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Chapter 1

Introduction

The investigation of the reasons behind cross‐country differences in the creation and 
international diffusion of advanced knowledge constitutes, in a nutshell, the main 
interest of the national innovation systems (NIS) approach (Lundvall 1992; Nelson 
1993; Edquist 1997). Studies in this tradition have become increasingly popular in 
the last two decades, and have greatly enriched our understanding of the functioning 
and evolution of nations’ capabilities and competencies. In addition to the great 
variety of theoretical insights that the systemic perspective has made it possible to 
achieve, several empirically oriented studies have also tried to operationalize the 
approach by measuring different aspects of the process of knowledge creation and 
dissemination in a large sample of countries, and by investigating the extent of cross‐
country differences (Archibugi and Coco 2004).

Several empirical studies in this tradition are rooted in the traditional literature on 
technology and convergence (Abramovitz 1986; Verspagen 1991; Fagerberg 1994). 
Following a technology‐gap Schumpeterian approach, applied econometric studies 
have focused on a few key variables that explain cross‐country differences in the 
innovation ability of countries as well as their different capabilities to imitate foreign 
advanced knowledge, and analyzed the empirical relationship between innovation 
and imitation factors and cross‐country differences in GDP per capita growth 
(Fagerberg and Verspagen 2002; Fagerberg, Srholec, and Knell 2007; Castellacci 
2008; Castellacci and Archibugi 2008).

Most of this empirical research, however, has so far focused on the cross‐country 
comparative aspect (“why growth rates differ”) and mostly neglected the time 
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16 GLOBAL TRENDS

series dimension and the analysis of the dynamics of the technological catch‐up 
and economic growth process over time. Further, an exceptional amount of 
research has been devoted to the study of the determinants of GDP and income per 
capita growth. By contrast, only a limited number of studies have empirically 
investigated the dynamics of innovative capability and absorptive capacity over 
time and the main factors that may explain their long‐run evolution (Castellacci 
2011; Filippetti and Peyrache 2011; Castellacci and Natera 2013). Thirdly, applied 
research in this field has so far provided a rather stylized view and highly simplified 
operationalization of the multidimensional concept of innovation systems, typically 
focusing on a few key variables (e.g., R&D, patents, human capital) and neglecting 
several other potentially relevant factors. In short, the existing literature provides 
only limited insights on the global evolution of national systems of innovation and 
the mechanisms that may explain their evolution and growth over time. This is a 
crucial task for future research in this field, and the present chapter intends to take 
a step in this direction.

Motivated by this background, this chapter presents an empirical analysis of the 
global evolution of national innovation systems. The objective is to carry out a 
general and comprehensive study aimed at describing the cross‐country distribution 
of a large number of technological, economic, and social factors that broadly 
contribute to define national systems of innovation, and how these factors have 
evolved during the period 1980–2008. The work focuses on six main dimensions 
characterizing NIS, three of which are related to the techno‐economic domain 
(innovation and technological capabilities, openness, and infrastructures), while 
the other three define countries’ socio‐institutional system (education, political 
institutions, and social cohesion). We adopt a large number of statistical indicators 
to measure these six conceptual dimensions. These indicators are from the CANA 
database, a newly released dataset that provides a rich set of information on a large 
number of countries worldwide for the last three‐decade period, and enables a 
dynamic cross‐country analysis of national systems, growth, and development 
(Castellacci and Natera 2011).

The results of our empirical analysis, in short, point out a contrasting pattern that 
we call the convergence paradox. On the one hand, the three dimensions defining the 
socio‐institutional system – basic education, political institutions, and social 
cohesion – have experienced a process of worldwide convergence. On the other 
hand, however, the three dimensions related to the techno‐economic system have 
experienced a marked divergent dynamics with increasing polarization between rich 
and poor country groups. The paradox we outline is therefore that national systems 
have progressively become more similar in terms of their socio‐institutional frame-
works while at the same time diverging and becoming more different with respect to 
their techno‐economic pillars.

Admittedly, the objective and nature of this work is descriptive rather than 
analytic. The chapter does not intend to analyze the interactions and complex 
coevolutionary process that links together the techno‐economic and socio‐ 
institutional variables that define national systems. Rather, as other contributions 
in  this volume, we seek to provide a comprehensive and empirically founded 
overview of a key issue in the study of global science, technology, and innovation 
systems.
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Literature and Conceptual Framework

Empirical Studies on National Innovation Systems (NIS)

NIS are key drivers of economic growth and competitiveness. The NIS perspective 
originally developed during the 1990s to understand the broad set of factors shaping 
the innovation and imitation ability of countries, and how these factors could 
contribute to explain cross‐country differences in economic growth and compet-
itiveness (Lundvall 1992; Edquist 1997). The study of NIS focuses on the main 
components of the system, such as private firms and public organizations, and 
investigates their mutual interactions as well as their relationships with the social 
and institutional framework in which the system is embedded (Freeman 1995; 
Lundvall 2007). Empirical studies in this tradition initially focused mostly on 
advanced economies in the OECD area (Nelson 1993), although the NIS literature 
has recently shifted the focus toward the study of innovation systems within the 
context of developing and less developed economies (Lundvall et al. 2009).1

NIS empirical literature has traditionally devoted substantial attention to the 
process of international knowledge diffusion and investigated the set of factors that 
affect the extent to which a national system is able to grow and catch up with the 
technological frontier by means of international learning and imitation activities. 
This approach was originally inspired by the work of authors such as List, Landes, 
Gerschenkron, and Abramovitz, which, by focusing on historical case studies of the 
technological catch‐up process, pointed out that international knowledge diffusion 
is a complex and demanding process, and investigated the set of factors that are 
necessary for imitation‐based technological development, so‐called absorptive 
capacity of a country (Abramovitz 1986).

More recently, a strand of empirical research made an effort to measure some of 
the relevant dimensions composing a national system through aggregate data and 
statistical indicators, and carried out applied econometric investigations of the rela-
tionships between these dimensions, on the one hand, and income per capita 
dynamics, on the other. However, a well‐known challenge for applied research in this 
field is how to operationalize the innovation system view in empirical studies and, 
relatedly, how to measure the complex and multifaceted concept of NIS and its 
relationship to countries’ economic performance. Quantitative applied studies of 
NIS and development have so far made use of two different (albeit complementary) 
approaches.

The first approach is rooted in the traditional literature on technology and 
convergence (Abramovitz 1986; Verspagen 1991; Fagerberg 1994). Following a 
technology‐gap Schumpeterian approach, recent econometric studies have focused 
on a few key variables that explain (or summarize) cross‐country differences in the 
innovation ability of countries as well as their different capabilities to imitate foreign 
advanced knowledge, and analyzed the empirical relationship between these innova-
tion and imitation factors and cross‐country differences in GDP per capita growth 
(Fagerberg and Verspagen 2002; Castellacci 2004; Castellacci 2008; Castellacci 
2011; Fagerberg et al. 2007). Since one main motivation of this type of studies is to 
analyze the dynamics and evolution of national systems in a long‐run perspective, 
they typically consider a relatively long time span (e.g., from the 1970s or 1980s 
onward), but must for this reason focus on a more restricted sample of countries 
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(e.g., between 70 and 90 countries). Due to the lack of statistical data for a suffi-
ciently long period of time, therefore, a great number of developing economies and 
the vast majority of less developed countries are often neglected by these cross‐
country studies.

The second approach is based on the construction and descriptive analysis of 
composite indicators. In a nutshell, this approach recognizes the complex and 
multidimensional nature of national systems of innovation and tries to measure 
some of their most important characteristics by considering a large set of variables 
representing distinct dimensions of national systems and capabilities, and then 
combining them together into a single composite indicator – which may be inter-
preted as a rough summary measure of a country’s relative position vis‐à‐vis other 
national systems. Desai et al. (2002) and Archibugi and Coco (2004) have firstly 
proposed composite indicators based on a simple aggregation (simple or weighted 
averages) of a number of technology variables. Godinho, Mendonça, and Pereira 
(2005), Castellacci and Archibugi (2008), and Fagerberg and Srholec (2008) have 
then considered a larger number of innovation system dimensions and analyzed 
them by means of factor and cluster analysis techniques. As compared to the first 
approach, the composite indicator approach has a more explicit focus on the 
comparison across a larger number of countries. Consequently, due to the lack of 
data availability on less developed countries for a sufficiently long period of time, 
these studies typically focus on a relatively short time span, giving a cross‐section 
description of the sample in one point in time (e.g., the 1990s and/or the 2000s).

Most of this empirical research, however, has so far focused on the cross‐country 
comparative aspect (“why growth rates differ”) and mostly neglected the time series 
dimension and the analysis of the dynamics of the technological catch‐up and 
economic growth process over time. Further, an exceptional amount of research has 
been devoted to the study of the determinants of GDP and income per capita growth. 
By contrast, only a limited number of studies have empirically investigated the 
dynamics of innovative capability and absorptive capacity over time and the main 
factors that may explain their long‐run evolution (Filippetti and Peyrache 2011; 
Castellacci and Natera 2013). This is a crucial task for future research in this field, 
and the present chapter intends to take a step in this direction.

Conceptual Framework and Dimensions

Although the concept of national system was originally intended to comprise a broad 
and multidimensional set of capabilities, modeling and empirical exercises have 
often provided a stylized and simplified operationalization of it. As recently argued 
by Archibugi and Coco (2004), Godinho et al. (2005), and Fagerberg and Srholec 
(2008), it is indeed important to adopt a multifaceted description and measurement 
of the various factors that contribute to shape the innovative capability and absorptive 
capacity of nations.

Given that the concept of national systems is complex, multifaceted, and comprises 
a great number of relevant factors interacting with each other, our empirical analysis 
adopts a broad and multidimensional operationalization of it. Our stylized view, 
broadly in line with the previous literature, is presented in Figure 1.1.2 The diagram 
provides a stylized representation of the main aggregate dimensions that define the 

0002478225.indd   18 5/13/2015   3:07:33 PM



 ThE CONvERGENCE PARADOx 19

dynamics of a national system. Specifically, we represent NIS as composed of six 
main dimensions: (1) Innovation and technological capabilities; (2) Openness; (3) 
Infrastructures; (4) Education and human capital; (5) Political institutions; (6) Social 
cohesion.

The first three dimensions are broadly related to a host of technological and 
economic factors, which classical neo‐Schumpeterian work by Chris Freeman (1987) 
summarized under the heading techno‐economic system. The next three dimensions 
refer instead to a heterogeneous set of social and institutional factors that may be 
combined together under the label socio‐institutional system (see also Freeman and 
Louça 2001; Castellacci 2004). The underlying idea motivating this framework is 
that the dynamics and complex interactions between these six dimensions represent 
the driving force of national systems’ social and economic development, and it is 
therefore crucial for empirical analyses in this field to have statistical information 
available for a large number of indicators and country‐year observations, and to 
study how each of these dimensions evolve in the long run.3

Dimension 1: Innovation and Technological Capabilities This is one of the 
crucial dimension on which empirical literature in this field has so far focused. Three 
related aspects contribute to shape each country’s innovative capability. Innovative 
inputs represent the total efforts and investments carried out by a country for R&D 
and innovative activities, that is, its innovation intensity. Its scientific output denotes 
the result of research and innovation activities carried out by the public scientific 
and technical system, for example, scientific and technical publications. The tech-
nological output refers to the total output of technological and innovative activities 
carried out by private firms, such as in particular patents, the commercialization and 
export of new products.

Dimension 2: Openness This represents the openness of the national system, a 
proxy of the potential for exchanging knowledge and technical information with 
other nations and hence imitating and absorbing foreign advanced technologies. The 

Infrastructures

Political
institutions

Social cohesion

National
innovation

system

Socio-
institutional

system

Techno-
economic

system

Openness

Education and
human capital

Innovation and
techonological capabilities

Figure 1.1 National innovation system: a stylized framework.
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more open the system, the more capable it is to imitate internationally available 
advanced knowledge (Fagerberg 1994).

Dimension 3: Infrastructures A greater level and quality of infrastructures (e.g., 
network, transportation, distribution) increases the country’s capability to absorb, 
adopt, and implement foreign advanced technologies (Freeman 2004).

Dimension 4: Education and human Capital This is the key absorptive capacity 
variable typically emphasized by technology‐gap models, according to which 
countries’ ability to imitate foreign advanced technologies does to a large extent 
depend on their workforce’s human capital (Verspagen 1991).

Dimension 5: Political Institutions A better and more efficient governance system 
and institutional quality tends to increase the country’s commitment to technological 
upgrading as well as its imitation capability (Fagerberg and Srholec 2008).

Dimension 6: Social Cohesion A national system with a greater level of social 
cohesion and within‐country income equality is in general characterized by a higher 
degree of trust and knowledge sharing, hence supporting the pace of diffusion and 
adoption of advanced knowledge within the country (Arocena and Sutz 2003).

National Specificities and Cross‐Country Heterogeneity

This stylized framework intends to provide a general background for our empirical 
analysis of the global evolution of national innovation systems. Nevertheless, it is 
important to emphasize that, although these six conceptual dimensions are arguably 
important for all countries, the way in which they combine and interact with each 
other greatly differs among national economies. In particular, the specific trajectory 
followed by distinct national systems of innovation and the specific set of key factors 
driving the dynamics of the system may differ across country groups characterized 
by different levels of development. To illustrate this, consider for instance some of 
the main differences between advanced (high‐income), middle‐income, and less 
developed economies, as often depicted in the literature.

Advanced countries are usually rich in terms of both absorptive capacity (infra-
structures, openness, and human capital) and innovative capability. In particular, 
private R&D capabilities become a more central engine of growth as compared to 
less advanced national systems, and they are also more closely related to the 
development of public scientific activities. This is one of the central points made by 
historically oriented studies on the emergence of new world leaders such as Imperial 
Germany (Veblen), the United States (Abramovitz), and Japan (Freeman), as well as 
the seminal studies on national systems of innovation in advanced economies (Nelson 
1993). Therefore, this group of countries is typically characterized by an intense and 
complex web of relationships among the key variables driving the system, and in 
particular a two‐way process of coevolution between innovative capability and 
absorptive capacity.

Compared to the advanced group, middle‐income countries often lack the inno-
vative capability that is required to become a world technological leader. However, 
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they have in general a well‐developed absorptive capacity and may then exploit the 
international diffusion of advanced technologies. For instance, previous studies of 
East Asian innovation systems have pointed out their rapidly increasing levels of 
human capital, ICT infrastructures, and export specialization and competitiveness 
(Edquist and Hommen 2008). Compared to the East Asian group, Latin American 
economies are instead characterized by lower levels of human capital and technical 
training, as well as a more traditional (resource‐based) export specialization profile 
(Nelson 1993; Alcorta and Peres 1998). Finally, former Soviet countries in Eurasia, 
in spite of their high levels of human capital, have in general lower private R&D 
capabilities and weak scientific and technical interactions, which can be explained as 
the historical heritage these countries have received from the Soviet innovation 
system and its heavy reliance on publicly funded defense R&D (Freeman 1987; 
Nelson 1993). All in all, within the broad (and heterogeneous) group of middle‐
income economies, we normally find weaker interactions among the innovative 
capability variables, because of the less central role of R&D in the national system 
and, for the same reason, weaker interactions between innovative capability and 
absorptive capacity.

Finally, in less developed countries, national systems do not only lack strong 
innovative and R&D capabilities, but are also characterized by a more limited 
absorptive capacity, for example, in terms of lower levels of human capital and 
technical training, infrastructural investments, and ability to reap benefits 
from  international trade activities (Fagerberg et al. 2007; Castellacci 2008; 
Lundvall et al. 2009). As a consequence, for this group of countries most of 
the  dynamic interactions and coevolution patterns among the six conceptual 
dimensions noted above are likely to be weaker or non‐existent. Below a 
threshold level of development, innovative capabilities and absorptive capacity 
are low, and their interaction is therefore not expected to be a key driver of the 
economic system.

Data, Indicators and Descriptive Evidence

Our empirical analysis makes use of the CANA database, a newly released cross‐
country panel dataset containing a large number of indicators for the period 
1980–2008 (Castellacci and Natera 2011). The novelty of the database is that it 
provides full information for the whole set of country‐year observations, and so 
it contains no missing value. The dataset has been constructed by combining 
together indicators available from a number of existing cross‐country data 
sources, and then applying the method of multiple imputation recently proposed 
by Honaker and King (2010).4

The CANA dataset is an attempt to provide a broad, comprehensive, and widely 
accessible database of a large number of indicators measuring countries’ technolog-
ical, social, and economic characteristics. In particular, the CANA dataset enables us 
to measure some of the main characteristics of national systems of innovation and 
carry out a cross‐country comparative analysis of their differences and long‐run 
dynamics. Based on the theoretical framework outlined in the previous section, 
we use this database to obtain four indicators for each of the six dimensions of NIS 
(see Figure 1.1).
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Dimension 1: Innovation and Technological Capabilities

•	 R&D: R&D expenditures as a percentage of GDP (source: UNESCO, OECD).
•	 Scientific articles: Number of scientific articles per million people (source: NSF).
•	 High‐tech products: Export of high‐tech products as a share of manufacturing 

exports (source: World Bank).
•	 Patents: Number of patents registered at the US Patent and Trademark Office per 

million people (source: USPTO).

Dimension 2: Openness

•	 Inward FDI: Inward FDI flow, share of GDP (source: World Bank).
•	 Import: Imports of goods and services as a share of GDP (source: UNCTAD).
•	 Export: Export of goods and services as a share of GDP (source: UNCTAD).
•	 Openness: (Export + Import) / GDP (source: UNCTAD).

Dimension 3: Infrastructures

•	 Electricity: Kilowatts of electricity consumed per hour per capita (source: World 
Bank).

•	 Telephony: Sum of telephone mainlines and mobile phones per 1000 people 
(source: ITU, UNDP, World Bank).

•	 Carrier departures: Domestic takeoffs and takeoffs abroad of air carriers 
registered in the country, per 1000 inhabitants (source: World Bank).

•	 Paved roads: Paved roads as a percentage of the whole road length of the country 
(source: World Bank).

Dimension 4: Education and Human Capital

•	 Primary enrollment ratio: Share of primary students (source: UNDP, World Bank).
•	 Secondary enrollment ratio: Share of secondary students (source: UNDP, World 

Bank).
•	 Mean years of schooling: Average number of years of school completed in the 

population over 14 (Barro and Lee 2001; UNDP, World Bank).
•	 Tertiary enrollment ratio: Share of tertiary students in science and engineering in 

the population of that age group (source: UNDP, World Bank).

Dimension 5: Political Institutions5

•	 Political rights: People’s free participation in the political process. It ranges from –7 
(low freedom) to –1 (total freedom) (source: Freedom House).

•	 Civil liberties: People’s basic freedoms without interference from the state. It 
ranges from –7 (low freedom) to –1 (total freedom) (source: Freedom House).

•	 Freedom of press: It reflects the degree of freedom that journalists and news orga-
nizations enjoy in each country, and the efforts made by the authorities to respect 
and ensure respect for this freedom. Index from –115 (no freedom) to 0 (high 
freedom) (source: Reporters Without Borders).
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•	 Freedom of speech: Extent to which freedoms of speech and press are affected by 
government censorship, including ownership of media outlets. Index from 0 
(Government censorship) to 2 (No Government Censorship) (source: Cingranelli 
and Richards 2008).

Dimension 6: Social Cohesion

•	 Corruption: Corruption Perception Index, ranging from 0 (High Corruption) to 
10 (Low Corruption) (source: Transparency International).

•	 Inequalities: Gini index (within‐country income inequalities).
•	 Trust: Percentage of respondents who agree with the statement “Most people can 

be trusted” (source: World Value Survey).
•	 Happiness: Index ranging from 3 (very happy) to 0 (not happy) (source: World 

Value Survey).6

As noted in the previous section, these dimensions and indicators of national 
 systems have arguably different relevance and patterns for countries characterized 
by different levels of economic, institutional, and social development. It is therefore 
important that our empirical analysis of these indicators will not only consider 
the overall global patterns across all countries in the world, but also take into 
account the existence of cross‐country heterogeneity and the specificities of different 
groups, or clubs, of economies. We do this by clustering countries into different 
groups, and then analyzing convergence and divergence patterns within each of 
these clubs too.

