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Abstract: The question on how to finance innovation activities of countries has taken a center stage in economic policy 
discussions in countries and among regional bodies. Such discussions require a policy direction to present alternative ways 
of financing innovation activities at lower cost in the face of dwindling resource available to countries and regional bodies 
for innovation activities. One important way of dealing with this challenge is to invest the limited resources in countries and 
sectors with the potential of higher knowledge spillover to benefit other countries and sectors. In this study therefore, we 
investigate to determine the knowledge spillover hotspot countries in Europe and how they affect neighbouring country’s 
innovation performance. For the purposes of policy to improve innovation performance in Europe, the knowledge spillover 
hotspot countries will guide European regional bodies to concentrate innovation investments in countries with the potential 
of high knowledge spillovers for the benefit of other countries. The study specifically investigated R&D spillover and explicit 
knowledge spillover hotspots in the manufacturing sectors of Europe and their effects.  Data for the study is unstructured 
and sourced from the World bank with the longest spans being 2005 to 2020 and shortest being 2013 to 2017. In all, nine 
countries were sampled based on data availability for the study. These countries include Poland, Germany, Slovakia, Slovenia, 
Lithuania, Belgium, France, Spain and Czech Republic. The study employed panel data analysis. Based on the Hausman test, 
fixed effect model was chosen as against random effect model. The results of the study show that after controlling for 
institutional and economic factors and ensuring robustness against heteroskedasticity and autocorrelation R&D spillover 
hotspots in Europe include Germany and Slovakia whereas explicit knowledge spillover hotspots are Poland, Slovenia, 
Lithuania and France. The results of the study have shown that the relationship between knowledge spillover from the 
hotspot countries and surrounding country’s innovation varies. For some of the hotspots, the relationship is linear whilst in 
others the relationship is nonlinear. The study also confirm that explicit knowledge is more susceptible to Knowledge  
spillover. 
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1. Introduction 
The choices firms and countries make in improving innovation activities and performance will usually come at 
great cost. This is probably because resources for innovation activities are continually becoming difficult to come 
by. Generally, countries and firms have relied on several sources to finance innovation activities   which have 
come at great cost (Valencia-Arias et al., 2024; Yılmaz, Bıyıklı, & Demir, 2023). In the innovation literature, 
knowledge spillover has become an important source through which firms and countries can improve their 
innovation activities and performance. Knowledge spillover, unlike knowledge transfer, which is a cross party 
collaboration and compensation, this involves external benefit derived from another agents’ investment in 
knowledge creation (Ko & Liu, 2015). Knowledge spillover has therefore become an important source of input 
for most firms and countries in their knowledge creation activities. Policy responses to the need to improve 
innovation and productivity of firms have centered on a hand full of policy tools such as tax credits, subsidies, 
and R&D expenditures. These tools, even though, have been largely effective, come with their attendant 
limitation of cost.  A large majority of countries and firms have made gains from knowledge spillover. Such 
spillovers have occurred even where no formal collaborative arrangements have been made between firms and 
between countries to transfer knowledge (Agarwal, Audretsch, & Sarkar, 2010). These R&D gains come in free 
without any compensation to the originator of the knowledge and may therefore serve as a cheaper source of 
input for innovation. It is a long-held view that Knowledge spillover is an important source of innovation 
performance, however, the literature also recognises the importance of capacity of firms and countries to absorb 
and utilize these free flowing knowledge to enhance innovation performance (Xie, Zou, & Qi, 2018). Empirical 
studies, even though, have acknowledged the important role of Knowledge spillover, the benefits of firms and 
countries relying on such externalities as an important source of R&D input for innovation have not been fully 
explored. It is rather the case that empirical studies have linked knowledge spillover to firms’ productivity mainly 
(Audretsch & Belitski, 2020) and not innovation. 

The European region remains one of the regions with high innovation performance disparities among countries 
(Dobrotă, Marcu, Siminică, & Nețoiu, 2019). Other studies have explored how innovation lagging countries could 
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rely on neighbouring countries with high innovation performance as a way of reducing these disparities (Noni, 
Orsi, & Belussi, 2018). To find alternative, cheaper, and reliable strategies of financing innovation activities of 
lagging countries, knowledge spillover from knowledge rich countries cannot be overlooked. An important way 
to address these innovation challenges is to rely on knowledge spillover from knowledge rich countries to less 
endowed countries. However, identifying the knowledge spillover hotspots as a source of innovation input 
remains obscured from prior literature. In this study therefore, we aim to identify the knowledge spillover 
hotspots in Europe to support knowledge innovation activities in the European region.  

