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Theoretical framework 

 

Introduction 

The system of innovation (SI) approach has existed only since the end of the eighties but it 

has been accepted very rapidly, both in academic contexts and as a framework for 

innovation policy-making. It has eclectic theoretical foundations and relates to several 

streams of economic thinking (figure 2.1). 

 

 
 

 

Figure 2.1 The theoretical foundation of a systemic approach to innovation 
Source: adapted from Pim den Hertog in OECD (2007b:104). 

 

The main purpose of this chapter is to define the state of the art with regard to the systems 

of innovation approach. To achieve this objective innovation is analysed, firstly, under the 

perspective of its effects on growth because it was the most common analysis of the 

innovation during the last three centuries. As the systemic approximation is considered, 

section two outlines the term ―new economy‖ as a way to explain the environment where 
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innovation happens today. After that, models that point out the determinants of innovation 

are shown; particular attention is paid to the systems of innovation approach. The fourth 

section is dedicated to a difficult issue due to the nature of innovation: how to measure it? 

Finally, the conclusions of the chapter point out that innovation is a complex phenomenon, 

interesting to researchers, firms, societies and policy-makers. Many authors have tried to 

explain innovation and many differences exist between the proposal theories, but the 

significance of the subject, in economic and social terms, is clear to everybody. 

 

2.1. Technological change as a determinant of economic growth 

In economic analysis an important factor refers to the determinants of growth. Among 

them, technology appears as a fundamental variable. For a long time, technical change has 

been considered the most important kind of innovation; therefore this theoretical 

framework begins its overview with the growth theories proposed in economics.
1
 

Looking at the economical performance of advanced capitalist countries, Maddison 

(1982) considers six phases of capitalism development, and shows the major determinants 

of economic performance in each of these. In this evolutionary sequence (see table 2.1), the 

factors of production (natural resources, labour and capital) have been increasingly 

augmented by technical progress, education and the efficiency of resource allocation. 

The history of growth theory is long; the first classic authors such as Malthus, Smith 

and Ricardo introduced important concepts such as decreasing returns to scale and its 

relation to physical or human accumulation of capital, the relationship between 

technological progress and labour specialization, or competitive approach for analysing 

dynamic equilibrium. 

Thomas Malthus (1798) thought that the population pressure (which grew 

geometrically) put such strains on the ability of natural resources (which grew 

arithmetically) to produce subsistence that equilibrium was attained only by positive checks 

(catastrophes, such famine, disease, and wars) and preventive checks (sexual abstinence). 

Malthus theory had a big influence on the analysis of the pre-capitalist periods but in 

fact the situation during the advancing agrarianism of Europe was not as negative as 

                                                 
1
 The authors referenced in this part had a more broad work, but only some references are presented in order 

to have a look about the evolution of the innovation phenomena, in a large sense, under the point of view of 

its impact as growth determinant. 
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Malthus suggested because technological progress and capital formation already had a role 

in these economies. In the merchant capitalist epoch, the growth of a nation‘s wealth was 

based on higher exports than imports. During this period the leading Europeans exploited 

their superior technology in transportation, navigation, shipbuilding and armaments. New 

possibilities for economies of scale and specialisation appeared. 

 

Table 2.1 Determinants of Production Potential in Six Economic Epochs 

Epochs Period Output is function of 
1. Pre-agrarian Before 500 dc (N, L) 
2. Agrarianism From 500 to 1500 (N‘, L‘, K) 
3. Ancient imperialism reversion 

to agrarianism  
Coexists (N‘, L‘‘, K*) + p(N‘, L‘, K) 

4. Advancing agrarianism From 1500 to 1700 (N‘, L‘, K‘) 
5. Merchant capitalism From 1700 to 1820 (N‘, L‘‘, K‘‘) + p‘ 
6. Capitalism 1820 till now (N‘‘, L‘‘‘, K‘‘‘)

s
 + p‘‘ 

N = natural resources; N' = natural resources appropriated and maintained; N'' = natural resources developed 

and augmented. 

L = raw labour; L' = labour force with bare modicum of skills, defensively oriented elite unlikely to generate 

or to absorb new technology; L'' = ordinary labour with a modicum of skills plus an efficient bureaucratic 

military elite; L''' = labour force with formal education and the on-the-job training, scientific-technical 

and bureaucratic military elite. 

K = moderate stock of working capital, investment sufficient to take care of replacement and widening 

(provision of stock for additional workers); K* = as for K, but with greater investment in roads and urban 

facilities; K' = as for K, with very gradual expansion of fixed capital per head (deepening); K'' = as for K', 

except that capital deepening is more important; K''' = moderate stock of working capital supplemented 

by much bigger stock of fixed capital. Investment in all types of capital (replacement, widening, and 

deepening) is a major vehicle for transmitting technical progress. Tangible and perceived technical 

progress, compared with K' and K'' where technical progress was present but imperceptible. 

s = economies of scale and specialization, particularly through international trade. 

p = plunder (unrequited levies on products and manpower of colonized areas); p' = gains from monopolistic 

trading privileges; p'' = residual gains from colonialism. 

Source: Maddison (1982). 

 

Adam Smith (1776) analysed the driving forces of the merchant capitalist epoch and he 

emphasized: the role of capital in economic growth, being capital a stock to facilitate more 

complex methods of production rather than an element to finance new productive 

techniques (the case of the needle factory used by Smith to explain the benefits of labour‘s 

division was not a new industry); the opportunities for economies of scale and 

specialization (he did not distinguish between the benefits from technical progress and 

economies of scale and he gave much less attention to technical progress than to economies 

of scale); and the role of political decisions to accelerate growth. 
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The acceleration in the rhythm of technical progress, which demanded major fixed 

capital formation, characterised the difference between capitalism and merchant capitalist. 

The capital stock per worker grew and all types of capital were more productive because of 

growth in technical knowledge. Additionally, one of the major changes observed was the 

steadily increasing general level of education of the labour force. The development of 

capitalism revealed up the necessity of education and training, elements which were 

necessary to adapt successfully to fast technical changes.  

In addition to Smith, David Ricardo, Friedrich List, Karl Marx and Joseph Alois 

Schumpeter were economists who enriched the explanation of the driving forces in 

capitalist growth. 

Ricardo (1817) recognized the importance of machinery for increasing the productive 

power and thus the possibilities of economic growth in the non-agricultural sector (the 

industrial sector was identified by Ricardo as the nucleus of the economy). He initiated one 

of the most productive debates about the economic analysis of technical change including 

the distribution of the returns coming from technological improvements. The technical 

improvement derived from the acquisition of machinery is seen by Ricardo more as part of 

capital accumulation than the central point of capitalist development. 

List (1841)
2
 introduced two important concepts: firstly, the concept of a national 

system of the economy that focused on structural aspects of the economy and the 

generation of competitive capacities; and secondly, technological learning which 

emphasized that this process depends on learning rules, because the required abilities are 

neither freely available nor without economic or time costs. 

Differing from preceding epochs, Marx (1867) recognized, in The Capital, the 

enormous productive power of capitalism; especially due to the transition from manual 

industries to those that use machinery, and the importance of accelerated accumulation of 

fixed capital as the starting-point of economic progress. He expected a continued expansion 

of trade and concentration of production into bigger units, which would provide continuing 

economies of scale. Marx expected capitalism's ultimate collapse in favour of socialism 

because he supposed increasing polarization of the interests of workers and capitalists. The 

                                                 
2
 List F. (1841), The National System of Political Economy. Freeman (1987) and Lundvall (1992) consider 

that List presents one of the first mentions of the concept known, in time, as National System of Innovation. 
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breakdown was expected as a result of the victory of the worker's interest, which would 

then abolish private property as a means of production. However, Marx expected that under 

socialism, as under capitalism, the mainsprings of growth would be technical progress and 

capital accumulation. The main difference between capitalism and socialism would be a 

more equal income distribution, the elimination of unemployment, and the end of business 

cycles. 

The concepts of external economies and industrial districts stand out as the 

contribution of Marshall (1919); both made clear the limits of the pure competitive market 

for explaining firms‘ strategies and the significance of the territory and the effects of the 

interaction due to geographical or productive proximity. 

Schumpeter, as Marx, rejected Malthus‘ prepositions but he insisted, more than Marx, 

on the role of technological progress in the understanding of growth (rather than capital 

accumulation). One of the main contributions of this author corresponds to the determinants 

of technological progress under dynamic circumstances; where the technique and the 

organization are changing. According to Schumpeter, the development of capitalism was 

characterised by endogenous and changeable elements; and was based on a process of 

creative destruction, where the role of the entrepreneur, who looked to capture the benefits 

of innovation, was essential, and more important than capital accumulation. 

Schumpeter described the nature of economic development as linked with the concept 

of innovation, because it is based on the ―carrying out of new combinations‖. The 

combinations referred to were: introduction of new goods; introduction of new methods of 

production; opening a new market; conquest of a new supply of raw materials; new 

organization of an industry. It can be observed that, in fact, the notion of innovation is 

wider than technical progress because only the first two combinations represent what is 

conventionally considered as technical progress. Schumpeter explained that innovation 

comes in jerks or ―swarms‖, discontinuously in time. The economy thus progresses through 

a series of cycles. One round of innovations is incorporated by the imitators attracted by the 

innovation; then there is stagnation, which is eventually broken by some new entrepreneur. 

The temporality of the profit of an innovation brought out the debate about the non-

appropriability of knowledge (it is very difficult to capture its role in the production 

function). 
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Like Marx, Schumpeter was not interested in policies to promote growth, in the way 

Smith and Ricardo were, because he thought that capitalism could not survive (Schumpeter, 

1942). The analysis that led Schumpeter to this conclusion differed totally from Karl 

Marx's. Marx believed that capitalism would be destroyed by its enemies (the proletariat), 

whom capitalism had purportedly exploited. Schumpeter believed that capitalism would be 

destroyed by its successes. Capitalism would spawn, he believed, a large intellectual class 

that made its living by attacking the very bourgeois system of private property and freedom 

so necessary for the existence of an intellectual class. 

It is peculiar that Schumpeter did not discuss patents, research and development, and 

invention; perhaps he thought that innovation normally occurs well within the frontier of 

potentially exploitable knowledge. Another aspect of his approach that is difficult to accept 

is the notion that entrepreneurship is so scarce; in this sense, if the entrepreneur is 

disenthroned in Schumpeter‘s schema, capital should be considered as the vehicle for 

technical change. 

Except for some authors, like Marx and Schumpeter, the literature on economic 

growth and technological change for most of the nineteenth and early twentieth centuries 

was rather thin. After The Second War, big changes concerning the use of new technologies 

impacted almost all social ambits, from daily life to military industry; the means of 

transport revolution (particularly, aviation and automotive industries), the use of synthetic 

fibres, the petroleum use generalisation, transformed the world and evidenced the necessity 

of knowing more about the phenomena of technological progress, its control and how to 

promote it. There was a resurgence of interest in economic growth and development, in 

relation to the problems both of advanced capitalist countries and of the poorer developing 

countries. Notions of technical progress, being ―embodied‖ in the capital stock (Salter, 

1960) and education, as a form of human capital
3
 embodied in the labour force, were new 

ideas that contributed to the explanation of capitalist development.
4
 These two 

                                                 
3
 Concept introduced in the economical literature by Schultz in 1961. 

4
 These analyses were made for developed economies. Four main types of explanations for the lower income 

and productivity of developing countries emerge from the literature: (a) the institutional setting was or is less 

favourable to capitalist development than that of Western Europe and its offshoots; (b) various kinds of 

colonialism retarded development; (c) demographic growth has been much greater than was ever the case in 

the advanced capitalist countries, and this has diverted savings into capital-widening rather than capital-

deepening; (d) their levels of investment in human and physical capital are very much lower than in the 

advanced countries. 
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contributions have been developed by the models known as models of exogenous economic 

growth and endogenous economic growth. 

Among the neoclassical authors, Solow (1956; 1957) and Swan (1956) seminal works 

are the point of departure of the modern theory of economic growth
5
. They considered the 

technical change as an exogenous element of the economic activity. Growth is observed in 

the long term only if there is technological change, if not, economies of scale due to capital 

accumulation and productivity decrease. 

Robert Solow contributed with an influential theoretical link between the production 

function and the index number approach. Solow (1957) identified that the product growth 

that is not explained because of changes in inputs, is due to the technological change. The 

output growth is equal to the sum of growth of capital weighted by the share of capital in 

total income, growth of labour weighted by the share of labour in total income, and the 

Hicksian efficiency parameter. All of the components in the equation can be measured 

except the growth rate of the Hicksian efficiency parameter. This technique examines how 

much of the observed output growth is explained by the rate of change of inputs; therefore, 

it evaluates total factor productivity growth residually. In fact, the residual covers many 

components, like the effects of technical and organizational innovation that improve the 

efficiency of the economy, and others like measurement error, omitted variables, 

aggregation bias, and model misspecification. The assumption of decreasing returns to 

scale of each factor implied that growth based on physical capital accumulation was 

unsustainable in the long run. Because of that, the economists introduced the exogenous 

technological growth, as the engine for long term growth. Nevertheless, the economists 

today are conscious of the fact that the exogenous characteristic of technological progress is 

more a simplification for analysis than an interpretation of reality. 

Leontief Paradox (1956) showed empirically that the USA (an intensive capital 

economy) exported products less intensives in capital than its imports. Paradox‘s results 

were questioned but, in fact, they can be read as a way of viewing capital more broadly; 

this means that exported American products included qualified human capital, or the 

intellectual capital, invested on the products. 

                                                 
5
 To know more about the economic growth theories see Sala-i-Martin, X. (1999), and Barro, R., Sala-i-

Martin X. (2003). 
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Economic growth theories became complex mathematical models with scarce 

empirical applicability until the appearance of the works of Romer (1986) and Lucas 

(1988), which revived the growth theory, in the eighties. Their research had as its objective 

the construction of models in which, in contrast to neoclassical models, the long term rate 

of growth is positive without assuming exogenous growth of any variable (not even 

technology). The new theories were named theories of endogenous growth. New Growth 

Theory deals with the effects of innovation and knowledge and the Innovation System (SI) 

approach with determinants of innovation (see section three in this chapter). They are 

considered as complements to each other. The fact that the Innovation System approach 

(which is the basic approach for this thesis) is about determinants does not, of course, deny 

the fact that innovation has important economic consequences. 

Concerning the endogenous theories of economic growth, which appear when the 

exogenous hypothesis is relaxed
6
, can be grouped as follows: learning-by-doing

7
 models 

and models based on human capital
8
. The learning-by-doing models consider productivity 

as a consequence of economic activity; that is, knowledge accumulation is a result of the 

investment and production activities, which generate experience accumulation. In this 

sense, the main source of growth is related to the increasing returns to scale linked to the 

non-appropriability feature of knowledge (Romer, 1986). Models based on human capital 

consider that productivity growth is a consequence of investment on education and research 

(the labor factor can incorporate different levels of education and skills), and consequently 

technological progress is an intentional process (Lucas, 1988). 

At the beginning of the XXI century, we observe a theoretical and empirical 

consensus about the sources of growth: 1. the improvement of per capita income is the 

result of the production factors evolution, which is directly related to investments and their 

profitability; 2. the innovation in economic activities, which lead to the investment and 

diffusion of knowledge as a base for technological progress. One difference between these 

two theories is that technological progress and capital accumulation are complementary in 

                                                 
6
 Formally, many of these models include only a variance from the hypothesis of the Solow-Swan model; 

because of that some authors consider them as extensions of the neoclassical model of exogenous growth. 
7
 The concept of learning by doing was taken from Arrow. 

8
 The concept of human capital was introduced by the Chicago school in the fifties to describe the fact that 

the human body can increase its productive capacity based on investments: on nourishment and health, in low 

level income cases, and education when the income rises.  
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learning by doing models but they are substitutes in human capital ones. Endogenous 

explanation of growth has become the principal instrument for the analysis of innovation, 

while learning by doing and human capital models are the base for the analysis of informal 

innovation and formal innovation. 

From the review of these models of economic growth and their understanding of 

technological progress it can be concluded that innovation is vital for the economy. 

Considering innovation as the result of the intentional application of all kinds of knowledge 

to economic activities has lead to a larger vision of the innovative process, considering 

elements not included previously in growth models. 

Briefly, industrial organisation theory has concentrated on the determinants of 

innovation, too. It works basically with the Bain scheme which links the structural 

characteristics of the markets with the firms‘ behaviour and its results (Scherer and Ross, 

1990). The objective of the industrial studies is to offer solutions to stimulate competitive 

markets. With regard to technical change, the main point is to know the characteristics of 

the market that stimulate the innovative behaviour of the firms. In other words, which are 

the determinants of the innovation? Firms‘ size and the concentration markets effects on the 

innovative attitude of the firms are the topics more present in the empirical research. 

According to Metcalfe (1995), after many studies, there is no conclusive evidence about 

whether the firm size has a direct influence on innovation. Considering the concentration, 

there are not conclusive results either, although some theories say that the innovative effort 

of the firms come from the possibility of achieving a substantial market power or to defend 

the existing competitive position. In synthesis, the empirical studies carried out inside the 

most traditional approach of industrial economy have not found the determinants of the 

innovative strategy of the firms. 

Since the seventies, one of the most important approaches concerning the study of 

innovation is the Evolutionary Theory which proposes that it is not enough to know the 

effects of the technical change on the economy, but it is also necessary to study the 

interactions that take place between technical change and the dynamic of the economy. 



10 
 

Rosenberg, Nelson, Winter, Freeman and Pavitt are fundamental authors in the 

consolidation of this approach
9
 that will be discussed further in section 3.5 of this chapter. 

 

2.2 The new economy 

Globalisation has led to a dramatic increase of firms‘ opportunities to have access to 

information and new markets. It has also resulted in greater international competition and in 

new organizational forms in order to manage global supply chains. As a consequence of 

advances in technologies and greater flows of information, knowledge is more and more 

viewed as a central driver of innovation and economic growth. Therefore, the analysis of 

the innovation process requires an economic understanding of knowledge; this implies 

considering knowledge as a resource, as a commodity and as the base of a new economy 

which supports its performance on this resource. 

Knowledge as a resource is economically relevant in economic activities. Economy 

has always embodied knowledge, but digital technologies allow expanding significantly the 

economic endowment of knowledge. This substantial increase of the knowledge present in 

the economy must be related to two facts: the increase of the observable knowledge used in 

the economic activity and the transformation of tacit knowledge into explicit/observable 

knowledge and, therefore, the changes in the requirements of abilities and experiences that 

the present economy demands from the labour force. These facts have generated a virtuous 

circle in the production of knowledge and have reaffirmed knowledge as one of the 

strategic resources in the economy. 

The incorporation of a new factor that determines productivity is one of the 

conditions for the evidence of a new type of economy. The economical use of knowledge as 

a productive factor, including the use of information and communications technology 

(ICT), and the use of tacit and explicit knowledge as commodity, gives rise to a structural 

change in the economy and defines the transition to a new type of economy, where this 

resource and commodity is a source of productivity and competitiveness and, therefore, of 

growth and development. Besides, since the nineties, the intensive use of knowledge has 

                                                 
9
 For a large analysis of this theory: Nelson and Winter (1982), Kline and Rosenberg (1986), Dosi (1988), 

Dosi et al (1988), Freeman (1994), Hall (1994), Metcalfe (1995).  
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changed agents behaviour, has created new activities and has changed many already 

existing activities. 

The ―new economy‖ term, coined by Business Week, to explain the largest and 

deepest economic expansion in USA history, is characterized by a vigorous growth with 

macroeconomic equilibrium in relation to inflation, public debt and unemployment. Growth 

without inflation, in the USA, was linked with productivity increases generated by new 

information technologies. Microeconomic analysis associated the concept with the Internet 

revolution, in particular, with development of ―dot com firms‖.  

After Clinton‘s presidential period, both ideas associated with the new economy 

entered in crisis. Nevertheless, the changes observed in the socio-economical environment 

have led some authors to consider the presence of a new technical-economic paradigm, 

distinguished by the development of the ICT‘s, and the consolidation of a new economy 

based on knowledge. Castells (2000) considers that the change towards a technical 

paradigm based on information technologies has not only generated a new productive 

sector but, moreover, has transformed the potential of knowledge in economic activities. 

The differences observed in relation to previous bases of growth and competitiveness give 

rise to the term of ―new economy‖. Figure 2.2 presents a characterization of this new 

economy. 

Some economists, such as Paul Krugman and Robert J. Gordon, have their doubts 

about the consolidation of a new kind of macroeconomic relations as a result of a new 

economy or a new technical paradigm because of lack of historical perspective in the 

technological analysis. Nevertheless, there exists a generalized consensus about the fact 

that knowledge is a central force in economic growth and innovation. 
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Figure 2.2 Characterization of the new economy 
Source: author‘s elaboration based on Vilaseca y Torrent (2005), pp. 32-41. 

 

In this sense, the relation between innovation and knowledge has been increasing its impact 

on the economy and the society, being considered as a central point of competitiveness 

under both approaches: macro and micro. Therefore, it is important to analyse how the 

organization works as a system that processes information and solves its problems making 

possible collective learning which will generate innovation. The development of this 

process, which is not observed by chance, needs the construction of technological and 

organizational capacities to do this. 

 

2.3. Innovation: models of innovation 

This section goes over the determinants of innovations; under this rubric innovation studies 

address a number of questions, such as why firms innovate, what forces drive innovation, 

and which factors hinder it. A related issue is the internal functioning of firms to promote 

innovation. Another issue is how innovation processes develop at the industry, regional or 

national levels. As was mentioned, an important issue when talking about innovation is the 

nature of knowledge, how it is accumulated, and how it flows between actors; this subject 

was referred to briefly in section two and it won‘t be addressed in this one. To sum up, 

1. New skills that economic agents must develop to interact in the 

productive system: flexibility, innovation, ability to learn and 

unlearn, entrepreneurial abilities. 

2. Organizations and firms strategies transformations: e-business, 

network enterprise. 

3. Innovation is the fundamental source of productive efficiency. 

4. Complex impacts in labour market: flexible work that reduce 

labour and wage stability, and changes in employment creation. 

5. Changes in traditional mechanisms of education and training: 

flexible training and educational system that has to cover 

requirements of formation which are constant over the time, 

dislocate in the space, and with an open and flexible sprit.  

6. New economical policy of knowledge: policy of knowledge 

generation to promote research, development, and innovation; 

policy to spread knowledge; policy to distribute knowledge 

rents/benefits. 

7. Knew technologies that allow entering rapidly in the global net 

of knowledge facilitating, for instance, economic development of 

less developed economies.  

8. Big changes in institutions and sociological bases of the society. 

 Knowledge-based 

economy 

 Globalizing and digital 

economy, with growing 

demand of intangibles New 

economy 
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different models explaining innovation are analyzed in this section: the black box model, 

linear models, interactive models, innovative milieux, evolutionary models and system 

models. The explanation of innovation from the systemic perspective is more detailed 

because it is the theoretical premise of this PhD dissertation. 

The etymological origin of innovation is innovare, a Latin verb composed by the 

suffix in and the noun novatio. The meaning could be translated as ―to change the order of 

the things to do new things‖. Novare is related to novus, ―the new, something new‖ which 

could have two understandings: the new associated to ―what has never before been 

invented, understood or realised, that which is generated, sensed or presented for the first 

time‖; and a more extensive meaning, ―new forms or ways to do or to use something‖. In 

the last sense, it includes something new for someone but which is already known or used 

by someone else. 

It is interesting to emphasize that the combination in + novatio means to place, to put, 

to introduce something new, new things or novelties. Innovation corresponds to a planned 

and deliberate behaviour; it is not something that happens randomly, it needs to be 

promoted because it is not an isolated event but a process. 

To review the history of innovation, one must first look toward the works of 

Schumpeter. Although he was included in section one because of his first works which 

commented with an analysis of economic development and Capitalist system, he is 

considered as one of the most original expounders of innovation analysis; and his thinking 

is included in this section also as the point of departure for the present analysis. One of his 

most important contributions was the introduction of the concept of dis-equilibrium into 

economic discourse. This concept was considered by Schumpeter as an influential factor of 

Capitalism and the innovation process (both were generally considered stable processes 

under perfect conditions from the perspectives of other theoretical model). 

The Schumpeterian definition of innovation considers that there is an innovation 

when the form of the production function changes, not just by varying the factors; in other 

words, an innovation is a new form of the production function. He understood innovations 

as important variations, historical and irreversible changes in the way of doing things not 

just as infinitesimal changes at the margin. Innovations are very significant because the 

cycles of Capitalist progress depend on them. 
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Innovation by the entrepreneur, argued Schumpeter, led to gales of "creative 

destruction" as innovations caused old inventories, ideas, technologies, skills, and 

equipment to become obsolete. The question, as Schumpeter saw it, was not "how 

capitalism administers existing structures,... [but] how it creates and destroys them." This 

creative destruction, he believed, causes continuous progress. Schumpeter (1934) proposed 

a list of five types of innovations: introduction of new products, introduction of new 

methods of production, opening of new markets, development of new sources of supply for 

raw materials or other inputs, creation of new market structures in an industry. 

Before Schumpeter (1939), innovations were identified as specific scientific and 

technological inventions; innovation was similar to a discovery and the innovator was an 

inventor, a discoverer, more than a scientist. 

Schumpeter (1939) established the distinction among invention, innovation and 

diffusion as inter-connected phases of the innovation process. He defined invention as the 

product or process generated in the scientific and technological sphere and which remain in 

this ambit until it is exceeded by another invention. Invention is an act of intellectual 

creativity –and it ―is without importance to economic analysis‖ (1939:85) – innovation and 

diffusion are defined as economic decisions because of their closeness to economic use (the 

application or adaptation of an invention). Schumpeter professed little dependence of 

innovation on invention: ―Innovation is possible without anything we should identify as an 

invention and invention does not necessarily induce innovation‖ (1939:85). 

He conceived innovation as a holistic and comprehensive sequence where economical 

and social aspects are more crucial, if such a thing is possible, than scientific and 

technological considerations. An innovation exists only when scientific inventions or 

discoveries enter into the business world, which means, they are incorporated into the 

productive process, organizational methods or commercialized products. The formalization 

of Schumpeter‘s ideas into a sequential model (see figure 2.3) arose in response to 

interpreters of Schumpeter, particularly in the context of the technology-push/demand-pull 

debate.  
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Figure 2.3 Model (II) of innovation activity by Schumpeter 
Source: J. Schumpeter (1942). 

 

The socialization of an invention is primordial for the conversion of the invention into 

innovation. This socialization happens thanks to the entrepreneur who connects science and 

market through the firm. Schumpeter (1942:118-124) considered the entrepreneur as the 
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Schumpeter argued that under perfect competition all firms in an industry produced 

the same good, sold it for the same price, and had access to the same technology. 

Schumpeter saw this kind of competition as relatively unimportant. He wrote: ―[What 
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argument and, on that basis, believe that companies should be able to keep their production 

processes secret, have their trademarks protected from infringement, and obtain patents. 

Hagerstrand (1952) dealt with the diffusion of innovations under a spatial perspective 

and he opened the quantitative approach on the innovation diffusion research. His 

perspective is important on innovation research because of territorial hierarchy; which is a 

consequence of the differences between innovative regions with respect to peripheral areas, 

the last ones receiving innovations and dependent on the centre.  

Carayannis and Alexander (2002) propose a framework for classifying the concepts 

of innovation along four fundamental dimensions:  

1. The process of innovation: the way in which the innovation is developed, diffused and 

adopted; 

2. The content of innovation: the specific technical or social nature of innovation itself. 

3. The context of innovation: the environment in which the innovation emerges, and the 

effect of that environment on the innovation; 

4. The impact of innovation: the social and technological change which results form the 

completion of the innovation process. 

Based on Rothwell‘s (1994) classification,
10

 concerning the process of innovation, 

Marinova and Phillimore (2003) propose a typology with six generations of models: 

1. First generation: the black box model. 

2. Second generation: linear models (including technology push and need pull). 

3. Third generation: interactive models (including coupling and integrated models). 

4. Fourth generation: systems models (including networking and national systems of 

innovation). 

5. Fifth generation: evolutionary models. 

6. Sixth generation: innovative milieux. 

 

2.3.1 The black box model 

The black box model is considered the first effort to incorporate technological progress in 

the economic growth equation. According to Solow‘s works, the component of economic 

                                                 
10

 The typology of innovation process exposed by Rothwell (1994) is: technology push model (first 

generation), market pull model (second generation), coupling model (third), integrated innovation process 

(fourth), innovation as a process of know-how accumulation (fifth generation). 
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growth which is not explained by changes in capital and labour is due to technological 

advances. The calculation of the total factor productivity was residually obtained,
11

 because 

it is considered as a black box model where the innovation process itself is not important 

and the only things that count are its inputs and outputs but not the actual mechanisms of 

transformation. The need to open the black box and explore its interior or, in other words, 

to know more about innovation process and its consequences, gave rise to a number of 

other models which are discussed. 

 

2.3.2 Linear models 

The linear model of innovation was developed through time in three steps: the first linked 

applied research to basic research, the second added experimental development, and the 

third added production and diffusion. Table 2.2 summarizes some authors which 

contributed to their development. 

Table 2.2 Taxonomies of innovation 

Author, date Taxonomy of innovation 
Mees, 1920 Pure science, development, manufacturing 

Schumpeter, 1939 Invention, innovation, imitation 

Stevens, 1941 

Fundamental research, applied research, test-tube or bench research, pilot 

plant, production (improvement, trouble shooting, technical control of 

process and quality) 

Bichowsky, 1942 Research, engineering (or development), factory (or production) 

Furnas, 1948 
Exploratory and fundamental research, applied research, development, 

production 

Maclaurin, 1949 
Fundamental research, applied research, engineering development, 

production engineering, service engineering 

Mees and Leermakers, 

1950 

Research, development (establishment of small-scale use, pilot plant and 

models, adoption in manufacturing) 

Brozen, 1951a Invention, innovation, imitation 

Brozen, 1951b Research, engineering development, production, service 

Maclaurin, 1953 Pure science, invention, innovation, finance, acceptance 

Ruttan, 1959 Invention, innovation, technological change 

Ames, 1961 Research, invention, development, innovation 

Scherer, 1965 Invention, entrepreneurship, investment, development 

Schmookler, 1966 Research, development, invention 

Mansfield, 1968 Invention, diffusion, innovation 

Myers and Marquis, 1969 Problem solving, solution, utilization, diffusion 

Utterback, 1974 
Generation of an idea, problem-solving or development, implementation, 

and diffusion 

Source: Godin (2006a:658, 661). 

 

                                                 
11

 See section one of this chapter to read more about total factor productivity. 
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In linear models (see figure 2.4), the innovation is the result of a step sequence: 

―technology push‖ model, based on ―science push‖ model of science policy by Vannevar 

Bush (1945), assumed that more R&D in the firms resulted in more successful new 

products for the market. The innovation is perceived as a linear progression from scientific 

discovery, through technological development in firms to the marketplace.  

 

 

 

 

 
 

Figure 2.4 Linear models: ―science push‖ and ―need pull‖ 
Source: Rothwell (1994). 

 

The ―need pull‖ model was developed mostly during the seventies, period where the non-

technological factors, such as market pressure, were keys for the process of innovation. 

Jacob Schmookler is considered the main exponent of demand-led innovation. According to 

the following sequential model (see figure 2.5) the market was the source of ideas for 

directing R&D. 

 

  

 

 

 

 

 

 

 

 

 

 

 

Figure 2.5 Demand model of innovation activity 
Source: Schmookler, J. (1966). 
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During the sixties and seventies, many policy-makers around the world adopted the 

―technology push‖ model because it justified public investment in research and 

development. The problem was that policies often concentrated on funding R&D but forgot 

to support other innovation related areas. Theoretically, these models were soon considered 

as a simplistic picture of the interactions between science, technology and market around 

the innovation phenomena. Because of that they were replaced by more sophisticated ones; 

nevertheless, in practice they have legitimized the way that firm financed R&D and 

expected innovative results. The question of what pushes the linear model, science-

technology or demand-needs, has become a chicken-and-egg question. 

Despite its widespread use, the linear modes of innovation were not without their 

opponents. As early as the 1960s, numerous criticisms were levelled concerning, among 

other things, the linearity of the model. However, the model continued to feed public 

discourses and academic analyses due to its very simplicity: the model is a paradigm that 

simplifies and affords administrators and agencies a sense of orientation when it comes to 

thinking about allocation of funding to R&D. This framework actually remains useful. 

According to Godin: 

[…] the long survival of the model, despite regular criticisms, is due to statistics. Having 

become entrenched -with the help of statistical categories for counting resources and 

allocating money to science and technology-, and standardized under the auspices of the 

Organization for Economic Cooperation and Development (OECD) and its methodological 

manuals, the linear model functioned as a social fact. Rival models, because of their lack of 

statistical foundations, could not easily become substitutes easily (Godin, 2006a:641). 

 

During these years, Galbraith (1967) published The New Industrial State. His son, 

James K Galbraith has said about this book: 

The New Industrial State's purpose was not to catalyze a political movement but to describe 

the economy as it was, to deflate faith in the omnipotent and benevolent market and to foster 

understanding of a world dominated by large industrial firms, by the planning system and the 

"technostructure". That required an economics of organizations rather than an economics of 

markets… The great corporation of the 1960s controlled the technical developments in its 
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field through its research labs and engineering departments; it attempted to control its 

customers through market research, design and advertising (Galbraith, James K, 2007
12

). 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

Figure 2.6 Galbraith‗s revised sequence 
Source: based on Galbraith (1967). 

 

Figure 2.6 represents the Galbraith model where the scientific and educational state was 

brought into existence to serve the needs of the industrial system, but remains to some 

extent independent on it. Because of the dominant role of the technostructure, the model 

could be considered as a linear one; but the mixed character from the point of view of the 

sources of creation of innovation, and the final result (forced purchase), leads to classify it 

as an interactive model. 

 

2.3.3 Interactive models 

The interactive model was an attempt to bring together the technology-push and market-

pull approaches into a comprehensive model of innovation; it did not consider innovation 

as the final stage of a sequence; innovation process is considered as a complex net of 

                                                 
12

 ―The New Industrial State. My father's 1967 book The New Industrial State remains a relevant explanation 

of the modern economy.‖ By James K Galbraith, published in guardian.co.uk, Friday 4 May 2007. Available 

at http://www.guardian.co.uk/commentisfree/2007/may/04/theimportanceofthenewindustrialstate 
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relations (intra and extra-organizational interactions) and innovation can occur at various 

places throughout the process.  

Although it is not a pure interactive model, Haeffner‘s model relates innovation with 

its scientific origin but also with economic development, which is not directly observed in 

previous models (see figure 2.7). Three groups of factors are decisive in the model depicted 

by Haeffner (1973): the level of development of the economy, the quality and amount of 

accumulated knowledge, the quality of education and the amount of information feeding 

innovation activity.  

 

Figure 2.7 Haeffner‘s Model: Scientific research and industrial activity 
Source: E.A.Haeffner (1973). 

 

The interactive model of Rothwell (1983) is now widespread, and it provides a more 

complete approach concerning the factors and players involved in innovation. Nevertheless, 

it still did not explain: what drives the engine of innovation, why some companies are better 

at doing this than others, how organizations learn, and what the role of their operational 

environment is. 

Concerning the ―coupling model‖ (from the mid 1970‘s to the mid-1980‘s) 

companies moved away from individual R&D projects. Marketing and R&D became more 

tightly coupled through structured innovation processes. Operational cost reduction was a 

central driver behind this ―coupling model‖ (see figure 2.8). 
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Figure 2.8 The ―coupling‖ model 
Source: Rothwell and Zegveld (1985) cited by Rothwell (1994). 

 

The integrated model is based on two features of innovation in Japanese leading 

companies: integration of suppliers into the new product development process at an early 

stage, and parallel development at the same time integrating the activities of the different 

in-house departments involved, who work on the project in parallel rather than sequentially. 

The focus is on integrated processes and products to develop ―total concepts‖. Externally, 

strong supplier linkages were established as well as close coupling with leading customers 

(see figure 2.9). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

Figure 2.9 The ―integrated‖ model 
Source: Graves (1987) cited by Rothwell (1994). 
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The chain-link model (figure 2.10) begins with a basically linear process moving from 

potential market through invention, design, adaptation and adoption but it is not a pure 

linear model but an interactive one. Kline and Rosenberg (1986:289-294) describe this 

model of innovation and say that there is not one major path of activity but five: ―central-

chain-of-innovation‖, ―series of feedback links‖ between the steps (product design, 

distribution) and with the markets needs, ―linkage alongside the central-chain-of-

innovation‖ (links to and from the central chain, through knowledge and research and 

return paths), ―radical innovations‖ (direct link to and from research from problems in 

invention and design), ―feedback from innovation‖ (from the products of innovations to 

science). 

Interactive models offer a more complete approach to the issue of the factors involved 

in innovation, but they don‘t consider the context where innovation happens. 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Figure 2.10 Chain-link-model 

Source: Kline and Rosenberg (1986). 

 

Efforts to substitute linear models have been limited concerning their impact. The Kline 

and Rothwell models, with their multiple feedback loops, are not a useful analytical 

framework and efforts to measure the new interactive models have not yet been profitable, 

at least not in the official literature. Indicators on flows of knowledge between economic 

sectors, performers and users of research, and types of activities are still making progress 

(Godin, 2006b:660). 
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2.3.4 Innovative milieux 

The innovative milieux explanatory model rises from the acknowledgment of the effect 

geographical location has for knowledge generation. It is the main contribution made by 

geographers, regional economists and urban planners to a field, which traditionally has 

been studied by economists and sociologists. The model includes networking and linkages 

and stresses the importance of quality-of-life factors. 

Camagni (1991), one of the most representative authors, lists the following 

components of an innovative milieu: a productive system; active territorial relationships; 

different territorial socio-economic actors; a specific culture and process of representation; 

dynamic local collective learning process. 

 

 

2.3.5 Evolutionary models 

Closely linked to system models, evolutionary models view innovation as a path-dependent 

process. Evolutionary studies of technological change have combined fundamentals from 

biology, equilibrium thermodynamics, organizational theory and heterodox approaches in 

economics. The evolutionary model emphasizes that outcomes are determined by the 

evolutionary process; it points out that the process is as important as the results from R&D. 

According to Saviotti (1996), the following are key concepts in an evolutionary 

approach to innovation: 

 Generation of variety: innovations are seen as equivalent to mutations. 

 Selection process: the outcome is the survival of some products, technologies, and firms 

to the environment. 

 Reproduction and inheritance: firms are producing organizations and there is 

inheritance in the continuity of business activities. 

 Fitness and adaptation: propensity of an economic unit to be successful in a certain 

environment. 

 Population perspective: variances in the population should be analysed. 

 Elementary interactions: competition and collaboration among economic units.  

 External environment: socioeconomic and natural environment. 
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Nelson and Winter (1982) were the first to translate the conceptual evolutionary 

model into a computer simulation model describing economic change and business 

behaviour. 

In the innovation system approach, a long-term historical perspective is important 

because innovation processes take time and are often path dependent over time. They 

develop along certain trajectories. It is not clear—even to the actors involved—what the 

end-result will be or which path will be taken. Hence, there is similarity between 

evolutionary theories of innovation and the innovation system approach. The implications 

of an evolutionary perspective are important for the understanding of innovation. 

According to Edquist: 

 

Since innovations occur everywhere in a system - to a greater or lesser extent - and because 

of the evolutionary character of innovation processes, an innovation system never achieves 

equilibrium. We do not even know whether the potentially ‗best‘ or ‗optimal‘ trajectory is 

being exploited at all, since we do not know which one it would be. This means that the 

notion of optimality is irrelevant in a system of innovation context. We can not specify an 

optimal or ideal system of innovation. Therefore we cannot compare an existing SI with an 

ideal or optimal one - which is done in the market failure approach in traditional economics... 

Instead, the SI approach relies on comparisons of existing systems... The SI approaches make 

the differences between systems of innovation a main focus, rather than something to be 

abstracted from…Without such comparisons it is impossible to argue that one system is 

specialised in one or the other way, or that a system performs well— or badly (Edquist, 

2001:15). 

 

2.3.6 System models 

The concept of ―innovation system‖
13

 was introduced by Lundvall (1985) but still without 

the adjective ―national‖ added to it. The term national system of innovation appeared 

during the end of the eighties: Freeman (1987) used it to refer to innovation in Japan
14

. 

During the nineties many works appeared such as Lundvall (1992), Nelson and Rosenberg 

(1993), Edquist (1997b), and organizations such as OECD, European Commission and 

                                                 
13

 Along the text, the acronym SI is used as equivalent to innovation system or system of innovation. 
14

 Lundvall was the first who suggested it as the title of chapter 5 of Dosi et al. (1988) but usually Freeman is 

considered as the first to introduce the term in his seminal work presented in 1987. 
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UNCTAD, even IFM and The World Bank, used it as a main concept in its analyses. More 

recently, as a compilation, Edquist y Mckelvey (2000) can be mentioned. The new 

conceptual framework included not only the national analyses but regional ones: Braczyk, 

Cooke and Heidenreich (1998), Cooke, Gómez-Uranga y Etxebarría (1997), Cooke and 

Morgan (1998). Other authors extended it to analysis of sectors and technological systems, 

where the economic or technological sector, and not geographical limits, is the criteria to 

determine the system: Bresci and Malerba (1997), Carlsson (1995), Mowery and Nelson 

(1999).
15

 

Porter (1990) added important contributions to the innovation system approach. He 

concluded that more advanced countries have developed their competitive advantages and 

their competitiveness levels. Innovation and technological change are primary factors to 

create advantages sustainable in the long term; according to Porter such advantages are 

national and regional more than international or global. 

Edquist (1997b:28-29 and 2001:3) points out that the SI approach does not deserve 

the status of a ―theory‖ of innovation, but must be called a conceptual framework or 

approach; there is a strong need for further conceptual and theoretical development, and 

sharpening of the SI approach, in order to name the SI approach as a theory. It is necessary 

to increase the degree of rigor and specificity of the approach. Based on this awareness, the 

best way of doing that is by actually using the approach in empirical and comparative 

research. Clear concepts and unambiguous statements are needed when empirical 

correspondences to theoretical constructs are sought. Even currently, empirical work is the 

device to develop the theoretical framework.  

Although there are many differences between the authors, a conceptual framework of 

systems of innovation can be identified because of common points among the 

contributions. In general, the main features of this framework are (Navarro-Arancegui, 

2001): 

                                                 
15

 These studies coincide with others such as Porter (1990) who explained that the advantages of an industry 

in a nation are explained basically by the home nation stimulation exerted on the competitive improvement 

and on innovation. Withley (2000) deals with particular institutional structures in developed economies and 

how their features give rise to differences in the competitiveness capacity of economic sectors. French 

authors, such Amable and Petit (2001), concentrate on social system of innovation and production, where 

social aspects and human resources are more important that the analysis of the institutions and organizations 

involved on scientific and technological activities. Definitively, these schools did not present a deep review of 

innovation systems but included systemic considerations about the innovation phenomena in its objects of 

study. 
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1. Innovation is the centre of the analysis, and linked to the innovation, the learning process. 

2. The approach of systems of innovation is a holistic approach which tries to include every 

determinant of the innovation. It is also a multidisciplinary approach because not only 

economic factors are considered but also institutional, organizational, socials and politics.  

3. A historical perspective is considered because innovations need time and innovations, 

organizations, institutions, technologies, regions are ―path dependent‖. 

4. The acceptance of differences between different SI and therefore the inexistence of an 

optimal system. 

5. The emphasis on interdependence (inherent to the system idea) inside the system and a 

non linear vision of the innovation process. 

6. The crucial role assigned to the institutions and organizations.  

The reasons that explain the fast diffusion of the SI approach are related to the 

failures of neoclassical school, and the linear model associated with it, to understand and 

consider the technological variable in their economical models. This moved to an 

alternative analysis: evolutionary theory. Moreover, the productivity and competitiveness 

problems observed from the seventies, pushed policy makers to demand solutions different 

from the neoclassical set up by the academic world. The system of innovation concept was 

firstly developed in developed countries. Today is large applied in Latin America and Asia 

but it is still necessary for developing countries to work harder on the adaptation of the SI 

analysis. 

 

2.3.6.1 National system of innovation: definition, components and functions  

 

2.3.6.1.1 The system of innovation: definitions 

A system can be characterized by its components and the relations between them, the 

reasons to form a whole, the boundaries of it and the environment (the part of the rest of the 

world that is important for the system). Most of the literature on systems of innovation is 

based on inductive mode of work, empirical generalizations, because there is not a unique 

model as a centre of a SI theory. Therefore, the characterization of particular innovation 

systems helps not only with the understanding of the specificities of the system studied 

(simplifying the reality) but it is an input for the construction of the general theory. 
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In some way, the concept ―national systems of innovation‖ refers to ―national 

systems of production‖ from Friedrich List (1841). His concept took into account a wide set 

of national institutions including those engaged in education and training as well as 

infrastructures such as networks for the transportation of people and commodities 

(Freeman, 1995) and he pointed out the need to build national infrastructure and 

institutions. List focused on the development of productive forces rather than the allocation 

of given scarce resources. The modern version of the innovation system concept emerged 

from within the discipline of evolutionary economics and it was not based on List‘s 

concept. It was only after the concept had become generally accepted that Freeman and 

others went back and brought forward List as the intellectual ancestor. 

According to Mira et al. (2003), the national innovation system concept can be seen 

as a systemic model of the innovation process, growing out of the innovation theory 

advancements. Many of the analytical perspectives originated from previous models of 

innovation, from the interactive vision of science-push and demand-pull factors to the 

chain-link model of innovation, were integrated in the IS theoretical framework. Table 2.3 

summarises some of the most important definitions of national system of innovation.  

Since the beginning of the nineties, the conceptualisation of the regional innovation 

system has grown rapidly; systems of innovation and the regional science are the origins of 

the concept.  The system of innovation literature defines innovation as an evolutionary and 

social process
16

 that is stimulated and influenced by many actors and factors, internal and 

external to the context. Innovation is a social process because of its nature of the collective 

learning process amongst different departments in a company, of collaboration with other 

firms, knowledge providers, financiers, etc.
17

 The regional science literature has the focus 

to explain the socio-institutional environment where innovation emerges. From this point of 

view, innovation is localised and is a locally, embedded, not placeless, process.
18

 

 

 

 

 

                                                 
16

 Edquist C. (2004). 
17

 Cooke P., Boekholt P., Tödtling F. (2000). 
18

 Storper M. (1997) and Malmberg A., Maskell P. (1997). 
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Table 2.3 System of innovation: definitions 

Author National system of innovation definition 
Freeman, 1987 ―…the network of institutions in the public and private sectors, 

whose activities and interactions initiate, import, modify and diffuse 

new technologies.‖ 

Lundvall, 1992 ―…the elements and relationships which interact in the production, 

diffusion and use of new, and economically useful, knowledge ... 

and are either located within or rooted inside the borders of a nation 

state.‖ 
A national innovation system includes "all parts and aspects of the 

economic structure and the institutional set-up affecting learning as 

well as searching and exploring the production system, the 

marketing system and the system of finance" (Lundvall 1992, p. 12). 
Nelson and Rosenberg, 

1993 
―…a set of institutions whose interactions determine the innovative 

performance of national firms.‖ 
Edquist and Lundvall, 

1993 
―... The national system of innovation is constituted by the 

institutions and economic structures affecting the rate and direction 

of technological change in the society‖ 
Niosi et al., 1993 ―... A national system of innovation is the system of interacting 

private and public firms (either large or small), universities, and 

government agencies aiming at the production of science and 

technology within national borders. Interaction among these units 

may be technical, commercial, legal, social, and financial, in as 

much as the goal of the interaction is the development, protection, 

financing or regulation of new science and technology‖  

Patel and Pavitt, 1994 ―…the national institutions, their incentive structures and their 

competencies, that determine the rate and direction of technological 

learning (or the volume and composition of change generating 

activities) in a country.‖ 

Metcalfe, 1995 ―…that set of distinct institutions which jointly and individually 

contribute to the development and diffusion of new technologies and 

which provides the framework within which governments form and 

implement policies to influence the innovation process. As such it is 

a system of interconnected institutions to create, store and transfer 

the knowledge, skills and artefacts which define new technologies.‖ 
Source: adapted from Niosi (2002: 292). 

 

Some of the first work that focused on sub-national systems were: 

 Saxenian (1994): dealt with local conditions in Route 128 and Silicon Valley. 

 Landabaso (1995), Braczyk et al. (1998) and Cooke and Morgan (1998): referred to 

regional innovation systems in the European context. 

 Breschi and Malerba (1997), Malerba and Orsenigo (1997): sectoral systems of 

innovation approach that stressed the conditions in different sectors as key factors in 

determining specific cumulativeness paths. 
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 Carlsson (1995): technological innovation systems approach that focuses on generic 

technologies with general application over many industries. 

 Brouwer et al. (1999), Audretsch and Feldman (1999), Fischer et al. (2001): concentrated 

on metropolitan regions as one important locus for innovation forces.  

 

2.3.6.1.2 The main components of an innovation system 

According to Edquist and Johnson (1997:46-47) the components of a SI are: 

 Organizations defined as formal structures with an explicit purpose and consciously 

created. They are known in the literature as players or actors. Examples of organizations 

are firms and their organizations, universities and research centres, financial 

organizations and public innovation policy agencies.  

 Institutions: sets of common habits, routines, established practices, rules or laws that 

regulate the relations and interactions between individuals, groups and organizations. 

Nevertheless, the concept of institutions is not always understood as rules and laws that 

model the behaviours in the sense in that Edquist and Johnson (1997) and Lundvall 

(1992) do. They talk in terms of the rules of the game when using the term institution; for 

example, Nelson and Rosenberg (1993) think about institutions as formal structures such 

as firms, universities, research centres, etc. that persecute and explicit objectives.  

Taking a close look at organizations and institutions, different classifications can be 

established.  

Concerning organizations:  

 Private (firms, entrepreneurial, professional, scientific associations, etc.) versus public 

organizations (public agencies that formulate and apply technological policy, public 

universities and research centres, patent offices, etc.) 

 Concerning the role played with regard to knowledge process: production (research 

centres, e.g.), distribution (technological poles, e.g.), regulation (patent offices, e.g.) 

Concerning institutions: 

 Political or economic institutions. 

 Formal (laws, e.g.) or informal (traditions, morals, e.g.). 

 Basic, i.e. fundamental rules (such as property rights) or in support of, which fix aspects 

of basic rules (restrictions to private property use in particular situations). 
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 Hard, i.e. compulsory institutions, and soft, i.e. considered more as suggestions than 

orders that need to be obeyed. 

The third edition of Oslo Manual (OECD/Eurostat, 2005:37) considers that elements 

of the general institutional environment where the firms operate are: basic educational 

system, university system, the specialised technical training system, the science and 

research base, the common pools of codified knowledge, innovation policies, legislative 

and macroeconomic settings, the communications infrastructure, the financial institutions, 

market accessibility, the industrial structure and competitive environment. 

 

2.3.6.1.3 The relations and interactions in innovation systems 

Generally, innovation is not the result of isolated work by the actors; on the contrary 

relations among components is a necessary condition for innovation and for the existence 

of a SI. The relations can be grouped as follow: 

 Interactions between organizations or between some parts of an organization. It can be 

market (transactions such as sales) and or a non-market kind (non market based 

collaboration, such as exchange of information). 

 Relations between organizations and institutions. There is a bi-directional relation 

between them because, on the one hand, all the organizations are embedded in an 

institutional environment and on the other hand institutions are embedded by some 

organizations which elaborate and promulgate it (laws, technical standards, etc). 

 Interactions between institutions that can reinforce or contradict each other and weaker 

each other. 

The kind of relations and the weight of institutions and organizations are different in 

every SI, and this affects the way in which the SI functions and the results of particular 

systems. Because of this, it is necessary to identify the relations in each particular context. 

The innovative performance of an economy depends not only on how individual 

organisations perform in isolation, but also on how they interact with each other and with 

social institutions. Each component of the system needs to work efficiently and the linkages 

between them need to function effectively. In the innovation system the actors contribute 

jointly and individually to the development and diffusion of innovation. It is a system of 

interconnected core actors and wider framework conditions within which societies create, 
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store and transfer knowledge, skills and products which contribute to innovation. With this 

perspective, OCDE propose the following scheme (figure 2.11) to represent interactions in 

innovation systems in three different levels: micro, macro and meso. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.11 Interactions in innovation systems 
Source: OECD (2007b:106). 

 

2.3.6.1.4 Taxonomies of innovation 

Innovation is the result of a complex interaction between various actors and institutions. 

Schumpeter, in 1934, referred to innovation not only as including technological change, but 

considering it in a larger sense: introduction of new products, opening of new markets, 

development of new sources of supply for raw materials or other inputs, creation of new 

market structures in an industry. Nevertheless, most of the literature about innovation 

associates the concept with technological change. Even the SI approach was initially 

focused on technological change, (in particular, technological process innovations). 

OECD and Eurostat (2005:46) defines innovation as ―the implementation of a new or 

significantly improved product (good or service), or process, a new marketing method, or a 

new organizational method in business practices, workplace organization or external 

relations‖ and the Oslo Manual covers diffusion up to ―new to the firm‖. This means, by 

definition, all innovations must contain a degree of novelty. Three concepts for the novelty 

of innovations are considered by the Manual: new to the firm, new to the market, and new 
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to the world. The Manual covers four types of innovation: product, process, marketing and 

organisational innovations (OCDE/Eurostat, 2005:48-52): 

 Product innovation concerns the ―introduction of a good or service that is new or 

significantly improved with respect to its characteristics or intended use. This includes 

significant improvements in technical specifications, components and materials, 

incorporated software, user friendliness or other functional characteristics‖ 

 Process innovation is ―the implementation of a new or significantly improved production 

or delivery method. This includes significant changes in techniques, equipment and/or 

software‖. 

 Marketing innovation is ―the implementation of a new marketing method involving 

significant changes in product design or packaging, product placement, product 

promotion or pricing‖. 

 Organisational innovation refers to ―the implementation of a new organisational method 

in the firm‘s business practices, workplace organisation or external relations‖. 

Among the SI approach authors, the definition of Edquist (1997b), ―innovations are 

new creations of economic significance normally carried out by firms (or sometimes 

individuals). They may be brand new, but are more often new combinations of existing 

elements. It is a matter of what [product innovation] is produced by firms and how [process 

innovation]‖. Both definitions are larger than technological innovation and are based on the 

taxonomy of innovation presented in figure 2.12. 

 

 

 

 

 
 

 

 

 

Figure 2.12 Taxonomy of innovations 
Source: Edquist (1997b). 

 

Freeman (1987) considered non technological innovations too. Nevertheless, other authors 
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Innovations take place in several forms, and Edquist and Riddell (2000) presents the 

following taxonomy: continuous small incremental changes; discontinuous radical 

innovations; massive shifts in some pervasive ―general purpose technology‖ (sometimes 

called ―techno-economic paradigms‖). 

The concept radical or disruptive innovation focuses on the impact of innovations as 

opposed to their novelty. It can be defined as ―an innovation that has a significant impact 

on a market and on the economic activity of firms in that market... The impact can, for 

example, change the structure of the market, create new markets or render existing products 

obsolete‖ (Christensen, 1997 in OECD/Eurostat, 2005:59). 

Others taxonomies concern development, diffusion and use (production) of new 

processes and products; or the distinction between innovation in low, medium and high 

technology sectors of production. 

Finally, although the main emphasis in some of SI literature is on technological 

innovations, the SI approach can handle all of categories of innovations, and this capability 

should be exploited in order to increase the potential of the system. 

 

2.3.6.1.5 Functions of an innovation system 

It is important to move beyond descriptions of components of the systems and the relations 

between them, to the analysis of the overall function of the system as a whole. According to 

Johnson (2001:16-17), to find out the functions of a system: 

 Is related to establish its limits because it can be decided if an element belongs to the 

system depending on its contribution to the function of the system, 

 Allows knowledge of the current situation of the system, to identify the mechanisms that 

induce or freeze the functions and to evaluate system performance (―functionality‖), 

 Facilitates the study of the evolution though the time and the dynamic of the SI, 

 Simplifies comparisons between systems instead, or complementarily, to comparisons of 

the actors one by one.  

The general function of a SI is to produce, disseminate and use innovations. The 

specific functions are related to issues that affect the production, diffusion and use of 

innovations. In this sense, the specific functions of a SI are the determinants of (the factors 
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that influence) innovation processes. The problems arise when innovation theory does not 

solve the question what the determinants of the innovation are. 

 

Table 2.4 Functions of an innovation system 

Liu and White 

(2001) 

Johnson and 

Jacobsson  

(2000:3-4) 

Rickne (2000:175) Johnson (2001) 

1.Research (basic, 

developmental, 

engineering) 

1.To create new 

knowledge 
1.To create human capital Basic functions 

2.Implementation 

(manufacturing) 

2.To guide the 

direction of the 

research process 

2.To create and diffuse 

technological opportunities 

1.Identification of the 

problem (bottleneck, 

functional errors) 

3.End-use 

(customers of the 

product or process 

outputs) 

3.To supply 

resources and 

competence 

3.To create and diffuse products 

2.Offer solutions through 

the  creation of new 

knowledge 

4.Linkage (bringing 

together 

complementary 

knowledge) 

4.To facilitate 

the creation of 

positive external 

economies 

4. To incubate in order to provide 

facilities, equipment and 

administrative support  
Supporting functions 

5.Education 

5.To facilitate 

the formation of 

markets 

5.To facilitate the regulation of 

technologies, materials and 

products that may enlarge the 

market and enhance market 

access 

1.Supply incentives for 

innovating work in the 

firms  

  
6.To legitimise technology and 

firms 

2.To facilitate resources 

(basically financing and 

training) 

  
7.To create markets and diffuse 

market knowledge 

3.To guide  the direction 

of the research 

  8.To enhance networking 

4.To recognise the 

potential for growth in 

innovation (technological 

capacities, market 

viability, etc) 

  
9.To direct technology, market 

and partner research 

5.To facilitate the 

exchange of information 

and knowledge 

  10.To facilitate financing 
6.To stimulate/create 

markets  

  
11.To create a labour market that 

NTBFs can utilise 

7.To reduce the social 

uncertainty (and to solve 

o prevent conflicts) 

   

8. To offset the reluctance 

to change and to 

legitimize innovation  

Source: own compilation based on Edquist (2001) and Navarro-Arancegui (2001). 

 

Edquist (2001:8-12) sums up some authors which have advanced on the specification of the 

SI functions. Liu and White (2001) identify five fundamental activities related to ―the 
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creation, diffusion and exploitation of technological innovation within a system‖; Johnson 

and Jacobsson (2000:3-4) stress that ―a set of functions… have to be fulfilled in order for 

the growth of an industry to be supported. We suggest we can evaluate the performance of 

an innovation system by assessing its ‗functionality‘, i.e. how well these functions [five] 

are served‖. Rickne (2000) presents a list of functions that each type of actor can supply to 

new technology based firms (NTBF). In 2001, Johnson presented a work in which she 

classified the functions (functions directly linked to the innovation process, and functions 

that indirectly support the innovation process. Although there are differences between the 

proposals, some common aspects can be observed relating to the functions of a SI. The 

most repeated actions and objects included in the functions and/or activities have been 

grouped in table 2.4. 

 

2.3.6.1.6 Boundaries of an innovation system 

Components and functions of the innovation system are the core of the system; 

nevertheless, the boundaries should not be forgotten. The identification of what is inside, 

and what is outside, is important. There are three senses in which we can identify 

boundaries of the innovation systems: spatially/geographically, sectorally, and functionally. 

The definition of the spatial boundaries is easier. Nevertheless, for a regional system 

of innovation, the specification of the limits is more complicated than for national SI (the 

country borders often provide the boundaries). Administrative boundaries or geographical 

areas may be the criteria to establish the limits. Administrative ones might be useful from 

the point of view of availability of data, but geographical criteria is useful because the 

degree of coherence or inward orientation is greater in regards to innovation processes.  

For Edquist some options to geographically delimit the systems could be: 

 A minimum level of localised learning spill-overs (between organisations), which is 

often associated with the importance of the transfer of tacit knowledge between 

individuals and organisations. 

 Localise mobility of skilled workers as carriers of knowledge, i.e. that the local labour 

market is important.  

 To assure that a minimum proportion of the collaborations between organisations 

leading innovations should be with partners within the region. This is a matter of 
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localised networks, i.e. the extent to which the learning processes between organisations 

are interactive within regions. 

The criteria for regional systems is as valid for national ones. If the degree of 

coherence or inward orientation is very low, it is not meaningful to consider that a country 

has a national system of innovations.  

Sectorally delimited systems of innovation (i.e. systems that include only a part of a 

regional, a national, or an international system), are delimited to specific technology fields 

or product areas. They can be, but are not necessarily, restricted to one sector of production 

and they are normally geographically delimited. 

Finally, the whole socio-economic system (regional or national) can not be 

considered to be included in the SI, but it is important to define which parts should be 

included and which will be considered as the context of the system. 

 

2.3.6.1.7 Types of analysis 

According to OECD (1999:24), the studies of innovation systems may consider different 

levels of analysis (table 2.5).  

 

Table 2.5 Studies of innovation systems: types of analyses 

Level Type of analysis 
Micro Analyses of the internal capacities of the firm and the linkages of one or few firms. 

Meso 

Sectoral or industrial 

clusters 

It includes suppliers, research and education institutes, markets, 

transport, governmental specialised agencies, financial and 

insurances organised around a common base of knowledge. 

Regional clusters 
Analysis that emphasizes local factors behind highly competitive 

geographic agglomerations of knowledge-intensive activities. 

Functional clusters 
Analysis that use statistical techniques to identify groups of firms 

that share certain characteristics.  

Macro 

Macro clustering  

Analysis that considers the economy as a net of sectoral 

interconnected clusters; all clusters of an economy are identified 

and analysed. 

Functional analysis 

Analysis that considers the economy as a net of institutions and 

creates maps of the links of knowledge among them. It involves 

measuring different kinds of knowledge flows: interactions among 

firms; interactions among firms and research institutes universities; 

other interactions that support innovations (financial, technical 

training, engineering services, etc.); technological diffusion; 

mobility of personnel. 

Source: OECD (1999:24). 
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Micro analysis considers the firm as the object of study. Meso level includes analysis of 

knowledge links among firms with similar characteristics which interact in three kinds of 

cluster. Macro level studies the economy. Empirical analysis, under any of the mentioned 

levels, has many difficulties, above all due to the lack of statistics and appropriate 

instruments of measurement. 

Studies of innovation systems and innovation policy have typically omitted an in-

depth examination of the institutions that formulate the policies. Collaborative OECD work 

in the MONIT project
19

 has attempted to make the policy system endogenous to the 

understanding of innovation systems, with governance as the focus. 

 

2.3.6.1.8 Representations of the innovation systems 

According to Doloreux and Parto (2004:21), the concept of regional innovation system is 

widely used to derive strategies and policies to foster innovation but the literature is not 

clear about when a region can be seen as an innovation system. The issue of the empirical 

representation of innovation systems is one of the most discussed in the field of research. 

Next, some proposals are presented. 

According to OECD (1999), key innovation actors in NIS, defined in the narrow 

context, can be divided into five main categories: governments, bridging institutions; 

private enterprises and the research institutes they finance; universities and related 

institutions; and other public and private organizations (e.g. laboratories, technology 

transfer organizations, joint research institutes, patent offices, training organizations). The 

broad definition of national system of innovation includes, all economic, political and other 

social institutions affecting learning, searching and exploring activities (e.g. a nation‘s 

financial system; monetary policies; internal organization of private firms; pre-university 

educational system; labor markets; and regulatory policies and institutions). Conceptually, 

the narrow system is embedded within the broad, as depicted in figure 2.13. 

 

                                                 
19

 Monitoring and Implementing National Innovation Policies 
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Figure 2.13 Actors and linkages in the innovation system 
Source: OECD (1999:23). 

 

OECD (2005) includes the model of Arnold and Kuhlman (2001) who proposed a standard 

model of a national innovation system, similar to a previous model, but where the demand 

is an explicit actor (see figure 2.14). 
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Figure 2.14 A generic national innovation system 
Source: Arnold and Kuhlman (2001), in OECD (2005:27). 

 

Figure 2.15 gives a picture of Oslo Manual (2005:34) framework.  

 

 
Figure 2.15 The innovation measurement framework 

Source: OECD/Eurostat (2005:34). 

 

Oslo Manual depicts a measurement framework from the perspective of the firm, because 

the Manual represents an integration of insights from various firm-based theories of 
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innovation and the approaches that view innovation as a system. The main characteristics of 

the framework described are: innovation in the firm, linkages with other firms and public 

research institutions, the institutional framework in which firms operate, and the role of 

demand. 

Gdańsk Institute for Market Economy in Poland presents a simplified model of a 

regional innovation system as depicted in figure 2.16.  

 

 

Figure 2.16 Simplified model of a regional innovation system 
Source: Gdańsk Institute for Market Economy in Wojnicka E. et al. (2002:5). 

 

In México, a general representation of the national system of science and technology 

(SNCT) can be found on Science and Technology Law (see appendix 2). The ARCO
20

 

                                                 
20

 ARCO is the Spanish acronym of the organizations that conform the alliance: ADIAT (National 

Association of Directors on Applied Research and Technologies Development), REDNANECYT (National 

Network of State Councils and Organisations for Science and Technology) and COFUPRO (Co-ordinator of 

PRODUCE Foundations: these Foundations group most of agro-related producers from every state in the 

country). 
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model (see figure 2.17) is an instrument presented by some of the organization belonging to 

SNCT. 

 
Figure 2.17 Framework of kind of organisms that participate in Science and Technology 

Source: ARCO (2007:55). Author‘s translation. 

 

The Mexican model is not centred on the firm perspective as in the OECD (2005) case. 

Because of this, the field work of the research concerning the regional model of innovation 

in San Luis Potosí is based on the OECD proposal. 

 

2.3.6.1.9 Weaknesses of the innovation system approach when applied to developing 

countries 

According to Lundvall el al (2001:6), to apply the SI concept to developing countries may 

be considered as a ―re-exportation‖ because some of the most important elements combined 

with the innovation system concept came from the literature on developing countries: 

Hirschman (1958) and Steward (1977), contributed with ideas of systemic feedbacks. The 

French structuralist school with ideas on national production systems applied mainly in 

some of the Mahgreb countries (Bernis, 1966). Also, in economics, the idea that institutions 

matter was more generally accepted for less developed countries than for market developed 

economies. Nevertheless, nowadays, when innovation system approach is analysed from 

developing countries perspective some considerations are relevant. 

The innovation system approach has mostly been applied to Northern countries and it 

has been used mainly as an ex-post rather than as an ex-ante concept (Arocena and Sutz, 

2000). It has been used to describe, analyze and compare relatively strong and diversified 

systems with developed institutional and infrastructure support of innovation activities. 

Nevertheless, it has not, to the same extent, been applied to system building. When applied 
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to Southen countries the focus ought to be shifted in the direction of system construction 

and system promotion.  

Instead of the non existence of an ideal system of innovation, the approach entails a 

normative slant. Less developed countries have to be aware and differentiate between what 

is a condition sine qua non (such as a normative guide) and what has to be adapted 

according to specific characteristics of the particular contexts. 

Other weakness of the system of innovation approach is that it still lacks the inclusion 

of the analysis of the aspects of development (Lundvall et al., 2001). The focus on 

interactive learning may lead to an underestimation of the conflicts over income and power. 

Interactive learning and innovation can be seen as a positive sum game where everybody 

may gain through the growth of productivity and income. In fact, a problem of polarization 

in terms of incomes, employment and distribution of power may appear as a consequence. 

Different types of policies might counteract this tendency but they are in more short supply 

in the South than in the North. 

Furthermore, developing countries suffer more in terms of stability in the 

macroeconomic and financial environment, a suitable condition for interactive learning and 

innovation. 

Finally, the innovation system approach needs to be adapted to the situation in 

developing countries. This should be possible in every context thanks to the holistic and 

systemic character of the approach and its focus on production based tacit knowledge and 

on learning by doing, using and interacting. 

 

2.4 How to measure innovation 

Indicators serve many purposes. Measuring innovation has more and more interest in 

private and public spheres. One reason for collecting innovation data is to better understand 

innovation and its relation to economic growth. This, from a microeconomic point of view 

(innovation activities have a direct impact on firm performance) and for benchmarking 

national performance. Managers need information about innovation as a base for strategic 

management. Policy makers are very interested in innovation measurement to have a base 

for the design and assessment of policies addressed to impel innovation systems. But, how 

should innovation be measured? What is measurable and does is it of value to measure it?  
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From the sixties, OECD has made an effort related to the measurement of innovation 

inputs and outputs and, more recently, the linkages. Science, technology and innovation 

(STI) indicators, their development, interpretation and use, are the object of the OECD 

Working Party of National Experts on Science and Technology Indicators (NESTI). It 

reviews the need for indicators, promotes their production and use, and systematizes 

knowledge in the form of manuals that provide guidelines to collect and interpret data on 

STI. Although it has been more than fifty years, innovation measurement is in its infancy. 

Technology-related analysis has traditionally focused on inputs (such as research 

expenditures) and outputs (such as patents
21

, bibliometric). Moreover, the interactions 

among the actors involved in technology development are as important as investments in 

research and development. The study of innovation systems directs attention to the linkages 

within the overall system. 

Research and Development is generally the initial measurement utilized (Evangelista 

et al., 2001) but R&D may be measured based on different attributes. Carayannis et al 

(2003:124) present a typology based on ―hard‖ and ―soft‖ measures (see table 2.6). Hard 

measures are those characteristics that may be directly linked to the innovation process. 

 

Table 2.6 Innovation measures-hard versus soft 

Hard measurables Soft measurables 
Characteristic Measure Characteristic Measure 

R&D 

Patent 

Impact 

Productivity 
R&D budget Growth 
New products Lower costs 
R&D staff Flexibility 
Publications Supply/demand 
R&D incentives Firm size 
New features Market influence 
Inventions 

Social 

User benefits 
New markets Lower prices 
Product extensions Social enablers 
Conferences Time savers 

CRADAs
1   

Partnerships   
1 

Cooperative Research and Development Agreements. 

Source: Carayannis et al (2003:124). 

                                                 
21

 It is important to remember that patent data does not capture all R&D outcomes. Patents are an indicator of 

invention rather than innovation (not all patents are commercialised, and some types of technology are not 

patentable). 
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Science and Technology (S&T) indicators are defined by Frascati Manual (OECD, 1976:6) 

as ―series of data which measures and reflects the science and technology endeavour of a 

country, demonstrates its strengths and weaknesses and follows its changing character 

notably with the aim of providing an early warning of events and trends which might 

impair its capability to meet the country‘s needs‖. Much of the existing information about 

science, technology and innovation activities relates only to inputs (who is doing what, 

where, how and why) or about immediate outputs of STI activities. Nevertheless, the focus 

is now more sophisticated: measures on the value added and costs of STI activities and 

their long-term impact on the economy and society. (OECD 2007a:101). 

In relation to the collection of data on technological product and process (TPP) 

innovations carried out by firms, there are two main approaches. The collection of 

information about innovation activities, from both innovating and non-innovating firms, is 

known as the ―subject approach‖. The collection of information about specific innovations 

is known as the ―object approach‖, which is meant to be complementary to the subject 

approach and is not intended to be a replacement for it. In this way the object approach 

does not involve any surveys (such as the subject approach case). It involves the 

incorporation of additional questions looking for information about the most significant 

innovation occurring within the firm (such as financial or production data, to determine if 

there is any correlation with the main innovation). 

From the start, OECD established a set of guidelines on the measurement of scientific 

and technological activities. For many years the Frascati Manual was the only such manual. 

More recently, others have been developed (see table 2.7). Nowadays, some Latin 

American initiatives try to adapt collecting data methodologies to the particularities of the 

region.  

Concerning the Oslo Manual, in spite of it not having the purpose to discuss the 

adhesion to any particular model of innovation, first and second versions concentrate on 

innovation under ―the neo-Schumpeterian approach and the chain-link model of innovation, 

which views innovation in terms of interaction between market opportunities and the firm‘s 
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knowledge base and capabilities‖ (OECD/Eurostat, 1997:7)
22

. Although the systemic 

approach of innovation is mentioned, its conceptual framework was ―the innovation 

dynamo‖: dynamic factors determining innovation in innovative firms which are influenced 

by transfer factors, the science and engineering base and wider framework conditions. The 

key areas for study identified in the second edition are corporate strategies, the role of 

diffusion, sources of information for innovation and obstacles to innovation, inputs to 

innovation, the role of public policy in industrial innovation, and innovation outputs. 

Table 2.7 Manuals for collecting STI data 
Manual Object Publication year 

Frascati Manual 
Proposed Standard Practice for Surveys of Research and 

Development 
OECD, 1963 

TBP Manual 
Proposed Standard Method of Compiling and Interpreting 

Technology Balance of Payments Data 
OECD, 1990 

Oslo Manual 
Proposed Guidelines for Collecting and Interpreting 

Technological Innovation Data 

OECD/EC/Eurostat, 

1992 

Patent Manual 
Measurement of Scientific and Technological Activities: 

Using Patent Data as Science and Technology Indicators 
OCDE/GD, 1994 

Canberra Manual Measurement of Human Resources Devoted to S&T OCDE/GD, 1995 

Bibliometrics 
―Bibliometric Indicators and Analysis of Research 

Systems, Methods and Examples‖, by Yoshiko Okubo 
OECD, 1997a 

Oslo Manual Second edition 
OECD/EC/Eurostat, 

1997 

Frascati Manual,  Sixth edition OECD, 2002 

Oslo Manual Third edition  
OECD/EC/Eurostat, 

2005 

Latin American initiatives
23

 

Bogota Manual 
Standard Indicators on Technological Innovation  in Latin 

American and Caribe 

RICYT/OEA/CYTED, 

2001 

Lisbon Manual 

Guidelines for the Interpretation of Available Statistical 

Data and the Construction of Indicators for Ibero-

America‘s Transition to the Information Society 

RICYT/CYTED/ISCTE, 

2006 

Santiago Manual 

Measurement of the intensity and features‘ description 

concerning the internationalization of science and 

technology in Iberian America (national level and R&D 

organizations) 

RICYT, 2007 

Source: author‘s elaboration. 
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 The scope of the second edition of the Oslo Manual is: innovation in the business enterprise sector only 

(manufacturing, construction, utilities and marketed services). It includes recommendations on innovation in 

services, which were not covered in the first version; innovation at the level of the firm; technological product 

and process innovation; diffusion up to ―new to the firm‖. Discussions of organisational innovation and non-

technological innovations were included in an annex. 
23

 RICYT is the Spanish acronym of Iberoamerican Network on Science and Technology Idicators (Red 

Iberoamericana de Indicadores de Ciencia y Tecnología). OEA is the acronym of Organisation of Ibero-

American States (Organización de Estados Americanos). CYTED means Ibero-American Program of Science 

and Technology for Development (Programa Iberoamericano de Ciencia y Tecnología para el Desarrollo); 

ISCTE is the Higher Institut of Work and Firms Sciences (Instituto Superior de Ciências do Trabalho e da 

Empresa). 
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The third edition of the Manual is based on subject approach and it expands the innovation 

measurement framework in three ways (2005:11): 

 It places greater emphasis on the role of linkages with other firms and institutions in the 

innovation process. 

 The definition of innovation is expanded to include, product and process, organisational 

innovation and marketing innovation. 

 It recognises the importance of innovation in less R&D-intensive industries, such as 

services and low-technology manufacturing.
24

 

The scope of the Third Manual (2005:15) covers innovation in the business enterprise 

sector and it deals with innovation at the level of the firm; it covers diffusion up to ―new to 

the firm‖. It is a guideline for collecting data on the general process of innovation, 

concerning innovation activities and the factors that influence innovation activities, 

expenditures on innovation and linkages; the implementation of innovations in the firm; the 

outcomes of innovation. 

The European Innovation Scoreboard (EIS) is the instrument developed at the 

initiative of the European Commission, under the Lisbon Strategy, to provide a comparative 

assessment of the innovation performance of EU Member States.  
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 Also new to the third edition of Manual is an annex on innovation surveys in non-OECD countries and 

reflects the fact that a growing number of them now conduct innovation surveys. 
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Table 2.8 EIS 2007 Indicators 

INNOVATION DRIVERS (INPUT DIMENSION) 
1.1 S&E graduates per 1000 population aged 20-29 

1.2 Population with tertiary education per 100 population aged 25-64, 

1.3 Broadband penetration rate (number of broadband lines per 100 population) 

1.4 Participation in life-long learning per 100 population aged 25-64 

1.5 Youth education attainment level (% of population aged 20-24 having completed at least upper 

secondary education) 

KNOWLEDGE CREATION (INPUT DIMENSION) 
2.1 Public R&D expenditures (% of GDP) 

2.2 Business R&D expenditures (% of GDP)  

2.3 Share of medium-high-tech and high-tech R&D (% of manufacturing R&D expenditures) 

2.4 Share of enterprises receiving public funding for innovation 

INNOVATION & ENTREPRENEURSHIP (INPUT DIMENSION) 
3.1 SMEs innovating in-house (% of all SMEs)                                    

3.2 Innovative SMEs co-operating with others (% of all SMEs)  

3.3 Innovation expenditures (% of total turnover)  

3.4 Early-stage venture capital (% of GDP)  

3.5 ICT expenditures (% of GDP)  

3.6 SMEs using organisational innovation (% of all SMEs)  

APPLICATIONS (OUTPUT DIMENSION) 
4.1 Employment in high-tech services (% of total workforce)  

4.2 Exports of high technology products as a share of total exports  

4.3 Sales of new-to-market products (% of total turnover)  

4.4 Sales of new-to-firm products (% of total turnover)  

4.5 Employment in medium-high and high-tech manufacturing (% of total workforce) 

INTELLECTUAL PROPERTY (OUTPUT DIMENSION) 
5.1 EPO patents per million population   

5.2 USPTO patents per million population  

5.3 Triad patents per million population. 

5.4 New community trademarks per million population 

5.5 New community designs per million population 

Source: OHIM: Office of Harmonization for the Internal Market in European Communities, (2008:35). 

Since 2000 pilot report, seven full versions of the EIS have been published. The list and 

number of indicators used has been changing and they are integrated in the innovation 

index. Summary Innovation Index (SII) gives an overview of aggregate national innovation 

performance. The SII 2007 was calculated using the indicators shown in table 2.8. 

 

2.4.1 Evaluating innovation systems 

The conceptual understanding of the innovation process influences the choice of indicators. 

Mapping innovation systems involves the assessment of innovation capabilities, actors‘ role 

and links, and innovation performance; but, as already said, there is not a clear consensus 

about when a locus can be categorized as an innovation system. Therefore, measuring and 

evaluating an innovation system, and comparing two or more systems, is a complex task 

because there is no ideal by which to compare the trajectories. 
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In 1997, OECD (1997b) considered three analytical approaches to national innovation 

systems: 

 Firm level innovation surveys. Under this approach firms should be questioned about: 

their sources of knowledge relevant to innovation; firm R&D expenditures; other 

innovation inputs; R&D-related performance and other innovation outputs. Currently, as 

the Oslo Manual proposes, information about the interactions of various actors in 

innovation systems from the firm perspective is considered too. 

 Cluster analysis focuses on the interactions between particular types of firms and sectors, 

which can be grouped according to their technological and networking characteristics. 

―Cluster approach‖ can be used to analyze knowledge flows in national innovation 

systems.
25

 

 International knowledge flows. There is an increased openness of innovation systems 

with regard to many forms of knowledge flows, including technology, acquired from 

abroad, embodied in capital and intermediate goods, purchases of foreign patents and 

licences, technical alliances between firms of different countries, trade in services such as 

technical consultancies, foreign direct investment, and internationally co-authored 

publications. Despite this, innovative capacity still seems to be primarily determined by 

capacities at sub-national levels, international links are vital for allowing the absorption 

of foreign knowledge and the diffusion of new technologies, particularly for developing 

economies. The availability indicators referred to international knowledge flows is not so 

complicated at national level (data on the flows of technology payments, global diffusion 

of patents, trade in embodied technology and joint R&D consortia); but is not the same 

case at regional levels.  

While a systems approach is not new in economic analysis, it is now being seen in the 

development of STI indicators. The development of indicators to measure science, 

technology and innovation under a systemic approach has been growing as a way to attain 

the dynamics of change. Actors engaged in activities in the system and linked to other 

actors and activities are the starting point for the approach. Then, most of the 
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 According to Pavitt (1984) taxonomy of innovating firms, clusters can be categorised as science-based, 

scale-intensive, supplier-dominated, or specialised suppliers. 
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representations of innovation system tend to concentrate on the actors and the linkages that 

typically connect them. This is an oversimplification of the reality. 

Understanding the system requires more than comparisons of aggregate statistics 

produced at regular time intervals. The micro-data relating to the actors has to be analysed 

individually and linked together to obtain more relevant information. Causal analysis and 

correlations of characteristics are important analyses to understand the dynamics of 

innovation. Case studies are a fundamental technique to assess impacts, because is there is 

not a clear and universal path from technological change and economic and social impact.  

One way to evaluate an innovation system is to consider a set of key variables and to 

analyse them looking for characterization of the system structure, the links between actors 

and the innovations undertaken by the firms, particularly regarding their trend and impact 

on competitiveness and economic and social development. Lugones
26

 and Suárez 

(2007:148-149) point out the following concerning the most relevant variables that should 

be considered to analyse an innovation system:  

 The shape of the system, especially the degree to which the framework is complete and 

the development of its components balanced, is a complex work. Firms, universities and 

research centres play crucial roles in consolidating the innovation system and stimulating 

innovative processes; therefore, its evaluation is important. 

 The proportions of the efforts displayed to generate, acquire and adapt new knowledge or 

to enhance research capacities and technological and organizational innovation capacities 

in relation to national aggregates make it possible to infer the size and scope of the 

system. 

 The concrete results of the activities of players in the system, together with the 

interactions among the players within the framework, allow impact assessment. 

 The patterns that efforts combinations and relations have within the system are crucial 

because there is evidence that different innovation strategies lead to different impacts and 

to understand the deployment of the system with time. 

 The micro and macroeconomic framework must be evaluated considering the systemic 

approach. 
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 G. Lugones, together with H. Jaramillo and M. Salazar, prepared the Bogota Manual. He coordinated the 

Lisbon Manual, with João Trocado da Mata. 
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Mira et al. (2003:7) used a decomposition process that led them to an identification of 

eight major dimensions as being representative of the national innovation system 

multidimensionality (see table 2.9): resources supply, actors and their behaviours, 

interactivity and linkages, institutional diversity and development, external communication 

(―absorption‖), economic structure, innovation, and diffusion. 

Table 2.9 Variables used in mapping NIS dimensions and evolution 

NIS Dimensions / Variable Name 

1. Resource Supply 5. External communication (“absorption”) 

R&D financed by government/GDP (%) 

R&D financed by industry/GDP (%) 

Venture capital Investment/GDP  

Researchers per 10,000 labour force  

Population (25-64) with tertiary education 

TBP payments/GDP 

Domestic ownership of foreign inventions 

R&D financed by foreign sources/GERD (%) 

R&D expenditures by foreign affiliates/BERD (%) 

Scientific publications with a foreign co-author (%) 

Patents with foreign co-inventors (%) 

High-tech imports/GDP (%) 

FDI inflows/GDP (%) 

2. Actors’ behaviour 6. Economic Structure 
BERD/GDP (%) 

HERD/GDP (%) 

Flows of graduates in S&E 

PhDs in S&E per 1000 (age group 25-34) 

Life-long learning 

Scientific publications per million inhabitant 

R&D expenditures of top 500 companies/GDP (%) 

High tech-industries in business sector value-added (%) 

Knowledge-intensive services in business sector value-

added (%) 

High-tech exports/GDP (%) 

3. Interactions and linkages 7.Innovation 
Business funding of gov.& univ. R&D (%)  

R&D arrangements between firms and gov. or 

univ. org. (%) 

SMEs in cooperation to innovate (%) 

Average nº of scientific articles in EPO patents 

USPTO patents granted/population  

High tech EPO patents/population  

Revealed comparative advantage in high tech exports  

New to market products in total sales 

4. Institutional diversity and 

development 
8. Diffusion 

Density of R&D matrix BERD/GERD (%) 

Venture capital Investment/GDP 

SMEs in cooperation to innovate (%) 

ICT expenditures/GDP (%) 

Cell-phones per 100 inhabitants  

Internet hosts per 1,000 inhabitants  

Personal computers per million inhabitants  

Gross fixed capital formation/GDP (%) 

OTHER VARIABLES (Auxiliary) 
Innovation expenditures as a % of turnover 

Population 

GDP 
Source: Mira et al. (2003:9). 

The dimensions are measured using some variables: stock and flows, monetary and 

physical. The indicators selected try to consider the innovation capabilities and 

performances, and those who might provide a dynamic outlook of the innovative potential: 

scientific publications, new scientists and engineers leaving higher education. Many of the 

selected indicators are not optimal for representing the different dimensions of an 
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innovation system. However, it is necessary to act pragmatically when choosing the 

available indicators.
 27

 

Lugones and Suárez (2007:150) adopted an analytical perspective that strongly 

centres on the national innovation system at the level of the firm and in its relations with 

the other components of the system. The indicators used to measure previous variables are 

shown in the following table (see table 2.10). Concerning micro and macro context, they 

are considered more practical to perform a qualitative analysis (systemic, historical and 

coevolutive) of the impact these determinants have exercised on the paths taken by the 

respective innovation system. 

Table 2.10 Variables and indicators 

Blocks Indicators 

1. Shape of 

NIS 

S&T centres, 

laboratories and 

institutions 

R&D expenditures 
Research workers 
Expenditure per research worker 
Concentration per institution 
Concentration per discipline 

Firms 
Production framework 
Performance growth (sales, exports and employment) 

2. S&T efforts 

R&D expenditure/GDP 
IA expenditure/Revenue 
Training of human resources 
RH in S&T 
RH in private sector R&D 

3. Results of innovation activities 

TPP and non-TPP innovations 
Patents 

4. Path of innovation efforts Structure of innovation expenditures 

5. Network of ties and relations  
Links and cooperation agreements with NIS 
Sources of information 

6. Micro and macroeconomic 

framework and determinants 

While these variables can be analyzed employing 

indicators, it was considered to perform a qualitative 

analysis (systemic, historical and coevolutive) of the 

impact these determinants have exercised on the paths 

taken by the respective NISs. 
Source: Lugones and Suarez (2007:151). 
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 The variables listed were transformed using a conventional standardization procedure. The next step was 

the aggregation of the variables in each group. Similar weights were used for the variables. Having gathered, 

processed, summarised and critically observed all the necessary information, results were represented along 

eight axes, using the so-called radar-type charts. Each axis in the chart varies between –2 and 2, with zero 

being the value of the standardized mean. 
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Finally, current dissertation adopts an analytical perspective that strongly centres on the 

innovation system at the level of the firm and in its relations with the other components of 

the system. 

 

Concluding remarks 

As observed in this chapter, innovation studies have been developed thorough the time and 

several theoretical frameworks have been and are used. Both economic theories measuring 

growth and technological change, and linear, interactive and system models of innovation, 

among others, contribute to the current understanding of a topic that is complex and crucial 

to boost an economical and social development. 

System perspective selected in current work is a choice that facilitates a more 

comprehensive analysis; however, measuring an innovation system is a difficult job, 

especially in contexts characterised by the lack of information. 

 


