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Abstract 

Entrepreneurship is both sticky (persistent) and spiky (unevenly located) which 

presents a problem of how to support new venture creation and scaling in 

regions which do not exhibit high levels of entrepreneurship. Entrepreneurship 

is important because it results in regional development through innovation, 

employment and economic growth. The entrepreneurial ecosystem literature 

offers an approach to enhance entrepreneurship within regions by emphasising 

interactions between elements categorised as financial, institutional, knowledge 

and social capital. 

This dissertation investigates the influence of different types of prior employers 

of high-tech entrepreneurs on knowledge capital in entrepreneurial ecosystems 

in Ireland, the development of knowledge capital in an entrepreneurial 

ecosystem of high-growth firms in Dublin, and the influence of different types of 

capital across entrepreneurial ecosystems throughout the United States. 

It finds that universities, multinationals, venture capital, hubs and start-ups are 

all important sources of knowledge capital for high-tech entrepreneurs in an 

entrepreneurial ecosystem. Universities located within each region of Ireland 

are the most important prior employer despite university spinoffs comprising a 

small portion of all high-tech entrepreneurial firms in Ireland. In Dublin, as 

knowledge capital was recycled across multinational high-growth firms through 

employment mobility the region became a more connected and resilient 

structure. Across the United States, institutional capital was shown to interact 

with financial capital. In entrepreneurial ecosystems with low levels of 

institutional capital, entrepreneurship was influenced by financial capital in 

neighbouring ecosystems, but this was not evident in ecosystems with high 

levels of institutional capital. 

This contributes to the knowledge of the entrepreneurial literature by showing 

which prior employers are important in the entrepreneurial ecosystem, how 

knowledge capital derived from prior employment develops resilience and 

structure in the ecosystem, and how interactions between types of capital affect 

the relationship on entrepreneurship within the ecosystem. 
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1 Introduction, research problem and theoretical framework 

Entrepreneurship theories have developed from initially focusing on the individual 

entrepreneur, later on ‘regions of entrepreneurship’ and more recently on the ‘entrepreneurial 

ecosystem’ (EE) (Sternberg, 2010; Acs et al., 2017). Despite substantial interest from policy 

that seeks to enhance regional development through the EE approach, details of how EEs 

work remain elusive (Brown and Mawson, 2019). The EE literature is rapidly increasing to 

address these gaps in understanding (Alvedalen and Boschma, 2017; Malecki, 2018; Cavallo, 

Ghezzi and Balocco, 2019; Velt, Torkkeli and Laine, 2020). 

The EE approach applies a systems thinking which focuses on the interactions and 

connections between numerous entrepreneurial elements (Acs et al., 2017). These include 

individuals or actors (e.g. potential and established entrepreneurs, mentors), organisations 

(e.g. firms, venture capitalists, angel investors, banks), institutions (e.g. universities, research 

institutes, support agencies, regulators, incubators, accelerators) and entrepreneurial 

processes (e.g. venture creation, venture scaling, venture failure and entrepreneurial 

recycling). EE individuals, organisations and institutions are underpinned by the 

entrepreneurial history and culture, and policies and regulations that influence 

entrepreneurship within a local entrepreneurial environment (Mason and Brown, 2014; Brown 

and Mason, 2017; Shwetzer, Maritz and Nguyen, 2019). This has opened the EE approach to 

criticism that it presents long lists of elements (Stam, 2015; Spigel and Harrison, 2018), but 

does not address how these elements interact, how they change over time, or which are more 

important. Nicotra et al. (2018) attempted to address the long lists of EE elements by 

categorising them as capital types, providing financial, institutional, knowledge and social 

capital. These capital types are employed as an organising framework in this dissertation. 

Beyond long lists of EE elements, the emergence of the EE approach is accompanied by 

substantial research gaps (Stam, 2015; Cavallo et al., 2019; Spigel, Kitigawa and Mason, 

2020). The core research gaps are an absence of multi-level and multi-component research 

methods, and poor insight into dynamic interactions, connectivity and interdependence 

between EE elements (Mason and Brown, 2014; Mack and Mayer, 2016; Audretsch and 

Belitski, 2017; Alvedalen and Boschma, 2017; Motoyama and Knowlton, 2017; Audretsch et 

al., 2018). This means that the mechanisms between the various elements in the EE and the 

influences on entrepreneurship remain unclear (Alvedalen and Boschma, 2017; Stam and 

Spigel, 2017a; Audretsch et al., 2018). 

This dissertation addresses calls in the EE literature (e.g. Mason and Brown, 2014; 

Bendickson et al., 2021) to integrate the knowledge spillover theory of entrepreneurship 

(KSTE), with the EE approach, to address the research gaps in the EE approach. Doing so 
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will move the EE approach from a ‘chaotic concept’ (Spigel and Harrison, 2018) that draws 

upon a variety of perspectives (Spigel, 2017), to one that can be seen through a single, 

coherent theory (KSTE) which is one of the six main theories of entrepreneurship (Ferreira, 

Fernandes and Kraus, 2019; Bendickson et al., 2021). This dissertation is delivered through 

three papers. The objectives, motivations, research questions and research design for each 

are further outlined below. 

1.1 Purpose of the study 

The EE approach considers numerous interdependent elements that support 

entrepreneurship in a region, although progress has been slow to identify and understand 

these, because the EE approach currently relies on “superficial generalisations … rather than 

[on] rigorous social science research” (Stam and Spigel, 2017a, p. 408). This has been a 

hindrance to the adoption of systems thinking within the entrepreneurship space. For example, 

there is little indication as to what is cause and what is effect (Alvedalen and Boschma, 2017; 

Audretsch et al., 2018), and little to no knowledge on how interactions develop within an EE 

(Mack and Mayer, 2016; Motoyama and Knowlton, 2017; Spigel and Harrison, 2018). There 

are only a few examples in the literature where causal relations have been recognised (e.g. 

Nicotra et al., 2018; Stam and Van de Ven, 2021), although none consider the prior 

employment histories of entrepreneurs. This is important because prior employment affects 

how firm founders interact with their environments and this appears to be highly localised 

(Marquis, 2003). Most entrepreneurs have substantial prior employment experience 

(Robinson and Sexton, 1994) and draw on this experience in their new venture (Bhide, 2000; 

Shane, 2000; Baron, Hannan and Burton, 2001; Burton, Sørensen and Beckman, 2002; 

Shane and Khurana, 2003) in ways that cannot be replicated by entrepreneurs lacking that 

experience (Roberts, 1991). Know-how (or tacit-knowledge), although it resides in individuals, 

contributes to the knowledge capital available that enhances overall entrepreneurship in an 

EE (Nicotra et al., 2018), because knowledge can spill over through employment mobility. 

The importance of knowledge capital for entrepreneurship in a region is highlighted 

theoretically by the KSTE (Audretsch, 2005). The KSTE proposes that knowledge generated 

within a region can spill over from incumbent firms (businesses already established in the 

market/industry) to entrepreneurs which enhances their ability to identify and exploit 

opportunities. This is important because it provides an explanation of how a region can 

enhance entrepreneurship without centrally directed, large policy interventions or investments, 

which is the key feature that makes the EE approach so attractive to policy makers and 

researchers (Mason and Brown, 2014; Spigel, 2017; Spigel et al., 2020). 
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This research aims to understand how knowledge capital (i) is derived from different types of 

prior employers in the EE, (ii) how prior employment can influence the structure of knowledge 

capital within the EE as it develops, and (iii) how knowledge capital influences 

entrepreneurship relative to other types of capital (financial, institutional and social capital) 

within EEs. 

1.1.1 Influence of employers on knowledge capital in Entrepreneurial 

Ecosystems 

Prior research on EEs has indicated that entrepreneurship is supported by four different types 

of capital (financial, institutional, knowledge and social capital) (Nicotra et al., 2018). In 

describing financial, institutional and social capital below, I aim to briefly articulate how each 

interacts with knowledge capital. 

Firstly, financial capital refers to access to funding from venture capital which is widely 

recognised as a success factor for entrepreneurship (Levie and Autio, 2008). However venture 

capital provides not only funding, but knowledge capital in the form of experience and 

information to lower the costs related to venture formation (Florida and Kenney, 1988a; 

Hellmann and Puri, 2002). Financial capital is also sometimes used to refer to access to large 

markets which enable revenue generation and creates opportunities for entrepreneurship 

(Reynolds, 1994; Armington and Acs, 2002; Wagner and Sternberg, 2004). Secondly, 

institutional capital includes both the tangible and intangible ‘rules of the game’ such as 

regulations, and attitudes toward regulations (e.g. corruption and regulatory enforcement) 

which can either enhance or inhibit entrepreneurship (Klapper, Laeven and Rajan, 2006; van 

Stel, Storey and Thurik, 2007; Aidis, Estrin and Mickiewicz, 2008; Branstetter et al., 2014). 

Institutional capital also includes the tangible supporting organisations such as incubators and 

accelerators which enhance access to information and knowledge (Avnimelech, Schwartz and 

Bar-El, 2007; Cohen, 2013; Goswami, Mitchell and Bhagavatula, 2018). These organisations 

can decrease the risk and increase the performance of early stage firms, which in turn 

incentivise further new venture creation (Roper, 1999; Abetti, 2004). Thirdly, social capital 

which in the EE approach is strictly related to networking (Nicotra et al., 2018, p. 650), is 

multidimensional and looks across networks of all types of organisations and individuals within 

the EE. Networks enable aspiring and established entrepreneurs to share skills (Eisenhardt 

and Schoonhoven, 1996; Hagedoorn and Duysters, 2002), and get access to external 

knowledge (Cooke, 1996; Powell, Koput and Smith-Doerr, 1996), external funding and 

potential customers (financial capital) (Grandori and Soda, 1995; Almeida and Kogut, 1999) 

as well as information on how to navigate regulations and ways of doing business (institutional 

capital). Finally, knowledge capital, the focus of this research, refers to the experience and 

information, as well as the skills and mindsets associated with entrepreneurship (Nicotra et 
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al., 2018). Knowledge capital is accumulated through education and training programmes that 

stimulate entrepreneurship (Kirby, 2004; Bager, 2011), as well as the employee talent 

necessary to scale early stage companies, which are often linked to research universities in 

the region (Bahrami and Evans, 1995; Neck et al., 2004). Knowledge capital is also strongly 

enabled by actors associated with institutional capital (Avnimelech et al., 2007; Cohen, 2013; 

Goswami et al., 2018), financial capital such as venture capital (Florida and Kenney, 1988a; 

Hellmann and Puri, 2002) and social capital (Eisenhardt and Schoonhoven, 1996; Cooke, 

1996; Powell et al., 1996; Hagedoorn and Duysters, 2002). 

It is apparent that the four types of capital are interrelated and financial, institutional and social 

capital support the knowledge capital needed by entrepreneurs. Social capital (networks) 

provide access to institutional, financial and knowledge capital. Institutional capital can 

increase access to knowledge capital and financial capital, and actors categorised under 

financial capital often support development of knowledge capital. 

Although the identification and categorisation of elements which are important in the EE has 

been well articulated, Spigel and Harrison (2018) argue for a greater focus on the underlying 

mechanisms that create the link between EE elements (including different types of capital) 

and entrepreneurship. Prior employment experience is underexplored in the EE approach 

(Donegan et al., 2019) although there is substantial research on the role of prior employment 

in entrepreneurship. 

The argument for prior employment as an important mechanism within EEs stems from the 

influence that a founder’s knowledge capital has on the ways that they organise new firms 

(Shane, 2000; Baron et al., 2001; Burton et al., 2002; Shane and Khurana, 2003). Prior 

employment is important for EEs because some prior employers have much higher 

prominence in terms of the number of entrepreneurial ventures that emerge from them and 

these prior employers tend to be more central within the network of interactions within the 

ecosystem (Burton et al., 2002). Klepper and Sleeper (2005) frame this link between incubator 

organisation and the entrepreneurial firm in evolutionary terms, where they show that 

corporate spinoffs inherit knowledge from their ‘parent’ companies that influences their 

ongoing performance. Most entrepreneurs operate businesses related to their prior 

experience (Audia and Rider, 2005) in terms of the venture being in the same industry, or 

being based on an idea developed at a prior employer. Doing so provides entrepreneurs with 

detailed information typically not available to those outside the industry or organisation 

(Hannan and Freeman, 1977; Von Hippel, 1988; Romanelli, 1989; Roberts, 1991). 

However, entrepreneurs draw on their experience established during their entire career and 

more prior employment experience positively influences the survival time of new ventures 
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(Braguinsky, Klepper and Ohyama, 2012). Past studies tend to overemphasise the immediate 

prior employer (the incubator organisation) (Harrison, Cooper and Mason, 2004) rather than 

consider the entire career history which provide experience. Knowledge across a broad set of 

functional areas helps entrepreneurs because they perform many different tasks (Lazear, 

2004), and entrepreneurs tend to have more varied employment histories than employees 

(Åstebro and Thompson, 2011). While some of these prior employers are ‘companies’, many 

are other types of organisations such as universities or research labs (Miller and Cote, 1987; 

Audia and Rider, 2005). 

In the EE literature, Donegan et al. (2019) explore prior employment in two organisation types, 

universities and large corporates, and suggest that there is value in capturing a more complete 

picture of prior employment, rather than the approach of prior literature which focuses on 

single pathways such as corporate spinouts or university spinoffs. Similarly, “many EE 

scholars criticise the lack of a holistic approach to entrepreneurship that focuses on 

interrelated aspects of entrepreneurship.” (Alvedalen and Boschma, 2017, p. 890). In an 

analysis on the shortcomings of the EE approach, Stam (2015) highlights that although 

numerous relevant factors are identified, it remains unclear how they are tied to the EE: “The 

frameworks provide no consistent explanation of their coherence or their interdependent 

effects on entrepreneurship” (Stam, 2015, p. 8), and therefore the EE approach lacks 

integration with entrepreneurship theories. 

The first objective of this research is to use a holistic approach to understand the influence 

that prior employers have on knowledge capital in EEs. The research will explore all types of 

prior employers of entrepreneurs within the EE (Neumeyer and Santos, 2018), to determine 

the differences in influence of prior employer types on knowledge capital within the EE. 

Conducting this research extends the study of Donegan et al. (2019) by including other types 

of actors in the EE and establishes the relative importance of the influences that prior 

employers have on knowledge capital within EEs. 

1.1.2 Knowledge capital and the development of Entrepreneurial Ecosystems 

Knowledge capital is a particularly important component of EE development because the 

KSTE (Audretsch, 2005) suggests that as knowledge capital develops, levels of 

entrepreneurship will increase. Entrepreneurial firms that spinout from established firms inherit 

their knowledge and are therefore more successful (Klepper and Sleeper, 2005), which results 

in more established firms that form part of the regional knowledge capital base. This creates 

a positive feedback loop and virtuous cycle that enables successful regions of 

entrepreneurship (Bresnahan, Gambardella and Saxenian, 2001; Venkataraman, 2004). 

However, the KSTE differs from the EE approach because it emphasises entrepreneurship as 
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new venture creation by focussing on knowledge spillovers through university spinouts and 

corporate spinoffs, rather than on entrepreneurship as high-growth venture scaling. First, this 

is a shortcoming of KSTE because spinouts only comprise a small proportion of all new 

venture creation (Wennberg, Wiklund and Wright, 2011), and second it is economically 

inefficient to seek ‘blanket support’ for new venture creation (Storey, 2003; Spigel and 

Harrison, 2018). 

The EE approach also extends the KSTE by proposing that knowledge is circulated not only 

through knowledge spillovers (e.g. the process of university spinouts and corporate spinoffs), 

but through entrepreneurial recycling (Spigel and Harrison, 2018; Spigel and Vinodrai, 2020). 

Entrepreneurial recycling is a process where entrepreneurs who exit their high-growth firm do 

not leave the EE, but invest their time, wealth and knowledge as serial entrepreneurs, angel 

investors and business advisors. Therefore, researching how knowledge is recycled through 

an EE over time will provide a better and more holistic understanding of how knowledge capital 

derived from prior employment develops the ecosystem and culminates in the virtuous cycle 

found in resilient regions of entrepreneurship. 

Prior employment may play a substantial role in existing EEs by providing the knowledge, 

skills and networks that enable new venture creation (Shane, 2000; Baron et al., 2001; Burton 

et al., 2002; Shane and Khurana, 2003; Donegan et al., 2019), resulting in resilient EEs with 

“very high levels of connectivity between ecosystem actors” (Spigel and Harrison, 2018, p. 

162). Roundy et al. (2017) argue resilience is a key characteristic of EEs because it shifts the 

view of the EE as a collection of factors, to a view of the EE as a system that can respond to 

disruptions by developing over time. The idea of a resilient region, a catch-all term to explore 

several disciplinary perspectives on critical and disputed concepts including time, space, 

institutions and agency, has been explored extensively (see Christopherson, Michie and Tyler, 

2010) although seldom in the context of entrepreneurship. 

There are conflicting opinions in the literature of how resilient regions are defined and how 

they develop. Markusen (1996) rejects the notion that there is one dominant type of resilient 

region with high levels of connectivity and identifies four types of regional structures. Each 

type of region has demonstrated resilience with its own strengths, weaknesses and levels of 

connectivity. Markusen (1996) questions whether regions can maintain their resilience by 

transforming from one type to another. This appears to be in contradiction to Spigel and 

Harrison’s (2018) process theory of EEs which proposes that resilience increases as the EE 

develops connectivity, and that maintaining connectivity is required to avoid a weakened EE. 

Similarly, Mack and Mayer’s (2016) evolutionary perspective of EEs proposes that EEs 

develop along a predictable pattern of stages toward a mature, resilient EE, and the objective 
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of policy is to stave off EE decline by combatting disappearing networks and fostering 

connections to other EEs. Finally, Brown and Mason’s (2017) typology of embryonic and 

scale-up EEs also delineates EE by stage of development, with the latter characterised by 

increased connectivity through dealmakers and network building. Although there are several 

approaches through which EEs can be conceptualised, viewing an EE through Markusen’s 

(1996) typology of regional structures provides an opportunity to extend the EE approach to 

consider more than a single resilient, functioning EE structure. 

Further, there is no consensus in the literature on how the elements within a region develop 

to transform an EE. Successful regions of entrepreneurship are supported through a virtuous 

cycle of successful entrepreneurship (Venkataraman, 2004). However, as Bresnahan, 

Gambardella and Saxenian (2001, p. 840) note, “For a region that is not yet succeeding, 

‘nothing succeeds like success’ is an empty remark”. In terms of the more recent EE literature, 

Spigel and Harrison (2018) emphasise the research gap that much of the extant literature on 

EEs is cross-sectional and longitudinal research is needed to understand how EE factors are 

produced. 

The idea that an EE develops and evolves at a regional scale, and over time becomes more 

resilient, is one of the foundational ideas of the EE approach. However, to understand how a 

region transforms into a successful EE, development needs to be traced from the earliest 

stages, which, empirically, remains challenging (Spigel and Vinodrai, 2020). Longitudinal 

analysis is still rare in the EE literature. Finally, Mack and Meyer (2016, p. 2118) highlight that 

a static approach also leaves the EE approach “with no sense of the relative importance of 

factors and actors over time”. 

Building upon the first objective to establish the importance of prior employment as a 

mechanism within EEs (Section 1.1.1), the second objective aims to explore how the 

knowledge capital derived from prior employment in high-growth firms influences the resilience 

and development of an EE, from the EE inception with few high-growth firms, to a mature EE 

with high levels of connectivity and resilience. 

1.1.3 Influence of four types of capital in Entrepreneurial Ecosystems 

Much of the prior research into EEs has focussed on successful case studies such as Silicon 

Valley (Huggins and Thompson, 2014; Stam, 2015; Mack and Mayer, 2016) which enabled 

the identification of the factors considered important for entrepreneurship in EEs. However, 

despite years of policy intervention aimed at developing successful EEs, often seeking to 

replicate the Silicon Valley archetype, these appear to have had limited success (Walsh and 

Winsor, 2019). As a result, most regions are embryonic EEs with limited numbers of start-ups 

(Brown and Mason, 2017) and EEs are not homogenous in their composition of factors 
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(Roundy et al., 2017; Spigel and Harrison, 2018). Therefore, it is important to investigate not 

only those regions that have developed successful EEs such as Silicon Valley, but those that 

have not, by exploring the heterogeneity of factors in their composition, including how factors 

relate, interact and complement one another. In a rare quantitative study that explores 

successful and unsuccessful EEs in Netherlands across 12 regions, Stam and Van de Ven 

(2021) highlight the limitations of sourcing this amount of data and call for more robust 

research that explores large countries with numerous regions (USA, EU or China), with data 

available over multiple periods of time.  

Using Nicotra et al.’s (2018) framework of capital to identify, measure and categorise the 

numerous EE factors, the third objective of this research is to create an appropriate large 

dataset to explore the influence of four capital types on different types of entrepreneurship in 

a large country context (USA) with quantitative spatial econometric analysis. 

1.2 Motivations for studying the problem 

Entrepreneurship has become an increasingly important research area because 

entrepreneurship leads to regional economic development (Wennekers and Thurik, 1999; 

Carree and Thurik, 2003; Audretsch, 2004; Acs, 2006; Fritsch, 2008), regional employment 

(Acs and Armington, 2004; Acs and Mueller, 2008; Fritsch, 2008; van Stel and Suddle, 2008) 

and regional innovation (Acs and Audretsch, 1990; Audretsch, 1995; Baumol, 2005). The 

importance of entrepreneurship is also recognised in economic development policy (e.g. 

World Bank, 2010; OECD, 2019). High-growth firms have received particular policy attention 

(e.g. Bosma and Stam, 2012; Goswami, Medvedev and Olafsen, 2019) because directly, they 

are responsible for the greatest share of jobs created (Autio, Kovalainen and Kronlund, 2007; 

Storey, 2016), and indirectly, because they drive regional economic development through 

productivity and competition within a region (Fritsch, 2011). Entrepreneurial firm growth is 

higher in high-technology industries (Audretsch, 1995), especially when based on prior 

knowledge associated with the founder’s prior employment (Bhide, 2000). Therefore, this 

research places an emphasis on not only high-growth firms, but high-tech firms. 

1.2.1 The importance of high-tech and high-growth entrepreneurship 

High-tech entrepreneurship refers to the formation and growth of innovative firms which 

employ advanced technology, typically in technologically sophisticated industries where 

advanced knowledge is important (Frenkel, 2001; Braguinsky et al., 2012). High-tech 

entrepreneurship has attracted attention because firms in high-tech sectors are responsible 

for a large proportion of economic growth, innovation, value creation and employment (Grilli, 

2014; Van Roy and Nepelski, 2017), and firm growth (in terms of sales and employment) is 

higher in high-technology industries (Audretsch, 1995). However, high-tech firms are not 
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always high-growth firms (Feeser and Willard, 1989) which is why the EE approach often 

emphasises high-growth firms rather than high-tech firms. 

High-growth firms are important because, by definition, they have created substantial 

employment, regardless of the means (i.e. technology level) employed. This distinction is 

made in recognition of the highly skewed nature of employment creation by firms. A small 

proportion of high-growth firms generate a large amount of employment, while most firms have 

limited employment impact (Acs and Mueller, 2008; Coad et al., 2014). Innovation appears to 

be crucial for high-growth in high-tech industries (Coad and Rao, 2008), and prior founder 

experience with similar technologies and markets can influence whether high-tech firms are 

high- rather than low-growth (Feeser and Willard, 1989). “In his study of fast growing private 

firms, Bhide (2000) reports that the greatest number came from high-tech, high-growth 

industries, [which] on average were started by highly educated individuals, and tended to be 

based on ideas associated with their founder’s previous employment.” (Braguinsky et al., 

2012, p. 870). The importance of prior founder experience and education for firm growth 

highlights that knowledge is also an important resource for entrepreneurship. 

1.2.2 The importance of knowledge capital for entrepreneurship 

Knowledge is an important contributor to regional economic growth (Chun-Chien and Chih-

Hai, 2008; Hanushek and Woessmann, 2015; Hanushek and Woessmann, 2016). Knowledge 

capital refers to scientific and technical information employed by firms and embedded in 

individuals (Laperche and Liu, 2013). In EEs, knowledge capital refers to the level of know-

how present in a region that creates a hospitable environment for entrepreneurship (Nicotra 

et al., 2018) and the entrepreneurship literature identifies that the link between knowledge and 

economic growth is filtered through entrepreneurship (Audretsch, 2007; Braunerhjelm, 2008). 

In a high-tech entrepreneurship context, the new venture idea, education level, and prior 

experience of a founder play a key role in creating the venture in the first place (Bhide, 2000; 

Braguinsky et al., 2012). Donegan et al. (2019) argue that the know-how and organisational 

insights of entrepreneurs stems from prior employment and strengthen regional high-tech 

entrepreneurial activity. 

Despite its apparent importance, the influence of knowledge capital on firm creation and 

growth is identified in the EE literature with the same emphasis as other types of capital (i.e. 

financial, institutional and social) (Nicotra et al., 2018). Knowledge capital has also received 

insufficient emphasis in the EE literature to date (Qian, 2018; Bendickson et al., 2021; Jones 

and Ratten, 2021). Of the six underlying theories of entrepreneurship (Ferreira et al., 2019), 

only one theory, the KSTE, gives appropriate attention to knowledge capital (Bendickson et 

al., 2021), and proposes that entrepreneurial activity results from knowledge spillovers 
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between firms, generated through the process of employment mobility. In the EE literature 

there have also been calls for knowledge spillovers to be integrated with the EE approach 

(Mason and Brown, 2014; Bendickson et al., 2021) as this provides an opportunity to examine 

not only individual firm spillovers, but how knowledge spillovers affect the EE as a whole. 

1.2.3 The importance of Entrepreneurial Ecosystems for entrepreneurship 

Highly successful EEs are regions that exhibit sustained levels of high-growth, innovative start-

ups, and emerge in a limited number of places such as San Francisco, Beijing and New York 

(Acs et al., 2017). Previous research has viewed these regions through previous perspectives 

such as industrial clusters (Porter, 1990; 2003) and innovation systems (Lundvall, 1985; 

Freeman, 1988; Cooke, 1992; Nelson, 1993; Edquist, 1997; Maskell, 2001). These 

approaches typically focus on large public investments such as infrastructure and attracting 

large multinational firms to spur regional economic development. 

However, the EE approach is important because it differs from previous approaches by 

seeking to harness existing local conditions to support innovative new firms in their formation 

and growth (Spigel et al., 2020). EEs aim to support high quality or ambitious entrepreneurship 

(Alvedalen and Boschma, 2017), although this is variously represented by high-growth firms 

(Stam and Spigel, 2017a; Spigel et al., 2020), innovative start-ups (Stam, 2015) and high-tech 

ventures (Sheriff and Muffatto, 2018; Ghio, Guerini and Rossi-Lamastra, 2019). 

Entrepreneurship in EEs is exemplified by ‘unicorn’ start-ups valued at more than $1 billion 

(Acs et al., 2017). This is an important distinction because most firms are not innovative, nor 

do they create substantial levels of employment (Henrekson and Johansson, 2010; Fazio et 

al., 2016) and blanket support is an inefficient use of scarce public resources (Storey, 2003; 

Spigel and Harrison, 2018). 

Given the importance of high-tech entrepreneurship for regional economic development, this 

dissertation uses the EE approach to firstly understand how knowledge capital is influenced 

by the variety of prior employment experience of high-tech entrepreneurs and secondly to 

evaluate how knowledge capital in EEs develops from prior employment in high-growth firms. 

Thirdly it investigates how knowledge capital relates with other capital types across EEs. 

1.3 Research questions 

Previous approaches to regional economic growth (industrial clusters and innovation systems) 

have required large investments in infrastructure to create successful regions of innovative 

firms. Large investments are increasingly unpopular with policy makers due to scarce public 

resources which may explain the increasing popularity of the EE approach (Spigel et al., 

2020). The EE approach offers an alternative by emphasising existing local conditions which 

are harnessed to support innovative new firms in their formation and growth. 
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This dissertation adds to a growing body of literature aiming to investigate local conditions, 

especially on how knowledge capital influences high-tech and high-growth entrepreneurship 

in EEs. 

1.3.1 Research question 1: Influence of types of prior employers of 

entrepreneurs 

Individuals build different types of knowledge through their employment, education and 

research which can be transferred between organisations through employee mobility and can 

influence high-tech venture creation (Audretsch, 2005; Acs et al., 2009). Knowledge can be 

considered explicit (tangible) when gained formally through education and research, or implicit 

(tacit) when gained informally through prior experience (Nonaka, Toyama and Konno, 2000). 

Tacit knowledge from prior employment experience is particularly important for 

entrepreneurship because it facilitates identification of opportunities that are not easily 

imitated, leading to competitive advantage (Kogut and Zander, 1992; Smith, Matthews and 

Schenkel, 2009), improves early growth prospects (Marvel and Droege, 2010; Wennberg et 

al., 2011) and increases earnings (Robinson and Sexton, 1994). Further, tacit knowledge is 

created and reinforced through interactions with other individuals with complementary tangible 

and tacit knowledge (Nonaka et al., 2000), providing a strong fit with the EE approach which 

recognises systemic interdependencies (i.e. employs a systems thinking) that emphasise the 

interactions within the EE. 

However, the EE literature on knowledge capital currently emphasises only the tangible 

knowledge from education and research, largely derived from universities (Malecki, 2018; 

Nicotra et al., 2018), without addressing the important role of tacit knowledge from 

employment in a wide variety of EE organisations. Where prior employment has been 

considered, it has been limited to prior employment experience in universities (university 

spinouts) and in large firms (corporate spinoffs) (Donegan et al., 2019), providing an 

opportunity to better understand these in relation to prior employment in other types of EE 

organisations such as venture capital, accelerators and incubators and other start-up firms. 

Therefore, Chapter 2 sets out to investigate the relative importance of tacit knowledge gained 

from a varied profile of EE organisation types that make up the prior employers of 

entrepreneurs. To investigate this objective, chapter 2 sets out to answer: 

Research question 1: which types of prior employers (universities, multinationals, 

venture capital, start-ups, hubs, other) of high-tech entrepreneurs have the most 

important influence on knowledge capital within entrepreneurial ecosystems? 
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1.3.2 Research question 2: Entrepreneurial Ecosystem development through 

knowledge capital derived from prior employment of entrepreneurs 

Much of the extant empirical EE research is based on case-study snap shots (Huggins and 

Thompson, 2014; Stam, 2015; Mack and Mayer, 2016; Nicotra et al., 2018) which are 

incomplete compared to longitudinal analysis (Malecki, 2018) and fails to consider how EEs 

develop (Mack and Mayer, 2016). It is difficult to understand the development of the EE without 

understanding how EE elements interact (Motoyama and Knowlton, 2017; Shwetzer et al., 

2019). A longitudinal approach may be provided by social network analysis which has been 

missing from EE research thus far (Alvedalen and Boschma, 2017). In terms of the theoretical 

development of EEs, the EE literature has proposed linear development such as a life cycle 

evolution (Mack and Mayer, 2016) and a process theory of EE development (Spigel and 

Harrison, 2018). Both propose a single development path which increases EE resilience and 

connectivity until a tipping point where maturity turns into decline, after which connectivity and 

resilience subside. 

However, Markusen (1996) has identified at least four different regional structures with 

differing levels of connectivity, all of which are resilient. Markusen (1996) questions whether it 

is possible for a region to transform from one type of region into another while maintaining 

resilience. 

Building on the previous question which explored which prior employers are most important 

for knowledge capital in EEs, Chapter 3 sets out to answer: 

Research question 2: how does knowledge capital derived from prior employment 

influence the development of resilience and the structure of an entrepreneurial 

ecosystem? 

1.3.3 Research question 3: Influence of capital in Entrepreneurial Ecosystems 

An EE comprises numerous actors, factors and resources which interact and reinforce one 

another. While the first two chapters focus on knowledge capital, the third chapter expands 

this to other capital types within EEs. Nicotra et al. (2018) provide a framework of four types 

of capital and propose a number of longitudinal data sources that might be used to measure 

how each type of capital influences entrepreneurship in the EE. However, Nicotra et al.’s 

(2018) focus on interactions of EE elements within the EE does not address that EE elements 

have interactions across EEs as well (Malecki, 2011). Some EE elements may operate at 

global or national scales while others operate at local scales which suggests that analysis 

should consider EE interactions both within and across EEs. Further, the third research 

question provides a link between the first two research questions by exploring both the high-
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tech entrepreneurship investigated in the first question, and high-growth entrepreneurship in 

the second research question. 

The third research question adopts Nicotra et al.’s (2018) framework and sets out to 

understand how financial, institutional, knowledge and social capital in EEs influence different 

types of entrepreneurship: 

Research question 3: what is the influence of financial, institutional, knowledge 

and social capital on different types of entrepreneurship in entrepreneurial 

ecosystems? 

1.4 Theoretical overview 

Despite a strong theoretical tradition in entrepreneurship (e.g. Cantillon, 1755; Knight, 1921, 

Schumpeter, 1942; Kirzner, 1973), the modern development of entrepreneurship research 

from the 1980s to the present has consistently been criticised for lack of theory and difficulty 

in agreeing on a definition of entrepreneurship (Bygrave and Hofer, 1992; Bull and Willard, 

1993; Gartner, 2001; Tedmanson et al., 2012; Dodd, Anderson and Jack, 2021). Although, 

theory development in entrepreneurship has progressed, it remains largely fragmented. For 

example, Ferreira et al. (2019) identify six underlying theories of entrepreneurship although 

three of these are associated with a single publication and two of the theories have overlapping 

intellectual relationships. The remaining theory, the KSTE, is identified as the most 

concentrated and distinct of the six theories of entrepreneurship (Bendickson et al., 2021). 

The KSTE literature in turn sought to become more holistic with recent calls for integration 

with the EE approach (Bendickson et al., 2021) and this integrated thinking is gaining more 

attention. This is in part because EE appears to address the fragmentation of the 

entrepreneurship literature by applying systems thinking to bring about a more holistic view of 

entrepreneurship (Shwetzer et al., 2019). 

1.4.1 Emergence of regional entrepreneurship research 

The term ‘entrepreneur’, in the sense that it is used today as a private sector individual who 

undertakes risk for profit, was first introduced by an Irishman, Richard Cantillon, in 1730 and 

provided a central theoretical construct to explain how markets worked. Cantillon’s work, 

published in 1755 in French (see Saucier, 2010 for an English translation of the work), formed 

a springboard for modern theoretical economics (Thornton, 2009; Landström and Lohrke, 

2010; Brown and Thornton, 2013; Thornton, 2020). There have been two major refinements 

to Cantillon’s conceptualisation of entrepreneurship. First, Knight (1921) proposed a 

distinction between risk and uncertainty, with the suggestion that entrepreneurs manage 

uncertainty rather than risk. Second, Schumpeter (1942) highlighted the role of the 



   

 14 

entrepreneur as an agent of economic change through innovation which differed from 

Cantillon’s conceptualisation of an entrepreneur as a merchant. 

During the early post-war period, innovation mainly took place through large established firms, 

with new firm creation remaining at a low level until the late 1970s (Carlsson et al., 2009). This 

corresponded with limited progress in entrepreneurship research (Carlsson et al., 2013). After 

this period, entrepreneurship research appears to have substantially increased (Landström, 

Harirchi and Åström, 2012), and large firms (previously seen as drivers of innovation), were 

increasingly seen as slow to adjust to new conditions (Carlsson, 1989; Carlsson, 1995). During 

this time, an important contribution was made by Kirzner (1973) who focussed on how 

entrepreneurs apply their alertness and knowledge of the market to exploit opportunities and, 

in doing so, contribute to market equilibrium. 

Therefore, the development of entrepreneurship research has emphasised the individual, 

while overlooking contextual elements that contribute to entrepreneurial success (Shane, 

2003; Sternberg, 2010; Welter, 2011). Nonetheless, in the period in which entrepreneurship 

research substantially increased in the 1980s, there were examples of ‘entrepreneurial 

infrastructure‘ and ‘entrepreneurial environment’ studies which examined the influence of 

regional factors on entrepreneurship (Pennings, 1982; Dubini, 1989; Van de Ven, 1993; 

Gnyawali and Fogel, 1994; Bahrami and Evans, 1995). 

In reviewing the rising interest in the context in which entrepreneurs operate, Sternberg (2010) 

uses the term ‘regional entrepreneurship’ to define the domain. Regional entrepreneurship 

research is underpinned by the persistent phenomenon of some regions exhibiting high levels 

of entrepreneurship while other regions exhibit low levels of entrepreneurship. This has 

happened in spite of trends that suggest regions would become more equal as knowledge 

becomes more available in the information age (Audretsch, 1998, p. 18). For example, 

regional entrepreneurship differences appear to be persistent despite improvements in 

telecommunications which reduce the costs associated with conducting business over large 

distances and has resulted in globalisation of large firms. Yet knowledge, which has become 

an increasingly important resource for competitive advantage in a knowledge economy, 

remains better communicated via local proximity (Audretsch, 1998). 

This persistence of regional differences in the levels of entrepreneurship is often termed the 

‘stickiness’ of regions (Fotopoulos, 2014), which Venkataraman (2004) explains through 

virtuous and vicious cycles of regional entrepreneurship. There are two main criticisms of the 

regional entrepreneurship literature. First, Venkataraman’s (2004) virtuous and vicious cycles 

highlight a chicken-and-egg problem in the development of successful regions of 

entrepreneurship where “nothing succeeds like success” (Bresnahan et al., 2001, p. 840), 
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providing little help to understand how some regions can develop high levels of 

entrepreneurship. Secondly, the regional entrepreneurship literature has not focused on the 

interrelated aspects of the elements within a region of entrepreneurship (Alvedalen and 

Boschma, 2017). Without an understanding of the interactions between elements that 

influence entrepreneurship within a region, the development of entrepreneurship within 

regions cannot be understood (Motoyama and Knowlton, 2017), because interactions 

between elements mean that the development of each element reinforces the development of 

other elements. Scholars widely agree that the systemic nature of entrepreneurial activity is 

underdeveloped (Qian, Acs and Stough, 2013; Acs, Autio and Szerb, 2014; Cavallo et al., 

2019; Shwetzer et al., 2019) and that this signifies an important research gap. Therefore, the 

research on regional entrepreneurship has embraced the EE approach (Malecki, 2018) which 

seeks to resolve some of the shortcomings of prior entrepreneurial research. 

1.4.2 Emergence of the Entrepreneurial Ecosystems approach 

Cohen (2006) is attributed as the first to use the phrase ‘Entrepreneurial Ecosystem’ 

(Alvedalen and Boschma, 2017; Kuckertz, 2019), although Malecki (2018) notes that 

numerous other terms have been used, such as ‘systems of innovation and entrepreneurship’, 

‘tech start-up ecosystems’ and ‘urban innovation systems’, based on the link between high- 

technology firms and entrepreneurship. Indeed, Bahrami and Evans (1995) evaluate Silicon 

Valley’s ‘ecosystem’ and identify six components that support high-tech firms which closely 

match the elements commonly identified in the EE literature. Cohen’s (2006) case study of a 

high-tech region, Victoria, British Columbia, identified seven important components (informal 

network, formal network, university, government, professional and support services, capital 

services and talent pool) which support and sustain the development of an EE though the 

reinforcement of innovation, dissemination and commercialisation of innovations, provision of 

favourable policy instruments, strategic advice, start-up capital and knowledge. Cohen (2006) 

in turn identifies Neck et al.’s (2004) case study of Boulder, Colorado, as among the first 

attempts to identify the multiple elements that influence entrepreneurship in a high-tech 

agglomeration of firms. 

The EE approach draws on previous work on agglomeration (Shwetzer et al., 2019) which 

sought to understand why activity concentrated in particular areas. Although studies of the 

regional agglomeration of firms have a long history (Marshall, 1890; Weber, 1929; Hoover, 

1937), the increased emphasis on knowledge and innovation since the mid 1980’s has created 

renewed interest in agglomeration using a diverse range of theoretical perspectives, which are 

sometimes chaotic (Martin and Sunley, 2003) but offer an opportunity for a multi-perspectival 

approach and ‘good theorising’ (Benneworth and Henry, 2004, p. 1021). A variety of 

terminology is often used interchangeably (Cruz and Teixeira, 2010) and stems from a number 
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of origins (Newlands, 2003) including industrial economics (Pyke, Becattini and 

Sengenberger, 1990), strategic management (Porter, 1990; 2003), and economic geography 

(Lundvall, 1985; Freeman, 1988; Cooke, 1992; Nelson, 1993; Edquist, 1997; Maskell, 2001). 

Although emphasis differs from knowledge to institutions to specialisation and competitive 

advantage, the important thread through the agglomeration literature is Marshall’s (1890) 

notion of positive externalities and feedback mechanisms that allows agglomeration to achieve 

improved regional economic outcomes through productive efficiencies. 

However, these strands of agglomeration literature have typically ignored the role of the 

entrepreneur (Sternberg, 2010). Conversely, although notable entrepreneurship studies have 

explored the relationship between the regional environment and entrepreneurial activities 

(Dorfman, 1983; Gartner, 1985; Specht, 1993; Van de Ven, 1993; Feldman, 2001), there are 

still substantial gaps in terms of adequate regional theories of entrepreneurship (Sternberg, 

2010). Together with the increasing relevance of entrepreneurship policies and the role of 

small firms for regional growth (Audretsch, 2004; Wennekers and Thurik, 1999; Carree and 

Thurik, 2003; Acs, 2006), this has drawn the attention of entrepreneurship researchers 

resulting in the EE approach. Spigel and Harrison (2018) examine the differences between 

prior approaches to regional innovation and development and the EE approach, concluding 

that the shift in emphasis to the entrepreneur creates a need for a better understanding of the 

processes through which regions support entrepreneurship and how EEs change over time. 

Several EE studies (e.g. Vogel, 2013; Acs et al., 2017; Sheriff and Muffatto, 2018; Cavallo et 

al., 2019; Kang et al., 2019; Stam and Van de Ven, 2021) identify Tansley (1935) as the 

originator of the ecosystem terminology and defined ecosystem elements as a collection of 

complex organisms and habitats (i.e. assemblages) related to their environments. Tansley’s 

essay deals extensively with the underlying process of succession, although this term has not 

entered the EE literature. Succession refers to the predictable sequence of phases through 

which an ecosystem passes as it develops. Both research that contemplates EE development 

(Mack and Mayer, 2016; Spigel and Harrison, 2018; Cantner et al., 2021), and research that 

attempts to “take the entrepreneurial ecosystem metaphor seriously” (Kuckertz, 2019, p. 1) 

make no mention of succession. Therefore, it is not surprising it remains unclear what value 

is achieved by embracing the ecosystems terminology in the entrepreneurship literature 

(Alvedalen and Boschma, 2017). The ecosystem metaphor has been embraced in the 

organisational literature to describe the relationship between organisational type and the 

environment (Hannan and Freeman, 1977), the strategy literature to describe how 

coordination can create value for firms (Adner, 2017), and the regional development literature 

(Porter, 1990; Cooke, 1992) to understand how a region can become more competitive, 

productive and innovative. However, these streams of literature have typically ignored a 
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fundamental type of actor playing the role of an entrepreneur (Acs et al., 2017). Therefore, the 

emergence of the EE approach has contributed to the regional development literature by 

placing the entrepreneur in a central role and bringing together environmental elements and 

systems thinking by recognising that complexity and variation arise within an ecosystem, 

which is reinforced by the relationships and interactions of elements, actors and factors as 

they evolve and change. 

1.4.3 The Entrepreneurial Ecosystems approach 

Although the EE approach has been criticised for repackaging old ideas such as innovation 

systems and industrial clusters (Oh et al., 2016; Brown and Mason, 2017), by placing a central 

role on the entrepreneur and focussing on the interactions between elements in the region, 

the EE approach offers a new perspective to understand why some regions have more new-

firm creation and growth than others (Brown and Mason, 2017). This is important because 

although the aim of regional development remains the same as approaches such as regional 

innovation systems and industrial clusters, the output emphasised is innovative high-growth 

firms rather than large corporate innovation and productivity (Nicotra et al., 2018), which are 

increasingly seen as the driver of innovation and economic development (Szirmai, Naudé and 

Goedhuys, 2011). 

There remains some disagreement on the definitions of EEs (Stam, 2015; Brown and Mason, 

2017; Credit, Mack and Mayer, 2018; Stam and Van de Ven, 2021) although recent literature 

reviews provide evidence of convergence (Table 1.1). There appear to be four core concepts 

in common with all EE definitions which are a) lists of relevant types of elements within the 

EE, b) complex interactions between EE elements, c) the central role of the entrepreneur 

within d) a spatially defined region.
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Table 1.1: Literature reviews with analysis of definitions of Entrepreneurial Ecosystems 

Literature 

review 

EE literature base Definitions Summary of suggested future research 

areas 

Acs et al. 

(2017) 

11 journal articles in a special 

issue on EEs in Small Business 

Economics 

Accepts Stam (2015) and Stam and Spigel’s 

(2017) focus on a) the interdependency of b) a set 

of elements which c) enable entrepreneurship in 

d) a particular region 

Further work should clarify how well EEs enable 

the exploration of knowledge, what the spatial 

and temporal boundaries of EE are, and what 

governance structures might facilitate 

interactions between EE elements. 

Alvedalen 

and Boschma 

(2017) 

392 publications from EBSCO, 

Web of Science and Scopus 

Provide quotes of five definitions of EEs and 

summarises that interdependency between 

elements with an entrepreneur in the central 

position and how it leads to EE performance. 

Social network analysis, ideally employed at 

multiple scales and across regions, will provide 

a useful insight into how EEs develop and which 

EE elements are important 

Cao and Shi 

(2020) 

68 studies from Web of Science, 

ProQuest and Google Scholar, 

supplemented by snowballing 

through references of potentially 

relevant articles 

Lists 16 definitions although does not analyse or 

summarise them 

EE changes should be studied by focussing on 

resource scarcities, structural gaps and 

institutional voids.  

Cavallo, et al. 

(2019) 

47 journal articles from Scopus, 

including journal articles, 

conference proceedings and 

books 

Tables 16 definitions and accepts Stam’s (2015), 

which focusses on a) the interdependency of b) a 

set of elements which c) enable entrepreneurship 

in d) a particular region 

EE studies should investigate sub-systems of 

the wider ecosystem and focus on specific 

regions with innovative high-growth firms to 

understand which actors play a key role in 

governing how ecosystems develop. 
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Literature 

review 

EE literature base Definitions Summary of suggested future research 

areas 

Credit et al. 

(2018) 

37 studies from Web of Science Specific definitions are not provided. They note 

that EEs are defined by a) numerous EE elements 

b) foster entrepreneurial ventures and c) it is the 

interactions rather than any single element which 

drives new venture activity 

Comparisons of the presence and absence of 

elements over time and across EEs will help to 

understand the development of EEs. New social 

media sites such as LinkedIn and Twitter offer 

promising avenues for studying EEs. 

Malecki 

(2018) 

331 studies from Scopus, Web of 

Science, and Google scholar for 

books and presentations 

Lists 14 definitions and discusses common 

characteristics: a) interactions and systems of b) a 

list of elements in c) a region. 

Although often measured at national scale, EEs 

should be measured at local levels, address the 

role of universities and use social network 

analysis to conduct longitudinal analysis that 

explores how ecosystems evolve. 

Velt et al. 

(2020) 

153 articles from Web of Science Accepts Stam’s (2015) definition, which focusses 

on a) the interdependency of b) a set of elements 

which c) enable entrepreneurship in d) a particular 

region 

Although six invisible colleges of EE literature 

were identified, to advance the EE approach, 

key unanswered research questions require an 

understanding of all of six areas. 
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The first characteristic of EE definitions, long lists of elements, has received frequent criticism 

(Stam, 2015; Stam and Spigel, 2017a; Spigel and Harrison, 2018; Cavallo et al., 2019; Stam 

and Van de Ven, 2021) because much of the early literature focussed on identifying numerous 

elements rather than on how they interact, evolve or result in high-growth entrepreneurship. 

From its inception, the EE literature has attempted to deal with the criticism of ‘laundry lists’ of 

elements by categorising the long lists of EE elements in various ways. For example, Neck et 

al. (2004) provide one of the earliest lists of components that comprise a system of regional 

entrepreneurship, listing 13 elements (culture, physical infrastructure, large corporations, 

talent pool, capital sources, professional support services, government, university, informal 

and formal networks, incubator organisations, and implicit, explicit and second generation 

spinoffs), which they categorise into five areas (formal and informal networks, incubator 

organisations, physical infrastructure and culture). Cohen (2006) follows this approach by 

listing seven important elements of the Victoria, British Columbia ecosystem, categorised into 

the natural environment and culture, partnerships between EE organisations such as venture 

capital and local government, and talent found in successful start-ups. Cohen asks an 

important, as yet unanswered question: which components are more important than others to 

develop the EE? This is addressed in Chapter 2 of this dissertation, which attempts to answer 

this by exploring the influence of different types of prior employers of high-tech entrepreneurs 

on the knowledge capital in the EE. 

After Cohen, the EE literature continued to identify, list and categorise EE elements with 

Isenberg’s (2011) seminal presentation detailing six domains (human capital, finance, culture, 

supports, policy and markets) and 12 additional elements (labour, education, financial capital, 

success stories, societal norms, infrastructure, support professions, non-government 

institutions, leadership, government, early customers and networks) which form a common 

starting point for many subsequent studies that present lists of factors, actors and elements in 

the EE literature. Brown and Mason (2017) refer to Isenberg’s (2011) six domains before 

further summary, presenting four categories (orientation, connectors, actors and resource 

providers) of 22 interacting elements. Mack and Mayer (2016) use the six domains to develop 

an evolutionary view consisting of four stages (build, grow, sustain, decline) of EE 

development. The latest research contribution (Nicotra et al., 2018) recognises the elements 

as four capital types which this dissertation adopts as an organising framework of EE 

elements.  

The second common characteristic of EE definitions is the complex interactions between EE 

elements. Since EEs comprise start-ups and scale-up firms with a wide variety of value 

propositions, they do not typically compete with each other (Autio et al., 2018). Rather, firms 

in EEs tend to share knowledge and resources. 
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Interactions between EE elements have been studied using interview data to identify 

connections which are then mapped using social network analysis (Clarysse et al., 2014; 

Motoyama and Knowlton, 2016; Motoyama and Knowlton, 2017; Neumeyer, Santos and 

Morris, 2019). Other studies have encapsulated the interactions in a process of 

entrepreneurial recycling (Bahrami and Evans, 1995; Spigel and Vinodrai, 2020) which 

transfers knowledge and skills from one organisation to another through employee mobility. 

These studies highlight that interactions between EE elements are important for 

entrepreneurial learning which is thought to be more valuable for high-growth firms than mere 

resource provision required by start-ups (Mason and Brown, 2014). In the earlier phases of 

entrepreneurship, improved interactions may lead to increased legitimacy of start-ups which 

can enhance access to resources in the EE (Kuratko et al., 2017). Therefore, interactions of 

EE elements are important for both start-ups and scale-ups in the EE and this dissertation will 

use social network analysis and spatial economic analysis (which consider interactions 

between EE elements and links between EEs) to add to this knowledge. 

The differing influences of interactions on start-ups and scale-ups highlights the third 

distinctive feature of EE definitions. Although there is agreement that the entrepreneur plays 

an important role in EEs, there is disagreement about whether they play a central role. Several 

authors explicitly place the entrepreneur as the leader of the EE (Acs et al., 2017; Alvedalen 

and Boschma, 2017; Brown and Mason, 2017; Stam and Spigel, 2017a), responsible for both 

building and sustaining the EE, while Malecki (2018) discusses how universities can act as a 

central actor in the EE. Spigel (2017) shows how Calgary’s oil and gas market acts as the 

central EE element for developing and sustaining the EE, while Colombelli et al. (2019) identify 

an incubator as the central actor in Turin’s EE development. These examples suggest that the 

central role of entrepreneurship is not the defining characteristic of the EE approach. Rather, 

the EE approach appears to be defined by the emphasis placed on the outcome of productive 

entrepreneurship. Productive entrepreneurship refers to “any entrepreneurial activity that 

contributes directly or indirectly to net output of the economy or to the capacity to produce 

additional output” (Baumol, 1990, p. 30). While this clarifies what ‘productive’ means, the term 

‘entrepreneurial’ requires further explanation. Cavallo et al. (2019, p. 1295) summarise 

‘entrepreneurial’, in the EE literature, to mean “exploring, evaluating and exploiting 

opportunities for creating new goods and services (Schumpeter 1934; Shane and 

Venkataraman 2000).” One further distinction appears necessary to define entrepreneurship 

in the EE approach. EEs aim to support “high quality or ambitious entrepreneurship in 

particular… This stands in contrast to entrepreneurship in general that is associated with new 

firms and self-employed” (Alvedalen and Boschma, 2017, p. 891). 
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Productive entrepreneurship in EE literature appears to be operationalised in three main ways. 

Firstly, productive entrepreneurship is operationalised as new firm entry (e.g. Neck et al., 

2004). Secondly, entrepreneurship is operationalised as firm growth (scaling) (e.g. Corrente 

et al., 2019). Thirdly, it is operationalised in terms of innovation, often focussing on high-tech 

start-ups and industries. For example, Spigel and Vinodrai (2020) focus on start-ups in 

Waterloo’s high-tech industry anchored around the high-tech, high-growth firm, Blackberry. 

Motoyama and Knowlton (2016; 2017) focus on start-ups in St. Louis’ biotech and IT high-tech 

industry. This research indicates that the EE approach needs to consider both high-tech start-

ups and high-growth firms. Therefore, this dissertation will explore entrepreneurship in terms 

of both high-tech firms and high-growth firms (Chapter 2 and Chapter 3 respectively). Chapter 

4 addresses this third building block of the EE definition by operationalising entrepreneurship 

as both high-tech and high-growth firms, and adds startups, main street entrepreneurship and 

low-tech firms to identify how these are differently influenced by the EEs in which they are 

located. 

Finally, the fourth building block of the EE definition is that entrepreneurship occurs in a 

spatially defined region. There remain differing interpretations about the scale of these 

boundaries. Some studies look at a national scale (Hechavarria and Ingram, 2014; 

Hechavarría and Ingram, 2019; Pawitan, Widyarini and Nawangpalupi, 2019), others at a 

metropolitan level (Vedula and Kim, 2019), while it is probably true that most boundaries of 

EEs fall somewhere in between these two (Stam and Van de Ven, 2021). Further, different 

components of the EE may operate at different scales. For example, some regulations such 

as national tax rates are determined nationally, while others such as business licencing are 

particular to a province or city. Stam and Van de Ven (2021) argue that boundaries are often 

arbitrarily determined, and probably lie somewhere between national and metropolitan levels 

of analysis. Theoretically, it is appropriate to examine differing geographic scales of EEs and 

links across EEs because it is proposed that EEs at smaller scales are ‘nested’ (Wurth, Stam 

and Spigel, 2021; Cho, Ryan and Buciuni, 2022) into EEs at larger scales. This 

conceptualisation of ‘nestedness' follows earlier elaborations on how small scale (local) EEs 

form part of a larger regional innovation system, which have linkages across regions, 

altogether forming a global network of innovation (Malecki, 2011). The EE literature also calls 

for an expansion of the EE concept to consider a typology of ecosystems with differing spatial 

characteristics and interactions across EEs (Cho et al., 2022). Therefore, this dissertation will 

consider multiple scales for the boundaries of EEs to see the influence of the unit of analysis 

chosen (Chapter 2), and to consider links between EEs measured at different scales (Chapter 

4). 
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Despite converging clarity on what the EE approach is and is not, the approach remains under-

theorised (Wurth et al., 2021) and this can be seen as an opportunity to apply theory in a way 

that shifts the focus from individual entrepreneurs to the environment in which entrepreneurs 

operate. In this way, the metaphor of an ecosystem (as it is understood in a natural science 

context) can be upheld in the entrepreneurship context. 

Entrepreneurship is multifaceted (Shepherd et al., 2019) and there remains “no theory of 

entrepreneurship that can account for the diversity of topics that are currently pursued by 

entrepreneurship scholars.” (Gartner, 2001, p. 34). Ferreira et al. (2019) identify six underlying 

of theories relating to entrepreneurship research, which has been used in the EE literature to 

identify opportunities for enhancing the EE approach (Bendickson et al., 2021). The six 

theories are ‘creation and networks theory’, ‘decision making theory’, ‘specialisation of labour 

theory’, ‘social entrepreneurship theory’, ‘entrepreneurship and the informal economy theory’, 

and the ‘knowledge spillover theory of entrepreneurship’. 

The ‘Creation and networks theory’ includes aspects of decision-making, information use, 

utility, unity and networking in creating a new venture. ‘Decision-making theory’, which the 

authors acknowledge is somewhat overlapping, proposes that success and failure of 

entrepreneurs stems from decision-making processes. These decisions relate to timing the 

venture, innovating in combinations offered and risk mitigation. ‘Decision making theory’, in 

contrast to ‘creation and networks theory’ emphasises the individual in entrepreneurship. 

Similar to ‘decision making theory’, ‘specialisation of labour theory’ emphasises the individual 

entrepreneur, but considers their context by proposing that entrepreneurs respond to a gap in 

the market using their specialist ability to pick out opportunities. In a similar vein, ‘Social 

entrepreneurship theory’ proposes that intrinsic characteristics of individuals explain 

entrepreneurial activities. However, social entrepreneurs (typically founders of non-

governmental organisations) are motivated to improve the lives of others. In doing so, they 

differ from profit-seeking entrepreneurs spurred by profit maximisation. Conversely, 

‘Entrepreneurship in the informal economy theory’ seeks to explain entrepreneurial processes 

by placing an emphasis on the context of the entrepreneur. In the informal economy, activity 

considered illegal in formal economy, gain legitimacy from stakeholder engagement. 

In their analysis, Ferreira et al. (2019) found KSTE to be the most developed, cited and most 

prominent of the six underlying theories of entrepreneurship. It appears to be well suited to 

this task because it emphasises the importance of knowledge external to the individual 

entrepreneur. Knowledge, and how that knowledge spills over from its source to where it is 

utilised, has previously been considered in both the industrial clusters and regional innovation 

systems literature (Iammarino and McCann, 2006; Liao, 2015; Stejskal, Hajek and Hudec, 
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2018) although these approaches have an important difference from the EE approach. While 

prior approaches emphasise large, competing firms with integrated value chains, EEs are 

composed of collaborating start-ups and scale-ups that share numerous resources (Autio et 

al., 2018). As a result, the character of knowledge spillovers are different in EEs than in 

clusters or regional innovation systems. 

1.4.4 Knowledge spillover theory of entrepreneurship 

The KSTE proposes that entrepreneurial opportunities are created by knowledge and ideas 

(Audretsch and Keilbach, 2007b). Therefore, high knowledge contexts generate more 

entrepreneurial opportunities while poor knowledge contexts lead to fewer entrepreneurial 

opportunities (Audretsch, Keilbach and Lehmann, 2005). The KSTE further proposes that 

ideas and knowledge created in one context may not be immediately valuable (Acs and 

Armington, 2004; Acs and Armington, 2006; Audretsch, Keilbach and Lehmann, 2006; Qian, 

2018). However, if that knowledge is transferred to a different context, its value may change 

and it can create an opportunity. This creation and transfer of knowledge to a different context 

is referred to as a knowledge spillover. The potential for knowledge spillovers to enhance 

entrepreneurship is demonstrated well through the example of technical knowledge created 

in a large firm or university. Knowledge created in a large organisation may not be 

commercialised internally because it lacks direct application to the strategy and objectives 

within the organisation, however, should an employee with this knowledge create a corporate 

spinout, the knowledge is transferred to a different context and may become valuable (Acs 

and Armington, 2004; Acs and Armington, 2006; Audretsch et al., 2006).  

The importance of the KSTE lies in the role of the entrepreneur as central to the process, 

acting as a conduit for knowledge spillover (Acs et al., 2009). This makes the entrepreneurship 

process a linking mechanism between investments in new knowledge and economic growth 

(Audretsch, 2005; Audretsch and Lehmann, 2005). 

The novelty of the KSTE to the entrepreneurship field is the provision of a theoretical shift from 

treating opportunities as extrinsic to the entrepreneur to focus on the knowledge environment 

around entrepreneurs (Audretsch et al., 2005). In this way, the KSTE integrates existing 

theories of entrepreneurship with prevailing theories of economic growth, geography, and 

strategy (Audretsch, 2005; Audretsch et al., 2005; Acs, Audretsch and Lehmann, 2013). The 

KSTE provides not only an explanation of why entrepreneurship has become more prevalent, 

in line with the emergence of knowledge as a crucial source for competitive advantage, but 

also why entrepreneurship plays a vital role in generating economic growth. Further, because 

knowledge capital is heterogenous across regions and knowledge spillovers are locally 

bounded, or at least more frequently accessible and applicable locally, their influence on 



   

 25 

entrepreneurship is regionally bounded which results in heterogenous regions of 

entrepreneurship. 

Although the KSTE proposes the link between knowledge spillovers and entrepreneurship in 

terms of enhanced firm entry, while the EE approach explicitly deemphasises overall start-up 

rates in favour of enhancing entrepreneurial firm growth, the KSTE and the EE approach are 

compatible because knowledge spillovers also improve start-up survival (Acs, Armington and 

Zhang, 2007) and enhance firm performance, especially in high-tech and innovative contexts 

(Agarwal, Audretsch and Sarkar, 2010; Ferreira, Ratten and Dana, 2017). Therefore, an 

integration of the KSTE with the EE approach offers an opportunity to explore the interactions 

between EE elements in terms of their knowledge spillovers and how this influences high-tech 

and high-growth entrepreneurship. 

1.5 Research methodology 

1.5.1 Data 

1.5.1.1 Data on prior employers of Irish high-tech entrepreneurs in Irish Entrepreneurial 

Ecosystems 

Understanding the Irish ecosystem compared to other similar countries, as well as 

understanding the spatial distribution within Ireland is important because Ireland has created 

a unique institutional environment that has attracted Europe, the Middle East and Africa 

(EMEA) headquarters for most global software, medtech, pharma and industrial automation 

firms(IDA Ireland, 2021). Dublin is listed as a top start-up ecosystem (Startup Genome, 2020), 

while large high-tech multinationals are established throughout major centres in Ireland. For 

example, Apple’s EMEA headquarters is based in Cork (6000 employees), Analogue Devices 

has operations in Limerick (1,232 employees) and Boston Scientific is located in Galway 

(3,000 employees). Nonetheless, Dublin hosts most high-tech multinational EMEA 

headquarters including Google (3,579 employees), Facebook (4,500 employees), Microsoft 

(1,792 employees), Amazon (1,700 employees) and Ebay (1,070 employees). Together, 

Ireland’s large high-tech multinational firms offer a fertile environment for the high-tech 

employment investigated. Further context is provided in Appendix 1, including several maps 

and graphs of secondary data (OECD, Eurostat, IVCA) on the spatial distribution of innovative 

performance, talent and venture capital within the Irish ecosystem. These are contextualised 

against the performance in similar sized nations (Finland, Denmark, Israel). 

This is followed by primary data from 15 semi-structured interviews with Irish high-tech 

entrepreneurs to illustrate the types of knowledge that these entrepreneurs develop from prior 

employment and transfer to their high-tech ventures within the Irish ecosystem. 
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Having contextualised Ireland’s ecosystem and illustrated the types of knowledge that high-

tech entrepreneurs in Ireland hold/transfer, the first study uses individual-level employment 

data to investigate interactions within EEs, which is novel data in the EE approach (Spigel and 

Vinodrai, 2020). Obtaining data aggregated at this level often remains a difficult task because 

the data is sparse (Spigel and Vinodrai, 2020), although social media is becoming an 

increasingly popular source of employment data for studying how career trajectories lead to 

entrepreneurship (Avnimelech et al., 2007; Chen and Thompson, 2016; Spigel and Vinodrai, 

2020). 

Social media was used to obtain employment data in 12,526 organisations, for 2,148 high-

tech entrepreneurs in Ireland. The entrepreneurs were identified from an Irish business 

directory (TechIreland) of 1,503 Irish high-tech firms. Following a similar approach to Spigel 

and Vinodrai (2020), to identify different types of actors in the EE, the 12,526 employers were 

coded by matching organisation names against business directories of indigenous and 

multinational tech firms, investors and ‘hubs’ consisting of research institutes and 

accelerators, as well as higher education institutes (HEI). Indigenous high-tech firms were also 

matched against a listing of Irish university spinouts. 

Next, the prior employers of high-tech entrepreneurs were geocoded to their registered 

business location using a geographical information system ArcMap v10.4. This enabled 

analysis of differences between national and regional level career history networks, and 

linkages between EEs at a regional scale. 

1.5.1.2 Data on prior employers of high-growth firm leaders in an Irish Entrepreneurial 

Ecosystem 

The second study (Chapter 3) followed a similar data collection and categorisation approach 

as the first study. Using a business directory from IDA Ireland, the agency responsible for 

attracting foreign direct investment to Ireland, 247 high-growth multinational IT firms were 

identified to create an initial dataset. These firms represent rapidly growing organisations, in 

terms of both sales and employee numbers, which intend to expand to the European market. 

The high-growth firms were geocoded using company registration information to focus on the 

Dublin ecosystem. Dublin is a good context for the study because it is listed as a top start-up 

ecosystem (Startup Genome, 2020), and is home to the Europe, Middle East and Africa 

(EMEA) headquarters for most global IT firms (IDA Ireland, 2021). In particular, Dublin is host 

to leading internet firms concentrated within an area known as ‘Silicon Docks’ (Roberts et al., 

2015). 

After filtering to exclude firms established before the cut off year of 2000 used as the start of 

the EE, a dataset was created which included 116 active high-growth multinational firms. The 
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leader (e.g. CEO, Managing Director or General Manager) for each high-growth multinational 

firm was identified using press releases and corporate directories, resulting in a list of 134 

leaders in Dublin. Career histories were available on social media for 113 leaders, who were 

previously employed in a total of 400 unique organisations.  

Following the approach of the first study, and in line with Spigel and Vinodrai (2020), each 

prior employment organisation was categorised by EE actor type (e.g. HEI, multinational high-

tech firm, local high-tech start-up, venture capital, incubators) using appropriate business 

directories. Prior employers that were identified as high-tech multinational firms were further 

categorised into hardware, software and ‘born on internet firms’ based on their incorporation 

date, and description of business activities from their websites. Each employer organisation 

was geocoded using geographical information system ArcMap v10.4 based on their 

incorporation address. This allowed for the further categorisation of prior employers by their 

business activity and location.  

1.5.1.3 Data on capital and entrepreneurship in US Entrepreneurial Ecosystems 

The third study (Chapter 4) comprised two datasets delineating entrepreneurship, firstly, by 

firm growth, and secondly by firm size and levels of innovation. This consolidates the two 

views of entrepreneurship taken in the first two studies which explored high-tech 

entrepreneurship and high-growth entrepreneurship respectively. This data was aggregated 

at the metropolitan statistical area (MSA) scale because MSAs provide more granularity than 

a national or state level of analysis. Previous econometric studies of EEs have used data 

aggregated at a state or national level of analysis. However, this has not yet been done at an 

MSA level of analysis due to data availability (Hechavarria and Ingram, 2014; Hechavarría 

and Ingram, 2019; Pawitan et al., 2019). Therefore, aggregating the data at the MSA scale is 

an opportunity to contribute a novel dataset at a more granular level of analysis.  

To understand entrepreneurship categories as a dimension of firm growth, the first dataset, 

used the Kauffman Index from 2010-2014 (Ewing Marion Kauffman Foundation, 2017a) as a 

data source, which details the number of start-ups and high-growth firms in 40 US MSAs. The 

second dataset expanded this to 645 US MSAs, using the Harvard Cluster Mapping Project 

(HCMP) (US Cluster Mapping, 2018), selecting data from the same period. Cluster data for 

three sectors were used to represent different levels of innovation and establishment size 

(Figure 1.1). The first sector, the Information Technology sector comprised relatively larger 

establishments with a consistently high level of patent activity. The second sector, Local 

Personal Services, has low patenting activity and a relatively smaller average firm size. Finally, 

a third sector, Furniture, was included because it is well established and exhibits a larger 
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average establishment size than the Local Personal Services clusters, as well as similarly low 

levels of patenting. These differences remain relatively consistent over the period of study. 

 

Figure 1.1: Employee and patent levels. Source: Author’s analysis of HCMP data 

Each MSA dataset was then merged with independent variables representing financial, 

institutional, knowledge and social capital, as well as control variables of population and firm 

size. Independent variables were obtained from Stansel’s (2013) Economic Freedom index 

(Institutional capital), Fehder and Hochberg’s (2014) list of US accelerators (Institutional 

capital), PWC MoneyTree (Financial capital), The Centre for Measuring University 

Performance (MUP) (Knowledge capital) and HCMP (Knowledge capital). Control variable 

data were sourced from HCMP. Where the data was structured by units of analysis other than 

MSAs, geocoding was conducted to match each variable by MSA. For example, 399 

universities were matched to the closest of the 40 MSAs in the first dataset, averaging 27kms, 

and no more than 100kms from the centre point of the allocated MSA. For the second dataset, 

922 universities were matched to the closest of the 645 MSAs, averaging 19kms, and no more 

than 100kms from the centre point of the allocated MSA. For this exercise, the Google Maps 

API was used. Full details of the methodology are provided in the third study. 

1.5.2 Analysis 

1.5.2.1 Cross-sectional social network analysis and Analysis of Variance 

In the first study, the objective was to understand how different prior employers contribute to 

the knowledge capital of high-tech entrepreneurs. This was done in four steps. First, the 

concentration of prior employment for each EE actor type (HEIs, Multinational high-tech firms, 

indigenous tech firms, hubs and investors) was analysed by comparing the number of 

organisations which had employed one or more high-tech entrepreneurs to the total number 

of organisations of that EE actor type.  

Second, social network analysis was used to explore the interactions in the ecosystem at the 

national level. Gephi v0.9 was used to calculate connectivity measures based on the number 

of connections for each prior employer, which indicate the relative importance of each 
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organisation in the ecosystem (Stangler and Bell-Masterson, 2015). These measures were 

exported to SPSS v26 for Analysis of Variance (ANOVA) to determine whether there was a 

significant difference in relative importance between EE employer types.  

Third, this analysis was repeated at a regional level, focusing on Cork, Dublin, Galway and 

Limerick to identify potential differences. Figure 1.2 shows that Irish county boundaries were 

used because they better capture the location of Irish high-tech firms than urban areas, or 

Functional Urban Areas (FUAs), a spatial unit that considers commuting times to urban 

centres. A regional level of analysis is important because differences in relative importance of 

EE actor types across regions may indicate that a regional level of analysis is more appropriate 

when analysing EEs. 

 

Figure 1.2: Agglomerations of Irish high-tech firms. Source: Author’s analysis 

Finally, network statistics for each region were calculated to understand how direct and indirect 

connections result in the overall regional structure. 

1.5.2.2 Longitudinal social network analysis 

The second study assessed knowledge capital derived from prior employers in an EE and how 

this influences the development of resilience and structure of an ecosystem. The aim is to 
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understand how a region can develop while maintaining resilience. Therefore, the resilience 

and structure of Dublin’s high-growth knowledge network was traced over the period covering 

the rise of ‘Silicon Docks’. It did so by constructing a network of prior employers of the leaders 

of high-growth multinational firms in Dublin. Social network analysis has been proposed as a 

powerful analytical approach to explore EEs (Alvedalen and Boschma, 2017) although it has 

seldom been used empirically. Motoyama and Knowlton (2016, 2017) visualised the 

relationships between entrepreneurial firms in St. Louis, highlighting the importance of 

connectivity between EE elements. However, by using interview data to build their social 

networks, that analysis was limited to 16 companies. In contrast (and to overcome this 

limitation), the analysis in this second study was based on a network of 400 unique 

organisations, using prior employment data of high-growth firm leaders. 

The network of 400 unique organisations was developed using career histories from leaders, 

resulting in a 2-mode network of individuals and the organisations in which they were 

employed. This was transformed into a 1-mode network of connected organisations because 

1-mode networks produce statistics that are appropriate for analysis on the changing structure 

of the network. 

First, differences in strong and weak ties within the network were analysed. Weak network ties 

provide access to novel information and contacts (Granovetter, 1973; Burt, 1992) which aid in 

opportunity discovery (Elfring and Hulsink, 2003), while strong ties provide access to fine 

grained knowledge, as well as resource sharing (Starr and Macmillan, 1990; Krackhardt, 

Nohria and Eccles, 1992; Rowley, Behrens and Krackhardt, 2000). Next, using the network 

visualisation software Gephi v0.9, network emergence was explored by generating network 

diagrams and their related descriptive statistics for the IT and internet EEs in Dublin. A 

visualisation of network development was provided to show the relative importance of each 

firm in the network over time, as well as an overview of the network structure emergence. 

This was followed by an analysis of the homophily (degree of similarity) and resilience of the 

networks by exploring the changes in their eccentricity and main components respectively. 

Eccentricity in networks represents the maximum path length of each node, which in the case 

of the scaling capability networks represents the degree of similarity of capabilities. A network 

with a high proportion of indirect connections (a maximum path length above 1) represents a 

region with shared capabilities, indicative of either a ‘hub-and-spoke’ or Marshallian type 

structure, while a network with a low proportion of indirect connections represents a ‘satellite 

platform’ region with disconnected branch offices and potentially heterogenous capabilities. 

Following Boschma (2015) and the approach used by Casper (2007), resilience was analysed 

by identifying the number of firms in the largest group of firms that are directly and indirectly 
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related to each other, known as the main component. By removing the most connected firm 

in the main component it becomes more evident how much of the network remains intact and 

is thus resilient to failure. This facilitated further classification of the network based on whether 

the potential homogeneity of capabilities within the region are dependent on a hub, as would 

be found in a ‘hub-and-spoke’ district, or is not dependent on a single prominent firm as would 

be anticipated in a Marshallian district. 

1.5.2.3 Spatial panel regression of capital in Entrepreneurial Ecosystems 

The third study focused on the influence of capital in EEs on the numbers of high-growth and 

innovative ventures in a region. It did this using spatial econometric analysis of US MSAs. 

Specifically it used a Stata function, xsmle (Belotti et al. (2017), which contains several Spatial 

Dynamic Models (SDMs) and considers spatial interdependency. This was necessary 

because EEs can be interdependent (Malecki, 2011), and are therefore not independent units 

of analysis. 

Previous studies have analysed EEs at a state level of analysis where independence between 

regions has been assumed. For example, Hechavarría and Ingram (2019) employ the EE 

approach and compares countries and their influence on gender differences in 

entrepreneurship. They note the limitation of analysis at a national level, and explain that it is 

done at the national level because data is difficult to obtain at a regional level. Therefore, it 

remains unclear what level of interdependence will be found with smaller units of analysis such 

as MSAs and at what scale interdependence operates for different types of resources 

(Malecki, 2011).  

To consider the potential interdependence of EEs at different scales, matrices of neighbouring 

MSAs were created using GeoDa 1.12.1.161 mapping software within 100km, 250km, 500km 

and 1,000km radius of each other. These spatial matrices were used to construct spatial panel 

data models in Stata 13.0 and the SDM was chosen based on a maximum likelihood estimator 

(Belotti et al., 2017). To validate the results of this technique, two further techniques were 

employed. A Poisson model which is appropriate for count data, and a Quasi Maximum 

Likelihood Estimation Model which allows for over-dispersion when the number of cross 

sections are large and the time horizon is short (Kripfganz, 2016), were used. 

1.6 Contribution of this research 

1.6.1 Paper 1: Influence of prior employers in Entrepreneurial Ecosystems 

The first paper (Chapter 2) seeks to address the question of which types of prior employers 

have the most important influence on the knowledge capital of high-tech entrepreneurs in EEs. 

It also seeks to address a secondary question; in a small country such as Ireland, are there 

differences in a national or regional scale of measurement of high-tech EEs?  
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The relative importance of EE elements has not been previously addressed empirically (Spigel 

and Harrison, 2018), nor is it clear at which scale EEs are best measured (Stam, 2015; 

Malecki, 2018; Colombo et al., 2019). The key finding of this paper is that all types of EE prior 

employers (universities, multinationals, venture capital, hubs, start-ups) are significantly more 

important for knowledge capital than other types of prior employers. In particular, universities 

located in each region are the most important prior employer in each region despite university 

spinouts comprising only 7% of high-tech firms. Within the EE approach, prior employment 

has been overlooked as an important mechanism of knowledge capital accumulation, although 

the results suggest that it explains, at both a national and regional level, the differences in 

importance between types of organisations identified in the EE literature through authors’ 

experience (Stam, 2015; Spigel and Harrison, 2018) and other types of organisations that 

comprise the majority of prior employers. 

If prior employers of the type envisaged by the EE approach are important for current high-

tech entrepreneurs, it implies that the current EE cannot be well understood without 

understanding its past. The current EE is not only the sum of its current constituent parts, but 

also the knowledge capital resulting from those parts (prior employers) which may not be in 

existence at the present time of analysis. The majority of EE studies are static and cross-

sectional, as indeed the research design of the second chapter was. Incorporating longitudinal 

analysis of EEs is crucial to understanding why some regions, which may, on the face of it, 

have all the same components as other regions, might exhibit very different levels of 

entrepreneurship, or have built in them, the potential for very different trajectories. This insight 

strongly influenced the design of the second paper (Chapter 3) and the third paper (Chapter 

4) which longitudinally explore the influence of capital in the ecosystem on entrepreneurship. 

Paucity of micro-level employment data remains one of the main challenges in studying EEs 

(Spigel and Vinodrai, 2020). This first paper analyses a novel dataset of micro-level 

employment data using social network with statistical analysis, and contributes an empirical 

approach to understanding knowledge flows in EEs, which has been highlighted as a research 

gap (Alvedalen and Boschma, 2017). The analysis shows that prior employers are most 

important within their regions despite substantial employment mobility across regions, and that 

a diverse set of employers were prominent for high-tech founders. For aspiring entrepreneurs, 

this suggests that they should seek fit between their extant employment experience and their 

aspirations for their future venture (e.g. aggressive growth, managed growth, lifestyle 

entrepreneurship (Morris et al., 2018)), by either seeking further employment that fits their 

aspirations (possibly outside their current ecosystem if that type of employer is not available), 

or adapting their entrepreneurial aspirations to fit their extant employment experience. For 

policy, this suggests that interventions need to operate at a regional level. The social network 
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approach may be extended to identify other prominent types of prior employers in the EE, as 

well as measure how an EE might lack a particular type of potential employer of high-tech 

entrepreneurs. In this way, it is complemented by the second paper (Chapter 3) which seeks 

to understand how an EE can develop a robust variety of prior employers that enable the 

knowledge capital required for resilient and thriving EEs. 

1.6.2 Paper 2: Influence of knowledge capital from prior employers on 

Entrepreneurial Ecosystem development 

Moving from a national and regional level in the first paper (Chapter 2), to a metropolitan level 

of analysis, the second paper (Chapter 3) employs the social network analysis approach 

longitudinally, tracing knowledge capital derived from prior employment of high-growth firm 

leaders in Dublin, a region with 233 multinational IT firms, located primarily to scale operations 

internationally in the Europe, Middle East and African markets. The capability to scale is an 

important component of EEs which emphasises high-growth firms. This extends Paper 1 

(Chapter 2) by both shifting from high-tech to high-growth firms, and by considering the 

evolutionary dynamics of EEs (Mack and Mayer, 2016). It evaluates the development of EEs 

in terms of their resilience (Roundy et al., 2017) and by employing a structural typology of 

industrial districts proposed by Markusen (1996), addresses whether it is possible for a region 

to evolve from one type of structure to another, while remaining resilient. 

The analysis shows how increasingly coherent knowledge capital derived from prior 

employment results in increased resilience, and how a region seeded with ‘branch offices’ 

controlled by externally located headquarters, can transform toward a Marshallian type district 

with numerous connections through prior employment which ensure that the regional 

capabilities can be recycled in a positive feedback loop for further regional development. This 

contributes to the EE literature that seeks to explain how EEs emerge (e.g. Spigel and 

Harrison, 2018) by showing how a region can transform. It contributes to the industrial district 

literature (Markusen, 1996) by showing that regions can change in structure from one type of 

district to another. However, further research is required to establish how this trajectory toward 

resilience and an increased emphasis on specialised regional knowledge capital will withstand 

future endogenous and exogenous shocks, particularly in light of potential shocks to the Irish 

economy from events such as Brexit, which may bring about significant changes in trade 

relations and labour movement with Ireland’s primary trading partner. 

1.6.3 Paper 3: Influence of four types capital in Entrepreneurial Ecosystems 

The third paper (Chapter 4) continues the trajectory of Paper 2 (Chapter 3) by analysing EEs 

at a metropolitan scale. It uses a novel dataset of 645 metropolitan statistical areas in the 

United States. Following Herrmann’s (2019) call to consider the differing influences of capital 
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on different types of entrepreneurship, it uses a spatial panel data technique to test the 

influence of financial, institutional, knowledge and social capital on a variety of types of 

entrepreneurship, both within the region and in neighbouring regions. The novelty of this 

approach lies firstly in the creation of an MSA level panel dataset which is not readily available, 

and secondly in the level of rigorous quantitative analysis using spatial dynamic modelling as 

an analytical technique. This paper demonstrates that while regional venture capital is 

important for high-growth firms, start-ups and highly innovative establishments, both within the 

region and in neighbouring regions within 250km, venture capital is not important for ‘main 

street’ entrepreneurship or low-innovation firms. Further, institutional capital is shown to act 

as a driver for entrepreneurs to access financial capital whereas in regions with low levels of 

institutional capital, the levels of entrepreneurship are influenced by neighbouring venture 

capital. This suggests that regions, especially those with weak institutional environments, can 

look to neighbouring regions when assessing which regional resources to bolster. Similarly, 

for founders, this suggests that they can seek to either adapt their entrepreneurial activities to 

fit the support provided within the region or look to neighbouring regions when the region does 

not provide adequate support in some aspects. For policy, makers, the ability to bolster 

support with resources in neighbouring regions provides increased flexibility in seeking to 

foster an environment conducive to entrepreneurship, allowing allocation of scarce public 

resources to focus on those elements that cannot be found either within the region or 

neighbouring regions. 

1.7 Organisation of the dissertation 

1.7.1 Structure of dissertation 

This dissertation explores the complex interactions between capital (financial, institutional, 

knowledge and social) and entrepreneurship emphasised by the EE approach. Three papers 

are presented in Chapter 2, Chapter 3 and Chapter 4 respectively, preceded by an 

introduction, and proceeded by a conclusion (Figure 1.3). 

Chapter 2 is based on a paper presented at the Regional Studies Association conference in 

2018, (Walsh, K. 2018 ‘Entrepreneurship: It takes more than a village’) and published in 

Regional Studies, Regional Science (Walsh, 2019a). It is further underpinned by results from 

interviews with fifteen high-tech firm founders to show the types of knowledge they drew from 

prior employment in the EE into their subsequent high-tech venture. This work (Walsh, K, 

Stephens, S and Nelles, J, 2022 ‘Recycling in entrepreneurial ecosystems: The boomerang 

effect’; Walsh, K and Stephens, S, 2022 ‘The side-hustle: An emergent typology of 

entrepreneurs as employees’) is currently under review. 
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Chapter 2 analyses the interactions of prior employment in local high-tech firms, foreign high-

tech firms, venture capital, hubs and higher education institutions in terms of their importance 

to knowledge capital using social network analysis. It measures EEs at national and regional 

scales, showing that local prior employers are most prominent within each region, and that all 

types of prior employers categorised within the scope of EE elements are more prominent 

than other types of prior employers, lending empirical support for the EE approach that 

previously, has been founded largely on prior authors’ experience rather than empirical 

evidence (Nicotra et al., 2018). 

Chapter 3 also explores prior employment within the EE. Results of this chapter are published 

in the Journal for Entrepreneurship and Public Policy (Walsh, 2019b) and employs the 

analytical approach established in Chapter 2 to understand how knowledge capital both 

emerges and transforms a region. It explores how regional knowledge capital arises in the 

context of a region specialising in scaling capabilities, crucial to high-growth firms, showing 

that a region can change in structure, increasing in resilience as knowledge capital 

accumulates. A positive feedback loop develops from the emergence of regional knowledge 

capital which leads to increased high-growth firm entry. Together, chapters 2 and 3 explain 

where the knowledge capital that is important for EEs comes from, and how knowledge capital 

influences an EE as it develops. 

Chapter 4, looks beyond knowledge capital, and analyses the interactions and influences of 

four types of capital (financial, institutional, knowledge and social) on entrepreneurship, both 

in terms of the high-tech entrepreneurship of Chapter 2, and the high-growth entrepreneurship 

of Chapter 3. It uses a large, novel dataset at a granular level to model how heterogenous 

levels of financial, institutional, knowledge and social capital across metropolitan areas have 

differing influences on high-growth firms, start-ups, main street entrepreneurship, low-

innovative establishments and high-innovation establishments. It shows that not only do EEs 

differ significantly in their (financial, institutional, knowledge and social) capital and levels of 

entrepreneurship, but that start-ups, high-growth and high-tech entrepreneurship are 

differently affected by different EE capital types. This extends EE theory by suggesting that 

either, the EE needs to narrow and focus on a particular type of entrepreneurship, or 

generalise to anticipate the differing requirements of different types of entrepreneurship. 

Together, this dissertation contributes to an understanding of the EE approach by empirically 

exploring how capital (financial, institutional, knowledge and social) can enhance 

entrepreneurship. First, the dissertation shows that knowledge capital is not only derived from 

employment in universities and multinationals (Donegan et al., 2019), in line with research on 

university spinouts and corporate spinoffs, but from a wide variety of EE actors including 
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universities, foreign high-tech firms, venture capital firms, incubators and indigenous high-tech 

firms. The most prominent of these are located within the region in which the entrepreneur is 

located. Next, the dissertation shows that as a region develops, knowledge capital 

accumulates and creates a positive feedback loop which leads to an increasing number of 

firms that establish to leverage this increasing availability of knowledge capital. Finally, 

entrepreneurs within regions are adaptive in their approach to access resources. Achieving 

sufficient accessibility to resources depends firstly on the type of entrepreneurship and 

secondly on the quality of institutional capital. When entrepreneurs are focussed on firm 

growth or highly innovative activity rather than on ‘main street’ entrepreneurship or low-

innovation activity, regional venture capital has a positive relationship with the level of 

entrepreneurship. When institutional capital is poor, financial capital from neighbouring 

regions have a positive influence on the level of entrepreneurship in the EE. 
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123  
Figure 1.3: Overview of structure of dissertation 

 

1 Stam (2015) lists resources in Entrepreneurial Ecosystems as talent, services and capital. Nicotra et al. (2018) identifies four types of capital (financial, 
institutional, knowledge and social capital) 
2 Entrepreneurial Ecosystems are defined as “as a set of interdependent actors3 and factors coordinated in such a way that they enable productive 
entrepreneurship within a particular territory” (Stam, 2015, p.1765). 
3 Neumeyer and Santos (2018) identify Entrepreneurial Ecosystem actors as Entrepreneurs, Government Agencies, Investors, Incubators and Higher Education 
Organisations 
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2 Influence of different types of prior employers of high-tech entrepreneurs 

on knowledge capital in Entrepreneurial Ecosystems 

2.1 Abstract 

Entrepreneurial Ecosystems (EE) literature highlights numerous factors 

influencing entrepreneurship, emphasising the interactions between factors 

which result in enhanced entrepreneurship within a region. Earlier EE literature 

regarded these factors as a collection of elements, individuals, actors and 

institutions. More recently the literature has matured to categorise factors as 

components of the ecosystem in terms of capital types, in the form of financial, 

institutional, knowledge and social capital. However, there is limited empirical 

literature exploring the linking mechanisms between these factors and 

entrepreneurship within the region. 

Knowledge Spillover Theory of Entrepreneurship (KSTE) proposes that the 

knowledge that supports entrepreneurship is derived from prior employment 

within the ecosystem. This chapter investigates the influence of different types 

of prior employers on knowledge capital within the EE. The novel use of social 

network analysis models the interactions within the EE and assesses the 

relative prominence of prior employers which contribute to knowledge capital 

within EEs. The results show that prior employment experience can be used 

to measure the prominence of prior employer types anticipated in the EE 

literature. Regional universities play an anchor role within each EE, but all 

organisation types envisaged in the EE literature are more prominent than 

other types. 
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2.2 Introduction 

In high-tech entrepreneurship, the new venture idea, education level, and prior experience of 

a founder play a key role in creating the venture (Bhide, 2000; Braguinsky et al., 2012). The 

know-how and organisational insights of entrepreneurs stem from prior employment and 

strengthen regional high-tech entrepreneurial activity (Donegan et al., 2019).  

The EE literature on knowledge capital currently emphasises only the tangible knowledge 

from education and research, largely derived from universities (Malecki, 2018; Nicotra et al., 

2018), without addressing the important role of tacit knowledge from employment in a wide 

variety of EE organisations. This chapter investigates the relative importance of tacit 

knowledge gained from employment in a varied profile of EE types that make up the prior 

employers of entrepreneurs. 

2.2.1 Importance of prior employers for high-tech entrepreneurs 

Prior employment of high-tech entrepreneurs develops the tacit knowledge required for the 

creation of entrepreneurial firms (Burton et al., 2002) and the experience gathered can be 

transferred from one setting to another (Delmar and Shane, 2006) through new venture 

creation. Most entrepreneurs have prior employment experience (Robinson and Sexton, 

1994) and this experience forms a valuable knowledge resource for entrepreneurship. The 

knowledge spillover theory of entrepreneurship (KSTE) proposes that individuals moving 

from one setting to another, which happens in the process of new venture creation, and 

transferring this individual’s knowledge to a new setting, acts as a conduit for 

entrepreneurship. This knowledge gathered in previous employment settings can be 

measured using an entrepreneurs’ employment history. Building up and recycling knowledge 

is an important process within an EE (Spigel and Vinodrai, 2020). Prior employment 

experience is currently an understudied source of knowledge capital in the EE literature. 

2.2.2 Importance of EEs to study entrepreneurship 

The EE approach has become popular to study how regions develop entrepreneurial 

environments. The EE literature is an unique perspective because it emphasises interactions 

between elements which support entrepreneurship, while placing the entrepreneur (the 

individual responsible for knowledge spillovers in terms of KSTE) in a central role, (Nicotra et 

al., 2018; Spigel and Harrison, 2018). The emphasis on interactions in the EE approach 

suggests that the success of a region in terms of its levels of entrepreneurship is determined 

not just by ensuring that all supporting elements are present, but that their interactions with 

each other enhance entrepreneurship. These elements in the EE include not only typical 

employers such as large corporate firms, but educational institutions, venture capitalists, 

funding and regulatory bodies. 
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Despite a growing popularity of the EE approach as a lens to understand how 

entrepreneurship develops in a region, it has yet to show how the numerous interacting 

elements support entrepreneurship. There is limited systemic empirical analysis of factors 

proposed in EE literature (Alvedalen and Boschma, 2017; Nicotra et al., 2018) or their relative 

importance (Spigel and Harrison, 2018). This gap in knowledge is important to address, 

mainly for policy makers and large investment initiatives, as they need to be able to justifiably 

channel limited funds effectively to generate economic growth. Further, until the mechanisms 

that link EE factors and entrepreneurship (Stam, 2015; Alvedalen and Boschma, 2017; Stam 

and Spigel, 2017a) are better understood, the EE approach will remain an underdeveloped 

theory. 

2.2.3 Research questions 

Based on the gaps in the EE literature this chapter primarily asks: 

1) which types of prior employers of high-tech entrepreneurs have the most 

important influence on knowledge capital within entrepreneurial ecosystems? 

To explore the relative importance of universities, venture capital, incubators, accelerators 

and both indigenous and large foreign high-tech firms, the prior experience of high-tech 

entrepreneurs is explored using social network analysis. This places the entrepreneur in a 

central role of interactions within the EE. 

A secondary research question, based on the uncertainty of measurement scale identified by 

Malecki (2011; 2018) is: 

2) in a small country such as Ireland, are there differences in a national or 

regional scale of measurement of high-tech entrepreneurial ecosystems? 

2.2.4 Overview of chapter 

The chapter proceeds by providing an overview of the theory relevant to knowledge spillovers 

in EEs, as well as a review of the different types of potential employers of high-tech 

entrepreneurs in the EE. This is followed by a review and description of the Irish ecosystem 

and its framework conditions (Appendix 1). Next, results from 15 semi-structured interviews 

are presented to illustrate the types of knowledge capital that Irish high-tech entrepreneurs 

developed from prior employment (Section 2.5.1). Finally, to understand the influence of 

different types of prior employers of high-tech entrepreneurs on knowledge capital in the Irish 

EE, this chapter employs the KSTE and places the individual entrepreneur in a central role 

by focusing data collection on the employment histories of over 2,100 high-tech founders in 

Ireland. Through the construction of a career history network of organisations at both national 

and regional levels (Section 2.5.2), this study shows the interactions of knowledge flows 
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between organisations and contributes to an understanding of measurement scale of the 

different types of prior employers that contribute to knowledge capital within the EE. 

2.3 Theory and literature review 

2.3.1 Theory on knowledge from prior employment of entrepreneurs 

The knowledge spillover theory of entrepreneurship (KSTE) (Audretsch and Lehmann, 2005; 

Audretsch, 2005; Acs et al., 2009; Acs et al., 2013) proposes that entrepreneurship within a 

region is enhanced when employees take underutilised knowledge from their employers into 

new ventures. This knowledge is tacit which means that it is difficult to transfer outside the 

individual who gained it from experience. The knowledge required by entrepreneurs for new 

venture creation is multifaceted, which means that knowledge from a variety of sources 

(formal educational knowledge, informal tacit knowledge and knowledge recycling through 

employment) is expected to better enhance entrepreneurship than knowledge from a single 

source. The importance of this knowledge-transfer process is further recognised by KSTE as 

it regards knowledge capital as the conduit for new venture creation and therefore growth 

and development of EEs. 

The KSTE further suggests that knowledge spillovers occur locally which fits with EE 

boundaries. Malecki (2018) highlights that a local scale of measurement for resources in EEs 

is most appropriate, although small countries like Finland are measured at a national scale, 

and local EEs have external links to other EEs (Malecki, 2011). This suggests that the EE 

approach would benefit from further empirical evidence on the scale of measurement for EEs 

in small country contexts as this remains unclear. Theoretically, it is also possible that the EE 

exists at multiple scales as a number of interconnected nested EEs (Wurth et al., 2021). This 

may be appropriate when considering employee mobility that can potentially move within and 

across EEs. 

2.3.2 Influence of different types of employers in Entrepreneurial Ecosystems 

EEs comprise entrepreneurs, universities, investors, large, already established incumbent 

firms, incubators and accelerators (Brown and Mason, 2017; Neumeyer and Santos, 2018), 

supported by factors including knowledge and human capital (Qian et al., 2013), culture 

(Isenberg, 2010; Spigel, 2017), institutions and governance (Acs et al., 2018; Herrmann, 

2019; Colombo et al., 2019), physical infrastructure (Neck et al., 2004), and social capital and 

networks (Neck et al., 2004; Alvedalen and Boschma, 2017). Critiques of the EE approach 

highlight long lists of factors that lack causal clarity (Stam, 2015; Alvedalen and Boschma, 

2017; Nicotra et al., 2018), although Nicotra et al. (2018) offer some parsimony by discussing 

the mechanisms by which various actors in the EE influence financial, institutional, knowledge 

and social capital. 
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However, the relative importance of EE factors remains unclear (Spigel and Harrison, 2018). 

Some EE literature places universities in a central role (Miller and Acs, 2017), while other 

literature acknowledges multinational enterprises as the anchors within the EE (Bhawe and 

Zahra, 2019). Some EE literature has explored entrepreneurs’ prior employment in both 

universities and corporate environments, showing that employment experience in these two 

types of employers impact entrepreneurship differently (Donegan et al., 2019). To date, the 

EE literature has not presented a holistic analysis of all EE factors, despite a holistic view 

being seen as a fundamental strength of the EE approach. Differences between knowledge 

capital derived from employment in universities, large corporates, venture capital, incubators 

and start-ups are briefly reviewed below. 

2.3.2.1 Universities 

Universities influence entrepreneurship in five main ways. Firstly, universities develop the 

human capital needed for innovative firms. However, worker education alone substantially 

underestimates the impact of education. Regional education influences regional development 

through education of workers as well as the education of entrepreneurs, and perhaps regional 

externalities (Gennaioli et al., 2013). Martin et al. (2013), suggest that although there is a lack 

of consistent evidence showing that entrepreneurship education and training helps to create 

more or better entrepreneurs, it indeed has value although the effect differs between 

academic focussed interventions and training focussed interventions. Nonetheless, it has 

been argued that most knowledge spillovers from universities are indirect (Breschi and 

Lissoni, 2001) whereby students are educated and join the workforce, which may be an 

entrepreneurial firm. At a later stage, these employees spin off their company using their 

university knowledge and industry experience (Klepper, 2001; Klepper and Sleeper, 2005). 

Second, the rate of new firm entry is increased when the knowledge developed in universities 

is transferred into commercial activities, either through licensing (Mowery and Shane, 2002) 

or through university spinouts (Lockett, Wright and Franklin, 2003; Vohora, Wright and 

Lockett, 2004). Scientists no longer accept dualisms such as patents vs. publications and 

basic vs. applied research (Etzkowitz, 1998). Rather, they seek resources with which to 

conduct their research, and one of these avenues includes new venture creation. 

Nonetheless, most engagement between industry and universities is to drive research rather 

than commercialise it (D'Este and Perkmann, 2011). 

In the US, the growth of patenting and licensing by universities coincides with the 1980 Bahl-

Dole Act which incentivised universities to become commercially focussed. Although it did 

not lead to an overall increase in university patenting quantity or quality (Henderson, Jaffe 

and Trajtenberg, 1998; Mowery et al., 2001; Mowery and Ziedonis, 2002), it did lead 
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universities to increase patenting in fields where licensing is an effective mechanism for 

acquiring new technical knowledge (Shane, 2004). This suggests that regulations can affect 

which knowledge spills over from universities into industry, and that not all knowledge 

produced by different academic fields has equal commercialisation potential. Therefore, the 

context in which the university operates is important. 

Third, entrepreneurial performance of spinouts is influenced by the knowledge and 

characteristics inherited from universities themselves. Walter et al. (2006) analyse the 

influence of network capabilities on a university spinoff’s performance, finding that while 

performance is positively influenced by network capabilities, it also moderates the 

relationship between entrepreneurial orientation and spinoff performance. This means that 

network capabilities not only impact performance, but impact the individual factors associated 

with the individual commercialising the academic knowledge. Licencing and spinoff activity 

can also be influenced by the quality of human capital, the establishment of a technology 

transfer office and the presence of venture capital (Powers and McDougall, 2005). These 

create a track record of university spinoffs that further enhances future spinoff (O'Shea et al., 

2005). 

Fourth, entrepreneurial firm growth is supported through university venture funds which invest 

in university spinouts (Feldman et al., 2002). The performance of university funds seems to 

be related to the university ranking as well as their ability to co-invest with private venture 

capital firms (Croce, Grilli and Murtinu, 2014), suggesting that the quality of human capital 

within the university, as well as the context and connections within the ecosystem, are 

important factors for the performance of university spinouts. 

Finally, universities enhance entrepreneurship within the region by developing supporting 

capacity through institutions like technology transfer offices and incubators (Link and Scott, 

2003; Phan, Siegel and Wright, 2005; Markman et al., 2005; Rothaermel, Agung and Jiang, 

2007), sometimes called science parks when created by universities (Bollingtoft and Ulhoi, 

2005), and by enhancing access to other regional resources like venture capital. Wright et al. 

(2006) use pecking order theory to predict how technology transfer offices prefer to interact 

with venture capital. Pecking order theory (Roberts, 1991; Watson and Wilson, 2002) states 

that internal funding is preferred over external sources and that external debt is preferred 

over external equity to avoid ownership dilution. Contrary to pecking order theory, spinouts 

do not use internal funds first, but prefer venture capital suggesting that technology transfer 

offices may influence the behaviour of funding sought by university spinouts. Nonetheless 

Wright et al. (2006) find that university spinouts, both seed and early stage, are funded at a 

higher rate than non-university spinouts, highlighting the value that technology transfer offices 
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can bring to new venture growth. Incubators are covered in a separate section (Section 

2.3.2.4 on hubs) since incubators can be created top down through central actors like 

universities, or bottom up by entrepreneurial firms themselves (Bollingtoft and Ulhoi, 2005). 

In summary, universities connect to entrepreneurship through education, firm consultation, 

technology transfer (Etzkowitz, 2013), university spinouts (Lockett et al., 2003; Vohora et al., 

2004), facilitating local linkages (Bramwell and Wolfe, 2008; Etzkowitz, 2013), and serving 

as institutional anchors for regional development (Harris and Holley, 2016). Although the 

appropriate scale and boundaries at which to measure EEs remains unclear (Stam, 2015; 

Malecki, 2018; Colombo et al., 2019), the university is considered by Miller and Acs (2017) 

as the appropriate unit of analysis for EEs in the US. Within the EE literature, some scholars 

(e.g. Nicotra et al., 2018; Spigel and Harrison, 2018; Malecki, 2018) argue that students are 

the main entrepreneurial actors for university spinouts (Hayter, Lubynsky and Maroulis, 

2017). Since university spinouts comprise only a small proportion of high-growth firms 

(Wennberg et al., 2011), the EE literature argues that universities drive knowledge capital 

accumulation primarily through formal education. Therefore, prior employment in universities, 

while relevant, is not expected to be the most important mechanism through which high-tech 

entrepreneurs in the EE gain knowledge capital. 

2.3.2.2 Multinational enterprises 

Multinational enterprises have been proposed as anchors for the EE (Bhawe and Zahra, 

2019), producing corporate spinoffs (Klepper, 2001; Neck et al., 2004; Klepper and Sleeper, 

2005) which make up a larger proportion of start-ups than university spinouts, especially in 

knowledge-intensive industries (Wennberg et al., 2011). Industry employment experience 

also enhances new venture performance (Delmar and Shane, 2006), although knowledge 

spillovers from large established firms are not guaranteed because they may curtail 

investment if it leads to increased competition or a diffusion of core capabilities through 

corporate spinoffs (Colombo and Dawid, 2016). 

Foreign firms in particular have an interesting relationship to new firm entry. Some studies 

find that inward foreign direct investment positively impacts opportunity driven entrepreneurs, 

while outward foreign direct investment negatively affects them (Albulescu and Tamasila, 

2014). Other studies find that in the short term, foreign direct investment negatively affects 

firm entry and increases exit of entrepreneurs (De Backer and Sleuwaegen, 2003). However, 

learning and networking effects between local and foreign firms may moderate effects in the 

long term, evidenced by more firm entry in sectors with high foreign presence (De Backer 

and Sleuwaegen, 2003). Further, foreign direct investment is attracted by those regions that 



   

 45 

combine an agglomeration of foreign firms with a high level of new-firm entry (Majocchi and 

Presutti, 2009), generating a feedback effect that supports further firm entry. 

Evidence also suggests that the link between large established firms and new-firm entry is 

indirect and not achieved through direct action by the former firms. Indeed, nurturing start-

ups through corporate sponsorship might disadvantage them (Van de Ven, Hudson and 

Schroeder, 1984). Rather, the link is achieved indirectly through employment mobility 

because corporate spinouts access technological, organisational, and market knowledge 

from the ‘parent’ organisation (the organisation from which they spun out) (Klepper and 

Sleeper, 2005) that enable them to outperform in terms of sales and survival probability 

(Wennberg et al., 2011). In addition, their ‘parent’ organisation characteristics impact 

performance (Wennberg et al., 2011). Through labour mobility employees that gain 

experience in multinational corporations are subsequently employed by domestic firms 

(Fosfuri, Motta and Ronde, 2001; Poole, 2013). 

Employment in large established firms, may also offer access to valuable sources of 

knowledge beyond core activities within those firms. Large established firms invested 15% of 

all venture capital investments through corporate venture funds (Dushnitsky and Lenox, 

2005), providing exposure to the entrepreneurial capabilities typically found in venture capital 

firms. 

2.3.2.3 Venture capital 

Although the primary function of venture capital firms is to select and allocate financial capital 

to promising entrepreneurial ventures, and monitor those investments over their life (Gorman 

and Sahlman, 1989; Sahlman, 1990; Sorenson and Stuart, 2001), their value proposition lies 

in injecting capabilities and professionalising management teams (Clarysse, Wright and Van 

Hove, 2015; Meglio, Destri and Capasso, 2017; Cumming, Werth and Zhang, 2019). Hellman 

and Puri (2002) show that venture capital differs from other financial intermediation by 

professionalising human resource policies, stock options and ensuring marketing and sales 

leadership, as well as a professional CEO in place of the founder. Therefore, the knowledge 

developed through employment in a venture capital firm is expected to influence subsequent 

entrepreneurial activity, although the extent of this contribution to knowledge capital within 

the EE remains unexplored. 

2.3.2.4 Hubs 

Nicotra et al. (2018) categorise incubators, accelerators, start-up centres, coworking spaces 

and science parks together, here referred to collectively as hubs, as contributors to 

institutional capital within the EE. Although their primary purpose is “institutionalizing the 

support of ventures with potential for high growth” (Nicotra et al., 2018, p. 650), it is this 
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support through knowledgeable employees to provide the support services (Bergek and 

Norrman, 2008), often developed together with universities (Phan et al., 2005) which achieve 

higher growth by imbuing entrepreneurial firms with higher-quality human capital (Colombo 

and Delmastro, 2002). Employment in these hubs is therefore expected to enhance 

knowledge capital in the EE. 

Incubators are also created through start-up firms themselves and play a role in developing 

the networks they require (Bollingtoft and Ulhoi, 2005), highlighting the start-ups as a final 

source of knowledge capital from prior employment anticipated by the EE approach. 

2.3.2.5 Start-ups 

As the tacit knowledge required to grow a firm cannot easily be obtained indirectly (Carroll 

and Mosakowski, 1987), prior experience in start-up firms is an important driver of knowledge 

capital. This may follow the same mechanism as that discussed for employment in 

multinational enterprises, or it may follow a path unique to entrepreneurship. Serial 

entrepreneurship, even in the face of start-up failure, is seen as a valuable source of 

knowledge capital (Wright, Robbie and Ennew, 1997; Cope and Watts, 2000; Van Gelderen, 

Van de Sluis and Jansen, 2005; Stam, Audretsch and Meijaard, 2008). This prior experience 

as an entrepreneur increases the time that their new venture survives (Lafontaine and Shaw, 

2016), although there is limited empirical evidence of enhanced entrepreneurial success for 

serial entrepreneurs, perhaps because serial entrepreneurship often involves failure, but also 

due to a lack of suitable data (Rocha, Carneiro and Varum, 2015). Sarasvathy et al. (2013) 

propose that entrepreneurial success should be measured over the lifetimes of serial 

entrepreneurs, covering their portfolio of entrepreneurial ventures which together, reflects the 

knowledge capital gained from serial entrepreneurship. 

The aim of this chapter is to analyse the main prior employer types’ (universities, venture 

capital, hubs, accelerators and both indigenous and large foreign high-tech firms) relative 

importance to high-tech entrepreneurs in terms of their contribution to knowledge capital 

experience. Second, the analysis seeks to uncover whether their relative importance differs 

at a national and regional scale which will provide evidence of the appropriate scale to 

measure knowledge capital originating from prior employment experience in a small country 

like Ireland. 

2.4 Research methodology 

This study primarily collects and analyses data on the prior employment of Irish high-tech 

entrepreneurs to understand the influence of prior employment on knowledge capital within 

EEs. It analyses this data using social network analysis and statistical analysis (ANOVA) of 

the characteristics of different employer types within the network. 
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This analysis is supported by an understanding of the broader Irish EE context (Appendix 1) 

and a brief illustration of the types of knowledge that 15 high-tech Irish entrepreneurs 

developed through prior employment in the Irish ecosystem. 

2.4.1 Data on the knowledge developed through prior employment 

To ensure that previous empirical studies on the influence of prior employment on knowledge 

capital for entrepreneurship (Burton et al., 2002; Vera-Cruz and Dutrénit, 2005; Franco and 

Filson, 2006; Donegan et al., 2019) were applicable to the Irish EE, 15 high-tech Irish 

entrepreneurs were interviewed. The semi-structured interviews were conducted online 

during July and August 2020. The interviews ranged in time from 45 minutes to one and a 

half hours. The participants varied in age from 28 to 50, with 11 males and 4 females (Table 

2.1). Five had completed second-level education, seven had a degree and three had 

undertaken postgraduate study. There is a diverse range of industry roles initially taken by 

the participants with sales and technical orientated roles being the most common. The 

entrepreneurial activities are also diverse. 

Table 2.1: Profile of high-tech entrepreneurs interviewed 

# Age Gender Education Prior employment role High-tech venture 

1 34 Male 2nd Level Sales Property Management 

2 40 Male Degree Stock Trader App Dev 

3 35 Male DBA Programmer Consultancy 

4 30 Male Degree Accountancy Booking Website 

5 42 Male 2nd Level Sales Festival Management 

6 38 Male 2nd Level Sales Beauty 

7 28 Male Degree Finance Health Tech 

8 34 Male 2nd Level Wed Design Web Analytics 

9 35 Female DBA Software Dev Educational Resources 

10 50 Male 2nd Level Sales Medical App 

11 35 Male Degree Manufacturing Capital Markets 

12 40 Female Masters Admin Computer Games 

13 30 Female Degree Web Design Health Food  

14 30 Female Degree Manufacturing Health Tech 

15 40 Male Degree Programmer Online recruitment 
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2.4.2 Analysis of high-tech entrepreneur interview data 

Reliability of the interview data was assured by taking extensive field notes, and by digitally 

recording the 15 interviews. Brush et al. (2009) argue that exploring the entrepreneurial 

narrative can make a unique contribution to our understanding of the phenomenon. Smith 

(2009) explains that to be made meaningful for others, experiences, values, and 

achievements must be communicated to others via language, narrative and storytelling. 

Therefore, narrative structuring (Kvale, 1996) was used to create a coherent story of the 

entrepreneurs’ experiences, and the semi-structured interview schedule followed the 

chronological sequence of their careers. In adopting this approach, the interviews follow the 

advice from Roundy (2016) and pay attention to the voice of the entrepreneurs in the 

ecosystem. Using a step-by-step interpretative analysis, the data were analysed and then 

independently assessed by Simon Stephens at the Letterkenny Institute of Technology, both 

for his understanding of Irish accents and tone, and his expertise in using the analytical 

approach (e.g. Fullerton, McGettigan and Stephens, 2010; Stephens and Onofrei, 2012; 

Stephens, 2013; Faherty and Stephens, 2016). Subsequently, our interpretations were 

discussed with a third member of the research team, Jen Nelles at University of Sheffield, 

who contributed to the research by reviewing a draft manuscript which is currently under 

review at R&D Management journal (see page x). Illustrative data and analysis presenting 

the types of knowledge that the entrepreneurs developed from prior employment, and 

deployed in their high-tech entrepreneurial venture are presented in Section 2.5.1. This 

provides evidence that prior employment in organisations in the EE acts as a mechanism that 

links these organisations to high-tech entrepreneurs in the EE and enables further analysis 

of which types of these prior employers are most important for the knowledge capital of 

entrepreneurs. 

2.4.3 Data on types of prior employers of high-tech entrepreneurs in Ireland 

To address the primary research question founders of 1,503 Irish indigenous high-tech firms 

were identified from a technology directory and career histories (n=12,526) were obtained 

from public sources for 2,148 founders of these firms (an average of 5.83 employers each). 

Prior employers were coded by matching against the directory’s lists of indigenous and 

multinational tech firms, investors and ‘hubs’ consisting of research institutes and 

accelerators, as well as the Higher Education Authority list of 22 Irish higher education 

institutes (HEI). Indigenous high-tech firms were also matched against a listing of 329 Irish 

university spinouts. All other prior employers that could not be coded under these categories 

are coded as ‘Other’. Table 2.2 shows that most prior employers were coded as ‘Other’. 
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Table 2.2: Summary of Irish high-tech entrepreneur prior employment data 

Indigenous tech firms 1,503   

Tech entrepreneurs 2,148   

Prior employer type Employment 
entries 

Average 
tenure 
(years) 

Incubator 
organisation 

type 

HEI 451 4.05 110 

Hub 186 2.49 50 

Investor 128 2.88 21 

Indigenous tech 1,320 5.41 712 

Multinational 818 2.72 274 

Other 9,623 3.46 981 

Total 12,526 3.85 2,148 

 

Table 2.2 also shows that most high-tech entrepreneurs had longer than average prior 

employment tenures only in indigenous high-tech firms (5.41 years) and HEI (4.05 years), 

and that their incubator organisation (the immediate prior employer) was most commonly an 

indigenous tech firm (n=712). Further analysis of job titles in the 712 indigenous incubator 

organisations reveals that 515 of these founders were serial entrepreneurs, while 197 were 

previously employed in the indigenous high-tech firm. This initial review of the data suggests 

that in terms of tenure, indigenous high-tech firms and HEIs are most important as prior 

experience for entrepreneurs, while serial entrepreneurship (n=515) and prior employment in 

multinational high-tech firms (n=274) are most common. However, Harrison et al. (2004) 

suggest that the entire career of entrepreneurs is important and that analysis of incubator 

firms of entrepreneurs is more useful to understand who might attract talent to a region than 

to understand the source of experience of entrepreneurs. Burton et al. (2002) suggest that 

the prominence of prior employers of entrepreneurs is better understood by analysing the 

prior employer’s structural position in a network of interactions which is aligned with calls for 

use of social network analysis in the EE approach (Alvedalen and Boschma, 2017) that 

emphasise interactions within the EE. Therefore, the first research question is addressed by 

identifying the prominence of prior employers using social network analysis, described in 

Section 2.4.4. 

To address the secondary research question, whether to measure the EE at a national or 

regional scale, the prior employers of high-tech entrepreneurs are geocoded to their 

registered business location using a geographical information system ArcMap v10.4. This 

enables analysis at both national and regional scales. It also facilitates an assessment of 
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whether substantial employment mobility between regions (Figure 2.1) may result in a 

national level of measurement being more appropriate, and to demonstrate if there are 

linkages between EEs measured at a regional level (Malecki, 2011).  

 

Figure 2.1: Irish high-tech founder employment mobility: Source: Author’s analysis 

2.4.4 Social network analysis and ANOVA of prior employer interactions 

First, the breadth of prior employers is explored by comparing the number of employers in 

the career networks against the number in the appropriate directory lists (Table 2.4). Second, 

social network analysis (Figure 2.3 and Figure 2.4) using Gephi v0.9, proposed as an 

analytical approach to EEs (Alvedalen and Boschma, 2017), is employed to determine the 

relative prominence of organisations based on the number of connections of each 

organisation (Burton et al., 2002) as well as to understand the structure of interactions 

(Casper, 2007). Network level statistics are computed by transforming 2-mode networks of 

founders and organisations into a 1-mode network of interacting organisations. 

Third, the relative prominence of organisation types is analysed using an ANOVA performed 

in SPSS v26 of the mean number of degrees of each category of organisation to which each 

indigenous tech firm is connected (Table 2.6). 

Fourth, national and regional levels of analysis are contrasted for four Irish counties since the 

Irish tech ecosystem displays substantial interregional employee mobility, especially in terms 

of links with Dublin (Figure 2.1). Analysis at a regional level may indicate whether the same 

actors and actor types are prominent for each region or whether each region draws on 

different actors and actor types. Therefore a county unit of analysis is chosen because 

functional urban areas (FUA) that include commuter zones would expand the population of 

Dublin’s observations to include discontinuous agglomerations such as Maynooth, Drogheda 

and Wicklow (Figure 2.2), while FUAs excluding the commuter zones would reduce the scale 

of Limerick, Galway and Cork but keep Dublin at a county scale. 
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Figure 2.2: Regional employment of high-tech founders. Source: Author’s analysis 

Finally, network statistics (the number of nodes, the number of connected nodes, the average 

path length of each network) (Neumeyer and Santos, 2018) of these regions is analysed to 

understand how direct and indirect connections result in the overall regional structure of each 

EE.  
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2.5 Results 

The results are presented to address the primary research question about which type of prior 

employer has the most important influence on knowledge capital in the EE, and the 

secondary research question about which scale of analysis is appropriate to view EEs in 

small country contexts like Ireland. 

First, to establish a foundation to the primary research question, quotes and interpretive 

analysis from interviews are provided (Section 2.5.1) to illustrate the type of knowledge 

developed by employees in the ecosystem, and how they use this in their high-tech 

entrepreneurial ventures. 

Second, the prevalence of different types of employers from which knowledge capital is 

derived is presented (Section 2.5.2) to determine whether employment in the types of 

organisations envisaged by the EE literature is spread throughout the population of 

organisations within the ecosystem or concentrated in specific employers. It is important to 

evaluate the broad employment base available in the Irish context which lends itself to a study 

on organisation type rather than focusing on single anchor organisations that provide 

employment experience to entrepreneurs. This provides insight into prior employer types, 

and focuses on addressing the primary research question 

Third, the prominence of different types of employers, using a career history network at a 

national level, is presented (Section 2.5.2.1). If the prominence of EE types (universities, 

venture capital, incubators, accelerators and both indigenous and large foreign high-tech 

firms) is greater than ‘Other’ types of employers, it provides evidence that the types of 

organisations envisaged by the EE approach have an influence on entrepreneurship within 

the ecosystem. This addresses the primary research question. 

Fourth, the prominence of different employers at a regional level is presented (Section 

2.5.2.2) and compared to the national level. If the regions have similar prominent employers 

to the national level network, it suggests that employment mobility across regions means that 

a national level of analysis is suitable. However, if prominent employers in each region are 

different, it would suggest that a regional level of analysis is appropriate. This addresses the 

secondary research question. 

Finally, the secondary research question is also addressed by presenting and comparing the 

structure of regional career history networks (Section 2.5.2.3). If the regions are very different 

in structure, it may provide further support for evaluating ecosystems at a regional level rather 

than a national level. 



   

 53 

2.5.1 Knowledge capital developed from prior employment in the Irish 

ecosystem 

Based on interview data Table 2.3 provides illustrative examples of tacit knowledge (e.g. 

discipline and work ethic) and tangible skills (e.g. management and marketing skills) that are 

developed through employment and deployed in high-tech entrepreneurship within the Irish 

ecosystem. This data provides confirmation, that a) Irish entrepreneurs derive valuable 

knowledge from employment experience prior to entrepreneurship, and b) entrepreneurs 

derive different types of knowledge from their employment experience that forms a valuable 

resource in new venture creation and growth. This provides a foundation on which the 

subsequent analysis investigates the different types of organisations that have employed 

high-tech entrepreneurs, and at which scale the EE is best measured. 



   

 54 

Table 2.3: Illustrative quotes of knowledge developed through employment in the EE  

Illustrative quotes from interviews Coding Knowledge 

“They have an internal wiki and are all about content, so I would spend half an hour to an hour a day watching videos about the CEOs and 

founders, about how they would go about making [high-tech IT firm], creating the company and improving it. And then I thought, 'I can't work 

here anymore, we're going to start our own company.’” 

 

“The biggest contributing factor for my knowledge base on how to create a successful company came from my experience at [high-tech firm]. 

In terms of why, it's because of how much they share about their journey, what's fed into their success and the way they approach leadership. 

In terms of culture, there was a great culture of collaboration, responsibility and ownership of success, and giving you enough rope to hang 

yourself in terms of making enough mistakes to learn how to do things the right way.” 

 

“One of the good things when you leave is you can take all of the things that were incredibly hard to do, and apply some of it from the get go 

and in smaller scaling organisations, apply it much more easily. … You could understand, this is the culture and ethos we should have from 

the get go” 

New venture 

creation 

knowledge 

Organisational 

know-how 

“Any experience you have in life, there are going to be certain skills that are transferable. I definitely relied on some of the skills I built up in the 

[high-tech firm] in my start-up. So, organisation, discipline, because we're working to deadlines constantly. Being able to set a deadline and 

work towards that is so important, especially in the start-up world, when you're on a project and you have nobody chasing you - it's all you.” 

 

“I used my corporate experience in the companies that I built, and it's not always applicable, but some things might be. A thing that I find is 

helpful for me is that when you are rotating in the same circle of ideas, it makes you closed and difficult to brainstorm outside this circle. But if 

you have experience somewhere else, it will help you to think slightly differently and helps your venture get somewhere different rather than 

produce the same ideas as other start-ups.” 

Discipline and 

work ethic 

Entrepreneurial 

mindset 

“I was given a lot of opportunities to lead projects in [high-tech company], so that helped me a huge amount [in my start-up].” 

 

“I worked with [high-tech firm] as cofounder of a team for their development platform. … So that journey I would definitely liken to establishing 

or founding a company, given having later founded my company.” 

Management 

and leadership 

Business skills 

“Being able to sell, to convince customers to come up with some money for our company that was brand new, that really helped.” 

 

“I learnt a lot - about not getting paid, about how to find a customer, how to manage the customers.” 

Customer 

engagement 

Business skills 
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2.5.2 Analysis of prior employer types of entrepreneurs 

Prior employment of indigenous high-tech founders was concentrated in a minority of the 

identified multinational tech firms, investment organisations and hubs (Table 2.4). Only 133 

of the 354 multinationals (38%) had employed a high-tech founder. In contrast, all HEIs 

(100%) were prior employers of high-tech founders. 

Table 2.4: Breadth of employment 

 Total 
listed 

Prior employers of 
entrepreneur 

% connected to 
entrepreneurs 

Multinational tech firms 354 133 38% 

Investors 213 29 14% 

Hubs 136 37 27% 

HEI 22 22 100% 

Indigenous tech firms 1,503 1,503 100% 

 

Only 7% of active high-tech firms are identified as university spinouts (Table 2.5), in contrast 

to the 16% of high-tech founders who listed prior employment experience in one of the 22 

HEIs. Of the 334 high-tech founders with prior HEI experience, 134 (6%) firms were founded 

within a year of leaving HEI employment, approximately in line with the proportion of 

university spinoffs. The remaining 200 either continued in HEI employment or left HEI 

employment more than three years before firm foundation. 

Table 2.5: Proportion of university spinouts and HEI employment experience 

 Yes % (n) No % (n) Total 

University spinout 7% (110) 92.68% (1,393) 100% (1,503) 

Entrepreneur with HEI 
employment experience 16% (334) 84.45% (2,015) 100% (2,148) 

 

2.5.2.1 Interactions of prior employers at national level Entrepreneurial Ecosystems 

Despite the small proportion of university spinouts, Figure 2.3 shows that HEIs are important 

sources of prior employment, reflected by the size of the nodes and labels which are scaled 

based on the number of connections within the network. Trinity College Dublin, University 

College Dublin and Dublin City University are most prominent, followed by multinational tech 

firms IBM and Microsoft. 
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Figure 2.3: National career history network 

Table 2.6 quantifies the data in Figure 2.3 and shows that there are significant differences, 

at a confidence level of 95%, between the average number of connections of EE organisation 

types. All EE organisation types have greater connectivity than ‘Other’ organisations 

(0.9859), and HEIs are the most connected organisation type (2.2328). 

  



   

 57 

Table 2.6: ANOVA of national average degrees of connected resources 

 Category N Mean 
95% Confidence Interval for Mean 

Lower Bound Upper Bound 

Log of degrees 
of connected 
resources 

HEI 451  2.2328 2.1981 2.2675 

Hub 186 1.5927 1.5441 1.6413 

Investor 128 1.7208 1.6009 1.8406 

Indigenous  1,320 1.1741 1.1563 1.1920 

Multinational 818 1.7448 1.7086 1.7809 

Other 9,623 .9859 .9780 .9938 

Total 12,526 1.1167 1.1079 1.1255 
 

 Sum of Squares df Mean Square F Sig. 

Between Groups 1,142.292 5 228.458 1,411.792 .000 

Within Groups 2,026.005 12,520 .162   

Total 3,168.297 12,525    

 

2.5.2.2 Interactions of prior employers at regional level Entrepreneurial Ecosystems 

At a regional level, Figure 2.4 shows that regional HEIs are the most prominent organisations 

in each region. 

 
Cork 

 
Dublin 

 

 
Galway 

 
Limerick 

Figure 2.4: Regional career history networks 

University College Cork 
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National University 

of Ireland Galway 

University of Limerick 
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Table 2.7 shows that in all regions the average connectivity of EE organisation types 

connected to high-tech founders’ firms through prior employment are greater than ‘Other’ 

organisations, except for investors in Galway and hubs in Limerick. This provides some 

consistent evidence that all EE prior employer types (HEIs, Hubs, Investors, Indigenous tech 

firms and Multinational tech firms) identified in the literature are more prominent than ‘Other’ 

types of prior employers, with regard to providing knowledge capital within the EE. 

Table 2.7: Regional mean degrees of organisation types 

Category Cork Dublin Galway Limerick 

HEI 50.355 217.422 84.952 53.563 

Hub 24.348 43.257 19.308 4.000 

Investor 11.571 87.894 8.429 13.750 

Indigenous tech 9.452 18.675 12.908 8.885 

Multinational 10.804 79.963 16.179 21.893 

Other 8.624 15.067 8.580 6.225 

Total 10.931 28.037 14.576 10.388 

 

2.5.2.3 Network structure of Entrepreneurial Ecosystem interactions  

An average path length of approximately four for each region (Table 2.8) indicates that 

organisations have on average three degrees of indirect connections to other organisations 

for each direct connection. The number of neighbours between six and nine shows that there 

are many more paths for indirect connections. These numbers seem consistent across 

regions like Limerick with relatively few nodes (n=268) and regions with a relatively large 

number of nodes (n=5,360). 

Table 2.8: Regional network structure 

Network structure Cork Dublin Galway Limerick 

Number of nodes 763 5,360 569 268 

Average number of neighbours 7.691 9.276 8.134 6.104 

Average path length 4.499 4.036 4.519 3.732 
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2.6 Discussion 

The chapter set out to first, understand the influence of different types of prior employers 

within the EE, and second, evaluate whether this differs at a national and regional scale of 

measurement. 

2.6.1 Influence of different types of prior employers on knowledge capital 

The primary research question investigates the influence of different types of prior employers 

of high-tech entrepreneurs in EEs. Table 2.3 illustrates the variety of knowledge that high-

tech entrepreneurs developed from prior employment (e.g. management, leadership and new 

venture creation skills) and deployed in their entrepreneurial venture in line with prior 

research (Burton et al., 2002; Vera-Cruz and Dutrénit, 2005; Franco and Filson, 2006; 

Donegan et al., 2019). 

Across each type of EE organisation, this research shows that numerous organisations had 

employed high-tech entrepreneurs (Table 2.4) which suggests a need for analysis that is 

holistic across the EE, and in line with the EE approach, rather than focussing on a particular 

anchor tenant as previous research has done. Investment organisations, accelerators, 

incubators, research institutes, universities and multinational tech firms are all more 

connected to high-tech founders than ‘Other’ prior employers (Table 2.6). The relative 

importance of all EE factors compared to uncategorised ‘other’ factors suggests that 

knowledge capital is accumulated from a wide range of organisations within the EE, and this 

provides empirical confirmation of the ‘laundry lists’ of EE factors which have so far been 

developed only from authors’ experience (Stam, 2015; Spigel and Harrison, 2018) but 

remained untested. It also provides support for expanding analysis beyond a narrow range 

of prior employer types and anchor firms. 

In the Irish institutional context, network analysis indicates that universities appear to play the 

most important role in supporting the knowledge capital required by entrepreneurs (Figure 

2.3) despite data showing that only 7% of high-tech firms being university spinouts and only 

16% of entrepreneurs having HEI employment experience (Table 2.5). An implication for 

literature on the measurement of entrepreneurial university performance is that HEI 

employment experience of founders captures additional influences by universities that is not 

currently anticipated in the EE literature. This extends the EE literature to incorporate 

university spinout mechanisms which emphasise technology transfer (e.g. Lockett et al., 

2003; Vohora et al., 2004) as well as tacit knowledge from prior employers required to 

organise and manage a new venture (Delmar and Shane, 2006). 

The average path lengths of career networks (Table 2.8) highlights that indirect connections 

indeed exist between EE factors, which are not apparent through other analytical 
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approaches. This confirms the complex nature of EEs and their interactions. Although 

universities have been proposed as key actors in EEs for their role in education (Malecki, 

2018), their connectedness highlights the importance of their role both in directly creating 

spinoffs that are embedded in a wider EE, and indirectly such that the 84% of indigenous 

tech firms that do not have direct employment experience in a university still connect with 

these capabilities through employment at another organisation within the network. This 

suggests that policy can measure an additional avenue of knowledge spillover to regional 

entrepreneurship through prior employment experience. 

2.6.1.1 National and regional level Entrepreneurial Ecosystems 

The secondary research question asked whether, in a small country such as Ireland, EEs 

should be measured at a national or regional level of analysis. The analysis addresses 

uncertainty about the level at which EEs should be studied (Malecki, 2018) by showing that 

the results of networks at a regional level (Table 2.7) are consistent with that of the network 

at a national level (Table 2.6), although the most prominent organisations in each region are 

located within that region (Figure 2.4). This suggests that the ecosystem should be measured 

at a regional level. Conducting analysis at the regional level reveals potential regional 

deficiencies. For example, in the two smaller regions, Galway and Limerick, investors and 

hubs show less prominence than ‘Other’ organisations (Table 2.7). This echoes Malecki’s 

(2018) observation that all EEs, especially small ecosystems, will be deficient in some ways. 

In regions with low levels of entrepreneurship, research can identify deficiencies across 

organisation types that may inform policy interventions to create linkages that draw on 

knowledge found in organisations external to the region, as well as inform priorities in terms 

of foreign direct investment attraction and public institutional investment. 

2.7 Conclusion 

2.7.1 Contributions 

Knowledge capital is an important component of the EE (Nicotra et al., 2018) and prior 

employment experience of high-tech entrepreneurs is an important mechanism for 

knowledge accumulation from a range of organisations identified in the EE literature. This 

study provides empirical support to include important streams of university spinout and 

corporate spinoff literature into the EE approach. Doing so provides a holistic mechanism 

that may inform policy interventions that seek to support entrepreneurship by motivating the 

benefits of attracting and establishing regional employers that gestate a foundation of 

knowledge capital for future entrepreneurship. 

This study provides empirical support for the EE actors previously supported mainly by 

authors’ experience (Nicotra et al., 2018). Despite the majority of prior employers being 
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categorised as ‘Other’, those types of prior employers envisaged by the EE approach display 

higher prominence in the network. Specifically, regional actors are prominent within their 

regional EE, and these tend to be universities. This is consistent with extant literature on the 

role that entrepreneurial universities play within their regions (see Miller and Acs, 2017), 

although this research highlights that knowledge spills over not only through university 

spinoffs, but employment experience earlier in entrepreneurs’ careers too. The implication of 

prior employment as an important mechanism for EE theory development is that an EE is 

comprised not only of its current constituent parts, but those parts that provided prior 

employment to current high-tech entrepreneurs. Those prior employers may not be in 

existence at the current time. Therefore, it is vital for development of the EE approach to 

consider longitudinal analysis, which is incorporated into the research design of subsequent 

chapters of this dissertation. 

This study also provides support for Alvedalen and Boschma’s (2017) view that social 

network analysis can provide an empirical approach to analyse interactions in the EE, and 

can uncover connections between organisations that are not immediately apparent. Further 

analysis using this approach may reveal additional prominent categories of organisations 

within the EE that have thus far not been identified. 

2.7.2 Limitations and future research 

Ireland’s unique context as a small country with lower levels of R&D and venture capital 

investment, but higher levels of undergraduate education (shown in Appendix 1), may 

overemphasise the findings regarding the prominence of some types of EE factors such as 

universities. Further research in other contexts and using different populations of 

organisations that contribute to the knowledge capital within an EE may highlight the 

influence of different institutional and cultural contexts on the relative importance of prior 

experience from different EE actors. Future work may also consider smaller levels of analysis, 

for example, Dublin’s ‘Silicon Docks’ district of IT multinationals, compared to similarly scaled 

FUAs without commuter zones in Cork, Limerick and Galway. 

Further, within the Irish population of approximately 2,100 high-tech entrepreneurs, there may 

be distinct groups that have very different prior employment characteristics. For example, 

female entrepreneurs exhibit different prior employment patterns to male entrepreneurs 

(Boden and Nucci, 2000). This offers an opportunity to better understand how the EE 

influences different types of entrepreneurs, differently. Finally, the majority of prior 

employment remains categorised as ‘Other’. Further analysis may use the analytical 

approach to identify organisations in the ‘Other’ category with high levels of connection, and 

develop further categories of prior employers that are important for high-tech entrepreneurs. 
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This would expand the EE literature to include previously unidentified important actors in the 

EE. 

2.7.3 Concluding remarks 

This second chapter of the dissertation explored the influence of different types of prior 

employers in the EE on high-tech entrepreneurs. It showed that high-tech entrepreneurs 

utilise knowledge from prior employment in their entrepreneurial ventures, that the types of 

organisations envisaged by the EE approach are more prominent than other types of prior 

employers, and that a smaller regional scale of measurement is important, even in a small 

country such as Ireland. Therefore, the following chapter will focus on a single, vibrant 

entrepreneurial region, Dublin, to explore how knowledge capital found in prior employers 

develops. 
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3 Influence of knowledge capital from prior employers on Entrepreneurial 

Ecosystem development 

3.1 Abstract 

Entrepreneurial ecosystems (EEs) offer an approach to analysing the evolution 

and resilience of a region by placing the emphasis on the interactions that occur 

between high-growth firms and the supporting regional resources. However, 

much of the extant empirical EE research is based on case-study cross-

sectional analysis which is regarded as incomplete in comparison to longitudinal 

analysis because it fails to consider the EE’s evolution. This study analyses the 

structures that evolve in response to entrepreneurial recycling of knowledge 

derived from prior employment, in the context of a region characterised by high-

growth firms. The study uses the employment histories for 113 leaders of 

Dublin’s high-growth, foreign-owned Information Technology (IT) firms which 

established European operations since 2000. Focussed on scaling operations, 

these firms expose employees to know-how which individuals transfer when 

recruited to scale new foreign IT establishments in Dublin. The study uses 

network analysis to explore the developing resilience and structure of the 

ecosystem from which leaders between the years 2000 and 2015 draw their 

experience. After a gestation period of ten years, leaders displayed prior 

experience from an initial entrant that formed an anchor of the increasingly 

connected sources of knowledge capital. Towards the end of the study period, 

numerous well-connected firms arose providing a structure resilient to 

exogenous and endogenous shocks. The findings suggest that the region 

became more resilient as the structure changed from a satellite platform to a 

‘hub-and-spoke’ type district and is showing signs of becoming a Marshallian 

type district. However, the analysis is limited to regional knowledge capital 

derived through prior employment and transferred through employment mobility. 

This chapter provides an understanding of how EEs develop their structure of 

connected resources and increase regional resilience. Marrying a structural 

typology of regions with a lifecycle view suggests that EEs not only mature but 

follow a structural trajectory that explains how knowledge capital derived from 

employment is recycled to support further entrepreneurship in a positive 

feedback loop.  
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3.2 Introduction 

The EE literature proposes that through entrepreneurial recycling of capital, EEs develop into 

resilient, highly connected regions which foster high-growth entrepreneurship (Spigel and 

Harrison, 2018). However, development of entrepreneurship in regions faces a chicken-and-

egg problem (Bresnahan et al., 2001) where entrepreneurial recycling cannot occur without 

existing entrepreneurship, which is exacerbated by the ‘stickiness’ of some resources such 

as knowledge capital (Qian, 2018; Spigel and Harrison, 2018). Therefore, the connection 

between knowledge capital and the development of resilient, highly connected EEs remains 

unclear.  

3.2.1 Importance of knowledge capital derived from prior employment 

Knowledge capital is an important type of capital in EEs because it creates a hospitable 

environment for scaling early stage firms (Nicotra et al., 2018). Although knowledge capital 

in a region is considered ‘sticky’ (Qian, 2018; Spigel and Harrison, 2018), the knowledge 

spillover theory of entrepreneurship (KSTE) (Audretsch, 2005) proposes that knowledge 

capital can accumulate through employment and as it develops, levels of entrepreneurship 

will increase which results in a positive feedback loop and a virtuous cycle that enables 

successful regions of entrepreneurship (Bresnahan et al., 2001; Venkataraman, 2004). 

Knowledge capital refers to information employed by firms and embedded in individuals 

(Laperche and Liu, 2013). Knowledge capital that is important for entrepreneurship comprises 

know-how and organisational insights derived from entrepreneurs’ prior employment (Burton 

et al., 2002; Donegan et al., 2019) and this can have a strong influence on the capabilities of 

entrepreneurial ventures because these firms have not yet formed the routines and structures 

found in more mature firms (Ensley, Pearce and Hmieleski, 2006). Most entrepreneurs have 

prior employment experience (Robinson and Sexton, 1994) and “in his study of fast growing 

private firms, Bhide (2000) reports that the greatest number came from high-tech, high-

growth industries, on average were started by highly educated individuals, and tended to be 

based on ideas associated with their founder’s previous employment” (Braguinsky et al., 

2012, p. 870). 

Knowledge capital derived from prior employment is recycled within the EE (Spigel and 

Vinodrai, 2020) through employment mobility (i.e. movement of individuals between different 

organisations within the region), creating spillovers of knowledge between different 

organisations within the region. Spigel and Harrison (2018) propose that when recycling 

occurs within a region a resilient ecosystem may develop. A resilient ecosystem refers to a 

region that “can weather challenges such as the loss of a major anchor employer, an 

exogenous economic shock, or the change of a technological paradigm” (Spigel and 
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Harrison, 2018, p. 161). The resilient ecosystem structure proposed by Spigel and Harrison 

(2018) is characterised by regions with very high numbers of high-growth firms and high 

levels of connectivity between them. This resembles Markusen’s (1996) Marshallian district 

type. However, several other types of resilient regional structures have been identified; 

‘satellite platform’, ‘hub-and-spoke’ and ‘state anchored’ (Markusen, 1996), each differing in 

their numbers of organisations and levels of connectivity between organisations within the 

region (see Figure 3.1). The development of knowledge capital, ecosystem resilience and 

ecosystem structure are therefore explored. 

3.2.2 Research question 

The EE literature proposes that EEs develop into resilient, highly connected regions which 

foster high-growth entrepreneurship (Spigel and Harrison, 2018), stemming from 

entrepreneurial recycling. However knowledge capital is considered a ‘sticky resource’ (Qian, 

2018; Spigel and Harrison, 2018) and entrepreneurial regions face a chicken-and-egg 

problem (Bresnahan et al., 2001) where an initial lack of knowledge capital in a region means 

that entrepreneurial recycling is limited and a region cannot develop.  

 The research question is therefore: 

How does knowledge capital derived from prior employment influence the 

development of resilience and the structure of an entrepreneurial ecosystem? 

This chapter addresses the research question by tracing the prior employment of high-growth 

firm leaders within a region to understand the flows of knowledge capital between 

organisations within the ecosystem, and traces both the development of resilience and 

changes in structure. 

3.2.3 Overview of chapter 

The chapter is organised following the structure of Colombelli et al. (2019) which explores 

the development of EEs in terms of their governance. It reviews theory relevant to knowledge 

spillovers in EEs, and the nascent EE literature on the theories of resilience and development 

of EEs, which draw on related theories on the development of industrial clusters and 

innovation systems. The relationships between knowledge capital from prior employment, 

ecosystem resilience and ecosystem structure are presented in two propositions and 

summarised in a framework (Figure 3.2). This is followed by a description of the data on the 

prior employment of high-growth firm leaders, and the methods used to explore the 

development of resilience and structure of the EE. Next, results are presented in Section 3.5 

by first, analysing the sources of knowledge capital as the ecosystem develops, and then 

analysing the development of resilience (Proposition 1) in Section 3.5.1 and analysing the 
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development of the structure of the EE (Proposition 2) in Section 3.5.2. The implications of 

the findings are then discussed to address the research question of how knowledge capital 

derived from prior employment influences the development of resilience and structure of EEs. 

Finally, the conclusion highlights the contribution to the EE literature and indicates how this 

integrates with Chapters 2 and 4 of the dissertation. 

3.3 Theory and literature review 

The EE perspective offers a promising approach to studying the regional context of 

entrepreneurship and has attracted substantial attention (Alvedalen and Boschma, 2017; 

Malecki, 2018). The perspective builds on a diverse range of literature that explores the 

resources within a region that influence entrepreneurship, how these influences differ 

depending on the maturity and structure of the region, and the mechanisms that explain the 

relationship between the regional resources and the resulting entrepreneurship. Lineages of 

the EE literature stem from regional development and strategy literature (Acs et al., 2017) 

including frameworks such as industrial districts (Pyke et al., 1990), industrial clusters (Porter, 

1990; 2003) and innovation systems (Lundvall, 1985; Freeman, 1988; Cooke, 1992; Nelson, 

1993; Edquist, 1997; Maskell, 2001). 

These concepts have been used interchangeably (Martin and Sunley, 2003; John and 

Pouder, 2006; He and Fallah, 2011; Hervas-Oliver et al., 2015), perhaps because the 

frameworks have many resources and boundaries in common. However, they place an 

emphasis on different aspects of the region. Regional innovation systems emphasise the 

coordinating role of institutions to produce and share knowledge while industrial clusters 

focus on the competitive advantage of an industry in the region. EEs place the emphasis on 

the connectivity within the region with the entrepreneur as the central actor (Acs et al., 2017; 

Brown and Mason, 2017; Malecki, 2018). The EE literature initially focussed on identifying 

and listing numerous resources that impact entrepreneurship (Stam, 2015; Spigel and 

Harrison, 2018), many of which are common to prior regional frameworks. More recently, the 

EE literature has sought to address the evolutionary nature of the components within the EE 

(Mack and Mayer, 2016; Malecki, 2018) although it is not clear which elements are cause 

and which are an effect (Stam, 2015; Alvedalen and Boschma, 2017; Nicotra et al., 2018). 

One proposed process that drives ecosystem development is employee mobility (Spigel and 

Vinodrai, 2020), because the knowledge capital derived from prior employment is valuable 

for entrepreneurship (Burton et al., 2002; Donegan et al., 2019) and provides the context 

conducive for entrepreneurship. 

The EE approach is not the first approach to emphasise the context in which 

entrepreneurship takes place (Dorfman, 1983; Gartner, 1985; Specht, 1993; Van de Ven, 
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1993; Feldman, 2001), nor the first to highlight the importance of entrepreneurial knowledge 

at a regional level (Acs et al., 2009), although the systems thinking inherent in the EE 

approach offers an opportunity to consider the resilience of the ecosystem together with its 

evolution (Simmie and Martin, 2010), which has not been sufficiently emphasised as a key 

characteristic by which EEs differ (Roundy et al., 2017). Therefore, the literature is reviewed 

by considering how knowledge capital derived from employee mobility influences the 

development of resilience and structure of the EE, and how this relates to the literature on 

the development of resilience and structure of industrial clusters and innovation systems. 

3.3.1 Theory of knowledge capital in Entrepreneurial Ecosystems 

The knowledge spillover theory of entrepreneurship (KSTE) is one of the six main 

entrepreneurship theories (Ferreira et al., 2019). It has direct application to this research into 

EEs because it proposes that tacit knowledge acquired as an employee in one firm enhances 

entrepreneurial performance when, through employee mobility, that knowledge is transferred 

into an entrepreneurial venture. The theory suggests that regions with different numbers of 

firms in which employees can gain this knowledge of scaling capabilities, as well as regions 

with differing levels of employee mobility within the region, will have differing levels of 

entrepreneurial firm growth. 

The EE approach broadens the emphasis on knowledge capital by identifying numerous 

other resources which may influence entrepreneurial activity and growth. Nicotra et al. (2018) 

categorise the many factors involved in EEs by their influence on stocks of financial, 

institutional, knowledge and social capital. However, their formulation of knowledge capital is 

incomplete when compared to other prominent EE literature. In Nicotra et al.’s (2018) 

framework, the category of knowledge capital emphasises human capital that enhances 

entrepreneurship through three mechanisms. First, human capital is created through 

education of young graduates who may establish new firms and are employed in 

entrepreneurial firms. Second, talented individuals are attracted to a region by its availability 

of high quality experiences and a culture of tolerance (Florida, 2003a). Finally, 

entrepreneurial training aims to directly stimulate entrepreneurship. 

The knowledge capital envisaged in the EE literature should consider another prominent 

stream of entrepreneurship research related to university spinouts (Lockett et al., 2003; 

Vohora et al., 2004) and corporate spinoffs (Klepper, 2001; Neck et al., 2004; Klepper and 

Sleeper, 2005). These streams of literature share prior experience as a mechanism through 

which knowledge capital is accumulated. Prior experience is an important source of 

knowledge for entrepreneurs (Burton et al., 2002). This knowledge and experience of 

organisational strategies and capabilities is transferred to new firms through employee 
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mobility (Vera-Cruz and Dutrénit, 2005; Franco and Filson, 2006). This is an important 

mechanism for entrepreneurial human capital development because most entrepreneurs 

have prior experience (Robinson and Sexton, 1994) and the tacit knowledge required to 

organise and grow a new firm cannot easily be obtained indirectly (Carroll and Mosakowski, 

1987). Further, the knowledge and experience of entrepreneurs can have a strong influence 

on the capabilities of new ventures because these firms have not yet formed the routines and 

structures found in more mature firms (Ensley et al., 2006). 

The benefits of prior experience for entrepreneurs are twofold. First, Burton et al. (2002) find 

that entrepreneurs benefit indirectly from experience in firms. Founders that have experience 

in firms known for producing entrepreneurs have an increased probability of accessing 

external finance which Burton et al. (2002) argue is due to reduced perceived uncertainty of 

the new venture. Second, entrepreneurs seem to benefit from experience in related industries 

(Dahl and Reichstein, 2007) which influences the entrepreneurial process (Shane, 2000). 

Profitability and growth is related to relevant prior experience when combined with education 

(Jo and Lee, 1996). 

Prior employment has perhaps been underappreciated in the EE approach because firms in 

the growth stage are led by managers rather than the typical jack-of-all-trades founders 

(Galbraith, 1982), and the EE approach often focusses on high-growth firms (Nicotra et al., 

2018; Spigel and Harrison, 2018). EEs are often studied in high-tech regions (e.g. Neck et 

al., 2004; Cohen, 2006) which innovate both radically and incrementally (Herrmann, 2019), 

although there are calls to expand the approach to include a wider variety of entrepreneurship 

including start-ups and lifestyle businesses (Aldrich and Ruef, 2018). 

The type of entrepreneurship considered is important because the prior experience of leaders 

that are managers (typical in growth stage entrepreneurship), and leaders that are founders 

(typical in earlier stage entrepreneurship), do not influence performance in the same way. 

For example, founders with a track record of success are more likely to succeed (Gompers 

et al., 2010), while CEOs with prior leadership experience in the same industry achieve lower 

firm performance than those CEOs without this experience (Hamori and Koyuncu, 2015). 

This may be due to the different operating emphasis, with early stage firms focussed on 

invention, production and testing (Galbraith, 1982) while more mature entrepreneurial firms 

are focussed on scaling and sales. Koryak et al. (2015) argue that firm growth stems from 

capabilities established through leadership behaviours and management activities to identify 

opportunities and configure resources to exploit opportunities. These are related to 

capabilities of market development and penetration, as well as ongoing product innovation. 

Firms in earlier stages of the growth cycle need to acquire these capabilities once they 
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progress to this stage of growth. Therefore, scaling and marketing capabilities gained through 

prior employment experience in firms that exhibit these capabilities, and transferred through 

employee mobility, form a crucial component of knowledge capital within the EE, although 

they may only directly be employed by later stage (i.e. high-growth, not start-up) 

entrepreneurial firms.  

The resulting high-growth entrepreneurship reflects successful EE development, although 

since high-growth entrepreneurship can be extremely rare (Aldrich, 1999; Reynolds and 

White, 1997; Shane, 2003; Autio et al., 2007; Brannback et al., 2010), measuring this 

outcome may not serve as an appropriate option to assess how developed an ecosystem 

may be. 

3.3.2 Theory of development of Entrepreneurial Ecosystems 

There are a lack of frameworks that address the process of development of EEs (Colombelli 

et al., 2019) and the EE approach is undertheorized (Brown and Mason, 2017; Spigel, 2017). 

Mack and Meyer (2016) provided a first shift in the EE literature from a static documentation 

of the EE factors, to an empirical analysis of an ecosystem over time. Mack and Meyer (2016) 

drew on the cluster literature to propose a life cycle of ecosystems, and reviewed the change 

in EE factors over that life cycle, although it has been criticised for proposing an end result of 

the ecosystem in decline, rather than sustainability (Malecki, 2018). Employing the innovation 

system and cluster literature, Brown and Mason (2017) avoid the criticism of Mack and 

Meyer’s (2016) framework and develop a two-stage typology of embryonic and established 

ecosystems. The stages of the ecosystem development are distinguished primarily by their 

levels of connectivity. Spigel and Harrison (2018) expand on Brown and Mason’s (2017) 

typology to propose that the level of resilience also increases as the ecosystem develops. 

However, neither the Brown and Mason (2017) framework nor the Spigel and Harrison (2018) 

framework are empirically investigated. Finally, an empirically tested framework of ecosystem 

development characterised by the structure of connections, rather than the level of the 

connectivity, is developed by Colombelli et al. (2019). Therefore, following Colombelli et al.’s 

(2019) approach, the literature on regional resilience and regional structures are reviewed 

below to derive propositions that are presented in a framework of ecosystem development 

(Figure 3.2), which will be investigated in an empirical setting represented by Dublin’s 

ecosystem of high-growth firms. 

3.3.2.1 Resilience of entrepreneurial ecosystems 

In the EE literature, resilience has been defined by Roundy et al. (2017) as the degree to 

which the region can recover from and adapt to both exogenous and endogenous shocks. In 

doing so, Roundy et al. (2017) make a distinction between resilience and resistance, which 
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they refer to as the degree to which a region is initially affected by a shock. This preferences 

the long-term evolutionary nature of a system over the short-term equilibrium of the system, 

although both approaches are studied under the umbrella of regional resilience 

(Christopherson et al., 2010). Indeed, this distinction may create an unnecessary dichotomy 

because adaptability within a system can be seen as the capacity to influence resistance 

(Walker et al., 2004). A holistic approach that considers the short-term accommodation of 

shocks and long-term adaptation to develop new paths is supported by the regional 

innovation literature where resilience and resistance are presented as a trade-off between 

each other (Boschma, 2015). Boschma (2015) remarks on the lack of attention paid to 

analysing the sensitivity of a knowledge network to the removal of specific nodes or linkages, 

which reflects an appreciation of the importance of short-term resilience. Boschma’s (2015) 

approach to measuring resilience in innovation systems seems especially applicable to EEs 

which emphasise interactions between actors. 

Roundy et al. (2017) propose that differences in coherence of organisations within the region 

influence the resilience levels of different EEs, as does the diversity of those organisations. 

They propose measuring the coherence of an ecosystem in terms of the strength and type of 

connections, rather than the overall number of connections. The industrial cluster literature 

also places the emphasis on these characteristics although uses the terms homophily and 

hierarchy (Crespo, Suire and Vicente, 2014). However, Roundy et al. (2017) stop short of 

proposing the nature of the relationship between diversity, coherence and ecosystem 

resilience, rather emphasising that these properties might explain regional heterogeneity of 

resilience. 

The nature of the relationship between the levels of diversity and coherency of organisations 

in the region, and the levels of resilience may be better understood through Spigel and 

Harrison’s (2018) nascent theory on ecosystems development. Entrepreneurial recycling of 

resources is proposed as a mechanism which can result in a more resilient EE, while a lack 

of resource recycling weakens the ecosystem. Entrepreneurial recycling involves the mobility 

of resources, notably knowledge, skills and talent, from both successful and unsuccessful 

entrepreneurial ventures into further entrepreneurial activity. Therefore, entrepreneurial 

recycling reflects a high level of coherency of the organisations that act as sources for the 

knowledge, skills and talent that help to develop ecosystem resilience. Therefore Proposition 

1 considers the coherency of prior employers and the resilience of the ecosystem and is 

formulated as follows: 

Proposition 1: An entrepreneurial ecosystem with more recycling of knowledge capital 

derived from prior employment within the ecosystem will have higher levels of resilience 
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Proposition 1 will be investigated in an empirical setting represented by Dublin’s ecosystem 

of high-growth firms. 

3.3.2.2 Structure of Entrepreneurial Ecosystems 

Regional resilience and regional structure appear to be related because the levels of 

interactions (connectivity) have been used to categorise the structures of resilient industrial 

districts: ‘satellite platform’, ‘hub-and-spoke’, ‘state anchored’ and Marshallian districts 

(Markusen, 1996) shown in Figure 3.1. Marshallian type districts have many regional 

interactions between many firms, while regional interactions in the ‘hub-and-spoke’ type 

districts are structured around a few dominant firms. ‘State anchored’ districts are similar to 

‘hub-and-spoke’ districts although the role of dominant firms is conducted by non-profit 

organisations such as universities or military bases. Finally, in ‘satellite platform’ districts, 

branch offices of firms do not have regional interactions but engage externally with their 

headquarters and other suppliers. This typology of resilient industrial districts has been 

applied in the industrial cluster literature (He and Fallah, 2011; Seeley, 2011) and the regional 

innovation systems literature (Stuck, Broekel and Revilla Diez, 2016; Asheim, Smith and 

Oughton, 2011), although it has not yet been considered in the EE literature. 

 

Figure 3.1: Structure of regions. Source: (Markusen, 1996; He and Fallah, 2011) 

To better understand how regional resilience relates to regional structure, cluster literature 

that employs Markusen’s typologies offers some empirical support. Marshallian district types, 

with high levels of diversity and coherence appear to be more resilient to endogenous shocks, 

while ‘satellite platform’ and ‘hub-and-spoke’ districts with lower coherence and diversity are 

less resilient (Clark, Huang and Walsh, 2010). Expanding on Suire and Vicente’s (2014) 

proposition that cluster resilience is related to how nodes within its network connect to one 

another, Crespo et al. (2014) suggest that a promising direction for further research on 

regional resilience will incorporate knowledge networks as key factors, although Kasabov 

and Sundaram (2016) caution that networks should be studied longitudinally and 

consideration should be given to the role that pools of skills play in a cluster’s resilience 
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(Kasabov and Sundaram, 2016). Therefore, the links between knowledge capital, resilience 

and regional structure are apparent. 

Markusen (1996, p. 308) notes that “an intriguing question is whether regions can maintain 

their stickiness by transforming themselves from one type of district to another” to which He 

and Fallah (2011) provide an initial answer by reviewing 15 high performing US clusters. They 

show the evolution of a communications cluster from one where much of the patent activity 

in the region was attributed to externally headquartered firms, to one where small and large 

locally headquartered firms contribute substantially more to patent activity, although the 

analysis does not directly analyse the interactions between firms. Understanding the 

transformation between regional structures is important because it highlights whether there 

may be a link between the maturity of a region and its potential evolutionary path. 

The evolution of EEs was addressed directly by Mack and Mayer (2016) by employing a life 

cycle framework to identify when each of the elements in the EE are required. Mack and 

Mayer (2016) propose life cycle stages of the EE similar to Bergman’s (2008) life cycle of the 

cluster, although their research design across two points of time did not allow for sufficient 

data on the full life cycle of the EE and a subsequent understanding of the resources at each 

stage. 

Studies of the emergence of industrial clusters and regional entrepreneurship describe a 

chicken-and-egg problem (Bresnahan et al., 2001), where uncertainty exists about how 

regional resources emerge and whether they are a prerequisite to entrepreneurship or a 

result of successful entrepreneurship (Feldman, 2001; Mason, 2008). A common response 

has been to employ life cycle frameworks which describe when each resource is required 

(Bergman, 2008; Menzel and Fornahl, 2010; Mack and Mayer, 2016). Identifying the maturity 

of the region is important because firm formation in early stage cluster development differs 

substantially from founding a firm in a mature cluster (Bresnahan et al., 2001) as it does in 

EEs (Mack and Mayer, 2016; Brown and Mason, 2017). Bergman (2008) proposes a cluster 

life cycle framework that begins with a state of existence followed by expansion and finally 

exhaustion. At the earliest stage, a conducive culture and sufficient customers are highlighted 

as the required exogenous factors. Subsequently, human capital and the resources that 

develop it such as universities and other firms are considered important in the beginning of 

the expansion phase, while infrastructure and institutions become more important to improve 

the cluster’s carrying capacity and efficiency in the latter parts of the expansion phase. 

Menzel and Fornahl (2010) refer to this second part of the expansion as a sustaining phase 

where firms benefit from supportive institutions. Finally, the exhaustion stage highlights the 

importance of customers whose preferences may change faster than the cluster can adapt. 
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A notable longitudinal analysis that identifies key stages of cluster development is Casper’s 

(2007) study which employs network analysis to analyse the growth of interactions in a 

biotechnology cluster. The study shows how coherence of the network increased in the 

biotechnology cluster studied despite a dramatic increase in the overall size of the network. 

The stages identified proceed from a low-resilience stage where less than half the network 

of managers are connected to the main component, to an intermediate phase where 

coherence and resilience increases, and finally to a coherent phase where almost all 

members of the network are connected. At this stage the interactions in the network are 

shown to be resilient to endogenous shocks that remove the most connected node. 

By combining an understanding of life cycles of regions which lead to increased resilience 

(Casper, 2007), with an expectation that Marshallian regions are more resilient than other 

types of districts (Clark et al., 2010), Proposition 2 is formulated as follows: 

Proposition 2: Entrepreneurial ecosystems that increase in resilience over time will evolve 

in structure from Satellite platforms type districts into Marshallian type districts 

Proposition 2 will be investigated in an empirical setting represented by Dublin’s ecosystem 

of high-growth firms. 

The two propositions are summarised with the framework in Figure 3.2. Proposition 1 is 

reflected as the positive relationship between the x and y axis. Over time, as the coherence 

of knowledge capital derived from prior employment increases within the EE, the ecosystem 

will develop increased resilience (Proposition 1). Proposition 2 is reflected in Figure 3.2 as 

the representations of three types of regional structures, each placed higher based on their 

proposed level of resilience. As ecosystem resilience increases, the region develops from a 

structure resembling a satellite platform structure type to a ‘hub-and-spoke’ type and finally, 

to a Marshallian structure type (Proposition 2). 
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Figure 3.2: Framework of EE development 

The framework presents a trajectory towards a Marshallian structure which represents a 

highly resilient, well connected ecosystem supportive of further high-growth 

entrepreneurship. The end result is a proposed ecosystem structure of resilience and 

connectivity which is aligned with the characteristics of successful ecosystems in both the 

Brown and Mason (2017) and Spigel and Harrison (2018) frameworks. The framework is 

investigated through the two propositions in an empirical setting represented by Dublin’s high-

growth entrepreneurial ecosystem. 

3.4 Research methodology 

Following the approach of Colombelli et al. (2019) which explores the development of EEs 

and investigates propositions summarised in a framework, this chapter uses a combination 

of different types of data (firm entry, career history) and multiple measures of ecosystem 

coherence (type, tie strength, eccentricity), resilience (exogenous, endogenous) and 

structure (network structure visualisation, network anchor firm identification, network density, 

clustering and average path length), to provide substantiation of the proposed conceptual 

framework. 
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3.4.1 Data on prior employers of leaders of high-growth firms in Dublin 

Data is based on the career history of leaders of high-growth IT firms in Dublin. Information 

Technology has been one of the fastest growing sectors in Ireland since the 1980s, with 

Dublin comprising more than three quarters of the IT firms in 1991 (O'Malley and O'Gorman, 

2001). The Dublin IT cluster is chosen as a successful case of the emergence of the scaling 

and marketing capabilities required for an EE because there are a large number of 

multinational firms that have established a marketing and sales base of operations in Ireland 

to expand into Europe, the Middle East, and Africa (EMEA) (IDA Ireland, 2021). These firms 

engage in rapid employee growth which provides Ireland with its primary motivation for 

attracting IT firms through extremely competitive corporate tax rates, although this 

employment is considered more precarious than with smaller, more domestically centred 

firms (Killian, 2006). This regional specialisation as a hub for scaling through penetration of 

the EMEA markets is an example of an agglomeration of high-growth firms which are the 

emphasis of the EE approach. The agglomeration in Dublin was seeded by the establishment 

of foreign hardware firms starting in 1971 that, through a demonstration effect, resulted in 

further foreign hardware firm establishment (van Egeraat and Jacobson, 2004). Some of the 

foreign hardware firms closed by the mid 90s but were more than offset by new hardware 

firms, as well as a new type of foreign firm focussed on software (van Egeraat and Jacobson, 

2004). Most recently, a previously rundown part of Dublin has emerged as a global tech hub 

based on the establishment of numerous foreign internet companies (Roberts et al., 2015). 

Since these foreign firms are established as subsidiaries of externally located ‘parent’ 

companies, He and Fallah’s (2011) assumption of limited interactions, collective learning or 

collaboration would suggest that the Dublin region is a ‘satellite platform’ district as described 

by Markusen (1996). For the Irish multinational software sector, this is supported by studies 

that find a low level of customer and supplier linkages in the Irish foreign software cluster 

(White, 2004). However, the entrepreneurship literature on high-growth firms suggests that 

employment mobility between the firms offers a mechanism for knowledge transfer that 

creates a knowledge network. Analysing these interactions may therefore highlight a different 

regional structure that can contribute to explaining the development of agglomeration of what 

appear to be independent branch offices (see Figure 3.3). 

An analysis of firm location carried out in the process of this research (Figure 3.3) showed 

that typically, internet firms are located within the city centre, known as ‘Silicon Docks’, while 

earlier arrivals of hardware and software firms are located in business parks further away 

from the city centre. This distinction is not important regarding their core activities and 

capabilities as most firms are located in Dublin to sell into EMEA. Rather, the distinction is 

important because these organisations have distinctly different spatial arrangements which 
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might influence employee mobility, limiting the connections between these spatially distinct 

categories which would highlight the need for smaller geographical boundaries of analysis 

such as innovative districts (Katz and Wagner, 2014). Conversely, if there are numerous 

connections between these categories of spatially distinct firms, the city as a unit of analysis, 

as typically envisaged by the EE literature (Motoyama and Knowlton, 2016; e.g. Motoyama 

and Knowlton, 2017; Colombelli et al., 2019; Spigel and Vinodrai, 2020; Bendickson et al., 

2021), would be appropriate. 

Numerous other resources described in the EE literature such as universities, co-working 

spaces and incubators are located in the city centre. The city centre also hosts many software 

firms, although very few hardware firms. 

