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7KH�,QWHUQDWLRQDO�-RXUQDO�RI�)URQWLHU�6FLHQFHV

(\H�0DNHXS�8VH��$GRSWLRQ�RI�0DNHXS�6DIHW\�*XLGHOLQHV�DPRQJ�:RPHQ�
DQG�,WV�$VVRFLDWLRQ�ZLWK�2FXODU�6XUIDFH�'LVHDVH�,QGH[��26',���$QDO\WLFDO�

&URVV�6HFWLRQDO�6WXG\

6DLUD�0DURRI�� +XPDLUD�0HKPRRG���6DOHK�.KXUVKLHG���6\HGD�.LQ]D�%XNKDUL���0XKDPPDG
%LODO�6KDEELU���.KL]DU�0DOLN���.DQZDO�6KDQ� DQG�8VDPD�=DPHHU�

$EVWUDFW�

2EMHFWLYHV� 7R�DVVHVV�WKH�IUHTXHQF\�RI�H\H�PDNHXS�XVH�DPRQJ�IHPDOH�GRFWRUV�DQG�LWV�DVVRFLDWLRQ�ZLWK�
RFXODU�VXUIDFH�GLVHDVH�,QGH[��26',��
6WXG\�'HVLJQ� $QDO\WLFDO�&URVV�6HFWLRQDO�6WXG\�
3ODFH�DQG�'XUDWLRQ�RI�6WXG\� ,W�ZDV�FRQGXFWHG�IURP�-DQ������WR�0D\������DW�D�WHUWLDU\�FDUH�KRVSLWDO�
5DZDOSLQGL�
0DWHULDOV� DQG�0HWKRGV� 6DPSOH� VL]H� FDOFXODWHG� XVLQJ�:+2� VDPSOH� VL]H� FDOFXODWRU�ZDV� ����ZLWK�
PDUJLQ�RI�HUURU����DQG�FRQILGHQFH�OHYHO�RI����� $�:+2�6WDQGDUGL]HG�26',�4XHVWLRQQDLUH�ZDV�XVHG�
WR�DVVHV�IRU�WKH�VHYHULW\�RI�RFXODU�VXUIDFH�GLVHDVH�DQG�IUHTXHQF\�RI�DSSOLFDWLRQ�RI�H\H�PDNHXS��)HPDOHV�
ZHUH�DOVR�LQTXLUHG�DERXW�DGRSWLRQ�RI�VDIHW\�JXLGHOLQHV�ZKLOH�DSSO\LQJ�DQG�UHPRYLQJ�H\H�PDNHXS��5HVXOWV�
ZHUH� GLVSOD\HG� DV� IUHTXHQFLHV� DQG� SHUFHQWDJHV� DQG�&KL� 6TXDUH� WHVW�ZDV� DSSOLHG� WR� DVVHVV� VWDWLVWLFDO�
VLJQLILFDQFH�DPRQJ�IUHTXHQF\�RI�PDNHXS�XVH�DQG�VHYHULW\�RI�RFXODU�V\PSWRPV�
5HVXOWV� )UHTXHQF\�RI�(\H�PDNHXS�XVH�DV�VWDWHG�E\�WKH�SDUWLFLSDQWV�ZDV�OHVV�WKDQ�WKUHH�WLPHV�DPRQJ�
����DQG�LW�ZDV�PRUH�WKDQ�WKUHH�WLPHV�D�ZHHN�DPRQJ�����SDUWLFLSDQWV��2QFH�D�ZHHN�XVHUV ZHUH�RQO\�
�������$PRQJ�XVHUV�LW�ZDV�IRXQG�WKDW�PDMRULW\�������KDG�QRUPDO�VFRUHV�ZKLOH�����������KDG�PLOG�
GLVHDVH��������KDG�PRGHUDWH�GLVHDVH�DQG�RQO\�����KDG�VHYHUH�GLVHDVH��6RPH�TXHVWLRQV�ZHUH�DGGHG�LQ�
TXHVWLRQQDLUH�WR�DVVHVV�WKH�VDIHW\�SUDFWLFHV�UHJDUGLQJ�H\H�PDNHXS�XVH��,W�ZDV�TXLWH�VDWLVIDFWRU\�WR�NQRZ�
WKDW�������RI�WKH�SDUWLFLSDQWV�GR�FKHFN�H[SLU\�GDWH�RI�SURGXFWV�EHIRUH�XVH��GRQ¶W�VKDUH�WKHLU�SURGXFWV�
ZLWK�RWKHUV�������DQG�WDNH�RII�PDNHXS�EHIRUH�JRLQJ�WR�VOHHS������� +RZHYHU� WKH�VLWXDWLRQ�ZDV�TXLWH�
RSSRVLWH�LQ�VRPH�RWKHU�SUDFWLFHV�DV�RQO\�������GR�SDWFK�WHVW�EHIRUH�DSSO\LQJ�PDNHXS�DQG�������FKHFN�
FRQVWLWXHQWV�EHIRUH�SXUFKDVLQJ�WKH�PDNH�XS�DV�WR�VRPH�RI�WKH�FRQVWLWXHQWV�WKH\�PLJKW�EH�VHQVLWLYH�
&RQFOXVLRQ� 7KLV�VWXG\�VKRZV�WKH�XWLOL]DWLRQ�RI�H\H�PDNH�XS�LV�H[WHQVLYH�DQG�UHODWHG�WR�WKH�SHUFHSWLRQ�
RI�RFXODU�GLVFRPIRUW��:LWK�VXFK�ZLGHVSUHDG XVH�RI�WKHVH�SURGXFWV��PRUH�UHVHDUFK�LV�QHHGHG�WR�DVVHVV�WKH�
HIIHFW�RQ�WKH�RFXODU�VXUIDFH�DQG�WHDU�ILOP��ZKLFK�FDQ�EH�XQGHUHVWLPDWHG�
.H\ZRUGV��2FXODU�6XUIDFH�'LVHDVH�,QGH[��26',���'U\�(\H�6\QGURPH��'(6�

7KLV�DUWLFOH�LV�RSHQ�DFFHVV�XQGHU�WHUPV�RI�&UHDWLYH�&RPPRQV�$WWULEXWLRQ�/LFHQVH������ZKLFK�SHUPLWV�XQUHVWULFWHG�XVH��
GLVWULEXWLRQ�DQG�UHSURGXFWLRQ�LQ�DQ\�PHGLXP�SURYLGHG�WKH�RULJLQDO�ZRUN�LV�FLWHG�SURSHUO\�

�� $'�7UDLQLQJ�0HGLFDO�'LUHFWRUDWH��$&$6��06��6HFUHWDULDW�
$+4� 3HVKDZDU��3DNLVWDQ

�� $UP\�0HGLFDO &ROOHJH��5DZDOSLQGL��3DNLVWDQ


&RUUHVSRQGHQFH��GUVDLUDMDQMXD#JPDLO�FRP

6XEPLWWHG��0D\ �������
$FFHSWHG��-XQH���������
3XEOLVKHG�2QOLQH��-XO\ ��������
GRL����������]HQRGR��������
+RZ�WR�FLWH�WKLV��0DURRI��6���0HKPRRG��+���
.KXUVKLHG��6���%XNKDUL��6�.�� 6KDEELU��0�%���0DOLN��
.���6KDQ��.� DQG�=DPHHU��6��������(\H�0DNHXS�8VH��
$GRSWLRQ�RI�0DNHXS�6DIHW\�*XLGHOLQHV�DPRQJ�
:RPHQ�DQG�,WV�$VVRFLDWLRQ�ZLWK�2FXODU�6XUIDFH�
'LVHDVH�,QGH[��26',���$QDO\WLFDO�&URVV�6HFWLRQDO�
6WXG\��,QW�-�)URQW�6FL��������������
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,QWURGXFWLRQ�
6LQFH� DQFLHQW� WLPHV� H\H� PDNHXS� KDV� EHHQ�
DSSOLHG�WR�HQKDQFH�DWWUDFWLYHQHVV�DQG�EHDXW\�
���� DQG� WKLV� SUDFWLFH� LV� VWLOO� JRLQJ� RQ� LQ�
SUHVHQW�WLPH¶V�ZRUOG�RYHU�DPRQJ�DOO�IHPDOHV�
RI� GLIIHUHQW� DJH� JURXSV�� 8VLQJ� FRVPHWLFV�
HOHYDWHV� WKH� SV\FKRORJLFDO� ZHOOEHLQJ� DQG�
FRQILGHQFH�RI�ZRPHQ�DV�ZHOO��,Q�WKLV�UHJDUG�
YDULRXV� FRVPHWLFV� DUH� LQ� XVH� OLNH� H\HOLQHU��
PDVFDUD��H\H�VKDGRZ�RU�D�FRPELQDWLRQ�RI�DOO�
WKHVH�����
+RZHYHU�� DW� WKH� VDPH� WLPH� H\H� FRVPHWLF�
DSSOLFDWLRQ� H[SRVHV� H\HV� WR� YDULRXV� UDJH� RI�
GLVFRPIRUWV�� LUULWDWLRQ� LQ� H\HV� OHDGLQJ� WR�
ZDWHULQJ�RU�HYHQ� WR�YLVLRQ� ORVV� LQ�H[WHQVLYH�
LQMXULHV��7KH�SULQFLSDOO\�DIIHFWHG�SDUWV�RI�WKH�
H\H�LQ�WKLV�FDVH�DUH�UHIHUUHG�WR�DV�WKH�µ2FXODU�
6XUIDFH�6\VWHP� LV� SULQFLSDOO\ DIIHFWHG�SDUWV�
RI�WKH�H\H�GXH�WR�FRVPHWLF�XVH�DV�WKLV�V\VWHP�
LV� H[SRVHG� WR� FKHPLFDO� DJHQWV� DQG�EDFWHULDO�
FRQWDPLQDQWV� LQ� PDNHXS� SURGXFWV� DQG�
PDNHXS�DSSOLFDWRU�EUXVKHV������7KLV�OHDGV�WR�
YDULRXV� DOOHUJLHV�� UHGQHVV� DQG� EOXUULQJ� RI�
YLVLRQ�� $GYDQFHG� FDVHV� PD\ SUHVHQW� ZLWK�
EOHSKDULWLV�� NHUDWLWLV�� FRQMXQFWLYLWLV� DQG� GU\�
H\H�GLVHDVH��'('��
'U\�(\H�'LVHDVH�KDV�D�PDMRU�LPSDFW�RQ�YLVLRQ�
DQG� KHQFH� TXDOLW\� RI� OLIH��'U\� (\H�'LVHDVH�
UHVXOWV� LQ� D� YDULHW\� RI� V\PSWRPV� ZKLFK�
WRJHWKHU� PDNH� XS� FKURQLF� SDLQ� V\QGURPH�
ZLWK� YDU\LQJ� GHJUHHV� RI� RFXODU� VXUIDFH�
GLVFRPIRUW�� ,I� ZH� SUREH� LQWR� WKH� SRVVLEOH�
FDXVHV� WR� H\H� GLVHDVHV� UHODWHG� WR� FRVPHWLF�
DSSOLFDWLRQ� LW� PD\� EH� GXH� WR� DSSOLFDWLRQ��
IUHTXHQF\�RI�XVH� DQG�FKHPLFDO� FRPSRVLWLRQ�
RI� WKH� SURGXFW�� $PRQJ� WKHVH� WKH� PRVW�
LPSRUWDQW� DVSHFW� LV� VKDULQJ� FRVPHWLFV� RI�
WHVWHUV� DYDLODEOH� LQ� PDUNHW� EHLQJ� XVHG� E\�
WKRXVDQGV�RI�FRVWXPHUV�DQG�KHQFH�YHKLFOH�IRU�
WUDQVPLVVLRQ� RI� SDWKRJHQV� ���� DQG� VKDULQJ�
FRVPHWLFV�ZLWK�WKRVH�DOUHDG\�VXIIHULQJ�IURP�
RFXODU�LQIHFWLRQ�FRXOG�EH�VRXUFH�RI�LQIHFWLRQ�
VSUHDG�� $QRWKHU� LPSRUWDQW� DVSHFW� LV� XVLQJ�

SURGXFWV� WKDW� KDYH� H[SLUHG� EHFDXVH� RI�
ELRFKHPLFDO�FKDQJHV�LQ�WKHLU�FRPSRVLWLRQ�RU�
PLFURELDO� LQIHVWDWLRQ��$PRQJ�WKHVH�PDVFDUD�
DQG� NRKO� DUH� PRVW� FRPPRQ� SURGXFWV� PRVW�
FRPPRQO\�XVHG�HYHQ�ZKHQ�H[SLUHG����
/DFN�RI�SURSHU�UHPRYDO�RI�PDNHXS�EHFDXVH�
RI�OHDG��DUVHQLF�DQG�FKURPLXP�FRQWHQW�LV�DOVR�
UHVSRQVLEOH�IRU�RFXODU�DOOHUJLHV�DQG�GLVHDVHV�
���� ���� 'XH� WR� DGYDQFHV� LQ� KHDOWK� DQG�
SURPRWLRQ� RI� SUHYHQWLYH� EHKDYLRXUV�� RFXODU�
KHDOWK� KDV� JDLQHG� PXFK� LPSRUWDQFH� WR�
HQKDQFH� RFXODU� SHUIRUPDQFH�� FRVPHWLFV� DQG�
RFXODU� FRPIRUW�� +RZHYHU� VRPH� LQGLYLGXDOV�
HYHQ� ZLWK� FHUWDLQ� V\PSWRPV� PD\� QRW�
UHFRJQL]H�WKHP�DQG�NHHS�RQ�OLYLQJ�ZLWK�WKHP�
FRQVLGHULQJ� LW� QRUPDO� SUHVHQWDWLRQ� RI� WKHLU�
DJH���������

0DWHULDO�DQG�0HWKRGV�
$QDO\WLFDO� FURVV�VHFWLRQDO� VWXG\� ZDV�
FRQGXFWHG�DPRQJ�IHPDOH�GRFWRUV�ZRUNLQJ�DW�
UHQRZQHG� WHUWLDU\� FDUH� KRVSLWDO� RI�
5DZDOSLQGL� IURP� -DQ� ����� WLOO� 0D\� ������
8VLQJ�:+2�VDPSOH�VL]H�FDOFXODWRU�� VDPSOH�
VL]H�ZDV�FDOFXODWHG�WR�EH���� ZLWK�FRQILGHQFH�
OHYHO� �&/�� RI� ����� $QWLFLSDWHG� SRSXODWLRQ�
SURSRUWLRQ� �3�� RI� ����� DQG�PDUJLQ� RI� HUURU�
���� 3XUSRVLYH� VDPSOLQJ� ZDV� XVHG� WR� HQURO�
IHPDOH�GRFWRUV��KRXVH�RIILFHUV��VSHFLDOLVWV�RU�
0HGLFDO�RIILFHUV��ZKR�XVH�DW�OHDVW�RQH�NLQG�RI�
H\H� PDNHXS� DIWHU� WKHLU� LQIRUPHG� YHUEDO�
FRQVHQW�� 3DUWLFLSDQWV� ZLWK� KLVWRU\� RI� RFXODU�
VXUJHU\�� XVLQJ� DQ\� NLQG� RI� RSKWKDOPLF�
RLQWPHQWV�RU�GURSV��SUHYLRXVO\�GLDJQRVHG�DV�
'(6�RU�KDYLQJ�QDVRODFULPDO�GXFW�REVWUXFWLRQ�
ZHUH� H[FOXGHG� IURP� WKH� VWXG\�� $� :+2�
VWDQGDUGL]HG�� FORVHG� HQGHG� TXHVWLRQQDLUH�
�26',��ZDV�XVHG�WR�FROOHFW�GDWD��7KH�26',�
FRQWDLQV� WKUHH� VXEVFDOHV�� RFXODU� GLVFRPIRUW�
V\PSWRPV�� YLVLRQ�UHODWHG� IXQFWLRQ�� DQG�
HQYLURQPHQWDO�WULJJHUV��ZKLFK�DUH�DOO�TXHULHG�
E\� WKUHH� RU� PRUH� TXHVWLRQV� ZKLFK� GLUHFW�
SDWLHQWV� WR� WKHLU� H[SHULHQFH� RYHU� WKH� SDVW�
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ZHHN��0RUH�VSHFLILFDOO\�� WKH�26',� LQFOXGHV�
WKUHH� LWHPV� UHODWHG� WR� RFXODU GLVFRPIRUW�
�IHHOLQJ�VHQVLWLYH�WR�OLJKW��JULWW\��DQG�SDLQIXO�
RU� VRUH� H\HV�� DQG� VL[� TXHVWLRQV� UHODWHG� WR�
YLVXDO� GLVWXUEDQFH� �EOXUUHG� YLVLRQ� RU� SRRU�
YLVLRQ��RU�YLVXDO�IXQFWLRQ��SUREOHPV�UHDGLQJ��
GULYLQJ�DW�QLJKW��ZRUNLQJ�ZLWK�D�FRPSXWHU��RU�
ZDWFKLQJ�79���DQG�WKUHH�TXHVWLRQV�UHODWHG�WR�
SRVVLEOH� V\PSWRP� WULJJHUV� �ZLQG\�
FRQGLWLRQV�� ORZ� KXPLGLW\�� RU� DUHDV� WKDW� DUH�
DLU�FRQGLWLRQHG��4XHVWLRQQDLUH FRQVLVWHG�RI���
SDUWV�FRPSULVLQJ�RI�WRWDO����TXHVWLRQV��(DFK�
TXHVWLRQ�LV�VFRUHG�RQ�/LNHUW�VFDOH�RI���WR���
7RWDO� VFRUH� LV� REWDLQHG� E\� DGGLQJ� WKH�
LQGLYLGXDO� VFRUHV�� 7KH� WRWDO� QXPEHU� RI�
TXHVWLRQV� DQVZHUHG� RXW� RI� ��� TXHVWLRQV� DUH�
DOVR�QRWHG�IRU�HDFK�SDUWLFLSDQW��7KHQ�WKH�VXP�
RI� VFRUHV� IRU� DOO� TXHVWLRQV� DQVZHUHG� DQG�
QXPEHU� RI� TXHVWLRQV� DQVZHUHG� ZHUH�
FRPSDUHG� ZLWK� VWDQGDUG� DYDLODEOH� FKDUW�
ZKLFK� KHOSV� XV� WR� ILQG� RXW� ZKHUH� DQ�
LQGLYLGXDO� SDUWLFLSDQWV� VFRUH� IDOOV� DQG� ZH�
FRPSDUHG�LW�ZLWK�FRUUHVSRQGLQJ�VKDGH�RI�UHG�
WR ILQG� RXW� ZKHWKHU� WKH� VFRUH� LQGLFDWHV�
QRUPDO�� PLOG�� PRGHUDWH� RU� VHYHUH� GU\� H\H�
GLVHDVH�� 4XDOLWDWLYH� GDWD� ZDV� SUHVHQWHG� DV�
IUHTXHQFLHV� DQG� SHUFHQWDJHV�� 4XDQWLWDWLYH�
GDWD�VXFK�DV�DJH�ZDV�SUHVHQWHG�DV�PHDQ�DQG�
VWDQGDUG� GHYLDWLRQ�� &KL� VTXDUH� WHVW� RI�
VLJQLILFDQFH� ZDV� XVHG� WR� ILQG� DVVRFLDWLRQ�
EHWZHHQ� IUHTXHQF\� RI� H\H� PDNHXS� XVH� DQG�
2FXODU�6XUIDFH�'LVHDVH��$�S�YDOXH�RI��������
ZDV�WDNHQ�DV�VWDWLVWLFDOO\�VLJQLILFDQW�
(WKLFDO� UHYLHZ� FRPPLWWHH� ZDV� DSSURDFKHG�
IRU�SHUPLVVLRQ�

5HVXOWV�
2XW�RI�WKH�����SDUWLFLSDQWV�����ZHUH�PDUULHG�
��������ZKLOH� UHPDLQLQJ���� ��������ZHUH�
XQPDUULHG�� $PRQJ� DOO� SDUWLFLSDQWV� WKH�
SUHGRPLQDQW� GHVLJQDWLRQ� ZDV� SRVW�JUDGXDWH�
WUDLQHHV� RU� PHGLFDO� RIILFHUV� ���� ��������
IROORZHG� E\� KRXVH� RIILFHUV� �� �������� DQG�

FRQVXOWDQWV��� �������� +���FRQWDFW�OHQV�XVH�
ZDV� DPRQJ� �� �������� SDUWLFLSDQWV� DQG� ��
��������KDG�SDVW�K�R�DQ\�NLQG�RI�H\H�DOOHUJ\��
'HPRJUDSKLF� FKDUDFWHULVWLFV� DUH� JLYHQ� LQ�
7DEOH���
7DEOH� ��� 'HPRJUDSKLF� YDULDEOHV� RI� WKH�
SDUWLFLSDQWV

)UHTXHQF\�RI�(\H�PDNHXS�XVH�DV�VWDWHG�E\�WKH�
SDUWLFLSDQWV�ZDV�OHVV�WKDQ�WKUHH�WLPHV�DPRQJ�
��������DQG�LW�ZDV�PRUH�WKDQ�WKUHH�WLPHV�D�
ZHHN�DPRQJ����������SDUWLFLSDQWV��2QFH�D�
ZHHN� XVHUV�ZHUH� RQO\� ����������:KHQ� WKH�
SDUWLFLSDQWV� ZHUH� LQTXLUHG� DERXW� YDULRXV�
W\SHV�RI�H\H�PDNHXS�FRPELQDWLRQV�WKH\�XVH�
PDMRULW\� ���������� XVHG� WZR� W\SHV� OLNH�
H\HOLQHU� DQG� PDVFDUD� ZKLOH� �������� XVHG�
PRUH�WKDQ�WKUHH�W\SHV�OLNH�H\HOLQHU��PDVFDUD�
DQG� H\H� VKDGHV� DQG� NDMRO� 2QO\� ����������
UHSRUWHG� XVH� RI� RQO\� H\HOLQHU� DV� WKHLU� RQO\�
FKRLFH�IRU�H\H�PDNHXS�VKRZQ�LQ�ILJXUH���

9DULDEOH )UHTXHQF\�
�Q�

3HUFHQWDJH�
���

0DULWDO�
6WDWXV

0DUULHG ��� ����
8QPDUULHG ��� ����
+RXVH�
2IILFHUV

�� ����

3*�7UDLQHHV��
0HGLFDO�
2IILFHUV

��� ����

&RQVXOWDQWV �� ����
&RQWDFW�
OHQV�8VH

<HV �� ����
1R ��� ����

3DVW� K���
DQ\�NLQG�
RI� H\H�
DOOHUJ\

<HV �� ����

1R ��� ����
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)LJXUH� ��� &RPELQDWLRQV� RI (\H�PDNHXSV�
EHLQJ�XVH

:KHQ�WKH�VXP�RI�VFRUHV�IRU�DOO����TXHVWLRQV�
VFRUHG� RQ� /LNHUW� VFDOH� ZDV� REWDLQHG� IRU�
LQGLYLGXDO� SDUWLFLSDQWV� LW� ZDV� IRXQG� WKDW�
PDMRULW\� ����������� KDG� QRUPDO� VFRUHV�
ZKLOH� ���������� KDG� PLOG� GLVHDVH��
����������KDG�PRGHUDWH�GLVHDVH�DQG RQO\����
������KDG�VHYHUH�GLVHDVH�DV�VKRZQ�LQ�ILJXUH�
��

)LJXUH����2FXODU�6XUIDFH�'LVHDVH�,QGH[

7KHUH� ZDV� VLJQLILFDQW� DVVRFLDWLRQ� EHWZHHQ�
IUHTXHQF\� RI� H\H� PDNHXS� XVH� DQG� 2FXODU�
6XUIDFH�'LVHDVH�,QGH[��26',��S�������VKRZQ�
LQ�7DEOH���
3DUWLFLSDQWV�ZKR�XVHG�PDNHXS�PRUH� WKDQ� ��
WLPHV�D�ZHHN�����RI�WKHP�KDG�QRUPDO�RFXODU�
VXUIDFH�ZKLOH��������RI�WKHP�VXIIHUHG�IURP�
VHYHUH� GLVHDVH��:KLOH� ������ RI� WKH� SHRSOH�
ZKR�XVHG�PDNHXS� OHVV� WKDQ��� WLPHV�D�ZHHN�
KDG�D�QRUPDO�RFXODU�VXUIDFH�ZKHUHDV�������RI�
WKHP�VXIIHUHG�IURP�VHYHUH�GLVHDVH��$V�VKRZQ�
LQ�)LJXUH���

)LJXUH� ��� )UHTXHQF\� RI� (\H�0DNHXS�XVH�
DQG�2FXODU�6XUIDFH�'LVHDVH

6RPH�TXHVWLRQV�ZHUH�DGGHG�LQ�TXHVWLRQQDLUH�
WR� DVVHVV� WKH� VDIHW\� SUDFWLFHV� UHJDUGLQJ� H\H�
PDNHXS�XVH��,W�ZDV�TXLWH�VDWLVIDFWRU\�WR�NQRZ�
WKDW������������RI�WKH�SDUWLFLSDQWV�GR�FKHFN�
H[SLU\� GDWH� RI� SURGXFWV� EHIRUH� XVH�� GRQ¶W�
VKDUH�WKHLU�SURGXFWV�ZLWK�RWKHUV��� ��������
DQG�WDNH�RII�PDNHXS�EHIRUH�JRLQJ�WR�VOHHS����
��������+RZHYHU� WKH� VLWXDWLRQ� ZDV� TXLWH�
RSSRVLWH� LQ� VRPH� RWKHU� SUDFWLFHV� DV� RQO\�
���������� GR� SDWFK� WHVW� EHIRUH� DSSO\LQJ�
PDNHXS� DQG� ���������� FKHFN� FRQVWLWXHQWV�
EHIRUH�SXUFKDVLQJ�WKH�PDNH�XS�DV�WR�VRPH�RI�
WKH� FRQVWLWXHQWV� WKH\� PLJKW� EH� VHQVLWLYH�
VKRZQ�LQ�ILJXUH��������������������������������������������������������������������������������������������������

Ϯϯй

ϯϴйϲй

ϯϯй

�ŽŵďŝŶĂƚŝŽŶ�ŽĨ��ǇĞ�DĂŬĞƵƉ�
ƵƐĞĚ ϭ�ƚǇƉĞ

Ϯ�ƚǇƉĞƐ

ϯ�ƚǇƉĞƐ

DŽƌĞ�ƚŚĂŶ�ϯ
ƚǇƉĞƐ

ϰϵ͘ϯ

Ϯϰ͘Ϯ
ϭϭ͘ϱ ϭϱ

Ϭ

ϮϬ

ϰϬ

ϲϬ

ϴϬ

ϭϬϬ

EŽƌŵĂů DŝůĚ�ĚŝƐĞĂƐĞ DŽĚĞƌĂƚĞ
ĚŝƐĞĂƐĞ

^ĞǀĞƌĞ
ĚŝƐĞĂƐĞ

KĐƵůĂƌ�^ƵĨĂĐĞ��ŝƐĞĂƐĞ�;K^�/Ϳ

ϰϰ͘ϰй
ϱϭй

ϯϱ͘Ϯй

ϭϳ͘ϳй
ϭϯй ϭϬ͘ϰйϳ͘ϰй

ϮϬ͘ϴй

ůĞƐƐ�ƚŚĂŶ��ϯ
ƚŝŵĞƐ�Ă�ǁĞĞŬ

ŵŽƌĞ�ƚŚĂŶ�ϯ
ƚŝŵĞƐ�Ă�ǁĞĞŬ

&ƌĞƋƵĞŶĐǇ�ŽĨ��ǇĞ�ŵĂŬĞƵƉ�ƵƐĞ�ĂŶĚ�
KĐƵůĂƌ�^ƵƌĨĂĐĞ��ŝƐĞĂƐĞ�/ŶĚĞǆ

ŶŽƌŵĂů ŵŝůĚ ŵŽĚĞƌĂƚĞ ƐĞǀĞƌĞ

7DEOH� ��� $VVRFLDWLRQ� RI� (\H� 0DNHXS� XVH� ZLWK�
2FXODU�6XUIDFH�GLVHDVH��26'�
)UHTXHQF\�
RI�(\H�
0DNHXS�
XVH

2FXODU�6XUIDFH�'LVHDVH

/HVV�WKDQ�
WKUHH�WLPHV�
��:HHN

1RUPDO 0LOG 0RGHUDWH 6HYHUH S�YDOXH

�� �� �� �
;� ������
S �����

0RUH�WKDQ�
WKUHH�WLPHV�
��:HHN

�� �� �� ��
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)LJXUH� ��� $GRSWLRQ� RI� 0DNHXS� 6DIHW\�
*XLGHOLQHV�DPRQJ�SDUWLFLSDQWV

