PRODUCTIVITY GROWTH AND TECHNOLOGICAL DIFFUSION
THROUGH FOREIGN DIRECT INVESTMENT

JAEJOON WOO*

Foreign direct investment (FDI) has dramatically increased worldwide and is the
most important form of all private capital flows to developing countries. Yet, it is an
important empirical question whether FDI affects total factor productivity (TFP)
positively. We investigate the effect of FDI on TFP growth in a large sample of
countries in 1970-2000. Our econometric results indicate that FDI has a positive
and direct effect on TFP growth. However, we do not find any evidence that the
impact of FDI on TFP growth is only conditional on the recipient country’s
capability to absorb foreign technology. We carefully address the robustness of

the empirical results. (JEL O11, 040, O47, F21)

I. INTRODUCTION

The recent surge in cross-border financial
flows has generated an intense debate among
economists and policymakers on the benefits
and costs of the ongoing international finan-
cial integration. In principle, financial integra-
tion can promote productivity growth by
allowing a country to borrow to finance pro-
ductive domestic investment and increasing
access to foreign advanced technologies. How-
ever, it can be accompanied with macroeco-
nomic volatility and even financial crises.
Fuelling this debate, the empirical evidence
on the effects of financial integration on
growth has been mixed (Kose et al. 2006).

Yet, recent financial crises led policymakers
to rethink appropriate policies for growth. It
is widely believed that the short-term debt is
the most volatile source of foreign capital and
can contribute most to instability of financial
markets at a time of crisis, whereas foreign direct
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investment (FDI) is the most stable form of cap-
ital inflows. Importantly, FDI has long been
regarded to be a major vehicle of technology
transfer. More than ever, countries seek to lever-
age FDI for development. FDI represents the
largest share of external capital flows to devel-
oping countries (United Nations Conference
on Trade and Development 2007)." This seems
to be driven by the belief that FDI brings pos-
itive effects to the economy, such as technology
transfer, introduction of new production pro-
cesses, and advanced management practices.
However, it still remains to be an important

1. Lane and Milesi-Ferretti (2006) find that the in-
crease in the relative importance of equity liabilities,
has continued for developing countries, which accounted
for half of total external liabilities, and that the share of
FDI accounted for about 75% of developing countries’
equity liabilities in 2004.
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empirical question whether and how FDI affects
productivity growth in countries at various
stages of development.

In this article, we study total factor produc-
tivity (TFP) in relation to technology diffusion
through FDI for a couple of important rea-
sons. First, debates over the relative impor-
tance between factor accumulation and TFP
in raising income per capita took a dramatic
turn. Recent studies found that more than half
of the cross-country variation in both income
per capita and its growth results from differ-
ences in TFP and its growth, respectively
(Caselli 2005; Easterly and Levine 2001; Hall
and Jones 1999; Klenow and Rodriguez-Clare
1997; Parente and Prescott 2001).> This find-
ing suggests that, in order to understand
the growth of nations, it is important to de-
velop a better understanding of the forces that
shape TFP.

Technological change is an important
determinant of TFP. This was Robert Solow
(1957)’s original view as well as the view of
many economists in the literature (Helpman
2004). Endogenous growth models provide
rigorous theoretical frameworks for under-
standing the economic forces underlying tech-
nological change. The models have focused on
two important types of technological change:
(1) innovation through research and develop-
ment (R&D) and (2) technology diffusion
through assimilating and adapting advanced
foreign technology (see Barro and Sala-i-
Martin 2003; Coe, Helpman, and Hoffmaister
1997; Grossman and Helpman 1991; Romer
1990, 1992 among others). Many of the earlier
empirical studies focused on the effects on
growth of innovation (measured by R&D
expenditure or the number of scientists).
The evidence on the positive impact on growth
of innovation, especially at the microlevel, is
substantial (Helpman 2004).

The other channel of technological change,
technology diffusion, has received relatively
less attention in the empirics. In a typical
model of technology diffusion, technological
change of a less-developed country depends
on the extent of adoption and implementa-
tion of new technologies that are in use in

2. This finding is in sharp contrast with Mankiw,
Romer, and Weil (1992) who argue that differences in
physical and human capital account for most of the
observed international differences in income per capita.

the advanced countries (technology diffusion).
That is, technological change largely consists
of assimilating and adapting foreign technology.
FDI is an important way to access advanced
foreign technology. Beyond adding more cap-
ital to a receiving country, FDI can be the con-
duit to the production technology, cutting
edge of R&D, and management expert. Inter-
national technology diffusion can also take
place through import of capital goods em-
bodied with high technology (Eaton and
Kortum 2001).

However, empirical research on the role of
FDI in economic growth is still in its infancy
(albeit growing rapidly) and has focused on
growth of income per capita (e.g., Alfaro
et al. 2004; Blonigen and Wang 2005; Borensz-
tein, de Gregorio, and Lee 1998), not the TFP
growth that is of our interest in this article.
Given the striking evidence on the importance
of TFP in explaining the cross-country income
differences and the preeminence of the tech-
nology development and diffusion as a key
determinant of TFP in endogenous growth
theory, it is surprising that there is no cross-
country empirical study on the effect of FDI
on TFP growth.> In a comprehensive review
of the literature on financial globalization,
Kose et al. (2006) also conclude that how dif-
ferent types of capital flows including FDI
affect TFP growth is one of the important
future research topics. Our article fills this
important gap in the literature.*

The goal of this article was to provide a
comprehensive econometric analysis on the
effect of FDI on TFP growth in a large sample
of countries (developed and developing) for

3. Among the notable partial exceptions, Edwards
(1998) finds that various measures of openness to trade
are positively associated with TFP growth in the 1980-
1990 period. Also, Coe, Helpman, and Hoffmaister (1997)
study the effects of imported machinery and equipment
on TFP level for 77 countries in the period of 1971-1990.
In a panel of 19 Organization for Economic Cooperation
and Development (OECD) countries, Scarpetta et al.
(2002) report evidence that stringent regulatory settings in
the product markets and strong employment protection
have negative effects on TFP growth at the industry level.
There are some empirical studies on FDI and TFP at the
microlevel within a nation. Aitken and Harrison (1999)
examine the relationship of FDI and TFP of Venezuelan
plants in 1976-1989. The microlevel studies typically exam-
ine the effect of FDI on labor productivity, not TFP (see
Keller 2002).

4. In the working paper version, we also examine the
other channel of technology diffusion, import of capital
goods. The results are available upon request.
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the 1970-2000 period. While exploiting both
cross-sectional and time-series dimensions of
data, we also carefully address the robustness
and consistency of the results in terms of
data, samples (developed vs. developing coun-
tries), estimation methods (cross-country
and panel regressions), and outlier problem
(robust estimation), which often plague the
standard ordinary least squares (OLS) regres-
sion analysis.

Our results indicate that FDI has a signifi-
cantly positive direct effect on TFP growth.
Various estimation methods and robustness
check yield largely the same result. To the best
of our knowledge, our article is the first one
that presents the evidence of positive direct
effect on TFP growth from FDI in a cross-
country study.’

Yet, it is interesting to compare our finding
with the existing empirical studies on FDI and
international financial integration. As noted
earlier, the existing empirical articles on FDI
have focused on growth of income per capita
rather than TFP growth. Despite the distinct
difference between income per capita and
TFP, theoretical implications for direct effects
of FDI on both per capita income growth and
TFP growth are rather straightforward. How-
ever, earlier studies on FDI and per capita
income growth failed to find a statistically sig-
nificant positive effect of FDI on income growth.
Instead, some of the studies (but not all)
reported that the positive effect of FDI on
income growth is only conditional on other
factors such as human capital (Borensztein,
de Gregorio, and Lee 1998) and financial
development (Alfaro et al. 2004).° Thus, it
became a popular view that the effect of
FDI on income growth is only contingent
on the recipient country’s capability to absorb
foreign technology.

Contrary to this popular perception and
some of the studies on FDI and per capita
income growth, however, we do not find
any significant evidence that the contribution
of FDI to TFP growth is only contingent on

5. We also find a strong positive direct effect of
imported capital goods on TFP growth (not reported).
Available upon request.

6. However, Carkovic and Levine (2005) do not find
strong evidence for such conditional nature of FDI’s
effects on income growth in a larger sample of 72 countries
and for a longer time period that includes more recent
years, 1960-1995, than those in Borensztein, de Gregoria,
and Lee (1998) and Alfaro et al. (2004).

the recipient country’s capability to absorb
foreign technology, regardless of how the
absorptive capability is measured (human cap-
ital, financial market development, or institu-
tional quality).” It seems that technology
diffusion process through FDI flows affects
the TFP growth differently.®

Our finding of positive effect of FDI on
TFP growth is also in contrast with the empir-
ical studies on the effect on income growth of
international financial integration that often
yield only ambiguous results. For example,
Edison et al. (2004) examined various meas-
ures of international financial integration
(such as volume of capital flows including
FDI, equity, and debt) and confirmed lack
of a robust relationship between financial inte-
gration and per capita income growth (see
Kose et al. 2006 and references therein).’

The plan of the article is as follows. In Sec-
tion II, we discuss the concept of TFP and our
new data set on TFP. In Section III, we briefly
discuss the empirical literature on FDI and
economic growth and data on FDI. In Section
IV, we present our econometric analysis of
FDTI’s effects on TFP growth. In Section V,
we address the robustness and consistency of
the results in terms of reversed causality, out-
liers, and unobserved omitted variables, and
then conclude in Section VI. Additional infor-
mation on data is provided in the Appendix
Tables 1 and 2.

Il. TOTAL FACTOR PRODUCTIVITY

Consider a standard aggregate production
function where aggregate output (Y) depends
on physical capital (K), labor (L), human cap-
ital (H), and TFP or stock of knowledge (A):

(1) Y=A4f(K,H-L),

7. This is similar to Carkovic and Levine (2005) that
do not find robust evidence for the absorptive capability
hypothesis in per capita income growth regression.

8. In sharp contrast to the case of income per capita
growth that does not exhibit any evidence of uncondi-
tional convergence process, we do find a strong uncondi-
tional convergence process for TFP (i.e., countries with
initially low levels of TFP tend to experience faster TFP
growth) in our sample countries (not reported to save
space). Available upon request.

9. But there is stronger evidence on positive effects
on per capita income growth from a narrower aspect of
capital liberalization, equity liberalization. See Bekaert,
Harvey, and Lundbald (2005) and Henry (2000, 2007).
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where H-L is human capital augmented labor
(i.e., labor in efficiency units). Growth of
aggregate output will depend on the rate of
change of those four factors. The growth rate
of TFP, which is obtained as a residual in the
growth accounting, is often ascribed to tech-
nological progress. TFP can change for many
reasons. First of all, an increase in stock of
knowledge about production methods. The
endogenous growth theory focuses on tech-
nological progress that results from inten-
tional industrial innovation through R&D
activities in response to their expected profits
such as monopoly rents (for seminal papers,
see Grossman and Helpman 1991; Romer
1990). Both the costs of R&D and the rewards
that innovators gain are influenced by condi-
tions in product (including market size), factor
(such as skilled labor) and capital markets,
and government policies and institutions that
govern these market conditions.

In the context of less-developed countries,
technological change is related to the extent
of adoption and implementation of new
technologies that are in use in the advanced
countries (technology diffusion). That is,
technological change largely consists of
assimilating and adapting foreign technol-
ogy. FDI can provide an access to advanced
foreign technology, such as production tech-
nology, cutting edge of R&D, and manage-
ment expert, while boosting market
competition and generating spillovers and
externalities to local firms in the host econ-
omy. Thus, we expect a positive direct effect
of FDI on TFP growth.

Data on TFP

We construct TFP growth rates and exploit
both their cross-country and panel dimensions
for 92 developed and developing countries in
the period of 1970-2000.'° National income
and product account data and labor force
data are obtained from the PWT version 6.2
of Heston, Summers, and Aten (2006). Taking
a standard neoclassical approach, we assume
a Cobb-Douglas production function:

10. The sample of countries is dictated by the avail-
ability of data, Penn World Table (PWT) 6.2 and interna-
tional education data. Ninety-two is the largest number of
countries for which we can compute the TFP.

2) Y = AK)"(H L)',

where 1 — o is labor income share.""

