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7DEOH�� &RQWULEXWLRQV�WR�JURZWK�RI�UHDO�RXWSXW���������
%DVLF�PRGHO�ZLWKRXW�LQIRUPDWLRQ�WHFKQRORJ\ ��

7DEOH�� &RQWULEXWLRQV�WR�JURZWK�RI�UHDO�RXWSXW���������
$�PRGHO�ZLWK�FRPSXWHU�KDUGZDUH ��

7DEOH�� &RQWULEXWLRQV�WR�JURZWK�RI�UHDO�RXWSXW���������
$�PRGHO�ZLWK�LQIRUPDWLRQ�WHFKQRORJ\ ��

7DEOH�� ,7�FRQWULEXWLRQV�LQ�)LQODQG�DQG�LQ�WKH�86$ ��

7DEOH�� &RQWULEXWLRQV�WR�JURZWK�RI�UHDO�RXWSXW���������
$OWHUQDWLYH�VFHQDULRV ��

7DEOH�$� :DJH�SUHPLXPV�E\�HGXFDWLRQDO�OHYHO ��

7DEOH�$� 6XPPDU\�UHVXOWV�IURP�FRPSXWDWLRQV�ZLWK�QRQ�KHGRQLF
SULFH�LQGH[ ��

)LJXUH�� &RPSXWHU�KDUGZDUH�LQYHVWPHQW�DQG�ODERXU�SURGXFWLYLW\
LQ�)LQODQG�������� �

)LJXUH�� &RPSXWHU�VKDUHV�LQ�QRQ�UHVLGHQWLDO�LQYHVWPHQW�DQG�LQ�FDSLWDO
VWRFN�LQ�WKH�)LQQLVK�EXVLQHVV�VHFWRU��������� �

)LJXUH�� 3ULFH�LQGH[HV�ZLWK�DQG�ZLWKRXW�TXDOLW\�DGMXVWPHQW ��

)LJXUH�� &RQYHUJHQFH�RI�DYHUDJH�VHOOLQJ�SULFHV�IRU����';�3&V
�86�YHUVXV�(XURSH���(&8������±�� ��

)LJXUH�$� 4XDOLW\�DGMXVWHG�LQGH[�IRU�ODERXU�LQSXW ��
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7KH�DXWKRU�ZRXOG�OLNH�WR�WKDQN�0DWWL�3RKMROD�IRU�KLV�FRPPHQWV�DQG�5HLMR
/LOLXV�� 0DQDJLQJ� 'LUHFWRU� RI� ,'&� )LQODQG�� IRU� SURYLGLQJ� WKH� FRPSXWHU
LQYHVWPHQW�GDWD�
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7KH�HIIHFW�RI�FRPSXWHU�WHFKQRORJ\�RQ�)LQQLVK�HFRQRPLF�JURZWK�LQ��������
LV�H[DPLQHG�WR�VKHG�OLJKW�LQWR�WKH�IDPRXV�SURGXFWLYLW\�SDUDGR[��8VLQJ�WKH
QHRFODVVLFDO� JURZWK� DFFRXQWLQJ� IUDPHZRUN�� WKH� FRQWULEXWLRQ� RI� FRPSXWHU
KDUGZDUH��VRIWZDUH�DQG�ODERU�WR�JURVV�DQG�QHW�RXWSXW�JURZWK�LV�DVVHVVHG�DW
DJJUHJDWH� OHYHO�� 7KH� UHVXOWV� VXJJHVW� WKDW� D� FRQVLGHUDEOH� DPRXQW� RI� UHDO
JURZWK� FDQ� EH� DWWULEXWHG� WR� FRPSXWHUV�� $OPRVW� HLJKW� SHU� FHQW� RI� WKH� QHW
JURZWK�FDQ�EH�DWWULEXWHG�WR�LQIRUPDWLRQ�WHFKQRORJ\��7KLV�LV�DERXW�WZR�WKLUGV
RI� WKH� FRQWULEXWLRQ� RI� RWKHU� IL[HG� FDSLWDO� VWRFN�� +RZHYHU�� WKH� UROH� RI
PXOWLIDFWRU� SURGXFWLYLW\� VWLOO� GRPLQDWHG� LQ� WKH� JURZWK� DFFRXQWLQJ�� ,Q
DGGLWLRQ�WR�EDVLF�UHVXOWV��WKH�DVVXPSWLRQV�RI�JURZWK�DFFRXQWLQJ�DUH�UHOD[HG
WR�H[WHQG�WKH�PRGHO�
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0RGHUQ� LQIRUPDWLRQ� WHFKQRORJ\� LV�FKDQJLQJ�HFRQRPLHV�DURXQG� WKH�ZRUOG�
7KH� UHFHQW� GHYHORSPHQW� ODEHOHG� DV� LQIRUPDWLRQ� UHYROXWLRQ� KDV� EHHQ
FKDUDFWHUL]HG�E\�VKDUS�GHFOLQH�LQ�WKH�SULFHV�RI�LQIRUPDWLRQ�SURFHVVLQJ�DQG�D
UDSLG� JURZWK� LQ� FRPSXWLQJ� SRZHU�� ,QIRUPDWLRQ� WHFKQRORJ\� KDV� VKDSHG
SURGXFWLRQ� E\� LQWURGXFLQJ� QHZ� SURGXFWLRQ� PHWKRGV�� VXFK� DV� FRPSXWHU�
DLGHG�GHVLJQ�DQG�IOH[LEOH�PDQXIDFWXULQJ�V\VWHPV��(IILFLHQF\�DQG�TXDOLW\�RI
VHUYLFHV�KDYH� LPSURYHG�� IRU�H[DPSOH�� LQ� WKH� ILQDQFLDO�DQG�EDQNLQJ�VHFWRU�
&RPSDQLHV� KDYH� DGRSWHG� QHZ� ZD\V� RI� ZRUNLQJ� DQG� KDYH� DSSOLHG
LQIRUPDWLRQ� WHFKQRORJ\� LQ� DUHDV�ZKHUH� LW� KDV� QRW� EHHQ� XWLOL]HG� EHIRUH� DV
ZHOO� DV� LQYHQWLQJ� SURGXFWV� DQG� VHUYLFHV� ZKLFK� ZRXOG� QRW� KDYH� EHHQ
SRVVLEOH�WR�SURGXFH�EHIRUH�

7KH� VHHPLQJO\� XQOLPLWHG� SRWHQWLDO� RI� FRPSXWHUV� KDV� LQVWLJDWHG� YDVW
LQYHVWPHQWV� E\� FRPSDQLHV� DQG� JRYHUQPHQWV� LQ� LQIRUPDWLRQ� WHFKQRORJ\�
%UHDNWKURXJKV� LQ� FRPSXWHU� WHFKQRORJ\� DUH� DOVR� H[SHFWHG� WR� LQFUHDVH� WKH
TXDOLW\� RI� OLIH� DQG� RIIHU� QHZ� HPSOR\PHQW� RSSRUWXQLWLHV�� 7KH� JHQHUDO
RSLQLRQ� SUHVHQWHG� IRU� LQVWDQFH� LQ� WKH� EXVLQHVV� SUHVV� KDV� EHHQ� RSWLPLVWLF
DERXW� WKH� SD\RIIV� DQG� IXWXUH� JDLQV� WR� EH� DFKLHYHG� E\� LQIRUPDWLRQ
WHFKQRORJ\� �6LFKHO� ������ ���������� %U\QMROIVVRQ� DQG� +LWW� ������� �����
IRXQG� D� KLJK� UHWXUQ� RQ� FRPSXWHU� LQYHVWPHQW� DW� WKH� ILUP� OHYHO� DQG
VXEVWDQWLDO�FRQWULEXWLRQ�WR�FRQVXPHU�ZHOIDUH��%U\QMROIVVRQ�DQG�+LWW�������

$W� WKH� VDPH� WLPH�� WKHUH� KDYH� EHHQ� GRXEWV� DERXW� WKH� UROH� RI� LQIRUPDWLRQ
WHFKQRORJ\��,7��LQ�LPSURYLQJ�SURGXFWLYLW\��'HVSLWH�UDSLG�FRPSXWHUL]DWLRQ�
SURGXFWLYLW\� JURZWK� KDV� QRW� H[FHHGHG� WKH� WUHQG� DQG� FDQQRW� EH� OLQNHG� WR
LQFUHDVHV�LQ�FRPSXWHU�LQYHVWPHQW�LQ�WKH�ODVW�IHZ�\HDUV��)LJXUH���VKRZV�WKH
DFFHOHUDWLRQ� LQ� FRPSXWHU� KDUGZDUH� LQYHVWPHQW� LQ� WKH� ����V� DORQJ� ZLWK
ODERXU� SURGXFWLYLW\� LQ� WKH� QRQUHVLGHQWLDO� EXVLQHVV� VHFWRU�� /DERXU
SURGXFWLYLW\�LV�PHDVXUHG�DV�WKH�UDWLR�RI�QHW�YDOXH�DGGHG�LQ������SULFHV�DQG
KRXUV� ZRUNHG�� ,Q� UHFHQW� \HDUV�� SURGXFWLYLW\� KDV� QRW� IROORZHG� WKH� UDSLG
JURZWK� LQ�FRPSXWHU� LQYHVWPHQW��6RORZ� ����������� DQG�%DLO\� DQG�*RUGRQ
������� KDYH� UHIHUUHG� WR� WKLV� SKHQRPHQRQ� DV� SURGXFWLYLW\� SDUDGR[�� $
QXPEHU�RI�VWXGLHV�KDYH�IRXQG�WKDW�FRPSXWLQJ�HTXLSPHQW�KDV�HDUQHG�D�ORZ
UDWH� RI� UHWXUQ� RQ� LQYHVWPHQW� >L�D��2VWHUPDQ� �������� /RYHPDQ� ������� DQG
0RUULVRQ�DQG�%HUQGW� ������@��2OLQHU�DQG�6LFKHO� �������SURYLGH� WKH� VPDOO
VL]H�RI�FRPSXWHU�FDSLWDO�DV�DQ�H[SODQDWLRQ�IRU�WKH�SURGXFWLYLW\�SDUDGR[�
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FIGURE 1
COMPUTER HARDWARE INVESTMENT AND LABOUR PRODUCTIVITY

IN FINLAND,1983-96
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KDUGZDUH

SURGXFWLYLW\

6LQFH�DQ�LQFUHDVH�LQ�SURGXFWLYLW\�RU�RXWSXW�JURZWK�LV�WKH�XOWLPDWH�VRXUFH�RI
HFRQRPLF�ZHOO�EHLQJ� RI� D� QDWLRQ�� WKH� HIIHFW� RI� LQIRUPDWLRQ� WHFKQRORJ\� LQ
HFRQRPLF� JURZWK� LV� WKH� FUXFLDO� TXHVWLRQ��$UH� WKH� LPSDFWV� RI� LQIRUPDWLRQ
WHFKQRORJ\�RQ�SURGXFWLYLW\�GLIIHUHQW� IURP� VXFK� WHFKQRORJLFDO� DGYDQFHV� LQ
WKH� SDVW� DV� UDLOZD\V� RU� HOHFWULFLW\"� ,Q� RUGHU� WR� DQVZHU� WKLV� TXHVWLRQ�� WKH
HIIHFW� RI� FRPSXWHU� WHFKQRORJ\� RQ� HFRQRPLF� JURZWK� VKRXOG� EH� DVVHVVHG
WKRURXJKO\�

7KH�VHFRQG�TXHVWLRQ�LV�UHODWHG�WR�SROLF\�LVVXHV��,Q�(XURSH�DQG�LQ�WKH�86$��D
ODUJH� VFDOH� HIIRUW� LV� DERXW� WR� EH� HPEDUNHG� WR� GHYHORS� WKH� VR�FDOOHG
LQIRUPDWLRQ� VXSHUKLJKZD\�� &RPSDQLHV� FRQWLQXH� WR� LQYHVW� LQ� LQFUHDVLQJO\
SRZHUIXO�KDUGZDUH�DQG�VRIWZDUH�DORQJ�ZLWK�KRXVHKROGV�EX\LQJ�FRPSXWHUV
DQG� FRQQHFWLQJ� WR� WKH� ,QWHUQHW�� )RU� SROLF\�PDNHUV��PDQDJHUV� DQG� JHQHUDO
SXEOLF� LW� LV� YLWDO� WR� KDYH� UHDOLVWLF� H[SHFWDWLRQV� DERXW� WKH� VL]H� RI� WKH
DJJUHJDWH� HFRQRPLF� ERRVW� WR� EH� DWWDLQHG� IURP� LQIRUPDWLRQ� WHFKQRORJ\�� ,I
LQIRUPDWLRQ�WHFKQRORJ\�KDV�KHOSHG�WR�DFKLHYH�SURGXFWLYLW\�JDLQV��DOORFDWLRQ
RI�IXQGV�WR�FRPSXWHUV�FRXOG�SURGXFH�HQFRXUDJLQJ�UHVXOWV�IRU�WKH�HFRQRP\�
+RZHYHU�� LI� WKH� JDLQV� LQ� SURGXFWLYLW\� GR� QRW� FRUUHVSRQG� WR� WKH� FXUUHQW
LQYHVWPHQW�WUHQG��UHVRXUFHV�FRXOG�EH�DOORFDWHG�WR�RWKHU�WDUJHWV�

:H� DWWHPSW� WR� DQVZHU� WKH� TXHVWLRQV� DERYH� E\� DQDO\VLQJ� WKH� HIIHFW� RI
LQIRUPDWLRQ� WHFKQRORJ\� RQ� RXWSXW� JURZWK�� :H� EHJLQ� ZLWK� D� JURZWK
DFFRXQWLQJ�IUDPHZRUN�WR�FRPSXWH�WKH�FRQWULEXWLRQV�RI�FDSLWDO�� ODERXU�DQG
PXOWLIDFWRU� SURGXFWLYLW\�� 6XEVHTXHQWO\�� FDSLWDO� LV� GLYLGHG� LQWR� FRPSXWHU
KDUGZDUH�DQG�RWKHU�FDSLWDO��7R�WKLV�HQG��FRPSXWHU�FDSLWDO�VWRFN�LV�IRUPHG�
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6LQFH�FRPSXWHU�KDUGZDUH�FDQQRW�EH�XVHG�DORQH��WKH�IUDPHZRUN�LV�H[WHQGHG
WR� LQFOXGH� VRIWZDUH� DQG� FRPSXWHU� ODERXU�� WZR� RWKHU� FRPSRQHQWV� RI
FRPSXWHU�VHUYLFHV�

7KH� UHVXOWV� LQGLFDWH� WKDW� WKH�HIIHFW�RI�FRPSXWLQJ� WHFKQRORJ\�RQ�HFRQRPLF
JURZWK� KDV� EHHQ� FRQVLGHUDEO\� KLJK�� HVSHFLDOO\� LI� WKH� VKDUH� RI� FRPSXWHU
HTXLSPHQW� LQ� WKH� WRWDO� FDSLWDO� LV� WDNHQ� LQWR� DFFRXQW��'HVSLWH� WKH� IDFW� WKDW
FRPSXWHU�KDUGZDUH�DFFRXQWV�IRU�RQO\�WZR�SHU�FHQW�RI�WKH�QHW�FDSLWDO�VWRFN
LQ� )LQODQG�� LWV� FRQWULEXWLQJ� VKDUH� WR� QHW� RXWSXW� JURZWK� KDV� EHHQ
DSSUR[LPDWHO\� ��� SHU� FHQW� RI� WKH� FRQWULEXWLRQ� RI� RWKHU� SK\VLFDO� FDSLWDO�
$IWHU�H[WHQGLQJ�WKH�PRGHO�WR�LQFOXGH�VRIWZDUH�DQG�FRPSXWHU�ODERXU�LQ�WKH
JURZWK�DFFRXQWLQJ� IUDPHZRUN�� WKH�FRQWULEXWLRQ�RI� ,7�JURZV�E\�RQH�WKLUG�
2YHU�WKH�SHULRG����������WKH�DYHUDJH�DQQXDO�QHW�JURZWK�LQ�)LQODQG�ZDV����
SHU� FHQW�� RI� ZKLFK� QHDUO\� ���� SHUFHQWDJH� SRLQWV� FDQ� EH� DWWULEXWHG� WR
LQIRUPDWLRQ�WHFKQRORJ\�

7KH�RXWOLQH�RI�WKLV�SDSHU�LV�WKH�IROORZLQJ��7KH�PHWKRGRORJ\�RI�QHRFODVVLFDO
JURZWK� DFFRXQWLQJ� LV� SUHVHQWHG� LQ� VHFWLRQ� WZR�� 'DWD� DQG� HPSLULFDO
TXHVWLRQV�DUH�GHDOW�ZLWK�LQ�VHFWLRQ�WKUHH��IROORZHG�E\�UHVXOWV�LQ�VHFWLRQ�IRXU�
7KH� DVVXPSWLRQV� RI� WKH� QHRFODVVLFDO� PRGHO� DUH� UHOD[HG� LQ� VHFWLRQ� ILYH�
6HFWLRQ�VL[�FRQFOXGHV�WKH�SDSHU�

�����0(7+2'2/2*<

,Q�WKH�VWDQGDUG�QHRFODVVLFDO�JURZWK�DFFRXQWLQJ�IUDPHZRUN��WKH�FRQWULEXWLRQ
RI�DQ�LQSXW�WR�RXWSXW�JURZWK�GHSHQGV�RQ�WKH�LQFRPH�VKDUH�DQG�WKH�JURZWK
UDWH� RI� WKH� LQSXW�� 7KH� DVVXPSWLRQV� EHKLQG� WKH� 'HQLVRQ�VW\OH� JURZWK
DFFRXQWLQJ� DUH� WKH� IROORZLQJ�� )LUVW�� WKHUH� DUH� FRQVWDQW� UHWXUQV� WR� VFDOH� LQ
SURGXFWLRQ�� 6HFRQG�� LQSXW� PDUNHWV� DUH� FRPSHWLWLYH�� 7KLUG�� WKHUH� DUH� QR
H[WHUQDOLWLHV��6RPH�RI�WKHVH�DVVXPSWLRQV�DUH�UHOD[HG�ODWHU�EXW�ILUVW�ZH�EHJLQ
ZLWK�WKH�VWDQGDUG�IUDPHZRUN�

/HW�WKH�SURGXFWLRQ�IXQFWLRQ�EH

��� ���� 7/.)< =

ZKHUH�.� DQG�/� GHQRWH� FDSLWDO� DQG� ODERXU�� DQG� 7� UHSUHVHQWV� GLVHPERGLHG
WHFKQRORJLFDO� FKDQJH�RU�� LQ�RWKHU�ZRUGV�� VKLIWV� LQ� WKH�SURGXFWLRQ� IXQFWLRQ
RYHU�WLPH��7KH�VHFRQG�DVVXPSWLRQ�DERYH�LPSOLHV�WKDW�WKH�PDUJLQDO�SURGXFW
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RI� HDFK� LQSXW�;L� ��)��;L�� HTXDOV� LWV� UHDO� UHQWDO� SULFH� �UL�3��� WKDW� LV�� LQSXW
SULFH�GLYLGHG�E\�D�JHQHUDO�SULFH�LQGH[��7KLUG�DVVXPSWLRQ�HQVXUHV�WKDW�VRFLDO
DQG�SULYDWH�PDUJLQDO�SURGXFWV�DUH�HTXDO��7KH� VWDQGDUG�JURZWK� DFFRXQWLQJ
HTXDWLRQ� FDQ� EH� REWDLQHG� E\� GLIIHUHQWLDWLQJ� HTXDWLRQ� ���� ZLWK� UHVSHFW� WR
WLPH�DQG�GLYLGLQJ�E\�<�
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ZKHUH� VL� GHSLFWV� WKH� LQFRPH� VKDUH� RI� DQ� LQSXW� L�� DQG�0)3� � ��)��W��<�
VWDQGV�IRU�WKH�PXOWLIDFWRU�RU�WRWDO� IDFWRU�SURGXFWLYLW\��7KH�JURZWK�UDWH� L;

�

IRU�DQ�LQSXW�LV�GHILQHG�DV�WKH�QDWXUDO�ORJDULWKPLF�DQQXDO�FKDQJH�LQ�WKH�XVH
RI�WKH�LQSXW��$ERYH�WKH�LQFRPH�VKDUHV�VL�HTXDO�UL;L�3<�DQG��XVLQJ�WKH�ILUVW
DVVXPSWLRQ��LQFRPH�VKDUHV�DGG�WR�RQH�

�����(03,5,&$/�$33/,&$7,21�$1'�'$7$

,Q� WKH� HPSLULFDO� DSSOLFDWLRQ�� LQIRUPDWLRQ� WHFKQRORJ\� LQSXWV� ZLOO� EH
VHSDUDWHG�IURP�WKH�WUDGLWLRQDO�LQSXWV�.�DQG�/��)RU�LQVWDQFH��WKH�FRQWULEXWLRQ
RI�SK\VLFDO�FDSLWDO�LV�GLYLGHG�LQWR�WKH�FRQWULEXWLRQ�IURP�FRPSXWHU�KDUGZDUH
DQG�RWKHU�SK\VLFDO�FDSLWDO�

���
��
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ZKHUH� VXEVFULSW� F� DQG� N� GHQRWH� FRPSXWHU� KDUGZDUH� DQG� RWKHU� FDSLWDO�
UHVSHFWLYHO\��,QFRPH�VKDUH�IRU�FRPSXWHUV��VF��LV�XQREVHUYDEOH��+RZHYHU��LI
WKH�UHQWDO�UDWH�DQG�LQYHVWPHQW�LQ�FRPSXWLQJ�HTXLSPHQW�DUH�NQRZQ��LQFRPH
VKDUH�FDQ�EH�HVWLPDWHG�

7KH� HIIHFW� RI� GHFOLQLQJ� SULFHV� LV� WDNHQ� LQWR� DFFRXQW� LQ� D� PRUH� SUHFLVH
GHILQLWLRQ�RI�WKH�UHDO�UHQWDO�UDWH�U��,Q�WKH�FDVH�RI�FRPSXWHU�KDUGZDUH��WKH�QHW
UHQWDO� UDWH� FRQVLVWV� RI� L�� WKH� FRPSHWLWLYH� UDWH� RI� UHWXUQ� RQ� IL[HG� FDSLWDO�
GHSUHFLDWLRQ�UDWH�d�DQG�WKH�FKDQJH�LQ�FRPSXWHU�SULFH�LQGH[�SF�
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'HILQHG�WKLV�ZD\��WKH�UHQWDO�UDWH�LQFRUSRUDWHV�WKH�SDUW�RI�UHWXUQ�UHTXLUHG�WR
FRPSHQVDWH�IRU�WKH�GHWHULRUDWLRQ�RI�FDSLWDO��,W�DOVR�LQFOXGHV�WKH�SURILW��ORVV�
VWHPPLQJ�IURP�D�LQFUHDVH��GHFUHDVH��LQ�WKH�LQSXW�SULFH��)RU�LQVWDQFH��LI�WKH
SULFH�RI�FDSLWDO�LQFUHDVHV��WKH�ILUP�EHQHILWV�IURP�KDYLQJ�DFTXLUHG�LW�HDUOLHU�
SULRU�WR�WKH�LQFUHDVH�LQ�SULFH�RU�LWV�UDWH�RI�JURZWK��1HJDWLYH�FDSLWDO�JDLQV�DUH
VRPHWLPHV� XVHG� IRU� WKH� ODVW� WZR� WHUPV�� VLQFH� WKHVH� GHVFULEH� EHWWHU� WKH
WHFKQRORJLFDO� GHWHULRUDWLRQ�ZKLFK� IRU� FRPSXWHUV� LV�PRUH� DSSURSULDWH� WKDQ
SK\VLFDO�ZHDULQJ�RXW�

6LQFH�D�ILUP�VROYHV�WKH�RSWLPDO�FKRLFH�RI�LQSXWV�HYHU\�\HDU�E\�FRPSDULQJ
WKH� FXUUHQW� LQSXW� SULFHV�� WKH�XVH� RI� LQSXW�;L� FDQ� EH� H[SUHVVHG� LQ� QRPLQDO
WHUPV�� SL.L� IRU� WKH� FDSLWDO� VWRFN� RI� LQSXW� L� RU� S//� IRU� ODERXU� LQSXW�� )RU
FRPSXWHU�KDUGZDUH��WKH�LQFRPH�VKDUH�EHFRPHV
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)RU�JURZWK�DFFRXQWLQJ��GDWD� IRU�RXWSXW�<�DQG� LQSXWV�;L� DUH�QHHGHG�� DORQJ
ZLWK�SULFH�LQGLFHV� WR�REWDLQ�UHDO�JURZWK� UDWHV��7KH�YDULDEOHV�DUH�FRPSLOHG
IURP� D� QXPEHU� RI� WLPH� VHULHV�� 7KH� FDSLWDO� XVHG� E\� JRYHUQPHQW� DQG
KRXVHKROGV�LV�RPLWWHG�LQ�JURZWK�DFFRXQWLQJ�VLQFH�LW�GRHV�QRW�FRQWULEXWH�WR
WKH�PHDVXUHG�RXWSXW�LQ�WKHVH�SDUWV�RI�WKH�HFRQRP\��VHH�H�J��'HQLVRQ�������
7KXV�� WKH� VFRSH� RI� WKH� VWXG\� LV� WKH� SULYDWH� QRQUHVLGHQWLDO� EXVLQHVV� VHFWRU
H[FOXGLQJ�IDUPLQJ��7KLV�DSSOLHV�WR�DOO�YDULDEOHV�LQ�WKH�PRGHO��)RU�LQVWDQFH�
WKH� ODERXU� LQSXW� GRHV� QRW� LQFOXGH� ODERXU� LQ� DJULFXOWXUH�� SXEOLF� VHFWRU� DQG
UHVLGHQWLDO�VHFWRU�

7KH� NH\� YDULDEOHV� LQ� WKH� JURZWK� DFFRXQWLQJ� PRGHO� DUH� QRZ� EULHIO\
GHVFULEHG�� 7KH� JURZWK� UDWHV� LQ� WKH� VWXG\� DUH� PHDVXUHG� DV� QDWXUDO
ORJDULWKPLF�FKDQJHV��:KHQ�\HDU�E\�\HDU�FKDQJHV�DUH�PHDVXUHG��WKH�DQQXDO
FKDQJH�LV�GHILQHG�DV�OQ�;W��OQ�;W����

��� 2XWSXW

2XWSXW�<� LV�GHILQHG�DV�YDOXH�DGGHG�DW�SURGXFHU�SULFH��%RWK�JURVV�DQG�QHW
RXWSXWV�DUH�FDOFXODWHG��WKH�ODWWHU�EHLQJ�GHILQHG�DV�JURVV�YDOXH�DGGHG�PLQXV
GHSUHFLDWLRQ� IRU� HDFK� \HDU�� 1RWH� WKDW� WKH� GHQRPLQDWRU� LQ� HTXDWLRQ� ���� LV
JLYHQ� LQ� QRPLQDO� WHUPV�� :KHQ� LQFRPH� VKDUHV� DUH� FRPSXWHG�� WKH
GHQRPLQDWRU� LV� HLWKHU�JURVV�RU� QHW� QRPLQDO� RXWSXW�� GHSHQGLQJ�RQ�ZKHWKHU
ZH�ORRN�DW�JURVV�RU�QHW�RXWSXW�JURZWK�
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��� /DERXU

/DERXU�LQSXW�GHSHQGV�RQ�WKH�TXDQWLW\�DQG�WKH�TXDOLW\�RI�ODERXU��7KH�IRUPHU
LV�PHDVXUHG� E\� ODERXU� KRXUV�� /DERXU� FRVWV� FRQVLVW� RI� ZDJHV� DQG� SD\UROO
WD[HV��7KHVH�DUH�QHHGHG�WR�FDOFXODWH�WKH�LQFRPH�VKDUH�RI�ODERXU�LQSXW��7KH
UHDO� JURZWK� LQ� ODERXU� LQSXW� LV� PHDVXUHG� E\� WKH� FKDQJH� LQ� WRWDO� KRXUV
ZRUNHG��7KH�LQFRPH�VKDUH�RI�ODERXU�LV�GHQRWHG�E\�V/� �3//�3<<��ZKHUH�<�LV
HLWKHU� JURVV� RU� QHW� YDOXH� DGGHG�� GHSHQGLQJ� ZKHWKHU� ZH� DQDO\VH
FRQWULEXWLRQV�WR�JURVV�RU�QHW�RXWSXW�

7KH�FKDQJHV� LQ� WKH�TXDOLW\�RI� ODERXU�VKRXOG�EH� LQFRUSRUDWHG� LQ� WKH�ODERXU
LQSXW� FDOFXODWLRQ�� )DFWRUV� DIIHFWLQJ� WKH� TXDOLW\� RI� ODERXU� LQSXW� LQFOXGH
YDULRXV�GHPRJUDSKLF�YDULDEOHV�VXFK�DV�DJH�DQG�HGXFDWLRQ��:H�DVVXPH�WKDW
ODERXU�PDUNHWV� DUH� FRPSHWLWLYH�� WKDW� LV��PDUJLQDO� SURGXFW� RI� DQ� HPSOR\HH
HTXDOV� KLV� ZDJH�� 7KHUHIRUH�� WKH� YDULDWLRQV� LQ� ZDJHV� VWHPPLQJ� IURP
GLIIHUHQFHV� LQ� DJH� DQG� HGXFDWLRQ� FDQ� EH� XVHG� WR� FUHDWH� D� SUR[\� IRU
TXDOLWDWLYH� FKDQJHV�� )RU� LQVWDQFH�� LI� WKH� HGXFDWLRQDO� OHYHO� RI� HPSOR\HHV
ULVHV� DQG� HPSOR\HHV� ZLWK� KLJKHU� HGXFDWLRQ� HDUQ� D� ZDJH� SUHPLXP�� WKH
TXDOLW\� RI� ODERXU� LQSXW� KDV� LQFUHDVHG�� $JH� FDQ� EH� VHHQ� DV� D� SUR[\� IRU
H[SHULHQFH�� $OVR� WKH� JHQGHU� RI� DQ� HPSOR\HH� FDQ� JLYH� ULVH� WR� ZDJH
SUHPLXPV� HYHQ� WKRXJK� LW� LV� QRW� HDVLO\� FRPSDWLEOH� ZLWK� WKH� WKHRU\� RI
HIILFLHQW�ODERXU�PDUNHWV�

:H� XVH� HGXFDWLRQ� WR� FDSWXUH� WKH� TXDOLW\� FKDQJHV� LQ� ODERXU� LQSXW�� 2I� WKH
DERYH�PHQWLRQHG�YDULDEOHV��HGXFDWLRQDO�OHYHO�KDV�FKDQJHG�WKH�PRVW�GXULQJ
RXU�REVHUYDWLRQ�SHULRG�RI����������7KH�DJH�VWUXFWXUH�DQG�WKH�SDUWLFLSDWLRQ
RI�ZRPHQ� LQ� WKH�ZRUN� IRUFH� KDYH�EHHQ� TXLWH� VWDEOH� LQ� WKDW� SHULRG�� 7KXV�
HGXFDWLRQ� LV� D� VXLWDEOH� YDULDEOH� IRU� PHDVXULQJ� FKDQJHV� LQ� WKH� TXDOLW\� RI
ODERXU� LQSXW�� )RU� WKLV� SXUSRVH��ZH� FUHDWH� D� TXDOLW\� LQGH[� IRU� ODERXU�� 7KH
LQGH[� WDNHV� FKDQJHV� LQ� HGXFDWLRQDO� OHYHO� LQWR� DFFRXQW�� ,W� LV� GHVFULEHG� LQ
GHWDLO�LQ�DSSHQGL[�,�

7KH� ULVH� LQ� HGXFDWLRQDO� OHYHO� DFFRXQWV� IRU� VRPH� RI� WKH� LQFUHDVH� LQ� WKH
TXDOLW\� RI� ODERXU�� +RZHYHU�� LW� IDLOV� WR� FDSWXUH� IRU� H[DPSOH� OHDUQLQJ� E\
GRLQJ��/HDUQLQJ�DW�WKH�ZRUNSODFH�SUREDEO\�RFFXUV�LI�DQ�HPSOR\HH�UHFHLYHV�D
UDLVH� DIWHU� EHJLQQLQJ� WR� XVH� D� FRPSXWHU� DW� ZRUN�� :DJH� SUHPLXPV� IRU
FRPSXWHU�XWLOL]DWLRQ�KDYH�LQGHHG�EHHQ�UHSRUWHG�±�WKLV�ZLOO�EH�GLVFXVVHG�LQ
VHFWLRQ�ILYH��3DUW�RI�WKH�ZDJH�SUHPLXP�IRU�HGXFDWLRQ�FDQ�EH�H[SODLQHG�E\
WKH� LQFUHDVH� LQ� FRPSXWHU� XVDJH��$FFRUGLQJ� WR�.UXHJHU� �������� DOPRVW� ��
SHU� FHQW� RI� WKH� UHWXUQ� RQ� VFKRROLQJ� VWHPV� IURP� LQFUHDVHG� FRPSXWHU� XVH�
7KLV�LV�FDSWXUHG�E\�WKH�DERYH�HVWLPDWHV��+RZHYHU��LQVWDOODWLRQ�RI�FRPSXWHUV
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DOVR�DIIHFWV�HIILFLHQF\�WKURXJK�QHZ�ZRUNLQJ�PHWKRGV�DQG�LPSURYHG�VNLOOV�
7KLV�LV�UHIOHFWHG�LQ�WKH�ZDJH�SUHPLXPV�RI�DOO�FRPSXWHU�OLWHUDWH�HPSOR\HHV
LUUHVSHFWLYH� RI� WKHLU� HGXFDWLRQDO� EDFNJURXQG�� /DWHU� ZH� ZLOO� GLVFXVV� WKH
GLUHFW�HIIHFW�RI�FRPSXWHU�XVH�RQ�ODERXU�SURGXFWLYLW\�

��� &DSLWDO

&DSLWDO�VWRFN�LV�GHILQHG�DV�QHW�FDSLWDO�VWRFN��7KH�JURZWK�UDWH�RI�WKH�FDSLWDO
LQSXW�LV�EDVHG�RQ�WKH�JURZWK�UDWH�RI�QHW�FDSLWDO�VWRFN��,Q�JURZWK�DFFRXQWLQJ
UHVXOWV� IRU� ERWK� JURVV� DQG� QHW� RXWSXW� JURZWK� DUH� FDOFXODWHG�� 1RWH� WKDW� LQ
ERWK� FDVHV�� QHW� FDSLWDO� VWRFN� LV� XVHG�� *URVV� FDSLWDO� VWRFN� LQFOXGHV
DFFXPXODWHG�GHSUHFLDWLRQ�DQG�LV�QRW�QHHGHG�LQ�WKH�FDOFXODWLRQV��,WV�DEVROXWH
YDOXH� LV� DERXW� WKUHH� WLPHV� KLJKHU� WKDQ� WKH� YDOXH� DGGHG� LQ� QRQUHVLGHQWLDO
EXVLQHVV�VHFWRU�DW�SURGXFHU�SULFH�

5HVLGHQWLDO�FDSLWDO� LV�RPLWWHG�IURP�FDSLWDO�VWRFN�IRU� WKH�UHDVRQV�H[SODLQHG
DERYH��7KH�LQFRPH�VKDUH�RI�FDSLWDO�LV�UHWULHYHG�DV�UHVLGXDO��VHH�H�J��'ROODU
DQG�:ROII��������������,W�HTXDOV

