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Abstract: Economic Growth is a central concept in Economic Theory. Most of
the modern societies regard growth as an important determinant for rising
standards of living. Their effects can be observed not only in more goods and
services but also in brand new processes. Investment in human capital is re-
garded as the very source of long-term, sustainable Economic Growth. The
purpose of this paper is to provide a brief description of Economic Growth,
how to approach its measurement, and to provide a brief review of the Schum-
peterian thought and the main schools that have undertaken from the Classical
and Neoclassical Approaches.
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Resumen: El crecimiento econdmico es un concepto fundamental de la teoria
econdémica. La mayoria de las sociedades modernas consideran el crecimiento
como una determinante importante para el incremento de los niveles de vida.
Sus efectos se pueden observar en el aumento de bienes y servicios, pero
también en la disponibilidad de nuevos procesos. En este escenario, la inver-
sién en capital humano es, de hecho, la fuente original del crecimiento econé-
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mico a largo plazo y de manera sostenible. El objetivo del presente trabajo
consiste en explorar los principales rudimentos del crecimiento econémico, de
su preceptiva medicién y de mostrar las aportaciones originales alcanzadas
desde el Pensamiento Schumpeteriano, asi como de su contrastacién con las
perspectivas Cldsicas y Neocldsicas.

Palabras clave: Crecimiento econémico; Pensamiento Schumpeteriano; aproxi-
maciones Cldasica y Neocldsica.

I
INTRODUCTION

Economic Growth, defined hereinafter as the increase in a nation’s
Gross Domestic Product (GDP), is a fundamental issue in econom-
ics. It helps us to measure a country’s economic achievements in a
period, or its ability to increase output in the long-run? In the
twentieth century, Economic Growth was clearly perceived by
many western nations through the thirty-year long sustained
growth experienced at the end of the Second World War (von Mis-
es, 1944; Aghion and Howitt, 1998; Scherer, 1999). However, eco-
nomic theory was relatively unfit to offer a reasonable explanation
for such a phenomenon. For example, economists at that time tend-
ed to explain growth through simple quantitative changes operat-
ed in the ratio of capital and labor (Stern, 1991; Hiilsmann, 1999).
Although this approach was commonly accepted in academic
circles, some scholars began to show signs of discomfort especially
in relation to the differential rates of growth that were observed
between industrialized and industrializing countries (Hoselitz,
1952; Hahn and Matthews, 1964). And then in 1986 Paul Romer set
up the basis for a new approach by paying a closer attention to the
role played by more qualitative factors such as knowledge (Verspa-
gen, 2005). Romer has looked at the impact of cumulative techno-
logical capabilities (i.e., human capital) on productivity and growth,

2 This definition is akin to those existing in many economic textbooks such as
Mankiw (2002), Parkin (2003) and Samuelson and Nordhaus (2002).
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realizing that technical change (Hoselitz, 1963) was not as exoge-
nous as formerly believed but it stems endogenously from growth
itself (Fagerberg, 1994: 1170).

In this context, the purpose of this paper is to introduce the
main theoretical concepts that define the economics of innovation,
knowledge, and growth. It seeks to serve as a preliminary guide to
this important process. The article is structured in four sections.
The first section discusses the theoretical aspects of Economic
Growth. The following section presents some indicators used to
measure knowledge’s impact on the economy. The third section
analyzes the principal schools of thought in Economic Growth,
namely, the classic approach, the neoclassic school and the Schum-
peterian thought (Berumen, 2008). This work finishes with a brief
summary of the concepts that were presented.

II
ECONOMIC GROWTH: THEORETICAL ASPECTS

Jovanovic (2001) points out three main causes in economic theory
that explain growth in standards of living: (a) the progress of
science and productive knowledge; (b) the growth of individual
skills; and (c) incentives. In relation to these causes, Scherer (1999)
and Verspagen (2005) argue that productive knowledge is increa-
singly seen as one of the main factors behind Economic Growth,
which is materialized through better production techniques, more
efficient processes, and the use of cheaper inputs and methods, all
of which help to create new (or substantially improved) products
and services. Many studies in the field of innovation and technical
change has produced very detailed analyses regarding the way in
which knowledge determines innovation, and especially in rela-
tion to the effect of learning on innovation (Berumen and Merritt,
2010)*. Kenneth Arrow (1962), for example, argues that gross inves-
tment in capital goods benefits from the cumulated improvements
in labor’s quality, which stems from day-to-day learning during
production. Arrow names this process as «learning by doing».

* See, for example, the classical works of Kaldor (1957) and Arrow (1962).
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Arrow was among the first scholars who identify this kind of
externalities in production (Hall, 1994). These externalities, which
are called knowledge spillovers, appear from the continuous inter-
play between physical investments in machines and equipment
and workers” knowledge. That is, firms producing capital goods
learn at the same time as they manufacture new equipment, busi-
nesses investing in this equipment learn by using it —though
firms not currently investing in this capital can also learn from the
experience of others— and all this new knowledge becomes itself
an input for the economy as a whole.

Hall (1994: 327) points out that this process enhances the effec-
tiveness of physical inputs globally —and because the effective-
ness of the inputs is enhanced at the same time as the aggregate
capital stock increases— a given increase of all inputs can yield a
more than proportional increase of the aggregate output, that is,
there appear increasing returns at the macro-level. Another way in
which knowledge is converted into innovations is through the pro-
cesses of creativity, appropriability, and diffusion of skills and
abilities that help to solve technical and economic problems. In the
specialized literature on technical change a knowledge-based
economy is defined as one in which growth is dependent on the
creation, diffusion and use of knowledge (Heng, et al., 2002; Ver-
spagen, 2005).

For the Organization for Economic Cooperation and Develop-
ment (OECD) «a knowledge-based economy is defined as one
where knowledge (codified* and tacit’) is created, acquired, trans-
mitted and used more effectively by enterprises, organizations,
individuals and communities for greater economic and social de-
velopment» (OECD, 2000a: 13). On the other hand, Rogers (2001)
argues that innovation must be seen as a social process in which

* Tacit knowledge is that one which is not expressed by codes (i.e., codified) be-
cause is produced by experience, observation and routines, and is normally embedded
in workers moving from one firm to other (see, Grimaldi and Torrisi, 2001; Nonaka
and Takeuchi, 1995). This is the type of knowledge to which Kenneth Arrow refers to
in his model (Arrow, 1962).

