
Internal dynamics of national innovation system: a panel cointegration analysis  
By Jurgita Staniulyte from University of Leeds, UK  E-mail: bnjst@leeds.ac.uk 
 

Abstract  
The purpose of this paper is twofold: to test 1) whether the dynamics of national innovation system (NIS) is driven by coevolution of 

innovation generation and innovation diffusion; 2) whether the dynamics of NIS is stimulated by different social, institutional and economic 
factors depending on country development level and geographical location. The paper attempts to answer these questions conceptually by 
employing the national innovation system approach and innovation diffusion conceptual model. A four step panel cointegration approach is 
used for the empirical analysis. Panel data of 93 countries for the period of 1980-2008 from an existing CANA database is employed for the 
analysis. Results confirm that internal dynamics on 93 NISs is driven by coevolution of innovation generation and innovation diffusion. Further 
tests reveal that determinants of NISs are structural and institutional. Different social, institutional and economic factors stimulate innovation 
generation process in different country groups depending on their development level and specifications of national innovation systems.  
 
Keywords: National innovation system, innovation generation, innovation diffusion, coevolution.  
 

1. Introduction 
National governments and international organizations (IMF, OECD, and EU) are increasingly concerned with a sustainable national 

growth and competitiveness. The recent global crisis revealed the long-term ongoing unsustainable growth patterns leading to high 
unemployment, stress in financial markets, overall growth and competitiveness decrease. Europe, especially, is facing increasing external and 
internal pressures. A decreasing global demand is shrinking potential export markets, a prolonged post-crisis recession, an aging population 
and increasing divergence within the region slows down growth and innovation processes. An accelerating growth of large developing 
countries (like BRICS) poses a big challenge for Europe and other regions to stay competitive and catch up with their growth. Therefore, many 
economist (Stiglitz, Porter, Fagerberg, Mazzucato, Lundvall, Nelson, Kim etc.) argue that only a high-quality innovation based growth, not just 
any growth could lead to a long-term sustainable economic success.  So how to achieve innovation based growth?  
 

Overall, there is a clear divide between macro and micro level studies of innovation. The mainstream innovation studies focus on micro 
level analysis at a firm level (Stiglitz and Greenwald, 2014) or macro level comparative cross country perspective; while analysis of internal links 
amongst social, economic and institutional factors is completely neglected. Neoclassical economists assume efficiently operating markets, 
perfect information available to all individuals and firms, as well as equal abilities to learn and innovate, therefore, there is no need for any 
government to intervene and stimulate innovation. In contrast, the evolutionary theory (Nelson and Winter, 1982), and NIS approach (Lundvall 
1992, Edquist 1997, Nelson 1993) suggests that the state may be an important player in innovation generation by increasing education quality 
and availability, institutional efficiency etc., because individuals have different learning capabilities and skills, nations have different histories, 
social norms, institutional structures and different development paths. The NIS followers argue that one size does not fit all and different 
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countries might need different policy solutions to stimulate learning and innovation. Innovation diffusion conceptual model (Rogers, 2003) also 
provides helpful theoretical insights in search for innovation based growth. It suggests that innovation should be analysed as a multi-stage and 
multi-level process communicated through various channels amongst members of social system. Therefore, it argues that innovation diffusion 
within the system is as important as innovation generation, because the ability of a system to reinvent drawing on existing inventions is the 
key for the long term sustainable innovation generation.  

 
These theoretical insights about innovation generation, diffusion and national innovation system lead to the following questions: is the 

internal dynamics of national innovation system driven by coevolution of innovation generation and innovation diffusion? Is the dynamics of 
NIS is stimulated by different social, institutional and economic factors depending on country development level and specifications of NIS? The 
paper attempts to answer these question by testing coevolution amongst innovation proxies and various social, institutional and economic 
variables. Panel data of 93 countries for the period of 1980-2008 from an existing CANA database by Castellacci and Natera (2011) is used for 
the empirical analysis. Countries are clustered into five groups based on income, development level and geographical location.  

 
Overall results confirm that internal dynamics on 93 NISs is driven by coevolution of innovation generation and innovation diffusion. 

Further tests reveal that determinants of NISs are structural and institutional. Different social, institutional and economic factors stimulate or 
limit innovation generation and diffusion processes in different country groups depending on their development level and specifications of 
national systems. These results indicate that the more advanced countries have stronger relationship between innovation generation and 
innovation diffusion within their NISs compared to mid and low income countries. Therefore, we may conclude that the more advanced 
countries have stronger interactions amongst innovation, trade, education and labour/industrial policies resulting in better innovation 
outcomes. Policies in other four country groups may not be coordinated, therefore, some structural and institutional factors may be limiting 
innovation generation and coevolution with innovation diffusion within their NISs.  
 