 

Figure 3.3: Map of Dublin's IT ecosystem. Source: Author’s analysis 

To collect the data an approach focussing on high-growth firms rather than overall new-firm 

creation was followed. To begin, a list of foreign-owned IT firms that have established 

European headquarters in Ireland was created using data from IDA Ireland, the agency 

responsible for attracting foreign direct investment to Ireland which operates a publicly 

accessible website of all foreign-owned firms in Ireland. These firms represent rapidly 

growing firms that intend to expand to the European market. Limiting the population of firms 

to the IDA Ireland source of data represents an independent, consistent and complete source 

for the identification of foreign IT firms in Dublin. 
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Next these data were validated and collated using a four-stage process (Table 3.1). First, of 

the foreign IT firms in the IDA Ireland list (n=247), some had no company registration or press 

release data indicating which year they established in Ireland (n=14). Also excluded were 

firms established before the presence of internet firms started to establish in Dublin after the 

year 2000 (n=71). Those that had been acquired or dissolved, or lacked web presence or 

available information on physical location were also excluded (n=46). Although some of these 

were well-established firms, prominent in the region, complete and reliable information about 

their historical regional leadership resources is not consistently available. Since adverse 

events such as firm failure do not necessarily result in a loss of regional knowledge capital 

(e.g. Curran, O'Gorman and van Egeraat, 2016), when these excluded firms form part of the 

prior experience of any leaders found in the region between 2000 and 2015, they will still 

appear in the career history network of leaders during the period analysed. As such, these 

excluded firms may still feature prominently as a connected knowledge capital source of 

newer firms. 

The second data collation and validation step was to identify the leaders for each firm that 

arrived after 1999 (n=162), using press releases and other media resources such as the Irish 

Times Top1000 which lists the current leaders the largest 1,000 companies in Ireland. 

Leaders were only collected until 2015 because newly established firms often take some time 

to recruit permanent leadership. Firms without documented leaders were contacted by 

telephone. In some cases, organisations confirmed that the organisation had no local 

leadership. For example, Amazon had no local leadership structure. Rather, the head of each 

function and business unit reported back to a head office and the organisation did not operate 

as a cohesive unit in Ireland, providing some evidence of a satellite structure. In other cases, 

the organisations declined to provide information on their leadership. Leaders for 116 of these 

companies were identified. Only two leaders were identified as serial IT firm leaders, while 

14 had two leaders since their establishment and three companies had three leaders, 

resulting in a total of 134 leaders identified. 

Third, the career histories of identified leaders (n=113) were collected from publicly 

accessible career profiles on social media and data was validated by ensuring that the career 

information included the associated foreign IT firm. Where career history data was missing 

or incomplete, leaders were contacted by telephone, although typically these leaders stated 

that their information was intentionally not available, and they wished it to remain so (n=21). 

The data was further validated by searching employment titles for key words to screen out 

any entries that were not related to employment, most notably society memberships, 

directorships and tertiary education student positions. Where there were inconsistencies in 

employment history, for example in the spelling of employee firm names, both the use of 
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manual matching and a “fuzzy lookup” algorithm were enlisted to highlight similar firm names. 

This process resulted in 400 firms with which 113 leaders were connected through prior 

employment. 

Table 3.1: Data validation stages 

Data validation stage Data n 

Collection Foreign IT firms identified in IDA data 247 

First (Firm entry) 
 less Firms with no arrival year information 14 

Total firms entry used in analysis 233 

Second (Active firms) 

 less Foreign IT firms prior to the internet firm arrival 71 

Total internet era firms 162 

less Dissolved or without web presence 46 

Total active firms 116 

Third (Leader identification) 

 plus Firms with two leaders identified over the period 14 

 plus Firms with three leaders identified over the period (3 x 2) 6 

 less Serial leaders 2 

Total identified leaders 134 

Fourth (Career history)  Less leaders with no career history data 21 

Total leaders with career history data 113 

Prior employer organisations of leaders 400 

Geolocation and categorisation of prior employers 400 

 

The final stage of the data collation and validation process was that each firm in a leader’s 

career history (n=400) was categorised and geocoded by reviewing the organisation’s 

website. These were supplemented by registered addresses available through the 

Companies Registration Office. Where little or no information was available, the organisation 

was assumed to be unrelated to IT and external to the Dublin region. 

3.4.2 Longitudinal social network analysis 

This analysis traces the employment mobility of high-growth firm leaders to view resilience 

and structure at the ecosystem level, using individual level career history data. The recycling 

of employment experience into high-growth firms and beyond in the Dublin EE is exemplified, 

at the individual level by the following three examples in the career history data.  

  



   

 79 

Example 3.1: Employment journey of the leader that established and scaled Google 

The leader of Google’s EMEA headquarters in Dublin rapidly scaled market penetration 

throughout EMEA and built scaling capabilities to recruit train and manage a rapidly growing 

workforce. During their 10 year tenure as leader at Google EMEA, the operations grew to a 

workforce of 2,500 (Irish Times, 2015c), making it the largest employer in the Silicon Docks 

(Irish Times, 2015b). The leader of Google EMEA was recruited in 2005 from First Data and 

had prior experience in leadership positions in European and US companies including Infor, 

Oracle, Adobe and KPMG (Irish Times, 2015a). This leader then recycled the knowledge 

gained from this experience to lead the establishment of LinkedIn in Dublin (Irish Times, 

2015a) which had plans to grow its workforce to 2,000 employees by mid 2020 (Irish Times, 

2020). Most recently, this leader has become a Dublin-based investor and ‘scaling advisor’ 

(Herlihy, 2021), recycling the experience of scaling high-growth firms in Dublin to other 

innovative firms in the ecosystem. 

 

Example 3.2: Employment journey of the leader that established and scaled Twitter 

The leader of Twitter in Dublin was recruited from Google in 2012 and brought prior 

experience from Ericsson. In 2016 they left Twitter, having taken it from “just an IKEA couch 

and a vision to build Twitter’s EMEA headquarters” (Irish Times, 2016, p. para. 7) to an 

operation with over 200 employees (Irish Times, 2016). They then took on a role as a Dublin-

based investor (RTE, 2016), further recycling their prior employment experience of scaling 

high growth firms (e.g. see Harvard Business Review, 2021). 

 

Example 3.3: Employment journey of the leader that established and scaled Stripe 

The leader of Stripe in Dublin was recruited from Twitter in 2015, having worked alongside 

the head of Twitter in Ireland (Silicon Republic, 2015). They also had six years prior 

employment experience in Google. At the time of their leaving Stripe, the Ireland office had 

grown to 300 employees with plans to grow to 1000 employees. (RTE, 2021). They have 

most recently recycled this knowledge within the ecosystem by co-founding a Dublin based 

start-up. 

These examples show how the leaders of high-growth firms in Dublin have prior employers 

in common and gained experience of scaling that they deployed to scaling other high-growth 

firms. This data forms part of the analysis of the 113 high-growth firm leaders with career 

history data. However, following the Casper (2007) approach, it is at the network-level of 

analysis that coherence of the knowledge capital, and its resilience and structure are best 

analysed, to better understand an EE. 
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In contrast to the industrial cluster literature, the EE literature makes almost no reference to 

social networks both in theoretical and analytical terms (Alvedalen and Boschma, 2017), 

despite networks featuring prominently in the entrepreneurship literature. Emphasising the 

importance of networks, the entrepreneurship literature has analysed the strength of ties to 

explain individual differences in innovation and success. Weak network ties provide access 

to novel information and contacts (Granovetter, 1973; Burt, 1992) which aid in opportunity 

discovery (Elfring and Hulsink, 2003), while strong ties provide access to fine grained 

knowledge, as well as resource sharing (Starr and Macmillan, 1990; Krackhardt et al., 1992; 

Rowley et al., 2000). Social network analysis has been employed by Motoyama and Knowlton 

(2017) who highlighted the importance of connectivity between elements for EEs. Stangler 

and Bell-Masterson (2015) have suggested that connectivity explored through social 

networking sites may serve as possible data sources. 

In this study, social network analysis is used to understand the development of the resilience 

and structure of the ecosystem through the connectivity of knowledge transferred through 

employment mobility, focusing on the leaders of high-growth firms. While these networks 

employ data at the level of individual leaders and the organisations at which they were 

employed, following Casper (2007), it is at the network-level of analysis that coherence of the 

knowledge capital, as well as the resilience and structure of the EE are measured. Different 

prior employment connections between organisations lead to certain organisations having 

different numbers of direct and indirect neighbours within the network. 

Networks were developed using career histories from leaders, resulting in 2-mode networks 

of individuals and the organisations in which they were employed. This is transformed into a 

1-mode network of connected organisations to allow for an analysis on how the organisational 

know-how and capabilities, for which the leaders of high-growth firms were recruited, are 

related to each other. The result is a network of the scaling capabilities derived from 

organisations, constructed for the leaders of all IT organisations as well as for the internet 

leaders in Dublin since 2000. Developing networks for both overall IT leadership and Internet 

firm leadership also allows for a comparison of the development between the well-established 

agglomeration of IT firms in Dublin, and the more recent Internet firms in Dublin. 

The data are analysed and presented in two parts to investigate each proposition. Proposition 

1 is investigated first with analysis on the coherence of knowledge capital from prior 

employment which provides an understanding of the level of entrepreneurial recycling within 

the ecosystem. Coherence is measured in terms of the similarity of prior employers in terms 

of their industry and location, the differences in tie strength and their eccentricity. 
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Strong ties tend to bond similar nodes together while weak ties tend to bridge parts of the 

system that would otherwise be unconnected (Krackhardt et al., 1992). Tie strength can be 

measured by recency (Lin, Dayton and Greenwald, 1978) which suggest a greater ability to 

operationalise the relationship, as well as tenure (Ruef, 2002) which suggest internalisation 

of standardised routines and competencies from prior knowledge and experience. 

Internalisation of these competencies suggests that they may be more transferable to a new 

employment setting. However, it should be noted that, compared to previous studies that 

analyse tie strength, the tenure of prior employment (tie tenure) is lengthy and could often be 

considered a strong tie, while employment prior to the most recent previous employment (tie 

recency) is typically a long time in the past and could therefore also be considered a weak 

tie. 

The development of coherence of knowledge capital is then explored using the eccentricity 

measure of social networks. Eccentricity measures the maximum path length of each node, 

which represents the degree of similarity of knowledge capital derived from prior employment. 

A network with a high proportion of indirect connections (nodes with a maximum path length 

above one represents a region with shared capabilities and a high degree of coherence, 

indicative of either a ‘hub-and-spoke’ or Marshallian type structure, while a network with a 

low proportion of indirect connections represents a ‘satellite platform’ region with 

disconnected branch offices and potentially heterogenous capabilities employed by each 

firm. 

Proposition 1 is then investigated by presenting an analysis of the development of resilience. 

Resilience is explored by analysing the impact of an exogenous shock and simulated 

endogenous shocks. The impact of an exogenous shock is considered by analysing the effect 

that the US subprime mortgage crisis of 2007 has on the growth of the ecosystem in terms 

of new firm entry, and how firm entry adapts over the period. Following Boschma (2015) and 

the approach used by Casper (2007), endogenous resilience is analysed by identifying the 

number of firms in the largest group of firms that are directly and indirectly related to each 

other, known as the main component. By removing the most connected firm in the main 

component it can be seen how much of the network remains intact. This provides an 

indication of whether the connectivity within the region is dependent on a hub, as would be 

found in a ‘hub-and-spoke’ district, or is not dependent on a single prominent firm as would 

be found in a Marshallian district. This provides a first indication of the developing structure 

of the ecosystem, which is explored further using the network visualisation software, Gephi 

v0.9. 
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Structure emergence is then directly explored by generating network diagrams, which can be 

compared to the emergence of resilience (Proposition 2). A visual description of network 

development is provided to deliver visual intuition of the relative importance of each firm in 

the network, as well as an overview of the network structure. Structure development is 

summarised by exploring the changes in key metrics of network connectivity including 

density, clustering and average path length. 

Network density measures the level of connectivity as a percentage of all potential 

connections. As the number of high-growth firms increase through firm entry, the potential for 

connections increase. Therefore, a network with a high network density reflects higher 

connectivity, although in an ecosystem with substantial growth through firm entry, the number 

of possible connections may increase faster than the number of actual connections, reducing 

network density despite increasing numbers of connections. Therefore, an alternative 

measure of a highly connected structure is also considered through clustering and the 

average path length of each organisation in the network. 

Clustering and average path length are measures to determine whether the network exhibits 

a small world structure (Watts and Strogatz, 1998), popularly known as six degrees of 

separation. A small world network is one in which nodes are able to easily connect to many 

other parts of the network, indicative of a well-connected, Marshallian type structure. 

3.5 Results 

The results are presented to investigate the two propositions and address the research 

question of how knowledge capital derived from prior employment influences the 

development of resilience and the structure of an EE. 

Proposition 1 is investigated in Section 3.5.1, first by tracing the development of level of 

coherence of the knowledge capital derived from prior employment (Section 3.5.1.1), in terms 

of a) the types of prior employers of the leaders of high-growth IT firms in Dublin, b) their 

differing importance as sources of knowledge capital reflected by the recency and tenure of 

the employment, and c) the overall eccentricity of the network of knowledge capital. This is 

followed by analysis of the development of resilience (Section 3.5.1.2) in terms of an 

exogenous shock and endogenous shocks. 

Proposition 2 is investigated in Section 3.5.2 with results that show the development of the 

ecosystem structure by a) visualising the network over the period of investigation, b) tracing 

the development of anchor firms, and c) measuring the network structure. 

The results are then discussed and synthesised in terms of each proposition (Section 3.6), 

with a summarising timeline of the ecosystem development (Figure 3.14) to show how 
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knowledge capital derived from prior employment influences the development of resilience 

and structure of an EE. 

3.5.1 Influence of knowledge capital on the development of resilience in the 

Entrepreneurial Ecosystem 

The results in this section provide support for Proposition 1 by showing evidence that as 

levels of coherency of the knowledge capital derived from prior employment increased in the 

ecosystem (Section 3.5.1.1), the ecosystem developed increased resilience (Section 

3.5.1.2). 

3.5.1.1 Entrepreneurial recycling of knowledge capital in the ecosystem 

The results below show the increasing levels of coherency in the knowledge capital derived 

from prior employment within the ecosystem. This is evidenced by a) increasingly similar 

types of prior employers, from within the ecosystem, of high-growth firm leaders, b) a majority 

of the more recent and lengthy prior employment being at employers from within the industry 

and within the ecosystem, and an increasing level of eccentricity of the prior employers. 

3.5.1.1.1 Types of prior employment of high-growth firm leaders 

The prior employment experience that has emerged in Dublin since 2000 is categorised by 

the type of organisations in which the leaders of these firms were employed. In the analysis 

below, these are categorised as hardware firms, software, internet or other firms, if they were 

located within the region, and extra-regional if they were located outside Dublin or Ireland. 

After an establishment period until 2005, the proportion of employment node categories 

(Figure 3.4) stabilises. The majority of prior employment of high-growth firm leaders is from 

within the region, and from within the IT industry which indicates a strong coherence of 

knowledge capital provided from these sources, and substantial recycling of knowledge 

capital from prior employment. Nonetheless, diversity of prior employers is also evident, with 

approximately 40% of prior employment outside the region or IT industry. This pattern of 

emerging recycling of knowledge capital (approx. 60%) and diversity of prior employment of 

leaders of high-growth firms (approx. 40%) will be compared to the emergence of resilience 

in the ecosystem. 
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Figure 3.4: Knowledge capital sources from prior employment 

3.5.1.1.2 Strength of prior employment of high-growth firm leaders 

Despite similar proportions of experience types from the categories shown above, the prior 

employment in each type may not be of equal importance. Figure 3.5 shows the recent prior 

employment of leaders of high-growth IT firms within the region, and shows that most recent 

experience has been gained from the internet sector, while less recent employment of leaders 

is more often from outside the region and, when within the region, outside the IT industry. 

Prior employment tenure of more than three years is more often associated with employment 

organisations outside the region and industry, than longer ties are. These ties were sensitivity 

checked and remain similar for both shorter and longer lengths of employment tenure 

between two and five years. 

 
Figure 3.5: Prior employment tie analysis 
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The analysis of the recency and tenure of prior employment ties show that strong ties to prior 

employers are more likely to be within the industry and within the region. This suggests that 

leaders of high-growth firms are selected for similar knowledge derived from recent and 

substantial prior employment, which means that their employment mobility enhances 

ecosystem recycling and coherency of knowledge capital. 

3.5.1.1.3 Eccentricity of the knowledge capital within the ecosystem 

Coherence of the ecosystem is explored through the eccentricity networks statistics. This is 

calculated from the prior employment of internet firm leaders (established at the start of the 

study period) and the prior employment of overall IT firm leaders in Ireland (established well 

before the study period). This allows for comparison of the development of eccentricity in the 

more recent Internet firms to the development of eccentricity in the well-established 

agglomeration of IT firms in Dublin. The results show that both networks increase the 

proportion of indirect connections, indicative of increasing coherency of sources of knowledge 

capital through prior employment, although the IT network, as expected, reflects this sooner 

because it was already established at the start of the study period. 

Initially, between 2000 and 2004, Figure 3.6 shows that internet high-growth firm leadership 

only draws on knowledge from their direct prior employment (eccentricity = 1), which is 

unconnected to other prior employers. Therefore the knowledge capital transferred from prior 

employment in this time period is less likely to have similarities to other knowledge capital 

that is transferred through leader mobility in later time periods when there are greater shared 

connections between these sources of knowledge capital. An interim period between 2005 

and 2011 is evident where leaders appear to draw on knowledge that is indirectly connected 

to other organisations in the ecosystem, and is either one or two degrees removed.  

  
Figure 3.6: Emergence of coherence of knowledge capital from prior employment 
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The results in Figure 3.6 indicate increasing coherency in the knowledge capital derived from 

prior employment in the ecosystem. Finally, by 2010, leaders’ knowledge derived from prior 

employment are either connected with at least four degrees of freedom to other 

organisations, or they are only connected to the organisations in which they had direct prior 

experience (eccentricity = 1). The final phase in which full coherency is expected (100% of 

organisations with eccentricity > 1) has not been reached, although it is not clear if this would 

be comprised of complete isolation from external sources of knowledge and if this would be 

desirable or possible. By 2011, firms can be categorised as either deeply connected to the 

network with four or more degrees of connections, or not at all with only a single degree of 

connection. In the overall IT network, this level of coherency was reached in 2008, reflecting 

the turning point of overall firm entry to the ecosystem (exogenous resilience reflected in 

Table 3.2), as well as the year at which endogenous shocks stabilised (endogenous 

resilience reflected in Figure 3.7), as shown in the following section. This provides evidence 

in support of Proposition 1 by showing that increased entrepreneurial recycling of knowledge 

capital derived from prior employment within the ecosystem influences the development of 

resilience within the ecosystem. 

3.5.1.2 Resilience in the ecosystem 

Resilience is first considered in terms of the exogenous shock of the 2007 financial crisis and 

its impact on the entry of high-growth IT firms to Dublin, in order to scale their operations and 

penetrate markets throughout EMEA. Resilience is then considered in terms of endogenous 

shocks following the approaches of Boschma (2015) and Casper (2007). 

The results below show resilience in the face of an exogenous shock both by recovering to a 

high level of firm entry, and by adapting from firm entry in the software sector to an emphasis 

on internet firm entry. The results then show increasing levels of resilience to simulated 

endogenous shocks, and provide support for Proposition 1. 

3.5.1.2.1 Resilience to exogenous shocks 

By the time that the first internet firms, AOL and 2checkout, arrived in Ireland in 1995 and 

1999 respectively, there was an established IT agglomeration in Dublin with 69 hardware and 

software firms, comprising 30% of the current IT firms. Figure 3.3 shows that these hardware 

and software firms are mostly located outside the city centre in business parks. 

In 2000, the internet ecosystem as it is understood today (‘Silicon Docks’), spatially arranged 

in the city centre (Figure 3.3), started in earnest with eBay, Prometric and ‘Connexion by 

Boeing’ representing a first wave of internet firms to establish operations in Dublin (Table 

3.2). At this stage, there were still more annual arrivals of software and hardware firms than 
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internet firms. In 2007, the exogenous shock of the United States subprime crisis (Reinhart 

and Rogoff, 2008) is reflected in a reduced number of FDI IT arrivals in Ireland. 

Table 3.2: Resilience and adaptation of high-growth firm entry 

Irish 
arrival year 

Hardware 
firms 

Software 
firms 

Internet 
firms 

Total 
firm arrival 

Cumulative 
# of firms 

Growth 
rate pa (%) 

Contribution 
to region (%) 

Prior to 2000 35 34 2 71 71  30% 

2000 3 7 3 13 84 18% 6% 

2001 1 6 1 8 92 10% 3% 

2002 2 
 

1 3 95 3% 1% 

2003 
 

3 3 6 101 6% 3% 

2004 2 1 1 4 105 4% 2% 

2005 1 1 2 4 109 4% 2% 

2006 4 
 

2 6 115 6% 3% 

2007 
 

5 
 

5 120 4% 2% 

2008 
 

2 2 4 124 3% 2% 

2009 1 3 1 5 129 4% 2% 

2010 1 3 5 9 138 7% 4% 

2011 
 

4 5 9 147 7% 4% 

2012 1 5 14 20 167 14% 9% 

2013 
 

9 14 23 190 14% 10% 

2014 2 6 15 23 213 12% 10% 

2015 4 2 14 20 233 9% 9% 

Total 57 91 85 233 Average 8% 100% 

 

The resulting shock of the Irish financial crisis (Riain, 2012) also contributed to the 35% 

reduction in FDI investment in Ireland in 2008 (Gunnigle, Lavelle and Monaghan, 2013), 

although foreign software firm arrival did not decrease during the 2007 to 2010 period. By 

2010, despite annually increasing unemployment rates since 2007, the annual arrival of FDI 

firms exceeded 2006 levels, and internet firms began to consistently arrive in larger numbers 

than software and hardware firms. This accelerated in the final phase between 2012 and 

2015 where recent arrivals in the last four years of the ecosystem have dominated the current 

composition of the region, making up 38% of the total number of foreign IT firms in Dublin. 

Based on the continued arrival of high-growth firms, especially the increase in the form of 

internet based firms, it seems that the regional adaptation and recovery shocks faced as a 

result of the financial crisis, as well as the changing nature of firm type and location choice 

(see Figure 3.3), has been an example of resilience to exogenous shocks, which in part 

explains Ireland’s more rapid recovery compared to nations such as Portugal, Italy, Greece 

and Spain. This evidence of resilience and adaption from software to internet firms, is 

supplemented with analysis of endogenous shocks. 
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3.5.1.2.2 Resilience to endogenous shocks 

Despite the ecosystem showing signs of recycling increasingly coherent knowledge capital 

by drawing upon prior experience from within the region, an over reliance on particular 

sources of knowledge capital poses a risk to resilience. 

Following Boschma (2015) and Casper (2007), resilience to endogenous shocks is shown by 

removing the most prominent organisation from the network of prior employers and viewing 

the change in connectivity of the network. When this happens, the proportion of firms 

connected to the main component, shown in Figure 3.7, increases for both the internet and 

overall IT networks of prior employers. For context, although Dublin’s network of prior 

employers exhibits lower rates of connectivity than that of San Diego’s Biotechnology at the 

end of the study (90%) (Casper, 2007), 60% is a similar proportion of firms connected to the 

main component at 15 years of San Diego’s cluster emergence, which is the ending point at 

which Dublin’s ecosystem is analysed. 

 

Figure 3.7: Emergence of endogenous resilience 

The main component of the internet ecosystem gains some level of resilience in 2004, but it 

takes until 2012 for the resilience to stabilise, with a disruption to the most prominent node 

causing less than 5% of the nodes to become unconnected to the main component. In 

contrast, the overall IT ecosystem is resistant to a disruption to its most prominent node by 

2008, reflecting its earlier establishment. 

Using these timing differences of the internet and overall network resilience will enable a 

comparison to the timing differences in the recycling of knowledge capital of these two 

networks in terms of coherence and diversity (Proposition 1), followed by a comparison to 

the timing differences in the developing structure of the ecosystem (Proposition 2). 
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3.5.2 Influence of resilience on the developing structure of the Entrepreneurial 

Ecosystem 

The results provide support for Proposition 2 by showing evidence that as the levels of 

resilience of the ecosystem increased, the ecosystem structure showed signs of changing in 

structure from an initial satellite type structure, to a ‘hub-and-spoke’ type structure and finally 

to a Marshallian type structure. 

Proposition 2 suggests that an EE evolves into a Marshallian district type as regional 

resilience increases. Proposition 2 is partially supported by the results which reflect that 

although a prominent anchor high-growth firm arises (Figure 3.11), indicative of a hub-and-

spoke structure, which increases reliance on a single point of failure, several other high-

growth firms are also three to five times more prominent than the average (Marshallian 

structure), and overall resilience increased (Figure 3.7) over the study period. As the number 

of prominent high-growth firms increases, resilience to any single point of failure develops 

and the structure of the ecosystem reflects increased connectivity. The evolution from 

satellite to ‘hub-and-spoke’ to Marshallian district types is exemplified by the three waves of 

node eccentricity shown in Figure 3.6, despite decreasing density of the ecosystem (Figure 

3.12) due to increasing firm entry (Table 3.2), and confirmed by the increasing average 

clustering coefficient and low average path length indicative (Figure 3.13) of a small world 

network. Proposition 2, however, remains only partially supported because a) the levels of 

resilience have not yet reached levels as high as those identified in Casper’s (2007) study, 

and b) the average path length is still showing signs of increasing which may lead to a 

breakdown of the small world structure. 

3.5.2.1 Visualisation of ecosystem structure 

The development of the ecosystem structure is presented below and shows firm entry 

together with changes in ecosystem connectivity, based on the prior employment of the 

leader of the new firm. The high-growth firm entry and connections from prior employment 

are visualised as network diagrams, available in Appendix 2. To identify whether the 

establishment timing or spatial differences between IT sectors influences the ecosystem 

structure, networks are developed for both the internet sector leaders as well as the overall 

IT network. In the early years of developing the networks, both the internet and overall IT 

ecosystems have few nodes of prior employment and with limited data, and cannot be 

usefully visualised. However, within the first five years of the internet firm arrival, the 

organisations are well connected (Figure 3.8) with Google, as an early internet entrant, 

connected to established software firms such as Oracle and Adobe. KPMG, a regionally 

situated firm in a supporting sector, also features prominently in both the internet and overall 



   

 90 

IT networks, although this type of prior employer is more prominent in the IT network. Prior 

employment from IT firms outside the region is also evident. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.8: Dublin’s internet (left) and overall IT (right) prior employment network in 2005 

As leaders were appointed to newly established internet firms, they brought with them 

experience from older IT firms within the region (Figure 3.9), and this included internet firms 

established early within the region such as Google, eBay and LinkedIn. Overall, IT firm 

leaders continued to derive knowledge capital from a wider range of other IT firms and 

regionally situated supporting firms such as KPMG and Deloitte. 

 

 

 

 

 

 

 

 

Figure 3.9: Dublin’s internet (left) and overall IT (right) prior employment network in 2010 
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In the later stages, however, internet leaders more often derived experience from Google 

than from eBay (Figure 3.10). Notably, other well-established, regionally situated, large IT 

firms such as Microsoft and IBM did not contribute substantially to the knowledge capital 

drawn on in the ecosystem. In the overall IT network, KPMG remained a prominent source 

of experience, but was eclipsed by now established internet firms such as Google and 

Salesforce. It is also worth noting that the organisations within the networks do not seem to 

cluster along the dimension of IT category, as the internet career history network contains 

numerous software and hardware firms, despite the spatial differences seen in Figure 3.3. 

This lends support for viewing the boundaries of the EE at the metropolitan level rather than 

a more fine-grained innovative district level. 

 

 

 

 

 

 

 

 

 

 

Figure 3.10: Dublin’s internet (left) and overall IT (right) prior employment network in 2015 

3.5.2.2 Anchor firm analysis 

The number of connections that each of the most prominent firms displayed over time is 

summarised in Figure 3.11. After the network stabilises in 2005, there are several equally 

prominent organisations (Oracle playing anchor role for internet firms and overall IT firms 

until that point). However, network connectivity accelerates with the rising prominence of an 

early internet entrant, Google. Google then forms the ‘anchor’ of an increasingly coherent 

network of knowledge capital from which later leaders of new high-growth firms can draw. 

This is suggestive not of a satellite platform with limited regional interactions, as proposed in 

prior literature, but rather a ‘hub-and-spoke’ type region with Google as an anchor node. This 

is similar to Casper’s (2007) finding that early entrants formed the backbone for later entrants, 

although it differs in that Google was not an initially prominent firm. Rather, non-internet firms 
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such as Oracle and KPMG were most prominent in the early internet and overall IT ecosystem 

of knowledge capital from prior employment. Further, these networks’ exhibit rapid changes 

in prominence which suggest that the ecosystem has not yet matured. 

 

Figure 3.11: Rise of anchor firms in Dublin’s high-growth ecosystem 

While Oracle retained prominence in both the internet and overall IT networks, Table 3.3 

shows that by 2015 KPMG was eclipsed by many regionally situated IT firms. This suggests 

that the ecosystem structure is developing away from an initial single source of knowledge 

capital, to a coherent structure where many prominent nodes can act as sources for further 

recycling of knowledge capital. 

Table 3.3: Top 10 connected firms in the Internet network in 2015 

 
Sector Location Ownership Degrees Employees Company 

arrival 

Google Internet Dublin FDI 36 2,500 2003 

Oracle Software Dublin FDI 19 695 2000 

eBay Internet Dublin FDI 19 2,500 2001 

Three Hardware Dublin FDI 18 200 2011 

Digital 
Equipment 
Corporation 

External 
Hardware 

Galway FDI 18 450 2006 

Gilt groupe Internet Dublin FDI 18 100 2013 

Facebook Internet Dublin FDI 18 89 2003 

KPMG Other Dublin Local 14 200 2003 

SI Systems External 
Internet 

Canada FDI 14 900 2010 

Pond 5 Internet Dublin FDI 14 200 2012 

 

Recycling does not appear to be directly related to the number of employees in each firm, or 

related to the time since the high-growth firm established. Some large and well-established 

firms shown in Table 3.3 are not prominent sources of knowledge capital and do not 
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contribute prominently to knowledge recycling. For example, Microsoft in Ireland employs 

1,900 people and has been in Ireland for longer than Google but is not a prominent source 

of prior employment for leaders of internet or indeed overall IT firms. Google is the only 

organisation that appears on both the list of top ten IT employers in Dublin (Table 3.4) and 

the list of top 10 connected firms (Table 3.3). Conversely, small, new entrants at the time of 

the study, such as Facebook, were already prominent and well connected. 

Table 3.4: Top 10 FDI IT employers in Dublin (2015) 

Company Sector Company 
arrival 

Employees 

Intel Hardware 1989 4,500 

Hewlett Packard Hardware 1971 4,000 

Synopsys Software 1998 3,353 

IBM Hardware 1956 3,000 

EMC Hardware 1988 2,800 

Adobe Software 2001 2,790 

Google Internet 2003 2,500 

Dell Hardware 1992 2,500 

PayPal Internet 2003 2,400 

Microsoft Software 2001 1,900 

 

3.5.2.3 Network structure 

The structure of the ecosystem can be measured in terms of its connections which create a 

network. The large number of firms with four or more degrees of connections (Figure 3.6) 

results in a well-connected network. However, as a percentage of all possible connections, 

the number of connections (network density) remains low (Figure 3.12). This suggests a 

decreasing level of overall connectivity in the ecosystem, however it does not account for the 

rapid growth of the ecosystem through firm entry. As firms enter, it is unrealistic to measure 

their connectivity through prior employment in all existing organisations within the ecosystem. 

Rather, it is important to measure whether they are able, through their prior employment, to 

have had exposure to as much of the knowledge capital available in the ecosystem as 

possible. This is determined by testing whether the ecosystem is structured as small world 

network (similar in structure to the well connected Marshallian type) which enables easier 

access to the full extent of the network of prior employers. 
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Figure 3.12: Network density 

A high clustering coefficient together with a low average path length is an indication of a small 

world network (Watts and Strogatz, 1998). The clustering coefficients of the internet and 

overall network of prior employers (Figure 3.13) are high and stabilise as the ecosystem has 

matured. The average path length has steadily increased although remains under the six 

degrees of separation popularised as the key characteristic of a small world network. 

 

Figure 3.13: Comparison of network clustering and path lengths 

It remains to be seen if the average path length will continue to increase (in subsequent 

years) as the ecosystem gains more entrants, leading to a decrease in access to the full 

extent of knowledge capital accessible through prior employment. This structure may then 

decrease the attractiveness of the ecosystem to new entrants, resulting in the ecosystem 

maturing or even declining. 
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3.6 Discussion 

The research question sought to understand how knowledge capital derived from prior 

employment influences the development of resilience and the structure of an EE. A 

framework of ecosystem development was developed and two propositions were 

investigated. The investigation of Proposition 1 addressed the research question by exploring 

the influence of knowledge capital derived from prior employment on the development of 

resilience within the EE. The investigation of Proposition 2 addressed the research question 

by exploring the influence of the developing resilience on the structure of the ecosystem. 

The results traced the development of the resilience and structure of an EE by exploring the 

networks created through employment mobility of leaders of high-growth firms. The results 

show that knowledge capital derived from prior employment is increasingly coherent and 

recycled as the ecosystem’s resilience increases and, as resilience increases, the structure 

evolves from a satellite type structure, to a ‘hub-and-spoke’ type structure and finally to a 

Marshallian type structure. This shows how development of an ecosystem can occur through 

entrepreneurial recycling even though knowledge capital is considered a ‘sticky’ resource 

(Qian, 2018; Spigel and Harrison, 2018). 

Proposition 1 suggests that increases in entrepreneurial recycling of knowledge capital 

derived from prior employment increases the level of resilience of the ecosystem. Proposition 

1 is supported, firstly, by showing the increased coherency in sources of knowledge capital 

from prior employment, and increased resilience reflected by the continued arrival of foreign 

software firms during the exogenous shocks of the housing and financial crises starting in 

2007, followed by an adaptation to an increase in foreign internet firm arrival (Table 3.2). 

Proposition 1 is further supported by results showing that as coherency of knowledge capital 

showed an increase in terms of eccentricity of the knowledge sources through prior 

employment (Figure 3.6), the impact of a potential endogenous shock decreased (Figure 3.7) 

and resilience was therefore increased. At the end of the study period, both the internet and 

overall IT prior employment networks displayed stable levels of coherency of knowledge 

capital sources, and stable levels of resilience. 

Together, the results show that EEs characterised by increased entrepreneurial recycling, 

especially those with longer and more recent prior employment from within the region (Figure 

3.5), have high levels of resilience, are able to adapt by developing in related sectors in the 

face of an exogenous shock, and have increasing resistance to losing connectivity should 

the most prominent firm in the ecosystem fail. 

Proposition 2 is supported by evidence of the developing structure of the ecosystem, 

occurring in tandem with increases in resilience which were not smooth trends across the 
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study period, but rather waves with apparent inflection points. The structure of the networks 

showed signs of transitioning into a resilient Marshallian type district after 2012 when the 

potential of losing the most prominent firm in the network would have less than a 5% effect 

on the number of firms connected to the main component (Figure 3.7). The ecosystem 

showed characteristics of a small world network with a less than six degrees of separation 

and high clustering (Figure 3.13), despite increasingly low network densities (Figure 3.12). 

However, the process of transformation into a Marshallian district from a satellite district, 

while underway, is not complete. This is supported by the results which show that the main 

component of the networks only comprise approximately 60% of the total number of firms 

(Figure 3.7), which leaves room for further development toward the 90% threshold found in 

the San Diego cluster (Casper, 2007). 

The timeline (Figure 3.14) summarises the development of resilience and structure of the 

ecosystem, highlighting milestones that may reflect the inflection points of the changes in 

structure and which mark the gradual transition between different ecosystem structure types 

as knowledge derived from prior employment is recycled through employment mobility. 
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Figure 3.14: Timeline of ecosystem development 
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Although the high-growth firms in the study were focussed on capabilities related to scaling 

and market penetration rather than innovation as in Casper’s (2007) study, notably the 

structure of the prior employment network in this study follows a similar development path, 

finding that early entrants were a prominent source of knowledge capital for later entrants. In 

line with the evolutionary life cycle literature of both EEs and industrial clusters (Bergman, 

2008; Menzel and Fornahl, 2010; Mack and Mayer, 2016), the establishment stage until 2008 

had lower levels of firm entry. During this period the structure of the prior employment 

networks resemble a satellite type district where the most prominent firm in the network was 

unrelated to the IT sector and most firms had less than two degrees of connections to other 

firms. The prior employment experience of internet firm leaders in this establishment phase 

were from software and hardware firms (Figure 3.8) within the region which suggests that 

knowledge capital is derived from prior employment in similar sectors in the EE when 

available. In contrast, the established IT leaders drew predominantly on employment 

experience from an unrelated firm (Figure 3.8) during this time, suggesting that more 

established firms may rely less on leaders with related industry experience because the 

capabilities they require are already embedded with these firms. 

After 2008 the rate of firm entry increased, suggestive of an expansion stage and positive 

feedback from the increased coherency of capabilities leading to increased firm entry. During 

this period the structure of the networks transitioned into one where the majority of firms in 

the IT network had more than four degrees of connections with several prominent IT firms 

within the ecosystem emerging as sources of prior employment for leaders of newly 

established high-growth firms. This is suggestive of an emerging Marshallian type district 

structure. However, during this period the network was not yet resilient to an endogenous 

shock (such as losing its most prominent firm), suggesting it still retained the structure of a 

‘hub-and-spoke’ type district that, on the one hand displays numerous connections between 

firms and over 60% of the network is connected to the main component, but on the other 

hand is still reliant on anchor organisations within the network. 

The results in this study differ from Casper’s (2007) study in one important way. Nodes which 

were prominent towards the end of the period were not initially prominent and this finding is 

novel. Non-IT related firms such as Oracle and Deloitte were initially the most connected 

firms in the overall IT networks, but towards the end of the study period these were 

superceded by Google, Oracle and eBay. This adaptation to new sources of knowledge 

capital has supported a new wave of high-growth firm entry as hardware and software firm 

entry decreased. Although Google rose to prominence in the most recent period as the most 

connected node, numerous IT related nodes are well above the average, suggestive of a 

Marshallian type district structure and the resilient, connected ecosystem proposed by Spigel 
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and Harrison (2018). By 2015, the network appears to be self-sustaining as strong 

employment ties in terms of recency and tenure are more likely to be from within the region 

than from external experience, recycling knowledge capital derived from prior employment in 

a positive feedback loop as the ecosystem becomes more attractive for further high-growth 

entrants. The continued rapid changes in the prominence of each prior employer of the 

leaders of high-growth firms toward the end of the study period suggests that the ecosystem 

has not yet matured. 

3.7 Conclusion 

3.7.1 Contributions 

The EE approach focusses on the interactions within a region that lead to improved access 

to knowledge capital and other resources that support high-growth entrepreneurship. This 

study expanded upon extant literature to show how a crucial form of knowledge capital within 

the EE, scaling capabilities derived from prior employment, is recycled through employment 

mobility. This entrepreneurial recycling of knowledge capital develops the resilience and 

structure of the EE which means that despite the ‘stickiness’ of regional knowledge bases 

(Nicotra et al., 2018; Qian, 2018), entrepreneurial recycling of knowledge can develop 

ecosystems. In the face of external shocks and firm failure, scaling capabilities can be 

recycled into other organisations that continue to grow and provide a foundation which 

supports further firm entry, growth and regional development. 

This study uses social network analysis to show how a region can develop from a satellite 

platform where branch offices draw on scaling and market penetration capabilities external 

to the region, to a ‘hub-and-spoke’ type district where numerous connections to a prominent 

regional firm emerges. Subsequently, displaying a positive feedback loop, there is an 

increase in the number of well-connected firms as well as the number of connections that 

each firm displays, until the ecosystem resembles a Marshallian type district with a high level 

of resilience to endogenous and exogenous shocks. 

For policy, this implies that attracting an anchor firm, although it may not directly result in 

increased regional resilience, can spark the emergence of a resilient network of capabilities 

if supported through appropriate labour retention and mobility within the region. This provides 

for the accumulation of knowledge capital that serves as a foundation for further regional 

development that leads to a resilient Marshallian type district. Conversely, creating the labour 

conditions that incentivise the leakage of scaling capabilities may stall the process of 

ecosystem development. The findings also suggest that using structure type as an analytical 

marker of the present state of the region offers insight into the potential trajectory of the 
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region, as well as an indication of the extent of underlying capabilities that can be leveraged 

to support regional transformation and development. 

3.7.2 Limitations and future research 

The end point of this research does not reflect a conclusion or equilibrium state for Dublin’s 

entrepreneurial ecosystem, nor does it investigate numerous important, interacting factors 

beyond knowledge capital derived from prior employment of the leaders of high-growth firms. 

Further research might follow up to understand how a district transforms beyond the early 

stages of a Marshallian district, and whether the life cycle theory of EEs prevails within the 

region, ultimately reducing its level of entrepreneurial recycling, resulting in a stage of decline. 

Understanding how to reinvigorate a region that has reached this stage becomes increasingly 

important as economies mature and their evolutionary path needs to consider a strong 

foundation of existing knowledge capital and other resources within the EE. Further research 

may also expand the current population of firms explored to include start-ups, or the influence 

of knowledge capital derived from other sources such as education and research. 

3.7.3 Concluding remarks 

This chapter has explored the question of how the development of resilience and structure of 

an ecosystem is influenced by knowledge capital derived from prior employment, despite 

knowledge capital often being considered a ‘sticky’ resource. By tracing the development of 

the resilience and structure from the early stages of an ecosystem to its present state, this 

research has shown how coherency of knowledge capital contributes to the environment in 

which high-growth entrepreneurship is supported. The next chapter expands upon this 

research in several ways. First, it continues to employ a metropolitan level of analysis, but 

moves beyond a single empirical setting following the approach by Colombelli et al. (2019), 

to a large number of US metropolitan areas which facilitates an econometric analysis. 

Second, it continues to employ longitudinal analysis, but widens the analysis beyond 

knowledge capital to include financial, institutional and social capital. Third, it expands upon 

both this chapter and the second chapter to conceive of entrepreneurship not only as high-

growth and high-tech firms, but as start-up, ‘main street’ and low-innovation firms. 
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4 Influence of four types of capital in Entrepreneurial Ecosystems 

4.1 Abstract 

The entrepreneurial ecosystems (EE) approach provides a lens through 

which to view the complex interactions between regional factors and 

productive entrepreneurship. Complexity is increased when 

entrepreneurship is understood to comprise a variety of entrepreneurship 

types including start-ups, high-growth firms, ‘main street’ entrepreneurship 

and innovative establishments. Few studies have moved beyond case 

studies of high performing EEs. It also remains unclear at which scale the 

factors (financial, institutional, knowledge and social capital) identified in the 

EE literature influence entrepreneurship. 

In this chapter the influence of financial, institutional, knowledge and social 

capital on different types of entrepreneurship are analysed using spatial 

econometric analysis of 645 US metropolitan statistical areas. Beyond 

providing empirical support for the differing relationships between types of 

capital and different types of entrepreneurship, the results suggest that 

institutional capital influences the effect of financial capital on 

entrepreneurship. In EEs with low institutional capital, the influence of 

financial capital from neighbouring regions is significant, reflecting complex 

interactions between different types of capital and the influence of 

neighbouring EEs. This has implications for EE theory to expand both in 

terms of considering neighbouring regional conditions and to consider the 

influence of EE capital on a wider range entrepreneurship types.  
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4.2 Introduction 

4.2.1 Importance of a holistic view of Entrepreneurial Ecosystems 

The entrepreneurial ecosystems (EE) approach to understanding the influence of capital on 

entrepreneurship focusses on high-growth entrepreneurship because this is an important 

source of economic growth through innovation and employment (Stam, 2015). However, a 

broader definition of entrepreneurship has been called for (Audretsch, Kuratko and Link, 

2015b; Aldrich and Ruef, 2018), to be investigated through the lens of EEs (Neumeyer and 

Santos, 2018; Neumeyer et al., 2019). Still, most research on EEs remains at a conceptual 

level, often based on authors’ experience or case studies that display a limited range of 

differentiators (Nicotra et al., 2018). Further, the boundaries of EEs remain unclear (Stam, 

2015; Malecki, 2018). The benefits of entrepreneurship extend beyond radically innovative 

high-growth firms that create high levels of employment in a short period and should consider 

incrementally innovative slower growing firms (Herrmann, 2019) that contribute lower levels 

of employment over a longer period. Expanding the focus of EEs to include less innovative 

firms or establishments traditionally classified as small and medium enterprises (SME) is 

important because these firms make up 99% of all firms and two thirds of all employment 

across OECD countries (Reboud, Mazzarol and Soutar, 2014), while high-growth 

entrepreneurship is extremely rare (Aldrich, 1999; Reynolds and White, 1997; Shane, 2003; 

Autio et al., 2007; Brannback et al., 2010). Hermann (2019) argues that a shift in emphasis 

to a more inclusive view of entrepreneurship will change the support measures that policy 

makers target for their EEs. 

4.2.2 Research question 

The EE approach presents four types of capital (also termed ‘eco inputs’) within an 

ecosystem which influence entrepreneurship, although to date there is limited quantitative 

empirical analysis on what the influence of these is on entrepreneurship. The EE approach 

further emphasises high-growth firms (also termed ‘eco outputs’) rather than overall start-up 

rate, or indeed ‘lifestyle’ entrepreneurial firms. However, there is a call for increased 

appreciation of the variety of entrepreneurship. Therefore, the research question of this 

chapter aims to explore the influence of four types of capital on different types of 

entrepreneurship in EEs: 

What is the influence of financial, institutional, knowledge and social capital on 

different types of entrepreneurship in entrepreneurial ecosystems? 

EEs are complex systems with numerous inputs (EE capital types: financial, institutional, 

knowledge and social capital) and outputs (types of entrepreneurship: ‘main street’, start-ups, 

established high-growth, low-innovation and high-innovation firms). The EE approach 
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encourages a holistic view, therefore, a large number of hypotheses are developed in the 

literature review to test the relationships between the four types of capital and five types of 

entrepreneurship. Table 4.1 provides a summary of the hypotheses and how they relate to 

EE capital and entrepreneurship types.  

4.2.3 Overview of chapter 

This study explores differences across four types of capital in US Metropolitan Statistical 

Areas (MSAs) and their influence on the start-ups, high-growth firms, ‘main street’ 

entrepreneurs, highly innovative firms with large numbers of employees and low-innovation 

firms with a small number of employees. To better understand the appropriate scale at which 

EEs operate, it uses models that consider spatial lags of the resources across MSAs between 

100km and 1,000km. 

It finds that the number of local establishments in highly innovative sectors are influenced not 

only by the level of existing firms and venture capital within the region, but that financial capital 

in neighbouring regions within a 250km radius have a positive influence too. In regions with 

high levels of institutional capital, spatial lags of regional resources are not significant for the 

number of establishments in either high- or low-innovation sectors, while regions with low 

levels of institutional capital display a positive influence from neighbouring resources. This 

suggests that regional institutional capital acts as a mechanism which enables access to 

regional resources within EEs, although entrepreneurs are also able to seek these resources 

elsewhere when regional institutional capital hinders access to regional financial, knowledge 

and social capital. 

4.3 Theory and literature review 

Over the last decade, the entrepreneurship literature has shifted its emphasis to the 

importance of contextual factors that provide support to entrepreneurs (Baker and Welter, 

2018; Welter, Baker and Wirsching, 2019). Numerous contextual factors have been studied, 

often framed within the regional innovation systems (Cooke, 2007; Sternberg, 2007) and 

entrepreneurial clusters (Feldman, Francis and Bercovitz, 2005; Glaeser, Kerr and Ponzetto, 

2010) literature. A more recent approach, distinct from previous approaches with its emphasis 

on the entrepreneur as a central actor in a complex system of interactions with resources, 

has coalesced into the EE perspective (Malecki, 2018). 

Resources in EEs interact with EEs across different scales (Neumeyer et al., 2019), which 

reinforces a common criticism – the lack of clarity about the scale at which to study EEs 

(Stam, 2015; Malecki, 2018). This is exacerbated by the permeability of boundaries between 

EEs (Roundy, Bradshaw and Brockman, 2018), sometimes resulting in resources being 

shared between EEs (Malecki, 2011). Therefore, it remains unclear what scale is appropriate 
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when analysing the relationship between resources and entrepreneurship within EEs. Where 

research has been carried out, such as Neumeyer et al. (2019), they note that their study 

explores and compares only two regions and that a wider analysis would provide more 

differentiating factors that should be considered within the EE. 

The EE approach has received frequent criticism for simply identifying and listing factors in 

the ecosystem that influence entrepreneurship (Stam, 2015; Stam and Spigel, 2017a; Spigel 

and Harrison, 2018; Cavallo et al., 2019; Stam and Van de Ven, 2021). This is because much 

of the early literature focussed on identifying numerous elements rather than on how they 

interact, evolve or result in high-growth entrepreneurship. Nicotra et al. (2018) offer some 

parsimony by categorising these elements as financial, institutional, knowledge and social 

capital (Figure 4.1), while noting that certain factors contribute to more than one category of 

capital. 

 

Figure 4.1: Entrepreneurial ecosystems relations. Source: Nicotra et al. (2018) 

For example, venture capital contributes to the financial capital within an ecosystem through 

investment of risk capital but also contributes to the knowledge capital found within an EE by 

providing assistance and capabilities to entrepreneurs (Meglio et al., 2017). Conversely, 

some categories such as knowledge capital contain distinctly different elements. Knowledge 

capital includes the knowledge generated by research in universities as well as the 

knowledge found in highly skilled employees, the latter of which is important such that a 

separate category of human capital may be more appropriate (see Florida, 2002). Indeed, in 

Isenberg’s (2011) seminal formulation of the EE, human capital was listed as one of six 

distinct domains. 

Therefore, it is sometimes difficult to delineate the appropriate categories and measures for 

the resources that influence regional entrepreneurship. Here, Nicotra et al.’s (2018) 

framework is employed to explore some of the most common elements under the ‘Eco-Input’ 
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headings of financial, institutional, knowledge and social capital, and expand upon the types 

of ‘productive entrepreneurship’, beyond high-growth entrepreneurship, as an ‘Eco-output’. 

The EE perspective focuses on ‘productive entrepreneurship’ (Stam, 2015; Brown and 

Mason, 2017; Nicotra et al., 2018). Productive entrepreneurship refers to “any entrepreneurial 

activity that contributes directly or indirectly to net output of the economy or to the capacity to 

produce additional output” (Baumol, 1990, p. 30). Productive entrepreneurship is often 

studied in terms of the ‘Silicon Valley’ model of high-tech, high-growth entrepreneurial 

establishments (Huggins and Thompson, 2014; Stam, 2015; Mack and Mayer, 2016). High-

growth firms are important because they contribute a substantial portion to employment 

growth and innovation. However, Aldrich and Ruef (2018) highlight that unicorns (start-up 

firms valued in excess of $1 billion) and gazelles (high-growth firms with greater than 20% 

annual revenue growth) comprise only a small proportion of overall entrepreneurship and 

urge scholars to pay more attention to the mundane and ordinary. Indeed, Spigel and 

Harrison (2018), while noting that the EE approach focusses on innovative high-growth firms, 

conclude that care must be taken when analysing EEs because regional resources do not 

have homogenous benefits for different types of entrepreneurs. This builds on a trajectory of 

entrepreneurship scholarship to pay more attention to the context in which entrepreneurship 

happens and appreciate models of success outside the ‘standard’ Silicon Valley model 

(Welter et al., 2019). 

Therefore, the literature review expands on Nicotra et al.’s (2018) framework by developing 

hypotheses of the relationships between different types of productive entrepreneurship and 

the four different types of capital. 

4.3.1 Types of entrepreneurship in Entrepreneurial Ecosystems 

The term ‘entrepreneur’, in the sense that it is used today as a private sector individual who 

undertakes risk for profit, was first introduced by Richard Cantillon in 1730 and provided a 

central theoretical construct to explain how markets worked. Cantillon’s work, published in 

1755 in French (see Saucier, 2010 for an English translation of the work), formed a 

springboard for modern theoretical economics (Thornton, 2009; Landström and Lohrke, 

2010; Brown and Thornton, 2013; Thornton, 2020). There have been two major refinements 

to Cantillon’s conceptualisation of entrepreneurship. First, Knight (1921) proposed a 

distinction between risk and uncertainty, with the suggestion that entrepreneurs manage 

uncertainty rather than risk. Second, Schumpeter (1942) highlighted the role of the 

entrepreneur as an agent of economic change through innovation which differed from 

Cantillon’s conceptualisation of an entrepreneur as a merchant. 
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During the early post-war period, innovation mainly took place through large established 

firms, with new firm creation remaining at a low level until the late 1970s (Carlsson et al., 

2009). This corresponded with limited progress in entrepreneurship research (Carlsson et al., 

2013). After this period, entrepreneurship research appears to have substantially increased 

(Landström et al., 2012), and large firms (previously seen as drivers of innovation), were 

increasingly seen as slow to adjust to new conditions (Carlsson, 1989; Carlsson, 1995). 

During this time, an important contribution was made by Kirzner (1973) who focussed on how 

entrepreneurs apply their alertness and knowledge of the market to exploit opportunities and, 

in doing so, contribute to market equilibrium. 

More recently, there has been a call for a more inclusive definition of entrepreneurship. 

Audretsch et al. (2015b) argue that a broader definition of entrepreneurship will enable 

research in contexts that have not previously been studied. They identify three distinct 

entrepreneurship perspectives covering organisational status (e.g. firm size), behaviour (e.g. 

opportunity discovery) and performance (e.g. growth and innovation) and suggest that theory 

based on a combination of these offers a more dynamic view of entrepreneurship which is 

especially important due to the uncertainty inherent in entrepreneurship (Alvarez and Barney, 

2005). Morris et al. (2018) integrate these perspectives into an identity based typology of 

ventures including high-growth, managed growth, lifestyle and survival, noting that types of 

ventures should not be seen on a continuum of growth, but as discrete categories with 

identifiable characteristics including whether they identify as innovative, and their level of 

growth. 

