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EXECUTIVE SUMMARY 

 

Research Purpose: The globalization of firms has contributed to pressure them to become 

more innovative and to conduct R&D activities on a global scale, leading to an increase in both 

domestic and international collaborative research (Faria & Schmidt, 2012). The patent 

information on inventors can be used to understand how the invention process is 

internationalized, by examining whether inventors or applicants resident in different nations 

are involved in one patent, that is, whether an international cooperation is involved (Nagaoka 

et al., 2010). Therefore, the aim of the study is to realize how Chile is performing regarding 

the innovation, internationalization and cooperation compared to Colombia, Finland and Czech 

Republic, based in the study of SHIA, SHAI and SHII indicators from patents. It is in the 

interest of this study to perform a wider comparison of South America versus Europe and to 

illustrate heterogeneity across countries with these measurements.  

Research Questions: a) Which is the position of Chile regarding the internationalization of 

technological innovation among the region and Europe? b) Are there any correlations between 

R&D factors and the internationalization of innovation, applicable to both regions?  

The research will be descriptive. The information required to develop the study will be collected 

from open national patent files, to then be analyzed and finally describe the results. The 

method therefore will be quantitative, as data collection is numerical and it involves counting 

and quantitative comparisons (Kamil, 2004).  

Findings: First Question: Chile allocates more resources of their GDP for R&D activities than 

Colombia, and this point is absolutely important for answering the question, because in order 

to have a significant internationalization of innovation is essential to have a minimum floor of 

it. Unfortunately, due to little spending efforts involved in the region, the advantage in the gap 

between the two countries is trivial. Secondly, and going straight to the indicators of 

internationalization, Chile presents in some cases a better overall SHIA; SHAI; SHII indicators 

than Colombia. But, the values of the indicators showed little consistency, and much variability 

between years, making the predictability of these values unquestionable challenging for the 

future, and making the measure of the internationalization undoubtedly problematic as well.  

Second Question: Regarding the comparison with Europe, Chile is tremendously below in terms 

of the percentages of GDP resources allocated for R&D. Additionally, Europe presented a 

greater coherence of the indicators throughout the years of this study. It was not possible to 

identify factors that promote internationalization that are applicable to both regions. In the 

case of Europe (Finland and Czech Republic) it was possible to find correlations between the 

factors and the internationalization of innovation. On the contrary, in South America, no 

correlations were detected. It will be a challenge for Chile, in the future, to reduce this 

variability in order to become more like leading innovation economies.  

 

All things considered, leads to the conclusion that in South America, and specifically in Chile, 

the low amounts of investment in R&D, the high variability of indicators and the absence of 



 
 

correlations are a reflection of a lack of a country long-term vision about the importance of 

innovation for the development of the countries and the region. As recommendations for firms 

inside Chile, would be to open up their businesses, invest more in R&D, associate with partners 

(start-ups, research institutes, universities, etc.) locally and internationally. In the case of 

multinationals, promote cooperation between different branches, encourage research and 

development within the region, support the movement of employees between countries. 

Additionally, to promote through partnerships the creation of a node of sensing networks 

(global networks of innovation) in the region. Currently these innovation hotspots are found 

mostly in California, the east coast of the USA, Europe and China, but since South America 

has enough highly skilled human capital, multinational companies could start looking this 

region and try to gradually position this part of the world in that direction. In a nutshell, go 

towards a vision of regional development, which in the long run will be more beneficial for all 

South American countries. It is no possible yet to compare Chile to highly developed economies 

members of the OECD, but the country must take into account their examples in order to reach 

a sustainable economic growth, and so be able to reduce poverty and inequalities. 

Value of the Study: To look for the existence of common drivers of cooperation applicable to 

both regions (South America & Europe). The purpose then is to provide a big picture of how 

Chile is and where it should be regarding the international cooperation of innovation. It’s 

estimated it was possible to get to a valuable input of the current situation of Chile, in addition 

to demonstrate the importance of the role of cooperation as a booster for innovation, and the 

role of innovation as a booster for economic growth, providing a constant source of competitive 

advantages1. The study offers some suggestions estimated to be keys to create concrete 

solutions. Understand and embrace the value of innovation and international collaboration to 

achieve economic growth is a need for a better future in Chile, and consequently for a better 

living of its population.  

Critical Considerations: Research Limitations: Generally, not all new applications of 

knowledge are patented and not all patents are equally significant. This situation represents 

the mayor issue when analyzing internationalization of innovation with patent files. 

Additionally, patents also represent practical applications of specific ideas rather than more 

general concepts or advances in knowledge (OECD, 1996). So, as the study is based on patents 

analytics, it is important to highlight these limitations of measuring innovation through patent 

data. Future Research: The reasons for the historical lack of cooperation in South America 

cannot be explained exclusively due to economic factors but also for social and cultural reasons 

that this study cannot cover. Therefore, future investigation with researchers from other 

disciplines may cover the social and cultural motives involved.  

 
1 The bases of competitive advantage are superior resources and organizational capabilities from the value chain. In 
order to keep a sustained competitive advantage, the resource or capability must be Valuable, Rare, Inimitable and 
Organized. 
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ABSTRACT 

As global competition intensifies, it’s hard to survive by being autonomous, as resources 

needed are not always among a firm or a country’s boundaries, but outside of them. The role 

of cooperation with external parties has become essential to boost creativity which ends in 

innovative solutions, to reduce costs and times of developing new products/services, to 

enhance firm’s and countries’ global competition, to acknowledge customer needs to penetrate 

new markets, among other benefits. Therefore, this study focuses on Chile’s position in this 

matter compared to Colombia, Finland and Czech Republic. Likewise, as patent information 

has been increasingly used to analyze innovation, the indicators SHIA SHAI and SHII, proposed 

by Guellec & van Pottelsberghe de la Potterie, were selected to carry out the investigation. 

After finalizing, it’s got come to the conclusion that the country needs to invest considerably 

more of its GDP in R&D activities and involve a steadier international cooperation, in order to 

impulse the creation of competitive advantages2 and therefore its economic growth.  

ABSTRACTO 

A medida que se intensifica la competencia global, es difícil sobrevivir siendo autónomo, ya 

que los recursos necesarios no siempre se encuentran dentro de las fronteras de una empresa 

o de un país, sino fuera de ellas. La cooperación con partes externas se ha vuelto esencial para 

impulsar la creatividad, que desencadena en soluciones innovadoras, para reducir los costos y 

tiempos de desarrollo de nuevos productos/servicios, para mejorar la competencia global de 

las empresas y los países, para reconocer las necesidades de los clientes al penetrar nuevos 

mercados, entre otros beneficios. Por lo tanto, este estudio se centra en la posición de Chile 

en este asunto en comparación con Colombia, Finlandia y la República Checa. Debido a que la 

información sobre patentes se ha estado utilizando cada vez más para analizar la innovación, 

los indicadores SHIA SHAI y SHII, propuestos por Guellec y van Pottelsberghe de la Potterie, 

fueron seleccionados para llevar a cabo la investigación. Después de finalizar, se llegó a la 

conclusión de que el país necesita invertir considerablemente más de su PIB en actividades de 

I&D e involucrar una cooperación internacional más estable, para impulsar la creación de 

ventajas competitivas y, por lo tanto, su crecimiento económico. 

Key words:  Innovation, internationalization, cooperation, R&D, patents. 
Palabras clave: Innovación, internacionalización, cooperación, I&D, patentes 
 

 
2 The bases of competitive advantage are superior resources and organizational capabilities from the value chain. In 
order to keep a sustained competitive advantage, the resource or capability must be Valuable, Rare, Inimitable and 
Organized. 
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INTRODUCTION 

 
Technological innovations have become more and more important for a country’s economic 

growth and competitiveness in the period of global knowledge economy (Guan & Chen, 2012).  

 

In today’s competitive markets, intellectual assets are increasingly developed and used by 

companies as a key factor to economic success (Munari & Oriani, 2011). Globalization has 

brought many benefits for economy but also big challenges for companies. Product-life cycles 

are shorter, and firms need keep up with the competition to survive by bringing innovative 

products or services to the market. Therefore, innovation performance, the capability to 

innovate and to bring innovation successfully to market, is a crucial determinant of 

competitiveness and national progress (OECD, 2007). This has led companies to increasingly 

open their innovation processes and collaborating on innovation with external partners (from 

suppliers to customers and research institutes), facing a demand for knowledge that they 

usually cannot satisfy within their internal resources and capabilities alone. So, the 

internationalization of research and development (R&D) and innovative activities have become 

an important component of the ongoing trend towards globalization of the economy (Guellec 

& van Pottelsberghe de la Potterie, 2001). 

 

The focus of this study is first to investigate the position of Chile, regarding the 

internationalization of innovation, in relation to Europe and South America. The countries 

selected for the investigation (besides Chile) were Finland, Czech Republic and Colombia, all 

of them members of the OECD and all with similar economy sizes (in terms of the GDP). 

Secondly, to analyze the possible existence of factors, applicable to both regions, that facilitate 

the development of this internationalization.  

 

The tools that will be used to carry out this study will be three indicators given by patents: 

SHIA, SHAI and SHII proposed by Guellec & van Pottelsberghe de la Potterie. In addition, the 

linear regression method will be used to analyze the possible correlation between the different 

factors. The information required will be collected from patents as inventions in the countries.  
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A. LITERATURE REVIEW 

1. Knowledge: Driver of Productivity and Economic Growth  
 
It has long been recognized that “economic prosperity rests upon knowledge and its useful 

application”. Indeed, the “increase in the stock of useful knowledge and the extension of its 

application are the essence of modern economic growth” (Teece, 2003). It is to say, knowledge 

is now recognized as the driver of productivity and economic growth, leading a new focus on 

the role of information, technology and learning in economic performance. Knowledge creation 

thus becomes the most relevant means to generate profits and growth in living standards 

(Munari & Oriani, 2011). So, the term “knowledge-based economy” stems from the fuller 

recognition of the place of knowledge and technology in modern OECD economies (OECD, 

1996). It is important for the study to mention that the shift towards a knowledge-based 

economy has enhanced patent relevance for firm’s strategic decisions and economic 

performance (Munari & Oriani, 2011). 

1.1. Role of Innovation in Knowledge and Growth  

 
As mentioned before, knowledge-based economy is the one for which defined economic growth 

is based on the creation, distribution, and use of technology embodies in physical and human 

capital. Fundamentally, innovation policy in such an economy must enrich the creation, 

distribution, and use of knowledge that leads to the creation, distribution, and use of the 

technology (Feldman & Link, 2001). 

 
What is innovation?  
 

Innovation can be understood as a process in which organizations actively create and develop 

new knowledge to solve problems, for the purpose of using them in the economy. The process 

of innovation is a rhythm of exploration, selection, synthesis, and cycles of divergent thinking 

followed by convergence. Innovation development is a very uncertain process, in which 

entrepreneurs undertake a sequence of events over a long period of time to transform a new 

idea into a product, service or process. Undoubtedly, innovation depends upon the individual, 

group and organizational knowledge, skills and capabilities (Bueno & Ordóñez de Pablos, 

2004). 

 

Today, investment, innovation performance, the capability to innovate and to bring innovation 

successfully to market, is a crucial determinant of competitiveness and national progress. 

There is growing awareness among policymakers that innovative activity is the main driver of 

economic progress and well-being as well as a potential factor in meeting global challenges in 

domains such as the environment and health (OECD, 2007). 

 

The knowledge economy is a dominant force in today's world, and innovation policy and 

national systems of innovation are central to it (Bullen et al., 2006). The centre-stage role of 
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intellectual property rights, mainly patents, within the innovation strategy of the firm, can be 

interpreted as the principles of the Knowledge-based Economy (Munari & Oriani, 2011).  

2. Internationalization of Innovation: Driving Forces for Firms  

 

At a high level of generality, the internationalization of innovation means that inventions, 

inventors, and the ownership of these inventions tend to cross national borders more 

frequently. Technology invented in one country can be put in use in another country. Scientists 

and engineers born in one country graduate and get a job in another country, while possibly 

returning back to their home country after a while. Firms located in different countries set up 

alliances for research and development (Guellec & van Pottelsberghe de la Potterie, 2001). In 

other words, internationalization can be defined as expanding across country borders into 

geographic locations (e.g., markets) that are new to the firm (Hitt et al., 1994). 

 

The driving forces of the internationalization of innovation, over firms, are mainly two: 

‘demand-oriented’ factors which denote the circumstances and deliberations inducing 

companies to locate R&D abroad in order to better serve foreign national markets and ‘supply-

oriented’ factors which refer to characteristics in the local foreign environment that enhance 

the efficiency of R&D by providing e.g. favorable access to skilled technical expertise, perhaps 

at lower cost than available elsewhere, access to foreign universities and other research 

establishments, and so on (Granstrand et al., 1993). In fewer words, a) to penetrate foreign 

markets by adapting their products and processes to local conditions and b) to take advantage 

of foreign expertise (Gerybadze et al., 2010). 

 

a) To penetrate new markets companies must adapt their products to regional needs or 

even develop special products, as preferences in demand vary from country to country. 

The need to adapt products to address the special demands of international customers 

often leads companies to invest in R&D abroad. Additional foreign research benefits 

the company at home to the extent that it serves the purpose of expanding in foreign 

markets (Gerybadze et al., 2010). 

 

b) Companies are better able to acquire new technical expertise from research institutions 

and universities when they are in close proximity geographically to one another. In 

order to absorb existing knowledge in foreign countries, companies must be embedded 

in local research networks with their own research departments. The opportunity to 

tap the know-how of scientific and technical experts in foreign countries is an important 

motivation for conducting R&D activities abroad.  (Gerybadze et al., 2010) 

 

To develop the analysis of internationalization of innovation, this study will mainly focus on 

point b), as it is the role of cooperation among inventors from different countries what will be 

measured (through patents as inventions).  



 

6 

2.1. What does it mean to the Firm? To a Country?  

 

If technological innovation is the most important force driving economic growth in the long 

run, then public policies designed to promote and encourage technological innovation take on 

substantial importance (Branstetter & Sakakibara, 2002). 

Governments nowadays must invest in R&D in order to realize economic, social, environmental 

and cultural benefits for the community it represents. As such, the justification for public 

investment in R&D should be subject to scrutiny and review as with all other areas of public 

decision making (Piric & Reeve, 1999). Governments today search for effective compositions 

of technology policy instruments, such as fiscal measures, credits or subsidies which are most 

promising for future growth. Governments in the world emphasize the need to improve the 

transfer of know-how throughout the innovation system. One of the main issues in this context 

is collaboration between science and industry to strengthen the national innovation 

capabilities. (Czarnitzki & Fier, 2003).  

All over the OECD countries business strategies for R&D and innovation have evolved 

significantly in industry and governments during the past few decades, for example. 

Considerable evidence indicates an increasing number of R&D co-operations, mergers, patent 

licenses and alliances in industry and science. Innovation policy shifted from the focus on big 

science carried out by large companies only to a general trend towards R&D networking and 

intensified efforts to strengthen domestic firms, technologies and competencies (Czarnitzki et 

al., 2007). Innovation policy rests on several pillars: direct subsidies for research projects 

within thematic programs and promotion of SMEs in three promotion lines (innovation, co-

operation, technology consulting), and by four types of support (grants, loans, venture capital 

and infrastructure supply). In general, firms can compose an individual mix of public support 

from of the different pillars that suit their specific challenges best (Czarnitzki et al., 2007).   

It has been claimed that companies that operate in many countries learn from different 

innovation contexts and are, therefore, able to benefit from them. The sources of learning and 

knowledge acquisition can be many (Filippetti et al., 2009). 

So, regarding all mentioned above, if a country is highly internationalized it is likely to have a 

higher innovation performance because:  

• Its resources (labor, management etc.) 

• Its products and its institutions are exposed to alternative innovation contexts, and 

this allows firms and people to learn from different environments 

• More competition forces the firms to innovate (Filippetti et al., 2009).  

  

“Taking collective responsibility for a strategic, inclusive and business-oriented research and 

innovation policy, to tackle major societal challenges, raise competitiveness and generate new 

jobs”(European Commission, 2010). 
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2.2. Relationship between Internationalization of Innovation and Economic 
Performance  

 

Economic-growth theorists and management scholars have proposed that innovation has a 

positive impact on corporate performance. That is, increasing investments in innovation allows 

firms to develop and license new technologies, adopt more efficient production techniques, 

introduce new products and processes, and consequently become more competitive and 

increase their economic performance. However, past empirical results are mixed, not always 

confirming this theoretical proposition. Hence, even though a number of studies have 

evaluated the relationship between innovation and performance, it is often unclear why some 

firms benefit from their innovative efforts, yet others fail to do so (Kafouros et al., 2008). 

Nevertheless, there are theoretical arguments and research results to support a positive 

relationship between international diversification and firm performance (Hitt et al., 1994). It 

is suggested that firms need some threshold of internationalization and to be able to access a 

broad range of markets in order to benefit sufficiently from their new products and processes 

(Kafouros et al., 2008).  

 

International diversification is also positively related to firm innovation. Expansion into 

international markets provides opportunities for greater returns on innovations and reduces 

the risk of failure due to the additional number of markets in which the innovation may be 

applied. Furthermore, innovation facilitates higher performance in internationally diversified 

firms because successful innovation provides a continuing source of competitive advantage3. 

International diversification provides potential for firms to achieve greater returns on 

innovations (larger and/ or a greater number of markets with different demand characteristics) 

and thus, lowers the risks of R&D investments. As a result, international diversification 

provides incentives for firms to innovate and thus, leads to more innovation (Hitt et al., 1994). 

 

Firms realized that without internationalization, they can no longer maintain their market 

shares. Internationalization is also their response to the threats of globalization and a way of 

firms to adapt to the challenges they face with it. The internationalization of firms from 

transition economies was only a few year ago considered an “exotic” activity, yet it is now 

gaining in importance under the pressures of globalization (Jaklič & Svetličič, 2003). 

3. Different Types of Innovation: General Overview 

 

It is possible to find in literature many ways of classifying innovation and there are many 

existing criteria for it, but mostly, almost all on innovation classifications are linked to product 

innovations. There are two very used categories:  

 

 

 
3 The bases of competitive advantage are superior resources and organizational capabilities from the value chain. In order 
to keep a sustained competitive advantage, the resource or capability must be Valuable, Rare, Inimitable and Organized. 
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a) Radical Innovation: These are discontinuous events and in recent times is usually the 

result of a deliberate research and development activity in enterprises and/or in 

university and government laboratories. They are unevenly distributed over sectors 

and over time (Coccia, 2017). Radical innovations represent fundamental changes that 

represent revolutionary changes in technology. (Dewar & Dutton, 1986). 

 

b) Incremental Innovation: These occur more or less continuously in any industry or 

service activity, although at a varying rate in different industries and over different 

time periods. They may often occur, not so much as the result of formal research and 

development activity, but as the outcome of inventions and improvements suggested 

by engineers and others directly engaged in the production process, or as a result of 

initiatives and proposals by users (Coccia, 2017). Incremental innovation are minor 

improvements or simple adjustments in current technology (Dewar & Dutton, 1986). 

For example, take the form of changing the materials used to make a product, 

improving the product through an updated design, or adding additional features or 

options (Rowley et al., 2011). 

 

The major difference captured by the labels radical and incremental is the degree of novel 

technological process content embodied in the innovation and hence, the degree of new 

knowledge embedded in the innovation (Dewar & Dutton, 1986). 

3.1. Intellectual Property Protection: Patents 

 

The term “patent” stands for an exclusive right granted by the State in order to protect an 

invention, from which all other persons, so long as the grant runs, are excluded. By statute 

this right involves the right to make, use and sell (Hamilton & Tilli, 1945), getting this way a 

monopoly over an invention for a period of usually 20 years. In addition to patents, there are 

two other ways to protect intellectual property that companies can use for their innovations, 

these being Trade Secrets and Strategic Disclosure. As follows, the focus will be on patents 

since they are of public knowledge and therefore useful for this study. It is important to 

remember that not all innovations will be protected through patents, some of them may go to 

one of the other mechanisms mentioned before.  

 

Patents, also known as patents of invention, are the most widespread existing means of 

protecting inventor’s rights. A patent gives to its owner the exclusive right of denying third 

parties to commercially exploit the protected invention for a certain period of time, in exchange 

of revealing the invention to the public. Therefore, the proprietary of the patent can prevent 

that others make, use, sell or import the invention with no permission, and can sue anyone 

who exploits the invention without his permission (¿Qué Son Las Patentes? - INAPI. 

Institucional, n.d.). By establishing a proprietary market advantage, the right of exclusion 

granted by patents allows firms to reward R&D efforts and to focus on complementary activities 
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(for example branding) that are meant to sustain the products once they have been launched 

in the market (Munari & Oriani, 2011). 

 

As the infringement of copying patented innovation is costly, the patent system thereby 

promotes an effective level of innovation by providing incentives to inventors to invent, market 

and sell innovative products, and to disclose the knowledge underlying those innovations in 

the form of published patents documents (Graham & Sichelman, 2008). 

 

Amongst a variety of intellectual assets, patents have displayed a significant potential as a 

source of revenue and as means to improve the competitive position of leader firms and to be 

on the forefront of innovation. Traditionally firms have fiercely protected and exclusively relied 

upon their own patents in facing the blurring of industry boundaries and the increasingly global 

competition (Munari & Oriani, 2011).The theory in which the system is based is that the 

financial benefits coming from the patent exploitation and the revelation of the resultant 

inventions for its diffusion and public use, will promote innovation and will rise the technical 

level on a country’s industry, with obvious benefits for its trade (¿Qué Son Las Patentes? - 

INAPI. Institucional, n.d.). 

 

In addition, patent systems remain predominantly national institutions with a small number of 

regional arrangements, which means in order to patent inventions, in a worldwide scope, it is 

necessary to fill applications on each of the countries involved (Drahos, 2010). 

 

 

Table N°1: Advantages and Disadvantages of Patenting  

Main Advantages Main Disadvantages 

 
Technology protection: In order to protect 
assets and market share. 
 

 
 
 
 
 
 
Offensive use: patents can be used as a 
strategic offensive tool, either as a 
competitive weapon or as an economic asset.  
 

Licensing out: As a result, companies have 
become more technological dependent upon 
each other, allowing to spread knowledge 
across industries and get an economic 
benefit. 
Cross-licensing: Allows to access technology 
through cross-licensing. 

Cooperative R&D: having patents can be 
beneficial for firms in order to identify, 
attract and negotiate with R&D partners. 

               (Granstrand, 2000) 

 

 

 

 



 

10 

4. How to measure Internationalization of Innovation  

 

Knowledge transmission mechanisms can be many and involve relationships between 

customers and sellers, principal and contractors, academic research networks, or employees 

working for the various institutions or moving between different employers. These mechanisms 

operate at both the national and international levels (Filippetti et al., 2011). 

The benefits of R&D are much more evenly distributed in the world than the expenditures on 

R&D; this evidence suggests that technology diffuses internationally. The interesting issue for 

researchers is how technology diffuses across national borders and what is the magnitude of 

the diffusion. There are several indicators that can be named to measure internationalization 

of innovation. Now, there are two leading candidates for diffusion channels, which are 

international trade and foreign direct investment (FDI) (Xu & Wang, 2000). 

Trade: International trade in technology has grown rapidly, becoming significant in comparison 

with national expenditures for R&D in developed economies. Technological knowledge provides 

demand-side economies because knowledge can be transferred at relatively low cost and 

applied by multiple users. International trade in technology allows multiple countries to 

combine R&D efforts and to employ the same innovation. Countries achieve gains from trade 

by transferring knowledge. International trade in technology improves the quality of 

innovation, by enlarging the pool of R&D experiments from which the best technology is chosen 

and by stimulating the entry of inventors (Spulber, 2008). 

Exports encourage/force firms to innovate by exposing them to stronger competition as well 

as to the requirements and innovation environment of diverse markets and customers (Ietto-

Gillies, 2013). 

Imports bring additional competition and variety to domestic markets, benefiting consumers, 

while exports enlarge markets for domestic production, benefiting businesses.  

Trade exposes domestic firms to the best practices of foreign firms and to the demands of 

discerning customers, encouraging greater efficiency. Trade gives firms access to improved 

capital inputs such as machine tools, boosting productivity and providing new opportunities for 

growth for developing countries (Schneider, 2005). 

A firm may first test a foreign market via exports. After an initial trial period, it will stop 

exporting to that market, if it discovers that it cannot make enough profits to cover the trade 

costs. For intermediate levels of realized profitability, it will continue exporting without 

engaging in FDI. For higher levels of profitability, it will establish foreign affiliates (Conconi et 

al., 2016). 

FDI: Foreign direct investment takes place when a corporation in one country establishes a 

business operation in another country, through setting up a new wholly-owned affiliate, or 

acquiring a local company, or forming a joint venture in the host economy (Moran, 2012). FDI 

inflows are viewed as a measure of the extent to which a country or a region is integrating 

into the world economy (Pournarakis & Varsakelis, 2004). 
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There’s also another important factor of internationalization of innovation that involves the 

mobility students. In the contemporary era, interpreted as an age of ‘the knowledge economy’, 

High Education (HE) has become an indicator of economic competitiveness, and the 

internationalization of HE is often regarded as an innovative response to external marketing 

opportunities. Nowadays, the academic marketplace’ is becoming increasingly transnational 

under the influence of economic globalization. In other words, the internationalization of HE 

has been taken as a strategy in the mire of increasing global economic competition in many 

countries, with the emphasis on trade in HE and the world university rankings, and the 

international recruitment of the best and brightest students and scholars (Kim, 2009). 

Having said that, the measure of internationalization of innovation can be done from two 

perspectives: a firm level approach and a country level approach. In this study it was selected 

to carry out an analysis from a country level. The indicators used are derived from information 

available in patent data proposed by Guellec & van Pottelsberghe de la Potterie. These 

indicators are SHIA, SHAI and SHII which will be explained in point 4.2.  

 

Now, why indicators from patents?  

 

Patent information is increasingly used to analyze innovation and the innovation process, and 

patent statistics are increasingly used as a measure of innovation. Actually, patents have been 

the only source of rich information on new technology, which is screened in a systematic 

manner by using a considerable amount of resources by governments over a long period of 

time (Nagaoka et al., 2010). 

Patents represent ideas themselves and therefore are the closest to direct indicators of 

knowledge formation; the traditional knowledge from patents, most directly measure 

knowledge outputs (rather than inputs). Also, patents data have certain advantages in that 

most countries have national patent systems organized on centralized databases, the data 

cover almost all technological fields, and patent documents contain a large amount of 

information concerning the invention, technology, inventor, etc. (OECD, 1996). 

 

In most cases, the information of patents includes the inventor’s name and address, the 

applicant’s name and address, dates such as the priority date, application date and grant date, 

and technology classes, usually based on International Patent Classification (IPC) (see 

Appendix 1a). It can also include the references to patents and non-patent documents such 

as academic papers. This bibliographic information enables the possibility to research on 

innovation (Nagaoka et al., 2010). 
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Table N°2: IPC Classification:  

 

SECTION DESCRIPTION 

A Human Necessities  

B Performing Operations; Transporting  

C Chemistry; Metallurgy 

D Textiles; Paper 

E Fixed Constructions 

F Mechanical Engineering; Lighting; Heating, Weapons; Blasting 

G Physics 

H Electricity 

 

The patent information on inventors can be used to understand how the invention process is 

internationalized, by examining whether inventors or applicants resident in different nations 

are involved in one patent, that is, whether an international cooperation is involved (Nagaoka 

et al., 2010) (see Appendix 1b). 

4.1. International Cooperation of Innovation  

 

As global competition intensifies and innovation becomes riskier and more costly, the business 

sector has been internationalizing knowledge-intensive corporate functions, including R&D. At 

the same time, companies are increasingly opening their innovation processes and 

collaborating on innovation with external partners (suppliers, customers, universities, etc.) 

(OECD, 2008). 

Open Innovation, defined by Chesbrough (2003), is a paradigm that assumes that firms can 

and should use external ideas as well as internal ideas, and internal and external paths to 

market, as the firms look to advance their technology. Open Innovation combines internal and 

external ideas into architectures and systems whose requirements are defined by a business 

model. An open Business model then, create value by leveraging many more ideas, due to 

their inclusion of a variety of external concepts. Open models can also enable greater value 

capture, by using a key asset, resource, or position not only in the company’s own business 

but also in other companies’ businesses (H. Chesbrough, 2006). 

Now, when it comes to patent an invention and that single patent is fully owned by two or 

more innovators it’s called a joint patenting, also known as co-patenting. An innovator could 

be an individual, academic establishment, research institution, government entity, firm or the 

like (Briggs & Wade, 2014). When cross-border ownership of inventions happen, is when at 

least one inventor and the applicant reside in different countries. It is deemed to reflect the 

location of R&D activities of multinational firms. For most EPO (European Patent Office) patents 

(a share usually estimated to be higher than 90%), the applicant is an institution (a firm, a 

university, a public laboratory). The inventor is always an individual, usually a researcher 

employed by the applicant. Most often, the address of the inventor is the address of the 
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laboratory he/she works in. Then, when the inventor and the applicant of a patent do not 

reside in the same country, this reflects in a huge majority of cases the fact that the patent 

protects an invention performed in a research facility abroad of a multinational firm (Guellec 

& van Pottelsberghe de la Potterie, 2001). 

Firms today, driven by more complex innovation projects and ever shorter innovation and 

product- life cycles, are faced with a demand for knowledge they cannot satisfy with their 

internal resources alone. The globalization of firms’ activities has contributed  to  the  pressure  

to  become  more  innovative  and  to  conduct  R&D  and  innovation activities on a global 

scale, leading to an increase in  both  domestic  and  international  collaborative  activities 

(Faria & Schmidt, 2012). 

 

So, according for what was mentioned above, cooperation has become an important 

organizational component of the innovation process. In recent years increasing numbers of 

firms have become involved in collaborative relationships with a variety of partners, from 

suppliers to customers and research institutes (Aschhoff & Schmidt, 2008). 

 

As found in literature and as OECD (2008) mentions, one of the main drivers for cross-border 

(international) R&D cooperation is the need to complement expertise to obtain access to 

different technologies and knowledge quickly, as global competition and technological progress 

is more intense today. Product life cycles have been drastically shortened forcing companies 

to innovate faster and develop products and services more efficiently. Moreover, the growing 

integration of different technologies has made innovation more costly and riskier. The greater 

the need for interdisciplinary cross-border and cross-sector research, the less a single company 

has the capability to innovate successfully. So, besides obtaining needed knowledge faster, 

collaboration also helps to diminish costs. Globalization require companies to be open to 

external ideas that supplement internal R&D in order to remain competitive (OECD, 2008). 

 

4.2. Study Approach: SHIA, SHAI and SHII as Indicators of 
Internationalization of Innovation 

 
 
As mentioned before, patents are one of the most effective mechanism that companies have 

to protect their new technologies and innovation assets, for the economic development. 

Therefore, patents are a great source of key indicators of technological innovation.   

 

SHIA, SHAI and SHII were the indicators, proposed by Guellec y Van Pottelsberghe de la 

Potterie (2001), selected for measuring the internationalization of technological innovation 

through patents (meaning the world spreading of inventions, people behind the inventions and 

owners of the inventions). These indicators allow to compare the internationalization of 

different countries and regions, providing a visual representation with clear and easy to 

understand relations among the different elements. It counts with 2 dimensions, patent 

information and country level: 
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- The information available from the patents files provides key data for this calculation, 

such as inventor, applicant, countries of residence and the International Patent 

Classification (IPC). 

- The country level approach is extensive and offers a suitable picture since all patents 

are given a similar treatment, allowing to compare different countries with consistency, 

utilizing the same nature of inputs regardless the cultural differences among 

geographical zones. Additionally, countries boundaries are generally stable across 

short periods of time, just like the one applied for this study. 

 

For this reason, SHIA, SHAI and SHII provide valuable outputs for analyzing the 

internationalization of innovation, allowing to compare among countries with consistency, 

utilizing open and standardized national patent files (free to dispose and available for the 

majority of the countries in the world).  

 

 (Guellec & van Pottelsberghe de la Potterie, 2001) 

5. Limitations in the Analysis of Patent Files and Indicators 

 
Patents in particular have become more and more important for companies’ activities, profits 

and competition (Munari & Oriani, 2011). Multinational companies need to patent their 

inventions around the world in order to protect their assets.  

 

There are several ways to analyze patent data, including categorizing patents by geographic 

area and industrial product group, as the SHIA/SHAI/SHII indicators explained above. 

However, a few differences in national patenting systems introduce a despicable bias, which 

can be dealt, not making comparisons difficult. In contrast, it is essential to mention one critical 

obstacle: generally, not all new applications of knowledge are patented and not all patents are 

equally significant. This situation represents the mayor issue when analyzing 

internationalization of innovation with patent files. Additionally, patents also represent 

practical applications of specific ideas rather than more general concepts or advances in 

knowledge (OECD, 1996).  

 

Moreover, there is one last concern derived by using the country level approach. In this 

analysis is not possible to differentiate some issues of the internationalization, such as the 

relation of this internationalization with corporate strategies, which could be identified utilizing 

a company level approach instead, with indicators like R&D abroad of multinational firms. So, 

as patents do not represent the total innovation of a country or region, and for other issues in 

utilizing the data mentioned before (among others), these do not provide a 100% truth image. 

Nevertheless, it has great advantages such as the broad availability and the international 

comparability. That being said, patents offer the best and most reliable source, for what the 

study desires to achieve, and should provide a highly valuable big picture of the current 

situation.  
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B. PROBLEM STATEMENT  

 

Nowadays, as it has been mentioned before, innovation enables restructuration and 

productivity, and therefore, economic growth. Additionally, the internationalization of R&D and 

innovative activities has become an important component of the ongoing trend towards 

globalization of the economy. Firms collaborate and acquire technological knowledge outside 

their organizational boundaries to reduce innovation costs, to decrease time to bring 

innovations into the market and/or leap-frog existing technologies (Czarnitzki & Fier, 2003). 

Also, cooperation between parties enhance and boosts creativity and helps to bring new 

solutions to people’s needs, solving problems.  

This ongoing phenomenon makes it interesting to wonder if similar behaviors and approaches 

are happening in developed and developing countries. Most top economies (if not all) allocate 

high investments in research and development, and take the collaboration as a necessity of 

the globalized world, but what about developing and underdeveloped countries?  

The aim of the investigation thus, is to realize how Chile is performing regarding the innovation, 

internationalization and cooperation compared to other countries, based in the study of SHIA, 

SHAI and SHII indicators given by patent data.  

 

The selected countries for the study (besides Chile) were Colombia, Finland and Czech 

Republic, as it will be interesting to perform a wider comparison of South America versus 

Europe, to illustrate heterogeneity across countries with these measurements, so to reveal 

plausible underlying explanation, and because of data availability provided by these countries. 

All four countries are member of the OECD (Colombia's admission was announced on April 

28th, 2020), plus all of them have similar size economies magnitudes in term of GDP.  

6. Research Objective  
 

First, to identify how technologically internationalized is Chile compared with other European 

and South American countries members of OECD. 

Second, to identify if there is any correlation between R&D factors and the internationalization 

of innovation, applicable to both regions. 

6.1. Research Questions 

 

1) Which is the position of Chile regarding the internationalization of technological innovation 

among the region and Europe? 

2) Are there any correlations between R&D factors and the internationalization of innovation, 

applicable to both regions? 
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7. Type of Investigation 
 

The research will be descriptive. According to Glass & Hopkins (1984), descriptive research 

involves gathering data that describe events and then organizes, tabulates, depicts, and 

describes the data collection. The information required to develop the study will be collected 

from data bases of registered patents of each evaluated country, to then describe the results. 

The method therefore will be quantitative, were the emphasis is on counting and measuring, 

that is to say, the research is using measures that are quantifiable in numeric terms. Data 

collection is numerical and it involves counting and quantitative comparisons (Kamil, 2004). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

18 

C. SITUATION OF SELECTED COUNTRIES: EUROPEAN VERSUS 
SOUTH AMERICAN CONTEXT 

 

South American View: Through Chile & Colombia 

Latin American and Caribbean countries have exhibited a very modest rate of economic growth 

during the past decade, despite unusually favorable economic conditions. Latin America’s poor 

economic performance can be understood by examining the rate of R&D expenses over the 

GDP of the region compared with other regions of the world. This indicator shows that the 

OECD’s decade-average during 1960–2000 fluctuated between 1.87 percent and 2.25 percent. 

In the case of Scandinavian countries, the R&D effort increased from 1.12 percent in the 1960s 

to 2.71 percent in the 1990s. In contrast, R&D expenditure in Latin America fluctuated between 

0.36 percent and 0.52 percent of GDP during the same period (Alvarez et al., 2010). 

To better understand, GDP spending on R&D is defined as the total expenditure (current and 

capital) on R&D carried out by all resident companies, research institutes, university and 

government laboratories, etc., in a country. It includes R&D funded from abroad, but excludes 

domestic funds for R&D performed outside the domestic economy (OECD, 2020). 

Chile has been one of the fastest growing economies in South America in recent decades, 

which has allowed the country to significantly reduce poverty. On May 7, 2010, Chile became 

the first South American country to join the Organization for Economic Cooperation and 

Development (OECD). However, more than 30% of the population is economically vulnerable 

and income inequality remains high (The World Bank, 2020). The very high share of low-skilled 

workers, gaps in infrastructure and low investment in innovation and R&D hinder productivity 

and are associated with a persistent dependence of exports on mostly natural resources, 

notably copper, agriculture and fisheries, and low-technology manufactures (“OECD Economic 

Surveys: Chile,” 2018). 

According to José Miguel Benavente (2004), considering the level of economic development of 

Chile, there are serious deficiencies in the National System of Innovation. The country has 

very low resources designated to R&D as a proportion of GDP, very few scientific workforce 

and professionals dedicated to research activities, as well as a scare participation 

(involvement) of the private sector in financing these activities. Expenditure on R&D is low as 

a share of GDP, especially in the business sector. (“OECD Economic Surveys: Chile,” 2018). 

To compare Chile with another country from the South American region, it was chosen 

Colombia. The parameters to choose this country were: because of their similar economy size 

in terms of GDP, because both countries experience similar issues in terms of innovation, 

because of data availability and because the admission of Colombia to the OECD was recently 

announced this year (April 28th, 2020). 
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Table N°3: 2018 GDP (current US$) – Chile & Colombia 

 

 

 

                                             Own creation, Source: The World Bank  

 

In table Nº3, it is possible to appreciate the similar magnitudes on the GDP of both South 

American countries. 

Graphic N°1: GDP (current US$) – Chile & Colombia 

 

                                                                   Own creation, Source: The World Bank  

 

In graphic N°1 is possible to observe the GDP increase of Colombia (in yellow) and Chile (in 

red) from 1996 until 2018. Colombia is above Chile in terms of GDP, but both present similar 

varieties among the years. (see Appendix 3 to observe the GDP and the R&D/GDP ratio, of 

both countries, between 1996 and 2017). 

Nowadays, Chile and Colombia face the challenge of achieving equitable and sustainable 

economic development. In order to initiate a process of long-term growth, they need to ensure 

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
	

�
�
�



�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
	

�
�
�



�
�
�
�

�
�
�
�

�
�
�
�

��


��

����

�
��

����

�
��

����

�
��

	���

��


��

����

�
��

����

�
��

����

�
��

	��� �������

����

��������

COUNTRY  VALUE (MILLION) 
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Colombia  331,047 
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that they are ready to exploit the unlimited potential coming from innovation and technological 

progress, and that their investment both in the quality of human capital and in improving the 

institutional framework is directed respectively towards increasing learning capacity and 

vitalizing the country’s innovation system (Marotta et al., 2007). 

In Chile and Colombia (Latin America and the Caribbean region in general), there is evidence 

of what has been defined an “innovation failure” or deficiency of innovation. Many indicators 

show weaknesses in the capacity of Latin American firms to innovate and commercialize 

research in recent years and there is no indication of an inversion of this trend (Marotta et al., 

2007). 

One of the weakness indicators in the capacity of private firms to innovate and commercialize 

research is given by the discrepancy between R&D expenditures in the private and public 

sectors. Comparing with OECD countries, it is possible to observe in the OECD, private firms 

finance two-thirds of the R&D expenses while in Chile the private sector finances only one-

third of the R&D expenses. In Colombia the picture is similar, with only 7 out of 100 firms 

investing in R&D and a total of investments that reaches only 0.1% of GDP. According to a 

global survey of business executives, public-private collaboration in Chile and Colombia is rated 

respectively 3.2 and 3.5 on a 7-point scale. This is well below that in high-income countries, 

where the average rating is 4.1. The main obstacles to this collaboration seem to be lack of 

trust, different working cultures and different motives of collaboration (Marotta et al., 2007). 

 

European View: Through Finland & Czech Republic  

Knowledge and intellectual capital are major determinants of innovation and thus of enhancing 

the growth, employment and competitiveness of the European Union (Piekkola, 2011). 

At the European Council in Lisbon in March 2000, heads of state and governments set the 

European Union the ambitious goal of becoming “the most competitive and dynamic 

knowledge-based economy in the world by the end of the decade”. Two years later the Council 

reaffirmed this goal in Barcelona and added it to a more specific but equally ambitious target 

of raising EU spending on R&D to 3% of GDP by 2010 – with two thirds of this spend by the 

business sector. The stimulation of R&D cooperation and networks has become very popular 

in technology policies of the EU lately (Czarnitzki & Fier, 2003). 

 

Regarding Finland, this country has enjoyed strong economic progress over the past decades, 

which is reflected in high living standards and well-being. The country stands out for high 

subjective well-being, education and skills, environmental quality and personal security. 

Productivity has fallen in manufacturing and has hardly increased in business services. Rising 

labor costs and a loss of non-cost advantages have eroded international competitiveness. The 

government program to streamline regulations, promote competition and encourage 

entrepreneurship will support growth. Collaboration on innovation of both large firms and Small 

and Medium Enterprises (SMEs) with higher education or research institutions is among the 

strongest in the OECD. Team Finland has been created to coordinate the activities of several 
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institutions, with a focus on internationalization. Planned cuts in funding risk weakening the 

innovation and entrepreneurship potential of Finland. The government program includes cuts 

on funding for innovation, and initiatives to attract more venture capital. About inequality in 

Finland, is among the lowest in the OECD and has stayed fairly constant since the turn of the 

century, following a sharp increase in the 1990s. The ratios of high and median to low incomes 

show similar patterns. Absolute poverty, measured as material and housing deprivation, is 

among the lowest in the EU. With a relatively compressed wage distribution, the main drivers 

of income are employment and productivity (“OECD Economic Surveys: Finland,” 2016). 

 
On the external side, the Czech economy is particularly exposed to trade disruptions. Exports 

in terms of value added contribute to around 45% of GDP. The Czech Republic’s growth model 

of low wage and high reliance on FDI has been successful in increasing GDP per capita but 

convergence towards OECD living standards is slow. Even though wages have accelerated 

recently, their level remains low in international comparison. Low labor shares are influenced 

by the gap between GDP per capita and gross national income, which is among the highest in 

OECD countries. FDI have benefited the economy through its increasing participation in global 

value chains. However, there is room to better share the benefits of growth to support inclusive 

development (“OECD Economic Surveys: Czech Republic,” 2018). 

 

To choose two European countries and compare them with Chile, it was also taken into account 

the size of the economy in terms of GDP, data availability and for being members of the OECD. 

The most similar nations in these criteria were Finland and Czech Republic. Even though 

Finland has a higher rate of GDP/R&D, both are considered in an upright position among the 

Europe Union and they don’t face as much trouble as Colombia and Chile in this aspect.  

 

Table N°4: 2018 GDP (current US$) – Finland & Czech Republic 

COUNTRY  VALUE (MILLION) 

Czech Republic  245,225 

Finland 276,743 
                               Own creation, Source: (World Bank Group)  

 

In table Nº4, it is possible to appreciate the similar magnitudes on the GDP of both European 

countries. 
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Graphic N°2: GDP (current US$) – Finland & Czech Republic 

 

                                                                                      Own creation, Source: The World Bank       

 

In the graphic N°2 it is shown the behavior of the GDP of Czech Republic (brown) and Finland 

between 1996 and 2018. Finland is above Czech Republic in terms of GDP, but both present 

similar varieties among the years. (see Appendix 3 to observe the GDP and the R&D/GDP ratio, 

of both countries, between 1996 and 2017) 
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D. MODEL DEFINITION 

 
 
Variables 
 
There are different ways that allow to give a perspective of internationalization of innovation 

in countries. In this study, the resources that will be used for the analysis are patents, and the 

indicators, as mentioned before, will be through SHIA, SHAI and SHII.  

 

SHIA is the share of patents with at least one domestic inventor and a foreign applicant in the 

country’s total domestic inventions. Can be seeing as a reflection of to which extension foreign 

firms control domestic inventions in a country i.  

 

𝑆𝐻𝐼𝐴! =	
𝑃𝐹!"#

𝑃𝐹𝐼!
 

𝑃𝐹!"#: It’s the total number of patents invented by the residents of country i and controlled by 
foreign applicants. 

𝑃𝐹𝐼!		: It’s the total number of patents invented by residents of a country i. 

If the value of SHIA is 0, indicates that there are no patents with domestic inventors which 

owners are foreign residents. In the other hand, if the value of SHIA is 1, indicates that all of 

the patents with domestic inventors have foreign resident owners. 

SHAI is the share of patents with at least one foreign inventor and a domestic applicant in the 

country’s total domestic applications. Can be seeing as a reflection of to which extension 

domestic firms of a country i control foreign inventions.   

 

𝑆𝐻𝐴𝐼! =	
𝑃𝐹!#"

𝑃𝐹𝐴!
 

𝑃𝐹!#": It’s the number of patents invented by foreigner researchers and controlled by the 

residents of country i. 

𝑃𝐹𝐴!		: It’s the total number of patents controlled by residents of a country i. 

If the value of SHAI is 0, indicates that all of the patents in the study have domestic inventors. 

In the other hand, if the value of SHAI is 1, indicates that all of the patents in the study have 

foreign resident inventors. 
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SHII is the share for a given country of patents with a foreign resident as a co-inventor in the 

total number of patents with a domestic inventor. Can be seeing as the result from 

international research cooperation among domestic inventors of a country i and foreign 

residents, also can indicates the flow of knowledge between different countries.  

𝑆𝐻𝐼𝐼! =	
𝑃!""

𝑃𝐼!
 

𝑃!"": It’s the number of patents invented by the residents of country i in collaboration with a 

foreign co-inventor. 

𝑃𝐼!		: It’s the total number of patents invented by residents of a country i. 

(Guellec & van Pottelsberghe de la Potterie, 2001) 
 
 
Methodology  
 
To obtain the indicators of internationalization of technological innovation, the national 

database of patents from Chile, Colombia and the European Patent Office (EPO) through 

Espacenet4 have been used. The patents information, downloaded on CSV format, covers the 

publication period of 2010 – 2019 and 84.486 publications. Since not all of the countries’ files 

have the same format, all of them were standardized, in order to have clear availability of 

values such as dates, names and countries from inventors, co-inventors, applicants and IPC. 

Afterwards, this information has been analyzed using the data visualization software Tableau. 

Thanks to the use of logical functions and calculated fields, the SHIA, SHAI and SHII indicators 

have been parameterized and obtained for each of the scenarios of the study. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
4 Espacenet is a free online service for searching patents and patent applications. Espacenet was developed by the 
European Patent Office together with the member states of the European Patent Organization. 
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E. DATA DESCRIPTION 

 

RESEARCH QUESTION N°1: What is the position of Chile regarding the internationalization of 

technological innovation among the region and Europe? 

The following analysis will seek to answer the first research question, utilizing data and 

graphics from R&D/GDP, Number of publications, and SHIA; SHAI; SHII patent indicators. It 

covers a time period from 2014 to 2019 and 53.064 publications.  

Graphic N°3: Rate of R&D spending on the GDP of the World 

 

                                                                                       Own creation, Source: The World Bank 

 

In the figure above, it is observed how the rate of R&D spending on the GDP of the World 

(considered as one economy) has grown in the last two decades. In addition, a table is 

presented with the average of this rate in the last 20 years for each of the 4 countries under 

the study, with Finland leading the proportionate expenditure, followed by the Czech Republic, 

then very low there is Chile and Colombia representing South America with a value that does 

not exceed 0.3% on average. (see Appendix 4 to observe the average of R&D/GDP, in the 

different countries of the World, between 1996 and 2017) 
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Graphic N°4: Rates of R&D spending on the GDP of Finland and Czech Republic  

 

    Own creation, Source: The World Bank 

 

The figure above shows the rates of R&D spending on the GDP for Finland and Czech Republic 

in the last two decades. In the case of Finland, after 2009, this rate began to decrease, 

observing an important decrease of 1 percentage value from 3.75% in 2009 to 2.74% in 2016, 

being 2,74% still a high value (even superior to the World rate presented before). In the case 

of the Czech Republic, it is observed the opposite effect, in which a consistently increase in 

the rate is observed in the years 2011 to 2015, ending with a slight decrease in 2016, with a 

value of 1.68%, being below Finland but still a good value. 
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Graphic N°5: Rates of R&D spending on the GDP of Chile and Colombia  

 

     Own creation, Source: The World Bank 

 

The figure above shows the rates of R&D spending on the GDP of Chile and Colombia in the 

last two decades. In the case of Chile, it is observed how basically the ratio maintains the 

same magnitude, ending 2016 with a value of 0,36%. In the case of Colombia, it is observed 

a slight increase of the rate in the years 2011 to 2014, ending with a minor decrease in 2016, 

with a value of 0,27%. In summary, even though Chile has higher values than Colombia, both 

countries allocate insignificant rates of R&D expenses over their GDP, being well below the 

numbers previously presented in Europe. 

 

 

 

 

 

 

�������

���	 ���
 ���� ���� ���� ���� ��� ���� ���� ����

�����

�����

�����

�����

�����

�����

�����

�����

�����

�����

���	�

���	�

�����

�����

���
�

�����

�����

�����

�����

�����

�����

�����

���
�

�����

�����

���
�

�����
����� �����

���� �������



 

29 

Graphic N°6: Average of R&D spending on the GDP for Finland & Czech and for Chile & 
Colombia  

 

                                                                                                                  Own creation, Source: The World Bank       

 

The figure above shows the rates of R&D spending on the GDP as an average for Finland and 

Czech and for Chile and Colombia, in the last two decades. The idea behind the graphic is to 

have a big picture of how much resources, those two different regions, allocate for R&D. The 

difference in values of both zones is tremendously explicit, being the two representatives of 

Europe close to 2,5% and being South America closer to zero. 
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Graphic N°7: Patent Publications of Finland and Czech Republic 

 
                                 Own creation, Source: EPO 

Espacenet 

 

Regarding patent publications of the two European members, it is observed both countries 

have decreased the amount of annual publications over the last six years, where Finland has 

considerably less publications than Czech Republic. In addition, it can be seen how in Finland 

the main IPC category of the annual publications is B, which are patents for PERFORMING 

OPERATIONS; TRANSPORTING, including the sub-categories of SEPARATING; MIXING, 

SHAPING, PRINTING, TRANSPORTING and MICROSTRUCTURAL TECHNOLOGY; 

NANOTECHNOLOGY. On the other hand, in Czech Republic the main categories of publications, 

besides B, is A, where the category A represent patents for HUMAN NECESSITIES, including 

the sub-categories of AGRICULTURE, FOODSTUFFS; TOBACCO, PERSONAL OR DOMESTIC 

ARTICLES and HEALTH; AMUSEMENT. (see Appendix 5a). 
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Graphic N°8: Patent Publications of Colombia and Chile 

 

                                                          Own creation, Source: Colombia & Chile National patent database 

 

Regarding patent publications of the two South America members, it is observed a similar 

amount of publications between both countries, but slightly higher for Chile. Now comparing 

to Finland and Czech Republic, it can be seeing how these European nations, in general, 

published less than the two South America members. Being A the main IPC category, which 

investigations fields relate to some of the natural resources, like AGRICULTURE, FOODSTUFFS; 

TOBACCO, PERSONAL OR DOMESTIC ARTICLES and HEALTH; AMUSEMENT. After observing 

these numbers, it can be reached a preliminary intuition that more is not always better with 

respect to the publication of patents and the internationalization of innovation. The explanation 

may be related to quality, scope, novelty, of the inventions published. (see Appendix 5b). 
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Graphic N°9: SHIA behavior in Finland, Czech Republic, Colombia and Chile 

 
                                                 Own Creation, Source: EPO Espacenet and Colombia & Chile National patent database 

 

As a reminder for the figure above, SHIA can be seeing as a reflection of to which extension 

foreign firms control domestic inventions. In the last six years this indicator has remained 

pretty constant in the two European countries. In the contrary, in the South American 

representatives, a less even and more random behavior is observed. For instance, Colombia 

presents an enormous peak in 2018 (the patent data reveals how this peak is due to a specific, 

one time, case of cooperation between a multinational applicant company based in Panama 

and Colombian inventors). Besides, the lower values of Czech Republic and Finland means 

more control over their own domestic inventions, than in South America.  

(If the value of SHIA is 0, indicates that there are no patents with domestic inventors which 

owners are foreign residents. In the other hand, if the value of SHIA is 1, indicates that all of 

the patents with domestic inventors have foreign resident owners). 
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Graphic N°10: SHAI behavior in Finland, Czech Republic, Colombia and Chile 

 

                                                    Own Creation, Source: EPO Espacenet and Colombia & Chile National patent database  

 

As a reminder for the figure above, SHAI can be seeing as a reflection of to which extension 

domestic firms of a country are in control of foreign inventions. Overall, in the last five years 

this indicator has being higher for the two European countries. Again, a less even and more 

random behavior in South America can be observed, with a huge peak in Chile in 2018, and a 

zero value in 2016.  

(If the value of SHAI is 0, indicates that all of the patents in the study have domestic inventors. 

In the other hand, if the value of SHAI is 1, indicates that all of the patents in the study have 

foreign resident inventors.) 
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Graphic N°11: SHII behavior in Finland, Czech Republic, Colombia and Chile 

     
                                                 Own Creation, Source: EPO Espacenet and Colombia & Chile National patent database 

 

As a reminder for the figure above, SHII can be seeing as the result from international research 

cooperation among domestic inventors and foreign residents. Also, it can indicate the flow of 

knowledge between different countries. Czech Republic leads in the cooperation of researchers, 

being above Finland for an important margin. This means, generally, in Finland researchers 

cooperate less with their international peers than the ones from Czech Republic. Again, the 

values of the representatives of South America are too variable, making hard to diagnose what 

the actual situation of both countries regarding this indicator is, some years they performed 

below Europe and other above it. In opposition Europe presents more consistency through 

time, specially the case of Finland. As a preliminary diagnosis, it can be intuited that this 

tremendous variability in the South American countries is a reflection of the lack of clear 

policies, both in the public and private sectors. 

