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5HVSLUDWRU\�&RQWURO�7HFKQLTXH�DQG�+HDUW�5DWH�9DULDELOLW\�LQ�D�

&KLOG�:LWK�$WWHQWLRQ�'HILFLW�DQG�+\SHUDFWLYLW\�'LVRUGHU�� �

$�&DVH�6WXG\�

'DYLG�&DWHOD��6XVDQD�$OYHV��,VDEHO�3LVFDOKR�

3RO\WHFKQLF�,QVWLWXWH�RI�6DQWDUpP��6DQWDUpP��3RUWXJDO�

$WWHQWLRQ�GHILFLW�K\SHUDFWLYLW\�GLVRUGHU��$'+'��LV�DVVRFLDWHG�WR�D�ORZHU�UHVSLUDWRU\�VLQXV�DUUK\WKPLD��56$��DQG�WR�

D�ORZHU�KHDUW�UDWH�YDULDELOLW\��+59���7KH�SXUSRVH�RI�WKLV�VWXG\�LV�WR�YHULI\�LI�WKURXJK�EUHDWK�FRQWURO��DQ�$'+'�ER\�

���\HDUV� ROG�� FRXOG� LQFUHDVH�+59��'XULQJ�EUHDWKLQJ� FRQWURO�� WKH� FKLOG� VLJQLILFDQWO\� UHGXFHG�EUHDWKLQJ� IUHTXHQF\�

�%)��DQG�KHDUW� UDWH� �+5���VLJQLILFDQWO\�DXJPHQWHG�PHDQ�55�LQWHUYDO�DQG�S11����DXJPHQWHG�+59L��QV��DQG�+)�

�QV��� DQG� UHGXFHG� /)�+)� UDWLR� �QV��� &RQVHTXHQWO\�� GXULQJ� VKRUW� WUDLQLQJ� VHVVLRQV�� WKLV� FKLOG� KDG� WKH� FDSDFLW\� WR�

DXJPHQW�YDULRXV�SDUDPHWHUV�RI�+59�� VXJJHVWLQJ�DQ� LQFUHDVLQJ�RI�YDJDO� DFWLYLW\�� ,I�YDJDO�DFWLYLW\�ZDV� UHLQIRUFHG�

GXULQJ� EUHDWKLQJ� FRQWURO�� LW� PHDQV� WKDW� PD\EH� D� SURFHVV� RI� ERWWRP�XS� DGMXVWPHQW� RI� DWWHQWLRQ� DQG� HPRWLRQDO�

UHVSRQVHV�FDQ�EH�SURPRWHG��

.H\ZRUGV��$'+'��EUHDWKLQJ�WHFKQLTXH��FKLOG��+59�

,QWURGXFWLRQ�

$WWHQWLRQ�GHILFLW�K\SHUDFWLYLW\�GLVRUGHU��$'+'��LV�GHVFULEHG�DV�D�SHUVLVWHQW�GLVRUGHU�RI�LQDWWHQWLRQ�RU�ODFN�

RI�FRQFHQWUDWLRQ�DQG�RU�LPSXOVLYLW\�K\SHUDFWLYLW\��ZKLFK�PDQLIHVWV�LWVHOI�PRUH�VKDUSO\�DQG�VHYHUHO\�WKDQ�XVXDO�

LQ�SHRSOH�ZLWK�WKH�VDPH�OHYHO�RI�GHYHORSPHQW��LQWHUIHULQJ�LQ�D�VLJQLILFDQW�ZD\�LQ�WKH�DFDGHPLF��VRFLDO��RU�ODERXU�

SURGXFWLYLW\�� 7KH� LQDWWHQWLRQ� PDQLIHVWV� LWVHOI� PDLQO\� LQ� UDPEOLQJ�� ODFN� RI� SHUVLVWHQFH�� DQG� GLIILFXOW\� LQ�

PDLQWDLQLQJ�IRFXV��WKH�K\SHUDFWLYLW\�LV�DWWULEXWHG�WR�H[FHVVLYH�PRWRU�DFWLYLW\��$PHULFDQ�3V\FKLDWULF�$VVRFLDWLRQ�

>$3$@��������&DQWZHOO�	�%DNHU���������

7KH�PDLQ�GLIILFXOWLHV�LQ�WKLV�GLVWXUEDQFH�DUH�H[SUHVVHG�LQ�H[HFXWLYH�IXQFWLRQV��ZKLFK�DUH�EDVHG�RQ�D�VHW�RI�

FRJQLWLYH�SURFHVVHV�WKDW�FRQWURO�PRYHPHQW��SODQQLQJ��RUJDQL]DWLRQ��DQG�LQKLELWRU\�FRQWURO��%DUNOH\���������5LVN�

IDFWRUV� LQFOXGH� ORZ� ELUWK�ZHLJKW�� VPRNLQJ� RU� DOFRKRO� FRQVXPSWLRQ� GXULQJ� JHVWDWLRQ�� FKLOG� QHJOHFW� RU� DEXVH��

KHUHGLW\� �ILUVW� GHJUHH��� YLVXDO� DQG� DXGLWRU\� GHILFLWV�� PHWDEROLF� DEQRUPDOLWLHV�� DQG� HSLOHSV\�� DPRQJ� RWKHU�

GHILFLHQFLHV��/LQGVWU|P��/LQGEODG��	�+MHUQ��������0RUDOHV��3ROL]]L��6XOOLRWWL��0DVFROLQR��	�3HUULFRQH���������

7KH� $'+'� KDV� D� SUHYDOHQFH� UDWH� UDQJLQJ� IURP� ��� WR� ��� DPRQJ� VFKRRO�DJH� FKLOGUHQ� �5DVK� 	�

$JXLUUH�&DPDFKR���������+RZHYHU��DQ�DVVHUWLYH�DQG�FRQWH[WXDOL]HG�GLDJQRVLV�LV�HVVHQWLDO��6WUHFKW���������VR�DV�

'DYLG�&DWHOD��3K�'���$SSOLHG�3V\FKRORJ\�&RRUGLQDWRU��8,,36���/LIH�4XDOLW\�5HVHDUFK�&HQWHU��&,(49��3RO\WHFKQLF�,QVWLWXWH�RI�
6DQWDUpP��6DQWDUpP��3RUWXJDO��
6XVDQD�$OYHV��3J�'LS���6SHFLDO�1HHGV�(GXFDWLRQ�6SHFLDOLVW��3RO\WHFKQLF�,QVWLWXWH�RI�6DQWDUpP��6DQWDUpP��3RUWXJDO��
,VDEHO�3LVFDOKR��0�6F���&OLQLFDO�3V\FKRORJLVW��+LJKHU�6FKRRO�RI�(GXFDWLRQ��3RO\WHFKQLF�,QVWLWXWH�RI�6DQWDUpP��6DQWDUpP��

3RUWXJDO��
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QRW�WR�FRQIXVH�ZLWK�OHVV�WROHUDQFH�RI�UHODWLYHV�DQG�WHDFKHUV��WKH�UHVWOHVVQHVV��DQG�QHHG�IRU�PRYHPHQW��6DOJXHLUR��

�������

&XUUHQWO\��WKHUH�LV�D�IHDU�RI�WULYLDOL]LQJ�GUXJ�LQWHUYHQWLRQ��6WUHFKW���������,Q�6ZHGHQ��WKH�1DWLRQDO�%RDUG�RI�

+HDOWK� DQG� :HOIDUH� ������� KDG� VWDWHG� WKDW� PHGLFDWLRQ� VKRXOG� EH� UHVHUYHG� IRU� FDVHV� ZKHUH� RWKHU� VXSSRUW�

LQWHUYHQWLRQV�IDLO��EHLQJ�UHVWULFWHG�WR�VSHFLDOLVWV�ZLWK�H[SHULHQFH�LQ� WKH� WUHDWPHQW�RI� WKLV�GLVRUGHU�DQG�RIIHULQJ�

WKH� QDWLRQDO� KHDOWK� V\VWHP� TXDOLILHG� IUHH� SV\FKLDWULF� DQG� SDHGLDWULF� DVVLVWDQFH� IRU� V\PSWRPV� RI� $'+'�

�/LQGVWU|P�HW�DO����������,Q�DGGLWLRQ��LW�LV�LPSRUWDQW�WR�QRWH�WKDW�WKHUH�LV�D�ODFN�RI�NQRZOHGJH�DERXW�WKH�WUHDWPHQW�

RI� WKLV� GLVRUGHU�� 1HFHVVDU\� PHGLFDWLRQ� VKRXOG� EH� VHHQ� DV� D� FRPSOHPHQW� WR� RWKHU� IRUPV� RI� EXLOGLQJ� FKLOG¶�

FDSDFLWLHV� DQG� FRPSHWHQFLHV�� EHFDXVH� PHGLFDWLRQ� DORQH�� ZLWKRXW� SV\FKRWKHUDSHXWLF� DQG�RU� SV\FKRVRFLDO�

LQWHUYHQWLRQ�� GRHV� QRW� VROYH� WKH� FDXVH�RULJLQ� RI� WKLV� GLVRUGHU� �6WUHFKW�� ������� $Q� LQWHUYHQWLRQ� ZLWK� SDUHQWDO�

WUDLQLQJ�DVVRFLDWHG�ZLWK�WUDLQLQJ�SURJUDPV�DQG�EHKDYLRUDO�LQWHUYHQWLRQV�LQ�WKH�FODVVURRP�LV�DQ�H[DPSOH�DV�WKH�

ILUVW�WUHDWPHQW�OLQH�IRU�PRGHUDWH�GLIILFXOWLHV��<RXQJ�	�$PDUDVLQJKH���������7KH�GHYHORSPHQW�RI�VHOI�UHJXODWLRQ�

VNLOOV��VLPXOWDQHRXVO\�ZLWK�SDUHQWDO�LQWHUYHQWLRQ�LV�DOVR�UHFRPPHQGHG��0DUTXHV���������

7KXV��FRPSOHPHQWDU\�LQWHUYHQWLRQV��VXFK�DV�<RJD�DUH�EHJLQQLQJ�WR�EH�XVHG��-HQVHQ�	�.HQQ\��������6W�FN�

	� *ORHFNQHU�� ������� PDLQO\� EHFDXVH� WKHLU� EUHDWKLQJ� WHFKQLTXHV� PD\� KDYH� WKHUDSHXWLF� YDOXH�

�6KDQQDKRII�.KDOVD� 	� .HQQHG\�� ������ -HOOD� 	� 6KDQQDKRII�.KDOVD�� ������� ,Q� IDFW�� WKH� VFKRRO�EDVHG� <RJD�

SURJUDPV�IRU�FKLOGUHQ�ZLWK�$'+'��3HFN��.HKOH��%UD\��	�7KHRGRUH��������$EDGL��0DGJDRQNDU��	�9HQNDWHVDQ��

������ DQG� WKHLU� IDPLOLHV� �+DUULVRQ�� 0DQRFKD�� 	� 5XELD�� ������ DUH� VSUHDGLQJ�� ,Q� <RJD�� FHUWDLQ� EUHDWKLQJ�

WHFKQLTXHV�DUH�EDVHG�RQ�WKH�UHGXFWLRQ�RI�UK\WKP�DQG�WKH�OHQJWKHQLQJ�RI�EUHDWKLQJ�F\FOHV��LQ�RUGHU�WR�SURPRWH�DQ�

LQFUHDVH� LQ� UHVSLUDWRU\� VLQXV�DUUK\WKPLD� �56$���56$� LV� WKH�KHDUW� UDWH�YDULDWLRQ� WKDW�DFFRPSDQLHV� UHVSLUDWLRQ��

7KH�KHDUW�UDWH� LQFUHDVHV�GXULQJ�LQVSLUDWLRQ�DQG�GHFUHDVHV�GXULQJ�H[SLUDWLRQ��&DUGLDF�PHDVXUHPHQWV�KDYH�EHHQ�

XVHG�WR�SURYLGH�$'+'��GLVUXSWLYH�DQG�QRQ�GLVUXSWLYH�YDOLGDWLRQ��'\NPDQ��$FNHUPDQ��	�2JOHVE\���������56$�

LV� KLJKHU� DPRQJ� FKLOGUHQ�ZLWK� W\SLFDO� GHYHORSPHQW� WKDQ� LQ� FKLOGUHQ� WDNLQJ�$'+'�PHGLFDWLRQ�� EXW� FKLOGUHQ�

ZLWKRXW� WDNLQJ� $'+'� PHGLFDWLRQ� VWLOO� KDYH� D� ORZHU� 56$� �%XFKKRUQ� HW� DO��� ������� )UHTXHQWO\�� %)� RFFXUV�

EHWZHHQ�QLQH�DQG����EUHDWKV�SHU�PLQXWH��$W�DSSUR[LPDWHO\�VL[�EUHDWKV�SHU�PLQXWH��WKHUH�LV�DQ�LQFUHDVH�LQ�56$�

DPSOLWXGH��ZKLFK�LV�D�UK\WKP�WKDW�FDQ�EH�DFKLHYHG�ZLWK�VRPH�WUDLQLQJ��/HKUHU��(��9DVFKLOOR��	�%��9DVFKLOOR��

�������56$�LV� LPSRUWDQW�EHFDXVH�LW�GHWHUPLQHV�+59��ZKLFK�LV�DVVXPHG�WR�EH�D�FDUGLDF�DXWRQRPLF�DFWLYDWLRQ�

LQGH[��/LQ��7DL��	�)DQ���������DQG� LWV�KLJK�IUHTXHQF\�FRPSRQHQW� �+)��� IURP������ WR������+]�� LV� WDNHQ�DV�DQ�

LQGLFDWRU�RI�DFWLYDWLRQ�RI� WKH�SDUDV\PSDWKHWLF�QHUYRXV�V\VWHP��5H\HV�GHO�3DVR��/DQJHZLW]��0XOGHU��5RRQ��	�

'XVFKHN���������ZKLFK�LV�UHODWHG�WR�SV\FKRORJLFDO�IDFWRUV��VXFK�DV�DWWHQWLRQ�DQG�HPRWLRQDO�UHJXODWLRQ��7KD\HU�	�

/DQH���������7KLV�SURFHVV�LV�SRVVLEOH�EHFDXVH�WKH�+5�LV�XQGHU�SHULSKHUDO�WRQLF�LQKLELWRU\�FRQWURO� WKURXJK�WKH�

YDJXV�QHUYH� �/HY\��������8LMWGHKDJJH�	�7KD\HU���������+LJKHU�DPSOLWXGH�RI�56$��KLJKHU�+59��DQG�KLJKHU�

+59�OHYHOV�DW�UHVW�SURYLGH�DGHTXDWH�HPRWLRQDO�UHVSRQVHV�WR�WKH�FRQWH[W��5XL]�3DGLDO��6ROOHUV��9LOD��	�7KD\HU��

������7KD\HU�	�%URVVFKRW���������(PRWLRQDO�G\VUHJXODWLRQ� LV�DVVRFLDWHG�ZLWK�$'+'�LQ�FKLOGUHQ�DQG� LV�DOVR�

DVVRFLDWHG� ZLWK� +59� �%XQIRUG� HW� DO��� ������� ,Q� IDFW�� FKLOGKRRG� $'+'� LV� DVVRFLDWHG� ZLWK� DEQRUPDO�

SDUDV\PSDWKHWLF�PHFKDQLVPV� LQYROYHG� LQ� HPRWLRQDO� UHJXODWLRQ� �0XVVHU� HW� DO��� �������$W� WKH� FRJQLWLYH� OHYHO��

SHRSOH�ZLWK�ORZ�EDVHOLQH�+59�SUHVHQW�KLJKHU�FRUWLVRO�SURGXFWLRQ�LQ�WKH�IDFH�RI�FRJQLWLYH�FKDOOHQJHV��FRPSDUHG�

WR� WKRVH� ZLWK� HOHYDWHG� +59� DW� UHVW� �-RKQVHQ�� +DQVHQ�� 6ROOHUV�� 0XULVRQ�� 	� 7KD\HU�� ������� +59� LV� DOVR�

SRVLWLYHO\� DVVRFLDWHG� ZLWK� VLWXDWLRQDO� DZDUHQHVV�� D� FULWLFDO� IDFWRU� IRU� WKH� FHQWUDO� H[HFXWLYH� V\VWHP� WR� PDNH�

DSSURSULDWH�GHFLVLRQV�DQG�DFWLRQV�LQ�VWUHVVIXO�DQG�FULWLFDO�VLWXDWLRQV��ZKLFK�LQ�WXUQ�LV�SRVLWLYHO\�DVVRFLDWHG�ZLWK�

LWV� SURGXFWLYLW\� �6DXV� HW� DO��� ������� +RZHYHU�� FKLOGUHQ� ZLWK� $'+'� KDYH� VLJQLILFDQWO\� KLJKHU� PHDQ� +5�� D�
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VLJQLILFDQWO\� ORZHU� +59� DQG� D� VLJQLILFDQWO\� KLJKHU� /)�+)� UDWLR� WKDQ� FKLOGUHQ� ZLWK� W\SLFDO� GHYHORSPHQW�

�7RQKDM]HURYD�HW�DO���������&DUYDOKR�HW�DO����������

6LQFH�+59� LV� DVVRFLDWHG�ZLWK�SHUIRUPDQFH�DQG� VWUHVV� UHVSRQVHV� �&DWHOD�HW� DO���������� LW�ZDV�TXHVWLRQHG�

ZKHWKHU�UHVSLUDWRU\�FRQWURO�ZRXOG�EH�DEOH�WR�UHJXODWH�WKH�+59�RI�FKLOGUHQ�ZLWK�SUREDEOH�$'+'��9LWDO�VLJQV�RI�

��� FKLOGUHQ� ������� �� ����� \HDUV�� WKUHH� JLUOV�� ZHUH� FROOHFWHG� IRU� VL[� PLQXWHV� LQ� VXSLQH� SRVLWLRQ� XQGHU� WZR�

FRQGLWLRQV�� L�� QRUPDO� EUHDWKLQJ�� DQG� �LL�� VORZ� DEGRPLQDO� EUHDWKLQJ� �$%�� WKURXJK� WKH� 3RODU� 9����

&DUGLRIUpTXHQFHPqWUH��ZLWK�+59�DQDO\VLV�XVLQJ�WKH�J+59�VRIWZDUH��'XULQJ�$%��%)�VLJQLILFDQWO\�UHGXFHG�DQG�

6'��LQFUHDVHG�VLJQLILFDQWO\��DGGLWLRQDOO\��WKH�+5�GHFUHDVHG��WKH�PHDQ�55�LQWHUYDO��WKH�U066'��DQG�WKH�+59�

LQGH[� LQFUHDVHG� �QV���7KH� DXWKRUV� FRQVLGHU� WKDW� DOO� WKHVH�PRGLILFDWLRQV� LQGLFDWH� DQ� LQFUHDVH� LQ� YDJDO� DFWLYLW\�

GXULQJ� $%�� ZLWK� WKHVH� FKLOGUHQ� EHLQJ� DEOH� WR� H[SORUH� D� UHVSLUDWRU\� FRQWURO� WHFKQLTXH� LQ� D� VKRUW� DQG� VLQJOH�

VHVVLRQ�� +RZHYHU�� WKH\� REVHUYH� VRPHZKDW� HOHYDWHG� YDOXHV� RI� WKH� /)�+)� UDWLR�� VXJJHVWLQJ� WKDW� WKHUH� LV� VWLOO�

LQWHQVH�V\PSDWKHWLF�LQYROYHPHQW�GXULQJ�WKHLU�SUDFWLFH��0DOOLDQL��/RPEDUGL��	�3DJDQL���������

$V�DQ� LQFUHDVH� LQ�+59�LV�SRVLWLYHO\�DVVRFLDWHG�ZLWK�SHUIRUPDQFH�DQG�VLWXDWLRQDO�DZDUHQHVV��6DXV�HW�DO���

�������ZH�ZHQW�WR�YHULI\�ZKHWKHU�WKH�DSSURSULDWLRQ�RI�D�UHVSLUDWRU\�FRQWURO�WHFKQLTXH�ZRXOG�DOORZ�WKH�+59�WR�

EH� UHJXODWHG� LQ� D� FKLOG�ZLWK�$'+'�� LQ� RUGHU� WR�SURYLGH� KLP�ZLWK� HPRWLRQDO� UHJXODWLRQ� DQG� DWWHQWLRQ�� LQ� WKH�

SHUIRUPDQFH�RI�DFDGHPLF�WDVNV��DV�ZHOO�DV� LQ� WKH�DELOLW\� WR�DGDSW� WR�VWUHVVIXO�VLWXDWLRQV��%RWK�WKH�V\PSDWKHWLF�

DQG� SDUDV\PSDWKHWLF� V\VWHPV� DUH� LQYROYHG� LQ� WKH� UHJXODWLRQ� RI� UHVSLUDWLRQ�� VR� LW� LV� H[SHFWHG� WKDW� ZLWK� WKH�

SUDFWLFH� RI� WKH� WHFKQLTXH�� WKH� +)� LQFUHDVHV� DQG� WKH� /)�+)� UDWLR� GHFUHDVHV�� ,QFUHDVHG� QXPEHUV� RI� +59�

LQGLFDWRUV�GXULQJ�VORZ��SUHGRPLQDQWO\�DEGRPLQDO��DQG�FRQWUROOHG�EUHDWKLQJ�PD\�EH�LQGLFDWLYH�RI�YDJDO�DFWLYLW\��

,I� YDJDO� DFWLYLW\� LV� VWLPXODWHG� GXULQJ� WKLV� W\SH�RI� EUHDWKLQJ� �/HY\�� ������8LMWGHKDJJH�	�7KD\HU�� ������� WKLV�

PHDQV�WKDW�SHUKDSV�D�ERWWRP�XS�SURFHVV�RI�DGMXVWPHQW�RI�DWWHQWLRQ�DQG�HPRWLRQDO�UHVSRQVHV�FDQ�EH�SURPRWHG�

�5XL]�3DGLDO�HW�DO���������7KD\HU�	�%URVVFKRW��������7KD\HU�	�/DQH���������

0HWKRGV�

3DUWLFLSDQW�

7KH�SDUWLFLSDQW�RI�WKLV�VWXG\�LV�D�FKLOG�ZLWK�$'+'��PDOH����\HDUV�ROG��HOHPHQWDU\�VFKRRO�VWXGHQW��:KHQ�

SHUWXUEHG�WKH�FKLOG�SUHVHQWV�LQYROXQWDU\�VWHUHRW\SHG�PRYHPHQWV��DQGVKRUW�HSLVRGV�RI�SULDSLVP��+H�KDV�DFFHVV�WR�

VSHFLDO�HGXFDWLRQ�VXSSRUW�� DQG� LV�PHGLFDWHG� �5LVSHULGRQH����PJ��HYHU\�GD\� LQ� WKH�PRUQLQJ�DQG�DW�QLJKW�� DQG�

5XELIHQ���PJ��RQ� WKH� VFKRRO�GD\V�� LQ� WKH�PRUQLQJ���7KH�FKLOG� LV� D�GL]\JRWLF� WZLQ��ZDV�ERUQ�DW����ZHHNV�RI�

JHVWDWLRQ��ZHLJKLQJ����J��DQG�UHVXVFLWDWLRQ�ZDV�UHTXLUHG��7KH�$SJDU�VFRUH�DW�WKH�ILUVW�PLQXWH�ZDV�ILYH�DQG�DW�

WKH�ILIWK�PLQXWH�ZDV�VHYHQ��+H�VWDUWHG�SUH�VFKRRO�HGXFDWLRQ�DW�DJH�RI� WKUHH��KDYLQJ�DWWHQGHG�NLQGHUJDUWHQ�IRU�

IRXU�\HDUV��+H�EHQHILWHG�IURP�HGXFDWLRQDO�PHDVXUHV�XQGHU�WKH�3RUWXJXHVH�'HFUHH�/DZ�1R����������-DQXDU\����

WKH� \HDU� EHIRUH� HQWHULQJ� WKH� �VW� &\FOH� RI� %DVLF� (GXFDWLRQ�� &XUUHQWO\�� KH� DWWHQGV� D� FODVV� RI� WKH� ILUVW� GHJUHH��

FRPSRVHG�E\����VWXGHQWV��+H�SUHVHQWV�OHDUQLQJ�GLIILFXOWLHV�ZLWK�JOREDO�GHYHORSPHQWDO�GHOD\��K\SHUNLQHWLF�DQG�

LPSXOVLYH� EHKDYLRXU�� DQG� UHODWLRQDO� LPPDWXULW\��+H� UHYHDOV� SRVLWLYH� VFKRRO� UHVXOWV�� DOWKRXJK�ZLWK� VORZ� SDFH�

ZRUN��ZLWK�OLWWOH�DXWRQRP\�LQ�WKH�DFFRPSOLVKPHQW�RI�WKH�WDVNV��ZLWK�SHULRGV�RI�DWWHQWLRQ�DQG�FRQFHQWUDWLRQ�YHU\�

VKRUW��QHHGLQJ�D�ORW�RI�LQGLYLGXDOL]HG�VXSSRUW��+H�EHQHILWV�RI�6SHHFK�DQG�2FFXSDWLRQDO�7KHUDS\��

3URFHGXUHV�DQG�3URWRFRO�

,QIRUPHG� FRQVHQW� DQG� DVVHQW� ZHUH� REWDLQHG�� 7KH� SURFHGXUHV� XVHG� DUH� LQ� FRPSOLDQFH� ZLWK� LQWHUQDWLRQDO�

VWDQGDUGV�IRU�KXPDQ�H[SHULPHQWDWLRQ��'DWD�FROOHFWLQJ�ZDV�DOZD\V�FDUULHG�RXW�E\�RQH�RI�WKH�DXWKRUV�RI�WKH�VWXG\��
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NQRZQ�WR�WKH�FKLOG��DIWHU� WKH�WUDLQLQJ�RI�SURWRFROV��7KH�YLWDO�VLJQV�ZHUH�FROOHFWHG�IRU�VL[�WR�VHYHQ�PLQXWHV��LQ�

GRUVDO� GHFXELWXV�� GXULQJ� ��� VHVVLRQV�� IRU� HDFK� RI� WZR� FRQGLWLRQV�� DOZD\V� LQ� WKH� RUGHU� LQGLFDWHG�� ��� QRUPDO�

EUHDWKLQJ� �1%� DV� EDVHOLQH�� DQG� ��� VORZ� DEGRPLQDO� EUHDWKLQJ� �$%� IRU� WKH� WUDLQLQJ� DQG� SUDFWLFH� RI�

UHVSLUDWRU\�FRQWURO�WHFKQLTXH��VLPLODU�EXW�FRQVLGHUDEO\�VLPSOHU�WKDQ�WKDW�SURSRVHG�E\�/HKUHU�HW�DO����������7KH�

IROORZLQJ� YHUEDWLP�ZDV� XVHG�� ���� SXW� RQH� KDQG�RQ� \RXU� FKHVW� DQG� WKH� RWKHU� RQ� \RXU� EHOO\�� ���� EUHDWKH� RQO\�

WKURXJK� \RXU� QRVH�� DQG� ���� ILOO� \RXU� EHOO\� ZLWK� DLU� DQG� WKHQ� OHW� LW� RXW� VORZO\�� 7KH� GXUDWLRQ� RU� UK\WKP� RI�

EUHDWKLQJ�F\FOHV�ZDV�QRW�FRQWUROOHG��VR�WKDW�WKH�FKLOG�FRXOG�EUHDWKH�FRPIRUWDEO\��

7KH� WHPSHUDWXUH� DQG� KXPLGLW\� RI� WKH� URRP�ZKHUH� WKH� GDWD� FROOHFWLQJ� WRRN� SODFH� ZHUH� DV� IROORZV� �VHH� �

7DEOH�����

7DEOH��
'HVFULSWLYH� 6WDWLVWLFV� �0�� 6'�� PLQ�� PD[�� DQG� ,QIHUHQWLDO� 6WDWLVWLFV� �=�� U�� UUE�� IRU� 7HPSHUDWXUH� ��&�� DQG�
+XPLGLW\� �SHUF�(QWDJH��'XULQJ� WKH����6HVVLRQV�� IRU� WKH�1%� �%DVHOLQH��DQG�$%� �6ORZ�$EGRPLQDO�%UHDWKLQJ��
&RQGLWLRQV�

� &RQGLWLRQ� 0���6'��PLQ��PD[�� =� U� UUE�

7HPSHUDWXUH�
1%� ������������������������

������

� ����� ������
$%� ������������������������

+XPLGLW\�
1%� ����������������������

��������QV� ����� �����
$%� ����������������������

1RWHV� 

 S���������
 S���������QV QRQ�VLJQLILFDQW��0 PHDQ��6' VWDQGDUG�GHYLDWLRQ��PLQ PLQLPXP��PD[ PD[LPXP��=
:LOFR[RQ��U HIIHFW�VL]H��UUE :LOFR[RQ�UDQN�ELVHULDO�FRUUHODWLRQ�FRHIILFLHQW��

$V�FDQ�EH�REVHUYHG� WKH� WHPSHUDWXUH�ZDV� VLJQLILFDQWO\�KLJKHU�GXULQJ� WKH�FROOHFWLRQ� LQ� WKH�$%�FRQGLWLRQ��

ZKLFK� PD\� KDYH� DIIHFWHG� WKH� YLWDO� VLJQV� FROOHFWHG�� ,Q� IDFW�� LQ� WKH� $%� FRQGLWLRQ�� WKH� 6SHDUPDQ� FRUUHODWLRQ�

UHYHDOHG� D� VLJQLILFDQW� GLUHFW� DVVRFLDWLRQ� EHWZHHQ� KXPLGLW\� SHUFHQWDJH� DQG� EUHDWKLQJ� IUHTXHQF\� >UKR�����  �

�����
@� DQG� VLJQLILFDQW� LQYHUVH� DVVRFLDWLRQ� EHWZHHQ� URRP� WHPSHUDWXUH� DQG� EUHDWKLQJ� IUHTXHQF\� >UKR�����  �

������
@��ZKLFK�ZDV�QRW�IRXQG�IRU�WKH�1%�FRQGLWLRQ�>UKR����� ��������QV��UKR����� ���������QV��UHVSHFWLYHO\@��

+RZHYHU�� LQ� WKH� WZR� FRQGLWLRQV�� WKHUH�ZDV� QR� DVVRFLDWLRQ� EHWZHHQ�PHDQ� KHDUW� UDWH� DQG� WHPSHUDWXUH� RU�

KXPLGLW\�RI�WKH�URRP��

'DWD�FROOHFWLQJ�RI�+59�ZDV�SHUIRUPHG�XVLQJ�WKH�3RODU�9�����*LOHV��'UDSHU��	�1HLO���������7KH�EUHDWKLQJ�

IUHTXHQF\�ZDV�REWDLQHG�WKURXJK�GLUHFW�REVHUYDWLRQ��ZLWK�FRQILUPDWLRQ�RI�FRXQWLQJ�WKURXJK�F\FOHV�RI�UHVSLUDWRU\�

VLQXV�DUUK\WKPLD�LQ�WKH�$%�FRQGLWLRQ��

'DWD�7UHDWPHQW�

7KH�+59�DQDO\VLV�ZDV�SHUIRUPHG�XVLQJ�WKH�J+59�VRIWZDUH��5RGUtJXH]�/LxDUHV��0pQGH]��9LOD��	�/DGR��

������9LOD� HW� DO��� �������$IWHU� YLVXDO� LQVSHFWLRQ�RI� WKH� WLPH� VHULHV�RI� WKH�55� LQWHUYDOV�� IRU� WKH�GHWHFWLRQ� DQG�

HOLPLQDWLRQ�RI�IDOVH�EHDWV��3HOWROD���������WKH�+5�GDWD�ZHUH�DXWRPDWLFDOO\�ILOWHUHG�DQG�LQWHUSRODWHG�DFFRUGLQJ�WR�

5RGUtJXH]�/LxDUHV� HW� DO�� �������� )UHTXHQF\� DQDO\VLV� ZDV� REWDLQHG� DFFRUGLQJ� WR� 9LOD� HW� DO�� �������� )RU� WKH�

VSHFWUDO� DQDO\VLV�� WKH� LQWHUSRODWLRQ� RI� WKH� VLJQDO� ZDV� PDGH� DW� �� +]�� 7KH� ZLQGRZ� DPSOLWXGH� DQG� WLPH�

GLVSODFHPHQW�ZHUH� ���� V� DQG���� V�� UHVSHFWLYHO\��1RQOLQHDU� LQGLFHV�ZHUH� FDOFXODWHG� IROORZLQJ� WKH� DOJRULWKPV�

GHVFULEHG�LQ�.DSODQ��)XUPDQ��DQG�3LQFXV��������DQG�3LQFXV�DQG�*ROGEHUJHU���������,Q�WKH�DQDO\VLV�RI�WKH�WLPH�

VHULHV��IRU�WKH�P�GLPHQVLRQ�DQG�WKH�GHOD\�SURFHGXUHV�ZHUH�WDNHQ�DFFRUGLQJ�WR�.DQW]�DQG�6FKUHLEHU��������DQG�

&DR��������UHVSHFWLYHO\��
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6WDWLVWLFDO�$QDO\VHV�

'DWD� ZHUH� VWDWLVWLFDOO\� WUHDWHG� LQ� WKH� ,%0�6366� SURJUDP�� Y����� DW� D� VLJQLILFDQFH� OHYHO� RI� ������ 7KH�

6KDSLUR�:LON� WHVW� ZDV� XVHG� WR� YHULI\� WKH� QRUPDOLW\� RI� WKH� GDWD� GLVWULEXWLRQ�� $OWKRXJK�PRVW� RI� WKH� GDWD� KDG�

UHYHDOHG�D�QRUPDO�GLVWULEXWLRQ��JLYHQ�WKH�VDPSOH�VL]H�ZH�RSWHG�IRU�WKH�:LOFR[RQ��=��WHVW��ZLWK�0RQWH�&DUOR�WHVW�

�����FRQILGHQFH�OHYHO���������VDPSOH�WDEOHV���DQG�HVWLPDWLRQ�RI�HIIHFW�VL]H�U��)LHOG��������DQG�WKH�:LOFR[RQ�

UDQN�ELVHULDO� FRUUHODWLRQ� FRHIILFLHQW� �UUE�� �.HUE\�� ������� )RU� WKH� DQDO\VLV� RI� WKH� HYROXWLRQ� RI� WKH� EUHDWKLQJ�

IUHTXHQF\��=0G��WKURXJKRXW�WKH�VHVVLRQV��WKH�0HGLDQ�YDOXH�ZDV�XVHG��ZLWK�0RQWH�&DUOR�WHVW��FRQILGHQFH�OHYHO�

������������VDPSOH�WDEOHV���$OVR��WKH�LQYHUVH�DQG�FXELF�PRGHOV�RI�FXUYH�DGMXVWPHQW�ZHUH�XVHG��ZLWK�DGMXVWHG�

5�� HVWLPDWH� DQG� UHVSHFWLYH� $129$� �)��� VWDQGDUGL]HG� FRHIILFLHQW� IRU� WKH� QXPEHU� RI� VHVVLRQV� �%HWD�� DQG�

UHVSHFWLYH� WHVW� W� �W��� 7KH� 6SHDUPDQ� �UKR�� WHVW� ZDV� XVHG� IRU� DQDO\VLV� RI� DVVRFLDWLRQ� EHWZHHQ� YDULDEOHV�� ZLWK�

%RRWVWUDS� WHVW� ����� FRQILGHQFH� OHYHO�� ������ VDPSOHV�� VLPSOH� VDPSOLQJ�� FRUUHFWHG� FRQILGHQFH� LQWHUYDO� DQG�

DFFHOHUDWHG�E\�ELDV��� �

5HVXOWV�

7KH� FKLOG� VLJQLILFDQWO\� UHGXFHG�EUHDWKLQJ� IUHTXHQF\� LQ� WKH�$%�FRQGLWLRQ�� ,Q� DGGLWLRQ�� WKH� VHTXHQFH� WHVW�

UHYHDOHG�QR�UDQGRPQHVV�IRU�WKH�WLPH�VHULHV�RI�WKH�1%�FRQGLWLRQ��VHH�7DEOH�����

7DEOH��
'HVFULSWLYH�6WDWLVWLFV��0��6'��PLQ��PD[��0G��3��DQG�,QIHUHQWLDO�6WDWLVWLFV��=��U��UUE��=0G��IRU�WKH�5HVSLUDWRU\�5DWH�
�&\FOHV�SHU�0LQXWH��2YHU�WKH����6HVVLRQV��8QGHU�1%��%DVHOLQH��DQG�$%��6ORZ�$EGRPLQDO�%UHDWKLQJ��&RQGLWLRQV�

&RQGLWLRQ� 0���6'��PLQ��PD[�� 0G� 3��� 3��� 3��� =� U� UUE� =0G

51� ���������������������� ��� ��� ��� ���
������


� ����� �����

������




$%� ���������������������� ��� ��� ��� ��� ��������QVD

1RWHV� 


 S����������QV QRQ�VLJQLILFDQW��D�DIWHU�0RQWH�&DUOR�FRUUHFWLRQ��PHDQ 0��VWDQGDUG�GHYLDWLRQ 6'��PLQLPXP PLQ��
PD[ PD[LPXP��PHGLDQ 0G��SHUFHQWLOHV 3��:LOFR[RQ =��HIIHFW�VL]H U��:LOFR[RQ�UDQN�ELVHULDO�FRUUHODWLRQ�FRHIILFLHQW UUE��
VHTXHQFHV�WHVW =0G�

,Q� ERWK� FRQGLWLRQV�� ZH� REWDLQHG� D� EHWWHU� DGMXVWPHQW� RI� WKH� FXELF� DQG� LQYHUVH� FXUYH�� ZKLFK� ZHUH� RQO\�

VLJQLILFDQW�IRU�WKH�1%�FRQGLWLRQ��VHH�7DEOH�����

7DEOH���
$GMXVWPHQW�RI�&XELF�DQG�,QYHUVH�&XUYH��5���DQG�5HVSHFWLYH�$129$V��)��'HJUHHV�RI�)UHHGRP�RI�5HJUHVVLRQ�
DQG�5HVLGXDO� LQ�3DUHQWKHVHV��� DQG� 6WDQGDUGL]HG�&RHIILFLHQW� �%HWD��:LWK�5HVSHFWLYH� W� �W�� 7HVW� IRU�1XPEHU� RI�
6HVVLRQV��LQ�WKH�5HVSLUDWRU\�5DWH��&\FOHV�SHU�0LQXWH��2YHU�WKH����6HVVLRQV��LQ�WKH�1%��%DVHOLQH��DQG�$%��6ORZ�
$EGRPLQDO�%UHDWKLQJ��&RQGLWLRQV�

&RQGLWLRQ� 0RGHO� 5�� )�������� %HWD� W�

1%�
&XELF�

������ ������


� ������� ������




$%� ������ �������QV� ������ �������QV�

&RQGLWLRQ� 0RGHO� 5�� )�������� %HWD� W�

1%�
,QYHUVH�

������ ������


� ������ �����




$%� ������ �������QV� ������ �������QV�

1RWHV��


 S����������QV QRQ�VLJQLILFDQW��

7KLV�FXUYH�WHQGHQF\�LV�TXLWH�GLIIHUHQWLDEOH�LQ�WKH�JUDSKV��VHH�)LJXUH�����,W�VKRXOG�EH�QRWHG�WKDW�LQ�WKH���WK�

VHVVLRQ�WKH�REVHUYHG�YDOXHV�IRU�UHVSLUDWRU\�UDWH��FLUFOHV��DUH�YHU\�VLPLODU�LQ�ERWK�FRQGLWLRQV�� �
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)LJXUH� ���&XUYH� DGMXVWPHQW� JUDSKV� IRU� WKH� LQYHUVH� DQG� FXELF� PRGHOV� �ZLWK� FRQVWDQW� LQFOXGHG� LQ� WKH� HTXDWLRQ�� IRU�
UHVSLUDWRU\�UDWH�HYROXWLRQ�RYHU�WKH����VHVVLRQV��LQ�WKH�1%�FRQGLWLRQ��OHIW��DQG�WKH�$%�FRQGLWLRQ��ULJKW���

7KH�FKLOG� VLJQLILFDQWO\� UHGXFHG� WKH�PHDQ�KHDUW� UDWH� �+5�� LQ� WKH�$%�FRQGLWLRQ�FRPSDUHG� WR� WKH�1%��VHH�

7DEOH���DQG�)LJXUH�����

7DEOH���
'HVFULSWLYH� 6WDWLVWLFV� �0�� 6'��0G�� 3�� DQG� ,QIHUHQWLDO� 6WDWLVWLFV� �=�� U�� UUE�� IRU�0HDQ�+HDUW� 5DWH� �%HDWV� SHU�
0LQXWH��'XULQJ�WKH����6HVVLRQV��8QGHU�1%��%DVHOLQH��DQG�$%��6ORZ�$EGRPLQDO�%UHDWKLQJ��&RQGLWLRQV�

&RQGLWLRQ� 0���6'� 0G� 3��� 3��� 3��� =� U� UUE�

51� ������������� ������ ������ ������ ������
������

� ����� �����

$%� ������������� ������ ������ ������ ������

1RWHV��

 S����������PHDQ 0��VWDQGDUG�GHYLDWLRQ 6'��PHGLDQ 0G��SHUFHQWLOHV 3��:LOFR[RQ�=��HIIHFW�VL]H U��:LOFR[RQ�
UDQN�ELVHULDO�FRUUHODWLRQ�FRHIILFLHQW��UUE��

)LJXUH����%R[SORW�IRU�PHDQ�KHDUW�UDWHV�RI�WKH����VHVVLRQV��LQ�WKH�1%��EDVHOLQH��FRQGLWLRQ�DQG�WKH�$%��VORZ�DEGRPLQDO�
EUHDWKLQJ��FRQGLWLRQ��
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7KH�PDLQ�+59� LQGLFDWRUV� VLJQLILFDQWO\� LQFUHDVHG� DQG� WKH�/)�+)� UDWLR� VLJQLILFDQWO\� GHFUHDVHG�� IURP� WKH�

1%�FRQGLWLRQ�WR�WKH�$%�FRQGLWLRQ��H[FHSW�IRU�6'��DQG�/)��VHH�7DEOH�����

7DEOH���
'HVFULSWLYH� 6WDWLVWLFV� �0�� 6'�� 0G�� DQG� ,QIHUHQWLDO� 6WDWLVWLFV� �=�� U�� UUE�� IRU� +59� 0HDVXUHPHQWV� RI� WKH� ���
6HVVLRQV�LQ�%DVHOLQH�DQG�$%��6ORZ�$EGRPLQDO�%UHDWKLQJ��

0HDVXUH� &RQGLWLRQ� 0���6'� 0G� =� U� UUE� =0G

55�0HDQ�,QWHUYDO��PV��
1%� ��������������� �������

������

� ����� ������
������




$%� ��������������� ������� ��������QVD

S11�������
1%� ������������� ������

������

� ����� ������
������




$%� ������������� ������ ��������QVD

U066'��PV��
1%� ��������������� �������

������


D� ����� ������
������




$%� ��������������� ������� ��������QVD

6'���PV��
1%� �������������� ������

������


D� ����� ������
������




$%� �������������� ������� ��������QVD

6'���PV��
1%� ��������������� �������

��������QV� ����� �����
������




$%� ��������������� ������� ��������QVD

/)��PV���
1%� ����������������� ��������

�������QV� ����� �����
������




$%� ����������������� �������� ��������QVD

+)��PV���
1%� ������������������ ��������

������
� ����� ������
������




$%� ����������������� �������� ��������QVD

/)�+)�
1%� ������������ �����

������
� ����� ������
������




$%� ������������ ����� ��������QVD

1RWHV� 


 S����������

 S���������
 S���������QV QRQ�VLJQLILFDQW��D�DIWHU�0RQWH�&DUOR�FRUUHFWLRQ��PHDQ 0��VWDQGDUG�
GHYLDWLRQ 6'��PHGLDQ 0G��:LOFR[RQ =��HIIHFW�VL]H U��:LOFR[RQ�UDQN�ELVHULDO�FRUUHODWLRQ�FRHIILFLHQW UUE��

$OWKRXJK� WKH� 55� PHDQ� LQWHUYDO� GLG� QRW� UHYHDO� VLJQLILFDQW� DVVRFLDWLRQV� LQ� WKH� 1%� FRQGLWLRQ�� WKH� $%�

FRQGLWLRQ� UHYHDOHG� WKH� VDPH� VLJQLILFDQW� GLUHFW� DVVRFLDWLRQ� >UKR�����  � �����
@� ZLWK� U066'�� 6'��� DQG� 6'���

+RZHYHU��LW�ZDV�/)�WKDW�LQ�WKH�1%�FRQGLWLRQ�UHYHDOHG�VLJQLILFDQW�SRVLWLYH�DVVRFLDWLRQV�ZLWK�U066'�>UKR����� �

�����

@��6'���UKR����� ������

���6'���UKR����� ������

��DQG�S11���>UKR����� ������
@��RQO\�VKRZLQJ�LQ�WKH�

$%�FRQGLWLRQ��D�VLJQLILFDQW�SRVLWLYH�DVVRFLDWLRQ�ZLWK�WKH�/)�+)�UDWLR�>UKR����� ������

@��$GGLWLRQDOO\��LQ�WKH�

1%�FRQGLWLRQ��WKHUH�LV�D�VLJQLILFDQW�LQYHUVH�DVVRFLDWLRQ�EHWZHHQ�+)�DQG�/)�+)�UDWLR�>UKR����� �������

@�DQG�

WHQGHQF\�IRU�LQYHUVH�DVVRFLDWLRQ�LQ�WKH�$%�FRQGLWLRQ�>UKR����� ���������S� ������@��)LQDOO\��S11���ZKLFK�LQ�

1%�FRQGLWLRQ�UHYHDOHG�VLJQLILFDQW�SRVLWLYH�DVVRFLDWLRQV�ZLWK�/)�>UKR����� ������
@��U066'�>UKR����� ������
@��

6'�� >UKR�����  � �����
@�� DQG� 6'�� >UKR�����  � �����
@�� GLG� QRW� UHYHDO� DQ\� VLJQLILFDQW� DVVRFLDWLRQ� LQ� WKH� $%�

FRQGLWLRQ��,Q�ERWK�FRQGLWLRQV�U066'�VKRZHG�D�WRWDO�DVVRFLDWLRQ�ZLWK�6'��>UKR����� ��@��DQG�D�VLJQLILFDQW�GLUHFW�

DVVRFLDWLRQ�ZLWK�6'��LQ�WKH�1%�FRQGLWLRQ�>UKR����� ������

@�DQG�$%�FRQGLWLRQ�>UKR����� ������

@��DV�ZHOO�DV�

WKRVH�DOUHDG\�PHQWLRQHG�ZLWK�/)�DQG�+)��DQG�6'��DQG�6'��ZHUH�VLJQLILFDQWO\�DVVRFLDWHG�LQ�ERWK�1%�>UKR�����

 ������
@�DQG�$%�>UKR����� ������
@�FRQGLWLRQV��

'LVFXVVLRQ�

'XULQJ�VKRUW�VHVVLRQV�RI�UHVSLUDWRU\�FRQWURO�SUDFWLFH��WKLV�FKLOG�KDG�WKH�FDSDFLW\�WR�VLJQLILFDQWO\�UHGXFH�+5�

DQG�EUHDWKLQJ�IUHTXHQF\��DQG�WR�LQFUHDVH�VHYHUDO�+59�SDUDPHWHUV��$OO�WKHVH�PRGLILFDWLRQV�LQGLFDWH�DQ�LQFUHDVH�

LQ�YDJDO�DFWLYLW\�GXULQJ�$%��,I�YDJDO�DFWLYLW\�ZDV�UHLQIRUFHG�GXULQJ�$%��/HY\��������8LMWGHKDDJH�	�7KD\HU��

�������WKLV�PHDQV�WKDW�LW�LV�SUREDEO\�SRVVLEOH�WR�SURYLGH�KLP�ZLWK�D�ERWWRP�XS�VHOI�DGMXVWPHQW�RI�KLV�HPRWLRQDO�

UHVSRQVHV�DQG�DWWHQWLRQ�VSDQ��5XL]�3DGLDO�HW�DO���������7KD\HU�	�%URVVFKRW��������7KD\HU�	�/DQH���������0RUH�
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UHOHYDQW�LV�WKH�IDFW�WKDW��LQ�SDUDOOHO��LW�ZDV�REVHUYHG�WKDW�GXULQJ�WKH����VHVVLRQV��WKHUH�ZDV�D�VLJQLILFDQW�UHGXFWLRQ�

RI�WKH�EUHDWKLQJ�IUHTXHQF\�LQ�WKH�%1�FRQGLWLRQ��

,W�LV�QRWHZRUWK\�WKDW�+)�DV�DQ�LQGLFDWRU�RI�SDUDV\PSDWKHWLF�DFWLYLW\��&DPP�HW�DO���������5H\HV�GHO�3DVR�HW�

DO����������LQFUHDVHG�VLJQLILFDQWO\�LQ�WKH�$%�FRQGLWLRQ�FRPSDUHG�WR�WKH�1%�FRQGLWLRQ��D�UHVXOW�WKDW�LV�UHLQIRUFHG�

E\�WKH�VLJQLILFDQW�UHGXFWLRQ�RI�WKH�/)�+)�UDWLR�DQG�WKH�VLJQLILFDQW�LQFUHDVH�RI�6'���KRZHYHU��WKH�VDPH�GLG�QRW�

RFFXU�ZLWK�/)�RU�6'���

&RQFOXVLRQ�

$�FKLOG� LGHQWLILHG�ZLWK�$'+'� DQG� RWKHU� FRPRUELGLWLHV�ZDV� DEOH� WR� SHUIRUP� D� VORZ� DQG� SUHGRPLQDQWO\�

DEGRPLQDO�EUHDWKLQJ�WHFKQLTXH��'XULQJ�WKH�H[HFXWLRQ�RI�WKLV�UHVSLUDWRU\�WHFKQLTXH�DQG�EDVHG�RQ�VHYHUDO�SDUDPHWHUV�

RI�+59�� WKLV� FKLOG� VKRZHG� LQFUHDVHG�SDUDV\PSDWKHWLF� DFWLYLW\� DQG�+5� UHGXFWLRQ� �7RQKDM]HURYD� HW� DO��� ������

*ULIILWKV�HW�DO���������,PHUDM�HW�DO���������5XNPDQL�HW�DO���������&DUYDOKR�HW�DO����������'XULQJ�WKH�VHVVLRQV��WKH�

1%�GDWD�UHYHDO�D�VLJQLILFDQW�HYROXWLRQ�RI�VRPH�SDUDPHWHUV�DVVRFLDWHG�WR�WKH�SDUDV\PSDWKHWLF�DFWLYLW\��VXFK�DV�

6'��� +)�� DQG� /)�+)� �&DPP� HW� DO��� ������ 5H\HV� GHO� 3DVR� HW� DO��� ������� SUREDEO\� PHDQLQJ� WKDW� WKLV� FKLOG�

VWUHQJWKHQHG�WKH�SDUDV\PSDWKHWLF�DFWLYLW\�RU��DW�OHDVW��LQFRUSRUDWHG�WKLV�UHVSLUDWRU\�WHFKQLTXH��0DUTXHV���������

7KLV�K\SRWKHVLV�LV�VXVWDLQDEOH�E\�WKH�VLJQLILFDQW�UHGXFWLRQ�RI�UHVSLUDWRU\�IUHTXHQF\�WKURXJKRXW�WKH�VHVVLRQV��

,I� D�+59� LV�GLUHFWO\� DVVRFLDWHG�ZLWK� WKH�FDSDFLW\� IRU� VXVWDLQHG�DWWHQWLRQ�� WKH� UHVXOWV�RI� WKLV� LQWHUYHQWLRQ�

VXSSRUW�WKH�K\SRWKHVLV�RI�XVLQJ�WKLV�UHVSLUDWRU\�WHFKQLTXH�DV�D�FRPSOHPHQWDU\�DQG�QRQ�FOLQLFDO�LQWHUYHQWLRQ�IRU�

WKH� FRQWURO� RI� WKH� DEQRUPDO� SDUDV\PSDWKHWLF� PHFKDQLVPV� DQG� WKH� G\VUHJXODWLRQ� RI� WKH� HPRWLRQV� WKDW� DUH�

DVVRFLDWHG�ZLWK�$'+'�LQ�FKLOGUHQ��%XQIRUG�HW�DO���������0XVVHU�HW�DO���������5XL]�3DGLDO�HW�DO���������7KD\HU�

	�%URVVFKRW��������7KD\HU�	�/DQH���������

5HIHUHQFHV�
$EDGL��0��6���0DGJDRQNDU��-���	�9HQNDWHVDQ��6����������(IIHFW�RI�\RJD�RQ�FKLOGUHQ�ZLWK�DWWHQWLRQ�GHILFLW�K\SHUDFWLYLW\�GLVRUGHU��

3V\FKRORJLFDO�6WXGLHV�8QLYHUVLW\�RI�&DOLFXW��������������

$FKHQEDFK�� 7�� 0�� �������� ,QWHJUDWLYH� JXLGH� IRU� WKH� ����� &%&/������� <65�� DQG� 75)� SURILOHV�� 'HSDUWPHQW� RI� 3V\FKLDWU\��

8QLYHUVLW\�RI�9HUPRQW��

$PHULFDQ�3V\FKLDWULF�$VVRFLDWLRQ����������'LDJQRVWLF�DQG�VWDWLVWLFDO�PDQXDO�RI�PHQWDO�GLVRUGHUV��'60������$PHULFDQ��$PHULFDQ�

3V\FKLDWULF�3XEOLFDWLRQ��

%DUNOH\�� 5�� �������� 5HFHQW� ORQJLWXGLQDO� VWXGLHV� RI� FKLOGKRRG� DWWHQWLRQ�GHILFLW�K\SHUDFWLYLW\� GLVRUGHU�� ,PSRUWDQW� WKHPHV� DQG�

TXHVWLRQV�IRU�IXUWKHU�UHVHDUFK��-RXUQDO�RI�$EQRUPDO�3V\FKRORJ\�������������������

%UHQQDQ��0���3DODQLVZDPL��0���	�.DPHQ��3����������3RLQFDUH�SORW�LQWHUSUHWDWLRQ�XVLQJ�D�SK\VLRORJLFDO�PRGHO�RI�+59�EDVHG�RQ�D�

QHWZRUN�RI�RVFLOODWRUV��$PHULFDQ�-RXUQDO�RI�3K\VLRORJ\�+HDUW�DQG�&LUFXODWRU\�3K\VLRORJ\���������������������

%XFKKRUQ�� 5��� &RQ]HOPDQQ�� $��� :LOODVFKHN�� &��� 6W|UN�� '��� 7DXULQHV�� 5��� 	� 5HQQHU�� 7�� -�� �������� +HDUW� UDWH� YDULDELOLW\� DQG�

PHWK\OSKHQLGDWH�LQ�FKLOGUHQ�ZLWK�$'+'��$'+'�$WWHQWLRQ�'HILFLW�DQG�+\SHUDFWLYLW\�'LVRUGHUV���������������

%XQIRUG��1���(YDQV��6��:���=RFFROD��3��0���2ZHQV�� -��6���)ORU\��.���	�6SLHO��&��)�� ��������&RUUHVSRQGHQFH�EHWZHHQ�KHDUW� UDWH�

YDULDELOLW\� DQG�HPRWLRQ�G\VUHJXODWLRQ� LQ� FKLOGUHQ�� LQFOXGLQJ�FKLOGUHQ�ZLWK�$'+'��-RXUQDO� RI� DEQRUPDO� FKLOG�SV\FKRORJ\��

������������������

&DPP��$��-���0DOLN��0���%LJJHU��-��7���%UHLWKDUGW��*���&HUXWWL��6���&RKHQ��5��-�������	�/RPEDUGL��)����������+HDUW�UDWH�YDULDELOLW\��

6WDQGDUGV�RI�PHDVXUHPHQW��SK\VLRORJLFDO�LQWHUSUHWDWLRQ�DQG�FOLQLFDO�XVH��7DVN�)RUFH�RI�WKH�(XURSHDQ�6RFLHW\�RI�&DUGLRORJ\�

DQG�WKH�1RUWK�$PHULFDQ�6RFLHW\�RI�3DFLQJ�DQG�(OHFWURSK\VLRORJ\��&LUFXODWLRQ��������������������

&DQWZHOO��'��3���	�%DNHU��/����������$VVRFLDWLRQ�EHWZHHQ�DWWHQWLRQ�GHILFLW�K\SHUDFWLYLW\�GLVRUGHU�DQG�OHDUQLQJ�GLVRUGHUV��-RXUQDO�

RI�OHDUQLQJ�GLVDELOLWLHV����������������

&DR�� /�� �������� 3UDFWLFDO� PHWKRG� IRU� GHWHUPLQLQJ� WKH� PLQLPXP� HPEHGGLQJ� GLPHQVLRQ� RI� D� VFDODU� WLPH� VHULHV�� 3K\VLFD� '��

1RQOLQHDU�3KHQRPHQD�������������������
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&DUYDOKR��7��'���:DMQV]WHMQ��5���GH�$EUHX��/��&���9DQGHUOHL��/��&��0���*RGR\��0��)���$GDPL��)���	�)HUUHLUD��&����������$QDO\VLV
RI� FDUGLDF� DXWRQRPLF� PRGXODWLRQ� RI� FKLOGUHQ� ZLWK� DWWHQWLRQ� GHILFLW� K\SHUDFWLYLW\� GLVRUGHU��1HXURSV\FKLDWULF� GLVHDVH� DQG�
WUHDWPHQW�����������

&DWHOD��'���3LVFDOKR��,���)HUUHLUD��5���9LFWRULQR��$���&HUHMHLUD��%���0DUTXHV��1���	�'LDV��6����������5HVSLUDWRU\�FRQWURO�WHFKQLTXH�
DQG�DWWHQWLRQ�GHILFLW�K\SHUDFWLYLW\�GLVRUGHU�LQ�FKLOGUHQ��%0&�+HDOWK�6HUYLFHV�5HVHDUFK� ����6XSSO�������������

'\NPDQ�� 5�� $��� $FNHUPDQ�� 3�� 7��� 	� 2JOHVE\�� '�� 0�� �������� +HDUW� UDWH� UHDFWLYLW\� LQ� DWWHQWLRQ� GHILFLW� GLVRUGHU� VXEJURXSV��
,QWHJUDWLYH�SK\VLRORJLFDO�DQG�EHKDYLRUDO�VFLHQFH������������������

)LHOG��$����������'LVFRYHULQJ�VWDWLVWLFV�XVLQJ�,%0�6366�VWDWLVWLFV��/RQGRQ��6DJH��
)RQVHFD��$��&���6LP}HV��$���5HEHOR��-��$���)HUUHLUD��-��$���	�&DUGRVR��)����������2�LQYHQWiULR�GH�FRPSRUWDPHQWRV�GD�FULDQoD�SDUD�

SURIHVVRUHV±7HDFKHUV�5HSRUW�)RUP��75)���7KH�,QYHQWRU\�RI�&KLOG�%HKDYLRUV�IRU�7HDFKHUV±7HDFKHUV�5HSRUW�)RUP��75)����
5HYLVWD�3RUWXJXHVD�GH�3HGDJRJLD�����������������

*LOHV��'���'UDSHU��1���	�1HLO��:����������9DOLGLW\�RI�WKH�3RODU�9����KHDUW�UDWH�PRQLWRU�WR�PHDVXUH�55�LQWHUYDOV�DW�UHVW��(XURSHDQ�
-RXUQDO�RI�$SSOLHG�3K\VLRORJ\�������������������

*ULIILWKV�� .�� 5��� 4XLQWDQD�� '�� 6��� +HUPHQV�� '�� )��� 6SRRQHU�� &��� 7VDQJ�� 7��:��� &ODUNH�� 6��� 	� .RKQ��0�� 5�� �������� 6XVWDLQHG�
DWWHQWLRQ�DQG�KHDUW�UDWH�YDULDELOLW\�LQ�FKLOGUHQ�DQG�DGROHVFHQWV�ZLWK�$'+'��%LRORJLFDO�SV\FKRORJ\��������������

+DUULVRQ��/�� -���0DQRFKD��5���	�5XELD��.�� ��������6DKDMD�\RJD�PHGLWDWLRQ�DV� D� IDPLO\� WUHDWPHQW� SURJUDPPH� IRU� FKLOGUHQ�ZLWK�
DWWHQWLRQ�GHILFLW�K\SHUDFWLYLW\�GLVRUGHU��&OLQLFDO�&KLOG�3V\FKRORJ\�DQG�3V\FKLDWU\�����������������

,PHUDM��/���$QWURS��,���5RH\HUV��+���'HVFKHSSHU��(���%DO��6���	�'HERXWWH��'����������'LXUQDO�YDULDWLRQV�LQ�DURXVDO��$�QDWXUDOLVWLF�
KHDUW�UDWH�VWXG\�LQ�FKLOGUHQ�ZLWK�$'+'��(XURSHDQ�FKLOG�	�DGROHVFHQW�SV\FKLDWU\������������������

-HOOD�� 6�� $��� 	� 6KDQQDKRII�.KDOVD�� '�� 6�� �������� 7KH� HIIHFWV� RI� XQLODWHUDO� IRUFHG� QRVWULO� EUHDWKLQJ� RQ� FRJQLWLYH� SHUIRUPDQFH��
,QWHUQDWLRQDO�-RXUQDO�RI�1HXURVFLHQFH������������������

-HQVHQ�� 3�� 6��� 	� .HQQ\�� '�� 7�� �������� 7KH� HIIHFWV� RI� \RJD� RQ� WKH� DWWHQWLRQ� DQG� EHKDYLRU� RI� ER\V� ZLWK�
DWWHQWLRQ�GHILFLW�K\SHUDFWLYLW\�GLVRUGHU��$'+'���-RXUQDO�RI�DWWHQWLRQ�GLVRUGHUV�����������������

-RKQVHQ��%��+���+DQVHQ��$��/���6ROOHUV�� -�� -���0XULVRQ��5���	�7KD\HU�� -��)�� ��������+HDUW� UDWH�YDULDELOLW\� LV� LQYHUVHO\� UHODWHG� WR�
FRUWLVRO�UHDFWLYLW\�GXULQJ�FRJQLWLYH�VWUHVV��3V\FKRVRPDWLF�0HGLFLQH��������������

.DQW]��+���	�6FKUHLEHU��7����������1RQOLQHDU�WLPH�VHULHV�DQDO\VLV��9RO������&DPEULGJH��&DPEULGJH�8QLYHUVLW\�3UHVV��

.DSODQ��'��7���)XUPDQ��0��,���	�3LQFXV��6��0����������7HFKQLTXHV�IRU�DQDO\]LQJ�FRPSOH[LW\�LQ�KHDUW�UDWH�DQG�EHDW�WR�EHDW�EORRG�
SUHVVXUH�VLJQDOV��,Q�&RPSXWHUV�LQ�&DUGLRORJ\������3URFHHGLQJV��SS������������������6HSWHPEHU��&KLFDJR��,OOLQRLV��

.HUE\�� '�� 6�� �������� 7KH� VLPSOH� GLIIHUHQFH� IRUPXOD�� $Q� DSSURDFK� WR� WHDFKLQJ� QRQSDUDPHWULF� FRUUHODWLRQ�� &RPSUHKHQVLYH�
3V\FKRORJ\� ������,7�

/HKUHU�� 3��0���9DVFKLOOR�� (���	�9DVFKLOOR��%�� ��������5HVRQDQW� IUHTXHQF\� ELRIHHGEDFN� WUDLQLQJ� WR� LQFUHDVH� FDUGLDF� YDULDELOLW\��
5DWLRQDOH�DQG�PDQXDO�IRU�WUDLQLQJ��$SSOLHG�SV\FKRSK\VLRORJ\�DQG�ELRIHHGEDFN������������������

/HY\��0��1����������$XWRQRPLF�LQWHUDFWLRQV�LQ�FDUGLDF�FRQWURO��$QQDOV�RI�WKH�1HZ�<RUN�$FDGHP\�RI�6FLHQFHV�������������������
/LQ��,��0���7DL��/��<���	�)DQ��6��<����������%UHDWKLQJ�DW�D�UDWH�RI�����EUHDWKV�SHU�PLQXWH�ZLWK�HTXDO�LQKDODWLRQ�WR�H[KDODWLRQ�UDWLR�

LQFUHDVHV�KHDUW�UDWH�YDULDELOLW\��,QWHUQDWLRQDO�-RXUQDO�RI�3V\FKRSK\VLRORJ\������������������
/LQGVWU|P�� .��� /LQGEODG�� )��� 	� +MHUQ�� $�� �������� 3UHWHUP� ELUWK� DQG� DWWHQWLRQ� GHILFLW�K\SHUDFWLYLW\� GLVRUGHU� LQ� VFKRROFKLOGUHQ��

3HGLDWULFV�������������������
0DOOLDQL�� $��� /RPEDUGL�� )���	� 3DJDQL��0�� �������� 3RZHU� VSHFWUXP� DQDO\VLV� RI� KHDUW� UDWH� YDULDELOLW\�� $� WRRO� WR� H[SORUH� QHXUDO�

UHJXODWRU\�PHFKDQLVPV��%ULWLVK�+HDUW�-RXUQDO������������
0DUTXHV�� ,�� ��������3UHPDWXULGDGH�H�$'+'�R�TXH�QRV�GL]�D� LQYHVWLJDomR� �3UHPDWXULW\�DQG�$'+'�ZKDW� WKH� UHVHDUFK� WHOOV�XV��

5HYLVWD�GH�3VLFRORJLD�GD�&ULDQoD�H�GR�$GROHVFHQWH��������������
0DW]D��/��6���3DUDPRUH��&���	�3UDVDG��0����������$�UHYLHZ�RI�WKH�HFRQRPLF�EXUGHQ�RI�$'+'��&RVW�(IIHFWLYHQHVV�DQG�5HVRXUFH�

$OORFDWLRQ����������� �
0RUDOHV�� 0�� 5��� 3ROL]]L�� &��� 6XOOLRWWL�� *��� 0DVFROLQR�� &��� 	� 3HUULFRQH�� *�� �������� (DUO\� SUHFXUVRUV� RI� ORZ� DWWHQWLRQ� DQG�

K\SHUDFWLYLW\�LQ�PRGHUDWHO\�DQG�YHU\�SUHWHUP�FKLOGUHQ�DW�SUHVFKRRO�DJH��3HGLDWULF�UHSRUWV���������������
0XVVHU�� (��'���%DFNV��5��:��� 6FKPLWW��&�� )���$EORZ�� -��&���0HDVHOOH�� -��5���	�1LJJ�� -�� 7�� ��������(PRWLRQ� UHJXODWLRQ� YLD� WKH�

DXWRQRPLF� QHUYRXV� V\VWHP� LQ� FKLOGUHQ� ZLWK� DWWHQWLRQ�GHILFLW�K\SHUDFWLYLW\� GLVRUGHU� �$'+'��� -RXUQDO� RI� DEQRUPDO� FKLOG�
SV\FKRORJ\������������������

1DVFLPHQWR��'���&DUYDOKR��.��	� ,ZDEH��&�� ��������3HUILO�FRJQLWLYR�H�PRWRU�GH�FULDQoDV�QDVFLGDV�SUHPDWXUDV�HP�LGDGH�HVFRODU��
5HYLVmR� GH� OLWHUDWXUD�&RJQLWLYH� DQG� PRWRU� SURILOH� RI� SUHPDWXUH� LQIDQWV� ERUQ� DW� VFKRRO� DJH�� /LWHUDWXUH� UHYLHZ��� 5HY�
1HXURFLHQF���������������
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1DWLRQDO� %RDUG� RI� +HDOWK� DQG�:HOIDUH�� �������� (S&�5HSRUW��)DNWD� RP�PDPPRU�� I|UORVVQLQJDU� RFK� Q\I|GGD� EDUQ�0HGLFLQVND�
I|GHOVHUHJLVWUHW� ����� WLOO� ����� �)DFWV� FRQFHUQLQJ� PRWKHUV�� SUHJQDQFLHV�� DQG� QHZERUQ� FKLOGUHQ²6ZHGLVK� 0HGLFDO� %LUWK�
5HJLVWU\²�����WR��������6WRFNKROP��6ZHGHQ��

3HFN��+��/���.HKOH��7��-���%UD\��0��$���	�7KHRGRUH��/��$����������<RJD�DV�DQ�LQWHUYHQWLRQ�IRU�FKLOGUHQ�ZLWK�DWWHQWLRQ�SUREOHPV�
6FKRRO�3V\FKRORJ\�5HYLHZ��������������

3HOWROD��0����������$QDO\VLV�RI�KHDUW�UDWH�YDULDELOLW\�IURP����KRXU�DPEXODWRU\�HOHFWURFDUGLRJUDSKLF�UHFRUGLQJV��$FWD�8QLYHUVLWDWLV�
2XOXHQVLV�'�0HGLFD��������5HWULHYHG�IURP�KWWS���MXOWLND�RXOX�IL�ILOHV�LVEQ��������������SGI�

3LQFXV��6��0���	�*ROGEHUJHU��$��/����������3K\VLRORJLFDO�WLPH�VHULHV�DQDO\VLV��:KDW�GRHV�UHJXODULW\�TXDQWLI\"�$PHULFDQ�-RXUQDO�
RI�3K\VLRORJ\�+HDUW�DQG�&LUFXODWRU\�3K\VLRORJ\���������������������

5DVK�� -�� $��� 	�$JXLUUH�&DPDFKR�� $�� �������� $WWHQWLRQ�GHILFLW� K\SHUDFWLYLW\� GLVRUGHU� DQG� FDUGLDF� YDJDO� FRQWURO�� $� V\VWHPDWLF�
UHYLHZ��$'+'�$WWHQWLRQ�'HILFLW�DQG�+\SHUDFWLYLW\�'LVRUGHUV�����������������

5H\HV�GHO�3DVR��*��$���/DQJHZLW]��:���0XOGHU��/�� -���5RRQ��$���	�'XVFKHN��6�� ��������7KH�XWLOLW\�RI� ORZ�IUHTXHQF\�KHDUW� UDWH�
YDULDELOLW\� DV� DQ� LQGH[� RI� V\PSDWKHWLF� FDUGLDF� WRQH�� $� UHYLHZ� ZLWK� HPSKDVLV� RQ� D� UHDQDO\VLV� RI� SUHYLRXV� VWXGLHV��
3V\FKRSK\VLRORJ\������������������

5RGUtJXH]�/LxDUHV��/���/DGR��0��-���9LOD��;��$���0pQGH]��$��-���	�&XHVWD��3����������J+59��+HDUW�UDWH�YDULDELOLW\�DQDO\VLV�PDGH
HDV\��&RPSXWHU�0HWKRGV�DQG�3URJUDPV�LQ�%LRPHGLFLQH����������������� �

5RGUtJXH]�/LxDUHV��/���0pQGH]��$��-���9LOD��;��$���	�/DGR��0��-����������J+59��$�XVHU�IULHQGO\�DSSOLFDWLRQ�IRU�+59�DQDO\VLV��,Q
�WK�,EHULDQ�&RQIHUHQFH�RQ�,QIRUPDWLRQ�6\VWHPV�DQG�7HFKQRORJLHV��&,67,��������������-XQH��0DGULG��6SDLQ��

5RZODQG�� $�� 6��� /HVHVQH�� &�� $��� 	� $EUDPRZLW]�� $�� -�� �������� 7KH� HSLGHPLRORJ\� RI� DWWHQWLRQ GHILFLW�K\SHUDFWLYLW\� GLVRUGHU�
�$'+'���D�SXEOLF�KHDOWK�YLHZ��'HYHORSPHQWDO�'LVDELOLWLHV�5HVHDUFK�5HYLHZV�����������������

5XL] 3DGLDO��(���6ROOHUV��-��-���9LOD��-���	�7KD\HU��-��)����������7KH�UK\WKP�RI�WKH�KHDUW�LQ�WKH�EOLQN�RI�DQ�H\H��(PRWLRQ PRGXODWHG�
VWDUWOH�PDJQLWXGH�FRYDULHV�ZLWK�KHDUW�UDWH�YDULDELOLW\��3V\FKRSK\VLRORJ\������������������

5XNPDQL��0��5���6HVKDGUL��6��3���7KHQQDUDVX��.���5DMX��7��5���	�6DWK\DSUDEKD��7��1����������+HDUW�UDWH�YDULDELOLW\�LQ�FKLOGUHQ�ZLWK�
DWWHQWLRQ�GHILFLW�K\SHUDFWLYLW\�GLVRUGHU��$�SLORW�VWXG\��$QQDOV�RI�QHXURVFLHQFHV����������������

6DOJXHLUR��(����������$�©,QVWDELOLGDGHª�GR�-RmR��-RKQ¶V�³,QVWDELOLW\´���$QiOLVH�3VLFROyJLFD��������������
6DXV��(��5���-RKQVHQ��%��+���(LG��-���5LLVHP��3��.���$QGHUVHQ��5���	�7KD\HU��-��)����������7KH�(IIHFW�RI�EULHI�VLWXDWLRQDO�DZDUHQHVV�

WUDLQLQJ�LQ�D�SROLFH�VKRRWLQJ�VLPXODWRU��$Q�H[SHULPHQWDO�VWXG\��0LOLWDU\�3V\FKRORJ\�����6������
6KDQQDKRII�.KDOVD��'��6���	�.HQQHG\��%�� ��������7KH� HIIHFWV� RI� XQLODWHUDO� IRUFHG� QRVWULO� EUHDWKLQJ� RQ� WKH� KHDUW�� ,QWHUQDWLRQDO�

-RXUQDO�RI�1HXURVFLHQFH������������������
6WUHFKW��3����������+LSHUDWLYLGDGH�H�GpILFH�GH�DWHQomR��+\SHUDFWLYLW\�DQG�DWWHQWLRQ�GHILFLW���/LVERD��)XQGDomR�)UDQFLVFR�0DQXHO�

GRV�6DQWRV��
6W�FN��0���	�*ORHFNQHU��1����������<RJD�IRU�FKLOGUHQ�LQ�WKH�PLUURU�RI�WKH�VFLHQFH��:RUNLQJ�VSHFWUXP�DQG�SUDFWLFH�ILHOGV�RI�WKH�

WUDLQLQJ�RI�UHOD[DWLRQ�ZLWK�HOHPHQWV�RI�\RJD�IRU�FKLOGUHQ��(DUO\�FKLOG�GHYHORSPHQW�DQG�FDUH�������������������
7KD\HU�� -�� )��� 	� %URVVFKRW�� -�� )�� �������� 3V\FKRVRPDWLFV� DQG� SV\FKRSDWKRORJ\�� ORRNLQJ� XS� DQG� GRZQ� IURP� WKH� EUDLQ��

3V\FKRQHXURHQGRFULQRORJ\���������������������
7KD\HU�� -�� )��� 	� /DQH�� 5�� '�� �������� &ODXGH� %HUQDUG� DQG� WKH� KHDUW�EUDLQ� FRQQHFWLRQ�� )XUWKHU� HODERUDWLRQ� RI� D� PRGHO� RI�

QHXURYLVFHUDO�LQWHJUDWLRQ��1HXURVFLHQFH�	�%LREHKDYLRUDO�5HYLHZV����������������
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