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$EVWUDFW�

7KHUH�LV�WKH�QHHG�IRU�FRQWLQXHG�LQYHVWLJDWLRQ�LQWR�FRQVWUXFWLRQ�ODERXU�SURGXFWLYLW\�EHFDXVH�RI�LWV�LPSRUWDQFH�LQ�
WKH� QDWLRQDO� HFRQRP\� RI� D� QDWLRQ�� ,QVXIILFLHQW� WUDLQLQJ� DQG� RYHUVLJKW� RI� FRQVWUXFWLRQ� VNLOOHG�ZRUNHUV� FDQ� EH�
GLUHFWO\� OLQNHG� WR� ORZ�SURGXFWLYLW\��7KLV� VWXG\�DVVHVVHG� WKH� LQIOXHQFH�RI� VXSHUYLVLRQ�RQ� ODERXU�SURGXFWLYLW\� RI�
ILQLVKLQJ�ZRUNV� LQ� ,EDGDQ��2\R�6WDWH��7KH�REMHFWLYHV�RI� WKH� VWXG\�ZHUH� WR� H[DPLQH� IDFWRUV�DIIHFWLQJ� HIIHFWLYH�
VXSHUYLVLRQ�RQ�FRQVWUXFWLRQ�VLWH��FRPSDUH�WKH�ODERXU�SURGXFWLYLW\�RI�ILQLVKLQJ�ZRUNV�ZLWK�VXSHUYLVLRQ�DQG�WKRVH�
ZLWKRXW� VXSHUYLVLRQ� DQG� GHWHUPLQH� WKH� PHDVXUHV� SXW� LQ� SODFH� E\� VXSHUYLVRUV� LQ� HQVXULQJ� HIIHFWLYH� ODERXU�
SURGXFWLYLW\��7KH�UHVHDUFK�HPSOR\HG�D�TXDQWLWDWLYH�DSSURDFK�ZLWK�WKH�XVH�RI�SHUVRQDO�REVHUYDWLRQ�DQG�VXUYH\�
TXHVWLRQQDLUH��3HUVRQDO�REVHUYDWLRQ�ZDV�PDGH�RQ����FRQVWUXFWLRQ�VLWHV�ZLWK�SURIHVVLRQDO�VXSHUYLVLRQ�DQG�DQRWKHU�
��� VLWH� ZLWKRXW� SURIHVVLRQDO� VXSHUYLVLRQ�� 7KH� UHVHDUFK� GDWD� ZHUH� FROOHFWHG� ZLWK� WKH� DLG� RI� ZHOO�VWUXFWXUHG�
TXHVWLRQQDLUHV��$OVR����TXHVWLRQQDLUHV�ZHUH�DGPLQLVWHUHG�WR�FRQVWUXFWLRQ�SURMHFW�FRQWUDFWRUV��SURMHFW�PDQDJHUV��
VXSHUYLVRUV�DQG�IRUHPHQ�RI�VPDOO�DQG�PHGLXP�FRQVWUXFWLRQ�ILUPV� 7KH�UHVSRQVH�UDWH�RI�WKH�TXHVWLRQQDLUHV�ZDV�
�����0HDQ�LWHP�VFRUH��0,6��DQG�7�7HVW�ZDV�XVHG�WR�UDQN�WKH�LQIOXHQFH�RI�VXSHUYLVLRQ�RQ�ODERXU�SURGXFWLYLW\�
SUDFWLFH�LQ�FRQVWUXFWLRQ�ZRUNHUV�RQ�D���SRLQW�/LNHUW�VFDOH��,W�ZDV�IRXQG�WKDW�WKH�FRPPRQ�IDFWRU�DIIHFWLQJ�HIIHFWLYH�
VXSHUYLVLRQ�RQ�FRQVWUXFWLRQ�VLWH�LV�ODFN�RI�DGHTXDWH�HTXLSPHQW��0,6� ��������,W�ZDV�DOVR�IRXQG�WKDW�WKH�NH\�PHDVXUH�
IRU�HQVXULQJ�HIIHFWLYH�ODERXU�SURGXFWLYLW\� LV�FRPPLWPHQW�WR�ZRUN �0,6� �������DQG�WKDW�WKHUH�ZDV�VWDWLVWLFDOO\�
VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�ODERXU�SURGXFWLYLW\�RI�WKH�VLWH�ZLWK�VXSHUYLVLRQ�DQG�WKRVH�ZLWKRXW�VXSHUYLVLRQ��7KLV�
ILQGLQJV� KDV� OHG� WR� WKH� FRQFOXVLRQ� WKDW� WKRVH� VLWH� ZLWK� VXSHUYLVLRQ� JHQHUDWH� PRUH� RXWSXW� WKDQ� WKRVH� ZLWKRXW�
VXSHUYLVLRQ�ZLWK����GLIIHUHQFHV��,W�LV�UHFRPPHQGHG�WKDW�SURIHVVLRQDOV VKRXOG�SURYLGH�DGHTXDWH�HTXLSPHQW�WKDW�
VXLW�LQ�WKH�ZRUN�DW�KDQG��LQ�RUGHU�WR�DFKLHYHG�WKH�RUJDQL]DWLRQ�JRDO�DQG�DOVR�LPSURYH�FRQVWUXFWLRQ�VLWH��

.H\ZRUGV��VXSHUYLVLRQ��ODERXU��SURGXFWLYLW\��ILQLVKHV�ZRUN�

,1752'8&7,21

$� QDWLRQ
V� FRQVWUXFWLRQ� LQGXVWU\� SOD\V� D� PDMRU� UROH� LQ DQ\� SDUW� RI� WKH� ZRUOG� WKURXJK� WKH�
SURYLVLRQ�RI�LQIUDVWUXFWXUHV�DQG�EXLOGLQJV�WKDW�VXSSRUW�YDULRXV�VRFLDO��HFRQRPLF�DQG�LQGXVWULDO�
IXQFWLRQV �,VD�HW�DO����������2YHU�WKH�\HDUV��WKH�FRQWULEXWLRQ�RI�WKH�LQGXVWU\�PDNHV�LW�D�PDMRU�
IDFWRU� LQ� WKH� GULYH� IRU� HFRQRPLF� SURJUHVV� DQG� GHYHORSPHQW� WKURXJK� WKH� SURYLVLRQ� RI�
LQIUDVWUXFWXUHV��6DXUDY�HW�DO�� �������,Q�1LJHULD��WKH�LQGXVWU\�ZKHQ�YLHZHG�IURP�WKH�SHUVSHFWLYH�
RI�LWV�G\QDPLVP�KDV�WKH�FDSDFLW\�WR�JHQHUDWH�HPSOR\PHQW�DQG�DEVRUE�ERWK�VNLOOHG�DQG�XQVNLOOHG�
RSHUDWLYHV�IRU�WKH�YDULRXV�WUDGHV�LQ�WKH�VHFWRU��3HWHU�HW�DO�� ������

&RQVWUXFWLRQ�LV�WKH�ZRUOG
V�ODUJHVW�LQGXVWU\��1HYHUWKHOHVV��WKH�LQGXVWU\�LV�IDFHG ZLWK�D�QXPHURXV�
RI� SUREOHPDWLFDO� SUREOHPV� UHJDUGLQJ� SRRU� SURGXFWLYLW\� VXFK� DV� ODFN� FRPPXQLFDWLRQ��
LQDGHTXDWH� SDUWLFLSDWLRQ�� LQDGHTXDWH� VLWH� YLVLWDWLRQ�� DQG� ODFN� RI� FRPPLWPHQW�� LQFRQVLVWHQW�
VKDUHG�YLVLRQ��PLVXQGHUVWDQGLQJV��LQDGHTXDWH�VDIHW\�DQG�LQVXIILFLHQW TXDOLW\�RI�ZRUN �-LPRK�HW�
DO�� ������ )XUWKHU�ODPHQWHG�ODERXU�RXWSXW�VLJQLILHV�WKH�TXDQWLW\�DW�ZKDW�GHJUHH�D�VLQJOH�XQLW�
XVHV� XQFRPPLWWHG� UHVRXUFHV� WR� GHYHORS� HQG� SURGXFW� IURP� VWLPXODWLRQ�� 7KXV�� FRQVWUXFWLRQ�
RXWSXWV�IXOO\�UHO\�RQ�DFKLHYHPHQW�RI�EXLOGLQJ�DUWLVDQ�DQG�DV�VXFK�GHFUHDVHG�LQ�ODERXU�RXWSXW�
ZLOO�UHDOO\�DIIHFW�GHVLJQ�YDOXH��GXUDWLRQ�DQG�FDOLEHU�

,Q� DGGLWLRQ�� PDQ\� DXWKRUV� KDYH� VWXGLHG� WKH� FDXVHV� RI� IDLOXUH� LQ� VXSHUYLVLRQ� RQ� ODERXU�
SURGXFWLYLW\�� &RQVWUXFWLRQ� SURMHFWV� H[HFXWHG� DOO� RYHU� WKH� FRXQWU\� DUH� IDFHG�ZLWK� QXPHURXV�
FKDOOHQJHV�VXFK�DV�ORZ�ZDJHV��ODFN�RI�VXEVWDQWLDO�DQG�XQJUDWHIXO�ZRUNLQJ�VLWXDWLRQ�ZKLFK�KDYH�
VLJQLILFDQW�RXWFRPH�RQ�ODERXU�SURGXFWLYLW\��$PHK�DQG�2VHJER���������2GXVDPL�HW�DO� �������
DIILUP�WKDW�LQVXIILFLHQW�WUDLQLQJ�DQG�RYHUVLJKW�RI�FRQVWUXFWLRQ�VNLOOHG�ZRUNHUV�FDQ�EH�GLUHFWO\�
OLQNHG�WR�ORZ�SURGXFWLYLW\�
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-LPRK HW� DO� �������ZRUNHG� EDVLFDOO\� RQ� IRXQGDWLRQ�� EORFN��ZDOO�� FRQFUHWH��ZRUN�� SDLQWLQJ��
SODVWHULQJ��EXW�KH�GLGQ¶W�JLYH�D�FOHDU�LQGLFDWLRQ�DERXW�ILQLVKLQJ�LV�MXVW�D�PL[HG�XS��WKDW�OHDYHV�D�
NQRZOHGJH� JDS� WKDW� WKH� VWXG\�ZLOO� ILOO� E\� DVVHVVLQJ� WKH� LQIOXHQFH� RI� VXSHUYLVLRQ� RQ� ODERXU�
SURGXFWLYLW\�RI�ILQLVKLQJ�ZRUNV�ZLWK�HPSKDVLV�RQ�VLWH�ZLWK�DGHTXDWH�VXSHUYLVLRQ�SUDFWLFHV�DQG�
WKRVH�ZLWKRXW�VXSHUYLVLRQ��7KH�UHVHDUFK�ZLOO�DVVLVW� WKH�SURMHFW�PDQDJHUV�� VLWH�HQJLQHHUV�DQG�
FRQVWUXFWLRQ�WHDP�OHDGHUV�LQ�XQGHUVWDQGLQJ�WKH�IDFWRUV�WKDW�HQKDQFH�HIIHFWLYH�VXSHUYLVLRQ�RQ�
FRQVWUXFWLRQ�VLWH�

/,7(5$785(�5(9,(:

2YHU� WKH� ODVW� IHZ�GHFDGHV�� WKH� FRQVWUXFWLRQ� LQGXVWU\� KDV�PDGH�QRWLFHDEOH� SURJUHVV� WKURXJK�
DGYDQFHV�LQ�KHDY\�HTXLSPHQW��WRROV��DQG�PDWHULDOV��*RRGUXP�HW�DO�� �������7KH�LQGXVWU\�LV�RQH�
RI� WKH�PRVW� LPSRUWDQW� DQG� VLJQLILFDQW� VHFWRUV� DQG� VXSSRUWV� WKH� HFRQRPLF� GHYHORSPHQW� RI� D�
FRXQWU\� �6DXUDY�HW�DO�� ������� �$V� UHSRUWHG�E\�$GH�HW�DO�� �������� WKH�FRQVWUXFWLRQ� LQGXVWU\�
FRQWULEXWHV� WR� WKH� HFRQRP\�� SURPRWHV� JURZWK�� SURYLGHV� HPSOR\PHQW� WR� WKH� PDVVHV�� DQG�
HVWDEOLVKHG�D�OLQNDJH�EHWZHHQ�WKH�HFRQRP\�DQG�RWKHU�LQGXVWULHV�

&RQFHSW�RI�3URGXFWLYLW\�LQ�WKH�&RQVWUXFWLRQ�,QGXVWU\

3URGXFWLYLW\�FDQ�EH�GHILQHG�DV�WKH�XVH�RI�HIIHFWLYH�UHVRXUFHV��LQSXWV��LQ�SURGXFLQJ�JRRGV�DQG�
RU�VHUYLFHV��RXWSXW��E\�$QX�HW�DO� ��������7ZR�PHDVXUHV�RI�SURGXFWLYLW\�DUH�FRPPRQO\�XVHG�LQ�
WKH�FRQVWUXFWLRQ�LQGXVWU\��-DUNDV�DQG�%LWDU���������7KH�ILUVW�PHDVXUH�RI�SURGXFWLYLW\�LV�WKH�WRWDO�
IDFWRU�SURGXFWLYLW\��7)3���ZKLFK�LV�GHILQHG�DV�WKH�UDWLR�RI�WRWDO�LQSXW�WR�WRWDO�RXWSXW��ZLWK�WKH�
ODWWHU�XVXDOO\�LQFOXGLQJ�ODERXU��PDWHULDOV��HTXLSPHQW��HQHUJ\�DQG�FDSLWDO��7)3�LV�H[SUHVVHG�DV�
VKRZQ�LQ�(TXDWLRQ���

7)3� 
୭୲ୟ୪ ୳୲୮୳୲

σሺୟୠ୭୳୰ାୟ୲ୣ୰ୟ୧୪ା୯୳୧୮୫ୣ୬୲ା୬ୣ୰୷ାେୟ୮୧୲ୟ୪ሻ
���

%DUULHUV�WR�LPSURYLQJ�ODERXU�SURGXFWLYLW\�RI�)LQLVKLQJ�:RUNV

7KH� FRXQWU\¶V� HFRQRP\� KDV� EHFRPH� LQFUHDVLQJO\�PRUH� G\QDPLF� DQG� FRPSOH[� �3HWHU� HW� DO��
�������$V�D�UHVXOW��HFRQRPLF�PHDVXUHPHQW�DQG�DQDO\VLV��SDUWLFXODUO\�UHODWLQJ�WR�SURGXFWLYLW\��
KDYH� EHFRPH�PRUH� FXPEHUVRPH� DQG� FRPSOLFDWHG� �$GQDQ� HW� DO��������� 7KH�PDLQ� SUREOHP�
LQYROYHV�SURSHUO\�GHILQLQJ�XQLWV�RI�PHDVXUHPHQW��HYDOXDWLQJ�TXDOLWDWLYH�FKDQJHV�DQG�REWDLQLQJ�
UHOLDEOH�GDWD�IRU�ERWK�LQSXWV�DQG�RXWSXWV��$WWDU�HW�DO�� �������7KLV�SURFHVV�LV�IXUWKHU�FRPSOLFDWHG�
E\�WKH�QHHG�WR�SULFH�� GHIODWH�WKLV�GDWD�LQ�RUGHU�WR�HYDOXDWH�FKDQJHV�LQ�SURGXFWLYLW\�LQ�UHDO�WHUPV��
0HDVXUHPHQW�RI� LQSXWV� LV�SUREOHPDWLF��9DULDWLRQV� LQ� WKH� UDWH�RI� LQSXW�XWLOL]DWLRQ�DUH�DW�EHVW�
SDUWLDOO\�SLFNHG�XS�LQ�GDWD�VHULHV��,Q�SDUWLFXODU��WKH�UDWH�RI�FDSLWDO�HTXLSPHQW�XWLOL]DWLRQ��L�H��WKH�
PHDVXUHPHQW�RI�PDFKLQH�KRXUV��LV�UDUHO\�DFFRPSOLVKHG��.KDOHG HW�DO����������/DERXU�LQSXW��LI�
PHDVXUHG�E\�KRXUV�DFWXDOO\�ZRUNHG��LV�EHWWHU�VXLWHG�WR�UHIOHFW�WKH�FKDQJLQJ�UDWH�RI�PDQSRZHU�
XWLOL]DWLRQ��EXW�UHPDLQV�DQ�LPSHUIHFW�PHDVXUH��6RKDP�DQG�5DMLY�������

*XLGHOLQHV�IRU�LPSURYLQJ�WKH�ODERXU�SURGXFWLYLW\�RI�)LQLVKLQJ�:RUNV�

7KH�VWXG\�RI�$WWDU�HW�DO���������LGHQWLILHG���ZD\V�WR�LPSURYHG�ODERXU�SURGXFWLYLW\��QDPHO\���
3URSHU�WUDLQLQJ�RI�WKH�ODERXUHUV���0RWLYDWLRQ�RI�ZRUNHUV�WRZDUGV�SURMHFW�FRPSOHWLRQ���3URSHU�
DQG� LQ� DGYDQFH�PDWHULDO� SURFXUHPHQW� DQG�PDQDJHPHQW�� 2Q� WLPH� SD\PHQW� WR� WKH� ZRUNHUV��
6\VWHPDWLF� IORZ� RI� ZRUN�� 3URSHU�� FOHDUO\� DQG� LQ� WLPH� VXSHUYLVLRQ� �� $GYDQFH� VLWH OD\RXW��
�0DLQWDLQ�ZRUN� GLVFLSOLQH�� )DFLOLWLHV� WR� WKH� ODERXUHUV��&OHDUDQFH� RI� OHJDO� GRFXPHQWV� EHIRUH�
VWDUWLQJ�RI�ZRUN��6\VWHPDWLF�SODQQLQJ�RI�IXQGV�LQ�DGYDQFH��3UHPDQ�VRRQ�SODQ�WR�DYRLG�ZRUN�
VWRS��0D[LPXP�XVH�RI�PDFKLQHU\�DQG�DXWRPDWLRQ�V\VWHP��$GYDQFH�HTXLSPHQW�SODQQLQJ�
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6XSHUYLVLRQ�RQ�&RQVWUXFWLRQ�6LWH

-LPRK�HW�DO���������GHILQHG�VXSHUYLVLRQ�DV�D�WHFKQLTXH�XVHG�WR�HQKDQFH�GHYHORSLQJ�WKH�VWDII��
DQG�KHOSV�WR�HTXLS�WKH�ZRUNHUV�ZLWK�WKH�SURIHVVLRQDO�NQRZOHGJH�DQG�VNLOOV�QHFHVVDU\�WR�GR�WKHLU�
MRE�HIIHFWLYHO\��DOVR�JLYHV�WKH�HQWLUH�SURMHFW�WHDP�RSSRUWXQLW\�WR�FRPPXQLFDWH��FRRUGLQDWH��DQG�
FRRSHUDWH� ZLWKLQ� RQH� DQRWKHU�� 7KHLU� VWXG\� IXUWKHU� ODPHQWHG� WKDW� VXSHUYLVRU\� ZRUNV� KDYH�
EHFRPH� PRUH� FRPSOH[� DQG� GHPDQGLQJ�� LW� UHTXLUHV� SURIHVVLRQDO� DQG� LQWHUSHUVRQDO� VNLOOV��
6XSHUYLVLRQ� LV� WKH� SURFHVV� RI� RYHUVHHLQJ� WKH� DELOLW\� RI� SHRSOH� WR� PHHW� WKH� JRDOV� RI� WKH�
RUJDQL]DWLRQ�LQ�ZKLFK�WKH\�ZRUN��6DOLVX�������

1HHG�IRU�VXSHUYLVLRQ�RQ�FRQVWUXFWLRQ�VLWH

&RQVWUXFWLRQ� SURGXFWLYLW\� PRVWO\� GHSHQGV� RQ� WKH� SHUIRUPDQFH� RI� FRQVWUXFWLRQ� ZRUNHUV�
�-HUJHDV���������+RZHYHU��PRVW� VXSHUYLVRU\�YLVLWV�PD\�EH� IRFXVHG�RQ� LQVSHFWLRQ�DQG� IDXOW�
ILQGLQJ�UDWKHU�WKDQ�SURYLGLQJ�ZRUNHUV�WKH�RSSRUWXQLW\�WR LPSURYH�WKHLU�SHUIRUPDQFH�DQG�VROYH�
SUREOHPV�GXULQJ�VHUYLFH�GHOLYHU\��=LPVWDW���������7KH�VWXG\�RI�=LPVWDW��������UHYHDOHG�VRPH�
UHDVRQV�IRU�HIIHFWLYH�SHUIRUPDQFH�DQG�QHHG�RI�VXSHUYLVLRQ�DV�IROORZ�

�� 7R�HQVXUH�WKDW�VSHFLILHG�VWDQGDUGV�DUH�REWDLQHG�WKURXJKRXW WKH�ZRUN�
�� 7R�HQVXUH�WKDW�ZRUNV�DUH�FRPSOHWHG�ZLWKLQ�WKH�HVWLPDWHG�SHULRG�
�� 7R�HQVXUH�WKDW�RSHUDWRUV�SXW�KRQHVW\�DQG�IDLWKIXOQHVV�LQ�WKHLU�RXWSXW�
�� $�FRQVWUXFWLRQ�VXSHUYLVRU�DVVXUHV�WKDW�WKH�JRDOV�RI�WKH�SURJUDP�DUH�LPSOHPHQWHG�DQG�

FRPSOHWHG��
�� $�FRQVWUXFWLRQ�6XSHUYLVRU�ZRUNV�GLOLJHQWO\��RQ�EHKDOI�RI�SURVSHFWLYH�DQG�HVWDEOLVKHG�

SURMHFW�RZQHUV��
6XSHUYLVLRQ�DQG�SURGXFWLYLW\�LPSURYHPHQW

2QH�ZD\� WKDW� FRQVWUXFWLRQ� VXSHUYLVRUV� FDQ� LPSURYH� SURGXFWLYLW\� LV� E\� GHWHUPLQLQJ� KRZ� WR�
LQIOXHQFH� ZRUNHU¶V� DWWLWXGH�� KRZ� VPRRWK� WKH� ZRUN� ZLOO� IORZ� DQG� KRZ�PXFK� ZRUN� FDQ� EH�
DFFRPSOLVKHG� �$EG�HO�KDPLHG�� ������� $� JRRG� OHDGHUVKLS� DQG� VXSHUYLVLRQ� LQ� FRQVWUXFWLRQ�
SURMHFWV�LQFUHDVHG�WKH�SURGXFWLYLW\�WKURXJK�GHFUHDVLQJ�SURGXFWLRQ�FRVWV��UHGXFLQJ�WLPH�UHTXLUHG�
IRU� WKH� RSHUDWLRQ�� LPSURYLQJ SURILW�� LPSURYLQJ� WKH� TXDOLW\� RI� SURGXFW� DQG� LQFUHDVLQJ� WKH�
XWLOL]DWLRQ�RI�UHVRXUFHV��$EHUH\�HW�DO�� �������$EG�HO�KDPLHG��������VWDWHG�WKDW�WKH�F\FOH�IRU�
SURGXFWLYLW\� LPSURYHPHQW� LQYROYHV� IRXU� SKDVHV�� SURGXFWLYLW\� PHDVXUHPHQW�� HYDOXDWLRQ��
SODQQLQJ�DQG�LPSURYHPHQW��

)DFWRUV�$IIHFWLQJ�(IIHFWLYH�6XSHUYLVLRQ�RQ�&RQVWUXFWLRQ�6LWH

$� VWXG\� FRQGXFWHG� E\� %UHQW� DQG� /HLJKWRQ� ������� HVWDEOLVKHG� ��� PRVW� VLJQLILFDQW� IDFWRUV�
DIIHFWLQJ�FRQVWUXFWLRQ�SURGXFWLYLW\�DQG�WKH\�LQFOXGH��ODFN�RI�PDWHULDOV��LQFRPSOHWH�GUDZLQJV��
LQFRPSHWHQW� VXSHUYLVRUV�� ODFN� RI� WRROV� DQG� HTXLSPHQW�� DEVHQWHHLVP�� SRRU� FRPPXQLFDWLRQ��
LQVWUXFWLRQ�WLPH��SRRU�VLWH�OD\RXW��LQVSHFWLRQ�GHOD\�DQG�UHZRUN��(DUOLHU��'R]]L�DQG�$ERX5L]N�
�������DV�FLWHG�E\�%HQYLROHQW�HW�DO���������VWDWHG�WKDW�WKH�IDFWRUV�XQGHUPLQLQJ�WKH�VXSHUYLVLRQ�
RI� FRQVWUXFWLRQ�ZRUNHUV� DUH�� FRQVWUXFWLRQ� W\SH�� VFRSH�� OD\RXW� DQG� FRPSOH[LW\�� FRQVWUXFWLRQ�
PHWKRGV��ZHDWKHU��VNLOO�RI�WKH�ZRUN�IRUFH��ZRUN�SUDFWLFH��OHQJWK�RI�ZRUN�GD\��DYDLODELOLW\�RI�
PDWHULDOV�� LQFHQWLYHV�� GHJUHH� RI� VXSHUYLVLRQ�� HQDEOLQJ� HQYLURQPHQW�� JRYHUQPHQW� UHJXODWLRQV�
DQG�RUJDQL]DWLRQ�VL]H��

$WWDU�HW�DO���������LGHQWLILHG�IDFWRUV�WKDW�DIIHFWV�FRQVWUXFWLRQ�SURGXFWLYLW\��DQG�FDWHJRUL]HG�WKHP�
LQWR� �� IDFWRUV� RI� LQWHUQDO� DQG� H[WHUQDO�� 7KH� LQWHUQDO� FRQVWUDLQWV�ZLWK� ILYH� JURXSV� RI� IDFWRUV�
LQFOXGH�� SURMHFW� FKDUDFWHULVWLFV�� SURMHFW� ILQDQFH�� ZRUNIRUFH�� SURMHFW� PDQDJHPHQW� DQG�
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-LEULO�HW�DO� ,QIOXHQFH�RI�6XSHUYLVLRQ�RQ�/DERXU�3URGXFWLYLW\�RI�)LQLVKLQJ�:RUNV�LQ�,EDGDQ��2\R�6WDWH�

WHFKQRORJ\�SURFHVV��:KLOH�WKH�H[WHUQDO�FRQVWUDLQW�ZLWK�WKUHH�JURXSV�RI�IDFWRU�DUH�XQIRUHVHHQ�
HYHQWV�� VWDWXWRU\� FRPSOLDQFH� DQG� RWKHU� H[WHUQDO� IRUFHV��$FFRUGLQJ� WR� 6DXUDY� HW� DO� ��������
IDFWRUV� DIIHFWLQJ� FRQVWUXFWLRQ� VXSHUYLVLRQ� RQ� ODERXU� SURGXFWLYLW\� FDQ� EH� JURXSHG� LQWR� ���
FDWHJRULHV� DFFRUGLQJ� WR� WKHLU� FKDUDFWHULVWLFV�� QDPHO\�� GHVLJQ� IDFWRUV�� H[HFXWLRQ�SODQ� IDFWRUV��
PDWHULDO� IDFWRUV�� HTXLSPHQW� IDFWRUV�� ODERXU� IDFWRUV�� KHDOWK� DQG� VDIHW\� IDFWRUV�� VXSHUYLVLRQ�
IDFWRUV��ZRUNLQJ�WLPH�IDFWRUV�SURMHFW�IDFWRUV��TXDOLW\�IDFWRUV��ILQDQFLDO�IDFWRUV��OHDGHUVKLS�DQG�
FRRUGLQDWLRQ�IDFWRUV��RUJDQL]DWLRQ�IDFWRUV��RZQHU�FRQVXOWDQW�IDFWRUV�DQG�H[WHUQDO�IDFWRUV�

��� &RPSDULVRQ RI�/DERXU�3URGXFWLYLW\ RI�ILQLVKLQJ�ZRUNV�ZLWK�6XSHUYLVLRQ�DQG�
WKRVH�ZLWKRXW�6XSHUYLVLRQ

$FFRUGLQJ� WR� 6DXUDY� HW� DO� �������� SURGXFWLYLW\� RI� SURMHFWV� LV� PHDVXUHG� E\� UHZDUGLQJ��
FRQWUROOLQJ�DQG�PRQLWRULQJ�WKH�SHUIRUPDQFH��DQG�WR�GR�WKH�EHQFKPDUNLQJ�WR�VHW�WKH�ILUP¶V�IXWXUH�
VWUDWHJ\�WKDW�WR�EH�DOLJQHG�WR�WKH�EDVLF�REMHFWLYH�RI�HQKDQFLQJ�SURILW�WKURXJK�VXSHUYLVLRQ��7KH�
VXFFHVV� RI� DQ\� SURMHFW� LV� UHSHDWDEOH� DQG� LW� LV� SRVVLEOH� WR� ILQG� RXW� D� VHW� RI� FHUWDLQ� VXFFHVV�
DWWULEXWHV� IRU� WKH� VXFFHVV� RI� D� FRQVWUXFWLRQ� SURMHFW� DQG� LW� UHTXLUHV� D� FRQWUROOHG� GLVFLSOLQH�
KDUGZRUNLQJ�VXSHUYLVLRQ��0HQGDO�HW�DO�� ������

&RQVWUXFWLRQ�VLWH�VXSHUYLVLRQ�LV�D�FUXFLDO�HOHPHQW��7KH�LQDELOLW\�RI�PDQ\�VXSHUYLVRUV�WR�SODQ�
WKH�ZRUN��FRPPXQLFDWH�ZLWK�ZRUNHUV��DQG�GLUHFW�DFWLYLWLHV�DGHTXDWHO\�LV�IXQGDPHQWDOO\�OLQNHG�
WR�LQFUHDVLQJ�DPRXQW�DQG�FRVW�RI�UHZRUN�DQG�RWKHU�TXDOLW\�LVVXHV��2ODJXQMX�HW�DO����������6LWH�
ZLWKRXW�VXSHUYLVLRQ�UHVXOWV�LQ�GHIHFWLYH�EXLOGLQJ�FRQVWUXFWLRQ�ZKLFK�QRW�RQO\�FRQWULEXWHV�WR�WKH�
ILQDO�FRVW�RI�WKH�SURGXFW�EXW�DOVR�WR�WKH�FRVW�RI�PDLQWHQDQFH��ZKLFK�FDQ�EH�VXEVWDQWLDO��$GDPX�
HW�DO����������,W�ZDV�IXUWKHU�UHYHDOHG�WKDW�GHIHFWLYH�FRQVWUXFWLRQ�PD\�OHDG�WR�WKH�FRPSOHWH�IDLOXUH�
RI�D�VWUXFWXUH�

&RPSOHWLQJ�SURMHFWV�LQ�D�SUHGLFWDEOH�PDQQHU�RI�WLPH��ZLWKLQ�VFKHGXOH��LV�RQH�RI�WKH�LPSRUWDQW�
LQGLFDWRUV�RI�VXSHUYLVLRQ�RQ�SURMHFW�VXFFHVV� �6KDKDE�HW�DO����������*KRGGRXVL�DQG�+RVVHLQL�
�������UHYHDOHG�WKDW�DFFXUDWH�VFKHGXOLQJ�FDQ�EH�DFKLHYHG�E\�KLULQJ�H[SHULHQFHG�SHUVRQQHO�WR�
VXSHUYLVH�WKH�ZRUN��WR�GR�SODQQLQJ��DQG�XVLQJ�WKH�KLVWRULFDO�GDWD�RI�VLPLODU�SURMHFWV�WR�PDNH�DQ�
DFFXUDWH�HVWLPDWLRQ�RI�WKH�UHTXLUHG�WLPH�IRU�HDFK�DFWLYLW\��2UJDQL]DWLRQDO�VXFFHVV�LV�GHSHQGHQW�
XSRQ�PHPEHUV�EHLQJ�VXSHUYLVH�RU�PRWLYDWHG�WR�XVH�WKHLU�IXOO�WDOHQWV�DQG�DELOLWLHV��DQG�GLUHFWHG�
WR�SHUIRUP�ZHOO�LQ�WKH�ULJKW�DUHDV��2VDEL\D��������

�� 0HDVXUHV�IRU�(QVXULQJ�(IIHFWLYH�/DERXU�3URGXFWLYLW\

6XSHUYLVRUV� HQFRXUDJH�ZRUNHUV� WR� DGRSW� JRRG�SUDFWLFHV� LQ� RUGHU� WR� DFKLHYH� D� KLJK� OHYHO� RI�
SHUIRUPDQFH� DQG� VXFK� µVXSSRUWLYH¶� VXSHUYLVLRQ� LV� VLJQLILFDQW� DQG� PRUH� EHQHILFLDO� WR�
SURGXFWLYLW\� RI� FRQVWUXFWLRQ� ZRUNHUV� �-LPRK� HW� DO�� ������� 7KH� EHQHILWV� RI� VXSHUYLVLRQ� RQ�
FRQVWUXFWLRQ�ZRUNHUV� XVLQJ� OLPLWHG� UHVRXUFHV� UHPDLQ� XQFHUWDLQ�� HYHQ� WKRXJK� WKH� TXDOLW\� RI�
VXSHUYLVLRQ�PD\�EH� D�NH\� GHWHUPLQDQW�RI� LWV� LPSDFW�RQ�SURGXFWLYLW\� �0HUURZ� HW� DO�� �������
)LVFKHU��������FRQFOXGHG�WKDW�WKH�LPSDFW�RI�PDQDJHPHQW�VW\OHV�DQG�WHFKQLTXHV�RQ�ZRUNHUV¶�
SURGXFWLYLW\� LV� VLJQLILFDQW� WKURXJK� H[HUFLVLQJ� SRZHU� WKDW� OHDGHUV� �VXSHUYLVRUV�� DUH� DEOH� WR�
LQIOXHQFH� RWKHUV�� WKLV� SRZHU� FDQ� OHDG� WR� RQH� RI� WKH� IROORZLQJ� UHDFWLRQV�� FRPPLWPHQW��
FRPSOLDQFH�RU�UHVLVWDQFH�ZKLFK�DIIHFWV�SURGXFWLYLW\��

6XSHUYLVRUV� PD\� LQIOXHQFH� SURGXFWLYLW\� WKURXJK� WKHLU� GHFLVLRQV� DIWHU� WKHLU� VWXG\� DQG�
REVHUYDWLRQ� IRU� WKH� SURGXFWLYLW\� PHDVXUHPHQW� DQG� HYDOXDWLRQ�� )LVFKHU� ������� LPSOLHG� WKDW�
HIIHFWLYH�GHOHJDWLRQ�RI�UHVSRQVLELOLWLHV�DQG�PDQDJHPHQW�RI�UHTXLUHG�QXPEHU�RI�ZRUNHUV�E\�WKH�
VXSHUYLVRUV�ZLOO�JLYH�EHWWHU�SHUIRUPDQFH�DQG�LQFUHDVH�LQ�SURGXFWLYLW\��)ULPSRQJ�HW�DO���������
VWUHVVHG� WKDW� VXSHUYLVLRQ� LQFUHDVHV� ZRUNHU¶V� HPSRZHUPHQW�� WLPH� PDQDJHPHQW�� IHZHU�
FRPSODLQWV�DQG�PRUH�SRVLWLYH�IHHGEDFN��$�VWXG\�FDUULHG�E\�&KLJDUD�DQG�0RUR��������OLVWHG�
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IRXU�FDWHJRUL]HG�ZD\V�WR�LPSURYH�ODERXU�SURGXFWLYLW\�WKURXJK�PDQDJHPHQW�SUDFWLFHV��7KHVH�
VWUDWHJLHV�LQFOXGH��SODQQLQJ��UHVRXUFH�VXSSO\�DQG�FRQWURO��VXSSO\�RI�LQIRUPDWLRQ�DQG�IHHGEDFN��
DQG�VHOHFWLRQ�RI�WKH�ULJKW�SHRSOH�WR�FRQWURO�FHUWDLQ�IDFWRUV��1HYHUWKHOHVV��ODERU�SURGXFWLYLW\�VWLOO�
QHHGV�LPSURYHPHQWV�

$FFRUGLQJ� WR�2VDEL\D�� �������� VXJJHVWHG� WKDW� GLIIHUHQW� W\SHV� RI� UHZDUG� SUDFWLFH�PD\�PRUH�
FORVHO\�FRPSOHPHQW�GLIIHUHQW�JHQHULF�VWUDWHJLHV�DQG�DUH�VLJQLILFDQWO\�UHODWHG�WR�KLJKHU�OHYHOV�RI�
SHUFHLYHG� ODERXU� RXWSXW�� :LWK� D� SRVLWLYH� PRWLYDWLRQ� SKLORVRSK\� DQG� SUDFWLFH� LQ� SODFH��
SURGXFWLYLW\�� TXDOLW\� DQG� VHUYLFH� VKRXOG� LPSURYH� EHFDXVH�PRWLYDWLRQ� KHOSV� SHRSOH� WRZDUGV�
DFKLHYLQJ� JRDOV�� JDLQLQJ�SRVLWLYH�SHUVSHFWLYH�� FUHDWLQJ� WKH�SRZHU� IRU� FKDQJH��EXLOGLQJ� VHOI�
HVWHHP�DQG�FDSDELOLW\��DQG�PDQDJLQJ�WKHLU�GHYHORSPHQW�DQG�KHOSLQJ�RWKHUV��0RVHOKL��������

5(6($5&+�0(7+2'2/2*<

7KLV� UHVHDUFK�ZLOO�EDVLFDOO\� HPSOR\� WKH�XVH�RI� VXUYH\�GHVLJQ�PHWKRG�XVLQJ� WKH�TXDQWLWDWLYH�
DSSURDFK� WKURXJK� D�ZHOO�VWUXFWXUHG� TXHVWLRQQDLUH� WR� DVVHVV� WKH� LQIOXHQFH� RI� VXSHUYLVLRQ� RQ�
ODERXU� SURGXFWLYLW\� RI� ILQLVKLQJ� ZRUNV� LQ� ,EDGDQ�� 2\R� 6WDWH�� 7KH� UHVHDUFK� HPSOR\HG� D�
TXDQWLWDWLYH�DSSURDFK�ZLWK�WKH�XVH�RI�SHUVRQDO�REVHUYDWLRQ�DQG�VXUYH\�TXHVWLRQQDLUH��3HUVRQDO�
REVHUYDWLRQ�ZDV�PDGH�RQ����FRQVWUXFWLRQ�VLWHV�ZLWK�SURIHVVLRQDO�VXSHUYLVLRQ�DQG�DQRWKHU����
VLWH�ZLWKRXW�SURIHVVLRQDO�VXSHUYLVLRQ��7KH�UHVHDUFK�GDWD�ZHUH�FROOHFWHG�ZLWK�WKH�DLG�RI�ZHOO�
VWUXFWXUHG�TXHVWLRQQDLUHV��$OVR����TXHVWLRQQDLUHV�ZHUH� DGPLQLVWHUHG� WR� FRQVWUXFWLRQ�SURMHFW�
FRQWUDFWRUV�� SURMHFW�PDQDJHUV�� VXSHUYLVRUV� DQG� IRUHPHQ� RI� VPDOO� DQG�PHGLXP� FRQVWUXFWLRQ�
ILUPV�� 7KH� UHVSRQVH� UDWH� RI� WKH� TXHVWLRQQDLUHV� ZDV� ����� 7KH VWUXFWXUHG TXHVWLRQQDLUHV
HPSOR\HG WR JDWKHU LQIRUPDWLRQ IRU WKH VWXG\ ZDV GHVLJQHG XVLQJ WKH ILYH�SRLQW /LNHUW 6FDOH
IRUPDW� 0,6�DQG�7�7(67�ZHUH�HPSOR\HG�WR�DQDO\VH�WKH�GDWD�FROOHFWHG�LQ�RUGHU�WR�DFKLHYH�WKH�
UHVHDUFK�REMHFWLYHV��7KH�XVH�RI�0,6� IRU� WKH�DQDO\VLV� � �RI�GDWD� LQ� WKLV� VWXG\� LV�EDVHG�RQ� WKH�
IRUPXOD�

0,6� �
ᎂௐ

ே
���

:KHUH�� ����������������DQG�1���6XPPDWLRQ�RI�WKH�ZHLJKW��: �3RSXODWLRQ�[�VFDOLQJ�IDFWRU �گ�
7RWDO�QXPEHU�RI�UHVSRQGHQWV�WKDW�SURIHVVLRQDOV�TXHVWLRQQDLUH�ZDV�DGPLQLVWHUHG�

'(&,6,21�58/(�7$%/(

7KH�GHFLVLRQ�UXOH�HPSOR\HG�IRU�WKH�7�7(67�DQG�0,6�DQDO\VLV�LV�VXPPDUL]HG�LQ�7DEOH �

5(68/76�$1'�',6&866,21

5HVXOWV�RQ�)DFWRUV�$IIHFWLQJ�(IIHFWLYH�6XSHUYLVLRQ�RQ�&RQVWUXFWLRQ�6LWH

7KLV�VHFWLRQ�SUHVHQWV�DQG�GLVFXVVHV� WKH�0,6�UHVXOWV�RI� WKH�IDFWRUV�DIIHFWLQJ�HIIHFWLYH�VXSHUYLVLRQ�RQ�
FRQVWUXFWLRQ�VLWH��ZKLFK����IDFWRUV�ZHUH�LGHQWLILHG��7KH�0,6�UHVXOWV�DUH�SUHVHQWHG�LQ�7DEOH���

6FDOH ,QWHUSUHWDWLRQ

0,6
W�WHVW )UHTXHQF\�RI�

2FFXUUHQFH
/HYHO�RI�
,PSRUWDQFH

/HYHO�RI�
6LJQLILFDQFH

/HYHO�RI�
(IIHFWLYHQHVV

� ����� ���� ,I�S�YDOXH�� ������
GLIIHUHQFH�LV�
VLJQLILFDQW��
%XW�LI�S�YDOXH�!�
������GLIIHUHQFH�LV�
QRW�VLJQLILFDQW�

9HU\�RIWHQ 9HU\�,PSRUWDQW 9HU\�6LJQLILFDQW 9HU\�(IIHFWLYH
� ������ ���� RIWHQ ,PSRUWDQW 6LJQLILFDQW (IIHFWLYH
� ������ ���� )DLUO\�RIWHQ )DLUO\�,PSRUWDQW )DLUO\�6LJQLILFDQW )DLUO\�(IIHFWLYH
� �����± ��� /HVV��IWHQ /HVV�,PSRUWDQW /HVV�6LJQLILFDQW /HVV�(IIHFWLYH