To construct the labor quality index for
human capital (H), we take average years of
schooling in the population more than 15 yr
old from an international data on educational
attainment of Barro and Lee (2000). We fol-
low Hall and Jones (1999) and Klenow and
Rodriguez-Clare (1997) to give larger weight
to more-educated workers as follows:

3) H = b,

where FE is average years of schooling and the
function ¢(E) is piece linear with slope of
0.134 for E < 4, 0.101 for 4 < E < §, and
0.068 for 8 < E.'? The rationale behind this
functional form for human capital is as
follows. The wage of a worker with E years
of education is proportional to his human cap-
ital. Since the wage-schooling relationship is
widely believed to be log linear, this would
imply that human capital (H) and education
(E) would have a log-linear relation as well,
such as H = exp(const- E). However, interna-
tional data on education-wage profiles (Psa-
charopulos 1994) suggest that in sub-Saharan
Africa (which has the lowest levels of

11. Growth accounting is consistent with a wide range
of alternative production functional forms linking the fac-
tor inputs and output. It is only necessary to assume
a degree of competition sufficient so that the earnings
of the factors are proportionate to their factor productiv-
ity. Then, we can measure TFP growth rates using the
shares of income paid to the factors to measure their
importance in the production process (see Bosworth
and Collins 2003; Caselli 2005; Hulten 2000 for details).
Since consistent measures of factor income shares are
often difficult to obtain for individual countries, most
studies assume that income shares are identical across time
and space. Gollin (2002) provides strong evidence in sup-
port of such an assumption of constant income shares
across time and space. Bernanke and Giirkaynak (2001)
also find no systematic tendency for labor shares to vary
with real GDP per capita or the capital-labor ratio nor sys-
tematic tendency to rise or fall over time and most esti-
mated labor income shares lie between 0.6 and 0.8, the
average being 0.65. In our article, we tried both a fixed
labor share of 0.65 and actual income shares from Gollin
(2002) and Bernanke and Giirkaynak (2001). The results
using alternative income share measures are very similar,
suggesting that using a fixed labor income share is indeed
not a serious problem. One advantage of using a fixed
labor share is a large sample size (compared to only 50
countries that have actual shares available).

12. To be precise, ¢(E) = 0.135Eif E < 4, $(E) = 0.
135 x4+ 0.101(E—4)if4 < E<8,d(E) =0.135x 4+ 0.
101 x 4 + 0.068(E — 8) if E > 8.
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education), the return to one extra year of edu-
cation is about 13.4%, the world average is
10.1%, and the OECD average is 6.8%. Thus,
Hall and Jones’s specification above reconciles
the log linearity at a country level with the con-
vexity across countries.'*> We also calculated the
TFP growth using an alternative data on educa-
tional attainment from Cohen and Soto (2001).'*

We estimate the capital stock, K, using the
perpetual inventory method:

4) Ki=5L+(1-9)K: i,

where I, is the investment and o is the depre-
ciation rate. Data on I, are from PWT 6.2 as
real aggregate investment in purchasing power
parity.”> We further adjust these capital stocks
for the portion of residential capital stock that
is not directly related to production activity.'®

Two batteries of consistency checks suggest
that our estimates of TFP growth are reason-
able. First, the correlation coefficients between
the TFP growth estimate based on Barro and
Lee (2000) human capital data and the TFP
growth estimate based on Cohen and Soto
(2001) human capital data is 0.98 for the
1970-2000 period. For our 10-yr decade panel

13. Also, we tried an alternative specification for
human capital, assuming an average social return to edu-
cation of 7% per year of schooling: H = (1.07)%. Again, the
results are very similar.

14. Cohen and Soto (2001) construct a new data set on
human capital for 95 countries at the beginning of each
decade of the period 1960-2000. They try to improve upon
the data of Barro and Lee (2000) by addressing some
inconsistency in Barro-Lee data and notably use age-
specific data in the available census to construct estimates
of educational attainment for each age-cohort in other
years for which direct observations are missing. However,
the regression results using Cohen-Soto data are similar to
those using Barro-Lee data. Moreover, initial human cap-
ital variable (e.g., average years of schooling of the total
population aged 15 yr or older in 1970) is available only
for 77 countries in our sample. Thus, we report regression
results, using Barro-Lee data in order to maintain the larg-
est number of observations possible.

15. For many countries in our sample, investment
data go back to as early as 1950-1955. We estimate the
initial value of the capital stock, say, in year 1950 as
L950/(g + ), where g is the average compound growth rate
between 1950 and 1960 and & is the depreciation rate (6 =
0.06 is assumed).

16. PWT 5.6 provides data on residential capital per
worker as a fraction of nonresidential capital per worker
for 63 countries. For these countries, we use the average
ratio of nonresidential capital to total capital to impute
the nonresidential capital stock in our data set. For the
remaining countries, we assume that nonresidential capi-
tal is two-thirds of the total capital, which is about the
average value of 0.69 for the countries for which we have
data in our country sample.

data, the correlation between them is 0.97. Not
surprisingly, the regression results are very
similar, regardless of which human capital
data we use to compute TFP. Thus, we mainly
report regression results based on the largest
sample in which we use Barro and Lee (2000).
In our sample of 92 countries, Cohen and Soto
(2001) have data points for 77 countries only.
Second, the correlations between our TFP
growth estimate and that from Bosworth
and Collins (2003) are 0.89 (number of obser-
vations = 78) for the 1970-2000 period and
0.80 for the 10-yr decade panel data.'’

Ill. FOREIGN DIRECT INVESTMENT

A. The Empirical Literature

Recently, economists have begun to exam-
ine whether FDI, a factor largely ignored in
the empirical growth literature, has an inde-
pendent direct impact on per capita income
growth (e.g., Blonigen and Wang 2005; Melitz
2005; Kose et al. 2006). As noted earlier, there
is no cross-country study that examines the
effect on TFP growth of FDI yet.

Despite the straightforward theoretical
implication for direct effect of FDI on per cap-
ita income growth, however, earlier empirical
studies on FDI and income growth have failed
to find statistically significant positive impact
of FDI on income per capita growth. Instead,
some of the studies, but not all, have reported
the positive effect of FDI on income growth is
only conditional on other factors such as
human capital and financial development.
That is, these studies argue that FDI boosts
income growth only in economies that have
the right initial conditions (so-called absorp-
tive capacity), such as human capital and
financial market development. Borensztein,
de Gregorio, and Lee (1998) find that the coef-
ficient of interaction term between FDI and
human capital (proxied by average years of
schooling in population) is significant in
income growth regression, whereas the

17. Bosworth and Collins (2003) cover 84 countries
among which only 78 countries are also included in our
sample of 92 countries. They also assume a labor share
of 0.65 in estimating TFP growth. Aside from the fact that
our data set is bigger, a notable difference is that their
investment data are obtained from World Bank (WB)
and updated by themselves, whereas our investment data
are from PWT 6.2. Moreover, we adjust further for
residential capital stock that is not directly related to
production.
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coefficient of FDI itself is not significant in a
sample of 69 developing countries for the 1970—
1989 period. Similarly, Alfaro et al. (2004) on
financial market development (proxied by pri-
vate credit as a share of gross domestic product
[GDP]) in 71 countries during 1975-1995 and
Balasubramanyam, Salisu, and Sapsford (1996)
on outward-looking trade policy (dummy var-
iable) in 46 developing countries during 1970-
1985. On the other hand, Blonigen and Wang
(2005) argue that inappropriate pooling of
developed countries with developing countries
is responsible for estimation of insignificant
effects of FDI with respect to per capita GDP
growth in some of the earlier studies.

In an analysis of the per capita income
growth and FDI in a larger sample of 72 coun-
tries for alonger period of 1960-1995, however,
Carkovicand Levine (2005) conclude that after
controlling for the joint determination of FDI
and economic growth, FDI has no robust
causal effect on growth. Moreover, they show
that the lack of a significant positive impact
of FDI on income growth does not depend
on the measures of absorptive capability
either. That is, unlike the aforementioned stud-
ies, they do not find robust evidence of absorp-
tive capability hypothesis for various measures
including human capital, financial market
development, and institutional quality.'®

B. Data on FDI

We consider three different measures of
FDI." The International Financial Statistics
(IFS) published by the International Mone-
tary Fund (IMF) is the standard data source
of international capital flows including FDI.
It provides the most comprehensive and com-
parable data on international capital flows.
The main categories of capital inflows are
FDI, portfolio equity investment, and debt
inflows. The FDI categories include control-
ling stakes in acquired foreign firms and
greenfield investments (construction of new

18. However, Melitz (2005) interprets their results as
suggesting a positive association between FDI and growth
and argues that strong linkage between trade and FDI
causes the positive link to vanish. Then, he concludes that
their results imply that an expansion of FDI flows accom-
panied by an increase in trade can enhance growth.

19. FDI is usually defined as an investment involving
a long-term relationship and reflecting a lasting interest in
and control by a resident entity in one economy (foreign
direct investor or parent enterprise) of an enterprise resi-
dent in a different economy (FDI enterprise or affiliated
enterprise or foreign affiliate).

production facilities).?” Since we are interested
in technology diffusion from foreign coun-
tries, we first consider FDI inflows to a country
from abroad (as a share of the recipient coun-
try’s GDP), which is denoted by “inward FDI
(IMF)”.

However, outward FDI as well as inward
FDI may lead to a transfer of technology into
the country. For example, the acquisition of
a foreign firm (in advanced countries) can
bring with it some knowledge or technology
that cannot be obtained by simply buying
the products of that foreign firm (Feenstra
1999). The World Development Indicators
by World Bank reports annual data for gross
FDI flow (sum of inward and outward FDI
capital flows as a share of GDP), using IFS
as the primary source data. Thus, we also con-
sider gross FDI flow, which is denoted by
“gross FDI (WB)”".

Given our primary interest in investigating
the technology diffusion from technology
frontier nations, we can focus on the FDI
flows from the industrial countries only.
FDI taking place between countries with sim-
ilar technological levels may reflect factors
other than technological diffusion process,
such as market penetration, circumventing
trade restrictions, and offsetting other advan-
tages given to domestic firms. If this is the case,
we expect to find stronger positive effects on
TFP growth from FDI inflows from industrial
countries to developing countries. The OECD
International Development Statistics provides
annual data on FDI from the OECD countries
to developing countries. We compute the share
of this FDI inflow as a share of GDP, which
is denoted by “inward FDI from OECD.”?!

20. Once an FDI investment is established, all subse-
quent financial transactions between the parent and the
affiliate are classified under FDI, including intrafirm debt
assets and liabilities.

21. Regarding the IFS capital flow data, the recent lit-
erature has drawn attention to the importance of valua-
tion effects due to capital gains and losses and price
and exchange rate fluctuations. For example, Lane and
Milesi-Ferretti (2006) construct estimates of foreign assets
and liabilities and their subcomponents for up to 145
countries in the period of 1970-2004. In order to estimate
FDI stocks, the authors cumulate flows and adjust for the
effects of exchange rate changes. For our purpose in this
article, however, this valuation effect may not be so impor-
tant as in a study that examines a country’s external posi-
tion and the international financial adjustment. We tried
the FDI inflow measure based on Lane and Milesi-Ferretti
data (not shown). The results are statistically weaker in
general, although the coefficients of the measure retain
the correct sign (+).
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IV. ECONOMETRIC ANALYSIS OF TFP GROWTH

Our baseline cross-country regression spec-
ification is as follows:

TFPgrowth; =constant
+oIn(initial TFPrelative to US),
+BIn(humancapital),
+vIn(population),
+ X\ (governmentshare),
+38(FDI),+X;+¢;,

(5)

where i denotes the country and g; is an unob-
served error term. TFP growth is the average
TFP growth over the 1970-2000 period. First,
we expect the catching-up process to occur in
the TFP growth. Countries with a lower level
of initial TFP will imitate more quickly than
those with a higher initial level of TFP because
these countries are farther away from the tech-
nology frontier and hence, the absorption of
low technology will be relatively easier (Barro
and Sala-i-Martin 2003).>> The catching-up
term, representing the distance from the tech-
nological frontier, is proxied by log of TFP in
1970 relative to the U.S. value (i.e., In(TFP/
TFPys) in 1970).% When the initial TFP level
is used instead of the initial per capita income,
the catching-up term enters the regression with
much stronger and statistically significant
coefficients and the goodness of fit (R?) also
improves.