° Codified knowledge is that one which is expressed in a formal, explicit and uni-
form manner, and for this reason it is possible to put into the form of patents, books,
papers, etc. (ibid).
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the joint participation of so many economic agents with different
productive skills and intellectual capabilities determine the pro-
cess’ success. Since a commercial perspective, Low and Abraham-
son (1997) also agree in pointing out that human skills are an es-
sential component of innovation.

For Nonaka and Takeuchi (1995) in order for learning and
knowledge to be effective it is necessary that the mechanisms of
acquisition of information, comprehension, and skills be efficient.
Yet, an absence of effective skills among workers is still capable of
having damaging effects in a knowledge-based economy because
an insufficient (or very low) level of technological capabilities can
hamper growth because the implementation of new ideas asks for
a minimum level of skills and resources from productive agents, as
Jovanovic argues:

{...} to put new ideas into practice requires resources and skill.
True, some technologies are so user friendly that their use de-
mands no skill at all; to use a light bulb, for instance, all you have
to do is screw it in. But you cannot do much with a computer if you
have no education and no experience with computers (Jovanovic,
2001: 4099).

In practice the acquisition of productive skills needs a formal
training process and a solid education background, with education
being the most important factor for the success of those economies
willing to be based on knowledge (World Bank, 1998; OECD, 1996;
1998). The role played by education in a knowledge-based econo-
my has been stressed in the literature on national systems of in-
novation®. Under the context of a national system, education is seen
as a crucial platform to support the innovative capabilities of a
country (Lundvall, 1992; Nelson, 1993).

Although education is an important component of a national
system of innovation, the institutional milieu is also crucial to sup-
port the innovative capabilities of that system. In this perspective a

¢ According to Mowery and Oxley (1997: 154), national innovation systems can be
understood as the network of public and private institutions within an economy that
fund and perform R&D, translate the results of R&D into commercial innovations and
effect the diffusion of new technologies.
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functional institutional framework tends to facilitate the transfor-
mation of knowledge into commercial innovations. For example,
the instrumentation of public policies to promote industrial inno-
vation has better chances of succeeding when the institutional con-
text is functional, all of which improve the effectiveness cumula-
tive social knowledge (Rodrik, 2007).

Nations can use a number of fiscal policies such as employment
incentives, industrial subsidies and regulatory rules and norms to
set up, at a macroeconomic level, the appropriate conditions that
help to spur innovation through knowledge-intensive investments’
(OECD, 2007). In relation to the instrumentation of this type of
policies, a small group of countries in the OECD area stands up
because of their successful application of plans and programs fo-
cused on promoting knowledge and innovation. These nations are
Sweden, Finland, Japan, Switzerland, South Korea, the United
States and Germany. The key for their success in promoting inno-
vation-led growth has been their persistent and increasing invest-
ment, as percent of GDP, in research and development (R&D). That
is, the amount of money spent by these nations on R&D during the
last decade exceeds the average percent of the OECD area, as the
following figure shows.

TaBLE 1
GROSS EXPENDITURES ON R&D (AS % OF GDP)
FOR SELECTED OECD MEMBERS: 2004-2011

2004 2005 2006 2007 2008 2009 2010 2011

Australia 1,73 - 2,01 - 2,26 - 2,20¢ -

Austria 2,24 2,46¢ 2,44 2,51 2,67 2,71 2,79¢ 2,75¢p

Belgium 1,86 1,83 1,86 1,89 197 2,03 2,00 2,042
Canada 2,07 2,04 2,00 1,96 192 194 1,85 1,747

7 Khan (2001: 22) defines investment in knowledge as expenditures directed to-
wards activities with the aim of enhancing existing knowledge and/or acquiring new
knowledge or diffusing knowledge. According to Khan, education and software ex-
penditures, training, innovation and industrial design expenditures should also be
additional components of the total investment in knowledge.
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Chile - - - 0,31 0,37 041 | 042 -
Rggzcb}l‘ic 120 | 135 | 149 | 148 141 1,47 155 | 1,84
Denmark | 248 | 246 | 248 | 2,58 2,85 316 | 307 | 3,09

Estonia | 085 | 093 | 113 | 1,08 1,28 143 | 163 | 1,38
Finland | 345 | 348 | 348 | 347 3,70 394 | 390 | 378
France 216 | 211 | 211 | 2,08 2,12 227 | 224 | 225

Germany 2,50 2,51 2,54 2,53 2,69 2,82 2,80 2,84

Greece 0,56¢ 0,60 0,59¢ 0,60¢ - - - -

Hungary 0,88 0,94 1,01 0,98 1,00 117 1,17 1,21
Iceland - 2,77 2,99 2,68 2,65¢ -- -- --
Ireland 1,23 1,25 1,25 1,29 1,46 1,76¢ 1,71¢ 1,72¢¢

Israel’ 4,29 4,43 4,51 4,86 4,77 4,49 4,34 4,38
Italy 1,09 1,09 1,13 117 1,21 1,26 1,26 1,25¢
Japan 3,13 3,31 3,41 3,46 3,47 3,36 3,26 --

Korea 2,68 2,79 3,01 3,21 3,36 3,56 3,74 --
Luxembourg | 1,63 1,56 1,66 1,58¢ 1,66 1,72 1,48 1,43
Mexico 0,40 0,41 0,38 0,37 0,41 0,44 -- -
Netherlands | 1,93 1,90 1,88 1,81 1,77 1,82 1,85 2,047

New
Zealand

Norway 1,57 1,51 1,48 1,59 1,58 1,76 1,68 1,647
Poland 0,56 0,57 0,56 0,57 0,60 0,67 0,74 0,77

. 1,14 - 1,19 - 1,30 - .

Portugal | 074 | 078 | 099 | 117 1,50 164 | 159 | 149
Rsell;’:i;i‘ic 051 | 051 | 049 | 046 047 048 | 063 | 068
Slovenia | 1,39 | 144 | 156 | 145 1,66 185 | 2,09 | 247

Spain 106 | 112 | 120 | 127 1,35 139 | 139 | 133
Sweden | 358 | 356 | 368 | 340 | 370° | 360 | 339 | 337
Switzerland | 2,82 - - - 2,87 - - -
Turkey | 052 | 059 | 058 | 072 073 | 08 | 084 -
K?;gizf:m 160 | 172 | 17 | 177 | 178 | 184 | 180 | 177
United

2,55 2,59 2,65 2,72 2,86 291 2,83 2,770
States
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EU27 1,73 1,74 1,76 1,77 1,84 192 191 1,94¢

OECD
Total

2,18 2,22 2,26 2,29 2,36 2,41 2,38 -

Source: Main Science and Technology Indicators, OECD Science, Technology and R&D
Statistics

Note: Country specific footnotes are available at http://www.oecd.org/sti/
msti_2012_2_documentation_e.pdf

1. The statistical data for Israel are supplied by and under the responsibility of the
relevant Israeli authorities. The use of such data by the OECD is without prejudice
to the status of the Golan Heights, East Jerusalem and Israeli settlements in the
West Bank under the terms of international law.

¢) National estimate or projection

p) Provisional

It is worth mentioning that the current Economic Growth of
some OECD members (namely Finland, South Korea and Sweden)
is being increasingly supported by sustained investments in Infor-
mation and Communication Technologies (ICTs). As pointed out
by Shapiro and Varian (1999), ICTs are actually facilitating and ac-
celerating the adoption and diffusion of the accumulated knowl-
edge.

According to Luc Soete (2001: 26-27), ICTs represent the first
global technological transformation with which modern societies
have been confronted. In his opinion, ICTs” impact on globaliza-
tion lands in five lines of development: 1) in finance because capi-
tal is the ultimate (intangible) global tradeable good; 2) in the far-
ranging deregulation move leading not only to the liberalization of
trade and investment flows but also to the deregulation of many
intermediate services which are central in the organization of mar-
kets and transactions; 3) in the practice of formalized (and publicly
announced) international co-operation and agreements between
firms; 4) in the free exchange of information and knowledge about
new products and markets, that is conveyed by academic activities
and media; and 5) in the stock of expertise, experiences, and per-
sonal networks that have developed over years in international re-
lations and business, mainly through the activities of internation-
alized business services but also through personal contact and
cultural links.

The impact of ICTs on a knowledge-based economy is larger
when new products and services such as the Internet and the mo-



SCHUMPETER, CRECIMIENTO ECONOMICO Y ENFOQUES 93

bile telephony are considered. Interestingly, these technologies
were themselves a result of knowledge-intensive processes. There-
fore, it is necessary to evaluate the role played by technological
infrastructure on innovation (Tassey, 2004); or as Shapiro and Var-
ian has pointed out, «infrastructure is to information as a bottle is
to wine: the technology is the packing that allows the information
to be delivered to end consumers» (Shapiro and Varian, 1999: 8).

From an enterprise’s viewpoint, Economic Growth and devel-
opment in an ICT age will be determined by increasing levels of
interrelation and interconnection with cumulative knowledge be-
ing the key factor to survive. In a following section we will discuss
how economic theory formally describes the process of knowledge
accumulation. In the meantime we will present some indicators
that will be useful in measuring the economics of innovation and
knowledge.

I
SOME INDICATORS FOR THE KNOWLEDGE-BASED
ECONOMY

Traditionally, the measurement of knowledge has been a nuisance
for the economic modeling of innovation because of the difficulties
in handling the term «knowledge». In this respect, Kenneth Boul-
ding (1966) regrets to acknowledge that there is a lack of an appro-
priate word to describe mind’s content without having to discuss
whether this content actually relates closely to the mind’s structu-
re. Given the difficulties in establishing a cardinal measurement of
«knowledge», most existing economic models use proxy indicators
to that end®. These indicators generally group around four main
categories’:

8 Jan Steedman has critically reviewed the theoretical treatment of knowledge in
those models pertaining to the so-called «New Growth Theory» (NGT). For him, there
is a faulty assumption in thinking of the stock of knowledge as homogenous, which,
he argues, may well not be cardinally measurable; so that these models cannot yield
convincing conclusions (Steedman, 2001: 10).

° A useful taxonomy in this field has been provided by Heng and colleagues
(2002).
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(1) Knowledge Creation, which can be approached by: 1.1) the per-
centage of GDP spent on R&D, (i.e., the intensity of R&D con-
ducted in the economy); 1.2) the number of researchers per ca-
pita, (i.e.,, the availability of human resources needed for R&D);
and 1.3) the number of U.S. patents per capita, (i.e.,, the overall
quality of the national innovation system by the scientific out-
put it creates).

(2) Knowledge Acquisition/Transfer, which can be approached by: 2.1)
the percentage of total imports that goes to technology balance
of payments (i.e., the intellectual content embedded in imports
from other countries); 2.2) The number of head and regional
offices in a country, (i.e., the amount of firm-specific knowledge
brought in by Multinationals and regional firms); and 2.3 ) The
size of the knowledge intensive business services sector, (to pro-
vide intermediate products and services to firms, thereby per-
petuating innovative practices and services from global sour-
ces).

(3) Knowledge Diffusion, which can be approached by: 3.1) ICT spen-
ding as a percentage of GDP, (i.e., the intensity of resources put
into developing information infrastructure); 3.2) Internet access
cost as a percentage of per capita GDP, (i.e., the affordability of
ICT services, which will determine the usage of a country’s ICT
network); and 3.3) The percentage of workforce with at least se-
condary school education, (i.e., the basic IT and linguistic skills
to tap onto ICT network).

