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1. Introduction.

In this paper | present international conparisons of econonic
growt h anong the G7 nations — Canada, France, Gernany, Italy, Japan,
the U K, and the U S. These conparisons focus on the inpact of
investnment in information technology (IT) equipnment and software over
the period 1980-2001. In 1998 the G7 nations accounted for nearly sixty
percent of world output! and a nuch |arger proportion of world
investment in IT. Econonic growth in the G/ has experienced a strong
revival since 1995, driven by a powerful surge in IT investnent.

The resurgence of economic growh in the United States during the
1990's and the crucial role of IT investnent has been thoroughly
docunented and wi dely discussed.? Sinmlar trends in the other G7
econoni es have been nore difficult to detect, partly because of
di screpanci es anong official price indexes for IT equi pnment and

software identified by Andrew Wckoff.2 Paul Schreyer has constructed

"Departnent of Economics, Harvard University, 122 Littauer Center,
Canbridge, MA 02138-3001. The Econom c and Social Research Institute
provided financi al support from its program on i nternationa
col I aboration through the Nonmura Research Institute. | am very grateful
to Jon Samuels for excellent research assistance. Al essandra Col ecchia,
Mun S. Ho, Kazuyuki Mbdtohashi, Koji Normura, Kevin J. Stiroh, Marce
Timer, and Bart Van Ark provided val uabl e data. The Bureau of Econonic
Anal ysis and the Bureau of Labor Statistics assisted with data for the
U S and Statistics Canada contributed the data for Canada. | am
grateful to all of them but retain sole responsibility for any
remai ni ng deficiencies. An earlier version of this paper was published
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“internationally harnonized” IT prices that elininate many of these
di screpanci es. *

Using internationally harnoni zed prices, | have analyzed the role
of investnent and productivity as sources of growmh in the G/ countries
over the period 1980-2001. | have subdivided the period in 1989 and
1995 in order to focus on the nbst recent experience. | have deconposed
grow h of output for each country between growth of input and
productivity. Finally, | have allocated the growth of input between
investments in tangible assets, especially informati on technol ogy and
sof tware, and human capital

Gowth in IT capital input per capita junmped to double-digit
levels in the G7 nations after 1995. This can be traced to accel eration
in the rate of decline of IT prices, analyzed in ny Presidentia
Address to the American Economi ¢ Association.® The powerful surge in
i nvestment was nost pronounced in Canada, but capital input growth in
Japan, the U.S., and the U K was only slightly |ower. France, Germany,
and lItaly al so experienced double-digit growth, but |agged considerably
behi nd the | eaders.

During the 1980's productivity played a minor role as a source of
growh for the G/ countries except Japan, where productivity accounted
for thirty percent of economic growmh. Productivity accounted for only
si xteen percent of growh in the U S., thirteen percent in France,
twel ve percent in the U K. , and el even percent in Germany; only two
percent of growmh in Canada was due to productivity, while the decline
of productivity retarded growh by fourteen percent in Italy. Between

1989 and 1995 productivity growth declined further in the G7 nations,

4See Schreyer (2000). Al essandra Col ecchia and Schreyer (2002) have
enpl oyed these internationally harnonized prices in neasuring the

i mpact of IT investnent.

5See Jorgenson (2001).



except for Italy and Germany. Productivity declined for France and the
U K. but remained positive for the U S., Canada, and Japan

Productivity gromh revived in all the G7 countries after 1995,
again with the exception of Germany and Italy. The resurgence was nost
dramatic in Canada, The U. K , and France, partly offsetting years of
di smal productivity growm h. Japan exhi bited the highest growth in
out put per capita anong the G7 nations from 1980 to 1995. Japan's |eve
of output per capita rose fromthe lowest in the G/ to the m ddle of
the group. Although this advance owed nore to input per capita than
productivity, Japan’s productivity growth far outstripped the other
menbers of the G7. Nonethel ess, Japan's productivity remained the
| onest anmong the G7 nations.

The U.S. led the G/ in output per capita for the period 1989-
2000. Canada’'s edge in output per capita in 1980 had di sappeared by
1989. The U.S. led the G7 countries in input per capita during 1980-
2000, but U.S. productivity | angui shed below the | evels of Canada,
France, and Italy.

In Section 2 | outline the nethodology for this study, based on
ny Presidential Address. | have revised and updated the U. S. data
presented there through 2001. Conparable data on investnent in
i nformati on technol ogy have been have been constructed for Canada by
Statistics Canada.® Data on IT for France, Germany, Italy, and the U K
have been devel oped for the European Commi ssion by Bart Van Ark, et al.’
Finally, data for Japan have been assenbled by nyself and Kazuyuk

Mot ohashi for the Research Institute on Economy, Trade, and Industry.? |

6See John Bal dwi n and Tarek Harchaoui (2002).
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have |inked these data by nmeans of the OECD s purchasi ng power parities
for 1999.°

In Section 3 | consider the inpact of IT investnment and the
relative inportance of investnment and productivity in accounting for
econonmic growth anmong the G7 nations. Investnments in hunan capital and
tangi bl e assets, especially IT equi pmrent and software, account for the
overwhel m ng proportion of growmh. Differences in the conposition of
capital and labor inputs are essential for identifying persistent
i nternational differences in output and accounting for the inpact of IT
i nvest ment .

In Section 4 | consider alternative approaches to internationa
conparisons. The great revival of interest in econom c growh anopng
econoni sts dates from Maddi son's (1982) updating and extension of Sinon
Kuznets' (1971) long-termestimtes of the growh of national product
and popul ation for fourteen industrialized countries, including the G/
nati ons. Maddi son (1982, 1991) added Austria and Finland to Kuznets'
list and presented growth rates covering periods beginning as early as
1820 and extendi ng through 1989.

Maddi son (1987, 1991) al so generated growth accounts for nmjor
i ndustrialized countries, but did not nake | evel conparisons |ike those
presented in Section 2 below. As a consequence, productivity
di fferences were omtted fromthe canonical fornulation of “growth
regressions” by WIlliam Baunmpol (1986). This proved to be a fatal flaw
in Baumpl ' s regression nodel, renedied by Nazrul Islams (1995) pane

data nodel. Section 5 concludes the paper

9See OECD (2002). Current data on purchasing power parities are
avail able fromthe OECD website: http://ww.sourceoecd. org.




2. Investnent and Productivity.

My papers with Laurits Christensen and Di anne Cumm ngs (1980,
1981) devel oped growth accounts for the United States and its mmj or
trading partners -- Canada, France, Germany, Italy, Japan, Korea, The
Net herl ands, and the United Kingdom for 1947-1973. W enpl oyed GNP as a
measure of output and incorporated constant quality indices of capita
and | abor input for each country. Qur 1981 paper conpared | evels of
output, inputs, and productivity for all nine nations.

| have updated the estimtes for the G/ - Canada, France,

Germany, lItaly, Japan, the United Kingdom and the United States -
through 1995 in earlier work. The updated estimtes are presented in ny
papers with Chrys Dougherty (1996, 1997) and Eric Yip (2000). W have
shown that productivity accounted for only el even percent of econonic
growt h in Canada and the United States over the period 1960-1995.

My paper with Yip (2000) attributed forty-seven percent of
Japanese econonic growth during the period 1960-1995 to productivity
growh. The proportion attributable to productivity approxi mted forty
percent of growh for the four European countries — France (.38),
Germany (.42), ltaly (.43), and the United Kingdom (.36). Input growth
predom nated over productivity growth for all the G/ nations.

I have now incorporated new data on investnent in information
t echnol ogy equi pnent and software for the Gr7. | have al so enpl oyed
internationally harnonized prices |ike those constructed by Schreyer
(2000). As a consequence, | have been able to separate the contribution
of capital input to econonmic growth into IT and Non-1T conmponents.
While IT investnent follows simlar patterns in all the G/ nations,

Non- 1T investnent varies considerably and hel ps to explain inportant

di fferences in growh rates anong the Gr.



2.1. Conparisons of Qutput, Input, and Productivity.

My first objective is to extend my estimates for the G7 nations
wi th Christensen, Cunm ngs, Dougherty, and Yip to the year 2001
Fol | owi ng the nethodol ogy of my Presidential Address, | have chosen CGDP
as a neasure of output. | have included inputations for the services of
consuners' durables as well as land, buildings, and equi pnent owned by
nonprofit institutions. | have also distinguished between investnents
in information technol ogy equi pment and software and investnents in
ot her forns of tangi ble assets.

A constant quality index of capital input is based on weights
that reflect differences in capital consunption, tax treatnent, and the
rate of decline of asset prices. | have derived estimtes of capita
i nput and property incone fromnational accounting data. Simlarly, a
constant quality index of |abor input is based on weights by age, sex,
educational attainnment, and enploynment status. | have constructed
estimates of hours worked and | abor conpensation from | abor force
surveys for each country.

In Table 1 | present output per capita for the G/ nations from
1980 to 2001, taking the U.S. as 100.0 in 2000. Qutput and popul ation
are given separately in Tables 2 and 3. | use 1999 purchasi ng power
parities fromthe OECD to convert output from domestic prices for each
country into U.S. dollars. The U S. maintained its | ead anong the G7
countries in output per capita after 1989. Canada led the U S. in 1980,
but fell behind during the 1980's. The U.S.-Canada gap w dened
consi derably during the 1990’ s.

The four nmmjor European nations — the U K., France, Gernmny, and
Italy - had very simlar |evels of output per capita throughout the
period 1980-2001. Japan rose fromlast place in 1980 to fourth anong

the G7 in 2001, |agging considerably behind the U S. and Canada, but



only slightly behind the U K in 2001. Japan led the G/ in the growh
of output per capita 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 G/ over the period
1980- 2000, taking the U. S. as 100.0 in 2000. | express input per capita
in US. dollars, using purchasing power parities constructed for this
study.® The U. S. was the | eader ampbng the G7 in input per capita
t hroughout the period. In 2001 Canada ranked next to the U S. with
Japan third and Germany fourth. France and Italy started at the bottom
of the ranking and remai ned there throughout the period.

In Table 1 | also present productivity levels for the G/ over the
period 1980-2001. Productivity is defined as the ratio of output to
i nput, including both capital and | abor inputs. Canada was the
productivity | eader throughout the period 1980-2001 with France and
Italy close behind, despite the drop in productivity in Italy! Only
Japan made substantial gains in productivity during the period, while
there were nodest increases in the U S., Canada, the U K , France, and
Cer many.

| sunmarize growth in output and input per capita and
productivity for the G/ nations in Table 4. | present growth rates of
out put and popul ation for the period 1980-2001 in Tables 2 and 3.
Qutput growth slowed in the G/ after 1989, but revived for all nations
except Japan and Germany after 1995. Qutput per capita followed a
simlar pattern with Canada barely expandi ng during the period 1990-

1995.

The purchasing power parities for outputs are based on OECD (2002).
Pur chasi ng power parities for inputs follow the nmethodol ogy descri bed
in detail by Jorgenson and Yip (2001).



Japan led in growth of output and output per capita through 1995,
but fell to the I ower echelon of the G7 after 1995. Japan also led in
productivity growh throughout the period 1980-2001. For all countries
and all tinme periods, except for Germany during the period 1989-1995
and Japan after 1995, the growh of input per capita exceeded growth of
productivity by a substantial margin. Productivity gromh in the G/
sl owed during the period 1989-1995, except for Gernmany and Italy, where
productivity slunped after 1995.

Italy led the G7 in growth of input per capita for the periods
1980- 1989 and 1995-2001, but relinquished | eadership to the U K for
the period 1989-1995. Differences anong input growh rates are smaller
than di fferences anong output growth rates, but there was a slowdown in
i nput growth during 1989-1995 throughout the Gr. After 1995 growth of
i nput per capita increased in every G/ nation except Japan

2.2. Conparisons of Capital and Labor Quality.

A constant quality index of capital input weights capital inputs
by property conpensation per unit of capital. By contrast an index of
capital stock weights different types of capital by asset prices. The
ratio of capital input to capital stock neasures the average quality of
a unit of capital. This represents the difference between the constant
quality index of capital input and the index of capital stock enployed,
for exanmple, by Kuznets (1971) and Robert Sol ow (1970).

In Table 5 | present capital input per capita for the G7
countries over the period 1980-2001 relative to the U . S. in 2000. The
U S. was the |leader in capital input per capita throughout the period,
while the U K was the |aggard. Canada |l ed the renmining six countries
in 1980, but was overtaken by Germany and Italy in 1995. Italy led the
rest of the G7 through 2001, but | agged consi derably behind the United

St at es.



The picture for capital stock per capita has sonme simlarities to
capital input, but there are inportant differences. Capital stock
| evel s do not accurately reflect the substitutions anong capital inputs
that acconpany investnments in tangi ble assets, especially investnents
in I T equi pnent and software. The U S. led the G7 in capital stock per
capita as well as capital input after 1989, while Japan led in 1980 and
was second to the U S. after 1989. The U K. |agged the renmining
countries of the G7 throughout the period.

The behavi or of capital quality highlights the differences
between the constant quality index of capital input and capital stock
There are inmportant changes in capital quality over tine and persistent
di fferences anobng countries, so that heterogeneity in capital input
nmust be taken into account in international conparisons of economc
performance. Canada was the international |eader in capital quality
t hr oughout the period 1980-2001, while Japan ranked at the bottom of
the Gr.

| sunmarize growth in capital input and capital stock per capita,
as well as capital quality for the G7f nations in Table 8. Italy was the
i nternational |eader in capital input gromh from 1980-1989, while the
Canada was the laggard. The U K. |ed from 1989-1995, while Canada
| agged consi derably behind the rest of the G7. The U S. took the | ead
after 1995. There was a slowdown in capital input growth throughout the
G7 after 1989, except for the U K , and a revival after 1995 in the
U.S., Canada, France, and Italy.

A constant quality index of |abor input weights hours worked for
di fferent categories by | abor conpensation per hour. An index of hours
worked fails to take quality differences into account. The ratio of
| abor input to hours worked neasures the average quality of an hour of

| abor, as reflected in its marginal product. This represents the



di fference between the constant quality index of |abor input and the
i ndex of hours worked enpl oyed, for exanple, by Kuznets (1971) and
Sol ow (1970).

In Table 11 | present |abor input per capita for the G/ nations
for the period 1980-2001 relative to the U.S. in 2000. Japan was the
i nternational |eader throughout the period and France and Italy the
| aggards. Labor input in Japan was nearly double that of Italy. The
U.S. led the remaining G/ nations throughout the period. The U K
ranked third anmong the G7 through 1995. Italy and France | agged behind
the rest of the G7 for the entire period.

The picture for hours worked per capita has sone simlarities to
| abor input, but there are inportant differences. Japan was the
i nternational |eader in hours worked per capita. The U S., Canada, and
the U K. noved roughly in parallel. The U K ranked second in 1980 and
1989, while the U. S. ranked second in 1995 and 2001. France and Italy
| agged the rest of the G/ from 1980-2001

The behavi or of | abor quality highlights the differences between
| abor i nput and hours worked. Gernmany was the | eader in |abor quality
t hr oughout the period 1980-2001. The U.S. ranked second in | abor
quality, but Canada, France, and Japan approached U.S. levels in 2001
Labor quality levels in these three countries noved in paralle
t hroughout the period. Italy was the | aggard anong the G7 in |abor
quality as well as hours worked.

| sunmarize growth in |abor input and hours worked per capita, as
wel |l as |l abor quality for the period 1980-2001 in Table 12. Canada and
Japan led the G/ nations in |abor input growh during the 1980’'s,
France |l ed from 1989-1995 but relinquished its |leadership to Italy

after 1995. Labor input growmh was negative for France during the



1980’ s, for the U K, CGermany, ltaly, and Japan during the period 1989-
1995, and for Japan after 1995.

Hours worked per capita fell continuously throughout the period
1980- 2001 for Japan and declined for all the G7 nations during the
period 1989-1995. Growth in |abor quality was positive for the G/
nations in all tine periods. Japan was the |eader during the 1980’s,
relinquishing its lead to France during the early 1990's and Italy in
the late 1990's. Growth in |abor quality and hours worked are equally
i mportant as sources of growh in |abor input for the Gr.

3. Investnent in Information Technol ogy.

Using data from Tables 1 and 2, | can assess the relative
i mportance of investnent and productivity as sources of econom c growh
for the G7 nations. Investnments in tangible assets and hunman capita
greatly predom nated over productivity during the period 1980-2001
Wil e productivity fell in Italy during this period, the remining G/
countries had positive productivity grow h.

Simlarly, using data from Table 5 | can assess the relative
i mportance of growth in capital stock and capital quality. Capita
i nput growm h was positive for all countries for the period 1980-2001
and all three sub-periods. Capital quality gromh was positive for the
period as a whole for all G7 countries. Although capital stock
predom nated in capital input gromh, capital quality was al so
quantitatively significant, especially after 1995.

Finally, using data from Table 11 | can assess the relative
i nportance of growth in hours worked and | abor quality. Hours worked
per capita declined for France, Gernmany, and Japan, while |abor quality
rose in these nations during the period 1980-2001. For the U S.

Canada, the U K., and Italy, both hours worked per capita and | abor



quality rose. | conclude that |abor quality growth is essential to the
anal ysis of growth in |abor input.

3.1. Investnent in IT Equi pment and Software

The final step in the conparison of patterns of econom c growth
anong the G7 nations is to analyze the inpact of investnent in
i nformati on technol ogy equi pnent and software. In Table 6 | present
levels of IT capital input per capita for the G7 for the period 1980-
2001, relative to the U.S. in 2000. The U S. overtook Germany in 1989
and renmi ned the | eader through 2001. Canada and Japan | agged behi nd
the rest of the G7 through 1995, but France fell into |last place in
2001.

Tabl e 6 reveals substantial differences between IT capital stock
and I T capital input. The G/ nations began with very nodest stocks of
I T equi prent and software per capita in 1980. These stocks expanded
rapidly during the period 1980-2001. The U.S. led in IT capital stock
t hroughout the period, while Japan noved fromthe second | owest |eve
in 1980 to the second highest in 2001

IT capital quality reflects differences in the conposition of IT
capital input, relative to IT capital stock. Arising level of capita
quality indicates a shift toward short-lived assets, such as computers
and software. This shift is particularly dramatic for the U S., Canada,
and Japan, while the conposition of IT capital stock changed relatively
less for the U K , France, Germany, and Italy. Patterns for Non-IT
capital input, capital stock, and capital quality largely reflect those
for capital as a whole, presented in Table 5.

| give growh rates for |IT capital input per capita, capita
stock per capita, and capital quality in Table 9. The G7 nations have
exhi bited double-digit growh in IT capital input per capita since

1995. Canada was the international |eader during this period with Japan



cl ose behind. Japan was the leader in growh of IT capital input
during the 1980’s, another period of double-digit growh in the G7.
However, Japanese |IT growth sl owed substantially during 1989-1995 and
Canada gai ned the | ead.

Patterns of growth for IT capital stock per capita are sinmilar to
those for IT capital input for the four European countries. Changes in
the conposition of IT capital stock per capita were inportant sources
of growmh of IT capital input per capita for the U S., Canada, and
Japan. | T capital stock also followed the pattern of I T capital input
with substantial growh during the 1980's, followed by a pronounced
[ull during the period 1989-1995. After 1995 the growh rates of IT
capital stock surged in all the G7 countries, but exceeded the rates of
the 1980's only for the U S. and Japan

Finally, gromh rates for IT capital quality reflect the rates at
whi ch shorter-lived IT assets are substituted for longer-lived assets.
Japan led in the growh of capital quality during the 1980’ s, but
relinquished its lead to Canada in 1989. IT capital quality growh for
the U S., Canada, and Japan outstripped that for the four European
countries for nost of the period 1980-2001. Patterns of growth in Non-
IT capital input per capita, Non-IT capital stock per capita, and Non-
IT capital quality given in Table 10 largely reflect those for capita
as a whole presented in Table 8.

Tabl e 13 and Figure 1 present the contribution of capital input
to economic gromh for the G nations, divided between IT and Non-1T.
The powerful surge of IT investnment in the U S. after 1995 is mirrored
in simlar junps in growh rates of the contribution of IT capita
through the G7. The contribution of |IT capital input was simlar during
the 1980’s and the period 1989-1995 for all the G/ nations, despite the

dip in rates of economic growth after 1989. Japan is an exception to



this general pattern with a contribution of IT capital conparable to
that of the U S. during the 1980’s, followed by a decline in this
contribution from 1989-1995, reflecting the sharp downturn in Japanese
econom ¢ grow h.

The contribution of Non-I1T capital input to economic growh after
1995 exceeded that for IT capital input for four of the G7 nations; the
exceptions were Canada, the U K , and Japan. The U. S. stands out in the
magni tude of the contribution of capital input after 1995. Both IT and
Non-1T capital input contributed to the U S. econom c resurgence of the
| ast half of the 1990's. Despite the strong performance of IT
i nvestment in Japan after 1995, the contribution of capital input
declined substantially; the pattern for the UK is simlar

3.2. The Relative Inportance of Investnment and Productivity.

Tabl e 14 and Figure 2 present contributions to econom c growh
fromproductivity, divided between the | T-producing and Non-1IT-
produci ng i ndustries. The nethodol ogy for this division follows
Triplett (1996). The contribution of IT-producing industries is
positive throughout the period 1980-2001 and junps substantially after
1995. Since the level of productivity in ltaly is higher in 1980 than
in 2001, it is not surprising that the contribution of productivity
growth in the Non-IT industries was negative throughout the period.
Productivity in these industries declined after 1989 in the U S., the
U. K., France, and CGernmany as well as Italy.

Tabl e 15 and Figure 3 give a conprehensive view of the sources of
econom c gromh for the G7. The contribution of capital input alone
exceeds that of productivity for nobst nations and nobst tinme periods.
The contribution of Non-I1T capital input predom nates over |IT capita
i nput for nost countries and nost tine periods with Canada in 1989-

1995, and the U K. and Japan after 1995 as exceptions. This can be



attributed to the unusual weakness in the growh of aggregate demand in
these countries. The contribution of |abor input varies considerably
anong the G7 nations with negative contributions after 1995 in Japan,
during the 1980's in France, and during the period 1989-1995 in the
U. K. and Gernmany.

Finally, Table 16 and Figure 4 translate sources of growth into
sources of growth in average | abor productivity (ALP). ALP, defined as
out put per hour worked, nust be carefully distinguished from overal
productivity, defined as output per unit of both capital and | abor
i nputs. Qutput growth is the sumof growth in hours worked and growth
in ALP. ALP growth depends on the contribution of capital deepening,
the contribution of growth in |abor quality, and productivity growh.

Capital deepening is the contribution of gromh in capital input
per hour worked and predom nates over productivity as a source of ALP
growh for the G7 nations. |IT capital deepeni ng predoni nates over Non-

I T capital deepening in the U S. throughout the period 1980-2001 and in
Canada after 1989, the U K., France, and Japan after 1995. Finally, the
contribution of |labor quality is positive for all the G7 nations
t hrough the period.

4. Alternative Approaches

Edwar d Deni son’s (1967) pathbreaki ng volunme, Wy G owh Rates
Differ, conpared differences in gromh rates for national inconme net of
capital consunption per capita for the period 1950-62 with differences
of levels in 1960 for eight European countries and the U S. The
Eur opean countries were characterized by nmuch nore rapid growh and a

| oner | evel of national income per capita. However, this association



did not hold for all conparisons between the individual countries and
the U S. Nonethel ess, Denison concl uded:

Aside from short-term aberrations Europe should be able to report

hi gher growth rates, at least in national incone per person

enpl oyed, for a long tinme. Anericans should expect this and not

be disturbed by it.

Maddi son (1987, 1991) constructed estimates of aggregate output,
i nput, and productivity growh for France, Germany, Japan, The
Net herl ands, and the United Kingdom for the period 1870-1987. Maddi son
(1995) extended estimates for the U. S., the U K , and Japan backward to
1820 and forward to 1992. He defined output as gross of capita
consunption throughout the period and constructed constant quality
i ndices of |abor input for the period 1913-1984, but not for 1870-1913.

Maddi son enpl oyed capital stock as a neasure of the input of
capital, ignoring the changes in the conposition of capital stock that
are such an inportant source of growth for the G/ nations. This
om ssion is especially critical in assessing the inpact of investnent
in information technology. Finally, he reduced the gromh rate of the
price index for investment by one percent per year for all countries
and all time periods to correct for biases |ike those identified by
Wckof f (1995).

4.1. Conparisons without Growth Accounts

Kuznets (1971) provided el aborate conparisons of growh rates for
fourteen industrialized countries. Unlike Denison (1967), he did not
provi de | evel conparisons. Maddi son (1982) filled this |acuna by

conparing |levels of national product for sixteen countries. These

1See Denison (1967), especially Chapter 21, "The Sources of Growth and
the Contrast between Europe and the United States", pp. 296-348.



conpari sons used estimates of purchasing power parities by lrving
Kravis, Al an Heston, and Robert Sunmmers (1978). %

Maddi son (1995) extended his |long-termestimtes of the growth of
nati onal product and population to 56 countries, covering the period
1820-1992. Maddi son (2001) updated these estimates to 1998 in his
magi sterial volume, The World Economy: A M Il ennial Perspective. He
provi ded estimates for 134 countries, as well as seven regions of the
world — Western Europe, Western Offshoots (Australia, Canada, New
Zeal and, and the United States), Eastern Europe, Former USSR, Latin
America, Asia, and Africa.

Pur chasi ng power parities have been updated by successive
versions of the Penn Wrld Table. A conplete |list of these tables
through Mark 5 is given by Summers and Heston (1991). The current
version of the Penn World Table is available on the Center for
I nternational Conparisons website at the University of Pennsylvania
(CICUP). This covers 168 countries for the period 1950-2000 and
represents one of the nobst significant achievenents in economc
measur enent of the postwar period.

4.2. Convergence

Data presented by Kuznets (1971), Maddi son, and successive
versions of the Penn Wrld Table have made it possible to reconsider
the i ssue of convergence rai sed by Denison (1967). Moses Abranovitz
(1986) was the first to take up the chall enge by anal yzi ng convergence
of output per capita anpng Maddi son's sixteen countries. He found that
convergence characterized the postwar period, while there was no

tendency toward convergence before 1914 and during the interwar period.

2For details see Maddi son (1982), pp. 159-168.
13see Heston, Summers, and Aten (2002). The CICUP website is at:
http://pwt.econ.upenn. edu/ about pwt. htm .




Baunmol (1986) fornalized these results by running a regression of
growh rate of GDP per capita over the period 1870-1979 on the 1870
| evel of GDP per capita.

In a highly innovative paper on "Crazy Explanations for the
Productivity Slowdown" Paul Roner (1987) derived Baumpl’'s “growth
regression” from Solow s (1970) growth nodel with a Cobb-Dougl as
production function. Ronmer’s enpirical contribution was to extend the
growt h regressi ons from Maddi son's (1982) sixteen advanced countries to
the 115 countries in the Penn World Table (Mark 3). Roner's key finding
was an estimate of the elasticity of output with respect to capita
close to three-quarters. The share of capital in GNP inplied by Sol ow s
nodel was | ess than half as great.

Gregory Mankiw, David Roner, and David Wil (1992) defended the
traditional framework of Kuznets (1971) and Solow (1970). The enpirica
part of their study is based on data for 98 countries fromthe Penn
Worl d Table (Mark 4). Like Paul Ronmer (1987), Mankiw, David Ronmer, and
Weil derived a growmh regression fromthe Sol ow (1970) nodel; however,
they augnented this by allowing for investnent in human capital

The results of Mankiw, David Ronmer, and Weil (1992) provided
enpirical support for the augnented Sol ow nodel. There was cl ear
evi dence of the convergence predicted by the nodel; in addition, the
estimated elasticity of output with respect to capital was in line with
the share of capital in the value of output. The rate of convergence of
out put per capita was too slow to be consistent with 1970 version of

t he Sol ow nodel, but supported the augnented version

YBaunpl's "growth regression" has spawned a vast literature, recently
summari zed by Steven Durl auf and Danny Quah (1999, Ellen McGrattan and
James Schmitz (1999), and Islam (2003). Mich of this literature is
based on data from successive versions of the Penn Wrld Table.



4.2. Modeling Productivity Differences.

Finally, Islam (1995) exploited an inportant feature of the Penn
Worl d Tabl e overl ooked in prior studies. This panel data set contains
benchmark conpari sons of |evels of the national product at five year
intervals, beginning in 1960. This nmade it possible to test an
assunption maintained in growh regressions. These regressions had
assuned identical levels of productivity for all countries included in
the Penn World Tabl e.

Substantial differences in levels of productivity anpong countries
have been docunented by Deni son (1967), by ny papers with Christensen
and Cummi ngs (1981), Dougherty (1996, 1999), and Yip (2000) and in
Section 2 above. By introducing econonetric nmethods for panel data
I sl am (1995) was able to allow for these differences. He corroborated
the finding of Mankiw, David Roner, and Weil (1992) that the elasticity
of output with respect to capital input coincided with the share of
capital in the value of output.

In addition, Islam (1995) found that the rate of convergence of
out put per capita anmong countries in the Penn World Tabl e substanti ated
t he unaugnment ed version of the Sol ow (1970) growth nodel. In short,
"crazy explanations" for the productivity slowdown, |ike those
propounded by Paul Roner (1987, 1994), were unnecessary. Mbreover, the
nodel did not require augnentation by endogenous investnment in hunman
capital, as proposed by Mankiw, David Romer, and Weil (1992).

I sl am concl uded that differences in technol ogy anbng countries
must be included in econonetric nodels of growh rates. This requires
econonetric techniques for panel data, |like those originated by Gary
Chanberlain (1984), rather than the regression nethods of Baumpl, Pau

Romer, and Mankiw, David Romer, and Weil. Panel data techni ques have



now super seded regression nethods in nodeling differences in output per
capita.
5. Concl usi ons.

| conclude that a powerful surge in investnent in information
technol ogy and equi pnent after 1995 characterizes all of the G7
econonmi es. This accounts for a large portion of the resurgence in U S
econom ¢ grow h, but contributes substantially to economic growth in
the remaining G/ econonies as well. Another significant source of the
G7 growm h resurgence after 1995 is a junp in productivity growmh in IT-
produci ng i ndustri es.

For Japan the dramatic upward leap in the inpact of IT investnent
after 1995 was insufficient to overcone downward pressures from
deficient growh of aggregate demand. This manifests itself in
declining contributions of Non-IT capital and |abor inputs. Simlar
downturns are visible in Non-1T capital input in France, Germany, and
especially the U K after 1995.

These findings are based on new data and new net hodol ogy for
anal yzing the sources of econonmic growth. Internationally harnonized
prices for information technol ogy equi pment and software are essentia
for capturing differences anong the G7 nations. Constant quality
i ndices of capital and | abor inputs are necessary to incorporate the
i mpacts of investnents in information technol ogy and human capit al

Expl oiting the new data and net hodol ogy, | have been able to show
that investment in tangible assets is the nost inportant source of
economic growmh in the G/ nations. The contribution of capital input
exceeds that of productivity for all countries for all periods. The
relative inportance of productivity gromh is far | ess than suggested
by the traditional nethodol ogy of Kuznets (1971) and Sol ow (1970),

whi ch is now obsol ete



The conclusion fromlslams (1995) research is that the Sol ow
(1970) nodel is appropriate for nodeling the endogenous accumul ati on of
tangi bl e assets. It is unnecessary to endogeni ze human capita
accunul ation as well. The transition path to bal anced growth
equilibriumafter a change in policies that affects investnent in
tangi bl e assets requires decades, while the transition after a change

affecting investnent in human capital requires as nuch as a century.
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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 64.8 68.1 45.3 46.2 49.6 46.3 39.9
1989 80.6 79.4 56.9 54.5 59.0 57.7 56.3
1995 86.3 80.2 61.8 57.4 65.5 62.5 64.4
2001 100.0 92.5 71.8 64.4 69.7 69.3 71.1
Input Per Capita
1980 71.2 64.6 50.6 46.9 61.4 43.4 58.1
1989 84.4 75.0 61.7 53.7 71.6 55.9 72.5
1995 89.1 75.7 67.5 57.4 74.3 59.2 78.3
2001 100.7 84.4 74.2 62.2 79.5 67.6 81.5
Productivity
1980 91.1 105.3 89.5 98.6 80.8 106.7 68.7
1989 95.5 105.8 92.2 101.4 82.4 103.3 7.7
1995 96.9 105.9 91.7 99.9 88.1 105.6 82.3
2001 99.3 109.6 96.8 103.6 87.6 102.5 87.2
Note: U.S. =100.0in 2000, Canada data begins in 1981
Table 2. Growth Rate and Level in Output
Year U.S. Canada U.K. France Germany Italy Japan
Growth Rate (percentage)
1980-1989 3.34 3.10 2.69 2.38 1.99 2,51 4.42
1989-1995 2.36 1.39 1.62 1.30 2.34 1.52 2.56
1995-2001 3.58 3.34 2.74 2.34 1.18 1.90 1.85
Level (billions of 2000 U.S. Dollars)
1980 5403.9 618.4 934.0 932.0 1421.7 955.7 1706.3
1989 7301.8 792.6 1190.3 1154.3 1700.2 1197.4 2539.3
1995 8412.8 861.4 1311.8 1247.8 1956.3 1311.5 2961.1
2001 10429.6 1052.3 1545.9 1436.0 2099.8 1470.1 3309.2
Level (U.S. =100.0 in 2000)
1980 52.3 6.0 9.0 9.0 13.8 9.3 16.5
1989 70.7 7.7 11.5 11.2 16.5 11.6 24.6
1995 81.5 8.3 12.7 12.1 18.9 12.7 28.7
2001 101.0 10.2 15.0 13.9 20.3 14.2 32.0

Note: Canada data begins in 1981



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 19.5 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 20.5 211 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

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 2.42 1.92 2.54 1.84 1.93 2.46 3.83
1989-1995 1.13 0.17 1.38 0.85 1.72 1.33 2.23
1995-2001 2.46 2.38 2.50 1.93 1.04 1.72 1.64

