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ABSTRACT 

 

Innovation is an outcome of various elements which not only include the financial 

resources but also the human capital, infrastructure, well-developed markets, 

institutions and most importantly the entrepreneurship capital. Entrepreneurship 

capital deals with entrepreneurial behaviour which reflects not only the risk bearing 

and risk sharing attitudes but also the capacity to undertake innovation activities. 

Schumpeterian fundamentalism supports the argument that innovation is a dynamic 

process and novelties are initiated through economic agents namely the entrepreneurs; 

vis-à-vis a strong institutional environment is required to facilitate the innovation 

process. Institutions play an important role in formalizing entrepreneurial behaviour 

that is crucial for a country‘s innovation. Therefore, the present study undertakes 

macro-level empirical analysis on determining the impact of entrepreneurial 

behaviour and institutional trust on country‘s innovation. Institutional trust is 

measured through two proxy variables i.e., property rights index and State fragility 

index. 

A comparison is made among three groups of countries - i.e., factor-driven, 

efficiency-driven and innovation-driven economies. Panel data econometric 

techniques are applied to undertake empirical analysis, using macro-level data 

covering a time period of seven years (2010-2016). The total number of countries 

included for this analysis is fifty-five. The empirical analysis is done by focusing on 

dynamic heterogenous panel data modelling. Henceforth, GMM (Generalized Method 

of Moments) estimation technique is applied. It is observed that entrepreneurial 

attitudes and entrepreneurial activities play an important role in determining 

innovation but the impact varies with level of economic development. Dummy 

variables are incorporated in the analysis to examine the differential impact of 

explanatory variables on innovation among factor-driven, efficiency-driven, and 

innovation-driven economies.  

In case of factor-driven economies, perceived opportunities (PO) could contribute 

significantly towards innovation, but high risk of perceived failure discourages 

entrepreneurs to undertake innovative ventures even though there seems to exist good 

opportunities. On the other hand, entrepreneurs are not deterred by high fear of failure 
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(FFR) in innovation-driven economies. The impact of total early-stage entrepreneurs 

(TEA) is positive in innovation-driven economies but negative in case of factor-

driven economies. This means that TEA is highly competitive in advanced economies 

and poor countries cannot benefit from TEA in the same way as highly developed 

countries. However, no significant relationship is found in efficiency-driven 

economies. This means that efficiency-driven economies have not completely 

transitioned from imitation to innovation. The study also supports the empirical 

findings by tracing out graphical analysis on the relationship of entrepreneurial 

behaviour and institutional variables with innovation indicator. In case of 

entrepreneurial attitudes, an inverted-U shaped relationship is observed between fear 

of failure rate and national innovation whereas perceived opportunities illustrate a 

wave-like association. Entrepreneurial activities that are categorized into total early-

stage entrepreneurial activities (TEA) and established business ownership (EBO) 

show a U-shaped relationship with innovation.  

The study also finds that institutional trust helps in confidence building of the 

prospective entrepreneurs who are attracted by perceived opportunities. Innovation is 

highly suppressed in countries that face serious market distortions and inefficiencies 

caused by lack of institutional trust. This is observed in the case of factor-driven 

economies which have weaker property rights and policy ineffectiveness as indicated 

by low value of property rights index (PR) and high value of State fragility index 

(SFI), respectively. On the other hand, innovation-driven economies have strong 

property rights and effective policy implementation that help building the confidence 

of prospective entrepreneurs who are attracted by perceived opportunities. Therefore, 

perceived opportunities have a significant impact only in innovation-driven 

economies. This means that it is not inevitable that opportunities necessarily trigger 

innovation and must be aided by strong institutional environment.  

The second part of the analysis aims to determine whether cross-country spatial 

effects of innovation capabilities results into global convergence clubs. For this 

purpose, spatial econometric modelling is applied on a panel of three groups of 

countries covering a time period from 2007 to 2017. These groups include European 

Union (EU), Asia-Pacific Economic Cooperation (APEC) and South and Western 

Asia (SWA). The study adopts general-to-specific approach to select the best fit 



xiii 
 
 

model for spatial association. The relationship is examined after controlling for total 

export share with neighbouring countries, R&D expenditures, entrepreneurship level 

and ICT goods import. The analysis provides strong evidence on the existence of 

international diffusion of innovation capabilities among member countries of EU and 

APEC, but such relationship does not hold true for SWA countries. It is concluded 

that spillover benefits occur only if a country is in proximity with high innovation 

performance country with greater economic integration and higher trade share among 

themselves. 
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CHAPTER 1 

 

INTRODUCTION 

 

The present study draws its motivation from existing literature on innovation-based 

knowledge economy by focusing on macroeconomic analysis on the role of 

entrepreneurial behaviour and institutions as determinants of national innovation. In 

addition, the spatial spillover effects of innovation across borders to neighbouring 

countries is also examined by eliminating the border effect which is reflected through 

increased trade share among them. The outcome of present research provides some 

major policy recommendations for both developed and developing economies for the 

provision of enabling environment for country‘s innovation. 

The legacy of innovation driven economies can be traced back to Schumpeter (1934)
1
 

who came up with some pioneering work under the name of ―The Theory of Economic 

Development”. The Schumpeterian fundamentalism is based on novelties initiated 

through entrepreneurial development. In Schumpeterian sense, development must 

involve a dynamic process of innovation through economic agents namely the 

entrepreneurs. On the other hand, the Neo-Schumpeterian perspective of economic 

growth deals with the dynamic processes of economic transformation by focusing on 

the innovation-based economy. Baumol (1990) explains that an economy is never 

short of entrepreneurs but its contribution towards the innovation output differs 

substantially depending upon the institutional environment and its tendency to 

allocate resources into productive or rent seeking activities. Therefore, it is necessary 

to examine the impact of entrepreneurial behaviour, both in terms of entrepreneurial 

attitudes and entrepreneurial activities, on country‘s innovation.  

Innovation does not take place out of thin air. The vacuum must be filled with a 

facilitating environment that acts as a catalyst for innovation driven economy. 

Therefore, the role of supportive institutional environment cannot be ignored for 

entrepreneurial development which is an integral part of innovation-based economy. 

                                                           
1
 [The book was first published in 1911 in German language and the English version was available in 

1934]. 
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There is a dynamic interaction between technological change in the economic 

paradigm and the evolution of institutional structure. As Lacasa (2019) points out that 

collective action triggers a change in value system, developing a path for technology 

creation and diffusion during collective action. Perez (2004) points out that transition 

that occur during the process of ―creative destruction‖
2
 occur not only in the 

economy, under the pure Schumpeterian view, but also in the social and institutional 

sphere as well. Such transitions in the social-economic sphere have no pre-determined 

recipe; and all changes occur by trial and error which has its own social costs. 

Therefore, rather than just focusing on the primitive factors there is a need to look 

upon the deeper determinants of innovation-based economy by taking into 

consideration the entrepreneurial behaviour and institutional trust that are less 

transparent compared to the former. In addition, the less developed economies face 

serious institutional weakness in terms of policy ineffectiveness and weak property 

rights. Such institutional weakness hinders the proper exploitation of entrepreneurial 

opportunities and fear of failure tends to rise. Due to such unfavourable 

entrepreneurial attitudes, the entrepreneurial activities are not realised in a fruitful 

manner towards an innovation-based economy.  Therefore, the impact of these factors 

also varies with the level of economic development which is also considered during 

the empirical estimations of the model.  

Secondly, it has been well stated in theory that knowledge economy, along with well-

developed institutions, feed on each other to develop an innovation ecosystem. Such a 

relationship might be explored at the global scale through cross border trade 

interactions and economic integration among neighbouring countries. By exploring 

the datasets on global research and development (R&D) activities, it has been 

observed that innovation activities tend to form global clusters across specific 

geographical boundaries. Henceforth, there is a need for an in-depth exploration of the 

relationship among high innovation neighbouring countries that could provide further 

justification for concentration of innovation capabilities in the form of global 

convergence clubs. 

1.1 Problem statement 

                                                           
2
 The Schumpeterian concept of innovation where new product or process makes the old ones obsolete.  
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Traditionally the concept of innovation was highly linked to R&D and 

entrepreneurship level. However, it was observed under Swedish Paradox (Edquist & 

McKelvey, 1998) that the economy produced lesser R&D intensive output despite 

spending heavily on R&D. Later, it was witnessed that Southern Europe performed 

well with respect to innovation despite weaknesses in their national innovation system 

which came to be known as European Paradox (Donatiello & Ramella, 2017). Such 

paradoxes compel one to rethink the model of national innovation by looking at 

deeper determinants other than the R&D, such as entrepreneurial behaviour, in terms 

of attitudes and activities, and institutional trust. Furthermore, datasets on global R&D 

and patents production reveal that innovation capabilities tend to form global clusters 

around specific geographical boundaries. This uneven global innovation clusters and 

regional persistency provides a motivation to empirically examine the spatial 

convergence clubs of innovation capabilities among neighbouring countries, after 

controlling for indigenous factors comprising of domestic R&D expenditures and 

level of entrepreneurship as well as the exogenous factors of knowledge diffusion i.e. 

ICT intensive imports from other countries. Moreover, the cross-country spatial 

spillover among neighbouring countries would also depend upon the trade share 

among them. 

1.2 Objectives of the study 

The objectives of the study are as follows: 

i. To study the relationship between entrepreneurial behaviour and country level 

innovation. 

ii. To study the impact of institutional trust on country‘s innovation. 

iii. To study whether the relationship of entrepreneurial behaviour and 

institutional trust with national innovation varies with the level of economic 

development.  

iv. To determine the existence of path dependency of innovation. 

v. To examine the persistency of regional concentration of innovation i.e. the 

existence of global spatial convergence clubs of innovation capabilities.  

1.3 Hypotheses 

Based upon objectives of current study, the alternative hypotheses are stated as below: 
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Ha1: There is a relationship between entrepreneurial behaviour and innovation. 

Ha2: There is a relationship between institutional trust and innovation. 

Ha3: The impact of entrepreneurial behaviour and institutional trust on innovation 

tends to vary with the level of economic development. 

Ha4: There is a presence of path dependency of innovation. 

Ha5: There is an existence of global spatial convergence clubs of innovation 

capabilities with a significant neighbouring country effect among high innovation 

countries.  

1.4 Contributions of the study 

The main contributions of current study are as follows: 

 The study undertakes the macro-level empirical analysis of the relationship 

between entrepreneurial behaviour and innovation. Since the past literature 

has rigorously focused on micro-level analysis and ignored the macro 

analysis. 

 The study uses multidimensional measurement of innovation whereas the 

past literature has distinctly considered input and output side of innovation in 

separate studies and not simultaneously. The drawbacks of previous 

measurements of innovation are explained Chapter 2.  

 The impact of institutional environment on innovation is examined by 

focusing on institutional trust. Institutional trust will be captured through 

State‘s ability to deliver its services and the enactment of property rights. The 

past literature has focused mainly on institutional quality. 

 The study determines the path dependency of innovation by using the 

dynamic panel estimation, which has not been considered in the previous 

literature. For this purpose, the dynamic GMM estimator approach is applied. 

The study adds methodological contribution which has been scarcely tested in 

the past literature. 

 The present study empirically examines the pattern of innovation persistence 

among specific geographical regions i.e. whether there exist global spatial 

convergence clubs of innovation capabilities. For this purpose, second 

generation spatial modelling is applied which is a novel technique of 
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estimating panel data spatial relationship. The possibility of global spatial 

convergence clubs in innovation capabilities has been discussed very scantly 

in past literature especially with the use of spatial econometrics methodology. 

Therefore, the study adds to the literature both in terms of theoretical and 

methodological contributions. 

1.5 Utilization of research results 

The current study aims to provide some useful policy implications for both developed 

and developing countries. The study will help in understanding the bottlenecks faced 

by less innovating countries.  It will help to design policies by focusing on 

entrepreneurial development and strengthening of institutions that must provide an 

enabling environment for innovation. The empirical analysis will also help to further 

elaborate the existence of spatial convergence clubs by considering the regional 

concentration of innovation capabilities at global level.  

1.6 Organisation of the study 

The study is based on empirical work supported by theoretical foundations. The 

analysis is divided into two essays, each explains a separate set of relationship among 

the variables. Chapter 1 has provided a brief introduction on the current research. 

Chapter 2 is based on essay one that focuses on first four objectives, as listed in 

section 1.2. The fifth objective is covered in chapter 3 which is based on essay two. It 

develops a conceptual framework to be tested through spatial econometrics. Lastly, 

chapter 4 concludes the analysis of both essays and provides some useful policy 

recommendations. The limitations of the study and future directions for research is 

also provided at the end of chapter 4.   The findings of the present research have 

undoubtedly provided some new valuable insights. 
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CHAPTER 2 

 

ROLE OF INSTITUTIONAL TRUST AND ENTREPRENEURIAL BEHAVIOUR 

IN DETERMINING NATIONAL INNOVATION: A DYNAMIC PANEL DATA 

ESTIMATION 

 

This chapter undertakes dynamic panel data estimations to examine the impact of 

entrepreneurial attitudes, entrepreneurial activities, property rights index and State 

fragility index on national innovation after controlling for an external factor in terms of 

foreign direct investment. A case is developed on the importance of these variables 

followed by relevant literature review, suitable methodology and discussions on 

empirical results.  

2.1 Introduction 

Globalization has led to increased global competition and countries are moving towards 

innovation economy to seek more wealth creation. In recent times, the early focus of 

society‘s goal about management of scarce resources and creation of wealth and its 

distribution is being replaced with a new goal of increasing the quality of life through 

innovation. This goal is met by developing new means of production, provision of new 

products and its greater accessibility by creating new markets. Stam and Nooteboom 

(2011) point out that innovation is becoming a standard norm under economic policy 

decision after the traditional criterion of efficiency-equity tradeoff. Traditionally the 

concept of innovation was highly linked to R&D intensive activities requiring high 

skilled labor force. But in today‘s world this notion has changed considerably. The 

innovation activities are becoming more diverse that breeds in an ecosystem involving 

multiple actors. Nevertheless, it requires society‘s ability to exploit new technological 

combination which comes from entrepreneurial decisions. 

Economic prosperity is highly linked with entrepreneurial development of a country. 

United States, European Union and Asia-Pacific Region are the practical illustrations 
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which shifted from managed economies towards the entrepreneurial economy whose 

productivity gains is attributed to innovative entrepreneurship. The emergence of 

entrepreneurial society has been well observed by Thurik, Stam and Audretsch (2013). 

The role of entrepreneurship has evolved drastically over the period of time and it is now 

considered as the most contributing factor towards economic prosperity through 

innovation. The earlier views of development economics such as Solow growth model 

(Solow, 1956) put great emphasis on investment in new capital as source of economic 

prosperity. The technological change was assumed to be embodied within a new capital. 

Therefore, the strategies at firm level involved investment in new capital. Later, Romer 

(1986) replaced physical capital with knowledge capital and the policy goals focused on 

investment in R&D, human capital, and enactment of intellectual property rights. These 

knowledge-based inputs were considered the prerequisites to produce innovation-based 

output. However, such a relationship failed to be omnipotent as was witnessed in the 

cases of Swedish Paradox and European Paradox.  

Swedish Paradox (Edquist & McKelvey, 1998) observed that the Swedish economy 

produced lesser R&D intensive output despite spending heavily in R&D expenditures. 

Later, it was witnessed that Southern Europe performed well with respect to innovation 

despite weaknesses in their national innovation system which was later came to be known 

as under European Paradox (Donatiello & Ramella, 2017). Even though small firms did 

not invest considerably in R&D but still they managed to produce innovative output. 

Thus, R&D expenditure is not the only precondition for determining the innovation 

capacity of a nation. Such paradoxes compel one to rethink the model of national 

innovation. This gap is filled by knowledge spillover theory of entrepreneurship (Acs, 

Braunerhjelm, Audretsch & Carlsson, 2009) which does not consider entrepreneurship to 

be exogenously determined. The theory explicitly links knowledge creation to 

entrepreneurial activities and explains that knowledge creation has a spillover effect, 

which stimulates entrepreneurs to recognize opportunities to commercialize that 

knowledge. Hirschman (1958) has also suggested that it is not the capital shortage that 

acts as a hindrance to development, but the real culprit is lack of entrepreneurial abilities. 

To overcome this bottleneck, focus should be on specific sectors rather than spreading the 

investment evenly. This view is against the Balanced Growth Theory (Nurkse, 1971) 
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which suggests complementary investments must be undertaken simultaneously. By 

concentrating the investment on specific sectors, forward and backward linkages will 

automatically act as push and pull factors to develop entrepreneurial society. However, 

this idea of Hirschman (1958) does not provide answer to as how the entrepreneurial 

behaviour will evolve over time.  

Schumpeter (1934) describes entrepreneur as the one who carry out new combinations. 

Supporting this argument, Drucker (1985) realizes innovation as an important attribute of 

an entrepreneur. Literature often narrates self-employment as a proxy to measure 

country‘s entrepreneurship level (Acs et al., 2009; Stam & Nooteboom, 2011; Maltby, 

2013; Faggio & Silva, 2014). But this measure has its own caveats. It is too narrow as 

well too broad. Since not all self-employed becomes entrepreneurs and not all 

entrepreneurs are self-employed vis-à-vis not all entrepreneurs are innovative. In this 

regard, Audretsch, Keilbach and Lehmann (2006) introduce us with the term of 

entrepreneurship capital. Entrepreneurship capital deals with the entrepreneurial 

behaviour which reflects not only the risk bearing and risk sharing attitudes but also the 

capacity to undertake innovation activities. It helps to transform knowledge into 

economic opportunities. So, along with the traditional factors of physical capital as 

suggested by Solow‘s Neoclassical Growth Model (Solow, 1956) and knowledge capital 

of Romer‘s Endogenous Growth Model (Romer, 1986), entrepreneurship capital 

(Audretsch, Keilbach & Lehmann, 2006) is a necessary ingredient for economic 

prosperity which brings productivity gains through innovation.  

Defining innovation in macroeconomic perspective is troublesome as it is difficult to 

confine it within a particular domain. Nevertheless, a greater difficulty arises when it 

comes down to the measurement of innovation at macro-level. Past literature have used 

patent counts and R&D expenditures as proxies for innovation but these measures have 

their own limitations (Mansfield, 1986; Amesse et al., 1991; Prodan, 2005; Graham et al., 

2009; Acemoglu, Bimpikis, & Ozdaglar, 2011; Shaffer, 2011; Acs & Sanders, 2012; 

Moser, 2013; Barasa et al., 2017; Savrul & Incekara, 2015; Fischer & Tello-Gamarra, 

2017). Furman and Stern (2011) examine multiple dimensions of national innovation 

framework to determine economy‘s potential towards innovation. In the same spectrum, 



9 
 

global innovation index (GII) score was initiated by INSEAD in 2007.  GII is the most 

elaborative measure of innovation capacity for a nation that includes multiple dimensions 

of innovation using 80 indicators. The study has used GII as measure of national 

innovation capacity.  

Caraça, Lundvall and Mendonça (2009) states that innovation process does not happen in 

a vacuum but rather as a response to influencing, enabling, and constraining factors. 

According to Shane and Venkataraman (2000), entrepreneurship includes activities to 

discover, evaluate and exploit opportunities. But such opportunities exist within an 

incentive system which is supported by a strong institutional environment. Therefore, 

there is a need to look upon something that is not directly linked with a nations‘ 

innovation capacity but highly correlated with the entrepreneurial behaviour which 

affects the innovation outcome. The most important variable that influences the 

entrepreneurial behaviour is the institutional trust. Therefore, rather than just focusing on 

the primitive factors i.e. the core macroeconomic factors, there is a need to look upon the 

deeper determinants of innovation-based economy by taking into consideration the 

institutional trust which is less transparent compared to the former.  

The productive contribution of entrepreneurs differs substantially (Baumol, 1996). Strong 

institutional environment provides an incentive framework for innovative 

entrepreneurship. However, under weak State legitimacy and fragile property rights 

entrepreneurship becomes evasive which is unproductive for the society.  Entrepreneurial 

activities involve uncertainties (von Mises, 1998; Choi & Shepherd, 2004; McMullen & 

Shepherd, 2006; Knight, 2013), therefore, trust building helps to realize potential gains 

by reducing uncertainties. So, one cannot undermine the legitimate role of institutions in 

an innovation-driven economy.  Aim should be to tailor the institutional environment in 

such a way that evasive entrepreneurial activities be made more costly so that the 

resources could be shifted towards more productive opportunities. This can be done by 

promoting institutional trust through well-defined property rights and provision of strong 

legal system. Institutional trust helps in building entrepreneur‘s confidence in exploiting 

innovative opportunities. Hall and Jones (1999), North (1991), Rodrik, Subramanian and 

Trebbi (2004) and Acemoglu and Johnson (2005) explain that well-developed institutions 
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directly affect the property rights.  Similarly, Rodrik (2004) points out in the growth 

perspective that rich countries are the ones where investors feel protected in terms of 

property rights i.e. the strengthening of entrepreneurs‘ property rights can have long 

lasting impact on productive capacity. What matters is the safeguard of property right 

regardless of how that is achieved. Thus, well defined property right is a signal for 

developing institutional trust. 

Institutional trust is the utility that individuals get from satisfactory performance of 

institutions and deliverance of public services (Rodrik & Rose, 2001; Christensen & 

Laegreid, 2005). OECD report (OECD, 2013) defines trust as governments‘ ability to 

manage social and economic issues. In fragile States, weak institutional structure reduces 

the legitimacy of State policies that lower down entrepreneur‘s trust on the system. Until 

the rule of game is not visibly predominant, the legitimacy of polices cannot be 

established and entrepreneurs cannot gain trust in the institutions. If a country is not 

effective in implementing polices in the political, social, and economic context then 

institutional trust is lost. States‘ inability in effective deliverance of public services 

reduces entrepreneurs‘ confidence on institutions and innovation activities are 

discouraged. The present study uses property rights and State fragility index score as 

proxy for institutional trust.  

Extant literature examines the role of entrepreneurs towards economic growth by 

concentrating mainly on the development of real economy (Gort & Klepper, 1982; Acs & 

Audretsch, 1988; Baumol, 1996; Audretsch & Thurik, 2001; Grebel, Pyka & Hanusch, 

2003; Wong et al., 2005; Hanusch & Pyka, 2006; Anokhin & Schulze; 2009). Literature 

have also settled on the fact that an entrepreneur is an inherent innovator (Schumpeter, 

1934; Miller, 1983; Drucker, 1985; Lumpkin & Dess, 1996; Shane & Venkataraman, 

2000; De Mel et al., 2009; García, Jin & Salomon, 2013). These studies have examined 

the firm level activities. These studies show a positive link between firm size and 

innovation ability. Lumpkin and Dess (1996) highlights that innovation is one of the 

prime features of entrepreneurial firms. This conclusion is consistent with Miller (1983) 

who examines that entrepreneurial firm are proactive innovators who undertake risky 

projects and engage themselves in product innovation. It is also true that not all 
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entrepreneurs produce innovative output. Therefore, entrepreneurial behaviour in the 

form of attitudes and activities play a pivotal role to determine the innovation level in an 

entrepreneurial society. 

The literature on examining the macro-level determinants of innovation is very much 

fragmented. Limited literature is available that provides direct link of entrepreneurs and 

innovation at macro-level (Draghici & Albulescu, 2014).  Many studies have associated 

innovation with patents counts (Mansfield, 1986; Amesse et al., 1991; Graham et al., 

2009; Acemoglu et al., 2011; Shaffer, 2011; Acs & Sanders, 2012; Moser, 2013) which is 

an output indicator and R&D expenditure (Prodan, 2005; Barasa et al., 2017; Savrul & 

Incekara, 2015;  Fischer & Gamarra, 2017) which is an input indicator. The major 

drawback of using R&D expenditure is that it includes efforts for both innovation as well 

as imitation activities (Moreno et al., 2005). On the other hand, there are activities that 

contribute to existing stock of knowledge but do not get patented (Moreno et al., 2005; 

Tebaldi & Elmslie, 2013). Similarly, there are certain patents that do not develop into 

innovations (Moreno et al., 2005). In addition, the relevance of such indicators is 

questionable when it is evaluated for developing countries which hardly invest in formal 

R&D and sometimes do not apply for patents. Therefore, innovation cannot be confined 

to just R&D and patents. To fill this gap, the present study utilizes global innovation 

index (GII) to measure innovative capacity of a nation. In the institutional context, 

d'Agostino and Scarlato (2019), Anokhin and Schulze (2009), Dincer (2019), Fischer and 

Tello-Gamarra (2017) and Tebaldi and Elmslie (2013) have examined the role of 

institutional quality on innovative output but none undertook the analysis from the 

perspective of institutional trust which is a necessary ingredient for determining the 

credibility of institutions. The trust building hypothesis is tested by Kodila-Tedika and 

Agbor (2016) but the study has limited scope from the point of data analysis. The present 

study aims to fill the literature gap by bringing new empirical evidence on the 

relationship of entrepreneurial behaviour and institutional trust with innovation in a 

macro-economic perspective. Two aspects of entrepreneurial behaviour will be 

considered in this study i.e. entrepreneurial attitude and entrepreneurial activity.    

2.2 On the links between entrepreneur and innovation 
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The first traces on the links between entrepreneur and innovation in economic theory 

could be seen in the mid-18
th

 century during the era of physiocracy. It consisted of a 

group of French economists who formed the first systematic school of thought under 

political economy before the advent of classical school of thought. Francois Quesnay 

(1694-1774), the leading Physiocrat, acknowledged the importance of technical 

innovation in the agriculture sector and used the term of agricultural entrepreneurs for 

farmers who brought change through cost minimizing and output maximizing agricultural 

output (McNally, 1990, p. 87). But Quesnay is not the pioneer in using the term of 

entrepreneur. It is credited to Richard Cantillon‘s first book published in 1755 under the 

name of Essai sur la Nature du Commerce en Général (English translation: Essay on the 

Nature of Trade in General), twenty two years before Adam Smith‘s An Inquiry into the 

Nature and Causes of  the Wealth of Nations. Cantillon (2015)
3
 formalized the concept of 

entrepreneur as being the primary factor in moving the resources for the quest of profit. 

Therefore, entrepreneur acts upon the perceived opportunities and produce output that 

earns him high prices. Cantillon (2015) identified entrepreneurs, landowners, and 

hirelings as three major subdivisions of economic agents and latter two being the passive 

groups with no role in the market economy. It is the entrepreneur who played central role 

of coordinator, decision maker and bearer of risk under uncertainty (Landström & 

Lohrke, 2010, p. 18).  

Using Cantillon‘s definition, Francois Quesnay visualized capitalist farmer not as a 

laborer but a person who works through his wealth and intelligence to make the farming 

enterprise profitable. During the same course of time was another leading physiocrat, 

Anne-Robert-Jacques Turgot (1727-1781) who got heavily influence by Quesnay‘s take 

on entrepreneur. An entrepreneur was perceived a product of investment decision of 

capitalist. Thus, Turgot‘s capitalist was not solely a capitalist but an entrepreneurial 

capitalist. Turgot believed that most of the capital is accumulated by agrarian capitalist 

who becomes an entrepreneur by design and tremendously differs from daily wage 

earning rural labour. However, Quesnay and Turgot‘s assertion on agrarian entrepreneur 

                                                           
3
  [First English translation by H. Higgs was published in 1959, London; First German edition published in 

1755, Germany]. 
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strictly lacked the notion of entrepreneur as a mediator for innovation with just a glimpse 

of technological change in agriculture sector (Henderson, 2008). 

An Inquiry into the Nature and Causes of the Wealth of Nations by Adam Smith, 

published in 1776, is considered as the first major work on theory building in the 

mainstream economics under the classical school of thought. But the role of entrepreneur 

for innovation in Smith‘s theory is undermined. Aspromourgos (2014) discusses that the 

most noticeable description on innovation provided by Adam Smith is the process 

innovation which results from competition among producers. Thus, innovation is 

endogenous to competition and innovators cannot be considered as a distinctive class of 

producer or in any way different from capitalists, workers, or the landowners. Smith‘s 

account on innovation revolves around division of labour and specialization with little 

importance to entrepreneur as an agent of change. The three main aspects of innovation 

focus on increasing productivity through worker‘s efficiency, mechanization and 

adoption of time saving techniques. The only association that Smith makes with an 

enterprising spirit of an individual is his risk-bearing ability along with the provision of 

capital and lacks any appreciation about his innovation ability. 

The innovative role of entrepreneur almost disappears under neoclassical economics. 

This school of thought gives importance to technology, specifically the scientific 

knowledge, in building innovation economy. However, the neoclassical economics 

considers the variables as exogenously determined which are responsible for bringing 

economic change (Dopfer, 1994, p. 128). The managerial decision making of human 

input to innovation output is largely overlooked in neoclassical economics. In fact, 

Brown and Thornton (2013) state that entrepreneur is rarely mentioned in the neoclassical 

economic theory. Under Marshallian analysis (Marshall, 1961, p. 249), the innovation 

related function of an entrepreneur is confined to the search of cost minimizing 

opportunities and declares that economic change is a gradual process. The main concern 

is establishment of equilibrium with no excess profits as all factors earn according to their 

marginal contributions.  Such conditions hold under the assumptions of perfect 

competition. No serious attempt has been made under neoclassical economics to make 

entrepreneurial concept a focal point in the main theoretical framework except by 
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Baumol (1968) who prevented the innovative entrepreneur to completely disappear from 

economic theory. Baumol (1968, pp. 65, 66) states that entrepreneur is scantly referred in 

the theoretical discussion of firms‘ activity and such an entrepreneur-less firm is just like 

discussing about Prince of Denmark without mentioning Hamlet. Since what is in 

practice today might not be feasible tomorrow, therefore entrepreneurial decisions are 

necessary to create opportunities for firms. These entrepreneurial decisions are an 

ongoing process which is crucial for economic development. Later, Baumol (1990, p. 

898) introduced the role of institutions in determining entrepreneurial behaviour i.e. rule 

of game governs the social payoff that distribute the entrepreneurial activities into 

productive, destructive, or evasive activities.  

Another thought prevalent alongside the neoclassical was the Chicago school of 

economics and Frank Hyneman Knight is considered as one of its founding fathers. 

Knight (1921, pp. 20, 35) depicts that investor plays a role of an entrepreneur. Since all 

ventures involve uncertainty and its failure or success cannot be distinguished 

beforehand. So, expectations about future profits played a key role in emergence of a 

successful entrepreneur which may occur unexpectedly. This shows that investment itself 

is a process of discovery and entrepreneur is gifted to foresee the future profits which 

compels him to pay for factors of production in advance to secure those profits.  Thus, 

under Knight‘s viewpoint, entrepreneur is not an innovator in true sense, but predictor of 

future profits and entrepreneurial behaviour is restricted to the discovery of future profits 

under uncertainties.  

One more variant during this time was Austrian school of economics that emerged in late 

nineteenth century. Carl Menger is considered the founder of this school with his first 

publication under the name of Grundsätze der Volkswirtschaftslehre (English translation: 

Principles of Economics) in 1871, which was later translated in english.  According to 

Menger (1976, pp. 157-160)
4
, entrepreneur is a well-informed entity with a foresight and 

makes calculative decisions for efficient production processes. They are involved in 

higher order goods which not only involve technical methods or technical skills but also 

entrepreneurial speculations. Campagnolo and Vivel (2014) write that Carl Menger does 

                                                           
4
 [First German edition was published in 1871]. 
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not narrate much about the entrepreneur as an individual but its functions. These 

functions include gathering of information, making economic calculations, willingness to 

act, and supervision of production processes in the best possible way.  

Role of entrepreneur in the contemporary Austrian approach gets much more highlighted 

under Kirznerian analysis (Kirzner, 1997; Douhan, Eliasson & Henrekson, 2007). Much 

of the analysis under Kirzner approach (1997) has been emphasized on the 

microeconomic perspective of entrepreneurial activities and entrepreneur‘s value 

judgment of those activities. Key elements of the analysis focus on how economic agents 

acquire mutual knowledge about market equilibrium and entrepreneurial discovery of 

those elements. The main characteristic of an entrepreneur is his instinctive alertness and 

receptiveness to potential opportunities which require well-coordinated economic 

activities. The wrong interpretation of market leads to mistaken actions that may cause 

market disruptions and losses. But that erroneous behaviour of an entrepreneur is seldom 

found in Austrian approach which considers alertness as the significant trait of an 

entrepreneur.    

During the time between late 19
th

 and early 20
th

 century the American institutionalist 

approach has provided a relatively different viewpoint on explaining human action. Also 

referred to as old institutionalism, this approach emphasized that technological change is 

based upon modifications in the ways of doing things which are usually done in a routine 

i.e. the activities of an economic agent are based upon rules and habits. This is contrary to 

endogenous growth theory which focuses on the incentives and sources of innovation as a 

means of technological progress. The concept of entrepreneur and technological change 

under old institutionalism is predominantly influenced by the works of Thorstein Veblen 

and John Commons. Veblen (1898, p. 387; 1906, p. 595) declares that technology is 

related to the prevalent methods of doing things and any change that occurs is sequential 

that is brought about by change in habits. Thus, human activities are dominated by 

culture and new technology is absorbed through breakdown of existing habits but within 

an institutional structure. Veblen‘s response is considered a critique to neoclassical 

economics, which failed adequately to give importance to entrepreneurship within a 

theoretical framework. Similarly, Commons (1936) places great importance on collective 
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action and studies economic behaviour within an institutional paradigm.  Under the 

institutionalist perspective, the success of an innovation venture requires a change in 

working rules. Thus, those individuals who cannot gain an authority position are left out 

from becoming innovative entrepreneurs. The Commons‘s innovation view is associated 

with disruptive activities under collective actions. Therefore, entrepreneurship is 

considered a strategy under given concern rather than individual‘s characteristic as 

endorsed by Schumpeterian view. The entrepreneurial opportunities thus created are 

heavily influenced by historical factors (McFarling, 2000; Winter, 2016).  

During the mid-twentieth century, the concept of innovative entrepreneur gains 

significance importance in the economic thinking when Joseph Schumpeter explicitly 

conceptualizes entrepreneur as a prime mover of innovation i.e. a dynamic agent of 

economic change. Schumpeter (1934) defines entrepreneurial behaviour as creative 

destruction who seeks profit through innovation by destroying the existing arrangement 

of economic activities. This concept opposes Kirznerian approach which describes 

entrepreneur as a coordinator of economic activities. In contrast to Adam Smith, 

Schumpeter (1934) do not consider entrepreneur as a risk-bearer. This characteristic of 

risk-bearing is devoted to the capitalist class who is the source of funds to entrepreneur. 

Schumpeter‘s entrepreneur has a decisive role in innovation by undertaking managerial 

decision-making to carry out new combinations. Aspromourgos (2014) states that 

Schumpeter‘s entrepreneurial decision-making must relate to the management of 

innovation activities.  Contrary to neo-classical economists, Schumpeter‘s theory 

explains the process of economic change by treating the innovation related activities as 

being determined from within the system. These innovation activities are done by 

entrepreneurs. Schumpeterian‘s view explains the supply-side mechanism of innovation.  

After the 1930‘s great depression, the convictions under Keynesian economics are based 

upon effective demand and expectations which determine the total national income. 

Although both economists belong to the most renowned phase of the 20
th

 Century, John 

Maynard Keynes provides divergent views to that of Joseph Schumpeter. Entrepreneur 

has no central role to play in economic development under Keynesian economics. Keynes 

economics criticizes capitalism in terms of lacking investment opportunities as it is 
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guided and supported by animal spirit. Brouwer (2000) states that role of entrepreneur as 

a business class has vanished under Keynesian economics and is replaced with the 

managerial class. As opposed to Knight‘s viewpoint on entrepreneurial predictability of 

profit under uncertain future, Keynesian view is pessimistic which perceives uncertainty 

as unfavourable. Hence, little investment is done which does not generate effective 

demand for economic growth. Thus, role of entrepreneur is challenged under Keynesian 

economics.  

After the Keynesian macroeconomics, a counter revolution came into existence in 

economic thinking in 1970‘s under the name of new classical school. A rather 

conservative approach, it is mainly influenced by the works of Thomas Sargeant, Robert 

Lucas, Edward C. Prescott, Neil Wallace, Robert Barro and John Muth.  Under the 

rational expectations‘ hypothesis (Muth, 1961, pp. 316- 317), all economic agents have 

full access to information. Well informed predictions about future help economic agents 

to make rational decisions with no systematic error.  Such rationality is not confined to 

entrepreneurs only, an argument supported under Knightian entrepreneurship, but 

validated for all economic agents. Thus, entrepreneur loses its distinctive trait of acting 

under uncertainty. The entrepreneurs who are not capable to predict accurately will be 

inefficient and ultimately gets wiped out of the economy. Birol (2015) calls this 

elimination as Social Darwinism.  

Conversely, the endogenous growth theory borrows the Schumpeterian notion of 

technological change. Romer (1986, p. 105; 1990, p. S98), who is considered the founder 

of endogenous growth theory deals with the idea that growth rates can be increased by 

profit maximizing private agents using knowledge. These economic agents are the 

researchers and entrepreneurs (Jones, 2019). In pursuit of profits, these private entities 

invest in new knowledge creation for which they charge a higher price on the resulting 

output. Such technological change also overcomes the diminishing returns. So, 

government must make efforts in not only increasing the investment on education and 

R&D but also to incentivize its use. On the other hand, Lucas (1988) does not put 

emphasis on technological change or innovation but human capital accumulation which is 

taken to be endogenous. The notion of human capital accounts for not only schooling but 
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also the on-job-training and learning-by-doing with unobservable magnitude. This 

accumulation of human capital is thought as a social activity that does not involve 

individual but group of people which has productive effects on economic growth. Thus, 

productivity gains come from human capital rather than technological change or 

entrepreneurial decisions.  

Then again, the Schumpeterian concept is further nurtured in the Kaleckian approach 

(Kalecki, 1991)
5
 who interprets the demand-side mechanism of innovation economy. 

Kalecki (1991, p. 334-337) recognizes the importance of entrepreneurial decisions for 

generating investment demand. Such demand is created for both tangible and intangible 

investment which is required to be taken in many short periods to foster innovation 

economy in the long-run. Kalecki‘s insightful thoughts became a gateway to evolutionary 

economics. 

During the last few decades, the Neo-Schumpeterian debates have gained importance 

under the name of evolutionary economics. Courvisanos and Mackenzie (2014) call 

evolutionary economics as the new home for contemporary debates on innovation 

economics. The key element under this new approach is the institutional innovation 

system and entrepreneur takes up the center stage who undertakes R&D to bring out 

major discovery or invention. Such technological innovations can take place at different 

scale, starting from small business startups to large corporate entities. This perspective 

examines the entrepreneurial behaviour originating from within the industrial 

organization. Courvisanos (2004, p. 35) calls this perspective as Kaleckian 

behaviouralism.  

2.3 Entrepreneurial behaviour in an innovation economy 

Courvisanos and Mackenzie (2014) define innovation economics as the model of 

economic development within an institutional framework of innovation system. 

Innovation economics deals with the understanding of the sources of in-novation i.e. how 

new ideas are generated? And how those ideas are put into use? Also, to devise policies 

that could encourage further development of new ideas. The answer to all these questions 

                                                           
5
 [The original book published in 1954]. 
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lies within the innovation economics. The distinguishing factor of innovation economy is 

the appropriation of knowledge capital by an economic agent called the entrepreneur and 

decision of an entrepreneur leads to innovation. Although innovation stands on the pillar 

of knowledge economy, but entrepreneurship is the one that drives innovation. 

Entrepreneurial behaviour is the prime factor that sparks innovation in economy. 

Entrepreneurship is now becoming the most important factor input of the modern 

developed world and the consequence of that is the innovation-driven economies. 

