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$GLJXQ��2��7�� ��������'HSUHVVLRQ� DQG� LQGLYLGXDOV�ZLWK� KHDULQJ� ORVV��$� V\VWHPDWLF�

UHYLHZ��-RXUQDO�RI�3V\FKRORJ\�DQG�3V\FKRWKHUDS\����������������
$OWJDVVHQ��0���6FKHUHV��$��DQG�(GHO��0��$�� ������� 3URVSHFWLYH�PHPRU\��SDUWLDOO\��

PHGLDWHV� WKH� OLQN� EHWZHHQ� $'+'� V\PSWRPV� DQG� SURFUDVWLQDWLRQ� $'+'�
$WWHQWLRQ�'HILFLW�DQG�+\SHUDFWLYLW\�'LVRUGHUV���������������

$VKRUL��0��DQG�*KDVHP]DGHK��6����������7KH�HIIHFWLYHQHVV�RI�PHQWDO�LPPXQL]DWLRQ�
WUDLQLQJ� RQ� DOH[LWK\PLD�� VHOI�GHWHUPLQDWLRQ� DQG� OLIH� RULHQWDWLRQ� RI� DGROHVFHQWV�
ZLWK�KHDULQJ� LPSDLUPHQW��-RXUQDO�RI�3V\FKRORJLFDO�6WXGLHV��������������7H[W� LQ�
3HUVLDQ�

%D\UDPL��0���0RYDKHGL��<��DQG�$KPDGL��(�� ��������7KH�HIIHFWLYHQHVV�RI�FRJQLWLYH�
UHKDELOLWDWLRQ�RQ�WKH�VHOHFWLYH�GLYLGHG�DWWHQWLRQ�DQG�ZRUNLQJ�PHPRU\�LQ�VWXGHQWV�
ZLWK�G\VOH[LD�DQG�G\VFDOFXOLD�GLVDELOLWLHV���1HXURSV\FKRORJ\���������������7H[W�LQ�
3HUVLDQ�
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&HMXGR��$��%���*yPH]�$UL]D��&��-��DQG�%DMR��0��7����������7KH�FRVW�RI�SURVSHFWLYH�
PHPRU\� LQ� FKLOGUHQ��7KH� UROH� RI� FXH� IRFDOLW\��)URQWLHUV� LQ�3V\FKRORJ\�� ��� �����
GRL���������ISV\J������������

&DOGHLUD�� -��0��$���*RIIL�*RPH]��0��9��6��� ,PDPXUD��5�� DQG�%HQWR��5��)�� ��������
6SHHFK� UHFRJQLWLRQ� RI� FRFKOHDU� LPSODQW� XVHUV� LQVLGH� D� QRLV\� KHOLFRSWHU�
HQYLURQPHQW��$XGLRORJ\�1HXUR�HWKRORJ\���������������

&DVWLJOLRQH�� $��� %HQDWWL�� $��� 9HODUGLWD�� &��� )DYDUR�� '��� 3DGRDQ�� (��� 6HYHUL�� '���
3DJOLDUR��0���%RYR��5���9DOOHVL��$���*DEHOOL� &��DQG�0DUWLQL��$�� ��������$JLQJ��
FRJQLWLYH�GHFOLQH�DQG�KHDULQJ�ORVV��(IIHFWV�RI�DXGLWRU\�UHKDELOLWDWLRQ�DQG�WUDLQLQJ�
ZLWK� KHDULQJ� DLGV� DQG� FRFKOHDU� LPSODQWV� RQ� FRJQLWLYH� IXQFWLRQ� DQG� GHSUHVVLRQ�
DPRQJ�ROGHU�DGXOWV��$XGLRORJ\�DQG�1HXUR�HWKRORJ\� �������������

&KLQJ��7��<��&���&XSSOHV��/��DQG�0DUQDQH��9��������� (DUO\�FRJQLWLYH�SUHGLFWRUV�RI�
��\HDU�ROG� VSRNHQ� ODQJXDJH� LQ� FKLOGUHQ�ZLWK�PLOG� WR� VHYHUH� KHDULQJ� ORVV� XVLQJ�
KHDULQJ�DLGV��)URQWLHUV�LQ�3V\FKRORJ\����������� GRL���������ISV\J�����������

&UDZIRUG� -��5���6PLWK��*���0D\ORU��(��$��'HOOD�6DOD��6�� DQG�/RJLH��5��+�� ��������
7KH� SURVSHFWLYH� DQG� UHWURVSHFWLYH� PHPRU\� TXHVWLRQQDLUH� �3504��� 1RUPDWLYH�
GDWD� DQG� ODWHQW� VWUXFWXUH� LQ� D� ODUJH� QRQ�FOLQLFDO� VDPSOH�� 0HPRU\� �+RYH��
(QJODQG������������������

&XSSOHV��/�� &KLQJ��7��<��&���%XWWRQ��/���6HHWR��0���=KDQJ��9���:KLWILHOG��-��DQG�HW�
DO�� �������� 6SRNHQ� ODQJXDJH� DQG� HYHU\GD\� IXQFWLRQLQJ� LQ� ��\HDU�ROG� FKLOGUHQ�
XVLQJ� KHDULQJ� DLGV� RU� FRFKOHDU� LPSODQWV� ,QWHUQDWLRQDO� -RXUQDO� RI� $XGLRORJ\��
��������������

(PVDNL��*���1HVKDW'RRVW��+��7���7DYDNROL��0���DQG�%DUHNDWDLQ��0����������0HPRU\�
VSHFLILFLW\� WUDLQLQJ� FDQ� LPSURYH� ZRUNLQJ� DQG� SURVSHFWLYH� PHPRU\� LQ� DPQHVWLF�
PLOG�FRJQLWLYH�LPSDLUPHQW��'HPHQWLD�DQG�1HXURSV\FKRORJLFD�����������������

(QJOH�� 5�� :�� �������� :RUNLQJ� PHPRU\� DQG� H[HFXWLYH� DWWHQWLRQ�� $� UHYLVLW��
3HUVSHFWLYHV�RQ�3V\FKRORJLFDO�6FLHQFH�����������������

)HUJXVRQ�� 0�� DQG� +HQVKDZ�� +�� ������� $XGLWRU\� WUDLQLQJ� FDQ� LPSURYH� ZRUNLQJ�
PHPRU\�� DWWHQWLRQ�� DQG� FRPPXQLFDWLRQ� LQ� DGYHUVH� FRQGLWLRQV� IRU� DGXOWV� ZLWK�
KHDULQJ�ORVV� )URQWLHUV�LQ�3V\FKRORJ\� ��������GRL����������ISV\J������������

+RVKLQD��$���+RULH��5���*LDQQRSXOX��,��DQG�6XJD\D��0����������0HDVXUHPHQW�RI�WKH�
HIIHFW� RI� GLJLWDO� SOD\� WKHUDS\� XVLQJ� ELRORJLFDO� LQIRUPDWLRQ��3URFHGLD�&RPSXWHU�
6FLHQFH������������������GRL�RUJ���������M�SURFV�������������

/DZUHQFH��%�� -��� -D\DNRG\��'���+HQVKDZ��+��� )HUJXVRQ��0��$��� (LNHOERRP��5��+���
/RIWXV��$��0�� DQG�)ULHGODQG��3��/�� ��������$XGLWRU\� DQG� FRJQLWLYH� WUDLQLQJ� IRU�
FRJQLWLRQ� LQ� DGXOWV� ZLWK� KHDULQJ� ORVV�� $� V\VWHPDWLF� UHYLHZ� DQG� PHWD�
DQDO\VLV� 7UHQGV�LQ�+HDULQJ� ����������GRL���������������������������

/HGHUEHUJ�� $�� 5��� %UDQXP�0DUWLQ�� /��� :HEE�� 0��� 6FKLFN�� %��� $QWLD�� 6���
(DVWHUEURRNV�� 6�� 5�� DQG� &RQQRU�� &�� 0�� �������� 0RGDOLW\� DQG� LQWHUUHODWLRQV�
DPRQJ� ODQJXDJH�� UHDGLQJ�� VSRNHQ� SKRQRORJLFDO� DZDUHQHVV�� DQG� ILQJHUVSHOOLQJ��
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7KH�-RXUQDO�RI�'HDI�6WXGLHV�DQG�'HDI�(GXFDWLRQ��������������
/HGLQJ�� -�� .�� ������� $GDSWLYH� PHPRU\�� $QLPDF\�� WKUHDW�� DQG� DWWHQWLRQ� LQ� IUHH�

UHFDOO� 0HPRU\�DQG�&RJQLWLRQ�����������������
0HLHU��%��DQG�5H\�0HUPHW��$�� ��������$IWHU�HơHFWV�ZLWKRXW�PRQLWRULQJ�FRVWV��7KH�

LPSDFW�RI�SURVSHFWLYH�PHPRU\�LQVWUXFWLRQV�RQ�WDVN�VZLWFKLQJ�SHUIRUPDQFH��$FWD�
3V\FKRORJLFD��������������GRL����������M�DFWSV\�������������

1DULPDQL�� 0��� 6ROH\PDQL�� (�� DQG� 7DEUL]FKL�� 1�� �������� 7KH� HIIHFW� RI� FRJQLWLYH�
UHKDELOLWDWLRQ� RQ� DWWHQWLRQ� PDLQWHQDQFH� DQG� PDWK� DFKLHYHPHQW� LQ� $'+'�
VWXGHQWV��-RXUQDO�RI�6FKRRO�3V\FKRORJ\����������������7H[W�LQ�3HUVLDQ�

3pUH]�0DUWtQ��0��<���*RQ]iOH]�3ODWDV��0���(JXtDGHO�5LR��3���&URLVVLHU�(OtDV��&��DQG�
-LPpQH]� 6RVD�� $�� �������� (IILFDF\� RI� D� VKRUW� FRJQLWLYH� WUDLQLQJ� SURJUDP� LQ�
SDWLHQWV� ZLWK� PXOWLSOH� VFOHURVLV�� 1HXURSV\FKLDWULF� 'LVHDVH� DQG� 7UHDWPHQW�� ����
���������GRL�RUJ���������1'7�6�������

5DVKLGL� $VO�� +�� DQG $VKRUL�� 0�� �������� (IIHFWLYHQHVV� RI� FRJQLWLYH� UHKDELOLWDWLRQ�
WUDLQLQJ� SURJUDP� RQ� ZRUNLQJ� PHPRU\� SURILOH� RI� VWXGHQWV� ZLWK� KHDULQJ�
LPSDLUPHQW��(PSRZHULQJ�([FHSWLRQDO�&KLOGUHQ����������������7H[W�LQ�3HUVLDQ�

5R\��5��$�� ��������$XGLWRU\�ZRUNLQJ�PHPRU\��$�FRPSDULVRQ� VWXG\� LQ� DGXOWV�ZLWK�
QRUPDO� KHDULQJ� DQG� PLOG� WR� PRGHUDWH� KHDULQJ� ORVV� *OREDO� -RXUQDO� RI�
2WRODU\QJRORJ\���������������

6KROEHUJ��0��0��DQG�0DWHHU��&��$����������&RJQLWLYH�UHKDELOLWDWLRQ��$Q�LQWHJUDWLYH�
QHXURSV\FKRORJLFDO�DSSURDFK��1HZ�<RUN��7KH�*XLOIRUG�SUHVV�

6PLWK�� -��'��� %URRNH� 1��� -DFNVRQ�� %��1�� DQG�&KXUFK��%��$�� �������� %UHDNLQJ� WKH�
SHUFHSWXDO�FRQFHSWXDO� EDUULHU�� 5HODWLRQDO� PDWFKLQJ� DQG� ZRUNLQJ� PHPRU\�
0HPRU\�DQG�&RJQLWLRQ�����������������

8WWO��%���:KLWH��&��$���&QXGGH��.��DQG�*UDQW��/��0�� ��������3URVSHFWLYH�PHPRU\��
UHWURVSHFWLYH� PHPRU\�� DQG� LQGLYLGXDO� GLIIHUHQFHV� LQ� FRJQLWLYH� DELOLWLHV��
SHUVRQDOLW\��DQG�SV\FKRSDWKRORJ\��3OR6�21(���������������

=KDQJ�� )��� 8QGHUZRRG�� *��� 0F*XLUH�� .��� /LDQJ�� &��� 0RRUH�� '�� 5�� DQG� )X�� 4�� -��
��������)UHTXHQF\� FKDQJH GHWHFWLRQ� DQG� VSHHFK� SHUFHSWLRQ� LQ� FRFKOHDU� LPSODQW�
XVHUV��+HDULQJ�5HVHDUFK��������������GRL�RUJ���������M�KHDUHV�������������

<XDQ�� -��� 6XQ�� <��� 6DQJ�� 6��� 3KDP�� -�� +�� DQG� .RQJ�� :�� -�� ������� 7KH� ULVN� RI�
FRJQLWLYH� LPSDLUPHQW�DVVRFLDWHG�ZLWK�KHDULQJ� IXQFWLRQ� LQ�ROGHU�DGXOWV�� D�SRROHG�
DQDO\VLV�RI�GDWD�IURP�HOHYHQ�VWXGLHV� 6FLHQWLILF�5HSRUWV�������������





3V\FKRORJLFDO 6WXGLHV�9RO��� ��1R����VSULQJ ����

3V\FKRORJLFDO�6WXGLHV
)DFXOW\�RI�(GXFDWLRQ�DQG�3V\FKRORJ\�� 9RO�����1R��
$O]DKUD�8QLYHUVLW\ 6SULQJ�����

(IIHFW�RI�&RJQLWLYH�5HKDELOLWDWLRQ�3URJUDP�RQ�3URVSHFWLYH�DQG�
5HWURVSHFWLYH�0HPRU\�LQ�6WXGHQWV�ZLWK�+HDULQJ�,PSDLUPHQW�

0RKDPPDG�$VKRUL��

$EVWUDFW
7KH� SXUSRVH� RI� WKLV� UHVHDUFK� ZDV� WR� LQYHVWLJDWH� WKH� HIIHFWLYHQHVV� RI� WKH�
FRJQLWLYH�UHKDELOLWDWLRQ�SURJUDP�RQ�SURVSHFWLYH�DQG�UHWURVSHFWLYH�PHPRU\�LQ�
VWXGHQWV� ZLWK� KHDULQJ� LPSDLUPHQW�� 7KH� SUHVHQW� UHVHDUFK� ZDV� D� VHPL�
H[SHULPHQWDO� VWXG\� ZLWK� SUH�WHVW�� SRVW�WHVW� GHVLJQ� DQG� FRQWURO� JURXS�� 7KH�
VWDWLVWLFDO� SRSXODWLRQ� RI� WKH� VWXG\� FRQVLVWHG� RI� VWXGHQWV� ZLWK� KHDULQJ�
LPSDLUPHQW� LQ� ,VIDKDQ� FLW\�� 7KH� SDUWLFLSDQWV� ZHUH� ��� JLUO� VWXGHQWV� ZLWK�
KHDULQJ� LPSDLUPHQW� IURP� 0LU� 'HDI� 6FKRRO� XVLQJ� FRQYHQLHQW� VDPSOLQJ�
PHWKRG�� 7KH\� ZHUH� GLYLGHG� LQWR� H[SHULPHQWDO� DQG� FRQWURO� JURXSV�� HDFK�
JURXS�FRQVLVWLQJ�RI����FKLOGUHQ��7KH�H[SHULPHQWDO�JURXS�UHFHLYHG�FRJQLWLYH�
UHKDELOLWDWLRQ�SURJUDP�LQ����VHVVLRQV��WZR�VHVVLRQV�ZHHNO\��HDFK�ODVWV�IRU����
PLQXWHV���ZKLOH�WKH�FRQWURO�JURXS�GLG�QRW�SDUWLFLSDWH�LQ�WKLV�SURJUDP DQG NHSW�
LQ�D�ZDLWLQJ�OLVW��7KH� LQVWUXPHQW�ZDV�&UDZIRUG��6PLWK��0D\ORU��'HOOD�6DOD�
DQG�/RJLH�3URVSHFWLYH�DQG�5HWURVSHFWLYH�0HPRU\�4XHVWLRQQDLUH��7KH�GDWD�
ZHUH�DQDO\]HG�XVLQJ�WKH�PXOWLYDULDWH�DQDO\VLV�RI�FRYDULDQFH��0$1&29$���
7KH� UHVXOWV� UHYHDOHG� WKDW� WKHUH� ZDV� D� VLJQLILFDQW� LQFUHDVH� LQ� WKH� PHDQ�
SURVSHFWLYH�DQG�UHWURVSHFWLYH�PHPRU\�VFRUHV�RI�WKH�H[SHULPHQWDO�JURXS�SRVW�
LQWHUYHQWLRQ� LQ� FRPSDULVRQ� ZLWK� WKH� FRQWURO� JURXS�� 7KH� FRJQLWLYH�
UHKDELOLWDWLRQ� SURJUDP� LPSURYHG� SURVSHFWLYH� DQG� UHWURVSHFWLYH�PHPRU\� RI�
VWXGHQWV�ZLWK� KHDULQJ� LPSDLUPHQW�� 6R�� SODQQLQJ� IRU� SURYLGLQJ� RI� FRJQLWLYH�
UHKDELOLWDWLRQ�SURJUDP�IRU�WKHP�KDV�SDUWLFXODU�LPSRUWDQFH�
.H\ZRUGV� &RJQLWLYH� UHKDELOLWDWLRQ�� KHDULQJ� LPSDLUPHQW�� SURVSHFWLYH�

PHPRU\��UHWURVSHFWLYH�PHPRU\

���$VVLVWDQW� 3URIHVVRU��'HSDUWPHQW RI� 3V\FKRORJ\� DQG�(GXFDWLRQ� RI�&KLOGUHQ�ZLWK�
6SHFLDO�1HHGV��)DFXOW\�RI�(GXFDWLRQ�DQG�3V\FKRORJ\��8QLYHUVLW\�RI�,VIDKDQ��,VIDKDQ��
,UDQ�P�DVKRUL#HGX�XL�DF�LU
6XEPLW�'DWH������������ $FFHSW�'DWH�����������
'2,� ���������SV\����������������
KWWSV���SV\FKVWXGLHV�DO]DKUD�DF�LU�


