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/HLVXUH�WLPH�SK\VLFDO�DFWLYLW\�DQG�LWV�UHODWLRQ�WR�SV\FKLDWULF�

FRPRUELGLWLHV�LQ�GHSUHVVLRQ��)LQGLQJV�IURP�)LQQLVK�'HSUHVVLRQ�DQG�

0HWDEROLF�6\QGURPH�LQ�$GXOWV��)'06$��VWXG\�

,ONND�5DDWLNDLQHQ�����3HNND�0lQW\VHONl�����0DXQR�9DQKDOD�$UL�+HLQRQHQ���+DQQX�.RSRQHQ���

+DQQX�.DXWLDLQHQ���� .DWDULLQD�.RUQLORII�

� 8QLYHUVLW\�RI�-\YlVN\Ol��)DFXOW\�RI�6SRUW�DQG�+HDOWK�6FLHQFHV��)LQODQG
��$VVLVWLYH�7HFKQRORJ\�&HQWUH��&HQWUDO�)LQODQG�+HDOWK�&DUH�'LVWULFW��-\YlVN\Ol��)LQODQG
�,QVWLWXWH�RI�3XEOLF�+HDOWK�DQG�&OLQLFDO�1XWULWLRQ��8QLYHUVLW\�RI�(DVWHUQ�)LQODQG��.XRSLR��)LQODQG
��3ULPDU\�+HDOWK�&DUH�8QLW��.XRSLR�8QLYHUVLW\�+RVSLWDO��.XRSLR��)LQODQG
��2OG�$JH�3V\FKLDWU\��'HSDUWPHQW�RI�3V\FKLDWU\��+HOVLQNL�8QLYHUVLW\�DQG�+HOVLQNL�8QLYHUVLW\�
+RVSLWDO��3V\FKLDWU\��+HOVLQNL��)LQODQG
�)RONKlOVDQ�5HVHDUFK�&HQWHU��+HOVLQNL��)LQODQG
�6FKRRO�RI�+HDOWK�DQG�6RFLDO�6WXGLHV��-$0.�8QLYHUVLW\�RI�$SSOLHG�6FLHQFHV��-\YlVN\Ol��)LQODQG

&RUUHVSRQGLQJ�DXWKRU��,ONND�5DDWLNDLQHQ��8QLYHUVLW\�RI�-\YlVN\Ol��)DFXOW\�RI�6SRUW�DQG�+HDOWK�
6FLHQFHV��3�2�%R[�����),��������8QLYHUVLW\�RI�-\YlVN\Ol��)LQODQG
HPDLO��LONND�W�UDDWLNDLQHQ#VWXGHQW�M\X�IL



$EEUHYLDWLRQV��%', �������%HFN�'HSUHVVLRQ�,QYHQWRU\� %0,��%RG\�0DVV�,QGH[��&9'��

FDUGLRYDVFXODU�GLVHDVH��'0��GLDEHWHV�PHOOLWXV� '6��GHSUHVVLYH�V\PSWRPV��)'06$�VWXG\��)LQQLVK�

'HSUHVVLRQ�DQG�0HWDEROLF�6\QGURPH�LQ�$GXOWV� VWXG\��*$'��JHQHUDOL]HG�DQ[LHW\�GLVRUGHU��+3$�

D[LV���K\SRWKDODPLF�SLWXLWDU\�DGUHQDO��D[LV��/73$��OHLVXUH�WLPH�SK\VLFDO�DFWLYLW\��0�,�1�,���0LQL�

,QWHUQDWLRQDO�1HXURSV\FKLDWULF�,QWHUYLHZ��2&'��REVHVVLYH�FRPSXOVLYH�GLVRUGHU��3$��SK\VLFDO�

DFWLYLW\��6'��VWDQGDUG�GHYLDWLRQ��86��8QLWHG�6WDWHV��YV��YHUVXV



$%65$&7

3XUSRVH��7KH VWXG\ DLP ZDV�WR�H[DPLQH�DVVRFLDWLRQ�EHWZHHQ�OHLVXUH�WLPH�SK\VLFDO�DFWLYLW\ �/73$�
DQG�SV\FKLDWULF�FRPRUELGLWLHV�DPRQJ�SHRSOH�ZLWK�GHSUHVVLRQ�

0HWKRGV� 7RWDO�����SDWLHQWV�DJHG����\HDUV�DQG�ROGHU�VXIIHULQJ�IURP�GHSUHVVLYH�V\PSWRPV �'6� DQG�
ZKR�ZHUH�FRQILUPHG�GHSUHVVLRQ�SRVLWLYH�SDUWLFLSDWHG�WKLV�VWXG\��7KH�VWXG\�ZDV�FRQGXFWHG�EHWZHHQ�
�����DQG������LQ�PXQLFLSDOLWLHV�ZLWKLQ�&HQWUDO�)LQODQG�+RVSLWDO�'LVWULFW��'6�ZHUH�GHWHUPLQHG�ZLWK�
%HFN�'HSUHVVLRQ�,QYHQWRU\��%',�����ZLWK�FXWRII�VFRUH�����DQG�SV\FKLDWULF�GLDJQRVHV�ZHUH FRQILUPHG�
E\ 0LQL�,QWHUQDWLRQDO�1HXURSV\FKLDWULF�,QWHUYLHZ��0�,�1�,����/73$��RWKHU�GLVHDVHV DV�ZHOO�DV XVH�RI�
DQWLGHSUHVVDQW ZHUH�FDSWXUHG�E\�VHOI�UHSRUWHG�TXHVWLRQQDLUH��3DUWLFLSDQWV�DOVR�WRRN�SDUW�LQ�SK\VLFDO�
H[DPLQDWLRQ� 7KH� DVVRFLDWLRQV� EHWZHHQ�/73$�DQG�SV\FKLDWULF� FRPRUELGLWLHV�ZHUH� DQDO\]HG� XVLQJ�
JHQHUDOL]HG�OLQHDU�PRGHOV�

5HVXOWV��/73$�OHYHO�ZDV�QRW�UHODWHG�WR�QXPEHU�RI�SV\FKLDWULF�FRPRUELGLWLHV��DIWHU�DGMXVWPHQW�IRU�DJH��
JHQGHU� %0,��%',�DQG�XVH�RI�DQWLGHSUHVVDQW S ����� DPRQJ�GHSUHVVHG�SDWLHQWV��7KH�KLJKHU�OHYHOV�RI�
/73$�ZHUH�OLQHDUO\�DVVRFLDWHG�ZLWK�ORZHU�FDUGLRYDVFXODU�GLVHDVHV��S ������ DQG�REHVLW\��S ������
DV�ZHOO�DV IHZHU '6 �S��������DPRQJ�GHSUHVVHG�SDWLHQWV�

/LPLWDWLRQV��3RVVLELOLW\�RI /73$�OHYHO�RYHUHVWLPDWLRQ�DQG VWXG\�UHVXOWV�JHQHUDOL]DELOLW\ WR�\RXQJHU�
SHUVRQV�

&RQFOXVLRQV� $FFRUGLQJ�WR�WKLV�VWXG\� /73$�OHYHO�LV�QRW�DVVRFLDWHG�ZLWK�SV\FKLDWULF�FRPRUELGLWLHV
DPRQJ�GHSUHVVHG�SDWLHQWV LQ�)LQQLVK�DGXOW�SRSXODWLRQ� +RZHYHU��RXU�UHVXOWV�VKRZHG WKDW�WKH�KLJKHU�
WKH�/73$�OHYHO�ZDV��WKH�OHVV�WKH�SDUWLFLSDQWV�VXIIHUHG�IURP�GHSUHVVLYH�V\PSWRPV� ,Q�DGGLWLRQ��KLJKHU�
OHYHOV� RI� SK\VLFDO� DFWLYLW\� ZHUH� DVVRFLDWHG� ZLWK� IHZHU� KHDUW� GLVHDVHV� DQG� REHVLW\ RXWOLQLQJ� WKH�
LPSRUWDQFH�RI�RYHUDOO�KHDOWK�FDUH�DQG�KHDOWK�SURPRWLRQ�DOWKRXJK�RWKHU�IRUPV�RI�WUHDWPHQW�DUH DOVR�
QHHGHG�

.H\ZRUGV��'HSUHVVLRQ��OHLVXUH�WLPH SK\VLFDO�DFWLYLW\��SV\FKLDWULF�FRPRUELGLWLHV



,QWURGXFWLRQ�

'HSUHVVLRQ�LV�RQH�RI�WKH�PRVW�GLVDELOLW\�FDXVLQJ�LOOQHVVHV�LQ�WKH�ZRUOG��:KLWHIRUG�HW�DO�������� DQG�LWV�

HFRQRPLFDO�DQG�LQGLYLGXDO�EXUGHQ�DUH�KXJH��'HSUHVVLRQ�LV�RIWHQ DVVRFLDWHG�ZLWK�RQH�RU�PRUH�RWKHU�

SV\FKLDWULF�GLVRUGHU�DQG�WRJHWKHU�WKH\�FDQ�LPSDFW�RQH¶V�OLIH�GUDPDWLFDOO\��2YHU������RI�GHSUHVVLRQ�

GLDJQRVHG� SDWLHQWV� KDYH� DW� OHDVW� RQH� RWKHU� SV\FKLDWULF� FRPRUELGLW\ �.HVVOHU� HW� DO��� ������ 3DWLHQW�

VXIIHULQJ�IURP�PHQWDO� LOOQHVVHV�KDV�RYHU� WZR�IROG�KLJKHU�ULVN�RI�HDUO\�GHDWK�FRPSDUH� WR�SHRSOH� LQ�

JHQHUDO�DQG�WKHLU�OLIH�H[SHFWDQF\�LV�WHQ�\HDUV�VKRUWHU��:DONHU HW�DO����������'HSUHVVLRQ�WRJHWKHU�ZLWK�

SV\FKLDWULF�FRPRUELGLWLHV�DUH�IRXQG�WR�LQFUHDVH�WKH�VHQVDWLRQ�RI�SDLQ�DQG�GHFUHDVH RQH¶V SHUIRUPDQFH�

DQG�TXDOLW\�RI� OLIH� �%DLU HW� DO���������� �'HSUHVVLRQ� LV� DOVR� DVVRFLDWHG�ZLWK� LQFUHDVHG� ULVN�RI�PDQ\�

VRPDWLF GLVHDVHV�VXFK DV�REHVLW\� GLDEHWHV DQG�FDUGLRYDVFXODU GLVHDVHV �3HQQLQ[�HW�DO���������

$FFRUGLQJ� WR� UHFHQW� NQRZOHGJH� OHLVXUH� WLPH� SK\VLFDO� DFWLYLW\ �/73$� LV� XVHIXO� IRU� WUHDWLQJ� DQG�

SUHYHQWLQJ�GHSUHVVLRQ��3K\VLFDO�DFWLYLW\�UHGXFHV GHSUHVVLYH�V\PSWRPV �'6� LQ�SHRSOH�ZLWK�PHQWDO�

LOOQHVV �5RVHQEDXP HW�DO������� DQG�SK\VLFDOO\�DFWLYH�LQGLYLGXDOV KDYH�ORZHU�ULVN�IRU�GHSUHVVLRQ�LQ�

WKH�IXWXUH�FRPSDUHG�WR�LQ�DFWLYH�RQHV��0DPPHQ�DQG )DXONQHU��������6FKXFK�HW�DO��������� $FFRUGLQJ�

WR�UHYLHZ�RI�0DPPHQ�DQG�)DXONQHU��������DQ\�SK\VLFDO�DFWLYLW\��3$� OHYHO� LQFOXGLQJ�ORZ�OHYHOV�

�H�J���ZDONLQJ������PLQXWHV�ZHHNV�� PD\�SUHYHQW�IRU�IXWXUH�GHSUHVVLRQ��5HFHQW�ODUJH�8QLWHG�6WDWHV�

�86� QDWLRQZLGH�VWXG\ �&KHNURXG�HW�DO�������� KDV�UHYHDOHG WKDW�SK\VLFDO�H[HUFLVHG DQG�SK\VLFDOO\

DFWLYH LQGLYLGXDOV KDG�QHDUO\ ����IHZHU�SRRU�PHQWDO�KHDOWK GD\V WKDQ�WKRVH�ZKR�QRW LQ�WKH�SDVW�PRQWK�

7KH�UHODWLRQVKLS�EHWZHHQ�3$ DQG�GHSUHVVLRQ�LV�DOVR�ELGLUHFWLRQDO��LQFUHDVHG�3$�FDQ�UHGXFH�GHSUHVVLYH�

V\PSWRPV�DV�ZHOO�DV GHSUHVVLRQ�LWVHOI�FDQ�UHGXFH�3$ �6LHYHUGHV�HW�DO���������

$V�GHSUHVVLRQ�LV�RIWHQ�DVVRFLDWHG�ZLWK�PXOWLSOH�SV\FKLDWULF�FRPRUELGLWLHV��.HVVOHU�HW�DO����������LW�LV�

VWLOO�ODUJHO\�XQNQRZQ�ZKHWKHU�RU�KRZ�DPRXQW�RI�/73$�LV�UHODWHG�WR�SV\FKLDWULF�FRPRUELGLWLHV DPRQJ�

GHSUHVVLYH�SDWLHQWV� 'HSUHVVLRQ�E\�LWVHOI DQG SDUWLFXODUO\�ZLWK�DGGLWLRQDO�SV\FKLDWULF�FRPRUELGLWLHV�LV�

QRW�RQO\�LQGLYLGXDO�PLVHU\�EXW�KXJH�VRFLHWDO EXUGHQ �0UD]HN HW�DO�� �����6RERFNL HW�DO���������DQG�

WKHUHIRUH�LW� LV�VHQVLEOH�WR�ILJXUH�RXW�PHDQV�DQG�IDFWRUV�WR�UHVROYH�RU�DW� OHDVW� UHGXFH WKHVH�QHJDWLYH�

HIIHFWV�RI�LOOQHVV��0RVW�RI�WKH�SUHYLRXV�VWXGLHV LQYHVWLJDWLQJ�WKH�UHODWLRQVKLS�EHWZHHQ�GHSUHVVLRQ�DQG�

/73$�KDYH QRW�WRRN SV\FKLDWULF�FRPRUELGLW\�LQWR�DFFRXQW RU SV\FKLDWULF FRPRUELGLWLHV�DUH H[FOXGHG��

7KXV�� WKH�PDLQ�DLP�RI� WKLV� VWXG\�DV�D�SDUW�RI�)LQQLVK�'HSUHVVLRQ�DQG�0HWDEROLF�6\QGURPH 6WXG\�

�)'06$� LV� WR H[SORUH� WKH� UHODWLRQVKLS� EHWZHHQ� /73$� DQG� SV\FKLDWULF� FRPRUELGLWLHV� DPRQJ�

GHSUHVVLYH�GLDJQRVHG�SDWLHQWV�



0DWHULDOV DQG�PHWKRGV�

3DUWLFLSDQWV

7KH VWXG\� GDWD� ZHUH� GUDZQ� IURP WKH� )LQQLVK� 'HSUHVVLRQ� DQG� 0HWDEROLF� 6\QGURPH� LQ� $GXOWV�

�)'06$�� VWXG\ ZKLFK ZDV� FRQGXFWHG� EHWZHHQ� ����� DQG� ����� LQ� PXQLFLSDOLWLHV� ZLWKLQ� &HQWUDO�

)LQODQG�+RVSLWDO�'LVWULFW ZLWK�FDWFKPHQW�DUHD�RI ��� ����LQKDELWDQWV� 7KH�SRSXODWLRQ RI�WKLV�VWXG\�

ZHUH HQUROOHG IURP����\HDUV�RI�DJH�RU�ROGHU�SDWLHQWV��Q �����ZLWK�GHSUHVVLYH�V\PSWRPV GHWHUPLQHG�

ZLWK�%HFN�'HSUHVVLRQ�,QYHQWRU\��%',�����ZLWK�FXWRII�VFRUH����� 3DUWLFLSDQWV ZHUH�VHOI�UHIHUUHG RU�

UHIHUUHG�E\�JHQHUDO SUDFWLWLRQHUV WR�GHSUHVVLRQ�QXUVH�FDVH�PDQDJHUV DQG�ZKR¶V�SV\FKLDWULF�GLDJQRVHV�

ZHUH� FRQILUPHG� E\� GLDJQRVLV� VWUXFWXUHG� LQWHUYLHZ �0�,�1�,�� FRQGXFWHG� E\ GHSUHVVLRQ� QXUVH� FDVH�

PDQDJHUV��7RWDO�����SDWLHQWV�UHFHLYHG�D�GLDJQRVLV�RI GHSUHVVLRQ��7KH�(WKLFV�&RPPLWWHH�RI�WKH�&HQWUDO�

)LQODQG�+RVSLWDO�'LVWULFW�DSSURYHG�WKH�VWXG\ SURWRFRO�SULRU�WR�WKH�FRPPHQFHPHQW�RI�WKH�VWXG\��$OO�

SDUWLFLSDQWV�VLJQHG�DQ�LQIRUPHG�ZULWWHQ�FRQVHQW�

'DWD�VRXUFHV

$OO� SDUWLFLSDQWV ILOOHG� RXW D� VWDQGDUG� VHOI�DGPLQLVWHUHG� TXHVWLRQQDLUH� FRQWDLQLQJ� TXHVWLRQV� DERXW�

SUHYLRXVO\ GLDJQRVHG�VRPDWLF�GLVRUGHUV��XVH�RI�DQWLGHSUHVVDQW��VPRNLQJ�KDELWV��QXPEHU�RI�DOFRKRO�

GRVHV SHU�ZHHN DQG�OHLVXUH�WLPH�SK\VLFDO�DFWLYLW\ �/73$�� 'DWD�RQ�SDUWLFLSDQWV¶�VRFLR�HFRQRPLFDO

EDFNJURXQG� VXFK� DV� \HDUV� RI� HGXFDWLRQ�� PDULWDO� DQG� HPSOR\PHQW� VWDWXV ZHUH DOVR� FROOHFWHG� YLD�

TXHVWLRQQDLUH� 3DUWLFLSDQWV�DOVR�WRRN�SDUW�RQ�SK\VLFDO�H[DPLQDWLRQ GXULQJ WKH�VWXG\�YLVLW� 7KH�SK\VLFDO�

H[DPLQDWLRQ�LQFOXGHG�PHDVXUHPHQWV�RI�SDUWLFLSDQWV¶�ZHLJKW�DQG�KHLJKW�GXULQJ�WKH�VWXG\�YLVLW�:HLJKW�

DQG� KHLJKW� ZHUH�PHDVXUHG� LQ� OLJKW� FORWKLQJ� DQG�ZDV� DFFXUDWH� WR� WKH� QHDUHVW� ���� FP� DQG� ���� NJ��

UHVSHFWLYHO\��7KH�ERG\�PDVV�LQGH[��%0,� ZDV�GHILQHG�DV�SHUVRQ¶V�ZHLJWK��ERG\�PDVV��GLYLGHG�E\�WKH�

VTXDUH�RI�WKH�KHLJWK� 2EHVLW\�ZHUH�GHILQHG�ZKHQ�%0,������:RUOG�+HDOWK�2UJDQL]DWLRQ���������

/73$�ZDV DVVHVVHG�E\�DVNLQJ�´�+RZ RIWHQ�GR�\RX�GR�SK\VLFDO�DFWLYLW\�DW�OHDVW�IRU�KDOI�DQ�KRXU�VR�

WKDW�\RX�DUH�RXW RI�EUHDWK DQG�VZHDWLQJ"´�$QVZHUV�ZHUH�FODVVLILHG�LQWR�WKUHH OHYHOV��ORZ��WZLFH�SHU�

PRQWK�RU�OHVV���PRGHUDWH��RQFH�RU�WZLFH�SHU�ZHHN���RU�KLJK��WKUHH�WLPHV�SHU�ZHHN�RU�PRUH�� ,Q�SUHYLRXV�

VWXGLHV� VHOI�DVVHVVHG� /73$� KDV� VKRZQ� D� KLJK� FRUUHODWLRQ� ZLWK� SK\VLFDO ILWQHVV DV� PHDVXUHG� E\�

PD[LPDO�R[\JHQ�XSWDNH �$LUHV HW�DO���������



7KH� VHYHULW\� RI� GHSUHVVLYH� V\PSWRPV �'6� ZDV� FDSWXUHG� XVLQJ WKH� ���LWHP %HFN� 'HSUHVVLRQ�

,QYHQWRU\��%',������%HFN�HW�DO�� �������ZKLFK�ZDV�FRPSOHWHG�E\�WKH�SDUWLFLSDQWV��7KH�FXW�RII�SRLQW�

ZDV�VHW� WR �����.RSRQHQ HW�DO����������7KH�SV\FKLDWULF�GLDJQRVLV�DQG�QXPEHU�RI�RWKHU�SV\FKLDWULF

FRPRUELGLWLHV�ZHUH�FRQILUPHG DQG�REWDLQHG�ZLWK D�GLDJQRVWLF�0LQL�,QWHUQDWLRQDO�1HXURSV\FKLDWULF�

,QWHUYLHZ��0�,�1�,�� �6KHHKDQ�HW�DO�������� GHOLYHUHG�E\�WUDLQHG�VWXG\�QXUVH�

6WDWLVWLFDO�PHWKRGV

7KH�UHVXOWV�ZHUH�SUHVHQWHG�DV�PHDQV�ZLWK�VWDQGDUG�GHYLDWLRQV��6'��RU�DV�FRXQWV�ZLWK�SHUFHQWDJHV�

6WDWLVWLFDO� VLJQLILFDQFH� IRU� WKH� XQDGMXVWHG� DQDO\VHV RI� OLQHDULW\� DFURVV� WKH� /73$ FDWHJRULHV� ZHUH�

HYDOXDWHG�XVLQJ�WKH�&RFKUDQ�$UPLWDJH�WHVW��&X]LFN�WHVW�DQG�DQDO\VLV�RI�YDULDQFH�ZLWK�DQ�DSSURSULDWH�

FRQWUDVW��$GMXVWHG�DQDO\VHV RI� OLQHDULW\� �RUWKRJRQDO�SRO\QRPLDO��ZHUH�HYDOXDWHG�XVLQJ�JHQHUDOL]HG�

OLQHDU�PRGHOV��H�J��DQDO\VLV�RI�FR�YDULDQFH��UHJUHVVLRQ�PRGHOV DQG�ORJLVWLF�PRGHOV��ZLWK�DSSURSULDWH�

GLVWULEXWLRQ DQG� OLQN� IXQFWLRQ�� 0RGHOV� LQFOXGHG� DJH�� JHQGHU�� \HDUV� RI� HGXFDWLRQ�� PDULWDO� VWDWXV��

FRPRUELG�GLVHDVHV�DQG�KRXVHKROG�LQFRPH�DV�FRYDULDWHV��,Q�WKH�FDVH�RI�YLRODWLRQ�RI�WKH�DVVXPSWLRQV�

�H�J��QRQ�QRUPDOLW\���D�ERRWVWUDS�W\SH�PHWKRG�ZDV�XVHG� ��������UHSOLFDWLRQV�� WR�HVWLPDWH�VWDQGDUG�

HUURUV��7KH� QRUPDOLW\� RI� YDULDEOHV�ZDV� HYDOXDWHG� E\� WKH� 6KDSLUR�:LON�:� WHVW��$OO� DQDO\VHV� ZHUH�

SHUIRUPHG�XVLQJ�67$7$�������

5HVXOWV�

7DEOH��� VKRZV� WKH� VRFLR�GHPRJUDSKLF� DQG�FOLQLFDO� FKDUDFWHULVWLFV�RI� WKH� SDUWLFLSDQWV� DFFRUGLQJ� WR�

/73$�OHYHOV�� %0,��S �������DQG�GHSUHVVLYH V\PSWRPV��S�������� DQG�IXUWKHU�SURSRUWLRQ�RI�VXEMHFWV�

ZLWK FDUGLRYDVFXODU�GLVHDVHV��S �������DQG�REHVLW\��S ������ GHFUHDVHG�OLQHDUO\�DFURVV�LQFUHDVLQJ�

/73$�FDWHJRULHV��$OWKRXJK DQWLGHSUHVVDQW�ZDV XVHG�E\������Q �����RI�SDUWLFLSDQWV��WKHUH�ZHUH�QR�

OLQHDU�DVVRFLDWLRQ EHWZHHQ�WKH�/73$�OHYHO�DQG�XVH�RI�DQWLGHSUHVVDQW �S ������ QRU�ZLWK�RWKHU�FOLQLFDO

RU�VRFLR�GHPRJUDSKLF�FKDUDFWHULVWLFV�HLWKHU��7DEOH����

7KH�SUHYDOHQFH�RI�SV\FKLDWULF�FRPRUELGLWLHV�DPRQJ DOO�GHSUHVVHG SDUWLFLSDQWV �Q ���� ZHUH�DV�IROORZ��

JHQHUDOL]HG� DQ[LHW\� GLVRUGHU� �*$'� ���� VXLFLGDO� ����� SDQLF� GLVRUGHU� ����� VRFLDO� SKRELD� �����

DOFRKRO�DEXVH�RU�GHSHQGHQFH������K\SRPDQLD������DJRUDSKRELD�����SRVWWUDXPDWLF�VWUHVV�UHDFWLRQ�

����REVHVVLYH�FRPSXOVLYH�GLVRUGHU��2&'� ��� EXOLPLD�RU�DQRUH[LD����DQG�SV\FKRVLV��� �7DEOH����

2QO\�RQH�ILIWK�������RI�WKH�SDUWLFLSDQWV�KDG�QR�SV\FKLDWULF�FRPRUELGLW\� 0RUH�WKDQ�RQH�WKLUG�������



RI� WKH� SDUWLFLSDQWV� KDG� RQH� FRPRUELGLW\�� ���� KDG� WZR� DQG� ���� KDG� DW� OHDVW� WKUHH� SV\FKLDWULF�

FRPRUELGLWLHV��3DUWLFLSDQWV�ZLWK�RQH�RU�PRUH�SV\FKLDWULF�FRPRUELGLWLHV�ZHUH�\RXQJHU�����\HDUV�YV�����

\HDUV��DQG�VPRNHG�PRUH�RIWHQ������YV�������S� �������WKDQ�WKRVH�ZLWKRXW�SV\FKLDWULF�FRPRUELGLWLHV���

,QVWHDG� WKHUH�ZHUH�QR�GLIIHUHQFH� LQ�JHQGHU��%0,�RU�HGXFDWLRQDO� \HDUV�DPRQJ�SDUWLFLSDQWV�ZLWK�RU�

ZLWKRXW�SV\FKLDWULF�FRPRUELGLWLHV�

7KH� VWDWLVWLFDO� DQDO\VLV� UHYHDOHG� WKDW� /73$� OHYHO� ZDV� QRW� UHODWHG� WR� QXPEHU� RI� SV\FKLDWULF�

FRPRUELGLWLHV� �S ������� ,Q� DGGLWLRQ�� WKHUH� ZDV� QR� VLJQLILFDQW� OLQHDU� UHODWLRQVKLS� EHWZHHQ� WKH�

SUHYDOHQFH�RI�SV\FKLDWULF�FRPRUELGLWLHV DQG SK\VLFDO�DFWLYH�OHYHO DIWHU�DGMXVWLQJ�WKH�UHVXOWV�IRU�DJH��

JHQGHU��%0,� %', VFRUH DQG�XVH�RI�DQWLGHSUHVVDQW �7DEOH����

'LVFXVVLRQ�

0DLQ�ILQGLQJV�DQG�VWXG\�LPSOLFDWLRQV

2XU ILQGLQJV VXJJHVWHG WKDW�/73$�LV�QRW�DVVRFLDWHG�ZLWK�SV\FKLDWULF�FRPRUELGLWLHV LQ�SDWLHQWV�ZLWK�

GHSUHVVLYH�V\PSWRPV� +RZHYHU��DV�LQ OLQH�ZLWK�VRPH�HDUOLHU�ILQGLQJV��%DUHQJR HW�DO���������.RUQLORII�

HW�DO�������� RXU VWXG\�VKRZHG�WKDW�/73$�KDG�SRVLWLYH�DVVRFLDWLRQ ZLWK VXFK KHDOWK�UHODWHG�IDFWRUV DV�

'6 REHVLW\� DQG�&9' LQ�GHSUHVVLYH�SDWLHQWV��7KLV� LV� LPSRUWDQW�� VLQFH� LW�KDV�EHHQ�VKRZQ� LQ� UHFHQW�

UHYLHZ�WKDW�SHRSOH�ZLWK�VHYHUH�PHQWDO�LOOQHVV�ZLWK�ORZ�/73$�KDV�LQFUHDVHG�ULVN�RI�FDUGLRYDVFXODU�

GLVHDVH�DQG�SUHPDWXUH�PRUWDOLW\ �9DQFDPSIRUW HW�DO� �������

%HFDXVH 3$� LQ�JHQHUDO� KDV SRVLWLYH�HIIHFW�RQ�PHQWDO�KHDOWK��LW�ZRXOG�EH�H[SHFWHG�WKDW�WKHVH�SRVLWLYH�

HIIHFWV RI�3$�DUH�UHIOHFWHG�RQ SV\FKLDWULF�FRPRUELGLWLHV�DV�ZHOO� $OWKRXJK� IRU�H[DPSOH %DUWOH\ HW�DO�

�������KDYH�FRQFOXGHG�LQ�WKHLU�PHWD�DQDO\VLV WKDW�FXUUHQW�HYLGHQFH�GRHV�QRW�VXSSRUW�WKH�XVH�RI�DHURELF�

H[HUFLVH�DV�DQ�HIIHFWLYH�WUHDWPHQW�IRU�DQ[LHW\�GLVRUGHUV DV�FRPSDUHG WR�RWKHU�WUHDWPHQW� ,Q�RXU�VWXG\�

WKH� PDMRULW\� RI VWXG\� SDUWLFLSDQWV� VXIIHUHG� IURP� *$' ������ DQG DV� 3$� VHHPV� WR� EH� XVHIXO� LQ�

GHSUHVVLRQ�LW�PD\ KDYH�OHVVHU�LPSDFW�RQ GHSUHVVLRQ�ZLWK�DQ[LHW\�GLVRUGHU �%DUWOH\ HW�DO����������7KLV�

FRXOG� EH� RQH� UHDVRQ� ZK\ /73$ GRHV� QRW� VHHP� WR� KDYH� SRVLWLYH� DVVRFLDWLRQ ZLWK� SV\FKLDWULF�

FRPRUELGLWLHV�LQ�WKLV VWXG\�

7KHUH� DUH�DOVR�QHXURELRORJLFDO�FKDQJHV�DVVRFLDWHG�ZLWK GHSUHVVLRQ H�J� LQ�K\SRWKDODPLF�SLWXLWDU\�

DGUHQDO��+3$�� D[LV KRPHRVWDVLV��QHXURWUDQVPLWWHUV��QHXURJHQHVLV DQG LQIODPPDWRU\�PDUNHUV ZKHUH�

3$�FRXOG ZRUN DV�D�³VFDIIROGLQJ´�IDFWRU WKDW VXSSRUW�DPHOLRUDWLRQ�SURFHVVHV �$UFKHU HW�DO��� ������

$JDLQ��QHXURWLF�GLVRUGHUV PLJKW�³SXUHO\´ DVVRFLDWH�PRUH�ZLWK�³PLQG´�WKDQ�³ERG\´� 7KLV�FRXOG�DOVR�



H[SODLQ��DW�OHDVW�SDUWO\� ZK\�SRVLWLYH�KHDOWK�HIIHFWV�RI�3$�DVVRFLDWHG PRUH�FOHDUO\ ZLWK�SXUH�GHSUHVVLRQ

EXW�QRW�GHSUHVVLRQ�ZLWK�DGGLWLRQDO�SV\FKLDWULF�GLVRUGHUV DQG�WKDW�3$ FDQ�UHGXFH GHSUHVVLYH�V\PSWRPV

EXW�QRW�QHFHVVDULO\�SV\FKLDWULF�FRPRUELGLWLHV�

5HFHQW�VWXG\�RI�&KHNURXG�HW�DO�������� KDV�DOVR�UHYHDOHG�WKDW�ZKLOH�SK\VLFDO�H[HUFLVH�LV�LQ�JHQHUDO�

XVHIXO�IRU�PHQWDO�KHDOWK��PRUH�H[HUFLVH�LV�QRW�DOZD\V�EHWWHU�DQG�WKDW�WKH�RSWLPDO�DPRXQW�OLHV�EHWZHHQ�

������PLQ�SHU�GD\�WKUHH�WR�ILYH�WLPHV�D�ZHHN��$V�GHSUHVVLRQ�LWVHOI�FDQ�UHGXFH�3$��6LHYHUGHV�HW�DO���

�������QHXURWLF�GLVRUGHUV�PLJKW�IRUFH�RQH�WR�PRYH�PRUH�DQG�WKHUHIRUH�QHXWUDOL]H�GHSUHVVLRQV�HIIHFWV�

RQ�3$��7KLV�SKHQRPHQRQ�PLJKW�EH�UHIOHFWHG�LQ�RXU�VWXG\�DOVR EHFDXVH�ZH�ZHUH�QRW�DEOH�WR�FDWFK�WKRVH�

ZKR�H[HUFLVH ³PRUH´��1RU ZH�GLG�QRW�XVH�REMHFWLYH�3$�PHDVXUHPHQW�LQVWHDG�RI�VXEMHFWLYH�DVVHVVPHQW�

QRU ZH�GLGQ¶W� NQRZ�ZKDW�NLQG�RI�3$� OLIHVW\OH� HDFK�SDUWLFLSDQW�KDG�EHIRUH� WKH� VWXG\ GXH� WR� FURVV�

VHFWLRQDO�VWXG\�GHVLJQ��7KLV�PD\�KDYH�DIIHFWHG�WR�WKHVH�UHVXOWV�DOVR�

:LWK�WKHVH�VWXG\ ILQGLQJV�ZLWKRXW�PRUH�H[WHQVLYH�LQYHVWLJDWLRQ ZH�FDQQRW�VD\�ZKDW�LV�WKH�UHOHYDQFH�

RI�/73$�LQ GHSUHVVLRQ LQ�WHUPV�RI�SV\FKLDWULF�FRPRUELGLWLHV� :KLOH�WKHVH�ILQGLQJV�FDQ�LQFUHDVH�DQG�

ZLGHQ�RXU�NQRZOHGJH�DERXW�IDFWRUV�UHODWHG�WR�GHSUHVVLRQ��LW�DOVR�UDLVHV�TXHVWLRQV�DERXW�PHWKRGV�DQG

WRROV ZKLFK�DUH�VXLWDEOH�LQ�SUHYHQWLRQ�DQG�WUHDWPHQW�RI�LOOQHVV��$V�3$�KDV�PDQ\�KHDOWK�EHQHILWV�LQ�

GHSUHVVLRQ�LW�V�VXLWDELOLW\�DV� WUHDWPHQW�PHWKRG�WR�UHGXFH�SV\FKLDWULF�FRPRUELGLWLHV DVVRFLDWHG�ZLWK�

GHSUHVVLRQ DUH�DUJXDEOH� 7KHUHIRUH� IXUWKHU�UHVHDUFK�DQG�PRUH�NQRZOHGJH�IURP WKH�XQGHUO\LQJ�IDFWRUV

EHKLQG WKHVH�VWXG\�ILQGLQJV DUH�QHHGHG�

6WUHQJWKV�DQG�OLPLWDWLRQV

7KH PDLQ VWUHQJWK�RI�WKLV�VWXG\�LV�WKH�XVH�RI�GLDJQRVWLF�LQWHUYLHZ��0�,�1�,���WR�FRQILUP�GHSUHVVLRQ�

DQG� SV\FKLDWULF� FRPRUELGLWLHV� $QRWKHU VWUHQJWK RI� WKLV� VWXG\� LV QDWLRQDO� UHSUHVHQWDWLYH� VWXG\�

SRSXODWLRQ�ZLWK� FDWFKPHQW� DUHD� RI� ��� ���� LQKDELWDQWV��0DLQ� OLPLWDWLRQ� OLHV RQ� WKH� VHOI�UHSRUWHG�

/73$�ZKLFK�PD\�SURQH�WR RYHUHVWLPDWLRQ�E\�SDUWLFLSDQWV��$OWKRXJK� D�VHOI�UHSRUWHG�TXHVWLRQQDLUH�

KDV�SURYHQ�WR�EH D�YDOLG�DQG�UHOLDEOH PHWKRG�WR�PHDVXUH�3$ LQ�FURVV�VHFWLRQDO VWXGLHV��$LUHV�HW�DO���

����� DQG�LQ�WKLV�VWXG\�GHVLJQ�ZH ZHUH�QRW�WU\LQJ WR�HVWLPDWH�H[DFW�DPRXQW�DQG�LQWHQVLW\ RI�3$�LQVWHDG�

RI�FUXGH�/73$ OHYHO�FDWHJRUL]DWLRQ� 0RUHRYHU� JHQHUDOL]DWLRQ�RI�VWXG\�UHVXOWV� WR�\RXQJHU�SHUVRQV�

FDQQRW�EH�GRQH�GXH�WR�VWXG\�SRSXODWLRQ�RI����DQG�ROGHU�LQ�WKLV�VWXG\��$OVR� JHQHUDOL]DELOLW\�WR�RWKHU�

FRXQWULHV�PLJKW� EH� TXHVWLRQDEOH� DV� LQ� )LQQLVK� VRFLHW\� VRFLDO� HTXLW\� LV� LQ� YHU\� KLJK� OHYHO� DQG� IRU�

H[DPSOH� SK\VLFDO� HGXFDWLRQ� DQG� KHDOWK� SURPRWLRQ� DV� ZHOO� DV� KHDOWK� VHUYLFHV� DUH� ZHOO� RUJDQL]HG�

FRPSDUHG�PDQ\�RWKHU�FRXQWULHV�



&RQFOXVLRQ�V��

/73$�OHYHO�ZDV�QRW�DVVRFLDWHG�ZLWK�SV\FKLDWULF�FRPRUELGLWLHV�DPRQJ�GHSUHVVLYH�GLDJQRVHG SDWLHQWV��

7KLV�PD\� VXJJHVW� D�GLIIHUHQW�SDWKRSK\VLRORJ\� LQ�GHSUHVVLRQ�DQG�DQ[LHW\� GLVRUGHUV� DV� WKH� OHYHO� RI�

/73$� ZDV� LQYHUVHO\� DVVRFLDWHG� ZLWK� GHSUHVVLYH� V\PSWRPV� +RZHYHU�� KLJKHU� OHYHOV� RI� SK\VLFDO�

DFWLYLW\� DVVRFLDWHG� ZLWK� IHZHU� KHDUW� GLVHDVHV� DQG� REHVLW\ KLJKOLJKWV� WKH� LPSRUWDQFH� RI /73$�

SURPRWLRQ�LQ�WKH�WUHDWPHQW�RI�FRPRUELG�GHSUHVVLRQ�DOWKRXJK�RWKHU�IRUPV�RI�WUHDWPHQW�IRU�FRPRUELG�

DQ[LHW\�GLVRUGHUV�DUH DOVR�QHHGHG�

)XQGLQJ

7KLV�UHVHDUFK�GLG�QRW�UHFHLYH�DQ\�VSHFLILF�JUDQW�IURP�IXQGLQJ�DJHQFLHV�LQ�WKH�SXEOLF��FRPPHUFLDO��RU�

QRW�IRU�SURILW�VHFWRUV�

&RQIOLFW�RI�LQWHUHVW

7KH�DXWKRUV�GHFODUH�WKDW�WKH\�KDYH�QR�FRQIOLFW�RI�LQWHUHVW�

$FNQRZOHGJHPHQWV

7KH�DXWKRUV�ZRXOG�OLNH�WR�WKDQN�WKH�GHSUHVVLRQ�QXUVH�FDVH�PDQDJHUV�ZKR�WRRN�SDUW�LQ�WKH�SUDFWLFDO�

LPSOHPHQWDWLRQ�RI�WKH�)'06$��0DUL�$ODQNR��+DUUL�%DFN��7LPR�+DQQXOD��$QX�+RORSDLQHQ��5LWYD�

+lNNLQHQ��.DWMD�-RKDQVVRQ��(LMD�.LQQXQHQ��.DLMD�/XRPD��+DQQHOH�1LHPL��+LOOHYL�3HXUD��,QJD�3|QWL|��

.LUVL� 5RXYLQHQ�� 7LLQD� 6LOYHQQRLQHQ� DQG� 0DULDQQH� 9LKWDPlNL�� WKH� )'06$� VWXG\� QXUVHV� $QQH�

.LUPDQHQ��6HLMD�7RUNNHOL��5HHWWD�2NVDQHQ�DQG�2OOL�1LHPL��DQG�3LD�-DXKLDLQHQ��VFLHQWLILF�VHFUHWDU\�RI�

WKH�VWXG\�



7DEOH����'HSUHVVHG�SDWLHQWV¶�VRFLR�GHPRJUDSKLF�DQG�FOLQLFDO�FKDUDFWHULVWLFV�DW�EDVHOLQH�

S�IRU���OLQHDULW\�DFURVV�WKH�/73$ FDWHJRULHV
%',�EHFN�GHSUHVVLRQ�LQYHQWRU\��&9' FDUGLRYDVFXODU�GLVHDVH��'0�GLDEHWHV�PHOOLWXV