Kirchhoff (1994) defines entrepreneurial economy as the one whose economic 

performance is attributed towards growth and emergence of innovation and often used the 

term of dynamic capitalism. Those countries suffer from reduced innovation ventures 

which fail to harness entrepreneurial ecosystem. Entrepreneurs play an important role in 

reallocating resources from less productive to more productive activities (Acs & Storey, 

2004). As discussed earlier, the terminology of entrepreneurship is not new and can be 

traced back to mid-18
th

 century. The most noticeable and detailed account on the 

relationship between entrepreneur and innovation belongs to Schumpeter (1934) who 

defined entrepreneurs as those who bring out new combinations. Thus, Schumpeterian 

fundamentalism is based on novelties initiated through entrepreneurial development. An 

entrepreneur innovates that has some economic value (Rose, Shipp & Stone, 2009), as in 

Schumpeterian sense entrepreneurs commercialize new ideas i.e., the inventions.  

In Schumpeterian sense, development must involve a dynamic process of innovation 

through economic agents namely the entrepreneurs. The Schumpeterian idea conceives 

economic life as a well-behaved circular flow similar to the biological flow of blood 

circulation in an animal. Thus, economic system always tends to be at equilibrium. Any 

exogenous change may disturb the system leading to cyclical fluctuations. However, slow 

and continuous change may induce a gradual adaptation in the system. The most crucial 

and profound transformation is the technological change which is considered the prime 

mover that is not forced upon but comes from within the system; as in his own words 

Schumpeter (1934, p. 63) states ―Development should be seen as a succession of 

discontinuous structural changes in the channels of circular flow due to endogenous 

mutations of internal factors‖. This introduces the concept of ―creative destruction‖ 

which causes a disturbance of the general equilibrium towards a more superior state.   
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There is a strong theoretical link between entrepreneurship and innovation which is 

associated with Joseph Schumpeter (1934) who came up with some pioneering work 

under the name of ―The Theory of Economic Development”, the work first got published 

in German in 1912 and it states that entrepreneur is an agent of change. Those firms 

disappear from the system who do not innovate (Schumpeter, 1934). Entrepreneur is an 

inherent innovator who is always in seek of better returns and implements change in the 

markets by carrying out new combinations. Hence, entrepreneur always tries different to 

earn extra profit and tends to acquire patents or monopoly rights that is the heart of 

innovation. According to Schumpeter (1934), innovative entrepreneurs cause 

technological advancement and shifts the production possibility outwards. Supporting 

this argument, Drucker (1985) realizes innovation as an important attribute of an 

entrepreneur. All successful entrepreneurs get committed to innovation practices by 

purposefully searching the opportunities. von Mises (1998) renames entrepreneur as a 

speculator whose success or failure depends on how accurate his anticipations are. On the 

other hand, Shane & Venkataraman (2000) consider entrepreneurship as a tendency to 

discover, evaluate and exploit opportunities.   

From the explanation given above, it is shown that it is easier to state the functions and 

forms of entrepreneurs rather than defining it. Entrepreneurs are the micro-level entities 

who are basically self-employed and have the skills to bring change in the economy. So, 

innovation is central to entrepreneurship as it is necessary to make them survive. Though 

some entrepreneurs may indulge in non-innovative non-market activities but literature 

does not give it due importance and focuses on its creativity and novelty side i.e. to bring 

new values to the consumers and also devising new ways to deliver those values.  Stam 

and Nooteboom (2011) split the definition of entrepreneurship into two categories. One is 

Schumpeterian entrepreneurship which creates new economic activities; and second is 

corporate entrepreneurship which transforms the existing ones. Literature often narrates 

self-employed as a proxy to measure entrepreneurship in a country (Acs et al., 2009; 

Stam & Nooteboom, 2011; Maltby, 2013; Faggio & Silva, 2014). However, it is more 

important to consider the entrepreneurial behaviour of these entities rather than just 

focusing on the existence of entrepreneurs in terms of self-employed. Similarly, not all 

entrepreneurs are innovation-driven. The nature and type of entrepreneurial behaviour in 
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the form of attitudes, activities and aspirations play a pivotal role in determining 

innovation level in an entrepreneurial society. Entrepreneur and innovation are 

intertwined to each other. But what is more important for this relationship to exist is how 

the entrepreneurial behaviour evolves in that system.  

Shane (2003) argues that there are some conditions that must be prevalent and deemed 

necessary for the relationship between entrepreneur and innovation. The most important 

is the presence of entrepreneurial opportunities and the risk bearing attitude of the 

entrepreneurs. These factors determine whether the entrepreneurs are going to be 

innovating or imitating i.e. how the discovered opportunities are realized. There is 

usually wide range of opportunities available to an entrepreneur and the consequences of 

each differs, which are sometimes unknown. Therefore, entrepreneurial decisions cannot 

be calculative in response to those alternatives. It is the perceptions of entrepreneurs 

regarding how opportunistic their business ideas are and how successful that enterprise 

will be if a decision is made. Sometimes, the fear of failure rate prevents the prospective 

entrepreneurs to undertake innovative ventures.  But the real challenging task is to ensure 

that entrepreneurial opportunities are available and its realization. These opportunities are 

instigated from changes in the factors that can be technological, social, or institutional.  

2.4 Institutional economic approach to entrepreneurship 

Innovation is not just about spending significant resources in R&D, but it nurtures in an 

ecosystem. For a successful innovation to take place there is a need for combination of 

various elements which not only include the financial resources but also the human 

capital, infrastructure, well developed markets, institutions and most importantly how the 

entrepreneurs thrive in that environment. So, what need to be examined is the 

interconnectedness of entrepreneurial behaviour and innovation through proper 

embeddedness of institutions. All activities take place within an institutional framework, 

which provides a guide for routines to develop. North (1991) explains institutions as rules 

of game or the norms that devise human interactions in a society. Institutions provide an 

incentive structure to influence human behaviour. Consequently, the social interaction 

becomes more fruitful through provision of incentives that shape those interactions. 

Institutions provide a choice set and therefore determine feasibility of a transaction or 
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economic activity.  When everyone works within an established structure, the plans could 

be carried out in a more systematic way which reduces the risk of uncertainties. 

Institutions are effective only when there is proper mechanism for its enforcement. The 

enforcement of arrangements is an essential part of capacity building for formal 

institutions to take into place. 

The decision of entrepreneurs about the use of resources is heavily influenced by the 

institutional structure. The entrepreneurial function depends not only on the core 

macroeconomic factors but also on the institutional environment in which these 

entrepreneurial activities take place. According to Sautet (2005) ―Entrepreneurship is not 

dependent on the resources in an economy. Rather, the key is the quality of institutions 

that permit the exploitation of resources and opportunities.‖ This is because prevailing 

institutional arrangements determine the uncertainty in profits and the existing risks that 

determine not only the probability but also the nature of entrepreneurial activities.  

Traditionally, entrepreneurship is discussed in the socio-economic context by discovery 

of mutual gains or profit opportunities created through exchange between parties. These 

opportunities are not created in a vacuum but within an institutional paradigm. The 

entrepreneurial activity is never short of its supply and can be observable in every society 

across countries (Baumol, 1990). Although, its productive contribution differs 

substantially due to its resource distributional ability between innovative activities and 

rent-seeking/criminal activities which are a part of unproductive resource allocation. In 

this context, the role of institutions becomes more important in determining the allocative 

capacity of entrepreneurship rather than just its supply. Institutions are usually an 

outcome of a political process during which the interests of many stakeholder are kept in 

mind. The question arises about what type of institutional structure enables the innovative 

entrepreneurship. The relationship between institutions and entrepreneurial development 

seems puzzling (Stam & Nooteboom, 2011). An entrepreneur faces uncertainty and 

entrepreneurial behaviour involves judgment under that uncertainty. Institutions, on the 

other hand, provide an enabling environment for the entrepreneurs by overcoming those 

uncertainties. The legal institution of protection of property rights is one such example of 

avoiding uncertainties. Property rights are an integral part of strong institutional 



23 
 

foundations. The socially optimal level of production occurs when there are well defined 

property rights. When private property rights are secured, entrepreneurship is likely to 

succeed. According to Thrilwall (2005), there must at least be a rule of law, protection of 

property rights and constraints on corruption for developing the entrepreneurial capacity 

of private individuals. Moreover, intellectual property rights are crucial for determining 

the entrepreneurial outcome and innovation (Anton & Yao, 1995; Graham et al., 2009). 

Sautet (2005) states that institutional arrangements determine the nature of 

entrepreneurship. Institutions, both formal and informal, provide an incentive system for 

organizing the activities. For institutional building, policy advisors need to consider the 

extent to which the formal and informal institutions overlap each other. This overlap 

determines the enforcement costs of formal institutions which are lowered when the 

possibility of this overlap is large. Sautet (2005) answers the question as to why 

entrepreneurial activities and their benefits vary across countries by categorizing them 

into three types as follows: 

i) The first is the productive entrepreneurship. For such entrepreneurship, 

institutions provide an incentive framework to discover and exploit profit 

opportunities. This is done through enforcing property rights over the 

exchange of goods and services. All activities undertaken are the productive 

activities.  

ii) The second type of entrepreneurial activities is classified as evasive 

entrepreneurship and is costly from the welfare point of view. In such a case, 

entrepreneurs try to avoid or ignore the formal institutional structure. This is 

so because the formal arrangements drive down the profits. This happens 

when there is greater degree of uncertainty arising from weak state legitimacy 

and fragile property rights, and high transaction costs in terms of greater 

regulations and higher tax rates. Evasive entrepreneur is inefficient for the 

society. Since productive resources are re-allocated towards non-productive 

activities for avoiding the formal institutional framework.  

iii) The third category is named as socially destructive entrepreneurship. 

Activities arising from such social interactions result into zero-sum or 
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negative-sum game. One of the most common scenarios is when 

entrepreneurs, rather than undertaking innovation-based activities, start 

pursuing the rent-seeking behaviour such as the black marketing. In such 

cases, the formal institutions are exploited for personal gains.  

A country becomes economically vibrant through strong institutional structure and its 

penetration. Although the access to resources, markets, and its commercialization matters 

but the key to productive outcomes is through enforcement of rules and regulations. 

Hence, it is the incentive system that matters which shapes the economic activities by 

fostering the entrepreneurial patterns and its evolution. Thus, the prevalent institutional 

framework decides whether the activities would be productive, evasive, or destructive in 

nature. It is the rules of game that alter the payoffs relative to different entrepreneurial 

activities (Baumol, 1990). This perspective is very much in line with the concept of new 

institutional economics (Williamson, 2000) i.e. economic behaviour and performance 

varies significantly with the type of institutional framework. Aim should be to tailor the 

institutional environment in such a way that evasive and destructive activities be made 

more costly, relatively, so that the resources could be shifted towards more productive 

opportunities. This can be done by enforcing institutional trust which can be done by 

improving the State legitimacy through well-defined property rights, strong financial and 

legal system, and provision of strong incentive system. Such factors help in developing 

institutional trust in the society. 

2.5 Institutional trust building is a necessary element for innovation 

The innovation activities have a strong relationship with institutional trust building. Rent-

seeking is a direct attack on perceived opportunities for innovation activities. According 

to Kodila-Tedika and Simplice (2016) rent seeking mitigates the effectiveness of 

governance which increases the chances of State fragility. When the output of an 

innovative entrepreneur is subjected to rent seeking, it discourages him to commercialize 

new ideas and the potential entrepreneur resolves to subsistence output (Hoff & Stiglitz, 

2000). Sarbah and Xiao (2013) has discussed that trust is a necessary element for 

entrepreneurial development. The study undertook qualitative analysis by collecting 

micro data from Ghana. To study the same relationship, the cross-sectional cross-country 
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analysis using quantitative techniques is done by Kodila-Tedika and Agbor (2016) by 

using the dataset of World Value Survey (WVS). 

Institutional trust is lost if government is unable to effectively implement a public policy. 

Ward, Miller, Pearce & Meyer (2016) and Braithwaite (1998) explains that institutional 

trust is based on the expectation about the performance, predictability, and consistency of 

the institutions. Such parameters reduce the transaction costs and uncertainty which 

affects the entrepreneurial behaviour positively and entrepreneurs are motivated to 

undertake risky ventures.  

Acemoglu and Johnson (2005) provide a direct link between secured property rights and 

economic development. Secured property rights establish an investment friendly 

environment that opposes the rent seeking activities by increasing the social private 

returns. Therefore, private entities pursue economic activities that bring more returns. 

These returns can be further enhanced by embracing the innovation activities. The 

potential entrepreneurs will defer productive investment if the property rights are not 

strong. 

Fragile States face several economic, political, and structural constraints which reduce 

investors‘ confidence. Therefore, these constraints act as barriers to capital accumulation 

and technological advancement (Maier, 2010). This argument is driven from discussions 

by contemporary theories of economic development. Hirschman (1958) proposes that 

decision-making of potential entrepreneur is highly associated with institutional factors. 

The fragile States face serious market inefficiencies, weak institutions and distortions that 

hinder successful transition towards innovation economy due to lack of adaptability to 

new technologies. This view can also be linked to the theory of coordination failure that 

Hoff (2000) explains as a failure of economic agents to coordinate their set of choices 

which brings a worse-off situation for all. In the given context, these economic agents are 

the entrepreneurs, and their choice set is the entrepreneurial behaviour in terms of their 

attitudes and activities. Due to deficiency of institutional trust in fragile States, the 

potential entrepreneurs get reluctant to undertake innovative activities which are usually 

associated with risky ventures. This results into bad equilibrium as each entity waits for 

the other to make the first move. But trust deficit due to absence of property rights, 
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government‘s inability to implement policy effectively and failure of service delivery 

prevents the prospective entrepreneurs to make the first move. This results into 

coordination failure and prohibits the development of innovation economy. Although, by 

undertaking entrepreneurial decisions towards innovation, they could feed upon each 

other through forward and backward linkages, but coordination failure prevents them 

from doing so. Thus, the loss of institutional trust acts like a black plague. 

2.6 Conceptualizing institutional trust and its measurement 

The micro data on trust had been formalized through various cross-country surveys. 

These surveys are mostly based on self-reported attitudes. These include the World Value 

Survey (WVS) that collect data on social values and their impact on life. The data is 

collected after every five years since 1981 and collected over a period of time. WVS is 

usually used in cross sectional studies and is available with time gaps. The WVS is not 

convenient to undertake quantitative analysis as it contains non-numerical values. 

Furthermore, the WVS is undertaken in waves that run for 3 to 4 years; hence it provides 

limitation for panel data estimation. Another dataset is General Social Survey (GSS) 

which measures public trust in government. But GSS is confined to the US economy. 

SOM Institute is also a country specific dataset that collects data on trust for Sweden 

economy. Similarly, EU-SILC (European Union Statistics on Income and Living 

Conditions) is the multidimensional micro dataset that provide information on people‘s 

trust in public institutions for the European Union countries.   All these datasets are based 

on self-reported attitudes, perceptions, and value judgments. These datasets are 

inadequate for panel data analysis due to confinement to a particular country, time 

discontinuity or having non-numeric values. So, an alternative approach to measure trust 

need to be developed that can be done by using a suitable proxy in the light of 

conceptualization of trust in past literature.  

Institutional trust means that the trust building mechanism in a society is heavily 

influenced by prevalent institutional framework (Bachmann & Inkpen, 2011). If the 

actions and decisions of private entities will be safeguarded, then institutional trust will 

exist automatically in that society. It is difficult to quantify institutional trust at macro-

level and there has not been developed any compact measurement of it. Therefore, in the 



27 
 

light of definitions and theoretical links provided by various studies a suitable proxy can 

be chosen to quantify institutional trust. In literature some studies have conceptualized 

trust in the realm of economics. The macro-level approach to trust building is captured 

within an institutional framework. Williamson (1993) proposes that institutional trust is 

the deep-rooted values in economic activities that can be social, economic, or political 

and this trust is necessary for good governance.  Trust is learned over a period of time 

through interactions of individuals with the institutional structure. This means that 

countries having weak institutional framework will face trust deficit. Hudson (2006) 

provides evidence on the endogeneity of trust with respect to the institutional 

performance and states that trust is not about having the institutional capacity to carry out 

a task but how well the tasks are carried out in a satisfactory way. According to OECD 

(2013) report, to establish people‘s trust on institutions it is necessary that government is 

well able to manage the economic as well social issues in a country. People gets 

satisfaction from better performing institutions with good service delivery. This 

satisfaction from better performance triggers institutional trust in the society (Rodrik & 

Rose, 2001; Christensen & Laegreid, 2005). 

Institutional trust will be low in fragile societies.  Since the absence of proper checks and 

balance and weak institutional structure will reduce the legitimacy of policies and will 

lower down people‘s trust on the system. Until the rule of game is not visibly 

predominant, the legitimacy of polices cannot be established and citizens cannot gain 

trust in the institutions.  Gerth and Mills (1948) explain the Weberian definition of State 

as a legitimate use of force to exercise control over people and maintain order. So, the 

State will fail if this monopoly control is lost. A fragile State is the one which faces 

severe problems of security, governance, and development. So, a fragile State is likely to 

fail. Lack of governance effectiveness and insecurity makes the people lose confidence in 

State‘s policy and its ability to deliver public services efficiently. Thus, institutional trust 

declines in a fragile State. Therefore, government‘s effectiveness in delivering its 

services and functionalities can be used to proxy institutional trust i.e. institutional trust 

will be high in less fragile countries where government is better able to exercise its 

monopoly control. As Blind (2007) states that credibility of policy making plays an 

important role in developing people‘s trust on institutions.  
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Another proxy that can be used to reflect institutional trust is the enactment of property 

rights. Institutional trust is lost if State becomes unable to fulfill its basic obligations 

towards its people and one of that obligations is protection of property. The property right 

institutions measure the extent to which the private property is secured form State‘s 

expropriation as well as protection from corrupt government officials who demand bribes 

in exchange for personal favours (Acemoglu and Johnson, 2005). According to 

Williamson and Kerekes (2011), trust is one of the important determinants of secured 

property rights i.e. effectiveness of property rights is a build-in phenomenon in societies 

that have strong cultural values and one of them is trust. Thus, property rights can be used 

to proxy institutional trust.   

2.7 Conceptualizing innovation and its measurement 

Innovation deals with the creation of new knowledge. A very vast literature is available 

on firm level analysis of innovation which usually deals with innovation cluster by 

focusing on specific sectors. Gambatese and Hallowell (2011) undertake the analysis of 

construction industry. Gebreeyesus and Mohnen (2013) examines the innovation 

performance in Ethiopian footwear industry. Cirera and Muzi (2016) collect data on 

innovation by using innovation enterprise survey on 11 Sub-Saharan African and 4 South 

Asian countries. Using the qualitative approach, Voeten, Haan and de Groot (2009) 

develop a case study to determine innovation among small scale producers in Northern 

Vietnam. The definition of innovation under such firm level analysis is very much 

subjective which impedes comparability. However, the literature has some consensus 

upon various dimensions which are considered while evaluating innovation performance. 

The concept of innovation thus encompasses the ways to design new combinations such 

as: a) producing new goods with diversity and improved quality; b) new methods of 

production or sales of a product; c) opening up of new markets; d) new sources of supply 

of inputs and lastly; e) refining the organizational structure i.e. the creation or destruction 

of an industry. 

Defining innovation in the macroeconomic perspective is more troublesome as it is 

difficult to confine it within a particular domain. Nevertheless, a greater difficulty arises 

when it comes down to the measurement of innovation at macro-level. The nature of 
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innovation is evolving with the rapid pace of scientific development, use of ICT and 

increased demand of skilled labour. Though, it is not possible to quantify all aspects of 

innovation, but some indicators have been used in the literature that involves the input 

and output aspects of measuring innovation. Many studies have associated innovation 

with patents (Mansfield, 1986; Amesse et al. 1991; Graham et al. 2009; Acemoglu et al., 

2011; Shaffer, 2011; Acs & Sanders, 2012; Moser, 2013).  Although the role of patents in 

determining innovation is conclusive (Nagaoka, Motohashi & Goto, 2010) but it only 

reflects the output side of innovativeness and ignores to take the input viewpoint. 

Secondly, not all inventions are patented even though they contribute to the existing stock 

of knowledge (Tebaldi & Elmslie, 2008; Moreno, Paci & Usai, 2005). Similarly, there are 

certain patents that do not developed into innovations (Moreno, Paci & Usai, 2005). On 

the other hand, Prodan (2005), Barasa et al., (2017), Savrul and Incekara (2015), and 

Fischer and Tello-Gamarra (2017) have used R&D expenditure to measure innovation 

which is an input indicator. The major drawback of using R&D expenditure is that it 

includes efforts for both innovation as well as imitation activities (Moreno, Paci & Usai, 

2005). In addition, the relevance of such indicators is questionable when it is evaluated 

for developing and poor countries which hardly invest in formal R&D and also do not 

apply for patents. Therefore, innovation cannot be confined to just R&D and patents. 

There is a need to consider multiple indicators simultaneously to evaluate the innovative 

capacity of a nation. Sears and Baba (2011) have also highlighted that various dimensions 

that are contextual to innovation must be included while evaluating the innovativeness.  

Alternatively, Furman and Stern (2011) introduced a novel concept to determine an 

economy‘s potential towards innovation. The study examines the relationship between 

international patenting and variables associated with national innovation capacity 

framework. These variables cater to the input side of innovativeness i.e. innovation 

infrastructure and environment for innovation. In the same spectrum, some other 

innovation-oriented indices include global innovation index (GII), global competitiveness 

index, Bloomberg innovation index, knowledge economy index and European innovation 

scoreboard (Murray & Budden, 2019). But GII seems more plausible to undertake 

international comparability of national innovation for countries which are at the various 

stages of development. GII is relatively the most elaborative measure of innovation 
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capacity for a nation. It comprises of 80 indicators of innovation capacity and 

environment. Sears and Baba (2011) also consider GII as a comprehensive and reliable 

measure of innovation. GII caters to the multiple dimensions of input as well as output 

side of innovation.  

2.7.1 The theoretical framework of calculating global innovation index (GII) 

The GII score was initiated by INSEAD in 2007.  Since then this construction is 

published annually in collaboration with Cornell University and World Intellectual 

Property Organization (WIPO). It captures the multifaceted dimensions of national 

innovation. The input side includes institutions, human capital, research, infrastructure, 

market sophistication and business sophistication. On the output side, it involves 

knowledge and technology output and creative output. Together, the input and output side 

measure the overall innovation efficiency ratio which is used to calculate GII. GII 

captures the richness of a country in innovation and ranks the country on a scale from 0 

to 100. Rather than just focusing on innovation output, this measure puts great emphasis 

on innovation environment and infrastructure. So, there are also sub-indexes of GII to 

monitor and evaluate innovation from multiple dimensions.   

The calculation of GII is mainly based on the conception of innovation as explained in 

Oslo Manual (OECD, 2005). It provides detailed guidelines for conceptualizing 

innovation as well as data collection and data classification required for compiling 

statistics on country‘s innovation. It involves not only the internal drivers of innovation 

but also includes different aspects prevalent outside the business community. Previously, 

innovation was linked to R&D intensive technology output which required high skilled 

labor force but in today‘s world the notion of innovation has changed considerably. It is 

more about the abilities to exploit new technological combinations. The innovation 

activities are becoming more diverse involving multiple actors within an innovation 

ecosystem.   

The GII score is based on two sub-indices; one is innovation input sub-index and second 

is innovation output sub-index. The input index is based on five input pillars that provide 

an enabling environment for innovation activities. On the other hand, the output index 

consists of two pillars which reflect the outcome of innovative activities. Each pillar is 
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further divided into sub-categories which are measured by individual indicators. For the 

calculation of innovation input sub-index, the pillars included are as follows: research 

and human capital, institutions, infrastructure, business sophistication and market 

sophistication. Different indicators are utilized to measure human capital and research 

such as education expenditures, education achievements and performance, school life 

expectancy, tertiary education, and level and quality of research and development. The 

pillar of institutions comprises of three aspects i.e., political, regulatory, and business 

environment. This pillar basically processes the institutional framework to nurture an 

environment that facilitates business sector growth.  The pillar of infrastructure not only 

includes the general infrastructure and logistics but also the ICT (information and 

communication technologies) and ecologically friendly methods for the sustainability of 

environment.  The fourth pillar of market sophistication is structured around the factors 

that assist investment, spur competition and provides international access to markets. All 

these factors are necessary for the growth of business sector and innovation to take place. 

Lastly, the fifth pillar assess about the conduciveness of business firms toward innovative 

activities. This is indicated through employment generation of highly qualified 

knowledge workers, developing innovation linkages with academia and industry through 

public/private partnership and knowledge absorption by sectors involved in high 

technology contents (Dutta, Lanvin & Wunsch-Vincent, 2017).  

For calculating the innovation output sub-index, two pillars are used which measure the 

consequences of innovative activities. The first pillar indicates the knowledge and 

technology outputs, and the second pillar comprises of creative outputs.  The indicators 

for first pillar includes: i) various aspects of knowledge creation like patents, technical 

and scientific journals and articles; ii) features determining the impact of knowledge 

creation (both at micro and macro level) which include labor productivity gains, entry of 

new firms, expenditures on computer software, quality management, production of 

medium and high technology industrial output; iii) and lastly the characteristics of 

knowledge diffusion measured by high-tech exports, intellectual property rights receipts, 

ICT services exports, and net outflow of foreign direct investment. The second pillar of 

innovation output sub-index deals with intangible assets featuring trademarks, industrial 

designs, ICT usage in business and organizational model. All these are closely associated 
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with the process innovation. The other aspects include proxies to measure creativity of 

industrial outputs that covers a broad range of sectors (entertainment, media, culture, 

information services, recreational services, market research and advertisement). All these 

indicators are aimed to get an overall representation of a country‘s creative activities in 

international market. The last aspect comprises of online creativity to reflect the 

concentration of internet usage and computer applications (Dutta et al., 2017).  

2.8 Literature review 

2.8.1 Entrepreneurship thrives in an enabling institutional environment 

The key to innovation is through entrepreneurship development. As it is the main source 

for bringing changes in the economic system in the form of innovation. Therefore, 

economic innovation is largely attributed to entrepreneurial activities. Audretsch & 

Thurik (2001) discuss the fundamental elements necessary for the development of 

entrepreneurial economy. Globalization has been the main driver for the emergence of 

entrepreneurial economy which has resulted from the shift of economic activities from 

high cost to low-cost locations around the globe. In addition to that, knowledge has 

emerged as the vital ingredient of a production process and the comparative advantage is 

shifting based on innovation activates. Moreover, the knowledge spillover helps to 

flourish entrepreneurial activities.  Shane and Venkataraman (2000) explain 

entrepreneurial activities as the discovery of new ways of producing goods and services 

and exploiting the opportunities for better organizing the economic activities, processes, 

and the markets. Thus, trust is required to facilitate the process of entrepreneurial 

activities which acts as a cornerstone for innovation and technological advancement.  

Then again, the decision of entrepreneurs about the use of resources is heavily influenced 

by the institutional structure in which they operate. So, entrepreneurial function depends 

not only on the core macroeconomic factors but also on the institutional environment in 

which these entrepreneurial activities take place. According to Sautet (2005) institutional 

environment determine the uncertainty and existing risks that determine the nature of 

entrepreneurial activities. Therefore, a robust institutional environment is required for 

shaping the innovative activities of an entrepreneur. Trust develops through interaction 

and is the basis for decision making. To contextualize trust, Williamson (1993) 
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distinguishes it into personal trust restricted to non-market activities and the other 

category is referred to as institutional trust which reflects the social, cultural and political 

values embedded in commercial or economic activities. Institutional trust is necessary for 

the credibility of institutions and hence for better governance outcomes. As the study 

points out, the governance structure is designed within the framework as defined by the 

institutional structures.  

Sarbah and Xiao (2013) examine the role of trust for the entrepreneurship development 

and its growth. The study discusses that strong institutions need to be developed that 

incorporate the practices upon which the trust could be built. Though, the study has 

limited scope as it has only targeted few selected entrepreneurs at micro level in Ghana 

region and the analysis has been qualitative while the quantitative side has been ignored. 

The similar hypothesis is also tested by Kodila-Tedika and Agbor (2016), for the year 

2010 with cross-section of 60 countries, by involving the quantitative methods of 

analysis. The empirical findings of the study suggest that for the selected countries, half 

of the entrepreneurial spirit is compelled through trust considerations. Therefore, regions 

like Sub-Saharan African countries can expand their entrepreneurial activities by 

formalizing the trust building institutions. For the measurement of trust, the World Value 

Survey (WVS) has been utilized. In addition, the study has also considered the reverse 

causality where greedy entrepreneurs can create mistrust through the exploitation of 

institutional weaknesses.  

Aidis (2017) argues that supportive institutional environment helps to nurture 

entrepreneurship which is more innovative and productive. Such conducive conditions 

are provided through property rights and good governance that could help building up the 

institutional trust. The study provides these insights for post-Soviet countries in the 

context of institutional reforms and concludes that fragile rule of law, high corruption and 

excessive regulation can impede entrepreneurial development. Even if such impediments 

are prevalent, increased pace of globalization with the use of digital communication 

provides opportunities to technology-based entrepreneurs to work at a broader spectrum 

with wider markets and in the informal economy. Urbano, Audretsch, Aparicio and 

Noguera (2019) undertake a macro-level study on a panel of developing countries. The 
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interplay among entrepreneurial activities, institutions and economic growth is explored 

using the simultaneous equation modeling. The study provides strong evidence that 

government policies and socio-economic conditions influence entrepreneurial activities 

which fosters economic growth. Government must promote policies that could evade 

rent-seeking and corruption so that growth-aspiring entrepreneurship can be encouraged.  

Acs, Desai & Klapper (2008) point out that institutional environment play an important 

role in determining the cross-country differences in entrepreneurial activities despite 

being at various stages of economic development. The study compares two datasets i.e. 

Global Entrepreneurship Monitor (GEM) and World Bank Group Entrepreneurship 

Survey. Both datasets provide considerable differences in entrepreneurial activities which 

may contradict the empirical findings. Therefore, the implications of various datasets 

must be kept in mind while inferring empirical work. The impact of various country level 

characteristics is examined on entrepreneurial activities which include political risk, 

economic risk, law & order, financial development, GDP per capita and regulatory 

barriers. Acs & Amorós (2008c) analyze the impact of gross domestic product and global 

competitiveness index (GCI) on entrepreneurial dynamics, using the dataset from GEM‘s 

Adult Population Survey (APS). The study used pooled OLS technique on dataset 

consisting of 55 countries and a period from 2001-2006. GCI is used as a proxy to 

capture the cross-country institutional differences. It is suggested that for developing 

countries, competitiveness brings production efficiency but fails to achieve positive 

impact on entrepreneurship and innovation. Similarly, Levie & Autio (2008) examined 

the panel data consisting of 54 countries and a time period of 7 years from 2000 to 2006. 

The annual country level measures of entrepreneurial dynamics are analyzed using GEM 

dataset. The impact of finance, government policies, government regulations and 

programs, education and training, R&D, infrastructure, internal market openness, and 

social and cultural norms is studied on entrepreneurship, by applying the fixed effects 

GLS methodology. The most robust results show a strong and positive impact of 

education and training on new business activity but no impact on growth expectation of 

entrepreneurial activities. This relationship is strongly influenced by a country‘s level of 

economic development.  
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Henrekson & Sanandaji (2011) determine the bilateral relationship between institutions 

and entrepreneurial development. The innovative activities could be productive, 

unproductive, or destructive depending upon the incentive structure faced by 

entrepreneurs. So, policy makers must consider such interactions while designing the 

rules of game i.e., institutional change must be evaluated based on entrepreneurship type 

it promotes. On the other hand, entrepreneurial activities also affect institutions, thereby 

the long-term growth.  Elert and Henrekson (2017) also studied the interplay between 

institutions and entrepreneurship, concluding that the relationship is bidirectional. The 

entrepreneurial activities can be enabled or constraint by the institutional environment. 

Sometimes, an entrepreneur can be non-abiding to the rules which are termed as evasive 

entrepreneurs. Institutions, typically the regulatory framework, lag the technology driven 

entrepreneurship and innovation. Under such circumstances, when this gap widens, the 

evasive entrepreneurship is the usual response of the entrepreneurs. On the other hand, 

entrepreneurs also influence the institutional framework through its productive or evasive 

activities. Similarly, Samadi (2019) also confirms the existence of bi-directional causality 

between entrepreneurship and institutions. The relationship holds only in the long-run 

among innovation-driven economies and not in factor-driven and efficiency-driven 

economies. Depending upon the institutional environment, the entrepreneurial activities 

can be productive or unproductive that may reinforce or weaken the institutional quality. 

The granger-causality test is applied to determine this relationship. The data on 

entrepreneurial activities is extracted from GEM. Property rights index and freedom 

index are used as proxies to measure institutional environment.  

2.8.2 Relationship between innovation and institutional environment  

The macroeconomic analysis on the role of entrepreneurship on economic growth and 

social capital is studied by Portela, Vázquez-Rozas, Neira and Viera (2012). The study is 

conducted on European Union using the methodology of Generalized Methods of 

Moments (GMM). It is concluded that institutional trust and interpersonal trust promotes 

economic growth. Since it improves the social and economic conditions that promotes 

entrepreneurial activities and its contribution towards economic growth. The empirical 

examination on the relationship between innovation and institutions is undertaken by 
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Tebaldi & Elmslie (2013). The study applies IV technique on the cross-country data and 

finds that creation of technical knowledge is not possible in the absence of good 

institutional quality. This study shows a significant positive impact of control of 

corruption, protection of property rights, judiciary effectiveness and market-friendly 

policies on patent production. The positive impact of institutions on innovation has in 

turn a spillover effects on output growth. This relationship is noteworthy not only in the 

technology frontier countries but also among countries that are far from technology 

frontier. Although geography affects the innovation levels but that only takes place 

through institutions. 

Anokhin & Schulze (2009) examine that control of corruption will enhance innovation 

and entrepreneurship in a country. Since it increases trust on State‘s institutions and their 

ability to enforce rules and laws which facilitates economic activities and trade. The 

analysis is done on 64 nations for a time period from 1996 to 2002. The quintile 

regression technique is applied to measure the impact. The rise of transaction costs and 

other implicit costs associated with corruption cause hindrance to economic activities. As 

a result, the prospective entrepreneurs fail to get benefit from innovation investment. 

Therefore, institutional trust is necessary for entrepreneurship to thrive and innovation 

activities to grow.   

A study has been conducted on 15 European countries by Agostino & Scarlato (2016), 

covering the time period from 1960 to 2010. The empirical link is developed between 

government institutions and economic growth through intermediating role of innovation. 

The study confirms that inclusive institutions magnify the effects of technology shocks 

on economic growth. Therefore, the formulation of incentive system for technological 

innovation must be accompanied by improved governance structure and strong political 

systems. 

The micro-level analysis on the mediating role of institutional quality on innovative 

output is undertaken by Barasa et al., (2017). The multi-level logistic model is applied 

using the data from World Bank Enterprise Survey and Innovation Follow-up Survey. It 

is observed that regional institutional quality strengthens the positive impact of firm‘s 

R&D activities on innovative output.  Better institutional environment enables firm to 
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extract more value from its resources. Firms that operate in poor institutional 

environment do not conduct R&D and fails to benefit from innovative output. Therefore, 

policy makers must focus on good governance at national as well as regional level.  

Dincer (2019) studies the long-run relationship between corruption and innovation by 

taking the data of 48 American States, covering the time period from 1977 to 2006. The 

quantity and quality of patents is taken as a measure of innovation. The cointegration 

relationship is applied and FMOLS approach is used. The study observes that corruption 

slows down innovation. However, the study provides no details on the channels through 

which this negative relationship exists. Fischer and Tello-Gamarra (2017) assess the 

relationship between institutional quality and innovation using the data of 51 developing 

countries over a period of 29 years (1980-2008). The impact of democracy, corruption 

and political rights is determined on gross R&D expenditures, patent activity and 

productivity. It is found that institutional backwardness hampers the potential benefits 

from productive technology. Therefore, institutional framework in developing countries 

needs to be improved to guarantee the success of R&D investment.  

Donges, Meier and Silva (2019) highlight that institutions affect economic growth 

through innovation. The study is carried out in an empirical setting of timing and 

geography of French occupation after the French revolution in Germany. It is examined 

that inclusive institutions and financial development complements innovative output. 

Those regions that underwent institutional reforms performed better in innovative output 

compared to those that were not driven by these reforms. The efficient legal systems 

foster business creation and incentivize innovation. 

2.8.3 Entrepreneurs as innovators and their role in economic development  

Hanusch and Pyka (2006) identify innovation as the driving force for economic 

development. Innovation occurs as a result of entrepreneurial decisions regarding 

novelties created at micro-level. This leads to the emergence of new industries through 

transformation of industrial organization and structure. Globalization and 

internationalization of economic activities are intensifying knowledge spillover which is 

playing a vital role in determining production activities.  Due to high competition, old 

manufacturing firms are compelled to engage themselves into innovation and some might 
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seek collaboration with new entrepreneurs. Such co-existence contributes heavily towards 

technological progress.    

Suddle and Hessels (2007) undertook an investigative study to examine the impact of 

early-stage ambitious entrepreneurs on innovativeness of a country. The GCI is used as a 

measure of national innovativeness. Multiple indicators of nascent entrepreneurship are 

taken from GEM Adult Population Survey (APS). A regression analysis is run on 36 

countries with a time lag of three years for nascent entrepreneurship and FDI is used as a 

control variable. A significant positive relationship is found in highly developed 

innovation-based economies. However, nascent entrepreneurs failed to show any 

significant positive impact on innovation in poor countries. This means that early-stage 

entrepreneurs of highly advanced countries are more competitive which bring a positive 

knowledge spillover effects on the economy. Consequently, poor countries cannot benefit 

the same.  

Amaghouss and Ibourk (2013) examine the impact of entrepreneurial activities and 

innovation on economic growth. The relationship is studied for 19 OECD countries 

covering the time period of nine years (2001-2009) and using the fixed effects model. 

The total entrepreneurial participation rate, rate of owned business and patents counts 

have a positive impact on economic growth, but nascent entrepreneurship shows 

insignificant result. The analysis can be further elaborated by considering differences in 

the level of entrepreneurial and economic development.  

Braunerhjelm (2010) develops the relationship of knowledge, entrepreneurship, and 

innovation towards economic growth. It is found that knowledge-driven innovation is an 

outcome of R&D activities. Despite this, role of entrepreneurial initiatives cannot be 

ignored. Though, its impact may appear with a lag. Entrepreneurs help to bridge the gap 

between pace of knowledge development and fast pacing opportunities by speeding up 

knowledge creation and exploitation. Therefore, entrepreneurs play an important role in 

knowledge-based economy that contributes towards innovation and ultimately economic 

growth.   

Lukeš (2013) undertook a multi-country study at micro level by collecting data from 

Germany, Italy, Czech Republic, and Switzerland. The work-related innovative 
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behaviour is examined among working class individuals that include employed or self-

employed persons. It is observed that entrepreneurs are more prone to creating new ideas 

and overcoming hurdles during its implementation process compared to the employees 

and self-employed.  This is because entrepreneurs get themselves involved in preliminary 

activities before the implementation of new ideas in which other individuals do not 

participate.  Thus, an entrepreneur becomes a successful innovator.  To create innovation, 

entrepreneurs get the top position followed by self-employed, managers, and employees, 

respectively.  

The Schumpeterian approach has been adopted by Galindo and Méndez (2014) to 

examine the linkages and feedback effects among entrepreneurship, innovation, and 

economic growth. The fixed effects EGLS methodology is applied on a group of thirteen 

developed economies covering the time from 2002 to 2007. Entrepreneurs practically 

undertake the task of innovation which has a backward effect, stimulating entrepreneurs 

to carry out more innovation. Entrepreneurial activities also contribute toward economic 

growth and greater economic growth in turn creates more entrepreneurial opportunities. 

In addition, social climate and financial institutions also play an important role in 

encouraging entrepreneurs to invest in innovation ventures.   

