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5HFHLYHG�����0D\�������$FFHSWHG����$SULO�����

���,QWURGXFWLRQ
,Q�KLV�UHFHQW�SXEOLFDWLRQ��WKH�LQH[RUDEOH�ULVH�

RI�WKH�SUROHWDULDQ�DXWRGLGDFW��3URIHVVRU�$QGUHZ�
3HWHU� /LDQ� �������GUDZV�RQ� WKH� ODWH�HLJKWHHQWK�
FHQWXU\� FRQFHSW� RI� ³SUROHWDULDQ� DXWRGLGDFW´�
�5RVH��������WR�VKRZ�WKDW�WKH�H[SRQHQWLDO�JURZWK�
RI�WHFKQRORJ\�FXUUHQWO\�H[SHULHQFHG�ZRUOGZLGH�
GLG�QRW�VXGGHQO\�FDXVH�SHRSOH�WR�EHFRPH�LQWHU�
HVWHG� LQ� IXUWKHULQJ� WKHLU�NQRZOHGJH�RU�WKHLU� LQ�
WHUHVW� LQ� WKH� ZRUOG� DURXQG� WKHP�� LW� RQO\� PDGH�
WKH�SURFHVV�RI�DFFHVVLQJ�WKLV�NQRZOHGJH�HDVLHU��
+LV�SRLQW�ZDV�WKDW�WKH���VW�FHQWXU\�GLG�QRW�F
DWH�FXULRXV�DXWRGLGDFWV��HYLGHQFH�IURP�UHVHDUFK�
VKRZV� WKDW�SHRSOH�KDYH�DOZD\V�KDG�D� WKLUVW� IRU�
NQRZOHGJH� DQG� KDG� DOZD\V� VRXJKW� LW�� $ORQJ�
VLPLODU� OLQHV�� VLQFH� WKH�HDUO\� ����V� DQG�����V��
HGXFDWLRQDO� UHVHDUFKHUV�� DQG� VSHFL¿FDOO\� WKRVH�
LQ� VHFRQG� ODQJXDJH� �/��� WHDFKLQJ�� KDYH� DGYR�
FDWHG�WKH�FRQFHSW�RI� OHDUQHU�FHQWUHGQHVV��7KRVH�
HDUO\� YRLFHV� LQ� &RPSXWHU�$VVLVWHG� /DQJXDJH�
/HDUQLQJ� �&$//�� VSRNH� DERXW� LQÀH[LELOLW\� RI�
GLUHFWLYH�DSSURDFKHV�WR�ODQJXDJH�OHDUQLQJ��/LDQ��
������ DQG�WKH�QHHG�IRU�GLYHUVL¿FDWLRQ�RI�OHDUQ�
LQJ�PDWHULDOV�WR�VDWLVI\�VWXGHQWV¶�YDULHG�OHDUQLQJ�
LQWHUHVWV��2WWR�DQG�3XVDFN��������3XVDFN���������

QHHGV��/LDQ��HW�DO���������DQG��DV�D�UHVXOW��WR�NHHS�
WKHP�LQWHUHVWHG�LQ�/��OHDUQLQJ���

7KH� JHQHUDO� EHOLHI� XQGHUSLQQLQJ� WKLV� PRYH�
PHQW�ZDV�VLPLODU�WR�WKH�SRLQW�PDGH�E\�3URIHVVRU�
$QGUHZ�3HWHU� /LDQ� �������� ,W� ZDV� XQGHUVWRRG�
WKDW�FKLOGUHQ�DQG�\RXQJ�SHRSOH� LQ�JHQHUDO�KDYH�
D�QDWXUDO�WHQGHQF\�WR�OHDUQ�DQG�H[SORUH��D�YLHZ�
QRZ�VWURQJO\�FRQ¿UPHG�E\�UHVHDUFK�LQ�QHXURVFL
HQFH� DQG� SV\FKRORJ\� VWDWLQJ� WKDW� KXPDQV� DQG�
RWKHU�PDPPDOV�DUH�³ZLUHG´�IRU�H[SORUDWLRQ�DQG�
SOD\��3DQNVHSS���������+RZHYHU��WKH�GLVFXVVLRQ�
LQ�WKLV�SDSHU�VKRZV�WKDW� WKH� DJHQGD�WR�HQKDQFH�
VWXGHQWV¶�QDWXUDO�LQFOLQDWLRQV�WR�H[SORUH�DQG�OHDUQ�
VHFRQG�DQG�IRUHLJQ�ODQJXDJHV�ZDV�QRW�HQRXJK�WR�
VXVWDLQ�WKH�LQLWLDO�HQWKXVLDVP�DQ
HG� LQ� WHFKQRORJ\��7R�SURYLGH� DGHTXDWH�VXSSRUW��
&$//� UHVHDUFKHUV� QHHGHG� HPSLULFDO� HYLGHQFH��
7KH�WHPSWDWLRQ�ZDV�VWURQJ�WR�VHDUFK�IRU�DQVZHUV�
LQ�WKH�PRVW�FRPPRQO\�XVHG�WKHRULHV�RI�OHDUQLQJ��
EDVHG� LQ� LQWHOOHFWXDO� IUDPHZRUNV� GHYHORSHG� LQ�
HDUO\���WK�FHQWXU\��$V�VKRZQ�LQ�WKLV�SDSHU��ZKLOH�
WKH�¿HOG�DFFHSWHG�WKH�WKHRULHV�RI�&KRPVN\�DQG�
9\JRWVN\�DV�LWV�NH\�IUDPHZRUNV��LW�DOVR�FUHDWHG�D�
FXOWXUH�WKDW�FORVHG�R൵�WKH�¿HOG�WR�QHZ�GHYHORS�
PHQWV��WKXV�UHQGHULQJ�RULJLQDO�UHVHDUFK�LQ�QHLJK�

$%675$&7�
5HFHQWO\��GXH�WR�WKH�GHYHORSPHQWV�LQ�PHGLFDO�WHFKQRORJ\��WKH�¿HOG�RI�QHXURVFLHQFH�KDV�EHHQ�H[SH-

ULHQFLQJ�DQ�XQSDUDOOHOHG�JURZWK��UHVXOWLQJ�LQ�PDQ\�EUHDNWKURXJKV�LQ�WKH�¿HOG¶V�XQGHUVWDQGLQJ�RI�KRZ�
WKH�EUDLQ�OHDUQV�DQG�FRQVWUXFWV�LQIRUPDWLRQ��7KH�DLP�RI�WKLV�SDSHU�LV�WR�UHYLHZ�WKH�NH\�¿QGLQJV�RI�WKLV�
UHVHDUFK�DQG�SURSRVH�LPSOLFDWLRQV�IRU�GHVLJQLQJ�UHVHDUFK�LQ�&$//��7KH�¿QGLQJV�DUH�UHYLHZHG�DJDLQVW�
WKH�EDFNGURS�RI�D�FULWLTXH�RI�FXUUHQW�&$//�UHVHDUFK��ZKLFK�FRQWLQXHV�WR�VKRZ�UHVLVWDQFH�WR�FKDQJH�DQG�
VHHPV�XQDEOH�WR�RৼHU�QHZ�GLUHFWLRQV�WR�VHFRQG�ODQJXDJH��/���SHGDJRJXHV��7KLV�LV�D�FRQFHSWXDO�SDSHU�
WKDW�KRSHV�WR�LQVSLUH�&$//�VFKRODUV�DQG�SRVWJUDGXDWH�UHVHDUFKHUV�WR�H[SDQG�WKH�WUDGLWLRQDO�VRXUFHV�RI�
WKH�OLWHUDWXUH�WKDW�GH¿QH�WKH�VFRSH�RI�/��VWXGLHV�DQG�WR�LQWHJUDWH�HYLGHQFH�IURP�HPHUJLQJ�UHVHDUFK�LQ�
RUGHU�WR�PRGHUQLVH�WKH�¿HOG�DQG�LWV�LPSOLFDWLRQV�IRU�SUDFWLFH���
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ERXULQJ�¿HOGV��VXFK�DV�SV\FKRORJ\�RU�QHXURVF
HQFH��LUUHOHYDQW�DQG�XQQHFHVVDU\��

7KH� GLVFXVVLRQ� LQ� WKH� VHFWLRQV� EHORZ� R൵HUV�
D� EULHI� UHYLHZ�RI� WKH� NH\� SDUDGLJPV� RI�&$//�
UHVHDUFK� DQG� LOOXVWUDWHV� H[DPSOHV� RI� HPSLULFDO�
¿QGLQJV� IURP� QHXURVFLHQFH� WKDW� FKDOOHQJH� WKH�
GRPLQDQW� EHOLHIV� RI� WKH� ¿HOG�� ,PSOLFDWLRQV� RI�
WKHVH�QHZ�¿QGLQJV�DUH�VXPPDULVHG�LQ� WKH�IRUP�
RI�SULQFLSOHV�IRU�&$//�SHGDJRJ\�DQG�UHVHDUFK��

��� &$//� DQG� 6HFRQG� /DQJXDJH�$FTXLVL-
WLRQ��6/$��UHVHDUFK�

)LQGLQJ�WKH�EHVW�³¿W´�EHWZHHQ�ZKDW�WKH�WKHR
U\�VD\V�DERXW�WKH�OHDUQLQJ�SURFHVV�DQG�KRZ�WKLV�
NQRZOHGJH�FDQ�EH�EHVW�DSSOLHG�LQ�WKH�FODVVURRP�
IRU�³EHVW�UHVXOWV´�KDV�FRPH�WR�EH�NQRZQ�DV�EULGJ�
LQJ�WKH�JDS�EHWZHHQ�WKHRU\�DQG�SUDFWLFH��WHDFK�
LQJ��� ,QQRYDWLRQ� LQ� HGXFDWLRQ� UHVHDUFK�ZDV� XQ
GHUVWRRG�WR�LQYROYH�VFKRODUV�LQ�XVLQJ�WKHRULHV�WR�
JHQHUDWH�QHZ�GDWD�WKDW�FRXOG�IXUWKHU�FRPSOHPHQW�
WKHLU� WKHRULHV�DQG�R൵HU� HYLGHQFH� WR�EH�XVHG�E\�
WHDFKHUV�LQ�WKHLU�FODVVURRPV��7KLV�PRGHO�RI�LQWHU�
DFWLRQ� EHWZHHQ� ³WKHRU\� DQG� SUDFWLFH´� SHUVLVWHG�
IRU�GHFDGHV�GHVSLWH�ZRUGV�RI�FDXWLRQ�R൵HUHG�E\�
D�QXPEHU�RI�SURPLQHQW�UHVHDUFKHUV��%LHVWD��$
ODQ� DQG� (GZDUGV�� ������ 7KRPDV�� ������� ZKR�
ZDUQHG�DJDLQVW�WKH�VWLÀLQJ�H൵HFW�WKDW�WKH�¿HOG¶V�
SUHRFFXSDWLRQ�ZLWK�WKHRU\�FRQVWUXFWLRQ�KDV�KDG�
RQ� HGXFDWLRQDO� UHVHDUFK� DQG� SUDFWLFH�� &RQFXU�
ULQJ�ZLWK�3RSSHU��FLWHG�LQ�7KRPDV��������S�������
7KRPDV��������S�������DUJXHG�IRU�DQ�DSSURDFK�WR�
UHVHDUFK�ZKHUH�DOWHUQDWLYH�SHUVSHFWLYHV�RQ�SUDF�
WLFH�DUH�VRXJKW�RXW�DQG�SXW�LQWR�GLDORJXH�WR�KHOS�
UHYHDO� LQFRQVLVWHQFLHV�DQG�QHZ�HSLVWHPRORJLFDO�
JDLQV� WKDW� RWKHUZLVH� UHPDLQ� LQYLVLEOH�ZKHQ� DOO�
W\SHV�RI� WKLQNLQJ�DUH� UHGXFHG�DQG�ÀDWWHQHG�RXW�
WR�EH�GHVFULEHG�DV�µWKHRU\¶��³WKHUH�LV�DQ�LPSRYHU�
LVKPHQW�EURXJKW�WR�WKH�H[HUFLVH�RI�LQTXLU\´��

+RZHYHU�� FULWLFDO� GLDORJXH� RI� WKH� NLQG� GH
VFULEHG� E\� 7KRPDV� LV� UDUH� LQ� &$//� UHVHDUFK��
7KH�FRJQLWLYH�DQG�VRFLRFXOWXUDO�IUDPHZRUNV�WKDW�
XQGHUSLQ�PRVW�RI�&$//�VWXGLHV�UHMHFW�GLDORJXH�
LQ�IDYRXU�RI�FRQIRUPLW\�DQG�GLVPLVVDO�RI�DQ\�DO�
WHUQDWLYH� YLHZV�� )RU� H[DPSOH�� UHSUHVHQWLQJ� WKH�
VRFLRFXOWXUDO�DSSURDFK��'XQQ�DQG�/DQWROI��������
S�� ����� DUJXH� WKDW� FRPPXQLFDWLRQ� EHWZHHQ� LQ�
FRPPHQVXUDEOH�PRGHOV� LV�QRW�RQO\� LPSRVVLEOH��
EXW� DOVR� UHÀHFWV� D� XWRSLDQ� GUHDP� IRU� D� VLQJOH�

XQL¿HG� WKHRU\�� ,Q� WXUQ��DFFRUGLQJ� WR� WKH�FRJQL�
WLYH�SDUDGLJP��/RQJ��������S��������RSSRVLWLRQDO�
WKHRULHV�� WKRVH� EDVHG� RQ� UDGLFDOO\� GL൵HUHQW� XQ�
GHUO\LQJ� DVVXPSWLRQV� VR� DV� WR� UHVXOW� LQ� LQFR
PHQVXUDEOH� H[SODQDWLRQV� RI� 6/$� SKHQRPHQD��
PXVW�EH�HOLPLQDWHG��7KH�WZR�YLHZV�UHVXOW�LQ�WKH�
³QRUPDOLVLQJ´� RI� WKH� GRPLQDQW� WKHRULHV� ZKLOH�
HOLPLQDWLQJ�DOWHUQDWLYHV��<HW��WKH�SHGDJRJLF�S
R൵V�RI�WKLV�QRUPDOLVLQJ�DSSURDFK�WR�UHVHDUFK�LQ�
/��OHDUQLQJ�DUH�VPDOO��

7KH�NH\�VFKRODUV�RI�WKH� FRJQLWLYH�DSSURDFK��
/RQJ��������DQG�(OOLV���������DUH�QRW�VXUH�DV�WR�
KRZ�UHOHYDQW�WKH�¿QGLQJV�RI�6/$�UHVHDUFK�FRXOG�
EH� WR� SUDFWLVLQJ� WHDFKHUV�� 6LQFH� WKH� FRJQLWLYH�
SDUDGLJP� KDV� R൵HUHG� OLWWOH� WKDW� WHDFKHUV� FRXOG�
XVH� GLUHFWO\� LQ� DQ� /��FODVVURRP�� /RQJ� �������
DQG�(OOLV��������R൵HU�ZRUGV�RI�FDXWLRQ�DQG�
JXH�IRU�D�³EDODQFHG´�PL[�RI�LPSOLFLW�DQG�H[SOLFLW�
LQVWUXFWLRQ�� ZLWK� WHDFKHUV� SD\LQJ� DWWHQWLRQ� WR�
VWXGHQWV¶�³EXLOW�LQ�V\OODEXV´�DQG�SURYLGLQJ�³H[�
WHQVLYH�/��LQSXW´��(OOLV��������S������������)R
ORZLQJ�WKLV�DGYLFH��.HVVOHU�DQG�%LNRZVNL��������
DGYRFDWH�IRU�&$//�UHVHDUFKHUV�WR�DGRSW�D�OHVVRQ�
GHVLJQ�ZKHUH� VWXGHQWV�DUH�H[SHFWHG�WR�XVH�VS
FL¿F�FRQYHUVDWLRQDO�VWUDWHJLHV��VXFK�DV�WKH�QDWLYH�
VSHDNHU¶V� FRUUHFWLRQV�� TXHVWLRQV�� PRGL¿FDWLRQV�
DQG� UHTXHVWV� IRU� UHSHWLWLRQ�� LQLWLDOO\� SURSRVHG�
E\�/RQJ� �������� WR� IDFLOLWDWH� WKH�DFTXLVLWLRQ�RI�
JUDPPDU��7KH�EHOLHI�LV�WKDW�WKHVH�FRQYHUVDWLRQDO�
VWUDWHJLHV�FDQ�GUDZ�OHDUQHUV¶�DZDUHQHVV�WR�JUDP�
PDWLFDO� SUREOHPV� DQG� R൵HU� RSSRUWXQLWLHV� IRU�
VHOI�FRUUHFWLRQ� LQ� DFFRUGDQFH� ZLWK� D� VWXGHQWV¶�
RZQ�³EXLOW�LQ�V\OODEXV´��

,Q�RUGHU�WR�HOLFLW�RSSRUWXQLWLHV�IRU�VXFK�FR
YHUVDWLRQDO� VWUDWHJLHV�� .HVVOHU� DQG� %LNRZVNL�
������� S�� ��� SURSRVH� WKDW� WHDFKHUV� DQG� &$//�
UHVHDUFKHUV�PDNH�XVH�RI�IUHHO\�DYDLODEOH�DGYH
WXUH� JDPHV� DQG�XVH�GLYHUVH�:HE� WRROV��VXFK�DV�
*RRJOH�PDSV��ZLNLV��6N\SH�RU�0RRGOH��WR�JHQHU
DWH�FRQYHUVDWLRQV�RQ�D�VSHFL¿F�WRSLF��.HVVOHU�DQG�
%LNRZVNL��S�����DOVR�PHQWLRQ�VNLOO�VSHFL¿F�VRI
ZDUH�� VXFK�DV�1DQRJRQJ� IRU�SURQXQFLDWLRQ�� WKH�
XVH�RI�YLGHR�WXWRULDOV��+RW�3RWDWRHV�TXL]]HV��DQG�
YDULRXV� RQOLQH� PDWHULDOV�� 2WKHU� WKDQ� WKH� UHIHU�
HQFH�WR�/RQJ¶V�FRQYHUVDWLRQDO�VWUDWHJLHV��.HVVOHU�
DQG�%LNRZVNL��������R൵HU�QR�QHZ�SHUVSHFWLYHV��
UHVHDUFK�WRROV�RU�TXHVWLRQV�WKDW�FRXOG�KHOS�&$//�
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WHDFKHUV�DQG�UHVHDUFKHUV�EHWWHU�XQGHUVWDQG�WKHLU�
VWXGHQWV�DQG� WKH� IDFWRUV� WKDW� LPSDFW�RQ�DQG� LQ�
WHUDFW�ZLWK�WKHLU�OHDUQLQJ��7KH\�DOVR�IDLO�WR�FRQ�
WH[WXDOLVH�/RQJ¶V� ������� K\SRWKHVLV� LQ� UHODWLRQ�
WR� PRGHUQ� UHVHDUFK�� 7KH� K\SRWKHVLV� SURSRVHG�
E\�/RQJ��������GUDZV�RQ�QDWLYLVW�DSSURDFKHV�WR�
ODQJXDJH� OHDUQLQJ�ZKLFK�DVVXPH� WKDW� WKH�EUDLQ�
SURFHVVHV� �FRPSXWHV�� LQIRUPDWLRQ� LQ�D�ERWWRP�
XS� IDVKLRQ�� XVLQJ� PRGXOHV� WKDW� DUH� HVSHFLDOO\�
GHVLJQHG�WR�DFFHSW�VRPH�IRUPV�RI�LQSXW�DQG�L
KLELW� WKH� WRS�GRZQ� H[SHFWDWLRQV� IURP� ³FHQWUDO�
SURFHVVLQJ´� �.DUPLOR൵�6PLWK�� ������ S�� ����$V�
LW�ZLOO�EH�VKRZQ� ODWHU�LQ� WKLV�SDSHU��PRGHUQ�UH�
VHDUFK�LQ�QHXURVFLHQFH�R൵HUV�D�VHULRXV�FKDOOHQJH�
WR�/RQJ¶V�K\SRWKHVLV��<HW��WKLV�UHVHDUFK�UHPDLQV�
LJQRUHG�DQG�LWV�LPSOLFDWLRQV�WR�&$//�VWXGLHV�XQ�
H[SORUHG��

$V�LQ�WKH�FRJQLWLYH�SDUDGLJP��WKH�SURSRQHQWV�
RI�WKH�VRFLRFXOWXUDO�DSSURDFK�WR�&$//�ORRN�IRU�
VROXWLRQV�WR�VWXGHQWV¶�OHDUQLQJ�LQ�FRQYHUVDWLRQV��
,Q�WKLV�UHJDUG��7KRUQH�DQG�6PLWK��������S�������
YLHZ�WKH�FRQFHSW�RI�&$//�DV�DQDFKURQLVWLF�DQG�
FULWLFLVH�WKH�LGHD�WKDW�GLJLWDO�WHFKQRORJ\�FDQ�SUR
YLGH�DVVLVWLYH�VXSSRUW��*HEKDUG��6KLQ�DQG�6HJHU�
��������%OLQ�DQG�$SSHO���������*RQ]DOH]�/ORUHW�
������� DQG� 5HLQKDUGW� DQG� =DQGHU� ������� VXJ�
JHVW� XVLQJ�GLJLWDO� WHFKQRORJ\� DV�D� FRPPXQLFD
WLRQ�PHGLDWLQJ�GHYLFH�UDWKHU�WKDQ�DV�D�WRRO�ZLWK�
TXDOLWLHV�WKDW�FDQ�EH�XWLOLVHG�IRU�DVVLVWLQJ�OHDUQ�
LQJ��&RQVHTXHQWO\�� VRFLRFXOWXUDO� WKHRU\� SURSR
QHQWV�XWLOLVH�EORJV��VRFLDO�PHGLD��RU�FKDW�URRPV�
OLNH�<DKRR��0HVVHQJHU��7KH�RYHUDOO�DLP�LV�WR�XVH�
WKH�FRQWH[W�RI�FRQYHUVDWLRQ�WR�SURJUHVV�VWXGHQWV�
DORQJ� WKH� QRYLFH�H[SHUW� FRQWLQXXP� �/DQWROI��
������� 7KH� DSSUHQWLFHVKLS� PRGHO�� LQLWLDOO\� GH�
YHORSHG�DURXQG�WKH���WK�FHQWXU\��7KRPDV��������
SS�������� LV� URRWHG� LQ� WKH�EHOLHI� WKDW� DOO�NQRZO�
HGJH�LV�UHJXODWHG�E\�ODQJXDJH��&RPSHUQROOH�DQG�
:LOOLDPV��������S��������DQ�LGHD�WKDW�LJQRUHV�WKH�
IDFW�WKDW�KXPDQ�EHLQJV�XWLOLVH�PXOWLVHQVRU\�SUR�
FHVVLQJ�SDWWHUQV�WR�PDNH�VHQVH�RI�WKH�ZRUOG��)XU�
WKHUPRUH��WKH�DSSUHQWLFHVKLS�PRGHO�DVVXPHV�WKDW�
NQRZOHGJH�LV�SDVVHG�RQ�LQ�VRPH�XQSUREOHPDWLF�
PDQQHU�IURP�DQ�H[SHUW�WR�D�QRYLFH��&RPSHUQROOH�
	�:LOOLDPV��������S��������DJDLQ��D�EHOLHI� WKDW�
LJQRUHV�WKH�FRPSOH[LW\�RI�WKH�V\VWHPV�WKDW�SDU�
WDNH�LQ�WKH�SURFHVV�RI�PHDQLQJ�PDNLQJ��

*XHUUHUR�DQG�9LOODPLO� �������UDLVH�RWKHU� LV�
VXHV�WKDW�WKH�SURSRQHQWV�RI�WKH�VRFLRFXOWXUDO�DS�
SURDFK� LJQRUH��)RU�H[DPSOH��*XHUUHUR� DQG�9LO�
ODPLO� �S�� ���� DUJXH� WKDW� WKH� FODLP� WKDW� H[SHUWV�
KDYH�WKH�FDSDFLW\�WR�JXLGH�D�QRYLFH�DOVR�HYRNHV�
DQRWKHU� FODLP�� L�H�� WKDW� WKH� ³WXWRU� KDV� QRW� RQO\�
D� WKHRU\� RI� KRZ� WKH� WDVN� RU� SUREOHP� LV� WR� EH�
FRPSOHWHG��EXW�DOVR�D�WKHRU\�RI�WKH�WXWHH¶V�SHU�
IRUPDQFH´�� ,Q� RWKHU� ZRUGV�� WKHUH� LV� UHDOO\� QRW�
PXFK�WR�LQYHVWLJDWH�RWKHU�WKDQ�VLPSO\�PDSSLQJ�
RXW�WKLV�LQWXLWLYH�NQRZOHGJH��7KLV�PD\�EH�H[DFW
O\�ZK\�WKH�DSSURDFK�VKRZV�QR�LQWHUHVW� LQ�¿HOGV�
RWKHU� WKDQ�LWV�RZQ��&RQWUDU\�WR�ZKDW�'XQQ�DQG�
/DQWROI��������DUJXH��WKH�VRFLRFXOWXUDO�DSSURDFK�
SUDFWLVHV�D�XWRSLDQ�GUHDP�JLYLQJ�DQ�LPSUHVVLRQ�
WKDW�D�VLQJOH�XQL¿HG�WKHRU\�FDQ�SURYLGH�UHVHDUFK�
ZLWK�DOO�LW�QHHGV�WR�H[SODLQ��LQFOXGLQJ�D�WKHRU\�RI�
WKH�WXWHH¶V�SHUIRUPDQFH��7KH�VHFWLRQV�WKDW�IROORZ�
ZLOO� GHPRQVWUDWH� WKH� QDLYHW\� RI� WKLV� EHOLHI�� WKH�
FRPSOH[LW\�RI�WKH�KXPDQ�EUDLQ�DQG�WKH�FKDOOHQJ�
HV� WKDW� WKH� QHZ� HPSLULFDO� HYLGHQFH� SUHVHQWV� WR�
WKH�NH\�FRQFHSWV�RI�OHDUQLQJ��LQFOXGLQJ�WKH�FRQ
FHSWV�RI�IHHGEDFN�RU�IHHGEDFN�FRPSUHKHQVLRQ�

���(PSLULFDO�HYLGHQFH�IURP�$UWL¿FLDO�,QWHO-
OLJHQFH�DQG�QHXURVFLHQFH�

.QRZLQJ� KRZ� WKH�EUDLQ� WHOOV� WKLQJV�DSDUW� LV�
DQ� LPSRUWDQW� TXHVWLRQ� VLQFH� ODQJXDJHV� SUHVHQW�
VWXGHQWV�ZLWK�WKH�SUREOHP�RI�GLVFHUQLQJ�EHWZHHQ�
WKH� HOHPHQWV� WKDW�PDWWHU�DQG� WKRVH� WKDW�GR�QRW��
6XSSRUWLQJ�WKLV�SURFHVV�RI�GLVFHUQPHQW�UHTXLUHV�
RQ�WKH�SDUW�RI�UHVHDUFKHUV�DQ�XQGHUVWDQGLQJ�RI�WKH�
SURFHVVHV�� HOHPHQWV� DQG� SDWKZD\V� WKDW� SDUWLFL�
SDWH�LQ�WKLV�SURFHVV��7KH�¿QGLQJV�UHSRUWHG�LQ�WKLV�
VHFWLRQ�VKRZ�WKDW�DQ�LQ�GHSWK�HQJDJHPHQW�ZLWK�
WKH�OLWHUDWXUH�IURP�GL൵HUHQW�¿HOGV�RI�UHVHDUFK��QRW�
RQO\�QHXURVFLHQFH��FDQ�DVVLVW�&$//�UHVHDUFKHUV�
ZLWK�QHZ�LQVLJKWV�RQ�WKH�SURFHVV�RI�OHDUQLQJ�DQG�
QHZ�VRXUFHV�RI�TXHVWLRQV�WKDW�FDQ�OHDG�WR�PRUH�
UHVHDUFK�DQG�QHZ�GHYHORSPHQWV�LQ�/��SHGDJRJ\��
7KH�NH\�SRLQWV�RI�WKLV� VHFWLRQ�GHPRQVWUDWH�WKDW�
KRZ�ZH�RUJDQLVH�DQG�UH�RUJDQLVH�RXU�SHUFHSWLRQ�
GRHV�QRW�GHSHQG�RQ�³ZKDW�LV´��DV�EHOLHYHG
GRU� DQG� FRQWHVWHG� E\� .DUPLOR൵�6PLWK� ��������
5DWKHU��WKHVH�XQGHUVWDQGLQJV�DUH�VKDSHG�DQG�UHJ
XODWHG� LQ�UHVSRQVH�WR�RXU�H[SHULHQFHV�DQG�ZKDW�
DQ�RUJDQLVP�UHFRJQLVHV�DV�UHOHYDQW��7KLV�PHDQV�
DQ� RQJRLQJ�GLDORJXH�EHWZHHQ� WKH� WRS�DQG� ORZ�
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OHYHO�V\VWHPV�DFURVV�VHQVRU\�V\VWHPV�LQ�RUGHU�WR�
PLQLPLVH�SHUFHSWLRQ�HUURUV����

,Q�HPSLULFDO�¿HOGV�ZKLFK�FRQFHUQ�WKHPVHOYHV�
ZLWK� SHUFHSWLRQ�� LQFOXGLQJ� QHXURVFLHQFH�� SV\
FKRORJ\� DQG�$UWL¿FLDO� ,QWHOOLJHQFH� �$,��� LW�ZDV�
GLVFRYHUHG� WKDW� RQH� RI� WKH� NH\� FKDOOHQJHV� LV�
WR� XQGHUVWDQG� KRZ� WKH� EUDLQ� WHOOV� WKLQJV� DSDUW�
�%URRNV���������,Q�KLV�E\�QRZ�VOLJKWO\�GDWHG��EXW�
KLJKO\�UHOHYDQW�WR�UHVHDUFK�LQ�/��SHGDJRJ\��SD�
SHU� RQ�EXLOGLQJ� OHDUQLQJ� URERWV�� %URRNV� �������
S�����UHIHUV�WR�HDUO\�DWWHPSWV�LQ�$,�ZKHUH�SHRSOH�
WKRXJKW� WKDW� WKH�ZRUOG�ZDV� GLYLGHG� LQWR�QHDWO\�
RUJDQLVHG�REMHFWV�WKDW�FRXOG�EH�PDSSHG�RXW�RQWR�
WKH�³EUDLQ´�FLUFXLW�RI�WKH�URERW�WR�PDQRHXYUH�EH�
WZHHQ�WKH�REMHFWV�DQG�WR�PDQLSXODWH�WKHP��,W�ZDV�
WKHQ� XQGHUVWRRG� WKDW� D� FRPSOHWH� UHSUHVHQWDWLRQ�
RI� WKH�H[WHUQDO�HQYLURQPHQW�ZDV�DQ� LPSRVVLEOH�
WDVN��7R� VROYH� WKH�SUREOHP�� WKH� UHVHDUFKHUV�SXW�
WKH�URERW�LQ�WKH�FHQWUH�RI�LWV�³ZRUOG´�DQG�IRFXVHG�
RQ�SURFHVVHV�WKDW�HQDEOHG�WKH�URERW�WR�OHDUQ�QRW�
DERXW� WKH� ZRUOG�� EXW� DERXW� LWVHOI� LQ� LWV� ZRUOG��
7KLV�VKLIW�LQ�WKH�PHWKRG�LQGLFDWHG�D�FKDQJH�LQ�WKH�
WKLQNLQJ�DERXW�URERWV��7KH�URERW�ZDV�QR�ORQJHU�D�
FRPSXWLQJ�PDFKLQH�LQ�D�WUDGLWLRQDO�VHQVH�RI�WKLV�
ZRUG�� LW� ZDV� DQ� LQWHUORFXWRU� WKDW� LQKDELWHG� LWV�
ZRUOG��OHDUQLQJ�WR�LPSURYH�LWV�RZQ�SHUIRUPDQFH�
LQ�UHODWLRQ�WR�WKDW�ZRUOG��%URRNV��������SS�������

,Q�QHXURVFLHQFH�� LW�ZDV�¿UVW�PDGH�FOHDU� WKDW�
SHRSOH�GR�QRW�SHUFHLYH�WKH�ZRUOG�GLUHFWO\�ZKHQ�
UHVHDUFKHUV� OHDUQHG�WKDW�WKHUH�LV�QR�RQH�QHXURQ�
RQH�REMHFW�FRUUHVSRQGHQFH��.HQGULFN���������,Q�
RWKHU�ZRUGV��SHRSOH� GR�QRW� SHUFHLYH�REMHFWV� DV�
VXFK�� ,QVWHDG��LW�ZDV�IRXQG�WKDW� WKH�PDMRULW\�RI�
QHXURQV�UHVSRQGHG�RQO\�WR�YHU\�VLPSOH�YLVXDO�DV�
SHFWV��IRU�H[DPSOH��OLQHV�PRYLQJ�LQ�D�SDUWLFXODU�
GLUHFWLRQ�DQG�FRORXUV��RXWOLQHV��FRQWUDVWV��JURXS
LQJV�RI�GL൵HUHQW�IHDWXUHV��DQG�VR�IRUWK��.HQGULFN��
������� 7KH� YLVXDO� ZRUOG� LV� WKXV� EURNHQ� LQWR� D�
P\ULDG�RI�FRPSRQHQW�SDUWV��DQG�WKH�UHFRJQLWLRQ�
RI� REMHFWV�� VXFK� DV� VRPHRQH¶V� IDFH�� LQYROYHV� D�
GLVWULEXWHG�QHWZRUN�RI�QHXUDO�FHOOV� EULQJLQJ�
JHWKHU�DOO�RI�WKH�GL൵HUHQW�OHYHOV�RI�DQDO\VLV��IURP�
ORZ�OHYHO� WR� KLJK�OHYHO� FRPSRQHQWV�� ³UHFRJQL
WLRQ�LV�DERXW�WKH�ZKROH�QHWZRUN�EHLQJ�DFWLYDWHG´�
�.HQGULFN���������7KH�QHWZRUNV�DUH�FRQVWUXFWHG�
WKURXJKRXW�WKH�OLIHWLPH�RI�DQ�LQGLYLGXDO�DQG�WKHLU�
GLVWULEXWHG��PXOWL�OHYHO�VWUXFWXUH�SURYLGHV�SHRSOH�

ZLWK� VX൶FLHQW� UHGXQGDQF\� WR� VXSSRUW� UHFRJQL
WLRQ��.HQGULFN���������

$�VLPLODU� SKHQRPHQRQ�ZDV� REVHUYHG� LQ� WKH�
SHUFHSWLRQ� RI� VSHHFK� VRXQGV�� &KDQJ¶V� �������
UHVHDUFK� LQYDOLGDWHG�WKH� HDUO\�QRWLRQV� WKDW�SKR�
QHPHV� DUH� WKH� VPDOOHVW� DQG� LQGHSHQGHQW� XQLWV�
RI�SHUFHSWLRQ��L�H��D�EHOLHI�WKDW�ZDV�URRWHG�LQ�WKH�
LGHD�WKDW�RQH�QHXURQ�KHDUV�DQG�UHFRJQLVHV�LQGL
YLGXDO�VRXQGV��,QVWHDG��KH�VKRZHG�WKDW�WKH�I
GDPHQWDO� XQLWV� RI� SKRQRORJLFDO� UHSUHVHQWDWLRQ�
DUH�³IHDWXUHV´��L�H��VPDOO�FDWHJRULHV�WKDW�WKH�EUDLQ�
FRPELQHV� WR� IRUP� WKH�VSHHFK�VRXQGV�RI�KXPDQ�
ODQJXDJH��&KDQJ����������&KDQJ�VKRZHG�WKDW��DV�
LQ�YLVLRQ��QHXURQV�ZRUN�LQ�QHWZRUNV�WKDW�DUH�EXLOW�
RQO\�ZKHQ�WKHUH�LV�D�JRRG�UHDVRQ�IRU�WKHLU�FRQ�
VWUXFWLRQ��L�H��ZKHQ�WKH�PHDQLQJ�PDNLQJ�SURFHVV�
GHSHQGV�RQ�WKHLU�IRUPDWLRQ��5DPDFKDQGUDQ�DQG�
+LUVWHLQ��������S������FRQ¿UP�WKLV�ZKLOH�SRLQWLQJ�
RXW�WKDW�LQIRUPDWLRQ�IRU�D�SHUVRQ�H[LVWV�PDLQO\�LQ�
UHJLRQV�RI�FKDQJH�WKDW�SHRSOH�UHJLVWHU�DV�UHOHYDQW�
WR� WKHP� �5DPDFKDQGUDQ� DQG�+LUVWHLQ�� ������ S��
�����,W�IROORZV�WKDW�WKH�FRQVWUXFWLRQ�RI�WKH�ORZ�
OHYHO� V\VWHPV� GHSHQGV�RQ� WKH� ³FOXHV´� IURP� WKH�
KLJK�OHYHO�V\VWHPV�WKDW� VHOHFW�IRU�PHDQLQJ��)H�
GRUHQNR���������,Q�WHUPV�RI�VSHHFK��WKLV�LQFOXGHV�
DVVRFLDWHG� QHWZRUNV� ZKLFK� FRRUGLQDWH� LQWRQD
WLRQ��UK\WKP��V\QFKURQ\��DQG�RWKHU�V\VWHPV��

7KH� LQWHUDFWLRQV�EHWZHHQ� WKH�KLJK�OHYHO�DQG�
ORZ�OHYHO� V\VWHPV� RI� SHUFHSWLRQ� IROORZ� D� YHU\�
VSHFL¿F� SDWWHUQ�� $V� UHSRUWHG� E\� 6HWK� �������
������� SHRSOH� GR� QRW� DFW� RQ� ³LQSXW´� DV� VXFK��
5DWKHU��SHRSOH�UHVSRQG�WR�WKH�ZRUOG�LQ�UHODWLRQ�WR�
ZKDW�WKH\�DOUHDG\�NQRZ�DERXW�LW��QRW�LQ�UHODWLRQ�
WR�ZKDW� LV�� LW� LV� ³WKHVH� WRS�GRZQ� RU� LQVLGH�RXW�
FRQQHFWLRQV� WKDW�FRQYH\�SUHGLFWLRQV�IURP�KLJK�
OHYHOV�IURP�WKH�EUDLQ�WR�ORZHU�OHYHOV�EDFN�RXW�WR�
WKH�VHQVRU\�VXUIDFHV´��6HWK���������7KLV�¿QGLQJ�
LV�FRQVLVWHQW�ZLWK� WKH�XQGHUVWDQGLQJV�GLVFXVVHG�
HDUOLHU� VWDWLQJ� WKDW� UHDOLW\� LV� QRW� SHUFHLYHG� G
UHFWO\��7KH�QHHG�IRU�OHDUQLQJ��L�H��IRU�UH�DGMXVWLQJ�
RQH¶V�WRS�OHYHO�V\VWHPV��HPHUJHV�ZKHQ�WHQVLRQV�
DUH� GHWHFWHG� EHWZHHQ�ZKDW� LV�H[SHFWHG� DQG� WKH�
LQWHUSUHWDWLRQV�WKDW�DUH�IRUPHG�³DW�HDFK�OHYHO�RI�
GHVFULSWLRQ´� �6HWK��������� L�H�� DFURVV� WKH�ZKROH�
DUHD�RI�WKH�KLHUDUFK\�DW� WKH�VDPH�WLPH��$V�6HWK�
H[SODLQV�� LW� LV�QRW� UHDOLW\�� RU� LQSXW�� WKDW�ZH�RE�
VHUYH�� ,QVWHDG�� WKH� SURFHVV� RI� SHUFHSWLRQ� KHOSV�
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SHRSOH� UHGXFH� WKH� ³SUHGLFWLRQ� HUURUV´� EHWZHHQ�
WKH�KLJK�OHYHO�DQG�ORZ�OHYHO�V\VWHPV�WKDW�RUJDQ�
LVH�SHUFHSWLRQ��$OVR��WR�DFW�RQ�³LQSXW´� UHTXLUHV�
WKDW�SHRSOH�GHDO�ZLWK�HYHU\WKLQJ�VLQFH�DQ\WKLQJ�
LV�DOUHDG\�D�VHOHFWLRQ��L�H��D�FRQVWUXFW��³6R��\RX�
FDQ� WKLQN�RI�SHUFHSWLRQ� DV�D�MRLQW�KDOOXFLQDWLRQ�
LQ� ZKLFK� RXU� SHUFHSWXDO� SUHGLFWLRQV� DUH� EHLQJ�
UHLQHG� LQ� DW� DOO� SRLQWV� E\� VHQVRU\� LQIRUPDWLRQ�
IURP�WKH�ZRUOG�DQG�WKH�ERG\´��6HWK���������

'DPDVLR� ������� GHVFULEHV� WKH�PXOWLVHQVRU\�
QDWXUH�RI�WKLV�SURFHVV�WKDW�UHOLHV�RQ�WKH�LQWHUDF
WLRQV�EHWZHHQ�GL൵HUHQW�V\VWHPV�DQG�OHYHOV��$F�
FRUGLQJ�WR�'DPDVLR���������WKH�EUDLQ�LQWHJUDWHV�
WKH� ³LPDJHV´�LW�FUHDWHV�RI� VRXQGV��VLJKW�� WRXFK��
RI�RXU�RZQ�ERG\��DQG� VR�RQ�� IROORZLQJ�TXLWH�D�
FRPSOLFDWHG� SURFHVV� RI� FRQQHFWLRQV��ZKLFK�
YROYHV�PDQLSXODWLRQ�RI� LPDJHV�RU�SDWWHUQV� WKDW�
WKH�EUDLQ�FUHDWHV�IURP�WKH�VHQVRU\�GDWD��2QFH�LQ�
WHUSUHWHG�RU�SURFHVVHG��WKHVH�LQWHUSUHWDWLRQV�DUH�
WKHQ� VHQW� EDFN� WR� WKH� RULJLQV� RI� WKRVH� FRQ
WLRQV��H�J��WKH�YLVXDO�RU�DXGLWRU\�V\VWHPV��WR�EH�
WKHQ�SHUFHLYHG�E\�D�KXPDQ�DV�KDYLQJ�KHDUG�RU�
VHHQ�VRPHWKLQJ��,Q�RWKHU�ZRUGV��'DPDVLR��������
H[SODLQV�WKDW�SHRSOH�SHUFHLYH�KHDULQJ�RU�VHHLQJ�
WKLQJV�RQO\�DIWHU�WKH\�KDYH�DOUHDG\�SURFHVVHG�LQ
IRUPDWLRQ�DJDLQVW�WKH�PXOWLSOLFLW\�RI�PXOWLVHQVR
U\�FRQQHFWLRQV��QRW�EHIRUH��WKXV�QHJDWLQJ�WKH�QR�
WLRQ�WKDW�¿UVW�\RX�VHH�KHDU�DQG�WKHQ�\RX�LQWHUSUHW�
±�IRU�KLP�VHHLQJ�KHDULQJ�DUH�LQ�WKHPVHOYHV�DFWV�
RI� LQWHUSUHWDWLRQ��7KLV�LV�VR�PXFK� WKH�FDVH� WKDW�
LQ�PRVW�KXPDQ�EHLQJV�WKH�YLVLRQ�ZLOO�RYHUZULWH�
LQIRUPDWLRQ�FRPLQJ�WR�WKH�HDU�DQG�VXEMHFWV�KHDU�
ZKDW� WKH\� VHH� �7KH�0F*XUN� (൵HFW�� �0F*XUN�
DQG�0DF'RQDOG��������

���,PSOLFDWLRQV�IRU�&$//
7KH� ¿QGLQJV� IURP� QHXURVFLHQFH� GLVFXVVHG�

DERYH�RSHQ�QHZ�JURXQG�IRU�&$//�UHVHDUFK�DQG�
SHGDJRJ\�� 7KH� SULQFLSOHV� OLVWHG� EHORZ� DUH�
SDQGHG�E\�IXUWKHU�HYLGHQFH��

3HRSOH�DUH�GL൵HUHQW
7KH�SULQFLSOH��6LQFH�WKH�EUDLQ�GRHV�QRW�SHU�

FHLYH�WKH�ZRUOG�GLUHFWO\��LW�IROORZV�WKDW�WKH�NLQGV�
RI�SUREOHPV�VWXGHQWV�H[SHULHQFH�DUH�YHU\�OLNHO\�
WR�EH�GL൵HUHQW�IURP�RQH�OHDUQHU�WR� WKH�RWKHU�� ,W�
LV�QRW�ORJLFDOO\�SRVVLEOH�WR�R൵HU�D�VHTXHQFHG�RU�
H[WHUQDOO\�VFD൵ROGHG�LQWHUYHQWLRQ�VWUDWHJ
EOH� RI�VLPXOWDQHRXVO\�PHHWLQJ� WKH�QHHGV�RI� DOO�

�RU� HYHQ�DQ\�RQH�VWXGHQW��DV� LW�LV� EDVHG�RQ�WKH�
DQDO\VLV�XQGHUVWDQGLQJV�RI�WKH�SHUVRQ�FRQVWUXFW�
LQJ� WKH�H[WHUQDO� VFD൵ROG�� WKH�SRZHUIXO� EXW�� UH�
JUHWWDEO\�� QRW� RPQLVFLHQW� WHDFKHU�� (QWU\� SRLQWV�
IRU�VROYLQJ�LQGLYLGXDO�SUREOHPV�DUH�OLNHO\�WR�EH�
GL൵HUHQW��DQG�SHUKDSV�HYHQ�XQNQRZQ��IURP�SHU�
VRQ�WR�SHUVRQ��/LDQ��������S�����

,PSOLFDWLRQV� IRU� &$//�� +XPDQV� DUH� PXO�
WLVHQVRU\� EHLQJV� DQG� /��VWXGHQWV� QHHG� WR� EH�
JLYHQ� RSSRUWXQLWLHV� WR� LQWHUSUHW� WKHLU� OHDUQLQJ�
QHHGV�ZLWK�WKH�KHOS�RI�WRROV�WKDW�DOORZ�VWXGHQWV�
WR� HQJDJH� WKH�PXOWLSOLFLW\�RI� WKHVH�PXOWLVHQVR�
U\�FRQQHFWLRQV��XWLOLVLQJ� D�GLYHUVLW\�RI� V\VWHPV�
DQG�OHYHOV�DQG�WKHLU�PXOWLSOH�FRPELQDWLRQV��5H�
VHDUFK�VWXG\LQJ�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�DF�
TXLVLWLRQ�RI�JUDPPDU�DQG�LQWRQDWLRQ�VKRZHG�WKDW�
ZKHQ�WKLV�PXOWLVHQVRU\�SURFHVVLQJ�LV�SUHYHQWHG��
RXU�EUDLQ�UHSODFHV�WKH�PLVVLQJ�FRQQHFWLRQV�ZLWK�
ZKDW�LW�DOUHDG\�NQRZV��+HUUPDQQ��HW�DO���������
7KLV�PD\�DOVR�EH�D� UHDVRQ� IRU�/��LQWHUIHUHQFH��
,Q�RWKHU�ZRUGV��ZKHQ�XQVXSSRUWHG��VWXGHQWV�DUH�
OHIW� WR�ZRUN�ZLWK� OLPLWHG� LQIRUPDWLRQ� DQG� LQ� D�
OLPLWHG�ZD\��&RQVHTXHQWO\��WKH�LQWHUIHUHQFH�SDW�
WHUQV�EHFRPH�HQWUHQFKHG�DQG�DUH�KDUG�WR�EUHDN��

&$//�UHVHDUFK��,Q�RUGHU�WR�HQKDQFH�VWXGHQWV¶�
OHDUQLQJ�VXSSRUW��UHVHDUFK�LV�QHHGHG�WR�LGHQWLI\�
IRUPV�RI� VXSSRUW� WKDW�XWLOLVH� WKH� FDSDELOLWLHV�RI�
GLJLWDO�WHFKQRORJ\�WR�HQJDJH�VWXGHQWV¶�PXOWLVHQ
VRU\� V\VWHPV�RI� SHUFHSWLRQ� WR� KHOS� WKHP� FKDO
OHQJH� WKH� SDWWHUQV� DOUHDG\� HVWDEOLVKHG� E\� WKHLU�
¿UVW� ODQJXDJH� �/���� DQG� WR� HQDEOH� VWXGHQWV� WR�
EXLOG�QHZ�QHWZRUNV�WKDW�DUH�VHQVLWLYH�WR�WKH�QHZ�
/��SDWWHUQV��

6WXGHQWV�QHHG�SHUVRQDOLVHG�VXSSRUW
7KH�SULQFLSOH��6LQFH�RXU�SHUFHSWLRQV�V\VWHPV�

DUH�LPSDFWHG�E\�RXU�H[SHULHQFHV��LW�IROORZV�WKDW�
VWXGHQWV� DUH�PRUH� OLNHO\� WR� UHVSRQG� WR� WKH�
PDQGV� RI� WKHLU�/��LQWHUDFWLRQ�E\�DFWLYDWLQJ� ID�
PLOLDU� QHWZRUNV� DQG� VFKHPD� �*UDFKHY�� HW� HO���
�������,W�LV��WKHUHIRUH��QHFHVVDU\�WR�UHGXFH�WKH�LQ�
WHUIHUHQFH�RI�FRPSHWLQJ�LQIRUPDWLRQ�SURFHVVLQJ�
GHPDQGV� ZKLFK� JHQHUDWH� LQWHUIHULQJ� FRQÀLFWV�
LQ�SHUFHSWLRQ�� DWWHQWLRQ�� WKLQNLQJ�� DQG�PHPRU\�
V\VWHPV�DQG�ZKLFK�RULHQW�WKH�VWXGHQWV�WRZDUG�DO�
ZD\V� FKRRVLQJ� WKH� IDPLOLDU�� DOUHDG\�WHVWHG� DQG�
HQWUHQFKHG� SURFHVVLQJ� SDWKZD\V�� 7R� WKLV� HQG��
VWXGHQWV�FDQ�EH�DVVLVWHG�ZLWK�ORDG�UHGXFWLRQ�ID�
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FLOLWLHV��/LDQ���������/RDG�UHGXFWLRQ�IUHHV�WKH�DW�
WHQWLRQDO�VSDFH�DYDLODEOH�WR�RULHQW�WKH�VWXGHQWV�WR�
UHFRJQLVH�DQG�SURFHVV�WKH�DPELJXLW\�

,PSOLFDWLRQV�IRU�&$//��7HFKQRORJ\�FDQ�KHOS�
EHFDXVH�LW�FDQ�EH�XVHG�WR�GHVLJQ�WRROV�WKDW�KHOS�
VWXGHQWV�PRELOLVH�GL൵HUHQW�SHUFHSWXDO�QHWZRUNV�
DQG� IHDWXUHV� WR� FRPSDUH�� FRQWUDVW� DQG� FRQWHVW�
WKH�LPSDFW�RI�WKHLU�GL൵HUHQW�FRPELQDWLRQV�RQ�WKH�
SUREOHPV� WKDW� WKH\� H[SHULHQFH� DV� WKH\� JUDSSOH�
ZLWK�D�VSHFL¿F�WDVN�DW�KDQG�

&$//� UHVHDUFK��7R� DOORZ� IRU� VXFK� H[SORUD�
WRU\�� H[SDQVLYH�DQG� WUDQVIRUPDWLYH� OHDUQLQJ�� DQ�
HQYLURQPHQW�QHHGV�WR�SURYLGH�VWXGHQWV�ZLWK�
SRUWXQLWLHV���D��WR�H[SORUH�ZKDW�WKH\�NQRZ���E��WR�
LGHQWLI\�WKH�OLPLWV�RI�WKLV�NQRZOHGJH��DQG��F��WR�
JHQHUDWH�QHZ�IRUPV�RI�NQRZOHGJH�DQG�QHZ�SRV
VLELOLWLHV��7KLV�SURFHVV�LV�DOVR�FDSWXUHG�E\�3HWHU�
VRQ��������SS�����������

2XU� LGHDV�� ODFNLQJ� RQH�WR�RQH� FRUUHVSRQG�
HQFH�ZLWK�WKH�ZRUOG�WKH\�UHSUHVHQW��LQVWHDG�VHUYH�
SULPDULO\�SUDJPDWLF�SXUSRVHV��«�,I�«�RXU�JRDO�
GLUHFWHG� DFWLRQV� IDLO��«� WKH�ZRUOG� FRQIURQWV�XV�
ZLWK�WKH�HYLGHQFH�RI�RXU�LQVX൶FLHQF\�«�3UDJ�
PDWLF� IDLOXUH�PHDQV� WKDW� WKHUH�ZDV�PRUH� WR� WKH�
WKLQJ�LQ�LWVHOI�WKDQ�RULJLQDOO\�VXVSHFWHG��7KH�XQ�
PDSSHG�SRUWLRQ�RI�WKDW�WKLQJ�PD\�SRVH�D�WKUHDW��
EXW�PD\�DOVR�R൵HU�SRVVLELOLW\�IRU� WKH�H[SDQVLRQ�
RI�FRPSHWHQFH��([SORUDWLRQ�JHQHUDWHV�WKH�LQIR
PDWLRQ�IURP�ZKLFK�QHZ�SRVVLELOLWLHV�DUH�ERUQ�

6WXGHQWV� VROYH� WKHLU� SUREOHPV�� QRW� DUEL-
WUDULO\�GHVLJQHG�OHDUQLQJ�WDVNV�

7KH� SULQFLSOH�� :KHQ� VWXGHQWV¶� GL൵HUHQFHV�
DUH� UHVSHFWHG� DQG� VXSSRUWHG� LQ� DQ� LQFUHDVLQJO\�
LQIRUPHG�PDQQHU�� VWXGHQWV�QR� ORQJHU�GHDO�ZLWK�
DUELWUDU\� SUREOHPV�� ,QVWHDG�� WKH� OHDUQLQJ�HQYL�
URQPHQW�PDNHV� LW� SRVVLEOH� IRU� WKHP� WR� DGGUHVV�
WKHLU� RZQ� LQWHUSUHWDWLRQV�RI� WKH� FRPPXQLFDWLYH�
FRQGLWLRQV�WKDW�DSSO\�LQ�WKH�FRQWH[W�RI� H[SORUD
WRU\� DFWLYLWLHV� DQG� LQ� UHVSRQVH� WR� D� SUREOHP� DW�
KDQG��

,PSOLFDWLRQV� IRU� &$//�� 7KH� DFWLYLWLHV� DQG�
UHVRXUFHV� RI� WKH� OHDUQLQJ� HQYLURQPHQW� VXSSRUW�
VWXGHQWV¶� VXEMHFWLYH� H[SHULHQFHV� DQG� LQWHUSUHWD�
WLRQV�RQ�ZKLFK� WKH\�GUDZ�WR�PDNH�VHQVH�RI� WKH�
FKDOOHQJHV�ZLWK�ZKLFK�WKH\�DUH�JUDSSOLQJ��&R
SUHKHQVLRQ�DQG�OHDUQLQJ�WKHUHIRUH�DUH�YLHZHG�DV�
D�³UHFRQVWUXFWLYH�SURFHVV�DV�RSSRVHG�WR�WK

SOH�UHWULHYDO�RI�D�SHUIHFW�KROLVWLF�UHFRUG´��+DVVD�
ELV�DQG�0DJXLUH��������S���������7KH�PHPRULHV��
RQ�ZKLFK�VWXGHQWV�GUDZ��DUH�WKHLU�PHPRULHV��DQG�
LQFOXGH�³D�VHQVH�RI�VXEMHFWLYH�WLPH��FRQQHFWLRQ�
WR�WKH�VHOI��QDUUDWLYH�VWUXFWXUH�«��UHWULHYDO�RI�UHO�
HYDQW�VHPDQWLF�LQIRUPDWLRQ��IHHOLQJV�RI�IDPLOLD
LW\� DQG� ULFK�PXOWLPRGDO� UH�H[SHULHQFLQJ�RI� WKH�
HYHQW� LQ� D� FRKHUHQW� VSDWLDO� FRQWH[W�� �+DVVDELV��
DQG�0DJXLUH��������S���������

&$//� UHVHDUFK�� ,W� LV� LPSRUWDQW� WKDW� WKH� UH�
VRXUFHV�� ZKLFK� OHDUQLQJ� HQYLURQPHQWV� PDNH�
DYDLODEOH�WR�WKH�VWXGHQWV��UHÀHFW�WKH�GLYHUVLW\�RI�
WKH� ZRUOG� DQG� RI� WKH� FODVVURRPV¶� GHPRJUDSK�
LFV��7KH�JRDO�LV�QRW�WR�PDVWHU�IRUPV��SUDFWLFHV�RU�
IRUP�PHDQLQJ�UHODWLRQVKLSV��5DWKHU��LW�LV�WR�H
SDQG�WKH�WHUPV�LQ�UHODWLRQ�WR�ZKLFK�WKH�VWXGHQWV�
FRQVWUXFW�WKHPVHOYHV�ZLWK�DQG�ZLWKLQ�WKH�ZRUOG�
�/LDQ�DQG�1RUPDQ��������S�������

���3ULQFLSOHV�IRU�&$//�GHVLJQ�DQG�&$//�
UHVHDUFK��'LVFXVVLRQ�

:KDW� DUH� WKH� LPSOLFDWLRQV� RI� WKH� SULQFLSOHV�
IRU�&$//�GHVLJQ� LGHQWL¿HG� LQ� WKLV� VWXG\"� 7KH�
GLVFXVVLRQ�LQ�WKLV�VHFWLRQ�R൵HUV�D�V\VWHPDWLF�DV�
VHVVPHQW�RI� WKHVH�SULQFLSOHV��7KH�GLVFXVVLRQ� LV�
EDVHG� DURXQG� VL[� TXHVWLRQV�GHYHORSHG� E\�/LDQ�
DQG�3HUWLZL��������IRU�VWXGLHV�WR�VHOI�UHÀHFW�RQ�
WKH�LQQRYDWLRQ�WKDW�WKH\�SURSRVH�DQG�WKH�FKDQJH�
WKDW� WKH\� VHHN� WR� HQGRUVH�� 7KH� TXHVWLRQV� ZHUH�
GHULYHG�IURP�HGXFDWLRQDO�VWXGLHV��ZKLFK�DUH�FU
LFDO�RI�HGXFDWLRQ�UHVHDUFK�DQG�LWV�SUHRFFXSDWLRQ�
ZLWK�³WKHRU\�GHYHORSPHQW´� WR� WKH�GHWULPHQW�RI�
LQQRYDWLRQ��%LHVWD��HW�HO���������7KRPDV���������
7KH�GLVFXVVLRQ�EHORZ�UHLWHUDWHV�WKH�NH\�DVSHFWV�
RI�WKLV�FULWLTXH�DQG�GHPRQVWUDWHV�WKH�DGYDQWDJHV�
WKDW�HPSLULFDO�HYLGHQFH� IURP�QHXURVFLHQFH� FDQ�
R൵HU�WR�&$//�DQG�/��WHDFKLQJ�LQ�JHQHUDO�

�D��7KH�REMHFW�RI� WKH� VWXG\��:KDW�QHZ�SHU
VSHFWLYHV�ZHUH�HQJDJHG�WR�GHVFULEH�WKH�REMHFW�RI�
VWXG\"��

7KH� SULQFLSOHV� IRU� &$//� GHVLJQ� RXWOLQHG�
DERYH�SURSRVH�DQ�HSLVWHPRORJLFDO�VKLIW�LQ�&$//�
VWXGLHV�DQG�/��SHGDJRJ\�LQ�JHQHUDO��$W�D�JODQFH��
WKH�SULQFLSOHV�PD\�QRW�DSSHDU� WR�EH�QHZ��$IWHU�
DOO�� WKDW� VWXGHQWV� DUH� GL൵HUHQW�� DQG� WKDW� WKH\�
QHHG�SHUVRQDOLVHG�VXSSRUW��LW�KDV�EHHQ�NQRZQ�LQ�
/��SHGDJRJ\� DW� OHDVW� VLQFH� HDUO\� ����V�� +RZ�
HYHU�� WKH� FRQFHSW� RI� ³VWXGHQW�FHQWUHGQHVV´� RU�
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³VWXGHQW�DXWRQRP\´�� ¿UVW� SURSRVHG� E\� +ROHF�
��������R൵HUHG�QR�SULQFLSOHG�EDVLV�IRU� WHDFKLQJ�
DQG�UHVHDUFK��7KRVH�HDUO\�FRQFHSWLRQV�RI�OHDUQHU�
DXWRQRP\�SHUVLVW�XQWLO�WRGD\��ZLWK� UHVHDUFK�GH�
¿QLQJ�DXWRQRP\�DV�WKH�³DELOLW\�WR�WDNH�FKDUJH�RI�
RQH¶V� RZQ� OHDUQLQJ´� �+ROHF�� ������ S�� ��� ������
2[IRUG���������$ORQJ�VLPLODU�OLQHV��/LWWOH��������
S������/LWWOHZRRG��������S�������DQG�1XQDQ��������
WDON�DERXW� WKH� LPSRUWDQFH�RI�VWXGHQWV�EHLQJ�LQ�
YROYHG�LQ�WKH�GHFLVLRQ�PDNLQJ�SURFHVV�UHJDUGLQJ�
ZKDW� WKH\� DUH� VWXG\LQJ� DQG� KRZ�� ZLWK� WHDFKHU�
LQSXW� EHLQJ�PLQLPLVHG��+RZHYHU�� KRZ� H[DFWO\�
VWXGHQWV�DUH�WR�EH�LQYROYHG�LQ�WKLV�SURFHVV�RI�GH�
FLVLRQ�PDNLQJ� LV� QRW� VSHFL¿HG�� 7KLV� YDJXHQHVV�
RI�GH¿QLWLRQV�OHDGV�6FKZHLVIXUWK��������S�������
WR�EHOLHYH�WKDW��XOWLPDWHO\��OHDUQHU�FHQWUHG�SHGD
JRJ\�LV�D�:HVWHUQ� FRQVWUXFW�� ³LQDSSURSULDWH�IRU�
DSSOLFDWLRQ�LQ�DOO�VRFLHWLHV�DQG�FODVVURRPV´��

$V� LQGLFDWHG� LQ� WKH� &$//� H[DPSOHV� GLV�
FXVVHG� DERYH�� UHVHDUFKHUV� IURP� ERWK� WKH� FRJ�
QLWLYH�DQG� WKH�VRFLRFXOWXUDO� SDUDGLJP� IRFXV�RQ�
DFWLYLWLHV��&$//�EDVHG�RU�QRW��WKDW�SURYLGH�FRQ�
GLWLRQV�IRU�IHHGEDFN�WKDW�LV�DWWXQHG�WR�D�OHDUQHU¶V�
RU�D�JURXS¶V�GHYHORSPHQWDO�QHHGV��&RPSHUQROOH�
DQG�:LOOLDPV�������� S��������)RU� WKH�FRJQLWLYH�
SDUDGLJP�� WKHVH� GHYHORSPHQWDO� QHHGV� UHODWH�
ODUJHO\�WR�WKH�OH[LFRJUDPPDWLFDO�V\VWHP��)RU�WKH�
VRFLRFXOWXUDO�UHVHDUFK��WKHVH�QHHGV�PD\�LQFOXGH�
DQ� /�� IHDWXUH�� VNLOO�� RU� FRQFHSW�� ,Q� DQ\� HYHQW��
HDFK�SDUDGLJP�FRQVWUXFWV�WKH�REMHFW�RI�VWXGHQWV¶�
OHDUQLQJ�LQ�WHUPV�WKDW�DUH�GHULYHG�IURP�WKHLU�SHU
VSHFWLYH� RQ� ZKDW� WKH� OHDUQLQJ� LQYROYHV�� QHYHU�
IURP�WKH�VWXGHQWV¶�SHUVSHFWLYHV��<HW��WKH�HPSLUL�
FDO�HYLGHQFH�IURP�QHXURVFLHQFH�VKRZV�WKDW�VWX�
GHQWV�RUJDQLVH�LQIRUPDWLRQ�DFFRUGLQJ�WR�WKHLU�H[�
SHULHQFHV��QRW�WKRVH�RI�WKHLU�WHDFKHUV�RU�D�VSHFL¿F�
WKHRU\� RI� /��DFTXLVLWLRQ� WKDW� D� WHDFKHU�GHFLGHV�
WR� IROORZ�� ,Q� RWKHU� ZRUGV�� VWXGHQWV� OHDUQ� ZKDW�
LV�PHDQLQJIXO� WR� WKHP�� QRW� REMHFWV� RI� WKHRUHWL
FDO�IDFWV��7KLV�LV�D�FULWLFDO�GLVWLQFWLRQ��LI�VWXGHQWV�
EXLOG�PHDQLQJ�PDNLQJ�SDWWHUQV��LW�ZRXOG�IROORZ�
WKDW� WKH� MRE�RI�/��UHVHDUFK� LV�QRW� WR� LPSRVH�LWV�
PHDQLQJ�PDNLQJ� PRGHOV� RQWR� VWXGHQWV�� ZLWK� D�
YLHZ� WR�GHYHORSLQJ� D� WKHRU\� RI�/��DFTXLVLWLRQ��
,QVWHDG��/��UHVHDUFK�VKRXOG� LGHQWLI\�FRQGLWLRQV�
WKDW� KHOS� VWXGHQWV� FKDOOHQJH�� VWUXFWXUH� DQG� UH�
VWUXFWXUH�WKH�LQWHUSUHWDWLYH�VFKHPHV�WKDW�LQIRUP�

WKHLU�/��DFWLRQV��
�E��7KH�PHWKRG�RI� VWXG\��:KDW� QHZ�XQGHU

VWDQGLQJV�ZHUH� LGHQWL¿HG� WR�GHYLVH� WKH�PHWKRG�
RI�LQYHVWLJDWLRQ"

$OO�HPSLULFDO�HYLGHQFH�FLWHG�LQ�WKLV�SDSHU�LV�
QHZ� WR� /��UHVHDUFK� DQG� LOOXVWUDWHV� DUJXPHQWV�
DJDLQVW� WKH� F\EHUQHWLF� �:LHQHU�� ������ PRGHO�
RI� UHDOLW\�� ZKHUH� WKH� SURFHVV� RI� PHDQLQJ�F
VWUXFWLRQ�LQYROYHV� VWRUDJH�DQG� UHWULHYDO�RI�SXUH�
LQIRUPDWLRQ� WKDW� LV� IUHH� IURP� WKH� SUHVFULSWLYH�
DQG� HYDOXDWLYH� VWDWHPHQWV� RI� WKHLU� ³SURJU
PHU´� �%LUGZKLVWHOO��������S�� �����7KH�HYLGHQFH�
VKRZV�WKDW�WKH�EUDLQ�GRHV�QRW�UHVSRQG�WR�³SXUH´�
VLJQDOV�� HQGRZHG� ZLWK� SUHFLVH� PHDQLQJV�� 7KH�
EUDLQ� FRQVWUXFWV� WKH� VLJQDOV� E\� FUHDWLQJ� S
WHUQV� IURP� D�YDULHW\� RI� VHQVRU\�IHDWXUHV� WKDW� LW�
GHWHFWV�DV�UHOHYDQW��)ROORZLQJ�RQ�WKLV�SRLQW��WKH�
EUDLQ�LV�QRW�D�³QDWXUDOO\�JRRG�SURGXFHU�RI�ORJL
FDO� WKRXJKWV� FRPSRVHG� RI� ZRUGV� ZLWK� SUHFLVH�
PHDQLQJV�ZKLFK�LW�HPLWV�XQGHU�SURSHU� VWLPXOD�
WLRQ´��%LUGZKLVWHOO��������S�������7KDW�LV��LW�GRHV�
QRW�ZDLW�IRU�WKH�ULJKW�VLJQDO�WR�PDWFK�LWV�³EXLOW�LQ�
V\OODEXV´��(OOLV��������S������������,QVWHDG��H
SLULFDO�HYLGHQFH�IURP�QHXURVFLHQFH�SRLQWV�WR�H[�
SORUDWLRQ�DV�D�NH\�PHFKDQLVP�E\�ZKLFK�VWXGHQWV�
FDQ� EXLOG� LQFUHDVLQJO\� VWURQJHU� /��V\VWHPV� E\�
FRPSDULQJ�DQG�FRQWUDVWLQJ�WKH�LQWHUSUHWLYH�YDOXH�
RI�WKH�VFKHPD�RQ�ZKLFK�WKH\�DFW�LQ�/��FRQWH[WV�
DQG�ZKLFK�LQIRUP�WKHLU�/��PRGHOV��

)XUWKHU� MXVWL¿FDWLRQ� IRU� H[SORUDWLRQ� FRPHV�
IURP� WKH� VWUXFWXUH� RI� WKH� EUDLQ� LWVHOI��$FFRUG�
LQJ� WR� 3HWHUVRQ� �������� WKH� ULJKW� DQG� WKH� OHIW�
KHPLVSKHUHV�KDYH�YHU\�GL൵HUHQW�IXQFWLRQV��HDFK�
HQGRZHG�ZLWK� D� IDFLOLW\� WR� GHDO�ZLWK� WKH�PRUH�
IDPLOLDU� DQG� WKH� XQIDPLOLDU�� :KLOH� WKH� ULJKW�
KHPLVSKHUH�JRYHUQV�KXPDQV¶�LQLWLDO�UHVSRQVHV�WR�
WKH�XQNQRZQ��WKH�OHIW�LV�PRUH�VXLWHG�IRU�DFWLRQV�
XQGHUWDNHQ� ZKLOH� SHRSOH� NQRZ� ZKDW� WKH\� DUH�
GRLQJ� �3HWHUVRQ��������S�� �����:KHQ�D� FRQÀLFW�
RU� DQ�XQIDPLOLDU�FRQWH[W� LV� GHWHFWHG�� WKH� LQLWLDO�
UHVSRQVH� LV�WR�IUHH]H�� WKHQ� WR�LPDJLQH�ZKDW� WKH�
FRQWH[W�PD\�LQYROYH��QH[W�WKH�EUDLQ�HQJDJHV�LQ�
DQ� H[SORUDWLRQ�RI� WKH� FRQWH[W��GL൵HUHQWLDWHV� LQ
IRUPDWLRQ�DQG�WKHQ�PDVWHUV�WKDW�³ZKLFK�ZRUNHG´�
�3HWHUVRQ�� ������� 7KH� LQWHUDFWLRQ� EHWZHHQ� WKH�
WZR�KHPLVSKHUH�GHVFULEHV�WKH�SURFHVV�E\�ZKLFK�
WKH�EUDLQ� WUDQVIRUPV�ORZ�UHVROXWLRQ� UHSUHV
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WLRQV�RI�WKH�XQIDPLOLDU�LQWR�KLJK�UHVROXWLRQ�UHS
UHVHQWDWLRQV� HQDEOH� D� SHUVRQ� WR� EHWWHU� GLVFHUQ�
DQG� WR�EXLOG� LQFUHDVLQJO\�SRZHUIXO� LQWHUSUHWLYH�
VFKHPD�� ³WKH� H[SORUDWRU\� FDSDFLW\�RI� WKH� EUDLQ�
³EXLOGV´�WKH�ZRUOG�RI�WKH�IDPLOLDU��RI�WKH�NQRZQ���
IURP�WKH�ZRUOG�RI�WKH�XQIDPLOLDU��WKH�XQNQRZQ�´�
�3HWHUVRQ��������S�������,W�IROORZV�WKDW� LQ�RUGHU�
WR�VXSSRUW�/��OHDUQLQJ��/��VWXGLHV�VKRXOG�IRFXV�
RQ� IDFLOLWDWLQJ� WKLV� H[SORUDWRU\�SURFHVV��7KLV� LV�
D�YHU\�GL൵HUHQW�PHWKRG�RI�FRQGXFWLQJ� UHVHDUFK�
WKDQ�VLPSO\�UHFRUGLQJ�FKDQJHV�LQ�VWXGHQWV¶�ODQ
JXDJH�SURGXFWLRQ�DQG�LQWHUSUHWLQJ�WKHVH�FKDQJHV�
DV�³GHYHORSPHQW´��7KH�KXJH� VWRUDJH� FDSDFLWLHV�
RI�PRGHUQ�FRPSXWHUV��ZKHQ�FRPELQHG�ZLWK�WKHLU�
UDQGRP�DFFHVV� IDFLOLWLHV�� SURYLGH� UHVHDUFKHUV�
ZLWK�D�JUHDW�GHDO�RI�PDOOHDELOLW\�WKDW�FDQ�EH�XVHG�
WR�GHYHORS�WRROV�HQDEOLQJ�VWXGHQWV�WR�FKDOOHQJH�
WKH�ZD\V�LQ�ZKLFK�WKH\�FUHDWH�PHDQLQJIXO�FR
QHFWLRQV�ZKHQ�LQWHUDFWLQJ�LQ�DQRWKHU�ODQJXDJH�

�F��7KH�EHQH¿FLDULHV�RI� WKH�VWXG\��:KR�ZDV�
WKH�EHQH¿FLDU\�RI� WKH� VWXG\"�:KDW�QHZ�XQGHU
VWDQGLQJV�RI� WKH� UHVHDUFK�SDUWLFLSDQWV¶� FRQWH[WV�
ZHUH�HQJDJHG�DQG�KRZ�ZHUH� WKH\� LPSDFWHG�E\�
WKH�VWXG\"

7KH� ¿QGLQJV� IURP� QHXURVFLHQFH� VKRZ� LQGL�
YLGXDOV� WR� EH� PHDQLQJ�PDNHUV�� HQJDJHG� LQ� DQ�
LQWHUQDO�GLDORJXH�LQ�RUGHU� WR�PDNH�VHQVH�RI� WKH�
LPSDFW� RI� WKHLU� LQWHUDFWLRQV� ZLWK� WKH�ZRUOG�� ,Q�
YLHZ� RI� WKHVH� ¿QGLQJV�� LW� LV� LPSRUWDQW� WR� GUDZ�
D�GLVWLQFWLRQ�EHWZHHQ�WZR� W\SHV�RI�/��OHDUQLQJ�
UHVHDUFK�� 'HYHORSPHQWDO� UHVHDUFK�� RU� 6HFRQG�
/DQJXDJH�$FTXLVLWLRQ� �6/$��UHVHDUFK�� LV�LQWHU�
HVWHG� LQ� WKH� WDVN� RI�PDSSLQJ� /��GHYHORSPHQW��
7R� WKLV� HQG�� LW� GHVLJQV� OHDUQLQJ� RSSRUWXQLWLHV��
&$//�EDVHG�RU�QRW��WR�WHVW�LWV�RZQ�WKHRULHV��7KLV�
LV� WKHRUHWLFDO� UHVHDUFK�DQG��GHVSLWH� LWV�SRSXODU�
LW\�DPRQJ�WHDFKHUV��LW�IUHTXHQWO\�GLVWDQFHV�LWVHOI�
IURP�/��SHGDJRJ\��*UHJJ���������,WV�PDLQ�SXU�
SRVH�LV�QRW�WR�VHUYH�WKH�VWXGHQWV��EXW�WR�H[DPLQH�
LWV�RZQ�WKHRULHV��,W�ZRXOG�IROORZ�WKDW�SHGDJRJLF�
UHVHDUFK�VKRXOG�FRQFHUQ�LWVHOI�ZLWK�VWXGHQWV�DQG��
VSHFL¿FDOO\�� ZLWK� WKH� TXHVWLRQV� �RU� FKDOOHQJHV��
WKDW� VWXGHQWV� H[SHULHQFH� ZKHQ� JUDSSOLQJ� ZLWK�
DQ�/��SUREOHP�DW�KDQG��6LQFH�QR�WKHRU\�RI�/��
OHDUQLQJ� FDQ�SURYLGH� VX൶FLHQW� LQVLJKWV� WR� FDS�
WXUH� WKH�FRPSOH[LW\�RI� WKHVH�VXEMHFWLYHO\�H[SH�
ULHQFHG�TXHVWLRQV��LW�LV�LPSRUWDQW�WKDW�SHGDJRJLF�

UHVHDUFK� GHVLJQV� WRROV� WKDW� KHOS� VWXGHQWV�¿QG�
WKHLU�RZQ�DQVZHUV�WR�WKHVH�TXHVWLRQV��

/LDQ�DQG�3HUWZL��������UHIHU�WR�/LDQ��HW�DO���
������� SHGDJRJLF� VWXG\� WR� LOOXVWUDWH� LWV� LQQ
YDWLYH� XVH� RI� WHFKQRORJ\� LQ�/��OHDUQLQJ��7KH�
VWXG\� GHYHORSHG� D� WHFKQRORJ\�EDVHG� WRRO� IRU�
DVVLVWLQJ� VWXGHQWV� LQ� WKH� SURFHVV� RI� GHYHORS�
LQJ� WKHLU� DFDGHPLF� ZULWLQJ� VNLOOV� E\� KHOSLQJ�
WKHP�FRPSDUH�DQG�FRQWUDVW�DHVWKHWLF�TXDOLWLHV�
RI� GL൵HUHQW� WH[WV� LQ� (QJOLVK�� DQG� DFURVV� ODQ�
JXDJHV��LQ�RUGHU�WR�VXSSRUW�VWXGHQWV�LQ�PDNLQJ�
LQIRUPHG� DQG� FUHDWLYH� FKRLFHV�ZKHQ� FUHDWLQJ�
WKHLU�RZQ�WH[WV��7KH�WRRO�LV�D�OHDUQLQJ�VXSSRUW��
QRW�D�WHDFKLQJ�GHYLFH��7KH�GHVLJQ�GUDZV�RQ�D�
YDULHW\�RI� HYLGHQFH� IURP�D�GLYHUVLW\�RI�GLVFL�
SOLQHV�WKDW�R൵HU�LQVLJKWV�RQ�WKH�IDFWRUV�WKDW�LP�
SDFW�RQ�DQG�LQWHUDFW�ZLWK�WKH�OHDUQLQJ�SURFHVV��
7KH�JRDO�EHKLQG�WKH�VWXG\�LV�QRW�WR�DSSO\�DQG�
PHDVXUH�VWXGHQWV¶�OHDUQLQJ�LQ�DFFRUGDQFH�WR�D�
VSHFL¿F�WKHRU\�RI�OHDUQLQJ��5DWKHU��LW�LV�WR�KHOS�
VWXGHQWV� FKDOOHQJH�� H[SORUH� DQG� H[SDQG� WKHLU�
LQWHUSUHWLYH� VFKHPHV� LQ� /��� DQG�PHDVXUH� WKH�
H[WHQW�WR�ZKLFK�WKLV�ZDV�DFKLHYHG��,W�LV�QRW�WKDW�
FOHDU�WKDW�SHGDJRJLF�UHVHDUFK�ZRXOG�HYHU�UHVXOW�
LQ�D�GHYHORSPHQWDO�WKHRU\�RI�/��OHDUQLQJ��QRU�
LV�LW�D�SULRULW\��0RVW�OLNHO\��SHGDJRJLF�UHVHDUFK�
ZLOO�JLYH�ULVH� WR�D�FROOHFWLRQ�RI�LQVLJKWV��OLQN�
LQJ� D� GLYHUVLW\� RI� IUDPHZRUNV� DQG� FRQFHSWV��
WRJHWKHU� LOOXPLQDWLQJ� YDULRXV� DVSHFWV� RI� WKH�
/��OHDUQLQJ�SURFHVV�� D�JRDO� WKDW�%LHVWD��HW� DO��
�������DQG�7KRPDV��������LGHQWL¿HG�DV�WKH
VLUDEOH�GLUHFWLRQ�IRU�HGXFDWLRQ�UHVHDUFK��

�G�� 7KH�FULWLFDO� SHUVSHFWLYH��+RZ�ZDV� WKH�
ZRUOG�LQWHJUDWHG�LQWR�WKH�VWXG\"

7KH�GLVFXVVLRQ�WKXV�IDU�SUHVHQWV�UHVHDUFK�LQ�
/��SHGDJRJ\�� LQFOXGLQJ� &$//�VWXGLHV�� ZLWK�
DQ�HSLVWHPRORJLFDO�DQG�RQWRORJLFDO�FKDOOHQJH��
7KH� HYLGHQFH� FRPSLOHG� LQ� WKLV� SDSHU� DQG� WKH�
DUJXPHQWV� LQ� WKLV� VHFWLRQ�PDNH� D� FDVH� IRU� D�
VHSDUDWLRQ�RI�SHGDJRJLF�/��UHVHDUFK��LQFOXGLQJ�
&$//� VWXGLHV�� IURP� GHYHORSPHQWDO� UHVHDUFK��
7KLV�VHSDUDWLRQ�LV�LPSRUWDQW�VLQFH�/��OHDUQLQJ�
LV�QRW�H[FOXVLYHO\�D�FRJQLWLYH�SURFHVV�DQG�VWX�
GHQWV�GR�QRW�H[SHULHQFH�WKHRUHWLFDO�SUREOHPV��
6WXGHQWV�DUH�HPRWLRQDO�EHLQJV�DQG�WKHLU�DFWLRQV�
DUH� UHVSRQVHV� WR� FKDOOHQJHV� WKDW�� SULPDULO\��
DUH� H[SHULHQFHG�DW� WKH� OHYHO�RI� HPRWLRQV��QRW�
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FRJQLWLRQ�SHU�VH��(PRWLRQV�DUH�VXEMHFWLYH�VHQVD�
WLRQV�WKDW�DUH�H[SHULHQFHG�ZKHQ�RQH�HQFRXQWHUV�
D� VLWXDWLRQ� WKDW�KDV� LPSOLFDWLRQV� IRU� DFWLRQ�� L�H��
WKDW� KDV� D� PRWLYDWLRQDO� VLJQL¿FDQFH� �3HWHUVRQ��
������S������'DPDVLR���������6LQFH�/��OHDUQLQJ�
FRQFHUQV�LWVHOI�ZLWK�³KRZ�WR�DFW´��DQG�WKHUHIRUH�
DOVR�ZLWK�WKH�YDOXHV�WKDW�MXVWLI\�DFWLRQ��VWXGHQWV�
H[SHULHQFH�/��UHDOLW\�� DQG�WKHPVHOYHV� LQ�DQ�/��
VLWXDWLRQ��DV�D�SODFH�WR�DFW��

7KH� FKDOOHQJHV� WKDW� VWXGHQWV� HQFRXQWHU� DUH�
LQWHUSUHWHG�LQ�HPRWLRQDO�WHUPV�DQG�QHHG�DGGUHVV�
LQJ�LQ�WKH�IRUP�RI�SURFHVVHV�E\�ZKLFK�WKHLU�LQ�
WHUQDO� FRQÀLFWV� PLJKW� EH� WUDQVIRUPHG� LQWR� WKDW�
ZKLFK� LV�GHVLUHG�DQG� WKHUHIRUH�PHDQLQJIXO��3H�
WHUVRQ��������S�������7KLV�OLQN�EHWZHHQ�OHDUQLQJ�
DQG�HPRWLRQ�KDV� LPSOLFDWLRQV� IRU�ERWK� WDVN�GH�
VLJQ� DQG� IHHGEDFN��:KHQ� OHDUQLQJ� H[SHULHQFHV�
DUH�FRQVWUXFWHG�DURXQG�JRDOV�WKDW�DUH�PRWLYDWHG�
E\�D�VSHFL¿F�WKHRU\�RU�SHUVSHFWLYH�RQ�OHDUQLQJ��
VWXGHQWV¶�VXEMHFWLYH�UHDOLWLHV�DUH�HOLPLQDWHG�IURP�
FRQVLGHUDWLRQ�DQG�UHSODFHG�E\�DQ�H[WHUQDO�SRLQW�
RI�YLHZ��2Q�WKH�RWKHU�KDQG��ZKHQ�VWXGHQWV¶�VXE�
MHFWLYLW\�LV�VHHQ�DV�SULPDU\��WKHRUHWLFDO�FRQFHSWV�
DQG�PRGHOV�DUH� LQWHJUDWHG�LQWR� WKH�OHDUQLQJ�HQ�
YLURQPHQW�WR�HQKDQFH�VWXGHQWV¶�PRWLYDWLRQV�DQG�
LQYHVWPHQW� LQ� WKH�OHDUQLQJ�SURFHVV�� DQG�WR� VXS
SRUW� WKH� WUDQVIRUPLQJ� H൵HFWV� WKDW� OHDUQLQJ� FDQ�
KDYH� ZKHQ� LQGLYLGXDOV� EHWWHU� XQGHUVWDQG� WKHLU�
RZQ�SRVLWLRQ�LQ�WKH�FRQWH[WV�WKDW�D൵HFW�WKHP��

�H��7KH�SROLWLFDO� SHUVSHFWLYH��+RZ�ZHUH� WKH�
SROLFLHV�LQWHJUDWHG�LQWR�WKH�VWXG\"

7KH�SUHVHQW�SDSHU�LQYLWHG�UHDGHUV�WR�FULWLFDOO\�
UHÀHFW�RQ�WKH�VWDWXV�RI�UHVHDUFK�LQ�/��SHGDJRJ\�
DQG��VSHFL¿FDOO\��RI�WKH�IUDPHZRUNV�WKDW�VXSSRUW�
GHYHORSPHQWV�LQ�&$//��$W�WKH�WLPH�ZKHQ�$6(�
$1�PHPEHU�FRXQWULHV�PDNH�/��OHDUQLQJ�D�SUL
LW\��LW�LV�LPSRUWDQW�WR�FULWLFDOO\�DVVHVV�WKH�SURJUHVV�
DFKLHYHG�WKXV�IDU��-XVW�UHFHQWO\��LQ�������WKH�9L�
HWQDPHVH� JRYHUQPHQW� FDUULHG� RXW� DQ� H[WHQVLYH�
WUDLQLQJ�RI�(QJOLVK�XQLYHUVLW\�DQG�VFKRRO�WHDFK�
HUV�LQ�&$//��WKH������SURJUDP��,QYHVWPHQWV�RI�
WKLV�NLQG�DUH�RQ�DQ�LQFUHDVH�DQG�FDUHIXO�FRQVLGHU�
DWLRQ�RI�WKH�H[SHFWDWLRQV�LV�QHHGHG��7KH�SUHVHQW�
SDSHU� VRXJKW� WR�SURSRVH�D�QXPEHU�RI�TXHVWLRQV�
WR�DVVLVW�WKLV�SURFHVV��$PRQJ�WKRVH�TXHVWLRQV�DUH�
FRQFHUQV� ZLWK� WKH� LQWHOOHFWXDO� VFRSH� LQ� ZKLFK�
&$//� UHVHDUFK� LV� EHLQJ� IUDPHG�� WKH� UDQJH� RI�

HPSLULFDO�HYLGHQFH�RQ�ZKLFK� UHVHDUFKHUV�GUDZ��
DQG��PRVW�RI�DOO��WKH�SODFH�RI�/��OHDUQHU�LQ�WKLV�
UHVHDUFK���

�I�� 7KH� JHQHUDWLYH� SHUVSHFWLYH�� :KDW� QHZ�
IRUPV�RI�SUDFWLFH�HPHUJHG�DV�D�UHVXOW�RI�WKH�QHZ�
ZD\V�RI�WKHRULVLQJ"��

7KH�GLVFXVVLRQ�WKXV�IDU�KDV�R൵HUHG�D�VWURQJ�
DUJXPHQW� IRU� D� VKLIW� LQ� &$//� VWXGLHV�� DZD\�
IURP� WKH� WUDGLWLRQDO� SUHRFFXSDWLRQ� ZLWK� EXL
LQJ�D�WKHRU\�RI�OHDUQLQJ��WRZDUG�D�VWXG\�RI�IDF�
WRUV�WKDW�LPSDFW�RQ�DQG�LQWHUDFW�ZLWK�OHDUQLQJ�WR�
VXSSRUW�PHDQLQJIXO�DQG�HPRWLRQDOO\� UHZDUGLQJ�
OHDUQLQJ� H[SHULHQFHV��+RZHYHU�� WKH� LQWHJUDWLRQ�
RI� WKH�SULQFLSOHV� IRU� GHVLJQLQJ�&$//�HQYLURQ
PHQWV� VXPPDULVHG� LQ� WKLV�SDSHU� LV� QRW�ZLWKRXW�
LWV�FKDOOHQJHV�� ,Q� VRPH�ZD\�� WKH� FRJQLWLYH� DQG�
WKH� VRFLRFXOWXUDO� DSSURDFKHV� WR� /��UHVHDUFK�
KDYH�R൵HUHG�VFKRODUV�D�FRPIRUWDEOH�IUDPHZRUN�
IRU� GRLQJ� UHVHDUFK�� WKXV� UHGXFLQJ� WKH� QHHG� WR�
VHDUFK� IRU� HYLGHQFH� DQG� FRQFHSWV� LQ� GL൵HUHQW�
GLVFLSOLQHV�WKDW�PLJKW�FKDOOHQJH�WKH� VWDWXV�TXR��
7KLV�VHQVH�RI�FRPIRUW�KDV�DOVR�UHGXFHG�WK
ULRVLW\�RI�WKH�¿HOG��KDG�D�OLPLWLQJ�LPSDFW�RQ�WKH�
LPDJLQDWLRQ�RI�&$//�VFKRODUV��DQG�KDV�OHIW�WKH�
¿HOG�ZLWK�RQO\� VSRUDGLF� H[DPSOHV� RI�KRZ� HYL�
GHQFH� IURP� ¿HOGV� VXFK� DV� QHXURVFLHQFH� FRXOG�
EH� LQWHJUDWHG� WR� UHVXOW� LQ� FUHDWLYH� SURSRVDOV� WR�
EH� WHVWHG� DQG� IXUWKHU�GHYHORSHG��7KH�GDQJHU� LV�
WKDW��DV�QHXURVFLHQFH�H[SDQGV�LWV�LPSDFW�RQ�/��
OHDUQLQJ��LW�PD\�WDNH�D�ZKLOH�EHIRUH�UHVHDUFKHUV�
EHFRPH�VNLOOHG�LQ�ZRUNLQJ�ZLWK�QHZ�LGHDV�LQ�D�
FULWLFDO�PDQQHU��

���&RQFOXVLRQ�
7KLV�DUWLFOH�EHJDQ�ZLWK�D�TXHVWLRQ�DERXW�WKH�

IRUPV�RI�OHDUQLQJ�HQYLURQPHQW�ZKHUH�WHFKQRORJ\�
FRXOG�EH�XVHG�WR�VXSSRUW�/��VWXGHQWV�LQ�DFKLHY�
LQJ�WKHLU�EHVW�ZKLOH�DOVR�IHHOLQJ�DFKLHYHPHQW�DV�
WKH\�HQJDJH�LQ�WKHLU�OHDUQLQJ��7KH�GLVFXVVLRQ�RI�
WKLV�SDSHU�SRLQWHG�RXW� WR� WKH� OLPLWDWLRQV� RI� WKH�
UHVHDUFK� SDUDGLJPV� ZKLFK� FXUUHQWO\� GRPLQDWH�
/��SHGDJRJLF� UHVHDUFK�� LQFOXGLQJ� &$//� VWXG
LHV��7KH�DXWKRU�VKRZHG�WKDW�WKH�FRJQLWLYH�DQG�WKH�
VRFLRFXOWXUDO� DSSURDFKHV�GUDZ�RQ� UHVHDUFK� WU
GLWLRQV�ZKHUH�WKH�SULPDU\�LQWHUHVW�LV�WR�GHYHORS�
D� VSHFL¿F� WKHRU\�RI�/��OHDUQLQJ�� ,W�ZDV�DUJXHG�
WKDW�LQ�WKRVH�SDUDGLJPV��VWXGHQWV�DUH�VHFRQGDU\�
WR�WKH�WDVN�RI�EXLOGLQJ�D�WKHRU\��7KH�DXWKRU�FRQ�
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WUDVWHG� WKLV�JRDO�ZLWK�UHVHDUFK�ZKHUH�WKH�SULRU�
LW\� LV� WR� OHDUQ� DERXW� WKH� IDFWRUV� WKDW� LPSDFW� RQ�
DQG�LQWHUDFW�ZLWK�OHDUQLQJ��7KH�DGYDQWDJH�RI�WKH�
ODWWHU�PRGHO�ZDV� LQ� LWV� LQVLVWHQFH� WR� VHDUFK� IRU�
D�GLYHUVLW\�RI�FOXHV�WKDW�PD\�SURYLGH�&$//�U
VHDUFKHUV�ZLWK�DGGLWLRQDO�LQIRUPDWLRQ�DERXW�WKH�
ZD\V�LQ�ZKLFK�WHFKQRORJ\�FRXOG�EH�XVHG�WR�VXS�
SRUW�DVVLVW�VWXGHQWV¶�OHDUQLQJ�H[SHULHQFHV��

7KH�DXWKRU�VXJJHVWHG�WKDW�WKH�RYHUZKHOPLQJ�
IRFXV� RQ� WKHRU\�GHYHORSPHQW�ZDV� FRXQWHU�SU
GXFWLYH�WR�WKH�GLVFLSOLQH�RI�/��SHGDJRJ\��ZKLFK�
DW�LWV�FRUH�KDV�WKH�LQWHUHVW�RI�WKH�VWXGHQW��QRW�RI�D�
WKHRU\��,W�ZDV�DUJXHG�WKDW�LQ�RUGHU�IRU�WKH�GLVFL
SOLQH�WR�FKDQJH�LWV�FXUUHQW�GLUHFWLRQ��LW�LV�LPSRU�
WDQW�IRU�UHVHDUFKHUV�WR�H[SDQG�WKH�VRXUFHV�RI�HYL
GHQFH� RQ�ZKLFK� WKH\�EXLOG� WKHLU�XQGHUVWDQGLQJ�
RI� &$//� DQG� VWXGHQWV¶� HQJDJHPHQW� LQ�&$//��
7KH� DXWKRU� ORRNHG� SUHGRPLQDQWO\� WR� QHXURVFL�
HQFH�DV�D�VRXUFH� IRU�VXFK�DOWHUQDWLYH�HYLGHQFH��
1HXURVFLHQFH� KDV� EHHQ� H[SHULHQFLQJ� UHFHQWO\�
VLJQL¿FDQW� JURZWK�� EXW� LWV� LPSDFW� RQ� &$//� LV�
OLPLWHG�WR�D�KDQGIXO�RI�VWXGLHV��LI�WKDW�DW�DOO��2Q�
WKH� EDVLV� RI� WKH� HYLGHQFH� IURP� QHXURVFLHQFH��
WKH�DXWKRU�GHYHORSHG�D�QXPEHU�RI�SULQFLSOHV�IRU�
&$//�UHVHDUFK�DQG�SHGDJRJ\��7KH�LPSOLFDWLRQV�
GHYHORSHG� LQ� WKLV� SDSHU� RQ� WKH� EDVLV� RI� WKHVH�
¿QGLQJV�FRQ¿UP�ORQJ�HVWDEOLVKHG�VHQWLPHQWV�LQ�
/��SHGDJRJ\�WKDW�SHRSOH�DUH�GL൵HUHQW�IURP�RQH�
DQRWKHU�DQG�WKDW�WKH\�QHHG�SHUVRQDOLVHG�VXSSRUW�
ZKLFK�DOORZV�WKHP�WR�VROYH�WKHLU�SUREOHPV��QRW�
OHDUQLQJ� WDVNV� WKDW� KDYH� EHHQ� DUELWUDULO\� FR
VWUXFWHG�E\�WHDFKHUV��3HUVRQDOLVHG�HQYLURQPHQWV�
DOVR� UHTXLUH� ULFK� UHVRXUFHV� UHÀHFWLQJ� WKH� ORFDO�
DQG�JOREDO�FRQWH[WV�RI�VWXGHQWV¶�SDUWLFLSDWLRQ�LQ�
WKH�ZRUOG��

7RJHWKHU��WKH�EULHI�FULWLTXH�RI�WKH�NH\�PDLQ�
VWUHDP� &$//� SDUDGLJPV�� WKH� ¿QGLQJV� IURP�
QHXURVFLHQFH�� DQG� WKH� SURSRVHG�IUDPHZRUN� IRU�
&$//� UHVHDUFK� GHPRQVWUDWH� WKDW� &$//� KDV� D�
IDU�JUHDWHU�UROH�WR�SOD\�LQ�VWXGHQWV¶�OHDUQLQJ�WKDQ�
EHLQJ� VLPSO\�D�FRPPXQLFDWLRQ�PHGLDWLQJ� WRRO��
)XWXUH� UHVHDUFK� DQG� LQQRYDWLRQ� LQ� &$//� ZLOO�
GHSHQG�RQ�WKH�FDSDFLW\�RI�LWV�UHVHDUFKHUV�WR�HQ
JDJH� LQ� FRPSOH[�� FURVV�GLVFLSOLQDU\� GLDORJXHV�
WKDW�UHVXOW�LQ�LPDJLQDWLYH�DQG�H[FLWLQJ�SURMHFWV��
QHZ� IUDPHZRUNV�DQG�FRQFHSWV�� DQG��HVSHFLDOO\��
D� IRUP�RI� OHDGHUVKLS� WKDW� WKH�¿HOG� LV� FXUUHQWO\�

ODFNLQJ�

&RQÀLFWV�RI�,QWHUHVW�
7KH�DXWKRU�GHFODUH�QR�FRQÀLFW�RI�LQWHUHVW

5HIHUHQFHV��

BLHVWD�*���$OODQ�-��DQG�(GZDUGV�5���(GV�����������
0DNLQJ�D�GL൵HUHQFH�LQ�WKHRU\��7KH�WKHRU\�
TXHVWLRQ� LQ� HGXFDWLRQ� DQG� WKH� HGXFDWLRQ�
TXHVWLRQ�LQ�WKHRU\��5RXWOHGJH�

%LUGZKLVWHOO�� 5�� �������� .LQHVLFV� DQG� FRQWH[W��
3KLODGHOSKLD��8QLYHUVLW\� RI� 3HQQV\OYDQLD�
3UHVV�

%OLQ��)��DQG�$SSHO��&����������&RPSXWHU�VXSSR
HG� FROODERUDWLYH� ZULWLQJ� LQ� SUDFWLFH�� $Q�
DFWLYLW\� WKHRUHWLFDO�VWXG\��&$/,&2� -RXU�
QDO�� ��� ����� SS�� ��������� GRL�� ���������
FM��������������

%URRNV��5���������7KH�UROH�RI�OHDUQLQJ�LQ�DXWRQ
RPRXV�URERWV��3URFHHGLQJV�RI�7KH�)RXUWK�
$QQXDO� :RUNVKRS� RQ� &RPSXWDWLRQDO�
/HDUQLQJ�7KHRU\��SS��������

&KDQJ��(�����������1HXURVFLHQFH�RI�VSHHFK�SHU�
FHSWLRQ� DQG� VSHHFK� SURGXFWLRQ�� 6HULHV��
&$57$���&HQWHU� IRU�$FDGHPLF�5HVHDUFK�
DQG�7UDLQLQJ� LQ�$QWKURSRJHQ\��8QLYHUVL�
W\�RI�&DOLIRUQLD�7HOHYLVLRQ� �8&7
WULHYHG� IURP��KWWSV���\RXWX�EH��D)0]$1
4G�$�

&RPSHUQROOH�� 5�� DQG� :LOOLDPV�� /�� ��������
6RFLRFXOWXUDO� WKHRU\� DQG� VHFRQG� OD
JXDJH� SHGDJRJ\�� /DQJXDJH� 7HDFK-
LQJ� 5HVHDUFK�� ��� ����� SS�� ��������� GRL��
�������������������������

'DPDVLR��$����������'HVFDUWHV¶�HUURU��(PRWLRQ��
UHDVRQ�DQG�WKH�KXPDQ�EUDLQ��$YRQ�%RRNV��

'DPDVLR�� $�� �������� 7KH� EUDLQ� �� &UHDWLYLW\��
LPDJLQDWLRQ�� DQG� LQQRYDWLRQ�� 5RVV� ,Q�
VWLWXWH� 6XPPHU� $FDGHP\�� 5RVV� ,QVWL�
WXWH� <RX7XEH� &KDQQHO�� EHWZHHQ� ������
������PLQXWHV�� 5HWULHYHG� 1RYHPEHU� ����
����� IURP�� KWWSV���ZZZ�\RXWXEH�FRP�
ZDWFK"Y +8=G��/X�<��

'H�*XHUUHUR��0��DQG�9LOODPLO��2��6����������$F�
WLYDWLQJ� WKH� =3'�� 0XWXDO� VFD൵ROGLQJ� LQ�
/��SHHU� UHYLVLRQ��7KH�0RGHUQ�/DQJXDJH�
-RXUQDO������SS����±����GRL���������������
�����������

'XQQ��:��DQG�/DQWROI�� -��3�� ��������9\JRWVN\¶V�
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]RQH�RI�SUR[LPDO�GHYHORSPHQW�DQG�.UDVK�
HQ¶V� L� �� ��� ,QFRPPHQVXUDEOH� FRQVWUXFWV��
LQFRPPHQVXUDEOH� WKHRULHV�� /DQJXDJH�
/HDUQLQJ����������SS����������

(OOLV��5����������,QVWUXFWHG�VHFRQG�ODQJXDJH�D
TXLVLWLRQ��$�OLWHUDWXUH�UHYLHZ��:HOOLQJWRQ��
1HZ�=HDODQG��1HZ�=HDODQG�0LQLVWU\� RI�
(GXFDWLRQ�

)HGRUHQNR�� (�� �������� � 6SHFLDOL]DWLRQ� IRU� O
JXDJH� LQ� WKH�KXPDQ�EUDLQ��6HULHV��&$5
7$���&HQWHU� IRU�$FDGHPLF�5HVHDUFK� DQG�
7UDLQLQJ� LQ�$QWKURSRJHQ\��8QLYHUVLW\� RI�
&DOLIRUQLD�7HOHYLVLRQ��8&79���5HWULHYHG�
IURP��KWWSV���\RXWX�EH��D)0]$14G�$�

*HEKDUG�� 0��� 6KLQ�� '�� DQG� 6HJHU�� :�� ��������
%ORJJLQJ��V\VWHPLF�IXQFWLRQDO�OLQJXLVWLFV��
DQG� /�� DFDGHPLF� OLWHUDFLHV� LQ� DQ� XUEDQ�
HOHPHQWDU\� VFKRRO��&$/,&2�-RXUQDO�����
�����SS����������

*RQ]DOH]�/ORUHW��0����������&RQYHUVDWLRQ�DQDO�
\VLV�RI�&RPSXWHU�0HGLDWHG�&RPPXQLFD�
WLRQ��&$/,&2�-RXUQDO�� ��� ����� SS�� ����
����

*UDFKHY��,��'���.XPDU��5���5DPDFKDQGUDQ��7��6��
DQG�6]HYHUHQ\L��1��0����������&RJQLWLYH�
LQWHUIHUHQFH� LV� DVVRFLDWHG� ZLWK� QHXURQDO�
PDUNHU� 1�DFHW\O� DVSDUWDWH� LQ� WKH� DQWHUL�
RU�FLQJXODWH�FRUWH[��$Q�LQ�YLYR��+�056�
VWXG\�RI�WKH�6WURRS�&RORU�:RUG�WDVN��0R-
OHFXODU�3V\FKLDWU\���������SS����������

*UHJJ��.��5�� ��������7KH� ORJLFDO�DQG�GHYHOR
PHQWDO�SUREOHPV�RI�6/$��,Q�:��&��5LWFKLH�
DQG�7��.�%KDWLD� �HGV���7KH�KDQGERRN� RI�
VHFRQG� ODQJXDJH� DFTXLVLWLRQ�� SS�� �������
6DQ�'LHJR��$FDGHPLF�3UHVV�

+DVVDELV�� '��� DQG� 0DJXLUH� (��$�� �������� 7KH�
FRQVWUXFWLRQ� V\VWHP� RI� WKH� EUDLQ��3KLOR-
VRSKLFDO�7UDQVDFWLRQV�RI�WKH�5R\DO�6RFL-
HW\��%LRORJLFDO�6FLHQFHV��������������SS��
��������

+HUUPDQQ��&��6���)ULHGHULFL��$���2HUWHO��8���0DH
VV��%���+DKQH��$��DQG�$OWHU��.����������7KH�
EUDLQ�JHQHUDWHV�LWV�RZQ�VHQWHQFH�PHORG\��
$�*HVWDOW�SKHQRPHQRQ�LQ�VSHHFK�SHUFHS�
WLRQ�� %UDLQ� DQG� /DQJXDJH�� ��� ����� SS��
���������

+ROHF�� +�� �������� $XWRQRP\� LQ� )RUHLJQ� /DQ
JXDJH�/HDUQLQJ��2[IRUG��3HUJDPRQ�

.DUPLOR൵�6PLWK��$����������%H\RQG�PRGXODULW\��
$�GHYHORSPHQWDO�SHUVSHFWLYH�RQ�FRJQLWLYH�

VFLHQFH�� &DPEULGJH�� 0DVV��� 0,7� 3UHVV�
%UDGIRUG�%RRNV�

.HQGULFN��.�� �������� 8QGHUVWDQGLQJ� WKH� EUDLQ��
*UHVKDP� &ROOHJH� /HFWXUHV�� 5HWULHYHG�
IURP�KWWSV���ZZZ�JUHVKDP�DF�XN�OHF�
WXUHV�DQG�HYHQWV�XQGHUVWDQGLQJ�WKH�
EUDLQ�D�ZRUN�LQ�SURJUHVV�

.HVVOHU��*��DQG�%LNRZVNL��'����������7KH�LQÀX
HQFH�RI�6/$�WUDLQLQJ�LQ�FXUULFXODU�GHVLJQ�
DPRQJ� WHDFKHUV� LQ� SUHSDUDWLRQ��&$/,&2�
-RXUQDO����������SS����������

/DQWROI�� -�� �������� ,QWURGXFLQJ� VRFLRFXOWXUDO�
WKHRU\�� ,Q� -�� /DQWROI� �HG���� 6RFLRFXOWXUDO�
WKHRU\�DQG�VHFRQG�ODQJXDJH�OHDUQLQJ��SS��
������2[IRUG��2[IRUG�8QLYHUVLW\�3UHVV�

/LDQ�� $�%��� %RGQDUFKXN�� $��� /LDQ�� $�3�� DQG�
1DSL]D�� &�� ��������$FDGHPLF� ZULWLQJ� DV�
DHVWKHWLFV� DSSOLHG�� &UHDWLYH� XVH� RI� WHFK�
QRORJ\� WR� VXSSRUW�PXOWLVHQVRU\� OHDUQLQJ��
,Q�$�%��/LDQ��3��.HOO��3��%ODFN��3��DQG�.��<��
/LH��(GV���&KDOOHQJHV�LQ�JOREDO�OHDUQLQJ��
LQWHUQDWLRQDO� FRQWH[WV� DQG� FURVV� GLVFL-
SOLQDU\�SHUVSHFWLYHV��&DPEULGJH�6FKRODUV�
3XEOLVKHUV��&DPEULGJH�

/LDQ��$�%��DQG�1RUPDQ��$����������'LDORJLF��
LGHQFH�EDVHG� IUDPHZRUN� IRU� LQWHJUDWLQJ�
WHFKQRORJ\� LQWR� VFKRRO� FXUULFXOD�� ,Q� $��
%��/LDQ��3��.HOO��3��%ODFN��DQG�.��<��/LH�
�(GV���� &KDOOHQJHV� LQ� *OREDO� /HDUQLQJ��
'HDOLQJ� ZLWK� HGXFDWLRQ� LVVXHV� IURP� DQ�
LQWHUQDWLRQDO� SHUVSHFWLYH�� SS�� ���������
&DPEULGJH�� 8.�� &DPEULGJH� 6FKRODUV�
3XEOLVKLQJ�

/LDQ��$��%�� DQG� 3HUWLZL��:�+�6�� ��������7KHR
ULVLQJ�IRU�LQQRYDWLRQ��,PSOLFDWLRQV�IRU�(Q
JOLVK�ODQJXDJH�WHDFKHU�HGXFDWLRQ��*(0$�
2QOLQH�� -RXUQDO� RI� /DQJXDJH� 6WXGLHV. 
8QLYHUVLWL�.HEDQJVDDQ�0DOD\VLD�

/LDQ�� $�3�� �������� 7HFKQRORJ\�HQKDQFHG� ODQ�
JXDJH�OHDUQLQJ�HQYLURQPHQWV��$�UKL]RPD
LF�DSSURDFK��,Q� -��%��6RQ��(G����&RPSXW-
HU�DVVLVWHG�ODQJXDJH� OHDUQLQJ��&RQFHSWV��
FRQWH[WV� DQG� SUDFWLFHV�� SS�� ������ 1HZ�
<RUN�� L8QLYHUVH�� 5HWULHYHG� 1RYHPEHU�
���� ����� IURP�� KWWS���ZZZ�DQGUHZOLDQ�
FRP�DQGUHZOLDQ�SURZZZ�DSDFDOOB�����
DSDFDOOBOLDQBDSBWHOOBUKL]RPDWLF�SGI

/LDQ��$�3����������7KH�LQH[RUDEOH�ULVH�RI�WKH�SUR�
OHWDULDQ�DXWRGLGDFW��,Q�$��%��/LDQ��3��.HOO��
3��%ODFN��DQG�.��<��/LH��(GV����&KDOOHQJHV�
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LQ�*OREDO�/HDUQLQJ��'HDOLQJ�ZLWK�HGXFD-
WLRQ�LVVXHV�IURP�DQ�LQWHUQDWLRQDO�SHUVSHF-
WLYH��SS�����������&DPEULGJH��
EULGJH�6FKRODUV�3XEOLVKLQJ�

/LDQ��$�3���+RYHQ��'��DQG�+XGVRQ��7�-����������
$ZDUHQHVV�� DXWRQRP\� DQG� DFKLHYHPHQW��
$XGLR�9LGHR� &RPSXWHU� (QKDQFHG� /D
JXDJH�/HDUQLQJ� DQG� WKH�'HYHORSPHQW� RI�
/LVWHQLQJ�&RPSUHKHQVLRQ� 6NLOOV��
OLDQ� 6HFRQG� /DQJXDJH� /HDUQLQJ� 3URMHFW��
SS��������

/LWWOH��'�� �������� /HDUQHU� DXWRQRP\� ���'H¿QL�
WLRQV�� LVVXHV� DQG� SUREOHPV�� 'XEOLQ��$X
WKHQWLN�

/LWWOHZRRG��:����������6HOI��DFFHVV��ZK\�GR�ZH�
ZDQW�LW�DQG�ZKDW�FDQ�LW�GR"�,Q�3��%HQVRQ�
DQG�3��9ROOHU��(GV����$XWRQRP\�DQG�LQGH-
SHQGHQFH�LQ�ODQJXDJH�OHDUQLQJ��SS���������
1HZ�<RUN��/RQJPDQ�

/RQJ��0��+�� ��������$VVHVVPHQW� VWUDWHJLHV� IRU�
VHFRQG�ODQJXDJH�DFTXLVLWLRQ�WKHRULHV��$S-
SOLHG�/LQJXLVWLFV����������SS����������

/RQJ��0��+����������7KH�UROH�RI�WKH�OLQJXLVWLF�HQ�
YLURQPHQW�LQ�VHFRQG�ODQJXDJH�DFTXLVLWLRQ��
,Q�:��&��5LWFKLH� DQG�7��.��%KDWLD� �(GV���
+DQGERRN� RI� VHFRQG� ODQJXDJH� DFTXLVL-
WLRQ�� SS�� ��������� 1HZ�<RUN��$FDGHPLF�
3UHVV�

/RQJ�� 0�� +�� �������� /DQJXDJH� WHDFKLQJ�� ,Q�
/RQJ�� 0�� +�� DQG� 'RXJKW\�� &�� -�� �(GV����
+DQGERRN�RI�ODQJXDJH�WHDFKLQJ��SS�������
2[IRUG��:LOH\�%ODFNZHOO��

0F*XUN� +�� DQG� 0DF'RQDOG� -�� �������� +HDU�
LQJ� OLSV� DQG� VHHLQJ� YRLFHV�� 1DWXUH�� ����
�������� SS�� ���±��� 30,'� ���������
GRL���������������D��

1XQDQ��'�� ��������7DVN�EDVHG� ODQJXDJH� WHDFK-
LQJ�� &DPEULGJH�� &DPEULGJH� 8QLYHUVLW\�
3UHVV��

2WWR��6��DQG�3XVDFN��-����������7RROV�IRU�FUHDWLQJ�
IRUHLJQ� ODQJXDJH�&$,�� ,Q�3��%��:HVWSKDO�
�(G����0HHWLQJ� WKH� FDOO� IRU� H[FHOOHQFH� LQ�
WKH� IRUHLJQ�ODQJXDJH�FODVVURRP��6HOHFWHG�
SDSHUV�IURP�WKH������&HQWUDO�6WDWHV�&RQ�
IHUHQFH�� SS�� �������� /LQFROQZRRG�� ,/��

1DWLRQDO�7H[WERRN�&RPSDQ\�
2[IRUG��5����������/DQJXDJH�OHDUQLQJ�VWUDWHJLHV. 

%RVWRQ��+HLQOH�DQG�+HLQOH�3XEOLVKHUV�
3DQNVHSS��-�����������7KH�IRXQGDWLRQV�RI�KXPDQ�

DQG� DQLPDO� HPRWLRQV��2[IRUG� 8QLYHUVLW\�
3UHVV��

3HWHUVRQ��-����������&UHDWLYH�H[SORUDWLRQ�DQG�LWV�
LOOQHVVHV��&DQDGLDQ�-RXUQDO�RI�3V\FKLDWU\� 
��������SS����������

3HWHUVRQ�� -�� �������� 0DSV� RI� PHDQLQJ�� 5RX
OHGJH��

3XVDFN�� -�� �������� &RPSXWHUV�� WHFKQRORJ\�� DQG�
WKH� IRUHLJQ� ODQJXDJH� GHSDUWPHQW�� $')/�
%XOOHWLQ������SS��������

5DPDFKDQGUDQ��9��DQG�+LUVWHLQ��:����������7KH�
VFLHQFH� RI� DUW��$� QHXURORJLFDO� WKHRU\� RI�
DHVWKHWLF� H[SHULHQFH�� -RXUQDO� RI� &RQ-
VFLRXVQHVV�6WXGLHV�����������SS��������

5HLQKDUGW��-��DQG�=DQGHU��9����������6RFLDO�
ZRUNLQJ�LQ�DQ�,QWHQVLYH�(QJOLVK�3URJUDP�
FODVVURRP��$� ODQJXDJH� VRFLDOL]DWLR
VSHFWLYH�� &$/,&2� -RXUQDO�� ��� ����� SS��
��������

5RVH��-����������7KH�LQWHOOHFWXDO�OLIH�RI�WKH�%ULW-
LVK� ZRUNLQJ� FODVVHV�� 1HZ� +DYHQ�� <DOH�
8QLYHUVLW\�3UHVV�

6FKZHLVIXUWK��0����������/HDUQHU�FHQWUHG�HGXFD
WLRQ�LQ�GHYHORSLQJ�FRXQWU\�FRQWH[WV��)URP�
VROXWLRQ� WR� SUREOHP"� ,QWHUQDWLRQDO� -RXU-
QDO�RI� (GXFDWLRQDO�'HYHORSPHQW����� �����
SS���������

6HWK��$����������7KH�QHXURVFLHQFH�RI�FRQVFLRX
QHVV�� 7KH� 5R\DO� ,QVWLWXWLRQ� FKDQQHO��
5HWULHYHG� IURP�� KWWSV���\RXWX�EH�[5HO�
�-.2(E,�

7KRPDV��*���������(GXFDWLRQ�DQG�WKHRU\��6WUDQJ�
HUV�LQ�SDUDGLJPV��0DLGHQKHDG��2SHQ�8QL�
YHUVLW\�3UHVV��

7KRUQH��6�/��DQG�6PLWK��%����������6HFRQG�O
JXDJH�GHYHORSPHQW�WKHRULHV�DQG�WHFKQROR
J\�PHGLDWHG� ODQJXDJH� OHDUQLQJ��&$/,&2�
-RXUQDO����������SS����������

:LHQHU��1����������&\EHUQHWLFV��RU�&RQWURO�DQG�
&RPPXQLFDWLRQ� LQ� WKH� $QLPDO� DQG� WKH�
0DFKLQH��%RVWRQ��0$��7HFKQRORJ\�3UHVV�
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