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Andrzej K. Ko zminski: Ladies and gentlemen, | am very happy to open the conference on
“Information and Communication Technologies as Drivers of Developnmeftransition
Economies” organized by our TIGER economic think-tank. We are eXgrdareunate to be
able to start this conference with a special lecture withinfilmework of “WSPiZ and
TIGER Distinguished Lectures Series” by one of the leadimga@mists in this field in the
world, Professor Dale W. Jorgenson, Director of the Program on Tegynatal Economic
Policy at Kennedy School of Government, and Samuel W. Morris Hhrlniversity
Professor. Professor Jorgenson used to be the Chairman of theni@epaf Economics at
the Harvard University. He is also one of the founders of the moteoryt of economic
growth. Professor Jorgenson is also a recipient of a great numberygbrestigious awards,
including the John Bates Clark Medal awarded to him in 1971. Profesgengon’s lecture
today is entitled “Information Technology and the World Economy”. It & subsequently
published in the “Distinguished Lectures Series”. We are vetgyland very honoured to
host such an eminent scholar and leading figure in this field. ¥3afdorgenson, the floor is

yours.

Dale W. Jorgenson:lt is a great honour for me to initiate this conference aKihaninski
Academy with this lecture on “Information Technology and the Woddnémy”. | want to
give you some idea about the role this topic will play in the centar. Information
technology is something that we are all aware of in our daidg. Its relationship to the
world economy is something that needs to be established. In the obthgeconference you
are going to have an opportunity to see precisely what thatsiobeecause we have here, at
the conference, the leading scholars in the field. This includdeatimg people in the study
of the impact of information technology in transition economies hertheatKa@minski

Academy. | want to provide an overview of the impact of information techypatothe world



economy. | am not going to be able to cover every aspect of this fBps has a huge
research community; people are investigating this around thd.Waunin going to try to focus
on the important features of information technology and then, secondly, toogivanydea of
the impact on industrialised economies.

In my lecture | will present international comparisons of econ@rowth among the
G7 nations — Canada, France, Germany, ltaly, Japan, the U.K., and theThése
comparisons focus on the impact of investment in information techndbpggdquipment and
software over the period 1980-2001. In 1998 the G7 nations accounted for sigayrly
percent of world outpttand a much larger proportion of world investment in IT. Economic
growth in the G7 has experienced a strong revival since 1995, diyvarpbwerful surge in
IT investment.

The resurgence of economic growth in the United States during thes1&9@'the
crucial role of IT investment has been thoroughly documented andywdiselussed.Similar
trends in the other G7 economies have been more difficult to detetly, pecause of
discrepancies among official price indexes for IT equipment softivare identified by
Andrew Wyckoff? Paul Schreyer has constructed “internationally harmonized”i€Epthat
eliminate many of these discrepancies.

Using internationally harmonized prices, | have analyzed tleeablnvestment and
productivity as sources of growth in the G7 countries over the period 1980-20@%e I
subdivided the period in 1989 and 1995 in order to focus on the most recent egdrien
have decomposed growth of output for each country between growth of input and
productivity. Finally, | have allocated the growth of input between invessts in tangible
assets, especially information technology and software, and human capital.

Growth in IT capital input per capita jumped to double-digit levelh@enG7 nations
after 1995. This can be traced to acceleration in the rate oh@dlIT prices, analyzed in
my Presidential Address to the American Economic Associatibime powerful surge in
investment was most pronounced in Canada, but capital input growth in trepahS., and
the U.K. was only slightly lower. France, Germany, and Italg alsperienced double-digit

growth, but lagged considerably behind the leaders.

!See Angus Maddison (2001) for 1998 data for worPGand the GDP of each of the G7 countries.

See Dale Jorgenson and Kevin Stiroh (2000) anch8tepliner and Daniel Sichel (2000).

®See Wyckoff (1995)

“See Schreyer (2000). Alessandra Colecchia and Bahr€2002) have employed these internationally
harmonized prices in measuring the impact of ITegtment.

°See Jorgenson (2001).



During the 1980’'s productivity played a minor role as a source of grawtthe G7
countries except Japan, where productivity accounted for thirty pesteabnomic growth.
Productivity accounted for only sixteen percent of growth in the U.Steehi percent in
France, twelve percent in the U.K., and eleven percent in Gernoaihy two percent of
growth in Canada was due to productivity, while the decline of prodiyctetarded growth
by fourteen percent in Italy. Between 1989 and 1995 productivity grovelimele further in
the G7 nations, except for Italy and Germany. Productivity decforeBrance and the U.K.
but remained positive for the U.S., Canada, and Japan.

Productivity growth revived in all the G7 countries after 1995, agait e
exception of Germany and lItaly. The resurgence was most dram&anada, The U.K., and
France, partly offsetting years of dismal productivity growtpah exhibited the highest
growth in output per capita among the G7 nations from 1980 to 1995. Javah'sfloutput
per capita rose from the lowest in the G7 to the middle of the gAdtimugh this advance
owed more to input per capita than productivity, Japan’s productivitytiriax outstripped
the other members of the G7. Nonetheless, Japan's productivitineentbe lowest among
the G7 nations.

The U.S. led the G7 in output per capita for the period 1989-2000. Canada’'sned
output per capita in 1980 had disappeared by 1989. The U.S. led the G7 cauiripes per
capita during 1980-2000, but U.S. productivity languished below the levels mdd&a
France, and ltaly.

In the second section of my speech | outline the methodology forttlaig, 9ased on
my Presidential Address. | have revised and updated the U.S. datatedethere through
2001. Comparable data on investment in information technology have be¢ruceasfor
Canada by Statistics CanatiBata on IT for France, Germany, ltaly, and the U.K. have been
developed for the European Commission by Bart Van étrlal’ Finally, data for Japan have
been assembled by myself and Kazuyuki Motohashi for the Resestdate on Economy,
Trade, and Industry.| have linked these data by means of the OECD’s purchasingr powe
parities for 1999.

In the next part of my lecture | consider the impact of ITestinent and the relative

importance of investment and productivity in accounting for economigtramong the G7

®See John Baldwin and Tarek Harchaoui (2002).

'See Van Ark, Johanna Melka, Nanno Mulder, Marceiffier, and Gerard Ypma (2002).

8See Jorgenson and Motohashi (2003)

°See OECD (2002). Current data on purchasing poveeitigs are available from the OECD website:
http://www.sourceoecd.org




nations. Investments in human capital and tangible assets, dgpéEiaquipment and
software, account for the overwhelming proportion of growth. Differeimcédse composition
of capital and labor inputs are essential for identifying pexst international differences in
output and accounting for the impact of IT investment.

| then go on to describe the emergence of the new consensus on economic
measurement, a process that is still underway. The new framefworlproductivity
measurement is embodied in the official U.S. statistics, publiblieithe Bureau of Labor
Statistics (1994). International “best practice” is describethé United Nations (1993b)
System of National Accourt993and two recent OECD manualdvieasuring Productivity
by Schreyer (2001) andeasuring Capitaby Derek Blades (2001).

After three decades the traditional framework for economic uneasent employed,
for example, by Simon Kuznets (1971) and Robert Solow (1970), has collapsedthede
weight of massive new empirical evidence on economic growth, fedoly a torrent of
novel theoretical insights. Until recently, the disparity of viemsong economists has been
greater on growth than most other topics. However, it is importanédo in mind that the
consensus of the early 1970's materialized from a similar pefiddactious contention

among competing schools of thought.

2. Investment and Productivity

My papers with Laurits Christensen and Dianne Cummings (1980, 1981pplede
growth accounts for the United States and its major tradintpgrar-- Canada, France,
Germany, Italy, Japan, Korea, The Netherlands, and the Unitegtiéiin for 1947-1973. We
employed GNP as a measure of output and incorporated constant quditigs of capital
and labor input for each country. Our 1981 paper compared levels of output, svplits
productivity for all nine nations.

| have updated the estimates for the G7 - Canada, France, riyedtady, Japan, the
United Kingdom, and the United States - through 1995 in earlier wagkupdated estimates
are presented in my papers with Chrys Dougherty (1996, 1997) andigti2000). We have
shown that productivity accounted for only eleven percent of economichgnowWtanada and
the United States over the period 1960-1995.

My paper with Yip (2000) attributed forty-seven percent of Japanese ecogamwith
during the period 1960-1995 to productivity growth. The proportion attributable t

productivity approximated forty percent of growth for the four Eurapsauntries — France



(38), Germany (42), ltaly (43), and the United Kingdom (36). Input growth priedted
over productivity growth for all the G7 nations.

| have now incorporated new data on investment in information technetpggment
and software for the G7. | have also employed internationally drazed prices like those
constructed by Schreyer (2000). As a consequence, | have been aldpatates the
contribution of capital input to economic growth into IT and Non-IT compon¥gvitsle IT
investment follows similar patterns in all the G7 nations, Non4iVestment varies

considerably and helps to explain important differences in growth rates among the G7.

2.1. Comparisons of Output, Input, and Productivity

My first objective is to extend my estimates for the G7 natwite Christensen,
Cummings, Dougherty, and Yip to the year 2001. Following the methodologmyof
Presidential Address, | have chosen GDP as a measure of outpud.ihtladed imputations
for the services of consumers' durables as well as land, buildmfjggaipment owned by
nonprofit institutions. | have also distinguished between investmentsnformation
technology equipment and software and investments in other forms of tangilbée asse

A constant quality index of capital input is based on weights tHattealifferences in
capital consumption, tax treatment, and the rate of decline of pgses. | have derived
estimates of capital input and property income from national acogudtta. Similarly, a
constant quality index of labor input is based on weights by ageedesational attainment,
and employment status. | have constructed estimates of hours vemdkéabor compensation
from labor force surveys for each country.

In Table 1 | present output per capita for the G7 nations from 19800th taking the
U.S. as 100.0 in 2000. Output and population are given separately in Tables 2| arse 3.
1999 purchasing power parities from the OECD to convert output from torpeses for
each country into U.S. dollars. The U.S. gained the lead among the Grieumbutput per
capita after 1995. Canada led the U.S. in 1980, but fell behind during the 189%.5.-
Canada gap widened considerably during the 1990’s.

The four major European nations — the U.K., France, Germany, and ftatysimilar
levels of output per capita throughout the period 1980-2001. Japan rose ftgoladasin
1980 to fourth among the G7 in 2001, lagging considerably behind the U.S. ardhCauta
only slightly behind the U.K. in 2001. Japan led the G7 in the growth of opgrutapita
from 1980-1995, but fell behind the U.S., Canada, the U.K., France, and Italy after 1995.



In Table 1 | present input per capita for the G7 over the period 198042604 the
U.S. as 100.0 in 2000. | express input per capita in U.S. dollars, using pgchasver
parities constructed for this stutfThe U.S. was the leader among the G7 in input per capita
throughout the period. In 2001 Canada ranked next to the U.S. with Japamth®erenany
fourth. France and Italy started at the bottom of the ranking and remainectbeighbut the
period.

In Table 1 | also present productivity levels for the G7 overpirgod 1980-2001.
Productivity is defined as the ratio of output to input, including bothalagnd labor inputs.
Italy led in 1980 and Canada was the productivity leader throughouytetimd 1989-2001
with France close behind. Japan made substantial gains in produdtivityg the period,
while there were more modest increases in the U.S., Canadakhd-tance, and Germany,
and a decline in Italy.

| summarize growth in output and input per capita and productivity foGtheations
in Table 4. | present growth rates of output and population for the period20880n Tables
2 and 3. Output growth slowed in the G7 after 1989, but revived for all n&xaept Japan
and Germany after 1995. Output per capita followed a similar patigh Canada barely
expanding during the period 1990-1995.

Japan led in growth of output and output per capita through 1995, but felllowére
echelon of the G7 after 1995. Japan also led in productivity growth throutiteoperiod
1980-2001. For all countries and all time periods, except for Germany during theJj88t:d
1995 and Japan after 1995, the growth of input per capita exceeded growdtduatipity by
a substantial margin. Productivity growth in the G7 slowed duringoéred 1989-1995,
except for Germany and Italy, where productivity slumped after 1995.

Italy led the G7 in growth of input per capita for the periods 1980-1989 8988-
2001, but relinquished leadership to the U.K. for the period 1989-1995. Differanmesy
input growth rates are smaller than differences among output graves, but there was a
slowdown in input growth during 1989-1995 throughout the G7. After 1995 growth of input

per capita increased in every G7 nation except Japan.

The purchasing power parities for outputs are base@ECD (2002). Purchasing power parities for tapu
follow the methodology described in detail by Jorgen and Yip (2001).



2.2. Comparisons of Capital and Labor Quality

A constant quality index of capital input weights capital inputs dogperty
compensation per unit of capital. By contrast an index of capitdt steights different types
of capital by asset prices. The ratio of capital input totahgtock measures the average
guality of a unit of capital. This represents the difference &@tmthe constant quality index
of capital input and the index of capital stock employed, for exaropl&uznets (1971) and
Robert Solow (1970).

In Table 5 I present capital input per capita for the G7 courdviesthe period 1980-
2001 relative to the U.S. in 2000. The U.S. was the leader in capital p@putapita
throughout the period, while the U.K. was the laggard. Canada led thennegnsix countries
in 1980, but was overtaken by Germany and Italy in 1995. Italy leceshi@f the G7 through
2001, but lagged considerably behind the United States.

The picture for capital stock per capita has some similautitiecapital input, but there
are important differences. Capital stock levels do not acdéyratflect the substitutions
among capital inputs that accompany investments in tangibles agspecially investments in
IT equipment and software. The U.S. led the G7 in capital stockapéaas well as capital
input after 1989, while Japan led in 1980 and was second to the U.S. after 1689.KT
lagged the remaining countries of the G7 throughout the period.

The behavior of capital quality highlights the differences bebtwbe constant quality
index of capital input and capital stock. There are important ceangeapital quality over
time and persistent differences among countries, so that hetertyge capital input must be
taken into account in international comparisons of economic perform@aocada was the
international leader in capital quality throughout the period 1980-2001, ydpken ranked at
the bottom of the G7.

| summarize growth in capital input and capital stock per capgavell as capital
quality for the G7 nations in Table 8. Italy was the internatitealer in capital input growth
from 1980-1989, while Canada was the laggard. The U.K. led from 1989-1995 Ganitela
lagged considerably behind the rest of the G7. The U.S. took the leati%®®e There was a
slowdown in capital input growth throughout the G7 after 1989, except fdd.tie and a
revival after 1995 in the U.S., Canada, France, and lItaly.

A constant quality index of labor input weights hours worked for diffecategories
by labor compensation per hour. An index of hours worked fails to takeygddferences

into account. The ratio of labor input to hours worked measures the averageajual hour



of labor, as reflected in its marginal product. This representdiffexence between the
constant quality index of labor input and the index of hours worked emplfmyeelxample,
by Kuznets (1971) and Solow (1970).

In Table 11 | present labor input per capita for the G7 nationhépéeriod 1980-
2001 relative to the U.S. in 2000. Japan was the international leader throughmeriadeand
France and lItaly the laggards. Labor input in Japan was nearly dbablef Italy. The U.S.
led the remaining G7 nations throughout the period. The U.K. ranked thmdgathe G7
through 1995. Italy and France lagged behind the rest of the G7 for the entire period.

The picture for hours worked per capita has some similargiégbbr input, but there
are important differences. Japan was the international leadeurs worked per capita. The
U.S., Canada, and the U.K. moved roughly in parallel. The U.K. ranked sec@880 and
1989, while the U.S. ranked second in 1995 and 2001. France and ltaly laggest difi¢he
G7 from 1980-2001.

The behavior of labor quality highlights the differences betwedgor lmput and hours
worked. Germany was the leader in labor quality throughout thedp#880-2001 with the
U.S. close behind. Canada, the U.K., France, and Japan had similaroleladder quality
throughout the period, but fell short of German and U.S. levels. Italythealsggard among
the G7 in labor quality.

| summarize growth in labor input and hours worked per capita, asawdhbor
quality for the period 1980-2001 in Table 12. Canada and Japan led the @i matiabor
input growth during the 1980’s, France led from 1989-1995 but relinquisheddtsréhip to
Italy after 1995. Labor input growth was negative for France dihed980’s, for the U.K.,
Germany, Italy, and Japan during the period 1989-1995, and for Japan after 1995.

Hours worked per capita fell continuously throughout the period 1980-2001 for Japa
and declined for all the G7 nations during the period 1989-1995. Growth indaaliy was
positive for the G7 nations in all time periods. Japan was therlehgeng the 1980’s,
relinquishing its lead to France during the early 1990’s and hallye late 1990’s. Growth in
labor quality and hours worked are equally important as sourag®wth in labor input for
the G7.

3. Investment in Information Technology

Using data from Tables 1 and 2, | can assess the relative img@d&investment and

productivity as sources of economic growth for the G7 nations. Investnmetaingible assets



and human capital greatly predominated over productivity during thedp&®80-2001.
While productivity fell in Italy during this period, the remaining @ountries had positive
productivity growth for the period as a whole.

Similarly, using data from Table 5 | can assess the relatipprtance of growth in
capital stock and capital quality. Capital input growth was posftvell countries for the
period 1980-2001 and all three sub-periods. Capital quality growth was pdsitihe period
as a whole for all G7 countries. Although capital stock predominatedgital input growth,
capital quality was also quantitatively significant, especiallyr 4f95.

Finally, using data from Table 11 | can assess the relatipertance of growth in
hours worked and labor quality. Hours worked per capita declined focésr@ermany, and
Japan, while labor quality rose in these nations during the period 1980-200theRdsS.,
Canada, the U.K., and Italy, both hours worked per capita and laboryqoakt | conclude

that labor quality growth is essential to the analysis of growth in labor input.

3.1. Investment in IT Equipment and Software

The final step in the comparison of patterns of economic growth among thetiGsn
is to analyze the impact of investment in information technologypenent and software. In
Table 6 | present levels of IT capital input per capita for tiief@ the period 1980-2001,
relative to the U.S. in 2000. The U.S. overtook Germany in 1989 and remaintzhdiee
through 2001. Canada and Japan lagged behind the rest of the G7 through 1995,cbut Fran
fell into last place in 2001.

Table 6 reveals substantial differences between IT capitek stind IT capital input.
The G7 nations began with very modest stocks of IT equipment and sofderaicapita in
1980. These stocks expanded rapidly during the period 1980-2001. The U.S. lezhpitdl
stock throughout the period, while Japan moved from the third lowestifex€80 to the
second highest in 2001.

IT capital quality reflects differences in the compositionTotapital input, relative to
IT capital stock. A rising level of capital quality indicatesshift toward short-lived assets,
such as computers and software. This shift is particularly diafoatthe U.S., Canada, and
Japan, while the composition of IT capital stock changed relaties$yfor the U.K., France,
Germany, and ltaly. Patterns for Non-IT capital input, capitatk, and capital quality given

in Table 7 largely reflect those for capital as a whole, presented in Table 5.



| give growth rates for IT capital input per capita, capitallsjper capita, and capital
quality in Table 9. The G7 nations have exhibited double-digit growth aapital input per
capita since 1995. Canada was the international leader during tlud péth Japan close
behind. Japan was the leader in growth of IT capital input durin38@’s, another period
of double-digit growth in the G7. However, Japanese IT growth slowestantially during
1989-1995 and Canada gained the lead.

Patterns of growth for IT capital stock per capita are sintdathose for IT capital
input for the four European countries. Changes in the composition ofpifalcatock per
capita were important sources of growth of IT capital input pert& for the U.S., Canada,
and Japan. IT capital stock also followed the pattern of IT caipipait with substantial
growth during the 1980'’s, followed by a pronounced Iull during the period 1989-19%@5. A
1995 the growth rates of IT capital stock surged in all the G7 ceanakcept Germany, but
exceeded the rates of the 1980’s only for the U.S. and Japan.

Finally, growth rates for IT capital quality reflect the seatd which shorter-lived IT
assets are substituted for longer-lived assets. Japan led irotth gf capital quality during
the 1980’s, but relinquished its lead to Canada in 1989. IT capital quabiytigfor the
Canada substantially outstripped that of the remaining G7 courdridsef period 1989-2001.
Patterns of growth in Non-IT capital input per capita, Non-IT ehgtock per capita, and
Non-IT capital quality given in Table 10 largely reflect thosedapital as a whole presented
in Table 8.

Table 13 and Figure 1 present the contribution of capital input to ecogoowwth for
the G7 nations, divided between IT and Non-IT. The powerful surge wivEstment in the
U.S. after 1995 is mirrored in similar jumps in growth rates ofcti@ribution of IT capital
through the G7. The contribution of IT capital input was similar dutieg1980’s and the
period 1989-1995 for all the G7 nations, despite the dip in rates of econoith gafter
1989. Japan is an exception to this general pattern with a contributidin o&pital
comparable to that of the U.S. during the 1980’s, followed by a dedlities contribution
from 1989-1995, reflecting the sharp downturn in Japanese economic growth.

The contribution of Non-IT capital input to economic growth after 1995 ebeckthat
for IT capital input for four of the G7 nations; the exceptions weseada, the U.K., and
Japan. The U.S. stands out in the magnitude of the contribution of capitalafter 1995.
Both IT and Non-IT capital input contributed to the U.S. economic resurgéribe last half
of the 1990’s. Despite the strong performance of IT investmedgpan after 1995, the
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contribution of capital input declined substantially; this contributioo aeclined for the
U.K. and Germany.

3.2. The Relative Importance of Investment and Productivity

Table 14 and Figure 2 present contributions to economic growth from protyctivi
divided between the IT-producing and Non-IT-producing industries. The methodolagisfor
division follows Triplett (1996). The contribution of IT-producing industriespositive
throughout the period 1980-2001 and jumps substantially after 1995. Since theflevel
productivity in Italy is higher in 1980 than in 2001, it is not surprisiveg the contribution of
productivity growth in the Non-IT industries was negative throughoupénied. Productivity
in these industries also declined during 1989-1995 in Canada, the U.K., acd Bral after
1989 in Germany as well as Italy.

Table 15 and Figure 3 give a comprehensive view of the sources of ecagromth
for the G7. The contribution of capital input alone exceeds that of preiydor most
nations and most time periods. The contribution of Non-IT capital input piedt@s over IT
capital input for most countries and most time periods with Canmad&89-2001, and the
U.K. and Japan after 1995 as exceptions. This can be attributed to the unusual wedkress
growth of aggregate demand in these countries. The contribution of ilmar varies
considerably among the G7 nations with negative contributions after @9Q®pan, during
the 1980’s in France, and during the period 1989-1995 in the U.K. and Germany.

Finally, Table 16 and Figure 4 translate sources of growth into e®wfcgrowth in
average labor productivity (ALP). ALP, defined as output per hour workest, oe carefully
distinguished from overall productivity, defined as output per unit of bqiltataand labor
inputs. Output growth is the sum of growth in hours worked and growth in ALP.growth
depends on the contribution of capital deepening, the contribution of grovethoinquality,
and productivity growth.

Capital deepening is the contribution of growth in capital input per Wwodked and
predominates over productivity as a source of ALP growth for the G@nealT capital
deepening predominates over Non-IT capital deepening in the U.S. througkopériod
1980-2001 and in Canada after 1989, the U.K., France, and Japan after 1995. Rmally, t

contribution of labor quality is positive for all the G7 nations through the period.
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4. Demise of Traditional Growth Accounting

The early 1970's marked the emergence of a rare professionahsoa®n economic
growth, articulated in two strikingly dissimilar books. Kuznets swamzed his decades of
empirical research ifEconomic Growth of Nation§1971). ** Solow's bookEconomic
Growth (1970), modestly subtitled "An Exposition”, contained his 1969 Radcliffeutex at
the University of Warwick. In these lectures Solow also sunmedrdecades of theoretical
research, initiated by the work of Roy Harrod (1939) and Domar (1846).

Let me first consider the indubitable strengths of the persgecin growth that
emerged victorious over its many competitors in the early 1970's. Solowtassal theory
of economic growth, especially his analysis of steady staihsconstant rates of growth,
provided conceptual clarity and sophistication. Kuznets generated qeesusmpirical
support by quantifying the long sweep of historical experienceh@fUnited States and
thirteen other
developed economies. He combined this with quantitative comparisons anvetapdd and
developing economies during the postwar period.

With the benefit of hindsight the most obvious deficiency of the toadit framework
of Kuznets and Solow was the lack of a clear connection betweethdbeetical and the
empirical components. This lacuna can be seen most starkly itotdleabsence of cross
references between the key works of these two great econonestthey were working on
the same topic, within the same framework, at virtually thees@me, and in the very same
geographical location Gambridge, Massachusétts

Searching for analogies to describe this remarkable coincidgndews on growth,
we can think of two celestial bodies on different orbits, momentadlyciding from our
earth-bound perspective at a single point in the sky and glowthgdazzIling but transitory
luminosity. The indelible image of this extraordinary event has been burned irciollgative

memory of economists, even if the details have long been forgofiea. resulting

Y“The enormous impact of this research was recogriizélle same year by the Royal Swedish Academy of
Sciences in awarding the third Bank of Sweden Pinz&conomic Sciences in Memory of Alfred Nobel to
Kuznets "for his empirically founded interpretatioh economic growth which has led to new and dee@en
insight into the economic and social structure prutess of development.” See Assar Lindbeck (1992)9.
250low's seminal role in this research, beginninghwiis brilliant and pathbreaking essay of 1956, "A
Contribution to the Theory of Economic Growth", wasognized, simply and elegantly, by the Royal @sle
Academy of Sciences in awarding Solow the Nobetd’imn Economics in 1987 "for his contributions ke t
theory of economic growth." See Karl-Goran Male992), p. 191. Solow (1999) presents an updatedorecs

his exposition of growth theory.
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professional consensus, now obsolete, remained the guiding star fogusriiseonceptual
development and empirical observation for decades.

4.1. Human Capital

The initial challenge to the framework of Kuznets and Solowpesed by Denison's
magisterial studyWhy Growth Rates Diffefl967). Denison retained NNP as a measure of
national product and capital stock as a measure of capital input,raplb@the conventions
employed by Kuznets and Solow. Denison's comparisons among hine inidestria
economies over the period 1950-1962 were cited extensively by both Kuznets and Solow.