We have chosen to cluster countries in a simple hierarchical two‐step manner. 
First, we identify three major country clubs, which are broadly in line with the 
existing literature: advanced economies, catching‐up countries, and least developed 
economies (Howitt and Mayer‐Foulkes 2005; Castellacci and Archibugi 2008). 
Second, in order to achieve a finer characterization of the widely different nature of 
economies within these three heterogeneous clubs, we further divide them into a few 
subgroups. We make this based on an exogenous and intuitive criterion: we follow 
broad geographical areas, which on the whole group together countries that are 
similar with respect to both the initial GDP per capita level (the usual clustering 
variable in this literature) and the overall institutional context and capitalist mode 
of development. All in all, we end up with a total of seven subgroups, as defined in 
Table 1.1.

Although it is clear that no clustering exercise is faultless, the advantage of the 
intuitive clustering method described here is twofold: it is broadly in line with the 
three‐club specification adopted by most theoretical models and empirical exercises in 
this field, and at the same time, by working with seven fairly homogeneous subgroups, 
it deals in a satisfactory manner with the cross‐country heterogeneity issue.

In order to illustrate that heterogeneity at a greater detail, we propose a compar-
ative exercise for selected countries from different groups. We evaluate countries’ 
deviation from the world average for each dimension, in order to see how changes 
are taking place around the globe in two points of time, 1980 and 2008. If a developing 
country exhibits a higher level in 2008 than in 1980, it means that its relative position 
has improved or, equivalently, that it has experienced a process of catching up. By 
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contrast, if an advanced country shows a lower level in 2008 than in 1980, it means 
that its leadership position has weakened in relative terms.

Figure  1.2 presents some descriptive evidence on some of the indicators noted 
above, for a selection of some major large economies for these seven groups. Each 
panel in Figure 1.2 reports a radar graph, which contains the composite indicators of 
each national economy on the six NIS dimensions highlighted in this paper and shows 
the evolution of the NIS between 1980 and 2008 relatively to the world average.

The radar graphs are informative. More advanced countries have on average a 
much greater surface than the catching‐up BRICS and other less developed economies, 
indicating an overall greater level of the set of relevant technological, social, and 
economic capabilities both at the beginning and at the end of the period. Regarding the 
time evolution of these national systems, South Korea is a good illustration of a country 
that has improved rapidly its relative position during the last three decades, particu-
larly in terms of innovation capabilities and infrastructures. Within the group of BRICS 
countries, the catching‐up process between the beginning and the end of the period has 
also been striking for China, Brazil, and South Africa, and less so for Russia and India.

Empirical Analysis

Methods

Our empirical analysis of the global evolution of national systems intends to provide 
a comprehensive description of cross‐country differences in terms of the indicators 
outlined in the previous section, and how these differences have evolved over the 

Table 1.1 Countries with similar GDP per capita by group.

Advanced Countries
OECD: Australia, Austria, Belgium, Canada, Denmark, Finland, France, Germany, Greece, 
Iceland, Ireland, Israel, Italy, Japan, Netherlands, New Zealand, Norway, Portugal, Spain, 
Sweden, Switzerland, United Kingdom, United States

Catching‐up Countries
Latin America: Argentina, Bolivia, Brazil, Chile, Colombia, Costa Rica, Dominican 
Republic, Ecuador, El Salvador, Guatemala, Guyana, Honduras, Jamaica, Mexico, 
Nicaragua, Panama, Paraguay, Peru, Trinidad and Tobago, Uruguay, Venezuela
East Asia: Cambodia, China, Fiji, Indonesia, Malaysia, Mongolia, Philippines, Singapore, 
South Korea, Thailand, Vietnam
Eurasia: Albania, Armenia, Azerbaijan, Bulgaria, Croatia, Czech Republic, Estonia, 
Georgia, Hungary, Kazakhstan, Latvia, Lithuania, Moldova, Poland, Romania, Slovakia, 
Slovenia, Tajikistan, Ukraine, Uzbekistan

Least Developed Countries
South Asia: Bangladesh, India, Nepal, Pakistan, Sri Lanka
North African and Middle East: Algeria, Iran, Jordan, Morocco, Tunisia, Turkey
Sub‐Saharan Africa: Benin, Botswana, Burkina Faso, Burundi, Cameroon, Ethiopia, 
Gabon, Ghana, Guinea, Kenya, Lesotho, Madagascar, Malawi, Mali, Mauritania, 
Mauritius, Mozambique, Namibia, Niger, Nigeria, Rwanda, Senegal, Sierra Leone, South 
Africa, Swaziland, Tanzania, Uganda, Zambia, Zimbabwe
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period 1980–2008. We make use of a simple and commonly used method of applied 
economic research: convergence analysis. Cross‐country convergence is one of most 
popular areas of research in applied growth theory and, despite some important 
limitations, it still provides an appealing method to summarize cross‐country patterns 
and dynamics.

Most of the convergence literature has however focused on the dynamics of GDP 
per capita and the related determinants. But, while using the same convergence anal-
ysis methodology, our paper has a different objective. We intend to investigate the 
dynamics of each of the six NIS dimensions outlined in the previous sections, and 
how these have evolved during the last three decades. Since there exists no prior 
theory or model indicating how exactly these six dimensions evolve over time, we 
are not able to set up a structural model of conditional convergence, and follow 
instead a simpler empirical strategy. We carry out a standard analysis of (unconditional) 
convergence for each of these six factors separately, and study how their statistical 
distributions have evolved in the period 1980–2008. For each dimension, a pattern 
of convergence would indicate that a process of catching up is in place, meaning that 
less developed economies have experienced a more rapid dynamics than industrialized 
countries and hence been able to partly close their initial gap. By contrast, a finding 
of divergence would indicate the presence of a cumulative mechanism that is leading 
to increasing disparities between rich and poor countries.

More specifically, the analysis proceeds by considering the two most standard 
notions of (unconditional) convergence: β‐ and σ‐convergence. For the β‐convergence, 
we have estimated a simple regression model for each indicator A, where the 
dependent variable is the (average annual) growth of that indicator over the period 
1980–2008, while the level of the same indicator at the beginning of the period is the 
only regressor (along with a constant). The cross‐country regression model is:

 
A A Ai i A A i i/ ,0  

(1)

where ΔAi/Ai is the growth of each indicator for country i over the period, and Ai,0 is 
the log of its level at the beginning of the period. The parameter of interest in these 
regressions is βA, which measures the speed of convergence, or divergence, for that 
indicator.

By contrast, the idea of σ‐convergence is to study whether the dispersion of a 
variable has increased or decreased over time, thus providing a synthetic measure of 
the dynamics of the variability of its distribution. For each indicator, σ‐convergence 
is computed as follows. First, we have calculated the standard deviation of the cross‐
country distribution at each time t; then we have regressed the standard deviation’s 
time series on a constant and a time trend:

 SDt t  
(2)

If the estimated coefficient of the time trend σ turns out to have negative (positive) 
coefficient, this means that the indicator in question has decreased (increased) its 
variability over time, hence it shows σ‐convergence (σ‐divergence).

It is important to emphasize that the two notions of convergence, albeit related, 
are quite distinct from each other. β‐analysis tells us whether, on average, a 

0002478225.indd   26 5/13/2015   3:07:35 PM



 ThE CONvERGENCE PARADOx 27

cross‐country distribution has experienced a process of catching up – where initially 
poorer economies have developed more rapidly than richer countries (β‐convergence) – 
or instead a cumulative process according to which initially richer economies have 
been able to reinforce their leadership position over time (β‐divergence). On the 
other hand, σ‐analysis provides information on the dynamics of the cross‐country 
variability of an indicator: σ‐convergence indicates decreasing cross‐country dispersion, 
whereas σ‐divergence points to increasing polarization between rich and less 
developed economies.

Further, in order to take into account the existence of substantial differences 
across country groups, we have undertaken our convergence analysis not only for 
the whole world distribution, but we have also repeated it for each of the seven geo-
graphically defined country groups in Table 1.1.

Results

We will now present the results of the convergence analysis for each dimension sep-
arately, and will then conclude by summarizing the main general results. Table 1.2 
reports a summary of convergence analysis results,7 and Figures  1.3–1.8 show 
geographical maps and kernel densities to illustrate visually the cross‐country distri-
bution of selected indicators and their evolution over time.8

Dimension 1: Innovation and Technological Capabilities Figure 1.3 shows that 
the cross‐country distribution of innovative capabilities is very skewed, since the 
bulk of innovative investments and results is highly concentrated in countries within 
the OECD area. Such a skewed pattern has not changed substantially during the 
period 1980–2008, indicating that no significant worldwide improvement has taken 
place in this dimension (Castellacci 2011). More specifically, the convergence 
analysis results indicate that three out of four indicators (R&D, scientific articles, 
high‐tech products) are characterized by a combination of slow β‐convergence and 
visible σ‐divergence. This means that, on the one hand, countries that were less 
technologically advanced at the beginning of the period have on average improved 
their capabilities somewhat faster than already developed economies; on the other 
hand, however, several rich countries have continued to increase their technological 
efforts, leading to an increasing worldwide dispersion (i.e., the right tails of these 

Table 1.2 Summary of convergence analysis.

Decreasing dispersion 
(σ‐convergence)

Increasing dispersion 
(σ‐divergence)

Catch‐up process 
(β‐convergence)

•	 Basic education
•	 Social cohesion
•	 Political institutions

•	 Infrastructures
•	 Openness
•	 Advanced education
•	 Innovation (R&D, articles, 

high‐tech exports)

Cumulative process 
(β‐divergence)

•	 Innovation (patents)
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cross‐country distributions have become longer). This pattern holds for all 
geographical regions, except the OECD area, which is the only club in which one 
observes cross‐country convergence. The fourth indicator, patents, shows an even 
more dramatic pattern of divergence, since the variable combines at the same time 
β‐ and σ‐divergence. This indicates that innovative results and performance are 
becoming more polarized, with an increasing gap between a small bunch of innova-
tive OECD countries and a large group of non‐innovating middle‐income and less 
developed economies. As Lall (2003) does, we also wonder how big could be the 
influence of the TRIPS agreement on this pattern, in which external conditions might 
be fostering the divergence process across the world.

Dimension 2: Openness The four openness indicators (inward FDI, export, 
import, openness) show an overall pattern and dynamics that is largely similar to 
that of innovation indicators. The cross‐country distributions of these variables are 
quite skewed at the beginning of the period (Figure 1.4). These distributions move 
rightward over time – indicating an overall worldwide progress in this dimension – 
but the variability is still high at the end of the period. The convergence results point 
out a combination of β‐convergence and σ‐divergence (as it is the case for the 
innovation indicators). This general pattern holds for most of the geographical 
regions, although we also observe a more pronounced σ‐convergence process within 
less developed regions such as South Asia, Middle East, and Africa.

Dimension 3: Infrastructures The infrastructures dimension considered in Figure 1.5 
does also show a cross‐country pattern similar to that observed for the innovation and 
openness dimensions. The overall convergence dynamics is one that combines at the 
same time a catch‐up process (poor economies’ infrastructures have grown on average 
faster than already developed economies) with an increasing polarization, that is mostly 
due to the fact that some of the richest countries have continued to rapidly upgrade 
their infrastructures (e.g., telephony lines, road and air transportation), leading to an 
enlargement of the gap between the richest and the poorest economies.

Dimension 4: Education and human Capital A worldwide and relatively rapid 
process of convergence is instead apparent when we shift the focus to Figure 1.6, 
which studies the evolution of the human capital dimension. The kernel densities 
show that the cross‐country distributions of these indicators have visibly shifted 
toward the right, thus indicating an overall improvement of countries’ education 
systems. Differently from the previous dimensions, however, this worldwide growth 
has not led to increasing polarization but to a rapid convergence process (both β‐ 
and σ‐convergence), and hence to a more equal cross‐country distribution of human 
capital. This is clearly the case for the three indicators of basic education (primary 
and secondary education). By contrast, advanced education (measured by the tertiary 
enrollment ratio) has a markedly different pattern, combining β‐convergence and 
σ‐divergence like the indicators of innovation, openness and infrastructures discussed 
above. In short, it is interesting to point out that while countries are progressively 
becoming more similar in terms of basic education, this is not the case with respect 
to advanced education and the university sector’s capabilities, where the gap between 
OECD and less developed economies is indeed enlarging.
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Dimension 5: Political Institutions The four indicators of political institutions 
follow a cross‐country dynamics that largely resembles that of basic education vari-
ables discussed above. All of these variables – which are proxies for countries’ respect 
for political rights, civil liberties, freedom of press, and freedom of speech – have 
experienced both β‐ and σ‐convergence during the last three decades. This conver-
gence pattern also holds within most of the seven geographical regions that we have 
considered, with the exception of East Asia and Eurasia, where the dispersion of the 
distribution has actually increased somewhat over time, arguably due to the process 
of institutional transition that has led to more cross‐country heterogeneity within 
these regions. Figure 1.7, for instance, shows that the shape of the distribution of the 
freedom of press indicator has substantially modified during this period, shifting 
from a bimodal and highly polarized pattern at the beginning of the period toward 
a more even and slightly more concentrated (less dispersed) distribution at the end 
of the time span.

Dimension 6: Social Cohesion Finally, Figure 1.8 considers the social cohesion 
dimension. The patterns we obtain from the convergence analysis are somewhat 
mixed. On the one hand, the two variables that we consider more reliable because of 
their larger country coverage and data quality – corruption and the Gini index – 
show an overall process of catch‐up and convergence (both β‐ and σ‐convergence), 
indicating that national systems worldwide have on average become more similar in 
terms of internal social cohesion. On the other hand, the other two indicators, trust 
and happiness – which we consider a little less reliable since they are based on survey 
data for a somewhat smaller sample of countries – seem to have combined a process 
of catch‐up and β‐convergence with an overall increasing polarization between rich 
and poor economies (σ‐divergence).

The Convergence Paradox Table 1.2 summarizes the main results of our con-
vergence analysis; it is based on convergence results of dimension indicators across 
the world and for each of the seven country groups defined.9 The table shows a 
quite clear overall pattern. On the one hand, the three dimensions defining the 
socio‐institutional system – basic education, political institutions, and social cohe-
sion – have experienced a process of convergence: less developed economies have 
on average improved these factors at a faster rate than more advanced countries 
(β‐convergence), and at the same time the dispersion and polarization of these 
distributions have decreased over time (σ‐convergence). On the other hand, how-
ever, the three dimensions related to the techno‐economic system have experienced 
a marked divergent dynamics: most of the indicators of infrastructures, openness, 
advanced human capital, and innovation have in fact combined a slow β‐ 
convergence pattern (slow and hence not sufficient for less developed economies to 
close the gap vis‐à‐vis more advanced countries) with a σ‐divergence trend pointing 
to increasing polarization between rich and poor country groups. In a nutshell, we 
summarize this contrasting pattern by pointing to the existence of a convergence 
paradox: during the last three decades national systems worldwide have become 
more similar in terms of their socio‐institutional frameworks but increasingly more 
different with respect to techno‐economic dimensions.
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Conclusions

This chapter has presented an empirical analysis of the global evolution of national 
innovation systems. The intention has been to carry out a general and comprehensive 
study, aimed at describing the cross‐country distribution of a large number of 
technological, economic, and social factors that broadly contribute to define national 
systems of innovation, and how these factors have evolved during the period 1980–
2008. We have focused on six main dimensions characterizing NIS, three of which 
are related to the techno‐economic domain (innovation and technological capabilities, 
openness, and infrastructures), while the other three define the country’s socio‐
institutional system (education, political institutions, and social cohesion). We have 
then adopted a large number of statistical indicators to measure these six conceptual 
dimensions. These indicators are from the CANA database, a newly released dataset 
that is intended to measure some of the main characteristics of national innovation 
systems. The CANA database provides a rich set of information on a large number 
of countries worldwide for the last three‐decade period, and so enables a dynamic 
cross‐country analysis of national systems, growth, and development.

The results of convergence analysis, in short, point out a contrasting pattern that 
we have called “the convergence paradox.” On the one hand, the three dimensions 
defining the socio‐institutional system – basic education, political institutions, and 
social cohesion – have experienced a process of convergence. On the other hand, 
however, the three dimensions related to the techno‐economic system have 
experienced a marked divergent dynamics with increasing polarization between 
rich and poor country groups. So the paradox is that national systems have pro-
gressively become more similar in terms of their socio‐institutional frameworks 
while at the same time diverging and becoming more different with respect to their 
techno‐economic pillars.

One first implication of this pattern refers to the convergence dynamics experienced 
by socio‐institutional factors. It is important to emphasize how relevant this pattern 
is. Socio‐institutional capabilities, in fact, are not only crucial for the impacts they 
may have on the dynamics of income and GDP per capita, but also because basic 
education, political institutions, and social cohesion constitute important aspects of 
social welfare and human development. In other words, they are not simply 
means to achieve economic progress, but do also constitute achievements that are 
directly relevant for human development, representing therefore important targets 
for policy.

The second implication refers to the divergence dynamics experienced by techno‐
economic dimensions, and brings less encouraging news. Most of the techno‐
economic variables considered in the paper – measuring innovation and technological 
capabilities, openness, and infrastructures – are in fact characterized by a process of 
increasing disparities and polarization between rich and poor economies. This fact is 
a reason of concern because, due to the cumulative and path‐dependent nature of 
technological and capital accumulation, it is possible to envisage that greater cross‐
country inequalities today will arguably lead to even greater inequalities in the 
future. These techno‐economic dimensions represent therefore crucial aspects that 
middle‐income and developing economies should more actively upgrade and focus 
on during the catching‐up process. In order to get closer and eventually jump to the 
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innovation development stage, developing economies should therefore implement an 
appropriate combination of policies that takes into account the need to simulta-
neously develop R&D activities, openness and export performance, traditional and 
ICT infrastructures, and advanced human capital. At the same time, advanced coun-
tries should also take their responsibility in this divergence process: living in a glob-
alized world, creating global economic inequalities and limiting the possibilities of 
latecomers to catch up might lead to unstable situations, affecting not only devel-
oping countries but also their own economies. It is in the best interest of both 
advanced and catching‐up countries to increase the level of technological progress of 
the whole world in the long run. In more general terms, the finding of increasing 
cross‐country divergence in terms of techno‐economic dimensions can also be inter-
preted as evidence of the continuing relevance of the NIS concept: even in the con-
text of an increasingly globalized economy, a large number of techno‐economic 
factors persistently differ across countries, following country‐specific and path‐
dependent trajectories of development. Global economic integration is indeed 
strengthening country‐specific characteristics and hence the relevance of national 
systems and policies (Archibugi and Michie 1995).

Finally, we would like to conclude by acknowledging one important limitation of 
the paper and pointing out a related challenge for future research in this field. Our 
empirical analysis has been provocatively simple, based on a simple description of 
the univariate evolution and unconditional convergence dynamics of a large battery 
of indicators. The chapter has said nothing regarding the underlying key issue of 
interest: how do these factors interact with each other, and how can their coevolu-
tionary process explain the different growth trajectories experienced by national 
economies in the long run? While there are several papers investigating this question 
in a cross‐country comparative perspective, very few works have approached this 
issue focusing on the time series process that may explain the complex coevolu-
tionary patterns followed by national systems (Castellacci and Natera 2013). We 
consider this an important area for future applied research on the evolution of 
national innovation systems.

Notes

1 For further references and information regarding the flourishing field of innovation systems and 
development, see the website of the Globelics network: www.globelics.com.

2 Other empirical exercises in the NIS literature have previously made use of (at least some of) these 
dimensions and indicators. See in particular Godinho et al. (2005), Castellacci and Archibugi (2008), 
and Fagerberg and Srholec (2008).

3 In another paper (Castellacci and Natera 2013), we study the interactions among these dimensions 
and carry out a time series multivariate analysis of their coevolutionary process.

4 The CANA database, along with the sources and definitions of the indicators and a description of the 
construction methodology, can be downloaded at: http://english.nupi.no/Activities/Projects/CANA.

5 Three indicators of this dimension have been modified from the original sources. We have multiplied the 
original observed data by minus one (–1) such that a higher value indicates a more favorable situation.

6 This indicator was constructed as a weighted average of the responses of the original data source.
7 Full detailed results are provided in Tables 1.3a–d at the end of this chapter. Interested readers might 

look at specific dimensions or geographical regions.
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44 GLOBAL TRENDS

8 In order to provide a better perspective of the world maps, we decided to use year 2000 in Figure 1.3, 
Figure 1.6, and Figure 1.7, instead of using 2008 as we did in all of the other figures. The reason is that 
we wanted to report only observed data in the cartograms and avoid using imputed (estimated) 
observations.

9 Detailed results are included in Tables 1.3a–d.
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