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InWURGXFWLRQ

7KH�SXUSRVH�RI�WKLV�HYDOXDWLRQ�KDV�EHHQ�WR�ILQG�RXW�KRZ�KRPHRZQHUV�H[SHULHQFH�

DQG�LQWHUSUHW�WKH�FRPPXQLFDWLYH�DELOLW\�RI�JUDSKLF�HOHPHQWV�LQ�DUWLFOHV�RQ�ZHDWKHU�

DQG�FOLPDWH��DQG�JLYH�DGYLFH�RQ�KRZ�VXFK�H[SUHVVLRQV�FDQ�EH�LPSURYHG�LQ�WKH�

IXWXUH��7KH�UHSRUW�ZLOO�ILUVW�SUHVHQW�%HUJHQVDYLVHQ�DQG�WKH�DUWLFOHV�ZH�FKRVH�WR�

HYDOXDWH��EHIRUH�JRLQJ�LQWR�NH\�GHVLJQ�SULQFLSOHV�IRU�WKH�HYDOXDWLRQ��)XUWKHUPRUH��LW�

ZLOO�PHQWLRQ�WRROV�DQG�FKRLFHV�RI�PHWKRG��7KH�PDLQ�ILQGLQJV�ZLOO�WKHQ�EH�SUHVHQWHG�

V\VWHPDWLFDOO\�DQG�ZLOO�IRUP�WKH�EDVLV�IRU�RXU�GHVLJQ�LPSOLFDWLRQV�

2XU�SURMHFW

Bergensavisen 
%$��%HUJHQVDYLVHQ��LV�%HUJHQ
V�ODUJHVW�ORFDO�QHZVSDSHU�DQG�FXUUHQWO\�KDV����

HPSOR\HHV��3URII���������)RXQGHG�LQ�������$PHGLD���������WKH�QHZVSDSHU�KDG�DQ�

DYHUDJH�RI��������RQOLQH�UHDGHUV�DQG��������RQ�SDSHU�HDFK�GD\�LQ������

�0HGLHQRUJH���������$W�WKH�VWDUW�RI�WKLV�HYDOXDWLRQ�SURMHFW��ZH�PHW�HGLWRU�6LJYDOG�

6YHLQEM¡UQVVRQ��ZKR�VDLG�WKDW�%$�LV�NHHQ�WR�EH�RXW�LQ�WKH�ILHOG�WR�FRYHU�ZHDWKHU��

FOLPDWH�DQG�HQYLURQPHQWDO�HYHQWV��GHVSLWH�QRW�KDYLQJ�D�GHGLFDWHG�FOLPDWH�HGLWRU��+H�

IXUWKHU�VWDWHG�WKDW�RQH�JRDO�IRU�WKH�QHZVSDSHU�LV�IRU�UHDGHUV�WR�EH�LQIRUPHG�DQG�

HQWHUWDLQHG�E\�ZKDW�WKH\�SXEOLVK��6YHLQEM¡UQVVRQ�FRXOG�DOVR�WHOO�WKDW�PRVW�RI�WKH�

QHZVSDSHU
V�VXEVFULEHUV�DUH�DGXOWV�DQG�ROGHU�SHRSOH��DQG�WKDW�WKH\�XVXDOO\�KDYH�

VWURQJ�URRWV�LQ�WKH�FLW\��$JDLQVW�WKLV�EDFNJURXQG��ZH�GHFLGHG�WR�PRYH�IRUZDUG�LQ�WKH�

SURMHFW�ZLWK�KRPHRZQHUV�ROGHU�WKDQ����\HDUV�ROG�DV�D�WDUJHW�JURXS��+RPHRZQHUV�

DUH�DQ�LPSRUWDQW�FRPPXQLW\�JURXS�DQG�PDNH�XS�RYHU�����RI�WKH�SRSXODWLRQ�RI�

%HUJHQ�0XQLFLSDOLW\��66%���������:KHQ�%$�DLPV�WR�LQIRUP�DQG�HQWHUWDLQ�LWV�

UHDGHUV��LW�LV�LPSRUWDQW�WR�PHHW�WKLV�JURXS�

InformantV
2XU�VHOHFWLRQ�RI�LQIRUPDQWV��)LJXUH����FRQVLVWV�RI�QLQH�LQIRUPDQWV��IRXU�ZRPHQ�DQG�

ILYH�PHQ��7KH\�UDQJH�LQ�DJH�IURP���������\HDUV��ZLWK�DQ�DYHUDJH�DJH�RI����\HDUV��

7KH�LQIRUPDQWV�RZQ�KRXVLQJ�LQ�YDULRXV�DUHDV�RI�%HUJHQ��LQFOXGLQJ�)DQD��

)\OOLQJVGDOHQ��6ROKHLPVYLNHQ��1RUGQHV�DQG�6DQGYLNHQ��7KH\�ZRUN��IRU�H[DPSOH��LQ�

SUHVFKRRO��LQ�WKH�WUDQVSRUW�VHFWRU��DV�D�UHVHDUFKHU��HQJLQHHU��WKHUDSLVW�DQG�

VHFUHWDU\.
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2QH�RI�WKH�LQIRUPDQWV�VXEVFULEHV�WR�%$��ZKLOH�WKH�RWKHUV�UHDG��ZDWFK�RU�KHDU�QHZV�

HOVHZKHUH��0RVW�FLWH�PRELOH�RU�3&�DV�WKHLU�SUHIHUUHG�QHZV�UHDGLQJ�GHYLFH��ZKLOH�

RQH�FLWHV�WKH�QHZVSDSHU�LQ�SDSHU�IRUPDW�DV�WKHLU�IDYRULWH�

)LJXUH����9LVXDOL]DWLRQ�RI�RXU�VHOHFWLRQ�RI�LQIRUPDQWV��ZKHUH�SLQN�ILJXUHV�UHSUHVHQW�ZRPHQ�
DQG�EOXH�ILJXUHV�UHSUHVHQW�PHQ�

(YDOXDWHG�QHZV�DUWLFOHV 
$V�D�EDVLV�IRU�RXU�DQDO\VLV��ZH�KDYH�VHOHFWHG�WZR�DUWLFOHV�ZLWK�FOLPDWH�DV�D�WKHPH�

IURP�%$
V�RQOLQH�HGLWLRQ��%RWK�DUWLFOHV�FRQWDLQ�JUDSKLF�HOHPHQWV��ZKLFK�ZDV�

LPSRUWDQW�WR�XV�DQG�RXU�UHVHDUFK�TXHVWLRQ��7KH�ILUVW�DUWLFOH���7KHVH�DUH�WKH�ELJJHVW�

GDQJHUV�LQ�WKH�GLIIHUHQW�GLVWULFWV�RI�%HUJHQ���)LJXUH�����LV�TXLWH�ORQJ��DQG�GHDOV�ZLWK�

WKH�ELJJHVW�GDQJHUV�LQ�%HUJHQ��
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$� ULVN� DQG� YXOQHUDELOLW\� DQDO\VLV� IRUPV� WKH� EDVLV� IRU� WKH� DVVHVVPHQW��ZKHUH�

H[WUHPH�ZHDWKHU�LV�DPRQJ�WKH�GDQJHUV�WKDW�DUH�JLYHQ�WKH�PRVW�DWWHQWLRQ��7KH�

JUDSKLF� HOHPHQW� LQ� WKLV� FDVH� LV� DQ� LQWHUDFWLYH� PDS� �)LJXUH� ��� VKRZLQJ� WKH�

GDQJHUV�LQ�WKH�GLIIHUHQW�GLVWULFWV� 

)LJXUH����7KH�VHFRQG�DUWLFOH� )LJXUH����7KH�ILUVW�DUWLFOH�

7KH�VHFRQG�DUWLFOH��³,Q�����\HDUV��WKH�ZDWHU�PD\�KDYH�ULVHQ�E\�XS�WR����FP´��)LJXUH�

����LV�FRQVLGHUDEO\�VKRUWHU�WKDQ�WKH�ILUVW��DQG�DGGUHVVHV�WKH�FRQVHTXHQFHV�IRU�

%U\JJHQ�LQ�WKH�HYHQW�RI�D�SRWHQWLDO�VWRUP�VXUJH�LQ�WKH�IXWXUH��7KH�DUWLFOH�

HPSKDVL]HV�WKH�VHD�OHYHO�WKDW�LV�VWHDGLO\�ULVLQJ��DQG�KRZ�%HUJHQ�PXVW�LPSURYH�LWV�

IORRG�SURWHFWLRQ�LQ�RUGHU�WR�FRSH�ZLWK�D�SRWHQWLDO�IORRG�LQ�WKH�IXWXUH��9LVXDO�HOHPHQWV�

LQ�WKH�DUWLFOH�LQFOXGH�D�VWDWLF�PDS��)LJXUH����LOOXVWUDWLQJ�WKH�VHD�OHYHO�DW�VXFK�DQ�

HYHQW��DV�ZHOO�DV�D�EDU�JUDSK��)LJXUH����VKRZLQJ�WKH�VHD�OHYHO�LQ�%HUJHQ�IURP������

WR������ 

2XU�WKRXJKW�ZDV�WKDW�LVVXHV�UHODWHG�WR�ORFDO�KD]DUGV�FRXOG�EH�SHUFHLYHG�DV�PRUH�

LQWHUHVWLQJ�WR�RXU�WDUJHW�JURXS��DV�KRPHRZQHUV�KDYH�LQYHVWHG�LQ�VRPHWKLQJ�WKDW�

PD\�EH�DIIHFWHG�E\�VXFK�H[WHUQDO�IDFWRUV��'XULQJ�WKH�HYDOXDWLRQ��ZH�ZHUH�ORRNLQJ�WR�

VHH�KRZ�WKH�LQIRUPDQWV�LQWHUDFWHG�ZLWK�WKH�PDS��DQG�KRZ�WKH\�H[SHULHQFHG�WKH�

GLVVHPLQDWLRQ�RI�IDFWXDO�DQG�QXPHULFDO�LQIRUPDWLRQ�LQ�DOO�WKH�JUDSKLFDO�HOHPHQWV�



)LJXUH����,QWHUDFWLYH�PDS�LQ�DUWLFOH�QR���VKRZLQJ�WKH�JUHDWHVW�GDQJHUV�LQ�WKH�
GLIIHUHQW�GLVWULFWV�RI�%HUJHQ�

)LJXUH����%DU�JUDSK�LQ�DUWLFOH���VKRZLQJ�WKH�VHD�OHYHO�EHWZHHQ������DQG�����.
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)LJXUH����6WDWLF�PDS�LQ�DUWLFOH���VKRZLQJ�KRZ�WKH�HVWLPDWHG�VHD�OHYHO�ULVH�ZLOO�DIIHFW�%HUJHQ�

LQ������ 

MetKod  
7KH�GDWD�FROOHFWLRQ�LQ�WKLV�SURMHFW�KDV�EHHQ�FRQGXFWHG�WKURXJK�QLQH�VHPL�VWUXFWXUHG�

TXDOLWDWLYH�LQWHUYLHZV��+HOODQG�HW�DO���������S�������ZKHUH�ZH�SUHSDUHG�DQ�LQWHUYLHZ�

JXLGH�LQ�DGYDQFH��,Q�WZR�RI�WKH�LQWHUYLHZV�ZH�DOVR�XVHG�WHFKQRORJLFDO�HTXLSPHQW�WR�

FROOHFW�REMHFWLYH�GDWD��2EMHFWLYH�GDWD�PHDQV�GDWD�WKDW�LV�QRW�LQIOXHQFHG�E\�ZKDW�WKH�

LQIRUPDQW�VD\V�RU�WKHLU�VRFLDO�GHVLUDELOLW\��&URZQH�	�0DUORZH��������S�������7KH�

HTXLSPHQW�ZH�KDYH�XVHG�LV�WKH�H\H�WUDFNLQJ�JODVVHV�7RELL�3UR�JODVVHV���DQG�WKH�

VWUHVV�EUDFHOHW�(PSDWLFD�(���%\�XVLQJ�H\H�WUDFNLQJ��\RX�JHW�GDWD�WKDW�VKRZV�ZKHUH�

WKH�LQIRUPDQW�IRFXVHV�KLV�JD]H�RQ�D�SRLQW�RI�LQWHUHVW��FDOOHG�IL[DWLRQ��/D]DU�HW�DO���

������S�������7KH�JD]H
V�UDSLG�DQG�XQRULHQWHG�PRYHPHQWV�EHWZHHQ�WKH�IL[DWLRQV�DUH�

FDOOHG�VDFFDGHV��DQG�ODVW�EHWZHHQ����DQG�����PLOOLVHFRQGV��/D]DU�HW�DO��������

S�������7KLV�GDWD�FDQ�EH�XVHG�WR�FUHDWH�JD]H�SORWV�DQG�KHDW�PDSV��*D]H�SORWV�

LOOXVWUDWH�WKH�UDQJH�RI�SRLQWV�WKH�SDUWLFLSDQW�ORRNV��DV�ZHOO�DV�WKH�WLPH�VSHQW�RQ�WKH�

GLIIHUHQW�SRLQWV��ZKLOH�KHDW�PDSV�LOOXVWUDWH�ZKHUH�WKH�LQIRUPDQW�ORRNV�DQG�WR�ZKDW�

H[WHQW��ZLWKRXW�VD\LQJ�DQ\WKLQJ�DERXW�RUGHU��7RELLSUR��������
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7KH�VWUHVV�EUDFHOHW�JLYHV�XV�SK\VLRORJLFDO�GDWD�VXFK�DV�VZHDWLQJ��EORRG�YROXPH�

SXOVH��KHDUWEHDW��PRYHPHQW�DQG�WHPSHUDWXUH��(PSDWLFD���������$Q�LQFLGHQWV�LQ�WKH�

SK\VLRORJLFDO�GDWD�PXVW�EH�IROORZHG�XS�ZLWK�D�FRQYHUVDWLRQ�WR�FRQILUP�ZKDW�WKH�

LQFLGHQW�PHDQV��+ROPTYLVW�	�$QGHUVVRQ��������S������ 

,Q�RUGHU�WR�HQVXUH�HFRORJLFDO�YDOLGLW\��+HOODQG�HW�DO���������S������LQ�WKLV�SURMHFW��ZH�

KDYH�IRFXVHG�RQ�PDNLQJ�WKH�LQIRUPDQWV�IHHO�VDIH�LQ�WKH�LQWHUYLHZ�VLWXDWLRQ��LQ�

DGGLWLRQ�WR�HPSKDVL]LQJ�WKDW�LW�LV�WKH�DUWLFOHV�WKDW�DUH�EHLQJ�HYDOXDWHG�DQG�QRW�WKH�

LQIRUPDQW��:H�KDYH�DOVR�XVHG�PHWKRGLFDO�WULDQJXODWLRQ��+HOODQG�HW�DO���������S������

WR�VWUHQJWKHQ�WKH�YDOLGLW\�RI�WKH�SURMHFW��7KLV�LV�WKURXJK�WKH�XVH�RI�TXDOLWDWLYH�

LQWHUYLHZ�DV�VXEMHFWLYH�PHWKRG�DQG�H\H�WUDFNLQJ��DQG�SK\VLRORJLFDO�GDWD�DV�REMHFWLYH�

PHWKRG�

7KH�HFRORJLFDO�YDOLGLW\�PD\�KDYH�EHHQ�LQIOXHQFHG�E\�WKH�+DZWKRUQH�HIIHFW��3UHHFH��

HW�DO���������S������ZKLFK�ZH�GLVFRYHUHG�ZKHQ�WKHUH�ZDV�D�VLJQLILFDQW�GLIIHUHQFH�LQ�

WKH�DYHUDJH�WLPH�VSHQW��RQ�WKH�LQIRUPDQWV�ZKR�UHDG�ZLWK�DQG�ZLWKRXW�SK\VLRORJLFDO�

HTXLSPHQW��)RU�WKH�ILUVW�DUWLFOH��LQIRUPDQWV�ZHDULQJ�HTXLSPHQW�VSHQW���PLQXWHV�DQG�

���VHFRQGV��RQ�DYHUDJH��ZKLOH�LQIRUPDQWV�ZLWKRXW�HTXLSPHQW�VSHQW���PLQXWHV�DQG���

VHFRQGV��2Q�WKH�VHFRQG�DUWLFOH��WKHUH�DUH���PLQXWHV�DQG����VHFRQGV��DQG���PLQXWHV�

DQG����VHFRQGV�UHVSHFWLYHO\��7KLV�LQGLFDWHV�WKDW�WKH�LQIRUPDQWV�ZKR�ZHUH�PHDVXUHG�

ZLWK�HTXLSPHQW�ZHUH�PRUH�DZDUH�WKDW�WKH\�ZHUH�LQ�DQ�XQQDWXUDO�VLWXDWLRQ�DQG�

WKHUHIRUH�VSHQW�PRUH�WLPH�UHDGLQJ�WKH�DUWLFOHV��,Q�DGGLWLRQ��WKH�UHFRUGHG�UHDGLQJ�WLPH�

RI�%$����PLQXWH�DQG���VHFRQGV�RQ�ERWK�RI�LWV�DUWLFOHV��VKRZV�WKDW�DOO�RI�RXU�LQIRUPDQWV�

VSHQW�VLJQLILFDQWO\�ORQJHU�UHDGLQJ�WKH�DUWLFOHV�WKDQ�WKH�QHZVSDSHU
V�RZQ�UHDGHUV�

InformeG�FRQVHQW  
$OO�LQIRUPDQWV�KDYH�EHHQ�LQIRUPHG�DERXW�WKH�SURMHFW�SURFHVV��GDWD�FROOHFWLRQ�DQG�

WKHLU�RZQ�ULJKWV��ERWK�RUDOO\�DQG�WKURXJK�DQ�LQIRUPDWLRQ�OHWWHU��3ULRU�WR�WKH�GDWD�

FROOHFWLRQ��D�IRUP�ZDV�VHQW�WR�WKH�1RUZHJLDQ�&HQWHU�IRU�5HVHDUFK�'DWD��16'���

ZKLFK�KDV�DSSURYHG�WKH�SURMHFW��$OO�LQIRUPDQWV�KDYH�DOVR�VLJQHG�D�FRQVHQW�IRUP��

'XULQJ�WKH�GDWD�FROOHFWLRQ��ZH�DOVR�PDGH�VXUH�WR�HPSKDVL]H�WR�WKH�LQIRUPDQWV�WKDW�

WKH\�DOZD\V�KDG�WKH�RSSRUWXQLW\�WR�ZLWKGUDZ�IURP�WKH�SURMHFW�
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6FKHGXOH�DQG�H[HFXWLRQ
3ULRU�WR�WKH�HYDOXDWLRQ��ZH�PDGH�D�VFKHGXOH�IRU�WKH�HYDOXDWLRQ��)LJXUHV���	�����

7KLV�LV�GLYLGHG�LQWR�IRXU�SKDVHV�DQG�JUDGXDOO\�GHVFULEHV�KRZ�WKH�LQWHUYLHZV�

VKRXOG�EH�FRQGXFWHG��7KH�ILUVW�SKDVH�ZDV�WR�PDNH�WKH�LQIRUPDQW�DZDUH�RI�WKH�

SURMHFW
V�SXUSRVH�DQG�FUHDWH�D�FRPIRUWDEOH�DWPRVSKHUH��+HUH�WKH�FRQVHQW�IRUP�

ZDV�H[SODLQHG��UHDG�DQG�VLJQHG��)RU�WKH�WZR�LQWHUYLHZV�ZLWK�REMHFWLYH�GDWD�

FROOHFWLRQ��WKH�VWUHVV�EUDFHOHW�ZDV�DOVR�SXW�RQ��3KDVH�WZR�GHDOW�ZLWK�WKH�

LGHQWLILFDWLRQ�RI�WKH�FKDUDFWHULVWLFV�RI�WKH�LQIRUPDQW�DQG�LWV�UHODWLRQ�WR�QHZV�

)LJXUH����6FKHGXOH�IRU�WKH�HYDOXDWLRQV��:KLWH�WH[W�DSSOLHV�WR�DOO�HYDOXDWLRQV��ZKLOH�EOXH�WH[W�

LV�IRU�HYDOXDWLRQV�ZKLFK�DOVR�LQFOXGHG�H\H�WUDFNLQJ�DQG�PHDVXUHPHQW�RI�SK\VLRORJLFDO�GDWD�

1H[W�FDPH�SKDVH�WKUHH��ZKHUH�WKH�H\H�WUDFNLQJ�JODVVHV�ZHUH�SXW�RQ�DQG�FDOLEUDWHG��

:KHQ�WKLV�ZDV�GRQH��WKH�LQIRUPDQW�JRW�WR�UHDG�WKH�ILUVW�DUWLFOH�DQG�ZDV�WKHQ�DVNHG�

DERXW�LW��7KH�VDPH�DSSOLHV�IRU�WKH�VHFRQG�DUWLFOH��$W�WKH�VWDUW�RI�SKDVH����WKH�H\H�

WUDFNLQJ�JODVVHV�ZHUH�UHPRYHG��DQG�WKH�LQIRUPDQW�ZDV�IXUWKHU�DVNHG�KRZ�WKH\�

WKRXJKW�WH[W�DQG�YLVXDO�HOHPHQWV�FRPPXQLFDWHG�WKH�QHZV�WR�WKHP��)LYH�PLQXWHV�LQWR��

SKDVH����WKH�VWUHVV�EUDFHOHW�ZDV�WDNHQ�RII��5HVXOWV�LQ�WKH�SK\VLRORJLFDO�GDWD�ZHUH�

WKHQ�FRPSDUHG�ZLWK�REVHUYDWLRQV�IURP�WKH�H\H�WUDFNLQJ�E\�WKH�RQHV�ZLWK�WHFKQLFDO�

UHVSRQVLELOLW\��7KLV�WRRN�SODFH�DW�WKH�VDPH�WLPH�DV�WKH�LQWHUYLHZ�DQG�IRUPHG�WKH�

EDVLV�IRU�RXU�IROORZ�XS�TXHVWLRQV�IRU�WKH�LQIRUPDQW��+HUH��WKH�DLP�ZDV�WR�XQFRYHU�

SRVVLEOH�UHDVRQV�IRU�GLIIHUHQW�LQFLGHQWV�RQ�WKH�VWUHVV�EUDFHOHW�UHVXOWV�
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:H�IRXQG�WKH�VFKHGXOH�XVHIXO�WR�HQVXUH�HTXDO�FRQGXFW�RI�DOO�LQWHUYLHZV�DQG�WR�

NHHS�WUDFN�RI�WKH�WHFKQLFDO�HTXLSPHQW� 

)LJXUH����&RQWLQXDWLRQ�RI�)LJXUH��

Design�prinFLSOHV 
'LIIHUHQW�GHVLJQ�SULQFLSOHV�FDQ�EH�JRRG�EDVLF�WRROV�ZKHQ�\RX��DV�D�GHVLJQHU��KDV�WR�

RULHQWDWH�RQ�LPSRUWDQW�DVSHFWV�RI�D�GHVLJQ��3UHHFH�HW�DO���������S������6HYHUDO�RI�WKH�

SULQFLSOHV�DUH�FHQWUDO�WR�XVHU�LQWHUIDFH�HYDOXDWLRQ��EXW�LQ�RXU�SURMHFW�ZH�IRFXV�RQ�'RQ�

1RUPDQ
V�SULQFLSOHV�RI�YLVLELOLW\�DQG�RSSRUWXQLW\��7KH�SULQFLSOH�RI�YLVLELOLW\�LV�WKDW�WKH�

PRUH�YLVLEOH�VRPHWKLQJ�LV�WR�WKH�XVHU��WKH�PRUH�OLNHO\�WKH\�DUH�WR�NQRZ�ZKDW�WKH\�

FDQ�GR�QH[W��3UHHFH�HW�DO���������S������2SSRUWXQLW\�UHYROYHV�DURXQG�WKH�DVSHFWV�RI�

D�GHVLJQ�WKDW�DOORZ�WKH�XVHU�WR�NQRZ�KRZ�WR�XVH�LW��3UHHFH�HW�DO���������S������

)XUWKHUPRUH��LQ�RXU�DQDO\VLV�ZH�ZLOO�DVVHVV�ZKHWKHU�WKH�WZR�DUWLFOHV�PHHW�WKH�

UHTXLUHPHQWV�IRU�YLVLELOLW\�DQG�RSSRUWXQLW\�

+RPHRZQHUV
�H[SHULHQFHV�RI�JUDSKLF�HOHPHQWV

)RU�D�PHGLXP�WR�EHFRPH�LPSRUWDQW�LQ�SHRSOH
V�OLYHV��LW�VKRXOG�EH�PHDVXUHG�QRW�RQO\�

E\�SURILW�DQG�HDVH�RI�XVH��EXW�DOVR�E\�KRZ�JRRG�LW�LV�DW�FRPPXQLFDWLQJ��1\UH��������

S�������,Q�WKH�WZR�VHOHFWHG�DUWLFOHV��%$�WULHV�WR�FRPPXQLFDWH�FRPSOH[�WRSLFV�LQ�D�

VLPSOLILHG�ZD\�WKDW�VKRXOG�EH�HDV\�IRU�PRVW�SHRSOH�WR�UHDG�DQG�XQGHUVWDQG��7KURXJK�

WKH�HYDOXDWLRQ��D�QXPEHU�RI�REVHUYDWLRQV�DQG�PHDVXUHPHQWV�KDYH�EHHQ�FROOHFWHG�

WKDW�ZH�KDYH�FKRVHQ�WR�FRQGHQVH�GRZQ�WR�WKUHH�PDLQ�ILQGLQJV�



11 

7KHVH�GHDO�ZLWK�YLVXDO�MRXUQDOLVP�DQG�GLVVHPLQDWLRQ�RI�IDFWXDO�LQIRUPDWLRQ��DQG�DUH�

DV�IROORZV��LQWHUDFWLYLW\�LV�QRW�HYLGHQW��JUDSKLFV�FRPPXQLFDWH�UHVHDUFK�GDWD�SRRUO\�

DQG�WKH�VWDWLF�PDS�LV�LQWXLWLYH�EXW�GLIILFXOW�WR�UHODWH�WR��,Q�WKLV�VHFWLRQ��ZH�ZLOO�SUHVHQW�

WKHVH�ILQGLQJV�LQ�UHODWLRQ�WR�WKH�GHVLJQ�SULQFLSOHV�PHQWLRQHG�HDUOLHU� 

,QWHUDFWLYLW\�ZDV�QRW�HYLGHQW 
7KH�ILQGLQJ�DSSOLHV�WR�WKH�LQWHUDFWLYH�PDS�RI�KD]DUGV�LQ�%HUJHQ��)LJXUH����LQ�WKH�ILUVW�

DUWLFOH�SUHVHQWHG�WR�WKH�LQIRUPDQWV��7KH�LQWHUDFWLYH�IXQFWLRQ�RI�WKH�PDS�LV�WR�SUHVHQW�

LQIRUPDWLRQ�RQ�WKH�JUHDWHVW�GDQJHUV�LQ�WKH�YDULRXV�GLVWULFWV�RI�%HUJHQ��7KH�IHDWXUH�LV�

WULJJHUHG�E\�SUHVVLQJ�RU�KROGLQJ�WKH�PRXVH�RYHU�RQH�RI�WKH�QHLJKERUKRRGV�RQ�WKH�

PDS��7KH�VPDOO�WH[W�RQ�WKH�PDS�LV�WKH�RQO\�WKLQJ�WKDW�WHOOV�UHDGHUV�WKDW�WKHUH�LV�DQ�

LQWHUDFWLYH�IHDWXUH��DQG�WKH�IHDWXUH�LV�HVVHQWLDO�WR�PDNH�VHQVH�RI�WKH�PDS��:H�IRXQG�

WKDW�DV�PDQ\�DV�VL[�RI�RXU�QLQH�LQIRUPDQWV�VFUROOHG�SDVW�WKH�LQWHUDFWLYH�PDS�LQ�WKH�

ILUVW�DUWLFOH���ZLWKRXW�QRWLFLQJ�WKDW�LW�ZDV�LQWHUDFWLYH��7KLV�EHFDPH�HYLGHQW�WKURXJK�

REVHUYDWLRQ�DQG�LQ�WKH�LQWHUYLHZV�WKDW�ZHUH�GRQH�DIWHU�WKH�LQIRUPDQWV�KDG�ILQLVKHG�

UHDGLQJ�WKH�DUWLFOH��2QH�RI�WKH�LQIRUPDQWV�ORRNHG�DW�WKH�PDS�IRU����VHFRQGV�ZLWKRXW�

QRWLFLQJ�WKH�LQWHUDFWLYH�IHDWXUH��,Q�WKH�LQWHUYLHZ��WKH�VDPH�LQIRUPDQW�VWDWHG�WKDW� 

«...,�ORRNHG�DW�LW�IRU�D�ZKLOH�DQG�WKRXJKW�LW�ZDV�D�ELW�VWUDQJH�WKDW�
HYHU\WKLQJ�ZDV�WKH�VDPH�FRORU��DQG�WKHQ�,�ZHQW�RQ». 

%$
V�XVH�RI�UHG�FRORU�WR�V\PEROL]H�WKDW�WKHUH�DUH�GDQJHUV�LQ�HDFK�GLVWULFW�GRHV�QRW�

VHHP�IRUWXQDWH�IRU�YLVLELOLW\��DQG�VLQFH�HYHU\WKLQJ�LV�UHG��WKLV�V\PEROLVP�GRHV�QRW�

EHFRPH�DV�FOHDU��)RU�DQRWKHU�LQIRUPDQW��ZKR��XQOLNH�WKH�PDMRULW\��IRXQG�RXW�DERXW�

WKH�LQWHUDFWLYH�IHDWXUH��H\H�WUDFNLQJ�GDWD�VKRZV�WKDW�WKLV�WRRN����VHFRQGV��7KH�

LQIRUPDQW�KDG�H[SORUHG�WKH�HQWLUH�PDS�YLVXDOO\�DQG�UHDG�WKH�FDSWLRQ��EHIRUH�WKH�WH[W�

RQ�WKH�PDS��ZKLFK�SRLQWV�RXW�WKH�LQWHUDFWLYLW\��ZDV�QRWLFHG�
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)LJXUH����6KRZV�WKH����VHFRQGV�WKDW�LQIRUPDQW���VSHQGV�ORRNLQJ�DURXQG�WKH�PDS�ZLWKRXW�

QRWLFLQJ�LW�LV�LQWHUDFWLYH�

7KH�ILQGLQJ�VKRZV�WKDW�'RQ�1RUPDQ
V�GHVLJQ�SULQFLSOH�RI�YLVLELOLW\�DQG�RSSRUWXQLW\�LV�

FOHDUO\�YLRODWHG��$OO�LPSRUWDQW�IXQFWLRQV�VKRXOG�EH�FOHDUO\�YLVLEOH�WR�XVHUV��VR�WKDW�WKH�

XVHU�FDQ�NQRZ�ZKDW�WR�GR�QH[W��3UHHFH��HW�DO���������S������)XUWKHUPRUH��WKH�XVHU
V�

RSSRUWXQLWLHV�VKRXOG�EH�REYLRXV��3UHHFH��HW�DO���������S������
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)LJXUH�����6KRZV�WKH�RUGHU�RI�IRFXV�SRLQWV�IRU�LQIRUPDQW����7KH�JD]H
V�PRYHPHQW�ODVWHG����

VHFRQGV�DQG�WKH�LQIRUPDQW�GLG�QRW�GHWHFW�WKH�LQWHUDFWLYH�IHDWXUH�

7KH�JUDSKLFV�FRPPXQLFDWH�UHVHDUFK�GDWD�SRRUO\� 
7KH�ILQGLQJ�DSSOLHV�WR�WKH�LQWHUDFWLYH�PDS��VHH�)LJXUH����DQG�WKH�EDU�FKDUW��VHH�

)LJXUH�����)RXU�RXW�RI�QLQH�LQIRUPDQWV�GLG�QRW�WKLQN�WKH�EDU�FKDUW�ZDV�LQWXLWLYH��DQG�

DIWHU�VSHQGLQJ�WLPH�ORRNLQJ�DW�WKH�FKDUW�WKH\�H[SUHVVHG�WKDW�WKH\�WKRXJKW�LW�ZDV�

GLVVHPLQDWLQJ�WKH�GDWD�SRRUO\��,Q�SDUWLFXODU��WKH�QXPEHUV�UHSUHVHQWLQJ�WKH�VHD�OHYHO�

LQ�FP�DERYH�DQG�EHORZ�WKH�DYHUDJH��VHYHUDO�LQIRUPDQWV�SHUFHLYHG�DV�FRQIXVLQJ�

�)LJXUH�����:KDW�WKH�DYHUDJH�LV�FDOFXODWHG�IURP�DQG�ZKHQ�LV�QRW�H[SODLQHG�HLWKHU�LQ�

WKH�WH[W�RU�LQ�WKH�FDSWLRQ��,Q�DGGLWLRQ��LW�ZDV�SRLQWHG�RXW�WKDW�WKH�KLJK�YDOXHV�LQ�ULVH��

ZHUH�QRW�HDV\�WR�DSSO\�WR�UHDO�FRQVHTXHQFHV�

)RU�ERWK�LQIRUPDQWV�ZKR�ZRUH�WKH�VWUHVV�EUDFHOHW��WKH�SK\VLRORJLFDO�GDWD�VKRZHG�D�

FKDQJH�LQ�KHDUW�UDWH�ZKHQ�ORRNLQJ�DW�WKH�EDU�FKDUW�� 
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)RU�RQH�RI�WKH�LQIRUPDQWV��WKH�KHDUW�UDWH�LQFUHDVHG�IURP�§���WR�§���EHDWV�SHU�

PLQXWH��DQG�IRU�WKH�RWKHU��WKH�KHDUW�UDWH�LQFUHDVHG�IURP����WR�§����EHDWV�SHU�

PLQXWH��7KH�LQFUHDVHG�SXOVH�ODVWHG�DERXW����VHFRQGV�IRU�ERWK�LQIRUPDQWV��EXW�ERWK�

FODLPHG�WKDW�WKH\�XQGHUVWRRG�ZKDW�WKH�EDU�FKDUW�FRQYH\HG�DIWHUZDUGV��:KHQ�ZH�

DVNHG�TXHVWLRQV�DERXW�WKH�LQIRUPDQWV
�UHDFWLRQ��ZH�ZHUH�DEOH�WR�H[SODLQ�WKH�UHVXOWV�

LQ�WKH�SK\VLRORJLFDO�GDWD��2QH�LQIRUPDQW�VWDWHG�WKDW�KH�UHDFWHG�WR�WKH�IDFW�WKDW�ZKDW�

WKH�EDU�FKDUW�FRQYH\�DERXW�WKH�VHD�OHYHO�ZDV�FRQWUDGLFWRU\�WR�WKH�DUWLFOH
V�KHDGOLQH��

7KH�LQIRUPDQW�VDLG�WKH�IROORZLQJ�

«,W�KDV�VWD\HG�ZLWKLQ�WKH�VDPH�OHYHO�IRU�TXLWH�VRPH�WLPH��>���@�7KHUH�LV�QR

GUDVWLF�GHYHORSPHQW�KHUH�DFFRUGLQJ�WR�ZKDW�,�VHH�RQ�WKH�JUDSK» 

)LJXUH�����6KRZV�D�YLJRURXV�LQFUHDVH�LQ�KHDUW�UDWH�ZKHQ�LQIRUPDQW���ILUVW�ORRNV�DW�WKH�EDU�

FKDUW��7KH�LQIRUPDQW�FODLPHG�WKDW�WKLV�PD\�KDYH�EHHQ�EHFDXVH�WKH�LQIRUPDQW�OLNHG�SXUH�

VWDWLVWLFV�WKDW�FRXOG�EH�LQWHUSUHWHG��7KLV�LQIRUPDQW�DOVR�SRLQWV�RXW�WKDW�WKH�JUDSK�GRHV�QRW�

PDWFK�WKH�KHDGLQJ� 

7KH�RWKHU�LQIRUPDQW�ZKR�H[SHULHQFHG�DQ�LQFUHDVH�LQ�KHDUW�UDWH��)LJXUH�����DOVR�VDLG�

WKDW�WKH�EDU�FKDUW�ZDV�FRQWUDGLFWRU\�WR�WKH�KHDGOLQH�RI�WKH�DUWLFOH��+RZHYHU��WKLV�

LQIRUPDQW�FODLPHG�WKDW�WKH�KHDUW�UDWH�LQFUHDVH�PD\�KDYH�FRPH�IURP�WKH�IDFW�WKDW�WKH�

LQIRUPDQW�IHOW�OLNH�WKH\�JRW�D�ORW�RXW�RI�WKH�JUDSK��EHFDXVH�SXUH�VWDWLVWLFV�DUH�HDVLHU�WR��

LQWHUSUHW��7KH�SK\VLRORJLFDO�PHDVXUHPHQWV�DQG�VWDWHPHQWV�RI�WKH�WZR�LQIRUPDQWV�

GLIIHU�IURP�ZKDW�WKH�PDMRULW\�H[SUHVVHG��1HYHUWKHOHVV��ZH�VHH�WKDW�D�FRPPRQ�

IHDWXUH�IRU�WKH�PDMRULW\�RI�LQIRUPDQWV�LV�WKDW�WKH\�GLG�QRW�LQWHUSUHW�WKH�EDU�FKDUW�DV�LW�

ZDV�LQWHQGHG�WR�EH�LQWHUSUHWHG�

,W�DOVR�HPHUJHG�WKDW�WKH�LQWHUDFWLYH�PDS��)LJXUH����ZDV�QRW�SDUWLFXODUO\�LQIRUPDWLYH�

IRU�VHYHUDO�RI�WKH�LQIRUPDQWV��7KLV�EHFDPH�HYLGHQW�DIWHU�WKH\�ZHUH�WROG�IRXQG�RXW�WKDW�

LW�ZDV�LQWHUDFWLYH�DQG�JRW�D�FORVHU�ORRN��0DLQO\��WKHUH�ZDV�FRQIXVLRQ�DERXW�KRZ�

�SUREDELOLW\��DQG��FRQVHTXHQFH��DUH�FRPELQHG�LQWR��ULVN���DQG�H[SUHVVHG�LQ�

QXPHULFDO�IRUP�
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©1R��WKDW�GRHVQ
W�PHDQ�DQ\WKLQJ�WR�PH��/DUJH�)LUH"����ELJ�ILUHV�LQ�%HUJHQKXV"ª�DQG�

©2QFH��PDQ\�WLPHV��HYHU\�\HDU��HYHU\�RWKHU�\HDU��6R���WKH�ILJXUH�VD\V�QRWKLQJ» DUH�

VWDWHPHQWV�IURP�WZR�LQIRUPDQWV�ZKR�FRQILUPV�WKH�FRQIXVLRQ��7ZR�RWKHU�LQIRUPDQWV�

FODLPHG�WR�OLNH�LQWHUSUHWLQJ�WKH�PHDQLQJ�RI�JUDSKV�DQG�YLVXDOV��DV�WKH\�ZHUH�XVHG�WR�

GHDOLQJ�ZLWK�VXFK�LQ�D�MRE�FRQWH[W��)RU�SHRSOH�ZKR�DUH�QRW�XVXDOO\�H[SRVHG�WR�VXFK�

YLVXDO�UHSUHVHQWDWLRQV��LW�LV�QRW�DV�HDV\�WR�LQWHUSUHW�DQG�XQGHUVWDQG�UHVHDUFK�GDWD�

DORQH��DQG�WKH\�ZRXOG�UDWKHU�ORRN�WR�DXWKRULWLHV�WKDW�FDQ�H[SODLQ�WKH�FRQWH[W��SUHGLFW�

WKH�FRQVHTXHQFHV�DQG�VLPSOLI\�WKH�HVVHQFH�RI�WKH�UHVHDUFK��3LQWR��HW�DO���������S����

%DVHG�RQ�WKH�LQIRUPDQWV
�VWDWHPHQWV��ZH�VHH�WKDW�WKH�LQWHUDFWLYH�PDS�DQG�EDU�FKDUW�

KDYH�QRW�DFFRXQWHG�IRU�WKH�VLJQLILFDQFH�RI�WKH�ILJXUHV�WR�D�UHDVRQDEOH�GHJUHH��ZKLFK�

KDV�VLJQLILFDQWO\�ZHDNHQHG�ERWK�JUDSKLF
V�FRPPXQLFDWLRQ�DELOLW\��6LQFH�PHGLD�WHQG�

WR�EH�WKH�SULPDU\�VRXUFH�IRU�LQIRUPDWLRQ�RQ�FOLPDWH�FKDQJH�DQG�RWKHU�HQYLURQPHQWDO�

SUREOHPV��3LQWR��HW�DO���������S�����ZH�H[SHULHQFH�WKLV�DV�DQ�LPSRUWDQW�ILQGLQJ�WKDW�

FHUWDLQO\�VKRXOG�EH�GHDOW�ZLWK��

7KH�VWDWLF�PDS�LV�LQWXLWLYH��EXW�GRHV�QRW�HQJDJH 
,Q�WKH�DUWLFOH�DERXW�VWRUP�IORRGLQJ�LQ�%HUJHQ�LQ�WKH�IXWXUH��D�VWDWLF�PDS�LV�SUHVHQWHG�

IURP�.DUWYHUNHW��)LJXUH�����$OO�WKH�LQIRUPDQWV�VWDWHG�WKDW�WKH\�LPPHGLDWHO\�

XQGHUVWRRG�ZKDW�WKLV�FRQYH\HG��6WDWHPHQWV�IURP�LQIRUPDQWV�GXULQJ�WKH�LQWHUYLHZ�

DOVR�FRQILUPHG�WKDW�WKH�PDS�ZDV�SHUFHLYHG�DV�LQWHUHVWLQJ��©,W�ZDV�D�OLWWOH�PRUH�

LQWHUHVWLQJ�WR�VHH��UHDOO\�KRZ�PXFK�LV�DIIHFWHGª��)URP�RQH�LQWHUYLHZ��ZKLFK�DOVR�

GHDOW�ZLWK�WKH�PHDVXUHPHQW�RI�SK\VLRORJLFDO�GDWD��LW�ZDV�VWDWHG�WKDW��©,W�EHFRPHV�D�

ELW�OLNH�\RX
UH�VWDULQJ�DW�WKDW��\RX�NLQG�RI�ZDQW�WR�VHH�IRU�\RXUVHOI�KRZ�WKH�SODFHV�\RX�

KDYH�D�UHODWLRQ�WR�ZLOO�ORRN�OLNH�ZKHQ�WKHUH�LV�D�IORRGª��7KH�PDS�FOHDUO\�VKRZV�D�

SRVVLEOH�FRQVHTXHQFH�RI�FOLPDWH�FKDQJH��ZKLFK�DOVR�KDV�D�JUHDW�ORFDO�LPSDFW��7KH�

ORFDO�DVSHFW�FDQ�KHOS�UHDGHUV�SHUFHLYH�WKH�SUREOHP�DV�PRUH�LQWHUHVWLQJ�WR�WKHP��

ZKLOH�DW�WKH�VDPH�WLPH�WKH�GUDPDWLF�FRQVHTXHQFHV�RQH�VHHV�PD\�SURPRWH�D�GHVLUH�

WR�DFW��SUHFLVHO\�EHFDXVH�LW�KDV�D�JUHDWHU�HPRWLRQDO�LPSDFW��&RUQHU��HW�DO���������S��

����,Q�DGGLWLRQ��$IIHFWLYH�,PDJHV�RI�&OLPDWH�&KDQJH��/HKPDQ��HW�DO���������LQGLFDWH�

WKDW�LPDJHV�ZKLFK�VKRZ�WKH�FDXVHV�DQG�FRQVHTXHQFHV�RI�FOLPDWH�FKDQJH�DUH�

SHUFHLYHG�DV�PRVW�UHOHYDQW�WR�WKH�WRSLF��/HKPDQ��HW�DO���������S������+RZHYHU��RQH�

LQIRUPDQW�FODLPHG�WKDW� 
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©:KHQ�WKH\�WU\�WR�SUHGLFW�VRPHWKLQJ�WKDW�LV�IDU��IDU�DKHDG��,�FDQ
W�TXLWH�

WDNH�LW�VHULRXVO\��EHFDXVH�WKHUH�LV�VR�PXFK�WKDW�FDQ�KDSSHQ�LQ�WKDW�

WLPHª 

)LJXUH�����6KRZV�OLWWOH�LPSDFW�ZKHQ�WKH�LQIRUPDQW�ORRNV�DW�WKH�VWDWLF�PDS��1RWH�WKDW�

DOWKRXJK�WKH�LQFUHDVH�LQ�KHDUW�UDWH�ORRNV�GUDPDWLF��WKHUH�LV�RQO\�DQ�LQFUHDVH�IURP�§������WR�

§���EHDWV�SHU�PLQXWH�

$OWKRXJK�WKH�LQIRUPDQWV�JHQHUDOO\�H[SUHVVHG�WKHLU�IRQGQHVV�IRU�WKLV�PDS��VRPH�RI�

WKHP�IHOW�WKDW�LW�ZDV�QRQHWKHOHVV�QRW�HQJDJLQJ��7KH�SK\VLRORJLFDO�GDWD�DOVR�VKRZ�

YHU\�OLWWOH�LPSDFW��)LJXUH������7KLV�PD\�LQGLFDWH�WKDW�WKH�LQIRUPDQWV�DUH�JHQHUDOO\�

VRPHZKDW�LQGLIIHUHQW�WR�WKH�PDS��HYHQ�LI�LW�GRHV�QRW�FUHDWH�IUXVWUDWLRQ��ZH�FDQ��ZLWK�

WKH�ODFN�RI�SK\VLRORJLFDO�LQFLGHQWV��LPDJLQH�WKDW�LW�GRHV�QRW�FUHDWH�DV�PXFK�MR\�RU�

HQJDJHPHQW�HLWKHU�

Design�impliFaWLonV 

%DVHG�RQ�WKH�ILQGLQJV�IURP�WKH�DQDO\VLV��ZH�KDYH�FRQVLGHUHG�VRPH�SRVVLEOH�GHVLJQ�

LPSOLFDWLRQV�WKDW�PD\�VWUHQJWKHQ�WKH�FRPPXQLFDWLRQ�RI�%$
V�YLVXDO�HOHPHQWV��6LQFH�

RXU�ILQGLQJV�DUH�UHODWHG�WR�VSHFLILF�HOHPHQWV��ZH�FKRRVH�WR�SURYLGH�VRPH�VSHFLILF�

DGYLFH�RQ�WKHVH��:H�ZLOO�DOVR�SURYLGH�RWKHU��PRUH�JHQHUDO��DGYLFH�WKDW�FDQ�EH�XVHG�

LQ�IXWXUH�GHVLJQ�RI�VLPLODU�YLVXDO�HOHPHQWV�
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0DNH�LQWHUDFWLYLW\�YLVLEOH
2XU�ILUVW�DGYLFH�LV�EDVHG�RQ�WZR�RI�WKH�PRVW�LPSRUWDQW�GHVLJQ�SULQFLSOHV��YLVLELOLW\�DQG�

RSSRUWXQLW\��7KH�PRVW�SURPLQHQW�ILQGLQJ�ZH�PDGH�ZDV�WKDW�WKH�LQWHUDFWLYH�IXQFWLRQ�

RQ�WKH�PDS��)LJXUH����ZDV�QRW�QRWLFHG�E\�RYHU�KDOI�RI�RXU�LQIRUPDQWV��7R�LQFUHDVH�WKH�

YLVLELOLW\�RI�WKLV�PDS�DQG�VLPLODU�LQWHUDFWLYH�JUDSKLFV�LQ�WKH�IXWXUH��D�ODUJHU�DQG�FOHDUHU�

WH[W�LQGLFDWLQJ�WKDW�WKHUH�LV�LQWHUDFWLYLW\�DQG�H[SODLQLQJ�EULHIO\�LWV�IXQFWLRQ�LV�

DSSURSULDWH��DQG�WKDW�WKH�HQWLUH�JUDSKLFV�DUH�VFDOHG�XS�WR�FRYHU�ODUJH�SRUWLRQV�RI�WKH�

VFUHHQ��,Q�WKLV�ZD\��LW�ZLOO�EH�PRUH�GLIILFXOW�IRU�WKH�FXUVRU�WR�ZDQGHU�E\��DQG�HDVLHU�IRU�

UHDGHUV�WR�LGHQWLI\�WKH�RSSRUWXQLWLHV�WKDW�H[LVW�  

7ZR�RI�WKH�LQIRUPDQWV�DOVR�SRLQWHG�RXW�WKDW�WKH�PDS�SUREDEO\�ZRXOG�KDYH�VLJQDOLVHG�

LQWHUDFWLYH�IHDWXUHV�LI�PRUH�WKDQ�RQH�FRORU�KDG�EHHQ�XVHG��)RU�WKLV�PDS��ZH�WKHUHIRUH�

VHH�WKDW�LW�ZLOO�EH�PRUH�FOHDU�LI�WKH�GLIIHUHQW�W\SHV�RI�KD]DUG�OHYHO�LQ�%HUJHQ�DUH�FRORU�

FRGHG��,Q�SUDFWLFH��WKLV�FDQ�EH�GHVLJQHG�VR�WKDW�WKH�GLIIHUHQW�QHLJKERUKRRGV�RQ�WKH�

PDS�KDYH�GLIIHUHQW�FRORUV�EDVHG�RQ�WKH�GDQJHU�OHYHO�RI�WKH�VHOHFWHG�GDQJHU��)LJXUH�

�����7KH�XVH�RI�FRORU�DQG�FRORU�FRGLQJ�LV�VRPHWKLQJ�ZH�ZRXOG�UHFRPPHQG�WR�%$�IRU�

VLPLODU�LQWHUDFWLYH�JUDSKLFV��DV�LW�FDQ�FRQYH\�LQIRUPDWLRQ�PRUH�FOHDUO\��PDNH�WKH�

JUDSKLFV�PRUH�YLVLEOH�DQG�UHDGHUV�PRUH�DZDUH�RI�WKH�IXQFWLRQDOLW\��&RORU�V\PEROLVP�

LV�DQ�LPSRUWDQW�DVSHFW�KHUH�WKDW�VKRXOG�EH�LQFOXGHG�LQ�VXFK�DQ�DVVHVVPHQW��%\�

LPSOHPHQWLQJ�WKH�DGYLFH�PHQWLRQHG�DERYH��ZH�VWURQJO\�EHOLHYH�WKDW�WKH�LQWHUDFWLYH�

PDS�DQG�VLPLODU�JUDSKLFV�ZLOO�VDWLVI\�'RQ�1RUPDQ
V�SULQFLSOH�RI�YLVLELOLW\�DQG�

RSSRUWXQLW\�WR�D�PXFK�JUHDWHU�H[WHQW�
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)LJXUH�����6HOI�PDGH�PDSV�VXJJHVWLQJ�KRZ�WR�XVH�FRORU�FRGLQJ�WR�PDNH�D�YLVXDO�HOHPHQW�

PRUH�YLVLEOH��,Q�DGGLWLRQ��LW�VKRZV�KRZ�FRORU�V\PEROLVP�FDQ�PDNH�FRPPXQLFDWLRQ�PRUH�

HIILFLHQW��LQ�WKLV�H[DPSOH�JUHHQ�LV�ZKHUH�LW�LV�OHDVW�OLNHO\�WR�RFFXU�ZKLOH�UHG�LV�PRVW�OLNHO\�

&ODULI\�QXPEHUV�DQG�UHVHDUFK�GDWD 
7KH�DQDO\VLV�UHYHDOHG�WKDW�WKH�LQIRUPDQWV�H[SHULHQFHG�FRQIXVLRQ�DERXW�WKH�XVH�RI�

QXPEHUV��)RU�WKH�LQWHUDFWLYH�PDS��)LJXUH����LW�ZDV�PDLQO\�EHFDXVH�WKH�QXPEHU�

UHSUHVHQWV�WZR�YDULDEOHV�WKDW�DUH�PHUJHG�LQWR�RQH��$V�WKH�GDWD�FXUUHQWO\�LV�

SUHVHQWHG��LW�LV�LPSRVVLEOH�WR�WHOO�KRZ�PXFK�ULVN�WKHUH�LV�IRU�DQ�HYHQW�WR�RFFXU�DQG�

ZKDW�WKH�FRQVHTXHQFHV�LW�ZRXOG�KDYH��$�EHWWHU�VROXWLRQ�ZRXOG�SUREDEO\�EH�WR�

SUHVHQW�WKHVH�YDULDEOHV�VHSDUDWHO\��7KLV�ZLOO�JLYH�D�EHWWHU�SLFWXUH�RI�WKH�DFWXDO�

GDQJHU�\RX�DUH�IDFLQJ�DQG�UHPRYH�WKH�UHDGHU
V�XQFHUWDLQW\� 
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,I�LQ�VLPLODU�JUDSKLFV�WKHUH�DUH�FRPSHOOLQJ�UHDVRQV�ZK\�VXFK�YDULDEOHV�PXVW�EH�

SUHVHQWHG�DV�D�VLQJOH�YDULDEOH��ZH�ZRXOG�OLNH�WR�SRLQW�RXW�WKH�LPSRUWDQFH�RI�WKH�

HGLWRUV�H[SODLQLQJ�WKH�PHWKRG�XVHG�WR�PHUJH�WKHP�DQG�KRZ�HDFK�YDULDEOH�LV�

ZHLJKWHG�LQ�WKH�FDOFXODWLRQ��7KLV�VHSDUDWLRQ�RI�WKH�GDWD�LQ�FRPELQDWLRQ�ZLWK�D�PRUH�

FRQVFLRXV�XVH�RI�FRORUV�ZLOO�SUREDEO\�PDNH�WKH�LQIRUPDWLRQ�HDVLHU�WR�XQGHUVWDQG�

DQG�FRQWULEXWH�WR�D�PRUH�HQJURVVLQJ�H[SHULHQFH�DV�LW�ZLOO�EH�HDVLHU�WR�FRPSDUH�WKH�

GLIIHUHQW�GDQJHUV�EHWZHHQ�WKH�GLVWULFWV� 

)LJXUH�����6KRZV�ZKHUH�RQ�WKH�EDU�FKDUW�WKH�LQIRUPDQW�ORRNV�WKH�PRVW��+HUH�ZH�FDQ�

DOVR�VHH�WKDW�WKH�LQIRUPDQW�LV�VWXG\LQJ�WKH�SHDNV�FDUHIXOO\�LQ������DQG�������ZKLFK�PD\�

LQGLFDWH�DQ�DWWHPSW�WR�SXW�WKH�QXPEHUV�LQWR�FRQWH[W�

)RU�WKH�EDU�FKDUW��)LJXUH�����WKH�VLJQLILFDQFH�RI�WKH�VHD�OHYHO�QXPEHUV�ZDV�QRW�

H[SODLQHG��,W�ZDV�DOVR�QRW�VWDWHG�KRZ�PDQ\�FHQWLPHWHUV�DERYH�WKH�DYHUDJH�LW�

QHHGHG�WR�VHH�UHDO�FRQVHTXHQFHV��7KLV�ZDV�VRPHWKLQJ�VHYHUDO�LQIRUPDQWV�

H[SUHVVHG�DV�FRQIXVLQJ��)RU�H[DFWO\�WKLV�FKDUW��%$�VKRXOG�LQFOXGH�LQ�WKH�FDSWLRQ�

ZKDW�WKH�DYHUDJH����FP��LV�DQG�ZKDW�LW�LV�EDVHG�RQ��,Q�DGGLWLRQ��WKH�FDSWLRQ�RU�

FKDUW�FDQ�DGYDQWDJHRXVO\�FRQYH\�ZKHQ�WKH�ULVH�YDOXHV�DUH�VR�KLJK�WKDW�WKH\�KDYH�

FRQVHTXHQFHV��LQ�RUGHU�WR�DVVRFLDWH�WKH�FKDUW�PRUH�FORVHO\�ZLWK�WKH�UHVW�RI�WKH�

DUWLFOH� 
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&RKHUHQFH�DQG�FRQWH[W�DUH�LPSRUWDQW�LQ�SUHVHQWLQJ�UHVHDUFK�GDWD��7KH�8QLWHG�

1DWLRQV�(FRQRPLF�&RPPLVVLRQ�IRU�(XURSH��81(&(��JXLGHOLQHV�IRU�WKH�XVH�RI�WDEOHV�

VWDWH�WKDW�WDEOHV�PXVW�FRQWDLQ�HQRXJK�LQIRUPDWLRQ�WR�EH�WDNHQ�RXW�RI�WKHLU�RULJLQDO�

FRQWH[W�DQG�VWLOO�PDNH�VHQVH��3HWWHUL�HW�DO���������S��������:H�EHOLHYH�WKLV�DSSOLHV�WR�

DOO�YLVXDO�SUHVHQWDWLRQ�RI�UHVHDUFK�GDWD��,Q�WKLV�ZD\��%$��DQG�RWKHUV�SUHVHQWLQJ�

GDWDVHWV��FDQ�PDNH�LW�SUHVHQWHG�LQ�D�ZD\�WKDW�LV�XQGHUVWDQGDEOH�  

+RZ�WKH�EDU�FKDUW�LV�LQWHUSUHWHG�DIWHU�WKH�QXPEHUV�DUH�H[SODLQHG��EDVHG�RQ�ZKDW�WKH�

LQIRUPDQWV�VHH�YLVXDOO\��LV�DOVR�DQ�LPSRUWDQW�DVSHFW�RI�WKH�FKDUW
V�FRPPXQLFDWLYH�

DELOLW\��6LQFH�ZH�IRXQG�WKDW�WZR�LQIRUPDQWV�LQWHUSUHWHG�WKH�GLDJUDP�RSSRVLWH�RI�WKH�

DUWLFOH
V�DQJOH��ZH�WKLQN�LW�ZRXOG�EH�DSSURSULDWH�WR�WDNH�WKH�VXP�RI�WKH�UHG�YDOXHV�௙௙

�ULVH�LQ�VHD�OHYHO��DQG�WKH�VXP�RI�WKH�EOXH�YDOXHV�௙௙�GHFUHDVH�LQ�VHD�OHYHO��LQ�WKH�JLYHQ�

WLPH�SHULRG��DQG�SUHVHQW�WKH�GLIIHUHQFH�EHWZHHQ�WKHVH��7KLV�ZLOO�WR�D�JUHDWHU�H[WHQW�

UHIOHFW�DQ�LQFUHDVH�LQ�VHD�OHYHO�DQG�WKXV�VXEVWDQWLDWH�WKH�DUWLFOH
V�FRQWHQW��7KH�

HVVHQFH�RI�WKLV�DGYLFH�FDQ�DOVR�EH�WUDQVIHUUHG�WR�VLPLODU�FKDUWV��0RUH�JHQHUDOO\�IRU�

VXFK�YLVXDO�JUDSKLFV�WKDW�SUHVHQW�UHVHDUFK�GDWD��ZH�UHFRPPHQG�WKDW�DQ�DXWKRULW\�LQ�

WKH�ILHOG�RI�H[SHUWLVH�EULHIO\�H[SODLQ�WKH�PHDQLQJ�RI�WKH�JUDSKLF�RU�KRZ�LW�VKRXOG�EH�

LQWHUSUHWHG��3LQWR��HW�DO���������S������,Q�WKLV�ZD\��D�JUHDW�GHDO�RI�WHQVLRQ�ZLOO�EH�

DYRLGHG�LQ�WKH�UHDGHUV
�LQWHUSUHWDWLRQ��DV�ZH�H[SHULHQFHG��,Q�DGGLWLRQ��ZH�ZRXOG�

UHFRPPHQG�%$�WR�DWWDFK�VRXUFHV�GLUHFWO\�WR�UHVHDUFK�PDWHULDO�RU�LOOXVWUDWLRQV��IRU�

WKRVH�ZKR�DUH�SDUWLFXODUO\�LQWHUHVWHG�RU�RWKHUV�ZKR�QHHG�PRUH�LQWHUSUHWDWLRQ�

(QJDJH�UHDGHUV�E\�OHWWLQJ�WKHP�EH�LQ�FKDUJH 
5HFHQW�ILQGLQJV�IURP�WKH�DQDO\VLV�DUH�SRVLWLYH�FRQVLGHULQJ�WKDW�DOPRVW�DOO�RI�WKH�

LQIRUPDQWV�SHUFHLYHG�WKH�VWDWLF�PDS��)LJXUH����DV�LQWXLWLYH��EXW�DOVR�QHJDWLYH�DV�

QRWKLQJ�LQGLFDWHG�WKDW�WKH\�JRW�HQJDJHG��,Q�DGGLWLRQ��RQH�RI�WKH�LQIRUPDQWV�VWDWHG�

WKDW�LW�ZDV�GLIILFXOW�WR�LPDJLQH�VRPHWKLQJ�WKDW�ZDV�VR�IDU�DKHDG��WKXV�ZH�EHOLHYH�WKLV�

PDS�FDQ�EH�HYHQ�PRUH�H[FLWLQJ�LI�\RX�DGG�DQ�LQWHUDFWLYH�IHDWXUH�WKDW�DOORZV�WKH�

UHDGHU�WR�IOLS�IURP�SUHVHQW�WR�WKH�IXWXUH��DW�WKH�VDPH�WLPH�DV�WKH�VHD�OHYHO�VKRZV�

FKDQJH��7KLV�FDQ�EH�GRQH��IRU�H[DPSOH��E\�KDYLQJ�D�YLVLEOH�WLPHOLQH�DW�WKH�ERWWRP�RI�

WKH�LOOXVWUDWLRQ�ZKHUH�\RX�FDQ�PRYH�EDFN�DQG�IRUWK�LQ�WLPH�E\�GUDJJLQJ�D�FXUVRU�

DORQJ�WKH�WLPHOLQH�
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7KH�\HDUV�RQ�WKH�WLPHOLQH�ZLOO�EH�WKH�\HDUV�EHWZHHQ������DQG�������ZKHUH�WKH�\HDU�

RQ�ZKLFK�WKH�FXUVRU�LV�SODFHG�DSSHDUV�LQ�D�YLVLEOH�IUDPH��DQG�FKDQJHV�DFFRUGLQJ�WR�

ZKHUH�WKH�FXUVRU�LV�SODFHG��7KH�HVWLPDWHG�ZDWHU�OHYHO�IRU�HDFK�\HDU�ZLOO�DOVR�DSSHDU�

RQ�WKH�PDS�LQ�WKH�VDPH�ZD\�DV�WRGD\��RQO\�ZLWK�WKLV�LPSOLFDWLRQ�RQH�FDQ�VHH�WKH�

GHYHORSPHQW��:H�DOVR�WKLQN�LW�PD\�EH�DQ�LGHD�WKDW�WKH�ZDWHU�PRYLQJ�RYHU�D�FULWLFDO�

]RQH�EH�FRORUHG�UHG�WR�V\PEROL]H�WKLV��7KH�VLJQLILFDQFH�RI�WKH�UHG�FRORU�PXVW�WKHQ�

DOVR�EH�H[SODLQHG�LQ�WKH�LOOXVWUDWLRQ�

,Q�DQ�LQWHUYLHZ��LW�ZDV�DOVR�PHQWLRQHG�WKDW�LW�ZDV�GLIILFXOW�WR�ORFDWH�WKHLU�KRPH�RQ�WKH�

LQWHUDFWLYH�PDS�LQ�$UWLFOH����)RU�PDSV�WR�YLVXDOL]H�HYHQWV�DQG�WKHLU�FRQVHTXHQFHV��LW�

LV�YHU\�UHOHYDQW�IRU�WKH�KRPHRZQHU�WR�NQRZ�ZKHUH�WKHLU�KRPH�LV�ORFDWHG��$�QLFH�

IHDWXUH�WR�LQFOXGH�ZRXOG�EH�D�VHDUFK�ER[�ZKHUH�WKH�UHDGHU�FDQ�HQWHU�WKHLU�DGGUHVV�

DQG�KDYH�LW�KLJKOLJKWHG�RQ�WKH�PDS��6XFK�D�VHDUFK�ER[�ZLOO�LQYLWH�WKH�UHDGHU�WR�

LQWHUDFW�ZLWK�WKH�PDS��,W�ZLOO�DOVR�EH�DEOH�WR�PDNH�WKH�PDS�PRUH�UHOHYDQW��DQG�PDNH�LW�

HDVLHU�IRU�WKH�UHDGHU�WR�UHWULHYH�WKH�LQIRUPDWLRQ�WKH\�DUH�ORRNLQJ�IRU��ZKDW�WKH�

FRQVHTXHQFHV�ZLOO�EH�IRU�WKHP�DQG�WKHLU�QHDUHVW�RQHV�

7KH�EDVLF�SULQFLSOHV�RI�WKH�VXJJHVWLRQ�DERYH�FDQ�DOVR�HDVLO\�EH�DGDSWHG�WR�VLPLODU�

PDSV��3HRSOH�ZLOO�QDWXUDOO\�WU\�WR�FRPSDUH�QHZ��XQNQRZQ�REVHUYDWLRQV�ZLWK�ZKDW�LV�

NQRZQ��WR�VHH�WKH�UHODWLRQV�DQG�PDNH�VHQVH�RI�ZKDW�WKH\�VHH��%RVZHOO�HW�DO���������S��

����$Q�LQWHUDFWLYH�IHDWXUH�WKDW�IDFLOLWDWHV�WKLV�ZLOO�WKHQ�SXW�WKLQJV�LQ�SHUVSHFWLYH�IRU�WKH�

UHDGHUV��WKXV�PDNLQJ�WKH�LQIRUPDWLRQ�HDVLHU�WR�UHODWH�WR��,Q�DGGLWLRQ��LQWHUDFWLYH�

HOHPHQWV�FDQ�LQFUHDVLQJO\�DWWUDFW�DWWHQWLRQ�DQG�HQFRXUDJH�UHDGHUV�WR�LQWHUDFW��ZKLFK�

LQ�WXUQ�PDNHV�WKH�LQIRUPDWLRQ�PRUH�LQWHUHVWLQJ�DQG�HQJDJLQJ��%UDGO���������,Q�RWKHU�

ZRUGV��WKHUH�DUH�VHYHUDO�JRRG�UHDVRQV�ZK\�LQWHUDFWLYH�IXQFWLRQDOLW\��LI�LW�VDWLVILHV�WKH�

SULQFLSOH�RI�YLVLELOLW\�DQG�SRVVLELOLW\��FDQ�EHQHILW�WKH�FRPPXQLFDWLRQ�WR�RUGLQDU\�VWDWLF�

LOOXVWUDWLRQV�

6XPPDU\ 

7KLV�UHSRUW�GHDOV�ZLWK�RXU�HYDOXDWLRQ�RI�%HUJHQVDYLVHQ
V�XVH�RI�JUDSKLFDO�HOHPHQWV�LQ�

FRPPXQLFDWLQJ�FOLPDWH�QHZV��ZKHUH�ZH�ZDQWHG�WR�ILQG�RXW�KRZ�KRPHRZQHUV�

LQWHUSUHWHG�DQG�H[SHULHQFHG�WKH�FRPPXQLFDWLYH�DELOLW\�RI�VXFK�HOHPHQWV��7R�ILQG�RXW��

ZH�FRQGXFWHG�QLQH�HYDOXDWLRQV�ZLWK�TXDOLWDWLYH�LQWHUYLHZV��WZR�RI�ZKLFK�DOVR�LQFOXGHG��
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H\H�WUDFNLQJ�DQG�PHDVXUHPHQW�RI�SK\VLRORJLFDO�GDWD��,Q�WKLV�ZD\��ZH�KDYH�KDG�ERWK�

D�VXEMHFWLYH�DQG�REMHFWLYH�DSSURDFK�WR�WKH�LQIRUPDQWV��DQG�HQVXUHG�KLJKHU�YDOLGLW\�

LQ�WKH�GDWD� 

%DVHG�RQ�RXU�DQDO\VLV��ZH�VHH�WKDW�WKHUH�DUH�VHYHUDO�DVSHFWV�RI�WKH�YLVXDO�HOHPHQWV�

WKDW�GR�QRW�PHHW�NH\�GHVLJQ�SULQFLSOHV��RU�PDQDJH�WR�HQJDJH��,Q�DGGLWLRQ��UHVHDUFK�

GDWD�LV�SUHVHQWHG�LQ�D�ZD\�WKDW�LV�QRW�LQWXLWLYHO\�SHUFHLYHG�E\�WKH�LQIRUPDQWV��%DVHG�

RQ�WKLV��ZH�ZLOO�FRQFOXGH�WKDW�%$
V�XVH�RI�LQWHUDFWLYH�PDSV��VWDWLF�PDSV�DQG�

GLDJUDPV�PDLQO\�FRPPXQLFDWHV�LQIRUPDWLRQ�SRRUO\�WR�WKH�UHDGHUV��:LWK�VPDOO�

FKDQJHV��VXFK�DV�DGGLQJ�LQWHUDFWLYLW\�WR�WKH�VWDWLF�PDS��WKH�XVH�RI�FRORU�FRGLQJ�DQG�

D�EHWWHU�H[SODQDWLRQ�RI�UHVHDUFK�GDWD��UHDGHUV�ZLOO�IHHO�PRUH�LQIRUPHG�DQG�

HQWHUWDLQHG�

2XU�VXJJHVWLRQV�IRU�GHVLJQ�LPSOLFDWLRQV�ZRXOG�SUREDEO\�EH�PRUH�YDOLG�LI�ZH�KDG�KDG�

SK\VLRORJLFDO�GDWD�DQG�H\H�WUDFNLQJ�IURP�PRUH�WKDQ�WZR�LQIRUPDQWV��1HYHUWKHOHVV��

ZH�EHOLHYH�WKH\�FDQ�EH�D�XVHIXO�LQSXW�IRU�%$��VLQFH�WKH\�DUH�DOVR�EDVHG�RQ�FHQWUDO�

GHVLJQ�SULQFLSOHV�

)RU�IXWXUH�ZRUN��LW�ZRXOG�EH�LQWHUHVWLQJ�WR�XVH�WKH�GHVLJQ�LPSOLFDWLRQV�DQG�FDUU\�RXW�

D�QHZ�HYDOXDWLRQ�WR�UHYHDO�WKHLU�HIIHFW�RQ�WKH�FRPPXQLFDWLRQ�WR�WKH�UHDGHUV�
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