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ABSTRACT

This paper examines the factors influencing investment in information technology (IT), and the
payoffs from invesment in IT use on productivity and economic growth in twelve Asa- Pacific
countries for the period 1984-1990. It finds a sSignificant postive correation between growth in
IT investment and growth in both GDP and productivity over the seven year period. Countries
with higher growth ratesin IT investment achieved conastently higher growth rates of GDP and
productivity. Thisfinding is congstent with the notion of 1T-led development. It challengesthe
so-cdled "productivity paradox", or the notion that investment in IT has not paid off in
productivity improvements.
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INTRODUCTION

There is agrowing recognition among economic development specidigts that
investments in technology can play a criticd role in simulating economic growth and
productivity. The rgpid economic growth of the East Adan newly industrializing economies
(NIEs) isa least partidly attributable to their investment in technologies to upgrade the
productivity and competitiveness of export-oriented industries (Amsden, 1989; Ranis, 1990).
The economic stagnation of other devel oping countries has been blamed in part on government
policies which restricted the importation of advanced technologies from aoroad (Dahlman and
Frischtak, 1990; Lall, 1985).

One technology with the potentia for stimulating economic growth and productivity is
information technology (IT). Some researchers make a pecific argument for the vaue of
invesment in IT asastimulus for economic development. These argumentsfor IT-led
development are based on the notion that investmentsin I T can accelerate economic growth by
enhancing worker productivity and increasing the returns to invesment in other capital goods
(APO 1990; Mody and Dahlman, 1992; OECD, 1988, 1993; Rahim and Pennings, 1987).

IT isseen as a et of generic technologies, such as semiconductors, computer systems
and software, which are pervasive in their impacts on industria and economic development.
Unlike anew technology for sted or chemica production, IT can be gpplied in virtudly every
economic sector, from automobiles to insurance to aerospace. 1ts gpplication can make
production more efficient, enhance existing products and create new products and services. |IT
can reduce the cost to business of obtaining and processing information on markets, suppliers
and competition, thus improving organizationd efficiency and responsveness. In addition, the
IT industry itself can be a source of economic growth and jobs. For these reasons, investment

inIT is bdieved to enhance nationa productivity and competitiveness, spurring economic
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growth. Severd studies (Mody and Dahlman, 1992; Rahim and Pennings, 1987) suggest that
IT development may have led or anticipated economic growth in the East Asan NIEs.

Such aconclusion runs contrary to empirica research about the "productivity paradox”
(Baily, 1986; Baily and Gordon, 1988; Loveman, 1988; Roach, 1987 and 1988). That
research shows that productivity gainsin the aggregate economy from I'T use have been limited,
despite the rgpid improvement in price-performance ratio of computers and heavy investment in
IT. Thisargument is based on the fact that the United States invested heavily in IT during the
1970s and 1980s, yet productivity growth dowed during that period compared to the earlier
post-war years (Baily, 1986).

Investments in information technology have been large. Roach (1988) points out thet IT
often accounts for a quarter or more of afirm's capita stock, and Attewell (1990) reports that
I'T accounted for 48% of dl new private investment in equipment in 1988 and "the proportion is
dill dimbing." Roach looked at the relationship between investmentsin IT and productivity at
the nationd level for manufacturing and services from the early sixties through 1987. He found
that IT investment in the service sector grew tremendoudy relaiveto IT invesment in
manufacturing, with 84% of the nation's multi- billion dollar IT investment going into services.
However, productivity in manufacturing increased during this period while productivity in the
sarvice sector remained stagnant. As put by Roach (1988), "the levd of white-collar
productivity in 1987 was actudly no higher than it wasin the mid-1960s." At thefirm levd,
Loveman's (1988) study of sxty manufacturing units measured changes in output related to
levels of invesment in IT and other inputs and found the productivity gainsfrom I T to be
inggnificant.

The productivity paradox does not deny the possibility of productivity improvements
fromtheuseof IT. On the contrary, those authors who have written most about the paradox
tend to stress the enormous potentid gains. But they aso point out that the efficient

implementation of IT is often hampered by many socid and organizationa barriers. They and
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other researchers (Attewd |, 1990; Brynjolfsson, 1993) have offered a variety of explanations

for why the expected payoffs might not show up. The explanations fall into four broad groups.