9DULDEOHV 7RWDO /HLVXUH�WLPH�SK\VLFDO�DFWLYLW\ 3�YDOXH

1 ���

/RZ

1 ���

0RGHUDWH

1 ���

+LJK

1 ���

)HPDOH��Q���� �������� ������� �������� �������� ����

$JH��\HDUV��6'� ������� ������ ������� ������� �����

%0,��PHDQ��6'� ���������� ���������� ���������� ���������� �����

2EHVLW\���%0,�������Q���� �������� ������� ������� ������� �����

(GXFDWLRQ�\HDUV �6'� ���������� ���������� ���������� ���������� ����

0DUULHG�RU�FRKDELWHG��Q���� �������� ������� �������� ������� ����

(PSOR\PHQW�VWDWXV��Q���� ����

(PSOR\HG �������� ������� ������� �������

8QHPSOR\HG �������� ������� ������� �������

6WXGHQW ������ ����� ����� �����

5HWLUHG �������� ������� ������� �������

6PRNLQJ��Q���� �������� ������� ������� ������� �����

$OFRKRO��GRVHV�SHU�ZHHN��Q���� ����

1RQH ������� ������� ������� �������

��� �������� ������� �������� �������

��� ������ ����� ������� �������

��� ������� ������� ������� �������

%',�VFRUH��PHDQ��6'� ���� ����� ���������� ���������� ���������� ������

$QWLGHSUHVVDQW��Q���� �������� ������� �������� �������� ����

'LVHDVH��Q����

1HXURORJLFDO� ������ ����� ����� ����� ����

&DQFHU ����� ����� ����� ����� ����

&9' ������� ������ ������� ������� �����

5KHXPDWLF� ������ ����� ����� ����� ����

/XQJ� ������ ������ ������ ������� ����

'0 ������� ������� ������� ������� ����



7DEOH� ��� 3V\FKLDWULF� FRPRUELGLWLHV� DPRQJ� GHSUHVVHG� SDWLHQWV� DFFRUGLQJ� WR� OHLVXUH�WLPH� SK\VLFDO

DFWLYLW\�OHYHO�DW�EDVHOLQH�

7RWDO /HLVXUH�WLPH�SK\VLFDO�DFWLYLW\ 3�IRU�
OLQHDULW\

9DULDEOHV 1 ���
/RZ
1 ���

0RGHUDWH
1 ���

+LJK
1 ���

*$'��Q���� �������� ������� �������� ������� ����

6XLFLGDO��Q���� �������� ������� ������� ������� ����

3DQLF�GLVRUGHU��Q���� �������� ������� ������� ������� ����

$OFRKRO�DEXVH�RU�GHSHQGHQFH��Q���� ������� ������� ������� ������� ����

6RFLDO�SKRELD��Q���� ������� ������� ������� ������� ����

+\SRPDQLD��Q���� ������� ������� ������ ������� ����

3RVWWUDXPDWLF�VWUHVV�UHDFWLRQ��Q���� ������ ����� ������ ����� ����

$JRUDSKRELD��Q���� ������ ����� ����� ������ ����

2&'��Q���� ������ ����� ����� ������ ����

%XOLPLD�RU�DQRUH[LD��Q���� ������ ����� ����� ����� ����

3V\FKRVLV��Q���� ����� ����� ����� ����� ����

1XPEHU�RI�SV\FKLDWULF�

FRPRUELGLWLHV� PHDQ��6'�

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

1XPEHU��Q����

� �������� ������� ������� �������

� �������� ������� ������� �������

� ������� ������� ������� �������

! � ������� ������� ������� �������

 S�IRU���OLQHDULW\ DFURVV�WKH�/73$ FDWHJRULHV͕ DGMXVWHG�IRU�JHQGHU��DJH��%0,��%',�DQG�XVH�RI�
DQWLGHSUHVVDQW�
*$'�JHQHUDOL]HG�DQ[LHW\�GLVRUGHU��2&'�REVHVVLYH�FRPSXOVLYH�GLVRUGHU



5HIHUHQFHV

$LUHV��1���6HOPHU��5���	�7KHOOH��'����������7KH�YDOLGLW\�RI�VHOI�UHSRUWHG�OHLVXUH�WLPH�SK\VLFDO�

DFWLYLW\��DQG�LWV�UHODWLRQVKLS�WR�VHUXP�FKROHVWHURO��EORRG�SUHVVXUH�DQG�ERG\�PDVV LQGH[��$�

SRSXODWLRQ�EDVHG�VWXG\�RI���������PHQ�DQG�ZRPHQ�DJHG���±���\HDUV� (XURSHDQ�-RXUQDO�RI�

(SLGHPLRORJ\������������������

$UFKHU��7���-RVHIVVRQ��7���	�/LQGZDOO��0����������(IIHFWV�RI�SK\VLFDO�H[HUFLVH�RQ�GHSUHVVLYH�

V\PSWRPV�DQG�ELRPDUNHUV�LQ�GHSUHVVLRQ� &16�	�1HXURORJLFDO�'LVRUGHUV�'UXJ�7DUJHWV�

�)RUPHUO\�&XUUHQW�'UXJ�7DUJHWV�&16�	�1HXURORJLFDO�'LVRUGHUV��������������������

%DLU��0��-���:X��-���'DPXVK��7��0���6XWKHUODQG��-��0���	�.URHQNH��.����������$VVRFLDWLRQ�RI�

GHSUHVVLRQ�DQG�DQ[LHW\�DORQH�DQG�LQ�FRPELQDWLRQ�ZLWK�FKURQLF�PXVFXORVNHOHWDO�SDLQ�LQ�SULPDU\�

FDUH�SDWLHQWV� 3V\FKRVRPDWLF�0HGLFLQH������������������GRL���������36<��E���H������F����

>GRL@

%DUHQJR��1��&���$QWLNDLQHQ��5���%RURGXOLQ��.���+DUDOG��.���	�-RXVLODKWL��3����������/HLVXUHဨWLPH�

SK\VLFDO�DFWLYLW\�UHGXFHV�WRWDO�DQG�FDUGLRYDVFXODU�PRUWDOLW\�DQG�FDUGLRYDVFXODU�GLVHDVH�

LQFLGHQFH�LQ�ROGHU�DGXOWV� -RXUQDO�RI�WKH�$PHULFDQ�*HULDWULFV�6RFLHW\������������������

%DUWOH\��&��$���+D\��0���	�%ORFK��0��+����������0HWD�DQDO\VLV��$HURELF�H[HUFLVH�IRU�WKH�WUHDWPHQW�

RI�DQ[LHW\�GLVRUGHUV� 3URJUHVV�LQ�1HXUR�3V\FKRSKDUPDFRORJ\�DQG�%LRORJLFDO�3V\FKLDWU\������

�����

%HFN��$��7���:DUG��&��+���0HQGHOVRQ��0���0RFN��-���	�(UEDXJK��-����������$Q�LQYHQWRU\�IRU�

PHDVXULQJ�GHSUHVVLRQ� $UFKLYHV�RI�*HQHUDO�3V\FKLDWU\��������������



&KHNURXG��6��5���*XHRUJXLHYD��5���=KHXWOLQ��$��%���3DXOXV��0���.UXPKRO]��+��0���.U\VWDO��-��+���	�

&KHNURXG��$��0����������$VVRFLDWLRQ�EHWZHHQ�SK\VLFDO�H[HUFLVH�DQG�PHQWDO�KHDOWK�LQ��ā���

PLOOLRQ�LQGLYLGXDOV�LQ�WKH�86$�EHWZHHQ������DQG�������$�FURVV�VHFWLRQDO�VWXG\� 7KH�/DQFHW�

3V\FKLDWU\�

.HVVOHU��5��&���%HUJOXQG��3���'HPOHU��2���-LQ��5���.RUHW]��'���0HULNDQJDV��.��5���������:DQJ��3��6��

��������7KH�HSLGHPLRORJ\�RI�PDMRU�GHSUHVVLYH�GLVRUGHU��5HVXOWV�IURP�WKH�QDWLRQDO�FRPRUELGLW\�

VXUYH\�UHSOLFDWLRQ��1&6�5�� -DPD����������������������

.RSRQHQ��+���.DXWLDLQHQ��+���/HSSlQHQ��(���0lQW\VHONl��3���	�9DQKDOD��0����������$VVRFLDWLRQ�

EHWZHHQ�VXLFLGDO�EHKDYLRXU�DQG�LPSDLUHG�JOXFRVH�PHWDEROLVP�LQ�GHSUHVVLYH�GLVRUGHUV� %0&�

3V\FKLDWU\��������������

.RUQLORII��.���+DNNLQHQ��$���.DXWLDLQHQ��+���.RSRQHQ��+���3HOWRQHQ��0���0DQW\VHOND��3���������

9DQKDOD��0����������/HLVXUH�WLPH�SK\VLFDO�DFWLYLW\�DQG�PHWDEROLF�V\QGURPH�SOXV�GHSUHVVLYH�

V\PSWRPV�LQ�WKH�),1�'�'�VXUYH\� 3UHYHQWLYH�0HGLFLQH� ����������������

GRL���������M�\SPHG�������������>GRL@

0DPPHQ�*��	�)DXONQHU�*����������3K\VLFDO�DFWLYLW\�DQG�WKH�SUHYHQWLRQ�RI�GHSUHVVLRQ��$�
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