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ABSTRACT 

 

Eucalyptus tereticornis is an important woody tree species belonging to family “Myrtaceae”. 

It is commercially valuable as it is used as a source of raw material for pulp and paper 

industry due to its important wood characteristics for the manufacture of high grade paper. 

The present study was focused on development of somatic embryogenesis protocol for 

selected elite clone of Eucalyptus tereticornis. The effect of plant growth regulators (BA, 

NAA and 2, 4-D) on somatic embryos induction from leaf and internodal explants taken from 

microshoots of E. tereticornis was evaluated. Maximum frequency of somatic embryo 

induction was observed on MS medium supplemented with NAA (5µM) and BA (5µM). It 

was noteworthy, that all combinations of BA with 2,4-D and NAA with 2,4-D resulted in 

callus induction. This callus was not found to be embryogenic in nature. The explants 

showing embryogenic structures were transferred to MS medium supplemented with 1µM 

GA3 and 1µM BA for germination. Various developmental stages of somatic embryo were 

observed through histological and scanning electron microscopic studies. The present study 

indicated the importance of plant growth regulators in embryo development and germination 

in woody plants. 
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CHAPTER 1                                                                    INTRODUCTION 

 

Eucalyptus is the most primarily grown species for trading purposes among all other tree 

species (Eldridge et al. 1994).  Eucalyptus genus was named by a French botanist I’Heritier 

in 1788.  It belongs to family Myrtaceae, indigenous to eastern Australia and nearby islands. 

Genus Eucalyptus is known for its fast growing rate, large biomass production and their good 

quality of wood. It is also used for reforestation programme due to its easy adaptability 

(Eldridge et al. 1994). Since last twenty years India become the most important part of the 

reforestation drive initiated all over the world (Brooker, 2000; Lal et al. 1993; Laclau et al. 

2013). Apart from its role in reforestation, genus Eucalyptus serves as an important source of 

raw material for paper and pulp industry (Clarke, 2009; Cotterill and Brolin, 1997; Paues, 

1999). Its wood is also used for poles, timber construction and fuel. Out of various species, 

Eucalyptus tereticornis is one of (Brooker et al. 2000) the most primary species grown for 

trading purpose (Potts and Dungey, 2004; Grattapaglia and Kirst, 2008). E. tereticornis is 

known by many names such as forest red gum, queensland blue gum, slaty gum, mysore gum 

all over the world (Sharma and Ramamurthy, 2000). It is a fast growing plant that can 

achieve 30 to 45 m of height and can be 1 to 2 m in breadth. It is one of the main source of 

firewood, raw material for paper and pulp (mainly used), essential oil, a source of nectar for 

caramel-flavoured honey (Clarke, 2009). Few of the important uses of the tree are listed 

below: 

a) Paper industry raw material: The use of E. tereticornis in paper and pulp industry is 

widely accepted as its pulp contains tannin (6-12%) which can be easily removed by 

enzymatic treatments and lead to the production of high grade paper with high opacity, 

smoothness, good capability to collapse, inherent fibre stiffness (Turnbull, 1999). Other 

properties such as high cellulose content make it a good source for manufacturing paper, 

fibre board and several other important industrial products (Bolza and Keating, 1972; 

Clarke, 2009; Cotteril and Brolin, 1997; Lal et al. 1993, 2005). Moreover, the cost of 

wood is less due to higher production rate and pulp yield of the tree (Patt et al. 2006; 

Laclau et al. 2013).   

b) Pharmaceutical industry raw material: The wood of E. tereticornis contains essential oils 

which have anti-bacterial, insecticidal and anti-fungal properties. Moreover it also has 



ϭϭ

KDVDQDOJHVLF�� PXVFOH� UHOD[LQJ�� DQWL�K\SHUJO\FDHPLF� DQG� DQWL�LQIODPPDWRU\� SURSHUWLHV�

�%RHU��������%RO]D�DQG�.HDWLQJ���������

'XH� WR� DERYH� PHQWLRQHG� SURSHUWLHV� RI� WKH� WUHH�� GHPDQG� RI� FXOWLYDWLQJ� (�� WHUHWLFRUQLV� LV�

LQFUHDVLQJ��$SDUW�IURP�LWV�XVH�DV�UDZ�PDWHULDO�IRU�SXOS�DQG�SDSHU�LQGXVWU\��LW�LV�DOVR�XVHG�WR�

IXOILO�WKH�QHHG�RI�ZRRG�IRU�IXHO��,WV�WLPEHU�KDV�DOVR�JDLQHG�LPSRUWDQFH�JDLQHG�IRU�FRPPHUFLDO�

XVHV�OLNH�IXUQLWXUH�PDNLQJ��FRQVWUXFWLRQ�HWF���

&RQYHQWLRQDOO\�� (�� WHUHWLFRUQLV� LV� SURSDJDWHG� WKURXJK� VHHGV� RU� FXWWLQJV� �7HZDUL�� �������

+RZHYHU�� WKH� JHUPLQDWLRQ� SRWHQWLDO� RI� WKHVH� VHHGV� LV� ORZ� DQGVHHGOLQJV� VKRZV� PXFK�

YDULDELOLW\� DWWULEXWHG� WR� LWV� GLYHUVH�JHQHWLF�EDVH� �+RJEHUJ� HW� DO��������/DNVKPL�HW�DO�� ������

0HUNOH�� ������7KXV�� LQ� RUGHU� WR� PHHW� WKH� LQFUHDVHG� GHPDQG� RI� XQLIRUP� SODQWLQJ� PDWHULDO��

WHFKQLTXHV� IRU� PDVV� YHJHWDWLYH� SURSDJDWLRQ� VXFK� DV� LQ� YLWUR� SURSDJDWLRQ� DUH� DGRSWHG�

�$JJDUZDO� HW� DO�� ������ ������ .XPDU� HW� DO�� ������� :KLOH� HYDOXDWLQJ� WKH� VXLWDELOLW\� RI� (��

WHUHWLFRUQLV� IRU� LQGXVWULDO� XVH�� WKH� TXDOLW\� RI� ZRRG� LV� DV� LPSRUWDQW� DV� WKH� SURGXFWLRQ� UDWH�

�%RHU��������.XPDU�DQG�%DQJDUZD���������0RUH�LV�WKH�FRQVLVWHQF\�RI�WKH�ZRRG��JUHDWHU�ZLOO�

EH�WKH�HIILFLHQF\�RI�SURGXFLQJ�LQGXVWULDO�SURGXFWV�ZLWK�LPSURYHG�TXDOLW\��=REHO��������=REHO�

DQG�9DQ���������7UDGLWLRQDOO\��WUHH�LPSURYHPHQW�LV�FDUULHG�RXW�WKURXJK�EUHHGLQJ��(OGULGJH�HW�

DO���������%XW�GXH�WR�H[WHQGHG�PDWXUDWLRQ�SHULRG�DQG�KLJK�OHYHO�RI�KHWHUR]\JRVLW\��&RUUHGRLUD�

HW� DO�� ������ RI� WUHH�� VHOHFWLRQ� RI� K\EULGV� ZLWK� LPSURYHG� FKDUDFWHUV� EHFRPHV� H[WUHPHO\�

GLIILFXOW��%RQJD�DQG�9RQ���������7KXV��WHFKQLTXHV�VXFK�DV�JHQHWLF�WUDQVIRUPDWLRQ�DUH�DGRSWHG�

WR� LPSURYH� VHYHUDO� FKDUDFWHUV� VXFK�DV� OLJQLQ�� FHOOXORVH� DQG� WDQQLQ� FRQWHQW� �$JJDUZDO� HW� DO��

������ ������� 7R� XQGHUWDNH� JHQHWLF� WUDQVIRUPDWLRQ� SURJUDPPHV�� GHYHORSPHQW� RI� SODQW�

)LJ����(OLWH�SODQWV�RI�(XFDO\SWXV�WHUHWLFRUQLV�JURZLQJ�DW�7,)$&�&25(�7KDSDU�8QLYHUVLW\��3DWLDOD��3XQMDE��



ϭϮ�

UHJHQHUDWLRQ�SURWRFRO�WKURXJK�VKRRWV�RUJDQRJHQHVLV�DQG�RU�VRPDWLF�HPEU\RJHQHVLV�LV�RQH�RI�

WKH�LQLWLDO�UHTXLUHPHQWV��+DMDUL�HW�DO��������'LED[�HW�DO��������%DUUXHWRHW�DO��������1XJHQW�HW�

DO��������0XOOLQV�HW�DO���������,Q�(��WHUHWLFRUQLV��UHJHQHUDWLRQ�WKURXJK�VKRRW�RUJDQRJHQHVLV�LV�

ZLGHO\�UHSRUWHG��$JJDUZDO�HW�DO��������+DMDUL�HW�DO��������'LED[�HW�DO��������%DUUXHWRHW�DO��

������1XJHQW�HW�DO��������0XOOLQV�HW�DO��������0XUDOLGKDUDQ�DQG�0DVFDUHQKDV��������3LQWR�HW�

DO�� ����E�� $QGUDGH� HW� DO�� �������+RZHYHU�� WKH� XVH� RI� VRPDWLF� HPEU\RJHQHVLV� LV� SURPRWHG�

RYHU�VKRRW�RUJDQRJHQHVLV�GXH� WR�WKH�SURGXFWLRQ�RI�QRQ�FKLPHULF�SODQWV��*LUL�HW�DO���������,Q�

VHYHUDO� VSHFLHV� RI� (XFDO\SWXV� VXFK� DV� (�� JUDQGLV�� (�� VDOLJQD� 6PLWK�� (�� GXQQLLVRPDWLF�

HPEU\RJHQHVLV�KDV�EHHQ�UHSRUWHG�JHQRW\SHV��4LQ�DQG�.LUE\��������7HUPLJQRQL�HW�DO��������

EXW�LQ�FDVH�RI�(��WHUHWLFRUQLV��WKH�ZRUN�LV�YHU\�OLPLWHG��3UDNDVK�	�*XUXPXUWKL���������

6RPDWLF� HPEU\RJHQHVLV� LV� D� FRPSOH[� IRUP� RI� DVH[XDO� SODQW� UHJHQHUDWLRQ�ZKHUH� HPEU\R� LV�

GHYHORSHG�IURP�D�VRPDWLF�FHOO��9HUGHLO�HW�DO��������0HUNOH�HW�DO��������'RGHPDQ�HW�DO���������

'HYHORSPHQWDO� VWDJHV� RI� VRPDWLF� HPEU\RV� UHVHPEOHV�ZLWK� ]\JRWLF� HPEU\RV� LQ� WHUPV� RI� QR�

YDVFXODU�FRQQHFWLRQ�ZLWK�SDUHQW� WLVVXH��%RQJ�DQG�9RQ��������9RQ�HW�DO��������:LFDUW�HW�DO��

�������,W�LV�EDVLFDOO\�GLYLGHG�LQWR�WZR�VWDJHV��

D� ,QGXFWLRQ�VWDJH��7KH�GLIIHUHQWLDWHG�VRPDWLF�FHOOV�DGRSW�HPEU\RJHQLF�FRPSHWHQFH�ZLWK�RU�

ZLWKRXW�LQYROYLQJ�FDOOXV�SKDVH���

E� 'HYHORSPHQW� VWDJH�� 3URHPEU\RV� GHYHORS� LQWR� PDWXUH� HPEU\RV� E\� XQGHUJRLQJ� YDULRXV�

VWDJHV� VXFK�DV� SUROLIHUDWLRQ��KLVWRGLIIHUHQWLDWLRQ��PDWXUDWLRQ� DQG�JHUPLQDWLRQ�FRQYHUVLRQ�

�0HUNOH� HW� DO�� ������� 9DULRXV� VWDJHV� LQYROYHG� LQ� PDWXUDWLRQ� RI� VRPDWLF� HPEU\RV� DUH�

JOREXODU��KHDUW�VKDSHG��WRUSHGR�VKDSHG�DQG�FRW\OHGRQDU\�VWDJHV��-LPHQH]����������

6RPDWLF�HPEU\RJHQHVLV� LV� DQ� LPSRUWDQW�DSSURDFK� IRU�SODQW� UHJHQHUDWLRQ�ZKLFK� VKRZV�JUHDW�

DGYDQWDJHV�LQ�FDVH�RI�IRUHVW� WUHH�VSHFLHV�ZLWK�LQFUHDVHG�LQGXVWULDO�GHPDQGV��7KH�DGYDQWDJHV�

RI� VRPDWLF� HPEU\RJHQHVLV� LQYROYH� FORQDO� PDVV� SURSDJDWLRQ�� FU\RSUHVHUYDWLRQ� RI� YDOXDEOH�

JHUPSODVP� DQG� JHQHWLF� WUDQVIRUPDWLRQ� �&RUUHGRLUD� HW� DO�� ������ 0HUNOH� DQG� 'HDQ�� ������

7KRUSH�� �����/DO� HW� DO�� ������ *LUL� HW� DO�� ������� 7KH� VXFFHVV� RI� VRPDWLF� HPEU\RJHQHVLV� LV�

GHSHQGHQW� RQ� SURSHU� LQWHUDFWLRQ� EHWZHHQ� SK\VLFDO� �OLJKW� LQWHQVLW\�� S+�� LQFXEDWLRQ�

WHPSHUDWXUH��DQG�SKRWRSHULRG��DQG�FKHPLFDO�IDFWRUV� �PHGLXP�FRPSRVLWLRQ�DQG�SODQW�JURZWK�

UHJXODWRUV�� �0HUNOH� HW� DO�� ������ 7KRUSH�� ������ 3KLOOLSV�� ������ *DM�� ������� $PRQJ� DOO� WKH�

IDFWRUV�� SODQW� JURZWK� UHJXODWRU� SOD\V� D� PDMRU� UROH� LQ� LQGXFLQJ� VRPDWLF� HPEU\RJHQHVLV�

�:LOOLDPV�DQG�0DKHVKZDUDQ��������+DDJHQ�VPLWK��������-LPHQH]���������7KHVH�KHOS�LQ�VWHP�

HORQJDWLRQ��WURSLVP�DQG�DSLFDO�GRPLQDQFH��3ODQW�JURZWK�UHJXODWRUV�UHJXODWH�UH�HQWU\�RI�FHOOV�



ϭϯ�

LQ�PLWRVLV�DQG�DOVR�GHWHUPLQH�WKHLU�HPEU\RJHQLF�VWDWH��7KURSH���������,Q�DGGLWLRQ�WR�3*5V��

PDQ\� RWKHU� IDFWRUV� VXFK� DV� W\SH� DQG� DJH� RI� H[SODQW�� PHGLXP� FRPSRVLWLRQV� HWF�� DUH� DOVR�

UHSRUWHG� WR� LQIOXHQFH� LQGXFWLRQ� RI� VRPDWLF� HPEU\RV� �&RUUHGRLUD� HW� DO�� ������ 6XEEDLDK� DQG�

0LQRFKD�� �����'LED[� HW� DO�� ������<X� DQG�:HL�� ������� 7KH� SUHVHQW� VWXG\�ZDV� IRFXVVHG� WR�

H[DPLQH� WKH� HIIHFW� RI� SODQW� JURZWK� UHJXODWRUV� RQ� HPEU\RJHQLF� FDOOXV� LQGXFWLRQ� DQG�

GLIIHUHQWLDWLRQ� RI� VRPDWLF� FHOOV� RI� OHDI� DQG� LQWHUQRGDO� H[SODQWV� LQWR� VRPDWLF� HPEU\RV�� 7KH�

SDWKZD\�RI�VRPDWLF�HPEU\RJHQHVLV�ZDV�FRQILUPHG�WKURXJK�KLVWRORJLFDO�VWXGLHV��



ϭϰ�

&+$37(5���������������������������������������������������������5(9,(:�2)�/,7(5$785(

(YHU\� \HDU� WKH� XVH� RI�ZRRG� LV� LQFUHDVLQJ� DV� LWVXVH� IRU� WLPEHU�� IXHO� ZRRG�� SXOS� DQG� SDSHU�

SURGXFWLRQ� LV� LQFUHDVLQJ�DQG�IRU� WKHVH�XVHV�ZRRG�ZDV� WDNHQ�IURP�IRUHVW�RU� LV�FRPPHUFLDOO\�

FXOWLYDWHG��7R�IXOILO�WKH�QHHG�RI�ZRRG�DQG�WR�PD[LPL]H�ELRPDVV�\LHOG�RQ�D�VXVWDLQDEOH�EDVLV�LW�

LV�FULWLFDO�WR�VHDUFK�IRU�D�PHWKRG�RI�LPSURYHPHQW�IRU�GHYHORSPHQW�DQG�SURGXFWLRQ�RI�ZRRG��

7KH� JHQXV�(XFDO\SWXV� LV� WKH� PRVW� ZLGHO\� JURZQ� SODQW� WKURXJKRXW� WKH� ZRUOG� HVSHFLDOO\� LQ�

,QGLD�WR�SURYLGH�ZRRG�IRU�LQGXVWULDO�XVH�DQG�WR�PHHW�WKH�QHHG�RI�ZRRG�SURGXFWV�LQ�WKH�UHJLRQ�

RI� VFDUFLW\� �(OGULGJH� HW� DO�� ������� )RU� WKH� SURSDJDWLRQ� RI� (XFDO\SWXV� FRPPRQO\� XVHG�

WHFKQLTXHV� DUH� LQ�YLWUR� PLFURSURSDJDWLRQ� DQG� YHJHWDWLYH� SURSDJDWLRQ� �/H� 5RX[� DQG� 9DQ�

6WHGHQ�������1XJHQW�HW�DO��������+DMDUL�HW�DO��������%RQJD�DQG�9RQ��������7KHVH�PHWKRGV�

DUH�OLPLWHG�EHFDXVH�RI�ORZ�IUHTXHQF\�RI�URRWV�DQG�VKRRWV��%HQQHWW�DQG0F&RPE�������*LUL�HW�

DO�������0DF5DH�DQG�YDQ�6WDGHQ�������%HQQHWW�HW�DO��������%DUUXHWR�HW�DO��������

,Q�SODQW�WLVVXH�FXOWXUH��PHWKRGV�OLNH�VKRRW�SUROLIHUDWLRQ�XVLQJ�DX[LOLDU\�EXGV�DQG�DGYHQWLWLRXV�

VKRRWV�KDV�EHHQ�ZLGHO\�XVHG�IRU� LQ�YLWUR�SURSDJDWLRQ�\HW�UHVHDUFK�ZRUN�RQ�LQGXFLQJ�VRPDWLF�

HPEU\RJHQHVLV� LQ�(XFDO\SWXV� VSHFLHV� LV� OLPLWHG� �=REHO�� ������:DWW� HW� DO�� ������ /DO� HW� DO��

������� 7KLV�PHWKRG� HQVXUHV� WR� SURYLGH� D� YDOXDEOH� DSSURDFK� WR� FORQDO� SURSDJDWLRQ� IRU� HOLWH�

JHQRW\SHV� DQG� OHDGV� LQ� WKH� GHYHORSPHQW� RI� V\QWKHWLF� VHHG� �5HGHQEDXJK� HW� DO�� ������*UD\�

DQG3XURKLW��������.DXU�HW�DO���������$V�LW�ZDV�UHSRUWHG�WKDW�OLPLWDWLRQV�LQ�SODQW�UHJHQHUDWLRQ�

OLPLWV�ZLGHU�DSSOLFDWLRQV�RI�JHQHWLF�HQJLQHHULQJ�WHFKQLTXHV�LQ�LPSURYLQJ�(XFDO\SWXV�VSHFLHV�

�/DO�HW�DO��������2OOHU�HW�DO���������7KHUHIRUH�� UHJHQHUDWLRQ� WKURXJK�VRPDWLF�HPEU\RJHQHVLV�

SURYLGHV�DQ�HIILFLHQW�ZD\V�RI�PDVV�SURSDJDWLRQ�LQ�VSHFLHV�DV�ZHOO�DV�DLG�LQ�JHQH�WUDQVIHU�IRU�

JHQHWLF� LPSURYHPHQW� �7RXUQLHU� HW� DO�� ������ 3RWWV� DQG� 'XQJH\�� ������ 0DF5DH� DQG� 9DQ�

6WDGHQ��������

,Q� LQ�YLWUR� FRQGLWLRQV� ZKHQ� GH�GLIIHUHQWLDWLRQ� RI� VRPDWLF� FHOO� RFFXUV� LQWR� D� WRWLSRWHQW�

HPEU\RJHQLF�FHOO��LW�OHDGV�WR�WKH�LQGXFWLRQ�RI�HPEU\R�OLNH�VWUXFWXUHV��9HUGHLO�HW�DO���������,W�LV�

FRQVLGHUHG�DV�RQH�RI�WKH�EHVW�PHWKRG�IRU�WUHHV�LPSURYHPHQW��+RJEHUJ�HW�DO��������3DUN�HW�DO��

������ 3DUN�� ������ &DQKRWR� HW� DO�� ������� ,Q� ZLGH� UDQJH� RI� VSHFLHV� VRPDWLF� HPEU\RV� ZHUH�

UHSRUWHG�DV�D�SUHGRPLQDQW�PHDQV�RI�SODQW�UHJHQHUDWLRQ��7KRUSH��������9DVLO����������

7KH� ILUVW� HYLGHQFH� RI� VRPDWLF� HPEU\RJHQHVLV� ZDV� REVHUYHG� LQ� FDUURW� �'DXFXVFDURW�� FHOO�

FXOWXUHV��6WHZDUG�HW�DO���������,Q�PRVW�UHSRUWV� LW�ZDV�UHSRUWHG�WKDW�PRUSKRORJLFDOO\�VRPDWLF�



ϭϱ�

HPEU\RV�UHVHPEOHV�]\JRWLF�HPEU\RV�GXULQJ�GLIIHUHQW�GHYHORSPHQWDO�VWDJHV��0XUDOLGKDUDQ�HW�

DO��������:DWW�HW�DO����������������,Q�(XFDO\SWXV�VSHFLHV��ILUVWO\�VRPDWLF�HPEU\RJHQHVLV�ZDV�

REVHUYHG�IURP�VHHGOLQJV�RI�µ(��[�/LHFKRZ¶��2X\DQJ�HW�DO���������������,Q�(��QLWHQV�:DWW�HW�DO��

�������(��JOREXOXV��7ULQGDGH���������DQG�(��JUDQGLV��/DNVKPL�HW�DO��������KLVWRORJLFDO�VWXGLHV�

ZDV�REVHUYHG�GXULQJ�GHYHORSPHQWDO�VWDJHV�RI�VRPDWLF�HPEU\RV��,Q�(��QLWHQV�XOWUD�VWUXFWXUHV�

ZHUH�VWXGLHG�DQG�ZHUH�FRPSDUHG�ZLWK�PDWXUH�]\JRWLF�HPEU\RV�DQG�VLPLODULWLHV�ZHUH�UHSRUWHG�

�%DQG\RSDGK\D\�HW�DO���������,W�ZDV�REVHUYHG�WKDW�WKH�IHDWXUHV�ZKLFK�KHOS�LQ�GLVWLQJXLVKLQJ�

RUJDQRJHQHVLV� IURP� VRPDWLF� HPEU\RJHQHVLV� DUH� DV� IROORZV�� DW� FRW\OHGRQDU\� VWDJH� VRPDWLF�

HPEU\RV� ODFN� URRW� SROHV� DV� ZHOO� DV� VWDUFK� JUDLQV� LQ� WKH� EDVDO� UHJLRQ� DQG� YDVFXODU� WLVVXH�

FRQQHFWLRQ�LV�DEVHQW�EHWZHHQ�H[SODQW�DQG�LWV�UHJHQHUDWLQJ�VWUXFWXUH��:LFDUW�HW�DO��������:DWW�

HW�DO���������([SODQW�KDV�LWV�VSHFLILF�UROH�LQ�IRUPDWLRQ�RI�VRPDWLF�HPEU\RV��7KH�SODQW�PDWHULDO�

PRVWO\�PHULVWHPDWLF�WLVVXHV�OLNH�WLSV�RI�VKRRWV��URRWV�DQG�DX[LOLDU\�EXGV�DUH�JRRG�H[SODQWV�GXH�

WR� WKHLU� UDSLG�UDWH�RI�FHOO�GLYLVLRQ�DQG�DUH�EDVLFDOO\�YLUXV� IUHH�DQG� WKHVH� WLVVXHV�KDYH�KLJKHU�

DELOLW\� WR� XSWDNH� ODUJH� DPRXQW� RI� QXWULHQWV�� ,Q� (XFDO\SWXV� VSHFLHV� LQGXFWLRQ� RI� VRPDWLF�

HPEU\RJHQHVLV�ZDV�FXOWXUHG�XVLQJ�� VHHGOLQJV� DQG� WKHLU� IUDJPHQWV�� OHDYHV�� LQWHUQRGHV�� URRWV��

SHWLROHV�� FRW\OHGRQV��PDWXUH� DQG� LPPDWXUH� ]\JRWLF� HPEU\RV� DQG� VHHGV� DV� H[SODQW� �7KRUSH��

������/H�5RX[�DQG�9DQ�6WDGHQ��������:DWW�HW�DO��������������+DMDUL�HW�DO��������3LQWR�HW�DO��

�����D��*DM���������([SODQW�VXFK�DV�]\JRWLF�HPEU\RV�ZHUH�XVHG�WR�GHYHORS�VRPDWLF�HPEU\RV�

LQ�(XFDO\SWXV� VSHFLHV��(��FLWULRGRUD� �0XUDOLGKDUDQ�DQG�0DVFDUDQKDV��������0XUDOLGKDUD�HW�

DO���������(��JOREXOXV�3LQWR�HW�DO������������D������E������F��7ULQGDGH���������(��WHUHWLFRUQLV�

�3UDNDVK�DQG�*XUXPXUWKL���������,Q�(�JUDQGLV�OHDYHV�IURP�PLFURVKRRWV�ZHUH�XVHG�DV�H[SODQW�

�:DWW� HW� DO�� ������ZKHUHDV� ��GD\V� ROG� VHHGOLQJV�ZHUH� XVHG� LQ�(�� GXQQLL� �7HUPLJQRQL� HW� DO��

������IRU�VRPDWLF�HPEU\RJHQHVLV�RQ�06�PHGLXP�VXSSOHPHQWHG�ZLWK�1$$�DQG�����'��,Q�(��

JOREXOXVH[SODQWV�LQ�GLIIHUHQW�SKDVHV�RI�GHYHORSPHQW�ZHUH�H[DPLQHG�DQG�LW�ZDV�REVHUYHG�WKDW�

VHHGV�ZHUH�PRUH�VXLWDEOH� WKDQ�OHDYHV�DQG�FRW\OHGRQV�IRU�VRPDWLF�HPEU\RJHQHVLV��7ULQGDGH��

������� %RXOD\� ������� XVHG� K\SRFRW\OV� DQG� LQWHUQRGHV� RI�(�� JXQQL�� �%DQG\RSDGK\D\� HW� DO��

�������XVHG�VHHGOLQJ�RI�(��JOREXOXVDQG�(��QLWHQV�DQG�1XJHQW�HW�DO���������XVHG�FRW\OHGRQV�RI�

(��JOREXOXV� IRU� LQGXFLQJ�VRPDWLF�HPEU\RV��7KH�UHVXOWV�VKRZHG�WKDW�HPEU\R�IRUPDWLRQ�WDNHV�

SODFH�EXW�LQGXFWLRQ�UDWH�ZDV�ORZ��

,Q� SODQW� WLVVXH� FXOWXUH� WKH� SODQW� JURZWK� UHJXODWRUV� DQG�PHGLXP� FRPSRVLWLRQ� DUH� LPSRUWDQW�

IDFWRUV� IRU� LQGXFWLQJ� VRPDWLF� HPEU\RV� �:LOOLDPV� DQG� 0DKHVZDUDQ�� ������ +DDJHQ�VPLWK��

������-LPHQH]���������7KH�EDVDO�PHGLXP�ZKLFK�LVXVHG�IRU�FXOWXULQJ�FRQVLVWV�RI�PLQHUDO�VDOWV��

DPLQR� DFLGV�� FDUERQ� VRXUFHV� DQG� YLWDPLQV� �5DPDJH� DQG�:LOOLDPV�� ������ %RQJD� DQG�9RQ��
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�������$X[LQV�OLNH�����GLFKORURSKHQR[\�DFHWLF�DFLG������'���QDSKWKDOHQH�DFHWLF�DFLG��1$$���

LQGROH��EXW\ULF�DFLG��,%$��RU�LQGROH���DFHWLF�DFLG��,$$��KHOS�LQ�LQLWLDWLRQ�DQG�IRUPDWLRQ�RI�

HPEU\R�E\�UHDFWLYDWLQJ�WKH�FHOO�F\FOH��:LOOLDPV�DQG�0DKHVZDUDQ��������+DDJHQ�VPLWK��������

-LPHQH]�� ������� &\WRNLQLQV� OLNH� ��EHQ]\ODPLQRSXULQH� �%$�� RU� NLQHWLQ� �.,1�� KDYH� EHHQ�

EHQHILFLDO�IRU�LQGXFLQJ�VRPDWLF�HPEU\RV��7KRUSH��������%HQQHWW�HW�DO��������-LPHQH]���������

4LQ�	�.LUE\��������UHSRUWHG�GHYHORSPHQW�RI�HPEU\R�OLNH�VWUXFWXUHV�IURP�K\SRFRW\OV��\RXQJ�

OHDYHV� DQG� FRW\OHGRQV� RI� \RXQJ� VHHGOLQJV� RI� (�� GXQQLL�� (�� ERWU\RLGHV�� (�� UXGLVDQG� (��

JUDQGLVDQG�IURP�WKH�VKRRWV�RI�FORQHV�RI�(��JUDQGLV��*UHHQ�SURWXEHUDQFHV�GHYHORSPHQW�IURP�

WKH�WULPPHG�VXUIDFHV�RI�H[SODQWV�ZHUH�WDNHQ�DQG�WUDQVIHUUHG�RQ�PHGLXP�FRQVLVW�RI�%$������

PJO���� IRU� WKH� JHUPLQDWLRQ� RI� HPEU\R� OLNH� VWUXFWXUHV� DQG� DGYHQWLWLRXV� VKRRWV�,Q�(�� JUDQGLV

VRPDWLF�HPEU\RJHQHVLV�ZDV�UHSRUWHG�XVLQJ�06�PHGLXP�ZLWK�.,1����PJO����DQG�1$$�������

PJO����� ZKHUH� FDOOXV� ZDV� GHYHORSHG� IURP� LQWHUQRGDO� VHJPHQWV� RI� �� \HDU� ROG� WUHH� VKRRWV�

�/DNVKPL� HW� DO�� ������� )ULDEOH� FDOOXV�ZDV� FXOWXUHG� LQ� OLTXLG�PHGLXP� FRQVLVWLQJ� RI� ��PJO���

.,1�� 1$$�� %$�� ����'� ZKLFK� UHVXOWHG� LQ� VRPDWLF� HPEU\RJHQHVLV�� ,Q� (�� JUDQGLV�� VRPDWLF�

HPEU\RJHQHVLV�ZDV�REWDLQHG�IURP�\RXQJ�OHDYHV�RI�PLFURVKRRWV�ZKLFK�ZHUH�FXOWXUHG�RQ�06�

PHGLXP�FRQWDLQLQJ�����'�DV�SODQW�JURZWK�UHJXODWRU��:DWW�HW�DO���������

,Q� (�� WHUHWLFRUQLV� VRPDWLF� HPEU\RJHQHVLV� DQG� SODQW� UHJHQHUDWLRQ� ZHUH� UHSRUWHG� ZKHUH�

HPEU\RJHQLF� FDOOL� ZDV� REWDLQHG� RQ� FXOWXULQJ� PDWXUH� ]\JRWLF� HPEU\RV� XVLQJ� 06� PHGLXP�

FRQWDLQLQJ�1$$�� )XUWKHU� HPEU\RJHQLF� FDOOL� ZHUH� WUDQVIHUUHG� RQ� HPEU\R� LQGXFLQJ�PHGLXP�

FRQVLVWLQJ� RI� %$�� $IWHU� WUDQVIHUULQJ�� GHYHORSPHQW� RI� VRPDWLF� HPEU\RV� ZLWKLQ� �� ZHHNV�

�3UDNDVK� DQG�*XUXPXUWKL�� ������ ZDV� REVHUYHG�ZKLFK� ZHUH� VXFFHVVIXOO\� JHUPLQDWHG�� ,Q� (��

JOREXOXVHPEU\RJHQLF�FDOOXV�SKDVH�ZDV�REWDLQHG�ZKHQ�FDOOXV�IRUPHG�LQ�DGXOW�OHDI�ZDV�JURZQ�

RQ�06�PHGLXP�FRQWDLQLQJ�,%$��2OOHU�HW�DO���������,Q�VHYHUDO�VSHFLHV�RI�(XFDO\SWXV��VRPDWLF�

HPEU\RV�ZHUH�LQGXFHG�RQ�06�PHGLXP��3LQWR�HW�DO������D��ZKLFK�LV�D�ULFK�QLWURJHQ�VRXUFH��

*DPERUJ�%��PHGLXP��*DPERUJ�HW�DO��������FRQWDLQLQJ�1$$����PJO����DQG�����Z�Y��VXFURVH�

�0XUDOLGKDUDQ�HW�DO��������0XUDOLGKDUDQ�DQG�0DVFDUHQKDV�������� LQGXFHV� VRPDWLF�HPEU\RV�

IURP�]\JRWLF�HPEU\RV�RI�(��FLWULRGRUD��7HUPLJQRQL�HW�DO���������DOVR�VWXGLHG�WKH�IRUPDWLRQ�RI�

VRPDWLF�HPEU\RV�XVLQJ�VHHGOLQJV�RI�(��GXQQLLRQ�%��PHGLXP��%��DQG�06�PHGLD�DPRQJ�RWKHU�

SODQW� JURZWK� PHGLXPV� SURYHG� WR� EH� WKH� EHVW� IRU� VRPDWLF� HPEU\RJHQHVLV� DQG� SODQW�

UHJHQHUDWLRQ� LQ� (XFDO\SWXV� VSHFLHV� �3LQWR� HW� DO�����D��� 7KH� HIIHFWLYHQHVV� RI� PHGLXP� ZDV�

VWXGLHG� LQ(�� JOREXOXVIRU� VRPDWLF� HPEU\RJHQHVLV� LQGXFWLRQ� DQG� H[SUHVVLRQ�� ,Q� (��

FDPDOGXOHQVLV��GLUHFW�VRPDWLF�HPEU\RJHQHVLV�ZDV�UHSRUWHG�XVLQJ�K\SRFRW\O�H[SODQWV�FXOWXUHG�

RQ�06�PHGLXP�ZLWK�%$������PJO�����6LPLODUO\�� LW�ZDV�REVHUYHG� WKDW�PDWXUDWLRQ�RI� VRPDWLF�
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HPEU\RV� GHFUHDVHV� ZLWK� LQFUHDVH� LQ� DEVFLVLF� DFLG� �$%$�� ����� PJO���� DQG� VXFURVH�

FRQFHQWUDWLRQ��������ZKLOH�VWXG\LQJ�LQGXFWLRQ�DQG�JHUPLQDWLRQ�RI�VRPDWLF�HPEU\RV��3UDNDVK�

DQG�*XUXPXUWKL���������,W�ZDV�VHHQ�WKDW�EDVDO�PHGLXP�ZLWK�F\WRNLQLQ��%$��DQG�DX[LQ��1$$��

LQ�WKH�UDWLR�RI������FDXVHV�GLUHFW�VRPDWLF�HPEU\RJHQHVLV�ZKLFK�OHDGV�WR�LQ�YLWUR�UHJHQHUDWLRQ�

RI� SODQW� IURP� QRGDO� VHJPHQWV� ���� PRQWKV� ROG� VXSHULRU� JHQRW\SH�� RI� (�� FDPDOGXOHQVLV

�*LULMDVKDQNDU���������,W�ZDV�DOVR�REVHUYHG�WKDW�SODQW�JURZWK�UHJXODWRUV�ODFNLQJ�PHGLXP�OHDGV�

WR� VPDOO� VHHGOLQJV� DV� FRPSDUHG� WR� QRUPDO� VHHGOLQJV� ZKHQ� FXOWXUHG� RQ�PHGLXP� FRQWDLQLQJ�

SODQW�JURZWK�UHJXODWRUV��6HYHUDO�UHSRUWV�ZHUH�VXEPLWWHG�LQ�ZKLFK�DX[LQV�DQG�F\WRNLQLQV�ZHUH�

REVHUYHG� DV� LPSRUWDQW� FRPSRQHQWV� ZKLFK� VWLPXODWHV� HPEU\R� JHUPLQDWLRQ� DQG� FRQYHUVLRQ�

�-LPHQH]���������6LJQLILFDQW�YDULDWLRQV�LQ�WKH�FRPSRVLWLRQ�RI�FXOWXUH�PHGLXP�ZHUH�GRQH�IRU�

EHWWHU�UHVXOWV�DQG�ZDV�UHSRUWHG�WKDW�VRPH�VSHFLHV�RI�(XFDO\SWXV�UHTXLUHV�H[WUD�FRPSRQHQWV��LQ�

WKH�PHGLXP�VXFK�DV�FDVHLQ�K\GURO\VDWH��&+��DQG�JOXWDPLQH�IRU�VRPDWLF�HPEU\RJHQHVLV��9RQ�

$UQROG�HW�DO��������ZKLFK�OHDGV�WR�PRUH�DQG�JRRG�TXDOLW\�RI�HPEU\RV��,Q�(XFDO\SWXV�VSHFLHV�

WKH�SUHVHQFH�RI�DX[LQV�XVXDOO\�GRHV�QRW� OHDG� WR�PDWXUDWLRQ� LQ�VRPDWLF�HPEU\RV��3LQWR�HW�DO��

������ ������� ,W� ZDV� VWXGLHG� WKDW� SODQW� UHJHQHUDWLRQ� WDNHV� SODFH� LQ� DX[LQ� IUHH� PHGLXP� RU�

HVSHFLDOO\� RQ�PHGLXP��ZKLFK� LV� VXSSOHPHQWHG�ZLWK� JLEEHUOLF� DFLG� �*$��� DQG�RU� F\WRNLQLQV�

�3LQWR�HW�DO��������:DWW�HW�DO��������0XUDOLGKDUDQ�DQG�0DVFDUHQKDV���������,Q�(��FLWULRGRUD�D�

UHSRUW�ZDV�VXEPLWWHG�LQ�ZKLFK�JHUPLQDWLRQ�RI�HPEU\RV�WRRN�SODFH�RQ�PHGLXP�IUHH�RI�DX[LQV�

�0XUDOLGKDUDQ�DQG�0DVFDUHQKDV���������(PEU\RV�ZKLFK�ZHUH�FXOWXUHG�LQ�OLTXLG�%��PHGLXP�

FRQWDLQLQJ���JO���VXFURVH�ZHUH� WUDQVIHUUHG� LQWR�JHUPLQDWLRQ�PHGLXP�ZKLFK�UHVXOWHG� LQ�����

HPEU\RV� JHUPLQDWLRQ� DQG� IXUWKHU� UHJHQHUDWHG� LQWR� KHDOWK\� SODQWOHWV�� 6XFFHVVIXO� VWXG\� RQ�

PDWXUDWLRQ�DQG�JHUPLQDWLRQ�RI�HPEU\RV�LQ�(��JUDQGLV�DQG�(��GXQQLL�ZDV�UHSRUWHG�E\�3LQWR�HW�

DO�� �������EXW� LQGXFWLRQ�ZDV� ORZ��:KHUHDV�� RQ�DGGLQJ�$%$�DQG�SRO\HWK\OHQH�JO\FRO� �3*���

ORZ� UDWH� RI� HPEU\R� FRQYHUVLRQ� ZDV� REVHUYHG�� ZKLFK� GHSHQGV� XSRQ� WKH� FKDUDFWHULVWLFV� RI�

H[SODQW� �:DWW� HW� DO�� ������� ,W� ZDV� DOVR� UHSRUWHG� WKDW� 06� PHGLXP� ZLWKRXW� DQ\� JURZWK�

UHJXODWRUV�ZDV�PRUH�HIIHFWLYH�WKDQ�%��PHGLXP�IRU�WKH�IRUPDWLRQ��PDWXUDWLRQ�DQG�JHUPLQDWLRQ�

RI�FRW\OHGRQDU\�HPEU\R��3LQWR�HW�DO������D��0XUDOLGKDUDQ�HW�DO��������%DQG\RSDGK\D\�HW�DO��

�������$W�ORZHU�OHYHO�RI�DX[LQV��1$$���SUROLIHUDWLRQ�RI�JOREXODU�VKDSHG�VRPDWLF�HPEU\RV�LV�

IDYRXUHG�DQG�LW�DOVR�KHOSV�LQ�PDLQWDLQLQJ�WKH�VRPDWLF�HPEU\RJHQHVLV�FRPSHWHQFH�RQ�PHGLXP�

ZLWKRXW�DQ\�JURZWK� UHJXODWRUV��)RU�JHUPLQDWLRQ�DQG�FRQYHUVLRQ�RI�JOREXODU� VKDSHG�HPEU\R�

%$�DQG�.,1�ZHUH�DGGHG��7KHVH�F\WRNLQLQV�LPSURYHG�SUROLIHUDWLRQ�UDWH�RI�HPEU\RV��5HFHQWO\��

LW� ZDV� UHSRUWHG� WKDW� SLFORUDP� ZDV� PRUH� HIIHFWLYH� WKDQ� 1$$� IRU� WKH� JURZWK� RI� QRGXODU�

HPEU\RJHQLF� VWUXFWXUHV� �&RUUHGRLUD� HW� DO�� ������� 0RUHRYHU�� LW� ZDV� UHSRUWHG� WKDW� VRPDWLF�

HPEU\RJHQHVLV� IURP� OHDI� DQG� VKRRW� DSH[� H[SODQWV� RI� PDWXUH� (�� JOREXOXV� DQG� K\EULG� (��
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VDOLJQD[�(��PDLGHQLL�SODQWV�ZDV�LQGXFHG�XVLQJ�����0��SLFORUDP��3LFORUDP�UHVXOWHG�LQ�KLJKHU�

IUHTXHQF\�RI�LQ�YLWUR�FXOWXULQJ�ZKHQ�FRPSDUHG�ZLWK�����'�SODQW�JURZWK�UHJXODWRU��&RUUHGRLUD�

HW�DO���������7ULQGDGH��������REVHUYHG�JOREXODU�DQG�KHDUW�VKDSHG�VRPDWLF�HPEU\RV�RQ�ZRRG\�

SODQW�PHGLXP� FRQWDLQLQJ�%$�DQG� ���� FRFRQXW�PLON� LQ�(�� JOREXOXV�� ,Q�(�� GXQQLL�� VRPDWLF�

HPEU\RV�ZHUH� IRUPHG�ZKHQ�PHGLXPVXSSOHPHQWHG�ZLWK�1$$�DQG�FDVHLQ�K\GURO\VDWH� �&+��

ZDV�XVHG��7HUPLJQRQL�HW�DO���������

6HYHUDO� VWXGLHV� VKRZ� WKDW� LPSRUWDQW� UROH� LV� SOD\HG� E\� FDUERQ� VRXUFHV� LQ� JURZWK� DQG�

PXOWLSOLFDWLRQ�RI�SODQW�FHOOV��,Q�(XFDO\SWXV�VSHFLHV�FDUERQ�VRXUFH�L�H��FDUERK\GUDWHV�DOVR�SOD\V�

LPSRUWDQW� UROH� LQ�PDLQWDLQLQJ�RVPRWLF�SRWHQWLDO�RI�FHOOV�DQG�ZDWHU�FRQVHUYDWLRQ��$V� LQ�YLWUR

JURZQ�SODQWOHWV�KDYH�OHVV�DFFHVVLELOLW\�WR�FDUERQ�GLR[LGH�LQ�FXOWXUH�ERWWOHV��VR�IRU�WKDW�VXJDU�LV�

DGGHG�LQ�PHGLXP�DQG�LW�DFWV�DV�D�FDUERQ�VRXUFH�IRU�LQ�YLWUR�JURZWK�DQG�PXOWLSOLFDWLRQ�RI�SODQW�

FHOOV�� ,Q�(XFDO\SWXV�� IRU�VRPDWLF�HPEU\RJHQHVLV� WKH�FRQFHQWUDWLRQ�RI� VXFURVH� UHFRPPHQGHG�

YDULHV�IURP�VSHFLHV�WR�VSHFLHV��EXW�XVXDOO\�VXJDU�FRQFHQWUDWLRQ�UDQJHV�IURP����WR�����Z�Y���

0XUDOLGKDUDQ� DQG� 0DVFDUHQKDV� ������� DGGHG� ��� VXFURVH� LQ� PHGLXP� IRU� PDWXUDWLRQ� RI�

VRPDWLF� HPEU\RV� LQ�(�� FLWULRGRUD�� /DNVKPL�HW� DO�� ������� DGGHG� ��� VXFURVH� LQ�PHGLXP�IRU�

HPEU\RJHQHVLV�LQ�(��JUDQGLV��([FHSW�VXJDU�WKHUH�DUH�VHYHUDO�RWKHU�FDUERK\GUDWHV�OLNH�JOXFRVH��

PDQQLWRO�� PDOWRVH�� FHOOXORVH�� IUXFWRVH�� ODFWRVH�� DQG� P\R�LQRVLWRO�� ZKLFK� ZHUH� XVHG� IRU�

LQGXFLQJ�VRPDWLF�HPEU\RV� LQ�RWKHU� VSHFLHV� �&DQKRWR� HW�DO��������/LSDYVND�DQG�.RQUDGRYD��

������� 3LQWR� HW� DO�� ������� UHSRUWHG� WKDW� LQGXFWLRQ� PHGLXP� VXSSOHPHQWHG� ZLWK� PDQQLWRO�

LQKLELWV�FDOOXV�IRUPDWLRQ�RQ�WKH�VXUIDFH�RI�WKH�H[SODQWV�LQ�(��JOREXOXV�9DVLO��������UHSRUWHG�

WKDW� VRPDWLF�HPEU\RJHQHVLV�SDWKZD\�ZKLFK� OHDGV�WR�SODQW� UHJHQHUDWLRQ�LV�PRVWO\�GHYHORSHG�

IURP� D� VLQJOH� SURJHQLWRU� FHOOV� RU� WKURXJK� SUR�HPEU\RJHQLF� FHOOV�� 7KH� SODQWV� ZKLFK� ZHUH�

UHJHQHUDWHG�WHQG�WR�EH�JHQHWLFDOO\�XQLIRUP��)URP�WKH�GDWD�RI�VRPDWLF�HPEU\RJHQHVLV�UHSRUWHG�

WLOO�QRZ�RQ�(XFDO\SWXV�VSHFLHV�LW�ZDV�VHHQ�WKDW�LQGLUHFW�VRPDWLF�HPEU\RJHQHVLV�ZDV�REVHUYHG�

ZKLFK� OHDGV� WR� SODQW� UHJHQHUDWLRQ� �&XHQFD� HW� DO�� ������ *DM�� ������0RQWDOEDQ� HW� DO�� ������

&RUUHGRLUD�HW�DO���������

,Q�WKLV�VWXG\�VRPDWLF�HPEU\RJHQHVLV�ZDV�VWXGLHG�LQ�FXOWXUHV�UDLVHG�IURP�PDWXUH�WLVVXHV�WDNHQ�

IURP�VHOHFWHG�HOLWH�FORQHV��
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3ODQW�PDWHULDO��&KHPLFDOV�DQG�*ODVVZDUH��

6KRRW� FXOWXUHV� RI� DQ� HOLWH� FORQH� RI�(XFDO\SWXV� WHUHWLFRUQLV�� FORQH� µ7�¶�ZKLFK�ZHUH� DOUHDG\�

DYDLODEOH� DW� 3ODQW� WLVVXH� FXOWXUH� ODERUDWRU\� RI� 7,)$&�&25(�� 7KDSDU� 8QLYHUVLW\�� ZHUH�

PXOWLSOLHG� WKURXJK� UHJXODU� VXEFXOWXUH� RQ� 0XUDVKLJH� DQG� 6NRRJ� ������� PHGLXP�� &XOWXUHV�

ZHUH�LQFXEDWHG�DW�������&��SKRWRSHULRG�F\FOH�RI����KUV�GD\�DQG���KUV�QLJKW�DQG�OLJKW�LQWHQVLW\�

RI� ��� �PRO� Pí�Ví�ZDV� SURYLGHG� E\� ZKLWH�FRRO� IOXRUHVFHQW� ODPSV� �3KLOOLSV� /WG�� 0XPEDL���

/HDYHV�DQG�LQWHUQRGHV�ZHUH�H[FLVHG�IURP����GD\V�ROG�PLFURVKRRWV�DQG�XVHG�DV�H[SODQWV��$OO�

URXWLQH� FKHPLFDOV�� YLWDPLQV� 	� 3*5V� XVHG� LQ� WKLV� ZRUN� ZHUH� REWDLQHG� IURP� +L�0HGLD�

/DERUDWRULHV�/WG����0XPEDL��,QGLD���*ODVVZDUH¶V�OLNH�PHDVXULQJ�F\OLQGHUV��EHDNHUV�HWF��ZHUH�

SXUFKDVHG�IURP�%RURVLO�*ODVV�:RUNV�/WG���0XPEDL��,QGLD���3ODQW�WLVVXH�FXOWXUH�ERWWOHV������

PO�� FRYHUHG� ZLWK� SRO\SURS\OHQH� FDSV� ZHUH� SXUFKDVHG� IURP� .DVDEODQND� &RUSRUDWLRQ�

�0XPEDL��,QGLD��

3UHSDUDWLRQ�RI�PHGLXP�DQG�FXOWXUH�FRQGLWLRQV���

0XUDVKLJH� DQG� 6NRRJ� ������� PHGLD� FRQWDLQLQJ� ��� VXFURVH� �Z�Y�� DV� ZHOO� DV� ������� DJDU�

�3ODQW� 7LVVXH� &XOWXUH� JUDGH�� +L�0HGLD� ODERUDWRULHV�� 0XPEDL�� ,QGLD�� ZDV� XVHG� DV� EDVDO�

PHGLXP� IRU� WLVVXH� FXOWXUH� H[SHULPHQWV�� 7KH� PHGLXP� S+� ZDV� DGMXVWHG� XSWR� ���� ZLWK� �1�

SRWDVVLXP�K\GUR[LGH��.2+��6RGLXP�K\GUR[LGH��1D2+��RU��1�K\GURFKORULF�DFLG��+&O��DQG�

PHGLXP�ZDV�DXWRFODYHG�������&�����SVL�����PLQ��IRU�VWHULOL]DWLRQ��

3ODQW�JURZWK�UHJXODWRUV�OLNH�1DSKWKDOHQH�DFHWLF�DFLG��1$$�����EHQ]\O�DGHQLQH��%$��DQG������

'LFKORURSKHQR[\DFHWLF� DFLG� �����'�� ZHUH� DGGHG� LQ� 06� PHGLXP� LQ� YDULRXV� FRPELQDWLRQV�

EHIRUH� DXWRFODYLQJ�� 3ODQW� JURZWK� UHJXODWRUV� VWRFN� RI� ���� P0� ZHUH� DOVR� SUHSDUHG� E\�

GLVVROYLQJ�WKHP�LQ�FRQF��+&O�RU�FRQF��1D2+�.2+�VROXWLRQ�DQG�GLVWLOOHG�ZDWHU��7KH�SUHSDUHG�

VWRFN�VROXWLRQV�ZHUH�NHSW�LQ�FROG�VWRUH�URRP�DW���&��

3ODQW�JURZWK�UHJXODWRUV�HIIHFW�DQG�VRPDWLF�HPEU\RJHQHVLV�RQ�H[SODQWV�

)URP� PLFURVKRRWV� RI� (XFDO\SWXV� WHUHWLFRUQLV� ���� GD\V� ROG� FXOWXUH�� OHDYHV� DQG� LQWHUQRGDO�

H[SODQWV� ZHUH� XVHG� IRU� LQLWLDWLQJ� VRPDWLF� HPEU\RV�� /HDI� H[SODQWV� ZLWK� DGD[LDO� VXUIDFH� LQ�

WRXFK�ZLWK�PHGLXP�DQG�LQWHUQRGDO�H[SODQWV�ZHUH�FXW�IURP�\RXQJ�PLFURVKRRWV��%RWK�H[SODQWV�

ZHUH� FXOWXUHG� RQ� PHGLXP� FRQWDLQLQJ� ����� �0�� ��EHQ]\O� DGHQLQH� �%$��� ������ �0�� ����



ϮϬ�

'LFKORURSKHQR[\�DFHWLF�DFLG������'��DQG�������0��1DSKWKDOHQH�DFHWLF�DFLG��1$$��LQ������PO�

FXOWXUH� ERWWOHV�� ([SODQWV� GLIIHUHQWLDWHG� LQWR� HPEU\R� OLNH� VWUXFWXUH� ZHUH� WUDQVIHUUHG� RQ�06�

PHGLXP�ZLWK�����P0�RI���EHQ]\ODGHQLQH�DV�ZHOO�DV�����P0�RI�*LEEHUHOOLF�DFLG��*$��� IRU�

JHUPLQDWLRQ�RI�VRPDWLF�HPEU\RV�LQWR�ZKROH�SODQWV��

+LVWRORJLFDO�DQG�VFDQQLQJ�HOHFWURQ�PLFURVFRS\��6(0��

)RU�KLVWRORJLFDO�H[DPLQDWLRQ��H[SODQWV�ZLWK�HPEU\R�OLNH�VWUXFWXUH�ZHUH�VHOHFWHG�DQG�IL[HG�IRU�

��GD\V�LQ�D�VROXWLRQ�PL[WXUH�RI�IRUPDOLQ��JODFLDO�DFHWLF�DFLG��DQG�������Y�Y��DTXHRXV�HWKDQRO�

�)$$�� ������� Y�Y��� 6DPSOH� ZDV� SURSHUO\� GHK\GUDWHG� WKURXJK� D� VHULHV� RI� W�EXW\O� DOFRKRO�

DFFRUGLQJ� WR� WKH� JLYHQ� SURWRFRO� �7DEOH� ���� 7KH� GHK\GUDWHG� VDPSOHV� ZHUH� WKHQ� IL[HG� LQ�

SDUDIILQ� ZD[� �PHOWLQJ�SRLQW���±���&��DQG����P�WKLFN� ORQJLWXGLQDO� VHJPHQWV�ZHUH� FXW�E\�

XVLQJ� URWDU\� PLFURWRPH� �53����� 5DGLFDO� ,QVWUXPHQWV� $PEDOD&DQWW�� ,QGLD��� 3ODQW� WLVVXH�

VDPSOH�ZDV�VWDLQHG�XVLQJ�WROXLGLQH�EOXH�DQG�FDVWHG�ZLWK�'3;��GLVW\UHQH��D�SODVWLFL]HU��DQG�D�

[\OHQH� PL[WXUH�� IRU� REVHUYLQJ� XQGHU� OLJKW� PLFURVFRSH� DQG� VWHSV� ZHUHIROORZHG� E\� WKH�

SURFHGXUH�JLYHQ�6KDUPD�DQG�0LOODP�� ��������7KH�IRUPHG�VHFWLRQV�ZKLFK�ZHUH�PRXQWHG�RQ�

VOLGHV�ZHUH�REVHUYHG�DQG�SKRWRJUDSKHG�XQGHU�PLFURVFRSH��1LNRQ�(FOLSVH���L��1LNRQ��-DSDQ���

6OLGH�SUHSDUDWLRQ�IRU�KLVWRORJLFDO�VWXGLHV��-RKDQVHQ��������

)L[LQJ�DQG�SUHVHUYDWLRQ�RI�WLVVXH�

7KH� VHOHFWHG� SODQW� VDPSOH�ZDV� ILUVWO\� IL[HG� LQ� )$$� �)RUPDOGHK\GH��$FHWLF� DFLG�� ���� Y�Y�

$OFRKRO����������IRU�RQH�ZHHN�DQG�WKHQ�WLVVXH�ZDV�VWRUHG�LQ�����HWK\O�DOFRKRO��'HK\GUDWLRQ�

RI� WKH� VDPSOH�ZDV�GRQH�E\� W�EXW\O� DOFRKRO� �7%$�� VHULHV� �7DEOH���� DQG� WR� HDFK�JUDGH�SODQW�

VDPSOH�LV�NHSW�IRU�����KRXUV�EXW�DW��UG�JUDGH�VDPSOH�FDQ�EH�NHSW�IRU�PD[LPXP�RI����KRXUV��

:D[LQJ�

7KH� IL[HG�DQG�GHK\GUDWHG�SODQW� VDPSOH�ZDV�GLSSHG� LQ�7%$�VROXWLRQ�DQG� LV�NHSW� LQ�RYHQ�DW�

���&� DQG� SHOOHWV� RI�ZD[�ZDV� DGGHG� VORZO\� �+L�0HGLD� /DERUDWRULHV� 3YW�� /WG���0XPEDL�� LQ�

RUGHU�WR�SHQHWUDWH�ZD[�LQ�IL[HG�WLVVXH�VDPSOH��

%ORFN�PDNLQJ�DQG�VHFWLRQ�FXWWLQJ�

:D[� EORFNV� RI� SODQW� VDPSOH� ZHUH� IRUPHG� ZKLFK� LV� IUHH� IURP� 7%$� DQG� ZHUH� LQ� SURSHU�

RULHQWDWLRQ�� $IWHU� WKH� IRUPDWLRQ� RI� EORFNV�� ���0� WKLQ� VHFWLRQV� ZHUH� FXW� ZLWK� WKH� KHOS� RI�

URWDU\�PLFURWRPH��



Ϯϭ�

0RXQWLQJ��VWUHWFKLQJ�DQG�GHZD[LQJ�

7KH�IRUPHG�WKLQ�VHFWLRQV�RI�SODQW�VDPSOH�ZHUH�IORDWHG�RYHU�ZDWHU�RQ�JODVV�VOLGH��7KH�VHFWLRQV�

ZHUH� VWUHWFKHG� RQ� KRW� SODWH� DW� ���&� DQG� DOORZHG� WR� GU\� IRU� ���� GD\V� DW� URRP� WHPSHUDWXUH��

$IWHU� SURSHU� GU\LQJ� WKH� VOLGH� ZHUH� VRDNHG� LQ� SXUH� WROXHQH� IRU� ���PLQ� �XQWLO� WKH�ZD[� JHWV�

GLVVROYHG��DQG�WKHQ�VWDLQHG� LQ� WROXLGLQH�EOXH�IROORZLQJ�SURFHGXUH�GHVFULEHG�E\�6KDUPD�DQG�

0LOODP���������

/LJKW�DQG�VFDQQLQJ�HOHFWURQ�PLFURVFRS\��6(0��

$FFRUGLQJ� WR� WKH�SURWRFRO�JLYHQ�E\5RHPKLOGW�HW�DO�� ������� WKH�H[SODQWV�ZKLFK�GLIIHUHQWLDWH�

LQWR�VRPDWLF�HPEU\R�OLNH�VWUXFWXUHV�ZHUH�XVHG� LQ�VFDQQLQJ�HOHFWURQ�PLFURVFRSH�VWXGLHV��)RU�

6(0�� WKH� H[SODQWV� ZHUH� IL[HG� LQ� )$$� IRU� �� GD\V� WKHQ� GHK\GUDWHG� WKURXJK� HWKDQRO� VHULHV�

�7DEOH�����'HK\GUDWHG�WLVVXH�ZDV�FDVWHG�RQ�PHWDO�VWDE�E\�XVLQJ�GRXEOH�VLGHG�FDUERQ�WDSH�DQG�

VXUIDFH� RI� H[SODQW� ZDV� FRYHUHG� ZLWK� JROG� XVLQJ� DXWRPDWHG� ILQH� FRDWHU� �-)&������� -(2/�

/LPLWHG��-DSDQ��XQGHU�YDFXXP�PDGH�E\�8/9$&��*+'�����YDFXXP�SXPS��-�%�6\VWHPV��,QF��

*$��� ([SODQWV� FRDWHG� ZLWK� JROG� ZHUH� REVHUYHG� DW� ��� N9� WKURXJK� VFDQQLQJ� HOHFWURQ�

PLFURVFRSH��-60�����/9��-(2/�/LPLWHG��-DSDQ���



ϮϮ�



&+$37(5��

7KH� HIIHFW� RI� SODQW� JURZWK� UHJXODWRUV� �3*5V�� RQ� LQGXFWLRQ� RI� FDOOXV� DQG� VRPDWLF� HPEU\R

IURP� OHDI� DQG� LQWHUQRGDO� H[SODQWV� WDNHQ� IURP� PLFURVKRRWV� RI�

VWXGLHG��)XUWKHU��KLVWRORJLFDO�DQG�VFDQQLQJ�HOHFWURQ�PLFURVFRSLF��6(0��VWXGLHV�ZHUH�FDUULHG�

RXW�WR�FRQILUP�WKH�SDWKZD\�RI�VRPDWLF�HPEU\RJHQHVLV�

�)LJ���,QLWLDWLRQ�RI�VRPDWLF�HPEU\RJHQHVLV

ZHHNV�ROG�PLFURVKRRWV�RI�(XFDO\SWXV�WHUHWLFRUQLV

ZHHN�ROG�PLFURVKRRWV�ZHUH�FXOWXUHG�RQ�PHGLXP�IRUWLILHG�ZLWK�SODQW�JURZWK�UHJXODWRUV��1$$��%$�DQG�����

Ϯϯ

7KH� HIIHFW� RI� SODQW� JURZWK� UHJXODWRUV� �3*5V�� RQ� LQGXFWLRQ� RI� FDOOXV� DQG� VRPDWLF� HPEU\R

IURP� OHDI� DQG� LQWHUQRGDO� H[SODQWV� WDNHQ� IURP� PLFURVKRRWV� RI� (XFDO\SWXV� WHUHWLFRUQLV�

VWXGLHG��)XUWKHU��KLVWRORJLFDO�DQG�VFDQQLQJ�HOHFWURQ�PLFURVFRSLF��6(0��VWXGLHV�ZHUH�FDUULHG�

RXW�WR�FRQILUP�WKH�SDWKZD\�RI�VRPDWLF�HPEU\RJHQHVLV�

DQG�UHJHQHUDWLRQ�RI�SODQW�LQ�VHOHFWHG�HOLWH�FORQH�RI�(XFDO\SWXV�WHUHWLFRUQLV

(XFDO\SWXV�WHUHWLFRUQLV�FXOWXUHG�RQ�06�PHGLXP��%��H[SODQWV��OHDYHV�DQG�LQWHUQRGHV��WDNHQ�IURP���

ZHHN�ROG�PLFURVKRRWV�ZHUH�FXOWXUHG�RQ�PHGLXP�IRUWLILHG�ZLWK�SODQW�JURZWK�UHJXODWRUV� �1$$��%$�DQG�����

5(68/76

7KH� HIIHFW� RI� SODQW� JURZWK� UHJXODWRUV� �3*5V�� RQ� LQGXFWLRQ� RI� FDOOXV� DQG� VRPDWLF� HPEU\RV�

(XFDO\SWXV� WHUHWLFRUQLV�ZDV�

VWXGLHG��)XUWKHU��KLVWRORJLFDO�DQG�VFDQQLQJ�HOHFWURQ�PLFURVFRSLF� �6(0��VWXGLHV�ZHUH�FDUULHG�

(XFDO\SWXV�WHUHWLFRUQLV��$����

��H[SODQWV��OHDYHV�DQG�LQWHUQRGHV��WDNHQ�IURP���

ZHHN�ROG�PLFURVKRRWV�ZHUH�FXOWXUHG�RQ�PHGLXP�IRUWLILHG�ZLWK�SODQW�JURZWK�UHJXODWRUV��1$$��%$�DQG������'���ZKHUH�,1��



LQWHUQRGH� DQG�/�� OHDI�� �&��H[SODQWV� FXOWXUHG�RQ�06�PHGLXP�FRQWDLQLQJ�1$$�DQG����

JUHHQLVK�LQ�FRORXU���'��H[SODQWV�FXOWXUHG�RQ�06�PHGLXP�ZLWK�%$�DQG����

�(��([SODQW�VKRZLQJ�QRGXODU�FDOOXV�ZKHQ�FXOWXUHG�RQ�06�PHGLXP�ZLWK�1$$�DQG����

FDOOXV�ZLWK� VRPDWLF�HPEU\R� OLNH� VWUXFWXUH�GHYHORSHG�RQ� OHDI� H[SODQW�RI�

VWDJHG� JOREXODU� HPEU\RV� REVHUYHG� XQGHU� OLJKW�PLFURVFRSH� �

FRQYHUVLRQ��HPEU\RJHQLF�FDOOXV��REVHUYHG�ZLWKLQ����ZHHNV�DIWHU�LQGXFWLRQ�RQ�06�PHGLXP�VXSSOHPHQWHG�ZLWK�%$�DQG�*$

)LJ� �� 6FDQQLQJ� HOHFWURQ� PLFURVFRSH� DQG� KLVWRORJLFDO� VWXGLHV� VKRZV� GHYHORSPHQW� RI� VRPDWLF� HPEU\R� OLNH� VWUXFWXUHV� LQ�

H[SODQWV�RI�(XFDO\SWXV�WHUHWLFRUQLV���,��DQG��

JOREXODU�HPEU\RV��,��JOREXODU�HPEU\R��-��FOXVWHU�RI�JOREXODU�HPEU\RV��+LVWRORJLFDO�VWXGLHV�VKRZLQJ��

LQ�PHULVWHPDWLF�SRFNHWV��/��GHYHORSLQJ�JOREXODU�

Ϯϰ

�� H[SODQWV� FXOWXUHG� RQ�06�PHGLXP�FRQWDLQLQJ�1$$�DQG�����'�VKRZV�FRPSDFW�FDOOXV� �KDUG� DQG�

��H[SODQWV�FXOWXUHG�RQ�06�PHGLXP�ZLWK�%$�DQG�����'�VKRZV�IULDEOH�FDOOXV��SDOH�\HOORZLVK�LQ�FRORXU��

��([SODQW�VKRZLQJ�QRGXODU�FDOOXV�ZKHQ�FXOWXUHG�RQ�06�PHGLXP�ZLWK�1$$�DQG�����'��)� H[SODQWV�VKRZLQJ�HPEU\RJHQLF

FDOOXV�ZLWK� VRPDWLF� HPEU\R� OLNH� VWUXFWXUH�GHYHORSHG�RQ� OHDI� H[SODQW�RI�(XFDO\SWXV� WHUHWLFRUQLV� �*��H[SODQW�VKRZLQJ�HDUO\�

VWDJHG� JOREXODU� HPEU\RV� REVHUYHG� XQGHU� OLJKW�PLFURVFRSH� �%DU� ��� �P�� �+�� UHJHQHUDWLRQ� RI� VKRRWV� IURP� VRPDWLF� HPEU\R�

HQLF�FDOOXV��REVHUYHG�ZLWKLQ����ZHHNV�DIWHU�LQGXFWLRQ�RQ�06�PHGLXP�VXSSOHPHQWHG�ZLWK�%$�DQG�*$

6FDQQLQJ� HOHFWURQ� PLFURVFRSH� DQG� KLVWRORJLFDO� VWXGLHV� VKRZV� GHYHORSPHQW� RI� VRPDWLF� HPEU\R� OLNH� VWUXFWXUHV� LQ�

��DQG��-��6FDQQLQJ�HOHFWURQ�PLFURVFRSLF�VWXGLHV�VKRZHG�HDUO\�GHYHORSPHQWDO�VWDJH�RI�

��FOXVWHU�RI�JOREXODU�HPEU\RV��+LVWRORJLFDO�VWXGLHV�VKRZLQJ��.��DFWLYH�FHOO�GLYLVLRQ�

��GHYHORSLQJ�JOREXODU�HPEU\R�REVHUYHG�XQGHU�FRPSRXQG�PLFURVFRSH��%DU �����0��

SDFW�FDOOXV� �KDUG� DQG�

'�VKRZV�IULDEOH�FDOOXV��SDOH�\HOORZLVK�LQ�FRORXU��

H[SODQWV�VKRZLQJ�HPEU\RJHQLF

�� H[SODQW�VKRZLQJ�HDUO\�

�� UHJHQHUDWLRQ� RI� VKRRWV� IURP� VRPDWLF� HPEU\R�

HQLF�FDOOXV��REVHUYHG�ZLWKLQ����ZHHNV�DIWHU�LQGXFWLRQ�RQ�06�PHGLXP�VXSSOHPHQWHG�ZLWK�%$�DQG�*$��

6FDQQLQJ� HOHFWURQ� PLFURVFRSH� DQG� KLVWRORJLFDO� VWXGLHV� VKRZV� GHYHORSPHQW� RI� VRPDWLF� HPEU\R� OLNH� VWUXFWXUHV� LQ�

��6FDQQLQJ�HOHFWURQ�PLFURVFRSLF�VWXGLHV�VKRZHG�HDUO\�GHYHORSPHQWDO�VWDJH�RI�

��DFWLYH�FHOO�GLYLVLRQ�

�����0��



Ϯϱ�

,Q� SUHVHQW� ZRUN�� VRPDWLF� HPEU\RV� OLNH� VWUXFWXUHV� ZHUH� IRUPHG� ERWK� LQ� OHDI� DQG� LQWHUQRGDO�

H[SODQWV�ZLWKLQ����GD\V�RI�LQLWLDO�FXOWXULQJ�RQ�06�PHGLXP�IRUWLILHG�ZLWK�1$$�DQG�%$�VLQJO\�

DQG� LQ� FRPELQDWLRQ� ZLWK� HDFK� RWKHU�� 7KH� HPEU\RJHQLF� FDOOXV� SURJUHVVHG� WR� IRUP� JOREXODU�

VRPDWLF�HPEU\RV��ZKLFK�KDYH�UHJHQHUDWLRQ�SRWHQWLDO�RI�GHYHORSLQJ�SODQWOHWV��8SRQ�WUDQVIHU�RI�

HPEU\R� OLNH� VWUXFWXUHV� WR� EDVDO� 06� PHGLXP�� VKRRW� UHJHQHUDWLRQ� ZDV� REVHUYHG�� /HDVW�

LQGXFWLRQ�RI�VRPDWLF�HPEU\RV�ZDV�REVHUYHG�RQ�06�PHGLXP�FRQVLVWLQJ�RI�ORZ�FRQFHQWUDWLRQ�

RI� 1$$�� ZKHUHDV� KLJK� 1$$� FRQFHQWUDWLRQ� LQFUHDVHG� VRPDWLF� HPEU\R� LQGXFWLRQ� �7DEOH����

0D[LPXP� IUHTXHQF\� RI� VRPDWLF� HPEU\RV� ZDV� ������� IURP� OHDI� H[SODQW� DQG� ���� IURP�

LQWHUQRGDO�VHJPHQWV�RQ�06�PHGLXP�IRUWLILHG�ZLWK�1$$����0��DQG�%$����0��� ,QFUHDVH�LQ�

FRQFHQWUDWLRQ� RI� %$� DQG� NHHSLQJ� 1$$� FRQFHQWUDWLRQ� FRQVWDQW� ����0�� FDXVHV� GHFUHDVH�

LQIRUPDWLRQ� RI� VRPDWLF� HPEU\RV� LQ� H[SODQWV��0D[LPXP� LQLWLDWLRQ� RI� VRPDWLF� HPEU\RV� ZDV�

REVHUYHG� ZKHQ� FRQFHQWUDWLRQ� RI� 1$$� DQG� %$� ZDV� NHSW� VDPH�7KXV�� IRU� EHWWHU� UHVXOWV� WKH�

FRPELQDWLRQ� RI� F\WRNLQLQV� �%$�� ZLWK� DX[LQV� �1$$�� LV� QHFHVVDU\� IRU� LQLWLDWLQJ� VRPDWLF�

HPEU\RV��

7DEOH����(IIHFW�RI�1$$�DQG�%$�RQ�VRPDWLF�HPEU\RJHQHVLV� LQ� OHDI�DQG� LQWHUQRGDO�H[SODQWV�

WDNHQ�IURP�PLFURVKRRWV�RI�(XFDO\SWXV�WHUHWLFRUQLV��

6U��

1R��

3*5V�

FRPELQDWLRQ�

0HDQ�H[SODQW�VKRZLQJ�

VRPDWLF�HPEU\RJHQHVLV�

����

0HDQ�QXPEHU�RI�HPEU\RV�SHU�

H[SODQW�

1$$�

��0��

%$3�

��0��

/HDI� ,QWHUQRGH� /HDI� ,QWHUQRGH�

�� �� �� �E �F �G� �G

�� �� �� �E �F �G� �G

�� �� �� �E �F �G� �G

�� ��� �� �����DE �����DEF ����DE ���EFG

�� �� �� �����DE �����DEF ����FG �FG

�� �� �� �����DE �����DEF ����DEFG ����EFG

�� �� �� �����DE �����DE ���DEFG ����DEF

�� ��� �� �����DE �����D ����DEF ����DE

�� �� ���� �����DE �����DEF ����DEFG ����EFG

��� �� ���� ����E �����DEF ����EFG ����D

��� �� ���� �����DE �����DEF ����DEF ����EFG



Ϯϲ�

��� ��� ���� �����DE �����DEF �DEFG ����EFG

��� �� �� �E �F �G� �G

��� �� �� �����DE �����EF ����DEFG ����FG

��� �� �� �����D ��D �����D ����DEFG

��� ��� �� �E �F �G� �G

/HDI�DQG�,QWHUQRGHV�ZHUH�XVHG�DV�H[SODQWV�IURP����GD\V�ROG�PLFURVKRRWV�RI�(XFDO\SWXV�WHUHWLFRUQLV��'DWD�ZDV�UHFRUGHG�DIWHU�LQFXEDWLRQ�RI���

ZHHNV�DQG�ZDV�WKHQ�DQDO\VHG�E\�$129$��0HDQ�ZDV�FRPSDUHG�E\�'057�ZLWKLQ�FROXPQV��YDOXHV�IROORZHG�E\�VDPH�ORZHUFDVH�OHWWHU�DUH�QRW�

VLJQLILFDQW�DW�3?������

7KH� LQGXFWLRQ� RI� FDOOXV� DQG� W\SH� RI� FDOOXV� GHYHORSHG� RQ� H[SODQWV� �OHDI� DQG� LQWHUQRGHV��

GHSHQGV�XSRQ�FHUWDLQ�SK\VLFDO�DQG�FKHPLFDO�IDFWRUV��$PRQJ�DOO� WKH�IDFWRUV�RQH�RI� WKH�PRVW�

LPSRUWDQW�IDFWRU�LV�SODQW�JURZWK�UHJXODWRUV��,Q�WKLV�ZRUN�HIIHFW�RI�DX[LQV�DQG�F\WRNLQLQV�ZDV�

VWXGLHG�IRU�LQGXFLQJ�VRPDWLF�HPEU\RJHQHVLV��

06�PHGLXP�FRQWDLQLQJ�1$$��������0��XVHG�WR�FXOWXUH�H[SODQWV��7DEOH����DQG�IULDEOH�FDOOXV�

ZDV�REVHUYHG�LQ�OHDI�H[SODQW�ZKHUHDV�LQWHUQRGDO�H[SODQW�VKRZV�QR�UHVXOW�RI�FDOOXV�LQGXFWLRQ��

6DPH�UHVXOWV�ZHUH�REVHUYHG�IRU�OHDI�H[SODQWV�ZKHQ�����'�ZDV�VXSSOHPHQWHG�LQ�06�PHGLXP�

ZKHUHDV� IULDEOH� FDOOXV� ZDV� DOVR� REVHUYHG� LQ� LQWHUQRGDO� H[SODQWV� DOVR�� :KHQ� 1$$�

FRQFHQWUDWLRQ�ZDV� NHSW�KLJKHU� DQG�FRQVWDQW� �����0��DQG�����'� FRQFHQWUDWLRQ�ZDV�NHHS�RQ�

LQFUHDVLQJ�������0��WKH�IUHTXHQF\�RI�FDOOXV�LQGXFWLRQ�DOVR�NHSW�RQ�LQFUHDVLQJ��1RGXODU�FDOOXV�

ZDV�REVHUYHG�LQ�ERWK�H[SODQWV�ZKHQ�06�PHGLXP�ZLWK�1$$����DQG�����0��DQG�����'������

�0��ZDV�XVHG��7KH�PD[LPXP�IUHTXHQF\�RI�FDOOXV�LQLWLDWLRQ�REVHUYHG�ZDV������ZKHQ�KLJKHU�

FRQFHQWUDWLRQV�RI�SODQW�JURZWK�UHJXODWRUV�ZHUH�XVHG��
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)LJ� ��� *UDSKV� VKRZLQJ� FDOOXV� LQGXFWLRQ� RQ� H[SODQWV� �OHDI� DQG� LQWHUQRGH�� RI� (XFDO\SWXV� WHUHWLFRUQLV� XVLQJ� SODQW� JURZWK�
UHJXODWRUV��1$$�DQG�����'��VXSSOHPHQWHG�RQ�06�PHGLXP��

7DEOH����3ODQW�JURZWK�UHJXODWRUV�HIIHFW�RQ�FDOOXV�LQLWLDWLRQ�LQ�(XFDO\SWXV�WHUHWLFRUQLV�FXOWXUHG�

RQ�06�PHGLXP�ZLWK�GLIIHUHQW�FRQFHQWUDWLRQV�RI�1$$�DQG�����'��

6U��

1R�

3*5V�

FRPELQDWLRQ��

��FDOOXV�LQGXFWLRQ�IURP�

H[SODQWV�

�0HDQ���6(��

([SODQWV�VKRZLQJ�IULDEOH�

FDOOXV�

1$$�

��0�

����'��

��0��

/HDI� ,QWHUQRGH� /HDI� ,QWHUQRGH�

�� �� �� �������������� ������ )ULDEOH� ���

�� �� �� ������ ������ ��� ���

�� �� �� �������������� ������ )ULDEOH� ���

�� ��� �� �������������� ���������� )ULDEOH� ���

�� �� �� �������������� �������������� )ULDEOH� )ULDEOH�

�� �� �� �������������� �������� 1RGXODU� )ULDEOH�

�� �� �� ������������� �������� )ULDEOH� )ULDEOH�

�� ��� �� �������������� �������������� )ULDEOH� )ULDEOH�

�� �� ���� �������������� �������������� )ULDEOH� )ULDEOH�

��� �� ���� �������������� �������������� 1RGXODU� 1RGXODU�
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��� �� ���� �������� ���������� )ULDEOH� )ULDEOH�

��� ��� ���� �������������� �������� 1RGXODU� 1RGXODU�

��� �� �� �������������� �������������� )ULDEOH� )ULDEOH�

��� �� �� ���������� �������� 1RGXODU� )ULDEOH�

��� �� �� �������������� �������������� )ULDEOH� )ULDEOH�

��� ��� �� �������������� �������� 1RGXODU� 1RGXODU�

/HDI�DQG�,QWHUQRGHV�ZHUH�XVHG�DV�H[SODQWV�IURP����GD\V�ROG�PLFURVKRRWV�RI�(XFDO\SWXV�WHUHWLFRUQLV��7KH�GDWD�ZDV�UHFRUGHG�DIWHU�LQFXEDWLQJ�

IRU���ZHHNV�DQG�ZDV�DQDO\VHG�E\�*UDSK�SDG�SULVP��

([SODQWV��OHDI�DQG�LQWHUQRGDO�VHJPHQWV��ZHUH�FXOWXUHG�RQ�PHGLXP�WR�VWXG\�WKH�HIIHFW�RI�����'�

�������0��DQG�1$$�������0���7DEOH����DQG�REVHUYDWLRQ�ZDV�PDGH�DIWHU���ZHHNV�RI�FXOWXUH��

,QFUHDVH�LQ�FRQFHQWUDWLRQ�RI�����'�UHVXOWHG�LQ�LQFUHDVH�RI�FDOOXV�LQGXFWLRQ�IURP�OHDI�H[SODQWV��

ZKHUHDV�QR�FDOOXV�ZDV�LQLWLDWHG�RQ�LQWHUQRGDO�H[SODQWV��7KH�FRPELQDWLRQ�RI�����'�ZLWK�1$$��

LQFUHDVHV� WKH� IUHTXHQF\� RI� FDOOXV� LQGXFWLRQ�� ,W� ZDV� REVHUYHG� WKDW� ORZ� DX[LQ� FRQFHQWUDWLRQ�

UHVXOWHG�LQ�IULDEOH�FDOOXV��QRGXODU�FDOOXV�ZKLFK�ZDV�LQLWLDWHG�IURP�OHDI�H[SODQWV�RQ�06�PHGLXP�

VXSSOHPHQWHG�ZLWK�����'����DQG�����0��DQG�1$$���������0��LQ�OHDI�H[SODQWV��7KH�KLJKHVW�

IUHTXHQF\�RI�FDOOXV�ZDV�REVHUYHG�RQ�06�PHGLXP�VXSSOHPHQWHG�ZLWK���0�����'�DQG���0�

1$$�IURP�ERWK�OHDI�DQG�LQWHUQRGDO�H[SODQWV��

� � �� �� ��
�

��

���

���

3*5
V�FRPELQDWLRQ�LQ�OHDI
����'���1$$�

�
�F
DO
OX
V�

LQ
G
X
FW

LR
Q

� � �� �� ��
�

��

���

���

3*5
V�FRPELQDWLRQ�LQ�LQWHUQRGH
����'���1$$�

�
�F

DO
OX
V�

LQ
G
X
FW

LR
Q

)LJ� ��� *UDSKV� VKRZLQJ� FDOOXV� LQGXFWLRQ� RQ� H[SODQWV� �OHDI� DQG� LQWHUQRGH�� RI� (XFDO\SWXV� WHUHWLFRUQLV� XVLQJ� SODQW� JURZWK�

UHJXODWRUV������'�DQG�1$$��VXSSOHPHQWHG�RQ�06�PHGLXP�
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7DEOH����3ODQW�JURZWK�UHJXODWRUV�HIIHFW�RQ�FDOOXV�LQLWLDWLRQ�LQ�(XFDO\SWXV�WHUHWLFRUQLV�FXOWXUHG�

RQ�06�PHGLXP�ZLWK�GLIIHUHQW�FRQFHQWUDWLRQV�RI������'�DQG�1$$��

6U��

1R�

3*5V�

FRPELQDWLRQ�

��FDOOXV�LQGXFWLRQ�IURP�

H[SODQWV�

�0HDQ���6(��

([SODQWV�VKRZLQJ�IULDEOH�

FDOOXV�

����'��

��0�

1$$��

��0��

/HDI� ,QWHUQRGH� /HDI� ,QWHUQRGH�

�� �� �� ������ ����� )ULDEOH� )ULDEOH�

�� �� �� ������ ����� ��� ���

�� �� �� ������������ ����� )ULDEOH� ���

�� ��� �� ������ ����� )ULDEOH� ���

�� �� �� �������������� ����������� )ULDEOH� )ULDEOH�

�� �� �� �������������� �������� )ULDEOH� )ULDEOH�

�� �� �� ������������� ������������� )ULDEOH� )ULDEOH�

�� ��� �� �������������� �������� )ULDEOH� )ULDEOH�

�� �� ���� �������������� ������������ )ULDEOH� )ULDEOH�

��� �� ���� ������������� �������� 1RGXODU� )ULDEOH�

��� �� ���� �������� ������� )ULDEOH� )ULDEOH�

��� ��� ���� �������� ������� 1RGXODU� )ULDEOH�

��� �� �� �������� ������� 1RGXODU� )ULDEOH�

��� �� �� ������������� ������� )ULDEOH� )ULDEOH�

��� �� �� �������� ������� )ULDEOH� )ULDEOH�

��� ��� �� �������� ������� 1RGXODU� )ULDEOH�

/HDI�DQG�,QWHUQRGHV�ZHUH�XVHG�DV�H[SODQWV�IURP����GD\V�ROG�PLFURVKRRWV�RI�(XFDO\SWXV�WHUHWLFRUQLV��7KH�GDWD�ZDV�UHFRUGHG�DIWHU�LQFXEDWLQJ�

IRU���ZHHNV�DQG�ZDV�DQDO\VHG�E\�*UDSK�SDG�SULVP��

06�PHGLXP�FRQWDLQLQJ�%$��������0��DV�ZHOO�DV�����'�������0��LQ�FRPELQDWLRQ�ZLWK�HDFK�

RWKHU� �7DEOH� ��� ZLWK� VXFURVH� ����� ZKLFK� WR� WKH� IRUPDWLRQ� RI� IULDEOH� FDOOXV�� ,QFUHDVH� LQ�

FRQFHQWUDWLRQ� RI� ERWK�%$�DQG�����'� � LQ�06�PHGLXP� LQFUHDVHV� WKH� SHUFHQW� FDOOXV� LQLWLDWLRQ�

IURP� WKH�H[SODQWV��2Q�06�PHGLXP� VXSSOHPHQWHG�ZLWK� DOO� FRPELQDWLRQV� RI�%$� �������0���

FDOORJHQHVLV�ZDV� REVHUYHG� EXW� WKH�PD[LPXP� IUHTXHQF\� RI� FDOOXV� LQGXFWLRQZDV� REVHUYHG� DW�

ORZHU�FRQFHQWUDWLRQ�RI�%$�LQ�FRPSDUDWLYH�WR�KLJKHU�FRQFHQWUDWLRQ��'LIIHUHQWLDO�UHVSRQVH�IURP�

ERWK� H[SODQWV�ZDV� REVHUYHG��:LWK� LQFUHDVH� LQ� ����'� LQ�06�PHGLXP�� FDOOXV� LQGXFWLRQ� IURP�

LQWHUQRGDO� VHJPHQWV� ZDV� GHFUHDVHG� ZKHUHDV� LQ� OHDI� H[SODQWV�� LQFUHDVHG� FDOORJHQHVLV� ZDV�
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REVHUYHG�ZLWK�LQFUHDVHG�DX[LQ�OHYHOV��0D[LPXP�IUHTXHQF\�RI�FDOOXV�LQGXFWLRQ�ZDV�REVHUYHG�

RQ�PHGLXP�VXSSOHPHQWHG�ZLWK�KLJKHU�FRQFHQWUDWLRQ�RI�%$������0��DQG�����'�������0����
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)LJ� ��� *UDSKV� VKRZLQJ� FDOOXV� LQGXFWLRQ� RQ� H[SODQWV� �OHDI� DQG� LQWHUQRGH�� RI� (XFDO\SWXV� WHUHWLFRUQLV� XVLQJ� SODQW� JURZWK�

UHJXODWRUV��%$�DQG�����'��VXSSOHPHQWHG�RQ�06�PHGLXP�

7DEOH����3ODQW�JURZWK�UHJXODWRUV�HIIHFW�RQ�FDOOXV�LQLWLDWLRQ�LQ�(XFDO\SWXV�WHUHWLFRUQLV�FXOWXUHG�

RQ�06�PHGLXP�ZLWK�GLIIHUHQW�FRQFHQWUDWLRQV�RI�%$3�DQG������'��

6U��

1R�

3*5V�

FRPELQDWLRQ�

��FDOOXV�LQGXFWLRQ�IURP�

H[SODQWV�

�0HDQ���6(��

([SODQWV�VKRZLQJ�IULDEOH�

FDOOXV�

%$3�

��0�

����'��

��0��

/HDI� ,QWHUQRGH� /HDI� ,QWHUQRGH�

�� �� �� ������������� ����������� )ULDEOH� )ULDEOH�

�� �� �� �������������� ������������� )ULDEOH� )ULDEOH�

�� �� �� ������� �������� )ULDEOH� )ULDEOH�

�� ��� �� ������������� �������������� )ULDEOH� )ULDEOH�

�� �� �� ������������� �������������� )ULDEOH� )ULDEOH�

�� �� �� �������������� �������� )ULDEOH� )ULDEOH�

�� �� �� �������� ������������� )ULDEOH� )ULDEOH�

�� ��� �� �������������� ����������� )ULDEOH� )ULDEOH�

�� �� ���� ����������� ������������� )ULDEOH� )ULDEOH�
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��� �� ���� ������������� ������������� )ULDEOH� )ULDEOH�

��� �� ���� �������� �������� )ULDEOH� )ULDEOH�

��� ��� ���� �������� ������������� )ULDEOH� )ULDEOH�

��� �� �� ������ ������ ��� ���

��� �� �� ������������� �������������� )ULDEOH� )ULDEOH�

��� �� �� �������� �������� )ULDEOH� )ULDEOH�

��� ��� �� �������� �������� )ULDEOH� )ULDEOH�

/HDI�DQG�,QWHUQRGHV�ZHUH�XVHG�DV�H[SODQWV�IURP����GD\V�ROG�PLFURVKRRWV�RI�(XFDO\SWXV�WHUHWLFRUQLV��7KH�GDWD�ZDV�UHFRUGHG�DIWHU�LQFXEDWLQJ�

IRU���ZHHNV�DQG�ZDV�DQDO\VHG�E\�*UDSK�SDG�SULVP��

7KH�HIIHFW�RI�%$�DQG�����'�VLQJO\�DQG�LQ�FRPELQDWLRQ�ZLWK�HDFK�RWKHU�ZDV�DOVR�H[DPLQHG�RQ�

H[SODQWV�RI�(��WHUHWLFRUQLV��$OWKRXJK��SDOH�\HOORZ�FRORXUHG�IULDEOH�FDOOXV�ZDV�REVHUYHG�LQ�DOO�

FRPELQDWLRQV�RI�%$�DQG�����'��EXW�� �KLJKHU�FRQFHQWUDWLRQ�RI�%$�����0��DQG�����'����0��

UHVXOWHG�LQ�LQFUHDVHG��FDOOXV�LQGXFWLRQ��

7KH�HIIHFWV�RI�DX[LQV��1$$�DQG�����'��ZHUH�H[DPLQHG�DORQH�DQG�LQ�FRPELQDWLRQ�ZLWK�HDFK�

RWKHU� DQG� LQGXFWLRQ� RI� FDOOXV� ZDV� REVHUYHG�� 7KH� FDOOXV� ZDV� IULDEOH� DQG� SDOH� \HOORZLVK� LQ�

FRORXU�ZKHUHDV�LQ�IHZ�FRPELQDWLRQV�FRPSDFW�FDOOXV�ZDV�DOVR�REVHUYHG�ZKLFK�ZDV�JUHHQLVK�LQ�

FRORXU�DQG�PD[LPXP�IUHTXHQF\�IRU�LQGXFLQJ�FDOOXV�ZDV�REVHUYHG�DW�KLJKHU�FRQFHQWUDWLRQ�RI�

1$$�DQG�����'��

7KH�EHVW� UHVXOWV� IRU� LQLWLDWLRQ�RI� VRPDWLF�HPEU\RV�ZHUH�REVHUYHG�DW�YDULRXV�FRPELQDWLRQ�RI�

1$$�ZLWK�%$��+LVWRORJLFDO�VWXGLHV�SURYHG�WKDW�WKH�REVHUYHG�VDPSOHV�ZHUH�VRPDWLF�HPEU\RV�

DV� GHYHORSPHQWDO� JOREXODU� VKDSHG� VWDJH�ZDV� REVHUYHG��([SODQWV� GLIIHUHQWLDWHG� LQWR� VRPDWLF�

HPEU\RV�ZHUH�WUDQVIHUUHG�RQ�06�PHGLXP�VXSSOHPHQWHG�ZLWK�%$�����0��DQG�*$������0��IRU�

JHUPLQDWLRQ� RI� HPEU\RV� LQWR� SODQWOHWV�� 6KRRW� UHJHQHUDWLRQ�ZDV� REVHUYHG� IURP� HPEU\R� OLNH�

VWUXFWXUHV��
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$ELOLW\� RI� D� VRPDWLF� FHOO� WR� GLIIHUHQWLDWH� LQWR� VRPDWLF� HPEU\R� LV� NQRZQ� DV� VRPDWLF�

HPEU\RJHQHVLV� �9HUGHLO� HW� DO�� ������� 6RPDWLF� HPEU\RV� SURGXFHG� GXULQJ� HPEU\RJHQHVLV�

SDWKZD\�KDYH�WKH�DELOLW\�WR�JHUPLQDWH�LQWR�ZKROH�SODQWV��,W�LV�WKH�FRPPRQO\�XVHG�SURWRFRO�IRU�

FRQVHUYDWLRQ� RI� PDQ\� WUHHV� �-DLQ�� ������ *HUPDQD� DQG� /DPEDUGL�� ������� 6RPDWLF�

HPEU\RJHQHVLV�KDV�EHHQ�ZLGHO\� UHSRUWHG�LQ�PDQ\�SODQWV� LQFOXGLQJ�(XFDO\SWXV� �$UH]NL�HW�DO��

������ 'LED[� HW� DO�� ������ %DUUXHWR� HW� DO�� ������ 0XOOLQV� HW� DO�� ������ 0XUDOLGKDUDQ� DQG�

0DVFDUHQKDV�� ������ 3UDNDVK� DQG� *XUXPXUWKL�� ������ 7RXUQLHU� HW� DO�� ������ 3LQWR� HW� DO��

����D%DQG\RSDGK\D\�HW�DO��������0HUNOH�HW�DO���������

,Q�PDQ\�(XFDO\SWXV�VSHFLHV�VXFK�DV�(��JUDQGLV��(��QLWHQV��(��JOREXOXV��(��GXQQLL��(��FLWLRUGLD��

(XFDO\SWXV� FDPDOGXOHQVLV�� LQLWLDWLRQ� RI� VRPDWLF� HPEU\RV� KDV� EHHQ� UHSRUWHG� IURP� YDULRXV�

H[SODQWV�VXFK�DV�]\JRWLF�HPEU\RV��VHHGV�DQG�WKHLU�IUDJPHQWV��DQWKHU�ILODPHQW��VKRRW�PHULVWHP��

SHWLROHV�� OHDYHV�� URRWV�� VHHGV�� FRW\OHGRQV� �$UH]NL� HW� DO�� ������ %DUUXHWRHW� DO�� ������ 7KRUSH��

�����*DM��������0XUDOLGKDUDQ�HW�DO��������3UDNDVK�DQG�*XUXPXUWKL��������������3LQWR�HW�DO��

����������E��/H�5RX[�HW�DO��������/DNVKPL�HW�DO��������:DWW�HW�DO��������.DXU�HW�DO���������

%XW� LQ� FDVH� RI� (�� WHUHWLFRUQLV�� VRPDWLF� HPEU\R� LQGXFWLRQ� KDV� EHHQ� UHSRUWHG� RQO\� IURP�

LPPDWXUH� ]\JRWLF� HPEU\RV� �3UDNDVK� DQG� *XUXPXUWKL�� ������*HQHUDOO\�� VRPDWLF� HPEU\R�

LQGXFWLRQ� LV� DFKLHYHG� LQ� WZR� VWDJHV�� ILUVWO\� FDOOXV� LV� LQGXFHG� IURP� WKH� H[SODQWV� DQG� WKHQ�

VRPDWLF� HPEU\RV� GLIIHUHQWLDWH� IURP� FDOOXV� �.XPDU� HW� DO�� ������9DVLO�� ������ &DQKRWR� HW� DO��

�������������6RPDWLF�HPEU\RJHQHVLV�LV�UHSRUWHG�WR�EH�DIIHFWHG�E\�PDQ\�IDFWRUV��'LED[�HW�DO��

������&RUUHGRLUD�HW�DO��������6XEEDLDK�DQG�0LQRFKD��������0HUNOH�DQG�'HDQ��������7KRUSH��

������ *LUL� HW� DO�� ������$PRQJ� DOO� RWKHU� IDFWRUV�� SODQW� JURZWK� UHJXODWRUV� �3*5V�� SOD\� DQ�

LPSRUWDQW�UROH�LQ�LQGXFLQJ�FDOOXV�DQG�VRPDWLF�HPEU\RJHQHVLV��7KH\�LQIOXHQFH�PRUSKRJHQHVLV�

DQG�GHYHORSPHQW�RI�WLVVXH�FHOO�XQGHU�ERWK�WLVVXH�FXOWXUH�DQG�QDWXUDO�FRQGLWLRQV��1DQGL�HW�DO��

������7LZDUL�HW�DO��������<X�DQG�:HL���������,W�ZDV�ZHOO�GRFXPHQWHG�WKDW�SUHVHQFH�RI�3*5V��

HVSHFLDOO\� DX[LQV� LQ� WKH� HPEU\RJHQHVLV� PHGLXP� UHVXOW� LQ� DQ� LQFUHDVH� LQ� HQGRJHQRXV� DX[LQ�

OHYHOV��ZKLFK�SOD\V�YLWDO�UROH�LQ�VRPDWLF�HPEU\R�LQGXFWLRQ��*DM��������-LPHQH]���������,W�KDV�

EHHQ�UHSRUWHG�WKDW�DX[LQV�DQG�F\WRNLQLQV�SUHVHQW� LQ�PHGLXP�HLWKHU�VLQJO\�RU� LQ�FRPELQDWLRQ�

ZLWK� HDFK� RWKHU� KHOS� LQ� UHDFWLYDWLQJ� WKH� FHOO� F\FOH� DQG� LQLWLDWH� VRPDWLF� HPEU\R� IRUPDWLRQ�

�7KRUSH�� ������� ,Q� WKH� SUHVHQW� VWXG\�� WKH� HIIHFW� RI� 3*5V� QDPHO\� 1$$�� %$� DQG� ����'� RQ�

LQGXFWLRQ�RI�VRPDWLF�HPEU\RV�IURP� OHDI�DQG� LQWHUQRGDO�VHJPHQWV� WDNHQ�IURP�PLFURVKRRWV�RI�
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(XFDO\SWXV� WHUHWLFRUQLV�ZDV� VWXGLHG�� $OO� WKH� H[SHULPHQWV� ZHUH� FDUULHG� RXW� RQ�06�PHGLXP�

VXSSOHPHQWHG�ZLWK�YDULRXV�DX[LQV�DQG�F\WRNLQLQV��,W�ZDV�REVHUYHG�WKDW�KLJKHU�FRQFHQWUDWLRQ�

RI�%$�DQG�1$$�����0��OHG�WR�WKH�GHYHORSPHQW�RI�VRPDWLF�HPEU\R�OLNH�VWUXFWXUHV�IURP�ERWK�

H[SODQWV� �OHDI�DQG� LQWHUQRGDO�VHJPHQWV���6LPLODU� UHVXOWV�KDYH�DOUHDG\�EHHQ�UHSRUWHG� LQ�PDQ\�

(XFDO\SWXV� VSHFLHV� VXFK� DV� (�� JUDQGLV�� (�� JOREXOXV�� (�QLWHQV� DQG� (�� JXQQLLZKHUH� VRPDWLF�

HPEU\RV�ZHUH�LQGXFHG�IURP�H[SODQWV� OLNH�K\SRFRW\O�� OHDYHV�� LQWHUQRGHV�HWF��RQ�06�PHGLXP�

VXSSOHPHQWHG� ZLWK� ���� PJO��� FRQFHQWUDWLRQ� RI� %$� �/DNVKPL�� ������ %RXOD\�� ������

%DQG\RSDGK\D\�HW�DO���������

,W�ZDV�LQWHUHVWLQJ�WR�QRWH�WKDW�WKH�SUHVHQFH�RI�1$$�LQ�06�PHGLXP�OHDGV�WR�WKH�GLIIHUHQWLDWLRQ�

RI�SDOH�\HOORZ�FRORXUHG�IULDEOH�FDOOXV�IURP�WKH�H[SODQWV��,W�ZDV�REVHUYHG�WKDW�WKLV�FDOOXV�GRHV�

QRW� GLIIHUHQWLDWH� LQWR� VRPDWLF� HPEU\RV�� )XUWKHU�� ZKHQ� 1$$� ZDV� SUHVHQW� LQ� PHGLXP� LQ�

FRPELQDWLRQ�ZLWK� %$�� VRPDWLF� HPEU\R� LQGXFWLRQ�ZDV� REVHUYHG�� $� VLPLODU� REVHUYDWLRQ� KDV�

EHHQ� UHSRUWHG� (�� WHUHWLFRUQLV�� ZKHUH� ]\JRWLF� HPEU\R� WLVVXH� ZDV� XVHG� IRU� VRPDWLF� HPEU\R�

LQGXFWLRQ�RQ�06�PHGLXP�VXSSOHPHQWHG�ZLWK�1$$�DQG�%$��3UDNDVK�DQG�*XUXPXUWKL��������

/LNH�1$$��WKH�SUHVHQFH�RI�����'�LQ�PHGLXP�DOVR�UHVXOW�LQ�FDOOXV�LQGXFWLRQ��,W�ZDV�REVHUYHG�

WKDW� KLJKHU� FRQFHQWUDWLRQ� RI� 1$$� DQG� ORZHU� FRQFHQWUDWLRQ� RI� ����'�� ZKHQ� XVHG� LQ�

FRPELQDWLRQ� ZLWK� HDFK� RWKHU� LQGXFHV� QRGXODU� FDOOXV� IURP� H[SODQWV� ZKHUHDV� RWKHU�

FRPELQDWLRQV�OHDGV�WR�IULDEOH�FDOOXV�LQGXFWLRQ��'LIIHUHQFH�LQ�UHVSRQVH�RI�H[SODQWV�WR�PHGLXP�

FRPELQDWLRQ�ZDV�REVHUYHG�GXULQJ�WKH�VWXG\��$OWKRXJK��IULDEOH�FDOOXV�ZDV�REVHUYHG�IURP�OHDI�

H[SODQWV� RI� (�� WHUHWLFRUQLV� RQ� PHGLXP� VXSSOHPHQWHG� ZLWK� ����'� EXW� QR� FDOORJHQHVLV� ZDV�

REVHUYHG�IURP�LQWHUQRGDO�H[SODQWV�RQ�VDPH�PHGLXP�FRPELQDWLRQV��7KHVH�UHVXOWV�ZHUH�LQ�OLQH�

ZLWK� SUHYLRXV� VWXGLHV� ZKHUH� OHDI� H[SODQWV� ZHUH� FXOWXUHG� RQ� ����'� ULFK� PHGLXP� WR� LQGXFH�

FDOOXV��-D\D6UHH�HW�DO���������

)XUWKHU�� LQ� WKH�SUHVHQW� VWXG\� LW�ZDV�REVHUYHG� WKDW�DOO�FRPELQDWLRQV�RI�%$�DQG�����'� LQGXFH�

IULDEOH� FDOOXV��:KHUHDV�PD[LPXP� IUHTXHQF\�RI� LQGXFWLRQ� RI� IULDEOH� FDOOXV�ZDV� REVHUYHG� RQ�

06�PHGLXP� VXSSOHPHQWHG� ZLWK� KLJKHU� FRQFHQWUDWLRQ� RI� %$� ���0�� DQG�RU� LQ� FRPELQDWLRQ�

ZLWK� ����'� �������0���+RZHYHU�� WKLV� FDOOXV� GLG� QRW� GLIIHUHQWLDWH� LQWR� VRPDWLF� HPEU\RV�� ,Q�

FRQWUDVW� WR� WKH� SUHVHQW� REVHUYDWLRQV�� GLUHFW� VRPDWLF� HPEU\RJHQHVLV� KDV� EHHQ� UHSRUWHG� IURP�

K\SRFRW\OV� RI� (�� FDPDOGXOHQVLV� FXOWXUHG� RQ� 06� PHGLXP� VXSSOHPHQWHG� ZLWK� %$� ZLWKRXW�

FDOORJHQHVLV��*LULMDVKDQNDU��������,Q�WKH�SUHVHQW�VWXG\��HPEU\R�OLNH�ERGLHV�ZKHQ�WUDQVIHUUHG�

RQ� WR�06�PHGLXP�FRQWDLQLQJ�%$�����0��DQG�*$�� ����0��JHUPLQDWHG� LQWR�VKRRWV�ZLWKLQ���

ZHHNV��7KH� XVH� RI� DX[LQ� IUHH�PHGLXP� WR� FRQYHUW� VRPDWLF� HPEU\RV� LQWR� FRPSOHWH� SODQW� KDV�

EHHQ� UHSRUWHG� LQ� PDQ\� SODQWV� �.DXU� HW� DO�� ������ .KLOZDQLHW� DO�� ������ 6KDUPD� DQG�
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5DPDPXUWK\��������-D\D6UHH�HW�DO���������,W�KDV�EHHQ�UHSRUWHG�WKDW�JLEEHUOLF�DFLG��*$���SOD\V�

LPSRUWDQW�UROH�LQ�FHOO�HORQJDWLRQ�ZKHUHDV�%$�KHOSV�LQ�FHOO�GLYLVLRQ��3LQWR�HW�DO������������E���

,Q� VHYHUDO� (XFDO\SWXV� VSHFLHV�� VXFK� DV�� (�� FDPDOGXOHQVLV�� (�� FLWULRGRUD�� (�� JUDQGLVDQG� (��

WHUHWLFRUQLV�VLPLODU�VWXGLHV�KDV�EHHQ�UHSRUWHG�ZKHUH�SODQW�UHJHQHUDWLRQ�ZDV�REVHUYHG�RQ�06�

PHGLXP� FRQWDLQLQJ� KLJKHU� FRQFHQWUDWLRQ� RI� *$�� �*LULMDVKDQNDU�� ������ 0XUDOLGKDUDQ� DQG�

0DVFDUDQKDV��������:DWW�HW�DO��������3LQWR�HW�DO������������F��7ULQGDGH��������3UDNDVK�DQG�

*XUXPXUWKL�� ������ �� ,W�ZDV� UHSRUWHG� WKDW� WKH� SUHVHQFH� RI� DX[LQV� LQ� WKH�PHGLXP� LQKLELW� WKH�

PDWXUDWLRQ�RI�VRPDWLF�HPEU\RV��WKXV�WKHLU�JHUPLQDWLRQ��3UDNDVK�DQG�*XUXPXUWKL����������

6RPDWLF�HPEU\RV� OLNH� VWUXFWXUHV�GHYHORSHG� IURP� OHDI�DQG� LQWHUQRGDO� VHJPHQWV�ZHUH� VWXGLHG�

WKURXJK� KLVWRORJLFDO� DQG� VFDQQLQJ� HOHFWURQ� PLFURVFRSLF� VWXGLHV�� 6RPDWLF� HPEU\RV� ZHUH�

REVHUYHG� WR� SURJUHVV� WKURXJK� JOREXODU�� KHDUW� VKDSHG�� WRUSHGR� VKDSHG� WR� FRW\OHGRQDU\� VWDJH�

ZKLFK�FDQ�GHYHORS�LQWR�ZKROH�SODQW��7KH�SUHVHQW�VWXG\�VKRZHG�HDUO\�GHYHORSPHQWDO�VWDJHV�RI�

VRPDWLF� HPEU\RJHQHVLV�� 6LPLODU� UHVXOWV� KDYH� EHHQ� HDUOLHU� REVHUYHG� LQ�

%DFRSDPRQQLHUL�.KLOZDQL�HW�DO���������

3UHVHQW� VWXG\� GHPRQVWUDWHV� WKH� LQGXFWLRQ� RI� VRPDWLF� HPEU\RJHQHVLV� RQ� 06� PHGLXP�

VXSSOHPHQWHG�ZLWK�%$�DQG�1$$��$FFRUGLQJ�WR�EHVW�RI�RXU�NQRZOHGJH��WKLV�LV�WKH�ILUVW�VWXG\�

GHVFULELQJ�VRPDWLF�HPEU\R� LQGXFWLRQ� IURP� WLVVXH�WDNHQ�IURP�PDWXUH�VHOHFWHG�HOLWH�SODQWV�RI�

(XFDO\SWXV� WHUHWLFRUQLV��7KH� LQGXFWLRQ�RI� VRPDWLF� HPEU\RJHQHVLV� IURP� WKH� H[SODQWV� �OHDYHV�

DQG� LQWHUQRGHV�� RI�(XFDO\SWXV� WHUHWLFRUQLV�RSHQV� D� QHZ� URDG� WR� RYHUFRPH� WKH� SUREOHPV� RI�

VORZ� VHHG� JHUPLQDWLRQ��$FFRUGLQJ� WR� 3DUN� HW� DO�� ������� VRPDWLF� HPEU\RJHQHVLV� LV� FKHDSHU�

PHWKRG� WKDQ� RWKHU� FORQDO� SURSDJDWLRQ� WHFKQLTXHV�� 6RPDWLF� HPEU\RJHQHVLV� RIIHUV� SRVVLEOH�

ZD\V�RI�PDVV�PXOWLSOLFDWLRQ�RI�SODQWV�LQ�OHVV�WLPH�GXUDWLRQ�DQG�DOVR�KHOSV�LQ�SUHVHUYLQJ�ODUJH�

QXPEHU�RI�JHQRW\SHV�LQ�FRQILQHG�VSDFH��7KXV��VFDOH�XS�RI�SODQW�SURSDJDWLRQ�EHFRPH�HDVLHU��
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&21&/86,21