1.

Measurement errors. Productivity measures, which are based on the level of output for

agiven leved of input, fail to account for gains such as better product qudity and variety
or the avallability of new sarvices. Rapid declinesin the price of computing power dso
make measures of IT stock difficult . Also, part of thevaue of IT isthat it dlows
business to be more flexible and do new things, rather than just reducing costs or
increasing output (Applegate et d., 1988).

Timelag for diffuson New technologies require time for diffuson and organizationa

adaptation before potentia benefits are redlized. David (1989) shows that mgor gains
in productivity from the gpplication of the eectric dynamo were not seen until 40 years
after the technology was introduced. These gains were not redlized until widespread
eectrification of factories took place and until factories replaced existing belt-driven
mechines with individudly powered eectrical machines. David suggests the same
processistaking place with IT. Computers have been around for about 40 years and
integrated circuits only twenty. Mgor productivity gains a the nationd leve might be
redized only as diffuson of persond computers reachesacritical mass2 Therefore,
thereislikely to be a consderable lag between the time of investment and the time that
benefits show up in productivity gains while organizations introduce I T, learn how to use
it, and adapt it to their needs.

Management of IT: New technologies require organizationd changesin order to

achieve potentid benefits. David's sudy (1989) showsthat it was not diffuson done
that produced the productivity gains from the dectric dynamo. It wasthe combination
of widespread diffusion of the technology and radical changes in production processes
that findly led to a productivity boom. Thus, he suggests that mgor productivity gains
from IT at the nationd leve might not show up until business processes are redesigned
to take advantage of the cgpabilities offered by the technology. In addition, IT might
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not be productive even at the firm level due to outdated incentive systems which do not

reward mangers and workers for improved productivity (McKersie and Walton, 1988).

Therefore, thereislikdy to be alag between the time of investment and the time that

benefits show up in productivity gains while organizations redesign their busness

processes and make necessary changes in management practices and incentives in order
to "capture’ the potentid productivity gains (Brynjolfsson, Maone and Gurbaxani,

1988).

4, Redigribution: 1T might just redidtribute the pie, not increase it, benefiting individud
firms, but not the economy asawhole. Thismeansthat firmsinvest inIT to gain
competitive advantage or to meet competitive standards, but that IT investment does
not increase overdl output.

The firg three explanations suggest that we need better data, alonger time frame and
better technology management to identify productivity gainsfrom IT investment. The fourth
suggeststhat I T invesments will not increase output, but only reditribute it. However, ina
globa economy, nations could benefit from IT investment just by making ther firms more
competitive againg foreign firms. Thiswould suggest agloba zero-sum game, but the potentia
for redigtribution among nations.

Each of these explanations offer important ingght into the productivity paradox, but are
not very reassuring to business managers or public officias concerned about the return on thelr
largeinvestmentsin IT. Newer sudies attempt to ded with measurement errors and time lags
by usng larger samples over longer time frames. Such research has been finding evidence of
ggnificant payoffs from IT invetment a the firm level (Brynjolfsson and Hitt, 1993;
Lichtenberg, 1993).

At the nationa levd, previous studies of the economic impacts of IT have been limited
primarily to U.S. data comparing one time period to another (the clams of productivity
stagnation are based on comparisons with earlier years when productivity gains were gregter).

This paper pursues the question of returns from IT investment at the nationd level using data
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from 1984 to 1990 for twelve Ada-Pacific countries a different levels of economic
development (Figure 1). This gpproach dlows us to measure relationships between IT
investment and output by comparing data across countries over time, rather than relying on
comparisons of data on only one country at different time periods.

[Insert Figure 1 about herel

CONCEPTUAL FRAMEWORK

For the purposes of the quantitative andysisin this paper, we focus on investment in IT
use, as measured by investment in computer products and services. A companion paper
(Kraemer and Dedrick, 19944) takes a quantitative gpproach to the factors determining levels
of IT production. We definethe IT sector to include computer hardware, software and
sarvices. Wetreat telecommunications, semiconductors and other eectronics industries as part
of the IT infrastructure, supporting and complementing the production and use of computer
products and services.

We are interested in the answers to two questions about investment in I T use:

1. What environmental factors affect the leve of invesment in IT usewithina

country?