Input Per Capita

1980-1989 1.89 1.86 2.20 1.52 1.71 2.82 2.46

1989-1995 0.90 0.17 1.49 1.11 0.60 0.96 1.29

1995-2001 2.04 1.80 1.59 1.33 1.14 2.21 0.66
Productivity

1980-1989 0.53 0.06 0.34 0.32 0.23 -0.36 1.37

1989-1995 0.23 0.00 -0.11 -0.26 1.12 0.37 0.94

1995-2001 0.42 0.58 0.91 0.60 -0.10 -0.49 0.98

Note: Percentage, Canada data begins in 1981



Table 5. Levels of 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 58.8 56.4 26.0 36.5 44.9 35.8 30.0
1989 74.7 67.5 38.2 48.6 62.6 62.9 42.4
1995 82.3 68.8 50.4 53.1 72.8 73.6 51.2
2001 103.8 78.5 56.5 58.6 84.1 90.0 59.3
Capital Stock Per Capita
1980 77.2 425 24.2 36.4 60.5 36.2 77.4
1989 88.8 48.2 31.3 42.6 68.3 52.7 83.3
1995 92.5 49.4 36.1 47.2 77.4 62.6 88.7
2001 101.7 55.4 44.7 52.2 85.9 72.7 93.9
Capital Quality
1980 76.2 132.6 107.2 100.3 74.2 99.1 38.7
1989 84.0 140.2 122.0 114.3 91.7 119.4 50.9
1995 89.0 1394 139.6 112.4 94.2 117.6 57.7
2001 102.1 141.8 126.4 112.1 97.9 123.9 63.1
Note: U.S. =100.0in 2000, Canada data begins in 1981
Table 6. Levels of IT Capital Input and Capital Stock per capita and capital quality
Year U.S. Canada U.K. France Germany Italy Japan
IT Capital Input Per Capita
1980 5.6 0.9 2.9 4.1 7.0 6.6 0.7
1989 22.5 3.8 10.6 11.6 18.3 18.4 5.4
1995 415 10.9 20.4 18.7 30.4 30.5 10.8
2001 113.0 44.6 52.4 37.3 58.4 59.0 38.4
IT Capital Stock Per Capita
1980 11.1 5.3 24 34 5.9 4.4 35
1989 30.3 10.0 9.3 9.6 15.0 12.7 10.9
1995 49.7 13.9 18.6 17.4 27.3 23.0 19.2
2001 108.7 20.9 43.4 32.3 48.0 42.7 68.6
Capital Quality
1980 50.7 17.6 119.9 118.9 118.8 148.5 20.0
1989 74.1 38.6 114.0 121.1 121.8 144.9 49.9
1995 83.5 78.8 110.1 107.4 111.4 1325 56.4
2001 104.0 213.3 120.7 115.4 121.6 138.2 55.9

Note: U.S. =100.0in 2000, Canada data begins in 1981



Table 7. Levels of Non-IT Capital Input and Capital Stock per capita and capital quality

Year U.S. Canada U.K. France Germany Italy Japan
Non-IT Capital Input Per Capita
1980 74.9 74.0 31.1 41.7 52.6 42.1 39.6
1989 87.3 84.1 43.9 54.5 71.1 72.1 51.9
1995 90.8 80.8 56.5 58.6 80.6 82.1 60.5
2001 102.3 85.0 57.1 63.4 88.3 95.8 61.6
Non-IT Capital Stock Per Capita
1980 82.9 447 25.9 38.3 63.8 38.4 83.3
1989 92.9 50.2 32.8 44.2 71.1 55.2 88.6
1995 95.0 51.0 37.1 48.7 79.8 64.8 93.7
2001 101.4 57.8 44.8 54.4 87.8 75.6 90.2
Capital Quality
1980 90.3 165.4 119.8 109.1 82.3 109.7 47.5
1989 94.0 167.6 133.8 123.2 100.0 130.6 58.6
1995 95.6 158.3 152.2 120.5 101.0 126.7 64.6
2001 101.0 147.2 127.4 116.4 100.6 126.7 68.3
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 2.65 2.26 4.28 3.19 3.70 6.25 3.86
1989-1995 1.61 0.31 4.61 1.46 2.53 2.63 3.13
1995-2001 3.87 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 0.66 0.60 2.36 1.74 2.09 2.87 1.06
1995-2001 1.58 1.91 3.57 1.67 1.75 2.49 0.95
Capital Quality
1980-1989 1.08 0.69 1.43 1.45 2.36 2.07 3.05
1989-1995 0.95 -0.29 2.25 -0.27 0.44 -0.24 2.07
1995-2001 2.29 0.29 -1.65 -0.04 0.65 0.86 151

Note: Percentage, Canada data begins in 1981



Table 9. Growth in IT Capital Input and Capital Stock Per Capita and Capital Quality

Year U.S. Canada U.K. France Germany Italy Japan
IT Capital Input Per Capita

1980-1989  15.42 17.66 14.43 11.66 10.71 11.44 22.74

1989-1995  10.22 17.42 10.91 7.92 8.47 8.44 11.57

1995-2001  16.70 23.42 15.69 11.55 10.87 10.98 21.08

IT Capital Stock Per Capita

1980-1989  11.21 7.83 14.98 11.46 10.43 11.72 12.61

1989-1995 8.23 5.53 11.50 9.91 9.97 9.94 9.52

1995-2001  13.04 6.82 14.16 10.35 9.40 10.28 21.22
Capital Quality

1980-1989 4.21 9.83 -0.56 0.20 0.28 -0.27 10.13

1989-1995 1.99 11.89 -0.58 -1.99 -1.50 -1.49 2.05

1995-2001 3.66 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 and Capital Quality

Year U.S. Canada U.K. France Germany Italy Japan
Non-IT Capital Input Per Capita

1980-1989 1.71 1.60 3.85 2.97 3.36 5.97 3.00

1989-1995 0.64 -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 1.26 1.43 2.62 1.61 1.20 4.03 0.68

