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,Q�9LWUR�(YDOXDWLRQ�RI�$PORGLSLQH�7DEOHWV�$YDLODEOH�LQ�
1HSDOHVH�0DUNHW�

3DELWUD�7KDSD��1D\DQ�0DQDQGKDU�DQG�6KLYD�3DQGH\D

,QVWLWXWH�RI�0HGLFLQH��7ULEKXYDQ�8QLYHUVLW\��0DKDUDMJXQM�0HGLFDO�&DPSXV��1HSDO�
(PDLO��VKLYDSDQGH\D#LRP�HGX�QS�

$EVWUDFW�

3K\VLFRFKHPLFDO� SURSHUWLHV� RI� ��� EUDQGV� RI� WKH� DPORGLSLQH� EHV\ODWH� �� PJ� WDEOHWV� ZHUH� DVVHVVHG�
DFFRUGLQJ� WR� RIILFLDO� DQG� XQRIILFLDO� VWDQGDUGV�� %DVLF� TXDOLW\� FRQWURO� SDUDPHWHUV� HYDOXDWHG� LQFOXGH�
XQLIRUPLW\� RI�ZHLJKW�� XQLIRUPLW\� RI� FRQWHQW� RI� DFWLYH� LQJUHGLHQWV�� KDUGQHVV� WHVW�� DQG�GLVLQWHJUDWLRQ�DQG�
GLVVROXWLRQ� WHVWV� DV� SHU� SKDUPDFRSRHLDO� UHTXLUHPHQW� RI� ,QGLDQ� 3KDUPDFRSRHLD� �,3�� ������ 7KH� UHVXOWV�
VKRZ�WKDW�DOO�WKH�WDEOHWV�SDVVHG�WKH�ZHLJKW�YDULDWLRQ�WHVW��IULDELOLW\�DVFHUWDLQ�WKH�SUHVHQFH�DQG�FRPSHQGLD�
TXDOLW\� RI� DPORGLSLQH� EHV\ODWH� LQ� DOO� WKHVH� VHOHFWHG� VDPSOH�� 7KH� LQYLWUR� HYDOXDWLRQ�SDUDPHWHUV� SURILOHV�
ZHUH� IRXQG� WR�EH� YDU\LQJ� IRU� HDFK�EUDQG��EXW�ZLWKLQ� WKH� VWDQGDUG� OLPLW��7KH�GLVLQWHJUDWLRQ� WLPH�RI� WKH�
VDPSOHV� YDULHG� IURP� ������ WR� ������ PLQXWHV� 7KH� FRQWHQW� RI� $PORGLSLQH� ZDV� REVHUYHG� ZLWKLQ�
������������������WR�������������RI�FODLPHG�DPRXQW�RI���PJ�SHU�WDEOHW��7KH�DYHUDJH�GLVVROXWLRQ���RI�
$PORGLSLQH�WDEOHWV��Q ����ZDV�REVHUYHG�IURP�������WR���������7KH�DYHUDJH�GLVVROXWLRQ�SHUFHQW�RI�DOO�
WKH�VDPSOH�WDEOHWV�ZHUH�REVHUYHG�ZLWKLQ�WKH�VWDQGDUG�UHTXLUHPHQW�RI�QRW�OHVV�WKDQ������

.H\ZRUGV��3K\VLFRFKHPLFDO�SURSHUWLHV��$PORGLSLQH�7DEOHWV��:RUOG�+HDOWK�2UJDQL]DWLRQ

,QWURGXFWLRQ�

7KH� TXDOLW\� RI� PHGLFLQH� FRQFHUQV� ERWK� KHDOWK� RIILFLDOV� 	� JHQHUDO� SXEOLF�� IUHTXHQWO\� TXHVWLRQV� DUH�
UDLVHG� UHJDUGLQJ� WKH�TXDOLW\�RI�SKDUPDFHXWLFDO�SURGXFWV� LQ� WKH�PDUNHW��3KDUPDFHXWLFDO�SURGXFWV�SOD\�DQ�
LPSRUWDQW� UROH� LQ� LPSURYLQJ� WKH� KHDOWK� DQG� SURPRWLQJ� WKH� ZHOO�� EHLQJ� RI� HYHU\� LQGLYLGXDO��� 7KHVH�
PHGLFLQHV� DLG� LQ� WKH� SUHYHQWLRQ� DQG� WUHDWPHQW� RI� GLVHDVHV�� GLVRUGHUV�� RU� FRQGLWLRQV�� 7KHVH� DJHQWV� FDQ�
SURYLGH�UHOLHI�RI�V\PSWRPV�DQG�IDYRUDEO\�PRGLI\�WKH�FRXUVH�RI�GLVHDVHV��7KH�WKUHH�FULWHULD�FRQVLGHUHG�WKH�
FRUQHUVWRQH�RI�WKHVH�SURGXFWV��TXDOLW\��HIIHFWLYHQHVV�DQG�VDIHW\��VKRXOG�EH�GHPRQVWUDWHG�DQG�YHULILHG�SULRU�
WR� WKHLU� UDWLRQDO� XVH��� 6DPH�PHGLFLQHV� RI� GLIIHUHQW� PDQXIDFWXUHUV�PD\� KDYH� YDULDEOH� UHVSRQVHV� GXH� WR�
IRUPXODWLRQ�LQJUHGLHQWV�HPSOR\HG��PHWKRGV�RI�KDQGOLQJ��SDFNDJLQJ��DQG�VWRUDJH�SUDFWLFHV��7KXV�WKHUH�LV�
QHHG�WR�GHWHUPLQH�WKH�SKDUPDFHXWLFDO�DQG�WKHUDSHXWLF�HTXLYDOHQFH�LQ�RUGHU�WR�HQVXUH�LQWHUFKDQJHDELOLW\���
+RZHYHU�� GHYHORSLQJ� FRXQWULHV� OLNH� RXUV� GR� QRW� KDYH� DQ� HIIHFWLYH�PHDQV� RI�PRQLWRULQJ� WKH� TXDOLW\� RI�
SURGXFWV� LQ� WKH�PDUNHW�� WKHVH� UHVXOWV� LQ�ZLGH� VSUHDG�GLVWULEXWLRQ�RI� VXEVWDQGDUG�DQG�RU� FRXQWHUIHLW�GUXJ�
SURGXFW�� ,W�ZDV� LQ�D�YLHZ�RI� WKLV� IDFW� WKDW� WKH�:RUOG�+HDOWK�2UJDQL]DWLRQ� �:+2�� LVVXHG�JXLGHOLQHV� IRU�
JOREDO� VWDQGDUG� DQG� UHTXLUHPHQWV� IRU� WKH� UHJLVWUDWLRQ�� DVVHVVPHQW�� PDUNHWLQJ� DXWKRUL]DWLRQ� DQG� TXDOLW\�
FRQWURO�RI�SKDUPDFHXWLFDO�SURGXFWV�����
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/RZHU�GHYLDWLRQ� �$YHUDJH�ZHLJKW�±�0LQLPXP�ZHLJKW�î������

��������������������������������������������$YHUDJH�ZHLJKW�

$FFRUGLQJ�WR�SKDUPDFRSRHLD��IROORZLQJ�OLPLWV�DUH�JLYHQ�IRU�WKH�ZHLJKW�YDULDWLRQ�RI�WDEOHWV�

7DEOH����3KDUPDFRSRHLDO�OLPLW�IRU�ZHLJKW�YDULDWLRQ�RI�WDEOHWV�

$YHUDJH�ZHLJKW� ��'HYLDWLRQ�

��PJ�RU�OHVV� ������

0RUH�WKDQ���PJ�EXW�OHVV�WKDQ����PJ� �������

���PJ�RU�PRUH� �����

1RWH��6LQFH�WKH�VDPSOH�WR�EH�VWXGLHG�ZDV��PJ��WKH�GHYLDWLRQ�OLPLW�VKRXOG�EH�ZLWKLQ�����UDQJH��

+DUGQHVV�7HVW�

+DUGQHVV� RI� HOHYHQ� WDEOHWV� RI� HDFK� EUDQG� ZDV� WHVWHG� ZLWK� WKH� XVH� RI� KDUGQHVV� WHVWHU�� +DUGQHVV� LV�
PHDVXUHG� LQ� NLORJUDP� SHU� FP��� 0LQLPXP� KDUGQHVV� RI� �NJ�FP�� LV� UHTXLUHG� IRU� WKH� WDEOHW� WR� EH�
VDWLVIDFWRU\���

'LVLQWHJUDWLRQ�7LPH

'LVLQWHJUDWLRQ� WLPH� RI� WKH� WDEOHWV�ZDV� GHWHUPLQHG� E\� WKH� XVH� RI� WDEOHW� GLVLQWHJUDWLRQ� WHVW� DSSDUDWXV�
�7KHUPRQLN�±�&DPSEHOO�(OHFWURQLFV�� ,QGLD��2QH� WDEOHW�ZDV� LQWURGXFHG� LQWR� HDFK� WXEH� DQG� WKH�GLVF�ZDV�
SODFHG� LQWR� HDFK� WXEH�� 7KH�ZKROH� DVVHPEO\�ZDV� VXVSHQGHG� LQ� WKH� EHDNHU� FRQWDLQLQJ� GLVWLOOHG�ZDWHU� DW�
�����&�� 7KH� DSSDUDWXV�ZDV� RSHUDWHG� XQWLO� QR� UHVLGXH� UHPDLQHG� RQ� WKH� VFUHHQ� RU� DGKHUHG� WR� WKH� LQQHU�
VXUIDFH�RI�WKH�GLVF�DQG�WKH�GLVLQWHJUDWLRQ�WLPH�ZDV�QRWHG�

7DEOH����3KDUPDFRSRHLDO�OLPLW�IRU�GLVLQWHJUDWLRQ�WLPH�RI�WDEOHWV

7DEOHW�W\SH� 'LVLQWHJUDWLRQ�WLPH�

8QFRDWHG�WDEOHW� 1RW�PRUH�WKDQ����PLQV�

)LOP�FRDWHG�WDEOHW� 1RW�PRUH�WKDQ����PLQV�

(QWHULF�FRDWHG�WDEOHW� 1RW�PRUH�WKDQ����PLQV�

1RWH��6LQFH�WKH�VDPSOH�WR�EH�VWXGLHG�ZDV�ILOP�FRDWHG��WKH�GLVLQWHJUDWLRQ�WLPH�VKRXOG�QRW�EH�PRUH�WKDQ����
PLQXWHV��

$VVD\

7KH�,QWHUQDWLRQDO�3KDUPDFRSRHLD�VXJJHVWV�DQ�+3/&�PHWKRG�IRU�WKH�DQDO\VLV�RI�$PORGLSLQH�LQ�WDEOHW�
IRUPDWLRQV�� KRZHYHU�� WKH� XVH� RI� D� VSHFWURSKRWRPHWULF� PHWKRG� KDV� DOVR� EHHQ� UHSRUWHG�� 7KXV�� WKH�
VSHFWURSKRWRPHWULF� PHWKRG� ZDV� XVHG� IRU� WKH� DVVD\� GHWHUPLQDWLRQ� RI� $PORGLSLQH� WDEOHWV� 7KH�
SKDUPDFRSRHLDO�OLPLW�IRU�WKH�FRQWHQW�RI�$PORGLSLQH�LV������������

'LVVROXWLRQ�7HVW

7KH� GLVVROXWLRQ� WHVW� ZDV� FDUULHG� RXW� XVLQJ� WKH� 'LVVROXWLRQ� 5DWH� 7HVW� $SSDUDWXV� �7KHUPLRQLF� ±�
&DPSEHOO� (OHFWURQLFV�� ,QGLD��� 7KH� GLVVROXWLRQ� SDUDPHWHUV� ZHUH�� 0HGLXP�� � ����0� K\GURFKORULF� DFLG�
����PO��DW����������&��$SSDUDWXV���SDGGOH�W\SH��5RWDWLRQDO�VSHHG�����USP��7LPH�����PLQV��7KH�VXLWDEOH�
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YROXPH�RI�VROXWLRQ�ZDV�ZLWKGUDZQ�DW�VSHFLILHG�WLPH�DQG�ILOWHUHG�WKURXJK�ILOWHU�SDSHU��7KH�DEVRUEDQFH�RI�
WKH�UHVXOWLQJ�VROXWLRQ�ZDV�REVHUYHG�DW� PD[����QP�WDNLQJ�HWKDQRO�DV�D�EODQN�7KH�SKDUPDFRSRHLDO�OLPLW�IRU�
WKH�GLVVROXWLRQ�RI�DPORGLSLQH�WDEOHWV�LV�QRW�OHVV�WKDQ�����RI�WKH�VWDWHG�DPRXQW�RI�&��+��&,1�2�

�
��

5HVXOWV�DQG�'LVFXVVLRQ�

7KH�KDUGQHVV�RI�WKH�VDPSOHV�YDULHG�IURP�PD[LPXP�RI�����NJ�FP��WR�PLQLPXP�RI�����NJ�FP����6DPSOH�
$����KDV�PD[LPXP�KDUGQHVV�RI�����NJ�FP��ZKLOH� VDPSOH�$�����$�����$����DQG�$����KDG�D�PLQLPXP�
KDUGQHVV�RI�����NJ�FP����

)LJXUH����+DUGQHVV�WHVW�RI�WKH�VDPSOHV��

7KH�GLVLQWHJUDWLRQ� WLPH�RI� WKH� VDPSOHV� YDULHG� IURP������� WR� ������PLQXWHV�� 6DPSOHV�$���� VKRZHG�
PLQLPXP� GLVLQWHJUDWLRQ� WLPH� RI� ������PLQXWHV� DQG� WKH� VDPSOH�$���� VKRZHG�PD[LPXP� GLVLQWHJUDWLRQ�
WLPH�RI�������PLQXWHV���

)LJXUH����'LVLQWHJUDWLRQ�WHVW�RI�WKH�VDPSOHV��

7KH�ZHLJKW� RI� WKH� WDEOHWV� YDULHG� IURP���������������J� �WDEOHW�� �$PRQJ� WKH� VDPSOHV� VWXGLHG� DOO� WKH�
VDPSOHV�SDVVHG�WKH�ZHLJKW�YDULDWLRQ�WHVW�DFFRUGLQJ�WR�WKH�SKDUPDFRSRHLDO�UHTXLUHPHQW���
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)LJXUH����:HLJKW�YDULDWLRQ�WHVW�RI�WKH�VDPSOH

7KH�FRQWHQW�RI�$PORGLSLQH�ZDV�REVHUYHG�ZLWKLQ�������������������WR�������������RI�FODLPHG�DPRXQW�
RI���PJ�SHU�WDEOHW���

)LJXUH����$VVD\�IRU�WKH�FRQWHQW�RI�DFWLYH�LQJUHGLHQW�RI�WKH�VDPSOHV

7KH�DYHUDJH�GLVVROXWLRQ���RI�$PORGLSLQH� WDEOHWV� �Q ����ZDV�REVHUYHG�IURP�������WR���������7KH�
DYHUDJH�GLVVROXWLRQ�SHUFHQW�RI�DOO�WKH�VDPSOH�WDEOHWV�ZHUH�REVHUYHG�ZLWKLQ�WKH�VWDQGDUG�UHTXLUHPHQW�RI�QRW�
OHVV�WKDQ������

)LJXUH����'LVVROXWLRQ�WHVW�IRU�WKH�VDPSOH�
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ͲϱϭͲ

7KH� UHVXOW� RI� FRQWHQW� XQLIRUPLW\� WHVW� RI� WKH� VDPSOH� VKRZHG� WKDW� DOO� WKH� VDPSOHV� KDG� FRQWHQW� RI�
DPORGLSLQH�ZLWKLQ�WKH�SUHVHQW�SKDUPDFRSRHLDO�OLPLW��

7KHUH� ZHUH� VRPH� YDULDWLRQV� EHWZHHQ� WDEOHWV� ZLWK� UHJDUGV� WR� KDUGQHVV�� +DUGQHVV� RI� D� WDEOHW� LV� D�
IXQFWLRQ�RI�WKH�GLH�ILOO�DQG�WKH�FRPSUHVVLRQ�IRUFH��7KH�KDUGQHVV�RI�WDEOHWV�LV�DQ�HVVHQWLDO�FULWHULRQ�LQ�WKH�
GHWHUPLQDWLRQ� RI� WKH� DELOLW\� RI� WKH� WDEOHWV� WR� UHVLVW� FKLSSLQJ�� DEUDVLRQ� RU� EUHDNDJH� XQGHU� FRQGLWLRQV� RI�
VWRUDJH��WUDQVSRUWDWLRQ��DQG�KDQGOLQJ�EHIRUH�XVH��DQG�LW�LV�DOVR�DVVRFLDWHG�ZLWK�RWKHU�WDEOHW�SURSHUWLHV�VXFK�
DV�GHQVLW\�DQG�SRURVLW\��$OO�VDPSOHV�SDVVHG�WKH�PLQLPXP�VWUHQJWK�WKDW�WKH�WDEOHWV�VKRXOG�SRVVHVV�WR�UHVLVW�
DEUDVLRQ�� FKLSSLQJ� RU� EUHDNDJH� XQGHU� FRQGLWLRQV� RI� VWRUDJH�� WUDQVSRUWDWLRQ� RU� KDQGOLQJ�� ��7KH�
GLVLQWHJUDWLRQ�WLPH�RI�DOO�EUDQG�ZHUH�ZLWKLQ�WKH�VWDQGDUG�OLPLW�IRU�ILOP�FRDWHG�WDEOHWV��'LVLQWHJUDWLRQ�LV�WKH�
ILUVW�VWHS�RI�GUXJ�UHOHDVH�SURFHVV�ZKHUH�WDEOHWV�GLVLQWHJUDWHV�LQWR�VPDOOHU�IUDJPHQWV�DQG�EHFRPHV�DYDLODEOH�
IRU�GLVVROXWLRQ�LQ�WKH�PHGLXP��$OO�WKH�EUDQGV�SDVV�WKH�ZHLJKW�YDULDWLRQ�WHVW�DFFRUGLQJ�WR�SKDUPDFRSRHLDO�
UHTXLUHPHQWV�� :HLJKW� YDULDWLRQ� WHVW� LV� UHTXLUHG� WR� HQVXUH� WKDW� WKH� GUXJ� FRQWHQW� LQ� HDFK� XQLW� GRVH� LV�
GLVWULEXWHG�LQ�D�QDUURZ�UDQJH�DURXQG�WKH�ODEHO�FODLP��:HLJKW�RI�WKH�WDEOHWV�PD\�EH�YDULHG�GXH�WR�SUREOHPV�
LQ� JUDQXODWLRQ� DQG� FRPSUHVVLRQ� GXULQJ� WKH�PDQXIDFWXULQJ� SURFHVV��$OO� WKH� VDPSOHV� KDG� WKH� FRQWHQW� RI�
DPORGLSLQH�ZLWKLQ�WKH�VWDQGDUG�OLPLW�KHQFH�DOO�WKH�VDPSOH�SDVVHG�WKH�FRQWHQW�XQLIRUPLW\�WHVW��7KH�DYHUDJH�
GLVVROXWLRQ� SHUFHQWDJH� RI� DOO� WKH� VDPSOHV� RI� DPORGLSQH� WDEOHWV� ZHUH� REVHUYHG� ZLWKLQ� WKH� VWDQGDUG�
UHTXLUHPHQW�RI�QRW�OHVV�WKDQ������

&RQFOXVLRQV��

7KH�UHVHDUFK�ZRUN�ILQG�RXW�WKDW�DOO�WKH�VHOHFWHG�EUDQGV�FRQILUPHG�WKH�SKDUPDFRSRHLDO�VSHFLILFDWLRQV��
7KXV� WKH� VWXG\�FRQFOXGHV� WKDW� WKH� VHOHFWHG�EUDQGV�RI� DPORGLSLQH�%HV\ODWH� WDEOHWV� DYDLODEOH� LQ�1HSDOHVH�
PDUNHW� DUH�RI� UHTXLUHG�TXDOLW\� LQ� DFFRUGDQFH�ZLWK� WKH�SKDUPDFRSRHLDO� VWDQGDUG��1XPEHUV� RI�EUDQGV�RI�

DPORGLSLQH�DUH�DYDLODEOH�LQ�1HSDOHVH�PDUNHW�ZLWK�YDULDEOH�FRVW�SULFH��6LQFH�WKH�VWXG\�KDV�VKRZQ�ƐƚĂŶĚĂƌĚ�
ŽĨ�Ăůů�ƚĞƐƚĞĚ�VDPSOH�DV�SHU�UHTXLUHPHQWV�DQG�VSHFLILFDWLRQ��SUHVFULEHUV�FDQ�FKRRVH�WKH�EUDQG�RQ�EHQHILW�RI�
SDWLHQW�DV�SHU�FRVW�DQG�DYDLODELOLW\��7KLV�VWXG\�KDV�DOVR�FRQILUPHG�WKH�VWDQGDUG�RI�GRPHVWLF�GUXJV�DORQJ�
ZLWK�PXOWLQDWLRQDO�FRPSDQ\�DV�DOO� WKH�VDPSOH� IURP�WKH�GRPHVWLF�FRPSDQ\�KDV�PHW� WKH�SKDUPDFRSRHLDO�
DQG� QRQ�SKDUPDFRSRHLDO� UHTXLUHPHQWV�� 7KXV� IURP� WKLV� UHVHDUFK� LW� FRXOG� EH� FRQFOXGHG� WKDW� WKHUH� LV� QR�
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ͲϱϮͲ

VLJQLILFDQW� GLIIHUHQFH� EHWZHHQ� YDULRXV� EUDQG� RI� DPORGLSLQH� EHV\ODWH� WDEOHWV� �GRPHVWLF� DV� ZHOO� DV�
PXOWLQDWLRQDO��LQ�WHUPV�RI�TXDOLW\�DVVXUDQFH���
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LQIHFWLYH��8QLWHG�6WDWHV��,QF��5RFNYLOOH��0'��������

�� 4XDOLW\� DVVXUDQFH� $YDLODEOH� IURP�� KWWS���ZZZ�ZKR�LQW�PHGLFLQHV�DUHDV�TXDOLW\�VDIHW\�TXDOLW\�
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