(for overall country picture see Appendix 6, 7 & 8) 
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RESEARCH QUESTION 2: Are there any correlations between R&D factors and the 

internationalization of innovation, applicable to both regions? 

The following analysis will seek to answer the second research question, utilizing correlation 

candidate plots and linear regressions, between World Bank economic indicators (related to 

innovation) as control variables and SHIA; SHAI; SHII patent indicators calculated before, as 

dependent variable. It covers a time period from 2010 to 2018 and 76.405 publications. 

The selected World Bank indicators were as follows: 

- R&D/GDP: Gross domestic expenditures on research and development (R&D), 

expressed as a percent of GDP. They include both capital and current expenditures in 

the four main sectors: Business enterprise, Government, Higher education and Private 

non-profit. R&D covers basic research, applied research, and experimental 

development. 

- Scientific and technical journal articles: Scientific and technical journal articles refer to 

the number of scientific and engineering articles published in the following fields: 

physics, biology, chemistry, mathematics, clinical medicine, biomedical research, 

engineering and technology, and earth and space sciences. 

- High-technology exports (% of manufactured exports): High-technology exports are 

products with high R&D intensity, such as in aerospace, computers, pharmaceuticals, 

scientific instruments, and electrical machinery. 

- Imports of goods and services (% of GDP): Imports of goods and services represent 

the value of all goods and other market services received from the rest of the world. 

- Exports of goods and services (% of GDP): Exports of goods and services represent 

the value of all goods and other market services provided to the rest of the world. 

- R&D researchers / Million people: The number of researchers engaged in Research 

&Development (R&D), expressed as per million. Researchers are professionals who 

conduct research and improve or develop concepts, theories, models techniques 

instrumentation, software of operational methods. R&D covers basic research, applied 

research, and experimental development. 

 

The following figures shows a correlation candidate plot between SHIA; SHAI; SHII and each 

of the economic indicators listed before. The idea, behind the elaboration of this plot, is to 

identify possible correlation candidates, among the factors. Afterward, the correlation of these 

candidate factors will be analyzed utilizing the linear regression methodology. This exercise 

will be repeated for each of the countries. 
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As a reminder, in linear regressions two coefficients are necessary to determinate the existence 

of correlation between paired sets of data, which are p-values and R-squared: 

• p-values: A low p-value is taken as evidence that the null hypothesis can be rejected. 

If the data from the study results in a p-value of less than that specified in advance, 

it can be claimed that the study is significant and it enables the rejection of the null 

hypothesis and conclude that a relationship really exists. For this study a value of 0,05 

will be taken as highly significant, which means any value above that threshold will be 

rejected. A p-value of 0,05 can be understood as that there is a 5% chance that these 

observations could have seen if the variables were unrelated (Fenton & Neil, 2012). 

• R-squared: Measures the average of the squares of the errors for each point and the 

line model. Then the average from all the values is represented in the coefficient. R-

squared is always between 0 and 100% and can be seen as a percentage of how many 

points from the sample can be predicted by the line model (0% indicates that the 

model explains none of the variability and 100% indicates that the model explains all 

the variability) (Fenton & Neil, 2012). 
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Graphic 12: Finland Correlation Candidate Plot  

 
 

                                                                                                                                    Own creation, Source: EPO 
Espacenet 

 

In the case of Finland, the plot from SHIA exhibits the factors “R&D/GDP” and “R&D 

researchers / Million people” as possible correlation candidates. Next, the linear regression 

between them and SHIA will be analyzed.  
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Graphic N°13: Finland Lineal Model  

 
                                                                                                                                    Own creation, Source: EPO 

Espacenet 

 

As shown in the figure above, both factors present p-values well below the 0,05 threshold. 

Additionally, the line model can predict 65% of the values for “R&D/GDP” and 62% of the 

values for “R&D researchers / Million people”. From this analysis it can be affirmed the 

existence of a correlation between the factors, which means the more R&D/GDP expense the 

less international firms own the national inventions (and same case for researchers /Million 

people). These results are aligned with the behavior seen previously, where Finland has more 

control over their own domestic inventions, than the other countries. 
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Graphic N°14: Czech Republic Correlation Plot 

 
                                                                                                                                    Own creation, Source: EPO 

Espacenet 

 

In the case of Czech Republic, the plot from SHII exhibits the factors “Scientific and technical 

journal articles” and “R&D researchers / Million people” as possible correlation candidates. 

Next, the linear regression between them and SHII will be analyzed.  
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Graphic N°15: Czech Republic Lineal Model  

 
                                                                                                                                   Own creation, Source: EPO 

Espacenet 

 

As shown in the figure above, both factors present p-values well below the 0,05 threshold. 

Additionally, the line model can predict 79% of the values for “Scientific and technical journal 

articles” and 74% of the values for “R&D researchers / Million people”. From this analysis it 

can be affirmed the existence of a correlation between the factors, which means the more R&D 

researchers per Million people, the more collaboration between national and international 

researchers will happen (and same case for scientific and technical journal articles published). 

These results are a reflection of how the researchers from Czech Republic have a natural 

tendency to cooperate with international peers.  
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Graphic N°16: Colombia Correlation Candidate Plot 

 
                                                                       Own creation, Source: Colombia National patent 

database 

 

In the case of Colombia, the plot doesn’t show any evident candidates. Anyway, as a 

demonstration, the two most interesting plots in the SHII indicator will be analyzed with the 

linear regression methodology.  
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Graphic N°17: Colombia Lineal Model 

 
                                                                                          Own creation, Source: Colombia National patent database 

 

As shown in the figure above, the first factor presents a p-value very close to the 0,05 

threshold, but still above it, the second factor is way off the threshold. Additionally, the line 

model can predict only the 42% of the values for “Scientific and technical journal articles” and 

only 13% of the values for “Imports of goods and services (% of GDP)”. From this analysis it 

can be affirmed the non-existence of an unquestionable correlation between the factors. 
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Graphic N°18: Chile Correlation Candidate Plot 

 
                                                                        Own creation, Source: Chile National patent 

database 

 

In the case of Chile, again, the plot doesn’t show any evident candidates.  Anyway, as a 

demonstration, the two most interesting plots in the SHII indicator will be analyzed with the 

linear regression methodology.  
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Graphic N°19: Chile Lineal Model  

 
 Own creation, Source: Chile National patent database 

 

As shown in the figure above, both factors present p-values way off the 0,05 threshold. 

Additionally, the line model can predict close to zero of the values for “Scientific and technical 

journal articles” and only 15% of the values for “High-technology exports (%of manufactured 

exports)”. From this analysis it can be affirmed the non-existence of an unquestionable 

correlation between the factors. 
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Graphic N°20: Finland and Czech Republic Correlation Candidate Plot 

 

                                                                                                                      Own creation, Source: EPO Espacenet 

 

Now, by carrying out the analysis combining the two countries of both regions, it becomes 

evident how in the case of Europe, with Finland and the Czech Republic, it is possible to identify 

in the plots behaviors of the factors that show degrees of correlation. For instance, SHII and 

“Scientific and technical journal articles” stands out. 
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Graphic N°21: Colombia and Chile Correlation Candidate Plot 

 

                                                                              Own creation, Source: Colombia & Chile National patent database 

 

But in the case of Colombia and Chile combined, again, the plot doesn’t show any evident 

candidates, where the points are well scattered throughout the plane, evidencing a lack of 

correlations. 
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F. DISCUSSION OF RESULTS 

 

Graphic N°22: Position of Chile Regarding Internationalization of Innovation 

     
                                                                                   Own creation, Source: Chile National patent database 

 

After carrying out the study, it is possible to affirm that Chile is in a better position with respect 

to the other representative country of South America (Colombia) in terms of investment in 

R&D over GDP, but both countries are in an inferior overall position in terms of the 

internationalization of innovation, due to the great variability of these indicators. In opposition, 

when comparing Chile with Europe (Finland and the Czech Republic), the country presents 

both; a huge disadvantage in R&D over GDP and presents a negative position regarding the 

internationalization of innovation. 

Second, it was not possible to identify factors that promote internationalization that are 

applicable to both regions. In the case of Europe, it was possible to find correlations between 

the factors and the internationalization of innovation for Finland and Czech Republic. On the 

contrary, in South America, no correlations were detected.  

All things considered leads to the conclusion that in South America, and specifically in Chile, 

the low amounts of investment in R&D, the high variability of indicators and the absence of 
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correlations are a reflection of a lack of a country long-term vision about the importance of 

innovation for the development of the countries and the region. Where the variability of 

cooperation indicators can be also explained due to reasons of historical rivalries and cultural 

conflicts not yet resolved that hinder cooperation between peers in the region.  

As samples of this low cooperative development, the lack of fiber optic interconnectivity among 

the countries of the continent can be mentioned. In the case of Chile connected directly to 

California through an undersea fiber optic cable5, but not directly connected to its neighboring 

country Argentina, implying that all traffic between these two countries must leave the region 

and then return, generating all the respective inefficiencies, that directly impact cooperative 

research between those two countries. In the case of Europe, it is easy to find examples of 

cooperation between researchers of the continent, just to mention one case, Airbus stands 

out, which involves a variety of European countries in the development of the activity. 

Something impossible to observe in this magnitude in the South American region. 

The reasons for this lack of cooperation cannot be explained exclusively due to economic 

factors but also for social and cultural reasons that this study cannot cover. Therefore, future 

investigation, with researchers from other disciplines, may cover the social and cultural 

motives involved. 

As a suggestion, to improve the scenario that Chile is currently in, the following may be 

advised: 

1) Economic:  Increase the R&D expenses over GDP (from public and private sectors) to similar 

rates of nations members of the OECD, since the country has an economy mainly focused on 

the extraction and exportation of natural resources. As a consequence, the increase in 

spending will make the country more competitive and not so dependent on fluctuations in the 

international prices of these commodities, because successful innovation provides a continuing 

source of competitive advantage6.  

To bear this point, it must be remembered the study of Miguel Benavente (2004), considering 

the level of economic development of Chile, there are serious deficiencies in the National 

System of Innovation. The country has very low resources designated to R&D as a proportion 

of GDP, very few scientific workforce and professionals dedicated to research activities, as well 

as a scare participation (involvement) of the private sector in financing these activities. 

Expenditure on R&D is low as a share of GDP, especially in the business sector. (“OECD 

Economic Surveys: Chile,” 2018). 

More in depth, one of the weakness indicators in the capacity of private firms to innovate and 

commercialize research is given by the discrepancy between R&D expenditures in the private 

and public sectors. Comparing with OECD countries, it is possible to observe in the OECD, 

private firms finance two-thirds of the R&D expenses while in Chile the private sector finances 

 
5 The submarine cable system, dubbed the “Curie” and completed by Alphabet Inc's Google in 2019, is a four-fibre-pair 
and 10,500km cable connecting Los Angeles, California, and Valparaiso, Chile. 

