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Abstract

In this chapter we argue that the endogenous growth model with quality-improving
innovations provides a framework for analyzing the determinants of long-run growth
and convergence that is versatile, simple and empirically useful. Versatile, as the same
framework can be used to analyze how growth interacts with development and cross-
country convergence and divergence, how it interacts with industrial organization and
in particular market structure, and how it interacts with organizations and institutional
change. Simple, since all these aspects can be analyzed using the same elementary
model. Empirically useful, as the framework generates a whole range of new microeco-
nomic and macroeconomic predictions while it addresses empirical criticisms raised by
other endogenous growth models in the literature.
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1. Introduction

Technological progress, the mainspring of long-run economic growth, comes from in-
novations that generate new products, processes and markets. Innovations in turn are the
result of deliberate research and development activities that arise in the course of mar-
ket competition. These Schumpeterian observations constitute the starting point of that
branch of endogenous growth theory built on the metaphor of quality improvements,
whose origins lie in the partial-equilibrium industrial-organization literature on patent
races. Our own entry to that literature was the pre-publication version of Chapter 10 of
Tirole (1988).

We argued inAghion and Howitt (1998)that by using Schumpeter’s insights to de-
velop a growth model with quality-improving innovations one can provide an integrated
framework for understanding not only the macroeconomic structure of growth but also
the many microeconomic issues regarding incentives, policies, and institutions that in-
teract with growth. Who gains from innovations, who loses, and how, much all depend
on institutions and policies. By focusing on these influences in a model where entrepre-
neurs introduce new technologies that render previous technologies obsolete we hope
to understand why those who would gain from growth prevail in some societies, while
in others they are blocked by those who would lose.

In this chapter we show that the growth model with quality-improving innovations
(also referred to as the “Schumpeterian” growth paradigm) is not only versatile but
also simple and empirically useful. We illustrate its versatility by showing how it sheds
light on such diverse issues as cross-country convergence, the effects of product-market
competition on growth, and the interplay between growth and the process of institu-
tional change. We illustrate its simplicity by building our analysis around an elementary
discrete-time model. We illustrate its empirical usefulness by summarizing recent pa-
pers and studies that test the microeconomic and macroeconomic implications of the
framework and that address what might seem like empirically questionable aspects of
the earliest prototype models in the literature.

The paper is organized as follows. Section2 develops the basic framework. Sec-
tion 3 uses it to analyze convergence and divergence patterns in the cross-country data.
Section4 analyses the interaction between growth and product market competition.
Section5 deals with the scale effect of growing population. Section6 analyzes the in-
terplay between institutional change and technological change, and Section7 provides
some concluding remarks and suggestions for future research.

2. Basic framework

2.1. A toy version of the Aghion–Howitt model

Asked by colleagues to show them the simplest possible version of the quality-ladder
model of endogenous growth which they could teach to second year undergraduate stu-
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dents, we came out with the following stripped-down version ofAghion and Howitt
(1992).

Time is discrete, indexed byt = 1, 2, . . . , and at each point in time there is a mass
L of individuals, each endowed with one unit of skilled labor that she supplies inelasti-
cally. Each individual lives for one period and thus seeks to maximize her consumption
at the end of her period.

Each period a final good is produced according to the Cobb–Douglas technology:

(1)y = Axα,

wherex denotes the quantity of intermediate input used in final good production, and
A is a productivity parameter that reflects the current quality of the intermediate good.

The intermediate good is itself produced using labor according to a simple one-for-
one technology, with one unit of labor producing one unit of the current intermediate
good. Thusx also denotes the amount of labor currently employed in manufacturing.
But labor can also be employed in research to generate innovations.

Each innovation improves the quality of the intermediate input, fromA to γA where
γ > 1 measures the size of the innovation. Innovations result from research investment.
More specifically, there is an innovator who, if she investsz units of labor in research,
innovates with probabilityλz and thereby discover an improved version of the interme-
diate input.

The innovator enjoy monopoly power in the production of the intermediate good, but
faces a competitive fringe who can produce a unit of the same intermediate good by
usingχ > 1 units of labor instead of one. Forχ < 1/α, this competitive fringe is
binding which means thatχwt is the maximum price the innovator can charge without
being driven out of the market. Her profit is thus equal to:

πt = (χ − 1)wtxt ,

wherewtxt is the wage bill. This monopoly rent, however, is assumed to last for one pe-
riod only, after which imitation allows other individuals to produce intermediate goods
of the same quality.

The model is entirely described by two equations. The first is alabor market clearing
equation, which states that at each period total labor supplyL is equal to manufacturing
labor demandx plus total research laborn, that is:L = xt +nt for all t . The second is a
research arbitrage equation which says that in equilibrium at any datet the amount of
research undertaken by the innovator must equate the marginal cost of a unit of research
labor with the expected marginal benefit. The marginal cost is just the manufacturing
wagewt . The expected benefit comes from raising the probability of success byλ · 1 =
λ, in which case she earns the monopoly profitπt involved in producing the intermediate
good for the final good sector. Thus the research arbitrage equation can be expressed as:

wt = λγπt (research arbitrage)

where the factorγ on the right-hand side of the equation, simply stems from the fact
that an innovation multiplies wages and profits byγ .
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Using the fact that the allocation of labor between research and manufacturing re-
mains constant in steady-state, we can drop time subscripts. Then, substituting forπt

in the research arbitrage equation, dividing through byw, and using the labor market
clearing equation to substitute forx, we obtain:

1 = λγ (χ − 1)(L − n)

which solves for the steady-state amount of research labor, namely:

n = L − 1

λγ (χ − 1)
.

The equilibrium expected rate of productivity growth in steady-state, is then simply
given by:

g = λn(γ − 1)

and it therefore depends upon the characteristics of the economic environment as de-
scribed by the parametersλ, γ, χ , andL. In Section2.3 we interpret the comparative
statics of growth with respect to all these parameters, and suggest preliminary policy
conclusions.

The model is extremely simple, although at the cost of making some oversimplifying
assumptions. In particular, we assumed only one intermediate sector, and that labor is
the only input into research. In the next sections we relax these two assumptions. We
develop a slightly more elaborated version of the quality-ladder model that we then
extend in several directions to capture important aspects of the growth and development
process.

2.2. A generalization

There are three kinds of goods in the economy: a general-purpose good, a large number
m of different specialized intermediate inputs, and labor. Time is discrete, indexed by
t = 1, 2, . . . , and there is a massL of individuals, each endowed with one unit of skilled
labor that she supplies inelastically.1

The general good is produced competitively using intermediate inputs and labor, ac-
cording to the production function:

(2)yt = (
Σm

1 A1−α
it xα

it

)
(L/m)1−α

1 The model we present here is a simplified discrete-time version of theAghion and Howitt (1992)model
of creative destruction, which draws uponAcemoglu, Aghion and Zilibotti (2002). Grossman and Helpman
(1991)presented a variant of the framework in which thex’s are final consumption goods and utility is log-
linear. An early attempt at developing a Schumpeterian growth model with patent races in deterministic terms
was presented bySegerstrom et al. (1990). Corriveau (1991)developed an elegant discrete-time model of
growth through cost-reducing innovations.



72 P. Aghion and P. Howitt

where eachxit is the flow of intermediate inputi used at datet , andAit is a productivity
variable that measures the quality of the input. The general good is used in turn for
consumption, research, and producing the intermediate inputs.

The expected growth rate of any given productivity variableAit is:

(3)g = E(Ait/Ai,t−1) − 1.

There is noi subscript ong because, as we shall see, all sectors areex ante identical
and hence will have the same productivity-growth rate. Likewise there is not subscript
because, as we shall also see, the system will go immediately to a constant steady-state
expected growth rate.

Productivity growth in any sectori results from innovations, which create improved
versions of that intermediate input. More precisely, each innovation att multiplies the
pre-existing productivity parameterAi,t−1 of the best available input by a factorγ > 1.
Innovations in turn result from research. IfNit units of the general good are invested
at the beginning of the period, some individual can become the new “leading-edge”
producer of the intermediate input with probabilityµit , where:2

µit = λf (nit ), f ′ > 0, f ′′ < 0, f (0) = 0,

andnit ≡ Nit

γAi,t−1
is productivity-adjusted R&D expenditure in the sector. We divide

by γAi,t−1, the targeted productivity parameter, to take into account the “fishing-out”
effect – on average each quality improvement is harder to bring about than the previous
one.

Assume the time period is short enough that we may ignore the possibility of more
than one successful innovator in the same sector. Then:

(4)Ait =
{

γAi,t−1 with probabilityλf (nit ),

Ai,t−1 with probability 1− λf (nit ).

According to(3) and(4) the expected productivity-growth rate in each sector can be
expressed as the product of the frequency of innovationsλf (n) and the incremental size
of innovations(γ − 1):

(5)g = λf (n)(γ − 1)

in an equilibrium where productivity-adjusted research is the same constantn in each
sector. We assume moreover that the outcome of research in any one sector is statisti-
cally independent of the outcome in every other sector.

The model determines researchn, and therefore the expected productivity-growth
rateg, using a research arbitrage equation that equates the expected cost and benefit

2 More precisely,f (n) = F(n, k) wherek is some specialized research factor in fixed supply andF is a
constant-returns function. Since there is free entry in research, the equilibrium price ofk adjusts so that the
expected profit of an R&D firm is zero. Since this price plays no role in the analysis of growth we suppress
the explicit representation ofk and deal only with the decreasing-returns functionf . (Of course the constant-
returns assumption can be valid only over some limited range of inputs, sinceF is bounded above by unity.)
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of research. The payoff to research in any sectori is the prospect of a monopoly rent
πit if the research succeeds in producing an innovation. This rent lasts for one period
only, as all individuals can imitate the current technology next period. Hence the ex-
pected benefit from spending one unit on research isπit times the marginal probability
λf ′(n)/(γAi,t−1):

1 = λf ′(n)
(
πit/(γAi,t−1)

)
.

To solve this equation forn we need to determine the productivity-adjusted monopoly
rent πit/Ait to a successful innovator. As before, we assume that this innovator can
produce the leading-edge input at a constant marginal cost of one unit of the general
good. But she faces a competitive fringe of imitators who can produce the same product
at higher marginal costχ , whereχ ∈ (1, 1/α)3 is an inverse measure of the degree of
product market competition or imitation in the economy.4 Thus her monopoly rent is
again equal to:

(6)πit = (pit − 1)xit = (χ − 1)xit .

A monopolist’s outputxit will be the amount demanded by firms in the general sector
when faced with the priceχ ; that is, the quantity such thatχ equals the marginal product
of theith intermediate good in producing the general good:

(7)χ = ∂yt/∂xit = α(mxit /AitL)α−1.

Hence:

(8)πit = δ(χ)AitL/m

where

δ(χ) ≡ (χ − 1)(χ/α)
1

α−1 , δ′(χ) > 0.5

Therefore we can write the research arbitrage equation, taking into account that
γAi,t−1 = Ait because a monopolist is someone who has just innovated, as:

(9)1 = λf ′(n)δ(χ)L/m

which we assume in this section has a positive solution.

3 It is easily verified that if there were no fringe then the unconstrained monopolist would charge a price
equal to 1/α, but at that price the fringe could profitably undercut her because its unit cost isχ < 1/α.
4 If no innovation occurs then some firm will produce, but with no cost advantage over the fringe because

everyone is able to produce last period’s intermediate input at a constant marginal cost of unity.
5 To see thatδ′ > 0 note that:

χ
d ln(δ(x))

dχ
= χ

χ − 1
− 1

1 − α
> 0

where the last inequality follows from the assumption thatχ < 1/α.
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The expected productivity growth rate is determined by substituting the solution
of (9) into the growth equation(5). In the special case where the research-productivity
functionf takes the simple form:

f (n) = √
2n,

we have:

(10)g = λ2δ(χ)(L/m)(γ − 1).

As it turns out,g is not only the expected growth rate of each sector’s productivity
parameter but also the approximate growth rate of the economy’s per-capita GDP. This
is because per-capita GDP is approximately proportional to the unweighted average of
the sector-specific productivity parameters:6

At = 1

m

m∑
i=1

Ait .

6 To see this, note that GDP equals the sum of value added in the general sector and in the monopolized
intermediate sectors. (There is no value added in the competitive intermediate sectors because their output is
priced at the cost of the intermediate inputs. Also, we follow the standard national income accounting practice
of ignoring the output (patents) of the research sector.) According to(7) the output of each monopolized sector
(i ∈ Mt ) at t is:

xit = (α/χ)
1

1−α (L/m)Ait (i ∈ Mt).

The output of each competitive sector (i ∈ Ct ) at t is the amount demanded when its price is unity; setting
χ = 1 in (7) yields:

xit = (α)
1

1−α (L/m)Ait (i ∈ Ct ).

Substituting these into(2) and rearranging yields the following expression for per-capita general output:

yt /L = (α/χ)
α

1−α

(
#Mt

m

)(
1

#Mt

∑
i∈Mt

Ait

)
+ α

α
1−α

(
#Ct

m

)(
1

#Ct

∑
i∈Ct

Ait

)

where #Mt is the number of monopolized sectors and #Ct the number of competitive sectors. By the law of
large numbers, the fraction of sectors #Mt/m monopolized, i.e. the fraction in which there was an innovation
at t , is approximately the probability of success in research in each sector:µ = λf (n), and the fraction
of sectors #Ct /m that are competitive is approximately 1− µ. The average productivity parameter among
monopolized sectors( 1

#Mt

∑
i∈Mt

Ait ) is just γ times the average productivity parameter of those sectors
last period; since innovations are spread randomly across sectors this is approximatelyγ times the average
across all sectors last period:γAt−1. Likewise the average productivity parameter across competitive sectors
is the average across sectors that did not innovate, which is approximatelyAt−1. Making these substitutions
into the above expression for per-capita general output yields:

yt /L � (
(α/χ)

α
1−α µγ + α

α
1−α (1 − µ)

)
At−1 ≡ ζAt−1.

Since labor is paid its marginal product in the general sector, the wage rate is:

wt = ∂yt /∂L = (1 − α)yt /L � (1 − α)ζAt−1
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Since (a) all sectors have an expected growth rate ofg, (b) the sectoral growth rates are
statistically independent of each other and (c) there is a large number of them, therefore
the law of large numbers implies that the average grows at approximately the same rate
g as each component.

2.3. Alternative formulations

There are many other ways of formulating the basic model. We note two of them here
for future reference. In the first one, as in the above toy model, the general good is
used only for consumption, while skilled labor is the only factor used in producing
intermediate products and research. The general good is produced by the intermediate
inputs in combination with a specialized factor (for example unskilled labor) available
in fixed supply. In this formulation, the growth equation is the same as(5) above, but
with n being interpreted as the amount of skilled labor allocated to R&D. This version
will be spelled out in somewhat more detail in Section5.

The other popular version is one with intersectoral spillovers, in which each innova-
tion produces a new intermediate product in that sector embodying the maximumAt−1
of all productivity parameters of the last period, across all sectors, times some factorγ

that depends on the flow of innovations in the whole economy. The idea here is that if a
sector has been unlucky for a long time, while the rest of the economy has progressed,
the technological progress elsewhere spills over into the innovation in this sector, re-
sulting in a larger innovation than if the innovation had occurred many years ago. The
model in Section3 is a variant of this version.

2.4. Comparative statics on growth

Equation(10) delivers several comparative-statics results, each with important policy
implications on how to “manage” the growth process:

1. Growth increases with the productivity of innovationsλ and with the supply of
skilled laborL: both results point to the importance of education, and particu-
larly higher education, as a growth-enhancing factor. Countries that invest more in
higher education will achieve a higher productivity of research activities and also
reduce the opportunity cost of R&D by increasing the aggregate supply of skilled
labor. An increase in the size of population should also bring about an increase in
growth by raisingL. This “scale effect” has been challenged in the literature and
will be discussed in Section5.

which is also per-capita value-added in the general sector. By similar reasoning,(8) implies that per-capita
value added in monopolized intermediate sectors is:

(1/L)
∑
i∈Mt

δ(χ)AitL/m = δ(χ)

(
#Mt

m

)(
1

#Mt

∑
i∈Mt

Ait

)
� δ(χ)µγAt−1.

Therefore each component of per-capita GDP is approximately proportional toAt−1. SinceAt grows at
approximately the constant rateg therefore per-capita GDP is approximately proportional toAt .
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2. Growth increases with the size of innovations, as measured byγ . This result points
to the existence of a wedge between private and social innovation incentives. That
is, a decrease in size would reduce the cost of innovation in proportion to the ex-
pected rents; the research arbitrage equation(9)shows that these two effects cancel
each other, leaving the equilibrium level of R&D independent of size. However,
Equation(10) shows that the social benefit from R&D, in the form of enhanced
growth, is proportional not toγ but to the “incremental size”γ − 1. Whenγ is
close to one it is not socially optimal to spend as much on R&D as whenγ is very
large, because there is little social benefit; yet a laissez-faire equilibrium would
result in the same level of R&D in both cases.

3. Growth is decreasing with the degree of product market competition and/or with
the degree of imitation as measured inversely byχ . Thus patent protection (or,
more generally, better protection of intellectual property rights), will enhance
growth by increasingχ and therefore increasing the potential rewards from in-
novation. However, pro-competition policies will tend to discourage innovation
and growth by reducingχ and thereby forcing incumbent innovators to charge
a lower limit price. Existing historical evidence supports the view that property
rights protection is important for sustained long-run growth; however the predic-
tion that competition should be unambiguously bad for innovations and growth is
questioned by all recent empirical studies, starting with the work ofNickell (1996)
andBlundell, Griffith and Van Reenen (1999). In Section4 we shall argue that the
Schumpeterian framework outlined in this section can be extended so as to recon-
cile theory and evidence on the effects of entry and competition on innovations,
and that it also generates novel predictions regarding these effects which are borne
out by empirical tests.

3. Linking growth to development: convergence clubs

With its emphasis on institutions, the Schumpeterian growth paradigm is not restricted
to dealing with advanced countries that perform leading-edge R&D. It can also shed
light on why some countries that were initially poor have managed to grow faster than
industrialized countries, whereas others have continued to fall further behind.

The history of cross-country income differences exhibits mixed patterns of conver-
gence and divergence. The most striking pattern over the long run is the “great diver-
gence” – the dramatic widening of the distribution that has taken place since the early
19th Century.Pritchett (1997)estimates that the proportional gap in living standards
between the richest and poorest countries grew more than five-fold from 1870 to 1990,
and according to the tables inMaddison (2001)the proportional gap between the rich-
est group of countries and the poorest7 grew from 3 in 1820 to 19 in 1998. But over

7 The richest group was Western Europe in 1820 and the “Euopean Offshoots” (Australia, Canada, New
Zealand and the United States) in 1998. The poorest group was Africa in both years.
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the second half of the twentieth century this widening seems to have stopped, at least
among a large group of nations. In particular, the results ofBarro and Sala-i-Martin
(1992), Mankiw, Romer and Weil (1992)andEvans (1996)seem to imply that most
countries are converging to parallel growth paths.

However, the recent pattern of convergence is not universal. In particular, the gap
between the leading countries as a whole and the very poorest countries as a whole
has continued to widen. The proportional gap in per-capita income betweenMayer-
Foulkes’s (2002)richest and poorest convergence groups grew by a factor of 2.6 be-
tween 1960 and 1995, and the proportional gap between Maddison’s richest and poorest
groups grew by a factor of 1.75 between 1950 and 1998. Thus as various authors8 have
observed, the history of income differences since the mid 20th century has been one of
“club-convergence”; that is, all rich and most middle-income countries seem to belong
to one group, or “convergence club”, with the same long-run growth rate, whereas all
other countries seem to have diverse long-run growth rates, all strictly less than that of
the convergence club.

The explanation we develop in this section for club convergence followsHowitt
(2000), who took the cross-sectoral-spillovers variant of the closed-economy model
described in Section2.3 and allowed the spillovers to cross international as well as
intersectoral borders. This international spillover, or “technology transfer”, allows a
backward sector in one country to catch up with the current technological frontier
whenever it innovates. Because of technology transfer, the further behind the frontier
a country is initially, the bigger the average size of its innovations, and therefore the
higher its growth rate for a given frequency of innovations. As long as the country con-
tinues to innovate at some positive rate, no matter how small, it will eventually grow at
the same rate as the leading countries. (Otherwise the gap would continue to rise and
therefore the country’s growth rate would continue to rise.) However, countries with
poor macroeconomic conditions, legal environment, education system or credit markets
will not innovate in equilibrium and therefore they will not benefit from technology
transfer, but will instead stagnate.

This model reconciles Schumpeterian theory with the evidence to the effect that all
but the poorest countries have parallel long-run growth paths. It implies that the growth
rate of any one country depends not on local conditions but on global conditions that
impinge on world-wide innovation rates. The same parameters which were shown in
Section2.4 to determine a closed economy’s productivity-growth rate will now de-
termine that country’s relative productivitylevel. What emerges from this exercise is
therefore not just a theory of club convergence but also a theory of the world’s growth
rate and of the cross-country distribution of productivity.

Before we develop the model we need to address the question of how our framework,
in which growth depends on research and development, can be applied to the poorest
countries of the world, in which, according to OECD statistics, almost no formal R&D

8 Baumol (1986), Durlauf and Johnson (1995), Quah (1993, 1997)andMayer-Foulkes (2002, 2003).
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takes place. The key to our answer is that because technological knowledge is often tacit
and circumstantially specific,9 foreign technologies cannot simply be copied and trans-
planted to another country no cost. Instead, technology transfer requires the receiving
country to invest resources in order to master foreign technologies and adapt them to the
local environment. Although these investments may not fit the conventional definition
of R&D, they play the same role as R&D in an innovation-based growth model; that
is, they use resources, including skilled labor with valuable alternative uses, they gener-
ate new technological possibilities where they are conducted, and they build on previous
knowledge.10 While it may be the case that implementing a foreign technology is some-
what easier than inventing an entirely new one, this is a difference in degree, not in kind.
In the interest of simplicity our theory ignores that difference in degree and treats the
implementation and adaptation activities undertaken by countries far behind the frontier
as being analytically the same as the research and development activities undertaken by
countries on or near the technological frontier. For all countries we assign to R&D the
role thatNelson and Phelps (1966)assumed was played by human capital, namely that
of determining the country’s “absorptive capacity”.11

3.1. A model of technology transfer

Consider one country in a world ofh different countries. This country looks just like the
ones described in the basic model above, except that whenever an innovation takes place
in any given sector the productivity parameter attached to the new product will be an
improvement over the pre-existing global leading-edge technology. That is, letAt−1 be
the maximum productivity parameter over all countries in the sector at the end of period
t − 1; in other words the “frontier” productivity att − 1. Then an innovation at datet
will result in a new version of that intermediate sector whose productivity parameter is
At = γAt−1, which can be implemented by the innovator in this country, and which
becomes the new global frontier in that sector. The frontier parameter will also be raised
by the factorγ if an innovation occurs in that sector in any other country.

Therefore domestic productivity in the sector evolves according to:

ln At =
{

ln At−1 + ln γ = ln At with probabilityµ,

ln At−1 with probability 1− µ

whereµ is the country’s innovation rate:

µ = λf (n)

9 SeeArrow (1969)andEvenson and Westphal (1995).
10 Cohen and Levinthal (1989)andGriffith, Redding and Van Reenen (2001)have also argued that R&D by
the receiving country is a necessary input to technology transfer.
11 Grossman and Helpman (1991)and Barro and Sala-i-Martin (1997)also model technology transfer as
taking place through a costly investment process, which they portray as imitation; but in these models tech-
nology transfer always leads to convergence in growth rates except in special cases studied by Grossman and
Helpman where technology transfer is inactive in the long run.
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and the productivity-adjusted researchn is defined as:

n ≡ Nt/
(
γAt−1

)
since the targeted productivity parameter is nowγAt−1.

Meanwhile, the global frontier advances by the factorγ with every innovation any-
where in the world.12 Therefore:

(11)ln At =
{

ln At−1 + ln γ with probabilityµ,

ln At−1 with probability 1− µ

where

µ = Σh
1 λjf

(
nj

)
is the global innovation rate.13 It follows from (11) that the long-run average growth
rate of the frontier, measured as a difference in logs, is:14

(12)g = µ ln γ.

Assume there is no international trade in intermediates or general goods.15 Then the
costs and benefits of R&D are the same as in the previous model, except that the do-
mestic productivity parameterAt may differ from the global parameterAt that research
aims to improve upon. Each innovation will now change log productivity by:

ln At−1 + ln γ − ln At−1 = ln γ + dt−1

where

dt−1 ≡ ln
(
At−1/At−1

)
is a measure of “distance to the frontier”. AsGerschenkron (1952)argued when dis-
cussing the “advantage of backwardness”, the greater the distance the larger the innova-
tion. The average growth rate will again be the expected frequency of innovations times

12 Again we are assuming a time period small enough to ignore the possibility of simultaneous innovations
in the same sector.
13 A simpler version of the model would just have the frontier productivity grow at an exogenous rateg. The
model in this section has the advantage of delivering both an endogenous rate for productivity growth at the
frontier and club convergence towards that frontier.
14 The growth rate(12)expressed as a log difference is approximately the same as the rate(5) of the previous
section which was expressed as a proportional increment, because the first-order Taylor-series approximation
to lnγ atγ = 1 is (γ − 1). We switch between these two definitions depending on which is more convenient
in a given context.
15 This is not to say that international trade is unimportant for technology transfer. On the contrary,Coe
and Helpman (1995), Coe, Helpman and Hoffmaister (1996), Eaton and Kortum (1996)andSavvides and
Zachariadis (2005)all provide strong evidence to the effect that international trade plays an important role in
the international diffusion of technological progress. For a recent summary of this and other empirical work,
seeKeller (2002). Eaton and Kortum (2001)provide a simple “semi-endogenous” (see Section5) growth
model in which endogenous innovation interacts with technology transfer and international trade in goods; in
their model all countries converge to the same long-run growth rate.
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size:

(13)gt = µ(ln γ + dt−1)

which is also larger the greater the distance to the frontier.
The distance variabledt evolves according to:

dt =
{

dt−1 with probability 1− µ,

ln γ + dt−1 with probabilityµ − µ,

0 with probabilityµ.

That is, with probability 1− µ there is no innovation in the sector either globally or in
this country, so both domestic productivity and frontier productivity remain unchanged;
with probabilityµ−µ an innovation will occur in this sector but in some other country,
in which case domestic productivity remains the same but the proportional gap grows
by the factorγ ; and with probabilityµ an innovation will occur in this sector in this
country, in which case the country moves up to the frontier, reducing the gap to zero.

It follows that the expected distancêdt evolves according to:

d̂t = (1 − µ)d̂t−1 + (µ − µ) ln γ.

If µ > 0 this is a stable difference equation with a unique rest point. That is, as long
as the country continues to perform R&D at a positive constant intensityn its distance
to the frontier will stabilize, meaning that its productivity growth rate will converge to
that of the global frontier. But ifµ = 0 the difference equation has no stable rest point
and d̂t diverges to infinity. That is, if the country stops innovating it will have a long-
run productivity growth rate of zero because innovation is a necessary condition for the
country to benefit from technology transfer.

More formally, the country’s long-run expected distanced∗ is given by:

(14)d∗ =
{

(µ/µ − 1) ln γ if µ > 0,

∞ if µ = 0

and its long-run expected growth rateg∗, according to(12), (13) and (14)is:

g∗ =
{

µ(ln γ + d∗) = g if µ > 0,

0 if µ = 0.

Each country’s innovation rateµ is determined according to the same principles as
before. In particular, it will be equalλf (n) wheren is determined by the research-
arbitrage equation(9) above, provided that a positive solution to(9) exists. For example
if the research-productivity functionf satisfies the Inada-like condition:f ′(0) = ∞,
as in the example used above to derive the growth equation(10), then there will always
exist a positive solution to(9), so all countries will converge to the frontier growth rate.

But suppose, on the contrary, that this Inada-like condition does not hold, that instead:
f ′(0) < ∞. Then the research-arbitrage condition(9) must be replaced by the more
general Kuhn–Tucker conditions:

(15)1 � λf ′(n)δ(χ)L/m with n = 0 if the inequality is strict.
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That is, for an interior solution the expected marginal cost and benefit must be equal,
but the only equilibrium will be one with zero R&D if at that point the expected mar-
ginal benefit does not exceed the cost. It follows that the country will perform positive
R&D if:

(16)λδ(χ)L/m > 1/f ′(0),

but if condition(16)fails then there will be no research:n = 0 and hence no innovations:
µ = 0 and no growth:g = 0.

This means that countries will fall into two groups, corresponding to two convergence
clubs:

1. Countries with highly productive R&D, as measured byλ, or good educational
systems as measured by highλ or high L, or good property right protection as
measured by a highχ , will satisfy condition(16), and hence will grow asymptot-
ically at the frontier growth rateg.

2. Countries with low R&D productivity, poor educational systems and low prop-
erty right protection will fail condition(16) and will not grow at all. The gapdt

separating them from the frontier will grow forever at the rateg.

3.2. World growth and distribution

Since the world growth rateg given by(12) depends on each country’s innovation fre-
quencyµj = λjf (nj ), therefore world growth depends on the value for each country
of all the factors described in Section2.4 that determineµj . Thus any improvement in
R&D productivity, education or property rights anywhere in the innovating world will
raise the growth rate of productivity in all but the stagnating countries.

Moreover, the cross-country distribution of productivity is determined by these same
variables. For according to(14)each country’s long-run relative distance to the frontier
depends uniquely on its own innovation frequencyµ = λf (n). Two countries in which
the determinants of innovation analyzed in Section2.4 are the same will lie the same
distance from the frontier in the long run and hence will have the same productivity
in the long run. Countries with more productive R&D, better educational systems and
stronger property right protection will have higher productivity.

3.3. The role of financial development in convergence

The framework can be further developed by assuming that while the size of innovations
increases with the distance to the technological frontier (due to technology transfer),
the frequency of innovations depends upon the ratio between the distance to the techno-
logical frontier and the current stock of skilled workers. This enriched framework [see
Howitt and Mayer-Foulkes (2002)] can explain not only why some countries converge
while other countries stagnate but also why different countries may display positive yet
divergent growth patterns in the long-run.Benhabib and Spiegel (2002)develop a sim-
ilar account of divergence and show the importance of human capital in the process.
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The rest of this section presents a summary of the related model ofAghion, Howitt,
and Mayer-Foulkes (2004)(AHM) and discusses their empirical results showing the
importance of financial development in the convergence process.

Suppose that the world is as portrayed in the previous sections, but that research
aimed at making an innovation int must be done at periodt −1. If we assume perfectly
functioning financial markets then nothing much happens to the model except that the
research arbitrage condition(9) has a discount factorβ on the right-hand side to reflect
the fact that the expected returns to R&D occur one period later than the expenditure.16

But when credit markets are imperfect, AHM show that an entrepreneur may face a bor-
rowing constraint that limits her investment to a fixed multiple of her accumulated net
wealth. In their model the multiple comes from the possibility that the borrower can, at a
cost that is proportional to the size of her investment, decide to defraud her creditors by
making arrangements to hide the proceeds of the R&D project in the event of success.17

They also assume a two-period overlapping-generations structure in which the accumu-
lated net wealth of an entrepreneur is her current wage income, and in which there is just
one entrepreneur per sector in each country. This means that the further behind the fron-
tier the country falls the less will any entrepreneur be able to invest in R&D relative to
what is needed to maintain any given frequency of innovation. What happens in the long
run to the country’s growth rate depends upon the interaction between this disadvantage
of backwardness, which reduces the frequency of innovations, and the above-described
advantage of backwardness, which increases the size of innovations. The lower the cost
of defrauding a creditor the more likely it is that the disadvantage of backwardness will
be the dominant force, preventing the country from converging to the frontier growth
rate even in the long run. Generally speaking, the greater the degree of financial devel-
opment of a country the more effective are the institutions and laws that make it difficult
to defraud a creditor. Hence the link between financial development and the likelihood
that a country will converge to the frontier growth rate.

The following simplified account of AHM shows in more detail how this link be-
tween financial development and convergence works. Suppose that entrepreneurs have
no source of income other than what they can earn from innovating. Then they must
borrow the entire cost of any R&D project. Because there are constant returns to the
R&D technology,18 therefore in equilibrium that cost will equal the expected benefit,
discounted back to today:

Nt = µβπt+1.

This is also the expected discounted benefit to a borrower from paying a costcNt today
that would enable her to default in the event that the R&D project is successful. (There

16 For simplicity we suppose that everyone has linear intertemporal preferences with a constant discount
factorβ.
17 The “credit multiple” assumed here is much like that ofBernanke and Gertler (1989), as modified by
Aghion, Banerjee and Piketty (1999).
18 Seefootnote 2above.
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is no benefit if the project fails to produce an innovation because in that case the en-
trepreneur cannot pay anything to the creditor even if she has decided to be honest and
therefore has not paid the costcNt .) The entrepreneur will choose to he honest if the
cost at least as great as the benefit; that is, if:

(17)c � 1.

Otherwise she will default on any loan.
Suppose thatβλδ(χ)L/m > 1/f ′(0). This is the condition(16) above for positive

growth, modified to take discounting into account. It follows that in any country where
the incentive-compatibility constraint(17) holds then innovation will proceed as de-
scribed in the previous section, and the country will converge to the frontier growth
rate. But in any country where the cost of defrauding a creditor is less than unity no
R&D will take place because creditors would rationally expect to be defrauded of any
possible return from lending to an entrepreneur. Therefore convergence to the frontier
growth rate will occur only in countries with a level of financial development that is
high enough to put the cost of fraud at or above the limit of unity imposed by(17).

AHM test this effect of financial development on convergence by running the follow-
ing cross-country growth regression:

(18)gi − g1 = β0 + βf Fi + βy · (yi − y1) + βfy · Fi · (yi − y1) + βxXi + εi

wheregi denotes the average growth rate of per-capita GDP in countryi over the period
1960–1995,Fi the country’s average level of financial development,yi the initial (1960)
log of per-capita GDP,Xi a set of other regressors andεi a disturbance term with mean
zero. Country 1 is the technology leader, which they take to be the United States.

Defineŷi ≡ yi −y1, countryi’s initial relative per-capita GDP. Under the assumption
thatβy + βfyFi �= 0 we can rewrite(18)as:

gi − g1 = λi · (
ŷi − ŷ ∗

i

)
where the steady-state valueŷ ∗

i is defined by setting the right-hand side of(18) to zero:

(19)ŷ ∗
i = −β0 + βf Fi + βxXi + εi

βy + βfyFi

andλi is a country-specific convergence parameter:

(20)λi = βy + βfyFi

that depends on financial development.
A country can converge to the frontier growth rate if and only if the growth rate of

its relative per-capita GDP depends negatively on the initial valueŷi ; that is if and only
if the convergence parameterλi is negative. Thus the likelihood of convergence will
increase with financial development, as implied by the above theory, if and only if:

(21)βfy < 0.
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The results of running this regression using a sample of 71 countries are shown inTa-
ble 1, which indicates that the interaction coefficientβfy is indeed significantly negative
for a variety of different measures of financial development and a variety of different
conditioning setsX. The estimation is by instrumental variables, using a country’s legal
origins,19 and its legal origins interacted with the initial GDP gap(yi − y1) as instru-
ments forFi andFi(yi − y1). The data, estimation methods and choice of conditioning
setsX are all take directly fromLevine, Loayza and Beck (2000)who found a strongly
positive and robust effect of financial intermediation on short-run growth in a regres-
sion identical to(18) but without the crucial interaction termFi(yi − y1) that allows
convergence to depend upon the level of financial development.

AHM shown that the results ofTable 1are surprisingly robust to different estimation
techniques, to discarding outliers, and to including possible interaction effects between
the initial GDP gap and other right-hand-side variables.

3.4. Concluding remark

Thus we see how Schumpeterian growth theory and the quality improvement model
can naturally explain club convergence patterns, the so-called twin peaks pointed out
by Quah (1996). The Schumpeterian growth framework can deliver an explanation for
cross-country differences in growth rates and/or in convergence patterns based uponin-
stitutional considerations. No one can deny that such considerations are close to what
development economists have been concerned with. However, some may argue that
the quality improvement paradigm, and new growth theories in general, remain of lit-
tle help for development policy, that they merely formalize platitudes regarding the
growth-enhancing nature of good property right protection, sound education systems,
stable macroeconomy, without regard to specifics such as a country’s current stage of
development. In Sections4 and6 we will argue on the contrary that the Schumpeterian
growth paradigm can be used to understand (i) why liberalization policies (in particular
an increase in product market competition) should affect productivity growth differently
in sectors or countries at different stages of technological development as measured by
the distance variabled; and (ii) why the organizations or institutions that maximize
growth, or that are actually chosen by societies, also vary with distance to the frontier.

4. Linking growth to IO: innovate to escape competition

One particularly unappealing feature of the basic Schumpeterian model outlined in Sec-
tion 2 is the prediction that product market competition is unambiguously detrimental
to growth because it reduces the monopoly rents that reward successful innovators and

19 SeeLa Porta et al. (1998)for a detailed explanation of legal origins and its relevance as an instrument for
financial development.
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Table 1
Growth, financial development, and initial GDP gap. Estimation of equation:g − g1 = β0 + βf F + βy(y − y1) + βfyF (y − y1) + βxX

Financial Development(F )

Conditioning set(X)

Private Credit Liquid Liabilities Bank Assets

Empty Policya Fullb Empty Policya Fulla Empty Policya Fullb

Coefficient estimates
βf −0.015 −0.013 −0.016 −0.029 −0.030 −0.027 −0.019 −0.020 −0.022

(−0.93) (−0.68) (−0.78) (−1.04) (−0.99) (−0.90) (−1.07) (−1.03) (−1.12)
βy 1.507∗∗∗ 1.193∗ 1.131 2.648∗∗∗ 2.388∗∗ 2.384∗∗ 1.891∗∗∗ 1.335∗ 1.365

(3.14) (1.86) (1.49) (3.12) (2.39) (2.11) (3.57) (1.93) (1.66)
βfy −0.061∗∗∗ −0.063∗∗∗ −0.063∗∗∗ −0.076∗∗∗ −0.077∗∗∗ −0.073∗∗∗ −0.081∗∗∗ −0.081∗∗∗ −0.081∗∗∗

(−5.35) (−5.10) (−4.62) (−3.68) (−3.81) (−3.55) (−5.07) (−4.85) (−4.46)
Sample size 71 63 63 71 63 63 71 63 63

Notes: The dependent variableg−g1 is the average growth rate of per-capita real GDP relative to the US, 1960–95.F is average Financial Development 1960–95
using 3 alternative measures: Private Credit is the value of credits by financial intermediaries to the private sector, divided by GDP, Liquid Liabilities is currency
plus demand and interest-bearing liabilities of banks and non-bank financial intermediaries, divided by GDP, and Bank Assets is the ratio of all credits by banks
to GDP.y − y1 is the log of per-capita GDP in 1960 relative to the United States.
aThe Policy conditioning set includes average years of schooling in 1960, government size, inflation, the black market premium and openness to trade.
bThe Full conditioning set includes the policy set plus indicators of revolutions and coups, political assassinations and ethnic diversity.
Estimation is by IV usingL (legal origins) andL(y − y1) as instruments forF andF(y − y1). The numbers in parentheses are t-statistics. Significance at the
1%, 5% and 10% levels is denoted by*** , ** and* , respectively.
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thereby discourages R&D investments. Not only does this prediction contradict a com-
mon wisdom that goes back to Adam Smith, but it has also been shown to be (partly)
counterfactual [e.g., byGeroski (1995), Nickell (1996), and Blundell et al. (1999)].20

However, as we argue in this section, a simple modification reconciles the Schum-
peterian paradigm with the evidence on product market competition and innovation,
and also generates new empirical predictions that can be tested with firm- and industry-
level data. In this respect the paradigm can meet the challenge of seriously putting IO
into growth theory. The theory developed in this section is based onAghion, Harris
and Vickers (1997)andAghion et al. (2001), but cast in the discrete-time framework
introduced above.

4.1. The theory

We start by considering an isolated country in a variant of the technology-transfer model
of the previous section. This variant allows technology spillovers to occur across sectors
as well as across national borders. Thus there is a global technological frontier that is
common to all sectors, and which is drawn on by all innovations. The model takes as
given the growth rate of this global frontier, so that the frontierAt at the end of period
t obeys:

At = γAt−1,

whereγ > 1.
In each country, the general good is produced using the same kind of technology as

in the previous sections, but here for simplicity we assume a continuum of intermediate
inputs and we normalize the labor supply atL = 1, so that:

yt =
∫ 1

0
A1−α

it xα
it di,

where, in each sectori, only one firm produces intermediate inputi using the general
good as capital according to a one-for-one technology.

In each sector, the incumbent firm faces a competitive fringe of firms that can produce
the same kind of intermediate good, although at a higher unit cost. More specifically, we
assume that at the end of periodt , at unit costχ , where we assume 1< χ < 1/α < γχ ,
a competitive fringe of firms can produce one unit of intermediate inputi of a quality
equal to min(Ait , At−1), whereAit is the productivity level achieved in sectori after
innovation has had the opportunity to occur in sectori within periodt .

In each periodt , there are three types of sectors, which we refer to as type-j sectors,
with j ∈ {0, 1, 2}. A type-j sector starts up at the beginning of periodt with productivity
Aj,t−1 = At−1−j , that is,j steps behind the current frontierAt−1. The profit flow of an

20 We refer the reader to the second part of this section where we confront theory and empirics on the rela-
tionship between competition/entry and innovation/productivity growth.
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incumbent firm in any sector at the end of periodt , will depend upon the technological
position of that firm with regard to the technological frontier at the end of the period.

Between the beginning and the end of the current periodt , the incumbent firm in
any sectori has the possibility of innovating with positive probability. Innovations oc-
cur step-by-step: in any sector an innovation moves productivity upward by the same
factorγ . Incumbent firms can affect the probability of an innovation by investing more
in R&D at the beginning of the period. Namely, by investing the quadratic R&D effort
1
2γAi,t−1µ

2 an incumbent firmi in a type-0 or type-1 sector innovates with probabil-
ity µ.21 However, innovation is assumed to be automatic in type-2 sectors, which in turn
reflects a knowledge externality from more advanced sectors which limits the maximum
distance of any sector to the technological frontier.

