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,VWR�+XYLOD
'HSDUWPHQW�RI�$/0��8SSVDOD�8QLYHUVLW\�DQG�6FKRRO�RI�%XVLQHVV�DQG�(FRQRPLFV�
cER�$NDGHPL�8QLYHUVLW\

,QWURGXFWLRQ
7KH�LQIRUPDWLRQ�QHHGV� EHKDYLRXU�DQG�SUDFWLFHV�RI�UHVHDUFKHUV

KDYH�EHHQ�D�WRSLF�RI�FRQWLQXRXV�VFKRODUO\�LQWHUHVW�VLQFH�WKH�����V
�&DVH������� 7KH�OLWHUDWXUH�VKRZV�WKDW�WKHUH�DUH�FRQVLGHUDEOH�GLI�
IHUHQFHV�EHWZHHQ�VFKRODUO\�DQG�VFLHQWLÀF�GLVFLSOLQHV��H�J� 7DOMD�	
0DXOD������ 7HQRSLU�	�5RZODQGV������ 7HQRSLU�HW�DO� ����� 0HKR
	�7LEER������ 7LEER������� +XPDQLWLHV�VFKRODUV�DQG�VRFLDO�VFLHQW�
LVWV�KDYH�EHHQ�VWXGLHG�WR�D�OHVVHU�H[WHQW�WKDQ�VFLHQWLVWV� HYHQ�WKRXJK
WKH�QXPEHU�RI�VWXGLHV�RQ�WKH�XVH�RI�LQIRUPDWLRQ�LQ�WKH�KXPDQLWLHV
DQG�VRFLDO�VFLHQFHV�KDV�LQFUHDVHG�VWHDGLO\�LQ�WKH�ODVW�WZHQW\�\HDUV
�H�J� 2FKROOD������ :HLQWUDXE������ 6WLHJ������ 6WRQH������ %URDG�
EHQW������ %DNHZHOO�HW�DO� ����� /|QQTYLVW������ -��:LEHUOH\�6�
(��	�-RQHV������ :LEHUOH\�-U� ����� $KOElFN������ 7LEER�������
������ ����� 0��%DWHV�HW�DO� ����� %URFNPDQ�HW�DO� ����� /|Q�
QTYLVW������ 7DOMD�	�0DXOD������ 'DOWRQ�	�&KDUQLJR������� ,Q
VSLWH�RI�WKH�VOLJKWO\�JURZLQJ�JHQHUDO�LQWHUHVW� WKHUH�LV�RQO\�D�OLWWOH
UHVHDUFK�RQ�FHUWDLQ�GLVFLSOLQHV�OLNH�DUFKDHRORJ\� $FDGHPLF�DUFKDH�
RORJLVWV�KDYH�EHHQ�LQFOXGHG�LQ�WKH�JURXS�RI�LQIRUPDQWV�VWXGLHG�E\
H�J� &RUNLOO�������� 6WRQH�������� DQG�/|QQTYLVW���������DOO�WKH�LQ�
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IRUPDQWV�ZHUH�FODVVLFDO�DUFKDHRORJLVWV��DQG������� �����VL[�DUFKDH�
RORJLVWV� QRQH�UHSUHVHQWLQJ�FODVVLFDO�DUFKDHRORJ\�� EXW�WKH\�WHQG�WR
UHSUHVHQW�D�FOHDU�PLQRULW\�LQ�WKH�VWXGLHV� $QRWKHU�VKRUWFRPLQJ�LQ
WKH�HDUOLHU�OLWHUDWXUH�LV�WKDW�WKH�VWXGLHV�IRFXV�RQ�DFDGHPLF�DUFKDHROR�
JLFDO�UHVHDUFK�HYHQ�WKRXJK�LQ�SUDFWLFH� WKH�YDVW�PDMRULW\�RI�DUFKDH�
RORJLFDO�LQYHVWLJDWLRQV�DUH�FRQGXFWHG�E\�JRYHUQPHQW�DJHQFLHV�DQG
SULYDWH�FRQVXOWDQFLHV�LQ�PDQ\�FRXQWULHV��H�J� .RUNHDNRVNL�9lLVlQHQ
����� $LWFKLVRQ������� $V�D�UDUH�H[DPSOH� 6XÀDQ��������KDV�FRQ�
GXFWHG�D�VWXG\�RI�DUFKDHRORJLVWV·�DQG�KHULWDJH�PDQDJHPHQW�SURIHV�
VLRQDOV·�LQIRUPDWLRQ�EHKDYLRXU� EXW�WKH�SULQFLSDO�IRFXV�RI�WKH�VWXG\
LV�RQ�WKH�VHUYLFHV�RI�D�VLQJOH�,QGLDQ�OLEUDU\� 7KH�RQO\�FRPSUHKHQVLYH
VWXG\�RI�WKH�LQIRUPDWLRQ�ZRUN�RI�DUFKDHRORJ\�SURIHVVLRQDOV�VR�IDU
ZDV�SXEOLVKHG�E\�WKH�DXWKRU�RI�WKLV�DUWLFOH��+XYLOD� ������

7KH�DLP�RI�WKLV�FKDSWHU�LV�WR�SURYLGH�D�UHWURVSHFWLYH�RI�WKH�SDWWHUQV
RI�LQIRUPDWLRQ�VRXUFH�XVH�RI�DUFKDHRORJ\�SURIHVVLRQDOV�LQ�WKH�ZDYH
RI�GLJLWDOLVDWLRQ�LQ�RUGHU�WR�IRUP�D�EDVHOLQH�IRU�IXWXUH�VWXGLHV�DQG�WR
LQIRUP�WKH�PDQDJHPHQW�RI�DUFKDHRORJLFDO�LQIRUPDWLRQ�SURFHVVHV�DQG
GHYHORSPHQW�RI�LQIRUPDWLRQ�VHUYLFHV�IRU�WKH�DUFKDHRORJLFDO�GRPDLQ�
,Q�WKLV�FKDSWHU� WKH�QRWLRQ�RI�LQIRUPDWLRQ�VRXUFH�LV�XVHG�EURDGO\�WR
GHQRWH�LQIRUPDWLRQ�FKDQQHOV� FRQVXOWHG�VRXUFHV�DQG�LQIRUPDWLRQ�RE�
MHFWV��L�H� VRXUFHV��FRQWULEXWHG�DQG�FUHDWHG�E\�WKH�LQIRUPDQWV� 3HU�
KDSV� LQ�FRQWUDVW�WR�RWKHU�FKDSWHUV� WKLV�GLVFXVVLRQ�LV�PRUH�DERXW�WKH
SDVW�WKDQ�WKH�IXWXUH� EXW�KHUH�DV�HOVHZKHUH�LQ�WKLV�YROXPH� WKH�SXUSRVH
LV�WR�XQGHUOLQH�WKH�VLJQLÀFDQFH�RI�WKH�OLQNV�EHWZHHQ�WKH�SDVW�SUDFWLFHV
DQG�WKH�FXUUHQW�DQG�IXWXUH�VWDWH�RI�WKH�DUW�

,W�LV�UDWKHU�VDIH�WR�SRVLW�WKDW�WKH�LPSRUWDQFH�RI�XQGHUVWDQGLQJ�RI
KRZ�DUFKDHRORJLVWV�XVH�LQIRUPDWLRQ�KDV�LQFUHDVHG�GXULQJ�WKH�ODVW�WZR
GHFDGHV� 'LJLWDOLVDWLRQ�RI�LQIRUPDWLRQ�SURFHVVHV�KDV�KDG�D�PDMRU
LPSDFW�RQ�DUFKDHRORJLFDO�ZRUN��/RFN������� 7KH�H[WHQW�RI�DUFKDH�
RORJLFDO�ÀHOGZRUN�KDV�H[SORGHG�LQ�PDQ\�SDUWV�RI�WKH�ZRUOG�EHFDXVH
RI�LQFUHDVHG�ODQG�XVH�DQG�XUEDQ�GHYHORSPHQW� 7KH�JURZWK�RI�FRP�
PHUFLDO�FRQWUDFW�DUFKDHRORJ\�LV�DQRWKHU�IDFWRU�WKDW�KDV�FKDQJHG�WKH
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ODQGVFDSH�RI�DUFKDHRORJLFDO�ZRUN��$LWFKLVRQ������� ,Q�GHYHORSLQJ
FRXQWULHV� WKH�JURZWK�RI�SRSXODWLRQ� H[SDQGLQJ�ODQG�XVH�DQG�SRRUO\
UHVRXUFHG�DQG�GHYHORSHG�FXOWXUDO�KHULWDJH�DGPLQLVWUDWLRQ�SRVH�GLUHFW
WKUHDWV�WR�DUFKDHRORJLFDO�VLWHV��.DUOVWU|P������� ,Q�PDQ\�SDUWV�RI
WKH�GHYHORSLQJ�ZRUOG� UDSLG�HFRQRPLF�JURZWK�KDV�SXW�LQFUHDVLQJ�GH�
PDQGV�RQ�WKH�HIÀFLHQF\�RI�DUFKDHRORJLFDO�ZRUN� %HVLGHV�WKH�KLJKHVW
SULRULW\� WKH�TXDOLW\�RI�ÀHOGZRUN�DQG�GRFXPHQWDWLRQ� WKH�HIIHFWLYH�
QHVV�RI�LQIRUPDWLRQ�XVH�FDQ�KDYH�DOVR�D�PDMRU�HFRQRPLF�LPSDFW��%UDW�
WOL������ 6NHDWHV�������

(PSLULFDO�VWXG\
7KLV�FKDSWHU�DQG�LWV�REVHUYDWLRQV�RQ�WKH�LQIRUPDWLRQ�VRXUFH�XVH

DQG�QRQ�XVH�LV�EDVHG�RQ�DQ�HPSLULFDO�LQYHVWLJDWLRQ�RI�WKH�LQIRUPDWLRQ
ZRUN�RI�1RUGLF�DUFKDHRORJLVWV� 7KH�PDWHULDO�FRQVLVWV�RI����WKHPDWLF
LQWHUYLHZV�RI�)LQQLVK�DQG�6ZHGLVK�DUFKDHRORJ\�SURIHVVLRQDOV�FRQ�
GXFWHG�LQ������ $ W\SLFDO�LQWHUYLHZ�WRRN�����PLQXWHV� 7KH�VKRUWHVW
ODVWHG�����PLQXWHV�DQG�WKH�WZR�ORQJHVW�����PLQXWHV� :RUN�GXWLHV�RI
WKH�LQIRUPDQWV�UDQJH�IURP�HGXFDWLRQ�WR�ÀHOG�DUFKDHRORJ\� PXVHXP
ZRUN�DQG�FXOWXUDO�KHULWDJH�PDQDJHPHQW� 7KH�HPSLULFDO�GDWD�ZHUH
FROOHFWHG�XVLQJ�DQ�DGDSWHG�YHUVLRQ�RI�D�VHPL�VWUXFWXUHG�DSSURDFK
FDOOHG�WKHPDWLF�LQWHUYLHZ��+LUVMlUYL�	�+XUPH������ ������� 7KH
TXDOLWDWLYH�QDWXUH�RI�WKH�VWXG\�DQG�IDFW�WKDW�WKH�LQIRUPDQWV�UHSUHVHQW
6ZHGLVK�DQG�)LQQLVK�DUFKDHRORJLVWV�OLPLW�WKH�JHQHUDOL]DELOLW\�RI�WKH
UHVXOWV�EH\RQG�WKH�VSHFLÀF�FRQWH[W�RI�WKH�VWXG\� 7KH�ULFKQHVV�RI�WKH
GDWD�DOORZHG� KRZHYHU� WKH�PDNLQJ�RI�DQDO\WLFDO�LQIHUHQFHV�WKDW�DUH
OLNHO\�WR�EH�UHOHYDQW�RXWVLGH�WKH�VSHFLÀF�FRQWH[W�RI�WKH�SUHVHQW�VWXG\�

7KH�LQWHUYLHZ�GDWD�ZDV�DQDO\VHG�RQ�WKH�EDVLV�RI�GLJLWLVHG�WDSH�UH�
FRUGLQJV�DQG�GUDIW�WUDQVFULSWLRQV� 7KH�XVH�RI�GLJLWDO�WUDQVFULSWLRQ
VRIWZDUH�DOORZHG�D�VLPXOWDQHRXV�SURFHVVLQJ�RI�WKH�DXGLR�WUDFN�DQG
WKH�WH[W� 7KH�HQWLUH�WUDQVFULSWLRQ�DQG�FRGLQJ�ZRUN�ZDV�FRQGXFWHG�E\
WKH�DXWKRU� ZKLFK�HOLPLQDWHV�WKH�ELDV�FDXVHG�E\�D�SRVVLEOH�ODFN�RI
LQWHUFRGHU�UHOLDELOLW\� 7KH�VLPXOWDQHRXV�SURFHVVLQJ�RI�WUDQVFULSWLRQ

��



DQG�DXGLR�GDWD�UHGXFHG�WKH�QHHG�WR�FRPSOHWH�D�FRPSUHKHQVLYH�WUDQ�
VFULSWLRQ�RI�HYHU\�XWWHUDQFH�DQG�\HW�PDGH�LW�SRVVLEOH�WR�ZRUN�ZLWK
D�FRPSOHWH�VHW�RI�GDWD��UHIHUHQWLDO�DGHTXDF\�/LQFROQ�	�*XED������
��������� )RU�WKH�SXUSRVHV�RI�FLWDWLRQ� HDFK�RI�WKH����LQGLYLGXDOV
ZHUH�DVVLJQHG�D�UDQGRP�OHWWHU�EHWZHHQ�$ DQG�= ZULWWHQ�EHWZHHQ
EUDFNHWV�LQ�WKH�SUHVHQW�DUWLFOH� IRU�LQVWDQFH�>$@��)XUWKHUPRUH� WKH
DSSURDFK�DOORZHG�D�FRQWLQXRXV�HYDOXDWLRQ�DQG�UHYLVLRQ�RI�WKH�WUDQ�
VFULSWLRQV�LQ�RUGHU�WR�LQFUHDVH�WKHLU�UHOLDELOLW\� 7KH�GDWD�DQDO\VLV�ZDV
EDVHG�RQ�D�FRPELQDWLRQ�RI�WKH�FRQVWDQW�FRPSDUDWLYH�PHWKRG��6WUDXVV
����� &RUELQ�	�6WUDXVV�������DQG�VFKHPD�EDVHG�DSSURDFKHV�5\DQ
	�%HUQDUG������� ��������� 7KH�DQDO\VLV�ZDV�HODERUDWHG�LQ�WKH�ODWHU
VWDJHV�XVLQJ�ZULWLQJ�DV�DQ�H[SOLFLW�IRUP�RI�LQTXLU\��5LFKDUGVRQ�������

,QIRUPDWLRQ�ZRUN�LQ�DUFKDHRORJ\
$UFKDHRORJ\�FDQ�EH�GHVFULEHG�WR�EH�DQ�LQIRUPDWLRQ�LQWHQVLYH�VFKRO�

DUO\�GLVFLSOLQH�DQG�SURIHVVLRQ�WKDW�KDV�D�VSHFLÀF�DLP�RI�H[SOLFDWLQJ
SDVW�KXPDQ�DFWLYLW\�RQ�WKH�EDVLV�RI�LWV�PDWHULDO�UHPDLQV��UHIHUUHG�DV
·DUFKDHRORJLFDO�PDWHULDO·���0DQDFRUGD������ ����� $ JURXQGHG�WKH�
RU\��*ODVHU�	�6WUDXVV�������EDVHG�VFKHPD�DQDO\VLV��5\DQ�	�%HUQ�
DUG������ ���������RI�WKH�LQWHUYLHZ�GDWD�IURP�WKH�LQWHUYLHZV�LQGLF�
DWHG�WKDW�DUFKDHRORJLFDO�ZRUN�PD\�EH�VWUXFWXUHG�LQ�VHYHQ�PDMRU�QRQ�
H[FOXVLYH�FDWHJRULHV� OLVWHG�LQ�7DEOH���

7KH�EDVLF�REMHFWLYH�RI�DUFKDHRORJLFDO�ZRUN�PD\�EH�GHVFULEHG�DV
SUHVHUYLQJ�DQG�PDQDJLQJ�NQRZQ�DQG�SURVSHFWLYH�VLWHV��D�SODFH�ZKHUH
VRPH�WUDFHV�RI�SDVW�KXPDQ�DFWLYLW\�KDYH�EHHQ�SUHVHUYHG��DQG�DUHDV
RI�DUFKDHRORJLFDO�LQWHUHVW� LQYHVWLJDWLQJ�WKHP�DQG�PDLQWDLQLQJ�WKH
LQIRUPDWLRQ�DFTXLUHG�IRU�SUHVHQW�DQG�IXWXUH�XVH� H�J� IRU�WKH�SXUSRVHV
RI�UHVHDUFK�DQG�SXEOLF�LQWHUHVW��'DUYLOO������ 7ULJJHU������ 5HQIUHZ
	�%DKQ������� $UFKDHRORJ\�LQFRUSRUDWHV�ERWK�DFDGHPLF�UHVHDUFK
DQG�SURIHVVLRQDO�FUDIWVPDQVKLS� DQG�LQ�SUDFWLFH� LW�LV�RIWHQ�GLIÀFXOW
WR�GLVWLQJXLVK�WKH�WZR�
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&DWHJRU\ :RUN�SURÀOH
$FDGHPLF�WHDFKLQJ (GXFDWLRQ�RI�IXWXUH�DUFKDHRORJLVWV�DW

XQLYHUVLWLHV�
)LHOG�DUFKDHRORJ\ ([FDYDWLRQV�DQG�DUFKDHRORJLFDO

ÀHOGZRUN�
$QWLTXDULDQ &ROOHFWLRQ�PDQDJHPHQW�DQG�DUWHIDFW

DQDO\VLV�GXWLHV�DW�DUFKDHRORJLFDO
PXVHXPV�DQG�UHVHDUFK�LQVWLWXWLRQV�

3XEOLF
GLVVHPLQDWLRQ

3RSXODUL]DWLRQ�RI�DUFKDHRORJLFDO
NQRZOHGJH�LQ�GLIIHUHQW�IRUPV� ERRNV�
ÀOPV� PXVHXP�H[KLELWLRQV�DQG
ZRUNVKRSV�

$FDGHPLF�UHVHDUFK $FDGHPLF�UHVHDUFK�LQ�DUFKDHRORJ\�
&XOWXUDO�KHULWDJH
DGPLQLVWUDWLRQ

&XOWXUDO�KHULWDJH�PDQDJHPHQW�GXWLHV�LQ
VWDWH�RUJDQL]DWLRQV�UHVSRQVLEOH�IRU�WKH
SUHVHUYDWLRQ�RI�DUFKDHRORJLFDO�KHULWDJH�

,QIUDVWUXFWXUDO
GHYHORSPHQW

'HYHORSPHQW�RI�PHWKRGV�DQG
WHFKQLTXHV�IRU�DUFKDHRORJLFDO�ZRUN� H�J�
DQDO\VLV�PHWKRGV� LQIRUPDWLRQ�V\VWHPV
RU�EHVW�SUDFWLFHV�

7DEOH��� &DWHJRULHV�RI�DUFKDHRORJLFDO�ZRUN
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7KH�HPSLULFDO�ÀQGLQJV�VXSSRUW�WKH�YLHZ�RI�*DUGLQ������� �����RI
WKH�OD\RXW�RI�WKH�DUFKDHRORJLFDO�LQIRUPDWLRQ�SURFHVV� +H�GHVFULEHV
DUFKDHRORJLVWV·�LQWHOOHFWXDO�SURFHVV�DV�DQ�LWHUDWLYH�F\FOH�RI�REVHUYD�
WLRQ� HODERUDWLRQ�DQG�SXEOLFDWLRQ� ,W�LV�W\SLFDO�WKDW�WKH�LQWHOOHFWXDO
UHDVRQLQJ�DQG�DOO�WKUHH�SKDVHV�RI�WKH�F\FOH�RFFXU�LQ�DOO�RI�WKH�FDW�
HJRULHV�RI�DUFKDHRORJLFDO�ZRUN��7DEOH���� ERWK�LQ�WKH�¶PRUH·�SURIHV�
VLRQDOO\�DQG�¶PRUH·�DFDGHPLFDOO\�RULHQWHG�RQHV� 7KH�VFRSH�DQG�H[�
WHQW�RI�WKH�SURFHVV�YDU\�EHWZHHQ�LQGLYLGXDOV�DQG�FDWHJRULHV�RI�ZRUN�
DQG�WKH\�WHQG�WR�EH�VXERUGLQDWHG�WR�WKH�SUHPLVHV�DQG�REMHFWLYHV�RI
WKH�LQIRUPDWLRQ�DFWLYLW\�WKDW�UHODWHV�WR�WKH�LPPHGLDWH�JRDOV�RI�WKH�DV�
VLJQPHQWV�DQG�GXWLHV�DW�KDQG�

7KH�HPSLULFDO�PDWHULDO�VKRZV�WKDW�WKH�SULQFLSDO�VRXUFH�RI�DUFKDH�
RORJLFDO�LQIRUPDWLRQ�IRU�DOO�LQWHUYLHZHG�DUFKDHRORJ\�SURIHVVLRQDOV
LV�DUFKDHRORJLFDO�PDWHULDO�DQG��ÀUVW�KDQG��LQYHVWLJDWLRQ�UHSRUWV� 7KH
GDLO\�XVH�RI�DUFKDHRORJLFDO�PDWHULDO�DV�D�GLUHFW�VRXUFH�RI�LQIRUPDWLRQ
YDULHV�DFURVV�GLIIHUHQW�FDWHJRULHV�RI�DUFKDHRORJLFDO�ZRUN� EXW�DOO�LQ�
IRUPDQWV�ZHUH�YHU\�H[SOLFLW�DERXW�WKH�RULJLQV�RI�WKH�LQIRUPDWLRQ�WKH\
XVH� $UFKDHRORJLFDO�PDWHULDO�FRQVLVWV�RI�D�YDULHW\�RI�PDWHULDO�REMHFWV
WKDW�DUH�FDSDEOH�RI�VKHGGLQJ�OLJKW�WR�SDVW�KXPDQ�DFWLYLW\� ,W�FRPSULVHV
LQGLYLGXDO�REMHFWV��H�J� VKDUGV�RI�SRWWHU\� WRROV�DQG�UHOHYDQW�QDWXUDO
REMHFWV�� EXLOGLQJV� DQG�GLIIHUHQW�NLQGV�RI�VWUXFWXUHV�VXFK�DV�ÀHOGV�
URDGV�DQG�WKHLU�UHPDLQV��5HQIUHZ�	�%DKQ������� 7KH�LQWHUYLHZHHV·
GHVFULSWLRQV�RI�WKH�DUFKDHRORJLFDO�LQYHVWLJDWLRQ�SURFHVV�IROORZ�WKH
GHVFULSWLRQV�IRXQG�LQ�WKH�DUFKDHRORJLFDO�OLWHUDWXUH��H�J� 5RVNDPV
����� -RXNRZVN\������� $UFKDHRORJLFDO�VLWHV�DUH�LQYHVWLJDWHG�E\
H[FDYDWLQJ�RU�VXUYH\LQJ� DUFKDHRORJLVWV�GRFXPHQW�WKHLU�ÀQGLQJV�DQG
WKH�LQYHVWLJDWLRQ�SURFHVV�DQG�GXULQJ�D�SRVW�LQYHVWLJDWLRQ�SKDVH� ZULWH
XS�DQG�GUDIW�WKH�ÀQDO�DUFKLYDEOH�YHUVLRQV�RI�WKHLU�VNHWFKHV�DQG�QRWHV�
DQG�SUHSDUH�DQ\�UHWULHYHG�ÀQGV�IRU�VWRUDJH�

7KH�DUFKDHRORJLFDO�PDWHULDO�LV�XVHG�DV�EXLOGLQJ�EORFNV�LQ�D�SURFHVV
RI�FRQVWUXFWLQJ�DQ�XQGHUVWDQGLQJ�RI�WKH�SDVW�KXPDQ�DFWLYLW\�DW�KDQG�
7KH�SURFHVV�FRPELQHV�LQIRUPDWLRQ�IURP�WKH�DUFKDHRORJLFDO�UHPDLQV
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ZLWK�VHFRQGDU\�LQIRUPDWLRQ�DYDLODEOH�IURP�D�YDULHW\�RI�VRXUFHV��H�J�
/LWHUDWXUH� SHUVRQDO�FRPPXQLFDWLRQ�� 7KH�QDWXUH�RI�DUFKDHRORJLFDOO\
UHOHYDQW�LQIRUPDWLRQ�YDULHV�FRQVLGHUDEO\�DQG�FRPSULVHV�ERWK�TXDQW�
LWDWLYH�VFLHQWLÀF�LQIRUPDWLRQ� DQG�TXDOLWDWLYH�DQG�FRPSDUDWLYH�LQIHU�
HQFHV� 'XH�WR�WKH�KHWHURJHQHLW\�RI�WKH�LQIRUPDWLRQ�DQG�WKH�GLVWDQFH
EHWZHHQ�WKH�SUHVHQW�GD\�DUFKDHRORJ\�SURIHVVLRQDO�DQG�SDVW�KXPDQ
EHLQJV� WKH�SURFHVVHV�RI�LQIRUPDWLRQ�VHHNLQJ� XVH�DQG�SURGXFWLRQ�DUH
KLJKO\�FRPSOH[�DQG�SODFH�D�VSHFLDO�HPSKDVLV�RQ�WKH�FRQWH[WV�RI�WKH
VWXG\�DQG�RI�WKH�VWXGLHG�SDVW�

,QIRUPDWLRQ�VRXUFHV
$UFKDHRORJLFDO�PDWHULDO

$UFKDHRORJLFDO�PDWHULDO��DUWHIDFWV� IHDWXUHV� VWUXFWXUHV� QRQ��DUWH�
IDFWXDO�RUJDQLF�RU�HQYLURQPHQWDO�UHPDLQV� 5HQIUHZ�	�%DKQ�������LV
XVHG�LQ�ÀHOG�DUFKDHRORJ\�DQG�DQWLTXDULDQ�ZRUN�UROHV�DV�DQ�LQIRUPD�
WLRQ�VRXUFH�RQ�DQ�HYHU\GD\�EDVLV� 7KH�XVH�RI�DUFKDHRORJLFDO�PDWHULDOV
LV�IUHTXHQW�DOVR�LQ�DFDGHPLF�UHVHDUFK�DQG�SXEOLF�GLVVHPLQDWLRQ� 7KH
LQIRUPDQWV�HPSKDVLVHG�WKH�QHFHVVLW\�RI�DGHTXDWH�PHWD�LQIRUPDWLRQ
DERXW�WKH�ORFDWLRQ�DQG�WKH�GDWH�RI�D�ÀQG� DQG�D�GHVFULSWLRQ�RI�LWV�DS�
SHDUDQFH� PDWHULDO�DQG�PHDVXUHV�>$OO@� 7KH�GHVFULSWLYH�LQIRUPDWLRQ
LV�QHHGHG�IRU�LGHQWLÀFDWLRQ� DQG�LW�DOVR�VHUYHV�DV�D�EDVLF�FRQWH[W�IRU
VWXG\LQJ�DQG�HYDOXDWLQJ�WKH�ÀQG�DQG�LWV�IXQFWLRQ� :LWKRXW�WKH�PHWD�
LQIRUPDWLRQ� WKH�LQIRUPDWLRQ�YDOXH�RI�WKH�ÀQGV�ZRXOG�EH�VLJQLÀFDQWO\
ORZHU�

,QIRUPDQWV�IHOW�WKDW�RULJLQDO�DUFKDHRORJLFDO�PDWHULDO�ZRXOG�EH�GLI�
ÀFXOW�WR�VXEVWLWXWH�ZLWK�DJJUHJDWHV�VXFK�DV�WH[WXDO�GHVFULSWLRQV� GUDZ�
LQJV� SKRWRJUDSKV�RU�WKUHH�GLPHQVLRQDO�PRGHOV� 9LVLWLQJ�WKH�PX�
VHXPV�DQG�DUFKDHRORJLFDO�FROOHFWLRQV�LQ�SHUVRQ�ZDV�SHUFHLYHG�WR�EH
LPSRUWDQW�E\�DOO�RI�WKH�LQWHUYLHZHHV� 7KH�LQIRUPDQWV�VDZ�WKH�FROOHF�
WLRQV�FOHDUO\�DV�D�IRUP�RI�·FDSLWDO·��%URFNPDQ�HW�DO� ������
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+RZHYHU� WKH�DJJUHJDWHV�ZHUH�LQGLFDWHG�WR�EH�EHWWHU�WKDQ�QRWK�
LQJ�LI�WKH�RULJLQDO�PDWHULDOV�SURYHG�WR�EH�LQDFFHVVLEOH� 2I�WKH�DJ�
JUHJDWHV� WKH�LQIRUPDQWV�WHQGHG�WR�SUHIHU�WKUHH�GLPHQVLRQDO�PRGHOV�
SKRWRJUDSKV�DQG�GUDZLQJV��LQ�WKDW�RUGHU�RI�SUHIHUHQFH�� 6HFRQGDU\
SXEOLFDWLRQV�ZHUH�FRQVLGHUHG�WR�EH�XVHIXO� EXW�WKH\�ZHUH�JHQHUDOO\
VHHQ�WR�ODFN�FRPSUHKHQVLYHQHVV�DQG�QHFHVVDU\�GHWDLOV��FI� /|QQTYLVW
����� ���� ,Q�FRQWUDVW�ZLWK�/|QQTYLVW·V�VWXG\��FI� /|QQTYLVW������
���� WKH�EXUHDXFUDWLF�SUREOHPV�GLG�QRW�VHHP�WR�EH�D�GHFLVLYH�LVVXH
IRU�WKH�LQIRUPDQWV�LQWHUYLHZHG�IRU�WKH�SUHVHQW�VWXG\� 7KH�GLIIHUHQFH
PD\�EH�H[SODLQHG�E\�WKH�EHWWHU�DFFHVVLELOLW\�RI�WKH�1RUGLF�FROOHFWLRQV
�PDMRULW\�LQ�WKH�FXUUHQW�VWXG\��FRPSDUHG�WR�WKH�FROOHFWLRQV�ORFDWHG�LQ
WKH�6RXWKHUQ�(XURSH��PDMRULW\�LQ�/|QQTYLVW������ ����

/LWHUDWXUH
7KH�VFKRODUO\�DQG�SURIHVVLRQDO�OLWHUDWXUH�SOD\V�D�FHQWUDO�UROH�IRU

WKH�LQIRUPDQWV� $UWLFOHV�ZHUH�SUHIHUUHG�E\�WKRVH�LQWHUYLHZHHV�ZKR
ZRUNHG�ZLWK�VSHFLÀF�TXHVWLRQV�DQG�GXWLHV�>H�J� %��&��,��/@ WKDW�GLG
QRW�HQFRPSDVV�WKH�SULQFLSDO�FUHDWLRQ�RI�SULPDU\�LQIRUPDWLRQ� ,QWHU�
YLHZHHV�WHQGHG�WR�UHVRUW�WR�WKH�LQVWLWXWLRQDO�UHSRVLWRULHV�DQG�SHUVRQDO
FRQWDFWV�LQ�DFTXLULQJ�DUWLFOHV�>H�J� $��&��)��+��,��/��0@��0RVW�RI�WKH�LQ�
IRUPDQWV�ZHUH�PHPEHUV�RI�WKH�QDWLRQDO�DUFKDHRORJLFDO�DVVRFLDWLRQV�
VSHFLDOLVHG�DVVRFLDWLRQV� VXFK�DV�D�VRFLHW\�IRU�PHGLHYDO�RU�PDULWLPH
DUFKDHRORJ\� RU�WKH\�VXEVFULEHG�WR�WKHLU�MRXUQDOV�

$V�D�ZKROH� WKH�VLJQLÀFDQFH�RI�MRXUQDOV��ERWK�SULQWHG�DQG�HOHF�
WURQLF��LQ�DUFKDHRORJ\�LV�FOHDUO\�ORZHU�WKDQ�LQ�WKH�VFLHQFHV� ,Q�WKLV�UH�
VSHFW�WKH�SUHVHQW�VWXG\�VXSSRUWV�WKH�HDUOLHU�ÀQGLQJV��/|QQTYLVW������
����FI� &RUNLOO�	�0DQQ������� 7KLV�FRPSDUHV�WR�WKH�JHQHUDO�SDWWHUQV
REVHUYHG�LQ�WKH�KXPDQLWLHV��$KOElFN������ 7LEER������ 7KRPSVRQ
����� 6��(��:LEHUOH\������ /DULYLqUH�HW�DO� ������ 7KH�JHQHUDO�RE�
VHUYDWLRQ�RQ�WKH�SUHYDOHQFH�RI�PRQRJUDSKV��H�J� 7KRPSVRQ������
LQ�WKH�KXPDQLWLHV�GLG�QRW� KRZHYHU� UHFHLYH�XQHTXLYRFDO�VXSSRUW�LQ
WKLV�VWXG\� 6RPH�RI�WKH�LQIRUPDQWV�LQGLFDWHG�WKDW�WKH\�SUREDEO\�XVHG
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PRUH�PRQRJUDSKV�WKDQ�DUWLFOHV�>9��6@��EXW�D�VLJQLÀFDQW�JURXS�RI�WKHP
VDLG�WKDW�WKH\�DFWXDOO\�XVHG�PRUH�DUWLFOHV�>H�J� $��*��4@��7KH�ÀQGLQJV
RI�WKH�SUHVHQW�LQYHVWLJDWLRQ�VHHP�WR�LQGLFDWH�WKDW�WKH�DFWXDO�SUHIHUHQFH
EHWZHHQ�DUWLFOHV�DQG�PRQRJUDSKV�GHSHQGV�SULPDULO\�RQ�WKH�SUHFLVH
QDWXUH�RI�WKH�SXUSRVHV�RI�WKH�LQIRUPDWLRQ�ZRUN�>$��2��3��6��8��;@�
-RXUQDOV�SURYLGH�IRFXVHG�DQG�RIWHQ�WHFKQLFDO�GHVFULSWLRQV�DQG�VWXGLHV
RI�UHODWLYHO\�UHVWULFWHG�WKHPHV�>$��%��&��)��*��,��0��2��4��9@��$UWLFOHV
ZHUH�SHUFHLYHG�WR�EH�PRUH�XS�WR�GDWH�>*��3��4@ 7KHLU�VLJQLÀFDQW�UROH
LQ�VXSSRUWLQJ�WKH�JHQHUDO�DZDUHQHVV�IXQFWLRQ�LV�DOVR�RI�FRQVHTXHQFH
>$��2@�

0RVW�RI�WKH�DUFKDHRORJLFDO�MRXUQDOV�WHQG�WR�EH�VSHFLDOLVHG�ERWK
LQ�WHUPV�RI�WKHLU�VXEMHFW�DQG�JHRJUDSKLFDO�FRYHUDJH� ,Q�VSLWH�RI�WKH
LQWHUQDWLRQDOLVDWLRQ�RI�WKH�UHVHDUFK�FRPPXQLW\�DQG� HVSHFLDOO\� GHV�
SLWH�WKH�EURDGHQLQJ�RI�WKH�WKHRUHWLFDO�GHEDWH� DUFKDHRORJ\�LV�VWLOO�D
VLJQLÀFDQWO\�QDWLRQDO�SURMHFW�LQ�WKH�1RUGLF�FRXQWULHV� 6RPH�LQGL�
YLGXDO�ÀHOGV�VXFK�DV�FODVVLFDO�DUFKDHRORJ\�RU�DUFKDHRORJLFDO�VFLHQFH
PD\�FODLP�WKH�H[LVWHQFH�RI�D�EURDGHU�LQWHUQDWLRQDO�FRPPXQLW\�RI�UH�
VHDUFKHUV� (YHQ�WKHQ� KRZHYHU� WKH�WRWDO�QXPEHU�RI�SDUWLFLSDWLQJ
UHVHDUFKHUV�UHPDLQV�UHODWLYHO\�ORZ�LQ�FRPSDULVRQ�WR�WKH�HPSKDWLF�
DOO\�LQWHUQDWLRQDO�GLVFLSOLQHV�VXFK�DV�WKH�JHQHWLF�VFLHQFH��FI� 6WDU�	
5XKOHGHU�������

0DQ\�RI�WKH�VSHFLDOLVW�WKHPHV�DQG�VXE�GLVFLSOLQHV�RI�DUFKDHRORJ\
KDYH�WKHLU�RZQ�MRXUQDOV��H�J� 0(7$ DQG�6.$6 IRU�PHGLHYDO�DUFKDH�
RORJ\�DQG�,QWHUQDWLRQDO�-RXUQDO�RI�1DXWLFDO�$UFKDHRORJ\�IRU�QDXWLFDO
DQG�PDULWLPH�DUFKDHRORJ\�� %HVLGHV�WKHLU�LPSRUWDQFH�ZLWKLQ�WKH�VSH�
FLÀF�VXE�GLVFLSOLQHV� VRPH�RI�WKH�LQGLYLGXDO�MRXUQDOV�ZHUH�LQGLFDWHG
WR�KDYH�VLJQLÀFDQFH�DOVR�IRU�WKH�LQIRUPDQWV� ZKR�ZHUH�RFFDVLRQDOO\
LQ�QHHG�RI�VSHFLDOLVW�LQIRUPDWLRQ�RXWVLGH�WKH�SUHFLVH�IRFXV�RI�WKHLU
RZQ�H[SHUWLVH��H�J� DQWLTXDULDQV�DQG�ÀHOG�DUFKDHRORJLVWV�� 7KH�VWDWXV
RI�WKHVH�SXEOLFDWLRQV�YDULHG�FRQVLGHUDEO\� KRZHYHU� $V�ZLWK�MRXUQ�
DOV� VRPH�RI�WKH�QDWLRQDOO\�RU�WKHPDWLFDOO\�GLVWLQFWLYH�VHULHV�ZHUH
FRQVLGHUHG�WR�EH�PRUH�UHOHYDQW�WKDQ�WKH�RWKHUV��H�J� )HQQRVFDQGLD
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$UFKDHRORJLFD�� 7KHLU�QXPEHU�DQG�JHQHUDO�VLJQLÀFDQFH�VHHPHG�WR
EH�UDWKHU�ORZ�

$ VLPXOWDQHRXV�UHDVRQ�DQG�H[SODQDWLRQ�IRU�WKH�GLYHUVLW\�RI�WKH
SXEOLFDWLRQV�LV�WKH�KLJK�SURSRUWLRQ�RI�DUFKDHRORJLFDO�SHULRGLFDOV�DQG
OLWHUDWXUH�WKDW�DUH�SXEOLVKHG�LQ�QDWLRQDO�ODQJXDJHV� 7KLV�SDWWHUQ�LV
UHODWHG�WR�WKH�VRFLDO�RUJDQLVDWLRQ�RI�DUFKDHRORJ\� ZKLFK�LV�UDWKHU
QDWLRQ�FHQWULF� %HVLGHV�EHLQJ�DQ�H[SUHVVLRQ�RI�¶WULEDOLVP·� WKH�SDW�
WHUQV�RI�SXEOLFDWLRQ�FRQWULEXWH�WR�WKH�FRQWLQXDQFH�RI�VPDOO�VFDOH�FR�
RSHUDWLRQ�E\�UHGXFLQJ�WKH�LQWHUQDWLRQDO�FLUFXODWLRQ�RI�WKH�LQIRUPD�
WLRQ� 7KH�6ZHGLVK�LQIRUPDQWV�UHJUHWWHG�WKHLU�ODFN�RI�VNLOOV�LQ�)LQQLVK�
ZKLOH�ERWK�WKH�)LQQLVK�DQG�WKH�6ZHGLVK�LQWHUYLHZHHV�PHQWLRQHG�WKH
SUREOHPV�FDXVHG�E\�WKHLU�LQVXIÀFLHQW�NQRZOHGJH�RI�WKH�QHLJKERXULQJ
6ODYLF�ODQJXDJHV�>H�J� +��2��7��:@��6XFK�ODQJXDJH�VNLOOV�ZRXOG�EH
KLJKO\�UHOHYDQW�GXH�WR�WKH�SUR[LPLW\�DQG�VLPLODULW\�RI�WKH�DUFKDHROR�
JLFDO�PDWHULDOV�DQG�PDWHULDO�FXOWXUHV�LQ�1RUWK�HDVWHUQ�(XURSH�

0RQRJUDSKV�DUH�W\SLFDOO\�IDYRXUHG�E\�WKRVH�ZKR�VHHN�H[WHQVLYH
LQIRUPDWLRQ�RQ�D�UHODWLYHO\�QRQ�VSHFLÀF�WRSLF�>H�J� 2��4@ RU�ZRUN
LQ�WHDFKLQJ�RU�LQ�SXEOLF�GLVVHPLQDWLRQ� DQG�E\�WKRVH�ZKR�QHHG�WR
FRQQHFW�D�VSHFLÀF�SLHFH�RI�LQIRUPDWLRQ�WR�D�ODUJHU�FRQWH[W� $ JRRG
PRQRJUDSK�LV�D�FRPSUHKHQVLYH�RYHUYLHZ�H�J� RI�D�VLWH�RU�D�WKHPH�
+LJK�TXDOLW\�LOOXVWUDWLRQV�DQG�GHWDLOHG�LQIRUPDWLRQ�DGG�WR�WKHLU�YDOXH
DV�UHIHUHQFHV�>+@��7KH�QRYHOW\�RI�ERWK�WKH�PRQRJUDSKV�DQG�DUWLFOHV
SOD\�D�FHQWUDO�UROH�LQ�WKHLU�XVDELOLW\�DV�LQIRUPDWLRQ�VRXUFHV� HYHQ
WKRXJK�WKLV�DVSHFW�LV�QRW�DV�LPSRUWDQW�DV�LQ�WKH�VFLHQFHV��7HQRSLU�HW
DO� ������ &RPSDUHG�WR�WKH�DUWLFOHV� WKH�XVH�RI�WKH�PRVW�LPSRUWDQW
VWDQGDUG�PRQRJUDSKV�LV�OLNHO\�WR�EH�PRUH�LQWHQVLYH� 7KH�LQWHUYLHZV
DOVR�LQGLFDWHG�WKDW�WKH�LQIRUPDQWV�ZHUH�PRUH�OLNHO\�WR�UHWXUQ�WR�D
PRQRJUDSK�WKDQ�WR�DQ�DUWLFOH� (VSHFLDOO\�REVHUYDWLRQV�DQG�H\HZLW�
QHVV�UHSRUWV�RQ�SDVW�LQYHVWLJDWLRQV�DQG�YLVLWV�WKDW�KDYH�EHHQ�SXEOLVKHG
LQ�D�PRQRJUDSK�UHWDLQ�WKHLU�YDOXH�RYHU�WLPH� HYHQ�WKRXJK�VRPH�RI�WKH
LQWHUSUHWDWLRQV�DQG�SURSRVLWLRQV�PD\�XWOLPDWHO\�EH�UHMHFWHG�
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,Q�FRPSDULVRQ�WR�VFLHQWLVWV�DQG� WR�D�GHJUHH� VRFLDO�VFLHQWLVWV��H�J�
(UGHOH]�	�0HDQV������ 7HQRSLU�HW�DO� ����� +HUPDQ������� WKH�LQ�
IRUPDQWV�ZHUH�UDWKHU�LQIUHTXHQW�XVHUV�RI�HOHFWURQLF�OLWHUDWXUH� 7KH
PRVW�RI�WKH�LQIRUPDQWV�DFNQRZOHGJHG�WKH�LQFUHDVLQJ�VLJQLÀFDQFH�RI
HOHFWURQLF�UHVRXUFHV�DQG�ZHUH�DZDUH�RI�WKH�JURZLQJ�QXPEHU�RI�WKH
UHOHYDQW�MRXUQDOV�DQG�GDWD�VRXUFHV�DYDLODEOH�RQOLQH�>H�J� *��0@ �0�
-��%DWHV�������EXW�XVHG�WKHP�RQO\�VSRUDGLFDOO\� 7KH�VLWXDWLRQ�KDV
OLNHO\�FKDQJHG�VLQFH�WKH�LQWHUYLHZV� DOWKRXJK�QRW�DV�VLJQLÀFDQWO\�DV
PLJKW�EH�H[SHFWHG� EHFDXVH�WKH�PDMRULW\�RI�WKH�MRXUQDOV�DQG�PRQR�
JUDSK�VHULHV�OLVWHG�E\�WKH�LQIRUPDQWV�DUH�VWLOO�DYDLODEOH�LQ�SULQW�RQO\
YHUVLRQV�

%HVLGHV�WKH�DSSDUHQW�SHUVLVWHQFH�RI�WKH�KDELWV�RI�WKH�LQIRUPDQWV�
DQRWKHU�FOHDU�H[SODQDWLRQ�IRU�WKH�FRPSDUDWLYHO\�ORZ�XVDJH�RI�HOHF�
WURQLF�PDWHULDOV�LV�WKHLU�UHODWLYH�VFDUFLW\�LQ�VHYHUDO�VSHFLDOLVW�ÀHOGV
RI�DUFKDHRORJ\� 7KH�LQIRUPDQWV�ZKR�KDG�FURVV�GLVFLSOLQDU\�FRQWDFWV
DQG�UHVHDUFK�LQWHUHVWV�WKDW�FRLQFLGHG�ZLWK�WKH�QDWXUDO�VFLHQFHV�HP�
SKDVLVHG�WKH�LPSRUWDQFH�DQG�YDOXH�RI�HOHFWURQLF�GDWD�VHUYLFHV� 7KH\
DOVR�FRQWUDVWHG�WKH�DEXQGDQFH�RI�HOHFWURQLF�GDWD�VRXUFHV�LQ�WKH�VFL�
HQFHV�WR�WKHLU�VFDUFLW\�LQ�DUFKDHRORJ\�>'��1��9@��7KH�SUHVHQW�HYRO�
XWLRQDU\�SKDVH�RI�WKH�HOHFWURQLF�MRXUQDO�XVH�PLJKW�EH�UHODWHG�WR�WKH
´HYROYLQJµ�SKDVH�LQ�WKH�FDWHJRULVDWLRQ�SURSRVHG�E\�7HQRSLU�HW�DO�
������� HYHQ�WKRXJK�WKH�SUHVHQW�VWXG\�GRHV�QRW�SURYLGH�GDWD�IRU�FRP�
SDUDEOH�ORQJLWXGLQDO�FRPSDULVRQV�

5HSRUWV
$UFKDHRORJLFDO�LQYHVWLJDWLRQ�UHSRUWV��D�IRUPDO�UHSRUW�ZULWWHQ�WR

GRFXPHQW�WR�DQ�LQYHVWLJDWLRQ�SURFHVV�DQG�ÀQGLQJV��ZHUH�LQWHUHVW�
LQJO\�PHQWLRQHG�DV�EHLQJ�LPSRUWDQW�IDU�PRUH�RIWHQ�WKDQ�WKH\�ZHUH
XVHG�DQG�DFWXDOO\�UHSRUWHG�DV�EHLQJ�XVHIXO� $ W\SLFDO�FRPPHQW�ZDV�
´, XVH�WKHP�OHVV�WKDQ�, FRXOGµ�>H�J� 2��4@��7KH�W\SLFDO�SUREOHPV�ZLWK
WKH�UHSRUWV�LQFOXGHG�WKDW�WKH\�XVXDOO\�DUH�WRR�VSHFLÀF�WR�VPDOO�H[FDY�
DWLRQV�RU�WRR�JHQHUDO�DERXW�ODUJH�RQHV� DQG�WKDW�WKH�UHSRUWHG�UHVXOWV

��



DUH�QRW�YHU\�ZHOO�WLHG�LQWR�D�ODUJHU�IUDPH�RI�UHIHUHQFH� 2Q�VHYHUDO�RF�
FDVLRQV�WKH�UHSRUWV�ZHUH�VWDWHG�WR�EH�GLIÀFXOW�WR�DFFHVV� EHFDXVH�WKH
FRQVXOWDWLRQ�UHTXLUHG�WUDYHOOLQJ�WR�WKH�FDSLWDO�FLW\�RU�DQRWKHU�GLVWDQW
SODFH�

5HJDUGOHVV�RI�WKH�SUREOHPV� D�UHSRUW�ZDV�VHHQ�DV�D�SULPDU\�VRXUFH
RI�DUFKDHRORJLFDO�LQIRUPDWLRQ�RQ�D�SDUWLFXODU�H[FDYDWLRQ�DQG�VLWH�
6HFRQGDU\�SXEOLFDWLRQV�ZHUH�RIWHQ�VHHQ�DV�DEULGJHPHQWV� ZKLFK�GLG
QRW�JLYH�HQRXJK�LQIRUPDWLRQ�RQ�WKH�VXEMHFW�PDWWHU�WR�EH�XVHIXO�LQ
IXUWKHU�VFKRODUO\�FRQVLGHUDWLRQV� 7KH�SULQFLSDO�LPSRUWDQFH�RI�WKH�UH�
SRUWV�DV�ÀUVW�KDQG�DFFRXQWV�ZDV�DOVR�HPSKDVLVHG�E\�WKH�DFDGHPLF
HGXFDWRUV� 7KH\�DOVR�XQGHUOLQHG�WKDW�LW�LV�QHFHVVDU\�WKDW�WKHLU�VWXGHQWV
XVH�RULJLQDO�UHSRUWV�LQ�RUGHU�WR�EHFRPH�DFTXDLQWHG�ZLWK�WKLV�SDUWLFX�
ODU�W\SH�RI�LQIRUPDWLRQ�VRXUFH�>0��=@���VHH�DOVR�5DQLQHQ�������

$FDGHPLF�WKHVHV
7KH�SHUFHLYHG�UROH�RI�WKHVHV�DQG�GLVVHUWDWLRQV�DV�LQIRUPDWLRQ�VRXUFHV

VKRZV�VRPH�YDULDWLRQ� 0RVW�RI�WKH�LQIRUPDQWV�DJUHHG�WKDW�WKH�YDOXH
RI�D�WKHVLV�GHSHQGV�RQ�LWV�FRQWHQWV� 7KH�VFKRODUO\�QDWXUH�RI�D�WKHVLV
GRHV�QRW�DIIHFW�LWV�TXDOLW\�DV�D�VRXUFH�RI�LQIRUPDWLRQ� )LHOG�DUFKDH�
RORJLVWV�WHQGHG�WR�EH�LQWHUHVWHG�LQ�HYHU\WKLQJ�WKDW�PLJKW�WRXFK�XSRQ
WKH�VXEMHFW�RI�WKHLU�UHVHDUFK� 7KH\�ZHUH�JHQHUDOO\�QRW�HPSKDWLFDOO\
FRQFHUQHG�DERXW�WKH�IRUPDO�TXDOLÀFDWLRQV�RU�OHYHO�RI�WKH�WKHVHV� $Q
XQGHUJUDGXDWH�HVVD\�ZDV�DVVHVVHG�WR�EH�SRWHQWLDOO\�XVHIXO� QRW�XQ�
OLNH�D�GRFWRUDO�GLVVHUWDWLRQ� $FDGHPLFV�DQG� LQWHUHVWLQJO\� \RXQJHU
DUFKDHRORJLVWV�WHQGHG�WR�EH�PRUH�VHQVLWLYH�WR�JRRG�IRUPDO�TXDOLÀFD�
WLRQV��L�H� JUDGH��DQG�WKH�KLJK� SUHIHUDEO\�GRFWRUDO� OHYHO�RI�WKH�WKHVHV
>'��*��4��9��=@��&RQVLGHULQJ�WKH�XVHIXOQHVV�RI�WKH�WKHVHV� VRPH�RI
WKH�LQWHUYLHZHHV�UHPDUNHG�WKDW�WKH�IRUPDO�VFKRODUO\�FULWHULD�GLG�RF�
FDVLRQDOO\�PDNH�D�WKHVLV�GLIÀFXOW�WR�UHDG�>&��1��3��:@��8QSXEOLVKHG
WKHVHV�DUH�RIWHQ�DOVR�UDWKHU�GLIÀFXOW�WR�REWDLQ� ZKLFK�ZDV�QRWHG�WR
UHGXFH�WKHLU�XVDELOLW\�DV�DQ�LQIRUPDWLRQ�VRXUFH�>H�J� ,��.@�
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5HIHUHQFH�ZRUNV
6SHFLDOLVHG�UHIHUHQFH�ZRUNV�DUH�UHODWLYHO\�VFDUFH�LQ�WKH�1RUGLF

DUFKDHRORJ\�DQG�LQ�PDQ\�RI�LWV�VSHFLDO�ÀHOGV�>=@��7KH�DQQXDO�1RU�
GLF�$UFKDHRORJLFDO�$EVWUDFWV��1$$� PRQRJUDSKV�ZHUH�WKH�SUHYDLO�
LQJ�JHQHUDO�UHIHUHQFH�PHQWLRQHG�E\�WKH�LQWHUYLHZHHV� .XOWXUKLVWRU�
LVN�OH[LNRQ�I|U�QRUGLVN�PHGHOWLG��(QJ� 7KH�/H[LFRQ�RI�WKH�&XO�
WXUDO�+LVWRU\�RI�WKH�0LGGOH�$JHV�LQ�WKH�1RUGLF�&RXQWULHV��ZDV�PHQ�
WLRQHG�E\�VHYHUDO��SULPDULO\��6ZHGLVK�UHVSRQGHQWV�DV�D�EDVLFDOO\�QRQ�
DUFKDHRORJLFDO� EXW�VWLOO�LPSRUWDQW�JHQHUDO�UHIHUHQFH�ZRUN�RQ�HDUO\�
PHGLHYDO�DQG�PHGLHYDO�FXOWXUH�LQ�6ZHGHQ�>2��5��6��*��9��-��.��1@��,Q
VSLWH�RI�WKH�VFDUFLW\�RI�DUFKDHRORJLFDO�UHIHUHQFH�ZRUNV� WKH�LQIRUP�
DQWV�FRXOG�UHO\�RQ�WKH�UHOHYDQW�UHIHUHQFH�ZRUNV�IURP�UHODWHG�GLVFLS�
OLQHV� VXFK�DV�VKLSEXLOGLQJ�LQ�PDULWLPH�DUFKDHRORJ\� ,Q�PDQ\�FDVHV
VRPH�PHWLFXORXVO\�FRPSLOHG�VWDQGDUG�ZRUNV�VXFK�DV�FRPSUHKHQVLYH
GLVVHUWDWLRQV�RU�PRQRJUDSKV�PD\�VHUYH�DV�D�UHIHUHQFH�ZRUN�>+��9@��,Q
FRQWUDVW�WR�FODVVLFDO�DUFKDHRORJ\��/|QQTYLVW������ ���� PRVW�RI�WKH
VSHFLDO�ÀHOGV�RI�DUFKDHRORJ\�ODFN�D�VLPLODU�FRPSUHKHQVLYH�DSSDUDWXV
RI�UHIHUHQFH�ZRUNV�

'DWDEDVHV
7KH�LQWHUYLHZHHV�ZHUH�UHODWLYHO\�DFWLYH�XVHUV�RI�VPDOO�VFDOH�GDWD�

EDVHV�WKDW�DUH�VSHFLÀFDOO\�EXLOW�IRU�WKHLU�SHUVRQDO�QHHGV�RU�IRU�WKHLU
KRPH�LQVWLWXWLRQ� 0RVW�RI�WKH�LQIRUPDQWV�GHVFULEHG�WKDW�WKH\�ZRUN
ZLWK�WKH�SURSULHWDU\�GDWDEDVHV�RI�WKHLU�RZQ�LQVWLWXWLRQ�RU�VPDOO�GDWD�
EDVHV�PDGH�E\�WKHPVHOYHV�IRU�WKHLU�YHU\�VSHFLÀF�UHVHDUFK�DQG�UHSRUW�
LQJ�QHHGV�>H�J� $��%��&��'��,��-��1��3��4��:@��7KH�QDWLRQDO�KHULWDJH�DX�
WKRULWLHV�KDYH�FHQWUDOLVHG�FROOHFWLRQ�DQG�VLWH�UHJLVWHUV�DOWKRXJK�WKH\
WHQG�WR�EH�IDU�IURP�FRPSUHKHQVLYH� 2OG�OHJDF\�V\VWHPV�H[LVW�DQG�DUH
EHLQJ�XVHG�WRJHWKHU�ZLWK�WKH�QHZ�V\VWHPV� %HVLGHV�WKH�VHYHUDO�FHQW�
UDO�UHSRVLWRULHV� DGGLWLRQDO�FDWDORJXLQJ�PD\�EH�GRQH�LQ�\HW�DQRWKHU
V\VWHP�LQ�RUGHU�WR�VHUYH�VRPH�VSHFLDO�QHHGV� VXFK�DV�WKH�PDLQWHQDQFH
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RI�D�ORDQV�LQYHQWRU\�>H�J� )��,@��7KH�H[LVWHQFH�RI�PXOWLSOH�GDWDEDVHV
LV�ODUJHO\�H[SODLQHG�E\�D�FKURQLF�ODFN�RI�IXQGLQJ�IRU�LQWHJUDWLRQ� FRQ�
YHUVLRQV�DQG�FDWDORJXLQJ�RI�WKH�XQUHJLVWHUHG�GDWD� 0RVW�LQVWLWXWLRQV
KDYH�EHJXQ�WR�UHJLVWHU�WKHLU�QHZ�GDWD�LQ�HOHFWURQLF�UHSRVLWRULHV� W\SLF�
DOO\�IURP�WKH�ODWH�����·V�RQZDUGV� 7KH�GDWDEDVH�LV�W\SLFDOO\�SDUDOOHO
WR�D�SK\VLFDO�DUFKLYH�>2��3��4��5��9��:��$��&��'��)��,��-��1@�

8QIRUWXQDWHO\� WKH�TXDOLW\�RI�WKH�UHSRVLWRULHV�DOVR�VKRZV�FRQVLG�
HUDEOH�YDULDWLRQ� $V�RQH�RI�WKH�LQIRUPDQWV�SRLQWHG�RXW� QRW�DOO�RI�WKH
GDWD�HQWU\�ZRUN�KDV�EHHQ�SURIHVVLRQDO�DQG�FRQVLVWHQW�>'@��,Q�VSLWH
RI�WKH�LPPDQHQW�VKRUWFRPLQJV� WKH�GDWDEDVHV�ZHUH�FRQVLGHUHG�WR�EH
YLWDO�WRROV�HVSHFLDOO\�LQ�FXOWXUDO�KHULWDJH�DGPLQLVWUDWLRQ� ,Q�JHQHUDO�
WKH�DUFKDHRORJLVWV�ZRUNLQJ�LQ�FXOWXUDO�KHULWDJH�DGPLQLVWUDWLRQ�ZHUH
PRVW�DFWLYH�LQ�WKHLU�XVDJH�RI�GDWDEDVHV�DQG�HOHFWURQLF�LQIRUPDWLRQ
UHVRXUFHV� ,QGLYLGXDO�UHVSRQGHQWV�LQGLFDWHG�WKDW�WKH\�PRVWO\�XVH
GDWDEDVHV�WKDW�DUH�SXEOLVKHG�DQG�PDLQWDLQHG�E\�WKHLU�KRPH�LQVWLWX�
WLRQV�>H�J� $@��0RVW�RI�WKH�UHOHYDQW�H[WHUQDO�GDWDEDVHV�FRYHU�VHFRQG�
DU\�VXEMHFWV�VXFK�DV�WKH�QDWXUDO�VFLHQFHV� QRW�DUFKDHRORJ\� /LEUDU\
23$&V�DQG�ZHE�SDJHV�ZLWK�FRQWDFW�LQIRUPDWLRQ�ZHUH�DOVR�PHQWLRQHG
DV�XVHIXO�GDWDEDVHV�>H�J� 3��4��5��7��9��:��;��=@��7KH�RYHUDOO�ODFN�RI
XVHIXO�DQG�FRPSOHWH�DUFKDHRORJLFDO�GDWDEDVHV�ZDV�ZLGHO\�DFNQRZ�
OHGJHG� 7KH�VDPH�QRWLRQ�DSSOLHV�WR�DOO�IRUPV�RI�HOHFWURQLF�PHGLD�
2QO\�RQH�LQIRUPDQW� ZKR�ZRUNV�ZLWK�D�VSHFLDOLVHG�QDWXUDO�VFLHQFH
WRSLF�LQ�WKH�ÀHOG�RI�DUFKDHRORJLFDO�UHVHDUFK� ZDV�D�KHDY\�XVHU�RI�HOHF�
WURQLF�UHVRXUFHV� ,Q�VSLWH�RI�WKH�VFDUFLW\�RI�VXFK�UHVRXUFHV� PDQ\�RI
WKH�LQWHUYLHZHHV�ZHUH�HQWKXVLDVWLF�DERXW�WKHP��FI� /|QQTYLVW������
���� 3DUW�RI�WKH�HQWKXVLDVP�PD\�EH�FUHGLWHG�WR�WKH�DWWHPSWV�WR�VDW�
LVI\�WKH�LQWHUYLHZHU� EHFDXVH�WKH�LQYLWDWLRQ�WR�WKH�LQWHUYLHZ�FRXOG�EH
UHDG�DV�DQ�LQGLFDWLRQ�RI�D�VSHFLDO�LQWHUHVW�LQ�FRPSXWHULVHG�LQIRUPD�
WLRQ�V\VWHPV� 7KH�WHQGHQF\�RI�VDWLVI\LQJ�WKH�LQWHUYLHZHU�LV� KRZHYHU�
XQOLNHO\�WR�JURXQG�DOO�RI�WKH�RSWLPLVP� 7KH�LQWHUYLHZV�JDYH�D�FOHDU
LQGLFDWLRQ�RI�WKH�JHQHUDOO\�SRVLWLYH�H[SHULHQFHV�RI�DQG�H[SHFWDWLRQV
IRU�HOHFWURQLF�GDWD�DQG�LQIRUPDWLRQ�UHVRXUFHV� 7KHUHIRUH� LW�PD\�EH
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VXJJHVWHG�WKDW�WKHVH�SRVLWLYH�DWWLWXGHV�VKRXOG�EH�WDNHQ�DV�DQ�H[SOLFLW
LPSHWXV�WR�ZRUN�IXUWKHU�ZLWK�FRPSXWHULVHG�LQIRUPDWLRQ�PDQDJHPHQW
DQG�WKH�GHYHORSPHQW�RI�HOHFWURQLF�LQIRUPDWLRQ�UHVRXUFHV�IRU�DUFKDH�
RORJLFDO�XVH�

3ODQV�DQG�PDSV
7RSRJUDSKLF�DQG�WKHPDWLF�FKDUWV�DQG�H[FDYDWLRQ�DQG�VLWH�PDSV

DV�ZHOO�DV�SURÀOH�SODQV�ZHUH�XVHG�E\�DOO�LQIRUPDQWV� 7KHLU�LPSRUW�
DQFH�DSSHDUHG�WR�EH�ORZHU�LQ�DUWHIDFW�FHQWULF�ZRUN�>%��*��,��=@ WKDQ�LQ
ÀHOGZRUN� FXOWXUDO�KHULWDJH�DGPLQLVWUDWLRQ�RU�ODQGVFDSH�UHODWHG�VWXG�
LHV� 7KH�LQWHUYLHZHHV�H[SUHVVHG� KRZHYHU� WKDW�DQ�XQGHUVWDQGLQJ�RI
VSDWLDO�UHODWLRQV�DQG�GLPHQVLRQV�LV�QHFHVVDU\�LQ�DOO�DUFKDHRORJLFDO
ZRUN� DQG�LW�LV�EDVHG�RQ�PDSV�DQG�SODQV� 7KH�FDUWRJUDSKLF�PDWHU�
LDO�SURYLGHV�YLWDO�LQIRUPDWLRQ�RQ�WKH�VWUDWLJUDSKLF�DQG�VXEVHTXHQWO\
FKURQRORJLFDO�UHODWLRQV� VSDWLDO�GLVWULEXWLRQV�DQG�UHODWLRQV�RI�WKH�SRLQWV
RI�LQWHUHVW� $ PDS�DOVR�KHOSV�WR�VLWXDWH�DQG�FRQWH[WXDOLVH�WKH�HQWLUH
LQWHOOHFWXDO�SURFHVV�WKDW�LV�UHODWHG�WR�D�VSHFLÀF�VLWH� 7KH�HVVHQWLDOLW\
RI�SODQV�DQG�PDSV�LV�DFFHQWXDWHG�LQ�WKH�ÀHOG�DUFKDHRORJ\� ([FDYDW�
LQJ�DUFKDHRORJLVWV�XVH�PXOWLSOH�VPDOO�VFDOH�SODQV�DQG�PDSV�WR�GRFX�
PHQW�WKH�H[FDYDWLRQ�ZRUN� 6XUYH\RUV�XVH�D�YDULHW\�RI�GHWDLOHG�DQG
ODUJHU�VFDOH�WRSRJUDSKLF� KLVWRULFDO�DQG�WKHPDWLF�PDSV�IRU�LGHQWLI\�
LQJ�SRWHQWLDO�VLWHV�>)��1@�

3KRWRJUDSKV�DQG�WKH�PRYLQJ�LPDJH
3KRWRJUDSKV�DUH�DQRWKHU�FHQWUDO�LQVWUXPHQW�RI�DUFKDHRORJLFDO�FRP�

PXQLFDWLRQ��FI� XQOLNH�LQ�/|QQTYLVW������ ��������� (YHU\�VLQJOH�DU�
FKDHRORJLVW�DOPRVW�LQYDULDEO\�XVHV�SKRWRJUDSKV� $SDUW�IURP�D�YLVLW
WR�DQ�DUFKDHRORJLFDO�VLWH�RU�D�ÀUVW�KDQG�FRQWDFW�ZLWK�D�ÀQG� SKRWR�
JUDSKV�DUH�WKH�PRVW�LPSRUWDQW�LQVWUXPHQW�IRU�PHGLDWLQJ�LQIRUPDWLRQ
RQ�SULPDU\�PDWHULDOV�
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$ FRXSOH�RI�LQIRUPDQWV�KDG�FRQVLGHUHG�XVLQJ�PRYLQJ�LPDJHV�LQ
ÀHOG�GRFXPHQWDWLRQ�>1��)@��2QO\�D�IHZ�LQGLYLGXDOV�KDG�KDG�DQ\�GLUHFW
H[SHULHQFHV� DQG�IRU�PRVW�WKH�LGHD�RI�XVLQJ�D�YLGHR�DV�DQ�LQIRUPDWLRQ
VRXUFH�LQ�DUFKDHRORJ\�ZDV�D�QHZ�RQH� 0RVW�RI�WKH�GLVFXVVHG�WUL�
DOV�DFWXDOO\�GRQH�LQ�ODQG�DUFKDHRORJ\�ZHUH�SXUHO\�H[SHULPHQWDO�DQG
SULPDULO\�GLUHFWHG�WRZDUGV�SURGXFLQJ�YLGHR�IRRWDJH�IRU�SXEOLF�GLV�
VHPLQDWLRQ�SXUSRVHV�>3��1@��1R�RQH�KDG�PDGH�DQ\�PDMRU�DWWHPSWV�WR
XVH�YLGHR�LQ�SKRWRJUDPPHWULFDO�GRFXPHQWDWLRQ��&RVPDV�HW�DO� �����
RI�VLWHV�RU�LQ�WKH�GRFXPHQWDWLRQ�RI�WKH�H[FDYDWLRQ�SURFHVV��+RGGHU
������ ,Q�FRQWUDVW�WR�ODQG�DUFKDHRORJLVWV� PDULWLPH�DUFKDHRORJLVWV
XVH�YLGHR�H[WHQVLYHO\� 7KH�SULPDU\�UHDVRQ�WR�UHVRUW�WR�WKH�PRYLQJ
LPDJH�LV�WKH�OLPLWHG�WLPH�WKDW�FDQ�EH�VSHQW�RQ�DQ�XQGHUZDWHU�VLWH� 7KH
XVH�RI�D�YLGHR�FDPHUD�DOORZV�FRQWLQXRXV�GRFXPHQWDWLRQ�WKURXJKRXW
WKH�GLYH�DQG�WKXV�PD[LPLVHV�WKH�LQSXW�>$OO�PDULWLPH�DUFKDHRORJLVWV@�
7KH�WKHRUHWLFDO�SRVVLELOLW\�RI�FRYHULQJ�DQ�LQYHVWLJDWLRQ�FRPSOHWHO\
E\�ÀOPLQJ�DQG�ODWHU�UHZLQGLQJ�WKH�SURFHVV� DWWUDFWHG�VHYHUDO�ODQG�DU�
FKDHRORJLVW�LQIRUPDQWV�>H�J� (��3@��7KH�SUREOHPV�RI�DUFKLYLQJ�DQG
EURZVLQJ� KRZHYHU� ZRXOG�OLPLW�WKH�XVDELOLW\�RI�VXFK�FRPSUHKHQV�
LYH�YLGHR�GRFXPHQWDWLRQ�

6RFLDO�SUDFWLFHV�RI�LQIRUPDWLRQ�VKDULQJ
,Q�VSLWH�RI�WKH�LPSRUWDQFH�RI�SK\VLFDO�DQG�OLWHUDU\�VRXUFH�PDWHU�

LDOV� WKH�PRVW�VLJQLÀFDQW�VRXUFH�RI�LQIRUPDWLRQ�IRU�WKH�LQWHUYLHZHHV
ZDV�WKH�VRFLDO�FRQWDFWV�ZLWK�FROOHDJXHV�DQG�H[SHUWV�RI�VHYHUDO�UHODWHG
GLVFLSOLQHV� %HFDXVH�RI�WKH�FRQYHUJHQFH�RI�SUDFWLFDO�ZRUN�DQG�DFD�
GHPLF�UHVHDUFK� WKH�DUFKDHRORJLVWV�RQO\�VHOGRP�ZRUN�HQWLUHO\�DORQH
�XQOLNH�H�J� KLVWRULDQV�LQ�7LEER������� 7KH�VWHUHRW\SH�RI�¶ORQH�KX�
PDQLWLHV�UHVHDUFKHUV·�LV�QRW�DFFXUDWH�LQ�WKH�FRQWH[W�RI�DUFKDHRORJ\�

(YHQ�LI�DQ�DFDGHPLF�DQG�UHVHDUFK�RULHQWHG�DUFKDHRORJLFDO�DFWLYLW\
LWVHOI�ZHUH�WR�LQYROYH�FRQVLGHUDEOH�SHULRGV�RI�LQGHSHQGHQW�ZRUN� WKLV
GRHV�QRW�LPSO\�WKDW�WKH�UHVHDUFKHUV�ZRXOG�QRW�XVH�RU�EHQHÀW�IURP�LQ�
IRUPDO�FRPPXQLFDWLRQ��UHI� /|QQTYLVW������� ����� ([FDYDWLRQV�DUH
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D�JURXS�HIIRUW�ERWK�SUDFWLFDOO\�DQG�LQWHOOHFWXDOO\� DOWKRXJK�WKH�XOWL�
PDWH�LQWHOOHFWXDO�DXWKRULW\�LV�KHOG�E\�WKH�GLUHFWRU�RI�WKH�LQYHVWLJDWLRQ�
$FDGHPLF�UHVHDUFK�LQ�DUFKDHRORJ\�LV�SDUWO\�DQ�LQGLYLGXDO�HQWHUSULVH�
DOWKRXJK�WKH�FURVV�GLVFLSOLQDULW\�RI�WKH�GDWD�WHQGV�WR�UHTXLUH�RFFD�
VLRQDO�FRQVXOWDWLRQ�RI�FROOHDJXHV�DQG�RWKHU�VSHFLDOLVWV� 6LPLODUO\�
ZRUN�LQ�SXEOLF�GLVVHPLQDWLRQ� DFDGHPLF�HGXFDWLRQ� LQIUDVWUXFWXUDO
GHYHORSPHQW�DQG�FXOWXUDO�KHULWDJH�DGPLQLVWUDWLRQ�LV�D�FROOHFWLYH�HI�
IRUW� ,QGLYLGXDOV�DUH�IUHH�WR�PDNH�WKHLU�RZQ�GHFLVLRQV� EXW�FROOHDJXHV
DUH�FRQVXOWHG�ZLWK�VXFK�IUHTXHQF\�WKDW�WKH\�PDLQWDLQ�VWULFW�FROOHFWLYH
FRQWURO�RI�WKH�LQWHOOHFWXDO�ZRUN� &ROOHDJXHV�SURYLGH�GLUHFW�LQIRUPD�
WLRQ� SRLQWHUV�WR�WKLQJV�WKH\�DUH�DZDUH�RI� DIÀUPDWLRQ�DQG�FRQÀUPD�
WLRQ�>$OO@� 7KH�UROH�RI�WKH�FRPPXQLW\�RI�FROOHDJXHV�DV�DQ�LPSRUWDQW
VRXUFH�RI�LQIRUPDWLRQ�LV�HPSKDVLVHG� EHFDXVH�WKH�IRUPDO�SXEOLFDWLRQ
FKDQQHOV�DUH�UHODWLYHO\�VFDUFH� UHVRXUFHV�IRU�DGHTXDWH�DQG�WKRURXJK
SXEOLFDWLRQ�RI�UHVHDUFK�UHVXOWV�DUH�JHQHUDOO\�ODFNLQJ� DQG�WKH�QXP�
EHU�RI�DFWLYH�SUDFWLWLRQHUV�LQ�DUFKDHRORJ\�LV�UHODWLYHO\�VPDOO�LQ�ERWK
)LQODQG�DQG�6ZHGHQ�

7KH�FRPSOH[LW\�DQG�LPSRUWDQW�UROH�RI�VRFLDO�LQIRUPDWLRQ�VKDULQJ
ZDV�PDGH�DSSDUHQW�LQ�WKH�LQWHUYLHZV� 7KH�VWUDWHJLHV�RI�VKDULQJ�XWLO�
LVHG�LQ�SURIHVVLRQDO�DUFKDHRORJLFDO�ZRUN�JURXSV� DQG�WHDPV�HQJDJHG
LQ�ÀHOG�DUFKDHRORJ\�SURMHFWV�DQG�RWKHU�VLPLODU�XQGHUWDNLQJV� GR�VHHP
WR�EHDU�D�QRWLFHDEOH�UHVHPEODQFH�WR�WKH�VWUDWHJLHV�DQG�UHVRQV�IRU�VKDU�
LQJ�GHVFULEHG�E\�&URQLQ�������� 7KH�UHFLSURFDO�VKDULQJ�RI�LQIRUPD�
WLRQ�UHVHPEOHV�D�V\VWHP�RI�JLYLQJ�DQG�UHFHLYLQJ�JLIWV��0DXVV������
&URQLQ������ 7DOMD������ +DOO������� 6RFLDO�H[FKDQJH�LV�EDVHG�PRUH
RQ�DQ�H[SHFWDWLRQ�RI�HPHUJLQJ�EHQHÀWV�WKDQ�RQ�GLUHFW�QHHGV�DQG�WKH
VHWWLQJ�RI�JRDOV�

2QO\�D�IHZ�DFDGHPLF�UHVHDUFK� WHDFKLQJ�DQG�ÀHOG�DUFKDHRORJ\�
RULHQWHG�DUFKDHRORJLVWV�VDLG�WKDW�WKH\�IUHTXHQWO\�UHOLHG�RQ�LQIRUPD�
WLRQ�VSHFLDOLVWV�VXFK�DV�OLEUDULDQV� 7KHVH�UHVXOWV�FRQIRUP�ZLWK�VHYHUDO
RWKHU�LQYHVWLJDWLRQV�DQG�REVHUYDWLRQV�RQ��DFDGHPLF��LQIRUPDWLRQ�EH�
KDYLRXU��H�J� .XKOWKDX������ ��� +M¡UODQG������ 6LPPRQGV�	�$Q�
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GDOHHE������� 7KH�VLWXDWLRQ�ZDV�VOLJKWO\�GLIIHUHQW�ZLWK�WKH�LQIRUPDQWV
ZKR�ZRUNHG�ZLWK�SXEOLF�GLVVHPLQDWLRQ� FROOHFWLRQ�PDQDJHPHQW�DQG
FXOWXUDO�KHULWDJH�DGPLQLVWUDWLRQ�UHODWHG�GXWLHV� EXW�WKH�RYHUDOO�SLF�
WXUH�PD\�ZHOO�EH�GHVFULEHG�DV�´GLVDSSRLQWLQJµ��+M¡UODQG�������IURP
D�OLEUDU\�DQG�LQIRUPDWLRQ�VHUYLFH�SURWDJRQLVW·V�SRLQW�RI�YLHZ� 6HY�
HUDO�LQIRUPDQWV�LQGLFDWHG�WKDW�WKH\�IUHTXHQWO\�FRQVXOWHG�LQIRUPDWLRQ
WHFKQRORJ\�VSHFLDOLVWV�DQG�VSHFLDOLVWV�LQ�D�SDUWLFXODU�W\SH�RI�LQIRUP�
DWLRQ� VXFK�DV�QDWXUDO�VFLHQFH� JHRJUDSKLFDO�RU�VWDWLVWLFDO�GDWD�>H�J�
&��(��0��6��:��;@��7KRVH�LQIRUPDQWV�ZKR�GLG�LQGLFDWH�WKDW�WKH\
FRQVXOWHG�LQIRUPDWLRQ�VSHFLDOLVWV�GXULQJ�WKHLU�H[SOLFLW�LQIRUPDWLRQ�
VHHNLQJ� VKDUHG�WKH�FKDUDFWHULVWLFV�RI�EHLQJ�W\SLFDOO\�HOGHUO\�DQG�OHVV
FRPSXWHU�OLWHUDWH� DQG�RI�ZRUNLQJ�LQ�D�UHODWLYHO\�ODUJH�SXEOLF�RUJDQ�
LVDWLRQ�>(��0��3��6��:@��$FDGHPLFV�FRQVXOWHG�VSHFLDOLVWV�PRVW�LQIUH�
TXHQWO\� 7KH�UHOXFWDQFH�WR�FRQVXOW�DQ�LQIRUPDWLRQ�VSHFLDOLVW�VHHPV
WR�FRUUHODWH�ZLWK�D�UDWKHU�QDUURZ�SHUFHLYHG�KRUL]RQ�RI�UHOHYDQW�LQ�
IRUPDWLRQ� H[LVWHQFH�RI�ZHOO�HVWDEOLVKHG�DQG�VWDEOH�SXEOLFDWLRQ�DQG
LQIRUPDWLRQ�GLVVHPLQDWLRQ�FKDQQHOV� WKH�VPDOO�VL]H�RI�WKH�FORVHO\�UHO�
HYDQW�DUFKDHRORJLFDO�FRPPXQLW\� DQG�WKH�WUDGLWLRQV�DQG�KDELWV�RI�HV�
WHHPLQJ�SHUVRQDO�LQIRUPDWLRQ�VHHNLQJ�DQG�DFFHVV� 6HYHUDO�LQIRUP�
DQWV�DFNQRZOHGJHG�WKDW�WKH\�PLJKW�EHQHÀW�IURP�FRQVXOWLQJ�DQ�H[SHUW
LQ�LQIRUPDWLRQ�VHHNLQJ�PDWWHUV� EXW�ZHUH�DOWRJHWKHU�UDWKHU�GXELRXV
ZKHWKHU�WKH\�ZRXOG�GR�VR�LQ�WKH�IXWXUH� 7KH�UHVXOWV�DUH�FRPSDUDEOH
ZLWK�WKH�REVHUYDWLRQV�RI� IRU�LQVWDQFH� 6WHLQHURYi��������DQG�6LQJK
������ ���������WKDW�OLEUDULHV�DQG�LQIRUPDWLRQ�SURIHVVLRQDOV�QHHG�WR
VWUXJJOH�ZLWK�WKH�SUREOHPV�RI�QHZ�LQIRUPDWLRQ�HQYLURQPHQWV� WKH�VHU�
YLFH�HQFRXQWHU� DQG�LGHQWLWLHV�DQG�YLVLELOLW\�LQ�WKH�UDSLGO\�HYROYLQJ
SURFHVVHV�RI�LQIRUPDWLRQ�DFFHVV� ZKLFK�KDYH�VKLIWHG�WKH�IRFXV�WR�WKH
XVHUV·�GHVNWRSV�DQG�PDGH�WKH�LQIRUPDWLRQ�DFFHVV�SURYLGHUV�LQFUHDV�
LQJO\�WUDQVSDUHQW�LQ�WKH�SURFHVV�RI�LQIRUPDWLRQ�VHHNLQJ�DQG�XVH�

��



'LVFXVVLRQ
7KH�ÀQGLQJV�RI�WKH�SUHVHQW�VWXG\�VKRZ�WKDW�WKH�FRUH�VRXUFHV�XVHG

E\�WKH�DUFKDHRORJLVWV�LQWHUYLHZHG�LQ�WKH�PLG�����V�FRQVLVW�RI�DUFKDH�
RORJLFDO�SULPDU\�PDWHULDOV��H�J� ÀQGV�DQG�VLWHV�� VFKRODUO\�OLWHUDWXUH
DQG�SHUVRQDO�FRPPXQLFDWLRQ� 5HJLVWHUV� FDWDORJXHV�DQG�GDWDEDVHV
ZHUH�LQGLFDWHG�WR�EH�RI�D�GLUHFW�LPSRUWDQFH� EXW�PRVW�RI�WKH�LQIRUP�
DQWV�UHSRUWHG�WKDW�WKH�UHFRUGV�WHQG�WR�EH�ODFNLQJ�LQ�FRPSUHKHQVLYH�
QHVV�DQG�RIWHQ�DOVR�LQ�UHOHYDQW�LQIRUPDWLRQ� 7KH�JHQHUDO�SDWWHUQV
RI�LQIRUPDWLRQ�VRXUFH�XVH�DUH�LQ�OLQH�ZLWK�WKH�ÀQGLQJV�RI�WKH�HDUOLHU
DQG�FRQWHPSRUDU\�VWXGLHV�RQ�WKH�KXPDQLWLHV�VFKRODUV� 7KH�FURVV�
GLVFLSOLQDU\�DQG�VFLHQWLÀF�WHQGHQFLHV�RI�WKH�DUFKDHRORJLFDO�SUDFWLFH
EHFDPH�DSSDUHQW�RQ�WKH�OHYHO�RI�LQGLYLGXDO�LQIRUPDWLRQ�VRXUFHV�DQG
LQIRUPDWLRQ�VHHNLQJ�DUFKDHRORJLVWV� 7KH�JHQHUDO�WHQGHQF\�WR�PDNH
GLVWLQFWLRQ�EHWZHHQ�SULPDU\�DQG�VHFRQGDU\�PDWHULDOV� D�YDULHW\�RI
LQIRUPDWLRQ�VRXUFHV�XWLOLVHG� DQG�WKH�ORQJ�OLIHVSDQ�RI�WKH�UHOHYDQW�OLW�
HUDWXUH�VHHP�WR�EH� KRZHYHU� D�FRPPRQ�FKDUDFWHULVWLF�VKDUHG�E\�WKH
DUFKDHRORJLVWV�DQG�WKH�PDMRULW\�RI�KXPDQLWLHV�VFKRODUV��H�J� 7LEER
������ ������ ,Q�WKLV�UHVSHFW� DUFKDHRORJ\�LV�FOHDUO\�RQH�RI�WKH�KX�
PDQLWLHV�LQ�)LQODQG�DQG�LQ�6ZHGHQ� DV�DOVR�WKH�SODFLQJ�RI�WKH�GHSDUW�
PHQWV�ZLWKLQ�WKH�XQLYHUVLW\�IDFXOWLHV�VXJJHVWV� 7KLV�LV�LQ�FRQWUDVW
ZLWK�WKH�1RUWK�$PHULFDQ�FRQFHSWLRQ�RI�DUFKDHRORJ\�DV�D�VRFLDO�VFL�
HQFH�DQG�D�EUDQFK�RI�DQWKURSRORJ\��'DUYLOO������ 5HQIUHZ�	�%DKQ
������

7KH�XVH�RI�LQIRUPDWLRQ�VRXUFHV�E\�WKH�DUFKDHRORJLVWV�LQWHUYLHZHG
ZDV�KLJKO\�VSHFLÀF�WR�WKH�SXUSRVHV�RI�WKH�ZRUN�DW�KDQG� ,W�YDULHV
DFFRUGLQJ�WR�WKH�VLWXDWLRQ�DQG�FRQWH[W�RI�WKH�LQIRUPDWLRQ�ZRUN� %H�
VLGHV�EHLQJ�GHSHQGHQW�RQ�SHUVRQDO�KDELWV�RI�LQIRUPDWLRQ�VRXUFH�XVH�
WKH�FKRLFH�RI�VRXUFHV�VKRZV�GLVWLQFW�ZRUN�SURÀOH�VSHFLÀF�YDULDWLRQ
RQ�WKH�OHYHO�RI�WKH�FKDUDFWHULVWLFV�DQG�WKH�VSHFLÀFLW\�RI�WKH�UHVRXUFHV�
7KH�LQIRUPDWLRQ�VRXUFH�XVH�WHQGV�WR�EH�PRUH�VSHFLÀF�ZKHQ�WKH�ZRUN
GXWLHV�LQFRUSRUDWHG�DFDGHPLF�UHVHDUFK� FROOHFWLRQ�PDQDJHPHQW� ÀHOG

��



DUFKDHRORJ\� GHYHORSPHQW�RI�PHWKRGV�DQG�WRROV�DQG�FXOWXUDO�KHULW�
DJH�DGPLQLVWUDWLRQ� ,Q�FRQWUDVW� DUFKDHRORJLVWV�ZRUNLQJ�ZLWK�SXEOLF
GLVVHPLQDWLRQ�RI�DUFKDHRORJLFDO�LQIRUPDWLRQ�DQG�DFDGHPLF�WHDFKLQJ
ZHUH�OLNHO\�WR�XVH�JHQHUDO�VRXUFHV�RI�LQIRUPDWLRQ� 6LPLODUO\� WKH
VRXUFHV�DUH�FRQVXOWHG�WR�H[WUDFW�GLIIHUHQW�W\SHV�RI�LQIRUPDWLRQ�GH�
SHQGLQJ�RQ�WKH�ZRUN�GXWLHV� HYHQ�LI�WKH�VRXUFH�LWVHOI�LV�WKH�VDPH�RQH�

$FDGHPLF�UHVHDUFK�VHHPV�WR�EH�WKH�RQO\�H[FHSWLRQ�WR�WKH�JHQHUDO
UXOH� )RU�UHVHDUFKHUV� WKHLU�XVH�RI�LQIRUPDWLRQ�VRXUFHV�WHQGV�WR�EH
VSHFLÀF�WR�FXUUHQW�UHVHDUFK�WRSLFV� EXW�DW�WKH�VDPH�WLPH� WKH�LQIRUP�
DWLRQ�LWVHOI�PD\�VHUYH�PXOWLSOH�IXQFWLRQV�LQ�LWV�YDULRXV�FRQWH[WV�DQG
VLWXDWLRQV� 7KH�QDWXUH�RI�WKH�LQIRUPDWLRQ�LV�GHWHUPLQHG�E\�WKH�VSH�
FLÀF�UHVHDUFK�TXHVWLRQV� WKHLU�PHDQLQJ� SXUSRVHV�DQG�YDOXHV� QRW�WKH
KRUL]RQ�RI�WKH�ZRUN�LWVHOI�

%DVLFDOO\�DOO�VRXUFH�PDWHULDOV� LQFOXGLQJ�DUFKDHRORJLFDO�PDWHULDO�
VHUYH�D�GXDO�SXUSRVH�RI�EHLQJ�ERWK�LQIRUPDWLRQ�FRQWDLQHUV�DQG�SRLQW�
HUV�WR�QHZ�LQIRUPDWLRQ� 6RXUFHV�PD\�FRQWDLQ�GLUHFW�OLQNV�VXFK�DV
ELEOLRJUDSKLFDO�UHIHUHQFHV� EXW�DOVR�LQGLUHFW�UHIHUHQFHV�WR�SRWHQWLDOO\
LQWHUHVWLQJ�IROORZ�XSV� VXFK�DV�WKH�PDWHULDO� WKH�ÀQG�VSRW�DQG�WKH
IRUP�RI�DQ�REMHFW� *HQHUDO�QRQ�VFKRODUO\�LQIRUPDWLRQ�VRXUFHV�VXFK
DV�QHZVSDSHUV� WHOHYLVLRQ�DQG�PDJD]LQHV�ZHUH�FRQVLGHUHG�WR�EH�RI
D�UHODWLYHO\�OLWWOH�XVH� ,QIRUPDQWV�ZKR�ZRUN�DV�FXOWXUDO�KHULWDJH�DG�
PLQLVWUDWRUV�JDYH�VRPH�ZHLJKW�WR�QHZV�EURDGFDVWV�DQG�QHZVSDSHUV
IRU�NHHSLQJ�DEUHDVW�RI�WKH�SXEOLF�GHEDWH�DQG�YDULRXV�SXEOLF�PDWWHUV�
VXFK�DV�FXUUHQW�ODQG�XVH�SODQV�>H�J� &��:@��2WKHUZLVH�WKHLU�UHOHY�
DQFH�ZDV�FRQVLGHUHG�ORZ� ZLWK�WKH�H[FHSWLRQ�RI�SURYLGLQJ�RFFDVLRQDO
SRLQWHUV�WR�RWKHU�VRXUFHV�

$ JHQHUDO�UHPDUN�PDGH�E\�VHYHUDO�LQIRUPDQWV�LV�WKDW�SXEOLVKHG�
DFFHVVLEOH�DQG�DOWRJHWKHU�H[LVWLQJ�DUFKDHRORJLFDO�LQIRUPDWLRQ�LV�RQO\
VSRUDGLFDOO\�DYDLODEOH� 7KH�SUREOHP�LV�HVSHFLDOO\�LPPDQHQW�LQ�ÀHOG
DUFKDHRORJ\� 5HSRUWV�RQ�HDUOLHU�LQYHVWLJDWLRQV�PD\�EH�HQWLUHO\�QRQ�
H[LVWHQW�RU�FRQVLVW�RI�VRPH�VFDWWHUHG�QRWHV� XQFDWDORJXHG�ÀQGV�DQG
IUDJPHQWDU\�GDWD��H�J� 5tPRQ��������7KH�RFFDVLRQDOO\�ODFNLQJ�GRF�
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XPHQWDWLRQ� WKH�VPDOO�QXPEHU�RI�UHVHDUFKHUV� DQG�FRQVHTXHQWO\�RI
WKH�SXEOLFDWLRQV� LQ�PDQ\�VSHFLDO�ÀHOGV�RI�DUFKDHRORJ\� OLPLWV�WKH
WRWDO�DPRXQW�DQG�TXDOLW\�RI�WKH�LQIRUPDWLRQ�UHVRXUFHV� 7KHVH�NLQGV
RI�VKRUWFRPLQJV�VKRZ�D�VWULNLQJ�UHVHPEODQFH�WR�WKH�REVHUYDWLRQV�RI
2FKROOD��������LQ�D�WKLUG�ZRUOG�FRQWH[W� /LNH�WKH�DFDGHPLFV�LQ�D
WKLUG�ZRUOG�XQLYHUVLW\� WKH�DUFKDHRORJLVWV�DUH�IRUFHG�WR�UHVRUW�WR�DO�
WHUQDWLYH�LQIRUPDWLRQ�DFTXLVLWLRQ�PHWKRGV� $UFKDHRORJLVWV�QHHG�WR
FRQJUHJDWH�DURXQG�WKH�DYDLODEOH�UHVRXUFHV�DQG�FKDQQHOV��FI� WKH�OLE�
UDU\�LQ�2FKROOD·V������VWXG\��DQG�WR�IRUJH�WKHP�WR�ÀOO�WKH�SODFH�RI�WKH
QRQ�H[LVWHQW�UHVRXUFHV�LQ�WKHLU�FRPPXQDO�GLVFRXUVH� 7KLV�W\SH�RI�D
IRUPDWLRQ�RI�WKH�LQIRUPDWLRQ�XVH�EHKDYLRXU�LV�QDWXUDO� EXW�LW�VLJQDOV
RI�DQ�LQHIÀFLHQF\�LQ�WKH�JHQHUDO�LQIRUPDWLRQ�SURFHVV�LQ�WKH�SURIHV�
VLRQ� ,I�WKH�ÀQDQFLDO�DQG�SUDFWLFDO�SRVVLELOLWLHV�DUH�DYDLODEOH�WR�FRQ�
GXFW�LQYHVWLJDWLRQV� WKHUH�VKRXOG�EH�HQRXJK�UHVRXUFHV�DQG�SUHVVXUH
WR�ÀQLVK�WKH�GRFXPHQWDWLRQ�SURFHVV�DGHTXDWHO\�DQG�WR�PDQDJH�WKH
LQIRUPDWLRQ�SURSHUO\�

7KH�DUFKDHRORJLVWV·�LQIRUPDWLRQ�ZRUN�UHVHPEOHV�DQ�XQQHFHVVDU\
GHJUHH�DUFKDHRORJLFDO�ZRUN�LWVHOI� $UFKDHRORJLVWV�QHHG�WR�·H[FDYDWH·
WKHLU�LQIRUPDWLRQ�IURP�LQDGHTXDWHO\�RUJDQLVHG�UHVRXUFHV� FRPELQH
VHYHUDO�VRXUFHV�DQG�LQIRUPDWLRQ�FKDQQHOV�DQG�UHO\�KHDYLO\�RQ�VRFLDO
LQIRUPDWLRQ�DFTXLVLWLRQ�HYHQ�IRU�UDWKHU�VLPSOH�WDVNV� 7KH�IXQFWLRQDO
DQG�HFRQRPLF�UHDVRQV�GR�QRW� KRZHYHU� SURYLGH�D�FRPSUHKHQVLYH�H[�
SODQDWLRQ�RI�WKH�SDWWHUQV�RI�LQIRUPDWLRQ�XVH� 7KH�NLQG�RI�WULEDOLVP
DQG�LQIRUPDWLRQ�XVH�GHVFULEHG� ZKLFK�UHVHPEOHV�WKH�DUFKDHRORJLFDO
ZRUN�LWVHOI� LV�QRW�D�GLUHFW�FRQVHTXHQFH�RI�DQDORJ\�EHWZHHQ�DUFKDH�
RORJLFDO�ÀHOGZRUN�DQG�LQIRUPDWLRQ�ZRUN� 1RW�HYHQ�WKH�VFDUFLW\�RI
UHVRXUFHV�QHFHVVDULO\�EHJHWV�VXFK�EHKDYLRXU�RXWVLGH�D�VRFLDO�PLOLHX
ZKHUH�VKDUHG�LQIRUPDWLRQ�VRXUFHV�DUH�D�SUHFRQGLWLRQ�SHU�VH�

:KHQ�LQWHUSUHWLQJ�WKH�ÀQGLQJV� LW�LV�QHFHVVDU\�WR�FRQVLGHU�WKHLU
UHWURVSHFWLYH�QDWXUH� 6HYHUDO�DVSHFWV� ERWK�WHFKQLFDO�DQG�DGPLQLV�
WUDWLYH�RQHV� KDYH�FKDQJHG�VLQFH�WKH�HPSLULFDO�PDWHULDO�ZDV�JDWKHUHG
D�GHFDGH�DJR� 0RUH�DUFKDHRORJLFDO�OLWHUDWXUH�DQG�HVSHFLDOO\�GDWD�LV
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DYDLODEOH�LQ�GLJLWDO�IRUPDWV� WKRXJK�VHOGRP�LQ�FHQWUDOLVHG�GLJLWDO�UH�
SRVLWRULHV� $OVR� WKH�XVH�RI�FRPSXWHUV�DQG�GLJLWDO�WRROV�KDV�EHFRPH
PRUH�FRPPRQ�LQ�ERWK�ÀHOGZRUN�DQG�ODWHU�VWDJHV�RI�WKH�ZRUN�SURFHVV�
)URP�D�VWUXFWXUDO�SRLQW�RI�YLHZ� WKH�FRPPHUFLDOLVDWLRQ�RI�UHVFXH�DU�
FKDHRORJ\�KDV�KDG�FRQVHTXHQFHV�IRU�WKH�DYDLODELOLW\�DQG�SURGXFWLRQ
RI�LQIRUPDWLRQ� HYHQ�WKRXJK�WKH�VLWXDWLRQ�LV�VWLOO�YHU\�PXFK�LQ�D�VWDWH
RI�GHYHORSPHQW� DQG�LW�LV�GLIÀFXOW�WR�VD\�KRZ�WKH�UHVSRQVLELOLWLHV�ZLOO
EH�GHÀQHG�LQ�WKH�IXWXUH�

(YHQ�LI�DUFKDHRORJLFDO�ZRUN�KDV�FKDQJHG�GXULQJ�D�GHFDGH� LW�LV
KDUG�WR�VHH�WKDW�DQ\�RI�WKH�REVHUYDEOH�FKDQJHV�ZRXOG�KDYH�EHHQ�UDG�
LFDO�HQRXJK�WR�KDYH�UHYROXWLRQLVHG�WKH�JHQHUDO�SLFWXUH�RI�LQIRUPD�
WLRQ�VRXUFH�XVH�LQ�DUFKDHRORJ\� 7KH�GHYHORSPHQW�RI�FHQWUDOLVHG�DU�
FKDHRORJLFDO�GDWD�DUFKLYHV� IRU�LQVWDQFH� LQ�WKH�8. DQG�WKH�1HWK�
HUODQGV� DQG�VLPLODU�SURMHFWV�LQ�RWKHU�FRXQWULHV� DQG�WKH�ZRUN�IRU�D
(XURSHDQ�DUFKDHRORJLFDO�UHVHDUFK�LQIUDVWUXFWXUH�LQ�WKH�(&�IXQGHG
$5,$'1( LQIUDVWUXFWXUH�SURMHFW�FDQ�EH�IDFWRUV�WKDW�KDYH�WKH�FDS�
DELOLW\�WR�IXQFWLRQ�DV�VLJQLÀFDQW�JDPH�FKDQJHUV� )URP�D�VWUXFWXUDO
SRLQW�RI�YLHZ� WKH�RUJDQLVDWLRQ�RI�UHVFXH�DUFKDHRORJ\�DQG�WKH�DG�
GUHVVLQJ�RI�TXHVWLRQV�RI�DUFKLYLQJ�DUFKDHRORJLFDO�PDWHULDOV�DUH�WZR
RWKHUV�LVVXHV�WKDW�PD\�FDXVH�PDMRU�FKDQJHV�LQ�KRZ�DUFKDHRORJLVWV
XVH�LQIRUPDWLRQ�VRXUFHV�LQ�WKH�IXWXUH�

&RQFOXVLRQV
,Q�FRQFOXVLRQ� WKH�ÀQGLQJV�VKRZ�WKDW�WKH�LQIRUPDWLRQ�XVH�SDWWHUQV

DQG�VRXUFH�VHOHFWLRQ�RI�WKH�LQIRUPDQWV�ZDV�DW�WKH�VDPH�WLPH�GHSHQG�
HQW�RQ�WKH�GHPDQGV�RI�WKH�PXOWLIDFHWHG�QDWXUH�RI�DUFKDHRORJLFDO�ZRUN
DQG�WKH�OLPLWDWLRQV�LPSRVHG�E\�KRZ�LQIRUPDWLRQ�LV�PDQDJHG�DQG�GLV�
VHPLQDWHG�LQ�DUFKDHRORJ\� 7ULEDOLVWLF�DQG�UDWLRQDOLVLQJ�LQIRUPDWLRQ
VRXUFH�XVH�SDWWHUQV�DUH�D�FRQVHTXHQFH�RI�WKH�H[LVWHQFH�RI�PXOWLSOH
VPDOO�VSHFLDOLVW�ÀHOGV� EXW�DOVR�RI�WKH�SHUVLVWHQFH�RI�WKH�IRUPDOLW�
LHV�DQG�WUDGLWLRQV�RI�SURGXFLQJ�DUFKDHRORJLFDO�DQG�SXEOLVKLQJ�UHV�
XOWV�SULPDULO\�LQ�QDWLRQDO�ODQJXDJHV� 7KH�UHWURVSHFW�VKRZV�WKDW�PRUH
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RSHQ�IRUPV�DQG�SURFHVVHV�RI�GLVVHPLQDWLQJ�LQIRUPDWLRQ�DQG�V\VWHP�
DWLF�GHYHORSPHQW�RI�UHOHYDQW�ÀQGLQJ�ZRXOG�FRQWULEXWH�WR�LQFUHDVLQJ
WKH�LPSDFW�RI�DUFKDHRORJLFDO�LQIRUPDWLRQ�DQG�IDFLOLWDWH�WKH�ZRUN�RI
ERWK�DUFKDHRORJLVWV�DQG�RWKHU�VWDNHKROGHUV�RI�DUFKDHRORJLFDO�LQIRUP�
DWLRQ� $W�WKH�VDPH�WLPH� WKH�ÀQGLQJV�LPSO\�WKDW�WKH�GHYHORSPHQW
RI�VXFK�V\VWHPDWLF�SURFHVVHV�LV�QRW�PHUHO\�DQ�DGPLQLVWUDWLYH�RU�D
WHFKQRORJLFDO�WDVN� 7KH�FKRLFH�RI�LQIRUPDWLRQ�VRXUFHV�DQG�WKH�HPHU�
JHQFH�RI�LQIRUPDWLRQ�SUDFWLFHV�LQ�DUFKDHRORJ\�DUH�VRFLDO�SUDFWLFHV
ZLWK�D�EURDG�UDQJH�SUHPLVHV�WKDW�DUH�RQO\�LQGLUHFWO\�UHODWHG�WR�KRZ
DUFKDHRORJLFDO�LQIRUPDWLRQ�VKRXOG�DQG�FRXOG�EH�GLVVHPLQDWHG� PDGH
DYDLODEOH�DQG�XVHG�

5HIHUHQFHV
$KOElFN� 7��������� +XPDQLWLHV�LQIRUPDWLRQ�²�FXOWXUDO�KHULW�
DJH�DQG�KXPDQLWLHV�UHVHDUFK� 3UREOHPV�DQG�SRVVLELOLWLHV�LQ�WKH
OLJKW�RI�QHZ�WHFKQRORJ\�²�SURFHHGLQJV�RI�WKH�IRXUWK�$QJOR�
1RUGLF�VHPLQDU� KHOG�LQ�&RSHQKDJHQ�RQ�����-XQH������ ,Q�5�
(QPDUN��(G��� �S� ��������� +HOVLQNL� 1RUGLQIR�

$LWFKLVRQ� .�������� 6HSWHPEHU�� 3URÀOLQJ�WKH�SURIHVVLRQ� D
VXUYH\�RI�DUFKDHRORJLFDO�MREV�LQ�WKH�8. �7HFK� 5HS��� &RXQ�
FLO�IRU�%ULWLVK�$UFKDHRORJ\� (QJOLVK�+HULWDJH� WKH�,QVWLWXWH�RI
)LHOG�$UFKDHRORJLVWV�

%DNHZHOO� (�� %HHPDQ� :��2�� 	�5HHVH� &��������� 2EMHFW�
LPDJH� LQTXLU\� 7KH�DUW�KLVWRULDQ�DW�ZRUN� 5HSRUW�RQ�D�FRO�
ODERUDWLYH�VWXG\�E\�WKH�*HWW\�$UW�+LVWRU\�,QIRUPDWLRQ�3UR�
JUDP��$+,3� DQG�WKH�,QVWLWXWH�IRU�5HVHDUFK�LQ�,QIRUPDWLRQ�DQG
6FKRODUVKLS��,5,6���%URZQ�8QLYHUVLW\��7HFK� 5HS��� 6DQWD
0RQLFD� &$��$+,3�

%DWHV� 0�� :LOGH� '��1�� 	�6LHJIULHG� 6��������� 5HVHDUFK
SUDFWLFHV�RI�KXPDQLWLHV�VFKRODUV�LQ�DQ�RQOLQH�HQYLURQPHQW� 7KH
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*HWW\�2QOLQH�6HDUFKLQJ�3URMHFW�5HSRUW�1R� �� /LEUDU\�DQG�,Q�
IRUPDWLRQ�6FLHQFH�5HVHDUFK� ��� �����

%DWHV� 0��-�������� )DOO�� /HDUQLQJ�DERXW�WKH�LQIRUPDWLRQ�VHHN�
LQJ�RI�LQWHUGLVFLSOLQDU\�VFKRODUV�DQG�VWXGHQWV� /LEUDU\�7UHQGV�
������ ��������

%UDWWOL� 7��������� 0DQDJLQJ�WKH�DUFKDHRORJLFDO�ZRUOG�FXOWXUDO
KHULWDJH� &RQVHQVXV�RU�UKHWRULF" 1RUZHJLDQ�$UFKDHRORJLFDO
5HYLHZ� ������ ��²���

%URDGEHQW� (��������� $ VWXG\�RI�KXPDQLWLHV�IDFXOW\�OLEUDU\�LQ�
IRUPDWLRQ�VHHNLQJ�EHKDYLRU� &DWDORJLQJ�	�&ODVVLÀFDWLRQ�4XDUW�
HUO\� ����� ������

%URFNPDQ� :��6�� 1HXPDQQ� /�� 3DOPHU� &��/�� 	�7LGOLQH� 7�
-�������� 'HFHPEHU�� 6FKRODUO\�ZRUN�LQ�WKH�KXPDQLWLHV�DQG
WKH�HYROYLQJ�LQIRUPDWLRQ�HQYLURQPHQW��7HFK� 5HS��� :DVK�
LQJWRQ�'�&�� 'LJLWDO�/LEUDU\�)HGHUDWLRQ� &RXQFLO�RQ�/LEUDU\
DQG�,QIRUPDWLRQ�5HVRXUFHV�

&DVH� '��2��������� /RRNLQJ�IRU�LQIRUPDWLRQ� $ VXUYH\�RI
UHVHDUFK�RQ�LQIRUPDWLRQ�VHHNLQJ� QHHGV� DQG�EHKDYLRU��6HFRQG
HG��� %XUOLQJWRQ� 0$��$FDGHPLF�3UHVV�

&RUELQ� -��0�� 	�6WUDXVV� $��������� *URXQGHG�WKHRU\�UH�
VHDUFK� 3URFHGXUHV� FDQRQV� DQG�HYDOXDWLYH�FULWHULD� 4XDOLW�
DWLYH�6RFLRORJ\� ������ �²���

&RUNLOO� &�� 	�0DQQ� 0��������� 'RFWRUDO�VWXGHQWV�LQ�KXPDQ�
LWLHV� D�VPDOO�VFDOH�SDQHO�VWXG\�RI�LQIRUPDWLRQ�QHHGV�DQG�XVHV
���������9RO� ��� 6KHIÀHOG� 8QLYHUVLW\�RI�6KHIÀHOG�

&RVPDV� -�� ,WHJDNL� 7�� *UHHQ� '�� -RVHSK� 1�� *RRO� /��9�� =D�
OHVQ\� $�� HW�DO� ������� 3URYLGLQJ�PXOWLPHGLD�WRROV�IRU�UHFRUG�
LQJ� UHFRQVWUXFWLRQ� YLVXDOLVDWLRQ�DQG�GDWDEDVH�VWRUDJH�DFFHVV
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RI�DUFKDHRORJLFDO�H[FDYDWLRQV� ,Q�'��$UQROG� $��&KDOPHUV� 	
)��1LFFROXFFL��(GV��� 9$67 ������WK�LQWHUQDWLRQDO�V\PSRVLXP
RQ�YLUWXDO�UHDOLW\� DUFKDHRORJ\�DQG�LQWHOOLJHQW�FXOWXUDO�KHULWDJH�

&URQLQ� %��������� 7KH�VFKRODU·V�FRXUWHV\� 7KH�UROH�RI�DF�
NQRZOHGJHPHQWV�LQ�WKH�SULPDU\�FRPPXQLFDWLRQ�SURFHVV� 7D\ORU
*UDKDP�

'DOWRQ� 0��6�� 	�&KDUQLJR� /��������� +LVWRULDQV�DQG�WKHLU
LQIRUPDWLRQ�VRXUFHV� &ROOHJH�DQG�5HVHDUFK�/LEUDULHV� ������
��������

'DUYLOO� 7��������� $UFKDHRORJ\� 7KH�&RQFLVH�2[IRUG�'LF�
WLRQDU\�RI�$UFKDHRORJ\�

(UGHOH]� 6�� 	�0HDQV� 7��������� 0HDVXULQJ�FKDQJHV�LQ�LQ�
IRUPDWLRQ�VKDULQJ�DPRQJ�OLIH�VFLHQFH�UHVHDUFKHUV� ,Q�6��+DZDP�
GHK��(G��� .QRZOHGJH�PDQDJHPHQW� 1XUWXULQJ�FXOWXUH� LQQRY�
DWLRQ�DQG�WHFKQRORJ\� 3URFHHGLQJV�RI�WKH������LQWHUQDWLRQDO
FRQIHUHQFH�RQ�NQRZOHGJH�PDQDJHPHQW��S� ������� 6LQJDSRUH�
:RUOG�6FLHQWLÀF�

*DUGLQ� -��&��������� $UFKDHRORJLFDO�FRQVWUXFWV� DQ�DVSHFW�RI
WKHRUHWLFDO�DUFKDHRORJ\� &DPEULGJH�8QLYHUVLW\�3UHVV�

*ODVHU� %��*�� 	�6WUDXVV� $��/��������� 7KH�GLVFRYHU\�RI�JURXQ�
GHG�WKHRU\� 6WUDWHJLHV�IRU�TXDOLWDWLYH�UHVHDUFK� +DZWKRUQH�
$OGLQH�

+DOO� +�������� $XWXPQ�� %RUURZHG�WKHRU\� $SSO\LQJ�H[�
FKDQJH�SUHYLRXV�WHUPWKHRULHVQH[W�WHUP�LQ�LQIRUPDWLRQ�VFLHQFH
UHVHDUFK� /LEUDU\�	�,QIRUPDWLRQ�6FLHQFH�5HVHDUFK� ������ ����
����
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+HUPDQ� (��������� 5HVHDUFK�LQ�3URJUHVV�3DUW���²�VRPH�SUH�
OLPLQDU\�LQVLJKWV�LQWR�WKH�LQIRUPDWLRQ�QHHGV�RI�D�FRQWHPSRUDU\
DFDGHPLF�UHVHDUFKHU� $VOLE�3URFHHGLQJV� ������ ��������

+LUVMlUYL� 6�� 	�+XUPH� +��������� 7HHPDKDDVWDWWHOX� +HO�
VLQNL� <OLRSLVWRSDLQR�

+M¡UODQG� %��������� 'RPDLQ�DQDO\VLV�LQ�LQIRUPDWLRQ�VFLHQFH�
(OHYHQ�DSSURDFKHV�²�WUDGLWLRQDO�DV�ZHOO�DV�LQQRYDWLYH� -RXUQDO
RI�'RFXPHQWDWLRQ� ������ ��������

+RGGHU� ,��������� 7KH�LQWHUSUHWDWLRQ�RI�GRFXPHQWV�DQG�PD�
WHULDO�FXOWXUH� ,Q�1��.��'HQ]LQ�	�<��6��/LQFROQ��(GV��� +DQG�
ERRN�RI�TXDOLWDWLYH�UHVHDUFK���QG�HG�� SS� ���²����� 7KRXVDQG
2DNV� &$��6DJH�

-RXNRZVN\� 0��������� $ FRPSOHWH�PDQXDO�RI�ÀHOG�DUFKDH�
RORJ\� /RQGRQ� 3UHQWLFH�+DOO�

.DUOVWU|P� $��������� 3UHVHUYLQJ�LPSHUPDQHQFH�� 7KH�FUH�
DWLRQ�RI�KHULWDJH�LQ�9LHQWLDQH� /DRV� 8QSXEOLVKHG�GRFWRUDO�GLV�
VHUWDWLRQ� 8SSVDOD�8QLYHUVLW\� $IULFDQ�DQG�&RPSDUDWLYH�$U�
FKDHRORJ\� 8SSVDOD�

.RUNHDNRVNL�9lLVlQHQ� .��������� $UNHRORJLD�WDUYLWVHH�KX�
PDQLVWLVLD�WLHWHLWl� OXRQQRQWLHWHLWl� \KWHLVNXQWDWLHWHLWl� OllNH�
WLHGHWWl��� PLWl�DUNHRORJL�WDUYLWVHH" 0XLQDLVWXWNLMD���� ������

.XKOWKDX� &��������� $ 3ULQFLSOH�RI�8QFHUWDLQW\�IRU�,QIRUPD�
WLRQ�6HHNLQJ� -RXUQDO�RI�'RFXPHQWDWLRQ� ������ ���²���

/DULYLqUH� 9�� $UFKDPEDXOW� (�� *LQJUDV� <�� 	�9LJQROD�*DJQp�
(��������� 7KH�SODFH�RI�VHULDOV�LQ�UHIHUHQFLQJ�SUDFWLFHV� &RP�
SDULQJ�QDWXUDO�VFLHQFHV�DQG�HQJLQHHULQJ�ZLWK�VRFLDO�VFLHQFHV
DQG�KXPDQLWLHV� -RXUQDO�RI�WKH�$PHULFDQ�6RFLHW\�IRU�,QIRUP�
DWLRQ�6FLHQFH�DQG�7HFKQRORJ\� ������ ���²�����

��



/LQFROQ� <��6�� 	�*XED� (��*��������� 1DWXUDOLVWLF�LQTXLU\�
%HYHUO\�+LOOV� 6DJH�

/RFN� *��������� 8VLQJ�FRPSXWHUV�LQ�DUFKDHRORJ\� 7RZDUGV
YLUWXDO�SDVWV� 5RXWOHGJH�

/|QQTYLVW� +��������� +XPDQLVWHU�V|NHU�LQIRUPDWLRQ�HOOHU�µP|WHW
PHG�GHQ�OLWDXLVNH�VNRSXWVDUHQµ��9RO� ���� (VER� 125',1)2�

/|QQTYLVW� +��������� +XPDQLVWLVND�IRUVNQLQJVSURFHVVHU�RFK
LQIRUPDWLRQVV|NDUH� 8QSXEOLVKHG�GRFWRUDO�GLVVHUWDWLRQ�

0DQDFRUGD� '��������� 3ULPD�OH]LRQH�GL�DUFKHRORJLD� 5RPD�²
%DUL� /DWHU]D�

0DXVV� 0��������� (VVDL�VXU�OH�'RQ� IRUPH�HW�UDLVRQ�GH�OpFKDQJH
GDQV�OHV�VRFLpWpV�DUFKDwTXHV� $QQpH�VRFLRORJLTXH� 6HU� �� ���
����

0HKR� /��,�� 	�7LEER� +��5��������� 0RGHOLQJ�WKH�LQIRUPDWLRQ�
VHHNLQJ�EHKDYLRU�RI�VRFLDO�VFLHQWLVWV� (OOLV·V�VWXG\�UHYLVLWHG�
-RXUQDO�RI�WKH�$PHULFDQ�6RFLHW\�IRU�,QIRUPDWLRQ�6FLHQFH�DQG
7HFKQRORJ\� ������ ���²����

2FKROOD� '��1��������� ,QIRUPDWLRQ�VHHNLQJ�EHKDYLRXU�E\�DFD�
GHPLFV� $ SUHOLPLQDU\�VWXG\� ,QWHUQDWLRQDO�,QIRUPDWLRQ�	
/LEUDU\�5HYLHZ� ������ ��������

5DQLQHQ� 6��������� 7XVNDQ�WHDWWHUL�7XUXQ�.lUVlPlHVVl� 0XLQDLV�
WXWNLMD���� ������

5HQIUHZ� &�� 	�%DKQ� 3��������� $UFKDHRORJ\� 7KHRULHV� PHWK�
RGV�DQG�SUDFWLFH���QG�HG��� 7KDPHV�DQG�+XGVRQ�

5LFKDUGVRQ� /��������� +DQGERRN�RI�TXDOLWDWLYH�UHVHDUFK� ,Q
1��.��'HQ]LQ�	�<��6��/LQFROQ��(GV��� �S� ��������� 7KRXVDQG
2DNV� &$��6DJH�

��



5tPRQ� ,��������� $UNHRORJLVWD�DDOWROLLNHWWl�²�3RUZRRQ�WXWNLPXV�
KLVWRULDD������OXYXOWD�Q\N\SlLYllQ� 6.$6���� ������

5RVNDPV� 6��������� ([FDYDWLRQ� &DPEULGJH� &DPEULGJH
8QLYHUVLW\�3UHVV�

5\DQ� *��:�� 	�%HUQDUG� +��5��������� +DQGERRN�RI�TXDOLW�
DWLYH�UHVHDUFK� ,Q�1��.��'HQ]LQ�	�<��6��/LQFROQ��(GV��� �SS�
���²����� 7KRXVDQG�2DNV� &$��6DJH�

6LPPRQGV� 3��/�� 	�$QGDOHHE� 6��6�������� 6SULQJ�� 8VDJH�RI
DFDGHPLF�OLEUDULHV� 7KH�UROH�RI�VHUYLFH�TXDOLW\� UHVRXUFHV� DQG
XVHU�FKDUDFWHULVWLFV� /LEUDU\�7UHQGV� ������ ��������

6LQJK� 5��������� 0DUNHWLQJ�FXOWXUH�RI�)LQQLVK�UHVHDUFK�OLEUDU�
LHV� 8QSXEOLVKHG�GRFWRUDO�GLVVHUWDWLRQ� ,QIRUPDWLRQ�6WXGLHV�
cER�$NDGHPL�8QLYHUVLW\� cER�

6NHDWHV� 5��������� 'HEDWLQJ�WKH�DUFKDHRORJLFDO�KHULWDJH� /RQ�
GRQ� 'XFNZRUWK�

6WDU� 6��/�� 	�5XKOHGHU� .��������� 6WHSV�WRZDUGV�DQ�HFRORJ\
RI�LQIUDVWUXFWXUH� FRPSOH[�SUREOHPV�LQ�GHVLJQ�DQG�DFFHVV�IRU
ODUJH�VFDOH�FROODERUDWLYH�V\VWHPV� ,QIRUPDWLRQ�6\VWHPV�5H�
VHDUFK� �� ��������

6WHLQHURYi� -�������� -DQXDU\�� +XPDQ�LVVXHV�RI�OLEUDU\�DQG
LQIRUPDWLRQ�ZRUN� ,QIRUPDWLRQ�5HVHDUFK� �����

6WLHJ� 0��)��������� 7KH�LQIRUPDWLRQ�RI�>VLF@�QHHGV�RI�KLVWRUL�
DQV� &ROOHJH�	�5HVHDUFK�/LEUDULHV� ��� ��������

6WRQH� 6�������� 'HFHPEHU�� +XPDQLWLHV�VFKRODUV� ,QIRUPD�
WLRQ�QHHGV�DQG�XVHV� -RXUQDO�RI�'RFXPHQWDWLRQ� ������ ����
����

��



6WRQH� 6��������� ,QWHU�OLEUDU\�ORDQV�� D�VWXG\�RI�DQWHFHGHQWV
DQG�RXWFRPHV�RI�LQWHU�OLEUDU\�ORDQ�UHTXHVWV��9RO� ��� 6KHIÀHOG�
8QLYHUVLW\�RI�6KHIÀHOG�

6WUDXVV� $��/��������� 4XDOLWDWLYH�DQDO\VLV�IRU�VRFLDO�VFLHQWLVWV�
&DPEULGJH� &DPEULGJH�8QLYHUVLW\�3UHVV�

6XÀDQ� $��������� ,QIRUPDWLRQ�VHHNLQJ�EHKDYLRXU�RI�DUFKDH�
RORJ\�DQG�KHULWDJH�PDQDJHPHQW�SURIHVVLRQDOV�RI�'HOKL� $ VWXG\�
3HDUO� $ -RXUQDO�RI�/LEUDU\�DQG�,QIRUPDWLRQ�6FLHQFH� �����

7DOMD� 6��������� ,QIRUPDWLRQ�VKDULQJ�LQ�DFDGHPLF�FRPPXQLW�
LHV� 7\SHV�DQG�OHYHOV�RI�FROODERUDWLRQ�LQ�LQIRUPDWLRQ�VHHNLQJ
DQG�XVH� 1HZ�5HYLHZ�RI�,QIRUPDWLRQ�%HKDYLRXU� �� ��������

7DOMD� 6�� 	�0DXOD� +��������� 5HDVRQV�IRU�WKH�XVH�DQG�QRQ�
XVH�RI�HOHFWURQLF�MRXUQDOV�DQG�GDWDEDVHV� $ GRPDLQ�DQDO\WLF
VWXG\�LQ�IRXU�VFKRODUO\�GLVFLSOLQHV� -RXUQDO�RI�'RFXPHQWDWLRQ�
������ ��������

7HQRSLU� &�� .LQJ� '��:�� %R\FH� 3�� *UD\VRQ� 0�� 	�3DXOVRQ�
.��/�������� -XQH�� 5HO\LQJ�RQ�HOHFWURQLF�MRXUQDOV� 5HDGLQJ
SDWWHUQV�RI�DVWURQRPHUV� -RXUQDO�RI�WKH�$PHULFDQ�6RFLHW\�IRU
,QIRUPDWLRQ�6FLHQFH�DQG�7HFKQRORJ\� ������ ��������

7HQRSLU� &�� .LQJ� '��:�� %R\FH� 3�� *UD\VRQ� 0�� =KDQJ� <��
	�(EXHQ� 0�������� 0D\�� 3DWWHUQV�RI�MRXUQDO�XVH�E\�VFLHQWLVWV
WKURXJK�WKUHH�HYROXWLRQDU\�SKDVHV� '�/LE�0DJD]LQH� �����

7HQRSLU� &�� 	�5RZODQGV� ,��������� ,QIRUPDWLRQ�%HKDYLRXU
RI�WKH�5HVHDUFKHU�RI�WKH�)XWXUH� :RUN�3DFNDJH�,,��$JH�UHODWHG
,QIRUPDWLRQ�%HKDYLRXU��7HFK� 5HS��� /RQGRQ� &,%(5��8&/�

7KRPSVRQ� -��:��������� 7KH�GHDWK�RI�WKH�VFKRODUO\�PRQR�
JUDSK�LQ�WKH�KXPDQLWLHV" &LWDWLRQ�SDWWHUQV�LQ�OLWHUDU\�VFKRODU�
VKLS� /LEUL� ��� ���²����

��



7LEER� +��5��������� $EVWUDFWLQJ� LQIRUPDWLRQ�UHWULHYDO� DQG
WKH�KXPDQLWLHV� SURYLGLQJ�DFFHVV�WR�KLVWRULFDO

OLWHUDWXUH��1R� ���� $PHULFDQ�/LEUDU\�$VVRFLDWLRQ�

7LEER� +��5��������� ,QGH[LQJ�IRU�WKH�KXPDQLWLHV� -RXUQDO�RI
WKH�$PHULFDQ�6RFLHW\�IRU�,QIRUPDWLRQ�6FLHQFH� ������ ���²����

7LEER� +��5��������� +RZ�KLVWRULDQV�ORFDWH�SULPDU\�UHVRXUFH
PDWHULDOV� (GXFDWLQJ�DQG�VHUYLQJ�WKH�QH[W�JHQHUDWLRQ�RI�VFKRO�
DUV� ,Q�$&5/ ��WK�1DWLRQDO�&RQIHUHQFH�3DSHUV�

7ULJJHU� %��*��������� $ KLVWRU\�RI�DUFKDHRORJLFDO�WKRXJKW�
&DPEULGJH�8QLYHUVLW\�3UHVV�

:HLQWUDXE� .��-��������� 7KH�KXPDQLVWLF�VFKRODU�DQG�WKH�OLE�
UDU\� /LEUDU\�4XDUWHUO\� ��� ������

:LEHUOH\� -�� 6��(�� 	�-RQHV� :��*��������� 3DWWHUQV�RI�LQIRUP�
DWLRQ�VHHNLQJ�LQ�WKH�KXPDQLWLHV� &ROOHJH�	�5HVHDUFK�/LEUDULHV�
��� ��������

:LEHUOH\� 6��(��������� $ PHWKRGRORJLFDO�DSSURDFK�WR�GHYHO�
RSLQJ�ELEOLRPHWULF�PRGHOV�RI�W\SHV�RI�KXPDQLWLHV�VFKRODUVKLS�
/LEUDU\�4XDUWHUO\� ������ ���²����

:LEHUOH\�-U�� 6��(��������� +DELWV�RI�KXPDQLVWV� 6FKRODUO\
EHKDYLRU�DQG�QHZ�LQIRUPDWLRQ�WHFKQRORJLHV� /LEUDU\�+L�7HFK�
�� ������

��


