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1 Introduction

One popular perception of innovation, that one meets in media every
day, is that has to do with developing brand new, advanced solutions for
sophisticated, well-off customers, through exploitation of the most recent
advances in knowledge. Such innovation is normally seen as carried out
by highly educated labour in R&D intensive companies, being large or
small, with strong ties to leading centers of excellence in the scientific
world. Hence innovation in this sense is a typical “first world” activity.

There is, however, another way to look at innovation that goes
significantly beyond the high-tech picture just described. In this broader
perspective, innovation — the attempt to try out new or improved
products, processes or ways to do things — is an aspect of most if not all
economic activities (Kline and Rosenberg, 1986; Bell and Pavitt, 1993). It
includes not only technologically new products and processes but also
improvements in areas such as logistics, distribution and marketing.
Moreover, the term innovation may also be used for changes that are new
to the local context, even if the contribution to the global knowledge
frontier is negligible. In this, broader sense, innovation may be as relevant
in the developing part of the world as elsewhere.

The question of how technology and innovation influence economic
development is a controversial issue (Fagerberg and Godinho, 2004;
Fagerberg et al., 2010). In section 2 of this paper we discuss the literature
that has emerged on this issue from the 1950s onwards. A natural starting
point is the neoclassical growth theory developed by Robert Solow (1956)
according to which technology may be assumed to be a so-called “public
good” and catch up and convergence in the global economy should be
expected to be relatively automatic (and quick). However, writers from
several other strands, such as economic historians, with Alexander
Gerschenkron (1962) as the prime example, or economists inspired by the
revival of interest in Joseph Schumpeter’s works, have been much less
optimistic in this regard. According to these writers, there is nothing
automatic about technological catch up. It requires considerable effort and
organizational and institutional change to succeed (Ames and Rosenberg,
1963). A central theme in the literature on the subject concerns the various
“capabilities” that firms, industries and countries need to generate in
order to escape the low development trap. In section 2 of this paper we
explore the burgeoning literature that has emerged on this issue.

Until recently there has been relatively little information available
suited for exploring the relationship between innovation and diffusion of
technology on the one hand, and economic development on the other. But
during the last few decades, national governments and international
organizations started to devote more efforts to collect statistics on factors
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relevant for innovation and diffusion, and various attempts have been
made to capitalize on these investments to produce indicators of the
technological capabilities of countries, including the developing ones. We
consider this work in section 3. However, direct information on
innovation activities in firms has been scarce. But from the early 1990s
some countries, mainly in Europe, started based on a broad notion of
innovation to survey innovation activities in firms, and more recently such
surveys have also been conducted in the developing part of the world. We
explore the lessons from this on-going work in section 4 of this paper.'

2 Taking Stock of the Literature

Intuitively, most people easily accept the idea that knowledge and
economic development are intimately related, and hence that access to
knowledge should be regarded as a vital factor for developing countries.
However, this is not the way development used to be explained by
economists. From the birth of the so-called “classical political economy”
more than two hundred years ago, economists have focused on
accumulated capital per worker when trying to explain differences in
income or productivity. Similarly, differences in economic growth have
been seen as reflecting different rates of capital accumulation. Closer to
our own age, Robert Solow adopted this perspective in his so-called
“neoclassical growth theory” (Solow, 1956). In this model, productivity
growth results from increases in the amount of capital that each worker is
set to operate. But by assumption, as capital per worker increases, the
marginal productivity of capital declines, and with it the scope for further
in-creases in the capital-labour ratio. Ultimately, the model predicts,
productivity growth will cease.

To allow for long-run growth in GDP per capita, Solow added an
exogenous term, labelled "technological progress". In this interpretation,
technology - or knowledge - is a "public" good, i.e., something that is
accessible for everybody free of charge. Subsequent research based on the
neoclassical perspective took it for granted that if technology - or
knowledge - is freely available in, say, the USA, it will be so at the global
level as well. On this assumption the model predicts that, in the long run,
GDP per capita in all countries will grow at the same, exogenously
determined rate. The only factor left within this framework that could
possibly explain differences in per capita growth across countries is so-
called "transitional dynamics": since initial conditions generally differ,
countries may grow at different rates in the process towards long-run

! For a more extensive treatment of many of the issues dealt with in this paper see
Fagerberg et al. (2010).
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equilibrium, with poorer countries growing faster than the richer ones,
leading to so called “convergence” in the global economy. However, this
central prediction of theory was shown not to be consistent with the facts
(Landes, 1998; Islam, 2003).

The first systematic attempts to relate differences in economic
development to differences in knowledge (or technology) did not come from
economics proper but from economic historians (Gerschenkron, 1962;
Abramovitz, 1986). Rather than something that exists in the public domain
and can be exploited by anybody everywhere free of charge, technological
knowledge is in this tradition seen as deeply rooted in the specific
capabilities of private firms and their networks/environments, and hence
not easily transferable. Compared with the traditional neoclassical growth
theory discussed earlier these writers paint a much bleaker picture of the
prospects for catch-up and convergence; there is nothing automatic about
catch up: it requires a lot of effort and capability-building.

The economic historian Alexander Gerschenkron set the stage for much
of the subsequent literature (Gerschenkron, 1962). Although the techno-
logical gap between a frontier country and a laggard represents “a great
promise” for the latter, a potential for high growth through imitating
frontier technologies, there are also various problems that may prevent
backward countries from reaping the potential benefits to the full extent.
Because of this, Gerschenkron argued, late-comers had to develop new
institutional instruments for overcoming these obstacles, above all in the
financial sector, “instruments for which there was little or no counterpart
in an established industrial country” (ibid, p. 7). Although Gerschenkron’s
work is often associated with his focus on investment banks, which he saw
as critical in mobilizing resources for development, as pointed out by Shin
(1996), it is possible to see his writings as an attempt to arrive at a more
general understanding of the conditions for catch-up, focusing on the
instruments - or capabilities to use a more recent term - that need to be in
place for successful catch-up to take place.

Moses Abramovitz, arguing along similar lines as Gerschenkron, also
placed emphasis on the potential for catch-up by late-comers. He
suggested that differences in countries’ abilities to exploit this potential
might to some extent be explained by differences in so-called “social
capability”.” These are some of the aspects that he considered to be
particularly relevant (Abramovitz 1986, 1994a, b):

- technical competence (level of education)
- experience in the organization and management of large scale
enterprises

? The term “social capability” comes from Ohkawa and Rostovsky (1974).
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- financial institutions and markets capable of mobilizing capital on a
large scale
- the stability of government and its effectiveness in defining
(enforcing) rules and supporting economic growth

- honesty and trust

A related concept that has become popular in the applied literature on
growth and development is “absorptive capacity”. The term is not new, in
development economics it has been used for a long time as the ability of a
developing country to absorb new investments (Adler, 1965; Eckaus,
1973). However, as the role of knowledge for growth and development
became more widely recognized, it came to be associated with the ability
to absorb knowledge. Wesley Cohen and Daniel Levinthal, in an
influential contribution (Cohen and Levinthal, 1990), defined it as “the
ability of a firm to recognize the value of new, external information,
assimilate it and apply it to commercial ends” (ibid p. 128). Cohen and
Levinthal saw absorptive capacity as dependent on the firm’s prior related
knowledge, which was assumed to reflect its cumulative R&D. Although
the focus of Cohen and Levinthal was on firms, many of the same
considerations apply, as emphasized above, at more aggregate levels, such
as regions or countries (Keller, 1996; Eaton and Kortum, 1999; Griffith et
al., 2004), and the concept has continued to be used as such levels as well.

While much of the early literature focused mainly on evidence from
Europe and the United States, from the 1970s onwards several studies on
the relationship between technological capability (and/or innovation) and
catch-up (or lack of such) in other parts of the world emerged. One case
which received much attention was the rise of Korea from being one of the
poorest countries in the world to a first world technological powerhouse
in just three decades. Linsu Kim, who made the authoritative study on the
subject, used the concept “technological capability” as an analytical device
to interpret the Korean evidence (Kim, 1980). He defined it as “the ability
to make effective use of technological knowledge in efforts to assimilate,
use, adapt and change existing technologies. It also enables one to create
new technologies and to develop new products and processes...” (Kim
1997, p. 4). Hence, the concept includes not only organized R&D, which
arguably is a small activity in many developing countries, but also other
capabilities needed for the commercial exploitation of technology.’

Kim’s analyses were based on lessons from how Korean electronics
firms, such as Samsung, gradually upgraded from a passive role of
implementing imported technology, to a more active role of introducing

’ As the reader may have observed, the definition of technological capabilities by Kim is
quite similar to that of absorptive capacity by Cohen and Levinthal (1990) and Kim (1997)
uses the two concepts interchangeably.
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incremental improvements, and eventually ventured into the forefront of
innovation-based competition. It has become common in the literature
(see, e.g., Dahlman et al., 1987; Kim, 1997; Romijn, 1999) to consider three
aspects of technological capability: production capability, investment
capability and innovation capability. Production capability is needed to
operate productive facilities efficiently and to adapt production to
changing market circumstances. Investment capability is needed to
establish new productive facilities and adjust project designs to suit the
circumstances of the investment. Finally, innovation capability is required
to create new technology, e.g., develop new products or services that
better meet the specific requirements of the market.

The concept has been used in a large number of studies at various
levels of aggregation. Initially many studies concentrated on
understanding the rapid technological catching up in East Asia (Kim,
1980, 1997; Fransman, 1982; Amsden, 1989; Hobday, 1995) and the lack of
it elsewhere, such as in Latin America (Teitel, 1981; Katz, 1984; Fransman
and King, 1984), India (Lall, 1987) or the former centrally planned
economies (Hanson and Pavitt, 1987). Although initially developed for
firms, the concept has also been applied to whole industries or countries.
Sanjaya Lall, in a survey (Lall, 1992), emphasized three aspects of
“national technological capability” as he phrased it: the ability to muster
the necessary (financial) resources and use them efficiently; skills,
including not only general education but also specialized managerial and
technical competence; and what he called “national technological effort”,
which he associated with R&D, patents and technical personnel. He noted
that national technological capability does not only depend on domestic
technological efforts but also foreign technology acquired through imports
or FDI. Lall also made a distinction between technological capabilities
proper and their economic effects. These effects, he noted, did also depend
on the incentives that economic agents face whether resulting from
political decision making (e.g., governance) or embedded in more long-
lasting institutions (the legal framework, for example). This reasoning is of
course very similar to that of Abramovitz. Hence, potentially there is a
considerable overlap between the concepts of technological and social
capabilities: both include aspects related to skill formation, finance and
governance.

The observation that technological and social factors interact in the
process of economic development might also be taken as supporting the
view that a broader, more systemic approach that takes such interactions
into account is required. Such concerns led during the 1980s and 1990s to
the development of a new systemic approach to the study of countries’
abilities to generate and profit from technology, the so-called “national
innovation system” approach. The concept, first used in public by
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Christopher Freeman in an analysis of Japan (Freeman, 1987), soon
became a popular analytical tool for researchers who wanted to get a
firmer grasp on the interaction processes underlying a country’s
technological and economic development (Lundvall, 1992; Nelson, 1993;
see Edquist, 2004 for an overview). Organizations such as the OECD, the
EU and the UN intensified their efforts to provide relevant statistics with
which performance along these lines could be assessed.

The successful catch-up of a number of “newly industrializing”
countries in the 1970s and 1980s also served as inspiration for the
development of new perspectives on the dynamics of the global economy
that placed the development of appropriate technological activities (or
capabilities) at the core of the analysis (Fagerberg, 1987, 1988; Dosi et al.,
1990; Verspagen, 1991; for an overview see Fagerberg and Godinho, 2004).
Following this approach, catch-up or convergence is by no means
guaranteed. It depends on the balance of innovation and imitation, how
challenging these activities are and the extent to which countries are
equipped with the necessary capabilities. According to Verspagen (1991),
who implemented these ideas into a non-linear setting that allows for both
catch-up and a “low-growth trap”, poor countries with a low “social
capability” are the ones at risk of being “trapped”. Moreover, evidence
presented in Fagerberg and Verspagen (2002) suggests that the importance
of innovation for development is increasing with time.

During the 1980s and 1990s economists” interest in the possible role of
knowledge (technology) for growth and development increased. On the
theoretical front an important development was the emergence of the so-
called “new growth theory” (Romer, 1986, 1990; Aghion and Howitt, 1992,
1998) according to which differences in economic development across
countries should be understood as the outcome of differences in
endogenous knowledge accumulation within (largely national) borders.
Although some newly created technological knowledge may spill over
from one country to another, there are according to this approach
sufficient impediments to this process (being legal, such as intellectual
property rights (IPRs), or more informal in nature) to secure that in most
cases the lion’s share of the benefits will accrue to the innovator. Hence,
following this approach, long run economic growth should to a large
extent be expected to depend on appropriability conditions. Moreover, the
theory predicts that large countries should be expected to be more
innovative, and benefit more from innovation, than small countries.
According to the theory, the latter may to some extent overcome the
disadvantages of scale by practicing free trade and taking a liberal stance
towards international capital flows. Hence, following this approach,
openness to trade and foreign investment is essential for countries that
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wish to catch up (Grossman and Helpman, 1991; Coe and Helpman, 1995;
Coe et al., 1997).

Although it is widespread view that openness to trade and foreign
direct investments is a positive factor for growth, the evidence supporting
this conclusion is not strong (Rodriguez and Rodrik, 1999; Gorg and
Greenaway, 2004). With respect to FDI, since most channels through
which FDI may generate spillovers are hard to observe directly, empirical
studies mostly estimate productivity equations with FDI among the
independent variables. Wooster and Diebel (2006) provide an overview of
32 econometric studies of the impact of FDI in developing countries. They
find positive effects of spillovers in around one half of the included
observations.

Recent econometric work on the subject increasingly use panel data, but
according to Wooster and Diebel, this does not change the results
significantly. In contrast, Gorg and Strobl (2001), in a similar meta-study
for a sample of both developed and developing nations, report that using
panel data mostly yields negative or insignificant spillovers.

Trade is another way through which developing countries may benefit
from knowledge flows. The study by Coe et al. (1997) estimated of a
production function in which "imported R&D”, e.g., R&D performed in
the exporting country but embodied in exports, is assumed to have an
impact on growth in the importing country. They report that, in 1990,
R&D spillovers from developed to developing nations through trade were
worth about 22 billion US$, which would be comparable to about half of
the total global development aid at that time. However, the methodology
adopted by Coe et al. has been criticized on the ac-count that the trade
related scheme may be spurious (Keller, 2004). Other studies, including
trade related measures in growth regressions, have yielded mixed results
at best (Rodrik et al., 2004; Fagerberg and Srholec, 2008).

3 Measuring Capabilities

As is evident from the preceding section, conceptual work on the role of
“capabilities” and “innovation systems” for development has flourished
recently. However, trying to put numbers on such concepts may be a
difficult exercise, as Archibugi and Coco (2005) point out. Still there have
been some attempts in that direction. For example, Furman et al. (2002)
and Furman and Hayes (2004) have suggested measuring a country’s
innovation system (or its “innovative capacity” as they put it) through the
number of patents it generates and found that there are large differences
in this respect across countries at similar levels of income. However,
patents refer to inventions, not innovations, and are used much more
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intensively in some industries than others. In fact, the global novelty
requirement  associated  with  patents implies that minor
innovations/adaptations, which arguably make up the bulk of innovative
activity world-wide, will not be counted since these are simply not
patentable. Thus, for countries below the technology frontier, and
developing countries in particular, most of their innovative activities
would get unrecognized by this approach. Most attempts to measure
national technological capabilities or innovation systems in developing
countries therefore try to take into account more information than just
patents.

Table 1 - Measuring Capabilities

Dimension Measure
Science, research and Scientific publications, patents, R&D (total/business), innovation
innovation counts
Openness Openness to trade, foreign direct investment, research
cooperation/alliances with foreign partners, technology licensing,
immigration
Production International (ISO) standards, total quality management (TQM), lean
quality/standards production, just-in-time
ICT infrastructure Telecommunications, internet, computers
Finance Access to bank credit, stock-market, venture capital
Skills Primary, secondary and tertiary education, managerial and technical
skills
Quality of governance Corruption, law and order, independence of courts, property rights,
business friendly regulation
Social values Civic activities, trust, tolerance, religious ethics, attitudes towards

technology and science

While commendable taking into account more information also
represents a challenge, both with respect to data availability and in terms
of method. Such exercises easily run into problems because, typically,
most developed market economies figure prominently among those with
good coverage, while developing countries often lack data on many
potentially useful indicators. Based on the preceding discussion Table 1
presents an overview of various factors that have been identified in the
literature as being particularly relevant for the measurement of
technological and social capabilities along with examples of possible
empirical indicators.

As discussed earlier, the concept of technological capability refers to the
ability to develop, search for, absorb and exploit knowledge commercially.
An important element of this is what Kim (1997) termed “innovation
capability.” There are several data sources that capture different aspects of
this. For example, the quality of a country’s science base, on which
invention and innovation activities to some extent depend, may be
reflected in articles published in scientific and technical journals. Research
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and development (R&D) expenditures measure some (but not all)
resources that are used for developing new products or processes, while
patents count (patentable) inventions coming out of that process.
However, R&D data are not available for many developing countries.
Patent data, on the other hand, are available for all countries but as noted
above this gives only a very partial view of what we wish to measure.
Firms” own judgments about their innovativeness (innovation counts) is
another possible source of information but such data are only available for
a relatively small number of countries and a limited time span (see,
however, the next section).

Openness (or interaction) across country borders may as discussed
earlier facilitate technology transfer (spillovers) and stimulate innovation.
The applied literature on the subject has mostly focused on four channels
of technology transfer across country borders: trade, foreign direct
investment, migration and licensing (for overviews see Cincera and Van
Pottelsberghe, 2001; Keller, 2004, 2010). Some of these data sources are in
scarce supply for developing countries, with predictable consequences for
the available research on this issue.

Another important aspect of technological capability mentioned by Kim
(1997) is “production capability.” A possible indicator of this might be the
adoption of quality standards (ISO 9000). Although ISO certification is
mainly procedural in nature, it is increasingly seen as a requirement for
firms supplying high quality markets, and is therefore likely to reflect a
high emphasis on quality in production. Moreover, although earlier
studies such as Lall (1992) did not place much emphasis on capabilities in
ICT, nowadays a well-developed ICT infrastructure must be regarded as a
critical factor for a country that wishes to catch up. Possible indicators
reflecting ICT use may be number of personal computers, internet users
and fixed/mobile phone subscribers. These indicators are available for
most countries.

The important role that a country’s financial system may play in
mobilizing resources for catching-up was pointed out already by
Gerschenkron, Abramovitz and Lall. Kim included this in his definition of
“investment capability.” It is also emphasized by a host of recent research
(see, e.g., King and Levine, 1993; Levine, 1997; Levine and Zervos, 1998).
Authors in the capability literature attached a qualitative dimension to this
that is difficult to capture with the available data. What we can measure is
the (quantitative) development of the financial sector of a country, for
example as reflected in the amount of credit (to the private sector) or by
capitalization of companies listed in domestic capital markets.

A different set of factors, emphasized by for example Abramovitz and
Lall, and for which there is also solid support in the literature, relates to
education and skills (for an overview see Krueger and Lindahl, 2001). Both
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Abramovitz and Lall were especially concerned about specialized
managerial and technical skills but this is again an example of information
that is hard to come by. What is available for most countries are more
basic education statistics such as the literacy rate, the teacher-pupil ratio
and the rates of enrolment at different levels.

The importance of governance and institutions, furnishing economic
agents with incentives for creation and diffusion of knowledge, is
generally acknowledged in the literature. Although such factors often defy
“hard” measurement, especially in a broad cross-country comparison,
there exist some survey-based measures, often collected by international
organisations, that may throw some light on these issues. For example,
there now exists survey data reflecting how easy it is to set up and operate
a business, the extent to which law and order prevails, independence of
courts, whether (intellectual) property rights are enforced, political
stability or how widespread corruption is conceived to be (Djankov et al.,
2002 and 2003; Kaufmann et al., 2003; Botero et al., 2004; La Porta et al.,
2004; Park, 2008; World Bank, 2009).

However, the impact of government’s actions on innovation activities
and development outcomes may as pointed out by Abramovitz also
depend on the prevailing social values in society such as, for example,
tolerance, honesty and trust. Such values, facilitating socially beneficial,
cooperative activities, are often seen as expressions of so-called “social
capital” (Putnam, 1993; for an overview see Woolcock and Narayan, 2000).
The fact that the type of factors taken up by the literature on social capital
may matter for economic development is widely accepted. The problem is
rather how to measure it. One possible source of information that has been
exploited to throw some light on the issue is the “World Value Survey”
(World Values Survey Association, 2006). However, the limited time and
country coverage of these data has, until recently at least, precluded its
extension to a sizeable part of the developing world.

Given the relatively large number of potentially useful indicators there
is obviously a lot of information to exploit when attempting to measure
capabilities. One key challenge is how to combine this rich information
into a smaller number of dimensions (e.g., capabilities) with a clear-cut
economic interpretation. The most widely used approach to construct
composite variables is to select relevant indicators and weigh them
together using predetermined (usually equal) weights (Archibugi and
Coco, 2005). The problem in this case is that the choice of weights tends to
be quite arbitrary. An alternative approach, pioneered by Adelman and
Morris (1965, 1967), uses so-called “factor analysis” to advise on questions
like these. This method is based on the idea that indicators referring to the
same dimension are likely to be strongly correlated, and that we may use
this insight to reduce the complexity of a large data set (consisting of
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many indicators) into a small number of composite variables, each
reflecting a specific dimension of variance in the data.

Fagerberg and Srholec (2008) used factor analysis on data for 115
countries and 25 indicators between 1992-2004. The analysis led to the
selection of four principal factors jointly explaining about three quarter of
the total variance of the set of indicators. The first (and quantitatively most
important) of these loaded highly on several indicators associated with
“technological capability” such as patenting, scientific publications, ICT
infrastructure, ISO 9000 certifications and access to finance. However, it
also correlated highly with education, so it cut across the distinction in the
literature between “technological” (Kim, 1997) and “social” capabilities
(Abramovitz, 1986). They suggested to interpret it as a synthetic measure
of the capabilities (or “factors”) influencing the “development, diffusion
and use of innovations”, quoting Edquist (2004)’s definition of an
innovation system, hence the name “innovation system” for this factor.
Fagerberg and Srholec found a very close correlation between their
“innovation system variable” and economic development as reflected in
GDP per capita.

Table 2 - Correlation Between Measures of National Capabilities

. Reference
Indicator Reference period (1) (2) (3) (4) (5) (6)
(1) ArCo Archibugi and 2000 0.90 0.93 0.92 0.85 0.89
Coco (2004)
(2) Innovation system  Fagerberg and 2000-04 115 0.74 085 089 0.96
Srholec (2008)

(3) Technology Fagerberg et 2002 90 79 0.84 053 0.72
competitiveness al. (2007)

(4) Capacity Fagerberg et 2002 90 79 90 0.69 0.87
competitiveness al. (2007)

(5) SOCDEV Temple and 1957-62 73 57 53 53 0.88
Johnson

(1998)
(6) Human UNDP (2004) 2004 154 114 89 89 68

development index

Notes: Above the diagonal is the correlation coefficient between pairs of measures and below
the diagonal is for each of these pairs the number of (common) observations.

Table 2 presents a comparison of different composite variables aiming
at measuring (national) technological and/or social capabilities (activities).
The ArCo measure, developed by Archibugi and Coco (2004), was
constructed as the average of eight different indicators reflecting various
aspects of technological capability for 162 countries in the late 1980s and
1990s. The technology and capacity competitiveness indexes developed by
Fagerberg et al. (2007), were developed to reflect capabilities necessary for
exploration and exploitation of technology, respectively. The SOCDEV
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variable, initially developed by Adelman and Morris (1965) and later
updated by Temple and Johnson (1998), is an amalgam of structural
indicators, socio-economic characteristics and the development of mass
communication. Finally, the Human Development Index is assumed to
reflect the level of “social” development (e.g., welfare) as reflected in
statistics on health and education (UNDP, 2004).

The main lesson to be drawn from Table 2 is the very close correlation
between these measures. For example, the correlation coefficient between
the ArCo and the Innovation System measures is 0.90. Second, there is a
very close correlation between these measures and the Human
development index, which to some extent is to be expected due to their
overlapping nature. It is also consistent with the finding in the literature of
a close relationship between technological and social capabilities
(Fagerberg and Srholec, 2008).

The finding that economic development and capability building go
hand in hand is suggestive. But correlation, it may be noted, is in itself no
proof of causation. Fagerberg and Srholec (2008) provided some evidence
(in the form of econometric tests) supporting the proposition that
capability building affects development positively. However, since many
of the relevant data sources used to measure capability-building exist only
for a few years (and in some cases for a single year only), there is limited
scope for causality testing and the possibility that economic development
in some sense affects capability building (or some aspects of it) positively
cannot be excluded.

4 Innovation in Developing Country Firms

In this section we move from the macro to the micro level; from the
technological capabilities of countries to the innovation activities in firms.
Figueiredo (2006), in a recent survey, points out that our knowledge about
innovation in developing country firms has been constrained by the fact
that the available evidence has been overwhelmingly qualitative in
character, creating problems for comparison and generalization. However,
from the early 1990s onwards efforts were made to collect more
information on innovation activities of firms through surveys based on the
so-called Oslo Manual (Smith, 2004). In the beginning these surveys were
mostly confined to member states of the European Community, hence the
label “Community Innovation Surveys” (CIS), but more recently a number
of other countries, including some developing ones, have started to collect
the same type of information (Jaramillo et al., 2001, UNU-INTECH, 2004;
Blankley et al., 2006). These efforts resulted among other things in the
creation of the so-called Bogota Manual for how to carry out innovation
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surveys in developing countries (Jaramillo et al., 2001). The authors of this
manual argued that the original Oslo-approach to innovation was too
narrow and needed to be broadened to take into account factors such as
organisational change, training, use of ICTs, etc. in a better way. These
concerns subsequently led to revisions of the Oslo Manual, the third
edition of which includes a separate appendix on measurement of
innovation in developing countries (OECD, 2005) based to a large extent
on the Bogota Manual.

Table 3 - Innovation Surveys in Catching-up Economies

GDP per Response Number of Reference % of firms with new or
capita rate respondents period significantly improved
(PPP) Product Process
Slovenia 18,405 88% 2,960 02-04 20 22
Korea* 18,271 61% . 02-04 36 23
Taiwan 18,247 34% 3,356 98-00 28 33
Czech Rep. 17,634 74% 6,188 03-05 27 30
Hungary 14,836 77% 3,950 02-04 14 13
Slovakia 12,803 73% 2,195 02-04 15 17
Estonia 11,892 79% 2,201 02-04 37 33
Poland 11,608 87% .. 02-04 15 19
Argentina* 11,421 76% 1,627 02-04 39 37
Lithuania 11,042 94% 1,639 02-04 17 20
Latvia 10,101 .. 2,990 02-04 9 10
South Africa 9,290 37% 979 02-04 42 35
Chile* 9,103 15% 706 99-01 43 40
Russia 9,101 . . 04 Less than 10%
Mexico* 9,038 69% 1,515 99-00 27 24
Malaysia* 8,496 19% 749 00-01 32 27
Uruguay* 7,981 98% 814 01-03 23 26
Turkey 7,460 .. .. 04-06 22 23
Bulgaria 7,212 80% 13,710 02-04 14 8
Brazil 7,196 .. 10,600 01-03 20 27
Romania 7,193 78% 9,180 02-04 15 18
Thailand 7,091 43% 2,582 03 6 5
Tunisia 6,812 79% 586 02-04 51 49
China* 6,043 82% 31,436 04-06 25 25

Notes: (*)Manufacturing firms only
Source: World Bank (2008), national statistical offices and other sources.

According to the third edition of the Oslo Manual (OECD, 2005, p. 46)
“an innovation is the implementation of a new or significantly improved
product (good or service), or process, a new marketing method, or a new
organisational method in business practices, workplace organisation or
external relations.” Arguably, this broad definition is close to the one
originally offered by Schumpeter (1934). However, in the CIS survey it
suffices for the innovation to be new to the firm, it does not necessarily
have to be new to the market or to the world as a whole. Thus innovation
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in this sense includes activities that Schumpeter would have classified as
imitation.*

This is consistent with the emphasis in recent literature on incremental
innovation and the close relationship between innovation and diffusion,
but from a comparative perspective this entirely subjective definition of
innovation may also create problems, because something that would
qualify as an innovation in one context may not do so in another.

Table 3 presents main results from innovation surveys in countries in
the process of development. We have chosen to include some countries
that have managed to substantially reduce the difference vis-a-vis the
developed part of the world, hence the term “catching-up economies”. In
cases where several surveys have been conducted we chose the most
recent. It should be emphasized, however, that the figures need to be
treated with some caution, because of differences in questions, length of
the reference period and sampling (UNU-INTECH, 2004). Nevertheless,
the result that innovation is quite frequent also in the developing world
seems to be supported.

Another source of information on innovation in developing countries
that deserves mentioning here is the Productivity and Investment Climate
Survey (PICS) of the World Bank. In this survey, which covers around
100,000 firms in more than 100 (mostly) developing countries, firms were
asked about various aspects of their business activities, including
innovation and learning (World Bank, 2003).

Table 4 summarizes some of the results with respect to innovation.
Since we are concerned about the quality of the data, we use only datasets
including about one thousand (or more) observations. Another concern is
that despite the fact that these surveys are coordinated by the World Bank,
the questions about innovation have changed between different waves of
the questionnaire. To control for these differences, we group together
countries with similar questionnaires.

The overall impression from these data is, as before, that innovation is a
quite frequent phenomenon in developing countries.” Similarly to the CIS
surveys, innovations in the PICS survey are new to the firm, not
necessarily to the market or to the world as a whole. However, since firms
in developing countries can benefit from imitation of technologies already
in use in the developed part of the world, they may — everything else

*See Fagerberg (2003, 2004) for an extended discussion of the Schumpeterian
contribution and different definitions of innovation.

® An intriguing finding is that, with an exception for China, the propensity to answer
positively is much higher in the PICS than in the CIS surveys. We are not aware of any
attempt to explain this result, which occurs in spite of the fact that the definitions are not
all that different. The major difference between the two surveys is that the CIS
questionnaire is more elaborate and the term “innovation” is used.
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equal - be more likely to introduce “new to the firm” innovations than
their more advanced counterparts in Europe or elsewhere. Probably much
of this is related to diffusion of advanced technology from abroad -
“innovation through imitation” as Kim (1997) puts it. But as pointed out
above this does not at all make these innovations less relevant
economically.

Table 4 - Evidence on Innovation from Productivity and Investment Climate Surveys
Organized by the World Bank.

Reference % of firms that innovated

Country GDP per capita (PPP) Number of respondents

period Product Process
Questionnaire version 1:
China 2,496 1,498 98-00 21 30
China 2,787 2,375 99-02 24 33
Questionnaire version 2:
Poland 12,488 968 02-04 35 34
Turkey* 9,302 1,323 03-04 36 42
Brazil* 7,883 1,640 97-02 68 68
Thailand* 7,224 1,042 05-06 48 46
Thailand* 5,933 1,385 01-02 50 52
Egypt* 4,332 977 02-03 15 11
Egypt* 4,687 995 04-05 19 .
Morocco* 3,107 831 00-02 25 35
India* 2,004 2,240 03-04 40 16
Vietnam* 1,942 1,149 03-04 44 45
Questionnaire version 3:
Mexico* 11,142 1,119 03-05 35 34
Ukraine 6,048 848 05-07 57 .
Nigeria* 1,736 945 04-06 54 53
Bangladesh* 1,071 1,201 04-06 33 45
Turkey 10.870 1,148 05-07 45

Notes: * Manufacturing firms only - Source: World Bank (2003, 2008).

Stylized facts on the propensity of firms to innovate are informative but
do not reveal much about factors that explain innovation in firms and the
effects on performance. To handle such questions researchers have applied
econometric models, and we discuss some of this work in the following.
Tables 5 and 6 provide an overview of the studies taken into account here.
A natural starting point is to look for variables explaining innovation,
which is the question addressed by the first set of papers considered here
(Table 5). The column to the far right lists the key explanatory variables
taken into account. In spite of the fact that the models, samples and
methods differ, the results seem to be quite robust.
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Table 5 - Estimates of the Propensity of Firms to Innovate Based on Micro Data from

CIS/PICS in Catching-up Economies.

