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0DWFKLQJ�JDPH�GLIILFXOW\� WR�SOD\HU�DELOLW\� LV�D�FUXFLDO�VWHS�
WRZDUG�D�UHZDUGLQJ�SOD\HU�H[SHULHQFH��\HW�PDNLQJ�GLIILFXOW\�
DGMXVWPHQWV� WKDW� DUH� HIIHFWLYH� \HW� XQREWUXVLYH� FDQ� EH�
FKDOOHQJLQJ�� 7KLV� SDSHU� H[DPLQHV� WKH� LPSDFW� RI� DXWRPDWLF�
DQG� SOD\HU�LQLWLDWHG� GLIILFXOW\� DGMXVWPHQW� RQ� SOD\HU�
H[SHULHQFH� WKURXJK� WZR� VWXGLHV�� ,Q� WKH� ILUVW� VWXG\�� ���
SDUWLFLSDQWV� SOD\HG� WKH�FDVXDO� JDPH�7+<)7+<)�HLWKHU� LQ�
PRWLRQ�EDVHG� RU� VHGHQWDU\� PRGH�� XVLQJ� PHQX�EDVHG��
HPEHGGHG��RU�DXWRPDWLF�GLIILFXOW\�DGMXVWPHQW��,Q�WKH�VHFRQG�
VWXG\��ZH� FUHDWHG� DQ� DGDSWHG�YHUVLRQ� RI� WKH� FRPPHUFLDOO\�
DYDLODEOH�JDPH�IO�Z�WR�DOORZ�XV�WR�FDUU\�RXW�D�PRUH�IRFXVHG�
VWXG\� RI� VHGHQWDU\� FDVXDO� SOD\�� 5HVXOWV� IURP� ERWK� VWXGLHV�
GHPRQVWUDWH� WKDW� WKH� W\SH� RI� GLIILFXOW\� DGMXVWPHQW� KDV� DQ�
LPSDFW�RQ�SHUFHLYHG�DXWRQRP\��EXW�RWKHU�SOD\HU�H[SHULHQFH�
PHDVXUHV� ZHUH� QRW� DIIHFWHG� DV� H[SHFWHG�� 2XU� ILQGLQJV�
VXJJHVW� WKDW�PRVW� SOD\HUV� H[SUHVV� D� SUHIHUHQFH� IRU�PDQXDO�
GLIILFXOW\�FKRLFHV��EXW�WKDW�RYHUDOO�JDPH�H[SHULHQFH�ZDV�QRW�
QRWDEO\�LPSDFWHG�E\�DXWRPDWHG�GLIILFXOW\�DGMXVWPHQWV��

$XWKRU�.H\ZRUGV�
*DPH� GLIILFXOW\�� SOD\HU� H[SHULHQFH�� JDPH�XVHU� UHVHDUFK��
IORZ��G\QDPLF�GLIILFXOW\�DGMXVWPHQWV��IHHGEDFN���

,1752'8&7,21�
5HVHDUFK�KDV�GHPRQVWUDWHG�D�EUHDGWK�RI�EHQHILWV�RI�JDPHV��
IRU�H[DPSOH��RQ�SOD\HU�FRJQLWLRQ�>��@��SK\VLFDO�KHDOWK�>��@��
DQG� JHQHUDO� ZHOO�EHLQJ� >��@�� 7KHUHIRUH�� JDPHV� DUH� QRZ�
WDUJHWLQJ�EURDG�DXGLHQFHV�ZLWK�KHWHURJHQHRXV�H[SHFWDWLRQV�
DQG� DELOLWLHV�� 3DUWLFXODUO\� LQ� WKH� DUHD� RI� VHULRXV� JDPHV��
UHVHDUFKHUV� DQG� GHVLJQHUV� DUH� RIWHQ� DGGUHVVLQJ� DXGLHQFHV�
ZLWK� VSHFLDO� QHHGV�� IRU� H[DPSOH�� \RXQJ� FKLOGUHQ� >��@��
SHRSOH� ZLWK� GLVDELOLWLHV� >�����@�� RU� ROGHU� DGXOWV� >��@�� $�
FUXFLDO�VWHS�LQ�WKLV�SURFHVV�LV�HQVXULQJ�WKDW�JDPHV�PHHW�WKH�
QHHGV� RI� SOD\HUV� WR� SURYLGH� D� SRVLWLYH�� HPSRZHULQJ�
H[SHULHQFH��7R�WKLV�HQG��LW�LV�LPSRUWDQW�WR�SURYLGH�EDODQFHG�
JDPHSOD\� WKDW� GRHV� QRW� RYHUZKHOP� LQGLYLGXDO� SOD\HUV� E\�
EHLQJ� WRR�FKDOOHQJLQJ�DQG� WKDW�HQDEOHV�SOD\HUV�RI�GLIIHUHQW�

DELOLWLHV� WR� SOD\� WRJHWKHU� >��@��%DODQFLQJ� JDPH� VHWWLQJV� WR�
DFKLHYH� FDSWLYDWLQJ� H[SHULHQFHV� WKDW� FDQ� KDUQHVV� WKH� IXOO�
PRWLYDWLRQDO� SRWHQWLDO� RI� JDPHV� LV� FKDOOHQJLQJ�� DQG�
SUHYLRXV�ZRUN�KDV�RQO\�EHJXQ�WR�H[SORUH�WKLV�DUHD��0DQXDO�
GLIILFXOW\� FKRLFHV�� W\SLFDOO\� SUHVHQWHG� DV� PHQX� VHWWLQJV��
KDYH� ORQJ� EHHQ� DQ� LPSRUWDQW� HOHPHQW� RI� JDPHV� >��@�� ,Q�
DGGLWLRQ� WR� SUHGHILQHG� GLIILFXOW\� OHYHO� FKRLFHV� WKDW� FKDQJH�
WKH�EDVH� OHYHO�IRU�XVXDOO\�RQJRLQJ�GLIILFXOW\� LQFUHDVHV�DV�D�
JDPH�SURJUHVVHV��G\QDPLF�GLIILFXOW\�DGMXVWPHQWV��''$��LQ�
JDPHV� FDQ� LPSURYH� JDPHSOD\� >��@�� $� JURZLQJ� ERG\� RI�
ZRUN� LV� FRQFHUQHG� ZLWK� DXWRPDWHG� GLIILFXOW\� DGMXVWPHQWV��
ZKLFK� QRW� RQO\� SURPLVH� WR� UHGXFH� WKH� EXUGHQ� SODFHG� RQ�
SOD\HUV� DQG� DYRLG� EUHDNLQJ� WKH�PDJLF� FLUFOH� ±� WKH� VSHFLDO�
SODFH� LQ� WLPH� DQG� VSDFH� FUHDWHG� E\� D� JDPH� >�����@� ±� EXW�
DOVR�EHDU� WKH�SRWHQWLDO� WR� LQIOXHQFH�D�ODUJH�DPRXQW�RI� ILQH�
JUDLQHG�YDULDEOHV��+RZHYHU��VHOHFWLQJ�PDWFKLQJ�VHWWLQJV�IRU�
LQGLYLGXDO� SOD\HUV� LV� D� FRPSOH[� SUREOHP�� LQYROYLQJ� WKH�
XQSUHGLFWDELOLW\� RI� KXPDQ� DJHQWV� DQG� WKH� YDULHW\� DQG�
LQWHUSOD\�RI�JDPH�VHWWLQJV��

7KXV�� UHFHQW� ZRUN� VXJJHVWV� LPSURYHPHQWV� LQ� PDQXDO�
GLIILFXOW\� FKRLFHV� WKDW� FDQ� DOVR� LQWHUDFW� ZLWK� G\QDPLF�
GLIILFXOW\� DGMXVWPHQW� >�����@�� %DVHG� RQ� IORZ� WKHRU\� >��@��
WKH� ZRUN� KLJKOLJKWV� WKH� FKDOOHQJH� RI� GLIILFXOW\� EDODQFLQJ�
DQG� DGMXVWPHQWV� LQ� JDPHV� ZLWK� DQ� HPSKDVLV� RQ� WKH�
LPSRUWDQFH� RI� HQDEOLQJ� SHUVRQDO� FRQWURO� ZKLOVW� UHWDLQLQJ�
DXWRQRP\�DQG�DYRLGLQJ�LQWHUUXSWLQJ�WKH�IORZ�RI�DQ�DFWLYLW\��
OHDGLQJ�WR�WKH�FRQFHSW�RI�SOD\HU�RULHQWHG�GLIILFXOW\�FKRLFHV�
WKDW� DUH� HPEHGGHG� ZLWKLQ� WKH� JDPH� ZRUOG� >��@�� :KLOH�
UHODWHG�ZRUN�SUHVHQWV�D� WKHRUHWLFDO�EDVLV� IRU�WKH� LQWHUDFWLRQ�
ZLWK� JDPH� GLIILFXOW\� FKRLFHV�� ZH� IRXQG� QR� UHSRUWHG�
HPSLULFDO�HYDOXDWLRQV�RQ�WKLV�WRSLF��

6WHPPLQJ� IURP� RXU� UHVHDUFK� LQ� WKH� DUHD� RI� IXOO�ERG\�
PRWLRQ�EDVHG� JDPHV� IRU� KHDOWK�� ZH�ZHUH� LQWHUHVWHG� LQ� WKH�
TXHVWLRQ�� �'R� GLIIHUHQW� PRGHV� RI� SUHVHQWLQJ� GLIILFXOW\�
FKRLFHV� LPSDFW� WKH� SOD\HU� H[SHULHQFH"�� 7KH� FRQFHSW� RI�
SOD\HU�RULHQWHG� GLIILFXOW\� FKRLFHV� VXJJHVWV� WKH� PHWKRG� RI�
HPEHGGLQJ�WKH�FKRLFHV�LQ�D�ZD\�WKDW�EOHQGV�ZLWK�WKH�JDPH�
ZRUOG��ZKLOH�WKH�PRVW�FRPPRQ�VROXWLRQ�HPSOR\HG�LQ�JDPHV�
RQ� WKH�PDUNHW� DUH� GLIILFXOW\� VHWWLQJV� LQ� FODVVLF� PHQXV� WKDW�
PD\�DGKHUH� URXJKO\�ZLWK� WKH�YLVXDO� VW\OH�RI� WKH�JDPH��EXW�
GR� QRW� EOHQG� ZLWK� WKH� UHJXODU� JDPH� LQWHUDFWLRQ� RU�
PHFKDQLFV��*DPHV�ZLWK�''$�IUHTXHQWO\�RIIHU�QR�DGGLWLRQDO�
GLIILFXOW\�FKRLFHV��
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WKDQ� WKH� DXWKRU�V��PXVW� EH� KRQRUHG��$EVWUDFWLQJ� ZLWK� FUHGLW� LV� SHUPLWWHG��7R� FRS\
RWKHUZLVH�� RU� UHSXEOLVK�� WR� SRVW� RQ� VHUYHUV� RU� WR� UHGLVWULEXWH� WR� OLVWV�� UHTXLUHV�SULRU
VSHFLILF�SHUPLVVLRQ�DQG�RU�D�IHH��5HTXHVW�SHUPLVVLRQV�IURP�3HUPLVVLRQV#DFP�RUJ��
&+,
����0D\����������������6DQ�-RVH��&$��86$�
&RS\ULJKW�LV�KHOG�E\�WKH�RZQHU�DXWKRU�V���3XEOLFDWLRQ�ULJKWV�OLFHQVHG�WR�$&0��
$&0������������������������«�������
'2,��KWWS���G[�GRL�RUJ��������������������������

�(QJDJLQJ�3OD\HUV�LQ�*DPHV �FKL�JRRG��&+,�������6DQ�-RVH��&$��86$

����

© the authors, 2015. This is the authors version
of the work. It is posted here for your personal
use. Not for redistribution.
The definitive version was published as:
Smeddinck, J. D., Mandryk, R. L., Birk, M. V.,
Gerling, K. M., Barsilowski, D., & Malaka, R.
(2016). How to Present Game Difficulty Choices?:
Exploring the Impact on Player Experience.
Proceedings of the 2016 CHI Conference on Human
Factors in Computing Systems, 5595–5607.
https://doi.org/10.1145/2858036.2858574



:H� WHVW� WKH� K\SRWKHVLV� WKDW� HPEHGGHG� GLIILFXOW\� FKRLFHV�
OHDG� WR� D� EHWWHU� RYHUDOO� SOD\HU� H[SHULHQFH� E\� UHWDLQLQJ�
DXWRQRP\�DQG�FRQWURO��DQG�E\�DYRLGLQJ�LQWHUUXSWLRQV�RI�WKH�
JDPLQJ�WKDW�HQGDQJHU�LPPHUVLRQ�RU�PLJKW�IRUFH�SOD\HUV�RXW�
RI� WKH� PDJLF� FLUFOH� ZKHQ� FRPSDUHG� WR� WUDGLWLRQDO� PHQX�
GLIILFXOW\� FKRLFHV� RU� DXWRPDWLF� GLIILFXOW\� DGMXVWPHQWV�
ZLWKRXW�LQWHUDFWLRQ�RSWLRQV��2XU�ZRUN�FRQWULEXWHV�HPSLULFDO�
LQVLJKWV� UHODWLQJ� WR� WKH� LPSDFW� RI� GLIIHUHQW� PRGDOLWLHV� IRU�
LQWHUDFWLQJ� ZLWK� JDPH� GLIILFXOW\� FKRLFHV� RQ� SOD\HU�
H[SHULHQFH�DQG�SUHIHUHQFHV���

%$&.*5281'�
*HWWLQJ�WKH�OHYHO�RI�FKDOOHQJH�WR�PDWFK�WKH�FDSDELOLWLHV�DQG�
QHHGV� RI� D� SOD\HU� LV� D� FRUH� HOHPHQW� RI� JRRG� SOD\HU�
H[SHULHQFH�� 7KLV� KDV� ORQJ� EHHQ� GLVFXVVHG� LQ� JDPH� XVHU�
UHVHDUFK�>��@��DQG�WKH�PRVW�FLWHG�SV\FKRORJLFDO�IRXQGDWLRQ�
RQ�WKH�EDODQFH�RI�FKDOOHQJHV�DQG�VNLOOV�LV�IORZ�WKHRU\�>��@��

)ORZ�LQ�*DPHV�
&VLNV]HQWPLKDO\L�>��@�GHVFULEHV�IORZ�DV�VWDWH�RI�EHLQJ�IXOO\�
³LQ� WKH� ]RQH´� ZKHQ� HQJDJLQJ� ZLWK� DQ� DFWLYLW\�� 7KLV� FDQ�
KDYH� SRVLWLYH� HIIHFWV�� VXFK� DV� LQFUHDVHG� PRWLYDWLRQ� WR�
SHUIRUP�DQ�DFWLYLW\�DJDLQ��ZKLFK�PD\�EH�H[SODLQHG�WKURXJK�
D� IHHOLQJ� RI� HQMR\PHQW� UHODWHG� WR� HYROXWLRQDU\� EHQHILWV� RI�
SHUIRUPLQJ� FHUWDLQ� DFWLYLWLHV� >��@�� 7KH� PRVW� SURPLQHQW�
SUHFRQGLWLRQ�WKDW�LV�UHTXLUHG�LI�IORZ�LV�WR�EH�DFKLHYHG�LV�DQ�
RSWLPDO� EDODQFH� RI� ULVN� RI� IDLOXUH� �LQ� JDPHV� H�J��� ORVLQJ� D�
PRYH��D�OLIH��D�OHYHO��RU�WKH�HQWLUH�JDPH��DQG�WKH�FKDQFH�WR�
DWWDLQ� WKH� JRDOV� �LQ� JDPHV� H�J��� ZLQQLQJ� VRPH� SRLQWV�� D�
ERQXV�� D� OHYHO�� RU� WKH� HQWLUH� JDPH�� ZKHQ� SHUIRUPLQJ� DQ�
DFWLYLW\� >��@�� 7KH� HQWLUH� VHW� RI� FRQGLWLRQV� WKDW� DUH�
SUHUHTXLVLWHV�IRU�IORZ�H[SHULHQFHV�DUH�LQ�VKRUW��FOHDU�JRDOV��
LPPHGLDWH�IHHGEDFN��PDWFK�RI�FKDOOHQJHV�DQG�VNLOOV��DFWLRQ�
DQG� DZDUHQHVV� PHUJH�� FRQFHQWUDWLRQ� RQ� WKH� WDVN� DW� KDQG��
VHQVH� RI� SRWHQWLDO� DQG� FRQWURO�� ORVV� RI� VHOI�FRQVFLRXVQHVV��
VHQVH�RI� WLPH�DOWHUHG�� UHVXOWLQJ� LQ�DQ�H[SHULHQFH�EHFRPLQJ�
DXWRWHOLF� >��@��6HHLQJ� WKHVH� FRQGLWLRQV�� LW� LV� QRW� VXUSULVLQJ�
WKDW�&VLNV]HQWPLKDO\L�IUHTXHQWO\�XVHV�JDPHV�DV�H[DPSOHV�RI�
DFWLYLWLHV� WKDW� FDQ� LQGXFH� IORZ�� 5HODWHG�ZRUN� OLVWV� H[SOLFLW�
H[DPSOHV�RI�KRZ�WKH�IDFLOLWDWLQJ�IDFWRUV�IRU�IORZ�DUH�SUHVHQW�
LQ�JDPHV�>��������@��%HFDXVH�WKH�EDODQFH�RI�FKDOOHQJH�DQG�
VNLOOV�LV�DQ�LPSRUWDQW�SUHFRQGLWLRQ��DQG�VNLOOV�GLIIHU�EHWZHHQ�
SHRSOH�� LW� EHFRPHV�FOHDU�ZK\�EDODQFLQJ�FKDOOHQJHV� LV� VXFK�
DQ� LPSRUWDQW� DVSHFW� RI� JDPH�GHVLJQ� >��@�� ,W� DOVR� EHFRPHV�
FOHDU�ZK\�PRVW�JDPHV�VWLOO�RIIHU�PDQXDO�GLIILFXOW\�FKRLFHV�
LQ�VHWWLQJ�PHQXV��HYHQ�DIWHU�LWHUDWLYH�WHVWLQJ�DQG�EDODQFLQJ��
DYHUDJH�VROXWLRQV�DUH�OLNHO\�VXERSWLPDO���

'LIILFXOW\�&KRLFHV�LQ�*DPHV�
*DPH� GLIILFXOW\� FKRLFHV� WKDW� DUH� SUHVHQWHG� LQ�PHQXV�ZLWK�
W\SLFDO� ODEHOV� VXFK� DV� ³HDV\��PHGLXP�� KDUG´� FDQ�EH� IRXQG�
HYHQ� LQ�YHU\� HDUO\�DQG�VLPSOH� JDPHV��7KH�³FODVVLF�ZD\� WR�
SUHVHQW�GLIILFXOW\�FKRLFHV´�KDV�DUJXDEO\�HYROYHG�ODUJHO\�DV�D�
PDWWHU�RI� WHFKQLFDO�FLUFXPVWDQFH� DQG� WKH�SURPLQHQW�XVH�RI�
GLIILFXOW\� VHOHFWLRQ� PHQXV� WRGD\� LV� DUJXDEO\� WKH� UHVXOW� RI�
HVWDEOLVKHG� FXVWRPV�� $OWKRXJK� PDQXDO� ±� L�H��� H[SOLFLW� ±�
IHHGEDFN� KDV� EHHQ� XVHG� IRU� GLIILFXOW\� DGMXVWPHQWV� ZLWK�
XQXVXDO� LQSXW� PRGDOLWLHV� �VXFK� DV� ELRIHHGEDFN��� DQG� KDV�
VKRZQ� LQFUHDVHG� LPPHUVLRQ� DQG� DIIHFW� >��@�� PHQXV� ZLWK�

PXOWLSOH�OHYHOV�RI�RQH�PRQROLWKLF�DQG�XQVSHFLILF�SDUDPHWHU�
UHPDLQ�WKH�PRVW�FRPPRQ�IRUP�RI�GLIILFXOW\�FKRLFH�8,��

'\QDPLF�'LIILFXOW\�$GMXVWPHQWV�DQG�8VHU�JXLGDQFH�
%HFDXVH� WKH� GLIILFXOW\� RI� D� JDPH� LV� RIWHQ� WKH� SURGXFW� RI�
PDQ\�GLIIHUHQW�JDPH�YDULDEOHV�� DQG�EHFDXVH� LW� FDQ� FKDQJH�
IURP�RQH�PRPHQW�WR�WKH�QH[W��PDQXDO�GLIILFXOW\�FKRLFHV�DUH�
QRW� DOZD\V� FRPSDWLEOH� ZLWK� VHHNLQJ� WKH� RSWLPDO� JDPH�
H[SHULHQFH�� '\QDPLF� GLIILFXOW\� DGMXVWPHQWV� �''$�� WKDW�
DXWRPDWLFDOO\�DGMXVW�GLIILFXOW\�EDVHG�RQ�WKUHVKROG�KHXULVWLFV�
>��@�� RU� RQ� PDFKLQH� OHDUQLQJ� PRGHOV� >��@�� KDYH� EHHQ�
H[SORUHG� DV� D� UHDVRQDEOH� DOWHUQDWLYH�� 6XFK� V\VWHPV� KDYH�
HYHQ� EHHQ� XVHG� LQ� UHJXODU� FRQVXPHU� JDPHV�� VXFK� DV�+DOI�
/LIH���DQG�0D[�3D\QH�>���@�DQG�LQ�VHULRXV�JDPHV�>����@��

7KHUH� DUH� JUHDW� SRWHQWLDO� EHQHILWV� WR� ''$�� VXFK� DV� KLJK�
IUHTXHQF\� DQG� GHWDLOHG� DGMXVWPHQWV� >����@�� DQG� LQ� WKHRU\�
WKH\� PHUHO\� UHTXLUH� DQ� DGHTXDWH� SHUIRUPDQFH� HYDOXDWLRQ�
DQG�DQ�DGMXVWPHQW�PHFKDQLVP�>�@��+RZHYHU��''$�DGRSWLRQ�
IDFHV�FKDOOHQJHV��EHFDXVH�GHFLVLRQV� WKDW�FRQWUDGLFW� WKH�ZLOO�
RI�WKH�SOD\HUV�DUH�SRWHQWLDOO\�KDUPIXO�WR�SOD\HU�H[SHULHQFH��
DQG�LQ�WKH�GHWDLOV�RI�WKH�LPSOHPHQWDWLRQ��DVVHVVLQJ�DIIHFWLYH�
VWDWHV� LV� KDUG� >��@�� HVSHFLDOO\� ZKHQ� WKH� WRROV� VKRXOG� EH�
XQLQWUXVLYH��%DODQFLQJ�DGMXVWPHQW�PHFKDQLVPV�LV�H[WUHPHO\�
FKDOOHQJLQJ� GXH� WR� WKH� YHU\� SHUVRQDOL]HG� QDWXUH� RI� WKH�
RXWFRPHV�� (VSHFLDOO\� ZKHQ� ILUVW� FRQIURQWHG� ZLWK� D� QHZ�
SOD\HU��EH�LW�IRU�EDODQFLQJ�EHWZHHQ�SOD\HUV��RU�IRU�DGMXVWLQJ�
WKH� GLIILFXOW\� IRU� DQ� LQGLYLGXDO� SOD\HU�� VXFK� ''$� RU�
DGDSWLYH� V\VWHPV� VXIIHU� IURP� FROG�VWDUW� SUREOHPV�� (YHQ� LI�
WKH� FROG�VWDUW� SUREOHPV� FDQ� EH� RYHUFRPH� DQG� SOD\HUV� DUH�
SURYLGHG�ZLWK�D�ZHOO�PDWFKHG�SOD\HU�H[SHULHQFH�WKDW�UHVXOWV�
LQ� FRQWLQXHG� SOD\�� DGDSWLYH� V\VWHPV� VXIIHU� WKH� ULVN� RI�
JHWWLQJ� VWXFN� LQ� ORFDO� H[WUHPD��RU� DOWHUQDWLYHO\�RI�HQDFWLQJ�
VWURQJO\� IOXFWXDWLQJ� GLIILFXOW\� VHWWLQJV� �UXEEHU� EDQGLQJ���
ZKLFK�PD\�UHVXOW�LQ�XQDFFHSWDEO\�EDODQFHG�SOD\�VHVVLRQV��

$VNLQJ� SOD\HUV� WR�SURYLGH� H[SOLFLW� IHHGEDFN� FDQ�SURYLGH�D�
GLUHFWLRQ�DQG�H[WHQW�RI�VHWWLQJV�WKDW�VXSSRUWV�D�''$�V\VWHP�
WR� IXQFWLRQ� ZHOO�� ([LVWLQJ� ZRUN� RQ� XVHU�JXLGHG� DGDSWLYH�
V\VWHPV� IRFXVHV� RQ� ZKLFK� LQIRUPDWLRQ� WKH� JXLGDQFH�
SURYLGHV� DQG� KRZ� LW� FDQ� LPSURYH� WKH� V\VWHP� >����@�� 8VHU�
PRGHOLQJ�DQG�DGDSWLYH�V\VWHPV�ZRUN�DOVR�ORRNV�DW�H[SOLFLW�
IHHGEDFN� IRU� XVHU�JXLGDQFH� XQGHU� WKH� WHUP� �DGYLVRU\��
GLDORJXH� �� FRPPXQLFDWLRQ� >��@� DQG� VRPH� DSSURDFKHV� DUH�
H[SOLFLWO\� EXLOW� DURXQG� IORZ� WKHRU\��ZLWK� ERUHGRP� >�@� DQG�
IUXVWUDWLRQ� >��@� DV� FULWLFDO� PHDVXUHV�� +RZHYHU�� ZKLOH� LQ�
WUDGLWLRQDO� VRIWZDUH� KDYLQJ� DQ� H[SOLFLW� GLDORJXH� DERXW� WKH�
DGDSWLYH� V\VWHP� PD\� RIWHQ� EH� DFFHSWDEOH�� LQ� JDPHV�� WKLV�
PLJKW�HQGDQJHU�LPPHUVLRQ�>��@��,W�LV�WKHUHIRUH�LPSRUWDQW�WR�
FRQVLGHU� WKH� HIIHFWV� WKDW� WKH� SUHVHQFH� DQG� SUHVHQWDWLRQ� RI�
PDQXDO�GLIILFXOW\�FKRLFHV�KDYH�RQ�JDPH�XVHU�H[SHULHQFH��

'LIILFXOW\�&KRLFHV�DQG�)ORZ�LQ�*DPHV�
)ORZ� LQ� JDPHV� KDV� EHHQ� GLVFXVVHG� E\� D� QXPEHU� RI�
UHVHDUFKHUV� LQ� WKH� ILHOG� >��������@�� ,Q� WKLV�ZRUN��ZH� IRFXV�
RQ� WKH� ZRUN� E\� &KHQ�� DV� WKH� FRQFHSW� RI� SOD\HU�RULHQWHG�
�HPEHGGHG��GLIILFXOW\�FKRLFHV�ZDV� LQWURGXFHG� LQ� WKLV�ZRUN�
>�����@��+H�EXLOGV�RQ�DUJXPHQWV� IRU�''$��VXJJHVWLQJ� WKDW�
IUHTXHQW�GLIILFXOW\�DGMXVWPHQWV�FDQ�VXSSRUW� IORZ�LQ�JDPHV��
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DQG� WKDW� DOORZLQJ� SOD\HUV� WR� H[HUW� XVHU�JXLGDQFH� E\�
SURYLGLQJ�H[SOLFLW�IHHGEDFN�FDQ�SURYLGH�D�IHHOLQJ�RI�³EHLQJ�
LQ�FRQWURO´�DQG�FDQ�DOVR�LQIRUP�PRUH�DGHTXDWH�DGDSWDWLRQV��
&KHQ� LV� FDXWLRXV� WKDW� IUHTXHQW� LQWHUDFWLRQV� ZLWK� GLIILFXOW\�
VHWWLQJ�PHQXV�PLJKW� EH�GLVUXSWLYH� WR� EHLQJ� LPPHUVHG� LQ�D�
JDPH��ZKLFK�ZRXOG� LQ�WXUQ�EH� GHWULPHQWDO� WR�H[SHULHQFLQJ�
IORZ�� DQG� VR� KH� GHYHORSV� WKH� FRQFHSW� RI� HPEHGGHG�
GLIILFXOW\�FKRLFHV��ZKLFK�DUH�LPSOHPHQWHG�LQ�VXFK�D�PDQQHU�
WKDW�WKH\�EOHQG�ZLWK�WKH�DFWXDO�JDPH��VR�WKDW�WKH�IHHOLQJ�RI�
EHLQJ�LQ�FRQWURO�DV�DQ�DXWRQRPRXV�DFWRU�LV�SURYLGHG��ZKLOH�
SOD\HUV�UHPDLQ�LQ�WKH�PDJLF�FLUFOH�>��@�RI�WKH�JDPH�ZRUOG��

,Q�KLV�OLQH�RI�DUJXPHQWV��&KHQ�UHOLHV�KHDYLO\�RQ�IORZ�WKHRU\�
DQG� WKH� WKHRUHWLFDO� DGYDQWDJHV� RI� WKH� HPEHGGHG� GLIILFXOW\�
FKRLFH�DSSURDFK�LQWXLWLYHO\�DSSHDU�FRKHUHQW�LQ�WKLV�OLJKW��+H�
DOVR� SUHVHQWV� DQ� LQIRUPDO� VWXG\� ZLWK� WZR� JDPHV� �FDOOHG�
7UDIILF�/LJKW�DQG�IO�Z��WR�XQGHUOLQH�WKH�DUJXPHQWV��ZLWK�WKH�
ODWWHU� RQH� EHLQJ� VSHFLILFDOO\� GHVLJQHG� WR� LPSOHPHQW�
HPEHGGHG� GLIILFXOW\� FKRLFHV�� +RZHYHU�� GHVSLWH� WKH� ODUJH�
QXPEHU�RI�UHIHUHQFHV�WR�WKH�ZRUN�LQ�UHODWHG�OLWHUDWXUH��!�����
UHIHUHQFHV���ZH�FRXOG�QRW�ILQG�DQ�HPSLULFDO�LQYHVWLJDWLRQ�RI�
WKH� HIIHFWV�RI�HPEHGGLQJ� SOD\HU�GLIILFXOW\�FKRLFHV� LQWR� WKH�
FRUH�RI�WKH�LQWHUDFWLYH�H[SHULHQFH��RU�SOD\HU�RULHQWHG�''$���

6HOI�'HWHUPLQDWLRQ�7KHRU\�DQG�)ORZ�
&RQVLGHULQJ�WKH�SUHUHTXLVLWHV�IRU�IORZ��HPEHGGHG�GLIILFXOW\�
FKRLFHV�DSSHDU�SURQH�WR�EH�VXSSRUWLYH�RI�IORZ�H[SHULHQFHV��
+RZHYHU��WKH�EHQHILWV�FDQ�DOVR�EH�UHDVRQHG�EDVHG�RQ�RWKHU�
PRWLYDWLRQDO� WKHRULHV�� VXFK� DV� VHOI�GHWHUPLQDWLRQ� WKHRU\��
ZKLFK�PD\�EH�EHQHILFLDO�GXH�WR�WKH�IROORZLQJ�UHDVRQV��

)ORZ� DV� DQ� LQGLFDWRU� IRU� SOD\HU� H[SHULHQFHV� LV� KLJKO\�
GHEDWHG� DQG� ³LW� VLPSOLILHV� WKH� G\QDPLFV� RI� LQWULQVLF�
PRWLYDWLRQ´� >��@� �S�� ����� ZKHUHDV� WKH� VHOI�GHWHUPLQDWLRQ�
WKHRU\��6'7��DSSURDFK�KDV�VHHQ�JURZLQJ�DGRSWLRQ�LQ�SOD\HU�
H[SHULHQFH� UHVHDUFK� >������@�� 6'7� LQ� JDPHV� LV� DVVHVVHG�
XVLQJ� WKH�3OD\HU�([SHULHQFH�RI�1HHGV�6DWLVIDFWLRQ��3(16��
TXHVWLRQQDLUH�>��@��DQG�UHVXOWV�LQ�VXEVFDOHV�WKDW�FDQ�GLUHFWO\�
LQIRUP� JDPH� GHVLJQ� GHFLVLRQV� DV� RSSRVHG� WR� WKH� FRPPRQ�
IORZ� VFDOHV� >�����@�� IORZ� LV� D�PXOWL�GLPHQVLRQDO� FRQVWUXFW�
DQG� D�PDWWHU� RI� SUHVHQW� H[SHULHQFH� ±� D� SURFHVV� YDULDEOH� ±�
WKDW� LV� GLIILFXOW� WR�PHDVXUH� >�@��)RU�H[DPSOH�� WKH� OHYHOV�RI�
VDWLVIDFWLRQ� RI� DXWRQRP\�RU� FRPSHWHQFH� KDYH� EHHQ� VKRZQ�
WR� EH� JRRG� LQGLFDWRUV� RI� WKH�PRWLYDWLRQDO� SRZHU� RI� JDPHV�
>��@�� DQG� WKH\� DUH� OLQNHG� WR� ³IHHOLQJ� LQ� FRQWURO´�� /LQNV�
EHWZHHQ� IORZ� DQG� 6'7� DQG� LWV� PHDVXUHV� IRU� LQWULQVLF�
PRWLYDWLRQ� KDYH� EHHQ� GLVFXVVHG� LQ� UHODWHG� ZRUN� >��@�
PDNLQJ�FRQQHFWLRQV�YLD�WKH�DVSHFW�RI�SUHVHQFH���LPPHUVLRQ��
&VLNV]HQWPLKDO\L� DOVR� DFNQRZOHGJHV� VLPLODULWLHV� EHWZHHQ�
IORZ�DQG�6'7��KLJKOLJKWLQJ�WKH�DVSHFW�RI�DXWRQRP\��,Q�KLV�
YLHZ�� IORZ� WKHRU\� DURVH� IURP� DQ� LQWHUHVW� LQ� ZKDW� SURSHOV�
SHRSOH�WR�LQLWLDWH�RU�FRQWLQXH�DFWLRQV�EHFDXVH�WKH\�HQMR\�WKH�
SHUIRUPDQFH�LQ� WKH�SUHVHQW�>��@��ZKLOH�RWKHU�WKHRULHV��VXFK�
DV� QHHGV� VDWLVIDFWLRQ�� DUH� PRUH� RXWFRPH� RULHQWHG�� ,I� 6'7�
DQG� IORZ�WKHRU\�VHW�D�GLIIHUHQW�HPSKDVLV��LQ�ZKLFK�6'7�LV�
FRQFHUQHG� ZLWK� WKH� SUHFRQGLWLRQV� DQG� EXLOGLQJ� IDFWRUV� IRU�
LQWULQVLF�PRWLYDWLRQ��DQG�IORZ�WKHRU\�LV�FRQFHUQHG�ZLWK�WKH�
FXUUHQW�DQG�VXVWDLQHG� H[SHULHQFH�RI� LQWULQVLFDOO\�PRWLYDWHG�

DFWLYLWLHV��� WKHQ� DUJXDEO\� WKH� PDMRU� 6'7� GLPHQVLRQV� RI�
FRPSHWHQFH� DQG� DXWRQRP\� QHHGV� VDWLVIDFWLRQ� FDQ� EH�
LQWHUSUHWHG� DV�SURYLVLRQV�IRU� IORZ�H[SHULHQFHV��PDSSLQJ� LQ�
SDUWLFXODU�WR�EDODQFH�RI�FKDOOHQJH�DQG�VNLOOV�DQG�WKH�VHQVH�RI�
SRWHQWLDO�DQG�FRQWURO��

(;3(&7('�,03$&7�2)�',)),&8/7<�&+2,&(�02'(6�
%DVHG� RQ� WKLV� WKHRUHWLFDO� EDFNJURXQG�� ZH� H[SORUH�
DSSURDFKHV�WR�JDPH�GLIILFXOW\�DGMXVWPHQW� LQ�D�FRPSDUDWLYH�
VWXG\�ZLWK�WKUHH�FRQGLWLRQV�DQG�WKH�IROORZLQJ�H[SHFWDWLRQV��

0HQX�±�3OD\HUV�VHOHFW�RQH�RSWLRQ�IURP�PXOWLSOH�OHYHOV�RI�D�
VLQJOH�GLIILFXOW\�SDUDPHWHU� WKDW�LV�SUHVHQWHG�ZLWK�WKURXJK�D�
FODVVLF�:,03��ZLQGRZV��LFRQV��PHQXV��SRLQWHU��LQWHUIDFH��
+P$��� 3OD\HUV� ZLOO� H[SHULHQFH� KLJKHU� OHYHOV� RI� DXWRQRP\�
UHODWLYH�WR�FRQGLWLRQV�ZLWKRXW�H[SOLFLW�FKRLFHV��KHUH��DXWR���
+P%���3OD\HUV�ZLOO�H[SHULHQFH�UHGXFHG�SUHVHQFH���LPPHUVLRQ�
UHODWLYH� WR� FRQGLWLRQV�ZKHUH� WKH� JDPLQJ� H[SHULHQFH� LV� QRW�
LQWHUUXSWHG� E\� HOHPHQWV� WKDW� GR� QRW� EOHQG� VHDPOHVVO\�ZLWK�
WKH�JDPH�ZRUOG��KHUH��HPEHGGHG�DQG�DXWR���

$XWR� ±� $Q� LPSOHPHQWDWLRQ� RI� G\QDPLF� GLIILFXOW\�
DGMXVWPHQWV�WKDW�DUH�SHUIRUPHG�DXWRPDWLFDOO\�DQG�ZKHUH�WKH�
SOD\HUV� DUH� QRW� DEOH� WR� PDNH� H[SOLFLW� GLIILFXOW\� FKRLFHV��
+D$��� 3OD\HUV�ZLOO� H[SHULHQFH� UHGXFHG� OHYHOV� RI� DXWRQRP\�
UHODWLYH� WR� FRQGLWLRQV� ZLWK� H[SOLFLW� GLIILFXOW\� FKRLFHV��
+D%��� 3OD\HUV� ZLOO� H[SHULHQFH� LQFUHDVHG� SUHVHQFH� ��
LPPHUVLRQ� UHODWLYH� WR� FRQGLWLRQV� ZKHUH� WKH� JDPLQJ�
H[SHULHQFH� LV� LQWHUUXSWHG� E\� HOHPHQWV� WKDW� GR� QRW� EOHQG�
VHDPOHVVO\�ZLWK�WKH�JDPH�ZRUOG��KHUH��PHQX���

(PEHGGHG� ±� %XLOGLQJ� RQ� WKH� DSSURDFK� RI� SOD\HU�RULHQWHG�
GLIILFXOW\� FKRLFHV� >��@�� SOD\HUV� PDNH� H[SOLFLW� GLIILFXOW\�
FKRLFHV� E\� LQWHUDFWLQJ� ZLWK� WKH� JDPH� ZRUOG�� LQWHJUDWLQJ�
FORVHO\�ZLWK�WKH�YLVXDO�GHVLJQ�DQG�JDPH�PHFKDQLFV�� �
+H$���3OD\HUV�ZLOO�H[SHULHQFH�LQFUHDVHG�OHYHOV�RI�DXWRQRP\�
UHODWLYH� WR� FRQGLWLRQV�ZKHUH� H[SOLFLW� GLIILFXOW\� FKRLFHV� DUH�
QRW�SRVVLEOH��KHUH��DXWR���
+D%��� 3OD\HUV� ZLOO� H[SHULHQFH� LQFUHDVHG� SUHVHQFH� ��
LPPHUVLRQ� UHODWLYH� WR� FRQGLWLRQV� ZKHUH� WKH� JDPLQJ�
H[SHULHQFH� LV� LQWHUUXSWHG� E\� HOHPHQWV� WKDW� GR� QRW� EOHQG�
VHDPOHVVO\�ZLWK�WKH�JDPH�ZRUOG��

7KHVH�DVVXPSWLRQV�ZHUH�FRQVLGHUHG�PRVW�UHDVRQDEOH�EDVHG�
RQ� UHODWHG� ZRUN�� ZKLOH� RWKHU� HIIHFWV� ZHUH� DOVR� GHHPHG�
SRVVLEOH�� ,Q� WKH�DXWR� FRQGLWLRQ�� IRU� H[DPSOH��ZLWK� D�''$�
V\VWHP� LQ� SODFH�� FRQWURO� RYHU� GLIILFXOW\� LV� H[HFXWHG� E\� WKH�
V\VWHP��7KLV�PD\�EH�DSSUHFLDWHG�E\�WKH�SOD\HUV��LI�WKH\�DUH�
QRW� LQWHUHVWHG� LQ�H[HFXWLQJ�FRQWURO�RYHU�WKLV�DVSHFW�RI�WKHLU�
LQWHUDFWLYH� H[SHULHQFH� DQG� WKH� V\VWHP� GRHV� QRW� PDNH�
REYLRXV� PLVWDNHV�� <HW�� SOD\HUV� PLJKW� DOVR� �WR� DQ� H[WHQW��
DSSUHFLDWH�IXOO�FRQWURO�RYHU�WKRVH�DVSHFWV�RI�WKH�V\VWHP�>��@��
&RQGLWLRQV�ZLWK�PDQXDO� �H[SOLFLW�� FRQWURO�PLJKW� DOVR� KDYH�
DQ� LPSDFW� RQ� SHUFHLYHG� FRPSHWHQFH� QHHG� VDWLVIDFWLRQ��
DOWKRXJK�� LQ� WKLV� FDVH�� WKH� GLUHFWLRQ�GRHV�QRW� DSSHDU� FOHDU��
7KH� LPSDFW�PLJKW�EH� SRVLWLYH� �GXH� WR�SHUFHLYHG�FRQWURO�RI�
WKH� V\VWHP��� RU� QHJDWLYH� �H�J�� GXH� WR� EHFRPLQJ� DZDUH� RI�
UHTXLULQJ� ³HDVLHU´� VHWWLQJV���:H� WKHUHIRUH�RSWHG� WR� LQFOXGH�
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FRPSHWHQFH� LQ� RXU�PHDVXUHV� EXW� GLG� QRW� DWWDFK� D� GLUHFWHG�
K\SRWKHVLV�GXULQJ�RXU�LQYHVWLJDWLRQ���

:H�ZHUH�PRWLYDWHG�WR�WKLV�UHVHDUFK�E\�RXU�RQJRLQJ�HIIRUWV�
LQ� WKH� DUHD� RI� PRWLRQ�EDVHG� JDPHV� IRU� KHDOWK�� :LWK�
DSSOLFDWLRQV� LQ� WKH� FRQWH[W� RI� WKHUDS\� �ZKHUH� H[WULQVLF�
PRWLYDWLRQ� DQG� KHWHURQRP\� SOD\� DQ� LPSRUWDQW� UROH�� UH�
JDLQLQJ�FRPSHWHQFH�DQG�DXWRQRP\� �WKXV�ERRVWLQJ� LQWULQVLF�
PRWLYDWLRQ�� FDQ� EH� YDOXDEOH��2Q� WKH�RWKHU� KDQG��PDWFKLQJ�
WKH� LQGLYLGXDO� FDSDELOLWLHV� DQG� QHHGV�RI� GLIIHUHQW�PHPEHUV�
RI�YHU\�KHWHURJHQHRXV�WDUJHW�JURXSV�LV�HVSHFLDOO\�LPSRUWDQW�
LQ� VXFK� XVH� FDVHV� DQG� FRXOG� EHQHILW� IURP� WKH� WLPHO\�
DGMXVWPHQW� RI� PXOWLSOH� SDUDPHWHUV�� FDOOLQJ� IRU� DXWRPDWHG�
VXSSRUW�ZLWK�GLIILFXOW\�FKRLFHV��,Q�WKLV�OLJKW��WKH�FRQFHSW�RI�
HPEHGGHG�IHHGEDFN�EHDUV�WKH�SURPLVH�WKDW�H[SUHVVLRQ�WDNHV�
SODFH�LQ�DQ�XQREWUXVLYH�PDQQHU��DV�D�PHDQLQJIXO�SDUW�RI�WKH�
LQWHUDFWLRQV�ZLWK�WKH�JDPH�ZRUOG��

678'<� ��� 7+(� ,03$&7�2)�',))(5(17� ,17(5$&7,21�
67</(6�)25�*$0(�',)),&8/7<�&+2,&(6�
,Q� RUGHU� WR� H[SORUH� WKH� LPSDFW� RI� GLIIHUHQW� PRGDOLWLHV� IRU�
JDPH� GLIILFXOW\� FKRLFHV� RQ� WKH� SOD\HU� H[SHULHQFH�� ZH�
FRQGXFWHG�D�VWXG\�EDVHG�RQ�D�FDVXDO�VNLOO�JDPH�FDOOHG�7KH�
+LJKHU� <RX� )O\�� 7KH� +DUGHU� <RX� )DOO� �7+<)7+<)��� ,Q�
RUGHU� WR�DWWDLQ�FRQQHFWLYLW\�RI� WKH� ILQGLQJV� WR� RXU�RQJRLQJ�
UHVHDUFK� RQ� IXOO�ERG\�PRWLRQ�EDVHG� JDPHV�� WKH� VWXG\�ZDV�
LPSOHPHQWHG�DV�D�PL[HG�GHVLJQ�ZLWK�D� WZR� OHYHO�EHWZHHQ�
JURXSV�LQGHSHQGHQW�YDULDEOH�RI�FRQWUROOHU�W\SH�EHLQJ�HLWKHU�
PRWLRQ�EDVHG� LQSXW�� RU� JDPHSDG� LQSXW� DQG� D� WKUHH� OHYHO�
ZLWKLQ�VXEMHFWV�LQGHSHQGHQW�YDULDEOH�JDPH�GLIILFXOW\�FKRLFH�
LQWHUDFWLRQ�PRGDOLW\��)RU�WKH�SXUSRVH�RI�WKLV�SDSHU�ZH�IRFXV�
RQ� WKH�ZLWKLQ�VXEMHFWV� DQDO\VLV� RI� WKH�JDPHSDG� JURXS� DQG�
RQO\�UHPDUN�RQ�VHOHFWHG�EHWZHHQ�JURXS�FRPSDULVRQV��

�� �

)LJXUH����7ZR�VFUHHQVKRWV�RI�WKH�JDPH�7+<)7+<)�WDNHQ�DW�
GLIIHUHQW�KHLJKW��SURJUHVV��OHYHOV�VKRZ�FRPPRQ�JDPH�REMHFWV��

'HVLJQ�	�,PSOHPHQWDWLRQ�
7KH�JDPH�ZDV�VHOHFWHG�WR�IXOILOO�D�QXPEHU�RI�UHTXLUHPHQWV��
,W� VKRXOG� WUDQVSDUHQWO\�DQG� LPPHGLDWHO\� UHIOHFW� FKDQJHV� LQ�
SOD\HU� SHUIRUPDQFH�� LQ� RUGHU� WR� DVVXUH� WKDW� SOD\HUV�ZRXOG�
H[SHULHQFH�HIIHFWV�RI�WKHLU�GLIILFXOW\�FKRLFHV��7KLV� LQFOXGHV�
RIIHULQJ� GHQVH� LQ�JDPH� DQG� SRVW�JDPH� DXGLR�YLVXDO�
IHHGEDFN�� 7KH� JDPH� ZDV� DOVR� EDODQFHG� IROORZLQJ� SLORW�
VWXG\� UXQV� WR� LQFOXGH� WKH� SRVVLELOLWLHV� RI� IHHOLQJ�
RYHUVWUDLQHG��RU�RI�ORVLQJ��HYHQ�ZLWKLQ�D�VKRUW�WLPH��

,Q�WKH�JDPH�7+<)7+<)��WKH�SOD\HU�FRQWUROV�D�ELUG�SOD\HU�
FKDUDFWHU��3&��ZLWK�WKH�JRDO�WR�IO\�DV�KLJK�DV�SRVVLEOH�ZKLOVW�
FROOHFWLQJ�SRLQWV�RQ�WKH�ZD\��FI��)LJXUH�����,W�FDQ�EH�SOD\HG�
ZLWK�WZR�W\SHV�RI�FRQWUROV��PRWLRQ�EDVHG�FRQWURO��ZKHUH�WKH�
SOD\HU�LV�WUDFNHG�ZLWK�D�.LQHFW��Y���DQG�KDV�WR�PRYH�KHU�KLV�

DUPV�� PLPLFNLQJ� WKH� PRWLRQ� ZLWK� ZKLFK� D� ELUG� IODSV� LWV�
ZLQJV� DQG� JDPHSDG� FRQWURO� �KHUH�� ;%2;���� FRQWUROOHU���
ZKHUH� WKH� SOD\HU� UHSHDWHGO\� SXVKHV� DQG� UHOHDVHV� WKH�
FRQWLQXRXV�WULJJHU�EXWWRQV��DOVR�PLPLFNLQJ�WKH�PRWLRQ�ZLWK�
ZKLFK�D�ELUG�IODSV�LWV�ZLQJV��7KH�JDPH�ZRUOG�LV�FRPSRVHG�
RI� WLOHV��(DFK� WLOH�EHORQJV� WR� RQH� RI� WKUHH�FODVVHV��JURXQG��
VN\�DQG�VSDFH��$W�UXQWLPH��WKH�WLOHV�DUH�SURFHGXUDOO\�SODFHG�
DQG� SRSXODWHG� ZLWK� ³JRRG� LWHPV´�� ZKLFK� LQFUHDVH� WKH�
SOD\HU¶V�VFRUH�LI�WKH\�DUH�FROOHFWHG�E\�KLWWLQJ�WKHP�ZLWK�WKH�
SOD\HU� FKDUDFWHU� DQG� ³HQHPLHV´�� ZKLFK� KXUW� WKH� SOD\HU�
FKDUDFWHU�ZKHQ�FRQWDFWHG�DQG�JLYH�D�VLGHZD\V�LPSDFW�WR�WKH�
SOD\HU� FKDUDFWHU� WKDW� UHGXFHV� WKH� FXUUHQW� EDODQFH�� 7KH� 3&�
FDQ� EH� PRYHG� XSZDUG� E\� ³IODSSLQJ´� ERWK� ZLQJV� DW� HTXDO�
VSHHG�� ZKHUH� WKH� IUHTXHQF\� FRQWUROV� WKH� VSHHG�� 7KH�
GLUHFWLRQ� RI� IOLJKW� FDQ� EH� FRQWUROOHG� E\� H[HFXWLQJ� ZLQJ�
IODSSLQJ�PRYHPHQWV�ZLWK� D� UHODWLYHO\� IDVWHU� VSHHG� RQ� RQH�
VLGH��FDXVLQJ�WKH�ELUG�WR�³OHDQ´�WR�WKH�RSSRVLWH�VLGH���,I�WKH�
3&�OHDQV� WRR� IDU� WR�HLWKHU� VLGH�RU� VWRSV�IODSSLQJ� WKH�ZLQJV�
IRU� WRR� ORQJ�� LW� IDOOV�GRZQ�D�ELW� DQG� WKH�SOD\HU� ORVHV�D� OLIH�
�VWDUWLQJ� ZLWK� D� VXSSO\� RI� ILYH� SHU� URXQG��� ,I� DOO� OLYHV� DUH�
ORVW��WKH�ELUG�IDOOV�DOO�WKH�ZD\�WR�WKH�JURXQG�DQG�WKH�SOD\HU�
KDV� WR� VWDUW� IO\LQJ� XS�DJDLQ� IURP�JURXQG� OHYHO�ZLWK� QHZO\�
UHIUHVKHG�OLYHV��7KHVH�GHVLJQ�GHFLVLRQV�ZHUH�PDGH�WR�DVVXUH�
FRPSDUDEOH�VWLPXOL�� WKH�GXUDWLRQ�ZDV�VHW� WR����VHFRQGV�SHU�
URXQG��7KH�GLIILFXOW\�� UHDOL]HG�E\�FKDQJLQJ�VSHHG��EDODQFH�
VXSSRUW�DQG�RI�EDG�JRRG�REMHFWV�� LQFUHDVHV�ZLWK� LQFUHDVLQJ�
KHLJKW� LQ� WKH� OHYHO� DV�RIIVHWV� RI� EDVH� SDUDPHWHUV� WKDW�ZHUH�
LQIOXHQFHG� E\� WKH� PDQXDO� RU� DXWRPDWLF� GLIILFXOW\� FKRLFHV��
$IWHU�HDFK�URXQG��D�VXPPDU\�VFUHHQ�VKRZHG�WKH�ILQDO�VFRUH��

'LIILFXOW\�&KRLFH�,QWHUDFWLRQ�0RGDOLWLHV�
$� SOD\HU�RULHQWHG� HPEHGGHG� GLIILFXOW\� FKRLFH� PRGH� ZDV�
LPSOHPHQWHG� LQ� WKH� IRUP�RI� ILYH�GLIIHUHQW� VWDUW�ERRVWV� WKDW�
UHIOHFWHG�WKH�ILYH� OHYHOV�SUHVHQW�LQ� WKH�DOWHUQDWLYH�GLIILFXOW\�
VHOHFWLRQ� PHQX� �FI�� )LJXUH� ���� 6HOHFWLRQV� LQ� WKH� GLIILFXOW\�
PHQX�ZRXOG�EH�UHIOHFWHG�LQ�D�GLIIHUHQW�GXUDWLRQ�RI�D�MHWSDFN�
VWDUWLQJ� ERRVW�� +LJKHU� ERRVWV� ZRXOG� UHVXOW� LQ� LQFUHDVHG�
GLIILFXOW\� VHWWLQJV�� ZKHUHDV� ORZHU� ERRVWV� UHVXOW� LQ� ORZHU�
GLIILFXOW\� VHWWLQJV�� %RWK� PRGDOLWLHV� ZHUH� LQYRNHG� DW� WKH�
EHJLQQLQJ� RI� HDFK� URXQG� LQ� RUGHU� WR� DVVXUH� FRPSDUDEOH�
H[SRVXUH��7KH�SOD\HU�ZRXOG�DOVR�UHFHLYH�D�ERRVW�VWDUW�LQ�WKH�
''$�RQO\�FRQGLWLRQ�ZLWKRXW�DQ\�H[SOLFLW�GLIILFXOW\�FKRLFHV��

'\QDPLF�'LIILFXOW\�$GMXVWPHQWV�
3HUIRUPDQFH� EDVHG�''$�ZDV� LPSOHPHQWHG� WR� DOORZ� IRU� D�
FRQGLWLRQ� ZLWKRXW� GLIILFXOW\� FKRLFHV�� 7KH� PHFKDQLVP�ZDV�
GHVLJQHG�WR�EH�OLPLWHG�WR�D�FRQWUROODEOH�QXPEHU�RI�HIIHFWRUV��
ZKLOH� DOORZLQJ� IRU� GLVWLQFWO\� QRWDEOH� DGMXVWPHQWV�� ,Q� WKH�
FRQWH[W�RI�WKH� WKUHH�FKDOOHQJH�PHFKDQLFV� WKDW�ZHUH�SUHVHQW�
LQ�WKH�JDPH��KHLJKW��FROOHFWLRQ�DYRLGDQFH��DQG�EDODQFH���WKH�
SHUIRUPDQFH�PHWULFV�ZHUH�GHILQHG�DV�IROORZV��
2YHU� WKH� ODVW� �� URXQGV� ±� ZHLJKWHG� E\� UHFHQWQHVV� ±�� WKH�
KHLJKW�UHDFKHG��WKH�UDWLR�RI�EDG�REMHFWV�KLW��WKH�UDWLR�RI�JRRG�
REMHFWV� FROOHFWHG� DQG� WKH� WLPHV� RXW� RI� EDODQFH� ZHUH� HDFK�
HYDOXDWHG� E\� WKUHVKROG�EDVHG� KHXULVWLFV�� 7KH� EDODQFH� ZDV�
VHW� LQ� D� ZD\� WKDW� UHTXLUHG� WKH� SOD\HUV� WR� SHUIRUP� DW� D�
FKDOOHQJLQJ� OHYHO� LQ� RUGHU� WR� UHDFK� WKH� VSDFH� OHYHO��ZKLFK�
DOZD\V�VWDUWHG�DW�D�IL[HG�KHLJKW�UHODWLYH�WR�WKH�ILQDO�VWDUWLQJ�
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SRVLWLRQ� �DIWHU�
GRQ¶W� VWUXJJOH�
HQDEOLQJ� WKHP�
%HIRUH�HDFK�VH
PD[�VSHHG���ID
EDODQFH�VXSSRU

)LJXUH����/H
G

7+<)7+<)�Z
KH�;1$�����IU

6HWXS�	�3URFH
7ULDOV�RI�WKH�OD
UHFUXLWHG�IURP�
UHFHLYHG� ���� &
OOXVWUDWHV� WKH�
(QJOLVK��7KH�SU
���I����P��DJH
ZKR�ZHUH�UDQG
KH� PRWLRQ�EDV
KH\�QHYHU�SOD\
SOD\� XS� WR� WKUH
KH\�SOD\�PRUH
EHWZHHQ��� KRX
EHHQ�JDPLQJ�VL

)ROORZLQJ� WKH�
SDUWLFLSDQWV� Z
TXHVWLRQQDLUH� E
VKRUW� LQWURGXFWL
FRUH�JDPH�PHF
ULDOV� RI� JDPHS
QWHUVSHUVHG� Z
HPEHGGHG� DQG�
TXHVWLRQQDLUHV�
]HUR�HIIHFW�PHQ
IURP�DQDO\VLV� D
PRGDOLW\� FRQG
SUHVHQWHG� LQ� /
EDODQFH� SRWHQW
HIIHFWV�� /DVWO\
SHUVRQDOLW\� WUDL
QWHUYLHZ�DERXW

7KH� LQGHSHQGH
YV��VHGHQWDU\��Z
FDUU\LQJ� RYHU� U
�H�J��RI� IHHOLQJ
H[SRVHG� LQ� UHJ
ZKLOH�SOD\LQJ�P

D� VWDUWLQJ�ERR
ZLWK� ³RXW�RI
WR� FROOHFW� FR
VVLRQ��WKH�DFFR
DOO�VSHHG��QXPE
W��YLD�GDPSLQJ

HIW�ULJKW��(PEHG
GLIILFXOW\�FKRLFH

ZDV� LPSOHPHQW
UDPHZRUN�DQG�

HGXUH�
DERUDWRU\�VWXG\
WKH�ORFDO� VWXGH
&$'� FRPSHQV
WHFKQLFDO� VHWX
URFHGXUH�ZDV�S
��0� ��������6
RPO\�DVVLJQHG
VHG� �.LQHFW�� J
\�YLGHR�JDPHV�
HH�KRXUV� SHU�Z
H�WKDQ����KRXU
XUV�DQG����KRX
LQFH�������\HDU

JUHHWLQJ�DQG�J
ZHUH� DVNHG�
EHIRUH� HQJDJLQ
LRQ�E\�GHPRQV
KDQLFV��(DFK�V
SOD\� FRQVLVWLQJ
ZLWK� D� GLIILFXO
PHQX�� IROORZ
7KH�IRXUWK��D
QX�FKRLFH�SODFH
DQG� UHSRUW� IRU�
GLWLRQV� HPEHG
/DWLQ� VTXDUH� U
WLDO� OHDUQLQJ���
\�� WKH� SDUWLF
LW� LQGH[� DQG� UH
W�H[SHULHQFHV�D

QW�YDULDEOH�RI�
ZDV�DGGHG�WR� W
UHVXOWV�� EHFDXV
J�PRUH� �� OHVV�LQ
JDUG� WR� RQH¶V� S
PRWLRQ�EDVHG�J

RVW��� DQG� WR� DVV
I�EDODQFH´� HYH
RLQV�� ZKLOH� DY
RUGLQJ�GLIILFXOW
EHU�RI�EDG� ��JR
J��ZHUH�DGMXVWH

�

GGHG�GLIILFXOW\�
H�LQ�7+<)7+<

WHG� LQ� &�� EDVH
WKH�.LQHFW�����

\�ODVWHG�DERXW�
HQW�ERG\��DQG�
VDWLRQ� IRU� WKHLU
XS�� 7KH� VWXG\
SHUIRUPHG�ZLWK
6'� �������PL
G�WR�WKH�VHGHQWD
JURXS�� )RXU� S
LQ�D�W\SLFDO�ZH
ZHHN� DQG� WZR�
V�ZHHN��ZLWK�W
XUV�D�ZHHN�JDP
UV�RQ�DYHUDJH��

JDWKHULQJ�RI� LQ
WR� FRPSOHWH

QJ� LQ� D� ZDUPX
VWUDWLRQ�DQG�H[
XEMHFW�WKHQ�SDU
J� RI� WKUHH� RQH
OW\� FKRLFH� LQ�
HG� E\� D� IL[HG�
QG�ODVW��WULDO�D
HER�FRQGLWLRQ�W
EUHYLW\��7KH� G

GGHG�� PHQX�� D
UDQGRPL]HG� RU
FXVWRPL]DWLR

FLSDQWV� FRPS
HVSRQGHG� WR� D
DQG�SUHIHUHQFHV

FRQWUROOHU� W\S

WKH�GHVLJQ�LQ�R
VH� SRWHQWLDO� LQ
Q�FRQWURO�RU�DX
SK\VLFDO� DSSHD
JDPHV��PLJKW�

VXUH� WKDW� SOD\H
HQWV� WRR� PXF
YRLGLQJ� HQHPLH
W\�SDUDPHWHUV

RRG�REMHFWV��DQ
G��

FKRLFH���PHQX�
<)��

HG� RQ� �1(7���
6'.��

���PLQXWHV��:
HDFK�SDUWLFLSD
U� WLPH�� )LJXUH�
\� ODQJXDJH� Z
K����SDUWLFLSDQ
LQ�PD[� ������
DU\��JDPHSDG��
SDUWLFLSDQWV� VD
HHN�����VDLG�WK
SDUWLFLSDQWV� VD
KH�UHVW�VSHQGLQ
PLQJ��7KH\�KDY
6'� �������

QIRUPHG�FRQVHQ
H� D� SUH�VWXG
XS� URXQG� ZLWK
[SODQDWLRQ�RI�W
UWLFLSDWHG�LQ�IR
H�PLQXWH� URXQ
WKH� FRQGLWLR
VHW� RI� SRVW�WUL
OZD\V�IHDWXUHG
WKDW�ZDV�RPLWW
GLIILFXOW\� FKRL
DQG� QRQH� ZH
UGHU� WR� FRXQWH
Q�� DQG� IDWLJX
SOHWHG� D� VKR
D� VHPL�VWUXFWXU
V��

SH� �PRWLRQ�EDV
RUGHU�WR�IDFLOLWD
QWHUDFWLRQ� HIIHF
XWRQRPRXV�ZK
DUDQFH� DQG� VNL
H[LVW��:H�IRXQ

HUV�
FK��
HV��
RI�
QG�

�

����

:H�
DQW�
��

ZDV�
QWV�
����
RU�
DLG�
H\�
DLG�
QJ�
YH�

QW��
G\�
K� D�
KH�
RXU�
QGV�
QV�
LDO�
G�D�
HG�
LFH�
HUH�
HU�
XH�
RUW�
HG�

HG�
DWH�
FWV�
HQ�
OOV�
QG�

QR� HYL
UHDVRQ
RPLWWHG
GHVLJQ
IHHGED
RI�JDP
WKH� SO
3OD\HUV
GLIILFX
URXQGV
FKRLFH�
PHDQ�E

0HDVX
,Q� DG
JDPLQJ
�7,3,��
$IIHFW�

3OD\HU

TXHVWLR
HIIRUW�L
�,0,��
6'7�WR
�7/;�
XVDELOL
ZDV� UH
FRPSR
RI�LQWUR
(DFK�T
SDUWLFLS
FRPSOH
UHODWLYH
GLIIHUH
WR� FRQ
�LQFOXG
LQWHUYL
SUHIHUH
UHVSRQ
XVXDO�

LGHQFH� IRU� P
V� RI� EUHYLW\�� W
G� IURP� WKLV� UH
� FKRLFHV� DUR
DFN��ZKLFK�ZDV
PHSOD\�DQG�WKH�
OD\HUV¶� YROLWLR
V� ZHUH� LQIRU
XOW\�RI�WKH�JDP
V�� ,W� ZDV� H[S
LQ�ERWK�WKH�PH
EHIRUH�WKH�UHVS

)LJXUH����7

XUHV�
GGLWLRQ� WR� GH
J� SUHIHUHQFHV��
��ZH�PHDVXUHG
6FKHGXOH��3$1
U� ([SHULHQFH�

RQQDLUH� �WKH�
LPSRUWDQFH� RI
>��@�ZHUH� DGG
R�DXJPHQW�WKH�
�ZDV�FROOHFWHG
LW\�UHVHDUFK��DV
HDOL]HG� HLWKHU� ³
RQHQWV��7KH�TXH
RGXFWLRQ�LQ�WKL
TXHVWLRQQDLUH�Z
SDQW��RQFH�DIWH
HWHG� RQFH� EHIR
H� RIIVHW� FDOFXO
HQFHV�LQ�LQLWLDO�
VLGHU� WKHLU� HQW
GLQJ� LQWHUIDFH
HZ�� SOD\HUV�
HQFH�IRU�WKH�GLI
QVHV� WR� D� QXP
SHUFHSWLRQ� RI

PHDQLQJIXO� LQWH
WKH� DQDO\VLV� RI
HSRUW�� 1RWDEOH
RXQG� LQWHUDFWL
V� DOZD\V� FROOH
QH[W��IL[HG�LQ
RQ� WR� DVVXUH�
UPHG� WKDW� WKH
PH�DQG�ZRXOG�E
ODLQHG� WR� WKHP
HQX�DQG�WKH�HP
SHFWLYH�FRQGLWLR

KH�WHFKQLFDO�VHW

HPRJUDSKLF� E
DQG� D� EULHI� S

G�DIIHFW�ZLWK� WK
1$6��>��@��SOD
RI� 1HHGV� 6D

GLPHQVLRQV�
I� WKH� ,QWULQVL
GHG� DV� DGGLWLRQ
3(16�UHVXOWV�

G�DV�D�PHDVXUH
V�WKH�LQWHUDFWLR
³LQVLGH´� D� JDP
HVWLRQQDLUHV�ZH
LV�WH[W�DQG�ZLWK
ZDV� FRPSOHWHG
HU�HDFK�WULDO��D
RUH� WKH� ILUVW� WU
ODWLRQV� WKDW� FR
DIIHFW��7KH�SDU
WLUH� LQWHUDFWLRQ
H� FRPSRQHQW
DOVR� UHSRUWHG
IILFXOW\�FKRLFH

