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� '(6&5,37,21 ���2)���7+(���35(���02%,/,7<���$&7,9,7<�
7KH�'$7(0$76�SUH�PRELOLW\�DFWLYLW\�FRQVLVWV�RI�WKUHH�SDUWV�����LQWURGXFWLRQ�	�LQVSLUDWLRQ����b

RQOLQH�4	$�VHVVLRQ��RSWLRQDO������VWXGHQWV�IHHGEDFN��7KH�DSSURDFK�LV�EOHQGHG��LQFOXGLQJb

OHDUQLQJ�VHVVLRQV��YLGHRV�DQG�RQOLQH�GLVFXVVLRQ��7KH�JRDO�RI�SUH�PRELOLW\�LV�PDLQO\�WR�EH�WKHb

XQGHUVWDQGLQJ�PRGXOH�RI�WKH�SURSRVHG�'�����V\OODEXV��WR�EH�IXOO\�WHVWHG�LQ�WKH�'�����PRELOLW\b

DFWLYLW\�LQ�WKH�VSULQJ��������DLPLQJ�WR�LQWURGXFH�WKH�VFRSH�RI�(0	7��DQG�WR�LQVSLUH�VWXGHQWV�WRb

IXUWKHU�H[SORUH�WKH�QHZ�PDWHULDOV�DQG�WHFKQRORJLHV�RI�WKH�IRXU�+(,V�b

b

�����3DUWQHUVŖ�2EMHFWLYHV�b

Ɣ WR�VHOHFW�����VWXGHQWV�WR�MRLQ�WKH�'$7(0$76�SUH�PRELOLW\�DFWLYLW\��$W�OHDVW����VWXGHQWVb

E\�(0	7�DUHD�b

Ɣ WR�VXEPLW�WKH�ZRUNLQJ�PDWHULDOV��YLGHRV�UHDGLQJV�TXHVWLRQQDLUH�V��RWKHU�PDWHULDOV�b

Ɣ WR�RUJDQLVH�D�YLUWXDO�VHVVLRQ�WR�GLVFXVV�WKH�PDWHULDOV�DQG�RU�PDNH�TXHVWLRQV�WR�LQYLWHGb

H[SHUWV��RSWLRQDO��b

Ɣ WR�FROOHFW�IHHGEDFN�IURP�VWXGHQWV�UHODWHG�WR�WKH�SUH�PRELOLW\�DFWLYLW\�b

b

�����6WXGHQWVŖ�2EMHFWLYHV�b

Ɣ WR�LGHQWLI\�NH\�FRQFHSWV�RI�HDFK�(0	7�b

Ɣ WR�IDPLOLDULVH�ZLWK�DQG�WR�JHW�LQVSLUHG�E\�HDFK�(0	7V�PDWHULDOV�	�WHFKQRORJLHV�b

Ɣ WR�HQYLVLRQ�KRZ�DGYDQFHG�(0	7V�PDWHULDOV�DQG�WHFKQRORJLHV�FRXOG�PDNH�OLIH�HDVLHU�DQGb

PRUH�FRPIRUWDEOH�LQ�WKH�IXWXUH�b

b

�����([DPSOH�RI�WKH�VWUXFWXUHb

7KH�IROORZLQJ�H[DPSOH�VWUXFWXUH�LV�XVHG�DV�D�JXLGHOLQH�VWUXFWXUH�IRU�WKH�IRXU�SDUWQHUV�LQYROYHG�LQb

WKH�GHYHORSPHQW�RI�WKH�WHDFKLQJ�PDWHULDOV��,W�LV�GLYLGHG�LQ�WKH���SDUWV�H[SODLQHG�DERYH��7KHb

H[SHFWHG�ZRUNORDG�E\�(0	7�DFWLYLW\�LV�EHWZHHQ����PLQ�WR���KRXU��PD[LPXP��b

b

:KHQb :KDWbb :KRb :KHUHb

3DUW����,QWURGXFWLRQ������K�b
,QWURGXFWLRQ�WR�WKH�(0	7b
b

� )LOO�LQ�WKH�VLJQ�XS�IRUPb
� &KHFN�PDWHULDOV�b

.H\�FRQFHSWV�b
LQVSLULQJ�WDONV�RQb
HQYLVLRQLQJb
IXWXUHVbb
b

7XWRUVb 6LJQ�XS�IRUPbb
>/LQN@b
b

9LGHRV�UHDGLQJVb
>/LQN@b

��

�



�

YLGHRV�UHDGLQJV�TXHVWLRQQDLUH
V�RWKHU�PDWHULDOV�b

b

3DUW����4	$�6HVVLRQ��RSWLRQDO�����K�b
b

� 'LVFXVVLRQ�ZLWK�VXSHUYLVRUVb
DQG�RU�H[SHUWV�DERXW�WKHb
YLGHRV�DQG�UHDGLQJ�PDWHULDOV�b

� 6WXGHQWV�SUHSDUH�TXHVWLRQV�b

2QOLQH�JURXSb
VHVVLRQ�ZLWK�DOO�WKHb
SDUWLFLSDQWV�IRUb
GLVFXVVLRQb

6XSHUYLVRUV�b
([SHUWV��7XWRUVb

>/LQN@b

3DUW����&ROOHFW�IHHGEDFN���PD[���b
PLQ�b

� 2QOLQH�TXHVWLRQQDLUH�b

)HHGEDFN�IURPb
VWXGHQWVbb

6XSHUYLVRU�V�b
7XWRUVb

)HHGEDFN�IRUPb
>/LQN@bb

b

�����6XJJHVWHG�WHFKQRORJLHV�WR�GHYHORS�WKH�DFWLYLW\b

� 9LUWXDO�VHVVLRQV�FODVVURRP���=RRP��7HDPVb

� &RXUVH�PDWHULDOV�PDQDJHPHQW���*RRJOH�'ULYHb

� 4XL]]HV���.DKRRW���4XL]OHW��*RRJOH�)RUPVb

� 9LGHRV�DXGLRV���<RXWXEH��9LPHR��7('�7DONVb

b

�����5RDG�0DS�	�7LPHOLQH�RI�WKH�3UH�PRELOLW\�DFWLYLW\�b

� -DQ���0D\��������'HYHORSPHQW�RI�WKH�WHDFKLQJ�PDWHULDOV�	�JXLGHOLQHV�RI�WKH�DFWLYLW\�b

� 0LG�0D\���0LG�-XQH��������(DFK�SDUWQHU�PDNH�WKH�FDOO�E\�VKDULQJ�DQ�HPDLO�ZLWKb

WKHLU�WDUJHWHG�VWXGHQWV��)RU�WKH�HPDLO��D�H�IO\HU�ZDV�GHVLJQHG��VHH�FKDSWHU����b

� 0LG�-XQH���7KH�HQG�RI�-XQH��������7KH�LQVWUXFWLRQV�RQ�KRZ�WR�FRPSOHWH�WKHb

DFWLYLW\�ZHUH�VHQW�E\�H�PDLO�WR�WKH�VWXGHQWV��(DFK�SDUWQHU�ZDV�LQ�FKDUJH�RI�VHQGLQJb

WKH�LQIRUPDWLRQ�DQG�WHDFKLQJ�PDWHULDOV�WR�WKH�VWXGHQWV�WKDW�VLJQHG�XS�IRU�WKHLU�(0	7�b

7KH�VWXGHQWV�ZHUH�LQVWUXFWHG�WR�FRPSOHWH�WKH�DFWLYLW\�LQGHSHQGHQWO\�EHIRUH�WKH���WKb

RI�-XQH��������,Q�WKH�IROORZLQJ�VHFWLRQ�DUH�SUHVHQWHG�WKH�VSHFLILF�DFWLYLW\�DQGb

WHDFKLQJ�PDWHULDOV�GHYHORSHG�E\�HDFK�RI�WKH�IRXU�SDUWQHU�bb

b

� 0$7(5,$/6���)25���7+(���35(���02%,/,7<���$&7,9,7<���%<���3$571(5�
7KLV�VHFWLRQ�FROOHFWV�WKH�PDWHULDOV�GHYHORSHG�E\�WKH�IRXU�VFKRROV�SDUWLFLSDWLQJ�LQ�WKH�'$7(0$76b