(4) Knowledge Application, which can be approached by: 4.1) The
percentage of workforce with university education, (i.e., the abi-
lity of workforce to seek out, process and use relevant informa-
tion); 4.2) The percentage of «<knowledge workers» in workforce,
(i.e., jobs that demand and allow workers to apply knowledge
extensively); 4.3) The World Competitiveness Yearbook ranking
of entrepreneurship, (i.e., the ability of the economy to create
new business models for generating, acquiring, diffusing and
applying new ideas and processes).

It is worth stressing that this kind of indicators is becoming a
standard in OECD evaluations of innovation capabilities within a
national system (see, for example, OECD, 2006). Therefore, the use
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of indicators allows the comparison of innovative performance be-
tween countries and the true contribution of knowledge-intensive
sectors to Economic Growth in a given nation. This aspect of
growth is important in evaluating the degree of acquisition of
knowledge and skills in a knowledge-based economy (see, for ex-
ample, OECD, 1996; 1998; 2000b; 2007). Once we have seen the im-
portance of measuring knowledge, we now shall discuss the main
theoretical approaches that support the empirical analysis of Eco-
nomic Growth.

v
THE CLASSICAL APPROACH TO TECHNICAL CHANGE

The first formal approach to the analysis of Economic Growth
was advanced just in the beginnings of the industrial revolution
at the end of the eighteenth century in England (Stern, 1991). In
that time England was experiencing a demographic boom as a
result of unprecedented improvements in people’s welfare'’. No-
netheless, the effects of this population explosion did not take
long to alarm perceptive observers, especially to Thomas Robert
Malthus.

Malthus became famous due to their dismal thoughts on the
economic consequences of the British overpopulation. In order
for him to support his hypotheses, Malthus had to peer painstak-
ingly at statistics on births and deaths available in English
churches. By doing this, Malthus set up the basis of statistical
analysis in economics. Malthus” work in population statistics led
him to formulate the first-ever theory of Economic Growth
(Scherer, 1999: 10-16).

The synthesis of the Malthusian vision of Economic Growth is
as follows. For Malthus Economic Growth (Y) is determined by
the quantity of workers engaged in production (L), which, in

10 Parkin reports that after being relatively stable for several centuries, the popula-
tion of Britain increased by 40 percent between 1750 and 1800 and by a further 50
percent between 1800 and 1830. Parkin attributes this population expansion to im-
provements in diet and hygiene (Parkin, 2003: 557).
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turn, depends on population (N). That is, Economic Growth is a
function of the size of population and the capital involved", as
the following equation suggests:

Y=f(K,L(N)

In this approach, an increase in population (N) lowers workers’
productivity because the capital stock is fixed ( K ). A peculiar fea-
ture of this model is that it assumes that population will grow ex-
ponentially if it is not fettered, while food and meals will show a
slower growth rate (Malthus, 1803[1999]). Formally the equation
that explains the population growth rate in the Malthusian scheme
is:

N (1) =Nge"

Under a population explosion trend, wages tend to decline and
thus becoming insufficient to guarantee life. In that case workers
cannot survive. This situation triggers a population-cut mecha-
nism which tends to steer the economic system back to the original
equilibrating point.

This process is better explained in the following figure, which
shows how the growth process begins at point A, where the econ-
omy is in equilibrium. In this point the productivity curve (CP,)
intersects the subsistence wage. In this scheme technical change is
modeled as an exogenous event which translates the productivity
curve toward an upper value (CP,), moving the economy up to a
new equilibrium (point B). As a result, population grows and both
capital and real GDP per hour tend to diminish. The process fin-
ishes at point C when real GDP per hour returns to its former sub-
sistence level.

' The logic of this situation rests on the fact that workers had to get a subsistence
real wage as large as to keep them alive, but in case it was not large enough as to main-
tain life they clearly had no incentives to work for any patron offering such a low wage
(Costabile and Rowthorn, 1985).
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FIGURE 1
CLASSICAL GROWTH MODEL

Real GDP per hour

Capital per hour of labor

According to the abovementioned figure, if productivity were
enhanced by an unexpected innovation, workers would suffer
in the long-term because enhanced productivity would stimu-
late people to fathering more children, and thus increasing total
workforce. So, wages would have to plummet as a consequence
of overpopulation. In this point, new wages would be insuffi-
cient to guarantee the new workers’ subsistence pushing the un-
employed workforce to starving, cutting down the excess in
population, and thus returning wages to the former equilibrium
level. This is Malthus” model in a nutshell.

Needless to say that Malthus” dismal forecast has never ma-
terialized because he (wrongly) assumed that population grows
unfettered when real GDP per hour exceeds workers’ subsist-
ence wages'?. Yet, this theoretical mistake took years to over-
come and Economic Growth was not satisfactorily explained
until a more comprehensive understanding of the economic
forces determining productivity growth was available, as seen
next.

12 For a more detailed discussion on the Classical model, see Scherer, 1999, pp.
8-16.
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\Y%
THE NEOCLASSICAL APPROACH TO TECHNICAL CHANGE

Due to the rapid recovery of the world economy in the aftermath of
the Second World War, Economic Growth began to capture the at-
tention of academic circles (Amable, 1994). Although the explana-
tions to the phenomenon existing at that time were suitable to ex-
plicate the trajectories shown by the post-war economies, they
began to exhibit various theoretical and interpretative deficiencies.
Consequently, a change in the theoretical approach to Economic
Growth emerged in the mid-1950s: the Neoclassical approach
(Mankiw, 2002).

The Neoclassical School of Economic Growth follows the Classi-
cal perspective on production by considering labor and capital (the
traditional inputs in production) prone to exhibit decreasing re-
turns if used in isolation from each other, but it represents a
reassessment of the Classical Theory by proposing that GDP per
capita tends to grow when technical change induces new invest-
ment and saving rates which, in turn, tend to raise capital per hour
of labor. This approach is known as the theory of balanced growth,
or steady-state growth (Hall, 1994; Scherer, 1999).

Even though Roy Harrod and Evsey Domar are acknowledged
as the pioneering contributors of this approach, the analyses pro-
duced by Frank Ramsey in the mid-1920s in Cambridge can be
seen as the true origin of the Neoclassical Theory of Economic
Growth (Aghion and Howitt, 1998).