PEHU� RI� TXHVWLR
I� ±� DQG� LQWHUD

HUDFWLRQ� HIIHFW
I� WKDW� JURXS� Z
H� IL[HG� YDULDEO
LQJ� ZLWK� H[S
HFWHG� EHWZHHQ�
WHUYDOV��DQG�QR
FRPSDUDEOH�

H\� FRXOG� LQIO
H�DVNHG�WR�GR�V
P�� ZKDW� HDFK
PEHGGHG�FRQGL
RQV��

WXS�RI�WKH�VWXG\

EDFNJURXQG� LQ
SHUVRQDOLW\� TX
KH�3RVLWLYH�DQ
D\HU�H[SHULHQF

DWLVIDFWLRQ� �3(
LQWHUHVW�HQMR\

LF� 0RWLYDWLRQ�
QDO� GLPHQVLRQV
���DQG�D�7DVN�/
H�RI� IUXVWUDWLRQ
RQ�ZLWK�GLIILFX
PH�� RU� ZLWK� UH
HUH�SUHVHQWHG�L
K�UDQGRPL]HG�
G�PXOWLSOH� WLPH
DQG�WKH�3$1$
ULDO� LQ� RUGHU� WR
RPSHQVDWH� IRU�
UWLFLSDQWV�ZHUH
Q� VHVVLRQV�ZLWK
WV��� %HIRUH�
G� D� UDQNLQJ�
H�PRGDOLWLHV�WRJ
RQ� LWHPV� UHJDU
DFWLRQ� ZLWK� ±

WV� DQG� IRU�
ZDV� ODUJHO\�
OHV� LQFOXGH�
SOLFLW� XVHU�
RQH� URXQG�
RW�EDVHG�RQ�
RXWFRPHV��
OXHQFH� WKH�
VR�EHWZHHQ�
K� GLIILFXOW\�
LWLRQ�ZRXOG�

�

\��

QIRUPDWLRQ��
HVWLRQQDLUH�
G�1HJDWLYH�

FH�ZLWK�WKH�
(16�� >��@�
\PHQW� DQG�
,QYHQWRU\�

V� URRWHG� LQ�
/RDG�,QGH[�
Q� URRWHG� LQ�
XOW\�FKRLFHV�
HJXODU� *8,�
LQ�WKH�RUGHU�
LWHP�RUGHU��
HV� E\� HDFK�

$6�ZDV�DOVR�
R� IDFLOLWDWH�
LQGLYLGXDO�

H�LQVWUXFWHG�
K� WKH�JDPH�
WKH� ILQDO�
RI� WKHLU�

JHWKHU�ZLWK�
UGLQJ� WKHLU�
±� GLIILFXOW\�

�(QJDJLQJ�3OD\HUV�LQ�*DPHV �FKL�JRRG��&+,�������6DQ�-RVH��&$��86$

����



FKRLFHV� LQ� JDPHV�� 9LGHR� UHFRUGLQJV� DQG� REVHUYDWLRQDO�
SURWRFROV�FRPSOHWHG�WKH�GDWD�FROOHFWLRQ��

5HVXOWV�	�$QDO\VLV�
7KH�TXDQWLWDWLYH�H[SHULHQWLDO�PHDVXUHV�ZHUH�DQDO\]HG�ZLWK�
D�JHQHUDO�OLQHDU�PRGHO�IDFLOLWDWLQJ�D�PL[HG�GHVLJQ�UHSHDWHG�
PHDVXUHV� DQDO\VLV� RI� YDULDQFH� �$129$�� DW� D� VLJQLILFDQFH�
OHYHO�RI� � �����DQG�0DXFKO\¶V�VSKHULFLW\� WHVWV��DV�ZHOO�DV�
%RQIHUURQL�DGMXVWPHQWV�SULRU�WR�SRVW�KRF�SDLUZLVH�W�WHVWV�IRU�
PXOWLSOH� FRPSDULVRQV�� 7KH� DQDO\VLV� ZDV� SHUIRUPHG� LQ� 5�
ZLWK� WKH� H]6WDWV� SDFNDJH� IRU� WKH�$129$�RSHUDWLRQV�� DQG�
YDULDQFHV� ZHUH� ZLQVRUL]HG� >��@� �OHYHOLQJ� RXWOLHUV� LQ� WKH�
WRS�ERWWRP����TXDQWLOHV�WR�WKH�WULP�HGJH�YDOXHV���7KH�UHVXOWV�
ZHUH� FRQILUPHG� XVLQJ� 6366� �YHUVLRQ� ���� DQG� DUH�
VXPPDUL]HG�LQ�7DEOH���DQG�7DEOH����

678'<���
�3$1$6��3(16��,0,��

HPEHGGHG�
>0��6'�@��

PHQX�
>0��6'�@��

DXWR�
>0��6'�@��

SRVLWLYH�DIIHFW� ����������� ����������� �����������

SRVLWLYH�DIIHFW��0%�� ����������� ����������� �����������

QHJDWLYH�DIIHFW� ����������� ����������� �����������

FRPSHWHQFH� ���������� ��������� �����������

SUHVHQFH���LPPHUVLRQ� ����������� ����������� �����������

DXWRQRP\� ����������

� ���������� ���������

�

UHODWHGQHVV� ����������� ����������� �����������

LQWXLWLYH�FRQWURO
� ����������� ����������� �����������

LQWXLWLYH�FRQW���0%�
� ����������� ����������� �����������

LQWHUHVW�HQMR\PHQW� ����������� ����������� ����������

HIIRUW�LPSRUWDQFH�� ����������� ����������� ����������

7DEOH����0HDQ��0��DQG�VWDQGDUG�GHYLDWLRQ��6'��UHVXOWV�RI�
VWXG\����$OO�LWHPV�ZHUH�UHFRUGHG�RQ���SW��/LNHUW�VFDOHV��*URXS�
HIIHFWV�FRPSDULQJ�EHWZHHQ�VHGHQWDU\�DQG�PRWLRQ�EDVHG��0%��
DUH�LQGLFDWHG�ZLWK��
���:LWKLQ�VXEMHFWV�HIIHFWV�EHWZHHQ�WKH�

HPEHGGHG��PHQX��DQG�DXWR�FRQGLWLRQV�DUH�LQGLFDWHG�ZLWK��

���

7KHUH�ZHUH�QR�VLJQLILFDQW�HIIHFWV�RQ�WKH�SRVLWLYH�DIIHFW�RU�RQ�
WKH�QHJDWLYH�DIIHFW�VFDOH��1RWDEO\�KLJKHU�SRVLWLYH�DIIHFW�WKDQ�
QHJDWLYH�DIIHFW�DQG�DOVR�KLJKHU�SRVLWLYH�DIIHFW�LQ�WKH�PRWLRQ�
EDVHG� �0%�� JDPH� JURXS� DUH� LQ� OLQH� ZLWK� WKH� IROORZLQJ�
PHDVXUHV�DQG�VXJJHVW� WKDW� WKH�VFDOH�LV�VHQVLWLYH�WR�FKDQJHV�
LQ� DIIHFW� FDXVHG� E\� WKH� H[SHULHQFH� RI� SOD\LQJ� GLIIHUHQW�
YHUVLRQV�RI�WKH�JDPH��:KLOH� WKH� ODFN�RI�VLJQLILFDQFHV�GRHV�
QRW�SURYH� WKH�DEVHQFH�RI�HIIHFWV��ZH�DVVXPH� WKDW� WKHUH�DUH�
QR� ODUJH� HIIHFWV� RQ� DIIHFW� EHWZHHQ� WKH� WKUHH� FRQGLWLRQV��
EHFDXVH�WKH�PHDQV�EHWZHHQ�DOO�FRQGLWLRQV�DUH�YHU\�FORVH��

7KH� 3(16� UHVXOWV� RQ� WKH� FRPSHWHQFH� DQG� SUHVHQFH� ��
LPPHUVLRQ� GLPHQVLRQV� VKRZ� D� VLPLODU� SLFWXUH�� :KLOH� WKH�
UHVXOW�RQ�FRPSHWHQFH�DSSHDUHG�GLIILFXOW�WR�SUHGLFW�GXH�WR�WKH�
FRPSOH[� LQWHUDFWLRQ� RI� VHOI�SHUFHLYHG�� SUDFWLFDO� VNLOO� DQG�
LQWHUDFWLQJ� ZLWK� GLIILFXOW\� FKRLFHV�� SUHVHQFH� �� LPPHUVLRQ�
FRXOG� EH� H[SHFWHG� WR� EH� ORZHUHG� LQ� WKH� PHQX� FRQGLWLRQ��
ZKLFK�ZDV�QRW�WKH�FDVH�LQ�RXU�VDPSOH�DQG�WKH�VLPLODULW\�LQ�
PHDQV� VXJJHVWV� DQ� DEVHQFH� RI� VWURQJ� HIIHFWV�� 7KHUH�ZDV� D�
VLJQLILFDQW� GLIIHUHQFH� RQ� WKH� 3(16� DXWRQRP\� GLPHQVLRQ�
�)������� � ������S� � ������ JHQ�� �� � ���� >�@��0DXFKO\�QRW�
VLJ���ZLWK�SRVW�KRF�SDLUZLVH�FRPSDULVRQV�FRQILUPLQJ�D�VLJ��
GLII��EHWZHHQ�HPEHGGHG�DQG�DXWR��S� �������7KLV�ILQGLQJ�FDQ�
EH� VHHQ� DV� HYLGHQFH� WR� VXSSRUW� DQ� LQFUHDVHG� VHQVH� RI�
DXWRQRP\�QHHGV�VDWLVIDFWLRQ�LQ�WKH�HPEHGGHG�FRQGLWLRQ�WKDW�
ZDV�SUHGLFWHG�EDVHG�RQ�&KHQ¶V�DUJXPHQWV��+RZHYHU��WKHUH�

LV�QR�GLVFHUQDEOH�GLIIHUHQFH�EHWZHHQ�WKH�HPEHGGHG�DQG�WKH�
PHQX� FRQGLWLRQ�� 7KH� 3(16� GLPHQVLRQV� UHODWHGQHVV� DQG�
LQWXLWLYH� FRQWURO� VKRZHG� QR� VLJQLILFDQW� GLIIHUHQFHV� RQ� WKH�
LQGHS�� YDULDEOH� GLIILFXOW\� VHOHFWLRQ�� DV� H[SHFWHG�� ZKLOH�
LQWXLWLYH�FRQWURO�ZDV�VLJ��LQFUHDVHG�XQGHU�WKH�PRWLRQ�EDVHG�
FRQWURO� FRQGLWLRQ� �)������� � ������ S� � ������ JHQ�� �� � ����
>�@��0DXFKO\�QRW�VLJ����ZKLFK�FRXOG�DOVR�EH�H[SHFWHG��DV�WKH�
JDPH�ZDV�RULJLQDOO\�GHVLJQHG�WR�EH�PRWLRQ�EDVHG��

7KH� ,0,� GLPHQVLRQV� LQWHUHVW�HQMR\PHQW� DQG� HIIRUW�

LPSRUWDQFH�VKRZHG�UHPDUNDEOH�VLPLODULW\� LQ�PHDQV�DQG�QR�
VLJQLILFDQW� GLIIHUHQFHV�� VXJJHVWLQJ� WKDW� ERWK� SOD\HU�
HQMR\PHQW�DQG�PRWLYDWLRQ�ZHUH�QRW�QRWDEO\�GLIIHUHQW�XQGHU�
WKH�GLIIHUHQW�GLIILFXOW\�FKRLFH�PRGDOLWLHV��

678'<���
�7/;��

HPEHGGHG�
>0��6'�@��

PHQX�
>0��6'�@��

DXWR�
>0��6'�@��

SK\VLFDO�GHPDQG
� ����������� ������������ �������������

SK\V��GHP���0%�
� ������������� ������������ �����������

PHQWDO�GHPDQG� ����������� ������������ ����������

WHPSRUDO�GHPDQG
� ������������ ����������� ������������

WHPS��GHP���0%�
� ����������� ����������� �������������

SHUIRUPDQFH
� ������������ ���������� ����������

SHUI���0%�
� ������������ ������������ ������������

HIIRUW� ������������ ����������� �����������

IUXVWUDWLRQ� ����������� ������������� �������������

7DEOH����7KH�PHDQ��0��DQG�VWDQGDUG�GHYLDWLRQ��6'��UHVXOWV�RI�
WKH�7/;�LQ�VWXG\����$OO�LWHPV�ZHUH�UHFRUGHG�RQ����SW��/LNHUW�
VFDOHV��UDQJH�����WR������*URXS�HIIHFWV�FRPSDULQJ�EHWZHHQ�
VHGHQWDU\�DQG�PRWLRQ�EDVHG��0%��DUH�LQGLFDWHG�ZLWK��
���

7KH� 7/;� GLPHQVLRQ� SK\VLFDO� GHPDQG� VKRZHG� QR�
GLIIHUHQFHV�EHWZHHQ�WKH�ZLWKLQ�VXEMHFW�FRQGLWLRQV��DOWKRXJK�
WKH�PRWLRQ�EDVHG�JDPH�JURXS�UHFRUGHG�VLJQLILFDQWO\�KLJKHU�
SK\VLFDO� GHPDQG� �)������� � ������ S� � ������ JHQ�� �� � ����
>�@��0DXFKO\� QRW� VLJ���� SURYLGLQJ� IXUWKHU� HYLGHQFH� IRU� WKH�
VHQVLELOLW\� RI� WKH� FKRVHQ� PHDVXUHV�� 7KH� 7/;� PHQWDO�
GHPDQG� DQG� WHPSRUDO� GHPDQG� GLPHQVLRQV� VKRZHG� QR�
VLJQLILFDQW�GLIIHUHQFHV��DOWKRXJK�WKH�PHDQ�RI�WKH�WHPS��GHP��
DXWR� FRQGLWLRQ� DSSHDUV� ORZHUHG�� ZKLFK� VHHPV� UHDVRQDEOH�
JLYHQ� WKH� ODFN� RI� D� PDQXDO� VHOHFWLRQ� SURFHVV�� 7HPSRUDO�
GHPDQG� DSSHDUV� VLJ�� GHFUHDVHG� LQ� WKH�PRWLRQ�EDVHG� JDPH�
JURXS��)������� �������S� �������JHQ�� �� �����>�@��0DXFKO\�
QRW� VLJ���� ZKLFK� FDQQRW� EH� H[SODLQHG� E\� REVHUYDEOH�
GLIIHUHQFHV�LQ�DFWXDO�WLPH�VSHQW�DQG�VHHPV�FRQWUDGLFWRU\�WR�
WKH� SK\VLFDO� HIIRUW� PHDVXUH�� KLQWLQJ� DW� D� SRWHQWLDO�
LQWHUDFWLRQ�ZLWK�RYHUDOO�PRWLYDWLRQDO�HIIHFWV��7KHUH�ZHUH�QR�
VLJ�� GLIIV�� RQ� GLIILFXOW\� FKRLFH� LQ� WKH� 7/;� SHUIRUPDQFH�
GLPHQVLRQ�� DOWKRXJK� WKHUH� ZDV� D� VLJ�� GLII�� EHWZHHQ�
VHGHQWDU\�DQG�PRWLRQ�EDVHG��)������� �������S� �������JHQ��
�� �����>�@��0DXFKO\�QRW�VLJ����ZKLFK�PD\�EH�D�VHFRQGDU\�
HIIHFW�WR�WKH�REVHUYHG�GLIIHUHQFH�LQ�SK\VLFDO�GHPDQG��:KLOH�
7+<)7+<)� DSSHDUV� WR� EH� D� UDWKHU� KLJK�HIIRUW� JDPH�� WKH�
ILQDO�7/;�GLPHQVLRQV�RI� HIIRUW� DQG� IUXVWUDWLRQ� VKRZHG�QR�
IXUWKHU� VLJ�� GLIIV��� KLQWLQJ� DW� D� IXUWKHU� ODFN� RI� QRWDEOH�
QHJDWLYH�RU�SRVLWLYH�HIIHFWV�RI�WKH�GLIILFXOW\�FKRLFH�PRGDOLW\��

,QWHUYLHZV�
,Q� WKH� LQWHUYLHZV�� WKUHH� RXW� RI� IRXU� SDUWLFLSDQWV� VDLG� WKDW�
WKH\�OLNH�EHLQJ�DEOH�WR�FKDQJH�VHWWLQJV��DV�RSSRVHG�WR�EHLQJ�
PRUH�KDSS\�MXVW�SOD\LQJ�WKH�JDPH��5HJDUGLQJ�WKH�GLIILFXOW\�
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VHOHFWLRQ� LQ�7+
ZD\��,�GLG� OLNH
EHFDXVH� LW� IHOW�

SOD\HG��EXW�,�DO

RWKHUV� H[SUHVVH
SOD\LQJ� WKH� J

DSSUHFLDWH�D�EU

:KHQ� DVNHG� K
SDUWLFLSDQWV�PH
PDNH� GLIILFXOW\
LPH�� RYHU� ILUV
PLGGOH�� WR� MXVW�
KUHH� FDVHV� HYH
ZLWK� HPEHGGHG
PHQX���$�FRPP
IHOW�WKH�SUHYLRX

3OD\HUV�H[SUHVV
GLIILFXOW� WKH\� I
HDV\�����RYHU�R
KRVH� UHODWLQJ�
FRQWUROOHU� W\SH
JHQHUDOO\�SUHIH

5HJDUGLQJ�ZKH
PDGH�D�GLIIHUHQ
KDW�WKHLU�GLIILF
QRW� FOHDUO\� UHS
VD\� WKDW� WKH\�

SRVLWLYH�XQDVNH
GHD�WKDW�WKH�J

P\� SHUIRUPDQ

GLVFXVVLRQ�HOHP
ZKHWKHU� WKH\�
SRVLWLYH� DERXW�
FRQQRWDWLRQV��
SDUWLFLSDQWV� ZH
VHOHFWLRQ� LQWHU
TXHVWLRQ� LWHPV�
ZK\�VRPH�SDUW
DGMXVWPHQWV�RU�

)LJXUH����5DQ
VWXG

7KH� UDQNLQJ�RI
DIWHU� FRPSOHWLR
UHVXOWV� RQ� WKH�
UHFHLYHG� VOLJK

+<)7+<)��RQ
H�EHLQJ�DEOH� WR
OLNH� ,� FRXOG� F

OVR�OLNHG�SOD\LQ

HG� QRWLRQV� VX
DPH��� 6RPH�
URDG�UDQJH�RI��

KRZ� WKH\� GHFLG

HQWLRQHG� YDULR
\� FKRLFHV� UDQJ
VW� HDVLHU� WKHQ�

KDUG� DQG� ILUV
HQ� MXVW� UDQGRP
G� GLIILFXOW\� VH
PRQ�QRWLRQ�ZD
V�WLPH�,�SOD\HG

VHG�D�EURDG�UDQ
IRXQG� LW� WR� SOD
RND\���DOO�ULJKW

WR� GLIILFXOW�
H� JURXSV��� ���
U�JDPHV�WR�EH�F

HWKHU� WKH\� IHOW�
QFH�����SDUWLFLS
FXOW\�VHOHFWLRQV
O\� WR� WKLV�TXHV
QRWHG� GLIIHUH

HG�UHPDUNV�RQ�
DPH�GLIILFXOW\�

QFH��� ,Q� WKRV
PHQWV�WKDW�OHG�
OLNH� WKH� LGHD�
''$�� ZKLOH�
'XULQJ� WKH�
HUH� HYHQWXDOO\�
UDFWLRQ� PRGD
QDPHG� WKH� FR

WLFLSDQWV�H[SUH
PDQXDO�DGMXVWP

QNLQJ�E\�SDUWLFL
G\����ZLWK�WKH�J

I�DOO�FRQGLWLRQV
RQ� RI� WKH� WULD
)ULHGPDQ� UDQ

KWO\� PRUH� ILU

QH�SDUWLFLSDQW� H
R�FKRRVH� WKH� G
FDWHU� WKH� JDP

QJ�WKH�JDPH�LWV

XFK� DV�� �,
P� MX
SDUWLFLSDQWV� D
�GLIILFXOW\��VHWWL

GHG� ZKLFK� GLII

XV� VWUDWHJLHV� W
JLQJ� IURP� GHS
KDUGHU� DQG� M
W� HDVLHVW�� WKHQ

P� �ZKLFK�ZDV�
HOHFWLRQ� EXW� QR
DV��,�MXVW�GLG�LW�
G�LW���

QJH�RI�RSLQLRQ
D\� WKH� JDPH�� UD
W� WR� WRR�KDUG���
FRQWUROV�� RFF
SDUWLFLSDQWV� D
FKDOOHQJLQJ��R

WKDW� WKHLU� GLII
SDQWV�H[SOLFLWO\
V�PDGH�D�GLIIHU
VWLRQ��ZKLOH���
HQFHV�� +RZHYH
WKH�''$��VXF
ZDV�DXWRPDWLF

VH� SDUWV� RI� W
WR�SOD\HUV�PDN
RI� ''$� LQ� J
�� H[SUHVVHG�
SRVW�VWXG\�
LQIRUPHG� DER
OLW\� PDQLSXOD
RQGLWLRQV�� ZKL
VVHG�SUHIHUHQF
PHQWV��

LSDQWV�UHJDUGLQ
JDPH�7+<)7+

V� �FI��)LJXUH� �
DOV� GRHV� QRW� V
QN� VXP� WHVW�� :
UVW� UDQN� SUHI

H[SUHVVHG� LW� WK
GLIILFXOW\� VHWWLQ
H� WR� KRZ� ZHOO

VHOI���ZKLOH�VRP
XVW� PRUH� KDSS

DGGHG� WKDW� WK
LQJV��

IILFXOW\� WR� VHOHF

WKH\� IROORZHG�
SHQGLQJ� RQ� OD

MXVW� VWD\� LQ� W

�KDUGHVW�� DQG�
RQO\�PHQWLRQ
RW� UHJDUGLQJ� W
EDVHG�RQ�KRZ

QV�UHJDUGLQJ�KR
DQJLQJ� IURP� WR
��PHQWLRQV����
FXUULQJ� LQ� ER
DGGHG� WKDW� WK
U�KDUG���

ILFXOW\� VHOHFWLR
\�VDLG�WKH\�QRW
UHQFH��7KUHH�G
��GLG�QRW�FOHDU
HU�� VRPH� DGG
FK�DV��,�OLNHG�W
FDOO\�DGMXVWHG�

WKH� RSHQ�HQG
NLQJ�D� VWDWHPH
JHQHUDO�� �� ZH
UDWKHU� QHJDWLY
LQWHUYLHZV�� W
RXW� WKH� GLIILFXO
DWLRQ� DQG� ODW
LFK� PD\� H[SOD
FHV�IRU�DXWRPDW

�
QJ�SUHIHUHQFH�LQ
+<)���

��� LQ�FRPSDULVR
VKRZ� VLJQLILFD
:KLOH� HPEHGGH
IHUHQFHV�� ([D

KLV�
JV�
O� ,�

PH�
S\�

H\�

FW��
WR�
DVW�

KH�

LQ�
HG�
KH�
Z�LW�

RZ�
RR�

RI�
RWK�
H\�

QV�
HG�

GLG�
UO\�

HG�
KH�

WR�

HG�
HQW�
HUH�
YH�
KH�
OW\�
WHU�
DLQ�
WLF�

Q�

RQ�
DQW�
GHG�
DFW�

:LOFR[
QRWDEOH

:KLOH�
LPSDFW
QRW� DS
PRGDOL
RI� HQMR
ODFN�RI
VHFRQG
LQWHUHV
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5HVXOWV
HVSHFLD
PHDVXU
GLIILFX
SUHGLFW
+RZHY
LPSOHP
EHLQJ�D
HVSHFLD
WULJJHU
LQWHJUD
:H� WK
&KHQ¶V
LQYHVWL
FRQILUP

'HVLJQ
,Q� WKH�
DWPRVS
FDQ� FK
DYDLODE
OD\HUV�
SHWUL�G
RI� WKH�
FOLFNHG
SUHVHQ
RUJDQLV
7KH�SO
E\�³HD
FKRLFH�
SOD\HUV
OD\HUV�
SLHFH��
OD\HU�X
)LJXUH�
WKH�$6�

'LIILFXO
,Q� DGG
PHWKRG
EH� RSH
PRXVH�
''$�P
DXWR�IU
VHOHFWLR

[RQ�3UDWW� 6LJQ
H�FRQWUDVWV�LQ�S

WKH�ILQGLQJV�VH
W� RQ� WKH� SOD\H
SSHDU� WR� EH�
LW\�VLPLODUO\�KD
R\PHQW� UHODWHG
I�VLJQLILFDQW�HI
GDU\� RU� UHODWH
VW�HQMR\PHQW��H

<� ��� 7+(� ,0
%$&.�(;3/,&
V� IURP� VWXG\�
DOO\� RI� WKH�
UHV��ZKLFK�ZHU
XOW\� FKRLFH� P
WLRQV� WKDW� ZH
YHU��&KHQ¶V�DUJ
PHQWDWLRQV�� 2X
D�FDVXDO�JDPH
DOO\� ZLWK� UHJ
UHG� DQG� KRZ� W
DWHG� LQWR� WKH� J
KXV� UHSHDWHG� WK
V� ZHOO�NQRZQ
LJDWH� WKH� XQH[
PDWLRQ�IRU�WKH�

Q�	�,PSOHPHQ
JDPH� IO�Z��

SKHULF�JDPH��WK
KDVH� DQG� ³HD
EOH�IRRG�LWHPV�
RI�D�JDPH�ZR

GLVK��7KH�SOD\H
PRXVH� FXUVR

G��:LWK�LQFUHDV
W� LQ� WKH� OD\HU
VP� E\� DWWHPSW
OD\HU�RUJDQLVP
DWLQJ� WKHP´� SLH
PRGH� RULJLQD

V� WR�PRYH� XS�
RI� WKHLU� RZQ�
�RQH�OD\HU�GRZ
XS��HDVLHU��DV� V
���7KH�JDPH�

6��VRXUFH�FRGH�

OW\�&KRLFH�,QWHU
GLWLRQ� WR� WKH�
G��ZH� LPSOHPH
HQHG� DW� DQ\� WL
EXWWRQ� �VHH� )

PHWKRG��UHODWLQ
URP�VWXG\����7
RQ�� DVLGH� IUR

QHG�5DQN� 7HVWV
SDLUZLVH�FRPSD

HHP�WR�VXSSRUW
HU� DXWRQRP\�� S
LPSDFWHG� DQG
DV�QR�QRWDEOH�L
G�PHDVXUHV��:
IIHFWV�RQ�SUHVH
HG� H[SHULHQWLD
HIIRUW�LPSRUWDQ

3$&7� 2)� ',
&,71(66�,1�&+
�� VKRZHG� D�
UHVXOWLQJ� GLU
UH�WKRXJKW�WR�UH
PRGHV�� 7KLV�
H� GUHZ� IURP�
JXPHQWV�UHODWH�
XU� JDPH� 7+<
±�EHDUV�TXLWH�

JDUG� WR� KRZ�
WKH� HPEHGGHG
JDPH� ZRUOG� DQ
KH� VWXG\� LQ� D
Q� JDPH� IO�Z
[SHFWHG� DEVHQF
HIIHFW�RQ�DXWRQ

WDWLRQ�
ZKLFK� FDQ� EH
KH�SOD\HU�FRQWU
DW´� �FROOLGH� Z
WKDW�IORDW�DURX

RUOG� WKDW�PD\�K
HU�RUJDQLVP�PR
RU� RQ� VFUHHQ��
VLQJ�³GHSWK´��R
UV� DQG� VRPH�
WLQJ� WR� ³HDW´� V
P�FDQ�VLPLODUO\
HFH�E\�SLHFH�� 7
DOO\� LPSOHPHQ
DQG� GRZQ� WKU
YROLWLRQ�E\� HD
ZQ��KDUGHU��RU�
VKRZQ�LQ�WKH� L
IO�Z�ZDV�FRQY
PDGH�DYDLODEOH

UDFWLRQ�0RGDOLW
RULJLQDO� HPEH
HQWHG� D� WUDGLWL
LPH� GXULQJ� SOD
)LJXUH� ���� DV� Z
QJ�WR�WKH�PHWKR
7KH�PRVW�QRWDE
RP� WKH� VHOHFW

V� DOVR� GLG� QRW�
DULVRQV��

W�&KHQ¶V�FDXWLR
SUHVHQFH�LPPH

G� WKH� GLIILFX
PSDFWV�RQ�D�OD

:H�ZHUH� LQWULJX
HQFH���LPPHUVLR
DO� PHDVXUHV�
QFH��DQG�DIIHFW�

,))(5(17� /(
+(1¶6�*$0(�
VXUSULVLQJ� KRP
UHFWO\� HQMR\P
HDFW�WR�WKH�GLIIH
SDUWLDOO\� FR
&KHQ¶V� FRQV
GLUHFWO\�WR�KLV�
<)7+<)� ±� Z
D�QXPEHU�RI�G
GLIILFXOW\� FKR
G� GLIILFXOW\� FK
QG� WKH� JDPH� P
D� FRPSDUDEOH�
Z� LQ� RUGHU�
FH� RI� HIIHFWV� D
QRP\��

H� GHVFULEHG� DV
UROV�D�PLFURRUJ
ZLWK� WKH� PRXW
XQG�LQ�PXOWLSOH
KDYH�EHHQ� LPD
RYHV�WRZDUGV�WK
ZKHQ� WKH� OHIW
RWKHU�PLFURRUJ
ZLOO� DWWDFN� WK
VRPH� RI� LWV� FR
\�³ILJKW´�RWKHU�
7KH� HPEHGGHG
QWHG� LQ� WKH� JD
URXJK� GLIIHUHQ
DWLQJ� HLWKHU� D� V
D�VSHFLDO�EOXH�
LQVWUXFWLRQV�VFU
YHUWHG� WR�+D[H
H�E\�-��&KHQ�>�

WLHV�
HGGHG� GLIILFXO
LRQDO�PHQX�� Z
D\� E\� FOLFNLQJ
ZHOO� DV� D� IXOO\
RGV�HPEHGGHG��
OH�GLIIHUHQFH�LQ
WLRQ� XSRQ� WK

W� VKRZ� DQ\�

RQLQJ�RI�DQ�
HUVLRQ� GRHV�
XOW\� FKRLFH�
DUJH�YDULHW\�
XHG� E\� WKH�
RQ�DQG�DQ\�
�HVSHFLDOO\�
����

(9(/6� 2)�
)/�:�
PRJHQHLW\��

PHQW�UHODWHG�
IHUHQW�JDPH�
RQWUDGLFWHG�
VLGHUDWLRQV��
RZQ�JDPH�
ZKLOH� DOVR�
GLIIHUHQFHV��
RLFHV� ZHUH�
RLFH� PRGH�
PHFKDQLFV��
VHWXS� ZLWK�
WR� IXUWKHU�
QG� WR� VHHN�

V� D� FDVXDO�
JDQLVP�WKDW�
WK� VHFWLRQ��
H�IOXLG�OLNH�
DJLQHG�DV� D�
KH�SRVLWLRQ�
W� EXWWRQ� LV�
JDQLVPV�DUH�
KH� SOD\HU¶V�
RPSRQHQWV��
RUJDQLVPV�
G�GLIILFXOW\�
DPH� DOORZV�
W� GLIILFXOW\�
VSHFLDO� UHG�
SLHFH��RQH�
UHHQVKRW� LQ�
H�EDVHG�RQ�
��@��

OW\� FKRLFHV�
ZKLFK� FRXOG�
J� WKH� ULJKW�
\� DXWRPDWLF�
PHQX��DQG�
Q�GLIILFXOW\�
H� SOD\HUV¶�
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YROLWLRQ�DW�DUELW
7+<)7+<)� X
ZKHUHDV�WKH�GLI

)LJXUH����

,QVWUXFWLRQV� SUR
KH�ULJKW�PRXVH

)LJXUH����'LIILF
PHQX��OHIW��DQG
PDUNHUV�QRW�SU
DQG�ULJKW�JDP

'\QDPLF�'LIILFX
,Q�RUGHU� WR�DXW
KHXULVWLF� FKHFN
ZKHWKHU�DQ\�RWK
R�WKH�SOD\HU��,I
Q� WKH� OD\HU�� D
DYDLODEOH��WKH�G
D\HU� GRZQ�� 7K
GLIILFXOW\� ZDV�
PHDQLQJ� WKDW� WK
PRYHG� XS� RQH
QWDFW� ERG\� VHJ
DQRWKHU�FUHDWXU

6HWXS�	�3URFH
7KH�VWXG\�VHWXS
IROORZLQJ� DGMX
SHUVRQDOLW\�WUDL
QRW�RI�LQWHUHVW�W
IHDWXUH� LQWHUYLH
R�RPLW�GXH�WR�W
/DWLQ�VTXDUH�UD
ZLWKLQ�VXEMHFWV

7KH�VWXG\�ZDV�
0� � ������� 6'
HIIHFWV� ZLWK�
SDUWLFLSDQWV� VDL
ZHHN��VHYHQ�VDL
VDLG� WKDW� WKH\�
KDYH� EHHQ� JDP
������� 3DUWLFLSD
DQG� ZHUH� FRQ
SRSXODWLRQ�LQ�*

