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+RZ�FDQ�ZH�PLWLJDWH�WKH�FKDOOHQJHV�ZLWKRXW�UHGXFLQJ�WKH�
EHQHILWV"

�� ,QWURGXFWLRQ�WR�5HSURGXFLELOLW\

�� 5HSURGXFLELOLW\�LQ�1/3

�� 0HFKDQLVPV�IRU�5HSURGXFLELOLW\

�� 5HSURGXFLELOLW\�DV�D�7HDFKLQJ�7RRO
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�� 7HDFKLQJ�WKURXJK�UHSURGXFLELOLW\�

�� ([DPSOHV�RI�$,�FRXUVHV�XWLOL]LQJ�UHSURGXFLELOLW\�DV�D�WHDFKLQJ�WRRO

D� 5HSURGXFHGSDSHUV�RUJ��78�'HOIW�

E� )$&7�$,��8QLYHUVLW\�RI�$PVWHUGDP�

�� *XLGHOLQHV�IRU�D�VXFFHVVIXO�UHSURGXFLELOLW\�FRXUVH

�� /HVVRQV�OHDUQHG
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Ɣ /HDUQLQJ�1HWZRUNLQJ�E\�5HSURGXFLQJ�5HVHDUFK�5HVXOWV��<DQ�HW�DO�������

Ɣ 6WDQIRUG�&6�FRXUVH�RQ�UHSURGXFLQJ�ZRUN�RQ�QHWZRUNLQJ�V\VWHPV

Ɣ %ULQJLQJ�5HSOLFDWLRQ�,QWR�&ODVVURRP��%HQHILWV�)RU�(GXFDWLRQ��6FLHQFH��DQG�6RFLHW\��5LERWWD��
%ODQGLQH��HW�DO������

Ɣ �)RU�PRUH�WKDQ�D�GHFDGH��UHVHDUFK�LQ�SV\FKRORJ\�KDV�EHHQ�VWUXJJOLQJ�WR�UHSOLFDWH�PDQ\�ZHOO�NQRZQ�
DQG�KLJKO\�FLWHG�VWXGLHV�

Ɣ +RZ�WR�8VH�5HSOLFDWLRQ�$VVLJQPHQWV�IRU�7HDFKLQJ�,QWHJULW\�LQ�(PSLULFDO�$UFKDHRORJ\�
�0DUZLFN��%HQ��HW�DO�������

Ɣ �+HUH�ZH�DUJXH�IRU�UHSOLFDWLRQV�DV�D�FRUH�W\SH�RI�FODVV�DVVLJQPHQW�LQ�DUFKDHRORJ\�FRXUVHV�
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9DOXDEOH�H[SHULHQFH�IRU�VWXGHQWV�

Ɣ 3UDFWLFH�LPSOHPHQWLQJ�DQG�H[WHQGLQJ�H[LVWLQJ�UHVHDUFK�

Ɣ 5HFRJQL]H�WKH�LPSRUWDQFH��DQG�GLIILFXOW\��RI�UHSURGXFLELOLW\

Ɣ +HOSV�VWXGHQWV�WR�GHYHORS�FULWLFDO�WKLQNLQJ�VNLOOV�

Ɣ 7KLV�DOVR�KHOSV�ZLWK�ZULWLQJ�UHVHDUFK�SDSHUV

Ɣ &DQ�EH�DGGHG�WR�WKHLU�SRUWIROLR��H�J���SHUVRQDO�ZHEVLWH��EORJ�SRVW��&9

Ɣ $OORZV�VWXGHQWV�WR�SDUWLFLSDWH�LQ�WKH�FRPPXQLW\

&RQWULEXWH�WR�H[LVWLQJ�UHVHDUFK�

Ɣ 1HZ�LQVLJKWV�FDQ�GLUHFW�IXWXUH�UHVHDUFK

Ɣ 5HVXOWV�FDQ�EH�SXEOLVKHG��H�J���LQ�WKH�5H6FLHQFH�MRXUQDO
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�,V�DQ�RSHQ�RQOLQH�UHSRVLWRU\�IRU�WHDFKLQJ�DQG�VWUXFWXULQJ�PDFKLQH�OHDUQLQJ�UHSURGXFLELOLW\�

� 3ULPDU\�PRWLYDWLRQ��WKHUH�H[LVW�VHYHUDO�YHQXHV�IRU�UHSURGXFLELOLW\�EXW�WKHUH�LV�D�¶KLJK�EDUULHU·�
WR�HQWU\�RU�D�IRFXV�RQ�¶VKRUW�WHUP·��DOWHUQDWH�\HDUV��HWF�

� 3URSRVH��D�ORZ�EDUULHU��ORQJ�WHUP�YHQXH�IRFXVHG�RQ�UHSURGXFLELOLW\

� 5HSURGXFWLRQ�DOLJQV�ZLWK�VHYHUDO�WHDFKLQJ�JRDOV�

� 5HDGLQJ�DQG�FULWLTXLQJ�OLWHUDWXUH
� ,PSOHPHQWLQJ��H[HFXWLQJ�DQG�H[WHQGLQJ�FRGH
� &RPSDULQJ��DQDO\]LQJ�DQG�SUHVHQWLQJ�UHVXOWV�LQ�D�FOHDU�DQG�FRQFLVH�PDQQHU

<LOGL]�HW�DO��������5HSURGXFHG3DSHUV�RUJ��2SHQO\�WHDFKLQJ�DQG�VWUXFWXULQJ�PDFKLQH�OHDUQLQJ�UHSURGXFLELOLW\��
,QWHUQDWLRQDO�:RUNVKRS�RQ�5HSURGXFLEOH�5HVHDUFK�LQ�3DWWHUQ�5HFRJQLWLRQ�
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Ɣ )RFXV�RI�WKH�SURMHFW��SDUWLDO�UHVXOWV��PLQRU�WZHDNV��HWF�

Ɣ :HOO�VXLWHG�IRU�XVH�LQ�WHDFKLQJ�

Ɣ %DGJHV��VHOI�ODEHOHG���

Ɣ 5HSOLFDWHG��$�IXOO�LPSOHPHQWDWLRQ�IURP�VFUDWFK�ZLWKRXW�XVLQJ�DQ\�SUH�H[LVWLQJ�FRGH

Ɣ 5HSURGXFHG��([LVWLQJ�FRGH�ZDV�HYDOXDWHG

Ɣ +\SHUSDUDPV�FKHFN��1HZ�HYDOXDWLRQ�RI�K\SHUSDUDPHWHU�VHQVLWLYLW\

Ɣ 1HZ�GDWD��(YDOXDWLQJ�QHZ�GDWDVHWV�WR�REWDLQ�VLPLODU�UHVXOWV

Ɣ 1HZ�DOJRULWKP�YDULDQW��(YDOXDWLQJ�D�GLIIHUHQW�YDULDQW

Ɣ 1HZ�FRGH�YDULDQW��5HZURWH�SRUWHG�H[LVWLQJ�FRGH�WR�EH�PRUH�HIILFLHQW��UHDGDEOH

Ɣ $EODWLRQ�VWXG\��$GGLWLRQDO�DEODWLRQ�VWXGLHV
���
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Ɣ 3DUW�RI�06F�&6���'HHS�/HDUQLQJ�FRXUVH��78�'HOIW

Ɣ 7HDFKLQJ�WHDP�VHOHFWV�SDSHUV�ZLWK�WZR�FULWHULD�
Ɣ 'DWD�DYDLODELOLW\
Ɣ &RPSXWDWLRQDO�GHPDQGV

Ɣ 3URMHFWV�
Ɣ 7HDPV�VKRXOG�LQGLFDWH�ZKLFK�UHVXOW�WR�UHSURGXFH
Ɣ *URXSV�RI�����VWXGHQWV����ZHHN�FRXUVH
Ɣ ѿ�RI�WKH�FRXUVH�WLPH�VSHQW�RQ�UHSURGXFWLRQ

Ɣ 'HOLYHUDEOHV�
Ɣ %ORJ�DERXW�WKH�UHSRVLWRU\��SULYDWH�SXEOLF�
Ɣ 3')�UHSRUW

<LOGL]�HW�DO��������5HSURGXFHG3DSHUV�RUJ��2SHQO\�WHDFKLQJ�DQG�VWUXFWXULQJ�PDFKLQH�OHDUQLQJ�UHSURGXFLELOLW\��
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���FRXUVH�VWXGHQWV������
RWKHU�VWXGHQWV�

���WKLUG�SDUW\�$,�
UHVHDUFKHUV��
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Ɣ 5HSURGXFWLRQ�SURMHFWV�DOLJQ�FORVHO\�ZLWK�JHQHUDO�FRXUVH�OHDUQLQJ�JRDOV��DQG�ZHUH�UHFHLYHG�
SRVLWLYHO\�E\�PRVW�VWXGHQWV

Ɣ 7KHVH�SURMHFWV�LPSURYH�SHUFHLYHG�YDOXH�RI�UHSURGXFWLRQV��ZLWK�DQ�DGGHG�LQFHQWLYH�RI�
SXEOLVKLQJ�WKHLU�ZRUN�DQG�DGGLQJ�WR�WKHLU�SRUWIROLRV

Ɣ �:H�ILQDOO\�FDOO�RQ�WKH�FRPPXQLW\�WR�DGG�WKHLU�UHSURGXFWLRQV�WR�WKH�ZHEVLWH�
5HSURGXFHG3DSHUV�RUJ�

Ɣ �0D\�WKH�QH[W�JHQHUDWLRQ�RI�PDFKLQH�OHDUQHUV�EH�UHSURGXFHUV�

���<LOGL]�HW�DO��������5HSURGXFHG3DSHUV�RUJ��2SHQO\�WHDFKLQJ�DQG�VWUXFWXULQJ�PDFKLQH�OHDUQLQJ�UHSURGXFLELOLW\��
,QWHUQDWLRQDO�:RUNVKRS�RQ�5HSURGXFLEOH�5HVHDUFK�LQ�3DWWHUQ�5HFRJQLWLRQ�
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� ,Q�������ZH�GHVLJQHG�D�QHZ�FRXUVH�RQ�)DLUQHVV��$FFRXQWDELOLW\��&RQILGHQWLDOLW\��DQG�7UDQVSDUHQF\�
LQ�$,��)$&7�$,��DW�WKH�8QLYHUVLW\�RI�$PVWHUGDP��8Y$��

� %DVHG�RQ�WKH�UHTXHVWV�RI�RXU�VWXGHQWV�LQ�WKH�06F�$,��DQ�LQFUHDVH�LQ�LQWHUHVW�LQ�HWKLFDO�LVVXHV�LQ�$,

� 7KH�FRXUVH�DLPV�WR�PDNH�VWXGHQWV�DZDUH�RI�WZR�W\SHV�RI�UHVSRQVLELOLW\�

� 7RZDUGV�VRFLHW\�LQ�WHUPV�RI�SRWHQWLDO�LPSOLFDWLRQV�RI�WKHLU�UHVHDUFK

� 6LPLODU�WR�WKH�1HXU,36�3DSHU�&KHFNOLVW��GLVFXVV�DQ\�SRWHQWLDO�QHJDWLYH�VRFLHWDO�LPSDFWV�RI�\RXU�ZRUN

� 7RZDUGV�WKH�UHVHDUFK�FRPPXQLW\�LQ�WHUPV�RI�SURGXFLQJ�UHSURGXFLEOH�UHVHDUFK

���KWWSV���QHXULSV�FF�&RQIHUHQFHV������3DSHU,QIRUPDWLRQ�3DSHU&KHFNOLVW�
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Ɣ /2�����8QGHUVWDQGLQJ�)$&7�WRSLFV

Ɣ /2�����8QGHUVWDQGLQJ�DOJRULWKPLF�KDUP

Ɣ /2�����)DPLOLDULW\�ZLWK�)$&7�PHWKRGV

Ɣ /2�����5HSURGXFLQJ�)$&7�VROXWLRQV

���/XFLF�HW�DO��������5HSURGXFLELOLW\�DV�D�0HFKDQLVP�IRU�7HDFKLQJ�)DLUQHVV��$FFRXQWDELOLW\��
&RQILGHQWLDOLW\��DQG�7UDQVSDUHQF\�LQ�$UWLILFLDO�,QWHOOLJHQFH��$$$,�($$,�
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/HDUQLQJ�2EMHFWLYH�����8QGHUVWDQGLQJ�)$&7�WRSLFV�

� 6WXGHQWV�FDQ�H[SODLQ�WKH�PDMRU�QRWLRQV�RI�IDLUQHVV��DFFRXQWDELOLW\��FRQILGHQWLDOLW\��DQG�

WUDQVSDUHQF\�WKDW�KDYH�EHHQ�SURSRVHG�LQ�WKH�OLWHUDWXUH��DORQJ�ZLWK�WKHLU�VWUHQJWKV�DQG�

ZHDNQHVVHV

/HDUQLQJ�0HFKDQLVP�

� *HQHUDO�OHFWXUH�V��SHU�WRSLF

���/XFLF�HW�DO��������5HSURGXFLELOLW\�DV�D�0HFKDQLVP�IRU�7HDFKLQJ�)DLUQHVV��$FFRXQWDELOLW\��
&RQILGHQWLDOLW\��DQG�7UDQVSDUHQF\�LQ�$UWLILFLDO�,QWHOOLJHQFH��$$$,�($$,�
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/HDUQLQJ�2EMHFWLYH�����8QGHUVWDQGLQJ�DOJRULWKPLF�KDUP

� 6WXGHQWV�FDQ�H[SODLQ��PRWLYDWH��DQG�GLVWLQJXLVK�WKH�PDLQ�W\SHV�RI�DOJRULWKPLF�KDUP��ERWK�LQ�
JHQHUDO�DQG�LQ�WHUPV�RI�FRQFUHWH�H[DPSOHV�ZKHUH�$,�LV�EHLQJ�DSSOLHG

/HDUQLQJ�0HFKDQLVP�

� *HQHUDO�OHFWXUHV�DQG�JXHVW�OHFWXUHV��ZKHUH�VWXGHQWV�FDQ�DVN�TXHVWLRQV�DQG�DUH�HQFRXUDJHG�WR�
SDUWLFLSDWH�LQ�GLVFXVVLRQV

� 7KLV�/2�FDQ�EH�XVHG�IRU�DQ\�$,�FRXUVH

���/XFLF�HW�DO��������5HSURGXFLELOLW\�DV�D�0HFKDQLVP�IRU�7HDFKLQJ�)DLUQHVV��$FFRXQWDELOLW\��
&RQILGHQWLDOLW\��DQG�7UDQVSDUHQF\�LQ�$UWLILFLDO�,QWHOOLJHQFH��$$$,�($$,�
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/HDUQLQJ�2EMHFWLYH�����)DPLOLDULW\�ZLWK�)$&7�PHWKRGV�

� 6WXGHQWV�DUH�IDPLOLDU�ZLWK�UHFHQW�SHHU�UHYLHZHG�DOJRULWKPLF�DSSURDFKHV�LQ�WKH�)$&7�$,�
OLWHUDWXUH

/HDUQLQJ�0HFKDQLVP�

� 3DSHU�GLVFXVVLRQ�VHVVLRQV�ZKHUH�VWXGHQWV�GLVFXVV�D�VHPLQDO�)$&7�$,�SDSHU�LQ�D�VPDOO�DQG�
LQWHUDFWLYH�JURXS��DIWHU�UHDGLQJ�WKH�SDSHU�LQ�DGYDQFH

���/XFLF�HW�DO��������5HSURGXFLELOLW\�DV�D�0HFKDQLVP�IRU�7HDFKLQJ�)DLUQHVV��$FFRXQWDELOLW\��
&RQILGHQWLDOLW\��DQG�7UDQVSDUHQF\�LQ�$UWLILFLDO�,QWHOOLJHQFH��$$$,�($$,�
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Ɣ 2XWOLQH�RI�KRZ�WR�GLVVHFW�D�SDSHU�DKHDG�RI�WLPH�

Ɣ ([DPSOHV�KHOS�

Ɣ )RU�WKH�VWXGHQWV��WKH�JRDO�RI�WKH�SDSHU�GLVFXVVLRQ�VHVVLRQV�LV�WR�
Ɣ /HDUQ�DERXW�SURPLQHQW�PHWKRGV�LQ�WKH�ILHOG

Ɣ 5HDGLQJ�D�WHFKQLFDO�SDSHU

Ɣ 7KLQN�FULWLFDOO\�DERXW�WKH�FODLPV�PDGH�LQ�WKH�SDSHUV

Ɣ 8QGHUVWDQGLQJ�D�SDSHU·V�VWUHQJWK�DQG�ZHDNQHVVHV

Ɣ $OO�WKHVH��UHDGLQJ��VNLOOV�DUH�QHFHVVDU\�IRU�D�JRRG�UHSURGXFLELOLW\�VWXG\
Ɣ ,I�VWXGHQWV�FDQ
W�XQGHUVWDQG�WKH�SDSHU��KRZ�ZLOO�WKH\�UHLPSOHPHQW�WKH�DOJRULWKP"
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� 6WXGHQWV�ILUVW�UHDG�D�VHPLQDO�SDSHU�RQ�WKHLU�RZQ�WU\LQJ�WR�DQVZHU�WKH�IROORZLQJ�TXHVWLRQV�

� :KDW�DUH�WKH�PDLQ�FODLPV�RI�WKH�SDSHU"

� :KDW�DUH�WKH�UHVHDUFK�TXHVWLRQV"

� 'RHV�WKH�H[SHULPHQWDO�VHWXS�PDNH�VHQVH��JLYHQ�WKH�UHVHDUFK�TXHVWLRQV"

� :KDW�DUH�WKH�DQVZHUV�WR�WKH�UHVHDUFK�TXHVWLRQV"�$UH�WKHVH�VXSSRUWHG�E\�H[SHULPHQWDO�HYLGHQFH"

� 3DUWLFLSDWH�LQ�VPDOO�GLVFXVVLRQ�VHVVLRQV��LGHDOO\�LQ�SHUVRQ��ZLWK�WKHLU�SHHUV�WR�GLVFXVV�WKHLU�
DQVZHUV�

� *URXSV�RI���WR���VWXGHQWV�
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$Q�LQVWUXFWRU�JRHV�RYHU�WKH�VDPH�SDSHU��JLYLQJ�DQ�RYHUYLHZ�RI�WKH�SDSHUV·�VWUHQJWKV�DQG�ZHDNQHVVHV

