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INTRODUCTION

Moving beyond firm-led racing patterns revolving in a particular industry to a clustering of racing on
an industry level is putting industry in different geo-economic zones against each other as they are
becoming dominant in strategic product/process technologies. Here racing patterns among industries
in a relatively free trade environment could lead to competitive advantages , more wealth creating
and accumulating skill dominance in key product / process technologies in one region at the expense
of others. The question is whether individual races on the firm level induce alike races on the
industry level and if so, what controlling effects may be rendered by regional or multilateral policies
on regulatory, trade and investment matters.

Similar catch-up processes are taking place between leaders and followers within a group of
industrialized countries (or even emerging economies) in pursuit of higher levels of productivity.
Moses Abramovitz (1986) explains the central idea of the catch-up hypothesis as the trailing
countries’ adopting behaviour of a ‘backlog of unexploited technology’. Supposing that the level of
labour productivity were governed entirely by the level of technology embodied in capital stock, one
may consider that the differentials in productivities among countries are caused by the ‘technological
age’ of the stock used by a country relative to its ‘chronological age’. The technological age of capital
is an age of technology at the time of investment plus years elapsing from that time. Since a leading
country may be supposed to be furnished with the capital stock embodying, in each vintage,
technology which was ‘at the very frontier’ at the time of investment, ‘the technological age of the
stock is, so to speak, the same as its chronological age’. While a leader is restricted in increasing its
productivity by the advance of new technology, trailing countries ‘have the potential to make a larger
leap as they are provided with the privilege of exploiting the backlog in addition of the newly
developed technology.

Hence, followers being behind with a larger gap in technology will have a stronger potential for
growth in productivity. The potential, however, will be reduced as the catch-up process goes on
because the unexploited stock of technology becomes smaller and smaller. This hypothesis explains
the diffusion process of best-practice technology and gives the same sort of S-curve change in
productivity rise of catching-up countries among a group of industrialized countries as that of
followers to the leader in an industry. Although this view can explain the tendency to convergence of
productivity levels of follower countries, it fails to answer the historical puzzles why a country, the
United States, has preserved the standing of the technological leader for a long time since taking
over leadership from Britain in around the end of the last century and why the shifts have taken
place in the ranks of follower countries in their relative levels of productivity, i.e., technological gaps
between them and the leader. Abramovitz poses some extensions and qualifications on this simple
catch-up hypothesis in the attempt to explain these facts. Among other factors than technological
backwardness, he lays stress on a country’s ‘social capability’, i.e., years of education as a proxy of
technical competence and its political, commercial, industrial, and financial institutions. The social
capability of a country may become stronger or weaker as technological gaps close and thus, he
states, the actual catch-up process ‘does not lend itself to simple formulation’. This view has a
common understanding to what Mancur Olson (1996) expresses to be ‘public policies and institutions’
as his explanation of the great differences in per capita income across countries, stating that ‘any
poorer countries that adopt relatively good economic policies and institutions enjoy rapid catch-up
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growth’. The suggestion should be taken seriously when we wish to understand the technological
catching-up to American leadership by Japan, in particular, during the post-war period and explore
the possibility of a shift in standing between these two countries. This consideration will directly
bear on the future trend of the state of the art which exerts a crucial influence on t the development
of the world economy.

Steering or guiding the process of racing through the pursuit of industrial policies aims to
increase competitive advantage of respective industries, as having been practised in Japan
(Gottinger,2006), in that it stimulates catch-up races but appears to be less effective in promoting
frontier racing. A deeper reason lies in the phenomenon of network externalities affecting high-
technology industries. That is, racing ahead of rivals in respective industries may create external
economies to the effect that such economies within dominant ‘increasing returns’ industries tend to
improve their international market position and therefore pull ahead in competitiveness vis-a-vis
their (trading) partners (Krugman, 1997). The point is that racing behaviour in leading high
technology industries by generating frontier positions create cluster and network externalities
pipelining through other sectors of the economy and creating competitive advantages elsewhere, as
supported by the ‘increasing returns debate (Arthur, 1996). In this sense we speak of positive
externalities endogenizing growth of these economies and contributing to competitive advantage.