We also include initial human capital and
population size in the regression. Countries
with an abundance of human capital and large
country size (capturing potentially large mar-
ket extents and aggregate scale effects) have
a greater ability and incentive to engage in
innovation activities (Grossman and Helpman
1991).* We proxy initial human capital by the
log of average years of secondary schooling in
the population more than 15 yr in 1970 from

22. In a panel of 19 OECD countries at industry level
in 1984-1998, Scarpetta et al. (2002) report such evidence.
23. With data on output, capital, human capital, and
labor force, we can calculate the level of TFP (A) directly

. . K\*
from the production function: y = 4 <Z> H'™®, where y

= Y/L is output per worker.

24. Endogenous growth theory typically predicts that
population size (scale effect) or population growth is pos-
itively related to technological progress and hence eco-
nomic growth. See Jones (1999) for a comparison of
variants of endogenous growth theory.

Barro and Lee (2000) and as a proxy for coun-
try size, the log of initial population in 1970
from PWT 6.2. Inclusion of country size has
multipurposes. It is originally intended to cap-
ture the potential market extents or aggregate
scale effects that provide an incentive for inno-
vation or adoption of better technologies. But
recent studies have shown that there are some
interactions among country size, trade open-
ness, and government size. For instance, Ale-
sina and Wacziarg (1998) find that the country
size determines the degree of trade openness
and the size of government. We also control
for the initial government size measured by
government consumption share of GDP in
1970, taken from PWT 6.2. Sala-i-Martin,
Doppelhofer, and Miller (2004) use Bayesian
averaging of classic regression estimates to
identify economic variables: initial income
per capita, initial level of human capital,
and initial government size, for which the pos-
terior inclusion probability increases relative
to the prior. We expect the initial government
size to enter the regression with a negative
coefficient. Finally, X; represents other varia-
bles which we specify later.>> Because hetero-
skedasticity may be more important in a
cross-country sample, the standard errors of
the coefficients are based on white heteroske-
dasticity-consistent covariance matrix, which
reduces the sensitivity of inference and hy-
pothesis test using OLS estimator to general
form of heteroskedasticity. As a more com-
plete way of robustness check, we also present
the robust estimation and fixed-effects panel
regression results later.

Table 1 shows the OLS results. The esti-
mated coefficients of the initial TFP level
are significant at the 1% level and have the
expected sign (—). In fact, the initial TFP level
is strongly negatively correlated with TFP
growth in subsequent years even when TFP
growth is regressed on the initial TFP level
only (not reported to save space), which indi-
cates unconditional convergence in contrast to
the case of per capita income growth that only
exhibits conditional convergence. Human cap-
ital enters regressions with positive coefficients
that are significant at the 1%-5% Ilevel.

25. We consider a small “core set” of variables that
have been identified as having significant explanatory
power in the growth regression. The sensitivity of OLS
coefficients of growth regressors to inclusion of other
conditioning variables is now well-known (see Durlauf,
Johnson, and Temple 2005 and references therein).
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FIGURE 1
Scatter Plot between Inward FDI (IMF) and TFP growth 1970-2000
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However, the coefficients of initial population
are largely insignificant, although they have
the expected positive sign (+). The coefficients
of initial government share are largely insignif-
icant at the conventional level, while having
the expected negative sign (—).

Columns (2)—(4) include gross FDI (WB).
The coefficient of gross FDI is significant at
the 10% level (except column (4) in which it
becomes insignificant) and of the expected sign
(+). In columns (3) and (4), we also add a mea-
sure of institutional constraints facing policy-
makers as a proxy for institutional quality
(executive constraints). The indicator refers
to the extent of institutionalized constraints
on the decision-making power of chief execu-
tives, which is from Polity IV data of Marshall
and Jaggers (2003). Common measures of
institutions used in the empirical growth liter-
ature are mostly based on subjective assess-
ments of risk for international investors
along such dimensions as law and order,
bureaucratic quality, corruption, risk of
expropriation by the government, and risk
of government contract repudiation, which
tend to rise with per capita income, rather than
on durable institutional constraints on gov-
ernment. Thus, Glaeser et al. (2004) argue that
a measure of constraints on the executives is
probably the best of the available measures
of the institutional quality, although even

these seem to be based on political outcomes
(see Glaeser et al. 2004 for more details).?® The
coefficients of executive constraints are signifi-
cant at the 10% and of the positive sign (+).
Finally, column (4) adds regional dummy
variables for Latin America and the Carib-
bean and sub-Saharan Africa. Regional dum-
mies are intended to control for structural
characteristics related to geographical loca-
tion. Reflecting the economic stagnation or
slow growth of these two developing regions
during the past decades, the coefficients are
both negative and that of Latin America is
significant at the 5%.

The next columns (5)—(7) show the regres-
sion results using inward FDI flows from IFS
data (see Figure 1 for a scatter plot). Its esti-
mated coefficients are all significant at the 5%—
10% and again of the expected positive sign.
Overall, the initial level of TFP and initial
human capital are statistically strongly associ-
ated with TFP growth, and the institutional
quality proxied by executive constraints is pos-
itively associated with TFP growth at various

26. Nonetheless, this executive constraint measure is
highly correlated with the aforementioned subjective
measures, such as expropriation risk or corruption.
For example, the correlation between executive con-
straint indicator and expropriation risk from intercoun-
try risk guide—which is a popular measure in growth
literature—is 0.72.
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FIGURE 2
Scatter Plot between Inward FDI from OECD and TFP growth 1970-2000
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significance levels. The coefficients of initial
population and initial government size are
all of their expected signs and occasionally sig-
nificant at the conventional level.

Columns (8)—(12) rerun the same regres-
sions using the developing country sample
only. Blonigen and Wang (2005) examine
the question of whether less-developed coun-
tries’ experiences with FDI are systematically
different from those of developed countries.
They find the significant effect of FDI on eco-
nomic growth only for developing countries in
the aggregate data but not for developed coun-
tries for the period of 1970-1989. Thus, they
conclude that inappropriate pooling of devel-
oped countries with developing countries is
responsible for estimation of insignificant
effects of FDI with respect to per capita
GDP growth in some of the earlier studies.
Unlike the case of per capita income growth,
we already found significant effects of FDI on
the TFP growth in the entire sample of devel-
oped and developing countries. Yet, we still
want to see whether the positive effect on
TFP growth of FDI is stronger in the develop-
ing country sample. Columns (8)—(12) show
that the magnitude and statistical significance
of estimated effects from FDI are largely sim-
ilar to those in the entire sample.