� ����� ���� 5DUHO\ /HDVW�,PSRUWDQW /HDVW�6LJQLILFDQW /HDVW�(IIHFWLYH

-LEULO�HW�DO� ,QIOXHQFH�RI�6XSHUYLVLRQ�RQ�/DERXU�3URGXFWLYLW\�RI�)LQLVKLQJ�:RUNV�LQ�,EDGDQ��2\R�6WDWH
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7DEOH����0,6�5DQNLQJ�RQ�)DFWRUV�$IIHFWLQJ�HIIHFWLYH�VXSHUYLVLRQ�RQ�FRQVWUXFWLRQ�VLWH�

6RXUFH��'DWD�DQDO\VLV�������

,W� ZDV� UHYHDOHG� WKDW� WKH� PRVW� FRPPRQO\� DGRSWHG� IDFWRU� IRU� HIIHFWLYH� VXSHUYLVLRQ� RQ�
FRQVWUXFWLRQ� VLWH� LV� /DFN� RI� DGHTXDWH� HTXLSPHQW´� ZLWK� RI� 0,6 ������ 7KH� �QG UDQNHG� LV�
³&RQVWUXFWLRQ�WUDLQLQJ´�ZLWK�0,6 ������7KH��UG UDQNHG�LV¶¶�OD\RXW�DQG�FRPSOH[LW\´�ZLWK�0,6 �
������ 7KH� OHDVW� WZR� UDQNHG� IDFWRU� DIIHFWLQJ� HIIHFWLYH� VXSHUYLVLRQ� FRQVWUXFWLRQ� VLWH� DUH�
&RPSOLDQFH� ZLWK� JRYHUQPHQW� UHJXODWLRQ� DQG� RUJDQLVDWLRQ� VL]HV´� ZLWK� 0,6 ������ DQG�
³,QFRPSOHWH�GUDZLQJ´�ZLWK�0,6 �������7KH�UHVXOW�LV�LQ�OLQH�ZLWK %UHQW�DQG�/HLJKWRQ��������
ILQGLQJV� WKDW� VRPH� IDFWRUV�PXVW�EH�FRQVLGHUHG�E\�FRQVWUXFWLRQ�PDQDJHU� LQ�RUGHU� WR�DFKLHYH�
SURMHFW�REMHFWLYHV��6RPH�RI�WKHVH�IDFWRUV�LQFOXGH�WKH�IROORZLQJ��SURMHFW�XQLTXHQHVV��WHFKQRORJ\��
PDQDJHPHQW��ODERXU�RUJDQL]DWLRQ��UHDO�ZDJH�WUHQGV��DQG�FRQVWUXFWLRQ�WUDLQLQJ�

5HVXOWV�RQ�0HDVXUHV�IRU�HQVXULQJ�HIIHFWLYH�ODERXU�SURGXFWLYLW\

7KLV� VHFWLRQ� H[DPLQHV� WKH�PHDVXUHV� IRU� HQVXULQJ� HIIHFWLYH� ODERXU� SURGXFWLYLW\�� 7KHVH�ZDV�
UDQNHG�XVLQJ� 0,6�LQ�RUGHU�RI�LPSRUWDQFH��7DEOHV���JLYH�VXPPDULHV�RI�WKH�UHVXOWV�RI�PHDVXUHV�
IRU�HQVXULQJ�HIIHFWLYH�ODERXU�SURGXFWLYLW\�

,W�ZDV�UHYHDOHG�WKDW�WKH�FRPPRQO\�DGRSWHG�PHDVXUHV�IRU�HQVXULQJ�HIIHFWLYH�ODERXU�SURGXFWLYLW\��
&RPPLWPHQW�WR�ZRUN´�ZLWK�RI�0,6 ������7KH��QG UDQNHG�LV�³6HOHFWLRQ�RI�WKH ULJKW�SHRSOH�WR�
FRQWURO�FHUWDLQ�IDFWRUV´�ZLWK�0,6 ������WKH�QH[W��UG UDQNHG�LV¶¶�3URSHU�PDQDJHPHQW�RI�WRROV��
HTXLSPHQW��DQG�PLQHUDOV´�ZLWK�0,6 �������DQG�7KH�OHDVW�WZR�UDQNHG�PHDVXUHV�IRU�HQVXULQJ�
HIIHFWLYH� ODERXU� SURGXFWLYLW\� DUH� $GHTXDWH� VXSHUYLVLRQ´� ZLWK� 0,6 ������ DQG� ³5HVRXUFHV�
VXSSO\�DQG�FRQWURO´�ZLWK�0,6 ������

7KH� UHVXOW� LV� LQ� OLQH� ZLWK )LVFKHU� ������� ILQGLQJV� WKDW� VWDWHG� WKDW� VRPH�PHDVXUHV�PXVW� EH�
FRQVLGHUHG�E\�FRQVWUXFWLRQ�PDQDJHU�LQ�RUGHU�WR�DFKLHYH�SURMHFW�REMHFWLYHV��VXFK�DV LPSDFW�RI�
PDQDJHPHQW�VW\OHV�DQG�WHFKQLTXHV�RQ�ZRUNHUV¶�SURGXFWLYLW\�LV�VLJQLILFDQW�WKURXJK�H[HUFLVLQJ�

6�1R� )DFWRUV�$IIHFWLQJ (IIHFWLYH�6XSHUYLVLRQ�RQ�&RQVWUXFWLRQ�6LWH 0,6 5DQN 'HFLVLRQ
� /DFN�RI�DGHTXDWH�HTXLSPHQW ���� �67 +LJK
� &RQVWUXFWLRQ�WUDLQLQJ ���� �QG 1HXWUDO
� OD\RXW�DQG�FRPSOH[LW\ ���� �QG 1HXWUDO
� 7HFKQRORJ\ ���� �WK 1HXWUDO
� &KDQJH�RI�ODERXU�DQG�VWDII�ZDJHV ���� �WK 1HXWUDO
� :HDWKHU�FRQGLWLRQ ����� �WK 1HXWUDO
� ,QVSHFWLRQ�GHOD\�DQG�UHZRUN ���� �WK 1HXWUDO
� &RQVWUXFWLRQ�W\SH ���� �WK 1HXWUDO
� $YDLODELOLW\�RI�PDWHULDOV ���� �WK 1HXWUDO
�� 6NLOO�RI�WKH�ZRUN�IRUFH ���� �RWK 1HXWUDO
�� ,QVWUXFWLRQ�WLPH ���� ��WK 1HXWUDO
�� ,QFRPSHWHQW�VXSHUYLVRUV ���� ��WK 1HXWUDO
�� :RUN�SUDFWLFH ���� ��WK 1HXWUDO
�� /DFN�RI�PDWHULDO ���� ��WK 1HXWUDO
�� $EVHQWHHLVP ���� ��WK 1HXWUDO
�� 3RRU�VLWH�OD\RXW ���� ��WK 1HXWUDO
�� /HQJWK�RI�ZRUN�GD\ ���� ��WK 1HXWUDO
�� ,QFHQWLYHV ���� ��WK 1HXWUDO
�� 3URMHFW�XQLTXHQHVV ���� ��WK 1HXWUDO
�� 3RRU�FRPPXQLFDWLRQ ���� �RWK 1HXWUDO
�� (QDEOLQJ�HQYLURQPHQW ���� ��VW /RZ
�� 'HJUHH�RI�VXSHUYLVLRQ ���� ��QG /RZ
�� &RPSOLDQFHV�ZLWK�JRYHUQPHQW�UHJXODWLRQ�DQG�RUJDQL]DWLRQ�VL]H ���� ��UG /RZ
�� ,QFRPSOHWH�GUDZLQJ ���� ��WK /RZ

-LEULO�HW�DO� ,QIOXHQFH�RI�6XSHUYLVLRQ�RQ�/DERXU�3URGXFWLYLW\�RI�)LQLVKLQJ�:RUNV�LQ�,EDGDQ��2\R�6WDWH
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SRZHU�WKDW�OHDGHUV��VXSHUYLVRUV��DUH�DEOH�WR�LQIOXHQFH�RWKHUV��WKLV�SRZHU�FDQ�OHDG�WR�RQH�RI�WKH�
IROORZLQJ�UHDFWLRQV��FRPPLWPHQW��FRPSOLDQFH�RU�UHVLVWDQFH�ZKLFK�DIIHFWV�SURGXFWLYLW\�

7DEOH����0,6�5DQNLQJ�RQ�PHDVXUHV�IRU�HQVXULQJ�HIIHFWLYH�ODERXU�SURGXFWLYLW\

6RXUFH��5HVHDUFKHU¶�$QDO\VLV�������

5HVXOWV�RQ�6LWH�2EVHUYDWLRQV�DQG�0HDVXUHPHQWV

7HVW�RI�GLIIHUHQFH�EHWZHHQ�3URGXFWLYLW\�ZLWK�SURIHVVLRQDO�VXSHUYLVLRQ�DQG�ZLWKRXW�
SURIHVVLRQDO�VXSHUYLVLRQ

7DEOH����6KRZV�WKH�UHVXOW�RI�WKH�W�WHVW�DQDO\VLV�SHUIRUPHG�WR�FRPSDUH�WKH�GLIIHUHQFH�EHWZHHQ�
SURGXFWLYLW\� ZLWK� SURIHVVLRQDO� VXSHUYLVLRQ� DQG� ZLWKRXW� SURIHVVLRQDO� VXSHUYLVLRQ�� ,W� ZDV�
DSSDUHQW�IURP WKH�DQDO\VLV�WKDW�WKH�YDOXH�RI�W�FDOFXODWHG���������ZDV�OHVV�WKDQ�WKH�YDOXH�RI�W�
WDEXODWHG� �������� DQG� WKH� SUREDELOLW\� YDOXH� �������� ZDV� ORZHU� WKDQ� ����� ����� OHYHO� RI�
VLJQLILFDQFH�DQG�ZLWKLQ�����FRQILGHQFH� OHYHO��7KH�HYLGHQFH� LV� VWDWLVWLFDOO\� VLJQLILFDQW� 7KH�
UHVXOW�LPSOLHV�WKDW�WKHUH�LV�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�WKH�VLWH�ZLWK�VXSHUYLVLRQ�
DQG�WKRVH�ZLWKRXW�VXSHUYLVLRQ

7DEOH����7HVW�RI�GLIIHUHQFH�EHWZHHQ�3URGXFWLYLW\�ZLWK�SURIHVVLRQDO�VXSHUYLVLRQ�DQG�ZLWKRXW�
SURIHVVLRQDO�VXSHUYLVLRQ
6�Q 9DULDEOHV 7\SH�RI�

DQDO\VLV
2EVHUYDWLRQ ,QIHUHQFH

;� ;� 7�FDO 7�WDE 3�YDOXH 5HPDUN
� 3URGXFWLYLW\�

ZLWK�
3URIHVVLRQDO�
6XSHUYLVLRQ

3URGXFWLYLW\�
ZLWKRXW�
3URIHVVLRQDO�
6XSHUYLVLRQ

7�WHVW ����� ���� ����� 7KHUH�ZDV�VWDWLVWLFDOO\�
6LJQLILFDQW��EHWZHHQ��
;��DQG�;�

6RXUFH��5HVHDUFKHU¶V�)LHOG�ZRUN������

&21&/86,21

/DERXU� LV� D�NH\� UHVRXUFH�RQ�EXLOGLQJ�SURMHFWV�DQG�HIIHFWLYH�PDQDJHPHQW�RI� WKH� UHVRXUFH� WR�
DFKLHYH�RSWLPDO�SURGXFWLYLW\�FDQQRW�EH�RYHU�HPSKDVL]HG� 7KLV�VWXG\�KDV�EURXJKW�LQWR�IRFXV�RQ�
LQIOXHQFH�RI�VXSHUYLVLRQ�RQ�ODERXU�SURGXFWLYLW\�RQ�ILQLVKLQJ�ZRUNV��$IWHU�D�VHULHV�RI�H[WHQVLYH�
OLWHUDWXUH�UHYLHZ�DQG�ILQGLQJV��WKH�UHVXOW�EURXJKW�IRUWK�WKH�IROORZLQJ�FRQFOXVLRQV�

6�1 0HDVXUHV�SXW�LQ�SODFHV�IRU�HIIHFWLYH�ODERXU�SURGXFWLYLW\ 0HDQ 5DQN 'HFLVLRQ
� &RPPLWPHQW�WR�ZRUN ���� �67 +LJK
� 6HOHFWLRQ�RI�WKH�ULJKW�SHRSOH�WR�FRQWURO�FHUWDLQ�IDFWRUV� ���� �QG 1HXWUDO
� 3URSHU�PDQDJHPHQW�RI�WRROV��HTXLSPHQW��DQG�PLQHUDOV ���� �UG 1HXWUDO
� 3ODQQLQJ ���� �WK 1HXWUDO
� )HZHU�FRPSODLQWV� DQG�PRUH�SRVLWLYH�IHHGEDFN ���� �WK /RZ
� (QFRXUDJHPHQW�RI�ZRUNHUV�E\�WKH�VXSHUYLVRUV ���� �WK /RZ
� 0DQDJHPHQW�VW\OHV�DQG�WHFKQLTXHV�RQ�ZRUNHUV�SURGXFWLRQ ���� �WK /RZ
� 3RVLWLYH�PRWLYDWLRQ�SKLORVRSK\�DQG�SUDFWLFH�LQ�SODFH ��RR �WK /RZ
� &RPSOLDQFH�ZLWK�VXSHUYLVRU�LQVWUXFWLRQ ���� �WK /RZ
�� (IIHFWLYH�GHOHJDWLRQ�RI�VXSHUYLVRUV ���� �WK /RZ
�� 7KH�UHODWLYH�HIILFLHQF\�RI�ODERXU�GRLQJ�ZKDW�LW�LV�UHTXLUHG�WR�GR�DW�D�JLYHQ�WLPH�DQG�

SODFH
���� ��WK /RZ

�� 7LPH�PDQDJHPHQW ���� ��WK /RZ
�� 6XSSO\�RI�LQIRUPDWLRQ�DQG�IHHGEDFN ���� ��WK /RZ
�� $GHTXDWH�VXSHUYLVLRQ ���� ��WK /RZ
�� 5HVRXUFHV�VXSSO\�DQG�FRQWURO ���� ��WK /RZ

-LEULO�HW�DO� ,QIOXHQFH�RI�6XSHUYLVLRQ�RQ�/DERXU�3URGXFWLYLW\�RI�)LQLVKLQJ�:RUNV�LQ�,EDGDQ��2\R�6WDWH��



6(7,&������,QWHUQDWLRQDO�&RQIHUHQFH�

³6XVWDLQDEOH�+RXVLQJ�DQG�/DQG�0DQDJHPHQW´
6FKRRO�RI (QYLURQPHQWDO�7HFKQRORJ\��)HGHUDO�8QLYHUVLW\�RI�7HFKQRORJ\��0LQQD
�UG ± �WK��0D\������

���

/DFN�RI�DGHTXDWH�HTXLSPHQW LV�WKH�PRVW�LPSRUWDQW�IDFWRU�OHDGLQJ�WR�HIIHFWLYH�VXSHUYLVLRQ�RQ�
FRQVWUXFWLRQ�VLWHV��WKHUHIRUH�DGHTXDWH�HTXLSPHQW�VKRXOG�DOZD\V�EH�SURYLGHG�LQ�RUGHU�WR�LPSURYH�
FRQVWUXFWLRQ�RQ�VLWH��&RPPLWPHQW LV�WKH�PRVW�PHDVXUHV�SXW�LQ�SODFH�E\�VXSHUYLVRUV�LQ�HQVXULQJ�
HIIHFWLYH� ODERXU� SURGXFWLYLW\�� WKHUHIRUH� DOO� SURIHVVLRQDOV� VKRXOG� EH� IXOO\� FRPPLWWHG� WR� HDFK�
DFWLYLWLHV� KH�VKH� HQJDJHG�� 7KH� UHVHDUFK� DOVR� IRXQG� WKDW� WKHUH� ZDV� VWDWLVWLFDOO\� VLJQLILFDQW�
GLIIHUHQFH� EHWZHHQ� ODERXU� SURGXFWLYLW\� RI� WKH� VLWH� ZLWK� VXSHUYLVLRQ� DQG� WKRVH� ZLWKRXW�
VXSHUYLVLRQ�� 7KLV� VKRZV� WKDW� WKRVH� VLWH� ZLWK� VXSHUYLVLRQ� JHQHUDWH� PRUH� RXWSXW� WKDQ� WKRVH�
ZLWKRXW�VXSHUYLVLRQ�ZLWK����GLIIHUHQFHV�

5()(5(1&(6

$GDPX��.��-���']DVX��:��(���+DUXQD��$���DQG�%DOOD��6��.����������³/DERU�SURGXFWLYLW\�FRQVWUDLQWV�LQ�WKH�1LJHULDQ�
FRQVWUXFWLRQ�LQGXVWU\�´�&RQWLQHQWDO�-RXUQDO�RI�(QYLURQPHQWDO�'HVLJQ�DQG�0DQDJHPHQW���������±���

$GH�2��&RPIRUW�2��)DVX\L��2OXIXQNH�$��������� &RVW�LQ�XVH��D�SDQDFHD�IRU�VXVWDLQDEOH�EXLOGLQJ�GHYHORSPHQW�LQ�
1LJHULD��,QWHUQDWLRQDO -RXUQDO�RI�%XVLQHVV�DQG�0DQDJHPHQW�,QYHQWLRQ�,661��2QOLQH��������± ������,661�
�3ULQW��������± ���;�ZZZ�LMEPL�RUJ�9ROXPH���,VVXH���ϫ�$SULO������ϫ�33�������ZZZ�LMEPL�RUJ�

$PHK��-���2VHJER��(���������6WXG\�RI�UHODWLRQVKLS�EHWZHHQ�WLPH�RYHUUXQ�DQG�SURGXFWLYLW\�RQ�FRQVWUXFWLRQ�VLWHV��
,QWHUQDWLRQDO�-RXUQDO�RI�&RQVWUXFWLRQ�6XSSO\�&KDLQ�0DQDJHPHQW��Y�����Q�����S��������

$EG�HO�KDPLHG�� H�� 0�� ������� /HDGHUVKLS� LPSRUWDQFH� LQ� FRQVWUXFWLRQ� SURGXFWLYLW\� ,PSURYHPHQW�� -RXUQDO� RI�
0DQDJHPHQW�DQG�%XVLQHVV�6WXGLHV��Y�����Q�����S����������

$WWDU��D��$���JXSWD��D��.���GHVDL��G��%���������$�VWXG\�RI�YDULRXV�IDFWRUV�DIIHFWLQJ�ODERXU�SURGXFWLYLW\�DQG�PHWKRG�
WR�LPSURYH�LW��-RXUQDO�RI�0HFKDQLFDO�DQG�&LYLO�(QJLQHHULQJ��Y�����Q�������S��������

$GQDQ�(QVKDVVL�� 6KHULI�0RKDPHG��=LDG�$EX�0XVWDID�	�3HWHU�(GXDUG�0D\HU� �������)DFWRUV�DIIHFWLQJ� ODERXU�
SURGXFWLYLW\�LQ�EXLOGLQJ�SURMHFWV�LQ�WKH�*D]D�VWULS��-RXUQDO�RI�&LYLO�(QJLQHHULQJ�DQG�0DQDJHPHQW��������
�������

$QX�9��7KRPDV�DQG�-��6XGKDNXPDU����������)DFWRUV�,QIOXHQFLQJ�&RQVWUXFWLRQ�/DERXU�3URGXFWLYLW\��$Q�,QGLDQ�
&DVH�6WXG\� -RXUQDO�RI�&RQVWUXFWLRQ�LQ�'HYHORSLQJ�&RXQWULHV�����������±��������

$EHUH\� 0��� --� 6PDOOZRRG�� �������� 7KH� HIIHFWV� RI� XQVDWLVIDFWRU\� ZRUNLQJ� FRQGLWLRQV� RQ� SURGXFWLYLW\� LQ� WKH�
FRQVWUXFWLRQ�LQGXVWU\��&UHDWLYH�&RQVWUXFWLRQ�&RQIHUHQFH�����

%HQYLROHQW�&��DQG�7LULYDYL�0����������)DFWRUV�$IIHFWLQJ�/DERU�3URGXFWLYLW\�RQ�%XLOGLQJ�3URMHFWV�LQ�=LPEDEZH��
,QWHUQDWLRQDO�-RXUQDO�RI�$UFKLWHFWXUH��(QJLQHHULQJ�DQG�&RQVWUXFWLRQ�����������

%UHQW�*��+LFNVRQ�DQG�/HLJKWRQ�$��(OOLV��������� )DFWRUV�DIIHFWLQJ�&RQVWUXFWLRQ�/DERXU�3URGXFWLYLW\�LQ�7ULQLGDG�
DQG�7REDJR��7KH�-RXUQDO�RI�WKH�$VVRFLDWLRQ�RI�3URIHVVLRQDO�(QJLQHHUV�RI�7ULQLGDG�DQG�7REDJR����������
����

&KLJDUD�� %��� 	� 0R\R�� 7�� �������� )DFWRUV� DIIHFWLQJ� ODERU� SURGXFWLYLW\� RQ� EXLOGLQJ� SURMHFWV� LQ� =LPEDEZH��
,QWHUQDWLRQDO� -RXUQDO� RI� $UFKLWHFWXUH�� (QJLQHHULQJ� DQG� &RQVWUXFWLRQ�� ������ �������
KWWSV���GRL�RUJ���������,-$(&��R��� ����

)LVFKHU��5�� �������3URGXFWLYLW\� LQ� WKH� FRQVWUXFWLRQ� LQGXVWU\�8QSXEOLVKHG��06F� WKHVLV��8QLYHUVLW\� RI� 3UHWRULD��
3UHWRULD�

)ULPSRQJ� -�� $��� +HOOHULQJHU�� 6��� $ZRRQRU�:LOOLDPV�� -�� .��� <HML�� )��� 3KLOOLSV�� -�� )�� ������� 'RHV� VXSHUYLVLRQ�
LPSURYH�KHDOWK�ZRUNHU�SURGXFWLYLW\"�(YLGHQFH�IURP�WKH�8SSHU�(DVW�5HJLRQ�RI�*KDQD��7URSLFDO�0HGLFLQH�
	�,QWHUQDWLRQDO�+HDOWK��Q������S������±������GRL���R������M������������R���R����

*KRGGRXVL�� 3���	�+RVVHLQL��0��5�� ��������$� VXUYH\� RI� WKH� IDFWRUV� DIIHFWLQJ� WKH� SURGXFWLYLW\� RI� FRQVWUXFWLRQ�
SURMHFWV� LQ� ,UDQ�� 7HFKQRORJLFDO� DQG� (FRQRPLF� 'HYHORSPHQW� RI� (FRQRP\�� ������� ��������
KWWSV���GRL�RUJ�����������������������������

,VD��5��%���DQG�-LPRK��5��$���DQG�$FKXHQX��(���������1XQEHU�RI�:RUN�UHODWHG�$FFLGHQW�DQG�,OOQHVVHV�&RQVWUXFWLRQ�
6HFWRU�WR�6XVWDLQDEOH�'HYHORSPHQW�LQ�1LJHULD��1HW�-RXUQDO�RI�%XVLQHVV�0DQDJHPHQW �R���������

*RRGUXP�DQG��-HUJHDV��*����������,PSURYLQJ�&RQVWUXFWLRQ�3URGXFWLYLW\�RQ�$OEHUWD�2LO�DQG�*DV�&DSLWDO�3URMHFWV��
$�UHSRUW�VXEPLWWHG�WR�$OEHUWD�)LQDQFH�DQG�(QWHUSULVH��8QLYHUVLW\�RI�&DOJDU\��$OEHUWD��&DQDGD

-DUNDV��$�0��DQG�%LWDU��&�*�� ��������)DFWRUV�DIIHFWLQJ�FRQVWUXFWLRQ� ODERXU�SURGXFWLYLW\� LQ�.XZDLW�� -RXUQDO�RI�
&RQVWUXFWLRQ�(QJLQHHULQJ�DQG�0DQDJHPHQW�������������±����

-LPRK��� 5LFKDUG��� /XTPDQ� 6XOHLPDQ� 5DVKHHG� ,��� ������� ,QIOXHQFH� RI� VXSHUYLVLRQ� RQ� ODERXU� SURGXFWLYLW\� RQ�
FRQVWUXFWLRQ� VLWHV� LQ� DEXMD�QLJHULD�� ,QGHSHQGHQW� MRXUQDO� RI� PDQDJHPHQW� 	� SURGXFWLRQ� �LMP	S��
KWWS���ZZZ�LMPS�MRU�EU�Y�����Q�����-DQXDU\�� PDUFK������

.KDOHG�0��(,�*RKDU\��0RVWDID�(��6KHKDWD�� ������� ³7RZDUGV� LPSURYLQJ� FRQVWUXFWLRQ� ODERXU�SURGXFWLYLW\� DQG�
SURMHFWV�SHUIRUPDQFH�´�$OH[DQGULD�(QJLQHHULQJ�-RXUQDO�������������������

-LEULO�HW�DO� ,QIOXHQFH�RI�6XSHUYLVLRQ�RQ�/DERXU�3URGXFWLYLW\�RI�)LQLVKLQJ�:RUNV�LQ�,EDGDQ��2\R�6WDWH