Based on industry specific studies across industrial sectors (Gottinger, 2006) we briefly recall the
pattern of industrial racing and the implications of the way the firms in major high technology
markets, such as telecommunications, split clearly into the two major technology races, with one set
of firms clearly lagging the other technologically. The trajectories of technological evolution certainly
seem to suggest that firms from one frontier cannot simply jump to another trajectory. Witness, in
this regard, the gradual process necessary for the firm in the catch-up race to approach those in the
frontier race. There appears to be a frontier ‘lockin’ in that once a firm is part of a race, the group of
rivals within that same race are the ones whose actions influence the firm’s strategy the most.
Advancing technological capability is a cumulative process. The ability to advance to a given level of
technical capability appears to be a function of existing technical capability. Given this path
dependence, the question remains: why do some firms apparently choose a path of technological
evolution that is less rapid than others. Two sets of possible explanations could be inferred from our
case analysis, which need not be mutually exclusive. The first explanation lingers primarily on the
expensive nature of R & D in ICT industries which rely on novel discovery for their advancement.
Firms choosing the catch-up race will gain access to a particular technical level later than those
choosing the frontier, but will do so at a lower cost. How does this process on the micro level
correspond to the one on a macro level?

ECONOMIC DEVELOPMENT: BACKWARDNESS AND CATCHUP

We can view the growth literature as consisting of three distinct theoretical explanations of growth:
the first is the neoclassical growth model which predicts country convergence; the second is the
endogenous growth model which, in general, predicts country divergence; and the third is the
correlating theory of economic development which takes a more historical perspective on the growth
of countries. The neoclassical model is based on diminishing returns to factor inputs and view the
long-run rate of growth as being exogenous. Endogenous (or New) growth theory considers constant
or increasing returns to factor inputs and attempts to explain the forces that give rise to
technological change. Development theory includes a wide variety of approaches to economic catch-
up including technological change [(Gerschenkron (1962), Abramovitz (1986)), neoinstitutional
economics [North (1990), Eggertsson (1990)] and theories of institutional sclerosis [Olsen (1982)].
These three theoretical explanations are not mutually exclusive categories and many papers belong
to more than one category. For example, Abramovitz (1986) fits also within the neoclassical
explanation, but we choose to place him in the development camp.
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We study whether the neoclassical model can explain the empirical finding of relative income
shifts. When finding the standard neoclassical model insufficient, we extend it using ideas from the
development approach, thus adding some endogeneity to the resulting model. The research is not a
direct extension of the early papers mentioned above. Since 1986, in particular, there has been a
flood of papers which deal with the growth of nations, catch-up, and transfer of technology.

The importance of a nation’s institutional framework [such as government regulation and laws] to
growth 1s probably shared by most, if not all, people and economists. Surely the existence of positive
and negative externalities, the legal environment, property rights, transaction costs, culture and
environmental pressures will affect the growth of a nation (Gottinger, 1998) .However, the
neoclassical model neglects these factors in an effort to clearly show the implications of a competitive
market structure. In addition to factor accumulation and institutional soundness, technology also
plays an important role in growth. Thus, part of our argument addresses technology diffusion, a
concept dating back to Gerschenkron (1962) who proposed in Economic Backwardness in Historical
Perspective that a backward country by the very virtue of its backwardness, will tend to develop very
differently from the advanced country. He states that “industrialization always seemed the more
promising the greater the backlog of technological innovations which the backward country could
take over from the more advanced country.” (p.6). The important idea that catch-up might occur
due to a backlog of technology will not be traced back historically. Suffice it to say that it is an idea
which is far from dead as exemplified by recent papers in the American Economic Review: Papers and
Proceedings 1996 [Crafts (1997), Romer (1997)]. These ideas are clearly expressed in a paper by
Abramovitz (1986) from which we derive much motivation for what follows. It is worth pointing
out, however, that modern development economics emphasizes the importance of ideas,
which are also emphasized in the endogenous growth models. The model we look at has some
endogeneity in it, but it is also an extension of the neoclassical model.

Abramovitz (1986) asserts that being backward in level of productivity carries a potential for rapid
growth [the catch-up hypothesis]. If the level of labour productivity were given by the level of
technology embodied in the capital stock, then the “leading” country’s capital stock embodies the
frontier technology at the time of investment, therefore, as Abramovitz states “the technological age of the
stock is ... the same as its chronological age.”

For a follower country the technological age of its capital stock will be high relative to its
chronological age. Therefore, when a leader nation invests in new capital its technology advance is
limited by the advance of knowledge. For the follower, however, investments into new capital have the
potential of a larger leap as the new capital could embody frontier technology. Thus, the larger the
productivity gap the stronger is the potential for growth in productivity, other things held constant.
This is the catch-up hypothesis in its simple form. Note its similarity to the factor accumulation
argument made earlier. The argument laid out by Abramovitz does not end here though.
Technological backwardness is not usually a historical accident, societal characteristics probably
account for a large portion of a country’s past failure to achieve a high level of productivity. These same
characteristics, or social capabilities, may remain to keep a country from making the full
technological leap proposed by the simple hypothesis. This implies that the simple catch-up
hypothesis needs some modification. Abramovitz argues that “a country’s potential for rapid growth is
strong not when it is backward without qualification, but rather when it is technologically
backward but socially advanced.” Thus being technologically backward is a necessary condition for
catch-up, but it is not sufficient. A follower nation must also be able to adopt and adapt the
technology which is potentially available to it. These intuitively appealing ideas have been missing from
the empirical growth literature and we will point out how consistent they will be with this literature.

Convergence

Baumol (1986) showed that convergence could be observed in some groupings of countries [in-
dustrialized market economies and planned economies], but not in others [less developed economies].
The groups which displayed convergence were then called “convergence groups. De Long (1988) criticizes
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Baumol for performing a regression that uses an ex post sample of countries which are rich and
developed at the end of the period, and argues for the use of an ex ante sample. De Long then shows
that such a sample does not exhibit convergence. The conclusions and results presented in the
papers of Baumol and De Long may not be as relevant as their impacts on empirical growth studies.
The important point for the evolution of growth theory is the fact that convergence ‘clubs’ as well as
divergence ‘clubs’ had been identified. In particular, the world as a whole showed evidence of
divergence. Two theoretical frameworks have been used to explain these results. One attempts to
explain convergence [the neoclassical growth modell, the other divergence [the endogenous, or new,
growth model].

At first, the empirical convergence literature tried to find out what the steady state distribution of
world per capita income and productivity would look like. This is the question which motivated
Abramovitz (1986) and Baumol (1986). Since then the empirical growth literature has mostly
attempted to explain the cross-country data; in particular, to explain convergence and rates of
convergence and to interpret the findings in the context of neoclassical and/or endogenous growth
theory. However, as mentioned by Romer (1986), cross-country comparisons of growth rates are
complicated by the difficulty of controlling for political and social [institutional] variables that
strongly influence the growth process. Thus one must attempt to control for these political and social
variables.

There have been many studies using the neoclassical model and its steady state predictions to
identify the sources of growth. First of all, if all economies have the same steady state then
unconditional convergence is expected; that is, economies with low initial incomes should have higher
growth rates. If economies differ in their steady states, then conditional convergence should be observed;
that is, after controlling for steady state differences, initial incomes should be negatively related to
growth rates. Not all convergence studies choose to consider the steady state, some take a more
direct growth accounting approach. The end results are essentially the same in terms of sources of
growth, but the latter approach is not able to consider the transitional dynamics.

Early catch-up literature showed much concern for technological backwardness while the
endogenous growth theory highlights the importance of technology.

Endogenous growth theory emerged out of dissatisfaction for basically two things: first, some
growth theorists were not happy with the exogenously driven explanations of long-run productivity
growth, and secondly, the data for large samples of countries did not show convergence. This led to a
construction of models where the determinants of growth are endogenous. Romer (1986) and Lucas (1988)
are usually mentioned as the instigators of this movement. The Romer (1986) model contains
increasing returns as a result of accumulation of knowledge which has a positive external effect on
the production possibilities. Lucas (1988) is based on learning-by-doing which lead to [externall
increasing returns to scale in the production process. Neither model postulates a theory of technological
change. However, research and development, imperfect competition, and internal returns to scale were
added to this class of models in Romer (1987, 1990), Grossman and Helpman (1991), Aghion and Howitt
(1992), and Jones (1995). Technological advance is the result of R&D activity which is rewarded some ex-
post monopoly power. This means that, as long as the economy does not run out of ideas, the growth rate
can remain positive in the long run. Also, the long-run growth rate is now dependent on government
policies.