6 The bases of competitive advantage are superior resources and organizational capabilities from the value chain. In order 
to keep a sustained competitive advantage, the resource or capability must be Valuable, Rare, Inimitable and Organized. 
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only one-third of the R&D expenses. Also, for example, European governments use different 

mixes of innovation policy instruments. These instruments are implemented to foster public 

R&D and to stimulate private business R&D expenditures. These are possibly subject to market 

failures which lead to an underinvestment in R&D from a social point of view. Externalities and 

information asymmetries are commonly recognized as the most important market failures 

hampering R&D investment. Due to these market failures, and for reasons of competitiveness, 

governments employ policy tools like patent laws, R&D grants, low interest loans or tax 

incentives to strengthen national R&D activities (Czarnitzki et al., 2007). 

An illustration that reflects the relationship between increased R&D spending and tremendous 

changes in economic growth is Korea. In the early 1960s, Korea had R&D spending on GDP of 

0.35% (similar to the current situation in Chile). This figure has increased steadily for more 

than 6 decades, reaching an expense above 4% in recent years. This large increase in R&D 

spending has been credited as one of the main factors of the enormous economic growth that 

this country has experienced, positioning it today as one of the largest and most 

technologically innovative economies in the world, raising the quality of life of its inhabitants 

to the highest standards (Alvarez et al., 2010). (see Appendix 2 to observe Korea R&D/GDP 

evolution between 1970 and recent years). 

On the other hand, as an idea to help keep the cooperation indicators more constant over 

time, considering the important role of this cooperation as a booster of innovation, the example 

of “Team Finland” can be explored, which was created to coordinate the activities of several 

institutions, with a focus on internationalization. This brings together a range of government-

funded organizations to support cooperation between higher education institutions and 

businesses (Prime Minister’s Office, 2015) (“OECD Economic Surveys: Finland,” 2016). This 

could be an indication to replicate in the country and the region, as to impulse the development 

of cooperation and therefore, impulse the economic growth. 

2) Cultural: Promote cooperation in all type of areas among the countries of the region, leaving 

in the past the various senseless rivalries between nations. This change will result, as a 

consequence, in a better cooperation in innovation in the future. It must be understood that 

the growth and development of the region as a whole will lead each country to a state of 

greater well-being. However, it is necessary to bear in mind the difficulties that arise in South 

America for greater integration and cooperation. These include the historical inclination to look 

at the United States and Europe instead of neighboring countries, the different development 

strategies, constant political instability in at least one of its countries, and the reluctance to 

cede sovereignty to supranational entities. All this has hampered progress in integration and 

cooperation. It is kept in mind though that these topics are beyond the scope of this thesis 

and could be better explored in depth by future studies. 
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Management Recommendations 
 

Nowadays is more difficult for a firm to succeed in the market by doing everything by 

themselves. R&D collaboration (locally and internationally) has become essential to develop 

new technologies and therefore to be more competitive, as not all ideas come from the internal 

side of the company, bust mostly from the outside of a firm’s boundaries. Product life cycles 

are becoming every day shorter and cost and time to develop new projects are getting very 

costly. Resources from external parties are key to survive in this globalized world, and 

therefore, to develop a country economically. As it was mentioned previously in the study, 

economic growth relies on knowledge, innovation and R&D activities, been these the engines 

to move development forward and to create more competitiveness. The indicators analyzed 

can explain some of the reasons why then Chile (and South American countries in general) is 

still way below OECD standards in terms of economic development.  

So, as recommendations for firms inside Chile, would be to open up their businesses, invest 

more in R&D, associate with partners (start-ups, research institutes, universities, among 

others) locally and internationally. In the case of multinationals, promote cooperation between 

different branches, encourage research and development within the region, support the 

movement of employees between countries. Additionally, to promote through partnerships the 

creation of a node of sensing networks (global networks of innovation) in the region. Currently 

these innovation hotspots are found mostly in California, the east coast of the USA, Europe 

and China, but since South America has enough highly skilled human capital, multinational 

companies could start looking this region and try to gradually position this part of the world in 

that direction. In a nutshell, go towards a vision of regional development, which in the long 

run will be more beneficial for all South American countries. It is no possible yet to compare 

Chile to highly developed economies members of the OECD, but the country must take into 

account their examples in order to reach a sustainable economic growth, and so be able to 

reduce poverty and inequalities.  
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G. CONCLUSION 

 

After the analysis and answering the initial question, it can be affirmed that Chile and Colombia 

both have a disadvantage with respect to internationalization of innovation due to the great 

variability of the SHIA, SHAI, SHII indicators across time.  

Firstly, Chile allocates more resources of their GDP for R&D activities than Colombia, and this 

point is absolutely important for answering the question, because in order to have a significant 

internationalization of innovation is essential to have a minimum floor of it. Unfortunately, due 

to little spending efforts involved in the region, the advantage in the gap between the two 

countries is trivial. Secondly, and going straight to the indicators of internationalization, Chile 

presents in some cases a better overall SHIA; SHAI; SHII indicators than Colombia. But as 

mentioned before, the values of the indicators showed little consistency, and much variability 

between years, making the predictability of these values unquestionable challenging for the 

future, and making the measure of the internationalization undoubtedly problematic as well. 

Regarding the comparison with Europe, Chile is tremendously below in terms of the 

percentages of GDP resources allocated for R&D. Additionally, Europe presented a greater 

coherence of the indicators throughout the years of this study. It will be a challenge for Chile, 

in the future, to reduce this variability in order to become more like leading innovation 

economies. 

It can be concluded that the fluctuating position of Chile, regarding the internationalization of 

innovation, is not that relevant due to the low amount of research in the region and due to the 

excessive variability. On the other hand, the analysis reveals the country's need to increase 

its budget commitments through research and development in order to aspire to be in a 

position within the magnitudes of the European region. Likewise, it is important to establish a 

clear direction and objectives for the future in terms of cooperation in research, in order to 

reduce the peaks in the indicators, since these excellent years followed by really poor ones or 

vice versa, reflect low consistency in the course and reflect the non-existence of a long-term 

vision.  

 

 

 

 

 

 

 

 



 

53 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

54 

REFERENCES 

 
Alvarez, R., Bravo-Ortega, C., & Navarro, L. (2010). Innovation, R&D Investment and 

Productivity in Chile (SSRN Scholarly Paper ID 1818741). Social Science Research 

Network. https://doi.org/10.2139/ssrn.1818741 

Aschhoff, B., & Schmidt, T. (2008). Empirical Evidence on the Success of R&D Cooperation—

Happy Together? Review of Industrial Organization, 33(1), 41–62. 

https://doi.org/10.1007/s11151-008-9179-7 

Benavente, J. (2004). Innovación Tecnológica en Chile: Dónde Estamos y Qué Se Puede 

Hacer. Economía Chilena, Vol. 8, No. 1, 2005, Pags. 53-77. 

Branstetter, L. G., & Sakakibara, M. (2002). When Do Research Consortia Work Well and 

Why? Evidence from Japanese Panel Data. The American Economic Review, 92(1), 

143–159. 

Briggs, K., & Wade, M. (2014). More is better: Evidence that joint patenting leads to quality 

innovation. Applied Economics, 46(35), 4370–4379. 

https://doi.org/10.1080/00036846.2014.957446 

Bueno, E., & Ordóñez de Pablos, P. (2004). Innovation and learning in the knowledge-based 

economy: Challenges for the firm. International Journal of Technology Management, 

27, 531–532. 

Bullen, E., Fahey, J., & Kenway, J. (2006). The Knowledge Economy and Innovation: Certain 

uncertainty and the risk economy. Discourse: Studies in the Cultural Politics of 

Education, 27(1), 53–68. https://doi.org/10.1080/01596300500510286 

Chesbrough, H. (2006). Open Business Models: How To Thrive In The New Innovation 

Landscape. Harvard Business Press. 

Chesbrough, H. W. (2003). Open Innovation: The New Imperative for Creating and Profiting 

from Technology. Harvard Business Press. 

Coccia, M. (2017). Classifications of Innovations Survey and Future Directions. 

ArXiv:1705.08955 [q-Fin]. http://arxiv.org/abs/1705.08955 

Conconi, P., Sapir, A., & Zanardi, M. (2016). The internationalization process of firms: From 

exports to FDI. Journal of International Economics, 99, 16–30. 

https://doi.org/10.1016/j.jinteco.2015.12.004 



 

55 

Czarnitzki, D., Ebersberger, B., & Fier, A. (2007). The relationship between R&D 

collaboration, subsidies and R&D performance: Empirical evidence from Finland and 

Germany. Journal of Applied Econometrics, 22(7), 1347–1366. 

https://doi.org/10.1002/jae.992 

Czarnitzki, D., & Fier, A. (2003). Publicly Funded R&D Collaborations and Patent Outcome in 

Germany. SSRN Electronic Journal. https://doi.org/10.2139/ssrn.416441 

Dewar, R. D., & Dutton, J. E. (1986). The Adoption of Radical and Incremental Innovations: 

An Empirical Analysis. Management Science (1986-1998); Linthicum, 32(11). 

http://search.proquest.com/docview/205878024/abstract/7824CD918B004847PQ/1 

Drahos, P. (2010). The Global Governance of Knowledge: Patent Offices and their Clients. 

Cambridge University Press. https://doi.org/10.1017/CBO9780511676581 

European Commission. (2010). COMMUNICATION FROM THE COMMISSION TO THE 

EUROPEAN PARLIAMENT, THE COUNCIL, THE EUROPEAN ECONOMIC AND SOCIAL 

COMMITTEE AND THE COMMITTEE OF THE REGIONS. 

Faria, P. D., & Schmidt, T. (2012). International cooperation on innovation: Firm-level 

evidence from two European countries. Innovation, 14(3), 303–323. 

https://doi.org/10.5172/impp.2012.14.3.303 

Feldman, M. P., & Link, A. N. (2001). Innovation Policy in the Knowledge-Based Economy. 

Springer Science & Business Media. 

Fenton, N., & Neil, M. (2012). Risk Assessment and Decision Analysis With Bayesian 

Networks. In Risk Assessment and Decision Analysis with Bayesian Networks. 

https://doi.org/10.1201/b21982 

Filippetti, A., Frenz, M., & Ietto-Gillies, G. (2009). Is the innovation performance of countries 

related to their internationalization? 54. 

Filippetti, A., Ietto-Gillies, G., & Frenz, M. (2011). Are Innovation and Internationalization 

Related? An Analysis of European Countries. Industry & Innovation, 18, 437–459. 

https://doi.org/10.1080/13662716.2011.583461 

Gerybadze, A., Hommel, U., Reiners, H. W., & Thomaschewski, D. (2010). Innovation and 

International Corporate Growth. Springer Science & Business Media. 

Glass, G. V., & Hopkins, K. D. (1984). Statistical methods in education and psychology. 

Prentice-Hall. 



 

56 

Graham, S. J. H., & Sichelman, T. M. (2008). Why Do Start-Ups Patent? (SSRN Scholarly 

Paper ID 1121224). Social Science Research Network. 

https://papers.ssrn.com/abstract=1121224 

Granstrand, O. (2000). The Economics and Management of Intellectual Property: Towards 

Intellectual Capital. 