2. Theoretical Review 
This section of the study presents a review of the literature on R&D and explicit knowledge spillover and how 
these externalities affect innovation performance. 

2.1 Knowledge Spillover 

Ordinarily firms and countries expend their own resources in the creation of innovation. However, in the creation 
of innovation some firms and countries are unable to fully appropriate the gains of their innovation activities. 
The part of the innovation that is not appropriated by the originator feeds into some other agents’ knowledge 
production function as an input in the form of knowledge spillover. Prior literature has explained that inter-
firms/country knowledge flow defines knowledge spillover (Bernal, Carree, & Lokshin, 2022 ). The literature on 
knowledge spillover splits knowledge spillover into tacit and explicit, depending on the type of knowledge 
involved (Bernal, Carree, & Lokshin, 2022 ). The literature on innovation distinguishes between tacit and explicit 
knowledge and the literature is reviewed along these lines. The literature on knowledge spillover distinguishes 
between knowledge spillover and a closely related concept, knowledge transfer. Knowledge transfer is the flow 
of knowledge from an originator of innovation to the intended economic agents (Scarra & Piccaluga, 2022) 
whereas knowledge spillover is an externality and therefore an unintended flow of knowledge resources from 
an originator of knowledge to another economic agent without a commensurate compensation (Henderson, 
2007). The latter is the focus of this study and is given further attention in this study.   

2.2 R&D and Explicit Knowledge Spillover 

Knowledge spillover has been well documented in the innovation literature. In the formulation of growth 
models, knowledge spillover is considered an important determinant (Henderson, 2007; Romer, 1990). 
Knowledge spillover has been known to be influenced by several factors that either enhance the flow or reduce 
the flow of knowledge. The distribition of knowledge spillover poles is not even as it is based on the presence of 
certain essential factors. In the literature, authors have found for example that knowledge spillover has a 
distance decay (Lucas & Rossi-Hansberg, 2002; Ciccone & Hall, 1996) suggesting that spatial distance between 
the knowledge source and neighbouring areas determine whether or not the source of the knowledge will be a 
source of knowledge spillover. In a study by Jasimuddin, Li and Perdikis, (2015), the authors showed that 
colocation is important to knowledge spillover. It is also known that firms that are colocated bring something 
more than just proximity. In a study conducted by Cohen and Levinthal (1990), colocation was used rather as 
proxy for technology relatedness. The authors revealed that knowledge spillover is partly explained by the extent 
which the firms involved are related. Knowledge spillover is therefore a function of the relationship between 
the source of innovation and the potential beneficiary of knowledge spillover. Other studies have also focused 
on the role played by absorptive capacity in knowledge spillover. In a study by Zhao, Jiang, and Wang, (2019), 
the authors showed that the relationship between knowledge spillover and green economy is positively 
moderated by absorbtive capacity of the receiver. The authors explained that spillover knowledge is directed at 
enterprises which can use their absorptive capacity to digest and use the advance technologies. In some 
instances potential beneficiaries of neighbouring knowledge have not shown interest in adopting available 
technologies.  

The type of knowledge has been observed as an important variable in determining knowledge spillover. In the 
knowledge spillover literature, two main types of knowledge is discussed, tacit knowledge and explicit 
knowledge. Tacit knowledge has been considered as task oriented know how embedded in the operational 
routine of firms and their network (Nahapiet & Ghoshal). Authors such as Lam (2000) and Acs, et al (2009) 
showed that these characteristics of tacit knowledge makes it more difficult for knowledge spillover relative to 
explicit knowledge. This is in contrast with explicit knowledge which is codified and detached from the originator 
of the knowledge and therefore makes spillover relatively easier through oral explanations and written works 
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(Fu, 2012). Studies on knowledge spillover emphasises the ease with which knowledge can be appropirated is a 
hindrance to knowledge spillover. Considering the nature of these types of knowledge, tacit knowledge which is 
attached to the originator of knowledge and the detached explicit knowledge transitted by word of mouth and 
written works, it is argued that explicit knowledge is more suceptible to knowledge spillover relative to tacit 
knowledge (Xiang, Cai, Lam, & Pei, 2013). The literature on knowledge spillover has an indepth account on the 
measurement and flow of explicit knowledge. Even though explicit knowledge is recognised as knowledge that 
is easy to diffuse relative to tacit knowledge, its measurement has proven to be daunting. Principally, explicit 
knowledge has been measured by patent citation (Gomes-Casseres, Hagedoorn, & Jaffe, 2006; MacGarvie, 2005; 
Hu & Jaffe, 2003; Jaffe, Trajtenberg, & Henderson, 1993). Because explicit knowledge is transmited using orderly 
and formal language (Polanyi, 1966), it lends itself well to spillovers (Fallah & Ibrahim, 2004). Based on the 
position of the prior literature, the following hypothesis is postulated for testing: 

H: There is a significant explict knowledge spillover among European countries 

In a study conducted to assess managerial knowledge spillover through the diffusion of managerial practices, Fu 
(2012) showed that managerial knowledge is both explicit and tacit in nature. Fu (2012) showed that such 
knowledge geographically bound and the effect of the spillover is greater at the clusters and managerial system 
level. In this study, apart from explicit knowledge, we also review literature on R&D spillover. R&D of firms are 
investments into both tacit and explicit knowledge creation activities. We therefore expect R&D spillover to 
retain the traits of both tacit and explicit knowledge spillover. A study by Spithoven and Merlevede (2023) 
assessed the productivity impact of R&D and FDI spillovers. The findings showed that R&D spillover is a 
significant contributer of productivity. In other studies, findings have shown that cross border R&D spillover 
have contributed to innovation performance in neighbouring countries. For example in a study conducted by 
Coe and Helpman (1995), the authors showed that foreign R&D has been important in improving the domestic 
productivity. In a related study, the Coe, Helpman and Hoffmaister (2009) confirmed the findings of  Coe and 
Helpman (1995) even after controlling for institutional factors and human capital. R&D spillover has also been 
observed to be a function of volume of trade flows. In a study by (Keller, 2004) it was revealed that international 
R&D spillover is a function of international trade volume. The colocation of countries and trade among countries 
is therefore a condition nevessary for international R&D spillover. Based on the prior literature thefore, we 
postulate the following hypothesis for testing: 

H: There is a significant R&D spillover among European countries 

3. Methodology 
 In this study was sought to determine the knowledge spillover hotspot countries in Europe. The sampled 
countries for the study are based on data availability. Nine European countries including Poland, Slovakia, 
Slovenia, Lithunia, France, Spain, Germany, Belgium and France form the study sample based on data availability. 
Data for the study is sourced from the World Bank spanning 2005 to 2020. The data sourced includes data on 
variables such as value addition in the manufacturing sectors as a measure of innovation output. The study also 
sourced data on R&D in the manufacturing sectors of the respective countries. The study also sourced data on 
economic and institutional factors. The economic variables include variables such as trade openness, GDP per 
capita and labour force participation rate. Data on institutional factors include rule of law, political stability, 
broadband internet subscription, globalization index and property right index. Dependent variable is value 
addition in the manufacturing sector of the sampled countries. This variable is a measure of innovation. This 
agrees with prior literature which have generally used value addition or variant of value addition such as 
productivity and other innovation outcomes (Audretsch & Belitski, 2020). Value addition is also considered as 
an independent variable and as a measure of explicit variable. This should not be confusing as the dependent 
variable (value addition) of one country is regressed on explicit knowledge (value addition) of other countries. 
see equation 1. R&D of countries is measured R&D intensity of countries which is a proportion of R&D to the 
country’s GDP. 

To ensure that our estimate of spillover is unbiased control variables are introduced. These control variables are 
the economic and institutional factors. 

The estimation technique for the study is multiple regression analysis. This is consistent with studies on 
knowledge spillover (Audretsch & Belitski, 2020; Nonic, Orsi, & Belussi, 2018; Coe, Helpman, & Hoffmaister, 
2009). The study models the equation to determine the countries that are spillover hotspots. 

= + + +                                                         (1) 
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Equation 1 presents a model for R&D knowledge spillover between countries. The dependent variable is the 
logarithmic transformation of value addition in the manufacturing sector of countries. Country is represented 
by the subscrit i whilst t is the time dimension of the variables.  are the regression coefficients,  is the 
logarithmic transformation of R&D expenditure of the manufacturing sector of spillover country where the 
subscript is jt and beneficiary country if the subscript is it.  represents vector of control variables which are 
economic and institutional factors.  is the individual effect which at this point may or may not be correlated 
with the explanatory variables depending on the outcome Hausman test. U is the random error term. 

= + + +                                                          (2) 

In equation 2 the study seek to model explicit knowledge spillover between countries in Europe. The explanation 
of the model remains the same as equation 1 with the exception that the first right hand side variable is the 
explicit knowledge of spillover countries. The variables of interest in estimating knowledge spillover in equation 
1 and 2 are  and respectively. These are the spatial lag variables that measure the effect of 
one country’s innovation activities on other countries innovation output. Knowledge spillover must necessarily 
have a positive effect on innovation of the beneficiary country or sector (Noni, Orsi, & Belussi, 2018). The criteria 
for determination of knowledge spillover in equation 1 and 2 is that  must be positive and significant. If the 
Hausman test suggests a correlation between the explanatory variables and the individual effect (X, α ) = 0 then 
a fixed effect model where the individual effect becomes a parameter to be estimated used. On the other hand 
where the Hausman test shows no correlation between explanatory variables and the individual effect (X, α) 

 a random effect model is used where the random error term then becomes Ꞷ = . 

3.1 Robustness Checks 

In the study, we have implemented several strategies to improve the robustness of the study results. The use of 
panel data and analysis techniques improves the robustness of the result. With panel data we combine both 
cross sectional and time series. This is more informative as it allows the study to follow behaviour of the variables 
over time. The panel data analysis technique also allowed us to account for the individual effect of the data 
structure which is critical to ensure efficiency of the model. In this study also we use robust standard error to 
ensure that the model is robust against heteroskedasticity and autocorrelation. 

Table 1: Variables and Description 
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4. Results and Discussions 
In this study, we investigate knowledge spillover among selected countries in Europe. The results present 
analysis on knowledge spillover from countries with focus on tacit, explicit and R&D. In this section of the study, 
we present results on R&D spillover among selected European countries. 

Table 2: R&D spillover in Manufacturing Sector  

 
***P<0.01, **P<0.05, *P< 0.1. All variables in the logarithm transformation 

In Table 2 we present results on R&D spillover among manufacturing sectors of nine selected European 
countries. The results present two variants of analysis, fixed effect and random effect. Both models confirm our 
hypothesis that there is R&D spillover in the manufacturing sector of countries. In the fixed effect model 
Germany and Poland have R&D spillover but R&D spillover from Slovakia exhibits a quadratic effect with an 
inverted U-shaped relationship. In Slovakia increasing R&D intensity increases R&D spillover but beyond a 
minimum level of R&D intensity the effect of R&D knowledge spillover is negative. There is no R&D spillover 
from Slovenia, Lithuania, Belgium, France Spain and Czech Republic. On the contrary the random effect analysis 
proves that the only country that is a source of R&D spillover is Germany.  All other countries are not R&D 
spillover hotspots.  
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Table 3 Hausman Test  

 
Hausman test in Table 3 is employed in selecting between the fixed effect and the random effect model under 
the null hypothesis that random effect is the efficient model. The Chi square test results shows a significant chi 
square statistic. The null is therefore rejected for the alternative hypothesis that the fixed effect model is the 
ideal estimation technique. The fixed effect model from Table 3 has a total variability of 57.7% which 
decomposes into a within effect variability of 76.13% and between effect variability of 49.1%. 

Table 4: R&D Spillover in Manufacturing Sector 

 
***P<0.01, **P<0.05, *P< 0.1. All variables in the logarithm transformation 

Table 4 presents robust fixed effect analysis with robust standard errors. These standard errors are robust 
against heteroskedasticity and autocorrelation. The results confirm the hypothesis that R&D spillovers occur 
between manufacturing firms in the sampled European countries. Specifically, R&D spillover Germany and 
Slovakia but none other from the study sample is a knowledge spillover hotspot. 