Less work has been done on the magnitude of international R&D spillovers; how R&D
expenditures in one country affect the growth of other nations. Nadiri and Kim (1996) do provide a
study of, among other things, how R&D spillovers have affected the productivity of the G7 countries.
International spillovers are shown to significantly affect the growth of total factor productivity for
all seven countries. The importance of own R&D to foreign R&D spillovers vary across countries,
e.g. for the U.S. own R&D is much more important than spillovers, while for countries like Canada
and Italy foreign R&D is more important than own R&D for their productivity growth.
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AGGREGATE LEAPFROGGING

We will argue that ‘leapfrogging’, i.e. shifts of relative income positions, is important and a
significant characteristic of cross-country growth. Given this, the question is whether the growth
models discussed above are consistent with leapfrogging. The neoclassical growth model has
attempted to explain the cross-country data in terms of convergence and rate of convergence. The Solow
model predicts, in general, that countries converge to their own steady states; it assumes identical
technologies in all countries and concludes that exogenous differences in saving and education are
the cause of all observed disparity in levels of income and rates of growth. The neoclassical model’s
predictions with regards to leapfrogging are apparent: in a group of homogeneous countries [as
defined by the similarity of steady states] no leapfrogging should be observed. The diminishing
return to capital provides a vehicle for convergence, but there is no mechanism for shifts in relative
positions. If, however, countries are approaching different steady states, then positions might change
due to the transitional effects as shown by Jones (1995). Also, if a random disturbance is added to a
model which contains a convergence force, then one would expect shifts in relative income positions.
As mentioned in Easterly et al. (1993), if there is a large dispersion of distances between countries’
initial incomes and their steady states then the transitional effect will dominate the effect of random
shocks. New growth theory has appeared in reaction to the neo-classical model. These models
consider non-convexities and economies of scale, and, in particular, focus on the incremental change in
technology. In these models, investments into human and physical capital make either the same
or an increasing contribution to output as economies become richer. Hence, the “predictions” of the early
endogenous growth models are that technical change proceeds most rapidly in those countries with
established advantages in technologically advanced sectors, the “leaders”. This implies economic
and technical divergence between nations and no leapfrogging should be observed. However, in
general, endogenous growth models can lead to a variety of growth experiences. Different starting
conditions and the fact that government policies are allowed to make a difference can lead to
leapfrogging. For example, if long-run growth is a function of the amount of R&D conducted in a
nation, then a follower could leapfrog by allocating funds to R&D.Lately a few endogenous growth
models have in fact approached the issue of overtaking, discussing either growth miracles [Lucas
(1993)] or leadership change [Brezis, Krugman, and Tsiddon (1993)]. A more general treatment can be
found in Goodfriend and McDermott (1994). Parente and Prescott (1994) provide a recent attempt to
simultaneously account for disparity in income levels and growth miracles. Their model is based on
differences in technology adoption barriers which may lead to both income differences and, if
persistently reduced, to development miracles.

Modern development economics argues that a technology gap presents an opportunity for rapid
growth through technology flows, but a country’s ability to absorb the new technology must also be
considered. A low absorption capability makes it difficult for a country to take advantage of its
opportunity. Since poor developing nations typically suffer from both a large technology gap and a low
absorption capacity, the predictions about rate of growth and convergence are ambiguous. However,
high indicators of absorption capacity [e.g. high level of education or “good’ institutions] imply a
faster rate of growth for a country which faces a given technology gap, hence the possibility of
leapfrogging.