Within the EE literature, ‘productive entrepreneurship’ appears to be categorised along three 

main variables. First, it is categorised by innovation levels, often focussing on high-tech start-

ups and industries. For example, Spigel and Vinodrai (2020) focus on start-ups in Waterloo’s 

high-tech industry anchored around the high-tech, high-growth firm, Blackberry. Motoyama 

and Knowlton (2016; 2017) focus on start-ups in St. Louis’ biotech and IT high-tech industry. 

Second, productive entrepreneurship is delineated by maturity of firms. For example, new 

firm entry (e.g. Neck et al., 2004), or established gazelles and unicorns (Acs et al., 2017). 

This distinction is important because firms are enabled by different proximate resources when 

creating and when growing the firm (Stuart and Sorenson, 2003; Leung et al., 2006). For 

example, established high-growth firms view the role of accelerators in providing education 

to be redundant (Drori and Wright, 2018). 

Third, productive entrepreneurship is delineated by firm growth levels. For example, high-

growth firms (e.g. Corrente et al., 2019) and ‘main-street’ entrepreneurship (Cowell, Lyon-Hill 

and Tate, 2018). 
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While the majority of empirical EE studies have focussed on either high-growth or high-tech 

firms, some qualitative studies have employed the EE approach using SME measures rather 

than high-growth firms (e.g. St-Pierre et al., 2015; Khan, 2016; Al-Abri, Rahim and Hussain, 

2018; Cowell et al., 2018; Purbasari, Muttaqin and Sari, 2021), finding that EE factors such 

as financial and institutional capital remain important for these types of firms. These studies 

implicitly embrace Morris et al.’s (2018) contention that all start-up firms, regardless of their 

growth intentions, are entrepreneurial. Cowell et al. (2018) explicitly distinguish between 

SMEs (‘main street’ entrepreneurship) and gazelles (high-growth firms) and show, using a 

mixed-methods case study approach, that while ‘main street’ entrepreneurship requires the 

same financial, knowledge and social capital in the EE as high-growth firms, the degree to 

which they are emphasised differs. This highlights the need for quantitative analysis of the 

differing influences of financial, institutional, knowledge and social capital on different types 

of entrepreneurial firms. 

Neumeyer et al. (2019) employ the EE approach to provide a first quantitative look at the link 

between the myriad contextual factors that influence high- and low-growth entrepreneurship. 

They find that different venture types have heterogenous types of supporting resources within 

the EE. Therefore, hypotheses will be developed to test the relationships between four types 

of capital in EEs, and the different categories of entrepreneurship highlighted in the literature 

which include start-up, established high-growth and ‘main street’ firms as well as high- and 

low-innovation establishments. 

4.3.2 Four capital types in Entrepreneurial Ecosystems 

The literature provides long lists of potential factors that influence regional entrepreneurship 

(Stam, 2015; Alvedalen and Boschma, 2017; Spigel and Harrison, 2018), best categorised 

using Nicotra et al.’s (2018) framework of financial, institutional knowledge and social capital. 

For each type of capital, hypotheses are developed to test the relationships between four 

types of capital in EEs, and start-up, established high-growth and ‘main street’ firms. These 

hypotheses are summarised in Table 4.1. 

4.3.2.1 Financial capital 

Financial capital refers to the funds required for productive entrepreneurship (Nicotra et al., 

2018). In the EE literature, venture capital is frequently highlighted as a key form of financial 

capital to enhance regional entrepreneurship (Isenberg, 2010; Malecki, 2018). While venture 

capital makes up only a small portion of business funding compared to angel investment on 

the one hand, and financial institutions such as banks on the other hand, venture capital 

backed public listings are strongly overrepresented at approximately 30% of public offerings 

(Sahlman, 1990). Venture capital also leads to a larger proportion of industrial innovation 
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than the financial value would suggest (Kortum and Lerner, 2000) making it an important 

measure of financial capital. 

Venture capital is particularly beneficial when high levels of innovation are planned 

(Sapienza, 1992), and when firms are constrained in their ability to access funding through 

other sources (Peneder, 2014). However, Mack and Mayer (2016) argue that venture capital 

is not a resource required for the early stages of EE development when the emphasis is on 

start-ups, but is necessary at the later stages when the emphasis is on growth. Therefore, 

the presence of venture capital investment in a region is expected to lead to more highly 

innovative, high-growth firms within the region. 

H1a.i: the level of venture capital investment within an entrepreneurial ecosystem is positively 

related to the level of high-growth firms within an entrepreneurial ecosystem 

H1a.ii: the level of venture capital investment within an entrepreneurial ecosystem is 

positively related to the number of high-innovation establishments within an entrepreneurial 

ecosystem 

Venture capital is beneficial for both high- and low-tech firms. Gompers (1994) provides 

examples of large, successful low-tech companies that received venture capital. Venture 

capital increases the growth of investee companies through professionalisation (Hellmann 

and Puri, 2002) as well as the selection of high-growth potential and innovative firms 

(Peneder, 2014). 

Nonetheless, low-tech firms are often perceived to be lower risk and are more often funded 

through alternative sources of finance that rely on sales history and collateral (Van Auken, 

2005). Therefore, low levels of venture capital investment, replaced by alternative sources of 

funding, are expected to lead to higher levels of low-innovation and ‘main street’ 

entrepreneurship within a region. 

H1b.i: the level of venture capital investment within an entrepreneurial ecosystem is 

negatively related to the level of ‘main street’ entrepreneurship firms within an entrepreneurial 

ecosystem 

H1b.ii: the level of venture capital investment within an entrepreneurial ecosystem is 

negatively related to the number of low-innovation establishments within an entrepreneurial 

ecosystem 

Further, in the face of a lack of regional venture capital investment, entrepreneurs are 

expected to choose lower growth opportunities that allow them to build a sales history and 

asset base. This argument has been used to explain the persistent lack of venture capital for 
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female-owned businesses perceived to be less serious about growth (Alsos, Isaksen and 

Ljunggren, 2006; Morris et al., 2006). Therefore, a mutually exclusive decision exists for 

entrepreneurs. In regions that have low levels of venture capital, entrepreneurs will favour 

the formation of low-innovation firms and ‘main street’ entrepreneurship which will decrease 

the number of highly innovative and high-growth firms. If the decision to establish a high- or 

low-growth, or high- or low-innovation firm is dependent on regional factors such as venture 

capital, one would expect that in regions where it is common to find entrepreneurs that made 

a decision to establish firms with innovation and growth, the trade-off results in lower levels 

of firms with low-innovation and growth. 

H1c.i: the level of ‘main street’ entrepreneurship is inversely related to the prior level of high-

growth establishments within an entrepreneurial ecosystem 

H1c.ii: the number of low-innovation establishments is inversely related to the prior number 

of high-innovation establishments within an entrepreneurial ecosystem 

Finally, venture capital tends to be made locally due to information asymmetries which require 

on site interaction to perform intensive due diligence and close monitoring (Gorman and 

Sahlman, 1989; Sahlman, 1990; Sorenson and Stuart, 2001). However Florida and Kenney 

(1988a) delineate venture capital firms based on the region in which they are found. Venture 

capital firms found in high-technology areas focus investment within the region, while those 

in financial centres invest outside the region. Regardless of the venture capital firm location, 

it is the location of their investment that has an influence. Since venture capital investment is 

accompanied by professionalisation and value-added services that result in increased growth 

and innovation (Sapienza, 1992; Hellmann and Puri, 2002), there is potential for this 

knowledge to spill over to nearby regions, resulting in increased entrepreneurial activity.  

H1d.i: the level of venture capital investment in neighbouring regions is positively related to 

the level of high-growth firms within an entrepreneurial ecosystem 

H1d.ii: the level of venture capital investment in neighbouring regions is positively related to 

the number of high-innovation establishments within an entrepreneurial ecosystem 

4.3.2.2 Institutional capital 

Institutional capital comprises the rules, regulations, norms and culture that support 

entrepreneurship within the region. Nystrom (2008) show that at a national level, improved 

institutions of economic freedom, namely size of government, legal structure, property rights, 

access to finance, free international trade and regulations of labour, credit and business, lead 

to increased levels of entrepreneurship. Powell and Weber (2013) analyse the relationship 

between entrepreneurship and economic freedom at a US state level, finding that a smaller 
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size of government is related to higher levels of both firm creation and patents. Finally, at a 

metropolitan level, units of observation are no longer assumed to be independent. Bologna 

(2015) uses Stansel’s (2013) index of economic freedom in US metropolitan statistical areas 

to show that not only is institutional quality positively related to entrepreneurship, but that 

institutional quality has a positive effect on entrepreneurship in neighbouring regions. 

Nicotra et al. (2018) formulate the importance of institutional capital in terms of its role in 

overcoming market failures. They highlight policies aimed at expanding access to credit 

which seek to overcome the information asymmetry inherent in early stage firms, and ensure 

sufficient financial capital while policies that promote science parks, co-working areas, 

incubators and accelerators seek to enhance knowledge spillovers and enhance the overall 

level of knowledge capital. These examples demonstrate that institutional capital in a region 

can often work indirectly, facilitating accessibility of financial capital and knowledge capital. 

Therefore, in regions with high levels of institutional capital, neighbouring regions’ financial 

and knowledge capital are not needed, while in regions with low levels of institutional capital, 

establishments will seek to overcome this lack of access to regional resources by accessing 

financial capital and knowledge capital from neighbouring regions. 

H2a.i: within entrepreneurial ecosystems with a low level of institutional capital there will be 

a positive relationship between neighbouring financial and knowledge capital levels, and the 

number of high-innovation establishments within an entrepreneurial ecosystem 

H2a.ii: within entrepreneurial ecosystems with a low level of institutional capital there will be 

a positive relationship between neighbouring financial and knowledge capital levels, and the 

number of low-innovation establishments within an entrepreneurial ecosystem 

Nicotra et al. (2018) further expand on institutional capital to include those supporting 

organisations such as incubators, accelerators and training services. Fehder and Hochberg 

(2014) provide some initial evidence of the link between accelerator presence and financing 

capital within the EE, with activity not limited to start-ups directly related to the accelerators. 

Therefore, it is expected that accelerator presence within an EE will result in a positive 

relationship between financial capital and high-innovation establishments but not with low-

innovation establishments or in EEs with no accelerator presence 

H2b: entrepreneurial ecosystems with accelerators will have a positive relationship between 

the level of venture capital and the number of highly innovative firms 

4.3.2.3 Knowledge capital 

Acs et al. (2009) lay out a theory of knowledge spillovers for entrepreneurship which posits 

that regional entrepreneurship leads to further entrepreneurship through knowledge created 
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by research and development. Nicotra et al. (2018) consider the category of knowledge 

capital to encompass human capital developed through universities, being young, risk-taking 

entrepreneurs as well as taking on roles as talented employees in entrepreneurial firms. 

Florida’s (2003b) analysis of the importance of talent for entrepreneurship focusses on high-

growth firms and innovation, and confirms the interdependence encapsulated in the EE 

perspective by arguing that entrepreneurship is dependent on creative human capital and 

that talent is attracted through regional resources such as a culture of tolerance. Regardless 

of the mechanism by which a supply of human capital is achieved, it is the outcome of the 

availability of highly skilled individuals, not their source, that matter for high-technology firms 

(Bresnahan et al., 2001). Therefore, it is expected that the level of doctorates and overall 

graduates from regional universities leads to increased levels of regional high-innovation and 

high-growth establishments. 

H3a.i: the level of doctorates and overall graduates from universities within the 

entrepreneurial ecosystem is positively related to the level of high-growth firms within an 

entrepreneurial ecosystem 

H3a.ii: the level of doctorates and overall graduates from universities within the 

entrepreneurial ecosystem is positively related to the number of high-innovation 

establishments within an entrepreneurial ecosystem 

However, the argument that Nicotra et al. (2018) makes for knowledge capital draws upon 

Florida’s (2002) argument that the talented, creative individuals that are entrepreneurs or 

employed in high-growth entrepreneurial firms, are highly mobile and concentrate spatially. 

Mobility of the talent required within EEs may negate the influence of regional university 

graduates and doctorates on regional entrepreneurship. 

Finally, Nicotra et al. (2018) also note that regional knowledge capital is generated by 

universities not only indirectly through human capital development, but directly through 

knowledge production in research universities. Universities produce research which will spill 

over to the regional industry, especially into innovative firms (Audretsch, Hulsbeck and 

Lehmann, 2012). Anselin et al. (1997) found that knowledge spillovers from university 

research are not significant beyond a 50 mile radius which suggests a limited influence 

beyond the EE in which the university is located. Therefore, it is expected that the level of 

knowledge production within a region positively influences the level of innovative and high-

growth entrepreneurship within the EE. 

H3b.i: the level of research expenditure is positively related to the level of high-growth firms 

within an entrepreneurial ecosystem 
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H3b.ii: the level of research expenditure is positively related to the number of high-innovation 

establishments within an entrepreneurial ecosystem 

4.3.2.4 Social capital 

In the context of EEs, Nicotra et al. (2018) address knowledge spillovers from one 

entrepreneur to another under the category of social capital, highlighting that although social 

capital strictly refers to networking, it is the knowledge capital observed and accessed 

through networking with role models and people with relevant experience that contributes to 

new entrepreneurial initiatives. Relevant entrepreneurial experience and the availability of 

role models within a region relies on the presence of successful prior entrepreneurship within 

the region. Therefore, if a region has high levels of prior high-growth firms, this will form the 

basis for regional social capital needed by future high-growth firms, leading to increased start-

up activity within the region. 

H4a: higher levels of prior high-growth entrepreneurship positively influence start-up rates 

within an entrepreneurial ecosystem 

The link between current and prior entrepreneurship levels reflects the strong path 

dependence within EEs, and may reflect the entrepreneurial orientation of the population 

within the EE (Brown and Mason, 2017). This proposition is found in the cluster literature 

which emphasises that firms in similar sectors agglomerate and lead to positive spillovers 

that result in increased levels of firms with similar activities. Cross-national empirical support 

for the regional stickiness of entrepreneurship is provided by Andresson and Koster (2011) 

for research in Sweden, Fritsch and Wyrwich (2014) for Germany and Fotopoulos (2014) for 

the United Kingdom. In the context of EEs and the debate around the varieties of 

entrepreneurship, categorised by either their level of innovation or their level of growth, it is 

hypothesised that the prior presence of similar types of entrepreneurship will positively 

influence future presence of those types of entrepreneurship. 

H4b: the level of high-growth entrepreneurship is positively influenced by prior levels of high-

growth entrepreneurship within an entrepreneurial ecosystem 

H4c: the number of high-innovation establishments is positively influenced by prior numbers 

of high-innovation establishments within an entrepreneurial ecosystem 

H4d: the number of low-innovation establishments is positively influenced by prior numbers 

of low-innovation establishments within an entrepreneurial ecosystem 

4.4 Research methodology 

To explore the role of ‘eco-inputs’ (in reference to resource capital types) on entrepreneurship 

within EEs, an empirical analysis of the identified elements is conducted at the metropolitan 
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level. Metropolitan Statistical Areas (MSAs), regions with a high population density and close 

economic ties, are commonly used units of analysis in entrepreneurship studies on new-firm 

formation rates (Lee, Florida and Acs, 2004; Bologna Pavlik, 2015). At this relatively small 

scale of measurement, interdependence between observations may exist, and the lack of 

independence across units of analysis (the presence of spatial autocorrelation) can cause 

model misspecification if ignored (Anselin, 1988; Anselin et al., 1997). Conversely, if the 

analysis were conducted at a state or national level, independence between observations 

could more realistically be assumed, but variation within state or nations would be lost. In this 

research, spatial interdependence of MSAs is accounted for by creating spatial matrices of 

neighbouring MSAs at scales of 100km, 250km 500km and 1,000km. 

The command that uses these spatial matrices in Stata 13.0 to estimate spatial models, 

xsmle (Belotti et al., 2017), has been used previously in regional entrepreneurship studies 

that looked at firm formation rates (Colombelli and Quatraro, 2018) and patent levels 

(Montresor and Quatraro, 2017).  

Below, the hypotheses are detailed in terms of their type of capital (as described in Section 

4.3.2), the EE factor underpinning that type of capital (independent variable) and their 

relationship with a type of entrepreneurship (dependant variable). (Table 4.1). 
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Table 4.1: Summary of hypotheses 

# Hypothesis EE capital EE factor Entrepreneurship 
type 

Relationship between capital 
and entrepreneurship 

1 H1a.i 

Financial 

Venture capital 

High-growth firms Positive 

2 H1a.ii High-innovation 
establishments 

Positive 

3 H1b.i ‘Main street’ firms 

Negative 4 H1b.ii Low-innovation 
establishments 

5 H1c.i Established high-
growth firms 

‘Main street’ firms Negative 

6 H1c.ii Established high-
innovation firms 

Low-innovation 
establishments 

Negative 

7 H1d.i 
Venture capital in 
neighbouring MSA 

High-growth firms Positive 

8 H1d.ii High-innovation 
establishments 

Positive 

9 H2a.i 

Institutional 

Economic freedom 

High-innovation 
establishments 

Positive neighbouring capital 
when economic freedom is low 

10 H2a.ii Low-innovation 
establishments 

Positive neighbouring capital 
when economic freedom is low 

11 H2b 
Accelerators 

High-innovation 
establishments 

Positive financial capital when 
Accelerator is present 

12 H3a.i 

Knowledge 

Education 

High-growth firms Positive 

13 H3a.ii High-innovation 
establishments 

Positive 

14 H3b.i 

Research 

High-growth firms Positive 

15 H3b.ii High-innovation 
establishments 

Positive 

16 H4a 

Social 

Established high-
growth firms 

Start-ups Positive 

17 H4b High-growth firms  Positive 

18 H4c Established high-
innovation firms 

High-innovation 
establishments 

Positive 

19 H4d Established low-
innovation firms 

Low-innovation 
establishments 

Positive 

 

The dependent variables for established high-growth, start-up, ‘main street’, high-innovation 

and low-innovation firms are detailed in Section 4.4.1. The independent variables for 

financial, institutional, knowledge and social capital are detailed in Section 4.4.2. Control 

variables are detailed in Section 4.4.3. This is followed by details of the analytical technique 

provided in Section 4.4.4. 

4.4.1 Data on entrepreneurship in US Entrepreneurial Ecosystems 

To address the varieties of entrepreneurship, two datasets at the level of MSAs are 

employed. Dependent variable names are italicised. First, to understand entrepreneurship 

categories as a dimension of firm growth and maturity, the Kauffman Index (Ewing Marion 

Kauffman Foundation, 2017a) metropolitan-level entrepreneurship data is used to compare 

40 metropolitan areas in terms of their density of established high-growth firms (High growth), 

the rate of start-ups (Start-up) and the density of main street firms (Main street). The main 

weakness of this dataset is the low number of regions for which data is available in the US. 

This limits the potential to observe spatial interactions across neighbouring metropolitan 

areas because the 40 metropolitan regions are spread throughout the 50 US states. 
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Therefore, this data is supplemented with a second dataset of 645 US MSAs from the Harvard 

Cluster Mapping Project (HCMP) (US Cluster Mapping, 2018). The main weakness of the 

second dataset is that the data are count data which requires substantial validation, described 

further in Section 4.4.4. The secondary HCMP data weakness is that it is not primarily 

intended for entrepreneurship research. Instead, it details the number of establishments in 

different industries, per MSA. Industries from the HCMP data are chosen to represent 

different categories of entrepreneurship in terms of their levels of innovation and 

establishment size. Information Technology (IT) clusters are identified, comprised of 

relatively larger establishments with a consistently higher level of patent activity compared to 

the Local Personal Services (PS) which consist of low patenting activity and relatively smaller 

average employment (Figure 4.2). A third industry, Furniture (Fu), is included because it is 

well established and exhibits a larger average establishment size than the Local Personal 

Services clusters, as well as similarly low levels of patenting. 

 

 

Figure 4.2: Establishment size and patent levels of sectors chosen for the study 

The data types, sources and definitions of each dependent variable are detailed in Table 4.2. 
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Table 4.2: Definition, measurement and source of dependent variables 

Dependent 
variable (name) 

Data type Definition Measurement Source 

Density of high-
growth firms 
 
(High growth) 

Continuous “the prevalence of fast-
growing private companies 
that have at least $2 
million in annual revenue 
and 20 percent annualized 
growth over a three-year 
period,” (Ewing Marion 
Kauffman Foundation, 
2017b, p. 10) 

Private companies meeting the definition of 
high-growth are identified from a list curated 
by Inc. magazine, divided by the total 
population of employer firms in the MSA 
using data from U.S. Census Bureau’s 
Business Dynamics Statistics. 
See Ewing Marion Kauffman Foundation 
(2017b, pp. 20-21) for more information. 
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Rate of start-up 
firms 
 
(Start-up) 

Continuous  “the percentage of adults 
becoming entrepreneurs in 
a given month” (Ewing 
Marion Kauffman 
Foundation, 2017c, p. 4) 

Using the Current Population Survey (CPS), 
conducted by the ‘Census Bureau’ and the 
‘Bureau of Labor Statistics’, number of people 
becoming entrepreneurs is measured as 
follows: “Individuals who do not own a 
business as their main job are identified in the 
first survey month. By matching CPS files, it 
is then determined whether these individuals 
own a business as their main job with fifteen 
or more usual hours worked in the following 
survey month.” (Ewing Marion Kauffman 
Foundation, 2017c, p. 14) 

Density of ‘main 
street’ firms 
(Main street) 

Continuous “the number of established 
small employer 
businesses normalized by 
the total number of firms.” 
(Morelix et al., 2016, p. 7) 

“Established Small Business Density is the 
ratio of the number of established small 
employer businesses (five years of age or 
older with fewer than fifty employees) divided 
by the total employer business population (in 
1,000s). This is a yearly measure calculated 
from the U.S. Census Business Dynamics 
Statistics.” (Morelix et al., 2016, p. 18) 

Information 
Technology 
Establishments  
 
(IT) 

Count The number of Information 
Technology 
establishments, where an 
establishment is “single 
physical location at which 
business is conducted or 
services or industrial 
operations are performed.” 
(US Cluster Mapping, 
2020b, para. 12) 

Using the U.S. Census Bureau’s County 
Business Patterns, the “entire establishment 
is classified on the basis of its major activity, 
and all data are included in that classification” 
(US Cluster Mapping, 2020b, para. 12) using 
the North American Industry Classification 
System (NAICS) codes related to Information 
Technology. See Delgado, Porter and Stern 
(2014) 
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Local Personal 
Services 
Establishments  
 
(Personal Services) 

Count The number of Local 
Personal Services 
establishments, where an 
establishment is “single 
physical location at which 
business is conducted or 
services or industrial 
operations are performed.” 
(US Cluster Mapping, 
2020b, para. 12) 

Using the U.S. Census Bureau's County 
Business Patterns, “The entire establishment 
is classified on the basis of its major activity, 
and all data are included in that classification” 
(US Cluster Mapping, 2020b, para. 12) using 
the North American Industry Classification 
System (NAICS) codes related to Local 
Personal Services. See Delgado, Porter and 
Stern (2014) 

Furniture 
Establishments  
 
(Furniture) 

Count The number of Furniture 
establishments, where an 
establishment is “single 
physical location at which 
business is conducted or 
services or industrial 
operations are performed.” 
(US Cluster Mapping, 
2020b, para. 12) 

Using the U.S. Census Bureau's County 
Business Patterns, “The entire establishment 
is classified on the basis of its major activity, 
and all data are included in that classification” 
(US Cluster Mapping, 2020b, para. 12) using 
the North American Industry Classification 
System (NAICS) codes related to Furniture. 
See Delgado, Porter and Stern (2014) 
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Descriptive statistics of the data were generated. Table 4.3 shows that Metropolitan Statistical 

Areas in the US display a heterogeneity in the density of high-growth firms and their start-up 

rates, although are more homogenous in terms of the density of ‘main street’ 

entrepreneurship. The stickiness of regional entrepreneurship is evident from the lower 

standard deviations within MSAs compared to between MSAs. For example, High growth has 

a standard deviation within MSAs of 1.68 and a standard deviation between MSAs of 5.13. 

Similarly, the level of high- and low-innovation establishments displays heterogeneity across 

regions, although are sticky within regions. The Harvard Cluster Mapping Project (HCMP) 

data is count data and follows a negative binomial distribution. Following Lee et al. (2004), a 

transformation to normally distribute data was attempted by controlling the count data by 

MSA population. However, this did not achieve a normal distribution, and resulted in the 

spatial models being unable to converge. Therefore, following a similar approach to 

Colombelli and Quartraro (2018) both Poisson models and quasi-maximum likelihood 

estimation without spatial analysis were used as presented in Appendix 5, and spatial models 

which also use maximum likelihood estimation are presented in the results in Section 4.5. 

The maximum likelihood estimation technique employed in the quasi -maximum likelihood 

estimation model and spatial models is appropriate for data with overdispersion, common in 

count data used in entrepreneurship. 

Table 4.3: Dependent variable data descriptive statistics 

Dependent 
variable 

  Mean Std. Dev. Min Max n 

High growth overall 2.09 5.35 -6.24 23.23 160 

between   5.13 -5.56 21.53 40 

within   1.68 -1.45 8.70 4 

Start-up overall 0.0032 0.0011 0.0015 0.0062 160 

between   0.0011 0.0017 0.0054 40 

within   0.0004116 0.0018 0.0043 4 

Main Street overall 596.99 48.98 429.24 694.53 160 

between   47.42 461.34 684.20 40 

within   13.91 562.85 623.20 4 

IT overall 29.56 110.71 0 1,360 2580 

between   110.68 0 1,321 645 

within   4.58 -76.44 105.56 4 

Personal 
Services 

overall 495.14 1,716.30 10 34,173 2580 

between   1,716.48 11 32,804 645 

within   52.97 -1087.86 1864.14 4 

Furniture overall 18.72 57.18 0 938 2580 

between   57.16 0 891 645 

within   2.48 -31.78 65.72 4 
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4.4.2 Data on capital types in US Entrepreneurial Ecosystems 

Independent data for four types of capital is used consistently in the analysis, and is described 

below in terms of financial, institutional, knowledge and social capital, and summarised in 

Table 4.4. The hypothesis related to each independent variable is provided and each 

independent variable name is italicised below. 

The hypotheses for the relationships between financial capital and different types of 

entrepreneurship relate to venture capital investment (Venture Capital). Data of venture 

capital investment is sourced from PwC Moneytree (2020) for the period from 2010 to 2014, 

for 301 MSAs. Since venture capital investment is particularly spiky (Florida and King, 2016), 

it is expected that many MSAs will have no venture capital data. Those MSAs which are not 

covered in the data are treated as areas with no venture capital investment. These areas are 

retained in the analysis which allows for additional testing of whether venture capital 

investment in neighbouring MSAs influences the dependent variable within MSAs with no 

venture capital investment. The venture capital data was standardised due to the large 

variance across MSAs. 

Next, to test hypotheses related to levels of institutional capital, institutional capital is 

measured firstly, in line with Bologna’s (2015) analysis of institutional quality and 

entrepreneurship, using Stansel’s (2013) Economic Freedom index for 335 MSAs in 2012, 

which is an index constructed from measures in three equally weighted areas that differ at an 

MSA level and determine the extent of property rights within the MSA: 

• Area 1: Size of Government: 

a) consumption expenditures by government; 

b) transfers and subsidies; 

c) social security payments.  

• Area 2: Takings and Discriminatory Taxation: 

a) total tax revenue; 

b) individual income tax revenue; 

c) indirect tax revenue; 

d) sales taxes collected.  

• Area 3: Labour Market Freedom: 

a) minimum wage annual income; 

b) state and local government employment; 

c) union density. 

Bologna (2015) argues that high scores of economic freedom are a good proxy for high 

institutional capital because high economic freedom scores indicate that institutions are 
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strongly protecting property rights, enabling entrepreneurs to engage in voluntary 

transactions. The Economic Freedom scores were used to categorise each MSA into high 

and low MSAs with high and low economic freedom (‘High Economic freedom’ and ‘Low 

Economic freedom’) based on whether they were higher or lower than the 0.5 percentile 

respectively. 

Secondly, Fehder and Hochberg’s (2014) exhaustive list of accelerators and their location as 

of 2012 is used to measure the presence of accelerators (‘MSAs with accelerator presence’ 

and ‘MSAs without accelerator presence’) within the MSA (hypothesis H2b). The results using 

the Economic Freedom index were limited to the 335 MSAs for which Economic Freedom 

index data exists, and the same 335 MSAs for the results with and without accelerator 

presence. 

To measure the influence of knowledge capital on entrepreneurship within EEs, the 

knowledge capital is delineated into education by universities (hypotheses H3a.i and H3a.ii) 

and research by universities (hypotheses H3b.i and H3b.ii). Education is measured by 

counting the number of doctoral graduates (Doctorates) and bachelors graduates (Bachelors 

degrees). Doctoral graduate data per university is obtained from The Centre for Measuring 

University Performance (MUP) (2018b). The advantage of the MUP data over raw data 

sourced from US agencies, which contains information on multiple-campus institutions and 

state university systems, is that MUP increases the validity of the data by ensuring that all 

data represents a single-campus (The Center for Measuring University Performance, 2018a). 

This enabled each university to be uniquely geolocated and using the Distance Matrix 

Application Programming Interface (Distance Matrix API) (Google, 2019) which calculates 

the distance to each MSA, each university was associated with the nearest MSA not 

exceeding 100km. For the 40 Kauffman MSAs, 399 universities are geo-allocated, averaging 

27km from the centre of the MSA, while for the 645 HCMP data MSAs 922 universities are 

geo-allocated, averaging 19km from the centre of the MSA. 

Data on bachelors graduates per MSA is obtained from HCMP (US Cluster Mapping, 2018). 

Both doctorate and graduate measures are lagged by a year to allow time for their influence 

in entrepreneurial firms through either employment or firm formation. 
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Table 4.4: Definition, measurement and source of independent variables 

Type of EE 
capital 

Independent variable 
(name) 

Definition Measurement Source 

Financial 
capital 

Venture capital 
Investment 
(Venture capital) 

“Equity financings into private companies. 
Fundings … to VC-backed companies, which are 
defined as companies that have received funding 
at any point from: venture capital firms, corporate 
venture arms, or super angel investors” (PwC, 
2021, p. 12) 

“The MoneyTree Report records cash for equity investments as the 
cash is actually received by the company (also called a tranch).” (PwC 
MoneyTree, 2021, para. 3). The measure is standardised (z) to reduce 
variability using Stata 13.0. 

PwC 
Moneytree 
(2020) 

Institutional 
capital 

Economic Freedom 
(‘High Economic 
freedom’ and ‘Low 
Economic freedom’) 

The Economic Freedom index was used a proxy 
for institutional capital (see Bologna Pavlik, 2015) 
which is defined as “the extent to which rightly 
acquired property is protected and individuals are 
engaged involuntary transactions” (Gwartney, 
Lawson and Block, 1996, p. 12) 

See Stansel (2013) for index development. Each MSA was 
categorised as ‘High Economic freedom’ if the Economic Freedom 
index score was greater than the 0.5 percentile score, and ‘Low 
Economic freedom’ if lower than the 0.5 percentile score. 

Economic 
Freedom 
Index 
(Stansel, 
2013) 

Accelerator 
(‘MSAs with accelerator 
presence’ and ‘MSAs 
without accelerator 
presence’) 

“An accelerator is “a fixed-term, cohort-based 
program, including mentorship and educational 
components, that culminates in a public pitch event 
or ‘demo-day.’” (Cohen and Hochberg, 2014, p. 4) 

If at least one accelerator was present in the MSA, the MSA was 
categorised as ‘MSAs with accelerator presence’, otherwise, the MSA 
was categorised as ‘MSAs without accelerator presence’ 

Fehder and 
Hochberg 
(2014, p. 32) 

Knowledge 
capital 

Education 
(Doctorates) 

The number of research doctorates earned which 
is defined as “any doctoral degree that (1) requires 
the completion of a dissertation or equivalent 
project of original work; and (2) is not primarily 
intended as a degree for the practice of a 
profession.” (National Science Foundation, 2017, 
p. 2) 

MUP uses the Integrated Postsecondary Education Data System 
(IPEDS) Completions Survey (National Center for Education Statistics, 
2018) and ensures that data is at a single-campus level (The Center 
for Measuring University Performance, 2018a). Each university was 
allocated to the nearest MSA within 100km using the Distance Matrix 
API (Google, 2019). The measure is standardised (z) to reduce 
variability using Stata 13.0. 

The Center for 
Measuring 
University 
Performance 
(2018b) 

Education 
(Bachelors degrees) 

“Total [number of people] completing a Bachelor's 
Degree or More as percent of population [aged] 
25+” (US Cluster Mapping, 2020a, para. 1) 

US cluster mapping uses the U.S. Census Bureau's data which is 
based on the data collected by the American Community Survey, 
sampling about 3.5 million households annually (McElrath and Martin, 
2021).  

(US Cluster 
Mapping, 
2018) 

Research - faculty 
awards 
(Faculty awards) 

The number of grant and fellowships awarded “are 
a measure of the caliber of the faculty” (Brooks, 
2005, p. 11) at universities . 

Directories and web-based listings were used to collect grant and 
fellowship data (The Center for Measuring University Performance, 
2018e). Each university was allocated to the nearest MSA within 
100km using the Distance Matrix API (Google, 2019). The measure is 
standardised (z)to reduce variability using Stata 13.0. 

The Center for 
Measuring 
University 
Performance 
(2018c) 

Research - expenditure 
(University expenditure) 

Academic research and development expenditures 
for “activities specifically organized to produce 
research outcomes that are separately budgeted 
and accounted for.” (The Center for Measuring 
University Performance, 2018e, para. 1) 

MUP uses the Academic R&D Expenditures data (National Science 
Foundation, 2020) and ensures that data is at a single-campus level 
(The Center for Measuring University Performance, 2018a). Each 
university was allocated to the nearest MSA within 100km using the 
Distance Matrix API (Google, 2019). The measure is standardised (z) 
to reduce variability using Stata 13.0. 

The Center for 
Measuring 
University 
Performance 
(2018d) 

Social 
capital 

Prior levels of 
established firms 
(IT L1, PS L1, Fu L1) 

See Table 4.2 for definitions of established high-
growth, high-innovation and low-innovation firms. 

Dependent variables were standardised (z) and lagged (denoted by L1 
in results) using Stata 13.0 

See Table 4.2 
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Research productivity of universities measures commonly include the amount of federal 

research grants awarded to or expended by universities (Brooks, 2005). Therefore, data 

listing the number of faculty awards per US university (Faculty awards) and the amount of 

federal expenditure per university (University expenditure) is sourced from The Centre for 

Measuring University Performance (MUP). Each university was allocated to an MSA using 

the procedure described for doctoral graduate data. Research measures are lagged by a 

year to allow time for the technology transfer mechanisms to take place. All knowledge capital 

data was standardised due to the large variance across MSAs, denoted with ‘z’ prefix in the 

variable names. 

For social capital, to test hypotheses H4a, H4b, H4c, H4d related to prior levels of established 

high-growth, high-innovation and low-innovation firms, the dependent variables were lagged 

and standardized due to their large variance (High growth L1, IT L1, PS L1, Fu L1). 

4.4.3 Control variables 

Following Lee et al.’s (2004) analysis of new-firm formation at an MSA level, two control 

variables are employed for population size of the MSA and average firm size within the MSA. 

The former controls for larger expected agglomeration effects found in larger regions, while 

the latter explains barriers to entry for new firms, and the hindrances to growth that firms face 

in terms of competition. The definitions and sources are detailed in Table 4.5. 

Table 4.5: Definition, measurement and source of independent variables 

Control variable 
(name) 

Definition Measurement Source 

Population size 
(Population) 

The number of people 
aged 18 to 64 and over 

HCMP uses data from the US Census Bureau to 
calculate the number of people in each MSA 

(US Cluster 
Mapping, 2018) 

Establishment size 
(Firm size) 

The mean number of 
employees in a firm 

HCMP uses the US Census Bureau data, 
presented by MSA 

(US Cluster 
Mapping, 2018) 

 

4.4.4 Spatial panel regression analysis 

The analysis of the data starts with the creation of spatial matrices to test for spatial 

dependence between MSAs. Matrices of neighbouring MSAs are created using GeoDa 

1.12.1.161 within 100km, 250km and 500km radius of each other in order to test sensitivities 

of spatial dependence between MSAs, and 1,000km for the Kauffman dataset of 40 MSAs to 

ensure sufficient neighbours for each MSA such that the spatial dynamic model (SDM) 

employed can converge. Figure 4.3 shows that at 100km, 76 of the 645 MSAs have no 

neighbouring regions although at 250km, this is reduced to four MSAs having no 

neighbouring regions. 
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Figure 4.3: Histograms of HCMP MSA neighbours 

Figure 4.4 shows that for the 40 Kauffman MSAs, a scale of 1,000km is necessary to ensure 

that all 40 MSAs have at least one neighbouring MSA, which, due to the relatively small 

number of observations, was necessary for the SDM to converge. 

 

Figure 4.4: Histograms of Kauffman MSA neighbours within 500km and 1,000km 

These spatial matrices are used to construct spatial panel data models in Stata 13.0 and the 

SDM is chosen based on the procedure in Belotti et al. (2017), the details of which are 

available in Appendix 3. The technique uses a maximum likelihood estimator. The spatial 

effect of capital from neighbouring MSAs is shown in the row Spatial Rho, to validate that a 

spatial effect is evident for financial capital, rather than for all independent variables, 

Appendix 4 and 6 present results that only use venture capital as independent variables. 

Since the HCMP data are count data of establishments which is not normally distributed, the 

results are validated in Appendix 5. The validation first uses a Poisson panel regression 

0
50

100
150
200
250

0 1-3 4-6 7-9 10-12 13-15

Fr
e

q
u

e
n

cy

Number of neighbours

100km

0
50

100
150
200
250

0 1-14 15-28 29-42 43-56 57-70

Fr
e

q
u

e
n

cy

Number of neighbours

250km

0

50

100

150

200

0 1-31 32-62 63-93 94-124 125-155

Fr
e

q
u

e
n

cy

Number of neighbours

500km

0

50

100

150

200

0 1-77 78-154 155-231 232-308 309-385
Fr

e
q

u
e

n
cy

Number of neighbours

1,000km

0

5

10

15

20

0 1-2 3-4 5-6 7-8 9-10

Fr
e

q
u

e
n

cy

Number of neighbours

500km

0

5

10

15

0 1-4 5-8 9-12 13-16 17-20

Fr
e

q
u

e
n

cy

Number of neighbours

1,000km



   

 123 

followed by a dynamic quasi maximum likelihood estimation model to consider overdispersion 

of data. A quasi maximum likelihood estimation model which allows for overdispersion is 

appropriate for dynamic models with fixed effects when the cross-sectional data is large and 

the time horizon is short (Kripfganz, 2016). The relationships in these validation models are 

consistent with the results of the spatial dynamic quasi maximum likelihood estimation model 

that also considers spatial interdependence between observations.  

This analytical approach with independent variables for four types of capital and dependent 

variables for five types of entrepreneurship is chosen primarily to present a holistic view of 

the complex relationships emphasised in the EE approach, and secondarily is designed to 

overcome common weaknesses in entrepreneurship data available at a granular level (low 

number of observations and limited potential for spatial dependence), as well as the 

weakness in the innovation entrepreneurship data (count data is non-parametric). It allows 

for a comparison between results across four types of capital and five types of 

entrepreneurship by using the same independent variables across all results, enabling an 

answer to the research question of what the influence of financial, institutional, knowledge 

and social capital is on different types of entrepreneurship in EEs. 

4.5 Results 

The results are presented in Table 4.6 and discussed in order of the hypotheses, categorised 

by financial, institutional, knowledge and social capital. The format of the table was chosen 

to reflect columns for each of the different dependent variables (types of entrepreneurship), 

similar to Audretsch and Keilbach (2007a), followed by columns presenting results for MSAs 

categorised by levels of institutional capital (economic freedom and accelerator presence), 

similar to Audretsch et al. (2015a). 

Results that use Kauffman data (high-growth, start-up and ‘main street’ entrepreneurship) as 

the dependent variables across 40 MSAs are presented in columns 2, 3 and 4 (1. High 

growth, 2. Start-ups, 3. Main street) of Table 4.6. Results that use the HCMP dependent 

variables (high-innovation and low-innovation entrepreneurship) with a larger number of 

MSAs (n=645) are presented in columns 5,6 and 7 (4. IT, 5. Personal services, 6. Furniture) 

of Table 4.6. Results on the influence of institutional capital are presented in columns 8-13 of 

Table 4.6, using the 335 MSAs for which data on Stansel’s Economic Freedom index are 

available. These MSAs are divided into MSAs with high levels of institutional capital and low 

levels of institutional capital, in terms of both the 2012 Economic freedom index (columns 8-

11) and the presence of accelerators (columns 12 and 13) in each MSA in 2012. All columns 

present rows showing the same independent variables of EE capital types. 
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Table 4.6: Results of the relationships between EE capital and types of entrepreneurship 

Variable 

Dependent variable: Growth 
entrepreneurship level 

Dependent variable: Innovation entrepreneurship 

 
High 

Economic freedom 
MSAs 

Low 
Economic freedom 

MSAs 

MSAs with 
accelerator 
presence 

MSAs 
without 

accelerator 
presence 

1. High- 
growth 

2. Start-ups 3. Main 
street 

4. IT 5. Personal 
services 

6. Furniture 7. IT 8. Furniture 9. IT 10. Furniture 11. IT 12. IT 

High-growth L1 0.5317 *** -6.65E-06   0.0774                                       

Neighbouring -0.8210  
 

 
 

                       

Start-ups L1    0.8992 *** 
 

                       

Neighbouring    -0.1907  
 

                       

Main street L1      0.9846 ***                      

Neighbouring    
 

 -0.1836                        

IT L1    
 

 
 

  0.1710 *** -0.0327  -0.2236 ** 0.2871 *** -0.0177  0.3849 *** -0.1226   0.1651 
 

0.3408  *** 

Neighbouring    
 

 
 

  0.1276 *      -0.2003    0.0939     0.1522 
 
-0.0406    

PS L1    
 

 
 

    1.0874 ***                  

Neighbouring    
 

 
 

    -0.4035 ***                  

Fu L1    
 

 
 

      0.8829 ***   0.2528 ***   0.2000 *      

Neighbouring    
 

 
 

      0.1151     0.1491    0.3482 **      

Venture capital 0.3096 ** 7.17E-05 ** 0.24 * 0.0197 *** -0.0017 *** 0.0107 * 0.0026 
 

-0.0032 
 

0.0031 
 

-0.0064 ** 0.0103 ** 0.0066  
 

Bachelors degrees 5.1631  -0.0027  -1.38   -0.0113 ** -0.0055 ** -0.0052   -0.2172 
 
-0.0146 

 
-0.2374 

 
0.0516 

 
0.8928 

 
-0.2493  * 

Doctorates 1.7177  -0.0016  1.90   -0.0036  -0.0054  -0.0424   0.0736 
 

0.0140 
 
-0.0195 

 
0.0133 

 
0.1614 

 
0.0244  

 

Faculty awards 0.2246  9.98E-05  -0.60   -0.0002  -0.0024  -0.0255   -0.0110 
 

0.0182 
 

0.0643 *** -0.0324 
 

-0.0479 
 

0.0242  * 

University expenditure 3.2942  0.0012  6.89   0.0247  0.1190 *** 0.1681 * -0.1122 
 

0.0806 
 
-0.0037 

 
0.2029 * -0.0528 

 
-0.0135  

 

Population -2.5152  0.0023  3.72   0.2084  -0.2499 ** 0.2554 * -0.0153 
 

0.3948 * -0.1873 
 

2.0405 ** -0.0795 
 
-0.0113  

 

Firm size -0.6657   0.0003   1.07   0.0050 * -0.0002   0.0042   0.0052 
 

0.0033 
 

0.0077 
 

-0.0089 
 

0.1609 ** -0.0163  
 

Spatial (rho) 0.3990 *** 0.4332 ** 0.1353   0.1556 *** 0.3191 *** 0.0204   0.0512 
 

0.1198 
 

0.3298 *** 0.2218 ** 0.1510 * 0.0119  
 

# of observations 120  120  120   1935  1935  1935   504  504  501  501  96   909   

Number of regions 40  40  40   645  645  645   168  168  167  167  32  303   

time periods 3  3  3   3  3  3   3  3  3  3  3  3   

r2 0.3928   0.1119   0.8877   0.9323   0.9853   0.9652   0.1842 
 

0.7089 
 

0.1530 
 

0.4975 
 

0.3044 
 

0.3670    

legend:  * p<.1; ** p<.05; *** p<.01 
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4.5.1 Financial capital results 

Hypothesis H1a.i states that a positive relationship is expected between venture capital 

investment within an MSA and the density of high-growth entrepreneurship within the MSA. 

The second column of Table 4.6 (1. High growth) shows that venture capital investment within 

an MSA has a significant positive relationship at the 95% confidence interval with the density 

of high-growth entrepreneurship within the MSA. Therefore the null hypothesis for H1a.i is 

rejected. 

Hypothesis H1a.ii states that a positive relationship is expected between venture capital 

investment within the MSA and the number of high-innovation establishments. The fifth 

column of Table 4.6 (4. IT) shows that venture capital investment within an MSA has a 

significant positive relationship at the 99% confidence interval with the number of high-

innovation establishments within the MSA. Therefore the null hypothesis for H1a.ii is rejected. 

Together, there is support for the hypotheses that venture capital investment in an MSA has 

a positive influence on high-growth (H1a.i) and high-innovation (H1a.ii) entrepreneurship. 

Hypothesis H1b.i states that a negative relationship is expected between the level of 

established venture capital investment within an MSA and the level of ‘main street’ 

entrepreneurship within the MSA. The fourth column of Table 4.6 (3. Main street) shows that 

no significant relationship is identified between venture capital and ‘main street’ 

entrepreneurship at the 95% confidence interval. The null hypothesis is not rejected and there 

is no evidence to support hypothesis H1b.i. 

Hypothesis H1b.ii states that a negative relationship is expected between the level of 

established venture capital investment within an MSA and the level of ‘low-innovation’ 

establishments within the MSA. The sixth column of Table 4.6 (5. Personal services) shows 

that a significant negative relationship at the 99% confidence interval is identified between 

venture capital investment in MSAs and the number of Local Personal Service 

establishments with an MSA. Therefore the null hypothesis for 1.b.ii is rejected and there is 

evidence to support the negative relationship between venture capital investment in an MSA 

and the level of low-innovation establishments in the MSA. However, the seventh column (6. 

Furniture) presents the results of a second type of low-innovation entrepreneurship with 

higher levels of employment (see Figure 4.2) and shows no significant relationship, at the 

95% confidence interval, between venture capital and the number of Furniture establishments 

within an MSA.  

The mixed support for above hypotheses, dependent on the type of entrepreneurship 

investigated, provides evidence that different types of entrepreneurship with different 

maturity, growth and innovation characteristics are influenced differently by venture capital 
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investment within the EE. This has implications for future research and policy that seek to 

employ the EE approach beyond the originally envisaged boundary of high-growth 

entrepreneurship. 

Hypothesis H1c.i states that a negative relationship is expected between the prior level of 

high-growth firms and the level of ‘main street’ firms. The fourth column (3. Main street) of 

Table 4.6 shows that the relationship with prior high-growth firms (High growth L1) is not 

significant at the 95% confidence interval. Therefore the null hypothesis is not rejected and 

hypothesis H1c.i is not supported. 

Hypothesis H1c.ii states that a negative relationship is expected between the prior level of 

high-innovation establishments and the level of low-innovation establishments. The sixth 

column (5. Personal services) of Table 4.6 shows that the relationship with the level of prior 

IT establishments (row IT L1 in Table 4.6) is not significant at the 95% confidence interval, 

although the results in the seventh column of Table 4.6 (6. Furniture) show that the 

relationship between the level of low-innovation establishments and the level of prior IT 

establishments (row IT L1 in Table 4.6) within the MSA is significant and negative at the 95% 

confidence interval. This provides evidence in support of hypothesis H1c.ii that high levels of 

highly innovative establishments negatively influence the levels of low-innovation 

establishments. Together, the unsupported hypothesis H1c.i and the mixed support for 

Hypothesis H1c.ii (i.e. a significant finding for Local Personal Services but not for the 

Furniture sector) highlight that differing levels of capital available due to the number of 

establishments that have already drawn on it within an MSA, may influence the types of 

entrepreneurship which is pursued within the MSA. 

Hypotheses H1d.i and H1d.ii test for positive relationships between the influence of levels of 

venture capital investment in neighbouring MSAs on the levels of high-growth and high-

innovation entrepreneurship within the MSA. Since the high-growth entrepreneurship results 

were created using a 1,000km neighbouring MSA matrix due to the limited number of 

observations (40 MSAs); the spatial dependency across MSAs was not expected to be 

significant. Nonetheless, significant positive spatial effects at the 99% confidence interval 

(see ‘Spatial Rho’ row for the second column, ‘1. High growth’ in Table 4.6) are evident, while 

this link to other ecosystems is not identified for ‘main street’ entrepreneurship (fourth column 

‘3. Main street’). The spatial effect of venture capital is isolated in Appendix 4 to show that 

the positive significant relationship between the Spatial Rho and high-growth 

entrepreneurship remains when only venture capital is spatially lagged. Therefore, the null 

hypothesis for H1d.i is rejected and there is support for hypothesis H1d.i that neighbouring 

venture capital investment in an MSA positively influences the level of high-growth 
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entrepreneurship. Further, the lack of evidence of a spatial relationship between venture 

capital and ‘main street’ entrepreneurship highlights that different types of entrepreneurship 

are not only influenced differently by capital within the EE (H1a.i, H1a.ii and H1b.ii), but also 

influenced differently by EE capital in neighbouring EEs (H1d.i and H1d.ii). 

Hypothesis H1d.ii is supported by results in the fifth column (4. IT) of Table 4.6 which shows 

that a significant positive relationship exists at the 99% confidence interval between capital 

in neighbouring MSAs (Spatial Rho) and the level of high-innovation establishments within 

the MSA. Appendix 6 isolates the spatial effect of venture capital and shows that the 

significant positive relationship is evident from the venture capital independent variable alone, 

at a spatial matrix of 250km only. Appendix 6 shows that the relationship is not significant in 

neighbouring MSAs at either a 100km or 500km distance, indicating that neighbouring MSA 

venture capital investment appears to operate within a ‘goldilocks zone’ that is not too far to 

make monitoring difficult, and not too near to reduce any benefits of geographic 

diversification. 

Overall, the results relating to financial capital and entrepreneurship show some mixed 

results, although provide support for a positive influence of financial capital on high-growth 

and high-innovation entrepreneurship, and a negative relationship between venture capital 

investment and ‘main street’ and low-innovation entrepreneurship. The results highlight the 

differing influence of capital on different types of entrepreneurship within the EE, which has 

implications for research and policy that employs the EE approach for different types of 

entrepreneurship. 

4.5.2 Institutional capital results 

The results of relationships tested for hypotheses H2a.i, H2a.ii and H2b, related to 

institutional capital (columns 8-13 in Table 4.6) describe the effect that economic freedom 

and the presence of accelerators have on the relationship between the spatial lags (Rho 

statistic) of EE capital, for both high-innovation (IT) and low-innovation (Furniture) 

establishments. Hypotheses H2a.i and H2a.ii measure institutional capital using the 

Economic Freedom index while hypothesis H2b measures institutional capital using data on 

the presence of accelerators within an MSA. 

Hypothesis H2a.i states that a positive relationship is expected between capital in 

neighbouring MSAs and the level of high-innovation entrepreneurship in the MSA when 

economic freedom within the MSA is low. There is evidence to support hypothesis H2a.i 

because the relationship between capital in neighbouring MSAs (Spatial Rho) and IT 

establishments within the MSA is significantly positive at the 99% confidence level in MSAs 

with low levels of economic freedom, presented in the tenth column (Low Economic Freedom 
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MSAs; 9. IT) of Table 4.6. This significant positive relationship between neighbouring capital 

and the level of IT firms is influenced by economic freedom within the MSA because in MSAs 

with high levels of economic freedom, the positive relationship between neighbouring EE 

capital and levels of high-innovation establishments (High Economic freedom MSAs; 7. IT) is 

no longer significant. Therefore, the null hypothesis for H2a.i is rejected. 

Similarly, hypothesis H2a.ii expects a positive relationship between capital in neighbouring 

MSAs and the level of low-innovation entrepreneurship in the MSA when economic freedom 

within the MSA is low. Similar to H2a.i, in MSAs with low levels of economic freedom, the 

relationship between the level of low-innovation establishments (Low Economic freedom; 10. 

Furniture) and capital in neighbouring MSAs (Spatial Rho) is significant at the 95% 

confidence level in MSAs with low levels of economic freedom (Low Economic freedom; 10. 

Furniture), presented in the eleventh column of Table 4.6. Also in line with H2a.i, the 

relationship expected by H2a.ii is not significant in MSAs with high levels of economic 

freedom (High Economic freedom; 8. Furniture) presented in the nineth column of Table 4.6, 

which reinforces that the level of economic freedom within the MSA influences the 

relationship between capital in neighbouring MSAs and the level of low-innovation 

establishments in the MSA. Therefore, the null hypothesis for H2a.ii is rejected and, together 

with support for H2a.i, there is evidence that the institutional capital within an EE influences 

the links of EE capital in neighbouring MSAs for both high- and low-innovation 

entrepreneurship within an MSA. 

Hypothesis 2b considers the influence of accelerator presence on the relationship between 

financial capital and high-innovation entrepreneurship within an MSA. The hypothesis states 

that a positive relationship is expected between levels of venture capital investment in MSAs 

and the level of high-innovation entrepreneurship in the MSA when an accelerator is present 

within the MSA. Hypothesis H2b is supported by results which show that at a confidence 

interval of 95%, highly innovative establishments in MSAs with accelerator presence (MSAs 

with accelerator presence; 11. IT), presented in the twelfth column of Table 4.6, have a 

significant positive relationship with venture capital investment within the MSA. Since this 

relationship is also positive and significant (at a 99% confidence interval) when all MSAs are 

included in the analysis, regardless of accelerator presence (4. IT), the last column of Table 

4.6 (MSAs without accelerator presence; 12. IT) is presented to show that the positive 

significant relationship between levels of venture capital investment and levels of high-

innovation entrepreneurship is not supported when there is no accelerator presence within 

the MSA. A lack of support for a relationship between financial capital and high-innovation 

entrepreneurship in MSAs without accelerator presence combined with support for a positive 

relationship between financial capital and high-innovation entrepreneurship in MSAs with 
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accelerator presence provides evidence of the role that accelerator presence has on the 

influence of financial capital within an MSA on high-innovation entrepreneurship. This 

reinforces that there are complex relationships between EE capital types within the 

ecosystem. 

