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0RELOLW\��'LYHUVLW\��DQG�2SHQQHVV��'HVLJQ�3ULQFLSOHV�IRU�(TXLWDEOH�
0DNHUVSDFHV�

.\OLH�3HSSOHU��$QQD�.HXQH��DQG�-XVWLQ�:KLWLQJ��
NSHSSOHU#LQGLDQD�HGX��DNHXQH#LQGLDQD�HGX��MXVZKLWL#LQGLDQD�HGX�

,QGLDQD�8QLYHUVLW\�
�

$EVWUDFW��$V�PDNHUVSDFHV� EHFRPH�XELTXLWRXV�� WKH\�QHHG� WR� UHPDLQ� HTXLWDEOH� HQYLURQPHQWV�
IRU� WHDFKLQJ� DQG� OHDUQLQJ�� %XLOGLQJ� RQ� LQTXLU\� RI� GLYHUVH�PDNHUVSDFHV�� ZH� LGHQWLILHG� WKUHH�
GHVLJQ� SULQFLSOHV� RI� HTXLWDEOH� HQYLURQPHQWV� �L�H��� PRELOLW\�� GLYHUVLW\�� DQG� RSHQQHVV�� DQG�
OHYHUDJHG�WKHP�IRU�RQH�RI�WKH�ILUVW�XQLYHUVLW\�VFKRRO�RI�HGXFDWLRQ�PDNHUVSDFHV��:H�SUHVHQW�WKH�
GHVLJQ� SULQFLSOHV�� WKHLU� DSSOLFDWLRQ�� DQG� LPSOLFDWLRQV� IRU� WKH� GHVLJQ� RI� IXWXUH� PDNHUVSDFHV��
SDUWLFXODUO\�WKRVH�WKDW�VXSSRUW�SUH�VHUYLFH�WHDFKHU�HGXFDWLRQ��
�
.H\ZRUGV��PDNHUVSDFH��VFKRRO�RI�HGXFDWLRQ��GHVLJQ�SULQFLSOHV��SUH�VHUYLFH�WHDFKHUV�

5RRWV�RI�PDNLQJ�DQG�D�SHGDJRJ\�IRU�WHDFKHU�HGXFDWLRQ�
(PERG\LQJ�WKH�GR�LW�\RXUVHOI�HWKRV�DQG�FHOHEUDWLQJ�WHFKQRORJLFDO�LQQRYDWLRQ��PDNHUVSDFHV�KDYH�VXUJHG�RYHU�WKH�
SDVW�GHFDGH��UDSLGO\�VSUHDGLQJ�LQ�VFKRROV�� OLEUDULHV��PXVHXPV��DQG�DIWHU�VFKRRO�FHQWHUV��3HSSOHU��+DOYHUVRQ��	�
.DIDL��������7KLV� VXUJH�PD\�EH� WRR�EULVN� WR�NHHS�SDFH�ZLWK� LQQRYDWLYH� HGXFDWLRQDO�GHVLJQ�QHHGV�� DV� WKHUH� LV�
XQGHUGHYHORSHG� FHUWDLQW\� DERXW� KRZ� WKHVH� VSDFHV� FDQ� DYRLG� UHSHDWLQJ� SULRU� LQHTXLWLHV� LQ� 67(0�EDVHG�
HQYLURQPHQWV��+LJKHU�HGXFDWLRQ�EDVHG�PDNHUVSDFHV�DUH�LPSRUWDQW�EHFDXVH�WKH\�SUHVHQW�RSSRUWXQLWLHV�WR�PRGHO�
KLJK�TXDOLW\�HGXFDWLRQDO�SUDFWLFH�IRU�IXWXUH�WHDFKHUV�SODFHG�LQ�D�PXOWLWXGH�RI�VFKRROV�DQG�DIWHUVFKRRO�SURJUDPV��
0DNHUVSDFHV�SURPLVH�D�UHDO�RSSRUWXQLW\�IRU�PRUH�LQFOXVLYH�WHDFKLQJ�DQG�OHDUQLQJ��SURYLGHG�ZH�EXLOG�WKHP�XVLQJ�
DSSURSULDWH�GHVLJQ�SULQFLSOHV��KXPEOH�WKHRULHV�WKDW�JXLGH�DIIRUGDQFHV�WRZDUG�LPSURYHG�OHDUQLQJ��5RRN��&KRL��	�
0F'RQDOG���������0DNHUVSDFHV�KDYH�EHHQ�DOLJQHG�ZLWK�SULQFLSOHV�RI�FRQVWUXFWLRQLVP��5HVQLFN�	�5RVHQEDXP��
������� DQ� DSSURDFK� WR� OHDUQLQJ� LQ� ZKLFK� OHDUQHUV� FRPH� WR� NQRZ� WKH� ZRUOG� WKURXJK� GHVLJQ� DV� WKH\� FUHDWH�
SHUVRQDOO\�PHDQLQJIXO�SURMHFWV� WKDW�FDQ�EH�SXEOLFO\�VKDUHG��3DSHUW���������$V�PDNHUVSDFHV�PRYH� LQWR�VFKRROV�
DQG�WHDFKHUV�IDFLOLWDWH�FRQWHQW�NQRZOHGJH�WKURXJK�PDNHU�DFWLYLWLHV��3HSSOHU��+DOYHUVRQ��	�.DIDL���������WKHUH�LV�
D�QHHG�IRU�SUH�VHUYLFH�HGXFDWLRQ�WKDW�VXSSRUWV�IXWXUH�WHDFKHUV�WR�H[SORUH�FRQVWUXFWLRQLVW�OHDUQLQJ�EHIRUH�HQWHULQJ�
WKH�SURIHVVLRQ��$VSHFWV�RI�VXFFHVVIXO�SUHSDUDWLRQ�RI�IXWXUH�WHDFKHUV�DQG�SURIHVVLRQDO�GHYHORSPHQW�RSSRUWXQLWLHV�
RI� LQ�VHUYLFH� WHDFKHUV� LQFOXGH� WKH� FUHDWLRQ� RI� FRQWH[WV� WKDW� DUH� FRQGXFLYH� IRU� UHIOHFWLQJ� RQ� SUDFWLFH� DQG�
GHYHORSLQJ�QHZ�DSSURDFKHV�WR�WHDFKLQJ�DQG�OHDUQLQJ��9HVFLR��5RVV��	�$GDPV���������'HVSLWH�WKH�XUJHQF\�IRU�
WHDFKHUV�WR�EH�DEOH�WR�XVH�HPHUJHQW�WHFKQRORJLHV�DQG�WKH�SURPLVH�RI�PDNHUVSDFHV�WR�VXSSRUW�WKLV�H[SORUDWLRQ��WKH�
GHVLJQ�RI�OHDUQLQJ�HQYLURQPHQWV�LQ�SUH�VHUYLFH�WHDFKHU�HGXFDWLRQ�UHPDLQV�XQGHU�UHVHDUFKHG��

0HWKRGRORJLFDO�DSSURDFK�
2XU�PDNHUVSDFH� GHVLJQ� DSSURDFK� EXLOGV� RQ� GHVLJQ�EDVHG� UHVHDUFK�� D� PHWKRGRORJ\� LQ� ZKLFK� UHVHDUFKHUV� DQG�
SUDFWLWLRQHUV� FROODERUDWH� WR� LWHUDWLYHO\� DQDO\]H�� GHVLJQ�� GHYHORS�� DQG� LPSOHPHQW� OHDUQLQJ� H[SHULHQFHV� LQ� UHDO�
ZRUOG� VHWWLQJV� �:DQJ� DQG� +DQQDILQ�� ������� 2QH� SLOODU� RI� GHVLJQ�EDVHG� UHVHDUFK� LV� WKH� GLVWLOODWLRQ� RI� GHVLJQ�
SULQFLSOHV�� ORFDOL]HG�JXLGLQJ�WKHRULHV� WKDW� LPSURYH�OHDUQLQJ��5RRN�HW�DO����������7KLV�SRVWHU�IRFXVHV�RQ�GHVLJQ�
SULQFLSOHV�WR�JXLGH�WKH�GHYHORSPHQW�RI�QHZ�PDNHUVSDFHV�WKDW�SURPRWH�HTXLW\�WKURXJK�D�WZR�SKDVH�SURFHVV���

3KDVH� �� DGRSWV� D� TXDOLWDWLYH� FRQWH[WXDO� LQTXLU\��:H� VXUYH\HG� ��� DQG� REVHUYHG� ���PDNHUVSDFHV� WKDW�
HQFRXUDJH� HTXLW\� WKURXJK� HGXFDWLRQDO� SUDFWLFHV� DQG� PDWHULDOV� DQG� VHUYH� GLYHUVH� GHPRJUDSKLFV�� %DVHG� RQ�
TXDOLWDWLYH�REVHUYDWLRQV�DQG�LQ�GHSWK�LQWHUYLHZV�ZLWK�PHQWRUV�DQG�\RXWK��ZH�GLVWLOOHG�GHVLJQ�SULQFLSOHV�WKURXJK�
D�UHYHUVHG�FRQMHFWXUH�PDSSLQJ�SURFHVV��6DQGRYDO���������3KDVH���LV�FRPSULVHG�RI�WHVWLQJ�DQG�UHILQLQJ�WKH�GHVLJQ�
SULQFLSOHV� WKURXJK�UHVHDUFK�EDVHG�GHVLJQ� �/HLQRQHQ�HW�DO����������:H�DQDO\]HG�KRZ� WKH�GHVLJQ�SULQFLSOHV�DQG�
WKHLU�IRUP�LPSDFWHG�SUH�VHUYLFH�HGXFDWLRQ�WKURXJKRXW�WKH�ILUVW�\HDU�LQ�ZKLFK�WKH�PDNHUVSDFH�ZDV�RSHQ��

'HVLJQ�SULQFLSOHV�DQG�GHYHORSPHQW�RI�WKH�PDNHUVSDFH�
7KH�PDNHUVSDFHV�ZH�REVHUYHG�LQFOXGHG�D�ZLGH�UDQJH�RI�PDWHULDOV�DQG�H[KLELWHG�D�UDQJH�RI�\RXWK�SURMHFWV��$OO�
PDNHUVSDFHV�ZHUH�VLWXDWHG�LQVLGH�RI�RSHQ�VWXGLR�VSDFHV�ZKHUH�\RXWK�FRXOG�VHH�ZKDW�RWKHUV�ZHUH�HQJDJHG�ZLWK��
&HLOLQJ� HOHFWULFLW\�� PRELOH� WDEOHV�� DQG� FRQFUHWH� IORRUV� VXSSRUWHG� WKH� VHWXS� RI� ZRUNVWDWLRQV� WKDW� IOH[LEO\�
DFFRPPRGDWHG� SURMHFW� QHHGV� SUHVXSSRVHG� WKDW� PDNHUVSDFHV� FKDQJH� RYHU� WLPH� DV� SURMHFWV� HYROYHG� DQG� QHZ�
PDWHULDOV�HQWHUHG�WKH�VSDFH���%DVHG�RQ�WKHVH�FRPPRQDOLWLHV��ZH�GLVWLOOHG�WKUHH�JXLGLQJ�SULQFLSOHV������0RELOLW\�WR�
DUUDQJH� ZRUNVWDWLRQV� DFFRUGLQJ� WR� OHDUQLQJ� QHHGV�� ���� GLYHUVLW\� RI� PDWHULDOV� WR� VXSSRUW� D� EURDG� UDQJH� RI�
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DSSURDFKHV� WR� PDNLQJ�� DQG� ���� RSHQQHVV� RI� DFFHVV� WR� PDWHULDOV� IRU� \RXWK� RI� DOO� DJHV�� 7R� WHVW� WKH� GHVLJQ�
SULQFLSOHV�� ZH� XVHG� WKHP� WR� JXLGH� WKH� VSDWLDO� DUUDQJHPHQW� RI� WKH� XQLYHUVLW\� PDNHUVSDFH� DV� D� ZD\� WR� VSDUN�
SRVVLELOLWLHV�SDUWLFXODUO\�IRU�SUH�VHUYLFH�WHDFKHUV�IRU�PRGHOOLQJ�FRPPXQLW\�EDVHG�DQG�RSHQ�HQGHG�OHDUQLQJ��

7R� VXSSRUW� PRELOLW\�� ZH� RUGHUHG� KHLJKW�DGMXVWDEOH� WDEOHV�� FXVWRP� VWRUDJH� XQLWV� WKDW� WXFNHG� XQGHU�
FRXQWHUV� RU� JHQHUDWHG� ZRUN� VXUIDFHV�� H[SRVHG� WKH� FRQFUHWH� IORRU� WR� PRYH� IXUQLWXUH� ZLWK� OHVV� IULFWLRQ�� DQG�
LQVWDOOHG� PHWDO� SHJERDUG� DORQJ� ZDOOV� IRU� FRQWLQXRXV� VSDFH� UHDUUDQJHPHQW�� 7R� LQYLWH� GLYHUVH� DSSURDFKHV� WR�
PDNLQJ��ZH�PDGH�WKH�VSDFH�ZKHHOFKDLU�DFFHVVLEOH��:H�HQJDJHG�PDWHULDO�KLVWRULFLW\��%XFKKRO]�HW�DO���������E\�
FRQVLGHULQJ�SDUWLFLSDQWV¶�JHQGHU�DQG�DJH��VWRFNLQJ�WKH�VSDFH�ZLWK�D�UDQJH�RI�PDWHULDOV��DQG�HVWDEOLVKHG�IDFXOW\�
JUDQWV� WKDW� LQFOXGHG� DOORFDWLRQV� IRU� PDWHULDO� SXUFKDVH�� $V� DUFKLWHFWXUDO� SODQV� ZHUH� FUHDWHG�� ZH� IRFXVHG� RQ�
RSHQQHVV� WR�PDNH�PDWHULDOV�� SURMHFWV�� DQG� SUDFWLFHV� YLVLEOH� DQG� DFFHVVLEOH� IRU� SHRSOH� ERWK� IDPLOLDU�ZLWK� DQG�
XQIDPLOLDU�ZLWK�PDNLQJ��7KLV�OHG�XV�WR�WHDULQJ�GRZQ�ZDOOV�DQG�LQVWDQWLDWLQJ�DQ�RSHQ�GRRU�SROLF\��

2QFH� WKH� VSDFH� RSHQHG�� GHVLJQ� FRQWLQXHG�� 3HRSOH� FUHDWHG� SURMHFWV�� PRYHG� IXUQLWXUH�� DQG� DVNHG� IRU�
DGGLWLRQDO�PDWHULDOV��:H�REVHUYHG�KRZ�WKH�GHVLJQ�SULQFLSOHV�DQG�WKHLU�PDWHULDO�LPSOHPHQWDWLRQ�DFWHG�ZLWKLQ�WKH�
LQVWLWXWLRQDO�VSDFH�RI�WKH�VFKRRO�RI�HGXFDWLRQ��$JDLQVW�RXU�H[SHFWDWLRQV��WKH�PLQJOLQJ�RI�PDWHULDOV�GLG�QRW�KDSSHQ�
DV�IUHTXHQWO\��)RU�LQVWDQFH��PRVW��'�SULQWHG�PRGHOV�UHPDLQHG�RQ�WKH�ULJKW�VLGH�RI�WKH�VSDFH�ZKLOH�PRVW�ODVHU�FXW�
SURMHFWV�ZHUH�GLVSOD\HG�RQ�WKH�OHIW�VLGH��$VVXPSWLRQV�DERXW�OHDUQLQJ�WKDW�ZHUH�HPEHGGHG�LQWR�WKH�LQVWLWXWLRQDO�
VHWWLQJ��VXFK�DV�ZRUNLQJ�RQ�LQGLYLGXDO�SURMHFWV�LQ�GHVLJQDWHG�VHDWV�DQG�DOO�FODVVURRPV�WR�EH�RI�VLPLODU�VL]HV�DQG�
VKDSHV��ZHUH�FKDOOHQJHG�WKURXJK�QHZ�PDNHU�PDWHULDOV� WKDW�FDOOHG�WR�PRYH�DFURVV� WKH�VSDFH�DQG�WR�VKDUH�ZRUN�
RSHQO\�ZLWK�RWKHUV��7KH�YDULHW\�RI�PDWHULDOV�YLVLEO\�DFFHVVLEOH�DW�WKH�PDNHUVSDFH�LQYLWHG�SHRSOH�WR�WU\�QHZ�WRROV�
DQG�WHFKQLTXHV��UHVXOWLQJ�LQ�D�YDULHW\�RI�SURMHFWV��LQFOXGLQJ�ODVHU�FXW�GLQRVDXU�SX]]OHV��D��'�PRGHO�IRU�WHDFKLQJ�
7DL�&KL��DQG�DUW�DQG�VFLHQFH�HGXFDWLRQ�WRROV��)DFXOW\�JUDQWV�EURDGHQHG�PDWHULDO�GLYHUVLW\��DV�SURMHFWV�EURXJKW�LQ�
WR\V� DQG� JOXWHQ�IUHH� SOD\GRXJK�� 7KH�PDNHUVSDFH�ZDV� UHDUUDQJHG� IUHTXHQWO\�� DV� SHRSOH� VKLIWHG� WKH� WDEOHV� DQG�
VWRUDJH� FDUWV� DFURVV� WKH� URRP� WR� FUHDWH� XQLTXH�ZRUNVSDFHV��7KH� FHLOLQJ�PRXQWHG� HOHFWULFDO� FRUGV�ZHUH� SXOOHG�
WRZDUGV�ZRUNVSDFHV�WR�PDLQWDLQ�DQG�EUHDN�H[LVWLQJ�VHWXSV��XQGHUVFRULQJ�WKH�PRELOLW\�RI�VSDFH��DQG�DOORZLQJ�IRU�
FRQWLQXHG�DGMXVWPHQW��7KH�GHVLJQ�SULQFLSOHV�DOORZHG�IRU� WKH�VSDFH�WR� WDNH�VKDSH�TXLFNO\�ZKLOH�EHLQJ�RSHQ�IRU�
UHDUUDQJHPHQW�LQ�WKH�IXWXUH��5HPRYLQJ�WKH�SUH�H[LVWLQJ�ZDOO�DQG�EXLOW�LQ�FDELQHWV��DGGLQJ�FRXQWHUWRSV��DIIL[LQJ�
SHJERDUG��DQG�LQVWDOOLQJ�JODVV�ZDOOV�SURGXFHG�DQ�RSHQ�UHFWDQJXODU�VSDFH�WKDW�SDVVHUVE\�FRXOG�SHHN�LQWR���

'LVFXVVLRQ��
7KH� GHVLJQ� SULQFLSOHV� RI� PRELOLW\�� GLYHUVLW\�� DQG� RSHQQHVV� JXLGHG� WKH� PDNHUVSDFH� VHWXS� DQG� IDFLOLWDWHG�
DGDSWDELOLW\��7KH�SULQFLSOHV�KDYH�XWLOLW\� WR� WKH�GHVLJQ�RI�QHZ�OHDUQLQJ�VSDFHV�� LQFOXGLQJ�VFKRROV�� OLEUDULHV��DQG�
PXVHXPV��7KH\�FDQ�KHOS�UHFRJQL]H�SRVVLEOH�LQDFFHVVLELOLW\��REVWUXFWLRQ��LPPRELOLW\��DQG�KRPRJHQHLW\�WKURXJK�
VPDOO�DQG�ELJ�FKDQJHV��VXFK�DV�DGGLQJ�ZKHHOV�WR�D�FDUW��:H�HQYLVLRQ�VSDFHV�DOO�DFURVV�OHDUQLQJ�VHWWLQJV�WKDW�DUH�
RSHQ�DQG�DFFHVVLEOH�DW�RGG�KRXUV��WKDW�YDOXH�D�GLYHUVLW\�RI�DSSURDFKHV��DQG�WKDW�DOORZ�IRU�VSDWLDO�DUUDQJHPHQW�WR�
EH�SDUW� RI� WKH�FUHDWLYH� OHDUQLQJ�SURFHVV��7KLV�KDV� LPSOLFDWLRQV� IRU�KRZ�ZH�FRQFHLYH�RI�GHVLJQ�RI� HGXFDWLRQDO�
VHWWLQJV�WKDW�DUH�HVWDEOLVKHG�LQ�H[LVWLQJ�LQVWLWXWLRQDO�VHWWLQJV�DV�D�ORQJHU�WHUP�SURFHVV�LQ�ZKLFK�PDWHULDOV�WDNH�RQ�
DQ� DFWLYH� UROH� LQ� WKH� VKDSLQJ� RI� FRQWLQXRXV� OHDUQLQJ� SRVVLELOLWLHV�� 7KLV� FDOOV� IRU� SUDFWLFDO� FRQVHTXHQFHV� IRU�
WUDFNLQJ�FRQWLQXHG�PDWHULDO�GHVLJQ�DQG�WHQVLRQV�ZKHQ�FRQWHQGLQJ�DVVXPSWLRQV�RI�OHDUQLQJ�PHHW���

5HIHUHQFHV�
/HLQRQHQ�� 7��� 7RLNNDQHQ�� 7��� 	� 6LOIYDVW�� .�� ������� 2FWREHU��� 6RIWZDUH� DV� K\SRWKHVLV�� UHVHDUFK�EDVHG� GHVLJQ�

PHWKRGRORJ\�� ,Q�3URFHHGLQJV� RI� WKH� WHQWK�DQQLYHUVDU\� FRQIHUHQFH�RQ�SDUWLFLSDWRU\� GHVLJQ������ �SS��
��������,QGLDQD�8QLYHUVLW\��

3DSHUW�� 6�� ��������7KH� FKLOGUHQ
V� PDFKLQH�� 5HWKLQNLQJ� VFKRRO� LQ� WKH� DJH� RI� WKH� FRPSXWHU�� 1HZ�<RUN�� %DVLF�
%RRNV��

3HSSOHU��.���+DOYHUVRQ��(���	�.DIDL��<��%���(GV������������0DNHRORJ\��0DNHUVSDFHV�DV�OHDUQLQJ�HQYLURQPHQWV�
�9RO������1HZ�<RUN��5RXWOHGJH��

5HVQLFN��0���	�5RVHQEDXP��(����������'HVLJQLQJ�IRU�WLQNHUDELOLW\��0��+RQH\�	�'��.DQWHU��(GV���'HVLJQ��PDNH��
SOD\��*URZLQJ�WKH�QH[W�JHQHUDWLRQ�RI�67(0�LQQRYDWRUV�����������1HZ�<RUN��5RXWOHGJH��

5RRN��0��0���&KRL��.���	�0F'RQDOG��6��3����������/HDUQLQJ�WKHRU\�H[SHUWLVH�LQ�WKH�GHVLJQ�RI�OHDUQLQJ�VSDFHV��
:KR�QHHGV�D�VHDW�DW�WKH�WDEOH"��-RXUQDO�RI�OHDUQLQJ�VSDFHV��������

6DQGRYDO��:����������&RQMHFWXUH�PDSSLQJ��$Q�DSSURDFK�WR�V\VWHPDWLF�HGXFDWLRQDO�GHVLJQ�UHVHDUFK��-RXUQDO�RI�
WKH�OHDUQLQJ�VFLHQFHV����������������

9HVFLR�� 9��� 5RVV�� '��� 	� $GDPV�� $�� �������� $� UHYLHZ� RI� UHVHDUFK� RQ� WKH� LPSDFW� RI� SURIHVVLRQDO� OHDUQLQJ�
FRPPXQLWLHV�RQ�WHDFKLQJ�SUDFWLFH�DQG�VWXGHQW�OHDUQLQJ��7HDFKLQJ�DQG�WHDFKHU�HGXFDWLRQ����������������

:DQJ��)���	�+DQQDILQ��0��-�� ��������'HVLJQ�EDVHG�UHVHDUFK�DQG� WHFKQRORJ\�HQKDQFHG� OHDUQLQJ�HQYLURQPHQWV��
(GXFDWLRQDO�WHFKQRORJ\�UHVHDUFK�DQG�GHYHORSPHQW���������������
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