Cross Country Performance in Leapfrogging

Looking at the OECD sample it is apparent that the nations’ growth paths cross. They show the
countries’ per capita GDP relative to the U.S. over the period 1960-90. The U.S. is the income leader
for most of the years [Switzerland obtained the leader position a few times over the sample period].
Three countries in particular shifted income positions. Japan went from being one of the poorest
countries in 1960 [rank 19] to become quite wealthy [rank 8] in 1990. Japan appears to be a growth
miracle. The same can be said for Norway which advanced from rank 12 to 4 over the sample period. In
contrast, New Zealand made a rapid descent through the relative income positions [from 3 to 17],
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earning the title growth disaster. However, most of the rank movements take place among the
middle countries [those ranked 3 to 16 in 1960] which are close in per capita GDP levels. For these
countries leapfrogging could be due to random disturbances or heterogeneous shocks. A closer
examination of the rankings reveals that it is very common for two countries to switch positions, only
to immediately switch back. A few examples are: Germany and the U.K. from 1961 to 1968, Japan
and Italy between 1971 and 1980 [these two countries changed positions six times only to end up at
the same place in 1980], and the U.S. and Switzerland up until 1975. This shows that much of the rank
dynamics are driven by short-term fluctuations. These rank movements are most likely due to
country-specific fluctuations, such as lagged business cycles, and represent what this paper calls
randomness. One way to remove this from the data is to consider a longer time period than one
year for the analysis. Panel studies often consider 3-5 year time intervals to side-step the influence of
business cycles.

CONCLUSIONS

This paper has addressed several important issues related to the growth and performance of nations.
We discussed and provided some tools to analyze some patterns of catching up, falling behind and
getting ahead that we identify with aggregate technological racing among nations or regional
economic entities.

In a Solow type model adoption of technology becomes one possible mechanism through which the
effective capital stock may increase. The impact of social institutions arises by allowing the
potential technology gap to be modified by them.

In identifying technological racing among countries, model predictions and empirical observations
indicate that follower countries, in striving for catching up, significantly benefit from the technology
gap to the leader and that adoption rates vary between them. This variance could be mostly
contributed to the ‘social capabilities’ of those countries that demonstrate various ‘efficiency levels’ of
adoption promoted by bureaucratic efficiency (including a low level of corruption) and democratic
rights (Economist, 2005) — though it is naturally difficult and needs further research to pinpoint the
specific types of institutions that act ’as driving forces behind countries’ inefficiencies and some of
the institutional factors may show some trade-off pattern between them, thus limiting the net
impact of each of them. A good in case in point is Latin America which carries relatively high
adoption rates but overall the region fails to take advantage of its potential because of poor political
and social institutions. Other interesting cases relate to Japan, Korea and the emergence of
economic rivalry between China and India (Economist, 2005), (North, 2005). A similar case pointing
to institutional inertia relate to divergences in EU Europe (Baily and Kirkegaard, 2004) and
elsewhere (Uzawa, 2005).

Unlike tracing technological rivalry among corporations and industrial entities with clearly
defined market conditions the results one obtains from the aggregated data can only point toward
‘more aggregate’ explanations for the factors behind cross-country growth processes. Yet, a few key
factors could be singled out. First of all, we can conclude that technology diffusion is an important
source of growth of follower nations. Furthermore, countries seem to differ significantly in their ability to
take advantage of newer and better technology. Thus, in general, any policy that allows follower nations
to better adopt foreign technology should increase their growth rate, at least in the short-run. Since the
difference in technology adoption appears to be related to a nation’s institutional efficiency,
research suggests that governments are well-advised to pursue policies that increase the efficiency
of markets. That is, improved technology adoption is an added motivation for the pursuit of efficient
institutions. For example, consider two follower nations that face identical initial technology gaps.
Their growth paths will be very different according to their ability to close this technology gap. If a
nation does not incorporate foreign technology into their production it will have to rely solely on
accumulation of factor inputs as a source of growth. If, on the other hand, the economy adopts
better technology, then rapid growth is expected until the technology gap is removed, at which time the
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nation is left with factor accumulation or the coming up with new ideas as the sources of growth. However,
the latter nation will be richer [more productive] at all points in time. To conclude this argument,
higher income can be achieved not only from increases in the savings rate [the neoclassical
prediction] but also from institutional change.
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