Together, support for hypotheses H2a.i, H2a.ii and H2b provide an answer to the research 

question on the different influences of EE capital on different types of entrepreneurship, and 

highlights that some types of EE capital (i.e. institutional capital) further influence the differing 

relationships between EE capital and entrepreneurship. This emphasises the complex nature 

of interactions between capital and entrepreneurship in the EE. Further, the results show 

different dimensions of EE capital (i.e. economic freedom and the presence of support 

organisations) have differing influences on EE capital. 

4.5.3 Knowledge capital results 

The relationship between knowledge capital, in terms of both education (H3a) and research 

(H3b) from universities, and entrepreneurship with the MSA is expected to be positive. 

Hypotheses H3a.i H3a.ii state that a positive relationship is expected between the level of 

bachelors and doctoral degrees awarded by universities in an MSA, and the level of high-

growth and high-innovation establishments respectively. At a confidence interval of 95%, no 

significant relationship for bachelors degrees or doctorates is evident in the second column 

of Table 4.6 (1. High growth). Therefore the null hypothesis is not rejected H3a.i. For H3a.ii, 

there appears to be a significant negative relationship, at a confidence interval of 95%, 

between the level of bachelors graduates produced by universities within each MSA and the 

number of establishments in the IT sector, presented in the fifth column (4. IT). This 

relationship is not significant for doctoral degrees awarded from universities within the MSA. 

Therefore, the null hypothesis is not rejected for H3a.ii. Considering both H3a.i and H3a.ii, 

there is no evidence of a positive relationship between knowledge capital from education in 

universities within MSAs and high-growth or high-innovation entrepreneurship within those 

MSAs. 

To test the relationship between university research and entrepreneurship, Hypotheses H3b.i 

and H3b.ii state that a positive relationship is expected between the level of research 

expenditure by universities within an MSA and the level of high-growth and high-innovation 

establishments respectively. No significant relationship is evident in the second column of 

Table 4.6 (1. High growth) for either the value of faculty awards to universities within the MSA 

or the value of federal expenditure at universities within the MSA. Therefore the null 

hypothesis for H3b.i is not rejected. For H3b.ii, no relationship is evident between the value 

of faculty awards to universities within the MSA or the value of federal expenditure at 
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universities within the MSA and the number of establishments in the IT sector, presented in 

the fifth column (4. IT) of Table 4.6. Therefore, the null hypothesis is not rejected for H3b.ii. 

Overall, there is no support for a positive influence of knowledge capital from universities, 

within an ecosystem, either in terms of education or research, on high-growth or high-

innovation entrepreneurship within the ecosystem. Rather, the fifth column (4. IT) and sixth 

column (5. Personal services) of Table 4.6 show evidence of significant negative relationships 

between the level of bachelors graduates produced by universities within each MSA and the 

number of establishments in the IT and the Local Personal Services sector respectively. This 

finding which was not anticipated using the EE approach may have implications for 

developing EE theory with more nuanced understanding of the differing effects of mobility 

(e.g. migration of graduate talent) and the resulting scale of influence of knowledge capital. 

4.5.4 Social capital results 

Hypotheses 4a, b, c and d consider the influence of prior levels of entrepreneurship within 

the ecosystem on current levels of entrepreneurship within the ecosystem. 

Hypothesis 4a states that the prior density of high-growth firms within the MSA influences the 

rate of start-ups (‘High growth L1’ row in ‘2. Start-ups’ column in Table 4.6). There is no 

support for this hypothesis at the 95% confidence interval and the null hypothesis is not 

rejected. However, the prior rate of start-ups (‘Start-ups L1’ row in ‘2. Start-ups’ column in 

Table 4.6) does influence the current rate of start-ups, reflecting the path dependent nature 

of EEs. Similarly, there is support for hypothesis H4b which expects that a high level of prior 

high-growth firms positively influences the current level of high-growth firms within an MSA 

(‘High growth L1’ row in ‘1. High growth’ column in Table 4.6). These results reflect that 

ecosystems have momentum in their growth, although relationships between different types 

of entrepreneurship are not evident. 

Hypothesis 4c states that the prior level of high-innovation establishments influences the 

current levels of high-innovation establishments. The results show that there is a significant 

positive relationship between the prior levels of high-innovation establishments within an 

MSA and current levels of high-innovation establishments (‘IT L1’ row in column ‘4. IT’ of 

Table 4.6) within the MSA. Similarly, there is support for the positive relationship between 

prior levels of low-innovation establishments and current levels of low-innovation 

establishments within the MSA, evident in the results columns ‘5. Personal services’ and ‘6. 

Furniture’ of Table 4.6. This provides strong support for hypotheses H4c and H4d that prior 

levels of high-innovation and low-innovation establishments within the EE positively influence 

current levels of high- and low-innovation establishments respectively. 
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4.6 Discussion 

The research question sought to identify what the influence of financial, institutional, 

knowledge and social capital is on different types of entrepreneurship in EEs. The results 

show influences of financial, institutional and social capital on different types of 

entrepreneurship. The results highlight the heterogeneity of relationships between different 

types of entrepreneurship and different types of EE capital, using empirical datasets that 

consider entrepreneurship along the dimensions of growth, maturity and innovation levels. 

The result of each hypothesis are summarised in Table 4.7 and the implications are 

discussed. 

Table 4.7: Summary of findings 

# Hypothesis EE capital EE factor Entrepreneurship 
type 

Relationship between 
capital and 
entrepreneurship 

Support 
for 
hypothesis 

1 H1a.i 

Financial 

Venture capital 

High-growth firms 
Positive 

✓ 

2 H1a.ii High-innovation firms ✓ 

3 H1b.i ‘Main street’ firms 
Negative 

X 

4 H1b.ii Low-innovation firms ✓ 

5 H1c.i Established 
high-growth 
firms 

‘Main street’ firms Negative 
X 

6 H1c.ii Established 
high-innovation 
firms 

Low-innovation firms Negative 
X 

7 H1d.i Venture capital 
in neighbouring 
MSA 

High-growth firms 
Positive 

✓ 

8 H1d.ii High-innovation firms ✓ 

9 H2a.i 

Institutional 

Economic 
freedom 

High-innovation firms 

Positive neighbouring 
financial and knowledge 
capital when economic 
freedom is low 

✓ 

10 H2a.ii 

Low-innovation firms 

Positive neighbouring 
financial and knowledge 
capital when economic 
freedom is low 

✓ 

11 H2b 
Accelerators High-innovation firms 

Positive financial capital 
when Accelerator is 
present 

✓ 

12 H3a.i 

Knowledge 

Education 
High-growth firms 

Positive 
X 

13 H3a.ii High-innovation firms X 

14 H3b.i 
Research 

High-growth firms 
Positive 

X 

15 H3b.ii High-innovation firms X 

16 H4a 

Social 

Established 
high-growth 
firms 

Start-ups Positive X 

17 H4b 
High-growth firms  Positive ✓ 

18 H4c Established 
high-innovation 
firms 

High-innovation firms Positive 
✓ 

19 H4d Established low-
innovation firms 

Low-innovation firms Positive ✓ 

 

The EE approach emphasises high-growth firms, although it has been employed to analyse 

other types of entrepreneurship in line with recent calls for an expansion of the boundaries of 

entrepreneurial activity. The results in this study, by showing how capital within the 
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ecosystem influences different types of entrepreneurship, highlights the differing 

relationships. The results show that expectations of the relationships between EE capital and 

entrepreneurship do not remain constant across types of entrepreneurship. The implications 

for the EE approach are that either the EE approach should focus narrowly on high-growth 

firms (Stam and Spigel, 2017b), or that the EE approach needs to develop a more nuanced 

view of the complex relationships within the EE. The former suggests that the EE approach 

may either not be employed in many contexts where high-growth entrepreneurship is not the 

focus (i.e. SME development), while the latter offers development and testing opportunities 

for EE theory along the dimension of entrepreneurship type. The latter is promising not only 

for theory development, but for greater applicability of the EE approach to those regions 

which are in most need of an organising framework that can drive economic development 

through entrepreneurship. (i.e. outside already successful high-growth entrepreneurship 

contexts such as Silicon Valley). 

The results presented indicate a significant positive relationship between financial capital and 

three types of entrepreneurship (high-growth firms, start-ups and high-innovation 

establishments). They show that the influence of financial capital on entrepreneurship is 

dependent on the presence of accelerators within the EE, and that when economic freedom 

within the ecosystem is low, financial capital in neighbouring ecosystems influences 

entrepreneurship within the ecosystem. 

The findings that institutional capital within the ecosystem influences the relationship between 

neighbouring financial capital and entrepreneurship highlight that some regional resources 

operate across EE boundaries (Malecki, 2018) and that this is dependent on the conditions 

within the ecosystem. The implications of this finding are that the EE approach cannot be 

seen as a list of ingredients required for supporting entrepreneurship. Rather, the complex 

interactions between EE capital and the potential for links across nearby EEs suggests any 

changes to support entrepreneurship within an ecosystem should be based on an analysis 

of the unique conditions both within the EE and within neighbouring EEs. 

Finally, the finding of the influence of prior levels of entrepreneurship (social capital) on the 

current levels of entrepreneurship, within each type of entrepreneurship but not across each 

type of entrepreneurship, has implications for the development paths of ecosystems. The 

influence of prior entrepreneurship on current entrepreneurship implies that ecosystems are 

relatively self-reinforcing which increases stability, but may dampen the effect of interventions 

that seek to shift the type of entrepreneurship which relates to EE capital. An interesting 

question from this finding is whether interventions to the development path of EEs to support 

entrepreneurship as an output should be considered through changes to EE capital as an 
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input, as predominantly conceived in the EE approach (e.g. Spigel, 2017; Nicotra et al., 2018; 

Stam and Van de Ven, 2021), or whether changes to EE development may be introduced by 

directly changing the type of entrepreneurship active within an ecosystem. This could, for 

example, be achieved through providing incentives for a different type of entrepreneurial 

establishment to relocate to the ecosystem, which may provide the seed that results in further 

entrepreneurship of the type attracted to the ecosystem. 

4.7 Conclusion 

4.7.1 Contributions 

Chapter 4 embraces the holistic nature of the systems thinking inherent in the EE approach 

in two ways. First, it responds to research calls in the entrepreneurship literature for an 

expanded view of entrepreneurship (Audretsch et al., 2015b; Aldrich and Ruef, 2018). 

Secondly, it considers the influence of all four types of capital on entrepreneurship. Following 

the trajectory of Chapters 2 and 3 which focused on high-tech and high-growth 

entrepreneurship respectively, Chapter 4 analyses the influence of four types of capital on 

both high-tech and high-growth firms, as well as start-ups and ‘main street’ entrepreneurship. 

It follows the previous chapter using the metropolitan level of analysis although expands the 

analysis from a single urban area to 645 metropolitan statistical areas across the United 

States, and accounts for links between these regions using a spatial econometric model. It 

finds that venture capital has a significant positive relationship with the level of high-growth 

firms, start-ups and highly innovative establishments, while it is not significant for the level of 

‘main street’ entrepreneurship or low-innovation establishments. This provides empirical 

support for the caution from Spigel and Harrison (2018) that different types of 

entrepreneurship are supported by different regional resources. The implication for EE theory 

development is that either, the types of capital need to be generalised (e.g. venture capital 

should be expanded to include bank finance), or the EE approach needs to be explicitly 

restricted to high-growth firms. This is important for the future of the EE approach because 

numerous studies have already applied the EE approach to SME development which have 

produced mixed empirical findings with regard to the influence of different elements in the EE 

on entrepreneurship. Perhaps there is also scope for the development of a distinct SME 

ecosystem approach which specifically considers the requirements, influences and 

interactions of SMEs. Further, the study finds that in EEs with low levels of institutional capital, 

neighbouring regional resources have significant influences on the level of entrepreneurship 

within the EE. This contributes to an growing literature of EE research in emerging market 

contexts (Porras-Paez and Schmutzler, 2019; Xie, Xie and Martínez-Climent, 2019; Cao and 

Shi, 2020), by showing when the resources of EEs should be considered independently, and 

also when linkages to regional resources in other EEs should be considered. 
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4.7.2 Limitations and future research 

This study highlights some current limitations of spatial econometric techniques in 

investigating EEs. Data on regional entrepreneurship is often non -parametric (Stuart and 

Sorenson, 2003) and is limited by data availability at the metropolitan level, with only 40 

metropolitan statistical areas of high-growth, start-up and ‘main street’ entrepreneurship, and 

consistent venture capital investment data at a metropolitan level only available for a limited 

period. A longer time-period of data may allow for the exploration of larger time lags, while 

data on more metropolitan areas will allow more in-depth analysis of spatial lags. This may 

uncover stronger interactions between types of capital and varieties of entrepreneurship 

within and across EEs. Further, the industries chosen to represent high- and low- innovation 

establishments could be expanded to provide a more nuanced view of the influence that EE 

capital types have on entrepreneurship with different levels of innovation, technology and 

industry maturity. 

Further research might also explore additional measures of financial capital, knowledge 

capital and social capital for varieties of entrepreneurship at the metropolitan level that 

provide a stronger indication either way of their heterogenous effects on differing varieties of 

entrepreneurship. For financial capital, the measures could be expanded to include Lee’s 

(2018) MSA level data on Small Business Administration loans that may influence those types 

of entrepreneurship that were not significantly influenced by venture capital investment (i.e. 

‘main-street’ and low-tech entrepreneurship). For knowledge capital, skill availability (number 

of bachelors degrees in the MSA) could be considered in addition to skill creation (number of 

bachelors degrees granted in the MSA). Bennett and Vedula (2020) use principle component 

factor analysis to create a MSA level measure of skill availability and knowledge creation for 

the period 2003-2014. Similarly, Vedula and Kim (2019) created an MSA level index of 

ecosystem quality which included bachelor degree level skill availability data. For social 

capital, Kyne and Aldrich’s (2020) approach to social capital measurement could be 

employed. Currently their social capital measures are calculated at the county level and the 

measures would need to be recalculated at MSA level. 

This would enable an expanded EE approach that is more applicable to the types of 

entrepreneurship and policy outcomes envisaged by practitioners. 

4.7.3 Concluding remarks 

This chapter has explored the influence of different types of capital (financial, institutional, 

knowledge and social) on different types of entrepreneurship within the EE. It showed that 

the influences of capital differ depending on the type of entrepreneurship and further, that the 

capital in neighbouring ecosystems can have an influence and this depends on the presence 
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of capital within the ecosystem, and finally that there appears to be a path dependency based 

on the ecosystem’s type of entrepreneurship. 

The EE approach embraces complexity and emphasises holistic systems thinking, which this 

chapter attempted to address by testing 19 hypotheses across four types of EE capital and 

five types of entrepreneurship. This chapter complements the previous chapters by a) 

analysing additional types of EE capital (financial, institutional and social capital) in addition 

to knowledge capital, b) using a longitudinal approach to analysis, and c) exploring both the 

high-tech and high-growth entrepreneurship explored in Chapters 2 and 3 respectively. 
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5 Conclusions 

This dissertation set out to understand the influence of different types of capital within 

entrepreneurial ecosystems (EEs). This included evaluating prior employer influence on 

knowledge capital of high-tech entrepreneurs (Chapter 2), analysing the influence of 

knowledge capital derived from prior employment of high-growth entrepreneurs on the 

development of EE resilience and the EE structure (Chapter 3), and investigating the 

influence of financial, institutional, knowledge and social capital on different types of 

entrepreneurship within EEs (Chapter 4). Measurement scale (i.e. national, regional, local) 

was also assessed to provide guidance to future EE research. The knowledge spillover theory 

of entrepreneurship (KSTE) was applied as the over-arching theoretical lens to investigate 

the importance of knowledge capital, and interactions with other capital types in an EE. 

5.1 Importance of findings 

Entrepreneurship levels differ across regions, and this appears to be sticky over time. The 

influences that entrepreneurship can have such as increased innovation, employment and 

individual welfare (see Nicotra et al., 2018), has justified numerous policy interventions to 

develop regional entrepreneurship, typically based on mimicking characteristics from more 

successful regions. However, these interventions often do not achieve the expected results 

(Isenberg, 2010). Uncovering the mechanisms that lead to successful EEs helps to refine the 

EE approach as well as to provide clarity for future policy interventions that can be motivated 

and communicated effectively. Doing so also contributes to knowledge by deepening the EE 

approach with a clearer understanding of how heterogenous and dynamic regional resources 

influence entrepreneurship within a region, resulting in some regions with more 

entrepreneurship than others. 

Overall, this dissertation contributes to knowledge of entrepreneurship by empirically 

evaluating the propositions that knowledge spillover theory presents in terms of the EE. The 

KSTE proposes that entrepreneurial propensity within the ecosystem is increased as 

knowledge capital accumulates, evidenced by an increasing number of firms that establish 

to leverage this regional resource in the EE. 

First, the dissertation shows that knowledge capital employed by entrepreneurs is derived 

from a variety of actors including universities, foreign high-tech firms, venture capital firms, 

incubators and indigenous high-tech firms. Chapter 2 empirically analysed prior employers 

of high-tech entrepreneurs at different scales of measurement from national through to a city 

level using the EE approach. Chapter 2 shows empirically that the types of employers 

identified in the EE literature through authors’ experience have significantly higher influence 

on knowledge capital than other types of prior employers. The most prominent of these prior 
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employers are located within the region in which the entrepreneur is also located. The use of 

social network analysis (as an analytical approach) can explain the importance accorded to 

all analysed elements that are commonly identified in the EE literature, addressing a concern 

that these elements are often based on authors’ experience (Stam, 2015; Spigel and 

Harrison, 2018). Further, it contributes to the literature by answering the call for social network 

analysis to be used as an analytical approach (Alvedalen and Boschma, 2017) to place the 

entrepreneur in a central role within the EE and evaluate the relative importance of these 

factors (Spigel and Harrison, 2018). 

The findings extend the EE literature by providing empirical support for including prior 

employment experience as a mechanism through which regional knowledge capital is 

developed in the EE. This is important because, if prior employers of the type envisaged by 

the EE approach are important for current high-tech entrepreneurs, it implies that the current 

EE cannot be well understood without understanding its past. The current EE is not only the 

sum of its current constituent parts, but also the knowledge capital resulting from those parts 

(prior employers) which may not be in existence at the present time of analysis. The majority 

of EE studies are static and cross-sectional, as indeed was Chapter 2’s research design. 

Incorporating longitudinal analysis of EEs is crucial to understanding why some regions, 

which may, on the face of it, have all the same components as another region, might exhibit 

very different levels of entrepreneurship, or have within them, the potential for very different 

trajectories. This insight was taken into account in the design of Chapter 3 and Chapter 4. 

The fourth chapter which longitudinally explored the influence of capital on entrepreneurship, 

and their changes over time, set out to overcome the limitation of ‘static’ analysis. 

Secondly, by analysing career history networks at both a national and regional scale, Chapter 

2 provided evidence that, even in small countries such as Ireland, where there is significant 

employment mobility across regions, the importance of individual prior employers within EEs 

differ across regions. Nonetheless, the type of prior employers remains relatively similar 

across regions. This contributes to an understanding of the scale at which to view EEs, which 

previously considered small countries such as Finland at a national level (Malecki, 2018). A 

better understanding of the boundaries of EEs influenced Chapter 3’s research design which 

focussed on the Dublin region, and Chapter 4 which used the metropolitan level of analysis. 

Chapter 3 extends the focus towards a smaller scale by employing the same approach as 

Chapter 2 but within an urban area, Dublin, which has attracted many foreign IT firms that 

focus on rapid expansion and market penetration into EMEA. Capabilities of scaling and 

market penetration, crucial to the high-growth firms envisaged by the EE approach, derived 

from prior employment within the ecosystem, and recycled to new firms through employee 
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mobility, influence the resilience and structure of an ecosystem resulting in a positive 

feedback loop that has the characteristics of a successful EE. Longitudinally analysing the 

career history of the leaders of high-growth firms allows for an understanding of the influence 

of knowledge capital on the development of resilience and structure of the EE structure. 

The analysis shows that as knowledge capital derived from prior employment is increasingly 

recycled through employment mobility within the ecosystem, resilience increases and a 

region initially seeded with ‘branch offices’ which are controlled by externally located 

headquarters, can transform toward a Marshallian type district with numerous connections 

derived through prior employment within the ecosystem, which ensure that knowledge capital 

can be leveraged in a positive feedback loop for further regional development. This 

contributes to the EE literature that seeks to explain how EEs emerge (e.g. Spigel and 

Harrison, 2018) by showing how a region can transform, and to the industrial district literature 

(Markusen, 1996) by showing that regions can change from one type of district to another. 

However, further research is required to establish how this trajectory toward an increased 

coherency of knowledge capital derived from prior employment, resilience and connectivity 

will withstand future endogenous and exogenous shocks, particularly in light of potential 

shocks to the Irish economy from the events such as Brexit which may bring about significant 

changes in trade relations with Ireland’s primary trading partner. 

Chapter 4 embraced the holistic nature of the systems thinking inherent in the EE approach 

in two ways. First, it responded to research calls in the entrepreneurship literature for an 

expanded view of entrepreneurship (Audretsch et al., 2015b; Aldrich and Ruef, 2018). 

Secondly, it considered the influence of all four types of capital on entrepreneurship. 

Following the trajectory of Chapter 3, Chapter 4 analysed the influence of four types of capital 

on both high-tech and high-growth firms, as well as start-ups and ‘main street’ 

entrepreneurship. It also followed Chapter 3 using the metropolitan level of analysis although 

it expanded the analysis from a single urban area to 645 metropolitan statistical areas across 

the United States, and accounts for links between regions using a spatial econometric model. 

It found that venture capital has a significant positive relationship with the level of high-growth 

firms, start-ups and highly innovative establishments, while it is not significant for the level of 

‘main street’ entrepreneurship or low-innovation establishments. This provides empirical 

support for the caution from Spigel and Harrison (2018) that different types of 

entrepreneurship are supported by different regional resources. The implication for EE theory 

development is that either the types of capital need to be generalised (e.g. venture capital 

should be expanded to include bank finance), or the EE approach needs to be explicitly 

restricted to high-growth firms. This is important for the future of the EE approach because 

numerous studies have already applied the EE approach to SME development which have 
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produced mixed empirical findings on the influence of different elements in the EE on 

entrepreneurship. Perhaps there is also scope for the development of a distinct SME 

ecosystem approach which specifically considers the requirements, influences and 

interactions of SMEs. Further, the study found that in EEs with low levels of institutional 

capital, neighbouring regional resources have a significant influence on the level of 

entrepreneurship within the EE. This contributes to an interesting branch of EE research in 

emerging market contexts (Porras-Paez and Schmutzler, 2019; Xie et al., 2019; Cao and Shi, 

2020) by showing when the resources of EEs should be considered independently and when 

linkages to regional resources in other EEs should be considered. 

Finally, the dissertation shows that entrepreneurs within regions adapt in their approach to 

access resources. Achieving sufficient access to resources depends on the type of 

entrepreneurship, as well as the quality of institutional capital. When entrepreneurs are 

focussed on firm growth or highly innovative activity rather than on ‘main street’ 

entrepreneurship or low-innovation activity, regional venture capital has a positive 

relationship with the level of entrepreneurship. When institutional capital is poor, resources 

from neighbouring regions have a positive influence. 

The contributions laid out here advance our understanding on how EEs and natural 

ecosystem concepts relate, and help to more meaningfully “take the entrepreneurial 

ecosystem metaphor seriously” (Kuckertz, 2019, p. 1) where its value and application has 

remained largely unclear (Alvedalen and Boschma, 2017) (see Section 1.4.2). New light has 

been shed of how concepts of natural ecosystems such as ‘scale’, ‘assemblages’, 

‘interactions' and ‘succession’ (currently absent in the EE literature) can be viewed and 

recognised in EEs. First, the concept of ‘scale’ has been addressed in Chapters 2, 3 and 4, 

showing that EE resources do not adhere to urban, regional or national boundaries. Chapter 

2 showed that individual prior employers of high-tech entrepreneurs in ecosystems differed 

regionally despite evidence of significant intraregional employment mobility, but the 

prominence of the types of prior employers of high-tech entrepreneurs across regions 

remained relatively consistent. Chapter 3 showed that in the nascent ecosystem, prior 

employment of high-growth firm leaders was often derived from outside the region, while 

intraregional prior employment became more common as the ecosystem developed. Chapter 

4 showed that capital from neighbouring EEs can influence entrepreneurship within an EE, 

depending on the assemblages within the EE, and that this influence for venture capital is 

not detected using both larger or smaller scales for neighbouring regions. Scale was therefore 

shown to have a goldilocks zone where, depending on the local conditions and the type of 

resource, boundaries may either be set too large to detect interactions, or too small to exclude 

important interactions. 
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Second, the use of social network analysis in Chapter 2 and 3 provide a unique way of 

viewing interactions and assemblages (i.e., collections) which, much like species groupings 

or food webs in natural ecosystems, tend to ebb and flow and over time, but when analysed 

cross-sectionally appear as structures resilient to the loss of one species or habitat type. 

Chapter 4 expands on the concept of assemblages in EEs by showing that interactions differ 

depending on the type of entrepreneurship.  

Finally, Chapter 3 addressed the concept of succession where entrepreneurial ventures enter 

and exit an EE and occupy different niches as an ecosystem develops towards a Marshallian 

district type structure. Similar to succession in natural ecosystems where feedback loops 

create relatively stable and identifiable ecosystem types that each favour different species 

and favour different resources within the ecosystem, Chapter 3 showed that EEs can develop 

their structure over time while increasing resilience, and adapt a core resource, knowledge 

capital derived from prior employment, to favour differing sectors of high-growth 

entrepreneurship in the face of a changing external environment. 

5.2 Practitioner and policy implications of research 

5.2.1 Practitioner implications 

There is a growing appreciation that entrepreneurship is multifaceted (Shepherd et al., 2019) 

and there are numerous types of entrepreneurship (Morris et al., 2018). Equally, the 

entrepreneurial ecosystems approach recognises that each EE has its own unique 

configuration (Isenberg, 2011) consisting of different types of actors. There is also growing 

appreciation that different EE types may exist (Cho et al., 2022). By considering both different 

types of entrepreneurship and different types of EEs, the emphasis shifts from enhancing 

entrepreneurial activities, to enhancing the fit of their entrepreneurial activities. 

Chapter 2 empirically confirmed that there are several important employment pathways into 

entrepreneurship beyond corporate spinoffs and university spinouts. Prior employment in 

venture capital firms, incubators and startups also offer pathways for aspiring entrepreneurs 

to gain valuable knowledge that they can take with them into their new venture. By widening 

the road to entrepreneurship using the holistic thinking in the EEs approach, the implication 

for aspiring entrepreneurs is that they should consider employment in terms of its fit between 

their entrepreneurial aspirations and their role within the new venture. For example, an 

aspiring high-tech entrepreneur interested in exploring and developing a new product or 

service may seek technical knowledge through employment experience in a large R&D 

intensive firm (Klepper, 2001; Klepper and Sleeper, 2005). This implies a review of the 

employers in the EE in which the aspiring entrepreneur finds themselves, and if it does not 

appear to provide the appropriate employment opportunities, to migrate to an EE that is better 
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suited to their desired employment experience. Conversely, an entrepreneur may seek to 

improve fit by revising their entrepreneurial aspirations (Morris et al., 2018) based on an 

assessment of their extant employment experience. 

Chapter 3 applied Markusen’s (1996) typology to show how an ecosystem can transform 

from one type to another. A founder may find that an EE in which they have been embedded 

for several years evolves to a different type. While the EE may have been conducive to their 

previous entrepreneurial activities, their business may no longer fit the current environment. 

The implication for entrepreneurs is that they must conduct periodic environmental scanning 

and adjust by either moving to a more conducive EE, or adapting their entrepreneurial 

activities to the evolved EE. For example, Logentries relocated from Dublin to Boston in order 

to gain better access to markets, while Restored Hearing moved from Sligo to London to 

access later stage venture capital (Dublin InQuirer, 2015). Conversely, as the Dublin EE has 

matured, Ersules (founded 1987) adapted by engaging Dublin based “scaling partner” Intel 

Labs (Daniels, 2016) to diversify from lighting systems into smart buildings. 

Similarly, in Chapter 4 the differing relationships between four types of capital and types of 

entrepreneurship imply that entrepreneurs need to find a fit between their entrepreneurship 

type and the levels of capital in their ecosystem. The findings showed a negative relationship 

between venture capital investment and the number of low-innovation firms, as well as a 

negative relationship between the number of high-innovation firms and low-innovation firms. 

Together, this suggests that entrepreneurs seek this fit between their type of 

entrepreneurship and the level of venture capital they can access. Conversely, Chapter 4 

showed that entrepreneurs may seek to improve fit by reaching beyond the boundaries of 

their EE. The findings in Chapter 4 showed that when entrepreneurs were located in EEs with 

high institutional capital, they were influenced by venture capital within the ecosystem, but 

when they were located in ecosystems with low institutional capital, they were influenced by 

venture capital in neighbouring EEs. 

5.2.2 Policy implications 

For policy, Chapter 2 offers a method with which to measure deficiencies within the EE and 

suggested that analysis should be conducted at a regional rather than national level, even in 

small countries. Deficiencies may be identified as a low prominence of expected employer 

organisation types, or as a lack of employment mobility from particular prominent regional 

employers, into entrepreneurship. This may provide objective feedback on the EE landscape 

that can result in practical policy interventions such as incentivising relocation of specific 

organisation types. 
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Chapter 3 showed how interventions that attract anchor firms, although they may not directly 

result in increased regional resilience, can spark the subsequent emergence of a resilient 

network of capabilities if supported through appropriate labour retention and mobility within 

the region. The findings also suggest that using district type as an analytical framework of 

the present state of the EE offers insight into the potential trajectory of the region as well as 

an indication of the extent of underlying capabilities that can be leveraged to support regional 

transformation and development. 

Chapter 4 provided an improved understanding of which types of entrepreneurship the EE 

approach can and cannot be applied to. This may help to motivate previous intervention 

failures or unexpected outcomes, and enable more targeted policy formulation and 

specification of entrepreneurship in future. Further, it suggests that policy can leverage 

neighbouring regional resources, highlighting a role for coordination across regions. 

Therefore, it provides a rationale for interregional policy formulation which bridges the gap 

between national and metropolitan level policy. 

5.3 Limitations and future research 

Several limitations were identified during the conceptualisation of this dissertation. They have 

been addressed as the dissertation developed. Where they could not be overcome, they are 

acknowledged in this section. 

In Chapter 2, two main limitations were noted. First, it only addresses one aspect of the EE, 

being knowledge capital, developed through prior employment in a variety of organisations 

in the EE. It was important to focus on understanding this single capital type based on the 

proposition that entrepreneurs and their knowledge are the central focus for KSTE. 

Nonetheless, this shortcoming was addressed in Chapter 4 which considered all four types 

of capital and their influence on entrepreneurship in the EE. Second, Chapter 2 conducted 

cross-sectional analysis which limits the understanding of the dynamics and emergence of 

the EE, although it does consider the history of the ecosystem in terms of prior employers. 

This limitation was noted early in the research design process, and subsequently addressed 

in Chapter 3 with the use of longitudinal analysis to augment understanding of the 

development of knowledge capital within an EE. 

Chapter 3 also has two main limitations. First, the chapter narrowed the boundaries of the 

EE to Dublin, and focussed on high-growth multinational IT firms. This limits the 

understanding of the development of knowledge capital from prior experience to those scaling 

capabilities found in high-growth multinationals. The knowledge capital of other sectors 

present in the Dublin ecosystem, such as med-tech, may exhibit a different pattern of 

development. This limitation was considered inevitable because Autio et al. (2018) argue that 
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the digital affordances, inherent in the IT sector, may be a defining feature of the EE 

approach. Nonetheless, Chapter 4 attempts to address this limitation by analysing several 

sectors and stages of firm growth. Second, Chapter 3 is limited to the relatively unique 

institutional and cultural context of Ireland, and the peculiarities of Dublin in particular, which 

has a high number of multinational tech firms. Chapter 4 attempts to overcome this limitation 

by exploring 645 metropolitan areas across the US, and explicitly categorises these into 

regions with high and low levels of institutional capital. 

Chapter 4, however, acutely highlights the limited data availability at the metropolitan level. 

The available data is limited to a four-year period only, and is further limited because other 

proposed measures of the four types of capital (see Nicotra et al., 2018) in EEs are not 

available in current data sources. Other studies have attempted to resolve this by using 

national level data (e.g. Corrente et al., 2019; Hechavarría and Ingram, 2019), although these 

studies miss important heterogeneity within the national level data. 

For Chapter 2, further research may indicate how this approach operates across different 

institutional and regulatory contexts, and whether it exposes differing access to knowledge 

capital for different types of entrepreneurs. For example, female entrepreneurs exhibit 

different prior employment patterns to male entrepreneurs (Boden and Nucci, 2000). 

For Chapter 3, evaluation of other sectors may uncover whether knowledge capital 

development emerges differently, and whether the high-growth IT firms investigated were 

anomalous in their ability to embrace the digital affordances that enable EEs. The data and 

analysis in Chapter 2 and Chapter 3 were conducted before the recent rise of remote working. 

Future research may seek to understand whether the ubiquitous embrace of these digital 

affordances has impacted the spatial boundaries of the EE in Ireland. Early indications of this 

phenomenon suggest that high-growth multinationals such as Google will continue to 

leverage remote working technologies, possibly diminishing the role of place in economic 

development. 

Finally, Chapter 4 which focusses on 645 US metropolitan statistical areas offers a view 

across institutional contexts and types of entrepreneurship but does not consider the wide 

range of institutional arrangements that exist outside of the US. Further research that 

considers metropolitan areas in difficult institutional contexts such as developing markets is 

required to understand whether regional and neighbouring resources remain significant, or 

whether difficult institutional contexts create environments where improved mobility of 

regional resources is required to support regional entrepreneurship. 
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5.4 Concluding remarks 

This dissertation provides several novel findings that further the knowledge base on capital 

types and complex relationships in EEs including resources, actors, institutions and 

elements. It takes a primary focus on knowledge capital and its relationships to 

entrepreneurship. Analysis is multi-scalar and holistic looking at several entrepreneurship 

types such as high tech, high growth, start-ups, and ‘main street’ entrepreneurship, at 

national, regional and metropolitan scales. 

Novel data sets were generated as part of this dissertation to address a common shortcoming 

in the EE literature which suffers from a paucity of microlevel data (Spigel and Vinodrai, 2020) 

and often resorts to a national level of analysis (e.g. Corrente et al., 2019; Hechavarría and 

Ingram, 2019). 

EEs have evolved from a broad and complex literature base which can be traced through 

agglomeration, innovation systems and cluster literature, and is an evolving concept in the 

evolution of the entrepreneurship literature. 

This dissertation addresses several unanswered questions. These include (i) which types of 

prior employers (universities, multinationals, venture capital, start-ups, hubs, other) of high-

tech entrepreneurs have the most important influence on knowledge capital within EEs? (ii) 

how does prior employment of high-growth firm leaders influence the structure of knowledge 

capital in an EE?, and (iii) what is the influence of financial, institutional, knowledge and social 

capital on entrepreneurship in EEs? The questions are addressed with several key findings.  

The findings indicate: universities, multinationals, venture capital, hubs and start-ups are all 

important sources of knowledge capital for high-tech entrepreneurs in an EE (Chapter 2), 

contributing empirical evidence in support of the EE literature which currently is based largely 

on authors experience. Scaling capabilities (a crucial form of knowledge capital) are important 

for high-growth entrepreneurship in EEs and these are recycled in the EE through 

employment mobility (Chapter 3). This recycling of knowledge capital transforms the structure 

of the EE and despite the ‘stickiness’ of knowledge capital (Nicotra et al., 2018; Qian, 2018), 

they can support regional adaptability and resilience. Financial capital has different influences 

on different types of entrepreneurship and financial capital external to the EE influences the 

level of entrepreneurship when there are low levels of institutional capital, highlighting an 

important interaction between financial and institutional capital (Chapter 4).  

Future research may focus on expanding the analysis of prior employer types to further 

explore the ‘laundry lists’ of EE elements. Extending investigations of knowledge capital and 

the EE approach also requires wider analysis of the different entrepreneurship types which 
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may highlight how different types of entrepreneurs engage with different types of knowledge 

and knowledge capital sources within the entrepreneurial ecosystem. 

  



   

 146 

References 

Abetti, P. A. (2004) 'Government-supported incubators in the Helsinki region, Finland: 
Infrastructure, results, and best practices', Journal of Technology Transfer, 29(1), pp. 19-40. 

Acs, Z. J. (2006) 'How is entrepreneurship good for economic growth?', Innovations, 1(1), pp. 
97-107. 

Acs, Z. J. and Armington, C. (2004) 'Employment growth and entrepreneurial activity in cities', 
Regional Studies, 38(8), pp. 911-927. 

Acs, Z. J. and Armington, C. (2006) Entrepreneurship, Geography, and American Economic 
Growth. Cambridge, UK: Cambridge University Press. 

Acs, Z. J., Armington, C. and Zhang, T. (2007) 'The determinants of new‐firm survival across 
regional economies: The role of human capital stock and knowledge spillover', Papers in 
Regional Science, 86(3), pp. 367-391. 

Acs, Z. J. and Audretsch, D. B. (1990) Innovation and Small Firms. Cambridge, MA: MIT 
Press. 

Acs, Z. J., Audretsch, D. B. and Lehmann, E. E. (2013) 'The knowledge spillover theory of 
entrepreneurship', Small Business Economics, 41(4), pp. 757-774. 

Acs, Z. J., Autio, E. and Szerb, L. (2014) 'National systems of entrepreneurship: 
Measurement issues and policy implications', Research Policy, 43(3), pp. 476-494. 

Acs, Z. J., Braunerhjelm, P., Audretsch, D. B. and Carlsson, B. (2009) 'The knowledge 
spillover theory of entrepreneurship', Small Business Economics, 32(1), pp. 15-30. 

Acs, Z. J., Estrin, S., Mickiewicz, T. and Szerb, L. (2018) 'Entrepreneurship, institutional 
economics, and economic growth: An ecosystem perspective', Small Business Economics, 
51(2), pp. 501-514. 

Acs, Z. J. and Mueller, P. (2008) 'Employment effects of business dynamics: Mice, gazelles 
and elephants', Small Business Economics, 30(1), pp. 85-100. 

Acs, Z. J., Stam, E., Audretsch, D. B. and O'Connor, A. (2017) 'The lineages of the 
entrepreneurial ecosystem approach', Small Business Economics, 49(1), pp. 1-10. 

Adner, R. (2017) 'Ecosystem as structure: An actionable construct for strategy', Journal of 
Management, 43(1), pp. 39-58. 

Agarwal, R., Audretsch, D. B. and Sarkar, M. B. (2010) 'Knowledge spillovers and strategic 
entrepreneurship', Strategic Entrepreneurship Journal, 4(4), pp. 271-283. 

Aidis, R., Estrin, S. and Mickiewicz, T. (2008) 'Institutions and entrepreneurship development 
in Russia: A comparative perspective', Journal of Business Venturing, 23(6), pp. 656-672. 

Al-Abri, M. Y., Rahim, A. A. and Hussain, N. (2018) 'Entrepreneurial ecosystem: An 
exploration of the entrepreneurship model for SMEs in Sultanate of Oman', Mediterranean 
Journal of Social Sciences, 9(6), pp. 193-206. 

Albulescu, C. T. and Tamasila, M. (2014) 'The impact of FDI on entrepreneurship in the 
European Countries', in Abrudan, I., Zimmermann, J., Nicolescu, O. & Hulgard, L. (eds.) 
Challenges and Innovations in Management and Leadership 12th International Symposium 
in Management Procedia Social and Behavioral Sciences. Amsterdam, NL: Elsevier Science 
Bv, pp. 219-228. 

Aldrich, H. (1999) Organizations Evolving. London: Sage Publications. 

Aldrich, H. E. and Ruef, M. (2018) 'Unicorns, gazelles, and other distractions on the way to 
understanding real entrepreneurship in the United States', Academy of Management 
Perspectives, 32(4), pp. 458-472. 



   

 147 

Almeida, P. and Kogut, B. (1999) 'Localization of knowledge and the mobility of engineers in 
regional networks', Management Science, 45(7), pp. 905-917. 

Alsos, G. A., Isaksen, E. J. and Ljunggren, E. (2006) 'New venture financing and subsequent 
business growth in men- and women-led businesses', Entrepreneurship Theory and Practice, 
30(5), pp. 667-686. 

Alvarez, S. A. and Barney, J. B. (2005) 'How do entrepreneurs organize firms under 
conditions of uncertainty?', Journal of Management, 31(5), pp. 776-793. 

Alvedalen, J. and Boschma, R. (2017) 'A critical review of entrepreneurial ecosystems 
research: Towards a future research agenda', European Planning Studies, 25(6), pp. 887-
903. 

Andersson, M. and Koster, S. (2011) 'Sources of persistence in regional start-up rates-
evidence from Sweden', Journal of Economic Geography, 11(1), pp. 179-201. 

Anselin, L. (1988) Spatial Econometrics: Methods and Models. Dordrecht, NL: Springer 
Science & Business Media. 

Anselin, L., Varga, A. and Acs, Z. J. (1997) 'Local geographic spillovers between university 
research and high technology innovations', Journal of Urban Economics, 42(3), pp. 422-448. 

Armington, C. and Acs, Z. J. (2002) 'The determinants of regional variation in new firm 
formation', Regional Studies, 36(1), pp. 33-45. 

Asheim, B. T., Smith, H. L. and Oughton, C. (2011) 'Regional innovation systems: Theory, 
empirics and policy', Regional Studies, 45(7), pp. 875-891. 

Audia, P. G. and Rider, C. I. (2005) 'A garage and an idea: What more does an entrepreneur 
need?', California Management Review, 48(1), pp. 6-28. 

Audretsch, D. B. (1995) Innovation and Industry Evolution. Cambridge, MA: MIT Press. 

Audretsch, D. B. (1998) 'Agglomeration and the location of innovative activity', Oxford Review 
of Economic Policy, 14(2), pp. 18-29. 

Audretsch, D. B. (2004) 'Sustaining innovation and growth: Public policy support for 
entrepreneurship', Industry and Innovation, 11(3), pp. 167-191. 

Audretsch, D. B. (2005) 'The knowledge spillover theory of entrepreneurship and economic 
growth',  The Emergence of Entrepreneurial Economics. Amesterdam: Emerald Group 
Publishing Limited, pp. 37-54. 

Audretsch, D. B. (2007) 'Entrepreneurship capital and economic growth', Oxford Review of 
Economic Policy, 23(1), pp. 63-78. 

Audretsch, D. B. and Belitski, M. (2017) 'Entrepreneurial ecosystems in cities: Establishing 
the framework conditions', Journal of Technology Transfer, 42(5), pp. 1030-1051. 

Audretsch, D. B., Belitski, M. and Desai, S. (2015a) 'Entrepreneurship and economic 
development in cities', The Annals of Regional Science, 55(1), pp. 33-60. 

Audretsch, D. B., Hulsbeck, M. and Lehmann, E. E. (2012) 'Regional competitiveness, 
university spillovers, and entrepreneurial activity', Small Business Economics, 39(3), pp. 587-
601. 

Audretsch, D. B. and Keilbach, M. (2007a) 'The localisation of entrepreneurship capital: 
Evidence from Germany', Papers in Regional Science, 86(3), pp. 351-365. 

Audretsch, D. B. and Keilbach, M. (2007b) 'The theory of knowledge spillover 
entrepreneurship', Journal of Management Studies, 44(7), pp. 1242-1254. 



   

 148 

Audretsch, D. B., Keilbach, M. and Lehmann, E. (2005) 'The knowledge spillover theory of 
entrepreneurship and technological diffusion',  University Entrepreneurship and Technology 
Transfer: Emerald Group Publishing Limited. 

Audretsch, D. B., Keilbach, M. C. and Lehmann, E. E. (2006) Entrepreneurship and Economic 
Growth. Oxford, UK: Oxford University Press. 

Audretsch, D. B., Kuratko, D. F. and Link, A. N. (2015b) 'Making sense of the elusive 
paradigm of entrepreneurship', Small Business Economics, 45(4), pp. 703-712. 

Audretsch, D. B. and Lehmann, E. E. (2005) 'Does the knowledge spillover theory of 
entrepreneurship hold for regions?', Research Policy, 34(8), pp. 1191-1202. 

Audretsch, D. B., Mason, C., Miles, M. P. and O’Connor, A. (2018) 'The dynamics of 
entrepreneurial ecosystems', Entrepreneurship & Regional Development, 30(3-4), pp. 471-
474. 

Autio, E., Kovalainen, A. and Kronlund, M. (2007) High-Growth SME Support Initiatives in 
Nine Countries: Analysis, Categorization, and Recommendations, Helsinki. 

Autio, E., Nambisan, S., Thomas, L. D. W. and Wright, M. (2018) 'Digital affordances, spatial 
affordances, and the genesis of entrepreneurial ecosystems', Strategic Entrepreneurship 
Journal, 12(1), pp. 72-95. 

Avnimelech, G., Schwartz, D. and Bar-El, R. (2007) 'Entrepreneurial high-tech cluster 
development: Israel's experience with venture capital and technological incubators', 
European Planning Studies, 15(9), pp. 1181-1198. 

Bager, T. (2011) 'Entrepreneurship education and new venture creation: A comprehensive 
approach', in Hindle, K. & Klyver, K. (eds.) Handbook of Research on New Venture Creation. 
Cheltenham, UK: Edward Elgar, pp. 299-315. 

Bahrami, H. and Evans, S. (1995) 'Flexible re-cycling and high-technology entrepreneurship', 
California Management Review, 37(3), pp. 62-89. 

Baker, T. and Welter, F. (2018) 'Contextual entrepreneurship: An interdisciplinary 
perspective', Foundations and Trends in Entrepreneurship, 14(4), pp. 357-426. 

Baron, J. N., Hannan, M. T. and Burton, M. D. (2001) 'Labor pains: Change in organizational 
models and employee turnover in young, high-tech firms', American Journal of Sociology, 
106(4), pp. 960-1012. 

Barry, F. (2004) 'Export-platform foreign direct investment: The Irish experience', EIB Papers, 
9, pp. 8-37. 

Barry, F. (2007) 'Foreign direct investment and institutional co-evolution in Ireland', 
Scandinavian Economic History Review, 55(3), pp. 262-288. 

Barry, F. and Görg, H. (2005) 'Foreign direct investment and wages in domestic firms in 
Ireland: Productivity spillovers versus labour‐market crowding out', International Journal of 
the Economics of Business, 12(1), pp. 67-84. 

Barry, F. and van Egeraat, C. (2008) 'The decline of the computer hardware sector: How 
Ireland adjusted', Quarterly Economic Commentary, pp. 38-57. 

Baumol, W. J. (1990) 'Entrepreneurship: Productive, unproductive, and destructive', Journal 
of Political Economy, 98(5), pp. 893-921. 

Baumol, W. J. (2005) 'Education for innovation: Entrepreneurial breakthroughs versus 
corporate incremental improvements', Innovation Policy and the Economy, 5, pp. 33-56. 

Bayliss, D. (2007) 'Dublin's digital hubris: Lessons from an attempt to develop a creative 
industrial cluster', European Planning Studies, 15(9), pp. 1261-1271. 



   

 149 

Belotti, F., Hughes, G. and Mortari, A. P. (2017) 'Spatial panel-data models using Stata', The 
Stata Journal, 17(1), pp. 139-180. 

Bendickson, J. S., Irwin, J. G., Cowden, B. J. and McDowell, W. C. (2021) 'Entrepreneurial 
ecosystem knowledge spillover in the face of institutional voids: Groups, issues, and actions', 
Knowledge Management Research & Practice, 19(1), pp. 117-126. 

Bennett, D. L. and Vedula, S. 'Different strokes for different folks: A configurational analysis 
of entrepreneurial ecosystems', Academy of Management Proceedings, 6-8 August 2020, 
Briarcliff Manor, NY: Academy of Management, 21743. 

Benneworth, P. and Henry, N. (2004) 'Where is the value added in the cluster approach? 
Hermeneutic theorising, economic geography and clusters as a multiperspectival approach', 
Urban Studies, 41(5-6), pp. 1011-1023. 

Bergek, A. and Norrman, C. (2008) 'Incubator best practice: A framework', Technovation, 
28(1-2), pp. 20-28. 

Bergman, E. M. (2008) 'Cluster life-cycles: An emerging synthesis', in Karlsson, C. (ed.) 
Handbook of Research on Cluster Theory. Cheltenham, UK: Edward Elgar Publishing Ltd, 
pp. 114-132. 

Bhawe, N. and Zahra, S. A. (2019) 'Inducing heterogeneity in local entrepreneurial 
ecosystems: The role of MNEs', Small Business Economics, 52(2), pp. 437-454. 

Bhide, A. (2000) The Origin and Evolution of New Businesses. Oxford, UK: Oxford University 
Press. 

Boden, R. J. and Nucci, A. R. (2000) 'On the survival prospects of men's and women's new 
business ventures', Journal of Business Venturing, 15(4), pp. 347-362. 

Bollingtoft, A. and Ulhoi, J. P. (2005) 'The networked business incubator - leveraging 
entrepreneurial agency?', Journal of Business Venturing, 20(2), pp. 265-290. 

Bologna Pavlik, J. (2015) 'A spatial analysis of entrepreneurship and institutional quality: 
Evidence from US metropolitan areas', Journal of Regional Analysis and Policy, 44(2), pp. 
109-131. 

Boschma, R. (2015) 'Towards an evolutionary perspective on regional resilience', Regional 
Studies, 49(5), pp. 733-751. 

Bosma, N. and Stam, E. (2012) Local Policies for High-Employment Growth Enterprises, 
Copenhagen: OECD. Available at: http://www.oecd.org/cfe/leed/Bosma-Stam_high-
growth%20policies.pdf. 

Braguinsky, S., Klepper, S. and Ohyama, A. (2012) 'High-tech entrepreneurship', The Journal 
of Law and Economics, 55(4), pp. 869-900. 

Bramwell, A. and Wolfe, D. A. (2008) 'Universities and regional economic development: The 
entrepreneurial University of Waterloo', Research Policy, 37(8), pp. 1175-1187. 

Brannback, M., Kiviluoto, N., Carsrud, A. and Östermark, R. (2010) 'Much ado about nearly 
nothing? An exploratory study on the myth of high growth technology start-up 
entrepreneurship', Frontiers of Entrepreneurship Research, 30(12), pp. 1-14. 

Branstetter, L., Lima, F., Taylor, L. J. and Venancio, A. (2014) 'Do entry regulations deter 
entrepreneurship and job creation? Evidence from recent reforms in Portugal', Economic 
Journal, 124(577), pp. 805-832. 

Braunerhjelm, P. (2008) Entrepreneurship, Knowledge and Economic Growth. Foundations 
and Trends in Entrepreneurship Hanover, MA: now Publishers Inc. 

Breschi, S. and Lissoni, F. (2001) 'Knowledge spillovers and local innovation systems: a 
critical survey', Industrial and corporate change, 10(4), pp. 975-1005. 

http://www.oecd.org/cfe/leed/Bosma-Stam_high-growth%20policies.pdf
http://www.oecd.org/cfe/leed/Bosma-Stam_high-growth%20policies.pdf


   

 150 

Bresnahan, T., Gambardella, A. and Saxenian, A. (2001) '‘Old economy’ inputs for ‘new 
economy’ outcomes: Cluster formation in the new Silicon Valleys', Industrial and Corporate 
Change, 10(4), pp. 835-860. 

Brooks, R. (2005) 'Measuring university quality', The Review of Higher Education, 29(1), pp. 
1-21. 

Brown, C. and Thornton, M. (2013) 'How entrepreneurship theory created economics', 
Quarterly Journal of Austrian Economics, 16(4), pp. 401-419. 

Brown, R. and Mason, C. (2017) 'Looking inside the spiky bits: A critical review and 
conceptualisation of entrepreneurial ecosystems', Small Business Economics, 49(1), pp. 11-
30. 

Brown, R. and Mawson, S. (2019) 'Entrepreneurial ecosystems and public policy in action: A 
critique of the latest industrial policy blockbuster', Cambridge Journal of Regions, Economy 
and Society, 12(3), pp. 347-368. 

Brush, C. G., De Bruin, A. and Welter, F. (2009) 'A gender‐aware framework for women's 
entrepreneurship', International Journal of Gender and Entrepreneurship, 1(1), pp. 8-24. 

Buckley, P. J. and Ruane, F. (2006) 'Foreign direct investment in Ireland: Policy implications 
for emerging economies', World Economy, 29(11), pp. 1611-1628. 

Bull, I. and Willard, G. E. (1993) 'Towards a theory of entrepreneurship', Journal of Business 
Venturing, 8(3), pp. 183-195. 

Burt, R. S. (1992) 'The social structure of competition', in Nohria, N. & Eccles, R.G. (eds.) 
Networks and Organizations: Structure, Form, and Action. Boston, MA: Harvard Business 
School Press, pp. 57 – 91. 

Burton, M. D., Sørensen, J. B. and Beckman, C. M. (2002) 'Coming from good stock: Career 
histories and new venture formation', in Lounsbury, M. & Ventresca, M. (eds.) Social 
Structure and Organizations Revisited. Bingley, UK: Emerald Group Publishing Limited, pp. 
229-262. 

Bygrave, W. D. and Hofer, C. W. (1992) 'Theorizing about entrepreneurship', 
Entrepreneurship Theory and Practice, 16(2), pp. 13-22. 

Cantner, U., Cunningham, J. A., Lehmann, E. E. and Menter, M. (2021) 'Entrepreneurial 
ecosystems: A dynamic lifecycle model', Small Business Economics, 57, pp. 407-423. 

Cao, Z. and Shi, X. (2020) 'A systematic literature review of entrepreneurial ecosystems in 
advanced and emerging economies', Small Business Economics, 54(5), pp. 1-36. 

