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XI ENCUENTRO DE ECONOMÍA APLICADA 

ANALYSIS OF THE LINK BETWEEN PRODUCTIVITY GROWTH  AND R&D 

EXPENDITURE: EVIDENCE FOR THE SPANISH´S MANUFACTURING FIRMS 

 

$%675$&7��
This study sets out to estimate the impact of R&D on productivity within the private 

sector, with further analysis on the different impacts on R&D in high-tech and 

conventional firms.   Based on a sample  of 125 manufacturing companies (which fulfilled 

the condition of full and complete participation for all the years) over the period  1990-

2000, our findings suggest that Spanish´s R&D expenditure had a significant impact on 

firm productivity growth, with output elasticity standing at around 0.15.  When the sample 

is divided into high-tech and conventional firms, the R&D output elasticity in high-tech 

firms is significantly greater than that of conventional firms. 
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���,QWURGXFWLRQ�
�
7KH OLWHUDWXUH�RQ�WKH�HIIHFWV�RI�5HVHDUFK�DQG�'HYHORSPHQW��5	'�KHUHDIWHU��VWUHVVHV�WKHLU�
LPSRUWDQFH�DV�D�NH\�GHWHUPLQDQW�RI�HFRQRPLF�JURZWK��+DYLQJ�UHFRJQLVHG�WKLV�FRQWULEXWLRQ��
LW�LV�RQO\�UHFHQWO\�WKDW�WKH�HPSLULFDO�PHDVXUH�RI�WKH�PDJQLWXGH�RI�VXFK�HIIHFWV�KDV�EHFRPH�D�
PDMRU�IRFDO�SRLQW�LQ�WKH�UHVHDUFK��0RVW�HPSLULFDO�VWXGLHV�HVWLPDWH�WKH�LPSDFW�RI�5	'�XVLQJ�
GLIIHUHQW DSSURDFKHV� �7VDL�DQG�:DQJ��������+DOO�DQG�0DLUHVVH��������DQG�GDWD�DW�YDULRXV�
OHYHOV�RI�DJJUHJDWLRQ��DOWKRXJK�PRVW�FRQFHQWUDWH�RQ�WKH�ILUP�RU�LQGXVWU\�OHYHO�� 7KH�PDLQ�
HYLGHQFH�FRQVLVWV�RI�HFRQRPHWULF�HVWLPDWHV�RI�WKH�HODVWLFLW\�RI�RXWSXW�ZLWK�UHVSHFW�WR�5	'��
ZLWK D� ZLGH� UDQJH� RI� UHVXOWV�� 6RPH� RI� WKH� 5	'� DQDO\VLV� KDV� LQFRUSRUDWHG� UHOHYDQW�
LQIRUPDWLRQ�RQ�WKH�ILUP·V�FKDUDFWHULVWLFV�ZLWK�WKH�DLP�RI�REWDLQLQJ�D�FOHDUHU�XQGHUVWDQGLQJ�
RI WKH�HIIHFWV��4XHLUR]�HW�DO� ����������
�
,Q WKLV�FRQWH[W�� WKH�HYLGHQFH�REWDLQHG�IRU�6SDQLVK�FRPSDQLHV��WKRXJK�JURZLQJ��FRQWLQXHV�
EHLQJ UHGXFHG�� DQG�� WR� D� JUHDWHU� H[WHQW�� KDV� EHHQ� GHGLFDWHG� WR� DQDO\]LQJ� WKH� HIIHFWV� RI�
5	' RQ�HPSOR\PHQW��*DUFtD�HW�DO���������&DOYR����������7KH�DQDO\VLV�RI�WKH�6SDQLVK�FDVH�LV�
SDUWLFXODUO\� LQWHUHVWLQJ� VLQFH� LW� SUHVHQWV� VRPH� YHU\� ORZ� UDWHV� RI� 5	'� LQYHVWPHQW� LQ�
SHUFHQWDJH�RI�*'3³LQ������LW�ZDV�������FRPSDUHG�WR������LQ�WKH�(8�����DQG�������LQ�
WKH 2(&'�� ,Q�IDFW��VXFK�LQYHVWPHQW�UDWH�GRHV�QRW�VHHP�WKH�PRVW�DSSURSULDWH�IRU�RQH�RI�
WKH� WHQ� ULFKHVW� HFRQRPLHV� LQ� WKH�ZRUOG�� ,Q� WKLV� VHQVH�� WKH�DQDO\VLV�RI� WKH�FRQWULEXWLRQ�RI�
5	' WR�SULYDWH�SURGXFWLRQ�DV�ZHOO�DV�WKDW�RI�WKH�UROH�WKDW�WKH�FKDUDFWHULVWLFV�RI�D�ILUP�SOD\�
FDUULHG� RXW� LQ� WKLV� SDSHU� ZLOO� RIIHU� HYLGHQFH� WKDW� ZLOO� EH� KHOSIXO� LQ� XQGHUVWDQGLQJ� WKH�
VLWXDWLRQ�RI�5	'�LQ�6SDLQ����
�
7KH�SULQFLSDO�DLP�RI�WKLV�SDSHU�LV�WR�EURDGHQ�WKH�H[LVWHQW�UHVXOWV��DGGUHVVLQJ�VRPH�RI�WKH�NH\�
TXHVWLRQV� UDLVHG� LQ� WKH� OLWHUDWXUH�� � )RU� WKDW�� ZH� ILUVW� HVWLPDWH� &REE�'RXJODV� SURGXFWLRQ�
IXQFWLRQV�ZLWK�D�IDFWRU�UHSUHVHQWLQJ�5	'�XQGHUWDNHQ�E\�WKH�ILUP�LWVHOI� WR�HVWLPDWH�WKH�5	'�
HODVWLFLW\� DQG� WR� GHWHUPLQH�KRZ� WKDW� UHVXOW� UHVSRQGV� WR� FKDQJHV� LQ�XQGHUO\LQJ� DVVXPSWLRQV�
�VXFK�DV�FRQVWDQW�UHWXUQV�WR�VFDOHV�LQ�WKH�SULYDWH�LQSXWV��ZLWK�IXUWKHU�DQDO\VLV�RI�WKH�GLIIHUHQW�
LPSDFW� RI�5	'�RQ� KLJK�WHFK� DQG� FRQYHQWLRQDO� ILUPV�� � 7KH� SDSHU� GRFXPHQWV� WKHVH�5	'�
��6HH�FRPSUHKHQVLYH�VXUYH\V�RI�WKH�LPSDFW�RI�5	'�RQ�SURGXFWLYLW\�LQ��0DLUHVVH�DQG�6DVVHQRX��������DQG�&%2��������

���,Q�*ULOLFKHV��������WKH�FHQWUDO�WHQGHQF\�WKH\�IRXQG�IRU�5	'�RXWSXW�HODVWLFLW\�UXQV�IURP�DERXW������WR�DERXW�������

��,Q�WKH�FDVH�RI�6SDLQ��WKHUH�DOVR�H[LVW�VRPH�ZRUNV�WKDW�KDYH�SUHYLRXVO\�HVWLPDWHG�WKH�RXWSXW�HODVWLFLW\�RI�5	'����%HQHLWR��������RIIHUV��D�UHYLVLyQ�RI�WKHVH�

SDSHUV�DQG�WKH�5	'�HODVWLFLHV�UDQJHV�IRUP�������WR�������

���6RXUFH���2(&'��´0DLQ�6FLHQFH�DQG�7HFKQRORJ\�,QGLFDWRUVµ���������

��%\�FRQVLGHULQJ��WKH�ILUP�V�RZQ�WHFKQRORJLFDO�UHVRXUFHV�ZH�FDQ�DWWHPSW�WR�HVWLPDWH�WKH�GLUHFW�FRQWULEXWLRQ�RI�5	'�HIIRUWV�WR�LWV�SULYDWH�RXWSXW��
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RXWSXW�HODVWLFLW\�GLIIHUHQFHV�RQ�WKH�EDVLV�RI�D�PLFUR�SDQHO�VDPSOH�RI�6SDQLVK�PDQXIDFWXULQJ�
ILUPV�XVLQJ�D�GDWDVHW�IRU�WKH�SHULRG������������6XUYH\�RI�&RPSDQ\�6WUDWHJLHV��(6((���7KXV��
WKH� VWXG\� XSGDWHV� WKH� H[LVWLQJ� HYLGHQFH� RQ� 5	'� LPSDFW� E\� XVLQJ� D� PXFK� ZLGHU� GDWDVHW���
6HFRQGO\��ZH� H[SORUH�ZKHWKHU� RU� QRW� FHUWDLQ� FKDUDFWHULVWLFV� RI� D� ILUP�GHWHUPLQH� WKH� ILUP·V�
RXWSXW���7KH�ILUP·V�OHYHO�SDQHO�VWUXFWXUH�RI�WKH�LQIRUPDWLRQ�SHUPLWV�RQH�WR�H[DPLQH�WR�ZKDW�
H[WHQW�WKH�IROORZLQJ�FRQGLWLRQV�DIIHFW�D�ILUP·V�RXWSXW��WKH�VL]H�RI�WKH�ILUP��ZKHWKHU�LW�LV�TXRWHG�
RQ� WKH� VWRFN� H[FKDQJH�� ZKHWKHU� LW� LV� VHW� XS� E\� SXEOLF� FDSLWDO�� ZKHWKHU� WKH� FRPSDQ\� LV�
LQWHJUDWHG�LQ�D�JURXS�RI�FRPSDQLHV��DQG�ZKHWKHU�LW�EHORQJV�WR�D�WHFKQRORJ\�LQWHQVLYH�VHFWRU���
)XUWKHUPRUH�� LQ� WKLV� VWXG\� ZH� KDYH� WULHG� WR� VHSDUDWH� WKH� HIIHFWV� DULVLQJ� IURP� WKHVH� ILUPV·�
FKDUDFWHULVWLFV��
�
7KH UHPDLQGHU�RI�WKLV�SDSHU�LV�RUJDQL]HG�DV�IROORZV���,Q�WKH�QH[W�VHFWLRQ�ZH�LQWURGXFH�WKH�
HPSLULFDO�PRGHO� DQG� HVWLPDWLRQ� WHFKQLTXH�� ,Q� VHFWLRQ� ��ZH�EULHIO\� GHVFULEH� WKH� GDWD� DQG�
H[DPLQH WKH�UHVXOWV��ZKLFK�DUH�SUHVHQWHG�IRU�DOO�ILUPV��DQG�IRU�KLJK�WHFK�DQG�FRQYHQWLRQDO�
ILUPV�� VHSDUDWHO\��:H� FRQFOXGH� ZLWK� VRPH� UHPDUNV� RQ� RXU� ILQGLQJV� LQ� WKH� ILQDO� VHFWLRQ��
ZKHUH�ZH�DOVR�RIIHU�VRPH�VXJJHVWLRQV�IRU�IXUWKHU�UHVHDUFK��
�
��� �0RGHO�VSHFLILFDWLRQ�DQG�HVWLPDWLRQ�WHFKQLTXH�

�
)ROORZLQJ�WKH�OLWHUDWXUH�LQ�XVLQJ�WKH�&REE�'RXJODV�IXQFWLRQ�WR�DQDO\VH�WKH�FRQWULEXWLRQ�WR�
SULYDWH�RXWSXW�IURP�5	'��VHH�IRU�H[DPSOH��:DNHOLQ��������$xRQ�+LJyQ���������WKH�PRGHO�
XVHG IRU� WKH� DQDO\VLV� LV� EXLOW� RQ� WKH� SURGXFWLRQ� IXQFWLRQ� DSSURDFK�� ZKHUH� D�PHDVXUH� RI�
5	'� HIIRUWV� LV� LQFOXGHG� DV� RQH� RI� WKH� SURGXFWLRQ� IDFWRUV�� 3URGXFWLYLW\� LV� PHDVXUHG� DV�
ODERXU�SURGXFWLYLW\�DQG�WKH�DVVXPSWLRQ�RI�FRQVWDQW�UHWXUQV�WR�VFDOH�RI�SULYDWH�FDSLWDO�DQG�
ODERXU� LV� H[SOLFLWO\� WHVWHG�� � )RU� HVWLPDWLRQ� SXUSRVHV�� WKH� SURGXFWLRQ� IXQFWLRQ� RI� WKH� LWK
PDQXIDFWXULQJ� ILUP� LQ� \HDU� W LV� UHSUHVHQWHG� E\� WKH� IROORZLQJ� &REE�'RXJODV� SURGXFWLRQ�
IXQFWLRQ���

�
<WL� �$/DWL.E

WL5 WLH LW� ����
�
:KHUH <WL� LV� WKH�PHDVXUH� RI� RXWSXW� �YDOXH� DGGHG�� IRU� ILUP� L� DW� WLPH� W��$� LV� D� SDUDPHWHU�
UHSUHVHQWLQJ�DOO�WKH�LPSDFW�RI�H[WHUQDO�HIIHFWV��WR�ILUP�NQRZOHGJH��� /W GHQRWHV�WKH�QXPEHU�

��)ROORZLQJ�5RJHUV����������WKH�SUHVHQFH�RI�$�LQ�����UHTXLUHV�VRPH�H[SODQDWLRQ���,Q�HFRQRPLF�WKHRU\��$�UHSUHVHQWV�WKH�OHYHO�RI�NQRZOHGJH�RU�WHFKQRORJ\�RI�

WKH�ILUP��ZKLFK�ZRXOG�LQFOXGH�DQ\�FRQWULEXWLRQ�IURP�LQ�KRXVH�5	'���+RZHYHU��LQ�WKH�HPSLULFDO�5	'�SURGXFWLYLW\�OLWHUDWXUH�VRPH�DXWKRUV�OHDYH�LQ�WKH�$�
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RI�ZRUNHUV�HPSOR\HG���.W LV�D�PHDVXUH�RI�SK\VLFDO�FDSLWDO��DQG�5W LV�WKH�5	'�FDSLWDO�DQG�LV�
D PHDVXUHPHQW� RI� WKH� VWRFN� RI�5	'�SRVVHVVHG�E\� D� ILUP� DW� D� JLYHQ�SRLQW� LQ� WLPH��7KH�
SDUDPHWHUV�D� E DQG W DUH�WKH�HODVWLFLWLHV�RI�RXWSXW�ZLWK�UHVSHFW�WR�SK\VLFDO�FDSLWDO��ODERXU��
DQG 5	'�FDSLWDO�� UHSUHVHQWV�GLVHPERGLHG�WHFKQLFDO�FKDQJH��DQG� LV�DQ�HUURU�WHUP����
�
7DNLQJ WKH�QDWXUDO�ORJ�RI�(T�������DQG�DIWHU�DVVXPLQJ�FRQVWDQW�UHWXUQV�WR�VFDOH�LQ�WUDGLWLRQDO�
LQSXWV��RQH�FDQ�UHDUUDQJH�WKH�HTXDWLRQ�WR�\LHOG��
�

)log)1()log()/log()/log( ULLWVLWLWLWLW /5/.35,9/< ����� EDSEO � �¦
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�
8VLQJ� GDWD� RQ� PDQXIDFWXULQJ� ILUPV�� ZH� H[DPLQH� WKH� LVVXH� RI� SURGXFHU� KHWHURJHQLW\�� � ,Q�
DGGLWLRQ� WR� WKH� REVHUYDEOH� ILUP� FKDUDFWHULVWLFV� VSHFLILHG� LQ� (T�� ����� ZH� XVH� WKH� SDQHO� GDWD�
PRGHO�WR�H[SORUH�IRU�XQREVHUYHG�KHWHURJHQHLW\�DPRQJ�ILUPV���:H�DOORZ�IRU�WKH�H[LVWHQFH�RI�
LQGLYLGXDO�HIIHFWV��ZKLFK�DUH�SRWHQWLDOO\�FRUUHODWHG�ZLWK�WKH�ULJKW�KDQG�VLGH�UHJUHVVRUV��VR�WKDW�
�

LLWLW XY � H ����
�

+HUH� LX LV� D� ILUP� HIIHFW� WKDW� FRUUHVSRQGV� WR� WKH� SHUPDQHQW�� XQREVHUYHG� KHWHURJHQLW\�
DFURVV ILUPV�� EXW� QRW� ZLWKLQ� D� ILUP� RYHU� WLPH�� DQG� LWY LV D� ´ZKLWH� QRLVHµ� HUURU� WHUP��
UHSUHVHQWLQJ�D�SHULRG�VSHFLILF�VKRFN�IRU�ILUP�L��DVVXPHG�WR�EH�LQGHSHQGHQW�DFURVV�ILUPV�DQG�
RYHU WLPH���8VLQJ�D�´ZLWKLQ�ILUPµ�SDQHO�HVWLPDWRU��D�IL[HG�HIIHFW�WHFKQLTXH�WR�HOLPLQDWH�WKH�
LQGLYLGXDO�HIIHFW�LV�D�VWDQGDUG�HVWLPDWLRQ�PHWKRG��
�
7R GHDO�ZLWK� WKH�HQGRJHQRXV�SUREOHP�RI�5	'�FDSLWDO��DQ�HVWLPDWLRQ� WHFKQLTXH�RI�SDQHO�
GDWD ZLWK�LQVWUXPHQWDO�YDULDEOHV�LV�DOVR�HPSOR\HG�LQ�WKLV�VWXG\���8VLQJ�WKH�VHWWLQJ�RI�OLQHDU�
UHJUHVVLRQ� PRGHOV� ZLWK� SUHGHWHUPLQHG� UDWKHU� WKDQ� H[RJHQRXV� ULJKW�KDQG� VLGH� YDULDEOHV��
SDQHO GDWD� ZLWK� LQVWUXPHQWDO� YDULDEOHV� SURYHV� WR� EH� EHWWHU� EHFDXVH� LW� LV� UREXVW� LQ� WKH�
SUHVHQFH�RI�KHWHURVFHGDVWLFLW\�DFURVV�ILUPV�DQG KDV�D�FRUUHODWLRQ�GLVWXUEDQFH�ZLWKLQ�ILUPV�

WHUP��H�J��+DOO�DQG�0DLUHVVH��������DOWKRXJK�WKH\�GR�QRW�GHILQH�LW���ZKLOH�RWKHUV�RPLW�LW�HQWLUHO\��H�J��%RQG�HW�DO������������/HDYLQJ�$�LQ�����PDNHV�LW�FOHDU�WKDW�

WKHUH�FDQ�EH�H[WHUQDO��NQRZOHGJH��UHODWHG�HIIHFWV�RQ�SURGXFWLYLW\��SHUKDSV�GXH�WR�VSLOORYHUV��
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RYHU� WLPH�� � $FFRUGLQJ� WR� WKH� PLFURHFRQRPLFV� RI� 5	'�EDVHG� HQGRJHQRXV� WKHRULHV�� ZH�
DVVXPH�WKDW�WKH�SUHGHWHUPLQHG�5	'�LQWHQVLW\�FRQVWLWXWHV�YDOLG�LQVWUXPHQWV��
�
,Q� WKLV� VWXG\�� ZKHWKHU� RU� QRW� FHUWDLQ� ILUP� FKDUDFWHULVWLFV� GHWHUPLQH� WKH� ILUP·V� RXWSXW� LV�
LQYHVWLJDWHG�� )XUWKHUPRUH�� ZLWKLQ� WKLV� VWXG\� ILUP� FKDUDFWHULVWLFV� DUH� WUHDWHG� DV� PRGHUDWRU�
YDULDEOHV�UDWKHU�WKDQ�LQGHSHQGHQWV���7R�DFKLHYH�WKLV�JRDO��ZH�KDYH�LQFOXGHG�LQ�WKH�PRGHO�WZR�
VHWV�RI�GXPPLHV���7KH�ILUVW�RI�WKHVH�LV�D�SUR[L�IRU�WLPH�HIIHFWV�'W� ZKLOH�WKH�VHFRQG�FDSWXUHV�
FRPSDQ\�FKDUDFWHULVWLFV��L�H���LI�LW�EHORQJV�WR�D�WHFKQRORJ\�LQWHQVLYH�VHFWRU��'����LI�WKH�FRPSDQ\�
KDV�DW�OHDVW�����ZDJH�HDUQHUV��'����LI�LW�LV�TXRWHG�RQ�WKH�VWRFN�H[FKDQJH��'����LI�LW�LV�SDUW�RI�D�
FRUSRUDWH�JURXS��'����DQG�LI�LW�LV�VHW�XS�E\�SXEOLF�FDSLWDO��'����
�
�� 'DWD�DQG�5HVXOWV�
�
7KH GDWDEDVH�XVHG�LQ�WKLV�VWXG\�LV�WKH�6XUYH\�RI�&RPSDQ\�6WUDWHJLHV��(6((���7KH�(6((��
DQ DQQXDO�UHSUHVHQWDWLYH�VXUYH\�RI�PDQXIDFWXULQJ�FRPSDQLHV��ZDV�XQGHUWDNHQ�LQ�6SDLQ�IRU�
WKH� 0LQLVWU\� RI� ,QGXVWU\� GXULQJ� WKH� SHULRG� ����������� $� VXEVDPSOH� RI� ���� FRPSDQLHV�
�ZKLFK�IXOILOOHG�WKH�FRQGLWLRQ�RI�IXOO�DQG�FRPSOHWH�SDUWLFLSDWLRQ�IRU�DOO�WKH�\HDUV�WKH�VXUYH\�
ZDV SHUIRUPHG��ZDV� WKHQ�H[WUDFWHG��7KH�GHILQLWLRQ�RI� WKH�YDULDEOHV�XVHG��ZKHWKHU�UDZ�RU�
GHULYHG��LV�H[SODLQHG�LQ�GHWDLO�LQ�$SSHQGL[��

$ VHULHV�RI�SDQHO�GDWD�HVWLPDWLRQV�DUH�SUHVHQWHG�LQ�7DEOHV���DQG�����7KH�PRGHO�LV�HVWLPDWHG�
IRU DOO� WKH� ILUPV� WRJHWKHU� �7DEOH����� DQG�ZLWK�KLJK�WHFK�DQG�FRQYHQWLRQDO� ILUPV�VHSDUDWHG�
�7DEOH �����7KH�PRGHO�ZLWK�WKH�VWRFN�RI�5	'�FDSLWDO�LV�HVWLPDWHG�XVLQJ�IL[HG�HIIHFWV�PRGHO�
�,��DQG�WKH�SDQHO�GDWD�ZLWK�LQVWUXPHQWDO�YDULDEOHV�PHWKRG��,,����'XH�WR�WKH�UHDUUDQJHPHQW�
RI WKH�SURGXFWLYLW\�UHODWLRQVKLS�LQ�ODERXU�SURGXFWLYLW\��ZH�DOVR�FKHFN�IRU�FRQVWDQW�UHWXUQV�
WR VFDOH��
�

��'HWDLOV�RI�WKH�GHVLJQ�DQG�UHVXOWV�RI�WKH�(6((�FDQ�EH�IRXQG�LQ��)DULxDV�DQG�-DXPDQGUHX���������
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7DEOH����&REE�'RXJODV�SURGXFWLRQ�IXQFWLRQ�
'HSHQGHQW�YDULDEOH��OQ��*9$LW �/DERXULW����7RWDO�VDPSOH�LQFOXGLQJ�\HDU�GXPPLHV�

� )L[HG�HIIHFWV�0RGHO��,�� ,QVWUXPHQWDO�YDULDEOHV��,,��&RQVWDQW�/Q�/DERXULW�/Q�3ULYDWH�FDSLWDOLW�/DERXULW�/Q�5	'LW�/DERXULW�'�'�'�'�'�

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

���������������������������������������������������������������������������������������������������������)�7HVW�LQGLYLGXDO�HIIHFWV�+DXVPDQ�WHVW�)�WHVW�RI�VLJQLILFDQFH�
U2EVHUYDWLRQV�

)���������� ������
F����� �����)��������� �����������1 �����

)���������� �����
F����� ������)���������� �����������1 �����

U� LV�WKH�SHUFHQWDJH�RI�YDULDQFH�GLVSOD\HG�E\�WKH�IL[HG�HIIHFWV��W�VWDWLVWLF�LQ�SDUHWKHVHV� 3DUDPHWHU�VLJQLIFDQW�DW�������3DUDPHWHU�VLJQLIFDQW�DW�������
,Q� WKH� HVWLPDWLRQV� FDUULHG� RXW�� WKH� QHFHVVLW\� RI� FRQWUROOLQJ� WKH� VSHFLILF� HIIHFWV� RI� HDFK�
FRPSDQ\�DSSO\LQJ�WKH�FRQWUDVW�)�RI�LQGLYLGXDO�HIIHFWV�KDV�EHHQ�YHULILHG��IRU�WKDW�WKH�UHDVRQ�
WKH IXQFWLRQ�E\�PHDQV�RI�SDQHO�GDWD�KDV�EHHQ�FKRVHQ�� 1H[W��WKH�+DXVPDQ�WHVW�KDV�DOORZHG�
XV WR� FRQWUDVW� WKH� H[LVWHQFH� RI� D� FRUUHODWLRQ� EHWZHHQ� WKH� UHJUHVVRUV� DQG� WKH� LQGLYLGXDO�
HIIHFWV��VR�WKH�PRGHO�ZH�WDNH�LQWR�DFFRXQW�LV�WKDW�RI�IL[HG�HIIHFWV��FROXPQ�,���$V�KDV�EHHQ�
PHQWLRQHG�LQ�UHFHQW�WKHRUHWLFDO�OLWHUDWXUH��5	'�LV�SUHGHWHUPLQHG�UDWKHU�WKDQ�DQ�H[RJHQRXV�
YDULDEOH�� LPSO\LQJ� WKDW� WKH� HVWLPDWH� RI� 5	'� FDSLWDO� PD\� VXIIHU� D� ELDV� LQ� WKH� HVWLPDWLRQ�
SUHVHQWHG� LQ� FROXPQ� ,�� � ,Q� FROXPQ� ,,��ZH�XVH� WKH�SDQHO�GDWD�ZLWK� LQVWUXPHQWDO�YDULDEOHV�
DSSURDFK� WR� WKH� SDQHO� GDWD�PRGHO� WR� LQYHVWLJDWH� WKH� LPSRUWDQFH� RI� HQGRJHQRXV� HIIHFWV����
$VVXPLQJ�WKDW�WKH�SUHGHWHUPLQHG�5	'�FDSLWDO�FRQVWLWXWHV�YDOLG�LQVWUXPHQWV��ZH�XVH�RQH�
\HDU ODJJHG� 5	'� FDSLWDO� DV� DQ� LQVWUXPHQW�� � 7KH� HVWLPDWHV� RI� WKH� SURGXFWLRQ� IXQFWLRQ�
LQFOXGH�\HDU�GXPP\�YDULDEOHV�

$V�7DEOH���DQG���VKRZ��WKH�)�VWDWLVWLF�GHPRQVWUDWHV�WKDW�WKH�VLJQLILFDQFH�RI�WKH�HVWLPDWLRQ�
LV� KLJK�� �7KH� FRHIILFLHQW� RQ� WKH� ODERXU�YDULDEOH��ZKLFK� LV� LQFOXGHG� WR� FKHFN� IRU� FRQVWDQW�
��:H�KDYH�DOVR�SHUIRUPHG�WKH�HVWLPDWLRQ�XVLQJ�D�OLQHDU�WUHQG���7KH�FRPSDULVRQ�FOHDUO\�VKRZHG�WKDW�XVLQJ�\HDU�GXPP\�YDULDEOHV�LQVWHDG�RI�D�OLQHDU�WUHQG�

PDNHV�OLWWOH�GLIIHUHQFH�LQ�WKH�HVWLPDWHV�RI�WKH�ZKROH�VDPSOH�DQG�WKH�VXEVDPSOHV��
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UHWXUQV�WR�VFDOH�RI�FDSLWDO�DQG�ODERXU��LV�VLJQLILFDQWO\�GLIIHUHQW�IRU�]HUR�IRU�DOO�ILUPV��ZKHQ�
WKH VDPSOH� LV� VSOLW�� WKLV� UHVXOW� LV� DOVR� IRXQG� IRU� KLJK�WHFK� DQG� FRQYHQWLRQDO� ILUPV���
'LPLQLVKLQJ� UHWXUQV� DUH� SUHVHQW� LQ� DOO� FDVHV�� L�H�� WKH� VLJQ�RQ� WKH� YDULDEOH� LV� QHJDWLYH� DQG�
VLJQLILFDQW��

7KH� HVWLPDWH� RI� 5	'� FDSLWDO� HODVWLFLW\� � � LV� SRVLWLYH� DQG� VLJQLILFDQW�� O\LQJ� EHWZHHQ� �����
�0RGHO�,��DQG�������0RGHO�,,��IRU�DOO�WKH�ILUPV��VKRZLQJ�WKDW�5	'�KDV�D�UHGXFHG�EXW�SRVLWLYH�
LPSDFW�RQ�ODERXU�SURGXFWLYLW\���,I�WKH�UHVXOWV�REWDLQHG�LQ�FROXPQ�,,�DUH�H[DPLQHG��LW�LV�FOHDU�
WKDW� WKH� LQVWUXPHQWDWLRQ� RI� 5	'� FDSLWDO� UHLQIRUFHV� WKH� SRVLWLYH� VLJQ� RI� WKH� FRHIILFLHQW���
/LNHZLVH�� WKH� HVWLPDWLRQ�ZLWK� LQVWUXPHQWV� LQFUHDVHV� WKH� VLJQLILFDQFH� RI� WKH� SDUDPHWHU� WR�
������7KH�UHVXOWV�LQGLFDWH�WKDW�LI�5	'�H[SHQGLWXUH�LQFUHDVHV�E\�����ODERXU�SURGXFWLYLW\�ZLOO�
EH�LQFUHDVHG�E\����������,QWHUHVWLQJ�UHVXOWV�HPHUJH�ZKHQ�ZH�VHSDUDWH�ILUPV�LQWR�WZR�JURXSV�
DFFRUGLQJ�WR�WKH�LQWHQVLW\�LQ�WHFKQRORJ\���7KH�HVWLPDWHV�IRU�WKH�WZR�JURXSV�DUH�LQGHHG�UDWKHU�
GLVWLQFW�� � 7KH� HVWLPDWH� RI� 5	'� FDSLWDO� HODVWLFLW\� IRU� KLJK�WHFK� FRPSDQLHV� LV� SRVLWLYH� DQG�
VLJQLILFDQW�ZLWK�D�KLJKHU�YDOXH�WKDQ�IRU�WKH�WRWDO�VDPSOH���������EXW�5	'�HODVWLFLW\�EHFRPHV�
LQVLJQLILFDQW�IRU�WKH�FRQYHQWLRQDO�ILUPV��
�
,Q� WKLV� SDSHU�ZH� DOVR� IRFXV�RQ�KRZ�D� ILUP·V� FKDUDFWHULVWLFV� DIIHFW�SULYDWH�RXWSXW�� �2Q� WKLV�
SRLQW��LW�VKRXOG�EH�QRWHG�WKDW�WKH�FRHIILFLHQW�RI�WKH�GXPP\�YDULDEOHV�VKRZV�JUHDW�VWDELOLW\�LQ�LWV�
VLJQ� DQG� VLJQLILFDQFH� LQ� DOO� WKH� HVWLPDWLRQV�� � 7KH� YDULDEOHV� VL]H� DQG� WKH� GHJUHH� RI� WKH�
WHFKQRORJLFDO�LQWHQVLW\�RI�WKH�FRPSDQLHV�KDYH�D�SRVLWLYH�HIIHFW�RQ�WKH�ODERXU�SURGXFWLYLW\�LQ�DOO�
WKH�ILUPV�� �:KHQ�WKH�VDPSOH� LV� VSOLW� LQWR� WKH�WZR�FDWHJRULHV�VWXGLHG��WKH� LQFRUSRUDWLRQ�LQ�D�
JURXS�RI�FRPSDQLHV�KDV�D�SRVLWLYH�HIIHFW�RQ�SURGXFWLYLW\�LQ�WKH�WZR�JURXSV���,Q�WKH�FDVH�RI�
FRQYHQWLRQDO�ILUPV��WKH�FKDUDFWHULVWLF�RI�SXEOLF�RZQHUVKLS�RI�FRPSDQLHV�DOVR�SOD\V�D�VLJQLILFDQW�
UROH����
�

��7KLV�W\SH�RI�UHVXOW�LV�IUHTXHQW�LQ�WKH�OLWHUDWXUH��VHH�:DNHOLQ��������*ULOLFKHV�DQG�0DLUHVVH����������
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7DEOH����&REE�'RXJODV�SURGXFWLRQ�IXQFWLRQ��
'HSHQGHQW�YDULDEOH��OQ�*9$LW��/DERXULW����,QFOXGLQJ�\HDU�GXPPLHV��

� )L[HG�HIIHFWV�0RGHO��,� ,QVWUXPHQWDO�YDULDEOHV��,,�
&RQYHQWLRQDO�ILUPV�VDPSOH�&RQVWDQW�/Q�/DERXULW�/Q�3ULYDWH�FDSLWDOLW�/DERXULW�/Q�5	'LW�/DERXULW�'�'�'�'�'��)�7HVW�LQGLYLGXDO�HIIHFWV�+DXVPDQ�WHVW�)�WHVW�RI�VLJQLILFDQFH�
U

�����������������������������������������������������������������������������������������������)�������� ������
F����� ������)�������� ����������

��������������������������������������������������������������������������������������������������)�������� ������
F����� ������)�������� ����������

+LJK�WHFK�ILUPV�VDPSOH�&RQVWDQW�/Q�/DERXULW�/Q�3ULYDWH�FDSLWDOLW�/DERXULW�/Q�5	'LW�/DERXULW�'�'�'�'�'�)�7HVW�LQGLYLGXDO�HIIHFWV�+DXVPDQ�WHVW�)�WHVW�RI�VLJQLILFDQFH�
U

�����������������������������������������������������������������������������������������������)���������� �����
F����� ������)��������� �����������

�����������������������������������������������������������������������������������������������)��������� �����
F����� ������)��������� �����������

U� LV�WKH�SHUFHQWDJH�RI�YDULDQFH�GLVSOD\HG�E\�WKH�IL[HG�HIIHFWV��W�VWDWLVWLF�LQ�SDUHWKHVHV� 3DUDPHWHU�VLJQLIFDQW�DW�������3DUDPHWHU�VLJQLIFDQW�DW�������
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����&RQFOXVLRQV�
�
7KLV SDSHU�DLPV�WR�SURYLGH�HYLGHQFH�WR�DGG�WR�WKH�FXUUHQW�NQRZOHGJH�RQ�WKH�HIIHFW�RI�5	'�
FDSLWDO EDVHG�RQ�SDQHO�GDWD�RI�6SDQLVK�PDQXIDFWXULQJ�ILUPV�IRU�WKH�SHULRG�������������7KH�
HPSLULFDO� H[HUFLVH� SHUIRUPHG� UHIOHFWV� WKDW�� IRU� WKH� ZKROH� VDPSOH�� 5	'� HIIRUW� KDV� D�
VLJQLILFDQWO\�SRVLWLYH�LPSDFW�RQ�WKH�ILUP·V�ODERXU�SURGXFWLYLW\�ZLWK�D�5	'�RXWSXW�HODVWLFLW\�
RI� ������ � :H� DOVR� ILQG� WKDW� WKH� ILUP·V� FKDUDFWHULVWLFV� RI� VL]H� DQG� WKH� EHORQJLQJ� WR� D�
WHFKQRORJ\�LQWHQVLYH�VHFWRU�H[HUW�D�SRVLWLYH�HIIHFW�RQ�WKLV�UHODWLRQVKLS���:KHQ�WKH�VDPSOH�LV�
GLYLGHG��WKH�LPSDFW�RI�5	'�RQ�D�ILUP·V�RXWSXW�LV�VLJQLILFDQWO\�GLIIHUHQW�IRU�KLJK�WHFK�DQG�
FRQYHQWLRQDO�ILUPV���WKH�5	'�HODVWLFLW\�IRU�KLJK�WHFK�ILUPV�LQFUHDVHG�WR�������EXW�LW�LV�QRW�
VLJQLILFDQW� IRU� FRQYHQWLRQDO� ILUPV�� ,Q� WKLV� FDVH�� WKH� FKDUDFWHULVWLF� RI� LQFRUSRUDWLRQ� LQ� D�
FRUSRUDWH�JURXS�LV�WKH�PRVW�UHOHYDQW�LQ�RUGHU�WR�GHWHUPLQH�WKH�SULYDWH�RXWSXW�RI�WKH�ILUPV�
LQ�WKH�WZR�VXEVDPSOHV���$QRWKHU�SRLQW�ZRUWK�QRWLQJ�LV�WKDW�WKH�HVWLPDWHV�RI�WKH�LPSDFW�RI�
5	'�RQ�SULYDWH�RXWSXW�PLJKW�LQGXFH�DQ�XSZDUG�ELDV�LI�WKH�HQGRJHQHLW\�SUREOHP�RI�5	'�
LV�QRW�FRQWUROOHG���
�
7KH HYLGHQFH�IURP�WKLV�VWXG\�VKRZV�WKDW�WKH�UHODWLRQVKLS�EHWZHHQ�5	'�DQG�ILUP�RXWSXW�LV�
UHOHYDQW� IRU� 6SDQLVK�PDQXIDFWXULQJ� ILUPV�� VXSSRUWLQJ� WKH� QRWLRQ� WKDW�5	'�SROLFLHV� WKDW�
VWLPXODWH� WKHVH� ILUPV� WR� HQKDQFH� HIIRUWV� LQ� 5	'� HQDEOHV� WKHP� WR� KDYH� VXSHULRU�
SHUIRUPDQFH� LQ� WHUPV� RI� ODERXU� SURGXFWLYLW\�� 7KHUHIRUH�� WKHVH� UHVXOWV� MXVWLI\� WKH� SXEOLF�
SROLFLHV�GLUHFWHG�DW�WKH�SURPRWLRQ�RI�5	'�WKDW�KDYH�EHHQ�XQGHUWDNHQ�LQ�6SDLQ�LQ�WKH�SDVW�
GHFDGHV���
�
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$SSHQGL[�
&RQVWUXFWLRQ�RI�WKH�YDULDEOHV��

�

*URVV�9DOXH�$GGHG���<��
 

7KH *URVV� 9DOXH� $GGHG� �LQ� ����� HXURV�� KDV� EHHQ� FDOFXODWHG� DV� WKH� PRQHWDU\� YDOXH� RI�
SURGXFWLRQ �VDOHV�SOXV�YDULDWLRQ�RI�VWRFNV��PLQXV�WKH�LQWHUPHGLDWH�FRQVXPSWLRQ�GLYLGHG�E\�
D GHIODWRU�RI�SURGXFWLRQ� <