Country group specific tests reveal that different social, institutional and economic factors may have been important in innovation 
generation for different country groups. Infrastructure improvements, state intervention to banking system, strong trading position, focus on 
skill formation in primary education and press freedom were highly significant for OECD countries. Institutional efficiency, strong trading 
position, high trust level and focus on scientific research was significant for innovation outcomes in East Asian countries. Results for Eurasian 
(post-socialist) countries confirmed importance of institutional efficiency, corruption perception and domestic credit availability. Results for 
Latin American group revealed importance of domestic credit availability, corruption perception, social liberties (press freedom and equality) 
and education capabilities. Innovation outcomes in African and South Asian countries may have been influenced by institutional efficiency, 
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corruption level, infrastructure improvements, press freedom and happiness, primary education capabilities as well as by focus on scientific 
research.  
 

The contribution of the paper is twofold: it enhances national innovation system studies by incorporating innovation diffusion concept 
conceptually and empirically to innovation analysis. It also proposes the econometric innovation model capturing all three individual, firm and 
system level dimensions.  
 

The paper is organized in the following order. Part 2 explores the recent literature about national competitiveness and innovation. Part 3 
describes methodological approach, data and proposed hypotheses. Part 4 describes the econometric method. Part 5 explores empirical 
results. Part 6 concludes theoretical and empirical analysis of this paper, also, proposes steps of further research. 
 

2. Literature review 
National innovation system studies focus on components of the system and interaction amongst them. Understanding dynamics and 

evolution of these components is the main motivation for this paper. However, most NIS studies are conceptual and quantitative, based on 
historical and case study analysis. Qualitative studies of NIS are not so popular due to lack of long run data and econometric methods to 
measure and investigate innovation. Literature of endogenous growth theory (Romer, 1990), Porter’s (1990) competitive advantage theory 
and NIS approach (Nelson, 1993) provide basis for most econometric studies of national competitiveness, growth and innovation.  

 
In general, economic studies linking long-term national competitiveness with innovation and analysing innovation components are 

relatively recent. Only in 1980s and 1990s, studies connect innovation with competitiveness (Fagerberg 1987, Dosi and Soete 1988, Porter 
1990, Patel and Pavitt 1994) and distinguish between the unsustainable short-term price competitiveness and the long-term sustainable 
competitiveness concepts. Porter (1990) argues that sustainable national competitiveness is not short-term price based, it can only be 
achieved through constant learning and innovation. Firms, sectors, regions and national economies learning faster and better become more 
competitive since their knowledge becomes scarce and cannot be immediately imitated. Storper (1997) as well as Stiglitz with Greenwald 
(2014) argue that a learning economy is necessary for innovation, high wage and high quality employment and overall sustainable national 
growth.  

 
Romer’s (1990) new growth theory has been very influential and inspired many econometric studies linking R&D and innovation. 

However, the new growth model focus on the role of knowledge in macroeconomic growth, but it leaves knowledge in a ‘black box’ of the 
aggregate production function. The NIS approach, on the other hand, analyses microeconomic context within ‘the box’, especially by focusing 
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on the role of the state, social and institutional factors within the system. Another drawback of most empirical neoclassical studies is their 
focus on comparative cross country perspective. As a result, they neglect importance of history and path dependency, social and institutional 
factors in national competitiveness analysis. In summary, new growth models focus on simple input-output analysis and neglect analysis of 
structural changes and innovation system dynamics. Innovation systems approach, on the other hand, does analyse interactions amongst 
components of the system, however, most studies are qualitative. The most recent quantitative NIS studies focus on absorptive and innovative 
capability analysis (Castellacci and Natera, 2013; Fagerberg and Srholec, 2008; Filippetti and Peyrache 2011) at regional or national level; while 
others on factors leading to innovation at a firm or industry level (Faustino and Matos, 2015; Lee and Narjako, 2015; Felsenstein, 2015). Still, 
there is a clear opportunity to propose quantitative innovation model which incorporates all three: individual, firm and system dimensions.  

 
Rogers (1995 and 2003) innovation diffusion conceptual model may also enhance our innovation analysis by proposing that innovation 

diffusion is very important for innovation generation. He describes innovation diffusion as a process of four elements: “(1) an innovation that is 
(2) communicated through channels (3) over time (4) amongst members of a social system” (Rogers, 2003, 11). Rogers (2003) also identifies 
five stages of innovation diffusion and recognizes different players and factors at various stages that move innovation forward until it is fully 
adopted and distributed to other firms, industries and countries. Based on this theoretical insight we could assume that innovation is a multi-
stage and multi-level process, which may be understood and analysed differently at every stage. Therefore, we may use a few different 
measures of innovation. We may also assume that different types of innovations draw on each other while moving through innovation 
diffusion process within the NIS (as presented in graph 2, appendix). For example: a technical scientific research may lead to a process 
innovation, which allows a product innovation and later on leads to patents and high-tech exports. Graph 2 presents this internal NIS flow 
chart. It captures how different types of innovations may draw on each other via different social, institutional and economic factors while 
moving through innovation diffusion process.  
 