Granstrand, O., Hakanson, L., & Sjölander, S. (1993). Internationalization of R &D - a survey 

of some recent research. 413–430. 

Guan, J., & Chen, Z. (2012). Patent collaboration and international knowledge flow. 

Information Processing & Management, 48(1), 170–181. 

https://doi.org/10.1016/j.ipm.2011.03.001 

Guellec, D., & van Pottelsberghe de la Potterie, B. (2001). The internationalisation of 

technology analysed with patent data. Research Policy, 30(8), 1253–1266. 

https://doi.org/10.1016/S0048-7333(00)00149-9 

Hamilton, W., & Tilli, I. (1945). Tim PATENT AND PUBLIC PURPOSE: 13, 245–259. 

Hitt, M. A., Hoskisson, R. E., & Ireland, R. D. (1994). A Mid-Range Theory of the Interactive 

Effects of In terna tional and Product Diversification on lnnova tion and Performance. 

20, 297–326. 

Ietto-Gillies, G. (2013). The role of internationalization as a determinant of innovation 

performance: An analysis of 42 countries. https://core.ac.uk/reader/17333110 

Jaklič, A., & Svetličič, M. (2003). Enhanced Transition Through Outward Internationalization: 

Outward FDI by Slovenian Firms. Ashgate Publishing, Ltd. 

Kafouros, M. I., Buckley, P. J., Sharp, J. A., & Wang, C. (2008). The role of 

internationalization in explaining innovation performance. Technovation, 28(1), 63–

74. https://doi.org/10.1016/j.technovation.2007.07.009 

Kamil, M. L. (2004). The Current State of Quantitative Research. Reading Research 

Quarterly, 39(1), 100–107. JSTOR. 

Kim, T. (2009). Transnational academic mobility, internationalization and interculturality in 

higher education. Intercultural Education, 20(5), 395–405. 

https://doi.org/10.1080/14675980903371241 

Marotta, D., Mark, M., Blom, A., & Thorn, K. (2007). Human Capital and University-Industry 

Linkages’ Role in Fostering Firm Innovation: An Empirical Study of Chile and 

Colombia. The World Bank. https://doi.org/10.1596/1813-9450-4443 



 

57 

Moran, T. H. (2012). Foreign Direct Investment and Development. In The Wiley-Blackwell 

Encyclopedia of Globalization. American Cancer Society. 

https://doi.org/10.1002/9780470670590.wbeog217 

Munari, F., & Oriani, R. (2011). The Economic Valuation of Patents: Methods and 

Applications. Edward Elgar Publishing. 

Nagaoka, S., Motohashi, K., & Goto, A. (2010). Patent Statistics as an Innovation Indicator. 

In Economics of Innovation (Vol. 2, pp. 1083–1127). Elsevier. 

OECD. (1996). THE KNOWLEDGE-BASED ECONOMY. 

https://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=OCDE/GD

%2896%29102&docLanguage=En 

OECD. (2007). Innovation and Growth: Rationale for an Innovation Strategy. 

https://www.oecd.org/science/inno/39374789.pdf 

OECD. (2008). Open Innovation in Global Networks. OECD Publishing. 

OECD. (2020). https://data.oecd.org/rd/gross-domestic-spending-on-r-d.htm 

OECD Economic Surveys: Chile. (2018). OECD ECONOMIC SURVEYS, 66. 

OECD Economic Surveys: Czech Republic. (2018). OECD ECONOMIC SURVEYS, 57. 

OECD Economic Surveys: Finland. (2016). OECD ECONOMIC SURVEYS, 48. 

Piekkola, H. (2011). Intangible Capital: The Key to Growth in Europe. Intereconomics, 

2011(4), 222–228. 

Piric, A., & Reeve, N. (1999). EVALUATION OF PUBLIC INVESTMENT IN R&D – TOWARDS A 

CONTINGENCY ANALYSIS. 

Pournarakis, M., & Varsakelis, N. C. (2004). Institutions, internationalization and FDI: the 

case of economies in transition. Transnational Corporations, 13(2), 18. 

¿Qué son las patentes? - INAPI. Institucional. (n.d.). Retrieved April 2, 2020, from 

https://www.inapi.cl/portal/institucional/600/w3-article-744.html 

Rowley, J., Baregheh, A., & Sambrook, S. (2011). Towards an innovation-type mapping tool. 

Management Decision, 49(1), 73–86. https://doi.org/10.1108/00251741111094446 

Schneider, P. H. (2005). International trade, economic growth and intellectual property 

rights: A panel data study of developed and developing countries. Journal of 

Development Economics, 78(2), 529–547. 

https://doi.org/10.1016/j.jdeveco.2004.09.001 



 

58 

Spulber, D. F. (2008). Innovation and international trade in technology. Journal of Economic 

Theory, 138(1), 1–20. https://doi.org/10.1016/j.jet.2007.06.002 

Teece, D. (2003). Essays In Technology Management And Policy: Selected Papers Of David J 

Teece. World Scientific. 

World Bank Group—International Development, Poverty, & Sustainability. (n.d.). 

[Text/HTML]. World Bank. Retrieved May 22, 2020, from 

https://www.worldbank.org/ 

Xu, B., & Wang, J. (2000). Trade, FDI, and International Technology Diffusion. Journal of 

Economic Integration, 15(4), 585–601. JSTOR. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

59 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

60 

APPENDICES 

1. PATENTS  
 

 
a) Patent structure 

 
 
 
 

b) Patent collaboration example (UHasselt) 
 

 

 

 

 

 

 

 

 

 

 

 

 

Patent - Structure

• Patent number

• Filing date
• Classification code

• Owner
• Inventor(s)

• Title
• Abstract

• Countries
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2. Korea R&D/GDP 

 

Own creation, Source: The World Bank & Korea Institute of Science and Technology Evaluation and Planning 
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3. GDP vs R&D/GDP 

 
Own creation, Source: The World Bank 
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Own creation, Source: The World Bank 
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Own creation, Source: The World Bank 
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Own creation, Source: The World Bank 
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Own creation, Source: The World Bank 
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4. R&D/GDP AVG (1996-2017) 
Own creation, Source: The World Bank 

 
COUNTRY NAME R&D/GDP 
ISRAEL 3,92% 
SWEDEN 3,37% 
FINLAND 3,19% 
JAPAN 3,11% 
KOREA, REP. 3,09% 
SWITZERLAND 2,79% 
UNITED STATES 2,64% 
DENMARK 2,60% 
NORTH AMERICA 2,57% 
GERMANY 2,57% 
AUSTRIA 2,41% 
ICELAND 2,36% 
FRANCE 2,15% 
BELGIUM 2,04% 
SINGAPORE 2,01% 
AUSTRALIA 1,97% 
NETHERLANDS 1,82% 
CANADA 1,82% 
SLOVENIA 1,72% 
NORWAY 1,67% 
UNITED KINGDOM 1,62% 
LUXEMBOURG 1,47% 
CHINA 1,40% 
CZECH REPUBLIC 1,35% 
IRELAND 1,28% 
ESTONIA 1,19% 
ITALY 1,15% 
NEW ZEALAND 1,14% 
BRAZIL 1,12% 
SPAIN 1,10% 
RUSSIAN FEDERATION 1,09% 
PORTUGAL 1,03% 
HUNGARY 1,02% 
UKRAINE 0,87% 
CROATIA 0,86% 
MALAYSIA 0,85% 
SOUTH AFRICA 0,78% 
UNITED ARAB EMIRATES 0,76% 
LITHUANIA 0,76% 
INDIA 0,76% 
POLAND 0,71% 
SLOVAK REPUBLIC 0,69% 
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MONTENEGRO 0,69% 
GREECE 0,69% 
SERBIA 0,68% 
BELARUS 0,68% 
RWANDA 0,67% 
TUNISIA 0,66% 
TURKEY 0,66% 
KENYA 0,57% 
MALTA 0,57% 
MOROCCO 0,56% 
GREENLAND 0,56% 
BULGARIA 0,55% 
LATVIA 0,51% 
QATAR 0,50% 
ARGENTINA 0,49% 
JORDAN 0,49% 
IRAN, ISLAMIC REP. 0,48% 
CUBA 0,47% 
ROMANIA 0,46% 
BOTSWANA 0,44% 
PUERTO RICO 0,44% 
SENEGAL 0,43% 
MOLDOVA 0,43% 
COSTA RICA 0,42% 
MEXICO 0,41% 
TANZANIA 0,41% 
EGYPT, ARAB REP. 0,40% 
SUDAN 0,40% 
CYPRUS 0,38% 
CHILE 0,36% 
MOZAMBIQUE 0,36% 
MALI 0,35% 
SAUDI ARABIA 0,35% 
VIETNAM 0,34% 
THAILAND 0,34% 
URUGUAY 0,33% 
UGANDA 0,31% 
GHANA 0,30% 
ETHIOPIA 0,29% 
BOLIVIA 0,28% 
PAKISTAN 0,27% 
ALGERIA 0,26% 
AZERBAIJAN 0,26% 
GEORGIA 0,25% 
BURKINA FASO 0,25% 
VENEZUELA, RB 0,24% 
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ARMENIA 0,24% 
NAMIBIA 0,24% 
UZBEKISTAN 0,23% 
MONGOLIA 0,22% 
PANAMA 0,22% 
ECUADOR 0,21% 
COLOMBIA 0,21% 
OMAN 0,21% 
BERMUDA 0,21% 
NEPAL 0,21% 
KAZAKHSTAN 0,20% 
CONGO, DEM. REP. 0,16% 
KUWAIT 0,15% 
MADAGASCAR 0,14% 
SRI LANKA 0,14% 
NIGERIA 0,13% 
INDONESIA 0,13% 
PHILIPPINES 0,13% 
BOSNIA AND HERZEGOVINA 0,12% 
ALBANIA 0,12% 
PERU 0,10% 
BAHRAIN 0,10% 
EL SALVADOR 0,10% 
COTE D'IVOIRE 0,10% 
TRINIDAD AND TOBAGO 0,09% 
CAMBODIA 0,08% 
NICARAGUA 0,08% 
PARAGUAY 0,08% 
MYANMAR 0,07% 
JAMAICA 0,06% 
ZAMBIA 0,05% 
GUATEMALA 0,04% 
IRAQ 0,04% 
HONDURAS 0,04% 
ANGOLA 0,03% 
PAPUA NEW GUINEA 0,03% 
SYRIAN ARAB REPUBLIC 0,02% 
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5. SHIA, SHAI, SHII / IPC 
 

a) Europe 
 

 
Own creation, Source: EPO Espacenet 
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b) South America 

 
Own creation, Source: Colombia & Chile National patent database 
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6. FINLAND OVERALL INDICATORS 

 

 
Own creation, Source: EPO Espacenet 
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7. CZECH REPUBLIC OVERALL INDICATORS 

 

 
Own creation, Source: EPO Espacenet 
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8. COLOMBIA OVERALL INDICATORS 

 

 
Own creation, Source: Colombia National patent database 
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