




,QWURGXFWLRQ

/HVVRQ�VWXG\��D�IRUP�RI�WHDFKHU�SURIHVVLRQDO�GHYHORSPHQW��KDV�EHHQ�XVHG�PRVWO\�LQ�.����VHWWLQJV�
ZLWK�WHDFKHUV�LQ�WKH�VDPH�SK\VLFDO�ORFDWLRQ��8FKL\DPD�DQG�5DGLQ��������GLVFXVVHG�WKH�EHQHILWV�RI�
SDUWLFLSDWLQJ� LQ� D� OHVVRQ� VWXG\� VXFK� DV� FROODERUDWLRQ�� FROOHJLDOLW\� DQG� LQFUHDVHG� LQVWUXFWLRQDO�
PRWLYDWLRQ�� 7KHVH� EHQHILWV� DUH� SHUKDSV� PRUH� LPSHUDWLYH� LQ� D� KLJKHU�HGXFDWLRQ� VHWWLQJ� ZKHUH�
IDFXOW\� PHPEHUV¶� H[SHFWDWLRQV� IRU� WHQXUH� PD\� QRW� SURYLGH� WLPH� DQG� RSSRUWXQLWLHV� WR�
FROODERUDWLYHO\�DQDO\VH�VWXGHQW�OHDUQLQJ�RXWFRPHV��8FKL\DPD�	�5DGLQ�������'HPLU��&]HUQLDN�	�
+DUW� ������ &KHQDXOW� ������� 7KLV� LV� IXUWKHU� FRPSRXQGHG� E\� WKH� IDFW� WKDW� DW� VRPH� ORFDWLRQV��
HVSHFLDOO\� LQ� KLJKHU� HGXFDWLRQ�� WKHUH� LV� VHOGRP PRUH� WKDQ� RQH� FRQWHQW� VSHFLDOLVW�� 7R� RYHUFRPH�
VRPH�RI�WKHVH�EDUULHUV�WR�FROODERUDWLRQ��ZH��D�JURXS�RI�ILYH�HDUO\�FDUHHU�KLJKHU�HGXFDWLRQ�IDFXOW\��
VSHFLILFDOO\�PDWKHPDWLFV�WHDFKHU�HGXFDWRUV��07(V���FKRVH�WR�XVH�OHVVRQ�VWXG\�IRU�RXU�SURIHVVLRQDO�
GHYHORSPHQW�� $V�ZH�ZHUH ORFDWHG� LQ� GLIIHUHQW� VWDWHV� DFURVV� WKH�86��PHHWLQJ� SK\VLFDOO\ ZDV� QRW�
SRVVLEOH�� +HQFH� WHFKQRORJLFDO� WRROV� KHOSHG� WR� IDFLOLWDWH� WKH� OHVVRQ�VWXG\� SURFHVV�� 7HFKQRORJ\�
DOORZHG�XV�WR�EULGJH�RXU�JHRJUDSKLFDO�GLVWDQFHV�WR�HVWDEOLVK�DQG�PDLQWDLQ�D�FROODERUDWLYH�QHWZRUN��
ZKLFK� KDV� FRQWLQXHG� EH\RQG� RXU� OHVVRQ�VWXG\� LPSOHPHQWDWLRQ�� ,Q� WKLV� SDSHU�� ZH� IRFXV� RQ� KRZ�
WHFKQRORJ\� IDFLOLWDWHG� WKH� OHVVRQ�VWXG\� WR� VXSSRUW� RXU� SURIHVVLRQDO� GHYHORSPHQW� DV� HDUO\�FDUHHU�
KLJKHU�HGXFDWLRQ�IDFXOW\���

/LWHUDWXUH�UHYLHZ

:H ILUVW� LQWURGXFH�WKH�FRQFHSW�RI�FRPPXQLWLHV�RI�SUDFWLFH� ZLWK�D� IRFXV�RQ�KLJKHU�HGXFDWLRQ�DQG�
YLUWXDO� FRPPXQLWLHV� RI� SUDFWLFH��:H� WKHQ� UHYLHZ� WKH� OLWHUDWXUH� RQ� OHVVRQ� VWXG\� ZLWK� D� IRFXV� RQ�
KLJKHU�HGXFDWLRQ� DQG�SURYLGH�DQ�H[DPSOH�RI�D�YLUWXDO�OHVVRQ�VWXG\�

&RPPXQLWLHV�RI�SUDFWLFH

,Q� XQLYHUVLW\� VHWWLQJV�� OHDUQLQJ� LV� RIWHQ� FRQVLGHUHG� DQ� LQGLYLGXDO� HQGHDYRU�� +RZHYHU�� /DYH� DQG�
:HQJHU� ������� SURSRVHG WKDW� OHDUQLQJ� LV� VLWXDWHG�ZLWKLQ� D� FRPPXQLW\� DQG� WKDW� LW� RFFXUV� ZKHQ
OHDUQHUV� DUH GHHSHQLQJ� WKHLU� SDUWLFLSDWLRQ� LQ� FRPPXQLWLHV� IRFXVHG� RQ� D� SDUWLFXODU� GRPDLQ�� WKLV�
FDPH�WR�EH�NQRZQ�DV�D�FRPPXQLW\�RI�SUDFWLFH�

$�FRPPXQLW\�RI�SUDFWLFH� �&R3��FRQVLVWV�RI�D� JURXS�RI�SHRSOH�ZKR� UHJXODUO\�FRQYHQH� WR�GLVFXVV�
WRSLFV� RI�PXWXDO� LQWHUHVW�� VKDUH� LQIRUPDWLRQ� DQG� SUDFWLFHV� DQG� FUHDWH� QHZ� UHODWLRQVKLSV� RI� YDOXH�
�:HQJHU��0F'HUPRWW�	� 6Q\GHU� �������+RZHYHU�� FRPPXQLWLHV� RI� SUDFWLFH� GLIIHU� IURP� WHDPV� LQ�
WKDW�&R3V�DUH�QRW�VROHO\�IRFXVHG�RQ�DFFRPSOLVKLQJ�D�WDVN��EXW�UDWKHU�FRPH�WRJHWKHU�LQ�SDUWQHUVKLS�
URRWHG�LQ�D�GRPDLQ�RI�SUDFWLFH��)DUQVZRUWK��.OHDQWKRXV�	�:HQJHU�7UD\QHU��������7KH�GRPDLQ�RI
SUDFWLFH�XQGHU�IRFXV�LQ�WKH�FXUUHQW�VWXG\�LV�WHDFKLQJ�IXWXUH�WHDFKHUV�RI�PDWKHPDWLFV��&RPPXQLWLHV�
RI�SUDFWLFH�KDYH�D�ULFK DQG�YDULHG KLVWRU\�LQ�HGXFDWLRQ��+RZHYHU��WKLV�SDSHU�IRFXVHV�VSHFLILFDOO\ RQ�
KLJKHU�HGXFDWLRQ�EDVHG�&R3V�DQG�YLUWXDO�FRPPXQLWLHV�RI�SUDFWLFH��

$W� WKH� XQLYHUVLW\� OHYHO�� &R3V� KDYH� EHHQ� XVHG� WR� VXSSRUW� QHZ� LQVWUXFWRUV� DV� ZHOO� DV� GHHSHQ� WKH�
SUDFWLFH� RI� H[SHULHQFHG� IDFXOW\ PHPEHUV �:LOOLDPV�� 5LWWHU� 	� %XOORFN� ������� :DUKXUVW� �������
LQYHVWLJDWHG� D� XQLYHUVLW\�OHYHO� SURJUDP� LQ� WKH�8QLWHG�.LQJGRP� WKDW� RUJDQLVHG� DOO� QHZ� OHFWXUHUV�
LQWR� FRKRUWV� IRFXVHG� RQ� VXSSRUWLQJ� WKH� GHYHORSPHQW� RI� ³DFDGHPLF� SUDFWLFH´� 5HVHDUFKHUV� IRXQG
WKDW QHZ�LQVWUXFWRUV� IHOW� OHVV� LVRODWHG� DQG� WKDW�GLVFXVVLRQV�EHWZHHQ� LQVWUXFWRUV�ZLWKLQ� WKHLU�&R3V�
ZHUH�NH\�WR�GHYHORSLQJ�QHZ�SHGDJRJLFDO�SUDFWLFHV��2WKHU�KLJKHU�HGXFDWLRQ�IDFXOW\�PHPEHUV�KDYH
DOVR�IRXQG�OHDUQLQJ�WKHRU\�URRWHG�LQ�&R3V WR�EH XVHIXO�WR�WKHLU�GHYHORSPHQW��$�VWXG\�RI�$XVWUDOLDQ�
ELRVFLHQFH� IDFXOW\ PHPEHUV SDUWLFLSDWLQJ� LQ� D�&R3 IRXQG� WKDW� SDUWLFLSDQWV� IHOW� WKDW� LW� FUHDWHG� ³D�
VHQVH�RI�EHORQJLQJ�WKDW�FRXQWHUSRLQWHG�WKHLU�IHHOLQJV�RI�DFDGHPLF�LVRODWLRQ��DQG�WKDW�SURYLGHG�WKHP�



ZLWK�DQ�DYHQXH�WR�HQJDJH�LQ�HGXFDWLRQDO�GLDORJXH��VKDUH�EHVW�SUDFWLVH�>VLF@�LQ�ELRVFLHQFH�WHDFKLQJ�
DQG�VXSSRUW�RQH�DQRWKHU�LQ�VFKRODUVKLS�RI�WHDFKLQJ�DQG�OHDUQLQJ´��)OHFNQRH�HW�DO��������S�������

,Q�'LJLWDO�+DELWDWV� :HQJHU��:KLWH�DQG�6PLWK��������H[DPLQHG�KRZ�&R3V�FDQ�GHYHORS�ZLWK�WKH�
HPHUJHQFH�RI�QHZ�WHFKQRORJLHV��:ULWLQJ�RYHU����\HDUV�DJR��WKH\�DFNQRZOHGJHG WKDW�DGYDQFHPHQWV�
ZLOO�PDNH�RQOLQH�RU�YLUWXDO�&R3V�LQFUHDVLQJO\�SRVVLEOH��7KLV�KDV�LQGHHG�FRPH�WR�SDVV��HYHQ�ZLWKLQ�
KLJKHU� HGXFDWLRQ�� ,Q� 0F'RQDOG� DQG� &DWHU�6WHHO¶V ������ HGLWHG� YROXPH RQ� &R3V� LQ� KLJKHU�
HGXFDWLRQ��RYHU�RQH�IRXUWK�RI�WKH�FKDSWHUV�LQFOXGH�H[DPSOHV�RI�YLUWXDO�&R3V��0DQ\�RI�WKH�FKDSWHUV�
FLWH�WKH�FKDOOHQJHV�IDFXOW\ PHPEHUV IDFHG�GHYHORSLQJ�WHDFKLQJ�SUDFWLFHV�RQ�WKHLU�RZQ�DV�RQH�RI�WKH�
UHDVRQV�IRU�IRUPLQJ�&R3V��7KH\�IRXQG�&R3V�WR�EH�VXSSRUWLYH�DQG�D�VRXUFH�RI�OHDUQLQJ�DQG�JURZWK��
)RU� H[DPSOH�� D� VWXG\� RI� &R3V� WKDW� ZHUH� GHVLJQHG� IRU� $XVWUDOLDQ� FKHPLVWU\� LQVWUXFWRUV� IURP�
LQVWLWXWHV� RI� KLJKHU� HGXFDWLRQ� IRXQG� WKDW� DOWKRXJK� WKH� FXOWXUH� RI� FKHPLVWU\� WHQGHG� WR� IRVWHU� DQ
³XQFRRSHUDWLYH´�HQYLURQPHQW��XVLQJ�V\QFKURQRXV�DQG�DV\QFKURQRXV�FRPPXQLFDWLRQ�DYHQXHV �H�J��
6N\SH�DQG�HPDLO��GHYHORSHG�SURGXFWLYH�&R3V��7KH\�H[SODLQHG WKDW ³D�JHRJUDSKLFDOO\�GLVSHUVHG�EXW�
GLVFLSOLQDULO\� FORVH�NQLW� FRPPXQLW\� FDQ� IXQFWLRQ� DV� D� VXSSRUWLYH�� QRQ�KLHUDUFKLFDO� &R3� EDVHG�
DURXQG�PHQWRUVKLS��DQG�JHQHUDWH�VLJQLILFDQW�VRFLDO�FDSLWDO´��6FKXOW]�	�2¶%ULHQ�������S�������

7KH�LQWHJUDWLRQ�RI�WHFKQRORJ\�FDQ�VXSSRUW�&R3V��)RU�H[DPSOH��&RQROH�DQG�'\NH��������GLVFXVVHG�
WKH�EHQHILWV�RI�LQIRUPDWLRQ�DQG�FRPPXQLFDWLRQ�WHFKQRORJLHV�DQG�DVVHUWHG�WKDW�³WKH�FRPPXQLFDWLRQ�
DQG� FROODERUDWLYH� DELOLWLHV� RI� WHFKQRORJ\���>RIIHU@ WKH� SRWHQWLDO� IRU� OHDUQLQJ� HQULFKHG� E\�
HQJDJHPHQW´� WKH\�DOVR�QRWHG KRZ�ZHOO� LW�DOLJQV�ZLWK�:HQJHU¶V� WKHRU\�RI� OHDUQLQJ�ZLWK�&R3��S��
������+RDGOH\��������H[WHQGHG�WKLV�WKURXJK�KLV�LQYHVWLJDWLRQ�RI�KRZ�&R3V FDQ�EH�VXSSRUWHG� DQG�
SURYLGHG� LQVLJKW� LQWR�UHVHDUFK�RQ�YLUWXDO�&R3V��+H�H[SODLQHG WKDW ³DOWKRXJK�RQH�FDQ�FRQFHLYH�RI�
WHFKQRORJ\� VXSSRUWLQJ� HLWKHU� WKH� FRPPXQLW\�� RU� WKH� VKDUHG� SUDFWLFH�� RU� ERWK�� W\SLFDOO\� VFKRODUV�
KDYH�LQYHVWLJDWHG�WHFKQRORJ\¶V�UROH�LQ�VXSSRUWLQJ�WKH�FRPPXQLW\��L�H��FRPPXQLFDWLRQ��UDWKHU�WKDQ�
WKH�SUDFWLFH�LWVHOI´��S��������)RU�WKLV�SDSHU��ZH�DUH�LQWHUHVWHG�LQ�KRZ�WKH�WHFKQRORJ\�VXSSRUWHG�RXU�
SURIHVVLRQDO�GHYHORSPHQW�RI RXU RZQ�WHDFKLQJ�SUDFWLFH�ZKLOH�ZH�ZHUH�HQJDJHG�LQ�WKH�WHFKQRORJ\�
IDFLOLWDWHG�OHVVRQ�VWXG\�

/HVVRQ�VWXG\

/HVVRQ�VWXG\�LV�D�SURFHVV�RI�LQYHVWLJDWLQJ�WHDFKLQJ�ZLWK�WKH�JRDO�RI�LQVWUXFWLRQDO�LPSURYHPHQW��RQH�
RI� LWV� PDLQ� SXUSRVHV� LV� WR� KHOS� HGXFDWRUV� SURIHVVLRQDOO\� GHYHORS� WKURXJK� SDUWLFLSDWLQJ� LQ� D�
VXVWDLQHG� SURIHVVLRQDO� FRPPXQLW\� �<RVKLGD� ����� ± LQ� RXU� FDVH� D� SXUSRVHIXO� FRPPXQLW\� RI�
SUDFWLFH��7KH�LWHUDWLYH�OHVVRQ�VWXG\�SURFHVV�LV�JHQHUDOO\�RUJDQLVHG�LQWR�D�IRXU�VWHS�F\FOH���D��VWXG\�
WKH�FXUULFXOXP�DQG�IRUPXODWH�OHVVRQ�JRDOV���E��SODQ�D�OHVVRQ���F��FRQGXFW�UHVHDUFK�OHVVRQ�DQG��G��
UHIOHFW��/HZLV��3HUU\�	�+XUG ������/HZLV�	�+XUG��������6LQFH�DUULYLQJ�WR�WKH�86�IURP�-DSDQ�LQ�
WKH�����V��OHVVRQ�VWXG\�KDV�SULPDULO\�EHHQ�XVHG�WR�LQYHVWLJDWH�LQVWUXFWLRQ�DW� WKH�.����OHYHO� ZLWK�
WHDFKHUV� LQ� D� VFKRRO� RU� GLVWULFW� GHVLJQLQJ� DQG� WHDFKLQJ� D� FRPPRQ� OHVVRQ� DQG� VWXG\LQJ� WKH�
DVVRFLDWHG�VWXGHQW�OHDUQLQJ��$OWKRXJK�WUDGLWLRQDO�OHVVRQ�VWXGLHV�LQFOXGH�SDUWLFLSDQWV�JDWKHUHG�LQ�WKH�
VDPH� URRP� WR�ZLWQHVV� WKH� LQWULFDFLHV�RI� WKH� OHVVRQ�� WKHUH�KDYH�EHHQ� DWWHPSWV� WR�EURDGHQ�ZKDW� LW�
PHDQV� WR� SDUWLFLSDWH� LQ� D� OHVVRQ� VWXG\� WKURXJK� WKH� XVH� RI� WHFKQRORJ\�� VXFK� DV� YLGHR� FOXEV� DQG�
K\EULG� VWUXFWXUHV� �H�J�� 6NXOWHW\�� *RQ]DOH]� 	� 9DUJDV ������ 1LFNHUVRQ�� )UHGHQEHUJ� 	� 'UXNHQ
�������

7KURXJK�HQJDJLQJ� LQ�YLGHR�FOXEV� LQ�ZKLFK�KLJK�VFKRRO� WHDFKHUV�YLGHRWDSHG� WKHLU�RZQ�OHVVRQV�RU�
FUHDWHG� DQLPDWHG� FDUWRRQV� RI� OHVVRQV�� 6NXOWHW\� HW� DO�� ������� IRXQG� WKDW� EHFDXVH� YLGHRV� FDSWXUHG�
DFWLYLWLHV�LQ WKH PRPHQW��WHDFKHU�SDUWLFLSDQWV�FRXOG�UHZDWFK��DQDO\VH DQG�GLVFXVV�VWXGHQW�OHDUQLQJ�
DQG�OHVVRQ�PRGLILFDWLRQV�LQ�JUHDWHU�GHWDLO��ZKLFK�PLJKW�KDYH�EHHQ�PLVVHG�GXULQJ OLYH�REVHUYDWLRQV��
'XULQJ�D�K\EULG�OHVVRQ�VWXG\�ZLWK�PLGGOH�JUDGH�WHDFKHUV��1LFNHUVRQ�HW�DO���������FUHDWHG�D�ZHEVLWH



