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FRQYHQWLRQDO�37�IRU�FRPSDUDEOH�WKHUDS\�WDUJHWV��7KH�LQLWLDO�
UHVXOWV�RI� WKH�EURDGHU� VWXG\�SUHVHQWHG� LQ�WKLV�SDSHU�GHOLYHU�
LQVLJKWV�LQ�WZR�DUHDV��+RZ�WR�GHVLJQ�IRU�PRWLYDWLRQ�LQ�WHUPV�
RI�PRWLYDWLRQDO�GLPHQVLRQV�DQG�ZKLFK�PRWLYDWLRQDO�DVSHFWV�
VKRXOG�EH�VWUHQJWKHQHG�LQ�IXWXUH�LPSOHPHQWDWLRQV��

67$7(�2)�7+(�$57�
0*+�KDYH�EHHQ�XVHG�ZLWK�YDULRXV�WDUJHW�JURXSV�LQ�UHVHDUFK�
SURMHFWV� DQG� HDUO\� FOLQLFDO� DSSOLFDWLRQV� >��������@�� 7KH� DS�
SURDFK� RI� XVLQJ� JDPHV� IRU� VHULRXV� SXUSRVHV� LQ� NLQHVLDWULF�
KHDOWK�DSSOLFDWLRQV�LV�PRVWO\�FLWHG�IRU�WKH�SRWHQWLDO� WR�SUR�
YLGH�PRWLYDWLRQ�WR�H[HFXWH�UHSHWLWLYH�H[HUFLVHV�>��@��*DPHV�
�RU� SOD\IXO� DSSV�� FDQ� DOVR� RIIHU� JXLGDQFH� YLD� LPPHGLDWH�
FXVWRP� SHUIRUPDQFH� IHHGEDFN�� DQG� REMHFWLYH� PHDQV� RI�
DQDO\VLV� YLD� WKH� FROOHFWLRQ� DQG� SURFHVVLQJ� RI� SHUIRUPDQFH�
GDWD� >��@�� 0*+� FDQ� DXJPHQW� WUDGLWLRQDO� WUHDWPHQWV�� EXW�
WKH\�FDQ�DOVR�DOORZ�IRU� LPSURYHG�KRPH�UHPRWH�H[HUFLVLQJ��
6WXGLHV�KDYH� FRQILUPHG� WKDW� WKH\� FDQ�EH� VXSHULRU� WR� WUDGL�
WLRQDO�PHDQV�RI�H[HUFLVH�LQVWUXFWLRQV��H�J��LQVWUXFWLRQ�VKHHWV�
>��@�� :KLOH� DGDSWDEOH� DQG� DGDSWLYH� 0*+� KDYH� EHHQ� GH�
VLJQHG� DQG� HYDOXDWHG� LQ� VKRUW�WHUP� VWXGLHV� >������@��PHGL�
XP�� RU� ORQJ�WHUP� VLWXDWHG� VWXGLHV� DUH� UDUH�� <HW�� WKHVH� DUH�
PXFK�QHHGHG�WR�FRQILUP�WKH�ODVWLQJ�LPSDFW�DQG�HIIHFWV��)LUVW�
ORQJHU�WHUP�VWXGLHV�IRU�0*+�LQGLFDWH�SRVLWLYH�UHVXOWV� �H�J��
>����@��� EXW� UHDO�ZRUOG� VLWXDWHG� XVH� LV� VWLOO� XQGHUUHSRUWHG��
HVS��LQ�WKH�VHWWLQJ�RI�EXV\�SUDFWLFHV��DQG�D�GHWDLOHG�PRWLYD�
WLRQDO�GLVVHFWLRQ�KDV�QRW�\HW�EHHQ�GRQH��:H�ZHUH�PRWLYDWHG�
WR�SHUIRUP�VXFK�D��UDWKHU�GLIILFXOW�WR�RUJDQL]H�DQG�FRQWURO��
VWXG\� VLQFH� LW� RIIHUV� PXFK� EHWWHU� FRPSDUDELOLW\� ZLWK� WUXH�
³LQ�WKH�ZLOG´� XVH� WKDW� FDQQRW� EH� REWDLQHG� IURP� ODERUDWRU\�
VWXGLHV� DORQH�� 7KHUDSLVWV� DQG� SDWLHQWV� KDYH� PRUH� UHDOLVWLF�
PRWLYHV�DQG�LW�LV�NQRZQ�IURP�UHODWHG�ZRUN��DQG�ZH�H[SHUL�
HQFHG�WKLV� LQ�SULRU� VWXGLHV�RI�RXU�RZQ�� WKDW�VRPH�ELDVHV�RI�
ODE�VWXGLHV�DUH�DPSOLILHG�ZLWK�VSHFLDO�WDUJHW�JURXSV�VXFK�DV�
ROGHU�DGXOWV��H�J��JRRG�SDUWLFLSDQW�HIIHFW���,Q�DGGLWLRQ��HPR�
WLRQ�UHVHDUFK�ZLWK�LVRODWHG�LQGLYLGXDOV�LV�KLJKO\�SUREOHPDWLF�
GXH�WR�WKH�VRFLDO�IXQFWLRQV�RI�HPRWLRQDO�UHJXODWLRQ�>�@��

6(783�$1'�352&('85(�
$�VXLWH�RI�WKUHH�FDVXDO�0*+�ZDV�XVHG��)LJXUH�����6HW�LQ�D�
JDUGHQ�VFHQDULR��ZKLFK�KDG�EHHQ�WHVWHG�WR�EH�DFFHSWHG�E\�D�
ZLGH� UDQJH�RI�ROGHU�DGXOW�SOD\HUV�� WKH�JDPHV�ZHUH�� �D��$Q�
DSSOH�SLFNLQJ�JDPH��$3��ZKLFK�DOORZV�SOD\HUV� WR�PRYH�DW�
WKHLU�RZQ�VSHHG�ZKLOH�SLFNLQJ�ULSH��UHG��DSSOHV�IURP�D�WUHH�
DQG� SODFLQJ� WKHP�LQ�EDVNHWV�QHDU� WKH� JURXQG�� �E��$� ORFXVW�
FDWFKLQJ� JDPH� �/2�� ZKHUH� SOD\HUV� ZHUH� DVNHG� WR� FROOHFW�
ORFXVWV� IURP�D�JDUGHQ��UHTXLULQJ� WKHP�WR�PRYH�WKHLU�KDQGV�
VORZO\�DQG�LQ�D�FRQWUROOHG�PDQQHU�WRZDUGV�WKH�ORFXVWV��VR�DV�
QRW� WR� VFDUH� WKHP� DZD\�� �F�� $� EXWWHUIO\� EDODQFLQJ� JDPH�
�%8�� WKDW� UHTXLUHG� SOD\HUV� WR� PDWFK� DQG� KROG� SRVHV� SHU�
IRUPHG�E\�D�YLUWXDO�LQVWUXFWRU� LQ�RUGHU� WR�DWWUDFW�EXWWHUIOLHV�
WR� VLW� RQ� WKH�SOD\HU� DYDWDU��7KH�JDPHV�DUH� SDUW�RI� D� ODUJHU�
VXLWH�RI�JDPHV�GHYHORSHG�DW�WKH�8QLYHUVLW\�RI�%UHPHQ�ZLWK�
WKH�VXSSRUW�RI�WKH�³6SLHO�'LFK�)LW�´��6')��SURMHFW�FRQVRUWL�
XP�>FI�� WR�$&.12:/('*0(176@�RYHU�D�SHULRG�RI�WZR�
\HDUV��7KH\�ZHUH�FUHDWHG� LQ�D�SOD\HU�FHQWHUHG� LWHUDWLYH�GH�
VLJQ� DSSURDFK� DQG� SULRU� HYDOXDWLRQV� KDG� VKRZQ� WKDW� WKH\�
IDFLOLWDWH� SRVLWLYH� WKHUDS\� H[SHULHQFHV�� 7KH� VHOHFWLRQ� RI�

JDPHV� VHW� D� IRFXV� RQ� XSSHU� ERG\� IOH[LELOLW\� DQG� UDQJH� RI�
PRWLRQ� UHODWLQJ� WR� WKH� VHOHFWLRQ� FULWHULD� IRU� WKH� VWXG\� LQWR�
ZKLFK� RQO\� SDWLHQWV� ZLWK� UHFXUUHQW� XSSHU�ERG\� EDFN� DQG�
QHFN�DIIOLFWLRQV��D�FRPPRQ�37�WDUJHW�JURXS��ZHUH�DGPLWWHG��

7KH�VWXG\�ZDV�SHUIRUPHG�DW�D�ODUJH�37�SUDFWLFH�LQ�'HOPHQ�
KRUVW��*HUPDQ\�OHG�E\�DQ�H[SHULHQFHG�DQG�UHQRZQHG�SK\VL�
RWKHUDSLVW�� ,W� LQFOXGHG����73V� DQG� ���SDWLHQWV� ���PDOH�����
IHPDOH�� PHGLDQ� DJH� ��� >�VW� 4X�� ���� �UG� 4X�� ��@��� 3DWLHQWV�
ZHUH� VSOLW� LQWR� WKUHH�JURXSV� �QRUPDO� ����� DGDSWLYH� ���� DQG�
FRQWURO� ������ E\� UDQGRP�DVVLJQPHQW��$� WKHUDSLVW� IURP� WKH�
VDPH�SRRO�ZDV�SUHVHQW�LQ�HDFK�VHVVLRQ��6������3DWLHQWV�LQ�DOO�
JURXSV�ZHUH� LQ� WUHDWPHQW� IRU� FKURQLF� VSLQH� DIIOLFWLRQV� DQG�
WUHDWHG� IROORZLQJ� D� �SUR�DFWLYH�� SURJUHVVLYH� DGDSWDWLRQV�
WKHUDS\� DSSURDFK� DLPLQJ� WR� UHGXFH� SDLQ� DQG� WR� LPSURYH�
IOH[LELOLW\� DQG� EDODQFH� �ZKLFK� FRQWLQXHG� DV� XVXDO� LQ� WKH�
FRQWURO� JURXS� DQG� 73V� HPSOR\HG� WKH� JDPHV� WR� FRQWLQXH�
ZRUNLQJ� WRZDUGV� WKHLU� JRDOV�ZLWK� WKH�SDWLHQWV� LQ� WKH�RWKHU�
JURXSV��� 7KHUDSLVWV� ZHUH� IUHH� WR� LQWHUDFW� ZLWK� SDWLHQWV� DV�
WKH\�VDZ�ILW�LQ�DOO�JURXSV��DOWKRXJK�WKH\�VKRZHG�OHVV�GLUHFW�
LQWHUDFWLRQ�ZLWK�SDWLHQWV�LQ�WKH�JDPH�JURXSV��7KH\�SURYLGHG�
IUHTXHQW�YHUEDO�IHHGEDFN�DQG�JXLGDQFH�LQ�DOO�VHVVLRQV��:LWK�
WKH� JDPHV�� WKH� SDWLHQWV� DOVR� UHFHLYHG� JHQHUDO� IHHGEDFN� RQ�
WKHLU�JDPHSOD\�SHUIRUPDQFH�DIWHU�HDFK�URXQG�RI�SOD\�EXW�QR�
IXUWKHU� IHHGEDFN� RQ� WKHLU� H[HUFLVH� SHUIRUPDQFH�� )RU� WKH�
QRUPDO�JURXS�73V�ZHUH�UHJXODUO\�UHPLQGHG�WKDW�WKH\�FRXOG�
XVH�D�FDOLEUDWLRQ�WRRO�WR�PDQLSXODWH�SHUVRQDOL]HG�VHWWLQJV�IRU�
UDQJH�RI�PRWLRQ��E\�DFWLYH�JDPH�VFUHHQ�]RQHV��FI��)LJXUH�����
UHTXLUHG� VSHHG�� PRWLRQ� DFFXUDF\�� HQGXUDQFH� �OHYHO� GXUD�
WLRQ�� DQG� FRPSOH[LW\� �DPRXQW� RI� DFWLYH� REMHFWV�� IRU� HDFK�
OHYHO�� 7KHVH� VHWWLQJV� ZHUH� VXEMHFW� WR� D� SUH�VWXG\� ZLWK� ���
73V� DQG� ZHUH� HYDOXDWHG� DV� EHLQJ� HDVLO\� XQGHUVWDQGDEOH��
XVHIXO�IRU�PDNLQJ�PHDQLQJIXO�DGMXVWPHQWV��DQG�DOORZLQJ�IRU�
HIILFLHQW� FRQILJXUDWLRQV��)RU� WKH� DGDSWLYH�JURXS��73V�ZHUH�
DVNHG� WR�PDNH� LQLWLDO� VHWWLQJV� LQ� 6�� DQG� WR� GHILQH� D� WDUJHW�
PLOHVWRQH�IRU�6���$Q�DXWRPDWLF�UXEEHU�EDQGLQJ�DGMXVWPHQW�
V\VWHP�WKHQ�DLPHG�DW�VWHS�ZLVH�LQFUHDVLQJ�JDPH�VHWWLQJV��LQ�
VRIWZDUH�� ZKLOH� JXDUDQWHHLQJ� D� IDLU� DPRXQW� RI� VXFFHVV�� ,Q�
ZHHNV� ��DQG����73V�ZHUH� UHPLQGHG� WKDW� WKH\�ZHUH� DOZD\V�
LQYLWHG�WR�UH�DGMXVW�WKH�PLOHVWRQHV���VHWWLQJV��

:HHNO\�VHVVLRQV�RI�������PLQXWHV�ZLWK�������PLQXWHV�SOD\�
WLPH�SHU�SDUWLFLSDQW��SOD\LQJ�HDFK�JDPH�LI�LQ�D�JDPH�JURXS��
ZHUH�KHOG�RYHU�ILYH�FRQVHFXWLYH�ZHHNV�DQG�VXEVWLWXWHG�UHJX�
ODU�WKHUDS\�DSSRLQWPHQWV��7KH�JDPHV�ZHUH�SOD\HG�LQ�D�VHSD�
UDWH�VHFWLRQ�RI�D�WUDLQLQJ�URRP�DW�WKH�SUDFWLFH��7KH�PHDVXUHV�
UDQJHG� IURP� DIIHFW� WR� H[KDXVWLRQ�� VHOI�HIILFDF\�� JDPH�SHU�
IRUPDQFH�� REVHUYDWLRQDO� SURWRFROV� DQG� WKHUDSLVW� UHSRUWV� RQ�
HDFK�SDWLHQW�DQG�KDYH�EHHQ�HPSOR\HG�VXFFHVVIXOO\�LQ�UHODWHG�
ZRUN�� ,Q� WKLV� LQLWLDO� UHSRUW��ZH� IRFXV� RQ� WZR� FDWHJRULHV� RI�
PHDVXUHV� FROOHFWHG� DIWHU�6��DQG�6��RI�HDFK� SDUWLFLSDQW� UH�
VSHFWLYHO\�� �D�� 0RWLYDWLRQDO� PHDVXUHV� IURP� LQVWUXPHQWV�
URRWHG�LQ�VHOI�GHWHUPLQDWLRQ�WKHRU\��QDPHO\�WKH�FRPSHWHQFH��
LQWXLWLYH�FRQWURO��DXWRQRP\�DQG�SUHVHQFH�GLPHQVLRQV�RI�WKH�
3OD\HU�([SHULHQFH�RI�1HHGV�6DWLVIDFWLRQ� �3(16��TXHVWLRQ�
QDLUH�>��@�DQG�WKH�WHQVLRQ�SUHVVXUH��LQWHUHVW�HQMR\PHQW�DQG�
HIIRUW�LPSRUWDQFH� GLPHQVLRQV� RI� WKH� LQWULQVLF� PRWLYDWLRQ�
LQYHQWRU\� �,0,�� >�@�� ,WHPV� RI� ERWK� TXHVWLRQQDLUHV� ZHUH�
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DGMXVWHG� WR� UHI
PDWFK� WKH� VHWWL
IRU� HYDOXDWLQJ�
%RWK� FDWHJRULH
KHUDS\�� 6'7�
PSDFW�H[HUFLVL
QGLFDWRU�IRU�ED

5(68/76�
$�PL[HG�PRGH
GXFWHG� WR� FKH
,QGHSHQGHQW�YD
VHVVLRQ¶� �ZLWK
FROOHFWHG� DIWHU�
�PD[����FDVH�SH
SDQWV� SHU� PHD
9DULDQFHV� ZHU
RS�ERWWRP����T

)LJXUH����0HDQ
WHQVLRQ�SUHVVX
VHVVLRQ��SUH��D

$129$� UHYHD
UHJDUGLQJ�SUH�D
QGHSHQGHQW� YD
YHDOHG�VWDWLVWLFD
HQFH� �)������
IDLO���� WHQVLRQ� �
SDVV����DQG�HIIRU
/HY�� IDLO���� 7KH
DOSKD� OHYHO� IRU�
PHQW�ZHUH�QRW�V
IRU� DXWRQRP\�
�)������ �����
�)������ �����
FRQILUPHG�VLJ��
FDXVH� RI� IDLOHG
JURXSV� DGDSWLY
DGDSWLYH�� Q�V���
QRUPDO� DQG� FRQ
S ������� JURXS
PSRUWDQFH� �'X
JURXSV�QRUPDO�D
S �������QRUPD

$Q�$129$�IR
DQG� 6�� UHYHDOH
JURXS¶� �)�����
3RVW�KRF� WHVWV� F

IHU� WR� ³PRYHP
LQJV� RI� DOO� JUR
WKHUDSHXWLF� HI

HV� UHIOHFW� LPSR
PRWLYDWLRQDO� P
LQJ�DGKHUHQFH�
DODQFH�DQG�IDOO�

HO� DQDO\VLV� RI� Y
HFN� IRU� VWDWLVW
DULDEOHV�ZHUH�µJ
KLQ� VXEMHFWV�� D
6�� �SUH�� DQG

HU�SDUWLFLSDQW�R
DVXUH�� ZDV� SH
UH� ZLQVRUL]HG�
TXDQWLOHV�WR�WKH�

QV�DQG�VWDQGDUG
UH��DQG�HIIRUW�LP
DQG�LQ�WKH�ODVW�V

DOHG� QR� VWDWLV
DQG�SRVW�PHDVX
DULDEOH� µJURXS
DOO\�VLJQLILFDQW�
������� S ����
�)������ �����
UW�LPS���)������
H�DXWRQRP\�PH
VLJ�� �S ������
VLJQLILFDQW��/RR
UHYHDOHG� VWD

�� S �������
�� S �������/HY
GLIIV�� IRU�SUHVH
G� /HY��� JURXSV�
H� DQG� FRQWURO�
� IRU� WHQVLRQ�
QWURO�� S �����
SV� QRUPDO� DQG�
XQQHWW�7�� WHVW�
DQG�FRQWURO��Q�
DO�DQG�DGDSWLYH

RU�)57�GLIIHUHQ
HG� VWDWLVWLFDOO\�
�� ������� S ��
FRQILUPHG�VLJ��

PHQW� DSSOLFDWLR
RXSV�� �E��)XQF
IIHFW�� QDPHO\�
RUWDQW� DVSHFWV�
PHDVXUHV� KDYH
>�@�DQG�WKH�)5
SUHYHQWLRQ�>�@

YDULDQFHV� �$1
LFDOO\� VLJQLILF
JURXS¶��EHWZHH
V� WKH� UHSRUWHG
G� 6�� �SRVW��� '
RQ�D�VXE�LWHP�LQ
HUIRUPHG� XVLQJ
>�@� �OHYHOLQJ�
WULP�HGJH�YDOX

G�HUURUV�IRU�DXWR
PSRUWDQFH�FROOH
VHVVLRQ�DIWHU�ILY

VWLFDOO\� VLJQLIL
XUHV�IRU�3(16�D
¶� WKH� FRQGXFWH
GLIIHUHQFHV��)L
���� SDUWLDO� �

��� S ������� SW�
� �������S ���
HDVXUH�YHU\� QDU
��ZKLOH�FRPSHW
RNLQJ�DW�6��DQG
DWLVWLFDOO\� VLJ��
/HY�� IDLO���
Y�� SDVV��� IRU� 6�
HQFH� �'XQQHWW�
QRUPDO� DQG� F
�� S ������� JUR
�%RQIHUURQL� FR
�� JURXSV�DGDSW
DGDSWLYH�� Q�V�
XVHG� EHFDXVH
V���JURXSV�DGDS
H��Q�V����

QFHV��FI��)LJXU
VLJ�� GLIIV�� IRU
������ SW�� � ��
GLIIV�� IRU� JURX

RQV´� LQ� RUGHU�
FWLRQDO� PHDVXU
78*� DQG� )5
RI� WKH� WDUJHW

H� EHHQ� VKRZQ�
57�LV�D�YDOLGDW
��

129$��ZDV� FR
FDQW� GLIIHUHQFH
HQ�VXEMHFWV���DQ
G� PHDVXUHV� ZH
'DWD� LPSXWDWLR
Q�PD[����SDUWLF
J� JURXS� PHDQ
RXWOLHUV� LQ� W

XHV���

RQRP\��SUHVHQF
HFWHG�LQ�WKH�ILUV
YH�ZHHNV��SRVW��

FDQW� GLIIHUHQF
DQG�,0,��)RU�W
HG� $129$� U
LJXUH����IRU�SUH
� ������� /HYH
�� � ������� /H
�����SW�� � ����
UURZO\� IDLOHG� WK
WHQFH�DQG�HQMR
G�6��LQGLYLGXDO
GLIIV�� IRU� 6
DQG� D� WUHQ
��� 3RVW�KRF� WHV
�7�� WHVW�XVHG� E
FRQWURO�� S ����
RXSV� QRUPDO� DQ
RUUHFWHG�� JURX
WLYH� DQG� FRQWUR
���� DQG� IRU� HIIR
H� RI� IDLOHG� /HY
SWLYH�DQG�FRQWUR

UH����EHWZHHQ�6
U� WKH� LQGHS�� YD
������ /HY�� IDLO
XSV�DGDSWLYH� DQ
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&RPSH
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FRQWURO

,QWHUHV
HQMR\P

7LPHG�
DQG�*R

7DEOH�
LQW

',6&8
7KH� UH
SRQHQW
UHJXODU
WLRQDO�D
VHUYHG�
VLRQ� LQ
VWURQJ�
GXFHG�
SDWLHQW
WKHLU�7
FRQWUDG
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YDWLRQ�
VLJQLILF
H[SODQ
FUHDVHG
SULVLQJ
WKDQ�XV
FDWLRQV
UHVXOW�R
LQ� D� JD
'UDZQ
WLRQ� RI
ZKLFK�
D� JRRG
JHQHUD

O� �'XQQHWW�7�
����� DOO� UHPDLQ
�� SUHVHQWV� WKH
LQ�)LJXUH���RU�

LJXUH����0HDQV�D
GLIIHUHQFHV�RI�WKH
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���0HDQV�DQG�V
WHUHVW�HQMR\PHQ

866,21�
HVXOWV� LQGLFDWH� W
WV� DUH� QRW� XQD
U�37�VHVVLRQV��S
DVSHFWV�RI�0*
KLJKHU�PHDQ�UH
Q� WKH� FRQWURO�
UROH� RI� D� KXP
E\� WKH�SUHVHQF
WV� �H�J�� SDWLHQW
73V�LV�HVVHQWLDO�
GLFW� WKH� LQFUHDV
XVXDOO\�QRW�XQG
>��@��� &RXSOLQ
FDQWO\�LQ�IDYRU�
DWLRQ� IRU� WKH�
G�SUHVHQFH�LQ�WK
J� DQG� LW� ZDV� D
VXDO��RQO\�WZR�
V´� ZRUGLQJ��� +
RI�LQFUHDVHG�DX
DPH�� LW� DOORZV
Q� WRJHWKHU�� WKH�
I� JDPHV� IRU� K
UHVHPEOH�W\SLF
G� PDWFK� IRU� D
WLRQV� RI� 0*+

�� WHVW� XVHG� E
QLQJ� JURXS� FRP
H� GHVFULSWLYH� VW
��WKDW�ZHUH�FRP

DQG�VWDQGDUG�HU
H�IXQFWLRQDO�UHD

1RUPDO�

0HDQ� �����
6'����� �����

0HDQ� �����
6'����� �����

0HDQ� �����
6'����� �����

0HDQ� �����
6'����� �����

0HDQ� �����
6'����� �����

0HDQ� �����
6'����� �����

0HDQ� �����
6'����� �����

VWG��GHY��IRU�FRP
QW�DQG�WKH�78*�

WKDW� WKH�PHDVX
DQLPRXVO\� LQ� I
SRLQWLQJ�WR�WKH�
*+�LQ�GHWDLO��$
HVSRQVHV�RQ�WK
FRQGLWLRQ� PLJ
PDQ� LQVWUXFWRU�
FH�RI�DQ�DXWKRU
WV� EHOLHYLQJ� WK
� WR�WKHLU�RZQ�Z
VHG� HIIRUW�LPSR
GHUPLQHG�E\�LQ
QJ� WKH� PRWLYDW
U�RI�WKH�JDPHV�
REVHUYDWLRQV� R
WKH�JDPHV�FRQG
DOVR� PHDVXUHG�
PDWFKHG�WKH�J
+RZHYHU�� LW� JR
XWRQRP\��,I�D�S
V� WKHP� WR� EHKD
UHVXOWV� VXJJHV
KHDOWK� �DW� OHDVW�
FDO�DSSOLFDWLRQV
DXJPHQWLQJ� WUD
+� WKDW� DUH�� IURP

EHFDXVH� RI� ID
PELQDWLRQV� ZHU
WDWLVWLFV� IRU� PH
PSDUDEOH�DFURV

UURUV�IRU�WKH�SUH
DFK�WHVW�IRU�DOO�JU

$GDSWLYH�

0HDQ� ����
6'����� �����

0
6'

0HDQ� ����
6'����� �����

0
6'

0HDQ� ����
6'����� �����

0
6'

0HDQ� ����
6'����� �����

0
6'

0HDQ� ����
6'����� �����
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6'

0HDQ� ����
6'����� �����

0
6'

0HDQ� ����
6'����� �����

0
6'

PSHWHQFH��LQWXLWL
WHVW�IRU�ZHHNV��

XUHV�RI�PRWLYDW
IDYRU� RI� HLWKHU
QHHG�WR�FRQVLG

$Q�H[SODQDWLRQ�
H�WHQVLRQ�SUHVV
JKW� EH� WKH� LPS
�� ,I� H[WHUQDO� S
ULW\� LV� LQWHUQDOL
KDW� IROORZLQJ� W
ZHOO�EHLQJ���WK
RUWDQFH� �LQWULQV
QWHUQDOL]HG�H[WU
LRQDO�PHDVXUHV
FRQGLWLRQV�FRX
RQ� WKHVH� VFDOH
GLWLRQV�LV�SHUKD
ZLWK� OHVV� TXHV
JHQHUDO�³PRYHP
RHV� DORQJ� ZHO
SOD\HU�LV�JHWWLQJ
DYH� RQ� WKHLU� RZ
W� WKDW� WKH� FXUUH
WKH� FDVXDO� VW\

V�LQ�WKLV�GRPDLQ
DGLWLRQDO� WKHUD
P� WKH� VWDUW�� GH

DLOHG� /HY���
UH� QRW� VLJ���
HDVXUHV� QRW�
VV�JURXSV��

�
H�SRVW�
URXSV��

&RQWURO�

0HDQ� �����
'����� �����

0HDQ� �����
'����� �����

0HDQ� �����
'����� �����

0HDQ� �����
'����� �����

0HDQ� �����
'����� �����

0HDQ� �����
'����� �����

0HDQ� �����
'����� �����

LYH�FRQWURO��
��DQG����

WLRQDO� FRP�
U� JDPHV� RU�
GHU�PRWLYD�
IRU� WKH�RE�
VXUH�GLPHQ�
SDFW� RI� WKH�
SUHVVXUH� LQ�
L]HG�E\� WKH�
WKH� OHDG� RI�
KLV�GRHV�QRW�
VLF�PRWLYD�
ULQVLF�PRWL�
V� WKDW�ZHUH�
XOG�RIIHU�DQ�
HV�� 7KH� LQ�
DSV�QRW�VXU�
VWLRQ� LWHPV�
PHQW�DSSOL�
OO� ZLWK� WKH�
J�LPPHUVHG�
ZQ� DFFRUG��
HQW� JHQHUD�
\OH� JDPHV��
Q��PLJKW�EH�
DS\�� )XWXUH�
HVLJQHG� IRU�
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SDWLHQW�WKHUDSLVW� DQG� SDWLHQW�SDWLHQW� LQWHUDFWLRQ� WKURXJK� WKH�
JDPH� PLJKW� LPSURYH� UHVXOWV� LQ� WKH� RWKHU� PRWLYDWLRQDO�
PHDVXUHV� DQG� WKXV� IDFLOLWDWH� HYHQ�PRUH� FDSWLYDWLQJ�H[HUFLVH�
LQVWUXFWLRQ�� +RZHYHU�� SDUWLDO� LPSURYHPHQWV�� RU� HTXDO�
SHUIRUPDQFH� LQ�0*+�DOUHDG\� DOORZ� IRU� WKHP� WR�EH�XVHG� WR�
DXJPHQW� WUDGLWLRQDO� WKHUDSHXWLF� H[HUFLVH� LQVWUXFWLRQV�ZLWK� D�
QHZ�SDOHWWH�RI�GLYHUVH�H[SHULHQFHV��

6RPH� OLPLWDWLRQV� DSSO\� WR� RXU� VWXG\�� 2XU� VDPSOH� VKRZV� D�
JHQGHU� LPEDODQFH�� :KLOH� WKH� VSOLW� UHSUHVHQWV� WKH� JHQGHU�
GLVWULEXWLRQ�LQ�SDWLHQWV�RI�WKH�WDUJHWHG�DJH�JURXS�ZHOO��IXUWKHU�
VWXGLHV�DUH�QHHGHG�WR�UHVHDUFK�HIIHFWV�RI�JHQGHU��DQG�DJH��LQ�
PRUH�GHWDLO��'XH�WR�WKH�VLWXDWHG�QDWXUH�RI� WKH�VWXG\�DQG�RXU�
DLP� WR� REVHUYH� UHDOLVWLF� XVDJH�� ZH� GLG� QRW� HQIRUFH� D�
FRQWUROOHG�VHW�RI�H[HUFLVHV�DFURVV�DOO�JURXSV��7KH�GLIIHUHQFHV�
ZH� REVHUYHG� FDQ� WKXV� RQO\� EH� DWWULEXWHG� WR� WKH� WUHDWPHQW�
FRPSOH[� RI� WKHUDS\� JDPHV� SOXV� WKH� H[HUFLVHV� WKH\�
LPSOHPHQWHG�DV�D�ZKROH��$�PRUH�GHWDLOHG�VHSDUDWLRQ�UHTXLUHV�
IXUWKHU� �OLNHO\� ODE�� VWXGLHV� ZLWK� D� PXFK� PRUH� FRQWUROOHG�
DSSURDFK�� 2XU� UHVXOWV� DOVR� LQGLFDWH� WKDW� ZH� FDQQRW� FOHDUO\�
VHSDUDWH� WKH� QRUPDO� DQG� DGDSWLYH� JURXSV� RQ� DQ\� PHDVXUH��
:KLOH� WKLV� SRLQWV� WR� IXWXUH� ZRUN�� IRU� QRZ� WKH� DXWRPDWLF�
DGDSWLYLW\� GRHV� QRW� DSSHDU� WR� VLJQLILFDQWO\� GHFUHDVH� WKH� 37�
H[SHULHQFH�RU�IXQFWLRQDO�GHYHORSPHQW��$W�WKH�VDPH�WLPH��73V�
UHSHDWHGO\� LQGLFDWHG� WKDW� WKH\� DSSUHFLDWHG� WKH� DGDSWLYH�
YHUVLRQ�� VLQFH� LW� UHGXFHV� EXUGHQ� RQ� WKHLU� VFKHGXOHV�� 7KH�
VLWXDWHG� FRQWH[W� RI� D� EXV\� SUDFWLFH� SURGXFHV� D� QRLV\� DQG�
GLIILFXOW� HQYLURQPHQW� IRU� VFLHQWLILF� VWXG\�� 7KH� QRWDEOH�
YDULDQFH�LQ�WKH�GDWD�ZH�JDWKHUHG�XQGHUOLQHV�WKHVH�FKDOOHQJHV�
DQG� WKH� QHHG� IRU� LPSURYHG� UHVHDUFK� PHWKRGV� IRU� VLWXDWHG�
VWXGLHV�� LI� PRUH� VXEWOH� GLIIHUHQFHV� DUH� WR� EH� GHWHFWHG�� <HW��
JDPH� GHVLJQ� IRU� KHDOWK� DSSOLFDWLRQV� LV� ERXQG� WR� UHPDLQ� D�
SUREOHP�ZKHUH�FOHDU�OLQHV�DUH�GLIILFXOW�WR�HVWDEOLVK��

&21&/86,21�
:H� SUHVHQWHG� ILUVW� UHVXOWV� IURP� D� PHGLXP�WHUP� VWXG\� RI�
IXOO�ERG\� PRWLRQ�EDVHG� JDPHV� IRU� SK\VLRWKHUDS\� DQG�
UHKDELOLWDWLRQ�� :LWK� D� FXVWRP�EXLOW� VXLWH� RI� 0*+� DQG� D�
IOH[LEOH� FRQILJXUDWLRQ� WRRO�� WKH� VLWXDWHG� XVDJH� LQ� D� 37�
SUDFWLFH�ZDV�VWXGLHG�RYHU�WKH�FRXUVH�RI�ILYH�ZHHNV��5HVXOWV�
RQ�WKH�PHDVXUH�RI�IXQFWLRQDO�UHDFK�DSSHDU�WR�EH�LQFUHDVHG�LQ�
WKH� JDPH� FRQGLWLRQV�� KLQWLQJ� DW� LPSURYHPHQWV�� EXW� IXUWKHU�
VWXGLHV�DUH�QHHGHG� LQ� RUGHU� WR�JHQHUDOL]H� WKLV� ILQGLQJ��7KH�
UHVXOWV�RI�H[SHULHQWLDO�PHDVXUHV�URRWHG�LQ�QHHGV�VDWLVIDFWLRQ�
PRGHOV�RI�6'7�DUH�PL[HG�DQG�DSSHDU� WR�KLQW�DW� WKH�UROH�RI�
KXPDQ�LQYROYHPHQW��LQGLFDWLQJ�GLUHFWLRQV�IRU�IXWXUH�VWXG\��

$&.12:/('*0(176�
:H�WKDQN�WKH�PHPEHUV�RI�6')��DEUD[DV�0HGLHQ�+DPP�	�
:lFKWHU�*E5�DQG�YDFDQFHV�*PE+���5HKDPHG�'HOPHQKRUVW�
�:ROWHUV� �� (\EH� �� 6FKU|GHU�:ROWHUV� *E5��� 6LPRQ�
+HUPVGRUI�� 6RSKLH� -DQ]HQ� DQG� DOO� SDUWLFLSDQWV�� 7KH� 6')�
SURMHFW� UHFHLYHG� IXQGLQJ� IURP� WKH� :LUWVFKDIWVI|UGHUXQJ�
%UHPHQ�DQG�WKH�(8�IXQG�IRU�UHJLRQDO�GHYHORSPHQW��()5(���

5()(5(1&(6�
����$ODQNXV��*���/D]DU��$���0D\��0���DQG�.HOOHKHU��&��

7RZDUGV�FXVWRPL]DEOH�JDPHV�IRU�VWURNH�UHKDELOLWDWLRQ��

3URF��RI�WKH���WK�LQWHUQDWLRQDO�FRQIHUHQFH�RQ�+XPDQ�

IDFWRUV�LQ�FRPSXWLQJ�V\VWHPV��������������±������
��� *HUOLQJ��.�0���/LYLQJVWRQ��,�-���1DFNH��/�(���DQG�

0DQGU\N��5�/��)XOO�%RG\�0RWLRQ�%DVHG�*DPH�
,QWHUDFWLRQ�IRU�2OGHU�$GXOWV��&+,¶����3URF��RI�WKH���WK�
LQW��FRQI��RQ�+XPDQ�IDFWRUV�LQ�FRPSXWLQJ�V\VWHPV����������

��� *|EHO��6���+DUG\��6���:HQGHO��9���0HKP��)���DQG�
6WHLQPHW]��5��6HULRXV�JDPHV�IRU�KHDOWK��SHUVRQDOL]HG�
H[HUJDPHV��3URF��RI�WKH�LQW��FRQI��RQ�0XOWLPHGLD��$&0�
������������±������

��� +DUG\��6���*|EHO��6���*XWMDKU��0���:LHPH\HU��-���DQG�
6WHLQPHW]��5��$GDSWDWLRQ�0RGHO�IRU�,QGRRU�([HUJDPHV��
,QW��-RXUQDO�RI�&RPSXWHU�6FLHQFH�LQ�6SRUW���������������

��� +HUQDQGH]��+�$���<H��=���*UDKDP��7�&���)HKOLQJV��'���DQG�
6ZLW]HU��/��'HVLJQLQJ�DFWLRQ�EDVHG�H[HUJDPHV�IRU�
FKLOGUHQ�ZLWK�FHUHEUDO�SDOV\��3URF��RI�WKH�&RQI��RQ�+XPDQ�
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