Khyareh, Khairandish and Torabi (2019) determine the macroeconomic impact of 

entrepreneurship by making a comparison among factor-driven, efficiency-driven, and 

innovation-driven economies. The empirical evidence is based on a panel data consisting 

of 97 countries and covering the time from 2008 to 2017. A MIMIC model is developed 

by taking into consideration the causal relationships and the outcome variables. The 

cause variables include various indicators of entrepreneurial ecosystem and the outcome 

variables include macroeconomic indicators. The factor-driven economies face 

redundancies in the form of poor infrastructure, underdeveloped business sector and lack 

of markets and finance. In efficiency-driven economies, the government policies and 

existence of a dynamic competitive markets provides support towards entrepreneurship 

development. Still, innovation-driven economies have the top-level entrepreneurship that 

has the most contributing impact on macroeconomic outcome.  

2.8.4 Factors determining technological change, knowledge creation and innovation 



40 
 

The capital investment cannot be sustained without technological change. In the present 

era, the intangible investment on knowledge creation is fast growing as compared to 

investment in tangible assets. Śledzik (2013) debates on Neo-Schumpeterian view of 

knowledge-based economy and emphasizes that entrepreneurship is a unique social input 

that is essential for innovation and called it ―the central innovator‖. Therefore, 

Schumpeter‘s fifth wave of technological change is the era of knowledge-based economy 

and innovation is its key stimulus which is realized through entrepreneurship 

development.   

Natario, Couto, Tiago, & Braga (2011) examine the factors that contribute to national 

innovation capacity. These factors include institutional efficiency, innovation framework 

and national culture. Cluster analysis is performed to group the countries in terms of their 

innovation capacity and the unique characteristics of each group are studied. It is 

suggested that hierarchical societies are less innovative. On the other hand, institutions 

have a strong role to play in determining nation innovation capacity, along with qualified 

personnel and R&D finance. Therefore, countries must be committed to build strong 

institutions, invest in education, and develop values for uncertainty avoidance.   

Raghupathi and Raghupathi (2019) undertakes a panel data analysis comprising of two 

groups of countries i.e., developed and developing countries. The multiple indicators are 

used to examine science and technology related innovation. The study explores that the 

percentage of patent co-invention decreases with increased percentage share of R&D 

expenditure which implies higher innovation activities at local level. In addition, in 

developing countries R&D expenditures are mainly undertaken by government sector, 

whereas business sector R&D dominates in developed economies. It is also examined 

that countries that have high patent share also have low percentage share of foreign 

patents and vice versa for countries having low patent counts. Lastly, a significant strong 

relationship exists between R&D efforts of an industry and exports.   

2.8.5 The cross-country differences in innovation and entrepreneurial activities 

Castellacci (2004) points out that those countries enter new technological paradigm at an 

early stage that have well-suited technological and economic structure needed for that 

shift. But this paradigm shift can successfully diffuse to whole economy only if social 
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and institutional system gets well adapted to the needs of that technological change. 

Some of these features include factor endowments, interrelatedness of technology, scale 

and size of the market, infrastructure, consumer tastes and demand, ability to undertake 

structural change and overall macroeconomic conditions. However, Abramovitz, (1995) 

categorizes these necessary elements into social, institutional, and cultural factors which 

are termed as ―social capability‖ of a country. The characteristics included are technical 

competitiveness and education, entrepreneurial skills, institutions (financial, commercial, 

and industrial), political and social factors, and technology and research linkages. Thus, 

social capability plays a dominant role in bringing technological shift in a country and 

differences in growth rates.   

According to Acs, Desai and Hessels (2008), there are considerable differences in 

entrepreneurial activities across countries. This is mainly due to the varying degree of 

economic development and institutional differences. Under the first stage no innovation 

takes place as countries that are factor-driven lack the ability to create knowledge that can 

support such activities. Under the second stage when economies are efficiency-driven, a 

negative relationship exists between economic development and entrepreneurial 

activities. This is because increased capital stock brings greater returns to wage work in 

comparison to entrepreneurial activities. However, the third and last stage is called 

innovation-driven during which entrepreneurial activities thrive under conducive 

institutional arrangement.   

Based on the eclectic theory of entrepreneurship, Thai and Turkina (2014) determine the 

macro-level factors that influence national entrepreneurship, both at formal and informal 

level. These factors include social and economic variables as well indicators on quality of 

governance. The empirical support is provided through partial least squares method on 

structural equations based on cross-sectional data on 52 countries. The study also 

supports U-shaped relationship, as significant share of informal entrepreneurship prevails 

in countries at lower level of economic development, whereas a higher rate of 

entrepreneurship is observed in advanced countries due to existence of formal 

entrepreneurship. In addition, institutions are found to have legitimate role to play in 

determining entrepreneurship level.  The study also concludes that benefits from potential 
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entrepreneurs cannot be realized if proper opportunities are not available. However, the 

analysis is limited to cross-sectional data and temporal effects are ignored.  

A more recent study by Segarra-Blasco, Arauzo-Carod, and Teruel (2018) examine the 

essence of innovation process and state that such activities require strong institutional 

environment, guaranteeing property rights along with stable economic, social and legal 

conditions. According to this study, innovation performance is highly dependent on 

absorptive capacity, which is determined by spatial asymmetries in knowledge creation, 

role of public infrastructure, R&D activities, dissemination of innovation activities and 

regional factors. But on a broader spectrum, institutions play an important role to 

influence innovation process and performance.  

van Vuuren and Alemayehu (2018) examine the relationship between entrepreneurship 

and economic development and observe a U-shaped pattern. The data for various 

entrepreneurial activities is collected from GEM and GDP is used as a measure of 

economic development. The study employs bivariate correlation matrix to determine the 

relationship among these variables.  The analysis is done by comparing the results 

between two groups of country i.e. innovation-driven economies (UK, USA and 

Germany) and efficiency-driven economies (China, South Africa and Brazil). The study 

concludes that there are considerable differences among the two groups of countries 

which are mainly due to differences in institutional arrangements and economic 

structures.  The relationship is positive in both groups but much stronger in innovation-

driven economies.  

Jang, Ko and Kim (2016) study the links between various dimensions of national culture 

and innovation capacity among 34 OECD countries. Patent counts are used as a measure 

of innovation. The Hofstede‘s cultural variables and POLCON political constraint index 

are used as independent variables.  Using the simple OLS regression, the impact of these 

variables is examined after controlling for education spending, trade openness and R&D 

expenditures. It is found that fewer patents are generated in countries with stronger 

hierarchical power. On the other hand, countries with individualistic culture tend to have 

greater innovation.  The favourable culture for innovation plays its role only in the 

presence of institutional apparatus.   
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Taking into consideration the different stages of economic development, Stoica, Roman 

and Rusu (2020) examine the impact of early-stage entrepreneurship, necessity 

entrepreneurship and opportunistic entrepreneurship on economic growth. The study is 

based on 22 European countries which are further divided into two groups depending 

upon their level of economic development. The time period included is 17 years from 

2002 to 2018. The results show that all three types of entrepreneurship played a 

significant role in economic growth. However, the comparative influence of each 

category varied with the level of economic development. The opportunistic 

entrepreneurship had a stronger influence in transitional economies while in innovation-

driven economies necessity-based entrepreneurship showed a deeper negative impact. In 

addition, the total early-stage entrepreneurship showed a significant contribution on the 

whole set of 22 European countries, but the impact lessened in transitional economies. 

The reason is low-productivity associated with early-stage entrepreneurship. Out of the 

different sets of control variables used by the study, R&D expenditures, population, and 

government expenditures has shown a significant relationship with economic growth.  

2.9 Construction of theoretical model  

Endogenous growth model puts great emphasis on human capital and knowledge-based 

inputs as determinants of economic growth (Romer, 1986; Lucas, 1988).  On the other 

hand, Ehrlich, Li and Liu (2017) develops an analytical framework of endogenous growth 

through accumulation of entrepreneurial human capital. To determine factors that 

influence country level innovation, present study develops a model by borrowing the 

analytical framework of Romer (1986), Lucas (1988) and Ehrlich, Li and Liu (2017). 

Technical infrastructure, knowledge, human capital, and R&D efforts are considered 

endogenous factors that contribute towards economic growth.  But the use of such inputs 

depends highly on entrepreneurial behaviour in an economy. Thus, entrepreneur becomes 

the authority figure as an employer of innovation-based inputs which determine 

innovation capabilities and innovation outcomes. Casson and Wadeson (2007) treats 

entrepreneur as an employer who does not takes up a onetime managerial decision to 

exploit profitable opportunities. In fact, an entrepreneur is in continuous efforts to sustain 

those profits by overcoming the diminishing returns through innovation. Therefore, a 
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country‘s innovation, both in terms of demand for innovation-based inputs as well as 

supply of innovation outputs, is strongly correlated with the entrepreneurial attitudes and 

entrepreneurial activities. In addition, decision-making of potential entrepreneur is highly 

associated with institutional factors (Hirschman, 2005). The potential entrepreneurs are 

discouraged to commercialize new knowledge capital if it is subjected to rent seeking 

(Hoff & Stiglitz, 2000). Therefore, such institutional constraints act as barriers to 

innovation.  Lack of trust in institutions results in coordination failure among economic 

agents that brings a worse-off situation for all, just like the concept of coordination 

failure presented by Hoff (2000). The present study develops a macroeconomic model of 

innovation as follows: 

            ………….. (i) 

Where INN= innovation, E=entrepreneurial human capital, T= institutional trust, Z= 

exogenous factors to innovation.   

  
               

        
……………….. (ii) 

                    ………………… (iii) 

Where, φ is the rate of change of innovation. Excluding the factor Z and differentiating 

equation (1) with respect to time (t): 
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Dividing and multiplying right-hand-side of equation (5) with E and T: 
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     = φ i.e. the rate of change in innovation, 

 
  

  
   = change in entrepreneurial human capital, 

 
  

  
   = institutional trust building over time, 

 
  

  
      = share of entrepreneurial human capital in total innovation, 

 
  

  
       = share of institutional trust building in total innovation. 

Thus, changes in national innovation depend upon changes in entrepreneurial human 

capital and institutional trust building in the economy as well as their contributions in 

total innovation. The entrepreneurial human capital (E) in time t depends upon 

entrepreneurial behaviour (Eb) which consists of entrepreneurial attitudes (Eatt) and 

entrepreneurial activities (Eact) i.e.       b(t) = Eatt(t) + Eact(t). The Z factors include 

exogenous factors such as foreign direct investment (FDI). Thus, the functional form of 

the model to be followed in present study is given below: 

Innovation = f (Entrepreneurial Behaviour, Institutional Trust, Foreign Direct 

Investment)…….. (vii) 

Schematic representation of the model is provided in Figure 2.1. Arrows presented in 

solid lines show the direct relationship between dependent and independent variables. 

The links shown with dotted lines represent potential endogeneity in the model. To 

capture simultaneous endogeneity, economic growth and economic freedom are used as 

additional instruments during the estimation process.
6
  

                                                           
6
 Simultaneous endogeneity is the excluded exogenous variable effect on one of the endogenous variables 

which is explained under section 2.12.5. Further explanation on these IV-style variables is provided under 

section 2.13. 
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Figure 2.1: Schematic representation of the theoretical model 
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The next few sections provide some methodological considerations for model estimation. 

Firstly, the data is described along with its sources. Then various econometric techniques 

and its suitability is discussed along with the assumptions of each estimation technique. 

Lastly, the theoretical model is specified in equation form and discussed in the light of 

econometric estimation.  

2.10 Selection of variables and data sources 

The dependent variable is national innovation capacity which is measured by global 

innovation index (GII). It is global ranking of a country based on innovation 

performance. To determine the macro-level impact of entrepreneurial behaviour on 

innovation, two aspects will be considered in this study i.e. entrepreneurial attitude and 

entrepreneurial activity. The country level aggregate data on these variables is collected 

from Adult Population Survey carried out under Global Entrepreneur Monitor (GEM). 

The entrepreneurial attitudes are measured through perceived opportunities (PO) and fear 

of failure rate (FFR). Whereas the indicators of total early-stage entrepreneurial activities 

(TEA) and established business entrepreneurs (EBO) are used to measure entrepreneurial 

activities. 

Institutional trust is measured by two proxy indicators i.e. property rights (PR) and state 

fragility index (SFI). Well-developed institutions are directly affected by property rights 

(North, 1991; Hall and Jones, 1999; Rodrik, Subramanian and Trebbi, 2004; Acemoglu 

and Johnson, 2005). Williamson and Kerekes (2011) conclude that trust is one of the 

important determinants of secured property rights. Therefore, property right indicator is 

used as a proxy for measuring institutional trust. Secondly, Rodrik and Rose (2001), 

Christensen and Lægreid (2005), and Blind (2007) conclude that institutional trust is 

developed through satisfactory performance of institutions and credibility of policy 

making. Therefore, the second proxy to measure institutional trust is State Fragility 

Index. SFI measures political, economic, social and security effectiveness and legitimacy. 

High value of index would mean greater inability of Sate to deliver its services 

effectively which will reduce institutional trust.  On the other hand, less fragile countries 

with lower value of SFI tend to develop greater institutional trust. Lastly, foreign direct 

investment (FDI) is taken as a control variable. Literature has developed a strong 
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association between FDI and technology diffusion which might contribute towards 

building innovation capacity of a country (Blyde, 2003; Walz, 1997; Loukil, 2016; Osano 

and Koine, 2016). The detailed description of variables along with their data sources is 

given in Table A1 (see appendix A) 

2.11 Data type 

The present study uses secondary sources of data and it is of panel nature consisting of 55 

countries and period of 7 years from 2010 to 2016. The cross sections and period of 

analysis are included on the basis of data availability. Panel data gives an advantage over 

conventional approaches in terms of provision of more information. One of the important 

features of panel data is that it helps to consider unobserved individual specific effects. It 

provides more data points by including multiple observation for each cross section. This 

increases the degrees of freedom (df) and reduces multicollinearity i.e. correlation among 

the independent variables which is usually associated with time-series data.  Panel data 

also helps in examining the dynamics of change across entities and is better able to 

control for omitted variable bias (Hsiao, 2003).  The statistical software package used for 

data estimation techniques is STATA version 15. Before running the panel data 

regression, the data is declared in panel format by using the command ‗xtset Country1 

Year‘ where country1 is the country id and Year represents the time variable.  

2.12 Econometric methodology 

2.12.1 The methods of moments condition 

The moment condition is used to describe population features, such as, for a random 

variable Y the moment of measuring central tendency is its average or mean value i.e. 

E(Y). The mean estimator is called as the first moment. Similarly, the second central 

moment of population is its variance denoted as Var(Y) or σ
2
 which measures the spread 

of distribution. The method of moments approach usually deals with the estimation of 

population parameters for a statistical model. It implies to find out parameter estimates 

whose values of sample moments match with that of population moments.  Since, it is 

very difficult to obtain information about whole population. The methods of moment 

estimators will be consistent and unbiased for finite population variance. However, there 
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can be an existence of two or more unbiased and consistent method of moments. The 

generalized methods of moments (GMM) combine the information of two or more 

population moments to minimize the asymptotic variance among different estimates 

(Wooldridge, 2001).  

2.12.2 The need for inclusion of time dummies 

Intuitively, the inclusion of time dummies improves the model estimation. It allows to 

control for temporal fixed effects i.e. impact of a certain shock is restricted to specific 

time period without being affected by other regressors. Time dummies generate a value 

of 1 for a given year and 0 otherwise. Roodman (2009) advises to always include time 

dummies as it removes time-specific shocks from the error term. Hence, the within and 

across group heteroskedasticity and the cross-sectional dependency is comparatively 

reduced by incorporating time dummies. As Roodman (2009) states that it is more likely 

that the assumption of no correlation among individual idiosyncratic error terms holds 

true to its meaning when time dummies are involved.  

2.12.3 Pooled ordinary least square (OLS) method  

The pooled data has an advantage over individual time series and cross–sectional analysis 

as it increases the sample size by pooling the time periods and cross sections. Pooled 

OLS provides greater variation for the purpose of analysis but it does not take into 

account heterogeneity that may arise from country specific effect. All country-specific 

information is discarded in error term of the estimated equation and the process assumes 

all coefficients to be common across countries and time. The omission of country-

specific effect leads to omitted variable bias in the model. The pooled OLS estimator has 

some distributional assumptions. When these distributional assumptions fail then this 

method do not provide consistent parameter estimates, especially in large sample. The 

estimates become inefficient and biased. Furthermore, the pooled OLS estimates does not 

address the issue of endogeneity that might need to be considered during simultaneous 

equation estimation technique i.e. two-stage least square or the dynamic endogeneity 

when lagged dependent variable is used in the model.  
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Let us start with a simple linear regression of pooled OLS estimation method with the 

following representation:   

                                     ………… (2.1) 

Where y is the response variable or dependent variable,    (where           ) are a set 

of explanatory variables which are also called the covariates and     is the unobserved 

error term. The subscript ‗i‘ represents the cross sections i.e. i = 1, 2, … , N and the 

subscript ‗t‘ represents the time period i.e. t = 1, 2. … , T.  The total number of unknown 

regression parameters (  ) to be estimated are (   ) of the random sample drawn on the 

above set of variables              . The parameter    is the constant intercept term (i.e. 

ignoring the unobserved heterogeneity) and           are the slope coefficients. The 

error term is represented by   .  

One of the common distribution assumptions of a regression analysis is zero correlation 

assumption. This assumption implies that (   ) population moments of explanatory 

variables and the error term are identically zero i.e. the error term has zero mean and each 

covariate or the explanatory variable (    is not correlated with the error term.   

             (     )                       ………… (2.2) 

Re-arranging equation 2.1 and writing the residual in terms of unknown parameters and 

explanatory variables, the moment conditions under zero correlation assumption leads to 

the first order condition for ordinary least square (OLS) estimator as under
7
:  

                                      …………… (2.3) 

                                                           
7
 The OLS parameter estimators minimize the sum of residual square and is mathematically derived as:  

Min ∑    
 
    

   = ∑                               
 
    )

2
  ……………(a) 

 

Applying the first order condition i.e. taking first derivative of equation (a) and setting it equal to zero: 

∑                                  
 
    ) = 0 

  ∑                               
 
    ) = 0……………(b)  

Equation (b) is the first order condition for OLS estimators and eliminating the -2 gives result similar to 

equation 2.3 derived under zero correlation assumption.  
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The zero-correlation assumption treats the explanatory variables as weakly exogenous to 

the model.  A stronger exogeneity assumption considers the mean of error term to be zero 

conditional upon explanatory variables i.e. 

      |     ……………………… (2.4) 

Zj comprises of all explanatory variables across all cross sections and for every time 

period i.e.                  . The zero conditional mean assumption, as expressed in 

equation 2.4, considers all functional forms of explanatory variable to be uncorrelated 

with the error term i.e. their squares or interaction terms, even if these do not get added in 

the model estimation.  Under assumption of zero conditional mean but presence of 

heteroskedasticity one can improve upon the OLS estimators.  When error variances are 

conditional to explanatory variables i.e.  

         |       
   …………………… (2.5) 

When the above assumptions are violated OLS regression does not hold the BLUE 

property i.e. best linear unbiased estimator. In the presence of heteroskedasticity in error 

term, a more efficient estimator can be obtained by adding more moment conditions. 

Econometrics make use of generalized methods of moments (GMM) as an improvement 

on other techniques under weak distributional assumptions (Wooldridge, 2001). GMM 

estimators are efficient than OLS estimators as it results into smaller asymptotic 

variances (Cragg, 1983). However, in the presence of homoscedasticity i.e. constant 

variances of error term, the model estimated through OLS is equally efficient as GMM. 

GMM uses orthogonality conditions for efficient estimation under heteroskedasticity and 

was initially introduced by Hansen (1982) for time series data.  

Cragg (1983) uses some extra moment conditions in the original model to undertake 

GMM estimations in addition to the moment conditions generated under zero correlation 

assumption. The weighting matrix is formed by inverting the variance-covariance matrix 

of moment conditions consistent under OLS estimator. If total moment conditions is 

represented as      , where n is total number of explanatory variables, then the 

dimension of weighting matrix is       . When the moment conditions are not correlated 

to each other, then optimal weighting matrix is a diagonal matrix where each element on 
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the diagonal is reciprocal of the variance of moment conditions. Hence, during 

estimations lesser weights are assigned to moment conditions with larger variances. 

Similarly, more weights are received by moment conditions that have smaller variances 

as they contain more information about the parameters. GMM allows for over-

identification of parameters as more moment conditions can be added than the number of 

parameters to be estimated. However, the biggest criticism on Cragg-style estimators is 

that additional moment conditions are added in ad hoc manner (Wooldridge, 2001) 

especially in large samples. So different combinations of moment conditions may be used 

to achieve desired results that may result in researcher‘s bias.  

2.12.3.1 Checking for heteroskedasticity in pooled OLS 

The assumption of homoskedasticity states that error term has constant variance. It is not 

correlated with the explanatory variable. Heteroskedasticity has serious consequences for 

estimated parameters as standard errors and confidence intervals are wrongly calculated 

which reduces the reliability of test-statistics. It is likely that a significant coefficient 

might appear to be insignificant due to smaller value of the test statistics. Thus, wrong 

inferences of the estimated coefficients may lead to misleading results. Breusch and 

Pagan (1979) has developed a standard test that can be applied to detect 

heteroskedasticity in the estimated model. The null hypothesis of the Breusch-Pagan Test 

is constant error variances i.e. homoskedasticity.
8
 This test is designed to detect linear 

form of heteroskedasticity. The test statistic is calculated by regressing the residuals 

square on predicted valued of the dependent variable. It has a chi-square distribution with 

degree of freedom (df) equal to one.   

2.12.3.2 Testing for omitted variable bias 

One of the most common omitted variable bias is the exclusion of unobserved time-

invariant variable that might be correlated with other explanatory variables. The within-

group/fixed effects estimator can mitigate the effect of omitted variable bias, but it 

produces consistent estimates only under the assumption of strict exogeneity of the 

explanatory variables. Another way of dealing with omitted variable bias is addition of 

                                                           
8
 This test is applied in STATA by using ‗estat hettest‘ command after the regression estimation. 
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instrumental variables for the endogenous variables i.e. the explanatory variables on the 

right-hand side of the equation. This technique addresses the issue of incorrect functional 

form by using the simultaneous equation in the form of two-stage least square. The 

influence of omitted variable is accounted for in the error term so omitted variable bias 

will cause the error term to be correlated with repressors/explanatory variables. The 

standard test applied to check omitted variable bias is the Ramsey RESET Test (Ramsey, 

1969) which has a null hypothesis of no omitted variable. The rejection of null hypothesis 

concludes that the estimated model has correction functional form.
9
 This test provides 

critical values for F-distribution based upon double regression i.e. a primary regression 

and an auxiliary regression which is estimated by introducing additional form of the 

predicted dependent variable as regressors.  

2.12.3.3 The F-test: choosing between pooled OLS and panel fixed effects (or within-

group estimator) 

The F-test helps in assessing the validity of fixed effects estimator i.e. whether different 

constant term must be included for each individual country.
10

 The null hypothesis 

proposes that all fixed effects constants are the same i.e. there is homogeneity in the 

dataset. A significant F-test concludes that there is considerable heterogeneity in the data 

and the equation cannot be estimated with a common constant. Therefore, panel fixed 

effects/within-group estimator must be preferred over pooled OLS estimator.   

2.12.3.4 Testing for multicollinearity 

The variance of slope coefficients also depends upon the linear relationship among 

explanatory variables. If the explanatory variables are highly correlated i.e. high degree 

of multicollinearity then the variance of slope coefficients from OLS estimations is going 

to be large (Wooldridge, 2016).  Variance inflation factor (VIF) is the most common 

statistic that is applied to check multicollinearity in a regression analysis. The cut-off 

value for VIF is 10 beyond which serious thought need be given to the selection of 

variables when multiple variables are used as regressors. However, multicollinearity 

effect is usually mitigated in a panel data framework.  

                                                           
9
 This test is applied in STATA by using the command ‗estat ovtest‘ after the regression estimation. 

10
 This test is run after the pooled OLS regression and is applied in STATA by using ‗testparm‘ command. 
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2.12.4 Fixed effects (within-group) panel data estimation and omitted variable 

endogeneity  

An important feature of panel data is that it takes into account the country-specific 

information. In panel data analysis, the unobserved heterogeneity can be correlated with 

explanatory variable which is also sometimes called the unobserved effect. The most 

common approach to deal with such bias caused by unobserved heterogeneity is panel 

fixed effects estimator. The fixed effects estimation technique provides a solution to 

omitted variable bias for those variables that do not vary over time hence the name fixed 

effects model. The linear panel data model with fixed effects can be written as: 

                                          …………. (2.6) 

The subscript ―i,t‘ denotes that the data is of panel nature. The subscript ‗i‘ represents the 

cross sections i.e. i = 1, 2, … , N and the subscript ‗t‘ represents the time period i.e. t = 1, 

2. … , T. It is assumed that each variable is independent and identically distributed i.e. a 

random sample is drawn from the cross-sections 

{     }   
 

  i.i.d   

Zj comprises of all explanatory variables across all cross section and for every time period 

i.e.                     . The parameter    considers the unobserved heterogeneity which 

reflects a different constant term for each cross section. Therefore, this model is called 

fixed effects/within-group estimator.      is the idiosyncratic error term for panel 

specification. Since     captures individual-specific effects that do not vary across time, 

time invariant variables cannot be added as explanatory variables in the fixed effects 

model.  

When    is added in the equation as cross-sectional dummy then it measures the 

differences of individual country constant term comparable to the common intercept term 

(such as    in equation 2.1). On the other hand, if    is assumed to be random then 

random effects model is estimated with a composite error term (     ) such that it is equal 

to (             ) where    becomes the cross-sectional error component and     is the 



55 
 

panel-specific component. Thus, the random effects model is also called the error 

component model.
11

  

The method of moments based upon fixed effect modelling uses some standard 

assumptions for time-varying error term. These assumptions include zero mean, zero 

correlations and constant variances, conditional upon unobserved heterogeneity. The 

strict exogeneity assumption of explanatory variables is vital for the consistency of fixed 

effects estimator. The assumption holds that the idiosyncratic error term (      is not 

correlated with explanatory variables of the same cross section at any time; past, present 

or future (Wooldridge, 2002). This assumption of strict exogeneity is represented as:  

 (     |                              …………………… (2.7) 

Similarly, the error variance has following assumption: 

    (     |       = Var (         
   for all t =             i.e. group-wise 

homoskedasticity  

    (         |       = 0              ,             i.e. no serial correlation 

The above assumptions also imply that     is independent and identically distributed 

(i.i.d) as normal (0,   
   conditional upon    and explanatory variables   . The fixed 

effects estimator provides consistent and unbiased estimation under the assumption of 

strict exogeneity. The within-group estimates become inconsistent if lagged dependent 

variable is used in the model which violates the assumption of strict exogeneity. The 

other assumptions of homoskedasticity and no serial correlation are crucial for the 

standard error calculations (Wooldridge, 2002). In the presence of serial correlation and 

heteroskedasticity, a convenient way to deal with the correlation of explanatory variables 

with unobserved heterogeneity is to use GMM estimator which is more efficient than the 

standard method of fixed effects model. GMM is also a better approach when 

                                                           
11

 The random effects model is not discussed in detail as it is not used in thesis during the estimation 

procedure.  However, the Hausman Test is applied to determine whether fixed effects model must be 

preferred over random effects during estimation procedure.   
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independent variables are not strictly exogenous even when controlled for unobserved 

heterogeneity in the model (Wooldridge, 2001).  

2.12.4.1 Choosing between fixed effect and random effect model: The Hausman Test  

Hausman Test assists in choosing between fixed effects and random effects estimation.
12

 

When fixed effects estimation is appropriate for the given panel nature of data, Hausman 

Test investigates if random effect model is equally good (Asteriou & Hall, 2011). The 

specification test in econometrics was developed by Hausman (1978) and is based upon 

two hypothesis-testing methods. The test compares two estimators of the parameters such 

as  ̂1 and  ̂2. Under the null hypothesis both estimators are assumed to be consistent but 

 ̂1 is inefficient. Whereas the alternative hypothesis assumes  ̂1 to be consistent and 

efficient but  ̂2 is considered inconsistent. A large value of test statistic results into 

rejection of null hypothesis. The null hypothesis is that the estimated random effects 

coefficients are consistent and efficient. Thus, the rejection of null hypothesis settles for 

fixed effect as an appropriate estimator which provides consistent results even when 

country-specific effects are correlated with explanatory variables.  

2.12.4.2 Checking for group-wise heteroskedasticity 

The error term may not have constant variances across cross-sections but might be 

homoscedastic within the cross-sections. The Modified Wald Test is applied to detect 

group-wise heteroskedasticity among residuals of fixed effect panel data regression. The 

modified version computes Wald test statistic that is feasible when the normality 

assumption is violated.
13

 The null hypothesis is no group-wise heteroskedasticity.   

2.12.4.3 Detecting serial correlation 

If serial correlation is present in idiosyncratic errors, then results are going to be less 

efficient. Standard errors are going to be biased i.e. the calculated standard errors will be 

smaller than their true value and the value of R-squared tends to be very high. In fixed 

effects estimation, serial correlation cannot be ruled out. This possibility can cause 

serious problem in larger panel when T is greater (Wooldridge, 2002). If present, 

                                                           
12

 This test is performed in STATA by using the ‗hausman‘ command. 
13

 The STATA command is ‗xttest3‘ which is applied after the fixed effects estimation. 
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consistent estimates can be produced through clustering the panel. The presence of serial 

correlation in pane data is tested through Wooldridge test for autocorrelation 

(Wooldridge, 2002).
14

 The method use first-difference regression residuals to test for 

AR(1). The first differencing removes unobserved individual effect. The null hypothesis 

is no serial correlation. Failure to reject the null hypothesis would conclude that first-

order autocorrelation i.e. AR(1) is present.  The procedure is well-explained by Drukker 

(2003). 

2.12.4.4 The cross-sectional dependence (CD) test/contemporaneous correlation 

Baltagi (2008) states that cross-sectional dependence (CD) is usually a feature of long-

panel i.e. when the longitudinal data has longer time series (20 to 30 years). So, it might 

not be a serious issue in panel with lesser T. Breusch-Pagan (1980) LM test is valid in 

cases when T > N. On the other hand, Sarafidis and Robertson (2009) is of the view that 

when N > T, the presence of cross-sectional dependency in error term leads to 

inconsistent results when IV and GMM estimation procedures are applied. It leads to 

biased estimator for any lag length of the instruments used during estimation procedure. 

When N > T the Pesaran (2020) CD Test, Friedman (1937) statistic and Frees (1995) Test 

are relevant to check cross-sectional dependence.
15

 The null hypothesis states about no 

existence of cross-sectional dependence. Friedman‘s test is non-parametric which is 

based upon the Spearman‘s rank correlation. The test applies by adding up the 

coefficients of pairwise correlations. The limitation of this test is that it misses out cases 

when positive and negative both correlations are present, as these cancel out each other 

during the process of averaging. Thus, it makes the test less reliable. Alternatively, Free‘s 

test is not subjected to such drawback and it provide critical values from Q distribution. 

Above all, the Pesaran Test is the most preferred choice in case of dynamic panels.  

                                                           
14

 The STATA command is ‗xtserial‘ followed by the list of variables included in regression estimates. The 

data must be ‗tsset‘ prior to the application of autocorrelation command. 
15

 The STATA command ‗xtcsd‘ is used with additional options of ‗pesaran/ friedman/ frees‘. The Pesaran 

Test adds both negative and positive correlations which may lead to rejection of null hypothesis even in the 

presence of cross-sectional dependency. Therefore, the command ‗abs‘ is added which average out the 

absolute values of correlations. The data must be ‗tsset‘ prior to the application of CD test (Hoyos & 

Sarafidis, 2006). 
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2.12.5 Instrumental variable/two-stage least squares (2SLS) estimator and simultaneous 

endogeneity  

When there are excluded exogenous variables, which are correlated with endogenous 

variables of the model, then OLS estimators are inconsistent and biased. This is also 

called the simultaneous endogeneity problem. In such cases, the most suitable procedure 

is the instrumental variable (IV) estimation. It includes the excluded exogenous variables 

as instruments in the model. When estimation is done with multiple instruments then 

simultaneous equations are used to calculate IV estimator under the name of two-stage 

least squares (2SLS) estimator. The 2SLS technique is the most widely used method in 

case of over-identification parameters as it uses more instrumental variables than required 

to estimate the parameters. As discussed earlier, OLS estimator assumes that explanatory 

variables must not be correlated with the error term. The instrumental variables method 

works even when explanatory variables are correlated with error term. Let us consider the 

following multiple regression model:  

                            ……………. (2.8) 

In the above equation, y on the left-hand side is clearly an endogenous variable which is 

correlated with error term ‗  ‘. The variables    are the list of explanatory variables 

where j = 1, 2, 3. The usual assumption for error term holds i.e.  

        

Let us suppose that the variables    and    are exogenous and not correlated with the 

error term ‗  ‘ but the    is the endogenous explanatory variable which is correlated with 

   i.e. Cov (  ,  ) ≠ 0. Such a correlation of endogenous explanatory variable may be 

considered due to an omitted variable. This omitted variable will be considered an 

instrument for variable   . Let this instrumental variable be denoted by ‗g‘. This 

instrumental variable must satisfy a set of assumptions. 

First assumption refers to the instrument exogeneity requirement i.e. the instrument is 

uncorrelated with error term ‗  ‘ and is expressed as:  

 Cov (g,   ) = 0…………………….…… (2.9) 
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Similarly,    is uncorrelated with    

Cov (  ,   ) = 0   (j = 1,2)…………….. (2.10) 

The condition expressed in equation 2.9 cannot be generally tested. Therefore, this 

assumption is taken pre-determined. The second assumption deals with instrument 

relevance i.e. the instrument ‗g‘ must be positively or negatively correlated with 

endogenous regressor ‗  ‘. This is expressed as follows: 

Cov (g,   ) ≠ 0……………….…….. (2.11) 

But the correlation between g and   is made complicated due to the presence of    and    

in equation 2.8. So the correlation assumption expressed in equation 2.11 must be stated 

in terms of partial correlation and this is done by expressing    as a linear function of all 

exogenous variables    and   , the instrument variable g and error term ‗v‘. The 

expression is written as:  

        +        +        +    g + v ………… (2.12) 

The assumption expressed in equation 2.11 can be easily tested by running a simple 

regression estimation of equation 2.12.  This is a reduced form equation as endogenous 

variable is expressed as a function of exogenous variables. More exogenous explanatory 

variables as instruments can also be added in the model estimation. The first stage 

requires running a regression on equation 2.12 and the second stage comprises of OLS 

regression of equation 2.8. The 2SLS estimator assumes homoskedasticity in error term 

i.e. error variance does not depend upon any of the exogenous variables. In the presence 

of homoscedasticity, the optimal GMM estimator is equally efficient as 2SLS. The 

optimal GMM estimator uses weighting matrix similar to Cragg-style estimators. But 

GMM estimators are more efficient than 2SLS estimator when the assumption of 

homoscedasticity does not prevail.   

The usual assumption holds for equation 2.12 i.e. E (v) =0; Cov (    ) = 0 for j = 1, 2; 

Cov (g,  ) = 0.    are the unknown parameters and the identification condition holds that 

   ≠ 0.  If the estimated slope coefficient of ‗g‘ i.e.     is statistically significant then the 

assumption of instrument relevance holds true and ‗g‘ must be used as instrument. 
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However, the sign and magnitude of this coefficient (    must also be taken into 

consideration and not just the statistical significance. An unconvincingly opposite sign to 

that of theoretical discussion does not make ‗g‘ a good instrument and suggests that there 

must be an important variable omitted from the estimated model (Wooldridge, 2016). 

Another aspect of the assumptions expressed in equation 2.9 and 2.11 is that these serve 

the purpose to identify the endogenous explanatory variable parameter   . Writing    in 

terms of population moment of covariance between g and y:  

Cov (g, y) =    Cov (g,   ) + Cov (g,   ) ……………………. (2.13) 

Under the instrument exogeneity assumption of equation 2.9 and solving equation 2.13 

for   , we get the following: 

    
         

          
 ……………… (2.14) 

The slope ‗  ‘ is the instrumental variable (IV) estimator.     is now identified as the 

ratio of population covariance between g and y and population covariance between g and 

  . On the other hand, if the variable    is exogenous and used at its own instrument then 

the instrumental variable estimator    becomes identical to OLS estimator. IV estimator 

becomes inconsistent if one of the assumptions fails and there is substantial bias in IV 

estimator when sample size is small. Therefore, a large sample size is preferred when IV 

estimation is to be applied.  It is noteworthy that the application of IV estimation method 

is usually motivated by the theoretical considerations of the model and its assumptions 

(Wooldridge, 2016). 

IV estimator imposes the assumption of homoskedasticity which is conditional to 

instrument ‗g‘ and not on the endogenous regressor    ‘. Therefore, in addition to the 

assumptions expressed in equation 2.9 and 2.11, the following can be added: 

    |               
 ……………. (2.15)  

The assumption of instrument exogeneity and instrument relevance provides consistent 

IV estimator. However, if g and    are only weakly correlated then standard errors of IV 

estimator is going to be large and IV estimator will be asymptotically biased.  The value 

of R-squared in IV estimation technique has no useful interpretation and can even be 
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negative. Also, one of the problems with 2SLS estimator is the strong chance of 

multicollinearity. It must also be noted that when error term appears to be i.i.d, the 2SLS 

is equivalent to efficient GMM. 

2.12.5.1 First-stage test for validity of additional instruments 

It gives summary statistics of first stage regression for endogenous explanatory variables 

i.e. F-statistic and R-squared/or partial R-squared values of the reduced form equations.
16

 

The insignificant F-statistic and sufficiently small R-squared conclude irrelevance of 

additional instruments. Therefore, the IV estimation might be a requirement for the 

purpose of model estimations. 

2.12.5.2 Checking for endogeneity 

The Durbin-Wu-Hausman (DWH) Test is used to detect endogeneity. It is an augmented 

regression test which was suggested by Davidson and Mackinnon (1993).  The test is 

performed by using the residuals from first stage equation as regressor in the original 

model. The coefficient of the residual must be significantly different from zero which 

will confirm the presence of endogeneity. The null hypothesis is that variables are 

exogenous. The rejection of null hypothesis confirms the presence of endogeneity. This 

means that endogenous regressor are meaningful and IV estimation technique must be 

applied.
17

  

2.12.5.3 The specification test for over-identification of instruments 

Over-identification means that the number of instruments is greater than the endogenous 

regressors. Sargan Test (Sargan, 1958) is used to check the validity of instruments. This 

test is consistent under the assumption of homoskedasticity. If heteroskedasticity is 

present, then Hansen/J-test is used in place of Sargan Test in the GMM estimator. The 

null hypothesis of Sargan Test is that instruments are valid. This means that instruments 

                                                           
16

 The STATA command for this test is ‗estat firststage‘. 
17 The STATA command for DWH test is ‗estat endogenous‘ which is run after the ‗ivregress 2sls‘ 

command for IV estimation. The STATA command ‗ivendog‘ can also be applied for the same test after 

the ‗ivreg‘ command for IV estimation.  
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used in the model are not correlated with the error term.
18

 Failure to reject null hypothesis 

will confirm the validity of instruments. Rejection of null hypothesis would mean that the 

estimated model is not correctly specified either because error term is correlated with 

instrument or some important variable is omitted from the model.   

2.12.5.4 Checking for heteroskedasticity  

The usual standard tests such as Breusch-Pagan Test can be applied for testing 

heteroskedasticity in instrumental variable regression, but it has some restrictive 

assumptions (Baum, Schaffer & Stillman, 2003). This test assumes that 

heteroskedasticity might be present only in estimated equation and not in other structural 

equations of the system. Pagan and Hall (1983) has developed heteroskedasticity test that 

specifically caters to the need of IV estimation technique. This test relaxes the restricted 

assumption and calculate the chi(sq) even if heteroskedasticity is present in the structural 

equations of the system.
19

 This can be tested using instruments at levels as well as fitted 

value and its square. The null hypothesis is that error term is homoskedastic.  Thus, 

rejection of null hypothesis means that the estimation suffers from heteroskedasticity.  

2.12.6 Instrumental variable dynamic heterogeneous panel data estimation in the 

presence of heteroskedasticity 

Another common application of GMM, especially for heterogeneous panel data 

estimation, is to address the issue of dynamic endogeneity i.e. when lagged dependent 

variable is added as an explanatory variable. Before concluding GMM as the most 

suitable method, the narration of different estimation approaches with different sets of 

data transformation along with assumptions are provided below. All these methods use 

instruments from already given dataset of the variables in the model. Usually, the 

instrumenting is done with differencing and lag operators.  

                                                           
18

 The STATA command for Sargan Test is ‗estat overid‘ 
19

 The STATA command for heteroskedasticity test is ‗hettest‘ with an additional option of ‗all‘. 
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2.12.6.1 Balestra and Nerlove (1966) approach 

The first approach to estimate a dynamic model with unobserved heterogeneity was 

developed by Balestra and Nerlove (1966). This approach used current and lagged values 

of explanatory variables as instruments for lagged value of dependent variable and the 

current values of explanatory variables. The model specification takes the form of error 

component model with the use of instrumental variables as in 2SLS. The representation is 

as below:  

                                           ……………. (2.16) 

(t = 1, 2, … , T; i = 1, 2, … , N) 

(Instruments:       ,        …      ,        ) 

            

Where   is the coefficient of lagged dependent variable treated as explanatory variable 

and it‘s value must not exceed 1 for dynamic stability.     is the composite error term,    

is the cross-sectional error component and     is the combined error component. The error 

component leads to inconsistent estimates of coefficient variances if it is over-specified 

or under-specified (Baltagi, 2008). Although, the assumption of i.i.d (independent and 

identically distributed) across time and cross section holds for      , the presence of 

lagged valued of dependent variable causes a serious bias. The lagged values of 

endogenous variable treated as explanatory variable correlates with the current value of 

error term      . Also, the unobserved heterogeneity effect cannot be separated from the 

induced effect of lagged dependent variable. This method assumes strict exogeneity of 

explanatory variables. The instruments used in equation 2.16 can correctly serve the 

purpose only when the explanatory variables are uncorrelated with error term in any time 

period i.e. past, present or future.  

2.12.6.2 Anderson and Hsiao (1982) approach  

In the absence of strict exogeneity assumption, an alternative approach has been provided 

by Anderson and Hsiao (1982). This method of estimation is also called the first-

difference 2SLS estimator. It uses the assumption that initial cross-section observations 
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are independently distributed and subsequently the subtraction and addition take place at 

random. Anderson-Hsiao (AH) method uses the first differencing across time periods to 

eliminate the unobserved fixed effect. In addition, two lagged dependent variable and 

differenced explanatory variables at level are used as instruments (as in 2SLS method). 

The other instruments that may be used in 2SLS/IV equation are the first difference 

lagged explanatory variables. The instruments may be chosen depending upon the 

simultaneity between error term and the explanatory variables. The representation is as 

below: 

              (             )      (             )     (             )    

   (             )               ………… (2.17) 

                                                          ………… (2.18) 

(t = 1, 2, … , T;  i = 1, 2, … , N) 

(Instruments:       ,       …..       or       ,                   ) 

The benefit of this approach in comparison to within-group estimator is that there is no 

loss of country-specific effects. The consistent estimator for   can be achieved if the 

crucial assumption about error term is met i.e. it is not correlated over time (Sutradhar, 

2013). However, this method of first-differencing leads to serial correlation across 

differenced error term. Also, this method is highly unreliable as the size of estimated 

coefficient depends upon the number of lags i.e. one can improve upon the efficiency of 

this approach by using additional instruments of higher lagged dependent variable. One 

of the drawbacks of using deeper lags is the loss of information as it reduces the sample 

size (Roodman, 2009). Although the results of Anderson-Hsiao are consistent, but it does 

not account for potential orthogonally (Arellano & Bond, 1991). Also, the coefficient 

value of lagged differenced explanatory variable     estimated under the Anderson-

Hsiao approach must not lie outside the bounds fixed effect and random effect estimation.  

2.12.6.3 The generalized method of moments (GMM) estimator  

The generalized method of moments (GMM) is a more suitable estimation technique in 

the presence of serial correlation and heteroskedasticity. The GMM and its various 
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extensions (Arellano & Bond, 1991; Arellano & Bover, 1995; Blundell & Bond, 1998) 

are designed for panel that has large N (cross sections) and small T (time period).
 20

 

Roodman (2009) also writes that instrument proliferation is the reason that GMM is not 

recommend for large panel and therefore number of instruments must also be reported 

while presenting the estimations. Another good practice is to test the robustness of 

estimations by reducing the instrument count. The GMM uses orthogonality conditions 

and generates additional set of moment conditions in the original model. GMM estimator 

allows for over-identification of parameters as more moment conditions can be added 

than the number of parameters to be estimated (Wooldridge, 2001). Although literature 

provides limited guidance on how many are too many instruments, but this number 

should not be greater than N (Roodman, 2009).
21

  

The GMM estimator is designed for panel data when dynamic heterogeneous estimation 

with instrumental variable is considered. GMM estimator uses a set of assumptions which 

are: i) the model is dynamic i.e. dependent variable is affected by its past values, ii) 

individual fixed effects, iii) presence of group-wise heteroskedasticity iv) autocorrelation 

or serial correlation within panel iv) presence of endogenous explanatory variables, v) the 

idiosyncratic error terms are not correlated across cross sections vi) The instrumental 

variables are drawn from the given dataset of the variables included in the model. These 

internal instruments are called the GMM-style instruments. These are incorporated as 

lags of the variables.
22

 Although these internal instruments are the fundamental 

characteristics of GMM but external instruments in terms of IV-style can also be included 

the model estimation.
23

 Given the important theoretical linkages, the use of additional 

instruments can be given a thought. Also, in small sample, GMM estimator may result 

into finite-sample problem when too many moment conditions are added without any 

additional information (Bound, Jaeger & Baker, 1995; Altonji & Segal, 1996; Staiger & 

Stock; 1997). For GMM estimation, the same specification of differenced equation is 

                                                           
20

 Arellano and Bond (1991) have used small panel with T = 7 an N = 100 
21

 The STATA built-in command for GMM estimator is ‗xtabond‘. The current study employs an 

alternative command developed by Roodman (2009) i.e. ‗xtabond2‘ which provides some additional 

features to that of STATA built-in commands such as orthogonal deviations and C-test for sub-groups of 

instruments. 
22

 The instrument count can be limited by restricting the lag ranges or by using the collapse option. 
23

 The additional command of ‗iv‘ is used for this purpose. 



66 
 

considered as in AH approach but with orthogonal transformation. The specification is 

given below: 

                                                    

      …………… (2.19) 

(with GMM-style instruments) 

Arellano and Bond (1991) indicate that difference GMM
24

 estimator reduces the finite 

sample bias and smaller variances compared to Anderson-Hisao (AH) Approach of IV 

estimation. But the key aspect is similar to AH approach which necessitates that 

instruments must be internal i.e. inclusion of lagged values of variables that are 

instrumented. It uses the differenced equation with a set of lagged explanatory variables 

as instruments. GMM (DIFF) makes a correction for endogeneity through first difference 

transformation of all regressors which eliminates the fixed effects. Therefore, the 

constant term is not reported. The GMM (DIFF) may result into poor estimation due to 

correlation between differenced instruments and the instrumented variables. To counter 

this problem, Arellano & Bover (1995) propose to use lagged difference in level 

equations as instruments. Also, when panel has short time periods and there is presence 

of high persistency in the series, standard GMM (DIFF) provides less précised estimates 

of the parameter. Blundell and Bond (1998) have presented an extended version to the 

standard GMM (DIFF) which is known as system GMM
25

 that uses additional moment 

conditions. GMM (SYS) uses both levels and differences as instruments for first 

difference equation and level equation, respectively. It is observed that GMM (SYS) 

gives more précised estimates for dynamic model as compared to 2SLS parameter of 

lagged variable (Blundell & Bond, 1998). GMM (SYS) corrects for endogeneity by 

adding more instruments which improves the efficiency dramatically. These instruments 

are transformed so that they are not correlated with the fixed effects. The procedure 

builds up a system which consist of two set of equations. It uses orthogonal deviations i.e. 

difference of a variable is undertaken by subtracting average of all its future values 

instead of subtracting the contemporaneous value from the previous observation.  

                                                           
24

 In following discussions, the difference GMM will be abbreviated as GMM (DIFF). 
25

 In following discussions, the system GMM will be abbreviated as GMM (SYS). 
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To choose between GMM (DIFF) and GMM (SYS), the first rule of thumb is look upon 

the coefficient value of lagged dependent explanatory variable ( ). Blundell and Bond 

(1998) states that if dependent variable is persistent then the standard GMM (DIFF) will 

perform poorly in short panel. The estimates will be biased and less précised. These 

limitations can be reduced by using extra moment conditions. Thus, GMM (SYS) is 

preferable in short panels (N > T) with persistency. The persistency of dependent variable 

means that it is closer to being a random walk i.e.   has a higher value closer to 1.  

The second rule of thumb compares the value of   coefficient estimated through GMM 

(DIFF) with estimated value of pooled OLS and fixed effects procedure. The pooled OLS 

estimate is considered the upper bound while the corresponding fixed effects estimate is 

the lower bound. If GMM (DIFF) estimate for   is closer to fixed effect estimate or 

below it then finite sample bias is suspected due to weak instruments. The GMM (DIFF) 

will be downward biased and GMM (SYS) is preferred (Bond, 2002) which uses 

additional instruments. The Monte Carlo simulations (Blundell & Bond, 1998) also 

suggest that system GMM is more efficient.  

2.12.6.4 The one-step and two-step GMM 

The efficiency of GMM estimations is seriously affected by the design of weighting 

matrix.  As stated earlier, the common practice of forming a weighting matrix is by 

inverting the variance-covariance matrix of moment conditions. The two-step GMM 

estimation reconstructs the weighting matrix based upon second moments (estimated 

covariances and variances) but such re-weighting may backfire in finite sample size 

(Roodman, 2009). The standard errors under two-step GMM are reduced considerably as 

compared to one-step GMM. The standard errors produced under two-step GMM will be 

downward bias especially when number of instruments used in the estimation process are 

sufficiently large and sample size is small. In small samples, the re-weighting will over-

fit the model as those observation will be given high weights that fit the model well and 

the contradicting observations will be assigned lesser weights. The coefficient estimates 

under two-step GMM do not become inconsistent, but the results can be spurious as t-

ratios are upward bias. This makes the statistical inference of the procedure useless 

(Arellano & Bond, 1991). However, Windmeijer (2005) has shown that such bias in two-
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step GMM can be substantially reduced. Windmeijer (2005) finds that in GMM 

estimations, two-step estimation with corrected standard errors is moderately superior to 

one-step method.
26

  

2.12.6.5 Diagnostic tests for GMM estimator 

The Hansen/J-test in GMM estimator replaces the Sargan Test (which is used in 

homoscedastic 2SLS estimator) to test over identifying restriction. The null hypothesis is 

that instruments are valid. So, for validity of instruments, Hansen/J-statistics must be 

insignificant. And same is the case with C-test (Difference-in-Hansen Test) which tests 

the validity of smaller set of instruments (Baum, Schaffer & Stillman, 2003). The C-test 

also needs to be insignificant for validity of hypothesis.  

Other diagnostics which are important in GMM estimation are the serial correlations test. 

AR(1) test, which determine first-order autocorrelation among the differenced error term 

must, be significant as by construction of GMM estimation the residuals of the 

differenced equation must be serially correlated. On the other hand, differenced residuals 

must not display AR(2) relationship. This is a necessary condition for the assumption to 

hold that the error term in the original model does not exhibit serial correlation. 

Therefore, the p-value of AR(2) test must be insignificant. Lastly, the number of 

instruments must not exceed the number of cross-section in order to avoid instrument 

proliferation. Instrument proliferation weakens the Hansen/J-test by over-fitting the 

endogenous variables. The most revealing sign of instrument proliferation is when p-

values of Hansen/J-test and C-test perfects to 1.000 (Roodman, 2009). In such cases, the 

estimation needs to be re-done.   

2.12.6.6 Calculating the long-run estimates under GMM estimator 

The long-run coefficients are estimated using the STATA command ‗nlcom‘, after 

applying the GMM estimation. The long-run coefficients measure the sustained impact 

                                                           
26

 The Windmeijer correction of standard errors is obtained in two-step GMM by adding the STATA 

command ‗robust‘ while performing the ‗xtabond2‘ command.  The use of ‗robust‘ command in one-step 

GMM provides standard errors that are robust to autocorrelation and heteroskedasticity associated with 

panel data. On the other hand, the two-step GMM estimation provides results that are automatically robust 

by default. Therefore, further use of ‗robust‘ command initiates Windmeijer correction in the model 

estimation. 
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of independent variables on dependent variable. It is measured as (γj/1-  ), where γj 

represents the short-run slope coefficient of variable j, and   represents the coefficient of 

lagged dependent explanatory variable where (1-  ) is the convergence rate. 

2.13 Model specification  

The baseline model is developed in section 2.9. The econometric specification, based on 

the functional form presented in equation vii, is given below: 

Model 1: 

                                                      

                                                      ………….. (2.20) 

Where:  

INN = innovation measured through global innovation index 

PO = perceived opportunities  

FFR = fear of failure rate 

TEA = total early-stage entrepreneurial activities 

EBO = established business entrepreneurs 

PR = property rights index  

SFI = State fragility index 

FDI = foreign direct investment  

A temporal fixed effect (  ) is added as time dummies in the equation to account for 

unobserved heterogeneity prevalent across time. PO and FFR reflects the entrepreneurial 

attitudes. Whereas entrepreneurial activities are measured by the variables TEA and 

EBO. The intercept    measures the country specific effect.   's are the slope coefficients 

of each explanatory variable.  The subscript ‗i‘ and ‗t‘ denotes cross sections and time 

period.  The subscript t-1 represents the one period lagged value of the dependent 

variable. Ɛi,t  is the overall error term. INNt-1 is the lagged dependent explanatory variable 
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to indicate the dynamic nature of the model and   is its slope coefficient. Innovation 

activities are cumulative, which refers to the dependency of current technological 

innovation on its past levels (Lee, 2013). As Robinson (2009) states that the success of 

innovation depends upon the way it evolves. Hence, it is necessary to incorporate the 

dynamic model of innovation by incorporating its lagged impact.  

The credible value of   must be positive and should not be greater than 1. A value 

greater than 1 would imply that the dynamic relationship is unstable and accelerating 

deviation from equilibrium in the long-run. Koçak (2017) also estimates the dynamic 

model of innovation by examining the impact of institutional quality and measures 

innovation through patent applications. In addition, dynamic model helps to reduce panel 

bias when T is sufficiently smaller than N (Baum et al., 2003; Baltagi, 2008; Sarafidis, 

Yamagata and Robertson, 2009). Equation 2.20 is estimated via pooled OLS and fixed 

effects estimator to determine the upper bound and lower bound value for the coefficient 

 . These ranges must necessarily be determined in order to choose between GMM 

(DIFF) and GMM (SYS) as an efficient estimator.  

Using the Balestra-Nerlove (1966) IV/2SLS approach, equation 2.20 is estimated by 

using all the right-hand side explanatory as instruments with both the current and one 

period lagged values such as: 

                                                                 

                                          …………….. (2.21) 

(Instruments:  PO, POt-1, FFR, FFR t-1, TEA, TEA t-1, EBO, EBO t-

1, SFI, SFI t-1, PR, PR t-1, FDI, FDI t-1 ) 

    is the composite error term 

The Anderson and Hsiao (1982) specification (AH) of the estimation is represented in 

first difference form. Therefore, the transformed equation is represented as below: 

                                              

                                                          

             …………….. (2.22) 
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In the first estimation of AH approach, instruments are used at level difference such as: 

(Instruments:         , ΔPO, ΔFFR, ΔTEA, ΔEBO, ΔSFI, ΔPR, 

ΔFDI) 

In the second estimation of AH approach, instruments are used at lagged difference such 

as: 

(Instruments:         , ΔPOt-1, ΔFFR t-1, ΔTEA t-1, ΔEBO t-1, ΔSFI 

t-1, ΔPR t-1, ΔFDI t-1 ) 

The GMM estimation takes the representation as given in equation 2.22 but it 

incorporates the orthogonality condition.  Along with the GMM style instruments, 

additional external instruments in IV-style are used in final estimation of the model. 

These external instruments are based on theory and extracted from literature review. The 

role of these instruments is taken as moderating variables that do not have a direct impact 

on dependent variable but have an indirect impact by affecting the entrepreneurial 

behaviour. Two additional instruments as IV-style are used in the model estimation. 

Theses variables include economic growth and economic freedom. Economic growth is 

measured through GDP per capita growth rate.
27

 Economic freedom is measured through 

index of economic freedom.
28

 It is a composite index that takes into account twelve 

aspects of economic freedom covering four broader themes i.e. rule of law, government 

size, market openness and regulatory efficiency. In order to confirm the importance and 

statistical significant of these moderating variable 2SLS estimation is performed and 

diagnostics tests are run. The R-squared and F-statistic of the first-stage/reduced form 

equation was tested for the overall significance of moderating variable.  

The model is re-estimated with the use of dummies in order to segregate the impact of 

explanatory variables on dependent variable among factor-driven, efficiency-driven and 

innovation-driven economies. The study makes use of dummy variables. Dummy 

variable is used to measure the presence or absence of a categorical variable. It is a binary 

variable that takes a value of one if a certain character is present and zero otherwise. 

                                                           
27

 Data source: World Development Indicators. 
28

 Data source: The Heritage Foundation.  
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Dummy variables will help us to systematically isolate the countries among different 

groups depending upon their level of economic development.
29

 The dummies are 

generated as follows: 

d1 = 1 if a country belongs to a group of factor-driven economies and 0 otherwise 

d2 = 1 if a country belongs to a group of efficiency-driven economies and 0 otherwise 

d3 = 1 if a country belongs to a group of innovation-driven economies and 0 otherwise  

To avoid dummy trap, the number of dummies must be one less than the total categories 

introduced in the model estimation (Gujarati, 2009). Dummy trap leads to perfect 

multicollinearity in the model. The study includes three dummies as factor-driven, 

efficiency-driven and innovation-driven economies. The fourth categorical variable is 

that a country falls in none of the above three groups. The fourth category is taken as 

control or reference with which the impact of other dummies is compared. Four separate 

models are estimated to determine the impact of entrepreneurial behaviour on innovation 

using the GMM (SYS) estimation approach. The interaction dummies are included for 

perceived opportunities (POd1, POd2 and POd3), fear of failure rate (FFRd1, FFRd2, and 

FFRd3), total early-stage entrepreneurial activities (TEAd1, TEAd2 and TEAd3) and 

established business ownerships (EBOd1, EBOd2, and EBOd3).  

The specification for each model is given as below: 

Model 2: 

                                                     

                                …………….. (2.23) 

Model 3: 

                                                        

                                …………….. (2.24) 

  

                                                           
29

 The grouping of countries is presented in Table A2 (see appendix A).  
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Model 4: 

                                                         

                                 …………….. (2.25) 

Model 5: 

                                                          

                                 …………….. (2.26) 

The coefficient attached with interaction dummies will examine the changes in slope 

coefficients for each category of entrepreneurial behaviour with the level of economic 

development. The values of differential slope coefficients are compared with the 

reference category. Reference category belongs to the group of countries that do not fall 

in any of the above-mentioned categories of economic development 

To examine the impact of institutional trust on innovation at different stages of 

development, the dummy variable model is specified as below: 

Model 6: 

                                                              

                    ………….. (2.27) 

In the above equation, the coefficient of each dummy (d1, d2 and d3) measures the 

differential intercept coefficients compared to that of reference category.   All models are 

estimated using the two-step GMM (SYS) estimator.  

2.14 Descriptive analysis  

2.14.1 Entrepreneurial profile and level of economic development 

During the course of development, a country passes through various stages which are 

sequential and consist of a continuous process of up-gradation in production activities. 

Such changes move a country towards more efficient and sophisticated production. These 

three stages have been identified through World Economic Forum classification (Schwab, 

2017, p. 319; Faghih, 2019, p. 44). Factor-driven stage is the most primeval stage which 

is exclusively based on factor endowments basically the natural resources and labor. 
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Second stage is the efficiency-driven which is heavily concentrated on manufacturing and 

exports of services. The producers tend to search out more efficient and productive means 

of production. Hence, entrepreneurs seek out innovation in terms of adopting the ways of 

production that are efficient and cost effective. Lastly, the innovation-driven stage 

consists of advance, knowledge-based and sophisticated methods of production. In the 

innovation-driven stage, the entrepreneurs need to maintain their competitiveness. 

Therefore, such entrepreneurs need to create innovative output i.e. to produce something 

entirely different from others. The innovative capacity of such economies requires 

supportive environment in the form of incentives and strong institutional framework. The 

list of countries is provided in Table A2 (see appendix A). 

Figure 2.2 illustrates the entrepreneurial profile of factor-driven, efficiency-driven and 

innovation-driven economies. As can been seen, the level of innovation rises as a country 

moves ahead in its path of development. In economic literature the meaning of 

entrepreneurship is explained under different viewpoints. One of that notion emphasizes 

entrepreneurs as individuals and interprets their behavioural consequences (Chavdarova, 

2016). This line of thought discusses the entrepreneurial ability in making judgmental 

decisions regarding the possible opportunities as well as calculating certainties that 

determine the failure or success.  Such judgmental decisions help in exploiting the 

opportunities towards country‘s innovativeness. Remarkably, entrepreneurial behaviour 

in terms of entrepreneurial attitudes
30

 provide a contrasting scenario in Figure 2.2. The 

perceptions of adult population of having good opportunities to start a new business 

venture is very much high in factor-driven economies as compared to efficiency- and 

innovation-driven economies. The entrepreneurial attitudes are based on self-perceptions 

which is inhabited by not only the self-image and self-abilities but gets strongly affected 

by financial support, cultural support, and the overall motivation behind entrepreneurial 

activities
31

. The finance, knowledge, and skill requirements to start new businesses in 

factor-driven economies is of lower level as compared to those countries that are at an 

                                                           
30

 Entrepreneurial attitudes reflect the perceptions or general feelings of adult population towards 

entrepreneurship as a career (Source: GEM). 
31

 Entrepreneurial activity is the measure of entrepreneurial propensity i.e. individuals who become a part 

of entrepreneurial network. GEM measures entrepreneurship activity in terms of rate and nature of business 

ownership.  
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advanced stage of economic development. Likewise, the type of businesses and 

entrepreneurial motivations also differ considerably among these countries. Weaker 

economies lack the abilities to create enough jobs to meet the needs. Therefore, 

government provides a supportive environment to encourage new business ventures 

which are pushed by higher perceived opportunities
32

. In doing so the private 

entrepreneurs build a foundation for future employment and income generation. Hence, 

people are forcefully encouraged to participate as entrepreneurs in countries that are at 

earlier stage of development. Despite high perceived opportunities (PO), which also gets 

realized through higher percentage of total early-stage entrepreneurs (TEA)
33

, the 

innovation levels are low in these countries. This is because even though entrepreneurs 

show higher beliefs in their capabilities (as shown by higher rate of perceived 

opportunities) they tend to involve in those innovation activities that have lower risk. 

Most of the innovation in these countries are not ground breaking. Rather it mostly 

consists of borrowed activities that involve imitations. As Koellinger (2008) comments 

that it is more likely that imitative entrepreneur is deeply concentrated in developing 

countries.  

The contributory factor for the prevalence of higher level of PO and TEA in factor-driven 

economies is the existence of larger size of shadow economy. Acs, Desai and Hessels 

(2008) have observed that the Global Entrepreneurship Monitor (GEM) data on 

entrepreneurship captures the prevalence of informal economy which does not encompass 

the entrepreneurship data under World Bank Group Entrepreneurship Survey (WBGES). 

Figure 2.2 shows that entrepreneurial attitude in terms of perceived opportunities (PO) 

and entrepreneurial activities in terms of total early-stage entrepreneurs (TEA) are 

highest in factor-driven economies. Due to the prevalence of informal economy, it is the 

necessity-based entrepreneurship that nurtures in factor-driven economies. These are 

usually motivated out of necessity in order to maintain a steady source of income. Such 

routine entrepreneurship does not contribute towards innovation. They are involved in 

replicative entrepreneurial activities which have reduced uncertainties, lesser risks and 

                                                           
32

 Perceived opportunities indicate the percentage of adult population who perceive good opportunities to 

start a firm in the area where they live (Source: GEM Adult Population Survey). 
33

 TEA measures the percentage of adult population who are either the owner/or manager of a new business 

or are nascent entrepreneurs (Source: GEM Adult Population Survey). 
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lower information asymmetries. This is the reason that the fear of failure rate
34

 is also 

lower in such economies.  

Figure 2.2: Trend lines of innovation and entrepreneurial behaviour in factor-

driven, efficiency-driven, and innovation-driven economies  

 

Note: Author‘s own compilation. Data sources: INSEAD, Cornell University and World Intellectual 

Property Organization (WIPO); GEM Adult Population Survey (APS).  

 

The innovation activities in informal economy are only superficial which does not 

contribute much towards capacity building in the overall advancement in national 

innovation. The entrepreneurial activities that are driven by higher opportunities in 

informal economy are typically low paid and usually undertaken by the marginalized. So, 

the occurrence of entrepreneurship in factor-driven economies is out of necessity by those 

who don‘t get absorbed in the formal economy (Castells & Portes, 1989; Portes & Haller, 

2005, pp. 405-409, 411) These individuals are pushed into entrepreneurship that fail to 

contribute towards country level innovation. Ramadani, Dana, Ratten and Bexheti (2019, 

p. 31) states that motivation of necessity-based entrepreneurs is a result of survival 

strategy that arise in the absence of opportunities in formal economy. So, higher 

                                                           
34

 Fear of failure rate measures the percentage of adult population who perceive good opportunities to start 

a business, but the fear of failure prevents them from setting up a business (Source: GEM Adult Population 

Survey). 
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perceived opportunities create entry of potential entrepreneurs in the informal economy. 

Such entrepreneurial activities have lower risk of failure. Hence, the fear of failure rate is 

lower in those countries that are still at an early stage of economic development. This 

paves way to higher early-stage entrepreneurial activities but they failed to contribute 

towards innovation due to its informal nature.  

Figure 2.2 not only helps in differentiating the entrepreneurial behaviour at various level 

of economic development and innovation levels but also depicts the general patterns of 

trends over time.  The average trend of perceived opportunities shows greater fluctuations 

in factor-driven economies. Whereas a downward trend is seen in efficiency-driven 

economies as opposed to a rising trend in innovation drive economies. The extant 

literature have also observed that entrepreneurship fails to contribute towards economic 

development in efficiency economies. Yalcin and Kapu (2008) believe that presence of 

entrepreneurial opportunities is not a greater problem as compared to the lack of ability to 

exploit those opportunities which may occur due to the dearth of resources (Smallbone & 

Welter, 2001; Ahlstrom & Bruton, 2010).  

Another aspect of entrepreneurial attitudes is the fear of failure rate that prevents the 

perceived opportunities to be realized i.e. fear of failure inhibits the prospective 

entrepreneurs to enter in the market. The perceived opportunities and fear of failure tend 

to move along in the same direction which shows that the factors that affect the perceived 

opportunities may also affect the fear of failure in the similar way. Besides, the fear of 

failure rate is higher than the perceived opportunities in innovation-driven economies as 

depicted in Figure 2.2. This means that despite having a high rate of fear of failure these 

economies are at a higher level of innovation. Wennekers, van Stel, Carree and Thurik 

(2010) find that entrepreneurial ability to exploit innovative idea rather than imitative is 

greater in innovation-driven economies. This is because such advanced countries operate 

at the world production possibilities frontier which constraints them to become imitators 

(Koellinger, 2008). The advanced economies are involved in innovative rather than 

imitative entrepreneurship. Therefore, these countries also demonstrate high rate of fear 

of failure as imitative entrepreneurship is less risky. The FFR in factor-driven economies 

exits due to intense competition that arise from total early-stage imitative entrepreneurs. 
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But this fear of failure is not greater in comparison to the fear of failure that arise from 

uncertainties attached with innovation in advanced innovation-driven countries. The new 

knowledge creation has greater uncertainties (Knight, 1921). These uncertainties arise 

due to limited knowledge about market i.e. the consumers‘ behaviour and threat from 

potential competitors. Though the fear of failure rate is high in advanced economies but 

greater innovation levels in these countries suggest that innovative entrepreneurs that are 

prone to greater uncertainty also tend to accept greater risks while risk aversion 

entrepreneurs are imitators.  

Table 2.1 represents the descriptive statistics for main variables of the study along with 

some additional variables that are contextual in understanding the relationship among 

main variables. The mean value, standard deviation (std. dev.), minimum (min.) and 

maximum (max.) values are provided in the given table. The mean value of fear of failure 

rate is highest in innovation-driven economies (39.2 percent) followed by efficiency-

driven (31.9 percent) and factor-driven economies (29.4 percent). This shows that high 

impact entrepreneurs are not deterred by high rate of fear of failure in innovation-driven 

economies. To know the reason, it is crucial to know about what constitutes the fear of 

failure rate. The fear of failure exists among the non-entrepreneurs i.e. the percentage of 

adult population who perceive good opportunities to start a business, but the fear of 

failure prevents them from setting up businesses. Such fear is a hindrance to 

entrepreneurial intentions. These non-entrepreneurs do not become a part of production 

activities. Arguably, the existing entrepreneurs (as depicted by EBO) or new 

entrepreneurs (as depicted by TEA) are motivated towards innovation in order to avoid 

failure event. This motivational impact of fear among entrepreneurs is also highlighted by 

Wyrwich, Stuetzer & Sternberg (2016). In contrast, Hayton, Cacciotti, Giazitzoglu, 

Mitchell, and Ainge (2013) recognize a negative impact of fear of failure among the non-

entrepreneurs. Conclusively, even though the fear of failure rate is high in innovation-

driven economies but those involved in entrepreneurial activities contribute significantly 

to raising the national innovation capacity.
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Table 2.1: Group-wise summary statistics (2010-2016) 

Variable name Factor-driven economies Efficiency-driven economies Innovation-driven economies 

Mean Std. dev. Min. Max. Mean Std. 

dev. 

Min. Max. Mean Std. 

dev. 

Min. Max. 

Per capita income 

(constant US $)
35

 

6349 7361.7 635 20852 9974 3705 4184 16558 45398 17279.6 21896 88882 

GII (0-100) 31.8 4.35 28.0 40.3 38.4 4.7 29.5 47.1 55.1 6.8 39.0 66.7 

GII input (0-

100)
36

 

38.3 5.7 33.12 48.94 44.8 4.6 34.51 54.36 62.27 6.2 47.45 69.08 

GII output (0-

100)
37

 

25.39 3.12 23.02 31.63 32.3 5.2 24.4 46.2 47.96 7.86 30.53 64.36 

Entrepreneurial attitudes:  

PO (%) 58.4 16.9 36.0 78.7 41.9 13.6 20.2 65.2 35.5 16.8 7.0 69.6 

FFR (%) 29.4 8.6 14.7 39.2 31.9 6.3 15.9 41.0 38.2 6.0 30.1 51.5 

Entrepreneurial activities: 

TEA (%) 16.3 9.6 8.4 35.1 13.9 6.8 4.99 29.4 6.8 2.1 3.9 11.9 

EBO (%) 11.0 11.2 3.0 33.1 7.6 3.6 2.6 16.8 7.1 2.4 3.1 13.6 

BSS (% of 

TEA)
38

 

6.2 3.4 1.5 11.94 13.4 5.7 5.2 26.01 29.94 5.69 18.05 39.29 

  

                                                           
35

 It is calculated as a ratio of GDP and midyear population. It generally reflects the overall standard of living in a country. The data is extracted from WDI. 
36

 It is the sub-index to measure the input side of a country‘s innovation. 
37

 It is the sub-index to measure the output side of a country‘s innovation. 
38

 It is the percentage of TEA who are involved in business sector development.  
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Table 2.1 (Continued.) 

Variable name Factor-driven economies Efficiency-driven economies Innovation-driven economies 

Mean Std. dev. Min Max Mean Std. 

dev. 

Min Max Mean Std. 

dev. 

Min Max 

Employment structure (sectoral percentage share in total employment)
39

 

 

 
Agriculture (%) 28.7 22.3 4.9 70.0 13.8 8.3 0.7 28.1 4.0 2.99 1.2 12.9 

Industry (%) 20.4 8.8 7.1 33.1 25.9 5.8 16.6 44.5 21.9 3.99 16.4 31.8 

Services (%) 50.9 17.4 22.8 72.5 60.3 9.5 40.0 75.5 73.9 5.3 60.2 80.6 

Institutional factors  

Economic 

freedom index 

(0-100)
40

 

58.3 8.4 42.4 66.4 62.5 8.0 47.1 78.1 67.6 16.9 1.3 82.1 

PR index (0-

100) 

29.7 11.4 10 41.4 44.82 17.4 17.1 87.9 76.25 21.7 5 91.4 

SFI (0-25) 9.8 4.7 2.9 17.1 4.8 2.9 0 10 1.00 1.8 0 7.57 
 

Note: Author‘s own compilation. Data sources: INSEAD, Cornell University and World Intellectual Property Organization (WIPO); GEM Adult Population 

Survey (APS); The Heritage Foundation; POLITY IV; Word Development Indicators (WDI)

                                                           
39

 Sectoral share of employment generally reflects the type of economic activities in which majority of the labour force will be absorbed. This also helps in 

recognizing the sectoral contribution in the economy.   
40

 It includes four aspects (rule of law, government size, market openness and regulatory efficiency). 
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2.14.2 Entrepreneurial attitudes and innovation: An inquiry into the association  

Another interesting feature of the relationship between national innovation and 

entrepreneurial attitudes can be observed in Figure 2.3. There is an inverted-U shaped 

relationship between fear of failure rate and national innovation. Further examination of 

this relationship reveals that the upward trend of inverted-U relationship is visible for 

factor- and efficiency-driven economies, but a downward trend is seen in the innovation-

driven economies (Figure 2.4 - part a, b and c). A higher risk is associated with increased 

innovation in less advanced countries due to lack of human capital and infrastructure, 

inadequacy of financial and administrative resources, sectoral composition of the 

economy as well as the institutional weaknesses. On the other hand, countries at an 

advanced stage of development do not face such limitations. Despite a decreasing trend in 

fear of failure rate, there is persistency of FFR in high innovating economies which can 

be observed in Table 2.1 as the mean value is highest at 38.2 percent. The high FFR is 

due to uncertainty and risk which are inherent to innovative entrepreneurs. Fear of 

failure
41

 is perceived by non-entrepreneurs who do not become a part of entrepreneurial 

activities, but it does not prevent those involved in entrepreneurial activities to undertake 

innovation. 

On the other hand, perceived opportunities illustrate a wave-like association which shows 

two humps (Figure 2.3). Initially, at lower level of innovation the perceived opportunities 

rise but then falls at higher levels of innovation which again rises at highest innovation 

level. Such an association is further elaborated in Figure 2.4 (part a, b and c) by isolating 

it into three segments i.e. factor-driven, efficiency-driven and innovation-driven 

economies. Perceived opportunities give way to rising innovation levels in factor-driven 

and innovation-driven economies. But such a link fails to develop in efficiency-driven 

economies. The relationship of perceived opportunities with innovation is conditional to 

market needs, knowledge capital, entrepreneurial choices, and dimensions of innovation.  

 

  

                                                           
41

 GEM Adult Population Survey states that FFR reflects the perceptions of non-entrepreneurs. 
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Figure 2.3: Graphical representation of the relationship between innovation and 

entrepreneurial attitudes  

(a) Innovation and perceived opportunities

 

(b) Innovation and fear of failure rate

 

(c)  Combined graph 

 

Note: Author‘s own compilation. The data consist of a panel of 55 countries and covering a time period 

from 2010 to 2016. Data sources: INSEAD, Cornell University and World Intellectual Property 

Organization (WIPO); GEM Adult Population Survey (APS) 
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Even technology imitation is a contributing factor to innovation in less developed 

economies. The relevance of entrepreneurial perceptions about good opportunities also 

bring in the demand side for entrepreneurs i.e. whether those perceived opportunities are 

realized into imitative or innovative entrepreneurs. This market-based perspective 

(Koellinger, 2008) builds up the links between entrepreneurial behaviour and innovation 

by determining the expected relative payoffs of entrepreneurial activities. These payoffs 

depend upon the market conditions under which entrepreneurship breeds. The 

entrepreneurs bring very little incremental knowledge in societies that work under a 

routine. However, increased demand for new goods and services acts as a pull factor for 

innovative entrepreneurs.  

Furthermore, one must keep in mind the subjectivity of innovation concept while 

examining the level of innovation at different stages of economic development. In factor-

driven economies innovation and perceived opportunities show a positive association 

(Figure 2.4 - part a). This innovation is new to its market but not to the world. In less 

developed economies entrepreneurship is intensive in imitation activities (Koellinger, 

2008). The factor-driven economies are furthest away from the world technology frontier. 

These countries do not have abilities and capacities to innovate. Therefore, these 

countries are better-off by adopting and imitating the existing technologies. As a result of 

globalization, it is becoming less costly to absorb the competitive advantage of 

knowledge created in a foreign country. Such a technology diffusion improves the 

innovation capacity of these countries. But the innovative entrepreneur in less developed 

economies differs from innovative entrepreneurs in advanced economies. The perceived 

entrepreneurial opportunities are realized in the form of innovative entrepreneurs in 

factor-driven economies that do not acquire new knowledge but embrace the existing 

knowledge created elsewhere i.e. the technology frontier countries.  Therefore, this 

knowledge transfer is not innovative to the world but for those countries where the 

transfer occurs. Ciborowski and Skrodzka (2020) demonstrate that international 

technology transfer does not contribute positively towards national innovation system of 

the country where the transfer occurs.  
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Figure 2.4: Country-wise graphical illustrations of the relationship between 

innovation and entrepreneurial attitudes  

a) Factor-driven economies  

 
 

b) Efficiency-driven economies  

 
 

c) Innovation-driven economies  

 
 

Note: Author‘s own compilation. Data sources: INSEAD, Cornell University and World Intellectual 

Property Organization (WIPO); GEM Adult Population Survey (APS). The values for each country are 

averaged from 2010 to 2016. 
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On the other hand, the potential of a country to imitate decreases as it nears the 

technology frontier or becomes the technology frontier (Panibratov, 2017, p. 358). Barro 

and Sala-i-Martin (1995, p. 20) also find that economy leader countries face a downward 

cost function of innovation but an increasing imitation cost. The advanced countries 

cannot imitate because borrowed technologies by less developed economies have already 

become obsolete in advanced countries (Polterovich & Tonis, 2005).  So, the perceived 

opportunities in advanced developed countries are linked to higher innovation.   

Therefore, developed economies need to undertake innovation to maintain its competitive 

advantage. Such positive association between perceived opportunities and innovation is 

also observed in innovation-driven economies (Figure 2.4 - part c).  

