWLFH�� ,W�
SURYLGHV� SURVSHFWLYH� WHDFKHUV� HQUROOHG� LQ� D� PHWKRGV� FRXUVH� ZLWK� KDQGV�RQ WHDFKLQJ�
H[SHULHQFHV�WKDW�HQJDJH�WKHP�LQ�WKH�F\FOH�RI�SODQQLQJ�� WHDFKLQJ��UHIOHFWLQJ�RQ��DQG�UHYLVLQJ�
OHVVRQV� �)HUQDQGH]�� ������� 7KHUH� LV� OLWWOH� UHVHDUFK� DERXW� WKH� HIIHFW� RI� 0/6� RQ� SUH�VHUYLFH�
WHDFKHUV·�OHDUQLQJ��H[FHSW�IRU�)HUQDQGH]��������DQG�)HUQDQGH]�DQG�5RELQVRQ���������7KHVH�WZR�
VWXGLHV� UHYHDOHG� WKDW� WHDFKHU� FDQGLGDWHV� HQUROOHG� LQ� WKH� VHFRQGDU\� PDWKHPDWLFV� PHWKRGV�
FRXUVHV�SHUFHLYHG�0/6�WR�EH�D�ZRUWKZKLOH�OHDUQLQJ�H[SHULHQFH��,Q�SDUWLFXODU��WKH\�IHOW�WKDW�WKH�
PRVW�LPSRUWDQW�DVSHFWV�DERXW�WKHLU�OHDUQLQJ�WKURXJK�0/6�ZHUH�FRQQHFWLQJ�WKHRU\�WR�SUDFWLFH��
FROODERUDWLRQ��DQG�UHIOHFWLRQ��1R�UHVHDUFK�LV�DYDLODEOH�RQ�KRZ�0/6�LPSDFWV�SUH�VHUYLFH�VFLHQFH�
WHDFKHUV·� GHYHORSPHQW� RI� 73$&.�� 7R� ILOO� WKLV� OLWHUDWXUH� JDS�� RXU� VWXG\� ZDV� GHVLJQHG� WR�
LQYHVWLJDWH� KRZ�0/6� HQKDQFHV� SUH�VHUYLFH� WHDFKHUV·� 73$&.� NQRZOHGJH� LQ� WKH� FRQWH[W� RI�
VFLHQFH�PHWKRGV�FRXUVHV�
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7KH� VWXG\� ZDV� FDUULHG� RXW� LQ� DQ� 2QWDULR� XQLYHUVLW\� ZKHQ� LWV� SUH�VHUYLFH� WHDFKHU�
HGXFDWLRQ�WRRN�RQO\�WZR�VHPHVWHUV��6WXGHQWV�ZKR�HQUROOHG�LQ�WKH�WHDFKHU�HGXFDWLRQ�SURJUDP�
DOUHDG\�KDG�VXFFHVVIXOO\�ILQLVKHG�D�EDFKHORU�GHJUHH��7KH�SURJUDP�WRRN�D�IRUPDW�RI�LQWHUORFN�
EHWZHHQ�XQLYHUVLW\� LQVWUXFWLRQ�DQG�SUDFWLFH� WHDFKLQJ��7KUHH� VFKRRO�SODFHPHQWV� IRU�SUDFWLFH�
WHDFKLQJ�ZHUH�HPEHGGHG�LQ�WKH�SURJUDP��HDFK�ODVWLQJ���RU���ZHHNV��

'DWD�IRU�WKLV�VWXG\�ZHUH�FROOHFWHG�IURP�WKH�SK\VLFV�DQG�FKHPLVWU\�PHWKRGV�FRXUVHV�RYHU�
WKUHH�\HDUV�ZLWK�D�WRWDO�QXPEHU�RI����SDUWLFLSDQWV��7KHVH�FRXUVHV�ZHUH�GHVLJQHG�IRU�SUH�VHUYLFH�
VHFRQGDU\�VFLHQFH�WHDFKHUV�DQG�UDQ�WKURXJK�WZR�VHPHVWHUV�ZLWK�D�WRWDO�RI����KRXUV��7KH�XVH�RI�
WHFKQRORJ\� LQ� VFLHQFH� WHDFKLQJ� ZDV� RQH� RI� �� PDMRU� PRGXOHV�� ZKLFK� ZDV� FRYHUHG� LQ�
DSSUR[LPDWHO\�KDOI�ZD\�RI�WKHVH�FRXUVHV��:LWKLQ�WKLV�WHFKQRORJ\�PRGXOH��SUH�VHUYLFH�WHDFKHUV�
ZHUH� ILUVW� HQJDJHG� LQ� VL[� KRXUV� RI� OHFWXUH�� PRGHOLQJ�� DQG� GLVFXVVLRQ� DERXW� WKH� XVH� RI�
WHFKQRORJ\�LQ�VFLHQFH�WHDFKLQJ�DQG�WKHQ�ZHUH�UHTXLUHG�LQ�JURXSV�RI�����WR�GHYHORS�D�WHFKQRORJ\�
PHGLDWHG�OHVVRQ�SODQ�RQ�D�VHOI�VHOHFWHG�VFLHQFH�WRSLF��8VLQJ�WKH�7HFKQRORJ\�,QWHJUDWLRQ�3ODQ�
PRGHO�DV�D�IUDPHZRUN��5REO\HU�	�'RHULQJ���������ZH�OHDG�WHDFKHU�FDQGLGDWHV�WR�WKLQN�WKURXJK�
ZKDW���ZK\���KRZ���DQG�ZKHQ�TXHVWLRQV�DERXW�WKH�XVH�RI�WHFKQRORJ\��:KDW�TXHVWLRQ�UHIHUV�WR�
WKH� LGHQWLW\� RI� WKH� WHFKQRORJ\� WHDFKHUV� SLFN� XS�� LQFOXGLQJ� LWV� FKDUDFWHULVWLFV�� QDWXUH�� DQG�
IXQFWLRQ��:K\�TXHVWLRQ�DQVZHUV�ZK\�WHDFKHUV�FKRRVH�WKLV�WHFKQRORJ\�DQG�KRZ�LW�LV�EHWWHU�WKDQ�
RU�FRPSOLPHQWDU\�WR�QRQ�WHFKQRORJ\�PHWKRGV��+RZ�TXHVWLRQ�GHDOV�ZLWK�WKH�ZD\�WHDFKHUV�XVH�
WKH�WHFKQRORJ\��:KHQ�TXHVWLRQ�UHIHUV�WR�DW�ZKDW�SRLQW�RI�WKHLU�LQVWUXFWLRQDO�SURFHVV�WHDFKHUV�
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XVH�WKH�WHFKQRORJ\��,Q�RXU�WHDFKLQJ��ZH�HPSKDVL]HG�WKDW�WKH�HIIHFWLYH�ZD\�RI�XVLQJ�WHFKQRORJ\�
LQ�WHDFKLQJ�LV�WR�LQWHJUDWH�LW�ZLWK�QRQ�WHFKQRORJ\�PHWKRGV��:H�GLGQ·W�ZDQW�WHDFKHU�FDQGLGDWHV�
WR�SODQ�D�OHVVRQ�ZKHUH�WKH�XVH�RI�WHFKQRORJ\�WDNHV�WKH�ZKROH�FODVV�SHULRG��UDWKHU�H[SHFWHG�WKHP�
WR�SLFN�XS�DQG�GURS�WHFKQRORJ\�LQ�D�ZD\�WKDW�DUWLVWV�FKRRVH�FHUWDLQ�SDLQWV�ZKHQ�ZRUNLQJ�RQ�D�
JUHDW�DUW�ZRUN��,Q�RWKHU�ZRUGV��ZH�UHTXLUHG�WHDFKHU�FDQGLGDWHV�WR�WHDFK�ZLWK�WHFKQRORJ\�DV�
GHVFULEHG� DERYH�� 6SHFLILF� WHFKQRORJ\� H[DPSOHV� ZHUH� XVHG� WR� PDNH� VXUH� WKH� GLVFXVVLRQ�
PHDQLQJIXO�DQG�FRQFUHWH�WR�WHDFKHU�FDQGLGDWHV��

)RXU�FDWHJRULHV�RI�WHFKQRORJLHV�WKDW�DUH�DYDLODEOH�WR�VFLHQFH�WHDFKLQJ�ZHUH�PHQWLRQHG�LQ�
RXU�FRXUVHV��LQFOXGLQJ�YLVXDOL]DWLRQ��LPDJHV��YLVXDO�LOOXVWUDWLRQ��VLPXODWLRQV��DQG�DQLPDWLRQV���
SUREHZDUH� �VHQVRUV��� ZHE�EDVHG� UHVRXUFHV�� DQG� FRPPXQLFDWLRQ� WHFKQRORJLHV�� 6LQFH� RXU�
GLVFXVVLRQ�ZDV�IRFXVHG�RQ�KRZ�WR�LQWHJUDWH�WHFKQRORJ\�LQWR�WKH�SURFHVV�RI�FODVVURRP�WHDFKLQJ��
WKH�ODVW�WZR�FDWHJRULHV�WKDW�DUH�PRUH�VXLWDEOH�IRU�WKH�DIWHU�FODVV�XVH�ZHUH�QRW�H[SORUHG�LQ�GHSWK��
6LPXODWLRQ�DQG�SUREHZDUH�ZHUH�HPSKDVL]HG�VLQFH�WKH\�KDYH�JUHDW�SRWHQWLDOV�WR�KHOS�VWXGHQWV·�
LQTXLU\�EDVHG� OHDUQLQJ� SURFHVV� �=KRX�� %URXZHU��1RFHQWH��	�0DUWLQ�� ������ =XFNHU�� 7LQNHU��
6WDXGW�� 0DQVILHOG�� 	� 0HWFDOI�� ������� 6LPXODWLRQ� H[DPSOHV� IURP� WKH� 0$3� SURMHFW� �=KRX��
%URXZHU�� 1RFHQWH�� 	� 0DUWLQ�� ������� 3K(7� �KWWS���SKHW�FRORUDGR�HGX��� DQG� *L]PRV�
�KWWS���ZZZ�H[SORUHOHDUQLQJ�FRP���ZHUH�XVHG�WR�GLVFXVV�DERXW�KRZ�WKH\�FRXOG�EH�LQWHJUDWHG�
LQ�FODVVURRP�WHDFKLQJ�WR�KHOS�VWXGHQWV XQGHUVWDQG�WKH�GLIILFXOW�FRQFHSWV�RU�SURYLGH�YLUWXDO�
LQTXLU\�EDVHG�OHDUQLQJ�SURFHVV��7KH�FODVV�GLVFXVVLRQ�RIWHQ�UHVXOWHG�LQ�PRUH�WKDQ�RQH�ZD\�WR�
XVH�D�SDUWLFXODU�VLPXODWLRQ�LQ�WHDFKLQJ�DQG�WKHQ�WKH�SURV�DQG�FRQV�RI�HDFK�ZD\�ZDV�DQDO\]HG��
:H� DJUHHG� WKDW� KDQG�RQ� DFWLYLWLHV� DQG� RWKHU� QRQ�WHFKQRORJ\� PHWKRGV� VKRXOG� QRW� EH�
RYHUORRNHG� MXVW� EHFDXVH� RI� WKH� XVH� RI� VLPXODWLRQ�� 3UREHZDUH� LV� VLJQLILFDQW� VLQFH� LW� DOORZ�
OHDUQHUV�WR�FROOHFW�UHDO�WLPH�GDWH�RYHU�D�SHULRG�RI�WLPH��ZKLFK�TXDOLILHV�LW�DQ�H[FHOOHQW�LQTXLU\�
WRRO��+RZHYHU��GXH�WR�WKH�DYDLODELOLW\� LVVXH�RI�WKLV�WHFKQRORJ\��WHDFKHU�FDQGLGDWHV�ZHUH�QRW�
SURYLGHG�RSSRUWXQLW\�WR�SUDFWLFH�LW�LQ�FODVV��,QVWHDG��D�PRYLH�FOLS�ZDV�XVHG�WR�VKRZ�KRZ�3+�
SUREH� FDQ� EH� XVHG� LQ� WLWUDWLRQ� DQG� D� PRWLRQ� SUREH� EH� XVHG� LQ� D� KDQG�RQ� DFWLYLW\� WKDW�
LQYHVWLJDWHG�WKH�UHODWLRQVKLS�EHWZHHQ�IRUFH�DQG�DFFHOHUDWLRQ�

8QOLNH� D� XVXDO� DVVLJQPHQW� DVNLQJ� VWXGHQWV� WR� SUHVHQW� OHVVRQ� SODQV� IRU� FODVV� VKDULQJ��
WHDFKHU� FDQGLGDWHV�ZHUH�DVNHG� WR� WHDP�WHDFK� WKHLU�SODQQHG� OHVVRQV� WR� WKH�FODVV��7KH\�ZHUH�
DVNHG� WR� WUHDW� WKHLU� SHHU� WHDFKHU� FDQGLGDWHV� DV� VFKRRO� VWXGHQWV�� WKDW� LV�� SHUIRUP� OLNH� D� UHDO�
FODVVURRP�WHDFKLQJ�E\�DVNLQJ�TXHVWLRQ��SURELQJ�UHVSRQVH��DUUDQJLQJ�JURXS�DFWLYLWLHV��DVNLQJ�
VWXGHQWV�WR�PDNH�FRQFOXVLRQV��DQG�VR�RQ��7KH�WHDFKLQJ�IRU�HDFK�JURXS�ZDV�DERXW����PLQXWHV�
ORQJ�WR�FRYHU�WKH�FRQWHQW�WKDW�ZDV�HTXLYDOHQW�WR�D�UHJXODU����PLQXWH�VFKRRO�FODVV��$W�WKH�HQG�RI�
WHDFKLQJ��SHHU�WHDFKHU�FDQGLGDWHV�ZHUH�LQYLWHG�WR�DVN�TXHVWLRQV�DQG�SURYLGH�FRPPHQWV�RQ�DQ\�
DVSHFW�RI� WKH� OHVVRQ��SODQQLQJ�� H[HFXWLRQ�� DQG�SDUWLFXODUO\� WKH�XVH�RI� WHFKQRORJ\��7KHQ� WKH�
WHDFKLQJ�JURXS�ZHUH�DVNHG�WR�YHUEDOO\�UHVSRQG�WR�SHHUV·�FRPPHQWV�DQG�UHIOHFW�RQ�WKHLU�RZQ�
WHDFKLQJ��$W�WKH�HQG��WKH�LQVWUXFWRU�SURYLGHG�FRPPHQWV�DQG�VXJJHVWLRQV�DERXW�WKH�OHVVRQ��,Q�
DGGLWLRQ�WR�WKH�RQVLWH�GLVFXVVLRQ��WHDFKHU�FDQGLGDWHV�ZHUH�UHTXLUHG�WR�VXEPLW�ZULWWHQ�UHIOHFWLYH�
UHSRUWV�DV�RQH�SDUW�RI�WKH�OHVVRQ�SODQ�DVVLJQPHQW��
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7KLV�VWXG\�WRRN�D�TXDOLWDWLYH�DXWKHQWLF�UHVHDUFK�GHVLJQ�UDWKHU� WKDQ�PDQLSXODWLQJ�DQ\�
FRPSRQHQW�RI�WKH�VXEMHFWV�EHLQJ�VWXGLHG��'DWD�UHVRXUFHV�LQFOXGHG�WHDFKHU�FDQGLGDWHV·�OHVVRQ�
SODQV�� UHIOHFWLYH� MRXUQDOV�� DQG� UHVHDUFKHUV�LQVWUXFWRUV·� REVHUYDWLRQ� QRWHV� RI� PLFURWHDFKLQJ�
SHUIRUPDQFH��,Q�DGGLWLRQ�WR�WKRVH�FRQYHQWLRQDO�FRPSRQHQWV�RI�D�OHVVRQ�SODQ��WKH�OHVVRQ�SODQ�
DVVLJQPHQW�SDUWLFXODUO\ UHTXLUHG�WHDFKHU�FDQGLGDWHV�WR�GHPRQVWUDWH�KRZ�WKH\�EXLOW�WHFKQRORJ\�
LQWR�WKHLU�LQVWUXFWLRQDO�DFWLYLWLHV�DQG�DV�ZHOO�WR�LQFOXGH�D�SDUDJUDSK�WR�H[SODLQ�WKH�UDWLRQDOH�RI�
WKHLU�FKRLFHV�DQG�LQWHJUDWLRQ�RI�WHFKQRORJ\��,Q�WKHLU�UHIOHFWLYH�UHSRUWV��WHDFKHU�FDQGLGDWHV�ZHUH�
UHTXLUHG� WR� UHIOHFW� RQ� ZKDW� ZRUNHG� LQ� WKHLU� XVH� RI� WHFKQRORJ\� DQG� ZKDW� FRXOG� EH� GRQH�
GLIIHUHQWO\��7KH\�ZHUH�DOVR�DVNHG�DERXW�KRZ�WKH�0/6�SURFHVV�KHOSHG�WKHP�GHYHORSLQJ�73$&.�
NQRZOHGJH��&DUHIXO�QRWHV�ZHUH�WDNHQ�E\�WKH�UHVHDUFKHUV�LQVWUXFWRUV�ZKLOH�REVHUYLQJ�WHDFKHU�
FDQGLGDWHV·�PLFURWHDFKLQJ�SHUIRUPDQFH�DQG�FODVV�GLVFXVVLRQ�

:H�FRQGXFWHG�ERWK�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�DQDO\VLV�RQ�UHVHDUFK�GDWD�DV�%HUJ��������
VXJJHVWHG�IRU�DQDO\]LQJ�FRQWHQW��4XDOLWDWLYH�DQDO\VLV�GHDOV�ZLWK�WKH�WKHPHV�DQG�DQWHFHGHQW�
FRQVHTXHQW�SDWWHUQV�RI�WKHPH�ZKLOH�TXDQWLWDWLYH�DQDO\VLV�GHDOV�ZLWK�GXUDWLRQ�DQG�IUHTXHQF\�
RI�WKHPH��%RWK�W\SHV�RI�DQDO\VLV�FDQ�JUHDWO\�FRQWULEXWH�WR�D�FRPSUHKHQVLYH�XQGHUVWDQGLQJ�RI�
WKH� GDWD�� 7R� VXSSRUW� WKLV� SRVLWLRQ��$EUDKDPVRQ� ������� VWDWHG� WKDW� FRQWHQW� DQDO\VLV� FDQ� EH�
IUXLWIXOO\� HPSOR\HG� WR� H[DPLQH� DQ\� W\SH� RI� FRPPXQLFDWLRQ� DQG� LW� PD\� IRFXV� RQ� HLWKHU�
TXDOLWDWLYH�RU�TXDQWLWDWLYH�DVSHFWV�RI�FRPPXQLFDWLRQ�PHVVDJHV��)RU�WKLV�VWXG\��4XDQWLWDWLYH�
DQDO\VLV�ZDV�FRQGXFWHG�WR�FROOHFW�LQIRUPDWLRQ�DERXW�TXHVWLRQV�VXFK�DV�KRZ�PDQ\�SDUWLFLSDQWV�
KROG� SRVLWLYH� DWWLWXGH� WRZDUG� 0/6� DQG� KRZ� PDQ\� UDLVHG� FRQFHUQV� DERXW� LW�� 4XDOLWDWLYH�
DQDO\VLV�DQVZHUHG�TXHVWLRQV�VXFK�DV�KRZ�0/6�KHOSHG�SDUWLFLSDQWV� WR� OHDUQ�DERXW� WHDFKLQJ�
ZLWK� WHFKQRORJ\� DQG�ZKDW� FRQFHUQV� WKH\� UDLVHG��4XDQWLWDWLYH� DQDO\VLV�ZDV� VLPSO\� WR� WDOO\�
SDUWLFLSDQWV·�UHVSRQVHV�HPEHGGHG�LQ�WKHLU�UHIOHFWLRQV��4XDOLWDWLYH�DQDO\VLV�ZDV�PRUH�FRPSOH[��
,W�LQYROYHG�D�SURFHVV�RI�FRGLQJ�DQG�UHFRGLQJ��%HUJ��������GLVFXVVHG�WKDW�WKH�SURFHVV�RI�FRGLQJ�
FDQ�HPSOR\�ERWK�GHGXFWLYH�DQG LQGXFWLYH�DSSURDFKHV��,Q�GHGXFWLYH�DSSURDFK��WKH�UHVHDUFKHU�
XVHV� VRPH� FDWHJRULHV� VXJJHVWHG� E\� D� WKHRUHWLFDO� SHUVSHFWLYH�� OLWHUDWXUH� UHYLHZ�� UHVHDUFK�
TXHVWLRQV� RU� LQWHUYLHZ� TXHVWLRQV�� 'HGXFWLYH� FRGLQJ� FUHDWHV� DQDO\WLFDO� FDWHJRULHV� IRU� WKH�
UHVHDUFKHU� WR� VWDUW� DVVHVVLQJ� GDWD�� 7KH� LQGXFWLYH� DSSURDFK� EHJLQV� ZLWK� WKH� UHVHDUFKHU�
LPPHUVLQJ�WKHPVHOYHV�LQ�WKH�GRFXPHQWV�LQ�RUGHU�WR�PDNH�VHQVH�RI�WKHP��:KHQ�DQDO\]LQJ�WKLV�
VWXG\��ZH�ZHUH�DZDUH�WKDW�ZH�ORRNHG�IRU�HYLGHQFH�RI�SDUWLFLSDQWV·�VXFFHVV�DQG�FKDOOHQJHV�LQ�
WKH�SURFHVV�RI�PLFURWHDFKLQJ�ZLWK�WHFKQRORJ\��ZKLFK�VHUYHG�DV�DQDO\WLFDO�FDWHJRULHV��+RZHYHU��
RXU�FRGLQJ�ZDV�DQ�RSHQ�SURFHVV��6WUDXVV���������7KDW�LV��ZKHQ�ZH�LQLWLDOO\�UHDG�RYHU�WKH�GDWD��
ZH�QRWHG�GRZQ�DQ\�VLJQLILFDQW�LWHPV�DORQJ�WKH�GRFXPHQWV�ZLWKRXW�OLPLWLQJ RXU�DWWHQWLRQ�WR�
DQ\�SUH�VHW�WRSLFV�� ,Q�WKH�ODWHU�VWDJH�RI�GDWD�DQDO\VLV��ZH�PHUJHG�LQLWLDO�FRGLQJ�LQWR�VHYHUDO�
VLJQLILFDQW�WKHPHV�LQFOXGLQJ�ZKDW�WHFKQRORJ\�EHLQJ�XVHG��ZK\�WHFKQRORJ\�EHLQJ�XVHG��KRZ�
WHFKQRORJ\�EHLQJ�XVHG��WHDFKHU�FDQGLGDWHV·�SHUVSHFWLYHV DERXW�WKH�EHQHILWV�RI�0/6�DSSURDFK�
LQ�D�PHWKRGV�FRXUVH��DQG�WKHLU�FRQFHUQV�ZLWK�WKLV�DSSURDFK��)RU�HDFK�FDWHJRU\��WKHUH�DUH�D�IHZ�
WKHPHV�VXEFDWHJRULHV�WR�VXSSRUW�WKH�PDLQ�FRQFHSW��6XFK�D�VWUXFWXUH�FDQ�EH�VHHQ�LQ�WKH�QH[W�
VHFWLRQ�RI�WKLV�SDSHU��,Q�RUGHU�WR PDNH�VXUH�DQ�DFFXUDWH�XQGHUVWDQGLQJ�RI�HDFK�JURXS·V�ZRUN��
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DOO�W\SHV�RI�GDWD�VRXUFHV�IRU�HDFK�JURXS�ZHUH�FURVV�UHDG�IRU�WKH�SXUSRVH�RI�WULDQJXODWLRQ��7R�EH�
PRUH�VSHFLILF�� WKH�GDWD�JDLQHG�IURP� OHVVRQ�SODQV�DQG�0/6�REVHUYDWLRQ�QRWHV�ZHUH�XVHG� WR�
PDNH�VHQVH�ZKDW�SDUWLFLSDWHG�SXW�LQ�WKHLU�UHIOHFWLRQV��
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:KDW�7HFKQRORJ\�3DUWLFLSDQWV�8VHG

$PRQJ�WKH����OHVVRQ�SODQV�����LQYROYHG�WKH�XVH�RI�YDULRXV�W\SHV�RI�VLPXODWLRQ��0DQ\�
XVHG�YLVXDO�LOOXVWUDWLRQV�VXFK�DV�SLFWXUHV��FDUWRQV��DQG�FKDUWV�UHWULHYHG�IURP�WKH�LQWHUQHW��2QO\�
RQH�JURXS�XVHG�SUREHZDUH��7KLV�JURXS�DVNHG�VWXGHQWV�WR�XVH�D�PRWLRQ�VHQVRU�WR�SURGXFH�UHDO�
PRWLRQV�WKDW�UHSUHVHQWHG�E\�JLYHQ�G�W�DQG�Y�W�JUDSKV��&RQVLGHULQJ�ZKDW�ZH�FRYHUHG�LQ�WKH�
FODVV�� WKHUH� LV� QR� ZRQGHU� IRU� VXFK� D� SRODUL]HG� FKRLFH� RI� VLPXODWLRQ� RYHU� SUREHZDUH�� $V�
PHQWLRQHG� HDUOLHU�� ZH� GHGLFDWHG� PXFK� PRUH� GLVFXVVLRQ� WR� VLPXODWLRQ� RYHU� SUREHZDUH��
3DUWLFLSDQWV�IHOW�VDIHU�DQG�PRUH�FRPIRUW�WR�XVH�WKH�WHFKQRORJ\�WKH\�MXVW�OHDUQHG�UDWKHU�WKDQ�
WU\LQJ�VRPH�WKDW�ZHUH�QRW�FRYHUHG�PXFK�LQ WKH�FODVV��)RU�WKH�JURXS�XVLQJ�PRWLRQ�VHQVRU��RQH�
JURXS�PHPEHU�KDG�MXVW�ILQLVKHG�D�JUDGXDWH�GHJUHH�LQ�SK\VLFV�EHIRUH�KH�HQWHUHG�WKH�WHDFKHU�
HGXFDWLRQ� SURJUDP�� +H� KDG� D� JUHDW� DPRXQW� RI� H[SHULHQFH� XVLQJ� SUREHZDUHV� LQ� KLV�
XQGHUJUDGXDWH�SK\VLFV�FRXUVHV�DQG�ZKHQ�KH�VHUYHG�DV�D�7$�IRU�XQLYHUVLW\�SK\VLFV�FRXUVHV��,Q�
UHIOHFWLQJ� WKHLU� FKRLFH� RI� WHFKQRORJ\�� WKLV� JURXS�PHPEHU�ZURWH�� ´,�ZDV� WKH� H[SHUW� RQ� WKLV�
SDUWLFXODU�,&7�DQG�ZKDW�FDQ�EH�GRQH�ZLWK�LW���,�ZDV�DEOH�WR�KHOS�P\�JURXS�PHPEHUV�OHDUQ�KRZ�
WR�XVH�LW�µ�,Q�DGGLWLRQ�WR�VLPXODWLRQ�DQG�SUREHZDUH��VWUHDPHG�<RX7XEH�YLGHRV�ZHUH�XVHG�E\�
D�IHZ�JURXSV�DOWKRXJK�WKH\�ZHUH�QRW�FRYHUHG�LQ�RXU�FODVVHV��:H�DVVXPHG�WKDW�WKLV�ZDV�EHFDXVH�
WKH\�ZHUH�VR�FRPPRQ�DQG�HDV\�WR�JHW�DQG�XVH�

:K\�3DUWLFLSDQWV�8VHG�7HFKQRORJ\

,Q�FODVV��ZH�HQVXUHG�WHDFKHU�FDQGLGDWHV�XQGHUVWDQG�WKDW�WHFKQRORJ\�LV�XVHG�QRW�EHFDXVH�
LW�LV�QHZ��EXW�EHFDXVH�LW�SURYLGHV�GLIIHUHQW�DQG�RU�PRUH�HIIHFWLYH�OHDUQLQJ�H[SHULHQFHV��ZKLFK�
VWXGHQWV�PD\�QRW�EH�DEOH�WR�DFFHVV�ZLWKRXW�WHFKQRORJ\��6XFK�XQGHUVWDQGLQJ�ZDV�GHPRQVWUDWHG�
LQ�WKHLU�OHVVRQ�SODQ�DQG�PLFURWHDFKLQJ��DQG�PRUH�H[SOLFLWO\�ZRUGHG�LQ�WKHLU�UHIOHFWLRQ�MRXUQDOV��
,Q�UHJDUGV�WR�WKHLU�JHQHUDO�XQGHUVWDQGLQJ�RI�WKH�UROH�RI�WHFKQRORJ\�LQ�WHDFKLQJ��WKH�IROORZLQJ�
W\SLFDO�TXRWDWLRQ�ZDV�WDNHQ�IURP�D�SDUWLFLSDQW·V�UHIOHFWLRQ�

,W� LV� H[WUHPHO\� LPSRUWDQW� QRW� WR� IRUJHW� WKDW� D� VFLHQFH� FODVVURRP�QHHGV� WR� HQFRPSDVV�
KDQGV�RQ� ODEV� VR� VWXGHQWV� FDQ� H[SORUH� FRQFHSWV� ZLWK� UDZ� PDWHULDOV� WKURXJK� LQTXLU\��
7HFKQRORJ\�LQ�WKH�FODVVURRP�VKRXOG�QRW�UHSODFH�WKLV�ODERUDWRU\�FRPSRQHQW��EXW� LI�SURSHUO\�
XVHG� DORQJVLGH� WUDGLWLRQDO� DFWLYLWLHV�� ,&7� FDQ� JUHDWO\� VXSSRUW� WKH� OHDUQLQJ� SURFHVV� RI�
VWXGHQWV«�,&7�FDQ�EH�XVHG�WR�YLVXDOO\�VKRZ�SKHQRPHQD�WKDW�VWXGHQWV�DUH�XQDEOH�WR�VHH�LQ�D�
FODVVURRP� VHWWLQJ� �L�H�� VROXWLRQV� DW� WKH�PROHFXODU� OHYHO�� WKH� GLJHVWLRQ� RI� IRRG� LQVLGH� RI� WKH�
VWRPDFK�� HWF���� 7HDFKHUV� QHHG� WR� EH� VNHSWLFDO� ZKHQ� IUHHO\� EULQJLQJ� ,&7� LQWR� WKH� VFLHQFH�
FODVVURRP�WKRXJK��,I�WHDFKHUV�FDQ�FRQILGHQWO\�DJUHH�WKDW�WKHLU�LQFRUSRUDWLRQ�RI�,&7�ZLOO�HQJDJH��
HQKDQFH��HQULFK��VXSSRUW�RU�IDFLOLWDWH�WKH�OHDUQLQJ�SURFHVV�WKDW�WKH�WUDGLWLRQDO�EODFNERDUG�DQG�
FKDON�FDQQRW�DFFRPSOLVK��WKHQ�,�WUXO\�VXSSRUW�LW�ZLWKLQ�WKH�VFLHQFH�FODVVURRP�
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,Q�WKLV�TXRWDWLRQ��WKH�SDUWLFLSDQW�H[SOLFLWO\�SRLQWHG�RXW�WKDW�VFLHQFH�WHDFKLQJ�FRXOG�QRW�
JHW�ULG�RI�KDQGV�RQ�DFWLYLWLHV�GXH�WR�WKH�XVH�RI�WHFKQRORJ\��7HFKQRORJ\�VKRXOG�EH�XVHG�LQ�ZD\V�
WKDW�IDFLOLW\�VFLHQFH�WHDFKLQJ�DQG�OHDUQLQJ��$�WHDFKHU�VKRXOG�OHYHUDJH�WKH�DGYDQWDJHV�RI�ERWK�
WHFKQRORJ\� DQG� QRQ�WHFKQRORJ\� DSSURDFKHV� LQ� RUGHU� WR� DFKLHYH� WKH� PD[LPXP� UHVXOWV� RI�
LQVWUXFWLRQ��6LPLODUO\��DQRWKHU�SDUWLFLSDQW�DUJXHG�WKDW�WHFKQRORJ\�VKRXOG�EH�XVHG�ZKHQ�LW�FDQ�
SURYLGH� D� WRRO� RU� UHVRXUFH� WKDW� VXSSOHPHQWV� WKH� FRQYHQWLRQDO� LQVWUXFWLRQDO�PHWKRGV�� 7KLV�
SDUWLFLSDQW�ZURWH���

,�YLHZ�WKH�UROH�RI�,&7�LQ�VFLHQFH�WHDFKLQJ�DV�EHLQJ�WKDW�RI�D�IDFLOLWDWRU��%\�WKLV�,�PHDQ�WKDW�
,�IHHO�,&7�LV�EHVW�VXLWHG�DV�D�PHDQV�RI�SUHVHQWLQJ�RU�H[SORULQJ�LQIRUPDWLRQ�EURXJKW�IRUWK�
GXULQJ�D�OHVVRQ�LQ�D�GLIIHUHQW�ZD\��D�ZD\�ZKLFK�PD\�KDYH�D�EHWWHU�FKDQFH�RI�JHWWLQJ�WKURXJK�
WR�VWXGHQWV�ZKR�PD\�VWUXJJOH�ZLWK�VWULFWO\�RUDO�LQVWUXFWLRQ��,�DOVR�IHHO�WKDW�,&7�FDQ�SOD\�
DQ�LPSRUWDQW�UROH�LQ�WHUPV�RI�KHOSLQJ�WR�LOOXVWUDWH�D�FRQFHSW��YLVXDOO\��WKDW�DQ�LQVWUXFWRU�
VLPSO\�ZRXOG�QRW�EH�DEOH�WR�LOOXVWUDWH�XVLQJ�FRQYHQWLRQDO�PHWKRGV��)RU�H[DPSOH��VKRZLQJ�
D�FKHPLFDO�UHDFWLRQ�LQ�UHDO�WLPH�DW�D�PROHFXODU�OHYHO�FDQ�UHDOLVWLFDOO\�RQO\�EH�GRQH�ZLWK�WKH�
DLG�RI�,&7��+RZHYHU��,�IHHO�WKDW�WKH�XVH�RI�,&7�VKRXOG�EH�FDUHIXOO\�FRQVLGHUHG�DQG�XVHG�RQO\�
DV�DQ�DLG�WR�VXSSOHPHQW�WKH�LQVWUXFWLRQ�EHLQJ�JLYHQ�E\�WKH�WHDFKHU�>UDWKHU�WKDQ�UHSODFLQJ�
LW@«�7KDW�EHLQJ�VDLG��,�UHDOO\�GR�IHHO�WKDW�,&7�SUHVHQWV�PDQ\�H[FLWLQJ�RSSRUWXQLWLHV�WR�RIIHU�
PXOWLSOH� SHUVSHFWLYHV� RQ� D� JLYHQ� FRQFHSW� RU� WRSLF� DQG� WKH� DELOLW\� WR� FDWHU� WR� PXOWLSOH�
OHDUQLQJ�VW\OH�ZKHQ�GHOLYHULQJ�D�OHVVRQ�

3DUWLFLSDQWV�ZHUH�DVNHG�WR�UHIOHFW�RQ�WKH�UDWLRQDO�RI�WHFKQRORJ\�FKRLFHV�IRU�WKHLU�OHVVRQ�
SODQ��2QH�SDUWLFLSDQW�IURP�WKH�JURXS�ZKR�XVHG�D�PRWLRQ�VHQVRU�LQ�WKHLU�OHVVRQ�ZURWH��

7KH�XVH�RI�,&7�LQ�RXU�OHVVRQ�SODQ�WR�KHOS�VWXGHQWV�IXOO\�XQGHUVWDQG�WKH�FRQFHSW�RI�SRVLWLRQ�
WLPH�DQG�YHORFLW\�WLPH�JUDSKV�LV�D�ZHOFRPH�FKDQJH�WR�WUDGLWLRQDO�PHWKRGV�RI�OHDUQLQJ�S�W��
Y�W�DQG�D�W�JUDSKV�GXH�WR�WKH�IDFW�WKDW�WKH�PRWLRQ�VHQVRU�JLYHV�LPPHGLDWH�IHHGEDFN�RQ�WKH�
PRWLRQ�SURGXFHG�E\�WKH�VWXGHQW�ZKR�LV�DWWHPSWLQJ�WR�LQWHUSUHW�DQG�GXSOLFDWH�WKH�JUDSK��
7KLV�LPPHGLDWH�IHHGEDFN�VKRZV�WKH�VWXGHQW�ULJKW�DZD\�ZKHWKHU�WKHLU�LGHD�RI�WKH�JUDSK�LV�
ULJKW�RU�ZURQJ�LQVWHDG�RI�ZDLWLQJ�IRU�WHDFKHU�IHHGEDFN�

7KLV�TXRWDWLRQ�FOHDUO\�GHPRQVWUDWHG�WKDW�WKH�JURXS�FKRVH�D�PRWLRQ�VHQVRU�LQ�WKHLU�OHVVRQ�
EHFDXVH�WKH�VHQVRU�FRXOG�PHDVXUH�VWXGHQW�DFWLRQV�LPPHGLDWHO\�DQG�GLVSOD\�WKHP�LQ�UHDO�WLPH��
6XFK�TXLFN�IHHGEDFN�LV�EH\RQG�WKH�DELOLW\�RI�DQ\�WUDGLWLRQDO�ODE��2QH�JURXS�WDXJKW�D�OHVVRQ�
DERXW�DWRPLF�RUELWDOV��,Q�UHJDUGV�WR�WKH�UDWLRQDOH�RI�WKHLU�WHFKQRORJ\�FKRLFH��RQH�RI�LWV�PHPEHUV�
UHIOHFWHG� RQ� KRZ� WKH\� FKRVH� WHFKQRORJ\� DFFRUGLQJ� WR� WKHLU� LQVWUXFWLRQDO� REMHFWLYHV�� 7KLV�
SDUWLFLSDQW�ZURWH��

7R�ILQG�JRRG�UHOHYDQW�,&7�IRU�RXU�WRSLF�WRRN�WLPH�DQG�HIIRUW��:H�ZHUH�DOO�LQYROYHG�LQ�WKH�
SURFHVV�RI�VHDUFKLQJ�RQOLQH�IRU�SRVVLEOH�WRROV��6LQFH�RXU�WRSLF�ZDV�TXLWH�DEVWUDFW��ZH�ZHUH�
ORRNLQJ�IRU�D�VLPXODWLRQ�WKDW�FRXOG�YLVXDOO\�H[SODLQ�KRZ�HOHFWURQV�DUH�ODLG�RXW�DURXQG�WKH�
QXFOHXV�ZLWKLQ�WKHLU�RUELWDOV��:H�LQLWLDOO\�JDWKHUHG�DQ\�VLPXODWLRQ�UHODWHG�WR�RXU�WRSLF�WKHQ�
FKRRVH�WKH�RQH�WKDW�DSSOLHG�WR�RXU�OHDUQLQJ�REMHFWLYH�ZKLFK�ZDV�WR�KDYH�VWXGHQWV�XQGHUVWDQG�
WKH�SODFHPHQW�RI�HOHFWURQV�ZLWKLQ�RUELWDOV�DW�HDFK�TXDQWXP�OHYHO��7KH�EDFNJURXQG�WR�WKLV�
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OHVVRQ� ZDV� HOHFWURQ� FRQILJXUDWLRQ�� :H� IRXQG� RQH� VLPXODWLRQ� WKDW� WLHG� LQ� ERWK� WRSLFV��
6WXGHQWV� FRXOG� VHH� WKH� FRQILJXUDWLRQ� RI� HOHFWURQV� DV� ZHOO� DV� WKH� VKDSHV� RI� WKH� RUELWDOV�
LQYROYHG��KRZ�HOHFWURQV�ILW�LQWR�WKH�RUELWDOV�DQG�KRZ�WKH�RUELWDOV�OD\�XSRQ�HDFK�RWKHU�

+RZ�DQG�:KHQ�3DUWLFLSDQWV�8VHG�7HFKQRORJ\

)URP� WKHLU� OHVVRQ� SODQV� DQG� PLFURWHDFKLQJ� H[HUFLVHV�� LW� ZDV� HDV\� WR� QRWLFH� WKDW�
SDUWLFLSDQWV�XVH�WHFKQRORJLHV�LQ�PDQ\�GLIIHUHQW�ZD\V��DW�GLIIHUHQW�LQVWUXFWLRQDO�RFFDVLRQV��DQG�
IRU�YDULRXV�SXUSRVHV��7KH\�EXLOW�WHFKQRORJ\�LQWR�WKH�SURFHVV�RI�LQTXLU\�HYHQ�WKRXJKW�WKH�DFWXDO�
XVH�VWLOO�QHHGV�LPSURYHPHQW��7KLV�GHPRQVWUDWHG�WKHLU�XQGHUVWDQGLQJ�DERXW�WKH�SULRULW\�UROH�RI�
SHGDJRJ\�RYHU�WHFKQRORJ\��7KH\�XVHG�WHFKQRORJ\�WR�DFKLHYH�WKHLU�LQVWUXFWLRQDO�JRDOV�UDWKHU�
WKDQ�LQFOXGHG�WKHP�LQ�WHDFKLQJ�IRU�LWV�QRYHOW\��5DWKHU�WKDQ�EULQJ�WHFKQRORJ\�WR�LQVWUXFWLRQ�DV�
RQH� WLPH� VKRUW� DFWLRQ�� WHDFKHU� FDQGLGDWHV� GHOLEHUDWHO\� UHIHUUHG� WR� VSHFLILF� FRPSRQHQWV� RI�
VLPXODWLRQ�VRIWZDUH�PXOWLSOH�WLPHV�GXULQJ�WKHLU�WHDFKLQJ�ZKHQ�FRQFHSWV�QHHGHG�WR�EH�FODULILHG�
IXUWKHU��

2QH� JURXS� XVHG� D�*L]PRV� VLPXODWLRQ� WR� DGGUHVV� VWXGHQWV·�PLVXQGHUVWDQGLQJ� RI� WKH�
FRQFHSW�DERXW�ZHDN�VWURQJ�DFLG�DQG�EDVH��DQG�XVH�LW�DV�DQ�LQTXLU\�WRRO�WR�LQYHVWLJDWH�DFLG�DQG�
EDVH� HTXLOLEULXP�� $� PHPEHU� IURP� WKLV� JURXS� VXPPDUL]HG� WKHLU� XVH RI� WHFKQRORJLHV� DV�
IROORZLQJ�

:KLOH� FUHDWLQJ�RXU� OHVVRQ�SODQ�ZH�ZHUH�YHU\�FRQVFLHQWLRXV�ZLWK�RXU� LPSOHPHQWDWLRQ�RI�
WHFKQRORJ\�DV�ZH�GLG�QRW�MXVW�ZDQW�WR�XVH�WHFKQRORJ\�WR�WHDFK >RULJLQDO�LWDOLFV@�WKH�VWXGHQWV���
2XU�JRDO�ZDV�WR�XVH�WHFKQRORJ\�WR�LQWHUDFW�ZLWK >RULJLQDO�LWDOLFV@�WKH�VWXGHQWV�DQG�DOORZ�
WKHP� WR� LQGHSHQGHQWO\� GLVFRYHU� WKURXJK� LQTXLU\� >RULJLQDO� LWDOLFV@� (DFK� ,&7� XWLOL]HG�
WKURXJKRXW�WKH�OHVVRQ�KDG�D�VSHFLILF�SXUSRVH���7KH�RSHQLQJ�<RX7XEH�YLGHR�ZDV�D�UHYLHZ�RI�
SUHYLRXV�NQRZOHGJH�RI�DFLGV�DQG�EDVHV��EXW�PRUH� LPSRUWDQWO\�ZDV�D�KRRN�WR� HQJDJH� WKH�
VWXGHQWV�DW�WKH�EHJLQQLQJ�RI�DQ�HDUO\�PRUQLQJ�OHVVRQ�DQG�WR�JHW�WKHP�H[FLWHG�IRU�WKH�KDQGV�
RQ�OHVVRQ�WKDW�OLHV�DKHDG�RI�WKHP���7KH�3RZHU3RLQW�SUHVHQWDWLRQ�ZDV�D�YLVXDOO\�DSSHDOLQJ�
PHWKRG�WR�FRPPXQLFDWH�WKH�FRPSRQHQWV�RI�WKH�OHVVRQ�LQ�DQ�HIILFLHQW�PDQQHU��LQFOXGLQJ�D�
6PDUW%RDUG� DFWLYLW\� ZKHUH� VWXGHQWV� ZHUH� DVNHG� WR� UHFDOO� SUHYLRXVO\� WDXJKW� GHILQLWLRQV�
DERXW�DFLGV�DQG�EDVHV�DQG�ZULWH�WKHP�RQ�WKH�ERDUG���/DVWO\��WKH�FRUH�FRPSRQHQW�RI�WKH�OHVVRQ�
ZDV� D� VLPXODWLRQ WKDW� GHSLFWHG� DQ� LPSRUWDQW� FKHPLVWU\� FRQFHSW� DW� WKH�PROHFXODU� OHYHO���
:LWKRXW�WKLV�VLPXODWLRQ��WKH�FRQFHSW�FRXOG�QRW�KDYH�EHHQ�H[SOLFLWO\�WDXJKW�ZLWK�UHDOLVWLF�
YLVXDOV�VKRZLQJ�VWXGHQWV�ZK\�WKH�VFLHQWLILF�SKHQRPHQRQ�LV�RFFXUULQJ���7KH�HQWLUH�OHVVRQ�
ZDV� LQTXLU\�EDVHG� UDWKHU� WKDQ� WUDGLWLRQDO�� ZKLFK� FUHDWHG� DQ� H[FHOOHQW� FRQWH[W� IRU� RXU�
VSHFLILF�WHFKQRORJLFDO�VLPXODWLRQ�WR�EH�XVHG�� �6WXGHQWV�ZHUH�DEOH�WR�PDQLSXODWH�GLIIHUHQW�
YDULDEOHV�VXFK�DV�WKH�VWUHQJWK�RI�WKH�DFLG�EDVH�DV�ZHOO�DV�WKH�FRQFHQWUDWLRQ�RI�WKH�DFLG�EDVH���
7KH\�FRXOG�XVH�YDULRXV�PHWKRGV�RI�PHDVXUHPHQW�WR�GHWHUPLQH�WKH�FRQGXFWLYLW\�RU�S+�RI�
WKH�VROXWLRQ�EHLQJ�REVHUYHG��DQG�FRXOG�REVHUYH�WKLV�DV�D�PDJQLILHG�VROXWLRQ�RU�DV�D�EDU�JUDSK�
WKDW�UHSUHVHQWHG�UHDFWDQW�DQG�SURGXFW�FRQFHQWUDWLRQV���,�WKLQN�WKDW�RXU�SODQ�ZRUNHG�YHU\�
ZHOO�LQ�FUHDWLQJ�D�VWXGHQW�GLUHFWHG�OHDUQLQJ�H[SHULHQFH��
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$QRWKHU�JURXS�XVHG�D� VLPXODWLRQ� IURP� WKH�3K(7�ZHEVLWH� WR� WHDFK�D� OHVVRQ�DERXW� WKH�
FRQVHUYDWLRQ�ODZ�RI�HQHUJ\��7KHLU�OHVVRQ�QLFHO\�VWDUWHG�ZLWK�QRQ�WHFKQRORJ\�WHDFKLQJ�PHWKRGV�
�GHPRQVWUDWLRQ�DQG�FDVH�DQDO\VLV��WR�UHYLHZ�WKH�WUDQVIRUPDWLRQ�EHWZHHQ�IRUPV�RI�HQHUJ\��DQG�
WKHQ�WRRN�WKH�SURFHVV�RI�GLYLQJ�DV�DQ�H[DPSOH�WR�LQWURGXFH�WKH�FRQFHSW�RI�HQHUJ\�FRQVHUYDWLRQ��
XVLQJ� WKH� PDWKHPDWLFDO� ODQJXDJH�� 7KH� VLPXODWLRQ� ZDV� WKHQ� EURXJKW� XS� WR� LOOXVWUDWH� KRZ�
HQHUJ\�FRQVHUYHV�LQ�D�PRUH�FRPSOH[�FDVH�RI�VNDWHERDUGLQJ�RQ�D�Y�VKDSH�WUDFN�ZLWK�D�YLVXDO�
SUHVHQWDWLRQ�DERXW�HDFK�W\SH�RI�HQHUJ\�FKDQJHV�LQ�WKH�SURFHVV��:RUNVKHHW�ZDV�SURYLGHG�WR�
JXLGH�VWXGHQW�WKLQNLQJ�RYHU�WKH�FDVH��7KH�VLPXODWLRQ�ZDV�DOVR�XVH�WR�FRPSDUH�WZR�GLIIHUHQW�
VLWXDWLRQV��IULFWLRQ�RQ�DQG�IULFWLRQ�RII��$W�WKH�HQG��VWXGHQWV�ZHUH�DVNHG�WR�FRQVWUXFW�WKHLU�RZQ�
VNDWHERDUGLQJ�WUDFN�XVLQJ�WKH�VLPXODWLRQ�

7KH�XVH�RI�VWHDPHG�<RX7XEH�YLGHRV�ZDV�ZLWQHVVHG�LQ�VRPH�OHVVRQ�SODQV��9LGHRV�ZHUH�
XVHG�WR�LQWURGXFH�WKH�OHVVRQ�WRSLF��LOOXVWUDWH�WKH�FRQFHSW��DQG�UHYLHZ�SUHYLRXVO\�WDXJKW�FRQWHQW��
6LQFH�PDQ\�<RX7XEH�YLGHRV�ZHUH�QRW�QHFHVVDULO\�GHYHORSHG�ZLWK�DQ�HGXFDWLRQDO�SXUSRVH�DQG�
VRXQG�SHGDJRJ\��FRQFHUQV�DURVH�ZLWK�WKH�XVH�RI�YLGHRV�E\�VRPH�JURXSV��)RU�H[DPSOH��RQH�
JURXS� SOD\HG� D� YLGHR� DW� WKH� YHU\� EHJLQQLQJ� RI� WKHLU� OHVVRQ� RQ� WKH� 96(35� WKHRU\� DERXW�
PROHFXODU�VKDSHV��7KHLU�LQWHQWLRQ�ZDV�WR�LQWURGXFH�WKH�WRSLF��+RZHYHU�WKH�YLGHR�FRQWHQW�ZDV�
WKH�WKHRU\�ZKLFK�VWXGHQWV�ZRXOG�OHDUQ�LQ�WKH�FODVV��$OWKRXJK�VRPH�WHDFKHU�FDQGLGDWHV�WKRXJKW�
WKDW�WKH�YLGHR�JUDE�VWXGHQWV·�LQWHUHVW��ZH�FRPPHQWHG�WKDW�LW�ZDV�QRW�HIIHFWLYH��$QRWKHU�JURXS�
XVHG�D�YLGHR� WR�KHOS�VWXGHQWV�YLVXDOL]H�DWRPLF�RUELWDOV� IROORZLQJ�QRQ�WHFKQRORJ\� OHFWXULQJ�
�EODFNERDUG�GUDZLQJ�DQG�GHVFULSWLRQ���7KH�YLGHR�ZDV�YHU\�XVHIXO�IRU�LWV��'�DQG�FRORU�HIIHFWV��
:H�EHOLHYH�WKDW�LW�ZRXOG�ZRUN�EHWWHU�LI�WKH�OHFWXUH�DQG�YLGHR�EOHQGHG�WRJHWKHU�IRU�HDFK�RUELWDO�
UDWKHU�WKDQ�OHFWXULQJ�DOO�RUELWDOV�ILUVW�DQG�WKHQ�VKRZLQJ�WKH�ZKROH�YLGHR�DV�D�FRQFOXVLRQ��,Q�
RWKHU� ZRUGV�� WKH� JURXS� FRXOG� GLVFXVV� RQH� RUELWDO� ZLWK� ERWK� WUDGLWLRQDO� LOOXVWUDWLRQ� DQG�
WHFKQRORJ\�YLVXDOL]DWLRQ�EHIRUH�PRYLQJ�RQ�WR�DQRWKHU�

3DUWLFLSDQWV·�3HUFHSWLRQV�DERXW�WKH�6LJQLILFDQFH�RI�0/6

3DUWLFLSDQWV�ZHUH�DVNHG�WR�UHIOHFW�RQ�KRZ�0/6�KHOSHG�WKHP�GHYHORS�WKHLU�XQGHUVWDQGLQJ�
DQG�VNLOOV�RI�WHDFKLQJ�ZLWK�WHFKQRORJ\��7KHLU�UHIOHFWLYH�ZULWLQJV�ZHUH�UHTXLUHG�WR�DGGUHVV�ERWK�
FRPSRQHQWV�RI�0/6��WKH�PLFURWHDFKLQJ�H[HUFLVH�DQG�FROODERUDWLYH�UHIOHFWLRQ��$OO�SDUWLFLSDQWV�
UHSRUWHG�WKDW�PLFURWHDFKLQJ�SXVKHG�WKHP�WKLQN�WKURXJK�HYHU\�GHWDLO�DERXW�WKHLU�OHVVRQV�DQG�
SURYLGHG� WKHP� RSSRUWXQLWLHV� WR� ´SXW� LQWR� SUDFWLFH� YDULRXV� WHDFKLQJ� WHFKQLTXHV�� HVSHFLDOO\�
WKRVH�GHDOLQJ�ZLWK�,&7�EDVHG�OHVVRQV�µ�7KH\�UHDOL]HG�WKDW�WKH�PLFURWHDFKLQJ�H[SHULHQFH�ZDV�
YHU\�LPSRUWDQW�´EHFDXVH�DV�SUHSDUHG�IRU�D�OHVVRQ�DV�\RX�VWULYH�WR�EH��\RX�FDQ�QHYHU�FRPSOHWHO\�
SUHGLFW�WKH�IODZV�WKDW�PD\�H[LVW�RU�WKH�WURXEOHV�WKDW�PD\�DULVH��VXFK�DV�VWXGHQW�FRQIXVLRQ�RU�
PLVXQGHUVWDQGLQJ��7ULDOLQJ�WKH�OHVVRQ�RXW�LV�ZKDW�WUXO\�UHYHDOV�LWV�VWUHQJWKV�DQG�ZHDNQHVVHV�µ�
0RUH�SDUWLFXODUO\��WKH�PLFURWHDFKLQJ�GHHSHQHG�SDUWLFLSDQWV·�XQGHUVWDQGLQJ�RI�WKH�XVH�RI�,&7�
DQG�IXUWKHU�FRQYLQFHG�WKHP�RI�WKH�VLJQLILFDQFH�RI�XVLQJ�,&7�LQ�VFLHQFH�WHDFKLQJ��,Q�WKLV�UHJDUG��
WZR�SDUWLFLSDQWV�ZURWH��

7KLV� VSHFLILF� PLFURWHDFKLQJ� H[SHULHQFH� WUXO\� VKRZHG� WKH� HIIHFWLYHQHVV� RI� WKH� 3K(7�
VLPXODWLRQV� DQG� KRZ� SHGDJRJLFDOO\� KHOSIXO� WKH\� FDQ� EH«� :LWQHVVLQJ� WKH� VWXGHQWV·�
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UHDFWLRQV� WR� WKH� VLPXODWLRQ� DQG� WKHLU� ILQGLQJV� WKURXJK� WKH� DFWLYLW\�� LW� ZDV� FOHDU� KRZ�
LPSRUWDQW�WKH�VLPXODWLRQ�ZDV�WR�VXSSRUW�WKH�OHVVRQ·V�WHDFKLQJ� 0LFURWHDFKLQJ�DOORZHG�PH�
WR�PDLQWDLQ�D�WHDFKHU�UROH�DQG�H[SHULHQFH�DQ\�GLIILFXOWLHV�WKDW�PD\�DULVH�ZKHQ�LQFRUSRUDWLQJ�
,&7�LQ�WKH�DFWXDO�VFLHQFH�FODVVURRP��0RUH�LPSRUWDQWO\��PLFURWHDFKLQJ�DQG�LQFRUSRUDWLQJ�
WHFKQRORJ\�LQWR�D�OHVVRQ�SODQ�PDGH�PH�UHDOL]H�WKDW LW�LV�GHILQLWHO\�VRPHWKLQJ�WKDW�,�ZDQW�WR�
HQFRPSDVV�LQ�P\�WHDFKLQJ�SKLORVRSK\�DQG�XWLOL]H�ZKHQ�,�DP�RXW�LQ�WKH�ILHOG�

7KH�PLFURWHDFKLQJ�H[HUFLVH�ZDV�QRW�RQO\�D�SUDFWLFDO�RSSRUWXQLW\�IRU�WKH�WHDFKLQJ�JURXS��
EXW�DOVR�SURYLGHV�DQ�RSSRUWXQLW\�IRU�WKH�UHVW�FODVV�WR�OHDUQ�IURP�SHHUV��7KH\�FRXOG�OHDUQ�IURP�
RWKHUV� DERXW� ZKDW� WHFKQRORJLHV� ZHUH� DYDLODEOH� DQG� KRZ� WKH\� FRXOG� EH� LQFRUSRUDWHG� LQWR�
WHDFKLQJ��$W�WKH�HQG�RI�WKH�PLFURWHDFKLQJ�VHFWLRQ��DV�WHDFKHU�FDQGLGDWHV�VXJJHVWHG��WKH�FODVV�
FROODERUDWLYHO\�GHYHORS�D�OLVW RI�,&7�UHFRXUVHV�IRU�VFLHQFH�WHDFKLQJ�

&ROODERUDWLYH�GLVFXVVLRQ�UHIOHFWLRQ�IHHGEDFN�DW�WKH�HQG�RI�PLFURWHDFKLQJ�ZDV�GHVLJQHG�
WR� SURYLGH� WHDFKHU� FDQGLGDWHV� ZLWK� RSSRUWXQLWLHV� WR� OHDUQ� IURP� HDFK� RWKHU·V� VXFFHVV� DQG�
FKDOOHQJH��ZKLFK�ZDV�YDOXDEOH� WR�ERWK� WKH� WHDFKLQJ�JURXS�DQG� WKH� UHVW� RI� FODVV�� ,W� DOORZHG�
WHDFKHU�FDQGLGDWHV�WR�YLHZ�WKH�DSSUDLVDO�RI�WKHLU�WHDFKLQJ�SHUIRUPDQFH�IURP�WKUHH�GLIIHUHQW�
SHUVSHFWLYHV�� SHHU� FRPPHQWV�� WHDFKLQJ� JURXS·V� VHOI�UHIOHFWLRQ�� DQG� WKH� LQVWUXFWRU·V� RQVLWH�
IHHGEDFN��,Q�WKH�SURFHVV RI�0/6��SHHU�WHDFKHU�FDQGLGDWHV�DFWHG�DV�D�GXDO�UROH��IXWXUH�WHDFKHUV�
DQG�VFKRRO�VWXGHQWV��7KH\�FRXOG�SURYLGH�FULWLTXHV�IURP�WKH�SRLQW�YLHZ�RI�VWXGHQW�OHDUQLQJ�DQG�
DV�ZHOO�IURP�WKHLU�SURIHVVLRQDO�XQGHUVWDQGLQJ�RI�WHDFKLQJ��7KH�WHDFKLQJ�JURXS·V�VHOI�UHIOHFWLRQ�
ZDV�VLJQLILFDQW�DV�ZHOO�VLQFH�WKH\�RIWHQ�FRXOG�UHDOL]H�ZKDW�ZDV�JRLQJ�ZHOO�DQG�ZKDW�FRXOG�EH�
LPSURYHG�ZKLOH� WKH\�ZHUH� WHDFKLQJ�EDVHG�RQ� WKHLU�RZQ�REVHUYDWLRQ�RI� WKH�SDUWLFLSDWLRQ�RI�
WKHLU�SHHU� WHDFKHU� FDQGLGDWHV��7KH� LQVWUXFWRU·V�RQVLWH� IHHGEDFN� ILQDOO\�SXVKHG� WKH� H[FLVH� WR�
DQRWKHU�OHYHO��,W�RSHQHG�WHDFKHU�IHHGEDFN�WR�DOO�FODVV�SDUWLFLSDQWV�UDWKHU�WKDQ�EHLQJ�NHSW�WR�WKH�
WHDFKLQJ�JURXS�PHPEHUV�RQO\�DV�LQ�D�WUDGLWLRQDO�DVVLJQPHQW��,Q�UHJDUGV�WR�WKH�VLJQLILFDQFH�RI�
WKH�FROODERUDWLYH�UHIOHFWLRQ�DQG�LQVWDQW IHHGEDFN��RQH�SDUWLFLSDQW�ZURWH�LQ�KHU�UHIOHFWLRQ��

7KH�GLVFXVVLRQ�SURFHVV� LV�DOZD\V�KHOSIXO� DV� LW� DOORZV� IRU�PDQ\�RWKHU�YLHZSRLQWV� RQ� WKH�
OHVVRQ��LQFOXGLQJ�FRQVWUXFWLYH�FULWLFLVP��7KLV�SRUWLRQ�RI�WKH�OHVVRQ�SODQ�DVVLJQPHQW�DOORZV�
XV�WR�VHH�KRZ�RWKHUV�ZRXOG�KDYH�LQFOXGHG�WKH�WHFKQRORJ\�DQG�SRVVLEOH�DFWLYLWLHV�WKDW�WKH\�
ZRXOG�KDYH�GRQH�ZLWK�WKH�,&7��ZKLFK�RSHQV�P\�H\HV�WR�PDQ\�RWKHU�SRVVLELOLWLHV�WKDW�,�PD\�
QRW�KDYH�WKRXJKW�RI��6HFRQGDU\�RSLQLRQV�DUH�YHU\�EHQHILFLDO�DQG�,�DOZD\V�OHDUQ�VR�PXFK�
GXULQJ� WKH� GLVFXVVLRQ� SURFHVV� DV� LW� DOORZV� PH� WR� VHH� P\� OHVVRQ� IURP� RWKHU� SHRSOH·V�
SHUVSHFWLYH�DQG�KRZ�,�FDQ�DOWHU�LW�WR�ILW�VWXGHQWV�EHWWHU�

7KH�IROORZLQJ�UDWKHU�ORQJ�H[FHUSW�IURP�D�SDUWLFLSDQW·V�UHIOHFWLRQ�QLFHO\�RXWOLQHV�ZKDW�VKH�
OHDUQHG�IURP�WKH�GLVFXVVLRQ��

7KH�GLVFXVVLRQ�SURFHVV�KHOSHG�DQDO\]H�ZKDW�ZHQW�ZHOO�DQG�ZKDW�FRXOG�KDYH�EHHQ�LPSURYHG�
ZLWK�,&7�LQ�WKLV�FKHPLVWU\� OHVVRQ��0RVW�RI� WKH� IHHGEDFN�DJUHHG�ZLWK�RXU�JURXS�WKDW�WKH�
VLPXODWLRQ�ZDV�DQ�HIIHFWLYH�ZD\�RI�FRQYH\LQJ�WKH�FRQFHSW�RI�DFLG�DQG�EDVH�VWUHQJWK�DW�WKH
PROHFXODU�OHYHO��7KH�GLVFXVVLRQ�VKRZHG�WKDW�WKH�LQTXLU\�EDVHG�PHWKRG�ZRUNHG�ZHOO�ZLWKLQ�
WKH� FRQWH[W� RI� WKH� OHVVRQ�� $OO� SUHFRQFHSWLRQV� ZHUH� SXW� RQ� SDSHU� EHIRUH� WKH� VLPXODWLRQ�
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DFWLYLW\�EHJDQ�JLYLQJ�VWXGHQWV�D�FKDQFH�WR�UHYHDO�WKHLU�RULJLQDO�WKRXJKWV�DQG�FRPSDUH�ZLWK�
WKH�UHDOLW\�IRXQG�GXULQJ�WKH�VLPXODWLRQ��6RPH�IHHGEDFN�UHTXHVWHG�WKDW�DQ�DFWLYLW\�VKHHW�SHU�
VWXGHQW�ZRXOG�KDYH�EHHQ�PRUH�HIIHFWLYH�VR�WKDW�DOO�VWXGHQWV�ZHUH�LQWHUDFWLYH�DQG�KDG�D�UROH���
,I�,�ZHUH�WR�GR�WKLV�OHVVRQ�DJDLQ�ZLWK�D�*UDGH����FODVV��,�ZRXOG�OLNHO\�SXW�WKH�VWXGHQWV�LQ�
SDLUV�VR�WKDW�RQH�VWXGHQW�FRXOG�PDQLSXODWH�WKH�VLPXODWLRQ�ZKLOH�WKH�RWKHU�VWXGHQW�UHFRUGHG�
WKH�ILQGLQJV�RQ�WKH�DFWLYLW\�VKHHW��7KLV�ZRXOG�VHUYH�DV�DQ�HIILFLHQW�ZD\�WR�KDYH�DOO�VWXGHQWV�
LQYROYHG�LQ�WKH�LQTXLU\�SURFHVV��%DVHG�RQ�IHHGEDFN�JLYHQ��,�ZRXOG�DOVR�KDYH�FKDQJHG�WKH�
DPRXQW�RI�VLPXODWLRQ�XVDJH��$V�'U��=KRX�PHQWLRQHG��WKH�VLPXODWLRQ�VKRXOG�QRW�EH�D�RQH�
WLPH DFWLYLW\�DQG�WKHQ�QHYHU�UHIHUUHG�WR�DJDLQ��,W�FDQ�EH�DQ�RQJRLQJ�OHDUQLQJ�WHFKQLTXH�VR�
WKDW�ZKHQ�TXHVWLRQV�DULVH�RU�FRQFHSWV�UHTXLUH�FODULILFDWLRQ��WKH�VLPXODWLRQ�LV�WKHUH�WR�EULQJ�
EDFN�D�YLVXDO� UHSUHVHQWDWLRQ� WR� WKH� FODVV��7KH�VLPXODWLRQ�VKRXOG�DOVR�EH� UHYLVLWHG� LQ� WKH�
OHVVRQV�WR�FRPH�WKDW�ZRXOG�GHDO�ZLWK�WKH�VDPH�FRQFHSWV�RI�DFLGV�DQG�EDVHV��&OHDUO\�WKURXJK�
WKLV�H[SHULHQFH�RI� WHDFKLQJ�DQ� ,&7� OHVVRQ�SODQ�� ,�KDYH�EHHQ�FRQYLQFHG� WKDW�WKHVH�RQOLQH�
VLPXODWLRQV�DUH�JUHDW >RULJLQDO�LWDOLFV@�LQ�EHLQJ�DEOH�WR�FRQYH\�VFLHQWLILF�FRQFHSWV��,�FDQQRW�
ZDLW�WR�LQFRUSRUDWH�WKHP�LQWR�P\�OHVVRQ�SODQV�IRU�P\�$SULO�SODFHPHQW�

,Q�WKLV�TXRWDWLRQ��WKH�SDUWLFLSDQW�GHWDLOHG�KRZ�WKH�FROODERUDWLYH�GLVFXVVLRQ�UHFRJQL]HG�
KHU�JURXS·V�XVH�RI�VLPXODWLRQ�LQ�WHDFKLQJ�DQ�LQTXLU\�EDVHG�OHVVRQ�DERXW�DFLG�EDVH�VWUHQJWK�
DQG�LQIRUPHG�KHU�SRVVLEOH�FKDQJHV�WR�KHU�JURXS�OHVVRQ��7ZR�PDMRU�FKDQJHV�VKH�VXPPDUL]HG�
ZHUH��OHWWLQJ�VWXGHQWV�ZRUN�LQ�SDLUV�ZLWK�D�SURYLGHG�ZRUNVKHHW�DQG�UHIHUULQJ�WR�WKH�VLPXODWLRQ�
PRUH�WKDQ�RQH�WLPH�ZKHQ�QHFHVVDU\��6KH�UHSRUWHG�WKDW�WKH�0/6�H[HUFLVH�UDLVHG�KHU� ORYH�RI�
WHFKQRORJ\�DQG�PRWLYDWHG�KHU�WR�XVH�,&7�LQ�IXWXUH�WHDFKLQJ�

3DUWLFLSDQWV·�&RQFHUQV�DQG�'LIILFXOW\�ZLWK�0/6

$PRQJ�WKH����SDUWLFLSDQWV��WKHUH�ZHUH�RQO\�WKUHH��-RVKXD��(ULQ��DQG�1DQF\��ZKR�UDLVHG�
VRPH� FRQFHUQV� DERXW� 0/6� LQ� WKHLU� UHIOHFWLRQV�� $OWKRXJK� KH� KLJKO\� FRPPHQWHG� RQ� WKH�
PLFURWHDFKLQJ�H[HUFLVH��-RVKXD�IHOW�WKH�WLPH�FRXOG�EH�PXFK�GLIIHUHQW�EHWZHHQ�WHDFKLQJ�D�FODVV�
WR�SHHU�WHDFKHU�FDQGLGDWHV�DQG�WR�D�VFKRRO�FODVV��+H�ZURWH��´7KH�RQO\�QHJDWLYH�,�VHH�ZLWK�WKLV�
DSSURDFK�LV�IRU�WLPLQJ�RI�WKH�OHVVRQ��,W�LV�KDUG�WR�JHW�D�IHHO�IRU�KRZ�ORQJ�WKHVH�DFWLYLWLHV�ZRXOG�
WDNH�LQ�D�UHDO�FODVV�VLQFH�RXU�OHYHOV�DUH�PXFK�KLJKHU�DQG�ZH�JHW�WKURXJK�WKH�PDWHULDO�PXFK�
TXLFNHU�WKDQ�WKH\�ZRXOG�µ�+H�ZDV�ULJKW��7KH�DXGLHQFH�RI�PLFURWHDFKLQJ�ZDV�GLIIHUHQW�IURP�
WKDW�RI�VFKRRO�WHDFKLQJ��7HDFKHU�FDQGLGDWHV�KDG�OHDUQHG�WKH�VXEMHFWV�EHIRUH�DOWKRXJK�PDQ\�RI�
WKHP�DFWXDOO\�IRUJRW�WKH�GHWDLOV��7KHUHIRUH��WKH�SDFH�RI�0/6�PD\�EH�GLIIHUHQW�IURP�WHDFKLQJ�LQ�
D�UHDO�VFKRRO�FODVVURRP��

(ULQ�UHSRUWHG�WKH�FKDOOHQJH�RI�WUHDWLQJ�DGXOW�WHDFKHU�FDQGLGDWHV�DV�VFKRRO�VWXGHQWV��6KH�
ZURWH��´,W·V�GLIILFXOW�WR�PLFUR�WHDFK�DV�LI�\RX�DUH�LQ�D�FODVVURRP�ILOOHG�ZLWK�DGROHVFHQWV�ZKHQ�
UHDOO\� WKHUH� LV� D� URRP� IXOO� RI� DGXOWV� EHFDXVH� ZH� ZRXOG� QRUPDOO\� FRPPXQLFDWH� ZLWK� WKH�
DGROHVFHQWV�LQ�D�PDQQHU�GLIIHUHQW�IURP�KRZ�ZH�ZRXOG�FRPPXQLFDWH�ZLWK�DGXOWV�µ�,W�VHHPV�
WKDW�WKH�UDSSRUW�EHWZHHQ�WHDFKHU�FDQGLGDWHV�VHW�XS�REVWDFOHV�IRU�WKLV�SDUWLFLSDQW�WR�HQMR\�DQG�
H[HUFLVH� WKH�SRZHU� RU� DXWKRULW\� D� WHDFKHU� KDV� LQ� D� UHDO� VFKRRO� FODVVURRP��+HU�EHOLHI� LQ� WKH�
GLIIHUHQFH�EHWZHHQ�DGXOW�DQG�DGROHVFHQWV�EHFDPH�D�JUHDW�REVWDFOH�IRU�WKH�0/6�H[HUFLVH��6KH�
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DGPLWWHG�WKDW�´,�IHOW�VLOO\�WR�DVN�P\�SHHUV�VR�VLPSOH�TXHVWLRQV��7KH\�DUH�QRW�VL[WHHQ�\HDUV�ROG�
NLGV�µ�'XULQJ�0/6�� VKH� VRPHWLPH� VOLSSHG� EDFN� LQWR� SUHVHQWLQJ� IURP� WHDFKLQJ��:H� KDG� WR�
UHPLQG�KHU�WR�WHDFK�LQVWHDG�RI�SUHVHQWLQJ�DW�VXFK�RFFDVLRQV��(ULQ�DOVR�UHSRUWHG�WKDW�´WHDFKLQJ�
D�OHVVRQ�IRU�WKH�ILUVW�WLPH�LQ IURQW�RI�\RXU�SHHUV�LV�QHUYH�UDFNLQJ�µ�)RU�KHU��SUDFWLFH�WHDFKLQJ�WR�
VFKRRO� FKLOGUHQ� ZRXOG� EH� PRUH� FRPIRUWDEOH� WKDQ� PLFURWHDFKLQJ� LQ� IURQW� RI� KHU� SHHUV��
&RPSDULQJ� PLFURWHDFKLQJ�ZLWK� FRQYHQWLRQDO� OHVVRQ� SODQ� SUHVHQWDWLRQ�� (ULQ� ZURWH� ´:KHQ�
PLFUR�WHDFKLQJ��\RX�GRQ·W�KDYH�WKH�RSSRUWXQLW\�WR�H[SODLQ�\RXU�UHDVRQLQJ�IRU�SLFNLQJ�WR�GR�
FHUWDLQ�WDVNV�RU�DFWLYLWLHV�µ�7KHUHIRUH��IURP�KHU�SRLQWV�RI�YLHZ��WKH�0/6�H[HUFLVH�PLVVHG�WKH�
RSSRUWXQLW\�RI�GHVFULELQJ�WKH�UDWLRQDOHV�RI�OHVVRQ�FKRLFHV��

1DQF\�� IURP� D� JURXS� RI� ZKRVH� 0/6� UHFHLYHG� WKH� PRVW� FULWLFDO� FRPPHQWV�� DFWXDOO\�
SUHIHUUHG�WUDGLWLRQDO�ZD\�RI�SUHVHQWDWLRQ�RYHU�PLFURWHDFKLQJ��6KH�MXVWLILHG�KHU�SRVLWLRQ�LQ�KHU�
UHIOHFWLRQ�OLNH�WKLV��

,�ZRXOG�SUHIHU�WR�SUHVHQW�RXU�OHVVRQ�WR�RXU�SHHUV�LQVWHDG�WR�WUHDWLQJ�WKHP�DV�KLJK�VFKRRO�
VWXGHQWV�EHFDXVH�RXU�SHHUV�DUH�HGXFDWHG�HQRXJK�WR�NQRZ�WKH�DQVZHUV�WR�RXU�OHVVRQV�DQG�
WKH\�DOVR�NQRZ�KRZ�WR�XVH�&KHP'UDZ�� �,�DOVR�IHHO�WKDW�,�ZRXOG�JHW�PRUH�RXW�RI�RWKHUV·�
SUHVHQWDWLRQV�LI�,�GLG�QRW�KDYH�WR�SOD\�WKH�UROH�RI�D�KLJK�VFKRRO�VWXGHQW�DQG�FRXOG�MXVW�VHH�
WKH�OHVVRQ�SODQ�DQG�KRZ�WKH\�ZRXOG�WHDFK�LW���,Q�UHJDUGV�WR�WKH�GLVFXVVLRQ�VHVVLRQ��,�ZRXOG�
ILQG�LW�HDVLHU�WR�SDUWLFLSDWH�LQ�JLYLQJ�IHHGEDFN�LI�WKH�OHVVRQ�ZDV�MXVW�H[SODLQHG�WR�PH«�,�DOVR�
OLNH�WR�KHDU�KRZ�P\�JURXS�PHPEHUV�IHOW�WKH�PLFURWHDFKLQJ�ZHQW���,�WKLQN�LW·V�LPSRUWDQW�WR�
FROODERUDWH�DQG�UHIOHFW�WRJHWKHU�DV�D�JURXS�WR�VHH�WKH�YDULHW\�RI�RSLQLRQV�ZLWKLQ�P\�JURXS���
,�GR�ZLVK�WKDW�RXU�JURXS�ZRXOG�EH�JLYHQ�WLPH�SULYDWHO\�WR�UHIOHFW�DPRQJVW�RXUVHOYHV�EHIRUH�
GRLQJ�VR�LQ�IURQW�RI�WKH�FODVV�EHFDXVH�,�IHHO�WKDW�ZH�ZRXOG�EH�PRUH�KRQHVW�ZLWK�RXUVHOYHV�DV�
JURXS�PHPEHUV�

1DQF\�WKRXJKW�WKDW�PLFURWHDFKLQJ�ZDV�QRW�SUDFWLFDO�VLQFH�KHU�SHHU�WHDFKHU�FDQGLGDWHV�
DOUHDG\�NQHZ� WKH�FRQWHQW��6LPLODU� WR�(ULQ��1DQF\�EHOLHYHG�VKH�ZRXOG� OHDUQ�PRUH� IURP� WKH�
SUHVHQWLQJ�JURXSV�ZKR�GHVFULEHG�WKHLU�OHVVRQ�UDWLRQDOHV�DQG�LQVWUXFWLRQDO�SODQV��6KH�DUJXHG�
WKDW�VKH�ZRXOG�EH�LQ�D�EHWWHU�SRVLWLRQ�WR�SURYLGH�IHHGEDFN�LI�WKH\�ZHUH�DVNHG�WR�SUHVHQW�WKHLU�
OHVVRQ�SODQV�LQVWHDG�RI�PLFURWHDFKLQJ�WKHP��,W�VHHPV�WKDW�VKH�ZDV�QRW�XVHG�WR�WKH�RSHQ�OHDUQLQJ�
RSSRUWXQLW\�0/6�SURYLGHG��6KH�IHOW�WKDW�WKH�JURXS�VKRXOG�EH�JLYHQ�DQ�RSSRUWXQLW\�WR�UHIOHFW�
WKHLU� OHVVRQ� LQ� D� PRUH� SULYDWH� VSDFH� UDWKHU� WKDQ� LQ� IURQW� RI� WKH� FODVV� ULJKW� DIWHU� WKHLU�
PLFURWHDFKLQJ��7KLV�PD\�OLQN�WR�KHU�SHUVRQDO�FKDUDFWHULVWLFV�WKDW�JHQHUDOO\�VHW�XS�D�SHUVRQ·V�
OHDUQLQJ�SUHIHUHQFH�

2QH�WKLQJ�QHHGV�WR�PHQWLRQ�LV�WKDW�WKH�PLFURWHDFKLQJ�RI�WHFKQRORJ\�PHGLDWHG�OHVVRQV�
ZDV�WKH��QG WLPH�RI�0/6�H[HUFLVH�LQ�WKH�PHWKRGV�FRXUVH��,W�WRRN�SODFH�DIWHU�WHDFKHU�FDQGLGDWHV�
FDPH�EDFN�IURP�WKH�ILUVW�WHDFKLQJ�SODFHPHQW��%HIRUH�WKH\�WRRN�RQ�WKH�ILUVW�WHDFKLQJ�SODFHPHQW��
WKH\�KDG�RQH�0/6�H[HUFLVH�RQ�LQTXLU\�EDVHG�WHDFKLQJ�DSSURDFK��%DVHG�RQ�RXU�REVHUYDWLRQ��
PRUH�WHDFKHU�FDQGLGDWHV�KDG�D�VWURQJHU�UHVLVWDQFH�WR�WUHDW�WKHLU�SHHUV�DV�VFKRRO�VWXGHQWV�DW�WKLV�
VHFRQG�0/6�SUDFWLFH��7KH\�PRUH�RIWHQ�VOLSSHG�EDFN�WR�SUHVHQWDWLRQ�IURP�WHDFKLQJ�FRPSDUHG�
ZLWK�WKH�ILUVW�0/6�H[SHULHQFH��7KLV�PLJKW�EH�EHFDXVH�WKH�SUDFWLFH�WHDFKLQJ�H[SHULHQFH�PDGH�
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WKHP�FRQVLGHU�PRUH�DERXW�WKH�GLIIHUHQFH�EHWZHHQ�WKH�SHHUV�DQG�VFKRRO�NLGV�RU�PLJKW�EH�GXH�
WR�WKHLU�WLUHGQHVV�RI�VXFK�H[HUFLVH�WKDW�WRRN�SODFH�IRU�D�VHFRQG�WLPH�

&21&/86,21�$1'�,03/,&$7,216

,Q�RUGHU�WR�SUHSDUH�IXWXUH�WHDFKHUV�WR�WHDFK�ZLWK�WHFKQRORJ\��WHDFKHU�HGXFDWLRQ�SURJUDPV�
QHHG�WR�KHOS�WHDFKHU�FDQGLGDWHV�GHYHORS�73$&.��'LOZRUWK�HW�DO����������ZKLFK�LV�EHOLHYHG�WR�
EH�EHVW�GRQH�LQ�WKH�FRQWH[W�RI�PHWKRGV�FRXUVHV��'DYLV�	�)DOED��������=KRX�	�;X���������)LQH�
DQG�)OHHQHU��������FDXWLRQ�WHDFKHU�HGXFDWRUV�DERXW�KDSKD]DUG�HIIRUWV�WR�LQWHJUDWH�WHFKQRORJ\�
LQWR�PHWKRGV�FRXUVHV��7KHLU�VWXG\�IRXQG�WKDW�WKH�PHQWLRQV�RI�SURV�DQG�FRQV�RI�FDOFXODWRU�XVH�
DQG�WKH�EULHI�GHPRQVWUDWLRQ�RI�OHVVRQ�SODQV�JLYHQ�LQ�PDWKHPDWLFV�PHWKRGV�FRXUVHV�OHIW�SUH�
VHUYLFH�WHDFKHUV�ZLWK�DW�EHVW�D�VXSHUILFLDO�XQGHUVWDQGLQJ�RI�WHFKQRORJ\��7HDFKHU�FDQGLGDWHV�
DSSHDUHG�WR�EH�LQDGHTXDWHO\�SUHSDUHG�WR�HPSOR\�FDOFXODWRUV�LQ�WKH�FODVVURRPV�RI�WKHLU�RZQ��,Q�
RXU�VWXG\��WHDFKHU�FDQGLGDWHV�ZHUH�HQJDJHG�LQ�WKH�GLVFXVVLRQ�RI�WKH�UDWLRQDOHV�DQG�DSSURDFKHV�
RI�LQWHJUDWLQJ�WHFKQRORJ\��PDLQO\�VLPXODWLRQ��LQ�VFLHQFH�WHDFKLQJ�GXULQJ�WKH�OHFWXUH�VHFWLRQ��
DQG�SDUWLFXODUO\�ZHUH�SURYLGHG�ZLWK�RSSRUWXQLWLHV�WR�SUDFWLFH�ZKDW�WKH\�OHDUQHG�DERXW�WKH�XVH�
RI�WHFKQRORJ\�WKURXJK�PLFURWHDFKLQJ��7KH�FROODERUDWLYH�UHIOHFWLRQ�DQG�LQVWDQW�IHHGEDFN�WXUQHG�
WR�EH�YHU\�LQIRUPDWLYH�DQG�EHQHILFLDO�WR�WHDFKHU�FDQGLGDWHV·�SURIHVVLRQDO�OHDUQLQJ��2XU�VWXG\�
ILQGLQJV� FRQILUPHG� (UWPHU·� VWDWHPHQW� ������� WKDW� WHDFKHU� HGXFDWRUV� QHHG� WR� EHFRPH� YHU\�
VSHFLILF�DQG�H[SOLFLW�DERXW�ZKLFK�WHFKQRORJ\�LV�EHLQJ�LQIXVHG�WR�VXSSRUW�OHDUQLQJ��5HVHDUFK�
KDV�LQGLFDWHG�WKDW�LW�WDNHV�D�JUHDW GHDO�RI�HGXFDWLRQ�DQG�H[SHULHQFH�WR�DFKLHYH�D�FRPIRUWDEOH�
OHYHO� RI� H[SHUWLVH� LQ� WKH� XVH� RI� WHFKQRORJ\� DV� D� WHDFKLQJ� WRRO� IRU� KHOSLQJ� VWXGHQWV� OHDUQ�
�/\QEOLQVND\D�	�=KRX�� ������ 7KRPDV�	�&RRSHU�� �������0/6� VKRXOG� EH� FRQVLGHUHG� DV� WKH�
HDUOLHVW�XVHIXO�VWHS�SURVSHFWLYH�WHDFKHUV�FDQ�WDNH�WR�OHDUQ�DQG�SUDFWLFH�KRZ�WR�XVH�WHFKQRORJ\�
LQ�WHDFKLQJ��

/HDUQLQJ�WR�WHDFK�ZLWK�WHFKQRORJ\�UHTXLUHV�XQGHUVWDQGLQJ��PRGHOLQJ��DQG�SUDFWLFH��%HOO��
0DHQJ�� 	� %LQQV�� ������ *LOO�� 'DOJDUQR�� 	� &DUOVRQ�� ������� ,W� LQYROYHV� WHDFKHU� FDQGLGDWHV·�
DSSUHFLDWLRQ�RI� WKH�SRZHU�RI� WHFKQRORJ\�DQG� OHDUQLQJ�RI� WHFKQLFDO� VNLOOV� WR�XVH� WHFKQRORJ\��
0RUH�LPSRUWDQW��LW�UHTXLUHV�WHDFKHU�FDQGLGDWHV�WR�GHYHORS�KDELW�DQG�DELOLW\�WR�WDNH�WHFKQRORJ\�
DV�D�´PLQG�WRROµ�IRU�LQVWUXFWLRQ��2XU�VWXG\�LQGLFDWHV�WKDW�0/6�ZLWKLQ�WKH�FRQWH[W�RI�PHWKRGV�
FRXUVHV�LV�D�SURPLVLQJ�ZD\�WR�GHYHORS�WHDFKHU�FDQGLGDWHV·�73$&.�NQRZOHGJH�DQG�VNLOOV��7KHLU�
XVH�RI�WHFKQRORJ\�UHYHDOHG�WKHLU�DSSURSULDWH�XQGHUVWDQGLQJ�WKH�UROH�RI�WHFKQRORJ\�LQ�VFLHQFH�
WHDFKLQJ��,Q�PRVW�FDVHV��SDUWLFLSDQWV�GHPRQVWUDWHG�HIIHFWLYH�ZD\�WR�LQWHJUDWH�WHFKQRORJ\�ZLWK�
QRQ�WHFKQRORJ\�PHWKRGV��DOWKRXJK�ZLWK�VSDFH�IRU�LPSURYHPHQW��7KH�VLJQLILFDQFH�RI�0/6�OLHV�
LQ� WKH�RSSRUWXQLW\�RI�SUDFWLFH�� FROODERUDWLYH� DQG� LQVWDQW� UHIOHFWLRQ�� DQG� OHDUQLQJ� IURP�HDFK�
RWKHU��DV�RXU�SDUWLFLSDQWV�UHSRUWHG��

0/6�HQFRXQWHUHG�VRPH�WHDFKHU�FDQGLGDWHV·�FRQFHUQV��$�IHZ�SDUWLFLSDQWV�UHSRUWHG�WKHLU�
GLVFRPIRUW�ZLWK� WHDFKLQJ�SHHUV� DV� VFKRRO� VWXGHQWV� DQG� WKRXJKW�SUHVHQWDWLRQ� IRUPDW�PLJKW�
SURYLGH�WKHP�EHWWHU�RSSRUWXQLW\�WR�H[SODLQ�WKHLU�OHVVRQ�SODQV�DQG SURYLGH�IHHGEDFN�WR�SHHUV��
:KLOH�ZH�DSSUHFLDWH�WKHVH�FRQFHUQV��ZH�ZDQW�WR�SRLQW�RXW�WKDW�OLNH�DQ\�WHDFKLQJ�PHWKRG��ZH�
FDQQRW�H[SHFW�0/6�WR�EH�SHUIHFW�IRU�HYHU\�OHDUQHU��7KH�LQVWUXFWRU�VKRXOG�WDNH�DGYDQWDJH�RI�
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HDFK�PHWKRG�DQG�VXSSOHPHQW�LW�ZLWK�RWKHU�PHWKRGV�IRU�WKRVH�WKLQJV�VXFK�PHWKRG�LV�QRW�JRRG�
DW�

,W�LV�IDLU�WR�FRQFOXGH�WKDW�0/6�LV�D�SURPLVLQJ�DSSURDFK�WR�GHYHORS�WHDFKHU�FDQGLGDWHV·�
DELOLW\�WR�WHDFK�ZLWK�WHFKQRORJ\��8QIRUWXQDWHO\��LW�KDV�QRW�EHHQ�ZLGHO\�XVHG�LQ�RWKHU�PHWKRGV�
FRXUVHV��$W�RQH�GHEULHILQJ�VHFWLRQ��RQH�SDUWLFLSDQW�H[SOLFLWO\�FRPPHQWHG��́ ZH�VKRXOG�KDYH�WKLV�
LQ� RWKHU� FRXUVHV� DV� ZHOO�µ� ,W� LV� UHFRPPHQGHG� WKDW� D� WHDFKHU� HGXFDWLRQ� SURJUDP� VKRXOG�
VHULRXVO\� FRQVLGHU� DSSO\LQJ� 0/6� DSSURDFK� WR� DOO� PHWKRGV� FRXUVHV� VR� WKDW� DOO� WHDFKHU�
FDQGLGDWHV� FDQ�KDYH WKH� RSSRUWXQLWLHV� WR�GHYHORS� WKHLU�73$&.� IRU� WHDFKLQJ� WKHLU� FHUWLILHG�
VXEMHFWV�ZLWK�WHFKQRORJ\�

+RRSHU� DQG� 5LHEHU� ������� GHVFULEHG� ILYH� VWDJHV� RI� WHDFKHUV·� XVH� RI� WHFKQRORJ\��
IDPLOLDUL]DWLRQ�� XWLOL]DWLRQ�� LQWHJUDWLRQ�� UHRULHQWDWLRQ�� DQG� HYROXWLRQ�� $W� WKH� VWDJH� RI�
IDPLOLDUL]DWLRQ��WHDFKHUV�EHFRPH�DZDUH�RI�QHZ�WHFKQRORJ\�DQG�LWV�DELOLWLHV�DQG�OHDUQ�WKH�´KRZ�
WRVµ�RI�XVLQJ�LW��$W�WKH�VWDJH�RI�XWLOL]DWLRQ��WHDFKHUV�EHJLQ�WR�XVH�WKHP�ERWK�SULYDWHO\�DQG�DW�
VFKRRO��EXW�ZLOO�QRW�PLVV�LW�LI�WDNHQ�DZD\��$W�WKH�VWDJH�RI�LQWHJUDWLRQ��WHDFKHUV�XVH�WHFKQRORJ\�
IRU� FHUWDLQ� WDVNV�� 7HFKQRORJ\� EHFRPHV� DQ� LQWHJUDO� SDUW� RI� WKH� FXUULFXOXP� DQG� SHGDJRJ\��
5HRULHQWDWLRQ�VWDJH�IHDWXUHV� WKH� UHVWUXFWXULQJ�RI� WHDFKLQJ� LQ�QHZ�ZD\V� WKDW�DUH�HQDEOHG�E\�
WHFKQRORJ\��7KH�SXUSRVH�RI�XVLQJ�WHFKQRORJ\�KDV�D�IRFXV�RQ�VWXGHQW�OHDUQLQJ�UDWKHU�WKDQ�IRU�
GHOLYHU\�RI�FRQWHQW��$W�WKH�ILQDO�VWDJH�RI�HYROXWLRQ��WHDFKHUV�FRQWLQXH�WR�HYROYH��DGDSWLQJ�DQG�
LQWHJUDWLQJ� WHFKQRORJ\�� 7KLV� ILYH� VWDJH� PRGHO� UHYHDOV� WKH� VLJQLILFDQFH� RI� WHFKQRORJLFDO�
NQRZOHGJH�EHIRUH�WKH\�FDQ�XVH�LW�LQ�WHDFKLQJ��

7KH�ILYH�VWDJH�PRGHO�RI�WHFKQRORJ\�DGRSWLRQ�SURYLGHV�D�JRRG�H[SODQDWLRQ�IRU�RQH�RI�RXU�
VWXG\� ILQGLQJV� WKDW�PRVW�SDUWLFLSDQWV�RQO\�XVHG� WKH� WHFKQRORJLHV�GLVFXVVHG� LQ� WKH�PHWKRGV�
FRXUVH�GXH�WR�XQIDPLOLDULW\�ZLWK�RWKHU�SRWHQWLDO�WHFKQRORJLHV��0RUH�UHFHQWO\��%XDEHQJ�$QGRK�
������� UHYLHZHG� WKH� OLWHUDWXUH� LQ� UHJDUGV� WR� WKH� IDFWRUV� WKDW� LQIOXHQFH� WHDFKHUV·� XVH� RI�
WHFKQRORJ\�DQG�IRXQG�WHDFKHUV·�FRPSXWHU�HIILFDF\�SOD\V�D�VLJQLILFDQW�UROH�LQ�WKHLU�GHFLVLRQ�WR�
XVH�WHFKQRORJ\���8QIRUWXQDWHO\��WKH�WLPH�OLPLWDWLRQ�DQG�WKHLU�PDQGDWHV�GR�QRW�DOORZ�PHWKRGV�
FRXUVHV·�LQVWUXFWRUV�WR�FRYHU�DOO�WHFKQRORJLHV��7KLV�UDLVHV�D�QHHG�IRU�FRRUGLQDWLRQ�EHWZHHQ�WKH�
WHFKQRORJ\� FRXUVH� DQG� PHWKRGV� FRXUVHV�� ,GHDOO\�� WKH� WHFKQRORJ\� FRXUVH� KHOSV� WHDFKHU�
FDQGLGDWHV� OHDUQ� PDQ\� W\SHV� RI� WHFKQRORJLHV�� DQG� WKH� PHWKRGV� FRXUVH� GHYHORS� WHDFKHU�
FDQGLGDWHV·�SHGDJRJLFDO�NQRZOHGJH�DQG�VNLOOV�WR�DSSO\�WKHVH�WHFKQRORJLHV�LQ�VXEMHFW�WHDFKLQJ��

7KLV�VWXG\�ZDV�H[SORUDWLYH�LQ�QDWXUH��,WV�HYLGHQFH�FDPH�IURP�REVHUYDWLRQ�DQG�UHIOHFWLRQ��
)XWXUH�UHVHDUFK�PD\�GHYHORS�VRPH�TXDQWLWDWLYH�LQVWUXPHQWV�WR�PHDVXUH�WHDFKHU�FDQGLGDWHV·�
73$&.�NQRZOHGJH�DQG�VNLOOV�DW�WKH�VWDJHV�RI�SUH�DQG�SRVW�WKH�0/6�SURFHVV��6XFK�UHVHDUFK�ZLOO�
VHW�XS�IXUWKHU�HYLGHQFH�WR�FODLP�WKH�HIIHFWLYHQHVV�RI�0/6��2XU�VWXG\�DOVR�VXJJHVWV�WKDW�IXWXUH�
UHVHDUFK�QHHGV�WR�ORRN�LQWR�WKH�TXHVWLRQV�DVVRFLDWHG�ZLWK�FXUULFXOXP�FRQWLQXLW\�EHWZHHQ�WKH�
WHFKQRORJ\� FRXUVH� DQG� PHWKRGV� FRXUVHV� VR� WKDW� WKH� GHYHORSPHQW� RI� WHDFKHU� FDQGLGDWHV·�
FDSDFLW\�WR�WHDFK�ZLWK�WHFKQRORJ\�EHFRPHV�D�FRQVLVWHQW�HIIRUW�WKURXJK WKH�WHDFKHU�HGXFDWLRQ�
SURJUDP�
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$EUDKDPVRQ��0����������6RFLDO�UHVHDUFK�PHWKRGV��(QJOHZRRG�&OLIIV��1-��3UHQWLFH�+DOO�

%HOO��5��/���0DHQJ��-��/���	�%LQQV��,��&�����������/HDUQLQJ�LQ�FRQWH[W��7HFKQRORJ\�LQWHJUDWLRQ�LQ�D�WHDFKHU�
SUHSDUDWLRQ�SURJUDP�LQIRUPHG�E\�VLWXDWHG�OHDUQLQJ�WKHRU\��-RXUQDO�RI�5HVHDUFK�LQ�6FLHQFH�7HDFKLQJ��
����������������

%HUJ��%��/����������4XDOLWDWLYH�UHVHDUFK�PHWKRGV�IRU�WKH�VRFLDO�VFLHQFHV ��WK HG��� %RVWRQ��3HDUVRQ�

%RG]LQ��$��0����������,PSOHPHQWLQJ�ZHE�EDVHG�VFLHQWLILF�LQTXLU\�LQ�SUHVHUYLFH�VFLHQFH�PHWKRGV�FRXUVHV��
&RQWHPSRUDU\� ,VVXHV� LQ� 7HFKQRORJ\� DQG� 7HDFKHU� (GXFDWLRQ�� ������ 5HWULHYHG� IURP�
KWWS���ZZZ�FLWHMRXUQDO�RUJ�YRO��LVV��JHQHUDO�DUWLFOH��FIP�

%XDEHQJ�$QGRK��&����������)DFWRUV�LQIOXHQFLQJ�WHDFKHUV·�DGRSWLRQ�DQG�LQWHJUDWLRQ�RI�LQIRUPDWLRQ�DQG�
FRPPXQLFDWLRQ� WHFKQRORJ\� LQWR� WHDFKLQJ�� $� UHYLHZ� RI� WKH� OLWHUDWXUH�� ,QWHUQDWLRQDO� -RXUQDO� RI�
(GXFDWLRQ�DQG�'HYHORSPHQW�XVLQJ�,QIRUPDWLRQ�DQG�&RPPXQLFDWLRQ�7HFKQRORJ\�����������������

%XUURXJKV��(��$���	�/XHEHFN�� -��/�� ��������3UH�VHUYLFH�WHDFKHUV� LQ�PDWKHPDWLFV� OHVVRQ�VWXG\��0RQWDQD�
0DWKHPDWLFV�(QWKXVLDVW�������������������

&DSRELDQFR��%���	�/HKPDQ��-����������,QWHJUDWLQJ�WHFKQRORJ\�WR�IRVWHU�LQTXLU\�LQ�DQ�HOHPHQWDU\�VFLHQFH�
PHWKRGV�FRXUVH��$�FDVH� VWXG\�RI� RQH� WHDFKHU�HGXFDWRU·V� LQLWLDWLYHV� LQ�D�37��SURMHFW� -RXUQDO� RI�
&RPSXWHUV�LQ�0DWKHPDWLFV�DQG�6FLHQFH�7HDFKLQJ�����������������

&KDUERQQHDX�� /�� �������1RY�� ����� 6WXGHQWV� SUHIHU� JRRG� OHFWXUHV� RYHU� WKH� ODWHVW� WHFKQRORJ\� LQ� FODVV�
8QLYHUVLW\� $IIDLUV�� 5HWULHYHG� IURP� KWWS���ZZZ�XQLYHUVLW\DIIDLUV�FD�VWXGHQWV�SUHIHU�JRRG�
OHFWXUHV�RYHU�WKH�ODWHVW�WHFKQRORJ\�LQ�FODVV�DVS[

'DYLV��.��6���	�)DOED��&��-����������,QWHJUDWLQJ�WHFKQRORJ\�LQ�HOHPHQWDU\�SUHVHUYLFH�WHDFKHU�HGXFDWLRQ��
RUFKHVWUDWLQJ�VFLHQWLILF�LQTXLU\�LQ�PHDQLQJIXO�ZD\V��-RXUQDO�RI�6FLHQFH�7HDFKHU�(GXFDWLRQ������������²
����

'LOZRUWK�� 3�� 'RQDOGVRQ� $��� *HRUJH� 0��� .QH]HN� '��� 6HDUVRQ� 0��� 6WDUNZHDWKHU� .��� HW� DO�� �������� $�
IUDPHZRUN� IRU� LQVWUXFWLRQDO� LQQRYDWLRQ� LQ� WKH� SUHSDUDWLRQ� RI� WRPRUURZ·V� WHDFKHUV�� -RXUQDO� RI�
'LJLWDO�/HDUQLQJ�LQ�7HDFKHU�(GXFDWLRQ�����������������

(UWPHU�� 3�� �������� 7UDQVIRUPLQJ� WHDFKHU� HGXFDWLRQ�� 9LVLRQV� DQG� VWUDWHJLHV�� (GXFDWLRQDO� 7HFKQRORJ\�
5HVHDUFK�DQG�'HYHORSPHQW������������²����

)HUQDQGH]��0��/����������/HDUQLQJ�WKURXJK�PLFURWHDFKLQJ�OHVVRQ�VWXG\�LQ�WHDFKHU�SUHSDUDWLRQ��$FWLRQ�LQ�
7HDFKHU�(GXFDWLRQ���������������

)HUQDQGH]��0��/����������,QYHVWLJDWLQJ�KRZ�DQG�ZKDW�SURVSHFWLYH�WHDFKHUV�OHDUQ�WKURXJK�PLFURWHDFKLQJ�
OHVVRQ�VWXG\��7HDFKLQJ�DQG�7HDFKHU�(GXFDWLRQ�����������������

)LQH��$��(���	�)OHHQHU��0��/����������&DOFXODWRUV�DV�LQVWUXFWLRQDO�WRROV��3HUFHSWLRQV�RI�WKUHH�SUHVHUYLFH�
WHDFKHUV��-RXUQDO�RI�&RPSXWHUV�LQ�0DWKHPDWLFV�DQG�6FLHQFH�7HDFKLQJ����������������

)OLFN��/���	�%HOO��5�� �������� 3UHSDULQJ� WRPRUURZ
V� VFLHQFH� WHDFKHUV� WR� XVH� WHFKQRORJ\��*XLGHOLQHV� IRU�
6FLHQFH�HGXFDWRUV� &RQWHPSRUDU\�,VVXHV�LQ�7HFKQRORJ\�DQG�7HDFKHU�(GXFDWLRQ� � �����5HWULHYHG�IURP��
KWWS���ZZZ�FLWHMRXUQDO�RUJ�YRO��LVV��FXUUHQWLVVXHV�VFLHQFH�DUWLFOH��KWP

*LOO��/���'DOJDUQR��%���	�&DUOVRQ��/����������+RZ�GRHV�SUH�VHUYLFH�WHDFKHU�SUHSDUHGQHVV�WR�XVH�LFWV�IRU�
OHDUQLQJ� DQG� WHDFKLQJ� GHYHORS� WKURXJK� WKHLU� GHJUHH� SURJUDP"� $XVWUDOLDQ� -RXUQDO� RI� 7HDFKHU�
(GXFDWLRQ����������������

+REDQ�� *�� )�� ��������8VLQJ� VORZPDWLRQ� WR� HQJDJH� SUHVHUYLFH� HOHPHQWDU\� WHDFKHUV� LQ� XQGHUVWDQGLQJ�
VFLHQFH� FRQWHQW� NQRZOHGJH�� &RQWHPSRUDU\� ,VVXHV� LQ� 7HFKQRORJ\� DQG� 7HDFKHU� (GXFDWLRQ�� ������
5HWULHYHG�IURP�KWWS���ZZZ�FLWHMRXUQDO�RUJ�YRO��LVV��JHQHUDO�DUWLFOH��FIP�
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+RRSHU��6���	�5LHEHU��/�3����������7HDFKLQJ��LQVWUXFWLRQ��DQG�WHFKQRORJ\��,Q�$�&��2UQVWHLQ�	�/�6��%HKDU�
+RUHQVWHLQ��(GV����&RQWHPSRUDU\�LVVXHV�LQ�FXUULFXOXP �SS�����������%RVWRQ��$OO\Q�DQG�%DFRQ�

-DQJ��6�� �������� ,QQRYDWLRQV� LQ�VFLHQFH�WHDFKHU�HGXFDWLRQ��(IIHFWV�RI� LQWHJUDWLQJ�WHFKQRORJ\�DQG�WHDP�
WHDFKLQJ�VWUDWHJLHV��&RPSXWHUV�	�(GXFDWLRQ�����������������

-RQDVVHQ��'��+�� ��������&RPSXWHU� LQ� WKH�FODVVURRP��0LQGWRROV� IRU�FULWLFDO� WKLQNLQJ��(QJOHZRRG�&OLIIV��1-��
0HUULOO�

.OHLQHU��%���7KRPDV��1���	�/HZLV��/����������(GXFDWLRQDO�WHFKQRORJ\�LQ�WHDFKHU�HGXFDWLRQ�SURJUDPV�IRU�LQLWLDO�
OLFHQVXUH� �1&(6� ����²������ 5HWULHYHG� IURP� 1DWLRQDO� &HQWHU� IRU� (GXFDWLRQ� 6WDWLVWLFV� ZHEVLWH��
KWWS���QFHV�HG�JRY�SXEV�������������SGI��

/HLEHUPDQ��-����������5HLQYHQWLQJ�WHDFKHU�SURIHVVLRQDO�QRUPV�DQG�LGHQWLWLHV��7KH�UROH�RI� OHVVRQ�VWXG\�
DQG�OHDUQLQJ�FRPPXQLWLHV��3URIHVVLRQDO�'HYHORSPHQW�LQ�(GXFDWLRQ���������������

/HZLV��&����������/HVVRQ�VWXG\��$�KDQGERRN�RI�WHDFKHU�OHG�LQVWUXFWLRQDO�FKDQJH��3KLODGHOSKLD��3$��5HVHDUFK�
IRU�%HWWHU�6FKRROV��,QF�

/HZLV��&���3HUU\��5���	�0XUDWD��$����������+RZ�VKRXOG�UHVHDUFK�FRQWULEXWH�WR�LQVWUXFWLRQDO�LPSURYHPHQW"
7KH�FDVH�RI�OHVVRQ�VWXG\��(GXFDWLRQDO�5HVHDUFKHU����������²���

/LP��&���/HH��&���6DLWR��(���	�6\HG�+DURQ��6����������7DNLQJ�VWRFN�RI�OHVVRQ�VWXG\�DV�D�SODWIRUP�IRU�WHDFKHU�
GHYHORSPHQW�LQ�6LQJDSRUH��$VLD�3DFLILF�-RXUQDO�RI�7HDFKHU�(GXFDWLRQ�����������������

/\QEOLQVND\D��,���	�=KRX��*�� �������� ,QWHJUDWLQJ�JUDSKLQJ�FDOFXODWRU�WHFKQRORJ\�LQ�D�VFLHQFH�PHWKRGV�
FRXUVH��,PSDFWV�RQ�SUH�VHUYLFH�WHDFKHUV·�FRQILGHQFH�DQG�SHUVSHFWLYH�RQ�WHFKQRORJ\�IRU�WHDFKLQJ�
DQG�OHDUQLQJ��-RXUQDO�RI�&RPSXWHUV�LQ�0DWKHPDWLFV�DQG�6FLHQFH�7HDFKLQJ�����������������

0DUEOH��6����������,QTXLULQJ�LQWR�WHDFKLQJ��/HVVRQ�VWXG\ LQ�HOHPHQWDU\�VFLHQFH�PHWKRGV��-RXUQDO�RI�6FLHQFH�
7HDFKHU�(GXFDWLRQ�����������������

0LVKUD��3���	�.RHKOHU��0�� -�� ��������7HFKQRORJLFDO�SHGDJRJLFDO�FRQWHQW�NQRZOHGJH��$� IUDPHZRUN� IRU�
WHDFKHU�NQRZOHGJH��7HDFKHUV�&ROOHJH�5HFRUG������������������

0RXUVDQG��'���	�%LHOHIHOGW��7����������:LOO�QHZ�WHDFKHUV�EH�SUHSDUHG�WR�WHDFK�LQ�D�GLJLWDO�DJH"�$ QDWLRQDO�VXUYH\�
RQ�LQIRUPDWLRQ�WHFKQRORJ\�LQ�WHDFKHU�HGXFDWLRQ��6DQWD�0RQLFD��&$��0LONHQ�([FKDQJH�RQ�(GXFDWLRQDO�
7HFKQRORJ\�

1DWLRQDO�&HQWHU�IRU�(GXFDWLRQ�6WDWLVWLFV����������7HDFKHUV·�XVH�RI�HGXFDWLRQDO�WHFKQRORJ\�LQ�8�6��SXEOLF�
VFKRROV��)DOO�������:DVKLQJWRQ��'&��8QLWHG�6WDWHV�'HSDUWPHQW�RI�(GXFDWLRQ�

3ROO\��'���0LPV��&���6KHSKHUG��&���	�,QDQ��)����������(YLGHQFH�RI�,PSDFW��7UDQVIRUPLQJ�WHDFKHU�HGXFDWLRQ�
ZLWK�SUHSDULQJ�WRPRUURZ�WHDFKHUV�WR�WHDFK�ZLWK�WHFKQRORJ\��37���JUDQWV��7HDFKLQJ�DQG�7HDFKHU�
(GXFDWLRQ����������������

3XFKQHU��/���'���	�7D\ORU��$��5����������/HVVRQ�VWXG\��FROODERUDWLRQ�DQG�WHDFKHU�HIILFDF\��6WRULHV�IURP�
WZR�VFKRRO�EDVHG�PDWK�OHVVRQ�VWXG\�JURXSV��7HDFKLQJ�DQG�WHDFKHU�HGXFDWLRQ������������������

5REO\HU��0��'���	�'RHULQJ��$��+����������,QWHJUDWLQJ�HGXFDWLRQDO�WHFKQRORJ\�LQWR�WHDFKLQJ ��WK HG����3HDUVRQ�

6FKZDU]��&����������(OHPHQWDU\�PLGGOH�VFKRRO�VFLHQFH�PHWKRGV�FRXUVH�DW�0LFKLJDQ�6WDWH�8QLYHUVLW\��
&RQWHPSRUDU\� ,VVXHV� LQ� 7HFKQRORJ\� DQG� 7HDFKHU� (GXFDWLRQ�� ������ 5HWULHYHG� IURP�
KWWS���ZZZ�FLWHMRXUQDO�RUJ�DUWLFOHV�PF��KWPO�

6KXOPDQ� /� ������� 7KRVH� ZKR� XQGHUVWDQG�� .QRZOHGJH� JURZWK� LQ� WHDFKLQJ�� (GXFDWLRQDO�
5HVHDUFKHU� ������������

6WUDXVV��$��/����������4XDOLWDWLYH�DQDO\VLV�IRU�VRFLDO�VFLHQWLVWV��1HZ�<RUN��&DPEULGJH�8QLYHUVLW\�3UHVV��
7KRPDV��-��$���	�&RRSHU��6��%����������7HDFKLQJ�WHFKQRORJ\��$�QHZ�RSSRUWXQLW\ IRU�SLRQHHUV�LQ�WHDFKHU�

HGXFDWLRQ��-RXUQDO�RI�&RPSXWLQJ�LQ�7HDFKHU�(GXFDWLRQ� �������������



(85$6,$�- 0DWK�6FL�DQG�7HFK�(G

���

7RQGHXU�� -���%UDDN�� -���6DQJ��*���9RRJW�� -���)LVVHU��)���	�2WWHQEUHLW�/HIWZLFK��$�� ��������3UHSDULQJ�SUH�
VHUYLFH� WHDFKHUV� WR� LQWHJUDWH� WHFKQRORJ\� LQ� HGXFDWLRQ�� $� V\QWKHVLV� RI� TXDOLWDWLYH� HYLGHQFH��
&RPSXWHUV�	�(GXFDWLRQ�����������������

7U\RQ��3���	�6FKZDUW]��&�� ��������$�SUH�VHUYLFH�WHDFKHU�WUDLQLQJ�PRGHO�ZLWK�LQVWUXFWLRQDO�WHFKQRORJ\�
JUDGXDWH�VWXGHQWV�DV�SHHU�FRDFKHV�WR�HOHPHQWDU\�SUH�VHUYLFH�WHDFKHUV��7HFKWUHQGV��/LQNLQJ�5HVHDUFK�
	�3UDFWLFH�WR�,PSURYH�/HDUQLQJ����������������

<H��6���-LP��5���	�6HOPHU��6����������8VLQJ�SHGRPHWHUV�LQ�HOHPHQWDU\�VFLHQFH�DQG�PDWKHPDWLFV�PHWKRGV�
FRXUVHV��-RXUQDO�RI�0DWKHPDWLFV�5HVHDUFK���������������

=KRX�� *��� %URXZHU�� :��� 1RFHQWH�� 1��� 	� 0DUWLQ�� %�� �������� (QKDQFLQJ� FRQFHSWXDO� OHDUQLQJ� WKURXJK�
FRPSXWHU�EDVHG� DSSOHWV�� 7KH� HIIHFWLYHQHVV� DQG� LPSOLFDWLRQV�� -RXUQDO� RI� ,QWHUDFWLYH� /HDUQLQJ�
5HVHDUFK���������������

=KRX�� *��� 	� ;X�� -�� �������� 7HFKQRORJ\� FDSDFLW\� EXLOGLQJ� IRU� SUH�VHUYLFH� WHDFKHUV� WKURXJK� PHWKRGV�
FRXUVHV��7DNLQJ�VFLHQFH�DV�H[DPSOH��,QWHUQDWLRQDO�-RXUQDO�RI�2QOLQH�3HGDJRJ\�DQG�&RXUVH�'HVLJQ��������
������������

=KRX�*���=KDQJ��=��	�/L��<�� ��������$UH� VHFRQGDU\�SUH�VHUYLFH� WHDFKHUV�ZHOO�SUHSDUHG� WR� WHDFK�ZLWK�
WHFKQRORJ\"�$�FDVH�IURP�&KLQD� $XVWUDODVLDQ�-RXUQDO�RI�(GXFDWLRQDO�7HFKQRORJ\�����������������

=XFNHU��$��$���7LQNHU��5���6WDXGW��&���0DQVILHOG��$���	�0HWFDOI��6����������/HDUQLQJ�VFLHQFH�LQ�JUDGHV�����
XVLQJ�SUREHZDUH�DQG�FRPSXWHUV��)LQGLQJV�IURP�WKH�7((066�,,�3URMHFW� -RXUQDO�RI�6FLHQFH�(GXFDWLRQ�
DQG�7HFKQRORJ\���������������

KWWS���LVHUMRXUQDOV�FRP�MRXUQDOV�HXUDVLD