This brief literature review summarises existing opportunities to advance analysis of the NIS dynamics. In summary, the existing literature 
gap is threefold. The current mainstream economic studies focus on comparative cross country perspective and neglect internal dynamics of 
social and institutional factors in national competitiveness analysis. The current NIS studies do not analyse innovation as a multi-stage and 
multi-level process.  Also, there is a clear divide between macro and micro analysis in all innovation literature. Therefore, we employ Rogers 
(2003) innovation diffusion model which combines micro and macro factors limiting or enhancing innovation process. Innovation starts with an 
idea at an individual or a firm level, but then it goes through all levels and draws on many social, institutional and economic factors. In other 
words, innovation diffusion model together with NIS approach allows an in depth analysis of innovation system flow (graph 2), enhancing or 
limiting factors, relationships amongst them and players involved at various stages of innovation process. 
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3. Methodology, proposed hypotheses and data 
National innovation system approach and innovation diffusion conceptual model is used as theoretical framework for the empirical 

analysis. NIS approach (Lundvall 1992, Edquist 1997, Nelson 1993) allows us to assume that individuals have different learning capabilities and 
skills while nations have different histories, development paths, different social norms and institutional structures. Innovation diffusion 
conceptual model (Rogers, 1995 and 2003) allows us to analyse innovation as a multi-stage and multi-level process, communicated through 
various channels amongst members of social system.  
 

First, it is important to note that we are using a wide definition of innovation (following Schumpeter) for the purpose of this paper. 
Innovation may be defined as a new process, a new product, a new market, a new organization, a new industry etc. We accept that there is no 
single best measure of innovation and that innovation is not a simple linear input-output process. We argue that overall national innovation 
performance depends on a long-run relationship between innovation generation and innovation diffusion within the system as illustrated by 
our conceptual model in graph 1. As pointed out by Rogers (2003) any innovation generation process goes through six main stages: there is a 
problem and a need, so an individual or a firm does some basic or applied research (at this stage we may already have scientific research 
innovation), then they develop potential prototype of a product and apply for a patent (we may have invention at this stage), later on, this new 
product may be commercialised (we may have an actual product innovation), then this new product may be diffused within the system and 
adopted by other industries and may lead to higher productivity (or process innovation). However, at the diffusion and adoption stage the new 
product may be completely reinvented and go through another cycle or research, development, patenting and commercialization. These 
continuous cycles of reinvention, when new inventions draw on existing ones, represent innovation diffusion process within the system.  

 
Why is innovation diffusion within NIS so important? Because a patented invention by itself does not directly lead to economic growth, only 

further innovation diffusion, reinvention and spillovers to other industries within the system may create new jobs, industries and continuous 
income. The ability of the national innovation system to diffuse innovation and support reinventions and spillovers leads to sustainable 
innovation based growth. A good example of such practise is the creation of Iphone. The smart phone was created using already existing 
inventions commissioned by the US government for military use. However, the GPS created for military use didn’t create much income to the 
US economy, but the diffusion of it to phone, car and other industries created new jobs and growth. As a result, we argue that only multiple 
measures of innovation may represent internal dynamics and efficiency of national innovation system.  
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As a result, our first hypothesis states: 

 Research, product and process innovation together with R&D investments have positive impact on inventions.  
 

(1) I = F (Innov 1, Innov 2, Innov 3, Innov 4, Investments) 
 

(2) I = F (Research I, Process I, Product I, Inventions and Investments) 

 

Moving forward with our conceptual analysis, we argue that different policies may limit or enhance innovation outcomes. Therefore, 
countries seeking to maximise innovation potential may want to coordinate education (EP), labour (LP), trade/industrial (TP), innovation 
policies (IP) and R&D investments. For example, the number of scholarships available for engineers at universities may depend on specific 
industry needs. Also, specific R&D funds allocated by national innovation policy may be directed to these universities to enhance research and 
product innovation potential. 
 

(3) I = F (EP, LP, TP, IP and R&D Investments) 
 

 
Why policies are so important? Because many different social, institutional and economic factors like public spending on education, school 

enrolment ratio, corruption perception, time and cost to enforce contracts, trade openness, credit availability for research and development 
etc. may limit or enhance innovation generation and diffusion within NIS.  
 
Therefore, the following second hypothesis will be investigated in our econometric analysis: 

 Higher education system, human capital, institutional quality, infrastructure improvements and economic competitiveness 
indicators have positive impact on inventions.  
 

(4) I = F (S, I, E) 
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Panel data of 93 countries from the existing CANA (Castellacci and Natera, 2011) database are used to test our hypothesis. Based on the 
data availability we identified four innovation proxies: process innovation measured by labour productivity, product innovation measured by 
high-tech exports, research innovation measured by scientific journal publications and inventions measured by patents.  
 

Labour productivity is the most controversial proxy for innovation because of the way it is calculated. However, Pires and Garcia (2012) 
argue that productivity is responsible for technical efficiency, innovation and growth differences between countries. Recent econometric 
studies (Faustino and Matos, 2015; Lee and Narjako, 2015; Felsenstein, 2015) confirm a two-way positive relationship between productivity 
and exports, as well as productivity and R&D. These studies also confirm that higher productivity may lead to process innovation. Therefore, 
for the purpose of this paper we use labour productivity as a measure of process innovation, since most of it might be unrepresented by the 
most commonly used innovation measures like patents or high-tech exports.  

