
'HWHFWLRQ�RI�$WULDO�(OHFWULFDO�,QVWDELOLW\�LQ�+\SHUWHQVLYH�3DWLHQWV�
$�2U ]LDN � ��0�1LHPF]\N � ��(�3L WNRZVND�-DQNR � ��*�2SROVNL � �

� &KDLU�DQG�'HSDUWPHQW�RI�&DUGLRORJ\��0HGLFDO�8QLYHUVLW\�RI�:DUVDZ��3RODQG�� �1XFOHDU�DQG�0HGLFDO�(OHFWURQLFV�'LYLVLRQ��,QVWLWXWH�RI�5DGLRHOHFWURQLFV���
:DUVDZ�8QLYHUVLW\�RI�7HFKQRORJ\��3RODQG�

$EVWUDFW�
7KH�DLP�RI�RXU�VWXG\�ZDV�WR�HYDOXDWH�WKH�LQIOXHQFH�RI�

WKH� OHIW� YHQWULFXODU� K\SHUWURSK\� �/9+�� RQ� WKH� DWULDO�
HOHFWULFDO� LQVWDELOLW\� LQ� K\SHUWHQVLYH� SDWLHQWV� �SWV��� ���
K\SHUWHQVLYH� SWV� ZLWKRXW� V\PSWRPDWLF� FRURQDU\� GLVHDVH��
V\VWROLF� G\VIXQFWLRQ�� HOHFWURO\WH� GLVWXUEDQFHV� RU�
DQWLDUUK\WKPLF� WKHUDS\�ZHUH� LQFOXGHG� LQ� RXU� VWXG\�� DQG�
ZHUH�GLYLGHG� LQWR� WZR�JURXSV��ZLWK�/9+� �JURXS� ,�� ±����
SWV� DQG� ZLWKRXW� /9+� �JURXS� ,,�� ±� ��� SWV�� 7KHUH� ZHUH�
DGGLWLRQDOO\� PHDVXUHG�� (&+2�� WKH� ���OHDG� (&*�� )URP�
6$(&*� (&*� ZHUH� FDOFXODWHG� WKH� ILOWHUHG� 3�ZDYH�
GXUDWLRQ� �KI3��� WKH� URRW� PHDQ� VTXDUH� YROWDJHV� IRU� ODVW�
��PVHF��506 ��� ���506�YROWDJHV� IRU� WKH� ODVW� WLPH�TXDUWHU�
RI�3�ZDYH�GLYLGHG�E\�506�YROWDJHV�RI�IXOO�WLPH�RI�3�ZDYH�
�506��506��� HQYHORSH� RI� WKH� ILUVW� ��� PV� RI� 3�ZDYH�
YHFWRU�PDJQLWXGH��3HQY������

&RQFOXVLRQ�� 6LJQDO� DYHUDJHG�3�ZDYH�(&*�PD\� EH� D�
XVHIXO�WRRO�WR�HYDOXDWLRQ�RI�DWULDO�HOHFWULFDO�LQVWDELOLW\�LQ�
K\SHUWHQVLYH�SWV�ZLWK�/9+���
��� ,QWURGXFWLRQ�

/HIW� YHQWULFXODU� K\SHUWURSK\� �/9+�� RFFXUV� LQ�
DSSUR[LPDWHO\� ������� SDWLHQWV� �SWV�� ZLWK� SULPDU\�
K\SHUWHQVLRQ��/9+�KDV�EHHQ�IRXQG�DV�DQ�LQGHSHQGHQW�ULVN�
IDFWRU� IRU� YHQWULFXODU� DUUK\WKPLDV� DQG� VXGGHQ� FDUGLDF�
GHDWK��5HODWLRQVKLS�EHWZHHQ�/9+�DQG�DWULDO�DUUK\WKPLDV�
KDV� QRW� EHHQ� IXOO\� XQGHUVWRRG�� (SLGHPLRORJLF� VWXGLHV�
GLVFORVH� WKDW� K\SHUWHQVLRQ� LV� WKH� PDLQ� UHDVRQ� RI� DWULDO�
ILEULOODWLRQ���

7KLV� VWXG\� GHPRQVWUDWHV� SUHVHQFH� RI� WKH�
DUUK\WKPRJHQLF� PDUNHUV� LQ� SWV� ZLWK� K\SHUWHQVLRQ� DQG�
/9+�� 7KH� DLP� RI� RXU� VWXG\� ZDV� WR� HYDOXDWH� DWULDO�
HOHFWULFDO�LQVWDELOLW\�LQ�K\SHUWHQVLYH�SWV�ZLWK�/9+���
��� 3DWLHQWV�DQG�PHWKRGV�

:H� VWXGLHG� ��� K\SHUWHQVLYH� SWV� ���� ZRPHQ� DQG� ���
PHQ��� $OO� SWV� ZHUH� RQ� VLQXV� UK\WKP� DQG� KDG� SULPDU\�
K\SHUWHQVLRQ�� :H� H[FOXGHG� SWV� ZLWK� VHFRQGDU\�
K\SHUWHQVLRQ�WR�DYRLG�SRWHQWLDO� LQIOXHQFH�RI�WKH�FDXVH�RI�
K\SHUWHQVLRQ� RQ� SURDUUK\WKPLD�PDUNHUV� �L�H� 47� LQWHUYDO�
SURORQJDWLRQ� LQGXFHG� E\� K\SRFDOHPLD� LQ� SULPDU\�

K\SHUDOGRVWHURQLVP���+\SHUWHQVLYH�SWV�ZLWK�V\PSWRPDWLF�
FRURQDU\� GLVHDVH�� SRVW� LQIDUFWLRQ� DQG� ZLWK� KHDUW� IDLOXUH�
ZHUH� DOVR� H[FOXGHG�� 1RQH� RI� WKHP� KDG� EXQGOH� EUDQFK�
EORFN�� DUUK\WKPLD� DQG� YDOYXODU� KHDUW� GLVHDVH�� 6HUXP�
HOHFWURO\WHV�ZHUH�ZLWKLQ�QRUPDO�OLPLWV�LQ�DOO�SWV��1RQH�RI�
WKHP� KDG� DQWLDUUK\WKPLF� WKHUDS\�� 1R� DQWLK\SHUWHQVLYH�
WKHUDS\� ZDV� SHUPLWWHG� GXULQJ� �� GD\V� EHIRUH� WKH� VWXG\� ��
WKH� PRVW� RI� SWV� KDG� D� QHZ� GLDJQRVHG� K\SHUWHQVLRQ�� $OO�
VWXG\� VXEMHFWV� SURYLGHG� ZULWLQJ� LQIRUPHG� FRQVHQW�� 7KH�
ORFDO�(WKLFV�&RPPLWWHH�DSSURYHG�SURWRFRO�RI�WKH�VWXG\��

3WV�ZHUH�VWXGLHG�XVLQJ�VWDQGDUG����OHDG�(&*�����KRXU�
+ROWHU� PRQLWRULQJ�� 0�PRGH� DQG� WZR�GLPHQVLRQDO�
HFKRFDUGLRJUDSK\�DQG�VLJQDO�DYHUDJHG�HOHFWURFDUGLRJUDP�
�6$(&*���$OO�RI�WKH�WHVWV�ZHUH�GRQH�LQ����KRXU�SHULRG��
����� (FKRFDUGLRJUDSK\�

([DPLQDWLRQV� ZHUH� SHUIRUPHG� XVLQJ� D� +HZOHWW�
3DFNDUG� 6RQRV� ����� UHFRUGHU�ZLWK� ����0+]� WUDQVGXFHU��
,Q� HDFK� SW� ��GLPPHQWLRQDO� DQG� 0�PRGH� WUDFLQJ� ZHUH�
REWDLQHG��

7KH� OHIW� YHQWULFXODU� HQG�V\VWROLF� GLDPHWHU� �/9(6'���
WKH� OHIW�YHQWULFXODU�HQG�GLDVWROLF�GLDPHWHU� �/9(''��� WKH�
SRVWHULRU� ZDOO� WKLFNQHVV� DW� HQG�GLDVWROH� �3:7�� DQG� WKH�
LQWUDYHQWULFXODU� VHSWDO� WKLFNQHVV� DW� HQG�GLDVWROH� ZHUH�
REWDLQHG� DFFRUGLQJ� WR� WKH� UHFRPPHQGDWLRQV� $PHULFDQ�
6RFLHW\�RI�(FKRFDUGLRJUDSK\�>�@���

/HIW�YHQWULFXODU�PDVV��/90��ZDV�FDOFXODWHG�XVLQJ�WKH�
3HQQ�IRUPXOD�>�@��

�
/90� ������
>�,96�/9(''�3:7� � �±�/9('' � @�±������
�

/HIW� YHQWULFXODU� PDVV� LQGH[� �/90,�� ZDV� GHILQHG� DV�
UHODWLRQ�/90�DQG� WKH�ERG\�VXUIDFH�DUHD��6$�� LQ�P � �DQG�
ZDV�FDOFXODWHG�XVLQJ�WKH�'X�%RLV�IRUPXOD�DV�IROORZV���

�
6$� ����������
�+ �	� 
���� �
�: �	� 
	���

�
ZKHUH�+�LV�KHLJKW�LQ�FP�DQG�:�LV�ZHLJKW�LQ�NJ��/9+�ZDV�
FRQILUPHG�ZKHQ�/90,�!�����J�P � � LQ�PHQ�DQG�/90,�!�
���� J�P� � LQ� ZRPHQ� >�@�� $OO� SWV� KDG� DOVR� PHDVXUHG�
LQWHUQDO� GLDPHWHUV� RI� OHIW� DWULXP� LQ� VKRUW� DQG� ORQJ� D[LV�
DQG�DUHDV�RI� OHIW� DQG� ULJKW�DWULXP��/$VD[��/$OD[��/$DU��
5$DU����
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����� 6LJQDO�DYHUDJHG�HOHFWURFDUGLRJUDP��
7KH�6$(&*V�ZHUH�UHFRUGHG�WKH�RUWKRJRQDO�;��<�DQG�

=� OHDGV� �LQ� DFFRUGDQFH� WR� WKH� )UDQN¶V� VWDQGDUG�� E\� WKH�
FRPSXWHU�HTXLSPHQW���

7KH� PRGHO� RI� 3�ZDYH� VLJQDO� FKDUDFWHULVWLF� IRU� WKH�
HDFK�SW�ZHUH�EXLOW�E\�WKH�ILUVW�WHQ�EHDWV�RI�WKH�KHDUW�±�HYHQ�
QH[W�EHDW�ZDV�FRPSDUHG�ZLWK�WKH�PRGHO��,I�WKH�FRUUHODWLRQ�
EHWZHHQ�WKH�PRGHO�DQG�QH[W�VLJQDO�KDG�EHHQ�KLJKHU�WKDQ�
������WKH�VLJQDO�ZRXOG�KDYH�EHHQ�UHFRUGHG��7KH�VLJQDO�RI�
HDFK� OHDG� ZDV� DPSOLILHG�� 0LQLPXP� ���� EHDWV� ZHUH�
DYHUDJHG� DQG� ILOWHUHG� DW� ),5� ZLWK� .DLVHU� ZLQGRZ� ���
���+]�� 7KH� QRLVH� OHYHO� �� ���� P9� ZDV� DFFHSWDEOH�� 7KH�
VLJQDO� ZHUH� FRPELQHG� LQWR� YHFWRU� PDJQLWXGH�
�; � �< � �= � � �	� � �DIWHU�DPSOLILFDWLRQ��DYHUDJLQJ�DQG�ILOWHULQJ��

%\� WKH� DYHUDJHG� VLJQDO� WKH� FRPSXWHU� SURJUDP�
FDOFXODWHG��
�� GXUDWLRQ� RI� DWULDO� VLJQDO� �KI3�� �PVHF�� ±� RQVHW� ZDV�
GHILQHG�DV� WKH� ILUVW�GHIOHFWLRQ� IURP�EDVHOLQH�H[FHHGLQJ�D�
YDOXH�DSSUR[LPDWHO\�PRUH�WKDQ�WZLFH�WKH�QRLVH�DPSOLWXGH��
RIIVHW�ZDV� GHILQHG� DV� WKH� UHWXUQ� RI� WKH� DWULDO� VLJQDO� WR� D�
OHYHO� OHVV� WKDQ� DSSUR[LPDWHO\� WZLFH� QRLVH� DPSOLWXGH�
DERYH� EDVHOLQH� RU� WKH� RQVHW� RI� WKH�456��ZKLFKHYHU�ZDV�
HDUOLHU��KI3!����PVHF�ZDV�FRQILUPHG��DV�SURORQJHG��
��WKH�URRW�PHDQ�VTXDUH��YROWDJHV�LQ��9��506��IRU�WKH�ODVW�
���PVHF�RI�WKH�3�ZDYH��506 ��� ��
�� 506� IRU� WKH� ODVW� WLPH� TXDUWHU� RI� 3�ZDYH� GLYLGHG� E\�
506�YROWDJHV�RI�IXOO�WLPH�RI�3�ZDYH��506 
 �506����
��HQYHORSH�RI�WKH�ILUVW����PV�RI�3�ZDYH�YHFWRU�PDJQLWXGH�
�3HQY�����
������ (OHFWURFDUGLRJUDP��

2Q� WKH� EDVH� RI� WKH� VWDQGDUG� ���OHDG� (&*�
�&DUGLR3HUIHFW��������PP�V����PP�P9��ZHUH�PHDVXUHG��

�GXUDWLRQ� 3� �3G�� ±� ZDV� GHILQHG� DV� WKH� WLPH� LQWHUYDO�
EHWZHHQ�WKH�HDUOLHVW�RQVHW�RI� WKH�3�ZDYH�LQ�DQ\�RI�WKH�,��
,,��DQG�,,,�OHDGV�DQG�ODWHVW�RIIVHW�LQ�DQ\�RI�WKH�,��,,��DQG�,,,�
OHDGV�LQ�PVHF��

�GLVSHUVLRQ� 3� �¨3�� ±� ZDV� GHILQHG� DV� GLIIHUHQFH�
EHWZHHQ�WKH�ORQJHVW�DQG�WKH�VKRUWHVW�3�ZDYH��PVHF�����

�34� LQWHUYDO� �34�� ±� 34� ZDV� PHDVXUHG� IURP� WKH�
EHJLQQLQJ�3�ZDYH�WR�WKH�EHJLQQLQJ�WKH�4�ZDYH��PVHF���
������ $����KRXU�+ROWHU�PRQLWRULQJ�

���KRXU� DPEXODWRU\�(&*�PRQLWRULQJ�ZDV� XQGHUWDNHQ�
ZLWK�DQ�2[IRUG�0HGLORJ�UHFRUGHU�GXULQJ�QRUPDO�DFWLYLWLHV�
RI�HDFK�SW���

$WULDO� DEQRUPDO� DFWLYLW\�ZDV� FRXQWHG�E\� WKH� DQDO\VHV�
RI�WKH�UHFRUGHG�(&*�VLJQDOV�DQG�ZDV�GLYLGHG�RQ��

�VXSUDYHQWULFXODUH� H[WUDV\VWROHV� �69 ��� �� � �� QXPEHU� RI�
69 ��� �SHU����KRXU�

�SDUR[\VPDO� DWULDO� WDFK\FDUGLDV� �QXPEHU� RI�
RFFXUUHQFH���

�QRQVXVWDLQHG� VXSUDYHQWULFXODUH� WDFK\FDUGLDV� �697�� ��
QXPEHU�RI�RFFXUUHQFH�DQG�WLPH�RI�GXUDWLRQ���

����� 6WDWLVWLFDO�PHWKRGV�
5HVXOWV� ZHUH� SUHVHQWHG� DV� PHDQ�r� 6'�� RU� DV� D�

QXPEHU�RI�SWV��SHUFHQWDJH���0HDQV�ZHUH�FRPSDUHG�XVLQJ�
6WXGHQW¶V� W� WHVW�� $� S� YDOXH� �� ����� ZDV� FRQVLGHUHG�
VLJQLILFDQW��

���� 5HVXOWV�
����� 3DWLHQWV� FKDUDFWHULVWLFV� DQG�

HFKRFDUGLRJUDSK\�UHVXOWV��
3WV�ZHUH�GLYLGHG�LQWR�WZR�JURXSV��
,� ±� /9+���� �� ��� SWV� ZLWK� SULPDU\� K\SHUWHQVLRQ� DQG�

/9+�E\�(&+2�±� ����ZRPHQ�� ���PHQ���PHDQ� DJH� �����
r�����\HDUV��

,, ±� /9+���� �� ��� SWV� ZLWK� SULPDU\� K\SHUWHQVLRQ� DQG�
ZLWKRXW�/9+�±����ZRPHQ�����PHQ���PHDQ�DJH������r�����
\HDUV��

7KH� FKDUDFWHULVWLF� RI� WKH� SWV� VWXGLHG� DUH� VXPPDULVHG�
LQ�WDEOH�EHORZ��

�
7DEOH� ��� &OLQLFDO� IHDWXUHV� FRPSDULVRQ� ±� SWV� ZLWK� DQG�
ZLWKRXW�/9+���

� *URXS�,�
ZLWK�/9+�
Q ���

*URXS�,,�
ZLWKRXW�/9+�

Q ���
�
S�

$JH��\HDUV��r�6'� �����r����� �����r����� 16�
6$��P� ��r�6'� �����r������ ������r������ 16�
/$VD[��FP��r�6'� ����r����� ����r����� ��������
/$OD[��FP��r�6'� �����r������ �����r������ 16�
/$DU��FP � ��r�6'� �����r����� �����r����� ��������
5$DU��FP � ��r�6'� �����r����� �����r����� 16�
/9(('��FP��r�6'� ����r����� ����r����� ��������
,96��FP��r�6'� ����r����� ����r����� ��������
3:7��FP��r�6'� ����r����� ����r����� ��������
/90,��J�P� ��r�6'� ������r������ �����r������ ��������
6$�±�ERG\�VXUIDFH�DUHD��/$VD[�±�OHIW�DWULDO�LQWHUQDO�GLDPHWHU�

VKRUW�D[LV��/$OD[�±�OHIW�DWULDO�LQWHUQDO�GLDPHWHU�ORQJ�D[LV��5$DU�
±� LQWHUQDO� DUHD� RI� ULJKW� DWULXP�� /$DU� ±� LQWHUQDO� DUHD� RI� OHIW�
DWULXP��/9(('�±�OHIW�YHQWULFXODU�HQG�GLDVWROLF�GLDPHWHU��,96�±�
WKLFNQHVV� RI� WKH� LQWUDYHQWULFXODU� VHSWXP�� 3:7� ±� OHIW� YHQWULFOH�
SRVWHULRU�ZDOO�WKLFNQHVV��/90,�±�OHIW�YHQWULFOH�PDVV�LQGH[�
�
7KHUH� ZHUH� QR� VLJQLILFDQFH� GLIIHUHQFHV� LQ� 6$�� WLPH�

GXUDWLRQ� DQG� PHDQ� YDOXH� RI� K\SHUWHQVLRQ� DQG� VHUXP�
FRQFHQWUDWLRQ�RI�. � �DPRQJ�WKH�JURXSV��

:H� REVHUYHG� WKH� VLJQLILFDQFH� LQFUHDVH� RI� WKH� /$VD[�
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�����YV�����FP��S���������DQG�/$DU�������YV������FP� ��S��
�������LQ�WKH�,�JURXS��7KH�RWKHU�DWULDO�(&+2�SDUDPHWHUV�
ZHUH�VLPLODU�LQ�ERWK�JURXSV���
����� 6LJQDO�DYHUDJHG�HOHFWURFDUGLRJUDP�
���SWV�������ZLWK�DQG�RQO\���SWV��������ZLWKRXW�/9+�

KDG�SURORQJHG�KI3�LQ�6$(&*��7KH�PHDQ�RI�KI3�ZHUH�LQ�,�
JURXS��������r� ����PVHF� DQG� LQ� ,,� JURXS��������r� �����
PVHF� �S�� ������� 506 �	� � ZDV� VLJQLILFDQW� ORZHU� LQ�
K\SHUWHQVLYH�SWV�ZLWK�/9+�DQG�3HQY���ZDV�LQFUHDVHG�LQ�
WKLV�JURXS��

�)LJXUH� ��� 6LJQLILFDQW� GLIIHUHQFH� EHWZHHQ� KI3� LQ� JURXS� ,�
DQG�JURXS�,,��
�

�)LJXUH����6LJQLILFDQW�GLIIHUHQFH�EHWZHHQ�506 ��� �LQ�JURXS�
,�DQG�JURXS�,,��
�

�)LJXUH����6LJQLILFDQW�GLIIHUHQFH�EHWZHHQ�3HQY���LQ�JURXS�
,�DQG�JURXS�,,��

����� �(OHFWURFDUGLRJUDP� DQG� ���KRXU�
+ROWHU�PRQLWRULQJ�

3G�ZDV�LQFUHDVHG������r���YV�����r���PVHF��S���������
DQG�34�ZDV� VLJQLILFDQFH� ORQJHU� �����r� ��� YV� ����r� ���
PVHF�� S�� ������� LQ� JURXS� ,�� 7KHUH� ZHUH� QRWHG� QR�
GLIIHUHQFH�LQ�'3��

���SWV� ������ LQ� ,�JURXS�KDG� LVRODWHG�69 ��� � �����PHDQ�
RI�69 ��� �LQ�WKLV�JURXS���697�ZDV�UHFRUGHG�LQ���SWV���������
WRWDO�WHQ�HSLVRGHV��PHDQ�WLPH�RI�697�ZDV�����PVHF��SHU�
RQH�RI���SHUVRQV���,Q�,,�JURXS����SWV�������KDG�LVRODWHG�
69 ��� �����±�PHDQ�RI�69 ��� �LQ�WKLV�JURXS���RQO\�RQH�SHUVRQ�
��������KDG�����PVHF�HSL]RGH�RI�697��
���� 'LVFXVVLRQ�

,W�KDV�EHHQ�SRVWXODWHG�WKDW�WKH�3�ZDYH�VLJQDO�DYHUDJHG�
PLJKW�VKRZ�DWULDO�DUHDV�RI�GHOD\HG�HOHFWULFDO�FRQGXFWLRQ��
6ORZ� DWULDO� FRQGXFWLRQ� PD\� FDXVH� LQFUHDVH� RI� VLJQDO�
DYHUDJHG�3�ZDYH�GXUDWLRQ��ZKLFK�LV�IRXQG�DV�D�ULVN�IDFWRU�
RI� DQ� RFFXUUHQFH� RI� DWULDO� ILEULOODWLRQ� �$)L�� DQG� RWKHU�
DWULDO� DUUK\WKPLDV�� (OHFWULFDO� DWULDO� SRWHQWLDO� FDQ� EH�
PRGLILHG� E\� VHYHUDO� IDFWRUV�� P\RFDUGLDO� FKDQJHV� ZLWK�
LQWUD�DWULDO� FRQGXFWLRQ� DEQRUPDOLWLHV�� OHIW� DWULDO�
K\SHUWHQVLRQ�� OHIW� DWULDO� GLVWHQVLRQ� DQG� FKURQLFLW\� RI�
GLVHDVH� >�@��7KH�KI3�ZDYH�GXUDWLRQ� FDQ�EH� DOVR� DIIHFWHG�
E\�FKDQJHV� LQ�DXWRQRPLF� WRQH� >�@��/9+� LQ�K\SHUWHQVLRQ�
LQIOXHQFH� WKH� VWUXFWXUH� RI� OHIW� DWULDO� P\RFDUGLXP��
'LDVWROLF� ILOOLQJ� RI� OHIW� YHQWULFXODU� ZDV� LPSDLUHG� LQ� SWV�
ZLWK� K\SHUWHQVLYH� KHDUW� GLVHDVH� DQG� OHIW� DWULDO�
HQODUJHPHQW� PLJKW� EH� DWWULEXWHG� WR� WKH� LPSDLUPHQW� RI�
EORRG� IORZ� IURP� OHIW� DWULXP� WR� OHIW� YHQWULFOH� GXH� WR� WKH�
LQFUHDVHG�/9�VWLIIQHVV�>�@��$QRWKHU�DXWKRUV�SRVWXODWH�WKDW�
OHIW� DWULDO� VL]H� FRUUHODWHV� ZLWK� /9� ZDOO� WKLFNQHVV� LQ� SWV�
ZLWK� HVVHQWLDO� K\SHUWHQVLRQ� DQG� QRUPDO� OHIW� YHQWULFXODU�
V\VWROLF� IXQFWLRQ� >�@�� *RWWGLHQHU� HW� DO�� KDV� VKRZQ� WKDW�
WKHUH�ZDV� QR� UHODWLRQ� EHWZHHQ� /9�PDVV� DQG� /$� VL]H� LQ�
QRUPDO� ZHLJKW� K\SHUWHVLYH� PHQ�� EXW� ZDV� D� VLJQLILFDQW�
SRVLWLYH�UHODWLRQ� LQ�REHVH�SWV� ��REHVLW\�ZDV� WKH� VWURQJHVW�
LQGHSHQGHQW�SUHGLFWRU�RI�LQFUHDVHG�/$�VL]H�>�@��,QFUHDVHG�
/$�GLDPHWHU�RFFXUUHG�PRUH�IUHTXHQW�LQ�JURXS�ZLWK�/9+�
LQ�RXU�VWXG\��,W�VHHPV�WKDW�/$�DV�D�WKLQ�ZDOO�VWUXFWXUH�LV�
VXVFHSWLEOH� WR� LQFUHDVHG� SUHVVXUH�� /HIW� DWULDO� GLODWDWLRQ�
DOVR�OHDGV�WR�DOWHUDWLRQ�LQ�HOHFWURSK\VLRORJLF�SURSHUWLHV�RI�
WKH� DWULXP� VXFK� DV� VKRUWHQLQJ� RI� UHIUDFWRULQHVV� DQG�
SURORQJDWLRQ�RI�FRQGXFWLRQ� WLPH��$WULDO�GHSRODULVDWLRQ� LV�
LQIOXHQFHG�E\�DWULDO�SDWKRORJ\�VXFK�DV�ILEURVLV��FKDQJHV�LQ�
DWULDO� HODVWLFLW\� DQG� FRQGXFWLRQ� SDWKZD\V�� /HIW� DWULDO�
GLODWDWLRQ�SOD\V�D�VLJQLILFDQW� UROH� LQ� WKH�SDWKRSK\VLRORJ\�
RI�WKH�LQFUHDVHG�LQFLGHQFH�RI�DWULDO�DUUK\WKPLDV�>�@��6RPH�
DXWKRUV� SRVWXODWHG� WKDW� /$� GLDPHWHU� LQFUHDVHG� DIWHU� WKH�
RQVHW�RI�$IL�>��@���

,Q� RXU� VWXG\� WKH� KI3� ZDV� SURORQJHG� LQ� JURXS� ZLWK�
/9+�� ZKLFK� ZDV� LQIOXHQFHG� E\� /$� GLODWDWLRQ�� 6RPH�
DXWKRUV�UHSRUWHG�WKDW�WHUPLQDO�VHJPHQWV�RI�KI3�KDG�D�SRRU�
SUHGLFWLYH� IDFWRU� RI� $)�� EXW� )XNXQDPL� HW� DO�� IRXQG�
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VLJQLILFDQWO\�UHGXFHG�506�YROWDJH�LQ�WKH�WHUPLQDO����DQG�
���PV�RI�KI3� LQ�SWV�ZLWK�$IL� >��@�� ,Q�RXU� VWXG\�QR�SW� LQ�
ERWK� JURXSV� KDG� DWULDO� ILEULOODWLRQ�� 0RUH� HSLVRGHV� RI�
VXSUDYHQWULFXODU� DUUK\WKPLDV� ZHUH� UHFRUGHG� LQ� +ROWHU�
PRQLWRULQJ� LQ� SWV� ZLWK� /9+� ��� SWV� KDG� QRQVXVWDLQHG�
VXSUDYHQWULFXODU� WDFK\FDUGLD��� ,Q� VWDQGDUG� ���OHDG� (&*�
ZH� REVHUYHG� SURORQJDWLRQ� RI� DWULDO� GHSRODULVDWLRQ� LQ� SWV�
ZLWK�/9+��,Q�RQH�RI�SUHYLRXV�VWXG\�3�ZDYH�GXUDWLRQ�RQ�
WKH�VWDQGDUG�OLPE�OHDGV�OHQJWKHQHG�DV�/$�VL]H�LQFUHDVHG��
'XUDWLRQ�RI�3�ZDYH�ZDV�FRQVLGHUHG�DV�WKH�PRVW�VHQVLWLYH�
IRU� /$� HQODUJHPHQW� >��@�� 0DWVXGD� HW� DO�� HYDOXDWHG� SWV�
ZLWK� /$� IXQFWLRQDO� DEQRUPDOLWLHV� LQ� WKH� VHWWLQJ� RI�
LQFUHDVHG�/9�PDVV�>��@��RWKHU�VWXGLHV�VKRZHG�SRVVLELOLW\�
DVVRFLDWLRQ�RI� EORRG�SUHVVXUH�ZLWK�/$� VL]H� DQG�/9+� LQ�
K\SHUWHQVLRQ���
���� &RQFOXVLRQ�

/9+� LQ� K\SHUWHQVLYH� SWV� LQIOXHQFH� WKH� LQFUHDVH� RI�
(&+2�SDUDPHWHUV�RI�OHIW�DWULXP�DQG�PD\�EH�WKH�FDXVH�RI�
VXSUDYHQWULFXODU�DUUK\WPLDV��

'LODWDWLRQ� RI� /$� LV� SUREDEO\� WKH� UHDVRQ� IRU� WKH� DWULDO�
HOHFWULFDO� LQVWDELOLW\� RI� WKH� KHDUW�� ZKLFK� FRXOG� EH�
PHDVXUHG�E\�VLJQDO�DYHUDJHG�3�ZDYH�(&*��

6LJQDO�DYHUDJHG�3�ZDYH�(&*�PD\�EH�D�XVHIXO�WRRO�WR�
HYDOXDWLRQ� RI� DWULDO� HOHFWULFDO� LQVWDELOLW\� LQ� K\SHUWHQVLYH�
SWV�ZLWK�/9+��
5HIHUHQFHV�
>�@� 6DKQ� '-�� 'H0DULD� $1�� .LVOR� -�� :H\PDQ� $��

5HFRPPHQGDWLRQV� UHJDUGLQJ� TXDQWLWDWLRQ� LQ� 0�PRGH�
HFKRFDUGLRJUDSK\� PHDVXUHPHQWV�� &LUFXODWLRQ�
����������������

>�@� 'HYHUHX[� 5%�� 5HLFKHN� 1�� (FKRFDUGLRJUDSKLF�
GHWHUPLQDWLRQ� RI� OHIW� YHQWULFXODU� PDVV� LQ� PDQ�� $QDWRPLF�
YDOLGDWLRQ�RI�WKH�PHWKRG��&LUFXODWLRQ����������������

>�@� *DQDX�$��'HYHUHX[�5%��5RPDQ�0-�HW� DO��3DWWHUQV�RI� OHIW�
YHQWULFXODU� K\SHUWURSK\� DQG� JHRPHWULF� UHPRGHOOLQJ� LQ�
HVVHQWLDO� K\SHUWHQVLRQ�� -� $P� &ROO� &DUGLRO� �������������
�����

>�@� .DVVHU� ,�� .HQQHG\� -:�� 7KH� UHODWLRQVKLS� RI� LQFUHDVHG� OHIW�
DWULDO� YROXPH� DQG� SUHVVXUH� WR� DEQRUPDO� 3� ZDYHV� RQ� WKH�
HOHFWURFDUGLRJUDP��&LUFXODWLRQ�����������������
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>�@� &KHHPD� $1�� $KPHG� 0:�� .DGLVK� $+�� *ROGEHUJHU� --��
(IIHFWV� RI� DXWRQRPLF� VWLPXODWLRQ� DQG� EORFNDGH� RQ� VLJQDO�
DYHUDJHG�3�ZDYH�GXUDWLRQ��-�$P�&RO�&DUGLRO�������������
�����

>�@� 0DWVXGD� 0�� 0DWVXGD� <�� 0HFKDQLVP� RI� OHIW� DWULDO�
HQODUJHPHQW� UHODWHG� WR� YHQWULFXODU� GLDVWROLF� LPSDLUPHQW� LQ�
K\SHUWHQVLRQ��&OLQ�&DUGLRO�����������������

�>�@� 6LPHN� &/�� )HOGPDQ�0'�� +DEHU� +/��:X� &&�� -D\DZHHUD�
$5�� .DXO� 6�� 5HODWLRQVKLS� EHWZHHQ� OHIW� YHQWULFXODU� ZDOO�
WKLFNQHVV� DQG� OHIW� DWULDO� VL]H�� FRPSDULVRQ� ZLWK� RWKHU�
PHDVXUHV� RI� GLDVWROLF� IXQFWLRQ�� -� $P� 6RF� (FKRFDUG�
�������������

�>�@� *RWWGLHQHU�-6��5HGD�'-��:LOOLDPV�':��0DWHUVRQ�%-��/HIW�
DWULDO� VL]H� LQ� K\SHUWHQVLYH�PHQ�� LQIOXHQFH� RI� REHVLW\�� UDFH�
DQG� DJH�� 'HSDUWPHQW� RI� 9HWHUDQV� $IIDLUV� &RRSHUDWLYH�
6WXG\� *URXS� RQ� $QWLK\SHUWHQVLYH� $JHQWV�� -� $P� &ROO�
&DUGLRO�����������������

>�@� 0DQ\DUL�'(��3DWWHUVRQ�&��-RKQVRQ�'��0HOHQGH]�/��.RVWXN�
:-�� &DSH� 5'�� $WULDO� DQG� YHQWULFXODU� DUUK\WKPLDV� LQ�
DV\PSWRPDWLF� DFWLYH� HOGHUO\� VXEMHFWV�� FRUUHODWLRQ�ZLWK� OHIW�
DWULDO� VL]H� DQG� OHIW� YHQWULFXODU� PDVV�� $P� +HDUW� -� ������
���������������

>��@�6DQILOLSSR� $-�� $EDVFDO� 90�� 6KHHKDQ� 0�� 2HUWHO� /%��
+DUULJDQ�3��+XJKHV�5$��:H\PDQ�$(��$WULDO�HQODUJHPHQW�
DV� D� FRQVHTXHQFH� RI� DWULDO� ILEULOODWLRQ�� $� SURVSHFWLYH�
HFKRFDUGLRJUDSKLF�VWXG\�&LUFXODWLRQ�������������������

>��@�)XNXQDPL� 0�� <DPDGD� 7�� 2KPRUL� 0�� .XPDJDL� .��
8PHPRWR�.�� 6DNDL� $��.RQGRK�1��0LQDPLQR� 7��+RNL�1��
'HWHFWLRQ� RI� SDWLHQWV� DW� ULVN� IRU� SDUR[\VPDO� DWULDO�
ILEULOODWLRQ�GXULQJ�VLQXV�UK\WKP�E\�3�ZDYH�WULJJHUHG�VLJQDO�
DYHUDJHG�HOHFWURFDUGLRJUDP��&LUFXODWLRQ������������������

>��@�+D]HQ� 06�� 0DUZLFN� 7+�� 8QGHUZRRG� '$�� 'LDJQRVWLF�
DFFXUDF\�RI� WKH�UHVWLQJ�HOHFWURFDUGLRJUDP�LQ�GHWHFWLRQ�DQG�
HVWLPDWLRQ�RI�OHIW�DWULDO�HQODUJHPHQW��DQ�HFKRFDUGLRJUDSKLF�
FRUUHODWLRQ�LQ�����SDWLHQWV��$P�+HDUW�-������������������

>��@�0DWVXGD�<��7RPD�<��0RULWDQL�.�HW�DO��$VVHVVPHQW�RI� OHIW�
DWULDO� IXQFWLRQ� LQ�SDWLHQWV�ZLWK�K\SHUWHQVLYH�KHDUW� GLVHDVH��
+\SHUWHQVLRQ����������������

�
$GGUHVV�IRU�FRUUHVSRQGHQFH��
$UWXU�2U ]LDN���
&KDLU�DQG�'HSDUWPHQW�RI�&DUGLRORJ\�
0HGLFDO�8QLYHUVLW\�RI�:DUVDZ�
�D�%DQDFKD�VWU����������:DUVDZ��3RODQG�
H�PDLO��DUWXU�RUH]LDN#DPZDZ�HGX�SO�
�
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