SUH�PRELOLW\�DFWLYLW\��3OHDVH�QRWLFH�WKDW�DOO�VFKRROV�VKDUH�D�JHQHUDO�VWUXFWXUH�RI�PDWHULDOV�VKDUHGb

DQG�ILOOLQJ�LQ�D�IHHGEDFN�IRUP�DW�WKH�HQG�RI�WKH�DFWLYLW\��2Q�WKH�RWKHU�KDQG��HDFK�VFKRRO�KDG�WKHb

IUHHGRP�WR�GHYHORS�WKH�DFWLYLW\�DQG�PDWHULDOV�EDVHG�RQ�WKHLU�RZQ�VSHFLILF�QHHGV�b

7KH�WDEOH�EHORZ�VKRZV�WKH�WRWDO�RI�YLGHRV�XVHG�IRU�WKH�HQWLUH�DFWLYLW\��GLYLGHG�LQ�SUH�H[LVWLQJb

YLGHRV��RULJLQDO�YLGHRV�DQG�YLGHRV�IURP�RWKHU�VRXUFHV�b

��

�
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b

(0	7Vb 3UH�H[LVWLQJb
YLGHRVb

2ULJLQDO�YLGHRVb YLGHRV�IURPb
RWKHU�VRXUFHVb

:RRG�EDVHG�0DWHULDOVb �b �b �b

$GYDQFHG�*URZLQJ�0DWHULDOVb �b �b �b

,&6�0DWHULDOVb �b �b �b

1DQRPDWHULDOVb �b �b �b

b
�

��� (;3(5,0(17$/ ���:22'���%$6(' ���0$7(5,$/6 ��(0	7��%<��$�$/72��8�1,9(56,7<�

����������2YHUDOO�WLPH�RI�WKH�DFWLYLW\�����PLQ�b

Ɣ 9LGHR������([SHULPHQWDO�ZRRG�EDVHG��,1752��������PLQ�b

/LQN���KWWSV���YLPHR�FRP����������b

'HVFULSWLRQ���7KLV�LV�DQ�LQWURGXFWLRQ�WR�WKH�$DOWR�8QLYHUVLW\�&+(0$576b

DSSURDFK�WR�H[SHULPHQWDO�ZRRG�EDVHG�PDWHULDOV�	�WHFKQRORJLHV�b

b

Ɣ 9LGHR������([SHULPHQWDO�ZRRG�EDVHG��0DWHULDO�%DVLFV��������PLQ�b

/LQN���KWWSV���YLPHR�FRP����������b

'HVFULSWLRQ�����'LIIHUHQW�NLQG�RI�PDWHULDOV�FDQ�EH�GHULYHG�IURP�WUHHV�DQGb

ZRRG��3URIHVVRU�7DSDQL�9XRULQHQ�IURP�WKH�$DOWR�8QLYHUVLW\�6FKRRO�RIb

&KHPLFDO�(QJLQHHULQJ�SUHVHQWV�VRPH�RI�WKH�PDWHULDOV�ZKLFK�FDQ�EH�XVHGb

IRU�ZRRG�EDVHG�PDWHULDO�H[SHULPHQWDWLRQV�b

b

Ɣ 9LGHR����,21&(//���IURP�IRUHVW�WR�-HQQL�+DXNLR�GUHVV��������PLQ�b

/LQN����KWWSV���ZZZ�\RXWXEH�FRP�ZDWFK"Y �'<�-G�F&I<b

'HVFULSWLRQ����+LJK�TXDOLW\�WH[WLOH�ILEUHV�FDQ�EH�SURGXFHG�IURP�ZRRG�b

UHF\FOHG�FRWWRQ�RU�HYHQ�IURP�SDSHU�ZDVWH��6HYHUDO�QHZ��VXVWDLQDEOHb

WHFKQRORJLHV�WR�SURGXFH�WKHVH�VR�FDOOHG�PDQ�PDGH�FHOOXORVH�ILEUHV�DUHb

FXUUHQWO\�GHYHORSHG��LQ�DGGLWLRQ�WR�DOUHDG\�H[LVWLQJ�O\RFHOO�DQG�YLVFRVHb

�UD\RQ��SURFHVVHV��7KLV�YLGHR�VKRZV�KRZ�ELUFK�WUHHV�DUH�WUDQVIRUPHG�WRb

D�OX[XULRXV�JURZQ�E\�XVLQJ�,RQFHOO�WHFKQRORJ\��VWLOO�RQ�UHVHDUFK�VWDJH��b

b

��

�

https://www.youtube.com/watch?v=1DY9Jd5cCfY


�

Ɣ &+(0$576�&RRN%RRN��RSWLRQDO��bb

/LQN����3LUMR�.ËËULËLQHQ�/LLVD�7HUYLQHQ�7DSDQL�9XRULQHQ�1LQD�5LXWWD��(GV����b

KWWSV���VKRS�DDOWR�IL�PHGLD�ILOHUBSXEOLF��E�EI��EEI��G�����D��FD��D�E��

����FIGH��F��DDOWRDUWVERRNVBWKHFKHPDUWVFRRNERRN�SGIbb

b

Ɣ %DVLFV�RI�ZRRG�EDVHG�PDWHULDOV��3DJHV�������b

Ɣ 6FLHQWLILF�PDWHULDO�UHVHDUFK��SULQFLSOHV�DQG�SUDFWLFHV��3DJH����b

Ɣ 'HVLJQHUO\�DSSURDFK�WR�PDWHULDOV�UHVHDUFK��3DJH����b

b

Ɣ $DOWR�4	$�VHVVLRQ��RSWLRQDO���������WK�RI�-XQH�IURP���K���K�)LQODQGb

7LPH��(DVWHUQ�(XURSHDQ�7LPH��((7�b

=RRP�OLQN����KWWSV���DDOWR�]RRP�XV�M������������b

�

��� $'9$1&(' ���*52:,1*��(0	7��%<��.($�

�������2YHUDOO�WLPH�RI�WKH�DFWLYLW\�����PLQ��

Ɣ 9LGHR�������$Q�LQWURGXFWLRQ�WR�0DWHULDO�'HVLJQ�/DE�DQG�KRZ�ZH�ZRUN������b

PLQ�b

/LQN��KWWSV���ZZZ�\RXWXEH�FRP�ZDWFK"WLPHBFRQWLQXH �	Y .�BS:$�X3

��	IHDWXUH HPEBORJRb

b

Ɣ 9LGHR�����$Q�LQWURGXFWLRQ�WR�DGYDQFHG�JURZLQJ�PDWHULDOV�DQG�KRZ�WKH\b

FDQ�EH�UHOHYDQW�IRU�GHVLJQ��
%LRIDEULFDWLRQ
�E\�6X]DQQH�/HH��������PLQ�b

/LQN��KWWSV���ZZZ�WHG�FRP�WDONV�VX]DQQHBOHHBZK\BELRIDEULFDWLRQBLVBWKHB

QH[WBLQGXVWULDOBUHYROXWLRQ�

�

��� ,17(5$&7,9( ���&211(&7(' ���60$57 ����,&6���(0	7��%<��32/,0,�
�����2YHUDOO�WLPH�RI�WKH�DFWLYLW\�����PLQ�b

b

Ɣ 9LGHR����,&6�0DWHULDOV��0DWHULDOV�([SHULHQFH���������PLQ�b

/LQN����KWWS���ZZZ�\RXWXEH�FRP�ZDWFK"Y �Y'9\6V�9]0bb

'HVFULSWLRQ���ŗ,QWURGXFWLRQ�WR�PDWHULDOV�H[SHULHQFH�IRU�'\QDPLF�0DWHULDOV��E\�9DOHQWLQDb

5RJQROL��$VVRFLDWH�3URIHVVRU��3ROLPL��'HVLJQ�'HSW��7KLV�YLGHR�SUHVHQWV�WKH�WKHPH�RI�WKHb

��

�

https://shop.aalto.fi/media/filer_public/3b/bf/3bbf53d7-347a-4ca4-a6b1-2479cfde39c2/aaltoartsbooks_thechemartscookbook.pdf
https://aalto.zoom.us/j/66993985645
https://www.youtube.com/watch?time_continue=2&v=K6_pWA4uP70&feature=emb_logo
https://www.youtube.com/watch?time_continue=2&v=K6_pWA4uP70&feature=emb_logo
https://www.ted.com/talks/suzanne_lee_why_biofabrication_is_the_next_industrial_revolution
https://www.ted.com/talks/suzanne_lee_why_biofabrication_is_the_next_industrial_revolution
https://www.youtube.com/watch?v=4vDVySs2VzM
http://www.youtube.com/watch?v=4vDVySs2VzM


�

([SUHVVLYH�VHQVRULDO�TXDOLWLHV�DQG�0DWHULDOV�([SHULHQFH�DV�D�IXQGDPHQWDO�GLPHQVLRQ�WRb

DSSURDFK�PDWHULDOV�FRQVFLRXVO\��ORRNLQJ�DW�WKHP�LQ�D�GHVLJQHUO\�ZD\��,QWHUDFWLRQ�ZLWKb

PDWHULDOV�OLEUDULHV�DQG�VDPSOHV��DQG�WKH�IOXFWXDWLQJ�DQG�G\QDPLF�GLPHQVLRQ�RI�PDWHULDOVb

DUH�NH\�WRSLFV�RI�WKH�YLGHR�b

b

b

Ɣ 9LGHR����,&6�0DWHULDOV��'HILQLWLRQ�DQG�$SSURDFKHV���������PLQ�b

/LQN����KWWS���ZZZ�\RXWXEH�FRP�ZDWFK"Y )��%J7PG0�Fb

'HVFULSWLRQ���ŗ:KDW�DUH�,&6�0DWHULDOV"Ř�E\�6WHIDQR�3DULVL��5HVHDUFK�)HOORZ��3ROLPL�b

'HVLJQ�'HSW��7KLV�YLGHR�SUHVHQWV�D�GHILQLWLRQ�RI�,QWHUDFWLYH��&RQQHFWHG��6PDUW��,&6�b

0DWHULDOV��7KHLU�FRPSRQHQWV�ZLOO�EH�SUHVHQWHG�DQG�H[SODLQHG�XVLQJ�H[DPSOHV�DQGb

PHQWLRQLQJ�SRWHQWLDO�DSSOLFDWLRQV��7KH�YLGHR�SURYLGHV�DQ�RYHUYLHZ�RI�DSSURDFKHV�DQGb

WHFKQLTXHV�WR�GHVLJQ�ZLWK�DQG�IRU�WKHVH�PDWHULDOV�IRFXVLQJ�RQ�PDWHULDO�H[SORUDWLRQ�b

LGHDWLRQ��DQG�IDEULFDWLRQ�b

b

b

Ɣ 9LGHR����,&6�0DWHULDOV��:HDUDEOH�'RPDLQ��������PLQ�b

/LQN����KWWS���ZZZ�\RXWXEH�FRP�ZDWFK"Y 1$'5�&EH\F�b

'HVFULSWLRQ���ŗ7KH�XVH�RI�,&6�0DWHULDOV�LQ�:HDUDEOH�'RPDLQ��E\�9HQHUH�)HUUDUR��$VVLVWDQWb

3URIHVVRU��3ROLPL��'HVLJQ�'HSW��7KLV�YLGHR�VKRZV�WKH�XVH�RI�,&6�0DWHULDOV�LQ�:HDUDEOHb

'RPDLQ��7KH�WHUPLQRORJ\�DERXW�:HDUDEOH�7HFKQRORJLHV�LV�H[SODLQHG��7KHQ��&DWHJRULHVb

DQG�H[DPSOHV�RI�ZHDUDEOHV�DUH�SUHVHQWHG��GHPRQVWUDWLQJ�WKH�RSSRUWXQLWLHV�DQGb

LPSOLFDWLRQV�LQ�GHVLJQ�DQG�LQGXVWU\���)LQDOO\��WKH�FRQQHFWLRQ�EHWZHHQ�ZHDUDEOHV�DQG�,&6b

0DWHULDOV�LV�DUWLFXODWHG�b

�

��� 1$120$7(5,$/6 ��(0	7��%<��7(&181�
�2YHUDOO�WLPH�RI�WKH�DFWLYLW\�����PLQ�b

7KH�DFWLYLW\��LV�PDGH�XS�RI�WKUHH�OHDUQLQJ�PRGXOHV�bb

Ɣ 0RGXOH����:KDW�DUH�QDQRPDWHULDOV�DQG�QDQRWHFKQRORJ\"b

Ɣ 0RGXOH����1DQRPDWHULDOV�DQG�WKHLU�VXSHUSRZHUVb

Ɣ 0RGXOH����5LVNV�RI�QDQRPDWHULDOVb

��

�

http://www.youtube.com/watch?v=F90BgTmdM0c
http://www.youtube.com/watch?v=F90BgTmdM0c
http://www.youtube.com/watch?v=NADR4Cbeyc8
http://www.youtube.com/watch?v=NADR4Cbeyc8


�

(DFK�PRGXOH�KDV�VKRUW�YLGHRV�IROORZHG�E\�D�VKRUW�TXHVWLRQQDLUH�WKDW�ZLOO�KHOS�VWXGHQWVb

DVVLPLODWH�WKH�DFTXLUHG�FRQFHSWV����7KH�IROORZLQJ�LV�WKH�WLPHOLQH�RI�1DQRPDWHULDOV�(0	7�E\b

7(&181�SUH�PRELOLW\�DFWLYLW\�b

�

)RU�WKH�FRPSOHWH�YHUVLRQ�RI�WKH�FRQWHQW�RI�WKH���PRGXOHV�SOHDVH�FKHFN�DQQH[HV�b

.QRZOHGJH�WUDQVIHU�PHWKRG���1DQRPDWHULDOV�E\�7HFQXQ��&RPSOHWH�YHUVLRQ��b

b

� 7+(���&$//����5($&+('���$1'���5(*,67(5('���678'(176 ���
$Q�HOHFWURQLF�IO\HU�ZDV�GHVLJQHG�WR�VKDUH�DQG�UHDFK�WKH�VWXGHQWV�WR�VLJQ�LQ�IRU�WKHb

SUH�PRELOLW\�DFWLYLW\��VHH�EHORZ���'XULQJ�WKH�FDOO��VWXGHQWV�ZHUH�WDUJHWHG�E\�HDFK�RI�WKHb

IRXU�VFKRRO�LQGLYLGXDOO\�LQ�WKHLU�VFKRRO��7KH�NH\�FULWHULDV�ZHUH�VWXGHQWV�LQWHUHVWHG�RQ�WKHb

WRSLF�RI�QHZ�PDWHULDOV�	�WHFKQRORJLHV��DV�ZHOO�DV�VWXGHQWV�IURP�WKH�ODVW�\HDUV�RI�WKHLUb

XQGHUJUDGXDWH�SURJUDPPH�RU�LQ�WKH�EHJLQQLQJ�RI�WKHLU�PDVWHUŖV�VWXGLHV�bb
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7KH�WDEOH�EHORZ�SUHVHQWV�WKH�LQLWLDO�VHW�JRDOV�LQ�WRWDO�DQG�E\�LQGLYLGXDO�(0	7V��WKHb

QXPEHU�RI�UHJLVWHUHG�VWXGHQWV�	�VWXGHQWV�WKDW�ILOOHG�LQ�WKH�IHHGEDFN�IRUP��WKH�FORVLQJb

DFWLYLW\�DQG�WKH�ZD\�WR�NQRZ�KRZ�PDQ\�VWXGHQWV�FRPSOHWHG�WKH�SUH�PRELOLW\�DFWLYLW\��bb

�

(0	7Vb *RDOb 5HJLVWHUHGb )LQDOLVHGb

([SHULPHQWDO�:RRG�%DVHGb
0DWHULDOVb

��b ��b ��b

$GYDQFHG�*URZLQJ�0DWHULDOVb ��b ��b ��b

,QWHUDFWLYH�&RQQHFWHG�6PDUWb
0DWHULDOV��,&6�b

��b ��b ��b

1DQRPDWHULDOVb ��b ��b ��b

7RWDO� ���� ���� ���
�

)RU�WKH�UHJLVWUDWLRQ��VWXGHQWV�QHHGHG�WR�ILOO�D�HLJKW�TXHVWLRQV�IRUP�GHYHORSHG�LQ�*RRJOHb

)RUPV��,Q�WKH�IRUP��WKH\�ZHUH�DVNHG�����HPDLO�����QDPH�DQG�VXUQDPH�����8QLYHUVLW\����b

&RXUVH�RI�VWXG\�DQG�\HDU�RI�HQUROOPHQW����(0	7V�RSWLRQ����ILUVW�SUHIHUHQFH������(0	7Vb

RSWLRQ����VHFRQG�SUHIHUHQFH������:K\�DUH�\RX�LQWHUHVWHG�LQ�DWWHQGLQJ�WKLV�DFWLYLW\"���:KDWb

GR�\RX�H[SHFW�IURP�WKLV�DFWLYLW\"��bb

b

7KH�IROORZLQJ�DUH�VRPH�H[DPSOHV�RI�WKH�FRPPHQWV�RI�WKH�VWXGHQWV�WKDW�VLJQHG�XS�IRUb

WKH�SUH�PRELOLW\�DFWLYLW\��7KH�DQVZHUV�SUHVHQWHG�KHUH�UHODWH�WR�WKH�TXHVWLRQV��ŗ�:K\�DUHb

\RX�LQWHUHVWHG�LQ�DWWHQGLQJ�WKLV�DFWLYLW\"�:KDW�GR�\RX�H[SHFW�IURP�WKLV�DFWLYLW\"Ř�bb

� ŗ,QWHUHVWLQJ�QHZ�ILHOG�RI�PDWHULDOLW\�Ř����1DQRPDWHULDOV�VWXGHQW�b
� JHW�WR�NQRZ�VRPHWKLQJ�QHZ�WR�H[SHULPHQW�LQ�WKH�IXWXUH��/HDUQ�DQG�GLVFRYHUbb
� ŗ���0\�H[SHFWDWLRQV�IURP�WKLV�DFWLYLW\�LV�WR�EHFRPH�DZDUH�RI�QHZ�SRVVLELOLWLHV��OHDUQLQJb

DERXW�VSHFLILF�PDWHULDOV�DQG�WHFKQRORJLHV�ZKLFK�L�MXVW�KHDUG�DERXW�Ř��,&6�VWXGHQW�b
� ,�H[SHFW�WR�OHDUQ�IURP�QHZ�PDWHULDO�XQLYHUVHV�DQG�SRVVLELOLW\�RI�DSSOLFDWLRQ�RI�WKLV�LQWR�GHb

WKH�GHVLJQ�RI�SURGXFWV�WKDW�DUH�PRUH�QDWXUDOO\�DQG�FRQVFLRXVO\�SURGXFHG���:RRG�EDVHGb
VWXGHQW�b

� ,�DP�YHU\�NHHQ�RQ�PDWHULDOV�DQG�QHZ�ZD\V�WR�GHYHORS�QHZ�RQHV��DQG�,�DP�GHHSO\b
FXULRXV�DERXW�WKLV�QHZ�PHWKRG�RI�VKDULQJ�NQRZOHGJH�DQG�LQIRUPDWLRQV��0RUHRYHU��,�ILQGb
LW�D�JUHDW�RSSRUWXQLW\�WR�JHW�WR�NQRZ�IRUHLJQ�GHVLJQ�UHDOLWLHV�DQG�WHDFKLQJ�PHWKRGV�b
�:RRG�EDVHG�VWXGHQW�b

� ŗ,�ZDQW�WR�NQRZ�PRUH�DERXW�WKH�QHZ�WHFKQRORJLHV��DQG�SRVVLELOLWLHV�IRU�WKH�IXWXUHb
PDWHULDOV��,P�HVSHFLDOO\�LQWHUHVWHG�LQ�FXOWLYDWLRQ�RI�RUJDQLVPV��,�H[SHFW�LQWHUHVWLQJ�OHFWXUHVb
DQG�H[DPSOHV��,�WKLQN�WKLV�LV�D�UDUH�RSSRUWXQLW\�WR�OHDUQ�DERXW�WKH�WRSLF�Ř��$GYDQFHGb
*URZLQJ�VWXGHQW�b

���

�



�

,Q�JHQHUDO��WKH�PDMRULW\�DUH�LQWHUHVWHG�LQ�JDLQLQJ�PRUH�NQRZOHGJH�DERXW�WKH�QHZb

PDWHULDOV�DQG�WHFKQRORJLHV��DV�ZHOO�DV�KRZ�WKHVH�GHYHORSPHQWV�DUH�KDYLQJ�GLIIHUHQWb

LPSOLFDWLRQV�LQ�QRZDGD\V�SURGXFWV�DQG�HQYLURQPHQW��7R�VHH�DOO�WKH�FRPPHQWV�FKHFNb

DQQH[HV������'$7(0$76�6LJQHG�XS�)RUP�������b

�

� 5(68/76���$1'���&21&/86,21�
7KH�����VWXGHQWV�WKDW�VLJQHG�XS�IRU�WKH�3UH�PRELOLW\�DFWLYLW\�ZHUH�LQVWUXFWHG�WR�ILOO�LQ�WKHb