WKDW KRXVHG� OHVVRQ�VWXG\� GRFXPHQWV� �OHVVRQ� SODQV�� SURSRVHG�PRGLILFDWLRQV� DQG� OHVVRQ� GHEULHIV���
YLGHRV� RI� OHVVRQV�� UHVRXUFHV� DQG� GLVFXVVLRQ� WKUHDGV� EHWZHHQ� WHDP� DQG� QRQ�WHDP�PHPEHUV�� 7KH�
ZHEVLWH� UHVXOWHG� LQ� VXVWDLQHG� WHDFKHU� FROODERUDWLRQ� DQG� FRPPXQLFDWLRQ� WKURXJKRXW� WKH� OHVVRQ�
VWXG\�SURFHVV��GHVSLWH� WKH�JHRJUDSKLFDO�GLVWDQFHV� VHSDUDWLQJ� WKH� WHDFKHUV��$OWKRXJK� WKHVH� VWXGLHV�
RFFXUUHG� ZLWK� PLGGOH� DQG� KLJK�VFKRRO� WHDFKHUV�� WKH\� SURYLGH� LQVLJKW� LQWR� WKH� SRVVLELOLWLHV� RI�
H[WHQGLQJ� WKH� WUDGLWLRQDO� OHVVRQ�VWXG\� IRUPDW� WR� LQFOXGH� ZD\V� IRU� SDUWLFLSDQWV� WR� HQJDJH� LQ�
FROODERUDWLRQ� YLUWXDOO\�� 7KH� YLGHRV� DOORZHG� IRU� WKH� GRFXPHQWDWLRQ� DQG� LQWHQVH� UHYLHZ� RI� ZKDW�
RFFXUUHG� LQ� WKH� OHVVRQ��DQG� WKH�ZHEVLWH�HQFRXUDJHG�FRPPXQLFDWLRQ�DQG� WKH� VKDULQJ�RI� UHVRXUFHV�
DFURVV�WLPH�DQG�GLVWDQFH�

7KHVH�H[DPSOHV�ZHUH IURP�.����HGXFDWLRQ�� IHZ�VWXGLHV�KDYH�H[DPLQHG�KRZ�SDUWLFLSDQWV�RXWVLGH�
RI�.����KDYH�HQJDJHG� LQ� OHVVRQ�VWXG\��H�J��&KDSSHOO�������FLWHG� LQ�.DPHQ�HW�DO��������&RRQH\��
'DUF\�	�&DVH\��������DQG�HYHQ�IHZHU��H�J��&HUELQ�������&RRSHU�HW�DO��������.DPHQ�HW�DO��������
KDYH� GLVFXVVHG� KRZ� KLJKHU�HGXFDWLRQ� IDFXOW\ PHPEHUV KDYH� SDUWLFLSDWHG� LQ� OHVVRQ� VWXG\� DFURVV�
LQVWLWXWLRQV��&HUELQ¶V��������ERRN�/HVVRQ�VWXG\��8VLQJ�FODVVURRP�LQTXLU\�WR�LPSURYH�WHDFKLQJ�DQG�
OHDUQLQJ�LQ�KLJKHU�HGXFDWLRQ GLVFXVVHG�WKUHH�KLJKHU�HGXFDWLRQ�OHVVRQ�VWXGLHV�FRQGXFWHG�LQ�WKH�86��
2QH� ZDV� FRQGXFWHG� LQ� ����� E\� LQVWUXFWRUV� LQ� IRXU� GLIIHUHQW� GHSDUWPHQWV� �%LRORJ\�� (FRQRPLFV��
(QJOLVK� DQG� 3V\FKRORJ\� DW� WKH� 8QLYHUVLW\� RI� :LVFRQVLQ�/D� &URVVH�� 7HDPV� RI� LQVWUXFWRUV�
GHYHORSHG�OHDUQLQJ�JRDOV�DQG�D�UHVHDUFK�OHVVRQ��SHUIRUPHG�GDWD�DQDO\VLV�DQG�UHILQHG�WKHLU�OHVVRQV�
IRU�D�VHFRQG�LWHUDWLRQ�WKH�QH[W�VHPHVWHU��7KHLU�H[SHULHQFHV�OHG�WR�D�XQLYHUVLW\�ZLGH�&ROOHJH�/HVVRQ�
6WXG\�3URMHFW� 7ZR�RWKHU $PHULFDQ SURMHFWV��DW�&RORUDGR�6WDWH�8QLYHUVLW\�DQG�6RXWKZHVWHUQ�6WDWH�
8QLYHUVLW\� DOVR� SXUVXHG� OHVVRQ� VWXG\� LQ� KLJKHU� HGXFDWLRQ �.DPHQ� HW� DO�� ������� &RORUDGR� 6WDWH�
8QLYHUVLW\� FRPSOHWHG� D� OHVVRQ� VWXG\� ZLWK� D� SURIHVVLRQDO WR GHYHORS� JRDOV IRU� WKHLU� FDOFXOXV�
LQVWUXFWRUV� WR� JDLQ� LQVLJKW� LQWR� WKHLU� VWXGHQWV¶� XQGHUVWDQGLQJ� RI� FDOFXOXV� FRQFHSWV�� 7KURXJK� WKH�
OHVVRQ�VWXG\��WKH\�UHILQHG�WKHLU�OHVVRQ�EDVHG�RQ�FODVVURRP�REVHUYDWLRQV�DQG�VWXGHQW�DFKLHYHPHQWV��
6RXWKZHVWHUQ� 6WDWH� 8QLYHUVLW\ FRQGXFWHG� D� OHVVRQ� VWXG\� IRU� WHDFKHU�HGXFDWLRQ� IDFXOW\ PHPEHUV
IRFXVHG�RQ�DVVHVVPHQW�GXULQJ�KDQGV�RQ�VFLHQFH� LQVWUXFWLRQ�DQG�RQ�VXSSRUWLQJ�FKLOGUHQ
V� OHDUQLQJ�
ZLWK� LQYHQWHG� PDWKHPDWLFV� SUREOHP�VROYLQJ� VWUDWHJLHV�� 0RUH� UHFHQWO\�� IDFXOW\� DW� 0D\QRRWK�
8QLYHUVLW\�LQ�,UHODQG�FRPSOHWHG�D�OHVVRQ�VWXG\�IRU�D�&ULWLFDO�6NLOOV�FRXUVH�PRGXOH�WR�VXSSRUW�ILUVW�
\HDU� VWXGHQWV¶ ZULWLQJ� �&RRQH\��'DUF\�	�&DVH\� ������ DQG� VKDUHG� WKHLU� VWXGHQWV¶� OHDUQLQJ� DV� D�
UHVXOW�RI�WKH�OHVVRQ�VWXG\��,Q�DOO�RI�WKHVH�H[DPSOHV��WKH�OHVVRQ�VWXGLHV�ZHUH�FRPSOHWHG�ZLWK�KLJKHU�
HGXFDWLRQ�IDFXOW\ PHPEHUV WRJHWKHU�LQ SHUVRQ��

&RRSHU� HW� DO�� ������� FRQGXFWHG� D� OHVVRQ� VWXG\� LQ� KLJKHU� HGXFDWLRQ� ZLWK� PDWKHPDWLFV� WHDFKHU�
HGXFDWLRQ �07(��IDFXOW\ PHPEHUV DFURVV�XQLYHUVLWLHV ZLWKLQ�WKH�VDPH�VWDWH��RQH�UHVHDUFKHU�ZDV�RQ�
OHDYH�RXWVLGH�WKH�86�� WKXV� WKH\�ZHUH�DEOH�WR�PHHW�SK\VLFDOO\�WR�SODQ�WKHLU� OHVVRQ��EXW�FRXOG�QRW�
PHHW� SK\VLFDOO\� GXULQJ� WKH� VHPHVWHU� ZKLOH� WKH\� WDXJKW� WKH� OHVVRQ�� +RZHYHU�� DW� OHDVW� RQH� JURXS�
PHPEHU�ZDV�SUHVHQW�GXULQJ�HDFK�OHVVRQ�LPSOHPHQWDWLRQ��WKH�OHVVRQV�ZHUH�YLGHRWDSHG�IRU�WKRVH�QRW�
SUHVHQW�� 7KH� WHDP� GHEULHIHG� WKH� OHVVRQV� LQ� SHUVRQ� DQG� YLD� HPDLO�� ,Q� WKLV� FXUUHQW� VWXG\�� XVLQJ�
WHFKQRORJLFDO�DGYDQFHV��ZH�H[WHQG�&RRSHU�HW�DO�¶V��������ZRUN�ZLWK�YLUWXDO�OHVVRQ�VWXG\��8QOLNH�
&RRSHU�HW�DO���RXU�OHVVRQ�VWXG\�JURXS�ZDV�FRPSULVHG�RI�HDUO\�FDUHHU�07(V�ZKR�GLG�QRW�NQRZ�HDFK�
RWKHU�SULRU�WR�FRPPLWWLQJ WKHPVHOYHV WR�EHLQJ�D�SDUW�RI�D�&R3�DQG�HYHQWXDOO\�EHJLQQLQJ�WKH�OHVVRQ�
VWXG\��2XU�GLIIHUHQW�JHRJUDSKLFDO�ORFDWLRQV�PHDQW WKDW ZH�FRXOG�QRW�PHHW�SK\VLFDOO\� WKXV� DOO�RXU�
FRPPXQLFDWLRQV�WRRN�SODFH�WKURXJK�YLUWXDO�H[FKDQJHV��

5HVHDUFK�TXHVWLRQ

7KXV�� RXU� UHVHDUFK� TXHVWLRQ� DVNV� KRZ� GRHV� WHFKQRORJ\�IDFLOLWDWHG� OHVVRQ� VWXG\� VXSSRUW� WKH�
SURIHVVLRQDO�GHYHORSPHQW�RI�KLJKHU�HGXFDWLRQ IDFXOW\"



0HWKRGV

3DUWLFLSDQWV

)LYH HDUO\�FDUHHU� KLJKHU�HGXFDWLRQ� IDFXOW\�� LQ� WHQXUH�WUDFN� DVVLVWDQW� SURIHVVRU� 07(� SRVLWLRQV��
FDPH�WRJHWKHU�DV�D�&R3 WR�VXSSRUW�HDFK�RWKHU¶V�SURIHVVLRQDO�GHYHORSPHQW�UHODWHG�WR�RXU�WHDFKLQJ�RI�
HOHPHQWDU\� SUHVHUYLFH� WHDFKHUV� �367V��� :H� RULJLQDOO\� PHW� WKURXJK� WKH� 86� $VVRFLDWLRQ� RI�
0DWKHPDWLFV� 7HDFKHU� (GXFDWRUV¶� 6HUYLFH�� 7HDFKLQJ� DQG� 5HVHDUFK� �67D5�� IHOORZVKLS� LQ� WKH�
VXPPHU� DIWHU� RXU� ILUVW� \HDU� DV� WHQXUH�WUDFN IDFXOW\�PHPEHUV��'XULQJ�RXU� LQLWLDO� WZR�PHHWLQJV� LQ�
67D5�� RXU� GLVFXVVLRQV� DERXW� RXU� LQWHUHVWV� LQ� WHDFKLQJ� DQG� UHVHDUFK� OHG XV� WR� IRUP RXU� JURXS RI�
ILYH�� WZR�FRQWHQW�07(V�ZKR�WDXJKW�WUDGLWLRQDO�FROOHJH�PDWKHPDWLFV�FRXUVHV�DV�ZHOO�DV�FRPELQHG�
PDWKHPDWLFV�FRQWHQW�DQG�PHWKRGV�FRXUVHV�IRU�HOHPHQWDU\�DQG�VHFRQGDU\�367V��DQG�WKUHH�PHWKRGV�
07(V� ZKR� VROHO\� WDXJKW� HOHPHQWDU\� PDWKHPDWLFV� PHWKRGV� FRXUVHV�� ,Q� DGGLWLRQ� WR WKH� JURXS�
PHPEHUV WHDFKLQJ�GLIIHUHQW� FRXUVHV�� WKHLU XQLYHUVLWLHV�GLIIHUHG� LQ� VL]H� DQG� IRFXV��2QH�07(�ZDV�
IURP�D�VPDOO� SULYDWH�XQLYHUVLW\�LQ�WKH�QRUWKHDVW��ZKLOH�WKH�UHVW�ZHUH�IURP�SXEOLF�XQLYHUVLWLHV�WKDW�
UDQJHG� IURP� ������ WR� RYHU� ������� VWXGHQWV� IURP WKH� QRUWKHDVWHUQ�� PLGZHVWHUQ�� VRXWKHUQ DQG�
ZHVWHUQ 86��2XU�367 FODVVHV�ZHUH�PRVWO\�FRPSULVHG�RI�ZKLWH� IHPDOHV� ZLWK�FODVV� VL]HV� UDQJLQJ�
IURP� ��� WR� ��� VWXGHQWV� SHU� FODVV�� )RXU� RI� WKH� 07(V� KDG� SUHYLRXVO\� WDXJKW� KLJK�VFKRRO�
PDWKHPDWLFV�� RQH� WDXJKW� PLGGOH� VFKRRO� PDWKHPDWLFV� DQG� WZR� WDXJKW� HOHPHQWDU\� VFKRRO� �VRPH�
WDXJKW�PXOWLSOH�VSDQV���$OWKRXJK�RXU�GLIIHUHQW�EDFNJURXQGV�DQG�WHDFKLQJ�UHVSRQVLELOLWLHV FRXOG�EH�
VHHQ� DV� DQ� LQWHOOHFWXDO� GLYLVLRQ� �&UHVSR� ������� ZH� VDZ� RXU� GLYHUVH� EDFNJURXQGV� DV� RQH� RI� WKH�
UHDVRQV�RXU�FROODERUDWLRQ ZDV�FRPSHOOLQJ� DQG�WKXV�ZH�FRPPLWWHG RXUVHOYHV WR�ZRUNLQJ�WRJHWKHU�
GHVSLWH�RXU�SK\VLFDO�GLVWDQFH��

&RQWH[W�OHVVRQ�VWXG\�SURFHVV

6WXG\�WKH�FXUULFXOXP�DQG�IRUPXODWH�JRDOV� $V�D�JURXS��ZH�LGHQWLILHG�D�FRPPRQ�WHDFKLQJ�
LQWHUHVW�� KRZ� WR� VXSSRUW� RXU� HOHPHQWDU\� 367V� DV� WKH\� PDNH� LQVWUXFWLRQDO� GHFLVLRQV� EDVHG� RQ�
FKLOGUHQ¶V� PDWKHPDWLFDO� WKLQNLQJ�� :H� FKRVH� WR� IRFXV� RQ� WKH� SURIHVVLRQDO� QRWLFLQJ� FRQVWUXFW�
�-DFREV��/DPE�	�3KLOLSS ������GXH�WR�LWV�HPSKDVLV�RQ�KRZ�WHDFKHUV�DWWHQG�WR�VWXGHQWV¶�SUREOHP�
VROYLQJ�VWUDWHJLHV�� LQWHUSUHW� WKHLU�PDWKHPDWLFDO� WKLQNLQJ�DQG�GHFLGH�RQ�QH[W� LQVWUXFWLRQDO� VWHSV� WR�
VXSSRUW� RU� SXVK� VWXGHQWV¶� WKLQNLQJ� IRUZDUG�� )URP� RXU� NQRZOHGJH� RI� RXU� RZQ� DQG� RWKHUV¶� ZRUN�
ZLWK�SURIHVVLRQDO�QRWLFLQJ��ZH�NQHZ�WKDW�WKH�ILQDO�LQVWUXFWLRQDO�GHFLVLRQ�SLHFH�LV�WKH�PRVW�GLIILFXOW
IRU�367V�EHFDXVH�RI�WKHLU�ODFN�RI�H[SHULHQFH�ZLWK�DFWXDO�VWXGHQWV¶�WKLQNLQJ��VHH�-DFREV�	�6SDQJOHU�
�����IRU�D�UHYLHZ�RI�WKH�OLWHUDWXUH�RQ�WHDFKHU�QRWLFLQJ���7R�DGGUHVV WKLV�QHHG�WR�VXSSRUW�RXU�367V��
ZH� FUHDWHG� DQ� DFWLYLW\� LQ� ZKLFK� WKH\ ZRXOG� DQDO\VH� D� VHW� RI� HOHPHQWDU\� VWXGHQWV¶� ZULWWHQ�ZRUN�
VDPSOHV�WKDW�FRXOG�EH�FRQVLGHUHG�DV�UHSUHVHQWDWLYH�RI�D�ZKROH�FODVV� WKHQ�GHFLGH�RQ�WKH�QH[W�VWHSV�
LQ�LQVWUXFWLRQ��IRU ERWK WKH�LQGLYLGXDO�VWXGHQWV�DQG�WKH�FODVV�DV�D�ZKROH�

:H� FKRVH� WR� IRFXV� RQ� WKH PDWKHPDWLFDO� FRQFHSW� RI� PXOWLSOLFDWLRQ� DV� LW� LV� FLWHG� DV� RQH� RI� WKH�
IRXQGDWLRQDO� FRQFHSWV� WKDW� 367V�ZRUOGZLGH VWUXJJOH� WR� WHDFK� IURP� D� FRQFHSWXDO� YLHZSRLQW� WKLV�
VWUXJJOH�LV�VKRZQ�LQ UHVHDUFK IURP�$XVWUDOLD��H�J��&KLQQDSSDQ�������WR�6RXWK�$IULFD��H�J��-LWD�	�
9DQGH\DU�������WR�WKH�86 �H�J��$PEURVH��%DHN�	�&DUSHQWHU��������2IWHQ�WHDFKHUV DUH�XQVXUH�RQ�
KRZ� WR� DSSURDFK� WKH� LGHDV�RI�PXOWLSOLFDWLRQ�ZLWK� VWXGHQWV� DSDUW� IURP�PHPRULVLQJ�PXOWLSOLFDWLRQ�
WDEOHV��7ULYHWW��������)XOO\�XQGHUVWDQGLQJ�WKH�FRQFHSW�RI�PXOWLSOLFDWLRQ�UHTXLUHV�WHDFKHUV�WR NQRZ�
PRUH� WKDQ� KRZ� WR� VROYH� SUREOHPV� LQYROYLQJ� HOHPHQWDU\�PXOWLSOLFDWLRQ� �%DOO�	�%DVV� ������� )RU�
H[DPSOH�� WHDFKHUV� PXVW� NQRZ� GLIIHUHQW� LQWHUSUHWDWLRQV� RI� PXOWLSOLFDWLRQ�� XQGHUVWDQG� KRZ�
PXOWLSOLFDWLRQ� LV� LQWHUSUHWHG� ZLWKLQ� GLIIHUHQW� VWRU\� FRQWH[WV� DQG� SRVVHVV� NQRZOHGJH� RI� GLIIHUHQW�
VWUDWHJLHV�FKLOGUHQ�XVH�ZKHQ�VROYLQJ�PXOWLSOLFDWLRQ�SUREOHPV��:DOODFH DQG�*XUJDQXV��������DVVHUW�
WKDW ³WHDFKLQJ� IRU� PDVWHU\� RI� PXOWLSOLFDWLRQ� IDFWV� QR� ORQJHU� PHDQV� URWH� PHPRUL]DWLRQ� RI� EDVLF�



IDFWV�� 0DNLQJ� WKH� FRQQHFWLRQ� EHWZHHQ� FRQFHSWXDO� XQGHUVWDQGLQJ� DQG� FRPSXWDWLRQDO� IOXHQF\� LV�
LPSRUWDQW�IRU�DOO�VWXGHQWV´��S�������&DUSHQWHU��)HQQHPD��)UDQNH��/HYL�DQG�(PSVRQ������� IXUWKHU�
FLWH�WKH�GLIILFXOW\�LQ�XQGHUVWDQGLQJ�PXOWLSOLFDWLRQ� DV�VRPH�SUREOHPV�DUH�QRQ�V\PPHWULF�LQ�QDWXUH�
�XQFKDQJHDEOH�UHIHUHQWV�� ZKLOH�RWKHUV DUH�V\VWHPLF� ZLWK�IDFWRUV�QRW�DWWDFKHG�WR�D�VSHFLILF�UHIHUHQW��
7KH�FXUUHQW�SDSHU¶V�DXWKRUV� �LQ�SUHVV��FLWH�WKH�QHHG�IRU�NQRZOHGJH�QRW�RQO\�DERXW�WKH�FRQFHSW�RI�
PXOWLSOLFDWLRQ�EXW�DOVR�DERXW� KRZ VWXGHQWV� WKLQN DERXW DQG� OHDUQ�PXOWLSOLFDWLRQ��2XU�GHFLVLRQ� WR�
VLWXDWH�WKH�OHVVRQ�ZLWKLQ�WKH�FRQFHSW�RI�PXOWLSOLFDWLRQ�OHG�WR�RXU�FRPPRQ�OHVVRQ�JRDO��WR�VXSSRUW�
367V� LQ�XQGHUVWDQGLQJ VWXGHQW�ZULWWHQ�ZRUN� DQG�PDNLQJ� VRXQG� QH[W�VWHS� LQVWUXFWLRQDO� GHFLVLRQV�
EDVHG�RQ�FKLOGUHQ¶V�PDWKHPDWLFDO�WKLQNLQJ�XVLQJ�WKH�PDWKHPDWLFDO�FRQFHSW�RI�PXOWLSOLFDWLRQ�

:H� EHJDQ� RXU� VHDUFK� IRU� VDPSOH� VHWV� RI VWXGHQWV¶ PXOWLSOLFDWLRQ� ZRUN� �L�H�� PXOWLSOH� VWXGHQWV¶�
ZULWWHQ� ZRUN� RQ� WKH� VDPH� PXOWLSOLFDWLRQ� VWRU\� SUREOHP�� WKDW� ZRXOG� KHOS� RXU� 367V� GHOYH� LQWR�
VWXGHQWV¶�HDUO\�XQGHUVWDQGLQJV�RI�WKH�FRQFHSW�RI�PXOWLSOLFDWLRQ��:H�FKRVH�WR�XVH�³7KH�&DVH�RI�0U��
+DUULV� DQG� WKH�%DQG�&RQFHUW´� D�ZULWWHQ� FODVVURRP� VFHQDULR� IURP� D� WKLUG�JUDGH� FODVVURRP��ZLWK
DVVRFLDWHG� PXOWLSOLFDWLRQ� ZRUN� IRXQG� LQ� WKH� 86�1DWLRQDO� &RXQFLO� RI� 7HDFKHUV� RI�0DWKHPDWLFV¶�
�1&70��7DNLQJ� $FWLRQ�� ,PSOHPHQWLQJ� (IIHFWLYH�0DWKHPDWLFV� 7HDFKLQJ� 3UDFWLFHV� LQ�.�*UDGH� �
�+XLQNHU�	�%LOO� ������ :H� FKRVH� WKH�0U��+DUULV� ZRUN� VDPSOHV� GXH� WR� WKH YDULHW\ RI� VWXGHQWV¶
VROXWLRQ�VWUDWHJLHV WKDW�ZHUH SUHVHQWHG� ZKLFK�SURYLGHG�D�FRQWH[WXDO�VFHQDULR��

3ODQ��SLORW�VWXG\� :H�EHJDQ�RXU�YLUWXDO�FRPPXQLW\�RI�SUDFWLFH�ZLWK� UHJXODU��ZHHNO\�PHHWLQJV�
YLD�*RRJOH�+DQJRXWV��D� IUHH�YLUWXDO�PHHWLQJ�WHOHFRQIHUHQFH�VRIWZDUH�� WR�SODQ�WKH�VSHFLILFV�RI�RXU�
OHVVRQ�DQG�GHYHORS�SURIHVVLRQDO�QRWLFLQJ�DVVLJQPHQWV� IRU�RXU�367V��7KH�SURFHVV RI� VWXG\LQJ� WKH�
FXUULFXOXP� DQG� SODQQLQJ� WKH� OHVVRQ� WRRN� DERXW� WKUHH� PRQWKV� DV� ZH� QHHGHG� WR� HQVXUH� WKDW� RXU�
OHVVRQ�PHW�WKH�QHHGV�RI�HDFK�RI�RXU�GLIIHUHQW�VWXGHQW�SRSXODWLRQV��

7KDW� DXWXPQ�� RXU� LQLWLDO� SODQ� ZDV� IRU� IRXU� 07(V� �RQH� ZDV� RQ� D� VHPHVWHU�ORQJ OHDYH� EXW�
SDUWLFLSDWHG�LQ�WKH�RWKHU�DVSHFWV�RI�WKH�SURMHFW��WR�WHDFK�WKH�OHVVRQ GXULQJ WKH�VDPH�ZHHN�DQG�WKHQ�
PHHW�WR�GHEULHI�DERXW�RXU�UHVXOWV��+RZHYHU��WKLV�ZDV�QRW�ORJLVWLFDOO\�SRVVLEOH��:H�HDFK�WDXJKW�WKH�
OHVVRQ� DW� GLIIHUHQW� WLPHV� WKURXJKRXW� WKH� VHPHVWHU� DQG� ZKHQ� ZH� PHW� WR� GHEULHI�� ZH� VKDUHG WKH�
VWUXJJOHV�DQG�FRQFHUQV ZH�KDG H[SHULHQFHG�ZLWK�WKH�OHVVRQ�DV�ZH KDG WDXJKW�LW��DQG�PDGH�PLQRU�
PRGLILFDWLRQV�WR�WKH�OHVVRQ��$IWHU�WKH�ILUVW�WZR�07(V�WDXJKW�WKH�OHVVRQ��ZH�FDPH�WR�WKH�UHDOLVDWLRQ�
WKDW�WKURXJK�RXU�YLUWXDO�GLVFXVVLRQV�ZH�ZHUH�JURZLQJ�SURIHVVLRQDOO\�DQG�HQJDJLQJ�LQ�DVSHFWV�RI�D�
OHVVRQ�VWXG\��7KH�RWKHU�WZR�07(V�WDXJKW�WKH�OHVVRQ�WKDW�VHPHVWHU�ZLWKRXW�PDQ\�FKDQJHV� DQG�ZH�
FRQVLGHUHG� RXU� DXWXPQ� WHDFKLQJ� RI� WKH� OHVVRQ� D� SLORW� VWXG\� �*XSWD� HW� DO�� ������� 7KH� IROORZLQJ�
VHPHVWHU��ZKHQ�DOO�ILYH�07(V�WDXJKW�WKH�OHVVRQ��ZH�IRUPDOLVHG�RXU�SURFHVV�DQG�FRQGXFWHG�D�IRUPDO
OHVVRQ VWXG\�

3ODQ�� OHVVRQ�VWXG\�DQG�WHFKQRORJ\� :H FRQQHFWHG DQG�SODQQHG WKH� OHVVRQ�SULPDULO\�XVLQJ
WRROV�SURYLGHG�E\�*RRJOH��*RRJOH�'ULYH�WR�VKDUH�LGHDV�DQG�FRPSLOH�DOO�GRFXPHQWV�IRU�DFFHVV�HLWKHU�
V\QFKURQRXVO\� RU� DV\QFKURQRXVO\��*RRJOH� +DQJRXWV� IRU� YLUWXDO�PHHWLQJV��*RRJOH�'RFV� WR� SODQ��
UHIOHFW RQ DQG�UHILQH�WKH�OHVVRQ�E\�FUHDWLQJ�GRFXPHQWV�DQG�*RRJOH 6OLGHV�WR�GHVLJQ�WKH�OHVVRQ�SODQ��
%HFDXVH� WKHVH� GRFXPHQWV� ZHUH� DFFHVVLEOH� WR� DOO�� ZH� GLG� QRW� ZRUU\� DERXW� ZRUNLQJ� RQ� GLIIHUHQW�
YHUVLRQV�RU� ORVLQJ� LQIRUPDWLRQ� DV� WKH�ZRUN�ZDV� DXWRPDWLFDOO\� VDYHG� DQG�SDVW� FKDQJHV� FRXOG�EH�
YLHZHG�� 'XULQJ� RXU� LQLWLDO� SODQQLQJ PHHWLQJ�� ZH� FUHDWHG� D� *RRJOH� 'RF� WKDW� EHFDPH� RXU� PDLQ�
RUJDQLVLQJ�GRFXPHQW��,Q�LW��ZH�NHSW�UXQQLQJ�QRWHV�IRU�HDFK�PHHWLQJ��PDLQWDLQHG�D�³WR�GR´�OLVW DQG
GRFXPHQWHG�RXU�OHVVRQ�FKDQJHV�DQG�UHVHDUFK�SODQV��

7KURXJKRXW�WKH�OHVVRQ�VWXG\��ZH�FRQWLQXHG�RXU�ZHHNO\�YLUWXDO�PHHWLQJV�XVLQJ�*RRJOH�+DQJRXWV��
ZKLFK�DOORZHG�XV�WR�YLHZ�HDFK�RWKHU�DQG�VKDUH�RXU�VFUHHQV��WKXV�FUHDWLQJ�DQ�HQYLURQPHQW� WKDW IHOW�
DV� LI� ZH� ZHUH� LQ� WKH� VDPH� URRP�� $GGLWLRQDOO\�� ZH� DXGLR�UHFRUGHG� HDFK� PHHWLQJ�� $IWHU� HDFK�



PHHWLQJ�� HDFK RI� XV FUHDWHG DQ LQGLYLGXDO RQOLQH� MRXUQDO� ZLWK� *RRJOH� 'RFV WR� GRFXPHQW RXU�
LQGLYLGXDO�SURIHVVLRQDO�GHYHORSPHQW DV�VXSSRUWHG�E\�RXU�RZQ�UHIOHFWLRQV�

7KH�SLORW� OHVVRQ�ZDV�PRGLILHG�RYHU� WZR�PRQWKV�RI�SODQQLQJ�GLVFXVVLRQV��DQG�ZH�GHFLGHG�RQ� WKH�
OHVVRQ�FRPSRQHQWV�DQG�VWUXFWXUH�VKRZQ�LQ�)LJXUH���

)LJXUH��� &RPSRQHQWV�DQG�VWUXFWXUH�IRU�WKH�FRPPRQ�OHVVRQ

&RQGXFWLQJ� UHVHDUFK� OHVVRQ� DQG� UHIOHFWLQJ� )RU� WKLV� SKDVH�� ZH� HDFK� YLGHRWDSHG� RXU�
OHVVRQV��DXGLR�UHFRUGHG�RXU�367V¶�JURXS�EDVHG�FRQYHUVDWLRQV�DQG�SKRWRJUDSKHG RXU�VWXGHQWV¶�LQ�
FODVV�ZRUN��:H�WKHQ�WUDQVIHUUHG�WKHVH�ILOHV�WR�D�VHFXUH� VKDUHG� FORXG�EDVHG�GULYH�IRU�HDV\�DFFHVV�
,QGLYLGXDOO\�� ZH�ZDWFKHG� HDFK� RWKHU¶V� OHVVRQ� YLGHRV�� NHHSLQJ� UXQQLQJ� QRWHV� KRXVHG� RQ�*RRJOH�
'ULYH��:H�QRWHG� DVSHFWV� RI� WKH� LQVWUXFWLRQ� WKDW� VWRRG�RXW� WR�XV� VXFK� DV�PLVVHG�RSSRUWXQLWLHV� WR�
GHYHORS RXU� 367V¶� WKLQNLQJ� RU� LQVWDQFHV� ZKHUH� ZH� IHOW� WKH�07(� GLG� D� SDUWLFXODUO\� VWHOODU� MRE��
$GGLWLRQDOO\��DV�ZH�UHIOHFWHG�RQ�RXU�FROOHDJXHV¶ WHDFKLQJ��ZH�IRXQG�RXUVHOYHV�UHIOHFWLQJ�EDFN�RQ�
RXU�RZQ�WHDFKLQJ��2IWHQ��ZH�QRWLFHG�WKLQJV�ZH�KDG�QRW�VHHQ�ZKHQ�ZH�RXUVHOYHV�ZHUH WHDFKLQJ LQ
WKH PRPHQW��:KHQ�ZH�FRQYHQHG�IRU�RXU�YLUWXDO�PHHWLQJV��ZH�XVHG�RXU�UXQQLQJ�QRWHV�WR�JXLGH�RXU�
GLVFXVVLRQV��'XULQJ� WKH�GLVFXVVLRQV��ZH�FULWLTXHG�RXU� WHDFKLQJ��SURYLGHG�VXJJHVWLRQV�RQ�ZD\V� WR�
LPSURYH��DVNHG� IRU�DGYLFH�DQG�VRXJKW�RXW� UHVRXUFHV� WKDW�ZRXOG�DOORZ�XV� WR�FRQWLQXH� UHILQLQJ�DOO�
DVSHFWV� RI� WKH� OHVVRQ�� 7KURXJKRXW� WKLV� F\FOH�� ZH� FRQWLQXHG� WR� PHHW� YLUWXDOO\� XVLQJ� *RRJOH�
+DQJRXWV��RIWHQ�PXOWLSOH�WLPHV�HDFK�ZHHN��DQG�FRQWLQXHG�ZLWK�RXU�UXQQLQJ�QRWHV��³WR�GR´�OLVW�DQG�
RQOLQH�MRXUQDO�UHIOHFWLRQV�RQ�*RRJOH�'RFV�



'HVLJQ DQG�GDWD�DQDO\VLV

7KH� VWXG\� DGRSWHG� D� TXDOLWDWLYH� UHVHDUFK� PHWKRGRORJ\� WR� H[DPLQH� WKH� ZD\V D WHFKQRORJ\�
IDFLOLWDWHG� OHVVRQ�VWXG\� SURFHVV� SURYLGHG SURIHVVLRQDO� GHYHORSPHQW� IRU� WKH�07(V��$FFRUGLQJ� WR�
&UHVZHOO��������S�������TXDOLWDWLYH�PHWKRGRORJ\�LV�XVHG�ZKHQ�³FRPSOH[�GHWDLOHG�XQGHUVWDQGLQJ�RI�
WKH�LVVXH´�LV�QHHGHG� KHQFH�WKLV�PHWKRGRORJ\�EHVW�VXLWHG�WKLV�UHVHDUFK�GHVLJQ��'DWD�ZHUH FROOHFWHG
LQ�QXPHURXV�IRUPV� LQFOXGLQJ�RXU�LQGLYLGXDO�RQOLQH�MRXUQDOV��WUDQVFULSWLRQV�RI�WKH�YLUWXDO�SODQQLQJ�
PHHWLQJV�� ³UHDO�WLPH´ REVHUYDWLRQ� QRWHV� KRXVHG� RQ�*RRJOH�'ULYH� DQG� YDULRXV� HPDLOV� DQG� SKRQH�
WH[WV� VHQW� GXULQJ� WKH� OHVVRQ�VWXG\� SURFHVV�� 7KHVH� PXOWLSOH� VRXUFHV� ZHUH� XVHG� WR� SURYLGH�
WULDQJXODWLRQ��6LPRQV�������WR�WKH�GDWD�DQDO\VLV��7ZR�UHVHDUFKHUV�ILUVW�XQGHUWRRN�LQGLYLGXDO�RSHQ�
FRGLQJ� RI� WKH� FRPSLOHG� GDWD� VHW� DQG� IRXQG� LQVWDQFHV� ZKHUH� RXU� FRQYHUVDWLRQV� IRFXVHG� RQ
WHFKQRORJ\��7KLV�LQFOXGHG ERWK LQVWDQFHV�LQ�ZKLFK�WHFKQRORJ\�ZDV�H[SOLFLWO\�GLVFXVVHG�DQG WKRVH
ZKHQ�FRQYHUVDWLRQV�RU� LGHDV�ZHUH�FOHDUO\�EDVHG�GLUHFWO\�RQ� WKH�XVH�RI� WKH� WHFKQRORJLHV��7KH� WZR
UHVHDUFKHUV�LQGHSHQGHQWO\�FDWHJRULVHG�WKH�FRGHG�LQVWDQFHV�RI�WHFKQRORJ\�VSHFLILF�FRQYHUVDWLRQV�WR�
GHYHORS�WKHPHV�UHODWHG�WR�RXU�OHDUQLQJ�EDVHG�RQ�WKH�SULQFLSOH WKDW�HYLGHQFH�RI�07(�OHDUQLQJ�PXVW�
EH� SUHVHQW IRU� WKH� GDWD WR� UHFHLYH� D� FRGH�� 7KH WZR� UHVHDUFKHUV� YHULILHG� WKH LQLWLDO� FRGHV� DQG�
H[DPSOHV�RI�HYLGHQFH�WKURXJK�GLVFXVVLRQV�� ,QWHU�FRGHU�DJUHHPHQW�DQG�PHPEHU�FKHFNLQJ�E\�WHDP�
PHPEHUV�QRW�SDUWLFLSDWLQJ LQ�WKH�FRGLQJ�SURFHVV ZHUH�XVHG�WR�YHULI\�HPHUJLQJ�WKHPHV�DQG�HQKDQFH
UHOLDELOLW\��2QFH�SRWHQWLDO�WKHPHV�ZHUH�GHWHUPLQHG��WKH\�ZHUH�EURXJKW�WR�WKH�IXOO�UHVHDUFK�WHDP�IRU�
GLVFXVVLRQ�DQG�UHYLHZ�

)LQGLQJV

6XSSRUWLQJ�07(V¶�SURIHVVLRQDO�GHYHORSPHQW�WKURXJK�WHFKQRORJ\�IDFLOLWDWHG�OHVVRQ�
VWXG\

7KH�JRDO�RI�WKLV�LQYHVWLJDWLRQ�ZDV�WR�GHWHUPLQH�KRZ�WHFKQRORJ\�IDFLOLWDWHG�OHVVRQ�VWXG\�VXSSRUWHG�
WKH�SURIHVVLRQDO�GHYHORSPHQW�RI�07(V��7KURXJK�GDWD�DQDO\VLV��ZH�IRXQG�WKUHH�WKHPHV� HQJDJLQJ�
LQ� WKH� OHVVRQ� VWXG\� SURFHVV SURYLGHG� WKH� RSSRUWXQLW\� IRU� SURIHVVLRQDO� GHYHORSPHQW� DFURVV�
JHRJUDSKLFDO�GLVWDQFHV�E\����WUDQVIRUPLQJ�WKH�OHVVRQ�SODQQLQJ�SURFHVV� ���RSHQLQJ�D�ZLQGRZ�LQWR�
RQH�DQRWKHU¶V�FODVVURRP�WR�UHIOHFW�DQG�JURZ����DQG�EXLOGLQJ�SURIHVVLRQDO�UHODWLRQVKLSV�WR�VROLGLI\
RXU FRPPXQLW\�RI�SUDFWLFH�

7UDQVIRUPLQJ�WKH OHVVRQ�SODQQLQJ�SURFHVV

8VLQJ�*RRJOH�'ULYH�KHOSHG�XV�RUJDQLVH�RXU�GRFXPHQWV�DQG�ZRUN� WRJHWKHU�V\QFKURQRXVO\��ZKLFK�
WUDQVIRUPHG RXU�SODQQLQJ�DQG�DOORZHG�XV�WR�IRFXV�RQ�SHGDJRJLFDO�GHYHORSPHQW��7KH H[FHUSW EHORZ
IURP�WKH� WUDQVFULEHG�SODQQLQJ�PHHWLQJ RI�)HEUXDU\�������� LOOXVWUDWHV�KRZ�WHFKQRORJ\�IDFLOLWDWHG�
RXU� FROODERUDWLRQ�� DQG� VKRZV� KRZ� WKLV� WUDQVIRUPDWLRQ� VHUYHG� RXU� SURIHVVLRQDO� JURZWK�� 7KH�
H[DPSOH�KLJKOLJKWV KRZ�WKH�XVH�RI�*RRJOH�'RFV�DQG�*RRJOH�6OLGHV�DOORZHG XV�WR�FUHDWH��VKDUH�DQG�
ZRUN�RQ�GRFXPHQWV� WRJHWKHU�� DQG� LQ� WXUQ� OHG� WR�RXU� LQGLYLGXDO� DV�ZHOO� DV�FROOHFWLYH�SURIHVVLRQDO�
GHYHORSPHQW��

07(����2ND\��,�FDQ�SXOO�IURP�WKH�*RRJOH�'RF�WKDW�ZH�KDYH�WKH�VHFWLRQ�FDOOHG���SODQ�IRU�
LPSOHPHQWDWLRQ�� ZKLFK� KDV� RXU� VWHS�E\�VWHSV� %XW�� ,� GRQ
W� NQRZ� LI� ZH� ZDQW� WR�
UHILQH�RXU�VWHSV�RU�FUHDWH�D�3RZHU3RLQW�IURP�VFUDWFK�RU«�

07(����,W�DOPRVW�VRXQGV�OLNH�ZH�VKRXOG�EH�ORRNLQJ�DW�DOO�RI�WKHVH�3RZHU3RLQWV�>UHIHUULQJ�
WR�WKH�LQGLYLGXDO�3RZHU3RLQW�VOLGHV�FUHDWHG�GXULQJ�WKH�SLORW�VWXG\@�DQG�WKHQ�KDYLQJ�
HYHU\RQH�GLVFXVV�ZKDW�ZHQW�ZHOO��ZKDW�GLGQ
W�DQG�PHVKLQJ��PDNLQJ�D�QHZ�OHVVRQ�
IURP�HYHU\ERG\�HOVH
V"



«
07(����:KDW�GR�\RX� WKLQN� DERXW� LI�ZH� HDFK�SULQW� RII� HYHU\ERG\
V�3RZHU3RLQW� DQG�ZH�

HDFK�VSHQG�WLPH�LQGLYLGXDOO\�ORRNLQJ�DW�WKHP"�2U�KDYLQJ�HDFK�SHUVRQ�LQGLYLGXDOO\�
WDON�WKURXJK�ZKDW�WKH\�UHPHPEHU�DERXW�WKH�OHVVRQ��ZKDW�ZHQW�ZHOO�DQG�ZKDW�GLGQ
W�
DQG�ZH�FRXOG�WDNH�QRWHV�RQ�WKDW"

07(���� 6R�� ,� SXW�P\�3RZHU3RLQW� LQWR� D�:RUG�'RFXPHQW� VR�ZH� FRXOG� SXW� LW� DV� D� QHZ�
GRFXPHQW�LQ�WKH�*RRJOH 'ULYH��ZLWKLQ�WKH�3RZHU3RLQW�IROGHU�DQG�ZH�FDQ�WDNH�QRWHV�
RQ�LW�

07(����7KDW�VRXQGV�JRRG��/LNH�D�VWDUWLQJ�SRLQW�
07(����/HW�PH�FRS\�DQG�SDVWH�LW�
07(����,�MXVW�GLG���2SHQ�ZLWK�*RRJOH�'RFV��DQG�LW�RSHQHG�
07(����,�NQRZ��WKH�TXHVWLRQ�LV��FDQ�\RX�WDNH�QRWHV�RQ�LW"�,�GRQ
W�WKLQN�\RX�FDQ�
07(����<HDK��,�FDQ�W\SH�RQ�LW�
07(����:H�KDYH�D�*RRJOH�'RF�YHUVLRQ�RI�LW�QRZ�
07(����07(��
V�WKHUH�QRZ�
07(����:KDW�KDSSHQV�LV��ZKHQ�VRPHERG\�WXUQV�LW�LQWR�D�*RRJOH�'RF��WKHQ�ZH�FDQ�ZRUN�

RQ�WKDW�RQH�
07(����6R�MXVW�RSHQ�WKH�*RRJOH�'RF�VLQFH�,�WXUQHG�LW�LQWR�D�*RRJOH�'RF�

$OWKRXJK�ZH�KDG�XVHG�*RRJOH�'RFV�GXULQJ�WKH�SUHYLRXV�VXPPHU�DQG�DXWXPQ�WR�FUHDWH�GRFXPHQWV�
GLUHFWO\� RQOLQH��ZH� KDG� QRW� UHDOLVHG� WKDW�ZH� FRXOG� XSORDG� GRFXPHQWV� FUHDWHG� LQ� RWKHU� SURJUDPV�
RQWR�RXU�VKDUHG�ILOHV�DQG�HGLW�WKHP�V\QFKURQRXVO\��2XU�QHHG�WR�ILQG�DQ�HIILFLHQW�ZD\�WR�FRPSDUH�
RXU�SUHVHQWDWLRQV�FUHDWHG�GXULQJ�WKH�SLORW�VWXG\�FDXVHG�XV�WR�GLVFRYHU�D�QHZ�XVH�RI�WKH�WHFKQRORJ\��
$V�ZH�EHJDQ�UHYLHZLQJ�07(��¶V�SUHVHQWDWLRQ��ZH�QRWLFHG�WKDW�WKH ILUVW�VOLGH�FRQWDLQHG�KHU�ZULWWHQ�
HVVHQWLDO� TXHVWLRQV� IRU� WKH� OHVVRQ��$IWHU� ORRNLQJ� WKURXJK� WKH�GRFXPHQW�� RXU� FRQYHUVDWLRQ� VKLIWHG�
WRZDUGV�D�PRUH�SHGDJRJLFDO�IRFXV �VHH�GLDORJXH�EHORZ�IURP�WKH VDPH SODQQLQJ�PHHWLQJ��

07(���� ,�ZDV�VD\LQJ�,� OLNH� WKH�ILUVW�VOLGH�� ,�DOZD\V�SXW�REMHFWLYHV�DV� WKH�ILUVW�VOLGH��DQG�
WKDW
V�ZKDW�\RX�GLG�

07(����,�OLNH�WKLV��,I�,
P�UHDOO\�JRRG�,�VRPHWLPHV�JHW�WR�WKH�HVVHQWLDO�TXHVWLRQV��DOZD\V�DW�
WKH�HQG DJDLQ� VR�,�FDQ�VD\���:KDW�GLG�ZH�OHDUQ"��,�KDYH�WR�WHOO�\RX��,�FRPH�EDFN�WR�
P\�HVVHQWLDO�TXHVWLRQ�IRU�WKH�GD\��DERXW�����RI�WKH�WLPH�

07(����,�QHYHU�JR�EDFN�WR�P\�REMHFWLYHV��WKDW
V�D�YHU\�LQWHUHVWLQJ�SRLQW�
07(���� ,� KDG� DQ�REVHUYDWLRQ�ZKHUH� WKH� SURIHVVRU� KDG� WDONHG� WR�PH� DERXW� WKDW��+DYH� D�

JRRG�FORVXUH�
07(����,
P�WHUULEOH�DW�FORVXUH�
07(����0H��WRR�
07(����%HFDXVH�,
P�DOZD\V�UXVKLQJ�WR�ILQLVK�

3DUW�RI�WKH�SURIHVVLRQDO�OHDUQLQJ�WKDW�RFFXUUHG�IRU�XV�ZDV�OHDUQLQJ�PRUH�DERXW�WKH�IXQFWLRQDOLW\ RI�
*RRJOH�'ULYH�DQG�ILJXULQJ�RXW�KRZ�LW�FRXOG�KHOS�XV�DV�ZH�ZHQW�WKURXJK�WKH� OHVVRQ�VWXG\�SURFHVV�
LQ� WKLV�FDVH��KRZ�ZH�FRXOG�HDVLO\�SODQ�FROODERUDWLYHO\��$V�ZH�ZRUNHG�RQ� WKH�SUHVHQWDWLRQ�DW� WKH�
VDPH�WLPH��ZH�ZHUH�DEOH�WR�FROODERUDWH�WKURXJK�WKH�VOLGHV�DQG�YLGHR�FRQIHUHQFH�WRROV�LQ�UHDO WLPH�
DV�HIIHFWLYHO\�DV�LI�ZH�ZHUH�LQ�D�IDFH�WR�IDFH�PHHWLQJ��,QVWHDG�RI�UHYLHZLQJ�VHSDUDWH�VKHHWV�RI�SDSHU�
DQG�VSHQGLQJ�WLPH�HQVXULQJ�ZH�ZHUH�ORRNLQJ�DW�WKH�VDPH�SDSHU��RXU�FROODERUDWLRQ�ZDV�PDGH�HDVLHU�
DQG�PRUH� HIILFLHQW�� 7KLV� VXSSRUWHG WKH GHYHORSPHQW� RI� RXU� WHDFKLQJ� SUDFWLFH� E\� DOORZLQJ� XV� WR�
IRFXV� RQ� WKH� DFWXDO� SODQQLQJ� RI� WKH� OHVVRQ�� GHVSLWH� WKH� IDFW� ZH ZHUH� VHSDUDWHG� E\� ODUJH�
JHRJUDSKLFDO�GLVWDQFHV��



'XULQJ�WKLV�SODQQLQJ�PHHWLQJ��WKH�ZKROH�JURXS�ZHQW�RQ�WR�KDYH�DQ�LQ�GHSWK�GLVFXVVLRQ�DERXW�KRZ�
WR� VHW� DQG� VKDUH� OHVVRQ� REMHFWLYHV� ZLWK� RXU� 367V� LQVWHDG� RI� WKH� ORJLVWLFV� RI� KRZ� WR� VKDUH�
GRFXPHQWV� DQG� GHYHORS� VOLGHV�� $V� D� UHVXOW� RI� RXU� GLVFXVVLRQ�� ZH� GHYHORSHG� D� VHW� RI� HVVHQWLDO�
TXHVWLRQV�DQG�FUHDWHG�D�*RRJOH�6OLGH�WR�EH�XVHG�DV�D�SDUW�RI�WKH�OHVVRQ��7KLV�ZDV�KLJKOLJKWHG� E\�
07(��� DQG� 07(��¶V� UHIOHFWLRQV�� WKH IXQFWLRQDOLW\ RI� *RRJOH� GRFV� ZDV� EHQHILFLDO�� EXW� PRUH�
LPSRUWDQWO\��ZH�ZHUH�WKLQNLQJ�DQG�OHDUQLQJ�DERXW�RXU�RZQ�WHDFKLQJ�

,Q� WKLV� PHHWLQJ�� ZH� EHJDQ� SODQQLQJ� RXU� FRPPRQ� OHVVRQ��:H� XWLOL]HG� WKH� FROODERUDWLYH�
>IHDWXUH@� RI� *RRJOH� 'RFV��:H� XVHG�07(��¶V� 3RZHU3RLQW� DQG� FRQYHUWHG� LW� WR� D� OHVVRQ�
RXWOLQH��7KH�RQOLQH�FROODERUDWLRQ�>IHDWXUH@�RI�*RRJOH�+DQJRXWV�IRU�WKH�OHVVRQ�DQG�*RRJOH�
'RFV� IRU� WKH� YLGHR� FKDW� ZDV� H[WUHPHO\� KHOSIXO� LQ� GLVFXVVLQJ� DQG� QRWLQJ� GRZQ� RXU�
WKRXJKWV«�� 2QH� PDMRU� FKDQJH� WR� P\� SHGDJRJ\� LV� WR� WXUQ� P\� OHVVRQ� REMHFWLYHV� LQWR�
TXHVWLRQV�� ,� IHHO� QRZ� WKDW� LW� LV� H[WUHPHO\� KHOSIXO� WR� KDYH� P\� REMHFWLYHV� DV� JXLGLQJ�
TXHVWLRQV��,�DP�ZRUNLQJ�RQ�KDYLQJ�D�JUHDW�RSHQLQJ�DQG�FORVLQJ��DQG�D�JRRG�PLGGOH��WRR���
,�WKLQN�WKDW�WKH�HVVHQWLDO�TXHVWLRQV�FDQ�EH�DVNHG�LQ�WKH�EHJLQQLQJ��EXW�PRUH�HVSHFLDOO\�DW�
WKH�HQG�WR�KDYH�D�JUHDW�FORVLQJ�VR�WKH�VWXGHQWV�FDQ�XQGHUVWDQG�ZKDW�WKH\�ZHUH�VXSSRVHG�WR�
DQG�KDYH�VDWLVIDFWLRQ�ZLWK�WKHLU�OHDUQLQJ��07(����2QOLQH�-RXUQDO������������

,Q�WHUPV�RI�P\�RZQ�WHDFKLQJ��,�UHDOO\�OLNH�07(��¶V�HVVHQWLDO�TXHVWLRQV��,� WKLQN�WKH\�DUH�
VLPLODU�WR�REMHFWLYHV�ZKLFK�,¶YH�DOZD\V�GRQH��EXW�VLQFH�,�NQRZ�,�KDYH�LVVXHV�ZLWK�OHVVRQ�
FORVXUH�� SHUKDSV� VWDUWLQJ� DQG� HQGLQJ�P\� OHVVRQV�ZLWK� WKH� VDPH� HVVHQWLDO� TXHVWLRQV�ZLOO�
NHHS� ERWK�PH� DQG�P\� VWXGHQWV� RQ� WKH� VDPH� SDJH�� 7KLV� LV� VRPHWKLQJ� ,� ZDQW� WR� WU\� RXW�
LPPHGLDWHO\ �07(����2QOLQH�-RXUQDO������������

7KH� DELOLW\� WR�GHYHORS� WKH� OHVVRQ� LQ� UHDO WLPH� WRJHWKHU� XVLQJ� FROODERUDWLYH� WRROV� VXSSRUWHG XV� WR�
GLVFXVV�RXU� WHDFKLQJ�GHFLVLRQV� DV�ZH FUHDWHG� WKH� OHVVRQ� WRJHWKHU��ZKLFK� OHG� WR�XV� OHDUQLQJ�PRUH�
DERXW� WHDFKLQJ��(DFK�SHUVRQ� FRQWULEXWHG� DQG�TXHVWLRQHG�GHFLVLRQV�� DQG� HDFK�SHUVRQ�ZDV� DEOH� WR�
FKDQJH�WKH�RIILFLDO� OHVVRQ�SODQ�LQ�D�ZD\�ZH�FRXOG�DOO�ZLWQHVV�DQG�GLVFXVV�DV�LW�ZDV�KDSSHQLQJ��,W�
ZDV�DFWLYH��SDUWLFLSDWRU\�SURIHVVLRQDO�GHYHORSPHQW�ZLWK�EXLOW�LQ�DFFRXQWDELOLW\� ZH�ZHUH�DOO�JRLQJ�
WR�EH�WHDFKLQJ�WKLV OHVVRQ��$V�WKH�IROORZLQJ�TXRWH�GHPRQVWUDWHV��ZH�ZHUH�OHDUQLQJ�DQG�DSSUHFLDWLQJ�
KRZ�WHFKQRORJ\�VXSSRUWHG�RXU�GHYHORSPHQW� ³,�/29(�*RRJOH�'RFV�DQG� WKH� IDFW� WKDW�ZH�DUH�DOO�
ZRUNLQJ� RQ� WKH� GRFXPHQW� WRJHWKHU��:H� DUH� DEOH� WR� WDON� DERXW� LW�� WKLQN� RXW ORXG�� DVN� HDFK� RWKHU�
TXHVWLRQV� DQG� PDNH� SURJUHVV´� �07(���� 2QOLQH� -RXUQDO� ������������ 7HFKQRORJ\� PDGH�
FRPPXQLFDWLRQ�HDV\�IRU�XV�WR�IRFXV�RQ�WKH�DFWXDO�OHVVRQ�VWXG\��DQG�WKXV��JURZ�SURIHVVLRQDOO\��

$�ZLQGRZ�LQWR�RQH�DQRWKHU¶V�FODVVURRPV

2QH�RI�WKH�PRVW�SRZHUIXO�H[SHULHQFHV�RI�HQJDJLQJ�LQ�WKLV�WHFKQRORJ\�IDFLOLWDWHG�OHVVRQ�VWXG\ ZDV�
WKDW� LW�SURYLGHG XV�ZLWK�D�ZLQGRZ� LQWR�RQH�DQRWKHU¶V�FODVVURRPV� WR� UHIOHFW� DQG�JURZ�GHVSLWH� WKH�
JHRJUDSKLFDO�GLVWDQFH��7KLV�RFFXUUHG�LQ�WZR�ZD\V��WKH XVH�RI�YLGHR�ZLWK�*RRJOH�'ULYH�XSORDG�DQG�
SOD\EDFN�FDSDELOLWLHV� DQG�WKH XVH�RI�*RRJOH�+DQJRXW�WR�ZDWFK�D�OHVVRQ�LQ�UHDO WLPH�

9LGHRWDSHG� OHVVRQV� $V� ZH� ZHUH� XQDEOH� WR� SK\VLFDOO\� REVHUYH� OHVVRQV� LQ� SHUVRQ�� WKH�
YLGHRWDSHG� OHVVRQV�DOORZHG�XV� WR�REVHUYH�RQH�DQRWKHU¶V� LQVWUXFWLRQ� WR�VHH� WKH�GLIIHUHQW� VWUDWHJLHV�
ZH�HDFK�XVHG� WR�HQJDJH�RXU�367V��JLYH�HDFK�RWKHU� IHHGEDFN�IRU� LPSURYHPHQW�DQG�UHIOHFW�RQ�RXU�
RZQ�WHDFKLQJ��7KHVH�YLGHRWDSHG�OHVVRQV�ZHUH�DUWLIDFWV�WKDW�ZH�FRXOG�SDXVH��UHZLQG��UHYLHZ�DQG XVH�
WR IRFXV�RQ�VSHFLILF�DVSHFWV�RI�RXU�WHDFKLQJ��

7KURXJKRXW� RXU� HDUO\� GLVFXVVLRQV� ZKHQ� ZH� YLHZHG� RXU� WHDFKLQJ�� ZH� UHDOLVHG� WKDW� ZH� ZHUH� QRW�
SUHVVLQJ� RXU� 367V� HQRXJK� IRU� MXVWLILFDWLRQ� RQ� WKHLU� LQVWUXFWLRQDO� GHFLVLRQV� QRU� RQ� KRZ� WKRVH�



GHFLVLRQV�ZRXOG�GHYHORS�WKH�FKLOGUHQ¶V�PDWKHPDWLFDO�XQGHUVWDQGLQJ�RI�PXOWLSOLFDWLRQ��$QDO\VLV�RI�
GDWD� KLJKOLJKWHG� WKH� OHVVRQ� VWXG\¶V� LPSDFW� RQ� RXU� RZQ� JURZWK� LQ� EHLQJ� DZDUH� RI� RXU� 367V¶�
WKLQNLQJ��7HXVFKHU��6ZLW]HU� DQG�0RUHZRRG� �������FDOO� IRU�07(V� WR� FRQFHSWXDOLVH� WKH� VXEWOHWLHV�
DQG� FRPSOH[LWLHV� RI� WHDFKLQJ� SUDFWLFHV� SULRU� WR� WHDFKLQJ� WR� VXSSRUW� 367V¶� GHYHORSPHQW� RI�
XQGHUVWDQGLQJ��2XU�GDWD�DQDO\VLV�UHYHDOHG�WKDW�GXH�WR�WKH�LQYROYHPHQW�LQ�OHVVRQ�VWXG\��ZH�JUHZ�LQ�
RXU�DELOLW\�WR�TXHVWLRQ�367V��DQG�WR�UHFRJQLVH�DQG�XVH�³WHDFKDEOH�PRPHQWV´ WR�VWLPXODWH�RXU�367V¶�
OHDUQLQJ��

7KURXJKRXW� WKH� OHVVRQ�VWXG\� SURFHVV�� ZH� KDG� ULFK� GLVFXVVLRQV� DERXW� ZKDW� LW� PHDQW� WR� SXVK� RXU�
367V��$Q�H[DPSOH�RI�WKLV�LV�VKRZQ�LQ�07(��¶V�UHIOHFWLYH�MRXUQDO�HQWU\�LQ�ZKLFK�VKH�FRQWHPSODWHG�
KHU�RZQ�TXHVWLRQLQJ� ³ZKHQ�ZH�ZDQW�WR�SXVK�VWXGHQWV�WKHUH�DUH�VR�PDQ\�ZD\V�WR�SXVK�WKHP�± \RX�
FDQ�SXVK�RQ�VWUDWHJLHV �L�H��PDNLQJ���V���QXPEHU�FKRLFHV��SUREOHP�W\SHV��RU«´��07(��� MRXUQDO��
����������� (DUO\� RQ�� ZH� VWUXJJOHG� WR� DVN� TXHVWLRQV� DQG� SXVK� RXU� 367V� RQ� WKHLU� ³QH[W�VWHS´�
GHFLVLRQV�� ,Q� WKH� H[DPSOH�EHORZ��07(���EHJDQ� WKH� FRQFOXGLQJ�GLVFXVVLRQ�E\� DVNLQJ� D� JURXS� WR�
VKDUH�WKHLU�QH[W�VWHSV�DQG�WKH�UHDVRQLQJ�EHKLQG�WKHP�

367���� ���EHFDXVH� LW� GLGQ¶W� VHHP� WKDW� D� ORW� RI� WKH�NLGV� DFWXDOO\� XVHG�PXOWLSOLFDWLRQ��ZH�
ZDQW>HG@ WR�VHH�LI� WKH\�XQGHUVWDQG��:H�VDZ�WKDW�WKH\�XQGHUVWDQG�WKH�SURFHVV�RI�
JURXSLQJ� LQ� D� FHUWDLQ� DPRXQW�� EXW� ZH� ZDQW� WR� VHH� LI� WKH\� DUH� DFWXDOO\� DEOH� WR�
PXOWLSO\�WKRVH�JURXSV�WRJHWKHU� VR�ZH�VDLG�ZH�ZRXOG�GR�VPDOOHU�QXPEHUV�OLNH���
WLPHV� ��� ZKLFK� DUH� DOVR� PRUH� URXQGHG� RII� WR� VHH� LI� WKH\� DUH� DEOH� WR� DGG�
DGGLWLRQDO�JURXSV�WR�WKDW�DQG�WKHQ�FRQQHFW�WKDW�WR�PXOWLSO\LQJ�

07(����6R�ZKDW�ZRXOG�\RXU�JRDO�IRU�WKH�OHVVRQ�EH"
367���� 7R�VHH�LI�WKH\�DUH�DEOH�WR�QRW�UHO\�RQ�DGGLWLRQ�DQG�DFWXDOO\�PXOWLSO\�
367���� $QG�XQGHUVWDQG�WKH�UHODWLRQVKLS�EHWZHHQ�DGGLWLRQ�DQG�PXOWLSOLFDWLRQ�
07(����2ND\��VR�ZKDW�ZRXOG�\RX�KRSH�\RX�ZRXOG�VHH�LQ�WHUPV�RI ± \RX�VDLG�LI�\RX�GLG���

WLPHV�����ZKDW� W\SHV�RI�VWUDWHJLHV�ZRXOG�\RX�KRSH� WR�VHH"�,�NQRZ�,¶P�SXVKLQJ�
\RX��/LNH�ZKHQ�\RX�VD\�\RX�KRSH�WR�VHH�WKHP�GR�PXOWLSOLFDWLRQ��ZKDW�ZRXOG�\RX�
KRSH�WR�VHH"

367���� ,� WKLQN� OHVV� RI� D� UHOLDQFH� RQ� WKH� FRXQWLQJ� E\� RQHV�� OHVV� RI�0ROO\� DQG� 7\UHOO¶V�
PHWKRG� DQG� PRUH� RI�� LW� PLJKW� VWLOO� EH� RND\� IRU� WKHP� WR� GR� ��� ��� ���� ���� EXW�
EHFDXVH�WKH\�XQGHUVWDQG�WKDW�WKH\�DUH�HTXDO�JURXSV��UDWKHU�WKDQ�MXVW�WKLQNLQJ�RI�LW�
DV�DGGLQJ�

07(���WKHQ�PRYHG�RQ�WR�D�GLIIHUHQW�JURXS�WR�GLVFXVV�WKHLU�QH[W�VWHSV��$OWKRXJK�VKH�VDLG�VKH�ZDV�
SXVKLQJ� WKHP�� VKH� VWUXJJOHG� ZLWK� SXVKLQJ� 367V¶� WKLQNLQJ� SDUWLDOO\� GXH� WR� WLPH FRQVWUDLQWV EXW�
PRVWO\� EHFDXVH� RI� RXU� JURXSV¶� ODFN� RI� DQWLFLSDWLQJ� RXU� 367V¶� UHVSRQVHV�� 7KLV� LV� IXUWKHU�
H[HPSOLILHG�WKURXJK�07(��¶V UHIOHFWLRQ�DIWHU�WHDFKLQJ�WKH�VHFRQG�SDUW�RI�WKH�OHVVRQ�

,� IHOW� OLNH� LW� DOO� ZHQW� ZRQGHUIXOO\� XQWLO� ,� ZDV� UXVKHG� DW� WKH� HQG�� 7KH\� KDG� YHU\� VKRUW�
GLVFXVVLRQV�DERXW�ZKDW�WDVN�WKH\�ZRXOG�SRVH�WR�WKH�ZKROH�FODVV�DQG�,�GLGQ¶W�JR�D�JRRG�MRE�
UHVSRQGLQJ�� ,� WULHG� WR� SXVK� RQH� JURXS�� EXW� GLGQ¶W� KDYH� WLPH� WR� GR�PRUH����� 7ZR� RI� WKH�
JURXSV� ZDQWHG� WR� UHWXUQ� WR� DQ� HDVLHU� SUREOHP� DQG� KDYH� WKH� VWXGHQWV� DFWXDOO\� PXOWLSO\��
7KH\�UHDOO\�ZDQW�WR�VHH�D>Q@ ³[´�V\PERO��7KH�RWKHU�JURXS�ZDQWHG�WR�IRFXV�RQ�DUUD\V��EXW�
ZHUH QRW�VSHFLILF�DV�WR�KRZ�WKH\�ZRXOG�GR�VR��,�ZLVKHG�WKDW�DV�D�JURXS�ZH�KDG�QRW�RQO\�
WDONHG�DERXW�RXU�RZQ�QH[W�VWHS��EXW�DOVR�KRZ�WR�UHVSRQG�WR�RXU�VWXGHQWV¶�DQG�SXVK�WKHP�
IXUWKHU��07(���MRXUQDO������������

)XUWKHU�DQDO\VLV�VKRZV�WKDW�ZH�EHFDPH�EHWWHU�DEOH� WR�DQWLFLSDWH�RXU�367V¶�UHVSRQVHV�WKURXJK�RXU�
LWHUDWLYH� GLVFXVVLRQV� DQG� UHIOHFWLRQV�� )RU� H[DPSOH��07(��¶V� 367V� LQGLFDWHG WKDW WKH\� ZDQWHG� D�



VWXGHQW�VKRZQ�LQ�D�YLGHR��&DUSHQWHU�HW�DO��������WR�PRYH�IURP�GLUHFW�PRGHOLQJ��D�VROXWLRQ�VWUDWHJ\�
ZKHUH�D�VWXGHQW�SK\VLFDOO\�UHSUHVHQWV�WKH�JURXSV�DQG�LWHPV�LQ�D�JURXS�ZLWK�EORFNV�RU�LQ�D�GUDZLQJ�
DQG� FRXQWV� WKH� WRWDO� QXPEHU� RI� REMHFWV�� WR� D� VNLS�FRXQWLQJ� VWUDWHJ\� �FRXQWLQJ� E\� WKH� QXPEHU� RI�
LWHPV� LQ� WKH� JURXS���%HFDXVH�� EDVHG� RQ� VWXGHQW� UHVSRQVHV� IURP�SUHYLRXV� LWHUDWLRQV� LQ� WKH� OHVVRQ�
VWXG\��ZH�KDG�DQWLFLSDWHG�WKH�367V¶�UHVSRQVHV�ZRXOG�ODFN�VSHFLILFLW\��07(���SXVKHG�KHU�367V�WR�
SURYLGH�MXVWLILFDWLRQV�IRU�WKHLU�UHVSRQVHV��7KLV�OHG�WR�367V�UHIHUHQFLQJ�FKLOGUHQ¶V�DELOLW\�WR�VXELWLVH�
�LQ� RWKHU� ZRUGV�� WKH� GHJUHH� WR� ZKLFK� FKLOGUHQ� ILQG� LW� ³HDV\� WR� YLVXDOLVH´� DQG� UHFRJQLVH� VPDOO�
TXDQWLWLHV�RI�REMHFWV��DQG� WKH�VWDQGDUGV��³WKH\� OHDUQ� WR� VNLS�FRXQW�E\� WHQ´� LQ�NLQGHUJDUWHQ��ZKHQ�
UDWLRQDOLVLQJ�WKHLU�H[SODQDWLRQV��7KH�WUDQVFULSW�RI�07(��¶V�GLVFXVVLRQ�IRU�YLGHR������&DUSHQWHU�HW�
DO��������SURYLGHV�HYLGHQFH�RI�WKLV�

07(����,I�ZH�ZHUH�WR�WKLQN�RI�D�QH[W�VWHS��ZKDW�ZRXOG�ZH�GR��ZKDW�SUREOHP�ZRXOG�ZH�
SRVH��ZKDW�TXHVWLRQ�ZRXOG�ZH�DVN"

367���� 7U\�WR�PRYH�KHU�RQ�WR�VNLS�FRXQWLQJ��6R�WKDW�VKH�LV�FRXQWLQJ�HDFK�RQH��WU\�WR�JHW�
KHU�WR�FRXQWLQJ�E\�WZRV��LQVWHDG�RI�RQH�DW�D�WLPH��

07(����$UH�WKHUH�DQ\�RWKHU�ZD\V�WR�WU\�WR�JHW�KHU�WR�VNLS�FRXQW"�
367���� ,�GRQ¶W�NQRZ�LI� LW�ZRXOG�EH� VNLS�FRXQWLQJ�EXW�DW� OHDVW�KDYH�KHU� UHDOLVH� WKDW� VKH�

KDG�VL[�LQ�WKH�ILUVW�JURXS�DQG�WKHQ�MXVW�JRLQJ������������«DW�OHDVW�QRW�KDYLQJ�KHU�
FRXQW�WKH�ZKROH�ILUVW�JURXS��

07(����$W�OHDVW�MXVW�UHPHPEHULQJ�WKDW�ILUVW�JURXS��6R�KRZ�ZRXOG�ZH�JHW�KHU�WR�GR�WKDW��WR�
QRW�FRXQW�WKDW�ILUVW�JURXS"

367���� -XVW�DVN�KHU��KRZ�PDQ\�DUH�LQ�WKDW�SLOH"�,Q�WKH�ILUVW�RQH"�
07(����6R�DVNLQJ�KHU�KRZ�PDQ\�DUH�LQ�WKDW�SLOH�RU�KRZ�PDQ\�DUH�LQ�HDFK�SLOH�
367���� <RX� FRXOG� VWDUW� ZLWK� VPDOOHU� QXPEHUV� VR� LW� LV� HDVLHU� IRU� KHU� WR� YLVXDOLVH� WKH�

VPDOOHU�QXPEHU� UDWKHU�WKDQ�WKHUH�EHLQJ�VR�PXFK�RQ�HDFK�SODWH�
07(����2ND\��VR�ZKDW�QXPEHU�FKRLFHV�ZRXOG�\RX�SLFN"
367���� 6RPHWKLQJ�VPDOO� OLNH���RU�XQGHU��&ORVHU�WR���RU���
07(����$Q\�SDUWLFXODU�UHDVRQ�IRU���RU��"
367���� ,W¶V�MXVW�UHDOO\�HDV\�WR�YLVXDOLVH��,W¶V�ODUJHU�WKDQ�RQH��VR�\RX�DUH�QRW�FRXQWLQJ�E\�

RQHV��EXW� LW� LV�VWLOO�VPDOO�HQRXJK� DQG��� LV�NLQG�RI�ZKDW�\RX�FRXOG�GR�ZLWK�RQH�
KDQG��

367���� 7HQV�ZRXOG�ZRUN�UHDOO\�ZHOO��EHFDXVH�VKH�ZRXOG�NQRZ�WKDW�LW�LV�WKUHH�JURXSV�RI�
����6R�WKDW�ZRXOG�EH�UHDOO\�HDV\�WR�VKRZ��LI�\RX�KDYH�WKUHH�WHQV��LW¶V�����,�WKLQN��
ULJKW"�%HFDXVH�WKH\�OHDUQ�WR�VNLS�FRXQWLQJ�E\�����LQ�WKH�VHFRQG�JUDGH ± \RX�VDLG�
HDUOLHU"�

07(����,Q�NLQGHUJDUWHQ�
367���� 6R�WKH\�VKRXOG�NQRZ�WKDW�DOUHDG\��6R�WKDW�ZRXOG�EH�D�JRRG�LQWURGXFWLRQ�WR�XVH�

VNLS�FRXQWLQJ�WR�VROYH�PXOWLSOLFDWLRQ��

$IWHU�WHDFKLQJ�WKLV�OHVVRQ��07(���UHIOHFWHG�LQ�KHU�MRXUQDO�

5HDOO\�HQVXULQJ�WKDW�ZH�DUH�SXVKLQJ�IRU�WKH�KRZV�DQG�ZK\V�DUH�VR�LPSRUWDQW��,�WKLQN�DOVR��
UHIOHFWLQJ�EDFN�WR�RXU�OHVVRQV�LQ�WKH�IDOO��,�WKLQN�WKDW�RQH�UHDVRQ�ZH�GLG�QRW�JHW�WKH�UHVXOWV�
ZH�ZDQWHG�ZDV�EHFDXVH ZH�GLG�QRW� IRFXV�RQ� WKHVH�TXHVWLRQV��EXW�DOVR�� ,� WKLQN�ZH�ZHUH�
XQVXUH�DV�WR�UHDOO\�ZKDW�ZH�ZDQWHG�VWXGHQWV�WR�VD\�RU�JHW�RXW�RI�WKH�OHVVRQ��<HV��ZH�GLG�
VD\� ZH� ZDQW� WKHP� WR� GHFLGH� QH[W� VWHSV� EXW� ,� WKLQN� WKURXJK� WKLV� SURFHVV� ZH� WRR� KDYH�
EHFRPH�PRUH�VSHFLILF�DQG�DVNHG�KRZ�DQG�ZK\�TXHVWLRQV�WR�RXUVHOYHV��ZKLFK�KDYH�LQ�WXUQ�
FDXVHG�XV�WR�EH�PRUH�VSHFLILF�DQG�KDYH�FOHDUHU�H[SHFWDWLRQV�RI�WKH�OHVVRQ�DQG�RXU�VWXGHQWV�
�07(���MRXUQDO������������



7KLV SURFHVV�RI�FULWLTXLQJ�RXU�WHDFKLQJ DV�07(V LOOXVWUDWHG�WKH�JURZWK LQ�RXU�WHDFKLQJ�SUDFWLFH� DV�
ZH�SXVKHG RXU�VWXGHQWV�IRU�MXVWLILFDWLRQV��7KH�IROORZLQJ�H[FHUSWV�DOVR�KLJKOLJKW�KRZ�ZDWFKLQJ�RQH�
DQRWKHU¶V�YLGHRWDSHG�OHVVRQV�FDXVHG�XV�WR�UHIOHFW�RQ�RXU�RZQ�WHDFKLQJ�DQG�JURZ�DV�SURIHVVLRQDOV��

,W�VHHPV�OLNH�WKH�PDMRU�WKLQJ�IRU�XV�WR�GR�DV�LQVWUXFWRUV�LV�WR�DVN�³ZK\´�DQG�WR�SXVK�WKHP�
>367V@�WR�EH�PRUH�VSHFLILF��,�GLG�HQMR\�ZDWFKLQJ�07(���DV�VKH�WDXJKW��,W�ZDV�VR�JRRG�WR�
VHH�KHU� LQ�D�GLIIHUHQW� OLJKW� ZH�VHH�HDFK�RWKHU�HYHU\�ZHHN� IRU�RXU�PHHWLQJV�DQG�*RRJOH�
+DQJRXWV�EXW�LW�ZDV�QLFH�WR�VHH�KHU�HQJDJLQJ�LQ�KHU�SUDFWLFH��LQ�IURQW�RI�D�FODVV�DQG�DVNLQJ�
TXHVWLRQV��6KH�DVNHG�D�ORW�RI�JRRG�TXHVWLRQV��07(����2QOLQH�-RXUQDO������������

,�ORYHG�ZDWFKLQJ�07(��¶V�YLGHR�DQG�WDNLQJ�QRWHV��,W�ZDV�JUHDW�WR�VHH�DOO�RI�RXU�KDUG�ZRUN�
LQ� DFWLRQ�� $V� ,� ZDWFKHG�� ,� ZDV� FRQVWDQWO\� WKLQNLQJ� DERXW� KRZ� WKLV� ZRXOG� ZRUN� LQ� P\�
FODVV��KRZ�GR�,�DQWLFLSDWH�LW�EHLQJ�VLPLODU�RU�GLIIHUHQW��:KDW�ZRXOG�,�OLNH�WR�FKDQJH«KRZ�
ZLOO�,�&87�7,0(�EHFDXVH�,�KDYH�OHVV�WLPH�WR�VSHQG�WKDQ�VKH�GLG��,� ORYHG�ZKHQ�07(���
ZRXOG�VD\�RU�GR�VRPHWKLQJ�WKDW�,�ZRXOGQ¶W�KDYH�QDWXUDOO\�GRQH��07(����2QOLQH�-RXUQDO��
����������

$V�VHHQ�WKURXJK�WKH�H[FHUSWV�DERYH��07(���DQG����UHIOHFWHG�RQ�WKHLU�RZQ�WHDFKLQJ�ZKLOH�ZDWFKLQJ�
YLGHRV�RI�WKHLU�SHHUV��7KH\�ZHUH�VHOI�DQDO\VLQJ�WKHLU�RZQ�WHDFKLQJ��VSHFLILFDOO\�FRQVLGHULQJ�KRZ�WR�
LQFRUSRUDWH�PRUH�TXHVWLRQLQJ�WR�HOLFLW�VWXGHQW�UHVSRQVHV�DQG�UHIOHFWLQJ�RQ�DGDSWLQJ�VWUDWHJLHV�LQWR�
WKHLU�FODVVURRPV��

5HDO�WLPH�FODVVURRP�REVHUYDWLRQ��,Q�DGGLWLRQ�WR�RXU�REVHUYDWLRQV�RI�RQH�DQRWKHU¶V�WHDFKLQJ�
WKURXJK� YLGHRWDSHG� OHVVRQV�� WKH� WHFKQRORJ\� DOVR� RSHQHG� D� ZLQGRZ LQWR� WKH� FODVVURRP� WKRXJK�
SURYLGLQJ� D� PHDQV� IRU� D� JURXS� REVHUYDWLRQ� RI� D� UHDO�WLPH� OHVVRQ�� 8VLQJ� *RRJOH� +DQJRXW�� ZH�
YLUWXDOO\�MRLQHG�07(��¶V�FODVV�DQG�ZDWFKHG�DV�VKH�SUHVHQWHG�WKH�SODQQHG�OHVVRQ�WR�KHU�367V��$V�
07(���WDXJKW�WKH�OHVVRQ��WKH�RWKHU�IRXU�07(V�REVHUYHG��DQDO\VHG DQG�WRRN�UHDO�WLPH�REVHUYDWLRQ�
QRWHV�RQ�D�*RRJOH�'RF��:H�NHSW�D�UXQQLQJ�GLDORJXH�EHWZHHQ�HDFK�RWKHU�IRFXVHG�RQ�VWUDWHJLHV�DQG�
WHDFKLQJ�WKDW�ZRUNHG�ZHOO�RU�QHHGHG�WR�EH�DGGUHVVHG�LQ�WKH�OHVVRQ��7KH�IROORZLQJ�H[FHUSW�VKRZV�D�
GLDORJXH�EHWZHHQ�07(���DQG�07(���RQ�WKH�*RRJOH�'RF�GXULQJ�WKH�OHVVRQ�

07(���� ,� WKLQN� ZKDW� LV� PLVVLQJ� LV� PRUH� GLVFXVVLRQ� RI� PDWKHPDWLFDOO\� ZK\� WKLV� ZDV� D�
VRSKLVWLFDWHG� PHWKRG��:KDW� LW� VKRZV� DERXW� WKH� VWXGHQW¶V� QXPEHU� VHQVH� DQG� KHU�
XQGHUVWDQGLQJ�RI�$�JURXSV�RI�%���DP�,�FRUUHFW�WKDW�WKH\�VWLOO�KDYHQ¶W�XVHG�$�JURXSV�
RI�%�SKUDVLQJ"�

07(���� <HV�� ,� KDYH� QRW� KHDUG� WKDW� SKUDVLQJ� \HW� �5HDO�7LPH� 2EVHUYDWLRQ� 1RWHV��
����������

,W�ZDV�WKURXJK�WKLV�GLVFXVVLRQ�WKDW�WKH�07(V�LGHQWLILHG�D�SRUWLRQ�RI�WKH�OHVVRQ�WKDW�07(���VNLSSHG��
:KLOH� 07(��¶V� FODVV� ZDV� RQ� EUHDN� RU� ZRUNLQJ� RQ� LQGHSHQGHQW� VPDOO�JURXS� DFWLYLWLHV�� WH[W
PHVVDJLQJ� SURYLGHG� D� FRQYHQLHQW� ZD\� WR� FRPPXQLFDWH� VWUDWHJLHV� DQG� VXJJHVWLRQV� WR� DGMXVW�
WHDFKLQJ�DQG�REVHUYDWLRQ�RI�WKH�OHVVRQ�LQ�UHDO WLPH��)LJXUH��� LOOXVWUDWHV VRPH�RI�WKH�FRQYHUVDWLRQ�
WKDW�RFFXUUHG�RYHU�WH[W�PHVVDJLQJ�GXULQJ�WKH�EUHDN�



)LJXUH��� 7H[W�PHVVDJHV�VKDUHG�EHWZHHQ�07(V�DW�WKH�EHJLQQLQJ�RI�WKH�OHVVRQ

7KH�H[FKDQJHV�ZHUH�TXLFN�DQG� WR� WKH�SRLQW� DV�07(���ZDV� LQ� WKH�PLGGOH�RI� WHDFKLQJ�KHU� OHVVRQ�
DQG�RQO\�KDG�D�PRPHQW�WR�FRQYHUVH��,Q�)LJXUH����07(����D�FRQWHQW�07(��DGGUHVVHG�WKH�QHHG�WR�
IRFXV� RQ� WKH� PHDQLQJ� RI� PXOWLSOLFDWLRQ� DV� $ JURXSV� RI %�� ZKLOH� 07(���� D� PHWKRGV� 07(��
PHQWLRQHG� WKH� PLVVHG� RSSRUWXQLW\� WR� DGGUHVV� WKH� FRQWHQW� VWDQGDUGV�� 7KLV� FROODERUDWLRQ� EHWZHHQ�
FRQWHQW� DQG� PHWKRGV�07(V� DOORZHG� IRU� XV� WR� HQVXUH� WKDW� ERWK� DUHDV� �PDWKHPDWLFV� FRQWHQW� DQG�
SHGDJRJ\��ZHUH�DGGUHVVHG� LQ� WKH� OHVVRQ��$IWHU�07(���YLHZHG� WKH�PHVVDJHV�� VKH�EHJDQ� WKH�QH[W�
SDUW�RI WKH�OHVVRQ�E\�GUDZLQJ�VWXGHQWV¶�DWWHQWLRQ�WR�WKH�FRQFHUQV�KLJKOLJKWHG�E\�WKH�RWKHU�07(V��
7HFKQRORJ\�WKXV�IDFLOLWDWHG�RXU�UHDO�WLPH�REVHUYDWLRQ�RI�07(��¶V�FODVVURRP��SURYLGHG�D�OHDUQLQJ�
RSSRUWXQLW\� DFURVV� JHRJUDSKLFDO� GLVWDQFHV� DQG� VHUYHG� DV� D� UHZDUGLQJ� DQG� SRZHUIXO� PHDQV� RI�
SURIHVVLRQDO�UHIOHFWLRQ�IRU�HYHU\RQH� DV�KLJKOLJKWHG�WKURXJK�WKH�H[FHUSW�EHORZ��

07(����,�ZRXOG�HYHQ�ORYH�LW�LI�ZH�FRXOG�VRPHKRZ�WHDP�WHDFK�WKLV�OHVVRQ��,�ZRXOG�ORYH�WR�
KDYH� \RX� DOO� FXW� LQ� DQG� DGG� TXHVWLRQV� RU� SXVK� P\� VWXGHQWV¶� WKLQNLQJ� LQ�WKH�
PRPHQW��

07(����,�DJUHH��,�QHHG�WR�JHW�EHWWHU�DW�SXVKLQJ�P\�VWXGHQWV¶�WKLQNLQJ�DQG�KDYLQJ�\RX�DOO�
DURXQG� WR� KHOS� SXVK� ZRXOG� EH� LQWHUHVWLQJ� �5HDO�7LPH� 2EVHUYDWLRQ� 1RWHV��
����������

$V� ZH� ZDWFKHG� DQG� GLVFXVVHG� PLVVHG� RSSRUWXQLWLHV�� ZH� UHFRJQLVHG� WKH� SRZHU� LQ VHHLQJ RWKHUV�
PRGHOLQJ�SUDFWLFHV�VXFK�DV�KRZ�WR�SUHVV�VWXGHQWV�IRU�MXVWLILFDWLRQV�DQG�KRZ�WR�FULWLTXH�RXU�WHDFKLQJ�
SUDFWLFHV��7KHVH�FRQYHUVDWLRQV�DQG�WKH�RSSRUWXQLW\�WR�YLHZ�RQH�DQRWKHU�LQ�WKH�FODVVURRP�SURYLGHG�
D�ZLQGRZ�IRU�XV�WR�UHIOHFW�RQ�DQG�GHYHORS�RXU�RZQ�WHDFKLQJ�SUDFWLFH�

%XLOGLQJ�SURIHVVLRQDO�UHODWLRQVKLSV�DQG�VROLGLI\LQJ�RXU�FRPPXQLW\�RI�SUDFWLFH

$V� ZH� FRQWLQXHG� RXU� FROODERUDWLRQ� WKURXJKRXW� WKH� OHVVRQ� VWXG\�� RXU� GLVFXVVLRQV� EURDGHQHG� WR�
LQFOXGH� FRQYHUVDWLRQV� DERXW� FRPPRQ� VWUXJJOHV�� LQWHUHVWV� DQG� WHDFKLQJ� RU� UHVHDUFK�UHODWHG�
UHVRXUFHV�ZH�HQFRXQWHUHG��,Q�D�VHQVH��RXU�YLUWXDO�FRPPXQLW\�RI�SUDFWLFH�HYROYHG�WR�LQFOXGH�LVVXHV�
RI�LPSRUWDQFH�WR�XV�LQ�RXU� WHQXUH�WUDFN�SRVLWLRQV� UDWKHU�WKDQ�MXVW� IRFXVLQJ�RQ�WKH�VSHFLILF�OHVVRQ�
ZH�ZHUH�UHVHDUFKLQJ��7KURXJK�WKH�XVH�RI�WHFKQRORJ\��ZH�GLVFXVVHG��VKDUHG��DQG�DQDO\VHG�WHDFKLQJ�
DQG�OHDUQLQJ�SURFHVVHV��DQG�VXSSRUWHG�HDFK�RWKHU�LQ�RXU�SURIHVVLRQDO�JURZWK��7KLV�ZDV�SDUWLFXODUO\�
HYLGHQW�LQ�RXU�RQOLQH�MRXUQDOV��



,� ORYH� WKHVH� GLVFXVVLRQV� EHFDXVH� QRUPDOO\� ,� GR� WKLV� RQ� P\� RZQ� DQG� KDYH� WR� PDNH�
GHFLVLRQV�ZLWKRXW�GLVFXVVLRQ��7KLV�OHVVRQ�LV�JRLQJ�WR�NHHS�JHWWLQJ�EHWWHU�DQG�KRQHVWO\��P\�
FRQILGHQFH�LQ�P\�RZQ�LGHDV�LV�JHWWLQJ�EHWWHU��07(����2QOLQH�-RXUQDO������������

2QH�ILQDO�QRWH�RQ�ZKDW�,�JDLQHG�DERXW�WKH�VHQVH�RI�FRPPXQLW\��,�IHHO�PRUH�FRPIRUWDEOH�
DQG�H[FLWHG�DERXW�EHLQJ�D�SURIHVVRU�QRZ�WKDW�,�KDYH�WKLV�JURXS�WR�WDON�ZLWK�DQG�ZRUN�ZLWK��
7KHUH�DUH�PDQ\�GHPDQGV�RQ�SURYLGLQJ�H[FHOOHQW� WHDFKLQJ�DQG�SXEOLFDWLRQV�� ,�NQRZ�WKDW�
P\� SURPRWLRQ DQG� WHQXUH� ILOH� LV� EHWWHU� EHFDXVH� RI� LW�� 7KHVH� DUH� JUHDW� SHRSOH� �07(����
2QOLQH�-RXUQDO������������

%HLQJ�HDUO\�FDUHHU�07(V��DQG�RIWHQ�WKH�RQO\�07(V DW�RXU�LQVWLWXWLRQV��ZH�IRXQG�WKDW�HQJDJLQJ�LQ�D�
YLUWXDO� FRPPXQLW\� RI� SUDFWLFH� RSHQHG� GLIIHUHQW� SDWKV� WKDW KDG� LQLWLDOO\ EHHQ REVWDFOHV� WR� RXU�
JURZWK��:H� ZHUH� DEOH� WR� REVHUYH� D� SHHU� FROOHDJXH� WKURXJK�*RRJOH� +DQJRXW�� SURYLGH� UHDO�WLPH�
IHHGEDFN�DQG�KDYH�GLVFXVVLRQV��OHDUQ�IURP�HDFK�RWKHU�DQG�RIWHQ�SXVK�EDFN�RQ�LGHDV�WR�VROLGLI\�RXU�
RZQ�XQGHUVWDQGLQJ��

7KLV�SXVKLQJ�EDFN�DQG�WKH�07(V¶�VHQVH�RI�FRPIRUW�ZDV�HYLGHQW�GXULQJ�D�SODQQLQJ�FRQYHUVDWLRQ�LQ�
ZKLFK�ZH�GLVFXVVHG�ZD\V�WR�DVVLVW�RXU�VWXGHQWV�LQ�GHFLGLQJ�RQ�WKH�QH[W�LQVWUXFWLRQDO�GHFLVLRQ�IRU�
WKH� ZKROH� FODVV�� ZKLFK� ZH� QRWLFHG� RXU� VWXGHQWV� VWLOO� VWUXJJOHG� WR� DFFRPSOLVK� DIWHU� PXOWLSOH�
UHYLVLRQV� WR�RXU�FRPPRQ�OHVVRQ��0RVW�07(V� LQ� WKH�JURXS�ZDQWHG� WR� SURYLGH� WKH�367V�ZLWK�0U��
+DUULV¶V�LQVWUXFWLRQDO�JRDO�IRU�KLV�QH[W�OHVVRQ��,QVWHDG��07(���ZDQWHG�WKH�367V�WR�GHWHUPLQH�WKH�
JRDO�IRU�WKHPVHOYHV��UDWKHU�WKDQ�LWV�EHLQJ�SURYLGHG��

<HDK��,
P�VWLOO�QRW ± ,
P�JRLQJ�WR�EH�IUDQN ± ,
P�VWLOO�QRW�FRPSOHWHO\�VROG�RQ�WKH�LGHD�RI�
JLYLQJ� WKHP� WKH�JRDO�EHIRUH��/LNH� ,�ZDV� OLVWHQLQJ� WR�\RXU�FRQYHUVDWLRQ�DQG�HYHU\WKLQJ��
DQG� ,�FRPSOHWHO\�XQGHUVWDQG�ZKDW� \RX�JX\V�DUH� VD\LQJ� WKDW� LW
V� OLNH�ZH
UH� VFDIIROGLQJ�D�
OLWWOH�ELW�DQG�DOO� WKRVH�WKLQJV��%XW�ZKDW�,
P�IHHOLQJ�LV��,�KRSH�LW�GRHVQ
W�ERLO�GRZQ�WR�MXVW�
WKH�IDFW�WKDW�WKH\�KDYH�WR�ZULWH�D�SUREOHP�IRU�WKH�JRDO�UDWKHU�WKDQ�FRQQHFW�LW�WR�± KRZ�LW�LV�
WKH�QH[W�VWHSV��07(����3ODQQLQJ�0HHWLQJ����������"

$IWHU�07(��� VKDUHG�KHU� FRQFHUQV��ZH�GLVFXVVHG� WKLV� LVVXH� DQG�07(���SURYLGHG� VXJJHVWLRQV� WR�
PRYH� IRUZDUG�� 07(��� ODWHU� UHIOHFWHG� RQ WKH� GLVFXVVLRQ� DQG� ZURWH�� ³ZKHQ� 07(��� VDLG� WKDW�
VWXGHQWV�QHHG�WR�DQWLFLSDWH�ZKDW�WKH�FKLOGUHQ�ZRXOG�GR�ZLWK�WKH�QH[W�VWHS�WDVN�± LW�ZDV�OLNH�µ$KD�¶
IRU�PH�� µ<HV�����7KDW� LV� LW�¶´� �07(����2QOLQH�-RXUQDO������������7KLV�VKRZV�RXU�JURXS¶V� OHYHO�RI�
FRPIRUW� DQG� RXU� DELOLW\ WR� KDYH� D� GLVFXVVLRQ� DQG� GHFLGH DERXW� KRZ� WR� PRYH� IRUZDUG� ZLWK� WKH�
OHVVRQ��7KURXJKRXW�RXU� WLPH�VWXG\LQJ� WKH�FXUULFXOXP�DQG�VHWWLQJ�JRDOV��SODQQLQJ��FRQGXFWLQJ� WKH�
UHVHDUFK� DQG� UHIOHFWLQJ� RQ� WKH� OHVVRQ� VWXG\�� ZH� GHYHORSHG� UHODWLRQVKLSV� DQG� JUHZ� WR� WUXVW� HDFK�
RWKHU��7KLV�FDQ�EH�VHHQ�LQ�07(��¶V�GLDORJXH�DQG�UHIOHFWLRQ��DV�VKH�ZDV�FRPIRUWDEOH�LQ�FKDOOHQJLQJ�
VXJJHVWLRQV�WR�SXVK�RXU�WKLQNLQJ��+RZHYHU��VKH�ZDV�DOVR�RSHQ�WR�KHDULQJ�LGHDV�DQG�FKDQJLQJ�KHU�
PLQG� WR� VXSSRUW� VWXGHQWV��0HHWLQJ YLUWXDOO\� DQG� HQJDJLQJ� LQ� WKHVH� FRQYHUVDWLRQV� DOORZHG�XV� WKH�
VSDFH�WR�VROLGLI\�RXU�FRPPXQLW\�RI�SUDFWLFH WR ODUJHO\�IRFXV�RQ�GHYHORSLQJ�RXU�SHGDJRJLFDO�VNLOOV
DQG�FRQWLQXH�EXLOGLQJ�RXU�SURIHVVLRQDO�UHODWLRQVKLSV�DQG�DJHQF\�DV�ZH�JUHZ�LQWR�RXU�UROHV�DV�HDUO\�
FDUHHU�07(V�

7HFKQRORJ\�FKDOOHQJHV�DQG�OLPLWDWLRQV

(QJDJLQJ�LQ�WKLV� OHVVRQ�VWXG\�SURFHVV�DFURVV�ILYH�GLIIHUHQW�VWDWHV�DQG DFFRPSOLVKLQJ WKH�WHDFKLQJ�
RI� RXU� FRPPRQ� OHVVRQ� ZRXOG� QRW� KDYH� EHHQ� SRVVLEOH� ZLWKRXW� WHFKQRORJ\� KRZHYHU� ZH� ZHUH�
OLPLWHG�E\�WHFKQLFDO�LVVXHV��7KHUH�ZHUH�WLPHV�ZKHQ�RXU�WHFKQRORJ\�GLG�QRW�ZRUN�GXH�WR�LQVXIILFLHQW�
PHPRU\�VWRUDJH��SODFHPHQW�RI� WKH� UHFRUGHU�RU�KXPDQ�HUURU� LQ� VWDUWLQJ�RU� VWRSSLQJ� WKH� UHFRUGLQJ�



�)LJXUH�����DQG�WLPHV�ZKHQ�RXU�YLGHRV�GLG�QRW�FDSWXUH�VWXGHQWV¶ FRQYHUVDWLRQV�RU�DFWLRQV��:H�ZHUH�
RQO\�DEOH�WR�LQWHUSUHW�DQG�GLVFXVV�WKLQJV�FDSWXUHG�RQ�YLGHR�RU�DXGLR�UHFRUGLQJV��ZKLFK�PD\�KDYH�
RPLWWHG�RWKHU�LPSRUWDQW�DVSHFWV�RI�WKH�OHVVRQ�RU�WHDFKLQJ��

)LJXUH��� 7H[W�PHVVDJH�KLJKOLJKWLQJ�WHFKQRORJ\�FKDOOHQJH

&RQFOXVLRQV�

7KURXJK�WKH�SURFHVV�RI� WHFKQRORJ\�IDFLOLWDWHG�OHVVRQ�VWXG\��ZH�JUHZ�LQWR�D�YLUWXDO�FRPPXQLW\�RI�
SUDFWLFH� IRFXVHG� RQ� RXU� WHDFKLQJ� DQG� LQVWUXFWLRQ��:H� UHIOHFWHG� RQ� RXU� WHDFKLQJ� SUDFWLFH�� JDLQHG�
XQGHUVWDQGLQJ�RI�RXU�367V¶�WKLQNLQJ��OHDUQHG�VWUDWHJLHV�WR�GHYHORS�RXU�367V¶�WKLQNLQJ�DQG�JUHZ�DV�
HDUO\�FDUHHU�KLJKHU�HGXFDWLRQ� IDFXOW\�PHPEHUV��3HUKDSV�RQH�RI� WKH�ELJJHVW� LPSDFWV�KDV�EHHQ� WKH
GHJUHH�WR�ZKLFK�PDQ\�RI�WKH�HIIHFWV�RI�WKH�VWXG\�KDYH�ODVWHG� :H�FRQWLQXH�WR�KROG�ZHHNO\�YLUWXDO�
PHHWLQJV�GXULQJ�ZKLFK�ZH�VKDUH�WHDFKLQJ�UHVRXUFHV��FRQWDFW�RQH�DQRWKHU�ZKHQ�ZH�KDYH�TXHVWLRQV�
DERXW� WHDFKLQJ� GLIIHUHQW� WRSLFV� DQG� VKDUH� FODVVURRP� VXFFHVVHV� DQG� FKDOOHQJHV�ZLWK� RQH� DQRWKHU��
:H�FRQWLQXH�WR HQJDJH�LQ�PXOWLSOH�UHVHDUFK�DFWLYLWLHV�WRJHWKHU� VXFK�DV�SUHVHQWLQJ�DW�FRQIHUHQFHV��
SXEOLVKLQJ�SDSHUV�DQG�EUDLQVWRUPLQJ� LGHDV�IRU�RWKHU� LQGLYLGXDO� UHVHDUFK�SURMHFWV��3DUWLFLSDWLQJ� LQ�
WKH� WHFKQRORJ\�IDFLOLWDWHG� OHVVRQ� VWXG\� SURYLGHG� XV� ZLWK� OHDUQLQJ� RSSRUWXQLWLHV� WR� JURZ� DV�
SURIHVVLRQDOV� DQG� VXSSRUWHG� XV� WR� FUHDWH� PHDQLQJIXO� OHDUQLQJ� H[SHULHQFHV� IRU� RXU� 367V�� 7KH�
VHFWLRQV� EHORZ� RXWOLQH WKH� IXWXUH� UHVHDUFK� GLUHFWLRQV� VWHPPLQJ� IURP� WKLV� SDSHU� DQG� GLVFXVV�
LPSOLFDWLRQV�IRU�KLJKHU�HGXFDWLRQ�

)XWXUH�ZRUN

7KH�GHYHORSPHQW�RI�D�OHVVRQ�WR�VWXG\�OHG�QRW�RQO\ WR RXU�GHYHORSPHQW�DV�FODVVURRP�LQVWUXFWRUV��EXW�
WR�RXU�EHFRPLQJ�SDUW�RI�D�YLUWXDO�FRPPXQLW\�RI�SUDFWLFH��7UDGLWLRQDOO\�OHVVRQ�VWXG\�IRFXVHV�RQ�WKH�



LQFUHDVHG� OHDUQLQJ� RI WKH� VWXGHQWV� KRZHYHU�� ZH� H[WHQGHG� WKH� OHVVRQ�VWXG\� PHWKRGRORJ\� WR�
LQYHVWLJDWH�KRZ�HQJDJLQJ�LQ�WKLV�WHFKQRORJ\�IDFLOLWDWHG�OHVVRQ�VWXG\�VXSSRUWHG�RXU�OHDUQLQJ��,Q�;X�
DQG�3HGGHU¶V��������UHYLHZ�RI�WKH�UHVHDUFK�RQ�OHVVRQ�VWXG\�IURP�����������WKDW�VSDQQHG�WKH�JOREH�
DQG� SUH�.���� HGXFDWLRQ�� WKH\� IRXQG� WKDW� RQO\� �� RI� WKH� UHVHDUFK� DUWLFOHV� IRFXVHG� RQ� WHDFKHU�
OHDUQLQJ� WKURXJK� OHVVRQ� VWXG\�� )XWXUH� ZRUN� FRXOG� LQYHVWLJDWH� WKLV� SURFHVV� RI� OHDUQLQJ� WKURXJK�
OHVVRQ�VWXG\��$V�;X�DQG�3HGGHU��������VWDWH��³7KHUH�UHPDLQV�D�JUHDW�GHDO�RI�IXUWKHU�UHVHDUFK�DQG�
FRQFHSWXDO� ZRUN� WR� GR� EHIRUH� >WKHUH� LV@� D� ZHOO�GHYHORSHG� H[SODQDWRU\� WKHRU\� RI� WHDFKHUV¶� DQG�
VWXGHQWV¶� OHDUQLQJ� LQ� >OHVVRQ� VWXG\@� FRQWH[WV´� �S�� ����� 2XU� QH[W� VWHS� ZLWK� WKLV� UHVHDUFK� LV� WR�
FRQWULEXWH�WRZDUGV�D�WKHRU\�RI�RXU�OHDUQLQJ�WKURXJK�OHVVRQ�VWXG\��+DYLQJ�IRUPHG�D�FRPPXQLW\�RI�
SUDFWLFH� WKURXJK�RXU� WHFKQRORJ\�IDFLOLWDWHG� OHVVRQ�VWXG\�SURFHVV��ZH� FRXOG� XVH�:HQJHU¶V� �������
VRFLDO� WKHRU\� RI� OHDUQLQJ� WR� LQYHVWLJDWH� RXU� OHDUQLQJ� DORQJ� WKH� :HQJHU¶V� IRXU� GLPHQVLRQV��
FRPPXQLW\��OHDUQLQJ�DV�EHORQJLQJ���PHDQLQJ��OHDUQLQJ�DV�H[SHULHQFH���SUDFWLFH��OHDUQLQJ�DV�GRLQJ��
DQG�LGHQWLW\��OHDUQLQJ�DV�EHFRPLQJ���S������

,PSOLFDWLRQV

$OWKRXJK�ZH�PHW�WKURXJK�WKH�67D5�SURJUDP��ZH�EHOLHYH�WKHUH�DUH�ZD\V�IRU�RWKHU�KLJKHU�HGXFDWLRQ�
IDFXOW\ PHPEHUV WR� HQJDJH� LQ� VLPLODU� SURIHVVLRQDO�GHYHORSPHQW� RSSRUWXQLWLHV� DQG� FUHDWH� YLUWXDO�
FRPPXQLWLHV� RI� SUDFWLFHV�� 2QH� VXJJHVWLRQ� LV� WR� UHDFK� RXW� WR� RWKHU IDFXOW\� HLWKHU� DW� WKHLU� RZQ�
XQLYHUVLW\�RU� WKURXJK�SURIHVVLRQDO� RUJDQLVDWLRQV��:KLOH� WKH� IROORZLQJ�REVHUYDWLRQ� IURP�<RVKLGD�
������� S������ ZDV� VSHFLILFDOO\� IRU� .���� WHDFKHUV�� ZH� EHOLHYH� LW� DSSOLHV� GLUHFWO\� WR� RXU� ZRUN� DV�
07(V�

7R�EXLOG�D�FRPPXQLW\�RI�SURIHVVLRQDO�OHDUQLQJ�RU�OHVVRQ�VWXG\�ZKHUH�WHDFKHUV�FDQ�OHDUQ�
IURP�HDFK�RWKHU��ZH�QHHG�WR�EUHDN�WKH�EDUULHU�RI�LVRODWLRQ��,VRODWLRQ�LV�DQ�HQHP\�RI�OHVVRQ�
VWXG\� DQG� SUHFOXGHV� WKH� LPSURYHPHQW� RI� H[SHULHQFH� DQG� NQRZOHGJH� LQ� WHDFKLQJ� DQG�
OHDUQLQJ� E\� WHDFKHUV��:H� QHHG� WR� WKLQN� DERXW� KRZ� ZH� FDQ� VKDUH� RXU� H[SHULHQFHV� DQG�
NQRZOHGJH� JDLQHG� IURP� OHVVRQ� VWXG\� ZLWKLQ� DQG� DFURVV� VFKRROV� WR� VXSSRUW� VWXGHQW�
OHDUQLQJ�DQG�XQGHUVWDQGLQJ�

7KXV��ZH�FDOO�RQ�KLJKHU�HGXFDWLRQ�RUJDQLVDWLRQV�DURXQG�WKH�ZRUOG�WR�SURYLGH�VWUXFWXUH�DQG�VSDFH�
IRU� YLUWXDO� FRPPXQLWLHV� RI� SUDFWLFH� DW� WKH� XQLYHUVLW\� OHYHO� WR� GHYHORS� DQG� SDUWLFLSDWH� LQ� OHVVRQ�
VWXGLHV�� DQG� ZH� FDOO� RQ� QDWLRQDO� DQG� LQWHUQDWLRQDO� DVVRFLDWLRQV� WR� GR� WKH� VDPH� DW� FRQIHUHQFHV��
3HUKDSV�WKURXJK�LQLWLDO�IDFH�WR�IDFH�PHHWLQJV�DW�FRQIHUHQFHV��KLJKHU�HGXFDWLRQ�IDFXOW\ PHPEHUV DW�
GLIIHUHQW�LQVWLWXWLRQV�FDQ�GLVFXVV�PXWXDO�LQWHUHVWV�DQG�GHYHORS�LQWR�YLUWXDO�FRPPXQLWLHV�RI�SUDFWLFH�
WKDW�FDQ�FKRRVH�D�WRSLF�IRU�FRPSOHWLQJ�D�OHVVRQ�VWXG\�

:H� DOVR� FDOO� RQ� KLJKHU�HGXFDWLRQ� LQVWLWXWLRQV� WR� HQVXUH� WKDW� IDFXOW\� KDYH� DFFHVV� WR� XS�WR�GDWH
WHFKQRORJ\� WKDW� VXSSRUWV FROODERUDWLRQ�� 6LQFH� WKH� WLPH� WKDW� ZH� FRQGXFWHG� RXU� OHVVRQ� VWXG\�� WKH�
DGYDQFHV�DQG�DYDLODELOLW\�RI� WHFKQRORJ\�KDYH�FKDQJHG��)RU�RQH��ZH�KDYH�QRZ�VZLWFKHG� WR�=RRP�
IRU�RXU�WHOHFRQIHUHQFLQJ�PHHWLQJV��ZKLFK�DOORZV�XV�WR�UHFRUG�RXU�FRQYHUVDWLRQV�ZLWKLQ�WKH�SURJUDP
DQG WH[W� LQ� UHDO� WLPH�� DQG� KDV� EHHQ� PRUH� VWDEOH� WKDQ� *RRJOH� +DQJRXWV�� 6RPH RI� XV� ZRUN� DW�
LQVWLWXWLRQV�WKDW�KDYH�SURIHVVLRQDO�DFFRXQWV�ZLWK�=RRP� DQG�ZH�DUH�DOORZHG�WR�WDNH�IXOO�DGYDQWDJH�
RI�WKH�SURJUDP¶V�FDSDELOLWLHV��)LQDOO\��ZH�FDOO�RQ�PHPEHUV�RI�WKH�DGPLQLVWUDWLRQ�WR�HQFRXUDJH�DQG�
VXSSRUW�QHZ�WHQXUH�WUDFN�IDFXOW\�PHPEHUV¶�FROODERUDWLRQ�UDWKHU�WKDQ�SXVKLQJ�IRU�VROH�DXWKRUVKLSV�
DQG�UHVHDUFK��$V�&UHVSR��������S� ����ZULWHV��³(GXFDWLRQDO�SUREOHPV�DUH�PXFK�WRR�ELJ�IRU�DQ\�RQH�
RI� XV� WR� WDNH� RQ� DQG� VROYH� E\� RXUVHOYHV�� DQG���LW� ZLOO� WDNH���D� ZKROH� YLOODJH� RI� FRPPLWWHG�
PDWKHPDWLFV�HGXFDWRUV�WR�PDNH�WKH�NLQGV�RI�FKDQJHV�ZH�DUH�DOO�VWULYLQJ�WR�PDNH�´



:LWK� WKH�DGYDQFHV� LQ� WHFKQRORJ\�� WKHVH�YLOODJHV�FDQ�QRZ�FURVV�JHRJUDSKLFDO� ORFDWLRQV�DQG�DVVLVW�
KLJKHU�HGXFDWLRQ� IDFXOW\ PHPEHUV DV� WKH\� FRQWLQXH� WKHLU� SURIHVVLRQDO� GHYHORSPHQW WKURXJK�
SDUWLFLSDWLQJ�LQ�WHFKQRORJ\�IDFLOLWDWHG�OHVVRQ�VWXGLHV�

5HIHUHQFHV

$PEURVH��5��%DHN��-�	�&DUSHQWHU��7�������µ&KLOGUHQ¶V�LQYHQWLRQ�RI�PXOWLGLJLW�PXOWLSOLFDWLRQ�DQG�
GLYLVLRQ�DOJRULWKPV¶� LQ�$-�%DURRG\�	�$�'RZNHU �HGV�� 7KH�GHYHORSPHQW�RI�DULWKPHWLF�
FRQFHSWV�DQG�VNLOOV��&RQVWUXFWLYH�DGDSWLYH�H[SHUWLVH��5RXWOHGJH��1HZ�<RUN��SS����������

$SSHOJDWH��0��'LFN��/��6RWR��0�	�*XSWD��'�LQ�SUHVV� µ*URZLQJ�D�JUHDWHU�XQGHUVWDQGLQJ�RI�
PXOWLSOLFDWLRQ�WKURXJK�/HVVRQ�6WXG\��0DWKHPDWLFV�WHDFKHU�HGXFDWRUV¶�SURIHVVLRQDO�
GHYHORSPHQW¶� 0DWKHPDWLFV�(QWKXVLDVW�

%DOO��'�	�%DVV��+�������µ0DNLQJ�PDWKHPDWLFV�UHDVRQDEOH�LQ�VFKRRO¶�LQ�:*�0DUWLQ�DQG�'�6KLIWHU�
�HGV���$�UHVHDUFK�FRPSDQLRQ�WR�SULQFLSOHV�DQG�VWDQGDUGV�IRU�VFKRRO�PDWKHPDWLFV��
1DWLRQDO�&RXQFLO�RI�7HDFKHUV�RI�0DWKHPDWLFV��5HVWRQ��9LUJLQLD��SS��������

&RQROH��*�	�'\NH��0�������µ:KDW�DUH�WKH�DIIRUGDQFHV�RI�LQIRUPDWLRQ�DQG�FRPPXQLFDWLRQ�
WHFKQRORJLHV"¶��5HVHDUFK�LQ�/HDUQLQJ�7HFKQRORJ\��YRO������QR� ���SS����������

&DUSHQWHU��7��)HQQHPD��(��)UDQNH��0/��/HYL��/�	�(PSVRQ��6�������&KLOGUHQ¶V�0DWKHPDWLFV��
+HLQHPDQQ��3RUWVPRXWK��1+��

&HUELQ��%�������/HVVRQ�VWXG\��8VLQJ�FODVVURRP�LQTXLU\�WR�LPSURYH�WHDFKLQJ�DQG�OHDUQLQJ�LQ�
KLJKHU�HGXFDWLRQ��6W\OXV�3XEOLVKLQJ��6WHUOLQJ��9$�

&KHQDXOW��.�������µ%XLOGLQJ�&ROODERUDWLYH�3HGDJRJ\��/HVVRQ�6WXG\�LQ�+LJKHU�(GXFDWLRQ¶��&ROOHJH�
4XDUWHUO\��YRO������QR�����YLHZHG��� 0D\��������KWWS���FROOHJHTXDUWHUO\�FD������YRO���
QXP���ZLQWHU�EXLOGLQJ�FROODERUDWLYH�SHGDJRJ\�OHVVRQ�VWXG\�LQ�KLJKHU�HGXFDWLRQ�KWPO!�

&KLQQDSSDQ��0�������µ3URVSHFWLYH�WHDFKHU¶V�UHSUHVHQWDWLRQ�RI�PXOWLSOLFDWLRQ¶��LQ�3�&ODUNVRQ�	�$�
'RZQWRQ��HGV�����WK�&RQIHUHQFH�RI�WKH�0DWKHPDWLFV�(GXFDWLRQ�5HVHDUFK�*URXS�RI�
$XVWUDODVLD� 0(5*$��6\GQH\��SS����������

&RRQH\��$��'DUF\��(�	�&DVH\��'�������µ,QWHJUDWLQJ�UHDGLQJ�DQG�ZULWLQJ��VXSSRUWLQJ�VWXGHQWV¶�
ZULWLQJ�IURP�VRXUFH¶��-RXUQDO�RI�8QLYHUVLW\�7HDFKLQJ�	�/HDUQLQJ�3UDFWLFH��YRO������QR�����
SS�������

&RRSHU��6��:LONHUVRQ��7��(GG\��&��.DPHQ��0��0DUEOH��6��-XQN� '�	�6DZ\HU��&�������µ/HVVRQ�
VWXG\�DPRQJ�PDWKHPDWLFV�HGXFDWRUV��3URIHVVLRQDO�FROODERUDWLRQ�HQDEOHG�WKURXJK�D�YLUWXDO�
IDFXOW\�OHDUQLQJ�FRPPXQLW\¶��/HDUQLQJ�&RPPXQLWLHV�-RXUQDO��YRO�����SS��������

&UHVSR��6�������µ(Q�OD�OXFKD�LQ�WKH�VWUXJJOH��5HVHDUFKLQJ�WR�PDNH�D�GLIIHUHQFH�LQ�PDWKHPDWLFV�
HGXFDWLRQ¶��LQ�0%�:RRG��((�7XUQHU��0�&LYLO�	�-$�(OL��HGV���3URFHHGLQJV�RI�WKH���WK�
DQQXDO�PHHWLQJ�RI�WKH�1RUWK�$PHULFDQ�&KDSWHU�RI�WKH�,QWHUQDWLRQDO�*URXS�IRU�WKH�
3V\FKRORJ\�RI�0DWKHPDWLFV�(GXFDWLRQ ��8QLYHUVLW\�RI�$UL]RQD� 7XFVRQ��SS�������

&UHVZHOO��-:�������4XDOLWDWLYH�LQTXLU\�DQG�UHVHDUFK�GHVLJQ��&KRRVLQJ�DPRQJ�ILYH�DSSURDFKHV��
6DJH�3XEOLFDWLRQV��7KRXVDQG�2DNV��&$��

'HPLU��.��&]HUQLDN��&0�	�+DUW��/&�������µ,PSOHPHQWLQJ�-DSDQHVH�/HVVRQ�6WXG\�LQ�D�+LJKHU�
(GXFDWLRQ�&RQWH[W¶��-RXUQDO�RI�&ROOHJH�6FLHQFH�7HDFKLQJ��YRO������QR�����SS��������

)DUQVZRUWK��9��.OHDQWKRXV��,�	�:HQJHU�7UD\QHU��(�������µ&RPPXQLWLHV�RI�3UDFWLFH�DV�D�6RFLDO�
7KHRU\�RI�/HDUQLQJ��$�&RQYHUVDWLRQ�ZLWK�(WLHQQH�:HQJHU¶��%ULWLVK�-RXUQDO�RI�
(GXFDWLRQDO�6WXGLHV��YRO������QR�����SS����������

)OHFNQRH��6-� &KRDWH� -.� 'DYLV� ($� +RGJVRQ� <0� -RKDQHVHQ� 3$� 0DFDXOD\� -2� 0XUSK\��.��
6WXUURFN� :-�	 5D\QHU��*0�������µ5HGHILQLQJ�$FDGHPLF�,GHQWLW\�LQ�DQ�(YROYLQJ�+LJKHU�
(GXFDWLRQ�/DQGVFDSH¶��-RXUQDO�RI�8QLYHUVLW\�7HDFKLQJ�	�/HDUQLQJ�3UDFWLFH��YRO������QR��
�����SS�������



*XSWD��'��6RWR��0��'LFN��/��%URGHULFN��6�	�$SSHOJDWH��0������ µ1RWLFLQJ�DQG�GHFLGLQJ�WKH�QH[W�
VWHSV�IRU�WHDFKLQJ��$�FURVV�XQLYHUVLW\�VWXG\�ZLWK�HOHPHQWDU\�SUH�VHUYLFH�WHDFKHUV¶ LQ�*-�
6W\OLDQLGHV�	�.�+LQR��HGV���5HVHDUFK�DGYDQFHV�LQ�WKH PDWKHPDWLFDO�HGXFDWLRQ�RI�SUH�
VHUYLFH�HOHPHQWDU\�WHDFKHUV�± $Q�LQWHUQDWLRQDO SHUVSHFWLYH� 6SULQJHU��&KDP��SS���������

+RDGOH\��&�������µ:KDW�LV�D�FRPPXQLW\�RI�SUDFWLFH�DQG�KRZ�FDQ�ZH�VXSSRUW�LW"¶��LQ�'�-RQDVVHQ�	�
6�/DQG��HGV���7KHRUHWLFDO�IRXQGDWLRQV�RI�OHDUQLQJ�HQYLURQPHQWV��5RXWOHGJH��1HZ�<RUN��
SS����������

+XLQNHU��'�	�%LOO��9�������7DNLQJ�DFWLRQ��,PSOHPHQWLQJ�HIIHFWLYH�PDWKHPDWLFV�WHDFKLQJ�SUDFWLFHV�
LQ�.±JUDGH��� 1DWLRQDO�&RXQFLO�RI�7HDFKHUV�RI�0DWKHPDWLFV��5HVWRQ��9$�

-DFREV��95��/DPE��//�	�3KLOLSS��5$�������µ3URIHVVLRQDO�QRWLFLQJ�RI�FKLOGUHQ
V�PDWKHPDWLFDO�
WKLQNLQJ¶� -RXUQDO�IRU�5HVHDUFK�LQ�0DWKHPDWLFV�(GXFDWLRQ��SS� ��������

-DFREV��95�	�6SDQJOHU��'$�������µ5HVHDUFK�RQ�FRUH�SUDFWLFHV�LQ�.����PDWKHPDWLFV�WHDFKLQJ¶� LQ�-�
&DL��HG���&RPSHQGLXP�IRU�UHVHDUFK�LQ�PDWKHPDWLFV�HGXFDWLRQ��1DWLRQDO�&RXQFLO�RI�
7HDFKHUV�RI�0DWKHPDWLFV��5HVWRQ��9$�

-LWD��/�	�9DQGH\DU��6�������µ7KH�5HODWLRQVKLS�EHWZHHQ�WKH�PDWKHPDWLFV�LGHQWLWLHV�RI�SULPDU\�
VFKRRO�WHDFKHUV�DQG�QHZ�FXUULFXOXP�UHIRUPV�LQ�6RXWK�$IULFD¶��3HUVSHFWLYHV�LQ�(GXFDWLRQ��
YRO������QR�����SS� ������

.DPHQ��0��-XQN��'/��0DUEOH��6��&RRSHU��6��(GG\��&0��:LONHUVRQ��7/�	�6DZ\HU��&�������
:DONLQJ�WKH�WDON��/HVVRQV�OHDUQHG�E\�XQLYHUVLW\�PDWKHPDWLFV�PHWKRGV�LQVWUXFWRUV�
LPSOHPHQWLQJ�OHVVRQ�VWXG\�IRU�WKHLU�RZQ�SURIHVVLRQDO�GHYHORSPHQW� LQ /&�+DUW��$6�
$OVWRQ�	�$�0XUDWD��HGV���/HVVRQ�VWXG\�UHVHDUFK�DQG�SUDFWLFH�LQ�PDWKHPDWLFV�HGXFDWLRQ��
6SULQJHU��'RUGUHFKW� 7KH�1HWKHUODQGV��SS����������

/DYH��-�	�:HQJHU��(�������6LWXDWHG�OHDUQLQJ��/HJLWLPDWH�SHULSKHUDO�SDUWLFLSDWLRQ��&DPEULGJH�
8QLYHUVLW\�3UHVV��&DPEULGJH��8.�

/HZLV��&�	�+XUG��-������ /HVVRQ�VWXG\�VWHS�E\�VWHS��+RZ�WHDFKHU�OHDUQLQJ�FRPPXQLWLHV�LPSURYH�
LQVWUXFWLRQ��+HLQHPDQQ��3RUWVPRXWK��1+��

/HZLV��&&��3HUU\��55�	�+XUG��-�������µ,PSURYLQJ�PDWKHPDWLFV�LQVWUXFWLRQ�WKURXJK�OHVVRQ�VWXG\��
$�WKHRUHWLFDO�PRGHO�DQG�1RUWK�$PHULFDQ�FDVH¶� -RXUQDO�RI�0DWKHPDWLFV�7HDFKHU�
(GXFDWLRQ� YRO������QR�����SS����������

0F'RQDOG�-�	�&DWHU�6WHHO��$��HGV���������,PSOHPHQWLQJ�FRPPXQLWLHV�RI�SUDFWLFH�LQ�KLJKHU�
HGXFDWLRQ��'UHDPHUV�DQG�VFKHPHUV��6SULQJHU��6LQJDSRUH��

1LFNHUVRQ��6'��)UHGHQEHUJ��0�	�'UXNHQ��%.��������µ+\EULG�OHVVRQ�VWXG\��H[WHQGLQJ�OHVVRQ�VWXG\�
RQ�OLQH¶� ,QWHUQDWLRQDO�-RXUQDO�IRU�/HVVRQ�DQG�/HDUQLQJ�6WXGLHV� YRO�����QR�����SS�����
����

6FKXOW]��0��	�2¶%ULHQ��*�������µ7KH�$XVWUDOLDQ�&KHPLVWU\�'LVFLSOLQH�1HWZRUN��$�VXSSRUWLYH�
FRPPXQLW\�RI�SUDFWLFH�LQ�D�KDUG�VFLHQFH¶��LQ�-�0F'RQDOG�-�	�$�&DWHU�6WHHO��HGV���
,PSOHPHQWLQJ�&RPPXQLWLHV�RI�3UDFWLFH�LQ�+LJKHU�(GXFDWLRQ��6SULQJHU��6LQJDSRUH��SS��
��������

6LPRQV��+������ &DVH�VWXG\�UHVHDUFK�LQ�SUDFWLFH��6$*(��/RQGRQ�
6NXOWHW\��/��*RQ]DOH]��*�	�9DUJDV��*�������µ8VLQJ�WHFKQRORJ\�WR�VXSSRUW�WHDFKHUV¶�OHVVRQ�

DGDSWDWLRQV�GXULQJ�OHVVRQ�VWXG\¶� -RXUQDO�RI�7HFKQRORJ\�DQG�7HDFKHU�(GXFDWLRQ� YRO������
QR�����SS����������

7HXVFKHU� '��6ZLW]HU��-0�	�0RUZRRG��7�������µ8QSDFNLQJ�WKH�SUDFWLFH�RI�SURELQJ�VWXGHQW�
WKLQNLQJ¶��0DWKHPDWLFV�7HDFKHU�(GXFDWRU��YRO�����QR���� SS��������

7ULYHWW��-�������µ7KH�0XOWLSOLFDWLRQ�7DEOH��7R�%H�0HPRUL]HG�RU�0DVWHUHG"¶��)RU�WKH�/HDUQLQJ�RI�
0DWKHPDWLFV��YRO�����QR�����SS���������

8FKL\DPD��.3�	�5DGLQ��-/�������µ&XUULFXOXP�PDSSLQJ�LQ�KLJKHU�HGXFDWLRQ��$�YHKLFOH�IRU�
FROODERUDWLRQ¶��,QQRYDWLYH�+LJKHU�(GXFDWLRQ��YRO����� QR�����SS����������

:HQJHU��(��0F'HUPRWW��5$�	�6Q\GHU��:������ &XOWLYDWLQJ�FRPPXQLWLHV�RI�SUDFWLFH��$�JXLGH�WR�
PDQDJLQJ�NQRZOHGJH� +DUYDUG�%XVLQHVV�3UHVV��%RVWRQ��0$�



:HQJHU��(��:KLWH��1�	�6PLWK��-�������µ/HDUQLQJ�LQ�FRPPXQLWLHV¶��LQ�8'�(KOHUV 	�'
6FKQHFNHQEHUJ��HGV���&KDQJLQJ�FXOWXUHV�LQ�KLJKHU�(GXFDWLRQ��6SULQJHU�6FLHQFH�	�
%XVLQHVV�0HGLD��%HUOLQ��SS�����������

:DOODFH��$+�	�*XUJDQXV��63�������µ7HDFKLQJ�IRU�PDVWHU\�RI�PXOWLSOLFDWLRQ¶��7HDFKLQJ�&KLOGUHQ�
0DWKHPDWLFV� YRO������QR�����SS��������

:DUKXUVW��53�������µ³:H�UHDOO\�IHOW�SDUW�RI�VRPHWKLQJ´��3DUWLFLSDWRU\�OHDUQLQJ�DPRQJ�SHHUV�ZLWKLQ�
D�XQLYHUVLW\�WHDFKLQJဨGHYHORSPHQW�FRPPXQLW\�RI�SUDFWLFH¶��,QWHUQDWLRQDO�-RXUQDO�IRU�
$FDGHPLF�'HYHORSPHQW� YRO������QR�����SS����������

:LOOLDPV��-��5LWWHU��-�	�%XOORFN��6�������µ8QGHUVWDQGLQJ�WKH�FRPSOH[LW\�RI�EHFRPLQJ�D�WHDFKHU�
HGXFDWRU��([SHULHQFH��EHORQJLQJ��DQG�SUDFWLFH�ZLWKLQ�D�SURIHVVLRQDO�OHDUQLQJ�FRPPXQLW\¶��
6WXG\LQJ�7HDFKHU�(GXFDWLRQ��YRO�����QR�����SS����������

;X��+�	�3HGGHU��'������ µ/HVVRQ�VWXG\��$Q�LQWHUQDWLRQDO�UHYLHZ�RI�WKH�UHVHDUFK¶��LQ�3�'XGOH\�
�HG��� /HVVRQ�VWXG\��SURIHVVLRQDO�OHDUQLQJ�IRU�RXU�WLPH��5RXWOHGJH��/RQGRQ��SS��������

<RVKLGD��0�������µ0DWKHPDWLFV�OHVVRQ�VWXG\�LQ�WKH�8QLWHG�6WDWHV��&XUUHQW�VWDWXV�DQG�LGHDV�IRU�
FRQGXFWLQJ�KLJK�TXDOLW\�DQG�HIIHFWLYH�OHVVRQ�VWXG\¶��,QWHUQDWLRQDO�-RXUQDO�IRU�/HVVRQ�DQG�
/HDUQLQJ�6WXGLHV� YRO�����QR�����SS����������


