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$EVWUDFW�� $W� DUWLFOH�� ZH� VKRZHG� WKH� LQIOXHQFH� RI� GRSDPLQH� DQG� GREXWDPɿQD� RQ�
VSODKQLWLFKQ\� EORRG� IORZ� DQG� WKHLU� LPSDFW� RQ� FHOOXODU� PHWDEROLVP� LQ� SDWLHQWV� ZLWK�
DEGRPLQDO�VHSVLV��
.H\�ZRUGV��LQRWURSLF�VXSSRUW��SDWLHQWV��VHSVLV���

�
�
�
$FXWH�OLYHU�IDLOXUH�DQG�KHSDWRUHQDO�V\QGURPH��$/)+6��LV�D�NH\�FRPSRQHQW�RI�

PXOWLSOH�RUJDQ�G\VIXQFWLRQ�V\QGURPH��02'6��LQ�SDWLHQWV�ZLWK�DEGRPLQDO�VHSVLV�>�@��

([SHULPHQWDO� DQG� FOLQLFDO� VWXGLHV� SURYLGH� HYLGHQFH� WR� VXJJHVW� WKDW� VHYHUH�

V\VWHPLF� YDVRGLODWLRQ� LQ� FRQMXQFWLRQ� ZLWK� YDVRFRQVWULFWLRQ� RI� VSODQKLF� DUHD� DQG�

VXEVHTXHQW�WLVVXH�K\SR[LD�FDQ�VWLPXODWH�J\SRILOWUDLRQ�RI�NLGQH\�DQG�IOXLG�UHWHQWLRQ�LQ�

SDUHQFK\PDO�RUJDQV��YLRODWLRQ�RI�KHSDWLF�EORRG� IORZ�ZLWK� WKH�GHYHORSPHQW�RI� OLYHU�

IDLOXUH� >�@�� 7KLV�PHFKDQLVP� LV� RQH� RI� WKH� NH\� LQ� WKH� SDWKRJHQHVLV� RI� $/)+6� WKDW�

GHYHORSV�LQ�SDWLHQWV�ZLWK�DEGRPLQDO�VHSVLV��2QH�RI�WKH�PDLQ�ZD\V�RI�SUHYHQWLQJ�DQG�

WUHDWLQJ�WKLV�V\QGURPH��DORQJ�ZLWK�DGHTXDWH�VXUJLFDO�GHEULGHPHQW��DQWLELRWLF�DQG�IOXLG�

WKHUDS\� �� LV� WKH� XVH� RI� WRROV� WKDW� LPSURYH� V\VWHPLF� KHPRG\QDPLF� DQG� EORRG� IORZ�

VSODQKQLF��EXW�GR�QRW�KDYH�WKH�RSSRVLWH�HIIHFW�RQ�WKH�NLGQH\V�DQG�OLYHU��7UDGLWLRQDOO\��

WKH�PRVW� FRPPRQO\� XVHG�GUXJ� WKDW� VWLPXODWHV� WKH� FHQWUDO� KHPRG\QDPLFV�� LPSURYHV�

EORRG� IORZ�DQG� D�GLXUHWLF� HIIHFW�� DV�GRSDPLQH��/DUJHO\� WKDQNV� WR� WKLV� LWV� SURSHUWLHV�

GRSDPLQH�URXWLQHO\�XVHG�IRU�PDQ\�\HDUV�DQG�LV�XVHG�IRU�SUHYHQWLRQ�DQG�WUHDWPHQW�RI�

02'6� LQ� SDWLHQWV�ZLWK� DEGRPLQDO� VHSVLV��$W� WKH� VDPH� WLPH�� DFFXPXODWHG�RYHU� WKH�
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SDVW� \HDUV�� GDWD� LQGLFDWH� WKH�SUHVHQFH�RI�GRSDPLQH� LQ� FXPXODWLYH�SURSHUWLHV� DQG�DQ�

DPELJXRXV�HIIHFW�RQ�WKH�HQGRFULQH�SURILOH�LQ�FULWLFDOO\�LOO�SDWLHQWV�>�@��$Q�DOWHUQDWLYH�

WR�LW�LV�FRQVLGHUHG�QRQGRSDPLQHUJ�LQRWURSHV���GREXWDPLQH�>�@��$W�WKH�VDPH�WLPH��WKH�

DYDLODEOH� GDWD� LQ� WKH� OLWHUDWXUH� VXJJHVW� WKDW� WKH� UHVWRUDWLRQ� RI� VSODQKQLF� EORRG� IORZ�

DFFRPSDQLHG�E\�SRVWLVFKHPLF�UHSHUIXVLRQ�V\QGURPH�� WUDQVORFDWLRQ��ZKLFK�PD\� OHDG�

WR� WKH� JHQHUDOL]DWLRQ� RI� LQIODPPDWRU\�PHGLDWRUV�� UHODSVH� RI� V\VWHPLF� LQIODPPDWRU\�

UHVSRQVH�DQG�WKH�GHYHORSPHQW�RI��02'6�>�@��

7KH� DLP� RI� WKH� SUHVHQW� ZRUN� �� WR� GHWHUPLQH� WKH� HIIHFW� RI� ORZ� GRVHV� RI�
GRSDPLQH�DQG�GREXWDPLQH�LQ�WKH�OLYHU�DQG�NLGQH\�IXQFWLRQ�DQG�G\QDPLFV�RI�F\WRNLQH�

VWDWXV� LQ� SDWLHQWV� DW� ULVN� RI�$/)+6� RQ� WKH� EDFNJURXQG� RI� DEGRPLQDO� VHSVLV� LQ� WKH�

HDUO\�SRVWRSHUDWLYH�SHULRG��

0DWHULDOV�DQG�PHWKRGV��
$�SURVSHFWLYH��UDQGRPL]HG�VWXG\�LQ����PDOH�SDWLHQWV�ZLWK�D�ULVN�RI��$/)+6�RQ�

WKH�EDFNJURXQG�RI�DEGRPLQDO�VHSVLV������SRLQWV�RQ�WKH�VFDOH�62)$���7KH�PHGLDQ�DJH�

ZDV� ��� \HDUV�� 3DWLHQWV� ZHUH� GLYLGHG� LQWR� �� JURXSV�� ,Q� JURXS� �� �Q�  � ���� ZDV�

DGPLQLVWHUHG�DW�D�GRVH�RI�GRSDPLQH�RI�����J���PLQ��DW����Q� �������GREXWDPLQH�LQ�D�

GRVH�RI�����PFJ���PLQ��7KH�GUXJ�LV�DGPLQLVWHUHG�GXULQJ�WKH�ILUVW�WKUHH�SRVWRSHUDWLYH�

GD\V��

6WXGLHG� VWDQGDUG� FOLQLFDO� DQG� ODERUDWRU\� SDUDPHWHUV� VHSWLF� V\QGURPH�� KHSDWLF�

DQG�UHQDO�IXQFWLRQ��FUHDWLQLQH��ELOLUXELQ��$/7�VHUXP�KRXUO\�GLXUHVLV���DQG�WKH�FRQWHQW�

LQ�WKH�EORRG�SODVPD�OHYHOV�RI�71)�Į��,/���DQG�,/����7KHVH�SDUDPHWHUV�ZHUH�VWXGLHG�DW�

�����DQG���SRVWRSHUDWLYH�GD\V��6WDWLVWLFDO�UHSRUW���OLFHQVH�SDFNDJH�0LFURVRIW�([HO��

3RVWRSHUDWLYHO\�� SDWLHQWV� UHFHLYHG� FRPSDUDEOH� LQWHQVLYH� FDUH� DFFRUGLQJ� WR�

FXUUHQW�SURWRFROV��ZKLFK�ZDV�XQFKDQJHG�WKURXJKRXW�WKH�VWXG\��

5HVXOWV�DQG�GLVFXVVLRQ��
6XEVWDQWLDO� DQG� VWDWLVWLFDOO\� VLJQLILFDQW� GLIIHUHQFHV� LQ� FOLQLFDO� DQG� ODERUDWRU\�

SDUDPHWHUV� LQ� SDWLHQWV� ZLWK� VHSVLV� V\QGURPH� LQ� ERWK� JURXSV� ZHUH� REVHUYHG� DW� DOO�

VWDJHV�RI�WKH�VWXG\��H[FHSW�IRU�LQGLFDWRUV�RI�ERG\�WHPSHUDWXUH�DQG�OHXNRF\WRVLV��7DEOH��

����

�
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7DEOH�����

7KH�G\QDPLFV�RI�FOLQLFDO�DQG�ODERUDWRU\�SDUDPHWHUV�RI�VHSWLF�V\QGURPH�

7KH�G\QDPLFV�RI�
FOLQLFDO�DQG�
ODERUDWRU\�

SDUDPHWHUV�RI�VHSWLF�
V\QGURPH�

*URXS�
6WDJHV�

3HUIRUPDQFH�RI�WKH�RI�WKH�VWXG\�SDWLHQWV�
�

��VW�GD\� ���VW�GD\� ���VW�GD\�

7KH�QXPEHU�RI�
UHVSLUDWRU\�

PRYHPHQWV��PLQ�

�� ����� ����� �����

�� ����� ����� �����

+HDUW�UDWH��PLQ� �� ������ ������ �����
�� ������ ������ �����

%RG\�WHPSHUDWXUH��
ɋɨ�

�� ���������� ���������� ����������
�� ���������� ���������� ����������

:KLWH�EORRG�FHOO�
FRXQW����

�� ��������� ��������� ���������
�� ��������� ��������� ���������

,PPDWXUH�IRUPV���� �� ��������� ��������� ��������
�� ��������� ��������� ���������

�

$OO� SDWLHQWV� KDG� DEQRUPDO� OLYHU� IXQFWLRQ� DQG� NLGQH\� IDLOXUH��ZKLFK� DSSHDUHG�

FOLQLF�K\SHUELOLUXELQHPLD��LQFUHDVHG�DODQLQH�WUDQVIHUDVH�DQG�FUHDWLQLQH��7DEOH������

7DEOH�����

7KH�G\QDPLFV�RI�FOLQLFDO�DQG�ODERUDWRU\�SDUDPHWHUV�KHSDWRUHQDO�IXQFWLRQV�RQ�
WKH�VWDJHV�RI�WKH�VWXG\�

7KH�G\QDPLFV�RI�
FOLQLFDO�DQG�
ODERUDWRU\�
SDUDPHWHUV�
KHSDWRUHQDO�

IXQFWLRQV�RQ�WKH�
VWDJHV�RI�WKH�VWXG\�

*URXS�
6WDJHV�

3HUIRUPDQFH�RI�WKH�VWXG\�SDWLHQWV�

�VW�GD\� �QG�GD\� �UG�GD\�

%LOLUXELQ��PJ���G/� �� ����������� ����������� ���������
�� ����������� ��������� ���������

$ODQLQH�WUDQVIHUDVH���
PPRO�

�� �������� �������� ��������
�� �������� �������� ��������

&UHDWLQLQH�LQ�PJ���
G/�

�� �������� �������� ��������
�� �������� �������� ��������

'LXUHVLV��PO���K� �� ����� ����� �������
�� ����� ����� �������

1RWH�����S�������FRPSDUHG�ZLWK�WKH�RULJLQDO�GDWD����3�������IRU�WKH�FRPSDULVRQ�
EHWZHHQ�JURXSV��
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'XULQJ� WKH� UHVHDUFK� LW�ZDV� IRXQG� WKDW�GRSDPLQH�VWLPXODWHG�GLXUHVLV��EXW�GRHV�

QRW� FKDQJH� FUHDWLQLQH� FOHDUDQFH�� &RQYHUVHO\�� GREXWDPLQH� FDXVHG� D� VLJQLILFDQW�

LQFUHDVH� LQ� FUHDWLQLQH� FOHDUDQFH�� EXW� ZLWKRXW� D� VLJQLILFDQW� LQFUHDVH� LQ� GLXUHVLV��

5HOLDEOH�ERWK�SRVLWLYH�DQG�QHJDWLYH�HIIHFWV�RQ�WKHLU�OLYHU�IXQFWLRQ�WHVWV�ZHUH�REVHUYHG��

6WXGLHV�KDYH�VKRZQ�WKDW� WKH�XVH�RI�GRSDPLQH�LQ�WKH�SUHYHQWLRQ�DQG�WUHDWPHQW�

$/)+6� � VKRZQ� LQ�SDWLHQWV�ZLWK� UHGXFHG� GLXUHVLV��ZKLOH� LQ�SDWLHQWV�ZLWK� SUHVHUYHG�

GLXUHVLV�� EXW� D� UHGXFHG� ILOWUDWLRQ� FDSDFLW\�� VXEVWDQWLDWHV� WKH� XVH� RI� GREXWDPLQH��

4XHVWLRQ�FRPELQHG�WKHLU�XVH�UHPDLQV�FRQWURYHUVLDO�DQG�UHTXLUHV�IXUWKHU�UHVHDUFK���

%DFNJURXQG� LQ� WKH� VWXG\� RI� F\WRNLQH�ZDV� REVHUYHG� D� VLJQLILFDQW� LQFUHDVH� RI�

FRQFHQWUDWLRQV�RI�SUR�LQIODPPDWRU\�F\WRNLQHV�71)�Į�DQG�,/���DQG�D�GHFUHDVH�LQ�,/����

DQWL�LQIODPPDWRU\� LQ� ERWK� JURXSV�� LQGLFDWLQJ� WKDW� WKH� GHYHORSPHQW� RI� WKH�

SKHQRPHQRQ�RI�UHSHUIXVLRQ��7DEOH������

7DEOH����
'\QDPLFV�RI�F\WRNLQH�EDFNJURXQG�RQ�WKH�VWDJHV�RI�UHVHDUFK�

�
'\QDPLFV�RI�
F\WRNLQH�

EDFNJURXQG�RQ�WKH�
VWDJHV�RI�UHVHDUFK�

*URXS�
6WDJHV�

3HUIRUPDQFH�RI�WKH�VWXG\�SDWLHQWV�

�VW�GD\� �QG�GD\� �UG�GD\�

71)�Į��SJ�PO� �� ����� ����� �����
�� ����� ����� �����

,/����SJ�PO� �� ���� ����� �����
�� ���� ����� �����

,/����SJ�PO� �� ����� ���� ����
�� ����� ���� ����

1RWH�����S�������FRPSDUHG�ZLWK�WKH�RULJLQDO�GDWD��

'HVSLWH�WKH�UHODWLYH�LQWHUSUHWDWLRQ�RI�WKHVH�LQGLFDWRUV�>�@��DQDO\]LQJ�WKH�UHVXOWV��

LW�FDQ�EH�QRWHG�WKDW�GRSDPLQH�DQG�GREXWDPLQH�FDXVHV�V\PSWRPV�RI�WKH�SKHQRPHQRQ�

RI�UHSHUIXVLRQ�LQ�WKH�IRUP�RI�LQFUHDVLQJ�FRQFHQWUDWLRQV�RI�SURLQIODPPDWRU\�F\WRNLQHV��

$W� WKH� VDPH� WLPH�� URXWLQH�PHWKRGV�RI� LQYHVWLJDWLRQ�RI� WKH�G\QDPLFV�RI� FOLQLFDO� DQG�

ODERUDWRU\�SDUDPHWHUV�RI�VHSWLF�V\QGURPH�LQGLFDWHV�D�GHFUHDVH�LQ�LWV�VHYHULW\��$W�WKH�

VDPH�WLPH��WKHUH�ZDV�QR�VLJQLILFDQW�SRVLWLYH�VLGH�RI�WKH�OLYHU��*LYHQ�WKH�SK\VLRORJLFDO�

FKDUDFWHULVWLFV�RI�WKH�SRUWDO�V\VWHP�FDQ�DVVXPH�WKDW�RQH�RI�WKH�LPSRUWDQW�UHDVRQV�IRU�

SUHVHUYLQJ� KHSDWLF� G\VIXQFWLRQ�ZKHQ� UHVWRULQJ� EORRG� IORZ� LV� VHFRQGDU\� VSODQKQLWLF�
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F\WRNLQH�ORDG�DQG�UHWLFXORHQGRWKHOLDO�V\VWHP��&RQVHTXHQWO\��RQH�RI�WKH�PDLQ�ZD\V�RI�

SUHYHQWLQJ� WKH� RQVHW� DQG� SURJUHVVLRQ� RI� SRVW�LVFKHPLF� UHSHUIXVLRQ� V\QGURPH��

WUDQVORFDWLRQ� FDQ� EH� UHFRYHU\� RU�� DW� OHDVW�� WKH� RSWLPL]DWLRQ� RI� WKH� QDWXUDO� EDUULHU�

IXQFWLRQ�RI�WKH�LQWHVWLQH��

&RQFOXVLRQ�����3DWLHQWV�ZLWK�SULPDU\�GRSDPLQH�DFWV�DV�D�GLXUHWLF�DQG� LPSURYHV� WKH�
FUHDWLQLQH�FOHDUDQFH�����'REXWDPLQH�LQFUHDVHV�FUHDWLQLQH�FOHDUDQFH�ZLWKRXW�VLJQLILFDQW�

FKDQJHV�LQ�XULQH�RXWSXW�����%RWK�GUXJV�FDXVH�WKH�GHYHORSPHQW�RI�WKH�SKHQRPHQRQ�RI�

SRVW�LVFKHPLF�UHSHUIXVLRQ�WUDQVORFDWLRQ��

�
5HIHUHQFH��
���(��$EUDKDP�� ���:K\� LPPXQRPRGXODWRU\� WKHUDSLHV� KDYH� QRW�ZRUNHG� LQ� VHSVLV�� ���

,QWHQVLYH�&DUH�0HG��������ʋ�������������

���6HSVLV��HSLGHPLRORJ\��SDWKRJHQHVLV��GLDJQRVLV��LQWHQVLYH�FDUH����HG��FRUU��1$6�DQG�

$06�RI�8NUDLQH��SURI��/HRQLG�8VHQNR����'����$57�35(66��������������S��

���6HSVLV��&OLQLFDO�DQG�SDWKRSK\VLRORJLFDO�DVSHFWV�RI�LQWHQVLYH�FDUH�� ��99�0RUR]RY��

91�/XNDFV��(��0��6FKLIIPDQ�HW�DO����3HWUR]DYRGVN��,17(/7(&��������������S��

���3HULWRQLWLV��$�3UDFWLFDO�*XLGH����(G��96�6DYHO\HY���0����/LWWHUUD�������������F��

���1LHOV�&��5LHGPDQQ��5HQ�)HQJ�*XR��3HWHU�$��:DUG�� ���7KH�HQLJPD�RI�VHSVLV�� ���-��

&OLQ��,QYHVW���������ʋ����3����������

��� )XWXUH� WUHQGV� LQ� DQHVWKHVLD� DQG� LQWHQVLYH� FDUH�� ��� (G�� FRUU��$FDGHP\� RI�0HGLFDO�

6FLHQFHV�RI�8NUDLQH��SURI��9,�EODFN����.����+HDOWK�3URWHFWLRQ���������7��������ɪ��

�
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