LWG � 7KLV�GHIODWRU�KDV�EHHQ�FRQVWUXFWHG�IRU�HDFK�FRPSDQ\��EDVHG�
RQ WKH� DYDLODEOH� LQIRUPDWLRQ� FRQFHUQLQJ� WKH� YDULDWLRQ� LQ� DQQXDO� VDOHV� SULFHV� 6

LWS � 7KH�
DQQXDO H[SHQVH� RQ� LQWHUPHGLDWH� LQSXW� LV� FRQVWUXFWHG� DV� WKH� VXP� RI� WKH� HQHUJ\� DQG� IXHO�
SXUFKDVHV��UDZ�PDWHULDOV��DQG�SD\PHQWV�IRU�H[WHUQDO�VHUYLFHV���
 

7HFKQRORJLFDO�FDSLWDO�VWRFN��5��
�
7HFKQRORJLFDO� FDSLWDO� VWRFN�� 5LW� LV� GHILQHG� DV� WKH� DFFXPXODWLRQ� �QHW� RI� GHSUHFLDWLRQ�� RI�
DQQXDO H[SHQGLWXUH�RQ�5	'��7KH�VWRFN�RI�WHFKQRORJLFDO�FDSLWDO�KDV�EHHQ�FRQVWUXFWHG�IRU�
HDFK FRPSDQ\�E\�PHDQV�RI�WKH�SHUPDQHQW�LQYHQWRU\�PHWKRG�UHIHUUHG�WR�LQ�HTXDWLRQ������$V�
LQ�WKH�PDMRULW\�RI�H[LVWLQJ�VWXGLHV�IRU�WKH�FDVH�RI�6SDLQ��VHH�0DUUD��������� LQ�WKLV�SDSHU�D�
FRQVWDQW UDWH� RI� GHSUHFLDWLRQ� RI� ���� LV� XVHG�� ,Q� RUGHU� WR� FDOFXODWH� WKH� VWRFN� RI�
WHFKQRORJLFDO�FDSLWDO�IRU�WKH�ILUVW�\HDU�RI�WKH�VDPSOH��ZH�KDYH�XVHG�WKH�SURFHGXUH�SURSRVHG�
E\ %HQHLWR����������

�
� � � � � �> @KK ��� 1/1111

7P,5 >�@
� �� �GK �� 11 P >�@�

�
ZKHUH 5�� � LV� WKH� LQYHVWPHQW� LQ� \HDU� ���P LV WKH� DYHUDJH� JURZWK� UDWH�RI� FRPSDQLHV�ZKLFK�
XQGHUWDNH�5	'���7 LV WKH�QXPEHU�RI�\HDUV�VLQFH�WKH�IRXQGLQJ�RI�WKH�FRPSDQ\��DQG�G LV WKH�
�FRQVWDQW��UDWH�RI�GHSUHFLDWLRQ�RI�5	'�VWRFN���
�
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6WRFN�RI�SURGXFWLYH�DVVHWV��.����
�
7KH VWRFN�RI�SURGXFWLYH�DVVHWV��.LW� LV�GHILQHG�DV�WKH�DFFXPXODWLRQ��QHW�GHSUHFLDWLRQ��RI�WKH�
DQQXDO LQYHVWPHQW� LQ� PDFKLQHU\�� EXLOGLQJV�� WUDQVSRUWDWLRQ� HOHPHQWV�� DQG� WKH� UHVW� RI� WKH�
DVVHWV� LQ� HXURV� �FRQVWDQWV�� IURP� ������ 7KH� VWRFN� RI� WHFKQRORJLFDO� FDSLWDO� KDV� EHHQ�
FRQVWUXFWHG IRU�HDFK�FRPSDQ\�IROORZLQJ�WKH�SHUSHWXDO�LQYHQWRU\�PHWKRG���
�
1XPEHU�RI�ZRUNHUV���/��
�
7KH YDULDEOH�/�UHSUHVHQWV�WKH�DQQXDO�QXPEHU�RI�IXOO�WLPH�ZRUNHUV�LQ�HDFK�FRPSDQ\��)RU�
WKDW� WKH�QXPEHU�RI�ZRUNHUV�WKDW�ZRUN�GXULQJ�WKH�ZKROH�\HDU�DQG�WKRVH�ZKR�ZRUN�ZLWK�
FRQWUDFWV�RI�OHVV�WKDQ�RQH�\HDU�GXUDWLRQ�KDV�EHHQ�WDNHQ�LQWR�DFFRXQW��)XUWKHUPRUH��WKH�IXOO�
RU SDUW�WLPH�VFKHGXOH�RI�WKH�ZRUNHUV�KDV�EHHQ�WDNHQ�LQWR�FRQVLGHUDWLRQ���
�
'XPP\ YDULDEOHV�
�
$OO WKH�HVWLPDWLRQV�LQFOXGH�GXPPLHV�ZKLFK�WU\�WR�DSSUR[LPDWH�WKH�WLPH�WUHQG�SUHVHQW�LQ�WKH�
SURGXFWLRQ IXQFWLRQ�� 7KHUH� DUH� DOVR� ILYH� ILUP� GXPPLHV� WR� DFFRXQW� IRU� WKH� IROORZLQJ�
FRPSDQ\�FKDUDFWHULVWLFV���
�
'���6L]H�
,I WKH�FRPSDQ\�KDV�DW�OHDVW�����ZDJH�HDUQHUV�����������������������¶�·��
,I WKH�FRPSDQ\�KDV�OHVV�WKDQ�����ZDJH�HDUQHUV����������������������������¶�·��
�
'���6HFWRU�RI�DFWLYLW\�
,I WKH�FRPSDQ\�EHORQJV�WR�VHFWRUV����������������DQG��������������������¶�·��
�WHFKQRORJ\�LQWHQVLYH��
,I WKH�FRPSDQ\�GRHV�QRW�EHORQJ�WR�WKHVH�VHFWRUV��������������������������������¶�·��
�
'���6WRFN�PDUNHW�VWDQGLQJ�
,I WKH�FRPSDQ\�LV�TXRWHG�RQ�WKH�VWRFN�PDUNHW������������������������������������������������¶�·��
,I WKH�FRPSDQ\�LV�QRW�TXRWHG��������������������������������������������������������¶�·��
�
'���,QFRUSRUDWLRQ�LQ�D�FRUSRUDWH�JURXS��
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,I�WKH�ILUP�LV�LQ�D�FRPSDQ\�JURXS����������������¶�·��
,I�WKH�FRPSDQ\�LV�QRW�LQFRUSRUDWHG����������������������������������������������¶�·��
�
'�� 3XEOLF�SDUWLFLSDWLRQ�
,I�WKH�FRPSDQ\�LV�FRQVWLWXWHG�E\�SXEOLF�FDSLWDO�������������������������������������������¶�·��
,I�WKH�FRPSDQ\�LV�QRW�FRQVWLWXWHG�E\�SXEOLF�FDSLWDO���������������������������������������¶�·��

�
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5HIHUHQFHV�
 

$xyQ� +LJyQ� '�� �������� ´7KH� LPSDFW� RI� 5	'� VSLOORYHUV� RQ� 8.� PDQXIDFWXULQJ� 7)3�� $�
G\QDPLF�SDQHO�DSSURDFKµ��5HVHDUFK�3ROLF\� HQ�SUHQVD��
�
%HQHLWR�3����������5	'�SURGXFWLYLW\�DQG�VSLOORYHUV�DW�D�FRPSDQ\�OHYHO��HYLGHQFH�IURP�
6SDQLVK�SDQHO�GDWD��,QYHVWLJDFLRQHV�(FRQyPLFDV����� ����������
�
%RQG 6����'��+DUKRII�DQG�-��YDQ�5HHQHQ��������´&RUSRUDWH�5	'�DQG�SURGXFWLYLW\�LQ�
*HUPDQ\�DQG�WKH�8.µ��&(3�'LVFXVVLRQ�3DSHU�&HQWUH�IRU�(FRQRPLF�3HUIRUPDQFH�/6(��
&(3'3�������
�
&DOYR�-�/����������´7HVWLQJ�*LEUDW�V�ODZ�IRU�VPDOO�\RXQJ�DQG�LQQRYDWLQJ�ILUPVµ��6PDOO�%XVLQHVV�
(FRQRPLFV������SS�����������
�
&RPLQ�'���������5	'��D�VPDOO�FRQWULEXWLRQ�WR�SURGXFWLYLW\�JURZWK��1%(5�ZRUNLQJ�SDSHU�
�������
�
&RQJUHVVLRQDO�%XGJHW�2IILFH� ��������´5	'�DQG�SURGXFWLYLW\�JURZWKµ��%DFNJURXQG�SDSHHU��
&RQJUHVV�RI�WKH�8QLWHG�6WDWHV��
�
)DULxDV -�&� DQG� -DXPDQGUHX� -�� �������� ´'LH]� DxRV� GH� (QFXHVWD� VREUH� (VWUDWHJLDV�
(PSUHVDULDOHVµ��(FRQRPtD�,QGXVWULDO� �����SS���������
�
*DUFtD�$���5RGUtJXH]�&��DQG�-DXPHQGUHX�-�����������´,QQRYDFLyQ�\�HPSOHR���HYLGHQFLD�\�HVFDOD�
GH�HPSUHVDµ��(FRQRPtD�,QGXVWULDO� �����SS�����������
�
*ULOLFKHV� =�� �������� �5	'� DQG� SURGXFWLYLW\�� � WKH� HFRQRPHWULF� HYLGHQFH� &KLFDJR�� � 8QLYHUVLW\� RI�
&KLFDJR�3UHVV��
�
+DOO�%�+��DQG�0DLUHVVH���������´([SORULQJ�WKH�UHODWLRQVKLS�EHWZHHQ�5	'�DQG�SURGXFWLYLW\�
LQ�)UHQFK�PDQXIDFWXULQJ�ILUPVµ���-RXUQDO�RI�(FRQRPHWULFV� ����SS�����������
�
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0DUUD�0�$���������,QFHQWLYRV�ILVFDOHV��LQYHUVLyQ�HQ�DFWLYLGDGHV�GH�,�'�\�HVWUXFWXUD�GH�
FRVWHV��8Q�DQiOLVLV�SRU�WDPDxR�SDUD�XQD�PXHVWUD�GH�HPSUHVDV�PDQXIDFWXUHUDV�HVSDxRODV��
�����������+DFLHQGD�3~EOLFD�(VSDxROD���5HYLVWD�GH�(FRQRPtD�3~EOLFD�������������
�
0DLUHVVH�-��DQG�6DVVHQRX�0����������´5	'�DQG�SURGXFWLYLW\���D�VXUYH\�RI�HFRQRPHWULF�VWXGLHV�DW�WKH�ILUP�
OHYHOµ� 2(&'�6FLHQFH�7HFQRORJ\�5HYLHZ� YRO�����SS����������
�
4XHLUR]� 9��� 3LQGDGR� -�� DQG� GH� OD� 7RUUH� &�� �������� �+RZ� GR� ILUP� FKDUDFWHULVWLFV� LQIOXHQFH� WKH�
UHODWLRQVKLS� EHWZHHQ� 5	'� DQG� ILUP� YDOXH� :RUNLQJ� 3DSHUV� ������ ´1HZ� 7UHQGV� RQ� %XVLQHVV�
$GPLQLVWUDWLRQµ��8QLYHUVLWLHV�RI�9DOODGROLG��%XUJRV�DQG�6DODPDQFD��
�
5RJHUV� 0�� ��������5	'� DQG� SURGXFWLYLW\� LQ� WKH� 8.�� � HYLGHQFH� IURP� ILUP�OHYHO� GDWD� LQ� WKH� ����V�
(FRQRPLFV�6HULHV�:RUNLQJ�3DSHUV�Q�������8QLYHUVLW\�RI�2[IRUG��
�
7VDL�+�.��DQG�:DQJ� -�&�� � ��������´'RHV�5	'�SHUIRUPDQFH�GHFOLQH�ZLWK�ILUP�VL]H"��$�UH�
H[DPLQDWLRQ�LQ�WHUPV�RI�HODVWLFLW\µ��5HVHDUFK�3ROLF\� ����SS�����������
�
7VDL� +�.�� DQG� :DQJ� -�&�� � �������� 3URGXFWLYLW\� JURZWK� DQG� 5	'� H[SHQGLWXUH� LQ� 7DLZDQ�V�
PDQXIDFWXULQJ�ILUPV� 5HVHDUFK�3ROLF\� ����SS�����������
�
:DNHOLQ�.����������´3URGXFWLYLW\�JURZWK�DQG�5	'�H[SHQGLWXUH�LQ�8.�PDQXIDFWXULQJ�ILUPVµ��
5HVHDUFK�3ROLF\� ����SS�������������
�
<DQJ�&�+��DQG�+XDQJ�&�+�� � �������� �´5	'��VL]H�DQG�ILUP�JURZWK�LQ�7DLZDQ�V�HOHFWURQLFV�
LQGXVWU\µ���6PDOO�%XVLQHVV�(FRQRPLFV� ����SS�����������


