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Abstract
This research deals with the relative new notion of the so-called “knowledge-based economy”. It is based on two key concepts; innovation and knowledge. These two concepts should make Europe the most competitive and dynamic knowledge-based economy in the world. The ultimate goal is to close the innovation gab with the US and Japan, thereby making Europe more competitive. Of special interest in this sense is the role of the digital divide in this process. The digital divide refers to differences between individuals, households, companies, or regions related to the access to and usage of ICT. This thesis unveils how the digital divide relates to innovativeness in Europe. This has not yet been investigated. To fill this gab in the empirical literature, this study has been conducted. 
By performing multiple linear regression using a sample of 31 European countries over the 2000-2008 timeframe the relationship of the digital divide on innovativeness in Europe have been unfolded. Results indicate a vicious circle; the digital divide contributes negatively to the innovativeness of Europe. That is, countries with a lot of ICT possibilities are more innovative than countries with less ICT possibilities. Moreover, that discrepancy in innovativeness contributes to the digital divide as innovativeness has a positive effect on ICT usage and access. 

Furthermore, results show that by far the most important input factor of innovativeness is the R&D expenditures of a country. This effect is even more present at countries on the “good” side of the digital divide compared to countries on the “worse” side of this divide. Of lesser importance are tertiary education and ICT. The least important is employment in high-and medium-high-technology manufacturing sectors. Surprisingly, innovativeness is the most important input factor of ICT usage and access. Of lesser importance are education and R&D expenditures. Openness to trade is of least importance.
This thesis ends with limitations and further lines of research and a discussion of the managerial implications of the results.
This research has set the pathway to a better understanding of the relationship between the digital divide and innovativeness in Europe. It might give new insights why the goal of the European Commission to become most competitive and dynamic knowledge-based economy in the world has failed. 
1. Introduction TC "1. Introduction" \f C \l "1" 
Since 2001 the European Commission publishes the European Innovation Scoreboard (EIS) annually. It is developed under the Lisbon Strategy to provide a comparative assessment of the innovation performance of EU Member states. It contains indicators to summarize the main drivers and outputs of innovation. The EU member states suffered low productivity and stagnation of economic growth in recent years. To overcome this, the EU relied on an economic concept based on the writings of Joseph Schumpeter; Innovation as the motor of economic change (Schumpeter, 1935). In the year 2000 the Lisbon Strategy has set the goal to become the most competitive and dynamic knowledge-based economy in the world within the next decade. Thereby closing the innovation gab with the US and Japan. At the time of writing this thesis a decade has passed since the start of the Lisbon Strategy. The conclusion; most of its goals were not achieved. The failure of Lisbon Strategy was widely commented in the news and by member states leaders. Did the European Commission overlook something?
According to David (2002) in the 21st century the emergence of the knowledge society has become pervasive. Knowledge has been the heart of economic growth. Furthermore the ability to invent and innovate, that is to create new knowledge and new ideas that are then embodied in products, processes and organizations, has always served to fuel development. Besides, the rapid development of information and communication technologies (ICT) has improved one’s ability to share, process and analyze knowledge more efficient. Consequently, the knowledge society can keep pace with innovations. Meanwhile, the “need to innovate” is growing stronger as innovation comes closer to being the sole means to survive and prosper in highly competitive and globalized economies. This is exactly what the European Commission is trying to achieve with the introduction of the EIS. 

Unfortunately, just like rich and poor, contradictions exist within the knowledge society. As specialized knowledge becomes an ever increasing component in society, and the spreading of this knowledge becomes ever faster with modern technologies like ICT, the people that can not take part in this development will be increasingly isolated and marginalized; the so called knowledge divide. This is closely linked to the knowledge gap hypothesis, which states that each new medium increases the gap between the information rich and information poor (Tichenor, 1970). 
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As David showed, ICT facilitates the creation of knowledge. Thus, the knowledge divide is closely related [image: image7.jpg]


the digital divide. The term “digital divide” is used to describe situations in which there is a marked gap in access to or use of ICT devices (Campbell, 2001). This topic has received increased attention by both policy makers and academic literature. In a report on the global digital divide, the World Economic Forum indicated that 88% of all Internet users were from industrialized countries that comprised only 15% of the world’s population (World Economic Forum, 2002). This indicates a clear gap between the developed nations and developing nations with regards to ICT-usage; the global digital divide. 

The global digital divide widens the gap in economic divisions around the world. Countries with a wide availability of Internet access can advance the economics of that country on a local and global scale. In today's (knowledge) society, jobs and education are directly related to the Internet, in that the advantages that come from the Internet are so significant that neglecting them would leave a company vulnerable in a changing market. In Europe, the greatest connectivity is in relatively wealthy nations such as Germany and the United Kingdom, Eastern Europe lags considerably behind the West, as do the nations of the former Soviet Union (Warf, 2001).  

Was this divide a threat for the goals the European Commission has set additional to the Lisbon Strategy? If so, how does this digital divide phenomenon relate to innovativeness in Europe? Are countries with many ICT possibilities more innovative, or do innovative countries have more ICT possibilities? 
This research has a high aggregate level. But the insights it may reveal impacts lower levels. An evident innovation gap exists between Europe and Japan and the US (EIS, 2008; EIS 2009). This affects the companies within Europe negatively. Any harm or threat that causes this must be understood. Additionally, companies can overcome this threat which makes them more competitive. This makes Europe and my home country the Netherlands more competitive, which in turn affects the companies positively. Thus, it is important to understand the assumed relationship the digital divide (possible threat?) has with the innovativeness of countries. Do companies have to invest more in ICT in order to be more competitive? 
This thesis contributes to academic literature in several ways. To my best knowledge no research has been conducted to the input factors of innovativeness, in relationship with ICT, in Europe on the national level. Also, very few studies have examined the input factors of ICT possibilities in Europe. Most studies concerning the digital divide in Europe have been conducted on the individual level. Moreover, studies on the relationship between the digital divide and innovativeness in Europe is lacking. Thus, this thesis will gain insights in the input factors of innovativeness and the digital divide, and their relative importance, in Europe on the national level. And most importantly, the direction of the assumed relationship of the digital divide on the innovativeness in Europe will be unveiled. 
The remainder of this thesis is organized as follows: we start with the research questions. Consequently, the literature part starts with the European Innovation Scoreboard; this will describe the present situation regarding innovativeness in Europe. Then, two key concepts of this thesis will be discussed; innovation and knowledge. Subsequently, this will be elaborated with a description of the knowledge economy. Further, the input factors of innovativeness will be discussed. The literature part ends with a description of the digital divide and the relating input factors. Then, the hypotheses of this research will be presented, followed with the methodology how to answer the hypotheses. In the empirical analysis the research will be conducted and the results will be presented. The final chapter is a conclusion where the research questions will be answered, the limitations of this research will be discussed and lines for further research will be suggested. The conclusion ends with the managerial implications. 
2. Research questions TC "2. Research questions" \f C \l "1" 
The problem statement of this research is the following:

How does the digital divide relate to innovativeness in Europe?

To answer this statement, the following research questions are formulated:

· What are the main drivers of innovativeness?

· What are the main drivers of ICT, and therefore the digital divide?

· What is the influence of the digital divide on innovativeness?

· What is the influence of innovativeness on the digital divide?

The Schumpeterian doctrine plays a central role in this thesis; innovation at the centre of the economic growth model. According to this doctrine innovativeness is an endogenous process; it can be influenced by policymakers. Moreover, ICT is tightly connected in this process. Additionally, this research will uncover the input factors of ICT and innovativeness. It will be clear however, capital is not a driver in this case; it is needed to invest in those input factors. This is in contrast with the conventional wisdom of the neoclassical economics and Keynesian economics. In these doctrines an independent force like innovation is unaffected by policymakers. This thesis will unveil what Europe can do to participate successfully in a knowledge-based economy. 

3. Innovation & knowledge TC "3. Innovation & knowledge" \f C \l "1" 
This chapter discusses the two pillars of this thesis; knowledge and innovation. First, the European Innovation Scoreboard will be presented. This scoreboard assesses the innovative performance of the EU annually and will therefore describe the present situation regarding innovativeness in Europe. Second, the innovation concept will be discussed. Consequently, knowledge will be discussed. Then, these concepts intertwine and result in a discussion of the knowledge economy. This chapter ends with an overview of the input factors of innovativeness. This will unveil which drivers make Europe innovative. 
3.1 The European Innovation Scoreboard TC "3.1 The European Innovation Scoreboard" \f C \l "2" 
The European Innovation Scoreboard (EIS) is an instrument of 

 Commission" 
the European Commission
, developed under the Lisbon Strategy to provide a comparative assessment of the innovation performance of EU Member States. Lately, the 9th edition have been released; EIS 2009. This report provides us a good measure to evaluate the position of Europe in the world today, viewed from an innovative perspective. The most recent EIS report provides us hereby a good tool. 
Based on the Summary Innovation Index (SII), a composite index of 29 indicators, it is possible to give an “at a glance” overview of aggregate national innovation performance. Using statistical cluster analysis of the SII scores over a five-year period, European countries are divided into the following groups:

· Denmark, Finland, Germany, Sweden, Switzerland and the UK are the Innovation leaders.
· Austria, Belgium, Cyprus, Estonia, France, Iceland, Ireland, Luxembourg, the Netherlands and Slovenia are the Innovation Followers.
· Czech Republic, Greece, Hungary, Italy, Lithuania, Malta, Norway, Poland, Portugal, Slovakia and Spain are the Moderate innovators.
· Bulgaria, Croatia, Latvia, Romania, Serbia and Turkey are the Catching up countries. 

These clusters suggest variation in innovative capacity on the national level. At a more disaggregate level, these differences are even more pronounce. Strong diversity in regional innovation performance across Europe has been observed. 
Germany, Cyprus, Malta and Romania are the countries displaying the largest improvement within their groups. An impressive average annual growth rate over the last five years has led Estonia and Cyprus to catch up with the EU 27 average innovation performance in 2009. In EIS 2008 these two countries were below the EU average, in the 2009 version of EIS these countries had an above average score. 
Although the EU 27 has been, on overall, improving its innovation performance, the economic crisis may threaten this good progress, particularly in moderate innovators and catching-up countries. Before the crisis a convergence between the EU countries in innovative performance was observed. However, the crisis may reverse this convergence.
Of special interest is the performance of Europe relative to the US and Japan. To asses this, the EIS makes use of a set of comparable indicators. There has been a continued improvement in the EU 27's performance relative to the US and a stable performance gap relative to Japan. Nevertheless, figure 2 shows a significant gap between the EU 27 and these two other countries and catching up with the US seems to have flattened out.
Figure 2: EU27 innovation gab towards US and Japan
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Not only the better performing countries should be tracked, also upcoming economies should be kept in sight. In this sense, the BRIC countries (Brazil, Russia, India and China) are of special interest. Figure 3 shows the EU’s strong lead compared to each of the BRIC countries, in particular towards Brazil and India. China has the strongest performance.
Figure 3: EU27 innovation lead towards BRIC
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3.2 Innovation TC "3.2 Innovation" \f C \l "2"  
As discussed in the previous section, Europe seems to have a hard time to keep pace with innovative activities compared to the leading economies Japan and the US. The emerging BRIC countries are kept on a distance, only China seems to be a threat at this moment. The Lisbon Strategy started with a good mood. However, a decade after implementation it failed. This does not take away the importance of innovativeness within Europe, as its importance is widely accepted by European policy makers. This section will examine the concept were it is all about; innovation. 

3.2.1 Defining innovation TC "3.2.1 Defining innovation" \f C \l "3" 
Definition of innovation: “In an essential sense, innovation concerns the search for, and the discovery, experimentation, development, imitation, and adoption of new products, new production processes and new organisational set-ups” (Dosi, 1988)

The old image of a lonely scientist in a laboratory discovering new things and applying them directly to the production of a new product is no longer considered realistic. Moreover, in the sense “it just overcomes you" innovation is often related to “inventing”. This is actually not the case; companies and countries can influence the innovation process. Like the above mentioned definition suggests (Dosi, 1988), it is a process that involves more than just inventing. As economists tend to focus on the process it self, innovation comprises all the different steps of the process until a new product or service has been launched. Thus, implementation and introduction is an important part of the innovation definition (Mohr, 1969; Schilling, 2005). Innovation must increase value due a positive change, it must be substantially different to have a positive outcome. Consequently, this result in increased productivity; a crucial source for an increasing wealthy economy (Schumpeter, 1935). 
The definition of Giovanni Dosi (1988) is a reflection of Neo-Schumpeterian economics. In fact, Joseph Schumpeter popularized and elaborated the term creative destruction, an economic theory of innovation and progress (Reinert & Erik, 2006). According to Schumpeter (1934) innovation is defined as:
1. The introduction of a new good, that is one with which consumers are not yet familiar, or of a new quality of a good.

2. The introduction of a new method of production, which need by no means be founded upon a discovery scientifically new, and can also exist in a new way of handling a commodity commercially.

3. The opening of a new market, that is a market into which the particular branch of manufacture of the country in question has not previously entered, whether or not this market has existed before.

4. The conquest of a new source of supply of raw materials or half-manufactured goods, again irrespective of whether this source already exists or whether it has first to be created.

5. The carrying out of the new organization of any industry, like the creation of a monopoly position (for example through trustification) or the breaking up of a monopoly position
The Schumpeterian doctrine is in contrast with the conventional wisdom of the neoclassical economics and Keynesian economics. In these doctrines independent forces like technology, innovation, knowledge and entrepreneurship are unaffected by policymakers. Schumpeter, on the contrary, positions these independent forces at the centre of the economic growth model. From a neoclassical point of view innovations are exogenous; they can not be influenced by economic policies. It is all focussed on the efficient allocation of scarce resources by getting the price signals right. However, according to Schumpeter, the major drivers of economic growth are productivity efficiency and adaptive efficiency. Actors like individuals but also entire nations are major actors in this process. The productivity growth in the US which occurred in the last 15 years is not due capital accumulation, rather due innovation. The US economy developed new technologies like ICT and applied them on a broad scale (Stiroh, 2008). Capital was not the driver; it was needed to invest in those technologies. As a consequence, the innovation gab between the US and Europe appeared. Only the last decade this view of innovation as the source of economic growth has received deliberate attention. It provides policy makers and economist a framework how to explain and encourage economic growth in the knowledge-based economy. 
3.2.2 Types of innovation TC "3.2.2 Types of innovation" \f C \l "3" 
After defining the concept of innovation it is relevant to distinguish between different types of innovation. Each type has its own characteristics and implications, which has to be taken into account in order to be competitive in the globalizing marketplace nowadays. Schilling (2005) distinguishes 4 types of innovation:
Architectural and component innovations

A component innovation (or modular innovation) entails changes to one or more components of a product system without significantly affecting the overall design. An architectural innovation entails changing the overall design of the system or the way components interact.
Competence enhancing and competence destroying innovations

Competence-enhancing innovations build on the firm’s existing knowledge base. Competence-destroying innovations render a firm’s existing competencies obsolete.

Radical and incremental innovations

The radicalness of an innovation is the degree to which it is new and different from previously existing products and processes. Incremental innovations may involve only a minor change from (or adjustment to) existing practices. 
Product and process innovations
Product innovations are embodied in the outputs of an organization’s goods or services. Process innovations are innovations in the way an organization conducts its business, such as in techniques of producing or marketing goods or services.

3.2.3 Creativity TC "3.2.3 Creativity" \f C \l "3"  

As Amabile (1996) states:

"All innovation begins with creative ideas . . . We define innovation as the successful implementation of creative ideas within an organization. In this view, creativity by individuals and teams is a starting point for innovation; the first is necessary but not sufficient condition for the second".

Creativity is an important input for innovation, but it is not identical to it. Creativity involves the process of generating new ideas and concepts, or altering existing ones. Besides generating, innovation involves applying these new ideas and concepts in a useful matter. The two concepts are closely related; to be competitive, actors need to be creative in order to be innovative. Joseph Schumpeter’s economic theory of creative destruction describes how conventional ways of doing things are destroyed and replaced by newer ones. Creativity serves here as a driver for the recombination of elements to obtain new services and products, which will ultimately lead to economic growth. 
Richard Florida notes in his book “The rise of the creative class” (2002) that high concentration of creative professionals is associated with higher economic development. Moreover, his 2002 paper “Bohemia and economic geography” elaborates this notion. The geography of bohemia is highly concentrated in the US. This creates an environment or milieu that attracts other types of talented or high human capital individuals. The presence of such human capital in turn attracts and generates innovative, technology-based industries. This in turn stimulates economic growth in the focal area. This growth can be enhanced if the network perspective of an individual is taken into account (Perry-Smith & Shalley, 2003). Weak ties between actors should facilitate creativity. A tie is weak when two actors have relatively infrequent interactions, comparatively low emotional closeness and one-way exchanges. Weak ties increase the chance of two actors to be different; as heterogeneity enhances creativity, weak ties enhances creativity as well. Up to a certain point, the more central an actor, the more creative. Central actors can interact with other members with fewer links. Actors with a peripheral position in the network and a large number of connections outside the network will have a high level of creativity. 
Creativity and design are important features of a well-developed knowledge economy spurring innovation and having a favourable impact on people’s well-being and business performance (EIS, 2008). The importance of creativity for innovation is reflected by the fact that 2009 was the European Year of Creativity and Innovation.
3.2.4 Networks TC "3.2.4 Networks" \f C \l "3" 
As networks play a role in the creation of creativity, the same holds for innovativeness (Zaheer & Bell, 2005; Rodan & Galunic, 2004). In the latter case, creativity does not serve as a mediator rather networks have a direct influence on innovativeness.  

As Rodan & Galunic (2004) show, a sparse network fosters innovation performance. Actors are afforded lower constraint and more entrepreneurial manoeuvrability. The effect of a sparse local network structure should be manifest in both superior overall performance and superior innovation performance. Network content matters as well. Heterogeneous knowledge has several advantages. By knowledge heterogeneity I refer to the variety of knowledge, know-how, and expertise to which an actor has access through her network. Exposure to heterogeneous knowledge should improve both creative potential of the focal managers as well as their ability to implement their ideas and to execute complex tasks in general. Consequently, heterogeneity of knowledge improves one’s innovativeness. Moreover, positive interaction effects exist between network structure and knowledge heterogeneity. The advantages of knowledge heterogeneity are more pronounced in sparse networks.   
Another important aspect viewed from a network perspective is the notion of bridging structural holes (Zaheer & Bell, 2005). With the latter I refer to the gabs between actors otherwise disconnected in the network. In addition, actors bridging structural holes may be able to access resources from unique parts of their network, may hear about impending threats and opportunities more quickly than other not so positioned, and may find out about possible exchange partners and potential allies. Innovative firms that bridge structural holes will likely discover knowledge in a timely manner that will facilitate quick development of innovations. Hence, actors which both possess high level of innovative capacity and are positioned to bridge structural holes in their network are able to access novel, diverse and unique information and more successfully recombine, transform and utilize the information to generate valuable innovations. Furthermore, it is important for actors to consider not only the value of bridging structural holes, but also the nature of the contacts “on the other side of the hole”, to ensure that those contacts possess the capabilities to provide useful knowledge. This in turn facilitates innovation and therefore increases competitive advantage of companies and even entire nations. 
Innovations can also emerge from collaborations (Ahuja, 2000). Again, networks play a role in this process. Efficient networks provide a good base for collaborations. The whole business chain should be taken into account; customers, suppliers, and even competitors. Collaboration between these actors facilitates innovation. First, it can provide the benefit of resource sharing, allowing actors to combine knowledge, skills, and physical assets. Second, collaborative linkages can provide access to knowledge spillovers, serving as information conduits through which news of technical breakthroughs, new insights to problems, or failed approaches travels from one actor to another. 
3.3 Knowledge TC "3.3 Knowledge" \f C \l "2" 
“Knowledge is power”
Sir Francis Bacon
Outside sources of knowledge are often critical to the innovation process, whatever the organizational level at which the innovating unit is defined (Cohen & Levinthal, 1990). This emphasizes the crucial role knowledge plays in the innovation process, as it is a major input for innovation. 
Knowledge should not be confused with information. According to Ancori, Bureth & Cohendet (2000) we cannot regard knowledge as simply the accumulation of information in a stock-pile. Knowledge must itself be regarded as a structure, a very complex and quite loose pattern with it parts connected in various ways by ties of varying degrees of strength. Information is fragmented and transitory. Knowledge is coherent, structured and of enduring significance. Furthermore, information is acquired by being told, knowledge can be acquired by cognitive processes. These cognitive processes can lead to changes in a person’s knowledge due any kind of experience. Thus new knowledge can be acquired without new information being received. For example, consider a child who touches a heating. Without being told, so no information received being received, the child gains knowledge about the heating (it is hot, so I should not touch it) due an experience (it hurts). Apparently nobody told the child not to touch the heating. However, due the painful experience cognitive processes are changed in the mind of the child, so the child now knows the danger of the heating. 
3.3.1 Characteristics TC "3.3.1 Characteristics" \f C \l "3" 
As mentioned earlier, the Schumpeterian doctrine is in contrast with the conventional wisdom of the neoclassical economics and Keynesian economics. Knowledge plays a key role in innovation, it differs in many aspects from the traditional (production process) input factors capital and labor.  
First, knowledge has public good characteristics (Arrow, 1962); it is non-rival and not excludable (only partly). The former stems from the fact that usage of knowledge does not prevent others from using it as well. The latter stems from the fact a person can not exclude others from using knowledge. However, knowledge is party excludable due for example patents. Patents prevent others from using a specific piece of knowledge. The same holds for the public healthcare in the Netherlands; some are excluded from a specific type of service because they do not pay for it. 

The second characteristic is the moral hazard problem (Doherty, 1997). Because it is hard to shift the risk from inventing, people act differently in case one is fully exposed to the risk. People are more willing to take risk if they know they are insured for a particular event. 
The third characteristic of knowledge is its intangibility (Hara & Hew, 2007). This refers to the fact it can not be touched or picked up. Knowledge is stored in people’s minds (human capital) or on hard drives of personal computers. Due its intangibility and the ICT possibilities nowadays it is very easy to spread codified knowledge throughout the world. 
The final characteristic is the degree of uncertainty (Acs, Audretsch, Braunerhjelm & Carlsson, 2004; Arrow 1962). It is definitely not guaranteed an attempt to invest in R&D will yield sufficient results. Moreover, only after knowledge has been acquired one can conclude if it is useful.  
3.3.2 Codified and tacit knowledge TC "3.3.2 Codified and tacit knowledge" \f C \l "3" 
Knowledge comes in many forms. Polanyi (1958/1978) was the first to make the distinction between tacit and codified knowledge. It relates to the degree to which pieces of knowledge can be written down and transferred. Codified knowledge is knowledge that is transformed into information which can be easily transmitted through information infrastructures. Just like packaging multiple files in a compressed Zip or Rar file it is a process of reduction and conversion which renders the transmission, verification, storage and reproduction of knowledge especially easy. As explained by David and Foray (1995), codified knowledge is typically expressed in a format that is compact and standardised to facilitate and reduce the cost of such operations. Codified knowledge can normally be transferred over long distances and across organisational boundaries (Foray & Lundvall, 1996). 
In contrast to codified knowledge, tacit knowledge is knowledge which cannot be easily transferred because it has not been stated in an explicit form. One important type of tacit knowledge is skill. The skilled person follows rules not known as such even by the person following them. Another important type of tacit knowledge is implicit but shared beliefs and modes of interpretation that make intelligent communication possible. According to Polanyi, the only way to transfer this kind of knowledge is through a specific kind of social interaction. This implies that it cannot be sold and bought in the marketplace and that its transfer is extremely sensitive to social contexts. Humans and organizations are the most important “holders” of tacit knowledge. While the new ICT have facilitated the diffusion of codified knowledge, they are only beginning to do so for tacit knowledge (e.g. video conferences); tacit knowledge must simply be communicated face-to-face. Some form of direct interaction is necessary. 
Codification is an important process for economic activity and development for four main reasons (Foray & Lundvall, 1996). Firstly, codification reduces some of the costs of the process of knowledge acquisition and technology dissemination. Secondly, through codification, knowledge is acquiring more and more the properties of a commodity. This implies that market transactions are facilitated by codification as it reduces the uncertainties and information asymmetries in transactions involving knowledge. Thirdly, codification facilitates knowledge externalisation and allows firms to acquire more knowledge than previously at a given (but not necessarily lower) cost. And finally, codification helps directly to speed up knowledge creation, innovation and economic change.

3.3.3 Absorptive capacity TC "3.3.3 Absorptive capacity" \f C \l "3"  

To take full advantage of knowledge the well-known concept of absorptive capacity (ACAP) applies. This concept was introduced by Cohen & Levinthal (1990) and refers to the firm’s ability to value, assimilate and apply new knowledge. Actually, the firm’s processes can be seen as a black box. The input is external knowledge, every firm combines it on their own unique way. The output is a new innovation. Those firms who have the best ability to value, assimilate and apply new knowledge will gain a competitive advantage. 
Zahra & George (2002) extended this view in their paper “Absorptive Capacity: A Review, Reconceptualization, and Extension”. They define ACAP as a set of organizational routines and processes by which firms acquire, assimilate, transform and exploit knowledge to produce a dynamic organizational capability. A distinction is made between potential and realized ACAP. Potential ACAP makes the firm receptive to acquiring and assimilating external knowledge. It captures Cohen & Levinthal's (1990) description of a firm's capability to value and acquire external knowledge but does not guarantee the exploitation of this knowledge. Realized ACAP is a function of the transformation and exploitation capabilities. It reflects the firm's capacity to leverage the knowledge that has been absorbed. Exposure to diverse and complementary knowledge feeds a firm’s potential ACAP. Additionally, experience will influence the development of potential ACAP. Specifically, experience influences the locus of search and the development of path-dependent capabilities of acquisition and assimilation of externally generated knowledge.  Further, activation triggers moderate the impact of knowledge sources and experiences on ACAP development. For example, a crisis can intensify a firm's efforts to achieve and learn new skills and to develop new knowledge that increases ACAP. Furthermore, social integration mechanisms play an important role. It reduces the gap between potential ACAP and realized ACAP. Social integration contributes to knowledge assimilation, occurring either informally (e.g. social networks) or formally (e.g. use of coordinators). It lowers the barriers to information sharing, thereby increasing the efficiency of assimilation and transformation capabilities. 
Finally, the outcome would be a sustainable competitive advantage. Firms with well-developed capabilities of knowledge transformation and exploitation are more likely to achieve a competitive advantage through innovation and product development than those with less developed capabilities. Firms with well-developed capabilities of acquisition and assimilation will gain this competitive advantage due a greater flexibility in reconfiguring their resource bases and in effectively timing capability deployment at lower costs than those with less developed capabilities. The resulting competitive advantage can be affected by the regime of appropriability. It refers to the institutional and industry dynamics that affect the firm's ability to protect the advantages of (and benefit from) new products or processes. For example, strong regimes of appropriability make imitation more difficult for companies because innovations are patented. Consequently, a positive relationship exists between realized ACAP and sustainable competitive advantage. The opposite holds for weak regimes of appropriability. 
3.3.4 Networks TC "3.3.4 Networks" \f C \l "3" 
Besides capabilities, the place of an actor in a network should also be accounted for. As noted earlier, networks play an important role in the innovation process. As knowledge and innovation are closely related, one might expect networks play a role in the knowledge creation process. Recent studies provide evidence that differences in the structure of networks, i.e., average tie strength and network density, link to knowledge transfer between individuals and organizational units (Burt, 2004; Hansen 2002). The most recent study in this context has been conducted by McFadyen et al. (2009). Their results indicate that attributes of professional networks as characterized by average tie strength and ego network density, are important antecedents to the creation of new knowledge among scientific researchers. Average tie strength captures the frequency of interactions between a knowledge worker and his or her direct exchange partners. Ego network density refers to the extend members of a network are connected with each other. For example, dense ego networks are characterized by members with many connecting ties. More specifically, mostly strong ties with a sparse ego network increase the level of new knowledge creation because sparse networks offer access to diverse resources, which are lacking in strong ties. Further, strong ties facilitate access to tacit knowledge and promote the exchange process, leading to the development of overlapping knowledge and the ability to reconcile diverse inputs; sparse ego networks provide the needed diverse inputs and perspectives. Taken together, knowledge workers with mostly strong ties to their direct exchange partners, coupled with partners who tend not to be directly connected to each other, lead to the highest levels of knowledge creation. These conclusions are in line with the study of Rodan & Galunic (2004) on networks and innovation, further emphasizing the importance of knowledge for innovation. 
So far, the building blocks of this thesis have been discussed; knowledge and innovation. Innovation is more than introducing new products, it comprises a whole process. It is evident knowledge serves as input for innovative activities at both the firm and national level. Knowledge appears in two forms; codified and tacit knowledge. The way actors take advantage of knowledge depends on one’s absorptive capacity; the better the absorptive capacity the more it is likely to engage in innovative activities, thus producing the different types of innovations. Creativity plays a role in this process, as it enhances innovativeness. Networks make the world smaller and enhance the innovation en knowledge creation process. Due the advances in ICT this process has been rapidly improved; codified knowledge can be transferred over long distances and ICT has improved the absorptive capacity of actors. Some have argued that knowledge and innovation are key factors in the economy today. It al started in 1935 with Schumpeter who challenged the conventional wisdom of the neoclassical economics and Keynesian economics. Not capital but innovation is a source of economic growth. This leads to an economy which is actually based on knowledge; a knowledge based economy. The US was one of the first economies to recognize this. 
3.4 Knowledge economy TC "3.4 Knowledge economy" \f C \l "2" 
	The technology gap within the EU

“Statistical analysis confirms that there is a ‘technology gap’ twice as great as the so-called ‘cohesion gap’ (measured in terms of inter-regional differences in income, productivity and employment) between the developed and the less developed regions of the European Union. Moreover, there are also factors that are tending to enlarge this gap: the increasingly scientific nature of technology, the mutual strengthening of the R&D and education systems of the leading countries, the reduction in the life cycle of certain technologies and the importance of quality infrastructure” (Landabaso, 1997).


There are many scholars who argue that we are moving towards a knowledge-based economy (e.g. David, 2002). In such an economy knowledge plays a significant and central role. However, the quotation above suggests not everyone is benefiting the merits. The knowledge-based economy can be said to be based on “an efficient system of distribution and access to knowledge as a sine qua non condition for increasing the amount of innovative opportunities” (David and Foray, 1995). The OECD defines knowledge-based economies as “economies which are directly based on the production, distribution and use of knowledge and information” (OECD, 1996). In general, it can be said that there is no clear definition. 

What clearly appears in the literature (e.g. David, 2002; Foray & Lundvall, 1996; Bolisani, 1999; Hendriks, 2001; Garrett, 2002) is the central role of ICT. A rapid reduction in cost of transportation and communication has taken place the last three decades. The current developments in ICT clearly improve one’s ability to handle data and information, the result; an improved absorptive capacity and increased global competition. However, it must be clear ICT does not create or extend knowledge. Knowledge is more about understanding and competence. For example, imagine two mathematicians communicating with each other at 4000 miles distance using codified knowledge. That knowledge is of little value for people with no education in that specific field. This means some part of codification remains tacit and requires appropriate skills for understanding. With other words, codification is never complete and tacit knowledge remains important. Despite the advances ICT have made. Tacit knowledge and codified knowledge are complementary and co-exist. 
According to Peter Drucker (1998) knowledge is more important than the traditional production input factors capital and labour. However, any economy which involves production automatically involves the technology of production. That technology embodies knowledge. In that point of view every economy is knowledge-based. Consequently, a new stream of scholars argues we are now moving to a “knowledge-driven” instead of a “knowledge-based” economy (e.g. Armstrong, 2001; Hall, 2006). To take it one step further, David (2002) argues in his paper “An introduction to the economy of the knowledge society” we are even moving to a knowledge society.

Several aspects have changed so we can speak of a knowledge-driven economy (Cowan & van de Paal, 2000). First, knowledge is increasingly seen as a commodity. In that case, it can be sold and bought on the marketplace. For example, in case of corporate mergers and acquisitions, knowledge is incorporated in the goodwill or badwill. That goodwill/badwill is valued on the balance sheet. The more knowledge is stored in the “minds” of employees of the company, the higher the goodwill should be. Firms even use their (in house) knowledge to strengthen their bargaining position in the search for venture capital and alliances with other firms. 
Second, ICT lowers the cost of knowledge activities. Moreover, the effective use of ICT is influenced by the degree of its diffusion across regions and countries and by specific innovations that facilitate and promote use of ICT services by rapidly growing heterogeneous populations (Antonelli, 2003). Foray and Lundvall (1996) claim that “even if we should not take the ICT revolution as synonymous with the advent of the knowledge-based economy, both phenomena are strongly interrelated … the ICT system gives the knowledge-based economy a new and different technological base which radically changes the conditions for the production and distribution of knowledge as well as its coupling to the production system”. Cowan (1997) argues that technical changes have facilitated the diffusion of codified knowledge through an economy. These costs have fallen dramatically due the ICT revolution. However, interpretation issues should be taken into account. Knowledge codified by mathematicians is hard to interpret by people without a mathematical background. Much is still dependent of the absorptive capacity of actors.
Third and mainly due ICT, the connectivity between knowledge actors have increased significantly. ICT can enhance knowledge sharing by lowering temporal and spatial barriers between knowledge workers, and improving access to information about knowledge (Hendriks, 1999). Thus, this should motivate innovators. As discussed previously, knowledge workers with mostly strong ties to their direct exchange partners, coupled with partners who tend not to be directly connected to each other, lead to the highest levels of knowledge creation.
Academic literature supports the movement towards a knowledge-driven economy. Empirical evidence supports this notion as well. The OECD Science, Technology and Industry Scoreboard 1999 show those facts. Both knowledge-based industries and knowledge-based service sectors show an average growth which is higher than the average growth of overall GDP. OECD countries spend more on the production of knowledge. This is supported by increasing expenditures on R&D, software and public and private spending on education and training. Within Europe the share of investments in intangibles and knowledge relative to the GDP has grown 2.9 % in the period 1985-1995. Europe lags slightly behind compared to the US; in the same period the US growth was 3.1 %. The US also performs better when looking at R&D investments; since 1994 these investments have grown rapidly. In Europe these investments have been flat since 1990. 
It is evident the fast development of ICT have increased the economic value of codified knowledge; knowledge is codified faster and more efficient. As stated earlier, most knowledge can now be codified and transmitted over long distances. The innovation process itself has also changed. Testing innovative processes and products has become easier due ICT. For example, flight simulators are used for potential pilots or car crashes are simulated by car manufactures using advanced software. 

The development towards a knowledge-driven economy is unequal within Europe. Moreover, the Lisbon goals have not been achieved. In the 2005 paper of Archibugi & Coco “Is Europe Becoming the Most Dynamic Knowledge Economy in the World?” the authors predicted the failure of the Lisbon Strategy and they discussed the condition and perspective of the European Union in the knowledge economy and the feasibility of the goal given by the European Council at the summits held in Lisbon (March 2000) and Barcelona (March 2002). Several technological indicators are used to evaluate this aspect. The main conclusions were not promising; Europe is still lagging behind regarding R&D investments and the generations of innovations as compared to Japan and the US, a small convergence occurs in the diffusion of ICT, the level of investment in scientific and technological activities is so diverse across countries that it does not merge into a single continental innovation system. There is still a lot of work to be done. The last sentence of the paper emphasizes this; “but words without facts will only allow us to observe at the end of the decade that the aim of R&D at 3 per cent of GDP has not been reached and that the European technology gap has further increased”. The EIS 2009 report and the failure of the Lisbon goals confirm this sentence.    
To sum up, knowledge and innovations are becoming increasingly important in the globalising economy nowadays. This is only observed recently. The world is changing to a knowledge-driven or knowledge-based economy. Which of these two concepts applies best to the world today is not yet clear. The main point is that knowledge plays a crucial role in the economy. This is in contrast with the traditional production process input factors labour and capital. ICT plays a central role in this transition; it connects all the pieces of a knowledge-based/driven economy together. It is of increasing importance for countries and regions, and especially for Europe, to take part of this new wave of prosperity. Ignorance of this phenomenon will put countries and regions in economic isolation, thereby becoming more and more marginalized on the global economic battlefield. It is no coincidence the US is a leading economy in the world today. Increased investments in ICT have made the US innovative and therefore competitive. “Schumpeterian thinking” is a wise advice for countries and regions to start the catch-up process. 
3.5. Input factors of innovativeness TC "3.5. Input factors of innovativeness" \f C \l "2" 
After the fundamentals of this thesis have been discussed, the focus will shift to a more European oriented context; the role Europe plays in a knowledge-driven society. And, what are the inputs for the level of innovativeness, in particular in Europe? Thus, what do countries need to be innovative? This section will extract these input factors from studies conducted to unveil the predictors of national innovativeness. According the Schumpeterian doctrine capital (or GDP/national wealth) is not a driver, it is needed to invest in those input factors. Innovativeness can be influenced by policymakers. Of special interest is the productivity gab between the US and Europe. Consequently, this triggered the European Union to implement the Lisbon Strategy in order to become the most competitive and dynamic knowledge-based economy in the world within the next decade. Research on the input factors of innovativeness on the national level is scarce. However, in several papers input factors are investigated separately in relation to innovation. 
First, two papers with an analysis of the input factors of innovativeness will be discussed, and then the productivity gab will be discussed. Subsequently, the following input factors of innovativeness on a national level will be discussed; R&D, education and knowledge intensive industries. These appear to be most prevalent in academic literature. The factors identified in this section show great similarities with the indicators incorporated in the Summary Innovation Index score of the EIS 2009 report thus emphasizing their relevance. 
3.5.1 Analysis of the input factors of innovativeness TC "3.5.1 Analysis of the input factors of innovativeness" \f C \l "3" 
Few scholars have attempted to clarify a country’s input factors of innovativeness. However, some research has been conducted. Of particular interest is a research conducted by Rao, et al. (2001). The starting point of this research shows similarities with the Lisbon Strategy. The authors wonder why the US is more productive and innovative than Canada. In similar fashion the European Commission wondered why Europe is lagging behind compared to the US and Japan. Therefore, a cross-country analysis among both developed and developing OECD-countries during the period 1990-2000 has been conducted to identify the major input factors of innovativeness. Using regression and correlation techniques the authors find the following factors (as measured by patents granted); R&D intensity, investment in machinery and equipment, human capital, technological infrastructure, intellectual property protection, strength of the domestic economy, quality of financial institutions and quality of management. Hence, innovative activities are also determined by factors which shape the general business climate; intellectual property rights, macro-economic conditions, global links, adequacy of financial services infra-structure and the quality of management.
Work on the European level has been done by Radosevic (2004). The goal of this research was not to define the input factors of innovativeness but to assess the innovation capacities of the central and east European countries and the other countries of the EU using a set of 25 indicators organized within the national innovation capacity framework. It builds on the results of innovation and competitiveness studies. Thus, this framework provides us a good indication of the input factors of innovativeness. This framework is based on the following reasoning: innovation capacity of an economy depends not only on the supply of R&D but also on the capability to absorb and diffuse technology and demand for its generation and utilization. With other words, absorptive capacity on the national level. In his paper the author identifies the following determinants of innovative capacity within the EU; absorptive capacity (e.g. employment in knowledge intensive industries and higher education). R&D supply (e.g. patents and R&D expenditures), diffusion (e.g. Internet users and ICT expenditures) and demand (e.g. registered unemployment and consumer price index). The analysis is based on a series of 25 indicators, the national innovation capacity framework, compiled for 24 EU countries during the 1999-2000 period. Based on these indicators a composite index is calculated to assess a country’s innovative capacities. Instead of a typical “east-west divide” Europe seems to be clustered in three groups, thereby indicating variation in the level of innovativeness.  This is in line with the results of EIS 2009. Moreover, indicators of the framework shows great similarities with the summary innovation index (SII) indicators of the EIS 2009 report, therefore making it a useful guide to identify the input factors of innovation.  
3.5.2 Productivity gab TC "3.5.2 Productivity gab" \f C \l "3" 
As mentioned earlier, the US outperforms Europe with knowledge related expenditures. This goes hand in hand with the productivity gab that emerged in 1995. The US productivity growth rose from 1.2 % during the period 1987-1995 to 2.1 % in 1995-2009. Europe, on the contrary, showed a decline during the same period from 2.4 % to 1.3 % (The Conference Board, 2009).  As ICT play a major role in knowledge related expenditures, the role of ICT is evident at first sight. Also, a new paradigm emerged; the new economy (Stiroh, 1999). According to this paradigm economic growth should accelerate, corporate profits will rise and there will no be inflation. The embodiment of this is Silicon Valley (US based); new products are created based on new technologies. This boom in ICT investments was especially eminent in the US. This strongly suggests ICT investments are a determinant of the productivity gab. This is confirmed by van Ark (2003). The results of his paper show that US productivity has grown faster than in the EU because of a larger employment share in the ICT producing sector and faster productivity growth in services industries that make intensive use of ICT. With other words, ICT is a source of American economic growth since 1995 (Jorgenson, 2001; Antonelli, 2003).
It is evident the US took part of the knowledge-driven economy much earlier than Europe. With increasing investments in ICT the US was able to be innovative which in turn made them more competitive relative to the rest of the world. This increased the productivity gab. To reduce this gab the Lisbon Strategy has been implemented. Knowledge has a central position in this case. It is a major determinant of innovation and therefore for economic growth. The latter has been widely accepted in the literature (e.g. van Ark, 2005; Aghion and Howitt, 2006). Four input factors of innovation on the national level seems to appear frequently in academic literature; R&D, education, knowledge intensive industries. These will be discussed in the following sections. 
3.5.3 Research and development TC "3.5.3 Research and development" \f C \l "3"  
The role of research and development (R&D) on innovativeness is evident at first sight. Without a well performing R&D department firms are unlikely to produce innovative products. The shoe manufacturer Nike for example applies a product leadership strategy and is therefore known for its innovative footwear; they spent billions on R&D annually. The role of R&D on innovativeness was recognized relative early by Cohen & Levinthal (1989). In their research they argue that R&D has a dual role; it not only generates innovations, but also increases one’s absorptive capacity. With other words, it has both a direct and indirect impact on innovations. The direct impact stems from the fact R&D produces innovations. The indirect impact appears from the increased knowledge creation due improved absorptive capacity, which in turn improves innovativeness. In a more recent paper Ulku (2004) conducted an analysis which employed various panel data techniques and patent and R&D data for 20 OECD and 10 Non-OECD countries over the period 1981–97. The results confirms a significant relationship between R&D stock and innovation. Griffith et al. (2004) agrees, a panel of industries across 12 OECD countries has been used. Their results show that R&D stimulates growth directly through innovation. 
Research on the European level has been conducted as well. Izushi (2008) uses 12 European regions in the 1990s. The results suggest that each R&D worker has a unique set of knowledge while his/her contributions are enhanced by knowledge sharing within a region as well as spillovers from other regions in proximity. Due the increased knowledge sharing innovativeness will rise. Similar results have been obtained by Bottazzi & Peri (2003). They used R&D and patent data for European Regions over the 1977–1995 period. They conclude that doubling R&D spending in a region would increase the output of new ideas in other regions within 300 km only by 2–3%, while it would increase the innovation of the region itself by 80–90%. Moreno-Serrano et al. (2004) conducted research across 175 regions in 17 countries in Europe. In accordance with Bottazzi & Peri they conclude that not only the own R&D expenditures have an important impact on the output of the innovative process but also the geographical neighbours’ R&D expenditures are of significance. Sterlacchini (2006) concludes in his research among 151 developed European regions that the impact of innovation and knowledge on economic performances is almost twice as higher for the regions characterised by a higher average intensity of R&D. 
3.5.4 Education TC "3.5.4 Education" \f C \l "3" 
Knowledge is arguably the most important commodity of the modern economy, and universities and other higher education institutions are the primary creators of this commodity. Higher educated people will increase the quality of tacit knowledge. Humans are important holders of knowledge, making human capital important in a knowledge-driven economy. On overall, education plays an important role in the creation of human capital. The concept of human capital pertains to individuals’ knowledge and abilities that allow for changes in action and economic growth (Coleman, 1988). Human capital may be developed through formal training and education aimed at updating and renewing one’s capabilities in order to do well in society.
In line of this reasoning Dakhli (2004) conducted research to examine the effects of human capital on innovation at the country level. The sample includes 59 countries from all five continents; 30 countries in Europe, 12 countries in America, 3 countries in Africa, 13 countries in Asia, and Australia. The hypothesis “the higher the level of human capital within a country, the higher the country’s level of innovation will be” is supported; results show a strong positive relationship between human capital and all three applied innovation measures. These results are in line with Engelbrecht (1997). He conducted research among 21 countries (20 OECD countries plus Israel) for the time period 1971-1985. The regression estimates show a positive role of human capital for domestic innovation. Benhabib (2005) also agrees with these results in his cross-section research among 84 countries from 1960 through 1995. He obtained robust results supporting a positive role for human capital as an engine of innovation.  
Besides the aforementioned conclusions it might be obvious that education should have a positive effect on innovativeness. Several authors examined this direct relationship. In his paper “Higher education, innovation and economic development” Lundvall (2007) draws attention for this notion. This paper starts with a simple growth model with the general conclusion that the rate of return on investment in higher education will be positively correlated with the rate of technical progress. Furthermore, a Danish study among 2000 firms finds a positive effect between the propensity to innovate and having employees with a graduate degree. This eventually leads to the final conclusion that higher educated people are more innovative. Lundvall focused in this paper on reforms of the higher education system that might contribute to building a more complete and dynamic innovation system. In the same manner, Acemoglu, Aghion & Zilibotti (2002) conclude that the closer an economy is to the world technology frontier, the higher the relative importance of innovation relative to imitation as a source of productivity growth. The selection of high-skill entrepreneurs becomes therefore more important. Hence, it is likely that higher educated people are needed. 
Studies on the European level are scarce. However, Sterlacchini (2006) examined the effect of several knowledge related variables on economic growth in 151 European developed regions. One of his conclusions is that the impact of innovation and knowledge on economic performances is almost twice as higher for the regions characterised by highly educated people. The education variable is measured as the share of adults (aged from 25-65) who attained tertiary education, thus indicating the importance of highly educated people for national innovativeness. In another paper Badinger and Tondl (2002) researched the engines of regional economic growth in 128 European regions over the period 1993-2002. They used educational attainment rates computed from labour force surveys as an indicator for human capital. One important conclusion is the following; high growth EU regions generate technological progress through own innovation activity and through international technology transfer. The latter can become a source of technological catching-up if a region possesses sufficient human capital in order to adopt available technologies. Hence, education improves a country’s technology adoption which in turn triggers innovations. 
3.5.5 Knowledge intensive industries TC "3.5.5 Knowledge intensive industries" \f C \l "3" 
In order to be innovative, it is important for a country to deliver innovative high quality services and products. Therefore, high employment rates in knowledge intensive industries are a requisite. That is, high employment in both knowledge intensive services and high tech manufacturing. This is closely related to education as these types of jobs require highly skilled people (Miles, 2003). 
High tech manufacturing

The term "high tech," as related to manufacturing, generally connotes manufacturing industries that share common characteristics of substantial technological innovation (Goss, 1994). Hence, the higher the employment in a country the more likely it will be that country will produce innovative products. Feldman (1994) agrees with this. The results of her paper indicate that several components must be in place for innovation to occur; one of those components is high tech manufacturing companies. The results should be interpreted with caution, because the country of subject is the US. In his 2006 paper Sterlacchini advises European countries to strengthen the relationship between innovation and economic performance. To do so, special attention should go to entrepreneurial effort in high tech manufacturing. New business activities in that sector will trigger innovativeness and consequently economic growth. 
Knowledge intensive services 

As Tomlinson and Windrum (1999) observe; “studies of innovation processes and public action on technological development have mainly tended to focus on manufacturing activities. Services have generally been given only marginal consideration”. According to these authors this view is changing. Miles et al. (1995) even notice a convergence between services and manufacturing. Their main conclusion is that knowledge intensive services are active in innovation. Den Hertog (2000) notices the same. He argues that especially in the unfolding knowledge-based economy services do matter. However, there is little systematic analysis of the role services play notwithstanding the increasingly central role services seems to play in the innovation process. Knowledge intensive services are seen to function as facilitator, carrier, source of innovation and even co-producer of innovation (Den Hertog, 2000). Miles (2003) proves that knowledge intensive services are among the fastest growing and dynamic sectors of the economy. “They play a role in improving the competitiveness of enterprises (and the quality of public services) throughout the economy. They form important intermediaries and nodes in innovation systems. Through innovation support and outsourcing of services, they can improve quality and help adapt production structures to the challenges of the knowledge-based economy”. Recent analyses of European Community Innovation Surveys confirm that knowledge intensive service sectors, especially technology-related ones, are among the most active innovators in the economy (Tether et al, 2001). For the same reason as with high tech manufacturing Sterlacchini (2006) recommends special attention should go to entrepreneurial effort in knowledge intensive services. This confirms the convergence of knowledge intensive services and high tech manufacturing.
The studies mentioned in this section have identified several input factors of innovativeness. The summary table below shows the factors found in literature, including their effect on innovativeness. 
Table 1: Input factors of innovativeness found in literature
	Input factor
	Effect on innovativeness
	Author(s)

	Tertiary education
	Higher educated people are more likely to engage in innovative activities
	Radosevic (2004) , Sterlacchini (2006), Badinger (2002)


	Strength of the domestic economy
	Provides a favourable environment for innovative activity
	Rao, et al. (2001)

	R&D
	R&D is a key generator of innovations.
	Sterlacchini (2006)
Rao (2001), Bottazzi 2003), Radosevic (2004)

	Technological infrastructure
	Provides a favourable environment for innovative activity
	Rao, et al. (2001), Radosevic (2004)

	Intellectual property protection
	Provides a favourable environment for innovative activity
	Rao, et al. (2001)

	Employment medium/high-tech manufacturing sectors
	Responsible for the output of innovations
	Sterlacchini (2006
Radosevic (2004)

	Investments in machinery and equipment
	Increases the adoption and diffusion of new innovative processes and techniques
	Rao, et al. (2001)

	Employment high-tech services sectors
	Facilitates the creation of innovations
	Sterlacchini (2006
Radosevic (2004)

	Quality of financial institutions
	Improves the business climate conditions for innovative activity
	Rao, et al. (2001)

	Quality of management
	Improves the business climate conditions for innovative activity
	Rao, et al. (2001)


So far, the inputs of innovativeness have been identified. In his technology-gab theory of economic growth (Fagerberg, 2002), much emphasis is put on national wealth, in the sense that only the most developed countries are able to compete on the technological frontier. This is in line with the Schumpeterian doctrine that capital is needed to acquire the input factors of innovativeness. In the theory of Fagerberg it is more about the diffusion of technology as a source of innovation. One conclusion is that the US is “running away” from other countries and there may be some other countries that are “running away”. The author concludes with the statement that radical innovations are important for economic growth. It is furthermore temped to state that ICT is an example of one such innovation. Unfortunate the author did not take this element into account in the analysis. The author continues; “However, we hold it as likely that the changes in global growth dynamics that have been researched in this paper are related to the increasing role of ICT in the world economy, and that the latter is one potential source for divergence. For instance, evidence based on data on the diffusion of several types of ICT equipment and services (mobile telephones, computers, Internet, etc.) suggest a very uneven rate of diffusion of new ICT both within Europe and at a global scale.” Thus, the author mentions “a very uneven rate of diffusion of new ICT”. This is known as the digital divide, and will be discussed in the next section. Furthermore, the author mentions ICT as “one potential source for divergence”. Fortunately, that is exactly what this thesis will examine. 

To conclude, literature has unveiled several inputs of innovativeness; education, R&D and Knowledge intensive industries are prevalent in literature. However, these input factors have scarcely been investigated simultaneously to clarify their relative importance, especially not in relationship with ICT on the European level. As Fagenberg (2002) already noticed and the next section will show; ICT might have important implications for the innovative activity of countries. Up to now, this has not yet been investigated. 
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	A report on the global digital divide;
“88% of all Internet users are from industrialized countries that comprise only 15% of the world’s population” 

World Economic Forum, (2002).



The expansion of information and communication technologies (ICT) has stimulated productivity, driven the economic growth of countries, shortened product life cycles, diminished the importance of distance, and globalized markets and economies. New communication technologies link markets, institutions, and people all over the globe and radically alter people’s lives and work. Expanded use of technology and the development of e-business are transforming established organizational patterns and profoundly changing current business structures. Social and economic advancement in the developing world have become increasingly tied to ICT creation, dissemination, and utilization (Baliamoune-Lutz, 2003; Hill & Dhanda, 2003). However, the diffusion and adoption of ICT have not been equal. This has lead to a gab which is now known as the digital divide. It seems, then, that ICT has brought the world together. On the other hand, it has increased the process of global differentiation and inequalities.
According to Sachs (2001), today’s world is divided not by ideology, but by technology; a world of technology haves and have-nots. A small part of the globe made up of North America and parts of Europe and East Asia accounts for nearly all of the world’s technology innovations and patents granted. Much of the globe is technologically backward or excluded, able neither to innovate nor being able to adopt and adapt new technologies. This view might be the real face of the digital divide. 
The OECD (2001) defines the digital divide as differences between individuals, households, companies, or regions related to the access to and usage of ICT. The divide may appear due to historical, socioeconomic, geographic, educational, behavioral, or generation factors, or due to the physical incapability of individuals (Cullen, 2001). Based on academic literature one may conclude a clear definition or concept is lacking. For example, what is meant with ICT? Computers and Internet are straightforward but what about digital mobile telephony and digital television? After a decade of debate by experts in public policy, communications, philosophy, social sciences, and economics, there is still no consensus on the definition, extent, measurement, or impact of the digital divide. Several researchers (Bertot, 2003; Dimaggio & Hargittai, 2001) suggest that the typical definition of digital divide that is commonly used in the popular press and academic literature, which points to ICT access gaps, is too narrow.
Since the beginning of the 1990s the digital divide has been a central issue on the scholarly and political agenda. However, it has raised more questions than answers and even some critics. Gunkel (2003) points out the sharp dichotomy it refers to, thus making it a deeply ambiguous term.  More specifically, it is mostly about the “have ones” and “have-nots”. Consequently, Van Dijk (2003) has pointed out some pitfalls due this dichotomous nature. First, the term suggests a simple divide between two clearly identifiable groups with a big gab between them. Secondly, it suggests that the gab is difficult to bridge. Third, it suggests the divide is about absolute inequalities. Instead, the divide is more about relative inequalities. Fourth, the term might give the impression of a static condition while it is in fact constantly shifting. Finally, both Gunkel and van Dijk warn for technological determinism. That is, it is suggested that restoring the inequalities by giving everyone equal physical access to ICT solves particular problems in society and the economy. Unfortunately, this is not realistic. 
Norris (2001) conducted research among 179 countries to the extent of access to and use of the Internet. The main conclusions showed a global divide appeared to be evident between industrialized and developing societies. This is in agreement with Chinn (2006). A social divide was apparent between rich and poor within each nation. And within the online community, evidence for a democratic divide was emerging between those who do and do not use Internet resources to engage, mobilize and participate in public life. In addition, Dasgupta et al. (2001) studied Internet penetration in a total of 44 countries, including both developed countries and developing countries over the period 1990 to 1997. They find no gab in Internet intensity (ratio subscriptions to mainlines), but they do find a gab in Internet connectivity (users per capita) among developed and developing countries. This suggests that available and affordable Internet possibilities are a prerequisite for Internet penetration. These studies suggest the digital divide is actually a divide between rich and poor countries. 
4.1 Input factors of TC "4.1 Input factors of" \f C \l "2"  ICT 
The main focus of attention in the literature is devoted to physical divides in access to computers and Internet. Psychical access differs among the following categories at the individual level; age, sex, education, income and ethnicity (OECD, 2000; OECD, 2001; Pew Internet, 2003, Hoffman & Novak, 1998). These categories seemed to be unstable over time. This section will extract the input factors of ICT from studies investigating the predictors of ICT usage and access. Thus, what do countries need to have high ICT penetration rates? 
International research at the national level focussed on Internet penetration has been conducted by many researchers. Hargittai (1999) conducted research among OECD countries in 1998. Telecommunications policy seemed to be an important input factor of Internet penetration. Kiiski & Pohjola (2002) researched Internet penetration in 23 OECD and 37 developing countries over the period 1995 to 2000. Education seemed to be an important input factor for developing countries only, not for developed countries. Moreover, Internet costs seemed to be an input factor also. Dewan et al. (2005) used regression techniques to examine data from 40 developed and developing countries over the period 1985-2001. Proportion of trade and schooling are identified input factors of ICT penetration. However, these factors tend to narrow the digital divide. As mentioned earlier Dasgupta et al. (2001) studied Internet penetration in a total of 44 countries, including both developed countries and developing countries over the period 1990 to 1997. Results indicate that urban population and competition policy are important drivers.
Research based on other ICT measures will be mentioned in this paragraph. The most comprehensive research has been conducted by Chinn (2006). The research includes a systematic cross-country econometric analyse of the determinants of PC and Internet use, spanning 161 both developed and developing countries over the period 1999-2001. Telecommunication infrastructure and regulatory quality are indentified as input factors. Pick (2008) tried to analyze the influence of socioeconomic, governmental, and accessibility factors on ICT usage, expenditure, and infrastructure in 71 developing and developed countries. The results points to the dominant role of R&D capacity as represented by science and technical journal publication. Pick’s explanation for this dominant role is that the educated and creative workforce performing more R&D contributes higher levels of technology utilization and infrastructure. Other factors of importance are foreign direct investment, government prioritization of ICT, quality of math and science education, and access to primary education. The paper concludes with recommendations for governments to foster technological development. Caselli & Coleman (2001) on the other hand studied patterns in the adoption of computer technology using data based on computer imports per worker from 89 developed and developing countries over the 1970 to 1990 timeframe. They find that computer adoption is most strongly (and positively) associated with human capital and the importance of trade with the OECD. Other significant input factors are property rights protection, capital investment per worker, and share of manufacturing versus agriculture in the economy. Interestingly, after controlling for the aforementioned variables, English-language speaking skills of the population are not important.  Pohjola (2003) looked at general ICT investment per capita in a sample of 49 countries over the 1993 to 2000 time frame. This research also highlighted the importance of human capital (average years of schooling) as an input factor of ICT usage and the negative role of agriculture share in the economy. Moreover, the price of computers also played a significant role.  

As ICT are rapidly evolving, several authors have shifted their attention to digital wireless mobile phone technologies (e.g. 3G Internet access). Kauffman & Techatassanasoontorn (2005a, 2005b, 2005c) have focussed their research on this topic. Not unsurprisingly, because digital wireless phones might bridge the digital divide due their affordability, popularity, and fast infrastructure implementation (Dholakia & Kshetri, 2002). In the papers of Kauffman & Techatassanasoontorn a sample of 46 developed and developing countries over the period 1992-2002 is used. The results suggest that GNP, and advanced telecommunications infrastructure are positively associated with penetration, while an increase in the number of phone standards and service prices tends to slow down adoption. The level of competition is also a key driver of penetration. The effects of the factors are different in developed versus developing countries, and vary with the stages of diffusion. Gaps are present in penetration rates across regions, but divide will narrow over time.
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Most of the research is about “physical” divides. This is quite myopic. Therefore, an increasing stream of researchers suggests focusing more on social, cultural and psychological backgrounds. Thus, it is not merely about obtaining a particular technology rather it is about social, mental and technological causes (Bucy and Newhagen, 2004). However, large scale international research concerning these factors has not yet been conducted. Nevertheless they are worth mentioning due the complex nature of the digital divide; it is indeed more than “haves” and “have-nots”. 

Owning a computer does not necessary suggests a person will actually use it. In several European and American surveys (Lenhart et al, 2003; ARD-ZDF, 1999) it was revealed that half of the respondents not connected to the Internet refused to get connected due the following reasons; no need or significant usage opportunities, no time or liking, rejection of the medium, lack of money, lack of skills. The factors explaining motivational access are both of a social or cultural and a mental or psychological nature. A social explanation is found by Katz & Rice (2002) in an American survey; ‘‘The Internet does not have appeal for low-income and low-educated people’’. A cultural explanation is found by Rojas et al (2004); they discovered the importance of traditional masculine cultures (rejecting computer work that is not ‘cool’ and ‘something girls do’) and of particular minority and working class lifestyles in poor communities of Austin (US). Mental and psychological explanations have been examined by Rockwell & Singleton (2002). Computer anxiety and technophobia are relevant in this context. This prevents people from using computers and Internet. Based on an analysis of the responses of 95 American college students using computers Hudiburg (1999) concludes personality characteristics also play a role. 
One must have the appropriate skills to handle the hardware and software. Indeed, a computer is of no use if one has not acquired the appropriate skills. In this fashion Hargittai (2002) has researched this topic. She found enormous differences in the accomplishment of tasks among American test groups. The general impression of these skills investigations, both surveys and tests is that the divides of skills access are bigger than the divides of physical access and that, while physical access gaps are more or less closing in the developed countries, the skills gap (in particular, regarding information skills) tends to grow. A striking result from a Dutch sample is that those having a high level of traditional literacy also possess a high level of digital information skills (Haan, 2003). Thus, these literacy skills seem to be more important than specific technical knowledge and the ability to handle numerical data. These results correspond with the previous discussed importance of education for Internet usage.
Further, an American survey conducted by Horrigan & Rainie (2002a) show that demographic characteristics determine Internet usage. Specific social categories of users prefer different kinds of applications. The study shows significant differences among users with different social class, education, age, gender and ethnicity. In a Swiss survey Bonfadelli (2002) even observes a widening usage gab between people differing in social class and education; a differential use of whole applications in daily practices. The rise of broadband connections have also changed usage time and type and range of applications. Broadband users take full advantage of the possibilities nowadays and do not concern about connection time. “A ‘broadband elite’ arises that uses the connection for 10 or more online activities on a typical day. Besides, broadband stimulates a much more active and creative use of the Internet” (Horrigan and Rainie, 2002b). 
So far, the studies mentioned in this fourth chapter have identified many input factors of ICT. The summary table shown below shows these factors, including their effect on ICT.
Table 2: Input factors of ICT found in literature
	Input factor
	Effect on ICT
	Author(s)

	Telecommunications policy
	Low restrictions (e.g. free competition) triggers ICT
	Hargittai (1999), Dasgupta et al. (2001), Pick (2008)

	Education
	Higher educated people tend to use ICT more frequently
	Kiiski and Pohjola (2002), Dewan et al. (2005), Pick (2008)

	Internet costs
	Low costs improves usage
	Kiiski and Pohjola (2002), Vicente and López (2006)

	Price of computers
	Low prices improves usage
	Pohjola (2003)

	Urban population
	Network economies cause ICT to grow more quickly in urbanized societies
	Dasgupta et al. (2001)

	Telecommunication infrastructure
	A well developed infrastructure triggers ICT
	Chinn (2006), Hargittai (1999), Dewan et al. (2005)

	Regulatory quality
	Good regulatory quality (e.g. no price controls) improves ICT usage
	Chinn (2006)

	Trade openness
	The more imports and exports a country is involved in, the more it should satisfy the international technological requisites
	Dewan et al. (2005), Pohjola (2003), Vicente and López (2006)

	R&D
	High R&D intensities results in high ICT usage
	Pick (2008), Vicente and López (2006)

	Foreign direct investments (FDI)
	FDI forces a country to comply the international technological standards 
	Pick (2008)

	Property rights protection
	Good property rights protections enhance ICT usage
	Caselli and Coleman (2001)

	Capital investment per worker
	High investment rates are a pre-condition to technology adoption 
	Caselli and Coleman (2001)

	Share of manufacturing versus agriculture in the economy
	A small share of agriculture enhances ICT usage (the manufacturing industry is more ICT driven)
	Caselli and Coleman (2001), Pohjola (2003)

	Social, cultural and psychological factors (section 4.2)
	See section 4.2
	Bucy and Newhagen (2004), Lenhart et al (2003), Rojas et al (2004)
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It seems, then, the digital divide is much more than “haves” and “have- nots”. But to what extend is that digital divide present in Europe? Despite the limited empirical literature, several scholars have discussed this topic. Most research is conducted at the individual level. At first sight it is tempting propose a divide between “emerging new market-oriented economies” and industrialised developed countries; between East and West. “In Europe, the greatest connectivity is in relatively wealthy nations such as Germany and the United Kingdom; Eastern Europe lags considerably behind the West, as do the nations of the former Soviet Union” (Warf, 2001). Dragulanescu (2002) addresses this issue. The so-called transitions economies from Eastern en Central Europe are lagging behind in all measures of Internet access and usage compared to Western Europe. In these countries, information has been tightly controlled by governments as a means to maintain their political and economic power. These social countries were blocked from the fruits of the information revolution. The main reason for this divide is the lack of adequate financial support for hardware purchasing and operation within a very problematic economic environment. 
In his research on the individual level, Demoussis (2002) finds a North-South divide. Northern countries use more ICT than Southern countries, this is confirmed by Carveth (2002) and other authors. Demoussis used cross-sectional data over the 2002/2003 period from 14 EU-countries. Using a probit model he concludes that household income, cost of access, demographics (e.g. gender), media use, regional characteristics and general skill acquisition by individuals appear, in most model specifications, to correlate with internet use and the level of usage. The results presented in this paper imply that the digital divide is a rather structural problem both, for the EU as whole and for separate EU member states.
In a more regional approach Ifinedo & Davidrajuh (2005) assessed and compared the e-readiness of a developed (Norway) and an emerging economy (Estonia) in the Nordic region. Both countries have similar above average e-readiness scores; Norway and Estonia scored 3.6 and 3.1, respectively, on a scale of 1–5. Hence, with respect to these countries some differences exist in regard of the digital divide, but these appear not to be huge. The score for Estonia might be surprising. However, they are in line with the EIS 2009 report. Based on innovation indicators, Estonia showed an impressive average annual growth rate over the last five years; the SII score is above EU-27 average. As ICT play a central role in the innovation process, the results are not that surprising anymore.  
Another research has been conducted by Hüsing & Selhofer (2004). In their paper the authors suggests a method for measuring the digital divide on an aggregate level by defining a Digital Divide Index (DDIX) which focuses on the presumably disadvantaged groups of society. The DDIX is a weighted composite index of 4 indicators; percentage of computer users, percentage of computer users at home, percentage of Internet users, percentage of Internet users at home.  It is applied to 15 EU member states and to the EU as a whole, over the period 1997-2000. The index is used as dependent variable. Results indicate education has the highest impact on the divide. In accordance with other research (e.g. Carveth, 2002) gender, age and income also have significant effects. The index has not much changed between early 1997 and late 2000. This means that the digital divide on the European level has not decreased since 1997. Again, a North-South divide have been discovered. Sweden, the Netherlands, Denmark and Finland are leading countries with respect to ICT. Southern countries have a larger digital divide than advanced countries. 
In their paper Vicente and López (2006) explored the socioeconomic determinants of ICT adoption within the context of the European Union of the 15 Member States. The data comes from a survey conducted in 2002 with 10.306 interviews successfully completed. Conclusions were drawn based on a simple linear random utility model, with as dichotomous dependent variable the question whether to use the Internet, a computer or a mobile phone. In line with results previously discussed income, age, education, employment and gender turned out to predict ICT usage well. Thus, a highly educated young man with high income is more likely to use ICT than persons with opposite characteristics. Digital exclusion is possible for elderly, woman and the unemployed. Beside individual traits, the authors have also included some aggregate variables which can be considered as input factors for ICT usage; trade openness and R&D expenditures. These variables turned out to be statistically significant with R&D as most powerful determinant of ICT usage.   
To sum up, whether it is North-South or East-West, academic literature agrees upon the fact the digital divide is present in Europe. Much debate about the term itself is going on in all kinds of aspects, making it a hard to define concept. Most studies are focussed on the individual level and identify income, education, gender, occupation and age as determinants of the divide in the European region. On the national level, activity in R&D, openness to trade (to satisfy international technological requisites) and education seems to be input factors of ICT. Despite the central role ICT plays in the innovation process, no research on the role of the digital divide on innovativeness has been conducted yet. Countries with a lot of ICT possibilities should be more innovative. However, this relationship may be endogenous; innovative countries might have more ICT possibilities thus arriving in a vicious circle and continuously widening the digital divide. It might be a reason why the Lisbon Strategy failed. The only way to break out of this circle is to invest more in ICT. Maybe the European Commission focussed their attention on the wrong agenda points to bridge the innovation gab? And should their focus shift to a more ICT oriented approach? Besides, not much is known about the relative importance of innovativeness inputs in Europe. Notwithstanding all the aforementioned studies, no research has been conducted to the role the digital divide has on the innovativeness of Europe on a national level. It is an interesting topic for the European Commission. In case it plays a role, in what direction? With the research in the following sections I hope to gain insight into the digital divide phenomenon with regard to the innovativeness of Europe. 
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In this section the research questions stated earlier will be hypothesized and the resulting conceptual framework will be presented. 

According to the studies mentioned in the previous sections, the following input factors of national innovativeness are identified; 

· R&D; the most evident innovation generator. It is mentioned in most studies. 
· Education; as innovation requires knowledge higher educated people are more likely to engage in innovative activities.

· High tech manufacturing; this sector is responsible for the output of innovations.

· Knowledge intensive services; complementary with high tech manufacturing. One of the fast growing sectors in the economy nowadays.

Networks play a role in the creation of creativity and creativity play a role in the creation of innovative activities. Networks also play a role in innovative activities (e.g. bridging structural holes and collaborations). Moreover, while the new ICT have facilitated the diffusion of codified knowledge, they are only beginning to do so for tacit knowledge. Besides improving a country’s absorptive capacity, ICT connect networks together thereby generating knowledge spillovers between countries. Moreover, specific innovations itself facilitate and promote use of ICT. 

While ICT play a central role in the innovation process, and the digital divide causes inequalities with regards to ICT, the following hypothesis is formulated;
H1: ICT, accounting for the identified innovation input factors, has a positive and significant effect on innovativeness. 

Thus, the digital divide might not only account for a discrepancy in ICT but also in innovativeness thereby increasingly exclude countries from the knowledge-based economy. 
Due the central role of ICT, the indentified innovation drivers might have a distinct effect for countries in the opposing sides of the digital divide. Thus, the effect of a driver on innovativeness might be more present in countries with a lot of ICT resources compared to countries with less ICT resources. Therefore the following hypothesis is formulated;

H2: ICT moderates the relationship between the input factors of innovation and innovativeness.
The studies mentioned earlier indentified the following input factors of ICT;
· Trade openness; the more imports and exports a country is involved in, the more it should satisfy the international technological requisites.
· R&D; ICT infrastructures are essential for R&D. Advanced hard- and software are used for the research and development of innovative products and services.
· Education; the usage of ICT require appropriate skills. Educated people participate more in digital activities.
Furthermore, the relationship hypothesized in the first hypothesis might be endogenous. Hence, innovative countries acknowledge the need of ICT. Investments in ICT will rise in innovative countries as opposed to less innovative countries therefore increasing the digital divide. Thus, the following hypothesis is formulated;

H3: Innovativeness, accounting for the identified ICT input factors,, has a positive and significant effect on ICT.  
Overall, two possible relationships will be investigated. First, the digital divide might cause a discrepancy in the diffusion and creation of knowledge and therefore in innovativeness. Second, this difference in innovativeness might cause a discrepancy in ICT possibilities and therefore widens the digital divide. This can be represented in the following conceptual framework;
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Input factors innovativeness: R&D, tertiary education and knowledge intensive industries.
Input factors ICT: Trade openness, R&D and education.

ICT: Internet users, broadband subscriptions and personal computers.

Innovativeness: Patents
6. Methodology TC "6. Methodology" \f C \l "1" 
In this part the data and the variables used in this research will be discussed. As we are trying to unveil how the digital divide relate to innovativeness in Europe it is critically to identify the role of ICT on innovativeness. In case ICT plays a role, the digital divide might have a negative impact on the innovative performance of Europe. Thus it is useful in this setting to use multiple regression techniques to unveil this relationship. A model is a representation containing the essential structure of some object or event in the real world. Thus, the model developed in this research must be representative. Furthermore, other forces are playing a significant role in the innovation process as well, to control for this, these relevant factors will be included also to obtain a realistic model. In addition, the possible discrepancy in innovative performance might impact ICT usage/access and therefore widen the digital divide. Again, it is useful to use multiple regression to investigate whether innovativeness contributes to the digital divide. To control for other input factors of ICT, these factors in question will be included also. Eventually, as much variance as possible in the dependent variables should be explained. Most importantly, what is the contribution of ICT and innovativeness in that variance?
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The dataset constructed to use in the empirical analysis originates from different databases; Eurostat, Euromonitor and WDI Online. Eurostat is the European Commission’s database containing an extensive dataset of European statistics. Euromonitor offers international market intelligence on industries, countries and consumers. The World Development Indicators Online (WDI Online) contains data about a wide array of subjects on the national level. Academic literature has unveiled many variables that drive innovativeness and ICT. This research is limited to the variables present in the available databases. Hence, only these available variables relevant for this research are used. This should be kept in mind while drawing conclusions. 
Based on the variables needed, data coverage (to minimize missing values), the availability of years and countries a selection has been made which database to use for a specific variable. Eventually the dataset contains a total of 31 European countries over the period 2000-2008. This timeframe is of particular interest since it captures a large part of the Lisbon Strategy (2000-2010). The countries are listed in table 3 including the EIS 2009 group where they belong, based on their innovation performance. From the best to the worst score, countries are grouped in the following order; innovation leaders, innovation followers, moderate innovators, catching-up countries. Non-EU countries are not included in the EIS 2009 report, thus these countries are not assigned to a group.

Table 3: Countries used in the sample
	Country
	Group
	
	Country
	Group

	Austria
	Innovation followers
	
	Latvia
	Catching-up countries

	Belgium
	Innovation followers
	
	Lithuania
	Moderate innovators

	Bulgaria
	Catching-up countries
	
	Luxembourg
	Innovation followers

	Croatia
	
	
	Netherlands
	Innovation followers

	Cyprus
	Innovation followers
	
	Norway
	

	Czech Rep.
	Moderate innovators
	
	Poland
	Moderate innovators

	Denmark
	Innovation leaders
	
	Portugal
	Moderate innovators

	Estonia
	Innovation followers
	
	Romania
	Catching-up countries

	Finland
	Innovation leaders
	
	Slovakia
	Moderate innovators

	France
	Innovation followers
	
	Slovenia
	Innovation followers

	Germany
	Innovation leaders
	
	Spain
	Moderate innovators

	Greece
	Moderate innovators
	
	Sweden
	Innovation leaders

	Hungary
	Moderate innovators
	
	Switzerland
	

	Iceland
	
	
	Turkey
	

	Ireland
	Innovation followers
	
	UK
	Innovation leaders

	Italy
	Moderate innovators
	
	
	


From the EU-27 countries, only Malta (moderate innovator) has been excluded due a lack of data. Non-EU countries included in the sample are; Croatia, Iceland, Norway, Switzerland and Turkey. These countries are included to obtain the largest possible country coverage and sample variability, given the available databases and required variables. One drawback however is the lack of former Yugoslavian countries (e.g. Montenegro and Macedonia) and other former Soviet states (e.g. Moldova and Albania). For these countries little statistics are available making it thereby impossible to include in the empirical analysis. However, countries which made the transition from a (more or less) autocratic and centrally planned economic system to a democratic and market-based system in a much earlier phase are included in the sample (e.g. Bulgaria, Romania, Baltic States) Nevertheless, the dataset shows sufficient variability as only Malta is not included as an EU-Member state, thus containing countries with different levels of innovativeness. Missing values are replaced by the country average. In a specific case the R&D variable of Luxembourg showed missing values over the years 2001 and 2002. The year 2000 showed a value of 1.65, the years 2003-2008 showed respectively 1.65, 1.63, 1.56, 1.65, 1.58, and 1.62. These numbers averaged yields; 1.62. Consequently, the missing values over the years 2001 and 2002 are replaced by the value 1.62. 
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After the countries and the timeframe have been set, it is important to operationalize the variables needed for this analysis. A distinction will be made between the independent and dependent variables. As the conceptual framework shows, the specified dependent variables innovativeness and ICT are also used as independent variables in the other regressions. The total set of variables used in this analysis can be seen in table 8. 
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Academic literature has unveiled many innovativeness drivers relevant for this research. Each author has chosen a specific operationalization. An overview of the variables used in literature (and available in the databases used in this research) to specify the innovativeness drivers are shown in table 4. 

Table 4: Innovation drivers found in literature
	Variable
	Operationalization
	Author(s)

	R&D intensity
	Ratio R&D expenditure to GDP
	Rao (2001), Bottazzi 2003), Radosevic (2004)

	R&D intensity
	Ratio R&D expenditure to GVA
	Sterlacchini (2006)

	Human capital 
	Average share of employees with university degrees
	Rao (2001)

	Human capital
	Average years of schooling
	Dakhli (2004), Engelbrecht (2007), Benhabib (2005) 

	Population with third level education
	%
	Radosevic (2004) , Sterlacchini (2006), 

	Share labour force with tertiary education
	%
	Badinger (2002)

	Employment medium/high-tech manufacturing
	% of labour force
	Radosevic (2004)

	Employment high-tech services
	% of labour force
	Radosevic (2004)

	Share of employment in high-tech manufacturing
	As % of total manufacturing sector
	Sterlacchini (2006)

	Share of employment in high-tech services
	As % of total service sector
	Sterlacchini (2006)


Worth mentioning are several indicators used in the EIS 2009 report to calculate the Summary Innovation Index score; population with tertiary education (per 100 people), public and business R&D expenditures (% GDP), employment in medium-high & high-tech manufacturing and employment in knowledge-intensive services (% labour force). These indicators can be considered as drivers of innovativeness, thereby approving the variables listed in the table. Education is focused on the higher educated (tertiary) in the innovation literature, thus tertiary educated will be used in this research. 
Eventually, based on their operationalization and availability a selection has been made out of the identified variables, to include in the analysis.  
The next independent variables used in this research are the factors driving ICT. An overview of these identified variables in the literature (and available in the databases used in this research) is shown in table 5. These variables are also used in this research.  

Table 5: Factors that drive ICT found in literature
	Variable
	Operationalization
	Author(s)

	Education
	Combines first, second and third enrolment ratio
	Hargittai (1999)

	Education
	Average years of schooling
	Kiiski & Pohjola (2002), Pohjola (2003)

	Education
	Fraction of labour force with at least primary education
	Caselli (2001)


	Openness trade
	Size of trade in goods (exports plus imports) in the economy, as a percentage of gdp
	Dewan et al. (2005), Chinn (2006), Pohjola (2003), Vicente (2006)

	R&D
	R&D expenditures as percentage of GDP
	Vicente (2006)


Worth mentioning is a paper by van Ark (2004). In his paper he investigates the productivity performance of CEE countries vis-à-vis the EU-15 during the 1990s to detect sources of convergence between the two regions. Fur purpose of his analysis he uses a new economy indicator; “The New Economy Indicator comprises of ten variables, which are seen to be the most pertinent for diffusion of ICT and its profitable use”. The following variables are both present in the new economy indicators and in table 5, thereby approving their relevance for this research; trade openness (trade as % of GDP), R&D spending (% of GDP), public spending on education (% of GDP). 
Again, the variables with the operationalization available in the databases are used in this research. Education plays a role as a determinant of ICT usage. As can be seen in the table and stated earlier in this thesis it has a more general focus (as opposed to innovativeness). Hence, public expenditures in education will be used as independent variable in this part of the research. 
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Much research has been conducted to the causes of the digital divide. Many different measurements of ICT appear in literature. An overview of the measurements by author is shown in table 6. 
Table 6: Measurements of ICT found in literature
	Author(s) 
	Measurement 

	Kiiski & Pohjola (2002)
	Internet hosts per capita

	Hargittai (1999)
	Internet hosts per capita

	Chinn (2006)
	Personal computers/Internet users per 100 people

	Dasgupta et al. (2001)
	Internet subscribers/telephone mainlines

	Dewan et al. (2005)
	Mainframes/Pc's/ Internet users per capita and GDP

	Pick (2008)
	Personal computers/Internet hosts/mobile phones per 1000 people, ICT expenditure per capita, index of overall ICT infrastructure quality

	Caselli (2001)
	Computer imports per worker

	Pohjola (2003)
	Computer hardware spending per capita


According to Fink (2003) four measurements of the digital divide appear in the literature; access to ICT, ability to use ICT, actual usage of ICT, impact of use of ICT. The first and third are central in literature, due data availability. In the available databases most data is about access and usage of Internet and computers. Thus, these measurements would be the most elaborate way to measure the digital divide. Unfortunately, these data show many missing values in the available databases. This might be due the fact that Internet and computers are a relative new medium. Moreover, ICT usage and access have grown rapidly since 2000 varying from country to country. Thus, imputing missing values is sensitive for biased results. Therefore indicators from the Euromonitor database have been chosen with 100% data coverage; Personal computers per 1000 people, Internet users per 1000 people and broadband Internet subscribers per 1000 people. The latter has not been used yet in the literature to measure the digital divide, thereby making this variable interesting to include in the analysis. Moreover, these variables included Switzerland. ICT data from Eurostat and WDI Online showed no data for this country. As measured by patents, Switzerland is an innovative country making it an interesting country to include in the analysis. 
The measurement of innovativeness of countries is a complicated task. Compound indicators might be used (e.g. SII), however the main criticism of compound indicators rests on their oversimplification of complex interrelations (Vehovar, 2006). Subsequently, specific effects might be unnoticed. This might eventually lead to biased results and conclusions. Therefore most studies concerning innovation use patents as a proxy for innovativeness. It is useful to use patents as a proxy for innovative output (Coombs, Narandren & Richards, 1996). Besides, Acs, Anselin & Varga (2002) conducted research to investigate patents as a measure for the creation of new knowledge. Their empirical results suggest that patents are a reliable proxy of innovative activity. In addition, Pigliaru & Paci (2001) measured the propensity to innovate by the number patent applications to the European Patent Office (EPO). These data are available at the Eurostat database and will therefore be used in this research. Some scholars have questioned the validity of the number of patents for innovation as this measure focuses on a rather narrow aspect of innovative activity, excluding product modifications as well as process innovation or activities such as fashion design (Kalantaridis & Pheby, 1999). Further, some previous researchers have argued that patent statistics are more appropriate for measuring inventions rather than innovation as many ideas patented never become viable products (Shane, 1992). However, several fundamental conditions need to be fulfilled in order for an activity or invention to qualify for patent eligibility, e.g. the invention must be novel, useful, and exhibit an “inventive step” in that it is non-obvious to practitioners skilled in the technology field (Evenson, 1984). These conditions comply with the definition of innovation stated in the beginning in this thesis. This in combination with the availability of data makes patents a logical choice to measure the innovativeness of countries. An overview of authors using patents as a proxy for innovative output is shown in table 7. 
Table 7: Authors using patents as proxy for innovativeness

	Author(s) 
	Measurement 

	Sterlacchini (2006)
	Log of patent applications to the European Patent Office (EPO) per million inhabitants

	Badinger & Tondl (2002)
	Average number of patent (natural log) applications per employee, number per 1000 persons 

	Pigliaru & Paci (2001)
	Patents/GDP

	Ulku (2004)
	Patents stock per million people

	Rao (2001)
	Per capita patents (natural log) granted 


We finally arrive at the set of variables used in this research which is shown in table 8. This table shows the name and operationalization of the variable. As can been seen al the variables are relative in nature (e.g. per 1000 people, percentage of GDP and percentage of total employment). This to account for different country sizes. 
Table 8: Variables used in this research
	Variable
	Description

	Dependent variables



	(ln) Patents 
	Natural log of patent applications to the European Patent Office (EPO) per million inhabitants

	Personal computers 
	Personal computers in use per 1000 people

	Internet users
	Internet users per 1000 people

	Broadband Internet subscribers
	Broadband Internet subscribers per 1000 people

	Independent variables



	R&D expenditures 
	Gross domestic expenditure on R&D as percentage of GDP

	Education
	Public expenditure on education as percentage of GDP

	Tertiary education
	Percentage of labour force with tertiary education

	Employment high and medium manufacturing
	Employment in high- and medium-high-technology manufacturing sectors as percentage of total employment

	Employment knowledge-intensive service sectors
	Employment in knowledge-intensive service sectors as percentage of total employment

	Openness
	Imports and exports of goods and services as percentage of GDP


7. Empirical analysis TC "7. Empirical analysis" \f C \l "1" 
Of interest is the relationship between the dependent variables and independent variables, thus we are examining causal relationships. As the dependent variables are continuous and will be explained by a set of explanatory variables, we will perform multiple linear regression. This is usually written as Yi=Xi’β+εi where Yi~N(Xi’β, σ2) and where εi is an unobserved random variable which is distributed as εi~N(0, σ2) with E[Xi, εi,]=0. Yi is the dependent variable, Xi is a set of explanatory variables and β is a vector with parameters. To estimate the model parameters β and σ2 we use ordinary least squares (OLS) estimation. 
This chapter starts with a description of the model. Then, a preliminary analysis will be conducted with correlations and descriptive statistics. After this analysis the results of the regressions will be presented, followed by a discussion of these results where the hypotheses will be tested. 
7.1 The model TC "7.1 The model" \f C \l "2"  

To answer the research questions two main regression models will be estimated.  In the first model we try to identify which drivers of innovativeness are most important and whether ICT, as measured by three variables, has a positive and significant influence on innovativeness. Thus, Yi is the natural log of patents and Xi is the set of explanatory variables (R&D expenditures, tertiary education, employment high and medium manufacturing, employment knowledge-intensive service sectors, ICT) and β is a vector of parameters which will be estimated. The unobserved component εi  captures aspects like factors which shape the general business climate; intellectual property rights, macro-economic conditions, global links, adequacy of financial services infra-structure and the quality of management (Rao, 2001). Hence, the part in the variation of Yi not explained by Xi. This model will answer the first hypothesis. To answer the second hypothesis we will include interactions in this model to investigate whether the innovation drivers play a different role for different levels of ICT. To answer the third hypothesis we will use a second model where we investigate which factors drive the digital divide, and whether innovativeness plays a positive and significant role in this process. Hence, Yi is defined as ICT and Xi is the set of explanatory variables (openness, R&D expenditures, education and the natural log of patents) and β is a vector of parameters which will be estimated. The unobserved component εi  captures drivers of ICT not captured by the model; social, cultural and psychological factors might for example account for this unexplained variance in Yi. The two main models are shown in table 9. 

Table 9: Main models

	Model 1
	Model 2

	Dependent variable(s)


	(ln) Patents 
	Personal computers 

	
	Internet users

	
	Broadband Internet subscribers

	
	

	Independent variables

	R&D expenditures 
	Openness

	Tertiary education
	R&D expenditures

	Employment high and medium manufacturing
	Education

	Employment knowledge-intensive service sectors
	(ln)patents

	ICT (PC, Internet users, broadband)
	


7.2 Preliminary analysis TC "7.2 Preliminary analysis" \f C \l "2" 
Before performing the final regressions and state conclusions, we must be sure all the assumptions of multiple regression are met; normality, homoskedasticity, linearity, no autocorrelation, no multicollinearity (Field, 2009). This is done by running the initial regressions. Moreover, a correlation table will be presented to gain insights on the interdependencies of the variables and to indicate possible multicollinearity problems. Obviously, the conclusion drawn from the correlations should be taken with caution, correlation do not take the effect of other variables into account. A linear regression model is much more useful in this sense, as it generalize the traditional correlations to a multivariate setting. Furthermore, the descriptive statistics will be presented.  
7.2.1 Assumptions TC "7.2.1 Assumptions" \f C \l "3" 
The first assumption assumes the residuals are normally distributed. To test this we will look at the kurtosis and skewness of the dependent variables. These values are all between -2 and 2, thus indicating normality of the dependent variables. However, a closer look at the histograms and normal P-P plots, after running the initial regressions, shows a deviation of normality with regards to the patents variable. As patents are “count data” and thus do not have negative values, taking the natural log might move this variable to a more normal distribution. In accordance with other studies using patents as a proxy for innovativeness, the natural log has been taken of this variable. Consequently, the histograms and P-P plots show normally distributed residuals. Hence, the first assumption has been met.
The second assumption is homoskedasticity. This means that the residuals at each level of the predictors should have the same variance. When this is violated there is said to be heteroskedasticity. To test this we use scatter plots of all the initial regressions with the regression standardized predicted value on the x-axis and the regression standardized residual on the y-axis. Again, with patents as dependent variable the plot showed an array of dots like a funnel thus indicating heteroskedasticity. After taking the natural log the plot showed a random dispersed array of dots around zero. The other regressions showed the same plots, thus the second assumption has been met. 
The third assumption is linearity. The mean values of the outcome variable for each increment of the predictors lie along a straight line. This means the relationship we are modeling is a linear one. Again, the scatter plots used to test the homoskedasticity assumption can be used. The plots show a random array of dots, thus indicating linearity. The third assumption has been met also.
The fourth assumption is no autocorrelation. For any two observations the residual terms should be independent (or uncorrelated). This assumption can be tested with the Durbin-Watson test. As a conservative rule of thumb this test statistic should lie between the range 1 and 3. The regressions in model 1 showed acceptable test statistics. Model 2 showed also acceptable test statistics with computers as dependent variable. Unfortunately, with Internet users and broadband subscriptions as dependent variables the statistic showed a value of <1, thus we may suspect there is an autocorrelation problem. This is a serious problem which might danger the validity of the whole model; we still can have consistent estimates by OLS, but we no longer have efficient estimators. To obtain efficient estimators, we need to use various modifications of OLS, collectively called generalized least squares (GLS). We consequently estimate this part of the model with GLS. This model is estimated by Cochrane-Orcutt iterative procedure and loses one lagged observation. After running the regressions the Durbin-Watson test statistic showed acceptable values between the range 1 and 3. Eventually, the fourth assumption has been met. 
The final assumption is no multicollinearity. This means no strong correlation (>0.9) between the predictors should be present. This assumption can be tested using the correlation table shown in table 10. Most correlations are positive and fairly high (not higher than 0.9). The variable employment knowledge-intensive service sectors show the most highly positive correlations. However this method of testing misses some subtle forms of multicollinearity. To account for this, one should look at the tolerance levels and variance inflation factors (VIF). There is no consensus which value of VIF should cause concern. As a general rule of thumb the VIF value should be <5 and tolerance should be >0.2. In model 1 the variable employment knowledge-intensive service sectors (as indicated by the correlation table) did not comply with this rule and have therefore been removed out of the model. A possible explanation for this multicollinearity problem could be the “nature” of this sector. It is highly labour intensive and might therefore be associated with the variable tertiary education. Moreover, these highly educated people are more likely to use ICT. Thus, high correlation with these variables is likely. Furthermore, this sector could be closely linked to R&D as it facilitates the R&D process. Clearly, this variable is intertwined in the other predictors, thereby increasing the probability of biased results. However, after this removal the final assumption has been met as well.
On overall, all the assumptions of multiple linear regression has been met. Thus, the coefficients and parameters of the regression equation are said to be unbiased. We therefore have an unbiased model. 
7.2.2 Descriptive statistics and correlation tables TC "7.2.2 Descriptive statistics and correlation tables" \f C \l "3"  
Tables 10 and 11 show the descriptive statistics and correlation tables of model 1. As broadband is a relative new Internet technology the penetration rates are low and even zero in some countries for some years (e.g. Bulgaria, Turkey, and Greece) thus the diffusion curve took of relatively late compared to the variables computers and Internet users. This might explain the distorted means of this variable. 
Many correlations are fairly positive and highly significant (at the 0.01 level). This is expected as we are modelling innovation drivers as independent variable and an innovativeness measure as dependent variable. Therefore we could expect a high R2 as we perform the regression. No correlations >0.9 between the predictors are detected, thus we are not expecting any multicollinearity problems. Of particular interest are the correlations with the dependent variable. All the correlation, including the ICT variables are significant at the 0.01 level and >0.5 on average. This is promising for the final results. On the contrary, insignificant and negative correlations show up as well. Employment high and medium manufacturing correlates significantly and negatively (-0.24 at the 0.01 level) with tertiary education. Apparently that sector is not labour intensive; production processes are more likely to be automated. The correlation between employment knowledge-intensive service sectors and tertiary education (0.63 at the 0.01 level) confirms this. Thus, this sector requires highly educated people. This is in accordance with Miles (2003). As expected, the correlation between the services and manufacturing sector is not significant. The manufacturing sector produces goods and the services sector delivers services. It thus seems these two sectors fulfil different need in the knowledge-based economy; they are complementary. The correlations between employment high and medium manufacturing and the ICT variables are interesting as well; this sector shows no significant correlations with Internet users and broadband subscriptions, but the correlation with computers is positive (0.15 at the 0.05 level). Hence, computers are more needed in the automated production processes than Internet in this sector. Employment knowledge-intensive service sectors on the contrary, correlates highly (>0.5 at the 0.01 level) with all the ICT variables. Thus, ICT is essential in this sector; networks and knowledge spillover are likely to be formed due the Internet. 
Table 10: Descriptive statistics model 1 (n=279)
	Variables
	Mean
	St.dev.
	Min.
	Max.

	1. (ln)Patents
	3.35
	1.86
	-1.31
	6.12

	2. R&D expenditures 
	1.47
	0.92
	0.24
	4.17

	3. Tertiary education
	23.62
	7.80
	9.10
	46

	4. Employment high and medium manufacturing
	5.45
	2.54
	0.64
	11.64

	5. Employment knowledge-intensive service sectors*
	30.87
	9.09
	11.12
	47.85

	6. Internet users
	425.85
	220.62
	36.50
	871.20

	7. Broadband Internet subscribers
	96.90
	100.58
	0
	373.60

	8. Personal computers
	376.86
	239.46
	32.50
	1005


*This variable has been removed from the final model due 
multicollinearity problems. It is included in this table for explanatory
reasons.
Table 11: Correlations model 1 (n=279)

	Variable
	1
	2
	3
	4
	5
	6
	7
	8

	1
	1
	
	
	
	
	
	
	

	2
	.83**
	1
	
	
	
	
	
	

	3
	.42**
	.36**
	1
	
	
	
	
	

	4
	.27**
	.33**
	-.24**
	1
	
	
	
	

	5
	.86**
	.79**
	.63**
	.06
	1
	
	
	

	6
	.73**
	.68**
	.47**
	.10
	.78**
	1
	
	

	7
	.51**
	.51**
	.37**
	.03
	.58**
	.84**
	1
	

	8
	.81**
	.72**
	.43**
	.15*
	.82**
	.86**
	.74**
	1


* Correlation is significant at the 0.05 level (2-tailed)

** Correlation is significant at the 0.01 level (2-tailed)

The tables 12 and 13 show the descriptive statistics and correlation tables of the second model. As expected, many highly significant (at the 0.01 level) and positive correlations show up. No correlations >0.9 between the predictors are detected, thus we are not expecting any multicollinearity problems. The dependent variables correlate significantly with the dependent variables, this looks promising again. However, the broadband variable has an insignificant correlation with openness. Apparently, broadband connections are not a requisite yet to satisfy with the international technology standards. An interesting result is the negative correlation of -0.15 at the 0.05 level between trade openness and education. One would expect that countries with higher educated people have more capabilities and resources to engage in international trade. However, this seems not to be the case.
Table 12: Descriptive statistics model 2 (n=279)

	Variables
	Mean
	St.dev.
	Min.
	Max.

	1. Internet users
	425.85
	220.62
	36.5
	871.2

	2. Broadband Internet subscribers
	96.90
	100.58
	0
	373.60

	3. Personal computers
	376.86
	239.46
	32.50
	1005

	4. Openness
	103.71
	48.82
	43.20
	321.10

	5. R&D expenditures
	1.47
	0.92
	0.24
	4.17

	6. Education
	5.20
	1.24
	2.59
	8.44

	7. (ln) Patents
	3.35
	1.86
	-1.31
	6.12


Table 13: Correlations model 2 (n=279)

	Variable
	1
	2
	3
	4
	5
	6
	7

	1
	1
	
	
	
	
	
	

	2
	.84**
	1
	
	
	
	
	

	3
	.86**
	.74**
	1
	
	
	
	

	4
	.13*
	.09
	.17**
	1
	
	
	

	5
	.68**
	.51**
	.72**
	-.08
	1
	
	

	6
	.50**
	.37**
	.47**
	-.15**
	.57**
	1
	

	7
	.73**
	.51**
	.81**
	.09
	.83**
	.5**
	1


* Correlation is significant at the 0.05 level (2-tailed)

** Correlation is significant at the 0.01 level (2-tailed)
7.3 Results TC "7.3 Results" \f C \l "2" 
In this section the results of the performed regressions will be presented. These results help us to determine which hypotheses hold or not. First, the results of model 1 will be presented; the main effects model and the model including the interactions. Second, the results of model 2 will be presented. In this section a significance level of 5% is used. Moreover, for every statement about a particular variable, the ceteris paribus condition holds. That is, “given the effect of the other variables”. 
7.3.1 Model 1 (main effects) TC "7.3.1 Model 1 (main effects)" \f C \l "3" 
In this model we look at the effect ICT (measured either by Internet users, broadband subscriptions or computers) on innovativeness, accounting for other inputs influencing ICT. Table 14 shows the regression results, the table is divided in model 1a, 1b and 1c; showing the different measurement of ICT (Internet users, broadband subscriptions and computers respectively). 