WUDU\�WLPHV�GXU
XVHV� D� ILYH� S
IILFXOW\�FKRLFH�

,QVWUXFWLRQV�IR

RYLGHG� IRU� WKH
H�EXWWRQ�DW�DQ\�

FXOW\�FKRLFH�LQWH
G�HPEHGGHG��ULJ
UHVHQW�LQ�WKH�JD
PH�DVVHWV����-HQ

XOW\�$GMXVWPHQW
WRPDWLFDOO\� LQF
N� ZDV� SHUIRU
KHU�RUJDQLVPV�
I�WKHUH�ZHUH�QR
DV� ZHOO� DV� QR
GLIILFXOW\�OHYHO�
KH� PHFKDQLVP
NHSW� DV� RULJ

KH� SOD\HU¶V� FUH
H� OD\HU� LI� LWV� K
JPHQWV�� IHOO� R
H���

HGXUH�
S�GXSOLFDWHG�WK
XVWPHQWV� IRU� E
LW�TXHVWLRQQDLUH
WR�WKLV�FRPSDUL
HZV�RU�D�PRWLR
WKH�EHWZHHQ�JU
DQGRPL]DWLRQ�Z
V�FRQGLWLRQV��

FRPSOHWHG�E\�
'� � ������PLQ�
QRWDEOH� HIIHF
LG� WKH\�QHYHU�
LG�WKH\�SOD\�XS
SOD\HG�PRUH� W
PLQJ� VLQFH� ��
DQWV� GLG� QRW� UH
QYHQLHQWO\� VDP
*HUPDQ\��7KH�V

ULQJ�JDPH�SOD\
SRLQW� GLIILFXOW
LQ�IO�Z�LV�ELQD

RU�WKH�FRQGLWLRQ

H�FRQGLWLRQ�PH
WLPH�WR�FKDQJ

�
HUDFWLRQ�VW\OHV�I
JKW��UHG�FLUFOHV�
PH���/HIW�EDFNJ
RYD�&KHQ���WKDW

WV�
FUHDVH� GLIILFXOW
UPHG� UHJXODUO\
RU�IRRG�LWHPV�
R�IXUWKHU�RWKHU�
R� PRUH� WKDQ�
ZDV�LQFUHDVHG

P� IRU� DXWRPDWL
JLQDOO\� LPSOHP
HDWXUH�ZRXOG� D
KHDOWK� VWDWXV� �D
RQH� OHYHO� GXH�

KH�VHWXS�IURP�
EUHYLW\�� 7KH� %
HV�ZHUH� VNLSSH
LVRQ�VWXG\��6WX
RQ�EDVHG�JDPH
URXSV�PL[HG�GH
ZDV�PDLQWDLQHG

���SDUWLFLSDQW
�PD[� � ������
FW� VL]HV� ZRXO
SOD\�YLGHR� JDP
S�WR���KRXUV�SH
WKDQ� ��� KRXUV�
����� \HDUV� RQ�
HFHLYH�PRQHWDU
PSOHG� PRVWO\�
VWXG\�ODQJXDJH

\�LQ�IO�Z�ZDV�WK
\� FKRLFH� VFDO
U\��

�
�HPEHGGHG��

QX�ZHUH��³&OL
H�WKH�OHYHO�´��

IRU�WKH�FRQGLWLR
DUH�FODULILFDWLRQ
JURXQG�HOHPHQW
WJDPHFRPSDQ\

\��D� WLPHU�EDV
\� WR� GHWHUPL
ZHUH�VWLOO�YLVLE
RUJDQLVPV�DOLY
WZR� IRRG� LWHP
G�E\�PRYLQJ�R
FDOO\� GHFUHDVLQ
PHQWHG� LQ� IO�
DXWRPDWLFDOO\� E
DV� H[SUHVVHG� E
WR� DQ� DWWDFN� E

VWXG\���ZLWK�W
%316� DQG� 7,
HG��DV� WKH\�ZH
G\���DOVR�GLG�Q
H�FRQGLWLRQ� �VD
HVLJQ�RI�VWXG\��
G�IRU�WKH�RUGHU�

WV���I����P��DJ
�� WR� WHVW�ZKHWK
OG� RFFXU�� )R
PHV� LQ� D� W\SLF
U�ZHHN�DQG�QR
SHU�ZHHN�� 7K
DYHUDJH� �6'�
U\� FRPSHQVDWLR
IURP� D� VWXGH
H�ZDV�(QJOLVK�

KDW�
OH��

LFN�

�
RQ�
Q�
WV�
��

HG�
QH�
EOH�
YH�
PV�
QH�
QJ�
Z��
EH�
E\�
E\�

KH�
3,�
HUH�
QRW�
DIH�
����
RI�

JH��
KHU�
RXU�
FDO�
QH�
H\�
 �
RQ�
HQW�

5HVXOW
7KHUH�Z
WKH�QHJ
VWXG\�
EHWZHH
VLPLODU
RQ� WKH
VKRZ�
SUHVHQ

FRQWUDG
WKH�3(
�)�����
VLJ���Z
GLII��EH
VHHQ�DV
QHHGV�
EDVHG�
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UHVHDUFK��:KLOH� LW� UHTXLUHV�FDUHIXO� LQWHUSUHWDWLRQ� LQ�JDPHV��
DV�GHVLUDEOH�FKDOOHQJHV�PD\�EH�SDUW�RI� WKH�JDPH�GHVLJQ�� LW�
FDQ� EH� VHHQ� DV� DQ� DVVHW� LQ� WKH� \RXQJ� DUHD� RI� JDPH� XVHU�
UHVHDUFK��ZKHUH�UHOLDEOH�SV\FKRPHWULFV�DUH�VWLOO�UDUH��

/LPLWDWLRQV�	�)XWXUH�:RUN�
$�QXPEHU�RI�OLPLWDWLRQV�VKRXOG�EH�QRWHG��([SOLFLW�IHHGEDFN�
WR�DQ�DGDSWLYH�V\VWHP�LV�DQ�XQXVXDO�JDPH�GHVLJQ�HOHPHQW��$�
IXUWKHU� VWXG\� WKDW� LQYHVWLJDWHV� WKH� IUDPLQJ� RI� ³SUH�SOD\�
VHWWLQJV´� �H�J�� VHWWLQJV� PHQX�� YV�� ³SRVW�SOD\� IHHGEDFN´�
PLJKW�WKXV�GHOLYHU�LQWHUHVWLQJ�DGGLWLRQDO�LQVLJKWV��+RZHYHU��
IURP� RXU� REVHUYDWLRQ� DQG� WKH� XVHU� UHVSRQVHV� GXULQJ� WKH�
LQWHUYLHZV��ZH�JDWKHU�WKDW�WKH�PHQX�IHHGEDFN�FRQGLWLRQ�ZDV�
VHHQ� DV� EHLQJ� VLPLODU� WR� W\SLFDO� GLIILFXOW\� VHWWLQJV� WKDW� DUH�
XVXDOO\�DFFHVVLEOH�WKURXJK�D�PDLQ�PHQX��,W�LV�DOVR�QRW�FOHDU�
LQ�KRZ�IDU�H[SHULHQFHV�UHODWHG�WR�IORZ�DUH�WULJJHUHG�LQ�VKRUW�
HSLVRGHV� RI� FDVXDO� JDPH�SOD\�� DOWKRXJK� RWKHU� UHVHDUFKHUV�
VXJJHVW� WKDW� IORZ� FDQ� HPHUJH� IURP� D� EURDG� UDQJH� RI�
GXUDWLRQV� RI� FDSWLYDWLQJ� DFWLYLWLHV� >�����@�� 0RUH� KLJKO\�
LPPHUVLYH�� ORQJHU�WHUP� JDPLQJ� VHVVLRQV� PLJKW� OHDG� WR�
GLIIHUHQW�UHDFWLRQV�WR�WKH�RIIHUHG�GLIILFXOW\�FKRLFH�PRGHV���

$�QXPEHU�RI�VSHFLILF�JDPH�GHVLJQ�FKRLFHV�WKDW�ZHUH�PDGH�
ZKHQ�SUHSDULQJ�WKH�JDPHV�DQG�VHWXS�RIIHU�RSSRUWXQLWLHV�IRU�
IXUWKHU� LQYHVWLJDWLRQV� LQ� DOWHUQDWLYH� GHVLJQ� FKRLFHV�� 7KH�
SRLQW�RI�LQWHUYHQWLRQ�IRU� WKH�''$��IRU�H[DPSOH��ZDV�VHW�WR�
EH� EHWZHHQ� URXQGV� IRU� VWXG\� ��� ZKHUHDV� FRQWLQXRXV� RU�
VSDUVHU� DGMXVWPHQWV� DUH� DOVR� IHDVLEOH�� /LNHZLVH�� LI� DQ�
DGDSWLYH� PHFKDQLVP� LV� SUHVHQW�� IHHGEDFN� FDQ� VWURQJO\�
LQIOXHQFH�WKH�''$�VHWWLQJV��DGMXVWLQJ�QRW�RQO\�WKH�VSHFLILF�
JDPH�PHFKDQLFDO�YDULDEOHV��EXW� DOVR� WKH�HVWLPDWHG�RSWLPDO�
SHUIRUPDQFH� WKUHVKROGV� IRU� DQ� LQGLYLGXDO� SOD\HU� �PRYLQJ�
IURP�IL[HG�WKUHVKROG�''$�WR�DQ�LQGLYLGXDO�VROXWLRQ���2WKHU�
IHHGEDFN�PHFKDQLVPV�� VXFK� DV� �LPSOLFLW�� JHQHUDO� DIIHFWLYH�
IHHGEDFN��PRUH�VSHFLILF�WHFKQLFDO�IHHGEDFN��RU�IHHGEDFN�RQ�
PXOWLSOH�GLPHQVLRQV��PD\�EH�WDNHQ�LQWR�DFFRXQW��DQG�RWKHU�
LQWHUYDOV� IRU� SURYLGLQJ� IHHGEDFN� �RU� RWKHU� PRGDOLWLHV� WR�
H[SUHVV�YROLWLRQ�� FRXOG�EH� HYDOXDWHG��%HFDXVH� ERWK� JDPHV�
ZHUH� ³FDVXDO´��PDQ\� RWKHU� JDPH� W\SHV� RIIHU� RSSRUWXQLWLHV�
IRU�IXUWKHU�LQYHVWLJDWLRQV�RQ�JDPH�GLIILFXOW\�FKRLFHV��'XH�WR�
WKH� GLIIHUHQFHV� EHWZHHQ� WKH� HPEHGGHG� GLIILFXOW\� FKRLFH�
PRGDOLWLHV�LQ�VWXG\���DQG����L�H���LW�ZDV�DOZD\V�DYDLODEOH�\HW�
UHTXLUHG� HIIRUW� WR� DWWDLQ� LQ� VWXG\� ��� ZKHUHDV� LW� ZDV� RQO\�
DYDLODEOH�RQFH�SHU�JDPH� URXQG� LQ� VWXG\����� IXUWKHU�VWXGLHV�
PLJKW�H[SDQG�RQ�RXU�UHVXOWV�E\�IRFXVLQJ�RQ�IUHTXHQF\�DQG�
HDVH�RI�DFFHVV�DV�LQGHSHQGHQW�YDULDEOHV��

&21&/86,21�
:H� SUHVHQWHG� DQ� LQYHVWLJDWLRQ� RI� WKH� LPSDFW� RI� GLIILFXOW\�
DGMXVWPHQWV� WKDW� ZHUH� SHUIRUPHG� HLWKHU� WKURXJK� PDQXDO�
FRQWURO�YLD�D�FODVVLF� VHOHFWLRQ�PHQX�� WKURXJK�DQ�HPEHGGHG�
GLIILFXOW\� FKRLFH�� RU� ZLWK� DQ� DXWRPDWLF� KHXULVWLFV�EDVHG�
''$� V\VWHP�� RQ� JDPH� XVHU� H[SHULHQFH�� :LWK� SULRU�
FRQVLGHUDWLRQV� UHJDUGLQJ� WKH� LPSDFW� EDVHG� ODUJHO\� RQ� IORZ�
WKHRU\�� ZH� SUHVHQWHG� D� WUDQVIHU� RI� WKH� H[SHFWDWLRQV� WR� WKH�
GLPHQVLRQV�PHDVXUHG�E\�YDOLGDWHG�JDPH�XVHU�UHVHDUFK�WRROV�
URRWHG�LQ�VHOI�GHWHUPLQDWLRQ�WKHRU\��7KH�H[SHFWHG�HIIHFW�RQ�
DXWRQRP\�ZDV�REVHUYHG�LQ�WKH�GDWD�EDVHG�RQ�D�VWXG\�ZLWK�D�

JDPH�RI�RXU�RZQ�GHVLJQ��KRZHYHU��QR�LPSDFW�RQ�SUHVHQFH���
LPPHUVLRQ�FRXOG�EH�IRXQG��ZKLFK�FRQWUDGLFWHG�RXU�RXWFRPH�
H[SHFWDWLRQV��,Q�WKH�LQWHUYLHZV��PDQ\�SOD\HUV�H[SUHVVHG�WKDW�
WKH\� SUHIHU� WKH� SUHVHQFH� RI� PDQXDO� GLIILFXOW\� FKRLFHV� LQ�
JDPHV��\HW�RXU�SDUWLFLSDQWV�ZHUH�PRUH�OLNHO\�WR�EH�SRVLWLYH�
DERXW�''$�WKDQ�WR�EH�QHJDWLYH�DERXW�LW�DQG�GLG�QRW�UHPDUN�
QHJDWLYHO\� RQ� WKH� SUHVHQFH� RI� ''$�� 7KLV� DPELJXLW\��
WRJHWKHU�ZLWK�D�ODFN�RI�QRWDEOH�GLIIHUHQFHV�RQ�DQ\�UHVXOWLQJ�
JDPH� H[SHULHQFH�PHDVXUH�EHVLGHV� WKH�3(16�GLPHQVLRQ�RI�
DXWRQRP\��SURPSWHG�XV�WR�UHSHDW�WKH�VWXG\�GHVLJQ�ZLWK�WKH�
JDPH� IO�Z��%HFDXVH�&KHQ�HPSOR\HG�WKH� ODWWHU� WR�DUJXH�IRU�
WKH� EHQHILWV� RI� KLV� FRQFHSW� RI� HPEHGGHG� �SOD\HU�RULHQWHG��
GLIILFXOW\� FKRLFHV��ZH� DLPHG� WR� GRXEOH�FKHFN� IRU� SRWHQWLDO�
ELDVHV� LQWURGXFHG� ZLWK� VSHFLILF� JDPH� GHVLJQ� GHFLVLRQV� RI�
RXU�JDPH��7KH�ILQGLQJV�ZHUH�ODUJHO\�UHSHDWHG��LQFOXGLQJ�WKH�
VXUSULVLQJO\� VLPLODU�PHDQV� DFURVV� FRQGLWLRQV�RQ� DOPRVW� DOO�
JDPH�H[SHULHQFH�GLPHQVLRQV��'XH� WR� WKH� UHSHDWHG� DEVHQFH�
RI�HIIHFWV�LQ�ERWK�VWXGLHV��ZH�ILQG�WKH�HYLGHQFH�WR�EH�ZRUWK�
UHSRUWLQJ��6LJQLILFDQW�GLIIHUHQFHV�LQ�WKH�7/;�GLPHQVLRQV�RI�
HIIRUW� DQG� IUXVWUDWLRQ� LQ� VWXG\� ��ZHUH� IRXQG�� WKHVH� FDQ� EH�
H[SODLQHG�E\�JDPH�GHVLJQ�DVSHFWV�RI�WKH�HPEHGGHG�PRGH�LQ�
IO�Z��ZKLFK� UHTXLUHV� SOD\HUV� WR�PDQXDOO\� VHHN� RXW� VSHFLDO�
JDPH� REMHFWV� LQ� RUGHU� WR� LQIOXHQFH� WKH� JDPH� GLIILFXOW\��
6LQFH� QR� JDPH� PRWLYDWLRQ� UHODWHG� PHDVXUH� EHVLGHV�
DXWRQRP\� VKRZHG� DQ� LPSDFW� EHWZHHQ� FRQGLWLRQV� LQ� HLWKHU�
VWXG\��ZH� FRQFOXGH� WKDW� LQ� SUDFWLFDO� �FDVXDO�� JDPH�GHVLJQ��
DOO�YHUVLRQV�FRXOG�OHDG�WR�D�YHU\�VLPLODU�JDPH�H[SHULHQFH��

2XU� ILQGLQJV� VXJJHVW� WKDW� WKH� JDPH� GLIILFXOW\� FKRLFH�
LQWHUDFWLRQ�PRGH� LQ� FDVXDO� JDPHV�PLJKW�SOD\�D�PLQRU� UROH�
FRPSDUHG� WR� RWKHU� JDPH� GHVLJQ� FKRLFHV�� 7KHVH� FRXOG�
WKHUHIRUH� EH� SULRULWL]HG� E\� JDPH� GHVLJQHUV�� /HWWLQJ� RWKHU�
FRQVLGHUDWLRQV� LQIOXHQFH� WKH� FKRLFH� RI� JDPH� GLIILFXOW\�
LQWHUDFWLRQ� PRGDOLW\�� RU� RSWLQJ� IRU� FRPPRQ� DQG� VLPSOH�
GLIILFXOW\�VHOHFWLRQ�PHQXV��DSSHDU�WR�EH�UHDVRQDEOH�FKRLFHV��
,Q� WHUPV� RI� JDPH� XVHU� UHVHDUFK� DQG� DUJXPHQWV� RQ� JDPH�
GHVLJQ�EDVHG�LQ�PRWLYDWLRQ� WKHRU\��ZH�FRXOG�RQO\�SDUWLDOO\�
FRQILUP�RXU�H[SHFWDWLRQV��ZKLFK�DSSHDUHG�ILUPO\� URRWHG� LQ�
WKHRU\� DQG� LQWXLWLYHO\� ORJLFDO��+HQFH��ZH�FDQ�RQO\� VXSSRUW�
WKH�FDOO�IRU�HPSLULFDO� LQYHVWLJDWLRQV�RI�JDPH�GHVLJQ� WKHRU\�
VR� WKDW� GHVLJQHUV� DUH� HQDEOHG� WR�PDNH�PRUH� FHUWDLQ��ZHOO�
LQIRUPHG��DQG�GHWDLOHG�GHFLVLRQV��

$&.12:/('*0(176�
:H�WKDQN�WKH�*5$1'�1&(�� WKH�.ODXV�7VFKLUD�6WLIWXQJ��DV�
ZHOO� DV� WKH�)HGHUDO� 0LQLVWU\� RI� (GXFDWLRQ� DQG� 5HVHDUFK��
*HUPDQ\� �%0%)�� IRU� IXQGLQJ�� DQG� PHPEHUV� RI� WKH�
,QWHUDFWLRQ� /DE� DW� WKH� 8QLYHUVLW\� RI� 6DVNDWFKHZDQ�� WKH�
'LJLWDO�0HGLD�/DE�DW�WKH�8QLYHUVLW\�RI�%UHPHQ��WKH�RULJLQDO�
7+<)7+<)� GHYHORSHU� WHDP�� DV� ZHOO� DV� DOO� VWXG\�
SDUWLFLSDQWV�� 5RGULJR� 9LFHQFLR�0RUHLUD�� -HQQ\� &UDPHU��
-HQRYD�&KHQ��DQG�WKDWJDPHFRPSDQ\�IRU�WKHLU�NLQG�VXSSRUW��

5()(5(1&(6�
��� (UQHVW�$GDPV��������)XQGDPHQWDOV�RI�*DPH�'HVLJQ��

1HZ�5LGHUV��

��� *D]LKDQ�$ODQNXV��$PDQGD�/D]DU��0DWW�0D\��DQG�
&DLWOLQ�.HOOHKHU��������7RZDUGV�FXVWRPL]DEOH�JDPHV�

�(QJDJLQJ�3OD\HUV�LQ�*DPHV �FKL�JRRG��&+,�������6DQ�-RVH��&$��86$

����



IRU�VWURNH�UHKDELOLWDWLRQ��3URFHHGLQJV�RI�WKH���WK�
LQWHUQDWLRQDO�FRQIHUHQFH�RQ�+XPDQ�IDFWRUV�LQ�

FRPSXWLQJ�V\VWHPV��$&0������±������
KWWS���GRL�RUJ�������������������������

��� &KULVWLQH�%DLOH\�DQG�0LFKDHO�.DWFKDEDZ��������$Q�
H[SHULPHQWDO�WHVWEHG�WR�HQDEOH�DXWR�G\QDPLF�GLIILFXOW\�
LQ�PRGHUQ�YLGHR�JDPHV��3URFHHGLQJV�RI�WKH������
*DPH2Q�1RUWK�$PHULFD�&RQIHUHQFH����±����5HWULHYHG�
6HSWHPEHU����������IURP�
KWWS���PPP�FVG�XZR�FD�IDFXOW\�NDWFKDE�SXEV�JDPHRQQ
D����BDGG�SGI�

��� 5RJHU�%DNHPDQ��������5HFRPPHQGHG�HIIHFW�VL]H�
VWDWLVWLFV�IRU�UHSHDWHG�PHDVXUHV�GHVLJQV��%HKDYLRU�
5HVHDUFK�0HWKRGV�����������±�����
KWWS���GRL�RUJ���������%)���������

��� *DU\�%HQWH��������0DNLQJ�WKH�LPSOLFLW�H[SOLFLW��
(PEHGGHG�PHDVXUHPHQW�LQ�VHULRXV�JDPHV���

��� 0D[�%LUN�DQG�5HJDQ�/��0DQGU\N��������&RQWURO�\RXU�
JDPH�VHOI��HIIHFWV�RI�FRQWUROOHU�W\SH�RQ�HQMR\PHQW��
PRWLYDWLRQ��DQG�SHUVRQDOLW\�LQ�JDPH��3URFHHGLQJV�RI�
WKH�6,*&+,�&RQIHUHQFH�RQ�+XPDQ�)DFWRUV�LQ�

&RPSXWLQJ�6\VWHPV��$&0�����±�����
KWWS���GRL�RUJ�������������������������

��� 0D[�9��%LUN��5HJDQ�/��0DQGU\N��0DWWKHZ�.��0LOOHU��
DQG�.DWKULQ�0��*HUOLQJ��������+RZ�6HOI�(VWHHP�
6KDSHV�2XU�,QWHUDFWLRQV�ZLWK�3OD\�7HFKQRORJLHV��
3URFHHGLQJV�RI�WKH������$QQXDO�6\PSRVLXP�RQ�

&RPSXWHU�+XPDQ�,QWHUDFWLRQ�LQ�3OD\��$&0����±����
KWWS���GRL�RUJ�������������������������

��� *XLOODXPH�&KDQHO��&\ULO�5HEHWH]��0LUHLOOH�
%pWUDQFRXUW��DQG�7KLHUU\�3XQ��������%RUHGRP��
HQJDJHPHQW�DQG�DQ[LHW\�DV�LQGLFDWRUV�IRU�DGDSWDWLRQ�WR�
GLIILFXOW\�LQ�JDPHV��3URFHHGLQJV�RI�WKH���WK�
LQWHUQDWLRQDO�FRQIHUHQFH�RQ�(QWHUWDLQPHQW�DQG�PHGLD�

LQ�WKH�XELTXLWRXV�HUD��$&0����±����
KWWS���GRL�RUJ�������������������������

��� 'DUU\O�&KDUOHV�DQG�0LFKDHOD�%ODFN��������'\QDPLF�
SOD\HU�PRGHOLQJ��$�IUDPHZRUN�IRU�SOD\HU�FHQWHUHG�
GLJLWDO�JDPHV��3URF��RI�WKH�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�
&RPSXWHU�*DPHV��$UWLILFLDO�,QWHOOLJHQFH��'HVLJQ�DQG�

(GXFDWLRQ����±����5HWULHYHG�1RYHPEHU����������IURP�
KWWS���UHVHDUFK�UPXWS�DF�WK�SDSHU�FX�'\QDPLF3OD\HU0R
GHOOLQJ�SGI�

���� -HQRYD�&KHQ��������IO�Z���VRXUFH�FRGH��5HWULHYHG�
6HSWHPEHU����������IURP�
KWWS���ZZZ�WKDWJDPHFRPSDQ\�FRP�IRUXP�YLHZWRSLF�S
KS"S ����	VLG �DI�GIDG�����GIE��E�EF�H��F�D���
�S�����

���� -HQRYD�&KHQ��������)ORZ�LQ�JDPHV��DQG�HYHU\WKLQJ�
HOVH���&RPPXQ��$&0����������±����
KWWS���GRL�RUJ�������������������������

���� -HQRYD�&KHQ��)ORZ�LQ�*DPHV��5HWULHYHG�6HSWHPEHU�����
�����IURP�
KWWS���MHQRYDFKHQ�FRP�IORZLQJDPHV�)ORZBLQBJDPHVBIL
QDO�SGI�

���� %HQ�&RZOH\��'DUU\O�&KDUOHV��0LFKDHOD�%ODFN��DQG�5D\�
+LFNH\��������7RZDUG�DQ�8QGHUVWDQGLQJ�RI�)ORZ�LQ�
9LGHR�*DPHV��&RPSXW��(QWHUWDLQ������������±�������
KWWS���GRL�RUJ�������������������������

���� &KULV�&UDZIRUG��������7KH�$UW�RI�&RPSXWHU�*DPH�
'HVLJQ��2VERUQH�0F*UDZ�+LOO��

���� -RKQ�5��&UDZIRUG�DQG�-XOLH�'��+HQU\��������7KH�
3RVLWLYH�DQG�1HJDWLYH�$IIHFW�6FKHGXOH��3$1$6���
&RQVWUXFW�YDOLGLW\��PHDVXUHPHQW�SURSHUWLHV�DQG�
QRUPDWLYH�GDWD�LQ�D�ODUJH�QRQ�FOLQLFDO�VDPSOH��%ULWLVK�
-RXUQDO�RI�&OLQLFDO�3V\FKRORJ\�����������±�����

���� 0LKDO\�&VLNV]HQWPLKDO\L��������)ORZ��7KH�3V\FKRORJ\�
RI�2SWLPDO�([SHULHQFH��+DUSHU�	�5RZ��1HZ�<RUN��

���� 0LKDO\�&VLNV]HQWPLKDO\L�DQG�.��5DWKXQGH��������7KH�
PHDVXUHPHQW�RI�IORZ�LQ�HYHU\GD\�OLIH��WRZDUG�D�WKHRU\�
RI�HPHUJHQW�PRWLYDWLRQ��1HEUDVND�6\PSRVLXP�RQ�
0RWLYDWLRQ��1HEUDVND�6\PSRVLXP�RQ�0RWLYDWLRQ�����
��±����

���� $QGHUV�'UDFKHQ��$OHVVDQGUR�&DQRVVD��DQG�*HRUJLRV�1��
<DQQDNDNLV��������3OD\HU�PRGHOLQJ�XVLQJ�VHOI�
RUJDQL]DWLRQ�LQ�WRPE�UDLGHU��XQGHUZRUOG��
&RPSXWDWLRQDO�,QWHOOLJHQFH�DQG�*DPHV��������&,*�
������,(((�6\PSRVLXP�RQ���±���

���� 'DYLG�0��(UFHJ�+XUQ�DQG�9LNNL�0��0LURVHYLFK��������
0RGHUQ�UREXVW�VWDWLVWLFDO�PHWKRGV��$Q�HDV\�ZD\�WR�
PD[LPL]H�WKH�DFFXUDF\�DQG�SRZHU�RI�\RXU�UHVHDUFK��
$PHULFDQ�3V\FKRORJLVW�����������±�����
KWWS���GRL�RUJ�����������������;����������

���� 7HUUL�)ORZHUGD\�DQG�*UHJRU\�6FKUDZ��������(IIHFW�RI�
&KRLFH�RQ�&RJQLWLYH�DQG�$IIHFWLYH�(QJDJHPHQW��7KH�
-RXUQDO�RI�(GXFDWLRQDO�5HVHDUFK�����������±�����
KWWS���GRL�RUJ���������������������������

���� 6DQGUR�)UDQFHVFKLQL��6LPRQH�*RUL��0LOHQD�5XIILQR��
6LPRQD�9LROD��0DVVLPR�0ROWHQL��DQG�$QGUHD�)DFRHWWL��
������$FWLRQ�9LGHR�*DPHV�0DNH�'\VOH[LF�&KLOGUHQ�
5HDG�%HWWHU��&XUUHQW�%LRORJ\��
KWWS���GRL�RUJ���������M�FXE�������������

���� <XH�*DR�DQG�5HJDQ�/��0DQGU\N��������7KH�$FXWH�
&RJQLWLYH�%HQHILWV�RI�&DVXDO�([HUJDPH�3OD\��
3URFHHGLQJV�RI�WKH������$&0�DQQXDO�FRQIHUHQFH�RQ�

+XPDQ�)DFWRUV�LQ�&RPSXWLQJ�6\VWHPV������±������

���� .DWKULQ�0DULD�*HUOLQJ��)UDQN�3DXO�6FKXOWH��-DQ�
6PHGGLQFN��DQG�0DLF�0DVXFK��������*DPH�'HVLJQ�IRU�
2OGHU�$GXOWV��(IIHFWV�RI�$JH�5HODWHG�&KDQJHV�RQ�
6WUXFWXUDO�(OHPHQWV�RI�'LJLWDO�*DPHV��,Q�
(QWHUWDLQPHQW�&RPSXWLQJ���,&(&�������0DUF�
+HUUOLFK��5DLQHU�0DODND�DQG�0DLF�0DVXFK��HGV����

�(QJDJLQJ�3OD\HUV�LQ�*DPHV �FKL�JRRG��&+,�������6DQ�-RVH��&$��86$

����



6SULQJHU�%HUOLQ�+HLGHOEHUJ�����±�����5HWULHYHG�
-DQXDU\����������IURP�
KWWS���OLQN�VSULQJHU�FRP�FKDSWHU�������������������
�������B���

���� .DWKULQ�0��*HUOLQJ��.ULVWHQ�.��'HUJRXVRII��DQG�5HJDQ�
/��0DQGU\N��������,V�0RYHPHQW�%HWWHU"��&RPSDULQJ�
6HGHQWDU\�DQG�0RWLRQ�EDVHG�*DPH�&RQWUROV�IRU�2OGHU�
$GXOWV��3URFHHGLQJV�RI�*UDSKLFV�,QWHUIDFH�������
&DQDGLDQ�,QIRUPDWLRQ�3URFHVVLQJ�6RFLHW\�����±�����
5HWULHYHG�6HSWHPEHU����������IURP�
KWWS���GO�DFP�RUJ�FLWDWLRQ�FIP"LG ����������������

���� .DWKULQ�0��*HUOLQJ��5HJDQ�/��0DQGU\N��0DWWKHZ�
0LOOHU��0LFKDHO�5��.DO\Q��0D[�%LUN��DQG�-DQ�'��
6PHGGLQFN��������'HVLJQLQJ�:KHHOFKDLU�%DVHG�
0RYHPHQW�*DPHV��$&0�7UDQV��$FFHVV��&RPSXW��������
���±������KWWS���GRL�RUJ�����������������

���� .DWKULQ�0��*HUOLQJ��0DWWKHZ�0LOOHU��5HJDQ�/��
0DQGU\N��0D[�%LUN��DQG�-DQ�6PHGGLQFN��������(IIHFWV�
RI�%DODQFLQJ�IRU�3K\VLFDO�$ELOLWLHV�RQ�3OD\HU�
3HUIRUPDQFH��([SHULHQFH�DQG�6HOI�(VWHHP�LQ�
([HUJDPHV��&+,¶����3URFHHGLQJV�RI�WKH������&+,�
&RQIHUHQFH�RQ�+XPDQ�)DFWRUV�LQ�&RPSXWLQJ�6\VWHPV��
5HWULHYHG�)HEUXDU\����������IURP�
KWWSV���KFL�XVDVN�FD�XSORDGV�����SDSHU����SGI�

���� .LHO�0��*LOOHDGH�DQG�$ODQ�'L[��������8VLQJ�IUXVWUDWLRQ�
LQ�WKH�GHVLJQ�RI�DGDSWLYH�YLGHRJDPHV��3URFHHGLQJV�RI�
WKH������$&0�6,*&+,�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�

$GYDQFHV�LQ�FRPSXWHU�HQWHUWDLQPHQW�WHFKQRORJ\��$&0��
���±�����KWWS���GRL�RUJ�������������������������

���� +DPLOWRQ�$��+HUQDQGH]��7��&��*UDKDP��'DUF\�
)HKOLQJV��HW�DO��������'HVLJQ�RI�DQ�H[HUJDPLQJ�VWDWLRQ�
IRU�FKLOGUHQ�ZLWK�FHUHEUDO�SDOV\��3URFHHGLQJV�RI�WKH�
�����$&0�DQQXDO�FRQIHUHQFH�RQ�+XPDQ�)DFWRUV�LQ�

&RPSXWLQJ�6\VWHPV������±������5HWULHYHG�0D\�����
�����IURP�KWWS���GO�DFP�RUJ�FLWDWLRQ�FIP"LG ��������

���� -RKDQ�+XL]LQJD��������+RPR�OXGHQV��SURHYH�HHQHU�
EHSDOLQJ�YDQ�KHW�VSHO�HOHPHQW�GHU�FXOWXXU��$PVWHUGDP�
8QLYHUVLW\�3UHVV��
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