Carlsson, B. (1989) 'Flexibility and the theory of the firm', International Journal of Industrial 
Organization, 7(2), pp. 179-203. 

Carlsson, B. (1995) 'The rise of small business: Causes and consequences', in Adams, W.J. 
(ed.) Singular Europe: Economy and Polity of the European Community after 1992. Ann 
Arbor, IL: The University of Michigan Press, pp. 145-170. 

Carlsson, B., Acs, Z. J., Audretsch, D. B. and Braunerhjelm, P. (2009) 'Knowledge creation, 
entrepreneurship, and economic growth: A historical review', Industrial and Corporate 
Change, 18(6), pp. 1193-1229. 

Carlsson, B., Braunerhjelm, P., McKelvey, M., Olofsson, C., Persson, L. and Ylinenpää, H. 
(2013) 'The evolving domain of entrepreneurship research', Small Business Economics, 
41(4), pp. 913-930. 

Carree, M. A. and Thurik, A. R. (2003) 'The impact of entrepreneurship on economic growth', 
in Acs, Z.J. & Audretsch, D.B. (eds.) Handbook of Entrepreneurship Research. New York, 
NY: Springer, pp. 437-471. 



   

 151 

Carroll, G. R. and Mosakowski, E. (1987) 'The career dynamics of self-employment', 
Administrative Science Quarterly, 32(4), pp. 570-589. 

Casper, S. (2007) 'How do technology clusters emerge and become sustainable? Social 
network formation and inter-firm mobility within the San Diego biotechnology cluster', 
Research Policy, 36(4), pp. 438-455. 

Cavallo, A., Ghezzi, A. and Balocco, R. (2019) 'Entrepreneurial ecosystem research: Present 
debates and future directions', International Entrepreneurship and Management Journal, 
15(4), pp. 1291-1321. 

Chen, L.-W. and Thompson, P. (2016) 'Skill balance and entrepreneurship evidence from 
online career histories', Entrepreneurship Theory and Practice, 40(2), pp. 289-305. 

Cho, D. S., Ryan, P. and Buciuni, G. (2022) 'Evolutionary entrepreneurial ecosystems: A 
research pathway', Small Business Economics, 58(4), pp. 1865-1883. 

Christopherson, S., Michie, J. and Tyler, P. (2010) 'Regional resilience: Theoretical and 
empirical perspectives', Cambridge Journal of Regions Economy and Society, 3(1), pp. 3-10. 

Chun-Chien, K. and Chih-Hai, Y. (2008) 'Knowledge capital and spillover on regional 
economic growth: Evidence from China', China Economic Review, 19(4), pp. 594-604. 

Clark, J., Huang, H. I. and Walsh, J. P. (2010) 'A typology of 'innovation districts': What it 
means for regional resilience', Cambridge Journal of Regions Economy and Society, 3(1), 
pp. 121-137. 

Clarysse, B., Wright, M., Bruneel, J. and Mahajan, A. (2014) 'Creating value in ecosystems: 
Crossing the chasm between knowledge and business ecosystems', Research Policy, 43(7), 
pp. 1164-1176. 

Clarysse, B., Wright, M. and Van Hove, J. (2015) A Look Inside Accelerators, London, UK: 
NESTA. Available at: https://media.nesta.org.uk/documents/a_look_inside_accelerators.pdf 
(Accessed: 14 April, 2019). 

Coad, A., Daunfeldt, S.-O., Hölzl, W., Johansson, D. and Nightingale, P. (2014) 'High-growth 
firms: Introduction to the special section', Industrial and Corporate Change, 23(1), pp. 91-
112. 

Coad, A. and Rao, R. (2008) 'Innovation and firm growth in high-tech sectors: A quantile 
regression approach', Research Policy, 37(4), pp. 633-648. 

Cohen, B. (2006) 'Sustainable valley entrepreneurial ecosystems', Business Strategy and the 
Environment, 15(1), pp. 1-14. 

Cohen, S. (2013) 'What do accelerators do? Insights from incubators and angels', 
Innovations: Technology, Governance, Globalization, 8(3-4), pp. 19-25. 

Cohen, S. and Hochberg, Y. V. (2014) 'Accelerating startups: The seed accelerator 
phenomenon', Available at SSRN: https://ssrn.com/abstract=2418000. 

Colombelli, A., Paolucci, E. and Ughetto, E. (2019) 'Hierarchical and relational governance 
and the life cycle of entrepreneurial ecosystems', Small Business Economics, 52(2), pp. 505-
521. 

Colombelli, A. and Quatraro, F. (2018) 'New firm formation and regional knowledge 
production modes: Italian evidence', Research Policy, 47(1), pp. 139-157. 

Colombo, L. and Dawid, H. (2016) 'Complementary assets, start-ups and incentives to 
innovate', International Journal of Industrial Organization, 44, pp. 177-190. 

Colombo, M. G., Dagnino, G. B., Lehmann, E. E. and Salmador, M. (2019) 'The governance 
of entrepreneurial ecosystems', Small Business Economics, 52(2), pp. 419-428. 

https://media.nesta.org.uk/documents/a_look_inside_accelerators.pdf
https://ssrn.com/abstract=2418000


   

 152 

Colombo, M. G. and Delmastro, M. (2002) 'How effective are technology incubators? 
Evidence from Italy', Research Policy, 31(7), pp. 1103-1122. 

Cooke, P. (1992) 'Regional innovation systems: Competitive regulation in the new Europe', 
Geoforum, 23(3), pp. 365-382. 

Cooke, P. (1996) 'The new wave of regional innovation networks: Analysis, characteristics 
and strategy', Small Business Economics, 8(2), pp. 159-171. 

Cooke, P. (2007) 'Regional innovation, entrepreneurship and talent systems', International 
Journal of Entrepreneurship and Innovation Management, 7(2-5), pp. 117-139. 

Cope, J. and Watts, G. (2000) 'Learning by doing: An exploration of experience, critical 
incidents and reflection in entrepreneurial learning', International Journal of Entrepreneurial 
Behavior & Research, 6(3), pp. 104-124. 

Corrente, S., Greco, S., Nicotra, M., Romano, M. and Schillaci, C. E. (2019) 'Evaluating and 
comparing entrepreneurial ecosystems using SMAA and SMAA-S', Journal of Technology 
Transfer, 44(2), pp. 485-519. 

Cowell, M., Lyon-Hill, S. and Tate, S. (2018) 'It takes all kinds: Understanding diverse 
entrepreneurial ecosystems', Journal of Enterprising Communities: People and Places in the 
Global Economy, 12(2), pp. 178-198. 

Credit, K., Mack, E. A. and Mayer, H. (2018) 'State of the field: Data and metrics for 
geographic analyses of entrepreneurial ecosystems', Geography Compass, 12(9), pp. 1-22. 

Crespo, J., Suire, R. and Vicente, J. (2014) 'Lock-in or lock-out? How structural properties of 
knowledge networks affect regional resilience', Journal of Economic Geography, 14(1), pp. 
199-219. 

Croce, A., Grilli, L. and Murtinu, S. (2014) 'Venture capital enters academia: an analysis of 
university-managed funds', Journal of Technology Transfer, 39(5), pp. 688-715. 

Crone, M. 'The Irish indigenous software industry: Explaining the development of a 
knowledge-intensive industry cluster in a less favoured region', 42nd Congress of the 
European Regional Science Association, Dortmund, DE. 

Cruz, S. C. and Teixeira, A. A. (2010) 'The evolution of the cluster literature: Shedding light 
on the regional studies–regional science debate', Regional Studies, 44(9), pp. 1263-1288. 

Cumming, D., Werth, J. C. and Zhang, Y. L. (2019) 'Governance in entrepreneurial 
ecosystems: Venture capitalists vs. technology parks', Small Business Economics, 52(2), pp. 
455-484. 

Curran, D., O'Gorman, C. and van Egeraat, C. (2016) '"Opportunistic" spin-offs in the 
aftermath of an adverse corporate event', Journal of Small Business and Enterprise 
Development, 23(4), pp. 984-1008. 

D'Este, P. and Perkmann, M. (2011) 'Why do academics engage with industry? The 
entrepreneurial university and individual motivations', Journal of Technology Transfer, 36(3), 
pp. 316-339. 

Dahl, M. S. and Reichstein, T. (2007) 'Are you experienced? Prior experience and the survival 
of new organizations', Industry and Innovation, 14(5), pp. 497-511. 

Daniels, G. (2016) Ersules moves from lighting systems to smart buildings: TelecomTV. 
Available at: https://www.telecomtv.com/content/iot/ersules-moves-from-lighting-systems-to-
smart-buildings-13263/ (Accessed: 6 January, 2022). 

De Backer, K. and Sleuwaegen, L. (2003) 'Does foreign direct investment crowd out domestic 
entrepreneurship?', Review of Industrial Organization, 22(1), pp. 67-84. 

https://www.telecomtv.com/content/iot/ersules-moves-from-lighting-systems-to-smart-buildings-13263/
https://www.telecomtv.com/content/iot/ersules-moves-from-lighting-systems-to-smart-buildings-13263/


   

 153 

Delgado, M., Porter, M. E. and Stern, S. (2014) 'U.S. Cluster Mapping Benchmark 
Definitions'. Available at: 

http://clustermapping.us/sites/default/files/files/page/US%20Cluster%20Definitions.xlsx 
(Accessed: 12 August, 2021). 

Delmar, F. and Shane, S. (2006) 'Does experience matter? The effect of founding team 
experience on the survival and sales of newly founded ventures', Strategic Organization, 4(3), 
pp. 215-247. 

Dodd, S., Anderson, A. and Jack, S. (2021) '“Let them not make me a stone”—repositioning 
entrepreneurship', Journal of Small Business Management, pp. 1-29. 

Donegan, M., Forbes, A., Clayton, P., Polly, A., Feldman, M. and Lowe, N. (2019) 'The 
tortoise, the hare, and the hybrid: Effects of prior employment on the development of an 
entrepreneurial ecosystem', Industrial and Corporate Change, 28(4), pp. 899-920. 

Dorfman, N. S. (1983) 'Route 128: The development of a regional high technology economy', 
Research Policy, 12(6), pp. 299-316. 

Drori, I. and Wright, M. (2018) 'Accelerators: Characteristics, trends and the new 
entrepreneurial ecosystem', in Wright, M. & Drori, I. (eds.) Accelerators. Cheltenham, UK: 
Edward Elgar Publishing, pp. 1-20. 

Dubini, P. (1989) 'The influence of motivations and environment on business start-ups: Some 
hints for public policies', Journal of Business Venturing, 4(1), pp. 11-26. 

Dublin InQuirer (2015) Are We Seeing the Flight of Dublin's Start-Ups? Available at: 
https://dublininquirer.com/2015/10/21/are-we-seeing-the-flight-of-dublin-s-start-ups 
(Accessed: 6 January, 2021). 

Dushnitsky, G. and Lenox, M. J. (2005) 'When do incumbents learn from entrepreneurial 
ventures? Corporate venture capital and investing firm innovation rates', Research Policy, 
34(5), pp. 615-639. 

Edquist, C. (1997) Systems of Innovation: Technologies, Institutions, and Organizations. 
London, UK: Psychology Press. 

Eisenhardt, K. M. and Schoonhoven, C. B. (1996) 'Resource-based view of strategic alliance 
formation: Strategic and social effects in entrepreneurial firms', Organization Science, 7(2), 
pp. 136-150. 

Elfring, T. and Hulsink, W. (2003) 'Networks in entrepreneurship: The case of high-technology 
firms', Small Business Economics, 21(4), pp. 409-422. 

Ensley, M. D., Pearce, C. L. and Hmieleski, K. M. (2006) 'The moderating effect of 
environmental dynamism on the relationship between entrepreneur leadership behavior and 
new venture performance', Journal of Business Venturing, 21(2), pp. 243-263. 

Enterprise Ireland (2018a) 2017 Seed and Venture Capital Report. Available at: 
https://www.enterprise-ireland.com/en/Publications/Reports-Published-Strategies/Seed-
and-Venture-Capital-Reports/2017-Seed-and-Venture-Capital-Report.pdf (Accessed: 19 
April, 2019). 

Enterprise Ireland (2018b) Venture Capital Funds. Available at: https://www.enterprise-
ireland.com/en/Invest-in-Emerging-Companies/Source-of-Private-Capital/Venture-Capital-
Funds.html (Accessed: 19 April, 2019). 

Etzkowitz, H. (1998) 'The norms of entrepreneurial science: cognitive effects of the new 
university-industry linkages', Research Policy, 27(8), pp. 823-833. 

Etzkowitz, H. (2013) 'Anatomy of the entrepreneurial university', Social Science Information, 
52(3), pp. 486-511. 

https://dublininquirer.com/2015/10/21/are-we-seeing-the-flight-of-dublin-s-start-ups
https://www.enterprise-ireland.com/en/Publications/Reports-Published-Strategies/Seed-and-Venture-Capital-Reports/2017-Seed-and-Venture-Capital-Report.pdf
https://www.enterprise-ireland.com/en/Publications/Reports-Published-Strategies/Seed-and-Venture-Capital-Reports/2017-Seed-and-Venture-Capital-Report.pdf
https://www.enterprise-ireland.com/en/Invest-in-Emerging-Companies/Source-of-Private-Capital/Venture-Capital-Funds.html
https://www.enterprise-ireland.com/en/Invest-in-Emerging-Companies/Source-of-Private-Capital/Venture-Capital-Funds.html
https://www.enterprise-ireland.com/en/Invest-in-Emerging-Companies/Source-of-Private-Capital/Venture-Capital-Funds.html


   

 154 

European Commission (2018a) 'IRI - The 2017 EU Industrial R&D Investment Scoreboard'. 
Available at: http://iri.jrc.ec.europa.eu/scoreboard17.html (Accessed: 2 October, 2018). 

European Commission (2018b) 'Regional Innovation Scorecard'. Available at: 
http://ec.europa.eu/growth/industry/innovation/facts-figures/regional_en (Accessed: 9 
October, 2018). 

European Patent Office (2018) Statistics. Available at: https://www.epo.org/about-us/annual-
reports-statistics/statistics.html (Accessed: 19 April, 2019). 

Eurostat (2018a) 'Business Enterprise R&D Expenditure in High-tech Sectors'. Available at: 
https://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=htec_sti_exp2 (Accessed: 2 
October, 2018). 

Eurostat (2018b) 'Graduates by Education Level, Programme Orientation, Completion, Sex 
and Age'. Available at: 
https://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=educ_uoe_grad01 (Accessed: 2 
October, 2018). 

Eurostat (2018c) 'Graduates in Tertiary Education, in Science, Math., Computing, 
Engineering, Manufacturing, Construction, by Sex - per 1000 of Population Aged 20-29'. 
Available at: https://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=educ_uoe_grad04 
(Accessed: 2 October, 2019). 

Eurostat (2018d) 'High-tech Exports'. Available at: 
https://ec.europa.eu/eurostat/tgm/table.do?tab=table&plugin=1&language=en&pcode=tin00
140 (Accessed 2 October, 2019). 

Eurostat (2018e) 'Population by Educational Attainment Level, Sex, Age and Citizenship (%)'. 
Available at: https://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=edat_lfs_9911 
(Accessed: 2 October, 2018). 

Eurostat (2018f) 'Venture Capital Investment by Stage'. Available at: 
https://ec.europa.eu/eurostat/web/products-datasets/-/htec_vci_stage2 (Accessed: 2 
October, 2018). 

Ewing Marion Kauffman Foundation (2017a) 'Historical Kauffman Index Reports'. Available 
at: https://www.kauffman.org/historical-kauffman-index/reports/ (Accessed: 12 March, 2019). 

Ewing Marion Kauffman Foundation (2017b) Kauffman Index of Growth Entrepreneurship. 
Available at: 

https://www.kauffman.org/wp-
content/uploads/2019/09/Kauffman_Index_Growth_Entrepreneurship_Metro_2017.pdf 
(Accessed: 12 August, 2021). 

Ewing Marion Kauffman Foundation (2017c) Kauffman Index of Startup Activity. Available at: 
https://www.kauffman.org/wp-
content/uploads/2019/09/2017_Kauffman_Index_Startup_Activity_Metro_Report_Final.pdf 
(Accessed: 12 August, 2021). 

Faherty, U. and Stephens, S. (2016) 'Innovation in micro enterprises: Reality or fiction?', 
Journal of Small Business and Enterprise Development, 32(2), pp. 349-362. 

Fazio, C., Guzman, J., Murray, F. and Stern, S. (2016) A New View of the Skew: Quantitative 
Assessment of the Quality of American Entrepreneurship, Cambridge, MA: MIT Laboratory 
for Innovation Science and Policy. 

Feeser, H. R. and Willard, G. E. (1989) 'Incubators and performance - A comparison of high-
growth and low-growth high-tech firms', Journal of Business Venturing, 4(6), pp. 429-442. 

Fehder, D. C. and Hochberg, Y. V. (2014) 'Accelerators and the regional supply of venture 
capital investment', Available at SSRN: https://ssrn.com/abstract=2518668. 

http://iri.jrc.ec.europa.eu/scoreboard17.html
http://ec.europa.eu/growth/industry/innovation/facts-figures/regional_en
https://www.epo.org/about-us/annual-reports-statistics/statistics.html
https://www.epo.org/about-us/annual-reports-statistics/statistics.html
https://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=htec_sti_exp2
https://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=educ_uoe_grad01
https://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=educ_uoe_grad04
https://ec.europa.eu/eurostat/tgm/table.do?tab=table&plugin=1&language=en&pcode=tin00140
https://ec.europa.eu/eurostat/tgm/table.do?tab=table&plugin=1&language=en&pcode=tin00140
https://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=edat_lfs_9911
https://ec.europa.eu/eurostat/web/products-datasets/-/htec_vci_stage2
https://www.kauffman.org/historical-kauffman-index/reports/
https://www.kauffman.org/wp-content/uploads/2019/09/2017_Kauffman_Index_Startup_Activity_Metro_Report_Final.pdf
https://www.kauffman.org/wp-content/uploads/2019/09/2017_Kauffman_Index_Startup_Activity_Metro_Report_Final.pdf
https://ssrn.com/abstract=2518668


   

 155 

Feldman, M. P. (2001) 'The entrepreneurial event revisited: Firm formation in a regional 
context', Industrial and Corporate Change, 10(4), pp. 861-891. 

Feldman, M. P., Feller, I., Bercovitz, J. and Burton, R. (2002) 'Equity and the technology 
transfer strategies of American research universities', Management Science, 48(1), pp. 105-
121. 

Feldman, M. P., Francis, J. and Bercovitz, J. (2005) 'Creating a cluster while building a firm: 
Entrepreneurs and the formation of industrial clusters', Regional Studies, 39(1), pp. 129-141. 

Ferreira, J. J., Fernandes, C. I. and Kraus, S. (2019) 'Entrepreneurship research: mapping 
intellectual structures and research trends', Review of Managerial Science, 13(1), pp. 181-
205. 

Ferreira, J. J., Ratten, V. and Dana, L.-P. (2017) 'Knowledge spillover-based strategic 
entrepreneurship', International Entrepreneurship and Management Journal, 13(1), pp. 161-
167. 

Florida, R. L. (2002) 'The economic geography of talent', Annals of the Association of 
American Geographers, 92(4), pp. 743-755. 

Florida, R. L. (2003a) 'Cities and the creative class', City & Community, 2(1), pp. 3-19. 

Florida, R. L. (2003b) 'Entrepreneurship, creativity, and regional economic growth', in Hart, 
D.M. (ed.) The Emergence of Entrepreneurship Policy: Governance, Start-ups, and Growth 
in the US Knowledge Economy. Cambridge, UK: Cambridge University Press. 

Florida, R. L. and Kenney, M. (1988a) 'Venture capital and high technology entrepreneurship', 
Journal of Business Venturing, 3(4), pp. 301-319. 

Florida, R. L. and Kenney, M. (1988b) 'Venture capital, high technology and regional 
development', Regional Studies, 22(1), pp. 33-48. 

Florida, R. L. and King, K. M. (2016) Spiky Venture Capital: The Geography of Venture 
Capital Investment by Metro and Zip Code, Toronto, CA: Martin Prosperity Institute, Rotman 
School of Management, University of Toronto. Available at: http://martinprosperity.org/wp-
content/uploads/2016/02/Startup-US-2016_Spiky-Venture-Capital_Revised.pdf (Accessed: 
14 April, 2019). 

Fosfuri, A., Motta, M. and Ronde, T. (2001) 'Foreign direct investment and spillovers through 
workers' mobility', Journal of International Economics, 53(1), pp. 205-222. 

Fotopoulos, G. (2014) 'On the spatial stickiness of UK new firm formation rates', Journal of 
Economic Geography, 14(3), pp. 651-679. 

Franco, A. M. and Filson, D. (2006) 'Spin-outs: Knowledge diffusion through employee 
mobility', Rand Journal of Economics, 37(4), pp. 841-860. 

Freeman, C. (1988) 'Japan: A new national innovation system', in Dosi, G., Freeman, C., 
Nelson, R., Silverberg, G. & Soete, L. (eds.) Technical Change and Economic Theory. 
London, UK: Pinter, pp. 330-348. 

Frenkel, A. (2001) 'Why high-technology firms choose to locate in or near metropolitan areas', 
Urban Studies, 38(7), pp. 1083-1101. 

Fritsch, M. (2008) 'How does new business formation affect regional development? 
Introduction to the special issue', Small Business Economics, 30(1), pp. 1-14. 

Fritsch, M. (2011) 'The effect of new business formation on regional development: Empirical 
evidence, interpretation, and avenues for further research', in Fritsch, M. (ed.) Handbook of 
Research on Entrepreneurship and Regional Development. Cheltenham, UK: Edward Elgar, 
pp. 58-106. 

http://martinprosperity.org/wp-content/uploads/2016/02/Startup-US-2016_Spiky-Venture-Capital_Revised.pdf
http://martinprosperity.org/wp-content/uploads/2016/02/Startup-US-2016_Spiky-Venture-Capital_Revised.pdf


   

 156 

Fritsch, M. and Wyrwich, M. (2014) 'The long persistence of regional levels of 
entrepreneurship: Germany, 1925-2005', Regional Studies, 48(6), pp. 955-973. 

Fullerton, L., McGettigan, K. and Stephens, S. (2010) 'Integrating management and 
marketing strategies at heritage sites', International Journal of Culture, Tourism and 
Hospitality Research, 4(2), pp. 108-117. 

Galbraith, J. (1982) 'The stages of growth', The Journal of Business Strategy, 3(1), pp. 70-
79. 

Gartner, W. B. (1985) 'A conceptual framework for describing the phenomenon of new 
venture creation', Academy of Management Review, 10(4), pp. 696-706. 

Gartner, W. B. (2001) 'Is there an elephant in entrepreneurship? Blind assumptions in theory 
development', Entrepreneurship Theory and Practice, 25(4), pp. 27-39. 

Gennaioli, N., La Porta, R., Lopez-de-Silanes, F. and Shleifer, A. (2013) 'Human capital and 
regional development', Quarterly Journal of Economics, 128(1), pp. 105-164. 

Ghio, N., Guerini, M. and Rossi-Lamastra, C. (2019) 'The creation of high-tech ventures in 
entrepreneurial ecosystems: Exploring the interactions among university knowledge, 
cooperative banks, and individual attitudes', Small Business Economics, 52(2), pp. 523-543. 

Glaeser, E. L., Kerr, W. R. and Ponzetto, G. A. (2010) 'Clusters of entrepreneurship', Journal 
of Urban Economics, 67(1), pp. 150-168. 

Gnyawali, D. R. and Fogel, D. S. (1994) 'Environments for entrepreneurship development: 
Key dimensions and research implications', Entrepreneurship Theory and Practice, 18(4), pp. 
43-62. 

Gompers, P. A. (1994) 'The rise and fall of venture capital', Business and Economic History, 
23(2), pp. 1-26. 

Gompers, P. A., Kovner, A., Lerner, J. and Scharfstein, D. (2010) 'Performance persistence 
in entrepreneurship', Journal of Financial Economics, 96(1), pp. 18-32. 

Google (2019) Distance Matrix API. Available at: 
https://developers.google.com/maps/documentation/distance-matrix/overview (Accessed: 
12 August, 2021). 

Gorman, M. and Sahlman, W. A. (1989) 'What do venture capitalists do?', Journal of Business 
Venturing, 4(4), pp. 231-248. 

Goswami, A. G., Medvedev, D. and Olafsen, E. (2019) High-Growth Firms: Facts, Fiction, 
and Policy Options for Emerging Economies. Washington DC: The World Bank. 

Goswami, K., Mitchell, J. R. and Bhagavatula, S. (2018) 'Accelerator expertise: 
Understanding the intermediary role of accelerators in the development of the Bangalore 
entrepreneurial ecosystem', Strategic Entrepreneurship Journal, 12(1), pp. 117-150. 

Grandori, A. and Soda, G. (1995) 'Inter-firm networks: Antecedents, mechanisms and forms', 
Organization Studies, 16(2), pp. 183-214. 

Granovetter, M. S. (1973) 'The strength of weak ties', American Journal of Sociology, 78(6), 
pp. 1360-1380. 

Green, R., Cunningham, J., Duggan, I., Giblin, M., Moroney, M. and Smyth, L. (2001) 'The 
boundaryless cluster: Information and communications technology in Ireland',  Innovative 
Clusters: Drivers Of National Innovation Systems. Paris: OECD, pp. 47-64. 

Grilli, L. (2014) 'High-tech entrepreneurship in Europe: A heuristic firm growth model and 
three “(un-) easy pieces” for policy-making', Industry and Innovation, 21(4), pp. 267-284. 

https://developers.google.com/maps/documentation/distance-matrix/overview


   

 157 

Gunnigle, P., Lavelle, J. and Monaghan, S. (2013) 'Weathering the storm? Multinational 
companies and human resource management through the global financial crisis', 
International Journal of Manpower, 34(3), pp. 214-231. 

Gwartney, J., Lawson, R. and Block, W. (1996) Economic Freedom of the World, 1975–
1995., Vancouver, BC. 

Hagedoorn, J. and Duysters, G. (2002) 'External sources of innovative capabilities: The 
preferences for strategic alliances or mergers and acquisitions', Journal of Management 
Studies, 39(2), pp. 167-188. 

Hamori, M. and Koyuncu, B. (2015) 'Experience matters? The impact of prior CEO 
experience on firm performance', Human Resource Management, 54(1), pp. 23-44. 

Hannan, M. T. and Freeman, J. (1977) 'The population ecology of organizations', American 
Journal of Sociology, 82(5), pp. 929-964. 

Hanushek, E. A. and Woessmann, L. (2015) The Knowledge Capital of Nations: Education 
and the Economics of Growth. London, UK: MIT press. 

Hanushek, E. A. and Woessmann, L. (2016) 'Knowledge capital, growth, and the East Asian 
miracle', Science, 351(6271), pp. 344-345. 

Harris, M. and Holley, K. (2016) 'Universities as anchor institutions: Economic and social 
potential for urban development', in Paulsen, M.B. (ed.) Higher Education: Handbook of 
Theory and Research Higher Education-Handbook of Theory and Research. Dordrecht, NL: 
Springer, pp. 391-437. 

Harrison, R. T., Cooper, S. Y. and Mason, C. M. (2004) 'Entrepreneurial activity and the 
dynamics of technology-based cluster development: The case of Ottawa', Urban Studies, 
41(5-6), pp. 1045-1070. 

Harvard Business Review (2021) What U.S. Startups Get Wrong About Expanding into 
Europe. Available at: https://hbr.perigonlive.com/HBR1209211?m=WEB%20 (Accessed: 6 
January, 2022). 

Hassink, R. (2005) 'How to unlock regional economies from path dependency? From learning 
region to learning cluster', European Planning Studies, 13(4), pp. 521-535. 

Hayter, C. S., Lubynsky, R. and Maroulis, S. (2017) 'Who is the academic entrepreneur? The 
role of graduate students in the development of university spinoffs', Journal of Technology 
Transfer, 42(6), pp. 1237-1254. 

He, J. and Fallah, M. H. (2011) 'The typology of technology clusters and its evolution—
evidence from the hi-tech industries', Technological Forecasting and Social Change, 78(6), 
pp. 945-952. 

Hechavarria, D. M. and Ingram, A. (2014) 'A review of the entrepreneurial ecosystem and the 
entrepreneurial society in the United States: An exploration with the global entrepreneurship 
monitor dataset', Journal of Business and Entrepreneurship, 26(1), pp. 1-35. 

Hechavarría, D. M. and Ingram, A. E. (2019) 'Entrepreneurial ecosystem conditions and 
gendered national-level entrepreneurial activity: A 14-year panel study of GEM', Small 
Business Economics, 53(2), pp. 431-458. 

Hellmann, T. and Puri, M. (2002) 'Venture capital and the professionalization of start-up firms: 
Empirical evidence', Journal of Finance, 57(1), pp. 169-197. 

Henderson, R., Jaffe, A. B. and Trajtenberg, M. (1998) 'Universities as a source of 
commercial technology: A detailed analysis of university patenting, 1965-1988', Review of 
Economics and Statistics, 80(1), pp. 119-127. 

Henrekson, M. and Johansson, D. (2010) 'Gazelles as job creators: A survey and 
interpretation of the evidence', Small Business Economics, 35(2), pp. 227-244. 

https://hbr.perigonlive.com/HBR1209211?m=WEB%20


   

 158 

Herlihy, J. (2021) At end of March, I'll hand over the reins of LinkedIn EMEA & LATAM to my 
colleague @JoshGraff, a compassionate, inclusive, multi-talented leader, who'll bring the 
region to the next level. Then, I plan to focus on non-exec roles and help emerging 'smart 
tech' innovators to scale. Available at: 
https://twitter.com/johnherlihy4/status/1353748651827490817 (Accessed: 6 January, 2022). 

Herrmann, A. M. (2019) 'A plea for varieties of entrepreneurship', Small Business Economics, 
52(2), pp. 331-343. 

Hervas-Oliver, J. L., Gonzalez, G., Caja, P. and Sempere-Ripoll, F. (2015) 'Clusters and 
industrial districts: Where is the literature going? Identifying emerging sub-fields of research', 
European Planning Studies, 23(9), pp. 1827-1872. 

Hogan, T. and Hutson, E. (2005) 'Capital structure in new technology-based firms: Evidence 
from the Irish software sector', Global Finance Journal, 15(3), pp. 369-387. 

Hoover, E. M. (1937) Location Theory and the Shoe Leather Industries. Harvard University 
Press Cambridge, MA: Harvard University Press. 

Huggins, R. and Thompson, P. (2014) 'Culture, entrepreneurship and uneven development: 
A spatial analysis', Entrepreneurship & Regional Development, 26(9-10), pp. 726-752. 

Iammarino, S. and McCann, P. (2006) 'The structure and evolution of industrial clusters: 
Transactions, technology and knowledge spillovers', Research Policy, 35(7), pp. 1018-1036. 

IDA Ireland (2015) Annual Report and Accounts. Available at: 
https://www.idaireland.com/IDAIreland/media/docs/About-IDA/annual_report_2015.pdf 
(Accessed: 19 October, 2018). 

IDA Ireland (2017a) Annual Report and Accounts 2017. Available at: 

 https://www.idaireland.com/IDAIreland/media/docs/About-
IDA/IDA_Annual_Report_2017.pdf (Accessed: 19 October, 2018). 

IDA Ireland (2017b) Business in Ireland: IDA Ireland. Available at: 
https://ww.idaireland.com/en/business-in-ireland (Accessed: 12 June, 2017). 

IDA Ireland (2018) Facts About Ireland, November 2017. Available at: 
https://www.idaireland.com/newsroom/publications/facts_about_ireland_2017.pdf 
(Accessed: 10 November, 2017). 

IDA Ireland (2021) Invest in Ireland: IDA Ireland. Available at: www.idaireland.com/invest-in-
ireland (Accessed: 19 July, 2021). 

Irish Times (2015a) Former Google Ireland head John Herlihy joins LinkedIn. Available at: 
https://www.irishtimes.com/business/financial-services/former-google-ireland-head-john-
herlihy-joins-linkedin-1.2411353 (Accessed: 6 January, 2022). 

Irish Times (2015b) Google buys former warehouse at Grand Canal Dock. Available at: 
https://www.irishtimes.com/business/commercial-property/google-buys-former-warehouse-
at-grand-canal-dock-1.2081392 (Accessed: 6 January, 2022). 

Irish Times (2015c) John Herlihy to step down as head of Google Ireland. Available at: 
https://www.irishtimes.com/business/technology/john-herlihy-to-step-down-as-head-of-
google-ireland-1.2107595 (Accessed: 6 January, 2022). 

Irish Times (2016) Former RTE journalist Mark Little to head up Twitter Ireland. Available at: 
https://www.irishtimes.com/business/technology/former-rte-journalist-mark-little-to-head-up-
twitter-ireland-1.2687084 (Accessed: 6 January, 2022). 

Irish Times (2020) LinkedIn’s Irish workforce braces for cuts as company to lose 960 jobs 
globally. Available at: https://www.irishtimes.com/business/technology/linkedin-s-irish-
workforce-braces-for-cuts-as-company-to-lose-960-jobs-globally-1.4309669 (Accessed: 1 
January, 2022). 

https://twitter.com/johnherlihy4/status/1353748651827490817
https://www.idaireland.com/IDAIreland/media/docs/About-IDA/annual_report_2015.pdf
https://www.idaireland.com/IDAIreland/media/docs/About-IDA/IDA_Annual_Report_2017.pdf
https://www.idaireland.com/IDAIreland/media/docs/About-IDA/IDA_Annual_Report_2017.pdf
www.idaireland.com/en/business-in-ireland
https://www.idaireland.com/newsroom/publications/facts_about_ireland_2017.pdf
www.idaireland.com/invest-in-ireland
www.idaireland.com/invest-in-ireland
https://www.irishtimes.com/business/financial-services/former-google-ireland-head-john-herlihy-joins-linkedin-1.2411353
https://www.irishtimes.com/business/financial-services/former-google-ireland-head-john-herlihy-joins-linkedin-1.2411353
https://www.irishtimes.com/business/commercial-property/google-buys-former-warehouse-at-grand-canal-dock-1.2081392
https://www.irishtimes.com/business/commercial-property/google-buys-former-warehouse-at-grand-canal-dock-1.2081392
https://www.irishtimes.com/business/technology/john-herlihy-to-step-down-as-head-of-google-ireland-1.2107595
https://www.irishtimes.com/business/technology/john-herlihy-to-step-down-as-head-of-google-ireland-1.2107595
https://www.irishtimes.com/business/technology/former-rte-journalist-mark-little-to-head-up-twitter-ireland-1.2687084
https://www.irishtimes.com/business/technology/former-rte-journalist-mark-little-to-head-up-twitter-ireland-1.2687084
https://www.irishtimes.com/business/technology/linkedin-s-irish-workforce-braces-for-cuts-as-company-to-lose-960-jobs-globally-1.4309669
https://www.irishtimes.com/business/technology/linkedin-s-irish-workforce-braces-for-cuts-as-company-to-lose-960-jobs-globally-1.4309669


   

 159 

Isenberg, D. (2010) 'How to start an entrepreneurial revolution', Harvard Business Review, 
88(6), pp. 40-50. 

Isenberg, D. (2011) The entrepreneurship ecosystem strategy as a new paradigm for 
economic policy: Principles for cultivating entrepreneurship. Dublin, Ireland: Institute of 
International and European Affairs. 

IVCA (2017) Publications: Irish Venture Capital Association. Available at: 
https://www.ivca.ie/publications.html (Accessed: 5 May, 2019). 

Jo, H. and Lee, J. (1996) 'The relationship between an entrepreneur's background and 
performance in a new venture', Technovation, 16(4), pp. 161-171. 

John, C. H. S. and Pouder, R. W. (2006) 'Technology clusters versus industry clusters: 
Resources, networks, and regional advantages', Growth and Change, 37(2), pp. 141-171. 

Jones, P. and Ratten, V. (2021) 'Knowledge spillovers and entrepreneurial ecosystems', 
Knowledge Management Research & Practice, 19(1), pp. 1-7. 

Kang, Q., Li, H., Cheng, Y. and Kraus, S. (2019) 'Entrepreneurial ecosystems: Analysing the 
status quo', Knowledge Management Research & Practice, pp. 1-13. 

Kasabov, E. and Sundaram, U. (2016) 'Conceptualizing clusters as dynamic and path-
dependent pools of skills', Regional Studies, 50(9), pp. 1520-1536. 

Katz, B. J. and Wagner, J. (2014) The Rise of Innovation Districts: A New Geography of 
Innovation in America, Washington, DC: Brookings Institution. Available at: 
https://www.brookings.edu/wp-content/uploads/2016/07/InnovationDistricts1.pdf (Accessed: 
19 April, 2019). 

Khan, M. R. (2016) 'Entrepreneurship ecosystem evolution strategy of Saudi Arabia', World 
Journal of Entrepreneurship, Management and Sustainable Development, 9(1), pp. 28-54. 

Killian, S. (2006) 'Where's the harm in tax competition?: Lessons from US multinationals in 
Ireland', Critical Perspectives on Accounting, 17(8), pp. 1067-1087. 

Kirby, D. A. (2004) 'Entrepreneurship education: Can business schools meet the challenge?', 
Education + Training, 46(8/9), pp. 510-519. 

Kirzner, I. M. (1973) Competition and Entrepreneurship. Chicago, IL: University of Chicago 
press. 

Klapper, L., Laeven, L. and Rajan, R. (2006) 'Entry regulation as a barrier to 
entrepreneurship', Journal of Financial Economics, 82(3), pp. 591-629. 

Klepper, S. (2001) 'Employee startups in high‐tech industries', Industrial and corporate 
change, 10(3), pp. 639-674. 

Klepper, S. and Sleeper, S. (2005) 'Entry by spinoffs', Management Science, 51(8), pp. 1291-
1306. 

Knight, F. H. (1921) Risk, Uncertainty and Profit. New York, NY: Houghton Mifflin. 

Kogut, B. and Zander, U. (1992) 'Knowledge of the firm, combinative capabilities, and the 
replication of technology', Organization Science, 3(3), pp. 383-397. 

Kortum, S. and Lerner, J. (2000) 'Assessing the contribution of venture capital to innovation', 
Rand Journal of Economics, 31(4), pp. 674-692. 

Koryak, O., Mole, K. F., Lockett, A., Hayton, J. C., Ucbasaran, D. and Hodgkinson, G. P. 
(2015) 'Entrepreneurial leadership, capabilities and firm growth', International Small Business 
Journal, 33(1), pp. 89-105. 

https://www.ivca.ie/publications.html
https://www.brookings.edu/wp-content/uploads/2016/07/InnovationDistricts1.pdf


   

 160 

Krackhardt, D., Nohria, N. and Eccles, B. (1992) 'The strength of strong ties: The importance 
of philos in organizations', in Nohria, N. & Eccles, R. (eds.) Networks and Organizations: 
Structure, Form and Action. Boston, MA: Harvard Business School Press, pp. 216-239. 

Kripfganz, S. (2016) 'Quasi–maximum likelihood estimation of linear dynamic short-T panel-
data models', The Stata Journal, 16(4), pp. 1013-1038. 

Kuckertz, A. (2019) 'Let's take the entrepreneurial ecosystem metaphor seriously!', Journal 
of Business Venturing Insights, 11, pp. e00124. 

Kuratko, D. F., Fisher, G., Bloodgood, J. M. and Hornsby, J. S. (2017) 'The paradox of new 
venture legitimation within an entrepreneurial ecosystem', Small Business Economics, 49(1), 
pp. 119-140. 

Kvale, S. (1996) Interviews: An introduction to Qualitative Research Interviewing. London, 
UK: Sage Publications. 

Kyne, D. and Aldrich, D. P. (2020) 'Capturing bonding, bridging, and linking social capital 
through publicly available data', Risk, Hazards & Crisis in Public Policy, 11(1), pp. 61-86. 

Lafontaine, F. and Shaw, K. (2016) 'Serial entrepreneurship: Learning by doing?', Journal of 
Labor Economics, 34(S2), pp. 217-254. 

Landström, H., Harirchi, G. and Åström, F. (2012) 'Entrepreneurship: Exploring the 
knowledge base', Research Policy, 41(7), pp. 1154-1181. 

Landström, H. and Lohrke, F. (2010) Historical Foundations of Entrepreneurial Research. 
Cheltenham, UK: Edward Elgar Publishing. 

Laperche, B. and Liu, Z. (2013) 'SMEs and knowledge-capital formation in innovation 
networks: A review of literature', Journal of Innovation and Entrepreneurship, 2(1), pp. 1-16. 

Lazear, E. P. (2004) 'Balanced skills and entrepreneurship', American Economic Review, 
94(2), pp. 208-211. 

Lee, S. Y., Florida, R. L. and Acs, Z. J. (2004) 'Creativity and entrepreneurship: A regional 
analysis of new firm formation', Regional Studies, 38(8), pp. 879-891. 

Lee, Y. S. (2018) 'Government guaranteed small business loans and regional growth', 
Journal of Business Venturing, 33(1), pp. 70-83. 

Leleux, B. and Surlemont, B. (2003) 'Public versus private venture capital: Seeding or 
crowding out? A pan-European analysis', Journal of Business Venturing, pp. 81-104. 

Leung, A., Zhang, J., Wong, P. K. and Foo, M. D. (2006) 'The use of networks in human 
resource acquisition for entrepreneurial firms: Multiple "fit" considerations', Journal of 
Business Venturing, 21(5), pp. 664-686. 

Levie, J. and Autio, E. (2008) 'A theoretical grounding and test of the GEM model', Small 
Business Economics, 31(3), pp. 235-263. 

Liao, T.-J. (2015) 'Clusters, technological knowledge spillovers, and performance', 
Management Decision, 53(2), pp. 469-490. 

Lin, N., Dayton, P. W. and Greenwald, P. (1978) 'Analyzing the instrumental use of relations 
in the context of social structure', Sociological Methods & Research, 7(2), pp. 149-166. 

Link, A. N. and Scott, J. T. (2003) 'US science parks: the diffusion of an innovation and its 
effects on the academic missions of universities', International Journal of Industrial 
Organization, 21(9), pp. 1323-1356. 

Lockett, A., Wright, M. and Franklin, S. (2003) 'Technology transfer and universities' spin-out 
strategies', Small Business Economics, 20(2), pp. 185-200. 



   

 161 

Lundvall, B. Å. (1985) Product Innovation and User-Producer Interaction, Aalborg, Denmark: 
Aalborg Universitetsforlag. 

Mack, E. and Mayer, H. (2016) 'The evolutionary dynamics of entrepreneurial ecosystems', 
Urban Studies, 53(10), pp. 2118-2133. 

Majocchi, A. and Presutti, M. (2009) 'Industrial clusters, entrepreneurial culture and the social 
environment: The effects on FDI distribution', International Business Review, 18(1), pp. 76-
88. 

Malecki, E. J. (2011) 'Connecting local entrepreneurial ecosystems to global innovation 
networks: Open innovation, double networks and knowledge integration', International 
Journal of Entrepreneurship and Innovation Management, 14(1), pp. 36-59. 

Malecki, E. J. (2018) 'Entrepreneurship and entrepreneurial ecosystems', Geography 
Compass, 12(3), pp. 1-21. 

Markman, G. D., Phan, P. H., Balkin, D. B. and Gianiodis, P. T. (2005) 'Entrepreneurship and 
university-based technology transfer', Journal of Business Venturing, 20(2), pp. 241-263. 

Markusen, A. (1996) 'Sticky places in slippery space: A typology of industrial districts', 
Economic Geography, 72(3), pp. 293-313. 

Marquis, C. (2003) 'The pressure of the past: Network imprinting in intercorporate 
communities', Administrative Science Quarterly, 48(4), pp. 655-689. 

Marshall, A. (1890) Principles of Economics. London, UK: MacMillan. 

Martin, B. C., McNally, J. J. and Kay, M. J. (2013) 'Examining the formation of human capital 
in entrepreneurship: A meta-analysis of entrepreneurship education outcomes', Journal of 
Business Venturing, 28(2), pp. 211-224. 

Martin, R. and Sunley, P. (2003) 'Deconstructing clusters: Chaotic concept or policy 
panacea?', Journal of Economic Geography, 3(1), pp. 5-35. 

Marvel, M. R. and Droege, S. (2010) 'Prior tacit knowledge and first‐year sales: Learning from 
technology entrepreneurs', Journal of Small Business and Enterprise Development, 17(1), 
pp. 32044. 

Maskell, P. (2001) 'Towards a knowledge‐based theory of the geographical cluster', Industrial 
and Corporate Change, 10(4), pp. 921-943. 

Mason, C. (2008) 'Entrepreneurial dynamics and the origin and growth of high-tech clusters', 
in Karlsson, C. (ed.) Handbook of Research on Innovation and Clusters: Cases and Policies 
Handbooks of Research on Clusters Series. Cheltenham, UK: Edward Elgar Publishing Ltd, 
pp. 33-53. 

Mason, C. and Brown, R. (2014) Entrepreneurial Ecosystems and Growth Oriented 
Entrepreneurship, The Hague, Netherlands: Background paper prepared for the workshop 
organised by the OECD LEED Programme and the Dutch Ministry of Economic Affairs on 
Entrepreneurial Ecosystems and Growth Oriented Entrepreneurship. 

McElrath, K. and Martin, M. (2021) Bachelor’s Degree Attainment in  the United States: 2005 
to 2019: US Census Bureau. Available at: 
https://www.census.gov/content/dam/Census/library/publications/2021/acs/acsbr-009.pdf 
(Accessed: 6 January, 2022). 

Meglio, O., Destri, A. M. L. and Capasso, A. (2017) 'Fostering dynamic growth in new 
ventures through venture capital: Conceptualizing venture capital capabilities', Long Range 
Planning, 50(4), pp. 518-530. 

Menzel, M. P. and Fornahl, D. (2010) 'Cluster life cycles-dimensions and rationales of cluster 
evolution', Industrial and Corporate Change, 19(1), pp. 205-238. 

https://www.census.gov/content/dam/Census/library/publications/2021/acs/acsbr-009.pdf


   

 162 

Miller, D. J. and Acs, Z. J. (2017) 'The campus as entrepreneurial ecosystem: The University 
of Chicago', Small Business Economics, 49(1), pp. 75-95. 

Miller, R. and Cote, M. (1987) Growing the next silicon valley. Computers in the human 
context: information technology, productivity, and people Lexington, MA: Lexington Books. 

Montresor, S. and Quatraro, F. (2017) 'Regional branching and key enabling technologies: 
Evidence from European patent data', Economic Geography, 93(4), pp. 367-396. 

Morelix, A., Tareque, I., Fairlie, R. W., Russell, J. and Reedy, E. J. (2016) Main Street 
Entrepreneurship, Kansas City, MO. Available at: https://www.kauffman.org/wp-
content/uploads/2019/09/kauffman_index_main_street_metro_trends_2016.pdf (Accessed: 
12 August, 2021). 

Morris, M. H., Miyasaki, N. N., Watters, C. E. and Coombes, S. M. (2006) 'The dilemma of 
growth: Understanding venture size choices of women entrepreneurs', Journal of Small 
Business Management, 44(2), pp. 221-244. 

Morris, M. H., Neumeyer, X., Jang, Y. and Kuratko, D. F. (2018) 'Distinguishing types of 
entrepreneurial ventures: An identity-based perspective', Journal of Small Business 
Management, 56(3), pp. 453-474. 

Motoyama, Y. and Knowlton, K. (2016) 'From resource munificence to ecosystem integration: 
The case of government sponsorship in St. Louis', Entrepreneurship & Regional 
Development, 28(5-6), pp. 448-470. 

Motoyama, Y. and Knowlton, K. (2017) 'Examining the connections within the startup 
ecosystem: A case study of St. Louis', Entrepreneurship Research Journal, 7(1), pp. 1-32. 

Mowery, D. C., Nelson, R. R., Sampat, B. N. and Ziedonis, A. A. (2001) 'The growth of 
patenting and licensing by US universities: an assessment of the effects of the Bayh-Dole act 
of 1980', Research Policy, 30(1), pp. 99-119. 

Mowery, D. C. and Shane, S. (2002) 'Introduction to the special issue on university 
entrepreneurship and technology transfer', Management Science, 48(1), pp. V-IX. 

Mowery, D. C. and Ziedonis, A. A. (2002) 'Academic patent quality and quantity before and 
after the Bayh-Dole act in the United States', Research Policy, 31(3), pp. 399-418. 

National Center for Education Statistics (2018) 'Integrated Postsecondary Education Data 
System'. Available at: https://nces.ed.gov/ipeds/use-the-data (Accessed: 12 August, 2021). 

National Science Foundation (2017) Survey of Earned Doctorates (SED). Available at: 
https://nces.ed.gov/statprog/handbook/pdf/sed.pdf (Accessed: 12 August, 2021). 

National Science Foundation (2020) 'Academic R&D Expenditures'. Available at: 
https://www.nsf.gov/statistics/rdexpenditures/ (Accessed: 12 August, 2021). 

Neck, H. M., Meyer, G. D., Cohen, B. and Corbett, A. C. (2004) 'An entrepreneurial system 
view of new venture creation', Journal of Small Business Management, 42(2), pp. 190-208. 

Nelson, R. R. (1993) National Innovation Systems: A Comparative Analysis. New York, NY: 
Oxford University Press. 

Neumeyer, X. and Santos, S. C. (2018) 'Sustainable business models, venture typologies, 
and entrepreneurial ecosystems: A social network perspective', Journal of Cleaner 
Production, 172, pp. 4565-4579. 

Neumeyer, X., Santos, S. C. and Morris, M. H. (2019) 'Who is left out: Exploring social 
boundaries in entrepreneurial ecosystems', Journal of Technology Transfer, 44(2), pp. 462-
484. 

Newlands, D. (2003) 'Competition and cooperation in industrial clusters: The implications for 
public policy', European Planning Studies, 11(5), pp. 521-532. 

https://www.kauffman.org/wp-content/uploads/2019/09/kauffman_index_main_street_metro_trends_2016.pdf
https://www.kauffman.org/wp-content/uploads/2019/09/kauffman_index_main_street_metro_trends_2016.pdf
https://nces.ed.gov/ipeds/use-the-data
https://nces.ed.gov/statprog/handbook/pdf/sed.pdf
https://www.nsf.gov/statistics/rdexpenditures/


   

 163 

Nicotra, M., Romano, M., Del Giudice, M. and Schillaci, C. E. (2018) 'The causal relation 
between entrepreneurial ecosystem and productive entrepreneurship: A measurement 
framework', Journal of Technology Transfer, 43(3), pp. 640-673. 

Nonaka, I., Toyama, R. and Konno, N. (2000) 'SECI, ba and leadership: A unified model of 
dynamic knowledge creation', Long Range Planning, 33(1), pp. 5-34. 

Nystrom, K. (2008) 'The institutions of economic freedom and entrepreneurship: Evidence 
from panel data', Public Choice, 136(3-4), pp. 269-282. 

O'Gorman, C. and Kautonen, M. (2004) 'Policies to promote new knowledge-intensive 
industrial agglomerations', Entrepreneurship & Regional Development, 16(6), pp. 459-479. 

O'Malley, E. and O'Gorman, C. (2001) 'Competitive advantage in the Irish indigenous 
software industry and the role of inward foreign direct investment', European Planning 
Studies, 9(3), pp. 303-321. 

O'Shea, R. P., Allen, T. J., Chevalier, A. and Roche, F. (2005) 'Entrepreneurial orientation, 
technology transfer and spinoff performance of US universities', Research Policy, 34(7), pp. 
994-1009. 

O'Sullivan, M. (2000) 'The sustainability of industrial development in Ireland', Regional 
Studies, 34(3), pp. 277-290. 

OECD (2018a) 'Gross Domestic Spending on R&D'. Available at: 
https://data.oecd.org/rd/gross-domestic-spending-on-r-d.htm (Accessed: 2 October, 2018). 

OECD (2018b) 'Venture Capital Investments'. Available at: 
https://stats.oecd.org/viewhtml.aspx?datasetcode=VC_INVEST (Accessed: 2 October, 
2018). 

OECD (2019) OECD SME and Entrepreneurship Outlook 2019. Paris: OECD Publishing. 

Oh, D.-S., Phillips, F., Park, S. and Lee, E. (2016) 'Innovation ecosystems: A critical 
examination', Technovation, 54, pp. 1-6. 

Papadimitriou, S. and Mourdoukoutas, P. (2002) 'Bridging the start-up equity financing gap: 
three policy models', European Business Review, 14(2), pp. 104-110. 

Pawitan, G., Widyarini, M. and Nawangpalupi, C. B. (2019) 'The entrepreneurial ecosystem 
to foster competitiveness among enterprises: A national level analysis', International Journal 
of Business and Globalisation, 23(2), pp. 272-288. 

Peneder, M. (2014) 'The impact of venture capital on innovation behavior and firm growth', in 
Daily, J.E., Kieff, F.S. & Wilmarth, A.E. (eds.) Perspectives on Financing Innovation. London, 
UK: Routledge, pp. 193-223. 

Pennings, J. M. (1982) 'The urban quality of life and entrepreneurship', Academy of 
Management Journal, 25(1), pp. 63-79. 

Phan, P. H., Siegel, D. S. and Wright, M. (2005) 'Science parks and incubators: observations, 
synthesis and future research', Journal of Business Venturing, 20(2), pp. 165-182. 

Poole, J. P. (2013) 'Knowledge transfers from multinational to domestic firms: Evidence from 
worker mobility', Review of Economics and Statistics, 95(2), pp. 393-406. 

Porras-Paez, A. and Schmutzler, J. (2019) 'Orchestrating an entrepreneurial ecosystem in 
an emerging country: The lead actor’s role from a social capital perspective', Local Economy, 
34(8), pp. 767-786. 

Porter, M. (1990) The Competitive Advantage of Nations. New York, NY: Free Press. 

Porter, M. (2003) 'The economic performance of regions', Regional Studies, 37(6-7), pp. 549-
578. 

https://data.oecd.org/rd/gross-domestic-spending-on-r-d.htm
https://stats.oecd.org/viewhtml.aspx?datasetcode=VC_INVEST


   

 164 

Powell, B. and Weber, R. (2013) 'Economic freedom and entrepreneurship: A panel study of 
the United States', American Journal of Entrepreneurship, 6(1), pp. 67-84. 