 
Scientific and technical journal publications is another recent and not very popular measure of innovation. Castellacci and Natera (2013) 

define it as a result of research and innovation activities by public system. Cai (2011), Pan Hung and Lu (2010) and Chang (2015) use it as a 
proxy for knowledge generation and diffusion in NIS efficiency analysis. Scientific publications may be a very important scientific innovation 
outcome as already discussed within innovation diffusion process context. However, it is not directly captured by patents or high-tech exports, 
since there are many further steps and factors leading from scientific results/ publications to actual patented products. Therefore, scientific 
and technical journal publications are used as a separate proxy for research innovation in this paper. 
 

High-tech exports is one of the most popular proxies for innovation and NIS efficiency (Naser and Afzal, 2014; Cai, 2011). Naser and Afzal 
consider high-tech exports as commercialization of valuable knowledge creation. Fan (2011) uses high-tech exports together with patents as a 
measure of overall national innovation capacity and economic development. High-tech exports may incorporate many aspects of private and 
public sector efficiency and may draw of previous innovation outcomes like research or process innovation. For the purpose of this paper, we 
use high-tech exports as a measure of product innovation since it is a ratio of total manufacturing exports in our dataset.  
 

UPSTO patents is the most popular proxy for innovation in econometric papers. It is analysed as a measure of innovative activities by 
private firms (Castellacci and Natera, 2013), overall innovation system efficiency (Cai, 2011) or more specifically as a measure of technical NIS 
efficiency (Pan, Hung and Lu, 2010). By the official definition, UPSTO (www.upsto.gov) recognizes three types of patents: utility, design and 
plant. UPSTO patents may be a very useful measure of inventions in some, but not all industries. Some industries like services, food and 
beverage, textiles, plastics do not use many patents. Therefore, for the purpose of this paper, UPSTO patents are used as a measure of 
inventions in high-patent industries. It is also the most complete or widest measure of innovation since it may incorporate all other innovation 

http://www.upsto.gov/
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outcomes like research, process, product and design innovations in some industries. We will also use R&D expenditures as a proxy for 
innovative input which is usually a standard in innovation studies. More detailed definitions, scope and codes for these proxies and other 
social, institutional and economic variables used in two hypotheses testing are presented in table 1 and table 8 of the Appendix. 

 
4. Econometric Method  
Panel cointegration analysis is still not very popular in economic growth or innovation analyses. However, it is very relevant for the 

dynamics of NIS studies, because it is able to uncover dynamic relationships that coevolve over time between variables. In our specific time 
series context, panel cointegration method analyses the relationships between non stationary time series by analysing both, the long run 
relationship and short-run adjustment. Therefore, we are. The methodology of the panel cointegration approach includes four steps: panel 
unit root test, Pedroni cointegration, panel vector error correction (VECM) and Granger causality analysis. Panel root test helps verify whether 
panels are stationary at the first order difference, which is the main pre-condition for panel cointegration model. Pedroni cointegration 
performs seven tests to check whether a long-term relationships exist amongst variables by looking at within and amongst dimension of the 
panel. Panel vector error correction model helps estimate both long run relationship and short term adjustment processes from external 
shocks. Granger causality analysis investigates the direction of causality amongst variables and allows to detect one way and two way 
relationships. To summarise, this four-step econometric methodology is an attempt to operationalize the concept of coevolution within the 
panel cointegration context. The coevolution amongst variables is defined by: 1) an existing long run relationship; and by 2) existing two-way 
causal relationship between variables. 
 

First, all four steps are performed for both hypothesis for the whole sample of 93 countries. Second, countries are grouped into five 
clusters based on income, development level and geographical location. Again, all four panel cointegration steps for both hypotheses are 
performed for each group. Table 2 (in the Appendix) presents the list of all 93 countries grouped into five clusters: advanced high-income 
economies (OECD), mid-income East Asian countries, mid-income Eurasian countries (post-communist), mid-income Latin American group and 
low-income less-advanced African and S. Asian countries.  

 
5. Empirical  Results 
This section presents selected econometric results for the whole sample of 93 countries as well as selected results for five country groups. 

First, a set of panel unit root tests are performed for each variable. Table 3 presents the results of panel unit root tests performed with 5 lag 
specification for variables which are used to test the first hypothesis. Results at the first order difference confirm, that we may strongly reject 
the null hypothesis of a unit root for all tests, in favour of the alternative hypothesis, that panels are stationary. The meaning of these results is 
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that panels contain unit roots at level, but become stationary at the first order difference, which is the main precondition for panel 
cointegration econometric method. 
 

Table 3: Results of panel unit root tests at the first order difference with 5 lag specification. Note: *** indicate 1% significance level. 

Tests patents rdgdp htexports lproductivity spublications 

Levin, Lin & Chu t -50.201*** -41.6031*** -39.6705*** -35.6932*** -11.8491*** 

Im, Pesaran and Shin W stat -47.1598*** -41.3484*** -43.076*** -39.0706*** -6.1866*** 

ADF Fisher Chi square 2717.1847*** 2091.8853*** 1740.9687*** 1516.7817*** 269.6184*** 

PP Fisher Chi square 7620.7743*** 3284.891*** 2040.0689*** 1662.5808*** 2238.4157*** 

Breitung t -4.7331*** -7.7692*** -11.4693*** -14.7597*** 1.6975*** 

Hadri Z stat -2.6266*** -1.5163*** -0.1382*** 2.5341 0.5207*** 

 
Second, we run Pedroni cointegration test to investigate the possibility of a long run relationship amongst the five variables used in the 

first hypothesis. Pedroni is composed of seven tests investigating cointegration at within and between dimensions of panels. Table 4 presents 
results for seven tests of Pedroni cointegration (Pedroni, 1999) performed for the variables which are used to test the first hypothesis. Null 
hypothesis for Pedroni cointegration test states no cointegration. In our case, six out of seven tests show highly significant results. Therefore, 
due to the majority tests we reject the null hypothesis and accept the alternative, which confirms the cointegration or existence of one or 
more long run relationships amongst the five measures of innovation output and R&D input. 
 

Table 4: Perdoni cointegration test with 5 lag specification. Note: *** indicate 1% significance. 

7 Tests Results 

Panel v-Statistic 4.6109*** 

Panel rho-Statistic -3.6926*** 

Panel PP-Statistic -8.5236*** 

Panel ADF-Statistic -2.7887*** 

Group rho-Statistic -5.2614*** 

Group PP-Statistic -24.2475*** 

Group ADF-Statistic 1.5286 
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The third step in our econometric analysis is panel vector correction model (VECM) and estimation of a long run cointegration 
equation. VECM model of five variables, with 5 lag specification, tests our first hypothesis. It reports relationship that could be written as:  

Inventions  =  + 2.2488 (product innovation) 
+ 0.0643 (process innovation) 
+ 137619.11 (research innovation) 
+ 86.1173 (investments in innovation) 
 

Overall, the VECM results for 93 countries confirm our first hypothesis that research, product, process innovation and investments have 
positive impact on inventions. To be more specific, let us take a look at the long run and short run cointegrating equations presented in table 5. 
The results indicate, that product innovation (measured by high-tech exports), research innovation (measured by scientific publications) and 
R&D investments have highly significant long run relationship with inventions (measured by patents), while process innovation (measured by 
labour productivity) has highly significant short run positive impact on inventions. These results are very important, because they 
econometrically confirm that the dynamics of NIS is driven by innovation diffusion within the system. Four different types of innovation 
outcomes draw on each other as well as R&D investments while moving through different innovation generation and diffusion stages.  

Table 5: VECM cointegration equations with 5 lag specifications. Note: ***, * indicate 1% and 10% significance levels for t statistics. 

 Long run cointegration equation Short run  cointegration equation R-squared 

  -0.0024  
PATENTS 1 (0.00146) 0.16394 

  [-1.70356]*  

 -2.2488 0.00085  
HTEXPORTS (0.61277) (0.00097) 0.06807 

 [-3.66984]*** [ 0.87034]  

 -0.06431 -0.00266  
LPRODUCTIVITY (0.40372) (0.00029) 0.05319 

 [-0.15932] [-9.03303]***  

 -137619.11460 0.00000  
SPUBLICATIONS (43633.75245) (0.00000) 0.16300 

 [-3.15396]*** [-8.67800]***  

RDGDP -86.1173 -0.00004  
 (15.3792) (0.00003) 0.05876 
 [-5.59957]*** [-1.58445]  
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The fourth step is to investigate the direction of causality and determine whether one way (Y -> X) or two way(Y<->X) relationship exist 
between the four innovation variables and R&D investments for all 93 countries. Granger causality test results with 10 lags based on VECM 
model are presented in table 6. Results indicate four two-way long run relationships between patents and high-tech exports, patents and 
scientific publications, patents and scientific publications and between labour productivity and scientific publications. Also, one two way 
relationship is confirmed between exports and labour productivity. These results indicate possible six out of ten long run two way 
relationships.  

Table 6: Granger causality test results based on VECM model for 93 countries with 10 lag specification. Note: *** indicate 1% significance levels. 
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However, when we run the same test for the five different country groups, we see many differences amongst countries with different 
development levels as presented by table 7.  