However, Denison departed from the identification of labor input withshaarked
by Kuznets and Solow. He followed his earlier study of U.S. econgroigth, The Sources
of Economic Growth in the United States and the Alternatives Befoneubkshed in 1962.
In this study he had constructed constant quality measures of labgrtakid) into account
differences in the quality of hours worked due to the age, sex,damate®nal attainment of
workers.

Kuznets (1971), recognizing the challenge implicit in Denison's oagpr to
measuring labor input, presented his own version of Denison's findiffgscarefully purged
Denison's measure of labor input of the effects of changes catalal attainment. Solow,
for his part, made extensive references to Denison's findingeeogrowth of output and
capital stock, but avoided a detailed reference to Denison's raeafstabor input. Solow
adhered instead to hours worked (or "man-hours"” in the terminolodpe afarly 1970's) as a
measure of labor inpdf.

Kuznets showed that "... with one or two exceptions, the contribution dhther
inputs per capita was a minor fraction of the growth rate of apitac product® For the
United States during the period 1929 to 1957, the growth rate of productivatytput per
unit of input exceeded the growth rate of output per capita. Accordikgznets’ estimates,
the contribution of increases in capital input per capita over thisngive period was

negative!

3uznets (1971), Table 9, part B, pp. 74-75.
13Solow (1970), pp. 2-7. However, Solow (1988), pp3-314, adopted Denison's perspective on labortiimpu
his Nobel Prize address.
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4.2. Solow’s Surprise

The starting point for our discussion of the demise of traditioraltly accounting is
a notable but neglected article by the great Dutch economigtidlaergen (1942), published
in German during World War 1l. Tinbergen analyzed the sources af d¢homic growth
over the period 1870-1914. He found that efficiency accounted only a little than a
qguarter of growth in output, while growth in capital and labor inputs accodatethe
remainder. This was precisely the opposite of the conclusion that §uA®§'1) and Solow
(1970) reached almost three decades later!

The notion of efficiency or "total factor productivity” was introddcindependently
by George Stigler (1947) and became the starting point fosjarmesearch program at the
National Bureau of Economic Research. This program employed datatfmurt of the U.S.
economy from earlier studies by the National Bureau, espeddlypioneering estimates of
the national product by Kuznets (1961). The input side employed datapdal deom
Raymond Goldsmith's (1962) system of national wealth accounts. Howawar,of the data
was generated by John Kendrick (1956, 1961), who employed an explicih syfsteational
production accounts, including measures of output, input, and productivity flomadat
aggregates and individual industri8s.

The econometric models of Paul Douglas (1948) and Tinbergen wegeatetd with
data from the aggregate production accounts generated by Abrafi®b&) and Kendrick
(1956) in Solow's justly celebrated 1957 article, "Technical Charge the Aggregate
Production Function”. Solow identified "technical change" with shiitshe production
function. Like Abramovitz, Kendrick, and Kuznets, he attributed almosifall.S. economic
growth to "residual” growth in productivity.

Kuznets' (1971) international comparisons strongly reinforced the fisdinlg
Abramovitz (1956), Kendrick (1956), and Solow (1957), which were limited tdJthted
States® According to Kuznets, economic growth was largely attributabléhéo Solow

residual between the growth of output and the growth of capital andifgiads, although he

®Kuznets (1971), p. 73.
®Updated estimates based on Kendrick’s framework paesented by Kendrick (1973) and Kendrick and
Grossman (1980).

This finding is called “Solow’s Surprise” by Willia Easterly (2001) and is listed as one of the izt facts”
about economic growth by Robert King and SergiodRe(1999).

187 survey of international comparisons, includingnfiérgen (1942)and Kuznets (1971), is given in myepa
with Christensen and Cummings (1980), presentatieaforty-fourth meeting of the Conference on Resea
and Wealth, held at Williamsburg, Virginia, in 1975
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did not use this terminology. Kuznets' assessment of the sign#icahdis empirical
conclusions was unequivocal:
(G)iven the assumptions of the accepted national economic accouramegwork,
and the basic demographic and institutional processes that control labgr, sapjihl
accumulation, and initial capital-output ratios, this major conclusiothat the
distinctive feature of modern economic growth, the high rate of grotvger capita
product is for the most part attributable to a high rate of grawfiroductivity -- is
inevitable!®
The empirical findings summarized by Kuznets have been repgatadbborated in
investigations that employ the traditional approach to growth adogunthis approach
identifies output with real NNP, labor input with hours worked, and dappat with real
capital stock® Kuznets (1979) interpreted the Solow residual as due to exogenous
technological innovation. This is consistent with Solow's (1957) identditaf the residual
with technical change. Successful attempts to provide a more comyiexplanation of the

Solow residual have led, ultimately, to the demise of the traditional framéwork.
4.3.Radical Departure

The most serious challenge to the traditional approach growth acgpunts
presented in my 1967 paper with Zvi Griliches, "The Explanation of PtiwdudcChange".
Griliches and | departed far more radically than Denison frommdasurement conventions
of Kuznets and Solow. We replaced NNP with GNP as a measunaetmmit and introduced
constant quality indexes for both capital and labor inputs.

The key idea underlying our constant quality index of labor input, likeiddn's, was
to distinguish among different types of labor inputs. We combined hours worked for pach ty
into a constant quality index of labor input, using the index number methgdGlolgches
(1960) had developed for U.S. agriculture. This considerably broadenetbricept of
substitution employed by Solow (1957). While he had modeled substitutioedreapital

and labor inputs, Denison, Griliches and | extended the concept of sutstititinclude

¥Kuznets (1971), p. 73; see also, pp. 306-309.
®For recent examples, see Michael Dertouzos, Salad,Richard Lester (1989) and Hall (1988, 1990).

ZA detailed survey of research on sources of econgmiwth is given in my 1990 article, "Productiviand

Economic Growth", presented at the The JubiledhefGonference on Research in Income and Wealt,ihel
Washington, D.C., in 1988, commemorating the fifti@nniversary of the founding of the Conference by
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different types of labor inputs as well. This altered, irrevocatblg allocation of economic
growth between substitution and technical chafige.

Griliches and | introduced a constant quality index of capital ibgudistinguishing
among types of capital inputs. To combine different types ofatapib a constant quality
index, we identified the prices of these inputs with rental priggser than the asset prices
used in measuring capital stock. For this purpose we used a modglital as a factor of
production | had introduced in my 1963 article, "Capital Theory and IneestBehavior".
This made it possible to incorporate differences among depoecrates on different assets,
as well as variations in returns due to the tax treatment fefrelit types of capital income,
into our constant quality index of capital ingtit.

Finally, Griliches and | replaced the aggregate production functioplogyed by
Denison, Kuznets, and Solow with the production possibility frontier introdunced; 1966
paper, "The Embodiment Hypothesis" and employed in Section 2 above. l[®hisdafor
joint production of consumption and investment goods from capital and labor inplésl
used this approach to generalize Solow's (1960) concept of embodied techiicge,
showing that economic growth could be interpreted, equivalently, as "esdbodh
investment or "disembodied" in productivity growth. My 1967 paper withcGes removed
this indeterminacy by introducing constant quality price indexes for investmeds

Griliches and | showed that changes in the quality of capitaladowat inputs and the
quality of investment goods explained most of the Solow residual. Weagsd that capital
and labor inputs accounted for eighty-five percent of growth duringpé¢hied 1945-1965,
while only fifteen percent could be attributed to productivity growtiari@es in labor quality
explained thirteen percent of growth, while changes in capital tguahother eleven

percent® Improvements in the quality of investment goods enhanced the growibthof

Kuznets. More recent surveys are presented in d@ed’ (2000) posthumous booR&D, Education, and
Productivity,and Charles Hulten’s (2001) article, “Total Fad®@oductivity: A Short Biography”.

#Constant quality indexes of labor input are disedssetail by Jorgenson, Gollop, and Fraumeni (1987)
Chapters 3 and 8, pp. 69-108 and 261-300, and dswgeHo, and Stiroh (2004).

%) have presented a detailed survey of empiricaaesh on the measurement of capital input in mydJ@sper,
"Capital as a Factor of Production". Earlier susveyere given in my 1973 and 1980 papers and Di&wert
(1980) contribution to the forty-fifth meeting dfeé Conference on Income and Wealth, held at Tor@dario,

in 1976. Hulten (1990) surveyed conceptual aspefctapital measurement in his contribution to thbilée of
the Conference on Research in Income and WealtB88.

#As a natural extension of Solow's (1956) one-sentar-classical model of economic growth, his 196@ieh

of embodiment had only a single output and did adtw for the introduction of a separate price xder
investment goods. Recent research on Solow's modembodiment is surveyed by Greenwood and Boyan
Jovanovic (2001) and discussed by Solow (2001).