Powell, W. W., Koput, K. W. and Smith-Doerr, L. (1996) 'Interorganizational collaboration and 
the locus of innovation: Networks of learning in biotechnology', Administrative Science 
Quarterly, pp. 116-145. 

Powers, J. B. and McDougall, P. P. (2005) 'University start-up formation and technology 
licensing with firms that go public: a resource-based view of academic entrepreneurship', 
Journal of Business Venturing, 20(3), pp. 291-311. 

Purbasari, R., Muttaqin, Z. and Sari, D. S. (2021) 'Digital entrepreneurship in pandemic 
Covid-19 Era: The digital entrepreneurial ecosystem framework', Review of Integrative 
Business and Economics Research, 10(1), pp. 114-135. 

PwC (2021) PwC MoneyTree Report. Available at: https://www.pwc.com/us/en/moneytree-
report/assets/pwc-money-tree-report-q1-21.pdf (Accessed: 12 August, 2021). 

PwC Moneytree (2020) 'PwC/CB Insights MoneyTree Explorer'. Available at: 
https://www.pwc.com/us/en/industries/technology/moneytree/explorer.html#/ (Accessed: 12 
August, 2021). 

PwC MoneyTree (2021) MoneyTree Definitions PwC. Available at: 
https://www.pwc.com/us/en/industries/technology/moneytree/moneytree-definitions.html 
(Accessed: 12 August, 2021). 

Pyke, F., Becattini, G. and Sengenberger, W. (1990) Industrial Districts and Inter-Firm Co-
Operation in Italy. Geneva, CH: International Institute for Labour Studies. 

Qian, H. F. (2018) 'Knowledge-based regional economic development: A synthetic review of 
knowledge spillovers, entrepreneurship, and entrepreneurial ecosystems', Economic 
Development Quarterly, 32(2), pp. 163-176. 

Qian, H. F., Acs, Z. J. and Stough, R. R. (2013) 'Regional systems of entrepreneurship: The 
nexus of human capital, knowledge and new firm formation', Journal of Economic Geography, 
13(4), pp. 559-587. 

Reboud, S., Mazzarol, T. and Soutar, G. (2014) 'Low-tech vs high-tech entrepreneurship: A 
study in France and Australia', Journal of Innovation Economics Management, 14(2), pp. 121-
141. 

Reinhart, C. M. and Rogoff, K. S. (2008) 'Is the 2007 US sub-prime financial crisis so 
different? An international historical comparison', American Economic Review, 98(2), pp. 
339-44. 

Reynolds, P. (1994) 'Autonomous firm dynamics and economic growth in the United States, 
1986–1990', Regional Studies, 28(4), pp. 429-442. 

Reynolds, P. and White, S. B. (1997) The Entrepreneurial Process: Economic Growth, Men, 
Women and Minorities. Westport, CT: Quorum Books. 

Riain, S. Ó. (2012) 'The crisis of financialisation in Ireland', The Economic and Social Review, 
43(4), pp. 497-533. 

Roberts, E. B. (1991) Entrepreneurs in High Technology: Lessons from MIT and Beyond. 
Oxford, UK: Oxford University Press. 

Roberts, J., Worrall, J., Burke, E. and Connolly, P. (2015) Silicon Docks: The Rise of Dublin 
as a Global Tech Hub. Dublin: Liberties Press. 

Robinson, P. B. and Sexton, E. A. (1994) 'The effect of education and experience on self-
employment success', Journal of Business Venturing, 9(2), pp. 141-156. 

https://www.pwc.com/us/en/moneytree-report/assets/pwc-money-tree-report-q1-21.pdf
https://www.pwc.com/us/en/moneytree-report/assets/pwc-money-tree-report-q1-21.pdf
https://www.pwc.com/us/en/industries/technology/moneytree/explorer.html#/
https://www.pwc.com/us/en/industries/technology/moneytree/moneytree-definitions.html


   

 165 

Rocha, V., Carneiro, A. and Varum, C. A. (2015) 'Serial entrepreneurship, learning by doing 
and self-selection', International Journal of Industrial Organization, 40, pp. 91-106. 

Romanelli, E. (1989) 'Organization birth and population variety: A community perspective on 
origins', Research in Organizational Behavior, 11, pp. 211-246. 

Roper, S. (1999) 'Israel's technology incubators: Repeatable success or costly failure?', 
Regional Studies, 33(2), pp. 175. 

Rothaermel, F. T., Agung, S. D. and Jiang, L. (2007) 'University entrepreneurship: a 
taxonomy of the literature', Industrial and Corporate Change, 16(4), pp. 691-791. 

Roundy, P. T. (2016) 'Start-up community narratives: The discursive construction of 
entrepreneurial ecosystems', The Journal of Entrepreneurship, 25(2), pp. 232-248. 

Roundy, P. T., Bradshaw, M. and Brockman, B. K. (2018) 'The emergence of entrepreneurial 
ecosystems: A complex adaptive systems approach', Journal of Business Research, 86(1), 
pp. 1-10. 

Roundy, P. T., Brockman, B. K. and Bradshaw, M. (2017) 'The resilience of entrepreneurial 
ecosystems', Journal of Business Venturing Insights, 8(11), pp. 99-104. 

Rowley, T., Behrens, D. and Krackhardt, D. (2000) 'Redundant governance structures: An 
analysis of structural and relational embeddedness in the steel and semiconductor 
industries', Strategic Management Journal, 21(3), pp. 369-386. 

RTE (2016) Twitter Ireland boss takes up new role, Mark Little to replace him. Available at: 
https://www.rte.ie/news/business/2016/0616/795980-twitter-ireland/ (Accessed: 6 January, 
2022). 

RTE (2021) Stripe to create at least 1,000 new jobs in Ireland as its valuation tops $95bn. 
Available at: https://www.rte.ie/news/business/2021/0314/1203988-stripe-to-create-1-000-
new-jobs-in-dublin/ (Accessed: 6 January, 2022). 

Ruef, M. (2002) 'Strong ties, weak ties and islands: structural and cultural predictors of 
organizational innovation', Industrial and Corporate Change, 11(3), pp. 427-449. 

Ryan, P. and Giblin, M. (2012) 'High-tech clusters, innovation capabilities and technological 
entrepreneurship: Evidence from Ireland', World Economy, 35(10), pp. 1322-1339. 

Sahlman, W. A. (1990) 'The structure and governance of venture-capital organizations', 
Journal of Financial Economics, 27(2), pp. 473-521. 

Sapienza, H. J. (1992) 'When do venture capitalists add value?', Journal of Business 
Venturing, 7(1), pp. 9-27. 

Sarasvathy, S. D., Menon, A. R. and Kuechle, G. (2013) 'Failing firms and successful 
entrepreneurs: Serial entrepreneurship as a temporal portfolio', Small Business Economics, 
40(2), pp. 417-434. 

Saucier, C. (2010) An Essay on Economic Theory: An English Translation of Richard 
Cantillon’s Essai sur la Nature du Commerce en Général. Auburn, AL: Ludwig von Mises 
Institute. 

Schumpeter, J. (1942) Capitalism, Socialism and Democracy. New York, NY: Harper & Row. 

Schwab, K. (2010) The Global Competitiveness Report 2010-2011, Geneva, CH: World 
Economic Forum. 

Schwab, K., Porter, M., Sachs, J. and Warner, A. (1999) The Global Competitiveness Report 
1999, New York, NY: Oxford University Press. 

Seeley, E. L. (2011) 'A new view on management decisions that lead to locating facilities in 
industrial clusters', The Journal of Business Inquiry, 10(1), pp. 81-94. 

https://www.rte.ie/news/business/2016/0616/795980-twitter-ireland/
https://www.rte.ie/news/business/2021/0314/1203988-stripe-to-create-1-000-new-jobs-in-dublin/
https://www.rte.ie/news/business/2021/0314/1203988-stripe-to-create-1-000-new-jobs-in-dublin/


   

 166 

Shane, S. (2000) 'Prior knowledge and the discovery of entrepreneurial opportunities', 
Organization Science, 11(4), pp. 448-469. 

Shane, S. (2004) 'Encouraging university entrepreneurship? The effect of the Bayh-Dole Act 
on university patenting in the United States', Journal of Business Venturing, 19(1), pp. 127-
151. 

Shane, S. and Khurana, R. (2003) 'Bringing individuals back in: The effects of career 
experience on new firm founding', Industrial and Corporate Change, 12(3), pp. 519-543. 

Shane, S. A. (2003) A General Theory of Entrepreneurship. Cheltenham, UK: Edward Elgar 
Publishing. 

Shepherd, D. A., Wennberg, K., Suddaby, R. and Wiklund, J. (2019) 'What are we explaining? 
A review and agenda on initiating, engaging, performing, and contextualizing 
entrepreneurship', Journal of Management, 45(1), pp. 159-196. 

Sheriff, M. and Muffatto, M. (2018) 'High-tech entrepreneurial ecosystems: Using a complex 
adaptive systems framework', International Journal of Entrepreneurship and Innovation 
Management, 22(6), pp. 615-634. 

Shwetzer, C., Maritz, A. and Nguyen, Q. (2019) 'Entrepreneurial ecosystems: A holistic and 
dynamic approach', Journal of Industry - University Collaboration, 1(2), pp. 79-95. 

Silicon Republic (2015) Twitter’s former No 2 in Dublin to spearhead Stripe’s European 
expansion. Available at: https://www.siliconrepublic.com/start-ups/twitters-former-no-2-in-
dublin-to-spearhead-stripes-european-expansion (Accessed: 6 January, 2022). 

Simmie, J. and Martin, R. (2010) 'The economic resilience of regions: Towards an 
evolutionary approach', Cambridge Journal of Regions Economy and Society, 3(1), pp. 27-
43. 

Smith, B. R., Matthews, C. H. and Schenkel, M. T. (2009) 'Differences in entrepreneurial 
opportunities: The role of tacitness and codification in opportunity identification', Journal of 
Small Business Management, 47(1), pp. 38-57. 

Smith, R. (2009) 'Mentoring and perpetuating the entrepreneurial spirit within family business 
by telling contingent stories', New England Journal of Entrepreneurship, 12(2), pp. 27-40. 

Sorenson, O. and Stuart, T. E. (2001) 'Syndication networks and the spatial distribution of 
venture capital investments', American Journal of Sociology, 106(6), pp. 1546-1588. 

Specht, P. H. (1993) 'Munificence and carrying capacity of the environment and organization 
formation', Entrepreneurship Theory and Practice, 17(2), pp. 77-87. 

Spigel, B. (2017) 'The relational organization of entrepreneurial ecosystems', 
Entrepreneurship Theory and Practice, 41(1), pp. 49-72. 

Spigel, B. and Harrison, R. (2018) 'Toward a process theory of entrepreneurial ecosystems', 
Strategic Entrepreneurship Journal, 12(1), pp. 151-168. 

Spigel, B., Kitigawa, F. and Mason, C. (2020) 'A manifesto for researching entrepreneurial 
ecosystems', Local Economy, 35(5), pp. 482-495. 

Spigel, B. and Vinodrai, T. (2020) 'Meeting its Waterloo? Recycling in entrepreneurial 
ecosystems after anchor firm collapse', Entrepreneurship & Regional Development, pp. 1-22. 

St-Pierre, J., Foleu, L., Abdulnour, G., Nomo, S. and Fouda, M. (2015) 'SME development 
challenges in cameroon: An entrepreneurial ecosystem perspective', Transnational 
Corporations Review, 7(4), pp. 441-462. 

Stam, E. (2015) 'Entrepreneurial ecosystems and regional policy: A sympathetic critique', 
European Planning Studies, 23(9), pp. 1759-1769. 

https://www.siliconrepublic.com/start-ups/twitters-former-no-2-in-dublin-to-spearhead-stripes-european-expansion
https://www.siliconrepublic.com/start-ups/twitters-former-no-2-in-dublin-to-spearhead-stripes-european-expansion


   

 167 

Stam, E., Audretsch, D. and Meijaard, J. (2008) 'Renascent entrepreneurship', Journal of 
Evolutionary Economics, 18, pp. 493-507. 

Stam, E. and Spigel, B. (2017a) 'Entrepreneurial ecosystems', in Blackburn, R., De Clercq, 
D., Heinonen, J. & Wang, Z. (eds.) The SAGE Handbook for Small Business and 
Entrepreneurship. London, UK: Sage, pp. 407-422. 

Stam, E. and Spigel, B. (2017b) 'Entrepreneurial Ecosystems and Regional Policy',  Sage 
Handbook for Entrepreneurship and Small Business. London, UK: SAGE. 

Stam, E. and Van de Ven, A. (2021) 'Entrepreneurial ecosystem elements', Small Business 
Economics, 56(2), pp. 809-832. 

Stangler, D. and Bell-Masterson, J. (2015) Measuring an Entrepreneurial Ecosystem, Kansas 
City, MO: Ewing Marion Kauffman Foundation. Available at: https://www.kauffman.org/wp-
content/uploads/2019/12/measuring_an_entrepreneurial_ecosystem.pdf (Accessed: 19 
April, 2019). 

Stansel, D. (2013) 'An economic freedom index for US metropolitan areas', Journal of 
Regional Analysis and Policy, 43(1), pp. 3-20. 

Starr, J. A. and Macmillan, I. C. (1990) 'Resource cooptation via social contracting: Resource 
acquisition strategies for new ventures', Strategic Management Journal, 11(Summer), pp. 79-
92. 

Startup Genome (2020) The Global Startup Ecosystem Report 2020. Available at: 
https://startupgenome.com/reports/gser2020 (Accessed: 4 March, 2021). 

Stejskal, J., Hajek, P. and Hudec, O. (2018) Knowledge Spillovers in Regional Innovation 
Systems. Berlin: Springer. 

Stephens, S. (2013) 'Building an entrepreneurial network: The experiences of immigrant 
entrepreneurs', Journal of Enterprising Communities: People and Places in the Global 
Economy, 7(3), pp. 233-244. 

Stephens, S. and Onofrei, G. (2012) 'Measuring business incubation outcomes: An Irish case 
study', The International Journal of Entrepreneurship and Innovation, 13(4), pp. 277-285. 

Sternberg, R. (2007) 'Entrepreneurship, proximity and regional innovation systems', 
Tijdschrift voor Economische en Sociale Geografie, 98(5), pp. 652-666. 

Sternberg, R. (2010) 'Regional dimensions of entrepreneurship', Foundations and Trends in 
Entrepreneurship, 5(4), pp. 211-340. 

Storey, D. J. (2003) 'Entrepreneurship, small and medium sized enterprises and public 
policies', in Acs, Z.J. & Audretsch, D.B. (eds.) Handbook of Entrepreneurship Research. 
Boston, MA: Springer, pp. 473-511. 

Storey, D. J. (2016) Understanding the Small Business Sector. New York, NY: Routledge. 

Stuart, T. and Sorenson, O. (2003) 'The geography of opportunity: Spatial heterogeneity in 
founding rates and the performance of biotechnology firms', Research Policy, 32(2), pp. 229-
253. 

Stuck, J., Broekel, T. and Revilla Diez, J. (2016) 'Network structures in regional innovation 
systems', European Planning Studies, 24(3), pp. 423-442. 

Suire, R. and Vicente, J. (2014) 'Clusters for life or life cycles of clusters: In search of the 
critical factors of clusters' resilience', Entrepreneurship & Regional Development, 26(1-2), pp. 
142-164. 

Szirmai, A., Naudé, W. and Goedhuys, M. (2011) Entrepreneurship, Innovation, and 
Economic Development. Oxford, UK: Oxford University Press. 

https://www.kauffman.org/wp-content/uploads/2019/12/measuring_an_entrepreneurial_ecosystem.pdf
https://www.kauffman.org/wp-content/uploads/2019/12/measuring_an_entrepreneurial_ecosystem.pdf
https://startupgenome.com/reports/gser2020


   

 168 

Tansley, A. G. (1935) 'The use and abuse of vegetational concepts and terms', Ecology, 
16(3), pp. 284-307. 

TechIreland (2017) Companies: TechIreland. Available at: 
https://www.techireland.org/companies (Accessed: 15 December, 2017). 

Tedmanson, D., Verduyn, K., Essers, C. and Gartner, W. B. (2012) Critical Perspectives in 
Entrepreneurship Research. London, UK: Sage Publications. 

The Center for Measuring University Performance (2018a) Data Notes. Available at: 
https://mup.umass.edu/DataNotes (Accessed: 12 August, 2021). 

The Center for Measuring University Performance (2018b) 'Doctorates Awarded (1998-
2018)'. Available at: https://mup.umass.edu/sites/default/files/doctorates_2019.xlsx 
(Accessed: 12 August, 2021). 

The Center for Measuring University Performance (2018c) 'Faculty Awards (1999-2018)'. 
Available at: https://mup.umass.edu/sites/default/files/faculty_awards_2019.xlsx (Accessed: 
12 August, 2021). 

The Center for Measuring University Performance (2018d) 'Federal Research in Current 
Dollars (1990-2017)'. Available at: 
https://mup.umass.edu/sites/default/files/federal_research_2019.xlsx (Accessed: 12 August, 
2021). 

The Center for Measuring University Performance (2018e) Source Notes. Available at: 
https://mup.umass.edu/SourceNotes (Accessed: 12 August, 2021). 

Thornton, M. (2009) 'Cantillon and the invisible hand', Quarterly Journal of Austrian 
Economics, 12(2), pp. 27-36. 

Thornton, M. (2020) 'Turning the word upside down: How Cantillon redefined the 
entrepreneur', Quarterly Journal of Austrian Economics, 23(3-4), pp. 265-280. 

US Cluster Mapping (2018) 'Harvard Cluster Mapping Project'. Available at: 
http://clustermapping.us (Accessed: 1 April, 2019). 

US Cluster Mapping (2020a) Data Sources and Limitations. Available at: 
https://www.clustermapping.us/content/data-sources-and-limitations (Accessed: 12 August, 
2021). 

US Cluster Mapping (2020b) Glossary of Terms. Available at: 
https://www.clustermapping.us/content/glossary-terms (Accessed: 12 August, 2021). 

Van Auken, H. (2005) 'Differences in the usage of bootstrap financing among technology-
based versus nontechnology-based firms', Journal of Small Business Management, 43(1), 
pp. 93-103. 

Van de Ven, A. H. (1993) 'The development of an infrastructure for entrepreneurship', Journal 
of Business Venturing, 8(3), pp. 211-230. 

Van de Ven, A. H., Hudson, R. and Schroeder, D. M. (1984) 'Designing new business startups 
- Entrepreneurial, organizational, and ecological considerations', Journal of Management, 
10(1), pp. 87-107. 

van Egeraat, C. and Jacobson, D. (2004) 'The rise and demise of the Irish and Scottish 
computer hardware industry', European Planning Studies, 12(6), pp. 809-834. 

Van Gelderen, M., Van de Sluis, L. and Jansen, P. (2005) 'Learning opportunities and 
learning behaviours of small business starters: Relations with goal achievement, skill 
development and satisfaction', Small Business Economics, 25(1), pp. 97-108. 

Van Roy, V. and Nepelski, D. (2017) Determinants of High-Tech Entrepreneurship in Europe, 
Luxembourg: Joint Research Centre, Scientific and Policy Reports. 

https://www.techireland.org/companies
https://mup.umass.edu/DataNotes
https://mup.umass.edu/sites/default/files/doctorates_2019.xlsx
https://mup.umass.edu/sites/default/files/faculty_awards_2019.xlsx
https://mup.umass.edu/sites/default/files/federal_research_2019.xlsx
https://mup.umass.edu/SourceNotes
http://clustermapping.us/
https://www.clustermapping.us/content/data-sources-and-limitations
https://www.clustermapping.us/content/glossary-terms


   

 169 

van Stel, A., Storey, D. J. and Thurik, A. R. (2007) 'The effect of business regulations on 
nascent and young business entrepreneurship', Small Business Economics, 28(2-3), pp. 171-
186. 

van Stel, A. and Suddle, K. (2008) 'The impact of new firm formation on regional development 
in the Netherlands', Small Business Economics, 30(1), pp. 31-47. 

Vedula, S. and Kim, P. H. (2019) 'Gimme shelter or fade away: The impact of regional 
entrepreneurial ecosystem quality on venture survival', Industrial and Corporate Change, 
28(4), pp. 827-854. 

Velt, H., Torkkeli, L. and Laine, I. (2020) 'Entrepreneurial ecosystem research: Bibliometric 
mapping of the domain', Journal of Business Ecosystems, 1(2), pp. 43-83. 

Venkataraman, S. (2004) 'Regional transformation through technological entrepreneurship', 
Journal of Business Venturing, 19(1), pp. 153-167. 

Vera-Cruz, A. O. and Dutrénit, G. (2005) 'Spillovers from MNCs through worker mobility and 
technological and managerial capabilities of SMEs in Mexico', Innovation, 7(2-3), pp. 274-
297. 

Vogel, P. 'The employment outlook for youth: Building entrepreneurial ecosystems as a way 
forward'. G20 Youth Forum, St Petersburg, pp. 443-449. 

Vohora, A., Wright, M. and Lockett, A. (2004) 'Critical junctures in the development of 
university high-tech spinout companies', Research Policy, 33(1), pp. 147-175. 

Von Hippel, E. (1988) The Sources of Innovation. New York, NY: Oxford University Press. 

Wagner, J. and Sternberg, R. (2004) 'Start-up activities, individual characteristics, and the 
regional milieu: Lessons for entrepreneurship support policies from German micro data', 
Annals of Regional Science, 38(2), pp. 219-240. 

Walker, B., Hollin, C. S., Carpenter, S. R. and Kinzig, A. (2004) 'Resilience, adaptability and 
transformability in social-ecological systems', Ecology and Society, 9(2), pp. 1-9. 

Walsh, J. and Winsor, B. (2019) 'Socio-cultural barriers to developing a regional 
entrepreneurial ecosystem', Journal of Enterprising Communities: People and Places in the 
Global Economy, 13(3), pp. 263-282. 

Walsh, K. (2019a) 'Prior employment as a causal mechanism within entrepreneurial 
ecosystems', Regional Studies, Regional Science, 6(1), pp. 637-645. 

Walsh, K. (2019b) 'Regional capability emergence in an entrepreneurial ecosystem', Journal 
of Entrepreneurship and Public Policy, 8(3), pp. 359-383. 

Walter, A., Auer, M. and Ritter, T. (2006) 'The impact of network capabilities and 
entrepreneurial orientation on university spin-off performance', Journal of Business 
Venturing, 21(4), pp. 541-567. 

Watson, R. and Wilson, N. (2002) 'Small and medium size enterprise financing: A note on 
some of the empirical implications of a pecking order', Journal of Business Finance & 
Accounting, 29(3‐4), pp. 557-578. 

Watts, D. J. and Strogatz, S. H. (1998) 'Collective dynamics of 'small-world' networks', 
Nature, 393(6684), pp. 440-442. 

Weber, A. (1929) Theory of the Location of Industries. Chicago, IL: University of Chicago 
Press. 

Webometrics (2018) Ireland Ranking: Webometrics. Available at: 
http://www.webometrics.info/en/europe/ireland%20 (Accessed: 2 October, 2018). 

Welter, F. (2011) 'Contextualizing entrepreneurship—Conceptual challenges and ways 
forward', Entrepreneurship Theory and Practice, 35(1), pp. 165-184. 

http://www.webometrics.info/en/europe/ireland


   

 170 

Welter, F., Baker, T. and Wirsching, K. (2019) 'Three waves and counting: The rising tide of 
contextualization in entrepreneurship research', Small Business Economics, 52(2), pp. 319-
330. 

Wennberg, K., Wiklund, J. and Wright, M. (2011) 'The effectiveness of university knowledge 
spillovers: Performance differences between university spinoffs and corporate spinoffs', 
Research Policy, 40(8), pp. 1128-1143. 

Wennekers, S. and Thurik, R. (1999) 'Linking entrepreneurship and economic growth', Small 
Business Economics, 13(1), pp. 27-56. 

White, M. C. (2004) 'Inward investment, firm embeddedness and place: An assessment of 
Ireland's multinational software sector', European Urban and Regional Studies, 11(3), pp. 
243-260. 

World Bank (2010) Innovation Policy: A Guide for Developing Countries. Washington, D.C.: 
The World Bank. 

Wright, M., Lockett, A., Clarysse, B. and Binks, M. (2006) 'University spin-out companies and 
venture capital', Research Policy, 35(4), pp. 481-501. 

Wright, M., Robbie, K. and Ennew, C. (1997) 'Serial entrepreneurs', British Journal of 
Management, 8(3), pp. 251-268. 

Wurth, B., Stam, E. and Spigel, B. (2021) 'Toward an entrepreneurial ecosystem research 
program', Entrepreneurship Theory and Practice, 00(0), pp. 1-50. 

Xie, X., Xie, X. and Martínez-Climent, C. (2019) 'Identifying the factors determining the 
entrepreneurial ecosystem of internet cultural industries in emerging economies', 
International Entrepreneurship and Management Journal, 15(2), pp. 503-522. 

Åstebro, T. and Thompson, P. (2011) 'Entrepreneurs, jacks of all trades or hobos?', Research 
Policy, 40(5), pp. 637-649. 

  



   

 171 

Appendix 1: Context of Irish entrepreneurship 

Detail is provided on the Irish context in which the analysis is placed. It is organised to review 

the actors that will be assessed as prior employer types, providing background on the location 

and effectiveness of innovative firms (both indigenous start-ups and multinationals), the Irish 

universities and their impact on the availability of talented individuals who work in the 

indigenous start-ups and multinationals, and finally the location and extent of venture capital 

available for indigenous start-ups in the Irish ecosystem. 

It highlights that in the years that have passed since the OECD report (Green et al., 2001) on 

the drivers of national innovation, which showed Ireland’s strong high-tech exports and low 

levels of patenting, Ireland’s emphasis on FDI as a growth strategy continues to produce 

relatively low levels of innovation in terms of patents and R&D expenditure, while producing 

high levels of high-tech exports. Innovation performance is supported by STEM (Science, 

Technology, Engineering and Mathematics) doctoral graduates but limited by levels of 

masters graduates and lower ranking universities than comparable countries. This weakness 

appears to be ameliorated by high levels of skilled foreign workers. Finally, indigenous IT 

firms establish and scale in an environment of reduced seed, start-up and later-stage funding 

despite public participation that increases overall investment. 

A1.1 Innovative performance in Ireland 

Ireland is considered a global leader in innovation (Schwab, 2010). However the current 

Regional Innovation Scorecard (European Commission, 2018b) shows that Ireland scores 

within the second tier of innovators in the EU (Figure A1.1). The Regional Innovation 

Scoreboard is based on indicators that measure human resources, scientific publications, 

R&D and innovation expenditures, employment and exports of high-tech industries, patent 

activity and SME innovation activities. 
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Figure A1.1: Regional Innovation Scorecard. Source: (European Commission, 2018b) 

Hassink (2005) argues that regional innovation performance is often path dependent and 

may be subject to lock-in, although the specific processes that affect the region are better 

understood by focussing on each specialised industry within the region. Ireland has 

developed specialised clusters of medical technology, pharmaceuticals and software (Ryan 

and Giblin, 2012), although IT stands out because Ireland has been a leading exporter of IT 

products and services (Green et al., 2001). However, Ireland has historically performed 

poorly in research and development (Green et al., 2001) as well as patenting (O'Sullivan, 

2000) although O’Sullivan (2000) emphasises that this may obfuscate the innovative activity 

spread throughout firms in Ireland because the type of innovation found in Ireland is better 

measured by observing employees and their skills. Barry (2004) confirms the importance of 

human capital formation to derive the full benefits of attracting FDI, which has a strong 

presence in Ireland (Barry, 2004; Barry and Görg, 2005) and has been important for seeding 

the indigenous IT sector (O'Malley and O'Gorman, 2001). Finally, venture capital has been 

shown to accelerate the pace of innovation (Florida and Kenney, 1988b) and in Ireland, equity 

finance has historically been the predominant source of external funds for software firms 

(Hogan and Hutson, 2005). 
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Therefore, Ireland’s most recent innovation score (European Commission, 2018b) can be 

better understood by tracing its performance in terms of patenting, R&D expenditure and 

high-tech exports, the foreign and indigenous firms that contribute to this as well the 

knowledge and financial capital that support these firms through regional resources including 

universities and venture capital funds. For context of the Irish ecosystem, measures for these 

elements are compared to other open economies in the EU, Finland and Denmark which 

have similar population sizes. 

A1.1.1 Innovative firms in Ireland 

Numerous policy interventions are necessary to support the development of 

entrepreneurship and these should consider the local context (O'Gorman and Kautonen, 

2004). A long-standing and important contextual consideration of Ireland’s impressive 

performance as the fastest growing economy in the Eurozone and the sixth most competitive 

in the world (IDA Ireland, 2018) is the strong presence of foreign companies (Barry, 2004; 

Barry and Görg, 2005). Ireland has done particularly well at attracting high-tech foreign direct 

investment. For example, all of the top ten largest companies that were born on the internet 

have European headquarters in Ireland (IDA Ireland, 2018). 

Ireland was one of the first countries to emphasise foreign direct investment in its growth 

strategy through which a critical mass of foreign firms emerged, facilitating both 

agglomeration and demonstration effects (van Egeraat and Jacobson, 2004; Barry, 2007). 

However, agglomeration and demonstration effects created both successes and challenges. 

The establishment of foreign IT firms started in 1971 with a hardware manufacturer that, 

through a demonstration effect, resulted in further foreign hardware firm establishment 

although some of the foreign hardware firms were closed by the mid 90s (van Egeraat and 

Jacobson, 2004). This decline was more than offset by the arrival of new hardware firms as 

well as a new type of foreign firm focussed on software and computer services (van Egeraat 

and Jacobson, 2004; Barry and van Egeraat, 2008) resulting in Ireland becoming the world’s 

leading software exporter (White, 2004). Most recently, a previously rundown part of Dublin, 

‘Silicon Docks’, has emerged as a global tech hub based on the establishment of numerous 

foreign internet companies (Roberts et al., 2015). 
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However, these agglomerative forces meant that Dublin contained more than three quarters 

of IT firms in Ireland (O'Malley and O'Gorman, 2001) and perpetuated an ongoing pattern of 

uneven development. IDA Ireland, the agency responsible for attracting foreign direct 

investment to Ireland, continues to struggle to bring foreign firms to locations outside Dublin 

(IDA Ireland, 2017a), although its efforts have positively resulted in a more even distribution 

of employment with 59% of employment in foreign firms located outside Dublin (IDA Ireland, 

2015). Notwithstanding the path dependency of foreign firm agglomeration in Dublin, Figure 

A1.2, produced for this research using data from IDA Ireland (2017b) shows levels of 

agglomeration of foreign IT firms in Limerick, Cork, Waterford and Galway in 2017. 

 

 

Foreign firm agglomeration patterns are similar to the agglomeration of indigenous tech firms 

shown in Figure A1.3, produced using data from TechIreland (2017). This agglomeration 

pattern emerged through the support of the Irish State (Crone, 2002). Foreign direct 

investment was important for seeding the indigenous IT sector (O'Malley and O'Gorman, 

2001), although attempts to stimulate indigenous IT regions through foreign firms have not 

always succeeded (Bayliss, 2007). Spillovers and linkages to indigenous firms, often a 

justification for policy initiatives to encourage foreign direct investment, do not seem to have 

materialised in the software sector (White, 2004). However, indirect spillovers have occurred 

through skills development in multinationals that were later spun off or employed in the 

indigenous firms (O'Malley and O'Gorman, 2001). 

Although Figure A1.3 suggests a thriving indigenous tech sector in Ireland, foreign firms 

remain crucial to Ireland’s innovative capacity. Of the 23 Irish companies listed in the top 

Figure A1.2: FDI IT in Ireland. 
Source: Author’s analysis 

Figure A1.3: Indigenous tech firms in Ireland. 
Source: Author’s analysis 
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2,500 R&D firms (Table A1.1), only six originated in Ireland. Together, foreign and indigenous 

firms place Ireland in a position comparable to small, developed open economies such as 

Israel, Finland and Denmark. However, the foreign firms often rely on their ‘parent’ firms for 

activities such as research and development (Buckley and Ruane, 2006). 

Table A1.1: Top 2,500 R&D firms worldwide (European Commission, 2018a) 

Country 2014 2017 

Finland 26 19 

Israel 25 22 

Denmark 25 26 

Ireland (8 Irish born) 17  (6 Irish born) 23  

 

For foreign IT firm agglomeration, specialisation appears to be further localised within urban 

centres. In Dublin, Figure A1.4 which is produced using data from TechIreland (2017) and 

IDA Ireland (2017b) shows that leading IT firms are located throughout the city centre, 

although high profile internet firms are often co-located in a district toward the east of the city 

centre, known as ‘Silicon Docks’. Hardware and software firms are more often located in 

business parks further away from the city centre although the city centre also contains many 

software firms. 

 

Figure A1.4: Map of Dublin's IT ecosystem. Source: Author’s analysis 
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A1.1.2 Patents 

Ireland has low levels of patents compared to countries of a comparable size and this has 

remained steady over the last decade (Figure A1.5). 

 

Figure A1.5:Patent count trends based on data from the European Patent Office (2018) 

A1.1.3 R&D expenditure 

In terms of R&D expenditure, Ireland has a lower share than comparably sized countries such 

as Israel or Finland (Figure A1.7), although business enterprise R&D expenditure has been 

improving steadily since 2005 (Figure A1.6). 

A1.1.4 High-tech exports 

Despite a lack of R&D expenditure or patents, Ireland scores at the high end of EU countries 

in terms of the share of high-tech exports as a percentage of all exports (Figure A1.8). 
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Figure A1.8: High-tech export comparison based on data from Eurostat (2018d) 

A1.2 Knowledge capital in Ireland 

Technical and management skills have been crucial for knowledge-intensive cluster creation 

in Ireland (Barry, 2004). O’Gorman and Kautonen (2004) provide evidence that this was 

supported by a combination of universities and research institutes, work experience in 

multinationals and flexible labour markets that allow for increased employee mobility. 

A1.2.1 Universities 

Looking at the comparable small countries of Denmark and Finland shows that in both cases, 

the top universities are ranked higher than Ireland’s top university, Trinity College Dublin 

(Figure A1.9). Denmark reveals greater depth than Ireland, with its second- and third-placed 

universities ranking dropping rank steadily but staying higher than Dublin’s first placed 

university, while Finland shows a lack of depth, with its second-placed university dropping to 

a level approximately equal to Ireland’s ranking, while Finland’s third-place university is 

ranked lower than Ireland. 
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Figure A1.9: University ranking comparison based on data from Webometrics (2018) 

A1.2.2 Graduates 

Ireland performs well at producing tertiary level graduates but is weaker than comparably 

small EU countries at producing doctoral-level graduates (Figure A1.10). 

 
Figure A1.10: Graduation comparison based on data from Eurostat (2018b) 
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For Masters-level science, math, computing, engineering, manufacturing and construction, 

Ireland also does not compare as favourably to Denmark and Finland (Figure A1.11), but still 

produces doctoral graduates at levels comparable to Finland and Denmark. 

 
Figure A1.11: STEM graduates comparison based on data from Eurostat (2018c) 

A1.2.3 Migration 

A defining characteristic of the Irish economy is its flexible labour market (Schwab et al., 

1999; Schwab, 2010). Although data is not directly available on the skill levels of migration, 

Ireland has a high level of foreign citizenship in the population with tertiary education 

compared to Finland and Denmark (Figure A1.12). This suggests that the highly skilled 

population in Ireland is supported by migration rather than through regional resources such 

as universities. 

 
Figure A1.12: Highly skilled foreign citizens based on data from Eurostat (2018e) 
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A1.3 Venture capital in Ireland 

In addition to local and foreign IT firms, Figure A1.13, produced using data from the Irish 

Venture Capital Association (IVCA) (2017), shows that the city centre has an agglomeration 

of venture capital, although indigenous IT firms in Dublin with high levels of funding are not 

necessarily co-located. 

 

Figure A1.13: Venture capital in Dublin based on data from IVCA (2017) 

Ireland has approximately Eur 700m active venture capital in nine funds, all of which are 

private entities (Enterprise Ireland, 2018a), although the Irish public sector has historically 

set up and managed venture capital funds (Papadimitriou and Mourdoukoutas, 2002) through 

Enterprise Ireland, the public agency tasked with supporting high potential and export 

oriented indigenous firm. Enterprise Ireland typically partners with private venture capital 

firms to provide finance (Enterprise Ireland, 2018b). This may have a mixed effect on the 

industry. Leleux and Surlemont (2003) find that public participation in the venture capital 

industry is related to a smaller industry size, but that public involvement results in greater 

investment overall. As a percentage of GDP, Ireland has lower levels of investment than 

comparably small, open economies in the EU (Figure A1.14). In terms of the stages of venture 

capital, Ireland has invested very low levels of seed capital compared to Finland and 

Denmark, and has lower levels of both start-up and later stage capital (Figure A1.15). 
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Overall, the Irish context shows that, while there is a strong presence of indigenous and 

foreign tech firms agglomerated throughout major centres of Ireland, Ireland’s emphasis on 

FDI as a growth strategy has produced relatively low levels of innovation in terms of patents 

and R&D expenditure, while producing high levels of high-tech exports. This may be due to 

an environment of low seed, start-up and later stage funding which means that while 

indigenous firms are able to establish, they are unable to access the resources needed for 

further growth. Further, although indigenous firms appear to have a strong supply of talent 

compared to similarly small European countries, lower levels of doctoral graduates combined 

with low ranking universities undermine the ability of indigenous firms to access the 

knowledge capital necessary. This may mean that entrepreneurs need to accumulate 

knowledge from sources other than universities and weak venture capital presence. As 

previous EE scholars (Malecki, 2018; Nicotra et al., 2018; Spigel and Harrison, 2018) have 

highlighted, universities main role in supporting EEs is through providing education. Further, 

the depth of university quality in Ireland compared to similarly small countries in Europe 

suggests that Irish regional universities play an important role within each region. Conversely, 

most venture capital is centralised in the capital city. 
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Figure A1.15: Stages of venture capital investment 
based on data from Eurostat (2018f) 
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Appendix 2: Dublin’s prior employment network diagrams 

 

 

 

 

 

 

 

 

 

 

Figure A2.16: Enlarged internet prior employment network 2005 
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Figure A2.17: Enlarged IT prior employment network 2005 
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Figure A2.18: Enlarged internet prior employment network 2010 
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Figure A2.19: Enlarged IT prior employment network 2010 
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Figure A2.20: Enlarged internet prior employment network 2015 
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Figure A2.21: Enlarged IT prior employment network in 2015 
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DRR Business Services 

E-Volve Internet 

Expedia 

GlobalEnglish 

Marakon Associates 

Multinet outsourcing 

Northern bank SCI 

Stripe 

Talaris 

Telecom Eireann 

The Merchants group 

Amdocs 

Conduit (Part Of FBI) 

FIncorporatedad (FinCAD) 

InfoNXX (The Number UK) 

Infor (Epiphany) 

New relic 

Riot Games 

Vaveeva 

Advanced digital marketing 

ALM Media 

Ancestry 

Andersen consulting 

Artesyn Technologies 

Boston Scientific 

Cambridge Technology Partners 

Carat 

Dept Social Welfare 

Fodor's Travel 

Friends First 

Interactive Enterprise 

Interactive Return 

i-traffic 

Kedington 
LexisNexis Risk 

Novell 

Populis (Previously GoAdv) 

Postbank 

Quantcast 

Standard Life 

Summit Technology 

System Dynamics 

Thomond technology 

Trilogy corporation 

VCS 

Wang Laboratories 

Web Reservations 

World Avenue 

Acra control 

AirBnb 

AT&T 

cmypitch.com 

CX Matters 

Daqri 

Dell Cork 

Entropy 

Frontend 

Full tilt poker 

Global Beach 

Google UK 

Gould Electronics 

Hanlon Kilty& Co 

Horwath Bastow Charleton 

Hudson 

HW Wilson 

Indeed.com 

Innalabs 

JJ Consulting 

Kerry Group 

Marin Software 

Maxim Integrated Products 

Mitsubishi Chemical Corporation 

Pivotal 

PwC UK 

Qstream 

Sandisk 

Skillspro Sporting Index 

Truscom 

WBT systems 

Westinghouse 

Accenture 

Zynga 

Abril S.A. 

AEP Networks 

Ammado 

Apio 

AppLovin 

Bertelsmann AG 

Bewleys 

Bigulo 

Biznesforsale.ru 

Bobcat Company 

Boreman 

Business objects 

Cable and Wireless UK 

Capital Asset Exchange& Trading 

Cinario 

Contract People 

Contrast 

Cora systems 

Datamidia,FCBi 

Digicel 

Digital World Services 

E-Menu 

Everything everywhere 

Fenergo 

First digital 

Foursin - Agentur fr digitale Kultur 

FrontLine Ventures 

Fyber 

GEA process engineering 

Grant Thornton 

Guidewire Software 

Hosting365 

HubSpot 

Independent Newspapers 

Integrated Facilities Solutions 

Intel 

Intercom 

iQ Content 

JD Buckley& Associates 

Just Eat 

kamagames 

Keppel Data Centres 

Kitchen& Bath Impression 

Kvatron 

Labod Electronics 

Lifeonmedia 

LogMeIn 

Looker 

Maynooth University 

MCS Kenny 

moboqo 

Modus Media International 

Network Recovery 

New Horizons 

Nitro 

Nokia UK 

Nuance Paddy power 

Pearson Education 

pmelink.pt 

Portugal Telecom 

pTools Software 

PwC 

PwC Portugal 

Realmedia 

RGP 

RichFX 

Rominger West Winery 

RTE 

Saint-Gobain HPM R&D 

SGA 

Sky 

Smaato 

Software Spectrum 
Soundcloud 

Squarespace 

Storyful 

Sunday Tribune Newspaper 

SurveyMonkey 

Swedish Match Ireland 

Synopsys 

Talley Vineyards 

Taxback.com 

TeleCity 

The Irish Times 

Vermont GMBH 

Vodacom 

Wakefly 

WhizSpark 

Wilde Technologies 

Wrike 

Zarion 

Zendesk 

Zomato 

Adroll 

Alcatel Lucent 

Appleton 

Ashfield Healthcare 

Avalara 

Bank of Ireland 

CH2M Hill 

Chase Paymentech 

Citibank 

Clio 

CPL Professional Services 

Docusign 

EPS Software 

Etsy 

GameStop 

Gateway 

GE Capital 

Glencore UK 

Huawei Technologies 

JBA 

Newbay Software 

One51 

Penn, Schoen& Berland Associates 

Pigsback.com 

Prolifics 

Reed Business Information - Irish Medical Times 

SAS 

Softbank Services 

Staples Advantage 

Stentor plc 

Tableau 

Tibco 

Twelve Horses Technology 

Verisign 

Virtu Financial 

VoiceSage 

Xerox 

Yelp 

Zalando 

Blatant Media Corporation 

BMC Software Europe 

Butterfield fulcrum 

Cape Clear 

Caselden Consulting 

CIK Media 

Coupa 

Datapac 

Discovery programme 
eircom 

Esat Telecom 

ESRI 

Fitbit 

Hotbar.com 

Idera Software 

IONA 

KPMG Israel 

Livingsocial 

London executive offices 

Mercer 

Meteor Mobile Communications 

Octagon Online 

Paradigm technology 

PopCap 

Prometric 

Qualtrics 

Radisson Blu 

The Gap 

The Gift Voucher Shop 

Thomson Reuters 

VMG Global 

Websense International 

Work Stations Computer Group 

Workday 

Microsoft 

Zurich 

Aer Lingus 

Avnet Technology Solutions 

Bell micro 

Chambers Ireland 

Coca-Cola Germany 

Digital realty 

Enterprise Ireland 
Hailo 

MasterCard Worldwide 

Noggin 

Orbiscom 

Seagate 

Servecentric 

Tyndall Dublin 

10gen 

Arvato Digital Services 

Inf ineon Technologies 

Microchip 

QLogic 

Silicon& Software Systems 

Skillsoft 
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Appendix 3: Spatial econometric model selection 

The p-value of the Hausman test less than 0.01 provides strong evidence to reject the null 

hypothesis that the random effects model (Table A3.1) should be used. As such, the fixed 

effects model is used. 

Table A3.1: SDM with random effects model and Hausman test 

SDM with random-effects   Number of obs =      2580 
Group variable: msafp   Number of groups =       645 
Time variable: Year   Panel length =         4 
R-sq:       within     = 0.4418      
               between = 0.8292      
               overall    = 0.8285      
       
Log-likelihood = 2880.1316      
       

zIT Coef. Std. Err. z P>z [95% 
Conf. 

Interval] 

Main 
      

Venture capital .0418882 .0018605 22.51 0.000 .0382417 .0455347 
Bachelors Degrees .0104487 .0110399 0.95 0.344 -.011189 .0320865 

Doctorates .0822057 .0119399 6.88 0.000 .0588039 .1056075 
Faculty awards .0240149 .0053843 4.46 0.000 .0134619 .0345679 

University expenditure .1445097 .0137083 10.54 0.000 .117642 .1713774 
Population .7323337 .0209491 34.96 0.000 .6912742 .7733933 

Firm size .0067827 .0033833 2.00 0.045 .0001516 .0134139 
_cons .0007656 .0164734 0.05 0.963 -.0315215 .0330528 

Wx 
      

Venture capital -.0077639 .0073859 -1.05 0.293 -.02224 .0067123 
Bachelors degrees .0723719 .0240755 3.01 0.003 .0251847 .119559 

Doctorates -.0046414 .0410376 -0.11 0.910 -.0850735 .0757908 
Faculty awards -.0606569 .0237854 -2.55 0.011 -.1072755 -.0140384 

University expenditure .0933904 .0522004 1.79 0.074 -.0089205 .1957013 

Spatial 
      

rho .0968535 .0469564 2.06 0.039 .0048206 .1888863 

Variance 
      

lgt_theta -3.098377 .035291 -87.80 0.000 -3.167546 -3.029208 
sigma2_e .001304 .0000425 30.72 0.000 .0012208 .0013872 

Ho: difference in coeffs not systematic chi2(13) = 79.29   Prob>=chi2 = 0.0000 

 

Next, the ‘test’ command in Stata 13.0 is used to determine whether to use an SDM or SAR 

model, resulting in: 

 ( 1)  [Wx]Venture capital - [Wx]Bachelors degrees = 0 
 ( 2)  [Wx]Venture capital - [Wx]Doctorates = 0 
 ( 3)  [Wx]Venture capital - [Wx]zlFaculty awards = 0 
 ( 4)  [Wx]Venture capital - [Wx]University expenditure = 0 
           chi2(  4)     =       18.50 
         Prob > chi2  =       0.0010 

 

With p<0.05 the null hypothesis is rejected and the SDM model rather than the SAR model 

is used. 

  



   

 189 

Next, whether to use SDM or SEM model is tested using the ‘testnl’ command in Stata 13.0, 

resulting in: 

  (1)  [Wx]Venture capital = -[Spatial]rho*[Main]Venture capital 
  (2)  [Wx]Bachelors degrees = -[Spatial]rho*[Main]Bachelors degrees 
  (3)  [Wx]Doctorates = -[Spatial]rho*[Main]Doctorates 
  (4)  [Wx]Faculty awards = -[Spatial]rho*[Main]Faculty awards 
  (5)  [Wx]University expenditure = -[Spatial]rho*[Main]University expenditure 
 
               chi2(5)      =       20.62 
           Prob > chi2   =        0.0010 

 

With the p-value < 0.05, the null hypothesis is rejected and the SDM model is used. 

Next, whether to use an SDM or SAC model is tested using Akaike's information criterion 

(AIC) and Bayesian information criterion (BIC). The fixed effects SDM model has lower values 

for the AIC therefore the SDM model is used. 

Table A3.2: SDM results with spatial and time lags for independent variables 

Model Obs ll (null) ll (model) df AIC BIC 

. 2580 . 5396.418 14 -10964.84 -10882.86 

 

Table A3.3: SAC results with spatial and time lags for independent variables 

Model Obs ll (null) ll (model) df AIC BIC 

. 2580 . 5495.922 10 -10971.84 -10913.29 

 

Table A3.4: SDM results with spatial time lags for independent variable 

Model Obs ll (null) ll (model) df AIC BIC 

. 1935 . 5354.605 16 -10677.21 -10588.13 
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Appendix 4: Isolated spatial effect of venture capital on growth and maturity 

Table A4.1 shows the results for a model with only venture capital considered in the spatial 

matrix (Wx). The results show that Spatial is significant and positive when isolating VC. This 

indicates that VC, rather than all capital types tested in Table 4.6, is responsible for the 

significant positive relationship between venture capital in neighbouring MSAs and 

established high-growth firms. 

Table A4.1: Isolated spatial effect of venture capital on high-growth firms 

Dynamic SDM with spatial and time fixed-effects Number of obs =   120 
Group variable: msafp    Number of groups =     40 
Time variable: Year     Panel length =       3 
      
R-sq:    within      = 0.0483      
             between = 0.5766      
             overall    = 0.5206      
      
Mean of fixed-effects = 3.4090      
Log-pseudolikelihood = -336.2612      
  (Std. Err. adjusted for 40 clusters in msafp) 

High growth Coef. Robust 
Std. Err. 

z P>z [95% Conf. Interval] 

Main 
      

High growth 
      

L1. .539285 .1149817 4.69 0.000 .313925 .7646451 
Wz High growth 

      

L1. -.7892046 .4051272 -1.95 0.051 -1.583239 .00483 
Venture capital .4057246 .0794714 5.11 0.000 .2499636 .5614857 

Bachelors degrees 6.278235 4.263942 1.47 0.141 -2.078937 14.63541 
Doctorates 2.072201 2.927904 0.71 0.479 -3.666386 7.810788 

Faculty awards .3656101 1.303922 0.28 0.779 -2.19003 2.92125 
University expenditure 3.592299 2.907715 1.24 0.217 -2.106719 9.291316 

Population -3.523205 16.11516 -0.22 0.827 -35.10834 28.06193 
Firm size -.1563366 1.275136 -0.12 0.902 -2.655556 2.342883 

Wx 
      

Venture capital -1.442656 .631246 -2.29 0.022 -2.679875 -.2054364 

Spatial 
      

rho .4156552 .1285631 3.23 0.001 .1636762 .6676342 

Variance 
      

sigma2_e 1.226005 .2003687 6.12 0.000 .8332893 1.61872 
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Appendix 5: Validation of spatial dynamic model for count data 

Using the HCMP count data to explore the influence of EE capital on high-innovation (IT) and 

low-innovation (PS, Fu) establishments, the Pearson goodness-of-fit for Poisson panel data 

models are presented (Table A5.1) followed by quasi-maximum likelihood estimation of the 

panel data (Table A5.2). 

Table A5.1: Poisson panel data goodness of fit 

  IT PS Fu 

Pearson goodness-of-fit 367.2011 689.2385 318.4822 

Prob > chi2(df) 1.0000 1.0000 1.0000 

 

The former shows evidence of overdispersion (Pearson goodness-of-fit <> 1) of the 

dependent variable for all three establishment types (IT, PS, Fu) and does not consider 

spatial effects or dynamic processes such as prior levels of establishments on current levels 

of establishments. The latter accounts for overdispersion but does not consider spatial 

effects. 

Table A5.2: Quasi maximum likelihood estimation of panel data 

Variable IT PS Fu  

IT 
 

 
 
 

 
 

L1. .17297788 *** 
 
 

 
   

 
 
 

 
 

Venture capital .01985126 *** -.0008059 * .0139645  *** 
Bachelors degree -.01556382 ** -.01314875 *** .00205846   
Doctorates -.00360205  .00102699  .00788834   
Faculty -.00030956  -.00060179  -.02230854   
University expenditure .02714532  .07331958 *** .08511199   
Population .19432147  -.06003741  .76593445   
Firm Size .00310204  -.00471475 *** .00909209  **   

 
 
 

 
 

PS 
 

 
 
 

 
 

L1. 
 

 .87472864 *** 
 
   

 
 
 

 
 

Fu 
 

 
 
 

 
 

L1. 
 

 
 
 1.4029206 ***   

 
 
 

 
 

_cons .00639629  .00326738  -.00704728     
 

 
 

 
 

N 1935  1935  1935   
N_g 645  645  645     

 
 
 

 
  

legend: * p<.01; ** p<0.5; *** p<0.1  

 

Therefore this was followed by spatial dynamic panel data models that explore the effects of 

neighbouring regional resources at 100km, 200km and 500km across 645 MSAs in the US. 

The spatial model, which uses maximum likelihood estimation, shows similar coefficients and 

significant relationships to the quasi maximum likelihood estimation models. 
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Appendix 6: Isolated spatial effect of venture capital on innovation 

Table A6.1 shows that the significant spatial lag in the 250km model with IT establishments 

(IT) is due to neighbouring levels of venture capital investment alone (250km). 

Table A6.1: Spatial lag sensitivity of venture capital on high-innovation establishments 

Variable 
100km  250km  500km  1000km  

IT  IT  IT  IT  

Main 
 

 
 

 
 

 
 

 
IT L1 .17285333 *** .17112833 *** .17189057 *** .17010276 ***   

 
 
 

 
 

 
 

WzIT L1 .04099739  .09079713  .20189458*  .06369949    
 

 
 

 
 

 
 

Venture capital .01983526 *** .01987826 *** .01987153 *** .01978122 *** 
Bachelors degree -.0099531 * -.01114956 ** -.00963849 * -.01076892 ** 

Doctorates -.00422475  -.00354156  -.00243757  -.00344181  
Faculty .00032647  -.000367  -.00029661  -.00037367  

University expenditure .02581795  .02664114  .02597718  .02748038  
Population .20710133  .20837018  .19459267  .20420453  
Firm Size .00524295 * .00528982 * .00484246 * .00520908 * 

Wx 
 
 

 
 

 
 

 
 

Venture capital .00078922  -.00042741  -.00658858  .02769797  

Spatial 
 
 

 
 

 
 

 
 

rho .02278249  .14106963 *** .05542487  .10880838  

Variance 
 
 

 
 

 
 

 
 

sigma2_e .00030945 *** .00030918 *** .00030893 *** .00030763 *** 

Statistics 
 
 

 
 

 
 

 
 

N 1935  1935  1935  1935  
N_g 645  645  645  645  

t_max 3  3  3  3  
r2_w .39260379  .39079586  .38757808  .39405344  
r2_b .93468648  .93456599  .93417899  .93646496  

r2 .93403895  .93391498  .9334772  .93578355  

 