Finally, the remaining columns (10)—(12)
show the regression results using inward FDI

from OECD (see Figure 2 for a scatter plot).
The estimated coefficients are all significant
at the 5% and the magnitude of its positive
effect on TFP growth is about 3.2 times as large
as that of the entire inward FDI based on the
measure of inward FDI (IMF).

In Table 2, we show the regression results
using data averaged over 10 yr during the
1970-2000 period—that is, three observations
(1970-1980, 1980-1990, and 1990-2000) for
each country if data permit. Although there
is no consensus on frequency of the data,
we do not expect annual flows (or 1 yr lagged
values) to have a discernible effect on the
year’s growth rate. By considering the FDI
flows aggregated over the 10-yr period, we still
focus on the long-term relationship between
FDI and TFP growth and take advantage
of more data points. The regression includes
initial TFP level, years of secondary schooling,
population, and government size that are all
measured in the first year of each decade.
Additionally, we include decade dummies
(Dum70, Dum80, and Dum90) and regional
dummies for Latin America and the Carib-
bean and sub-Saharan Africa.

The results are largely the same as those
from the cross-country regression in Table 1.
First of all, the FDI measures remain statisti-
cally significant at various significance levels.
The estimated coefficients of FDI tend to be
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slightly bigger than in the case of cross-
country regression. The initial TFP and initial
human capital are strongly associated with
TFP growth. Now, the coefficients of initial
government size are all significant at the
1%-10% for different measures of FDI and
different samples (full and developing coun-
tries only). But the coefficients of executive
constraints are mostly insignificant.

To get an idea about the magnitude of
inward FDI effect on TFP growth, we can
compare Ireland with Korea using column
(3). In 1970-2000, Ireland received FDI at
an average 3.52% of GDP per year (ranked
7th out of 90 countries in our sample) com-
pared to Korea’s meager 0.45% of GDP per
year (ranked 73rd). If Korea had attracted
inward FDI up to the Irish level, the estimated
coefficient suggests that it would have added
an extra growth rate of 0.63, other things
being equal. During the same period, the
TFP growth rate in Korea was 0.93% per year,
whereas it was 2.06% in Ireland.

FDI and Absorptive Capacity of the
Recipient Country

Next, we further examine whether the con-
tribution of FDI to TFP growth becomes
particularly stronger depending on certain
aspects of “absorptive capacity’’ of the recip-
ient country, such as human capital, de-
veloped financial markets, and quality
institutions. Following the previous studies
on FDI and absorptive capacity, we intro-
duce an interaction term with the FDI indi-
cator for each of the absorptive capacity
indicators: human capital (measured by log
of years of secondary schooling in popula-
tion of 15 yr and above as in Borensztein,
de Gregorio, and Lee 1998), financial devel-
opment (proxied by private credit as percent
of GDP, as in Alfaro et al. 2004, which is
taken from financial structure data, 2007
update of Beck, Demirgii¢-Kunt, and Levine
2000), and institutional quality (as proxied
by executive constraints).

Table 3 shows the regression results. It is
quite striking to see that none of the interaction
terms between FDI measures and indicators of
absorptive capacity are significant at the con-
ventional level. A couple of these interaction
terms even take the wrong sign (—). Regarding
the human capital case, FDI measures and

human capital continue to be individually sig-
nificant for both entire and developing country
samples. As for the financial development, even
individual terms of FDI and private credit are
insignificant (except for the private credit term
in the case of inward FDI from OECD).?’
Much of the same result is obtained for the case
of institution quality.

V. ROBUSTNESS CHECKS

In this section, we further address the ro-
bustness and consistency of the results in terms
of reversed causality, outliers, and unobserved
omitted variables. As the empirical growth lit-
erature has explosively grown, some short-
comings of growth regressions have become
apparent (see Durlauf, Johnson, and Temple
2005 for a critical survey). A dominant con-
cern has been the robustness. Many growth
studies have regressed output growth on a vast
array of potential determinants. But this ap-
proach has been called into question, largely
because the resulting parameter estimates
are often sensitive to other conditional varia-
bles. Recent studies such as Bosworth and
Collins (2003) suggest that we focus on a core
set of explanatory variables that have been
shown to be consistently associated with growth
and evaluate the importance of other variables
conditional on inclusion of the core set. That
is why we have focused on a “core set” of TFP
growth determinants that are mostly initial
conditions.?®

A. Reversed Causality

One might be concerned with reversed cau-
sality that rapidly growing economy may
induce direct investment from abroad.
Although we have focused on a small core
set of growth determinants that are mostly ini-
tial conditions, which can be viewed as prede-
termined, FDI flows are measured during the
same time period in which the dependent

27. We also tried another measure of financial depth,
liquid liabilities as a share of GDP, which has been found
to be important in the growth regression. But it yields the
same result—the interaction term between liquid liabilities
and FDI remains insignificant.

28. However, it is very difficult to establish a causal
relationship between FDI and TFP growth either concep-
tually or empirically, as the empirical growth literature
shows (see Kose et al. 2006 on the difficulty in establishing
a causality between financial globalization and growth).
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variable, TFP growth, is measured. In order to
address the potential reversed causality from
TFP growth to FDI, we reestimate the regres-
sion using the one decade lagged values of FDI
flows.

Table 4 shows the regression results. Since
one decade lagged values are used, there are
two observations (1980-1990 and 1990-
2000) for each country, if data permit. Overall,
the results are very similar to those reported in
Table 2. The lagged values of FDI (except
inward FDI from OECD) enter the regression
with significant coefficients. Interestingly, the
estimated coefficients of executive constraint
term are all significant at the 1%-5%. The
results suggest that the FDI flows tend to have
long-term positive effects on the TFP growth
(possibly even with time lags). Not only add-
ing more capital to the host economy, FDI can
bring new kinds of activities such as new pro-
duction methods and managerial expertise
already in use in foreign countries, changing
the production possibility frontier, boosting
market competition, and generating spillovers
and externalities to local firms in the host
economy. It would not be hard to think that
these types of benefits can be realized only
in a long-term period.

B. Robust Regression Estimation

Next, we check the robustness of our results
in terms of the observations by using a robust
estimation method. The OLS estimates tend to
be sensitive to outliers, either observations
with unusually large errors or influential
observations with unusual values of explana-
tory variables (often called leverage points). In
a recent evaluation of growth regressions in
relation to policy variables, Easterly (2005)
argues that some of the large effects of a policy
variable(s) are often caused by outliers. Thus,
it is important to make sure that some of our
results are not unduly driven by outlier obser-
vations. One of the most common ways to deal
with outliers is to drop observations one at
a time or to use single-case diagnostics such
as Cook’s distance measure, the studentized
residual, or DFIT. But this is often inadequate
because it may miss a group of outliers due to
the masking effect.

Instead, we employ robust estimation to
obtain estimates that are not sensitive to out-
liers and hence to characterize the most coher-

ent part of the data set. This estimation
involves a reweighted least squares (RWLS)
procedure. We first use the least median of
squares (LMS) estimator due to Rousseeuw
and Leroy (1987), which is given by:

(6) Minilsmize Median &7,
1

where &; is the residual of the ith observation
with respect to the LMS fit. This LMS estima-
tor, typically computed by approximate algo-
rithms, can resist the effect of nearly 50% of
contamination in the data. A disadvantage
of the LMS method is its lack of efficiency
because of its unusually slow convergence
making it unsuitable for inference. To deal
with this problem, we use the LMS estimates
to identify outliers and then carry out a simple
RWLS procedure by assigning zero weight to
outliers and full weight to the rest of the obser-
vations, as recommended by Rousseeuw and
Leroy (1987).%°

Table 5 shows the robust estimation re-
sults. They are largely similar to the OLS
results. But it is remarkable that statistical sig-
nificance of the estimated coefficients of FDI
measures rises further (except for inward FDI
from OECD which is significant at the 10%).
In addition, the initial level of TFP and years
of schooling remain to be significant at the
1%—-10%. Also, the coefficients of government
share of GDP are mostly negatively signifi-
cantly associated with the TFP growth. But
the coefficients of executive constraints are
largely insignificant. To sum up, controlling
for outliers tend to produce stronger results
regarding positive effects of inward FDI on
TFP growth.

C. Fixed-Effect Panel Regression and Time-
Invariant Country-Specific Omitted Variables

Finally, we try to control for unobservable
country-specific omitted variables by using
the fixed-effects (within) panel regression.

29. A weight for each observation is as follows:
_ { 1if & < (2.50)
wi = .

0 otherwise
error, G, is given (after running the LMS) by
& = 1.4826[1 4 5/(n — k)], /median &, where & is the

1
residual of the ith observation with respect to the LMS

result; n is the number of observations; and k is the number
of explanatory variables.

, where the robust standard
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The unobservable country-specific aspect
(say, of technology, resource endowments
or institutions) may be correlated with the
included explanatory variables and this
would create omitted variables bias. Of
course, other variables on the right-hand side
of the regressions that we consider are
intended to account for the differences in
those underlying factors across countries.
Yet, differences in such factors may still have
dimensions that are not directly measurable
or observable. The fixed-effects model allows
for the potential correlation and still obtains
a consistent estimator (under the standard
assumption).*°

The fixed-effects panel regression results
shown in Table 6 are broadly in line with
the OLS and robust regression outcomes.
The coefficients of initial TFP, human capi-
tal, and initial government share of GDP are
mostly significant at the conventional level.
The coefficients of initial population are
now statistically significant at the 1% level
but of the negative sign. However, executive
constraint term is rather imprecisely estimated
and often wrongly signed.

As we noted earlier, the estimated relation-
ship between FDI and TFP growth tend to
become stronger once the outliers are
removed. This is largely true of the fixed-
effects panel regression results. In the second
and fourth columns, we run fixed-effects panel
regressions after removing the outliers that
were identified by the LMS as in Table 5.
Again, controlling for the outliers tends to
yield stronger results. However, the coeffi-
cients of inward FDI from the OECD remain
insignificant.

30. Hausman (1978) test strongly rejects the hypoth-
esis of no correlation between the unobserved country-
specific effect and the explanatory variables at the 1% level
(p = .0000), favoring the fixed-effects model over the ran-
dom-effects model.

VI. CONCLUDING REMARKS

We have examined the question of whether
and how the technology diffusion process
through FDI affects TFP growth for the
period of 1970-2000, using new estimates
of TFP based on the latest PWT 6.2 (2006)
and employing various estimation methods.
Our results indicate that FDI has a statisti-
cally significant and positive effect on TFP
growth. Various estimation methods and
robustness check yield largely the same result.
This is consistent with endogenous growth
theory that emphasizes technology diffusion
through assimilating and adapting foreign
technology as an important source of techno-
logical change in a (less-developed) country.
FDI has long been considered a major vehicle
of technology diffusion from advanced coun-
tries to less-developed countries. Our result
sharply contrasts with the empirical studies
that failed to find a significant direct impact
of FDI on per capita income growth as well as
the studies of financial integration on eco-
nomic growth that often yielded ambiguous
results.

Interestingly, we do not find any significant
evidence for the absorptive capability hypoth-
esis that FDI can boost growth only when
a country has a certain level of initial condi-
tions such as human capital and financial
development. The technology diffusion pro-
cess through FDI flows seems to affect TFP
and per capita income growth differently.
Given that TFP reflects technological change,
this contrasting result may not be so surpris-
ing. Yet, more work on this would be needed
in the future.
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APPENDIX TABLE Al
List of 92 Countries in the Sample

22 Developed Countries (Traditional OECD Member Nations)

1 Australia 9 Greece 17 Portugal
2 Austria 10 Iceland 18 Spain
3 Belgium 11 Ireland 19 Sweden
4 Canada 12 Italy 20 Switzerland
5 Denmark 13 Japan 21 United Kingdom
6 Finland 14 Netherlands 22 United States
7 France 15 New Zealand
8 Germany 16 Norway
70 Developing Countries
1 Algeria 25 Guinea-Bissau 49 Paraguay
2 Argentina 26 Honduras 50 Peru
3 Bangladesh 27 Hong Kong 51 Philippines
4 Barbados 28 India 52 Rwanda
5 Benin 29 Indonesia 53 Senegal
6 Bolivia 30 Iran 54 Sierra Leone
7 Botswana 31 Israel 55 Singapore
8 Brazil 32 Jamaica 56 South Africa
9 Cameroon 33 Jordan 57 Sri Lanka
10 Central African Republic 34 Kenya 58 Syria
11 Chile 35 Korea, Republic of 59 Taiwan
12 China 36 Lesotho 60 Tanzania
13 Colombia 37 Malawi 61 Thailand
14 Congo, Dem. Rep. 38 Malaysia 62 Togo
15 Costa Rica 39 Mali 63 Trinidad &Tobago
16 Cyprus 40 Mauritius 64 Tunisia
17 Dominican Republic 41 Mexico 65 Turkey
18 Ecuador 42 Mozambique 66 Uganda
19 Egypt 43 Nepal 67 Uruguay
20 El Salvador 44 Nicaragua 68 Venezuela
21 Fiji 45 Niger 69 Zambia
22 Gambia, The 46 Pakistan 70 Zimbabwe
23 Ghana 47 Panama
24 Guatemala 48 Papua New Guinea

Notes: The sample of countries is dictated by the availability of data in PWT 6.2 (2006) and international data on
educational attainment, which would be needed to compute TFP. The classification of countries in terms of developed
and developing country group follows the convention in the literature. In particular, the developed country group includes
22 traditional OECD member countries, which excludes Korea and Mexico.
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APPENDIX TABLE A2
TFP Growth Rates (per annum) for 1970-2000

245

TFP Growth Rates

Labor Share = 0.65

Actual Labor Share

Barro-Lee Human

Cohen-Soto Human

Barro-Lee Human

Cohen-Soto Human

Country Capital Data Capital Data Capital Data Capital Data
Algeria —0.99 —1.15 —0.92 -1.07
Argentina —0.52 —0.32

Australia 0.70 0.49 0.74 0.53
Austria 0.90 0.78 1.05 0.92
Bangladesh*

Barbados —0.17

Belgium 1.03 0.73 1.24 0.90
Benin 0.11 0.15

Bolivia 0.05 —0.51 0.04 —0.54
Botswana*

Brazil 0.01 —0.45

Cameroon —0.16 —0.46

Canada 0.22 0.20 0.26 0.24
Central African Republic*

Chile 0.70 0.62 0.72 0.65
China 3.83 3.66

Colombia —0.25 —0.32 —0.25 —0.32
Democratic Republic of Congo*

Costa Rica —0.83 —0.99 -0.72 —0.89
Cyprus*

Denmark 0.53 0.34 0.63 0.42
Dominican Republic 0.77 0.60

Ecuador 0.26 0.27 0.45 0.45
Egypt 1.30 1.26 1.13 1.08
El Salvador —1.15 -1.19 —1.17 —1.21
Fiji*

Finland 0.52 0.68 0.59 0.76
France 0.45 0.53 0.63 0.72
The Gambia —2.49

Germany*

Ghana 1.44 1.11

Greece —0.12 —0.01 0.04 0.18
Guatemala —0.18 —0.44

Guinea-Bissau*

Honduras —1.05 —0.82

Hong Kong 1.61 1.31

Iceland 0.88

India 0.90 0.96

Indonesia 0.00 —0.50

Iran -2.21 -2.30

Ireland 2.06 2.21 2.26 243
Israel 0.74 0.84

Italy 0.65 0.40 0.75 0.48
Jamaica —1.09 —1.16 —1.01 —1.08
Japan 0.33 0.34 0.46 0.47
Jordan —2.84 —2.93 —2.86 -2.95
Kenya —0.23 —0.46

Republic of Korea 0.93 1.13 0.93 1.13

continued
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APPENDIX TABLE A2

Continued
TFP Growth Rates
Labor Share = 0.65 Actual Labor Share
Barro-Lee Human Cohen-Soto Human Barro-Lee Human Cohen-Soto Human
Country Capital Data Capital Data Capital Data Capital Data
Lesotho —0.12
Malawi 1.15 0.94
Malaysia 1.40 1.10 1.46 1.15
Mali 0.90 0.82
Mauritius 2.21 1.85 2.13 1.81
Mexico —0.78 —0.65 —0.77 —0.66
Mozambique —1.06 —1.38
Nepal —0.99 —1.17
The Netherlands 0.46 0.42 0.47 0.43
New Zealand —0.14 —0.17 —0.14 -0.17
Nicaragua —2.98 —3.45
Niger —2.23 —2.28
Norway 1.00 1.43 0.98 1.38
Pakistan 0.77
Panama 0.10 0.19 0.19 0.30
Papua New Guinea*
Paraguay —0.53 —0.54 —1.16 -1.17
Peru —1.24 —1.23 —1.02 —1.01
Philippines —0.21 —0.05 -0.25 —0.10
Portugal 0.13 0.26 0.29 0.43
Rwanda —2.00
Senegal —0.47 —0.79
Sierra Leone*
Singapore 2.10 1.79 1.72 1.47
South Africa —0.17 —0.40 —0.18 -0.39
Spain 0.35 0.36 0.40 0.40
Sri Lanka 1.94 2.18
Sweden 0.12 0.37 0.18 0.47
Switzerland -0.29 —0.13 —0.15 0.04
Syria 0.04 0.00
Taiwan 2.37
Tanzania 0.08 —0.38
Thailand 1.43 0.93
Togo —2.88
Trinidad &Tobago —0.53 -0.39 —0.48 —0.34
Tunisia 1.04 1.20 1.07 1.22
Turkey -0.21 —0.29
Uganda —0.51 —0.35
United Kingdom 0.77 0.64 0.97 0.82
United States 0.60 0.77 0.74 0.93
Uruguay 0.69 0.62 0.69 0.63
Venezuela —1.60 —1.00 —1.25 —0.76
Zambia —0.34 -0.19 -0.71 —0.54
Zimbabwe —0.05 —0.03

Source: Author’s calculation using data from PWT 6.2 (2006) and human capital data from Barro and Lee (2000) or
Cohen and Soto (2001).

Notes: Asterisks indicate that we do not have TFP growth rate for 1970-2000 but have data on TFP growth rate for
subperiods, 1980-1990 and 1990-2000, for the country.
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