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9�5��,QGXï��-�-��&KXQJDWK��
.�5��+DUVKDQ��DQG�1��$VKRN�
'HSDUWPHQW�RI�9HWHULQDU\�$QDWRP\�DQG�+LVWRORJ\
&ROOHJH�RI�9HWHULQDU\�DQG�$QLPDO�6FLHQFHV
0DQQXWK\�����������7KULVVXU���.HUDOD

$EVWUDFW
$�VWXG\�ZDV�FRQGXFWHG�XVLQJ����:KLWH

3HNLQ� GXFNV� IURP� GD\� ROG� WR� ���� GD\V� WR
DVFHUWDLQ�WKH�LQIOXHQFH�RI�DJH�DQG�ERG\�ZHLJKW
RQ�WKH�VSOHHQ�RI�GXFNV���$�PXOWLSOH�UHJUHVVLRQ
ILW�ZDV�DSSOLHG�WR�WKH�GDWD���6LPSOH�DV�ZHOO�DV
SDUWLDO� FRUUHODWLRQ� FRHIILFLHQW� EHWZHHQ� WKH
GLIIHUHQW�IDFWRUV�ZHUH�FDOFXODWHG�DQG�WHVWHG�IRU
VLJQLILFDQFH�� �7KH�VL]H�DQG�ZHLJKW�RI� VSOHHQ
LQFUHDVHG�ZLWK�DJH�DQG�ERG\�ZHLJKW�RI�ELUGV�
%XW� ERG\�ZHLJKW� KDG� D� JUHDWHU� LQIOXHQFH� RQ
WKH�GHYHORSPHQW�RI�VSOHHQ���7KXV�KHDYLHU�ELUGV
RI� D� SDUWLFXODU� DJH�ZLOO� WHQG� WR� KDYH� KHDYLHU
VSOHHQ�� � � $� ZHOO� GHYHORSHG� VSOHHQ� LV� D
UHSUHVHQWDWLYH� RI� D� VWURQJ� LPPXQH� V\VWHP�
+HQFH�� LW�FDQ�EH�FRQFOXGHG� WKDW�E\�VFLHQWLILF
PDQDJHPHQW�SUDFWLFHV�ZKHQ�WKH�ERG\�ZHLJKW
RI�WKH�ELUGV�ZRXOG�LQFUHDVH��WKH�VSOHHQ�PLJKW
DWWDLQ�LWV�PD[LPXP�LPPXQRORJLFDO�IXQFWLRQV�DW
DQ� HDUO\� DJH�� 7KLV� ZLOO� KHOS� WR� PHHW� WKH
GHPDQGV� RI� WKH� ERG\� LQ� GHYHORSPHQW� RI
V\VWHPLF� LPPXQLW\�� WKXV� LPSURYLQJ� WKH� IORFN
KHDOWK�
.H\ZRUGV� GXFN�� LQIOXHQFH� RI� DJH� DQG
ERG\ZHLJKW��VSOHHQ�GHYHORSPHQW

7KH�DYLDQ�VSOHHQ�KDV�EHHQ�IUHTXHQWO\
XVHG�LQ�VWXGLHV�RI�DYLDQ�HFRORJ\��SDUDVLWRORJ\
DQG�HYROXWLRQ� WR� LQIHU� LPPXQH�V\VWHP�VWDWXV
LQ� ELUGV� �6PLWK� DQG� +XQW�� ������� ,W� LV� D
SHULSKHUDO�O\PSKRLG�RUJDQ�GHSHQGHQW�RQ�ERWK
WKH� WK\PXV� DQG� EXUVD� RI� )DEULFLXV� �)LUWK�

������� �:HLJKW� RI� WKH� VSOHHQ� YDULHV� FRQVLG
HUDEO\�ZLWK� EUHHG�� DJH�� ERG\�ZHLJKW�� KHDOWK
VWDWXV� DQG� HQYLURQPHQW�� � 7KH� VWXGLHV�PDGH
RQ�KHULWDEOH�GLIIHUHQFHV�LQGLFDWH�WKDW�WKH�VL]H
RI� VSOHHQ� DSSDUHQWO\� KDV� D� UHODWLRQVKLS�ZLWK
WKH� TXDQWLW\� RI� O\PSKRF\WHV� SURGXFHG�� � 7KH
REMHFWLYH�RI�WKLV�VWXG\�ZDV�WR�FRUUHODWH�WKH�VL]H
DQG�ZHLJKW� RI� VSOHHQ� WR� WKH� DJH� DQG� ERG\
ZHLJKW� LQ� :KLWH� 3HNLQ� GXFNV� LQ� RUGHU� WR
DVFHUWDLQ�ZKLFK�RI�WKH�WZR�KDG�WKH�PD[LPXP
LQIOXHQFH�
0DWHULDOV�DQG�0HWKRGV

)RXUW\� ILYH� DSSDUHQWO\� KHDOWK\�PDOH
:KLWH�3HNLQ�GXFNV�RI�YDULRXV�DJH�JURXSV�ZHUH
XVHG� IRU� WKH�VWXG\�� �7KH�ELUGV�ZHUH�VHOHFWHG
UDQGRPO\�IURP�D�VLQJOH�KDWFK�DQG�UHDUHG�XQGHU
LQWHQVLYH� V\VWHP� RI�PDQDJHPHQW�� �0DWHULDO
ZDV� FROOHFWHG� DW� ILYH� GD\V� LQWHUYDO� IURP� WKH
GD\�RI�KDWFK�XS�WR����GD\V��WHQ�GD\V�LQWHUYDO
XS�WR����GD\V�DQG�WKHUHDIWHU�DW����GD\V�LQWHUYDO
XS�WR�����GD\V�RI�DJH���$IWHU�UHFRUGLQJ�WKH�OLYH
ERG\�ZHLJKW��WKH�ELUGV�ZHUH�VDFULILFHG�DQG�WKH
VSOHHQ�ZDV�FROOHFWHG�DQG�ZHLJKHG���$�PXOWLSOH
UHJUHVVLRQ�RI� WKH�VSOHHQ�ZHLJKW�RQ� WKH�ERG\
ZHLJKW�DQG�DJH��LQ�GD\V��ZDV�ILWWHG�WR�WKH�GDWD�
6LJQLILFDQFH�RI� UHJUHVVLRQ� ILW�ZDV�FDUULHG�RXW
E\�DQDO\VLV�RI�YDULDQFH�WHFKQLTXH��6LPSOH�DV
ZHOO�DV�SDUWLDO�VLJQLILFDQW�FRHIILFLHQWV�EHWZHHQ
WKH�GLIIHUHQW�IDFWRUV�ZHUH�FDOFXODWHG�DQG�WHVWHG
IRU� VLJQLILFDQFH� IROORZLQJ� 6QHGHFRU� DQG
&RFKUDQ� �������

���$VVLVWDQW�3URIHVVRU�
��3URIHVVRU�DQG�+HDG��&9$6��3RRNRGH
��3URIHVVRU��5HWG��
���3URIHVVRU�DQG�+HDG

5HFHLYHG�����������
$FFHSWHG�����������



-��9
HW��

$Q
LP�

6F
L���

���
����

����
���

�
5(6($5&+�$57,&/(

�� 6SOHHQ�SDUDPHWHUV�LQ�:KLWH�3HFNLQ�GXFNV���

5HVXOWV�DQG�'LVFXVVLRQ
7KH� LQFUHDVH� LQ�ZHLJKW� RI� WKH� VSOHHQ

ZDV�LQ�DFFRUGDQFH�ZLWK�JURZWK�RI�WKH�ELUG�XQWLO
��� GD\V� RI� DJH� �7DEOH���� ,W� DOPRVW� GRXEOHG
������WLPHV��IURP����WR�����GD\V�RI�DJH�ZLWK�D
PD[LPXP�ZHLJKW�RI������J�DW�����GD\V�RI�DJH�
$W�WKLV�DJH��WKH�ERG\�ZHLJKHG������NJ�DQG�WKH
FRQWULEXWLRQ� RI� VSOHHQ� WR� ERG\� ZHLJKW� ZDV
��������7KHUHDIWHU��D�JUDGXDO�GHFOLQH�LQ�VSOHHQ
ZHLJKW�ZDV�QRWLFHG���%XW�LQ�WKH�FDVH�RI�FKLFNHQ�
:ROIH�HW DO���������UHSRUWHG�D�PD[LPXP�PHDQ
ZHLJKW� RI� ����J� DW� ��� ZHHNV� RI� DJH�
5HODWLRQVKLS� EHWZHHQ� ERG\� ZHLJKW�� VSOHHQ
ZHLJKW�DQG�VSOHHQ�VL]H�DUH�VKRZQ�LQ�WDEOH���
7KH�PD[LPXP�VSOHHQ�ZHLJKW�UHODWLYH�WR�ERG\
ZHLJKW� ��������ZDV� UHFRUGHG� DW� ��� GD\V� RI
DJH�� � 7KHUHDIWHU�� WKH� SURSRUWLRQ� VKRZHG� D
GHFUHDVLQJ� WUHQG� WKURXJKRXW� WKH� SHULRG� RI
VWXG\���7KLV�LQGLFDWHV�WKDW�DIWHU����GD\V�RI�DJH�
WKH�JURZWK�UDWH�RI�VSOHHQ�ZDV�QRW�SURSRUWLRQDWH
WR�WKH�ERG\�JURZWK�UDWH���7KH�ZKROH�ERG\�JUHZ
DW�D�IDVWHU�UDWH�FRPSDUHG�WR�WKH�VSOHHQ���'LHWHU
DQG�%UHLWHQEDFK� ������� REWDLQHG�PD[LPXP
VSOHHQ� ZHLJKWV� WR� ERG\� ZHLJKW� SHUFHQWDJH
�QHDUO\�������DW���WR����ZHHNV�LQ�FRFNHUHOV�

,Q�WKH�SUHVHQW�VWXG\��KLJKO\�VLJQLILFDQW
SRVLWLYH� FRUUHODWLRQ� ZDV� REVHUYHG� EHWZHHQ
DJH�� ERG\�ZHLJKW� DQG� WKH�ZHLJKW� RI� VSOHHQ
�7DEOH� ���� (VWLPDWLQJ� D�PXOWLSOH� FRUUHODWLRQ

FRHIILFLHQW�RI�������LW�FDQ�EH�LQIHUUHG�WKDW������
SHUFHQW�RI� WKH� WRWDO�YDULDWLRQ� LQ� WKH�ZHLJKW�RI
VSOHHQ�RFFXUUHG�GXH�WR�WKH�YDULDWLRQ�LQ�WKH�DJH
DQG�ERG\ZHLJKW�RI�WKH�ELUGV���7KXV�ZHLJKW�RI
VSOHHQ� ZDV� REVHUYHG� WR� LQFUHDVH� ZLWK� WKH
DGYDQFHPHQW� RI� DJH� DQG� ERG\� ZHLJKW� DV
UHSRUWHG�E\�*LOOLH�DQG�6DORPRQ��������LQ�GXFNV
DQG� E\�$O�'DEDUJK� DQG�$EGXOOD� ������� LQ
FKLFNHQ���%XW�WKLV�MRLQW�DFFRXQWLQJ�RI�YDULDEOHV
GLG� QRW� DFWXDOO\� LQGLFDWH� ZKLFK� RI� WKH� WZR
SDUDPHWHUV��DJH�RU�ERG\�ZHLJKW��KDG�D�JUHDWHU
LQIOXHQFH�RQ�WKH�ZHLJKW�RI�VSOHHQ�

7KH� SDUWLDO� FRUUHODWLRQ� FRHIILFLHQW
EHWZHHQ�WKH�ZHLJKW�RI�VSOHHQ�DQG�WKH�DJH�RI
ELUG�NHHSLQJ�ERG\�ZHLJKW�FRQVWDQW�ZDV�±�����
�S�������ZKHUHDV�WKDW�EHWZHHQ�WKH�ZHLJKW�RI
VSOHHQ�DQG�ERG\�ZHLJKW�ZKHQ�DJH�RI�WKH�ELUG
ZDV�KHOG�FRQVWDQW�ZDV��������S��������7KXV
ZKHQ� WKH� ERG\�ZHLJKW� RI� WKH� ELUG�ZDV� NHSW
FRQVWDQW�� RQO\� ����� SHUFHQW� RI� WRWDO� YDULDWLRQ
LQ�ZHLJKW�RI�VSOHHQ�ZDV�DFFRXQWHG�IRU�E\�DJH
DQG�ZKHQ�DJH�RI�ELUG�ZDV�NHSW�FRQVWDQW������
SHUFHQW�RI�WKH�YDULDWLRQ�LQ�WKH�ZHLJKW�RI�VSOHHQ
ZDV�GXH�WR�FKDQJHV�LQ�WKH�ERG\�ZHLJKW���7KLV
LQGLFDWHV� WKDW� ERG\� ZHLJKW� KDG� D� JUHDWHU
LQIOXHQFH�RQ�WKH�ZHLJKW�RI�VSOHHQ�WKDQ�WKH�DJH
RI� WKH� ELUG�� �'LHWHU� DQG�%UHLWHQEDFK� � ������
QRWLFHG�WKDW�DIWHU�VL[�ZHHNV��WKH�VSOHQLF�ZHLJKW
KDG�D�GLUHFW�UHODWLRQVKLS�WR�WKH�ERG\�ZHLJKW�

7DEOH�����%RG\�ZHLJKW�DQG�SDUDPHWHUV�RI�VSOHHQ�LQ�:KLWH�3HNLQ�GXFNV�DW�GLIIHUHQW�DJHV�
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7KHUH�ZDV� D� SURJUHVVLYH� LQFUHDVH� LQ
OHQJWK�DQG�ZLGWK�RI�VSOHHQ�XS�WR�����GD\V�RI
DJH��7DEOH�����7KHUHDIWHU��D�GHFOLQH�LQ�ERWK�WKH
GLPHQVLRQV�ZDV�QRWLFHG�XS�WR�����GD\V�RI�DJH�
7DEOH� �� VKRZV� KLJKO\� VLJQLILFDQW� SRVLWLYH
FRUUHODWLRQ� EHWZHHQ� WKH� OHQJWK� DQG�ZLGWK� RI
VSOHHQ� WR� WKH� DJH�DQG�ERG\�ZHLJKW� RI� ELUGV�
������ SHUFHQW� RI� WRWDO� YDULDWLRQ� LQ� WKH� OHQJWK
RI�VSOHHQ�DQG�������SHUFHQW�RI�WRWDO�YDULDWLRQ
LQ� WKH�ZLGWK� RI� VSOHHQ�ZDV� H[SODLQHG� E\� WKH
YDULDWLRQ�LQ�WKH�DJH�DQG�ERG\�ZHLJKW�RI�ELUGV
HVWLPDWLQJ�D�PXOWLSOH�FRHIILFLHQW�FRUUHODWLRQ�RI
������DQG��������UHVSHFWLYHO\���6LPLODU�UHSRUWV
LQ�GXFNV�DUH�QRW�DYDLODEOH�IRU�FRPSDULVRQ�

:KHQ�ERG\�ZHLJKW�ZDV�NHSW�FRQVWDQW�
WKH�SDUWLDO�FRUUHODWLRQ�FRHIILFLHQW�EHWZHHQ�WKH
OHQJWK� RI� VSOHHQ� DQG� WKH� DJH� RI� ELUG�ZDV� ±
������ �S������� DQG� EHWZHHQ� WKH� ZLGWK� RI
VSOHHQ� DQG� WKH� DJH� RI� ELUG� ZDV� ±�����
�S��������:KHQ� DJH� RI� WKH� ELUGV� ZDV� NHSW
FRQVWDQW� WKH� SDUWLDO� FRUUHODWLRQ� FRHIILFLHQW
EHWZHHQ� OHQJWK�RI� VSOHHQ�DQG�ZHLJKW�RI� ELUG
ZDV� ������ �S������� DQG� EHWZHHQ� ZLGWK� RI
VSOHHQ�DQG�ZHLJKW�RI�ELUG�ZDV��������S��������
)URP�WKHVH�UHVXOWV�LW�FDQ�EH�GHULYHG�WKDW������
SHUFHQW�RI�WRWDO�YDULDWLRQ�LQ�VSOHHQ�OHQJWK�DQG
�����SHUFHQW�RI�WRWDO�YDULDWLRQ�LQ�VSOHHQ�ZLGWK
ZDV� DFFRXQWHG� IRU� E\� DJH� ZKHQ� WKH� ERG\
ZHLJKW�ZDV�NHSW�FRQVWDQW��:KHUHDV��ZKHQ�WKH