Now, consider the R&D incentives of incumbent firms in the different types of sectors
at the beginning of periodt . Firms in type-2 sectors have no incentive to invest in R&D
since innovation is automatic in such sectors. Thus

µ2 = 0,

whereµj is the equilibrium R&D choice in sectorj .
Firms in type-1 sectors, that start one step behind the current frontier atAi,t−1 =

At−2 at the beginning of periodt , end up with productivityAt = At−1 if they suc-
cessfully innovate, and with productivityAt = At−2 otherwise. In either case, the
competitive fringe can produce intermediate goods of the same quality but at costχ

instead of 1, which in turn, as in Section2, the equilibrium profit is equal to:22

πt = Atδ(χ),

with

δ(χ) = (χ − 1)(χ/α)
1

α−1 .

Thus the net rent from innovating for a type-1 firm is equal to(
At−1 − At−2

)
δ(χ)

and therefore a type-1 firm will choose its R&D effort to solve:

max
µ

{(
At−1 − At−2

)
δ(χ)µ − 1

2
γAt−2µ

2
}
,

21 We thus depart slightly from our formulation in the previous sections: here we take the probability of
innovation, not the R&D effort, as the optimization variable. However the two formulations are equivalent:
that the innovation probabilityf (n) = µ is a concave function of the effortn, is equivalent to saying that the
effort is a convex function of the probability.
22 Imitation does not destroy the rents of non-innovating firms. We assume nevertheless that the firm ignores
any continuation value in its R&D decision.
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which yields

µ1 =
(

1 − 1

γ

)
δ(χ).

In particular an increase in product market competition, measured as an reduction in the
unit costχ of the competitive fringe, will reduce the innovation incentives of a type-1
firm. This we refer to as theSchumpeterian effect of product market competition: com-
petition reduces innovation incentives and therefore productivity growth by reducing
the rents from innovations of type-1 firms that start below the technological frontier.
This is the dominant effect, both in IO models of product differentiation and entry, and
in basic endogenous growth models as the one analyzed in the previous sections. Note
that type-1 firms cannot escape the fringe by innovating: whether they innovate or not,
these firms face competitors that can produce the same quality as theirs at costχ . As
we shall now see, things become different in the case of type-0 firms.

Firms in type-0 sectors, that start at the current frontier, end up with productivityAt

if they innovate, and stay with their initial productivityAt−1 if they do not. But the
competitive fringe can never get beyond producing qualityAt−1. Thus, by innovating,
a type-0 incumbent firm produces an intermediate good which isγ times better than
the competing good the fringe could produce, and at unit cost 1 instead ofχ for the
fringe. Our assumption1

α
< γχ then implies that competition by the fringe is no longer

a binding constraint for an innovating incumbent, so that its equilibrium profit post-
innovation, will simply be the profit of an unconstrained monopolist, namely:

πt = Atδ(1/α).

On the other hand, a type-0 firm that does not innovate will keep its productivity equal
to At−1. Since the competitive fringe can produce up to this quality level at costχ , the
equilibrium profit of a type-0 firm that does not innovate is equal to

πt = At−1δ(χ).

A type-0 firm will then choose its R&D effort to:

max
µ

{[
Atδ(1/α) − At−1δ(χ)

]
µ − 1

2
γAt−1µ

2
}
,

so that in equilibrium

µ0 = δ(1/α) − 1

γ
δ(χ).

In particular an increase in product market competition, i.e. a reduction inχ , will now
have a fostering effect on R&D and innovation. This, we refer to as theescape competi-
tion effect: competition reduces pre-innovation rents of type-0 incumbent firms, but not
their post-innovation rents since by innovating these firms have escaped the fringe. This
in turn induces those firms to innovate in order to escape competition with the fringe.

The combination of these two effects can explain the non-monotonicity of the rela-
tionship between competition and growth that we find in the data.
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4.2. Empirical predictions

The above analysis generates interesting predictions:
1. Innovation in sectors in which firms are close to the technology frontier, react

positively to an increase in product market competition;
2. Innovation reacts less positively, or negatively, in sectors in which firms are further

below the technological frontier.
These predictions have been confronted byAghion et al. (2002)with UK firm level

data on competition and patenting, and we briefly summarize their findings in the next
subsection.

4.3. Empirical evidence and relationship to literature

Most innovation-based growth models – including the quality improvement model de-
veloped in the above two sections – would predict that product market competition is
detrimental to growth as it reduces the monopoly rents that reward successful innovators
(we refer to this as the Schumpeterian effect of competition). However, an increasing
number of empirical studies have cast doubt on this prediction. The empirical IO liter-
ature on competition and innovation starts with the pioneering work ofScherer (1967),
followed byCohen and Levin (1989), and more recently byGeroski (1995). All these
papers point to a positive correlation between competition and growth. However, com-
petition is often measured by the inverse of market concentration, an indicator which
Boone (2000)and others have shown to be problematic: namely, higher competition be-
tween firms with different unit costs may actually result in a higher equilibrium market
share for the low cost firm! More recently,Nickell (1996)andBlundell et al. (1999)
have made further steps by conducting cross-industry analyses over longer time periods
and by proposing several alternative measures of competition, in particular the inverse
of the Lerner index (defined as the ratio of rents over value added) or by the number of
competitors for each firm in the survey. However, none of these studies would uncover
the reason(s) why competition can be growth-enhancing or why the Schumpeterian ef-
fect does not seem to operate.

It is by merging the Schumpeterian growth paradigm with previous patent race mod-
els (in which each of two incumbent firms would both, compete on the product market
and innovate to acquire a lead over its competitor), thatAghion, Harris and Vickers
(1997), henceforth AHV, andAghion et al. (2001), henceforth AHHV, have developed
new models of competition and growth with step-by-step innovations that reconcile
theory and evidence on the effects of competition and growth: by introducing the possi-
bility that innovations be made by incumbent firms that compete “neck-and-neck”, these
extensions of the Schumpeterian growth framework show the existence of an “escape
competition” effect that counteracts the Schumpeterian effect described above. What
facilitated this merger between the Schumpeterian growth approach and the patent race
models, is that: (i) both featured quality-improving innovations; (ii) models with vertical
innovations in turn were particularly convenient to formalize the notion of technological
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distance and that of “neck-and-neck” competition. A main prediction of this new vintage
of endogenous growth models, is that competition should be most growth-enhancing in
sectors in which incumbent firms are close to the technological frontier and/or compete
“neck-and-neck” with one another, as it is in those sectors that the “escape competition”
effect should be the strongest.

These models in turn have provided a new pair of glasses for deeper empirical
analyses of the relationship between competition/entry and innovation/growth. The two
studies we briefly mention in the remaining part of this section have not only produce in-
teresting new findings; they also suggested a whole new way of confronting endogenous
growth theories with data, one that is more directly grounded on serious microecono-
metric analyses based on detailed firm/industry panels.

The paper byAghion et al. (2002), henceforth ABBGH, takes a new look at the effects
of product market competition on innovation, by confronting the main predictions of the
AHV and AHHV models to firm level data. The prediction we want to emphasize here
as it is very much in tune with our theoretical discussion in the previous subsections, is
that the escape competition effect should be strongest in industries in which firms are
closest to the technological frontier.

ABBGH considers a UK panel of individual companies during the period 1968–
1997. This panel includes all companies quoted on the London Stock Exchange over
that period, and whose names begin with a letter from A to L. To compute competition
measures, the study uses firm level accounting data from Datastream; product market
competition is in turn measured by one minus the Lerner index (ratio of operating prof-
its minus financial costs over sales), controlling for capital depreciation, advertising
expenditures, and firm size. Furthermore, to control for the possibility that variations in
the Lerner index be mostly due to variations in fixed costs, we use policy instruments
such as the implementation of the Single Market Program or lagged values of the Lerner
index as instrumental variables. Innovation activities, in turn, are measured both, by the
number of patents weighted by citations, and by R&D spending. Patenting information
comes from the U.S. Patent Office where most firms that engage in international trade
register their patents; in particular, this includes 461 companies on the London Stock
Exchange with names starting by A to L, for which we already had detailed accounting
data. Finally, technological frontier is measured as follows: suppose a UK firm (call iti)
belongs to some industry A; then we measure technological distance by the difference
between the maximum TFP in industry A across all OECD countries (we call itTFPF ,
where the subscript “F ” refers to the technological frontier) and the TFP of the UK
firm, divided by the former:

mi = TFPF − TFPi

TFPF

.

Figure 1summarizes our main findings. Each point on this figure corresponds to
one firm in a given year. The upper curve considers only those firms in industries
where the average distance to the technological frontier is less than the median dis-
tance across all industries, whereas the lower curve includes firms in all industries.
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Figure 1. Inovation and competention: The neck and neck split. The figure plots a measure of competition on
thex-axis again citation weighted patents on they-axis. Each point represents an industry-year. The circles
show the exponential quadratic curve that is reported in column (2) ofTable 1. The triangles show the expo-
nential quadratic curve estimated only on neck-and-neck industires that is reported in column (4) ofTable 1.

We clearly see that the effect of product market competition on innovation is all the
more positive that firms are closer to the technological frontier (or equivalently are
more “neck-and-neck”). Another interesting finding that comes out of the figure, is that
the Schumpeterian effect is also at work, and that it dominates at high initial levels
of product market competition. This in turn reflects the “composition effect” pointed
out in the previous subsection: namely, as competition increases and neck-and-neck
firms therefore engage in more intense innovation to escape competition, the equilib-
rium fraction of neck-and-neck industries tends to decrease (equivalently, any individual
firm spends less time in neck-and-neck competition with its main rivals) and therefore
the average impact of the escape competition effect decreases at the expense of the
counteracting Schumpeterian effect. The ABBGH paper indeed shows that the average
distance to the technological distance increases with the degree of product market com-
petition. The Schumpeterian effect was missed by previous empirical studies, mainly
as a result of their being confined to linear estimations. Instead, more in line with
the Poisson technology that governs the arrival of innovations both, in Schumpeterian
and in patent race models, ABBGH use a semi-parametric estimation method in which
the expected flow of innovations is a piecewise polynomial function of the Lerner in-
dex.
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4.4. A remark on inequality and growth

Our discussion of the effects of competition on growth also sheds light on the current
debate on the effects of income or wealth inequality on growth. A recent literature23

has emphasized the idea that in an economy with credit-constraints, where the poor do
not have full access to efficient investment opportunities, redistribution may enhance
investment by the poor more than it reduces incentives for the rich, thereby resulting
in higher aggregate productive efficiency in steady-state and higher rate of capital ac-
cumulation on the transition path to the steady-state. Our discussion of the effects of
competition on innovation and growth hints at yet another negative effect of excessive
wealth concentration on growth: to the extent that innovative activities tend to be more
intense in sectors in which firms or individuals compete “neck-and-neck”, taxing further
capital gains by firms that are already well ahead of their rivals in the same sector may
enhance the aggregate rate of innovation by shifting the overall distribution of tech-
nological gaps in the economy towards a higher fraction of neck-and-neck sectors in
steady-state.

More generally, having too many sectors in which technological knowledge and/or
wealth are highly concentrated, may inhibit growth as it both, discourages laggard firms
or potential entrants, and reduces the leader’s incentives to innovate in order to escape
competition given that the competitive threat coming from laggards or potential entrants
is weak; the leader may actually prefer to invest her wealth into entry deterrence activ-
ities. These considerations may in turn explain why, following a high growth period
during the industrial revolution in the 19th century, growth slowed down at the turn
of the 20th century in France or England at the same time wealth distribution became
highly concentrated: the high concentration of wealth that resulted from the industrial
revolution, turned the innovators of the mid 19th century into entrenched incumbents
with the power to protect their dominant position against competition by new potential
entrants.24

5. Scale effects25

5.1. Theory

Jones (1995)has pointed out that the simple model of the preceding sections whereby
increased population leads to increased growth, by raising the size of the market for
a successful entrepreneur and by raising the number of potential R&D workers, is not
consistent with post-war evidence. In the United States, for example, the number of

23 For example, seeGalor and Zeira (1993), Banerjee and Newman (1993), andAghion and Bolton (1997).
24 SeePiketty et al. (2003).
25 This section draws onHa and Howitt (2004).
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scientists and engineers engaged in R&D has grown by a factor of five since the 1950s
with no significant trend increase in productivity growth. This refutes the version of the
basic model in which productivity growth is a function of skilled labor applied to R&D
(Section2.3). Likewise, the fact that productivity-adjusted R&D has grown substantially
over the same period rejects the version of the model presented in Section2 above in
which productivity growth is a function of productivity-adjusted research.

5.1.1. The Schumpeterian (fully endogenous) solution

Schumpeterian theory deals with this problem of the missing scale effect on productivity
growth by incorporatingYoung’s (1998)insight that as an economy grows, proliferation
of product varieties reduces the effectiveness of R&D aimed at quality improvement, by
causing it to be spread more thinly over a larger number of different sectors.26 When
modified this way the theory is consistent with the observed coexistence of stationary
TFP growth and rising R&D input, because in a steady state the growth-enhancing effect
of rising R&D input is just offset by the deleterious effect of product proliferation.

The simplest way to illustrate this modification is to suppose that the number of
sectorsm is proportional to the size of populationL. For simplicity normalize so
thatm = L.27 Then the growth equation(10)becomes:

(22)g = λ2δ(χ)(γ − 1).

It follows directly from comparing(22)with (10) that all the comparative-statics propo-
sitions of Section2.4 continue to hold except that now the growth rate is independent
of population size.

5.1.2. The semi-endogenous solution

Jones (1999)argues that this resolution of the problem is less intuitively appealing than
his alternative semi-endogenous theory, built on the idea of diminishing returns to the
stock of knowledge in R&D. In this theory sustainedgrowth in R&D input is necessary
just to maintain a given rate of productivity growth. Semi-endogenous growth theory has
a stark long-run prediction, namely that the long-run rate of productivity growth, and
hence the long-run growth rate of per-capita income, depend on the rate of population
growth, which ultimately limits the growth rate of R&D labor, to the exclusion of all
economic determinants.

In Jones’s formulation:

g = λf (n)Aφ−1(γ − 1), φ < 1

26 Variants of this idea have been explored byvan de Klundert and Smulders (1997), Peretto (1998),
Dinopoulos and Thompson (1998)andHowitt (1999).
27 Thus, in contrast toRomer (1990)where horizontal innovations drive the growth process, here product
proliferation eliminates scale effects and long-run growth is still ultimately driven by quality-improving in-
novations.
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where the R&D inputn is measured by the number R&D workers in G5 countries.
Except for the assumption of diminishing returns (φ < 1) this is equivalent to the
original formulation(5). In the special case wheref takes a Cobb–Douglas form we
have, in continuous time:

g ≡ Ȧ/A = λnσ Aφ−1(γ − 1)

so that:

(23)ġ/g = (1 − φ)(γ ′gn − g)

wheregn = ṅ/n is the growth rate of R&D workers andγ ′ = σ/(1 − φ).
This semi-endogenous model is compatible with the observation of positive trend

growth in R&D input, because as long asφ < 1 and the time path ofgn is bounded, the
differential equation(23)yields a bounded solution for productivity growth. In particu-
lar, if gn is constant, or approaches a constant, then

g → γ ′gn.

In the long run the growth rate of R&D labor cannot exceed the growth rateη of pop-
ulation, and in a balanced growth equilibrium it will equalη. Likewise, the growth rate
of productivity-adjusted R&D expenditure will equalη along a balanced growth path.
Hence the radical implication that the long-run growth rate of an economy will equal
γ ′η, independently of what fraction of society’s resources are assigned to knowledge
creation. Policies to stimulate R&D will have at most transitory effects on productivity
growth and, by extension, on per-capita income growth.

5.2. Evidence

These two competing approaches to reconciling R&D-based theory with the observed
upward trend in R&D input offer a stark contrast. The Schumpeterian approach with
product-proliferation effects retains all the characteristic comparative statics predictions
of endogenous growth theory as outlined in Section2.4, while Jones’s semi-endogenous
theory denies all these predictions.

Fortunately the two competing approaches can also be tested using observed trends in
productivity growth and R&D input. Specifically, the semi-endogenous model implies
that the growth rate of productivity will track the growth rate of R&D input, whereas
the Schumpeterian model implies that it will track the fraction of GDP spent on R&D.28

To derive this Schumpeterian implication note that, according to the growth equa-
tion (5), productivity growth depends on productivity-adjusted R&D per sector,n. Given
the assumptionm = L, if GDP per person grows asymptotically at the rateg thenn will
be proportional to the fraction of GDP spent on R&D.

28 Zachariadis (2003)shows that the fully-endogenous Schumpeterian theory without scale effects also passes
a number of other tests using U.S. data. Specifically, he finds using two-digit industry level data that patenting,
technological progress and productivity growth all depend upon the ratio of R&D expenditures to output, as
implied by the fully endogenous theory.
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Figure 2. TFP growth rates, U.S., 1950–2000.

Figure 2shows the growth rate of productivity in the United States from 1950 to
2000. There is no discernible trend. An Augmented Dickey–Fuller test rejects a unit
root at the 1% significance level, confirming the stationarity of this series. Thus semi-
endogenous theory implies that the growth rate of R&D input should also be trendless
and stationary, whereas Schumpeterian theory implies that the R&D/GDP ratio should
be trendless and stationary.

5.2.1. Results

Figure 3shows that growth rates of the number of R&D workers in the G5 countries,N ,
and U.S. R&D expenditure,R, appear to have a substantial negative trend, having fallen
roughly fourfold since the early 1950s. The impression of non-stationarity is supported
by an Augmented Dickey–Fuller test, which fails to reject a unit root ingN at the 5%
level.
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Figure 3. Growth rates of G5 R&D workers and U.S. R&D expenditures.

These findings are inconsistent with the implications of semi-endogenous growth
theory.29 Indeed they undermine the central proposition of semi-endogenous theory,
because if productivity growth can be sustained for 50 years in the face of such a large
fall in the growth rate of R&D labor then there is no reason to suppose that popula-
tion growth limits productivity growth, except perhaps over a time scale of hundreds of
years.

Figure 4shows that the fraction of GDP spend on R&D in the U.S. looks more or
less stable with perhaps a small upward trend.30 It is notable that ever since 1957, R&D
as a percentage of GDP has been fluctuating between 2.1% and 2.9%, with similar

29 The data on G5 R&D workers come from Jones, who had to guess at the non-U.S. component from 1950
to 1965. However,Ha and Howitt (2004)consider a broader range of R&D measures. They also show that
the formal cointegration predictions implied by semi-endogenous theory are not found in these data, even
if attention is restricted to the post-1965 date, while the even tighter cointegration predictions implied by
Schumpeterian theory are found. Ha and Howitt also conduct a calibration exercise and show that the semi-
endogenous model when fit to pre-2000 U.S. data predicts productivity worse than the fully endogenous
model.
30 There appears to be a more significant upward trend if we omit space and defense R&D, as is done by many
researchers in the productivity literature on the grounds that they do not find spillovers from these components



Ch. 2: Growth with Quality-Improving Innovations: An Integrated Framework 97

Figure 4. R&D intensity, U.S., 1953–2000.

movements as in productivity growth: downward trend for 1964–1975 and upward trend
for 1975–2000. The stationarity of this series is confirmed by an Augmented Dickey–
Fuller test, which rejects a unit root at the 1% level. This is in conformity with the
version of Schumpeterian theory presented above, adjusted to take into account the
effects of product proliferation.

5.3. Concluding remarks

The scale effect whereby increased population should lead to increased productivity
growth clearly refutes a simple interpretation of the model in Section2, in which L

stands for thenumber of (skilled) individuals. However, we have shown in this section

of R&D. However, this literature has not allowed for the very long lags with which we think federal R&D
has its effects. Moreover, throwing out federal R&D would at times amount to throwing out about 70% of the
total.
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that even if we stick to this interpretation ofL, a simple variant of the Schumpeterian
model can be developed, which carries all the same long-run growth implications except
for the scale effect. The rival semi-endogenous theory ofJones (1995), which denies
endogenous growth in the very long run, is inconsistent with the observation that pro-
ductivity growth can be sustained through half a century of falling growth in R&D labor.
The analogous implication of amended Schumpeterian theory, namely that productivity
growth can be sustained as long as society allocates a constant fraction of its resources
to research, is consistent with the evidence.

Two brief remarks conclude this section. First, there is no evidence pointing to the
absence of a scale effect at the world level or in small closed economies. That the stock
of educated labor should affect technological convergence and productivity growth
worldwide was first pointed out byNelson and Phelps (1966). Second, if we replace
L by LeN , where eN denotes thequality of the labor force as measured for example by
the average number of years in schooling (so that more educated countries have more
efficiency units of labor), then even if one eliminates scale effects by takingL = m,
there will still remain a “level effect” embodied in the eN term, whereby a higher aver-
age number of years of educationN has a positive effect on growth. In the next section
we show that increasing the fraction of highly educated workers and/or increasing the
average number of years in schooling, have a positive impact on the rate of productiv-
ity growth, but the extent of which depends upon the country’s distance to the world
technology frontier: in particular, the closer a country is to the frontier, the higher is the
effect of an additional year of higher education on its rate of productivity growth.

6. Linking growth to institutional change

6.1. From Schumpeter to Gerschenkron

By linking growth to innovation and entrepreneurship, and innovation incentives in turn
to characteristics of the economic environment, new growth theories made it possible
to analyze the interplay between growth and the design of policies and institutions. For
example, the basic model developed in Section2 suggested that long-run growth would
be best enhanced by a combination of good property right protection (to protect the
rents of innovators against imitation), a good education system (to increase the effi-
ciency of R&D activities and/or the supply of skilled manufacturing labor), and a stable
macroeconomy to reduce interest rates (and thereby increase the net present value of in-
novative rents). Our discussion of convergence in Section3 then suggested that the same
policies or institutions would also increase a country’s ability to join the convergence
club.

However, new growth theories may be criticized by development economists and pol-
icy makers, precisely because of the universal nature of the policy recommendations that
appear to follow from them: no matter how developed a country or sector currently is,
it seems that one should prescribe the same medicines (legal reform to enforce property
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rights, investment climate favorable to entrepreneurship, education, macrostability, etc.)
to maximize the growth prospects of that country or sector.

Yet, in his essay onEconomic Backwardness in Historical Perspective, Gerschenkron
(1952) argues that relatively backward economies could more rapidly catch up with
more advanced countries by introducing “appropriate institutions” that are growth-
enhancing at an early stage of development but may cease to be so at a later stage. Thus,
countries like Japan or Korea managed to achieve very high growth rates between 1945
up until the 1990s with institutional arrangements involving long-term relationships
between firms and banks, the predominance of large conglomerates, and strong gov-
ernment intervention through export promotion and subsidized loans to the enterprise
sector, all of which depart from the more market-based and laissez-faire institutional
model pioneered and promoted by the U.S.

That growth-enhancing institutions or policies might change with a country’s or sec-
tor’s distance to the technological frontier, should not come as a total surprise to our
readers at this point: in Section4, we saw that competition could have opposite effects
on innovation incentives depending on whether firms were initially closer to or farther
below the fringe in the corresponding industry (it would enhance innovations in neck-
and-neck industries, and discourage it in industries where innovating firms are far below
the frontier). The same type of conclusion turns out to hold true when one looks at the
interplay between countries’ distance to the world technology frontier and “openness”.
Using a cross-country panel of more than 100 countries over the 1960–2000 period,
Acemoglu, Aghion and Zilibotti (2002), henceforth AAZ, regress the average growth
rate over a five year period on a country’s distance to the U.S. frontier (measured by
the ratio of GDP per capita in that country to per capita GDP in the U.S.) at the begin-
ning of the period. Then, splitting the sample of countries in two groups, corresponding
respectively to a high and a low openness group according toFrankel–Romer’s (1999)
openness indicator, AAZ show that average growth decreases more rapidly as a coun-
try approaches the world frontier when openness is low. Thus, while a low degree of
openness does not appear to be detrimental to growth in countries far below the world
frontier, it becomes increasingly detrimental to growth as the country approaches the
frontier. AAZ repeat the same exercise using entry costs to new firms (measured as in
Djankov et al. (2002)) instead of openness, and they obtain a similar conclusion, namely
that high entry costs are most damaging to growth when a country is close to the world
frontier, unlike in countries far below the frontier.

In this section, we shall argue that Gerschenkron’s idea of “appropriate institutions”
can be easily embedded into our growth framework, in a way that can help substantiate
the following claims:

1. Different institutions or policy designs affect productivity growth differently de-
pending upon a country’s or sector’s distance to the technological frontier.

2. A country’s distance to the technological frontier affects the type of organizations
we observe in this country (e.g., bank versus market finance, vertical integration
versus outsourcing, etc.).



100 P. Aghion and P. Howitt

The remaining part of the section is organized as follows. We first describe the growth
equation which AAZ introduce to embed the notion of “appropriate institutions” into
the Schumpeterian growth framework. We then focus on the first question about the
effects of institution design on productivity growth, by concentrating on the relationship
between growth and the organization of education. Finally, we briefly discuss the effects
of distance on equilibrium institutions in a concluding subsection.

6.2. A simple model of appropriate institutions

Consider the following variant of the multi-country growth model of Section3. In each
country, a unique general good which also serves as numéraire, is produced competi-
tively using a continuum of intermediate inputs according to:

(24)yt =
∫ 1

0

(
At(i)

)1−α
xt (i)

α di,

whereAt(i) is the productivity in sectori at time t , xt (i) is the flow of intermediate
goodi used in general good production again at timet , andα ∈ [0, 1].

As before, ex post each intermediate good producer faces a competitive fringe of im-
itators that forces her to charge a limit pricept (i) = χ > 1. Consequently, equilibrium
monopoly profits (gross of the fixed cost) are simply given by:

πt (i) = δAt (i)

whereδ ≡ (χ − 1)χ− 1
1−α .

We still let

At ≡
∫ 1

0
At(i) di

denote the average productivity in the country at datet , At the productivity at the world
frontier which we assume to grow at the constant rateg from one period to the next, and
at = At/At the (inverse) measure of the country’s distance to the technological frontier
at datet .

The main departure from the convergence model in Section3, lies in the equation
for productivity growth. Suppose that intermediate firms have two ways to generate
productivity growth: (a) they can imitate existing world frontier technologies; (b) they
can innovate upon the previous local technology. More specifically, we assume:

(25)At(i) = ηAt−1 + γAt−1,

whereηAt−1 andγAt−1 refer respectively to the imitation and innovation components
of productivity growth. Imitations use the existing frontier technology at the end of
period(t − 1), thus they multiplyAt−1, whereas innovations build on the knowledge
stock of the country, and therefore they multiplyAt−1.
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Now dividing both sides of(25)by At , using the fact that

At = (1 + g)At−1,

and integrating over all intermediate sectorsi, we immediately obtain the following
linear relationship between the country’s distance to frontierat at datet and the distance
to frontierat−1 at datet − 1:

(26)at = 1

1 + g
(η + γ at−1).

This equation clearly shows that the relative importance of innovation for productiv-
ity growth, increases as: (i) the country moves closer to the world technological frontier,
i.e. asat−1 moves closer to 1, whereas imitation is more important when the country
is far below the frontier, i.e. whenat−1 is close to zero; (ii) a new technological rev-
olution (e.g., the ITC revolution) occurs that increases the importance of innovation,
i.e. increasesγ .

This immediately generates a theory of “appropriate institutions” and growth: sup-
pose that imitation and innovation activities do not require the same institutions. Typ-
ically, imitation activities (i.e.η in Equation(26)) will be enhanced by long-term in-
vestments within (large) existing firms, which in turn may benefit from long-term bank
finance and/or subsidized credit. On the other hand, innovation activities (i.e.γ ) re-
quire initiative, risk-taking, and also the selection of good projects and talents and the
weeding out of projects that turn out not to be profitable. This in turn calls for more
market-based and flexible institutions, in particular for a higher reliance on market fi-
nance and speculative monitoring, higher competition and trade liberalization to weed
out the bad projects, more flexible labor markets for firms to select the most talented or
best matched employees, non-integrated firms to increase initiative and entrepreneur-
ship downstream, etc. It then follows from Equation(26) that the growth-maximizing
institutions will evolve as a country moves towards the world technological frontier.
Far below the frontier, a country will grow faster if it adopts what AAZ refers to as
investment-based institutions or policies, whereas closer to the frontier growth will be
maximized if the country switches toinnovation-based institutions or policies.

A natural question is of course whether institutions actually change when they should
from a growth- (or welfare-) maximizing point of view, in other words how do equi-
librium institutions at all stages of development compare with the growth-maximizing
institutions? This question is addressed in details in AAZ, and we will come back to it
briefly in the last subsection.

6.3. Appropriate education systems

In his seminal paper on economic development,Lucas (1988)emphasized theaccu-
mulation of human capital as a main engine of growth; thus, according to the analysis
in that paper, cross-country differences in growth rates across countries are primarily
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attributable to differences inrates of accumulation of human capital. An alternative ap-
proach, pioneered byNelson and Phelps (1966), revived by the Schumpeterian growth
literature,31 would instead emphasize the combined effect of thestock of human capital
and of the innovation process in generating long-run growth and fostering convergence.
In this alternative approach, differences in growth rates across countries are mainly at-
tributable to differences instocks of human capital, which in turn condition countries’
ability to innovate or adapt to new technologies and thereby catch up with the world
technological frontier. Thus, in the basic model of Section2, the equilibrium R&D in-
vestment and therefore the steady-state growth rate were shown to be increasing in the
aggregate supply of (skilled) laborL and in the productivity of researchλ, both of
which refer more to thestock andefficiency of human capital than to its rate of accumu-
lation.

Now, whichever approach one takes, and the evidence so far supports the two ap-
proaches as being somewhat complementary, one may worry about growth models
delivering too general a message, namely that more education is always growth enhanc-
ing. In this subsection we try to go one step further and argue that the AAZ specification
(summarized by Equation(25)), can be used to analyze the effects, not only of the total
amount of education, but more importantly of theorganization of education, on growth
in countries at different stages of development.

This subsection, which is based onAghion, Meghir and Vandenbussche (2003),32

henceforth AMV, focuses on one particular aspect of the organization of education sys-
tems, namely the mix between primary, secondary, and higher education. We consider
a variant of the AAZ model outlined in the previous subsection, in which innovation
requires highly educated labor, whereas imitation can be performed by both, highly ed-
ucated and lower-skill workers. A main prediction emerging from this model, is that
the closer a country gets to the world technology frontier, the more growth-enhancing
it becomes to invest in higher education. In the latter part of the subsection we confront
this prediction with preliminary cross-country evidence.

6.3.1. Distance to frontier and the growth impact of higher education

There is again a unique general good, produced competitively using a continuum of
intermediate inputs according to:

(27)y =
∫ 1

0
A(i)1−αx(i)α di,

whereA(i) is the productivity in sectori, x(i) is the flow of intermediate goodi used
in general good production,α ∈ [0, 1].

31 For example, seeAcemoglu, Aghion, and Zilibotti (2002), Acemoglu et al. (2003), Aghion, Howitt and
Violante (2002)andAghion (2002).
32 See alsoAghion et al. (2005).
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In each intermediate sectori, one intermediate producer can produce the intermediate
good with leading-edge productivityAt(i), using general good as capital according to
a one-for-one technology. As before, ex post each intermediate good producer faces a
competitive fringe of imitators that forces her to charge a limit pricep(i) = χ > 1.
Consequently, we have:

p(i) = χ = ∂y

∂x
,

so that equilibrium monopoly profits in each sectori are given by:

π(i) = (
p(i) − 1

)
x(i) = δπ(i) = δA(i)L

whereδ = (χ − 1)(
χ
α
)

−1
1−α .

As in the previous subsection, intermediate firms can increase productivity, either
by imitating frontier technologies or by innovating upon existing technologies in the
country. Imitation can be performed by both types of workers, whereas innovation re-
quires high education. More specifically, we focus on the following class of productivity
growth functions:

(28)At(i) − At−1(i) = uσ
m,i,t s

1−σ
m,i,tAt−1 + γ u

φ
n,i,t s

1−φ
n,i,t At−1,

whereum,i,t (resp.sm,i,t ) is the amount of unskilled (resp. skilled) labor used in imi-
tation in sectori at timet , un,i,t (resp.sn,i,t ) is the amount of unskilled (resp. skilled)
units of labor used by sectori in innovation at timet , σ (resp.φ) is the elasticity of un-
skilled labor in imitation (resp. innovation), andγ > 0 measures the relative efficiency
of innovation compared to imitation in generating productivity growth.

We assume:

ASSUMPTION1. The elasticity of skilled labor is higher in innovation than in imitation,
and conversely for the elasticity of unskilled labor, that is: φ < σ .

Let S (resp.U = 1 − S) denote the fraction of the labor force with higher (resp.
primary or secondary) education. Letwu,tAt−1 (resp.ws,tAt−1) denote the current price
of unskilled (resp. skilled) labor.

The total labor cost of productivity improvement by intermediate firmi at timet , is
thus equal to:

Wi,t = [
wu,t (um,i,t + un,i,t ) + ws,t (sm,i,t + sn,i,t )

]
At−1.

Lettingat = At/At measure the country’s distance to the technological frontier, and
letting the frontier technologyAt grow at constant rateg, the intermediate producer will
maximize profits net of total labor costs, namely:

(29)max
um,i,t ,sm,i,t ,un,i,t ,sn,i,t

{
δ
[
uσ

m,i,t s
1−σ
m,i,t (1 − at−1) + γ u

φ
n,i,t s

1−φ
n,i,t at−1

]
At−1 − Wi,t

}
.



104 P. Aghion and P. Howitt

Using the fact that all intermediate firms face the same maximization problem, and
that there is a unit mass of intermediate firms, we necessarily have:

(30)uj,i,t ≡ uj,t ; sj,i,t ≡ sj,t for all i and forj = m, n;
and in equilibrium:

(31)S = sm,t + sn,t ; U = 1 − S = um,t + un,t .

Taking first order conditions for the maximization problem(29), then making use of
(30)and(31), and then computing the equilibrium rate of productivity growth

gt =
∫ 1

0

At(i) − At−1

At−1
di,

one can establish [seeAMV (2003)]:

LEMMA 1. Let ψ = σ(1−φ)
(1−σ)φ

. If parameter values are such that the solution to (29) is
interior, then we have:

∂gt

∂a
= φ(1 − φ)h′(a)h(a)1−φ

[
h(a)U − S

]
,

where

h(a) =
(

(1 − σ)ψσ (1 − a)

(1 − φ)γ a

) 1
σ−φ

� S

U
.

This, together with the fact thath(a) is obviously decreasing ina given ourAssump-
tion 1, immediately implies:

PROPOSITION1. A marginal increase in the fraction of labor with higher education,
enhances productivity growth all the more the closer the country is from the world
technology frontier, that is:

∂2gt

∂a∂S
> 0.

The intuition follows directly from the Rybczynski theorem in international trade.
Stated in the context of a two sector-two input economy, this theorem says that an in-
crease in the supply of input in the sector that uses that input more intensively, should
increase “output” in that sector more than proportionally. To transpose this result to the
context of our model, consider the effect of an increase in the supply of skilled labor,
keeping the supply of unskilled labor fixed and for givena. Given that skilled workers
contribute relatively more to productivity growth and profits if employed in innovation
rather than in imitation (ourAssumption 1), the demand for additional skilled labor will
tend to be higher in innovation. But then the marginal productivity of unskilled labor
should also increase more in innovation than in imitation, hence a net flow of unskilled
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workers should also move from imitation into innovation. This in turn will enhance fur-
ther the marginal productivity of skilled labor in innovation, thereby inducing an ever
greater fraction of skilled labor to move to innovation. Now the closer the country is to
the technology frontier (i.e. the highera), the stronger this Rybszynski effect as a higher
a increases the efficiency of both, skilled and unskilled labor, in innovation relative to
imitation. A second, reinforcing, reason is that an increase in the fraction of skilled la-
bor reduces the amount of unskilled labor available in the economy, hence reducing the
marginal productivity of skilled labor in imitation, all the more the closer the country is
from the frontier.

We can now confront this prediction with cross-country evidence on higher educa-
tion, distance to frontier, and productivity growth.

6.3.2. Empirical evidence

The prediction that higher education has stronger growth-enhancing effects close to
the technological frontier can be tested using cross-regional or cross-country data. Thus
VAM consider a panel dataset of 19 OECD countries over the period 1960–2000. Output
and investment data are drawn from Penn World Tables 6.1 (2002) and human capital
data fromBarro and Lee (2000). The Barro–Lee data indicate the fraction of a country’s
population that has reached a certain level of schooling at intervals of five years, so VAM
use the fraction that has received some higher education together with their measure
of TFP (itself constructed assuming a constant labor share of 0.7 across countries) to
perform the following regression:

gj,t = α0,j + α1distj,t−1 + α2Λj,t−1 + α3distj,t−1 · Λj,t−1 + uj,t ,

wheregj,t is countryj ’s growth rate over a five year period,distj,t−1 is countryj ’s
closeness to the technological frontier att −1 (i.e. 5 years before),Λj,t−1 is the fraction
of the working age population with some higher education in the previous period and
α0,j is a country dummy controlling for country fixed effects. The closeness variable
is instrumented with its lagged value att − 2, and the fraction variable is instrumented
using expenditure on tertiary education per capita lagged by two periods, and the in-
teraction term is instrumented using the interaction between the two instruments for
closeness and for the fraction variables. Finally, the standard errors we report allow for
serial correlation and heteroskedasticity.

The results from this regression are shown inTable 2. In particular, as long as we do
not fully control for country fixed effects33 we find a positive and significant interaction
between our education measure and a country’s closeness to the frontier, as predicted by
the theory in the previous subsection. This result demonstrates that it is more important
for growth to expand years of higher education close to the technological frontier.

33 The result is robust to controlling for group fixed effects, having regrouped the countries according to the
coefficients on country dummies in the regression with country fixed effects. It is the scarcity of observations
that explains why we lose significance when fully controlling for country fixed effects.
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Table 2
TFP growth equation (fractions BL)

[1] [2] [3] [4] [5]

Proximity −0.13 −0.216 −0.27 −0.24 −0.28
(.075) (.287) (.063)∗∗∗ (.29) (.08)∗∗∗

Fraction −0.025 0.65 −0.89 0.3 −0.43
(.094) (.63) (.26)∗∗∗ (1.8) (.24)∗

Proximity · Fraction – – 1.07 0.4 1.11
(.28)∗∗∗ (1.6) (.3)∗∗∗

Country dummies No Yes No Yes Groups
p-value country dummies – – – 0 –
Proximity threshold – – 0.832 – 0.387

(.044) – (.14)
Rank test (p value) – – – 0.13 –
Number of observations 122 122 122 122 122

Note: standard errors in parentheses. Time dummies not reported. In column [5], countries are grouped in
the following way: Group 1: Canada, New Zealand, USA; Group 2: Austria, Ireland, Italy, Norway, Portu-
gal; Group 3: Belgium, Finland, France, United Kingdom; Group 4: Denmark, Netherlands, Spain, Sweden,
Switzerland; Group 5: Australia. Proximity threshold indicates the value of Proximity above which Fraction
is growth-enhancing. One, two and three* indicate significance at the 10, 5 and 1% level, respectively.

7. Conclusion

In this chapter we argued that the endogenous growth model with quality-improving
innovations provides a framework for analyzing the determinants of long-run growth
and convergence that is versatile, simple and empirically useful. Versatile, as the same
framework can be used to analyze how growth interacts with development and cross-
country convergence and divergence, how it interacts with industrial organization and
in particular market structure, and how it interacts with organizations and institutional
change. Simple, since all these aspects can be analyzed using the same elementary
formalization. Empirically useful, as the framework generates a whole range of new
microeconomic and macroeconomic predictions and also stands up to empirical criti-
cisms better than other endogenous growth models in the literature.

Far from closing the field, the chapter suggests many avenues for future research. For
example, on growth and convergence, more research remains to be done to identify the
main determinants of cross-country convergence and divergence.34 Also important, is
to analyze the role of international intellectual property right protections and foreign

34 In Aghion, Howitt, and Mayer-Foulkes (2004)we emphasize the role of credit constraints in R&D as a
distinguishing factor between the countries that converge in growth rates and in levels towards the frontier,
those that converge only in growth rates, and those that follow a divergent path towards a lower rate of long-run
growth. Whether credit constraints, or other factors such as health, education, and property rights protection,
are key to this three-fold classification, remains an open question.
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direct investment in preventing or favoring convergence. On growth and industrial or-
ganization, we have restricted attention to product market competition among existing
firms. But what can we say about entry and its impact on incumbents’ innovation activi-
ties?35 On institutions, we have just touched upon the question of how technical change
interacts with organizational change. Do countries or firms/sectors actually get stuck in
institutional traps of the kind described in Section6? What enables such traps to dis-
appear over time? How do political economy considerations interact with this process?
There is also the whole issue of wage inequality and its interplay with technical change,
on which the Schumpeterian approach developed in this chapter can also shed light.36

If we just had to select three aspects or questions, so far largely open, and which
could also be explored using our approach, we would suggest the following. First, on
the role of basic science in generating (very) long-term growth. Do fundamental in-
novations (or the so called “general purpose technologies”) require the same incentive
system and the same rewards as industrial innovations? How can one design incen-
tive systems in universities so that university research would best complement private
research? A second aspect is the interplay between growth and volatility. Is R&D and
innovation procyclical or countercyclical, and is macroeconomic volatility always detri-
mental to innovation and growth? Answering this question in turn opens up a whole new
research topic on the macropolicy of growth.37 A third aspect is the extent to which our
growth paradigm can be applied to less developed economies. In particular, can we
use the new growth approach developed in this chapter to revisit the important issue of
poverty reduction?38

Finally, in this chapter we have argued that modelling growth as resulting from
quality-improving innovations, provides a natural framework to address a whole array
of issues from competition to development, each time with theoretical predictions that
can be empirically tested and also lead to more precise policy prescriptions. However,
one might think of more direct ways of testing the quality-ladder model against the vari-
ety model analyzed in the other chapters. For example, in current work with Pol Antras
and Susanne Prantl, we are using a panel data set of UK firms over the past fifteen years,
to assess whether variety had any impact on innovation and growth. Using input–output
tables, our preliminary results suggest that exit of input firms has but a positive effect
on the productivity growth of final producers.
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