#See Jorgenson and Griliches (1967), Table IX, 2. 2¥e also attributed thirteen percent of growttite
relative utilization of capital, measured by enempnsumption as a proportion of capacity; howetas is
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investment goods output and capital input; the net contribution was only éwenp of
growth?®

4.4.The Rees Report

The demise of the traditional framework for productivity measunéngained
momentum with the Panel to Review Productivity Statistics of the Natiesgtarch Council,
chaired by Albert Rees. The Rees Report of 19M8asurement and Interpretation of
Productivity became the cornerstone of a new measurement framework faffitial
productivity statistics. This was implemented by the Bureau bbL&tatistics (BLS), the
U.S. government agency responsible for these statistics.

Under the leadership of Jerome Mark and Edwin Dean the BLS Offieeoductivity
and Technology undertook the construction of a production account for theedd:Smy
with measures of capital and labor inputs and total factor prodyctrenamed multifactor
productivity?” The BLS (1983) framework was based on GNP rather than NNP and iclude
a constant quality index of capital input, displacing two of the &egyventions of the
traditional framework of Kuznets and Solé&fv.

However, BLS retained hours worked as a measure of labor inpufuiytii1l, 1994,
when it released a new multifactor productivity measure inctudi constant quality index of
labor input as well. Meanwhile, BEA (1986) had incorporated a constalitlyquéce index
for computers into the national accounts -- over the strenuous objecti@enigbn (1989).
This index was incorporated into the BLS measure of output, comptagndjsplacement of
the traditional framework of economic measurement by the conventiopkyed in my
papers with Griliche&’

The official BLS (1994) estimates of multifactor productivity @awver-turned the
findings of Abramovitz (1956) and Kendrick (1956), as well as thod€uahets (1971) and
Solow (1970). The official statistics have corroborated the findinogsrsarized in my 1990

survey paper, "Productivity and Economic Growth". These statetesow consistent with

inappropriate at the aggregate level, as DenisBri4)l, p. 56, pointed out. For additional detaitsz orgenson,
Gollop, and Fraumeni (1987), especially pp. 179-181

#Using Gordon's (1990) estimates of improvementshim quality of producers' durables, Hulten (1992)
estimated this proportion as 8.5 percent of thevtfrof U.S. manufacturing output for the period 99¥B83.

2’A detailed history of the BLS productivity measursthprogram is presented by Dean and Harper (2001).
%The constant quality index of capital input becatme international standard for measuring produstiin
Blades’ (2001) OECD manudfleasuring Capital

The constant quality index of labor input became ifiternational standard in the United Nations )99
System of National Accounts
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the original findings of Tinbergen (1942), as well as my paper @tliches (1967), and the
results | have presented in Section 3.2.

The approach to growth accounting presented in my 1987 book with Gollop and
Fraumeni and the official statistics on multifactor productivity @higld by the BLS in 1994
has now been recognized as the international standard. The newdrknfier productivity
measurement is presentedieasuring Productivitya Manual published by the Organisation
for Economic Co-Operation and Development (OECD) and written bye$eh(2001). The
expert advisory group for this manual was chaired by Dean, forsmoclate Commissioner
for Productivity at the BLS, and leader of the successful effornplement the Rees Report
(1979).

5. Conclusions

| conclude that a powerful surge in investment in information technobogy
equipment after 1995 characterizes all of the G7 economies. Thismasdor a large portion
of the resurgence in U.S. economic growth, but contributes substatdgiagépnomic growth
in the remaining G7 economies as well. Another significant sourcthefG7 growth
resurgence after 1995 is a jump in productivity growth in IT-producing industries.

For Japan the dramatic upward leap in the impact of IT investaitart 1995 was
insufficient to overcome downward pressures from deficient grafitAggregate demand.
This manifests itself in declining contributions of Non-IT capdal labor inputs. Similar
downturns are visible in Non-IT capital input in France, Germany, apdceally the U.K.
after 1995.

These findings are based on new data and new methodology for agdhegisources
of economic growth. Internationally harmonized prices for infoionatechnology equipment
and software are essential for capturing differences amon@Zheations. Constant quality
indices of capital and labor inputs are necessary to incorpormtmfiacts of investments in
information technology and human capital.

Exploiting the new data and methodology, | have been able to showhatment in
tangible assets is the most important source of economic growtre iG7 nations. The
contribution of capital input exceeds that of productivity for all coestfor all periods. The
relative importance of productivity growth is far less than ssigge by the traditional

methodology of Kuznets (1971) and Solow (1970), which is now obsolete.
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Andrzej K. Ko zminski: Thank you professor Jorgenson for your fascinating lecture. You
have shown us some new frontiers in economic research and economipadergl We still

have some time for questions and a discussion.

Andrzej Kuklinski, Warsaw University: It was a very charming and charismatic lecture. |
would like to invite you to a discussion on four comments. The first carhims that we are
recognising turning points in history with some delay. This appiiebe year 1995, a delay
that is probably shortening. The same was with the recognitioneointiustrial revolution
taking place in England — this was probably also recognised witle slelay of perhaps 50
years or so. That is the first comment. The second one is thegvbleition in information
technology is a revolution of nanotechnology. It is seldom mentioned that nanoteghhas
given a new big push to information technology. The third question ishbadinited States
have a very privileged position in global history. It was able tédbuito the system of
national accounts and into the system of statistics - this newoptemon. Therefore the
social sciences in the United States are in a privileged poshiezguse they have the
empirical evidence. In this field, for example, the European Uniaryirsg to follow in the
same direction, yet is still far behind. The last comment y&u were to apply your thinking
to China and India — when would you find in these countries the turning point of 19957

Dale W. Jorgenson:First of all, remember that a turning point is a turning paird world
technology. The technologies that | have described here are ipeflaetsive throughout the
world. Semi-conductor technology is developed just as far in Europ& &sia as it is in the
United States. But | agree completely with your observation that the ld% very privileged
position in that the data that | described here are built into oilanahtaccounts and further
developments are built into national accounts as they occur. Whyt isnippartant? That is
important, because people rely on these national accounting syemsas students, also
have to rely on the official statistics. You can not think beyond tih@ab statistics, beyond
the research frontier. This is something that has to be obvious whepick up the official
statistics or when you open the newspaper. That, being the caserisimnportant program
here to bring national accounting systems into alignment withs#ti®f new developments.
That is the role that European Union has taken on and | am happy ticasdlye OECD is
taking on — these are both organisations now that Poland is fully invohaedlithat, | think,

is a very, very optimistic development.
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That relates to your second point and that is that the speed at wiash
developments can diffuse around the world is now accelerated prebigdlyformation
technology. You can find a lot of this information on the internet, you adnym the latest
information on it from the EU and the OECD. So, you are absolutght: rtime has
contracted. Of course, a development like this, which is fundanterita® world economy,
has been totally dissociated from any kind of political event. Thaxe no fall of a Berlin
Wall, there was no dissolution of the Soviet Union. There was onlynteenational Road
Map for Semiconductors! A few engineers, now about 1200 engineers, koedvthis, but
this was something that was totally concealed from view undipleebegun to pick up their
national accounts and say: “Something has changed”.

And now the final point — nanotechnology. Here is an analogy — Moom/s. L
Moore’s Law looks very smooth, geometric increase in the numbeamditors on a chip.
Here is the story that people often tell about Moore’s Law. Supiageyou are going to
view Moore’s Law as a trip in an automobile, like the Rolls-Royw you are going to
throw away at the end of the trip. Then every 100 miles the auta@nebilld fall apart, and
you have to rebuild it from scratch. Therefore, as you proceed,Z@@mmiles to 400 miles,
say, you are re-building the technology and that comes to your poiahofethnology. The
challenges ahead, in terms of miniaturisation, involve new frontdérphysics and
engineering. Every new device requires a whole new configaraf technology, a whole
new configuration of the factories that produces the devices. Ali®that has to be rebuilt
from scratch every two years. The stress is enormous at levety— from the researcher at
the lab bench all the way down to the worker at the factory. Aml sbmething that has
commanded, of course, enormous and increasing resources. So,dagpbetely with all of

your four comments.

Piotr Btonski, student - Science Club “Little Tigers™ | have a short question: will the IT

revolution last?

Dale W. Jorgenson This is a very interesting question. This is how going on, as g¢euns
the history of computer prices since 1959, and it is accelerattigto be faster. Will all
this come to an end? Well, obviously we do not know. There are no fixe@msnswthis that
we could rely on at the moment. We have the semi-conductor road magndethat
engineers and technologists can foresee the future developmehts area. They can not

very well forecast the speed (which is accelerating) andh&hehat will continue. It has
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continued up to 2003, last year, but the next generation of technology is due or 208¥e

2006. There is a big dispute going on in the industry about which onrkelg 10 prevail.

Conservative technologists take the position that the nest generation of techraddgybe at
the three-year pace, whereas business people in the industnpo$agompetition is going to
drive this to continue the two-year pace with all the challenges that thatmall.