'LVFXVVLRQ�
,Q� RXU� VWXG\� WKH� 26',� VFRUHV� DUH� GLIIHUHQW�
DPRQJ� WKRVH� ZKR� XVHG� PDNHXS� OHVV� WKDQ�
WKUHH� WLPHV� D� ZHHN� DQG� WKRVH�ZKR� XVH� H\H�
PDNHXS� PRUH� WKDQ� WKUHH� WLPHV� D� ZHHN� �S�
������� KRZHYHU� LQ� D� VWXG\� FRQGXFWHG� DW�
&DUGLII� 8QLYHUVLW\����� 26',� VFRUHV� RI�
FRVPHWLFV�XVHUV�ZHUH�VLPLODU�WR�QRQ�XVHUV��S�
 ��������
2XU�SDUWLFLSDQWV�KDG�D�SHUFHLYHG�UHGXFWLRQ�LQ�
FRPIRUW� ������ ZKLFK� LV� VLPLODU� WR� VWXG\�
FRQGXFWHG�E\�$OLVRQ�HW�DO������ZKHUH�UHVXOWV�
ZHUH� FROOHFWHG� IURP� D� VXUYH\� XVLQJ� 2FXODU�
6XUIDFH� 'LVHDVH� ,QGH[� �26',�� VFRUH� DQG�
UHSRUWHG�����UHGXFWLRQ�LQ�FRPIRUW�ZLWK�H\H�
PDNHXS�XVH�� ,Q�D�VWXG\�FRQGXFWHG� WR�DVVHVV�
WKH�PLJUDWLRQ� RI� FRVPHWLFV� LQWR� WHDU� ILOP� LW�
ZDV� REVHUYHG� WR� RFFXU�ZLWKLQ� �����PLQXWHV�
SRVW� DSSOLFDWLRQ� �����ZKLOH� RXU� SDUWLFLSDQWV�
UHSRUWHG VLPLODU�IDFWV��6R�DQ�LPSRUWDQW�DVSHFW�
RI� WHVWLQJ� VDIHW\� RI� FRVPHWLFV� DQG� FRVPHWLF�
SURGXFWV�LV�LWV�RFXODU�LUULWDWLRQ�SRWHQWLDO������
IRU�ZKLFK�WKH�SDUWLFLSDQWV�LQ�RXU�VWXG\�ZHUH�
DVNHG�DQG� LW�ZDV�IRXQG� WKDW�PDMRULW\� ������
GR� D� SDWFK� WHVW� EHIRUH� DSSOLFDWLRQ� DQG� ����
FKHFN�IRU�WKH�FRQVWLWXHQWV�RI�WKH�SURGXFWV�

&RQFOXVLRQV�
7KLV�VWXG\�VKRZV�WKH�XWLOL]DWLRQ�RI�H\H�PDNH�
XS�LV�H[WHQVLYH�DQG�UHODWHG�WR�WKH�SHUFHSWLRQ�

RI�RFXODU�GLVFRPIRUW��:LWK�VXFK�ZLGHVSUHDG�
XVH� RI� WKHVH� SURGXFWV�� PRUH� UHVHDUFK� LV�
QHHGHG� WR� DVVHVV� WKH� HIIHFW� RQ� WKH� RFXODU�
VXUIDFH� DQG� WHDU� ILOP�� ZKLFK� FDQ� EH�
XQGHUHVWLPDWHG�

5HFRPPHQGDWLRQV�
7R�GHFUHDVH� WKH� LQFLGHQFH�RI�RFXODU�GLVHDVH�
GXH�WR�H\H�PDNHXS
�� (\H� PDNHXS� VKRXOG� EH� DYRLGHG� DV�
PXFK�DV�SRVVLEOH��
�� (\HV� VKRXOG� EH� SURSHUO\� FOHDQVHG�
EHIRUH�DSSO\LQJ�PDNHXS�DQG�ZKLOH�UHPRYLQJ�
LW��
�� (\H� PDNHXS� RI� UHSXWDEOH� EUDQGV�
VKRXOG�EH�XVHG��
�� 0DNHXS� VKRXOG� EH� NHSW� LQ� D� FOHDQ�
HQYLURQPHQW� WR� SUHYHQW� LW� IURP� JHWWLQJ�
FRQWDPLQDWHG�

&RQIOLFW� RI� ,QWHUHVW� 7KLV� VWXG\� KDV QR�
FRQIOLFW�RI�LQWHUHVW�WR�GHFODUH�E\�DQ\�DXWKRU��

'LVFORVXUH� 1RQH

+XPDQ� DQG� $QLPDO� 5LJKWV� 1R� ULJKWV�
YLRODWHG

5HIHUHQFHV��
�� 0XUXEH�-��2FXODU�FRVPHWLFV�LQ�DQFLHQW�WLPHV��2FXO�
6XUI����������������±��
�� 1J�$��(YDQV�.��1RUWK�5��3XUVORZ�&�(\H FRVPHWLF�
XVDJH�DQG�DVVRFLDWHG�RFXODU�FRPIRUW��2SKWKDOPLF�3K�
\VLRO�2SW�����������������±����
�� *LSVRQ� ,.�� 7KH� RFXODU� VXUIDFH�� WKH� FKDOOHQJH� WR�
HQDEOH� DQG� SURWHFW� YLVLRQ�� WKH� )ULHGHQZDOG� OHFWXUH��
,QYHVWLJDWLYH� RSKWKDOPRORJ\�	� YLVXDO� VFLHQFH�� �����
2FW�����������������
�� 7UDQ�77��+LWFKLQV�$'��0LFURELDO�VXUYH\�RI�VKDUHG�
XVH�FRVPHWLF�WHVW�NLWV�DYDLODEOH�WR�WKH�SXEOLF��-RXUQDO�
RI�LQGXVWULDO�PLFURELRORJ\�������1RY����������������
�� *LDFRPHO�&%��'DUWRUD�*��'LHQIHWKDHOHU�+6��+DDV�
6(��,QYHVWLJDWLRQ�RQ�WKH�XVH�RI�H[SLUHG�PDNHဨXS�DQG�
PLFURELRORJLFDO� FRQWDPLQDWLRQ� RI� PDVFDUDV��
,QWHUQDWLRQDO� MRXUQDO� RI� FRVPHWLF� VFLHQFH�� �����$XJ�
���������������

Ϭй ϮϬй ϰϬй ϲϬй ϴϬй ϭϬϬй

�ŚĞĐŬ��ǆƉŝƌǇ��ĂƚĞ

�Ž�Ă�ƉƚĂĐŚ�ƚĞƐƚ

�ŚĞĐŬ�DĂŬĞƵƉ͙

�ǆƚĞŶƚ�ŽĨ��ĚŽƉƚŝŽŶ�ŽĨ�DĂŬĞƵƉ�
^ĂĨĞƚǇ�'ƵŝĚĞůŝŶĞƐ�
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�� 6DKX� 05�� 6D[HQD� 03�� -RKQVRQ� 6�� 0DWKXU� +%��
$JDUZDO� +&�� +HDY\�PHWDOV� LQ� FRVPHWLFV�� 30/�35�
��������������-DQ�
�� 2NXUD�0��.DZDVKLPD�0��.DWDJLUL�0��6KLUDVDZD�
7��7VXERWD�.��1HZ� H\H� FOHDQVLQJ� SURGXFW� LPSURYHV�
PDNHXS�UHODWHG� RFXODU� SUREOHPV�� -RXUQDO� RI�
RSKWKDOPRORJ\������������
�� .HOO\�.��1LFKROV��2'��03+��3K'��2FXODU�6XUIDFH�
:HOOQHVV��$�1HZ�,GHD�IRU�(\H�&DUH�3$57���:HOOQHVV��
7KH�2SSRUWXQLW\�)$$2�������
�� 0LNL� 8FKLQR� 'HEUD� $�� 6FKDXPEHUJ� 'U\� (\H�
'LVHDVH��,PSDFW�RQ�4XDOLW\�RI�/LIH�DQG�9LVLRQ�
���1J� $<�� 7KH� (IIHFWV� RI� (\H� &RVPHWLFV� RQ� WKH�
2FXODU�6XUIDFH�DQG�7HDU�)LOP��'RFWRUDO�GLVVHUWDWLRQ��
&DUGLII�8QLYHVLW\���
���1J�$��(YDQV�.��1RUWK�5��3XUVORZ�&��(\H�FRVPHWLF�
XVDJH�DQG�DVVRFLDWHG�RFXODU�FRPIRUW��2SKWKDOPLF�DQG�
3K\VLRORJLFDO�2SWLFV�������1RY���������������
���1J�$���(YDQV�.��1RUWK�59��3XUVORZ�&��0LJUDWLRQ�
RI�&RVPHWLF�3URGXFWV�LQWR�WKH�7HDU�)LOP��(\H�&RQWDFW�
/HQV�������6HS�������������
���*DR�<���.DQHQJLVHU�%(��&DWHJRULFDO�HYDOXDWLRQ�RI�
WKH�RFXODU�LUULWDQF\�RI�FRVPHWLF�DQG�FRQVXPHU�SURGXFWV�
E\�KXPDQ�RFXODU�LQVWLOODWLRQ�SURFHGXUHV�-�&RVPHW�6FL��
�����-XO�$XJ��������������


