
TELRI Project, University of Warwick 17/03/00 1

'HYHORSPHQW�RI�D�&KDQJH�0DQDJHPHQW�)UDPHZRUN�IRU�7(/5,�
)DFWRUV�DIIHFWLQJ�FKDQJHV�LQ�WKH�XVH�RI�HGXFDWLRQDO�WHFKQRORJ\�ZLWKLQ�+(�HVWDEOLVKPHQWV

6�3�0�:DUEXUWRQ��0�3�5RDFK�	�-�$�'HPSVWHU
7(/5,�3URMHFW��&HQWUH�IRU�$FDGHPLF�3UDFWLFH��8QLYHUVLW\�RI�:DUZLFN

$EVWUDFW

7KH�DLP�RI�WKLV�GRFXPHQW�LV�WR�H[SORUH�WKH�ZD\V�LQ�ZKLFK�HGXFDWLRQDO�WHFKQRORJ\�PHWKRGRORJLHV
DUH�GHVLJQHG��LPSOHPHQWHG�DQG�HPEHGGHG�DQG�KRZ�WR�IDFLOLWDWH�WKH�FKDQJHV�UHTXLUHG�

6HFWLRQ�$�RI�WKH�GRFXPHQW�SURYLGHV�D�FROOHFWLRQ�RI�IDFWRUV��SULPDULO\�FDWHJRULVHG�DV�SURPRWLQJ�RU
LQKLELWLQJ��ZKLFK�PD\�LQIOXHQFH�WKH�FKDQJLQJ�XVH�RI�HGXFDWLRQDO�WHFKQRORJ\�ZLWKLQ�DQ�LQVWLWXWLRQ�
7KHVH�IDFWRUV�KDYH�EHHQ�GLVWLOOHG�IURP�D�ZLGH�UDQJH�RI�VRXUFHV�DQG�FDVH�VWXGLHV��VHH�UHIHUHQFHV��DV
ZHOO�DV�H[SORUDWRU\�LQWHUYLHZ�GDWD�IURP�WKH�7(/5,�SURMHFW��6RPH�RI�WKH�IDFWRUV�DUH�UHSHDWHG�ZLWKLQ
WKH�VHFRQGDU\�FDWHJRULVDWLRQ�RI�VRFLHWDO��H[WHUQDO��WKURXJK�WR�VRIWZDUH�UHODWHG�LVVXHV��)RU�H[DPSOH�
WHDFKLQJ�DQG�OHDUQLQJ�SROLFLHV�FDQ�H[LVW�DW�WKH�FRXUVH��DFDGHPLF�VWDII���GHSDUWPHQWDO��LQVWLWXWLRQDO
DQG� JRYHUQPHQWDO� �VRFLHWDO�� OHYHOV�� 7KHVH� IDFWRUV� KDYH� QRW� EHHQ� SULRULWLVHG�� ,Q� RWKHU�ZRUGV�� WKH
H[WHQW� WR�ZKLFK� LQGLYLGXDO� IDFWRUV�KDYH�DQ�HIIHFW�KDV�QRW�\HW�EHHQ�GHWHUPLQHG��2WKHU� IDFWRUV� DUH
OLNHO\�WR�EH�LGHQWLILHG�WKURXJK�WKH�FRXUVH�RI�WKH�7(/5,�SURMHFW�

7KH� DQDO\VLV� RI� WKHVH�SURPRWLQJ� DQG� LQKLELWLQJ� IDFWRUV� KDV� EHHQ� FRQGXFWHG� DORQJ� WKUHH� D[HV�� DV
GLVFXVVHG�LQ�VHFWLRQ�%�
♦ ZRUNLQJ�SUDFWLFH�DV�WKH�FHQWUDO�LQIRUPDWLYH�SURFHVV�
♦ WKH�LPSOHPHQWDWLRQ�OLIH�F\FOH��DQG
♦ WKHRULHV�RI�FKDQJH�PDQDJHPHQW�

7KHVH�LQWHU�UHODWHG�IDFWRUV�KDYH�D�WHUWLDU\�FRGLQJ�EDVHG�RQ�WZR�IXUWKHU�FULWHULD��WKHLU�WHPSRUDO�QDWXUH
DQG�WKHLU�VFRSH�RI�LQIOXHQFH�LQ�UHODWLRQ�WR�ZRUNLQJ�SUDFWLFH�

7KH�WHPSRUDO�FDWHJRU\�KDV�EHHQ�VSOLW�LQWR�ORQJ�WHUP��/7���PHGLXP�WHUP��07��DQG�VKRUW�WHUP��67�
LVVXHV��7KH�¶VFRSH�RI�LQIOXHQFH·�FDWHJRU\�KDV�EHHQ�VSOLW�LQWR��VRFLDO�DVSHFWV��6F���SROLFHV��3���VXSSRUW
�6S����WHFKQRORJLFDO��7���WHDFKLQJ��7FK��DQG�UHVHDUFK��5HV���6HH�VHFWLRQ���IRU�IXUWKHU�GHWDLOV�RQ�WKH�FKRLFH
RI�WKHVH�FDWHJRULHV�

7KH�FRQFOXVLRQV�LQ�VHFWLRQ�&�DLP�WR�EULQJ�WRJHWKHU�WKHVH�WKUHH�LQWHU�UHODWHG�SHUVSHFWLYHV�LQWR�D
FRKHUHQW�VWUDWHJ\�IRU�VXFFHVVIXO�HGXFDWLRQDO�WHFKQRORJ\�LPSOHPHQWDWLRQ�
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�� ,QWURGXFWLRQ

7KLV� GRFXPHQW� H[SORUHV� WKH� ZD\V� LQ� ZKLFK� HGXFDWLRQDO� WHFKQRORJ\� VROXWLRQV� DUH� GHVLJQHG�
LPSOHPHQWHG� DQG� HPEHGGHG� DQG� KRZ� WKH� FKDQJHV� UHTXLUHG� IRU� VXFFHVVIXO� LQWHJUDWLRQ� PD\� EH
IDFLOLWDWHG�� 7KH� VWXG\� LV� VLWXDWHG� LQ� D� FOLPDWH�ZKHUH�� GHVSLWH�PXFK�SHUVXDVLRQ� DV� WR� LWV�PXOWLSOH
EHQHILWV��WKH�ZLGHU�LPSDFW�RI�HGXFDWLRQDO�WHFKQRORJ\�KDV�UHPDLQHG�UHODWLYHO\�ORZ��7KLV�LV�D�FHQWUDO
LVVXH� IRU� WKH�7(/5,�SURMHFW� DV� LW� VHHNV� WR�GHSOR\� WHFKQRORJLFDO� VROXWLRQV� WR�GHYHORS� WKH� UHVHDUFK
FDSDELOLWLHV�RI�XQGHUJUDGXDWH�VWXGHQWV

7KH� VWDUWLQJ� SRLQW� IRU� WKLV� H[SORUDWLRQ� LV� D� FROOHFWLRQ� RI� IDFWRUV� ZKLFK� KDYH� EHHQ� LGHQWLILHG� DV
EDUULHUV�RU�GULYHUV�WR�WKH�XVH�RI�HGXFDWLRQDO� WHFKQRORJ\��7KHVH�IDFWRUV�KDYH�EHHQ�GLVWLOOHG�IURP�D
QXPEHU� RI� GRFXPHQWV� ZKLFK� LQFOXGH� H[SORUDWRU\� LQWHUYLHZ� GDWD� IURP� WKH� 7(/5,� SURMHFW� DQG
SUHYLRXVO\� UHSRUWHG� FDVH� VWXGLHV� �VHH� UHIHUHQFHV��� 7KH� DQDO\VLV� RI� WKHVH� IDFWRUV� KDV� LQLWLDOO\� EHHQ
FRQGXFWHG�DORQJ�WKUHH�D[HV��KRZ�VWXG\LQJ�ZRUNLQJ�SUDFWLFH�LV�FHQWUDO�WR�JDLQLQJ�LQIRUPDWLRQ�DERXW
FXOWXUDO� SUDFWLFHV�� LPSOHPHQWDWLRQ�LQWHJUDWLRQ� OLIH�F\FOHV�� DQG� WKHRULHV� RI� FKDQJH� PDQDJHPHQW�
7KH�FRQFOXVLRQ�RI� WKLV�GRFXPHQW�EULQJV� WRJHWKHU� WKHVH� WKUHH� LQWHU�UHODWHG�SHUVSHFWLYHV� WR� IRUP�D
IUDPHZRUN�DLPHG�DW�VXFFHVVIXO�ORQJ�WHUP�HGXFDWLRQDO�WHFKQRORJ\�LPSOHPHQWDWLRQ�

�� 7KH�)DFWRUV

7KH� IROORZLQJ� OLVW� KLJKOLJKWV� WKH� IDFWRUV� ZKLFK� PD\� KDYH� DQ� LQIOXHQFH� RQ� WKH� FKDQJLQJ� XVH� RI
HGXFDWLRQDO�WHFKQRORJ\�ZLWKLQ�DQ�LQVWLWXWLRQ�

7KH� IDFWRUV� KDYH� EHHQ� FDWHJRULVHG� LQ� WKUHH� GLIIHUHQW� ZD\V� WR� SURYLGH� WKH� PD[LPXP� DQDO\WLF
VHQVLWLYLW\��)LUVWO\�WKH\�KDYH�EHHQ�GLVWLQJXLVKHG�DV�HLWKHU�SURPRWLQJ�RU�LQKLELWLQJ��6HFRQGO\��WKH\
KDYH� EHHQ� VSOLW� LQWR� VHYHQ� JURXSLQJV� DFFRUGLQJ� WR� VRFLHWDO�� LQVWLWXWLRQDO�� GHSDUWPHQWDO�� VWDII�
VWXGHQW�� WHFKQRORJ\�DQG�VRIWZDUH�UHODWHG� LVVXHV��)LQDOO\��HDFK� IDFWRU�KDV�EHHQ�DVVLJQHG�D� WHUWLDU\
FRGLQJ�EDVHG�RQ�WZR�IXUWKHU�FULWHULD��WKH�WHPSRUDO�QDWXUH�RI�WKH�IDFWRU�DQG�LWV·�VSKHUH�RI�LQIOXHQFH
LQ�UHODWLRQ�WR�ZRUNLQJ�SUDFWLFH��7KH�WHPSRUDO�FDWHJRU\��XQGHU�WKH�FROXPQ�¶WLPH·��KDV�EHHQ�VSOLW�LQWR
ORQJ�WHUP��/7���PHGLXP�WHUP��07��DQG�VKRUW�WHUP��67��LVVXHV��7KH�VSKHUH�RI� LQIOXHQFH�FDWHJRU\�
XQGHU� WKH� FROXPQ� ODEHOOHG� ¶VSKHUH·�� KDV� EHHQ� VSOLW� LQWR� VRFLDO� �6F��� SROLF\� �3��� VXSSRUW� �6S��
WHFKQRORJ\� �7��� WHDFKLQJ� �7FK�� DQG� UHVHDUFK� �5HV���6HH� SDJH� �� IRU� IXUWKHU� GHWDLOV� RQ� WKHVH� FDWHJRULHV�
:KHUH�DSSOLFDEOH�� WKH� IDFWRUV�KDYH�EHHQ�QXPEHUHG�DFFRUGLQJ� WR� WKHLU� VRXUFH�GRFXPHQW�V��7KHVH
DUH�OLVWHG�LQ�WKH�UHIHUHQFHV�VHFWLRQ��SDJH�����RI�WKLV�GRFXPHQW�

7KH� IDFWRUV� KDYH� QRW� EHHQ� SULRULWLVHG�� ,Q� RWKHU� ZRUGV�� WKH\� DUH� QRW� RUGHUHG� DFFRUGLQJ� WR� WKHLU
LPSRUWDQFH�� 7KLV�ZLOO� EH� YDULDEOH� DQG�GHSHQG� RQ� WKH� VSHFLILF� VFHQDULR� LQ�ZKLFK� WKH� HGXFDWLRQDO
WHFKQRORJ\� LV� VLWXDWHG��2WKHU� IDFWRUV� DUH� OLNHO\� WR� EH� LGHQWLILHG� WKURXJK� WKH� FRXUVH� RI� WKH�7(/5,
SURMHFW�
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���/LPLWLQJ�)DFWRUV 7LPH 6SKHUH

6RFLHWDO��H[WHUQDO��
• 6ORZ�LQILOWUDWLRQ�RI�WKH�ODWHVW�WHFKQRORJLHV�LQWR�HGXFDWLRQDO�HVWDEOLVKPHQWV /7 7
• /DFN�RI�DFFUHGLWDWLRQ�IRU�WHDFKLQJ�²�FDUHHU�SURILOH�DV�DQ�DFDGHPLF

V\QRQ\PRXV�ZLWK�UHVHDUFK /7 3�6F
• 3D\�VFDOHV�IRU�XQLYHUVLW\�VWDII�

• 3ULRULWLVDWLRQ�RI�HIIRUW�WRZDUGV�UHVHDUFK�WR�LPSURYH�SURVSHFWV�RI
SURPRWLRQ

07�/7 5HV

• 8QDWWUDFWLYHQHVV�RI�HGXFDWLRQ�IRU�WRS�TXDOLW\�GHYHORSHUV�DQG�SURJUDPPHUV /7 3�7
• 6RFLHWDO�GHPDQGV�DQG�H[SHFWDWLRQV�RI�WKH�HGXFDWLRQ�V\VWHP /7 3�6F
• 5DSLG�WXUQRYHU�RI�WHFKQRORJ\�VWDQGDUGV�DQG�VRIWZDUH��GLIILFXOW�IRU�DQ

LQVWLWXWLRQ�WR�NHHS�SDFH
/7 7

,QVWLWXWLRQDO�LVVXHV�
• ,QVWLWXWLRQDO�FRPPLWPHQW�

• /DFN�RI�DQ�RYHUDOO�WHDFKLQJ�DQG�OHDUQLQJ�VWUDWHJ\�SURYLGLQJ�FOHDU
DQG�FRKHUHQW�GLUHFWLRQ�

• 6HFRQGDU\�LPSDFW�RI�RWKHU�XQLYHUVLW\�SROLFLHV�H�J��LQGLUHFW�HIIHFW�RI
SROLFHV�UHJDUGLQJ�VSDFH�PDQDJHPHQW�PD\�HIIHFW�KRXVLQJ�DQG�DFFHVV
WR�VWXGHQW�ZRUNVWDWLRQV

67�/7 7FK�3

• /RZ�OHYHO�RI�FRPPLWPHQW�RI�FHQWUDO�UHVRXUFHV�VXFK�DV�,7�VHUYLFHV�DQG�RWKHU
VXSSRUW�VWDII�

07 6S

• /DFN�RI�LQYHVWPHQW�LQ�LQIUDVWUXFWXUH�DQG�UHVRXUFHV� 07�/7 7
• ,QVXIILFLHQW�RU�SRRU�GLVWULEXWLRQ�RI�IXQGLQJ� 07�/7 6S
• ,QVWLWXWLRQDO�FXOWXUH�

• $VVHVVPHQW�RI�SURGXFW��RXWFRPHV��QRW�SURFHVV��DVVHVVPHQW�PHWKRGV
QRW�UHIOHFWLQJ�FKDQJHV�LQ�SHGDJRJLFDO�DSSURDFKHV

• 5HVHDUFK�YV��WHDFKLQJ�GULYHQ�DJHQGD���
• /DFN�RI�UHZDUG�H�J��SURPRWLRQ�IRU�WHDFKLQJ�LQQRYDWLRQ�RU�H[SHUWLVH

LQ�HGXFDWLRQDO�WHFKQRORJ\�����

07 5HV�6F

• ,QVWLWXWLRQDO�ZRUNLQJ�SUDFWLFH�
• 5HOLDQFH�RQ�SDSHU�EDVHG�ZRUNLQJ�PHWKRGV
• /RZ�OHYHO�RI�FRPSHWHQFH�LQ�WHFKQRORJ\�XVDJH

/7 7

• 6WULFWXUHV�RI�SUREDWLRQ�²�LQWURGXFLQJ�WHDFKLQJ�LQQRYDWLRQ�SHUFHLYHG�DV�D
¶ULVN\�VWUDWHJ\·

07 7FK

• 6ORZ�UDWH�RI�FKDQJH��SRRU�FKDQJH�PDQDJHPHQW�VWUDWHJ\� 07�/7 3
• $XWRQRP\�RI�WKH�LQVWLWXWLRQ�DFDGHPLF�IUHHGRP�²�GLIILFXOW\�LQ�DFKLHYLQJ

FRQFHQVXV
/7 6F

• 'HJUHH�VWUXFWXUHV���PRGXODULVDWLRQ�PD\�PDNH�LW�GLIILFXOW�WR�SXW�WRJHWKHU�D
FRKHUHQW�HGXFDWLRQDO�WHFKQRORJ\�VWUDWHJ\�IRU�D�ZKROH�GHJUHH�FRXUVH�

/7 3�7FK

• /RZ�LQYHVWPHQW�LQ�VWDII�GHYHORSPHQW��� 07�/7 6S

'HSDUWPHQWDO�LVVXHV�
• &XOWXUH�

• 5HVHDUFK�DJHQGD�L�H��OHFWXUHUV�DUH�HPSOR\HG�DQG�ZDQW�WR�EH
HPSOR\HG�IRU�UHVHDUFK�QRW�WHDFKLQJ�DELOLW\���

• 6XEMHFW�GLVFLSOLQH�²�VFLHQFH�YHUVXV�KXPDQLWLHV�VXEMHFWV��H�J�
ELRLQIRUPDWLFV�FRXUVH�QDWXUDOO\�VXLWHG�WR�ZHE�EDVHG�GHOLYHU\��

• $FDGHPLF�LQGLYLGXDOLVP�²�UHVXOWLQJ�LQ�VPDOO�VFDOH�SHUVRQDO�SURMHFWV�
• 3HHU�SUHVVXUH�²�DQ�DFDGHPLFV�VWDQGLQJ�LQ�UHODWLRQ�WR�KLV�KHU�SHHUV�

PDUJLQDOLVDWLRQ�RI�DFDGHPLFV�SXUVXLQJ�HGXFDWLRQDO�WHFKQRORJ\
VROXWLRQV���

• +R'�SHUVSHFWLYH�²�GHSDUWPHQWDO�IRFXV�RQ�UHVHDUFK�

• /DFN�RI�DFNQRZOHGJHPHQW�RI�HIIRUW�RI�WKRVH�LQYROYHG�LQ�WHDFKLQJ
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LQQRYDWLRQ���

• /DFN�RI�WHDFKLQJ�DQG�OHDUQLQJ�SROLF\�

• 3RRU�FRPPXQLFDWLRQ�DQG�VRFLDO�FRKHVLRQ�ZLWKLQ�WKH�GHSDUWPHQW�RU�ZLWKLQ
WKH�WHDFKLQJ�VWDII�RI�D�SDUWLFXODU�VXEMHFW�GLVFLSOLQH�

• :RUNLQJ�SUDFWLFH�
• /HFWXUHUV�GD\�WR�GD\�ZRUNLQJ�SUDFWLFH

• ,7�LQIUDVWUXFWXUH�
• (65�DQG�5$(�FUHDWHV�WHQVLRQ�EHWZHHQ�WHDFKLQJ�DQG�UHVHDUFK
• ,QYHVWPHQW�SURILOH�²�WHDFKLQJ�RU�UHVHDUFK�RULHQWDWHG�

• /DFN�RI�WHFKQLFDO�VXSSRUW�ZLWKLQ�WKH�GHSDUWPHQW���
• /HYHO�RI�FRPPLWPHQW�WR�LQWHJUDWLRQ�

• 7HFKQLFDO�H[SHUWLVH�RU�SUHSDUHGQHVV�WR�LQQRYDWH�UHVLGLQJ�ZLWK�D�VLQJOH�VWDII
PHPEHU�

• :LOOLQJQHVV�WR�VHHN�RXW�DGYLFH�RQ�WHDFKLQJ�

$FDGHPLF�VWDII�LVVXHV�
• 1HHG�WR�FRPPLW�WLPH��WHQVLRQ�EHWZHHQ�UHVHDUFK�DQG�WHDFKLQJ������

• $FDGHPLF�SURILOH�
• 6WURQJ�UHVHDUFK�PRWLYDWLRQ�L�H��GHYHORSLQJ�UHVHDUFK�SURILOH�

• $�VWURQJ�UHVHDUFK�FRPPXQLW\�H[LVWV�EXW�QR�UHDO�WHDFKLQJ�FRPPXQLW\�H[LVWV
L�H��DFDGHPLF�FRPPXQLW\�LV�EXLOW�RQ�LWV�UHVHDUFK�OLQNV��FRQIHUHQFHV�
FRPPXQLFDWLRQ��VRFLDOLVLQJ��VXSSRUW�

• /RZ�DYDLODELOLW\�RI�LQIRUPDWLRQ�DQG�JXLGHOLQHV
• 3UHYLRXV�VXFFHVVHV�DQG�IDLOXUHV�²�SHUFHLYHG�ULVN�RI�IDLOXUH��H[SRVXUH�WR

FULWLFLVP�H�J��IHHGEDFN�IURP�VWXGHQW�HYDOXDWLRQ����
• (DVH�ZLWK�WHFKQRORJ\
• &RPPLWPHQW�²�VKRUW�WHUP��QRYHOW\�IDFWRUV
• /DFN�RI�WHDFKLQJ�H[SHUWLVH��SHGDJRJLF�NQRZOHGJH����

• (GXFDWLRQDO�EDFNJURXQG�²�SUHYLRXV�H[SHULHQFHV�RI�EHLQJ�D�VWXGHQW
GRPLQDWLQJ�FXUUHQW�WHDFKLQJ�SUDFWLFH�

• 6WLIOHG�ZLOOLQJQHVV�DQG�FRPPLWPHQW�WR�EH�LQQRYDWHG
• $GRSWLQJ�WHFKQRORJ\�GULYHQ�DSSURDFKHV�

• &RPPLWPHQW�WR�FKDQJH�

• 6WDII�NQRZ�OHVV�DERXW�WKH�WHFKQRORJ\�WKDQ�VWXGHQWV�
• 'LIILFXOWLHV�LQ�DGDSWLQJ�WR�WKH�GLIIHUHQW�UDQJH�RI�,7�VNLOOV�LQ�QHZ�VWXGHQWV�

6WXGHQW�LVVXHV�
• 3RRU�DFFHVV�WR�,7�IDFLOLWLHV�

• ([SHFWDWLRQ�RI�VWXGHQWV�WR�EH�VHOI�PRWLYDWHG�

• 5HTXLUHPHQW�IRU�VWXGHQW�WUDLQLQJ
• 'HVLUH�WR�JHW�D�GHJUHH�DV�SDLQOHVVO\�DV�SRVVLEOH��

• FRXUVH�PD\�EH�WDXJKW�GLIIHUHQWO\�FRPSDUHG�WR�RWKHUV�H�J��PD\
GHFHQWUH�WKH�OHFWXUHU�²�VWXGHQWV�PD\�EH�UHVLVWDQW�WR�FKDQJH

• WHFKQRSKRELD��UHVLVWDQFH�WR�WKH�KHDY\�XVH�RI�WHFKQRORJ\
• ZRUNORDG�DQG�FRPPLWPHQW�PD\�EH�KHDYLHU
• QRYHOW\�IDFWRU�PD\�VRRQ�ZHDU�RII