The Neoclassical theory of Economic Growth assumes that ca-
pital (K) is cumulative whereas labor (L) may or may not be so.
This implies that without an upward trend in the use of input L
—or under a constant pace of technical change— growth will
sooner or later come to a halt due to decreasing returns in the use
of K, which is the only cumulative input (Hall, 1994).

However, Economic Growth based only on capital accumula-
tion tends to provoke a declining rate of return which cancels out
any long-term incentive to invest. Under these conditions, only
exogenous factors may spur growth (Scherer, 1999; Verspagen,
2005). Given that growth depends crucially on technical change in
the Neoclassical perspective, it is then possible to distinguish two
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types of modeling in this school: those models in which all techno-
logical activity is exogenous to the system, and those in which
technical change is actually endogenous. We shall discuss the first
type first.

VI
NEOCLASSIC MODELS OF EXOGENOUS GROWTH

The neoclassic approach assumes a well-behaved and simplified
production function (i.e.,, homogenous of degree 1 with decreasing
returns for each input). Under these assumptions, output per wor-
ker (Q/L) will tend to zero in case of lack of innovations (Greger-
sen and Johnson, 2000). The most prominent exemplar of the neo-
classic model of exogenous growth is Robert Solow’s (1956; 1957).
For Solow, capital accumulation alone (without technical progress)
tends to reduce future returns on capital, and thus curbing the in-
centives of long-term investment. In such a case, investment will
barely cover fixed capital depreciation and the necessary equip-
ment for day-to-day operations. We shall now describe this model
in more detail.

According to Gregersen and Johnson (2000), labor (L) and tech-
nical progress (A) grow at a constant exogenous rate. All savings
resulting are invested, and output (Q) is dependent on labor (L)
and capital (K). Moreover, the involved production function exhib-
its constant returns to scale in total output but decreasing returns
in individual inputs. The equation describing this situation is:

0=AK°L’, (a+p=1)

Transforming this equation into its logarithmic form and deri-
ving it with respect to time, we will have the following expre-
ssion®:

B In Solow’s equation, a and B are the inputs’ shares in total output and constant
returns to scale are present when these shares add up to one (see, Gregersen and John-
son, 2000; Scherer, 1999).
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4_0
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In the equation shown above, A/A is the residual’s rate_ of
growth, a is the capital’s share in total output (Q) and K/ , L "
represents the rate of growth in either variable K or L across time.
On the other hand, A/A involves a measure of technical progress
(as in Solow’s model); so, it becomes necessary to know what part
of that change (which corresponds to an increase in productivity)
is explained by K and what part is explained by L. It is worth point-
ing out that Solow defines all changes in output attributable to
capital as a level effect, whereas changes attributable to labor are
defined by Solow as growth effects (Solow, 1957: 319). These condi-
tions are shown in the following equation, which is a rearrange-
ment of the previous one.

A_Jo K], o L
A Q K Q L

According to Solow, level effects are determined either by in-
creases (or cuts) in the propensity to save, or by increases in capital
caused by agents’ investments. Growth effects are induced, in turn,
either by an exogenous variation in the population’s rate of growth,
or by a technological innovation'. In such a case, these conditions
will make capital scarcer in relation to labor, and thus raising its
productivity.

Under the Neoclassical model, the capital’s share in the produc-
tion function is a key variable in the economic phenomenon of
growth. Moreover, technical progress can neutralize capital’s de-
creasing returns, allowing the economic system a sustained
growth, although still keeping its exogenous character. In spite of
its functionality, Solow’s model still falls short of providing rele-
vant explanations regarding the role played by the residual in the
production function. Neoclassic theorists have searched for more

4 This is a neutral technical change in Harrod’s sense (see Hall, 1994: 318).
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robust explanations in order to solve this unpleasant shortcoming,
and among the several approaches proposed, endogenous models
stand up by their formality and theoretical rigor. We shall next
discuss the approach proposed by Paul Romer (1990).

VII
NEOCLASSIC MODELS OF ENDOGENOUS GROWTH

When Paul Romer published his pioneering paper in 1986, most
scholars were still adherents of the Neoclassical School of balanced
growth that assumed technical change as an exogenous factor
(Amable, 1994; Scherer, 1999). But Romer’s focus on increasing re-
turns from human capital and knowledge challenged this percep-
tion and from 1986 onwards, knowledge is seen as one of the most
important factors behind the sustained growth observed in the
world economy during the last quarter of the past century (World
Bank, 1998). Romer is now acknowledged as one of the main con-
tributors to the «New Growth Theory», which aims at analyzing
the endogenous role of knowledge and innovation on growth
(Verspagen, 2005).

In a historical perspective endogenous growth models are not
new, however. Kaldor (1957) and Arrow (1962) were among the
first economic theorists to model the effects of learning on produc-
tivity, a few years later, Romer (1986; 1990) and Lucas (1988) began
to model increasing returns in industrial output, focusing on hu-
man capital and knowledge’s effects on productivity, and Romer’s
1990 paper has become the standard reference for modeling endog-
enous technical change due to his formal treatment of knowledge.
We now shall discuss this model more formally®.

Romer’s approach is based on three elements: 1) technical
change lies at the heart of Economic Growth; 2) technical change
arises mostly because of intentional profit-seeking actions taken
by entrepreneurs responding to market incentives; and 3) plans for
transforming raw materials are different from other economic

5 The following discussion draws on the helpful interpretation of Romer’s model
provided by Hall, 1994, pp. 334-338.
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goods in the sense that, once created, no extra cost has to be in-
curred in using them repeatedly. Romer’s model envisages a closed
economy comprising three sectors: the research sector producing
new technological knowledge in the form of designs for new pro-
ducer durables, the intermediate goods sector which produces a
range of producer durables and the final goods sector.

Technical knowledge, denoted Q, is measured in terms of the
number of designs extant and each new design thus adds 1 to the
current value of Q. Producer durables comprise a set {X} = {x, x,,
Xy Xg- - X(¥)},Where x is the output level and the numbersi =1, 2,
... ¥ label the goods. Within the set, x{Q + 1)... x(¥) take zero values
until further new knowledge has been generated.

Final output Q is produced with a Cobb-Douglas production
function, where H, is human capital in producing Q:

b . I-a-b
O=Hy L'y x™"
i=1

The aggregate labor force L is assumed constant, as is overall
human capital, H, of which H, forms one part. In the former equa-
tion, designs are treated as discrete, indivisible objects but if prob-
lems of indivisibility and uncertainty are ignored, the index i on x
can be treated as a continuous variable and the equation rewritten
as:

O=Hy-L'[x()""d
0 di

This function is homogeneous of degree one, allowing output
in the final goods sector to be described in terms of a competitive
firm (Berumen, 2005). In the intermediate goods sector, each pro-
ducer durable is produced by a different firm which has bid su-
ccessfully for the patent on the design for the good and thereafter
manufactures it exclusively. Inputs into production are the design
and capital goods converted from output sacrificed from consump-
tion on a one-for-one basis. As a simplifying assumption, labor in-
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puts are set at zero. Given its monopoly position on design i, firm i
faces a downward sloping demand curve along which x(i) units of
iare at any point rented at a rate of P(i) per unit per period. Assum-
ing no depreciation, the value of a unit of good i is the Present
Discounted Value (PDV) of the rental income stream it generates.
In the final goods sector, the representative firm’s profit, expressed
in units of output, is:

T[Hg L x()P = PG x(]) d
0 )\di

It is important to stress that the former equation must be dif-
ferentiated with respect to x(i) and set equal to zero to maximize
this with respect to the quantities of each producer durable hired,
which after rearrangement implies an (inverse) aggregate demand
function for durables:

Pi)=(1-a —b).HS LIP _x(i)(fa—b)

For given values of H_ and L, this is a constant elasticity de-
mand curve for each i which the monopoly producer of each dura-
ble takes as given in setting its profit-maximizing output level and
price. Each firm will already have invested in acquiring the design
for the durable, but this is a sunk cost. In making its forward look-
ing choices, it takes as given H,, L and r (the interest rate on loans
measured in units of current output), to choose an output level x to
maximize at every date its revenue less variable cost. Its revenue,
P(x)x is its flow of rental from final goods producers and from the
former equation equal to,

P(x)x=(1-a->b) Hg XD

To make each unit of the durable, ] units of output are sacrificed
from consumption. Variable costs thus total rJx, implying a cons-
tant marginal cost of rJ. Each monopolist’s price, RJ/(1-a-b) is a
mark-up over marginal cost determined by the elasticity of de-
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mand. Total capital K, the aggregate of producer durables in use, is
found by multiplying the quantities of each type of capital em-
ployed in production by the output foregone in producing each
unit.

K:JTx(i)

i=1

The aggregate K changes according to the accounting rule
(where C(t) is consumption):

" =ow-cw

dt

Research sector output comprises increases in technological
knowledge, dQ3/dt, and is generated with inputs of existing knowl-
edge and human capital located in the sector. If researcher m has
an amount of human capital H_ and access to a portion Q_ of the
total stock of knowledge implicit in previous designs, the produc-
tion rate of new designs by m will be zH_Q , where z is a produc-
tivity parameter. All researchers are assumed to have free access to
all knowledge (Q2) at any given time. Thus we observe that H, is
total human capital in research:

a0 _

d
dt

Implicit in this formulation are two further and crucial assump-
tions: 1) devoting more human capital to research leads to an in-
crease in the rate of production of new designs, since [d(dQ/dt)/
dH_] = zQ > 0; 2) adding to the stock of knowledge, Q, yields
growth in the marginal productivity of human capital in research
at a rate constant and proportional to Q itself. This is so because
the marginal productivity of H_, dQ2/dH,,, is rising at the rate (d/

z-H,-Q
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dt)(dQ/dH,), which is zQ'". On the other hand, the market for de-
signs is competitive, so the price for designs is bidden up by poten-
tial users until it is equal to the present value of the net revenue
that a monopolist expects to extract from it. Then, at every point in
time the excess of revenue over marginal cost must be just suffi-
cient to cover the interest cost on the initial investment in the de-
sign, that is:

T1(t) = r(t) P,

In the former equation, II(t) is monopolist’s profit, and P, the
cost of producing a new design. This condition determines wheth-
er a new design will be produced or not, i.e. depending on whether
its costs will be covered or not. Finally, consumers are endowed
with fixed quantities of labor and human capital, own the existing
durable goods producing firms and an implication of their inter-
temporal maximizing behavior used in the analysis is that con-
sumption grows at the rate (r-d)/s, where d is the subjective dis-
count rate and s is the intertemporal rate of substitution (Berumen
and Palacios Sommer, 2007). The model produces as a result, if Q is
fixed, the following equations:

Q = (HQQ)a . (L . Q)b . K Uma=b) J(a+b—])

a (I-a-b)
=Hj- r.o. X,

where the symmetry of the model implies that all existing du-
rables will be supplied at the same level, x,. The model behaves
like the Neoclassical Growth model with labor —and human cap-
ital-augmenting technical change. If Q grows at an exogenously
specified exponential rate, the economy converges on a balanced
growth path on which the rate of supply of durables and the ratio

16 Hall (1994: 337) points out that this rising productivity in research reflects ben-
eficial spillovers, which also has the effect of preventing the returns to human capital
from falling and hence prevents migration from research to manufacturing as Q
grows.
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of K to Q2 would be constant. Since both K and Q are growing, hu-
man capital wage in final output will also rise.