2. Doesinvesment in I T use lead to increased productivity and economic

growth?
We examine these questions using quantitative anaytical techniques to measure the reationship
between environmenta factors and investment in IT and the effects of IT investment on national
productivity and economic growth.
Economic FactorsInfluencing IT Investment
We hypothesize that levels of investment in IT use a the nationd levd are influenced by four key
factorsas seenin Figure 2. 1.) National wealth, measured by GDP level and growth, aswdll
as savings as a percentage of GDP; 2.)wage level and growthrate, 3.) IT infrastructure,

including human resources, capitd avallability, telecommunications networks and a dependable
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power supply; and 4.) price/performance of IT products, including the price/performance
ratio of the products, aswell as taxes and tariffs. Wedthier countries with growing economies
and high savings rates should have more capitd and more efficient capita markets to provide
investment capitd at alower cost. A lower cost of capitd means ahigher return on investment.
Wage rates are dso expected to be correlated with return on IT investment, as organizations
paying higher wages stand to gain a higher return from replacing labor or improving labor
productivity.

The presence of an adequate infrastructure is expected to be related to return on
invesment in I'T because I T isacomplex technology requiring supporting networks of
eectricity, tdecommunications and skilled people. And findly, improvementsin the
price/performanceratio of IT products makes returnson IT investments more attractive
because more computing power can be purchased for a given amount of investment. Gurbaxani
(1992) has estimated that for every 1% drop in pricein IT products, thereisa 1.5% increasein
demand. Tariffs, taxes, and factors which affect the price of IT products will affect the

price/performanceratio of IT in agiven country.

[Insert Figure 2 about here]

Economic Returnsfrom IT Investment
While we expect the levd of investment in IT use to be influenced by economic factors,
we expect such investment to increase nationd productivity and economic growth in return
(Figure 3). Investment in IT use can improve productivity in two ways.
1 I'T improves labor productivity directly by subgtituting for labor or improving the
productivity of workers. The gainsin labor productivity can be seen most easily when
computers are indaled to perform routine data processing functions and replace

workers carrying out those functions. Lessvigble are the gainsin productivity achieved
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by providing workers with timdy information and tools for planning and carrying out

their work.

2. I'T improves capital productivity by complementing other investments. Plants and
equipment can be made more productive through the use of computerized control
systems which alow automation of processes and greater flexibility in production. The
entire production system can be made more productive through the use of computers
for planning and coordination of activities within the firm and externdly with suppliers
and customers. In the service sector, assets such as airplanes can be used more
productively through computerized reservation systems to maximize cgpacity on flights.
Improved capita productivity should aso increase labor productivity, as workers with
more productive tools should be more productive themselves.

Investment in IT is expected to increase economic growth through productivity growth,
which should push wages upward, increasing workers income and persond consumption
(Figure 3). However, IT use might dso have anegative effect on economic growth if it leadsto,
or islinked with, dimination of jobsin the redesign of business processes.

Another way inwhich investment in I T is expected to increase economic growth is by
cregting new indudtries rated to IT use. These include software programming, systems
integration, maintenance sarvices, information services (e.g. CompuServe, America Online), and
production of entertainment and other information content. The potentia growth of these
industries depends on the level of diffuson of computersin acountry.

[Insert Figure 3 about here]

In summary, we expect that economic factorsand IT investment are interrdlated. We
expect that economic factors determine wage rates, the availability of capital and the qudity of
the IT infrastructure. Depending on these factors, some countries spend rdatively more for IT
use than other countries. We expect thisinvestment to create greater rates of economic growth

and productivity growth.
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METHODSAND DATA

The andysesin this paper measure quantitatively the relationships between
environmenta factors and I T investment, and between IT investment and growth in GDP and
productivity. Table 1 presents data for each country on national wedth, infrastructure, wage
rates and productivity.

[Insert Table 1 about here)

We use spending on computer hardware, software and services asameasure of I'T
investment, Smilar to the gpproaches of Brynjolfsson and Hitt (1993), Hamm (1987), and
Gurbaxani and Mendelson (1990). To compare across countries, we use I T investment asa
percent of GDP and as a percent of totd capitd investment in 1990, as well as growth ratesin
IT investment from 1984-1990. These provide us with common measures across countries and
over time.