7HFKQRORJ\�LVVXHV�
• /DFN�RI�VWDQGDUGLVDWLRQ�H�J��GLIIHUHQW�KDUGZDUH�DFURVV�LQVWLWXWLRQ�

• $FFHVV�WR�FRPSXWHUV�DQG�EDQGZLGWK�RI�QHWZRUN�����

• 8SJUDGH�FRVWV�RI�VRIWZDUH�DQG�SODWIRUPV��DQG�UHSODFLQJ�RI�VWROHQ�LWHPV��
• /DFN�RI�FRKHUHQW�,7�SROLFHV�ZKLFK�VXSSRUW�HGXFDWLRQDO�QHHGV
• 5DSLG�UDWH�RI�FKDQJH�LQ�WHFKQRORJ\�DQG�VWDQGDUGV
• 7HFKQRORJ\�GULYHQ�DSSURDFK�RYHU�ULGLQJ�HGXFDWLRQDO�QHHGV
• ,QFRPSDWLELOLW\�RI�FRPPXQLFDWLRQ�V\VWHPV�

• 2XW�RI�GDWH�PHGLD�EHLQJ�XVHG�H�J��&'�520
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6RIWZDUH�UHODWHG�LVVXHV�
• /DFN�RI�WRROV�DQG�DSSOLFDEOH�VRIWZDUH��ZKLFK�LQFOXGHV�SURGXFWLYLW\�WRROV

DQG�&$/�SDFNDJHV������
• ,QDSSURSULDWH�WHFKQRORJLHV�EHLQJ�DGYRFDWHG�H�J��SDUWLFXODU�VRIWZDUH

SDFNDJHV�VXFK�DV�/RWXV�/HDUQLQJ�6SDFH�
• 6KRUW�VKHOI�OLIH�RI�VRIWZDUH��QHHG�VXSSRUW�IRU�XSJUDGLQJ
• ,QDELOLW\�WR�SURYLGH�WDLORU�PDGH�VROXWLRQV
• /DFN�RI�RZQHUVKLS�

• ,QDELOLW\�WR�UHXVH�RU�UH�DXWKRU�PDWHULDO
• 3RRUO\�FRQVWUXFWHG�&$/�PDWHULDOV

• 3RRU�LQWHUIDFH�GHVLJQ
• 8QLQWXLWLYH�WR�XVH
• 6ORZ
• ¶)HHOV�ROG·
• 9LVXDOO\�XQDWWUDFWLYH

• /DFN�RI�WUDQVSDUHQF\
• &RVW�HIIHFWLYHQHVV�H�J��FRVW�RI�LQ�KRXVH�GHYHORSPHQW
• /DFN�RI�VWDQGDUGLVDWLRQ��GLIIHUHQW�VRIWZDUH�YHUVLRQV
• /DFN�RI�IOH[LELOLW\�

• 'HPDQG�IRU�NLWH�PDUNLQJ�RI�VRIWZDUH�SURGXFWV�

���3URPRWLQJ�)DFWRUV 7LPH 6SKHUH

6RFLHWDO��H[WHUQDO��
• ,QFUHDVLQJ�JRYHUQPHQW�IRFXV�RQ�HGXFDWLRQ�H�J��RSHQ�DQG�OLIH�ORQJ�OHDUQLQJ�

WUDQVIHUDEOH�VNLOOV
• ,QFUHDVLQJ�IRFXV�RQ��DQG�H[SHFWDWLRQ�RI�WKH�XVHV�RI�WHFKQRORJ\�WR�VXSSRUW

QHZ�FRKRUWV�RI�OHDUQHUV
• 7HFKQRORJLFDO�DGYDQFHV�LQILOWUDWLQJ�HYHU\GD\�OLIH�DV�ZHOO�WKH�HGXFDWLRQDO

HVWDEOLVKPHQW
• &KDQJLQJ�DSSUHKHQVLRQ�RI�WKH�XVHV�RI�WHFKQRORJ\�HVSHFLDOO\�LGHDV�DURXQG


LQWHUFRQQHFWLYLW\
��H�J��:::��H�FRPPHUFH�DQG�H�PDLO�
• ,QFUHDVLQJ�GLJLWLVDWLRQ�RI�PHGLD�LQIRUPDWLRQ��HOHFWURQLF�GRFXPHQWV�DV�D

VWDQGDUG�IRUPDW
• ,QFUHDVLQJ�FRPIRUW�ZLWK�QHZ�WHFKQRORJLHV
• (PSOR\HU�GHPDQGV�IRU�WHFKQRORJLFDOO\�SURILFLHQW�HPSOR\HHV
• 1DWLRQDO�DFFUHGLWDWLRQ�VFKHPHV�IRU�WHDFKLQJ
• $YDLODELOLW\�RI�IXQGLQJ�IURP�+()&(�DQG�RWKHU�ERGLHV��7/73��)'7/�HWF���
• *OREDOLVDWLRQ���UHVXOWLQJ�LQ�WKH�RSHQLQJ�XS�RI�QHZ�HGXFDWLRQDO�PDUNHWV�DQG

LQFUHDVLQJ�FRQVXPHU�VWXGHQW�FKRLFH
• 3RVLWLYH�UHVXOWV�IURP�SURSHUO\�FRQGXFWHG��DQDO\VHG��HYDOXDWHG�VWXGLHV�RI

HGXFDWLRQDO�WHFKQRORJ\�XVDJH�

• &ODLPV�RI�VWXGLHV�HQGRUVHG�E\�UHVSHFWHG�DFDGHPLFV�

,QVWLWXWLRQDO�LVVXHV�
• ,QVWLWXWLRQDO�FRPPLWPHQW

• &RPPLWPHQW�IURP�KHDG�RI�LQVWLWXWLRQ�DQG�IURP�PLGGOH�DQG�VHQLRU
PDQDJHUV�

• &RKHUHQW�WHDFKLQJ�DQG�OHDUQLQJ�VWUDWHJ\�

• 6HFXULQJ�RI�JUDQWV�WR�VXSSRUW�LQYHVWLJDWLRQV�LQWR�WKH�XVHV�RI�WHFKQRORJ\�LQ
HGXFDWLRQ��)'7/��7/73��ORFDO�JUDQWV�HWF��

• ([LVWLQJ�HGXFDWLRQDO�WHFKQRORJ\�SURMHFWV�

• ([LVWHQFH�RI�H[SHUWLVH�LQ�WKH�DUHDV�RI�HGXFDWLRQ�DQG�WHFKQRORJ\�H�J��D
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SURDFWLYH�FHQWUDO�WHDFKLQJ�DQG�OHDUQLQJ�XQLW���
• &RPPLWPHQW�WR�GHYHORSPHQW�DQG�GHOLYHU\�RI�GLVWDQFH�OHDUQLQJ�SURJUDPV
• ,QVWLWXWLRQDO�FXOWXUH�

• 5HZDUG�IRU�WHDFKLQJ�LQQRYDWLRQ�H�J��SURPRWLRQ�

• ,QFUHDVHG�IOH[LELOLW\�RI�UROHV�DYDLODEOH�ZLWKLQ�DQ�LQVWLWXWLRQ
• ,QVWLWXWLRQDO�ZRUNLQJ�SUDFWLFH�

• ,QFUHDVLQJ�FRPSHWHQFH�LQ�WHFKQRORJ\�XVDJH
• 6WULFWXUHV�RI�SUREDWLRQ�²�HQFRXUDJLQJ�LQQRYDWLRQ�GXULQJ�SUREDWLRQDU\�\HDUV
• ([DPSOHV�VHW�E\�RWKHU�LQVWLWXWLRQV�²�HIIHFW�RI�FRPSHWLWLRQ�

• ,QYHVWPHQW�LQ�LQIUDVWUXFWXUH�DQG�UHVRXUFHV�
• ,QYHVWPHQW�LQ�,7�WUDLQLQJ�

• 5DLVLQJ�VWDII�DZDUHQHVV�RI�SRVVLELOLWLHV��VWDII�GHYHORSPHQW�LVVXHV��

• ,QFRPH�JHQHUDWLRQ�IURP�HGXFDWLRQDO�WHFKQRORJ\�PDWHULDOV�HWF��
• &KDQJHV�LQ�WKH�ZD\V�WKDW�VXSSRUW�VWDII�DUH�GHSOR\HG�DQG�XVHG�

• 6WDII�GHYHORSPHQW�SURJUDPPHV�WKDW�DGGUHVV�WHFKQRORJ\�XVDJH�

• 7HFKQRORJ\�VHHQ�DV�D�VROXWLRQ�WR�RWKHU�LQVWLWXWLRQDO�SUREOHPV�H�J�
FRPPXQLFDWLQJ�EHWZHHQ�GHSDUWPHQWV�RQ�PXOWLSOH�VLWHV�

'HSDUWPHQWDO�LVVXHV�
• &KDQJHV�LQ�WKH�VWXGHQW�SURILOH�DQG�VWXGHQW�QXPEHUV
• (65�SURFHVV�IRUFLQJ�UHIOHFWLRQ�RQ�WHDFKLQJ�DQG�VXSSRUW�SUDFWLFH�²�PRUH�RSHQ

PLQGHG�DWWLWXGHV�

• 3RVLWLYH�UHDFWLRQV�IURP�4$�DVVHVVRUV
• 6ROLG�,7�LQIUDVWUXFWXUH�
• ,7�VXSSRUW�DQG�H[SHUWLVH�

• *RRG�FRPPXQLFDWLRQ�DQG�VRFLDO�FRKHVLRQ�RI�WKH�GHSDUWPHQW
• $FFHVV�WR�H[DPSOHV�RI�JRRG�SUDFWLFH�

• *XLGHOLQHV�WR�JRRG�SUDFWLFH
• 3RVLWLYH�FDVH�VWXGLHV�DQG�H[DPSOHV�IURP�RWKHU�GHSDUWPHQWV�DQG

LQVWLWXWLRQV�
• 3UHVHQFH�RI�GHSDUWPHQWDO�VXSSRUW�VWDII�ZLWK�H[SHUWLVH�LQ�HGXFDWLRQDO

WHFKQRORJ\�

• 3UHVHQFH�RI�HQWKXVLDVWV�RU�FKDPSLRQV���

• 6HOI�DVVHVVPHQW�H[HUFLVHV�WR�UHIOHFW�RQ�GHSDUWPHQWDO�WHDFKLQJ�SUDFWLFHV�H�J�
SHHU�REVHUYDWLRQ�RI�WHDFKLQJ�HWF�

• 6SUHDGLQJ�EXUGHQ�RI�FKDQJH�WR�PRUH�WKDQ�RQH�PHPEHU�RI�VWDII
• /HYHO��DQG�W\SHV�RI�DVVHVVPHQW�PD\�VXJJHVW�&$$�DV�RSWLRQ�

• 4$$�²�VXEMHFW�EHQFKPDUNLQJ�UHVXOWLQJ�LQ�UHIOHFWLRQ�RQ�GHSDUWPHQWDO
WHDFKLQJ��RSHQLQJ�WKH�SRVVLELOLWLHV�IRU�WKH�XVHV�RI�HGXFDWLRQDO�WHFKQRORJ\

$FDGHPLF�VWDII�LVVXHV�
• 3URPRWLQJ�LVVXHV�RI�HIILFLHQF\�²�VDYLQJ�WLPH��PDNLQJ�EHVW�XVH�RI�WLPH
• $GGUHVVLQJ�WKH�QHHGV�RI�WKH�DFDGHPLF
• 3HUVRQDO�LQWHUHVW�LQ�WHFKQRORJ\�

• 6WDII�UHVHDUFK�DUHD�FORVHO\�UHODWHG�WR�HGXFDWLRQDO�LVVXHV�
• $W�HDVH�ZLWK�WHFKQRORJ\�WHFKQRORJLFDO�H[SHUWLVH�

• 1RYHOW\�IDFWRU
• /HDUQLQJ�IURP�RZQ�WULDOV�XVLQJ�HGXFDWLRQDO�WHFKQRORJ\�

• 6WDII�LQYROYHG�LQ�RU�KDV�EHHQ�SDUW�RI�DQ�DFFUHGLWHG�WHDFKLQJ�VFKHPH�

• 3HUVRQDO�GHVLUH�WR�EH�LQQRYDWLYH
• 3HUVRQDO�VDWLVIDFWLRQ�JDLQHG�IURP�WHDFKLQJ�

• (QWKXVLDVW�RU�FKDPSLRQ�ZHOO�SRVLWLRQHG�ZLWKLQ�WKH�GHSDUWPHQW�L�H��KDV
LQIOXHQFH�

• 3HHU�DFFHSWDQFH��IDYRXUDEOH�UHDFWLRQV�IURP�DFDGHPLF�FROOHDJXHV�
• 7KHRU\�RI�,7�XVH�ILWV�DQ�LGHRORJ\��RU�VWURQJ�EHOLHIV�DERXW�HGXFDWLRQ�
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6WXGHQW�LVVXHV�
• ,QFUHDVHG�PRWLYDWLRQ�WR�VWXG\�WKURXJK�PRUH�FRQWURO�RYHU�WLPH�DQG�SODFH�RI

VWXG\
• ,PSURYHG�VWXGHQW�ZRUN�VSDFHV�PHHWLQJ�SODFHV
• 'HPDQG�IRU�YDULHW\�LQ�WHDFKLQJ�PHWKRGV��VWXGHQW�DV�FRQVXPHU��

• 'HPDQG�IRU�RSHQQHVV�DQG�H[SOLFLW�LQIRUPDWLRQ�UHJDUGLQJ�DLPV��REMHFWLYHV
DQG�OHDUQLQJ�RXWFRPHV

• 3RVLWLYH�DWWLWXGHV�RI�VWXGHQWV�WRZDUGV�WKH�XVH��DQG�HDVH�RI�XVH�RI�,7���

• 3RVLWLYH�DWWLWXGHV�IHHGEDFN�HYDOXDWLRQ�IURP�VWXGHQWV�LQ�UHODWLRQ�WR
HGXFDWLRQDO�WHFKQRORJ\��LQQRYDWLYH�WHDFKLQJ�PHWKRGV�

• ,QFUHDVHG�VWXGHQW�RZQHUVKLS�RI�FRPSXWHUV
• ,QFUHDVHG�DZDUHQHVV�RI�GLIIHUHQW�ZD\V�RI�VWXG\LQJ�DQG�OHDUQLQJ
• *RRG�VWXGHQW�SUHSDUDWLRQ�WUDLQLQJ�

• (YLGHQFH�RI�LPSURYHG�OHDUQLQJ�

7HFKQRORJ\�LVVXHV�
• 7HFKQRORJ\�VROXWLRQV�ZKLFK�DOO�VWDII�KDYH�DFFHVV�WR�RU�FDQ�HDVLO\�EHFRPH

LQYROYHG�ZLWK�

• :LULQJ�XS�RI�VWXGHQW�DFFRPRGDWLRQ�

• &RPPLWPHQW�WR�VXSSRUWLQJ�QHZHU�WHFKQRORJLHV�L�H��PRYLQJ�EH\RQG�WKH
FXUUHQW�VXSSRUW�RI�
ZRUOGZDUH
�VXFK�DV�ZRUG�SURFHVVLQJ��H�PDLO�DQG�:HE
DFFHVV��WKH�RQO\�¶JXDUDQWHHG·�WRROV�

• 'LDO�LQ�DFFHVV�WR�XQLYHUVLW\�IURP�KRPH

6RIWZDUH�LVVXHV�
• 6RXQG�SHGDJRJLFDO�GULYHUV�IRU�WKH�LQWHJUDWLRQ�DQG�HPEHGGLQJ�RI

HGXFDWLRQDO�WHFKQRORJ\���

• 1RW�UHO\LQJ�RQ�&$/�SDFNDJHV�WR�EH�LQWULQVLFDOO\�PRWLYDWLQJ�

• (DVH�RI�XVH�

• 'HPRQVWUDWLRQV�RI�VRIWZDUH�LQ�DFWLRQ�RQ�VXLWDEOH�KDUGZDUH�

� 3UHOLPLQDU\�DQDO\VLV�RI�WKH�OLPLWLQJ�DQG�SURPRWLQJ�IDFWRUV�LQ�WKH�XVH�RI�HGXFDWLRQDO
WHFKQRORJ\

:RUNLQJ�SUDFWLFH�DV�FHQWUDO�LQ�SURYLGLQJ�LQVLJKWV�LQWR�FXOWXUDO�SUDFWLFHV

7KH� LQVWLWXWLRQ� FDQ� EH� YLHZHG� DV� D� VRFLDO� HQWLW\�� FRQVWUXFWHG� IURP� WKH� VRFLDO� LQWHUDFWLRQV� DQG
SUDFWLFHV� RI� WKRVH� ZLWKLQ� LW�� &XUUHQWO\�� WKH� 7(/5,� SURMHFW� LV� SUHGRPLQDQWO\� IRFXVVHG� DW� WKH
GHSDUWPHQWDO�� VXEMHFW� GLVFLSOLQH� OHYHO� �VHH� )LJXUH� ���� $W� WKLV� OHYHO�� RQH� RI� WKH� FHQWUDO� LVVXHV� LV
HGXFDWLRQDO� FXOWXUH�� RU� PRUH� VSHFLILFDOO\� ZRUNLQJ� SUDFWLFH�� ,W� LV� KHUH�� LQ� WKH� HYHU\GD\�� WKDW� WKH
HIIHFWV�RI�SROLF\��VRFLDO�FRKHVLRQ��VXSSRUW�VWUXFWXUHV��DFFHVV�WR�WHFKQRORJ\��FRPPLWPHQW�WR�WHDFKLQJ�
SUHVVXUHV� RI� UHVHDUFK� DUH� UHIOHFWHG�� 7KH� ZRUNLQJ� SUDFWLFH� RI� D� GHSDUWPHQW�� WHDFKLQJ� WHDP� RU
DFDGHPLF�UHSUHVHQWV�D�VLWH�ZKHUH�WKH�FRPSOH[�LQWHUSOD\�RI�WKH�PDQ\�IDFWRUV� OLVWHG�DERYH�LV�PDGH
YLVLEOH�

$Q� DQDO\VLV� RI� ZRUNLQJ� SUDFWLFH� VXJJHVWV� WKDW� LW� FDQ� EH� EURNHQ� GRZQ� LQWR� VL[� PDMRU� DUHDV�� RU
FDWHJRULHV� �VHH� )LJXUH� ���� 5HWXUQLQJ� WR� WKH� GRFXPHQWHG� OLVW� RI� IDFWRUV�� HDFK� IDFWRU� KDV� EHHQ
LQGLYLGXDOO\� H[DPLQHG� WR� VHH� LI� D� FOHDU� OLQN� FDQ� EH� PDGH� WR� WKHVH� LGHQWLILHG� DUHDV� RI� ZRUNLQJ
SUDFWLFH�� ,Q�RWKHU�ZRUGV�� HDFK�RI� WKH� IDFWRUV�KDV�EHHQ�JLYHQ�D� FRGLQJ�DFFRUGLQJ� WR� LWV
� 
VSKHUH�RI
LQIOXHQFH
��)RU�H[DPSOH��WKH�LQKLELWLQJ�IDFWRU�RI�DFFHVV�WR�FRPSXWHUV�ZDV�FRGHG�XQGHU�WKH�FDWHJRU\
RI�WHFKQRORJ\�LQIUDVWUXFWXUH�
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6L[�DUHDV�RI�ZRUNLQJ�SUDFWLFH�
• FRPPLWPHQW�WR�WHDFKLQJ
• FRPPLWPHQW�WR�UHVHDUFK
• VRFLDO�LVVXHV
• VXSSRUW�LVVXHV
• SROLFLHV�DQG�VWUDWHJLHV
• WHFKQRORJ\�LQIUDVWUXFWXUH

7KHVH�DUH�WKH�WHUWLDU\�FRGLQJ
FDWHJRULHV�LQGLFDWHG�XQGHU
WKH�FROXPQ�ODEHOOHG�§VSKHUHªª

:KDW�DUH�WKH�PRVW�LQIOXHQWLDO�IDFWRUV"

7KH� FORVH� ILW� RI� WKH� GDWD� WR� WKH� DUHDV� LGHQWLILHG� VXJJHVWV� WKDW� VWXG\LQJ� ZRUNLQJ� SUDFWLFH�� IRU
H[DPSOH�WKURXJK�LQYHVWLJDWLRQV�RI�HYHU\GD\�WDON�DQG�DFWLRQ��DQ�HWKQRPHWKRGRORJLFDO�DSSURDFK���LV
RQH� PHWKRG� RI� XQFRYHULQJ� WKRVH� IDFWRUV� ZKLFK� DUH� PRVW� LQIOXHQWLDO� LQ� WHUPV� RI� SURPRWLQJ� RU
LQKLELWLQJ�WKH�XVH�RI�HGXFDWLRQDO�WHFKQRORJ\��+HUH��LW�LV�LPSRUWDQW�WR�EHDU�LQ�PLQG�WKDW�MXVW�WDONLQJ
WR�DFDGHPLFV�GRHV�QRW�SURYLGH�D�GHHS�LQVLJKW�LQWR�WKHVH�FRPSOH[�LVVXHV�VXUURXQGLQJ�WKH�¶VXFFHVV·
RU�¶IDLOXUH·�RI�HGXFDWLRQDO� WHFKQRORJ\��,W� LV�GDQJHURXV�WR�DVVXPH�WKDW�D� OHFWXUHU·V�DFFRXQW�RI�WKHLU
H[SHULHQFH�UHSUHVHQWV�VRPH�IRUP�RI�DXWKHQWLFLW\��$QHFGRWDO�HYLGHQFH��H[SHULHQWLDO�QDUUDWLYHV�DQG
FRPPRQ�VHQVH�VWDWHPHQWV�QHHG�WR�EH�WUHDWHG�ZLWK�FDXWLRQ���$W�SUHVHQW�ZH�KDYH�PDLQO\�KDG�FRQWDFW
ZLWK�HGXFDWLRQDO� WHFKQRORJ\�HQWKXVLDVWV�ZKLFK�UHSUHVHQWV�D�VPDOO�DQG�VNHZHG�SHUFHQWDJH�RI� WKH
WRWDO�DFDGHPLF�SRSXODWLRQ��������RXW�RI�WKH�����VWDII�DW�:DUZLFN���

2QH� IDFWRU�� ZKLFK� DSSHDUV� IXQGDPHQWDO�� LV� WKH� WHQVLRQ� EHWZHHQ� UHVHDUFK� WLPH� DQG� WHDFKLQJ
FRPPLWPHQW�� %RWK� :DUZLFN� DQG� 2[IRUG� DUH� UHVHDUFK�OHG� LQVWLWXWLRQV� ZKHUH� D� KLJK� OHYHO� RI
UHVHDUFK� FDSDELOLW\� LV� D� UHTXLUHPHQW� IRU� DFDGHPLF� DSSRLQWPHQW�� ,Q� UHVHDUFK�OHG� LQVWLWXWLRQV� RQH
PLJKW� DUJXH� WKDW� DQ� DFDGHPLF·V� FDUHHU� SDWK� DQG� SHHU� VWDQGLQJ� LV� SULQFLSDOO\� EDVHG� RQ� WKH
GHYHORSPHQW�RI�D�UHVHDUFK�SURILOH��7KHUH� LV�D�SRVVLELOLW\�WKDW� WKLV�PD\�UHVXOW�� IRU�VRPH�� LQ�D�QRQ�
HQJDJHPHQW�ZLWK�WHDFKLQJ�UHODWHG�LVVXHV�EH\RQG�PRUDO�GXW\��VKRUW�WHUP�SHUVRQDO�VDWLVIDFWLRQ�DQG
SUHVVXUH�WR�EH�VHHQ�DV�PDLQWDLQLQJ�TXDOLW\�

'HVSLWH� WKLV� VOLJKWO\� GHSUHVVLQJ� DQDO\VLV�� D� JDS� IRU� LQWHUYHQWLRQ� FOHDUO\� UHVWV� RQ� WKH� IDFW� WKDW
DFDGHPLFV��ZKHWKHU�VWURQJO\�UHVHDUFK�RULHQWDWHG�RU�QRW��DUH�JHQHUDOO\�UHTXLUHG�WR�HQJDJH�LQ�VRPH
IRUP� RI� WHDFKLQJ� DQG� WKHUHIRUH� KDYH� VRPH� LQYHVWPHQW� LQ� WHDFKLQJ� SUDFWLFHV�� ,GHQWLI\LQJ� WKHVH

VSDFHV
� DV� RSSRUWXQLWLHV� IRU� PRELOLVLQJ� FKDQJH�� IRU� H[DPSOH� DGRSWLQJ� QHZ� SHGDJRJLFDO
DSSURDFKHV��LV�FUXFLDO��([SORLWLQJ�WKHVH�
VSDFHV
�LV�RQH�RI�WKH�ZD\V�WKDW�OLQNV�EHWZHHQ�WHDFKLQJ�DQG
UHVHDUFK�PD\�EH�FUHDWHG�

7KH�VXFFHVVHV�DQG�IDLOXUHV�RI�HGXFDWLRQDO�WHFKQRORJ\�DUH�FOHDUO\�GHULYHG�IURP�D�FRPSOH[�LQWHUSOD\
EHWZHHQ�PDQ\�RI� WKH�IDFWRUV� OLVWHG�DERYH��$V�DOUHDG\�VWDWHG��KRZ�PXFK�DQG�WR�ZKDW� OHYHO� WKHVH
KDYH�DQ�HIIHFW�UHTXLUHV�IXUWKHU�VWXG\��,W�LV�KLJKO\�SUREDEOH�WKDW�D�QXPEHU�RI� WKHVH� IDFWRUV�H[HUW�D
PXFK�JUHDWHU� LQIOXHQFH�WKDQ�RWKHUV��&DUHIXO�DQDO\VLV�PD\�ZHOO� UHYHDO� WKDW�VRPH�IDFWRUV�DUH�PRUH
P\WK�WKDQ�UHDOLW\��IRU�H[DPSOH��IDLOXUH�GXH�WR�WKH�SHUFHLYHG�OHDUQLQJ�FXUYH�RI�QHZ�WHFKQRORJ\�RU
LPSURYHG�VXFFHVV�WKURXJK�FUHGLW�IRU�WHDFKLQJ�LQQRYDWLRQ�

'HYHORSLQJ�DQ�LPSOHPHQWDWLRQ�F\FOH��DGGUHVVLQJ�WKH�ORQJ�WHUP��PHGLXP�WHUP�DQG�VKRUW�WHUP
LVVXHV�RI�IDFLOLWDWLQJ�FKDQJH

,W� VHHPV�DSSDUHQW� WKDW� IRU�KLJK�LPSDFW�� VXVWDLQDEOH� HGXFDWLRQDO� WHFKQRORJ\� VROXWLRQV� WR� VXFFHHG�
FRPPLWPHQW�WKURXJK�DOO�OHYHOV�RI�WKH�LQVWLWXWLRQ�LV�UHTXLUHG��2WKHUZLVH�WKHUH�LV�WKH�GDQJHU�WKDW�ZH
ZLOO� FRQWLQXH� UHF\FOLQJ� WKH� VPDOO�VFDOH� ORFDO� LQWHUYHQWLRQV�ZKLFK� FXUUHQWO\�GRPLQDWH��2QH� RI� WKH
PDMRU�GULYHUV�RI�VXFFHVVIXO�HGXFDWLRQDO� WHFKQRORJ\� LPSOHPHQWDWLRQ�KDV�EHHQ� LGHQWLILHG�DV�D�KLJK
OHYHO� RI� LQWHJUDWLRQ� LQWR� WKH� GHJUHH� VWUXFWXUH��� � ,QWHJUDWLRQ� WKHUHIRUH� EHFRPHV� D� SURFHVV� QRW� MXVW
OLPLWHG� WR� D� FRXUVH� RU� PRGXOH� EXW� RQH� WKDW� VSUHDGV� DFURVV� WKH� LQVWLWXWLRQ� WKURXJK� SROLFLHV�
VWUDWHJLHV�DQG�VXSSRUW�VWUXFWXUHV��VHH�)LJXUH����
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$QDO\VLQJ�WKH�SURPRWLQJ�DQG�LQKLELWLQJ�IDFWRUV�LQ�WHUPV�RI�WKHLU�WHPSRUDO�QDWXUH�FDQ�KHOS�LQIRUP
WKH�SURFHVV�RI�GHYHORSLQJ�D�VXFFHVVIXO�LPSOHPHQWDWLRQ�F\FOH�

6WDJH� 5HTXLUHPHQWV� 6XSSRUW�LVVXHV�

6KRUW�WHUP • HQJHQGHU�HQWKXVLDVP
• GHYHORS�D�OLIH�F\FOH�SODQ
• VLPSOLFLW\�WUDQVSDUHQF\
• DQDO\VH�DQG�IDFLOLWDWH�FKDQJHV�LQ

ZRUNLQJ�SUDFWLFH
• HGXFDWLRQDO�YV��WHFKQRORJ\

GULYHQ

• SHGDJRJLFDO
• WHFKQLFDO
• LQWHJUDWLRQ

0HGLXP�WHUP • HYDOXDWLRQ
• IHHGEDFN
• QHWZRUNV�RI�XVHUV
• VHOI�VXSSRUW

• HYDOXDWLRQ
• GLVVHPLQDWLRQ
• FDVH�VWXGLHV
• SXEOLFDWLRQV

/RQJ�WHUP�LVVXHV • DFNQRZOHGJHPHQW�UHZDUG
• JHQHUDWLRQ�RI�SROLFHV�WR�VXSSRUW

LQQRYDWRUV�DQG�LQQRYDWLRQ
• HGXFDWLRQDO�HIIHFWLYHQHVV
• FRVW�HIIHFWLYHQHVV
• JRRG�SUDFWLFH
• IOH[LELOLW\

• DGYLVRU\�FRQVXOWDQF\
• JXLGHOLQHV�DQG

GRFXPHQWDWLRQ
• UHFRPPHQGDWLRQV

9LHZLQJ�WKH�LPSOHPHQWDWLRQ�DQG�LQWHJUDWLRQ�RI�HGXFDWLRQDO�WHFKQRORJ\�DV�D�SURFHVV�RI�FKDQJH

,QWURGXFLQJ� HGXFDWLRQDO� WHFKQRORJ\� LQWR� D� FRXUVH�� GHSDUWPHQW� RU� LQVWLWXWLRQ� FDQ� EH� VHHQ� DV� D
SURFHVV�WKDW�LQYROYHV�FKDQJH��'RXJKW\��RIIHUV�DQ�RYHUYLHZ�RI�WKH�LQWHU�UHODWHG�IDFWRUV�ZKLFK�QHHG
WR�EH� LGHQWLILHG��XQGHUVWRRG�DQG�EH� LQ�D� 
EHQHILFLDO� VWDWH
� IRU� VDWLVIDFWRU\� WHFKQRORJLFDO� FKDQJH� WR
WDNH�SODFH�

7DEOH����'RXJKW\ªV��OLVW�RI�IDFWRUV�UHODWLQJ�WR�WHFKQRORJLFDO�FKDQJH
&DWHJRU\� ,GHQWLILHG�DUHDV�

,VVXHV

H�J��TXDOLW\��DFFHVV��DFFRXQWDELOLW\��HIILFLHQF\��HFRQRP\��JRYHUQPHQW
SROLF\��XQFHUWDLQW\��VWUHVV��FRQIOLFW��VWUHQJWKV��ZHDNQHVVHV�
RSSRUWXQLWLHV��WKUHDWV�RU�IDLOXUHV���D�SHUFHSWLRQ�WKDW�LGHQWLILHV
GLVVDWLVIDFWLRQ�RU�D�SUREOHP�WR�EH�VROYHG

7DVNV
PLVVLRQ��DLPV��REMHFWLYHV��DQG�QDWXUH�RI�VSHFLILF�WDVNV�DVVRFLDWHG�ZLWK
WKH�SUREOHP

6\VWHPV�DQG
VXEV\VWHPV

LQSXWV��RXWSXWV��SURFHVVHV��DVVHVVPHQW��HYDOXDWLRQ��IHHGEDFN��FRQWURO�
FXOWXUH��RUJDQLVDWLRQDO�VWUXFWXUH��KLHUDUFKLHV��QHWZRUNV��SRZHU�
UHVRXUFH�DOORFDWLRQ��URRP�WR�PRYH��WUDLQLQJ��VWDII�GHYHORSPHQW�DQG
VXSSRUW

.QRZ�KRZ
RI�WHFKQRORJ\��SHGDJRJ\��RUJDQLVDWLRQDO�DQG�SURMHFW�PDQDJHPHQW�
DELOLW\�WR�OHDUQ

3HRSOH
DWWLWXGHV��YDOXHV��EHOLHIV��SHUVRQDOLWLHV��VXEYHUVLYHV��PHGLDWRUV��OHDGHUV�
VSRQVRUV

,QWHUSUHWDWLRQV RI�DOO�WKHVH�IDFWRUV��E\�SHRSOH�LQ�DOO�SDUWV�RI�WKH�LGHQWLILHG�V\VWHP
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&RQFHSWV
FRPSDULVRQ�RI�DFWLYLWLHV�FRQVLGHUHG�QHFHVVDU\�ZLWK�WKH�SHUFHSWLRQV�RI
UHDOLW\

$FWLRQ
DJHQWV�RI�FKDQJH�WR�FUHDWH�D�FOLPDWH�IRU�FKDQJH��DQG�FDUU\�RXW�D�SURMHFW
WR�VROYH��WKH�SUREOHP���PRGLI\�JRDOV��RU�UHDFK�D�EHWWHU�XQGHUVWDQGLQJ
WKDW�OHDGV�WR�OHVV�GLVVDWLVIDFWLRQ�LQ�WKH�OLYHV�RI�WKRVH�LQ�WKH�V\VWHP�

0HWKRGRORJ\

DQDO\VLV�SODQQLQJ��DFWLRQ��HYDOXDWLRQ�DSSUDLVDO��UHIOHFWLRQ�DQG
UHYLVLRQ��SURFHHGLQJ�LQ�D�VSLUDO�IDVKLRQ�RYHU�H[WHQGHG�SHULRGV�RI�WLPH�
DV�LQ�WKH�FULWLFDOO\�UHIOH[LYH�DFWLRQ�UHVHDUFK�IRUP�RI�VRFLDO�LQTXLU\�DQG�LQ
WKH�V\VWHPV�EDVHG�DSSURDFK�WR�VROYLQJ�KXPDQ�DFWLYLW\�SUREOHPV�

5HVRXUFHV
WLPH��UHVRXUFHV��FR�RSHUDWLRQ��VXSSRUW��JRRGZLOO�DQG�SULRULW\�WR�FDUU\
RXW�D�SURMHFW

7KH� IDFWRUV� LGHQWLILHG� E\� 'RXJKW\� SURYLGH� D� XVHIXO� HQWU\� SRLQW� LQWR� WKLQNLQJ� DERXW� FKDQJH�
&XUUHQW� ZRUN� RQ� FKDQJH� PDQDJHPHQW� VWUDWHJ\� DQG� FKDQJH� PDQDJHPHQW� WKHRU\� PD\� SURYLGH
XVHIXO�WRROV�IRU�LGHQWLI\LQJ�DQG�IDFLOLWDWLQJ�WKH�FKDQJHV�WKDW�RFFXU�LQ�WKH�PRYH�WRZDUGV�WHFKQRORJ\
EDVHG�HGXFDWLRQDO�VROXWLRQV��$Q\�FKDQJH�PDQDJHPHQW�VWUDWHJ\�LQKHUHQWO\�UHTXLUHV�WKDW�WKH�GULYHUV
DQG�UHVWUDLQWV�WRZDUG�FKDQJH�DUH�LGHQWLILHG�DQG�UHVROYHG�WR�HQVXUH�VXFFHVV��7KH�IROORZLQJ�FKDQJH
HTXDWLRQ�KLJKOLJKWV�WKLV��

&� ��$���%���'��!�;

:KHUH�
&� �FKDQJH
$� �OHYHO�RI�GLVVDWLVIDFWLRQ�ZLWK�SUHVHQW�VLWXDWLRQ
%� �GHVLUDELOLW\�RI�SURSRVHG�FKDQJH
'� �SUDFWLFDOLW\�RI�FKDQJH��HDVH�
;� �SHUVRQDO�FRVW�RI�FKDQJLQJ

&DQ�FKDQJH�PDQDJHPHQW�WKHRU\�EH�XVHIXO�LQ�DQ�HGXFDWLRQDO�WHFKQRORJ\�VHWWLQJ"

:KDW�IROORZV�LV�DQ�RYHUYLHZ�RI�D�VHULHV�RI�WRROV�DQG�WHFKQLTXHV�XVHG�LQ�WKH�GHYHORSPHQW�RI�FKDQJH
PDQDJHPHQW�VWUDWHJLHV��:KHUH�DSSURSULDWH� WKHVH�KDYH�EHHQ�PRGLILHG� WR� UHODWH� WR�DQ�HGXFDWLRQDO
VHWWLQJ�� 7KRVH� WRROV� DQG� WHFKQLTXHV� ZKLFK� PD\� EH� RI� ORQJ�WHUP� YDOXH� LV� FXUUHQWO\� EHLQJ
LQYHVWLJDWHG�

,GHQWLI\LQJ�W\SHV�RI�FKDQJH

(QG�5HVXOW

7UDQVIRUPDWLRQ 5HDOLJQPHQW

,QFUHPHQWDO (YROXWLRQ $GDSWDWLRQ

1DWXUH

%LJ�%DQJ 5HYROXWLRQ 5HFRQVWUXFWLRQ
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(LJKW�NH\�TXHVWLRQV��DGDSWHG�IURP�%DORJXQ�HW�DO���

�� ,V�WKHUH�D�FRKHUHQW�VWUDWHJ\�XQGHUVWRRG�DQG�VKDUHG�WKURXJKRXW�WKH�LQVWLWXWLRQ"
�� $UH�VXSSRUWLQJ�VWUXFWXUHV�DQG�V\VWHPV�XQGHU�GHYHORSPHQW"
�� ,V�WKHUH�D�WULJJHU�IRU�FKDQJH"
�� $UH�WKHUH�YLVLEOH�
HDUO\�SRVLWLYH�LQGLFDWRUV
�GHVLJQHG�LQ�WR�WKH�FKDQJH�SURFHVV"
�� ,V�GD\�WR�GD\�ZRUNLQJ�SUDFWLFH�DOLJQHG�ZLWK�WKH�UHTXLUHG�RXWSXWV"
�� $UH�WKH�EDUULHUV�WR�FKDQJH�EHLQJ�UHPRYHG�GHDOW�ZLWK"
�� $UH�WKH�FKDQJHV�VXSSRUWHG�E\�V\PEROLF�DFWLYLW\"
�� ,V�FRPPXQLFDWLRQ�EXLOW�LQWR�WKH�FKDQJH�SURFHVV"

$�FXOWXUDO�ZHE�¥��D�GHVFULSWLYH�WRRO�LQIRUPHG�E\�VWXGLHV�RI�ZRUNLQJ�SUDFWLFH�

6HH�)LJXUH��

%XLOGLQJ�D�FXOWXUDO�ZHE�ZKLFK�KDV�EHHQ�LQIRUPHG�E\�VWXGLHV�RI�ZRUNLQJ�SUDFWLFH�LV�D�SRZHUIXO�WRRO
ZKLFK�FDQ�EH�XVHG�WR�DGGUHVV�D�QXPEHU�RI�TXHVWLRQV�
• WR�ZKDW�H[WHQW�GR�WKH�H[LVWLQJ�FXOWXUDO�SUDFWLFHV�KHOS�RU�KLQGHU�WKH�SURSRVHG�FKDQJHV"
• WR�ZKDW�H[WHQW�GRHV�WKH�H[LVWLQJ�FXOWXUH�QHHG�WR�EH�FKDQJHG�IRU�VXFFHVVIXO�LPSOHPHQWDWLRQ"
• ZKLFK�SDUWV�RI�WKH�H[LVWLQJ�FXOWXUH�QHHG�WR�UHPDLQ�XQFKDQJHG"

2QFH� WKH� ILUVW� FXOWXUDO�ZHE�KDV�EHHQ�GHVLJQHG� D�SURFHVV� RI� UH�ZHEELQJ� FDQ�EH�XQGHUWDNHQ�� 7KLV
VHFRQG�ZHE� LV� XVHG� WR� RXWOLQH� WKH� GHVLUHG� FXOWXUDO� SUDFWLFHV� ZKLFK� DUH� HQYLVLRQHG� IROORZLQJ� D
VXFFHVVIXO�FKDQJH�VWUDWHJ\��)RU�H[DPSOH��UHIHUULQJ�WR�)LJXUH����RQH�RI�WKH�FHQWUDO�SDUDGLJPV�PLJKW
EHFRPH�LQQRYDWLYH�WHDFKLQJ�SUDFWLFHV��7KLV�FRPSDULVRQ�EHWZHHQ�WKH�WZR�ZHEV�KHOSV�WR�JLYH�D�IHHO
DV�WR�WKH�H[WHQW�RI�WKH�FKDQJH�UHTXLUHG��7R�HIIHFW�FKDQJH�VXFFHVVIXOO\�WKHQ�DOO�DVSHFWV�RI�WKH�FXOWXUDO
ZHE�QHHG�WR�EH�DGGUHVVHG�

6WDNHKROGHU�DQDO\VLV

6HH�)LJXUH��

7KH� SXUSRVH� RI� WKH� VWDNHKROGHU� DQDO\VLV� LV� WR� LGHQWLI\� NH\� LQGLYLGXDOV� RU� JURXSV� RI� LQGLYLGXDOV
ZKLFK�PD\�EH�DEOH�WR�LQIOXHQFH�WKH�VXFFHVVIXO�LQWHJUDWLRQ�RI�HGXFDWLRQDO�WHFKQRORJ\�

$WWUDFWLYHQHVV�YV��LPSOHPHQWDWLRQ�GLIILFXOW\

6HH�)LJXUH��

$�PRUH�GLUHFW�DQDO\VLV�RI�WKH�OLNHO\�VXFFHVV�RU�IDLOXUH�RI�SDUWLFXODU�SURMHFWV�

.H\�LVVXHV�UHJDUGLQJ�DWWUDFWLYHQHVV�YV��LPSOHPHQWDWLRQ�GLIILFXOW\�

• )RUFLQJ�SURMHFW�PRYHPHQW��DXJPHQW�WKH�GULYHUV�DQG�UHGXFH�UHVWUDLQWV

• &OHDUO\�WKH�LQWHUSUHWDWLRQ�RI�WKLV�GHVFULSWLYH�PRGHO�GRHV�QRW�GHILQH�VXFFHVV�RU�IDLOXUH��L�H��DV�D
EODFN�RU�ZKLWH�LVVXH��EXW�LQGLFDWHV�D�OHYHO�RI�ULVN�DQG�WKH�GLUHFWLRQV� LQ�ZKLFK�D�SURMHFW�FDQ�EH
PRYHG�� 'HILQLQJ� VXFFHVV� RU� IDLOXUH�ZLWKLQ� WKH� VFRSH� RI� HGXFDWLRQDO� WHFKQRORJ\� SURMHFWV� LV� D
SUREOHPDWLF� LVVXH�� :KDW� DUH� WKH� FULWHULD� WKDW� DUH� XVHG� WR� MXGJH� WKLV"� ,V� VXFFHVV� VLPSO\
UHSUHVHQWHG�E\�WKH�DGRSWLRQ�RI�WHFKQRORJ\"�2U�LV�LW�VRPHWKLQJ�PRUH�VXEWOH�VXFK�DV�HGXFDWLRQDO
HIIHFWLYHQHVV�RU� ORQJ�WHUP�VXVWDLQDELOLW\"� -XGJLQJ�VXFFHVV�DQG� IDLOXUH�ZLOO� DOVR� LPSDFW�RQ� WKH
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LQWHUSUHWDWLRQ�RI� WKH�PDMRU�SURPRWLQJ�RU� LQKLELWLQJ� IDFWRUV�� )RU� H[DPSOH�� LI� VXFFHVV� LV� MXGJHG
SXUHO\� RQ�XSWDNH� RI� WHFKQRORJ\� WKHQ� WKH� ELJJHVW� IDFWRU�PD\�EH� LQVWLWXWLRQDO� ,7� SROLF\�� ,I� WKH
PHDVXUH�RI�VXFFHVV�LV�EHWWHU�OHDUQLQJ�WKHQ�DVVHVVPHQW�SROLFHV�PD\�EH�WKH�ELJJHVW�IDFWRU��6XFFHVV
QHHGV� WR� EH� MXGJHG� DJDLQVW� SXUSRVH�LQWHQWLRQ�JRDOV� DQG� UHYHDOHG� WKURXJK� D� ULJRURXV
HYDOXDWLRQ�SURFHVV��FRVW�EHQHILW�DQDO\VLV��

• ,� EHOLHYH� LW� LV� LPSRUWDQW� WR� VWHHU� DZD\� IURP� 
VFLHQWLVLQJ
� VRFLR�FXOWXUDO� LVVXHV� VXFK� DV

PRWLYDWLRQ
�DQG�
KDVVOH
��6WULYLQJ�WR�IL[�WKHVH�TXDOLWLHV�GRHV�QRW�PDNH�WKHP�PRUH�
UHDO
�RU�
WUXH

�LQ�RWKHU�ZRUGV��WKHVH�DUH�HVVHQWLDOO\�TXDOLWDWLYH�LVVXHV�QRW�TXDQWLILDEOH�HQWLWLHV��

� &RQFOXVLRQV

7KLV�GRFXPHQW�KDV� HYROYHG� IURP�DQ� LQLWLDO� H[DPLQDWLRQ� RI� WKH�SURPRWLQJ� DQG� LQKLELWLQJ� IDFWRUV
UHODWHG�WR�WKH�XSWDNH�RI�HGXFDWLRQDO�WHFKQRORJ\��7KHVH�SURPRWLQJ�DQG�LQKLELWLQJ�IDFWRUV�DSSHDU�WR
KDYH�D�VWURQJ�LQIOXHQFH�RQ�WKH�
VXFFHVV
�RU�
IDLOXUH
�RI�HGXFDWLRQDO�WHFKQRORJ\�LQLWLDWLYHV��,Q�EURDGHU
WHUPV��WKHVH�IDFWRUV�SURYLGH�DQ�LQVLJKW�LQWR�ZK\��RQ�WKH�VXUIDFH��HGXFDWLRQDO�WHFKQRORJ\�DSSHDUV�WR
KDYH�KDG�VXFK�D�ORFDOLVHG�LPSDFW�

&HQWUDO� WR� H[SORULQJ� WKHVH� LVVXHV�� WKH� ILUVW� SDUW� RI� WKLV� RQJRLQJ� VWXG\� KDV� FDWHJRULVHG� D
ZKROH� VHULHV� RI� IDFWRUV� UDQJLQJ� IURP� WKH� SHUVRQDO� WR� WKH� SUDFWLFDO�� WKH� LQGLYLGXDO� WR� WKH
LQVWLWXWLRQDO��7KH�VHFRQG�SDUW�RI�WKLV�VWXG\�KDV�VWDUWHG�WR�H[SORUH�WKH�H[WHQW�WR�ZKLFK�WKHVH�IDFWRUV
PLJKW�LQIRUP�WKH�SURGXFWLRQ�RI�VXFFHVVIXO� LPSOHPHQWDWLRQ�VWUDWHJLHV�� ,W�KDV�EHHQ�VWUHVVHG�LQ� WKLV
VHFWLRQ�WKDW�FDUHIXO�DQDO\VLV�LV�UHTXLUHG�WR�GLJ�EHORZ�WKH�VXUIDFH�DQG�TXHVWLRQ�IDFWRUV�ZKLFK�DW�IDFH�
YDOXH� VHHP� WR� EH� RI� RYHUULGLQJ� LPSRUWDQFH�� ,Q� RWKHU�ZRUGV�� VRPH� VHHPLQJ� ODUJHO\� EDUULHUV�PD\
DFWXDOO\� EH� UHODWLYHO\� HDV\� WR� RYHUFRPH�ZKLOH� RWKHU� DSSDUHQWO\� LQVLJQLILFDQW� EDUULHUV�PD\� SURYH
ORQJ�WHUP�VWXPEOLQJ�EORFNV�

7KHVH�WKUHH�PRGHV�RI�DQDO\VLV�DOO�UHYHDO�WKDW�FKDQJH��LQ�WHUPV�RI�WKH�LPSOHPHQWDWLRQ�RI�HGXFDWLRQDO
WHFKQRORJ\�LV�D�KLJKO\�FRPSOH[�SURFHVV��$�SURSRVHG�PHWKRG�IRU�EULQJLQJ�WKHVH�VWDQGV�WRJHWKHU�LV
WKH�GHYHORSPHQW�RI�D�IOH[LEOH�WRRONLW�ZKLFK�FDQ�EH�XWLOLVHG�E\�GHSDUWPHQWV��SURMHFWV�RU�LQVWLWXWLRQ
WR�KHOS�LGHQWLI\�WKH�PRVW�IUXLWIXO�ZD\�IRUZDUG���7KLV�LGHD�KDV�UHVRQDQFH�ZLWK�ERWK�WKH�)ODVKOLJKW�
SURJUDP��DLPHG�DW�SURYLGLQJ� WRROV� IRU� LPSURYLQJ� WHFKQRORJ\�DQG�OHDUQLQJ�DQG�WKH�(/7���SURMHFW
ZKLFK�DLPV�WR�SURYLGH�WRROV�IRU�HYDOXDWLQJ�WKH�HIIHFWLYHQHVV�RI�&	,7�

2QH� SRVVLEOH� IUDPHZRUN� IRU� DQ� ¶LPSOHPHQWDWLRQ� WRRONLW·� LV� GHVFULEHG� EHORZ� DQG� LOOXVWUDWHG� LQ
)LJXUH���

�� 'HSDUWPHQWDO�DQDO\VLV�WKURXJK�VWXG\LQJ�ZRUNLQJ�SUDFWLFH
• &KRRVLQJ�D�PHWKRGRORJ\
• 'DWD�FROOHFWLRQ�DQG�DQDO\VLV

�� ,GHQWLI\LQJ�EDUULHUV�DQG�GULYHUV
�� 0DSSLQJ�RXW�D�FKDQJH�PDQDJHPHQW�VWUDWHJ\
�� 3XWWLQJ�LQWR�SUDFWLFH�DQ�LPSOHPHQWDWLRQ�F\FOH
�� (YDOXDWLQJ�WKH�VWUDWHJ\

:KDW�DUH�WKH�DGYDQWDJHV� WKDW�D�WRRONLW�FRXOG�RIIHU"�)LUVWO\��DV�(UKPDQQ�� UHFRJQLVHV��HGXFDWLRQ� LV
ORFDO� DQG� WKHUHIRUH� DFFXUDWH� LQIRUPDWLRQ� QHHGV� WR� EH� JDLQHG� IURP� VWXGLHV� DW� WKH� ORFDO� OHYHO�� $
FDUHIXOO\�FRQVWUXFWHG�WRRONLW�FRXOG�SURYLGH�WKLV�OHYHO�RI�VHQVLWLYLW\��6HFRQGO\��DFWLYH�SDUWLFLSDWLRQ�LQ
D�VHOI�DGPLQLVWHUHG�HYDOXDWLRQ�VKRXOG�KHOS�HQJHQGHU�D�VHQVH�RI�RZQHUVKLS�DQG�VWLPXODWH�UHIOHFWLRQ
ZLWKLQ�D�GHSDUWPHQW��7KLUGO\�� WKH� WRRONLW�ZRXOG�KRSHIXOO\�PRELOLVH� D�ZLGH� FURVV� VHFWLRQ�RI� VWDII
DQG�FUHDWH�D�IHHOLQJ�RI�LQYHVWPHQW�LQ�WKH�VROXWLRQV�WKDW�DUH�FKRVHQ�DQG�LPSOHPHQWHG�

2QH�RI�WKH�QH[W�DLPV�RI�WKLV�RQJRLQJ�LQYHVWLJDWLRQ�ZLOO�EH�WR�GHFLGH�ZKHWKHU�WKH�SURGXFWLRQ�RI�VXFK
D�IUDPHZRUN�LV�YLDEOH��DQG�LWV·�UHDO�YDOXH�WR�WDUJHW�SURMHFWV��GHSDUWPHQWV�DQG�LQVWLWXWLRQV�
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6XPPDU\

�� 7KH�VXFFHVV�DQG�IDLOXUH�RI�HGXFDWLRQDO�WHFKQRORJ\�LV�RIWHQ�GHVFULEHG�LQ�WHUPV�RI�IDFWRUV�ZKLFK
HLWKHU�SURPRWH�RU�LQKLELW�LWV·�XSWDNH

�� 6WXG\LQJ�ZRUNLQJ�SUDFWLFH�LV�D�YDOXDEOH�PHWKRG�IRU�DQDO\VLQJ�DQG�LGHQWLI\LQJ�WKHVH�SURPRWLQJ
DQG�LQKLELWLQJ�IDFWRUV

�� 7KLV�GDWD�FDQ�EH�XVHG�WR�LQIRUP�WKH�XVH�RI�WRROV�WR�PDQDJH�FKDQJH
�� 0DQDJLQJ� FKDQJH� LV� FHQWUDO� WR� WKH� LQWHJUDWLRQ� DQG� ORQJ�WHUP� VXVWDLQDELOLW\� RI� HGXFDWLRQDO

WHFKQRORJ\�VROXWLRQV
�� ,QWHJUDWLQJ� WKHVH� DSSURDFKHV� LQWR� D� IOH[LEOH� 
� LPSOHPHQWDWLRQ� WRRONLW
� RIIHUV� D� SRWHQWLDOO\

EHQHILFLDO�VROXWLRQ�IRU�LQVWLWXWLRQV��GHSDUWPHQWV�DQG�SURMHFWV�WR�DGRSW
�� %HLQJ� DEOH� WR� RIIHU� D� VRXQG� LPSOHPHQWDWLRQ� VWUDWHJ\� LV� YLWDO� WR� WKH� 7(/5,� SURMHFW� LI� LW� LV� WR

DFKLHYH� VXFFHVV� LQ� LWV·� VHFRQG� SKDVH� RI� HPEHGGLQJ� VROXWLRQV� WR� LPSURYH� VWXGHQW� UHVHDUFK
FDSDELOLWLHV

� )XUWKHU�ZRUN

�� $GG�D�FDVH�VWXG\�H[DPSOH�H�J��:DUZLFN�/DQJXDJHV�GHSDUWPHQW
�� $GG�LQ�PDWHULDO�UHODWLQJ�WR�¶UHVLVWDQFH�WR�FKDQJH·�L�H��LQ�WHUPV�RI��SHUFHSWLRQ��SHUVRQDOLW\��KDELW�

WKUHDWV�WR�SRZHU�DQG�LQIOXHQFH��IHDU�RI�XQNQRZQ��HFRQRPLF�UHDVRQV��RUJDQLVDWLRQDO�GHVLJQ�
RUJDQLVDWLRQDO�FXOWXUH��UHVRXUFH�OLPLWDWLRQV��IL[HG�LQYHVWPHQWV��LQWHU�RUJDQLVDWLRQDO�DJUHHPHQWV�

�� 3RVVLEO\�UHIUDPH�WKH�DQDO\VHV�LQ�WHUPV�RI�
• :+<� �ILQGLQJ�RXW�DQDO\VLQJ�D�GHSDUWPHQW� �VWXG\LQJ�ZRUNLQJ�SUDFWLFH�FXOWXUH� 

PHWKRGRORJ\� �JDWKHULQJ�GDWD
• :+$7� �WRROV�IRU�FKDQJH� �FKDQJH�PDQDJHPHQW
• +2:� �VWUDWHJ\�IRU�LPSOHPHQWDWLRQ�LQWHJUDWLRQ
• :+(5(� �EXLOGLQJ�LQ�DQ�HYDOXDWLRQ�F\FOH

�� ([DPLQH�WKH�ZRUN�RI�WKH�)ODVKOLJKW�SURJUDP�DQG�KRZ�LW�PD\�LQIRUP�VRPH�RI�WKH�LVVXHV�UDLVHG
�KWWS���ZZZ�WOWJURXS�RUJ����$OVR�VHH�2OLYHU��0��DQG�&RQROH��*���������

�� 6KRXOG�LPSOHPHQWDWLRQ�EH�VSOLW�LQWR�WZR�SURFHVVHV��ZKLFK�PD\�EH�IXUWKHU�VXE�GLYLGHG�"
• 2IIHU� IUDPHZRUN� IRU� HGXFDWLRQDO� FKDQJH� �  � HGXFDWLRQDO� DSSURDFK�  � FRPPLWPHQW� WR

LQWHJUDWLRQ
• 2IIHU�WUDQVSDUHQW�WHFKQRORJ\�VROXWLRQV� �DSSOLFDELOLW\� �ZRUNLQJ�SUDFWLFH
• (YDOXDWHG�DJDLQVW�¶HGXFDWLRQDO�HIIHFWLYHQHVV·�FRVW�EHQHILW�DQDO\VLV"

�� &RQVLGHU�WKH�IDFWRUV�DV�D�QHWZRUN�RI�LVVXHV�DV�RSSRVHG�WR�D�OLQHDU�VHW�RI�KLHUDUFKLFDO�LVVXHV�WKDW
QHHG�WR�EH�WDFNOHG

�� /HYHOV�RI�LQWHUDFWLRQ�²�H[DPLQLQJ�LQWHUDFWLRQ�DW�D�VLQJOH�OHYHO�H�J��WKH�OHYHO�RI�SROLF\�DQG�KRZ
SROLFHV��VWUDWHJLHV�DQG�GLUHFWLYHV�LQWHUDFW�

�� $GGUHVV�WKH�LVVXH�RI�HGXFDWLRQDO�HIIHFWLYHQHVV
�� 5HIUDPH�VRPH�RI�WKH�LVVXHV�LQ�WHUPV�RI�RUJDQLVDWLRQDO�QHWZRUNV�DQG�RUJDQLVDWLRQDO�VWXGLHV
��� $GGUHVV�WKH�FKDQJLQJ�QDWXUH�RI�PDQ\�SURMHFWV�ZKLFK�DUH�QRZ�FURVV�GHSDUWPHQWDO�DQG�FURVV�

LQVWLWXWLRQDO���UHGHILQLQJ�DQG�UHFRQILJXULQJ�RI�WKH�LQVWLWXWLRQ�DQG�FXOWXUDO�ERXQGDULHV�UHTXLULQJ
JUHDWHU�IOH[LELOLW\�LQ�WKH�W\SHV�RI�DQDO\VHV�DQG�VWUDWHJLHV�WKDW�DUH�ERXJKW�WR�EHDU�
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� 5HIHUHQFHV

�� 7(/5,�SURMHFW�PHHWLQJ�QRWHV���SUHOLPLQDU\�FRQFOXVLRQV�GUDZQ�IURP�H[SORUDWRU\�LQWHUYLHZV
ZLWK�WKH�IROORZLQJ�:DUZLFN�GHSDUWPHQWV��/DQJXDJHV��+LVWRU\��0DWKV��&RPSXWHU�6FLHQFH��/DZ
DQG�%LRORJLFDO�6FLHQFHV�

�� +()&(�UHSRUW�²�¶)DFWRUV�ZKLFK�KDYH�KHOSHG�RU�OLPLWHG�WKH�HIIHFWLYH�DGRSWLRQ�RI�WHFKQRORJ\�DQG
OHDUQLQJ�PDWHULDOV·�

�� 'RXJKW\��'���������
,7�LQ�(GXFDWLRQ�DQG�(GXFDWLRQ�LQ�,7�
�85/�
KWWS���ZZZ�HOHF�JOD�DF�XN�7,/7�,7('(',7�KWPO��YLVLWHG����������VHH�DOVR�7,/7�SURMHFW
RXWFRPHV

�� /RXVEHUJ��0��DQG�6ROHU��-���������
$FWLRQ�UHVHDUFK�DQG�WKH�HYDOXDWLRQ�RI�,7�SURMHFWV�
�$FWLYH
/HDUQLQJ�����������

�� 6FRWW��%��HW��DO���������
(PEHGGLQJ�7/73�DQG�RWKHU�UHVRXUFH�EDVHG�OHDUQLQJ�PDWHULDOV�LQWR�WKH
FXUULFXOXP�
�$FWLYH�/HDUQLQJ�����������

�� 0DLHU��3���:KLWH��6��DQG�%DUQHWW��/���������¶8VLQJ�HGXFDWLRQDO�GHYHORSPHQW�VWUDWHJLHV�WR
LQWHJUDWH�OHDUQLQJ�WHFKQRORJLHV�·�$FWLYH�/HDUQLQJ����������

�� *XQQ��&��DQG�%UXVVLQR��*��¶$Q�HYROXWLRQDU\�DSSURDFK�WR�&$/�·�$FWLYH�/HDUQLQJ���������

�� %DORJXQ��-��DQG�+RSH�+DLOH\��9��ZLWK�-RKQVRQ��*��DQG�6FKROHV��.���������
([SORULQJ�6WUDWHJLF
FKDQJH�
�(XURSH��3UHQWLFH�+DOO

�� (KUPDQQ��6��&����������
6WXG\LQJ�WHDFKLQJ��OHDUQLQJ�DQG�WHFKQRORJ\�
�$FWLYH�/HDUQLQJ����������

��� 2OLYHU��0��DQG�&RQROH��*���������¶(YDOXDWLQJ�FRPPXQLFDWLRQ�DQG�LQIRUPDWLRQ�WHFKQRORJLHV��D
WRRONLW�IRU�SUDFWLWLRQHUV·�$FWLYH�/HDUQLQJ����&7,66�3XEOLFDWLRQV�
KWWS���ZZZ�FWL�DF�XN�SXEO�DFWOHD�DO�SGI�ROLYHU�SGI

��� -RKQVRQ��*��DQG�6FKROHV��.���������¶([SORULQJ�FRUSRUDWH�VWUDWHJ\�·�+HPHO�+HPSVWHDG��3UHQWLFH
+DOO
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)LJXUH����,GHQWLI\LQJ�GHSDUWPHQWDO�LQWHUDFWLRQV��DQ�RYHUYLHZ

7KH� IROORZLQJ� GLDJUDP� LGHQWLILHV� WKUHH� PDMRU� FRPSRQHQWV� WKDW� DUH� FHQWUDO� WR� WKH� QRWLRQ� RI� DQ
DFDGHPLF� GHSDUWPHQW� DQG� LWV
� HGXFDWLRQDO� FXOWXUH�� 7KH� GLDJUDP� LV� XVHIXO� LQ� IRUPLQJ� DQ� LQLWLDO
SLFWXUH�RI� WKH� LQWHUUHODWHG�SURFHVVHV� WKDW� FRQVWLWXWH� WKH�HGXFDWLRQDO�FRQWH[W�RI� D�GHSDUWPHQW�� )RU
H[DPSOH��WKH�V\PEROLF�QDWXUH�RI�WKH�GHSDUWPHQW�LV�GHILQHG�E\��WKH�VXEMHFW�GLVFLSOLQH��WKH�EXLOGLQJ�
URRPV� DQG� UHVRXUFHV� WKDW� DUH� DYDLODEOH�� WKH� WHFKQRORJLFDO� LQIUDVWUXFWXUH�� WKH� DGPLQLVWUDWLYH
SURFHVVHV�WKDW�H[LVW�DQG�WKH�GHSDUWPHQW·V�SRVLWLRQ�ZLWKLQ�WKH�ZLGHU�FRQWH[W�RI�WKH�LQVWLWXWLRQ�

Staff
Time
Training
Research
Profile
Perspective

Students
Learning
approach
Development
Needs
Perspective
Prior experience

Department (symbolic)
Subject discipline
Infrastructure
Technology
Administration
Institutional context

QAA/RAE
Support
Staff development
Working practice

Services
Support
Summative assessment

Teaching
Learning
Pedagogy
Support
Formative assessment
Knowledge

d ti

('8&$7,21$/
&8/785(

	�&217(;7
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)LJXUH����'HSDUWPHQWDO�ZRUNLQJ�SUDFWLFH�DV�WKH�FHQWUDO�LVVXH

7KH� IROORZLQJ� GLDJUDP� LOOXVWUDWHV� KRZ� DQ� DQDO\VLV� RI� ZRUNLQJ� SUDFWLFH� UHYHDOV� VL[� PDMRU
FRPSRQHQWV�� 7KHVH� FRPSRQHQWV� IRUP� WKH� EDVLV� IRU� WKH� WHUWLDU\� FRGLQJ� RI� WKH� SURPRWLQJ� DQG
LQKLELWLQJ�IDFWRUV�WKDW�PD\�KDYH�DQ�HIIHFW�RQ�WKH�XVH�RI�HGXFDWLRQDO�WHFKQRORJ\�

WORKING PRACTICE

(what actually occurs within
a department, what do
lecturers actually do?)

Policies
Government
HEFCE
Institutional
Departmental
Accreditation

Support
Departmental
Institutional
Services
Staff

Technology/infrastructure
Availability and access
Budgets
Training
Competence
Committees

Teaching commitment
Personal satisfaction
Experience
Time
ESR

Research commitment
Academic profile
Peer standing
Time
RAE

Social issues
Culture
Acknowledgement
Staff cohesion
Standing
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)LJXUH����,PSOHPHQWDWLRQ�DQG�LQWHJUDWLRQ�F\FOH

7KH� GLDJUDP� EHORZ� VKRZV� WKH� UHTXLUHG� IORZ� RI� LQIRUPDWLRQ� DQG� ¶SURFHVV·� �IURP� LQGLYLGXDOV�
WKURXJK�WKH�GHSDUWPHQW�� LQVWLWXWLRQ�DQG�YLFH�YHUVD�� IRU�VXFFHVVIXO�FKDQJH� WR�RFFXU� L�H�� WR�DFKLHYH
VXVWDLQDEOH�HGXFDWLRQDO�WHFKQRORJ\�LPSOHPHQWDWLRQ�DQG�LQWHJUDWLRQ��7KLV�W\SH�RI�RYHUYLHZ�ZRXOG
EH�FRQVLVWHQW�ZLWK�DQ�LQFUHPHQWDO�WUDQVIRUPDWLRQ�DSSURDFK�YLD�
SRFNHWV�RI�JRRG�SUDFWLFH


INDIVIDUAL
EFFORT/

IMPLEMENTATIO

DEPARTMENTA
L STRATEGY

INSTITUTIONAL
POLICY

Dissemination
Good practice

Guidelines
External
f nding

Change:
Successful long-term

integration and
implementation of

educational
technology

Acknowledgem
ent

Grants/budget
Promotion
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)LJXUH����$�FXOWXUDO�ZHE��GHVFULSWLYH�RI�DQ�DFDGHPLF�GHSDUWPHQW

%XLOGLQJ�D�FXOWXUDO�ZHE�LV�D�PHWKRG�ZKLFK�FDQ�EH�XVHG�WR�DXGLW�DQ�RUJDQLVDWLRQ·V�SUHVHQW�FXOWXUH�
LQ� WKLV� FDVH� WKDW� RI� DQ� DFDGHPLF� GHSDUWPHQW�� ,W� SURYLGHV� D� WRRO� IRU� KLJKOLJKWLQJ� WKH� EDUULHUV� WR
FKDQJH�SUHVHQWHG�E\�WKH�H[LVWLQJ�FXOWXUH�

$GDSWHG�IURP��-RKQVRQ�DQG�6FKROHV��

Stories
• Innovation
• Freedom

• Social
• Status

Symbols
• RAE rating
• Research groups

• Academic profile

• High profile degree

• courses

Power structures
• HoD
• Senior staff
• Respected academics

• Committees

Organisational
structure
• Respected academics

• Support staff

• Teaching teams

Control systems
• Promotion

• ESR/RAE

• Probation

• Publication record

• Student feedback

• Rewards

Routines & Rituals
• Technology usage

• Autonomy

• Competition

• Cliques
• Seminars

Paradigm
• Research excellence

• Funding

• Motivated students

• Teaching
excellence
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)LJXUH����7DUJHWLQJ�FKDQJH��DQDO\VLQJ�WKH�VWDNHKROGHUV

$�VLPSOH�DQDO\VLV�RI�WKH�VWDNHKROGHUV�DFFRUGLQJ�WR�DWWLWXGH�DQG�LQIOXHQFH�FDQ�KHOS�LGHQWLI\�ZKHUH
ZHDNQHVVHV� OLH� LQ� WKH� VXSSRUW� IRU� FKDQJH�� ,Q� WKH� H[DPSOH� EHORZ�� YDULRXV� IDFWRUV� DUH� LGHQWLILHG
ZKLFK�PD\�KHOS� VKLIW� D�GHSDUWPHQW·V� VWXGHQWV�� VXSSRUW� VWDII� DQG�DFDGHPLFV� LQWR� �PRUH�SRVLWLYH�
DFWLYH�UROHV�

AGAINS
T

Student
s

Academi
c staff

Support
staff

Staff
developme

Employer

Instituti
on

HoD

Other
projects

PG
teaching

FOR

LOW HIG

A
tt

it
u

d
e

Influence

Engagement in decision
making
Dissemination
Ownership
Feedback

Valuing expertise
Ownership
Reward

Ownership
Transparency
Saving time
Novelty
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)LJXUH����$WWUDFWLYHQHVV�YV��LPSOHPHQWDWLRQ�GLIILFXOW\��DQ�DQDO\VLV�RI�IRXU�7(/5,�SURMHFWV

Attractiveness
(Net benefit/

cost)

Implementation
difficulty

HIG

LOW

EASY VERY
DIFFICULT

Bioinfo

Ox. Maths

Comp.
Sc

Ox. Soc.

KEY:

Blue = projects likely to achieve success
Red = projects which require attention to avoid
failing (or achieving only partial success)
È        indicates the likely direction in which the projects can
be pushed

Projects:

Bioinfo. – Oxford/Warwick bioinformatics course
Comp. Sc. – Warwick Computer Science
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)LJXUH����)UDPHZRUN�IRU�D�IOH[LEOH�©LPSOHPHQWDWLRQ�WRRONLWª

Analyse cultural practices

Derive insights into
barriers and drivers

Choice of methodology
(ease and focus)

Observational data
Survey/questionnaire
Interview/focus group

Gather data

Map onto change
management strategy

Implementation/integration
life-cycle

Evaluation strategy

Collate and analyse
data

Stage 1

Stage 2

Stage 3