Key results
SARBE®BLTFETIYPSRC
| G&RDUNOXM/ Reeo
Author(s) Survey Country SarTmpIe Method Depe.ndent 2R VRS KRy P Ly [ ey C g u
size variable E A Ft in
D |l o ot
Trnr
y
Pamukgu (2003) CIS Turkey 1,108° 2probit INNOV + + 0 00 + oY
Lee (2004) CIS Malaysia 501° Logit INNOV + - 0 - Y
Oerlemans and CIS South Africa 189° OoLS INNSALE - 0O+ + + 000 Y
Pretorius (2006)
Crespi and CIs Chile 1,048° Hprobit INNMKT + + + + Y
Peirano (2007)
Goedhuys PICS Tanzania 257 Probit INNPDT 00+ + + + + 0 Y
(2007a)
Gongalves et al. CIs Argentina 1,256° Probit INNMKT + + + + -+ o+ 4+ Y
(2007) INNPCS + + + + 00 + + Y
Brazil 6,626° INNMKT ~ + + o+ + + 0 + + Y
INNPCS + + + + + + + 0 Y
Hegde and CIS Malaysia 1,819 Lognit INNPDT + -+ 4+ o+ + 00 Y
Shapira (2007) INNPCS + 0 + + + + 00 Y
INNORG + 0 + + + + 00 Y
Sung and CIs Korea 1,124ab Logit INNPDT 0 0 + + 00 oY
Carlsson (2007) INNPCS + 0 0 + + 0 + Y
Srholec (2007) CIS Czech Rep. 3,801 Mlogit INNOV + - + Y Y
Almeida and PICS 43 countries 15,522° Probit INNPCS + -+ + + -+ o+ Y Y
Fernandez
(2008)
Falk (2008) CIS 6 new EU 10,018 Probit INNMKT + 0 + o+ Y Y
INNPDT + 0 + o+ Y Y
INNPCS + 0 + + Y Y
Flogit b INNSALE - - 4+ 4+ + + Y Y
Jaklic et al. CIS Slovenia 1,972'J Probit INNOV + + 0 00 0 Y
(2008)
Karray and Kriaa CIS Tunisia 300° Probit INNPDT 0 + + - Y
(2008)
Srholec (2008) PICS 28 countries 15,818 Mlogit INNPDT + -+ 4+ o+ Y Y
Srholec (2009) CIS 7 new EU 28,846 Probit INNOV + - + o+ Y Y
Abbreviations:
Variables: Methods:
Y/L, K/L = Output (Y) or capital (K) per employee (L); small caps denote growth 2LS =Two-stage Least Square
PROFIT = Profitability given by profit to sales 2probit = Two-stage probit
INNOV = Dummy for product or process innovation CDM = Crépon-Duguet-Mairesse model
INNMKT = Dummy for product innovation new to the market Hprobit = Heckman probit
INNPDT = Dummy for product innovation Flogit = Fractional logit
INNPCS = Dummy for process innovation Mlinear = Multilevel linear
INNORG = Dummy for organizational innovation Mlogit = Multilevel logit
INNSALE = Sale of innovated products as % of turnover oLs = Ordinary Least Square

SIZE = Size of the firm

WLS = Weighted Least Square

AGE = Age of the firm

R&D = Internal R&D represented by a dummy or as % of turnover

BROAD = Broader non-R&D capabilities, such as design, engineering, ISO norms, ICT, marketing, knowledge management etc.
EDU = Education, skills or training of the labour force

BUY = Acquisition/purchase of external embodied (machinery) or disembodied (external R&D, licensing, etc.) technology
LINK = Linkages (cooperation, sourcing information, etc.) with other organizations

FOR = Dummy for foreign ownership

EXP = Export given by a dummy (EXPBIN) or as % of turnover (EXPINT)

IMP = Import given by a dummy or as % of turnover/inputs

Sector = Sectoral differences

Region = Regional differences

Country = National differences

Symbols: Notes:

+ = Significantly positive at least at 10% level

— = Significantly negative at least at 10% level

0 = Not significantly different from zero at 10% level
Y =Yes

 Manufacturing (industrial) firms only
® Innovative firms only
€389 in food, 365 in textiles and 956 in garments and leather industries
d
Sales denote the output
¢ Value added denotes the output
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Table 6 - Estimates of the Link Between Innovation and Productivity Based on Micro
Data from CIS/PICS in Catching-up Economies.
Key results
SAKI I 111 RBEFESRC
I G/ NNNNN&RDO eeo
. D dent
Author(s) Sur-vey Country Sample size Method epe.n en 2 E NN N ) O WO R IR c g u
variable E SOPPO A tin
AVDCR D oot
L TSG rnr
E y
Benavente cls Chile 438° CDM Y/L® + + 0 + Y
(2006)
Chudnovsky et CIS Argentina 1,410° CDM y/L¢ - + 0 + +00Y
al. (2006)
Jefferson et al. CIS China 5,451° CDM Y/L® + + + Y
(2006) PROFIT + o+ + Y
Goedhuys PICS Brazil 1,061° 2LS yd -+ 00 + + + + +YY
(2007b)
Goedhuys et PICS Tanzania 187° oLS Y/L® 0 + 00 O+ ++ Y
al. (2008a)
Goedhuyset  PICS 5 countries 389° oLs Y/L 0+ 00 © Y v
al. (2008b) 365° /L 0o+ 00 + 0o Y Y
956° Y/ 0+ 00 + 0o Y Y
Lee and Kang CIS Korea 2,539° WLS Y/Ld + - 0 + + 0 + Y
(2007)
De Negri et al. CIS Brazil 1,860° CDM K/L + + ++ +YY
(2007) K - B + o+ Y Y
Roud (2007) cis Russia 497° CDM v/ - 4 0 + 0Y
Masso and cis Estonia 1,142° CDM y/L% = + + o+ o+ +Y
Vahter (2008) y/L% - |+ 00 + 0y
Raffo et al. CIS Argentina 1,308° CDM Y/Ld 0 + 000 + Y
(2008) Brazil 9,452° 75 + 4 P + Y
Mexico 1,515° v + + 40 + Y
Damijan et al. CIS Slovenia 4,947 CDM Y/L® - + +0Y
(2008) 4,171 \7N + + o+ o+ Y
Goedhuys and PICS 42 countries 19,147 Mlinear Y/L® + + + 4+ + 4+ Y Y
Srholec (2009)
Abbreviations:
Variables: Methods:
Y/L, K/L = Output (Y) or capital (K) per employee (L); small caps denote growth 2LS = Two-stage Least Square
PROFIT = Profitability given by profit to sales 2probit = Two-stage probit
INNOV = Dummy for product or process innovation CDM = Crépon-Duguet-Mairesse model
INNMKT = Dummy for product innovation new to the market Hprobit = Heckman probit
INNPDT = Dummy for product innovation Flogit = Fractional logit
INNPCS = Dummy for process innovation Mlinear = Multilevel linear
INNORG = Dummy for organizational innovation Mlogit = Multilevel logit
INNSALE = Sale of innovated products as % of turnover oLS = Ordinary Least Square
SIZE = Size of the firm WLS = Weighted Least Square
AGE = Age of the firm
R&D = Internal R&D represented by a dummy or as % of turnover
BROAD = Broader non-R&D capabilities, such as design, engineering, 1SO norms, ICT, marketing, knowledge management etc.
EDU = Education, skills or training of the labour force
BUY = Acquisition/purchase of external embodied (machinery) or disembodied (external R&D, licensing, etc.) technology
LINK = Linkages (cooperation, sourcing information, etc.) with other organizations
FOR = Dummy for foreign ownership
EXP = Export given by a dummy (EXPBIN) or as % of turnover (EXPINT)
IMP = Import given by a dummy or as % of turnover/inputs
Sector = Sectoral differences
Region = Regional differences
Country = National differences
Symbols: Notes:

+ = Significantly positive at least at 10% level
— = Significantly negative at least at 10% level
0 = Not significantly different from zero at 10% level

Y =Yes

9 Sales denote the output
¢ Value added denotes the output

? Manufacturing (industrial) firms only
® Innovative firms only
€389 in food, 365 in textiles and 956 in garments and leather industries
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First of all, as in developed countries, large firms are more innovative
than smaller ones (but the latter tend to report relatively higher proportion
of sales of innovative products). The age of the firm, on the other hand, is
not a conducive factor for innovation. Firms with more well-developed
technological capabilities, broadly defined, are clearly more innovative.
The same goes for firms that use external sources of knowledge
intensively and interact actively with customers, suppliers and other
actors in the innovation system. These positive results do not carry over to
measures of foreign ownership, which did not come out as significantly
correlated with innovation in around one half of the cases considered, and
this also holds for the relationship between exports and innovation.

Another important question considered in the literature concerns the
impact of innovation on firm performance (Table 6). A widely used
econometric approach for assessing this effect is the so-called Crépon-
Duguet-Mairesse (CDM) model (Crépon et al., 1998), which in a sequential
way considers links between R&D, innovation and labour productivity.
Using CIS type data this framework has been applied to at least eight
developing countries. Statistically significant effects of at least one of the
innovation variables have been confirmed in most cases.

Finally, we examine how differences in contexts to which firms belong
have been taken into account. Information on this is included in Tables 5
and 6 in the last three sub-columns under “Key results”. As is evident
from the tables all of the studies controlled in one way or another for
sectorial differences but only some considered territorial differences.
Using a multilevel model on PICS data from 28 countries, mostly
developing, Srholec (2008) demonstrated that variables representing the
national framework conditions contributed to the explanation of the
likelihood of firms to innovate. Similarly, Goedhuys and Srholec (2009), in
a follow-up study based on evidence from PICS in 42 countries, showed
that various national factors influenced firms” abilities to benefit from their
own technological capabilities. Hence, national and firm level capabilities
interact in the process of development.

5 Conclusions

Until recently most people would have considered it odd to consider
innovation as an important issue for developing countries, and many
probably still see it that way. This skepticism is based on the widely
shared view that innovation primarily is of interest for high-tech firms in
advanced environments. However, this paper argues that the “high tech”
approach to innovation, which has framed much thinking and policy
advice on the subject, is strongly misleading when it comes to
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understanding the relationship between innovation and development. In
fact, the evidence considered in the paper shows that innovation is quite
widespread among developing country firms, is associated with higher
productivity and, as in the developed part of the world, is dependent on
interactions with other private and public actors. This is not to say that
innovations in developed and developing countries are identical in every
respect but in qualitative terms innovation is found to be a powerful force
of growth in both and therefore an issue that it is imperative to get a better
understanding of, theoretically as well as empirically.
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