Wefirgt look at the effects of environmental factors on diffuson. To measure the effects
of environment, we conduct correlation analyses usng measures of the variables presented
earlier in Figure 2. These are corrdated with I'T investment as a percent of GDP and asa
percent of total capita investment across the countriesto find relationships a agiven time.
Where agatigticaly significant correation is found, we conclude that areaionship exists
between the two.

We next conduct correlation andyses of growth ratesin IT investment againgt growth in
GDP and labor productivity (GDP per worker) in order to quantify the dynamic relationships
among those variables. These correlations measure the extent to which growth in I T investment
isrelated to increasesin productivity and GDP, as the proponents of |1 T-led development
suggest it should.
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The datafor this anadyss were collected from secondary sources, from a confidentia
industry source and from our own case studies of each country. The secondary sources

included the Internationd Monetary Fund Internationd Finance Statigtics (IMF, 1991), the

World Compstitiveness Report (IMD, 1990), the U.S. Department of Labor Handbook of

Labor Statigtics (DOL, 1989), the United Nations Human Development Report (UNDP,

1991), the International Labor Office Y earbook of Labor Statigtics (ILO, 1991), the Pecific

Economic Cooperation Conference Science and Technology Profile and Pecific Economic

Outlook. (PECC, 1991 and 1992), and the Directorate- Generd for Budget, Accounting and
Statistics Satistica Y earbook of the Republic of China (DGBAS, 1991).3

The confidential industry source provided two databases about I T flows, one covering
the period 1983-1987 and the other covering 1987-1993. The databasesincluded IT
investment for each country by technology (hardware, software, services) and by industry
(government, finance, didtribution, manufacturing). Although the patterns of the data were
remarkably smilar between the two databases, the actua vaues were digoint in some cases.
Because the industry source for the data dways revised data from earlier yearsin the later
dataset, wetook the later database to be more accurate. We therefore adjusted the earlier
database to the later database by using the later data for the overlap year (1987), and then using
growth rates from the earlier set to move backward to 1986, 1985, 1984 and 1983. The result
is an integrated, consistent database covering ten years.

The case studies were conducted through field interviews and literature reviews.
Approximately 50 interviews were conducted in each country with representatives of industry
associations, leading producers, government ministries of science and technology, trade, and
economic planning, universities and research centers, and the computer industry press.
Materidson the I T industry and on I'T use were collected from nationd libraries, consultants
and research centers. The interviews, materids and literature were then synthesized into case
sudies which dl follow asmilar outline (Dedrick and Kraemer, 1993a and 1993b; Dedrick,
Kraemer and Jarman, 1994; Gurbaxani, et d., 1991; King and Konsynski, 1990; Kraemer,
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Gurbaxani and King, 1992; Kraemer and Dedrick, 1993; Kraemer and Dedrick, 1994a,
1994b, 1994c, 1994d).

FINDINGSFROM QUANTITATIVE ANALYSES

Investment in IT Use
Table 2 showstotd IT spending (hardware, software, services) as a percentage of

GDP and of total capitd investment for twelve Asa-Pacific countries as of 1990, and average

annua growth ratesin spending from 1984 to 19904 We use spending as a percent of GDP as

a comparative measure because it is related to the Sze of a country's economy. Thisis a better

measure than I'T spending per capita, Since it is based on buying power rather than population.

Table 2 illudrates two points clearly:

. Spending is related to nationa wedth. The developed countries are the heaviest users of
IT, followed by the newly industridizing economies (NIEs) and then the developing
countries.

. Growth in spending isfastest in the rapidly growing NIES, aswell as Thailland and
Indonesia, which are playing catch up with the developed countries.

[Insert Table 2 about here)

Environment and I nvestment

Table 1 provides data on environmentd variables for the countries. Each of these
variablesis ameasure of one of the factors presented earlier in discussion of the " Conceptud
Framework" and Figure 2. National wedlth is measured by GDP per capita, growth in GDP,

and savingsrates. 1T infrastructure is measured by adult literacy, secondary school enrollment,
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scientists and engineers per 10,000 population (human resources), telephones per 1,000
population (telecommunications), R&D spending as a percent of GDP (scientific capacity), and
investment as a percent of GDP (capita availability). Productivity is measured by the level and
growth rate of GDP per employee. Wage rates are measured by average hourly wagesin

manufacturing and services.

