
Early neo-classical growth models emphasised the
role of capital accumulation. In the Solow–Swan
model14, output is produced by capital and labour.
Economic gr owth is compatible with labour-
augmenting technical progress, which acts as if it
were increasing the available amount of labour. In the
long-term, output per capita and labour productivity
grow at an exogenously given rate of technical pro-
gress. Technical progress is entirely exogenous to
these models so that in reality economic growth is left
unexplained.

The canonical model provides a methodology (grow-
th accounting) for measuring the rate of technical pro-
gress, the so-called Solow residual or total factor pro-
ductivity (TFP) growth15. TFP is defined as the diffe-
rence between output growth and the (share-weigh-
ted) gr owth rates of capital and labour inputs.
Because of its nature as a residual, it is in fact a
"measure of our ignorance". Clearly, many factors can
cause a shift in the production function, such as tech-
nical innovation or organisational and institutional
change. The difficulties with this methodology are
revealed by the contradictory estimates: while in
Solow's pioneering study, growth in per capita income
was almost entirely (88 per cent) attributed to TFP
growth, subsequent more careful measurement of
factor inputs led to inputs explaining vir tually all of
output growth, thus reducing the residual to zero16 .

Empirical studies in the 1990s, based on the neo-
classical tradition, set out to reconcile the

Solow–Swan model with, among other issues, inter-
national empirical evidence on convergence. Mankiw
et al. (1992) augmented the aggregate production
function with human capital proxied by educational
attainment. They found that the Solow model per-
forms well in explaining cross-country differences in
income levels and is even more successful when
human capital is taken into account, and concluded
that the model is consistent with the international evi-
d e n c e, i f one ack n owledges the importance of
human, as well as physical, capital. A major drawback
of this work are the assumptions that the level of pro-
ductivity and the rate of technical change are the
same across nations; these are not empirically veri-
fiable assumptions.

A group of models that emerged in the course of the
1980s explain long-term economic growth endoge-
nously, by relaxing the assumption of diminishing
returns to capital and by rendering technological pro-
gress endogenous to the model. Output and produc-
tivity growth do not rely on exogenous technical pro-
gress.

In a pioneering paper, Romer (1986) postulated that
R&D activities are associated with externalities which
affect the stock of knowledge available to all firms. A
firm’s production function is defined by firm–specific
variables (capital services, labour and R&D inputs)
and a shift term (index of technology) which is a func-
tion of the stock of knowledge available to all firms;
this reflects the public-good characteristics of know-
ledge–generating activities such as R&D. Clearly, it is
possible to view the shift term as reflecting a "learning



by doing" process, or the influence of the stock of
human capital17. It is evident that the endogenous
growth theory has the potential to take into account a
variety of factors enabling innovation.

R&D– or ideas–based endogenous growth models
identify and explicitly model innovation (in particular,
the accumulation and diffusion of technological know-
ledge) as the driving force of long-term economic
growth. In these models, "ideas" (in the form of blue-
prints for new products or new processes) are gene-
rated by investment in R&D. Thus, these models treat
R&D as an entrepreneurial activity performed by pro-
fit-maximising firms. "Ideas" generated by R&D lead
to new processes and products that are used as
inputs in the production of final goods. As input goods
of superior quality, or as more specialised interme-
diate or capital goods, these products raise producti-
v i t y1 8. It is now widely recognised that while
R&D–based innovation is a crucial determinant of the
competitiveness of firms, it does not exclusively affect
the performance of those actually undertaking these
activities but gives rise to important external effects
("R&D spillovers"). An impor tant element of these
external effects is "knowledge spillovers", which take
place if new knowledge generated by the R&D activi-
ties of one agent stimulates the development of new
knowledge by others, or enhances their technological
capabilities.

The commercial outcome of “ideas” – new processes
and products – is very often characterised by very
high fixed costs and low marginal costs. It can be very
costly to produce the first copy of a computer pro-
gramme, whereas reproducing it can subsequently
be done at virtually zero cost. This implies that the
economics of ideas is typically associated with
increasing returns and imperfect competition.

Economic theory also suggests that the international
diffusion of knowledge increases the growth of output
and productivity. Eaton and Kortum (1996) find that
more than 50 per cent of the productivity growth in
each of the 19 OECD countries included in their
sample can be attributed to innovations from just
three countries (US, Germany and Japan). These
three countries, together with France and the United
Kingdom, reap more than 10 per cent of their growth
from domestic research.

The impact of international technology diffusion on
productivity growth takes place through three chan-
nels. First, access to a larger pool of knowledge
increases the productivity of R&D activities in the

countries involved, thereby enhancing future produc-
tivity growth. As a consequence, a country's producti-
vity growth is positively correlated with the degree of
its openness to flows of information and to its capabi-
l ity to absorb and utilise knowledge genera t e d
abroad. In this process, domestic R&D may be ins-
t rumental in building and maintaining absorp t i ve
c a p a c i t i e s. Second, international trade prov i d e s
o p p o r tunities to use the input goods deve l o p e d
abroad that differ qualitatively from domestic input
goods, and thus to increase productivity. And, third,
both international trade and foreign direct investment
are vehicles for cross–border learning about pro-
ducts, production processes, market conditions, etc.
and may lead to a reduction in the costs of innovating
and contribute to increases in TFP.

The evolutionary approach to growth draws attention
to three aspects that are neglected in both neo-clas-
sical and endogenous growth models. First, technolo-
gical advancement ought to be conceptualised as a
disequilibrium process involving high ex–ante uncer-
tainty, path dependency and long–lasting adjustment
processes. Secondly, growth theory should be based
on a more realistic theory of the firm that stresses
(strategic) firm capabilities in a broad sense, rather
than just investment in human capital and R&D.
Thirdly, it must take into account the institutional fra-
mework that presumably contributes strongly to an
explanation of cross–country differences in economic
growth19.

It is clear that, in this approach, measures to enhan-
ce firm capabilities and the development and streng-
thening of institutions conducive to growth become
core areas of policy. The relevance of the evolutiona-
ry approach is reflected in policy discussions and
design in many countries, as well as implicitly in the
European Union and in the work of the OECD.

The standard approach to explaining productivity
(growth) at the firm level is a production function, a
concept that is seen as particularly narrow. To create
value and gain a competitive edge, a firm uses a
whole bundle of specific assets, among which R&D is
only one, though an important one. Others are mar-



keting, organisational and managerial skills, indivi-
dual and collective learning capabilities, social capital
(trust, etc.), networking (customer links, outsourcing,
c o - o p e ration with unive r s i t i e s, strategic all iances,
etc.), property rights (patents, brand names), etc.
This bundle of firm–specific, mostly intangible assets
are considered to be the firm’s capabilities. They are
dynamic in nature, being the result of strategic deci-
sions in the past, and represent the resources to
create additional assets in the future. Strategic asset
accumulation enables a firm to change restrictions
with respect to technology and taste. It is obvious that
this accumulation process is path–dependent and
gives rise to important differences among firms20 .

As capabilities are difficult to measure at the aggre-
gate level, it may also be difficult to use this approa-
ch to explain aggregate economic gr ow t h .
N eve rt h e l e s s, empirical wo rk in Peneder (2001)
yields a strongly positive cross–country correlation
between various capability indicators and performan-
ce measures such as productivity, unit values and
wages. The (aggregate) capability approach, which
appears to be useful for comparing and explaining
economic performance among countr ies, is adopted
in the empirical analysis of manufacturing growth in
Chapter IV of the present Report.

The evolutionary approach recognises that institu-
tions are crucial in explaining the performance of
firms and of the economy as a whole. The institutio-
nal framework is shaped to a large extent at the natio-
nal level, giving rise to important differences across
countries. However, the internationalisation and diffu-
sion of knowledge can be a mitigating factor in this
regard. This aspect of growth theory belongs to the
"National Innovation Systems" (NIS) approach, which
can be seen as the macroeconomic counterpart of
the capability view of the firm.

NIS is a set of interconnected institutions (firms, uni-
versities, governments, etc.) which jointly determine a
c o u n t ry's perfo rmance in the generation and 
diffusion of technologies and the development of
skills21. This approach is based on the hypothesis that
the performance of a (national) economy in terms of
innovation and productivity is not only the result of
public and private investments in tangibles and intan-
gibles, but is also strongly influenced by the character
and intensity of the interactions between the ele-
ments of the system. As a consequence, country dif-
ferences with respect to innovation and growth might

reflect not just different endowments with innova-
tion–related factors of production but also varying
degrees of the "knowledge distribution power" or,
more generally, the efficiency of NIS.

However appealing, this approach encounters severe
data problems in empirical work. Important properties
like the "quality of public policy", incentive mecha-
nisms in firms and in "non–market" institutions etc.
are difficult to approximate empirically with confiden-
ce. In view of this, it is not surprising that there is no
overall measure of the efficiency of a NIS which could
be used as an explanatory variable in the empirical
analysis of economic growth.What is available at pre-
sent are only pieces of evidence showing the impor-
tance of several types of interaction for innovation
performance; for a summary of this evidence see, for
example, OECD (1999)22. Nevertheless, because the
evolutionary approach yields insights into the dyna-
mics of growth processes at the conceptual level, its
basic ideas provide a useful framework for policy
design and analysis. Consequently, it is now the
dominant paradigm for innovation policy and a core
element in policy–oriented growth analysis, and plays
a crucial role in defining best policy practices in these
fields. In Chapter IV, a set of indicators based on sug-
gestions from the evolutionary model are used to
explain empirically cross-country differences with res-
pect to economic growth.

While the evolutionary theory shares the basic policy
conclusions of the endogenous growth theory, the for-
mer also sees the need for some specific measures.
By stressing the ex-ante uncertainty of technical
change, it implies that it would be necessary to have
a mechanism to guarantee technological variety at an
early stage of technological development in order to
avoid large-scale investment failures. Therefore, crea-
ting a favourable environment for entrepreneurship
and new ventures is an important policy task (lowe-
ring start-up costs, fostering the provision of venture
capital, etc.), while the selection of superior technolo-
gies is left for the market to determine. The capability
view of the firm implies that measures facilitating
investment in intangibles are important. While in prin-
ciple such investments are up to private business to
undertake, there might be at the same time scope for
a policy, for example, to make sure that incentives for
training are put right (measures against poaching, tax
incentives, etc.).
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The NIS framework also supports the need for speci-
fic policies. Here, measures aimed at improving the
interaction between the various elements of the sys-
tem (strengthening science-industry relationships
and joint research, facilitating university spin-offs,
exchange of highly qualified staff, facilitating R&D co-
operation in the private sector) ought to be encoura-
ged. Policy makers should also take into considera-
tion the specificity of the policy context. In particular,
the best policies have to be adapted to the specific
properties and needs of the NIS.


