
Hindawi Publishing Corporation
Economics Research International
Volume 2011, Article ID 401928, 14 pages
doi:10.1155/2011/401928

Review Article

R&D Direction and North-South Diffusion, Human Capital,
Growth, and Wages
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This paper highlights some recent components related to the endogenous growth literature; in particular, (i) research and devel-
opment progress, direction, and diffusion; (ii) human-capital accumulation; (iii) wage inequality; (iv) nonscale economic growth,
showing how each one has been treated by the existing seminal literature and the expected impact of bringing them together. The
connection of the different components is mainly done by involving the leading literature on North-South technological-
knowledge diffusion by imitation under trade, and the prevailing literature on intra- and intercountry wage inequality.

1. Introduction

This paper stresses some recent components related to the
endogenous growth literature; in particular, research and
development (R&D) direction and diffusion, human capital,
and wages. We show how each one has been treated by the
seminal literature and the expected impact of bringing them
together, which represents a gap in the literature.

Bearing in mind the richness and variety of the endoge-
nous growth literature, the paper starts by providing an inte-
grating view of the nature of the growth generating processes.
Some models consider that physical capital and long-run
growth are connected to the attainment of a nondeclining
marginal productivity of capital. One mechanism for achiev-
ing this involves the inclusion of human-capital accumula-
tion. Another relies on the elimination of the diminishing
returns to capital from the production function. And yet
another entails the introduction of technological-knowledge
progress. Technological-knowledge progress is also consid-
ered in growth models without physical capital, where long-
run growth is thus not induced by nondeclining marginal
productivity of capital.

It is usually assumed that endogenous growth the-
ory is based on dynamic, general equilibrium models,
where growth is mainly driven by human-capital accumu-
lation and/or technological knowledge arising from R&D.

This paper stresses studies with endogenous accumulation of
human-capital and technological-knowledge—for example,
Jones [1], Arnold [2], Blackburn et al. [3], Funke and Strulik
[4], and Redding [5] (the latter extends the study of [6]
whereas the others extend that of [7]).

To treat international technological-knowledge diffusion,
at least two countries and one diffusion channel should be
considered. To allow for scale-invariant endogenous growth
and human-capital accumulation, inter-country techno-
logical-knowledge diffusion by imitation under trade is em-
phasised. Thus, the paper calls for various components and
the aim is to stress the expected nonscale effects of techno-
logical-knowledge diffusion on economic growth and on
inter- and intracountry wage inequality.

International trade and mobility of factors of production
are the main vehicles of technological-knowledge transfer in
the world. The factors of production of the resulting endoge-
nous economic growth model are human capital, interme-
diate goods, and designs to produce intermediate goods.
In the tradition of international trade theory, it is usually
considered that there are no inter-country movements of
assets—human capital and shares of firms that own the
designs (e.g., Connolly [8]). In this case, interest rates and
wages are determined domestically and the focus is on
North-South trade of intermediate goods, as the vehicle of
technological-knowledge transfer through imitation.
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North and South is generally understood to be two
stylised countries that operate in the same economic envi-
ronment, but which differ in the following features (e.g.,
Barro and Sala-i-Martin [9]): (i) exogenous levels of pro-
ductivity directly related to the quality of domestic institu-
tions; (ii) initial human-capital stocks; (iii) technological-
knowledge stocks; (iv) R&D capacity; (v) marginal cost of
production of final goods.

The first feature relates to domestic institutions which
affect the aggregate level of productivity, such as tax laws,
property rights protection, and government services. These
institutions are more advanced in the North, which is the
more developed country.

As to the second feature, it is expected that the initial
human-capital levels should be lower in the less developed
country; that is, in the South.

The third feature refers to the domestic quality indexes
measuring technological knowledge, which, in line with
Bernard and Jones [10, 11], Klenow and Rodriguez-Clare
[12], and Hall and Jones [13] among others, should be higher
in the North.

As to R&D, the North has the capacity to innovate—
Schumpeterian R&D, for example, aimed at improving the
quality of intermediate goods, as in Aghion and Howitt
[6]—whereas the South’s capacity is limited to imitating the
North’s innovations, as in the seminal models of Grossman
and Helpman [14, Chapters 11 and 12].

Concerning the fifth distinctive feature, it is usually as-
sumed that the constant marginal cost of production of final
goods is higher in the North than in the South. Following
Grossman and Helpman [14, Chapters 11 and 12], Barro
and Sala-i-Martin [9], and Connolly [8] among others,
this is required for imitation by the South to take place
under international trade. Otherwise, the Northern firms
would always under-price the Southern ones, and trade—
which must be balanced due to the assumed inexistence of
international capital flows and income transfers—would be
unfeasible.

In this kind of model, the differences in levels of devel-
opment between North and South are assumed to have his-
torical roots that are reflected in current institutional char-
acteristics. The concern is not to explain these differences,
but rather to take them as given at time zero and analyse the
subsequent path of both.

In terms of traditional country groupings in develop-
ment economics, an appropriate taxonomy for North and
South countries would be developed versus developing,
rather than developed versus underdeveloped. Indeed, the
South should not be too backward, otherwise it would lack
the capacity of benefiting from the diffusion of technological
knowledge through imitation and trade of intermediate
goods (e.g., Helpman [15]).

The North-South general equilibrium growth models
thus collects elements from various components, all closely
related to the endogenous growth literature. In this paper,
these components are explored, showing how each one
has been treated by the literature, and the expected added
value to the literature by bringing them together is stressed.
The exposition starts, however, with physical-capital accu-

mulation models that generate long-run growth through
the attainment of a nondeclining marginal productivity of
capital.

The paper is thus structured as follows. Section 2 pro-
vides an integrating view of the nature of the growth gen-
erating processes, namely, in models with physical capital.
The role of the technological knowledge in models without
physical capital is stressed in Section 3. Sections 4 and
5 address, respectively, international technological-know-
ledge diffusion and scale effects. Section 6 details the role
of human-capital accumulation. Section 7 connects the
technological-knowledge bias with wage inequality. Policies
are considered in Section 8. Section 9 attends to the expected
immediate, steady-state and transitional dynamic effects.
Section 10 ends the survey with some final remarks.

2. Growth Induced by the Nondeclining
Marginal Productivity of Capital

The intense theoretical and empirical research that has char-
acterised endogenous growth literature has resulted in a wide
variety of growth models. Each model relies on specific
assumptions and elaborate mathematical techniques, and
consequently delivering growth predictions through several
different mechanisms. Capturing the essence of endogenous
growth models is therefore difficult due to their richness and
diversity.

In this section, one possible integrating view of the
nature of the growth generating processes is provided,
namely, in models with physical-capital accumulation. These
models, which generate long-run growth through the attain-
ment of a nondeclining marginal productivity of capital, are
revisited. Basically, one mechanism for achieving long-run
growth entails the introduction of technological-knowledge
progress. Another involves the inclusion of human-capital
accumulation. A third method relies on the elimination of
the diminishing returns to capital feature from the produc-
tion function.

Solow’s [16] closed economy exogenous growth model
with competitive markets and identical rational agents ob-
tains a nondeclining marginal productivity of capital by con-
sidering sustained technological-knowledge progress. As the
long-run per capita growth is supported by the exogenous
technological-knowledge progress, the model cannot explain
within itself the factors that influence economic growth.

R&D activities aimed at determining the engine of
growth, usually within a closed economy model, gave rise to
the endogenous growth theory. As already stated (and, e.g.,
Solow [17] and Helpman [18]), growth theory has produced
three main mechanisms to generate a nondeclining marginal
productivity of capital.

One mechanism, first proposed by Romer [7, 19] entails
including R&D in the model. Models in which endoge-
nous technological-knowledge progress is the engine of
growth are usually identified as R&D-based growth models.
A decentralised theory of technological-knowledge progress
has innovations relying on intentional R&D efforts and firms
enjoying the exclusivity of their inventions through the use of
patent rights. As the competitive framework no longer holds,
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models consider imperfect competition (the equilibrium
growth rate in the decentralised case is not optimal, since
capital good producers charge a price that is higher than the
marginal cost and thus capital is remunerated by less than
its marginal productivity. Moreover, the individual decision
to do R&D ignores that this will benefit other R&D activities
via the creation of a larger technological-knowledge stock).

For the production side, Romer followed Ethier [20]
in reinterpreting the utility function of Dixit and Stiglitz
[21] as a production function. Romer’s model contains three
productive sectors: the (competitive) final-good sector, the
(imperfect) capital-goods sector, and the R&D sector. In the
reinterpretation, the final output is an increasing function
of the number of differentiated capital goods used by a final
goods producer.

Two other major initial references in the literature on
R&D-based growth models are the closed economy models
by Grossman and Helpman [14] and Aghion and Howitt
[6]. These models do not contemplate physical-capital accu-
mulation and are stressed in the next section. Thus, they
do not require a constant marginal productivity of capital
to reach sustained per capita growth. In the former model,
growth is obtained by the production of differentiated
consumer goods, which are increasing due to deliberate R&D
activities paid up front before profits are realised. To capture
consumers’ taste for variety, the authors build on Dixit and
Stiglitz [21] in defining an index through a constant elasticity
of substitution function. In Aghion and Howitt’s [6] model,
growth is generated by a random sequence of quality-
improving innovations that result from R&D activities,
which are themselves uncertain.

Another (the second) mechanism, introduced by Lucas
[22], involves bringing into the model an endogenously
determined human-capital accumulation as the source of
growth. This type of model, which will be reviewed in
Section 6, can be named the human capital-based growth
model. Lucas builds on Solow’s model and introduces
human-capital accumulation, which allows for endogenous
growth. In Lucas’ model, each worker, who is endowed with
one unit of time per unit of time, devotes the fraction of
his/her time to current production, and the remaining to
human-capital accumulation.

This specification assumes that human-capital accumu-
lation is intensive in human capital, using no physical
capital. Further, it allows for sustained per capita growth at
a constant rate since it does not display diminishing returns.
Thus, Lucas’ model overcomes diminishing returns to phys-
ical capital through human-capital accumulation. Physical
capital can be accumulated forever without decreasing its
marginal productivity.

A third method to obtain long-run growth consists of
eliminating diminishing returns to capital from the pro-
duction function. This was first experimented by Jones
and Manuelli [23], who introduce a production function
without diminishing returns to capital. The denominated AK
model constitutes the extreme case of a model that avoids
the diminishing returns to scale assumption. It assumes
that production exhibits exactly constant returns to scale to
a broad concept of capital that includes all kinds of capital.

3. Technological-Knowledge Progress in
Models of Endogenous Growth

In the literature of endogenous growth, R&D activity is thus
essential to technological-knowledge progress. It is mainly
carried out or supported by private firms in search of profits,
operating in competitive markets. Empirical evidence of
this growth mechanism has been shown in, for example,
Griliches and Lichtenberg [24], Lichtenberg [25], Coe and
Helpman [26], and Coe et al. [27]. At the theoretical level, the
first-generation of comprehensive, well-articulated general
equilibrium R&D-growth models that explore the role of
technological knowledge in the growth process, are centred
on horizontal and vertical R&D processes.

In the first one, R&D is directed at developing new
horizontally differentiated goods, an approach followed in
prominent works by Romer [7, 19, 28], Rivera-Batiz and
Romer [29], Grossman and Helpman [30, 31] and [14,
Chapter 3], and Barro and Sala-i-Martin [32, Chapter
6]. Since there are no quality improvements, goods never
becomes obsolete. Firms that become producers remain
leaders from then on without supporting further R&D effort,
since they are granted a patent that lasts forever.

In the vertical process, R&D is instead directed at devel-
oping new vertically differentiated qualities of each good,
an approach that was first developed by Segerstrom et al.
[33], Grossman and Helpman [34, 35] and [14, Chapter
4], and Aghion and Howitt [6]. The resulting models are
called Schumpeterian, or quality ladder models, since they
appeal to the Schumpeterian concept of creative destruc-
tion. Indeed, they assume that the leadership of the firms
that use the state-of-the-art qualities is only temporary—
permanently subject to destruction by new qualities resulting
from successful R&D.

The main advantage of horizontal R&D models is their
analytical tractability, but the vertical approach is more
appropriate for studying the effects of competition between
leaders and followers on the growth process—for example,
Gancia and Zilibotti [36]. Since trade enhances competition
between producers of the same good, the Schumpeterian
approach seems to be more appropriate under North-South
trade.

Most vertical R&D models assume that leader firms do
not support new R&D directed at improving their own
products. This is motivated by the assumption that firms in
each industry have access to the same technology. Despite the
coherence of the argument, the implication that leader firms
do not invest in R&D is counterfactual.

Thus, some works came to assume that leaders have
an R&D cost advantage and/or that there are diminishing
returns in the R&D effort at the firm level, implying that they
devote resources to R&D too—for example, Segerstrom and
Zolnierek [37], Segerstrom [38], and Afonso and Bandeira
[39]. Others, such as Dinopoulos and Syropoulos [40, 41]
and Sener [42], present models where leaders apply resources
in rent-protecting activities, which increase the expected
duration of their monopoly power. Aghion et al. [43], for
example, find that the Schumpeterian effect of product
market competition is outweighed by the incentives for firms
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to carry out R&D to escape competition. In the extreme
Schumpeterian case, Thompson and Waldo [44] present
a model with no entry, where R&D is conducted exclusively
by the monopolistic firms.

To examine the growth and wage inequality effects of
North-South diffusion, the simplifying assumptions that
there are constant returns to R&D expenditure and that
only follower firms support the R&D cost are crucial—for
example, Romer [45]. The empirical evidence on returns to
scale of R&D efforts at the firm level seems to be uncertain—
for example, Bound et al. [46], Kortum [47], and Thompson
[48].

Based on the R&D technology, Rivera-Batiz and Romer
[29] propose a different classification for the R&D growth
models. When the inputs to R&D are labour (or human
capital) and the technological-knowledge level, the model
is called knowledge-driven—for example, Grossman and
Helpman [30], and [14, Chapter 3] and Romer [7]. When
R&D technology uses the same inputs and in the same pro-
portion as aggregate output (or, equivalently, if aggregate
output itself is the input to R&D), the model is called lab-
equipment)—for example, Rivera-Batiz and Romer [29] and
Barro and Sala-i-Martin [32, Chapters 6 and 7]. Under
North-South trade, the lab-equipment model is appropriate
since postulating a new production function would merely
hinder the algebra without altering the relevant qualitative
results (e.g., Papageorgiou [49]).

When included in endogenous growth models, R&D—
horizontal or vertical, knowledge-driven or lab-equipment—
results in technological-knowledge progress, which, in turn,
is the primary determinant of growth. Two major features
of technological knowledge are essential for its role as an
endogenous engine of growth: nonrivalry and partial nonex-
cludability. It is nonrival since the marginal costs for its
use by an additional firm are negligible. It is partially non-
excludable since the returns to private investment in its
production are partly private and partly public.

Thus, on the one hand, innovations are proprietary—
private investment results in a temporary monopoly if some
protection (usually in the form of patents) exists. On the
other hand, they add to the stock of public technologi-
cal knowledge—technological-knowledge spillovers. When
technological knowledge takes the form of innovations in the
North and leads to imitations in the South, nonrivalry and
partial nonexcludability apply to both since they are, respec-
tively, patented in the North and South.

Technological-knowledge diffusion models can also
tackle exogenous innovations of the general-purpose tech-
nology (GPT) type. The literature on GPT—defined as
innovations that have large, extensive, and prolonged eco-
nomic impacts, such as the steam-engine, electricity, and
computers—begins with Bresnahan and Trajtenberg [50].
The effects of a new GPT have usually been studied in
a closed-economy framework with a simplified productive
structure characterised by one aggregate good—for example,
Helpman and Trajtenberg [51]. This simplified structure
does not allow the study of the diffusion of a GPT to
countries with different levels of development, or its effects

on world economic growth and on intra- and inter-country
wage inequality.

Motivated by such issues, it is possible to broaden the
scope of this literature by considering the North-South im-
plications of the diffusion of a GPT under trade. Indeed,
these innovations typically take a long time to have a large
impact on the economy, as David [52] documents for devel-
oped countries. Arguably, it takes even longer for the
GPT to reach developing countries, due to lower levels of
technological knowledge.

Moreover, under two human-capital types, the economic
structure is richer and allows the study of intra- and inter-
country asymmetric effects caused by distinct speeds of GPT
adoption in the industries. A distinctive feature of a GPT
is its capacity to raise the quality of the goods in which it
has been generated and, in successive phases of the diffusion
process, aggregate productivity. Hence, the GPT works as an
institutional advance, which, as suggested by Coe et al. [27],
permanently widens productivity.

The role of institutional change in explaining changes in
wage inequality has recently been stressed by Aghion et al.
[53]. Thus, the analysis of the wage-inequality effects of
the GPT can link the institutional explanation to the more
common ones—as explained below—related to trade and to
technological-knowledge direction.

4. North-South Technological-Knowledge
Diffusion in Models of Endogenous Growth

The works of Coe and Helpman [26], Coe et al. [54], Coe
et al. [27], Helpman and Hoffmaister [55], and Eaton and
Kortum [56, 57], among others, reveal that a small number of
developed countries account for most of the worldwide inno-
vations. This could suggest that the standard R&D models are
only applicable to the North. However, world productivity
data reveals that the benefits of innovative R&D are much
more evenly distributed in the world than expenditures on
innovative R&D—for example, Coe and Helpman [26] and
Coe et al. [27]. This data strongly suggests that technological
knowledge is diffused internationally. Thus, focusing entirely
on domestic technological-knowledge progress when the
analysis considers more than one country is inappropriate.

In line with this position, Stokey [58] admits that the
most important benefit for Southern countries is the tech-
nological-knowledge transfer under trade, in contrast with
her own model, where integration produces no techno-
logical-knowledge spillovers.

Thus, extensions of the R&D sector in standard Schum-
peterian growth model are required so that it can be applica-
ble to countries that innovate and those that imitate. Hence,
analyses should look to the North, where leading techno-
logical knowledge is created, and to the South, where it is
diffusing. They should also take into account if the imitation
process feeds back and affects the original technological-
knowledge source.

Under international trade, the dynamic feedback from
imitation to innovation may harm the profits from (and,
thus, incentives for) innovative R&D. That is, in addition
to the closed economy Schumpeterian creative destruction
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effect (in this case, only challenging innovations destroy the
profits of the current state-of-the-art ones), technological-
knowledge diffusion with trade may bring about further
business stealing. Indeed, challenging imitations under trade,
coupled with lower marginal costs in the South, are traded
internationally. Since diminished incentives to innovative
R&D decrease the economic growth rate, these potential neg-
ative effects should be weighed against the positive static and
dynamic effects of international technological-knowledge
diffusion with trade.

The available literature considers, in some way or an-
other, extensions of R&D endogenous growth models that
are applicable to international trade and/or diffusion of tech-
nological knowledge—for example, Aghion and Howitt [59,
Chapter 11].

A strand of that literature focuses on the effects of North-
South trade when it leads to Northern specialisation in
industries that exhibit positive spillovers and Southern spe-
cialisation in industries lacking such positive externalities.
This is the case of models of trade with learning-by-doing—
for example, Stokey [60] (the seminal model of Stokey
[60] considers specialisation in a traditional sector with no
learning-by-doing versus specialisation in industries with
learning-by-doing, but does not consider North-South
trade), Young [61], and Lucas [62]. In these models, the
South experiences negative dynamic effects because trade
leads to a specialisation in goods in which learning-by-doing
is exhausted, which could outweigh the static gains from
trading with the North. Since each country’s technological-
knowledge stock relies only on its own range of production,
there is no link between domestic and foreign stocks. Hence,
neither North-South technological-knowledge diffusion nor
the South-North feedback effects are considered by these
models.

North-South diffusion is also absent in the open-econ-
omy models of Romer [7] and Rivera-Batiz and Romer [29].
These models derive important effects from the flows of
goods and technological knowledge on economic growth and
are very helpful in identifying the implications of knowledge-
driven versus lab-equipment R&D technology (e.g., Aghion
and Howitt [59, Chapter 11]). However, they apply to in-
ternational relations between developed countries (i.e.,
North-North in taxonomy already stated) that can benefit
from each other’s stocks of technological knowledge.

It is thus useful to emphasise other models that con-
sider North-South diffusion. Technological knowledge can
be diffused internationally in various ways, namely, through
(i) foreign-direct investment (channel introduced in the
literature by Vernon [63], with endogenous growth formu-
lations by Helpman [64], Hejazi and Safarian [65], Baldwin
et al. [66], Xu [67], and Carr et al. [68]), (ii) international
labour mobility (mechanism in the tradition of Bhagwati and
Hamada [69] and included in endogenous growth models by
Galor and Stark [70], Barro and Sala-i-Martin [32, Chapter
9], and Shea and Woodfield [71]), (iii) communication
patterns (proposal considered by, for example, Keller [72,
73]), and (iv) imitation, after the seminal work of Krugman
[74], and notably studied by Grossman and Helpman [14,
31, 34, 35] in the context of endogenous growth, and with

important additions by Dinopoulos et al. [75], Barro and
Sala-i-Martin [9], and Glass [76], among others.

The first two channels rely on international mobility of
physical and human-capital assets, which are precluding in
this analysis. As for the communication patterns channel, it
is of little interest here, since it is largely independent of inter-
national trade. That is not the case of imitation—the channel
under focus—which is greatly enhanced by the access to
state-of-the-art goods permitted by trade. When successful,
imitation allows for the technological-knowledge diffusion
embodied in goods, as the imitator reverse-engineers those
goods. Since, without protection for intellectual property
rights (IPRs), imitative R&D is cheaper than innovative
R&D, the successful imitator can return to international
markets and under-price the original innovator. In an often-
cited study, Mansfield and Swartz [77] report that the
imitation cost is, on the average, about 65% of the innovation
cost.

Considering the lab-equipment model of R&D, it can be
applied to the innovative North, and can also be conveniently
adapted to the particularities of imitative R&D in the South.
Both equilibrium probabilities of successful imitation and
innovation should be endogenously determined, based on
the maximisation of expected discounted profits. In both
countries as well, R&D can benefit from an autonomous
positive learning effect of accumulated public technological
knowledge from past R&D, as in Grossman and Helpman
[14, Chapter 12]. The main specificities present in the
Southern probability of successful R&D should be imitation
capacity and an advantage of moderate backwardness, which,
together, are capable of inducing catch-up with the North.

The existence of spillovers is not sufficient for North-
South diffusion and Southern catch-up. Diffusion requires
the South to absorb the technological-knowledge spillovers;
that is, to have the capacity to include Northern spillovers in
its own R&D. Thus, imitation capacity (i.e., capacity to learn,
assimilate, and apply new technologies) can be enhanced by
domestic policies promoting R&D (e.g., Aghion et al. [43])
and the openness degree and other trade policies (e.g., Coe
et al. [54] and Sachs and Warner [78]). It can also fall due to
the human-capital gap in relation to the North (e.g., Nelson
and Phelps [79]). Hence, a new channel through which
human-capital levels impinge on technological-knowledge
diffusion effects under trade on growth and on wage inequal-
ity can be added.

The advantage-of-backwardness hypothesis, introduced
by Veblen [80] and enhanced by Findlay [81], assumes that
Southern technological knowledge is an increasing function
of the gap between its own level and that of the North (e.g.,
Barro and Sala-i-Martin [9]). It also requires (i) imitation
capacity to take advantage of the Northern spillovers, (ii) not
fully enforced international IPRs, and (iii) a technological-
knowledge gap below a threshold level, beyond which the
imitation cost is prohibitive, or, equivalently, the imitation
capacity goes to zero (e.g., Papageorgiou [49]).

Thus, the South cannot be too backward (e.g., Help-
man [15], Verspagen [82], and Quah [83, 84]). According
to the survey evidence cited by Helpman [15], most imita-
tive R&D takes place in newly industrialised countries while
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less developed countries engage marginally in this activity.
As stated by Quah [83, 84], middle-income countries are
converging while low-income countries, which are far from
the technological-knowledge frontier, are stagnant and show
no potential for rapid growth.

The catch-up and the ensuing convergence are often ex-
amined by differences in total factor productivity, TFP (e.g.,
Bernard and Jones [10, 11], Prescott [85], Hall and Jones
[13], Acemoglu and Zilibotti [86], and Afonso and Alves
[87]). In general, these works show that differences in inter-
national outputs and thus in living standards are over-
whelmingly explained by TFP differences. This has led to
an increasing focus on explaining TFP differences. However,
by using a one-sector model, most of the literature studies the
sources of aggregate inter-country TFP differences. Indeed,
only the two last quoted works [86, 87] analyse sectoral
inter-country TFP differences. In particular, these and other
studies (e.g., Yeaple and Golub [88]) observe that there are
also large sectoral inter-country TFP differences.

But what explains the large sectoral and aggregate inter-
country TFP disparities? What explains (sectoral) intracoun-
try TFP differences? The literature does not fully answer these
questions as, for example, Leamer and Levinsohn [89] point
out. For example, Acemoglu and Zilibotti [86] have consid-
ered a model based on distinct inter-country labour levels,
which interact with technological-knowledge progress. How-
ever, against the empirical evidence (e.g., Yeaple and Golub
[88]), their model concludes that Southern TFP should
be higher than Northern TFP in the less-skilled intensive
sectors.

By considering a nonscale general equilibrium model
that gathers elements from various components connected
to the endogenous growth literature and the international
trade literature, the interrelated impact of exogenous and
endogenous productivity can be analysed (e.g., Afonso and
Alves [87]). Exogenous productivity relies on the country’s
institutions (e.g., Hall and Jones [13], Easterly and Levine
[90], and Acemoglu et al. [91]). If institutions are so crucial
in understanding TFP differences, how can there be such
large sectoral TFP differences within a country that has
a unified set of institutions?

Due to that, through the connection of various compo-
nents, it can be assumed that endogenous productivity relies
on (i) Schumpeterian R&D (innovations and imitations);
(ii) accumulation of two human-capital types—for example,
skilled, school intensive and unskilled, on-the-job-training
(OJT) intensive; (iii) the mismatch between available techno-
logical knowledge and human-capital levels; (iv) the North-
South trade regime. By collecting the diverse elements and
by improving on some of them, the question of how they
affect sectoral intracountry, and sectoral and aggregate inter-
country TFP, can be addressed.

Results can be studied vis-à-vis the previous literature
on productivity differences. In general, that literature only
analyses the sources of aggregate inter-country TFP and each
work stresses a particular cause of the differences: techno-
logical knowledge, human capital, quality of institutions, or
mismatch between technological knowledge and skills. By
considering that each final good is produced by one of two

technologies, it is possible to analyse sectoral intra- and inter-
country productivity differences; by connecting the endoge-
nous growth literature and the international trade literature,
it is possible to stress the contribution of each cause of
productivity differences in each trade regime: without trade
effects, under trade of intermediate goods, and under trade
of all goods.

5. Scale Effects in Models of
Endogenous Growth

In order to analyse the mechanisms through which interna-
tional trade affects technological-knowledge progress in con-
texts where market-size effects are not present, an essential
feature to consider is that growth is independent of the scale
of the economy.

The endogenous growth literature has been debating the
role of scale effects since Jones [92, 93] criticised the first
generation R&D endogenous growth models—particularly
the seminal work of Romer [7]—on the grounds that it
unreasonably predicted a very strong positive market-size
effect on the rate of economic growth.

In Romer’s [7] case, a knowledge-driven process, the pool
of labour employed in R&D increases the innovation rate and
so the economic-growth rate. In lab-equipment models (e.g.,
Rivera-Batiz and Romer [29]), the scale effect is connected
to the size of profits that, in each period, accrue to the leader
producer. In this case, a larger market expands the monop-
olist’s profits and thus the incentives to allocate resources
to R&D, thereby increasing the growth rate. In addition
to theoretical arguments, several authors have supplied the
debate with empirical evidence against scale effects—for
example, Backus et al. [94], Jones [92], Dinopoulos and
Thompson [95], and Zachariadis [96].

Apart from the endogenous growth debate on the sub-
ject, the independence between growth and scale effects can
be considered mainly instrumental to the isolation of the
other effects of international technological-knowledge diffu-
sion under trade.

Starting with Jones [93] himself, who has suitably modi-
fied Romer’s [7] R&D specification, several modelling efforts
have been made to remove the scale effects (see Jones [97]
and Segerstrom [98] for detailed discussion and distinct ways
to avoid scale effects). In view of the endogenous growth
components stressed, two relevant examples are Dinopoulos
and Thompson [95] and Dinopoulos and Syropoulos [40].
The former assumes that an increase in scale also entail costs.
The latter considers that leaders spend resources in rent-
protecting activities that delay the next successful research.

These scale-removing efforts have focused mostly on
either closed-economy or North-North models [41, 99–101].
Little progress has been made at building scale-independent
North-South models (exceptions are [42, 102]).

Scale effects can thus be removed by assuming that R&D
is penalised by the market size measured by the labour (or
human-capital) level (e.g., Afonso [103] and Afonso and
Alves [87]). This is consistent with the literature that observes
that increases in scale also entail costs of coordination
among agents, processing of ideas, marketing, information,
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organisation, and transportation (e.g., Becker and Murphy
[104], Quah [105], Alesina and Spolaore [106], Dinopoulos
and Thompson [95, 107], and Dinopoulos and Segerstrom
[99]). In line with Dinopoulos and Syropoulos [40, 41] and
Sener [42], additional costs of scale are related to leaders’
strategies to increase the difficulty of R&D by followers, with
the aim of prolonging their temporary monopoly power.

In the terminology of Dinopoulos and Segerstrom [99],
this scale-removing assumption results in a “permanent-ef-
fects-on-growth” specification, in which both technologi-
cal knowledge and economic growth are endogenous—as
opposed to the semiendogenous models (e.g., Jones [93]
and Funke and Strulik [4]) (in semiendogenous models,
technological knowledge is endogenous, but the steady-state
growth rate results in exogeneity, which, in fact, is not that
different from the neoclassical growth model). Compared
with Jones’ [93] model, the proposed specification replaces
labour by human capital, since population and growth are
at best uncorrelated (e.g., Mankiw et al. [108]) while human
capital is widely held to be an essential source of growth—see
Section 6 below.

6. Human-Capital Accumulation in
Endogenous Growth Models

In addition to Schumpeterian R&D, economic growth is also
driven by endogenous human-capital accumulation—that
is, when individuals improve their own skills in response
to incentives, aggregate productivity rises (indeed, when
decisions of skill acquisition are embedded into the model,
the economy can continue to grow even if the labour
stock is limited, and even without technological-knowledge
progress). The empirical evidence on this potential growth
mechanism has been presented by many authors (e.g., Romer
[109], Barro [110, 111], Mankiw et al. [108], Levine and
Renelt [112], and Barro and Sala-i-Martin [32, Chapter 12]).
They usually conclude that an increase in the average years of
schooling of the working population, which is traditionally
the main empirical measure of human capital, has positive
and significant effects on growth. However, Benhabib and
Spiegel [113] point out that growth is strongly correlated not
to the change in educational attainment, but to the level—
that is, not to accumulation but to the human-capital stock.

These empirical results may, though, be biased for
a number of reasons, such as measurement errors (e.g., Krue-
ger and Lindahl [114]), the fact that some countries, namely,
developing countries, are outliers (e.g., Temple [115]), and
the importance of the skilled population in the public sector
(e.g., Griliches [116] and Pritchett [117]). In addition, some
of the panel data estimations considering together differences
over time and across countries yield a negative relation
between growth and human capital (e.g., De Gregorio [118],
Knight et al. [119], Islam [120], and Caselli et al. [121]).

Another source of bias is the role of human capital in
production that is complex. By considering learning variables
and interaction between technological levels and human
capital, Benhabib and Spiegel [113] and Engelbrecht [122]
obtain some advances. Further complexity is present in the

educational process itself, which converts physical endow-
ments in human capital. Many authors emphasise, mainly
for developing (Southern) countries, modes of education
other than formal schooling, especially OJT (e.g., Bartel
and Litchtenberg [123], Mincer [124, 125], and Bartel and
Sicherman [126]).

At the theoretical level, Lucas [22, 62] is credited with
the seminal analysis of endogenous growth based on human-
capital accumulation, to be followed by Becker et al. [127],
Stokey [128]. Concerning the productivity path in newly
industrialised countries, Lucas [62] stresses the role of em-
ployed human capital, with a model where OJT is enhanced
by the continuous introduction of new production lines.
Mincer [124, 125] explores these ideas further, assuming that
OJT, differently from learning-by-doing, is costly and relies
on individual decisions in interaction with other economic
decisions. In Mincer’s case, the opportunity cost of OJT is
the wage lost while acquiring human capital at technical,
professional, or specialised schools related to the job.

As to human-capital heterogeneity, the R&D literature
dealing with technological-knowledge direction and wage
inequality assumes that workers are divided into two homo-
geneous groups, skilled and unskilled (e.g., Kiley [129], Thes-
mar and Thoenig [130], Acemoglu and Zilibotti [86], and
Afonso [103]). These models can be extended by endoge-
nously specifying the supply of each human-capital type
(e.g., Afonso [131]).

To keep things as simple as possible, only two human-
capital types should be considered, one more productive
than the other: skilled and unskilled, respectively. Following
Mincer [124, 125], each type of accumulation function can
employ the inputs OJT and school in a specific way. The
skilled human capital can be relatively abundant in the
North, and its accumulation can be school intensive, which is
usually the more productive input while the unskilled type’s
can be OJT intensive.

7. Direction of Technological-Knowledge
Progress and Wage Inequality

Considering a standard economic structure for both coun-
tries—in endogenous R&D growth theory—perfectly com-
petitive final goods can use quality-adjusted intermediate
goods as inputs, together with human capital. Intermediate
goods, in turn, can use innovative or imitative designs as
inputs, under monopolistic competition.

Thus, each final good can be produced by one of
two substitutable technologies: the (un)skilled technology
uses (un)skilled human capital jointly with a continuum
set of (un)skilled-specific intermediate goods. This function,
where complementarity of inputs is coupled with substi-
tutability between technologies, is proposed, for example,
from Acemoglu and Zilibotti’s [86] horizontal R&D growth
model. Although their model includes neither endogenous
human capital nor technological-knowledge diffusion, it is
very suitable to the repercussion of the technological-know-
ledge bias on wage inequality.

When firms invest relatively more in enhancing skilled-
specific intermediate goods the choice of final goods’
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technology shifts in favour of the skilled type, thus rais-
ing the demand for skilled human capital. In this context,
the technological-knowledge bias is related to the wage pre-
mium of skilled human capital—that is, to the intracountry
skill-premium (e.g., Afonso [103] and Afonso and Alves
[87]). It is clearly unfeasible to discuss wage inequality in
endogenous growth models with accumulation of aggregate
human capital. This is the main reason behind the extension
to heterogeneous human capital.

This relationship has received considerable atten-
tion in the skill-biased technological change literature—
prominently by Acemoglu [132–135]—although not in the
context of human-capital accumulation and technological-
knowledge diffusion. In addition, since technological-
knowledge diffusion occurs with trade, the discussion of
factor levels, factor price movements, and inter-country
income inequality effects can be made, which are traditional
issues in international trade analysis.

The skill-bias literature seeks to explain two major trends
that have emerged since the early 1980s on intracountry wage
inequality in developed and (newly industrialised) develop-
ing countries (e.g., Richardson [136] and Aghion et al. [53]):
the rise in skilled wage inequality and the rise in the propor-
tion of skilled labour. However, the two major explanations
explored to date—skill-bias literature and international trade
literature (e.g., Wood [137])—contradict at least one of these
observed trends.

According to the skill-bias literature, the technological-
knowledge bias and the resulting path of the wage
premium are driven by the rise in skilled-labour sup-
ply. Thus, this explanation emphasises the market-size effect
on technological-knowledge bias: technologies that use the
more abundant human-capital type are favoured. However,
the operation of this very same effect with trade openness
partially contradicts the argument—with an increase in trade
between a skilled-abundant country and an unskilled one,
the market-size channel would predict a fall in the skilled
technological-knowledge bias.

Many works with empirical evidence on skill-biased
technological change have considered the rise of the skill
premium in developed countries as arising from the market-
size effect in closed economies (e.g., Bartel and Litchtenberg
[123], Katz and Murphy [138], Berman et al. [139], Juhn
et al. [140], Autor et al. [141], Bartel and Sicherman [126],
Berman et al. [142], Machin and Van Reenen [143], and Gera
et al. [144]).

As stated, some more recent interpretations, still in
a closed-economy context, attribute the boost in wage in-
equality to organisational and institutional change triggered
by a new GPT (e.g., Acemoglu [145], Aghion [146], and
Caroli and Van Reenen [147]).

Some authors, like Wood [148] and Leamer [149, 150],
challenge these empirical studies on the grounds that they
neglect open-economy effects. These authors consider the
increase in wage inequality to be essentially a result of static
comparative advantages (in specifications without R&D and
technological-knowledge diffusion). This point of view can
be related to the price-channel effect on R&D—explained

below—especially in a context of trade between countries
with distinct human-capital levels.

As to the international trade explanation, adopted, for
example, by Leamer [150] and Wood [137], the explanation
relies mainly on the application of the Stolper-Samuelson
theorem: imports of goods produced by unskilled labour
reduce unskilled wages in the skilled-abundant country.
However, the same argument applied to the exporter country
would predict a rise in the unskilled wage premium, which
contradicts the trend in (newly industrialised) developing
countries.

Both sides of this debate have been, in fact, dominated
by labour levels, either in a Heckscher-Ohlin way or by R&D
intensity. In the latter case, a larger skilled-labour level, for
example, creates a larger demand for R&D directed towards
improvements in inputs used in goods produced by skilled
labour, thus increasing relative skilled wages.

As suggested above, in addition to this market-size chan-
nel, the direction of R&D is also influenced by the price of
goods—price channel—since more expensive goods com-
mand higher profits for the producers of the respective
inputs. That is, by removing scale effects, the focus shifts
to the price channel. In this case, technologies that use the
scarcer human-capital type are favoured (e.g., Afonso [103]).
Thus, endogenous human-capital accumulation not only
affects the path of output and wages—as in traditional
endogenous human-capital growth models—but also affects
the direction of R&D.

For instance, the relative abundance of skilled human
capital increases the price of goods produced by unskilled
human capital and thus the demand for R&D directed
towards advances in goods produced by unskilled human
capital. That is, when the skilled human capital-abundant
country A exports inputs incorporating its R&D results to
an unskilled-abundant country B, it benefits from the higher
prices of goods produced by skilled human capital in B. The
resulting profit opportunities redirect R&D towards inputs
that boost the marginal productivity and wages of skilled
human capital.

By considering trade between two countries with dif-
ferent development levels, but both capable of conducting
R&D (innovative in the North and imitative in the South),
it is feasible to link technological-knowledge diffusion with
the technological-knowledge path (recent empirical studies
by, e.g., Amiti and Konings [151], Goldberg and Pavcnik
[152], and Goldberg et al. [153] provide evidence showing
that imports can improve Southern productivity, hence
supporting the theoretical focus on the role of trade on
Southern progress. Moreover, Acemoglu [154] suggested
that increased international trade can cause endogenous
skill-biased technological change). Hence, we can relate
technological-knowledge diffusion to the dynamics of intra-
country wage inequality. This connection can thus be anal-
ysed in a model bringing together Afonso and Alves [87] and
Afonso [131]; that is, in a model where (i) technological-
knowledge progress and human-capital accumulation drive
endogenous growth and its direction determines relative
wages; (ii) the intensity of the driving force is affected by
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international trade; (iii) price changes induced by trade affect
the technological-knowledge bias and thus relative wages.

Results can be analysed in comparison with the previous
skill-biased technological change literature. In that literature,
the bias that causes wage inequality is induced by the market-
size channel. By removing scale effects, changes in the paths
of intracountry wage inequality result similarly from the
technological-knowledge bias, but are induced by the price
channel under trade (e.g., Afonso [103]). In contrast with
the market-size channel and bearing in mind the results in
Afonso and Alves [87], the operation of the price-channel
certainly results in an increase in the skilled technological-
knowledge bias following openness. This perspective is more
in line with the recent trends observed in developed and
(newly industrialised) developing countries.

To sum up, by shifting to the price channel (instead of the
market size) and by accounting for technological-knowledge
diffusion, it is possible to generate predictions compatible
with the aforementioned trend of wage inequality in devel-
oped and (newly industrialised) developing countries.

8. Policies: R&D Subsidies and the Protection
of Intellectual Property Rights

Due to the relationship between intermediate goods and
R&D, R&D can be encouraged either by a direct subsidy or
by a subsidy for the production of intermediate goods (e.g.,
Afonso [155]). In any of these cases, policies also impinge
on the demand for labour (or human capital). In addition,
when policies affect not only the level but also the direction of
R&D, they also impact on the relative demands for the labour
(human-capital) type, and thus on wage inequality.

The effective intracountry trend in wage inequality is also
concomitant with a new technological-knowledge policy in
several developed (and developing countries), which may
have affected the price channel. For example, in 1981, the US
policy began targeting commercial innovations more directly
by introducing the Research and Experimentation tax credit.
Therefore, the US policy stimulates R&D and contributes to
technological-knowledge progress (this pattern has indeed
been followed by a number of countries (e.g., Irwin and
Klenow [156] for the USA, Maggioni et al. [157] and Medda
et al. [158] for Italy, Hujer and Radic [159] for Germany,
Czarnitzki et al. [160] for Canada, and Czarnitzki et al.
[161] for Germany and Finland). At the same time, the
US policy started directing public spending towards skilled
goods, thus increasing the relative demand for skilled labour
and the skill-labour premium. That is, the change in the
public spending composition reallocated the price-channel
mechanism induced by labour levels from unskilled to skilled
goods.

By shifting to the price-channel mechanism and by
taking government policy into consideration, it is viable to
analyse how in fact the skill-biased technological-knowledge
change and the ensuing skill-biased wage inequality can
be caused by government intervention. Thus, governmental
encouragement of R&D has a bearing on the demand for
labour. In addition, when policies affect not only the level but
also the direction of R&D (through the structure of public

spending), they also have an effect on the relative demand
for the different types of labour and thus on wage inequality
(e.g., Berger [162], Goolsbee [163], Cozzi and Impullitti
[164], and Afonso [155]).

It is doable to provide an endogenous nonscale mecha-
nism to link technological-knowledge—progress, diffusion,
and bias—human-capital accumulation, government inter-
vention, and wage inequality. With the price channel present,
an increase in a subsidy to skilled intermediate goods
and/or to skilled R&D can redirect R&D towards designs
that improve skilled intermediate goods. The arising tech-
nological-knowledge bias stimulates the relative demand for
skilled human capital, thereby increasing the skilled pre-
mium, even when the relative supply of skilled human capital
also increases.

Another important dimension of government interven-
tion is the protection of IPRs, which, as stated above, are
granted at the domestic level, but not internationally. Since
technological knowledge is partially non-excludable, domes-
tic protection of IPRs increases the degree of excludability of
the results of R&D in the North and in the South.

In turn, international enforcement of IPRs, by protecting
innovative R&D only, would prevent imitation R&D, and
technological-knowledge diffusion through this mechanism
would not occur. This is the reason why this kind of model
assumes that IPRs are never fully enforced internationally.
Still, it is allowed for different degrees of enforcement, not
forgetting ongoing debates on the effects of strong inter-
national IPRs’ protection on the rates of worldwide techno-
logical-knowledge progress and economic growth. In Se-
gerstrom et al. [33], Helpman [15], Lai [165], Dinopoulos
and Segerstrom [102], and Lai and Qiu [166] the effect is
negative, contrary to Glass and Saggi [167], Smith [168],
Sener [42], Maskus [169], and Branstetter et al. [170].

For example, Helpman [15] assumed that stronger IPRs
would raise imitation costs, thus diminishing technological-
knowledge flows and global innovation. Lai [165] noted that
innovation could be enhanced if foreign direct investment
is the diffusion channel. Lai and Qiu [166] state that it is
commonly presumed by trade economists that reforms in
IPRs raise imitation costs, reduce access to global informa-
tion, and place firms in developing countries at a competitive
disadvantage in the global market. Yang and Maskus [171]
found that patent reforms would both raise imitation
costs and reduce the technological-knowledge licensing cost,
which encourages diffusion and innovation.

In the discussed context, the contribution to this liter-
ature results from the inclusion of both technologies and
human-capital accumulation, which are influenced by the
degree of international IPRs’ protection. This, in turn, affects
the technological-knowledge progress and diffusion, wages,
and economic growth.

9. Analysis of Immediate, Steady-State, and
Transitional Dynamic Effects

The assessment of the nonscale effects of technological-
knowledge diffusion under trade and with human capital
on growth and on wage inequality can comprise three
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analytical stages: immediate level effects, steady-state effects,
and transitional dynamics. By means of comparative statics
and dynamics, it is possible to uncover the mechanisms
through which these effects are affected by initial North-
South conditions, the technology (of production, of R&D,
and of human-capital accumulation), and by government
policies.

The derivation of transitional dynamics is often avoided
in growth models with technological-knowledge diffusion.
Grossman and Helpman [14, 35], for example, analyse the
North-South feedback effects only in steady-state. Barro and
Sala-i-Martin [9] derive transitional dynamics for the South,
but no transition path exists for the North, since their model,
without international trade, does not allow for feedback
effects.

The derivation of transitional dynamics, for the North
and South, usually requires the use of numerical methods,
due to the complexity of the system of differential equations.
Funke and Strulik [4], for example, use the fourth-order
Runge-Kutta classical method. A sensitivity analysis can then
be conducted for comparative statics and dynamics and also
to enhance confidence in the numerically derived results.

10. Concluding Remarks

This paper revises and discusses the literature directly or
indirectly related to North-South growth models with
domestic endogenous accumulation of internationally im-
mobile assets and domestic but no international protec-
tion of R&D results. The analysis is designed in order
to focus on the seminal literature. It investigates how trade
affects the structure and the dynamics of scale-independent
technological-knowledge progress and also its North-South
diffusion, thus influencing the paths of economic growth and
inter- and intracountry wage inequality.

This survey intends to follow and contribute, namely, to
four main lines of research previously explored notably by
models of technological-knowledge diffusion growth (e.g.,
Barro and Sala-i-Martin [9]), nonscale technological-know-
ledge progress (e.g., Jones [93]), human-capital growth (e.g.,
Lucas [22, 62]),and technological-knowledge bias and wage-
inequality growth (e.g., Acemoglu and Zilibotti [86]).

By considering trade between North and South—two
countries with different levels of development, but both
capable of conducting R&D—we can connect technological-
knowledge diffusion with the direction and progress of
technological knowledge and with human-capital accumu-
lation. Moreover, we can relate the dynamics of inter- and
intracountry wage inequality and analyse the pattern of trade
specialisation.

With particular regard to the literature on technological-
knowledge diffusion, it is possible to stress the effects of
the interaction between endogenous R&D and human-ca-
pital, and the mechanism of trade as the main vehicle of
diffusion without scale effects. Indeed, with the exceptions
of Dinopoulos and Segerstrom [102] and Sener [42], still
without the R&D-human-capital interaction, the literature
has studied the following: technological-knowledge diffusion

without trade and with scale effects (e.g., Barro and Sala-i-
Martin [9]); technological-knowledge diffusion with trade,
but still with scale effects (e.g., Grossman and Helpman
[14, Chapters 11 and 12]); scale-invariant technological-
knowledge progress, but without diffusion or trade (e.g.,
Jones [93]).
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