7DEOH��� &RUUHODWLRQ�FRHIILFLHQW�EHWZHHQ
SDLUV�LQ�:KLWH�3HNLQ�GXFNV�

DJH�RI�ELUGV�ZDV�NHSW�FRQVWDQW�������SHUFHQW
RI�WKH�WRWDO�YDULDWLRQ�LQ�VSOHHQ�OHQJWK�DQG������
SHUFHQW� RI� WKH� WRWDO� YDULDWLRQ� LQ� VSOHHQ�ZLGWK
ZDV�DFFRXQWHG�IRU�E\�FKDQJH�LQ�ERG\�ZHLJKW�
7KLV�LQGLFDWHG�WKDW�ERG\�ZHLJKW�ZDV�WKH�PDLQ
IDFWRU� WKDW� LQIOXHQFHG� WKH�ZHLJKW�� OHQJWK� DQG
ZLGWK�RI�VSOHHQ���7KHVH�REVHUYDWLRQV�ZHUH�LQ
DFFRUGDQFH� ZLWK� WKH� UHSRUWV� RI� 'LHWHU� DQG
%UHLWHQEDFK��������LQ�FKLFNHQ�
5HIHUHQFHV
$O�'DEDUJK�� 0�$�� DQG�$EGXOOD�� 0�� �����

&RUUHODWLRQ� RI� VL]HV� DQG�ZHLJKWV� RI
OLYHUV� DQG� VSOHHQV� WR� WKH� DJHV� DQG
ERG\�ZHLJKWV�RI�QRUPDO�FKLFNV�ZLWK�D
QRWH� RI� KLVWRORJ\� RI� WKHVH� RUJDQV� LQ
FKLFNV��9HW��5HF��������������

'LHWHU��0�3��DQG�%UHLWHQEDFK��5�3������� 7KH
JURZWK� RI� FKLFNHQ� O\PSKRLG� RUJDQV�
WHVWHV��DQG�DGUHQDOV�LQ�UHODWLRQ�WR�WKH
R[LGDWLRQ� VWDWH� DQG� FRQFHQWUDWLRQ� RI
DGUHQDO� DQG� O\PSKRLG� RUJDQ� YLWDPLQ
&��3RXOW�6FL�� ��������

)LUWK��*�$��������7KH�QRUPDO�O\PSKDWLF�V\VWHP
RI�WKH�IRZO��9HW�%XOO��������������

*LOOLH��8��DQG��6DORPRQ��)�9��������$JH�UHODWHG
FKDQJHV� LQ� WKH� DYLDQ� SULPDU\
O\PSKRLG� RUJDQV�� $QDW�� +LVWRO�
(PEU\RO��������������

6PLWK��.�*��DQG�+XQW��-�/��������2Q�WKH�XVH
RI�VSOHHQ�PDVV�DV�D�PHDVXUH�RI�DYLDQ
LPPXQH�V\VWHP�VWUHQJWK��2HFRORJLD��
����������

6QHGHFRU�� *�:�� DQG� &RFKUDQ��:�*�� �����
6WDWLVWLFDO�0HWKRGV���WK�HG��2[IRUG�DQG
,%+�3XEOLVKLQJ�&R���1HZ�'HOKL������S�

:ROIH��+�5���6KHULGDQ�6�$���:LOVWDO��0�1��DQG
-RKQVRQ��0�$�������7KH� JURZWK� RI
O\PSKRLG� RUJDQV� DQG� WHVWHV� RI
FKLFNHQ���$QDW�5HF���������������
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