In Table 5 we present the results on explicit knowledge spillover among nine sampled European countries. Model 
1 in Table 5 presents the fixed effect model (within effect). The results of the study confirm the hypothesis that 
explicit knowledge spillover occurs among countries. Our findings show that explicit knowledge spillover from 
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Poland and Slovenia and France are a quadratic U-shaped relationship. The positive and significant explicit 
knowledge spillover from Spain is an indication that Spain is a knowledge spillover hotspot. Countries such as 
Germany Slovakia, Belgium and Czech Republic show no evidence of being explicit knowledge hotspot. As a 
variant of the fixed effect model, the random effect GLS model in Table 5 shows a similar result that confirms 
the hypothesis that intercountry explicit knowledge spillover in the manufacturing sector of the sample 
countries. 

Table 5: Explicit knowledge spillover  

 
***P<0.01, **P<0.05, *P< 0.1. All variables in the logarithm transformation 

The results show that Poland, Slovenia, and France show an inverted U-shaped relationship indicating that these 
are spillover hotspots but after a maximum level explicit knowledge is reached, explicit knowledge falls leading 
to a fall in value addition. Lithuania and Spain also showed evidence of being spillover hotspot. Germany, 
Slovakia, Belgium, and Czech Republic showed no signs of being a knowledge spillover hotspot.  

Table 6: Hausman Test  

***P<0.01, **P<0.05, *P< 0.1. All variables in the logarithm transformation 

Hausman Test 

H0: REE 

Chi Square 

34.89 

Prob Chi Square 

0.0397** 
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The choice between the fixed effect model and the random effect model is determined by the Hausman test. 
The test is conducted under the hypothesis that the random effect estimate is more efficient. The Chi Square 
test shows that the test is significant. This rejects the random effect estimates in favour of the fixed effect model 
as shown in Table 6. 

From Table 7 below value added in the manufacturing sectors of Poland, France and Slovenia are significant and 
are polynomial in degree 2. This indicates that these are knowledge spillover hotspots. However, the quadratic 
relationship observed indicates that the size of the explicit knowledge matters. An excessively high explicit 
knowledge spillover reduces knowledge spillover to neighbouring countries. At lower levels of explicit 
knowledge, the effect of knowledge spillover from Poland, Slovenia and France are high. The study results also 
show a positive and significant coefficient for explicit knowledge coefficient for Lithuania. This is an indication 
that Lithuania is a knowledge spillover hotspot. 

The results from Table 7 also shows however, that coefficients of explicit knowledge spillover for countries such 
as Slovakia, Czech Republic, Spain Germany and Belgium are either not significant, negative or U shaped. These 
indicate the absence of evidence to suggest these countries are knowledge spillover hotspots.   

Table 7: Explicit Knowledge Spillover 

 
***P<0.01, **P<0.05, *P< 0.1 variables in the logarithm transformation.  

5. Discussions  
The findings of the study confirm the position of the literature that R&D spillover has been a major contributor 
to productivity. Whereas in the study by Spithoven and Merlevede (2023) the authors showed that knowledge 
spillover contributes to improving productivity of firms, the findings of the current study shows likewise that 
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there is international R&D spillover to some domestic economies. It is worth mentioning that even though there 
is evidence that most of the countries are R&D spillover pole in agreement with the position of the literature, 
there are some exception to this expectation. Countries that are not Knowledge spillover pole could be explained 
by the reason that the conditions for such knowledge spillover are not present. Henderson (2007) and Romer 
(1990) highlighted the important precursors for knowledge spillover such as proxity, relatedness of technology 
among others. Countries that could not be identified as R&D spillover poles most likely lack the determining 
factors. Considering the closeness of these countries one would expect that, the argument that proximity is a 
determinant of knowledge spillover (Jasimuddin, Li and Perdikis, 2015) will apply. However, the important point 
to note here is that colocation as explained by Cohen and Levinthal (1990) is not just an issue of proximity but 
also relatedness of technology. The study also shows that generally international R&D spillover is more 
improtant than any other factor in explaining value addition in the manufacturing sectors of the selected 
European countries. This could suggest the possibility that knowledge among these countries are related or the 
proximity among the countries has made these countries more reliant on themselves for innovation inputs. It 
may be expected that the closer countries are the higher international R&D spillover will be. However, the 
findings of the study showing only two R&D spillover hotspot, Germany and Slovakia may be enough to disprove 
that. What may be accounting for this can include limited trade relationship among the countries. As Keller 
(2004) has shown the volume of trade among the countries is important for knowledge spillover. Absorptive 
capacity of countries could also be a determinant of R&D spillover hotspot. It is noteworthy to state that the 
results of the study shows that Slovakia R&D intensity exhibit a quadratic (inverted U shaped) relationship with 
value addition in neighbouring countries. This could point to the role of absorptive capacity of neighbouring 
countries to the spillover. At lower levels of R&D intensity in Slovakia, neighbouring countries are ready to take 
on knowledge from Slovakia after a maximum level any extra R&D spillover is not absorbed by the neighbouring 
countries. 