In order to determine the relationship between environmenta factorsand I T investment,
we begin by conducting Pearson correlation andyses between each of the environmenta
variables and the level of IT spending as apercent of GDP and as a percent of totd capita
investment in 1990. Table 3 shows the variables which were found to have a Saidicaly
ggnificant corrdation with I'T spending.

[Insert Table 3 about here]

The corrdationsin Table 3 generally support the rdlationships hypothesized in Figure 2
between environmenta factorsand IT investment. In each case, the environmenta variableis
grongly corrdated with IT invesiment as a percent of GDP. Thus, IT invetment is positively
related to a country's wedlth, infrastructure and wage rates.

It should be noted that each of the other variablesis aso strongly correlated with GDP
per capita, suggesting that level of wealth may be the key determinant of IT investment. It could
be that the other variables are only corrdated with I T spending because of their relationship to
wedlth. However, we dso find dl of the variables are corrdated with IT invesment asa
percent of total investment. This shows that in countries with a favorable environment for IT
use (as defined in Figure 2), IT represents alarger share of total investment. Thisfact isnot as
easlly accounted for by the Smple argument that richer countries can afford the investment. This

does not explain why they choose to invest more heavily in I T as opposed to other investments.
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A plausble explanation is that these countries can earn a higher return on investment in I T, due
to favorable environmenta factors, as Figure 2 posits.

It isaso possble that the relationship is the other way around. Thét is, the reason for
the correlation might be that the wedthier countries invested more heavily in I T in the past, and
that their current wedlth is at least in part areflection of that investment, rather than the key
determinant. Given the many higtorica factors which determine reldive levels of economic
development, it is unlikely that the causdity runsin thisdirection on adatic leve. Thatis itis
highly unlikdy that Augrdiais richer than the Philippines because of its higher invesment in I T.
But, it is possible that thereis a dynamic relationship between IT investment and growth in
productivity and GDP. Thisrdationship, which is a the heart of the productivity paradox

debate, is the focus of the following section.

Environmental Change and Growth in I T Investment

We now cometo the critica question of whether IT investment has measurable effects
on productivity and economic growth, as Figure 3 posits. Table 4 presents the correlation
coefficients found by conducting Pearson correlation analyses between average growth ratesin
tota IT investment and growth rates in productivity and GDP.

[Insert Table 4 about here]

Table 4 presents compelling evidence of a strong relationship between investment in IT and growth in
productivity and GDP. It shows that both GDP growth and productivity growth are highly corrdlated
with growth in IT investment.

This finding chalenges the productivity paradox claim that there is no evidence of ardationship
between IT investment and productivity growth. While correation is not evidence of causdity, the
findings presented here are conggtent with the hypothesis that investment in information technology

pays off in gainsto productivity and economic growth.
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Fgure 4 illugtrates graphically the relationship between growth in IT investment and growth in
productivity by country.

[Insert Figure 4 about herel

Thalland, Koreg, India and Tawan have shown the fastest growth in IT invesment , and they
have ranked among the leaders in productivity growth. The only countries in which productivity growth
gopearsto lag reative to growth in IT investment are Austrdia/lNew Zedand and the Philippines.

Case studies of those countries suggest that the problem in Austrdliaand New Zedand isthat both
depend heavily on exports of agriculturd and minerd products which experienced mgor price dropsin
thelate 1980s. Thisfactor islikely to have overshadowed productivity gains in the manufacturing and
sarvice sectors, driving down overdl GDP growth. In the case of the Philippines, politica upheavd

and naturd disasters shook the economy for severd years.

DISCUSSION

Our findings show a strong correlaion between growth in IT investment and
productivity in nationd economies. Thisfinding is congstent with the nation of 1T-led
development. It does not provide conclusive evidence of acausa rdationship, given the
reaively smdl proportion of IT in the overdl investment picture, and the broad array of factors
which affect economic growth. Itisaso truethat if thereisacausd relationship, the causation
may run both ways between economic growth and IT investment.