So, the answer is “we do not know”. We do not have any idea, but wpisire
beginning to understand some of the implications. Let me give youaampéx The example
that | would like to think about here is telecom. Telecom is thgimaii information
technology. And so, of course, we have all been amazed at the devel@jroehtphones
and all the rest of it, but the biggest development is still to cdine whole of our telecom
network for voice is based on an analogue system — it is not baseagitahtdchnology at alll.
We are about to replace this analogue system, which has bienswgince the invention of
the telephone, by a network in which everything is going to beshditjust the way it is on
the computer. That process is going to be Voice-Over-Interotdded (VolP) and that is
going to replace the whole of the telecommunications technologywatise for voice
communication. Not in your lifetime, but probably before some of you I¢hige very
distinguished school. That will be taking place in a way tha¢resdly replaces existing
technologies by a digitised semi-conductor driven technology.

So the idea that we are running out of things to do in this atkéat-we are running
out of areas to digitise -- is very, very far from the truth. Ndge momentous opportunities
lying ahead of us. Therefore the forces that are driving the spéeel developments that you
have seen here are extremely powerful and involve trillionsallyetrillions of dollars and

that being the case, this is going to be part of the world economy for a long to®e.

Wojciech Gasparski, Leon Kaminski Academy of Entrepreneurship and Management:
As a person who is involved in design methodology and studies relaté@ tesigning
process, | would like to add a very important factor to the lishabfs that you mentioned as
responsible for the growth. During the period of the development of iatmmtechnology,
the so-called “design methodological toolbox” profoundly changed, first abf
modularisation. It was a new device used by designers, to desigeciawlogy — computers
in particular — and the second and a very important detail is thahay say now that the
closer the time of the story you told us is to our time, the mamgouter software is involved
in the process of designing computer technology. Originally it evdg designers, humans,

equipped with old, traditional devices, so the toolbox was very primitivey peor.
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Gradually, they started using information technology in the promledssign activities. So,
these two factors are also very important. Hence, | would suggesadd both of them to
show that not only physics, not only physical discoveries are respwhsibyrowth but also
design methodology. Dimension is also very important, becaushkutrian and it is still very

important for the future.

Dale W. Jorgenson:Exactly. Let me underline what you have just said, which isydes
the acceleration that took place in 1995 could never have been done withnges in the
principles of design. In other words, this acceleration itself wouwemieave been visible in
the early days of a semi-conductor technology when everythingleveessaccording to the old
style. So, at first, semi-conductor technology was known to phigicitie transistor was
invented in Bell Labs by people who thought they were doing physias.they were. The
integrated circuit was invented by an engineer who got a Nolw? B physics for his
invention. This became the basis for the engineering phase. And then,rasbuschools
throughout the world, obviously including this one, people begun to absorb theangsoof
these developments for business practice, for the way in which psaahectiesigned, for the
way in which products are moved from their design into the fackanally, people began to
consider the implications for the service industries, the major area for épplica

What | am here to ask you to do, as economists, is to begin to builohtthigour
thinking. This is no longer something which should be limited to phsgsicengineers and
business applications, but needs to be absorbed into the toolkit of eeosiynest. and
therefore you need to learn how to construct these prices. You méaidk about how you
are going to absorb the new information as it begins to emengetire research that you are
going to hear about at this conference. You need to develop a mttheeway in which this
affects the world economy.

| did not talk about the impact on India and China, but | want to come battlatt
now. India and China are relatively minor players in this arenahetmoment, but
technologies developed mainly in other countries are moving very quint&lyoth of these
countries and they are going to be major players in the futued.i3hhe topic for a future
lecture, but the important thing is that the world history for therwedisas for us, changed in
1995, because of design principles that you have just described.

Karol Kuczwalski, student - Science Club “Little Tigers”: Professor Jorgenson, | would

like to ask you why is the European Union still lagging behind the US in the use of IT
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Dale W. Jorgenson:Well, it is a mixed picture. Looking at the developments in Eurthyee,
European Union has many countries that are just as advanced in thiellisas the US. |

mentioned Britain, Ireland, Finland, and Sweden. It is a long listallg and so there is
nothing intrinsic to the European Union, but we have to include countrieathatot so

progressive - Spain, Greece, and others. | think this is an imporsaatch topic that | hope
you will pursue. We need to understand the way in which the magebdmds to information
technology.

| have told you that the implications of this acceleration ofrtfegmation technology
are that our capital markets failed. Now you can say this sdiked&arl Marx. No, that is
not what | am talking about. What | am saying is that the wayhich people priced out the
economic opportunities in this new technology era, which started in 1988dtout to be
totally wrong. They were wildly overoptimistic in some regpeand wildly pessimistic in
others. Capital markets in the US are still the most sophestica the world and the capital
markets in Europe, which are not that well developed, made many sare mistakes, but
not on the same scale. So that we can say there is a great dedbie e terms of rectifying
the errors that occurred and trying to understand what happeneds $hilswork very much
in progress, as is very much of the research that is going on today.

The second thing is, and this is an answer to your question veryhdirbet big
difference between the countries that have been successfuflormation technology and
those that have not, is in the labour markets. The labour marketsUtstaee well known to
be extremely flexible — we learnt about this in the energyscfor the first time — and that is
not accidental. This is something that is the result of decadesstdtitional change. The
labour markets in Europe had in the meantime been going in the oppicsiteon — and that,
essentially, is the answer to your question.

So, we need to do research to understand the full implication of whéayeuasked,
but it is clear just from the facts that | have described tiie broad outlines focus on these
factor markets — the markets for capital and labor.

Let me just say that | very much appreciated your questions.h@kideen a terrific
discussion, | wish we could go on, but | invite you to stay for the rest of the amwderehere
we are going to debate all of the issues that you have raisddefaest of the day. | am
personally very much looking forward to this. | am very gratefuhe school for organising
this conference and of course to MarciatRwski, who was the driving force in bringing us

all together here to debate this issue. So, thank you very much for your attention.
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Andrzej K. Ko zminski: Thank you professor Jorgenson and | would like also to thank your
wife, Linda, who is clearly supporting you here in the audience andtgaing very vividly

to what you say, so thank you once again.

Dale W. Jorgenson That was a fantastic audience. They were terrific, thengabsolutely

wonderful.
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Table 1. Levels of Output and Input Per Capita and Productivity

Year U.S. Canada U.K. France Germany Italy Japan
Output Per Capita
1980 63.9 67.6 45.0 45.9 49.3 45.9 39.6
1989 79.7 78.8 56.5 54.1 58.6 57.3 56.0
1995 85.6 79.6 61.4 57.0 65.0 62.1 64.0
2001 100.3 91.8 71.3 64.0 69.2 68.8 70.6
Input Per Capita
1980 70.5 64.2 50.2 46.5 61.0 43.1 57.7
1989 83.9 74.4 61.2 53.3 711 55.5 72.0
1995 88.8 75.2 67.0 57.0 73.7 58.8 77.8
2001 100.8 83.7 73.6 61.7 79.0 67.2 80.9
Productivity
1980 90.6 105.4 89.5 98.6 80.8 106.6 68.7
1989 94.9 105.9 92.3 101.5 82.4 103.2 77.7
1995 96.4 105.9 91.7 99.9 88.1 105.6 82.3
2001 99.5 109.7 96.9 103.6 87.6 102.5 87.2
Note: U.S. =100.0in 2000, Canada data begins in 1981
Source: author’s own.
Table 2. Growth Rate and Level in Output
Year U.S. Canada U.K. France  Germany Italy Japan
Growth Rate (percentage)
1980-1989 3.38 3.10 2.69 2.38 1.99 2.51 4.42
1989-1995 2.43 1.39 1.62 1.30 2.34 1.52 2.56
1995-2001 3.76 3.34 2.74 2.34 1.18 1.90 1.85
Level (billions of 2000 U.S. Dollars)
1980 5361.2 618.4 934.0 932.0 1421.7 955.7 1706.3
1989 7264.2 792.6 1190.3 1154.3 1700.2 1197.4 2539.3
1995 8403.3 861.4 1311.8 1247.8 1956.3 13115 2961.1
2001 10530.5 1052.3 15459 1436.0 2099.8 1470.1 3309.2
Level (U.S. = 100.0 in 2000)
1980 51.6 5.9 9.0 9.0 13.7 9.2 16.4
1989 69.9 7.6 11.4 11.1 16.3 11.5 24.4
1995 80.8 8.3 12.6 12.0 18.8 12.6 28.5
2001 101.3 10.1 14.9 13.8 20.2 14.1 31.8

Note: Canada data begins in 1981

Source: author’s own.
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Table 3. Growth Rate and Level in Population

Year U.S. Canada U.K. France Germany Italy Japan
Growth Rate
1980-1989 0.92 1.18 0.16 0.54 0.05 0.05 0.59
1989-1995 1.23 1.22 0.24 0.45 0.62 0.18 0.33
1995-2001 1.12 0.95 0.24 0.41 0.14 0.18 0.22
Level (millions)
1980 227.7 24.8 56.3 55.1 78.3 56.4 116.8
1989 247.4 27.3 57.1 57.9 78.7 56.7 123.1
1995 266.3 29.4 58.0 59.4 81.7 57.3 125.6
2001 284.8 31.1 58.8 60.9 82.3 57.9 127.2
Level (U.S. =100.0 in 2000)
1980 80.7 8.8 20.0 195 27.8 20.0 41.4
1989 87.7 9.7 20.3 20.5 27.9 20.1 43.6
1995 94.4 10.4 20.5 21.1 28.9 20.3 44.5
2001 101.0 11.0 20.8 21.6 29.2 20.5 45.1
Note: Percentage, Canada data begins in 1981
Source: author’s own.
Table 4. Growth in Output and Input Per Capita and Productivity
Year U.S. Canada U.K. France Germany Italy Japan
Output per capita
1980-1989  2.46 1.92 2.54 1.84 1.93 2.46 3.83
1989-1995 1.20 0.17 1.38 0.85 1.72 1.33 2.23
1995-2001 2.64 2.38 2.50 1.93 1.04 1.72 1.64
Input Per Capita
1980-1989 1.94 1.86 2.20 1.52 1.71 2.82 2.46
1989-1995 0.94 0.17 1.49 1.11 0.60 0.96 1.29
1995-2001  2.10 1.80 1.59 1.33 1.14 2.21 0.66
Productivity
1980-1989  0.52 0.06 0.34 0.32 0.23 -0.36 1.37
1989-1995 0.26 0.00 -0.11  -0.26 1.12 0.37 0.94
1995-2001  0.54 0.58 0.91 0.60 -0.10 -0.49 0.98

Note: Percentage, Canada data begins in 1981
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Table 5. Levels of Capital Input and Capital Stock per capita and capital qualjt

Year U.S. Canada U.K. France Germany Italy Japan
Capital Input Per Capita
1980 57.7 56.0 25.8 36.3 44.6 35.6 29.8
1989 73.7 67.1 37.9 48.3 62.1 62.4 42.1
1995 81.6 68.3 50.0 52.7 72.3 73.1 50.8
2001  103.9 78.0 56.1 58.1 83.5 89.4 58.9
Capital Stock Per Capita
1980 76.8 42.3 24.1 36.2 60.2 36.0 77.0
1989 88.4 47.9 31.2 42.4 67.9 52.4 82.8
1995 92.2 49.1 35.9 47.0 77.0 62.3 88.3
2001  101.7 55.1 44.5 52.0 85.5 72.3 93.5
Capital Quality
1980 75.1 132.3 107.0 100.1 74.0 98.8 38.6
1989 83.4 139.9 121.7 114.0 915 119.1 50.8
1995 88.5 139.1 139.3 112.2 94.0 117.4 57.5
2001 102.2 141.5 126.1 111.9 97.7 123.6 63.0
Note: U.S. =100.0in 2000, Canada data begins in 1981
Table 6. Levels of IT Capital Input and Capital Stock per capita and capitequality
Year U.S. Canada U.K. France Germany Italy Japan
IT Capital Input Per Capita
1980 4.5 1.0 3.0 4.2 7.1 6.7 0.7
1989 19.3 3.9 10.9 11.9 18.7 18.8 55
1995 38.1 11.2 20.9 19.1 311 31.2 11.1
2001 1153 45.6 53.6 38.1 59.7 60.3 39.2
IT Capital Stock Per Capita
1980 9.8 5.5 25 3.5 6.1 4.6 3.6
1989 27.4 10.3 9.6 9.9 15.5 13.1 11.2
1995 46.8 14.4 19.2 18.0 28.2 23.8 19.9
2001  110.7 21.6 44.9 33.4 49.7 44.1 71.0
Capital Quality
1980 46.4 17.4 118.5 117.5 117.4 146.8 19.8
1989 70.4 38.2 112.7 119.7 120.4 143.2 49.3
1995 81.3 77.9 108.9 106.2 110.1 131.0 55.7
2001 1041 210.8 119.3 114.1 120.2 136.6 55.3

Note: U.S. =100.0 in 2000, Canada data begins in 1981
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Table 7. Levels of Non-IT Capital Input and Capital Stock per capita and caipal quality

Year U.S. Canada U.K. France Germany ltaly Japan
Non-IT Capital Input Per Capita
1980 73.8 73.1 30.7 41.3 51.9 41.6 39.1
1989 87.0 83.1 43.4 53.9 70.3 71.3 51.3
1995 90.7 79.9 55.9 57.9 79.7 81.2 59.8
2001 102.2 84.0 56.4 62.6 87.3 94.7 60.9
Non-IT Capital Stock Per Capita
1980 82.5 44.4 25.7 38.0 63.4 38.2 82.8
1989 92.5 49.8 32.6 44.0 70.6 54.8 88.0
1995 94.8 50.7 36.9 48.3 79.3 64.4 93.1
2001 101.4 57.4 44.5 54.1 87.2 75.1 89.6
Capital Quality
1980 89.5 164.6 119.2 108.5 81.9 109.2 473
1989 94.1 166.8 133.2 122.6 99.5 130.0 58.3
1995 95.6 157.5 151.5 119.9 100.5 126.0 64.3
2001 100.8 146.4 126.7 115.8 100.1 126.1  67.9
Note: U.S. =100.0in 2000, Canada data begins in 1981
Table 8. Growth in Capital Input and Capital Stock Per Capita and Capital
Quality
Year U.S. Canada U.K. France Germany Italy  Japan
Capital Input Per Capita
1980-1989 2.72 2.26 4.28 3.19 3.70 6.25 3.86
1989-1995 1.70 0.31 4.61 1.46 2.53 2.63 3.13
1995-2001 4.03 2.20 1.92 1.63 2.40 3.35 2.46
Capital Stock Per Capita
1980-1989 1.56 1.57 2.85 1.74 1.34 4.18 0.81
1989-1995 0.70 0.60 2.36 1.74 2.09 2.87 1.06
1995-2001 1.63 1.91 3.57 1.67 1.75 2.49 0.95
Capital Quality
1980-1989 1.17 0.69 1.43 1.45 2.36 2.07 3.05
1989-1995 0.99 -0.29 2.25 -0.27 0.44 -0.24 2.07
1995-2001 2.40 0.29 -1.65 -0.04 0.65 0.86 151

Note: Percentage, Canada data begins in 1981
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Table 9. Growth in IT Capital Input and Capital Stock Per Capita and Captal
Quality

Year U.S. Canada U.K. France Germany ltaly Japan
IT Capital Input Per Capita
1980-1989 16.09 17.66 14.43 11.66 10.71 1144 2274
1989-1995 11.35 17.42 10.91 7.92 8.47 8.44 11.57
1995-2001 18.47 23.42 15.69 11.55 10.87 10.98 21.08
IT Capital Stock Per Capita
1980-1989 11.47 7.83 14.98 11.46 10.43 11.72 12.61
1989-1995 8.94 5.53 11.50 9.91 9.97 9.94 9.52
1995-2001 14.34 6.82 14.16 10.35 9.40 10.28 21.22
Capital Quality
1980-1989 4.63 9.83 -0.56 0.20 0.28 -0.27  10.13
1989-1995 2.41 11.89 -0.58 -1.99 -1.50 -1.49 2.05
1995-2001 4.12 16.60 1.53 1.20 1.47 0.70 -0.14

Note: Percentage, Canada data begins in 1981

Table 10. Growth in Non-IT Capital Input and Capital Stock Per Capita andCapital
Quality

Year U.S. Canada U.K. France Germany Italy  Japan
Non-IT Capital Input Per Capita
1980-1989 1.83 1.60 3.85 2.97 3.36 5.97 3.00
1989-1995 0.68 -0.66 4.22 1.20 2.09 2.17 2.58
1995-2001 2.00 0.85 0.15 1.30 1.52 2.57 0.29
Non-IT Capital Stock Per Capita
1980-1989 1.27 1.43 2.62 1.61 1.20 4.03 0.68
1989-1995 0.41 0.29 2.07 1.58 1.92 2.68 0.94
1995-2001 1.11 2.07 3.12 1.87 1.59 2.56 -0.63
Capital Quality
1980-1989 0.56 0.17 1.23 1.36 2.16 1.94 2.32
1989-1995 0.27 -0.95 2.15 -0.38 0.17 -0.51 1.64
1995-2001 0.88 -1.22 -2.97 -0.57 -0.06 0.01 0.92