To identify the characteristics of the model, in this case solve
the equilibrium conditions along the balanced growth path, it can
be shown that the cost of producing a new design P, is:

p, =[@b)q l—a—b)HS- I -x,(1-a—b)
r

In equilibrium, the return on human capital in both research
and manufacturing (WH) must be the same as the marginal pro-
ductivity of human capital in each sector otherwise it would pay
some units of human capital to relocate (Berumen and Pérez-Megi-
no, 2015; Berumen, 2016). The wage in the research sector is simply
all the income generated there (P, zQ2), and to equalize returns to
human capital in both sectors, H, = H - H, must be chosen so that
wH and P, zQ both equal the marginal product of human capital
in the final goods sector, so:

a-Hy - L'-Q- x,

From the former equation, one can observe that the marginal
product of H, grows in proportion to €. Therefore, rising produc-
tivity of human capital in the research sector is essential to prevent
human capital from migrating to manufacturing. This in turn is
vital to ensure that the research engine of growth is maintained
and that sustained, non-slowing growth can persist, as the follow-
ing term implies:

H,=(1/2)r {al[1 -a-b) (a + b)]}

Recalling that Q grows at the exponential rate zH, when H =
H - H,, is fixed. If r is fixed, x, is also fixed (an implication of mo-
nopoly pricing). Besides, Q grows at the same rate as Qif L, H, and
x, are fixed. If x, is fixed, K and Q grow at the same rate, since total
capital usage is Qx,J. Let ¢ stand for the common growth rate of Q,
Kand Q, Then:
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g=(dQ/dy)/Q=(dK/dy) /K= (do/dt)/Q=zH,

which, together with ]—[Q =(1z)r{a/[l -a-b) (a + b)]} Im-
plies:

g=zH =zH-[a/(1-a-b)(a+Db)]r

Importantly, this equation predicts that, along balanced growth
paths, countries with greater stocks of human capital (H) will ex-
perience faster rates of Economic Growth. It also suggests that Eco-
nomic Growth will be faster, the greater is the productivity of hu-
man capital employed in research (H,). Hence, Romer’s model is
useful to understand the role that human capital plays in produc-
tivity, as well as to understand why growth rates differ.

An important characteristic of endogenous growth models is
that knowledge arising from any particular productive process is
prone to get a widespread diffusion and become a sort of «public
good'”». Therefore, once knowledge is amply available to society it
becomes a non-rival, non-exclusive good (OECD, 1992: 51).

Given that the stock of new knowledge tends to grow from pro-
ducers’ initial endowments (due to learning effects), it is necessary
to protect their intellectual rights in order for them to guarantee
their investment returns before this new knowledge becomes
«public knowledge» (Verspagen, 2005).

As Hall (1994) points out, Romer’s model is also useful to ex-
plain interest rate’s role in growth. Interestingly, his approach re-
lates human capital formation to interest rate through investments
in education. Then, a higher interest rate implies a higher opportu-
nity cost of investing in education to acquire human capital and
hence tends to discourage investment in it.

In spite of these important contributions, Romer’s approach to
Economic Growth is not exempted of criticisms. One of these cri-
tiques is concerned with the practical measurement of endogenous

7 Romer (1990: S74) argues that public goods are both non-rival and non-exclud-
able. He also points out that because public goods are non-excludable, they cannot be
privately provided or traded in markets.
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growth, as pointed out by Stern (1991: 127), it may be difficult to
identify a knowledge-producing sector in real economies. Besides,
endogenous growth models still exhibit limitations to explain the
mechanism under which knowledge determines innovation. For
example, Verspagen (2005) points out that growth models based on
the Neoclassical approach wrongly assume growth as a stable and
orderly process, which is something that real world experience
clearly denies. Hence, we shall next consider the Schumpeterian
approach to Economic Growth (Berumen, 2010).

VIII
SCHUMPETERIAN MODELS OF ECONOMIC GROWTH

A quick look at the history of economic development tells us that
Adam Smith was the first economist in noting how technology
spurred workers’ productivity. In describing technical innovations
in eighteenth century England, Smith saw how new technology
became embedded in faster and more efficient machines, which
were the result of the necessities presented by the increasing divi-
sion of labor in the British manufacturing (Salerno, 1999; Scherer,
1999: 8-10).

A hundred years later, Karl Marx stressed the social character
of technical change by noting that capitalism had succeeded in cre-
ating the necessary incentives to capital accumulation by means of
taking advantage of innovations in the production of merchandis-
es (Rosenberg, 1982: 34-51; Aarons, 2009).

More recently, Schumpeter (1912; 1950), in thinking about
growth, introduces two fundamental concepts into economic the-
ory. First, innovation is the main factor behind economic develop-
ment because it stimulates growth though material prosperity™.
Second, innovation does not come out of nothing, it asks for entre-

8 Schumpeter argues that economic development depends on the entrepreneurs’
ability to recombine production, so he distinguishes five different cases: 1) the intro-
duction of new products, 2) the introduction of new industrial processes, 3) the exploi-
tation of new markets, 4) the conquest of new sources for raw materials, and 5) new
forms of industrial organization (Schumpeter, 1950: 83).
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preneurs with a strong commitment to exploit market opportuni-
ties. That is, innovative entrepreneurs are prone to establish new
directions in economic activity. In Schumpeter’s view, this process
of «creative destruction» is the essential fact about capitalism
(Schumpeter, 1950: 81-86).

Schumpeter’s insight into innovation helped to create an impor-
tant economic school that highlights the punctuated, and some-
times turbulent, character of Economic Growth (McCaffrey, 2009).
This school has been dubbed as Schumpeterian (Fagerberg, 1994;
Nelson and Winter, 1982; Scherer, 1999; Verspagen, 2005).

At the core of the Schumpeterian approach is a redefinition of
technological change itself. Contrary to the Neoclassical view
which regards technological change as either the choice of one
technique to replace another from an existing set, or a change in
the productivity of one or more of the given techniques available,
Schumpeterian economists define the process of technological
change as the search for new and hitherto unknown techniques to
add to the known set. Thus, Economic Growth is dependent on
technological innovation.

Economic models based on this approach emphasize three ele-
ments in the social context that determine growth: 1) the institu-
tional milieu in which technical change takes place and prosper; 2)
the role of demand in growth; and 3) the existence of organiza-
tional and industrial processes which are heavily dependent on
agents’ «bounded rationality».

For some Schumpeterian scholars, the rate of Economic Growth
in the long-term should be compatible with the equilibrium in the
balance of payments. This assumption introduces a Keynesian
component into the analysis by linking the income elasticity of de-
mand for exports and imports as a result of the widespread mobil-
ity of international capitals for innovation investments (Mises, et
al., 1978).

1 In this respect, it is worth emphasizing that the assumption that firms maxi-
mize profits may no longer be meaningful in a complex decision space with an objec-
tive function in unbounded time. Firms are assumed by evolutionary economists to be
profit seeking rather than profit maximizing (see, for example, Nelson and Winter,
1982: 24-30).
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In this perspective, Bart Verspagen (1993) proposes a simple ap-
proach to encompass trading interdependencies between econo-
mies that can help modeling the growth path between developed
(North) and developing countries (South). To this end, Verspagen
suggests that technical change in the South is a non-linear function
of its initial condition in the technological gap.

The existence of this gap may encourage innovation in the
South to the extent that a developing country may be capable of
(successfully) imitating proven technologies. Nonetheless, if this
gap is too large (larger than a certain threshold), technological dif-
fusion becomes harder to achieve as the imitative capabilities of
the South tend to diminish if the technological gap widens. For a
given initial state, the imitative intensity will depend on internal
learning capabilities. This implies that developing countries should
have an institutional base to identify, adapt and improve the im-
ported technology. Therefore, Verspagen sees technology acting
directly and indirectly on Economic Growth (Verspagen, 1993:
127). The direct effect is linked to the enhancement of the stock of
technological knowledge that can be harnessed by firms. The indi-
rect effect is associated with rising exports, that is (Berumen and
Pérez-Megino, 2015):

y,=at,+ex; 1=s,n

where y . is the rate of growth in output, t, is the rate of growth
in technological capabilities and x; is the rate of growth in exports
for country i. This equation states that the rate of growth for coun-
try i depends on the rate of technical change and the increase in
exports. The rate of growth in exports for a given country is a func-
tion of its achieved level of technological capabilities (i.e., its inter-
national competitiveness) as well as of the rate of growth of the
world economy (z), namely,

X =L+

n
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X, :U-L(?)+Z

N

If T > T, then L(T /T) = G, and the technological gap will be
positive; which means that exports in the North will grow at a
higher rate than the international economy. The rate of technical
progress in the North, t , is a function of its autonomous rate of in-
novation (B,) and of the technological learning associated with
productive learning (i.e., learning by doing). This kind of learning
is called the «Verdoorn effect», which is represented by the term
Ly in the following equation:

t,=pB,+4,

A distinctive feature of this model is how technical change in
the South (t) evolves,

t, = ,Bs + ;g;s +a-Ge

Where aGe“® indicates the international diffusion of technolo-
gy, and G = L(T /T is the technological gap®. This equation dem-
onstrates the existence of a non-linear relationship between the
technological gap (G) and the rate of technical change in the South.
Technology gap may stimulate the international diffusion of tech-
nology if developing countries take advantage of the imitation
possibilities. Apart from the level of the technological gap, this
stimulus also depends on the parameter 5, which represents a
measure of the «intrinsic learning capability» of the South. The
maximum level in the rate of technology diffusion toward the
South is reached when G = 4. Any increase in this critical value
diminishes technology diffusion due to the widening of the tech-
nological gap (Verspagen, 1993: 133).

Then, the larger the value of §, the stronger the international
diffusion of technical progress, for any given level of the technology

2 Tt is worth stressing that in Verspagen’ model, the Verdoorn effect tends to cre-
ate dynamic and positive incentives for the country with the fastest rate of growth.
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gap G. The learning capability of the South (5) depends on its insti-
tutional and productive frameworks, especially in relation to the
institutions devoted to the development of science and technology
(Idem: 134).

According to this approach, if the intrinsic learning capability
in the South is very limited, international diffusion of technology
will be deficient. On the other hand, the very existence of the tech-
nological gap draws an asymmetric competitive line between
North and South. The weaker competitive position of the South
generates a lesser dynamism in demand and fewer stimuli to
growth (Todaro and Smith, 2005). The global result on Economic
Growth will depend on both the rate and direction of the competi-
tive effect and the technology diffusion effect.

Even though the findings derived from Verspagen’s model look
robust, one should be very cautious in assuming that the existence
of a technological gap between North and South can instantly spur
technology diffusion (see, for example, Fagerberg, 1994: 1150;
Scherer, 1999: 35-36). However, growth convergence between
North and South may well be stimulated by the existence of ap-
propriate institutional and technological capabilities in the South.
Yet, if the technological gap keeps on growing due to differences in
productivity between North and South, a growth convergence
cannot be guaranteed. In such a case, convergence will be possible
only if the South accelerates its innovation effort (Archibugi and
Pietrobelli, 2003).

IX
CONCLUSION

Since 1945, the world economy has attested an incessant appearan-
ce of new and better technologies that have enhanced people’s wel-
fare. This impressive technological progress has been the result of
the knowledge accumulated by the society through the years. And
those nations that have learnt how to take advantage of it have
achieved impressive rates of Economic Growth as well. Since that
time, economists have painstakingly searched for useful explana-
tions to this phenomenon. In this search, they have produced seve-
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ral approaches and theories, from which those concerned with the
role that scientific knowledge plays in Economic Growth stand out.

Cumulative scientific knowledge can be found in several forms,
such as new and better products, faster and more efficient process-
es, new and cheaper materials and components, cleaner and more
efficient sources of energy, and so on. All these features of Eco-
nomic Growth have been summarized in the term «knowledge-
based economy», showing us that growth no longer depends
exclusively on large endowments of land, raw materials, or invest-
ments in traditional capital or unskilled labor, but on an efficient
administration of the input «knowledge».

In this article we identified and exposed the most important
theories dealing with Economic Growth. Our principal aim was to
stress the importance of human capital in growth by linking the
effects of cumulative learning and knowledge on technical change
and innovation. One should be borne in mind, however, that the
dynamics of knowledge creation, exchange and diffusion remains
surprisingly poorly understood, even for the most advantaged
schools of economic thought. Yet, this should represent a challenge
rather than a weakness for the economists interested in studying
this fascinating process.
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