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Abstract

We use country panel data spanning over 1998-2008 for both developed and develop-
ing countries to study the productivity growth when countries are close to the technology
frontier. Relying on a semi-parametric generalized additive model, we estimate both re-
duced and structural forms for total factor productivity growth. We consider three
measurements of frontier: the economy with the highest level of productivity growth,
the world productivity growth and the productivity growth of the USA. We obtain a
U-shape relation between productivity growth and the proximity to the world produc-
tivity growth. The relation between productivity growth and human capital displays an
inverted U-shape form (res. U-shape) when the proximity to the highest productivity
growth is used (res. the proximity to productivity growth of the USA). Total staff in R&D
has an inverted W-shape effect on productivity growth. The share of R&D expenditure
funded by government and from abroad impact positively the growth of productivity.
However, the increase in government spending on R&D has a greater impact on pro-
ductivity growth when the former is weak, and a smaller impact when R&D spending
is already high. International trade has a positive effect on productivity growth. Spec-
ification tests show that our semi-parametric models provide a better approximation of
the data compared to the parametric analogue, revealing a high degree of nonlinearity
governing productivity growth.

JEL Classification: C14, 123, O3, 04
Keywords: R&D, TFP, panel data, nonparametric estimation, reduced vs. structural
form

1 Introduction

In endogenous growth theory (see e.g., Romer, 1990), human capital accumulation is one of
the most important factors of growth. Assuming constant returns to technology, Mankiw
et al. (1992) show that years of schooling increase the productivity. Nelson and Phelps
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(1966) have already asserted that the stock of human capital determines the ability to inno-
vate or to catch up with developed countries. As pointed out by Hanushek and Kim (1995)
and Hanushek and Kimko (2000), a high human capital accumulation and more fundamen-
tal research (say, university research) generates a higher economic growth level. Therefore,
expenditure devoted to higher education becomes very important for the welfare of an econ-
omy. This calls for the implementation of a government policy that would readily mop up
the flow of financial means into the economic system so that quality higher education can
be ascertained.

Most of the empirical studies have shown that human capital (usually measured empiri-
cally by years of education) and R&D have a significant positive effect on economic growth.
Bassanini and Scarpetta (2001) have used a panel of 21 OECD countries for the period
1971-1998 to study the effect of human capital, R&D, demographic growth and investment
on the real GDP per capita. Using “pooled mean group estimator”, they find that, whereas
years of schooling, total R&D expenditure and industry R&D have a significant positive
effect on GDP per capita growth rate, public R&D has a negative effect. The latter might
be explained by the fact that the part of public R&D expenditure devoted to defence area is
higher than those devoted to civilian area. Relying on 16 OECD countries over the period
1980-1998, Guellec and Pottelsberghe (2001) investigate the long term relationship between
various types of R&D and multifactor productivity growth (hereafter MFP), within an er-
ror correction model and instrumental variables. They find that business R&D and foreign
R&D have significant positive effect and only the defence-related part of public funding has
a negative and significant effect on MFP. One main result is that the elasticity of public
R&D is positively affected by the public research share done by universities.

Moreover, the endogenous growth theory suggested that, the difference of productivity
growth rate between countries can be explained by differences in R&D and educational policy
systems. In a recent theoretical and empirical study Aghion and Cohen (2004) focus on the
increasing importance of higher education when the technology in a country is near to the
technology frontier.! The authors deal with the fact that the role of education in growth
focuses on two mechanisms: the first one is that educated persons are more productive since
they have a high human capital, and the second one concerns technological progress; a higher
education level enables to adapt or to develop new technologies in a easier way. Aghion and
Cohen (2004) state that countries which are near the technology frontier, have a kind of
productivity gain achieved differently from those who are far away from the technology
frontier. The authors assert that for countries located far away from the technology frontier,
the productivity gain is obtained by the channel of adaptation and imitation of existing
technologies. But for those who are near the frontier, innovation becomes the driving force
of growth. Also, they develop a theoretical model where they find a critical threshold, below
which to invest in primary and secondary education is more efficient and above which the
country should invest in higher education.

Using data on 20 OECD countries, Aghion and Cohen (2004) studied the effect of years
of schooling and countries labor productivity backwardness relative to USA on total produc-
tivity growth. They find that taking separately primary, secondary and higher education,
the more a country is near the technology frontier, the more an additional year of school-
ing in primary or secondary level makes the marginal return to decrease. Their estimated
threshold is 24% under the frontier and an additional year in higher education entails 8%
effect on total factors productivity.

While this literature has emphasized the crucial role of productivity backwardness, differ-
ent measurement of the same have been used in different contributions. Aghion and Cohen
(2004) used labor productivity backwardness relative to the USA. Griffith et al. (2004) used

!The frontier is measured by the technology of the USA



a panel of industries from 12 OECD countries. The authors considered the economy with
the highest level of TFP to study the role of technology transfer, absorptive capacity, human
capital and R&D on productivity growth. Vandenbussche et al. (2006) firstly developed a
theoretical model to answer the puzzle raised by Krueger and Lindahl (2001).2 Then, the
authors used 19 OECD countries to show empirical evidence of TFP growth by using the
world productivity as frontier and also several measures of human capital among which the
fraction of population with higher education. These studies and the others are based on
parametric specifications of reduced-form productivity equations.

By emphasizing the crucial role of nonlinearity in the productivity process, our study
contributes to this literature in several aspects. From a methodological point of view, an
innovative aspect concerns our specification. Indeed, previous studies already mentioned
used parametric specifications. Alternative stories of nonlinearities have been investigated.
For example, Griffith et al. (2004) include higher-order terms of R&D intensity in their
regression. The authors find a negative effect which suggesting diminishing returns to R&D.
However, this effect was insignificant. While parametric regressions are able to detect such
nonlinearities (high-order terms such as squared, cubic, etc.), they still bear an inferential
limitation: the parametric specification is always assumed as the true model. Here, we
assumed a semi-parametric generalized additive model. To the best of our knowledge, our
study is the first one which adopts such specification to study TFP growth. This specification
strategy places less possible restrictions in the functional form to be estimated and then
allows for nonlinearities of unknown form in the relationship between the TFP growth the
control variables.

The contribution of human capital, R&D and some other key factor like trade and FDI to
TFP growth is now an established fact. In this context, there is a growing empirical (Griffith
et al., 2003, 2004; Hu et al., 2005; Kneller, 2005; Kneller and Stevens, 2006; Madsen et al.,
2009) and theoretical (Vandenbussche et al., 2006; Aghion et al. 2005, 2009) literature which
depicts a clear and meaningful relation both at country and firm level. The empirical scrutiny
has so far been restricted to the parametric domain. In parametric framework the functional
relation between TFP growth and it determinants is assumed to be linear, relegating a
complex feedback mechanism underlying the process, which can make the relation highly
nonlinear and hence more complicated than it appears to be. While nonlinearity (due to
the intricate way human capital and R&D act upon TFP growth and vice versa) can have
substantial implications for long-term economic growth and policy, the empirical literature
thus far have paid little attention to the importance of nonlinear relationship lacking to
explain some puzzling results (Krueger and Lindhal, 2001).

In an attempt to delineate a clear relational structure between the two, we revisit the
problem in a nonparametric setting, where the flexibility of the framework allows examining
the true functional form of the human capital-R&D-TFP relation. While parametric spec-
ification of a TFP growth model has been extensively used in the empirical literature, its
pitfalls against ‘letting the data speak as it is’ makes it less realistic. Unless we have strong
reasons to believe that a linear or non-linear functional form of certain degrees could explain
the human capital-R&D-TFP linkage, it is necessary to model them without pre-specified
linear assumption. A few concerns may arise in this context: Can non-linear human capital
and R&D structure cause TFP growth in developing and developed economies? What im-
plications are the implications of nonlinear relation between the two for long-term economic
growth? This paper tries to answer them via nonparametric modeling using a panel data of
developed and developing countries.

Within this above mentioned semi-parametric framework, the second contribution of this

2The puzzling finding of Krueger and Lindahl (2001) is that education is statistically significantly and
positively correlated with growth only for economies with the lowest level of education.



study is the estimation and a structural form. The latter relies on the fact that proximity
to productivity frontier is endogenous and is then specified as part of a semi-parametric
triangular system (Newey et al., 1999). To our knowledge, until now, the empirical literature
on R&D and productivity was almost exclusively dominated by the parametric estimation
of reduced forms. Scholars have successfully correct for endogeneity and measurement errors
issues through the instrumental variables methods. For example, Griffith et al. (2004)
rightly observe that the effect of R&D on TFP can be overestimated in the reduced form
equation as firms invest heavily in R&D during periods where TFP is growing rapidly. Also
the assumption of predetermination of R&D variable lagged may be violated due to feedback
effects. The way in which measures of proximity are defined raises the issues of endogeneity
and simultaneity. Better yet, endogenizing the proximity to frontier has an economic interest
to the extent that the frontier represents a kind of reference to which other economies want
to imitate or catch up. The estimation of a structural model is richer because it allows
to estimate the determinants of the frontier. At the same time, this approach is more
complicated because it involves the estimation of a system of equations. In the case of
nonparametric methods, the estimate is even more delicate but still tractable. Last, while
previous studies have consider one measure of proximity to the frontier, we consider three
measures: the economy with the highest TFP growth, the world TFP growth and the US
TFP growth.

The study delivers several key results: i) While TFP growth is a decreasing mixing
slope function of proximity to the highest TFP growth, it is increasing with proximity to
the world and US TFP growth. ii) The relation between TFP growth and human capital
(measured by the percentage of graduate students in higher education) displays an inverted
U-shape form (res. U-shape) when the proximity to the highest TFP growth is used (res.
the proximity to US TFP growth). iii) Total staff in R&D has an inverted W-shape effect
on TFP growth. iv) The share of R&D expenditure funded by government and from abroad
impact positively the growth of TFP. However, there is no evidence of R&D expenditure
funded by the business sector on TFP growth. v) International trade (measured by country
openness) has a positive effect on TFP growth. However, we do not find evidence that FDI
impacts productivity growth. vi) The structural form estimation shows a U-shape relation
between TFP growth and the proximity to the world TFP growth. This finding seems to
reconcile the relations from two other proximity measures (decreasing for the proximity to
the highest TFP growth and increasing for the proximity to the TFP growth of USA). vii)
Also, an increase in government spending in R&D has a greater impact on TFP growth
when the latter is low, and a smaller impact when TFP growth is already high reflecting
a S-shape nonlinearity. viii) Last, specification tests show that our semi-parametric model
provide a better approximation of the data compared to the parametric analogue, revealing
a high degree of nonlinearity which governs the productivity growth process.

The remaining of the study is organized as follows. The next section reviews the liter-
ature. Section 3 describes the data and some key features derived from them. Section 4
presents the econometric specifications. In Section 5, we discuss the results. Section 6 offers
a summary and some concluding remarks.

2 A quick overview of the literature

The endogenous growth theory emphasized many models that aim at clarifying the role
of technology and human capital in the explanation productivity growth across countries
(Eaton and Kortum, 1999; Howitt, 2000; Xu, 2000; Keller, 2002a,b; Griffith et al., 2003,
2004; Hu et al., 2005; Kneller, 2005; Kneller and Stevens, 2006; Madsen et al., 2009). A
leading country having the higher total factor productivity (TFP) is supposed to be the



technological frontier and then, the diffusion of technology in a following country depends
on its distance from the technology frontier. This is the concept of backwardness, and the
latter country has to make efforts to reduce that distance. The reduction of the distance
depends on human capital, among others. But different natures of human capital lead to
different ways for reducing backwardness. Indeed, Vandenbussche et al. (2006) and Aghion
et al. (2005, 2009) show that though it is very crucial for growth, human capital does
not affect innovation or imitation in the same way. As our paper is fully related to the
strands of the literature dealing with backwardness and growth, we first begin by showing
the different types of backwardness, and after we investigate how authors deal with the issue
of its reduction by imitation, innovation and by human capital enhancement.

2.1 Higher growth and backwardness

The question is: does backwardness imply higher growth? For some authors, the response is
negative because of two facts: i) the acquisition of the new technological knowledge developed
elsewhere is very expensive in time and money, because the countries have to understand
and to master those technologies (Howitt, 2005), ii) human resources, such as skilled workers
need good training so as to adapt the new technologies (Hobday, 2003). But according
to others, imitation and innovation can lead to a reduction of backwardness. It depends
on the interaction between distance to the frontier, on R&D intensity and on educational
attainment: (Griffith et al., 2003, 2004; Kneller, 2005; Kneller and Stevens, 2006). There
are many evidences in the ways to reduce the distance.

What about the countries which are far from the technological frontier? The distance can
be reduced by R&D, which have been shown as having an innovative character in OECD
countries (Howitt, 2000; Griffith et al., 2003; Kneller, 2005). Research intensity reduces
the distance to the frontier as proved by Griffith et al. (2004), Kneller (2005), Kneller and
Stevens (2006) and Madsen (2007, 2008a). Zachariadis (2003, 2004) and Madsen (2008b)
have empirically proved that R&D intensity has positive effects on TFP growth, then on the
distance to the frontier, for OECD countries.

According to some authors, the countries far from the frontier can gain more benefits
from investment in knowledge than those who are near to the frontier. The reason is that
as they have adapted the foreign technology, they have additional economies of scale. On
this topic, Coe et al. (1997), have shown that TFP in developing countries is positively
and significantly related to international R&D spillovers from developed countries. Savvides
and Zachariadis (2005) also show that the growth of TFP for countries which are relatively
near to the frontier may be significantly boosted by technological diffusion from the frontier
countries. But for the countries which are far from the frontier, the their way to reduce
backwardness need other policies.

The question is: how is it possible to benefit from backwardness? Abromovitz, (1986)
shows that if a country has an absorptive capacity, it will be able to benefit from technological
backwardness by exploiting the technology developed in the countries near to the frontier.
The problem remains on the fact that all countries don’t have the same ability to adopt new
technologies. So more expenditures in R&D and more investment in higher education may
increase their capacity to absorb foreign technology.

In the same idea, Hobday (2003) proves that the main element explaining the success of
the New Industrialized Countries is their large investments in education, training and R&D,
because they aim to adapt the technologies developed in the other advanced countries. But
is there any link of interdependence between the countries near to the frontier and those
far from it? The way to avoid that eventual interdependence relies on the enhancement of
adequate local R&D investments so that knowledge developed in the frontier countries can



be appropriately used in local conditions (Verspagen, 1991; Fagerberg, 1994; Aghion and
Howitt, 2005; Howitt, 2005).

2.2 Productivity backwardness, human capital and growth

Productivity is crucial as it explains income differences between countries rather than phys-
ical or human capital accumulation do, as proved by authors such: Klenow and Rodriguez-
Clare (1997), Hall and Jones (1999), and Easterly and Levine (2001). Feyrer (2003), Van-
denbussche et al. (2006) have developed a model where the growth of productivity increases
with the distance from the frontier and economies reduce their backwardness. Many expla-
nations have been done on the causes of the productivity differences between countries. The
main one is related to barriers (Parente and Prescott, 2004, Klenow and Rodriguez-Clare,
2004). Empirically, Cole et al. (2004) show that domestic and international competitive
barriers have a great impact on the productivity in Latin America. The domestic barriers
are for example entry barriers and inefficient financial systems and subsidization of public
corporate, low level of human capital level, etc. The degree of openness of the economies
is the main international barrier. Coe et al. (1997, 2009) prove that countries can boost
enhance their productivity growth by importing larger varieties of intermediate goods and
capital equipment, so as to import the foreign knowledge.

Griffith et al. (2000) recognize that R&D activity has the roles of stimulating innovation,
and of facilitating the imitation. But the statistical significance of the second role has not
been rigorously proved before them. So the authors, by using panel of industries in OECD
countries show that R&D has what they name “second face”: the industries that are far from
the productivity frontier move rapidly to it when they provide more investments in R&D.
They assume that innovation and technology transfer are sources of productivity growth for
countries laying behind the technological frontier. Practically, the country with the highest
level of total factor productivity (TFP) is defined as the frontier. The innovation is measured
by the rate of TFP growth and they test whether it depends on a country’s distance from the
frontier. They found that the potential for R&D to increase TFP growth through technology
transfer is positively related to the distance from the frontier. Our paper is complementing
Griffith et al. (2004) because, like them, we examine to what extent R&D explains the
growth rates of productivity.

Vandenbussche et al. (2006) have examined the contribution of human capital to tech-
nological improvements through innovation and imitation. Their point of departure is the
puzzle posed by Krueger and Lindahl (2001) who prove that growth is significantly and
positively related to education only for countries which have low education levels. It means
that in more developed countries the opposite relation is observed. There are two reasons.
Primarily for the latter countries, efforts to catch up to the technological frontier are weak
because they are already near to the frontier. Also their high level of education leads them
to the adoption of new technologies (Nelson and Phelps, 1966). Secondly, instead of imitat-
ing only, those countries are able to make pure innovations. Nevertheless, different types of
human capital are necessary for imitation and innovation. For example, unskilled labour is
sufficient for imitation. The authors show empirically that the effects of each type of human
capital on growth depends on the country’s distance to the technological frontier. They solve
the puzzle by focusing on the distance to the technological frontier and on the composition
of the human capital. By using a panel data set covering 19 OECD countries between 1960
and 2000 they explain why previous empirical research failed to show positive relationship
between initial schooling level and growth in rich countries. Our paper contributes to the
same strand of literature than Vandenbussche et al. (2006) as we show in the same period
of time, the link between labor productivity backwardness relative to USA, education and
R&D. But our methodological approaches are different.



While some authors do not find direct robust relationships between educational attain-
ment and growth (Benhabib and Spiegel (1994), some others prove the hypothesis of Nelson
and Phelps (1966) which states that an higher educated labor force increases the ability of
countries that are behind the frontier, to absorb technology (Kneller and Stevens, 2006).
But higher education is necessary for the innovation in new technology. That means, if a
country is far from the frontier, it has to develop the skill of the labour suppliers by higher
education, so as to catch up to the frontier. Nevertheless, the attainment of higher education
for most of the labour suppliers is also a good way to facilitate the assimilation of the foreign
technology. This is shown by authors such Nelson and Phelps (1966), Abromovitz (1986),
Cohen and Levinthal (1989) and Engelbrecht (1997).

Educational attainment has two facets with respect to the production of knowledge - a
direct effect and an indirect effect through enhancing the ability to absorb new technology
(Kneller and Stevens, 2006). It is also commonly recognized that the other levels of education,
such as, primary and secondary levels, are sufficient for the imitation of the technology of
countries near to the frontier.

3 Data and variables

Our data set consists of the most recent country panel spanning over 1998-2008 for both
develop and developing countries. We combine three datasets: the Conference Board Total
Economy Database (2010), the World Development Indicators (WDI, 2010) and the United
Nations Educational, Scientific and Cultural Organisation database (UNESCO Statistical
Yearbook, 2010).> The two dataset provides yearly data on economic, education, literacy,
science and technology, culture and communication from 1960 to 2010. We restrict the time
span of our sample to 1998-2008 by tacking the intersection of the two datasets. Based on
the international classification, the proportion of countries covered by regions is: Europe &
Central Asia (27.14%), East Asia & Pacific (16.66%), Latin America & Caribbean (18%),
Middle East & North Africa (10%), North America (1.43%), South Asia (3.8%), Sub-Saharan
Africa (22.8%). Also, 14.3% of countries are OECD members.

The variable of interest is the Total Factor Productivity (TFP) growth which is average
output produced by a combination of multiple inputs, including labor and capital input, and
with adjustments for changes in the quality of labor and changes in the composition of capital
assets. To obtain the TFP measures, a growth accounting framework is used to compute the
contribution of these inputs to aggregate Gross Domestic Product (GDP) growth. Based
on the TFP and as stated earlier, three measurements of frontier have been computed: the
distance to the economy with the highest TFP growth, the distance to world productivity
growth and the distance to the TFP growth of the USA. The other variables considered in
the analysis can be gathered into two categories: human capital indicators (percentage of
graduate students in higher education, number of full-time equivalent workers engaged in
R&D activities), R&D expenditures by origin of funding (share of R&D expenditure funded
by government, share of R&D expenditure funded by firm and share of R&D expenditure
funded from abroad).

For each of these human capital and R&D expenditure variables, we also use an in-
teraction term with each measurements of frontier. As well documented by Griffith et al.
(2004), the interaction between a frontier variable and a R&D variable is an indicator of
the absorptive capacity, while the frontier indicate the technology transfer. We also in-
clude time dummies to reflect the effect macroeconomic or structural shock. Last, FDI and
openness (trade) are also used as additional controls. The role of FDI and trade has been

3We are grateful to an anonymous referee to point us to the UNESCO database.



stressed in both cross sectional growth literature and studies on international R&D technol-
ogy spillovers (Griffith et al. 2004). The theory puts forward several mechanisms through
which trade impacts productivity growth (technology spillovers, firm size, increasing product
market competition). Also, there are several ways to introduce international trade into an
empirical model. Griffith et al. (2004) used the OECD bilateral trade database at country-
industry level which provides information on import from trading partners. Then the authors
construct measures of import penetration for each industry in each country. Here, as we are
concerned with country level data and that our sample is not limited to OECD countries,
we proceed with a more simple and intuitive approach by approximating trade with the
openness. This is obtained by scaling the sum of import and exports of goods and services
by GDP. All the variable used in this study and their definition and related data source are
provided in Appendix (Table A.1).

In studying productivity growth, we follow the bulk of the literature by not controlling
for all possible determinants. Of course, it is not our intention to deny the role of other
factors. However, a number of points can be made in support of our choice. The first and
the obvious one concerns data limitations. In this respect, it is important to note that using
panel methods that sweep country effects away lets us control implicitly for any time invariant
determinant. The second obvious point concerns comparability with existing studies. A more
technical point concerns the curse of dimensionality in nonparametric studies: adding discrete
regressors to a nonparametric specification does not alter the speed of convergence of the
estimator, but adding continuous regressors does. More importantly, we are not concerned
here with obtaining best predictions of productivity growth next year for example, but with
the shape of the relations. In this respect, determinants of productivity growth which are not
correlated with regressors become irrelevant. Moreover the impact of omitted determinants
which are correlated with included regressors will be captured in the effect of those regressors.
Depending on the question asked, this can be seen as a drawback or as an advantage. It
is a drawback if we purport to determine the ceteris paribus impact of regressors — but
what list of regressors would guarantee this? It is an advantage if we are interested in the
global effects, including indirect effects linked with omitted variables. This is indeed the
stance we take here. While the results of our study will not enable us to make precise policy
prescriptions, we will be in a position to intervene convincingly in the long debate on the
strategy policy which allows to boost growth.

Table 1 summaries descriptive statistics. The mean value of TFP growth is 0.839 with a
big sample variation (3.793 as standard deviation), meaning many heterogeneity. The three
measures of proximity give very different mean levels: 11.31 for the proximity to the highest
TFP growth, almost zero for the proximity to the world TFP growth (the latter is defined as
the world productivity frontier calculated as the sample mean), and 0.066 for the proximity
to the US TFP growth. Observe that the maximum of the highest TFP grwoth is the same
as the US. In order to have a picture of the whole distribution of TFP growth as well as
proximity measures, we compute the density estimates. Figure 1 displays the corresponding
graphs.

Insert Table 1
Insert Figure 1

The densities show mainly unimodal distributions. Moreover, it is clear that the three
distributions of proximity are telling the same history. Indeed, starting from the proximity
to the US TFP growth, we observe a shift to the right with respect to the two others.
Also, the distribution of the proximity to the world is very close to TFP growth. This was
already figured in Table 1 where the standard deviations are also close (3.7). This picture



is quite different when we consider OECD countries only as shown in Figure 1. Indeed,
while the distributions of the proximity to the world and TFP growth are still very close,
the proximity to the highest TFP growth shifts to the left compared to the proximity to the
US TFP growth. The distributions for non-OECD countries show similar patterns to those
of the full sample. We also observe a very high variability in R&D expenditure according
to the source. R&D expenditure funded by government has the highest mean (49.79%)
followed by R&D expenditure funded by the business sector (39.6%) and R&D expenditure
funded from above (9.7%). In the case of OECD countries, these figures change to the
following order, R&D expenditure funded by business sector (51.75%), R&D expenditure
funded by government (38%), and from above (7.09%). For non-OECD countries, we have
R&D expenditure funded by government (57.28%), R&D expenditure funded by the business
sector (30.39%) and from above (11.76%).4

4 Conceptual framework and estimation strategies

In this section, we firstly set up a conceptual nonparametric framework for productivity
growth. This framework is designed to emphasize the role of nonlinearities in that respect.
Nonlinearity here means that very weak restrictions are putted in functional forms that link
productivity to its determinant, viz. human capital, R&D, etc. Secondly, we elaborate on
the estimation strategies that match with the model.

4.1 Conceptual framework

Let us denote countries by ¢ = 1,--- N, and time by ¢t = 1,--- ,T. The production Y of
each country at time ¢ needs to be inputed by labor L and physical capital K according to
the neoclassical technology,

Yie = AiFyt(Kit, Liz) (1)

where A;; is an index of technological progress, or Total Factor Productivity (TFP), F is
assumed to be homogenous of degree 1 and exhibits diminishing returns with respect to
production factors. TFP is allowed to vary across countries and time. We denote the
frontier as i = F where F = {Fax, Fworlds FUSA } meaning that we adopt three definitions
of frontier: the country with the highest level of TFP growth, the world TFP (mean of the
sample) and the TFP of USA. The remaining of this conceptual exposition, we will use F
as long as there is no confusion. The empirical literature on R&D and productivity growth
states that the rate of TFP growth is a function of R&D knowledge stock and other control
variable, viz, human capital, trade, etc. (see, e.g, Griffith et al., 2004 and Vandenbussche et
al., 2006). In a nonparametric setting, the TFP growth equation can be written as

Ait = f (In R&Dit, Xjt—1) + 2y + uit (2)

where A;; = In A;; —In A;;_1, and x denote various continuous controls such as human capital
(higher education), FDI, trade, and also two important determinants: the proximity to
frontier or backwardness In (A4;/Ax),_; and absorptive capacities (described by interactions
terms between a measure of proximity and R&D or human capital variables); z components
may be thought of as dummy variables. f is an unknown function to be estimated along
with the vector of parameters «v and u;; is an error term, the distribution of which is specified
later on. Equation (2) has the advantage of being robust to parametric mispecification as

Tt should be noticed that others sources of R&D funding are those from higher education and from non
profit institutions that we do not consider here due to lack of data availability.



the form of f is not set up ad hoc. Examples of fully parametric analogues of relation (2) are
considered by Griffith et al. (2004) and Vandenbussche et al. (2006). However, at this stage,
equation (2) is not easily tractable empirically due the issue “curse of dimensionality” which
appears in nonparametric regressions when many explanatory variables are included. As a
result, this slows the speed of convergence of the estimator of f. To overcome this problem,
we make the assumption of additivity in f, so that relation (2) can be expressed as

Air = f1 in R&Dyt) + fo (Xit—1) + ziyy + uit (3)

Additive models are widely used in both theoretical economics and econometrics. Deaton
and Muellbauer (1980) provide examples in which a separable structure is well designed for
analysis and important for interpretability. From an econometric viewpoint, this specification
has the advantage of avoiding the “curse of dimensionality”. It also allows us to capture
nonlinearities and heterogeneity in the effect of explanatory variables on the dependent one.’
Moreover, the statistical properties (optimal rate of convergence and asymptotic distribution)
of the estimator of the resulting regression function is well known (see e.g., Stone, 1980,1982)
and Ibragimov and Hasminskii, 1980).5 Additive models also offer some simple testing
procedures. For example, we are able to test for nonlinearity against linearity for each
regressor. As a result, our specification also provides a way to detect in a non ad hoc way
the regressors which enter parametrically in the regression function. In what follows, we
present the estimation strategies of the relation (3).

4.2 Reduced form estimation

Our econometric specification consists of a semi-parametric GAM specification for panel
data. From relation 3, let us stack In R&D;; and x;;—1 as X;; = [In R&Djy, x;1—1]. Then, we
have

p
A =Y Fi(&) + 2y + i + uar (4)
j=1

where the f; are unknown univariate functions to be estimated such that E [ 1 (xft)] =

0. The unobserved effect p; can be eliminated by differentiating or computing the within
transformation. Lagging relation (14) by one period and subtracting yields

p p

Aip = i1 = Y [i(&) = D Fi(R 1) + (2ie — zig-1)'y + it (5)
j=1 j=1

where 7t = u;; — u;r—1. We also assume that

E(nitl&), %1, 1) =0, i=1--,N, t=2---,T (6)

which identifies the functions

p p
E [ A = A& %, | = D0 &) = Y &), (7)
j=1 j=1

®See e.g. Hastie and Tibshirani (1990) and Stone (1985,1986) for further details on GAM.

®Consider the estimation of a regression function f = E(Y|X = z) based on a random sample (Y;, X;)!"
from this population. Stone (1980,1982) and Ibragimov and Hasminskii (1980) showed that the optimal rate
of estimating the regression function is n~%***+?) with ¢ an index of smoothness of f and p is the dimension

of f.
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with the norming condition E[f; (igt, xitfl)] = 0, since otherwise there will be free constants
in each of the functions. It should be noticed that a special case under which first difference
hypothesis is satisfied is strict exogeneity which drives the within estimator for parametric
panel models. Furthermore, we assume that the error 7; is such that V(n;|Axy, Azy) =
0%(Ax;t, Azi). For a given j, let us denote f(fclt) and f(ii7t,1) the estimates of f(%;;) and

f(Xit—1) respectively. Then, a more precise estimator”, say f , can be obtained as a weighted
average of f(X;) and f(X;¢—1):

F&) = 5 [ + Fa) (8)

In practice, we base our estimation on a “backfitting algorithm” (see Appendix for details

on the computational methods).® We also test for the parametric analogue of the regres-

sion function against the non parametric one using the “gain” statistic. The “gain” is the

difference in normalized deviance between the GAM and a model with a linear term for

the corresponding regressor. (see Appendix for details). Finally, our confidence interval are

constructed using the “wild bootstrap”. As shown in Appendix, the wild bootstrap has the
advantage of being robust to heteroskedasticity and correlation between observations.

4.3 Structural form estimation

Relation (3) is a semiparametric reduced form linking TFP growth to its determinants.
However, there is clear endogeneity issue with the proximity variables. Indeed, the definition
of a frontier relies on economic conditions. The frontier is a economic that perform better
in some sense. This means that the frontier is also determined by economic performance,
such as TFP growth. As a result, there might be a feedback effect from TFP to the frontier.
This leads to a system of nonparametric equations.

In order to address this issue, we consider the triangular nonparametric simultaneous
specification of Newey et al. (1999),

y = m(z,z0)+e (9)
r = w(z)+u, E(elu,z) = E(e|u) #0, E(ulz) =0 (10)

where y, © and zg denote respectively the dependent variable and the controls; z is a set of
instruments that includes zg. The system (9)-(10) is a generalization of the limited informa-
tion simultaneous equations model to allow for structural nonparametric relation m(x, zg)
between variables y, x and zp, and a nonparametric reduced form m(z). The conditional
expectation of equation (9) yields the integral equation,

E(y|z) = 7(z) = E[m(z, 20)|2z] = /m(a:,zo)G(da:\z) (11)

where G denotes the conditional cumulative distribution function of x given z. Thus, func-
tions m and G are the nonparametric generalization of the reduced forms for y and . Newey
et al. (1999) discussed the identification of the system (9)-(10).” Starting from a preliminary
estimation of the reduced forms # and G:

7(z) = /m(:r, 20)G(dx|z), (12)

"This is particularly useful in case where the shape of the two estimates are closely related.

8Linton and Hrdle (1996) propose an alternative estimation method based on the integration of a trans-
formed pilot regression smoother. However, this estimator is not efficient and more recently, Linton (2000)
suggested two-step procedures which are more efficient.

9Identification is needed as 7 and G are functionals of the distribution of observables (y,x,z).

11



the authors developed an estimator for 1 that overcomes the well known ill-posed problem.!?
In order to apply this methodology to analyze TFP growth, we specify a GAM for fixed
effects panel data.!! For equation (9), the GAM is

Z m(w),) + 20,40 + pi + €it, (13)

where wft is the jth component (j = 1,---,p) of wi = (X, 20i). For equation (10) we use
a semi-parametric GAM specification the structure of which is given by

q
Tjp = Z T <Zﬁ't) + 2oy + i + i, (14)
k=1

where Z;; is the component of X;; corresponding to the proximity to frontier, that is In (A4;/Ax),_q,
zﬁ-ts is the kth component (k = 1,---,q) of the set of continuous instruments z; and zg;;
corresponds to other instruments which do enter linearly in the specification. Following Van-
denbussche et al. (2006), our instruments are proximity lagged three times (In (4;/Ax), 5).'?
We also include the percentage of graduate students and its interaction with the measure of
proximity under use, R&D expenditures by source and their interaction with the measure
of proximity under use. The unobserved fixed effects pu; and A; can be eliminated by first

differences:

M@

Aip — Aip—1 = [mj(wgt) —mj(w th 1)] + (2zoit — Z0it—1)' B+ it — €ip—1 (15)

1

.
Il

M=

Tit — Tig—1 = [77]' (Zﬁt> — T (Zlfi,t_1)} + (z2it — Z2it-1) v +wit — uig—1  (16)

el
Il
—

Observe that the method of Newey et al. (1999) consists of estimating equation (15) by
including an additional control variable which is the first difference residuals w; — ;-1
computed from equation (16). We perform estimation in two steps: (i) construct GAM
semi-parametric first differences residuals 4;; — @;¢—1 of equation (16), (ii) estimate GAM
semi-parametric model in equation (15) using the residuals i — t;¢—1 from (i) as additional
regressor. The estimation procedure still based on the ‘backfitting algorithm’ (Hastie and

Tibshirani, 1990). Furthermore, as m; is estimated twice, denoted as m§1) and m§-2)

J
: for wy,
and w], | respectively, a simple and more precise estimator of m; can be obtained by a

weighted average: 1, = (m( +m )/2

5 Estimation results

We present estimations results both for reduced and the structural forms. For the reduced
form, we compute the semi-parametric GAM estimate and also the parametric estimations
for comparison purpose. For the parametric estimate, we provide estimates based on three
methods: OLS, the within estimator and the first difference estimator. As put forward

0T e ill-posed inverse problem follows from non-continuity of . Indeed, lack of continuity of # and &
can translate into large inaccuracies in m.

"See, e.g., Hastie and Tibshirani (1990) for further details on GAM.

2The three times lagging follows from the fact relation (16) shifts the period to three as In(A4;/Ar), ,
already starts with one lag. Now, observe that this also allows to have a sufficiently distant variable to weaken
as much as possible endogeneity while preserving sufficient observations to achieve convergence of estimates.
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above, the semi-parametric estimations are based on the fist difference assumption, hereafter
FDA (6). Let us discuss very briefly the rationale of this assumption which central to the
implementation of our semi-parametric estimations.

It is well known that strict exogeneity or predeterminedness is needed for the within
estimator (Wooldridge, 2006). In our semi-parametric framework, strict exogeneity pre-
cludes any feedback from the current value of TFP growth on future values of time vary-
ing controls (for example proximity indicators, R&D, FDI, etc.), which is not a realis-
tic assumption. It is also worthwhile to note that predeterminedness is neither neces-
sary nor sufficient for (6). It is not sufficient, because under predeterminedness alone
E(nit‘igtﬁig,t—l) = —E(ui’t_1|i§t,§<§’t71), which will not be zero in general. Thus the ex-
tension of predeterminedness yielding (7) is

E(ul%], 1, %],) =0, i=1,- N, t=1---,T—1.

with predeterminedness still holding for ¢ = T'. In our semi-parametric framework, this only
precludes feedback from the current value of TFP growth on next year’s value of time varying
controls, but not on later values, which appears much less stringent than strict exogeneity.
However, predeterminedness is not a necessary condition for the first difference assumption,
since if wu; is a random walk, the first difference assumption is satisfied without further
assumption on E(uzt]if t,fcg +—1)- This closes our discussion of assumption FDA, which we
maintain in the sequel for estimations. Lastly, if there is enough variation in controls over
the index i and between ¢t — 1 and ¢, then function f, m and 7 are identified up to a common
constant. Thus, even in the nonpooled nonparametric model, the country-specific effects can
be eliminated up to an additive constant.

5.1 Reduced form

As outlined earlier, the empirical literature considers reduced-form equations relating the
TFP growth to education or human capital and the proximity to world frontier (Vanden-
bussche et al. 2006) and to R&D and proximity to the country with highest TFP growth
(Griffith et al., 2004). In order to avoid conflation of concepts that will make it hard to track
the main findings and in order to make our findings comparable to the previous ones, we
follow the same road by estimating separately our models with three types of controls: higher
education, total staff in R&D and R&D expenditure. For each case, we use three types of
frontiers: the economy with the highest TFP growth, the world TFP growth and the TFP
growth of the USA. We also include time dummies with 2008 as reference. Estimation results
for reduced form are given in Tables 2,4 and 6 for parametric estimations, and Tables 3,5
and 7 and Figures 2-15 for the semi-parametric estimations. As can be observed from Tables
3,5 and 7, the ‘statistic of global gain’ (or nonlinearity x2) shows that our semi-parametric is
not rejected against the parametric OLS analogue. As a result, our specification provides a
better approximation of the data compared to the parametric model. The ‘statistic of indi-
vidual gain’ allows us to test for the degree of nonlinearity of functions. We then plot figures
only for the continuous controls variables for which the degree of nonlinearity is significant
at the 5% level.

Higher education. We observe that the relation between TFP growth and proximity to the
frontier depends on the type of frontier. While it is decreasing with proximity to the highest
TFP growth, the relation is increasing with both proximity to the world TFP growth and
to the TFP growth of the USA. In the case of proximity to the highest TFP, the patterns
of decrease vary, meaning that the speed of the decrease is much more pronounced for small
values of proximity (see Figure 2, left). The patterns of increase that we observe for the
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relation between TFP growth and proximity to the world TFP growth and to the TFP
growth of the USA also differ. In the former case, there is a kind of exponential increase for
values of proximity starting from -4.2% (Figure 3, left). In the latter case, the relation is
increasing at a decreasing rate (Figure 4, top). There also a kind of opposite effect for the
interaction variables. The relation between TFP growth and interaction between proximity
to the highest TFP growth and the percentage of graduate students in higher education
increases up to a certain level starting from which it became quite flat and non significant
(Figure 2, right). This finding is consistent with Vandenbussche et al. (2006) who used the
world TFP growth as frontier. Its means that the proportion of graduate people in tertiary
education is important for growth in economies closer to the frontier. In our case, this
relation is not significant with respect to the world frontier. Though we find a decreasing
relation when we use the TFP growth of the USA (Figure 3, bottom-right) as frontier.

Insert Tables 2 and 3
Insert Figures 2, 3 and 4

Interestingly is also the effect of higher education on TFP growth. Figure 3 (right) shows
(for the range of significancy) an inverted U-shape relation with a turning point around
56% of graduate students in higher education when the world frontier is used. In the case
where the frontier is the USA, we obtain a U-shape relation (Figure 4, bottom-left) with
a turning point at about 36%. While Vandenbussche et al. (2006) and and Griffith et al.
(2004) find respectively a negative and a positive impact of human capital on TFP growth
in a parametric context, we find here that the relation is highly nonlinear and much more
complex and than it appears. Indeed, relying on the world frontier as Vandenbussche et al.
(2006) we obtain a positive relation up to the turning point of 56% after which the impact
of higher education becomes negative. However, based on the TFP growth of the USA as
frontier, the effect of higher education is strongly negative down to the point 36% after which
the impact becomes positive. Nevertheless, the positive effect is still quite light. Griffith et
al. (2004) also obtain a positive effect of human capital but their finding is based on a
frontier defined as the highest TFP growth. Our results also highlight that the choice of the
frontier does play a crucial role in the effect of human capital on TFP growth. Griffith et
al. (2004) also emphasize the role of international trade and FDI in shaping TFP growth.
In our semi-parametric estimations and whatever the proximity measure used, we do not
find evidence of FDI and openness on TFP growth (Table 3). However, the within and
first difference parametric estimations show evidence of positive effect of openness on TFP
growth, except openness in the FD estimation when proximity to the TFP growth of the
USA is used.

Total staff in RED. The results when total staff in R&D is used are given Tables 4 and 5,
and in Figures 5, 6 and 7. The relation between TFP growth and proximity to the frontier
indicators displays the same global shape as the previous case. It is decreasing with respect
to the highest TFP growth with different speeds (Figure 5, left). In fact, we can distinguish
two phases in the evolution of TFP growth with respect to proximity to highest TFP growth:
The first phase is characterized by a sharp decline to the point 18.5 that we can call a break
point (because the decline appears to have a break) from which the relationship continues
to decrease but with a lower slope in the previous case (higher education, Figure 2, left),
and with identical slope in the current case. The other two proximity measures (world TFP
growth and TFP growth of the USA) show equally similar curvature (Figure 6) to the case
of higher education when we consider the range of significancy. The effect of total staff in
R&D on TFP growth is the same for both proximity to highest TFP (Figure 5, right) and
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for TFP growth of the USA (Figure 7, right). It increases to a certain point (about 8.5)
and then decreases to some level (12.5) and increases again. It reflects an inverted W-shape
relationship. However, we observe that the magnitude of the effect is much more pronounced
when we use the TFP growth of the USA frontier.

Insert Tables 4 and 5
Insert Figures 5, 6 and 7

Here, while FDI and openness appear insignificant in the semi-parametric estimations (Table
5), they have significant and positive effect in the parametric within and fist difference
estimations, except openness in the FD estimation when proximity to the TFP growth of
the USA is used (Table 4).

R&D expenditure. The roles of R&D, also known as the two faces of R&D (stimulation
of innovation and improvement of technology transfer or absorptive capacity), have been
claimed and well documented in the literature. Griffith et al. (2004) provide empirical
micro evidence using a a panel of industries across 12 OECD countries. Our estimation also
relates to this literature by including R&D expenditure by interacting R&D expenditure with
the proximity measures. We distinguish three sources of R&D expenditure: Share of R&D
expenditure funded by government, by business sector and from abroad. The estimations
results are reported in Tables 6 and 7, and in Figures 8-15. As before, the global shape of
the relation between TFP growth and the three proximity measures are preserved (Figure
8, left; Figure 10, left and Figure 12, left). TFP growth is an increasing function of R&D
expenditure funded by government and this relation is robust to the choice of proximity
measures (Figure 8, right; Figure 10, right; Figure 12, right). A similar patterns is observed
for R&D expenditure funded by business sector when the frontier is the TFP growth of the
USA (Figure 13, right). These results are consistent with the findings of Griffith et al. (2004).
However, we observe a U-shape relation for R&D expenditure funded from abroad when the
frontier is the TFP growth of the USA (Figure 15, right). The curve is decreasing down to
5.5% of the total of R&D expenditure coming from abroad. Contrarily the previous cases
where openness does not have significant effect on TFP growth in the semi-parametric model,
we observe now a U-shape relation (Figure 15, left) with the world frontier. This means
that the gain from increasing trade will impact positively TFP growth only starting from
certain which is here approximately 16.5 point of openness. When we consider parametric
estimations (Tables 6 and 7), the effect effect of openness highly positive and significant only
in the FD estimates.

Insert Tables 6 and 7
Insert Figures 8 to 15

Estimates of the reduced form as described above enable us to identify a number of
complex nonlinear relationships. Using the first difference estimator based on the more
flexible assumption of extended predeterminedness or weak exogeneity of the explanatory
variables, we were able to account for possible feedback as above mentioned. We used this
estimator in both the parametric model as in the semi-parametric model. Remind that the
parametric within estimator is based on the strong assumption of predeterminedness or strict
exogeneity. In the next section, we propose estimation of the structural form.
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5.2 Structural form

Relying on the triangular model of Newey et al. (1999), we estimated the system described
in the structural relations (16) and 15. An important step in the implementation lies in the
choice of instruments. In addition to the instruments suggested by Vandenbussche et al.
(2006), we have included here the human capital (percentage of graduate students in higher
education) and its interaction with proximity to the frontier under use, R&D expenditure
(government, business sector and aborad) and their interactions with the proximity to the
frontier under use. The explanatory power of our instruments are assessed by the exceptional
degree of significance of nonlinearity of individual functions from the first step estimates (see
Table A.2 in Appendix, individual ‘Gain’ statistics, ) and also by the very low level of de-
viances and dispersions. The estimation results of the structural models are reported in
Tables 8-10 and in Figures 16-20. Below, we emphasize salient features in relation to the
findings in the reduced form estimates.

Higher education. The results of the model with the percentage of graduate students in
higher education are given in Table 8 and Figures 16-18. Compared with estimates from the
reduced form equation, there is now a slight difference in the second portion of the curve of
the relationship between TFP growth and proximity to the highest TFP growth (Figure 16,
left). The second part of the curve tends now to grow, but given the wide band confidence
interval, this part of the curve is not significant. Two other developments appear. The first
is that in estimating the reduced form, a significant nonlinearity does not show up in the
relationship between TFP growth and percentage of graduate students in higher education.
The structural form gives us a significant inverted U-shape relation (Figure 16, right). The
second is the relationship between TFP growth and the percentage of graduate students in
higher education when using the proximity to the world TFP growth. The structural form
confirms the inverse U-curve obtained in the reduced form analysis (Figure 17), but here the
structural specification detects clearly the range of significancy of the percentage of graduate
students in higher education upon which the estimation is run.

Insert Table 8
Insert Figures 16 to 18

Total staff in R€SD. The results of this estimation are given in Table 9 and Figure 19. First, it
confirms the shape of the relationship between TFP growth and the proximity to the highest
TFP growth (Figure 19, top), and also with respect to the proximity to the TFP growth of
the USA (Figure 19, bottom-right). By cons, we get now a clear U-shape relation between
TFP growth and the proximity to the world TFP growth (Figure 19, bottom-left). Remind
that this relation is increasing in the case of the reduced form estimation. This finding seems
to reconcile the relations from two other proximity measures (decreasing for the proximity to
the highest TFP growth , and increasing for the proximity to the TFP growth of the USA).

Insert Table 9
Insert Figure 19

R&D expenditure. The results of this estimation are given in Table 10 and Figure 20.
The most appealing finding the relationship between TFP growth and the share of R&D
spending financed by government when the measure of proximity is regarded with respect
to the TFP growth of the USA. In the estimates of the reduced form, we had obtained an
overall increasing relationship. Here (Figure 20, top), there is a nice S-shape nonlinearity
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or convex-concave curvature. Indeed, we see that TFP growth increases with respect to
the share of government expenses in R&D but this increase is stronger for weak values of
R&D expenditure. In other words, an increase in government spending in R&D has a greater
impact on TFP growth when the former is weak, and a smaller impact when the expenditure
is already high compared to the frontier defined by the USA.

Insert Table 10

Insert Figure 20

6 Conclusion

The empirical study of the determinants of productivity has gone through many contribu-
tions. The literature establishes a consensus on the crucial roles of R&D not only as stimulus
of innovation, but also as facilitator of imitation. The latter requires a transfer of technology
from firms or holding country to imitators, hence the importance of technological gap be-
tween firms or countries, meaning the distance to the frontier. For the transfer is beneficial
and become an engine of growth, one needs absorptive capacity. This highlights the impor-
tance of human capital, but also that of openness of a country as well as investment flows.
The empirical study of these determinants was made until now in a parametric framework of
reduced form models. Such a framework has the merit to clarify some mechanisms (techno-
logical externalities, diminishing returns to R&D, complementarity between the proximity
to the frontier and the stock of human capital and the ability of the latter to be growth-
enhancing) that aim to drive economic policy. The issues of endogeneity and measurement
errors in these specifications have been also taken into account to correct for estimation bias.
However, the parametric framework does not identify more complex mechanisms that may
lead to nonlinearities in productivity growth.

The present study fills this gap by revisiting the effect of the determinants of productivity
growth in a nonparametric paradigm. We considered not only reduced form estimation, but
also structural forms thereby emphasizing the issues of endogeneity and simultaneity. We also
studied the sensitivity of results to different choice of proximity to frontier. Our estimates
show that there are strong nonlinearities in productivity growth, which also reflects important
heterogeneity effects. Three key results different from those that have been found so far in
the literature can be delivered: i) there is a U-shaped relationship between TFP growth and
proximity to the frontier. Previous contributions based on parametric models find either a
positive or a negative effect. ii) The growth rate of productivity increases with human capital
up to a certain level and then decreases, describing an inverted U-shaped relationship. iii)
The share of government spending on R&D has a positive effect on TFP growth. However,
this effect is stronger for low values of governmental spending. The effect is lower when
government spending is already high. This reflects two phases of the impact of government
R&D spending on productivity growth. The first phase corresponds to a strong a positive
effect whereas the second phase may be viewed as a decreasing efficiency of government
spending (once a certain threshold) to boost productivity growth. In terms of economic
policy, this suggests a diversification of sources of R&D funding starting from certain level
of government spending. One can also think that from a certain level, government spending
must be accompanied by other measures to make government spending more effective.

Some avenues for future research emerge from these results. The first concerns the
development of a theoretical model that would provide an analytical framework for empirical
results obtained from the structural model. A second track is to include analysis of panel
data co-integration within our nonparametric framework with special attention to the issue
of convergence. Both avenues are very promising.
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Appendix
Appendix A. Additional Tables

Insert Table A.1 (Table 11)

Insert Table A.2 (Table 12)

Appendix B. Estimation procedure and specification test (“Gain”)

The GAM specification considered can be rewritten in compact form:

P
Y:oz+2fj(Xj)+Z/'y+e (B-1)
j=1

The f; are unknown univariate functions to be estimated such that E[f; (Xj)] = 0. The
estimation of this model might be implemented by the following steps.

Step 1: Center the data.

Step 2: Regress the residuals € on Xj, j = 1,---,p by using the backfitting
algorithm (see below). The resulting smooth is the first estimate of f; (Xj),

[ (X;5).
Step 3: Obtain the estimate of v by ordinary least squares

F=E|Y-a-> f(X;)|Z (B-2)
j=1

A_l n -
where as & = > ' V.

Step 4: Center the data again, and continue the process until convergence.

Backfitting Algorithm
(a) Initialize & = + Y15, f5 (X5) = f7(X5), 5 =1,---,p
(b) CyCle: .] = 17 Y 2 ]-a ey P

(X)) =8|V —a=>Y f; (X)X (B-3)
p

where S is the smoother, using k nearest symmetric neighborhood for
fjo and f; is the nonparametric estimtor of f;.!3
(c¢) Continue (b) until the individual functions don’t change.

The degree of freedom df; of the fit fj might be approximated by the trace of 2S;—S; S;- where

S;, is the smoothing matrix so that f= S;w (f' is the vector of fj and w is the vector corre-

sponding to Y —a— 3 f; (X1). In the case of linear estimator, we have S; = X (X'X) ™' X/,
W7

3Here, we use the local linear kernel estimator. This estimator is not adversely affected by the boundary
of the data sample. Moreover, as proved by Fan (1992), it is the best linear smoother in the sense that it is
the asymptotic minimax linear smoother when the unknown regression function is in the class of functions
having bounded second derivative.
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where X is the matrix of regressors df; = 1.

To compare two individual smooths f'jl =S, 1w and sz = S; 2w, we can use the approximative
statistic
(RSS1 — RSSy) / (dfs — df1) ~F

RSS,/ (n — df) dfa—df1,n—df2

J = (B-4)
where RSS; and RSS; are respectively the deviance (or the residual sum of squares) of
models corresponding to fj,l and ijg. The distribution of the statistic “gain” J x (dfs — df1)
is approximated by x? (dfz — df1). Intuitively, the “gain” is the difference in normalized
deviance between the GAM and a model with a linear term for the corresponding regressor.
A large gain indicates a lot of nonlinearity, at least as regards statistical significance. The
associated p-value is based on a chi-square approximation to the distribution of the gain
if the true marginal relationship between that regressor the response variable was linear.
Finally, it should be noticed that the df of the “gain” statistic may be fractional.

Appendix C. The wild bootstrap

Several bootstrap methods are available (see, e.g., Horowitz, 2001). To construct the confi-
dence bands for nonparametric estimators as well as the critical values of the nonparametric
tests, we use the wild bootstrap as now described. Let us consider the univariate nonpara-
metric regression model

y=1r (.T) +e, (C_l)

where f (x) represents a unknown function of z, whose nonparametric estimator is denoted
f(z,h), h being the smoothing parameter. Let us denote by é = y — f (z, h) the regression
residuals. The different steps of the wild bootstrap algorithm are the following;:

s=1

Repeat

Step 1: Generate the bootstrap errors €* using the two points distribution
probability: P (e* =¢é\) = & P(e*=ép) = 1 -6, with A = (1-5)/2,
= (1++v5)/2,6=(5+5)/10.

Step 2: Generate new bootstrap samples y* = f (z, hy)+€*, where hy is the band-
width slightly greater than h. Then, f (x, hp) is slightly over-smoothed compared
to f (z,h). Compute f (x,h), that is the nonparametric estimator applied to
the bootstrap sample {y*;x}.

A~

s=s5+1
Until s = B (number of bootstrap samples, here we set B = 1000).

In order to compute the pointwise bootstrap confidence interval of level (100— ) for f (z, h),
we define the lower and upper bounds as the (a/2)th and (100 — «/2) percentiles of the
distribution of the bootstrap estimators f* (x, h), respectively.

Remark 1 The wild bootstrap yields estimations which account for heteroskedasticity and
correlation between observations. This can be easily observed from the resulting covariance
structure. Indeed, let u,, denote a random variable, and v}, the associate bootstrap sample,
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where u;, has realization probabilities p and 1—p corresponding to 34, and yu,,, respectively.
Then, we can write, from the covariance decomposition,

cov (uf,u}) = E [cov (uf,u}) | G, 0] 4 cov [E (uf | @, t5), E (u} | @, 05)] . (C-2)

Since E [cov (u},u)) | 4, u;] = 0; and E (uj, | 4;,0;) = g, k =14, j, we obtain cov (u;“,u;‘) =
cov (U, Uyj).

Remark 2 Another advantage of the bootstrap in constructing confidence intervals is that
it avoids the computation of constants such as the bias of the estimator (see Hardle, 1990).

Remark 3 Other types of bootstrap confidence intervals can be used (for example, uniform
confidence intervals) but their computation is not trivial.
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Table 1: Summary statistics

Variable Mean Std. Dev. Min. Max. # Obs.
TFP growth 0.839 3.793 -27.546 24.502 1922
Proximity to the highest TFP growth 11.312 6.065 -12.149 46.441 1817
Proximity to the world TFP growth -6.81e-10 3.704 -27.029 23.837 1817
Proximity to the TFP growth of USA 0.066 4.444 -21.146 46.441 1799
Higher educ. 54.012 11.487 12.232 80 746
Total staff R&D(@ 10.886 24112 0.0005  196.535 721
R&D by gov. (share) 49.793 21.399 2.443 100 805
R&D by firm (share of business sector) 39.604 19.814 0.11 90.684 726
R&D from abroad (share) 9.747 11.654 0.06 73.675 692
FDI 5.702 34.627  -54.358  1095.278 3184
Openness 1.52e+07  4.88e+07 22124.83 9.79e+08 5229
OECD countries 0.144 0.351

Note @ scaled by 10000.
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Table 2: Parametric estimates (reduced form): Percentage of grad-
uate students in higher education

Within First difference
Variable Coef. Std. Err.(® Coef. Std. Err.(® Coef. Std. Err.(®
Proximity: Fiax
Prox. highest TFP -0.388*** 0.125 -0.116 0.102 0.377** 0.090
Higher educ. 0.011 0.031 0.076 0.059 0.094 0.076
Interaction prox. educ. -0.0003 0.001 0.001 0.001 0.0005 0.0008
FDI -0.006*** 0.002 -0.010 0.011 0.001 0.011
Openness 0.044 0.090 8.490*** 2.339 8.913** 3.805
Year 1998 1.489** 0.775 4.446*** 1.209 -
Year 1999 0.337 0.727 3.515%** 0.893 1.215 1.142
Year 2000 3.299*** 0.572 4.759*** 1.020 1.669* 0.911
Year 2001 0.994 0.711 3.179*** 0.945 1.166 0.921
Year 2002 5.142%** 0.766 4.140*** 1.182 -0.943 0.996
Year 2003 3.271% 0.601 3.656%** 0.852 1.009 0.936
Year 2004 15.961*** 2.253 4.392* 2.425 -10.548*** 2.043
Year 2005 2.207* 0.448 2.688*** 0.631 1.745%** 0.668
Year 2006 3.201*** 0.550 2.679*** 0.618 1.039** 0.512
Year 2007 1.321%* 0.483 2.040*** 0.406 2.355%** 0.418
OECD -0.977 0.268 - -
Intercept 1.978 2.741 -144.292%** 38.446 -
Ou 12.090
Oy 2.210
p® 0.967
# Observations 458 458 356
Proximity: Fworiq
Prox. World TFP 0.374 0.349 0.406 0.371 -0.588 0.388
Higher educ. 0.005 0.024 0.105*** 0.053 0.089 0.082
Interaction prox. educ. 0.0005 0.006 -0.007 0.006 0.004 0.006
FDI -0.006*** 0.002 -0.011 0.012 0.002 0.011
Openness 0.043 0.091 8.450*** 2.397 6.681* 3.795
Year 1998 -0.407 0.736 4.364*** 1.185 -
Year 1999 0.323 0.729 3.573 0.931 -0.338 1.157
Year 2000 2.254%%* 0.563 4747 1.022 1.440 0.925
Year 2001 0.547 0.715 3.155%** 0.962 0.472 0.918
Year 2002 1.907*** 0.550 3.997*** 0.996 1.129 0.991
Year 2003 1.530*** 0.525 3.601*** 0.845 1.887* 0.976
Year 2004 2.534*** 0.480 3.766*** 0.721 2.269*** 0.771
Year 2005 2.128*** 0.445 2.697*** 0.622 1.390** 0.665
Year 2006 2.228*** 0.519 2.605%** 0.566 1.779%** 0.528
Year 2007 2.109*** 0.469 2.026*** 0.396 1.508*** 0.383
OECD -0.977** 0.271 - -
Intercept -0.809 2.462 -145.379%** 39.507 -
o 12.019
Oy 2.208
p® 0.967
# Observations 458 458 356
Proximity: Fusa
Prox. TFP USA 0.412 0.300 0.401*** 0.119 0.533*** 0.056
Higher educ. 0.012 0.022 0.032 0.072 0.041 0.062
Interaction prox. educ. 0.002 0.005 0.001 0.002 -0.001 0.001

Continued on next page. ..
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Table 2 — continued

OLS Within First difference

Variable Coef.  Std. Err.(® Coef.  Std. Err.(® Coef. Std. Err.(®)
FDI -0.0002 0.003 -0.0005 0.011 0.006 0.006
Openness -0.112 0.083 7.921%%* 2.214 3.622 2.354
Year 1998 0.448 0.722 4.092%** 1.056 -

Year 1999 -0.672 0.601 2.232%** 0.753 -0.940 0.624
Year 2000 0.381 0.544 3.587*** 0.666 -0.003 0.613
Year 2001 0.566 0.514 2.719%** 0.755 0.303 0.566
Year 2002 0.472 0.555 2.440*** 0.765 0.223 0.615
Year 2003 0.810 0.561 2.516%** 0.712 0.799 0.632
Year 2004 1.625*** 0.542 2.517%%* 0.577 1.115** 0.519
Year 2005 1.463*** 0.491 2.047*** 0.522 1.031** 0.442
Year 2006 1.276*** 0.494 1,717 0.407 0.976*** 0.339
Year 2007 1.118** 0.501 1.232%** 0.313 0.876*** 0.264
OECD -1.282*** 0.234 - -

Intercept 2.321 2.359 -144.292*** 38.446 -

o 11.483

Ou 1.640

p®) 0.980

# Observations 449 449 348

Note: () Robust standard errors (White, 1980).
Note: ® Fraction of variance due to ;.
Significance levels:  x: 10%  **x: 5%  *x*x*: 1%

Table 3: GAM semi-parametric estimates (reduced form): Percent-
age of graduate students in higher education

Variable Dof.(®)  Lin. Coef. Std. Err. p >Gain®
Proximity: Fiax

Prox. highest TFP 5.013 -0.349 0.078 0.000
Higher educ. 5.003 -0.019 0.022 0.137
Interaction prox. educ. 5.005 0.002 0.001 0.000
FDI 5.001 -0.005 0.004 0.840
Openness 4.999 0.009 0.094 0.713
Year 1999 1 0.168 0.551

Year 2000 1 3.136*** 0.571

Year 2001 1 0.996* 0.551

Year 2002 1 4.574* 0.634

Year 2003 1 3.458*** 0.559

Year 2004 1 10.036%** 1.476

Year 2005 1 2.196*** 0.527

Year 2006 1 3.349* 0.533

Year 2007 1 0.932%** 0.521

Deviance 2563.63

Dispersion 6.089

Nonlinearity ch) 20.021 0.000
# Observations 458

Proximity: fWorld

Prox. World TFP 5.004 0.549 0.190 0.000

Continued on next page. ..
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Table 3 — continued

Variable Dof.(®)  Lin. Coef. Std. Err. p >Gain®
Higher educ. 5.003 0.018 0.015 0.035
Interaction prox. educ. 5.002 -0.002 0.003 0.158
FDI 5.000 -0.005 0.004 0.786
Openness 4.999 0.022 0.091 0.663
Year 1999 1 -0.063 0.537

Year 2000 1 1.556*** 0.546

Year 2001 1 0.415 0.537

Year 2002 1 1.629*** 0.521

Year 2003 1 1.402%** 0.524

Year 2004 1 2.403*** 0.511

Year 2005 1 2.189*** 0.513

Year 2006 1 2.215%** 0.510

Year 2007 1 1.949*** 0.504

Deviance 2432.89

Dispersion 5.778

Nonlinearity 20.008 0.000
# Observations 458

Proximity: Fysa

Prox. TFP USA 5.001 0.886 0.161 0.000
Higher educ. 5.004 -0.003 0.013 0.000
Interaction prox. educ. 5.002 -0.007 0.002 0.000
FDI 4.996 0.002 0.003 0.541
Year 1998 1 0.542 0.699

Year 1999 1 -0.221 0.489

Year 2000 1 0.459 0.511

Year 2001 1 0.847* 0.485

Year 2002 1 0.521 0.481

Year 2003 1 0.765 0.478

Year 2004 1 1.588*** 0.467

Year 2005 1 1.231%** 0.464

Year 2006 1 1.088** 0.465

Year 2007 1 0.915** 0.458

Deviance 1915.76

Dispersion 4.649

Nonlinearity ch) 20.002 0.000
# Observations 449

Note: () Degree of freedom. ®: Individual Gain. : Total Gain.

Significance levels for parametric (linear) components :  *: 10% x% 1 b% * ok 1%
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Table 4: Parametric estimates (reduced form): Total staff R&D

OLS Within First difference
Variable Coef.  Std. Err.(@) Coef. Std. Err.(® Coef.  Std. Err.(®)
Proximity: Fiax
Prox. highest TFP -0.263*** 0.041 -0.064 0.045 0.229*** 0.048
Total staff R&D 0.017 0.176 -2.230* 1.333 -1.894 1.821
Interaction prox. staff — 3.14e-08 3.83e-08 -4.18e-08* 2.22e-08 -3.64e-08 3.33e-08
FDI -0.002 0.001 0.003 0.004 0.006*** 0.001
Openness -0.060 0.177 1.989 1.775 8.850*** 3.396
Year 1998 -0.097 0.558 -0.216 0.534 -
Year 1999 -1.344* 0.741 -0.643 0.741 0.890 0.690
Year 2000 1.023* 0.546 1.242* 0.639 1.920%** 0.696
Year 2001 -0.961 0.611 -0.038 0.642 1.017 0.653
Year 2002 1.302* 0.754 0.797 0.656 -0.151 0.648
Year 2003 1.642%** 0.548 1.660*** 0.484 1.566*** 0.574
Year 2004 9.213*** 1.314 3.765** 1.470 -4.754*** 1.338
Year 2005 0.353 0.429 0.786* 0.415 1.691%** 0.489
Year 2006 1.110** 0.464 1.333*** 0.385 1.436*** 0.413
Year 2007 -0.324 0.481 0.674* 0.385 1.964*** 0.417
OECD -0.737* 0.380 - -
Intercept 4.674** 2.741 -8.081 23.792 -
o 4.048
Oy 2.615
p® 0.705
# Observations 556 556 441
Proximity: Fworla
Prox. World TFP 0.469*** 0.063 0.210%** 0.059 -0.345%** 0.068
Total staff R&D 0.059 0.157 -1.886* 1.125 -1.955 1.622
Interaction prox. staff — 1.12e-08 1.17e-07 2.44e-08 8.73e-08 -3.45e-08 1.14e-08
FDI -0.001 0.001 0.001 0.004 0.006*** 0.001
Openness -0.023 0.172 2.240 1.727 7.738** 3.370
Year 1998 0.027 0.510 -0.093 0.531 -
Year 1999 0.083 0.688 -0.155 0.714 -0.113 0.673
Year 2000 1.739*** 0.529 1.507** 0.631 1.671 0.744
Year 2001 0.006 0.590 0.201 0.598 0.623 0.673
Year 2002 0.658 0.697 0.673 0.561 0.976 0.682
Year 2003 1.765%** 0.495 1.656*** 0.461 2.056%** 0.637
Year 2004 1.882%** 0.371 1,717 0.374 2.318%** 0.566
Year 2005 1.694*** 0.369 1.141*%* 0.391 1.422%** 0.493
Year 2006 1.908*** 0.412 1.513*** 0.350 1.769*** 0.436
Year 2007 1.561*** 0.397 1.120%** 0.354 1.468*** 0.383
OECD -0.622* 0.353 - -
Intercept 0.256 1.758 -16.641 22.170 -
T 3.511
Oy 2.568
p® 0.651
# Observations 556 556 441
Proximity: Fysa
Prox. TFP USA 0.535*** 0.074 0.513*** 0.025 0.503*** 0.019
Total staff R&D 0.039 0.126 -1.694 1.230 0.262 0.809
Interaction prox. staff -3.70e-08 1.39e-08 -4.26e-08 4.01e-08 -2.3e-08 6.33e-08
FDI -0.0009 0.0007 0.005* 0.003 0.004*** 0.001

Continued on next page. ..
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Table 4 — continued

OLS Within First difference

Variable Coef.  Std. Err.(® Coef. Std. Err.(®) Coef.  Std. Err.(®)
Openness -0.077 0.136 2.549 1.680 2.680 1.826
Year 1998 -0.078 0.529 -0.149 0.372 -

Year 1999 -0.921 0.535 -0.949* 0.512 -0.686* 0.387
Year 2000 -0.132 0.554 -0.179 0.600 0.162 0.568
Year 2001 0.276 0.449 0.370 0.496 0.558 0.468
Year 2002 -0.381 0.575 -0.336 0.486 0.092 0.499
Year 2003 0.832 0.504 0.680 0.425 0.916** 0.444
Year 2004 1.192** 0.503 0.946** 0.415 1.374*** 0.379
Year 2005 1.121%** 0.415 0.642* 0.376 1.229*** 0.327
Year 2006 0.777* 0.420 0.386 0.354 1.036*** 0.283
Year 2007 0.733 0.454 0.301 0.324 1.005*** 0.211
OECD -0.989*** 0.330 - -

Intercept 2.322 1.497 -23.027 12.881 -

oy 3.232

Ou 2.026

p® 0.725

# Observations 556 556 441

Note: (¥ Robust standard errors (White, 1980).
Note: (?) Fraction of variance due to i
Significance levels:  *: 10%  #x: 5%  *xxx*x: 1%

Table 5: GAM semi-parametric estimates (reduced form): Total

staff R&D
Variable Dof.(®)  Lin. Coef. Std. Err. p >Gain®
Proximity: Fiax
Prox. highest TFP 5.005 -0.268 0.032 0.000
Total staff R&D 4.996 -0.026 0.144 0.041
Interaction prox. staff 5.004 -1.06e-09  4.12e-08 0.532
FDI 5.001 -0.002 0.001 0.720
Openness 4.996 -0.052 0.154 0.329
Year 1999 1 -1.093** 0.542
Year 2000 1 1.522%** 0.531
Year 2001 1 -0.558 0.530
Year 2002 1 1.358** 0.536
Year 2003 1 2.220%** 0.507
Year 2004 1 9.907** 1.036
Year 2005 1 0.757 0.514
Year 2006 1 1.905%** 0.494
Year 2007 1 -0.320 0.522
Deviance 4198.47
Dispersion 8.089
Nonlinearity X(QC) 20.002 0.000
# Observations 556
Proximity: fVVorld
Prox. World TFP 5.006 0.471 0.042 0.000
Total staff R&D 4.996 0.013 0.124 0.392
Interaction prox. staff 4.995 -6.90e-08  1.35e-07 0.167

Continued on next page. ..
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Table 5 — continued

Variable Dof.(*)  Lin. Coef. Std. Err. p >Gain®
FDI 5.001 -0.002 0.001 0.813
Openness 4.996 -0.050 0.147 0.539
Year 1999 1 -0.065 0.500

Year 2000 1 1.719*** 0.504

Year 2001 1 0.097 0.491

Year 2002 1 0.676 0.499

Year 2003 1 1.8471** 0.483

Year 2004 1 2.050%** 0.486

Year 2005 1 1.879*** 0.473

Year 2006 1 2.159** 0.468

Year 2007 1 1.723*** 0.459

Deviance 3811.84

Dispersion 7.344

Nonlinearity Xéc) 19.994 0.006
# Observations 556

Proximity: Fusa

Prox. TFP USA 5.002 0.531 0.035 0.000
Total staff R&D 4.996 -0.219 0.110 0.000
Interaction prox. staff 5.000 -6.04e-08  1.18e-07 0.062
FDI 5.001 -0.002 0.001 0.816
Openness 4.996 0.123 0.131 0.177
Year 1999 1 -0.751* 0.449

Year 2000 1 0.064 0.458

Year 2001 1 0.439 0.436

Year 2002 1 -0.100 0.445

Year 2003 1 0.779* 0.433

Year 2004 1 1.131** 0.434

Year 2005 1 0.860** 0.421

Year 2006 1 0.628 0.418

Year 2007 1 0.444 0.409

Deviance 3010.11

Dispersion 5.799

Nonlinearity x{ 19.995 0.000
# Observations 556

Note: (@: Degree of freedom. : Individual Gain. (): Total Gain.

Significance levels for parametric (linear) components :  *: 10% %« : 5%  **x% 1%
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Table 6: Parametric estimates (reduced form): R&D expenditure

OLS Within First difference
Variable Coef.  Std. Err.(® Coef. Std. Err.(® Coef.  Std. Err.(®)
Proximity: Fiax
Prox. highest TFP -0.199 0.131 -0.067 0.143 0.224** 0.091
R&D gov. 0.052* 0.176 0.051 1.333 0.102 0.078
Interaction prox. R&D gov. -0.0004 0.001 -0.00009 0.001 -0.0002 0.0009
R&D firm 0.050* 0.026 0.006 0.055 0.097 0.086
Interaction prox. R&D firm -0.0004 0.001 -0.0002 0.001 -0.0004 0.0008
R&D abroad 0.057* 0.033 0.047 0.043 0.034 0.111
Interaction prox. R&D abroad -0.0008 0.001 -0.00007 0.001 0.0003 0.001
FDI -0.0009 0.001 -0.001 0.004 0.007 0.009
Openness 0.076 0.111 -0.015 1.409 10.894*** 3.649
Year 1998 0.030 0.575 0.087 0.548 -
Year 1999 -1.779** 0.802 -0.959 0.723 0.755 0.874
Year 2000 0.916* 0.547 1.222* 0.646 1.228** 0.671
Year 2001 -1.079* 0.658 -0.309 0.661 -0.874 0.665
Year 2002 1.386** 0.646 0.839 0.747 -0.318 0.663
Year 2003 1.208** 0.540 1.256** 0.505 1.409*** 0.461
Year 2004 8.695** 1.436 4.043** 1.725 -5.553*** 1.467
Year 2005 -0.160 0.431 0.551 0.545 5.449*** 1.581
Year 2006 1.010* 0.532 1.264** 0.624 0.099 0.352
Year 2007 -0.732 0.492 0.523 0.592 0.518 0.366
OECD -0.981*** 0.346 - -
Intercept -1.972 3.332 -0.956 21.318 -
o 2.005
Oy 2.629
p® 0.367
# Observations 520 520 399
Proximity: -7:W0r1d
Prox. World TFP 0.770 0.546 1.007 0.856 0.828 0.515
R&D gov. 0.033** 0.016 0.039 0.033 0.092* 0.054
Interaction prox. R&D gov. -0.005 0.005 -0.010 0.009 -0.011** 0.005
R&D firm 0.029* 0.015 0.004 0.040 0.092 0.066
Interaction prox. R&D firm 0.00002 0.006 -0.003 0.009 -0.013** 0.005
R&D abroad 0.034* 0.020 0.056 0.034 0.023 0.085
Interaction prox. R&D abroad -0.003 0.009 -0.011 0.011 -0.011 0.009
FDI -0.0006 0.001 -0.004 0.004 0.006 0.009
Openness 0.091 0.102 0.791 1.544 11.321%** 3.568
Year 1998 0.216 0.503 0.239 0.542 -
Year 1999 -0.320 0.721 -0.333 0.709 -0.170 0.812
Year 2000 1.023*** 1.831 1.719** 0.659 1.761%** 0.651
Year 2001 -0.023 0.626 0.006 0.622 -1.100* 0.639
Year 2002 1.069* 0.562 0.867 0.585 0.797 0.532
Year 2003 1.482%** 0.477 1.251%** 0.445 0.837** 0.409
Year 2004 1.863*** 0.430 1.637*** 0.463 -0.030 0.374
Year 2005 1.358*** 0.392 1.036** 0.478 -1.073*** 0.406
Year 2006 1.926*** 0.503 1.515%** 0.573 0.513 0.328
Year 2007 1.266*** 0.403 1.115%** 0.423 -0.265 0.304
OECD -0.703** 0.324 — -
Intercept -3.818* 2.232 -14.660 24.447 -
o 2.145

Continued on next page. ..
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Table 6 — continued

OLS Within First difference
Variable Coef. Std. Err.(® Coef.  Std. Err.(® Coef.  Std. Err.(®)
Ou 2.523
p® 0.419
# Observations 520 520 399
Proximity: Fysa
Prox. TFP USA 0.926* 0.490 0.993* 0.548 0.394* 0.225
R&D gov. 0.057*** 0.014 0.039 0.029 0.038 0.034
Interaction prox. R&D gov. -0.006 0.005 -0.006 0.005 0.0005 0.002
R&D firm 0.049*** 0.013 -0.003 0.034 0.057 0.042
Interaction prox. R&D firm -0.001 0.005 -0.002 0.005 0.001 0.002
R&D abroad 0.061"** 0.017 0.006 0.033 -0.014 0.053
Interaction prox. R&D abroad -0.006 0.007 -0.005 0.005 0.002 0.003
FDI 0.0002 0.0006 0.004 0.004 0.007 0.005
Openness 0.107 0.090 1.448 1.357 5.968*** 2.059
Year 1998 0.091 0.569 0.064 0.395 -
Year 1999 -1.017* 0.534 -0.911* 0.518 -0.628 0.499
Year 2000 -0.347 0.568 -0.475 0.666 0.757* 0.400
Year 2001 0.213 0.496 0.258 0.552 0.434 0.400
Year 2002 -0.601 0.552 -0.602 0.558 -0.192 0.312
Year 2003 0.579 0.492 0.424 0.456 0.801*** 0.285
Year 2004 0.919* 0.479 0.637 0.432 0.273 0.248
Year 2005 0.696* 0.405 0.487 0.439 -0.177 0.236
Year 2006 0.761* 0.434 0.298 0.484 -0.104 0.226
Year 2007 0.485 0.447 0.258 0.477 0.085 0.211
OECD -1.274% 0.285 - -
Intercept -4.991** 1.998 -23.970 22.117 -
oy 2.444
Oy 2.049
p® 0.587
# Observations 520 520 399
Note: (“ Robust standard errors (White, 1980).
Note: (® Fraction of variance due to i -
Significance levels:  * : 10% ¥: 5%  wxxx: 1%

Table 7: GAM semi-parametric estimates (reduced form): R&D

expenditure

Variable Dof.(®)  Lin. Coef. Std. Err. p >Gain®
Proximity: Fax

Prox. highest TFP 5.006 -0.280 0.155 0.000
R&D gov. 5.004 0.052 0.027 0.013
Interaction prox. R&D gov. 5.003 -0.0002 0.001 0.041
R&D firm 4.995 0.050 0.026 0.068
Interaction prox. R&D firm 4.994 -0.0001 0.001 0.095
R&D abroad 5.005 -0.005 0.033 0.554
Interaction prox. R&D abroad 5.004 0.002 0.001 0.006
FDI 4.998 -0.001 0.002 0.708
Openness 4.997 0.020 0.099 0.531
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Table 7 — continued

Variable Dof.()  Lin. Coef. Std. Err. p >Gain®
Year 1999 1 -1.446%** 0.560

Year 2000 1 1.404*** 0.529

Year 2001 1 -0.737 0.527

Year 2002 1 1.203** 0.536

Year 2003 1 1.614*** 0.497

Year 2004 1 9.416*** 1.056

Year 2005 1 0.269 0.519

Year 2006 1 1.677%** 0.518

Year 2007 1 -0.643 0.541

Deviance 3548.59

Dispersion 7.664

Nonlinearity ch) 36.006 0.000
# Observations 520

Proximity: fWorld

Prox. World TFP 4.990 0.761 0.426 0.000
R&D gov. 5.004 0.032 0.013 0.001
Interaction prox. R&D gov. 4.995 -0.004 0.004 0.004
R&D firm 4.995 0.037 0.013 0.234
Interaction prox. R&D firm 4.998 -0.0003 0.004 0.024
R&D abroad 5.005 0.049 0.019 0.152
Interaction prox. R&D abroad 5.006 -0.010 0.007 0.152
FDI 5.001 -0.001 0.002 0.545
Openness 4.997 0.083 0.091 0.618
Year 1999 1 -0.308 0.492

Year 2000 1 1.685*** 0.486

Year 2001 1 -0.126 0.467

Year 2002 1 0.933* 0.483

Year 2003 1 1.355*** 0.455

Year 2004 1 1.710%** 0.480

Year 2005 1 1.300*** 0.461

Year 2006 1 1.907*** 0.473

Year 2007 1 1.270*** 0.456

Deviance 2990.02

Dispersion 6.457

Nonlinearity ch) 35.991 0.000
# Observations 520

Proximity: Fusa

Prox. TFP USA 4.995 0.928 0.335 0.000
R&D gov. 5.004 0.065 0.012 0.000
Interaction prox. R&D gov. 5.006 -0.005 0.003 0.009
R&D firm 4.995 0.040 0.012 0.000
Interaction prox. R&D firm 5.002 -0.002 0.003 0.010
R&D abroad 5.006 0.015 0.016 0.006
Interaction prox. R&D abroad 4.995 -0.006 0.005 0.000
FDI 5.001 0.0001 0.001 0.920
Openness 4.997 0.064 0.082 0.029
Year 1998 1 0.044 0.463

Year 1999 1 -0.937** 0.448

Year 2000 1 -0.178 0.452

Year 2001 1 0.427 0.423

Year 2002 1 -0.577 0.440

Year 2003 1 0.375 0.417

Year 2004 1 0.817* 0.437

Continued on next page. ..
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Table 7 — continued

Variable Dof.()  Lin. Coef. Std. Err. p >Gain®
Year 2005 1 0.436 0.416

Year 2006 1 0.578 0.431

Year 2007 1 0.312 0.413

Deviance 2454.68

Dispersion 5.301

Nonlinearity X(2¢) 36.001 0.000
# Observations 520

Note: (@: Degree of freedom. : Individual Gain. (): Total Gain.
Significance levels for parametric (linear) components :  *: 10% %« : 5%  **% 1%
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Table 8: GAM semi-parametric estimates (structural form): Per-
centage of graduate students in higher education

Variable Dof.(®)  Lin. Coef. Std. Err. p >Gain(®
Proximity: Fax

Prox. highest TFP 4.996 -0.112 0.166 0.000
Higher educ. 5.003 0.079 0.042 0.012
Interaction prox. educ. 5.004 -0.002 0.002 0.863
FDI 5.000 -0.008 0.008 0.379
Openness 4.995 0.105 0.130 0.757
Residual step 1(4) 5.004 0.065 0.052 0.017
Year 2000 1 3.891** 0.728

Year 2001 1 1.361**

Year 2002 1 5.595%** 0.803

Year 2003 1 4.242%% 0.683

Year 2004 1 7.247 1.956

Year 2005 1 2.463*** 0.636

Year 2006 1 4.429*** 0.659

Year 2007 1 1.339** 0.640

Deviance 1429.26

Dispersion 5.627

Nonlinearity v\ 24.002 0.000
# Observations 296

Proximity: Fworld

Prox. World TFP 4.994 -0.251 0.477 0.009
Higher educ. 5.003 0.042 0.028 0.017
Interaction prox. educ. 4.996 0.007 0.007 0.171
FDI 5.000 -0.006 0.009 0.382
Openness 4.996 0.099 0.130 0.679
Residual step 1(%) 4.995 0.211 0.112 0.200
Year 2000 1 2.173** 0.722

Year 2001 1 0.661 0.674

Year 2002 1 2.128*** 0.673

Year 2003 1 1.878*** 0.656

Year 2004 1 2.651*** 0.680

Year 2005 1 2.335%** 0.638

Year 2006 1 3.098*** 0.644

Year 2007 1 2.286%** 0.637

Deviance 1441.69

Dispersion 5.675

Nonlinearity ch) 23.984 0.007
# Observations 296

Proximity: Fuysa

Prox. TFP USA 4.995 0.740 0.287 0.000
Higher educ. 5.003 0.038 0.021 0.148
Interaction prox. educ. 5.006 -0.001 0.004 0.006
FDI 5.000 0.002 0.007 0.544
Openness 4.995 0.142 0.100 0.732
Residual step 1(49) 5.005 -0.100 0.062 0.000
Year 2000 1 0.554 0.579

Year 2001 1 1.056** 0.521

Year 2002 1 0.797 0.536

Year 2003 1 0.848* 0.516

Year 2004 1 1.231** 0.535

Continued on next page. ..
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Table 8 — continued

Variable Dof.(®)  Lin. Coef. Std. Err. p >Gain®
Year 2005 1 0.978** 0.497

Year 2006 1 1.148** 0.515

Year 2007 1 0.914* 0.502

Deviance 867.725

Dispersion 3.416

Nonlinearity X(2¢) 24.004 0.000
# Observations 296

Note: (@: Degree of freedom. : Individual Gain. (): Total Gain.

Note: (¥: Residual from first step estimation: M (diz — i t—1).

Significance levels for parametric (linear) components :  *: 10% xx 1 5% * ok 1%
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Table 9: GAM semi-parametric estimates (structural form): Total

staff R&D
Variable Dof.(®  Lin. Coef. Std. Err. p >Gain(®
Proximity: Fax
Prox. highest TFP 4.996 -0.309 0.080 0.000
Total staff R&D 4.994 0.147 0.201 0.350
Interaction prox. staff 5.004 -7.56e-08  4.82e-08 0.759
FDI 5.000 -0.005 0.009 0.545
Openness 4.995 -0.056 0.182 0.726
Residual step 1(4) 5.004 0.068 0.051 0.164
Year 2000 1 3.737%* 0.736
Year 2001 1 1.399*** 0.678
Year 2002 1 5.897*** 0.821
Year 2003 1 4.307%** 0.699
Year 2004 1 10.325*** 1.979
Year 2005 1 2.501*** 0.649
Year 2006 1 4.378*** 0.673
Year 2007 1 1.330** 0.650
Deviance 1482.79
Dispersion 5.837
Nonlinearity v\ 23.991 0.000
# Observations 296
Proximity: Fworlq
Prox. World TFP 4.994 0.224 0.113 0.000
Total staff R&D 4.994 -0.055 0.174 0.742
Interaction prox. staff 5.000 -2.29e-07  2.74e-07 0.691
FDI 5.000 -0.006 0.009 0.607
Openness 4.996 0.079 0.185 0.638
Residual step 1(49) 4.995 0.161 0.099 0.004
Year 2000 1 2.082%** 0.716
Year 2001 1 0.628 0.680
Year 2002 1 2.220%** 0.684
Year 2003 1 1.867*** 0.666
Year 2004 1 2579 0.689
Year 2005 1 2.211% 0.653
Year 2006 1 2.947%** 0.658
Year 2007 1 2.215%** 0.648
Deviance 1488.96
Dispersion 5.861
Nonlinearity ch) 23.979 0.000
# Observations 296
Proximity: Fusa
Prox. TFP USA 4.995 0.635 0.063 0.000
Total staff R&D 4.993 -0.446 0.130 0.167
Interaction prox. staff 4.997  -5.84e-08  1.96e-07 0.427
FDI 5.000 -0.0003 0.006 0.565
Openness 4.995 0.340 0.137 0.212
Residual step 1(49) 5.005 -0.106 0.051 0.000
Year 2000 1 0.517 0.569
Year 2001 1 0.899* 0.514
Year 2002 1 0.675 0.533
Year 2003 1 0.562 0.511
Year 2004 1 1.008* 0.529
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Table 9 — continued

Variable Dof.(*)  Lin. Coef. Std. Err. p >Gain®
Year 2005 1 0.798 0.496

Year 2006 1 1.089** 0.511

Year 2007 1 0.808 0.499

Deviance 855.788

Dispersion 3.369

Nonlinearity X(2¢) 23.985 0.000
# Observations 296

Note: (@: Degree of freedom. : Individual Gain. (): Total Gain.
Note: (¥: Residual from first step estimation: M (diz — i t—1).
Significance levels for parametric (linear) components :  *: 10% xx 1 5% * ok 1%
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Table 10: GAM semi-parametric estimates (structural form): R&D

expenditure
Variable Dof.(®)  Lin. Coef. Std. Err. p >Gain(®
Proximity: Fax
Prox. highest TFP 4.996 -0.368 0.947 0.000
R&D gov. 5.005 0.059 0.103 0.000
Interaction prox. R&D gov. 5.005 0.0008 0.009 0.147
R&D firm 5.006 0.076 0.102 0.008
Interaction prox. R&D firm 5.003 0.0007 0.009 0.599
R&D abroad 5.004 0.224 0.108 0.659
Interaction prox. R&D abroad 4.994 -0.005 0.008 0.577
FDI 5.000 -0.013 0.009 0.464
Openness 4.995 0.112 0.121 0.397
Residual step 1(49) 5.004 0.126 0.080 0.135
Year 2000 1 3.929*** 0.732
Year 2001 1 1.477** 0.671
Year 2002 1 5.875%** 0.822
Year 2003 1 4.197* 0.692
Year 2004 1 8.854%** 1.994
Year 2005 1 2.501%** 0.641
Year 2006 1 4.333*** 0.667
Year 2007 1 1.356** 0.645
Deviance 1338.6
Dispersion 5.720
Nonlinearity Xéc) 40.012 0.000
# Observations 296
Proximity: Fworld
Prox. World TFP 4.994 -7.154 1.709 0.010
R&D gov. 5.005 0.058 0.042 0.001
Interaction prox. R&D gov. 4.995 0.074 0.017 0.000
R&D firm 5.003 0.087 0.042 0.053
Interaction prox. R&D firm 4.995 0.072 0.017 0.625
R&D abroad 5.003 0.156 0.053 0.674
Interaction prox. R&D abroad 5.007 0.077 0.019 0.888
FDI 5.000 -0.009 0.009 0.570
Openness 4.996 0.151 0.120 0.559
Residual step 1(4) 4.995 0.433 0.135 0.000
Year 2000 1 2.522%%* 0.701
Year 2001 1 0.927 0.661
Year 2002 1 2.227%* 0.659
Year 2003 1 2.015%** 0.645
Year 2004 1 2.641%%* 0.669
Year 2005 1 2.338*** 0.631
Year 2006 1 2.935*** 0.635
Year 2007 1 2.228*** 0.626
Deviance 1281.96
Dispersion 5.478
Nonlinearity y% 39.993 0.000
# Observations 296
Proximity: Fusa
Prox. TFP USA 4.995 1.883 1.153 0.025
R&D gov. 5.005 0.090 0.029 0.015
Interaction prox. R&D gov. 5.002 -0.012 0.011 0.000
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Table 10 — continued

Variable Dof.()  Lin. Coef. Std. Err. p >Gain®
R&D firm 5.003 0.082 0.028 0.023
Interaction prox. R&D firm 5.006 -0.012 0.011 0.309
R&D abroad 5.004 0.080 0.036 0.472
Interaction prox. R&D abroad 5.006 -0.015 0.013 0.002
FDI 5.000 0.004 0.007 0.706
Openness 4.995 0.076 0.092 0.489
Residual step 1(4) 5.005 -0.104 0.075 0.000
Year 2000 1 0.524 0.577

Year 2001 1 0.933* 0.514

Year 2002 1 0.802 0.535

Year 2003 1 0.722 0.509

Year 2004 1 1.117** 0.531

Year 2005 1 0.961* 0.492

Year 2006 1 1.006** 0.512

Year 2007 1 0.831* 0.497

Deviance 773.981

Dispersion 3.307

Nonlinearity ch) 40.021 0.000
# Observations 296

Note: (: Degree of freedom. ®: Individual Gain. : Total Gain.

Note: (9: Residual from first step estimation: (i — wi,e—1).

Significance levels for parametric (linear) components :  #: 10%  **x: 5%  *x*x* 1%
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Table 12: [Table A.2]: First step estimates of the structural model

Variable Dof.(®)  Lin. Coef. Std. Err. p >Gain®
Proximity: Fiax

Lag Prox. highest TFP 5.003 -0.0004 0.001 0.775
Higher educ. 4.998 -0.048 0.004 0.044
Interaction prox. educ. 5.003 0.003 0.0002 0.000
Total staff R&D 4.994 -0.078 0.013 0.000
Interaction prox. total staff R&D 5.006 5.19e-08  5.13e-09 0.000
R&D gov. 5.004 -0.067 0.003 0.000
Interaction prox. R&D gov. 4.989 0.008 0.0001 0.000
R&D firm 4.998 -0.078 0.003 0.000
Interaction prox. R&D firm 5.004 0.008 0.0001 0.000
R&D abroad 4.995 -0.044 0.006 0.404
Interaction prox. R&D abroad 4.996 0.006 0.0003 0.000
Deviance 16.581

Dispersion 0.065

Nonlinearity v 43.990 0.000
# Observations 309

Proximity: Fworia

Lag Prox. World TFP 4.995 -0.0005 0.003 0.049
Higher educ. 4.999 0.0009 0.001 0.426
Interaction prox. educ. 4.994 0.006 0.0003 0.000
Total staff R&D 5.006 -0.002 0.006 0.000
Interaction prox. total staff R&D 5.000 3.21e-08  1.61e-08 0.698
R&D gov. 5.004 0.003 0.001 0.000
Interaction prox. R&D gov. 4.995 0.006 0.0002 0.000
R&D firm 4.998 0.003 0.001 0.000
Interaction prox. R&D firm 4.993 0.007 0.0002 0.000
R&D abroad 4.995 0.001 0.002 0.354
Interaction prox. R&D abroad 4.999 0.003 0.0007 0.033
Deviance 4.602

Dispersion 0.018

Nonlinearity v 43.978 0.000
# Observations 309

Proximity: Fusa

Lag Prox. TFP USA 5.005 -0.004 0.004 0.118
Higher educ. 4.998 0.004 0.002 0.294
Interaction prox. educ. 5.001 0.005 0.0004 0.000
Total staff R&D 5.005 0.012 0.009 0.000
Interaction prox. total staff R&D 4.997 1.18e-08  2.28e-08 0.825
R&D gov. 5.004 0.001 0.002 0.000
Interaction prox. R&D gov. 4.995 0.007 0.0002 0.000
R&D firm 4.998 0.001 0.002 0.000
Interaction prox. R&D firm 4.994 0.008 0.0002 0.000
R&D abroad 4.995 0.003 0.003 0.233
Interaction prox. R&D abroad 5.001 0.004 0.0007 0.067
Deviance 10.890

Dispersion 0.043

Nonlinearity x4 43.993 0.000
# Observations 309

Note: (@: Degree of freedom. ®: Individual Gain. : Total Gain.
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Figure 1: Distribution of TFP growth and proximity measures for the whole sample, Kernel
density estimate. [Top]: Full sample. [Bottom-left]: OECD countries. [Bottom-right]: non-

OECD countries.
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Figure 2: Nonparametric estimation of the reduced form function f(x). The solid curve
represents the estimate f (x), the dashed curves correspond to the 95% pointwise bootstrap
confidence intervals. [Left]: Relation between TFP growth and proximity to the highest TFP
growth. [Right]: Relation between TFP growth and the interaction between the proximity
to the highest TFP growth and the percentage of graduate students in higher education.
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Figure 3: Nonparametric estimation of the reduced form function f(x). The solid curve

represents the estimate f (x), the dashed curves correspond to the 95% pointwise bootstrap
confidence intervals. [Left]: Relation between TFP growth and proximity to the world TFP
growth. [Right]: Relation between TFP growth and the percentage of graduate students in
higher education
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Figure 4: Nonparametric estimation of the reduced form function f(x). The solid curve
represents the estimate f (x), the dashed curves correspond to the 95% pointwise bootstrap
confidence intervals. [Top]: Relation between TFP growth and proximity to the TFP growth
of USA. [Bottom-left]: Relation between TFP growth and percentage of graduate students
in higher education. [Bottom-right]: Relation between TFP growth and the interaction
between the proximity to the TFP growth of USA and the percentage of graduate students
in higher education

46



7.04629 7 \ 2.78675 |

Fitted values/Confidence intervals
Fitted values/Confidence intervals

-11.9367 -1.92547 4

T T T T T
-.09 55 155 255 355 455 6.5 85 105 125
Proximity to highest TFP Total staff in R&D

Figure 5: Nonparametric estimation of the reduced form function f (x). The solid curve

represents the estimate f (x), the dashed curves correspond to the 95% pointwise bootstrap
confidence intervals. [Left]: Relation between TFP growth and proximity to the highest
TFP growth. [Right]: Relation between TFP growth and total staff in R&D
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Figure 6: Nonparametric estimation of the reduced form function f(x). The solid curve

represents the estimate f (z), the dashed curves correspond to the 95% pointwise bootstrap
confidence intervals. Relation between TFP growth and proximity to the world TFP growth
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Figure 7: Nonparametric estimation of the reduced form function f (x). The solid curve

represents the estimate f (x), the dashed curves correspond to the 95% pointwise bootstrap
confidence intervals. [Left]: Relation between TFP growth and proximity to the TFP growth
of USA. [Right]: Relation between TFP growth and total staff in R&D
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Figure 8: Nonparametric estimation of the reduced form function f (x). The solid curve

represents the estimate f (x), the dashed curves correspond to the 95% pointwise bootstrap
confidence intervals. [Left]: Relation between TFP growth and proximity to the highest TFP
growth. [Right]: Relation between TFP growth and the share of R&D expenditure funded
by government
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Figure 9: Nonparametric estimation of the reduced form function f(x). The solid curve
represents the estimate f (x), the dashed curves correspond to the 95% pointwise bootstrap
confidence intervals. [Left]: Relation between TFP growth and the interaction between
proximity to highest TFP growth and share of R&D expenditure funded by government.
[Right]: Relation between TFP growth and the interaction between proximity to the highest
TFP growth and share of R&D expenditure funded from abroad
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Figure 10: Nonparametric estimation of the reduced form function f (z). The solid curve

represents the estimate f (x), the dashed curves correspond to the 95% pointwise bootstrap
confidence intervals. [Left]: Relation between TFP growth and proximity to the world TFP
growth. [Right]: Relation between TFP growth and the share of R&D expenditure funded
by government
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Figure 11: Nonparametric estimation of the reduced form function f (z). The solid curve
represents the estimate f (x), the dashed curves correspond to the 95% pointwise bootstrap
confidence intervals. [Left]: Relation between TFP growth and the interaction between
proximity to World TFP growth and share of R&D expenditure funded by government.
[Right]: Relation between TFP growth and the interaction between proximity to world TFP
growth and the share of R&D expenditure funded by business sector

50



18.6013 4 8.64327

Fitted values/Confidence intervals
Fitted values/Confidence intervals

-5.44099

-26.321 |

T T T T T T T T T
7.5 145 25 185 38.5 58.5 785

0
Proximity to US TFP R&D government

Figure 12: Nonparametric estimation of the reduced form function f (z). The solid curve

represents the estimate f (x), the dashed curves correspond to the 95% pointwise bootstrap
confidence intervals. [Left]: Relation between TFP growth and proximity to the TFP growth
of USA. [Right]: Relation between TFP growth and the share of R&D expenditure funded
by government
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Figure 13: Nonparametric estimation of the reduced form function f (z). The solid curve

represents the estimate f (x), the dashed curves correspond to the 95% pointwise bootstrap
confidence intervals. [Left]: Relation between TFP growth and the interaction between prox-
imity to the TFP growth of USA and the share of R&D expenditure funded by government.
[Right]: Relation between TFP growth and the share of R&D expenditure funded by business
sector

51



6.11209 ‘ 11.7239 4

Fitted values/Confidence intervals
Fitted values/Confidence intervals

-.65617 -

T T T T
0 350.5 640.5 -240.5 -120.5 0 85.5 185.5
Interaction R&D firm frontier Interaction R&D abroad frontier

-7.30701 4
| |
-750.5 -400.5

Figure 14: Nonparametric estimation of the reduced form function f (z). The solid curve
represents the estimate f (x), the dashed curves correspond to the 95% pointwise bootstrap
confidence intervals. [Left]: Relation between TFP growth and the interaction between
proximity to the TFP growth of USA and the share of R&D expenditure funded by business
sector. [Right]: Relation between TFP growth and the interaction between proximity to the
TFP growth of USA and the share of R&D expenditure funded from abroad
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Figure 15: Nonparametric estimation of the reduced form function f (z). The solid curve

represents the estimate f (z), the dashed curves correspond to the 95% pointwise bootstrap
confidence intervals. [Left]: Relation between TFP growth and openness. [Right]: Relation
between TFP growth and the share of R&D expenditure funded from abroad
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Figure 16: Nonparametric estimation of the structural function m (x). The solid curve
represents the estimate m (), the dashed curves correspond to the 95% pointwise bootstrap
confidence intervals. [Left]: Relation between TFP growth and proximity to the highest
TFP growth. [Right]: Relation between TFP growth and percentage of graduate students
in higher education
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Figure 17: Nonparametric estimation of the structural function m (x). The solid curve
represents the estimate m (x), the dashed curves correspond to the 95% pointwise bootstrap
confidence intervals. Relation between TFP growth and the percentage of graduate students
in higher education when proximity to the world TFP growth is used

93



15.9314

Fitted values/Confidence intervals
I

-15.6155

T
-11.2 -6.2 0 7.2 14.2
Proximity to US TFP

Figure 18: Nonparametric estimation of the structural function m (x). The solid curve
represents the estimate m (), the dashed curves correspond to the 95% pointwise bootstrap
confidence intervals. Relation between TFP growth and proximity to the TFP growth of
USA
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Figure 19: Nonparametric estimation of the structural function m (x). The solid curve
represents the estimate m (), the dashed curves correspond to the 95% pointwise bootstrap
confidence intervals. [Top|: Relation between TFP growth and proximity to the highest
TFP growth. [Bottom-left]: Relation between TFP growth and proximity to the world TFP
growth. [Bottom-right]: Relation between TFP growth and proximity to the TFP growth of
USA

95



4.54074

Fitted values/Confidence intervals

-6.5285 -

T T T
25 20.5 40.5 60.5 755
R&D government

7.16781 7.59032

Fitted values/Confidence intervals
Fitted values/Confidence intervals

-5.08293 4 -1.88788

T T T
75 255 455 65.5 84.5 -91.4 -50.4 50.4
R&D firm Interaction R&D abroad proximity

Figure 20: Nonparametric estimation of the structural function m (x). The solid curve
represents the estimate m (), the dashed curves correspond to the 95% pointwise bootstrap
confidence intervals. [Top|: Relation between TFP growth and the share of R&D expenditure
funded by government. [Bottom-left]: Relation between TFP growth and the share of R&D
expenditure funded by business sector [Bottom-right]: Relation between TFP growth and the
interaction between proximity to the TFP growth of USA and the share of R&D expenditure
funded from abroad
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