These findings provide preliminary evidence to chdlenge the notion of the productivity
paradox. Based on the quantitative analys's, as well as evidence from case studies of the
countries being examined, we find reason to believe that I T investment, epecidly in conjunction
with investments in supporting infrastructure, has a postive impact on productivity and economic
growth.
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Recent research supports our findings on the relaionship of 1T investment to increased
productivity. Brynjolfsson and Hitt (1993) studied data from 380 of the 500 largest U.S.
companies from 1987 to 1991, representing over $2 trillion in output (one-third of the U.S.
GDP). They found areturn on investment of 54.2% for computer investments, compared to
4.1% for dl other investments. Using the same data sets, Lichtenberg (1993) extended and
refined their andysis by investigating the existence of excessreturnsto IT labor and capitd. He
found sgnificant evidence of excessreturnsto both IT cagpitd and labor, with the Sze and
ggnificance of the returnsto I'T capita being larger. Both studies chalenge the "productivity
paradox" by presenting strong evidence of productivity gainsfrom IT invesment. The data sets
used had the virtue of alarge number of data points, and quite detailed information on both IT
investment and company output.

Our findings, and those of Brynjolfsson and Hitt and Lichtenberg, actudly complement
and reinforce one another. We find ardationship usng data a the nationd level acrossa
diverse sample of countries. They find a relationship between IT investment and corporate
productivity at the firm level across adiverse sample of companies within a sSngle country.
However, given that the companiesin their sample represent one-third of the U.S. GDP, they
can aso be consdered representative of the relationship between IT investment and nationa

productivity.

POLICY IMPLICATIONS

The findings above have important implications because nationd governmentsin many
countries have developed, or are devel oping, policiesto promote investment in the production
and/or use of information technology, including investment by the government itsdf. The
development of national industries to produce I T hardware and/or software has been an
important god of government policies in countries within our study such as Japan, Korea,

Singapore, Taiwan and India. Other countries, such as Hong Kong and New Zedland, and
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Audtrdia (at least before 1987) have taken a hands-off approach, preferring to let the market
determine the levels of production and use.

The questions facing policymakers are whether thereis more vaue in developing an IT
industry or in gpplying I T to other sectors of the economy, and whether promotion of one will
be detrimentd to the other. The findings in this paper show clearly the benefits of 1T use, and
the high cogts of palicies which would depress demand for IT. Flamm (1987) argues that use of
IT offers greater economic benefits than I'T production. Schware (1992) further argues that the
presence of sophisticated usersis vita to developing production of IT, both to provide a market
and to provide for the close interaction between producers and users that stimulates innovation
and improvement. These points of view argue for policies favoring use, and if production isto
be promoted, that it be done without trade barriers or other policy instruments which protect
domestic producers but discourage investment in use by increasing the cost of I T products.

There are till questions asto what the tradeoffs are from policies which limit useto
promote production. Japan clearly followed such a policy, especidly in the 1960s and early
1970s, limiting access to its domestic market and requiring foreign companies to license their
technology to Japanese companiesin return for access to the Japanese market (Anchordoguy,
1989). Japan now has alarge, technologicaly advanced computer industry, but lags behind the
U.S. inIT use. Onemay reasonably ask what the costs have been to the Japanese economy in
terms of logt opportunitiesto apply IT in other sectorsin order to support its computer industry.

More importantly, policymakers must consder what the likelihood is of repesting
Japan's success in devel oping a competitive computer industry, given the enormous capitd and
technology requirements of the industry today. Recent trends in countries such as Brazil, India
and Mexico have been to remove redtrictions on imports, technology transfer and foreign
investment in order to gain accessto low cost IT products and advanced technologies. Such a
trend seems to be an acknowledgment that previous policies to promote production were too
codtly to user indugtries in those countries. Countries which have been successful inIT

production, such as Singapore, Taiwan and Korea, have succeeded largely through attracting
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multinationa computer companies to invest in production facilities or subcontract with local
firms. Of these three countries, only Korea has used protectionism asatool for promoting I'T
production, and Koreaonly did so for alimited period, banning imports of microcomputers
from 1982 to 1987.