IHHGEDFN�IRUP�LQ�RUGHU�WR�NQRZ�KRZ�PDQ\�RI�WKHP�FRPSOHWHG�WKH�DFWLYLW\��DV�ZHOO�DV�WR�JHW�WRb

NQRZ�WKHLU�SHUVSHFWLYH�RQ�WKH�FRXUVH��)RU�WKH�GHYHORSPHQW�RI�WKH�IHHGEDFN�IRUP�ZHUH�XVHGb

TXDOLWDWLYH�DQG�TXDQWLWDWLYH�PHWKRGV�VXFK�DV�/LNHUW�6FDOH�DQG�RSHQ�HQGHG�TXHVWLRQV�bb

%HORZ��VRPH�RI�WKH�DQVZHUV�JLYHQ�E\�WKH�SDUWLFLSDQWV�WR�WKH�TXHVWLRQV�DUH�SUHVHQWHG�LQ�JUDSKV�b

)XUWKHU��VRPH�H[DPSOHV�RI�WKH�VWXGHQWV�ZULWWHQ�DQVZHUV�DUH�VKRZQ��)LQDOO\��DQ�DVVHVVPHQW�RIb

WKH�SUH�PRELOLW\�DFWLYLW\�LV�UHSRUWHG�E\�OLVWLQJ�D�QXPEHU�RI�VWUHQJWKV��DV�ZHOO�DV�WKLQJV�WR�LPSURYHb

EDVHG�RQ�WKH�JLYHQ�IHHGEDFN�IURP�WKH�VWXGHQWV��)RU�PRUH�GHWDLOHG�LQIRUPDWLRQ�SOHDVH�FKHFNb

DQQH[HV�����'$7(0$76�)HHGEDFN�)RUP�3UH�PRELOLW\�DFWLYLW\������b

b

��� ) �(('%$&. ���)250 ���*5$3+6b
/,1.���+7736�����'2&6���*22*/(���&20���)2506���'���(���)$,�3�4/6 �)0.��0�)-(�:&�3,7& �8���8���:1�0�;�4���.�4�)�8�8�.�6�21 �:/*���4,�2%���:�-
:���9,(:)250b

b

�

)LJ�����3HUFHQWDJH�RI�VWXGHQWV�SDUWLFLSDWLQJ�E\�(0	7V�
�

�
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)LJ�����*HQHUDO�DVVHVVPHQW�RI�WKH�����3UH�PRELOLW\�$FWLYLW\�E\�SDUWLFLSDQWV�
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)LJ�����3UHYLRXV�NQRZOHGJH�RI�WKH�SDUWLFLSDQWV�LQ�WKH�3UH�PRELOLW\�$FWLYLW\��
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)LJ�����$VVHVVPHQW�E\�SDUWLFLSDQWV�RI�WKH�YLGHRV�DV�D�WHDFKLQJ�PHWKRG��

�

�

)LJ�����$VVHVVPHQW�E\�SDUWLFLSDQWV�RI�WKH�RWKHU�SRVVLEOH�WHDFKLQJ�PHWKRGV�VXFK�DV�

GLVFXVVLRQV��UHDGLQJV�b
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)LJ�����(YDOXDWLRQ�E\�SDUWLFLSDQWV�LQ�FRQQHFWLRQ�ZLWK�WKHLU�LQGLYLGXDO�H[SHFWDWLRQV�
�

Ɣ :K\�GLG�WKH�SUH�PRELOLW\�DFWLYLW\�PHHW�P\�H[SHFWDWLRQV"b

([DPSOHV�RI�WKH�DQVZHUV�JLYHQ�E\�WKH�VWXGHQWV�WR�WKLV�TXHVWLRQ�b

ż ŗ,�KDYH�OHDUQHG�DERXW�QHZ�PDWHULDOV�DQG�QHZ�WHFKQRORJLHV�WKDW�ZRXOG�EH�XVHIXO�IRU�PH�LQb

WKH�QHDU�IXWXUH��)RU�LQVWDQFH��L�KDYH�QHYHU�KHDUG�DERXW�,&6�PDWHULDOV�DQG�QRZ�,�KDYH�DQb

LGHD�DERXW�ZKDW�WKH\�DUH�Ř���,&6�VWXGHQW�b

ż ŗ,�ZDV�H[SHFWLQJ�PRUH�YLGHR�ZLWK�PRUH�NQRZOHGJH��EXW�LW
V�SUREDEO\�EHFDXVH�L�GLGQ
Wb

XQGHUVWDQG�KRZ�GRHV�LW�ZRUNV��$Q\ZD\�WKH�LQIRUPDWLRQ�LQ�WKH�YLGHRV�KDYH�EHHQ�UHDOO\b

XVHIXO�DQG�OHW�PH�EHFDPH�PRUH�FXULRXV�DERXW�WKH�DUJXPHQW�Ř���,&6�VWXGHQW�b

ż ŗ,�GLG�OHDUQ�D�ORW�DERXW�QDQRPDWHULDOV�DQG�,ŖP�YHU\�JUDWHIXO��,W�ZRXOG�EH�HYHQ�EHWWHU�WRb

OHDUQ�DERXW�WKH�WHFKQLTXHV�RU�KRZ�\RX�DSSO\�WKHVH�QDQR�PDWHULDOV�RQ�LQGXVWULDOb

SURGXFWV��,�HVSHFLDOO\�HQMR\HG�WKH�]RRP�PHHWLQJ�ZLWK�5REHUW�)URP�0DWHUIDG�Řb

�1DQRPDWHULDOV��VWXGHQW�b

ż %HIRUH�ZDWFKLQJ�WKH�YLGHRV�,�VXSSRVHG�ZKDW��$GYDQFHG�JURZLQJ��FRXOG�EH��EXW�QRZ�,ķYHb

VWUHQJWKHQ�P\�VXSSRVLWLRQV�DQG�UHDOO\�VWDUWHG�WR�XQGHUVWDQG�KRZ�GRHV�LW�ZRUN�DQG�VHHb

WKH�SRZHU�LW�KDV����$GYDQFHG�*URZLQJ�VWXGHQW�b

ż ŗ7KH�SUH�PRELOLW\�DFWLYLW\�PHW�P\�H[SHFWDWLRQV�GXH�WR�WKH�IDFW�WKDW�,�IRXQG�WKHb

ELRIDEULFDWLRQ�RI�PDWHULDOV�DQG�OHDUQLQJ�DERXW�QHZ�PDWHULDOV�YHU\�LQWHUHVWLQJ�DV�ZHOO�DVb

ILQGLQJ�FUHDWLYLW\�DQG�LQVSLUDWLRQ�IRU�QHZ�IXUWKHU�SURMHFWV��)XUWKHUPRUH��,�WKLQN�WKDW�WKH�ODEb

WHVWLQJ�LV�WKH�SHUIHFW�FRPELQDWLRQ�RI�WHFKQRORJ\�DQG�VFLHQFH�Ř���$GYDQFHG�*URZLQJb

VWXGHQW�b

ż ŗ,�ZDV�H[SHFWLQJ�WKHUH�DUH�PRUH�LQIRUPDWLRQ�DERXW�FHUWDLQ�RI�JURZLQJ�PDWHULDOV�LQ�GHWDLO�Řb

�$GYDQFHG�*URZLQJ��VWXGHQW�b

���

�
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ż ,�UHDOO\�HQMR\HG�WKH�YLGHRV�DQG�ZDV�UHDOO\�VXUSULVHG�E\�WKH�SRVVLELOLWLHV��ELRIDEULFDWLRQ�b

RIIHUV��,�KRQHVWO\�ZDVQ
W�H[SHFWLQJ�WKLV�DFWLYLW\�WR�EH�DV�IXQ�DQG�LQIRUPDWLYH�DV�LW�WXUQHGb

RXW�WR�EH��&DQ
W�ZDLW�WR�OHDUQ�PRUH����$GYDQFHG�*URZLQJ�VWXGHQW�b

ż ,W�:DV�UHDOO\�JRRG�WR�EH�DEOH�WR�WDNH�SDUW�WR�WKLV�DFWLYLW\��ILUVW�RI�DOO�EHFDXVH�LW�JLYHV�D�KLQWb

DQG�D�ILUVW�YLHZ�RI�WKH�SURMHFW��H[SODLQLQJ�LQ�IHZ�PLQXWHV�D�EHDXWLIXO�FRQFHSW�RIb

6XVWDLQDEOH�SURGXFWLRQ��,W�ZDV�UHDOO\�DZHVRPH�WR�GLVFRYHU�WKLQJV�,�ZDV�QRW�DZDUH�RI��DQGb

WR�JR�GHHSHU�RQ�D�WRSLF�,�DP�UHDOO\�SDVVLRQDWH�DERXW��7KDQN�\RX�����:RRG�EDVHG�VWXGHQW�b

ż WKLV�H[SHULHQFH�PHW�P\�H[SHFWDWLRQV��HVSHFLDOO\�DIWHU�UHDGLQJ�WKH��FRRNERRN��ZKLFK�,b

IRXQG�YHU\�LQWHUHVWLQJ��LQ�IDFW�LW�QRW�RQO\�RIIHUV�WKHRUHWLFDO�NQRZOHGJH�EXW�DOVR�VPDOOb

UHFLSHV�WKDW�DOORZ�\RX�WR�H[SHULPHQW�RQ�QHZ�PDWHULDOV���,
P�DOUHDG\�WU\LQJ�WR�GR�VRPHb

H[SHULPHQWV�IURP�KRPH�����:RRG�EDVHG�VWXGHQW�b

�

Ɣ *HQHUDO�FRPPHQWV�DQG�VXJJHVWLRQV��RQ�VXFK�PDWWHUV�DV�PDWHULDOV��WHDFKLQJb

PHWKRGV��DUUDQJHPHQWV��ZD\V�RI�FRPSOHWLQJ�WKH�SUH�PRELOLW\�DFWLYLW\�DQGb

XQQHFHVVDU\�RYHUODSV�ZLWK�RWKHU�FRXUVH�FRQWHQWV��RU�RWKHU�PDWWHUV��b

([DPSOHV�RI�WKH�DQVZHUV�JLYHQ�E\�WKH�VWXGHQWV�WR�WKLV�TXHVWLRQ�b

ż ŗ,W�ZRXOG�EH�YHU\�LQWHUHVWLQJ�WR�VHH�WKH�SURFHVV�RI�KRZ�WKRVH�PDWHULDOV�DUH�JURZQ�DQGb

WKH�PDQXIDFWXULQJ�SURFHVVŘb

ż ŗ,�DOUHDG\�NQHZ�WKH�7('�WDON�RI�6X]DQQH�/HH�EXW�LW�LV�DOZD\V�D�SOHDVXUH�WR�KHDU�KHUb

VSHDNLQJ�DQG�L�WKLQN�LW�LV�WKH�EHVW�SRVVLEOH�LQWURGXFWLRQ�WR�WKH�WKHPH��0D\EH�WR�YDOXHb

KDQGV�RQ�H[SHULHQFH�LW�ZRXOG�EH�QLFH�WR�UHFHLYH�VRPH�LQVWUXFWLRQV�WR�H[SHULPHQW�ZLWKb

ELRPDWHULDO�DW�KRPH��LI�SRVVLEOH�Řb

ż ŗ,Q�P\�RSLQLRQ�WKHVH�YLGHRV��DV�D�ILUVW�FRQWDFW�ZLWK�WKH�VXEMHFW��DUH�LQVWUXFWLYH�HQRXJK��,Qb

7HFQXQ�ZH�KDYH�D�VXEMHFW�RI�%LRPDWHULDOV�DQG�%LRFRPSDWLELOLW\�EXW�ZH�VWXG\�LW�LQ�JHQHUDOb

VR�LW�GRHVQ
W�RYHUODS�DQ\�FRXUVH�FRQWHQWV��MXVW�LQFUHDVH�VWXGHQWV�OHDUQLQJ�DQGb

LQIRUPDWLRQ�Řb

ż ŗ,�ZRXOG�GR�VRPH�TXHVWLRQV�DERXW�WKH�YLGHRV�WR�UHDOL]H�LI�ZH�KDG�XQGHUVWRRG�WKHb

LQIRUPDWLRQ�JLYHQ�Řb

ż ŗ,W�ZLOO�EH�QLFH�D�JURXS�RQOLQH�PHHWLQJ�WR�XQGHUVWDQG�WKH�SHRSOH�WKDW�LW�LV�LQYROYHG�Řbb

ż ŗ6KDULQJ�D�OLVW�RI�UHFRPPHQGHG�ELEOLRJUDSK\�DQG�VWDWLQJ�WKH�JRDO�RI�WKH�SUH�PRELOLW\b

DVVLJQPHQW�ZRXOG�KHOS��$OVR�KDYLQJ�TXHVWLRQV�WKDW�RSHQ�XS�WKRXJKW�DQG�GLVFXVVLRQ�RQb

WKH�PDWWHU�ZRXOG�EH�LQWHUHVWLQJ��2WKHUZLVH�,�UHDOO\�HQMR\HG�6X]DQQH�/HH
V�WDON�Řb

ż ŗ$V�,�KDYH�VDLG�EHIRUH��,�WKLQN�WKH�ZD\�LQ�ZKLFK�WKLV�OHVVRQ�KDV�EHHQ�WHDFKHG�UHDOO\�JRRG�b

0DLQO\�EHFDXVH�WKH\�KDYH�EHHQ�SUDFWLFDO�YLGHRV�ZLWK�FOHDU�H[SODQDWLRQV�DQG�UHDOO\�UHODWHGb

WR�UHDO�VLWXDWLRQV��)RU�H[DPSOH��LQ�WKH�WKLUG�YLGHR�LW�KDV�EHHQ�VKRZQ�WKH�FRPSOHWHb

WUDQVIRUPDWLRQ�IURP�IRUHVW�WR�IDEULF�VR�,�WKLQN�WKH�WHDFKLQJ�PHWKRG�LV�UHDOO\�JRRG�Řb
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ż ŗ,W�ZDV�D�JRRG�DFWLYLW\�WR�GLVFRYHU�WKH�WRSLF��DOWKRXJK�,�ZRXOG�OLNH�WR�KDYH�PRUHb