,Q� WKLV� VWXG\�WKH�HIIHFW�RI�SODQW�JURZWK� UHJXODWRUV� VXFK�DV�����'��%$�DQG�1$$�RQ�VRPDWLF�

HPEU\RJHQHVLV�IURP�OHDI�DQG�LQWHUQRGDO�H[SODQWV�WDNHQ�IURP����GD\V�ROG�PLFURVKRRWV�RI�HOLWH�

FORQH�µ7�¶�RI�(XFDO\SWXV�WHUHWLFRUQLV�ZDV�VWXGLHG��6DOLHQW�REVHUYDWLRQV�RI�WKH�VWXG\�DUH�JLYHQ�

EHORZ�

x 06�PHGLXP�VXSSOHPHQWHG�ZLWK���0�1$$�DQG����0�%$�UHVXOWHG�LQ�PD[LPXP�VRPDWLF�

HPEU\RV�LQGXFWLRQ�IURP�ERWK�OHDI�DQG�LQWHUQRGDO�H[SODQWV��

x $OWKRXJK�� SUHVHQFH� RI� ����'� LQ� WKH� PHGLXP� IDLOV� WR� LQGXFH� VRPDWLF� HPEU\RV� LQ� DOO�

H[SODQWV�RI�(XFDO\SWXV�WHUHWLFRUQLV��EXW�DQRWKHU�DX[LQ�1$$�DORQH�RU�LQ�FRPELQDWLRQ�ZDV�

DEOH�WR�LQGXFH�VRPDWLF�HPEU\RV�LQ�OHDI�H[SODQWV�DQG�LQWHUQRGDO�H[SODQWV��

x (DUO\� GHYHORSPHQWDO� VWDJHV� RI� VRPDWLF� HPEU\RV� ZHUH� REVHUYHG� RQ� 06� PHGLXP�

VXSSOHPHQWHG� ZLWK� %$� DQG� 1$$�� 8SRQ� WUDQVIHU� RI� WKHVH� HPEU\RV� WR� 06� PHGLXP�

VXSSOHPHQWHG�ZLWK�*$�����0��DQG�%$����0���JHUPLQDWLRQ�ZDV�REVHUYHG��

x +LJK� OHYHO�RI�%$� �����0��DQG���� ��'� ����0�� LQGXFHV� IULDEOH� FDOOXV� �$OWKRXJK��KLJKHU�

FRQFHQWUDWLRQ�RI�1$$�DQG�ORZ�FRQFHQWUDWLRQ�RI������'�OHDGV�WR�WKH�LQGXFWLRQ�RI�QRGXODU�

FDOOXV� IURP� OHDI� H[SODQWV� ZKHUHDV� IRU� FDOOXV� LQGXFWLRQ� IURP� LQWHUQRGDO� H[SODQWV�� ORZ�

FRQFHQWUDWLRQ�RI�1$$�DQG�KLJKHU�FRQFHQWUDWLRQ�RI������'�ZDV�IRXQG�WR�EH�HVVHQWLDO��

7KXV��IURP�WKLV�VWXG\�LW�ZDV�FRQFOXGHG�WKDW�SODQW�JURZWK�UHJXODWRUV�SOD\V�DQ�LPSRUWDQW�UROH�LQ�

LQGXFLQJ�VRPDWLF�HPEU\RV�DV�ZHOO�DV�FDOOXV�IURP�OHDI�DQG�LQWHUPRGDO�H[SODQWV�RI�(XFDO\SWXV�

WHUHWLFRUQLV�� ,W� ZDV� REVHUYHG� WKDW� DQ� RSWLPLVHG� FRQFHQWUDWLRQ� RI� DX[LQ� DQG� F\WRNLQLQ� IRU�

VRPDWLF� HPEU\RJHQHVLV� ZDV� UHTXLUHG�� )XUWKHU� WKH� GHYHORSHG� HPEU\RV� OLNH� VWUXFWXUH� ZHUH�

WUDQVIHUUHG� WR� JHUPLQDWLRQ� PHGLXP� ZKLFK� ZDV� IUHH� RI� DX[LQV� RU� FRQWDLQ� YHU\� OHVV�

FRQFHQWUDWLRQ�RI�DX[LQV�ZKLFK�KHOSV�LQ�JHUPLQDWLRQ�RI�HPEU\RV�LQWR�IXOO\�GHYHORSHG�SODQWOHWV��
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$33(1',;

7DEOH���0XUDVKLJH�DQG�6NRRJ��06��PHGLD��������FRPSRVLWLRQ��

6��1R�� &RPSRQHQWV� &RQFHQWUDWLRQ�

0DFURQXWULHQWV��PJ�O��

��� $PPRQLXP�1LWUDWH��1+�12��� �����

��� 3RWDVVLXP�1LWUDWH��.12��� �����

��� &DOFLXP�&KORULGH��&D&O���+�2�� ����

��� 0DJQHVLXP�6XOIDWH��0J62���+�2�� ����

��� 3RWDVVLXP�3KRVSKDWH��.+�32��� ����

0LFURQXWULHQWV��PJ�O��

��� 0DQJDQHVH�6XOIDWH��0Q62��+�2�� �����

��� =LQF�6XOIDWH��=Q62���+�2�� ����

��� %RULF�$FLG��+�%2��� ����

��� 3RWDVVLXP�,RGLGH��.,�� �����

���� 6RGLXP�0RO\EGDWH��1D�0R2���+�2�� �����

���� &XSULF�6XOIDWH��&X62���+�2�� ������

���� &REDOW�&KORULGH��&R&O���+�2�� ������

9LWDPLQV��PJ�PO��

���� 1LFRWLQLF�DFLG� ����

���� 3\ULGR[LQH�+&/� ����

���� 7KLDPLQH�+&O� ����

���� 7KLDPLQH�+&O� ��

)UHVKO\�DGGHG�FRPSRQHQWV��J�O��

���� 0\R�LQRVLWRO� ����

���� 6XFURVH� ���

���� $JDU� �����
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7DEOH����7%$�VHULHV�IROORZHG�IRU�GHK\GUDWLQJ�VHOHFWHG�SODQW�VDPSOH��

6U��

1R��

5HFWLILHG�DOFRKRO��PO�� W�EXW\O�DOFRKRO�

�7%$���PO��

:DWHU��PO�� 7LPH��KU��

��� ��� ��� ��� ����

��� �����IHZ�GURSV�RI�(RVLQ ��� ��� ����

��� ��� ��� ��� ����

��� ��� ��� �� ����

��� ��� ��� �� ����

��� �� ���� �� ����
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&+$37(5���������������������������������������������������������������������������������5()(5(1&(6

�� $JJDUZDO��'���-DLVZDO��1���.XPDU��$���	�5HGG\��0��6����������)DFWRUV�DIIHFWLQJ�JHQHWLF�

WUDQVIRUPDWLRQ�DQG�VKRRW�RUJDQRJHQHVLV�RI�%DFRSDPRQQLHUL��/���:HWWVW��-RXUQDO�RI�SODQW�

ELRFKHPLVWU\�DQG�ELRWHFKQRORJ\������������������

�� $JJDUZDO��'���.XPDU��$���	�5HGG\��0��6����������6KRRW�RUJDQRJHQHVLV�LQ�HOLWH�FORQHV�RI�

(XFDO\SWXV�WHUHWLFRUQLV��3ODQW�&HOO��7LVVXH�DQG�2UJDQ�&XOWXUH�����������������

�� $JJDUZDO��'���.XPDU��$���	�5HGG\��0��6����������$JUREDFWHULXP�WXPHIDFLHQV�PHGLDWHG�

JHQHWLF� WUDQVIRUPDWLRQ� RI� VHOHFWHG� HOLWH� FORQH� �V�� RI� (XFDO\SWXV�

WHUHWLFRUQLV��$FWD3K\VLRORJLDH3ODQWDUXP��������������������

�� $JJDUZDO�� '��� .XPDU�� $��� 6KDUPD�� -��� 	� 5HGG\�� 0�� 6�� �������� )DFWRUV� DIIHFWLQJ�

PLFURSURSDJDWLRQ�DQG�DFFOLPDWL]DWLRQ�RI�DQ�HOLWH�FORQH�RI�(XFDO\SWXV�WHUHWLFRUQLV�6P��,Q�

9LWUR�&HOOXODU�	�'HYHORSPHQWDO�%LRORJ\�3ODQW������������������

�� $QGUDGH�� *��� 6KDK�� 5��� -RKDQVVRQ�� 6��� 3LQWR�� *��� 	(JHUWVGRWWHU�� 8�� ������� 6RPDWLF�

(PEU\RJHQHVLV� DV� D� WRRO� IRU� IRUHVW� WUHH� LPSURYHPHQW�� D� FDVH� VWXG\� LQ� (XFDO\SWXV�

JOREXOXV�9RO�����,Q�%0&�3URFHHGLQJV�����

�� %DQG\RSDGK\D\�� 6��� &DQH�� .��� 5DVPXVVHQ�� *���	�+DPLOO�� -�� '�� �������� (IILFLHQW� SODQW�

UHJHQHUDWLRQ� IURP� VHHGOLQJ� H[SODQWV� RI� WZR� FRPPHUFLDOO\� LPSRUWDQW� WHPSHUDWH� HXFDO\SW

VSHFLHV±(XFDO\SWXV�QLWHQV�DQG�(��JOREXOXV��3ODQW�6FLHQFH�������������������

�� &LG��/�� 3��%���0DFKDGR��$��&���&DUYDOKHLUD��6��%���	%UDVLOHLUR��$��&��0�� �������� 3ODQW�

UHJHQHUDWLRQ� IURP� VHHGOLQJ� H[SODQWV� RI� (XFDO\SWXV� JUDQGLVî� (�� XURSK\OOD��3ODQW� &HOO��

7LVVXH�DQG�2UJDQ�&XOWXUH�����������������

�� %HQQHWW�� ,�� -���0F&RPE�� -��$���7RQNLQ��&��0���	0F'DYLG��'��$�� -�� ��������$OWHUQDWLQJ�

F\WRNLQLQV� LQ� PXOWLSOLFDWLRQ� PHGLD� VWLPXODWHV� LQ�YLWUR� VKRRW� JURZWK� DQG� URRWLQJ� RI�

(XFDO\SWXV�JOREXOXV/DELOO��$QQDOV�RI�%RWDQ\����������������

�� %RHU�� (��� �������� (XFDO\SWXV� WHUHWLFRUQLV� -�(�� 6PLWK�� ,Q�� )DULGDK+DQXP�� ,�� 	� YDQ� GHU�

0DHVHQ�� /�-�*��� 3ODQW� 5HVRXUFHV� RI� 6RXWK�(DVW� $VLD� 1R� ����$X[LOLDU\� SODQWV�%DFNKX\V�

3XEOLVKHUV��/HLGHQ��1HWKHUODQGV�����±�����

��� %RO]D�� (��� 	� .HDWLQJ�� :�� *�� �������� $IULFDQ� WLPEHUV�WKH� SURSHUWLHV�� XVHV� DQG�

FKDUDFWHULVWLFV�RI�����VSHFLHV��$IULFDQ�WLPEHUV�WKH�SURSHUWLHV��XVHV�DQG�FKDUDFWHULVWLFV�RI�

����VSHFLHV��'LYLVLRQ�RI�%XLOGLQJ�5HVHDUFK��&6,52��0HOERXUQH��$XVWUDOLD�������

��� %RQJD�� -�� 0��� 	� YRQ� $GHUNDV�� 3�� ��������,Q� YLWUR� FXOWXUH� RI� WUHHV �9RO�� ����� 6SULQJHU�

3XEOLFDWLRQV��6FLHQFH�	�%XVLQHVV�0HGLD��������
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��� %RXOD\�� 0�� ��������

5HFKHUFKHVSUpOLPLQDLUHVVXUO¶HPEU\RJHQqVHVRPDWLTXHG¶(XFDO\SWXVJXQQLL��$QQ�� $�� )2��

&(/��)UDQFH���������

��� %URRNHU�� 0�� ,�� +�� �������� $� QHZ� FODVVLILFDWLRQ� RI� WKH� JHQXV�

(XFDO\SWXV/
+HU��0\UWDFHDH���$XVWUDOLDQ�6\VWHPDWLF�%RWDQ\�����������������

��� &DQKRWR�� -��0���/RSHV��0��/���	�&UX]��*��6�� ��������6RPDWLF�HPEU\RJHQHVLV�DQG�SODQW�

UHJHQHUDWLRQ�LQ�P\UWOH��0\UWDFHDH���3ODQW�&HOO��7LVVXH�DQG�2UJDQ�&XOWXUH����������������

��� &ODUNH�&5(���������7KH�SURILWDEOH�SXOS�PLOO� LQ�$XVWUDOLDQ�)RUHVW�*HQHWLFV�&RQIHUHQFH��

)RUHVW�3URGXFWV�&RPPLVVLRQ��)UHPDQWOH��:$��$XVWUDOLD��

��� &RUUHGRLUD�� (���%DOOHVWHU�� $��� ,EDUUD��0���	9LHLWH]��$��0�� �������� ,QGXFWLRQ� RI� VRPDWLF�

HPEU\RJHQHVLV� LQ�H[SODQWV�RI� VKRRW�FXOWXUHV�HVWDEOLVKHG� IURP�DGXOW�(XFDO\SWXV�JOREXOXV

DQG�(��VDOLJQDî�(��PDLGHQLL�WUHHV��7UHH�SK\VLRORJ\�������������������

��� &RWWHULOO��3��3���	%UROLQ��$����������,PSURYLQJ�(XFDO\SWXV�ZRRG��SXOS�DQG�SDSHU�TXDOLW\�

E\� JHQHWLF� VHOHFWLRQ�� ,Q�,8)52� &RQIHUHQFH� RQ� 6LOYLFXOWXUH� DQG� ,PSURYHPHQW� RI�

(XFDO\SWV��6DOYDGRU��%UD]LO��

��� &XHQFD�� %��� 6DQ�-RVH��0�� &���0DUWLQH]��0�� 7��� %DOOHVWHU�� $��� 	9LHLWH]�� $��0�� ��������

6RPDWLF� HPEU\RJHQHVLV� IURP� VWHP� DQG� OHDI� H[SODQWV� RI� 4XHUFXVUREXU� /��3ODQW� &HOO�

5HSRUWV�������������������

��� 'LED[�� 5��� (LVIHOG�� &�� '�� /��� &XTXHO�� )�� /��� .RHKOHU�� +��� 	4XRLULQ�� 0�� �������� 3ODQW�

UHJHQHUDWLRQ� IURP� FRW\OHGRQDU\� H[SODQWV� RI� (XFDO\SWXV� FDPDOGXOHQVLV��6FLHQWLD�

$JULFROD�������������������

��� 'RGHPDQ��9��/���'XFUHX[��*���	.UHLV��0����������=\JRWLF�HPEU\RJHQHVLV�YHUVXV�VRPDWLF�

HPEU\RJHQHVLV��-RXUQDO�RI�([SHULPHQWDO�%RWDQ\��������������������

��� (OGULGJH��.���'DYLGVRQ��-���+DUZRRG��&���	�YDQ�:\N��*����������(XFDO\SW�GRPHVWLFDWLRQ�

DQG�EUHHGLQJ��2[IRUG�8QLYHUVLW\�3UHVV��8QLWHG�.LQJGRP�����������

��� *DM�� 0�� '�� �������� )DFWRUV� LQIOXHQFLQJ� VRPDWLF� HPEU\RJHQHVLV� LQGXFWLRQ� DQG� SODQW�

UHJHQHUDWLRQ�ZLWK�SDUWLFXODU�UHIHUHQFH�WR�$UDELGRSVLV�WKDOLDQD��/���+H\QK��3ODQW�*URZWK�

5HJXODWLRQ����������������

��� *DPERUJ�� 2�� /��� 0LOOHU�� 5��� 	2MLPD�� .�� �������� 1XWULHQW� UHTXLUHPHQWV� RI� VXVSHQVLRQ�

FXOWXUHV�RI�VR\EHDQ�URRW�FHOOV��([SHULPHQWDO�FHOO�UHVHDUFK�������������������

��� *HUPDQD��0��$���	/DPEDUGL��0���(GV������������,Q�YLWUR�HPEU\RJHQHVLV�LQ�KLJKHU�SODQWV��

6SULQJHU�3XEOLFDWLRQV��1HZ�<RUN�������
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��� *LUL��&��&���6K\DPNXPDU��%���	$QMDQH\XOX��&����������3URJUHVV�LQ�WLVVXH�FXOWXUH��JHQHWLF�

WUDQVIRUPDWLRQ�DQG�DSSOLFDWLRQV�RI�ELRWHFKQRORJ\�WR�WUHHV��DQ�RYHUYLHZ��7UHHV�������������

�����

��� *LULMDVKDQNDU��9�� �������� ,Q�YLWUR� UHJHQHUDWLRQ�RI�(XFDO\SWXV�FDPDOGXOHQVLV��3K\VLRORJ\�

DQG�0ROHFXODU�%LRORJ\�RI�3ODQWV����������������

��� *UDWWDSDJOLD��'���	.LUVW��0����������(XFDO\SWXV�DSSOLHG�JHQRPLFV��IURP�JHQH�VHTXHQFHV�

WR�EUHHGLQJ�WRROV��1HZ�3K\WRORJLVW�������������������

��� *UD\�� '�� -��� 3XURKLW�� $��� 	7ULJODQR�� 5�� 1�� �������� 6RPDWLF� HPEU\RJHQHVLV� DQG�

GHYHORSPHQW�RI� V\QWKHWLF� VHHG� WHFKQRORJ\��&ULWLFDO� UHYLHZV� LQ�SODQW� VFLHQFHV������������

�����

��� +DDJHQ�6PLW��$�-����������7KH�KLVWRU\�DQG�QDWXUH�RI�SODQW�JURZWK�KRUPRQHV��,Q��6NRRJ��

)���HG���3ODQW�JURZWK�VXEVWDQFHV��0DGLVRQ��8QLYHUVLW\�RI�:LVFRQVLQ�3UHVV���������

��� +DMDUL��(���:DWW��0��3���0\FRFN��'��-���	�0F$OLVWHU��%����������3ODQW�UHJHQHUDWLRQ�IURP�

LQGXFHG� FDOOXV� RI� LPSURYHG�(XFDO\SWXV� FORQHV��6RXWK�$IULFDQ� -RXUQDO� RI� %RWDQ\���������

����������

��� +RJEHUJ��.��$���(NEHUJ��,���1RUHOO��/���	�9RQ�$UQROG��6����������,QWHJUDWLRQ�RI�VRPDWLF�

HPEU\RJHQHVLV� LQ� D� WUHH� EUHHGLQJ� SURJUDPPH�� D� FDVH� VWXG\�ZLWK�3LFHDDELHV��&DQDGLDQ�

-RXUQDO�RI�)RUHVW�5HVHDUFK����������������������

��� -DLQ�� 6��0�� ��������$Q�RYHUYLHZ�RI� SURJUHVV� RQ� VRPDWLF�HPEU\RJHQHVLV� LQ� IRUHVW� WUHHV��

,Q�3ODQW� %LRWHFKQRORJ\� DQG� LQ�YLWUR� %LRORJ\� LQ� WKH� ��VW� &HQWXU\� ������� 6SULQJHU�

3XEOLFDWLRQV��1HWKHUODQGV���������

��� -D\D6UHH�� 7��� 3DYDQ��8���5DPHVK��0���5DR��$��9���5HGG\��.�� -��0���	6DGDQDQGDP��$��

�������� 6RPDWLF� HPEU\RJHQHVLV� IURP� OHDI� FXOWXUHV� RI� SRWDWR��3ODQW� &HOO�� 7LVVXH� DQG�

2UJDQ�&XOWXUH����������������

��� -LPHQH]��9��0����������,QYROYHPHQW�RI�SODQW�KRUPRQHV�DQG�SODQW�JURZWK�UHJXODWRUV�RQ�LQ�

YLWUR�VRPDWLF�HPEU\RJHQHVLV��3ODQW�*URZWK�5HJXODWLRQ�������������������

��� -RKDQVHQ�� '�� $�� �������� 3ODQW� PLFURWHFKQLTXH�0F*UDZ�+LOO� 3XEOLFDWLRQV�� 1HZ� <RUN��

/RQGRQ������������

��� .DXU��$���5HGG\��0��6���	�.XPDU��$����������(IILFLHQW��RQH�VWHS�DQG�FXOWLYDU�LQGHSHQGHQW�

VKRRW�RUJDQRJHQHVLV�RI�SRWDWR��3K\VLRORJ\�DQG�0ROHFXODU�%LRORJ\�RI�3ODQWV�������������

������

��� .KLOZDQL��%���.DXU��$���5DQMDQ��5���	�.XPDU��$����������'LUHFW�VRPDWLF�HPEU\RJHQHVLV�

DQG�HQFDSVXODWLRQ�RI�VRPDWLF�HPEU\RV�IRU�LQ�YLWUR�FRQVHUYDWLRQ�RI�%DFRSDPRQQLHUL��/���

:HWWVW��3ODQW�&HOO��7LVVXH�DQG�2UJDQ�&XOWXUH�������������������
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��� .XPDU��$����������6WXGLHV�RQ�YLWUR�SURSDJDWLRQ��ELRFKHPLVWU\�DQG�ILHOG�HYDOXDWLRQ�RI�WZR�

HFRQRPLFDOO\�LPSRUWDQW�SODQWV��5RVD�GDPDVFHQD�0LOO��DQG�*ODGLROXV�VSS��3K��'��7KHVLV��

.XPDXQ�8QLYHUVLW\��1DLQLWDO��,QGLD��������

��� .XPDU��$���$JJDUZDO��'���*XSWD��3���	�5HGG\��0��6�� ��������)DFWRUV�DIIHFWLQJ� LQ�YLWUR

SURSDJDWLRQ� DQG� ILHOG� HVWDEOLVKPHQW� RI�

&KORURSK\WXPERULYLOLDQXP��%LRORJLD3ODQWDUXP������������������

��� .XPDU�� 5��� 	%DQJDUZD�� .�� 6�� �������� &ORQDO� HYDOXDWLRQ� LQ� (XFDO\SWXV� WHUHWLFRUQLV

6P��(QYLURQPHQW�DQG�(FRORJ\����������������

��� /DFODX�� -�� 3��� GH� 0RUDHV*RQFDOYHV�� -�� /��� 	6WDSH�� -�� /�� �������� 3HUVSHFWLYHV� IRU� WKH�

PDQDJHPHQW�RI�HXFDO\SW�SODQWDWLRQV�XQGHU�ELRWLF�DQG�DELRWLF�VWUHVVHV��)RUHVW�(FRORJ\�DQG�

0DQDJHPHQW��������������

��� /DNVKPL�6LWD��*���5DQL��6���	�5DR��.��6�� ��������3URSDJDWLRQ�RI�(XFDO\SWXV�JUDQGLV�E\�

WLVVXH�FXOWXUH��(XFDO\SWXV�LQ�,QGLD��3DVW��3UHVHQW�DQG�)XWXUH�����������

��� /DO��3����������&ORQDO�IRUHVWU\�LQ�,QGLD��,QGLDQ�)RUHVWHU�����������������

��� /DO��3���9LYHNDQDQGDQ��.���6XEUDPDQLDQ��.��1���=DEDOD��1��4���	*XUXPXUWL��.�� ��������

(FRQRPLFV�RI�FORQDO�IRUHVWU\�SODQWDWLRQV��)RUHVWU\�6FLHQFHV�����������������

��� /H� 5RX[�� -�� -��� 	� 9DQ� 6WDGHQ�� -�� �������� 0LFURSURSDJDWLRQ� DQG� WLVVXH� FXOWXUH� RI�

(XFDO\SWXV²D�UHYLHZ��7UHH�3K\VLRORJ\�����������������

��� /LSDYVND�� +�� (�� /�� (�� 1��� 	.RQUDGRYD�� +�� $�� 1�� �������� ,QYLWHG� UHYLHZ�� VRPDWLF�

HPEU\RJHQHVLV� LQ� FRQLIHUV�� WKH� UROH� RI� FDUERK\GUDWH� PHWDEROLVP��,Q�9LWUR� &HOOXODU� DQG�

'HYHORSPHQWDO�%LRORJ\�3ODQW����������������

��� 0DF5DH�� 6�� 	� 9DQ�� -�6�� �������� 7UDQVJHQLF� HXFDO\SWXV��7UDQVJHQLF� 7UHHV�� 6SULQJHU�

3XEOLFDWLRQV���������

��� 0HUNOH��6��$����������6WUDWHJLHV�IRU�GHDOLQJ�ZLWK�OLPLWDWLRQV�RI�VRPDWLF�HPEU\RJHQHVLV�LQ�

KDUGZRRG�WUHHV��,Q�9LWUR�&HOOXODU�DQG�'HYHORSPHQWDO�%LRORJ\��3ODQW�������������

��� 0HUNOH�� 6�� $��� 	� 'HDQ�� -�� )�� �������� )RUHVW� WUHH� ELRWHFKQRORJ\��&XUUHQW� RSLQLRQ� LQ�

ELRWHFKQRORJ\�������������������

��� 0RQWDOEDQ�� ,�� $��� 'H� 'LHJR�� 1��� 	0RQFDOHiQ�� 3�� �������� (QKDQFLQJ� LQLWLDWLRQ� DQG�

SUROLIHUDWLRQ�LQ�UDGLDWD�SLQH��3LQXVUDGLDWD�'��'RQ��VRPDWLF�HPEU\RJHQHVLV�WKURXJK�VHHG�

IDPLO\� VFUHHQLQJ�� ]\JRWLF� HPEU\R� VWDJLQJ� DQG� PHGLD�

DGMXVWPHQWV��$FWD3K\VLRORJLDH3ODQWDUXP������������������

��� 0XOOLQV�� .�� 9��� /OHZHOO\Q�� '�� -��� +DUWQH\�� 9�� -��� 6WUDXVV�� 6��� 	� 'HQQLV�� (�� 6�� ��������

5HJHQHUDWLRQ� DQG� WUDQVIRUPDWLRQ� RI� (XFDO\SWXV� FDPDOGXOHQVLV��3ODQW� &HOO�

5HSRUWV�������������������
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��� 0XUDOLGKDUDQ�� (�� 0��� *XSWD�� 3�� .��� 	0DVFDUHQKDV�� $�� )�� �������� 3ODQWOHW� SURGXFWLRQ�

WKURXJK� KLJK� IUHTXHQF\� VRPDWLF� HPEU\RJHQHVLV� LQ� ORQJ� WHUP� FXOWXUHV�

RI(XFDO\SWXVFLWULRGRUD��3ODQW�&HOO�5HSRUWV���������������

��� 0XUDOLGKDUDQ�� (�� 0��� 	0DVFDUHQKDV�� $�� )�� �������� ,Q�YLWUR� SODQWOHW� IRUPDWLRQ� E\�

RUJDQRJHQHVLV� LQ� (�� FDPDOGXOHQVLV� DQG� E\� VRPDWLF� HPEU\RJHQHVLV� LQ� (XFDO\SWXV�

FLWULRGRUD��3ODQW�&HOO�5HSRUWV�����������������

��� 0XUDVKLJH�� 7���	6NRRJ��)�� ��������$� UHYLVHG�PHGLXP� IRU� UDSLG� JURZWK� DQG� ELR� DVVD\V�

ZLWK�WREDFFR�WLVVXH�FXOWXUHV��3K\VLRORJLDH3ODQWDUXP������������������

��� 1DQGL��6��.���3DOQL��/��0��6���	5LNNDUL��+��&����������&KHPLFDO�LQGXFWLRQ�RI�DGYHQWLWLRXV�

URRW�IRUPDWLRQ�LQ�7D[XVEDFFDWD�FXWWLQJV��3ODQW�*URZWK�5HJXODWLRQ������������������

��� 1XJHQW�� *��� &KDQGOHU�� 6�� )��� :KLWHPDQ�� 3��� 	� 6WHYHQVRQ�� 7�� :�� �������� 6RPDWLF�

HPEU\RJHQHVLV�LQ�(XFDO\SWXV�JOREXOXV��3ODQW�&HOO��7LVVXH�DQG�2UJDQ�&XOWXUH������������

�����

��� 2OOHU��-���7RULELR��0���&HOHVWLQR��&���	7RYDO��*����������7KH�FXOWXUH�RI�HOLWH�DGXOW�WUHHV�LQ�

D� JHQHWLF� LPSURYHPHQW� SURJUDPPH� WKURXJK� (XFDO\SWXV� JOREXOXV/DELOOFORQDO�

PLFURSURSDJDWLRQ�� ,Q�,8)52� &RQJUHVV�³(XFDO\SWXV� LQ� D� FKDQJLQJ� ZRUOG´�� $YHLUR��

3RUWXJDO�����������

��� 2X\DQJ��4���4L�TXDQ��/���	+DL�]KRQJ��3����������3UHOLPLQDU\�UHSRUW�RQ�WKH�GHYHORSPHQW�

RI�HPEU\RLG�IURP�(XFDO\SWXV��)RUHVWU\�6FLHQFHV����������������

��� 3DUN��<��6����������,PSOHPHQWDWLRQ�RI�FRQLIHU�VRPDWLF�HPEU\RJHQHVLV� LQ�FORQDO�IRUHVWU\��

WHFKQLFDO�UHTXLUHPHQWV�DQG�GHSOR\PHQW�FRQVLGHUDWLRQV��$QQDOV�RI�)RUHVW�6FLHQFH�����������

����������

��� 3DUN��<��6���%DUUHWW��-��'���	%RQJD��-��0����������$SSOLFDWLRQ�RI�VRPDWLF�HPEU\RJHQHVLV�

LQ�KLJK�YDOXH�FORQDO�IRUHVWU\��GHSOR\PHQW��JHQHWLF�FRQWURO��DQG�VWDELOLW\�RI�FU\RSUHVHUYHG�

FORQHV��,Q�9LWUR�&HOOXODU�	�'HYHORSPHQWDO�%LRORJ\�3ODQW�������������������

��� 3DWW�� 5��� .RUGVDFKLD�� 2��� 	� )HKU�� -�� �������� (XURSHDQ� KDUGZRRGV� YHUVXV� (XFDO\SWXV�

JOREXOXV�DV�D�UDZ�PDWHULDO�IRU�SXOSLQJ��:RRG�6FLHQFH�DQG�7HFKQRORJ\����������������

��� 3KLOOLSV�� *�� &�� �������� ,Q�YLWUR� PRUSKRJHQHVLV� LQ� SODQWV±UHFHQW� DGYDQFHV��,Q�9LWUR�

&HOOXODU�DQG�'HYHORSPHQWDO�%LRORJ\�3ODQW������������������

��� 3LQWR��*���6DQWRV��&���1HYHV��/���	�$UDXMR��&����������6RPDWLF�HPEU\RJHQHVLV�DQG�SODQW�

UHJHQHUDWLRQ�LQ�(XFDO\SWXV�JOREXOXV/DELOO� 3ODQW�&HOO�5HSRUWV������������������

��� 3LQWR��*���/RXUHLUR��-���/RSHV��7���	�6DQWRV��&����������$QDO\VLV�RI�WKH�JHQHWLF�VWDELOLW\�RI�

(XFDO\SWXV�JOREXOXV/DELOO��VRPDWLF�HPEU\RV�E\�IORZ�F\WRPHWU\��7KHRUHWLFDO�DQG�$SSOLHG�

*HQHWLFV��������������������
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��� 3LQWR��*��� 3DUN�� <�� 6��� 6LOYD�� 6��� 1HYHV�� /��� $UDXMR�� &��� 	� 6DQWRV�� &�� �����D��� )DFWRUV�

DIIHFWLQJ�PDLQWHQDQFH��SUROLIHUDWLRQ�� DQG�JHUPLQDWLRQ� RI� VHFRQGDU\� VRPDWLF� HPEU\RV�RI�

(XFDO\SWXV�JOREXOXV/DELOO��3ODQW�&HOO��7LVVXH�DQG�2UJDQ�&XOWXUH����������������

��� 3LQWR��*��� 6LOYD�� 6��� 3DUN��<�� 6��� 1HYHV�� /��� $UD~MR�� &���	� 6DQWRV��&�� �����E��� )DFWRUV�

LQIOXHQFLQJ� VRPDWLF� HPEU\RJHQHVLV� LQGXFWLRQ� LQ� (XFDO\SWXV� JOREXOXV/DELOO��� EDVDO�

PHGLXP�DQG�DQWL�EURZQLQJ�DJHQWV��3ODQW�&HOO��7LVVXH�DQG�2UJDQ�&XOWXUH����������������

��� 3LQWR��*��� 3DUN��<��6���1HYHV��/���$UDXMR��&���	�6DQWRV��&�� �����F���*HQHWLF� FRQWURO�RI�

VRPDWLF�HPEU\RJHQHVLV�LQGXFWLRQ�LQ�(XFDO\SWXV�JOREXOXV/DELOO��3ODQW�&HOO�5HSRUWV���������
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��� 3RWWV�� %�� 0��� 	'XQJH\�� +�� 6�� �������� ,QWHUVSHFLILF� K\EULGL]DWLRQ� RI� (XFDO\SWXV�� NH\�

LVVXHV�IRU�EUHHGHUV�DQG�JHQHWLFLVWV��1HZ�)RUHVWV������������������

��� 3UDNDVK��0��*���	�*XUXPXUWKL��.����������6RPDWLF�HPEU\RJHQHVLV�DQG�SODQW�UHJHQHUDWLRQ�

LQ�(XFDO\SWXV�WHUHWLFRUQLV�6P��&XUUHQW�6FLHQFH�������������

��� 3UDNDVK�� 0�� *��� 	� *XUXPXUWKL�� .�� �������� (IIHFWV� RI� W\SH� RI� H[SODQW� DQG� DJH�� SODQW�

JURZWK�UHJXODWRUV�DQG�PHGLXP�VWUHQJWK�RQ�VRPDWLF�HPEU\RJHQHVLV�DQG�SODQW�UHJHQHUDWLRQ�

LQ(XFDO\SWXV�FDPDOGXOHQVLV��3ODQW�&HOO��7LVVXH�DQG�2UJDQ�&XOWXUH�����������������

��� 4LQ��&��/���	�.LUE\��(��*���������-XQH���,QGXFWLRQ�RI�VKRRWV�DQG�HPEU\R�OLNH�VWUXFWXUHV�LQ�

FXOWXUHV� GHULYHG� IURP� MXYHQLOH� DQG� DGXOW� H[SODQWV� RI� (XFDO\SWXV� VSS�� ,Q�$EVWUDFWV�� 9,,�

,QWHUQDWLRQDO�&RQJUHVV�RQ�3ODQW�7LVVXH�DQG�&HOO�&XOWXUH��7KH�1HWKHUODQGV��$PVWHUGDP��

�������

��� 5DPDJH��&��0���	�:LOOLDPV��5��5����������0LQHUDO�QXWULWLRQ�DQG�SODQW�PRUSKRJHQHVLV��,Q�

9LWUR�&HOOXODU�	�'HYHORSPHQWDO�%LRORJ\�3ODQW������������������

��� 5HGHQEDXJK��.����������6\QVHHGV��DSSOLFDWLRQV�RI�V\QWKHWLF�VHHGV� WR�FURS� LPSURYHPHQW��

&5&�3UHVV�,QF������������

��� 5RHPKLOGW�� 0�� /��� %H\QQRQ�� %�� '��� 	� *DUGQHU�0RUVH�� 0�� �������� 0LQHUDOL]DWLRQ� RI�

DUWLFXODU� FDUWLODJH� LQ� WKH� 6SUDJXH�'DZOH\� UDW�� FKDUDFWHUL]DWLRQ� DQG� PHFKDQLFDO�

DQDO\VLV��2VWHRDUWKULWLV�DQG�FDUWLODJH������������������

��� 6KDUPD��6��.���	0LOODP��6����������6RPDWLF�HPEU\RJHQHVLV� LQ�6RODQXPWXEHURVXP�/���D�

KLVWRORJLFDO� H[DPLQDWLRQ� RI� NH\� GHYHORSPHQWDO� VWDJHV��3ODQW� &HOO� 5HSRUWV��������� ����

�����

��� 6KDUPD�� 6�� .��� 	� 5DPDPXUWK\�� 9�� �������� 0LFURSURSDJDWLRQ� RI� ��\HDU�ROG� HOLWH�

(XFDO\SWXV�WHUHWLFRUQLV�WUHHV��3ODQW�&HOO�5HSRUWV������������������
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��� 6WHZDUG��)��&���0DSHV��0��2���	�0HDUV��.����������*URZWK�DQG�RUJDQL]HG�GHYHORSPHQW�

RI� FXOWXUHG� FHOOV�� ,,�� 2UJDQL]DWLRQ� LQ� FXOWXUHV� JURZQ� IURP� IUHHO\� VXVSHQGHG�

FHOOV��$PHULFDQ�-RXUQDO�RI�%RWDQ\�����������

��� 6XEEDLDK� 00�� 0LQRFKD� 6&� ������� 6KRRW� UHJHQHUDWLRQ� IURP� VWHP� DQG� OHDI� FDOOXV� RI�

(XFDO\SWXV�WHUHWLFRUQLV��3ODQW�&HOO�5HSRUWV�����������±������

��� 7HUPLJQRQL�� 5�� 5��� :DQJ�� 3�� -��� 	� +X�� &�� <�� �������� 6RPDWLF� HPEU\R� LQGXFWLRQ� LQ�

(XFDO\SWXV�GXQQLL� 3ODQW�&HOO��7LVVXH�DQG�2UJDQ�&XOWXUH������������������
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