Government officids can be encouraged by the finding that investment in I'T useon a
nationd leve is corrdated to productivity gains and economic growth. Given the importance of a
grong information infrastructure, governments can encourage I T use by investing in human
resources and telecommunications networks. This should include broad-based investments such
as support for genera education and widespread provision of basic telephone service, both of
which provide high economic and socid returnsin their own right. However, development of a
good information infrastructure aso requires investments in specidized human resources such as
electronics engineers, computer scientists, systems analysts and programmers, aswell as
Specidized telecommunications services such as digita switching, high-speed data transmission
and vadue-added networks.  Such investments may be made in cooperation with the private
sector, but experience shows that a government role is usudly needed in building infrastructure,

especidly in deveoping and newly indudtridizing countries.
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NOTES

1 This research has been supported by grants from the Computer, Information Sciences
and Engineering (CISE) divison of the U.S. Nationa Science Foundation, the
Univerdty of Cdifornia Pacific Rim Research Program, and the National University of

Singapore.

The authors acknowledge the helpful comments and criticisms of William Dutton, Chris
Freeman, Vijay Gurbaxani, Gary Loveman, John McPhee, Robert Schware and the
anonymous reviewers for World Development.

2. Prior to 1986 there were only about 10-15 million PCs worldwide. The ingtalled base
of mainframes and minicomputers was too few and not widdy available to individua
workersto have much of ameasurable effect. After the mid-eighties, the adoption of
PCs increased tremendoudy such that by 1993 there were about 140 million units
worldwide, one-haf of which were in the United States. About one-half of these PCs
were connected to networks. As these figures suggest, diffusion and organizationa
adaptation is till occurring and, consequently, some scholars and practitioners view
earlier conclusions about the productivity of IT investments as premature.

3. The Statigtica Y earbook of the Republic of China is used for Taiwan data because
some internationa agencies, such as the United Nations, do not include Taiwan.
Taiwan isvery careful to insure that the Y earbook statistics have the same meanings and
are collected in the same manner as the United Nations data. Consequently the
Y earbook is consdered avalid data source for Taiwan when making comparisons
involving international data sets.

4, Australiaand New Zedland data are combined in the original source, o the two are
trested as one unit. Environmental data for Austraia/lNew Zedland is obtained by using
aweighted average of the two countries based on the relative Size of their economies.
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Table2. IT Investment in Asia-Pacific Countries

IT Invesment IT Investment as % Average Growth in IT
Country as % of GDP, 1990 Totd Investment, 1990  Investment, 1984-1990
Japan 2.18 6.52 13.90
Audrdia/New Zedand 2.03 8.24 15.43
Singapore 1.84 3.89 18.06
Hong Kong 1.19 5.18 15.22
South Korea 0.91 2.19 24.49
Tawan 0.83 3.60 21.64
Mdaysa 0.67 2.30 10.77
India 0.37 1.36 2221
Thailand 0.36 0.83 25.00
Philippines 0.25 2.43 12.21
Indonesia 0.23 0.56 18.09

Source: Confidentia industry sources



Table 3. Pearson Corréeation Between Levd of I T Investment and Environmental

Factors

Vaiaile

Corrdation Coefficients
with I T investment

Corrdation Coefficiens
with IT investment asa

as apercent of GDP percent of totd invesment

NATIONAL WEALTH
GDP per capita, 1990

INFRASTRUCTURE

Human Resources
Secondary school enrollment

Scientists’Engineers per 1,000

Telecommunications
Telephones per 1,000

Structure of Economy
Services as % of GDP

R& D Capacity
R&D as percent of GDP

WAGE RATES
Average wage in manufacturing

9437**

.(530**

.8921**

9343**

. 1568**

.(355**

.8740**

.8982**

A 702**

./500*

9079**

(825**

.5924

.8987**

Sgnificanceleve = .05
** Sgnificance level = .01



Table4. Pearson Corrdation of Growth in IT Usewith Growth in GDP and
Productivity

Corrdation with Avg.
Annud Growthin IT
Vaiadle Investment (1984-90)
Avg. annual GDP growth (1984-90) I557**
Avg. annua productivity growth (1984-90) .6061*

Sgnificancelevd = .05
** Sgnificance levd = .01



Figurel. Countriesby Level of Economic Development
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Figure2. Determinantsof I T Investment
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Figure 3. Economic Returnsfrom IT Investment
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