Model 1a shows an F-statistic of 208 with a significance of 0.000. Thus, the model fits the data overall well and is highly significant and we therefore have a reliable model. The R2 shows a value of 0.753; 75,3 % of the variation in the dependent variable is explained by the predictors. This is a convenient result as we are trying to model innovativeness inputs in combination with a variable which we expect to have a positive and significant effect on the dependent variable. We have therefore identified the correct inputs of innovativeness as it explains, in combination with ICT, a large part of the variation in the innovativeness measurement. The remainder of the variation is captured by the error term (e.g. strength of the domestic economy, Rao et al. (2001)). 
Variable R&D expenditures show a β of 1.180 and is significant at the 0.01 level (sig: 0.000). This result can be interpreted as follows; an increase in the gross domestic expenditure on R&D as percentage of GDP by 1 % leads on average to an increase of e1.180=3.25 (inverse ln(x)=ex) patent applications to the European Patent Office (EPO) per million inhabitants, if the effects of all other predictors are held constant. The variable tertiary education is significant at the 0.05 level (sig: 0.012), and shows a β of 0.022. This means that for every percentage increase of tertiary educated people as share of the total labour force, the patents application per million inhabitants to the EPO increase on average with e0.002=1.02, ceteris paribus. The variable employment in high and medium manufacturing sectors has a positive and significant effect on the innovativeness of European countries as well (β=0.051, sig=0.046). Specifically, this means for every percentage increase of employment in high- and medium-high-technology manufacturing sectors as share of total employment, patents applications per million inhabitants to the EPO increase on average with e0.051=1.05, ceteris paribus. We thus can conclude all of the indentified innovativeness drivers have a positive and significant effect on innovativeness. However, of more importance is the effect of ICT on innovativeness. In model 1a this is measured as the amount of Internet users per 1000 people. Again, we find a highly significant positive effect (β=0.002, sig=0.000). Thus, for every Internet user increase per 1000 people, patents application per million inhabitants to the EPO increase on average with e0.002=1, ceteris paribus. 
Now we have investigated the relationship of the predictors with the dependent variable (ln) patents, it is interesting to determine which of the predictors is most important. As every predictor has a different scale of measurement (e.g. % of GDP, per 1000 people) it is more useful to look at the standardized coefficients, which are the numbers between parentheses in table 14. They tell us the number of standard deviations that the dependent variable will change as a result of one standard deviation change in the predictor, thereby providing a better insight in the importance of a predictor in the model. In order of importance: R&D expenditures, Internet users, tertiary education and employment high and medium manufacturing. Striking is the importance of Internet users on innovativeness.
In the same manner we can look at the results from model 1b and 1c. However, the predictors are the same making interpretation of the β’s rather straightforward. Thus, only the main points will be discussed. However, the effects and importance of the variables are somewhat different compared to the reciprocal models. Clearly the different measurements of ICT make the effects and importance of the predictors on (ln) patents some different. 

Model 1b shows an F-statistic of 176 and is highly significant (sig=0.000) therefore the model as a whole is valid. Again, the R2 is satisfactory high: 72 % of the variation in (ln) patents is explained by the predictors. Ceteris paribus, the variable R&D expenditures have a positive and significant effect on (ln) patents (β=1.444, sig=0.000). Ceteris paribus, the effect of tertiary education is positive and significant (β=0.034, sig=0.000) and is rather the same compared to model 1a. Surprisingly, the variable employment in high and medium manufacturing sectors is insignificant (β=0.046, sig=0.092>0.05), ceteris paribus. A possible explanation could be the low and insignificant correlation with the broadband variable, it has the lowest (insignificant) correlation with the broadband variable as compared to the other ICT variables. The correlations with the ICT variables Internet users, broadband subscriptions and computers are respectively; 0.1 (not significant), 0.03 (not significant), 0.15 (significant at 0.05 level). As mentioned earlier, the manufacturing sector is not labour intensive. Hence, Internet could be scarcely used in this sector. As broadband is a relative new medium, the chances of being used are even smaller for this medium. Finally and most importantly, the variable broadband subscriptions has a positive and significant effect on (ln) patents (β=0.002, sig=0.021), given the effect of the other predictors. Again, it is interesting to look at the relative importance of the predictors. In order of importance: R&D expenditures, tertiary education, broadband subscriptions and employment high and medium manufacturing. Hence, as compared to model 1a, broadband subscriptions are of less importance for (ln) patents than Internet users.  
Model 1c shows an F-statistic of 268 and is highly significant (sig=0.000). Most of the variance is explained in this model; R2=0.796. All the explanatory variables turned out to be significant and positive at the 0.05 level. R&D expenditures has a β of 0.965 (sig=0.000), tertiary education has a β of 0.019 (sig=0.017) and employment in high and medium manufacturing sectors has a β of 0.047 (sig=0.042). Most importantly, the ICT variable personal computers is highly significant (sig=0.000) and positive (β=0.003). As indicated by the high R2 and the standardized coefficient (0.426) much of the explanatory power comes from this variable. From the three ICT variables, personal computers have the biggest impact on innovativeness. The relative importance of all the predictors is as follows; R&D expenditures, personal computers, tertiary education, and employment high and medium manufacturing. 
Table 14: Main effects model 1
	Dependent variable (ln)patents

	Model 
	1a
	1b
	1c

	Independent variables
	β
	Sig
	β
	Sig
	β
	Sig

	R&D expenditures
	1.180
(0.585)
	0.000**
	1.444
(0.716)
	0.000**
	0.965
(0.478)
	0.000**

	Tertiary education
	0.022
(0.093)
	0.012*
	0.034
(0.142)
	0.000**
	0.019
(0.079)
	0.017*

	Employment high and medium manufacturing
	0.051
(0.070)
	0.046*
	0.046
(0.063)
	0.092
	0.047
(0.065)
	0.042*

	ICT
	
	
	

	Internet users
	0.002
(0.283)
	0.000**
	
	
	
	

	Broadband subscriptions
	
	
	0.002
(0.089)
	0.021*
	
	

	Personal computers
	
	
	
	
	0.003
(0.426)
	0.000**

	F-statistic
	208 (sig:0.000)
	176 (sig:0.000)
	268 (sig:0.000)

	R2
	0.753
	0.720
	0.796


* Significant at the 0.05 level (2-tailed)

** Significant at the 0.01 level (2-tailed)

Note: The values between parentheses reflect the standardized coefficients

7.3.2 Model 1 (interactions) TC "7.3.2 Model 1(interactions)" \f C \l "3" 
In this section we will clarify whether the inputs of innovativeness play a different role for different levels of ICT (high/low=digital divide) by including interactions in the model. The results are shown in table 15. Again, the table is divided in model 1a, 1b and 1c; showing the different measurement of ICT (Internet users, broadband subscriptions and computers respectively). Additionally, an interaction of innovativeness drivers is added with every measurement of ICT resulting in a total of three interaction terms. 
Table 15: Interactions model 1

	Dependent variable (ln)patents

	Model 
	1a
	1b
	1c

	Independent variables
	β
	Sig
	β
	Sig
	β
	Sig

	R&D expenditures
	2.563
	0.000**
	1.892
	0.000**
	2.095
	0.000**

	Tertiary education
	0.036
	0.013*
	0.030
	0.007**
	0.029
	0.010**

	Employment high and medium manufacturing
	-0.005
	0.929
	0.021
	0.568
	-0.004
	0.924

	ICT
	
	
	

	Internet users
	0.007
	0.000**
	
	
	
	

	Broadband subscriptions
	
	
	0.012
	0.000**
	
	

	Personal computers
	
	
	
	
	0.009
	0.000**

	Interactions
	
	
	

	ICT*R&D
	-0.002
	0.000**
	-0.004
	0.000**
	-0.002
	0.000**

	ICT* Tertiary education
	-7.302E-5
	0.052
	-8.978E-5
	0.393
	-9.974E-5
	0.003**

	ICT* Employment high and medium manufacturing
	1.804E-5
	0.878
	-1.920E-5
	0.943
	-6.893E-6
	0.946

	F-statistic
	174 (sig:0.000)
	125 (sig:0.000)
	232 (sig:0.000)

	R2
	0.819
	0.763
	0.857


* Significant at the 0.05 level (2-tailed)

** Significant at the 0.01 level (2-tailed)

All the models are highly significant, and show higher values of the R2 than the main effects model. Thus, due the addition of the interaction terms more of the variance in the dependent variable is explained than a model with the main effects only. On overall, we can conclude this model has much explanatory power. 

Model 1a shows one significant interaction term; R&D expenditures* Internet users (β=-0.002, sig=0.000). Moreover, their respective main effects parameters are significant as well. Initially the model with main effects only looks like; (ln) patents= β0+β1*R&D expenditures+β2*Internet users. However, the typically assumed constant β1 is now dependent on the number of Internet users. Thus, a simple linear relationship for the effect of R&D expenditures; β1= δ0+δ1Internet users results in; (ln) patents= β0+(δ0+δ1Internet users)*R&D expenditures+β2*Internet users. This is the resulting interaction model. However, as both of the explanatory variables are quantitative, interpretation of the estimated parameters is difficult. Moreover, when attempting to explain the substantive meaning of the interaction it is not helpful to consider the estimated interaction effect in complete isolation. Therefore, interaction plots are useful for a qualitative interpretation (Fitzmaurice, 2001). To do so, we will use the estimated regression equation to plot and tabulate the predicted means of the dependent variable. Additionally, we will use reference levels for each of the quantitative variables. For ease of exposition, the values of the reference levels can be denoted as “low”, “medium” and “high”. We will use the sample means of the explanatory variables +/- one sample standard deviation. The three levels of high, medium, and low are computed using the sample mean as the medium value, one sample standard deviation above the mean as the high value, and one sample standard deviation below the mean as the low value. For the moderating ICT variables, we are only interested in the values “high” and “low”. The distribution of these variables is approximately symmetric, thus these two values will span approximately 70% of the observations. To obtain the predicted means, the additional set of explanatory variables in the regression model will be fixed at their respective sample means. Eventually, we tabulate and plot the predicted means of patents for the possible variable combinations in question. Again, we use the inverse of ln(x) to calculate the value of patents; ex .
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The interaction plot is shown in figure 4. The tables with the predicted means and a description how these have been calculated can be found in appendix 10.4. The lines in the interaction plot are not parallel, thus an interaction is present. Most importantly, from an examination of the plot of the predicted means it is immediately apparent that the effect of R&D expenditures, thus going from low to medium to high, on patents is greater among countries with many Internet users than countries with a low amount of Internet users. The solid line lies above the dotted line, and is steeper than the dotted line. These diverging lines are therefore a perfect reflection of the digital divide. 
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Figure 5 shows the interaction plot of model 1b. The main effect is the variable R&D expenditures, the moderating variable is broadband subscribers. The lines are not parallel, thus an interaction is present. An increase in R&D expenditures from low to high leads to an increase in patents, this increase is slightly higher in countries with many broadband subscribers compared to countries with a low amount of broadband subscribers. This effect is present to a lesser degree compared to an interaction with Internet users as moderating variable; the contribution to the dependent variable is less, moreover the lines are less steep and divergent. An explanation could be the importance of both the Internet users variable and the broadband subscribers variable in the main effects model. More specifically, as table 14 (main effects regressions) showed; the variable Internet users is more important in model 1a than broadband subscribers in model 1b. However, it is obvious the contribution to patents is higher among countries with many broadband subscribers compared to countries with a low amount of broadband subscribers.     

Model 1c has as ICT variable computers. Two statistically significant interactions are present which are plotted in figures 6 and 7. As could be deduced from the relative importance of the moderating variable in the main regression model, this interaction is most prevalent. Figure 6 shows the interaction with R&D as main effect. Indeed, the lines are far apart from each other and diverging thereby emphasizing the moderating power of this variable on the dependent variable. The effect of R&D expenditures on patents is most prevalent in countries with many computers, this effect is small in countries with a low amount of computers. This discrepancy is striking compared to the other interactions with R&D as main effect. 

Due the importance of the computers variable it could be expected more interactions are significant. Indeed, the interaction with tertiary education is significant. The interaction is plotted in figure 7. A notable result here; the lines are converging. Apparently, the effect of tertiary education on patents, when going from low values of tertiary education to high values, decreases for countries with many computers. This effect is constant for countries with a low amount of computers. Despite this converging trend, the clear gab between the lines suggests that the effect of tertiary education on patents is still higher for countries with many computers than countries with a low amount of computers. 
7.3.3 Model 2 TC "7.3.3 Model 2" \f C \l "3" 
In this model we regress ICT drivers and patents on three ICT variables. As mentioned earlier these regressions are based on generalized least squares due an autocorrelation problem. The results of these three regressions are shown in table 16. 
The regression with Internet users as dependent variables shows an F-statistic of 214 and is highly significant (sig=0.000). We there have a valid model. Moreover, the R2 is satisfactory as well; 0.797. Hence, 79.7 % of the variation in the dependent variable Internet users is explained by the explanatory variables. We thus can conclude the correct inputs of the amount of Internet users have been identified. The remainder of this variance is captured by the error term (e.g. urban population and competition policy (Dasgupta et al, 2001)).  
All the variables entered into this model turned out to be significant. The variable openness is significant and shows a β of 0.268. This can be interpreted as follows; if the share of imports and exports as percentage of GDP increases by 1 %, the number of Internet users per 10,000 people increases on average by 0.286 (given the effect of the other variables). The variable R&D expenditures show a β of 66.393 and is significant. Thus, an increase in the gross domestic expenditure on R&D as percentage of GDP by 1 % leads on average to an increase of 66.393 Internet users per 1000 people, ceteris paribus.  
The education variable has a positive and significant influence in the dependent variable (β=24.259, sig=0.000). Hence, every percentage increase in public expenditure on education as percentage of GDP leads on average to an increase of 24.259 Internet users per 1000 people, given the effect of the other predictors. Finally and most importantly is the interpretation of the innovativeness variable. Eventually, we are interested whether innovativeness plays a role on the ICT variable. This variable is highly significant and its influence is considerably; β=44.384 (sig=0.000). Usually, the β shows the effect of one unit increase in the explanatory variable on the dependent variable, ceteris paribus. However, the variable in question has been transformed to the natural logarithm. Thus, formally speaking; multiplying patents applications per million inhabitants by the mathematical constant e increases the number of Internet users per 1000 people by 44.384, ceteris paribus. To maintain the “one unit increase” interpretation we need to divide the estimated value of β by e. Hence, an increase of one patent application per million inhabitants leads to an increase of 16.328 (44.384/e) Internet users per 1000 people, holding the effect of other predictors constant.   
Again, it is interesting to determine which predictors are most important. The GLS based regressions have been performed by the statistical package E-Views (SPSS does not provide GLS based regression methods). Unfortunately, as opposed to SPSS, E-Views does not report the standardized coefficients. However, by looking at the magnitude of the t-values and their associated significance it is still possible to determine the relative importance of the predictors in the model. By doing so, we gain the following sequence of importance; (ln)patents, R&D expenditures, education, openness. With as striking result the importance of the innovativeness measurement. 
In the second regression the ICT variable is measured by the number of broadband Internet subscribers per 1000 people. The F-statistic of 158 is highly significant (sig=0.000), we therefore have a valid and reliable model. Again, the R2 is satisfactory high; 0.743. Hence, we have identified the correct inputs of this relative new ICT variable as they explain 74,3 % of the variation in this variable. 

The β of the openness variable has an unexpected sign (-). However, it is insignificant (sig=0.712). We thus can not interpret this β; openness does not have a significant influence on the number of broadband subscriptions per 1000 people. This result is expected, because the correlation between the broadband variable and the openness variable is insignificant (r=0.086, sig=0.151). The R&D variable is positive and highly significant (β=25.306, sig=0.000). The same holds for the education variable; β=13.292 and sig=0.000. Most importantly is the effect of the (ln) patents variable. It shows a β of 7.873 and is highly significant (sig=0.002). Again, to facilitate interpretation we divide the estimated β by e. Hence, an increase of one patent application per million inhabitants leads to an increase of 2.933 broadband Internet subscribers per 1000 people, holding the effect of other predictors constant. Based on the magnitude of the t-values and their corresponding significance the following order of importance applies; education, R&D expenditures, (ln) patents, openness. Striking is the low importance of (ln) patents.    

In the last regression the ICT variable is measured by the number of personal computers in use per 1000 people. The whole model is valid (F=144, sig=0.000) and shows a high R2 (0.721). The remainder of this unexplained variance in the dependent variable is captured by the error term. The following factors might account for this unexplained variance; telecommunication infrastructure, regulatory quality, property rights protection and the share of manufacturing versus agriculture in the economy (Caselli & Coleman, 2001; Chinn, 2006). 
Openness shows a β of 0.704 (sig=0.000). Hence, the influence on the dependent variable is positive and significant. A surprising result is the insignificance of the R&D variable (β=22.502, sig=0.132). It is significant in the other two models. Moreover, as computers are a requisite for (broadband) Internet connections and R&D expenditures correlates significantly and positively with all the ICT measurements (even the highest correlation with computers), one might expect a positive and significant influence of the R&D variable on computers. Nevertheless, we conclude the R&D has no influence on the computer variable. The education variable, on the contrary, is highly significant (sig=0.001) with an estimated β of 25.010. Finally and most importantly is the result of the (ln) patents variable. This variable is highly significant (sig=0.000) and shows a surprisingly high β (80.882). Hence, an increase of one patent application per million inhabitants leads to an increase of 29.755 (80.882/e) computers in use per 1000 people.   
Table 16: Results model 2
	Model 2

	Dependent variable
	Internet users
	Broadband subscriptions
	Personal computers

	Independent variables
	β
	Sig
	β
	Sig
	β
	Sig

	Openness
	0.268

(2.309)
	0.022*

	-0.021

(-0.370)
	0.712


	0.704

(4.291)
	0.000**



	R&D expenditures
	66.393

(6.546)
	0.000**


	25.306

(5.056)
	0.000**


	22.502

(1.511)
	0.132



	Education
	24.259

(4.783)
	0.000**


	13.292

(5.298)
	0.000**


	25.010

(3.437)
	0.001**



	(ln)patents
	44.384

(8.729)
	0.000**


	7.873

(3.134)
	0.002**


	80.882

(10.918)
	0.000**



	F-statistic
	214 (sig:0.000)
	158 (sig:0.000)
	144 (sig:0.000)

	R2
	0.797
	0.743
	0.721


* Significant at the 0.05 level (2-tailed)

** Significant at the 0.01 level (2-tailed)

Note: t-values are shown in parentheses
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Model 1 has unveiled which inputs of innovativeness, in combination with the effect of ICT, are most important for the innovativeness of Europe. Whether ICT was measured by Internet users, broadband subscriptions or computers R&D expenditures turned out to be to most important driver. Landabaso (1997) already identified R&D as a factor that tends to enlarge the so-called “technology gab” between the developed and the less developed regions of the European Union. Many other authors in the scientific field have identified R&D as an input of innovativeness (e.g. Rao, et al., 2001; Radosevic, 2004; Cohen & Levinthal, 1989; Ulku, 2004; Griffith et al., 2004; Izushi, 2008). Moreover, the movement towards a knowledge-based economy goes hand in hand with increasing expenditures on R&D. Since 1994 R&D investments have grown rapidly in the US (OECD, 1999). The Lisbon goal of R&D expenditures at 3% of GDP emphasizes the importance of the R&D sector. On overall, to increase the innovativeness of Europe investments in R&D are top priority. R&D serves as a catalyst for innovative activity. 

On all three measurements of ICT, tertiary education also plays a positive and significant role on innovativeness. Creativity plays a role in the innovation process (Amabile, 1996). As creative people group together, an environment or milieu is created that attracts other types of talented or high human capital individuals. The presence of such human capital in turn attracts and generates innovative, technology-based industries. This in turn stimulates economic growth in the focal area (Florida, 2002). In this way, higher educated people contribute to innovativeness. Furthermore, universities and other higher education institutions can be seen as incubators of knowledge. Therefore the positive and significant effect of the tertiary education variable comes as no surprise. As will be explained next this is in line with several other authors. Rao, et al. (2001) measured human capital as the average share of employees with a university degree. In their regression model, human capital has a positive influence on innovativeness of both developed and developing OECD countries. Furthermore, Badinger & Tondl (2002) and Sterlacchini (2006) found positive relationships between the share of labour force with tertiary education and innovativeness. The higher educated part of society are likely to be intertwined in the R&D sector and knowledge intensive industries as these kind of jobs require highly skilled people (Miles, 2003). 

Of least importance on innovativeness is the variable that measures the employment in high- and medium-tech manufacturing sectors. The model with ICT measured as broadband subscriptions even showed an insignificant influence of this variable. This is in contrast with Feldman (1994) and Sterlacchini (2006). They argue that high-tech manufacturing sectors have a positive influence on innovativeness. Thus, these sectors produce innovative products. Apparently, broadband subscriptions make this variable insignificant as the regressions with ICT measured as Internet users and computers showed a positive and significant influence of employment in high- and medium-tech manufacturing sectors on innovativeness. Indeed, this high- and medium-tech manufacturing variable has the lowest (as compared to the other ICT measures) correlation with broadband subscriptions. Moreover, this correlation is insignificant. Clearly, broadband connections are less necessary in the high- and medium-tech manufacturing sectors. Thus, “older” ICT seem to suffice in this sector. 

Most importantly is the influence of ICT on innovativeness. As the results indicate ICT has a positive and significant influence on innovativeness, accounting for the other relevant factors. Thus, hypothesis 1 is supported. Whether ICT is measured as Internet users, broadband subscriptions or computers all these indicators point out their positive contribution to innovativeness. Looking at their relative importance computers is of most importance, Internet users of second importance and broadband subscriptions is of least importance. This clearly indicates the “stepwise nature” of the digital divide; a computer is a requirement to use Internet, the Internet is a requisite to use broadband technologies. On overall, the results indicate the digital divide might cause a discrepancy in innovative performance of Europe. As a consequence some nations might be excluded from the knowledge-based economy. Foray and Lundvall (1996) already claimed that “even if we should not take the ICT revolution as synonymous with the advent of the knowledge-based economy, both phenomena are strongly interrelated”. The empirical research in this thesis confirms this sentence. 

To explain this, a closer look at the nature of the knowledge-based economy is necessary. It all starts with the most important holders of knowledge; humans.  As stated earlier, creativity is an important input for innovation. Creativity can be enhanced if the network perspective of an individual is taken into account (Perry-Smith & Shalley, 2003). Up to a certain point, the more central an actor, the more creative. Central actors can interact with other members with fewer links. Actors with a peripheral position in the network and a large number of connections outside the network will have a high level of creativity. Due ICT a rapid reduction in cost of transportation and communication has taken place the last three decades that facilitates this process. Hence, ICT facilitates creativity. 

This network perspective is also relevant for the innovation process itself (Zaheer & Bell, 2005; Rodan & Galunic, 2004). Moreover, a sparse network and heterogeneous knowledge fosters innovative performance. Additionally, ICT enforces sparseness of networks and enables actors to initiate mutual contact with actors holding heterogeneous knowledge. Furthermore, ICT facilitates the notion of bridging structural holes. For example, the Internet can fill the gabs between actors otherwise disconnected in the network. Innovations can also emerge from collaborations (Ahuja, 2000). Again, networks play a role in this process. Efficient networks provide a good base for collaborations. Hence, the role for ICT in this process is evident. Additionally, the network perspective is also relevant for the knowledge creation process especially due the intangibility of knowledge. Knowledge workers with mostly strong ties to their direct exchange partners, coupled with partners who tend not to be directly connected to each other, lead to the highest levels of knowledge creation (McFadyen et al., 2009). Of special interest is the role of codified knowledge. Due the advances of ICT codified knowledge can be transferred over long distances and across organisational boundaries (Foray & Lundvall, 1996). It seems to be a matter of time before the same is possible for tacit knowledge. Further, absorptive capacity (ACAP) is a notion which can be enhanced by ICT. The whole process of acquiring, assimilating, transforming and exploiting knowledge is accelerated by the increasing computing power and Internet possibilities nowadays. For example, the social integration mechanism (e.g. suggestions for improvements by e-mail) that plays a role in the gab reducing process between potential ACAP and realized ACAP is driven by ICT. 

In sum, policy makers can positively influence a country’s innovativeness by investing in R&D and tertiary education, stimulate the employment in medium-high & high-tech manufacturing sectors, and invest in an ICT infrastructure. 
Due the central role of ICT in the knowledge-based economy, it can be expected several interaction effects should be present between ICT and the identified innovativeness drivers. The results confirm this and therefore the second hypothesis is supported as well. 

All the measurements of ICT show a significant interaction with R&D expenditures. More specifically, the positive effect of higher R&D expenditures on innovativeness is more present in countries with high levels of ICT than countries with low levels of ICT. The more is spent on R&D, the wider the innovativeness gab becomes due this digital divide. Due the importance of computers in the variation of innovativeness, the interaction effect is more present for computers than the other two measurements of ICT. For broadband subscriptions this effect is the least. These results are in line with Izushi (2008), Bottazzi & Peri (2003) and Moreno-Serrano et al. (2004). These authors conclude in their empirical analysis’s that not only the own R&D expenditures have an important impact on the output of the innovative process (due knowledge sharing within a region) but also the geographical neighbours’ R&D expenditures are of significance due knowledge spillovers. These spillover effects and knowledge sharing are driven by ICT.
The interaction ICT with tertiary education is significant for the computers only. This is in line with Pick (2008). This interaction might be due the large portion of variance in the patents variable explained by computers as opposed to the other ICT measurements. The effect of an increase in the portion of tertiary educated people as part of the labour force on innovativeness decreases for countries with high levels of ICT and is stable for countries with low levels of ICT. A possible explanation could be that countries with high levels of ICT already have high levels of innovativeness, the extra contribution of higher levels of tertiary education on innovativeness adds therefore not much at the margin. Therefore that effect decreases for countries with high levels of ICT. However, the gab in innovativeness is still evident due this digital divide. 

The second model in this research has unveiled the drivers of ICT in combination with the effect of an innovativeness measure. Openness is of significant influence on Internet users and computers, this is in line with Dewan et al. (2005) and Vicente & López (2006). Hence, trade is one of the most important channels for the diffusion of technology from the more advanced countries to those operating inside the technological frontier. Also, the larger the trade sector the greater the pressures to conform to technology norms and practices of the network of global trading partners, the positive impact of cross-border learning should also be accounted for. For broadband subscription openness of trade has not an impact. Apparently, broadband connections are not part of the technology norm in the international trade sector yet. On the contrary, the other two measures of ICT are a requisite the fare well in the trade sector.

R&D expenditures has a positive influence on both Internet users and broadband subscriptions and is of second importance. This is in agreement with Pick (2008) and Vicente & López (2006). Surprisingly is the insignificant impact of R&D on computers. As the R&D sector requires computer power, one would expect a positive impact of this variable. However, Internet (including broadband) seems to be driven by R&D expenditures. As mentioned earlier knowledge spillovers within and between regions are present in the R&D sector (e.g. Izushi, 2008). Thus, the more is spent on R&D, the more knowledge spillovers are present and the more Internet connections are needed to connect actors with each other. Once that network is in place, the spillovers can occur.

On all three ICT measurements, education seemed to play a positive and significant role. This variable is of third importance for Internet and computers and of major importance for broadband connections. This is in line with several other studies (e.g. Dewan et al., 2005; Pick, 2008; Pohjola, 2003; Caselli & Coleman, 2001). The Internet does not have appeal for the low-educated people (Katz & Rice, 2002). Further, handling computers and Internet requires specific skills. In this fashion, Hargittai (2002) found enormous differences in the accomplishment of tasks among American test groups. Moreover, a striking result from a Dutch sample is that those having a high level of traditional literacy also possess a high level of digital information skills (Haan, 2003). These findings explain why education plays a positive role in ICT usage. Educated people seem to derive utility from computers and Internet; they use it both at home and at work. In general, technology adoption is higher among educated people. It seems that the higher educated may have a comparative advantage with respect to learning and implementing new technologies. Also, ICT technologies and their applications, such as business information systems, have been developed in advanced countries and, therefore, tend to be skill complementary by design (Pohjola, 2003). With other words, only educated people understand them, which in turn drive the demand for ICT products. As digital products can be copied and transferred at relative low costs, it is the demand rather supply that limits the adoption and diffusion of ICT. Consequently, training and educating people can make a country participating more in the information technology age. This explains the major importance of education on broadband subscriptions. Broadband users take full advantage of the online possibilities nowadays. To do so, sufficient skills and education are necessary. As Horrigan & Rainie (2002b) already noticed; “A ‘broadband elite’ arises that uses the connection for 10 or more online activities on a typical day. Besides, broadband stimulates a much more active and creative use of the Internet”.

To answer the third hypothesis the patents variable is of critical importance. The results have shown this variable is highly significant with a positive sign. This is in line with Antonelli (2003) who states that “the effective use of ICT is influenced by specific innovations that facilitate and promote use of ICT services by rapidly growing heterogeneous populations”. Further, patents are of most importance for the dependent variables Internet users and computers. On overall, the third hypothesis is widely supported. Innovativeness seems to have a positive impact on ICT and therefore contributes to the digital divide. Due the central role of ICT, innovative countries seem to drive the demand for ICT. This demand is present to a lesser degree for broadband connections.  A possible explanation could be newness of this technology; countries have not yet discovered the full potential of broadband connections. Broadband technologies are thus not yet seriously needed in innovative activities. Computers are relatively more important as it is a requisite for broadband connections. 

In sum, access and usage of ICT in a country is stimulated if a country is innovative, has a big trade and R&D sector and has an educated population.
To conclude, the results show a vicious circle. ICT has a positive and significant effect on the innovativeness of countries. Innovativeness on the other hand has a positive and significant effect on ICT. 

8. Conclusion TC "8. Conclusion" \f C \l "1" 
In this section the general conclusion of this thesis will be drawn; including the answer to the research questions. Subsequently, the limitations and recommendations for further research will be mentioned. This sections ends with the managerial implications of this thesis. 

8.1 General conclusion TC "8.1 General conclusion" \f C \l "2" 
At time of writing this thesis a decade has passed after the implementation of the Lisbon Strategy. The goal of this strategy was to deal with the low productivity and stagnation of economic growth in the EU zone and “to become the most competitive and dynamic knowledge-based economy in the world within the next decade”. It dealt with concepts central in this thesis; innovation, knowledge, knowledge-based economy. The results are known; the strategy failed. The timeframe of this thesis captured a large part of this strategy; 2000-2008. Therefore this thesis may have gained new insights in the reasons why this strategy failed. At least the empirical analysis has unveiled were policymakers should focus on in order to be innovative. Moreover, the central role of ICT in this process has been underscored and thus the threats of the digital divide. Additionally, the conditions to stimulate ICT usage and access have been pointed out. The feasibility to satisfy these conditions remains questionable. It seems only wealthy nations can participate in the knowledge-based economy. These countries can afford to invest in a costly ICT infrastructure and the input factors of innovativeness. Creativity of policymakers is thus desirable.

In this research several hypotheses were deduced to answer the following research question;

How does the digital divide relate to innovativeness in Europe?

An empirical analysis of 31 European countries over the timeframe 2000-2008 has helped us to answer this research question. The regression results were not encouraging for the European Commission. The results indicate a vicious circle. The digital divide has an impact on the innovativeness of European countries. More specifically, countries with a lot of ICT possibilities are more innovative than countries with little ICT possibilities. Further, that discrepancy in innovativeness has in turn an impact on the digital divide. That is, innovativeness of countries has a positive effect on ICT thereby closing the circle. Taken together, the digital divide has an impact on innovativeness and innovativeness has an impact on the digital divide. To break out of this circle, policy makers will have a hard task. The results suggest the digital divide is a threat for the goals set by the Lisbon Strategy. ICT seems to play a central role in the knowledge-based economy. 

The results have unveiled several other interesting insights. The most important input factors of innovativeness have been indentified. By far the most important factor is the R&D expenditures of a country. This effect is even more present at countries on the “good” side of the digital divide compared to countries on the “worse” side of this divide. The R&D sector plays an important role for the development of innovative products and thereby contributes to the innovativeness of countries. Of lesser importance are tertiary education and ICT. ICT plays a central role in the innovativeness of countries, it is intertwined in the whole innovation process. The least important is employment in high- and medium-high-technology manufacturing sectors. This sector delivers innovative products. A specific role is dedicated to the most important holders of knowledge; humans. High educated people tend to be more innovative and have the appropriate capabilities to satisfy the requirements to work in sectors responsible for the innovativeness of countries. High educated people have the skills to take full advantage of the possibilities of ICT nowadays. Moreover they are capable to work in the R&D and high- and medium-high-tech manufacturing sector. This in turn will stimulate a country’s innovative activity. 
Of critical importance in this process is the wealth of a nation. A country must have the capital to invest in the aforementioned input factors to keep pace with this transformation to a knowledge-based economy. If not, countries can not participate in the knowledge-based economy and will therefore be increasingly isolated and marginalized. The danger exist several countries will permanently be isolated, partly due the vicious circle of the digital divide. This could cause a divide which is of much more concern than the digital divide. However, for Europe the catch-up process with Japan and the US has only just started. Moreover, the BRIC countries (Brazil, Russia, India and China) must be kept at a distance. In advance, Europe has a disadvantage. As Europe consist of several countries, and thus of several innovation systems, it is relative hard to achieve this goal. The integration of these different national innovation systems is a complicated task compared to a single nation innovation system like Japan. 
Of equal importance are the input factors that drive ICT usage and access. The most important factor in this sense is innovativeness. Of lesser importance are education and R&D expenditures. Openness to trade is of least importance. This is a striking result as innovativeness seems to deliver a great contribution ICT usage and access. Innovative countries simply need ICT in their innovation process, thus the demand for ICT increases. Viewed from another perspective, this result is encouraging for Europe. An equal distribution of innovative performance in Europe may deliver a contribution to the narrowing of the digital divide. 
Another factor of importance is education. ICT seems to appeal more to the educated part of the population. This part of society is more likely to occupy jobs for knowledge workers. In these jobs ICT is frequently used. Moreover, to understand ICT one must have specific skills which are more likely to be present at educated people. Further, the more open a country is to foreign trade, the more it should satisfy international technological standards. Hence, high activity in the international trade sector will force a country to make use of specific ICT demanded by the market. As more countries join the EU, this variable may gain importance. Additionally, more countries might open their economy to foreign trade, which will in turn stimulate ICT usage and access. Furthermore, an increasing activity in the R&D sector will stimulate the demand for ICT. In this sector ICT is essential. Again, much is dependent on the wealth of a nation to afford these input factors. It is costly to participate in international trade (e.g. set-up of distribution channels). The R&D sector requires large investments in for instance development facilities. Owning high quality education institutions requires investments in the education system (e.g. training teachers). Therefore developing nations seems to fall to the worse side of the digital divide.
Taken together, it is a wise advice to the European Union to allocate more resources to the development of a high quality ICT infrastructure. 

8.2 Limitations and further lines of research TC "8.2 Limitations and further lines of research" \f C \l "2" 
Despite the care taken to write this thesis, some limitations are present in this research. The first is the application of multiple regression method. Regression results are estimates of the changes that would occur if the variables were entirely independent of one another. In complex social phenomena, such as those addressed in this study, single factor changes are rare. Regarding the second model, an increase in R&D expenditures will likely be accompanied by an increase in the patents variable, for instance.

Second, several input factors of innovativeness and ICT have been used to explain as much variance in the dependent variable as possible. More forces are playing a significant role in the explanation of the dependent variables which should be added in the regression. Thus, some factors may even play a bigger role than the factors used in this research. However, this research is limited to the variables available in the databases used. 
Third, the use of patents as proxy for innovativeness comes with several limitations. Although patents are good indicators of new technology creation, they do not measure the economic value of these technologies. Not all new innovations are patented and patents differ greatly in their economic impact (Acs, 2002). Moreover, patents indicate inventive rather innovative activity. Patenting is a discretionary activity, and varies sharply across firms and industries. Many technological advances are not patentable, and firms have other methods of protecting their technological advantage (Coombs, 1996) Hence, some types of innovations (see section 3.2.2) are not captured by patents. Further, firms may also use patents as a strategic consideration. 
Fourth, not all the countries of Europe have been included in the analysis. Especially, several former Soviet countries are missing. These countries were not available in the databases. An addition of these countries would give a more realistic view of the situation in Europe. 
This thesis can be considered as the first study to relate the digital divide to innovativeness. For further research it might be wise to include more countries, to give more complete view of the situation. In addition, a regional approach of research could be implemented. A lower aggregate level allows for a more precise analysis. As a consequence, the tails of the distribution will be enlarged (so more exceptional events will be captured), and problems like “ecology fallacy” are eliminated. Moreover, as the EIS 2009 report showed, innovative differences on a regional level are even more pronounce. Another line for further research could be the addition of more input factors of innovativeness and ICT. This will yield a more realistic view of the situation. Furthermore, the measurement of ICT can be elaborated. It might be possible to make a distinction between access and usage. A broadband subscription, as implemented in this research, does not guarantee usage. In this case, broadband users could be measured as well. It is also interesting to use digital wireless mobile phone technologies. This is a relative new technology which might bridge the digital divide. Testing the effect of this variable might therefore yield interesting results. 
8.3 Managerial implications TC "8.3 Managerial implications" \f C \l "2" 
For today’s business managers the ever globalizing business landscape have become challenging. Due advances in ICT markets have become transparent and most importantly these advances in ICT have reduced distances. In particular, an important task has been put away to the marketing manager. As borders are diminishing and more players are entering the market how to differentiate? How to get into the consideration set of the consumer? How should a company position itself? Again, innovation can play an important role to solve these questions. By being innovative companies can stand out of the crowd. iPhone for example, by focusing on consumer convenience Apple was able to gain market share in a market originally unknown to Apple. In addition, Apple created their own platform (e.g. App Store) and created an open business climate by allowing software developers to contribute to the App Store. This was a strategy not seen before at any other mobile phone developer. By being innovative a company which originally sold personal computers was able to play a significant role on the mobile telephone market. 
As this thesis has shown, ICT is playing an important role in this innovation process. It is important for companies and business managers to realize this as innovation can provide a solid basis for competitive advantage. Investments in ICT should not be avoided, sufficient resources should be allocated to ICT. The network position of a manager is relevant in this context. ICT can facilitate the beneficial central or peripheral position of a manager and allow for contacts with heterogeneous knowledge. ICT have made the world smaller making it therefore possible for managers to gain diverse knowledge all over the world which will ultimately support the innovation process. Inter-firm partnerships and alliances support this process. Further the innovation process itself have changed due ICT; software packages are facilitating this process (e.g. CAD). The increasing complexities of technologies in addition to shorter product life cycles are also forcing firms to rely on R&D as a source of strategy. R&D plays an important role in the innovation process. Again, ICT is central in this specific case. It is essential in the R&D process. Moreover, training and education are important factors. Higher educated people tend to be more innovative. Hence, employees should have sufficient capabilities to participate in the innovation process. Universities and other high education institutions are playing an important role in this respect. Sufficient capabilities are also needed to understand and work with ICT. The Internet does not have appeal for low-income and low-educated people. ICT tend to be complex and require formal training to be used at their full potential. The question remains how much money companies are willing to pay for these costly training programs. In addition, an environment should be created which fosters creativity. Consequently, innovativeness will be triggered within a firm.