1989-1995 0.37 0.29 2.07 1.58 1.92 2.68 0.94

1995-2001 1.08 2.06 3.12 1.87 1.59 2.56 -0.63
Capital Quality

1980-1989 0.45 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 0.92 -1.22 -2.97 -0.57 -0.06 0.01 0.92

Note: Percentage, Canada data begins in 1981



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 73.5 79.4 63.5 75.9 49.2 92.0
1989 91.9 82.7 86.0 59.9 79.3 51.4 105.1
1995 94.2 82.9 83.0 62.1 75.7 51.0 104.6
2001 98.8 89.9 89.8 65.8 76.5 55.5 101.0
Hours Worked Per Capita
1980 89.7 914 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 80.4 86.3 80.0 92.3 68.8 78.7
1989 94.7 85.6 88.0 84.1 95.9 71.3 90.1
1995 98.2 91.3 92.4 91.9 99.1 74.0 95.2
2001 100.5 93.3 95.4 94.4 101.6 76.7 97.3
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 Italy 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



Table 13. Contribution of Total Capital, IT Capital and Non-IT Capital to Output Growth

Year U.S. Canada U.K. France Germany Italy Japan
Total Capital
1980-1989 1.46 1.71 1.80 2.12 1.44 2.55 1.85
1989-1995 1.15 0.76 1.96 1.12 131 1.12 1.47
1995-2001 2.04 1.67 0.94 1.15 111 1.47 1.10
IT Capital
1980-1989 0.46 0.39 0.24 0.18 0.19 0.24 0.43
1989-1995 0.47 0.49 0.27 0.19 0.26 0.26 0.31
1995-2001 0.93 0.86 0.76 0.42 0.46 0.49 0.75
Non-IT Capital
1980-1989 1.00 1.32 1.56 1.94 1.25 2.31 1.42
1989-1995 0.68 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 share. Canada 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 Italy Japan
Productivity
1980-1989 0.53 0.06 0.34 0.32 0.23 -0.36 1.37
1989-1995 0.23 0.00 -0.11 -0.26 1.12 0.37 0.94
1995-2001 0.42 0.58 0.91 0.60 -0.10 -0.49 0.98
Productivity from IT Production
1980-1989 0.22 0.14 0.23 0.29 0.28 0.32 0.23
1989-1995 0.25 0.14 0.32 0.29 0.43 0.38 0.29
1995-2001 0.41 0.17 0.82 0.56 0.65 0.68 0.57
Productivity from Non-IT Production
1980-1989 0.31 -0.08 0.11 0.03 -0.05 -0.68 1.14
1989-1995 -0.02 -0.14 -0.43 -0.55 0.69 -0.01 0.65
1995-2001 0.01 0.41 0.09 0.04 -0.75 -1.17 0.41

Note: Percentage. Canada data begins in 1981



Table 15. Sources of Output Growth

Year U.S. Canada U.K. France Germany Italy Japan
Output
1980-1989 3.34 3.10 2.69 2.38 1.99 2,51 4.42
1989-1995 2.36 1.39 1.62 1.30 2.34 1.52 2.56
1995-2001 3.58 3.34 2.74 2.34 1.18 1.90 1.85
Labor
1980-1989 1.35 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 0.46 0.39 0.24 0.18 0.19 0.24 0.43
1989-1995 0.47 0.49 0.27 0.19 0.26 0.26 0.31
1995-2001 0.93 0.86 0.76 0.42 0.46 0.49 0.75
Non-IT Capital
1980-1989 1.00 1.32 1.56 1.94 1.25 2.31 1.42
1989-1995 0.68 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
Productivity from IT Production
1980-1989 0.22 0.14 0.23 0.29 0.28 0.32 0.23
1989-1995 0.25 0.14 0.32 0.29 0.43 0.38 0.29
1995-2001 0.41 0.17 0.82 0.56 0.65 0.68 0.57
Productivity from Non-IT Production

1980-1989 0.31 -0.08 0.11 0.03 -0.05 -0.68 1.14
1989-1995 -0.02 -0.14 -0.43 -0.55 0.69 -0.01 0.65
1995-2001 0.01 0.41 0.09 0.04 -0.75 -1.17 0.41

Note: Percentage. Contributions. Canada data begins in 1981



Table 16. Sources of Labor Productivity Growth

Year U.S. Canada U.K. France Germany Italy Japan
Output
1980-1989 3.34 3.10 2.69 2.38 1.99 2,51 4.42
1989-1995 2.36 1.39 1.62 1.30 2.34 1.52 2.56
1995-2001 3.58 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 1.55 1.23 1.87 3.04 1.88 2.36 3.86
1989-1995 1.34 1.19 2.79 1.71 3.05 2.09 3.23
1995-2001 2.05 141 1.71 1.43 1.29 0.92 2.58
IT Capital Deepening
1980-1989 0.41 0.35 0.22 0.19 0.19 0.23 0.42
1989-1995 0.43 0.48 0.29 0.20 0.28 0.28 0.33
1995-2001 0.85 0.79 0.71 0.39 0.46 0.45 0.78
Non-IT Capital Deepening
1980-1989 0.31 0.42 1.20 2.29 1.20 2.25 1.20
1989-1995 0.32 0.16 211 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 0.22 0.14 0.23 0.29 0.28 0.32 0.23
1989-1995 0.25 0.14 0.32 0.29 0.43 0.38 0.29
1995-2001 0.41 0.17 0.82 0.56 0.65 0.68 0.57
Productivity from Non-IT Production

1980-1989 0.31 -0.08 0.11 0.03 -0.05 -0.68 1.14
1989-1995 -0.02 -0.14 -0.43 -0.55 0.69 -0.01 0.65
1995-2001 0.01 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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