Thus, in both factor-driven and innovation-driven economies a positive relationship is 

observed between perceived entrepreneurial opportunities and innovation, but the level 

and nature of innovation differs under each stage of economic development. Innovation 

that is defined for factor-driven economies is unrelated to innovation that occurs in 

innovation-driven economies.  In addition, there is vast difference in the innovation level 

between these two groups of countries. Conversely, perceived opportunities do not 

accompany increased innovation in efficiency-driven economies. The efficiency-driven 

economies are transitioning from imitating to innovation but still lack the ability to 

innovate and most of the innovation activities are pursued for efficient and cost-effective 

means of production. In addition, the inefficiencies of TEA results into a shift of 

occupational choices from entrepreneurs to employees. Therefore, perceived 

opportunities and innovation have a negative association in efficiency-driven economies.  

2.14.3 Entrepreneurial activities, innovation, and economic development: A U-shaped 

relationship 

According to the IBM survey (Pohle and Chapman, 2006), the top global CEOs has 

identified academia and internal R&D far less important compared to the employees, 

customers and business partners as being the most important sources of innovation. 

Intuitively, it can be concluded that formal education and knowledge creation are no 

longer the sole determinants of innovation economy. Tacit knowledge created through 

learning by doing, personal experiences and the prevailing institutional environment 
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plays an important role in establishing the entrepreneurial perceptions related to 

opportunities and failure, as well as entrepreneurial activities. The most common usage of 

functional definition of entrepreneurship, as stated by classical economists, is its 

occupational notion i.e. ownership and management of business ventures (Chavdarova, 

2016). This notion could be further considered, in its dynamic nature, as the creation of 

new businesses as well as its static nature in terms of total number of businesses. The 

innovativeness is reflected through the existence of markets as well as the capacity of 

entrepreneurs i.e. whether they are at an early stage entrepreneurial stage or established 

business owners. 

Interestingly, the percentage of total early-stage entrepreneurial activities (TEA) is higher 

than the percentage of established business ownership (EBO)
42

 in both factor-driven and 

efficiency-driven economies but negligible differences between the two is observed in 

case of innovation-driven economies (as can be seen in Figure 2.2). This means that 

economies which are at a lower level of economic development gives more importance to 

TEA.  van Vuuren and Alemayehu (2018) are of the view that TEA plays an important 

role in countries that seek major transformations in their economic structure which is also 

strongly correlated with PO.  

On the other hand, the proportion of TEA is lower in countries that are at advanced level 

of development. Although the total percentage of entrepreneurial activities are lower but 

the level of national innovation is higher. The reason has been already discussed that at 

higher level of economic development entrepreneurial motivations are opportunity-driven 

which improves upon innovation activities. The entrepreneurs reflected in TEA for these 

economies consist of high impact entrepreneurs who are ambitious, motivated, and 

innovative in nature. The opportunity-driven entrepreneurs exist out of choice and their 

motivation may change over the course of time (Ramadani, et al., 2019, p. 31). 

Entrepreneurial choice is pulled by unexploited opportunities. These are usually 

undertaken by business venture who are already established. Those unexploited 

                                                           
42

 As stated earlier, EBO measures the percentage of adult population who are currently an owner/or 

manager of an established business. They are owning/ managing or running a business that has paid 

salaries, wages, or any other payments to the owners for more than 42 months (Source: GEM). 
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opportunities pave way to innovation- based activities.  The opportunity-driven 

entrepreneurs aim to gain independence with increased income levels. Hessels, Suddle 

and Mooibroek (2008, p. 33) have observed that opportunity driven entrepreneurs are 

highest in OECD countries whose prime motive is to gain independence as compared to 

necessity entrepreneurs. The necessity-based entrepreneurship is found to be lowest in 

European Union which account for only 18 percent of the total value.    

Sternberg and Wennekers (2005) find out a U-shaped relationship between 

entrepreneurship and economic development. In addition, the level of country‘s 

innovativeness also depends highly on the type of entrepreneurship. Only a small number 

of start-ups significantly contribute towards innovation. Whereas a larger proportion of 

start-ups do not create new knowledge. In fact, they diffuse the knowledge created by 

others and imitate the techniques and products produced by others. A similar U-shaped 

relationship is also observed in studies by Wennekers, & Thurik (1999, p. 48), Carree, 

Van Stel, Thurik, & Wennekers (2002, p. 277), Acs, Desai, & Hessels (2008, p. 222) and 

Bosma, Acs, Autio, Coduras & Levie, (2009, p. 12).  

In contrast, van Vuuren and Alemayehu (2018, p. 9) disapprove the U-shaped 

relationship between entrepreneurship and level of economic development and claim that 

entrepreneurship is unjustly undervalued in efficiency-driven economies. Their study 

reveals an all-time positive relationship. Though the positive correlation is much stronger 

and pronounced in innovation-driven economies. Wennekers et al., (2010) also study the 

link between entrepreneurship and level of economic development. Although they have 

interpreted an overall stable U-shaped relationship, but this relationship has a stronger 

depiction for opportunity-driven entrepreneurship and total early-stage entrepreneurship. 

Whereas necessity-based entrepreneurs have shown an L-shaped relationship with per 

capita income.  

Figure 2.5 portrays a similar U-shaped relationship between entrepreneurial activities and 

innovation. As discussed earlier, entrepreneurial activities are captured in the form of 

TEA and EBO. Both curves show U-shaped relationship. In addition, the graphical 

illustration depicts that the two curves have an intersection point where both the curves 

cross-over at their minimum. This relationship further elaborates that countries 
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experiencing lower level of innovation have greater proportion of TEA as compared to 

the percentage involved in EBO. On the other hand, when a country experiences higher 

level of innovation, the percentage of EBO gets ahead of TEA. Such graphical 

representation of TEA and EBO establishes the fact that in factor-driven economies, 

early-stage entrepreneurs is a contributing factor for innovation. The enhanced 

competition among TEA contributes towards restructuring of the economy towards 

innovativeness but still far less than innovation-driven economies.  

UNCTAD (2018) report on least developing countries have also highlighted the facts that 

these countries are confronted with socio-economic evils like high unemployment, need 

for job growth, low per capita income and structural weaknesses. Therefore, 

entrepreneurial policies in these countries are devised to provide an alternative to 

structural inequalities and unemployment. Therefore, the percentage of TEA is greater 

than the percentage of EBO. Nevertheless, TEA still contributes towards innovation in 

factor-driven economies even though the level of innovation is less to that of efficiency-

driven and innovation-driven economies.
43

 

The demand side factors can also give rise to higher TEA in factor-driven economies. 

Wennekers et al., (2010) explained that entrepreneurial behaviour is strongly influenced 

by labour market dynamics. The TEA tends to be high in countries where larger firms can 

easily by-pass the labour market regulations and trade unions. Under such circumstances 

larger firms indulge into sub-contracting or outsourcing to smaller firms. Thus, higher 

percentage of TEA is observed in factor-driven economies that have weak institutions 

which allow easy by-passing of legitimate structures and policies. Then again, the 

presence of shadow economy is also an additional factor that give rise to high percentage 

of TEA. 

Another aspect attached with U-shaped relationship is the rising real wages with 

economic development. As explained previously, necessity-based entrepreneurship 

nurtures in factor-driven economies due to low level of real wage rate. In efficiency-

                                                           
43

 As discussed earlier, the level and nature of innovation differs under each stage of economic 

development. Innovation that occurs in less developed countries have already become obsolete in advanced 

countries (Polterovich and Tonis, 2005).  
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driven economies, the per capita income rises along with rising real wage rate. Therefore, 

a rising opportunity cost of self-employment induces the marginalized entrepreneurs to 

turn into employees.
44

 But at an advanced stage of economic development, the 

occupational choices turn in favour of entrepreneurship. Since the material and social 

needs are predominantly satisfied and self-employment becomes an attractive choice for 

realization of need for autonomy and self-sufficiency (Wennekers et al., 2010). 

Likewise, Audretsch, Thurik, Verheul and Wennekers (2002, p. 1-2) examine the 

variations in entrepreneurial development across countries, over a period of time. The 

study observes that, at early stages of development, entrepreneurship is pushed by forces 

that are more on political and social grounds and appears to be less reliant on achieving 

the economic efficiency. Since these business ventures are the clear supplier of 

employment opportunities or else mainly the source of self-employment. Therefore, at 

this stage the small and new businesses matters. During his study on the industrial 

transformation in U.S economy, Birch (1979: p. 31) was the first to observe that small 

firms significantly contribute to large job creation.  

But as a country progresses towards its path of development the nascent entrepreneurs 

become victim of their own inefficiencies. Therefore, the percentage of TEA falls with a 

rising level of innovation (see Figure 2.5) later assumes an upward trend at much higher 

level of innovation along with a rising trend in EBO as well. This is because at advanced 

stage of development the perceived entrepreneurial opportunities tend to rise with a fall 

in fear of failure rate.
45

 These perceived opportunities, with falling failure rate, are 

realized in the form of rising TEA and EBO. The positive association of innovation 

activities with TEA, at higher level of innovation, can be further explained by examining 

the sectoral composition of the TEA in business service sector. 

  

                                                           
44

 A similar idea was presented by Lucas (1978). 
45

 As depicted in Figure 2.3. 



91 
 

Figure 2.5: Graphical representation of the relationship between innovation and 

entrepreneurial activities  

            (a) Innovation and total early-stage entrepreneurial activities

 

(a) Innovation and established business ownership

 

(b) Combined graph 

 

Note: Author‘s own compilation. The data consist of a panel of 55 countries and covering a time period 

from 2010 to 2016. Data sources: INSEAD, Cornell University and World Intellectual Property 

Organization (WIPO); GEM Adult Population Survey (APS). 
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Present era is the age of digitalization due to fast pace of internet usage and advancement 

in information and communication technology (ICT). The service industry is booming 

especially the business service sector (BSS) which has shown an upward trend during the 

last two decades. The global demand for BSS is mainly driven by new business sector 

growth and increased corporate sector growth. BSS
46

 is knowledge-intensive which is 

now being used as an important intermediate input in the production activities and a 

contributing factor towards innovation.  

Under strict Schumpeterian definition
47

 of innovation, Rubalcaba -Bermejo (1999, p. 

138) highlights five aspects of innovation in business services i.e. organizational, 

technological, operational, strategic and commercial. These services have become an 

important ingredient in national innovation system of the modern economies. The 

primary markets for business service sector are USA and Western Europe (Herbert & 

Paraskevas, 2012). These countries fall under the category of innovation-driven 

economies. The least developed markets for business service sector mostly consist of the 

countries from Eastern Europe and Latin America which largely includes the efficiency-

driven economies. Lastly, there is no significant contribution of BSS in factor-driven 

economies.  

Figure 2.6 provides a comparison of TEA, EBO and percentage of TEA involved in 

business service sector (BSS) among factor-driven, efficiency-driven, and innovation-

driven economies. Although TEA falls as economies shift to a higher stage of economic 

development, but the share of TEA involved in BSS shows an opposite trend. This means 

that the total entrepreneurial activities under early-stage are lowest in countries that have 

highest innovation but its percentage share in business service sector is the highest. In 

addition, although the percentage of TEA is lesser in innovation-driven economies, but it 

is showing a rising trend (see Figure 2.7 - part c). This is because most of these early-

stage entrepreneurial activities are involved in business service sector which is 

contributing towards innovation. 

                                                           
46

 The current study measures this variable as the percentage of TEA involved in business services sector. It 

includes financial intermediation, real estate, information and communication, professional and 

administrative services. Source: GEM Adult Population Survey (APS). 
47

 As explained earlier, Schumpeter‘s entrepreneur (Schumpeter, 1934) has a decisive role in innovation by 

undertaking managerial decision making to carry out new combinations. 
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Figure 2.6: Relationship between innovation level and entrepreneurial activities  

 

Note: Author‘s own compilation. Data sources: INSEAD, Cornell University and World Intellectual 

Property Organization (WIPO); GEM Adult Population Survey (APS). The values indicate the mean for 

each group of countries, which are averaged from 2010 to 2016. 

 

In addition, the group-wise summary statistics presented in Table 2.1 shows 

diversification in employment structure which varies with the level of innovation. The 

service sector is growing in all economies following a global trend of increased in 

demand. But the percentage share of services sector is highest in economies that show the 

greatest level of innovations. TEA in these economies is showing an upw ard trend 

because they have greater chance of being absorbed in the services sector due to rising 

share of employment generation in services sector. This is also observed in terms of 

increased percentage share of TEA in BSS (see Figure 2.6).  

Figure 2.7 (part a and b) shows a downward trend in factor-and efficiency-driven 

economies. The downward trend in TEA is because nascent entrepreneurs face greater 

bottlenecks due to inefficiencies and higher competition as a country moves up the ladder 

in terms of greater innovation. Henceforth, TEA contributes less towards innovation as 

can be seen by its relatively higher percentage in less and moderately innovating 

countries but with a falling trend. Alternatively, despite having lesser percentage of TEA 

in highly innovative countries it is contributing towards innovation because of its 

involvement in business service sector. The most important features of business service 
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sector (BSS) are low entry barriers and lesser amount of capital investment. But lower 

barriers also result in intense competition which compels this sector towards innovation 

for survival. 

Figure 2.5 presents that both the EBO and TEA curves show an upward trend at higher 

levels of innovation but the EBO curve lies above the TEA curve. The upward trend in 

both EBO and TEA is also documented by Loveman and Sengenberger (1991) who 

attribute the reemergence of these entrepreneurial activities to the sectoral shift towards 

services. As well as the vertical disintegration sets backward linkages of large-scale 

production with small scale businesses. 

The participation in international market is also linked with the level of economic 

development and innovation. The international competitiveness of factor-driven 

economies is based upon primary products that have low factor costs. Although the 

efficiency-driven economies are capital intensive with high level of investment, but these 

economies lack coherent approach towards knowledge economy. On the other hand, 

innovation-driven economies are technology generating. These economies innovate at the 

global technology frontier (Schwab, Porter & Sachs, 2002, p. 58). These countries are 

globally more integrated; therefore, they get a competitive edge in the foreign market 

through innovation. The presence of export-oriented entrepreneurship gives birth to more 

innovation to seek better returns from less innovating countries. So, there is an interplay 

between creation of new knowledge and its commercialization. Therefore, the role of 

entrepreneurial behaviour becomes an important determinant of innovation-based 

economy. The innovation-driven economies have achieved self-sufficiency in finance, 

skills, technology, and knowledge capital. These economies face an intense competition 

between knowledge generation and knowledge absorption that causes a self-perpetuating 

cycle of increased entrepreneurial activities along with higher levels of innovation.  

The positive relationship of EBO with innovation becomes stronger when the data of 

EBO is segregated among factor-driven, efficiency-driven, and innovation-driven 

economies. The percentage of EBO show a downward trend in countries with lower level 

of innovation but a U-shaped relationship is observed among countries with higher 

innovation (Figure 2.7 - part b and c). 
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Figure 2.7: Country-wise graphical illustrations of the relationship between 

innovation and entrepreneurial activities 

a) Factor-driven economies  

 

b) Efficiency-driven economies 

 

c) Innovation-driven econom ies  

  

Note: Author‘s own compilation. Data sources: INSEAD, Cornell University and World Intellectual 

Property Organization (WIPO); GEM Adult Population Survey (APS). The values for each country are 

averaged from 2010 to 2016. 
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From the above graphical analysis, it can be assumed that in high-innovation economies 

entrepreneurs of established businesses contributes more towards innovation than TEA. 

There are researchers who are heavily convinced that future lies in the hand of larger 

established businesses. As Schumpeter (1934, p. 106) states that large-scale established 

production is a necessary element which is known as a powerful engine for economic 

prosperity. Echoing the same idea, Galbraith (1952, p. 86) mentions that it is an 

unfortunate fiction that technical development is driven by competition among small 

businesses who are in pursuit of outweighing their opponents. In addition, the rising per 

capita income in developed countries changes the consumption pattern. Engel law depicts 

that at higher income levels consumer‘s preferences change in favour of products that are 

more differentiated and innovative. This changes the supply side of production and 

results into disappearance of small-scale business sector because intensive use of 

knowledge capital predominates the large-scale production. Galbraith (1952, p. 86) 

further states that the simple and relatively cheaper innovation has already been done and 

further evolution requires more sophisticated innovation which is costly. Hence, a 

sufficient scale of production is essential for determining the success of an innovation. 

2.14.4 Role of institutional trust in determining entrepreneurial behaviour and innovation 

Institutional dimension is contextual to the success of an entrepreneur (Baumol, 1990, p. 

898; Wyrwich, Stuetzer & Sternberg, 2016). Etzioni (1987) studies that social legitimacy 

of entrepreneurship as successful career option depends upon its local favourability. 

Institutions play an important role in determining relative payoffs of entrepreneurial 

activities and shaping entrepreneurial attitudes. The relationship of entrepreneurial 

behaviour, institutions and innovation is illustrated in Figure 2.8. The success of an 

innovation venture requires strong working rules. There is social stigma attached with 

entrepreneurship among those countries that have weak institutional environment. A 

potential entrepreneur resolves to subsistence output when subjected to rent seeking, 

(Hoff & Stiglitz, 2000). Trust is a necessary element for entrepreneurial development 

(Sarbah and Xiao, 2013). Institutional trust is lost if government fails to implement public 

policy effectively and innovative entrepreneurs do not commercialize new ideas. The 

level of institutional trust in a country can be observed by examining the property rights 
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index
48

 and State fragility index
49

. The value of each index for each group of nations 

show that institutions are weak in factor-driven economies but improves in efficiency-

driven economies and are strongest in the innovation-driven economies. Weak 

institutions cause serious market distortions and inefficiencies. Such parameters increase 

the transaction costs and uncertainty which hinders the successful transition towards 

innovation economy. Institutional trust is also lost if State is unable to fulfill its basic 

obligations towards the people and one of that obligations is protection of property.  The 

property rights are weakest in factor-driven economies and these economies are also the 

most fragile.  Speakman and Rysova (2015) emphasize that risky ventures and innovation 

activities are highly suppressed among the fragile countries.  Similarly, property rights 

play an important role in building up institutional trust. Potential entrepreneurs defer 

productive investment in countries that do not have strong property rights.  

On the other hand, the innovation-driven economies are less fragile and exhibit strong 

property rights. Investors are less risk averse in societies that harvest higher trust (Kaasa, 

Kaldaru, and Parts, 2007). Secured property rights establish an investment friendly 

environment that opposes the rent seeking activities by increasing the social private 

returns. These returns can be further enhanced by embracing innovation activities. 

Tebaldi and Elmslie (2013) consider that strong property rights provide protection from 

unfair expropriation that helps to nurture entrepreneurship which is more innovative and 

productive. Even though entrepreneurial expectations about fear of failure are high in 

innovation-driven economies but it does not prohibit the entrepreneurs to spend their 

                                                           
48

 The legal institution of protection of property rights reduces uncertainties that fosters institutional trust. 

Property rights index is the assessment of ability to accumulate private property and wealth that are safe 

from unfair expropriation. The indicator belongs to the subcategory of the index of economic freedom. The 

index is measured on a scale of 0 to 100. Data source: The Heritage Foundation 
49

 The index measures security, political, economic, and social effectiveness, and legitimacy. It reflects 

State‘s capacity to make and implement a public policy, manage conflict and deliverance of its services and 

responding effectively under crises (Data source: POLITY IV).  Fragile states are less able to deliver its 

services and implement policies effectively. This reduces the legitimacy of State which leads to loss of 

institutional trust. 
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finance and time in innovative activities.
50

 Audretsch, Seitz and Rouch (2018) also find 

that institutional trust plays a vital role in stimulating innovation performance. 

Figure 2.8: Relationship of entrepreneurial attitudes and institutions with 

innovation  

 

Note: Author‘s own compilation. Data sources: INSEAD, Cornell University and World Intellectual 

Property Organization (WIPO); GEM Adult Population Survey (APS); The Heritage Foundation; POLITY 

IV. The values indicate the mean for each group of countries, which are averaged from 2010 to 2016. 

 

2.15 Discussions: Econometrics results and interpretations 

Since F-test for temporal fixed effect was significant with probability value 0.000 and         

F-statistic = 24.59.  Therefore, time dummies are included in the model estimation. The 

dynamic panel data model is estimated, where lagged dependent variable is taken as 

explanatory variable along with a list of regressors. The model is first estimated through 

pooled OLS which shows misleading parameter estimates in the presence of 

heteroskedasticity. In a multiple linear regression modeling, the assumption of exogeneity 

                                                           
50

 The advanced innovation-driven countries experience high fear of failure rate due to uncertainties 

attached with innovation. Knight‘s entrepreneur (Knight, 1921) is a creator of new knowledge that have 

greater uncertainties. Fear of failure impedes entrepreneurial intentions as it prevails among the non-

entrepreneurs who do not become a part of innovation. But those involved in entrepreneurial activities are 

the ones seeking out higher returns from innovation and institutional trust encourages them to do so. 
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is violated if one of the regressors is correlated with the residual. The dynamic pooled 

OLS produce biased and inconsistent estimates as explored by Anderson and Hsiao 

(1982). In addition, there exits omitted variable bias and possibility of endogenous 

regressors in the model. Such concerns give inconsistent estimations of the parameters 

under pooled OLS. The significant F-test for panel fixed effects also suggest that there is 

considerable heterogeneity in the data. When the model was re-run with time dummies 

and cross-sectional dummies, the results showed significant constant parameter (    for 

considerable number of cross sections. To capture individual specific effects, the panel 

fixed effects regression is estimated. But the diagnostics suggest inefficient estimates due 

to the presence of heteroskedasticity and serial correlation. Since the given panel data has 

T < N and T is sufficiently small, the contemporaneous correlation /cross-sectional 

dependence would not be a problem in the data. As Baltagi (2008) pointed out that cross-

sectional dependence is a serious issue in macro panels that have a longer time series. In 

addition, the Pesaran CD Test was applied and p-value (0.39) failed to reject the null 

hypothesis and concluded that residuals across cross-sections were not correlated. 

The instrumental variable (IV) regression technique provides a way to overcome the issue 

of endogeneity (Baltagi, 2008). It is a better econometric approach to obtain consistent 

parameter while dealing with the impact of moderating variable i.e. when some 

instrumental variables are uncorrelated with error term but highly correlated with one of 

the regressors (Wooldridge, 2002). Two-stage least square instrumental variable 

(2SLS/IV) approach also helps to over the problem of simultaneous endogeneity that may 

arise due to presence of moderating variables.
51

 The model is estimated by taking into 

account the simultaneous endogeneity and country specific effects.  The current study 

adopts the general-to-specific approach to undertake econometric analysis for estimating 

the models.  The econometric results of some preliminary estimations are provided in 

Table 2.2.  

  

                                                           
51

 Schematic representation of the model in Figure 2.1 highlights the importance of economic growth and 

economic freedom in shaping the entrepreneurial behaviour towards innovation.  
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Table 2.2: Some preliminary estimations of Model 1 using pooled OLS regression, 

fixed effects, and 2SLS/IV approach 

Independent 

variables 

Pooled OLS 

 

(A1) 

Within-groups/ FE 

 

(A2) 

2SLS with moderating 

variable as instruments  

(A3) 

INN(t-1) 0.522*** (0.034) 0.015 (0.021) 0.512*** (0.034) 

PO -0.0008 (0.021) 0.032 (0.020) 0.014 (0.021) 

FFR -0.036 (0.032) -0.015 (0.025) -0.064 (0.039) 

TEA -0.312*** (0.062) 0.018 (0.057) -0.425*** (0.072) 

EBO 0.172*** (0.059) -0.071 (0.071) 0.237*** (0.061) 

PR 0.123*** (0.017) 0.044 (0.044) 0.116*** (0.017) 

SFI -0.258** (0.101) -0.108 (0.227) -0.271*** (0.099) 

FDI 0.053 (0.036) 0.020 (0.023) 0.058 (0.035) 

Constant 19.011*** (2.082) 46.55*** (2.314) 19.86*** (2.362) 

R-squared 0.80 0.64 0.80 

Obs. 384 384 384 
Notes: 

i) Dependent variable: INN 

ii) Obs. = total number of observations,  

iii)  Time dummies are included in the model.  

iv)  The standard errors are provided in
 
parenthesis ( ). ***, ** and * indicates the significance level at 1 

percent, 5 percent, and 10 percent, respectively. 

v)  Column (A1) reports pooled OLS estimates which are biased due to the presence of heteroskedasticity 

[Breusch-Pagan Test: χ
2
(1) = 6.14; p-value = 0.013] and omitted variable bias [Ramsey RESET Test: F = 

3.86; p-value = 0.009]. But there is no multicollinearity in the model as VIFj < 10. 

vi)  The significance of F-test [F = 29.64; p-value = 0.0000] suggests considerable country-specific 

heterogeneity in the data.  

vii) Unfortunately, the Hausman Test is not well-defined but χ
2
 statistic is negative [χ

2
(9) = - 41.72] which 

provides strong evidence for the suitability of fixed effects over random effects to measure unobserved 

heterogeneity. For reference see https://www.stata.com/manuals13/rhausman.pdf (Page 8). 

viii)  Column (A2) report within-group/fixed effects estimates but diagnostic tests show serious flaw in the 

validity of estimates due to the presence of heteroskedasticity [Modified Wald Test: χ
2
(55) = 5465.39; 

p-value = 0.00] and serial correlation [Wooldridge Test: F = 8.539; p-value = 0.005]. However, there is 

no cross-sectional dependency [Pesaran-CD Test: p-value = 0.403; Frees Test Score = 1.56, Friedman 

Test p-value = 1.000]. 

ix)  Column (A3) reports 2SLS/IV estimation with additional instruments and cross-sectional dummies. 

Economic growth and economic freedom are used as additional IV-style instruments to capture 

simultaneous endogeneity. The Durbin-Wu-Hausman Test confirms endogeneity [Durbin Score: p-value 

= 0.007; Wu-Hausman: p-value = 0.008] and the first-stage partial R-squared values are 0.65 (FFR) and 

0.73 (TEA). However, the estimation suffers from over identification of instruments [Sargan Test Score: 

χ
2
(53) = 287.92; p-value = 0.00].  There is also presence of heteroskedasticity [Pagan-Hall Test: χ

2
(67) = 

309.2; p-value = 0.00 and Breusch-Pagan Test: χ
2
(67) =523.0; p-value = 0.00]. 

x) Although R-squared value for original equation is reported in column (A3) but it has no useful 

interpretation in 2SLS/IV estimation. 

Source: Author‘s own calculation using STATA version15. 

https://www.stata.com/manuals13/rhausman.pdf
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Under pooled OLS, many of the explanatory variables are statistically significant with 

expected signs of the relationship but diagnostic tests reveal serious flaws. The 

unobserved heterogeneity across countries cannot be ignored and the estimations also 

suffer from model misspecifications even though it presents a high value of goodness of 

fit (R-squared). The next step is proceeded with within-group/fixed effects (FE) 

estimation. All the slope coefficients are statistically insignificant, and the diagnostic 

tests also show that statistical inference cannot be made based on these results. Another 

reason of estimating the model using pooled OLS and fixed effects is to produce the 

upper bound and lower bound, respectively. These bound are necessary to make a 

comparison with the value of   coefficient of GMM (DIFF) which is required to choose 

between GMM (DIFF) and GMM (SYS). 

The theoretical model presented in Figure 2.1 suggests a need for using moderating 

variables to accommodate potential simultaneous endogeneity. Therefore, the model is 

re-estimated using 2SLS estimation where economic growth and economic freedom are 

used as instruments. The results are provided in column (A3). Many of the explanatory 

variables are statistically significant with expected signs of the relationship. However, the 

valid inferences cannot be made from this estimation as it suffers from over-identification 

of instruments and heteroskedasticity. The 2SLS estimators are efficient only in the 

presence of homoscedasticity. 

Due to the dynamic nature of the model and the presence of heterogeneity and 

heteroskedasticity in panel data, a different set of data transformation is required to 

estimate the given model, along with a separate set of assumptions. Table 2.3 provides 

estimated results from 2SLS/IV estimator, using alternative approaches for estimating 

dynamic heterogeneous panel models (Balestra & Nerlove, 1966; Anderson & Hsiao 

1982).
52

 Column (B1) shows that most of the explanatory variables, as presented in 

model 1, are statistically significant and have the expected signs except PO and FFR 

which are statistically insignificant. But the estimation suffers from over-identifying 

instruments and heteroskedasticity. This methodology assumes strict exogeneity of 

                                                           
52

 These approaches work under strict assumptions that have been discussed in section 2.12.6.1 and section 

2.12.6.2. 
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explanatory variables. The first difference 2SLS (Anderson & Hsiao, 1982) relaxes the 

assumption of strict exogeneity.  

Column (B2) and (B3) provide results from differenced equations at level and lagged 

difference, respectively. Therefore, the constant term is not mentioned as it is eliminated 

while differencing. Column (B2) is estimated without over identifying restriction. 

Therefore, the Sargan Test is not reported. The coefficient ( ) for differenced lag of 

dependent variable (-0.124) is not within the range of upper and lower bound and even 

lower than the lower bound of FE (0.015). The negative value also indicates that the 

parameter in not stable. Column (B3) shows that the number of observation ns are 

reduced sufficiently. This is because the differenced lagged of explanatory variables are 

used as instruments. The coefficient   for differenced lag of dependent variable is within 

the range of upper bound and lower bound (value of 0.311) as provided by pooled OLS 

and fixed effects estimator in Table 2.2. However, the first difference 2SLS estimator as 

presented by Anderson and Hsiao (1982) do not provide very reliable results. As 

Roodman (2009) explains that first differencing distorts the estimations as error terms are 

no longer i.i.d. There is little success even after estimating 2SLS robust to 

heteroskedasticity. Also, it can be seen that deeper lags improve the results but sample 

size is reduced sufficiently.  

The 2SLS estimates are efficient if the assumption of homoskedasticity prevails 

(Roodman, 200 9). As it can be seen in Table 2.3 that heteroskedasticity is present 

in 2SLS estimations
53

 which makes the standard errors inconsistent (Baum, Schaffer and 

Stillman, 2003). So valid inferences about the relationship between dependent and 

independent variables cannot be made from Table 2.3.  

The GMM (Generalized Method of Moments) estimation allows to cater the problem of 

endogeneity and provides better estimates whilst the presence of heteroskedasticity in 

IV/2SLS regression. The orthogonal transformation is applied instead of first differencing 

deviation during the GMM estimation procedure. This allows for efficient estimates when 

heteroskedasticity is present (Baum et al., 2003). The GMM estimations are provided in 

Table 2.4. 

                                                           
53

 See notes at the end of Table 2.3 explaining the diagnostic tests. 
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Table 2.3: Estimations of model 1 using Balestra-Nerlove IV approach and 

Anderson-Hsiao first-difference 2SLS approach 

 

Independent 

variables 

BN-IV approach 

 

(B1) 

AH-2SLS  

(level difference) 

(B2) 

AH-2SLS  

(lagged difference) 

(B3) 

INN(t-1) 0.445*** (0.047) -0.124* (0.065) 0.311* (0.168) 

PO 0.002 (0.021) 0.008 (0.020) 0.003 (0.025) 

FFR -0.025 (0.031) 0.006 (0.023) -0.013 (0.024) 

TEA -0.339*** (0.063) -0.021 (0.055) -0.116* (0.070) 

EBO 0.189*** (0.059) 0.014 (0.073)  0.022 (0.084) 

PR 0.139*** (0.019) 0.017 (0.061) -0.113 (0.076) 

SFI -0.291*** (0.099) -0.299 (0.283) -0.614* (0.355) 

FDI 0.0589 (0.036) 0.034 (0.021) 0.025 (0.024)        

Constant 20.05*** (2.331)   

Obs. 382 329 220 
Notes: 

i) Dependent variable: INN  

ii) Obs. = total number of observations 

iii) Time dummies are included in the model. 

iv) The standard errors are provided in
 
parenthesis ( ). ***, ** and * indicates the significance level at 1 

percent, 5 percent, and 10 percent, respectively.  

v) Column (B1) reports the results from Balestra-Nerlove (1966) instrumental variable approach for 

dynamic heterogeneous panel. The Durbin-Wu-Hausman Test confirm endogeneity in the model 

[Durbin Score: p-value = 0.014; Wu-Hausman: p-value = 0.015] and the first-stage R-squared = 0.77 

and significant F-statistic [p-value = 0.000]. However, the estimation severely suffers from over 

identification of instruments [Sargan Test Score: χ
2
(7) = 156.55; p-value = 0.00].  In addition, there is 

presence of heteroskedasticity [Pagan-Hall Test: χ
2
(21) = 160.67; p-value = 0.00 and Breusch-Pagan 

Test: χ
2
(21) = 268.35; p-value = 0.00].  

vi) Column (B2) and (B3) provide results of Anderson-Hsiao (1982) type instrumental variable estimation 

(first difference 2SLS estimator). The estimates for coefficients in both columns are reported for first-

differenced variables. ΔINN(t-1) is treated as endogenous variable and INN(t-2) is used as an instrument. 

The dependent variable is also in first difference.  

vii) Column (B2) used differenced explanatory variables at levels as additional instruments. The Durbin-

Wu-Hausman Test fails to confirm endogeneity [Durbin Score: p-value = 0.484; Wu-Hausman: p-

value = 0.494] and the first-stage R-squared = 0.43 and significant F-statistic [p-value = 0.000]. There 

is no over identifying restrictions. However, there is presence of heteroskedasticity [Pagan-Hall Test: 

χ
2
(13) = 39.8; p-value = 0.0001 and Breusch-Pagan Test: χ

2
(13) = 62.29; p-value = 0.0000]. 

viii) Column (B3) used first differenced lagged explanatory variables as additional instruments. The first-

stage R-squared = 0.227 and significant F-statistic [p-value = 0.0003]. The Durbin-Wu-Hausman Test 

confirms the presence of endogeneity [Durbin Score: p-value = 0.000; Wu-Hausman: p-value = 0.000]. 

There is no evidence of over identification of instruments [Sargan Test Score: χ
2
(17) = 10.99; p-value 

= 0.856].  However, the estimator is heteroskedastic [Pagan-Hall Test: χ
2
(25) = 63.65; p-value = 0.000 

and Breusch-Pagan Test: χ
2
(25) = 109.43; p-value = 0.000].  

 

Source: Author‘s own calculation using STATA version15. 
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In case of GMM (DIFF), the coefficient of lagged dependent variable ( ) is downward 

biased as it is much closer to fixed effects estimator and well below the OLS estimator. 

Therefore, it is concluded that the parameters under GMM (SYS) is better determined. 

The one-step GMM estimations are done with robust standard errors. The STATA output 

of two-step estimation is already robust to heteroskedasticity but the Windmeijer (2005) 

correction is applied to remove downward bias in standard errors. The two-step 

estimation with corrected standard errors is moderately superior to one-step method 

(Windmeijer, 2005). Therefore, the Windmeijer corrected two-step system GMM 

provides consistent estimations.  

The results are provided in Table 2.4. The analysis concludes that two-step GMM (SYS) 

is a preferred estimation for valid statistical implications. The diagnostic tests reveal that 

all the conditions for GMM estimation are fulfilled. It must also be noted that all GMM 

estimations are done with additional external instruments.
54

 The p-values of Difference-

in-Hansen Test/C-test also validates the additional (IV-style) smaller set of instruments.  

The required condition for GMM is that AR(1) must be significant as by construction the 

differenced error terms are serially correlated, and the insignificant AR(2) process 

necessitates that the original model is serially uncorrelated. The results show insignificant 

p-values for AR(2) and significant for AR(1). The p-values of Hansen/J-test and C-test 

also do not perfect to 1.000 which is an indication that the estimations do not suffer from 

instrument proliferations (Roodman, 2009). Also, the number of instruments does not 

exceed the number of cross sections. The results reveal that two-step GMM (SYS) is 

preferred over all other estimations. 

The coefficient of lagged dependent variable (   of one-step GMM (DIFF) is 

insignificant and below the lower bound of 0.015. This problem arises from finite sample 

bias.  On the other hand, value of   from one-step GMM (SYS) estimations is beyond the 

upper bound (0.572 > 0.522). Therefore, these estimated results cannot be used for 

interpretation purposes.

                                                           
54

 As already mentioned under theoretical framework, the additional external instrumental variables (IV-

style) are economic growth and economic freedom. 



105 
 

Table 2.4: Estimations of model 1 using difference GMM and system GMM approach 

 

Independent variables 1-GMM (DIFF) 

(C1) 

2-GMM (DIFF) 

(C2) 

1-GMM (SYS) 

(C3) 

2-GMM (SYS) 

(C4) 

INN(t-1) 0.003 (0.216) 0.214 (0.186) 0.572*** (0.186) 0.487*** (0.168) 

PO 0.089* (0.045) 0.079 (0.054) 0.053 (0.047) 0.120* (0.063) 

FFR 0.016 (0.097) -0.021 (0.099) 0.151* (0.088) 0.055 (0.093) 

TEA -0.177 (0.231)        -0.714*** (0.228) -0.174 (0.155) -0.389** (0.154) 

EBO -0.062 (0.190) 0.417** (0.211) 0.252* (0.141) 0.366** (0.153) 

PR -0.110 (0.121) -0.154 (0.130) 0.151 (0.093) 0.084 (0.106) 

SFI 0.094 (0.673) -1.293** (0.586) -0.279 (0.547) -0.896* (0.460) 

FDI 0.049 (0.046) -0.013 (0.059) 0.101* (0.057) 0.099* (0.057) 

Constant     2.68 (9.63) 14.52** (6.556) 

Diagnostics 

AR(1) [0.065] [0.018] [0.000] [0.001] 

AR(2) [0.257] [0.950] [0.113] [0.194] 

Hansen/J- test [0.710] [0.974] [0.355] [0.463] 

C-test: GMM 

    IV (diff eq.) 

 

[0.756] 

 

[0.990] 

[0.363] 

[0.623] 

[0.750] 

[0.705] 

No. of instruments 40 39 48 48 

No. of cross sections 55 55 55 55 

Obs. 275 220 384 384 
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Table 2.4 (Continued.)  
 

Independent variables 1-GMM (DIFF) 

(C1) 

2-GMM (DIFF) 

(C2) 

1-GMM (SYS) 

(C3) 

2-GMM (SYS) 

(C4) 

The long-run coefficients 

PO    0.235 (0.172) 

TEA    -0.757** (0.373) 

EBO    0.314** (0.351) 

SFI    -1.745 (1.262) 

FDI    1.922* (0.111) 
Notes: 

i) Dependent variable: INN  

ii) Obs. = total number of observations. 

iii) The numeric ‗1‘ and ‗2‘ attached with GMM abbreviation in first row of the given table refers to one-step and two-step, 

respectively. 

iv) Time dummies are included in the model. 

v) The standard errors are provided in
 
parenthesis ( ). 

vi) P-values are provided in brackets [ ]. 

vii) ***, ** and * indicates the significance level at 1 percent, 5 percent, and 10 percent, respectively.  

viii) The IV-style additional instruments (economic growth and economic freedom) are used to accommodate simultaneous 

endogeneity. 

ix) Heteroskedastic robust standard errors are provided in column (C1) and (C3) for one-step GMM. 

x)    Windmeijer (2005) finite-sample corrected standard errors are provided in column (C2) and (C4) for two-step GMM. 

xi)    The probability of Hansen/J-test suggests the joint validity of instruments. 

xii)    The IV-style subset of instruments are also used during GMM estimations.  

xiii) C-test (Difference-in-Hansen) is used for validity of instrument subsets. The C-test for IV is provided for difference equation.  

xiv) The long-run coefficients are calculated for variables that are significant in the short-run to examine their sustained impact. 
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The value of   estimated through two-step GMM (DIFF) is insignificant but lies within 

the range of lower bound (0.015) and upper bound (0.522). The   value (0.214) is closer 

to the fixed effect estimator (lower bound) as compared to the OLS estimator (upper 

bound) which means that two-step GMM (DIFF) is downward biased and two-step GMM 

(SYS) must be preferred (Bond, 2002). Also, the value of   (0.522) indicates that the 

dependent variable is fairly exhibiting a random walk with some persistency, in which 

case the GMM (DIFF) performs poorly in short panel (Blundell & Bond, 1998). 