ELEOLRJUDSK\�DQG��RSWLRQDO��DFWLYLWLHV�WR�GR��7KH�WHDFKHUV�IURP�$DOWR�XQLYHUVLW\�ZHUH�UHDOO\b

QLFH�WR�RIIHU�D�]RRP�FDOO�ZHUH�ZH�FRXOG�DVN�DQ\WKLQJ�ZH�QHHG�DQG�WKH\�DQVZHUHG�UHDOO\b

RSHQ�DQG�ZLWK�SOHDVXUH��,�ZRXOG�OLNH�WR�KDYH�PRUH�LQIRUPDWLRQ�DERXW�WKLV�FRXUVHV�DQG�JHWb

QRWLILFDWHG�,I�WKHUH
V�D�PRELOLW\�DFWLYLW\��7KDQN�\RXŘb

ż ŗ7KH�FRQWHQW�ZDV�LQWHUHVWLQJ��DQG�,�WKLQN�WKH�WHDFKLQJ�PHWKRGV�WDNHQ�ZHUH�ILQH�DQGb

DGHTXDWH��7KH�YLGHRV�ZHUH�D�JRRG�FKRLFH�DQG�YHU\�KHOSIXO��*RRG�MRE��,I�,�KDG�WR�FKDQJHb

VRPHWKLQJ�,�ZRXOG�KDYH�OLNHG�WR�VHH�PRUH�GLIIHUHQW�WHDFKHUV�RU�SURIHVVLRQDOV�RQ�WKHb

YLGHRV�Řb

ż ŗ$V�ZH�VXEVFULEHG�WKH�DFWLYLWLHV��LW�ZDV�QRW�YHU\�FOHDU�KRZ�WKH�ZKROH�DFWLYLW\�ZDV�JRLQJb

WR�EH��8QIRUWXQDWHO\��,�FRXOG�QRW�DWWHQG�WKH�4	$�VHVVLRQ��DQG�IURP�WKH�ZHEVLWH�,�GLGQ
Wb

TXLWH�XQGHUVWDQG�LW�DV�ZHOO��)RU�ZKDW�FRQFHUQV�WKH�YLGHRV��DV�D�ILUVW�LQWURGXFLQJ�SKDVHb

WKH\�DUH�RN��EXW�PD\EH�LW�ZRXOG�KDYH�EHHQ�QLFH�WR�JHW�WR�ZDWFK�WKHP�DOVR�EHIRUHb

FKRRVLQJ�FRXUVH�Řb

b

b

��� $ �66(660(17 ���2)���7+( ���35( �� �02%,/,7<���$&7,9,7<b

7KH�DVVHVVPHQW�KDV�EHHQ�GLYLGHG�LQ�VWUHQJWKV�DQG�WKLQJV�WR�LPSURYH��7KH�VHW�JRDOVb

DQG�REMHFWLYHV�DUH�HYDOXDWHG��DV�ZHOO�DV�WKH�IHHGEDFN�IURP�WKH�VWXGHQWV��)RU�WKHb

TXDOLWDWLYH�GDWD�FROOHFWHG�IURP�WKH�VWXGHQWVŖ�IHHGEDFN�FRGHV�ZHUH�GHYHORSHG�DQGb

DSSOLHG�E\�LGHQWLI\LQJ�VRPH�NH\�WRSLFV��NH\�ZRUGV��SDWWHUQV�DQG�PDNLQJ�JURXSV��7KHb

LQIRUPDWLRQ�SUHVHQWHG�KHUH�ZLOO�EH�FRQVLGHU�IRU�ODWHU�EH�LQFOXGHG�LQ�WKH�QH[W�DFWLRQ��b

'�����PRELOLW\�DFWLYLW\�b�

�

6WUHQJWKV�RI�WKH�3UH�PRELOLW\�DFWLYLW\��

7KH�IROORZLQJ�DUH�WKH�SRVLWLYH�DFKLHYHPHQWV�UHDFKHG�GXULQJ�WKH�GHYHORSPHQWb

RI�WKH�SUH�PRELOLW\�DFWLYLW\�bb

Ɣ 3DUWQHUVŖ�REMHFWLYHV�b

ż 7KH�VHW�JRDO�RI�VHOHFWLQJ�����VWXGHQWV��PLQLPXP����E\�(0	7b

DUHD��WR�MRLQ�WKH�'$7(0$76�SUH�PRELOLW\�DFWLYLW\�ZDVb

DFFRPSOLVKHG������VWXGHQWV�VLJQHG�XS�IRU�WKH�DFWLYLW\�b

1RQHWKHOHVV��QRW�HQRXJK�VWXGHQWV�VLJQHG�XS�IRU�WKHb

1DQRPDWHULDOV�(0	7�DUHD��,Q�WKLV�FDVH�����VWXGHQWV�WKDW�PDUNHGb

���
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QDQRPDWHULDOV�DV�WKHLU�VHFRQG�(0	7�RSWLRQ�ZHUH�UHDOORFDWHGb

EDVHG�RQ�WKH��DQVZHUV�SDUWLFLSDQWV�JDYH�WR�WKH�4XHVWLRQ��ŗ:K\b

DUH�\RX�LQWHUHVWHG�LQ�DWWHQGLQJ�WKLV�DFWLYLW\"�:KDW�GR�\RX�H[SHFWb

IURP�WKLV�DFWLYLW\"Ř�bb

ż 7KH�IRXU�SDUWQHUV�VXEPLWWHG�WKH�WHDFKLQJ�PDWHULDOV�RQ�WLPH�b

+RZHYHU��WKH�LQLWLDO�''/�IRU�WKH�GHOLYHU\�RI�WKH�YLGHRV�ZDVb

PRGLILHG�LQ�YLHZ�RI�WKH�IDFW�WKDW�WKH�IRXU�VFKRROV�ZHUH�IDFLQJb

VHYHUDO�DQG�VXGGHQ�FKDQJHV�GXH�WR�&29,'�VLWXDWLRQ�b

ż 7KH�YLGHRV�ZHUH�WKH�PDLQ�VRXUFH�RI�WHDFKLQJ�PHWKRG��%DVHG�RQb

WKH�DQVZHUV�JLYHQ�LQ�WKH�IHHGEDFN�IRUP��WKH�PDMRU�QXPEHU�RI�WKHb

SDUWLFLSDQWV�VD\�WKDW�WKH�YLGHRV�VXSSRUW�WKHLU�OHDUQLQJ�SURFHVVb

�������DJUHH��IROORZHG�E\�������VWURQJO\�DJUHH��b

ż 2WKHU�WHDFKLQJ�PDWHULDOV�VXFK�DV�UHDGLQJV�ZHUH�DOVR�LPSRUWDQW�WRb

FRPSOHPHQW�WKH�OHDUQLQJ�DFWLYLW\��)RU�H[DPSOH��YDULRXV�VWXGHQWVb

PHQWLRQHG�WKDW�7KH�&+(0$576�&RRNERRN�IURP�$DOWR�8QLYHUVLW\b

LV�D�DGHTXDWH�OHDUQLQJ�WRRO�WR�VWDUW�H[SHULPHQWLQJ�ZLWK�PDWHULDOV�LQb

D�IHDVLEOH�ZD\�bb

ż $DOWR�DQG�7(&181�8QLYHUVLWLHV�RUJDQLVHG�YLUWXDO�VHVVLRQV�ZLWKb

H[SHUWV�RQ�WKHLU�(0	7�WRSLFV��'XULQJ�WKH�GLVFXVVLRQ�VWXGHQWVb

KDG�WKH�RSSRUWXQLW\�WR�VROYH�TXHVWLRQV�UHODWHG�WR�WKH�VKDUHGb

WHDFKLQJ�PDWHULDOV�DQG�PRYH�GHHSHU�LQWR�WKH�GLIIHUHQW�NH\b

FRQFHSWV��6HYHUDO�FRPPHQWV�IURP�WKH�VWXGHQWV�KLJKOLJKWHG�WKHb

LPSRUWDQFH�RI�WKLV�W\SH�RI�VSDFHV�WR�JHW�WR�NQRZ�WKH�SHRSOHb

EHKLQG�WKH�DFWLYLW\�DQG�WR�VROYH�TXHVWLRQV��2Q�WKH�RWKHU�KDQG�b

VWXGHQWV�WKDW�GLG�QRW�KDYH�WKLV�RQOLQH�VSDFH�LQ�WKHLU�OHDUQLQJb

DFWLYLW\�UHFRPPHQGHG�WR�LQFOXGH�RQH�b

ż /DVWO\��D�VLPSOH�DQG�FRQFUHWH�IHHGEDFN�IRUP�GHYHORSHG�LQb

*RRJOH�IRUPV�ZDV�D�VXLWDEOH�WRRO�IRU�FROOHFWLQJ�WKH�HYDOXDWLRQ�RIb

WKH�SUH�PRELOLW\�DFWLYLW\�IURP�WKH�VWXGHQWV��0RUH�GHWDLOHGb

H[SODQDWLRQ�RI�WKH�UHVXOWV�RI�WKH�IHHGEDFN�IRUP�DUH�VWDWHG�EHORZb

�6WXGHQWVŖ�REMHFWLYHV��b

b

Ɣ 6WUXFWXUH��JXLGHOLQHV�DQG�LPSOHPHQWDWLRQ�b

ż 7KH�SURSRVHG�VWUXFWXUH�EDVHG�RQ���SDUWV�����LQWURGXFWLRQ�	b

LQVSLUDWLRQ�����RQOLQH�4	$�VHVVLRQ��RSWLRQDO������VWXGHQWVŖb

���
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IHHGEDFN�ZDV�DGHTXDWH�DQG�ILWWHG�WKH�IRXU�(0	7�DUHDV��%DVHGb

RQ�WKH�VWXGHQWV�IHHGEDFN��LW�LV�UHFRPPHQGHG�WKDW�WKH�VHFRQGb

SDUW��RI�WKH�VWUXFWXUH���ŗRQOLQH�4	$�VHVVLRQŘ�LV�QRW�RSWLRQDO�EXWb

PDQGDWRU\�IRU�WKH�IRXU�SDUWQHUV�b

ż (PDLO�ZDV�DQ�HIIHFWLYH�FKDQQHO�IRU�PDQDJLQJ�WKH�JXLGHOLQHVb

EHWZHHQ�SDUWQHUV��3DUWLFXODUO\��IRU�PDNLQJ�VXUH�WKH�ULJKW�DQG�RQb

WLPH�LPSOHPHQWDWLRQ�RI�WKH�SUH�PRELOLW\�DFWLYLW\��,W�DOORZHG�WRb

DQVZHU�VSHFLILF�DQG�LPPHGLDWH�FRQFHUQV�WKDW�WKH�SDUWQHUV�KDGb

IRU�WKH�IXOILOOPHQW�RI�WKH�DFWLYLW\�bb

ż (PDLO�ZDV�DOVR�D�VXFFHVVIXO�FKDQQHO�WR�VKDUH�LQVWUXFWLRQV�DQGb

OHDUQLQJ�PDWHULDOV�ZLWK�WKH�VWXGHQWV��7KRVH�SDUWLFLSDQWV�WKDW�KDGb

FRQFHUQV�ZHUH�DEOH�WR�UHDFK�DFWLYLW\�OHDGHUV�DQG�VROYH�WKHLUb

TXHVWLRQV�LQ�D�VKRUW�SHULRG�RI�WLPH��$GGLWLRQDOO\��HDFK�RI�WKH�IRXUb

VFKRROV�ZHUH�LQ�FKDUJH�RI�VHQGLQJ�WKH�PDWHULDOV�WR�WKH�VWXGHQWVb

WKDW�VLJQHG�XS�IRU�WKHLU�(0	7�DUHD��,W�ZDV�IXQFWLRQDO�WR�VKDUH�WKHb

UHVSRQVLELOLW\�ZLWK�HDFK�RI�WKH�VFKRRO�SDUWQHUV�IRU�WKHb

LPSOHPHQWDWLRQ�RI�WKHLU�VSHFLILF�(0	7�DUHD�DFWLYLW\��6SHFLDOO\b

EHFDXVH�VWXGHQWV�ZHUH�DEOH�WR�FRQWDFW�WKH�(0	7�OHDGHUV�GLUHFWO\b

LI�WKH\�KDYH�DQ\�FRQFHUQV�b

b

Ɣ 6WXGHQWVŖ�REMHFWLYHV��IHHGEDFN�IRUP�UHVXOWV�b

7KHVH�REMHFWLYHV�DUH�HYDOXDWHG�EDVHG�RQ�WKH�DQVZHUV�JLYHQ�LQ�WKHb

IHHGEDFN�IRUP��)RU�WKH�DQDO\VLV�RI�WKLV�GDWD�WKH�FRGLQJ�PHWKRG�LVb

LPSOHPHQWHG��7KH\�ZHUH�FODVVLILHG�LQ���JURXSV�LQ�FRQQHFWLRQ�ZLWK�WKH��b

PDLQ�VWXGHQWVŖ�REMHFWLYHV��VHH�SDJH����b

b

*URXS����/HDUQLQJ�PHWKRGVb

b

ż 9LGHR� ��7KLV�ZRUG�LV�PHQWLRQHG����WLPHV�bb

,Q�JHQHUDO��VWXGHQWV�KLJKO\�DSSUHFLDWHG�WKH�XVH�RI�YLGHRV�DV�Db

WHDFKLQJ�PHWKRG�IRU�LQWURGXFLQJ�D�QHZ�WRSLF���QHZ�PDWHULDOV�DQGb

WHFKQRORJLHV��7KH\�DFNQRZOHGJH�WKH�TXDOLW\�RI�WKH�SURGXFHGb

YLGHRV��DSSURSULDWH�OHQJWK�EHWZHHQ������PLQ��VXLWDEOHb

LQIRUPDWLRQ��FDSWXUH�VWXGHQWVŖ�DWWHQWLRQ��HDV\�ZD\�WRb

XQGHUVWDQGő���$OVR��WKH�YLGHRV�FRPLQJ�IURP�RWKHU�VRXUFHV�ZHUHb

���
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SURSHU�IRU�WKH�DFWLYLW\��6RPH�SDUWLFLSDQWV�KLJKOLJKWHG�KRZ�WKHb

YLGHRV�DUH�WR�D�FHUWDLQ�SRLQW�FRPSOHPHQWDU\�ZLWK�WKH�RQOLQHb

PHHWLQJV�ZLWK�H[SHUWV�RQ�WKH�WRSLFV�GLVFXVVHG�LQ�WKH�YLGHRV�bb

b

ż 2QOLQH�PHHWLQJ�VHVVLRQ�GLVFXVVLRQ�FRQYHUVDWLRQ���7KHVH�ZRUGVb

DUH�PHQWLRQHG����WLPHV�LQ�WRWDO�bb

7KHUH�ZHUH�DOVR���VWXGHQWV�WKDW�PHQWLRQHG�KRZ�PXFK�WKH\b

DSSUHFLDWHG�DQG�OHDUQHG�IURP�DYDLODEOH�RQOLQH�VHVVLRQV��0DLQO\�b

SDUWLFLSDQWV�KLJKOLJKWHG�WKH�UHOHYDQFH�DQG�YDOXH�WKDW�ZLOO�DGG�LI�WKHb

WKH\�FRXOG�KDYH�WKH�RSSRUWXQLW\�WR�DVVLVW�WR�RQH�RI�LW�bb

b

ż 0DWHULDO�V����7KLV�ZRUG�LV�PHQWLRQHG�����WLPHV�bb

)LUVWO\��WKH�PDMRU�QXPEHU�RI�VWXGHQWV�WKDW�PHQWLRQHG�WKLV�ZRUG�LVb

UHODWHG�WR�WKH�REMHFWLYH�RI�WKH�DFWLYLW\��OHDUQLQJ�DERXW�QHZb

PDWHULDOV�DQG�WHFKQRORJLHV��6HFRQGO\��SDUWLFLSDQWV�PHQWLRQ�WKLVb

ZRUG�DLPLQJ�WR�KDYH�SRVVLELOLW\�WR�WRXFK�ZLWK�WKHLU�KDQGV�DQGb

H[SHULPHQW�ZLWK�WKH�PDWHULDOV��)RU�LQVWDQFH��D�IHZ�RI�WKH�VWXGHQWVb

ZRXOG�OLNH�WR�EH�DEOH�WR�VHH�DQG�H[SHULHQFH�WKH�SURFHVV�RIb

JURZLQJ�DQG�PDQXIDFWXULQJ�WKH�PDWHULDOV�b

b

*URXS����)DPLOLDULVLQJ�	�JHW�LQVSLUHGb

ż 3RVLWLYH�H[SUHVVLRQ��,QWHUHVWLQJ�������(QMR\DEOH�����OLNH�Y�����b

ZHOO������QHZ������KDSS\�����SHUIHFWO\�����PHHW�PHW�P\b

H[SHFWDWLRQV�������VXFFHVVIXO������DZHVRPH�����GLVFRYHU�����b

LQVSLUDWLRQ������JR�GHHS�LQ�WKLQJV�����JUHDW������HQULFKLQJ�����KLJKb

TXDOLW\�����LQIRUPDWLYH�����DSSUHFLDWHG������KDV�KHOSHG����b

HQFRXUDJLQJ�����VDWLVILHG�����ORRNLQJ�IRUZDUG������JUHDW�������7KHVHb

ZRUGV�DUH�PHQWLRQHG�����WLPHV�LQ�WRWDO�bb

1HDUO\�DOO�SDUWLFLSDQWV�H[SUHVVHG�SRVLWLYH�ZRUGV�LQ�UHODWLRQ�WR�WKHb

WHDFKLQJ�PDWHULDOV�DQG�WKH�SUH�PRELOLW\�DFWLYLW\��7KH�YLGHRVb

UHFHLYHG�PDQ\�SRVLWLYH�FRPPHQWV��3DUWLFXODUO\��VWXGHQWVb

FRQVLGHUHG�WKH�DFWLYLW\�LQIRUPDWLYH��FOHDU�DQG�LQVSLUHG�WKHP�WRb

OHDUQ�IXUWKHU�DERXW�WKH�QHZ�PDWHULDOV�DQG�WHFKQRORJLHV��$�VWXGHQWb

���
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GLVFXVVHG�DERXW�WKH�WLPHOLQH�RI�WKH�SUH�PRELOLW\��7KH\�OLNHG�WKDWb

WKH�DFWLYLW\�KDV�D�''/�EXW�QRW�RWKHU�IL[HG�GDWHV�b

b

ż &RQVWUXFWLYH�IHHGEDFN��,�WKLQN�WKRXJKW�WKDW������,�ZDV�H[SHFWLQJb

�����PRUH�LQ�GHSWK������PRUH�LQIRUPDWLRQ������WKHUH�FRXOG�KDYHb

EHHQ�VRPHWKLQJ�PRUH�������GLVDSSRLQWHG������ZRXOG�EHb

LQWHUHVWLQJ�QLFH�JRRG�JUHDW������ZRXOG�OLNH�WR������6XJJHVW������,b

ZLVK������FRXOG�KDYH������VKRXOG���������7KHVH�ZRUGV�DUH�PHQWLRQHGb

���WLPHV�LQ�WRWDO�b

9DULRXV�VWXGHQWV�VXJJHVWHG�WR�DGG�PRUH�FRQWHQW�DQG�GHWDLOV�WKDWb

WDONV�DERXW�WKH�VSHFLILF�DQG�DYDLODEOH�PDWHULDOV�DQG�WRROV�WRb

H[SHULPHQW��$�VXJJHVWLRQ�WKDW�ZDV�UHSHDWHG�D�FRXSOH�RI�WLPHVb

ZDV�WR�VKRZ�LQ�WKH�YLGHRV�FDVH�VWXGLHV�DQG�SUHVHQW�SURMHFWV�WKDWb

DUH�EHLQJ�GHYHORSHG�LQ�RUGHU�WR�ŗGHHSHQ�RQ�WKH�H[LVWLQJb

NQRZOHGJHŘ��0DLQO\�VWXGHQWV�DVNHG�IRU�PRUH�ELEOLRJUDSK\��OLJKWb

UHDGLQJV��VOLGHV��WXWRULDO�WR�FDUU\�VRPH�H[SHULPHQWV�b

b

7KH�IROORZLQJ�DUH�VRPH�RI�WKH�FRPPHQWV�WKDW�VWXGHQWV�PDGHb

UHODWHG�WR�WKLV�WRSLF��PRUH�LQIRUPDWLRQ�DERXW�ŗKRZ�WKH�PDWHULDOVb

FDQ�EH�DSSOLHG�DQG�SURFHVVHVŘ��ŗKRZ�WR�ZRUN�ZLWK�WKH�PDWHULDOV�b

LQVWUXFWLRQV�WR�H[SHULPHQW�ZLWK�PDWHULDOV�DW�KRPHŘ�b

b

$QRWKHU�WRSLF�PHQWLRQHG�VHYHUDO�WLPHV�ZDV�KDYLQJ�WKHb

RSSRUWXQLW\�WR�SDUWLFLSDWH�LQ�DQ�RQOLQH�VHVVLRQ�ZLWK�SURIHVVRUVb

DQG�H[SHUWV��$�VWXGHQW�FRQVLGHU�WKDW�KDYLQJ�WKH�SRVVLELOLW\�WRb

PDNH�TXHVWLRQV�LV�NH\�LQ�WKH�OHDUQLQJ�SURFHVV��$QRWKHUb

SDUWLFLSDQW�ZRXOG�OLNH�WR�GR�DQ�H[SHULPHQW�ZLWK�WKH�PDWHULDOVb

EHIRUH�WKH�RQOLQH�VHVVLRQ�WR�GLVFXVV�DERXW�LW�ZLWK�WKH�WHDFKHUV�b

7KLV�VXEMHFW�PDWWHU�LV�H[WHQGHG�EHORZ��VHH��VXJJHVWHGb

LPSURYHPHQWV�IRU�WKH�PRELOLW\�DFWLYLW\��b

b

*URXS����(QYLVLRQLQJb

7KLV�JURXS�KDV�GLIILFXOWLHV�WR�EH�FRGHG�EHFDXVH�WKH�ZRUGV�XVHG�RUb

H[SUHVVLRQV�YDULDWH�IURP�SHUVRQ�WR�SHUVRQ�b

���
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ż ORRNLQJ�IRU������WR�OHDUQ�PRUH������IXWXUH�������7KLV�ZRUGV�ZHUHb

PHQWLRQHG����WLPHV�LQ�WRWDO�bb

7KHUH�ZHUH�QRW�WKDW�PDQ\�VWXGHQWV�WKDW�H[SUHVVHG�ZRUGV�LQ�WKHb

IHHGEDFN�IRUP�UHODWHG�WR�KRZ�WKH\�HQYLVLRQ�KRZ�DGYDQFHGb

(0	7V�PDWHULDOV�DQG�WHFKQRORJLHV�FRXOG�PDNH�OLIH�HDVLHU�DQGb

PRUH�FRPIRUWDEOH�LQ�WKH�IXWXUH��+RZHYHU��WKH�SDUWLFLSDQWV�WKDWb

WDONHG�DERXW�WKLV�WRSLF�UHIHUUHG�WR�WKH�LPSRUWDQFH�RI�WKHVHb

PDWHULDOV�LQ�WKH�QHDU�IXWXUH�DQG�WKH�SUHIHUDEOH�LPSDFW�WKH\�FRXOGb

KDYH�LQ�WKH�HQYLURQPHQW���$�UHFRPPHQGDWLRQ�LV�WR�LQFOXGH�Db

TXHVWLRQ�LQ�WKH�IHHGEDFN�IRUP�IRFXV�RQ�WKLV�VSHFLILF�WRSLF�b

b

6XJJHVWHG�LPSURYHPHQWV�IRU�WKH�PRELOLW\�DFWLYLW\�b

6SHFLILF�UHFRPPHQGDWLRQV�IRU�HDFK�RI�WKH�IRXU�VFKRROV��,W�LV�LPSRUWDQW�WRb

KLJKOLJKW�WKDW�WKH�VFKRROV�KDG�GLIILFXOWLHV�IRU�GHYHORSLQJ�WKH�PDWHULDOV�DQG�PDNLQJb

WKH�FDOO�GXH�WR�&29,'�VLWXDWLRQ��bb

ż 7(&181���,W�LV�UHFRPPHQGHG�WR�RUJDQLVH�D�ODUJHU�FDOO�WRZDUGVb

VWXGHQWV�WKDW�FDQ�EH�LQWHUHVWHG�RQ�QDQRPDWHULDOV��2QH�SRVVLELOLW\b

FRXOG�EH�VKDULQJ�WKH�FDOO�ZLWK�VWXGHQWV�IURP�RWKHU�SURJUDPPHVb

DQG�IDFXOWLHV��,Q�WKLV�FDVH��WKH�DFWLYLW\�FDQ�KDYH�D�ZLGHU�QXPEHUb

RI�VWXGHQWV�LQWHUHVWHG�DQG�DSSO\LQJ�WR�WKLV�VSHFLILF�(0	7�DUHD�b

$QRWKHU�LPSRUWDQW�WRSLF�WR�UHYLVH�DUH�WKH�UHDVRQV�ZK\�RQO\���b

VWXGHQWV�ILOOHG�LQ�WKH�IHHGEDFN�IRUP��)LQGLQJ�D�ZD\�WR�NHHS�LQb

FRQWDFW�ZLWK�WKH�VWXGHQWV�ZKLOH�WKH\�GHYHORS�WKH�DFWLYLW\�FRXOG�EHb

D�ZD\�WR�PRWLYDWH�WKHP�WR�ILQLVK�WKH�DFWLYLW\�bb

2Q�WKH�RWKHU�KDQG��KDYLQJ�D�FORVHU�ORRN�WR�WKH�OHDUQLQJ�PDWHULDOVb

FRXOG�DOVR�EHQHILFLDO�WR�VHH�LI�WKDW�FRXOG�KDYH�EHHQ�WKH�UHDVRQ�IRUb

QRW�ILQDOLVLQJ�WKH�DFWLYLW\��&KHFNLQJ�WKH�OHQJWK�RI�WKH�DFWLYLW\�DQGb

WKH�DPRXQW�RI�ŗWDVNVŘ�JLYHQ�WR�WKH�VWXGHQWV����2QH�SDUWLFLSDQWb

FRPPHQWHG�WKDW�VRPH�RI�WKH�YLGHRV�ZHUH�RYHUODSSLQJb

LQIRUPDWLRQ�DQG�ZRXOG�OLNH�WR�VHH�VLPLODU�VWUXFWXUH�LQ�WKH�YLGHRV�WRb

JLYH�D�IORZ�WR�WKH�FRQWHQW�b

b

���

�



�

ż .($���(YHQ�WKRXJK�VWXGHQWV�OLNHG�WKH�VHOHFWHG�OHDUQLQJ�PDWHULDOVb

IURP�$GYDQFHG�*URZLQJ�(0	7��WKH\�VXJJHVW�WR�GHHS�PRUH�LQ�WKHb

PDWHULDOV�VLGH��$�VWXGHQW�FRPPHQWHG�WKDW�WKH�YLGHR�RI�WKH�.($b

8QLYHUVLW\�/DE�ŗIHOW��PRUH�OLNH�DGYHUWLVHPHQWŘ��,Q�DGGLWLRQ��WKH�7('b

YLGHRV�DQG�SUH�H[LVWLQJ�YLGHRV�DUH�DOZD\V�D�ULVN��,W�PD\b

KDSSHQHG�WKDW�VRPH�RI�WKH�VWXGHQWV�KDYH�DOUHDG\�ZDWFKHG�WKHP�b

)RU�LQVWDQFH��WKHUH�LV�D�FDVH�RI�RQH�VWXGHQW�WKDW�VDLG�WKDW�KHb

DOUHDG\�ZDWFKHG�WKH���YLGHRV�SURYLGHG�E\�.($�IRU�WKH�DFWLYLW\�b

)XUWKHUPRUH��D�FRXSOH�RI�VWXGHQWV�VXJJHVWHG�WKDW�ZRXOG�OLNH�WRb

DGG�WR�WKH�OHDUQLQJ�PDWHULDOV�D�4	$�6HVVLRQ�WR�KDYH�Db

FRQYHUVDWLRQ�ZLWK�SURIHVVLRQDOV�LQ�WKH�DUHD�b

b

ż 3ROLPL����$�VXJJHVWLRQ�JLYHQ�E\�D�VWXGHQW�IRU�WKH�WHDFKLQJ�PHWKRGVb

IURP�3ROLPL�LV�WR�KDYH�ŗPRUH�G\QDPLF�YLGHRVŘ��$�IHZ�VWXGHQWVb

FRPPHQWHG�WKDW�WKH\�ZRXOG�OLNH�WR�VHH�PRUH�YLVXDOV�WKDQ�WKHb

VSHDNHU��7KH�YRLFH�FRXOG�EH�XVHG�RYHU�WKH�LPDJHV�DQG�KDYHb

VXEWLWOHV�b

$GGLWLRQDOO\��VRPH�SDUWLFLSDQWV�ZRXOG�OLNH�WR�VHH�PRUH�FRQFUHWHb

DQG�SUDFWLFDO�H[DPSOHV�RI�WKH�UHVHDUFK��H�J��FDVH�VWXG\�DQGb

SUHVHQW�SURMHFWV��$�VWXGHQW�FRPPHQWHG�ŗQR�QHHG�RI�KLJK�TXDOLW\b

YLGHRV���H�J��D�FDVXDO�WDON��VXEWLWOHV�Ř�$�FRXSOH�RI�VWXGHQWV�ZRXOGb

DOVR�OLNH�WR�KDYH�D�4	$�6HVVLRQ�b

b

ż $DOWR����$�VWXGHQW�UHFRPPHQGV�WR�ŗVKRZ�WKH�PDWHULDOV�LQVWHDG�RIb

WKH�SHUVRQ�KROGLQJ�WKH�PDWHULDOV�DQG�XVH�WKH�YRLFHRYHU�Ř�$QRWKHUb

VWXGHQW�DVN�IRU�ŗPRUH�SURIHVVLRQDOV�DQG�SURIHVVRUV�LQ�WKH�YLGHRVb

WR�OHDUQ�PRUH�WKDQ�MXVW�WKH�EDVLF�QRWLRQV�RI�WKH�WRSLF�Řbb

)RU�7KH�&+(0$576�&RRNERRN��VRPH�RI�WKH�SDUWLFLSDQWVb

VXJJHVWHG�WR�PDNH�YLGHRV�DV�D�JXLGHG�H[SHULPHQWV�ZLWK�VRPH�RIb

WKH�UHFLSHV��,Q�DGGLWLRQ��VRPH�VWXGHQWV�ZRXOG�DOVR�OLNH�WR�ZRUNb

ZLWK�UHFLSHV�EHIRUH�WKH�4	$�VHVVLRQ�EHFDXVH�WKH\�FRXOG�XVH�WKLVb

VSDFH�WR�DVN�FRQFHUQV�UHODWHG�WR�WKHLU�H[SHULPHQWV�bb

b

b

*HQHUDO�UHFRPPHQGDWLRQVb

���
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�

ż 7KH�SUH�PRELOLW\�DFWLYLW\�DSSHDUV�WR�EH�DGHTXDWH�IRU�LQWURGXFLQJb

WKH�WRSLF�WR�WKRVH�VWXGHQWV�ZKRP�NQRZ�OLWWOH�RU�QRWKLQJ�DERXW�WKHb

'$7(0$76�QHZ�PDWHULDOV�DQG�WHFKQRORJLHV��,W�VKRXOG�EH�FOHDUb

ZKHQ�PDNLQJ�WKH�FDOO�WKDW�LW�LV�DQ�LQWURGXFWRU\�DFWLYLW\��$�IHZ�RIb

WKH�SDUWLFLSDQWV�KDG�DOUHDG\�NQRZOHGJH�RQ�WKH�WRSLF�DQG�IHOW�WKDWb

WKH�DFWLYLW\�GLG�QRW�VXSSRUWHG�WKHLU�OHDUQLQJ�SURFHVV�b

b

ż 0DNH�FOHDU�WKH�REMHFWLYH�RI�WKH�DFWLYLW\�WR�DGG�FODULW\�WR�SXUSRVHb

RI�WKH�DFWLYLW\�ZKHQ�VKDULQJ�ZLWK�WKH�VWXGHQWV�b

b

ż *R�GHHSHU�WKDQ�MXVW�JHQHUDO�LQIRUPDWLRQ��PRUH�GHWDLOV�DQG�IDFW�RIb

WKH�PDWHULDOV�WKDW�WKH�DUHDV�DUH�XVLQJ�bb

b

ż $QRWKHU�UHFRPPHQGDWLRQ�JLYHQ�LV�WR�KDYH�YDULRXV�WLPH�VORWV�IRUb

WKH�RQOLQH�GLVFXVVLRQV��,W�LV�IRU�WKH�UHDVRQ�WKDW�VRPHWLPHV�WKH�ILUVWb

VXJJHVWHG�WLPH�PD\�QRW�PDWFK�ZLWK�WKH�VWXGHQWVŖ�VFKHGXOH�b

b

ż 4XHVWLRQQDLUHV�DIWHU�ZDWFKLQJ�WKH�YLGHRV�FRXOG�EH�DGGHG�LQ�RUGHUb

WR�HQVXUH�WKDW�WKH�WRSLF�ZDV�ZHOO�XQGHUVWRRG�b

b

ż 6KDULQJ�D�OLVW�RI�UHFRPPHQGHG�ELEOLRJUDSK\�DV�SDUW�RI�WKHb

OHDUQLQJ�PDWHULDOV�ZDV�KLJKO\�VXJJHVWHG�bb

b

ż &KDQJH�IURP�RSWLRQDO�WR�PDQGDWRU\�WKH�GHYHORSPHQW�RI��RQOLQHb

4	$�VHVVLRQ�E\�WKH�SDUWQHUV��$�VLJQLILFDQW�DPRXQW�RI�VWXGHQWVb

PHQWLRQHG�WKH�LPSRUWDQFH�RI�WKLV�W\SH�RI�OHDUQLQJ�VSDFHV�WRb

FRPSOHPHQW�WKH�LQWURGXFWLRQ�JLYHQ�E\�WKH�YLGHRV�DQG�VROYHb

TXHVWLRQV��9DULRXV�VWXGHQWV�WKDW�GLG�QRW�KDYH�RQOLQH�GLVFXVVLRQ�LQb

WKHLU�OHDUQLQJ�DFWLYLW\�UHFRPPHQGHG�WR�LQFOXGH�RQH�b

b

7R�VXP�XS��HYHQ�WKRXJK�WKH�DFWLYLW\�ZDV�PDLQO\�GHYHORSHG�GXULQJ�WKH�&29,'�VLWXDWLRQb

DQG�DGMXVWPHQWV�WR�WKH�WLPHOLQH�DQG�WHDFKLQJ�PDWHULDOV�ZHUH�QHFHVVDU\�WR�PDGH��WKHb

JRDO�DQG�REMHFWLYHV�VHW�IRU�WKH������3UH�PRELOLW\�DFWLYLW\�ZHUH�PHW��7KH�FRUH�JRDO�RI����b

VWXGHQWV�SDUWLFLSDWLQJ�LQ�WKH�DFWLYLW\�ZDV�UHDFKHG��$W�WKH�HQG��LW�ILQLVKHG�ZLWK����b

VWXGHQWV�WKDW�VLJQHG�XS�IRU�WKH�SUH�PRELOLW\�DFWLYLW\��+RZHYHU��WKH�QXPEHU�RI�VWXGHQWVb

���
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�

WKDW�FRPSOHWHG�WKH�DFWLYLW\�DQG�ILOOHG�LQ�WKH�IHHGEDFN�IRUP�ZDV�ORZHU������7KH�HYDOXDWLRQb

DQG�FRPPHQWV�UHODWHG�WR�WKH�SUH�PRELOLW\�DFWLYLW\�ZHUH�UDWKHU�SRVLWLYH��7KH�PDMRULW\�RIb

WKH�SDUWLFLSDQWV�������DVVHVVHG�RYHUDOO�WKH�DFWLYLW\�DV�ŗ� YHU\�JRRGŘ��IROORZHG�E\����b

WKDW�HYDOXDWHG�DV�ŗ� ([FHOOHQWŘ��7KH�JUHDWHVW�SDUW�RI�WKH�VWXGHQWV�DJUHHG�WKDW�WKHb

PDWHULDOV�GHYHORSHG�VXFK�DV�YLGHRV�DQG�GLVFXVVLRQV�VXSSRUWHG�WKHLU�OHDUQLQJ�SURFHVV�b

7KHUH�DUH�DOVR�VHYHUDO�VXJJHVWLRQV�OLNH�WKH�RQHV�VWDWHG�HDUOLHU��7KH�UHFRPPHQGDWLRQ�ZLOOb

EH�HYDOXDWHG�DQG�LQFOXGHG�IRU�WKH�GHYHORSPHQW�RI�WKH�QH[W�VWHS���7KH�PRELOLW\�DFWLYLW\�LQb

VSULQJ�VXPPHU������b

�

� $11(;(6�
Ɣ .QRZOHGJH�WUDQVIHU�PHWKRG���1DQRPDWHULDOV�E\�7HFQXQ��&RPSOHWH�YHUVLRQ�b
Ɣ ����'$7(0$76�6LJQHG�XS�)RUP������b
Ɣ ����'$7(0$76�)HHGEDFN�)RUP�3UH�PRELOLW\�DFWLYLW\�����b
�
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