The study’s confirmation that there is significant explicit knowledge spillover among European countries is in 
line with what the literature suggests (Spithoven & Merlevede, 2023). Explicit knowledge, according to Fallah 
and Ibrahim (2004) are easily transmitted because of its codifies nature. It is important to state however, that 
findings of the study also confirms that in the absence of the essential factors knowledledge spillover does not 
occur. It is also striking in the study findings is that countries that are R&D spillover spillover poles such as Poland 
and Slovakia showed no evidence of being an explicit knowledge spillover poles. This is an indication that the 
various types of knowledge may behave differently. Countries in contiguity as has been revealed have shown no 
sign explicit knowledge spillover. This casts doubts on the colocation assumption (Jasimuddin, Li & Perdikis, 
2015) for knowledge spillover. What is also important with study findings worth mentioning is that in most of 
the explicit knowledge spillover hot spots an extremely volume of explicit knowledge reduces knowledge 
spillover. We interpret that to mean the lack to absorptive capacity on the part of beneficiary countries. This 
may explain why some large economies with a very vibrant R&D and explicit knowledge sector may not be 
knowledge spillover hot spot. This is in agreement with Zhao, Jiang, and Wang (2019) who showed a positive 
moderating effect of absorptive capacity in the relationship between knowledge spillover and green economy. 
The findings of this study will therefore mean that countries could be doing well with the R&D and explicit 
knowledge but the extent to which there will be knowledge spillover depends on factors including the absorptive 
capacity of the receiver. Major economies with large R&D and explicit knowledge which have not proven to be 
knowledge spillover hot spot could be explained by the fact that perhaps their neighbouring countries do not 
have the required absorptive capacity to take up the floating knowledge. 

6. Conclusions   
In this study we have investigated the knowledge spillover hotspots in Europe. Specifically, the study focused on 
R&D and explicit knowledge spillover hotspots in Europe. The main results reported by large portion of the prior 
literature are confirmed by the findings of the current study. The study findings are robust, taking into 
consideration heterogeneity of the different countries, heteroskedasticity and autocorrelation, we conclude 
that knowledge spillover hotspots in Europe differ based on the type of knowledge considered. After controlling 
for economic and institutional factors, the fixed effect model showed that R&D spillover hotspot countries in 
Europe include Poland, Slovenia, Lithuania, France, and Spain. Germany, Slovakia, Czech Republic, and Belgium 
fell short of being classified as knowledge spillover hotspot. To further ensure robustness to deal with the 
possibility of autocorrelation and heteroskedasticity, the results showed that Germany and Slovakia are the only 
countries that show evidence of R&D spillover hotspot. In the case of explicit spillover, the study concludes that 
Poland, Slovenia, Lithuania, France and Spain show evidence of being knowledge spillover hotspots. This allows 
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us to make the conclusion in agreement with the position of the prior literature that explicit knowledge by their 
nature are more susceptible to spillovers.  

It is also concluded that knowledge spillover hotspot countries in Europe have contributed to innovation 
performance of their neighbour.The study also concludes that knowledge spillover is generally not linear for 
most knowledge spillover hotspots. Knowledge spillover from Slovakia, Slovenia, and France have an inverted 
U-shaped relationship whereas it is linear for countries such as Germany and Lithuania. In the case of Germany 
and Lithuania the size of R&D and Explicit knowledge has proportionally the same effect on knowledge spillover. 
However, the study, based on its findings conclude that in the case of knowledge spillover hotspot countries 
such as Slovakia, Slovenia and France knowledge spillovers are influenced by the volume of knowledge. We 
further conclude that above a certain minimum level of knowledge, knowledge spillover begins to reduce which 
can be interpreted as absorptive capacity constraints in the receiving countries. The implication of the study to 
European countries is that knowledge sharing among these countries has the potential of reducing the cost of 
R&D and innovation activities. 
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