V.� ���V/�

,Q� WKH�EDVLF�PRGHO�ZLWK�RQO\�/�DQG�.�DV�LQSXWV�� WKH�DERYH� LQFRPH�VKDUHV
DGG� WR� XQLW\�� ,Q� WKH� H[WHQGHG� JURZWK� DFFRXQWLQJ� PRGHOV�� WKH� DERYH
FRQGLWLRQ�LV�DOVR�LPSRVHG�EHIRUH�LQFOXGLQJ�DGGLWLRQDO�LQSXWV�

��� &RPSXWHU�KDUGZDUH�DQG�VRIWZDUH

'XH�WR�GDWD�UHVWULFWLRQV��HPSLULFDO�VWXGLHV�RQ�WKH�LQYHVWPHQW�LQ�LQIRUPDWLRQ
WHFKQRORJ\� KDYH� EHHQ� FDUULHG� RXW� PDLQO\� ZLWK� 86� DQG� &DQDGLDQ� GDWD�
6WDWLVWLFDO�DXWKRULWLHV� LQ�)LQODQG�KDYH�QRW� V\VWHPDWLFDOO\�FROOHFWHG�GDWD�RQ
LQIRUPDWLRQ�WHFKQRORJ\�LQYHVWPHQW��7KH�JRYHUQPHQW�KDV�FRPSLOHG�VWDWLVWLFV
RQO\�RQ�LWV�RZQ�LQYHVWPHQW��,Q�)LQODQG��RQO\�,QWHUQDWLRQDO�'DWD�&RUSRUDWLRQ
�,'&��KDV�FROOHFWHG�LQYHVWPHQW�GDWD�RQ�WKH�ZKROH�HFRQRP\�

&RPSXWHU� FDSLWDO� VHULHV� IRU� ERWK� KDUGZDUH� DQG� VRIWZDUH� DUH� FRQVWUXFWHG
IURP� WKH� LQYHVWPHQW� VHULHV� REWDLQHG� IURP� ,'&� )LQODQG�� 7KHVH� VHULHV
UHSUHVHQW�WKH�VDOHV�RI�FRPSXWLQJ�HTXLSPHQW�LQ�)LQODQG�DQG�LQFOXGH�ERWK�WKH
SULYDWH�DQG�SXEOLF� VHFWRU��6LQFH� WKH�SXUFKDVH�RI� FRPSXWHU� HTXLSPHQW� DQG
VRIWZDUH� LV� LQFUHDVLQJO\� GHFHQWUDOL]HG� LQ� FRPSDQLHV�� DQ� LQTXLU\� DPRQJ
LQIRUPDWLRQ�WHFKQRORJ\�GHSDUWPHQWV�LV�D� OHVV� UHOLDEOH�PHWKRG� WKDQ�JHWWLQJ
VDOHV�ILJXUHV�GLUHFWO\�IURP�WKH�GLVWULEXWRUV��7KH�,'&�WLPH�VHULHV�FRYHU� WKH
VDOHV� RI� FRPSXWHU� KDUGZDUH�� VRIWZDUH� DQG� FRPSXWHU� VHUYLFHV� VLQFH� �����
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3XUFKDVHV�E\� WKH�JRYHUQPHQW�DQG�PXQLFLSDOLWLHV� �DERXW����SHU�FHQW�RI�DOO
VDOHV�� DUH� VXEWUDFWHG� IURP� WKH� LQYHVWPHQW� VHULHV� WR� REWDLQ� ILJXUHV� IRU� WKH
EXVLQHVV� VHFWRU�� )LJXUH� �� LOOXVWUDWHV� WKH� VKDUH� RI� FRPSXWHU� LQYHVWPHQW� LQ
QRQ�UHVLGHQWLDO� LQYHVWPHQW� DQG� WKH� VKDUH� RI� FRPSXWHU� FDSLWDO� LQ� WKH� WRWDO
QRQ�UHVLGHQWLDO�FDSLWDO�VWRFN�LQ�WKH�)LQQLVK�EXVLQHVV�VHFWRU�

FIGURE 2
 COMPUTER SHARES IN NON-RESIDENTIAL INVESTMENT

 AND IN CAPITAL STOCK IN THE FINNISH BUSINESS SECTOR, 1983-96
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'DWD� RQ� JRYHUQPHQW� DQG� PXQLFLSDOLW\� LQYHVWPHQW� LQ� LQIRUPDWLRQ
WHFKQRORJ\�DUH�REWDLQHG� IURP� ,QIRUPDWLRQ�7HFKQRORJ\� LQ� WKH�JRYHUQPHQW
DQQXDOV� DQG� IURP� WKH� $VVRFLDWLRQ� RI� )LQQLVK� /RFDO� DQG� 5HJLRQDO
$XWKRULWLHV��'HWDLOHG�LQIRUPDWLRQ�RQ�PXQLFLSDOLWLHV¶�LQYHVWPHQW�LV�DYDLODEOH
IURP�������(VWLPDWHV�IRU�HDUOLHU�\HDUV�KDYH�EHHQ�EDVHG�RQ�WKH�DVVXPSWLRQ
WKDW� WKH� UDWLR� EHWZHHQ� PXQLFLSDOLWLHV¶� DQG� JRYHUQPHQW¶V� LQYHVWPHQWV� KDV
EHHQ�WKH�VDPH�DV�LQ�WKH�SHULRG�RI���������LQ�HDFK�FDWHJRU\�RI�,7�RXWOD\V�
7KH�DYHUDJH�LQYHVWPHQW�VKDUH�RI�WKH�SULYDWH�EXVLQHVV�VHFWRU�LQ���������KDV
EHHQ����SHU�FHQW��ZKLOH�DYHUDJH�LQYHVWPHQW�VKDUHV�RI�PXQLFLSDOLWLHV�DQG�WKH
JRYHUQPHQW�KDYH�EHHQ����SHU�FHQW�DQG���SHU�FHQW��UHVSHFWLYHO\�

&DSLWDO� VWRFNV� IRU� KDUGZDUH� DUH� FRQVWUXFWHG�E\� DSSO\LQJ� D� GLVWULEXWLRQ� RI
GHSUHFLDWLRQ� IDFWRUV��2OLQHU� �������HVWLPDWHG�D�GHSUHFLDWLRQ�SURILOH�ZKLFK
FDQ�EH�XVHG�DV�ZHLJKWV� WR�FDOFXODWH�QHW�FRPSXWHU�FDSLWDO� VWRFN� LQ�D�JLYHQ
\HDU��7KLV�SURILOH�LV�DOVR�XVHG�E\�WKH�%XUHDX�RI�(FRQRPLF�$QDO\VLV��%($��
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:H� FRQVWUXFW� WKH� )LQQLVK� QHW� VWRFNV� XVLQJ� WKH� VDPH� GLVWULEXWLRQ� RI
GHSUHFLDWLRQ�UDWHV��2Q�DYHUDJH��FRPSXWHU�KDUGZDUH�QHW�VWRFN�DFFRXQWHG�IRU
����SHU� FHQW� RI� WKH� WRWDO� SK\VLFDO� FDSLWDO� QHW� VWRFN� LQ� WKH� EXVLQHVV� VHFWRU�
7KLV� LV� LQ� OLQH� ZLWK� WKH� VXUYH\� FRQGXFWHG� E\� 6WDWLVWLFV� )LQODQG� LQ� �����
ZKHUH� RIILFH� FRPSXWHUV� DFFRXQWHG� IRU� WZR� SHU� FHQW� RI� WKH� IL[HG� FDSLWDO
VWRFN�LQ�LQGXVWU\��7HROOLVXXGHQ�Nl\WW|RPDLVXXV�MD�WHNQRORJLD�����������,W�LV
UHDVRQDEOH� WR� DVVXPH� WKDW� WKH� VKDUH� RI� FRPSXWHUV� VKRXOG� EH� VRPHZKDW
KLJKHU� RQFH� WKH� VHUYLFH� VHFWRU� LV� LQFOXGHG�� ,Q� WKH�86$�� HVWLPDWHV� IRU� WKH
VKDUH� RI� FRPSXWHUV� DUH� DERXW� WKH� VDPH�� ���� SHU� FHQW� RI� WRWDO� QHW� FDSLWDO
VWRFN� LQ� ����� �2OLQHU� DQG� 6LFKHO� ������ ����� RU� ���� SHU� FHQW� LQ� ODUJH
FRUSRUDWLRQV�LQ�������%U\QMROIVVRQ�DQG�+LWW������������

)RU� WKH� VDNH�RI� FRPSDULVRQ��ZH� FDOFXODWHG�QHW� VWRFNV�ZLWK� D� VWUDLJKW� OLQH
GHSUHFLDWLRQ�RI����SHU�FHQW��7KH������FDSLWDO�VWRFN�LV�FDOFXODWHG�EDVHG�RQ
WKH�DVVXPSWLRQ�WKDW�LQ���������LQYHVWPHQWV�JUHZ�DW�WKH�VDPH�UDWH�DV�GXULQJ
WKH� REVHUYDWLRQ� SHULRG�� ����� LV� WKH� EDVH� \HDU� EHFDXVH� WKH� ILUVW� FRPSXWHU
ZDV� DFTXLUHG� LQ� )LQODQG� WKDW� \HDU� �ZZZ�YDOW�KHOVLQNL�IL�DWN�NLUMD�
ODVNHQWD�\OHLVWD�KWP���$FFRUGLQJ�WR�WKH�SHUSHWXDO�LQYHQWRU\�PHWKRG��WKH�QHW
VWRFN�LV�D�OLWWOH�VPDOOHU�������SHU�FHQW�RI�WKH�SK\VLFDO�FDSLWDO�QHW�VWRFN��2Q
WKH�RWKHU�KDQG��WKH�JURZWK�UDWH�RI�UHDO�QHW�VWRFN�LV�KLJKHU�WKDQ�LQ�WKH�VWRFN
FUHDWHG�E\�2OLQHU��������GHSUHFLDWLRQ�SURILOH�

6RIWZDUH�VWRFN�LV�FDOFXODWHG�ZLWK�D�SHUSHWXDO� LQYHQWRU\�PHWKRG�XWLOL]LQJ�D
GHSUHFLDWLRQ� UDWH� RI� ��� SHU� FHQW�� 7KLV� ILJXUH� LV� XVHG� DOVR� E\� 2OLQHU� DQG
6LFKHO� �������� 7KH� QHW� VWRFN� IRU� ����� LV� FRPSXWHG� DV� LQ� WKH� FDVH� RI
KDUGZDUH�

,Q�RUGHU� WR� HVWLPDWH� LQFRPH� VKDUHV� IRU�KDUGZDUH� DQG� VRIWZDUH� LQSXWV�� WKH
UHQWDO� UDWH� IRU� FRPSXWLQJ� HTXLSPHQW� QHHGV� WR� EH� HVWLPDWHG�� 7KLV� LV

UHSUHVHQWHG�E\� ��
�

-+ SL Fd �LQ�HTXDWLRQ����7KH�ODVW�WZR�WHUPV�GHSLFW�WKH�UDWH
RI� GHFOLQH� LQ� WKH� DVVHW¶V� PDUNHW� YDOXH� UHVXOWLQJ� IURP� GHWHULRUDWLRQ� DQG
REVROHVFHQFH�FDXVHG�E\�D�GHFOLQH�LQ�TXDOLW\�DGMXVWHG�SULFHV��)RU�WKH�ODWWHU�
WKH� �%($�� KHGRQLF� SULFH� LQGH[� IRU� FRPSXWLQJ� HTXLSPHQW� KDV� EHFRPH
DOPRVW�WKH�QRUP�IRU�DGMXVWLQJ�FRPSXWHU�SULFHV�WR�TXDOLW\�FKDQJHV��7KH�%($
SULFH�LQGH[�KDV�DOVR�EHHQ�WKH�NH\�IDFWRU�EHKLQG�WKH�GHFLVLRQ�LQ�WKH�86$�WR
VZLWFK�IURP�IL[HG�ZHLJKWV�WR�FKDLQ�ZHLJKWHG�LQGH[�LQ�FDOFXODWLQJ�JURZWK�LQ
*'3�DQG�LQGXVWULDO�RXWSXW��2(&'�����������

7KH� %($� FRPSXWHU� HTXLSPHQW� SULFH� LQGH[� ZDV� LQWURGXFHG� LQ� ������ 7KH
,%0�%($� KHGRQLF� LQGH[� ZDV� WKH� RULJLQDO� SULFH� LQGH[� GHVLJQDWHG� IRU
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PDLQIUDPH�FRPSXWHUV��/DWHU��RWKHU�LQGLFHV�KDYH�EHHQ�FUHDWHG�IRU�GLVN�DQG
WDSH�GULYHV��WHUPLQDOV��3&V�DQG�SULQWHUV��)RU�WKH�\HDUV�IURP������RQZDUG�
%($�KDV�XSGDWHG�VDPSOHV��UH�HVWLPDWHG�KHGRQLF�UHJUHVVLRQV�DQG�FRPSXWHG
SULFH� LQGLFHV� XVLQJ� WKH� VDPH�PHWKRGRORJ\�� 7KLV�PHWKRG� LV� UHIHUUHG� WR� DV
´PDWFKHG�PRGHO�ZLWK�KHGRQLF�LPSXWDWLRQ�RI�PLVVLQJ�SULFHV´��7KH�KHGRQLF
IXQFWLRQ� LV� XVHG� WR� LPSXWH� D� SULFH� ZKHQ� D� SDUWLFXODU� FRPSXWHU� PRGHO� LV
SUHVHQW� LQ� RQH� \HDU� EXW� PLVVLQJ� LQ� DQRWKHU�� +RZHYHU�� QR� LPSXWDWLRQ� LV
QHHGHG�ZKHQ�D�FRPSXWHU�PRGHO�LV�SUHVHQW�LQ�ERWK�\HDUV�IRU�ZKLFK�DQ�LQGH[
LV�FRPSLOHG��7ULSOHWW��������������

FIGURE 3
PRICE INDEXES (1990=100) WITH AND WITHOUT QUALITY ADJUSTMENT
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4XDOLW\�$GMXVWHG�%($�&RPSXWHU�(TXLSPHQW�3ULFH�,QGH[

6WDWLVWLFV�)LQODQG�3URGXFHU�3ULFH�,QGH[�IRU�2IILFH�DQG�&RPSXWLQJ�(TXLSPHQW

)LJXUH� �� LOOXVWUDWHV� WKH� GUDVWLF� GHFOLQH� LQ� TXDOLW\�DGMXVWHG� SULFHV� IRU
FRPSXWLQJ� HTXLSPHQW�� 7KH� %($� KHGRQLF� SULFH� LQGH[� ZDV� DYDLODEOH� WLOO
����� �7ULSOHWW� ������ ����� )RU� ����� DQG� ����� WKH� LQGH[� KDV� EHHQ
VXSSOHPHQWHG�ZLWK�WKH�%XUHDX�RI�/DERXU�6WDWLVWLFV�SURGXFHU�SULFH�LQGH[�IRU
6,&���� �RIILFH�� FRPSXWLQJ� DQG� DFFRXQWLQJ�PDFKLQHV��� 7KH� %/6� LQGH[� LV
DOVR�TXDOLW\�DGMXVWHG��VHH�H�J��6LQFODLU�DQG�&DWURQ�������DQG�ZZZ�EOV�JRY��

2OLQHU�DQG�6LFKHO�������������HVWLPDWHG�WKH�FRPELQHG�HIIHFW�RI� ��
�

- SFd �WR
KDYH�DYHUDJHG������SHU�FHQW�DQQXDOO\�LQ����������7KLV�LV�EDVHG�RQ�WKH�%($
GDWD��8QIRUWXQDWHO\��WKHUH�LV�QR�TXDOLW\�DGMXVWHG�FRPSXWHU�RU�VRIWZDUH�SULFH
LQGH[�IRU�)LQQLVK�GDWD��7KXV��ZH�KDYH�WR�DVVXPH�WKDW�FRPSXWHU�SULFHV�KDYH
IROORZHG�WKH�VDPH�GHFOLQLQJ�WUHQG�DV�LQ�WKH�86$�
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$FFRUGLQJ� WR� (XURSHDQ� ,QIRUPDWLRQ� 7HFKQRORJ\� 2EVHUYDWRU\� �(,72� ���
����������LQ�WKH�����V�SULFH�G\QDPLFV�LQ�(XURSH�YHU\�FORVHO\�IROORZHG�WKH
GHYHORSPHQWV� RI� WKH� 86$� WZR� \HDUV� DIWHU� WKH� LQWURGXFWLRQ� RI� D� QHZ� 3&
JHQHUDWLRQ��$OVR��WKHUH�KDV�EHHQ�D�ODJ�EHIRUH�QHZ�PRGHOV�KDYH�SHQHWUDWHG
WKH� (XURSHDQ� PDUNHW� DV� FDQ� EH� VHHQ� LQ� )LJXUH� ��� )XUWKHUPRUH�� .RWROD
�����������HVWLPDWHG�WKDW�WKH�SULFHV�RI�3&V�GHFUHDVHG������SHU�FHQW�D�\HDU
LQ� ��������� 7KH� VWXG\� ZDV� EDVHG� RQ� D� PDWFKHG� PRGHO� HVWLPDWLRQ� ZLWK
VWXGHQW� RU� DFDGHPLF� SULFHV�� 'XULQJ� WKH� VDPH� SHULRG�� WKH� %($� FRPSXWHU
LQGH[�GHFOLQHG����SHU�FHQW�DQQXDOO\��7KHUHIRUH�� LW� LV�UHDVRQDEOH�WR�DVVXPH
WKDW� WKH� SULFH� G\QDPLFV� GR� QRW� GLIIHU� JUHDWO\� LQ� WKH� ORQJ� UXQ�� ,Q� RXU