 
Table 7: Granger causality test results for five country groups based on VECM model with 10 lag specification. 
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High income advanced OECD countries have six long run two way relationships (table 7). These results confirm strong innovation 
generation and diffusion process within NISs of the OECD countries where different types of innovations draw on each other resulting into 
more re-inventions and spillovers. Results for the East Asian group reveal four two way long run relationships between process innovations 
and inventions, research innovations and inventions, process and research innovations, also R&D investments and inventions. East Asian 
countries have medium strength innovation diffusion within the system where innovations are led by R&D, process and research innovations.  
The results for Eurasian countries show three two way relationships: between product innovations and inventions, process and research 
innovations as well as research innovations and R&D. Innovation growth in Eurasian countries is led by product innovations (high-tech 
exports), while R&D is very important for scientific and process innovations. R&D investments for Latin American countries are also important 
for scientific research, however, the overall results indicate a lack of innovation diffusion within their NISs. The results for low income African 
and South Asian countries show that process innovations and inventions are linked by a long run two way relationship. Overall, these Granger 
causality tests indicate that innovation growth for low income countries is mostly led by increases in labour productivity, however, their 
innovation diffusion is very week, because results do not indicate re-inventions or spillovers to other industries.  

 
Overall, the VECM results for all 93 countries confirm our second hypothesis as well, while indicating that higher human capital, 

education system, better institutional quality and infrastructure improvements have positive impact on inventions.  Further VECM tests for 
different country groups (table 9, Appendix) reveal that different social, institutional and economic factors are important for innovation 
outcomes in countries with different income and development levels. Infrastructure improvements, state involvement in financial sector, 
strong trading position, skill formation in primary education and press freedom are highly significant for the OECD countries. Institutional 
efficiency, strong trading position, high trust level and focus on scientific research is significant for innovation outcomes in East Asian 
countries. Results for Eurasian (post-socialist) countries confirm strong significance of institutional efficiency, corruption perception and 
domestic credit availability. Results for Latin American group reveal importance of domestic credit availability, corruption perception, social 
liberties (press freedom and equality) and education capabilities. Innovation outcomes in African and South Asian countries may be improved 
by institutional efficiency, lower corruption level, infrastructure improvements, press freedom, more happiness and focus on education 
capabilities and scientific research.  

 
6. Conclusions 

The paper has argued that dynamics of NIS is driven by co-integrating relationship of four different innovation outcomes and R&D 
investments. We’ve also argued that various social, institutional and economic factors may enhance innovation generation and diffusion within 
the system. The NIS approach together with the innovation diffusion conceptual model was used to analyse these two hypotheses. A set of 
indicators for 1980-2008 from the existing CANA database for 93 countries was used to explore these arguments. The empirical methodology 
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was based on the panel cointegration approach. The empirical operationalization of cointegration concept was analysed by investigating the 
existence of a long-run relationship amongst the four innovation variables and by analysing the direction of causality for each pair of variables. 
Both hypotheses were confirm by the econometric tests performed for the whole sample of 93 countries, however, further tests revealed that 
patterns of NISs are characterized by different levels of development.  

 
In conclusion, these results have important implications for policy making and theory building. First, they prove that innovation diffusion 

has positive impact on and long run two way relationship with innovation generation. They also point to different policy mixes used by 
different country groups to increase innovation. The overall results indicate that more advanced high income countries have stronger 
innovation generation and diffusion within their NISs. Which means that their education, labour, trade/industrial and trade policies are better 
coordinated compared to mid and low income countries. These results may indicate that these countries promote innovation research clusters 
where education, industry and government sectors work together to achieve better innovation outcomes. 

 
Our second important contribution is revealing that different structural and institutional factors stimulate innovative and absorptive 

capabilities depending on country development level. Countries of different development mode might be following innovation technology gap 
model where labour productivity is the main source of innovation outcome (African and S. Asian countries).  While other countries (like East 
Asian) might focus on innovation imitation growth model and different institutional factors enhance their capabilities. Eurasian (post-socialist) 
countries follow export based innovation growth, where labour productivity and scientific research have long run relationship, but does not 
convent to innovation outcomes. This may be due to the most inventions generated by multinational corporations, rather than local scientists 
and firms. Therefore, governments may want to enhance innovation generation and diffusion through local research clusters where local 
universities, firms and government agencies work together to increase innovation outcomes. 

 
It is important to note different innovation growth patterns within the EU context, because results reveal that one half of the EU 

countries have very strong NISs while the other half does not. Therefore, following the same innovation policy might not lead to the same 
results. The post-communist EU countries might not have institutional quality and domestic credit availability to support innovation 
generation. High corruption level and high income inequality may limit absorptive and innovative capabilities. The lack of coordination 
amongst education, labour/industrial, trade and innovation policies may limit innovation generation and diffusion within these countries. The 
EU countries may want to evaluate whether they have local internal resources to facilitate the EU innovation policy. Especially lower income 
countries need to make sure that the EU policies are stimulating local absorptive and innovative capabilities, rather than limiting them and 
have overall negative effect on national innovation output and growth.  
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Appendix  

 
Graph 2: National innovation system (NIS) flow chart through micro/ macro levels. 
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Table 1. Description, scope and codes of innovation variables used for 1st hypothesis testing. 

 

Indicator and Definition Scope Code 

Ratio of UPSTO patents per capita:  number of utility, design 
and plant patents granted by UPSTO by year and inventor’s 
country of residence.  

Proxy for inventions (product, 
process and design) 

PATENTS 

High-tech exports as % of manufacturing exports: exports of 
products with high R&D intensity, such as in aerospace, 
computers, pharmaceuticals, scientific instruments, and 
electrical machinery. 

Proxy for product innovation HTEXPORTS 

Ratio of scientific and technical publications per capita: 
articles published in physics, biology, chemistry, mathematics, 
clinical medicine, biomedical research, engineering and 
technology, and earth and space sciences.  

Proxy for research innovation  SPUBLICATIONS 

Labour productivity per hour worked: average output 
produced by unit of labour. Estimated by dividing GDP by 
labour input.  

Proxy for process innovation LPRODUCTIVITY 

Research and development funds as % of GDP spend. 
Represents innovation investments carried out by each 
country. 

Proxy for innovative input RDGDP 
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Table 2: List of 93 countries grouped into five clusters based on development level, income and geographical location. 
 

23 Advanced high-income countries (advanced OECD): Australia, Austria, Belgium, Canada, Denmark, Finland, France, Germany, 
Greece, Iceland, Ireland, Israel, Italy, Japan, Netherlands, New Zealand, Norway, Portugal, Spain, Sweden, Switzerland, United 
Kingdom and United States. 
 

10 Mid-income I East Asian countries: Cambodia, China, Indonesia, Malaysia, Mongolia, Philippines, Singapore, South Korea, 
Thailand and Vietnam.  
 

19 Mid-income II Latin America countries: Argentina, Bolivia, Brazil, Chile, Colombia, Costa Rica, Ecuador, El Salvador, Guatemala, 
Honduras, Jamaica, Mexico, Nicaragua, Panama, Paraguay, Peru, Trinidad and Tobago, Uruguay and Venezuela. 
 

23 Mid-income III Eurasia, former Soviet Union countries: Albania, Armenia, Azerbaijan, Bulgaria, Croatia, Czech Republic, Estonia, 
Georgia, Hungary, Kazakhstan, Kyrgyzstan, Latvia, Lithuania, Moldova, Poland, Romania, Russia, Slovakia, Slovenia, Tajikistan, 
Ukraine and Uzbekistan. 
 

19 Low-income, less developed Africa and South Asia countries:  Algeria, Botswana, Burkina Faso, Ethiopia, India, Iran, Jordan, 
Lesotho, Madagascar, Mauritius, Morocco, Mozambique, Pakistan, Senegal, South Africa, Sri Lanka, Tunisia, Uganda, Zambia. 
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Table 8. Description of independent variables with definition, scope and code used for 2nd hypothesis testing. 
 

Indicator and Definition Scope Code 

Most people can be trusted. Percentage of people that answered "Most 
people can be trusted". May influence entrepreneurial, creative and 
innovative abilities.  

Proxy for social enabler of 
entrepreneurial, creative and 
innovative capabilities 

TRUST 

Feeling of Happiness. Index constructed using scales for each happiness level. 
Index from 3 (Very happy) to 0 (Not happy).May influence entrepreneurial, 
creative and innovative abilities.  

Proxy for social enabler of 
entrepreneurial, creative and 
innovative capabilities 

HAPPINESS 

Enforcing Contracts: Time. Number of days needed to enforce a contract. 
Days are counted from the moment the plaintiff files the lawsuit in court until 
payment. Could be used as a measure of policy and institutional efficiency and 
quality.  

Proxy for institutional efficiency  CONTRENFORCE 

Finance Freedom Indicator, scored on a 100-point scale (100 - no 
interference, 0 - repressive government interference). Measures banking 
efficiency as well as independence from government control and interference 
in the financial sector. State ownership of banks leads to lower index. May be 
innovation limiting or enhancing factor based on type of finance available.  

Proxy for banking sector efficiency 
and independence from government 
intervention  

FINFREEDOM 

Gross fixed capital formation (% of GDP). Includes land improvements, plant, 
machinery, and equipment purchases; and the construction of roads, railways, 
and the like, including schools, offices, hospitals, private residential dwellings, 
and commercial and industrial buildings.  

Proxy for infrastructure 
improvements 

GROSSFIXEDCF 

Internet users per 1000 people. People with access to the worldwide network 
divided by the total amount of population for the correspondent year. May 
improve business infrastructure and benefit overall national creativity and 
capabilities. 

Proxy for infrastructure 
improvements and better 
capabilities 

INTERNET 

Primary School Pupil-Teacher Ratio. Number of pupils enrolled in primary 
school divided by the number of primary school teachers. May enhance overall 
national capabilities. 

Proxy for skill formation in primary 
education  

PRIMPPLTCH 
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Corruption Perception Index. Transparency International Index. Index from 0 
(High Corruption) to 10 (Low or None Corruption). May limit or enhance 
entrepreneurial and innovation potential.  

Proxy for social enabler of 
institutional efficiency 

CORRUPTPERCP 

Domestic Credit by Banking Sector as % GDP. Includes all credit to various 
sectors on a gross basis, with the exception of credit to the central 
government, which is net. 

Proxy for domestic credit availability 
by private banking system 

DOMCREDIT 

Gini Index represents income distribution and measures level of inequality. O 
represents perfect equality and 100 perfect inequality. May impact 
opportunities for education and skill formation. 

Proxy for social  enabler of better 
capabilities 

GINI 

Trade Openness Indicator. Ratio of (Import+ Export)/GDP. Measures 
integration into the world economy. May open external sources of knowledge 
and enhance capabilities of local firms and institutions. 

Proxy for strong trading position OPENTRADE 

GERD - performed by Government %. Total domestic intramural expenditure 
on R&D during the reference year, of institutions corresponding to 
government, independent of the source of funds and expressed as a 
percentage of GDP. Could be an indicator of advanced R&D capabilities at 
national level. 

Proxy for R&D performance in 
government sector 

GERDGOV 

GERD - performed by Higher education %. Total domestic intramural 
expenditure on R&D during the reference year, of institutions corresponding 
to higher education, independent of the source of funds and expressed as a 
percentage of GDP. Could be an indicator of advanced R&D capabilities at 
institutional level. 

Proxy for R&D performance in 
education sector 

GERDEDUCE 
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Table 9. Cointegrating equations testing 2nd hypothesis for five country groups featuring various social, institutional and economic 
factors, 5 lag specification Please note that highlighted variables are significant.  

 
OECD         
PATENTS = -10.3793 DOMCREDIT domestic credit avail from banking sector has negative imp 

   -47.8118 FINFREEDOM low government intervention to financial sector has negative imp 

   17.01302 GERDEDUCE   
   -5.61091 GINI   
   99.41829 GROSSFIXEDCF infrastructure improvements have positive impact 

   -273.799 HAPPINESS   
   17.22604 INTERNET   
   1533.843 OPENTRADE strong trading position has positive imp 

   -115.54 PRESSFREEDOM press freedom has negative imp 

   -79.0599 PRIMPPLTCH more pupils per teacher in primary school is has negative imp 

   34.75062 LPRODUCTIVITY process innovation has positive impact 

   81.86391 HTEXPORTS product innovation has positive impact 

East Asia                   

PATENTS = 0.0062 CONTRENFORCE higher institutional efficiency        

   -0.0269 DOMCREDIT credit availability from local banks        

   -0.1284 GERDEDUCE        

   -0.0023 GERDGOV        

   4.9939 OPENTRADE strong trading position has positive imp       

   -0.0377 PRIMPPLTCH        

   12.1743 TRUST trust has positive impact       

   88838 SPUBLICATIONS research innovation has positive imp       

Eurasia                     
PATENTS = 0.012100844 CONTRENFORCE higher institutional efficiency has positive impact    
   3.179829973 CORRUPTPERCP corruption perception has positive impact    
   0.074063154 DOMCREDIT domestic credit from banking sector has positive imp   
   -0.14908405 FINFREEDOM state intervention to banking has negative impact   
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   -0.09728762 GERDEDUCE         
   -0.00867238 GERDGOV         
   0.761854182 GINI higher equality has positive impact     
   0.155337957 GROSSFIXEDCF         
   -4.01249604 HAPPINESS         
   -9.37745708 OPENTRADE strong trading position has negative impact    
   -0.11701076 PRESSFREEDOM        
   0.134136948 PRIMPPLTCH         

                      

Latin America           
PATENTS = 0.005733 DOMCREDIT domestic credit from banking sector has positive imp   
   -0.0544 CORRUPTPERCP corruption perception has negative impact    
   -0.00963 GERDEDUCE R&D performed by gov has negative impact    
   -0.02845 GINI inequality has negative impact     
   0.020876 GROSSFIXEDCF better infrastructure has positive impact     
   0.010561 HTEXPORTS product innovations has positive impact     
   0.01429 LPRODUCTIVITY process innovation has positive impact     
   -115.54 PRESSFREEDOM press freedom has negative impact     
   -79.0599 PRIMPPLTCH capabilities formed by primary education has negative impact 
                      

Africa and S. Asia     

PATENTS  = 0.0014 CONTRENFORCE institutional efficiency has positive impact 

   -0.3310 CORRUPTPERCP corruption perception has negative impact 

   0.0016 DOMCREDIT   

   -0.0141 FINFREEDOM banking inefficiency has negative impact 

   -0.0395 GERDEDUCE R&D by education sector has negative imp 

   -0.0123 GERDGOV R&D performed by government sector has negative imp 

   0.0129 GINI   

   0.0347 GROSSFIXEDCF infrastructure improvements have positive impact 

   1.4806 HAPPINESS has positive impact 

   -0.1071 HTEXPORTS product innovations have negative impact 
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   -0.4502 OPENTRADE   

   0.07716 LPRODUCTIVITY   

   0.01182 PRESSFREEDOM press freedom has positive impact 

   0.03589 PRIMPPLTCH capabilities formed by primary school has positive impact 

   44566.6 SPUBLICARTIONS research innovation has positive impact 
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