In summary, companies need to acknowledge the crucial role of ICT in the innovation process. Investments in ICT are therefore a requisite. With the economic crisis coming to its end, more companies are willing to invest in the accompanied costly requirements of innovativeness making them eventually more competitive. The role of human capital should not be underestimated. These are the ultimate holders of knowledge and should be used at their full potential. Education is important in this respect. A close collaboration between companies and education institutions could be helpful. The companies not able to participate in this (costly) process are likely to be isolated from the ever globalizing economy. Again, ICT could be the main reason for this isolation. 
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10.1 Descriptive statistics TC "10.1 Descriptive statistics" \f C \l "2" 
Model 1

	Descriptive Statistics

	
	N
	Minimum
	Maximum
	Mean
	Std. Deviation

	Log_patents
	279
	-1,31
	6,12
	3,3472
	1,85890

	R_D
	279
	,24
	4,17
	1,4684
	,92154

	Tert_labourforce
	279
	9,10
	46,00
	23,6214
	7,79935

	H_M_Manufacturing
	279
	,64
	11,64
	5,4519
	2,53570

	Knowledge_services
	279
	11,12
	47,85
	30,8694
	9,08969

	Inet_users
	279
	36,50
	871,20
	425,8538
	220,61515

	Broadband_sub
	279
	,00
	373,60
	96,8975
	100,57746

	Computers
	279
	32,50
	1005,00
	376,8556
	239,46415

	Valid N (listwise)
	279
	
	
	
	


Model 2

	Descriptive Statistics

	
	N
	Minimum
	Maximum
	Mean
	Std. Deviation

	Inet_users
	279
	36,50
	871,20
	425,8538
	220,61515

	Broadband_sub
	279
	,00
	373,60
	96,8975
	100,57746

	Computers
	279
	32,50
	1005,00
	376,8556
	239,46415

	Openess
	279
	43,20
	321,10
	103,7118
	48,81659

	R_D
	279
	,24
	4,17
	1,4684
	,92154

	edu_gdp
	279
	2,59
	8,44
	5,1974
	1,23796

	Log_patents
	279
	-1,31
	6,12
	3,3472
	1,85890

	Valid N (listwise)
	279
	
	
	
	


Model 1 (interactions)

	Descriptive Statistics

	
	N
	Minimum
	Maximum
	Mean
	Std. Deviation

	Inet_manu
	279
	40,32
	8278,58
	2375,7283
	1722,75088

	Inet_tert
	279
	380,24
	28578,85
	10859,6132
	7404,78626

	Inet_RD
	279
	13,50
	3224,25
	763,1326
	736,81697

	broad_manu
	279
	,00
	2984,95
	535,8454
	628,76091

	broad_tert
	279
	,00
	11111,10
	2581,0232
	3016,62814

	broad_RD
	279
	,00
	1401,00
	189,8219
	268,95802

	PC_manu
	279
	91,39
	8079,29
	2146,7956
	1769,01129

	PC_tert
	279
	333,06
	31739,40
	9701,8417
	7390,51441

	PC_RD
	279
	12,02
	3681,00
	711,3919
	736,15199

	Valid N (listwise)
	279
	
	
	
	


10.2 Correlations TC "10.2 Correlations" \f C \l "2" 
Model 1



Model 2
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10.3 Regressions TC "10.3 Regressions" \f C \l "2" 
Model 1(Internet users)
	Model Summaryb

	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate
	Durbin-Watson

	1
	,868a
	,753
	,749
	,93048
	1,927

	a. Predictors: (Constant), Inet_users, H_M_Manufacturing, Tert_labourforce, R_D

	b. Dependent Variable: Log_patents
	
	


	ANOVAb

	Model
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	1
	Regression
	723,409
	4
	180,852
	208,887
	,000a

	
	Residual
	237,226
	274
	,866
	
	

	
	Total
	960,635
	278
	
	
	

	a. Predictors: (Constant), Inet_users, H_M_Manufacturing, Tert_labourforce, R_D

	b. Dependent Variable: Log_patents
	
	
	


	Coefficientsa

	Model
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.
	Collinearity Statistics

	
	B
	Std. Error
	Beta
	
	
	Tolerance
	VIF

	1
	(Constant)
	-,202
	,249
	
	-,812
	,418
	
	

	
	R_D
	1,180
	,091
	,585
	13,006
	,000
	,446
	2,245

	
	Tert_labourforce
	,022
	,009
	,093
	2,527
	,012
	,672
	1,489

	
	H_M_Manufacturing
	,051
	,026
	,070
	2,003
	,046
	,741
	1,349

	
	Inet_users
	,002
	,000
	,283
	6,536
	,000
	,479
	2,086

	a. Dependent Variable: Log_patents
	
	
	
	
	
	


Model 1 (broadband subscribers)

	Model Summaryb

	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate
	Durbin-Watson

	1
	,849a
	,720
	,716
	,99071
	1,994

	a. Predictors: (Constant), Broadband_sub, H_M_Manufacturing, Tert_labourforce, R_D

	b. Dependent Variable: Log_patents
	
	


	ANOVAb

	Model
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	1
	Regression
	691,702
	4
	172,926
	176,184
	,000a

	
	Residual
	268,933
	274
	,982
	
	

	
	Total
	960,635
	278
	
	
	

	a. Predictors: (Constant), Broadband_sub, H_M_Manufacturing, Tert_labourforce, R_D

	b. Dependent Variable: Log_patents
	
	
	


	Coefficientsa

	Model
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.
	Collinearity Statistics

	
	B
	Std. Error
	Beta
	
	
	Tolerance
	VIF

	1
	(Constant)
	,014
	,264
	
	,053
	,958
	
	

	
	R_D
	1,444
	,086
	,716
	16,733
	,000
	,558
	1,792

	
	Tert_labourforce
	,034
	,009
	,142
	3,732
	,000
	,703
	1,423

	
	H_M_Manufacturing
	,046
	,027
	,063
	1,690
	,092
	,739
	1,354

	
	Broadband_sub
	,002
	,001
	,089
	2,319
	,021
	,689
	1,451

	a. Dependent Variable: Log_patents
	
	
	
	
	
	


Model 1 (computers)

	Model Summaryb

	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate
	Durbin-Watson

	1
	,892a
	,796
	,793
	,84547
	1,803

	a. Predictors: (Constant), Computers, H_M_Manufacturing, Tert_labourforce, R_D

	b. Dependent Variable: Log_patents
	
	


	ANOVAb

	Model
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	1
	Regression
	764,776
	4
	191,194
	267,473
	,000a

	
	Residual
	195,860
	274
	,715
	
	

	
	Total
	960,635
	278
	
	
	

	a. Predictors: (Constant), Computers, H_M_Manufacturing, Tert_labourforce, R_D

	b. Dependent Variable: Log_patents
	
	
	


	Coefficientsa

	Model
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.
	Collinearity Statistics

	
	B
	Std. Error
	Beta
	
	
	Tolerance
	VIF

	1
	(Constant)
	-,020
	,225
	
	-,087
	,931
	
	

	
	R_D
	,965
	,086
	,478
	11,265
	,000
	,413
	2,424

	
	Tert_labourforce
	,019
	,008
	,079
	2,410
	,017
	,688
	1,453

	
	H_M_Manufacturing
	,047
	,023
	,065
	2,043
	,042
	,744
	1,344

	
	Computers
	,003
	,000
	,426
	10,470
	,000
	,450
	2,221

	a. Dependent Variable: Log_patents
	
	
	
	
	
	


Model 1 interactions (Internet users)

	Model Summaryb

	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate
	Durbin-Watson

	1
	,905a
	,819
	,814
	,80165
	2,066

	a. Predictors: (Constant), Inet_RD, H_M_Manufacturing, Tert_labourforce, Inet_users, R_D, Inet_manu, Inet_tert

	b. Dependent Variable: Log_patents
	
	


	ANOVAb

	Model
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	1
	Regression
	786,477
	7
	112,354
	174,830
	,000a

	
	Residual
	174,158
	271
	,643
	
	

	
	Total
	960,635
	278
	
	
	

	a. Predictors: (Constant), Inet_RD, H_M_Manufacturing, Tert_labourforce, Inet_users, R_D, Inet_manu, Inet_tert

	b. Dependent Variable: Log_patents
	
	
	


	Coefficientsa

	Model
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.

	
	B
	Std. Error
	Beta
	
	

	1
	(Constant)
	-1,777
	,428
	
	-4,152
	,000

	
	R_D
	2,563
	,197
	1,270
	13,038
	,000

	
	Tert_labourforce
	,036
	,015
	,152
	2,492
	,013

	
	H_M_Manufacturing
	-,005
	,056
	-,007
	-,089
	,929

	
	Inet_users
	,007
	,001
	,887
	6,584
	,000

	
	Inet_manu
	1,804E-5
	,000
	,017
	,154
	,878

	
	Inet_tert
	-7,302E-5
	,000
	-,291
	-1,955
	,052

	
	Inet_RD
	-,002
	,000
	-,987
	-7,274
	,000

	a. Dependent Variable: Log_patents
	
	
	
	


Model 1 interactions (broadband subscribers)

	Model Summaryb

	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate
	Durbin-Watson

	1
	,873a
	,763
	,757
	,91687
	2,037

	a. Predictors: (Constant), broad_RD, H_M_Manufacturing, Tert_labourforce, R_D, broad_manu, broad_tert, Broadband_sub

	b. Dependent Variable: Log_patents
	
	


	ANOVAb

	Model
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	1
	Regression
	732,819
	7
	104,688
	124,533
	,000a

	
	Residual
	227,816
	271
	,841
	
	

	
	Total
	960,635
	278
	
	
	

	a. Predictors: (Constant), broad_RD, H_M_Manufacturing, Tert_labourforce, R_D, broad_manu, broad_tert, Broadband_sub

	b. Dependent Variable: Log_patents
	
	
	


	Coefficientsa

	Model
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.

	
	B
	Std. Error
	Beta
	
	

	1
	(Constant)
	-,428
	,318
	
	-1,346
	,180

	
	R_D
	1,892
	,112
	,938
	16,930
	,000

	
	Tert_labourforce
	,030
	,011
	,127
	2,722
	,007

	
	H_M_Manufacturing
	,021
	,036
	,028
	,572
	,568

	
	Broadband_sub
	,012
	,003
	,673
	3,814
	,000

	
	broad_manu
	-1,920E-5
	,000
	-,006
	-,071
	,943

	
	broad_tert
	-8,978E-5
	,000
	-,146
	-,856
	,393

	
	broad_RD
	-,004
	,001
	-,604
	-5,762
	,000

	a. Dependent Variable: Log_patents
	
	
	
	


Model 1 interactions (computers)

	Model Summaryb

	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate
	Durbin-Watson

	1
	,926a
	,857
	,853
	,71156
	1,827

	a. Predictors: (Constant), PC_RD, H_M_Manufacturing, Tert_labourforce, Computers, R_D, PC_manu, PC_tert

	b. Dependent Variable: Log_patents
	
	


	ANOVAb

	Model
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	1
	Regression
	823,424
	7
	117,632
	232,330
	,000a

	
	Residual
	137,211
	271
	,506
	
	

	
	Total
	960,635
	278
	
	
	

	a. Predictors: (Constant), PC_RD, H_M_Manufacturing, Tert_labourforce, Computers, R_D, PC_manu, PC_tert

	b. Dependent Variable: Log_patents
	
	
	


	Coefficientsa

	Model
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.

	
	B
	Std. Error
	Beta
	
	

	1
	(Constant)
	-1,275
	,327
	
	-3,901
	,000

	
	R_D
	2,095
	,152
	1,039
	13,815
	,000

	
	Tert_labourforce
	,029
	,011
	,122
	2,584
	,010

	
	H_M_Manufacturing
	-,004
	,045
	-,006
	-,095
	,924

	
	Computers
	,009
	,001
	1,191
	9,046
	,000

	
	PC_manu
	-6,893E-6
	,000
	-,007
	-,068
	,946

	
	PC_tert
	-9,974E-5
	,000
	-,397
	-2,950
	,003

	
	PC_RD
	-,002
	,000
	-,902
	-8,021
	,000

	a. Dependent Variable: Log_patents
	
	
	
	


Model 2 (Internet users)

	Dependent Variable: INET_USERS
	

	Method: Least Squares
	
	

	Date: 06/16/10   Time: 11:49
	
	

	Sample (adjusted): 2 279
	
	

	Included observations: 278 after adjustments
	

	Convergence achieved after 7 iterations
	

	
	
	
	
	

	
	
	
	
	

	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob.  

	
	
	
	
	

	
	
	
	
	

	C
	31.54986
	34.61249
	0.911517
	0.3628

	OPENESS
	0.267740
	0.115951
	2.309070
	0.0217

	R_D
	66.39271
	10.14313
	6.545586
	0.0000

	EDU_GDP
	24.25869
	5.071437
	4.783396
	0.0000

	LN_PATENTS
	44.38368
	5.084607
	8.729029
	0.0000

	AR(1)
	0.727338
	0.042138
	17.26086
	0.0000

	
	
	
	
	

	
	
	
	
	

	R-squared
	0.797169
	    Mean dependent var
	426.1719

	Adjusted R-squared
	0.793441
	    S.D. dependent var
	220.9489

	S.E. of regression
	100.4186
	    Akaike info criterion
	12.07792

	Sum squared resid
	2742821.
	    Schwarz criterion
	12.15621

	Log likelihood
	-1672.831
	    Hannan-Quinn criter.
	12.10933

	F-statistic
	213.8037
	    Durbin-Watson stat
	2.408494

	Prob(F-statistic)
	0.000000
	
	
	

	
	
	
	
	

	
	
	
	
	

	Inverted AR Roots
	      .73
	
	

	
	
	
	
	

	
	
	
	
	


Model 2 (broadband subscribers)

	Dependent Variable: BROADBAND_SUB
	

	Method: Least Squares
	
	

	Date: 06/16/10   Time: 11:53
	
	

	Sample (adjusted): 2 279
	
	

	Included observations: 278 after adjustments
	

	Convergence achieved after 6 iterations
	

	
	
	
	
	

	
	
	
	
	

	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob.  

	
	
	
	
	

	
	
	
	
	

	C
	-29.10745
	20.51876
	-1.418578
	0.1572

	OPENESS
	-0.021284
	0.057508
	-0.370112
	0.7116

	R_D
	25.30627
	5.005614
	5.055578
	0.0000

	EDU_GDP
	13.29206
	2.508683
	5.298421
	0.0000

	LN_PATENTS
	7.872984
	2.511856
	3.134330
	0.0019

	AR(1)
	0.803946
	0.036513
	22.01832
	0.0000

	
	
	
	
	

	
	
	
	
	

	R-squared
	0.743224
	    Mean dependent var
	97.16043

	Adjusted R-squared
	0.738504
	    S.D. dependent var
	100.6627

	S.E. of regression
	51.47559
	    Akaike info criterion
	10.74144

	Sum squared resid
	720728.3
	    Schwarz criterion
	10.81973

	Log likelihood
	-1487.060
	    Hannan-Quinn criter.
	10.77285

	F-statistic
	157.4578
	    Durbin-Watson stat
	2.332855

	Prob(F-statistic)
	0.000000
	
	
	

	
	
	
	
	

	
	
	
	
	

	Inverted AR Roots
	      .80
	
	

	
	
	
	
	

	
	
	
	
	


Model 2 (computers)

	Dependent Variable: COMPUTERS
	
	

	Method: Least Squares
	
	

	Date: 06/16/10   Time: 12:04
	
	

	Sample (adjusted): 2 279
	
	

	Included observations: 278 after adjustments
	

	Convergence achieved after 9 iterations
	

	
	
	
	
	

	
	
	
	
	

	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob.  

	
	
	
	
	

	
	
	
	
	

	C
	-128.5773
	39.96613
	-3.217158
	0.0015

	OPENESS
	0.704233
	0.164103
	4.291405
	0.0000

	R_D
	22.50196
	14.89629
	1.510575
	0.1321

	EDU_GDP
	25.09965
	7.303310
	3.436750
	0.0007

	LN_PATENTS
	80.88241
	7.408347
	10.91774
	0.0000

	AR(1)
	0.369739
	0.058082
	6.365848
	0.0000

	
	
	
	
	

	
	
	
	
	

	R-squared
	0.726005
	    Mean dependent var
	376.9076

	Adjusted R-squared
	0.720969
	    S.D. dependent var
	239.8944

	S.E. of regression
	126.7205
	    Akaike info criterion
	12.54319

	Sum squared resid
	4367797.
	    Schwarz criterion
	12.62148

	Log likelihood
	-1737.504
	    Hannan-Quinn criter.
	12.57460

	F-statistic
	144.1439
	    Durbin-Watson stat
	1.979833

	Prob(F-statistic)
	0.000000
	
	
	

	
	
	
	
	

	
	
	
	
	

	Inverted AR Roots
	      .37
	
	

	
	
	
	
	

	
	
	
	
	


10.4 Tabular representation interaction plots TC "10.4 Tabular representation interaction plots" \f C \l "2" 
Plot 1a

	Predicted means for patents
	 

	R&D 
	low
	med
	high

	Internet users
	 
	 
	 

	high
	33,78
	108,88
	350,97

	low
	2,49
	18,13
	131,78


To calculate the “low-low” variable combination (2.49) we use the interaction regression equation which can be derived from chapter 10.3. This results in the following interaction equation: (ln)patents=-1.777+2.563R&D+0.007Internet_users-0.002R&D*Internet_users. The next step is to determine the values “low” from both variables using the descriptive statistics in chapter 10.1. For both variables the mean is subtracted by the standard deviation, this results in the low value (for high values we would add the standard deviation). These values for R&D and Internet_users are now placed in the equation. This will yield the predicted means for the main effects and interaction term of R&D and Internet_users. The other variables are held constant at their respective means. These means are multiplied by the estimated β’s (obtained from the same regression table of the interaction). This predicted mean is added to the predicted mean of the interaction obtained earlier. From this resulting value we take the exponent. This will finally yield 2.49.   
Plot 1b

	Predicted means for patents


	

	R&D
	low
	med
	high

	Broadband subscribers
	 
	 
	 

	high
	22,87
	63,16
	174,39

	low
	3,18
	18,42
	106,74


Plot 1c
	Predicted means for patents


	

	 R&D
	low
	med
	high

	Computers
	 
	 
	 

	high
	83,51
	184,87
	409,26

	low
	1,89
	10,13
	54,23


Plot 1d
	Predicted means for patents


	

	Tertiary education
	low
	med
	high

	Computers
	 
	 
	 

	high
	177,35
	137,67
	106,87

	low
	5,07
	5,71
	6,44


Figure 1: the digital divide





Figure 4: Interaction plot model 1a








Figure 5: Interaction plot model 1b








Figure 6: Interaction plot model 1c





Figure 7: Interaction plot model 1c
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