FDOFXODWLRQV�� ZH� KDYH� XVHG� D� YDOXH� RI� ��� SHU� FHQW� IRU� ��
�

- SFd LQ� WKH
EHQFKPDUN� FDVH�� ,Q� RUGHU� WR� LOOXVWUDWH� WKH� HIIHFW� RI� TXDOLW\� DGMXVWPHQW� LQ
FRPSXWHU�SULFHV��DQ�DOWHUQDWLYH�HVWLPDWLRQ�KDV�EHHQ�FDUULHG�RXW�ZLWK�D�QRQ�
KHGRQLF�SULFH�LQGH[��6XPPDUL]HG�UHVXOWV�FDQ�EH�IRXQG�LQ�DSSHQGL[�,,�

7KH�SDUDPHWHU�YDOXH�IRU�WKH�QHW�UHQWDO�UDWH�L�HTXDOV������SHU�FHQW��7KLV�LV�WKH
DYHUDJH�ORQJ�WHUP�LQWHUHVW�UDWH�LQ�)LQODQG�IRU�WKH���������SHULRG�DFFRUGLQJ
WR�WKH�2(&'�(FRQRPLF�2XWORRN�

)RU�QHW�RXWSXW�JURZWK�DFFRXQWLQJ��WKH�HIIHFW�RI� ��
�
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d �LV�GURSSHG�VLQFH�WKH
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1RWH�WKDW�ZH�JHW�DQ�LQFRPH�VKDUH�IRU�HDFK�\HDU��$YHUDJH�LQFRPH�VKDUHV�LQ
�������� IRU� QHW� DQG� JURVV� KDUGZDUH� VWRFN� ZHUH� ���� DQG� ���� SHU� FHQW�
UHVSHFWLYHO\�� :KHQ� WKH� FRQWULEXWLRQ� IURP� KDUGZDUH� LV� FRPSXWHG�� WKH
LQFRPH�VKDUH�LV�WDNHQ�DV�DQ�DYHUDJH�RI�WZR�\HDUV��>VF�W��VF�W���@����,QFRPH
VKDUHV� VF� DUH� WKHQ� PXOWLSOLHG� E\� WKH� DQQXDO� JURZWK� UDWHV� OQ�;W��OQ�;W����
6XEVHTXHQWO\�� WKH�DYHUDJH�FRQWULEXWLRQ�FDQ�EH�FRPSXWHG�DV� WKH�DULWKPHWLF
DYHUDJH�RYHU�WKH�\HDUV�

$OWHUQDWLYHO\�� ZH� FRXOG� FDOFXODWH� WKH� FRQWULEXWLRQ� E\� PXOWLSO\LQJ� WKH
DYHUDJH� LQFRPH� VKDUH�E\� DYHUDJH� DQQXDO� JURZWK� UDWH� FDOFXODWHG� IURP� WKH
ILUVW�DQG�WKH�ODVW�\HDU��7KH�UHVXOWV�DUH�UREXVW�LQ�WKH�VHQVH�WKDW�WKH�GLIIHUHQFHV
EHWZHHQ�WKHVH�PHWKRGV�DUH�QHJOLJLEOH�
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FIGURE 4
CONVERGENCE OF AVERAGE SELLING PRICES FOR 486DX PCS

(US VERSUS EUROPE), ECU, 1991–98

6RXUFH��(,72���������

��� &RPSXWHU�ODERXU

&RPSXWHU� VHUYLFHV� LQFOXGH�PDLQWHQDQFH�� VXSSRUW� VHUYLFHV�� FRQVXOWLQJ� DQG
WUDLQLQJ��:H�WUHDW�WKH�FRVW�RI�FRPSXWHU�VHUYLFHV�DV�D�PHDVXUH�RI�FRPSXWHU
ODERXU�LQSXW��7KH�VKDUH�RI�FRPSXWHU�VHUYLFHV�LQ�WRWDO�ODERXU�FRVWV�LV�VOLJKWO\
ORZHU�WKDQ�WKH�VKDUH�RI�FRPSXWHU�KDUGZDUH� LQ� WRWDO� IL[HG�FDSLWDO�VWRFN�� ,Q
���������WKH�YDOXH�RI�FRPSXWHU�VHUYLFHV�KDV�EHHQ�RQ�DYHUDJH�����SHU�FHQW
RI�WRWDO�ODERXU�FRVWV�

7KH�DYHUDJH�VKDUHV�RI�KDUGZDUH��VRIWZDUH�DQG�FRPSXWHU�ODERXU�LQ�WRWDO�,7
LQYHVWPHQW� LQ� WKH� SULYDWH� EXVLQHVV� VHFWRU� ZHUH� ���� ��� DQG� ��� SHU� FHQW�
UHVSHFWLYHO\�� 7KH� VKDUH� RI� KDUGZDUH� KDV� UHPDLQHG� VWDEOH� WKURXJKRXW� WKH
REVHUYDWLRQ�SHULRG�ZKLOH�WKH�VKDUH�RI�VRIWZDUH�KDV�GRXEOHG�WR����SHU�FHQW�LQ
������WKXV�FXUWDLOLQJ�WKH�VKDUH�RI�VHUYLFHV�

,Q�FRQWUDVW�WR�WRWDO�ODERXU�LQSXW��ODERXU�KRXUV�IRU�FRPSXWHU�VHUYLFHV�DUH�QRW
DYDLODEOH� DQG� TXDOLW\� DGMXVWPHQW� FDQQRW� EH� GRQH�� +HQFH�� UHDO� JURZWK� LQ
FRPSXWHU�ODERXU�LQSXW�LV�PHDVXUHG�E\� WKH�FKDQJH� LQ�UHDO�FRPSXWHU�ODERXU
FRVWV��7KHVH�DUH�REWDLQHG�E\�GHIODWLQJ�WKH�FRVWV�RI�FRPSXWHU�VHUYLFHV�E\�WKH
LQGH[� RI� ZDJH� DQG� VDODU\� HDUQLQJV� SXEOLVKHG� E\� 6WDWLVWLFV� )LQODQG�
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6XEVHTXHQWO\�� WKH� FRQWULEXWLRQ� RI� FRPSXWHU� ODERXU� WR� RXWSXW� JURZWK� LV
FDOFXODWHG�VLPLODUO\�WR�WKH�FRQWULEXWLRQ�RI�KDUGZDUH�DQG�VRIWZDUH�

,Q� WKH� JURZWK� DFFRXQWLQJ� PRGHO� ZLWK� FRPSXWHU� VHUYLFHV� LQFOXGHG� DV� DQ
LQSXW�� WRWDO� ODERXU� LQSXW� LV� DGMXVWHG� DFFRUGLQJO\�� 7KH� QRPLQDO� FRVW� RI
FRPSXWHU� VHUYLFHV� LV� VXEWUDFWHG� IURP� WRWDO� ODERXU� FRVWV�� 7KLV� ORZHUV� WKH
LQFRPH� VKDUH�RI� ODERXU� LQSXW�/� E\� DERXW� D�SHUFHQWDJH� SRLQW��7KH� JURZWK
UDWH� RI� /� FRPSXWHG� DERYH� LV� EDVHG� RQ� WRWDO� KRXUV� ZRUNHG� DQG� TXDOLW\
DGMXVWPHQW��7KHUHIRUH��WKH�JURZWK�UDWHV�RI�WRWDO�ODERXU�LQSXW�DQG�FRPSXWHU
ODERXU� LQSXW� DUH� EDVHG� RQ� GLIIHUHQW� PHDVXUHV� ±� ODERXU� KRXUV� DQG� FRVWV�
UHVSHFWLYHO\��$V� D� UHVXOW�� WKH�PHDVXUH� RI� JURZWK� UDWH� IRU�/� KDV� EHHQ� OHIW
XQFKDQJHG�ZKHQ�FRPSXWHU�ODERXU�LV�LQFOXGHG�LQ�WKH�PRGHO��7KLV�RYHUVWDWHV
WKH�JURZWK�UDWH�RI�ODERXU�LQSXW�D�OLWWOH��7KH�HIIHFW�LV�SUREDEO\�QHJOLJLEOH��LI
DYHUDJH� UHDO� JURZWK� UDWHV� RI� WRWDO� ODERXU� FRVWV� ZLWK� DQG� ZLWKRXW� WKH
FRPSXWHU� ODERXU� DUH� FRPSDUHG�� WKH� GLIIHUHQFH� LV� D� IHZ� KXQGUHGWKV� RI� D
SHUFHQWDJH�SRLQW�

�����5(68/76

7KH�HQWLUH�SHULRG�LV�GLYLGHG�LQWR�WZR�VXESHULRGV�±�WKH�����V�DQG�WKH�����V�
7KXV��WKH�ILUVW�SKDVH�FRYHUV�WKH�\HDUV���������DQG�WKH�VHFRQG����������7KH
ILUVW�SHULRG�LV�FKDUDFWHUL]HG�E\�KLJK�RXWSXW�JURZWK��DYHUDJLQJ�IRXU�SHU�FHQW
DQQXDOO\��7KH�VHFRQG�SKDVH�LQFOXGHV�WKH�UHFHVVLRQ�LQ�WKH�)LQQLVK�HFRQRP\�
ZLWK�WKH�DYHUDJH�JURZWK�UDWH�EDUHO\�HYLGHQW�

7R� EHJLQ� ZLWK� WKH� JURZWK� DFFRXQWLQJ� DQDO\VLV�� D� EDVLF� PRGHO� ZLWK� RQO\
ODERXU�DQG�FDSLWDO�LQSXWV�LV�FRPSXWHG��7DEOH���SUHVHQWV�WKH�UHVXOWV�

7KH� LQFRPH�VKDUH�RI�FDSLWDO� LV� DSSUR[LPDWHO\����SHU�FHQW� LQ�JURVV�RXWSXW
JURZWK�DQG����SHU�FHQW�LQ�QHW�RXWSXW�JURZWK�RYHU�WKH�SHULRG����������1HW
RXWSXW� LV� D�PRUH� DSSURSULDWH�PHDVXUH� RI� HFRQRPLF�ZHOO�EHLQJ� WKDQ� JURVV
RXWSXW� VLQFH� LQYHVWPHQWV� LQ� SK\VLFDO� FDSLWDO� WR� RIIVHW� GHSUHFLDWLRQ� GR� QRW
LQFUHDVH� ZHOIDUH� DV� VXFK�� ,Q� )LQODQG� WKH� LQFRPH� VKDUH� RI� FDSLWDO� LV
LQWHUQDWLRQDOO\�KLJK��H�J�� LQ�WKH�86$�WKH�JURVV� LQFRPH�VKDUH� LV�DURXQG���
SHU�FHQW�FRPSDUHG�WR����SHU�FHQW�LQ�)LQODQG��6LFKHO������������



��

TABLE 1
CONTRIBUTIONS TO GROWTH OF REAL OUTPUT 1983-96,

BASIC MODEL WITHOUT INFORMATION TECHNOLOGY

GROSS NET
1983-96 1983-90 1991-96 1983-96 1983-90 1991-96

output growth1 2.38 4.01 0.47 2.36 4.06 0.39
contributions2 K 0.32 1.18 -0.67 0.26 0.86 -0.44

L -0.73 0.29 -1.93 -0.91 0.34 -2.37
MFP 2.79 2.55 3.06 3.01 2.86 3.20

income shares1 K 39.5 39.0 40.2 27.6 28.3 26.7
L 60.5 61.0 59.8 72.4 71.7 73.3

growth rates1 K 0.9 3.0 -1.6 0.9 3.0 -1.6
L -0.9 0.5 -2.8 -0.9 0.5 -2.8

1 per cent
2 percentage points

7KH�UHFHVVLRQ�DW�WKH�WXUQ�RI�WKH�GHFDGH�KDG�D�VWURQJ�HIIHFW�RQ�UHVXOWV��%RWK
ODERXU� FRVWV� DQG� WKH� VWRFN� RI� SK\VLFDO� FDSLWDO� GHFOLQHG� LQ� )LQODQG� LQ� WKH
����V�� 7KLV� GHFOLQH� RIIVHWV� WKH� JURZWK� RI� WKH� ����V� LQ� WKHVH� LQSXWV�� )RU
H[DPSOH��WKH�TXDOLW\�DGMXVWHG�LQGH[�IRU�ODERXU�LQSXW�GHFOLQHG�IURP������LQ
�����WR������LQ�������5HDO�QHW�FDSLWDO�VWRFN�URVH�IURP�),0�����ELOOLRQ�LQ
�����WR�����ELOOLRQ�LQ������EXW�GURSSHG�WR�),0�����ELOOLRQ�LQ������

7KH�DYHUDJH�DQQXDO�JURZWK�UDWH�RI�UHDO�FDSLWDO�VWRFN������SHU�FHQW��KDV�EHHQ
TXLWH�ORZ�LQ�)LQODQG�FRPSDUHG��IRU�H[DPSOH��WR�WKH�86$�ZKHUH�LQ���������
LW�ZDV�RQ�DYHUDJH�����SHU�FHQW�SHU�DQQXP��6LFKHO������������+RZHYHU��WKH
UHFHVVLRQ� RI� WKH� ����V� KDV� DIIHFWHG� ODERXU� LQSXW� HYHQ� PRUH�� :KHWKHU
PHDVXUHG�E\�ODERXU�KRXUV�RU�WRWDO�ODERXU�FRVWV��WKH�JURZWK�RI�ODERXU�LQSXW
KDV� EHHQ� QHJDWLYH� GXULQJ� WKH� ZKROH� SHULRG�� HYHQ� DIWHU� DGMXVWLQJ� IRU� WKH
TXDOLW\�RI�ODERXU�LQSXW��/DERXU�KRXUV�LQ�WKH�EXVLQHVV�VHFWRU�GLG�QRW�LQFUHDVH
HYHQ�LQ�WKH�����V��$V�D�UHVXOW��WKH�FRQWULEXWLRQ�RI�ODERXU�LV�QHJDWLYH�WR�UHDO
RXWSXW� JURZWK�� 7KH� FRQWULEXWLRQ� RI� FDSLWDO� DOVR� UHPDLQV� DW� D� ORZ� OHYHO�
DFFRXQWLQJ� RQO\� IRU� ���� SHUFHQWDJH� SRLQWV� RI� WKH� JURZWK� RI� ���� SHU� FHQW�
&RPELQHG�ZLWK� WKH� QHJDWLYH� FRQWULEXWLRQ� RI� ODERXU� LQSXW�� WKLV�PDNHV� WKH
FRQWULEXWLRQ� RI� 0)3� RYHU� KXQGUHG� SHU� FHQW� RI� WKH� RXWSXW� JURZWK�� (YHQ
GXULQJ�WKH�ERRP�RI�WKH�����V��DERXW����SHU�FHQW�RI�WKH�RXWSXW�JURZWK�FDQ
EH�DWWULEXWHG�WR�WKH�0)3�

7KH�EDVLF�PRGHO�LV�H[WHQGHG�E\�VXEGLYLGLQJ�SK\VLFDO�FDSLWDO�LQWR�FRPSXWHU
KDUGZDUH�VWRFN�DQG�RWKHU�IL[HG�FDSLWDO��WKDW�LV��KDUGZDUH�VWRFN�LV�VXEWUDFWHG
IURP� WKH� FDSLWDO� VWRFN�� 1RWH� WKDW� WKH� LQFRPH� VKDUH� IRU� RWKHU� FDSLWDO� LV
FDOFXODWHG�DV�EHIRUH��,W�DGGV�WR�XQLW\�ZLWK�WKH�LQFRPH�VKDUH�RI�ODERXU�LQSXW�
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6XEVHTXHQWO\�� WKH� LQFRPH� VKDUH� IURP� FRPSXWHU� KDUGZDUH� LV� DGGHG�� DQG
ILQDOO\�� WKH�VXP�RI�WKH�WKUHH�LQFRPH�VKDUHV�LV�VFDOHG�WR�HTXDO�RQH��+HQFH�
WKH� LQFRPH� VKDUHV� IURP� KDUGZDUH� DQG� RWKHU� SK\VLFDO� FDSLWDO� GR� QRW� DGG
H[DFWO\�WR�WKH�LQFRPH�VKDUH�RI�FDSLWDO�LQ�WKH�EDVLF�PRGHO��7KH�UHVXOWV�IURP
WKH�H[WHQGHG�JURZWK�DFFRXQWLQJ�PRGHO�DUH�SUHVHQWHG�LQ�7DEOH���

TABLE 2
CONTRIBUTIONS TO GROWTH OF REAL OUTPUT 1983-96,

 A MODEL WITH COMPUTER HARDWARE

GROSS NET

1983-96 1983-90 1991-96 1983-96 1983-90 1991-96

output growth1 2.38 4.01 0.47 2.36 4.06 0.39

contributions2 hardware 0.38 0.42 0.33 0.13 0.14 0.11

K 0.32 1.14 -0.64 0.26 0.86 -0.44

L -0.73 0.29 -1.91 -0.90 0.34 -2.35

MFP 2.41 2.17 2.69 2.88 2.72 3.06

income shares1 hardware 1.7 1.3 2.1 0.6 0.4 0.7

K 38.0 37.7 38.3 27.5 28.2 26.5

L 60.3 60.9 59.5 71.9 71.4 72.7

growth rates1 hardware 24.7 32.3 15.8 24.7 32.3 15.8

K 0.9 3.0 -1.6 0.9 3.0 -1.6

L -0.9 0.5 -2.8 -0.9 0.5 -2.8
1 per cent
2 percentage points

*LYHQ�WKDW�FRPSXWHU�KDUGZDUH�PDNHV�XS�RQO\�����SHU�FHQW�RI�WKH�QHW�FDSLWDO
VWRFN�LQ�)LQODQG��WKH�FRQWULEXWLRQ�IURP�FRPSXWHUV�WR�RXWSXW�LV�UHPDUNDEOH�
2I� WKH� JURVV� RXWSXW� JURZWK� LQ� ��������� WKH� FRQWULEXWLRQ� RI� FRPSXWHUV� LV
DOPRVW� ���� SHUFHQWDJH� SRLQWV�� KLJKHU� WKDQ� WKDW� RI� RWKHU� IL[HG� FDSLWDO�
+DUGZDUH�DFFRXQWV�DSSUR[LPDWHO\�IRU����SHU�FHQW�RI�JURVV�RXWSXW�JURZWK�
7KH� XQGHUO\LQJ� UHDVRQ� FDQ� EH� IRXQG� LQ� WKH� UDSLG� LQFUHDVH� LQ� FRPSXWHU
FDSLWDO� VWRFN�� 7KH� DYHUDJH� DQQXDO� JURZWK� UDWH� KDV� EHHQ� ����� SHU� FHQW�
VLPLODU� WR� WKDW� LQ� WKH�86$� LQ��������� �6LFKHO� �����������&RPELQHG�ZLWK
VORZ�RU�HYHQ�QHJDWLYH�JURZWK�UDWHV�RI�ODERXU�DQG�RWKHU�FDSLWDO��WKH�VKDUH�RI
FRPSXWHUV�LQ�RXWSXW�JURZWK�EHFRPHV�ODUJH�

$W� ���� SHU� FHQW�� WKH� FRQWULEXWLRQ� IURP� KDUGZDUH� WR� QHW� RXWSXW� JURZWK� LV
VPDOOHU� GXH� WR� WKH� UDSLG� GHSUHFLDWLRQ� RI� QHW� FRPSXWHU� FDSLWDO� VWRFN�� 7KH
FRQWULEXWLRQ� LV� VOLJKWO\� KLJKHU� WKDQ� WKH� ���� SHU� FHQW� IRXQG� LQ� WKH� 86� LQ
���������6LFKHO�����������
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6LQFH� FRPSXWHU� KDUGZDUH� FDQQRW� EH� XVHG� ZLWKRXW� VRIWZDUH� DQG
PDLQWHQDQFH�� WKH� WRWDO� HIIHFW� RI� LQIRUPDWLRQ� WHFKQRORJ\� VKRXOG� EH
FDOFXODWHG� XVLQJ� D� EURDGHU� GHILQLWLRQ�� ,Q� WKH� VSLULW� RI� 2OLQHU� DQG� 6LFKHO
��������ZH�H[WHQG� WKH�PRGHO�E\� DGGLQJ� FRPSXWHU� VRIWZDUH� DQG� FRPSXWHU
ODERXU�WR�HVWLPDWH�WKH�WRWDO�LQSXW�RI�LQIRUPDWLRQ�WHFKQRORJ\��$V�EHIRUH��WKH
LQFRPH� VKDUHV� IRU� FDSLWDO� DQG� ODERXU� DUH� ILUVW� VFDOHG� WR� XQLW\�� WKHQ� RWKHU
LQSXWV�DUH�DGGHG�WR� WKH�PRGHO�DQG�VFDOLQJ� LV� UHSHDWHG��7KH� UHVXOWV� FDQ�EH
IRXQG�LQ�7DEOH���

TABLE 3
CONTRIBUTIONS TO GROWTH OF REAL OUTPUT 1983-96

A MODEL WITH INFORMATION TECHNOLOGY

GROSS NET

1983-96 1983-90 1991-96 1983-96 1983-90 1991-96

output growth1 2.38 4.01 0.47 2.36 4.06 0.39

contributions2 total IT 0.47 0.52 0.42 0.18 0.21 0.15

  hardware 0.38 0.42 0.33 0.13 0.14 0.11

  software 0.07 0.05 0.10 0.03 0.02 0.03

  comp.labour 0.02 0.04 0.00 0.03 0.05 0.00

K 0.32 1.14 -0.63 0.26 0.86 -0.44

L -0.71 0.28 -1.87 -0.89 0.33 -2.31

MFP 2.30 2.08 2.55 2.81 2.66 2.99

income
shares1

  hardware 1.7 1.3 2.1 0.6 0.4 0.7

  software 0.3 0.1 0.5 0.1 0.0 0.2

  comp.labour 1.0 1.0 1.1 1.2 1.1 1.4

K 37.9 37.7 38.2 27.5 28.2 26.5

L 59.1 59.9 58.1 70.6 70.2 71.2

growth rates1   hardware 24.7 32.3 15.8 24.7 32.3 15.8

  software 32.0 40.5 22.1 32.0 40.5 22.1

  comp.labour 2.3 4.4 -0.2 2.3 4.4 -0.2

K 0.9 3.0 -1.6 0.9 3.0 -1.6

L -0.9 0.5 -2.8 -0.9 0.5 -2.8
1 per cent
2 percentage points

7KH�HIIHFW�RI�LQIRUPDWLRQ�WHFKQRORJ\�RQ�JURZWK�LV�FRQVLGHUDEOH�GXULQJ�WKH
REVHUYDWLRQ�SHULRG�� ,Q� WKH�ERRP�\HDUV��DERXW�����SHUFHQWDJH�SRLQWV�RI� WKH
��SHU� FHQW� JURVV� RXWSXW� JURZWK� FDQ� EH� DWWULEXWHG� WR� FRPSXWHU� VHUYLFHV� � 
KDUGZDUH���VRIWZDUH���FRPSXWHU�ODERXU���7KLV�LV�RQH�WKLUG�RI�WKH�FRPELQHG
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HIIHFW�RI�RWKHU�FDSLWDO�DQG�ODERXU��,Q�SHUFHQWDJH�WHUPV��WKH�FRQWULEXWLRQ�RI
,7�LV������SHU�FHQW�WR�WKH�JURVV�RXWSXW�JURZWK�LQ����������7KLV�LV�VLPLODU�WR
WKH�6LFKHO� ������� UHVXOW��ZKHUH� WKH�FRQWULEXWLRQ�ZDV����SHU� FHQW�RYHU� WKH
SHULRG� RI� ���������� 2YHU� WKH� ZKROH� SHULRG�� WKH� UROH� RI� ,7� LV� PRUH
SURQRXQFHG�VLQFH�ODERXU�LQSXW�KDV�D�QHJDWLYH�FRQWULEXWLRQ�

,Q� WKH�QHW� JURZWK� DFFRXQWLQJ�� WKH� FRQWULEXWLRQ� IURP� ,7� LV� VPDOOHU�� ,Q� WKH
����V�� ���� SHU� FHQW� RI� WKH� QHW� RXWSXW� JURZWK� FDQ� EH� DWWULEXWHG� WR
LQIRUPDWLRQ� WHFKQRORJ\�� 6LQFH� GHSUHFLDWLRQ� DIIHFWV� ,7� PRUH� WKDQ� RWKHU
SK\VLFDO� FDSLWDO�� WKH� FRQWULEXWLRQ� RI� ,7� LV� QRZ� RQO\� ��� SHU� FHQW� RI� WKH
FRPELQHG�FRQWULEXWLRQ�IURP�RWKHU�FDSLWDO�DQG�ODERXU�

,Q�WKH�ZKROH�SHULRG��WKH�FRQWULEXWLRQ�RI�,7�LV�DURXQG���SHU�FHQW�RI�WKH�QHW
RXWSXW� JURZWK��$JDLQ�� WKLV� LV� YHU\� FORVH� WR� WKH� HVWLPDWH� E\� 6LFKHO� ������
����� ZKR� IRXQG� WKDW� FRPSXWHU� VHUYLFHV� FRQWULEXWHG� DSSUR[LPDWHO\� �� SHU
FHQW��RU������SHUFHQWDJH�SRLQWV�WR�DQ�DYHUDJH�DQQXDO�QHW�RXWSXW�JURZWK�RI
����SHU�FHQW�LQ����������(YHQ�LI�WKH�VKDUH�RI�,7�LV�QRW�DV�KLJK�LQ�QHW�JURZWK
DV� LQ� JURVV�JURZWK� DFFRXQWLQJ�� FRPSXWHU� VWRFN� VWLOO� KDV� D� GLVSURSRUWLRQDO
HIIHFW�FRPSDUHG�WR�LWV�VKDUH�RI�IL[HG�FDSLWDO�VWRFN��7DEOH���VXPPDUL]HV�WKH
UHVXOWV�RI�,7�IRU�)LQODQG�DQG�WKH�86�

7KH�UROH�RI�PXOWLIDFWRU�SURGXFWLYLW\�LV�VWLOO�FRQVLGHUDEO\�KLJK�LQ�DOO�SHULRGV�
FRQVWLWXWLQJ�DW�OHDVW�KDOI�RI�WKH�UHDO�RXWSXW�JURZWK�EXW�H[FHHGLQJ�WKH�RXWSXW
JURZWK�UDWH�HVSHFLDOO\�LQ�WKH�HFRQRPLF�GRZQWXUQ��,Q�WKH�2OLQHU�DQG�6LFKHO
������� VWXG\� RQ� 86� GDWD�� WKH� FRQWULEXWLRQ� RI� PXOWLIDFWRU� SURGXFWLYLW\
UDQJHG� IURP� ��� WR� ��� SHU� FHQW� RI� WKH� RXWSXW� JURZWK�� 7KH� SUREOHPDWLF
EXVLQHVV�F\FOH�LV�SUREDEO\�WKH�ELJJHVW�UHDVRQ�IRU�WKH�GLIIHUHQFH�EHWZHHQ�WKH
86�DQG�)LQODQG�

$�QRWDEOH�GLIIHUHQFH�EHWZHHQ�WKH�)LQQLVK�DQG�86�UHVXOWV�FDQ�EH�VHHQ�LQ�WKH
LQFRPH� VKDUHV� RI� WKH� ,7� FRPSRQHQWV�� 7KH� LQFRPH� VKDUHV� RI� FRPSXWHU
ODERXU�DUH�DERXW�HTXDO�LQ�ERWK�FRXQWULHV��6LFKHO������������7KLV�KROGV�WUXH
IRU�ERWK�JURVV�DQG�QHW�JURZWK�DFFRXQWLQJ��+RZHYHU�� WKH�LQFRPH�VKDUHV�RI
VRIWZDUH�DQG�KDUGZDUH�GLIIHU�FRQVLGHUDEO\�EHWZHHQ�WKH�86�DQG�)LQODQG�

$�FORVHU�ORRN�DW�WKH�FRQWULEXWLRQ�RI�FRPSXWHU�KDUGZDUH�UHYHDOV�WKDW�JURZWK
UDWHV�DUH�DERXW�HTXDO�LQ�WKH�86�DQG�)LQODQG��+RZHYHU��WKH�LQFRPH�VKDUH�RI
KDUGZDUH�LV�DERXW�WZLFH�KLJKHU�LQ�)LQODQG�WKDQ�LQ�WKH�86��,Q����������WKH
LQFRPH� VKDUHV� LQ� WKH� 86� ZHUH� ���� DQG� ���� LQ� JURVV� DQG� QHW� JURZWK
������������������������������������������
��'XH� WR� GDWD� UHVWULFWLRQV�� 6LFKHO�ZDV� DEOH� WR� HVWLPDWH� WKH� HIIHFW� RI� WRWDO� LQIRUPDWLRQ
WHFKQRORJ\�RQO\�IRU�WKH�VXESHULRG����������6LFKHO�����������
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DFFRXQWLQJ�� UHVSHFWLYHO\�� 7KLV� H[SODLQV� WKH� GLIIHUHQFHV� EHWZHHQ� WKH
FRQWULEXWLRQV�RI�FRPSXWHU�KDUGZDUH�LQ�WKH�WZR�FRXQWULHV�

TABLE 4
IT CONTRIBUTIONS IN FINLAND AND IN THE USA

Finland 1983-96 USA 1987-93*

GROSS NET GROSS NET

output growth1 2.38 %3 2.36 %3 2.0 %3 1.6 %3

contributions2 total IT 0.47 19.7 0.18 7.6 0.31 15.5 0.15 9.4

  hardware 0.38 16.0 0.13 5.5 0.15 7.5 0.06 3.8

  software 0.07 2.9 0.03 1.3 0.11 5.5 0.04 2.5

  comp.labour 0.02 0.8 0.03 1.3 0.05 2.5 0.05 3.1

income shares1 total IT 3.0 1.9 2.4 1.4

  hardware 1.7 0.6 0.9 0.3

  software 0.3 0.1 0.7 0.3

  comp.labour 1.0 1.2 0.8 0.9

growth rates1   hardware 24.7 24.7 17.2 17.2

  software 32.0 32.0 15.3 15.3

  comp.labour 2.3 2.3 6.0 6.0
1 per cent        * Source: Sichel 1997: 80
2 percentage points
3 per cent of output growth

7KH�FRPSRVLWLRQ�RI�WKH�LQFRPH�VKDUH�IRU�KDUGZDUH�LV�JLYHQ�LQ�HTXDWLRQ���
7KH�ILUVW�WHUP�LQ�WKH�QXPHUDWRU��WKH�QHW�UHQWDO�UDWH��LV�DERXW�HTXDO�LQ�)LQODQG
DQG� WKH� 86�� $OVR�.F�.� LV� QHDUO\� WKH� VDPH�� LPSO\LQJ� WKDW� WKH� GLIIHUHQFH
EHWZHHQ� WKH� LQFRPH� VKDUHV� FDQ�EH� DWWULEXWHG� WR� WKH� UDWLR� RI�SF.F�S<�� 7KH
H[SODQDWLRQ�LV�UHODWHG�WR�WKH�KLJK�FDSLWDO�LQWHQVLW\�LQ�)LQODQG��6LQFH�.�<� LV
KLJKHU�LQ�)LQODQG�WKDQ�LQ�WKH�86��WKH�VDPH�DSSOLHV� WR�.F�<��7KLV�UDWLR�KDV
GRXEOHG�LQ�)LQODQG�HYHU\�ILYH�\HDUV�VLQFH�WKH�HDUO\�����V�

��� 2WKHU�FRPSRQHQWV�RI�LQIRUPDWLRQ�WHFKQRORJ\

,QIRUPDWLRQ�WHFKQRORJ\�LV�D� UDWKHU�YDJXHO\�GHILQHG�FRQFHSW�� ,Q� WKH�DERYH�
ZH� KDYH� LQFOXGHG� KDUGZDUH�� VRIWZDUH� DQG� FRPSXWHU� VHUYLFHV� LQ� ,7�
6RPHWLPHV�RIILFH�HTXLSPHQW�RWKHU�WKDQ�FRPSXWHUV�LV�LQFOXGHG�LQ�,7�DV�ZHOO�
7KLV�JURXS�FRQVLVWV�RI�SKRWRFRSLHUV��FDOFXODWRUV��DFFRXQWLQJ�PDFKLQHV��PDLO
KDQGOLQJ� HTXLSPHQW�� HWF�� $QRWKHU� ODUJH� FRPSRQHQW� RIWHQ� LQFOXGHG� LQ� WKH
GHILQLWLRQ�RI�,7�LV�WHOHFRPPXQLFDWLRQV�HTXLSPHQW�
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,QYHVWPHQW�LQ�QRQ�FRPSXWHU�RIILFH�HTXLSPHQW�KDV�ORVW�JURXQG�WR�FRPSXWHU
LQYHVWPHQW� LQ� WKH� ODVW� GHFDGH�� ,QYHVWPHQW� ILJXUHV� FDQQRW� EH� REWDLQHG
GLUHFWO\��EXW�WKH�$VVRFLDWLRQ�RI�2IILFH�7HFKQRORJ\�7UDGH�KDV�FRPSLOHG�WLPH
VHULHV� IURP� FXVWRPV� VWDWLVWLFV�� 7KHVH� UHSUHVHQW� WKH� LPSRUW� RI� RIILFH
HTXLSPHQW� DQG� FRPSXWHUV� LQ� )LQODQG� LQ� ��������� 7KH� FRPSXWHU� LPSRUW
VHULHV�FDQ�EH�FRPSDUHG�WR�WKH�LQYHVWPHQW�VHULHV�RI�,'&��,Q�WKH�����V�� WKH
LPSRUW� VHULHV� IOXFWXDWHV� EHWZHHQ� ��� DQG� ���� SHU� FHQW� RI� WKH� LQYHVWPHQW
VHULHV��WKH�DYHUDJH�EHLQJ����SHU�FHQW��7KH�IOXFWXDWLRQ�SUREDEO\�VWHPV�IURP
YDULDWLRQV�LQ�WKH�VWRFNV�RI�VHOOHUV��2Q�DYHUDJH��WKH�VHULHV�DUH�TXLWH�VLPLODU�
7KXV��IRU�RXU�SXUSRVHV��OLWWOH�LV�ORVW�E\�WDNLQJ�WKH�LPSRUWV�RI�QRQ�FRPSXWHU
RIILFH�HTXLSPHQW�DV�D�SUR[\�IRU�LQYHVWPHQW�LQ�WKDW�FDWHJRU\�

,Q� WKH� ����V�� LPSRUWV� RI� QRQ�FRPSXWHU� RIILFH� HTXLSPHQW� KDYH� EHHQ� RQ
DYHUDJH����SHU�FHQW�RI�WKH�LPSRUWV�RI�FRPSXWHUV��7KH�LQFRPH�VKDUH�RI�WKLV
VPDOO� FRPSRQHQW� RI� ,7� LV� WKHUHIRUH� HVWLPDWHG� WR� EH� ��� SHU� FHQW� RI
KDUGZDUH¶V� LQFRPH� VKDUH�� 7KH� QRPLQDO� LPSRUW� VHULHV� DUH� GHIODWHG� E\� WKH
RIILFH� HTXLSPHQW� LQGH[� RI� 6WDWLVWLFV� )LQODQG� WR� UHWULHYH� WKH� DSSUR[LPDWHG
LQYHVWPHQW� VHULHV��8VLQJ� D� VWHDG\�VWDWH� DVVXPSWLRQ��ZH�XVH� WKH�JURZWK� LQ
LPSRUWV�DV�DQ�HVWLPDWH� IRU� WKH�JURZWK� LQ�QHW� FDSLWDO� VWRFN��1DWXUDOO\�� WKLV
ZRXOG� UHTXLUH� WKDW� LPSRUWV� KDYH� JURZQ� DW� D� FRQVWDQW� UDWH�� 7KHUHIRUH�� WKH
FDOFXODWHG� FRQWULEXWLRQ� LV� MXVW� D� URXJK� HVWLPDWH� RI� WKH�PDJQLWXGH� RI� QRQ�
FRPSXWHU�RIILFH�HTXLSPHQW�

7KH�DYHUDJH�UDWH�RI�QHW�JURZWK�LQ�QRQ�FRPSXWHU�RIILFH�HTXLSPHQW�KDV�EHHQ
EDUHO\�HYLGHQW�DW�����SHU�FHQW�D�\HDU�LQ�WKH�����V��*LYHQ�WKH�VPDOO�LQFRPH
VKDUH��WKH�FRQWULEXWLRQ�WR�JURVV�DQG�QHW�RXWSXW�JURZWK�LQ�WKH�����V�UHPDLQV
QHJOLJLEOH��������DQG�������SHUFHQWDJH�SRLQWV��UHVSHFWLYHO\�

7HOHFRPPXQLFDWLRQV� LQYHVWPHQW� KDV� EHHQ� PXFK� KLJKHU� GXULQJ� WKH
REVHUYDWLRQ� SHULRG�� ,Q� ������ WKH� QRPLQDO� FDSLWDO� LQYHVWPHQW� LQ
WHOHFRPPXQLFDWLRQV� ZDV� ),0����� ELOOLRQ� ZKLFK� ZDV� VOLJKWO\� ORZHU� WKDQ
KDUGZDUH� LQYHVWPHQW�� ,Q� ������ QRPLQDO� WHOHFRPPXQLFDWLRQV� LQYHVWPHQW
DPRXQWHG� WR� ),0����� ELOOLRQ�� 7KH� JURZWK� UDWH� LQ� WHOHFRPPXQLFDWLRQV
FDSLWDO� LQYHVWPHQW� KDV� EHHQ� FRQVLGHUDEO\� ORZHU� WKDQ� LQ� KDUGZDUH� �,78
:RUOG�7HOHFRPPXQLFDWLRQV�,QGLFDWRU�������

:H� FRQVWUXFWHG� WHOHFRPPXQLFDWLRQV� FDSLWDO� VWRFN� IRU� �������� IURP� WKH
,78� LQYHVWPHQW� VHULHV��7KH� FDSLWDO� H[SHQGLWXUH� VHULHV� IRU� SK\VLFDO� FDSLWDO
KDV� EHHQ� GHIODWHG� E\� WKH� SURGXFHU� SULFH� LQGH[� RI� 6WDWLVWLFV� )LQODQG�
6XEVHTXHQWO\�� QHW� FDSLWDO� VWRFN� ZDV� IRUPHG� ZLWK� WKH� SHUSHWXDO� LQYHQWRU\
PHWKRG�XWLOL]LQJ�D�GHSUHFLDWLRQ�UDWHV�RI����SHU�FHQW�
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'XULQJ����������WKH�DYHUDJH�JURZWK�UDWH�RI�UHDO�WHOHFRPPXQLFDWLRQV�FDSLWDO
LQYHVWPHQW� ZDV� ILYH� SHU� FHQW� DQQXDOO\� LQ� )LQODQG�� ,Q� ������ WKH� VL]H� RI
WHOHFRPPXQLFDWLRQV�QHW�FDSLWDO�VWRFN�ZDV�DERXW�RQH�IRXUWK�RI�KDUGZDUH�QHW
FDSLWDO�VWRFN��$YHUDJH�QHW�LQFRPH�VKDUH�IRU�WKH�WHOHFRPPXQLFDWLRQV�FDSLWDO
VWRFN�ZDV� DURXQG������SHU� FHQW� RU� DSSUR[LPDWHO\� WKH� VDPH� DV� WKDW� RI� WKH
FRPSXWHU� KDUGZDUH� VWRFN�� $IWHU� VFDOLQJ� WKH� LQFRPH� VKDUHV� WR� XQLW\�� WKH
FRQWULEXWLRQ�RI�WHOHFRPPXQLFDWLRQV�LQYHVWPHQW�WR�QHW�RXWSXW�JURZWK�WXUQHG
RXW� WR� EH� RQ� DYHUDJH� ����� SHUFHQWDJH� SRLQWV� SHU� DQQXP� GXULQJ� WKH
REVHUYDWLRQ� SHULRG�� 7KLV� LV� DERXW� HTXDO� WR� WKH� FRQWULEXWLRQ� RI� VRIWZDUH
FDSLWDO�VWRFN��,I�ZH�XVH�D�GHSUHFLDWLRQ�UDWH�RI����SHU�FHQW�WR�IRUP�WKH�FDSLWDO
VWRFN�� WKH� FRQWULEXWLRQ� RI� WHOHFRPPXQLFDWLRQV� FDSLWDO� VWRFN� WR� QHW� RXWSXW
JURZWK�LV�KDOYHG�

,W� LV� SRVVLEOH� WR� ILQG� VWLOO� RWKHU� FRPSRQHQWV� WKDW� ZRXOG� IDOO� LQ� WKH� EURDG
FDWHJRU\�RI�LQIRUPDWLRQ�WHFKQRORJ\��+RZHYHU��WKLV�ZRXOG�QRW�GHFUHDVH�WKH
FRQWULEXWLRQ� RI� PXOWLIDFWRU� SURGXFWLYLW\� VLQFH� ZH� ZRXOG� RQO\� GLYLGH� WKH
WRWDO�SK\VLFDO�FDSLWDO�VWRFN�LQWR�DQ�LQFUHDVLQJ�QXPEHU�RI�FRPSRQHQWV�±�RQO\
VRPH�RI� WKH�FRQWULEXWLRQ�RI�RWKHU�SK\VLFDO�FDSLWDO�ZRXOG�EH� WUDQVIHUUHG� WR
LQIRUPDWLRQ�WHFKQRORJ\�

�����$668037,216�2)�7+(�1(2&/$66,&$/�02'(/
5(9,6('

6WDQGDUG� QHRFODVVLFDO� DVVXPSWLRQV� XQGHUO\LQJ� WKH� JURZWK� DFFRXQWLQJ
IUDPHZRUN� PD\� XQGHUVWDWH� WKH� DFWXDO� FRQWULEXWLRQ� PDGH� E\� LQIRUPDWLRQ
WHFKQRORJ\�� ,Q� WKLV�VHFWLRQ��ZH�GLVFXVV� WKH� WKUHH�QHRFODVVLFDO� DVVXPSWLRQV
DQG�VKRZ�KRZ�WKH\�DIIHFW�WKH�UHVXOWV�SUHVHQWHG�LQ�WKH�SUHYLRXV�VHFWLRQ�

7KH� ILUVW� QHRFODVVLFDO� DVVXPSWLRQ� UHTXLUHV� FRQVWDQW� UHWXUQV� WR� VFDOH� LQ
SURGXFWLRQ��7KLV�LPSOLHV�WKDW�WKH�VXP�RI�LQFRPH�VKDUHV�HTXDOV�XQLW\��,Q�WKH
H[WHQGHG�PRGHO�ZLWK�WRWDO�LQIRUPDWLRQ�WHFKQRORJ\��LW�LV�SRVVLEOH�WR�VFDOH�WKH
LQFRPH� VKDUHV� RI� FDSLWDO� DQG� ODERXU� WR� XQLW\� DV� XVXDO� DQG� WKHQ� DGG
LQIRUPDWLRQ� WHFKQRORJ\� LQFRPH� VKDUHV� WR� WKH� IUDPHZRUN� ZLWKRXW� IRUFLQJ
WKH�VKDUHV�WR�HTXDO�XQLW\�DJDLQ�

7KH�HIIHFW�RI� HDVLQJ� WKH� ILUVW� DVVXPSWLRQ� WKLV�ZD\�GRHV�QRW�KDYH� D�PDMRU
HIIHFW�RQ�WKH�UHVXOWV��2Q�DYHUDJH��WKH�VXP�RI�LQFRPH�VKDUHV�ZLWKRXW�VFDOLQJ
LQIRUPDWLRQ� WHFKQRORJ\� KDV� EHHQ� ������ LQ� �������� LQ� JURVV� JURZWK� DQG
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������LQ�QHW�JURZWK�DFFRXQWLQJ��+HQFH�� VFDOLQJ�KDV�D�QHJOLJLEOH�HIIHFW�RQ
FRQWULEXWLRQV��7KH�VL]H�RI�WKH�LQIRUPDWLRQ�WHFKQRORJ\�LQSXW�LV�WRR�VPDOO�WR
FKDQJH� WKH� UHVXOWV� HYHQ� LI� WKH� DVVXPSWLRQ� RI� FRQVWDQW� UHWXUQV� WR� VFDOH� LV
UHOD[HG�

7KH� VHFRQG� DQG� WKLUG� DVVXPSWLRQV� SURYLGH� XV� ZLWK� PRUH� LQWHUHVWLQJ
SRVVLELOLWLHV�� ,Q� SDUWLFXODU�� FRPSXWHUV� PD\� \LHOG� VXSHUQRUPDO� UHWXUQV� RU
JHQHUDWH�SRVLWLYH� H[WHUQDOLWLHV�� ,I� WKLV� LV� WKH� FDVH�� WKH� QHRFODVVLFDO� JURZWK
DFFRXQWLQJ�ZRXOG�PLVDOORFDWH�D�SDUW�RI� WKH�FRQWULEXWLRQ� IURP� LQIRUPDWLRQ
WHFKQRORJ\� WR� WKH� PXOWLIDFWRU� SURGXFWLYLW\� UHVLGXDO�� 7KLV� PLVDOORFDWLRQ
ZRXOG�UHVXOW�IURP�D�IDOVHO\�VSHFLILHG�UHQWDO� UDWH��2OLQHU�DQG�6LFKHO� ������
�����IRRWQRWH��DUJXH�WKDW�WKH�PHDVXUHPHQW�RI�KDUGZDUH�DQG�VRIWZDUH�FDSLWDO
VWRFN� LV� QRW� D� SUREOHP� IRU� LQIRUPDWLRQ� WHFKQRORJ\��PRVW� LI� QRW� DOO� RI� WKH
GLVHPERGLHG� WHFKQRORJLFDO� FKDQJH� LV� FDSWXUHG� E\� WKH� TXDOLW\� DGMXVWHG
SULFHV�

7KH� DVVXPSWLRQV� FRQFHUQLQJ� WKH� DEVHQFH� RI� H[WHUQDOLWLHV� DQG� FRPSHWLWLYH
HTXLOLEULXP�KDYH�EHHQ�ZLGHO\� H[DPLQHG� LQ� WKH� OLWHUDWXUH��2Q� WKH� EDVLV� RI
DUJXPHQWV� SUHVHQWHG� LQ� UHFHQW� VWXGLHV�� ZH� FDQ� DGMXVW� WKH� UHVXOWV� RI� WKH
SUHYLRXV�VHFWLRQ�

5RPHU��������KDV�DUJXHG�WKDW�DQ�LQFUHDVH�LQ�D�ILUP¶V�SK\VLFDO�FDSLWDO�UDLVHV
WKH� OHYHO� RI� WHFKQRORJ\� DYDLODEOH� DOVR� WR� RWKHU� ILUPV�� 'XH� WR� NQRZOHGJH
VSLOORYHUV� UHVXOWLQJ� IURP� SRVLWLYH� H[WHUQDOLWLHV�� WKH� FRHIILFLHQW� RI� FDSLWDO
VKRXOG�� LQ� 5RPHU¶V� RSLQLRQ�� UDQJH� IURP� ���� WR� ���� LQVWHDG� RI� WKH� XVXDO
LQFRPH� VKDUH� RI� ����� $FFRUGLQJ� WR� WKLV� DUJXPHQW�� H[WHUQDOLWLHV� SURGXFH
KLJKHU�VRFLDO�UHWXUQ�RQ�FDSLWDO�WKDQ�SULYDWH�UHWXUQ��$QRWKHU�SDSHU�OHDGLQJ�WR
WKH�VDPH�FRQFOXVLRQ�LV�E\�'H�/RQJ�DQG�6XPPHUV���������7KH\�DUJXH�WKDW
HPSOR\HHV�OHDUQ�QHZ�VNLOOV�DQG�PRUH�HIILFLHQW�SURGXFWLRQ�PHWKRGV�DIWHU�WKH
LQVWDOODWLRQ� RI� QHZ� HTXLSPHQW�� 7KLV� NQRZOHGJH� LV� DVVXPHG� WR� FUHDWH
SRVLWLYH�H[WHUQDOLWLHV�IRU�RWKHU�ILUPV�DV�ZHOO�

,Q� )LQODQG� WKH� LQFRPH� VKDUH� RI� FDSLWDO� LV� DURXQG� ����� :H� H[DPLQH� WKH
5RPHU�DUJXPHQW�E\�HTXDOL]LQJ�WKH�LQFRPH�VKDUH�WR�XQLW\��7HFKQLFDOO\��WKH
QHW� UHQWDO� UDWH� L� LV� UHSODFHG� E\� QHW� VRFLDO� UHWXUQ� LVRF�ZKLFK� LV� REWDLQHG� E\
PXOWLSO\LQJ� L� E\������ � �����������RU� ����� � ����������� IRU� JURVV� DQG�QHW
JURZWK�DFFRXQWLQJ��UHVSHFWLYHO\��7KLV�\LHOGV�WKH�DGMXVWHG�LQFRPH�VKDUHV�IRU
,7��,QFUHDVLQJ�UHWXUQV�WR�VFDOH�H[LVW�ZKHQ�WKH�VXP�RI�LQFRPH�VKDUHV�LV�QRW
UHVWULFWHG�WR�XQLW\��7KH�UHVXOWV�IRU�WKH�ZKROH�SHULRG�DUH�SUHVHQWHG�LQ�7DEOH
��
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&RPSDUHG�WR�EDVHOLQH�UHVXOWV��WKH�5RPHU�FDVH�\LHOGV�KLJKHU�HVWLPDWHV�IRU�,7
HVSHFLDOO\�LQ�QHW�JURZWK�DFFRXQWLQJ��7KH�FRQWULEXWLRQ�IURP�RWKHU�SK\VLFDO
FDSLWDO�PRUH� WKDQ� GRXEOHV� GXH� WR� WKH� ELJJHU� LQFRPH� VKDUH�� 7KH� VKDUH� RI
PXOWLIDFWRU�SURGXFWLYLW\�GURSV�WR����SHU�FHQW�LQ�JURVV�RXWSXW�JURZWK�DQG���
SHU� FHQW� LQ� QHW� RXWSXW� JURZWK�� 7KHUHIRUH�� DSSUR[LPDWHO\� RQH� WKLUG� RI� WKH
PXOWLIDFWRU� SURGXFWLYLW\� LQ� WKH� EDVHOLQH� UHVXOWV� FDQ� EH� H[SODLQHG� E\
H[WHUQDOLWLHV��RQFH�5RPHU¶V�DUJXPHQW�LV�LQWURGXFHG�

TABLE 5
CONTRIBUTIONS TO GROWTH OF REAL OUTPUT 1983-96,

ALTERNATIVE SCENARIOS

Romer case
Brynjolfsson and Hitt

case

GROSS NET GROSS NET

output growth1 2.38 2.36 2.38 2.36

contributions2 total IT 0.68 0.58 1.04 0.86

  hardware 0.55 0.47 0.85 0.70

  software 0.11 0.09 0.17 0.14

  comp.labour 0.02 0.03 0.02 0.03

K 0.85 0.85 0.32 0.26

L -0.73 -0.90 -0.69 -0.85

MFP 1.58 1.82 1.71 2.09

income shares1   hardware 2.5 2.1 3.8 3.1

  software 0.4 0.4 0.6 0.5

  comp.labour 1.1 1.2 1.0 1.2

K 97.5 98.0 36.9 26.6

L 60.3 71.1 57.7 68.5

growth rates1   hardware 24.7 24.7 24.7 24.7

  software 32.0 32.0 32.0 32.0

  comp.labour 2.3 2.3 2.3 2.3

K 0.9 0.9 0.9 0.9

L -0.9 -0.9 -0.9 -0.9

1 per cent
2 percentage points

(YHQ� LI� LQIRUPDWLRQ� WHFKQRORJ\� GRHV� QRW� JHQHUDWH� VL]HDEOH� SRVLWLYH
H[WHUQDOLWLHV�� LW� LV� SRVVLEOH� WKDW� WKH� VHFRQG� QHRFODVVLFDO� DVVXPSWLRQ� LV
YLRODWHG�� &RPSXWHUV� PD\� HDUQ� D� KLJKHU� SULYDWH� UDWH� RI� UHWXUQ� WKDQ� RWKHU
SK\VLFDO� FDSLWDO�� $W� WKH� ILUP� OHYHO�� WKLV� YLHZ� KDV� EHHQ� SUHVHQWHG� E\
%U\QMROIVVRQ�DQG�+LWW���������7KHLU�VWXG\�ZDV�EDVHG�RQ�����ODUJH�ILUPV�LQ
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WKH� 86$� LQ� ��������� 7KH� JURVV� UHWXUQ� RQ� FRPSXWHU� LQYHVWPHQW� ZDV
HVWLPDWHG� WR� EH� ��� SHU� FHQW�� $IWHU� VXEWUDFWLQJ� WKH� ��

�

- S
F

d � WHUP�� WKLV
WUDQVODWHV�WR�D�QHW�UHQWDO�UDWH�L�RI����SHU�FHQW�

7KH� WKLUG� DQG� IRXUWK� FROXPQV� RI� 7DEOH� �� SUHVHQW� WKH� UHVXOWV� EDVHG� RQ
%U\QMROIVVRQ� DQG�+LWW¶V� HVWLPDWH� RI� QHW� UHQWDO� UDWH�� 7KH� UHPDUNDEO\� KLJK
UHWXUQ�RQ�,7�LQYHVWPHQW�DWWULEXWHV�PRVW�RI�WKH�RXWSXW�JURZWK�WR�FRPSXWHUV�
,Q� WKLV� H[WUHPH� FDVH�� QHDUO\� RQH�WKLUG� RI� WKH� WRWDO� IDFWRU� SURGXFWLYLW\� LV
GLVWULEXWHG� WR� ,7� LQSXW�� ,W� VKRXOG� EH� QRWHG� WKDW� %U\QMROIVVRQ� DQG� +LWW¶V
HVWLPDWH�PD\�EH�ELDVHG�XSZDUGV�VLQFH�VRIWZDUH�ZDV�QRW� LQFOXGHG� LQ� WKHLU
UHJUHVVLRQV�� ,I� WKH� WUXH� FRVW� RI� ,7� FDSLWDO� VWRFN� LV� KLJKHU�� PDUJLQDO
SURGXFWLYLW\� ZLOO� IDOO� DFFRUGLQJO\�� $V� %U\QMROIVVRQ� DQG� +LWW� ������� ����
SRLQW�RXW�� WKH� ILQGLQJV�GR�QRW�QHFHVVDULO\�DSSO\� WR�D�EURDGHU�GHILQLWLRQ�RI
,7�� ,Q� 7DEOH� ��� WKLV� LV� DVVXPHG� E\� DSSO\LQJ� WKH� KLJKHU� UDWH� RI� UHWXUQ� WR
VRIWZDUH�DV�ZHOO�

.UXHJHU� �������DUJXHG� WKDW� FRPSXWHUV� LQFUHDVH� ODERXU�SURGXFWLYLW\� DW� WKH
ILUP� OHYHO�� +H� IRXQG� WKDW� ZRUNHUV� XVLQJ� FRPSXWHUV� HDUQ� D� VXEVWDQWLDO
QRPLQDO� ZDJH� SUHPLXP� ZKLFK� LV� LQWHUSUHWHG� WR� VWHP� IURP� LPSURYHG
SURGXFWLYLW\��,I� WKH�FRQWULEXWLRQ�RI�D�ZDJH�SUHPLXP�WR�DQ�LQFUHDVH� LQ�UHDO
ZDJHV�UHIOHFWV�DQ�HTXLYDOHQW�FKDQJH�LQ�ODERXU�SURGXFWLYLW\��ZH�FDQ�GLUHFWO\
HVWLPDWH�WKH�HIIHFW�RI�WKH�JUHDWHU�XVH�RI�FRPSXWHUV�RQ�JURVV�RXWSXW�

(DUOLHU�ZH�FRQWUROOHG�IRU�WKH�LQFUHDVHG�HGXFDWLRQDO�OHYHO�LQ�WKH�ODERXU�LQSXW�
+RZHYHU��DFFRXQWLQJ�RQO\�IRU�WKH�IRUPDO�HGXFDWLRQ�FDQ�XQGHUHVWLPDWH� WKH
TXDOLW\�LPSURYHPHQW�LQ�ODERXU�LQSXW��6SHFLILFDOO\��HPSOR\HHV�FDQ�OHDUQ�QHZ
VNLOOV� DQG� EHWWHU� PHWKRGV� DIWHU� FRPSXWHUV� KDYH� EHHQ� SURYLGHG� IRU� WKHP�
7KLV�LQFUHDVHV�ODERXU�SURGXFWLYLW\�LQ�DOO�HGXFDWLRQDO�OHYHOV�

,Q�)UHQFK�SDQHO�GDWD��*UHHQDQ�DQG�0DLUHVVH��������UHSRUWHG�DQ�LQFUHDVH�RI
���SHU�FHQW�LQ�DYHUDJH�UHDO�ZDJH�IRU�FRPSXWHU�OLWHUDWH�HPSOR\HHV�LQ������
$VSOXQG��������HVWLPDWHG�WKDW�WKH�ZDJH�SUHPLXP�IURP�XVLQJ�FRPSXWHUV�DW
ZRUN�ZDV�DURXQG���SHU�FHQW�LQ�)LQODQG�DW�WKH�HQG�RI�WKH�����V��,Q�DGGLWLRQ�
VKH� UHSRUWHG� WKDW� WKH� VKDUH� RI� HPSOR\HHV� XVLQJ� FRPSXWHUV� DW� ZRUN� KDG
LQFUHDVHG������SHUFHQWDJH�SRLQWV��IURP����SHU�FHQW�LQ������WR������SHU�FHQW
LQ�������

������������������������������������������
�� 7KH� DQDO\VLV� ZDV� EDVHG� RQ� IRXU� FURVV�VHFWLRQV� IURP� WKH� /DERXU� )RUFH� 6XUYH\� E\
6WDWLVWLFV�)LQODQG��$VSOXQG������������
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)URP� $VSOXQG¶V� UHVXOWV�� LW� FDQ� EH� HVWLPDWHG� WKDW� FRPSXWHUV� KDYH
FRQWULEXWHG� DERXW�����SHUFHQWDJH�SRLQWV� ������PXOWLSOLHG�E\�������� WR� WKH
DYHUDJH� ZDJH� RYHU� WKH� �������� SHULRG�� 7KXV�� WKH� FRQWULEXWLRQ� LV� ����
SHUFHQWDJH�SRLQWV�D�\HDU��,Q�FRPSHWLWLYH�HTXLOLEULXP��WKH�ULVH�LQ�WKH�DYHUDJH
UHDO�ZDJH�FRUUHVSRQGV�WR�DQ�HTXLYDOHQW�LQFUHDVH�LQ�ODERXU�SURGXFWLYLW\�

,Q�RUGHU�WR�FRPSOHWH�WKH�H[HUFLVH��ZH�DVVXPH�WKDW�WKH�SURGXFWLYLW\�LQFUHDVH
ZDV� FKDQQHOOHG� HQWLUHO\� WR� RXWSXW� JURZWK� ZLWKRXW� UHGXFWLRQV� LQ
HPSOR\PHQW�� 7R� VXP� XS�� WKH� XVH� RI� FRPSXWHUV� SURPRWHG� JURVV� RXWSXW
JURZWK�E\������SHUFHQWDJH�SRLQWV�DQQXDOO\� LQ����������$V�FDQ�EH�VHHQ� LQ
7DEOH� ��� WKLV� LV� OHVV� WKDQ� WKH� FRQWULEXWLRQ� IURP� LQIRUPDWLRQ� WHFKQRORJ\�
+HQFH�� WKH� LQFUHDVHG� ODERXU� SURGXFWLYLW\� UHIOHFWHG� E\�ZDJH� SUHPLXPV� RQ
FRPSXWHU� XVH� GRHV� QRW� LQFUHDVH� WKH� HDUOLHU� HVWLPDWHV�� 7KH� UHVXOWV� GR� QRW
XQGHUHVWLPDWH� WKH� LPSDFW� RI� ,7� HYHQ� LI� ZH� FRQWURO� IRU� WKH� SURGXFWLYLW\
LQFUHDVH�DW�WKH�ILUP�DQG�HPSOR\HH�OHYHO�

�����6800$5<

,Q� WKLV� SDSHU�� ZH� KDYH� H[DPLQHG� WKH� UROH� RI� LQIRUPDWLRQ� WHFKQRORJ\� LQ
HFRQRPLF�JURZWK�LQ�WKH�)LQQLVK�HFRQRP\��'XULQJ�WKH�SHULRG����������WKH
DYHUDJH�DQQXDO�FRQWULEXWLRQ�IURP�FRPSXWHU�KDUGZDUH��VRIWZDUH�DQG�ODERXU
RQ�UHDO�RXWSXW�JURZWK�LQ�WKH�QRQUHVLGHQWLDO�EXVLQHVV�VHFWRU�ZDV�HVWLPDWHG�
,Q� DGGLWLRQ�� UHVXOWV� IRU� WZR� VXESHULRGV� RI� WKH� ����V� DQG� WKH� ����V� ZHUH
FRPSXWHG�

,Q� WKH� ZKROH� SHULRG�� FRPSXWHU� KDUGZDUH� DFFRXQWHG� IRU� ���� SHUFHQWDJH
SRLQWV�RI�WKH�DYHUDJH�DQQXDO�QHW�JURZWK�RI�����SHU�FHQW��7KH�FRQWULEXWLRQ�LV
KDOI� RI� WKDW� RI� RWKHU� IL[HG� FDSLWDO�� HYHQ� WKRXJK� FRPSXWHU� KDUGZDUH
UHSUHVHQWV�RQO\�����SHU�FHQW�RI�WKH�WRWDO�QHW�FDSLWDO�VWRFN��7KH�VKDUS�GHFOLQH
LQ� HPSOR\PHQW� DIIHFWV� WKH� UHVXOWV� ZKLFK� FDQ� EH� VHHQ� IURP� WKH� KLJK
SURSRUWLRQ�RI�PXOWLIDFWRU�SURGXFWLYLW\�LQ�RXWSXW�JURZWK��7KH�FRQWULEXWLRQ�RI
WKH�0)3�HYHQ�H[FHHGV�QHW�RXWSXW�JURZWK�LQ�RIIVHWWLQJ�WKH�QHJDWLYH�LPSDFW
RI�ODERXU�LQSXW�

2QFH� WKH� GHILQLWLRQ� RI� LQIRUPDWLRQ� WHFKQRORJ\� LV� EURDGHQHG� WR� LQFOXGH
VRIWZDUH�DQG�FRPSXWHU�ODERXU��WKH�FRQWULEXWLRQ�RI�FRPSXWHU�VHUYLFHV�JURZV
E\�DSSUR[LPDWHO\�RQH� WKLUG� IURP� WKDW� RI� WKH�KDUGZDUH�RQO\��7KH� VKDUH�RI
LQIRUPDWLRQ�WHFKQRORJ\�LQ�QHW�JURZWK�JURZV�IURP���SHU�FHQW�WR���SHU�FHQW
ZKHQ�VRIWZDUH�DQG�FRPSXWHU�ODERXU�DUH�LQFOXGHG��6LQFH�WKH�GHSUHFLDWLRQ�RI



��

FRPSXWHU� FDSLWDO� VWRFN� LV� TXLWH� KLJK�� WKH� FRQWULEXWLRQ� RI� LQIRUPDWLRQ
WHFKQRORJ\�RQ�JURVV�RXWSXW�JURZWK�LV�KLJKHU��$URXQG����DQG����SHU�FHQW�RI
WKH�JURVV�RXWSXW�JURZWK�LQ���������FDQ�EH�DWWULEXWHG�WR�KDUGZDUH�DQG�WRWDO
LQIRUPDWLRQ� WHFKQRORJ\�� UHVSHFWLYHO\�� 7KHVH� FRQWULEXWLRQV� DUH� VOLJKWO\
KLJKHU�WKDQ�WKRVH�UHSRUWHG�E\�2OLQHU�DQG�6LFKHO������������������2YHU�WKH
SHULRG� RI� ��������� WKH\� IRXQG� WKH� FRQWULEXWLRQV� RI� KDUGZDUH� DQG
LQIRUPDWLRQ� WHFKQRORJ\� WR� EH� �� DQG� ��� SHU� FHQW�� UHVSHFWLYHO\�� WR� JURVV
RXWSXW�JURZWK�LQ�WKH�86�GDWD�
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5()(5(1&(6

$VSOXQG��5����������
7KH�'LVDSSHDULQJ�:DJH�3UHPLXP�RI�&RPSXWHU�6NLOOV
�
(7/$�'LVFXVVLRQ�3DSHUV�1R�������+HOVLQNL��)LQQLVK�,QVWLWXWH�IRU�(FRQRPLF
5HVHDUFK�

$VVRFLDWLRQ�RI�2IILFH�(TXLSPHQW�7UDGH��,PSRUWV�RI�2IILFH��&RPSXWLQJ�DQG
$FFRXQWLQJ� (TXLSPHQW� ��������� FRPSLOHG� IURP� &XVWRPV� 6WDWLVWLFV� E\
'LUHFWRU�(HUR�3HULWDOR��LQ�)LQQLVK��

%DLO\�� 0��� DQG� 5�� *RUGRQ� �������� 
7KH� 3URGXFWLYLW\� 6ORZGRZQ�
0HDVXUHPHQW� ,VVXHV�� DQG� WKH� ([SORVLRQ� RI� &RPSXWHU� 3RZHU
�� %URRNLQJV
3DSHUV�RQ�(FRQRPLF�$FWLYLW\�1R�������������

%U\QMROIVVRQ��(���DQG�/��+LWW� �������� 
6RPH�(VWLPDWHV�RI� WKH�&RQWULEXWLRQ
RI� ,QIRUPDWLRQ� 7HFKQRORJ\� WR� &RQVXPHU� :HOIDUH
�� 0,7� :RUNLQJ� 3DSHU
�KWWS���FFV�PLW�HGX�&&6:3����&&6:3����KWPO��

%U\QMROIVVRQ��(���DQG�/��+LWW��������� 
3DUDGR[�/RVW"�)LUP�/HYHO�(YLGHQFH
RI�+LJK�5HWXUQV� WR� ,QIRUPDWLRQ�6\VWHPV�6SHQGLQJ
��0DQDJHPHQW� 6FLHQFH
$SULO�

%U\QMROIVVRQ��(���DQG�/��+LWW���������
&RPSXWHUV�DQG�3URGXFWLYLW\�*URZWK�
)LUP�/HYHO�(YLGHQFH
��0,7�:RUNLQJ�3DSHU��-DQXDU\�

'HQLVRQ�� (�� �������� 
7UHQGV� LQ� $PHULFDQ� (FRQRPLF� *URZWK�� �������
�
:DVKLQJWRQ�'&��%URRNLQJV�,QVWLWXWH�

'ROODU�� '��� DQG� (�� :ROII� �������� &RPSHWLWLYHQHVV�� &RQYHUJHQFH�� DQG
,QWHUQDWLRQDO�6SHFLDOL]DWLRQ��&DPEULGJH��0$��0,7�3UHVV�

*UHHQDQ�� 1��� DQG� -�� 0DLUHVVH� �������� 
&RPSXWHUV� DQG� 3URGXFWLYLW\� LQ
)UDQFH��6RPH�(YLGHQFH
��1%(5�:RUNLQJ�3DSHU�1R��������1RYHPEHU�

-RUJHQVRQ��'��� DQG�.��6WLURK� �������� 
&RPSXWHUV�DQG�*URZWK
��-RXUQDO�RI
(FRQRPLFV�RI�,QQRYDWLRQ�DQG�1HZ�7HFKQRORJ\����������

.RWROD�� 6�� �������� 
+HGRQLF� 3ULFH� 0RGHO� IRU� 0LFURFRPSXWHUV
�� 0DVWHU
V
WKHVLV� ������������ 'HSDUWPHQW� RI� (FRQRPLFV�� +HOVLQNL� 6FKRRO� RI
(FRQRPLFV��LQ�)LQQLVK��
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.UXHJHU��$�� �������� 
+RZ�&RPSXWHUV�+DYH�&KDQJHG� WKH�:DJH�6WUXFWXUH�
(YLGHQFH� IURP� 0LFURGDWD�� �������
�� 4XDUWHUO\� -RXUQDO� RI� (FRQRPLFV
���������������

/RYHPDQ�� *�� �������� 
$Q� $VVHVVPHQW� RI� WKH� 3URGXFWLYLW\� ,PSDFW� RI
,QIRUPDWLRQ� 7HFKQRORJLHV
�� ,Q� 7�� $OOHQ� DQG� 6��0RUWRQ� �HGV�� ,QIRUPDWLRQ
7HFKQRORJ\�DQG�WKH�&RUSRUDWLRQ�RI�WKH�����V��2[IRUG��2[IRUG�8QLYHUVLW\
3UHVV���������

0LQLVWU\�RI�)LQDQFH��,QIRUPDWLRQ�7HFKQRORJ\� LQ�*RYHUQPHQW������������
������LQ�)LQQLVK��

0RUULVRQ�� &��� DQG� (�� %HUQGW� �������� 
$VVHVVLQJ� WKH� 3URGXFWLYLW\� RI
,QIRUPDWLRQ� 7HFKQRORJ\� (TXLSPHQW� LQ� 86� 0DQXIDFWXULQJ� ,QGXVWULHV
�
1%(5�:RUNLQJ�3DSHU�1R�������

2(&'���������,QIRUPDWLRQ�7HFKQRORJ\�2XWORRN�������3DULV��2UJDQLVDWLRQ
IRU�(FRQRPLF�&RRSHUDWLRQ�DQG�'HYHORSPHQW�

2OLQHU�� 6�� �������� 
&RQVWDQW�4XDOLW\� 3ULFH� &KDQJH�� 'HSUHFLDWLRQ� DQG
5HWLUHPHQW� RI� 0DLQIUDPH� &RPSXWHUV
�� ,Q� 0�� )RVV� HW� DO�� �HGV�� 3ULFH
0HDVXUHPHQWV�DQG�7KHLU�8VHV��6WXGLHV�LQ�,QFRPH�DQG�:HDOWK��9RO���������
����8QLYHUVLW\�RI�&KLFDJR�3UHVV�

2OLQHU��6���DQG�'��6LFKHO���������
&RPSXWHUV�DQG�2XWSXW�*URZWK�5HYLVLWHG�
+RZ�%LJ�,V�WKH�3X]]OH"
�%URRNLQJV�3DSHUV�RQ�(FRQRPLF�$FWLYLW\���

2VWHUPDQ�� 3�� �������� 
7KH� ,PSDFW� RI� &RPSXWHUV� RQ� WKH� (PSOR\PHQW� RI
&OHUNV�DQG�0DQDJHUV
��,QGXVWULDO�DQG�/DERU�5HODWLRQV�5HYLHZ�����-DQXDU\��
�������

5RPHU��3���������� 
&UD]\�([SODQDWLRQV�IRU�WKH�3URGXFWLYLW\�6ORZGRZQ
��,Q
6�� )LVFKHU� �HG���1%(5�0DFURHFRQRPLFV� $QQXDO�� ������ &DPEULGJH��0$�
0,7�3UHVV�

6LFKHO��'��������� 7KH�&RPSXWHU� 5HYROXWLRQ� ±� $Q� (FRQRPLF� 3HUVSHFWLYH�
:DVKLQJWRQ�'&��%URRNLQJV�,QVWLWXWLRQ�3UHVV�

6LQFODLU�� -��� DQG� %�� &DWURQ� �������� 
1HZ� 3ULFH� ,QGH[� IRU� WKH� &RPSXWHU
,QGXVWU\
��0RQWKO\�/DERU�5HYLHZ�2FWREHU�
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6RORZ��5����������
:H¶G�%HWWHU�:DWFK�2XW
��1HZ�<RUN�7LPHV�%RRN�5HYLHZ
-XO\����

6WDWLVWLFV�)LQODQG��(GXFDWLRQ�DQG�3URIHVVLRQV�RI�(PSOR\HHV��������������
�����������LQ�)LQQLVK��

6WDWLVWLFV�)LQODQG��:DJHV�DQG�6DODULHV����������LQ�)LQQLVK��

7LDLQHQ�� 3�� �������� 6RXUFHV� RI� (FRQRPLF� *URZWK� LQ� )LQODQG� ±� VKDUHV� RI
/DERU�� &DSLWDO� DQG� 7RWDO� )DFWRU� 3URGXFWLYLW\� LQ� ��������� (FRQRPLF
6WXGLHV��8QLYHUVLW\�RI�+HOVLQNL��LQ�)LQQLVK��

7ULSOHWW�� -�� �������� 
,QGXVWU\� 3URGXFWLYLW\� 0HDVXUHV� DQG� +HGRQLF� 3UL]H
,QGH[HV�� 'R� 7KH\� )LW"
� 3DSHU� DW� ([SHUW� :RUNVKRS� RQ� 3URGXFWLYLW\�
,QWHUQDWLRQDO�&RPSDULVRQ�DQG�0HDVXUHPHQW�,VVXHV��3DULV�����0D\�������

(/(&75,&�'$7$�6285&(6

$VVRFLDWLRQ�RI�)LQQLVK�/RFDO�DQG
5HJLRQDO�$XWKRULWLHV��6XRPHQ
.XQWDOLLWWR�

�ZZZ�NXQWDOLLWWR�IL�WLHWRW�WLOD�KWP�

%XUHDX�RI�/DERXU�6WDWLVWLFV �ZZZ�EOV�JRY�VDKRPH�KWPO�

(XURSHDQ�,QIRUPDWLRQ�7HFKQRORJ\
2EVHUYDWRU\

(,72����&'�520

,QWHUQDWLRQDO�7HOHFRPPXQLFDWLRQ
8QLRQ���2(&'

,78�:RUOG�7HOHFRPPXQLFDWLRQV
,QGLFDWRU�������VWDUV��H[H�

0LQLVWU\�RI�)LQDQFH �ZZZ�YQ�IL�YP�VXRPL�PXXWD�YKWW�
YP���SGI�

2(&'�(FRQRPLF�2XWORRN DYDLODEOH�WKURXJK�(7/$
�ZZZ�HWOD�IL�

5HVHDUFK�,QVWLWXWH�IRU�)LQQLVK
(FRQRP\��(7/$��'DWDEDVH

�ZZZ�HWOD�IL�
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$33(1',;�,

7KH� DYHUDJH�PRQWKO\� VDODULHV� IRU� HPSOR\HHV� E\� VHFWRU� DQG� HGXFDWLRQ� DUH
WDNHQ�IURP�:DJHV�DQG�6DODULHV�SXEOLFDWLRQV�RI�6WDWLVWLFV�)LQODQG��7KHVH�DUH
SXEOLVKHG�IRU�WKH�SULYDWH�VHFWRU�IURP������RQZDUG��,Q�������VDODU\�VWDWLVWLFV
LQFOXGHG�����PLOOLRQ�HPSOR\HHV��FRYHULQJ������SHU�FHQW�RI�WKH�ZRUN�IRUFH�LQ
WKH�SULYDWH�VHFWRU� �:DJHV�DQG�6DODULHV��������������7KH�DYHUDJH�HDUQLQJV
DUH� JLYHQ� IRU� ILYH� GLIIHUHQW� VHFWRUV�� FHQWUDO� JRYHUQPHQW�� ORFDO� VHFWRU�
ZHOIDUH� VHUYLFHV�� LQGXVWU\� DQG� VHUYLFHV�� ,Q� DGGLWLRQ�� WKH� QXPEHU� RI
HPSOR\HHV�LQ�HDFK�HGXFDWLRQDO�OHYHO�LV�JLYHQ�IRU�HDFK�VHFWRU��7KH�DYHUDJH
HDUQLQJV�E\�HGXFDWLRQDO�OHYHOV�LQ�WKH�SULYDWH�VHFWRU�FDQ�EH�FDOFXODWHG�IURP
WKH�GDWD�RQ�LQGXVWU\�DQG�VHUYLFHV�

2WKHU�VRXUFHV�RI�LQIRUPDWLRQ�QHHGHG�WR�FRQVWUXFW� WKH� ODERXU�TXDOLW\� LQGH[
DUH� WKH� (GXFDWLRQ� DQG� 3URIHVVLRQV� RI� /DERXU� )RUFH� SXEOLFDWLRQV
�7\|YRLPDQ�NRXOXWXV� MD� DPPDWLW� ����������� DQG�����������7KH\� LQFOXGH
GDWD�RQ�ODERXU�IRUFH�E\�HPSOR\HU�VHFWRU�DQG�HGXFDWLRQDO�OHYHO��6HFWRUV�DUH
SULYDWH�DQG�SXEOLF�VHFWRU��7KH�HGXFDWLRQDO�EUHDNGRZQ� LV�EDVHG�RQ�/DERXU
)RUFH�6XUYH\�ZKLFK�LV�FRQGXFWHG�E\� LQWHUYLHZLQJ�D�UDQGRP�VDPSOH�RI���
���� SHRSOH� PRQWKO\�� $QQXDO� ILJXUHV� DUH� FDOFXODWHG� DV� DYHUDJHV� RI� WKH
PRQWKO\� ILJXUHV�� ,Q� ������ WKHUH� ZHUH� DURXQG� ���� PLOOLRQ� HPSOR\HHV� LQ
)LQODQG�DFFRUGLQJ� WR�/DERXU�)RUFH�6XUYH\� �:DJHV� DQG�6DODULHV���������
���

,Q� VDODU\� VWDWLVWLFV�� HPSOR\HHV� DUH� GLYLGHG� LQWR� HLJKW� HGXFDWLRQDO� OHYHOV
ZKHUHDV�WKHUH�DUH�ILYH�OHYHOV�LQ�WKH�/DERXU�)RUFH�6XUYH\��)RUWXQDWHO\��LW�LV
VWUDLJKWIRUZDUG� WR� UHGXFH� WKH� FODVVLILFDWLRQ� XVHG� LQ� VDODU\� VWDWLVWLFV� WR� D
ILYH�OHYHO� VFDOH�� SULPDU\� HGXFDWLRQ� ��� \HDUV� DW� PRVW��� ORZHU� VHFRQGDU\
HGXFDWLRQ� ������� \HDUV��� XSSHU� VHFRQGDU\� HGXFDWLRQ� ���� \HDUV��� KLJKHU
HGXFDWLRQ���ORZHU�OHYHO��������\HDUV��XS�WR�%$�OHYHO���DQG�KLJKHU�HGXFDWLRQ
±�KLJKHU�OHYHO�����\HDUV�RU�PRUH��0$�OHYHO�DQG�KLJKHU��

,Q����������WKH�DYHUDJH�RI�DQQXDO�ZDJH�SUHPLXPV�HDUQHG�E\�HPSOR\HHV�LQ
GLIIHUHQW�HGXFDWLRQDO�OHYHOV�LV�FDOFXODWHG�ZLWK�UHVSHFW�WR�SULPDU\�HGXFDWLRQ�
'HQRWLQJ�SULPDU\�OHYHO�E\������WKH�ZDJH�SUHPLXPV�DUH�SUHVHQWHG�LQ�7DEOH
$��� 7DEOH� $�� DOVR� LQFOXGHV� ZDJH� SUHPLXPV� IURP� WZR� RWKHU� VWXGLHV�
$VSOXQG������� LV� EDVHG� RQ� D� UHJUHVVLRQ�PRGHO�ZLWK� WKH� GDWD� IURP� �����
�����������DQG������/DERXU�)RUFH�6XUYH\V��,Q�7DEOH�$���UHVXOWV�IURP�WKH
ILUVW� \HDU� DUH� UHSHDWHG��7LDLQHQ������� UHSRUWV�ZDJH�SUHPLXPV� LQ� D� SXEOLF
VHFWRU� VXUYH\� LQ� ������ 2Q� WKH� ZKROH�� WKH� SUHPLXPV� JLYHQ� E\� VDODU\
VWDWLVWLFV� DQG� WKH� WZR� VWXGLHV� DUH� VLPLODU� WR� HDFK� RWKHU� IRU� WKH� ILUVW� WKUHH
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HGXFDWLRQDO� OHYHOV�� 7KH� GLIIHUHQFH� DW� WKH� KLJK� HGXFDWLRQ� OHYHO� SUREDEO\
UHVXOWV�IURP�WKH�IDFW�WKDW�ZDJH�SUHPLXPV�DUH�VPDOOHU�LQ�WKH�SXEOLF�VHFWRU��D
IDFW�WKDW� LV�QRW�LQFOXGHG�LQ�RXU�FDOFXODWLRQV��7KH�GLVSHUVLRQ�RI�ZDJHV�PD\
DOVR�KDYH�ZLGHQHG�VLQFH�WKH�����V�

TABLE A1
WAGE PREMIUMS BY EDUCATIONAL LEVEL

Educational level
Salary statistics
(private sector) Asplund (1997)1 Tiainen (1994)1

Primary education 100 100 100

Lower secondary 105.9 105.7 103.6

Higher secondary 123.8 120.4 118.6

Higher education-lower level 164.6 143.3 139.6

Higher education-higher level 203.0 160.9 189.9
1 classes have been combined.

7KH�SHUFHQWDJH�VKDUHV�RI�HDFK�HGXFDWLRQDO�FODVV�LQ�SULYDWH�VHFWRU�HPSOR\HHV
DUH� DYDLODEOH� IURP� ����� WR� ������ 0XOWLSO\LQJ� WKHVH� VKDUHV� E\� WKH� ZDJH
SUHPLXPV�SUHVHQWHG�DERYH�ZH�JHW�D�TXDOLW\�LQGH[�IRU�ODERU��<HDUV������DQG
�����IRU� WKH�TXDOLW\�DGMXVWHG� ODERU� LQSXW� LQGH[�DUH�H[WUDSRODWHG�XVLQJ� WKH
QHDUHVW� WZR� \HDUV�� )LJXUH�$�� VKRZV� WKDW� WKH� TXDOLW\� DV� PHDVXUHG� E\� WKH
HGXFDWLRQDO� OHYHO� RI� HPSOR\HHV� KDV� ULVHQ� GXULQJ� WKH� REVHUYDWLRQ� SHULRG�
RIIVHWWLQJ�WKH�GHFUHDVH�LQ�KRXUV�ZRUNHG�

FIGURE A1
QUALITY ADJUSTED INDEX FOR LABOUR INPUT (1990 = 100)
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TABLE A2
SUMMARY RESULTS FROM COMPUTATIONS

WITH NON-HEDONIC PRICE INDEX��
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TABLE A2
SUMMARY RESULTS FROM COMPUTATIONS

WITH NON-HEDONIC PRICE INDEX

Basic model Model with computer hardware
gross output

growth
K L MFP hardware K L MFP

1983-96 2.38 0.40 -0.73 2.71 0.21 0.39 -0.73 2.50
1983-90 4.01 1.19 0.29 2.54 0.29 1.15 0.29 2.29
1991-96 0.47 -0.51 -1.93 2.90 0.13 -0.49 -1.91 2.74

net output
growth

K L MFP hardware K L MFP

1983-96 2.36 0.31 -0.91 2.96 0.07 0.31 -0.90 2.87
1983-90 4.06 0.87 0.34 2.85 0.10 0.86 0.34 2.76
1991-96 0.39 -0.33 -2.37 3.09 0.04 -0.33 -2.35 3.02

Model with information technology
gross output

growth
Total

IT hardware software
computer

labour
K L MFP

1983-96 2.38 0.28 0.21 0.05 0.02 0.39 -0.71 2.41
1983-90 4.01 0.37 0.28 0.04 0.04 1.15 0.28 2.22
1991-96 0.47 0.18 0.13 0.06 0.00 -0.48 -1.87 2.64

net output
growth

Total
IT hardware software

computer
labour

K L MFP

1983-96 2.36 0.11 0.07 0.02 0.03 0.31 -0.89 2.82
1983-90 4.06 0.16 0.09 0.01 0.05 0.86 0.33 2.71
1991-96 0.39 0.06 0.04 0.02 0.00 -0.33 -2.31 2.96

7KH�QRPLQDO� LQYHVWPHQW� VHULHV� IRU� FRPSXWHU� KDUGZDUH� DQG� VRIWZDUH�KDYH
EHHQ� GHIODWHG� ZLWK� ZKROHVDOH� SULFH� LQGH[� IRU� RIILFH� DQG� FRPSXWLQJ
HTXLSPHQW��&RPSLOHG�E\�6WDWLVWLFV�)LQODQG��WKLV�LQGH[�KDV�QRW�EHHQ�DGMXVWHG
IRU� TXDOLW\� FKDQJHV� �VHH� )LJXUH� ���� $V� EHIRUH�� WKH� XQLW� LQ� RXWSXW� JURZWK
UDWHV�LV�RQH�SHU�FHQW�DQG�WKH�FRQWULEXWLRQV�DUH�LQ�SHUFHQWDJH�SRLQWV�



818�:RUOG�,QVWLWXWH�IRU�'HYHORSPHQW�(FRQRPLFV�5HVHDUFK��818�:,'(5�
$�UHVHDUFK�DQG�WUDLQLQJ�FHQWUH�RI�WKH�8QLWHG�1DWLRQV�8QLYHUVLW\

7KH�%RDUG�RI�818�:,'(5

1RUD�/XVWLJ
+DUULV�0XWLR�0XOH
6\OYLD�2VWU\
-XNND�3HNNDULQHQ��9LFH�&KDLUSHUVRQ
0DULD�GH�/RXUGHV�3LQWDVLOJR
*HRUJH�9DVVLOLRX��&KDLUSHUVRQ
5XEHQ�<HYVWLJQH\HY
0DVDUX�<RVKLWRPL

([�2IILFLR

+DQV�-��$��YDQ�*LQNHO��5HFWRU�RI�818
*LRYDQQL�$QGUHD�&RUQLD��'LUHFWRU�RI�818�:,'(5

818�:RUOG�,QVWLWXWH�IRU�'HYHORSPHQW�(FRQRPLFV�5HVHDUFK��818�:,'(5��ZDV
HVWDEOLVKHG� E\� WKH� 8QLWHG� 1DWLRQV�8QLYHUVLW\� DV� LWV� ILUVW� UHVHDUFK� DQG� WUDLQLQJ
FHQWUH�DQG�VWDUWHG�ZRUN�LQ�+HOVLQNL��)LQODQG�LQ�������7KH�SXUSRVH�RI�WKH�,QVWLWXWH
LV� WR� XQGHUWDNH� DSSOLHG� UHVHDUFK� DQG� SROLF\� DQDO\VLV� RQ� VWUXFWXUDO� FKDQJHV
DIIHFWLQJ� WKH�GHYHORSLQJ�DQG� WUDQVLWLRQDO�HFRQRPLHV�� WR�SURYLGH�D� IRUXP� IRU� WKH
DGYRFDF\� RI� SROLFLHV� OHDGLQJ� WR� UREXVW�� HTXLWDEOH� DQG� HQYLURQPHQWDOO\
VXVWDLQDEOH� JURZWK�� DQG� WR� SURPRWH� FDSDFLW\� VWUHQJWKHQLQJ� DQG� WUDLQLQJ� LQ� WKH
ILHOG� RI� HFRQRPLF� DQG� VRFLDO� SROLF\� PDNLQJ�� ,WV� ZRUN� LV� FDUULHG� RXW� E\� VWDII
UHVHDUFKHUV� DQG� YLVLWLQJ� VFKRODUV� LQ� +HOVLQNL� DQG� WKURXJK� QHWZRUNV� RI
FROODERUDWLQJ�VFKRODUV�DQG�LQVWLWXWLRQV�DURXQG�WKH�ZRUOG�

818�:RUOG�,QVWLWXWH�IRU�'HYHORSPHQW�(FRQRPLFV�5HVHDUFK��818�:,'(5�
.DWDMDQRNDQODLWXUL���%
������+HOVLQNL��)LQODQG

&RS\ULJKW��È��818�:,'(5�DQG�6,75$�����

3ULQWHG�DW�3LNDSDLQR�3DDWHODLQHQ�2\��+HOVLQNL

7KH�YLHZV�H[SUHVVHG�LQ�WKLV�SXEOLFDWLRQ�DUH�WKRVH�RI�WKH�DXWKRU�V���3XEOLFDWLRQ�GRHV�QRW
LPSO\�HQGRUVHPHQW�E\�WKH�,QVWLWXWH�RU�WKH�8QLWHG�1DWLRQV�8QLYHUVLW\�RI�DQ\�RI�WKH�YLHZV
H[SUHVVHG�
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