Therefore, two-step GMM (SYS) will be preferable. Since the uncorrected standard 

errors in two-step GMM procedure are downward bias, therefore Windmeijer (2005) 

correction is applied to avoid spurious t-statistics. The same are also reported in Table 2.4 

for validity of statistical inferences.  

The value of coefficient   is 0.487 which is statistically significant at one percent level. 

The explanatory variables PO, TEA, EBO, SFI and FDI have the expected signs and the 

coefficients are statistically significant.  However, FFR and PR do not show statistically 

significant relationship with innovation. The econometric results from the above 

estimation procedure accept the first alternative hypothesis of the study i.e. a significant 

relationship exists between entrepreneurial behaviour and innovation.
55  Whereas, a 

significant relationship between institutional trust and innovation holds true for the 

variable SFI which accepts the second alternative hypothesis of this study.
56

  

The positive sign of PO indicates that in the short-run innovation index rises by 0.120 

points when perceived entrepreneurial opportunities increases by one percent. This means 

that perceived opportunities are realized into innovation activities due to the presence 

opportunity–driven entrepreneurs. The coefficient of TEA indicates that in the short-run 

one percent increase in TEA reduces the innovation index by 0.389 points. TEA includes 

that proportion of the adult population that own new businesses and are the nascent 

entrepreneurs. These nascent entrepreneurs face greater inefficiencies. The lack of 

innovative entrepreneurs and abundance of necessity entrepreneurs also act as a 

bottleneck towards transition from imitative towards innovation. It has been observed by 

                                                           
55

 The alternative hypothesis Ha1 is stated under section 1.3 (chapter 1). 
56

 The alternative hypothesis Ha2 is stated under section 1.3 (chapter 1). 



108 
 

Aldrich and Ruef (2006) that nascent entrepreneurs are imitators and bring little or no 

additional knowledge to the society.  Innovation involves novelty whereas the routines 

and abilities of nascent entrepreneurs differ significantly from already established firms 

(Koellinger, 2008). 

The results show that EBO has a significant positive impact on innovation in the short-

run. The coefficient value indicates that a one percent increase in EBO will increase the 

global innovation index by 0.366 points. The reason of positive relationship is because 

EBO makes up of those firms that usually enjoy economies of scale. The larger firms are 

in a better position to undertake innovation as these tend to have access to sufficient 

resources to build-up new technologies as explained by De Mel, McKenzie and Woodruff 

(2009). They analyzed that there is a greater chance of process innovation with increase 

in firm size. Hence, EBO are inclined to innovate more. Innovating is risky both in terms 

of costs, uncertainty and peril of failure. The prolonged presence of EBO in the market 

gives them a competitive edge against the newly established early-stage entrepreneurs 

who are usually imitators as being in their early-stage production. So, it is wiser for early-

stage entrepreneurs to let the innovation be done by others and then jump into the pool 

later (Lumpkin & Dess, 1996). Therefore, entrepreneurs who have established business 

ownership contribute positively towards innovation as they have greater capacity to bear 

the risk of innovation. Kirchhoff (1994) also suggests that entrepreneurs of EBO have 

abilities to scale up production towards innovation. 

Innovation activities are risky in nature. Therefore, to thrive innovation, a strong and 

supportive institutional environment is required. The short-run coefficient of SFI is 

significant and negative. The high value of SFI indicates greater inability of State to 

deliver its services and respond effectively under crisis. Such ineffectiveness contributes 

towards trust deficit in fragile States. State legitimacy is lost in highly fragile countries 

which deteriorates institutional trust. Such lack of institutional trust lowers down the 

innovation capacity of a nation. The result indicates that a one point increase in SFI 

reduces the GII value by 0.896 points. In a highly fragile country people loses confidence 

on the reliability of State to carry out its activities. This uncertainty compels firms not to 

take innovative initiatives that are prone to risks. The result supports the argument 
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provided by Speakman and Rysova (2015) who point out that risky ventures and 

innovation activities are highly suppressed among countries that are more fragile.  Kaasa 

et al., (2007) also state that investors are less risk averse when there is higher trust in the 

society, and it enables firms to spend their finance and time in innovation activities. 

Similarly, Audretsch et al., (2018) find that institutional trust plays a vital role in 

stimulating innovation performance. However, the finding of present study contradicts 

with that of Kashi and Afsari (2014) who conclude no significant relationship between 

innovation and institutional trust in Asian countries.  

The coefficient values of explanatory variables under GMM estimations represents the 

short-run analysis. Therefore, there is a need to explore whether such short-run 

relationships are carried on in the long-run. The long–run coefficients of each variable 

explains its sustained impact on dependent variable i.e. how much the affect will be 

continued in the long-run. The long-run coefficients show that only TEA, EBO and FDI 

have a statistically significant and sustained long-run impact on innovation. TEA and 

EBO both these variables reflect entrepreneurial activities which have a sustained impact 

on the innovation output. Similarly, FDI includes the production activities of foreign 

firms that bring technical knowledge and managerial expertise having a prolonged impact 

on recipient country‘s R&D and innovation (Erdal & Göçer, 2015).   The long-run 

coefficients of PO and SFI are insignificant which shows that these two variables affect 

innovation only in the short-run. PO reveals perceptions of potential entrepreneurs which 

is going to depend upon prevailing institutional environment and economic conditions of 

a country. Thus, PO is going to have an immediate short-run effect on the entrepreneurial 

decisions.  The coefficient value of FDI is higher as compared to the other variables 

which indicates that a country can rely strongly on FDI in the long-run for national 

capacity building towards an innovation economy. Studies have shown that FDI 

contributes positively toward technology diffusion (Walz, 1997; Blyde, 2003; Loukil, 

2016; Osano & Koine, 2016).  

The descriptive analysis provided earlier in section 2.14 reveals that entrepreneurial 

behaviour tend to have different impact on national innovation depending upon economic 
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development of a country. Therefore, four different models
57

 are estimated with each 

examining the impact of different aspects of entrepreneurial behaviour on innovation by 

taking into consideration the stages of economic development that each group of 

countries falls in. The coefficient attached to each interaction dummy measures the 

differential impact as explained in section 2.13 i.e. how much change in the slope 

coefficient occurs relevant to a particular group of countries with that of reference 

category. As mentioned earlier, the dummies d1, d2 and d3 attached with each interaction 

term represents factor-driven, efficiency-driven, and innovation-driven economies. The 

two-step GMM (SYS) model is re-estimated by using interaction dummy variables to 

separate the impact of each explanatory variables of entrepreneurial behaviour on 

national innovation.
 58

 The estimates of the two-step GMM (SYS) are provided in Table 

2.5. The diagnostics for each model satisfy all the assumptions of GMM estimator.  

Table 2.5 shows that the coefficient   is statistically significant in all the four models 

estimated for interaction dummies of PO, FFR, TEA and EBO. The slope coefficient for 

reference category in each of the estimated model is statistically insignificant. The 

coefficient values of interaction dummies for perceived opportunities are statistically 

insignificant for factor-driven economies (POd1) and efficiency-driven economies 

(POd2). However, in the case of innovation-driven economies the interaction dummy 

(POd3) has a positive sign and statistically significant coefficient value. This shows that 

in the short-run perceived opportunities are fruitfully realized into innovation activities 

only in advanced developed economies due to the presence of opportunistic 

entrepreneurs. Whereas, it is usually the necessity-based entrepreneurs, prevalent in less 

developed economies, which do not contribute towards innovation. Khyareh et al., (2019) 

provide the argument that poor infrastructure, underdeveloped business sectors and 

markets, and lack of finance are the main hindrances to entrepreneurship development in 

factor-driven economies. In addition, perceived opportunities for entrepreneurial 

activities could contribute significantly towards innovation but rising FFR discourages 

                                                           
57

 These models are represented in equations 2.23, 2.24, 2.25 and 2.26. 
58

 The estimates of one-step GMM (DIFF), two-step GMM (DIFF) and one-step GMM(SYS) are not 

provided in the thesis document as these were not required for result interpretations. However, it will be 

provided by the author upon request.  
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entrepreneurs to undertake innovative ventures even though there seem to exist good 

opportunities.  
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Table 2.5: Two-step system GMM estimates of model 2, model 3, model 4 and model 5 using interaction 

dummies for entrepreneurial behaviour 

 

Independent 

variables 

2-GMM (SYS) 

(D1) 

2-GMM (SYS) 

(D2) 

2-GMM (SYS) 

(D3) 

2-GMM (SYS) 

(D4) 

INN(t-1) 0.236** (0.093) 0.239** (0.098) 0.206** (0.084) 0.314** (0.133) 

PO -0.098 (0.079)       

FFR   -0.128 (0.084)     

TEA     -0.171 (0.176)   

EBO       -0.073 (0.122) 

POd1 -0.106 (0.105)       

POd2 -0.032 (0.063)       

POd3 0.347*** (0.089)       

FFRd1   -0.275** (0.138)     

FFRd2   -0.054 (0.094)     

FFRd3   0.343***  (0.074)     

TEAd1     -0.531* (0.298)   

TEAd2     -0.137 (0.137)   

TEAd3     1.51*** (0.306)   

EBOd1       -0.461 (0.300) 

EBOd2       -0.284 (0.179) 

EBOd3       1.615*** (0.359) 

FDI 0.198** (0.096) 0.193* (0.112) 0.161 (0.119) 0.159* (0.094) 

Constant 33.44*** (4.759) 33.98*** (6.040) 33.81*** (3.924) 27.83*** (7.577) 
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Table 2.5 (continued.) 

 

 2-GMM (SYS) 

(D1) 

2-GMM (SYS) 

(D2) 

2-GMM (SYS) 

(D3) 

2-GMM (SYS) 

(D4) 

Diagnostics 

AR(1) [0.003] [0.001] [0.001] [0.003] 

AR(2) [0.254] [0.243] [0.314] [0.765] 

Hansen/J- test [0.156] [0.137] [0.238] [0.298] 

C-test: GMM 

   IV(diff      

   eq.) 

[0.461] 

[0.167] 

[0.530] 

[0.234] 

[0.511] 

[0.214] 

[0.436] 

[0.234] 

No. of 

instruments 

50 50 50 50 

No. of cross 

sections 

57 57 57 57 

Obs. 398 398 398 398 
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Table 2.5 (continued.) 

 

Independent 

variables 

2-GMM (SYS) 

(D1) 

2-GMM (SYS) 

(D2) 

2-GMM (SYS) 

(D3) 

2-GMM (SYS) 

(D4) 

The long-run coefficients 

POd3 0.455*** (0.107)       

FFRd1   -0.361** (0.166)     

FFRd3   0.451*** (0.099)     

TEAd1     -0.669* (0.345)   

TEAd3     1.902***  (0.382)   

EBOd3       2.356***  (0.470) 

FDI 0.259** (0.127) 0.253* (0.149)   0.232*      (0.131) 
Notes: 

i) Dependent variable: INN 

ii) Obs. = total number of observations. 

iii) Time dummies are included in the model. 

iv) The standard errors are provided in
 
parenthesis ( ) which are robust and Windmeijer (2005) finite-sample corrected in case of two-

step GMM. 

v)  P-values are provided in brackets [ ]. 

vi)  ***, ** and * indicates the significance level at 1 percent, 5 percent, and 10 percent, respectively.  

vii)  The probability of Hansen/J-test suggests the joint validity of instruments. 

viii) The IV-style additional instruments (economic growth and economic freedom) are used to accommodate simultaneous 

endogeneity. 

ix)  C-test (Difference-in-Hansen) is used for validity of instrument subsets. The C-test for IV is provided for difference equation. 

x)  The long-run coefficients are calculated for variables that are significant in the short-run to examine their sustained impact. 

 

Source: Author‘s own calculation using STATA version15.
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At macro-level, the preferences and decision making of entrepreneurs depend highly on 

the circumstances and the environment they operate in. Many studies have pointed out 

that the expected returns and uncertainty greatly influence the entrepreneurial behaviour 

(Amit et al., 1995; van Stel, Storey & Thurik, 2006; Acs, Audretsch & Lehmann, 2013). 

Therefore, the distribution of imitative and innovative business opportunities varies 

across countries that depend highly on the risk of potential failure (Koellinger, 2008). 

The current study also supports this argument, as depicted in Table 2.5. The coefficient of 

FFRd1 is statistically significant and shows negative relationship in the case of factor-

driven economies. This means that fear of failure inhibits prospective entrepreneurs from 

entering the market even though perceived opportunities are prevalent in factor-driven 

economies. The results show that in the short-run, one percent increase in FFR reduces 

the GII by 0.275 points. This means that a higher FFR will be a deterrence for 

entrepreneurs to take new initiatives in factor-driven economies.  

On the other hand, in innovation-driven economies FFR is not a hindrance for innovative 

entrepreneurs. The coefficient of FFR is positive and statistically significant in the case of 

innovation-driven economies (FFRd3). This means that despite higher rate of fear of 

failure these economies are at a higher level of innovation. This is because of the strong 

institutional trust that prevails in these countries. Wennekers et al. (2010) find that 

entrepreneurial ability to exploit innovative ideas is greater in innovation-driven 

economies. This suggests that innovative entrepreneurs also tend to accept greater risks 

while risk-averse entrepreneurs are imitators. A similar hypothesis has also been 

developed by Koellinger (2008). The FFR exists among the non-entrepreneurs who are 

barred from setting up businesses, but high-impact entrepreneurs are not deterred by fear 

of failure in innovation-driven economies.  

The coefficient of TEAd1 shows that it has a significant negative relationship with 

innovation in factor-driven economies. As explained earlier, the early-stage entrepreneurs 

in factor-driven economies are usually imitators and hence do not have a positive impact 

on innovation, thereby reducing the national innovation. Due to the prevalence of an 

informal economy, it is the necessity-based entrepreneurship that exists in factor-driven 

economies. These are usually motivated out of necessity to maintain a steady source of 
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income (Castells & Portes, 1989; Portes & Haller, 2005). Such routine early-stage 

entrepreneurs are usually imitators who do not contribute towards innovation. So, a 

country would innovate less that has a greater proportion of early-stage entrepreneurs that 

are not innovators, rather imitators. Moreover, the business models of early-stage nascent 

entrepreneurs have greater uncertainty and high risk of failure which makes it difficult to 

attract highly competent and motivated employees which is necessary for such start-up 

businesses to be innovative (Block, Fisch & Van Praag, 2017).  The results show that the 

short-run negative impact of one percent change in TEA in factor-driven economies is 

0.531 point on GII. However, the impact of TEA is positive in innovation-driven 

economies. This is because at higher level of economic development, entrepreneurial 

motivation is opportunity-driven and those who indulge in innovation activities do so to 

gain independence (Hessels et al., 2008, p. 33). Table 2.5 shows that the short-run impact 

of one percent increase in TEA among innovation-driven economies is 1.51 points 

increase in GII.  

TEA in innovation-driven economies also benefits from entrepreneurial spillover effects 

form EBO. These economies are also the primary markets for business sector services 

which is becoming an important knowledge-intensive input. The TEA share in business 

service sector is also rising and easily getting absorbed due to increasing employment 

generation in this sector. Suddle and Hessels (2007) also conclude that TEA is highly 

competitive in advanced economies and poor countries cannot benefit from TEA in the 

same way as highly developed countries. The negative and positive relationship of TEA 

is consistent with the U-shaped relationship as presented in Figure 2.5. Peris-Ortiz, 

Ferreira and Fernandes (2018) also state that there is a significant difference in the 

relationship between innovation practices and TEA depending upon the level of 

economic development of a country.  

The interaction dummy for EBO in innovation-driven economies is positive and 

significant at one percent but statistically insignificant in factor- and efficiency-driven 

economies. The intensive use of knowledge capital predominates in large-scale 

production in innovation-driven economies due to the presence of sophisticated markets 

and infrastructure which is usually absent in lesser developed economies. The negative 
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and positive relationship of entrepreneurial activities in factor-driven and innovation-

driven economies, respectively, are consistent with studies by Wennekers and Thurik 

(1999, p. 48), Carree et al. (2002, p. 277), Acs et al., (2008, p. 222) and Bosma et al., 

(2009, p. 12).  On the other hand, the results conclude that entrepreneurial behaviour does 

not play a significant role towards innovation in efficiency-driven economies as the 

interaction dummies are statistically insignificant in all the four cases i.e. POd2, FFRd2, 

TEAd2 and EBOd2. As Koellinger (2008) describes that opportunities exists objectively, 

and it is not inevitable that those opportunities would certainly trigger innovation 

practices.  

The efficiency-driven economies are transitioning from imitation to innovation and most 

of the innovation is pursued towards efficient and cost-effective means of production. 

The efficiency-driven economies also experience rise in per capita income which 

increases real wage. The increased opportunity cost of self-employed entrepreneurs and 

inefficiencies of TEA shift the occupational choices of marginalized entrepreneurs 

towards employees. No significant association is found with respect to the reference 

category. However, at an advanced stage of economic development the material and 

social needs are predominantly satisfied and occupational choices turn in favour of 

opportunistic innovation-based entrepreneurship (Wennekers et al., 2010). Therefore, the 

relationship of PO, TEA and EBO is observed to be positive and significant in 

innovation-driven economies. The long-run coefficients are also statistically significant 

for each of these variables that have shown significant relationship in the short-run.   

Lastly, model 6 is estimated to examine the impact of institutional trust on innovation 

among factor-driven, efficiency-driven and innovation-driven economies. Weak 

institutions increase transaction costs and uncertainty which hinder successful transition 

to an innovation economy. The model is estimated by using property right index (PR) and 

state fragility index (SFI) as explanatory variables with three dummies to indicate the 

level economic development.
59

 Each dummy measures the magnitude by which intercept 

                                                           
59

 The categories and dummies are already explained in section 2.13. 
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coefficient varies compared to that of reference category. The results are shown in Table 

2.6. 
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Table 2.6: System GMM estimates for model 6 using institutional variables and dummy variables 

 

Independent variables 1-GMM (SYS) 

(E1) 

2-GMM (SYS) 

(E2) 

INN(t-1) 0.192** (0.073) 0.171* (0.091) 

PR 0.114* (0.061) 0.093* (0.049) 

SFI 0.465 (0.482) 0.464 (0.492) 

d1 -6.980* (3.672) -8.055** (3.656) 

d2 2.549 (2.879) 1.347 (2.337) 

d3 15.909*** (3.067) 15.972*** (3.143) 

Constant 20.591*** (6.917) 22.572*** (6.322) 

Diagnostics 

AR(1) [0.003] [0.008] 

AR(2) [0.580] [0.718] 

Hansen/J- test [0.384] [0.384] 

C-test: GMM 

   IV(eq. level) 

 [0.303]  

[0.251] 

[0.303] 

[0.251] 

No. of instruments 54 54 

No. of cross sections 55 55 

Obs. 384 384 
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Table 2.6 (Continued.) 

 

Independent variable 1-GMM (SYS) 

(E1) 

2-GMM (SYS) 

(E2) 

The Long-Run Coefficients   

PR 0.136* (0.078) 0.112* (0.063) 

d1 -8.635* (4.617) -9.719** (4.455) 

d3 19.67*** (3.608) 19.27*** (3.071) 
Notes: 

i) Dependent variable: INN 

ii) Obs. = total number of observations 

iii) The numeric ‗1‘ and ‗2‘ attached with GMM abbreviation in first row of the given table refers to 

one-step and two-step, respectively.  

iv) Time dummies are included in the model. 

v) The standard errors are provided in
 
parenthesis ( ) which are Windmeijer (2005) finite-sample 

corrected.  

vi) P-values are provided in brackets [ ]  

vii) ***, ** and * indicates the significance level at 1 percent, 5 percent, and 10 percent, respectively. 

viii) The probability of Hansen/J-test suggests the joint validity of instruments. 

ix) The IV-style additional instruments (economic growth and economic freedom) are used to 

accommodate simultaneous endogeneity.  

x) C-test (Difference-in-Hansen) is used for validity of instrument subsets. 

xi) The long-run coefficients are calculated for variables that are significant in the short-run to 

examine their sustained impact.  

 

Source: Author‘s own calculation using STATA version15 
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The coefficient   is statistically significant in model 6. The results reveal that PR has a 

significant positive impact on a country‘s innovation level. However, the coefficient of 

SFI is statistically insignificant. The coefficient value of dummy d1 is negative and 

statistically significant whereas a positive sign is revealed for dummy d3. The coefficient 

of dummy d2 is statistically insignificant. The long-run coefficients are also calculated. 

The results show that the short-run relationship of these variables tend to persist and 

statistically significant in the long-run. 

Strong property rights play an important role in building up institutional trust that helps to 

nurture entrepreneurship which is more productive and innovative. The results indicate 

that, both in the short-run and long-run, a 1 point increase in the property rights index 

increases the value of GII by 0.1 point. Tebaldi and Elmslie (2013) also observe similar 

positive impacts of property right protection on patent counts. When private property and 

wealth are safe from unfair expropriation, then there will be a greater incentive for 

entrepreneurs to seek profits through innovation. However, the differential intercept 

coefficient for factor-driven economies is negative. This shows that these countries are 

confronted with weak institutional environment which acts as a severe hindrance to the 

growth of innovative entrepreneurs. Property rights are weakest in factor-driven 

economies which induces potential entrepreneurs to defer innovative production that is 

susceptible to greater risks. On the other hand, differential intercept coefficient for 

innovation-driven economies is significantly positive. This is due to strong property right 

prevalent in these countries that helps to nurture innovative entrepreneurs. Such a 

relationship is also depicted in Figure 2.8.  

The empirical results provided in Table 2.5 and Table 2.6 accepts the third alternative 

hypothesis of this study that the impact of entrepreneurial behaviour and institutional 

trust on innovation varies with the level of economic development.
 60

 The GMM 

estimates have also provided strong evidence of dynamic nature of the model. Therefore, 

the fourth alternative hypothesis is also accepted, and it is concluded that there exists a 

path dependency and persistence in innovation.
61

  

                                                           
60

 The alternative hypothesis Ha3 is stated under section 1.3 (chapter 1). 
61

 The alternative hypothesis Ha4 is stated under section 1.3 (chapter 1). 
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CHAPTER 3 

 

SPATIAL CONVERGENCE CLUBS AND INNOVATION PERSISTENCE: 

A COUNTRY-GROUP COMPARISON OF INTERNATIONAL SPATIAL 

SPILLOVER OF INNOVATION CAPABILITIES 

 

This chapter focuses on testing the existence of global spatial association of innovation 

capabilities among high innovating neighbouring countries after controlling for domestic 

R&D expenditures, entrepreneurship level, ICT imports and neighbouring countries‘ 

trade share.  

3.1 Introduction 

Extant literature is available on explaining the cross-country differences in innovation 

performance (Abramovitz, 1995; Castellacci, 2004; Segarra-Blasco et al., 2018; Wang, 

2013; Barbosa & Faria, 2011; Chang, Chen & McAleer, 2013; Cai, Li & Santacreu; 

2017, Raghupathi & Raghupathi, 2019).  These studies have provided evidence on the 

role of institutional quality, trade liberalization, high-tech exports and FDI in determining 

differences of cross-country innovation levels.  However, the literature is scarce when 

dealing with considerable variability in innovation globally across regions. Studies by 

Krugman (1999) and Feldman (1994) analyze the spatial and geographical context 

toward innovation and its spillover effects. As Krugman (1999) specifically states that the 

striking feature of economic geography is that the nature of production is heavily 

concentrated across space. But such absorption level of economic activity is only possible 

when the presence of innovation is already appearing in heavy concentration.  

The regional spillover effects of innovation clusters have been studied at regional-

subnational, inter-sectoral and intra-sectoral levels (Moreno, Paci & Usai, 2005; Malerba, 

Mancusi & Montobbio, 2013; Tonnerre, 2017). To examine such innovation spillover 

effects at global level across countries pose some serious troubles due to the limitation of 
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international border. However, proximity of neighbouring countries causes the factor 

mobility easy and increase in trade volume makes knowledge diffusion easy. Some 

researchers have employed gravity model to innovation activity, and it has been observed 

that bilateral patent collaboration is possible among countries having geographical 

proximity (Picci, 2010; Montobbio & Sterzi, 2013). Söderström (2017) also highlights 

the importance of geographical distance but proposes that it depends upon the type of 

knowledge. Therefore, it may be deduced from gravity model of patent collaboration that 

innovation activities might be concentrated among high innovation neighbouring 

countries and possibly scattered among low innovating neighbouring countries. 

Therefore, there might be a possibility that innovation activities are heavily concentrated 

in specific geographic regions. Table 3.1 reveals that the distribution of patent grants is 

geographically concentrated. Asia shows the largest share followed by North America 

and Europe. On the other hand, the share of Africa and Oceania is small in the total world 

patent count, but the growth rates have been relatively high. However, Latin America and 

Caribbean remains well below, both in terms of its global share as well growth rates. 

Table 3.1: Patent grants by geographical regions (2016) 

Region Number of 

grants 

Share in world 

total 

Average growth 

(2006-2016) 

Asia 771000 57 7.7 

North America 329500 24.4 5.7 

Europe 195900 14.5 1.8 

Oceania 27800 2.1 8.1 

Latin America and Caribbean 19600 1.5 1.1 

Africa 7800 0.6 5.7 

 

Source: WIPO Statistics Database (2017) 

  

Figure 3.1 illustrates the regional subsidiary share of world‘s top R&D investors. The 

largest share is captured by Western Europe, followed by North America and Asia. 

Whereas, out of the total share of North America, USA alone contributes 90 percent of 

the regional share and 29 percent in the world‘s share. In case of Asia, China gets the 
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largest subsidiary share followed by Japan, Hong Kong, Singapore and India, 

respectively. The Sub-Sahara African region, comprising the largest number of countries, 

gets only a marginal share of R&D subsidiary by location. 

Figure 3.1: The share of world’s top R&D subsidiaries by regional location (2014) 

Source: Author‘s own compilation using data from JRC-OECD (2015). 

35% 

33% 

18% 
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0% 

 

The numbers in brackets ( ) indicate the total number of countries included in 

the dataset for each region.  

* USA alone contributes 29 percent of the total world share in the region. 

** China, Japan, Hong Kong, Singapore and India gets the largest share. 

WEST EUROPE  (23)

NORTH AMERICA (8)*

ASIA (24)**

LATIN AMER. & CARIB. (36)

EASTERN EUROPE (12)

C.W. OF IND. STATES (10)

SSA (47)

NEAR EAST (14)

OCEANIA (12)

BALTICS (3)
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Source: Author‘s own compilation from www.strategyand.pwc.com 

Similarly, Figure 3.2 shows the world distribution of top 1000 corporate R&D firms in 

terms of their expenses. It shows that the R&D activities are globally concentrated in 

specific global regions among which the highest share is by North America followed 

Asia and Europe. Rest of the word gets a minimal share of 1 percent.  

Literature has found significant spatial spillovers of innovation capabilities across regions 

within a country, but this interdependency is usually constrained by national borders 

(Moreno, Paci, & Usai, 2005). Nevertheless, growing literature is also providing some 

evidence to support the spatial spillover of knowledge production across countries 

(Bottazzi & Peri, 2007; Mancusi, 2008; Ho, Wang & Yu, 2018). ―The new economy of 

technological innovation is supported by neoliberal polies‖ (Harvey, 2005, p. 92). The 

neoliberal policy reforms of trade are having favorable consequences upon technology 

diffusion that is occurring at a faster pace among countries which are more open to 

international trade and investment. Perkins and Neumayer (2005) also provide empirical 

evidence supporting the argument that global economic integration accelerates the 

technology diffusion process. Moreover, developed countries are at an advantage to 

better adopt technology transfer through north-north trade resulting into a geographical 
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pattern of innovation persistence. Therefore, this uneven technology dynamics of the 

global economy provides a motivation to study spatial spillover of innovation capabilities 

among neighbouring countries. To understand this genesis of international spillover, the 

regional persistency of innovation capabilities is examined after controlling for 

indigenous innovation related factors that comprise of domestic research and 

development (R&D) expenditures and level of entrepreneurship and also the exogenous 

factors like ICT intensive imports. Moreover, the cross-country spatial spillover among 

neighbouring countries would also depend upon the trade share among them. Ho, Wang 

& Yu (2018) has empirically tested that trade has positive effects on innovation spillovers 

and accounts for 1.3 to 3.6 percent of the total R&D inputs.  

3.2 Country-group comparison of patent counts and neighbouring countries trade 

share 

The present study aims to test the global spatial association by considering the common 

border/contiguity weights. Therefore, the relationship is examined after controlling for 

total export share with neighbouring countries. The objective of present study is to 

examine whether a country benefits from each other who are neighbouring and producing 

high innovation output. The spatial convergence of innovation capabilities is examined 

by undertaking a country-group comparison.  The motivation behind selecting three 

groups of countries is to undertake comparison by considering the level of economic 

cooperation and trade shares with neighbouring countries. Graphical illustrations 

presented in the following sub-sections provide some preliminary assessment on time-

plot graphs of patent counts among neighbouring countries along with trade share among 

them for European Union (EU), Asia-Pacific Economic Cooperation (APEC) and South 

and Western Asia (SWA) groups of countries. Figure B1 also provide an overview of 

parent count for the selected groups of countries (see appendix B). 

3.2.1 European Union 

Figure 3.3 shows a comparison of Sweden with Denmark and Finland. A similar pattern 

in the behaviour of innovation capabilities is observed over time among these countries 

as depicted by the time series graphs of patent counts. The trade share with neighbouring 
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countries both imports and exports are also analogous which is more than 5 percent and 

reaching up to 13 percent.  

Figure 3.3: Trade share and patent counts of Sweden and its neighbouring countries 

(excluding Norway*) 

 

Source: Author‘s own compilation using datasets from WIPO and WITS. * Not a member of EU.  
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Figure 3.4: Trade share and patent counts of Germany and its neighbouring 

countries 

 

 

Source: Author‘s own compilation using datasets from WIPO and WITS.  Note: Luxembourg has a missing 

value of patent count in the dataset for the year 2013.  
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The graphical representation for Germany with its neighbouring countries is provided in 

Figure 3.4. Among its neighbouring countries, Germany is the knowledge frontier 

country with highest number of patents. It is observed that all countries follow similar 

pattern of time trend of patent counts. In most of the cases, the neighbouring countries 

import share from Germany is more than 15 percent such as Luxembourg, France, 

Austria, Poland, Czech Republic, Poland and Denmark. However, Denmark and 

Luxembourg have the lowest patent count among all the other neighbouring countries of 

Germany along with smaller export share of Germany to these countries which is around 

1.4 percent or less. On the other hand, France shows similar pattern in terms of patents 

counts in comparison to Germany and gets an import share of 16.7 percent from 

Germany whereas the export share of Germany to France is 9 percent. 

3.2.2 Asia-Pacific Economic Cooperation  

The following illustrations from Figure 3.4 to Figure 3.8 provides visualization on trade 

share of high patent APEC member country with its neighbouring countries along with 

the representation of patent counts over time. Australia and New Zealand illustrate 

similar pattern in patent counts and have greater trade share as compared to Indonesia 

(Figure 3.4).  

Figure 3.4: Trade share and patents counts Australia and its neighbouring countries 

 

Source: Author‘s own compilation using datasets from WIPO and WITS. Common maritime border is 

considered for an island country.  
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Figure 3.5: Trade share and patents counts of USA and neighbouring countries 

 

Source: Author‘s own compilation using datasets from WIPO and WITS 
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Figure 3.6: Trade share and patents counts of Japan and its neighbouring 

country 

 

Source: Author‘s own compilation using datasets from WIPO and WITS. Note: Common maritime 

border is considered for an Island country.  

 

Figure 3.7: Trade share and patents counts of Singapore and its neighbouring 

country 

Source: Author‘s own compilation using datasets from WIPO and WITS. 
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India is the highest patent producing country in South Asian region and Figure 3.8 

illustrates that its high patent knowledge in the region is not contributing towards 

spillover effects towards its neighbouring countries. Since no general pattern of similarity 

in trend lines is observed for these countries.  

Figure 3.8: Trade share and patent counts of India and its neighbouring 

countries (South Asia) 

 

 

Source: Author‘s own compilation using datasets from WIPO and WITS. Note: Sri-Lanka has a 

missing value of patent count in the dataset for the year 2014. Common maritime border is 

considered for an island country.  
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the total imports from India.  Bangladesh‘s import from India mainly consist of cotton 

followed by mineral fuels, automobiles, and capital goods.  

Table 3.9 shows the trade share and patent counts of Iran and its neighbouring countries. 

In the West Asian region, Iran has the highest patent output but comparatively much 

lower than the countries included in EU and APEC. In addition, its neighbouring country 

trade share is smaller as well. These countries also do not show any association of 

knowledge spillover as time plot graphs of patent counts show no general relevance to 

each other.  

Figure 3.9: Trade share and patent counts of Iran and its neighbouring countries 

(West Asia) 

 

Source: Author‘s own compilation using datasets from WIPO and WITS. 
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3.3 Literature review 

This section provides an overview of existing literature relevant to the present study. Coe 

and Helpman (1995) examine the impact of foreign R&D efforts on importing country‘s 

total factor productivity. Trade is found to have direct effect through imported technology 

embedded in goods and services as well as indirect effects in terms of learning about new 

technologies and production techniques. The study highlights the importance of 

international trade in transmitting knowledge towards an innovation-based productivity 

enhancement. Therefore, a country can benefit from foreign R&D by strengthening its 

trade relations and this effect is more pronounce in smaller countries.  Extending this 

analysis, Keller (1998) re-examines the Coe-Helpman model for randomly selected 

counterfactual trading partners. The study finds a greater spillover effects for 

counterfactual trade patterns as compared to the true values which cast a doubt on R&D 

driven technological change via international trade. However, the study does not 

disregard the importance of international trade but proposes to simultaneously include 

trade-unrelated channels of technology as well during the estimation procedure.  

Xu & Chiang (2005) investigate the role of trade and patenting on cross-border 

technology diffusion on a sample of 48 countries covering the period from 1980 to 2000. 

The analysis is done by making a comparison among high-income, middle-income, and 

low-income countries. The study finds differential impact of technology diffusion among 

different income groups. The impact of domestic R&D is found to have greater impact on 

productivity among high-income countries. Whereas foreign patents have a significant 

role in technology diffusion among low- and middle-income countries. The embodied 

technology in the form of imported capital goods has a more significant contribution 

among middle- and high-income countries. In addition, the human capital plays a vital 

role in enhancing the absorptive capacity of technology diffusion.  A recent study has 

been conducted by Jinji, Zhang and Haruna (2019) who explore the impact of regional 

trade agreements (RTAs) on international technology spillovers. The patent data from 

USTPO is used as proxy for technology spillovers and empirical estimations are done on 

a panel of 114 regions for 17 years. RTAs facilitates the cross-border technology 

transmission through reduction in trade barriers which enables the implicit use of foreign 
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technology in the form of imported goods and services as well as easing the cross-border 

investment and migration.  It is also observed that spillover effect is stronger among 

countries that have similar technologies to exchange.  In addition, the depth of integration 

in a broader sense contributes more to enhancing technology spillover effects than the 

technology-specific RTA‘s.  

In the context of globalization and knowledge spillovers, Chang, Chen and McAleer 

(2013) examine the channels through which international trade affects the patent activity. 

The empirical analysis is done on a panel of 37 countries covering the time period from 

1994-2005. It is found that exports and outward direct investment stimulates patent 

growth. But a negative relationship exists between inward direct investment and domestic 

patents. Also, there is a deferred impact of R&D on patents.  To analyze the role of 

internationalization on country‘s innovation performance Filippetti, Frenz, and Ietto-

Gillies (2017) undertake macro-level empirical study. For this purpose, the impact of 

foreign direct investment (both inward and outward) and trade (both exports and imports) 

is studied on triadic patent applications by considering the absorption capacity of a 

country. The absorption capacity is measured in terms of knowledge, human resource, 

and physical infrastructure. It is found that countries with high absorptive capacity 

benefits more from FDI whereas trade plays significant role in countries with low 

absorptive capacity.    

Mancusi (2008) study the international spillovers by undertaking cross-sector and cross-

country analysis. The prior knowledge in terms of domestic R&D is also considered to 

examine the absorptive capacity of external knowledge that plays a deterministic role in 

exploiting external knowledge. The study observes that technology leaders are the main 

source of knowledge flows which include US, Germany, and Japan. These knowledge 

flows are effective in creating spillover effects in technology laggard countries that 

accounts for 46 percent of the impact that domestic R&D creates on patents. However, 

the international spillover effects are significant only in case of intra-industry but also 

depend upon the domestic absorptive capacity. This is the main reason of innovation 

cluster in European Union. Similarly, Comin, Dmitriev & Rossi-Hansberg (2012) find the 

evidence that technology diffusion is relatively slow in countries that are further away 
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from leaders.  The study examines the technology diffusion for 3 sectors (transport, 

communication, and industry) in 161 countries. The cross-country correlations are found 

by considering the geographical distances among countries. The results imply that a 

negative relationship exists between technology adoption and spatial distance from 

technology. This relationship is significant for both poor and rich countries. However, the 

impact is larger in rich countries than poor. In addition, the latitude distance is a greater 

barrier to technology diffusion as compared to longitude distance. The study concludes 

that effect of geographical distance for technology diffusion is stronger initially, which 

diminishes over time and then vanish completely.  

Malerba, Mancusi and Montobbio (2013) use the panel cointegration technique on multi-

country panel for three industries. The study measures the effects of R&D spillover on 

innovation at national, international, intersectoral and intrasectoral level. The analysis is 

done on six industrialized countries, covering the time from 1980 to 2000. The empirical 

model is developed using the knowledge production function. It is concluded that 

domestic R&D efforts have a far greater impact than the international. In addition, the 

geographical distance is the main constraint for intersectoral flow of knowledge as 

compared to intrasectoral. Also, there are considerable differences across industries i.e. 

intersectoral spillover is greater in chemical industry compared to electronics in which 

the intrasectoral effect is larger.    

Likewise, Cai, Li and Santacreu (2017) show that gains from trade occur through 

knowledge spillovers that are created through reallocation of innovation activities 

towards the sectors that have greater comparative advantage. The study develops an 

endogenous growth model undertaking multi-sector and multi-country analysis. The 

analysis is done using data on R&D intensity, patent citations and international trade. 

Trade liberalization helps in knowledge diffusion. The trading countries tend to converge 

due to faster productivity gains and innovation gains that occur from knowledge access.       

Liu, Lu & Cheng (2018) employ the panel data of 44 countries and a time span from 

1996 to 2013. The stochastic frontier analysis is applied on knowledge production 

function to measure the innovation efficiency. Also, various measures of R&D are 

considered to analyze its international spillover. The R&D input variables are measured 
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through domestic R&D capital, foreign R&D capital, and R&D personnel. The output 

side is measured though patents and scientific papers. The analysis is done after 

controlling for socio-economic indicators. The study supports the existence of 

international R&D spillover which is more important in scientific papers compared to 

domestic R&D expenditures. In terms of innovation efficiency, the development of high 

technology industry plays a vital role. Secondly, private R&D investment seems to be 

more powerful than government efforts.  

Globerman, Kokko and Sjöholm (2000) explore the international technology diffusion of 

patent activity for Swedish economy. A positive association is developed between 

geographic proximity and knowledge flows. But distance acts as a barrier for information 

diffusion more in case of MNCs than MNEs.  In addition, another factor that might have 

contributed to knowledge spillover among neighbouring countries is the Sweden‘s 

increased trade share with them as compared to the more distant countries. The study 

concludes that increased productivity differences and geographical distance discourage 

technology flows across countries. Hafner (2008) uses international patent applications as 

a measure of technology diffusion and examines the impact of domestic and foreign 

R&D capital stock on labour productivity. The study applies panel unit root, 

cointegration, and fully modified and dynamic ordinary least square methodology on 18 

OECD countries. The patent related international spillover effect is found to exist for the 

sample countries. However, the non-G7 countries get more benefit from foreign R&D as 

compared to domestic R&D. The estimates also provide significance impact of FDI on 

labour productivity, but no relationship is found for bilateral trade. 

Picci (2010) argues that internationalization of R&D is more pronounced in the recent 

years. The study uses gravity model on patent data to examine the factors that contribute 

to internationalization of innovation activity in European region. It is concluded that 

bilateral collaboration of innovation activities among nations is highly and positively 

related to having similar culture, common languages, and a presence of common border. 

The distance between two countries is negatively associated with internationalization of 

patent activity as physical distance plays a vital role in determining the strength of 

bilateral ties. Similar study is undertaken by Montobbio & Sterzi (2013) who examine the 
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globalization of technology using gravity model of international patent collaboration. The 

study is applied on eleven emerging and seven advanced economies, covering the period 

from 1990 to 2004. It is concluded that geographical distance has important role to play 

in international collaboration only when the applicants‘ ownership is in emerging 

economy. If international R&D collaborations occur through MNC subsidiaries, then the 

role of geographical proximity becomes insignificant. In addition, the importance of 

common language and technological proximity cannot be ignored.  

Morescalchi et al., (2015) study the impact of cross-border and within border innovation 

networks on patent collaborations. Four innovation networks are included in the analysis 

i.e. patent citations, co-inventorship, R&D laboratories‘ location and mobility of 

inventorship. The analysis is based upon gravity model which is applied to R&D 

networks.  The cross-border patent collaborations are found to be more intense among 

European countries as compared to the non-European counterparts. But this evidence is 

found only up till 2004 and not afterwards.  Moreover, the effect of distance is more 

profound for co-inventorship and applicant network and less significant for inventor 

mobility followed by patent citations. The cross-border collaboration is mainly driven by 

easing of institutional frictions that helped in international connectivity. A slight 

deviation to the above analysis is undertaken by Söderström (2016) who proposes an 

augmented model. The study tests the gravity model for tacit knowledge in the presence 

of information and communication technologies. The model is applied on 48 countries, 

covering the years from 1993 to 2012. The finding supports the argument of significant 

relationship between geographical proximity and patent co-invention.  However, this 

argument does not find evidence for the presence of diffusion of information 

communication technologies (ICT).  

The study on spatial spillover effects of innovation activities has been conducted by 

Moreno, Paci and Usai (2005). The analysis is undertaken across 175 regions among 

seventeen European countries, covering the period from 1978-2001. The spatial 

relationship of innovation clearly shows high and high patent values in the center and low 

and low patent values in southern part of Europe. To explore the interregional spillovers 

of innovation activities, the knowledge production function is estimated using the spatial 
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econometric techniques. The study concludes that geographical proximity is essential for 

innovation spillover. In addition, geographical factors are found to have greater influence 

than technology factors.  The spatial analysis of knowledge spillover for Turkey has been 

undertaken by Cetin and Kalayci (2016). The analysis is done on micro-level data for 

firms‘ R&D expenditures, which is aggregated at the provincial level. The data covers the 

time span from 2003 to 2007. The study concludes that spatial autocorrelation exits 

between R&D expenditure which is further confirmed by spatial autoregressive model 

and spatial error model. Tonnerre (2017) also determines the spatial correlation of patent 

application between regions of European Union.  The study points out that the creation of 

knowledge and innovation takes place at specific geographical location across the globe 

and does not occur randomly. When a country is closer to the technology frontier; greater 

will be its chance to develop innovation-based strategy relative to imitating and adoption. 

So, there will be greater productivity gains.  Therefore, the patent activities spread out to 

peripheral areas.  

Aghion and Jaravel (2015) discuss various aspects of growth related to knowledge 

spillovers and innovation. The study shows that knowledge spillovers can generate 

complementarities in R&D activities which have serious implications for cross-country 

differences in economic growth. The study states that the rule of law, protection of 

property rights, contractual enforcement, and macroeconomic stability play an important 

role for both the innovation frontier and the imitator country. Particularly referring to 

green innovation, developing countries does not want to invest in costly environment 

friendly activities as it impedes their catching up with advanced countries. On the other 

hand, MNC relocate their dirty production activities to free ride in developing countries 

and re-export back to their home country.   

Gong and Keller (2003) review literature on the relationship between geographical 

proximity and economic interaction among countries. It is observed that knowledge 

externalities in the form of technology spillovers are substantially high among countries 

that have greater cross-border economic activities in the form of trade and foreign direct 

investment which also depend upon the geographical distance among them. The authors 

suggest that in-depth analysis must be taken beyond the border effect to examine the 
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international technological spillover by considering the relative distance of countries 

among themselves. This would further help in elaborating the impact of neighbouring 

country trade share on spatial spillover of knowledge. Hafner (2014) studies the restricted 

and unrestricted technology spillover effects on Spain, Portugal, Ireland, and Greece. A 

comparison is made between twelve EU integrated countries and thirty-two OECD 

countries. The time series analysis comprising of unit roots and cointegration is applied 

along with dynamic OLS to measure the impact of explanatory variables. It is concluded 

that the spatial interaction within an economically integrated region leads to a self-

reinforcing process of technology diffusion. The study provides strong evidence of this 

relationship for Spain and Portugal in case of EU integration.  

Naveed and Ahmad (2016) study the regional technology spillover effects for EU 

countries. The spatial dependency is examined by making a comparison between internal 

and external neighbouring borders. The internal regions focus on same within country 

effect whereas border regions refer to cross-country neighbouring regions. The patent and 

total factor productivity (TFP) data is used to capture knowledge and technology, 

respectively. The spatial panel data econometric analysis is done on 204 regions of 16 EU 

countries, covering a time from 1999 to 2010. The study finds no spatial interaction 

among regions located across international borders, but a significant relationship is found 

for internal neighbouring regions of the same country. It is concluded that border effect is 

strong in obstructing technology and knowledge spillovers. The shortcoming of this 

analysis is that it does not consider possible communication channels that can contribute 

towards international diffusion such as trade shares.   

The most recent study is by Sanso-Navarro et al., (2020) who apply panel spatial durbin 

model to investigate the spatial interdependency and regional convergence rate of 

technology diffusion at sub-national level. The study utilizes growth equations in the 

neoclassical framework to determine the spatial convergence in regional per capita 

income levels. 1583 regions are considered across 83 countries and covering a time from 

1950 to 2010. The study observes that spillover effects of knowledge on productivity 

tends to be concentrated geographically. However, the convergence rate is found to be 
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higher for richer developed countries which also seemed to be influenced by the 

international trade.  
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3.4 Theoretical framework 

The current study aims to determine the existence of spatial spillover effects of 

innovation capabilities after controlling for inputs such as R&D expenditure, 

entrepreneurship level, imports of ICT goods as well as the variable which helps in 

channelizing the spatial effects i.e. the export partner share with neighbouring countries. 

The schematic diagram of the relationship among these variables is provided in Figure 

3.10. For general adaptation of the model, two countries are mentioned here as country A 

and country B such as both are contiguous. Each country‘s innovation capability is 

positively affected by its domestic resources for which two main variables are taken into 

consideration i.e. entrepreneurship level and expenditures on R&D. The ICT goods 

import is also expected to contribute positively towards innovation which is taken an 

external factor for technology diffusion. On the other hand, increased export share among 

neighbouring countries is likely to enhance cross-country innovation capabilities which is 

depicted by two-way arrows which may result into formation of spatial convergence club. 

However, it is important to mention that such spillover benefits could only be reaped if 

one of the countries is a technology frontier in terms of high innovation capability. In 

addition, the level of economic integration and volume of neighbouring country trade 

share are also important factors that may contribute towards spatial convergence.  

There have been many quantitative proxies to capture entrepreneurship at macro-level 

and a considerable debate exist about the suitability of each indicators. Yet no mutual 

agreement among researchers exist on the best measure of entrepreneurship level for a 

cross-country comparison. The most common among all the measures is the self-

employment rate. Some studies also used early-startup businesses to measure 

entrepreneurial activities such as Wennekers, van Stel, Thurik and Reynolds (2005) but 

this view incorporates the dynamic aspect of entrepreneurship assuming that 

entrepreneurial activities takes pace only for once at the time of business start-ups which 

is not true. Since much of the innovative entrepreneurial activities take place during the 

business expansion. The reciprocity of this assumption can be found when 

entrepreneurship is measured in the form of established business ownerships. Although 

self-employment as a measure of entrepreneurship has its own caveats but due to data 

availability ―this measure is easy to operationalize in research‖ (Parker, 2004, p. 5).  
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Figure 3.10: Schematic representation of the conceptual model 
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Self-employment acts as an important factor to bring rigor in an entrepreneurial 

economy. The self-employed entrepreneurs affect innovation either through exiting 

established business entrepreneurs which enjoy economies of scale and are intensive in 

R&D activities or though increasing competition from emerging nascent firms which 

force existing firms towards innovation (Iyigun & Owen, 1999). Burke and Fraser (2011) 

argue that strong Intellectual Property Rights (IPR) have positive impact on self-

employment who are concentrated on innovation creation activities. Hence, self-

employment plays a considerable role in sectors that are intensive in intellectual property 

rights. In economic literature, Schumpeter (1934) has been very explicit about 

entrepreneurs as innovators.
62

 Strong IPR facilitate the creation, spread and 

commercialization of new knowledge and stimulates entrepreneurs towards innovation. 

Entrepreneurs seek exclusive rights through patenting as it provides greater economic 

returns (Sichelman & Graham, 2010). Without patents an inventor would have no 

suitable means of earning profits from innovation. As Knight (2013, p. 41) points out that 

there must be an incentive for a potential innovator beyond the free market that must be 

in the form of exclusive rights over a creation which prevents others to be free rider. 

Thus, an innovator gets a patent right for building economic wealth through getting a 

legal monopoly over its creation.  

There are two categories of self-employed entrepreneurs. The first form is the necessity-

driven entrepreneurs who are self-employed out of necessity. The second category is the 

choice entrepreneurs who seize profitable opportunities through innovation. The 

considerable differences between self-employed entrepreneurs and entrepreneurial 

outcome has been observed in the literature and it is shown that, in terms of their 

entrepreneurial capabilities, opportunity driven self-employed performs better than the 

necessity driven self-employed. This view is basically linked with macro-level aggregate 

data on self-employment. At mirco-level it is observed by Faggio and Silva (2014) that 

entrepreneurial aspects of self-employment i.e. creation of business and innovation is 

much stronger in urban areas as compared to the rural areas. Therefore, the association 

between self-employment and entrepreneurial innovation is influenced by the level of 

economic development. Literature also provides evidence of a U-shaped relation between 
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 The detail account of innovative entrepreneurs is already discussed in chapter 2. 
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self-employment and per capita income (Blau, 1987; Carree et al., 2002; Parker & 

Robson, 2004).  This suggests that developing countries tend to have high rates of self-

employment. In contrast, the rate of self-employment is comparatively low in developed 

countries. But the contribution of entrepreneurial aspects of self-employment is much 

stronger in developed economies.  Praag and Versloot (2007) undertook a review of 

literature pertaining to an entrepreneurs‘ contributions towards innovation activities and it 

was concluded that patent per employee were greater in production as well as citation by 

an entrepreneurial firm.  Wennekers et al., (2005) also determined a positive relationship 

between entrepreneurial activities and country‘s innovation capacity which is stronger in 

case of developed economies.  

The third industrial revolution is based on the evolution of information and 

communication technologies (ICT) and since then the adoption of digital technologies 

has greatly affected the path of socio-economic development of nations (Campisi, De 

Nicola, Farhadi, & Mancuso, 2013; Taalbi, 2019). The ICT intensive goods are an 

important source of technology inputs to enhance the innovation capacity of nation. 

Zoroja (2016) and Cuevas-Vargas, Estrada and Larios-Gómez (2016) determine that ICT 

has a significant positive impact on business innovation. ICT helps in tacit knowledge 

transfer that helps to build on the existing stock of knowledge capital which helps to 

breed entrepreneurial opportunities towards innovative activities. Acs et al., (2009) 

suggest that knowledge spillover is an important source of entrepreneurial entry and 

opportunity creation towards innovation. This knowledge can be assimilated through 

acquisition of ICT imports. ICT is considered as the technology-intensive capital input 

which acts as an aiding factor to that of R&D. Due to its general-purpose technology 

nature, ICT opens an array of innovation opportunities in a variety of sectors. Henceforth, 

ICT plays an important role as a digital multiplier by creating an interactive system of 

knowledge creation and its use (Giovannetti, 2017).  On the other hand, ICT imports have 

a delocalized spillover effects on the importing country‘s innovation capacity. 

Coe and Helpman (1995) develop a model of international spillover of R&D via trade 

among countries. Trade has a beneficial effect on country‘s productivity level by 

disseminating knowledge both directly and indirectly. Direct effect accounts for learning 
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about new methods and techniques of production. The indirect effects are reaped through 

imports of technology intensive goods and services. In both cases, the importing country 

benefits from R&D efforts of its trading partner. On the other hand, gravity model of 

trade signifies the importance of geographical proximity i.e. trade volume rises at shorter 

distances (Leamer, & Levinsohn, 1995). Eaton and Kortum (1996) observe in the case of 

OECD countries that a country‘s innovation capability depends upon not only on its stock 

of human capital but also on its trade relations and geographical proximity with 

innovation source.  

Therefore, trade can act an important vehicle of technology diffusion but increasing 

distances among countries tend to be an impediment. Such impediments can be the 

reason of innovation differences across regions. Likewise, Bahar, Hausmann and Hidalgo 

(2014) show that in the presence of technology spillovers the export basket of a country 

evolves in similar pattern to that of its neighbouring country which is already a successful 

exporter of an innovative output. Therefore, the present study incorporates into the model 

a variable of neighbouring countries‘ trade share. In addition to the trade share, it is 

expected that trade is going to enhance the innovation capabilities of neighbouring 

countries only if the source of trade exists in high innovation country.  

3.5 Model specification  

The present study explores the global regional differences in innovation capabilities. The 

study intends to find out whether a country‘s increase in patent citation leads to increased 

patenting of its neighboring country after controlling for trade share with neighbouring 

countries, domestic R&D expenditures, entrepreneurship, and total ICT imports. The 

general specification of the relationship between dependent and independent variables is 

given below: 

Y = f (X1, X2, X3, X4) ……….. (3.1) 

Where Y = Patent count 

X1 = Self-employed 

X2 = ICT goods imports 



147 
 

X3 = R&D expenditures  

X4 = Export partner share 

Patent count is used as the most common gauge of measuring innovation activities. 

According to Carayannis (2013, pp. 36-47), patent is an exclusive right on a production 

process or an output that is inventive or innovative with an industrial application i.e. it 

must be useful and have a market value. It is exclusive by preventing others from 

producing but not necessarily using an invention for a certain period of time. Patents, and 

patents citations, are frequently used as a proxy for knowledge spillovers (Jaffe, 

Trajtenberg & Henderson, 1993; Furman & Stern, 2011).  

The first detailed account on the validation of use of patent statistics as a measure of 

innovation is provided by Griliches (1990) and a strong correlation was found between 

innovation and patent rights value. Although, this measurement specifically takes into 

account the originality of a product/or process which is legally codified along with the 

fact that not all innovation activity gets integrated into the patenting framework (Van 

Reenen, Bloom, Draca, Kretschmer and Sadun, 2010). But such caveats are encountered 

especially in less developed economies. However, Picci (2010) points out that such 

limitations become unimportant while examining the innovation activity at international 

level. Since high innovating countries have greater propensity towards patent citation. 

Existing literature has utilized patent citation as proxy for country‘s innovation while 

examining the cross-country differences (Bottazzi & Peri, 2007; Mancusi, 2008; Ho, 

Wang and Yu, 2018) 

The dependent variable is a count data whereas all variables on the left-hand-side 

(regressors) are in percentage terms. The current study utilizes log-linear model to 

estimate the equation based upon functional relationship provided in equation 3.1. The 

log of patents is used in the analysis. Therefore, the estimated coefficients attached with 

each regressor will examine the impact i.e. how much percentage change in dependent 

variable will be brought about by one percentage change in the explanatory variable. The 

expected sign of each parameter is positive. The objective of the study is to not only 

examine the impact of each of the explanatory variable on patent count but also to 

determine the presence of likely association among countries. Hence, the spatial 
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econometrics methodology is applied to estimate the impact of each variable after 

accounting for spatial autocorrelation.  

The variable X1 (Self-employed) and X3 (R&D expenditures) are the country‘s 

indigenous factors that contributes towards innovation capabilities (Y) i.e. the patent 

count. Self-employment has been used by many studies as a proxy variable to measure 

country‘s entrepreneurship level (Steinmetz and Wright, 1989; Acs et al., 2009; Stam & 

Nooteboom, 2011; Maltby, 2013; Sanandaji, 2013, Stam, 2013; Faggio & Silva, 2014; 

Nikolic, 2015). Based on the occupational notion of entrepreneurship, Naudé (2011) 

treats entrepreneurs as self-employed. Verheul, Wennekers, Audretsch and Thurik (2002) 

used the term of business ownership and self-employment interchangeably to reflect 

entrepreneurship level in a country.  

Praag and Versloot (2007) state that though self-employment might lack an important 

trait of an entrepreneur (i.e. establishment of new firms), nevertheless there is no need to 

deviate from the conventional measurement without the existence of a superior empirical 

definition. The most noticeable reason is that self-employment data is available 

extensively for large number of countries and for a larger time period. In addition, 

Blanchflower (2000) points out that self-employment is the simplest form of 

entrepreneurship and self-employed people consist of heterogeneous groups which are 

involved in productive entrepreneurial activities.    

Similarly, the R&D expenditures are also an input variable which increases the stock of 

knowledge capital as well as its usage in devising new applications. Strong evidence is 

provided in past literature about the existence of causality from R&D to patents 

(Griliches, 1990; Hausman, Hall & Griliches, 1986; Pakes, 1985). van Ophem et al., 

(2001) has explained the mutual relation between patents and R&D. Prodan (2005) and 

Sierotowicz (2015) have also found significant relationship for OECD and Central 

Europe, and 28 EU countries, respectively.   

The variable X2 (ICT goods imports) is the external technical knowledge created in a 

foreign country and transferred to the host country by means of trade in ICT intensive 

inputs. Van Reenen et al., (2010) have discussed the complementarities between ICT as 

an input variable and patent as the main outcome variable of innovation. The variable X4 

https://www.sciencedirect.com/science/article/pii/S0167268117303074#bib0300
https://www.sciencedirect.com/science/article/pii/S0167268117303074#bib0280
https://www.sciencedirect.com/science/article/pii/S0167268117303074#bib0295
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(Export partner share) is added in the equation due to the importance of spatial 

interactions among neighbouring countries. Since the motivation behind spatial 

econometrics techniques is the presence of space-time relationship. A higher percentage 

of trade share among neighbouring countries will help to analyze the strength of the 

connectivity among neighbouring countries of that region. In addition, literature quotes 

the significance of trade as an important channel in transmitting technical knowledge 

between countries and geographical distance contributes significantly towards shaping 

the diffusion of technical knowledge (Coe et al., 1997; Keller, 2004; Keller, 2010). 

Geographical vicinity matters as trade volume tends to decline with increased distances.  

3.6 Data and selection of variables 

The data is of panel nature covering a time period from 2007 to 2017. The data is 

collected form secondary sources which include World Intellectual Property Organization 

(WIPO) statistics data center, World Development Indicators and World Integrated Trade 

Solutions (WITS). The study undertakes a comparison of three groups of countries i.e. 

Asia-Pacific Economic Cooperation (APEC), European Union (EU) and South and 

Western Asia (SWA). The countries included in each group is based upon data 

availability. The group comparison of these countries will also help in econometric 

interpretations of the results. The APEC and EU countries are highly integrated and have 

formed global innovation clusters. On the other hand, SWA countries are less integrated 

and do not have substantial contribution in world patent counts. EU and APEC countries 

also have greater trade share among themselves as compared to SWA countries. The list 

of countries is provided Table B1 (see appendix B). The selection of dependent and 

independent variables is explained under the model specification. The definition of each 

variable and data sources are provided in Table B2 (see appendix B). 

3.7 Econometric specification tests for spatial dependence/spatial autocorrelation 

The cross-sectional dependency test for panel data has been provided in section 2.12.4.4. 

The other test specifications of cross-sectional dependency with respect to spatial 

analysis is provided in the following sub-sections.   
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3.7.1 Moran’s I Test 

This test specification is used to determine the presence of spatial autocorrelation and has 

a greater power over all other forms of spatial dependence tests. The Moran‘s I test 

indicates the global spatial association. It is a joint test that specify spatial autocorrelation 

by including both the alternative forms (spatially autocorrelated disturbance terms and 

endogenous spatial lag).  Rejection of null hypothesis indicates the presence of spatial 

autocorrelation. 

3.7.2 Lagrange Multiplier (LM) Test 

The Lagrange Multiplier Test allows to distinguish between two alternative forms of 

spatial dependency i.e. LM (error) and LM (lag). LM (error) performs test for spatial 

autocorrelation in disturbance terms and LM (lag) tests for endogenous lag spatial 

dependency. The current study also employs their robust versions. However, the Moran‘s 

I test perform better than LM (error) in small sample dataset but both tests perform 

equally good in large and medium sample size (Anselin & Florax, 1995). 

3.8 Spatial panel data econometrics specification 

The present study employs the panel data spatial econometrics methodology to examine 

whether there is spatial convergence and innovation persistence in the regions of EU, 

APEC and SWA. Therefore, all equations in the proceeding sub-sections are specified in 

terms of panel data nature of the modelling.  The core idea of spatial modelling is based 

upon Tobler‘s first law of geography (Miller, 2004) which states that ―everything is 

related to everything else, but near things are more related than distant things‖ (Tobler, 

1970, p. 236). The law was introduced in the economic geography literature and predicts 

the likely association among two or more geographic units.  

The modern technique of spatial econometrics is very useful to study the relationships 

among entities if they are linked with each other directly or indirectly through a network 

system. The methodology of spatial econometrics is spread over a period of three 

generations. The cross-sectional spatial model consists of the first-generation model 

(Anselin, 1988a; Griffith, 1988; Anselin & Bera, 1998; LeSage, 1999; LeSage & Pace, 

2009). The spatial econometric methodology based upon panel data comprises of the 
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second-generation model (Elhorst, 2003; Elhorst, 2010a; Elhorst; 2014). The third-

generation spatial modelling incorporates the dynamic nature in panel data (Elhorst, 

2010b; Elhorst, Zandberg, & De Haan, 2013; Elhorst; 2014).  

An econometric representation of linear regression with panel data is given below:  

                 ………… (3.2) 

The equation 3.2 contains a spatial specific effect denoted by   .
63

 The subscript ‗i‘ 

represents the cross sections i.e. i = 1, 2, …, N and the subscript ‗t‘ is used to present the 

time dimension i.e. t = 1, 2. …, T.     is the dependent variable observed for cross section 

i and time t. Xit  is the row vector of explanatory variables (X1, X2, X3 and X4 as indicated 

in functional form presented in 3.1).   is the vector of unknown parameters (slope 

coefficients) associated with each regressors/explanatory variables (X1, X2, X3 and X4 ) 

and     is the error term which holds the property of independent and identically 

distributed (i.i.d)
64

.  

To take account of spatial interaction effects, equation 3.2 needs to be re-written by 

specifying a spatial dependency in dependent variable, error term or both. The initial 

review on specification of panel data spatial models is provided by Elhorst (2003). The 

spatial durbin model (SDM) is a general specification when spatial lag of one or more 

explanatory variables is included in the model along with the spatial lag of dependent 

variable. The other forms of spatial regression estimations are specified as spatial lag 

model which is also called spatial autoregressive model (SAR), the spatial error model 

(SEM) and spatial autocorrelation model (SAC), which are explained in the succeeding 

sub-sections. 

                                                           
63

 It is a fixed parameter to measure the unobserved heterogeneity and also called fixed effect/within-group 

estimator. Elhorst (2010a) calls it spatial specific effect.  
64

 The detailed account of non-spatial modelling of panel regression analysis is already provided in section 

2.12.4 
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The general specification of a full spatial panel model, based upon the Manski (1993) 

model
65

, by including all the three potential categories of spatial interactions is given 

below:  

    =      ∑              ∑          
 
   

 
       …………(3.3) 

where 

    =  ∑        
 
       ……………. (3.4) 

The term     denotes elements of spatial weight matrix (W) which specify the nature of 

spatial association among different cross-sectional units,   is the coefficient of spatial 

autoregressive term (SAR) i.e. the coefficient of endogenous interaction term,   is the 

unknown parameter attached with exogenous interactions among explanatory variable, 

    is spatially autocorrelated error term and   is the spatial autocorrelation coefficient.   

is the coefficient attached with explanatory variable. The values of   and   are ranged 

between -1 and 1.
66

 Elhorst (2010a, p. 379) explains that stationarity condition for spatial 

autoregressive and spatial autocorrelated error term requires that their value must be less 

than the 1/ wmax  but greater than 1/wmin where wmax and wmin denotes the smallest and 

largest square roots of the spatial matrix (W). The wmax value is equivalent to 1 for a row-

normalized weight matrix ( ̃). The lower bound (wmin) can be less than -1 but it is 

usually restricted to not less than -1.  The further details on spatial modelling and 

different types of interaction effects is provided in the forthcoming sub-sections. 

The standard method used in most of the early empirical work is a specific-to-general 

approach i.e. beginning with non-spatial linear OLS regression model (as represented in 

equation 3.2) and then testing for the suitability and application of spatial interaction 

effects of SAR, SEM or SAC model. This approach is also sometimes called the bottom-

up approach (Florax, Folmer, & Rey, 2003). On the other hand, Elhorst (2010c) suggests 

a general-to-specific approach as the most suitable econometric technique for estimating 

the spatial modelling.  This approach starts with testing the non-spatial OLS regression 
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 Manski (1993, pp. 532-533) explains three types of interaction effects i.e. endogenous, exogenous and 

correlated effects.  
66

 This criterion is intuitively based upon the stationarity conditions of ARMA-type estimation techniques 

(Floch & Saout, 2018). 
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against the SDM which is then tested if it can be reduced to specific spatial interactions in 

terms of spatial error or spatial lag models. The general-to-specific approach is based 

upon the Hendry approach and sometimes also called the top-down approach (Florax, 

Folmer, & Rey, 2003, p. 559). The current study has employed the general-to-specific 

approach to undertake spatial analysis. All estimations are undertaken using the STATA 

version 15.  

3.8.1 The spatial weight matrix (W) 

While representing the spatial methodology, a spatial weight matrix is employed which is 

usually denoted by W. The W matrix is most commonly symmetric in nature but can be 

asymmetric too in special cases. The spatial weight matrix is constructed to reveal the 

strategic spatial interaction among entities. It is a non-negative matrix and specified in the 

cross-sectional settings, that is, of dimension N x N.
67

 The element     of the matrix 

represents spatial weight specific to each pair of locational entity i.e. spatial interaction 

between entity i and entity j. The elements on the diagonal are always equal to zero as a 

cross-sectional unit shall have no spatial interaction with its own self.  

Distance and contiguity are the two most common strategies to quantify the intensity of 

spatial association and the binary weighting method is utilized. The weights under 

distance approach is defined in terms of the distance between two entities and computed 

as longitude-latitude coordinates of the centroids. Assuming that there are k centroids 

nearest to that of entity i then element     is assigned a value of 1 if the centroid of j 

(which is one of the k centroids) is nearest to the centroid of i.
68

  

There are three main types of contiguity weights. The rook criterion is based upon 

common border sharing, bishop criterion is based upon common vertex and queen 

criterion based upon common border or common vertex. The current study utilizes the 

rook criterion for creating contiguity weights. The element     is assigned a value of 1 if 

entity i and j share a share a common border (contiguous) and zero otherwise. It is 

noteworthy that all elements in a row of weight matrix exhibit the impact of all other 
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 Where N indicates the total number of cross-sections. 
68

 The other methods of assigning weights include threshold distance method, inverse distance method and 

negative exponential method but these criteria are seldom used in empirical literature.  
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units on a specific unit and all elements in a column depicts the impact of a specific unit 

on all others. Therefore, while constructing the weight matrix with islands i.e. countries 

that do not share a common land border (like Japan, Sri Lanka etc), the common 

maritime border within a country‘s territory is taken into consideration. 
69

  

3.8.2 Normalization of spatial weight matrix 

During the estimation process, the spatial weight matrix needs to be normalized for 

meaningful interpretation. Since the weight matrix (W) is nonnegative, so all weights lie 

between zero and one. The row normalization equalizes the impact of all other entities on 

each entity. Similarly, the column normalization equalizes the impact of each entity on all 

other entities. The current study employs row-standardized option to normalize the spatial 

weight matrix. The element ( ̃ij) in a row-normalized matrix is equal to the value of 

     ⁄  where    represents the sum of ith row, such that the sum of all elements in a row 

equals to unity. Although the row-normalization is commonly practiced during spatial 

model estimations, but literature quotes some criticism on it (Anselin, 1988a; Kelejian & 

Prucha, 2010). The row-normalized spatial weight matrix might not help in valid 

interpretations of the estimations especially when exponential or inverse distance is used 

for specifying the spatial association. Kelejian and Prucha (2010) provides a solution to 

normalize the weight matrix by dividing its element with largest eigenvalue. 

Nevertheless, the most frequently used method of standardization is the row-

normalization (Elhorst, 2014).  STATA provides the alternative option of normalization, 

using the largest eigenvalue based upon Kelejian and Prucha (2010), for cross-sectional 

spatial estimations only. In case of panel data spatial model estimations, STATA provides 

only one option i.e. row-standardized alternative to the default option of binary weight 

matrix.
70

 The spatial weight matrix (W) must be a square matrix and symmetric.  

3.8.3 Spatial Durbin Model (SDM) 
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 STATA command ‗spweightxt‘ is used to create weight matrix.  
70

 The present study uses the STATA command ‗stand‘ during the estimations of spatial modelling. This 

command row-normalize ( ̃) the spatial weight matrix. 
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The motivation behind SDM model is the impact of omitted variables. This is the most 

generalized form of spatial modelling.
71

 Letting    ≠ 0 and   ≠ 0 and   = 0, the SDM 

spatial regression can be expressed as below: 

    =      ∑              ∑          
 
   

 
       ……….(3.5) 

3.8.4 Spatial Autoregressive Model (SAR) 

The general purpose of using spatial autoregressive model (SAR)
72

 is to add the spatial 

lag of the dependent variable i.e. ∑       
 
    which integrates the global spillover effects 

in regression model provided in equation 3.2. The spatial lagged term reflects that 

whenever a shock occurs in an observation i in time period t then it not only has an 

impact on variable Y for same observation in the same time period but also affects the 

values of Y for all other observation i.e. neighbouring of observation i. By letting   = 0 

and   = 0 (from equation 3.3 and 3.4, respectively) the SAR model is written as below:  

    =      ∑                 
 
    ………… (3.6) 

Where   is the spatial autoregressive coefficient implying that the value of dependent 

variable of one unit is jointly determined with the values of its neighbouring units 

(Elhorst, 2010a). The SAR model is‖ hallmark of a spatial regression analysis‖ and rest 

of the spatial models are its extended versions (LeSage & Pace, 2009, p. 32).  

3.8.5 Spatial Error Model (SEM) 

This model is applied to reflect spatial dependency in the error term such that the 

parameter   ≠ 0. The econometric speciation is given below: 

    =                ……………... (3.7)  

where     =  ∑        
 
        (as already indicated in equation 3.4). The parameter   is 

called the spatial autocorrelation coefficient.
73

  

3.8.6 Spatial Autocorrelation Model (SAC) 

                                                           
71

 STATA command ‗spregsdmxt‘ is used for estimations.  
72

 STATA command ‗spregsarxt‘ is used for estimation of SAR. For adding fixed effects  in the model, the 

command ‗spregfext‘ is used with additional command of ‗model(sar)‘ 
73

 STATA command ‗spregsemxt‘ is used for estimations. 
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The spatial autocorrelation model integrates within the regression equation the impact of 

spatial dependency in both the dependent variable as well as the error term i.e. the 

parameter   in equation 3.3 and the parameter   in equation 3.4, both are simultaneously 

considered to be significantly different from zero.
74

 The model specification of SAC is 

given below: 

    =      ∑              
 
       ……………. (3.8) 

where     =  ∑        
 
        (as already indicated in equation 3.4).  

3.8.7 Specific-to-general approach 

The specific-to-general approach, also known as bottom-up approach, starts with the 

estimation of non-spatial OLS model and Lagrange Multiplier (LM) test is applied to 

choose between models with spatial interactions (SAR or SEM) and non-spatial model 

(Florax, Folmer & Rey, 2003). If LM test for   is more significant than LM test for   , 

then SAR model is chosen and vice versa. The robust version of LM test can also be 

applied but only if the standard version is significant. The schematic representation of the 

bottom-up/specific-to-general approach is presented in Figure B2 (see appendix B). This 

approach has been widely used till the 2000s but recently the general-to-specific 

approach is favored in most of the estimations. Current study also employs general-to-

specific approach to choose the best fit model.  

3.8.8 General-to-specific approach 

The general-to-specific approach (Lesage & Pace, 2009), also known as top-down 

approach, is presently used in large number of studies which are being conducted on 

spatial modelling (Elhorst, 2014). This approach is based upon Likelihood Ratio (LR) test 

and includes the estimation of SDM model which the previous approach does not 

accommodate. It starts with estimation of SDM model against the linear OLS model and 

then further proceeded with SAR, SEM or SAC model. The schematic representation of 

the top-down/general-to-specific approach, to choose the best fit model, is presented in 

Figure 3.11. 
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 STATA command ‗spregsacxt‘ is used for estimations. 
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Figure 3.11: Schematic representation of general-to-specific approach (top-down 

approach) 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

    

 

 

 

  

Source: Author‘s compilation from Lesage (2009) combined with extensions provided by Elhorst (2014) 

and Floch and Saout (2018). 
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3.9 Descriptive statistics 

Table 3.2 provides summary statistics of some important variables relevant to the study. 

As stated earlier, the analysis undertakes a comparison of three groups of countries i.e. 

APEC, EU and SWA. The sample of countries included in SWA mainly consist of 

middle income (low and upper) and factor-driven economies except for Cyprus and Israel 

which belong to high income countries. In case of APEC, the countries included are 

mostly upper middle income and high-income countries out of which some belong to 

efficiency-driven economies. On the other hand, all countries included in EU region are 

high income except Bulgaria and most of them belong to innovation-driven economies.
75

 

It is observed that the highest patent count is quoted for APEC followed by EU. The 

region of SWA showed the minimum count of 1303.  

The percentage of trade share of a country with its neighbouring countries, both imports 

and exports, is highest for APEC and EU whereas trade share with neighbouring 

countries is smaller for countries included in the SWA group. The main reason of higher 

trade shares is economic integration and cooperation in case of EU and APEC countries 

which has contributed towards easing the trade barriers and promoting business activities 

and investment across countries. APEC member countries also facilitate the technical 

cooperation within this region. The index of economic freedom also provides similar 

results showing greater market openness, regulatory efficiency, and effective rule of law 

for APEC and EU. The countries included in EU and APEC also spend more on R&D 

expenditures as compared to the countries of SWA which spend an average value of less 

than 1 percent. Likewise, APEC and EU show higher percentage of ICT imports 

compared to that of SWA. This means that the former two groups of countries have 

greater demand for ICT goods as well as R&D expenditures which are an important input 

for an innovation-based economy. 
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 The countries are classified by income group as per the definition of The World Bank 

(https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-

groups).  
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Table 3.2: Summary statistics  

 

Variables Mean Standard 

Deviation 

Min. Max. 

 

European Union (sample size = 28 countries)
 

Patents (count) 2017 3756.3 1 18277 

Export partner share (%) 24.44 14.54 3.90 57.96 

Import partner share (%) 23.74 14.72 2.66 71.23 

Economic freedom (0-100) 68.86 5.86 53.2 82.6 

R&D (%) 1.53 0.87 0.38 3.75 

ICT goods imports (% of GDP)  7.96 3.92 2.75 23.19 

Self-employed (%) 15.99 6.48 6.5 36.99 

Asia-Pacific Economic Cooperation (sample size =18 countries) 

Patents (count) 49430 89142.2 287 420144 

Export partner share (%) 27.66 22.84 1.77 82.19 

Import partner share (%) 24.82 15.66 1.44 54.37 

Economic freedom (0-100) 69.68 12.10 49.8 90.1 

R&D (%) 1.32 1.12 0.05 4.62 

ICT goods imports (% of GDP) 15.72 9.89 4.95 51.86 

Self-employed (%) 29.92 18.90 6.25 68.97 

South and Western Asia (sample size = 11 countries) 

Patents (count) 1303 2746.2 1 16061 

Export partner share (%) 6.97 5.94 0.364 27.09 

Import partner share (%) 12.73 10.05 0.22 33.87 

Economic freedom (0-100) 63.52 6.06 52.6 76 

R&D (%) 0.76 1.118 0.04 4.42 

ICT goods imports (% of GDP) 5.36 1.94 2.41 11.46 

Self-employed (%) 40.05 24.26 4.8 83.87 

 

Source: Author‘s own calculations using data sources of WDI, WIPO, WITS and The Heritage 

Foundation. 
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The percentage of self-employment is highest among countries included in SWA group 

followed by APEC and EU region. Due to considerable differences in the economic 

development and income levels among the three groups of countries the nature of self-

employment would also differ with respect to its contribution towards an innovation-

based economy. The nature of self-employment in APEC and EU region is contrasting to 

that of SWA countries. In case of EU, a report by Eurofound (2017) explored that sixty 

percent of the self-employed chose this profession mainly due to personal preferences 

and most of them are employers, small traders and stable workers enjoying good working 

conditions. Similarly, the APEC member countries have been continuously focusing on 

the capacity building of young entrepreneurial development by strengthening the digital 

economic network and fostering digital innovative start-ups. The recent report on the 

economic outlook of APEC reveals that digital entrepreneurship is the main policy 

agenda being pursued in the region (RMIT & AASC, 2017). On the other hand, the main 

reason of high incidence of self-employment in SWA is the presence of larger shadow 

economy which acts as a buffer for those who do not get formally employed by the 

official economy. 

3.10 Discussions: Econometrics results and interpretations 

The econometric results for each group of countries are discussed in the succeeding sub-

sections. The spatial econometrics results accept the alternative hypothesis of presence of 

spatial convergence clubs in case of European Union and Asian Pacific Economic 

Cooperation but not for South and Western Asia.
76

 This means a country benefits from 

being closer to the regional technology leader. These countries tend to form a spatial 

convergence club among group of innovating countries, the outcome of knowledge 

globalization through well integrated economic cooperation. This is also one of the 

implications of Cohen and Levinthal‘s (1989) insight that cross-country convergence 

through knowledge spillovers depends upon the country‘s distance from knowledge 

frontier country.  Likewise, the tendency of benefiting from knowledge spillovers is more 

likely to be among countries with similar level of economic development and among 

high-income groups (Aghion & Jaravel, 2015). Similar evidence is also provided by 

                                                           
76

 The alternative hypothesis Ha5 is stated under section 1.3 (chapter 1) 



161 
 

Gries, Grundmann, Palnau and Redlin (2018).  Whereas the opposite holds for South and 

West Asian countries as these countries are not neighbouring to the countries with high 

patent count. The SWA group of countries firstly need to build their indigenous resources 

that can complement the knowledge adoption from abroad. 

The empirical analysis provided below show that SWA group of countries do not have 

any spatial convergence of innovation capabilities. The findings of our empirical analysis 

have similar implications as provided by Montobbio and Sterzi (2013) who conclude in 

the perspective of gravity model of patent collaboration that technological proximity 

matters and geographical distance have significant impact when patent ownership lies in 

emerging economies.  

3.10.1 Spatial analysis on European Union (EU) member countries 

Table 3.3 provides spatial regression estimations for EU group of countries. The spatial 

dependency tests confirm the presence of spatial relation. In column (A1), the LR test for 

spatial durbin model (SDM) against the simple OLS regression fails to reject ϑ = 0. But 

due to the significant p-value of coefficient ρ and significant LR test for ρ = 0, the model 

estimation is further proceeded to test for SAR and SEM specification, using the 

―general-to-specific approach‖ as explained by Elhorst (2014, p. 7). The value of ρ is 

statistically significant in both SAR pooled and SAR-fixed effect. However, the LR test 

for λ = 0 is statistically insignificant along with insignificant value of λ. Therefore, the 

estimation is not proceeded further with SAC specification to test the joint significance of 

both ρ and λ coefficients. The estimations done for all the cases show that these do not 

suffer from panel and group-wise heteroskedasticity. However, the SAR-fixed effect 

model, column (A3), is selected over SAR pooled, column (A2), based upon the lowest 

value of Akaike Information Criterion (AIC). The error normality test shows the 

skewness value of 0.4 for SAR fixed-effect model which is a very mild value and can be 

ignored. The parameters associated with each of the explanatory variables i.e. self-

employment, ICT goods import, R&D expenditures and export partner share have the 

expected positive sign and are statistically significant as shown in column (A3). The 

value of ρ is within the range of -1 and 1 and the positive value indicates spatial 

convergence of the dependent variable.  
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Table 3.3: Spatial model estimations for member countries of European Union 

 
Tests for spatial dependence in the OLS model: 

Pesaran‘s CD Test:                                    5.167***              [0.000] 

Free‘s Test:                                                3.88 > 0.343**  

Global Moran‘s I:                                     0.211***              [0.729] 

LM (error):                                                 8.630***              [0.003] 

LM (error robust):                                    8.605***               [0.003] 

LM (lag):                                                     0.052                     [0.819] 

LM (lag robust):                                        0.027                     [0.869] 

Estimated results of spatial model: 

Variables SDM 

(A1) 

SAR-Pooled 

(A2) 

SAR-Fixed Effect 

(A3) 

SEM 

(A4) 

Self-employed 0.119*** (0.015) 0.120***  (0.014) 0.116*** (0.173) 0.097***  (0.014) 

ICT goods 

imports 

0.025 (0.020) 0.024         (0.019) 0.066**  (0.026) 0.006 (0.021) 

R&D 1.45*** (0.112) 1.444***  (0.111) 1.177***  (0.129) 1.299*** (0.117) 

Export partner 

share 

0.012*** (0.047) 0.016***  (0.005) 0.034*** (0.007) 0.013*** (0.005) 

W x R&D -0.031 (0.108)       

W x Export 

partner share 

-0.005 (0.006)       

Constant 2.224*** (0.523) 2.038***   (0.505) 0.219 (0.647) 3.414 (0.469) 

Rho (ρ) 0.095** (0.522) 0.083**     (0.042) 0.146**    (0.067)   

Lambda (λ)     0.015 (0.051) 

Diagnostics tests: 

LR Test (ρ = 0) Prob.  [0.049] Prob.          [0.047]   

LR Test (ϑ = 0) Prob.  [0.727]     

LR Test (λ = 0)    Prob.          [0.766] 

Panel 

Heteroskedasticity 

No 

 

No No No 

Groupwise 

Heteroskedasticity 

No 

 

No No No 

Akaike 

Information 

Criterion (AIC) 

2.59 2.48 2.40 2.50 

Notes: 

i) Dependent variable:  Log (Patents) 

ii) Total observations =280, N (cross sections) = 28 

iii) The standardized (normalized) weight matrix is used during estimation process. 

iv) Standard errors are given in ( ) and p-value is written in [ ]. 

v) ***, **, * indicates the significance at 1 percent, 5 percent, and 10 percent, respectively.  

vi) Acceptable range for Rho:  -1 < ρ < 1 and acceptable range for Lambda: -1 < λ < 1. 

vii) Column (A1) tests SDM model against OLS and p-values conclude that ρ ≠ 0 and λ = 0. 

viii) Error normality test indicate the skewness value for each spatial model as 0.18 (SDM), 0.23 (SAR-

Pooled), 0.4 (SAR-FE) 0.18 (SEM) 

ix) Due to insignificant Lambda (λ) in SEM, the further estimation with SAC model is not proceeded.   
 

Source: Author‘s own calculations using STATA version 15. 
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3.10.2 Spatial analysis on Asia-Pacific Economic Cooperation (APEC) member countries 

The spatial regression estimations for APEC countries are given in Table 3.4. Under the 

SDM regression, in column (B1), the p-values of LR test indicates that ρ ≠ 0 and ϑ ≠ 0. 

The coefficient value of ρ is statistically significant and within the expected range of -1 

and +1. The positive value of ρ indicates spatial convergence of innovation capabilities 

among APEC countries. Moreover, the value of   parameter attached with exogenous 

interaction term of export partner share is positive and statistically significant at 1 

percent. This means that among the APEC member countries the export share of a 

country with its neighbours has significant global spillover effects on innovation 

capabilities. This means that APEC member countries could get significant beneficial 

impact on their innovation capabilities by increasing trade share among themselves. The 

AIC value is lowest for SDM estimations, but the model suffers from groupwise 

heteroskedasticity and non-normal distribution of error terms which is indicated by 

skewness value of 0.91.  

Using ―general-to-specific approach‖ (Elhorst, 2014. p. 7), the specific sub-models are 

estimated. The LR test for SAR-Pooled model, as shown in column (B2), is insignificant 

and the estimations also suffer from panel heteroskedasticity. Therefore, this model is not 

best fit for statistical inferences. The SEM estimations in column (B3) show significant 

LR test that rejects the null hypothesis of λ = 0. The value of λ is within the acceptable 

range of -1 and 1 and statistically significant at 5 percent. Due to significant values of ρ 

and λ in previous models, their joint significance is tested under SAC model. Column 

(B4) shows that LR test rejects the null hypothesis of ρ = 0 but fails to reject the null 

hypothesis of λ = 0. However, the joint LR test has significant p-value. Both SEM and 

SAC model do not suffer from heteroskedasticity and the error terms can also be assumed 

to be normally distributed as the skewness values for both models are very mild which 

can be ignored. On the other hand, the value of λ is statistically insignificant in SAC 

model but the joint significance (ρ + λ ≠ 0) is not rejected. Table 3.4 also provides 

estimated results of the coefficients attached with each of the explanatory variables. The 

self-employed indicator has a significant positive impact as well as the R&D 



165 
 

expenditures and export partner share. However, the ICT goods imports is insignificant in 

all the four model estimations.  
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Table 3.4: Spatial model estimations for member countries of Asia-Pacific Economic Cooperation 

 

Tests for spatial dependence in the OLS model: 

Pesaran‘s CD Test:                                    11.463***            [0.000] 

Free‘s Test:                                                2.956 > 0.465***  

Global Moran‘s I:                                     0.107*                   [0.062] 

LM (error):                                                 2.391                     [0.122] 

LM (error robust):                                    2.359                     [0.124] 

LM (lag):                                                     0.040                     [0.841] 

LM (lag robust):                                        0.007                     [0.933] 

Estimated results of spatial model: 

Variables SDM 

(B1) 

SAR-Pooled 

(B2) 

SEM 

(B3) 

SAC 

(B4) 

Self-employed 0.016*** (0.005) -0.0001 (0.004) 0.021*** (0.004) 0.019*** (0.005) 

ICT goods imports 0.007 (0.009) 0.004   (0.009) -0.193 (0.012) -0.019 (0.013) 

R&D 1.605*** (0.089) 1.75*** (0.087) 1.176*** (0.087) 1.17*** (0.097) 

Export partner 

share 

-0.003 (0.004) 0.012*** (0.004) 0.018*** (0.006) 0.017*** (0.006) 

W x R&D -0.053 (0.205)       

W x Export partner 

share 

0.024*** (0.006)       

Constant 3.876*** (0.537) 6.347*** (0.436) 8.021*** (0.323) 7.423  

Rho (ρ) 0.257*** (0.079) 0.058 (0.044)   0.053*  (0.317) 

Lambda (λ)    0.176** (0.078) 0.603 (0.915) 

Diagnostics tests: 

LR Test (ρ = 0) Prob.       [0.001] Prob.       [0.187]  Prob.        [0.096] 

LR Test (ϑ = 0) Prob. [0.0001]      

LR Test (λ = 0)    Prob.          [0.024] Prob. [0.509] 

LR Test (ρ + λ = 0)     Prob.  [0.045] 

Panel 

Heteroskedasticity 

No Yes No No 

Groupwise 

Heteroskedasticity 

Yes 

 

No No No 

Akaike Information 

Criterion (AIC) 

0.14 1.14 1.64 1.62 

Notes: 

i) Dependent Variable:  Log (Patents) 

ii) Total observations = 198, N (cross sections) = 18 

iii) The standardized (normalized) weight matric is used during estimation process. 

iv) Standard errors are given in ( ) and p-values are written in [ ]. 

v) ***, **, * indicates the significance at 1 percent, 5 percent, and 10 percent, respectively.   

vi) Acceptable range for Rho:  -1 < ρ < 1 and acceptable range for Lambda:  -1 < λ < 1. 

vii) Column (B1) tests SDM model against OLS and p-values conclude that ρ ≠ 0 and ϑ ≠ 0 

viii) Error normality test indicate the skewness value for each spatial model as 0.91 (SDM), 0.32 (SAR-

Pooled), -0.4 (SEM) and 0.4 (SAC). 
 

Source: Author‘s own calculations using STATA version 15. 
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3.10.3 Spatial analysis on South and West Asian (SWA) countries 

The spatial regression estimations for South and West Asian countries are provided in 

Table 3.5.  In column (C1), the LR Test (ϑ = 0) for spatial durbin model (SDM) is 

statistically insignificant which is tested against the simple OLS regression. On the other 

hand, the coefficient ρ is statistically significant. In the light of ―general-to-specific 

approach‖ by Elhorst (2014, p. 7), the model estimation is further proceeded to test for 

SAR, SEM and SAC. The ρ coefficient is statistically significant in SAR pooled and 

SAR-fixed effect. The parameters associated with the variables self-employment, ICT 

goods import, and R&D expenditures are positive and statistically significant, as shown 

in column (C2). On the other hand, all the slope coefficient of each explanatory variable 

is not giving significant results in column (C3) for SAR-fixed effect model. In addition, 

the SAR estimations (both models) do not fulfill the assumptions of normal distribution 

of the error terms and suffer from heteroskedasticity. The model is then tested for 

presence of spatial autocorrelation that might be operating through the disturbance term. 

Under SEM, the value of spatial autocorrelation coefficient (λ) and LR test is statistically 

significant but again the model suffers from panel heteroskedasticity and non-normal 

distribution of error terms, in column (C4), with -0.8 skewness. Therefore, the results of 

SAR and SEM shall not be used for interpretation purposes as non-normal distribution of 

error term and heteroskedasticity may provide spurious results. Since the step-by-step 

process, while moving from general-to-specific approach, rejected the null hypothesis of 

spatial autoregressive and spatial autocorrelation coefficient to be zero. Therefore, the 

SAC model is estimated and the LR test proposes the joint significance of both ρ and λ 

coefficients i.e. (ρ + λ ≠ 0) as well as the individual LR tests i.e. ρ ≠ 0 and λ ≠ 0.  
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 Table 3.5: Spatial model estimations for South and West Asian countries 

 

Tests for spatial dependence in the OLS model: 

Pesaran‘s CD Test:                                    -2.018**                 [0.043] 

Free‘s Test:                                                1.872 > 0.465***  

Global Moran‘s I:                                     0.918***                 [0.000] 

LM (error):                                                 78.34***                [0.000] 

LM (error robust):                                    0.074                        [0.786] 

LM (lag):                                                     85.50***               [0.000] 

LM (lag robust):                                        7.227***                 [0.007] 

Estimated results of spatial model: 

Variables SDM 

(C1) 

SAR-Pooled 

(C2) 

SAR-Fixed Effect 

(C3) 

SEM 

(C4) 

SAC 

(C5) 

Self-employed 0.015*** (0.003) 0.014***  (0.003) 0.006 (0.035) 0.033*** (0.007) 0.027** (0.012) 

ICT goods imports 0.161*** (0.039) 0.157***     (0.039) 0.067 (0.048) 0.117** (0.048) 0.064** (0.032) 

R&D 0.401 (0.317) 0.172**          (0.069) 0.059 (0.080) 0.798*** (0.154) 0.635*** (0.240) 

Export partner 

share 

-0.002 (0.014) -0.014      (0.009) -0.005 (0.011) -0.007 (0.145) 0.0007 (0.939) 

W x R&D -0.247 (0.325)         

W x Export 

partner share 

-0.018 (0.015)         

Constant 0.589*** (0.215) 0.573***          (0.215) 0.228 (0.244) 3.296***   (0.487) 7.128*** (1.100) 

Rho (ρ) 0.65*** (0.038) 0.649***   (0.038) 0.85*** (0.047)   -0.555***  (0.101) 

Lambda (λ)     0.684***   (0.039) 0.899*** (0.027) 

Diagnostics tests: 

LR Test (ρ = 0) Prob.       [0.000] Prob.       [0.000]    Prob.       [0.000] 

LR Test (ϑ = 0) Prob.       [0.393]       
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Table 3.5 (Continued.) 

      

 

Diagnostics tests: 

SDM 

(C1) 

SAR-Pooled 

(C2) 

SAR-Fixed Effect 

(C3) 

SEM 

(C4) 

SAC 

(C5) 

LR Test (λ = 0)    Prob.      [0.000]    Prob.       [0.000] 

LR Test  

(ρ + λ = 0) 

    Prob.       [0.000] 

Panel 

Heteroskedasticity 

Yes 

 

Yes Yes Yes No 

Groupwise 

Heteroskedasticity 

No 

 

No Yes No No 

Akaike 

Information 

Criterion (AIC) 

1.37 1.33 0.36 1.81 2.59 

Notes: 

i) Dependent variable:  Log (Patents)  

ii) Total observations = 121, N (cross sections) = 11 

iii) The standardized (normalized) weight matric is used during estimation process. 

iv)   Standard errors are given in ( ) and p-values are written in [ ]. 

v)  ***, **, * indicates the significance at 1 percent, 5 percent, and 10 percent, respectively. 

vi) Acceptable range for Rho:  -1 < ρ < 1 

vii) Acceptable range for Lambda:  -1 < λ < 1. 

viii) Error normality test indicate the skewness value for each spatial model as -1.3 (SDM), -1.2 (SAR), -0.4 (SAR-FE), -0.8 (SEM) 

and -0.5 (SAC). 

 

Source: Author‘s own calculations using STATA version 15. 
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The results of SAC model in column (C5) indicate that it is the most appropriate reduced 

form model while adopting the general-to-specific approach. The results also fulfill the 

assumptions of both panel and group-wise homoskedasticity.  In addition, the error 

normality test indicates the value of skewness to be equal to -0.5 which is a very 

moderate value concluding that the error distribution is approximately symmetric. The 

value of ρ (spatial autoregressive coefficient) is – 0.555 which is statistically significant 

at 1 percent. The negative value of ρ does not support spatial convergence in innovation 

within the South and West Asian region. It shows that if a country improves upon its 

innovation capacity, measured by patent counts, then it does not have any beneficial 

effects on its neighbouring countries in terms of diffusing the innovation-based 

knowledge through trade. The slope coefficients of self-employment, R&D expenditures 

and ICT goods import has the expected positive signs which are also statistically 

significant. On the other hand, the coefficient for export partner share has the expected 

positive sign but it is statistically insignificant which indicate that trade among 

neighbouring countries do not contribute significantly towards innovation spillover. This 

means that SWA group of countries cannot build their innovation capabilities by 

increasing trade among themselves.  

The value of Lambda (λ) is positive and statistically significant which indicate that the 

short-term spillover effects are similar among the neighbouring countries of this region 

i.e. low value of patent counts correlate with low value of the neighbouring country‘s 

patent counts. The regional cluster of low patent count can be inferred from Table 3.2 

which shows lower mean value of patent count in case of South and West Asian countries 

as compared to the other two regions. However, if innovation capabilities of a country 

rise then there arises an inter-country competition as indicated by negative value of ρ 

coefficient. Thus, innovation persistence or regional clustering of patent activities is not 

found in South and West Asian region countries. This result is contrasting to those 

obtained for countries of European Union and Asian Pacific Economic Cooperation. For 

both these regions, the coefficient value of export partner share is positive and 

statistically significant along with a positive and significant value of spatial 

autoregressive coefficient (ρ). Thus, it can be inferred that strong trade ties among 

countries of these two regions is a contributing factor towards spatial innovation 
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convergence. In addition, these countries are more economically integrated. Thus, these 

two regions show high innovation persistence compared to those countries belonging to 

South and Western Asia.   

Table 3.6: Model estimations for South and West Asian Countries without spatial 

interaction terms 

 

Independent 

variables 

Pooled OLS 

(D1) 

Fixed effects 

(D2) 

Random Effects 

(D3) 

Self-employed 0.048*** (0.005) 0.025 (0.029) 0.037** (0.014) 

ICT goods imports 0.458*** (0.078) 0.059 (0.052) 0.081 (0.052) 

R&D 0.636*** (0.142) 0.356 (0.384) 0.775*** (0.267) 

Export partner share -0.028 (0.021) 0.009 (0.019) 0.0060 (0.733) 

Constant 0.901** (0.453) 3.93*** (1.300) 3.04*** (0.804) 

R-square 0.63  0.48   0.55 

Notes: 

i) Dependent variable:  Log (Patents) 

ii) Total number of observations = 121 

iii) The standard errors are provided in
 
parenthesis ( ). ***, ** and * indicates the significance 

level at 1 percent, 5 percent, and 10 percent level, respectively. 

iv)  Column (D1) reports pooled OLS estimates which are biased due to the presence of 

heteroskedasticity [Breusch-Pagan Test: χ
2
(1) = 13.26; Prob 0.0003].  But there is no 

multicollinearity in the model as VIFj < 10. The model does not suffer from omitted variable 

bias [Ramsey RESET Test: F = 0.84; Prob.0.473]. 

v)  The significance of F-test [F = 50.67; Prob. 0.0000] suggests considerable country-specific 

heterogeneity in the data.  

vi) Column (D2) reports within-group/fixed effect estimates but diagnostics test shows serious 

flaw in the validity of estimates due to presence of heteroskedasticity  

vii) The Hausman Test [χ
2
(4) = 6.92] has p-value of 0.14 which provides strong evidence for the 

suitability of panel random effect over fixed-effect estimations to measure unobserved 

heterogeneity.  

viii)  Column (D3) reports the result of random-effect estimator.  

ix)  The Breusch-Pagan LM test also confirms the suitability of random-effect estimator for 

model estimation against OLS regression as the prob. value [0.000] failed to reject the null 

hypothesis of no panel effect.  

 

Source: Author‘s own calculations using STATA version 15. 

 

Floch and Saout (2018, p. 157) state that, under the combined approach, in a case when ρ 

≠ 0 and λ ≠ 0 i.e. the presence of both endogenous spatial lag and error correlation then 

SDM should be brought back in the estimations.  Table 3.5 shows that the ρ coefficient in 
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column (C1) is within the range (-1 and +1) and statistically significant with positive sign 

but it cannot be used for interpretation purposes due to insignificant LR test which 

concludes that ϑ = 0 and SDM model is rejected. Thus, following the combined approach 

of choosing a best fit model for estimation purposes, when estimations are returned to 

SDM then insignificant LR test concludes that non-spatial pooled OLS estimations are 

preferred over spatial regression model. The estimations under non-spatial modelling is 

provided in Table 3.6. 

The Pooled OLS estimations provide biased results due to the presence of 

heteroskedasticity. The significant F-test also confirms that country specific 

heterogeneity must be considered, and pooling of data is not appropriate and country 

heterogeneity must be taken into consideration during the estimation procedure. 

Therefore, Hausman Test is applied to choose between panel fixed-effect and random-

effect model. The null hypothesis is not rejected which provides support for choosing the 

random effect model. The Breusch-Pagan LM test also confirms the suitability of 

random-effect model and the results are provided in column (D3). The results indicate 

that the indigenous factors i.e. entrepreneurship indictor (self-employment) and R&D 

expenditures have significant positive impact on patent counts. On the other hand, the 

external factor of technology transfer i.e. ICT goods imports does not have a significant 

contribution along with insignificant export partner share.  These results, similar to that 

of spatial regression estimates, imply that in case of SWA group of countries the external 

factors like trade and ICT goods imports cannot possibly contribute towards building 

innovation capabilities unless they first promote their domestic input factors i.e. 

increasing the R&D expenditures and entrepreneurship development through self-

employ1ment. 
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CHAPTER 4 

 

CONCLUSION AND POLICY RECOMMENDATIONS 

 

This is the ending chapter that concludes main outcomes of the analysis and provides 

policy recommendations based upon results of the two essays which have been discussed 

in chapter two and chapter three. Lastly, the limitations are also provided along with few 

suggestions for future research.  

4.1 Conclusion 

Many studies have examined the role of entrepreneurship pertaining to innovation 

activities (Iyigun & Owen, 1999; Wennekers et al., 2005; Van Praag & Versloot, 2007). 

The first essay adds to the existing literature by undertaking a macro-level comparative 

analysis by examining the relationship of entrepreneurial behaviour and institutional trust 

with innovation. The findings of this study confirm a significant relationship between 

entrepreneurial behaviour and innovation along with a strong influence of the 

institutional environment.  

The analysis is further extended to make a comparison among different group of 

countries which are at various stages of development i.e. factors-driven, efficiency-driven 

and innovation-driven economies. It is found that the relationship tends to vary with the 

level of economic development. PO shows a statistical insignificant result in factor-

driven and efficiency-driven economies. Therefore, it is not inevitable that 

entrepreneurial opportunities necessarily trigger innovation. It is also observed that a high 

fear of failure prevents innovative entrepreneurial activities in factor-driven economies. 

On the other hand, high perceived opportunities are realized via both TEA and EBO in 

innovation driven economies. But no significant relationship is found for efficiency-

driven economies.  

The perceptions of adult population of having good opportunities to start a new business 

venture is very much high in factor driven economies as compared to efficiency and 
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innovation driven economies. These high perceived opportunities also get realized 

through higher percentage of total early-stage entrepreneurs (TEA). Despite this, the 

innovation levels are low in these countries. This is because entrepreneurs are necessity-

based who tend to be risk averse and involve in imitative activities that have lower risks. 

The necessity-based entrepreneurs are forcefully encouraged to participate in countries 

that are at earlier stage of development as an outcome of survival strategy due to the 

absence of opportunities in formal economy.  

The study observes an inverted-U shaped relationship between fear of failure rate and 

national innovation; the upward trend of inverted-U relationship is visible for factor and 

efficiency-driven economies, but a downward trend is seen among the innovation-driven 

economies. The fear of failure in factor-driven economies exits due to intense 

competition that arise from total early-stage imitative entrepreneurs. But this fear of 

failure is not greater in comparison to the fear of failure that arise from uncertainties 

attached with innovation in advanced countries. That is why fear of failure is persistent in 

innovation-driven economies.  

The graphical analysis observes that perceived opportunities illustrate a wave-like 

association. Perceived opportunities give way to rising innovation levels in factor-driven 

and innovation-driven economies. But such a link fails to develop in efficiency-driven 

economies. The technology imitation is a contributing factor towards innovation in less 

developed economies. The factor-driven economies are furthest away from the world 

technology frontier and do not have capacities to innovate. Therefore, these countries are 

better-off by imitating the existing technologies. On the other hand, the potential of a 

country to imitate decreases as it nears the technology frontier or becomes the technology 

frontier. So, the perceived opportunities in advanced countries is linked to higher 

innovation.  Conversely, perceived opportunities do not accompany increased innovation 

in efficiency-driven economies. Since these economies are transitioning from imitating to 

innovation but still lack the ability to innovate and mostly pursue efficient and cost-

effective means of production. 

The study also portrays U-shaped relationship between entrepreneurial activities and 

innovation. Countries that experienced lower level of innovation have greater total early-
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stage entrepreneurial activities than the established business ownerships. The sheer 

existence of early-stage entrepreneurs is a contributing factor for innovation in factor-

driven economies as they enhance competition that contributes towards restructuring of 

the economy towards innovativeness. But what is innovation for such economies has 

already been created in advanced economies and even its imitation is new for the former 

economies.  However, nascent entrepreneurs become victim of their own inefficiencies as 

country moves to higher stage of development. Therefore, no significant relationship is 

found among efficiency-driven economies. On the other hand, most of the early-stage 

entrepreneurial activities in innovation-driven economies are involved in the business 

service sector which is knowledge-intensive and an important intermediate input. 

However, the percentage of established business ownership (EBO) is greater than that of 

total early-stage entrepreneurial activities (TEA) in those countries that have higher 

innovation level. 

Furthermore, it is concluded that a strong institutional environment, via enactment of 

strong property rights and state effectiveness, improves the social environment necessary 

for developing an innovation-based entrepreneurial society. Institutional trust shapes the 

entrepreneurial attitudes and also determines the relative payoffs of entrepreneurial 

activities. Secured property rights establish an investment friendly environment by 

increasing the social private returns that boosts entrepreneurialism to exploit innovative 

opportunities. Countries that have weak institutional environment faces serious market 

distortions and inefficiencies. Property rights are weakest in factor-driven economies and 

these economies are also the most fragile which suppresses innovation activities.  

On the other hand, institutional trust is lost in fragile countries which retard country‘s 

innovation. Innovation entrepreneur loses confidence on legal system when a State fails 

to implement its policies effectively. Trust deficit due to absence of property rights, and 

failure of State in service delivery and State‘s inability to implement policy effectively 

prevents the prospective innovative entrepreneurs to enter the market. Such a loss of 

institutional trust increases the transaction costs and uncertainty that hinders the 

successful transition of a country towards an innovation economy. Despite high 

persistence of fear of failure rate in innovation-driven economies, it shows a declining 
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trend with higher innovation level. This is because innovation-driven economies harvest 

strong institutional trust as exhibited by secured property rights and lower State fragility 

index. Therefore, innovative entrepreneurs become less risk averse at higher innovation. 

The results support the findings of Portela et al. (2012), Doh & Zolnik (2011) and Thai 

and Turkina (2014) i.e. institutional trust deficit suppresses innovation in a country due to 

policy ineffectiveness. Urbano et al. (2019) also support this view that a reduction in rent-

seeking and corruption promotes growth-aspiring productive entrepreneurs.  

The second essay contributes to the extant literature by determining the cross-country 

spatial spillover effects of innovation capabilities among neighbouring countries. The 

empirical results are encouraging as these suggest that the conceptual framework 

developed by current study for the existence of international convergence clubs (as 

shown in Figure 3.10) is neither misplaced nor misleading. The findings undoubtedly 

provide new valuable insights on spatial association of innovation capabilities across 

countries by limiting the role of international borders reflected through neighbouring 

countries‘ trade share.  

The spatial econometric analysis provides strong evidence on the existence of 

geographical localization of international diffusion of innovation capabilities among 

member countries of EU and APEC, but such relationship does not hold true for SWA 

group of countries. The regional spatial convergence clubs are formed due to knowledge 

spillover effects among neighbouring countries, which is facilitated by the presence of 

greater economic integration and higher trade share among them. It is believed that 

economic integration benefits the partner countries through closer economic ties among 

themselves. However, such external benefits can be reaped only if countries are 

neighbouring to high innovation performance country and cannot be observed vice versa. 

This conclusion is similar to the one provided by Cohen and Levinthal (1989) whose 

study imply that cross-country convergence through knowledge spillovers depends upon 

the country‘s distance from knowledge frontier country.  

So, it can be concluded that increased export share among countries which are more 

integrated allows the neighbouring countries to benefit from high patent producing 

country in terms of knowledge spillover that induces increased innovation capabilities. In 
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addition, this relationship is supplemented by increased expenditure share on R&D which 

may reflect the absorptive capacity of the beneficial country. The R&D expenditures are 

found to contribute significantly but the impact is higher in case of APEC and EU 

member countries as compared to SWA countries. Moreover, it is observed that export 

partner share with neighbouring countries contributes significantly towards innovation 

capabilities among APEC member countries. Rhee et al. (1984) showed that during the 

1960s period East Asian countries benefited from learning-by-exporting effect. The study 

also finds significant positive impact of self-employment on patent counts for all the 

three groups of countries which is used as a proxy to measure the entrepreneurship level 

in a country. 

4.2 Policy recommendations 

The conclusions provided above have some strong implications for policy formulation to 

boost national innovation capacity. Both developed and developing countries need to 

devise national innovation frameworks based upon strong legal environments and 

entrepreneurship development. For entrepreneurial development;  firstly, the nascent 

entrepreneurs must be facilitated to grow their businesses into established business 

entrepreneurs so that imitative production activities can be shifted towards competitive 

innovative activities.; secondly, such an entrepreneurial ecosystem be developed to 

transform the necessity-driven entrepreneurs into opportunistic entrepreneurs whose 

prime motive is to gain independence through innovation; thirdly, favorable economic 

policies should be devised to reduce fear of failure in factor-driven economies which is a 

main hindrance for perceived opportunities to be converted into innovative 

entrepreneurial activities Lastly, the institutional environment needs to be strengthened 

by enabling effective and efficient delivery of the State‘s services and polices. A strong 

legal framework through property rights and legitimacy of a State in effective policy 

implementation nurtures institutional trust that develops an entrepreneurial culture 

towards an innovation-based economy.  

The empirical results from second part of the analysis suggest that high innovating 

countries can benefit from greater economic integration and trade share to form spatial 

convergence clubs of innovation capabilities.  However, SWA group of countries must 
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focus on their within-country specific factors for building innovation capabilities before 

relying on external factors of trade and ICT goods imports.  

4.3 Limitations of the study  

The limitations of the study are outlined below: 

i) The study faced constraint in terms of data availability for all the countries 

that comprised of different groupings included in the analysis. Therefore, the 

panel data was trimmed by excluding the time series and cross sections for 

which missing data was large.  

ii) The STATA command for panel spatial econometric does not run if the spatial 

weight matrix includes an island. Therefore, to overcome this limitation, the 

maritime borders are considered in place of common land border. The 

countries included are Japan, Sri Lanka, Australia, New Zealand, Indonesia 

and United Kingdom. Without considering the maritime border, the sample 

size becomes too small and analysis could not give meaningful results.  

4.4 Directions for future research  

For future directions of research, country-specific analysis can be undertaken by 

examining the national innovation system.  Entrepreneurial ecosystem can be brought 

into the analysis along with the role of legal institutions. Furthermore, the dimensions of 

human capital can be added to further elaborate the spatial spillover analysis by 

considering the absorptive capacity of a country.  
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APPENDIX A 

 

Table A1: Description of variables and data sources 

 

Variables 

(abbreviation)  

Description and data source 

Dependent variable 

Innovation (INN) 

 

 

It is measured through the Global Innovation Index. The 

index ranks the innovation performance of a country by 

using 80 indicators of innovation that include political 

environment, infrastructure, education and business 

sophistication. The index takes a value between 0 to 100. A 

higher value indicates greater innovation.  

 

Source: INSEAD, Cornell University and World 

Intellectual Property Organization (WIPO) 

The list of explanatory variables is provided below: 

Entrepreneurial attitudes 

Perceived 

opportunities (PO) 

 

Percentage of adult population who perceive good 

opportunities to start a firm in the area where they live 

 

Source: GEM Adult Population Survey (APS) 

(https://www.gemconsortium.org/data) 

Fear of failure rate 

(FFR) 

 

 

Percentage of adult population who perceive good 

opportunities to start a business, but the fear of failure 

prevents them from setting up a business 

 

Source: GEM Adult Population Survey (APS) 

(https://www.gemconsortium.org/data) 

Entrepreneurial activities 

Established business 

ownership (EBO) 

 

 

Percentage of adult population who are currently an 

owner/manager of an established business. They are 

owning/ managing or running a business that has paid 

salaries, wages, or any other payments to the owners for 

more than 42 months 

 

Source: GEM Adult Population Survey (APS) 

(https://www.gemconsortium.org/data) 

Total early-stage Percentage of adult population who are either the 

https://www.gemconsortium.org/data
https://www.gemconsortium.org/data
https://www.gemconsortium.org/data
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entrepreneurial 

activity (TEA) 

 

owner/manager of a new business or are a nascent 

entrepreneur 

 

Source: GEM Adult Population Survey (APS) 

(https://www.gemconsortium.org/data) 

Institutional variables 

Property rights index 

(PR) 

 

It is the assessment of ability to accumulate private 

property and wealth that are safe from unfair expropriation. 

The indicator belongs to the subcategory of the Index of 

Economic Freedom i.e. rule of law. The index is measured 

on a scale of 0 to 100.  

 

Source:  The Heritage Foundation 

(https://www.heritage.org/index/explore?view=by-region-

country-year&u=637256645917098083) 

State fragility index 

(SFI) 

 

State fragility index is used to measure the legitimacy and 

effectiveness performance of a country on scale of 0 to 25. 

The score is calculated by including eight indicators on 

four dimensions i.e. social, political, security and 

economic. It measures State repression and vulnerability to 

political violence and its ability to manage conflict and 

response under crises. The index also takes into account a 

State‘s capacity to make and implement a public policy 

deliverance of its services. A high value indicates greater 

fragility. 

 

Source: POLITY IV 

(http://www.systemicpeace.org/inscrdata.html) 

Control variable 

Foreign direct 

investment (FDI) 

 

It reports the net inflows (new investment inflows less 

disinvestment) in the reporting economy from foreign 

investors, as a percentage of GDP 

 

Source: Word Development Indicators (WDI) 

(https://databank.worldbank.org/source/world-

development-indicators) 

 

  

  

https://www.gemconsortium.org/data
https://www.heritage.org/index/explore?view=by-region-country-year&u=637256645917098083
https://www.heritage.org/index/explore?view=by-region-country-year&u=637256645917098083
http://www.systemicpeace.org/inscrdata.html
https://databank.worldbank.org/source/world-development-indicators
https://databank.worldbank.org/source/world-development-indicators
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Table A2: List of countries 

Factor-driven economies (d1) Innovation-driven economies (d3) 

Country Abbreviation Country Abbreviation 

Egypt  EGY Australia  AUST 

Guatemala  GAU Belgium  BEL 

Iran, Islamic Republic of  IRN Denmark  DEN 

Jamaica  JAM Finland  FIN 

Saudi Arabia  S.ARB France  FRN 

Uganda UGN Germany  GER 

Efficiency- driven economies (d2) Greece  GRE 

Country Abbreviation Ireland  IRE 

Argentina  ARG Italy  ITY 

Brazil  BRA Japan  JAP 

Chile  CHL Korea, Republic of KOR 

China  CHI Netherlands  NET 

Colombia  COL Norway  NOR 

Croatia  CRO Portugal  PRT 

Ecuador  ECD Slovenia  SLV 

Hungary  HUN Spain  SPN 

Latvia  LAT Sweden  SWD 

Macedonia  MAC Switzerland SWT 

Malaysia  MLY United Kingdom  UK 

Mexico  MEX United States of America  USA 

Peru  PER Reference category 

Romania  ROM Barbados  BAR 

Russian Federation  RUS India IND 

South Africa  S.AFR Kazakhstan KAZ 

Trinidad and Tobago TT Lebanon  LEB 

Tunisia  TUN Morocco  MOR 

Turkey  TRK Panama  PAN 

Uruguay  URG Poland  POL 

  Slovakia  SLV 

  Thailand  THL 

  United Arab Emirates  UAE 

Source: Kelley, D. J., Bosma, N., & Amorós, J. E. (2011). The abbreviation d1, d2 and d3 denotes the 

dummy categories which are included during the estimations of model 2, model 3, model 4, model 5 and 

model 6.  
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APPENDIX B 

 

Table B1: List of countries 

 

European Union (EU) Asia-Pacific Economic 

Cooperation (APEC) 

South and Western Asia 

(SWA) 

Austria  Australia * Armenia  

Belgium * Canada  Azerbaijan  

Bulgaria  Chile 
Ψ
 Cyprus  

Croatia 
Ψ
 China 

Ψ
 Georgia  

Cyprus  Hong Kong (China)  India  

Czech Republic  Indonesia  Israel *  

Denmark * Japan * Jordan  

Estonia  Republic of Korea * Pakistan
# 
 

Finland * Malaysia  Saudi Arabia
 # 

 

France  Mexico 
Ψ
 Sri Lanka  

Germany * New Zealand  Turkey 
Ψ 

 

Greece * Peru   

Hungary 
Ψ
 Philippines   

Ireland * Russian Federation 
Ψ

  

Italy * Singapore   

Latvia 
Ψ
 Thailand   

Lithuania  United States of America *  

Luxembourg Viet Nam   

Malta    

Netherlands *   

Poland    

Portugal *   

Romania 
Ψ
   

Slovakia    

Slovenia *   

Spain *   

Sweden *   

United Kingdom *   

Note:  

i) The sample size and countries included in each region depends upon the data availability. 

Those countries are excluded for which the missing data was large.  

ii) * indicates innovation driven economies, 
Ψ
 indicates efficiency driven economies and 

# 

indicates factor driven economies (Source: Kelley, D. J., Bosma, N., & Amorós, J. E. 

(2011). The definition of each category is explained in section 2.14.1.  
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 Table B2: Description of variables and data sources 

 

Variables   Description and data sources 

Dependent variable 

Patents (counts) It is the intellectual property right indicator which measures 

total patent grants to a country including direct patents grants 

and patent grant under PCT (Patent Cooperation Treaty). The 

reporting type is total count by the filing office. Patents is 

used as a proxy indicator to measure innovativeness of a 

country. Patent gives legal right to its owner to exclude 

others, for a certain period, from reproducing the invention.  

 

Source: World Intellectual Property Organization (WIPO) 

Statistics Data Center 

(https://www3.wipo.int/ipstats/index.htm?tab=patent) 

Explanatory variables 

Self-employed (%) The indicator is measured as a percentage of total 

employment. The self-employed workers work on their own 

or with one or few partners. These people hold the self-

employment jobs such that their wage compensation   

depends directly upon the profits that the corporation earn. 

The categories of self-employed workers include family 

workers, own account workers and producer‘s cooperatives 

members.  

 

Source: World Development Indicators (WDI) 

(https://databank.worldbank.org/source/world-development-

indicators) 

ICT goods imports 

(%) 

These include goods related to information and 

communication technology (ICT) such as communication 

equipment, computers and its peripheral equipment, 

consumer electronics, electronic equipment and components 

and other miscellaneous technology goods. The indicator is 

measured in terms of ICT imports as a percentage of total 

goods imported by a country.   

 

Source: World Development Indicators (WDI) 

(https://databank.worldbank.org/source/world-development-

indicators) 
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R&D (%) It is the total expenditures on research and development 

expressed as a percentage of gross domestic product. It 

covers basic and applied research as well as development of 

experimental research. These expenditures consist of both 

current expenditures and capital expenditures in business 

enterprises, higher education, government, and private non-

profit organization. It measures the indigenous factors that 

contributes toward innovation capacity of a country. 

 

Source: World Development Indicators (WDI) 

(https://databank.worldbank.org/source/world-development-

indicators) 

Export partner share 

(%) 

It measures the percentage share out of the total exports that 

a country export to a neighbouring country. The data is 

extracted for the percentage share that a country exports to 

each of its neighbouring country that has a common border. 

The data is then compiled to calculate the total export share 

of one country with all its neighboring countries.  

 

Source: World Integrated Trade Solutions (WITS) 

(https://wits.worldbank.org/) 
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Figure B1: A regional and country comparison of patent counts  

(average between 2007-2017) 
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Figure B2: Schematic representation of specific-to-general approach  

(bottom-up approach) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Author‘s compilation from Florax, Folmer & Rey (2003).  
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