Note: Percentage, Canada data begins in 1981
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Table 11. Levels of Labor Input and Hours Worked Per Capita and Labor

Quality
Year U.S. Canada U.K. France Germany Italy  Japan
Labor Input Per Capita
1980 81.1 73.0 78.9 63.0 75.4 48.8 91.4
1989 91.9 82.1 85.4 59.4 78.7 51.0 104.3
1995 94.2 82.3 82.4 61.7 75.2 50.6 103.9
2001 98.8 89.3 89.2 65.3 75.9 55.1 100.3
Hours Worked Per Capita
1980 89.7 91.4 92.0 79.3 82.3 71.4 116.9
1989 97.1 96.6 97.7 71.2 82.7 72.1 116.7
1995 95.9 90.9 89.8 67.6 76.4 68.9 109.9
2001 98.3 96.3 94.2 69.7 75.3 72.3 103.8
Labor Quality
1980 90.4 79.9 85.7 79.5 91.6 68.3 78.2
1989 94.7 85.0 87.4 83.5 95.2 70.7 89.4
1995 98.2 90.6 91.7 91.2 98.4 73.5 94.5
2001 100.5 92.7 94.7 93.7 100.9 76.1 96.6
Note: U.S. =100.0in 2000, Canada data begins in 1981
Table 12. Growth in Labor Input and Hours Worked Per Capita and Labor
Quality
Year U.S. Canada U.K. France Germany ltaly Japan
Labor Input Per Capita
1980-1989 1.38 1.47 0.88 -0.65 0.48 0.49 1.47
1989-1995 0.41 0.04 -0.59 0.61 -0.78 -0.13  -0.07
1995-2001 0.79 1.35 1.32 0.95 0.17 1.40 -0.58
Hours Worked Per Capita
1980-1989 0.87 0.69 0.67 -1.20 0.06 0.10 -0.02
1989-1995 -0.21 -1.02 -1.41 -0.86 -1.33 -0.75  -0.99
1995-2001 0.41 0.98 0.79 0.50 -0.25 0.81 -0.95
Labor Quality
1980-1989 0.51 0.78 0.21 0.55 0.42 0.39 1.49
1989-1995 0.61 1.06 0.81 1.47 0.55 0.63 0.92
1995-2001 0.38 0.38 0.53 0.45 0.41 0.60 0.36

Note: Percentage, Canada data begins in 1981
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Table 13. Contribution of Total Capital, IT Capital and Non-IT Capital to Out put
Growth

Year U.S. Canada U.K. France Germany ltaly Japan

Total Capital

1980-1989 1.53 1.71 1.80 2.12 1.44 2.55 1.85

1989-1995 1.19 0.76 1.96 112 131 1.12 1.47

1995-2001 2.10 1.67 0.94 1.15 111 1.47 1.10

IT Capital

1980-1989 0.45 0.39 0.24 0.18 0.19 0.24 0.43

1989-1995 0.49 0.49 0.27 0.19 0.26 0.26 0.31

1995-2001 0.99 0.86 0.76 0.42 0.46 0.49 0.75
Non-IT Capital

1980-1989 1.08 1.32 1.56 1.94 1.25 2.31 1.42

1989-1995 0.70 0.27 1.69 0.93 1.05 0.86 1.16

1995-2001 111 0.81 0.18 0.73 0.65 0.98 0.35

Note: Percentage. Contribution is growth rate times value sharad&data begins in
1981

Table 14. Contributions of Productivity from IT and Non-IT Production to Output
Growth

Year U.S. Canada U.K. France Germany ltaly Japan
Productivity
1980-1989 0.52 0.06 0.34 0.32 0.23 -0.36 1.37
1989-1995 0.26 0.00 -0.11 -0.26 1.12 0.37 0.94
1995-2001 0.54 0.58 0.91 0.60 -0.10 -0.49 0.98
Productivity from IT Production
1980-1989 0.23 0.14 0.23 0.29 0.28 0.32 0.23
1989-1995 0.23 0.14 0.32 0.29 0.43 0.38 0.29
1995-2001 0.48 0.17 0.82 0.56 0.65 0.68 0.57
Productivity from Non-IT Production
1980-1989 0.29 -0.08 0.11 0.03 -0.05 -0.68 1.14
1989-1995 0.03 -0.14 -0.43 -0.55 0.69 -0.01 0.65
1995-2001 0.06 0.41 0.09 0.04 -0.75 -1.17 0.41

Note: Percentage. Canada data begins in 1981
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Table 15. Sources of Output Growth

Year U.S. Canada U.K. France Germany Italy  Japan
Output
1980-1989 3.38 3.10 2.69 2.38 1.99 2.51 4.42
1989-1995 2.43 1.39 1.62 1.30 2.34 1.52 2.56
1995-2001 3.76 3.34 2.74 2.34 1.18 1.90 1.85
Labor
1980-1989 1.33 1.33 0.56 -0.06 0.32 0.32 1.20
1989-1995 0.98 0.62 -0.24 0.44 -0.09 0.03 0.15
1995-2001 1.12 1.08 0.88 0.59 0.17 0.93 -0.22
IT Capital
1980-1989 0.45 0.39 0.24 0.18 0.19 0.24 0.43
1989-1995 0.49 0.49 0.27 0.19 0.26 0.26 0.31
1995-2001 0.99 0.86 0.76 0.42 0.46 0.49 0.75
Non-IT Capital
1980-1989 1.08 1.32 1.56 1.94 1.25 2.31 1.42
1989-1995 0.70 0.27 1.69 0.93 1.05 0.86 1.16
1995-2001 1.11 0.81 0.18 0.73 0.65 0.98 0.35
Productivity from IT Production
1980-1989 0.23 0.14 0.23 0.29 0.28 0.32 0.23
1989-1995 0.23 0.14 0.32 0.29 0.43 0.38 0.29
1995-2001 0.48 0.17 0.82 0.56 0.65 0.68 0.57
Productivity from Non-IT Production
1980-1989 0.29 -0.08 0.11 0.03 -0.05 -0.68 1.14
1989-1995 0.03 -0.14 -0.43 -0.55 0.69 -0.01 0.65
1995-2001 0.06 0.41 0.09 0.04 -0.75 -1.17 0.41

Note: Percentage. Contributions. Canada data begins in 1981
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Table 16. Sources of Labor Productivity Growth

Year U.S. Canada U.K. France Germany Italy  Japan
Output
1980-1989 3.38 3.10 2.69 2.38 1.99 2.51 4.42
1989-1995 2.43 1.39 1.62 1.30 2.34 1.52 2.56
1995-2001 3.76 3.34 2.74 2.34 1.18 1.90 1.85
Hours
1980-1989 1.79 1.87 0.82 -0.66 0.11 0.15 0.56
1989-1995 1.02 0.20 -1.17 -0.41 -0.71 -0.57 -0.67
1995-2001 1.53 1.93 1.03 0.91 -0.11 0.99 -0.73
Labor Productivity
1980-1989 1.58 1.23 1.87 3.04 1.88 2.36 3.86
1989-1995 1.40 1.19 2.79 1.71 3.05 2.09 3.23
1995-2001 2.23 1.41 1.71 1.43 1.29 0.92 2.58
IT Capital Deepening
1980-1989 0.40 0.35 0.22 0.19 0.19 0.23 0.42
1989-1995 0.44 0.48 0.29 0.20 0.28 0.28 0.33
1995-2001 0.92 0.79 0.71 0.39 0.46 0.45 0.78
Non-IT Capital Deepening
1980-1989 0.37 0.42 1.20 2.29 1.20 2.25 1.20
1989-1995 0.34 0.16 2.11 1.15 1.33 1.06 1.42
1995-2001 0.55 -0.14 -0.21 0.25 0.70 0.61 0.61
Labor Quality
1980-1989 0.30 0.40 0.12 0.24 0.26 0.23 0.87
1989-1995 0.36 0.55 0.49 0.61 0.33 0.38 0.54
1995-2001 0.23 0.18 0.30 0.19 0.23 0.35 0.21
Productivity from IT Production
1980-1989 0.23 0.14 0.23 0.29 0.28 0.32 0.23
1989-1995 0.23 0.14 0.32 0.29 0.43 0.38 0.29
1995-2001 0.48 0.17 0.82 0.56 0.65 0.68 0.57
Productivity from Non-IT Production

1980-1989 0.29 -0.08 0.11 0.03 -0.05 -0.68 1.14
1989-1995 0.03 -0.14 -0.43 -0.55 0.69 -0.01 0.65
1995-2001 0.06 0.41 0.09 0.04 -0.75 -1.17 0.41

Note: Percentage. Contributions. Canada data begins in 1981
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Figure 1. Capital Input Contribution by Country
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Figure 2. Sources of Productivity Growth by Country
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Figure 3 Sources of Economic Growth by Country
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Figure 4. Sources of Labor Productivity Growth by Country
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