
'HWHFWLRQ�RI�QDQR�GHIHFWV�LQ�GLIIHUHQW�JODVV�PDWHULDOV�IRU�EXON�

DQG�VXUIDFHV�XVLQJ�ODVHU�GDPDJH�LQYHVWLJDWLRQV��

-��<��1DWROL��/��*DOODLV�DQG�&��$PUD�
,QVWLWXW�)UHVQHO��835(6�$�&156��(FROH�1DWLRQDO�VXSpULHXUH�GH�3K\VLTXH�GH�0DUVHLOOH��'RPDLQH�

XQLYHUVLWDLUH�GH�6W�-pU{PH�������0DUVHLOOH�&HGH[����)UDQFH�����������������������������������������������������������
�

,Q�RUGHU�WR�VWXG\�WKH�SK\VLFDO�RULJLQV�RI�ODVHU�GDPDJH�LQ�RSWLFDO�PDWHULDOV��D�VSHFLILF�H[SHULPHQWDO�VHWXS�
KDV�EHHQ�GHYHORSHG�DW�WKH�)UHVQHO�,QVWLWXWH��$��QV�SXOVHG�ODVHU�IRFXVHG�RQ�D�VPDOO�DUHD�RI�IHZ�PLFURPHWHUV��

DOORZ�DFFXUDWH� DQG� ORFDOL]HG� LQYHVWLJDWLRQ�RI� RSWLFDO� VXEVWUDWH� IRU� VXUIDFHV� DQG�EXON��7KHVH� H[SHULPHQWDO�

FRQGLWLRQV�SHUPLW�WR�SORW�FXUYHV�RI�GDPDJH�SUREDELOLWLHV�YHUVXV�WKH�HQHUJ\�GHQVLW\�RI�ODVHU�LUUDGLDWLRQ��)URP�

WKHVH�FXUYHV��LW�LV�SRVVLEOH�WR�H[KLELW�WKH�GHQVLWLHV�RI�LQYLVLEOH�GHIHFWV�VXVSHFWHG�WR�EH�SUHFXUVRU�FHQWHUV�RI�

ODVHU�GDPDJH��)XUWKHUPRUH��LW�LV�SRVVLEOH�WR�GLVFULPLQDWH�EHWZHHQ�GLIIHUHQW�NLQGV�RI�GHIHFWV�LQ�WKH�JODVVHV��

7R�FRQILUP�RXU�DVVXPSWLRQV��D�YDOLGDWLRQ�LV�GRQH�RQ�OLTXLGV�ZLWK�FRQWUROOHG�FRQFHQWUDWLRQ�RI�LPSXULWLHV��

5HVXOWV�REWDLQHG�RQ�EXON�RI�GLIIHUHQW�JODVV�PDWHULDOV�FOHDUO\�KLJKOLJKW�WKH�SUHVHQFH�RI�VXE�PLFURPHWULF�

SUHFXUVRU�FHQWHUV��7KH�UHVXOWV�REWDLQHG�RQ�VXUIDFHV�H[KLELW�WKH�LQWHIDFH�HIIHFW��DQG�PRUHRYHU��DOORZ�WR�KDYH�

LQIRUPDWLRQ�DERXW�WKH�SROLVKLQJ�SURFHVV�TXDOLW\�UHJDUGLQJ�WKH�ODVHU�LUUDGLWLRQ��

2Q�WKH�RWKHU�KDQG��DQ�H[WHQGHG��VWXG\�RI�ODVHU�GDPDJH�PRUSKRORJ\�RQ�GLIIHUHQW�PDWHULDOV�LV�UHDOL]HG�

DQG�JLYH�XVHIXOO�LQIRUPDWLRQV�DERXW�WKH�GDPDJH�SURFHVV��7ZR�H[HPSOHV�ZLOO�EH�VKRZQ�KHUH��

�

,QWRGXFWLRQ�

$�WRSLFDO� FKDOOHQJH� IRU�PRVW� DSSOLFDWLRQV� OLQNHG� WR� WKH�XVH�RI�KLJK�SRZHU� ODVHUV�� LV� WR�
LPSURYH�WKH�TXDOLW\�RI�RSWLFDO�FRPSRQHQWV��,QGHHG��D�KLJK�ODVHU�GDPDJH�WKUHVKROG�LV�UHTXLUHG�
LQ�WKHVH�DSSOLFDWLRQV��,Q�VSLWH�RI�WKH�KXJH�HIIRUW�UHDOL]HG�E\�WKH�FRPPXQLW\��WKH�ODVHU�GDPDJH�
SURFHVV� LV� VWLOO� QRW� ZHOO� XQGHUVWDQG�� 7KH� DVVXPSWLRQ� RI� QDQR�VL]HG� VLWH� LQ� VLOLFD�� LV� WRGD\�
DGPLWWHG� WR� EH� DW� WKH� RULJLQ� RI� WKH� GDPDJH� LQLWLDWLRQ����� 7KLV� DVVXPSWLRQ� SHUPLWV� WKH�
FDOFXODWLRQ� RI� ODVHU� GDPDJH� SUREDELOLW\� FXUYH����FDOOHG� DOVR� WKUHVKROG� FXUYH�� LQYROYLQJ�
SDUDPHWHUV�VXFK��DV�ORZ�DQG�KLJK�WKUHVKROGV��GHIHFW�GHQVLWLHV�DQG�VSRW�VL]H��

)LUVWO\�ZH�SUHVHQW�WKH�FRQGLWLRQV�RI�WHVW�ZKLFK�DOORZ�WR�UHFRUG�DFFXUDWH�WKUHVKROG�FXUYHV�DQG�
WKH�VWRFKDVWLF�SKHQRPHQRORJLFDO�DSSURDFK�XVHG�WR�GHWHUPLQH�WKH�GHIHFW�GHQVLWLHV��7R�PDNH�D�
TXDQWLWDWLYH�YDOLGDWLRQ�RI��RXU�PRGHO�ZH�SUHVHQW�WKH�UHVXOWV�REWDLQHG�LQ�FDOLEUDWHG�OLTXLG��

,Q�D�VHFRQG�SDUW�WKH�SURFHGXUH�LV�DSSOLHG�WR�WHVW�GDPDJH�WKUHVKROGV�RI�JODVV�EXON�PDWHULDOV��
7KH�GHQVLWLHV� RI� GHIHFWV� DUH� H[WUDFWHG� DQG� WKH�TXHVWLRQ� RI� WKHLU� RULJLQ� LV� HPSKDVL]HG��7KH�
FDVH�RI�VXUIDFHV�LV�WKHQ�DQDO\]HG�IRU�VLOLFD�VXEVWUDWHV��DQG�WKH�UROH�RI�WKH�SROLVKLQJ�SURFHVV�LV�
SXW�LQ�HYLGHQFH��

7R� JR� IXUWKHU� LQ� WKH� XQGHUVWDQGLQJ�ZH� DQDO\]H� WKH� ODVHU� GDPDJH�PRUSKRORJ\� WKDQN� WR� DQ�
RSWLFDO�PLFURVFRSH�LQ�GLIIHUHQW�RSHUDWLQJ�PRGHV�DQG�WR�DQ�DWRPLF�IRUFH�PLFURVFRSH���

&RQGLWLRQV�RI�WHVW�

$Q� DFFXUDWH� GHVFULSWLRQ� RI� WKH� � WHVW� DSSDUDWXV� LV� VWLOO� SUHVHQWHG��� ,W� LQYROYHV� D� VLQJOH�

PRGH�<DJ� ODVHU�EHDP�ZLWK�������µP�ZDYHOHQJWK�DQG���QV�SXOVH�GXUDWLRQ��$�+H�1H�SUREH�
EHDP�LV�DGGHG�WR�DOORZ�ORFDWLRQ�RI�WKH�UHJLRQ�XQGHU�VWXG\��7KH�WZR�EHDPV�DUH�DOLJQHG�DQG�
FDQ�EH�IRFXVHG�DW�WKH�IURQW�RU�EDFN�VXUIDFH�RI�WKH�VDPSOH��RU�LQ�WKH�EXON�RI�VXEVWUDWHV��7KH�



VL]H�RI� WKH�EHDP�IRFXVHG�RQ� WKH� VDPSOH� OLHV� LQ� WKH� UDQJH� ���µP�����µP��� DQG� WKH� HQHUJ\�
GHQVLW\�SHU�VXUIDFH�XQLW��FDOOHG�IOXHQFH��OLHV�DSSUR[LPDWHO\�EHWZHHQ���-�FP��DQG����-�FP���
$Q\� PRGLILFDWLRQ� XQGHU� LUUDGLDWLRQ� LV� YLVXDOL]HG� LQ� UHDO� WLPH� WKDQN� WR� DQ� LQ� VLWX� RSWLFDO�
PLFURVFRSH��$Q�LPDJLQJ�SURFHVV�DOORZ�DQ�DFFXUDWH�GHWHFWLRQ����

7KH�ODVHU�GDPDJH�SURFHGXUH�XVHG�LQ�WKLV�VWXG\�LV�����SURFHGXUH���7KLV�SURFHGXUH�FRQVLVWV�RI�
SORWWLQJ�D�ODVHU�SUREDELOLW\�WKUHVKROG�FXUYH��)RU�HDFK�IOXHQFH��D�VLQJOH�VKRW�LV�GHOLYHUHG�DW�1�
GLIIHUHQW�UHJLRQV�5Q�RI�WKH�VDPSOH��7KH�GDPDJH�SUREDELOLW\�IRU�RQH�IOXHQFH�LV�JLYHQ�E\�WKH�
UDWLR�S �Q�1�RI�QXPEHU��Q��RI�GDPDJHG�]RQHV�RYHU�WRWDO�QXPEHU� �1��RI�WHVWHG�]RQHV��$V�
LOOXVWUDWHG� LQ� ILJXUH� ��� WKH� UHVXOW� H[KLELW� D� JUHDW� GLVSHUVLRQ� EHWZHHQ� WKH� WKUHVKROG� YDOXHV��
LQGXFLQJ� WKH� SUHVHQFH� RI� D� ORZ� �/7�� DQG� D� KLJK� �+7�� GDPDJH� WKUHVKROG�� 7KLV� UHVXOW�
FKDUDFWHUL]H� D� VWRFKDVWLF� SURFHVV� ZKLFK� PDNHV� GLIILFXOW� WKH� LQYHVWLJDWLRQ� RI� GDPDJH�

SKHQRPHQD��1RWLFH�WKDW�WR�KDYH�HQRXJK�DFFXUDF\�LQ�WKH�SUREDELOLW\�ZH�FKRVH�DW�OHDVW�1≥����

�

3KHQRPHQRORJLFDO�DSSURDFK�RI�QDQRFHQWHUV��

&DVH�RI�VXUIDFH�SUHFXUVRUV�

&RQVLGHU�IRU�LQVWDQFH�WKH�FDVH�RI�VXUIDFH�GHIHFWV�XQGHU�D�JDXVVLDQ�LOOXPLQDWLRQ�DW�QRUPDO�
LQFLGHQFH��WKH�LQWHQVLW\�GLVWULEXWLRQ��J��LV�D�IXQFWLRQ�RI�WKH�UDGLDO�GLVWDQFH��U��DV�����������������������
J��U��� ��)�H[S>�����U�/��@������ZKHUH�)�LV�WKH�IOXHQFH�PD[LPXP�DQG�/�LV�WKH�UDGLXV�DW�H����,Q�
WKLV� ILUVW� FDVH� ZH� DVVXPH� WKDW� DOO� WKH� GHIHFWV� KDYH� WKH� VDPH� ODVHU� GDPDJH� WKUHVKROG� 7��
3URYLGHG� WKDW� WKH� LQWHUDFWLRQ� EHWZHHQ� GHIHFWV� FDQ� EH� QHJOHFWHG� LQ� RXU� H[SHULPHQWDO�
FRQGLWLRQV��WKLV�DQDO\WLFDO�IRUPXOD��IRU�WKH�WKUHVKROG�FXUYH�FDQ�EH�GLUHFWO\�REWDLQHG�DV��
)���7� !�S� �����)�!�7� !�S� �S�)�� ���²�H[S>�G�67�)�@������ZKHUH�G�LV�WKH�VXUIDFH�GHQVLW\�
RI�GHIHFWV��DQG�67� LV�WKH�SDUW�RI�WKH�VSRW�VL]H�ZKHUH�WKH�HQHUJ\�GHQVLW\�J�LV�JUHDWHU��J�!�7��
WKDQ�WKH�SUHFXUVRU�WKUHVKROG�7��6XUIDFH�67�LV�FDOFXODWHG�IURP�HTXDWLRQ������DQG�LV�JLYHQ�E\���

67� ������6�OQ�)�7�������ZLWK�6� �π/��WKH�VSRW�VL]H�GHILQHG�DW�H����7KH�SUREDELOLW\�ODZ�UHVXOWLQJ�
IURP�HTXDWLRQV�����DQG�����FDQ�EH�ZULWWHQ�DV��
S�)�� ���²��)�7���G6�������Æ��OQ���S�� ��G6�����OQ7�²�OQ)����·���WKH�RQO\�XQNQRZQ�SDUDPHWHU�LV�
WKH�GHIHFW�GHQVLW\�G��7KH�RWKHU�SDUDPHWHUV�DUH�GHWHUPLQHG�E\�H[SHULPHQWDO�PHDVXUHPHQWV��
:H� KDYH� DOVR� WR� FRQVLGHU� WKH� FDVH� ZKHUH� VHYHUDO� NLQGV� RI� GHIHFWV� DUH� GLVWULEXWHG� ZLWK�
GHQVLWLHV�GL�DQG�WKUHVKROGV�7L�RQ�WKH�VXUIDFH�VDPSOH��7����«���7L���«���70��,Q�WKH�DEVHQFH�
RI�LQWHUDFWLRQ�EHWZHHQ�GHIHFWV��ZH�VKRXOG�REWDLQ��

7L���)���7L��� !�3�)�� ���²�H[S>��ΣGL�6L@������ZLWK�6L� �67L�)�� �����6�OQ�)�7L���
7KDQNV� WR� WKH� VORSH�GLVFRQWLQXLWLHV�� WKH� SUHVHQFH�RI� VHYHUDO� NLQGV� RI�GHIHFWV� FDQ�EH� HDVLO\�
GHWHFWHG�RQ�WKH�H[SHULPHQWDO�FXUYHV��
�

7KH�FDVH�RI�EXON�SUHFXUVRUV�

7KH�FDVH�RI�EXON�GHIHFWV�LV�PRUH�SK\VLFDO�DQG�YDOLG�ZKDWHYHU�WKH�VKRW�EHDP�LV�IRFXVHG�DW�
WKH�VXUIDFH�RU�LQ�WKH�EXON�RI�PDWHULDOV��,Q�WKLV�VLWXDWLRQ��D�FRPSOHWH�FDOFXODWLRQ�EDVHG�RQ�WKH�
VDPH� DVVXPSWLRQV� OHDGV� WR�� 3�)��  � �� ²� H[S>�G�97�)�@� ����� ZKHUH� G� LV� WKH� EXON� GHQVLW\� RI�
GHIHFWV�� DQG� 97� LV� WKH� HIILFLHQW� EXON� ZKHUH� WKH� HQHUJ\� GHQVLW\� LV� JUHDWHU� WKDQ� WKH� GHIHFW�
WKUHVKROG�7��7KH�SULQFLSOH� LV� WKH� VDPH�DV�VXUIDFH�FDVH��RQH�NLQG�RU�VHYHUDO�NLQGV�RI�GHIHFW�
FDQ�EH�GHWHFWHG�DQG�WKH�UHODWHG�GHQVLWLHV�GHGXFHG���
�



9DOLGDWLRQ�E\�XVLQJ�FDOOLEUDWHG�OLTXLG�

,Q�RUGHU�WR�WHVW�WKH�SKHQRPHQRORJLFDO�DSSURDFK�� WKH�FRQWURO�RI�GHIHFW�GHQVLWLHV�ZRXOG�
EH�YHU\�KHOSIXO��)RU�WKLV�ZH�FKRVH�WR�XVH�OLTXLGV�WKDW�RIIHU�WKH�SRVVLELOLW\�WR�PL[�OLTXLG�ZLWK�
GLIIHUHQW� GHIHFW� GHQVLWLHV�� ,Q� ILJXUH� �� WKH� WKUHVKROG� FXUYH� PHDVXUHG� IRU� QRQ� LRQL]HG�
ZDWHU�1,��H[KLELWV�D�VWURQJ�VORSH�FKDQJH�DURXQG�����-�FP���7R�H[SODLQ�WKLV�UHVXOW�DQG�WR�ILW�
WKH� FXUYH� ZLWK� WKH� FDOFXODWLRQ� DQG� ZLWK� WKH� EXON� PRGHO�� LW� LV� QHFHVVDU\� WR� FRQVLGHU� WKH�
SUHVHQFH� RI� WZR� GLIIHUHQW� NLQGV� RI� GHIHFWV� ZLWK� VSHFLILF� GHQVLWLHV� DQG� ORZ� WKUHVKROGV�� $V�
VKRZQ� LQ� WKH� ILJXUH� ��� JRRG� DJUHHPHQW� LV� REWDLQHG� IRU�� G� �[��

�� GHIHFWV�PP�� �� 7� ����
-�FP���G� ���GHIHFWV�PP

����7� ���-�FP
���)RU�WKH�VWDQGDUG�ZDWHU�DOVR�WZR�NLQGV�RI�GHIHFWV�

DUH�QHFHVVDU\�WR�ILW�WKH�FXUYH�ZLWK�GHQVLWLHV�DQG�WKUHVKROGV�JLYHQ�E\��G� �[��
��GHIHFWV�PP����

7� ��� -�FP
��� G� �[��

�� GHIHFWV�PP�� �� 7� ���� -�FP
��� 7R� FRPSOHWH� WKLV� UHVXOWV��ZH� WHVWHG�

VHYHUDO� PL[WXUHV� RI� WKHVH� WZR� OLTXLGV�� E\� GURSSLQJ� FDOLEUDWHG� ZDYHOHWV� RI� 1,� OLTXLG� LQ�
VWDQGDUG�OLTXLG��7KH�FXUYHV�EHWZHHQ�1,�ZDWHU�DQG�QRUPDO�ZDWHU�VKRZQ�LQ�ILJXUH����UHYHDO�DQ�
H[FHOOHQW�DJUHHPHQW�EHWZHHQ�WKHRU\�DQG�H[SHULPHQW���

5HVXOW�REWDLQHG�RQ�RSWLFDO�VXEVWUDWHV�

%XON�RI�VXEVWUDWHV�

7KH� FDVH� RI� EXONV� SHUPLWV� WR� HOLPLQDWH� DQ\� FOHDQLQJ� RU� SROLVKLQJ� SUREOHP�� SLWV� RU�
VFUDWFKHV«�,Q�ILJXUH���VHYHUDO�EXONV�ZHUH�PHDVXUHG�DQG�FRPSDUHG�IRU�GLIIHUHQW�VXEVWUDWHV��

7\SLFDOO\� WKH�EHVW� WKUHVKROG�YDOXH��≈�����-�FP���RI�EXON� LV�REWDLQHG�IRU�6XSUDVLO��ZKLOH� WKH�

ORZHVW�YDOXH��≈���-�FP���LV�REWDLQHG�IRU�]HURGXU��$OO�GHQVLWLHV�DUH�FRPSLOHG���:H�QRWLFH�WKH�

YHU\�ORZ�GHQVLW\�RI�QDQR�GHIHFWV��DSSUR[LPDWHO\�D�IHZ�WHQV�RI�GHIHFWV�LQ�D�����µP���YROXPH��
ZKLFK� H[SODLQV� ZK\� WKHVH� GHIHFWV� DUH� VR� GLIILFXOW� WR� GHWHFW� YLD� SRZHUIXO� QRQ� RSWLFDO�
WHFKQLTXHV�VXFK�DV�0(%��7(0«�
�

6XUIDFH�RI�VXEVWUDWHV�

7KH�FDVH�RI�VXUIDFHV�LV�PRUH�FRPSOH[�WR�DQDO\]H��GXH�WR�WKH�SUHVHQFH�RI�FRQWDPLQDQWV�
RULJLQDWLQJ�IURP�FOHDQLQJ��SROLVKLQJ�SUREOHPV«�)LJXUH���LV�JLYHQ�IRU�WKUHVKROG�FXUYHV�RI�WKH�
WZR� VXEVWUDWH� IDFHV� RI� IXVHG� VLOLFD� ZLWK� WZR� GLIIHUHQW� SROLVKLQJ� SURFHVV�� $� VLJQLILFDQW�
GLIIHUHQFH�DSSHDUV�ZLWK�WKH�DSSDULWLRQ�RI�DQ�RWKHU�NLQG�RI�GHIHFW�LQ�WKH�SROLVKLQJ����

1RWLFH�WKH�ORZ�YDOXH�RI�VXUIDFH�WKUHVKROG��7≈���-�FP���FRPSDUHG�WR�WKH�EXON�ORZ�WKUHVKROG�
�7 ���� -�FP��� JLYHQ� LQ� ILJXUH� �� IRU� WKH� VDPH� PDWHULDO� �IXVHG� VLOLFD��� 7KLV� UHVXOW� FOHDUO\�
LQGLFDWHV� WKDW� WKH� QDWXUH� DQG� QXPEHU� RI� WKH� GHIHFWV� DW� WKH� VXUIDFH� �GHIHFW� GHQVLW\� DURXQG�
����GHIHFWV�PP���LV�GLIIHUHQW�IURP�WKDW�LQ�WKH�EXON��DURXQG�����GHIHFWV�PP�����

�

/DVHU�GDPDJH�PRUSKRORJ\�VWXG\�

7KH�GDPDJH�PRUSKRORJ\�FDQ�EH�REVHUYHG�IRU�EXON�DQG�VXUIDFHV�LQ�UHDO�WLPH�WKDQN�WR�DQ�
RSWLFDO� PLFURVFRSH� LQ� GLIIHUHQW� RSHUDWLQJ� PRGH�� )RU� VXUIDFHV� DQ� H[� VLWX� DWRPLF� IRUFH�
PLFURVFRSH�DOORZ�D�TXDQWLWDWLYH� VWXG\��/RW�RI� H[DPSOHV� FDQ�EH�JLYHQ� WR�SURRI� WKH�GDPDJH�
PRUSKRORJ\�VWXG\�LQWHUHVW��:H�FKRVH�KHUH�WR�VKRZ�WZR�VSHFLILF�H[DPSOHV��
,Q�ILJXUH���ZH�FDQ�VHH�VFUDWFKHV�UHYHDOHG�DIWHU�ODVHU�LUUDGLDWLRQ��)LJXUH���LV�DQ�$)0�SLFWXUH�RI�
WKLV�VFUDWFKHV��LQ�IDFW�WKH�UHYHODWLRQ�FRQVLVW�RI�DOLJQHG�OLWWOH�SDUWLFOHV��QDQR�VFDOH���7KH�RULJLQ�
RI� WKLV�HIIHFW�FRXOG�EH�DWWULEXWH�WR�WKH�SROLVKLQJ�SURFHVV��EHFDXVH�RI�WKH�FRQVWDQW�GLUHFWLRQ�
DQG�WKH�VXE�VXUIDFH�ORFDWLRQ�RI�WKH�SDUWLFOHV��



,Q� ILJXUH� ��D�E�F�G�� WKH� GDPDJH� ZDV� FUHDWHG� DW� ODUJH� IOXHQFHV� �)!+7�� LQ� WKH� EXON� RI�
DPRUSKRXV� DQG� FU\VWDOOLQH� PDWHULDOV�� )RU� FU\VWDOOLQH� PDWHULDOV� �KHUH� .EU� DQG� 1D&O�� WKH�
GDPDJH�SDWWHUQ�UHYHDOV� WKH�FU\VWDOOLQH�VWUXFWXUH�ZKLOH� IRU� DPRUSKRXV�PDWHULDOV� �IXVHG�VLOLFD�
DQG�]HURGXU��WKH�GDPDJH�PRUSKRORJ\�LV�UDQGRP��1RWLFH�WKH�GLIIHUHQFH�RI�VLJQDWXUH�EHWZHHQ�
WKH� WZR� DPRUSKRXV�PDWHULDOV�� GXH� WR� WKH�ZHDN� WKHUPDO� H[SDQVLRQ� FRHIILFLHQW�RI�=HURGXU��
)URP�WKHVH�REVHUYDWLRQV�LW�LV�FOHDU�WKDW�WKHUPR�PHFKDQLFDO�HIIHFWV�VKRXOG�EH�LQYROYHG�LQ�WKH�
GDPDJH�SURFHVV��
�

&RQFOXVLRQ�

:H�KDYH�VKRZQ�WKDW�ZLWK�D�GHVWUXFWLYH�WRRO�FRQVLVWLQJ�WR�SORW�D�ODVHU�GDPDJH�SUREDELOLW\�
FXUYH� LW�ZLOO� EH� SRVVLEOH� WR� SURRI� WKH� H[LVWHQFH� RI� QDQR�FHQWHUV� LQ� VLOLFD� DQG� WR� GHWHUPLQH�
WKHLU� GHQVLW\�� 'LIIHUHQW� PDWHULDOV� KDG� EHHQ� WHVWHG� DQG� KDG� UHYHDOHG� DV� H[SHFWHG� GLIIHUHQW�
UHVXOWV��

7KH� H[DPSOHV� RQ� PRUSKRORJ\� VWXG\� VKRZ� WKDW� SUHFLRXV� LQIRUPDWLRQ� DERXW� WKH� GDPDJH�
PHFKDQLVP�DQG�DOVR�RQ�WKH�QDWXUH�RI�WKH�PDWHULDO�XQGHU�LUUDGLDWLRQ�FRXOG�EH�REWDLQHG����

,Q� DGGLWLRQ� WR� WKLV� GHVWUXFWLYH� DSSURDFK�� QRQ� GHVWUXFWLYH� WRROV� DV� SKRWRWKHUPDO�
PHDVXUHPHQW��SODVPD�VSHFWURVFRS\�DUH�GHYHORSHG�WR�H[KLELW�WKH�QDQR�GHIHFW�DQG�WKH�UHODWHG�
SURFHVV�RI�GDPDJH��%\�FKDQJLQJ�ZDYHOHQJWK�ZH�FDQ�DOVR�H[SHFW� WR�UHYHDO�GLIIHUHQW�NLQG�RI�
GHIHFWV��
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