� ,Q�RXU�FDVH��HDFK�VHVVLRQ�ZDV�SUHVHQWHG�E\�D�GLIIHUHQW�LQVWUXFWRU

� 7KLV�WR�VKRZ�

� 7KHUH�LV�QR�VLQJOH�ZD\�RI�H[DPLQLQJ�D�UHVHDUFK�SDSHU

� 'LIIHUHQW�UHVHDUFKHUV�ZLOO�EULQJ�GLIIHUHQW�SHUVSHFWLYHV�WR�WKHLU�DVVHVVPHQW�RI�SDSHUV

� :H�FKRVH�SDSHUV�IRU�WKHLU�GLVFXVVLRQ�VHVVLRQV�EDVHG�RQ�WKHLU�LPSDFW�RQ�WKH�)$&7�$,�ILHOG
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/HDUQLQJ�2EMHFWLYH�����5HSURGXFLQJ�)$&7�VROXWLRQV�

� 6WXGHQWV�FDQ�DVVHVV�WKH�GHJUHH�WR�ZKLFK�UHFHQW�DOJRULWKPLF�VROXWLRQV�DUH�HIIHFWLYH��HVSHFLDOO\�
ZLWK�UHVSHFW�WR�WKH�FODLPV�PDGH�LQ�WKH�RULJLQDO�SDSHUV��ZKLOH�XQGHUVWDQGLQJ�WKHLU�OLPLWDWLRQV�
DQG�VKRUWFRPLQJV

/HDUQLQJ�0HFKDQLVP�

� *URXS�SURMHFW�ZKHUH�VWXGHQWV�ZRUN�LQ�JURXSV�WR�UHSURGXFH�)$&7�$,�SDSHUV�IURP�WRS�$,�
FRQIHUHQFHV�

���/XFLF�HW�DO��������5HSURGXFLELOLW\�DV�D�0HFKDQLVP�IRU�7HDFKLQJ�)DLUQHVV��$FFRXQWDELOLW\��
&RQILGHQWLDOLW\��DQG�7UDQVSDUHQF\�LQ�$UWLILFLDO�,QWHOOLJHQFH��$$$,�($$,�
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� 7KH�JURXS�SURMHFW�LV�EDVHG�RQ�UHSURGXFLQJ�H[LVWLQJ�DOJRULWKPV�IURP�WRS�$,�FRQIHUHQFHV�
DQG�LV�WKH�IRFDO�SRLQW�RI�WKH�FRXUVH

� ,Q�RXU�FRXUVH��ZH�IRFXVHG�RQ�)$&7�$,�DOJRULWKPV

� +RZHYHU��WKH�VHWXS�IRU�WKH�FRXUVH�LV�QRW�VSHFLILF�WR�)$&7�$,�DQG�FDQ�EH�WDLORUHG�WR�DQ\�WRSLF�

� H�J���1/3��FRPSXWHU�YLVLRQ��LQIRUPDWLRQ�UHWULHYDO��JHQHUDO�0/��HWF�

/XFLF�HW�DO��������5HSURGXFLELOLW\�DV�D�0HFKDQLVP�IRU�7HDFKLQJ�)DLUQHVV��$FFRXQWDELOLW\��
&RQILGHQWLDOLW\��DQG�7UDQVSDUHQF\�LQ�$UWLILFLDO�,QWHOOLJHQFH��$$$,�($$,�

���
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Ɣ 7KH�JURXS�SURMHFW�LV�EDVHG�RQ�UHSURGXFLQJ�H[LVWLQJ�DOJRULWKPV�IURP�WRS�$,�FRQIHUHQFHV�
DQG�LV�WKH�IRFDO�SRLQW�RI�WKH�FRXUVH�

Ɣ 6WXGHQWV�ZRUN�LQ�JURXSV�WR�UHLPSOHPHQW�H[LVWLQJ�DOJRULWKPV�IURP�SDSHUV�LQ�WRS�$,�
FRQIHUHQFHV��H�J���1HXU,36��,&0/��,&/5��$$$,��HWF���

Ɣ )$&7�$,�FRXUVH��JURXSV�RI�����VWXGHQWV�

Ɣ 6WXGHQWV�ZULWH�XS�WKH�UHVXOWV�DQG�VXEPLW�UHSRUWV

Ɣ :H�HQFRXUDJHG�WKHP�WR�VXEPLW�WKHLU�UHSRUWV�WR�WKH�0/�5HSURGXFLELOLW\�&KDOOHQJH

Ɣ ,Q�RXU�FRXUVH��ZH�IRFXVHG�RQ�)$&7�$,�DOJRULWKPV��+RZHYHU��WKH�VHWXS�IRU�WKH�FRXUVH�LV�QRW�
VSHFLILF�WR�)$&7�$,�DQG�FDQ�EH�WDLORUHG�WR�DQ\�WRSLF

Ɣ H�J���1/3��FRPSXWHU�YLVLRQ��LQIRUPDWLRQ�UHWULHYDO��JHQHUDO�0/��HWF�
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%HQHILWV�RI�SDUWLFLSDWLQJ�LQ�WKH�0/�5HSURGXFLELOLW\�&KDOOHQJH�

Ɣ 0RWLYDWHV�DQG�LQFHQWLYL]HV�VWXGHQWV

Ɣ 5HSRUWV�DFFHSWHG�E\�WKH�0/�5HSURGXFLELOLW\�&KDOOHQJH�DUH�DFFHSWHG�IRU�SXEOLFDWLRQ�LQ�WKH�

5H6FLHQFH�MRXUQDO

Ɣ ([SRVHV�VWXGHQWV�WR�WKH�SDSHU�VXEPLVVLRQ�F\FOH�

���
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3DUWLFLSDWLQJ�LQ�WKH�0/�5HSURGXFLELOLW\�&KDOOHQJH�JLYHV�WKH�VWXGHQWV�WKH�RSSRUWXQLW\�WR�H[SHULHQFH�

WKH�ZKROH�UHVHDUFK�SLSHOLQH�

�� 5HDGLQJ�D�WHFKQLFDO�SDSHU�WR�XQGHUVWDQG�LWV�VWUHQJWK�DQG�ZHDNQHVVHV

�� ,PSOHPHQWLQJ��DQG�SHUKDSV�DOVR�H[WHQGLQJ��WKH�DOJRULWKPV�LQ�WKH�SDSHU

�� :ULWLQJ�XS�WKH�ILQGLQJV

�� 6XEPLWWLQJ�WR�D�YHQXH�ZLWK�D�GHDGOLQH

�� 2EWDLQLQJ�IHHGEDFN�IURP�UHYLHZHUV

�� :ULWLQJ�D�UHEXWWDO

�� 5HFHLYLQJ�WKH�RIILFLDO�DFFHSWDQFH�UHMHFWLRQ�QRWLILFDWLRQ

���



&2856(6�3$57,&,3$7(�,1�5&�����)$//�(',7,21

���



5(68/76�2)�7+(�0/�5(352'8&,%,/,7<�&+$//(1*(

Ɣ 6HH�KWWSV���RSHQUHYLHZ�QHW�JURXS"LG 0/B5HSURGXFLELOLW\B&KDOOHQJH

Ɣ 0/�5HSURGXFLELOLW\�&KDOOHQJH�����

Ɣ �������RI�WKH�DFFHSWHG�SDSHUV�ZHUH�IURP�WKH�8Y$�)$&7�$,�FRXUVH

Ɣ 0/�5HSURGXFLELOLW\�&KDOOHQJH�����

Ɣ ������RI�WKH�DFFHSWHG�SDSHUV�ZHUH�IURP�WKH�8Y$�)$&7�$,�FRXUVH

Ɣ %HVW�SDSHU�DZDUG

Ɣ ��RXWVWDQGLQJ�SDSHUV��RXW�RI���

���
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)LUVW�\HDU�06F�$,�VWXGHQWV

�,�DSSUHFLDWH�WKH�FULWLFDO�YLHZ�,�KDYH�GHYHORSHG�RQ�SDSHUV�DV�D�UHVXOW�RI�WKLV�FRXUVH��1RUPDOO\�,�
ZRXOG�HDVLO\�DFFHSW�WKH�FRQWHQW�RI�D�SDSHU��EXW�,�ZLOO�EH�PRUH�FULWLFDO�IURP�QRZ�RQ��DV�PDQ\�SDSHUV�

DUH�QRW�UHSURGXFLEOH��

�,�UHDOO\�DSSUHFLDWHG�WKDW�WKLV�ZDV�WKH�ILUVW�FRXUVH�ZKHUH�VWXGHQWV�DUH�MXGJLQJ�VWDWH�RI�WKH�DUW�$,�
PRGHOV��,Q�RWKHU�ZRUGV��VWXGHQWV�ZHUH�DEOH�WR�H[SHULHQFH�WKH�VFLHQWLILF�ZRUNILHOG�RI�$,��
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)LUVW�\HDU�06F�$,�VWXGHQWV

�5HSOLFDWLQJ�DQRWKHU�VWXG\��VHHLQJ�KRZ��SRRUO\��RWKHU�UHVHDUFK�LV�SHUIRUPHG�ZDV�UHDOO\�
H\H�RSHQLQJ��

�,�WKLQN�LW·V�UHDOO\�JRRG�WKDW�ZH�JHW�VRPH�SUDFWLFDO�LQVLJKWV�LQWR�UHSURGXFLQJ�UHVXOWV�IURP�RWKHU�
SDSHUV��QRW�DOO�SDSHUV�DUH�DV�JRRG�DV�WKH\�VHHP�WR�EH��
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� ,1&/8'(�$�5(352'8&,%,/,7<�/(&785(
� 3$3(5�5(48,5(0(176
� *5$',1*
� 7($&+,1*�$66,67$176
� 7,0,1*�2)�7+(�&2856(
� '85$7,21�2)�7+(�&2856(
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0RWLYDWH�UHSURGXFLELOLW\�ZLWK�D�JHQHUDO�OHFWXUH

Ɣ 3RVLWLRQ�WKLV�OHFWXUH��LGHDOO\��DW�WKH�EHJLQQLQJ�RI�WKH�FRXUVH

Ɣ +LJKOLJKW�SDSHUV�H[DPLQLQJ�UHSURGXFLELOLW\�UHSOLFDELOLW\�IDLOXUHV�

Ɣ )RU�H[DPSOHV�LQ�1/3��VHH�3DUW���RI�WKH�WXWRULDO

Ɣ ,QFOXGH�FRQVHTXHQFHV�RI�IDLOXUH�WR�UHSURGXFH��3DUW���

Ɣ &OHDUO\�RXWOLQH�VFRSH�RI�WKH�SURMHFW�V��DQG�SRWHQWLDO�LPSDFW

���
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� &KRRVH�������SDSHUV�IURP�WKH�0/�5HSURGXFLELOLW\�&KDOOHQJH�2SHQ5HYLHZ�SRUWDO�WKDW�DUH�
VXLWDEOH�IRU�\RXU�FRXUVH

� %HIRUH�WKH�FRXUVH�VWDUWV��OHW�WKH�7$V�FKHFN�ZKHWKHU�WKH�VHOHFWHG�SDSHUV�DUH�IHDVLEOH�IRU�
UHSURGXFLELOLW\�VWXG\

� +LUH�D�WHDP�RI�H[SHULHQFHG��JUDGXDWH�OHYHO�7$V

� ,GHDOO\�DVVLJQ�HDFK�7$�QR�PRUH�WKDQ�����SDSHUV�

���
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� 6HOHFW�SDSHUV�WKDW�DUH�FRPSXWDWLRQDOO\�IHDVLEOH�WR�UHSURGXFH

� ,Q�RXU�FDVH��ZH�ZHUH�DEOH�WR�SURYLGH�RQH�*38�SHU�WHDP

� 'HSHQGV�WKH�DYDLODEOH�UHVRXUFHV�RI�WKH�FRXUVH�DQG�IDFXOW\

� $W�OHDVW�RQH�GDWDVHW�VKRXOG�EH�SXEOLFO\�DYDLODEOH�DQG�RI�D�UHDVRQDEOH�VL]H

� ,I�WKH�GDWDVHW�LV�WRR�ELJ��LW�LV�DQ�RSWLRQ�WR�UHSURGXFH�WKH�ZRUN�LQ�D�¶ORZ�UHVRXUFH·�GDWD�VHWWLQJ

� 6HOHFW�SDSHUV�WKDW�DUH�UHOHYDQW�WR�WKH�WRSLFV�FRYHUHG�LQ�WKH�FRXUVH

� (PSKDVL]H�WKH�WHFKQLFDO�SHUVSHFWLYH�RI�WKH�VXE�ILHOG

� ,W�VKRXOG�EH�UHDVRQDEOH�WR�UHLPSOHPHQW�WKH�SDSHU�ZLWKLQ�WKH�DOORWWHG�WLPH

���
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� *UDGLQJ�JURXS�SURMHFWV�RQ�GLIIHUHQW�SDSHUV�LQ�D�IDLU�PDQQHU�LV�FKDOOHQJLQJ

� 7U\�WR�PDNH�WKH�JUDGLQJ�FULWHULD�DV�H[SOLFLW�DV�SRVVLEOH�LQ�RUGHU�WR�PDNH�LW�FOHDU�IRU�WKH�
VWXGHQWV�ZKDW�LV�H[SHFWHG

� 2UJDQL]H�D�JUDGH�FDOLEUDWLRQ�VHVVLRQ�ZLWK�WKH�7$V�DIWHU�JUDGLQJ�WR�DOLJQ�RQ�H[SHFWDWLRQV

� ,I�SDUWLFLSDWLQJ�LQ�WKH�0/�5HSURGXFLELOLW\�&KDOOHQJH��JUDGH�UHSRUWV�LQGHSHQGHQWO\�RI�WKH�
UHYLHZV

���
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� +DYH�WKH�7$V�UHDG�WKH�SDSHUV�EHIRUH�WKH�FRXUVH�VWDUWV�WR�HQVXUH�WKH\�KDYH�D�VXIILFLHQW��
LQ�GHSWK�XQGHUVWDQGLQJ�RI�WKHLU�SDSHUV

� $VVLJQ�SDSHUV�WR�7$V�EDVHG�RQ�WKHLU�LQWHUHVWV

� 7R�HDVH�WKH�ORDG�IRU�WKH�7$V��KDYH�VHYHUDO�JURXSV�ZRUNLQJ�RQ�WKH�VDPH�SDSHU

� (QVXUH�VWXGHQWV�KDYH�UHJXODU�FRQWDFW�ZLWK�WKHLU�7$�VR�QR�JURXS�JHWV�VWXFN�LQ�WKH�SURFHVV

� $VN�VWXGHQWV�KDOIZD\�WKURXJK�WKH�FRXUVH�WR�VXEPLW�D�GUDIW�UHSRUW�WR�WKHLU�7$V�LQ�RUGHU�WR�JHW�
IHHGEDFN

� :H�IRXQG�WKLV�VLJQLILFDQWO\�LQFUHDVHG�WKH�TXDOLW\�RI�WKH�ILQDO�UHSRUWV

���
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6WXGHQWV�QHHG�WR�KDYH�YHU\�VWURQJ�SURJUDPPLQJ�VNLOOV

���/XFLF�HW�DO��������5HSURGXFLELOLW\�DV�D�0HFKDQLVP�IRU�7HDFKLQJ�)DLUQHVV��$FFRXQWDELOLW\��
&RQILGHQWLDOLW\��DQG�7UDQVSDUHQF\�LQ�$UWLILFLDO�,QWHOOLJHQFH��$$$,�($$,�
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� :H�VWURQJO\�UHFRPPHQG�WR�HQVXUH�WKDW�WKH�VWXGHQWV�WR�KDYH�HQRXJK�WLPH�WR�ZRUN�RQ�WKH�
SURMHFW

� )RU�RXU�FRXUVH��WKH�VWXGHQWV�DUH�ZRUNLQJ�RQH�PRQWK�IXOO�WLPH�RQ�WKH�SURMHFW

� :H�IRXQG�WKLV�WR�EH�D�EHQHILFLDO�VHWXS�VLQFH�VWXGHQWV�GLGQ
W�KDYH�WR�ZRUU\�DERXW�DQ\�RWKHU�FRXUVHV�
GXULQJ�WKLV�WLPH

� ,I�LW
V�QRW�SRVVLEOH�WR�ZRUN�RQ�WKH�SURMHFW�IXOO�WLPH��WKHQ�SRWHQWLDOO\�DGDSW�WKH�ZHLJKW�RI�WKH�
FRXUVH�

� ,I�VWXGHQWV�W\SLFDOO\�KDYH���FRXUVHV�LQ�RQH�VHPHVWHU��FRQVLGHU�PDNLQJ�WKH�UHSURGXFLELOLW\�FRXUVH�ZRUWK�
��FRXUVHV
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� 3ULRULWL]H�WKH�0/�5HSURGXFLELOLW\�&KDOOHQJH�E\�W\LQJ�WKH�UHSURGXFLELOLW\�UHSRUW�GLUHFWO\�WR�WKH�
JUDGLQJ

� 6WXGHQWV�DUH�JUDGHG�RQ�WKH�VDPH�UHSRUW�WKDW�WKH\�VXEPLWWHG�WR�WKH�FKDOOHQJH�WKHUHIRUH��SDUWLFLSDWLQJ�
LV�QRW�DQ�H[WUD�WDVN

� 6XEPLWWLQJ�WR�WKH�FKDOOHQJH�JLYHV�WKH�VWXGHQWV�WKH�RSSRUWXQLW\�WR�H[SHULHQFH�WKH�ZKROH�
UHVHDUFK�SLSHOLQH�

� 6XEPLWWLQJ�WR�D�YHQXH�ZLWK�D�VWULFW�GHDGOLQH

� 2EWDLQLQJ�IHHGEDFN

� :ULWLQJ�D�UHEXWWDO

� 5HFHLYLQJ�WKH�RIILFLDO�QRWLILFDWLRQ

���
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,Q�RXU�H[SHULHQFHV��ZH�IRXQG�WKDW�WKH�IROORZLQJ�ZHUH�LPSRUWDQW�FRPSRQHQWV�RI�D�VXFFHVVIXO�FRXUVH�

� ,QFOXGLQJ�H[WHQVLRQ�DV�SDUW�RI�UHSURGXFLELOLW\

� +DYLQJ�H[FHOOHQW�WHDFKLQJ�DVVLVWDQWV

� +DYLQJ�VWXGHQWV�SDUWLFLSDWH�LQ�WKH�0/�FRPPXQLW\

� (QFRXUDJLQJ�FRPPXQLFDWLRQ�ZLWK�WKH�RULJLQDO�DXWKRUV
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� :H�DUJXH�WKDW�WKH�ILQGLQJ��WKH�RULJLQDO�ZRUN�LV��QRW��UHSURGXFLEOH��LV�QRW�LQVLJKWIXO

� 5HTXLUH�VWXGHQWV�WR�H[WHQG�WKH�SDSHU�LI�WKH�VRXUFH�FRGH�LV�DOUHDG\�DYDLODEOH

� (LWKHU�H[WHQG�WKH�ZRUN�WR�

� 1HZ�GRPDLQV��GDWDVHWV�RU�D�ORZ�UHVRXUFH�UHJLPH��L�H���OHVV�GDWD�FRPSXWH�

� 1HZ�K\SHU�SDUDPHWHU�VHWWLQJV�RU�PHWKRG�GLIIHUHQW�DVVXPSWLRQV

� 'LIIHUHQW�PRGHO�DUFKLWHFWXUH

� 2U�H[SODLQ�ZK\�WKH�ZRUN�LV�QRW�UHSURGXFLEOH�
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7KHUH�DUH�WZR�VFHQDULRV�SRVVLEOH�IRU�WKH�SURMHFW�

� 7KHUH�DOUHDG\�H[LVWV�DQ�RSHQ�VRXUFH�LPSOHPHQWDWLRQ�RI�WKH�VHOHFWHG�SDSHU��6WXGHQWV�DUH�
DOORZHG�WR�XVH�WKLV��

� 7KH�UHVXOWV�WKH�VWXGHQWV�REWDLQ�DUH�GLIIHUHQW�DV�GHVFULEHG�LQ�WKH�SDSHU

� 7KH�UHVXOWV�DUH�UHSURGXFLEOH��PHDQLQJ�WKLV�PHWKRG�FDQ�QRZ�EH�XVHG�IRU�IXUWKHU�UHVHDUFK

� 7KHUH�LV�QR�RSHQ�VRXUFH�LPSOHPHQWDWLRQ�DYDLODEOH��PHDQLQJ�WKH�VWXGHQWV�QHHG�WR�
UHLPSOHPHQW�HYHU\WKLQJ�WKHPVHOYHV

� 7DNH�WKLV�LQWR�DFFRXQW�ZKHQ�JUDGLQJ

���
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� ,W�LV�H[WUHPHO\�LPSRUWDQW�IRU�WKH�7$V�WR�KDYH�H[FHOOHQW�SURJUDPPLQJ�H[SHULHQFH�VLQFH�
WKLV�LV�WKH�PDLQ�DVSHFW�VWXGHQWV�QHHG�KHOS�ZLWK

� +DYH�VWXGHQWV�PHHW�ZLWK�WKH�7$V�DW�OHDVW�WZLFH�D�ZHHN

� :H�KDG�ERWK�VHFRQG�\HDU�06F�VWXGHQWV�DQG�3K'�VWXGHQWV

� 3K'�VWXGHQWV�DUH�SUHIHUHG��LI�SRVVLEOH

� +DYH�WKH�7$V�KHOS�VWXGHQWV�ZLWK�ZULWLQJ�WKH�UHEXWWDO��VLQFH�WKLV�LV�D�QHZ�H[SHULHQFH�IRU�WKHP
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6LQFH�WKLV�LV�SUREDEO\�WKH�ILUVW�WLPH�WKH�VWXGHQWV�DUH�VXEPLWWLQJ�D�UHVHDUFK�SDSHU��WU\�WR�SUHYHQW�WKH�
IROORZLQJ�FRPPRQ�PLVWDNHV�

� 6XEPLWWLQJ�VLQJOH�EOLQG

� 5HIHUULQJ�WR�WKH�FRXUVH�SURMHFW�LQ�WKH�LQWURGXFWLRQ

� 0RWLYDWLRQ���:H�KDG�WR�GR�WKLV�IRU�D�FRXUVH�SURMHFW�

� 6XEPLWWLQJ�D�QRQ�DQRQ\PL]HG�FRGH�EDVH

���



� ,W�LV�D�PRWLYDWLQJ�IDFWRU�IRU�VWXGHQWV�WR�FUHDWH�FRQFUHWH�RXWSXW�WKDW�LV�EHQHILFLDO�WR�WKH�
EURDGHU�0/�UHVHDUFK�FRPPXQLW\

� )$&7�$,�FRXUVH�����������

� &UHDWLQJ�D�SXEOLF�UHSRVLWRU\�ZLWK�WKH�EHVW�DOJRULWKP�LPSOHPHQWDWLRQV

� )$&7�$,�FRXUVH������������DQG������������

� 3DUWLFLSDWLQJ�LQ�WKH�0/�5HSURGXFLELOLW\�&KDOOHQJH

+$9,1*�678'(176�3$57,&,3$7(�,1�7+(�0/�&20081,7<

���



� :H�VWURQJO\�HQFRXUDJH�VWXGHQWV�WR�FRQWDFW�WKH�RULJLQDO�DXWKRUV

� ,W�LV�EHQHILFLDO�IRU�VWXGHQWV�WR�LQWHUDFW�ZLWK�VFLHQWLVWV�LQ�WKH�ILHOG

� ,W�LPSURYHV�WKH�SDSHUV·�FUHGLELOLW\��UHDGDELOLW\��DQG�UHSURGXFLELOLW\

� *LYH�WKH�VWXGHQWV�VRPH�LQVWUXFWLRQV�KRZ�WR�GR�WKLV�

� %H�DZDUH�WKDW�WKH�DXWKRUV�DUH�EXV\

� 3UHYHQW�WKDW�PXOWLSOH�WHDPV�DUH�HPDLOLQJ�DW�WKH�VDPH�WLPH

� +DYH�WKH�7$V�FRRUGLQDWH�WKLV�

(1&285$*,1*�&20081,&$7,21�:,7+�7+(�25,*,1$/�
$87+256�
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,Q�RXU�H[SHULHQFHV��ZH�IRXQG�WKDW�WKH�IROORZLQJ�ZHUH�LPSRUWDQW�FRPSRQHQWV�RI�D�VXFFHVVIXO�FRXUVH�

� ,QFOXGLQJ�H[WHQVLRQ�DV�SDUW�RI�UHSURGXFLELOLW\

� +DYLQJ�H[FHOOHQW�WHDFKLQJ�DVVLVWDQWV

� +DYLQJ�VWXGHQWV�SDUWLFLSDWH�LQ�WKH�0/�FRPPXQLW\

� (QFRXUDJLQJ�FRPPXQLFDWLRQ�ZLWK�WKH�RULJLQDO�DXWKRUV

���
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� :H�KDYH�VKRZQ�WZR�VXFFHVVIXO�H[DPSOHV�RI�JUDGXDWH�OHYHO�$,�FRXUVHV�WKDW�IRFXV�RQ�
UHSURGXFLELOLW\�ZLWK�WKHLU�FRXUVH�SURMHFW

� :H�SURYLGHG�JXLGHOLQHV�WR�VXFFHVVIXOO\�UXQ�D��UHSURGXFLELOLW\�SURMHFW�IRU�DQ\�JUDGXDWH�OHYHO�$,�
FRXUVH

� ,PSOHPHQWLQJ�D�FRXUVH�FHQWUHG�RQ�D�UHSURGXFLELOLW\�SURMHFW�LV�IDLUO\�VWUDLJKWIRUZDUG�IRU�WKH�
LQVWUXFWRU�DQG�KDV�PDQ\�EHQHILWV�IRU�VWXGHQWV

� 7KH�FRXUVH�QDWXUDOO\��UHIUHVKHV��LWVHOI�HYHU\�\HDU�ZKHQ�D�QHZ�EDWFK�RI�SDSHUV�LV�FKRVHQ
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+RZ�FDQ�ZH�PLWLJDWH�WKH�FKDOOHQJHV�RI�ELJJHU��PRUH�FRPSOH[�PRGHOV�
ZLWKRXW�UHGXFLQJ�WKH�EHQHILWV"

,Q�WKLV�WXWRULDO��ZH�IRFXV�RQ�WKH�FKDOOHQJH�RI�HQVXULQJ�
UHVHDUFK�UHVXOWV�DUH�UHSURGXFLEOH
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,Q�WKLV�WXWRULDO��ZH
YH�DLPHG�WR�DGGUHVV�WKH�LVVXH�RI�HQVXULQJ�UHVHDUFK�UHVXOWV�DUH�UHSURGXFLEOH

� 3DUW����:H�JDYH�DQ�LQWURGXFWLRQ�WR�UHSURGXFLELOLW\�DQG�SUHVHQWHG�VRPH�H[DPSOHV�RI�
�LU�UHSURGXFLEOH�UHVXOWV��ERWK�IURP�ZLWKLQ�&6�DQG�IURP�RWKHU�GLVFLSOLQHV

� 3DUW����:H�ZHQW�RYHU�VRPH�FKHFNOLVWV�LQ�1/3�DV�ZHOO�DV�VRPH�H[DPSOHV�RI�UHSURGXFLELOLW\�
UHVHDUFK�LQ�1/3

� 3DUW����:H�LQYHVWLJDWHG�H[LVWLQJ�PHFKDQLVPV�IRU�UHSURGXFLELOLW\�LQ�0/�1/3�VXFK�DV�3DSHUV�
ZLWK�&RGH�DQG�WKH�0/�5HSURGXFLELOLW\�&KDOOHQJH

� 3DUW����:H�GLVFXVV�KRZ�WR�WHDFK�UHSURGXFLELOLW\�WR�WKH�QH[W�JHQHUDWLRQ�RI�$,�UHVHDUFKHUV
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�� �5HSRUW�DV�PXFK�DV�PXFK�LQIRUPDWLRQ�DV�\RX�FDQ�

� 'LIIHUHQW�W\SHV�RI�SDSHUV�KDYH�GLIIHUHQW�UHTXLUHPHQWV����ZKHQ�FUHDWLQJ�D�QHZ�GDWDVHW��FRQVLGHU�
WKH�DQQRWDWRUV��:KHQ�UXQQLQJ�H[SHULPHQWV��GR�D�K\SHUSDUDPHWHU�VHDUFK�

�� 6KDUH�GHSHQGHQF\�FRQILJ�ILOHV

�� 5HOHDVH�FRGH

� ,I�DQ�H[SHULPHQW�GLGQ
W�ZRUN�RU�SURYLGHV�HYLGHQFH�WKDW�GRHVQ
W�VXSSRUW�\RXU�PDLQ�K\SRWKHVLV��H�J���WKDW�\RXU�
PRGHO�LV�EHWWHU�WKDQ�SUHYLRXV�PRGHOV���\RX�VKRXOG�VWLOO�UHSRUW�LW�

�� 5XQ�PXOWLSOH�H[SHULPHQWV��ZLWK�GLIIHUHQW�UDQGRP�VHHGV��RU�GLIIHUHQW�GDWD�RUGHUV��HWF���DQG�
UHSRUW�HUURU�EDUV�

�� 5HFRUG�\RXU�FDUERQ�HPLVVLRQV�

� <RX�FDQ�XVH�WRROV�OLNH�&RGH&DUERQ�RU�WKH�0/�&2��&DOFXODWRU

�� )LOO�RXW�UHSURGXFLELOLW\�FKHFNOLVWV�FRUUHFWO\��WU\�WR�GR�DQ\�LWHPV�WKDW�DUH�DSSURSULDWH��WKRXJK�ZH�
UHFRJQL]H�WKH�FKHFNOLVW�LVQ
W�SHUIHFW� ���

https://codecarbon.io/
https://mlco2.github.io/impact/

